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Executive Summary

Industrial innovation is increasingly based on the results and techniques of scientific research.
Tha research, in turn, is both underpinned and driven by mathem@iesn the increasingly
intimate connection between innovation, science, and mathematics, it is natural to inquire
whether the interface between these three activities is functioningpiptiamal way.

Recognsing this, the delegates to the Globailgdce Forum (GSF) of the Orgaation for

Economic Ceoperation and Development (OECD) agreed to sponsor an international
consultation to assess the present state of this interface in tloippéirty countries anth

identify mechanism#or strengtheimg the connectiorbetween mathematics and indust(yhe
interaction between matimatics and other sciences was left for future consideration.)

A wor kshop on i Mat he ndanHeidetherd, Germamydon Blar2B-346 6 was hel
2007. The objectives of the workshop were to

(1) analyse the relationship between the mathematical sciences and industry in the
partidpding countries;

(2) identify significant trends in research in the mathematitiahges in academia and the
mathematical challenges faced by industry in the globalised economic environment, and
to analyse the implications of the trends for the relatiorsdtdgpween mathematical
scientists in academia and industry;

(3) identify and analys major challenges and opportunities for a mutually beneficial
partnaship between industry and academia; and

(4) formulate actiororiented practical recommendations for the main stakeholders: the
community of mathematical scientists, participating industeed governments.

This report summarises the deliberaticarsd presents the findings and recommendations of the
workshop anaf furtherconsultations among the participanithe recommendations are

addressed to the academic community, governmentabtined funding agencies, and industry.

They are designed to stimulate the interaction between mathematics and industry; to enhance the
curriculum for students of mathematics; to improve the infrastructure for increased interactions,
both in academia and industry; and to strengthen coordination and cooperation at national and
international leved
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1. Introduction

The governments of the OECD countries recognise that industrial innovation is increasingly
based on the results and techniques of sciem&Bearch.This connection is especially strong in
areas where innovation is contributing to the veling of society, such as health, security,
communications, and environmental stewardsHipe search for new lifsaving drugs, the
development of hig-performance materials, and the protection of sensitive ecosystéhas

these applicatiooriented activitiesand many othersre strongly dependent on fundamental
research, and that research is inextricably linked to mathematiesremarkable delopment of

the natural sciences and engineering since the Renaissance is a consequence of the fact that all
natureds known | aws can be Ewrmpanipuatoealtheses mat he mat
equations is a pillar of modern sciengaidingthe deign and interpretation of empirical

observations and laboratory experimen@ven the increasingly intimate connections between
innovation, science, and mathematics, it is natural to inquire whether the interface between these
three activities is funatining in an optimal wayOne cannot take for granted that this is so,

because each activity has evolved sémiependently, with its own traditions, communities,

career paths, best practices, and vocabularies.

Thedelegates to the OECD Global Scienceurorwho are senior scienceljoy officials of

OECD member and observer countries, following an initiative fitearDelegation of Germany,
agreed to sponsor an international consultation to assess the presdinkstastween

mathematics and industity the participating countrieandto identify mechanismgor

strengthening those linkdhey were strongly motivated to do so, because they represent national
administrations that are deeply involved in funding and managing research (including research in
mathematics), advancing industrial competitiveness and innovation, and promoting education at
all levels. Accordingly, a workshop was held in Heidelberg, Germany, on Mar&d22007.

The workshop brought together 54 experts from industry, acaderdigoaarnment agencies,

and was chaired by Professor Willi Jager (Interdisciplinary Centre for Scientifip@ing,

University of Heidelberg).

This report summarises the deliberations and presents the findings and recommendations of the
workshop and folle-on consultations among the participaritdie recommendations are

addressed to the academic community, governmental and other funding agencies, and industry.
They are designed to stimulate the interaction between mathematics and industry; to enhance
curriculafor students of mathematics; to improve the infrastructure for increased interactions,
both in academia and in industry; and to strengthen coordination and cooperation at national and
international leved
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1.1 Objectives
The objectives of the wkishop and report were fourfold:

1. Analyse the relationship between the mathematical sciences and industry in the
partidpating countries;

2. ldentify the most significant trends in research in the mathematical sciences in academia
and the mathematical challges faced by industry in the globalised economic
environment, ando analyse the implications of the trends for the relatiorsdtdgpwveen
mathematal scientists in academia and industry;

3. Identify and analyse major challenges and opportunities for a ryubgsleficial
partneship between industry and academia;

4. Formulate actioforiented practical recommendations for the main stakeholders: the
community of mathematical scientists, participating industries, and governments.

These objectives were achieved by

1 surveying a broad sample of applications of mathematics in various industries at national
and international levels

1 identifying future needs and opportunities for mathematics insimgu

1 identifying the corresponding areas of research in the mathematical sciences

1 recommending desirable changes in education and training

1 proposng structural changes in the interface between mathematics and industry, and

{ identifying useful new programs and initiatives.

1.2 Scope, Terminology

Mathematics as a scientific discipline has undergone major denerdp in scope, techniques,

and results during the past century, as a result of both internal and external forces. It has become
fundamental not only for industry but also for quantitative research in general, both basic and
applied. This workshop focugdn particularon the relationship between mathematics and

industry and on the impact of mathematics on innovation in gerEnalrelationship between
mathemécs and othesciencesalthough acknowledged as important and mutually beneficial,

was left br future consideration, possibly under the aegis of the Global Science Forum.

In the discussions at the workshop, the tardustrywas broadly interpreted as any activity of
economic or social value, including the service industry, regardless of wheshierthe public

or private sectomnathematicgor the mathematical sciencebge two terms are used
interchangeably) comprises any activity in the mathematical sciences, including mathematical
statstics.

AThe exploding importance of information to
in maintaining the security and prosperity of the nation have placed the mathematical sciences if
position of central importance. Mathematics pd®s the context for communication and discovery i
many other disciplines. o

U.S. National Science Foundation, Panel Report (1998)
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2. Perspetive from Industry

From the point of view of industry, mathematics is an enabling technology. It provides a
logically coherent framework and a universal language for the analysis, optimization, and control
of industrial processes. Because it is an eimgjlechnology, its contributions are rarely visible

in the final product that industry delivers. Nevertheless, the economic impact is real, and many
companie$ old, as well as nelv have achieved a competitive advantage through the judicious
use of matematics.

While mathematics presents industry in th& @intury with major opportunities, it faces
significant structural challenges in the industrial environment. A strong pressure to organise
research and development around sdellined projects, conibed with an increasing trend to
outsourcing, haked even large companies to significantly reduce their investment in the
mathematical sences. Because projemtiented workflows tend to rely more on established
practices than on innovative enablingheclogies, the role of mathematics research that might
overcome or alleate technical problems has been diminished, resulting in-&rortvision and

a loss in economic potential. Nonetheless, strongly innovative companies that properly exploit
mathemadts can rapidly gain a commercial edge over their competitors. This is illustrated
dramatically by the success of stapt companies selling custedesigned software.

fiMat hematics offers business a formula for

[Mathematicians] have come up with an impressive multiplication ftariou British commerce and
industry: spend a few million pounds promoting the use of maths as a strategic tool, and add bill
pounds of value to businesses. That is the thinking about a new goveinchestty consortium, the
Mathematics Knowledg&ransfer Network. The network aims to boost the use of maths throughd
the economy from grocery distrithah to banking, telecoms to manufacturing.

Financial Times, February 2006

The claim of the present report is that the time has com@nvigorate the synergy of
mathematics and industry.Industry faces new challenges; mathematicians are ready to respond
and can make significant contributions.

1 Engineering systems and manufacturing processes are becoming increasingly complex;
designoptimization, timeto-market, and cost effectiveness have become major concerns.

1 The ubiquity of powerful microprocessors and the advent of inexpensive data storage
have led to an evarxpanding capability to collect daBut the useful integration ofish
data in an industrial context requires that they be processed, preferably in real time, and
transformed into information and knowledge.

1 Mathematical concepts and methods play a growing role for biotechnology and medical
technology. An avalanche oéth and information at molecular and cellular levels
launcheda technological revolution. Better quantitative understanding of biochemical
and biophysical processes is initiating innovative technologies producing drugs,
biological materials or artifial tissues. Mathematical tools enable the design of new
compounds and processeith prescribed functional proptges.
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9 Societal concerns have led to regulatory actions that reflect more stringent requirements
for the safety and reliability of productéiey demand new methods for validation,
verification, and the quantification of uncertainties.

1 Globalisationawareness of resource limitations, increasing sensitivity to anthropogenic
effects on the environment, and general concerns about sustainaiplitse 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 reductionist methods of the physical sciemtg®agineering are no longer

akequate to answer many of the questions raised i
are complex and nonlinear, they involve phenomena on multiple length and time scales, and their
analysis can extend well beyond tiealm of textbook mathematics. Industry requires access to

qualified mathematical scientists who appreciate and understand its needs, who have been trained

to capture the essence of an industrial problem in mathematical terms, who can apply methods of
contemporary mathematics, and who are familiar Withlatestadvances in scientific computing

and numerical algorithms. Only such people can produce the transformative new ideas that drive

future innovations.

2.1 Common Themes

At the workshop, represtatives from various industries described problems they face, often on a
day-to-day basis, in developing competitive products, processes, and services for a demanding
global marketplace. While the problems varied in details and from one industry toranothe
several common themes emerged.

1 Complexity

Largescale industrial problems are often modelled as large systems or networks of interacting
objects. The objects themselves may be networks describing the technological, economical,
financial, and social aspts of the problem, or they may represent components or steps of a
technical process. The analysis of the behaviour and evolution of such systems or networks poses
formidable challenges to industrial managers and decision makers. Even when the dyhamics

the individual components are understood, the (nonlinear) interactions among the components
make it inherently difficult to predict, let alone control, the evolution of the system as a whole.

Complex Systems

The interaction of objects obeying simple rules campce remarkably complex and yet organized
behavior. Electrons interacting with each other and their host lattice in a solid can give rise to
magnéism and superconductivity. Chemical constituents interacting in solution can give rise to
complex pétern formation and growth. Birds flying in the sky give rise to flocking behavior. Some
these betwviors, and their relation to the underlying microscopic laws, are now understood, but ma
the most interesting and important cases remain mysteries. hg@&miv to understand and control
these emmgent behavior patterns will provide the foundation upon which to build complex system

iCompl ex SystemsSCenScairggncde for the 21
A U.S. Department of Energy, Office of Science Workshop (1999)
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1 Uncertainty

Uncertaintyis an inherent feature of many industrial problems. Relations among individual
components of a system are sometirmepgerfectlyunderstood, cause and effect cannot always be

determined with certainty, and the only data availatdg be incomplete or subgt to

expermental error. The need to consider the human interface and the mandate to account for

environmental and social considerations can add further uncertainty.

1 Multiple Scales
Industrial problems do not usually play out on one length or time.sEaleexample, the

macioscopic behaviour of a material depends on the interactions of atoms and molecules, and
details about the latter are increasingly necessary to better understand the former. Also, the long

term dynamics of a complex system may depenitically on the details of what happens to the

individual components on a much shorter time scale.

9 LargeScale Simulations

Computational science and engineering have become integral elements of the industrial design
process. Largscale numerical sintations are replacing experiments where the latter have

become too expensive or even impossible. The aircraft industry provides a striking illustration of

this phenomenon. While offie-shelf software was often adequate for the computational solution
ofmost of yesterdaybés problems across the

ndust

specialized numerical algorithms and sophisticated software management tools; without these, the

simulations will be unable to keep pace with modern industrial demand.

Nonlineaity

are many sources and many sorts of nonlinearity. Sometimes its origin is the behavior being m
physical examples include combustion, phaaesformation, and turbulence; biological examples
include protein folding and excitable tissues, such as heart muscle and the nervous system.
Nonlinearity can also come from other, more structural sources such as feedback or geometry:
examples include ghoptimization of financial decisions; the pinefi of fluid droplets; and the
motion of surfaces under curvatedgven flows.

Mathematical Sciences Worksh¢{000)

Understanding nonlinearity is a central challenge for modern science. This is a huge task, sinceg

AfiOpportunities for the Mathemati cal Sci encd

i Data and Information

The ubiquity of networked computers, sensors, communication modules, and monitoring devices
yields an eveincreasing stream of data. Not only does the quantity of data increase, but also the

way the data is obtained, ofteiorin multiple sources and with varying degrees of precision.
Integrating secalled multimodal data is already a formidable challenge, which is compounded if
one is concerned about rare events, as in national security and economic activities. While
classi@l statistical techniques work well as long as the number of variables is small, sampling
tedhniques for higkdimensional data sets are still not fully developed. The recent popularity of

search engines such as Google is due in large part to the devel@bmevel mathematical
ways to @tract information from higldimensional data sets.
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1 Interdisciplinary Teamwork

The successful solution of industrial problems requires the collaboration of experts from diverse
disciplines. It is generally recognized industry that mathematics is thiegua francaof

sdence and engineering, and many industries irai@thematicians in industrial research

teams. However, not all mathematicidwasethe right skills to collaborate in an industrial
environment, and nall industries appreciate the leteym gproach favoured by

mathematicians. Industry and academia have to engage each other in new ways that encourage
innovation through interdisciplinary teamwork.

1 Transfer of Mathematical Knowledge

Mathematics has gerthrough a period of intense growth and excitement, and the mathematical
research community has developed a host of techniques that could be of significant benefit to
industry and thus to society as a whole. Translating these techniques into praotsale
implementing them in applicable paradigms is, however, not straightforward. Some positive
experences and useful mechanisms for achieving this are outlined in this report.

2.2 A Case for Modelling and Simulations

The neatuniversal requiremerior mathematical modelling and simulation deserves special
attention. Mathematical models provide the theoretical framework for a quantitative
understading of industrial processes. Results of numerical simulations can be tested with
experimental datand discrepancies resolved by improving the mathematical model. In many
concrete cases, mathematical modelling and simulation have revealed unexpected behaviour of
the relevant sstem, andn silico studies have allowed predictions under conditions nested
expermentally. For example, the efficiency of modern search engines and the valuation-of multi
dimensional iihancial derivatives would not have been achieved without innovative mathematical
modelling and creative algorithm design.

5 : T
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The integration of mathematics in largeale numerical simulations has led to some spectacular

successes in science, as illustrated in Figuréhk phenomenal growth in computer hardware
performance over the pastyle ar s, expressed succinctly in Moore
by an equally impressive improvement of the computational algorithms that underlie the

numerical simulationsThe type of progress shown in Figure 1 has been observed in some of the

Acl aso®i ¢endustries parti ci pghedircraitgndpetrochemieal pr esent
industries.In many instances, the improvements in the numerical algorithms have come from
mathematicians who were interested in or motivated by industrial probfeims type described

in the preceding paragraph8ertainly not all industrial problems require the application of the

most sophisticated mathematical technigugst experience has shown that innovative

mathematical modelling can lead to direct ecomopeinefit, even in the smallest enpigses.

Perhaps the greatest challenge for modelling and simulation in industry comes when the need
arises to incorporate knowledge from the social and behavioural sci€msal factors jay an
increasingly important role in economic, financial, and technological decision making, in areas
ranging from transport to communicatgenergy supply, and public healtResearchers in

these areas have developed models of what theggetitbased systemsn which large

numbers of independent agents interand collective behaviour emerges even in the absence of
external forces.
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3. Perspective from Academia

From the point of view of academia, mathematics is an independent discipfiodows its own
course; new ideas develop either independently within the discipline or under the stimulus of
applications. Thus, strengthening the ties between mathematics and industry will stimulate
research across the mathematical sciences, evemasitaes industrial innovation and
competitiveness.

3.1 Mathematics Stimulated by Industrial Problems

The mathematical sciences are going through a period of intense intellectual gspetitacular
developments are being reported in all areas of mattiesrand statistics, be they continuous or
discrete, deterministic or probabilistit/nexpected connections have emerged between
seaningly disjoint areas of the disciplineslost of these developments have taken place in
academia, driven by intellectualuriosity within the communities of mathematicians and
statistcians. However, the workshop presentations highlighted several industrial problem areas
that hae had a significant impact on these developmentsedis(see programme in

AppendixA).

1 Chemial Industry

Many chemical reactions involve phase transitions and multiphase fldvescorresponding
mathematical models contain nonlinear reactigfusion equations where the boundaries
separating the different phases are unknown and must be fopad a$the solutionThese
problems have motivated humerous analytical studies ofifcemdary problems for partial
differential equations and have led to new developments in geometric measure theory.

1 Oil Exploration

Al of our k n o witegiat ig iadirectly deriviecefrore meaaguterdesitenong the

most widely used techniques in oil exploration is reflection seismology, where elastic waves are

sent into the Earthoés subsurface and the reflect
the underlying structureT hi s i s a c¢ | as s itoderive thd physica prapertiep r ob | e mo

of t he Eagiver asét of datarcallected in a seismogrdime computed results are
usually not unigue (more than one model adequately fits thg, dad small changes in (even
very acarate) data may correspond to large changes in the properties being estifeted.
investigation of inverse problems has led to important developments in the anaijlsipafed
problem® and the quantificationfaincertainties.

1 Medical Imaging

All medical imaging technologies, such as CAT scans and MRI techniques, use indirect inference
to gain reatime information about the human bodi.particularly promising technique

currently under investigation is magnetocephalography (MEG), measuring the extracranial
magnetic fields produced by neuronal activity within a living brdihe structures and functions
(including, crucially, diseases) of the brain can be studied through MEG source localiZaton.
tedhnique leads to interesting research in computational geometry and inverse problems.

9 Microelectronics, Nanoelectronics

Progress in chip technology is intimately correlated with advances in the computational
simulation of everlarger networks of basic elemergsch as transistors, capacitors, and resistors.
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The dynamics of these basic elements are described by differential equations and are subject to
algebraic sideconditions that are imposed by the network connectivitye need for reliable
circuit-simulaton tools has been a strong motivation for the study of systems of differential
algebraic equationsDesign and fabrication of narstructured materials will require improved
control and understanding properties at the nanometer $gabmtum mechanicaiffects
becomdamportantat the nanecaleand demand new mathematical and computational 1scdiie
methods.

9 Logistics, Transportation

Problems of routing and optimal use of resources can be formulated as processes on networks,
which, in real life areoften huge and randonMixed discretecontinuous optimization for
processes on such networks poses continuing challenges for mathematical theory.

1 Finance

The theory of stochastic differential equations and the theory of martingales received a significant
boost from the discovery of the Bla8choles equation and its generalizatifiisnodeling the

prices of stock options and commoditieRisk analysis has similarly stimulatéelxtreme event

theono, discrete mathematics, and game thedtye high dimegsional systems arising in

financial and economical problems are posing new challenges to numerical and computational
research.

1 Information Security

Information security covers a wide range of problems ranging from coding theory and cryptology
to protocos for authentication, integrity, tiregamping, availability of service, and protection of
intellectual property.The increased demand for information and communication security has led
to exciting developments in algebraic geometry angtography.

1 Comnunicatiors

Popular means of communication such as cell phones require increasing bandwidth and robust
transmission modes in media that are subject to random fluctuatiawgto optimally package
information and schedule switching are current topicstehse research in mathematics,

statistics, and computer science.

I Entertainment

The fidelity of MP3 audio compression and the queality of movies such adurassic Parkand
Harry Potterrely on the use of sophisticated, recently invented, mathematiaitains for data
compression and image processinthe fundamental concepts of these techniques originated in
mathematics, and their applications have in turn influenced the development of novel ideas in
harmonic analysis.

The above are but a few examplto show that mathematical problems arising in industry merit
the attention of the academic communilyot only does their solution contribute to the economic
health of industry, but also they can provide fresh avenues for new and exciting develapments
the mathematical scienceBurther areas were discussed during the workshop (see programme in
Appendix B).
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3.2 The Academic Environment

The academic discipline of mathematics has undergone intense intellectual growth, but its
applcations to indusial problems have not undergone a similar expandidathematical

problems arising in industry are still commonly identified with a few classical topics in
mathematics for example, numerical computations, statistics, and combinatorial optimization

yet the impact these problems could have on the discipline is not always fully appretreed.
organizational structure of academia, with more or less autonomous departments, runs counter to
the idea ofmter-disciplinarity; and crossglisciplinary collabeoations are the exception rather than

the rule. Other impediments to the interaction of mathematics and industry are the academic
award system, which does not always take into account the contributions mathematicians make to
disciplines outside their imndéate department, and the curriculum, which does not offer many
opportunities for students to become familiar with industrial applications.

APured and AAppliedd Mathematics

Mat hemat i cal scientists are commonly <cl assi
mathematians supposedly follow natural paths of inquiry toward the development of new concept
new theries withinthe discipline; applied mathematicians are the ones who use mathematical tech
to address problems arising outside the discipline. The distinction is vague, misleading, and usefy
best for classification purposes. The vigor and vitality of teeigline depend critically on a strong
connection between the creators and users of mathematics. Excellent mathematics, however abs
leads to pretical applications. In turn, hard problems in nature stimulate the invention of new
mathematics.

The challenges that have arisen in industry require innovations in mathematical theory and
methodology. Mathematics provides the universal language to address common issues for classes
of problems, and its results are portable to a variety of application &pasific industrial
projects provide excellent test cases that can produce guidelines fovéhapdeent of new
mathematical tools, the evaluation of mathematical models, and the design of computational
methods.As industrial R&D becomes increasingly tied to specific projects, adjusted to the
demands of the miget, and subject to considerationsprbfit and intellectual property, it is
important that industry maiain its ties with the academic research communig.the other

hand, while freedom of ademic research is essential, mathematics and mathematicians must
recognize the importance of instrial problems for the development of their discipline and
should adjust the academicrgaulum to the new environment.
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4. Mathematics and Industry - A Partnership

The interface between mathematics and industry is much more than a medium fooggchnol
transfer. The vision that underlies this report is for a synergetic partnership, where information is
exchanged freely at the pcempetitive stageand knowledge is shared profitably by the
mathematical and industrial communities.

A successful panership requires a good fit between the expectations, the time scales, and the
expertise of the partner\ projectthat is undertakejointly must beproperlystructured, and the
patners must share a reasonable expectation that the necessary mashé&chti@jues are
available or at least can be developed.

The degree of penetration of mathematics in industry is in general unbalanced, with a
dispropationate participation from large corporations and relatively little impact in saral
mediumsizedenterprises. Considering that the latter constitute the majority of enterprises in
most indtrialized countries, mathematics clearly has a great opportunity to broaden its
economic impact. The question is how to create acceptable mechanisms to stiraulate
interaction of mathematics and industry and maximize the impact of the partndrkhip.
discussions at the workshop iodted that different countries have developed different
mechanisms depending on their state of development and economic structure.

In appendix A, there are references to specific projects, institutions and organisations, selected
from the reports of the delegates. This listascomplete and does not imply an evaluation.
Interestedeaders ar@vited to seekletailed informatiorvia the Internet.

4.1 Mechanisms

Although few patterns are discernible as yet, the workshop participants identified several
meclanisms that can improve the partnership between mathematics and industry.

1 Interdisciplinary Research Centres

Severalcont ri es have created Ainstituteso (bridging
scientists interact with industrial researchers to jointly address industrial protems are

based within individual universities, while others have been establislograte on a national

or international scaleTheir activities cover a broad range, from special workshops on topics of
exceptional contemporary interest and potential impaddongterm sponsorship of industrial

postdoctoral researchers and collabion in industrial projects.

1 Faculty Positions for Industrial Mathematics

Some universities have created chairs, professorships, and adjunct professolstipsrial
Mathematics.These positions can nucleate collaborations, foster industrial prgblemg in an
academic environment and reshape academic curricula and postdoc activities to the needs of
industry. They can provide opportunities for mathematicians who are successful in the academic
world to pursue their interest in industrial problemsljunct professorshg joint positions in
university and industry, offered to experts from industry, enable a direct and optimal transfer
between industrial demands and academic research andieduc

Pagel3of 39



1 Research Internships

Research internships arenmde of academimdustry interaction that has recently been taken up
by a number of countries. An internship is a research project of short duration (typi6ally 4
months) that is undertaken in collaboration with an industry partner and places a ggadieit

or postdoc partime in the companyExperiences so far have been very positive, with outcomes
ranging from technology transfer to publications and theses, while also fostering further
collaborations in the form of additional internships and éangsearch projects.

1 Special Interest Groups (SIG)

Professional societies and some government agencies sponsor special interest groups of various
kinds. They provide an excellent forum for the exchange of ideas and best practices, and a
framework for cdaborative research.

Objectives of SIG:

- Stimulating mathematical research on challenging industrial problems

- Encouraging joint projects between scientists and industry

- Promoting mathematical models, numerical methods and scientific computing in
industry.

Activities of SIG:

- Mathematical modelling, analysis and solution of problansing in industry

- Operation of workshops and sympgsia

- Creating links between mathematicians and applied sciemistglustry and acainia;
- Documentation of and inforrtian about existing research in specific fields.

 Direct Research Collaborations

In contrast to the weltstablished intensive cooperation between the industrial and academic
research communities in, for example, the chemical and engineering sciences) tmadition

exists in the mathematical scienc&3orporateacademic cooperation in mathematical research is
restricted mostly to large industries, such as financial engineering, insurance, and the information
technology industry.

Per®nnel Exchange Partnerships

Exchange of personnel is probably the most effective vehicle for transferring research results am
institutions and disciplines and converting them into products and markets. Graduate student an
doctoral fellowship prgrams bring bright young people from universities into national laboratories
industry. Faculty exchanges bring industrial scientists and engineers into universities, while facy

members move into industry.

1 Study Groups

In several countries, study groups have evolved that are tailored to the needs of industry and
provide a forum for the discussion of open problerikese rely on brainstorming sessiams

small groups of mathematical scientists and industrial researchesisiemic researchers then
gravitate to those problems in which they are most interested, and report their findings at follow
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up sessionsin large companies,thouse study groups can al so enhan
Acommunities of practiceo.

The typi@al model is the following:

Research workers from industrial and commercial concerns are invited to present one of their
current technical problems for study in working sessions with leading specialists from the
academic communityProblems may come fromwide variety of subject areas, but should be
amenable to mathematigabdellingand analysisin a week of brainstorming and mathematical
modellingthere is usually enough time to generate asgbssnany ideas for solving the

problem, and uglly someof the ideas are checked in more detdihe real research may only
start afterwards, for which useful contacts are made with the academics to work toethisr.
way, study groups serve to establish links between university mathematics departrdents an
industry.

1 Student Activities

The experience with study groups has highlighted the need to educate mathematicians capable of

meeting the demands for mathematical expertise in indastdywho can master complex

problems that ragre multidisciplinary competence and knowledge of modern communication

tedniques. n particul ar, at the student | evel, the cc
to be invaluable in opening young mniedssetyar cher s e
These modelling weeks are microcosms of study grdajpered to the needs of graduate

students.They provide a counterweight to the enormous pressure on talented young researchers

to follow tradtional pathways to successful careers asemarimathematicians.

The typical structure is the following:

Students coming from different universities are organized in interdisciplinary and international

teams, each of which is supposed to respond to a problem posed by an instructor (possibly a real

industrial delegate)The educational aims are to simulate an industrial environment, working in
heterogeneougroups; enharnag communication skills, with presentationtbgresults orally

(and by a written report, prepared at home, in colkttwor alsovia Interne}.

9 Translation of Technology

Mathematical technologies are tabyle to many areas in industhowever, problem mining and
translation at the interface are needed to use them efficiehttiyumber of countries have set up
programs or instities wherditechnology translatoéduild relationships between industry and
academia.Their aim is tgpromotethe culture of using mathematics in industry, at both strategic
and technical levelsThey generally have academic experience to at least RieDaed have

worked in industry, so they are able to communicate effectively to industrialists and academics at
all levels. Technology translators identify industrial opportunities for mathematics, understand
the detailed requirements of each companystede problems into the language of mathematics,
identify the best mechanisms and academics with relevant expertise, facilitate the relationships to
ensure successful collaboratigreéd assist with the implementation and exploitation of the

results. More information is avidable from the websites cited in Appendix A4.

1 Consultancy
In some countries, consultancy has been adopted as the most direct path to promote the transfer of

knowledge from academia to industriptermediary organizations enable thisghanism of
knowledge exchange on a national or, in a few cases, transnational scale.
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1 Software Companies

Software companies can package mathematical ideas so that they can be applied by non
mathematiciansEncouraging such commercial exploitation oftneemnatics can produce
substatial dividends for society.

1 Transnational Cooperation

There exist examples of transnational cooperation both in industrial prsbleing and in
coordinating industrial mathematics programs, exchanging teachers and stantstsaring and
using information on best practicésoth in collaboration with industry and in adapting the
academic curriculum to using mathematicsnouistry).

4.2 Intellectual Property

Mathematical ideas and methods may be entities of high ecasloralae. Therefore intellectual
property (IP) is an important issue in indusiigademic relationslssues surrounding

i maemat i cal | P60 are distinct in the sense that
comhnation of the underlying matimatical equations along with their expression in algorithmic
form. In cases where mathematical algorithms are implemented in computer software,
mathematical IP issues may arise that are fraught with difficultiesvever, because IP practices

and proceses vary greatly according to country, industry, and even academic institution, the
workshop partigants refrained from making any specific recommendations about the
management of IP, except to point to the need to share best practices in the mandgement o
mathematical IP and to learn from successes and failures of scientists and organizations working
at the nterface of mathematics and industig. particular, as mathematics in industry interfaces
develop into partnerships, more creative and flexiblesvednpuld be developed for industrialists

and nvestors to protect their irmests.
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5. Conclusions and Recommendations

Industry faces problems that extend well beyond the envelope of classical topics in mathematics.
Many of theseproblems have a signiant mathematical component, and the intellectual

challenges they pose fall in many cases within topical areas of current research in the
mathematical sciences. Stronger links between mathematics and industry will be beneficial both
to the partners andot netional economiesThey will inspire new mathematics and enhance the
competitive advantage of companies.

Several countries have developed a variety of mechanisms to facilitate a constructive relationship
between mathematics and industry; in these wim# dynamic collaborations already exibi.

others, there is an urgent need to create or revitalize the connggtigarnments can play a

role, notably through national funding agenci&$is section of the report contains

recommendations that canprove the interfaceThey have been suggested by the workshop
participants and are addressed to the academic community, governmental and other funding
agencies, and industryThe list reflects best practices and is meant to be indicative; it is by no
means exhaustive, and not all recommendations may apply in particular situations.

5.1 Mathematics for Industrial Innovation
The workshop participants recommended several mechanisms to stimulate the interaction.

1 Interdisciplinary Research Centres whogsesion is to increase the impact of
matrematics in industry by fostering research of a truly interdisciplinary nature, linking
mathematicsto important scientific and technological problems frawuistry;

9 Special positions in Industrial Mathematics tomstiate cooperation with industry, to
facilitate adaptation of academic structures and curricula, and to foster industrial
coopeetion and collaboration at the national and transnational levels;

1 Workshops to identify mathematical problems in specific itrikss These workshops
should bring together experts from academia and industry and pave the way to
collaboration;

1 Workshops to highlight novel mathematical techniques relevant for industry, such as
dynamics of complex networks, randomness and uncertaatnpling in high
dimensional spaces, rare events, extracting information from large data sets, multiple
scale problems, and algorithm design for advanced computing architectures.

5.2 Education and Training

A partnership between mathematics and inguas envisaged by the workshop participants and
proposed in the present repogquires adjustments of the curriculum for students of mathematics
who are interested in and motivated by industrial problefing adjustments should be

consdered withcareThe curriculum should not become a
curriculum for future researchers, and the students will need to be familiar with the standard
canon of the disciplineThe workshop participants recommended several steps for cotisiatera
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91 Developing curriculum options that prepare the students for a career at the interface of
mathematics and industr¥Curricula should reflect the reality that such a career requires
both a solid background in mathematics and the intellectual cyriogjo beyond
mathematics.The curriculum should be flexible but subject to rigorous quality control. It
should stress innovative applications of mathematics, highlight problems that are
industry-driven, and encourage students to broaden their sciantdéi@sts. Above all, it
should be designed to demonstrate that the interaction of mathematics and industry leads
to exciting research opportunities and benefits.

1 Creating opportunities for research participation at the undergraduate and graduate level.
Early exposure whets the appetite, @navideshandson experienceThemechanisms
may include industrial internships, modelling camps, and summer schools.

1 Establishing postdoctoral programs in conjunction with indussych programs offer a
first-hand experience of working in an industrial environment and thus a realistic
perspective on a career in industry, while preserving the option of an academic career.

1 Setting up opportunities for secondary school teachers to participate in academic
industrialinteractions.High-school students are often taught as if mathematics is a dead
science and a finished product ready for applicati@ising teachers an opportunity to
experience the excitement of research may enliven their view of the subject area.

1 Sponsoring teams of junior researchers for industignted researchSuch teams are an
excellent method for attracting talented young scientists to the field and for building a
future generation of mathematicians interested in and capable of doinginesezn
industrial environment.

5.3 The Interface between Mathematics and Industry

The workshop participants identified several mechanisms and initiatives that could be established
at the interface between mathematics and industry to promote a mematys exchange of
knowledge anaf experts.

f Joint teams, virtual organizations or fcoll a
technologies for targeted industri€Such teams, comprising experts from both sides,
should be problerariented rather #n projectoriented, and their mandate leterm
rather than shotterm.

f Positions for Atranslatorso to enhance the p
and the world of mathematic3.he problems in industry are not obviously expressed in
the langiage of mathematics, and this language itself has developed its own idioms and
syntax.

1 Web access to information about problems, methods, solutions, centres of excellence, and
available expertiseSuch information could be especially useful for sradtl mediurm
sized enterprises.

1 Networks of expertsWhether formal or informal, sponsored or independent, networks
improve the likelihood of collaboration.
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1 Model agreements on intellectual property rightbe subject of IP is daunting, and a
little advce and a more staged approach may go a long way to alleviating the fear of
parties involved in negotiations.

5.4 Academic Infrastructure

The academic world is organized by departments, which are more or less indep&hient.
structure is not optimalor the enhancement of interactions with industry, where a premium is put
on teamwork and interdisciplinary activitieshe workshop participants proffered several
suggestions for improvement.

1 A supportive environment for interdisciplinary activitieStudents need to have the
flexibility to explore career options outside acadenfaculty need encouragement to
explore the opportunities for mathematics outside their immediate specialization.

1 Appreciation and appropriate rewards for faculty involveneoutreach activities to
industry. Brilliant research done in the proverbial ivory tower is necessary for the good
of the discipline and its ability to contribute new ideas and techniques to science and
industry, but outreach activities that improve thvader impact of mathematics are
equally important for the health and image of the subject.

9 Faculty positions for researchers from industry. Role models are important for students.
Active researchers from industry offer réié¢ experience that is norally lacking
among regular faculty in a mathematics department.

1 Quality control of industrial mathematics projechMathematics for industry must meet
accepted standards of rigo At the same time, projegtsnce identifiegdneed to be
pursued withhe vigour that industry demands.

5.5 Industrial Infrastructure

Industry can take several steps to attract the attention of young researchers and talented students
to problems of interest.

1 Industry can make its environment more attractive for qualigedarchers if an
accepable compromise can be reached between the long time scale typical for
mathematicsasearch and the much shorter time scale typically faced by industry.

1 Mathematicians, like all scientists, thrive on challenges, are naturallyuspend dislike
routine work. Giving researchers in industry the opportunity to continue their education
by attending conferences and workshops improves the image of a research career in
industry and helps the researchers stay in touch with theipliisz

91 Industry can enhance its presence in academia by actively supporting activities that
potentially increase the impact of mathematics in industitye creatiorof special chairs
or faculty positions should be given careful consideration.

1 Industry ca make substantial intellectual contributions by actively participating in the
activities of the various mathematical research institutes discussed in Sectidm4.1.
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institute whose mission is to increase the impact of mathematics in industry can be the
flagship of any partnership between mathematics and industry.

9 Study groups dedicated to industiiented problems, summer schools dedicated to
industryoriented research in mathematics, and modelling camps for stualébenefit
from participation byesearchers from industrparticipation increases the likelihood
that the programs stay focused and that their eventual outcome is of genuine industrial
value.

5.6. National and International Coordination

Mathematics is a global enterpris@eseach results are published in peewviewed journals that
have international boards of editors; they are presented at international conferences or posted
informally on the World Wide Web and made accessible to the community at latgmational
collabordions are the rule among leading researchilis.important that thisnodus operandie
maintained in the context of mathematics and industry as Wké.workshop participants noted
that all recommendations presented so far should be viewed inttheflig global science

activity.

Experience with study groups around the world has revealed many commonalities between
industrial problems arising in different countries, thus highlighting the risk of undesirable
duplication of effort on the part of thecademic community and the consequent need for
international codlination at several levels

International cooperation of funding agencies and governments

Exchange of effective practices at national and international meetings

International networks faesearch and education, possibly supported by suitable
publishing resources and shared databases.

5.7 Action Items

The workshop participants recommend that an international task force be created to promote the
initiatives outlined in this report, to euate and prioritize the recommendations with respect to
their economic implications, and to identify the resources necessary for the implementation of the
various recommendations. The task force should include representatives from academia,
industry, ard government, with additional expertise called on as necessary.

At the OECD/GSF level, the workshop participants recommend that the Global Science Forum
foster the initiative and assist the framing of any foligpvactivities.
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Appendix A
References:

The following references provide information oresgdntactivities, centres, orgaations and
networks. The listis based on theontributions made during ttWorkshop Therefore only
institutions and activities in the partictpay countries g8 mentioned.The list is not meant to be
complete.

A.1 RelevantReports

Several committees, mainly the United Statesnvestigated the state and the role of
Mathematics and its relation to Science and Technoldpst of the reportsvere producegrior
to 2000. A more recent repofR005)on Computational Sciences alsaversMathematics.

The ADavi do Report

Renewing U.S. Mathematics: A Plan for the 1990s

National Academy Press, Whasgton (DC),1990
http://books.nap.edu/openbook.php?isbn=0309042283&page=R1

A Roadmap For Mathematics in European Industry
(MACSI-Net Mathematics, Computing and Simulation forusialy
A European funded network of Excellence (2Q004))
http://www.macsinet.org/newsletter.htm#MARCH2004

PITAC Report 2005
Computational Science: Ensuring America's Competitiveness
http://www.nitrd.gov/pitac/reports/

SIAM _(Society for Industrial and Applied Mathematics)
Report on Mathemats in Industry (1998)
(http://www.siam.org/about/mii/index.php

National Science Foundation (NSEnited States

Report of the Senior Assessment Panel for the International Assessment of thetbefatiaal
Sciences (1998)

http://128.150.4.107/pubs/1998/nsf9895/nsf9895. pdf

Report:Mathematics and Scien¢&999)
http://128.150.4.107/pubs/2000/mps0001/mps0001.pdf

Opportunities for the Mathematical Scien¢2800)
http://128.150.4.107/pubs/2002/nsf0120/start.htm
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http://www.nap.edu/catalog.php?record_id=1598
http://books.nap.edu/openbook.php?isbn=0309042283&page=R1
http://www.macsinet.org/newsletter.htm#MARCH2004
http://www.nitrd.gov/pitac/reports/20050609_computational/computational.pdf
http://www.nitrd.gov/pitac/reports/
http://www.siam.org/mii/miihome.htm
http://128.150.4.107/pubs/1998/nsf9895/nsf9895.pdf
http://128.150.4.107/pubs/2000/mps0001/mps0001.txt
http://128.150.4.107/pubs/2000/mps0001/mps0001.pdf
http://128.150.4.107/pubs/2002/nsf0120/start.htm
http://128.150.4.107/pubs/2002/nsf0120/start.htm

A.2 Established Centres

The following centres are ordered alphabetically by courltriprmation about theifounding
principles structure, programme andtiities can be foundia their homepage These centres
are based on a variety of differamtncepts.Their experience may help to optimize stratefies
improving thelinks between mathematics and industry.

CSIRO (Commonwealth Scientific and Induisl Research Organisation)
http://www.csiro.au/org/ps6d.htnifustralia)

RICAM (Radon Institute for Computational and Applied Mathematics) Austrian Academy of
Sciences (Austria)
http://www.ricam.oeaw.ac.at/

SCOMA (Center for Scientific Computing and Optimization in Multidisciplinary Apgilns)
http://www.mit.jyu.fi/scoma/(Finland)

CERFACS (European Cene for Research and Advanced Training in Scientific Qaation)
http://www.cerfacs.fr/(France)

INRIA Institut National de Recherche en Informatique et en Automatique
http:/Mwww.inria.fr/ (France)

ZIB (KonradZuseCenter for Information Technology)
http://www.zib.de/ (Germany)

WIAS (WeierstraRInstitute for Applied Analysis and Stochastics)
http://www.wiasberlin.de/(Germany)

MATHEON (DFG Centré'Mathematics for Key Technologies")
http://www.matheon.ftberlin.de/(Germany)

IWR (Interdisciplinary Center for Scientific Computing
http://www.iwr.uniheidelberg.de{Germany)

ADAMSS (Advanced Applied Mathematical and Statistical Sciend¢émmerly MIRIAM)
http://www.mat.unimi.it/users/miam/ (Italy)

MOX (Modelling and Scientific Computing)
http://mox.polimi.it/it/progetti/indexpro.php?en=@taly)

CASA (Centre for Analysis, Scientific computing and Applications)
http://www.win.tue.nl/casa(Netherlands)

CMA (Mathematics for Applications)
http://www.cma.uio.no/ (Norway)

ICM (InterdisciplinaryCentre for Mathematical and Comptional Modelling
http://www.icm.edu.pl/eng/Poland)
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http://www.csiro.au/org/ps6d.html
http://www.ricam.oeaw.ac.at/
http://www.mit.jyu.fi/scoma/
http://www.cerfacs.fr/
http://www.inria.fr/
http://www.zib.de/
http://www.wias-berlin.de/
http://www.matheon.fu-berlin.de/
http://www.iwr.uni-heidelberg.de/
http://www.mat.unimi.it/users/miriam/
http://mox.polimi.it/it/progetti/indexpro.php?en=en
http://www.win.tue.nl/casa/
http://www.cma.uio.no/
http://www.icm.edu.pl/eng/

CIMNE (International Center for Numerical Methods in Hregring)
http://www.cimne.upc.eSpain)

OCIAM (The OxfordCentre for Industrial and Applied Mathetita)
http://www?2.maths.ox.ac.uk/ociam{United Kingdom)

IMA (Institute for Mathematics and Its Applications)
http://www.ima.umn.edu/ (United States

Mathematics Clinic (Harvey Mudd Collegelnited States
http://www.math.hmc.edu/clinic/(United States

IPAM (Institute for Pure and Applied Mathematics)
http://www.ipam.ucla.edu/default.asfdnited States

SAMSI (Statistical and Applied Mathematical Sciences Institute)
http://www.samsi.info/(United States

DIMACS (Center fo Discrete Mathematics and Theoretical Computer Science)
http://dimacs.rutgers.edu(United Stags)

NISS (National Institute of Statistical Science)
http://www.riss.org/index.html(United States

A.3 Networks, Organizations

National and international emperationthroughnetworks and organizatias essential for
improving the situation for research and education in Industrial Mathembtigs, remarkable
success can be reportedowever, improvements are possible and necessary.

ECMI (European Consortium for Mathematics in Industry)
http://www.ecmiindmath.org/

ECMI Special Interest Groups
http://www.ecmiindmath.org/info/index.php

ECMI Educational Programmes
http://www.ecmiindmath.org/edu/index.php

ESGI (International Study Groups for&thematics in Industry)
http://www.mathin-industry.org/

ECCOMAS (European Community on Computational Methods in Applied Sciences)
http://www.cimne.com/eccomas/html/about.htm

KTN (Knowledge Transfer Network for Industrial Mathematics)
www.industrialmaths.net

fiMathematics in Industry 0, network sponsored by the German government
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http://www.cimne.upc.es/
http://www2.maths.ox.ac.uk/ociam/
http://www.ima.umn.edu/
http://www.math.hmc.edu/clinic/
http://www.ipam.ucla.edu/default.aspx
http://www.samsi.info/
http://dimacs.rutgers.edu/
http://www.niss.org/index.html
http://www.ecmi-indmath.org/
http://www.ecmi-indmath.org/info/index.php
http://www.ecmi-indmath.org/edu/index.php
http://www.math-in-industry.org/
http://www.cimne.upc.es/eccomas/
http://www.cimne.com/eccomas/html/about.htm
http://www.industrialmaths.net/

http://www.mathematiil.de/

MACSI (Mathematics Applications Consortium for Science and Industry)
http://www.macsi.ie/

MITACS (Mathematics of Information Technology and Complest&ys)
http://www.mitacs.math.ca/index.htifCanada)

A.4 Translational Institutions

These institutions spedise in finding matches betweémdustrial challenges and the expertise
that exists in academia, thus overcoming the inherent differences between the academic and
industrial worlds. The former specialises in developing gempengdose methods and tools, while
the latter needs quick, mrécal and robust solutions for rdék problems.

IMCC (Industrial Mathematics Competence Center)
http://www.mathconsult.co.at/imc¢Austria)

ITWM Fraunhofefinstitut fir Techneund Wirtschaftsmdematik
http://www.itwm.fhg.de (Germany)

(SwedishdependenceFraunhofer Chalmers Research Centre for Industrial MathemBsS)(
Goteborg, first European joint venture of the Fraunh8fagiety)

IFIM (Institute for Industrial Mathematics)
http://ifim.uni-paderborn.de{Germany)

12 T3 (Innovazione Industriale Tramite Trasferimento Tecnologico)
http://www.i2t3.unifi.it/ (Italy)

SINTEF-Applied Mathematics
http://www.sintef.no/content/page3 342.agplorway)

Smith Institute for Industrial Mathematics and System Engineering
www.smithinst.co.uk(United Kingdom)
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Appendix B

GLOBAL SCIENCE FORUM
MATHEMATICS IN INDUSTRY
Heidelberg, Germany, March 22- 24, 2007
Workshop Program

Locations:
1 Heidelberger Akademie der Wissenschaften, KarlstralRe 4
1 Print Media Acadmy, KurfursterAnlage 5260
9 Kulturbrau, Leyergasse 6
1 Haus Buhl, HauptstralRe 232/34

Thursday, March 22

Themes:
9 Setting the Discussion
9 State of the Art, Experiences in the Member States
9 Print Media Industry Presentation and Reception

14.0614.30
Welcame, Information
1 OECD: Dr. Michalowski (Paris)
1 BMBF: Dr. Koepke (Bonn)
9 Local Organizer: Prof. Jager (Heidelberg)

14.3015.00
1 Mathematicdndustry: Experiences and Expectations
Prof. Jeltsch (Zurich)
Chair: Prof. JagefHeidelberg)

15.0615.30
1 Challengs to Mathematics in Print Media/Multimedia Technology and Production
Prof. H. Kipphan (Heidelberger Druckmaschinen AG, Heidelberg)
Chair: Prof. Jager (Heidelberg)

15.40-18.00
1 Reports about the current situation in the Member States (main activitieasngiet,
funding, education, ...)
Chair: Prof. Sprekels (Berlin)

18.1018.30
1 Experiences, observations and commérieport of a mathematician in industry.
Dr. Schuppert, (Bayer Technology Services, Leverkusen)
Chair: Prof. Sprekels (Berlin)

Page25 of 39



Friday, March 23

Themes:
1 Meeting the Partners
1 Challenges to Mathematics
i Offers from Mathematics

9.009.30
1 Chemical Industry
Dr. Hahn (BASF, GERMANY),
Chair: Prof. Bock (Heidelberg)

9.30:10.00
1 Pharmaceutical Industry
Dr. Rippmann, Prof. Neumann (Merck, GERMX),
Chair: Dr. Schuppert (Bayetgverkusen)

10.0010.30
1 Materials: Polymers
Dr.ir. C.F.J. den Doelder (Dow Benelux B.V., NETHERLANDS)
Chair: Prof. Schilders (Eindhoven)

11.0611.30
I Aviation
Dr. Adel Abbas (Airbus, SPAIN),
Chair: Prof. Bonilla (Mdrid)

11.3612.00
1 Micro-Nanotechnology
Dr. Cremonesi (STMicroelectronics, ITALY)
Chair: Prof. Capasso (Milano)

12.0612.20
9 Discussions

14.0014.30
T Communication
Dr. Karkkainen (Nokia Research Center, FINLAND),
Chair: Prof. Gyllenberg (Helsinki)

14.30-15.00

1 Energy
Dr. John Reidar Granli (Statoil, NORWAY)
Chair: Prof. Winther (Oslo)
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15.00615.30
1 Transportation
Dr. Jaeger (BVO Busverkehr Ostwestfalen GmbH, GERMANY),
Chair: Prof. Grotschel (Berlin)

16.0016.30
1 Material Design
Prof. Wimmer (Materis Design, FRANCE),
Chair: Prof. Niezgodka (Warsaw)

16.3017.00
1 Financial Service Industry
Prof. Nonnenmacher (DZ Bank, GERMANY)
Chair: Prof. Jager (Heidelberg)

17.0017.45
9 Steel Industry
Dr. J. Nakagawa (Nippon Steel Corporation, JAPAN)
Chair: Prof M. Yamamoto (Tokyo)

Saturday, March 24

Themes:
1 Analysis of the Situation
9 Suggestions for Changes

9.0010.45
9 Discussion group
Challenges to Research in Mathematical Sciences, Resources and Gaps in Mathematical
Theory and Methods
Chair: Prof. CapasgMilano)

9 Discussion group
How to organize research, education, cooperation, and funding to promote transfer
Chair: Prof. Bourguignon, Prof. Cioranescu (Paris)

11.5612.20
9 Formulation of the results
1 Report of the subgroups

14.0015.30
1 Round table
Plenay discussions of main aims in research, education, training, and cooperation, new
structures in funding
Chair: Professor Kaper (NSF, Washington)

15.30 16.00

1 Closing Remarks, Farewell
Chair: Prof. Jager (Heidelberg)
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Reception aPrint Media Academgs guest of Heidelberger Druckmaschinen AG (Heidelberg).

With a global market share for sheet fed offset printing machines of more than 40 percent,
Heiddber ger Druckmaschinen AG (Heidel berg) i
commercial and industri@gustomers in the print media industry. Headquartered in Heidelberg,
Germany, the company focuses on the entire process and value chain for popular format clas
the sheet fed offset and flexographic printing sectors.

To demonstrate his lecture on teages to mathematics in print media industry, Prof. Kipphan,
Senior Vice President for Advanced and Future Technologies, presented thssivegdnigh
technology in print media industry
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Appendix C

GLOBAL SCIE NCE FORUM
MATHEMATICS IN INDUSTRY
Heidelberg, Germany, March 22- 24, 2007
Workshop Participants

AUSTRALIA

Marchant, Prof. Tim, University of Wollongong
http://www.uow.edu.au/~tim
tim_marchant@uow.edu.au

+61 2 42213861

AUSTRIA

Langer, Prof. Ulrich, Johannes Kepler University Linz
http://www.numa.unlinz.ac.at/~ulanger/langer.html
ulanger@numa.udinz.ac.at

+43 732 2468 9168

CANADA

Stockie, Prof. John, MITACS
www.math.sfu.ca/~stockie/
stockie@math.sfu.ca

+1 604 291 3553

FINLAND

Gyllenberg, Prof. Mats, University of Helsinki
http://www.helsinki.fi/~mgyllenb/
mats.qgyllenberg@helsinki.fi

+3589 19151480

Karkkainen, Dr. Leo, Nokia
http://www.nokia.com/
leo.m.karkkainen@nokia.com
+35 8504837354

FRANCE

Bourguignon, Prof. JeaRierre, Institut des Haut&tudes Scientifiques
http://www.ihes.fr/indexA.html

jpb@ihes.fr
+33 160926670
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Cioranescu, Prof. Doina, Université Pierre et Marie Curie (Paris 6)
http://www.ann.jussieu.fr/listelabo.php3?M=membres
cioran@ann.jussieu.fr

+33144 275115

Wimmer, Prof. Erich, Materials Design
http://www.materialsdesign.com/
ewimmer@ materialsdesign.com

+33 139550136

GERMANY

Bock, Prof. Hans Georg, IWR, University of Heidelberg
http://www.iwr.uniheidelberg.de/~Georg.Bock/
bock@iwr.untheidelberg.de

+49 6221 54 8237

Grotschel, Prof. Martin, Zuse Institute Berlin
http://www.zib.de/groetschel/
groetschel@zib.de

+49 30 84185 210

Hahn, Dr.KariHeinrich, BASF AG
http://www.corporate.basf.com/en/?id=%#60.JzAfvbcp.?*|
karl-heinrich.hahn@basf.com

+49 621 60 55 262

Heinze, Dr. Joachim, Springer
http://www.springer.com/dé&ilome/math?SGWID=1004219-697520
Joachim.Heinze@springer.com

+49 6221 487 8411

Jaeger, Ulrich, Busverkehr Ostwestfalen GmbH
http://www.bvobielefeld.de
Ulrich.Jaeger@bwdbielefeld.de

+49 521 52070 10

Jager, Prof. Willi, IWR University of Heidelberg
http://www.iwr.untheidelberg.de/~WillJaeger/
jaeger@iwr.unheidelberg.de

+49 6221 54 8235

Kiefer, Dr. Frank, German Research Foundation
http://www.dfg.de/dfg_im_profil/struktur/geschaeftsstelle/ansprechpartner/1256.html
Frank.Kiefer@dfg.de

+49 228 885 2567

Kipphan, Prof. Helmut, Print Media Industry (HEIDELBERG)
http://www.heidelberg.com/www/html/de/startPage
helmut.kipphan@kipphan.org

+49 6202 2 26 62
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Koepke, Dr. Rainer, Federal Ministry of Education and Research
http://www.bmbf.bund.de/

Rainer.Koepke @bmbf.bund.de

+49 228 57 2225

Krebs, Dr. Hans Joachim, Forschungszentrum Jilich
http://www.fzjuelich.de/ptj/index.php?dex=976
h.-j.krebs@fzjuelich.de

+49 2461 61 2457

Neumann, Prof. Siegfried, Merck
http://www.merck.de/servlet/PB/menu/1001723/intiéxl
siegfried.neumann@merck.de

+49 6151 72 21 51

Nonnenmacher, Prof. DirBens, DZ Bank

http://www.hsh
nordbank.de/home/themen/investorrelations/orgstrukt/vorstand/nonnenmacher_en.jsp;jsessionid=
510mLQM74RZGAMGOYTN2pQsp22K86ZKNBHIWITGPVK7QbTvVyGJ!173600761fd@su

*

airk.iens.nonnenmacher@habrdbank.com
+49 69 7447 90443

Rippmann, Dr. Friedrich, Merck
http://www.merck.de/servid®B/menu/1001723/index.html
Friedrich.F.Rippmann@merck.de

+49 6151 72 79 20

Schreieck, Dr. Anna, BASF AG
http://www.corporatéasf.com/en/?id=V060.JzAfvbcp.?*|
anna.schreieck@basf.com

+49 621 60 78253

Schunck, Dr. Hermann
SchunckBonn@tonline.de
+49 228 46 78 17

Schuppert, 2 Andreas, Bayer Technology Services
http://www.bayertechnology.com
andreas.schuppert@bayertechnology.com

+49 214 30 23491

Sprekels, Prof. Juem, Weierstrass Institute for Applied Analysis and Stochastics,
http://www.mathematik.rerlin.de/MathNet/members/sprekels.rdf.html
sprekels@wiaderlin.de

+49 30 2093 5437
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ITALY

Capasso, ProWincenzo, University of Milan
http://www.mat.unimi.it/users/miriam/capasso/index.htmi
Vincenzo.Capasso@mat.unimi.it

+39 02503 1 6130

Cremonesi, Dr. Alessandro, STMicroelectronics
http://www.st.com/stonline/
alessandro.cremonesi@st.com

+39 039 6035921

Marcati, Prof . Pierangel o, University
http://univag.it/~marcati/

marcati@univag.it

+39 0 862 433 143

JAPAN

Fukuhima, Dr. Kazushige, Basic and Generic Research Division, MEXT
kafuk@mext.go.jp
+81 3 6734 4097

Hosotsubo, Dr. Moritaka, National Institute of Science and Technology Policy, MEXT
http://www.nistep.gp.jp

hosotubo@nistep.go.jp

+81 3 6733 4910

Kawanishi, Dr. Shuichi, Japan Atomic Energy Agency (JAEA)
http://www.jaea.ggp/english/index.shtml
kawanishi.shunichi@jaea.go.jp

+81 774 71 3064

Nakagawa, Dr. Junichi, Nippon Steel Corporation
http://www.re.nsc.co.jp/

nakagawa@re.nsc.co.jp

+81 439 80 2847

Ohtake, Dr. Satoru, Basic and Generic Research Division, MEXT
ohtake@mext.go.jp
+81 3 6734 4098

Yamamoto, Prof. Masahiro, University of Tokyo
myama@ms.4iokyo.ac.jp
+81 3 5465 8328
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THE NETHERLANDS

Doelder, Dr. C.F. Jaap den, Dow Benelux B.V.
cfdendoelder@dow.com
+31 115 673249

Schilders, Prof. W.H.A TU Eindhoven
http://www.win.tue.nl/casa/aboutus/permstaff/32.html
w.h.a.schilders@TUE.nl

+31 613440110

NORWAY

Granli, Dr. John ReidaSTATOIL
http://www.statoil.com/
JRG@statoil.com

+47 95828538

Winther, Prof. Ragnar, University of Oslo
http://www.math.uio.no/employee/index.shtml?id=110&lang=ENG
ragnar.winther@cma.uio.no

+47 22 8559 35

OECD

Michalowski, Dr. Stefan, OECD
www.oecd.or¢sti/gsf
Stefan.Michalowski@oecd.org
+33 1452492 89

Okamoto, Mr. Takuya, OECD
Takuya.OKAMOTO@oecd.org
+33 1452494 30

POLAND

Niezgodka Prof. Mak, ICM Warsaw
http://www.icm.edu.pl/wszystko/pracownicy/niezgodka.html
marekn@icm.edu.pl

+48 22 8749 100

PORTUGAL

Rodrigues, Prof. Jodé&rancisco, University of Lisbon
http://mat.fc.ul.pt/pt/docentes/i/j f rodrigues
rodrigue @ptmat.fc.ul.pt

+351 217500329
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RUSSIA

Skubachevski , Prof. Al exander L., Peopl esd

http://www.rudn.ru/en/

skub@lector.ru
SPAIN

Abbas, Dr. Adel, Airbus
http://www.airbus.com/en/
Adel.Abbas@airbus.com
+34-91-624.1445

Bonilla, Prof. Luis, University Carlos Il Madrid (Leganes)
http://scala.uc3m.es/bokdlbonilla.html
bonilla@ing.uc3m.es

+34 91 6249445

Vega, Prof. Jose Manuel, Universidad Politécnica de Madrid
vega@fmetsia.upm.es
+34-91-336.6308

SWEDEN

SvanstedtProf. Nils, Chalmers University of Technology Géteborg
http://www.math.chalmers.se/~nilss/

nilss@math.chalmers.se

+46 31 772 5346

SWITZERLAND

Jeltsch, Raf. Rolf, Swiss Federal Institute of Technology, Zurich
http://www.sam.math.ethz.ch/~jeltsch/
rolf.jeltsch@sam.math.ethz.ch

+41 44 632 3452

TURKEY

Friendshi

Kara, Dr. Orhun, TUBITAK National Research Institute of Electronics and Cryptology (UEKAE)

http://www.tubitak.gov.tr/english/about/index.htm
orhun@uekae.tubitak.gov.tr
+90 262 6481764

UNITED KINGDOM

Bambury, Mark, EPSRC (Mathematical Sciences Programme)
http://www.epsrc.ac.uk/default.htm
Mark.Bambury@epsrc.ac.uk

+44 1793 444183
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Ockendon, Prof. Hilary, Oxford Centre for Industrial and Applied Mathematics
http://www.maths.ox.ac.uk/ociam/Staffifftkendon.shtml
ockendon@maths.ox.ac.uk

+44 1865 2 70504

Ockendon, Prof. John, Oxford Centre for Industrial and Applied Mathematics
http://www.maths.ox.ac.u&ciam/Staff/fockendon.shtml

ock@maths.ox.ac.uk

+44 1865 2 70504

Tewkesbury, Dr. Heather, Smith Institute Knowledge Transfer Network
www.industrialmaths.net

heather.tewkesbury@smithinst.co.uk

+44 7815 096711

UNITED STATES

Kaper, Prof. Hans G., National Science Foundation
http://www.mcs.anl.gov/~kaper

hkaper@nsf.gov

+1 703 292 4859

LOCAL TEAM
University of Heidelberg:

Baraniecka, Beata
Fitzer, Herta
Geschinski, Sven
Hummel, Noemi
Hummel, Lydia
Michel, Eberhard
Meyries, Martin
NeussRadu, Dr. Maria
Scheid, Ina

Heidelberg Academy of Sciences and Humanities:

Ganzler, Richard
Leslie, Sigrid
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Appendix D

GLOBAL SCIENCE FORUM
MATHEMATICS IN INDUSTRY
Heidelberg, Germany, June 4 5, 2007
Editorial Workshop

Location: Internationales Wissenschaftsforum Heidelberg (IWH)
University of Heidelberg, Hauptstral3e 242
June 4
11:00 Discussion of the Report and the Memorandum
13:45 Sessions of subgroups
15:30 Session of subgroups
20:00 Plenary session
A Short reports
A Discussion of the panel session at ICIAM
Session®f subgroups
June 5
9:00 Plenary session
9:30 Sessions of subgroups
11:30 Session of subgroups
12:30 Report of subgroups
13:45 Plenary session
16:00 Preliminary end

Participants:

Bonilla Prof. Luis, Spain

Capasso, Prof. Vincenzo, Italy
Gyllenberg, Prof. Mats, Finland

Jager, Prof. Willi, Germany

Krebs, Dr. Hansloachim, Germany
Michalowski, Dr. Stefan, OECD
Niezgodka, Prof. Marek, Poland
Ockendon, Prof. John, United Kingdom
Schuppert, Dr. Andres, Germany
Stockie, Prof. John, Canada
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Via electronic mail:

Bourguignon, Prof. JeaRierre, France

Jdtsch, Prof. Rolf, Switzerland

Kaper, Prof. Hans G, United States of America
Schilders, Prof. W.H.A., Netherlands
Svanstedt, Prof. Nils, Sweden



Appendix E

Panel Discussion: Mathematics in Industry

6th International Congress on
Industrial and Applied Mathematics

= Zurich, Switzerland

rs' 16 - 20 July 2007
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The results of the GS#ctivity were presented and discussed at the ICIAM 07 in Zurich,
Switzerland, in a panel sessionhis congress was the 6th in the series of global conferefices o
the International Council for Industrial and Applied Mathematics (ICIAM) covering research
developments ingplied mathematics, industrial applications of mathematics, and the interaction
of mathematics with industry and the sciences.

In addition to theegular program of invited presentations, minisymposia, and public lectures, the
program at ICIAM 2007 featured sevehatlustry Dayswhere the discussions focused on
particular subjects ofriportance to a specific sector of industry (aircraft design,

electromagnetics, food processing, transportation, telecommunications, pharmaceutical, and risk
management in financial and energy markeld)e congress was attended by more than 3000
participants.For details, see the ICIAM 2007 websitétp://www.iciam07.ch/index

The panel discussion had a prominent position in the programheefollowing text is an

excerpt of the oftial programme
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OECD Panel Discussion: Mathematics in Industry
Date: 17 July 200719.15- 20.30 Room: AudiMax of ETH (HG F30)

Moderator: Willi Jager

Aims:

Mathematics is a key technology for industry. (Industry interpreted in the broadest sense, including any
activity of economic and/or social valueThe panel will present a repaptepared for the OECD Global
Science Forum ofiMathematics in Indusyr 0 The report was prepared by a working group of 60 experts
representing the industrial, academic and government communities of 18 nmembgesof the OECD

and Russia, who met ingitlelberg, Germany, in April 2007The main objectives of the activity were

A to survey the state of the art of mathematics in industry in the participating countries, and to identify
and analyze the most important challenges;

A to formulate a set aftandards for mathematical research, education and fugndin
and to identify the structural changes necessary to improve the transfer of mathematicstiey ;

A to promote the application of mathematical technology in industry; and

A to coordinate oritiate national programs and plan international cooperation.

The report, which summarizes the discussion and recommendations of the working group, will be
distributed to the governments and funding agencies @3 membercountriesto raise the awaregss
and enxhance the profile of mathematics in the industrial cont&xte panel will explain the motivation for
the report and discuss the main findings.

Panellists

Luis L. Bonilla Universidad Carlos Il de Madrid; President of ECMI.

JeanPierre Bourgugnon Institut des Hautes Etud&ientifiques, Director

Vincenzo Capasso Advanced Applied Mathematical and Statistical Sciences (ADAMSS),
Director, Universita degli Studi di Milano.

Martin Grotschel Matheon, KonraeZuseZentrum and TU Berlin.

Willi Jager Interdisciplinary Center for Scientific Computing (IWR), Heagdplied
Analysis Research Group, University of Heidelberg,

Rolf Jeltsch Department of Mathematics, ETH Zurich; President GAMM; Riest
Elect ICIAM, Director of ICIAM 07

Hans Kaper National Science Foundation (NSF); Argonne National Laboratthyited
States

Stefan Michalowski Executive Secretarglobal Science ForumQECD, Paris.

John Ockendon Oxford Centre for Industrial and Applied Mathematics (OC)AM

About 200 participants took part the event.The members of the panel presented and discussed
the results of th&SF activityand the recommendations to improve the transfer of mathematics

to industry. Structural changes necessary to improve cooperation in mathematical research and
education were a central point of discussiohhe response of the audience was very positive and
the comments during and, for time reasons, mainly after the panel via email, were very helpful for
preparing the final reportfThe headlines of the ICIAM Nesfetter July 192007/fi OE C D

demands new strategy for education of studentsa Edlcafion of students required to be more

i nt er di ssunnpatisomeafrthe thain concerns debated.
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