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22. august 2007 NDT
Ansggning: Den nationale pulje for forskningsinfrastruktur
Keere Inge Maerkedahl

Forsknings- og Innovationsstyrelsen har i brev af 26. juni 2007 inviteret rektor for Kgbenhavns Universitet,
Ralf Hemmingsen, til at indsende en egentlig ansggning til Den nationale pulje for forskningsinfrastruktur, pa
vegne af universitetskonsortiet, som den 9. maj 2007 fremsendte en indledende interessetilkendegivelse.
Som det fremgik af fglgebrevet (bilag 1), blev interessetilkendegivelsens universitetskonsortium dengang
tegnet af fire universitetsrektorer:

e Rektor for Kgbenhavns Universitet, Ralf Hemmingsen

e Rektor for Aarhus Universitet, Lauritz B. Holm-Nielsen

e Rektor for Syddansk Universitet, Jens Oddershede

o Rektor for Danmarks Tekniske Universitet, Lars Pallesen

Det kan hermed oplyses at undertegnet nu ogsa er med i det konsortium, der hermed fremsender vedlagte
ansggning gennem Dansk Center for Scientific Computing (DCSC).

Takket veere DCSC har Aalborg Universitet (AAU) henover sommeren 2007 kunnet etablere et femte DCSC
regionalt driftscenter for Scientific Computing. Til den medtagede bevilling fra DCSC har AAU selv lagt yderli-
gere 300% finansiering oveni, hvilket er et udtryk for hvor hgjt AAU prioriterer denne type forskningsinfrastruk-
tur. Infrastrukturen er central for vores arbejde med simuleringer, modellering og analyser af komplekse og
ofte meget omfattende datamaengder af forskellige videnskabelig art.

Jeg kan séledes p& AAU’s vegne tilslutte mig mine kollegaers holdning til, at Scientific Computing er af signi-
fikant strategisk betydning for dansk forskning i arene fremover. Scientific Computing har et omfang og gene-
rel national karakter, som ger at omradet bgr lgftes fra centralt hold i regi af DCSC og sammen med den i
avrigt betragtelige egenfinansiering, som universiteterne ligger hertil.

Med venlig hilsen

Finn Kjeerdam
Rektor

Vedlagt:
1. Fwolgebrev af 26. april 2007 fra det ansggende universitetskonsortiet af rektorer.

2. Ansggning med bilag
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Ansggning: Den nationale pulje for forskningsinfrastruktur

Keaere Inge Maerkedahl

I forlengelse af vores brev af 2. oktober 2006 fremsender vi hermed ansggning om infra-
strukturmidler fra Globaliseringspuljen over tre &r. Ansggningen fremsendes gennem
Dansk Center for Scientific Computing (DCSC).

Det er vores opfattelse, at Danmark og universiteterne i 8rene fremover er ngdsaget til
en gget prioritering af eScience-omradet, sdfremt vi skal kunne leve op til forventninger-
ne om, at Danmark skal kunne etablerer sig som et videnssamfund baseret pd forskning,
innovation og uddannelse. De grundlaegende IT-infrastrukturer, som er en forudsaetning
for en satsning pa eScience er navnlig hgjkapacitetsinternettet som leveres af Forsk-
ningsnettet, de scientific computing ressourcer som leveres af DCSC, den forskning og
udvikling af Grid-implementeringer, som bl.a. har vzeret forestet i Dansk Center for Grid
Computing (DCGC) samt den informationshandtering som udvikles i regi af Det Elektroni-
ske Forskningsbibliotek (DEF).

Ansg@gningen afspejler vores institutioners strategiske prioritering af IT infrastruktur til
forskningen, som ogs& vurderes at vaere i overensstemmelse med nationale prioriterin-
ger. De foresldede investeringer har en betragtelig medfinansieret fra universiteternes
egne budgetter (over 50%), men har et omfang og generel national karakter, som ggr at
vi mener de ogsé bgr lgftes fra centralt hold.

For at sikre solid dansk deltagelse i den fremtidige internationale forskning, som hviler pd
et eScience grundlag, foresldr vi, at vi sammen med ministeriet opbygger en steerkere og
mere homogen basis for den IT-baserede infrastruktur i Danmark, ved at arbejde mod at
styrke Dansk Center for Scientific Computing (DCSC) og dets Gridificering.

Med venlig hilsen

/.
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i Laurltz . Holm- N1e|sen

Rekt arhus UnlverSttet

Lars PaIEesen (/}/\,

ektor Syddansk Universitet Rektor Danmarks Tekniske Universitet

Vedlagt: Ansggning med bilag
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GRANT APPLICATION

To:
Danish Agency for Science, Technology and Innovation

Cc.:
The Danish Research Network (Forskningsnettet); The Danish Center for Grid
Computing (DCGC); Denmark’s Electronic Research Library (DEF)

From:

The Danish Center for Scientific Computing (DCSC)

Subject:
Grant application ”Den nationale pulje for forskningsinfrastruktur”

Blegdamsvej 17
DK-2100 Copenhagen @
Phone +45 3532 5453
Fax +45 3532 5016
info@dcsc.dk
www.dcsc.dk

10 September 2007
/RB

Scientific Computing and Grid Infrastructure

for Scientific Calculation, Simulation, and Modelling

(Annex 1 to 5)

On 20 March 2007, the Danish Agency for Science, Technology and Innovation posted a call for expressions of interest! for national research infrastructure grants.
Five university rectors responded through the Danish Center for Scientific Computing (DCSC). On 26 June 2007 the Agency invited the rectors to submit a full

elaborated grant application.
In addition to this document constituting "Annex 1 to 5", the response consists of:
. "Application Form 1", the research advisory system's standard application form required for application to the call.

. Two cover letters from the applicant consortium of rectors.

e A popular science introduction (Danish and English), with case stories and a demonstration video, which is unchanged since it was first submitted together

with the expressions of interest.
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Executive summary

In the light of globalization and increasing pressures on national economic competitiveness, the
applicant consortium, five Danish university rectors, argue that a strong research sector based on
an advanced information and telecommunication technology infrastructure is becoming more and
more important. If Denmark is to become a leading knowledge-based society, Denmark must have
a strong eScience foundation. The term eScience is used here to describe the application of ad-
vanced information and telecommunication technologies (ICT) in research, the use of global col-
laboration within key areas of science, and the development of the next generation of ICT infra-
structure that will enable these activities. World class scientific computing facilities are an essen-
tial part of ICT infrastructures for a vast variety of research areas.

In line with recommendations from the report "Future Research Infrastructure — An Analysis of
Needs and a Proposed Strategy"? from the Danish Council for Strategic Research, the rector con-
sortium hereby seeks financial assistance to unite and strengthen a significant part of the basic
eScience infrastructures in Denmark, supplied by the Danish Center for Scientific Computing
(DCSC) and the Danish Center for Grid Computing (DCGC).

Scientists from a broad range of scientific areas use scientific computing, based on significant
distributed computer resources and large data storage facilities, for complex calculations, model-
ling, simulation, and analysis. Scientists have a substantial need for Grid computing to seamlessly
bind distributed resources together.

This application argues that by uniting and strengthening DCSC and DCGC, Denmark will be
much better equipped to participate in international scientific grand challenge endeavours.

A set of case stories from DCSC’s user community are presented, in order to show more explicitly
where Danish research could achieve more, if granted a stronger SC infrastructure.

A total funding of DKK 55 million (EUR 7.4 million) over three years (2008-2010) is proposed,
divided over two DCSC expansion phases:

Phase 1 - DCSC strengthening and Gridification (2008):
1. Strengthening the DCSC call for scientific computing proposals

2. Introducing specialisation and division of labour - Constructing a centralised national SMP
installation

3. Gridifying the decentralised Danish scientific computing resources
4. Securing Danish participation in international Grid cooperation
5. Strengthening the DCSC secretariat

Phase 2 - Consolidation, support, education and liaison (2009-2010):
1. Further consolidation of phase 1, but in a unified DCSC/DCGC organization

2. Adding how-to courses with targeted instruction on the merits of Scientific Computing and
Grid infrastructure

3. Adding technical/academic user support

4. Adding joint R&D projects with the Danish Research Network and Denmark’s Electronic
Research Library
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Annex 1: Project description
1 Introduction — the need for a Danish eScience infrastructure

In the light of globalization and increasing pressures on national economic competitiveness, many
industrialized nations have a growing understanding that they must move from a physically-based
to a knowledge-based economy. Crucial to this shift are factors such as: a well-educated popula-
tion, strong research environments, and an advanced information and telecommunication technol-
ogy (ICT) infrastructure, with accompanying advanced ICT applications. Denmark is believed to
be among the nations that have the most pressing need to instigate such a shift, due to its high
living and labour cost. At the same time, Denmark and its research and education environments
are said to be among the most advanced in the world with respect to proliferation and understand-
ing of almost any kind of ICT.

Against such a background, we suggest that it is a wise strategic choice for any knowledge-based
society, and for Denmark in particular, to strengthen its economic foundation through combined
utilisation of research and ICT. This is often termed eScience and is about using advanced ICT in
research, about global collaboration within key areas of science, and about the next generation of
ICT infrastructure that will enable these activities.

The basic premise of this application is the assumption that Denmark has a national strategic need
for advanced ICT infrastructure. In particular, there is an urgent need for more scientific comput-
ing resources and Grid infrastructure. This will complement the existing advanced fibre research
networks, hereby binding together these facilities in a coherent manner. The Danish National Re-
search and Education Network (Forskningsnettet) has, like its Nordic neighbours, a long standing
tradition for aiming to be among the best in the world. It has a strong international cooperation
framework in the Nordic NORDUnet partnership, and it has just received a substantial grant from
the Ministry of Science, Technology and Innovation to complete a 10 Gbit/s fibre network build-
up. However, an equivalent build-up has not been on the agenda for scientific computing, and
efforts to Gridify the Danish ICT infrastructure, through the Danish Center for Grid Computing
(DCGC), are coming to an end as of June 2007, because the programme funding these activities
has terminated.

Such asymmetrical ICT infrastructure development, though better than no development, is unfor-
tunate in the longer term. The importance of ICT infrastructure in facilitating high-end research
was made clear already in 2005 by the Danish Council for Strategic Research, through the rec-
ommendations in the report "Future Research Infrastructure — An Analysis of Needs and a Pro-
posed Strategy".* Specifically, the council recommended a strengthening of the basic scientific
computing infrastructure in Denmark supplied by the Danish Centre for Scientific Computing

(DCSC), as well as more efforts put into its Gridification conducted through DCGC.

In the following, after a short introduction to scientific computing and Gridification it will be ar-
gued why these areas are increasingly important to modern research. A selection of scientific case
stories will be used to illustrate how Denmark has an enormous research potential in the area and
to show how access to an upgraded ICT infrastructure is needed, if Denmark is to be able to par-
ticipate in global scale scientific grand challenge endeavours.

1.1 Scientific computing - Scientific Calculation, Simulation, and Modelling

Scientific computing (computational science, super computing or high performance computing,
henceforth SC) has traditionally been the field of study concerned with constructing mathematical
models, simulation, and numerical solution techniques, and using significant computer power
and/or large data storage facilities to analyse and solve scientific and engineering problems. Sci-
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entists, far from being merely computer scientists, use or develop computer programs that model
the systems they study, and run these programs with various sets of input data. Typically, these
models require massive amounts of calculations and/or data storage, and are often executed on
supercomputers (SMP’s or clusters), which are the research infrastructure for computational sci-
entists in the same way as, for example, telescopes are for astronomers, or ships are for marine
biologists. But one major difference in this type of infrastructure is that it does not just support
one specific user community, but an ever growing pool of scientific areas. In fact, SC is needed
for any type of scientific research where modelling, simulation, and/or analysis of large datasets
occur. As computers increasingly permeate society and become ever more powerful, an increasing
number of scientific areas are taking to SC. There are numerous examples including: molecular
analysis for development of new materials, modelling the population’s economic or social behav-
iour, analysing globally linked museum data archives, drug design, Earth System Models analys-
ing global climate change, and simulating wind turbulence for optimal design of windmill wings.
Though SC is often too expensive for most individual scientists or even for universities, SC infra-
structure is becoming an important asset for public and private research.

The world faces scientific challenges that cannot be tackled by a single country alone, but rather
by sharing responsibilities, efforts, and resources between many research communities all over the
world. For this reason, more open access to data repositories and scientific resources across both
thematic and geographical distances is being fostered. A major challenge with respect to this is the
data explosion problem: Collecting scientific data has progressed from the time when a scientist
scribbled notes on paper to automated data collection, using many inexpensive sensors, which
gives rise to a huge explosion in the amount of collected data. Examples are numerous and in-
clude meteorological data, seismic data, genetic data, astronomical data, medical imaging, etc. To
this must be added the ever growing information archives in the arts and social sciences, which
require further large storage and processing facilities. Yet another challenge is how such facilities
can be fully utilised. SC, or the somewhat broader Computational Science, is able to deal with this
problem, but has itself been significantly complemented in recent years by the new technology of
Grid Computing.

1.2 Grid computing — Connecting resources

Grid computing describes a seamless linking of SC processing facilities, data storage resources,
and data producing facilities. A Grid enables cooperation through so-called Virtual Organisations
across thematic, geographic, and organisational boundaries; it provides networked storage ele-
ments to tackle the data explosion problem; and it improves utilisation of computing facilities by
connecting them and providing means for balancing the usage of both storage and computing
equipment. When linking together various SC facilities, Grid computing provides a more power-
ful and holistic computational infrastructure. As data network infrastructures continue to develop,
it becomes increasingly feasible to connect physically distributed facilities. Grid computing repre-
sents a point between centralised, large computer facilities and a distributed system where each
research group has its own, albeit small, computer facility, which, however, is part of a larger ho-
listic system. A virtual computer architecture is modelled, by networking/joining many heteroge-
neous resources across boundaries. In Denmark, as the Danish ICT network infrastructure
(Forskningsnettet) becomes more powerful, it increasingly becomes not only possible, but also
advantageous, to link together our shared facilities. Comparable efforts are being made in many
other countries as well as on a regional and global scale. Such a process is termed Gridification of
SC facilities and helps to increase flexibility, productivity, and throughput. For a computing prob-
lem to benefit from Gridification, the problem must require either large amounts of computation
time or significant data handling, and it must be reducible to parallel processes that do not require
intensive inter-communication. In a Gridified ICT infrastructure, scientists can submit computa-
tional jobs and access data while not really caring about where in the world, or on which systems,
calculations are carried out, or where data is accessed or stored.
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SC and Gridification are being pursued ambitiously all over the world, and Denmark, even with
its modest economic commitment per capita, is still a credible partner in this effort. But this has
only been possible by emphasising computer power mainly for elite science, as opposed to pro-
viding a centralised SC facility, user support, developing a general Grid infrastructure.

1.3 Gridification of SC — Solid infrastructure, research, development, or operations?

With respect to financial support, the build-up of a nationally Gridified infrastructure suffers from
falling between two chairs: It is not just research that needs to be supported, but also a national
and international, on-going, coordinated infrastructure construction effort, whose full realisation
will take at least another 10 to 20 years. But it is also not a tangible infrastructure that can be seen
and touched, but rather a set of software tools and a distributed Virtual Organisation of people and
resources. Explaining Grid and SC via an analogy using an example from international airline
aviation, one can argue that the linked network of flight control centres and their navigation soft-
ware tools are just as much infrastructure as are aircraft and runways, and thus are equally as criti-
cal and essential. The concept of a Single European Sky” can be viewed as being the gridification
of the European flight control centres.

The conclusion is that Gridification is solid infrastructure, research, development and operations,
all mixed together during its long-term build-up, and indeed an important eScience infrastructure
that is essential to Danish science. A long-term commitment should therefore be secured for Dan-
ish Grid activities (i.e., DCGC) as well as for Danish participation in international Grid R&D,
presently conducted via the Nordic DataGrid Facility (NDGF)®, and, to a much lesser extent,
through the European project Enabling Grids for EScience (EGEE)’. However, such a long-term
commitment is not in sight. On the contrary, the Danish research council funding of DCGC ex-
pired in June 2007. Furthermore, Danish participation in international Grid R&D is moving to-
wards termination. NDGF will no longer receive funding from Denmark as of January 2008, and
Denmark has lost its possibility of securing Danish participation in the planed EGEE 11l project.
This is most unfortunate for future Danish SC and Grid development, especially due to the other-
wise successful Danish decentralised SC organisational model.

This grant application aims to strengthen SC and its Gridification in Denmark in pursuit of a more
holistic eScience infrastructure, thereby strengthening many Danish science communities and
their ability to participate in international advanced science collaboration.

2  Scientific computing in Denmark — Danish strength positions, current limitations, and
future possibilities

At the time when DCSC was established in 2001, there was a desperate need for rapidly establish-
ing facilities that could provide computational resources to the SC research communities across
Denmark. The strategy chosen for this was a distributed approach where decentralised facilities
were established at the major universities. This has ensured that the cheapest possible solution has
been used for each kind of research project, thus avoiding expensive, standard computer centres.
Another advantage of this approach has been that the local centres are sufficiently small and spe-
cialized to the needs of their individual local research groups, so that the overheads, due to ad-
ministration and operations costs, can be kept at a bare minimum.

The universities have responded positively to the requirements of the SC research groups and
have to a significant extent provided additional support. The co-funding from the universities has
typically been on the order of 1:1, covering the costs for building computer rooms and operating
expenses (electricity/cooling), in addition to salaries for system administrators. Due to the limited
funding available to DCSC, this build-up of local facilities to a reasonable standard has taken 3-4
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years. Because the average lifetime of computational hardware is also 3-4 years, the current level
of SC funding only allows maintenance of the present level of computational resources.

In 2003, the Danish Centre for Grid Computing (DCGC) was established based on a three year
grant from the Ministry, ending in June 2007, hence it is no longer funded. This currently leaves
Denmark as one of the very few European countries without a national Grid initiative (NGI), and
with essentially no possibility of participating in European Grid cooperation at the national level.
Within the framework of national ICT infrastructure, Denmark has a National Research and Edu-
cation Network (NREN, called "Forskningsnettet™) providing high grade fibre Internet capacity
for research and education. Denmark also has an Electronic Research Library (DEF). However,
these infrastructures are provided through there own organisations. These four organisations are
seen to make up the totality of Danish ICT research infrastructure, of which two (DCSC and
DCGC) are the focus of this grant application.

2.1 DCSC: The Danish SC organisational and funding model, as of today

We return later to an explanation of what DCSC could be and should do, if this grant application
is approved. But to fully appreciate the plan it is necessary to describe the structure of DCSC to-
day:

e SC for public research is provided by a partnership R

agreement between five of Denmark’s biggest universi- 1. University of Copexhagen
ties and the Ministry of Science, Technology and Innova- _ caimiiet
. cl: - . . ege oﬁ.iborg AR s
tion within the setting of the Danish Centre for Scientific 5 g ?:ﬁgigﬁfgw
Computing (DCSC). 5E§DW§(-LWW)
5 org Unrversity
e DCSC has a total budget of approximately EUR 2.1 mil- )
lion provided by the Ministry, which also provides the DENMARKOMUS
statutes. ¢ oy Lyngoy
4.
e DCSC is governed by a board of ten appointed by the oL
. . . COPENHAGEN
Ministry; five of them are representing the stakeholder 00 1
universities.

e DCSC is administrated by a secretariat consisting of a
director only, with a total budget of some EUR 200.000.

e The five universities host and pay for regional operation centres (i.e. buildings, cooling, elec-
tricity, staff etc.), estimated at approximately the same as the DCSC budget (l.e. the universi-
ties contribute an estimated 50% co-funding).

e From the remaining part of the DCSC budget (90% = EUR 1.91 million) a 20% overhead
charge is deducted by the universities hosting the regional operation centres. The rest (72% =
EUR 1.53 million) is spent primarily on SC hardware, determined by the researchers.

e The DCSC board receives applications based on an annual open call for SC based research
projects. The board decides which research teams get SC resources, based on research quality,
competition and international peer review recommendations.

e The hardware requested by researchers must be purchased by, located at, and run by one of
five DCSC regional operating centres. The hardware is often added to an existing installation,
but resources are dedicated proportionally to research teams holding DCSC grants.

e 10% of the new hardware’s SC capacity (cycles) will be reserved by DCSC for the so called
pool of free resources, used for young scientists wanting to try out SC; for research projects
that do not require substantial SC resources, or only for a limited time span; as emergency re-
sources; or for the sudden possibility for "breakthrough SC runs" etc.

e Researchers can alternatively apply for access to existing hardware belonging to the pool of
free resources.
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One of the immediate advantages of this model is that it is the users of the research infrastructure,
the researchers themselves, who decide which SC resources are best suited for their research aims,
and hence what to invest in. Furthermore, the model guarantees that precious funding resources
are not invested on various add-ons, deemed of marginal use by the specific researchers, e.g., such
as excessive technical support staff; redundant technical utensils; code optimisers for already
vender optimised code, etc. The close-to-lab utilisation guarantees that system administrators
"know their customers”. University support (by means of co-financing DCSC’s grant decisions)
guarantees legitimacy both for the investments in SC infrastructure in general, as well as for
DCSC specifically.

On the other hand, the apparent weakness of the Danish organisational model is that it presumes a
user community that has substantial experience with SC, knows what it wants, and why. While
efforts have been made to give guidance and support to newcomers, young researchers and fields
of research new to SC, DCSC sees a need to do more to provide SC to such new users. And this
task is ever more important as the need for SC permeates virtually all areas of science. Some of
the more pressing of these weaknesses are expected to be dealt with via the suggestions portrayed
in this application (Annex 2: Business plan and the tackling of technical challenges, including
project organization and consortium management).

In addition to the introductory strategic globalisation rationale, mentioned above, the argument for
the suggested strengthening of Danish SC is based on positions of strength in current Danish re-
search, the current Danish SC limitations, and future possibilities for SC in Denmark.

2.2 Danish positions of strength: Value for money, scientific quality, close-to-lab utilisa-
tion

DCSC was subject to an international evaluation in November 2004.2 Among the review panel’s
observations, the following reaction to the Danish organisational model and its research outcome
can be highlighted:

e "... DCSC has met its goal on allocating scientific computing resources on the basis of scien-
tific quality and productivity. This is emphasised by the fine publication and citation numbers
of the user groups of DCSC. Several of the users are researchers in the international frontline,
and the status reports from the users demonstrate several cases of important progress in state
of the art — within a number of scientific disciplines — which reportedly would not have been
achieved without the scientific computing resources established by DCSC".

e ... the main users are highly satisfied with DCSC and the opportunities created, including the
special organisational structure of the Centre".
e "... the Panel assesses that the achieved access to close-to-lab scientific computing is impor-

tant and necessary for the user groups to continuously maintain their positions as internation-
ally leading researchers".

The Danish SC research community currently consists of hundreds of researchers®, annually pro-
ducing a significant number of international scientific papers.

2.3 Currents limitations: Small budget, limited room for new users, no Gridification

The review panel reviewing DCSC in November 2004 also expressed a number of concerns:

e ... the panel is surprised and concerned about the low total budget of DCSC, particularly in
the view of the scientific computing budgets in the neighbour countries. The scientific comput-
ing budgets of Finland and Sweden, per habitant, are considerably higher. The fact that Den-
mark’s scientific computing capacity is comparable with its neighbour countries is mainly due
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to the critically minimal Danish investments in software, operating resources as well as in
user support™.

e ... the DCSC users have demonstrated their need for further computing capacity; and a num-
ber of other research groups and scientific disciplines need, potentially, access to scientific
computing resources".

e "... the panel finds that there is still a number of user groups and scientific disciplines which,
potentially, are in need for scientific computing, but are not yet included in the DCSC user
community".

e "... the panel recommends an amalgamation of DCSC and Danish Centre for Grid Computing
in order to facilitate an expedient and effective establishment and future operation of a Danish
Grid. Here, the Panel underlines that a significant additional budget is necessary for accom-
plishing sound planning, establishment and operation of the future Grid".

e ... the panel thus finds that a significant increase in the total budget for DCSC could be justi-
fied".

Danish funding per capita to SC is currently exceptionally low when compared to neighbouring
countries such as the Nordic countries, Netherlands, and the United Kingdom. Danish researchers
would like to be able to participate in global scientific grand challenge endeavours on equal terms.
To do so, Danish researchers must have at their disposal an advanced ICT infrastructure of the
same quantity and quality as those available to other world class researchers. Figures show,™ for
example, that in 2008 Norway will spend 3.4 times more per capita on SC and Gridification than
Denmark will.

2.4 Future possibilities — Introducing a two phase development model

The conclusion from the above analysis of positions of strength and current limitations is that
DCSC has a successful decentralised structure, demonstrating excellent scientific quality as well
as better scientific value for money than other comparable countries. Due to the relatively small
overall budget, the DCSC board has been hard pressed to give priority to acquiring as much com-
puter processing power as at all possible, and primarily making it available to research communi-
ties of only the highest international research standing. However, DCSC finds it necessary to pro-
vide SC to new young talents, as well as being open to the many new user communities that can
benefit from SC. The DCSC board knows how important it is to have a long term national strate-
gic perspective. Given better funding, future possibilities include the ability to provide SC re-
sources to both the elite and to an expanded user community. It would also make it possible to
establish user support, better utilise the newly expanded Danish fibre based Research Network
(Forskningsnettet) as well as engage in cooperation with Denmark’s Electronic Research Library
(DEF) about how best to handle the data explosion problem.

Hence it is suggested that DCSC be strengthened, and absorb the current national Grid R&D ac-
tivities within DCGC as an integrated part of the SC infrastructure. In this way Denmark would be
much better equipped to participate in international scientific grand challenge endeavours that use
SC.

A total funding of DKK 55 million (EUR 7.4 million) over three years (2008-2010) is suggested,
split into two DCSC expansion phases:

e Phase 1 - DCSC strengthening and Gridification (2008): Strengthening the DCSC call for sci-
entific computing proposals; Introducing specialisation and division of labour - Constructing a
centralised national SMP installation; Gridifying the decentralised Danish scientific comput-
ing resources; Securing Danish participation in international Grid cooperation: Strengthening
the DCSC secretariat.
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e Phase 2 - Consolidation, support, education and liaison (2009-2010): Further consolidation of
phase 1, but in a unified DCSC/DCGC organization; Adding how-to courses with targeted in-
struction on the merits of Scientific Computing and Grid infrastructure; Adding techni-
cal/academic user support; Adding joint R&D projects with the Danish Research Network and
Denmark’s Electronic Research Library.

Before introducing the two phase development model in detail (which is done in "Annex 2: Busi-
ness plan and the tackling of technical challenges, including project organization and consortium
management") it is important to elaborate what kind of research SC is facilitating, and what kind
of challenges this research is trying to overcome.

3 Scientific computing — A precondition for Danish participation in international scien-
tific grand challenges: A set of case stories

The following small set of case stories highlight some of the international scientific grand chal-
lenges which Denmark would be significantly better equipped to participate in, should Danish
science be granted the infrastructure asked for in this grant application. Furthermore, the appli-
cants believe that this type of research and the innovation it brings about are indeed what is un-
derstood by the concept of a knowledge-based economy, as outlined in the introductory section.

3.1 Supercomputers enrolled in combating human diseases

Danish researchers have used supercomputers to create an extensive map of protein complexes
involved in diseases such as breast cancer, sclerosis, and Alzheimers. These results aim to ease the
discovery of proteins causing disease, and hence improve treatment. The
results™* show that proteins important for the development of different dis-
eases have a tendency to form similar complexes. This discovery was made
by letting DCSC’s supercomputers analyse hundreds of the many thousands
of known interactions, as well as texts written by disease experts describing
the different disease characteristics. In this way it was possible to evaluate
the similarity of different diseases, and thus create a so-called human "phe-
nome network™ between the diseases. This work required vast amounts of computer resources, but
has now led to a first draft of more than 500 protein complexes associated with human pathology.
Furthermore, the research group trained a computer, a "learning-based predictor"”, to prioritize
genes associated with disease. This lead to the identification of 114 new genes, which are very
likely to be involved in various human diseases. These genes are now targets for drug develop-
ment.

The Computational Science aspect of the work is especially relevant in a Danish setting, where
hundreds of high-quality Bio-banks with patient material have been collected during the past 50
years. This type of eScience-based bio-research can well turn out to be of significant value to
global health as well as of major economic value to the Danish export marked.

3.2 Scientific computing spearheads design of new advanced materials

Today most materials are developed using trial-and-error experimentation. This is tedious and
costly, and it has long been a dream to be able to develop models of materials properties that are
good enough to enable design of materials atom-by-atom on the computer, be-
fore trying them out in the laboratory.

The scientific challenges are daunting. One needs to be able to solve equations
for the quantum motion of the electrons in the material, and the methods must be
efficient enough to treat real, complex materials, and accurate enough to have
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predictive power. In addition, it is necessary to develop models that relate the atomistic properties
to the macroscopic functionality. However, with the emergence of the enormous computer power
modern scientific computing offers, it has become feasible to take on this grand challenge pre-
suming one has access to the required computational resources.

Danish researchers have recently used DCSC supercomputers to investigate new materials that are
suitable for extracting hydrogen from water.*? This is of significant interest to the renewable en-
ergy sector, because water electrolysis coupled to, for example, wind or solar energy can yield
hydrogen as a clean and CO, neutral fuel.

Computational materials design represents a possible paradigm change in materials develop-
ment.*® As the methods mature in the academic environment, companies will take them in as
working tools, and the route to new functional and structural materials for all sectors of our econ-
omy.

3.3 Quantum mechanics for large molecules

Although the use of quantum mechanical methods have led to fundamental changes in many fields
of science by replacing elaborate experimental trial-and-error procedures by rational design, it
marks only the beginning of a much more profound transformation of
science expected over the next 25 years™. To realize this transforma-
tion it is necessary to improve the accuracy of quantum mechanical
methods and to develop quantum chemical methods that can treat much
large molecules than is currently possible. Current Danish research
addresses these important challenges of science in the 21st century.

Focus is on the development of an array of computational methods with varying accuracy and
complexity, ranging from standard density functional theory (DFT) methods to accurate coupled
cluster (CC) methods. Common for all developments is the use of local basis functions to achieve
methods that ultimately (for significantly large molecules) scales linearly with system size. In
addition to the development of methods to calculate ground-state energies and geometries, re-
searchers will develop methods to calculate the energies and properties of excited states as well as
linear and non-linear response properties. Thereby one will have developed methods relevant for
predicting all molecular properties of technological and scientific relevance.

3.4 Earth System Models give new insight into global climate change

Global Climate or Earth System Models (ESMs) help us understand global climate change by
simulating the behaviour of the atmosphere, oceans including sea ice, upper soil layers, and the
interactions between them.

It has been clear since their emergence in the 1950°s and -60’s that the qual-
ity of weather forecast models and climate models depend closely on the
number of computational points utilised — and hence on available computer
power. New generations of climate models, using advanced scientific com-
puting, now also include a number of bio-geo-chemical processes, including
components for aerosol chemistry, and the oceanic as well as the terrestrial
carbon cycles. These new ESM’s are now considered to be state of the art .
tools for simulating and understanding fundamental features of the past, present, and future cli-
mates on our planet.

Danish researchers™ have a strong tradition for and interest in investigating Arctic climate varia-
tions and their causes. If sufficient computer power can be put together, it is anticipated that the
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Danish Center for Ice and Climate will use ESM’s to understand so-called Dansgaard-Oeschger
(D-0) events, which are abrupt climate fluctuations during the last ice age, as well as the impor-
tance of Arctic surface processes responsible for climate evolution during the present interglacial
period - the Holocene.

Understanding what climate change is, and which part of it is not caused by human evolution and
expanding global economies, is a precondition for future meaningful moves to changing the be-
havioural patens of mankind.

3.5 Supercomputers help understand and predict the behaviour of financial markets

Financial data bases are, minute-by-minute, being fed with enormous streams of data on prices
and volumes of traded assets worldwide, over time giving giant amounts of data accessible for
data analy5|s Also databases with information on individuals are established and contain an in-
creased complexity of information over a cross section of subjects and time.

W’T In this respect, the Danish registration of data concerning every single indi-

vidual in the country (via the CPR database) is unique from an international

WY W\r perspective, and econometricians and other social scientists worldwide are

attracted by the variety of data accessible for Denmark in particular.

In marketing, a rapidly developing research area focuses on patterns of trade by individuals. Loy-
alty cards give access to the trading behaviour of individuals with respect to single commodities
traded, which can be combined with other database information to identify important patterns in
the way individuals behave in relation to price changes and so on.

Another area where much computing power is needed concerns simulation based methods in the
social sciences. This includes aspects of game theory, econometric estimation methods including
Monte Carlo based methods, and the estimation of complex dynamic systems, for instance, dy-
namic stochastic general equilibrium models.

The fields of analysis mentioned here are becoming the objects of increased research interest in
Denmark.™® The huge amounts of data that can be analysed, combined with the complexity of the
models to be estimated, spur an ever growing demand for access to scientific computing. Meeting
this demand can be expected to further strengthen Danish Social Sciences internationally.

3.6 Biomolecular simulation models the cell, in pursuit of better drug delivery and nano-
biotechnological devices

Biology is rapidly being transformed into a real quantitative science, similar ?)ﬁ_ RRIET N
to physics and chemistry. This process is not least facilitated by scientific =
computing and bioinformatics and biomolecular modeling and simulation.
The variety of simulation techniques being developed, spanning many time . 4
and length scales, are currently being applied to models of increasing com- #*#%4%
plexity, both in terms of molecular detail, as well as with respect to the biological processes and
the phenomena under consideration. Currently, Danish researchers and their collaborators®’ are
studying membrane self-assembly processes, living technologies, enzyme and protein function,
membrane domains and rafts, lipoproteins, and intra-cellular transport in a quest to better under-
stand the workings of living systems and to translate the new insight into novel technologies. An
explicit aim of this research is to enhance current collaboration with major Danish pharmaceutical
and biotech companies.

The consortium participates in'® the international pursuit of perfecting biomolecular simulation,
which entails a three-fold challenge: 1) to further integrate simulations and detailed laboratory
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experiments; 2) to nest different models and simulation algorithms to simulate an entire cell, with
coupling from external stimuli, via intra-cellular transport and morphogenesis, to signalling at the
nuclei; 3) to transfer insight from simulations to novel technology, e.g. within drug delivery and
nano-biotechnological devices. The simulation models are continuously refined in parallel interac-
tion with laboratory experiments and computer developments.

3.7 Electromagnetic modelling yields better and healthier antenna technology

Humans are to an ever growing extent surrounded by numerous sources of electromagnetic fields,
of various types, ranging from mobile phones to high-voltage power transmission lines. As a con-
sequence, concern has been raised about potential effects on human health. To be able to predict
and quantify the electromagnetic dose, researchers utilise electromagnetic simulation on a detailed
scientific computing model of the human body.

Danish researchers'® participate in an on-going study on potential effects of radiation from mobile
phones on brain metabolism. High-resolution models of human heads of fourteen volunteers have
been developed and used, together with a realistic model of a mobile phone, in simulations that

marked the areas of brain with highest energy absorption and, conse-

; quently, highest temperature increase. Results show that electromag-
netic radiation indeed affects the brain, though we still cannot say with
)\_J‘) what consequences. Numerical simulation including human tissues also

shows that the body presence influences the function of phone antennas

and body worn antennas. Accurate knowledge of the amount of power
dissipated due to the presence of the human body can help reduce the exposure of the user, as well
as save energy in the transmitting device, extending its battery endurance.

Scientific computing simulations of this kind will aid development of new types of antennas aim-
ing to partially or even totally eliminate the negative influence on the human body, as well as the
negative influence of the proximity of the human body on antenna functionality.

3.8 Gridified supercomputers aid the quest to understand the origin of the universe

In late 2007, beams of protons will collide 40 million times a second inside the Large Hadron
Collider (LHC) at CERN, producing what is equivalent to two ordinary DVDs of data every two
seconds. From this, the largest scientific instrument ever built, data will begin
flowing into a Grid of international supercomputer centres, because no single
installation would be able to handle such amounts of data. The LHC has been
designed by scientists in their quest to discover the detailed structure of the
elementary particles and the fundamental interactions between them. Physi-
cists hope to find evidence for new physics, e.g., extra dimensions, super-
symmetric particles, and the confirmation of the existence of the Higgs boson, a particle that has
never been observed, but which scientists believe is responsible for generating mass for all mas-
sive objects. Overall, this grand challenge involves Danish scientists together with 158 institutions
in 35 nations on five continents.

The Nordic DataGrid Facility (NDGF) connects computers and storage elements in the Nordic
countries, in such a way that physicists from around the world can access the data and use the
computers in the NDGF SC centres, including the DCSC installations, in a completely seamless
way. Similarly Danish scientists will use resources outside Denmark without ever being con-
fronted with the problems of locating the resources physically. Danish scientists aim to be at the
forefront of this scientific endeavour, hoping that the Danish contribution to the 50.000 computer
processors planned for will be ready when the several hundred thousand Gigabytes of data be-
come available.
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Annex 2: Business plan and the tackling of technical challenges, including project organiza-
tion and consortium management

Tackling of the technical challenges is split into two phases:
e Phase 1 - DCSC strengthening and Gridification (2008):
e Phase 2 - Consolidation, support, education and liaison (2009-2010)

Both phases are suggested to be carried through by DCSC and its five regional operating centres,
already constituting a consortium consisting of the Ministry of Science, Technology and Innova-
tion, and the major Danish universities, which has many years of experience building and operat-
ing SC infrastructure. Thus the project already has an organization and a consortium management
structure — though we propose that the DCSC secretariat support should be increased by one per-
son/year. The individual elements of the two phases are as follows:

1 Phase 1 - DCSC strengthening and Gridification (2008)

Phase 1 of DCSC development has five work packages, requiring DKK 15 million (EUR 2 mil-
lion) in 2008:

1. Strengthening the DCSC call for scien-
tific computing proposals

2. Introducing specialisation and division
of labour - Constructing a centralised
national SMP installation

3. Gridifying the decentralised Danish sci-
entific computing resources

4. Securing Danish participation in interna-
tional Grid cooperation

5. Strengthening the DCSC secretariat

[ Ministry of Science, Technology and Innovation j

Dcsczmu] [Dcsc/snu] [Dcsc,mu ][DCSCIKU ][Dcsc/.u.u]

1.1 Strengthening the DCSC call for scientific computing proposals

The primary objective of phase one is, on a competitive basis, to secure more computational
power to Danish elite research based on SC, as well as to offer more SC resources to new young
user groups and new research areas. This would strengthen Danish research teams' ability to co-
operate at the international elite level, producing breakthrough research results, in turn making
Danish research much more attractive to the rest of the world. It would also make it possible to
better utilise the scientific growth potential that lies in SC within many other research groups and
disciplines.

The organization needed for this part of the application is already in place, continuing what DCSC
already does very well, but with an increased budget. For the rest of the elements in the applica-
tion, it will be necessary to make some strategic shifts, take on new tasks, and make minor ad-
justments to the organisational structure of DCSC. Therefore, the DCSC statutes® will be revised.
It will, however, not be necessary nor prudent to introduce any changes in the consortium man-
agement structure and the way DCSC is organised (as explained in Annex 1, section 2.2 Danish
positions of strength: Value for money, scientific quality, close-to-lab utilisation).

1.2 Introducing specialisation and division of labour - Constructing a centralised national
SMP installation

The Danish SC organisational model has met its goal of allocating scientific computing resources
on the basis of scientific quality and productivity.?! Utilisation challenges do exist however,
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though DCSC has secured good value for money as well as scientific quality based on a close-to-
lab utilisation. One price that one must pay for all the benefits of the decentralised model is the
reduced ability to utilize economy of scale and to "purify” SC installations into clean architec-
ture-types, for example into Shared-Memory Parallelism (SMP) installations; cluster installations
with fast interconnect when massive communication is needed among the nodes; and cluster in-
stallations, where nodes operate relatively independently. These are currently the main architec-
ture types used in Denmark’s SC. Currently, DCSC regional operating centres run SC installations
that, to some extent, are duplications of each other, repeating the same variety of SC architecture
types in their installations. This is primarily an advantage for the cluster architecture type installa-
tions. SMP’s, on the other hand, have to have some level of critical mass to be effective, and are
not sold by the vendors in “small affordable versions”. Therefore, a main national centralised
SMP installation is proposed. This is supported by the user community.

This main SMP installation should geographically be located where the local DCSC SMP user
community and DCSC regional operation centre would be capable of taking upon itself the na-
tional responsibility of providing SMP resources to the whole DCSC user community. Possibly
this move, toward specialisation within and division of labour between DCSC regional operating
centres, may be taken even further with the cluster architecture-types. However, the present
cost/benefit analysis suggests a clear advantage in favour of keeping the cluster installations de-
centralised and close-to-lab.

It is important to emphasise that the size of the funding for the centralised SMP installation would
still be determined by research needs alone, via the applications which DCSC would receive and
grant. Hence, the development of and access to the SMP installation would follow the same prin-
ciples as for all other DCSC grants.

This strategic shift within DCSC does not make it necessary to make any change in the organisa-
tional structure of DCSC or in its statutes.

1.3  Gridifying the decentralised Danish scientific computing resources

Like all other advanced research countries, Denmark must start Gridifying its ICT research infra-
structures. This means that the Grid achievements already obtained until now by the DCGC must
be secured and it is important to initiate a more targeted Gridification of the Danish SC resources
hosted by DCSC and its regional operating centres. The need for this is amplified by the special
Danish way of decentralising its SC resources, which otherwise has proven highly efficient.?
Gridification in the Danish case will lead to an even better optimisation of the current use of the
decentralized DCSC resources, without sacrificing the close-to-lab advantages, low overheads,
researcher driven prioritisation of funding allocation, etc. A merger between DCSC and DCGC is
suggested, adding a supplementary Grid call to the annual DCSC call, aiming to intensify the
Gridification of DCSC.

The proposed first Grid call would be for a "Grid operating centre™ in addition to, as well as part
of, the current five regional operating centres under DCSC. The Grid operating centre would be
part of the current five centres in the sense that they each would be expanded with dedicated Grid-
competent staff (Post-docs, Ph.D. students and possibly technical staff). At the same time it would
be a new operating centre, because it would have its own management referring to DCSC, to deal
with Grid-specific, strategic and tactical development questions. The task of the new Grid operat-
ing centre would be to act as a binding node between DCSC operating centres, aiding them in de
facto getting local SC jobs as well resources onto a Grid, so that the whole DCSC user community
can access Danish SC resources irrespective of geographical location. The Grid operating centre
would also act as a binding node between DCSC and international Grid cooperation efforts, par-
ticularly the Nordic cooperation within NDGF, and the European within EGEE and the upcoming
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European Grid Initiative (EGI). The Grid operating centre should aim for a situation making it
possible to execute Grid jobs submitted through a variety of middleware® (e.g. ARC, gLite,
MIG...).

One initial challenge to be overcome in the Gridification process is the current lack of incentive
for researchers to submit their jobs to a Grid, as opposed to running them on a local non-Gridified
SC installation as they are used to. Because it can not be expected that, say a computational chem-
ist, voluntarily would take upon him/her-self the hassle of moving to a new Grid environment
especially one under construction, a clear incentive structure needs to be devised to instigate and
push the development. The emphasis should be on providing a better facility such that scientists
voluntarily move to a Grid facility rather than being forced to use such a facility. This is proposed
done in the following way:

Already all DCSC regional operating centres allocate 10% of DCSC computational resources to
the so called pool of free resources (See Annex 1, section 2.1 DCSC: The Danish SC organisa-
tional and funding model, as of today for an explanation of the pool of free resources and the way
in which it is used).

It is proposed that the Danish Gridification process starts by Gridifying the pool of free resources
(i.e., 10% of all DCSC resources). This would mean that the large research teams would initially
not be affected — unless they so desire. On the other hand, all the users of the pool of free re-
sources would need to run their jobs on a Grid infrastructure, if they can not obtain their own
DCSC grant, or do not need or want to. As time passes and the Danish Grid gets more stable, and
as Grid technology reaches maturity, more and more DCSC resources can be moved to a Grid. At
the right juncture in time, even the big users — the primary DCSC grant holders — will have an
incentive to move onto a Grid, because that would be the place to go for the bulk of Danish SC
resource and it would be efficiently accessible.

1.4 Securing Danish participation in international Grid cooperation

Grid R&D is, like all global scientific grand challenges endeavours, carried out in an international
collaborative manner. Several models, or development paradigms, are pursued. Danish research-
ers are by and large committed to a Grid infrastructure build-up pursued through Nordic collabo-
ration, via the NDGF. NDGF is aiming to ensure that Nordic researchers can create and partici-
pate in computational challenges of international scope and size — unreachable for the national
research groups alone. Research groups provide, through virtual organisations, computing re-
sources for sharing. NDGF is building and operating a Grid interface for the sharing of these re-
sources. In addition to being a long term Grid development project, NDGF is also a production
Grid facility that lifts existing, national computational resources and national Grid infrastructures
to the international elite. Currently, several Nordic resources are accessible with ARC or gL.ite
Grid-middleware, some sites with both. The five Nordic countries are jointly aiming to process
10% of the extreme amount of data coming from CERN's Large Hadron Collider Experiment.?
This is expected to require the resources of 2.610 CPU's. NDGF is expected to deliver, and DCSC
is expected to secure the Danish contribution.

NGDF has just undergone an international evaluation® concluding that it is a very successful in-
ternational project. But as of January 2008, Denmark is no longer a member of NDGF due to the
lack of funding to finance its share of the R&D costs (DKK 3.5 million/year; EUR 0.47 million).
This is understood to be most unfortunate, and it is hence suggested that DCSC take over this re-
sponsibility as of 2008, through the possibilities arising, should this grant application be acknowl-
edged. DCSC would, however, not be able to take on this commitment at its current budgetary
level.
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1.5 Strengthening the DCSC secretariat

DCSC is currently a very slim organisation consisting of only one man/year secretariat support.
To implement phase 1, and in particular phase 2, it will be necessary to strengthen the DCSC se-
cretariat. A more proactive secretariat is foreseen. Furthermore, DCSC would like to improve its
ability to influence and even participate in joint Nordic and European initiatives on the ICT strat-
egy and policy level within the SC and Grid areas. High Performance Computing (HPC) infra-
structure has been identified as a priority for Europe by the European Strategy Forum for Re-
search Infrastructures (ESFRI) in its report of October 2006. Currently Denmark stands out by
not participating in initiatives like Sharing Infrastructure and REsources iN Europe (SIRENE)®,
and Partnership for Advanced Computing in Europe (PACE)®’. PACE will bring together 15
countries’ supercomputers and will be a valuable resource for researchers from many disciplines
in the years to come. Hence, secretariat resources should be available for gathering information
and participating in international bodies, which give support on the political, advisory and moni-
toring level. In dialogue with R&D communities, such bodies can also be the first steps in at-
tempts to foster joint applications to the Seventh Framework Programme for research and techno-
logical development (FP7).

2 Phase 2 - Consolidation, support, education and liaison (2009-2010)

Phase 2 of the DCSC development plan has 4 work packages, requiring DKK 20 million (EUR
2.7 million) in each of 2009 and 2010, totalling DKK 40 million (EUR 5.4 million):

1. Further consolidation of phase 1, but in a unified DCSC/DCGC organization

2. Adding how-to courses with targeted

instruction on the merits of Scientific [ Ministry of Science, Technology and Innovation ]
Computing and Grid infrastructure
3. Adding technical/academic user support (pese/oeec )

4. Adding joint R&D projects with the DEF

Danish R h Network and Den-
Ooh RN DX o) e o ez

2.1 Further consolidation of phase 1, but in a unified DCSC/DCGC organization

An important objective of phase 2 is to consolidate phase 1 into a unified DCSC/DCGC organiza-
tion and call structure, comprising also considerable funding for Gridification R&D, as well as
funding for SC on a Danish and international production Grid (via NDGF), offering reliable
Gridified resources. It will, furthermore, be important to proactively seek out potential new user
communities and foster them to take advantage of SC. In particular, SC and Grid infrastructure
should be brought to the social sciences and the humanities (i.e., mostly to their large databases).
It should be understood that bringing eScience to the social sciences and the humanities as well as
general national Gridification, is a major long term R&D task. Although DCSC is already as of
2008 intending to meet the Danish commitment to CERN, as mentioned above, it should in phase
2 be much more active in other international SC/Grid cooperation areas.

2.2 Adding how-to courses with targeted instruction on the merits of Scientific Computing
and Grid infrastructure

General how-to courses, with instruction on the merits of SC and Grid infrastructure, are a neces-
sary supplement to technical user support, which is more focused on optimal job execution for
specific research projects. They should be understood as an in-between layer added to the broader
university degrees in eScience now being offered by some national universities, or the various SC
courses conducted in relation to the core subject matter of e.g. computational chemistry, high en-
ergy physics etc. In phase 2 of the proposed strengthening of DCSC, biannual how-to courses on
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SC based research are planned at the five DCSC regional operation centres’ home locations. The
courses will be about the specifics of the given installations, their software, and how to choose
and make the best of the technical user support offered at the regional operating centres.

2.3 Adding technical/academic user support

Technical user support is important, especially to new user communities, but also to established
user communities migrating to a Gridified infrastructure. Increased user support is also a natural
part of the suggested movement from the do-it-yourself approach currently utilised within DCSC,
to a more coordinated and service oriented national infrastructure. The pool of competences and
capacities to assist within the five DCSC regional operating centres should be better mapped and
coordinated on a national scale, so that they can be addressed to researcher needs on a national
level.

The lifetime of hardware architecture is typically much shorter than the lifetime of applications.
Application maintenance is, therefore, very important for optimal performance. Although the IT
competence in many user groups may be excellent, the future calls for a closer cooperation be-
tween those scientists using computers and those who develop them, especially in a Grid envi-
ronment. If user support ranging from help-desk services by operators to advanced support by
computer scientists is provided, this will increase the value of hardware investments.

Technical/academic staff, supporting users on-site and/or as an integral part of their research
teams, should be made available, though only through DCSC calls, so that it will be guaranteed
that the researchers really need them, and know what they want from them, e.g. various optimisa-
tion efforts, code porting, and simply running their jobs in some better or faster way — locally, at
other universities or on a Grid. Today, DCSC supports access to SC hardware resources, but can-
not afford to prioritise SC know-how add-ons, which are left to be funded at the local level in an
uncoordinated manner. DCSC regional operating centres should be given the possibility to offer
better support.

2.4 Adding joint R&D projects with the Danish Research Network and Denmark’s Elec-
tronic Research Library

In the near future, there will be a need for targeted joint R&D projects between the Danish Re-
search Network, DCSC/DCGC and Denmark’s Electronic Research Library. Respectively, these
will be within:

e Utilization of the now much more advanced Forskningsnet infrastructure (high capacity
lambda networks), now also expected to support a more demanding Grid infrastructure.

e Database design, very large, very dynamic back-ups, access, authentication, authorization and
accounting, system architecture, etc.

3 SCin Denmark after 2010

It should be stated at the outset of the DCSC development plan presented here,that a much prefer-
able funding source for the scope of this grant application would be to increase the direct funding
provided to the DCSC, already providing DCSC with direct stable annual funding, currently at
DKK 15.8 million; EUR 2.12 million annually. Understanding that this might not currently be
justifiable at governmental level, SC/Grid sustainability must be pursued post 2010, assuming a
successful proven track record within the framework of DCSC. Alternatively, Denmark will have
to start over within a new organisational setting or accept that it is too small, too weak or not
qualified to be part of modern ICT/eScience-based research. Hence, it is only natural that a pro-
posed strategy and action plan for SC in Denmark for post 2010 be part of the deliverables in this
grant application.
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Annex 3: Relationship to stakeholders’ strategies — Danish universities and eScience

In a joint letter from four Danish university Rectors to the Danish Ministry of Science, Technol-
ogy and Innovation (2 October 2006), the Rectors underline the Danish Center for Scientific
Computing’s (DCSC’s) important role in the development of information and communication
technology (ICT) infrastructure in Denmark during, at that time, the previous five years. They
also state the importance of a significant further development through an increase in network ca-
pacity; a continuation of Grid-activities; and through a general increase in computer resources.
Such a consolidation and expansion is viewed as a vital precondition for Denmark’s ability to
meet its future challenges within global economic competitiveness and to be an attractive partner
in global high level research cooperation.

This application is jointly submitted in extension of this statement, by the same four rectors, as
well as a fifth rector, representing a fifth university, which has recently joined the DCSC consor-
tium.

Hence, as is apparent from the cover letter of 26. April 2007 and the additional cover letters of 22
August 2007, the rectors from five of Denmark’s largest universities are the ones to submit this
grant application:

1. Ralf Hemmingsen, Rector, University of Copenhagen
Lauritz B. Holm-Nielsen, Rector, Aarhus University

Jens Oddershede, Rector, University of Southern Denmark
Lars Pallesen, Rector, Technical University of Denmark
Finn Kjersdam, Rector, Aalborg University

SANE S A

All of these universities see a strong eScience environment, a state-of-the-art ICT infrastructure,
and a competitive scientific computing foundation as an important strategic aim, and believe that
this expansion must be pursued, if Denmark is to be a future active player in global science en-
deavours.

The DCSC host universities co-fund DCSC activities by covering the costs of computer room
facilities, electricity, cooling systems, various dedicated software products, system administrators'
wages, etc. These costs are estimated at approximately one Euro for every Euro funded by DCSC.

The clear and collective statements from so many of the leading universities in Denmark, formu-
lated in the letters as well as through their willingness to co-fund SC in Denmark at a national
joint level, is believed to provide a strong case for the stakeholders’ strategic commitment to
eScience in general, to SC and to DCSC and its way of providing SC resources in particular.

2007-09-10 - 10:44:33 D - Annex 1-5 - Scientific Computing and Grid infrastructure.doc Page 19 of 24



Annex 4: Detailed budget

The budget breakdown covers phases 1 and 2, spanning three budget years: (Million DKK; EUR)

MDKK MEUR
Phase 1, 2008: 15.00 2.02
Phase 2, 2009: 20.00 2.69
Phase 2, 2010: 20.00 2.69
Total: 55.00 7.39
Activity Activity Explanatory Budget Budget Budget Budget
# See section 2007 2008 2009 20010
notes under An- (million (million (million (million
below nex 2. See | DKK;EUR) | DKK;EUR) | DKK;EUR) | DKK;EUR)
also notes
below
Phase 1 - DCSC strengthening and Gridi- Phase 1 | Phase 2 | Phase 2
fication:
1 Strengthening the DCSC call for scientific | 1.1 & 2.1 14.10 22.30 23.00 22.30
computing proposals
1.90 3.00 3.09 3.00
2 Introducing specialisation and division of 1.2
labour - Constructing a centralised national
SMP installation
3 Gridifying the decentralised Danish scientific 1.3 2.50 2.50 2.50
computing resources
0.34 0.34 0.34
4 Securing Danish participation in international 1.4 3.50 3.50 3.50
Grid cooperation
0.47 0.47 0.47
5 Strengthening the DCSC secretariat 1.5 1.70 2.20 2.20 2.20
0.23 0.30 0.30 0.30
Phase 2 - Consolidation, support, educa-
tion and liaison:
6 Adding how-to courses with targeted teach- 2.2 1.00 1.00
ing teachings about the merits of Scientific
Computing and Grid infrastructure
0.13 0.13
7 Adding technical/academic user support 2.3 1.50 1.50
0.20 0.20
8 Adding joint R&D projects with the Danish 2.4 1.50 1.50
Research Network and Denmark’s Electronic
Research Library
0.20 0.20
Total DCSC budget presuming grant ap- 15.80 30.50 35.20 34.50
proval
2.12 4.10 4.73 4.64
Total current annual finance bill (al- 15.80 15.50 15.20 14.50
ready covering the Danish Center for
Scientific Computting)
2.12 2.08 2.04 1.95
Total new funding presuming grant ap- 15.00 20.00 20.00
proval
2.02 2.69 2.69
Euro (EUR)/ Crowner (DKK) exchange rate as of 22 August 2007: 7.44
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4.1 Notes on activities in ""Detailed budget"

#1. DCSC annual call will be distributed according to DCSC call procedures (based on competi-
tion on research quality and international peer review). Also, a budget for support for Danish
participation in EGEE, EGI etc. might be allocated from this budget post.

#2. Earmarked budget for the new national centralised SMP installation will not be allocated. In-
stead, the size of the funding would still solely be determined by the research needs, via the
applications which DCSC would receive (and grant). Hence, the development of and access to
the SMP installation would follow the same principles as for all other DCSC grants given and
installations developed: l.e., based on competition and international peer review. Funding
would then be allocated from the general annual call budget.

#3. Annual salaries for staff are estimated at 60 person months, equal to MDKK 2.5 (DKK
41,666/month/person). However, minor expenditures for specific Grid hardware might be
needed. Also, a budget for support for Danish participation in EGEE, EGI etc. might be allo-
cated from this budget post.

#4. The Danish annual contribution to the Nordic DataGrid Facility (NDGF) is currently (2007)
MDKK 3.5, and expected to be roughly the same for 2008-2010. In addition to this, MDKK
0.5 for international Grid coordination (academic salary) securing Danish participation in
other international Grid activities (EGEE, EGI, etc.) might be added from the main call budget
(#1) or the Grid budget (#3).

#5. An increase in the DCSC secretariat’s non-salary operations budget is expected (increased
meetings, travel, PR, and organisational costs). In addition to this, one further member of aca-
demic staff is anticipated.

#6. In phase 2, biannual How-to courses on SC based research are planned at the five DCSC re-
gional operation centres’ home locations (5 x participant travel costs and organisational costs).

#7. Technical user support is introduced with the aim of aiding and cultivating young researchers
and user communities new to SC, hence should be understood as technical/academic staff
supporting users on-site with optimising, code porting and running their jobs — locally, at other
universities or on a Grid. The budget is envisaged as being divided among the five DCSC re-
gional operation centres. l.e. a total of some 7.2 person months per regional operation centre,
annually for the two year duration of phase 2.

#8. Joint R&D projects with Forskningsnettet and DEF are to be formulated in close co-operation
with Forskningsnettet and DEF. They can either be call based or with staff hired to "get the
job done™, and are expected to be related to optimising fibre networks vs. decentralised SC job
execution or mass information handling, back-up etc. l.e. a total of some 36 person months
annually, for the two year duration of phase 2.
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Annex 5: CV’s for key research and technical staff

The Danish Center for Scientific Computing (DCSC) is already an existing organization, coordi-
nating scientific computing infrastructure to hundreds of scientists in Denmark. The DCSC board
consists of representatives from this community, from the international community in the area,
and from industry. Because it does not seem feasible to gather so many CV's, we include only
CV's of those DCSC board members representing the applicant universities, as well as from a few
researchers that are users of DCSC and have contributed to this grant application.

However, we also list the names of the DCSC secretariat and system administrators, as well as
primary investigators of research teams DCSC has supported within the last three years.

DCSC board:

e Jens K. Ngrskov (DTU, CV included)
e Jeppe Olsen (AU, CV included)

e John Renner Hansen (KU, CV in-
cluded)

e Ole G. Mouritsen (SDU, CV in-
cluded)

e Henrik Vissing (AstraZeneca Interna-
tional)

e Eva Vedel Jensen (AU)

e Christian B. Jacobsen (Grundfos)

e Bjorn Hafskjold (The Norwegian Uni-
versity of Science and Technology,
NTNU)

e Being decided (Representative from
Aalborg University)

e Being decided (Representative from
“Danish Councils for Independent

Research Danish Councils for
Independent Research”)

DCSC management and system admin-
istration:

e Rene Belsg (DCSC)

e Niels Carl W. Hansen (DCSC/AU)
e Daniel N. Kalici (DCSC/KU)

e Claus Jeppesen (DCSC/SDU)

e Torben Madsen (DCSC/SDU)

e Ole Holm Nielsen (DCSC/DTU)

e Being decided (DCSC/AAU)

Research teams supported by DCSC and DCGC 2003-2006:

Listed here, are only the Primary investigators (in alphabetic order). Hence DCSC
research teams consist of many more people, in particular PhD students and post docs,

than named here.

e Anders Bgglum (AU)

e Anders H. Nielsen (RISQ)

e Axel Brandenburg (KU)

e Axel Svane (AU)

e B. Madsen (AU)

e Bent Jesper Christensen (AU)
e Bjerk Hammer (AU)

e Claus H. Christensen (DTU)
e Frank Jensen (SDU)

e Kasper P. Jensen (DTU)

e Kurt V. Mikkelsen (KU)

e Lars Landberg (R1S@)

e Lars Ramkilde Knudsen (DTU)
e Mads Peter Sgrensen (DTU)

e Mathias Stolpe (DTU)
e Niels E. Christensen (AU, CV in-

cluded)

e Niels N. Sgrensen (RISQ)
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e Gert D. Billing (KU) e OleLund (DTU)
e Gert Frglund (AUC CV included) Ole G. Mouritsen (SDU, CV in-

e Hans Thybo (KU) cluded)
e Henrik Madsen (DTU) e Ole Sigmund (DTV)
e Jan Gorodkin (KU) e Ove Christiansen (AU)

e Jens K. Norskov (DTU, CV included) * Peter Ragen (DTU)
e Jens Negrkeer Sgrensen (DTU, CV in-  * Poul Jargensen (AU)

cluded) e Rasmus Jakobsen (DTU)

e Jens Starke (DTU) e Steen Hannestad (AU)

e Jeppe Olsen (AU, CV included) e Stefan Sauer (KU)

e John Renner Hansen (KU, CV in- e Sgren Brunak (DTU, CV included)
cluded) e Tejs Vegge (RISD)

 Karlheinz Langanke (AU) e Thomas Bligaard (DTU)

e Karsten W. Jacobsen (DTU) e Zahari Zlatev (RISQ)

e Ake Nordlund (KU, CV included)
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Endnotes

! Call for expressions of interest: http://fist.dk/site/forside/soeg-stoette/opslag-
stoettemuligheder/2007/den-nationale-pulje-for-forskningsinfrastruktur

2Fremtidens forskningsinfrastruktur - kortleegning af behov og forslag til strategi, Det Strategiske
Forskningsrad, 2005.12.01: http://fist.dk/site/forside/publikationer/2005/fremtidens-
forskningsinfrastruktur-kortlagning-af-behov

*Denmark ranks as #1 in the World Economic Forum - Global Information Technology Report:
http://www.weforum.org/en/initiatives/gcp/Global%20Information%20Technology%20Report/in
dex.htm

*Fremtidens forskningsinfrastruktur - kortleegning af behov og forslag til strategi, Det Strategiske
Forskningsrad, 2005.12.01: http://fist.dk/site/forside/publikationer/2005/fremtidens-
forskningsinfrastruktur-kortlagning-af-behov

> http://www.eurocontrol.int/ses/public/standard_page/sk_ses.html

® Nordic DataGrid Facility (NDGF): www.ndgf.org

" Enabling Grids for eScience (EGEE): www.eu-egee.org

8 Evalueringsrapport af Dansk Center for Scientific Computing (with English summary):
http://videnskabsministeriet.dk/site/forside/publikationer/2005/evalueringsrapport-af-dansk-
center-for-scientific-computing

9 See, Annex 5: CV/’s for key research and technical staff, page 24

1% provided on request by UNINETT Norway

1 Phenotype-association based ranking of human disease protein complexes, K. Lage, E.O. Karl-
berg, Z.M. Starling, P.I. Olason, A.G. Pedersen, O. Rigina, Z. Tumer, Y. Moreau, F. Pociot, N.
Tommerup, and S. Brunak. Nature Biotech., 25, 309-16, 2007.

2. Greeley, T.F. Jaramillo, J. Bonde, I. Chorkendorff, and J.K. Narskov, Nature Materials 5, 909
(2006)

13 Report from the National Science Foundation Blue Ribbon Panel on Simulation-based Engi-
neering Sceince: Revolutionizing Engineering Sceince through Simulation, USA, February 2006.
' Computational Chemistry Roadmap, U.S. Department of Energy (1999).
http://www.eere.energy.gov./industry/chemicals/visions_compchemistry.html

V. A. Alexeev, P. L. Langen, J. R. Bates, Climate Dynamics (2005), DOI 10.1007/s00382-005-
0018-3

1° Recently, the Danish National Research Foundation established the Centre of Excellence "Cen-
ter for Research in Econometric Analysis of Time Series” (CREATES: www.creates.au.dk) and
the "Danish Center for Accounting and Finance" (D-CAF: www.d-caf.dk). Both have major ac-
tivities within scientific computing.

' Ole G. Mouritsen, Julian Shillcock, Steen Rasmussen, Giinther H. Peters, & Ilpo Vattulainen
8 M. @. Jensen and O. G. Mouritsen, Biophys. J. 90, 2270-2284 (2006); G.H. Peters, M.S. Mal-
ler, K. Jgrgensen, P. Ronnholm, M. Mikkelsen, and T.L. Andresen; J. Am. Chem. Soc., 129,
5451-5461 (2007)

¥ The Antennas and Propagation (A&P) division: http://kom.aau.dk/antprop/

0 DCSC statutes: http://www.dcsc.dk/en/omDCSC_vedtaegt.html

21 As stated by the international review of DCSC, November 2004 (with English summary):
http://videnskabsministeriet.dk/site/forside/publikationer/2005/evalueringsrapport-af-dansk-
center-for-scientific-computing

22 Academic Supercomputing in Europe: www.arcade-eu.info/academicsupercomputing/; Evaluer-
ingsrapport af Dansk Center for Scientific Computing:
www.vtu.dk/site/forside/publikationer/2005/evalueringsrapport-af-dansk-center-for-scientific-

computing
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2 Middleware is the "glue” linking together the physical cable infrastructure with the distributed
resources. The Nordic countries are contributing to world Grid development with their ARC mid-
dleware, as well as some contributions to the pan-European, Italian lead gLite middleware.

?* The CERN Large Hadron Collider Experiment: www.cern.ch

2> NGDF evaluation:

http://www.ndgf.org/ndgfweb/ndgf _documents_attchmt/ndgf2007evaluation-final-rev-20070323-
6.pdf

%% SIRENE: http://sirene.eugrid.eu/home

2" PACE: http://www.csc.fi/english/csc/news/news/partnerhip_for_advanced _computing_2007-
04-17
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Date of birth:
Citizenship:

Marital status:

Children:

Education:

1976
1979

CURRICULUM VITAE
Jens Kehlet Ngrskov

September 21, 1952

Danish

Married to Anni Basse Narskov

Katrine, born August 2,1980 and Marie Nisha, born April 23, 1985

MSc in Physics and Chemistry, University of Aarhus, Denmark
PhD in Theoretical Physics, University of Aarhus, Denmark

Professional career:

1976-1979
1979-1981
1979
1980-1981
1981
1982-1985
1985-1987
1985-1987
1987-1992
1992-
1993-2003

1999

2001-
2004-
2006-

Research Fellow, Institute of Physics, University of Aarhus

Senior Research Fellow, Institute of Physics, University of Aarhus

Post Doctoral Fellow, IBM T. J. Watson Research Center, Yorktown Heights, New York
Affiliated with Nordita, (Nordic Institute for Theoretical Physics), Copenhagen

Scientific Staff, Haldor Topsge A/S, Lyngby

Assistant Professor, Nordita, Copenhagen

Scientific Staff, Haldor Topsge A/S, Lyngby

Adjunct Professor, Nordita, Copenhagen

Research Professor, Laboratory of Applied Physics, Technical University of Denmark, Lyngby
Professor of theoretical physics, Department of Physics, Technical University of Denmark, Lyngby
Director, Center for Atomic-scale Materials Physics (CAMP), Department of Physics, Technical
University of Denmark, Lyngby

Visiting Professor, Department of Chemistry, University of California, Santa Barbara, CA, USA
Chairman, Danish Center for Scientific Computing (DCSC)

Chairman of NANOeDTU, Technical University of Denmark, Lyngby

Director, The Lundbeck Foundation’s Center for Atomic-scale Materials Design (CAMD),
Department of Physics, Technical University of Denmark, Lyngby

Awards and honors:

ECOSS prize, Cambridge, UK 1979

Elected member of the Danish Academy of the Natural Sciences (DNA), 1986

Research professor by special appointment by the Minister of Education, 1987

Elected member of the Danish Academy of the Technical Sciences (ATV), 1987

Reinholdt W. Jorch's Award, Copenhagen 1987

Samuel Friedman (Rescue) Award, University of California Los Angeles, 1989

The Danish Physical Society's Prize of 1990

Villum Kann Rasmussens Award, Lyngby, 1991

Elected member of the Royal Danish Academy of Science and Letters, 1996

Gwathmey Distinguished Lecturer, University of Virginia, 1998

Ford Distinguished Lecturer, Dearborn, Michigan, 2001

G.C.A. Schuit Lecturer, University of Delaware, 2002

Richard A. Glenn Award, 225" ACS National Meeting, New Orleans, Louisiana, USA, 2003
Elected Fellow of the American Physical Society, 2003

Distinguished Catalyst Lecturer, Pacific Northwest National Laboratory, Washington, USA, 2004
Magister Lecturer, University of Barcelona, Spain, 2004

Innovation Prize, DTU, 2005



Dr. Honoris Causa, Technical University of Eindhoven, The Netherlands, 2006

Mulliken Medalist and Lecturer, University of Chicago, Illinois, USA, 2007

Olaf A. Hougen Visiting Professor, Department of Chemical and Biological Engineering, University of
Wisconsin, Madison, USA, 2007

Miscellaneous:

Member of Commission K under the Danish Research Council for the Technical Sciences, 1987-1996
Member of the physics evaluation committee under the Swedish Research Council for the Technical Sciences
(TFR), 1993-1998

Member of the Danish Research Council for the Technical Sciences, 2000-2003

Member of the Fachbeirat der Fritz-Haber-Institut der Max-Planck Gesellshaft, 1986-2004

Member of the Scientific Advisory Board, Center for Functional Nanostructures, Brookhaven National
Laboratory, USA, 2003 -

Member of the Science Committee (“Think-tank™) for the Danish Academy of the Technical Sciences 2004 -
Member of the Scientific Advisory Board, Photo-nano Program, Chalmers University of Technology, Sweden,
2004 -

Member of the International Advisory Board, The Partnership for International Research and Education,
University of California, Santa Barbara, USA, 2005-

Member of the Advisory Board and Scientific Committee of the State Key Laboratory for Surface Physics
(SKLSP), Chinese Academy of Sciences & Division of Surface Physics, Beijing National Lab for Condensed
Matter Physics, 2006-

o Member of the Committee for the Niels Bohr Medal 1997 -
o Member of the Editorial Board of Chemical Physics Letters, 1994-1996
o Member of the Editorial Board of Surface Review and Letters
e Member of the Editorial Board of Surface Science, 1995-1999
e  Member of the Editorial Board of Catalysis Letters
e Member of the Editorial Board of Surface Science Reports
e Member of the Editorial Board of Industrial Catalysis News, 1998-1999
e Member of the Editorial Board of Journal of Catalysis
e Member of the International Advisory Board of the Physical Chemistry Chemical Physics Journal, 2001-2004
o  Member of the Editorial Board of Journal of Molecular Catalysis A: Chemical, 2004 -
o Member of the Scientific Editorial Board of Computational Science and Discovery, 2006-
e Member of the Editorial Board of Journal of Chemical Physics, 2006-
e Member of the American Physical Society
o  Member of the American Chemical Society
e Member of the Materials Research Society
Research:

Research interests in the theoretical description of surfaces, catalysis, materials, nanostructures, and biomolecules.
Approximately 325 published papers (cited 16.656 times, SCI April, 2007, Hirsch index 70), 10 patents or patent
applications.

Teaching:

Extensive teaching experience at both undergraduate and graduate level. Adviser and co-adviser for approximately 35
PhD students.



Curriculum Vitae
Jeppe Olsen

Personal Data

e Born in Horsens, Denmark, July 16, 1956
e Danish citizen
e Married to Jette

e Three children, Stine, Ditte and Nicklas

Education and Academic degrees

e Exam. scient (Bachelor) in Chemistry, Aarhus University, Summer 1978
e Exam. scient (Bachelor) in Physics, Aarhus University , Summer 1979
e Cand. Scient, Major in Chemistry, October 1981

e Lic. scient in chemistry, Aarhus University, August 1986

Docent in theoretical chemistry, University of Lund, June 1990

e Dr. Scient, Aarhus University, December 1991

Academic employment

e R.A. Welch Postdoctoral Fellow, Texas A. and M. University,
September 1981 — August 1982

e Kandidatstipendiat (Research Associate), Aarhus University,
August 1982 — March 1985

e Associate Instructor, University of Utah,
March 1985 — December 1985

e Forskningsassistent (Research Associate), University of Lund,
December 1985 — June 1988

e Forskarassistent (Asst. professor), University of Lund,
July 1988 — November 1992

e Sérskild Forskar (Assoc. professor) at the Swedish Natural Research Council,
December 1992 — March 1998



e Lektor ( Assoc. professor), Dept. of Chemistry, Aarhus University, April 1988 — present

e Member of the Interdisciplinary Center of Nanotechnology (INANQO), University of Aarhus,
Febr. 2003 — present

e Chairman of the Department of Chemistry, August 2006 — present

Other academic affiliations

e Chairman of the division of theoretical chemistry under the Danish Chemical Society, 1999—
2003

e Member of the board of the Department of Chemistry, Aarhus University, 2000—present

e Member of the board of the Center of Scientific Computing at Aarhus University (CSCAA),
2002—present.

e Member of the board of the Danish Centre for Scientific Computing, August 2006 — present.

Member of International Academies

e Elected to the International Academy of Molecular Science, 2002 as one of the youngest
members ever elected.

Advisory Editorial Boards

e International Journal of Quantum Chemistry, 2000-2006

e Theoretical Chemical Accounts, 2004— present

Publications

e Published more than 150 papers and reviews and a textbook on electronic structure theory

Citations

e More than 4000 in toto
e Largest number of citations for a single paper : 406
e More than 500 citations in 2006

e H-index of 36



Organization and Lecturing

e Lectured at more than 70 international conferences and universities
e Lectured at more than 20 international summerschools

e Co-organizer of more than 10 international summerchools and international conferences

Principal Areas of Research

e Development and application of quantum chemical methods for properties of large molecules
e Development and application of methods for and for accurate calculations on small molecules
e Development and application of relativistic methods for molecules containing heavy elements.

e Development and application of methods for understanding the spectra and dynamics of
Quantum Dots.



Curriculum Vitae

John Renner Hansen

May 2, 2007

Surname: Hansen

Name: John Renner

Date of birth: August 6 1953

Place of birth: Copenhagen, Denmark
Home address: Vibevej 12 ; DK-2990 Niva

Education
Lic. Scient (Danish Ph.D. before 1990) 1987
Cand. Scient in physics 1980
Bachelor degree in physics and chemistry 1976
Positions
Professor at the University of Copenhagen - NBI 2005 -
Professor MSO at the University of Copenhagen - NBIfAFG 2002 - 2005
Associate Professor at the University of Copenhagen - NBIfAFG 1995 - 2002
CERN Scientific Associate 1992 - 1993
CERN corresponding fellow 1987 - 1989
Research fellow under the Danish CERN committee 1986 - 1994
CERN research staff 1983 - 1986

CERN research fellow 1980 - 1983



Professional activities

as a High Energy Physicist
Leader of the Danish Center for CERN Experiments - ICE

NorduGRID spokesman
(NorduGRID is a collaboration of 11 Nordic institutions)

Nordic representative in the ECFA committee on
the future of European High Energy Physics

Danish delegate to the Global Science Forum consultative group
on the Future of High Energy Physics.

Convener for integration and design of the
ATLAS Second Level Trigger, convening 20 institutes.

Chairman of the ATLAS Trigger and Data acquisition
Institutes Board (52 institutes are represented at the board)

Responsible for the Danish contribution to the ATLAS experiment

Project coordinator for the ATLAS Second Level Trigger
demonstrator program, convening 16 institutes.

Member of Detector Research and Development Committee at CERN
Danish delegate to the European Council for Future Accelerators

Work group convener and member of advisory panel to the CERN
Director General in the matters of triggering and data acquisition

as a scientist in general
Head of the Niels Bohr Institute

Member of ERC panel Fundamental constituents of matter

Danish delegate to ESFRI

Danish delegate to the FP7 Research Infrastructures committee
Danish delegate to the FP6 Research Infrastructures committee
Member of Danish Center for Scientific Computing executive board

Vice Director of NBIfAFG

Member of the NBIfAFG executive board

Chairman of the Danish Natural Science Research Council
Member of the Danish ESA committee

Member of the Danish Natural Science Research Council

Chairman of the Teaching Administration Board at NBIfAFG

Elected member of the Royal Danish Academy of Sciences and Letters
Awarded the Ole Rgmer price

2004 -

2001 - 2004
2000 - 2001
2000 -

1998 - 2000
1997 - 1998
1997 -

1996 - 1998
1993 - 1995
1991 - 2006
1986 - 1987
2005 -

2007 -

2003 -

2006 -

2003 - 2006
2003 -

2000 - 2001
2004 - 2005
2000 - 2001
2001 - 2005
1999 - 2001
1999 - 2005
1997 - 1999
2004

1984

Approximately 325 publications in international refereed journals since 1982, with

more than 160 since 1995.

and

and 2004-



CURRICULUM VITAE

Name: OLE G. MOURITSEN

Professional Titles: Professor of Biophysics, Ph.D, D.Sc.
Director of Center for Biomembrane Physics (MEMPHYS)
Director of Graduate School of Molecular Biophysics

Date and Place of Birth: May 4, 1950, Saxkjgbing, Denmark

Marital Status: Married, two children (Jonas and Julie)

Present Address: Langelinie 44, DK-5230 Odense M, Denmark
(Tel: +456611-0858)

Citizenship: Danish

Degrees: M.Sc. (cand.scient.) — Aarhus University, 1976

Ph.D. (lic.scient.) — Aarhus University, 1980
D.Sc. (dr.scient.) — Aarhus University, 1984
Academic Appointments: Junior Researcher, Aarhus University, 1976-1979
Senior Researcher, Aarhus University, 19791985
Research Professor, Technical University of Denmark,
1985-1990
Full Professor, Technical University of Denmark, 1990-2001
Full Professor, University of Southern Denmark, 2001—
Adjunct Professor, Helsinki University of Technology, 1998

Awards: Gold Medal in Chemistry, Aarhus University, 1975

A/S De Danske Spritfabrikker’s Centennial Award, 1981

Kirstine Meyer fgdt Bjerrum’s Mindelegat, 1984

Villum Kann Rasmussen’s Research Prize, 1990

NKT Research Prize, 1998, for research achievements in

soft condensed matter and biological physics

Hasselblad Foundation Research Award, 1998

National Prize for Science Communication, 2007

Royal Society of Chemistry Bourke Award and Silver Medal, 2008
Fellow of: The Royal Danish Academy of Sciences and Letters

The Danish Academy of Technical Sciences

The Danish Academy of Natural Sciences

The Canadian Institute for Advanced Research (1991-2000)

Editorial Board of: Biochimica et Biophysica Acta: Biomembranes (1996-2001)
Chemistry and Physics of Lipids (1997- )

Advisory Editorial Board of: Biophysical Chemistry (1996- )
European Biophysics Journal (with Biophys. Lett.) (1996- )
Computational Materials Science (1992- )
Aktuel Naturvidenskab (2000- )

Board member of: Danish Chemical Society (1990-1993)
Danish Physical Society (1996-2001)
[UPAP Commission on Computational Physics (1996-1999)
[UPAP Commission on Stat. Physics (Ass.) (1997-1998)
Danish Nat. Committee for Theo. and Appl. Physics (1996-2001)
EU TMR-Physics Panel (1995-1998)
Council, Danish Academy of Technical Sciences (1995-1999)



Graduate School of Biophysics (1998- )
Graduate School of Non-linear Science (1998-2001)
Centre for Drug Design and Transport (1998-2002)

Theo. Chem. Sect. of the Danish Chemical Society (1999-2000)
Sci. Adv. Board Finnish Acad. Ctr. of Excellence (2000-2005)

LiPlasome Pharma A/S (2001- )
BIONET - Danish Center for Biophysics (2004- )
Hartmann Prize Committee (2001-2002)

Hans Christian Andersen Academy Committee (2001- )

The Carlsberg Bequest
to the Memory of Brewer J.C. Jacobsen (2003- )

Chairman of: The Danish Academy of Technical Sciences’ Group for
Basic and Auxiliary Sciences (1995-1999)
Danish National Committee for Biophysics (1998- )
Orsted Lectures Committee (1999)
Carlsberg Chemistry Prize Committee (2004- )

Villum Kann Rasmussen Science Prize Committee (2005-2007)

Supervision: Have supervised and co-supervised more than
35 PhD-students

Principal Areas of Research: Statistical mechanics and thermodynamics, computer
simulation techniques, phase transitions and critical phenomena, biomembrane physics
and chemistry, surface and interface physics, materials science.

Publications and Patents:

— Published more than 300 articles and scientific. — Co-edited four books on biophysics.
— Published the monographs: “Computer Studies of Phase Transitions and Critical Phe-
nomena” (Springer-Verlag, 1984); “Life - as a Matter of Fat. The Emerging Science of
Lipidomics” (Springer-Verlag, 2005). — Co-inventor on 4 patents within drug delivery.

Seven recent publications:

[2001] Dipolar and chain-linking effects on the rheology of grafted chains in a nano-pore under shear at
different grafting densities (M. @. Jensen, O. G. Mouritsen, and G. H. Peters) Phys. Rev. E 64, 011507-
1-0011507-13 (2001). [2002] Lipid domain formation and ligand-receptor distribution in lipid bilayer
membranes investigated by atomic force microscopy (T. Kaasgaard, O. G. Mouritsen, and K. Jgrgensen)
FEBS Lett. 515, 29-34 (2002). [2003] Acyl-Coenzyme A organizes laterally in membranes and is
recognized specifically by acyl-Coenzyme A binding protein (A. C. Simonsen, U. Bernchou Jensen, N. J.
Faergeman, J. Knudsen, and O. G. Mouritsen) FEBS Lett. 552, 253-258 (2003). [2004] Enzymatic release
of anti-tumor ether lipids by specific phospholipase Ay activation of novel liposome-forming prodrugs (T.
L. Andresen, J. Davidsen, M. Begtrup, O. G. Mouritsen, and K. Jorgensen) J. Med. Chem. 47, 1694-
1703 (2004). [2005] Decoupled phase transitions and grain-boundary melting in supported phospholipid
bilayers (D. Keller, N. B. Larsen, I. M. Mgller, and O. G. Mouritsen) Phys. Rev. Lett. 94, 025701-4
(2005). [2006] Single-channel water permeabilities of E. coli aquaporin water channels AqpZ and GlpF
(M. . Jensen and O. G. Mouritsen) Biophys. J. 90, 2270-2284 (2006). [2007] Lipid rafts: at a crossroad
between biology and physics (K. Jacobson, O. G. Mouritsen, and R. G. W. Anderson) Nature Cell Biol.
9, 7-14 (2007).



Curriculum Vitae
Gert Frglund Pedersen, CPR 021265 - 2113

Name:
Gert Frglund Pedersen.

Date of birth:
December 2™ 1965.

Position:
Professor (mso) at Aalborg University, Denmark.

Academic degrees:

Eletronikmekaniker (1988), Triax A/S, Denmark.
B.Sc.E.E. (1991), College of Technology, Dublin, Ireland
M.Sc.E.E. (1993), Aalborg University, Denmark.

Ph. D. (2003), Aalborg University, Denmark.

Work address:
Aalborg University, Institute of Electronic Systems, Center for TelelnFrastructure (CTIF),
Antenna & Propagation group, Niels Jernes Vej 12 - A6-206, DK-9220 Aalborg &, Denmark.

Work phone and E-mail:
+45 96 35 86 60. gfp@es.aau.dk.

Employment:

Since 2005: Professor at Aalborg University.

2003-2005: Associate Professor at Aalborg University.

1998-2003: Associate Research Professor at Aalborg University.
1993-1998: Research Assistant at Aalborg University.

1984-1987: Eletronikmekanikerlaerling Triax A/S, Hornsyl, Denmark.

Short description:
Biography

Gert Frglund Pedersen was born December 2™ 1965 in Denmark. He received the B.Sc.
E. E. degree, with honours, in electrical engineering from the College of Technology,
Dublin, Ireland in 1991, and the M.Sc. E. E. degree and Ph. D. from Aalborg University,
Denmark in 1993 and 2003. He has been employed by Aalborg University, since 1993
where he currently is working as Professor heading the Antenna and Propagation group.

Research

His research has focused on radio communication for mobile terminals including small
antennas, antennasystems, propagation and biological effects. He has also worked as
consultant for development of antennas for mobile terminals including the first internal
antenna for mobile phones in 1994 with very low SAR, first internal triple-band antenna



in 1998 with low SAR and high efficiency and various antenna diversity systems rated as
the most efficient on the market and holds more than 10 patents.

He started the area of measurements of small active terminals including the antenna and
developed a measuring setup, which now is used worldwide.

Teaching

He has conducted several courses in antennas, numerical-techniques and propagation as
well as in mobile communication systems such as GSM and basic wired systems
including queuing theory. He has conducted courses for undergraduate, master students,
PhD courses and directly to industry as well as an international tutorial. He has been
supervising more than 50 master students, especially on antenna and system related
projects as well as 6 PhD students:

Mikael Bergholz Knudsen: Antenna Systems for Handsets, 1999 to 2001.

Hung Tuan Nguyen: Multiple Antenna Systems for Mobile Terminals, 2003 to 2005.

Yu Wang: MIMO-UWB Radio Channel Modeling and Antenna Systems, 2005 ->

Mauro Pelosi: Counteracting impedance mismatch for small terminal antennas, 2006 ->

Rocco Di Taranto: Dynamic Spectrum Management and System Behavior in Cognative Radio
2007 ->

Ivan Bonev: Optimization of the local electric and magnetic near field for achieving hearing aid
compliance of mobile phones 2007 ->

agblrwbdE

o

Leadership

He has several years of experience as project leader from 1997 onwards both with EU
projects and projects directly with industry, mainly international projects but also national
projects. He is presently the head of the A&P group with more than 20 researchers.

Funding

He has been the main proposer and negotiator for projects with industry as well as EU
projects and he has attract more than 20 mill. DKK to the A&P group. Further he has
worked closely together with the local industry in North Jutland especially concerning
research in antennas for small terminals which has provided significant funding.

International Recognition

He has been appointed chairman of several international working groups defining
standards for validating performance of small terminal antennas based on his initiatives,
results and long time research in this field. His published work has been cited in more
than 100 peer-reviewed publications. Further projects funded by the industry e.g. Nokia,
Allgon and Inmarsat, has been initialised by the companies based on the many
international papers within this area. Also he has been invited to contribute to several
books, courses and tutorials.

Awards

He has received the 25.000DKK Electroprisen 1998, which is awarded once a year to an
engineer who has demonstrated excellent technical-research within the electrical
engineering area. Further he was awarded best paper award in the Millennium
Conference on Antennas & Propagation 2000.



Jens Ngrkeer Sgrensen, Professor, M.Sc. and PhD in Mechanical Engineering

Department of Mechanical Engineering, Private address:
Technical University of Denmark (DTU), Preestegards Alle 20
Building 403 DK-2700 Brgnshgj
DK-2800 Lyngby Denmark

Phone: +45 4525 4314 , Fax: +45 4593 0663 Phone: +45 3880 5850

E-mail: jns@MEK.dtu.dk

Danish citizen, born 1957 in Denmark. M.Sc. Technical University of Denmark 1981, Ph.D Technical University of
Denmark 1986.

Appointments:

Research associate at Department of Fluid Mechanics, Technical University of Denmark (DTU), 1981-1983.
Assistant Professor at Department of Fluid Mechanics, DTU, 1989-1993. Associate Professor at Department of Fluid
Mechanics, DTU, 1993-2001. Professor at Department of Mechanical Engineering, DTU, 2001-.

Head of Fluid Mechanics Section, 1996-.

Visiting appointments:

Postdoctoral fellowship at ONERA, Chatillon, France (1986-1989).

Visiting professor, NJIT, Newark, U.S.A. (September 1997- February 1998).
Visiting Professor, Monash University, Australia (January 2006 — June 2006).

Awards:
1987: Gorm-Petersen’s Memorial Grant Award. 1999: Alex. Foss’ Gold Medal Award for engineering research.
2002: The Statoil Prize for engineering research. 2005: Member of ATV (Danish Academy of Technical Sciences).

Main Research Areas:

Aerodynamics and Aero-acoustics of wind turbines; Viscous-inviscid interaction; Computational Fluid Dynamics
(dynamic stall, 3-D effects on rotors); Ventilation fan modelling and blade design; Rotating flows (vortex breakdown,
POD applications); Topological Fluid Mechanics; Bio Fluid Mechanics (transport processes in biological cells).

Project Management:

Technical leader of a large number of projects sponsored by the Danish Agency of Energy (EFP), the Danish Technical
Research Council and the European Commission (Brite/Euram, Joule, Alterner). Chairman at the IUTAM Symposium
Identification and Simulation of Organized Structures in Flows (DTU, 1997). Co-organizer of the conference
Bifurcations and Instabilities in Fluid Dynamics (DTU, 2006). Chairman of the conference The Science of making
Torque from Wind (DTU, 2007).

Teaching:

Since 1989 supervised 20 Ph.D students and about 60 M. Sc. students at DTU.

Taught about 20 different courses in basic and advanced fluid mechanics and its applications.

Served as external examinator at DTU, Aalborg University, Chalmers Tekniska Hggskolan, Lunds Universitet, Kungliga
Tekniska Hggskolan, University of Roma (La Sapienza), I’Universite de Poitiers, I’Universite Paris VI and Monash
University.

Scientific journal papers and books:
Author or co-author of about 60 peer-reviewed scientific articles, 80 conference proceedings and 40 technical reports.

Administrative Responsibilities:

Head of Fluid Mechanics Section. Co-ordinator and originator of the international M.Sc. programme in Wind Energy at
DTU. Head of the FUR-funded PhD research school Danish Academy in Wind Energy (DAWE).

Member of the Steering Committees for:

- European Academy of Wind Energy

- The Danish National Committee for IUTAM

- Danish Center for Applied Mathematics and Mechanics (DCAMM)

- Danish Center for Non-linear Studies (MIDIT)



Publications in peer-reviewed journals (2002-2007):

1.

2.

10.

11.

12.

13.

14,

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

Bragns, M., Shen, W. Z., Sgrensen, J. N. and Zhu, W. J. (2007) “The influence of imperfections on the flow
structure of steady vortex breakdown bubbles”. Journal of Fluid Mechanics, vol. 578, pp. 453-466.

Okulov, V. L. and Sgrensen, J. N. (2007) "Stability of helical tip vortices in a rotor far wake”. Journal of
Fluid Mechanics, vol. 576, pp. 1-25.

Hansen, M.O.L., Sgrensen, J.N., Voutsinas, S., Sgrensen, N. and Madsen, H.Aa. (2006) "State of the art in
wind turbine aerodynamics and aeroelasticity”. Progress in Aerospace Sciences, vol. 42, pp. 285-330.
Sarensen, J.N., Shen, W.Z. and Mikkelsen, R. (2006), "Wall Correction Model for Wind Tunnels with Open
Test Section”. AIAA Journal, vol. 44, no. 8, pp. 1890-1894.

Sgrensen, J.N., Naumov, |. and Mikkelsen, R. (2006), "Experimental Investigation of Three-dimensional Flow
Instabilities in a Rotating Lid-driven Cavity". Experiments in Fluids, vol. 41, pp. 425-440.

W.Z. Shen, Sgrensen, J.N. and Michelsen, J.A. (2006), “"Numerical Study of Swirling Flow in a Cylinder with
Rotating Top and Bottom". Physics of Fluids, vol. 18, no. 6, pp. 1-9.

Okulov, V.L., Naumov, I. and Sgrensen, J.N. (2006) “Vortex Triplet”. Doklady Physics, vol. 51, pp. 333-337.
Larsen, E.H.., Mgbjerg, N. and Sgrensen, J.N. (2006) “Fluid Transport in Mammalian Kidney Proximal
Tubule: A Model Analysis of Isotonic Transport”. Acta Physioligica, vol. 187, no. 1-2, pp. 177-189.

Bisgaard, A., Brans, M. and Sgrensen, J.N. (2006) "Vortex Breakdown Generated by off-axis Bifurcation in a
cylinder with rotating covers”, Acta Mecanica, vol. 187, pp. 75-83.

W.Z. Shen, Sgrensen, J.N. and Mikkelsen, R. (2005), "Tip loss Corrections for Actuator/Navier-Stokes
Computations”. Journal of Solar Energy Engineering, vol. 121, no. 2, pp. 209-213.

Zhu, W.J., Sgrensen, J.N. and Shen, W.Z. (2005) “Modelling of Aerodynamically Generated Noise from Wind
Turbines”. Journal of Solar Energy Engineering, vol. 127, no. 4, pp. 517-528.

Okulov, V.L., Serensen, J.N. and Voigt, L.K. (2005) ‘Vortex Scenario and Bubble Generation in a Cylindrical
Cavity with Rotating Top and Bottom’, European Journal of Mechanics B/Fluids, vol. 24, pp. 137-148.
Zhu, W.J., Heilskov, N., Shen, W.Z. and Sgrensen, J.N. (2005) “An Aerodynamic Noise Propagation Model
for Wind Turbines”. Wind Engineering, vol. 29, no. 2, pp. 129-143.

W.Z. Shen, Mikkelsen, R., Sgrensen, J.N. and Bak, C. (2005), "Tip loss Corrections for Wind Turbine
Computations”. Wind Energy, vol. 8, no. 4, pp. 457-475.

V.L. Okulov, J.N. Sgrensen, E.A. Varlamova and 1.V. Naumov, (2004), "Emergence of Asymmetry and
Unsteadiness in Laboratory Simulation of the Hydrodynamic Structure of a Tornado". lzvestiya, Atmospheric
and Oceanic Physics, vol. 40, no. 2, pp. 195-209.

W.Z. Shen, J.A. Michelsen and Sgrensen, J.N. (2004), "A collocated Grid Finite Volume Method for Aero-
acoustic Computations of Low-speed Flows". Journal of Computational Physics, vol. 196, pp. 348-366.

L.J. Vermeer, J.N. Sgrensen and A. Crespo (2003), "Wind Turbine Wake Aerodynamics". Progress in
Aerospace Sciences, Vol. 39, pp. 467-510.

B.H. Jargensen, J.N. Sgrensen and M. Brans, M. (2003), "Low - dimensional Modeling of a Driven Cavity
Flow with Two Free Parameters”, Theoretical and Comp. Fluid Mechanics, vol. 16, no. 4, p. 299-317.

I.V. Naumov, V.L. Okulov, K.E. Meyer, J.N. Sgrensen and W.Z. Shen. (2003), "LDA-PIV Diagnostics and
3D Simulation of Oscillating Swirl Flow in a Closed Cylindrical Containers", Thermophysics and
Aeromechanics, vol. 10, no. 2, pp. 143-148.

M.O.L. Hansen, J.N. Sgrensen, and W.Z. Shen (2003), "Vorticity-velocity Formulation of the 3D Navier-
Stokes Equations in Cylindrical Coordinates”, Int. J. of Num. Methods in Fluids, vol. 41, no. 1, pp. 393-399.
W.Z. Shen, J.A. Michelsen, N.N. Sgrensen and J.N. Sgrensen (2003), "An Improved SIMPLEC Method for
Steady and Unsteady Flow Computations”, Numerical Heat Transfer, vol. 43, no. 3, pp. 221-239.

J.N. Sgrensen and W.Z. Shen (2002), “Numerical Modelling of Wind Turbine Wakes”, Journal of Fluids
Engineering, vol. 124, no. 2, pp. 393-399.

V.L. Okulov, J.N. Sgrensen and L.K. Voigt (2002), "Alternation of the Right- and Left-Handed Helical
Vortices Caused by Increased Flow Swirling in a Cylindrical Cavity with Rotating Lids", Technical Physics
Letter, vol. 28, no. 1, pp. 55-58.

E.H. Larsen, J.B. Sgrensen and J.N. Sgrensen (2002), "Analysis of the Sodium Recirculation Theory of Solute
Coupled Water Transport in Small Intestine”, Journal of Physiology, vol. 542, no. 1, pp. 33-50.



Curriculum Vitae for Niels E. Christensen. (2006).

Born 5. April 1943
Private Address
Kamma Rahbeks Vej 57, DK-8230 Aabyhgj

Present employment
1990- Professor (theoretical solid state physics).
2002- Leader of Centre for Scientific Computing Aarhus (CSC-AA).

Place of Work

Dept. of Physics and Astronomy,

University of Aarhus, DK-8000 Aarhus C

Tel: +45 8942 3666, Fax: +45 8612 0740

Email: nec@phys.au.dk; web: http://www.phys.au.dk/~nec

Education

1968 M. Sc. (Electronic structure theory). The Technical University of
Denmark.

1970 Ph.D. (Solid state physics, electron. str. theory). Techn. Univ.
Denmark.

Appointments

1970-1972 Research associate (‘amanuensis’), Techn. Univ. of Den-
mark, Lyngby, DK.

1972-1985 Associate professor (‘lektor’), Techn. Univ. Denmark, Lyn-
ghy, DK.

1981-1985 Visiting scientist Max Planck Institut FKF, Stuttgart, Ger-
many.

1985-1990 Scientific staff member, Max Planck Institut FKF, Stuttgart,
Germany.

1984— ‘Collaborator’ at the Centre for Materials Science, Los Alamos
Laboratory, Los Alamos, New Mexico, USA.

1990-1993 Consultant, Max Planck Institut FKF, Stuttgart, Germany.
1990- Professor (theoretical solid state physics), Department of Physics
and Astronomy, University of Aarhus.

2002— Head of Centre for Scientific Computing in Aarhus, CSC-AA

Academic work

1992-2000 Member of the board, Dept. of Physics and Astronomy, Uni-
versity of Aarhus.

1972-1980 Member of the board of Physics Laboratory 1, the Technical
University of Denmark, Lyngby, DK.

1976-1979 Member of the board of the Solid State Fraction of the Dan-
ish Physical Society.

1994-1998 Member of the board of the ‘Materials Science Centre at the



Microelectrics Centre’ (MiC), Lyngby, DK.

1992— Member of the IT board at the Dept. of Physics and Astronomy,
University of Aarhus

2004— Member of the council of the Dept. of Physics and Astronomy,
University of Aarhus

1993-2001 Chairman of the board of the III-V NANOLAB, Copenhagen,
DK.

1995— Member of the International Scientific Council of the High Pres-
sure Research Centre, CEI Centre of Excellence, Warsaw, Poland
1996-2000 Chairman of the Scientific Computing Advisory Board, ap-
pointed by the Ministry of Education (DK)

1995-1999 Member of the NORDITA Nordic-Baltic Committee

1999— Chairman of the International Scientific Council of the Institute
of Solid State Physics, University of Latvia, CEI Centre of Excellence,
Riga, Latvia.

2000-2005 Chairman of the Scientific Advisory Board of the Centre of
Excellence, Nuclear and Condensed Matter Physics at JYFL, Jyvéskyla,
Finland

2002— Chairman of the board of the Centre for Scientific Computing in
Aarhus, (CSC-AA), the Faculty of Science, University of Aarhus, DK.
2000-2001 Member of the founding group of DCSC, the Danish Centre
of Scientific Computing.

2003— Member of the Bridgman Committee of AIRAPT

1995— Member of the Advisory Committee of Algerian Journal of Physics
2006— Member of the Editorial Board of the International jpournal of
Material Science and simulation (IJMSS).

1996— Advisor for the Australian Science Research Council

2000— Advisor for the Engineering and Phys. Sci. Res. Council, UK
1998—- Advisor for the Finnish Academy of Science

Leadership

2002— Leader of the Centre for Scientific Computing in Aarhus (CSC-
AA) under the Faculty of Science, University of Aarhus

1993-1997 Coordinator and team leader of EU research programme
(Denmark/ Argentina), ‘Theory of Complex Materials’.

1993-1997 Team leader in the ‘Solid State and Atomic Scale Simulation
(SSASS)’ EU network.

20022006 Team leader in the EU RTN network ‘EXCITING’, ‘Ab ini-
tio approach to the calculation of optical properties of solids’

Publications

410, Peer reviewed: 278, Book chapters and proceedings: 59, Other sci-
entific publ.: 73.

Citations (ISI): ~6200



Curriculum vitae
Professor, center director, dr. phil., ph.d. Sgren Brunak

Professional address: Center for Biological Sequence Analysis, Biocentrum-DTU, Technical University of
Denmark, Building 208, DK-2800 Lyngby, Denmark, Tel: +45-45252477, Fax: +45-45931585, Email:
brunak@cbs.dtu.dk, WWW: http://www.cbs.dtu.dk. Home address: Gammel Vartov Vej 22, DK-2900
Hellerup, Denmark, Tel: +45-39206778, Mobile: +45-20672477. Born: February 2, 1958. Married to Pernelle
Fagerlund, four children.

Degrees: 1987: M.Sc. in Physics, Niels Bohr Institute, University of Copenhagen, Denmark. 1991: Ph.D. in
Computational Biology, Department of Structural Properties of Materials, Technical University of Denmark.
2002: Dr.phil. (honoris causa), Natural Science Faculty, Stockholm University.

Professional Experience: 1999-: Full professor of Bioinformatics, BioCentrum-DTU, Technical University
of Denmark. 1997-1998: Associate professor, Dept. of Biotechnology, Technical University of Denmark.
1993-: Center director, Center for Biological Sequence Analysis, Technical University of Denmark, (93-97 at
the Dept. of Chemistry). 1990-1993, Senior researcher, Department of Physics, Technical University of
Denmark. 1987-1990: Research associate at Dept. of Structural Properties of Materials, Technical University
of Denmark. 1982-1984: Administative head, company Andersen & Simonsen 1/S.

Honors and Awards: 1993-: Member: Danish Academy for the Natural Sciences (DNA). 1997-2003: Board
of directors BioCentrum-DTU. 1998: Bjerrum-Brgndsted-Lang Award from the Royal Danish Academy of
Sciences and Letters. 2000-: Board of directors, Selskabet for Naturlerens Udbredelse. 2000-: Nordic
Bioinformatics Network Program Board. 2001-2004: Board of directors, International Society for
Computational Biology. 2001-: Member of the Danish Academy of Technical Sciences. 2002: Dir. Ib
Henriksens Price for Outstanding Science Achievement. 2004-: Member: Danish Royal Society of Science
and Letters. 2006: Villum Kann Rasmussen Price for Research within the Natural and Technical Sciences.

Funding committees: Member of numerous international review panels and funding committees, including
the European Research Council life science panel for “Genetics, Genomics, Bioinformatics and Systems
Biology” (vice-chair, 2007), member of the “Molecules, Genes and Cells Funding Committee” at the
Welcome Trust (2007-). Current chair of the Awards Committee of the International Society for
Computational Biology (2007-).

Grants: Have obtained grant support as Pl at the level of 200 Mkr. Main sources: National Danish Research
Foundation, Danish Research Councils, Danish Center for Scientific Computing, EU, NIH.

Publications: Published more than 150 papers with peer-review, 4 books, 3 proceedings and edited books.
Most cited paper has more than 3,200 citations. Fifteen papers with more 100 citations. Several papers have
been on the Institute for Scientific Information Red Hot List, most recently in January 2006, where a paper
appeared as the most cited paper within all of biology receiving around one citation per day in the period
(Bendtsen et al., J. Mol. Biol. 340, 783-795, 2004), now at more than 800 citations. Most recent high-impact
publications: “Dynamic protein complex formation during the cell cycle”, de Lichtenberg, Jensen, Brunak and
Bork, Science, 307, 724-727, 2005. “Co-evolution of transcriptional and posttranslational cell cycle
regulation”, Jensen, Jensen, de Lichtenberg, Brunak and Bork, Nature, 443, 594-597, 2006. Lage et al. A
human phenome-interactome network of protein complexes implicated in genetic disorders, Nat Biotechnol.
25, 309-16, 2007.

Editorial boards: 1989-1996: Assistant Editor-in-Charge, International Journal of Neural Systems. 1996-98:
Editor-in-Charge, International Journal of Neural Systems. 1996- Associate editor, Journal of Computational
Biology. 1999: Editorial board, Bioinformatics.

Scientific advisory boards: 1989-1994: NeuroTech A/S, Copenhagen. 1998-2004: Structural Bioinformatics
Inc., San Diego. 2000-: Institute for Genomics and Bioinformatics, UC Irvine. 1998-2002: Danske Private



Equity, Copenhagen. 2000-: ESF Programme on Functional Genomics. 2001-: Plexus Vaccines Inc., San
Diego. 2001-2006: Scientific Advisory Committee at the European Molecular Biology Laboratory,
Heidelberg. 2002-2006: Biolmage A/S, Copenhagen. 2003-: Chair of the Ensembl Advisory Committee at
EBI Hinxton. 2004: Chair of the Bioinformatics Advisory Committee at the European Bioinformatics Institute
2005: Scientific Advisory Board at the Max Planck Institute for Molecular Genetics (Berlin).

Main thesis advisor: 23 Master theses, 24 PhD theses (+ 6 on-going).



CV: Professor Ake Nordlund

Full name: Per-Ake Nordlund
Date and place of birth: January 7, 1947, Skog, Sweden
Family: Married, three children

Private address and telephone number:
Stutmestervej 4, 3400 Hillerad, +45 2145 4983 (cell)

Current position:

Professor, Leader of Computational Astrophysics Group

Niels Bohr Institute, Juliane Maries Vej 30, 2100 Copenhagen &
Phone: + 45 353 25 968 (direct), + 45 353 25 999 (secretary)
Fax: + 45 353 25 989. Email: aake@astro.ku.dk

Academic degrees:
Fil. kand. (M. Sc.) from University of Uppsala, Sweden, 1969
Fil. Dr. (Ph. D.) in Theoretical Physics from University of Stockholm, Sweden, 1976.

Academic positions:

Amanuens, Theoretical Physics, Uppsala University, 1970-72

Research scholarship, Uppsala & Stockholm Universitet, 1972-75

NORDITA scholarship, Copenhagen, 1975-78

Scholarship, Danish Space Board & Swedish NFR, 1978-79

Lektor, Astronomical Observatory, University of Copenhagen, 1979-2004
Visiting Scientist, HAO/NCAR, Boulder, Colorado, 1982-83, 1992, 1994, 1998
Visiting Fellow, JILA, Boulder, Colorado, 1987-88

Temporary Faculty Member, KITP, Santa Barbara, 1990, 2000, 2002 (one month)
Visiting Scientiest, Lockheed-Martin, Palo Alto, California (one month), 2001
Visiting Scientist, Aspen Center for Physics, Aspen, Colorado (one month), 2002
Visiting Scientist, Center for Turbulence Research, Stanford, (one month), 2004
Professor, Niels Bohr Institute, University of Copenhagen, 2004-

Temporary Faculty Member, KITP, Santa Barbara, 2005 (one month)

Visiting Fellow, JILA, Boulder, Colorado, 2005-06

Temporary Faculty Member, KITP, Santa Barbara, 2007 (one month)

Academic memberships:

NORDITA, Astrophysics Committee, 1981-89

International Astronomical Union, 1982 -

Danish Board for Astronomy (Astronomisk Udvalg), 1985-91
Board, Copenhagen University Observatory, 1990-2001
PhD committee, NBIfAFG, 1994-95

Computing Committee, NBIfAFG, 1995-2001

Board, NBIfAFG, 1995-2001

Research Committee (chairman), NBIfAFG,. 2001-2004
Danish Board for Astronomy (Astronomisk Udvalg), 2002-
Danish Center for Scientific Computing, Technical Committee, 2003-



Conference organization:

Chairman, Local Organizing Committee (LOC), IAU Coll. 89, 1986

Scientific Organizing Committee (SOC), NATO Workshop, Capri, 1988

SOC, IAU Symp. 138, Kiev, 1989

SOC, NATO Workshop, Trieste, 1990

SOC, IAU Comm. 12, 1991

SOC, Numerical Astrophysics 1998, Tokyo, 1997

SOC, IAU Symposium 195, 1999

SOC & LOC, Accretion and Assoc. Outflows, Copenhagen, 2000

SOC, IUTAM Meeting, Zakopane, Poland, 2001

SOC, 3D Stellar Modeling, Los Angeles, 2002

SOC & LOC, 1st Niels Bohr Summer Institute, Copenhagen, 2002

SOC, IAU Symp. 239, Prague, 2006

SOC & LOC, Tools in Computational Astrophysics, Copenhagen, January 2007
SOC & LOC, First Stars Workshop / Niels Bohr Summer Inst., April 2007

SOC, Trends in Radiation Hydrodynamics, Stockholm, May 2007

SOC, Exploring Cross-Disciplinary Plasma Physics Research Opportunities, Sept. 2007

Awards:

Recipient of the Ole R@mer prize in Astrophysics, 2000 DKK, 1981
Recipient of Arne & Doris Truelsens legat, 10.000 DKK; 1985

Best Physics Teacher, 25.000 DKK, 1994

Royal Swedish Society Thureus Prize, 100.000 SEK, 1999

Invited talks 2007:

New Trends in Radiative Transfer, Stockholm, “New Trends in Radiative Transfer”

The Next Decade of GRB Afterglows, Amsterdam, “Magnetic Fields in Outflows and
Shocks”

Craaford 25 Year Jubilee, Lund, “Structure Formation on the Surfaces of Stars”
Structure Formation in the Universe, Chamonix, “The Formation of Low Mass Stars”
Euler Equations 250 Years On, Assois, “Solar Hydrodynamics”

Star Formation Through Cosmic Time, KITP/UCSB, “Gravitational Collapse in Turbulent
Clouds”

International reviewing activity:

Regular referee in Solar Physics, Monthly Notices of the Roy. Astron. Soc., Astronomy &
Astrophys., Astrophys. Journal. Member of the Solar Physics Editorial Board, 2001-
2003

Scientific publications:

As of August 2007: 139 publications in refereed journals currently listed in the
Astronomical Data System (ADS), with 6605 citations. All bibliographic sources: 319
publications with 7228 citations.



BRIEF

To:
Danish Agency for Science, Technology and Innovation
Cc.:

The Danish Research Network (Forskningsnettet); The Danish Center for Grid
Computing (DCGC); Denmark’s Electronic Research Library (DEF)

From:

The Danish Center for Scientific Computing (DCSC)

Subject:

Grant application ”Den nationale pulje for forskningsinfrastruktur”: Scientific
Computing and Grid infrastructure for Scientific Calculation, Simulation and
Modelling

Danish and English Popular Science Introduction (Executive
summary)

This section provides a Danish, as well as an English, popular science introduc-
tion to the applications subject matter and its intentions. Four case stories as
well as a demonstration video are included for further elaboration.

1 Dansk: Populaervidenskabelig beskrivelse (Resume)

I overensstemmelse med anbefalingerne fra rapporten "Fremtidens forskningsin-
frastruktur - kortlaegning af behov og forslag til strategi"? fra Det Strategiske
Forskningsrad, ansgger ejerkonsortiet for Dansk Center for Scientific Computing
(DCSC), der repraesenterer fire danske universiteter, hermed om finansiel stgtte
til en udbygning af DCSC ogen sammenlaegning and DCSC og Dansk Center for
Grid Computing (DCGC) som en service til samtlige forskere i landet.

Forskere, fra en lang reekke videnskabelige omrader, bruger den danske s uper-
computer infrastruktur (Scientific Computing), som bestar af stor regnekrzeft og
omfattende digitale lagringsfaciliteter, til komplekse udregninger, modellering,
simulering og analyse. Grid computing handler om usynligt at binde disse distri-
buerede ressourcer sammen.

Denne ansggning argumenterer for, at Danmark ved en sammenlaegning og styr-
kelse af DCSC og DCGC, ville blive vaesentlig bedre i stand til at deltage i lgsnin-
gen af store globale forskningsudfordringer. En samlet finansiering pa DKK
55.000.000 foreslas, fordelt over tre ar (2008-2010), opdelt i to DCSC udvidel-
sesfase:

1. Styrkelse og Gridificering af DCSC, gennem en sammenlaegning med DCGC,
hvilket basalt set betyder mere regnekraeft og lagringsplads (Supercompute-
re) til forskerne, samt en sammenkobling af disse ressourcer (Gridificering).

2. Konsolidering, brugerstgtte, uddannelse, og internationale samarbejdspro-
jekter.

Nedenfor falger eksempler fra dansk forskning samt en demonstrationsvideo, der
forklarer og giver eksempler pa den almene forskningsanvendelse af supercom-
putere og Grid infrastruktur.

1 Fremtidens forskningsinfrastruktur - kortlsegning af behov og forslag til strategi, fra Det
Strategiske Forskningsrad, 2005.12.01:
http://fist.dk/site/forside/publikationer/2005/fremtidens-forskningsinfrastruktur -
kortlagning-af-behov

DCSC

Danish Center for Scientific Computing

Blegdamsvej 17
DK-2100 Copenhagen @
Phone +45 35325453
Fax +45 35325016
info@dcsc.dk

www.dcsc.dk

7 May 2007
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2 English: Popular science introduction (Executive summary)

In line with recommendations from the report Fremtidens forskningsinfrastruktur
- kortleegning af behov og forslag til strategi® from the Danish Council for Strate-
gic Research, the owner consortium of Danish Center for Scientific Computing
(DCSC), representing four Danish universities, hereby seeks financial assistance
to unite and strengthen the basic eScience infrastructure in Denmark supplied by
DCSC and the Danish Center for Grid Computing (DCGC).

Scientists, from a number of scientific areas, use the Danish Scientific Computing
infrastructure, consisting of significant computer power and large data storage
facilities, for complex calculation, modelling, simulation and analysis. Grid com-
puting is about seamlessly binding together these distributed resources.

This application argues that by uniting and strengthening DCSC and DCGC,
Denmark would be much better equipped to participate in international scientific
grand challenge endeavours. A total funding of DKK 55 million over three years
(2008-2010) is suggested, spilt into two DCSC expansion phases:

3. DCSC strengthening and Gridification, through merger with DCGC, which
basically means more advanced computer power and storage (Supercomput-
ers) to the researchers, as well as linking it better together (Gridification).

4. Consolidation, user support, education, and international cooperation pro-
jects.

Below follows examples from Danish research, as well as a demonstration video.
They explain and exemplify the general research utility of Scientific Computing
and Grid infrastructure.

3 Case stories from utilization of Scientific Computing and Grid
infrastructure

A number of case stories and a demonstration video are provided:
1. Supercomputers combat human diseases

2. Supercomputers help understand and predict the behaviour of financial mar-
kets

3. Supercomputers help understand and predict earthquakes, tsunamis and
volcanoes, as well as find oil deposits

4. Supercomputers help discover new materials for clean energy production
5. Supercomputers aid the understanding of global climate change

6. Grid boosts efforts to fight malaria — Global computing muscle helps search
for drugs

7. A Nordic GRID of supercomputers participates in the quest to understand the
origin the universe

8. A Sustainable European Grid Infrastructure - the Rationale

2Fremtidens forskningsinfrastruktur - kortleegning af behov og forslag til strategi, fra Det
Strategiske Forskningsrad, 2005.12.01:
http://fist.dk/site/forside/publikationer/2005/fremtidens-forskningsinfrastruktur -
kortlagning-af-behov

DCSC

Danish Center for Scientific Computing
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BRIEF

To:
Whom it may concern
Cc.:

From:

DCSC Secretariat

Subject:

DCSC case story:

Supercomputers combat human diseases

Danish researchers have used supercomputers to create an extensive
map of protein complexes involved in diseases such as breast cancer,
sclerosis and Alzheimers. These results aim to ease the discovery of pro-
teins causing disease, and hence improve treatment.

The results® show that proteins important for the development of different dis-
eases have a tendency to form similar complexes.

This discovery was made by letting supercomputers at the Danish Center for
Scientific Computing (DCSC) analyse hundreds of the many thousands known
interactions, as well as texts written by disease experts, describing the different
disease characteristics. Hereby it was possible to evaluate the similarity of differ-
ent diseases, and thus create a so-called human "phenome network" between
the diseases. This work required vast amounts of computer resources, but has
now led to a first draft of more than 500 protein complexes, associated with hu-
man pathology.

Furthermore, the research group trained a computer, a "learning-based predic-
tor", to prioritize genes associated with disease. This lead to the identification of
114 new genes, which are very likely to be involved in various human diseases.
These genes are now targets for drug develo pment.

The Computational Science aspect of the work is especially
relevant in a Danish setting, where hundreds of high-quality
Bio-banks with patient material have been collected during
the last 50 years. This type of eScience based bio-research
can well turn out to be of significant value to global health
as well as of major economic value to the Danish export
marked.

3 Published recently in Nature Biotechnology (Lage et al., 2007)

DCSC

Danish Center for Scientific Computing
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DK-2100 Copenhagen @
Phone +45 35325453
Fax +45 3532 5016
info@dcsc.dk
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BRIEF

To:
Whom it may concern
Cc.:

From:

DCSC Secretariat
Subject:

DCSC case story:

Supercomputers help understand and predict the behaviour of finan-
cial markets

The access to high performance computing is becoming increasingly im-
portant in the social sciences, especially in economics, finance, and mar-
keting. The need for increased computing power is caused by a number
of factors.

Financial data bases are now being established with observations on prices and
volumes of the assets traded. Minute -by-minute, each trade and information in
relation to the trade, is registered, giving an enormous stream of data. Since so
many assets are traded over time, giant amounts of data are accessible for data
analysis. The field is gaining increased research interests in Denmark®* and there
is a growing demand for access to scientific computing.

Also register-data with information on individuals are established and contain an
increased complexity of information, both over a cross section, but also over
time. In this respect the Danish registration of data on single individuals (via the
CPR register) is unique from an international perspective and econometricians
and other social scientists worldwide are attracted by the variety of data accessi-
ble for Denmark in particular.

In marketing a rapidly developing research area focuses on patterns of trade by
individuals. Loyalty cards give access to the trade behaviour of individuals re-
garding single commodities traded, which can be combined with other register-
based information, to identify important patterns in the way individuals behave
to price changes and so on.

In all these cases, the data analysis is becoming increasingly complex. The
(econometric) models designed incorporate a number of factors that give rise to
strong computing power, a need that is caused both by the huge amounts of
data to analyse, but also because of the complexity of the models to be esti-
mated.

Another area where much computing power is needed concerns
simulation based methods in the social sciences. This includes
aspects of game theory, econometric estimation methods
including monte carlo based methods, and the estimation of .
complex dynamic systems, for instance dynamic stochastic |
general equilibrium models. o

4 Recently, the Danish National Research Foundation has decided to fund esta blishment of
the Centre of Excellence, CREATES, (Center for Research in Econometric Analysis of Time
Series, see www.creates.au.dk ) and also the Danish Center for Accounting and Finance,
www.d-caf.dk has major activities within scientific computing.

DCSC

Danish Center for Scientific Computing
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DK-2100 Copenhagen @
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Fax +45 35325016
info@dcsc.dk
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BRIEF

To:
Whom it may concern
Cc.:

From:

DCSC Secretariat
Subject:

DCSC case story:

Supercomputers help understand and predict earthquakes, tsunamis
and volcanoes, as well as find oil deposits

In two relatively independent topics of seismology, Danish scientists
plan to use scientific computing and namely very large geology data-
bases, in braking new scientific ground, within natural disaster predic-
tion and oil exploration.

Continues recordings of seismic waves from earthquakes on a global scale is now
being collected, stored and analysed in quantity and quality never seen before.
The community has begun to share these long data streams over the global ICT
infrastructure. A typical broadband seismograph station will record around 3
Gigabytes of information per year. If this dataset should be available online -
gether with the data from, ideally, some thousands of stations, it corresponds to
some 10.000 Gigabytes of information per year.

Despite being theoretically possible, there still remain several
unresolved database related and technical problems, before a
global homogenous streaming system can be in place. But in
turn, computer models can then analyse the huge datasets,
better models can be built, and new understanding can be
acquired, hopefully leading to better understanding and
prediction of earthquakes tsunamis, volcanoes and the like. Danish geologists
aim to be part of the global community now taking onboard the instrument of
Scientific Computing.

The global oil exploration the seismic industry continuously has some 100 seis-
mic vessels gathering data. Their purpose is to produce images of the subsurface
structure, primarily in sedime ntary basins. Modern seismic vessels are equipped
with 6-10 streamers and several airgun arrays. The streamers are typically 6 km
long cables containing hydrophones every % meter for recording seismic waves
generated by the airguns on a, basically, continuous basis. To degrade the
amount of data and to improve the signal-to-noise ratio, individual hydrophones
are usually coupled in arrays, such that each streamer effectively has 2400 ac-
tive channels.

Hence, a modern seismic vessel produces a data stream of 5.000
Gigabytes per hour. A large survey takes about 2-3 months, such
that the total amount of data acquired is of the order of 5 million
Gigabytes. This amount of data ideally has to be available
simultaneously to the seismic processing team, making it a signifi-
cant scientific computing challenge, which Danish researchers do
not intend to miss out on.

2007-05-07 - 17:20:37
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BRIEF

To:
Whom it may concern
Cc.:

From:

DCSC Secretariat
Subject:

DCSC case story:

Supercomputers help discover new materials for clean energy pro-
duction

Today most materials are developed using trial and error experimenta-
tion. This is tedious and costly. It has long been the dream to be able to
develop models of materials properties, which are good enough to en-
able computer aided design of materials, atom-by-atom, before trying
them out in the laboratory. Access to vast computer power is now mak-
ing it possible to take on this enormous scientific challenge.

In order to enable computational materials design one needs to better describe
electrons in materials, one needs to develop models to relate the atomistic prop-
erties to the macroscopic functionality, and one needs access to enormous co m-
puter power.

The first steps in this direction have been taken. Danish researchers have re-
cently used DCSC supercomputers to investigate new materials which are suit-
able for extracting hydrogen from water. This is of significant interest in the
renewable energy sector, as water electrolysis coupled to wind or solar energy
can yield hydrogen as a clean transportation fuel.

By doing electronic structure calculations for 736 surface alloys, the best candi-
dates for hydrogen evolution were identified. Approximately 180 alloys demon-
strated properties consistent with favourable hydrogen ewlution kinetics. Stabil-
ity criteria were also imposed to eliminate candidates which would not be stable
under the appropriate electrochemical conditions, leaving some 20 interesting
candidates, worthy of more detailed investigation. Careful synthesis and charac-
terization of the most promising candidate (a BiPt surface alloy) showed, as pre-
dicted, that it was better than that which traditionally is used to extract hydrogen
(i.e. Platinum).

Computational materials design represents a possible paradigm
change in materials development®. As the methods mature in the
academic environment, companies will take them in as working tools,
and the route to new functional and structural materials for all
sectors of our economy. Making this feasible in general will require
more research into the theoretical methods to secure sufficient
accuracy and speed. In addition it will require access to the most
advanced supercomputer facilities.

%) Greeley, T.F. Jaramillo, J. Bonde, I. Chorkendorff, and J.K. Ngrskov, Nature Materials 5,
909 (2006)

6 Report from the National Science Foundation Blue Ribbon Panel on Simulation-based
Engineering Sceince: Revolutionizing Engineering Sceince through Simulation, USA, Febru-
ary 2006.
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BRIEF

To:
Whom it may concern
Cc.:

From:

DCSC Secretariat

Subject:

DCSC case story:

Supercomputers aid the understanding of global climate change

Global Climate or Earth System Models help us understand global climate
change by simulating the behaviour of the atmosphere, oceans including
sea ice, upper soil layers and the interactions between them.

It has been clear since their emergence in the 1950’s and -60’s that the quality
of weather forecast models and climate models depend closely on the amount of
computational grid points — hence on the available computer power. New gen-
erations of climate models, using advanced Scientific Computing, now also in-
clude a number of bio-geo-chemical processes, including components for aerosol
chemistry, and the oceanic as well as the terrestrial carbon cycles. These new
Earth System Models (ESMs) are now considered to be state of the art tools for
simulating and understanding fundamental features of the past, present and
future climates on our planet.

Danish researchers and modellers’ have a strong tradition and interest in Arctic
climate variations and their causes. In support of ongoing and future non-
modelling activities in an around Greenland it is anticipated to use ESM’s for two
types of modelling studies, if sufficient computer power can be convened:

Researchers from University of Copenhagen, University of Aarhus (DMU), Techni-
cal University of Denmark and the Danish Meteorological Institute are planning to
improve and use a state of the art ESM to understand the importance of Arctic
surface processes responsible for the climate evolution during the present inter-
glacial period - the Holocene. The main interest is to understand physical, bio-
logical and geo-chemical climatic feedbacks, which have been responsible for
regional differences in the magnitude and timing of the so-called climatic opti-
mum in the mid and early Holocene. One of the motivations for this work is that
Arctic feedbacks are believed to play an important role also for shaping the char-
acter of future anthropogenic forced climate changes.

Researchers at the newly established Centre for Ice and Climate®
have a general and strong interest in the physical processes
responsible for the so-called Dansgaard-Oeschger (D-O) events,
which are abrupt climate fluctuations during the last ice age. D-O
events were particularly severe in the North-Atlantic / Arctic
regions. Since D-O events occur on millennial time scales,
computational limitations have so far prevented a thorough study
thereof in modern ESMs of full complexity, including ice sheet
components. It is, however, now proposed to set up a new Danish
multi-millennia modelling activity aiming at simulating these
events.

T V. A. Alexeev, P. L. Langen, J. R. Bates, Climate Dynamics (2005), DOI 10.1007/s00382-
005-0018-3
8 Centre for Ice and Climate: http://www.nbi.ku.dk/research/pagel62176.htm
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BRIEF
Danish Center for Scientific Computing
To: Blegdamsvej 17
Whom it may concern DK-2100 Copenhagen @
cc.: Phone  +4535325453
Fax +4535325016
From: info@dcsc.dk
DCSC Secretariat www.desc.dk
Subject:
DCSC case story:
Grid boosts efforts to fight malaria — Global computing muscle helps
search for drugs® 6 May 2007
/RB

Scientists working to find effective drugs to combat malaria have
enlisted the computing muscle of a grid spanning 28 countries.

The international Wisdom project - which ran from 1 October 2006 to 31 January
2007, and stands for "Worldwide in silico docking on malaria” - linked up com-
puters in France, ltaly, Germany, Pakistan, Singapore, Taiwan and the UK,
among others.

The Wisdom grid, which utilised up to 5,000 computers simultaneously, helped to
analyse potential drug compounds against proteins of the malaria parasite in an
attempt to discover viable treatments for the disease - which kills more than one
million people each year. Using the grid, scientists were able to process an aver-
age of 80,000 possible drug compounds against malaria every hour. In the four
months the Wisdom grid was up and running, more than 140 million compounds
were processed and a total of 2,000GB of "useful data" was generated.

The main bulk of the UK's contribution came from GridPP - a particle physics
grid, built as part of another international computing project called the Large
Hadron Collider Computing Grid - which is being used to process data from the
world's biggest particle accelerator at CERN in Geneva. Professor Tony Doyle,
GridPP project leader, said in a statement: "Although our grid was built to ana-
lyse particle physics data, when we have spare capacity we're able to share it
with other scientists worldwide. In this case, we're happy to have contributed
more than two million hours of computer time to help find drugs against ma-
laria."”

In addition to GridPP, computers from various UK universities played a part in
the Wisdom grid - including Birmingham, Brunel, Cambridge, Durham, Edin-
burgh, Glasgow, Imperial College London, Lancaster, Manchester, Oxford, Queen
Mary University of London, Royal Holloway University of London, Sheffield and
University College London - as well as machines from the CCLRC Rutherford Ap-
pleton Laboratory and the JET Facilities at Culham Science Centre.

Dr Sarah Pearce, GridPP dissemination officer, told silicon.com
Wisdom scientists are in the process of collating the data and
discussing strategies for its analysis.

This is not the first time a grid has been used in the fight against
a deadly disease. Back in May last year, scientists in Asia and
the UK deployed a grid aimed at finding a cure for bird flu. That
project also utilised a grid originally designed for processing
particle physics data.

° Source/copyright: 15 February 2007, Natasha Lomas:
http://hardware.silicon.com/servers/0,39024647,39165820,00.htm
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DCSC case story:

A Nordic GRID of supercomputers participates in the quest to under-
stand the origin the universe

6 May 2007
/RB

In late 2007 beams of protons will collide 40 million times a second in-
side the Large Hadron Collider (LHC) at CERN. From this, the largest sci-
entific instrument ever built, data will begin flowing into a GRID of in-
ternational supercomputer centres. It has been designed by scientists in
their quest to discover the detailed structure of the elementary particles
and the fundamental interactions acting between them.

Physicists hope to find evidence for new physics, e.g. extra dimensions, super-
symmetric particles and the confirmation for the Higgs boson, a particle that has
never been observed, but which scientists believe is responsible for generating
mass for all massive objects. Overall, the project involves 158 institutions in 35
nations at five continents.

Four large detectors, two general purpose ATLAS and CMS, and two specialized,
LHCb and ALICE, will explore the LHC, with Danish participation in ATLAS and
ALICE. ATLAS is constructed to discover new particles with masses up to 2000
times the mass of the proton, and to recognize small deviations from our present
understanding of the world of the elementary particles, as it is described in the
Standard Model. ALICE is constructed to find and measure the property of the
state of matter that dominated the Universe in the era shortly after the Big Bang.

New heavy particles are rarely produced, even at the very high collision energy
provided by the LHC. To find the few interesting events 40 million collisions per
second are analysed and the event rate reduced to approximately one thousand
per second, each event containing two Megabytes of data. If stored on ordinary
DVDs, a disk would be filled every two seconds. In order to provide secure ac-
cess to this gigantic amount of data, 24 hours per day, 7 days a week, events
will be distributed worldwide using Grid computing, and stored on more than one
of the geographically distributed computing centres.

The Nordic DataGRID Facility, NDGF, connects computers and storage
elements in the Nordic countries, in such a way, that physicists from
around the world can access the data and use the computers in the
NDGF centre in a completely trans-parent way. Similarly Danish
scientists will use resources outside Denmark with-out ever being
confronted with the problems of locating the resources physically. In
2010 more than 50.000 processors and several hundred thousands
Gigabytes of data will be available for analysis. The Danish computer
resources are provided by contributions from DCSC and FNU, through
NDGF.
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To:
Whom it may concern
Cc.:

From:

DCSC Secretariat

Subject:

DCSC case story:

A Sustainable European Grid Infrastructure - the Rationale

Attention is drawn to the many international cooperation initiatives
within Scientific Computing and its Gridification.

A demonstration video "A Sustainable European Grid Infrastructure - the ration-
ale", is enclosed. It can also be found at the English National Grid Service web-
site: http://www.qgrid-support.ac.uk/content/view/200/4/

€ windows Media Player

Bibliotek Kopierfra cd (rip™)

This short video (EGI-jan07.wmyv, included as a separate file in the application
package) explains grids and their importance and usefulness to scientists and
society across the Globe, presenting the case for a sustainable European Grid
Infrastructure.

DCSC

Danish Center for Scientific Computing

Blegdamsvej 17
DK-2100 Copenhagen @
Phone +45 35325453
Fax +45 35325016
info@dcsc.dk

www.dcsc.dk

2 May 2007
/RB
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