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Executive summary

An outstanding basisfor Nordic eScience collaboration exists through the Nordic national
computer networks and high-performance computing infrastructures. In addition, existing
Nordic organisations such asNORDUnet and the Nordic DataGrid Facility (NDGF) prove
that together the Nordic countries can act more forcefully than each country onitsown. This
strategy document laysout aplan for how Nordic eScience coll aborations can be strengthened
to provide sustainability, more efficient resource sharing, joint infrastructures and joint
education programsaswell asaclearer organisation for strategic planning and funding and
for sharing of responsibilities.

A well designed and monitored Nordic eScience programme canin ab year perspective
offer awell worked-out virtual system for sharing eScience resources and competences.
eScience technol ogy expertise can bevisibly integrated in research groupsacrossall fields of
science, and more seaml ess research coll aborations can be under way, which utilizeamultitude
of technologies across geographical borders. The competitivenessand visibility for Nordic
research worldwidewould be strengthened.

Inal10year perspective Norden can beviewed asoneentity and arolemodel internationally
when it comesto virtual sharing of eScience resources. Norden can beaworld |eading actor
in eScienceinfrastructure and technol ogy devel opment, with resulting cutting edgeresearch
inmany areasof science. Nordic industry can have accessto thetechnol ogy expertsof the 21+
century, skilled with the advanced computing technol ogiesthat arethe foundation for service-
oriented business model s and aknowledge-based industry.

eScienceisabout global collaborationin key areasof science, and about the next generation
of infrastructures that will enableit. eScience
infrastructuresinclude computer networks, high-
performance computing and visualization | eScience is about global
systems, federated databases, and networked- collaboration in key
enabled research instrumentation. It also .
includes the grid - the distributed computing areas of science
technology that provides access to remote
resources and enables collaborations among distributed virtual organizations. Such
collaborations, which requirevery large datacollections, very large-scal e computing resources
and high performance visualisation facilities, will revolutionisetheway scienceisundertaken
inthetwenty-first century.

eScienceinvolvesall disciplines, from physics and astronomy to the medical sciences,
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earth sciences, biology and chemistry, social sciencesand humanities. For thelatter, eScience
opens up new avenuesfor collaborative and large-scal e research with aglobal perspective.
Aspectsof eSciencetypically arisein all stages of the research cycle, emphasizing the need
for close collaboration between eScience and subject matter scientists.

Inthelater part of 2006, The Nordic Council of Ministersformed an eScienceworkgroup
assigned to propose a common Nordic eScience strategy. In response to this request, the
workgroup emphasizes the need for long term sustainabl e collaborations to maintain and
develop Nordic eScience infrastructures such as computer networks, High Performance
Computing (HPC) resources and Grid infrastructure. The workgroup further proposes to
establish three new programmesto promote Nordic eScience research and infrastructuresand
two new Nordic eScience education programmes.

e A programme for resourcing computational “ grand challenge” research.

e A programme for establishing a Nordic infrastructure for databases and data
repositories.

e A programme for Nordic eScience collaboration with The Baltics, Europe and
beyond.

e Nordic Master and PhD education programmes on eScience technol ogies.

In order to providedirection and funding, the workgroup suggeststhat anew Nordic
strategic eScience committeeis established, with membersthat are closely associated with
the national research councilsand funding bodies and which represent all researchfields.
The committee should be placed under an existing suitabl e organi zation, such as
NordForsk.

eScience involves all disciplines, from
physics and astronomy to the medical
sciences, earth sciences, biology and
chemistry, social sciences and humanities
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1 Introduction

eScience supporting a knowledge-based society

The society in the 21% century is facing an ever-increasing globalization and pressure on
economic competitiveness, resulting in a move from a more physically-based to a more
knowl edge-based economy. A well educated popul ation, strong research environments, ever
ingenious innovation, and a highly advanced information and communication technol ogy
(ICT) infrastructure, with accompanying applications, are crucial tothisshift. Besidesserving
asadriving forcefor thewelfare of the society in general, the research communitieshaveto
be competitive actors on the global research market.

eScienceisabout globa collaborationin key areasof science, and about the next generation
of ICT infrastructures that will enable it. Such collaborations will require advanced ICT
infrastructures, accessto very large datacollections, very large-scale computing resources
and high performance visualisation facilities. eScience will change the dynamics of theway
scienceisundertaken in the twenty-first century. Thefuture challengesliein multidisciplinary
areasand eScienceisthe natural enabler for this.

The Nordic dimension

In aglobal perspective the Nordic countries
share a common cultural heritage and a high Together the Nordic
awareness of the need for technology countries have a potential
devel opment and accessto good infrastructures. -
Thereisageneral understanding that investment to_forcefu"y def'_ne a_nd
in technology and infrastructures, properly drive the emerging field of
planned and pulled off, is cost-effective. Each | €Science, to the benefit of
country on its own has limited resources to | research in all fields of
tacklethe challengesthat face science and the science.

society, but together the Nordic countrieshave
a potential to forcefully define and drive the
emerging field of eScience, to the benefit of researchinall researchfields.

It is our ability to efficiently identify and transfer the new eScience tools to relevant
applications, both short and long term, that will determine the competitive advantagefor the
Nordic countriesin creating and adapting new technol ogies and software. Examplesrange
from R& D intensive grid serviceslinking together research infrastructure/facilities (tel escopes,
archives, databasesetc), sharing ICT processing and storage capacity on aglobal scale, across
to wider societal ICT applications like telemedicine, digital libraries, distance education,
eGovernment servicesetc. At the sametimethe common Nordic knowledge, generated through
common research activitieswill spur industry onto create new productsfor the global market.
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A Nordic ecience strategy
In the later part of 2006, The Nordic Council of Ministers (NCM) formed an eScience
workgroup assigned to propose acommon Nordic eScience strategy. The group membersare
presented at the end of the document, and the
NCM letter initiating thework isattached. This
document isthe workgroup’sresponseto the -
initiative. The process of establishing the eScience opens up new
strategy hasincluded 4 full-day meetings, one arenas for research and
telephone conference and email | development, such as
communication. A scientific secretary tothe || telemedicine, digital libraries,

group was appointed early in the process. In distance education,

summary, theworkgroup emphasizesthe need eGovernment services etc.
for long term sustainable collaborations to

maintain and develop Nordic eScience
infrastructures, such as computer networks,
High Performance Computing (HPC) resources and Grid infrastructure. The workgroup further
proposes to establish three new programmes to promote Nordic eScience research and
infrastructures and two new Nordic eScience education programmes. We briefly introduce
each programmein thissection, and return in sections4 and 5 to existing infrastructures and
to more detailed descriptions of the programmes.

e Aprogramme for resourcing computational “ grand challenge” research. A
Nordic Computational Grand Challenge Survey hasrecently identified important
research areaswith extraordinary needsfor | T-resources. Sample areasinclude
physics, astrophysics, climate computing, molecular modelling, atmosphere
modelling, tsunami propagation, protein structure refinement, biological
simulation, oceanography, simulations of complex liquids and computationsfor
nano-particles and nano-material. The new programme proposed here should open
up for broader eScience grand challenges, which cover thefull research cycle, and
which gain added value from Nordic collaboration and coordination. Examples
include accessto sufficient computing resources, devel opment of new models,
algorithms, and softwaretoolsto solveincreasingly complex general and
application-specific problems, solutionsto arange of datalocality and
parallelisation problems, devel opment of application-oriented grid tools, etc.

e Aprogramme for establishing a Nordic infrastructure for databases and data
repositories. A uniquefeaturefor the Nordic countriesisthe comprehensive
databases and datarepositoriescarried by national authoritiesfor administrative or
monitoring purposes. These unique datastructuresare currently underused for
research. Enabling secure and efficient modesfor accessing and processing these
datasources, and for merging them with research datafrom other sources, opensup
for new and unique research datainfrastructuresin thelife sciences, earth sciences,
social sciences and medicine - research areas which have not traditionally been
technology driven. Besidesimplementation and devel opment of technol ogy for
federated databases and datarepositories, huge efforts are needed to set up policy
frameworksfor standards, dataharmonisation and access, including administrative
and legal components. Harmonisation onthe Nordic level hasaclear advantage.

e A programme for Nordic eScience collaboration with The Baltics, Europe and
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beyond. The development of eScienceresearch and infrastructuresisnot only a
national or aNordic matter, but aglobal issue requiring asubstantial degree of
international collaboration. Anillustrative exampleisthe development of thegrid
asakey enabling technology for large-scal e resource sharing. For the purpose of
interoperability and sustainability, any joint Nordic effort must al so be coordinated
with European and other international initiatives. Thisprogramme providesan
interface between the Nordic eScience devel opment and similar ventureswithin
Europe and beyond. Theinfrastructures proposed in the ESFRI roadmap and

rel ated research challengesin the EU framework programmes serve as concrete
examples.

e Nordic Master and PhD education programmes on eScience technologies. The
proposal isto establish Master and PhD programmes, which build on current
successful national initiatives. These education programmes are best administered
within the framework of the Nordic Master Programme, hosted by the Nordic
Council of Ministersand the NordForsk research schools, respectively.
Comprehensive Nordic eScience education programmesgive Nordic research a
broad competitive advantage and provide Nordicindustry with thetechnol ogy
expertsof the 21% century, skilled with the advanced computing technol ogiesthat
arethefoundation for emerging service oriented business model s and knowledge-
based industry.

By coordinated initiatives, the Nordic countries have a unique opportunity to gain
comprehensive coverage of vital eScience topicsand attract acritical mass of researchers.
Coordination acrossresearch fieldsand national borders maximizesthe speed by which new
methodol ogies can betransferred to abroad range of eScience applications. Cross-national
resource sharing will allow moreresourcesto individual research projects, without imposing
on other needs. Theincreased international visibility and increased total resource volumewill
give Nordic researchers added opportunity to take on leading roles in international high-
profile collaborations. Comprehens ve eScience education programmes providesfor abroad
competitive advantage on the eScience arenafor Nordic research.

Nordic eScience needs sustainability, more
efficient resource sharing, joint
infrastructures, joint education programs
and a clearer organisation and division of
responsibility.
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2 Driving forces for eScience research and
Infrastructure

Common for thewholefield of eScienceisthe demand for new and improved high-quality
softwareincluding user-friendly application software, softwarelibraries, middleware, and
user environments. Below, we describe key forcesthat drive the need for new research and
infrastructurein thefield of eScience.

Changing needs in the broad spectrum of eScience application areas. The progressin
scientific areas with alonger tradition of using eScience technology puts demands on new
models, algorithms, and technol ogy to solve even more complex problems. The Nordic Grand
Challenge Survey [9] hasidentified important research areas with extraordinary needsfor
computing resources. M oreover, the recent movetowards using eSciencetechniquesin research
areaswith little previous experience of large-scal e eScienceinfrastructuresrepresentsanew
and important challenge. These application areas, for example in the life sciences, social
sciences, and humanities, require toolsto solve new computational, datamanagement, and
visualization problems.

The devel opment of computing technol ogies. Trendsin the evol ution of basic computing
technol ogy have significant impact on eScience software devel opment. Onetrend istherapid
increaseinthe number of processorsin state-of-the-art computer systems. Thistrendiscurrently
driven by the cost-€effective devel opment of high-end computer systemsbuilt from commodity
components. It isexpected to accel erate by the use of so called multi-core technologies, as
computer devel opers strive to find new ways to increase computer performance as clock
frequenciesare becoming hard to increase. As aconsequence eScience researcherswill soon
face desktop machineswith hundreds of processorsand high-end systemswith tensor hundreds
of thousands of processors. In addition, theincreasing gap between computational speed and
memory performance forces computer vendorsto build deeper and more complex memory
hierarchiesin order to exploit the performance of the computers.

Globalisation of research. The development of international grid-based infrastructures,
applications, and collaboration environments goes hand in hand with theinternationalization
of research. Whilethe prerequisitesfor globalisation are provided by improved connectivity
and network performance, and by the global infrastructure development, it isthe research
needs that trigger the move towards large-scale virtual research environments. This
development isstill initsinfancy and current grid production environmentsaretargetedto a
small number of research fields and applicationswith particular characteristics. Theneed to
develop the grid to meet the needs of more general and global computing infrastructures
requires major research undertakings.
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3 Worldwide recognition of the importance
of eScience

Theimportance of eSciencefor research in the 21 century has been recognized by numerous
reports worldwide. With these as a point of departure we put the Nordic strategy in an
internationa context. Theoveral message conveyed by thesereportsisthat eSciencetechnol ogy
is of outermost importance for the further development of research across virtually all
disciplines, and that the eSciencefield isof paramount interest to the whol e society. Note that
thisshort section has no ambition to be comprehensive.

Through its ambitious eScience programme, started in 2001 [1][6][7][12][18], the UK
haslead theinternational promotion and devel opment of eSciencetechnologiesover thewhole
eSciencefield:

“In the future, e-Science will refer to the large scal e science that will increasingly
be carried out through distributed global collaborations enabled by the Internet.
Typically, a feature of such collaborative scientific enterprises is that they will
require accessto very large data collections, very large scale computing resources
and high performance visualisation back to the individual user scientists.”

The UK eScience programme has not only coined the name*“eScience”, but also proposed
the grid asthe architecture to bring eScience componentstogether.

Computational science isakey part of eScience, today widely recognized as the third
pillar of the scientific method, complementing the classical pair: theory and experiment. The
following statement from the often cited report Computational Science: Ensuring America’s
Competitiveness produced by the US President’ sInformation Technol ogy Advisory Committee
(PITAC) [20] iseasly generalizable to eScience per se:

“Whileitisitself adiscipline, computational science servesto advanceall of science.
The most scientifically important and economically promising research frontiersin
the 21st century will be conquered by those most skilled with advanced computing
technologies and computational science applications.”

The PITAC reportisonly oneof severa reportsthat advise strong commitmentsto eScience
research and infrastructure. Some other US examplesare produced by The Executive Office
of the President [5], The Office of Science[11] and The National Science Foundation (NSF)
[13], The NSF Cyberinfrastructure Council [ 10] and The Towards 2020 Science Group [19]
(thelatter actually performed inthe UK, but for Microsoft Inc.).
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OnaEuropean level, both the e-Infrastructure Reflection Group (e-IRG) [2] and the HPC
Europe Task Force (HET) show commitment to international collaboration for coordinated
international e-Infrastructures. e-Infrastructures and the global dimension of research have
also been highlighted in the recent roadmap produced by the European Strategy Forum on
Research Infrastructures (ESFRI) [3]. It isworth emphasizing that the 35 projects put forward
inthe ESFRI roadmap cover all areas of science, and most of them explicitly or implicitly
include eScience components. I n order for the devel opment of pan-European infrastructures,
aslaid out inthe ESFRI roadmap, to be efficient, abroad unified conceptual framework and
action plan regarding eScienceinfrastructures, education, research and applicationswould
be needed. Notably, theNordic countriesarewel | represented in severa of the FP7 infrastructure
planning proposal s currently being prepared.

TheNordic countries have, individually, addressed theimportance of theeScience areain
anumber of recent initiatives, e.g., the eScience programmein Finland 2007 [14], theeVITA
programme in Norway 2006 [4][8], and the Swedish Research Council’s formation of an
eScienceinfrastructure group 2005 [17], and aproposed research programme by the Swedish
Infrastructure for Computing (SNIC) 2007 [15][16]. Whilethe Nordic countrieshavealong
history of successful collaborationin computer networking, grid software development and
more recently in challenges concerning high performance computing, it isonly now that the
discussions start on how to meaningfully coordinate key features of the scientifically broader
Nordic national eScienceinitiativesand on how to guaranteelong-term sustainability.

It is only now that the discussions start on
how to meaningfully coordinate key
features of scientifically broader Nordic
eScience initiatives and on how to
guarantee long-term sustainability.
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4 Sustainability for existing Nordic
eScience infrastructures

Inthissection, we briefly present the major eScienceinfrastructures currently availableinthe
Nordic countries and we point out opportunities for intensified Nordic collaboration. The
need for sustainability is emphasized, since long-term availability is fundamental for any
large-scale and long-term research

4.1 Computer networks

TheNordic national University networks provide high-quality and reliable computer network
servicesthat arefundamental to the eScience devel opment. The availability of networkswith
internationally competitive performanceisvital, and recent initiativesfor offering dedicated
so called lambda connections are of interest to the eScience community.

The Nordic coordination of networks and network-related activities is aready well
organized, mainly though the NORDUnet collaboration. The fibre optical NORDUnet
infrastructure currently linksfour of thefive Nordic countries. An upgrade of the currently
rather unstable and insufficient network linksto Iceland are, however, needed, and appropriate
connectivity to global partnerslike Russia, The Baltics, China, Japan and othersneedsto be
continuously ensured through the NORDUnet collaboration.

4.2 HPC resources

Thefive Nordic countries have organized their main High Performance Computing (HPC)
resourcesin sightly different ways. Finland has one main national center inthe Finnish IT
Center for Science (CSC). Denmark, Norway and Sweden have different typesof decentralized
national organizations, represented by the Danish Center for Scientific Computing (DCSC),
the Norwegian Notur and the Swedish National Infrastructure for Computing (SNIC),
respectively. Thelcelandic HPC resourcesare maintained by the University of Iceland. Notably,
although all countries have adopted different organizations, thereisawell-defined contact
point per country, e.g., for Nordic, European and global collaborations.

WEell-organized cross-national resource exchange with appropriate funding allocation
between the Nordic countries will allow more efficient resource utilization for the HPC
organizations, and individual userswill get accessto alarger and more diverse set of resources.
Moreover, by acting asacoherent virtual body, the Nordic HPC resources and competences
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will haveincreased visibility internationally and will be very well equipped to take partin
large-scal e European (and otherwiseinternational) collaborations.

We propose asubstantial degree of collaboration between the Nordic HPC organizations,
including technology and policy development to set up proceduresfor cross-national resource
allocation and accounting.

4.3 Grid infrastructure

Gridinfrastructurest are now availablein al five Nordic countries. In Denmark, the Danish
Center for Grid Computing (DCGC) was established in August 2003 with athree year grant
for aseries of research and development projects. Thereare currently plansto make DCGC a
sustainable part of the Danish HPC organization, DCSC. The Finnish Material Sciences
National Grid Infrastructure (M-grid) isajoint project between the Finnish HPC Center,
CSC, seven universitiesand the Helsinki Institute of Physics, giving accessto adistributed
set of computers. Inlceland, agrid infrastructureisunder construction as part of the University
of Iceland’ s participationin Nordic grid activities. In February 2007, the Research Council
of Norway granted funding for the establishment of anational grid infrastructure (NorGrid).
SweGrid is a Swedish national grid infrastructure project hosted by the Swedish HPC
organization, SNIC. The long-term plan for SweGrid isto give grid accessto all national
resourcesat SNIC centers.

Joint Nordic initiativesinclude therecently initiated Nordic DataGrid Facility (NDGF),
which is a collaboration between Denmark, Finland, Norway, and Sweden. NDGF is a
production grid facility that leverages existing, national computational resourcesand grid
infrastructures. NDGF currently coordinatesthe establishment of aso-called Tier-1 for storing
and processing large amount of data produced at CERN.

In order to meet expanding needs for new grid applications, the Nordic countries will
have to provide agrid infrastructure which is sustainable both in terms of technology and
capacity. It isimperative that the development is made through Nordic and international
collaboration, in harmony with international standardization initiatives. The collaborations
between major Nordic grid infrastructure providers (e.g., national HPC organizations, NDGF,
national research database organizations, etc) should be continued and enforced, with the
goal to provide transparent and secure accessto all eScience resources, including capacity
and capability computers, storage, software, databases, collaboration environments, online
instrumentations, etc, addressing the differing needs of all eScience application aress.

! The gridinfrastructure provides accessto distributed | T resources and enabl es resource sharing across
traditional organizational borders. Ideally, the grid will present the distributed I T resources to the user viaa
single system image, and provide the user with transparent accessto all resourcesthat he or sheisentitled to
use. The concept “grid” isanalogous to “power grid”, in an attempt to compare accessto I T resources with
today’s easy access to electricity. The user does not need to know where and how electricity is produced.
Such a computational grid infrastructure requires, for example, distributed security mechanisms, resource
management and resource brokering tools, data management tools, information systems and support for
establishing resource sharing policies. The grid of today is still in many aspects experimental, and itsuseis
dominated by applications which require very large computational resources. Substantial developments are
needed to explore the full potential of grid technologiesin all eScience application fields.
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5 Proposed new Nordic eScience
programmes

The workgroup proposes to establish three new programmes to promote Nordic eScience
research and infrastructure and two new education programmes. The maintenance and
development of sustainableinfrastructure collaborationsthat were discussed in Section 4 will

in some partsfeature aso in thissection.

5.1 Resourcing computational “grand challenge” research

A Nordic Computational Grand Challenge
Survey [9] has recently identified important
research areaswith extraordinary needsfor I T-
resources. Sample areas for this first grand
challenge initiative include physics,
astrophysics, climate computing, molecular
modelling, atmosphere modelling, tsunami
propagation, protein structure refinement,
biological simulation, oceanography,
simulations of complex liquids and
computations for nano-particles and nano-
material. The programme proposed here should
open up for broader eScience grand challenges,
which cover the full research cycle, and for
which Nordic collaboration and coordination
providesadded value.

In order to address computational grand
challenge problems, it isnecessary to provide
resources and toolsfor solving more demanding
computationa problems. Besidesaccesstotools

for storage, computing and visualization, grand challenge problemswill generate anumber
of generic and application-oriented challenges, broadly exemplified by thefollowing items:

Computational “grand
challenge” research
requires access to
sufficient computing
resources, development of
new models, algorithms
and software tools,
solutions to a range of
data locality and
parallelisation problems,
development of application
oriented grid tools, etc.
Nordic collaboration allows
cost-efficient development
of technologies and use of
resources.
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Scientific computing research, e.g., including the devel opment of new algorithms
for managing more complex computational geometriesand for performing
simulations on more complex computational models, development of efficient
mathematical softwarelibrariesand environmentsfor performing fundamental
computational operations, and research on the efficient use of programming
languages. The devel opment of computer technol ogy also leadsto arange of data
locality and parallelisation problemsthat need to be solved in order to fully exploit
the potential of the future computing platforms.

General grid computing research and devel opment of application-oriented grid
tools. Thisincludes, for exampl e, the devel opment of application portalsand
problem solving environments, application-aware workflow systems and workflow
repository devel opment, support for interactive grid applicationsaswell as
applicationswith need for specific onlineinstrumentation.

Efficient utilization of eScience database infrastructures presents abroad spectrum
of challenges, including research on federated database systems, technol ogiesfor
secure access and data sharing and efficient proceduresfor structuring and
annotating databases with content of widely differing character. Noticethat the
technical toolsreferred to here complement the administrative Nordic database
infrastructure programme discussed in the next subsection.

Thejoint Nordic programme for resourcing computational “grand challenge” research
bringsadded valueintheform of:

Extended coverage and critical massto pursue vital eScience research topics.

Solving large-scale grand challenge problems are best done by cross-national

research projects.

Better targeted i nteractionswith application areas.

Cost-effectivenessin utilizing computational resourcesthrough cross-nationd
resource sharing.

Improved international visibility.

5.2 Establishing a Nordic infrastructure for databases and data repositories

WEell-maintained databases, satisfying strict requirements on quality, documentation, standards,
meta-datadefinitions, accessibility, security, etc, will bethe principal eScience resourcesfor
many application areas. |n the same spirit asmol ecul ar technol ogy hastransformed biology
into a computational science, ICT technology and software can pave the way for large
conceptual changesin areas of sciencethat rely on complex non-experimental data-structures.
Whilelarge-scale standardized and quality controlled datainfrastructures are beginning to
emergein biology, such infrastructuresdo not exist on any large and comprehensive scalein
the health sciences, earth sciences, social sciences and humanities. In order to build these
infrastructures, the proposal isto establish a programme focused on the establishment of a
Nordic database and datarepository infrastructure.
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The comprehensive national registers and _ i
databases carried by authorities for | In an international
administrative or monitoring purposes | perspective Norden has
constitute a unique feature for the Nordic unique data sources in the
countries. These data structures are currently form of registers and data
underL_Jsedfor r%arch.Techmcal solutionsfor repositories. A common
enabling secure and efficient modes for . .
accessing and processing these data, and for Nordic data infrastructure
merging them with other sources of research | allows for unprecedented
data are discussed in the previous subsection | cutting edge research in the
under grand challenges. Efficient utilization of life sciences, earth
these data sources, opens up for new sciences, social sciences
un_precedented r@arch oppor'gunltle;sm thelife and humanities.
sciences, earth sciences, social sciences and
medicine - research areas which have not
traditionally been technology driven.

The work on establishing databases and data repositories as national infrastructuresis
currently in an early phasein the Nordic countries. When it comesto organi zational issues,
Sweden has probably reached the farthest by establishing a Database InfraStructure Centre
(DISC) asanational infrastructure. Norway’ s national dataarchivesinthe social sciences,
manifest in the Norwegian NSD, serve as excellent proof of concept. Moreover, Statistics
Denmark and Stati stics Sweden provide researcherswith external accessto de-identified micro-
dataover theInternet. Thisrecent changefrom on-siteto remote accessisapowerful example
of how new technology can facilitatetheway researchiscarried out. A key featurein building
databaseinfrastructureisto allow quality research databasesto be maintained by anumber of
different organizations, ranging from major national and international organizationsto local
research groups making their data available. The need for coordinated but not centralized
solutionsis crucial, with the meta-data definitions and ontol ogies allowing links between
different data-structureson different media. Considerable effort is needed to resolveimportant
and difficult policy issues related to administrative and legal aspects of data-sharing, to
ownership of dataand to secure solutionsfor maintaining individual integrity.

Whilethebulk of thework on setting up databases must be done through national efforts
and funding, the added value would be dramatic for science, industry and the society at large
from Nordic cooperation on data harmonization and on setting up policy frameworks that
allow cross-talk over research fieldsand national borders. Now, beforethe national solutions
arein place, istheright timeto initiate thiswork.

The joint Nordic programme for establishing an infrastructure for databases and data
depositoriesbringsadded valuein form of

o Clear identification of actorsresponsiblefor data-harmonisation and policy
decision (ethicsand legal issues, open source policy) on the national and Nordic
levels, respectively.

¢ Increased coordination and homogenization, which facilitatesthe use of multiple
data sources (across disciplinesand national borders).

e Improvedinternational visibility.
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5.3 Nordic eScience collaboration with The Baltics, Europe and beyond

The research and development of eScience
infrastructureisnot only anational or aNordic
matter, but aglobal issuerequiring asubstantial
degree of international collaboration. An
illustrative exampleisthe development of the
grid asakey enabling technology for large-scale
resource sharing. For the purpose of
interoperability and sustainability, any joint
Nordic efforts must also be coordinated with
European and other international initiatives.

The Nordic countries one
by one are participating in
the preparatory phase of
the European FP7 ESFRI
research infrastructures
programme. A faster and
more efficient process on
the national level would

Thisview isfurther established by the roadmap
of the European Strategy Forum on Research
Infrastructures (ESFRI) [3], which has
identified 35 important research infrastructures
of European interest, most of them explicitly or
implicitly including eScience components.

result if Norden acted
together in Europe and
beyond.

Thisbeing themotivation, the proposal isto establish aprogrammefor Nordic collaboration
on research and devel opment of new eScience infrastructures. The collaborationsin focus
include both Nordic efforts and Nordic participation in Baltic, European and wider
international initiatives, e.g., targeting EU-infrastructures proposed in the ESFRI roadmap
and related research challengesin the EU framework programmes. It should be mentioned
that although the Nordic countriesareaready involved in such European activities, theNordic
position can be significantly strengthened by Nordic collaboration and common Nordic
initiatives. Examples of ESFRI infrastructureinitiatives, with strong eScience components
andwith Nordic nationa activity inthepreparatory phase, include European high-performance
computing (PACE), bioinformatics (EL1XIR), biobanks and biomedical resources(BBMRI)
and language technology (CLARIN). If national effortswere coordinated from the start, cost-
efficiency gainsare expected for theindividual countries. Asaproof of concept the Nordic
countries have experienceinjoint participation in large-scale EU infrastructure projectsin
the past, such asthe Enabling Gridsfor EsciencE (EGEE) project, where Denmark, Finland,
Norway, and Sweden, together with the Netherlands, form a Northern node. The NDGF
coordination of aNordic Tier-1 for storing and processing data produced at CERN isanother
example of ongoing joint Nordic participation in large-scale EU projects.

Thejoint Nordic program brings added valuein form of:

e A more cost-effective participation in projectsfunded by EU and internationally.

e Ability to participatein alarger number of projectsfunded by EU and
internationally, by distributing theworkload and cost for co-funding.

e Ability to take on moreleading rolesin projectsfunded by EU and internationally,
asastronger partner.
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5.4 Nordic Master and PhD education programmes on eScience technologies

The need for competence building in the
development and use of eSciencetechnologies || 3gint Nordic eScience

IS common _for al! _Nordlc countrl_es. Master and PhD education
Comprehensive training and education . .
programmes allow efficient

programmesarethekey to thelong-term success
of any effort to establish eScienceinfrastructures || USe of resources and
in broad scientific areas. These effortsshould || critical mass to target
includeamix of studentsfromtechnology core | different student

areas such as computer science and the backgrounds and
mathematical sciences, aswell asstudentsfrom o

the application areas. Students from the application areas.
application areas are expected to havevarying
background in bas c computing techniques, and
the education programmes must adapt to the students’ differential needs. By coordinated
Nordic efforts one can attract sufficiently large groups of students to offer education
programmestailored to specific backgroundsin away that would not be possiblefor local or
national programmes.

Therefore, the proposal isto establish Master and PhD education programmesin eScience
technologies. These programswould be conveniently organi sed within the framework of the
Nordic Master Programme run by the Nordic Council of Ministersand the NordForsk research
school programme, respectively. The establishment of comprehensive Nordic eScience
education programmes, which build on successful national initiatives, will provide along
term competitive advantage for Nordic research at large. Examples of relevant national
eScience education initiatives are the Swedish National Graduate School in Scientific
Computing (NGSSC), the new eScience M Sc programmes at the University of Copenhagen
and the University of Iceland, and the Norwegian Winter School on eScience.

Joint Nordic Master and PhD education programmes bring added valuein form of:

e Alarger student basis, which makesit possibleto devel op eScience technology
coursestargeting different student backgrounds and application areas.

e Broader competencefor course devel opment and distribution of teaching load.

¢ Nordic collaboration among students, which buildsthe Nordic networks of
tomorrow and paving theway for future cross-national research collaborations.
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6 Industrial impact

Although academiais the main focus of the proposed eScience strategy, it has important
impact both on and from industry. The immediate and most important benefit for industry,
from strengthening the eScience infrastructure, research, and education is competence
development. Competencesin core eScienceinfrastructure areas are highly relevant to the
industrial sector. Notably, the seventh EU framework programme hasastrong focuson service-
oriented infrastructures for industrial and business use. Here the solutions will to alarge
extent be realized by extending on grid technology originally developed by the eScience
community.

The single most important factor for industry in the much needed boost of the eScience
competencesistherecruitment of highly educated personnel, with extraordinary skillsinthe
use and devel opment of eSciencetechnol ogies. The broad approach to eSciencetaken by the
working group impliesthat not only theindustrial sector with traditionally high HPC needs
will beinvolved, but also thewholerange of emerging knowledge-based companies|everaging,
e.g., eScience data-mining techniques. Moreover, competence in Grid technology will be
important for the devel opment of service oriented infrastructuresfor business applications.

Therearea so waysinwhichindustry can play animportant rolefor improving eScience.
Once again, the most important aspect is education. One such role isto contribute with an
individual industrial mentor for each PhD student. For the M Sc programme, the single most
important industrial impact would be from contributing with master’s thesis projects and
their guidance. Moreover, it should beinvestigated to what extent industry iswilling to take
part in lecturing on courses, or even in the development of complete courses tailored for
industrial preparation. By such participation inthe M Sc and PhD educations, industry will
also be better positioned for recruiting the eScience students when graduated.

In addition, joint research and devel opment projects between industry and academiawill
contribute to the competence devel opment. Such collaborations can be based on individual
projects or formalized industrial-academic consortia of more long-term nature. The focus
can, e.g., beonmajor challengeswith clear businessbenefitsor further devel opment of academic
results and prototypes into quality tools for industry. Such collaborations will aso create
networks that substantially strengthen the competitiveness of both academiaand industry,
e.g., in EC-funded framework programmes.
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7 Organization

In order to establish and monitor the Nordic eScience strategy, anew Nordic strategic eScience
committeeis proposed, with membersfrom national research councilsand funding bodies.
All fields of research shall be represented in the new committee. In contrast to theworking
group, which has had little capacity to control money flows, the new committee must commit
to provide detailed direction and monitoring, and to secure funding from national and Nordic
SOUrces.

The new strategic committee should be placed under an existing suitable organization,
such asNordForsk, leverage existing well-established Nordic organi zations such as Hagut,
NORDUnet, and NDGF, and utilize expertisefrom various national centersand organizations
working inthe HPC and grid domains. The committee should not be operational. Instead, all
practical tasks should be commissioned or outsourced to the best suited Nordic institution or
group of institutions.

Theinstruction for thecommittee, to beformally approved by the national research councils
and funding agencies should include thefollowing items:

1. Toformulatearolling strategy for Nordic eScience, to beformally approved by the national
research councilsand funding bodies and to be updated regularly.

2. Towork out guidelinesfor

— Thedivision of responsibilities between national actorsand actorsat the Nordic
level concerning programme content.

— Thedivision of responsibilities between national actorsand actorsat the Nordic
level concerning principlesand practicesof sharing programme costs.

— How programme research and infrastructure tasks shoul d be all ocated to existing
national or Nordic bodies, and how new actors could enter the scene. Asarulea
competitive process should be used when allocating resources.

— How to monitor progressfrom aNordic and anational perspective.

3. Toadminister
— Theformulation of callsfor proposals.
— Theprocessof reviewing proposalsand all ocating resources.

The strategic committee should be set up and thefirst call for proposalsshouldideally be
launched during 2008, for aperiod of fiveyears, with start 2009.
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Appendix

TheNCM |etter initiating the eScience workgroup
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/RB

A Nordic eScience strategy

The Nordic Council of Ministers (NCM) has decided to seek to establish a common
Nordic eScience strategy. If to succeed, namely in terms of implementation, it is
believed that such a strategy must be established in cooperation with the major
Nordic research stakeholders. These are seen to be the new Nordic research
organization, “NordForsk”, as well as the five national research councils, via their
Nordic cooperation committees (NOS Committees)

NCM, therefore, hopes that NordForsk and the NOS committees will cooperate with
NCM in drafting a Nordic eScience strategy, and engage in dialog as to its later
implementation.

Defining eScience*: eScience will in this context refer to the large scale science that
will increasingly be carried out through distributed global collaborations enabled by
the Internet. Typically, a feature of such collaborative scientific enterprises is that
they will require advanced ICT infrastructure, access to very large data collections,
very large scale computing resources and high performance visualisation back to
the individual user scientists. eScience is about global collaboration in key areas of
science, and the next generation of ICT infrastructure that will enable it.

It is understood that eScience will noticeably change the dynamics of the way
science is undertaken in the twenty-first century.

The background for the proposal about a common Nordic eScience strategy takes
its point of departure in the following rational:

e The Nordic countries are all facing an ever increasing globalization and
pressures on economic competitiveness. Hence there is a growing
understanding that one must move from a physically-based to a knowledge-
based economy. A well educated population, strong research environments,
more, ever shrewder innovation, and a very advanced information and
telecommunications (ICT) infrastructure with accompanying application, are all
thought to be crucial to such a shift.

e Focusing on the later — eScience: The Nordic countries are all among the most
advanced countries in the world® in respect to proliferation, understanding and

4 Source: Cambridge eScience Centre

5 The World Economic Forum's Networked Readiness Index (NRI):
http://www.forbes.com/technology/2005/03/09/cx 0309wefranking.html; Nordic Information Society
Statistics 2005: http://www.norden.org/pub/sk/showpub.asp?pubnr=2005:562
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usage of almost any king of ICT — namely the Internet and advanced Internet
applications.

e The Nordic countries, therefore, all face the same worrying challenges and have
more or less the same favorable preconditions to meet them. In addition, the
Nordic countries are all relatively small and share a common cultural heritage,
adding extra meaning to Nordic cooperation in the field of eScience - like is
already the case within research, via the new NordForsk, and ICT infrastructure
and Internet research, via the well established Nordunet-cooperation® on ICT
infrastructure and Internet research. The Nordunet-cooperation gives a strong
platform for collaborative computing.

e Hence, the role of ICT in propelling the shift to a knowledge-based economy is
thought to be of paramount importance for the Nordic countries. Not just in
terms of ICT infrastructure, but more importantly as an enabling factor for
advanced ICT applications, which will serve not only research but also society at
large. Examples range from R&D intensive GRID services linking together
research infrastructure/facilities (telescopes, archives, databases etc), sharing
ICT processing and storage capacity on a global scale, across to wider societal
ICT applications like telemedicine, digital libraries, distance education,
eGovernment services etc.

e All countries, especially the Nordic, are facing scientific challenges that can not
be tackled by one single country alone, but by sharing responsibilities and
efforts. Hence, experts call for an open access data repository policy that opens
access to resources across both thematic and country borders. Technologically
it can be done already, but it is politically complicated.

It is against this background that NCM would like to establish a common Nordic

eScience strategy. If you agree to participate, we suggest that a time limited ad hoc

eScience workgroup is formed, which is given the task of drafting the strategy, for

later adoption. It is suggested that the group consists of:

e One representative from each of NordForsk, NOS-N, NOS-HS, NOS-M,

e Two representatives from industry, since eScience has significant societal
implications and direct relevance to national competitiveness,

e One representative from The Nordic Advisory Committee on Higher Education
(H@GUT), since eScience also has strong links to higher education

e One representative from European e-Infrastructures Reflection Group (e-IRG),
since it is important that the Nordic cooperation does not duplicate, but
strengthens, equivalent efforts at the European level.

In regard to implementing the strategy, it is essential to also draft:
e An initial action plan, including distribution of responsibility and a time frame,
e A tentative budget with budget distribution,

We therefore suggest that the parties name representatives to the ad hoc eScience
workgroup, and finance their participation (i.e. travel and accommodation). Further,
we suggest that the NCM secretariat contributes with the secretariat function to the
group, and drafts a first version of the strategy (discussion paper), based on the
first replies to this request. As secretary to the group we suggest NCM senior
advisor Rene Belsg (RB@norden.org; mobile phone +45.29692951), whom you
may contact regarding any questions. The eScience strategy draft can then be
discussed in more detail at a later meeting in the group. We suggest the first
meeting to be 4 December 2006 at 10:00 - 15:00 in the NCM secretariat,
Copenhagen.

NCM can inform that we have received a letter from NOS-N with a suggestion,
which is closely related to the suggestions forwarded here. We enclose the letter for
your information, and regard the suggestions mentioned here as an answer.

& The Nordunet cooperation is Nordic cooperation on IT infrastructure for research (www.nordu.net) as well

as research within Internet technologies (www.nordunet3.org).
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NCM would appreciate your reply at your earliest convenience and preferably no

latter then 21 November 2006.

Best regards,

Nordic Couneil of Migisters

) ) A ] 4
= F / / |

5 sbir \V , ,m

AN J \ ,.'..f. 4
Eivind Heder,
Chair, Nordic Committee of Senior Officials for
Educational and Research Issues

./

Enclosed: Letter from NOS-N dated 2006.08. 17, regarding: Nordic eScience

cooperation.
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Front cover: Recently CSC's in-house multi-physics package Elmer has been applied to
simulations of glaciers and ice-sheets. The picture shows the bedrock geometry of the
Gorshkov crater glacier at Ushkovsky volcano, Kamchatka, Russia, with the computed result for
the age of the ice.

© Visualization Thomas Zwinger, CSC, the Finnish IT center for science

Back cover: Using computational methods researchers can screen potential leads for drugs by
studying their 3D conformations and binding properties. Silver colored drug

raloxifene binds to a nuclear receptor, reducing the risk of endometrial cancer and osteoporosis.
© Visualization Jyrki Hokkanen and Tommi Nyronen, CSC, the Finnish IT center for science



	escience_version10.pdf
	
	2 Driving forces for eScience research and infrastructure 
	3 Worldwide recognition of the importance of eScience  
	4 Sustainability for existing Nordic eScience infrastructures 
	4.1 Computer networks 7
	4.2 HPC resources 
	4.3 Grid infrastructure 
	5 Proposed new Nordic eScience programmes 
	5.1 Resourcing computational "grand challenge" research 
	5.2 Establishing a Nordic infrastructure for databases and data repositories 
	5.3 Nordic eScience collaboration with The Baltics, Europe and beyond     12
	5.4 Nordic Master and PhD education programmes on eScience technologies 
	6 Industrial impact 
	7 Organization 
	8 References 
	Group members 

	NCM_letter
	escience_version10
	
	2 Driving forces for eScience research and infrastructure 
	3 Worldwide recognition of the importance of eScience  
	4 Sustainability for existing Nordic eScience infrastructures 
	4.1 Computer networks 7
	4.2 HPC resources 
	4.3 Grid infrastructure 
	5 Proposed new Nordic eScience programmes 
	5.1 Resourcing computational "grand challenge" research 
	5.2 Establishing a Nordic infrastructure for databases and data repositories 
	5.3 Nordic eScience collaboration with The Baltics, Europe and beyond     12
	5.4 Nordic Master and PhD education programmes on eScience technologies 
	6 Industrial impact 
	7 Organization 
	8 References 
	Group members 




