





2. Challenges and opportunities

If the boost for doubling the funding of US
mathematicians wins the backing of Congress
and the next US administration, the whole of
science — and society at large — stands to
benefit. The initiative will help tackle problems
that affect us all.®

Rita Colwell, director of the US National Science
Foundation (NSF) in 2000

NSF budget for the Division of Mathematical
Sciences:
US$ 110M in 2000, US$ 241M in 201010

The major players in science and technology, e.g. USA,
China, Canada, have made a substantial increase in the
funding of research in many areas of mathematics over
the last decade. For example, the total budget dedicated
to mathematics in USA from all funding organisations
has increased from US$ 380M in 2005 to US$ 540M
in 2010. Within this budget, the funding of the National
Science Foundation (NSF) Division of Mathematical
Sciences has more than doubled from US$ 110M in
2000 to US$ 241M in 2010. It is interesting to note that,
in strong contrast to the situation in Europe, the NSF
funding for physics is equivalent to that of mathematics
with US$ 290M for 2010.

9. Nature 407, 929 (26 October 2000)
10. http://www.ams.org/notices/200807/tx080700809p.pdf

Over the past several decades, numerous countries
(including some with smaller budgets dedicated to sci-
ence) have gained international standing in mathematics.
More recently, other developing countries have emerged
as vibrant centres of mathematical research and train-
ing, with faculty and students competing successfully
on the world stage.

In each case, it had been understood that a strong
national capacity in mathematics is a key to promoting
both science and science-based development. Equally
importantly, these countries have concluded that domes-
tic competency in mathematics has an important bearing
on the overall quality of a nation’s educational base,
from economics to engineering and from medicine to
sociology. India’s growing progress in information tech-
nology owes much to the mathematical know-how of
its knowledge workers. China’s contributions to space
science and biotechnology are likewise due, in part, to
the mathematical skills of its researchers. China now
has more than 8,000 graduates with doctorates in math-
ematics.

The above important developments show that
mathematics is a necessary tool for creating
innovation (for processes and products) in an
interdisciplinary and strategic approach. Hence,
innovation and the necessary investment in math-
ematics are key challenges for European industry
and funding organisations in order to face competi-
tion in the global market.

From the OECD report entitled OECD Science, Technology and Industry Scoreboard 2009.
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2.1. Key challenges for industrial
mathematics

The start of the 21t century is a particularly exciting
time, because there is an ever increasing need for new
mathematical concepts and tools to solve problems
coming from classical fields as well as from new ones,
like biology, medicine, data mining, security, communi-
cations, and other information technologies. Industrial
mathematicians can make the difference, allowing
these fields to make significant strides, many of them
of immediate importance to companies and to society
in general. In order to make that progress, the corre-
sponding actors must have the necessary mathematical
background and knowledge, which goes far beyond
the common training of engineers or other scientists.
Indeed, the latter are essentially taught to implement
existing techniques and ideas, but in general they can-
not develop new mathematical concepts and tools that
are fundamental to provide efficient, robust and reliable
methods. Abstraction allows simplifying and going to
the essential features of a problem.

The Mathematics Subject Area Group " was unani-
mous in identifying three skills, which it believes every
mathematics graduate should acquire:

e The ability to conceive a proof;
e To solve problems using mathematical tools; and
e To model a situation.

It is fair to say that this general principle has been
used to design the curricula in many European universi-
ties, but has been neglected in a number of countries.
For instance, many groups pay lip service to the notion
and re-label a differential equations course as being a
course in mathematical modelling, which is only a pre-
liminary part of it. In this context, one should differentiate
between applications for which the innovation and/or
industrial problem comes from including existing math-
ematics within other engineering or scientific disciplines
to produce new applications, and the ones for which the
innovation and/or industrial problem eventually points
out the need for new mathematics. It is important to
note, however, that in this list of skills, the development
of mathematical algorithms, the analysis of robustness
and reliability of these algorithms and their implementa-
tion on modern high performance computers should be
added to complete the picture.

The concept of mathematical modelling is central to
the practical applications of industrial and applied math-
ematics. Mathematical modelling and simulation can be

11. EU commissioned project: “Tuning educational structures
in Europe” in “Towards a Common Framework for Mathematics
Degrees in Europe”; Newsletter of the European Mathematical
Society September 2002, pp. 26-28

identified 12 as the core outlet for applied mathemat-
ics in the UK. Furthermore the same document states
that: “Mathematics now has the opportunity more than
ever before to underpin quantitative understanding of
industrial strategy and processes across all sectors of
business. Companies that take best advantage of this
opportunity will gain a significant competitive advan-
tage: mathematics truly gives industry the edge.” This
sentiment can be extended to Europe (See MACSI-Net
roadmap in Annex 1 for example), and the coordination
of our mathematical resources in this way is desirable,
essential even, for the regeneration of economic suc-
cess.

Mathematical modelling alone, however, is not enough;
it has to go hand in hand with mathematical methods
for the numerical simulation, control and optimisation.
Mathematical methods have to design and analyse, and
they also have to be implemented and maintained as pro-
duction software that incorporates error and sensitivity
analysis as well as failure control. In this respect another
item has to be added to the list of important skills that a
mathematician has to master, i.e. understanding, ana-
lysing and implementation of algorithms for numerical
simulation, control and optimisation methods in finite
precision arithmetic.

The computer revolution initiated during the 20t cen-
tury is an essential part of the scientific revolution and
has transformed science and engineering as a whole, and
its importance cannot be overestimated. The computer
has created needs for mathematical expertise in almost
all fields of human scientific endeavour. Close interac-
tion between mathematicians, computer scientists and
application field experts is necessary to correctly and
fully exploit the enormous potential that the computer
has brought. This interaction is not optimal today.

The data revolution is connected with the compu-
ter revolution. In many applications, coming from e.g.
finance, astronomy, meteorology or life sciences, both
the number of measured variables and samples can be
very large (104-109) resulting in enormous datasets. Large
amounts of money are invested worldwide in obtaining
these data and much could be gained if we used just
a small additional fraction of this money to analyse the
data more thoroughly. In this endeavour mathematicians
are necessary. A point connected with all the above and
worth singling out is “software development”.

It must be emphasised that the philosophy of industrial
mathematics is to operate in a problem-driven environ-
ment based on the core research areas of expertise
available to the group. While this approach is multi-dis-

12. Mathematics: giving industry the edge - http:/www.
industrialmath.net/web/?url=News/Roadmap/index_html/view
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ciplinary by its very nature, it is a model that is known to
work and to produce both scientific advancement and
significant mathematical innovation as illustrated by the
unquestionable success of many research groups. One

of the consequences of all this is that in industrial math-

ematics the aim is not to write the most possible elegant

and general proof in the infinite world of mathematics,

but to solve a real problem in an efficient manner and
with the constraints imposed by a finite world (finite
time and finite resources). Many mathematicians have
accepted this, but it is far from being accepted by the

community at large, which generates difficulties of rec-

ognition and valorisation.

Historically, the investigation of real problems has
been the mechanism for some of the most significant
mathematical developments. The exposure to industrial

problems naturally leads to associate theoretical prob-

lems that, de facto, involve the areas that are necessary

to give industry and science an edge. Industrial mathe-

matics groups thus include in their mission the wider aim
of building up expertise in the core mathematical areas

of most relevance in industry and science e.g. modelling,

optimisation, statistics, differential equations, multi-scale

phenomena, numerical simulations. There is a need for
mathematics to be considered as an enabling technology

in its own right and for mathematicians to be regarded
as scientists with a particular “technological” expertise
that goes to the heart of all scientific disciplines. This has
not necessarily been the case for all mathematicians in
the past and will involve industrial mathematicians of this

type obtaining a broader fundamental education with at
least introductory courses in physics, chemistry, biology,

finance, economics etc. being part of the undergraduate
programme. Industry needs flexible access to a more
connected and well-informed academic community.

New priority areas in industrial mathematics for the
next 5 years are:
e Optimisation: discrete, continuous with all types
of constraints, differential equations, stochastic in
particular with all these combined.

e Control and dynamics of real world processes,
simulation and control of whole process chains e.g.

in production, including development of software
tools.

e Mathematical modelling, in particular directly for

industrial projects with high complexity, creation and
extension of modelling software, model reduction and
validation.

e Visualisation and geometry processing.

e Data mining handling for large data sets in sciences
and engineering as well as the respective model iden-

tification tools.
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Software and algorithm development in collabora-
tion with computer scientists in order to be able to fully
exploit the potentiality of new computer hardware.

General challenges for Europe:

Industrial mathematics is at the basis of the economic
pyramid and is instrumental in the innovation process
and in governing complexity. In the context of globali-
sation, a lack of innovation will make Europe less
competitive and will have a dramatic influence on
the job market. This will reduce our reaction time to
adapt to new challenges.

A lack of political, societal and financial support will
also prevent young researchers from choosing a math-
ematical career. As a consequence, Europe may not
keep its leading role in mathematics.

International competition is very tough, not only from
the traditional competitors for Europe, but also, and
more importantly, from emerging countries, like China
or India.

Fragmentation needs to be overcome! Confinement
to diverse and independent national priorities would
indeed be counter-productive without a strategy at the
European level. The launching of a Joint Programming
Initiative in the domain of European mathematics and
industry could overcome fragmentation.

Engineering systems and manufacturing proc-
esses are becoming increasingly complex; design
optimisation, time-to-market, and cost effectiveness
have become major concerns.

The ubiquity of powerful microprocessors and the
advent of inexpensive data storage devices have led
to an ever-expanding capability to collect data, but
the useful integration of such data in an industrial
context requires that they be processed, preferably
in real time, and transformed into information and
knowledge.

Societal concerns have led to regulatory actions
that reflect more stringent requirements for the
safety and reliability of products; they demand new
methods for validation, verification, and the quantifica-
tion of uncertainties.

Globalisation, awareness of resource limitations,
increasing sensitivity to anthropogenic effects
on the environment, and general concerns about
sustainability impose constraints on industry, as
well as on society as a whole. They force industry
to continually analyse and evaluate its activities
in a broader social context, beyond the bottom
line.

The traditional methods of the physical sciences and
engineering are no longer adequate to answer many
of the questions raised in an industrial environment.



Today’s problems are complex and nonlinear, they
involve phenomena on multiple length and time scales,
and their analysis can extend well beyond the realm
of textbook mathematics. Industry requires more
than ever access to qualified mathematicians who
appreciate and understand its needs, who have been
trained to capture the essence of an industrial prob-
lem in mathematical terms, who can apply methods of
contemporary mathematics, and who are familiar with
recent advances in scientific computing and numerical
algorithms. Only such people can produce the trans-
formative new ideas that drive future innovations.

e The educational challenge appears at the curricu-
lum level and in the way applied mathematics is
taught. Also, examples of success stories based on
mathematical concepts and tools may be fascinating
for students and attract good people to the field.

Therefore, mathematicians are the natural candi-
dates for the coordination in industrial problems
solving groups, where in addition to the modelling,
simulation, control and optimisation, the implemen-
tation of robust and reliable production software
is also necessary. Therefore, there must also be a
basic education in modern computer science meth-
ods and modern computer architectures.

2.2. Opportunities for Europe

Recognition for mathematics is overdue
Nature 407, 929 (26 October 2000)

We recall again that the scientific revolution is happening
now. There have never been so many scientists as at
the present 13. At the same time, all over Europe, there
is a general phenomenon of lack of attraction towards
scientific studies. But luckily mathematics is not the
most affected field in this respect.

Most mathematicians in positions in Europe have been
trained in Europe. Moreover, the European scientific
policy has helped in starting the creation of a European
mathematical community through networking and mobil-
ity. Due to this, among scientists the feeling of belonging
to a European community is stronger than the average,
and this can be used to build initiatives at the European
level allowing fragmentation to be overcome.

The European mathematical school is being struc-
tured through the recent initiatives of the European
Mathematical Society but does not exist as such yet.

13. http:/www.its.caltech.edu/~dg/crunch_art.html

If all the national indicators in mathematics were
summed up at the European level, the European
mathematical school would be the most diverse,
innovative and powerful in the world. It is an opportu-
nity to direct at least a part of this potential towards
applications to industrial and societal problems.

On the other hand, we are not aware of any model of
collaboration between mathematics and industry that
has not been implemented in some European coun-
tries. The existing expertise can be used to spread the
best-suited models all over Europe, taking into account
the diversity and the richness of the different European
countries.

General opportunities:

e There is a general increasing awareness about
the necessity of using mathematics to improve
the competitiveness of the world economy (see
for instance the various reports that are listed in
Annex 1).

e The arising awareness of the needs of mathemati-
cal modelling, illustrated recently for instance in
the financial crisis or the global environmental
changes, together with the willingness of the
mathematicians, makes the timing right to cre-
ate the necessary synergy.

e Even if complexity is a problem addressed by math-
ematicians only recently, results already exist and
allow some real life problems to be dealt with in a
pertinent way. The latter is amplified by the exponen-
tial increase in computing power.

e The expertise in mathematics is extremely high in
Europe, both in variety and quality. More and more
mathematicians are ready to participate in industrial
projects. The potential is there.

e Existing experiences and knowledge can be
shared in order to increase the level of industrial
collaboration in all countries. Indeed, the exist-
ing and reproducible examples of collaboration with
industry can and must be spread all over Europe.

e lItis timely to start developing common networks
and databases of industrial problems, mathemati-
cal experts and examples of collaboration. An
effort has to be made, but many of the necessary
ingredients are already available and will be put in
place if our recommendations are followed. Indeed,
Europe has already greatly contributed to the build-
ing networks across the European boundaries at the
academic level. At the same time, companies are
more and more international.

e The European industrial landscape is charac-
terised by the strong presence of SMEs. The
development of stronger interactions and net-
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working in the mathematical community would be
an opportunity for both industry and Academia.

e The present increase of the amount of data
in many fields will require the development of
new mathematical and statistical approaches.
Moreover, the necessary level of mathematics is now-
adays often too sophisticated for a single researcher
or research group, so building a strong community
is more crucial than ever in order to be able to tackle
those problems. Reciprocally, available tools of data
mining will be able to treat the huge amounts of data
that were impossible to deal with until recently. This
gives the opportunity to structure data in such a way
that models can be built upon it.

e Knowledge is the key source of competitive advan-
tage in today’s advanced economies. European
Member States need to boost productivity and
performance through better use of knowledge,
especially for innovation. Productivity is about
making the most of available resources, combin-
ing them in new ways and creating new sources
of value. It is the key driver of smart economic
performance and sustainability enabled by indus-
trial and applied mathematics. That is why Europe
needs to adapt to a smarter economy that is also a
more sustainable and innovative economy — charac-
terised not least by the capacity to adapt quickly to
changing circumstances.

e Finally, concerning the very delicate question of con-
fidentiality in industrial research, the mathematicians
already involved in the private sector have learned to
deal with it and can share this knowledge with col-
leagues in other European countries.
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3. Mathematics and industry: the missing strategic link

One way to look at or model the interaction between
based industries. but there is concern that links society as a whole and universities is the Triple Helix
between industry and research are weak, and approach developed by Henry Etzkowitz and Loet

that market fragmentation is causing investment Leydesdorff. It is based on the viewpoint of universi-
to leak out of the research infrastructure. ties, as leaders of the interaction with Industry and

Kostas Glinos, European Commission, G_overnment, to generate new knowledge and innova-
DG Information Society and Media tion. In the words of Etzkowitz:

Head of GEANT and e-Infrastructure Unit “The increased importance of knowledge and the
role of universities in incubation of technology-
based firms has given it a more prominent place
in the institutional firmament. The entrepreneurial
university takes a proactive stance in putting knowledge
to use and in broadening the input into the creation of
academic knowledge. Thus it operates according to an
interactive rather than a linear model of innovation. As
firms raise their technological level, they move closer to
an academic model, engaging in higher levels of train-
ing and in sharing of knowledge. Government acts as
a public entrepreneur and venture capitalist in addition
to its traditional regulatory role in setting the rules of
the game.”1®

Europe invests billions of euros in knowledge-

As just one small manifestation of this new global
innovation landscape the Journal of Knowledge-based
Innovation in China was created in China in 2009. The
objective of the journal is to publish research that
addresses emerging or developed innovative practices
in modern China, and illustrate how innovation is feeding
into the country’s rapidly growing knowledge economy.
Furthermore, the journal will explore the nature of the
Triple Helix Model in China, and the creation of the jour-
nal is propelled by the fact that China “is undergoing a
fast transformation from the world’s manufacturer
to a leading player in the field of knowledge-based
innovation.” 6 As is acknowledged by the already
quoted “Educate to Innovate” campaign in the US in
STEM-education, mathematics plays a key role in this
emerging innovation landscape, being the unifying theme
and common language of all science, technology and
engineering. That education in mathematics already at
the basic school levels is crucial for a competitive knowl-
edge-based society is stated in the report “Building a
Science, Technology, Engineering and Math Agenda”'”:

“Studies of results from TIMSS 2003 suggest that the
top-achieving countries have coherent, focused, and
demanding mathematics curricula”.

Naturally, coherent, focused and demanding mathe-
matics curricula at the university level are also mandatory
to create and maintain a successful knowledge-driven
economy. It is clear that mathematics plays a key role
as the backbone of the Triple Helix. In this context,

15. Social Science Information, Vol. 42, No. 3, 293-337 (2003)
16. Editorial Objective of the Journal of Knowledge-based

14. ERCIM News, Simulation and modelling for Research and Innovation in China

Industry, Number 81, April 2010 17. http://www.nga.org/Files/pdf/0702INNOVATIONStem.pdf
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we remind that, counted together, Europe already has
the potential of being the world leader in mathematics
when it comes to either fundamental or applied and
industrial research. However, the European Mathematical
community is fragmented. We have the opportunity to
focus the strength of European mathematics and
use it as a catalyst for European innovation. Major
pillars for success in such a venture are education, train-
ing and career possibilities in industrial mathematics.
Key to making such a venture a truly European effort
are student and staff mobility and the spread of best
practices. Mobility, joint ventures and the spread of
best practices have the potential to positively influence
and strengthen every aspect of education, training and
research. This includes the unfortunate gender imbal-
ance in the mathematical community and the differences
in gender imbalance across Europe as reported in the
work “Statistics on Women in Mathematics” by Catherine
Hobbs and Esmyr Koomen '8, This work shows consid-
erable differences between regions in Europe where
southern countries such as ltaly, Portugal and Spain
have a much higher proportion of women in mathematics
than northern countries such as Germany or Sweden.
The work shows that an unused potential pool of female
talent and expertise exists particularly in the northern
countries. In the same work one can see that the trend
is positive, but that development is slow. This progress
would certainly go much faster with increased mobility
and truly joint ventures in European mathematics.

3.1. Building a community

Strategic objectives to build
the community:

e To foster a European Network in applied math-
ematics towards a Smart Economy.

¢ To allow Member States to build a common strat-
egy for European mathematics.

¢ To establish mathematics as a necessary com-
ponent of European innovation.

There is a need to coordinate groups interested in
mathematics in industry at the European level. An
obvious way of doing this is a bottom-up approach
where each country is given responsibility for coor-
dinating its own network and there is a European
coordinating organism that takes care of common
activities (from a web portal for the organisation of
events, sharing of expertise databases, etc), pro-
motes transnational research projects whenever the

18. http://womenandmath.files.wordpress.com/2007/09/
statisticswomen.pdf
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complexity of the problems requires this approach
and develops and coordinates training opportuni-
ties. This can be done in the framework of the European
Mathematical Society and could benefit from the experi-
ence of ECMI (European Consortium for Mathematics
in Industry), of its Educational Committee and Special
Interest groups.

The coordination should not be too difficult to organise
at the academic level. But that will be much more difficult
at the company level. One of the main problems is that
people working in industry and dealing with mathemat-
ics, such as engineers, physicists, technicians, MDs or
CEOs, do not consider themselves as mathematicians
any longer. One of the reasons for this is the lack of
recognition, and the lack of evaluation of what they are
doing. Moreover, many of them are often in charge of
tasks, which are more administrative than scientific. This
should not be avoided necessarily, but there should be a
better career path for mathematicians and also it should
be possible for them to remain close to problem resolu-
tion activities. Structuring this part of the community is
thus not so easy.

On the other hand, the activity of mathematicians that
are confronted with collaborative efforts with industries
is barely recognised when it comes to promotion to fac-
ulty positions. The output of these activities may give rise
to a journal publication but this reflects only a small part
of the work done, and from the promotion point of view
it often pays off to concentrate on academic problems
rather than solve real world ones.

So, it is high time to actively promote ways of high-
lighting the scientific and intellectual value of industrial
mathematics. The creation of a journal of industrial math-
ematics has been evoked, together with the associated
pros and cons. On the “pros” side: such a journal could
become a platform for learning how to evaluate these
activities, and also to promote by example. On the “cons”
side: most of the work done in interaction with industry
is of a bespoke nature, it is not research-oriented and
its evaluation should not be done with standard tools...
others should be invented.

It is fair to say that many mathematicians do not really
wish to solve real industrial problems. This fact should
be acknowledged from the outset. But it is enough that
those who want to do so, can do so and are properly
evaluated and recognised for that work. Another situation
that should be avoided is where a group of mathemati-
cians, with no real modelling experience, claim to solve
industrial problems, when actually they only solve math-
ematical problems of interest to themselves rather than
to industry. This sort of activity undoubtedly damages
the case for mathematics in industry. After experiences
like these, industrial and company partners will invari-



ably disengage from the collaboration and express the
opinion that mathematicians do not solve real problems.
In the controversial words of Bernard Beauzamy, one
time professor of pure mathematics at the University
of Lyon, who later set up his own mathematical con-
sultancy '9: “It (mathematics) brings solutions nobody
understands to questions nobody asked.” It is not suf-
ficient to claim an interest in industrial applications to
be an industrial mathematician. In this context, a good
example is the so-called “industry-motivated papers”
where the industrial problem just appears in the title or
in the introduction to justify a bunch of theorems (that in
any case could have an interest in themselves); this is a
real danger that also journals devoted to industrial math-
ematics should avoid. For instance, Springer is planning
a new journal on industrial mathematics together with
ECMI and it would be worth following its evolution and
applying appropriate evaluation measures to deem its
success and impact.

3.2. Developing the community

Strategic objectives to develop
the community:

e To overcome geographical and scientific frag-
mentation.

e To broaden and harmonise educational
programmes for students and teachers in math-
ematics at the European level.

e To facilitate mobility between industry and
Academia.

Education for Innovation

Since higher education plays a key role in the transforma-
tion of society from industry to knowledge-based, many
actors are entering the scene: not only professors and
students, but also public authorities and social partners.
All actors have to adjust to this new reality: a reality with
a greater number of legitimate actors representing the
interests of society, wanting to give their views on and
indications as to the direction of the development of
higher education in the future. Research and develop-
ment must be developed as a whole covering universities,
polytechnics, research institutions and industry. Public
investments are crucial when the role and quality of
higher education institutions in innovation need to be
improved. The role of public funding will remain cru-
cial, and indicative of the determination of the public
authorities. Furthermore, one way of developing research
resources of universities is promoting the use of private

19. Irish Math Soc. Bull., 48 (2002), 43-46

investments from industry together with public fund-
ing. In order to establish “one European Mathematical
Community” that is ready to act as a catalyst for inno-
vation in Europe, the establishment of common points
of reference at the Bachelor and Master Degree levels
is essential. The formation of European Model Master
Curricula in Mathematics and Industrial Mathematics
are necessary (see Annex 2 for an example).

3.3. Empowering the community

Strategic objectives to empower
the community:

e To harmonise the curriculum and educational
programmes in industrial mathematics.

e To encourage the exchange of knowledge and
information between Academia and industry.

e To promote and improve the career path in indus-
trial mathematics.

A European Model Master in Industrial
Mathematics

It is certainly true that mathematical sciences always
have developed in symbiosis with real world applica-
tions. This was clear already at the time of Archimedes
but has been even clearer since the days of Newton. It
is also clear that mathematics, together with science
as a whole, has taken a giant leap during the 19t and
20th century and today presents many new potentially
revolutionising opportunities for society. It is clear that
these opportunities for innovation can only be realised
with a focused investment on education and training in
mathematics and science across Europe. That a new
curriculum development for Industrial Mathematics, tak-
ing all the above points into account, can be achieved
on a European scale has been proved by the European
Curriculum Development programme called ECMIMIM20
that took place during 2007-2009. The outcome was a
“European Model Master in Industrial Mathematics” devel-
oped by the nine participating European Universities. The
project work has already been acknowledged by the fact
that at the Dissemination Conference of the project in
Dresden in September 2009 the nine participating uni-
versities from eight different European countries signed
a statement that the Model Master programme will be
implemented at the participating nodes?'. In conclusion,
Europe should ensure the production of mathematical

20. http://www.uc3m.es/portal/page/portal/postgrado_mast_doct/
masters/Masters_in_industrial_mathematics/Project

21. tu-dresden.de/die_tu_dresden/fakultaeten/fakultaet_
mathematik_und_naturwissenschaften/fachrichtung_mathematik/
emp-im-2009
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students sufficient in number, quality and breadth to
meet the needs in teaching, in research, in industrial
mathematics and in other disciplines. Europe should
consequently increase its funding for the math-
ematical sciences to a level comparable to those
for physical, biological and engineering sciences.
It should also encourage activities that connect
mathematics to other areas of science, technology,
business, finance and government, together with
strengthening the connections between pure and
applied mathematics.

Opening up higher education in a lifelong
learning perspective

Higher competence and skills are not only a question of
higher education but also vocational training. Different
levels of formal education must not be seen as oppo-
site, but as complementary elements in lifelong learning.
Europe needs to take two leaps simultaneously to raise
the qualifications and skills of its researchers and work-
ers in industry, academia and companies. On average
the number of graduates from higher education is lower
than in competing economies, but this is not the case in
all member states. At the same time the number of non-
or low-skilled workers is too high in Europe. Statistics
shown in the Commission’s communication indicate a
clear link between the educational level of the population
and employment. There is also a correlation between
the educational level of the population and the GDP in
western countries. Lifelong learning is a key to achiev-
ing the EU objectives of full employment, enhanced
competences, high qualifications and worker mobility,
as well as a fairer distribution of income and balance
between professional and family life. Access to training
in mathematics should be opened up to motivated and
talented adults who did not have the chance to study
in their youth and to those who come from socially and
financially disadvantaged backgrounds. Moreover, higher
education institutions need to increase their role in con-
tinuous training of their graduates as part of improving
their attractiveness for industry and working life. The
task of higher education could be divided into initial and
continuous training where continuous training or adult
education does not only mean postgraduate educa-
tion. Lifelong learning and the modernisation of the
national educational and vocational training sys-
tems, especially in industrial mathematics will be the
cornerstones in preventing long-term unemployment
and increasing labour force mobility in Europe.
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4. Recommendations: giving European mathematics and

industry the edge

Business-as-usual in science will leave
an ever-growing gap between ‘have’ and
‘have-not’ nations - in financial as well as
human-development terms.

US Inter Academy Council Report
January 2004

The essential role of the mathematical sciences in almost
all aspects of the scientific, engineering, and educational
enterprise has become increasingly apparent. Together
with this greatly expanded capacity for discovery and
its subsequent applications to meet societal needs has
come a dramatic demand for new mathematical tech-
niques and capabilities that will ensure the continued
growth of European scientific and technological capacity.
To respond to this demand, substantial progress in the
development of new fields of fundamental mathematics
is required. Further, in light of our increasing reliance on
science, engineering and technology to sustain eco-
nomic growth and to improve the national quality of
life, there is a growing need for improved education
and training in mathematics and statistics, both for the
scientific and technical workforce and for the population
at large. Europe’s competitiveness is to be achieved
in a multilateral international environment through
a common strategy for European industrial math-
ematics.

To answer the strategic objectives presented in sec-
tion 3 for a strong European future in industrial
mathematics, and to enable maximal socio-economic
benefits, the Forward Look Steering Committee pro-
poses a number of concrete, near-term actions. These
recommendations are listed below in order of impact
and urgency, starting with the highest priority:

4.1. Recommendations to policy
makers and funders

Recommendation 1: Policy makers and funding
organisations should join their efforts to fund
mathematics activities through a European
Institute of Mathematics for Innovation via
the coordination of a virtual research infra-
structure.

Roadmap implementation 1.1:

EU and National funding agencies should
coordinate clusters of excellence in industrial
mathematics and create a European Institute
of Mathematics for Innovation (EIMI) for
mathematicians and users of mathematics

Global companies often need to collaborate with more
than one specialised area in mathematics so, capitalising
on existing leading-edge mathematical expertise, large
clusters or competence centres should be formed, such
as for example the Excellence Clusters?? in Germany.
They should be highly visible, collaborative and pro-
vide competences in all areas of applied mathematics
including computational mathematics. These should be
closely linked to universities and research institutes so
that young students get involved directly. The clusters
should have clear points of contact to access experts
and industrial mathematicians, and create appropriate
engagement mechanisms where they are not already
available. Clusters must be based on knowledge hubs
of international excellence and market foresight. Indeed,
the development of groups of experts should not only be
based on a greater allocation of funds but also through
a clearer recognition that an intensification of economic
globalisation and the rise of new global players require
strong international partnerships.

The European funding organisations should provide
financial support for the creation of a dedicated and
sustainable Institute of Mathematics for Innovation
through a world-class European virtual infrastructure
to act as the basis of sciences and innovation. It would
involve academia, researchers and industry across
Europe and beyond. Additional funding could be pro-
vided by national governments and agencies. Such an
Institute would be built from the knowledge and
expertise of industrial mathematicians to access
the best experts, databases, libraries and facilities
for mathematicians and users of mathematics. It
would provide mechanisms for exchange and dis-

22. http://www.excellence-initiative.com/
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semination of knowledge and be a unified channel
for international funding in the area of industrial
and applied mathematics. The EIMI should include
fundamental, industrial, and computational math-
ematics in order to support a sufficient number of
researchers and activities, and should offer com-
panies a one-stop-shop for collaboration.

Indeed, the strength of European higher education and
research does not lie only in the excellence of a few
institutions but also in the high quality of the majority
of institutions. There should be a closer coordination
between the EU and Member States, for mutual benefit,
with a more coordinated use of all available instruments,
through better strategic planning and the developing
of new working methods and procedures. The crea-
tion of a coordinated and coherent virtual structure in
mathematics and its applications is therefore crucial for
Europe’s competitiveness and impact as it is the case
for example in Canada through MITACS 23, Australia with
MASCOS?24, or in the UK with the Industrial Mathematics
Knowledge Transfer Network?25. In addition to universities
and research centres, private partners should constitute
the core of the partnership within the European virtual
infrastructure. The European Institute of Mathematics for

23. www.mitacs.math.ca
24. www.complex.org.au
25. www.innovateuk.org.mathsktn
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Innovation would be particularly instrumental for SMEs
that are seen as a major source of future job creation
in Europe and will be central to how member states
emerge from the ongoing financial crisis. Moreover, small
companies face major challenges when attempting to
tap into European funding programmes, given the time
and financial resources required to apply. A European
Institute of Mathematics for Innovation would provide a
fertile environment in which SMEs can access research
infrastructure available within universities. In addition,
it would also allow research institutes to tap into the
dynamism offered by small firms and start-ups.

Roadmap implementation 1.2:

EU and European governments should set
up a Strategy Taskforce for Innovation and
Mathematics (STIM) in order to develop a
European strategy for mathematics

In order to support the creation of a political, techno-
logical and administrative framework for a coordinated
and efficient use of distributed resources in industrial
mathematics, we recommend the creation of a strategy
task force to define and recommend best practices and
major initiatives across Europe. It would include official
government delegates and key representatives from the
private sector from all the EU countries. The Strategy



Taskforce for Innovation and Mathematics (STIM) would
produce white papers, roadmaps and recommenda-
tions, and analyse the future foundations of the European
Knowledge Society and the added value of industrial
mathematics to address Global Grand Challenges.
The STIM would also coordinate activities with similar
international initiatives. Europe’s competitiveness is to
be achieved in a multilateral international environment
through a common strategy for European Industrial
mathematics.

Roadmap implementation 1.3:

Policy makers should put in place a Small
Business Act in Mathematics (SBAM) to
encourage spin-off companies explicitly using
mathematics

Europe should establish an industrial policy creating
the best environment to maintain and develop a strong,
competitive and diversified industrial base in Europe.
National and international support for the creation of
spin-off companies using mathematics, which have
shown to have very high success rates in Germany and
Sweden for example, should be provided, taking into
account the timescale of the market dynamics for Small
and Medium Enterprises (SMEs). Standardisation, con-
fidentiality and Intellectual Property regulations should
be disseminated in the Community through the Small
Business Act in Mathematics.

The main objectives of the Small Business Act in

Mathematics should include:

e Simplifying the conditions and providing incentives to
involve mathematics and mathematicians in innovative
businesses, improving the entrepreneurial environ-
ment and reducing the administrative burden;

e Simplifying the access of SMEs to the EU’s pool of
industrial mathematicians;

e Simplifying the access of SMEs using mathematics
to investment funding;

e Openly fostering industrial mathematics engineers at
the interface between SMEs and academia;

e Giving specific guidelines for possible forms of user-
friendly interaction;

e Suggesting some indicators for the evaluation of the
success of the collaboration.

Roadmap implementation 1.4:

EU must identify industrial and applied
mathematics as an independent crosscutting
priority for the Framework Programme 8

Research is an area where Member States have the
main responsibility, hence the important differences of

research policies across Europe. The European Union’s
role in this area is essentially that of establishing a frame-
work encouraging more public and private investment
in research activities, as well as the direct funding of
research activities through the Framework Programme.
Mathematics should be an essential priority of the future
Framework Programme 8 of the European Commission.
If the Lisbon strategy is to create a knowledge-based
economy and to raise the educational level of society,
then Europe has to invest more in the key and funda-
mental area of mathematics. A dedicated call from
the European Commission should also be created for
research and development activities in the domain of
industrial and applied mathematics.

4.2. Recommendations to both
academia and industry

Recommendation 2: In order to overcome
geographical and scientific fragmentation,
academic institutions and industry must
share and disseminate best practice across
Europe and disciplines via networks and dig-
ital means.

Roadmap implementation 2.1:

Researchers in academia and industry

must adapt their mentalities to the different
mathematical and scientific domains they interact
with, and disseminate best practice

It is crucial for mathematicians in industry and even more
in academia to change and adapt their view regarding
other fields of mathematics and other scientific domains.
Indeed, the mathematical community needs a stronger
cohesion and unity. In this context, a wider and more
frequent dialogue between fields is essential and can
be achieved through a federated structure such as
the European Institute of Mathematics for Innovation
(EIMI) suggested previously. Mathematicians could also
make more regular use of existing research infrastruc-
ture such as High Performance Computing centres in
which they could play a role. Moreover, sharing best
practices, and also unsuccessful investigations, across
Europe will help to level out geographical and economic
differences between Member States. Web access to
information about problems, methods, solutions, cen-
tres of excellence, and available expertise especially for
multi-disciplinary approaches, will be particularly useful
for companies. Moreover, mathematics has an important
role in education and permanent training for companies
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and society. The community should develop educa-
tional documents and electronic tools to disseminate
knowledge about success and failure, and assess the
quality of information in the field of industrial and applied
mathematics. The use of open databases of experts,
expertise, and problems and of the corresponding search
tools should be created to allow users to identify the
best available partners and methods for their specific
problems. It would allow publicly-funded research to be
made available to society at large.

Roadmap implementation 2.2:

The mathematical community in collaboration
with industry should create a journal devoted
to industrial mathematics and contribute to the
European Digital Mathematics Library

A journal on mathematics in industry would raise the
visibility of the community. It would bring together high-
level research work on the development of applications
of mathematics to industrial problems, including both
methods and computational challenges they encompass.
It would show the actual use of mathematics in indus-
try, through the improvement of industrial processes
and major challenges deriving from cost and ecological
issues. By publishing peer reviewed papers of high qual-
ity and originality, it would serve as an essential resource
for academic researchers and practitioners alike, and
would provide a common platform for scholars interested
in the mathematics required and specifically motivated
by concrete industrial applications, thus favouring the
interaction of academia and industry. The journal would
be set-up with a worldwide editorial board consisting of
scientists in industry, academia and contract research
organisations.

In the light of mathematicians’ reliance on their dis-
cipline’s rich published heritage and the key role of
mathematics in enabling other scientific disciplines, the
European Digital Mathematics Library has strived to
make the significant corpus of mathematics scholarship
published in Europe available online, in the form of an
authoritative and enduring digital collection, developed
and curated by a network of institutions. Mathematicians
from academia and industry should contribute actively
to this collective effort in constructing the Europe-wide
interconnections between their collections to create a
document network as integrated and trans-national as
the discipline of mathematics itself, through secure and
open access to their texts.

32 | Mathematics and Industry

Roadmap implementation 2.3:

Academic institutions and industry must facilitate
employment mobility between academia and
companies

Industry can make its environment more attractive for
qualified researchers if an acceptable compromise can
be reached between the long timescale typical for math-
ematics research and the much shorter timescale typically
faced by industry. Industry can enhance its presence in
academia by actively supporting activities that poten-
tially increase the impact of mathematics in industry. The
creation of joint positions, or special chairs or faculty
positions for researchers from industry should be given
careful consideration and would provide real role models
for students. Academia should also promote successful
implementation of such flexibility and provide mecha-
nisms to answer industrial short-term needs. Incentives
should be put in place to facilitate stronger mobility.

Connections, formal and informal, between non-aca-
demic organisations and academic mathematicians can
build pathways for a two-way flow of both concepts and
results. A better transfer of mathematical methods and
technology into industry is needed. Societies and aca-
demic institutions should offer opportunities for mutual
exchange of knowledge and workshops, where industry
can come with its specific problems and where these can
be addressed. Academia should adapt training to long-
term and future research fields in addition to the short
timeframe adaptation of training for short-term needs of
companies. Moreover, the challenges for mathematics
arising from future industrial needs must be defined and
addressed. Societies and academic institutions should
organise specific “grand challenge workshops”, focussed
on industrial application areas with high relevance for
future economic needs in Europe. Their multidisciplinary
teams of experts from academia and industry should
jointly identify the mathematical gaps which have to be
solved in order to enable quantum leap innovations.

Short courses in continuing education as proposed
by academic mathematics departments should be a
privileged way to promote interaction between math-
ematics and industry. It would allow the academic and
industrial researchers to meet and allow engineers to
acquire or to upgrade to a mathematical culture. It would
allow academic researchers to have immediate feedback
from industrial researchers about their needs through
the questions asked during the training sessions, and
would be the opportunity to establish direct contacts
between academic and industrial researchers, creating
opportunities for research participation at all levels. Early
exposure whets the appetite, and nothing beats hands-
on experience. The opportunities may include industrial
internships, modelling camps, and summer schools.



Roadmap implementation 2.4:

The mathematics community and industry
should work together on real opportunities in
application-themed competitions

The mathematics community and industry have shown
some reluctance to bid for projects within application-
based funding competitions, largely because of previous
experiences where mathematics has not been consid-
ered core to the application. If funders can include
mathematics explicitly then the mathematics community
should respond by moving into this new territory. The
mathematicians from academia and industry should use
all opportunities and expertise in from other scientific
fields outside mathematics to participate in dedicated
proposals in application-themed competitions. The par-
ticipation in dedicated calls could be done through the
EIMI (See recommendation 1).

4.3. Recommendations to academia

Recommendation 3: Mathematical Societies
and academic institutions should create com-
mon curricula and educational programmes
in mathematics at European level taking into
account local expertise and specificity.

Roadmap implementation 3.1:

Academia must create a European Curriculum
for industrial mathematics and set up a pool of
industrial mathematics engineers

For this crucial recommendation to overcome fragmen-
tation, the European Master and PhD programmes for
mathematics and industry should be created, where
students learn the necessary mathematics and software
skills but where they also learn the language of practi-
tioners e.g. engineers, medical doctors etc. Education in
Master programmes should provide the option of specific
problem solving on industrial internships 26 with support
from interdisciplinary scientists if necessary. They would
give students the flexibility to explore career options
outside academia. To develop curriculum options that
prepare the students for a career at the interface of math-
ematics and industry, curricula should reflect the reality
that such a career requires both a solid background in
mathematics and the intellectual curiosity to go beyond
mathematics. The curriculum should be flexible but sub-
ject to rigorous quality control. It should stress innovative
applications of mathematics, highlight problems that are

26. See for example www.ktn-internships.net

industry-driven, and encourage students to broaden their
scientific interests. The curriculum should also take into
account the training of schoolteachers in order to create
a continuum in the dissemination of knowledge in math-
ematics. Above all, it should be designed to demonstrate
that the interaction of mathematics and industry leads
to exciting research opportunities and benefits.

Considering the need for Academia to adapt to the
short timescales of companies, a pool of specialists who
can quickly and adequately answer requests from indus-
try in terms of mathematical modelling and solutions
would be a valuable resource for companies to draw
upon. As a consequence, new long-term professional
careers of mathematical engineers should be offered by
scientific organisations at national and European levels
mainly funded by industry. Permanent positions should
be the norm. The communication between industry and
the world of mathematics should be facilitated through
the creation of techno-mathematician translators such
as the Technology Translators?’ at the UK’s Knowledge
Transfer Network, since the problems in industry are not
expressed in the language of mathematics in an obvi-
ous way, and since this language itself has developed
its own idioms and syntax.

Roadmap implementation 3.2:

Academia must develop new criteria to assess
and recognise careers in industrial mathematics

The community should set standards for the evaluation
of the dual career of industrial mathematicians between
academia and industry. There should be teaching and
research positions devoted to industrial and applied
mathematics following educational programmes built
with industry. Such programmes offer a first-hand experi-
ence of working in an industrial environment and thus a
realistic perspective on a career in industry, while pre-
serving the option of an academic career. The younger
generation of mathematicians should also be encour-
aged to start spin-off companies and to move between
countries and disciplines.

27. www.industrialmath.net/web/?url=About/mathsKTN/
KTNManagement
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Annex 2

Example of Model Master in industrial mathematics

The aim of the master programme in Industrial
Mathematics is to develop the student’s mathematical
and computational skills to solve industrial problems
and development tasks in innovative ways in collabora-
tion with other science departments, e.g. engineering.
Fundamental capabilities to be trained are:

¢ Modelling and analytical skills, knowledge of numerical
methods, skills in programming, simulation, experi-
ence with mathematical models in industry;

¢ Ability to handle huge amounts of data by integrating
mathematical, numerical and statistical methods;

e Team working, cooperation, communication with and
presentations for mathematicians and engineers.

The master programme is international. The education
is given in English when possible. The duration of the
master programme is two years (120 European Credit
Transfer and Accumulation System or ECTS). There are
three course blocks (A, B and C) which are related to
both the requirements for admission to the master study
and compulsory courses of the master programme.

Requirements for admission to the master
programme

(A) 180 ECTS of undergraduate study at university level
(bachelor degree), (B) Prerequisite courses covering the
topics in course block A, (C) Prerequisite courses cover-
ing topics of an amount of at least 'z of the total ECTS
in block B, (D) Since the education is given in English,
good communication skills in English are required both
orally and in writing.

Requirements for the master degree

The following is required in the master study to receive
the master degree. (A) At least 120 ECTS in total, cor-
responding to two years study, (B) Courses covering
the remaining topics in block B (see requirements for
admission), (C) At least 60 ECTS of elective courses in
course block C. Among these courses there are required
mathematical courses summing up to at least 42 ECTS
as well as courses in a minor field of study related to
mathematics of at least 12 ECTS, (D) Modelling activities
of at least 9 ECTS, and a master thesis of 30 ECTS, (E)
Further Courses up to 120 ECTS in total.

Additional requirements

In addition to the above requirements for the master
degree in industrial mathematics, the following is required
(1) at least one semester of the study or the final master
thesis project at one of the other universities of the net-
work, (2) practical training in mathematical modelling,

organised in a regular modelling seminar, Workload: 6
—15 ECTS, (3) Participation in the International Modelling
Week (3 ECTS), (4) Mathematical courses in Scientific
Computing, Optimisation and Mathematical Statistics.
Each student’s qualification is finally assessed on the
basis of two review reports of the thesis.

Study blocks

e Block A: Prerequisites
(for admission to the Master programme)

Required topics:

Basic knowledge in calculus 18 ECTS
Linear algebra 6 ECTS
Some basics in numerical analysis 6 ECTS
Programming skills 6 ECTS

Basic knowledge in physics or mechanics 6 ECTS
Basics in statistics 6 ECTS

48 ECTS

Total amount of courses

¢ Block B: At least ¥z of the listed topics are required
for admission.
The remaining topics are required during the Master
study.

Required topics:

Transforms, linear systems, basics in ODE 6 ECTS
Basics in PDE 6 ECTS
Numerics for differential equations 6 ECTS
Minor field of study related to mathematics 6 ECTS

at least 24 ECTS

Total amount of courses

e Block C: Elective courses in the field of industrial
mathematics.
Every student can choose among offered
specialisation courses at her/his home university or
at an ECMI partner university.

Requirements:

Total amount of courses in
block C, among these courses:
Mathematical courses

Courses in a minor field of study
related to mathematics

at least 60 ECTS
at least 42 ECTS

at least 12 ECTS

e Modelling activities

Modelling activities

(e.g. modelling seminar,

summer school, study groups,

industrial project, internships etc.) atleast 9 ECTS
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e Master thesis: The thesis should be related to a
real industrial problem. It could preferably be car-
ried out in an interdisciplinary environment involving
participants from industry.

30 ECTS

Total ECTS for Master degree:
12-x (Block B) + 60 (Block C) + 9 (Modelling) +
30 (Thesis) + 9+x (free) = 120 (0<x<12)

Details on the topics in block B

Transforms, linear systems, and basics in ODE:
(examples of topics)
e Fourier series, Fourier and Laplace transforms
e Systems of linear differential equations
(state space theory, diagonalisation, stability)
e Quadratic forms and Input-output relations
(transfer function, impulse response)

Basics in PDE: (examples of topics)

e First order PDE, Linear second order PDE

e Series expansions, Fourier’s method, Green
function

e Wave propagation, Functions spaces and norms,
Distributions

Numerics for differential equations:

(examples of topics)

e Methods for time integration, Finite difference
methods

e Explicit and implicit Runge-Kutta, Multistep
methods

e Error analysis, stability and convergence

¢ Object-oriented programming
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