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EDITORIAL

 

FEATURES

The long term vision of NorStore 

is to organize data in such 

a way that it becomes a useful 
resource for future generations.

The emergence of the 

Semantic Web is starting to 

have a signifi cant impact on the querying, 

sharing and integration of knowledge 

produced by the Life Sciences.

One of the strengths of the EUDAT 
consortium is the massive 

amount of computing power 

available at European HPC 

centres involved.

:22

:9

:4

As new Managing Director for UNINETT Sigma since May 1, this is the 
fi rst META for which I have the editorial responsibility. META is impor-
tant for disseminating scientifi c research enabled by the national e-
Infrastructure provided by the NOTUR II consortium. I would like to 
thank my predecessor, Jacko Koster for his initiative in creating META 
and the editorial work with all issues up till now.

This edition of META is dedicated to scientifi c data. In the recent deca-
des there has been a rapid growth in collaborative activities in scientifi c 
research across sectors of society both within and between countries. 
Successful collaborative research requires tools and routines for the 
management, sharing, publication and long term preservation of data 
that are distributed. In this issue you can read about initiatives already 
taken by some groups of scientists for data sharing and integration. 
One example is within the research fi eld of molecular biology where 
massive amounts of data are generated.  A research group has created 
a tool which offers new opportunities for data integration, sharing and 
analysis across research fi elds. Another article shows how 15 institu-
tions are establishing a research infrastructure that will provide seam-
less access to marine data and how this will increase the effectiveness 
of marine science. 

A feature article on the NorStore project presents the basis for a 
new operational model. A general purpose national infrastructure for 
scientifi c data must take a broad view and plan for long-term services. 
Starting with a data life cycle model as the basis for curation of scien-
tifi c data in Norway, a premisses for a coherent, sustainable and adapt-
able infrastructure is laid. The NorStore project also participates in the 
EUDAT initiative at the European level. Benefi ting from the collective 
competence on data across Europe and beyond EUDAT has made great 
progress in its fi rst year. The goal is to establish a pan-European col-
laborative data infrastructure for accessing and preserving research 
data across all disciplines. The Australians seem to be leading the way 
in realizing the true potential of sharing data. By focusing on docu-
menting the data and making it searchable and accessible through 
portals and national services, the true impact of data can be reached.

During this summer there has been a lot of activity to ensure our new 
supercomputers in Oslo, Trondheim and Tromsø to become ready for 
production.  This means as of allocation period 2012.2, starting October 
1, the Notur consortium will have substantial more computing power to 
offer the scientifi c research community in Norway.

Arild Halsetrønning
Managing Director 
UNINETT Sigma AS
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The objective of the NorStore initiative is to develop and 

operate a persistent, nationally coordinated infrastructure 

that provides non-trivial services to a broad range of 

scientifi c disciplines that have a variety of needs for 

storing and publishing digital data. The infrastructure 

should provide services for easy, secure and transparent 

access to geographically distributed storage resources, 

digital databases and collections, facilitate the creation 

and use of scientifi c repositories, provide large aggregate 

capacities for storage and data transfer, and optimize the 

utilization of the overall resource capacity that is available 

in the infrastructure. This was the vision in 2009 when the 

consortium, consisting of UNINETT Sigma and the four 

largest universities (UiT, NTNU, UiB and UiO), submitted a 

joint proposal to the Research Council of Norway (RCN) in 

response to the fi rst call of the program for infrastructures 

in science.

NorStore
PART 1: THE DATA LIFE CYCLE
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A U T H O R 
Andreas O. Jaunsen

NorStore Project Manager
UNINETT Sigma

The proposal to the RCN was granted 
funding for 3.5 years, but the NorStore 
project did not become active until late 
2010. It soon became clear that the 
project needed better preparation and 
planning of activities based on actual 
user requirements. In 2011 one of the 
primary activities on the agenda was the 
establishment of a platform for collab-
oration with the primary user commu-
nities. Presently three such collabora-
tion groups have been established (life 
sciences, climate & marine environment 
and humanities & language technology). 
This work will continue as it is essen-
tial to maintain close interaction with the 
users. During this same year a call for 
user requirements was initiated, result-
ing in a report which was the basis for 
the NorStore project plan. 

Ultimately, the goal is to treat data as the 
valuable rich source of structured infor-
mation it represents and maximize its 
return. The key to achieving this is to 
openly share the data, or as a minimum 
make it discoverable (i.e. by only providing 
access to the metadata). Metadata is the 
key to systematically annotate or docu-
ment data. By browsing or searching a 
centralized cross-disciplinary metadata 

repository it becomes possible to locate 
any relevant data which is made acces-
sible in this way. Furthermore, if the data 
itself is accessible, also to researchers 
outside the specifi c fi eld of science, the 
reuse potential is maximized. In Norway 
there are presently no formal require-
ments for publicly funded research 
projects to share their data. There are 
numerous advantages of sharing data, 
but among the most important is the 
reusability. By enabling public access 
to the data the scientifi c results may 
be verifi ed independently by peers. The 
reproducibility of scientifi c results is 
potentially a powerful tool for objective 
quality assurance and in the long run 
contributes to a more effective scientifi c 
processes. Finally, securing the data inte-
grity of archived data (“freezing” pub-
lished data) and open access to these 
data is the basis for combating scientifi c 
fraud and misconduct.

To justify the amount of effort and time 
spent in preparing data to be shared 
and reused, appropriate mechanisms are 
needed to motivate the scientists to 
publish their data. Consequently collec-
tions or data sets published in archives or 
other repositories should be recognised 

- an advanced 
national infrastructure 
for scientifi c data
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explora-tory data analysis of quantitative 
information or complex data.

THE DATA LIFE CYCLE
The entire data life cycle must be conside-
red when establishing a data manage-
ment system for scientifi c data. Ideally, 
it may be argued, all data has a poten-
tial value and should therefore be pre-
served. A sensible limitation, howev-
er, may be to exclude data which can be 
accurately reproduced. Furthermore, de-
pending on various factors some data 
may not be suitable for long-term archiv-
ing (and preservation). For instance, only 
a fraction of the data created in the con-
text of science is eventually published. 
That is not to say unpublished data has 
no value, but some criteria must be 
defi ned to fi lter what data should be 
curated on a long-term basis. While 
the data on which scientifi c results are 
based should be archived as a rule, a 

guideline is also needed to determine what 
(unpublished) data should be accepted 
into the archive. Data life-cycle manage-
ment consists of establishing a contin-
gency plan which takes into account all 
possible scenarios in which data may 
evolve.

The NorStore data life-cycle model con-
sists of three phases;
• the work phase encompasses the 
 creation of the data and the processing 
 & analysis. Users as advised to store
 their data in the project space. No data  
 policy applies, but the cost of resources 
 is accounted to the user.
• in the preparatory phase data is being  
 prepared for publication and this 
 implies it needs to be annotated. Data  
 is stored in the metadoc space for up to
 one year. A data policy applies and  
 compliance is monitored and 
 constrained in time. No cost to the user.
• data enters the curation phase when it 
 complies to the data policy and has  
 been verifi ed for archiving. Data is 
 migrated to the science archive for
 long-term curation. No cost to the user.

Data creation
Data begins its life cycle with the crea-
tion of the dataset in a laboratory, ob-
servatory, remote measurement station, 
supercomputer or similar data generat-
ing source. The raw data is characterised 
by its pristine state, not having been pro-
cessed or manipulated in any way. Raw 
data from an experiment (typically some 
form of detector) is incomplete without 
the metadata describing t the confi gu-
ration of the instrument, conditions dur-
ing the recording, reference to possible 
calibration data etc. Nevertheless, stor-
ing raw data may in some cases prove 
to be required for long-term archiving 
(along with the necessary calibration 
data and software to read/analyse it). 
It should then be possible to reproduce 
the fi nal data product, using the raw and 
calibration data along with the relevant 

in a similar manner as the publishing 
of scientifi c results. Scientifi c impact 
is measured by the number of peer-
reviewed publications and counting cita-
tions to these articles. In Norway a frac-
tion of an institutes funding is determined 
by the yearly citation statistics collect-
ed in the Current Research Information 
System In Norway (CRIStin). 

The long-term vision is to organize data 
in such a way that it becomes a use-
ful resource for future generations. As 
we start to see emerging technologies 
with a potential to automatically harvest 
data archives, the benefi ts of preserving 
data are boundless. Furthermore, visu-
alising data in intuitive ways is a potent 
form of communicating science in gene-
ral. With the right approach and tools 
scientifi c results can be effectively dis-
seminated – and aid as “a vision to think”. 
Visualisation tools can also be used for 

Fig. 1: The data cycle wheel-of-life: From its creation data is processed, calibrated, analysed and transformed 
before it is considered meaningful for scientifi c interpretation. In NorStore this life-cycle of scientifi c data is 
divided into three phases; work phase, preparatory phase and curation phase.
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software/reference fi les. This may be 
useful in case there should ever be doubts 
about the process of preparing the fi nal 
data product used in an analysis or as the 
basis for important decisions. Therefore, 
if relevant, raw data could be ingested 
into the archive provided there are valid 
reasons for preserving the original state. 
In such cases it is also necessary to 
retain calibration or reference data.

Data processing
Data is typically processed from its raw 
state to become meaningful for analy-
sis. During this work phase NorStore 
offers users to store their data in the 
project space. The processing of data im-
plies a bit-level modifi cation of the data 
and the process should be recorded in 
order to enable users to trace the evo-
lution of the data. This is an essential 
activity in the so-called provenance mod-
el. Harvesting metadata for provenance 
can be largely automated downstream 
provided the data is suffi ciently annotated 
during the processing. Depending on the 
provenance model and the level of de-
tails recorded this task typically falls on 
the scientist, or in some cases, an expert 
colleague or specialist (eg. a community 
support service). The NorStore infra-
structure, in collaboration with the user-
comminties, must seek to support the 
provenance model. Due to the complexity 
and highly variable maturity of prove-
nance data it is premature to require 
such metadata in the work phase of the 
present infrastructure.

NorStore will offer capacity data storage 
to the users in the form of a project 
space. This effectively corresponds (and is 
limited) to the present services in Nor-
Store. In order to become a sustainable 
service, however, it will be necessary to 
charge the home institutions of project 
owners for the cost of resources used, 
based on accounting on a yearly basis. The 
operational costs will still be provided 
in-kind by NorStore. This is likely to spur 

some skepticism in the communities, 
but is in line with the funding mechan-
isms encouraged by the authorities. It 
also provides a more sustainable and 
effective infrastructure, in which us-
ers are encouraged to archive their data. 
In short, data which has not been docu-
mented nor shared has limited national 
value and is the responsibility of the sci-
entist. Data which is annotated, search-
able, quality assured and shared has an 
added national value and is instead sup-
ported by the national e-infrastructure.

Projects will be informed about the 
pending changes in the the near future, 
including further information concerning 
the costs, implications on application 
procedure and the migration plan. The 
suggested implementation date for the 
cost model is July 1, 2013.

Data publication
Following the work phase, data are 
typically prepared for publication. This 
is denoted as the preparatory phase. 

As the science is being written up for 
refereed scientifi c journals, the data 
material, which typically is the (par-
tial) basis for the science output, must 
be secured in the science archive. The 
infrastructure must, however, encourage 
scientists to archive and share any data 
which has reuse value and offer the tools 
and mechanisms to achieve this. While 
the infrastructure is being established, 
researchers must expect to make an 
effort to provide the necessary (meta-
data) information. Eventually, it is expected
that the process of gathering metadata 
can be fully automated for certain sup-
ported fi le formats or similar data object 
standards. A golden principal is to store, 
if necessary convert, data in a suitable 
international standard to secure opti-
mal interoperability. Lists of supported 
standards and additional (discipline-
specifi c) metadata provisioning must 
be set by the established national user-
community data-service groups. These 
data service groups should provide 
discipline specifi c guidelines and best 

Fig. 2: Schematic overview of proposed resources in the various life-cycle phases. For each phase there is a corre-
sponding storage space (‘project space’, ‘metadoc space’ and the ‘science archive’). The ‘project space’ corresponds 
largely to the present NorStore infrastructure in that no data policy applies (sharing and documentation is not required). 
The use of this storage space will, however, from Jul 1, 2013 incur a cost which is charged to the home institution of 
the project owner. The new cost model is intended to motivate documentation, sharing and long-term preservation of 
data. Note: the resource medium type (disk, tape) is not yet determined, but intended to represent online vs offl ine (alt. 
performance vs capacity) storage resources.
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require exemption from this “rule” (e.g. 
due to sensitive content, prolonged 
proprietary periods, disputed data/
results etc). A proprietary period of one 
year is offered to any data submitted to 
the infrastructure (in the preparatory 
phase). During this period the principal 
scientist (and his/her group members) 
has exclusive access/rights to the data 
and it is inaccessible to persons external 
to the project. It is expected that even-
tually all federally funded research pro-
jects must provide the data resulting 
from their work to be archived with public 
access. Once public, cross-referencing 
(by hyperlinks) the data to registries 
is a natural step. By linking the data to 
the relevant publication and, conversely, 
linking the publication to the data 
can be achieved with the established 
CRIStin service. Here publication en-
tries, retrieved from ISI and associated 
to its norwegian authors, can be linked to 
the archived dataset using the PID pro-
vided by the archiving service. This is a 
very powerful mechanism to increase the 
usage of the data. Data may also be 
linked to broad (multi-discipline) ontolo-
gies, other searchable public archives, 
international data sharing collaborations 
(such as EUDAT) and much more. 

At the community support level a richer 
association of the data, associating the 
data to community specifi c services, 
discipline specifi c archives and cross-
referencing to other datasets may also 
dramatically increase the re-usability 
of the data. Incorporating the data into 
visualization services (such as interac-
tive maps, complex data tools etc) may 
further promote its reuse. 

Naturally, the origin of data which are 
downloaded through open access por-
tals must be appropriately accredited. 
A frequently used dataset should be 
synonymous with a higher ranking and 
accredited accordingly. Eventually the 
data is discovered by or presented to the 

end-user (ie. via a virtual observatory, 
data repository) providing a broader 
basis to tackle the scientifi c problem he/
she is seeking to answer.

Data curation & preservation
Once data is archived certain responsi-
bilities are transferred to the archiver. 
The data is now in the curation phase. 
The data has now been through a quality 
control which involves verifi cation of 
certain information (e.g. origin), data is 
formatted according to the community 
guidelines and the metadata is compli-
ant with the provided reference scheme. 
The science archive takes on a number of 
responsibilities concerning the data. 

Provenance is among the key elements, 
without which data will expire at some 
point (i.e. when the data-format is no 
longer supported by relevant software 
tools). The provenance model, the pro-
cess of recording (documenting) the evo-
lution of the dataset, is essential in order 
to secure a basis for digital preservation 
of data. Digital preservation consists of 
at least two independent tasks:

• bit preservation (securing the content  
 against data corruption)
• functional/logical preservation
 (maintaining readability/compliance of
 the data content)

Bit preservation is fairly straightforward, 
simply put it is a matter of keeping re-
dundant copies of the data and regularly 
verifying each copy against a checksum-
value. The logical preservation requires 
knowledge about the data-format in 
which data is stored. This also requires 
the (standard) data-format to be support-
ed by the archive so that future conver-
tions of format to revised standards can 
be executed.

practices on data management to their 
colleagues. The user-community data-
service groups will be described in a 
future article (part 2).

Publication of science data may be pro-
vided indirectly as the basis for scientifi c 
results or directly by providing open 
access to the data in journal supplements, 
community data repositories or similar. 
When a scientist decides to publish his/
her data, it is generally with the intention 
of making it publicly accessible. In such 
case the storage services are supported 
in full by NorStore. The data may be 
directly uploaded to the the metadoc 
space or migrated from the project space. 
During a preparatory period of up to one 
year the data should be hosted (without 
charge) while the scientist provides the 
necessary annotation and description of 
the content. This metadata will be of a 
generic kind, applicable to data in all 
fi elds of science, including information 
of ownership, origin, science discipline, 
major categorisation of content, type of 
data, fi le-format and eventually a persis-
tent identifi er (PID) etc. During the men-
tioned preparatory phase the NorStore 
support team will monitor the progres-
sion according to a quality plan and if 
necessary guide the user. Regular (min-
imum yearly) training sessions will be 
offered at all sites to the user community.

Data archiving
Provided the data has been adequately 
prepared in the preparatory phase, 
according to the quality plan, data will 
undergo an independent verifi cation be-
fore it is ingested to the science archive. 
At this stage the data will also be given 
a unique (persistent) identifi er (PID) 
with which it can be permanently refer-
enced. The data is then considered to be 
in the curation phase. Archived data (and 
the corresponding metadata) becomes 
searchable for the general public and 
in general also available for download. 
There may be occasions in which datasets 
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EUDAT
- A NEW PAN-EUROPEAN INFRASTRUCTURE 
FOR RESEARCH DATA

The EUDAT project is a pan-European data initiative that started in October 

2011. The project brings together a unique consortium of 25 partners – 

including research communities, national data and high performance 

computing (HPC) centres, technology providers, and funding agencies – 

from 13 countries. EUDAT aims to build a sustainable cross-disciplinary 

and cross-national data infrastructure that provides a set of shared services 

for accessing and preserving research data. The design and deployment 

of these services is being coordinated by multi-disciplinary task forces 

comprising representatives from research communities and data centres. 



1ESFRI. 2011. Strategy Report on Research Infrastructures, op.cit.
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THE CASE FOR A GENERIC MULTI-
DISCIPLINARY INFRASTRUCTURE
In recent years signifi cant investments 
have been made by the European Com-
mission and European member states to 
create a pan-European e-Infrastructure 
supporting multiple research communi-
ties. As a result, a European e-Infrastruc-
ture ecosystem is currently taking shape, 
with communication networks, distributed 
grids and HPC facilities providing Europe-
an researchers from all fi elds with state-
of-the-art instruments and services that 
support the deployment of new research 
facilities on a pan-European level. How-
ever, the accelerated proliferation of data 
– newly available from powerful new sci-
entifi c instruments, simulations and the 
digitization of existing resources – has 
created a new impetus for increasing ef-
forts and investments in order to tackle 
the specifi c challenges of data manage-
ment, and to ensure a coherent approach 
to research data access and preservation. 

There is already a long history of data man-
agement projects and initiatives in Europe, 
with several existing data infrastructures 
dealing with established and growing user 
communities: the European Center for 
Nuclear Research (CERN), the European 
Space Agency (ESA), the European Organ-
isation for Astronomical Research (ESO), 
and the European Bioinformatics Institute 
(EBI) are examples of large-scale inter-
governmental infrastructures generating 
and managing massive volumes of data. 
The numerous RIs being created as part 
of the ESFRI roadmap1 can also be seen 
as data management initiatives, connect-
ing repositories, aggregating and shar-
ing data across national borders, and de-
veloping tools to make these data widely 
available to their communities and be-
yond. Although some solid experience ex-
ists in Europe in dealing with data infra-
structures, the current data landscape is 
still fragmented, with most initiatives ad-
dressing the needs of a specifi c disci-
pline or community. This has resulted in 
increasing diversity with respect to data 

architectures, organizations, formats and 
semantics. Issues related to integration 
and the interoperability of existing data in-
frastructures are a growing concern. Ris-
ing costs due to the explosion of data are 
also threatening the fi nancial viability of 
those infrastructures. 

EUDAT aims to help overcome these chal-
lenges by laying out the foundations of a 
Collaborative Data Infrastructure (CDI) in 
which centres offering community-spe-
cifi c support services to their users could 
rely on a set of common data services 
shared between different research com-
munities. The main focus of EUDAT will be 
on building this common layer of generic 
cross-disciplinary data services. Although 
research communities from different dis-
ciplines have different ambitions and ap-
proaches – particularly with respect to 
data organization and content – they also 
share many basic service requirements. 
This commonality makes it possible for 
EUDAT to establish common data servic-
es, designed to support multiple research 
communities, as part of this CDI.

The benefi ts associated with creating such 
a collaborative framework are many and 
will result in better exploitation of syn-
ergies. By supporting the infrastructures 
that existing scientifi c communities have 
for their generic data services, the CDI will 
enable the communities to focus a greater 
part of their effort and investment on ser-
vices that are discipline-specifi c. The CDI 
will also provide individual researchers, 
smaller communities, and projects lack-
ing tailored data management solutions 
with access to sophisticated shared ser-
vices, thus removing the need for large-
scale capital investment in infrastructure 
development. Lastly, by providing oppor-
tunities for disciplines from across the 
spectrum to share data and cross-fertilize 
ideas, the CDI will encourage progress to-
wards the vision of open and participatory 
data-intensive science.

A U T H O R 
Damien Lecarpentier

EUDAT project manager
CSC – IT Center for Science Ltd 

Espoo, Finland

10



11

WHAT SERVICES WILL EUDAT OFFER 
Since the start of the project EUDAT has 
been reviewing the approaches and re-
quirements of a fi rst subset of communi-
ties from linguistics (CLARIN), earth sci-
ences (EPOS), climate sciences (ENES), 
environmental sciences (LIFEWATCH), 
and biological and medical sciences 
(VPH), regarding the deployment and use 
of a cross-disciplinary and persistent data 
e-Infrastructure. Several service cases 
have been identifi ed by these communi-
ties as priorities and pilot services are be-
ing built jointly within the EUDAT project 
through multi-disciplinary task forces in-
volving representatives from communities 
and data centres. 

Data Replication and HPC Access
There is strong demand among the re-
search communities involved in EUDAT for 
data replication services associated with 

better access to computing power. This 
demand underpins two of EUDAT’s com-
mon data services – safe data replication, 
and the ability to move data to and from 
HPC facilities. When combined, we expect 
that these services will constitute a funda-
mental component of the CDI.

The “safe replication” service team is 
working on developing a service that will 
make it possible to replicate data from one 
site to another, for example, from a scien-
tifi cally-oriented community centre to a 
data centre. This service is required across 
all fi ve research communities, in particu-
lar it is needed to facilitate better data ac-
cess and data preservation. Several pilot 
studies involving three of the fi ve com-
munities (EPOS, ENES, and CLARIN) and 
fi ve data centres (JUELICH, SARA, RZG, 
CSC, and CINECA) have been launched 
and consist in replicating data sets – using 

iRODS as a replication middleware – be-
tween community and data centre sites, 
with persistent identifi ers automatically 
assigned to the digital objects to make it 
possible to keep track of all the replicas. 

One of the strengths of the EUDAT consor-
tium is the massive amount of computing 
power available at European HPC centers 
involved, most of which are members of 
PRACE and among the most advanced su-
percomputing centers in the world. EUDAT 
will leverage the experience gained in DE-
ISA and PRACE to build an infrastructure 
that can provide access to this computing 
power. Once users have their data repli-
cated on the EUDAT infrastructure, we in-
deed anticipate that they will want to be 
able to use neighbouring computing facili-
ties to analyse this data. In particular, this 
is required by VPH, ENES, and EPOS which 
need to perform statistical model analysis 

Figure 1.  The Collaborative 
Data Infrastructure - A frame-
work for the future © HLEG on 
Scientifi c Data, 2010

11
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into easily searchable catalogues. EUDAT 
is currently investigating the best way to 
develop a joint metadata catalogue, using 
as a starting point the OAI-PMH protocol 
for harvesting metadata from communi-
ties. The EUDAT metadata service could 
also be used by emerging communities 
that do not (yet) have their own metada-
ta service or that are too small to provide 
one. Although EUDAT is in favour of open 
data in the scientifi c environment, grant-
ing access to data should ultimately re-
main a matter for the communities. 

Simple Store 
In addition to providing services to large 
research communities, individual re-
searchers and small projects will also 
be catered for, with a “simple store” ser-
vice that allows the storage and sharing of 
the vast quantity of ”small” data, that is, 
data that is not part of offi cial data sets or 

on stored data. Another series of pilots 
involving VPH, EPOS, CINECA, SARA and 
CSC is thus currently under implementa-
tion to test this service. 

Joint Metadata Catalogue
Complex problems or “grand challenges” 
increasingly require a trans-disciplinary 
approach relying on data coming from mul-
tiple research fi elds. In this context, mak-
ing data from various disciplines available 
in one collaborative infrastructure can be 
extremely benefi cial. This requirement is 
shared across the fi ve research communi-
ties, not only to allow them to make their 
data more visible, but also to make it pos-
sible to work with data coming from other 
disciplines. 

Part of the challenge resides in fi nding 
good solutions that allow metadata from 
different communities to be integrated 

collections, but that is equally important 
for the advancement of research. Typical-
ly this type of data comes in a wide range 
of formats including text, spreadsheets, 
number series, audio and video fi les, pho-
tographs and other images. EUDAT will 
provide a means to easily store, search, 
view and retrieve this data. 

This Simple Store service complements 
very well other EUDAT services that will 
manage large volumes of offi cial commu-
nity data. Ultimately the Simple Store will 
enable and encourage users to access and 
share data that would otherwise be una-
vailable to them. EUDAT will ensure that 
data is stored safely. EUDAT will also pro-
vide multiple copies of stored data when 
needed, and will integrate the data with 
the core EUDAT infrastructure so that data 
discovery and metadata services will also 
be available. 

Training as a service
Training also plays an important role in 
EUDAT. In particular, we must ensure that 
potential users and providers of the infra-
structure are fully trained in how to opti-
mally use, operate and extend the plat-
form of technologies, tools and services 
provided by the project. Users of common 
EUDAT data services appear at two layers: 
the researchers as end-users and experts 
from community-specifi c centers. Data is 
a broad subject and the communities we 
are working with are very diverse. So are 
their needs. Some researchers may simply 
wish to better understand and exploit the 
data that is available to them through the 
infrastructure; other are seeking from EU-
DAT some help to develop data infrastruc-
ture solutions within their own communi-
ties, or to integrate EUDAT services into 
their community. In its fi rst year, EUDAT 
has been undertaking a needs analysis 
involving the EUDAT user communities in 
order to develop appropriate training pro-
grammes. EUDAT has already identifi ed 
some important core technologies and as-
sociated best practices. Our fi rst training 
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event took place in June 2012, in Amster-
dam, and focused on three important are-
as: Policy/Rule-based Data Management, 
The Use of Handles for Persistent Iden-
tifi cation, and Distributed Authentication 
and Authorization. The next training ses-
sion will be organized in Barcelona on 22 
October 2012, during the EUDAT confer-
ence. One of the key aspects of our train-
ing activities in the near future will be to 
develop partnerships with existing train-
ing providers, especially those addressing 
specifi c disciplines, or with projects work-
ing on common solutions for a cluster of 
research communities, such as ESFRI. 
Developing joint programmes addressing 
both domain specifi c issues and more ge-
neric data infrastructure solutions will al-
low focusing on researchers’ needs more 
effectively and, above all, empowering the 
new data scientists to make the best out of 
the emerging data infrastructures.

WHAT’S COMING NEXT?
After only 12 months of activity, signifi cant 
progress has been made by EUDAT to lay 
out the foundations of the CDI. We expect 
that the services being designed in EUDAT 
will be of interest to a broad range of com-
munities that lack their own robust data 
infrastructures, or that are simply looking 
for additional storage and/or computing 
capacities to better access, use, re-use, 
and preserve their data. The fi rst pilots 
will be completed in 2012 and the services 
will be available to all communities in a 
production environment by 2014.

While the fi rst months of the project mostly 
focussed on investigating communities’ 
requirements and designing fi rst pilots, 
increasing effort will be put in the coming 
months on two other strands of activities: 
the fi rst consist in planning for the opera-
tion of the infrastructure, particularly pro-
viding secure, reliable (generic) services 
in a production environment, with inter-
faces for cross-site and cross-communi-
ty operation. The operation of the infra-
structure should provide full life cycle data 

management services, ensuring the au-
thenticity, integrity, retention and preser-
vation of data, especially data marked for 
long-term archiving. The second strand is 
to plan the evolution and sustainability of 
the infrastructure. Among other things, 
this implies early defi nition of future part-
nership and business models for adopting, 
supporting and sustaining common ser-
vices developed for, and partly operated 
by, the different research communities.

Although EUDAT has initially focused on a 
subset of research communities, it aims to 
engage with other communities interest-
ed in adapting their solutions or contrib-
uting to the design of the infrastructure. 
Sharing our plans and gathering new input 
from other communities is crucial if we 
are to develop services that can be broadly 
adopted across different disciplines. Dis-
cussions with other research communities 
– belonging to the fi elds of environmen-
tal sciences, biomedical science, physics, 
social sciences and humanities – have al-
ready begun and are following a pattern 
similar to the one we adopted with the ini-
tial communities. The next step will con-
sist of integrating representatives from 
these communities into the existing pilots 
and task forces so as to include them in 
the process of designing the services and, 
ultimately, shaping the future CDI.
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ENHANCING 
RESEARCH DATA 
IN AUSTRALIA

Where do we build in a fi re-prone country? How do we best use water in 

a dry land? What should the Government policy settings be for an aging 

population? Such questions that need research from many disciplines, 

and those disciplines need data from many sources. Research is changing 

in nature as larger problems are addressed in an increasingly rich data 

landscape[1]. Some research is conducted based on a research question 

within a discipline, where data is gathered for the purpose of the investigation 

and not reused. But increasingly research is at a larger scale, involving 

many disciplines, large teams, and data that is gathered from many sources 

and reused. Consequently the research infrastructure to support this 

research needs to change. This infrastructure might be a synchrotron, a 

large microscope, a network of underwater sensors, large scale clinical 

trial facilities, but it also includes essential information and communication 

infrastructure – large computers, rich collaboration networks, improved 

data storage and access, easier data connections and data publication, and 

improved data management.

A U T H O R S
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Australian National Data Service
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Australian National Data Service
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Australian National Data Service
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Australian National Data Service
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Australian National Data Service

signifi cant research collections through 
its Research Data Storage Infrastructure 
project, and the creation of an Australian 
Research Data Commons through the 
Australian National Data Service (ANDS) 
[2, 3].

The Australian Government has made 
substantial research infrastructure in-
vestments, including investment in en-
suring rich data infrastructure in specifi c 
areas, for example marine data through its 
Integrated Marine Observation Service, 
investments in data storage of nationally 
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However these are not the only invest-
ments in data infrastructure. Many re-
search groups have invested individually in 
data infrastructure, notably the purchas-
ing of hard drives. As well, many research 
institutions have also been investing in 
data management support. Institutions 
are seeing research data as an important 
outcome of research, both in its own right, 
and as infrastructure to give their re-
searchers the right tools for investigation. 
In many cases, the effort to tackle the data 
opportunity is a shared one between the 
library, the information technology group, 
the research offi ce, and the increasingly 
ubiquitous e-research offi ce.

ANDS’ approach is to work in partnership 
with research institutions so that institu-
tional approaches cohere with a set of na-
tional publication, storage and discovery 

services. It has done this by supporting 
institutional partnerships between re-
searchers, data librarians, information 
technology professionals, and national 
data service experts. ANDS views these 
partnerships as crucial to the success of 
the Australian Research Data Commons. 
Institutions are the home of research 
groups, so all of the components of suc-
cessful data investigations need institu-
tional support. This includes data man-
agement policy, procedures, and planning. 
It includes local services such as storage, 
training and advice. It includes nation-
al services to support the publication and 
discovery of research data. ANDS’ expe-
rience is that it is often the case that the 
data librarian has proved a crucial part-
ner – particularly in helping a research 
group determine its data approach, en-
suring that appropriately rich metadata 

are captured, and supporting the publica-
tion of their research data collections into 
the Australian Research Data Commons, a 
meeting place for Australian researchers 
and all data collections that they use and 
create[4].

The approach ANDS has taken to research 
data is to use the metaphor of a collection 
- an aggregation of physical and/or digi-
tal resources which has meaning in a re-
search context. This context includes the 
research process itself, any resources 
which support that process, and the linked 
scholarly communications cycle with its 
research outputs of publications and pub-
lished data. Objects from these collections 
provide context and meaning for each oth-
er. The purpose is to increase the value of 
data to research by actively “collecting”. 
However ANDS has taken the approach 
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web page that is discoverable by search 
engines, harvestable by other discovery 
engines, and visible through a domain ag-
nostic and comprehensive view of Austral-
ia’s research data. The intent is that ANDS 
supports many forms of discovery, using 
whatever form of discovery suits research-
ers best. A very important part of discov-
ery is to follow connections that are em-
bedded in collections descriptions, so it is 
possible to fi nd data through project, peo-
ple and services, and vice versa.

All of these transformations are there to 
enhance the usability of research data for 
new problems, new researchers, and par-
ticularly to support integration of data to 
tackle new classes of problems, beyond 
the remit of most research projects. Often 
the later re-use of data was not envisioned 
at the original time of capture. As just one 
example, Australia has a treasure trove of 
pulsar data recorded from the Parkes tel-
escope gathered over many years. How-
ever this data was not readily accessible. 
A team consisting of CSIRO librarians, re-
searchers, technical staff, and ANDS staff 
conceived of a method of making the data 
more available and fi ndable using both 
CSIRO’s data portal and ANDS Research 
Data Australia portal [7]. The creation of 
an automated tool to capture that data, 
and parallel development of CSIRO’s re-
search data hub, meant that others could 
discover and access this data much more 
easily. By using appropriate standards, it is 
now possible to cite this data, and access 
rich metadata. And this is occurring – as a 
result of this improved accessibility, Aus-
tralian pulsar researchers have developed 
much stronger research collaborations 
with their counterparts, and the level of 
access of this data, as measured by direct 
downloads has increased dramatically.

This demonstrates the approach that has 
been taken in Australia – a coordinated ef-
fort at the institutional and national levels 
that recognises the importance of prob-
lem specifi c approaches. Institutional in-
volvement is important because long-term 
research data management is beyond the 
ability of an individual research group, and 

that data can be more or less valuable – it 
becomes more valuable if it is managed, 
connected, fi ndable, and usable in a wide 
variety of circumstances. To bring this 
about, ANDS is seeking to bring about the 
following four transformations.

The management of research data typical-
ly occurs within an institution, and ANDS’ 
role is to support that management and 
increase the effi ciency of the approach 
by producing tools and materials that en-
hance greater coherence of the data man-
agement approaches taken at institutions. 
Connectivity is being enhanced by ensur-
ing that rich context of a collection is cap-
tured, and as much as is possible, auto-
matically. ANDS is using the ISO2146 [5] 
collection description standard that en-
ables capture of who was involved in the 
research data, the project context, and 
services that might apply to the research 
data collection. ANDS provides services 
that enable data collections to be identi-
fi ed, parties to be identifi ed and projects 
to be identifi ed to enhance connectivity. 
All of this information enables research 
data collections to be published, and we 
recommend and support the use of Data-
Cite [6] identifi ers. The ability to publish 
a research collection as a fi rst class re-
search output has been attractive to many 
researchers.

These richly connected collections de-
scriptions are then able to be published 
through Research Data Australia, a win-
dow into the Australian Research Data 
Commons. Each collection description, 
but not the data itself, is captured in a reg-
istry of collections, and is published as a 

a national view is also important since re-
search data publication, discovery and re-
use benefi t from a national (and indeed 
international) approach. The second ele-
ment that has been important is the part-
nerships between information profession-
als, information technology professionals 
and researchers.

To conclude – Australia is transforming its 
research data environment to one where 
research data is easily published and 
readily available to researchers working 
internationally to tackle complex problems 
with data tools and environments that en-
able working across all boundaries: disci-
plinary, institutional and regional. 
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Digital preservation 
at the National Library

The Digital National Library of Norway is not just a service offered by the 

National Library. It represents a completely new way of fulfi lling the role of 

a national library. A comprehensive digitization program was launched in 

2006. The objective is to digitize the entire collection at the National Library 

within 25 to 30 years. The National Library has a mountain vault for long 

term preservation of physical objects in a perspective of 1 000 years. The 

same perspective needs to be present for the digital content. This introduces 

some new challenges that will be discussed in this article.

A U T H O R S
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and basic structural analysis is used to 
extract the text from the digitized news-
papers and books. At the same time, we are 
digitizing large amounts of photos, hand-
writings, posters, music and other sound 
recordings, video, fi lms and broadcasts. 
Especially for recorded sound and video, 
it is important to digitize while there still 
exists equipment to play back the record-
ings. Already, the National Library buys a 
lot of used playback equipment from eBay, 
as it is no longer produced.
 
 At the same time, initiatives have been taken 
to establish digital deposit of published 
material to the National Library. Currently, 
6 radio channels and 11 television chan-
nels are being deposited daily via Inter-
net to the National Library as digital fi les 
in broadcast quality. In addition, a num-
ber of newspapers are deposited daily as 

The Digital National Library
The fi rst digitization efforts started at the 
National Library more than 20 years ago. 
In year 2000, the fi rst large scale digitiza-
tion project was started when the National 
Library and NRK established a collaboration 
on the digitization of the radio history. This 
project in many ways paved the ground for 
the digitization program that was initiated 
at the National Library in 2006. Through a 
systematic effort, the entire collection at 
the National Library will be digitized over 
the next two to three decades.

Every week, more than 100 000 news-
paper pages and more than 150 000 book 
pages are digitized. Approximately 15 % 
of all newspapers and more than 50 % of 
all books ever being published in Norway, 
are currently stored in a digital format at 
the National Library. Software for OCR 
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The basic challenge is to preserve the bits 
and bytes unchanged over time, and to 
ensure that if a change happens it will 
be detected. However, maybe even more 
challenging in a long term perspective, is 
the need to have the data in formats that 
are readable by an available computer with 
its current system environment. 50 years 
from now, what is then called a computer 
is not likely to be able to run the programs 
running on current computers. Also, most, 
if not all, of the current popular data 
formats will be obsolete.

Another major issue is the physical storage 
formats that require a specifi c unit with 
associated drivers connected to a computer, 
like fl oppy disks in a diversity of physical 
sizes or the current CDs or DVDs. To read 
a 10 year old fl oppy disk, you need to fi nd a 
very specialized data reconstruction com-
pany. Data stored on such physical devices 
should be ingested into general storage 
environments while devices to read them 
are still commonly available.

One method that is used to ensure the 
integrity of data over a long time period, 
is to calculate a checksum over the stored 
data set, and store it together with the data. 
If a recalculated checksum at a later stage 
does not match the original checksum, 

something is wrong, and another copy 
of the data should be used. This method 
may also be used to ensure integrity when 
migrating data from one generation of 
storage technology to the next.
 
When it is necessary to convert the data to 
a new format, it is not equally easy to en-
sure that content data has not changed. 
When converting uncompressed TIFF im-
ages to JPEG2000 images with lossless 
compression, the new data fi le will be com-
pletely different from the original fi le, even 
though the actual contents may remain 
unchanged. The integrity of the new im-
age may be checked by converting it back 
to the uncompressed TIFF format and then 
compare this image with the original TIFF 
image. It the TIFF images are identical, we 
know that the contents of the digital object 
remains unchanged in the new JPEG2000 
fi le. However, it may not always be possible 
to do such reverse checking when convert-
ing to new formats.

Some data depends heavily on specifi c 
software. Early versions of multimedia in-
formation being published on CD-ROM are 
good examples of this, and even today a lot 
of data on the Internet depends on specifi c 
versions of specifi c software to be ren-
dered in a sensible way. When a researcher 

PDF-fi les in print quality. Over the last 10 
years, more than 3 000 000 000 fi les have 
also been harvested from the Norwegian 
part of the Internet to the National Library.
 
Having digitized the cultural heritage for 
preservation, it is obvious that this also 
opens new opportunities for giving access 
to the material. All objects that are out of 
copyright are made available for search 
and retrieval for everyone on the Internet in 
the Digital National Library at www.nb.no. 
In addition, the National Library works to 
make agreements with the copyright hold-
ers to be able to give access to larger parts 
of the digital collection. The Norwegian 
Bookshelf agreement between Kopinor 
and the National Library is an example 
where 50 000 digital books from the 1990s 
are made available for search and reading 
for Norwegian Internet users. In August 
this agreement was made permanent and 
expanded. By 2017 the National Library 
plans to have all the 250 000 books pub-
lished before and including the year 2000 
available for free reading in The Norwegian 
Bookshelf for Norwegian users. Another 
example is agreements with several news-
papers that enable the National Library 
to give access to the complete digital 
history of the newspapers in Norwegian 
libraries.

The digitization of the Norwegian cultural 
heritage is one of the largest commit-
ments ever made at the National Library. 
More than 100 people are involved in the 
program on a daily basis. Also, there have 
been large investments in scanning equip-
ment, ICT infrastructure able to handle the 
digital logistics, and data storage. It goes 
without saying that the results from the 
program are very valuable, and that the 
data needs to be safeguarded and secured 
both for immediate use and for the future.

Challenges
Looking at the incredible development of 
computers and digital data from the fi rst 
electronic computer ENIAC was constructed 
66 years ago, up to the computer techno-
logy and diversity of data formats in use 
today, it is quite obvious that preserving 
digital data for 1 000 years is a challenge.

All editions of Aftenposten are digitized. 
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preserved. All metadata for a digital object 
are encoded according to the METS stand-
ard [2].

Also, the National Library uses format vali-
dation tools as JHOVE [3] to verify that all 
fi les are according to the standards of the 
given formats. The output of the validation 
tool is kept with the digital object.

For the preservation of Internet contents, 
the WARC format [4] was accepted as an 
ISO standard in 2009. Currently, a JHOVE 
plugin for the WARC format is being devel-
oped by the Royal Library in Denmark in an 
IIPC project [5].

Several European projects have focused 
on making tools and solutions for digital 
preservation. Some of the most important 

are Planets [6] which later established the 
Open Planets Foundation [7], Keep [8] and 
Scape [9].

Technical Infrastructure
Digital preservation requires a combina-
tion of a sustainable organization, com-
petence, routines, awareness regarding 
formats and quality, as well as necessary 
software tools and a robust technical infra-
structure. The OAIS model [10] is a com-
monly used reference model for a digital 
preservation environment. 

There exist a few technical solutions sup-
porting digital preservation. LOCKSS [11] 
(Lots Of Copies Keep Stuff Safe) is a simple 
solution with a lot of users within universi-
ties in the US and also in Europe. The idea 
is that keeping a lot of copies of a given 

wants to look into such data several deca-
des after it was originally released, com-
puters with software able to render the 
data are not likely to be available. One 
option is to keep a museum of old com-
puters with old operating systems avail-
able. However, a more likely option is to 
emulate the old environment on a modern 
computer. 

Preservation Formats
When the objective is to preserve digital 
contents for a long time, it is important that 
the quality is suffi ciently good. When digit-
izing, the quality should be high enough to 
represent all relevant aspects of the object 
being digitized. For a book page, even the 
smallest characters must be interpretable 
in the image, and images in a book must be 
digitized in a quality that makes it possible 
to reproduce the book on paper in a quality 
matching the original.

In general, one may say that the resolution 
or sampling rate must be at least twice the 
fi nest details one aims to catch from the 
original.

Formats chosen in a preservation environ-
ment should be expected to have a long 
lifetime, and they should be possible to play 
back on a variety of computer platforms. 
Typically this means widely used stand-
ard formats. It is important to use open 
and well documented formats. Preferably, 
no compression or lossless compression 
should be used for digital preservation. 
Lossy compression algorithms may func-
tion well for access purposes. However, if 
lossy compression is used through several 
generations of format conversion, the orig-
inal digital contents will be destroyed after 
just a few generations.

It is also necessary to have suffi cient rele-
vant metadata to be able to preserve data, 
and it is important also to code the meta-
data in a standard way to ensure a com-
mon understanding of the data, and to 
make it possible to automate conversion 
to new formats. The PREMIS data dic-
tionary [1] defi nes metadata standards 
for digital preservation, and the National 
Library uses these standards to keep nec-
essary metadata on the digital objects to be Books on their way from the automated book storage to be digitized.
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digital object in a variety of different places, 
will keep the digital object safe. Institu-
tions collaborate in this environment keep-
ing copies of each other’s digital objects.

There are even cloud based solutions [12] 
supporting digital preservation. Cloud 
based services may be an interesting 
solution for small relatively static digital 
collections. However, at the National 
Library the digital growth counts several 
TBytes every day.

Several national libraries have imple-
mented their own solutions to serve their 
digital preservation needs. In Denmark, 
the Royal Library, the State and Uni-
versity Library in Aarhus, and the State 
Archives have established a distributed 
digital environment where they keep 
copies of each other’s digital contents. 
They have also established a national web 
site on digital preservation [13]. In Eng-
land, the British Library has established 
a similar environment including several 
other memory institutions in the UK. In 
France, BnF (Bibliothèque nationale de 
France) have developed the SPAR system, 
which is an OAIS compliant distributed 
archiving and preservation system [14]. 
BnF plans to make SPAR system compo-
nents available for use and further deve-
lopment also for other institutions.

At the National Library of Norway, already 
when we started large scale systematic 
digitization back in the year 2000, we had to 
face the issues of long term preservation of 
digital contents. At that time, digital preser-
vation was in its youth, and there were no 
available tools offering what we needed. 
In 2004, we put into operation a digital 
repository system supporting long term 
digital preservation, developed by our 
own engineers. The objective was to have 
a layer between the applications and the 
storage technology, making it possible to 
change storage technology and storage 
policies, without affecting the applications 
ingesting data into or extracting data from 
the digital preservation environment. In 
addition, checksums were generated over 
the data to make it possible to integrity 
check the data when migrating, converting 
or reading the data for use.

Since then, several generations of tech-
nology have been put into and later taken 
out of operation. Our current disk system 
is the fourth generation of disk technology. 
Every year, a steadily increasing number 
of TBytes have to be migrated to new 
technology.

In addition, our own digital repository sys-
tem has for most of the digital contents 
been replaced by the SAM-FS archive fi le 
system from Oracle. SAM-FS is used to 
implement our storage policy, and it oper-
ates the storage technology independently 
of the applications using the digital preser-
vation environment.

Our policy is to store all digital contents in 
three copies. One of the copies is kept on 
disk technology, while the other two copies 
are kept in two separate tape robots. The 
disk systems as well as one of the tape 
robots are kept inside our mountain vault, 
while the second tape robot is in one of 
our offi ce buildings outside the mountain. 
Currently the total capacity of the digital 
preservation system is 3 * 3,3 Petabytes, 
which is almost 10 Petabytes altogether.

Access copies of the digital objects are 
derived from the preservation formats, 
but the access copies are kept out-
side the preservation environment. Also, 
usually the lifetime of the access formats 
are shorter than the lifetime of the pres-
ervation formats, and thus we must be 
prepared to generate new access copies 
in new more timely formats as the tech-
nology for access to digital contents is 
evolving.

Of course, there are also challenges re-
garding data room facilities. The National 
Library is currently planning a new build-
ing inside the mountain for the servers 
running our digital services and other pro-
cessing related to the digitization, and for 
the digital preservation environment. 

The National Library site in Mo i Rana has 
a very good connection to the Norwegian 
research network Uninett. We are dis-
cussing the option of moving the storage 
of one of the copies of our digital contents 
to another geographical location, using 

The digital cultural heritage is preserved for future 
generations.
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still is quite a complex exercise, it makes 
sense to centralize the digital preservation 
effort to a few sustainable institutions.
 
Film is the only media type that so far has 
not been digitized for preservation. The 
reason is that a fi lm contains a lot of infor-
mation, and that a digitized fi lm in preser-
vation quality represents a very large data 
set.

However, today the Norwegian cinemas 
have been digitized, and the results of new 
movie productions are sets of hard disks. 
This development implies that the equip-
ment necessary to play back conventional 
fi lm base soon will only be available on 
eBay, as for the obsolete sound formats.
 
The National Library therefore has invested 
in a 4K fi lmscanner, and we are about to 
start digitization in preservation quality of 
16 mm black and white, 16 mm color, as 
well as 35 mm black and white. In opera-
tion, the fi lm scanner generates more than 
1 Gbyte of data per second. The need for 
storage capacity in the digital preservation 
environment will surely not decrease in the 
years to come.

So far the evolution of storage technology, 
and consequently the decreasing TByte-
price, has kept pace with the increasing 
need for capacity at the National Library. 
Hopefully, this evolution continues into the 
future.

the Uninett as an infrastructure for data 
transfer. 

In the same way, it may be possible for 
other institutions to have one of their 
digital preservation copies at the data 
facilities at the National Library in Mo i 
Rana. The Royal Library in Denmark is 
currently doing a pilot having a preser-
vation copy of some of their digital contents 
stored in the mountain in Mo i Rana.
 
Future
Already, the National Library serves as 
a digital safety repository for many other 
institutions. Collaboration partners as 
NRK and the newspapers will be able to 
retrieve a copy of their digital assets from 
the National Library if their own systems 
crash. Also, the Norwegian Library of 
Talking Books and Braille stores their 
digital production in the digital preser-
vation environment at the National Library.

The National Library plans to develop a 
more generic digital preservation service 
that will make it possible for other mem-
ory institutions in Norway to deposit their 
digital collections for preservation at the 
National Library. As digital preservation 

Newspapers are digitized in large automated scanners in preservation quality.
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Putting Semantics 

in Systems  Biology
The last decade has seen the emergence of Systems Biology: an integrative 

approach to understand how biological systems are built and operate. In 

parallel, the Semantic Web has started to offer new technologies that make 

data on the web comprehensible for computers. The merger of the two, in 

Semantic Systems Biology, offers new opportunities for data integration, 

sharing and analysis through computational querying and reasoning.

with the sequence of a genome in principle 
the full potential for all biomolecules made 
by that organism is known (Gisler et al., 
2010). This provided the basic information 
for the development of high throughput de-
tection technologies for virtually every bio-
molecule type, which explains the massive 
amounts of data that are produced today. 
This has fuelled an urgent need for effi cient 
data analysis and knowledge management.

This need has proven to be a great driv-
er for the development of advanced com-
puter algorithms and applications. Al-
though computational data analysis has 
been embraced by the molecular biol-
ogy scientist well before the start of the 
Human Genome Project (Ouzounis and Va-
lencia, 2003) , the era of genome sequenc-
ing marked an increase in the infl uence of 
computer technology in life sciences, obvi-
ously especially to harness the enormous 
amounts of genome sequence data. Bioin-
formatics gained importance and became 
an independent scientifi c discipline in its 
own right. Institutes such as European 

The research fi eld of molecular biology as 
we know it today began with the discovery 
of the structure of deoxyribonucleic acid 
(or DNA). In the 1950s, Francis Crick and 
James D. Watson developed a model that 
accurately explained the structure of DNA. 
This advancement was followed in the ear-
ly 1970’s by the discovery and exploitation 
of the enzymatic toolbox with bacterial en-
donucleases (restriction enzymes), and 
other nucleic acid modifi cation enzymes. 
Together with vast advances in the tech-
nology for determining the nucleotide se-
quence of DNA especially in the last dec-
ade of the previous century, this resulted 
in the determination of virtually the com-
plete sequence of the human genome, only 
50 years after the initial discovery of the 
structure of DNA. The successful comple-
tion in 2001 of this so-called Human Ge-
nome Project marked a sharp increase 
in the amount of biological data that was 
generated, because advancements in se-
quencing technology made the determina-
tion of the full DNA sequence of any organ-
ism almost trivial and very affordable, and 
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Figure 1. Systems Biology cycle  
Systems Biology is an integrative 
biology that requires a multi-
disciplinary effort, incorporating 
experimental design and data 
generation (‘wet’ lab) with know-
ledge extraction, data analysis, 
mathematical modeling and 
simulations (‘dry’ lab). These 
efforts are performed in a 
consecutive an iterative way,
with each cycle improving the 
quality of a system model.
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Putting Semantics 

in Systems  Biology

FROM DATA TO KNOWLEDGE
From the above it will be clear that today’s 
molecular biology has turned into a very 
data-intensive domain. Therefore, scien-
tists in this domain are facing the same 
challenges as in many other disciplines 
dealing with highly distributed, heteroge-
neous and voluminous data sources. How-
ever, these problems are especially acute 
because of the way the life science com-
munity works. Science is a global effort, 
with many domain-specifi c research socie-
ties that may work in relative isolation from 
other domains. Together with the complex-
ity of biological systems, and therefore the 

data obtained from those systems, this 
created the ingredients for the production 
of massive, uncoordinated, distributed, 
fragmented and idiosyncratic data reposi-
tories. The number of databases in the life 
sciences outnumbers other data-intensive 
disciplines, and these databases are typi-
cally autonomous and disconnected. The 
extreme heterogeneity of data models (of-
ten of marginal quality) and formats made 
interoperability and data integration hard-
ly feasible, and to make matters worse the 
widespread incidence of synonymy, ho-
monymy and polysemy negatively affects 
both the precision and recall of queries 

Molecular Biology Lab in Heidelberg, Ger-
many, formed the very fi rst departments 
exclusively devoted to bioinformatics. In 
particular, bioinformatics focused on the 
design and development of dedicated bi-
omolecular databases. These databases 
host a broad variety of different data types 
such as sequence databases (e.g. NCBI 
GenBank, EMBL data library), transcrip-
tome databases (e.g. ArrayExpress, GEO), 
and protein databases (e.g. UniProtKB).

The emergence of powerful so-called ge-
nome-wide data production technologies 
both allowed and made necessary new ap-
proaches to analyse and integrate these 
data, which now constitute the fi eld of Sys-
tems Biology. Systems Biology aims for a 
holistic understanding of a biological sys-
tem in contrast to the more traditional re-
ductionist approach that focuses on indi-
vidual components of the system (Kitano, 
2000). One of the foundations of Systems 
Biology is the use of mathematical and 
computational modelling: simulation of the 
behaviour of complex biological systems 
through mathematical and computational 
models. These models serve to integrate 
all relevant biological data about a pro-
cess or system; a comparison of the pro-
cess and the model’s behaviour allows an 
assessment of the model’s accuracy. The 
simulations ultimately help biologist pre-
dict the behaviour of a system under new 
conditions which paves the way to new hy-
potheses that can be validated experimen-
tally (Figure 1). 



       

the current World Wide Web which consists 
of hyperlinked pages into a Web of Knowl-
edge that is machine comprehensible. The 
SW depends on a set of web technologies 
specifi cally designed to facilitate automat-
ed machine interoperability. It promises to 
meet the challenge of knowledge manage-
ment of highly diverse and distributed re-
sources. Systems based on SW would pro-
vide sophisticated frameworks to manage 
and retrieve information (knowledge). This 
is achieved by the use of the well estab-
lished web technologies (such as HTTP) 
and a number of essential components 
added on top.

1) SW uses Unique Resource Identifi ers 
(URI), to identify documents and concepts of 
the real world (e.g. ‘http://www.semantic-
systems-biology.org/SSB#P16220’ is a URI 
representing the human protein CREB1); 
2) The SW knowledge representation for-
malisms include the Resource Descrip-
tion Framework (RDF) (www.w3.org/RDF/), 
RDF Schema (RDFS), and the Web Ontol-
ogy Language (OWL) (www.w3.org/TR/owl-
ref/). The mathematical model underlying 

are incorporated by the genome database 
providers, providing unique and cross-do-
main common entry points in the descrip-
tion of the gene products. This aids the 
users (life scientists) in further investiga-
tion of the gene of interest, enriching the 
knowledge related to that gene. The suc-
cess of GO gave rise to the establishment 
of the Open Biomedical Ontologies (OBO) 
(www.obofoundry.org) consortium, who 
among others provides a set of foundation-
al principles to structure the further co-or-
dinated development of bio-ontologies (e.g. 
ontology orthogonality: different ontologies 
in the foundry should not overlap). The OBO 
foundry now constitutes a set of 53 do-
main-specifi c candidate ontologies, which 
are becoming widely accepted as a refer-
ence by the life science community.

THE SEMANTIC WEB
The emergence of the Semantic Web is 
starting to have a signifi cant impact on the 
querying, sharing and integration of knowl-
edge produced by the Life Sciences. Con-
ceptualised by Tim Berners-Lee in 2001, 
the Semantic Web (SW) intends to convert 

over biological data (for a review see An-
tezana et al., 2009a).

The heterogeneity and fragmentation of 
data sources has resulted in a signifi -
cant gap between the wealth of data and 
the modicum of knowledge being extract-
ed from these data. To get more informa-
tion out of it, life scientists realised that 
a seamless data integration was required 
that supports complex, detailed and tar-
geted queries over multiple distributed re-
sources; facilitating data analysis, hypoth-
esis generation and experimental design. 
Advancements in data archiving, querying 
and analysis in turn have had a direct im-
pact in the way research was carried out 
in life sciences. The rapid development 
in data production fi rst of all spawned an 
awareness that structured collection and 
quality control should be adopted by the 
scientifi c community, a challenge that was 
taken up by grassroots movements like MI-
AME (Minimum Information About a Mi-
croarray Experiment (Brazma et al., 2000), 
which put together recommendations for 
experiment design and data recording in 
the area of transcriptome analysis. This 
initiative is carried by the global research 
community, including NTNU (Beisvåg et 
al., 2011), and has been taken up now in 
virtually every area of data production (Tay-
lor et al., 2008). 

Another important trend is the increasing 
adoption of ontologies as a means to pro-
vide standardized semantics for concepts, 
or ‘things’, in the Life Sciences. Bio-on-
tologies capture the entities and their in-
terrelationships within the life science 
domain, thereby reducing conceptual am-
biguity, and increasing re-usability and the 
effi ciency of computational approaches to-
ward mining and knowledge discovery. One 
of the main ontologies is the Gene Ontology 
(GO) (www.geneontology.org), which facili-
tated the unambiguous annotations of bio-
molecules with terms specifying molecular 
functions, cellular components and biolog-
ical processes. The terminology and more 
importantly the unique IDs provided in GO 

Figure 2. Semantic Systems 
Biology cycle 
The cycle starts with gathering 
and integrating biological 
knowledge into a semantic 
knowledge base; 
(A) Data is then checked 
for consistency, and made 
available for querying and 
automated reasoning; 
(B) This yields hypotheses 
about particular functions 
of biological components 
that may be used to design 
experiments; 
(C) The experiments 
generates new data and 
might also verify hypotheses. 
(D) The new fi ndings are 
integrated into the knowledge 
base, thereby enhancing the 
quality of the knowledge base 
and allowing a new cycle of 
hypothesis building and 
experimentation. 
The workfl ow of the Semantic 
Systems Biology approach 
is largely similar to Kitano’s 
original depiction of Systems 
Biology shown in Figure 1. 
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In order to assemble resources in the SSB 
platform we have built a series of tools, 
focusing on the various tasks involved 
in downloading knowledge from vari-
ous sources; converting them to the nec-
essary formats to integrate them into a 
SW compliant knowledge base; perform-
ing specifi c pre-computing  tasks to en-
hance the information content for que-
rying; and to visualise results. The SSB 
initiative and associated projects (www.
semantic-systems-biology.org) are hosted 
and developed at the Norwegian Univer-
sity of Science and Technology (NTNU). In 
the subsequent sections we provide a brief 
description of the various project parts and 
future initiatives.

The Semantic Systems Biology components
ONTO-PERL
The KBs developed under the SSB initia-
tive are hosted on Open Virtuoso, a data-
base system (triple store) that can be used 
to query RDF graphs. This means that we 
needed an effi cient and fl exible data trans-
formation tool to convert data into RDF 
graphs. As ontologies provide the neces-
sary scaffold for a KB on which complex 
queries may be executed, we have devel-
oped ONTO-PERL (Antezana et al., 2008), 
essentially an API to facilitate the han-
dling of bio-ontologies. ONTO-PERL plays 
a pivotal role in the creation of our KBs. 
This software suite comprises an exten-
sible set of object-oriented Perl modules 
to facilitate the manipulation of OBO-for-
matted ontologies (www.geneontology.org/
GO.format.obo-1_2.shtml) and provides 
conversion utilities to various SW formats 
such as RDF and OWL. ONTO-PERL is used 
to build an automated pipeline for all data 
transformations for our RDF stores. 

Cell Cycle Ontology
The Cell Cycle Ontology (CCO) (Anteza-
na et al., 2009b) was the fi rst knowledge 
management system that we built, with an 
ONTO-PERL based pipeline. CCO was con-
ceived as an application ontology to service 
the domain of cell cycle research. Applica-
tion ontologies are built by combining parts 

of domain ontologies, for instance the cell 
cycle branch of the Gene Ontology, which 
can be further extended according to the 
needs of the application in question. Ap-
plication ontologies make use of the for-
malisation of domain knowledge, there-
by facilitating the integration of different 
types of information, and are embedded 
in a knowledge base to facilitate data min-
ing and hypothesis generation. CCO is a 
protein-centric ontology providing infor-
mation pertaining to virtually all cell cy-
cle proteins, such as the cellular location, 
molecular function, or biological process 
they are involved in, protein-protein inter-
actions observed for them and orthology 
relations with proteins in other species. 
CCO is available in various formats, most 
importantly the RDF format, which enables 
versatile queries about the cell cycle via 
a SPARQL endpoint. Metarel (see below) 
and SPARUL are used to pre-compute in-
ferences supported by the CCO. The CCO 
is also available in the OWL-DL format to 
support more advanced forms of auto-
mated reasoning. OWL has been designed 
from its inception to enable computer-as-
sisted processing, and reasoning could be 
applied to consistency checking (e.g. iden-
tifying cell cycle proteins that were docu-
mented to occur at cellular locations that 
seemed incompatible with a function in 
cell cycle control) we and others observed 
that reasoning over large OWL ontologies 
is often extremely slow and/or prohibited 
by every minor inconsistency in the logics. 
We therefore built most of our resources in 
RDF.

Metarel
RDF makes it relatively easy for domain 
experts to represent and integrate large 
amounts of knowledge but it was not origi-
nally designed to support reasoning tasks. 
We have developed a method to make 
semi-automated reasoning in RDF pos-
sible with the development of the Meta-
rel vocabulary (Blonde et al., 2011). Meta-
rel is an RDF vocabulary that utilises some 
of the language constructs offered by OWL 
Full, and it provides logical semantics to 

these languages is the graph. SW graphs 
could be viewed as  sets of statements 
of the form ‘Subject-Predicate-Object’ 
(known as triples) and they are typically 
stored in specialised database manage-
ment systems known as RDF/triple stores. 
3) The information in triple stores can be 
retrieved with SPARQL (www.w3.org/TR/
rdf-sparql-query/). 4) Inference: the stand-
ardised knowledge base (KB) is used to in-
fer unasserted facts through a reasoner. 5) 
Metadata: the data resources are annotated 
by metadata, providing for example data 
provenance. 
 
These components are standards set by 
the World Wide Web Consortium (W3C) 
(http://www.w3.org), which aid in effi ciently 
representing data and querying. The incor-
poration of the SW in the Life Sciences is 
overseen by the Semantic Web Health Care 
and Life Sciences Interest Group (HCLS-IG) 
(http://www.w3.org/wiki/HCLSIG/), which 
operates under the umbrella of the W3C. 
HCLS-IG provides guidelines and carries 
out SW projects in the Life Sciences. Some 
examples are the DERI Health Care and 
Life Science Knowledge Base (http://www.
w3.org/wiki/HCLSIG_BioRDF_Subgroup/
DERI_HCLS_KB), AlzSWAN (www.hypoth-
esis.alzforum.org/swan/do!getHome.ac-
tion) and Bio2RDF (http://www.bio2rdf.
org).
 
SEMANTIC SYSTEMS BIOLOGY
The concept of Semantic Systems Biology
We were among the fi rst Life Science re-
searchers who recognised the potential of 
the SW for biological data integration and 
have introduced the Semantic Systems Bi-
ology platform (SSB), consisting of a series 
of resources and tools designed to support 
the domain of Systems Biology with se-
mantic web technologies. SSB exploits SW 
technologies in service of automated bio-
logical data handling and integration (Fig-
ure 2). Semantic Systems Biology intends 
to pave the way for the use of advanced 
querying and reasoning approaches to as-
semble biological system models.
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The use of ONTO-PERL as the single source 
of translations to RDF make BioGateway 
much more accessible and well integrat-
ed compared to an arbitrary upload of RDF 
resources from different origins. Howev-
er, even with an optimised integration of 
RDF, productive query efforts require both 
an in-depth knowledge of the ontologies in 
BioGateway and SPARQL querying skills. 
For this reason the store is made acces-
sible through a library of example queries 
in SPARQL that are easy to parameterise 
(Figure 3), which provides an element of 
quality control and user-friendliness.  

NCBI taxonomy (http://www.ncbi.nlm.nih.
gov/taxonomy); and high quality protein 
information from the SWISS-PROT (www.
uniprot.org) database. Because new infor-
mation is added to these original sources 
almost on a daily basis the RDF store is 
built from scratch at regular intervals, in a 
fully-automated way using the functionality 
offered by ONTO-PERL. In this process, the 
rule-based closures are computed with the 
use of Metarel and added to the store. The 
use of Metarel allows the execution of que-
ries like “Give me all the mammalian pro-
teins located in the nucleus or any sub-part 
thereof”, which are not possible (with a 
single query) in relational databases.

relations between classes. One of the ex-
amples of the use of Metarel in automat-
ed reasoning has been in making implicit 
knowledge explicit. Much of the knowledge 
encapsulated in ontologies is implicit and 
can be arrived at through the use of the in-
ternal logics of the ontological hierarchy 
for instance, the cellular location branch 
of GO states that ‘a nucleolus is a part of 
a nucleus’, and ‘a nucleus is part of a cell’. 
The implicit knowledge in this case is that 
a nucleolus, being part of a nucleus, is also 
part of a cell. Updating RDF stores with the 
SPARQL/Update language, in combina-
tion with the semantic power to effi ciently 
handle relationship classes in Metarel, im-
plements a reasoning system that makes 
the implicit knowledge explicit and aug-
ments the store with inferred knowledge 
that would otherwise not be available to a 
user. This is achieved through the use of 
fi ve rules (closures): Refl exivity, Transitiv-
ity, Priority over Subsumption, Super-re-
lations and Chains. Together, these rules 
allow inferencing of knowledge present im-
plicitly in the OBO ontologies and any RDF 
store using those ontologies. The appli-
cation of these rules on Metarel-empow-
ered RDF effectively allows reasoning in 
a tiny logic-based RDF language that rea-
sons only through direct relations between 
classes with an all-some semantics. Meta-
rel essentially augments RDF to approach 
the expressiveness of OWL and sets a new 
paradigm: all the inferences are pre-com-
puted before querying the KB instead of 
making inferences during the execution of 
the query as Description Logics (DL) rea-
soners attempt to do.

BioGateway
The BioGateway KB (Antezana et al., 
2009c) is the major repository of all the 
RDF graphs engineered with ONTO-PERL 
and augmented with Metarel. Current-
ly, BioGateway contains about 2.2 billion 
RDF statements and integrates the entire 
set of OBO Foundry ontologies; the anno-
tations from the complete set (13 mod-
el organisms) of Gene Ontology Annota-
tion fi les (GOA, www.ebi.ac.uk/GOA/); the 

Figure 3. Screenshot of the query pane of BioGateway, on the SSB website.
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important to have tools with which one can 
visualise or browse ontologies intuitively, 
as ontology graphs can be complex with 
many interlinked terms and relationships. 
For example, an obvious analysis step in 
ontology exploration is to view an ontology 
term and its ‘local neighbourhood’ of con-
nected terms, and then to ‘expand’ one of 
the interesting neighbour terms by load-
ing its respective neighbouring terms into 
the display. Existing ontology visualisers 
often feel rigid and confusing, as the ad-
dition of new terms may result in largely 
rearranged term displays. We created an 
ontology visualiser that substantially im-
proves this exploration of bio-ontologies: 
OLSVis (Vercruysse et al., 2012). OLSVis 
uses real-time animation to visualise a re-
pelling and attracting force-based re-lay-
out of the visible term graph. By simulating 
terms as electrically repelling nodes and 
connections as mechanical springs, graph 
reorganisations occur smoothly, terms 
are moved minimally, and users can fol-
low what moves whereto. In addition OLS-
Vis provides user interaction for tweaking 
the graph's visual representation (Figure 
4). OLSVis serves the scientifi c commu-
nity with a versatile and user-friendly tool 
to explore ontologies and to fi nd precise 
ontology terms. The development of this 

new web application (http://ols.wordvis.
com) was based on our earlier pilot project 
WordVis (http://wordvis.com), which al-
lows for visualising WordNet, a lexical da-
tabase of the English language. OLSVis is 
in line with our longer-term goal of devel-
oping a system for the manual creation of 
digital, semantics-based summaries of re-
search papers in the life sciences. In this 
setting, the visualiser can be deployed for 
semantic term search during input, as well 
as for the exploration of collected facts. In 
this respect, our aim is also to apply the 
software on other semantically formalised 
knowledge resources.

Current focus
Integrating SSB into the wet-lab.
Although the above demonstrates that the 
core components of SSB are in place, the 
platform will only have the desired impact 
when broadly used by biologists. BioGate-
way and its components are typical prod-
ucts of a technology push, offering poten-
tial users access to the powers of a new 
technology. It will be evident from for in-
stance the SPARQL interface (Figure 3) that 
the technology may be intimidating to the 
lay person. Therefore we are now pursuing 
various joint initiatives with the intended 
target audience to mobilise ‘user-pull’ as 

OrthAgogue
Much of the knowledge that our knowledge 
bases offer is obtained by ‘borrowing’ from 
other species or domains. If a component 
in a specifi c species has been extensively 
studied, the knowledge obtained for that 
component (usually a protein) may also be 
relevant to similar components found in 
other species. These similar components 
are found by assessing the degree of se-
quence similarity, or conservation, be-
tween genes or proteins that have diverged 
because they evolved in different species. 
The computation of this information, how-
ever, proved to be extremely time consum-
ing. Therefore we have recently developed 
the C++ library OrthAgogue, which reduces 
computational time by two orders of mag-
nitude, relative to the commonly used soft-
ware OrthoMCL (www.orthomcl.org). The 
OrthAgogue tool will soon be made avail-
able through the Notur portal.

OLSVis
As described above, bio-ontologies are 
highly standardised vocabularies that de-
scribe concepts or things in biology. They 
constitute the foundation for the anno-
tation, or for semantic description, of re-
search fi ndings because they provide 
a shared, well-defi ned vocabulary. It is 
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Figure 4. Screenshot of 
OLSVis. The main display 
shows the Human protein 
CDC23 (part of the CCO 
knowledge), with the differ-
ent functional or physical 
relationships it displays with 
other proteins or functions. 
The pane on the left shows 
the specifi cs of the display, 
the toolbar on top allows 
additional modifi cations of 
the display.



       

uses experimental and literature based 
evidence to rank a given hypothesis, after 
which a biologist may consider top ranking 
hypotheses for validation experiments.

The Bigger Picture
Our SW knowledge bases are examples of 
knowledge warehouses, where all the in-
formation is fi rst centralised, reformatted 
and then made available for querying. The 
essence of the Semantic Web, however, is 
to offer a seamless access to data that is 
residing at different locations on the Web, 
but the full potential of the SW in offer-
ing semantically enriched knowledge for 
querying, hypothesis generation and au-
tomated reasoning has not yet been real-
ized. Many of the SW resources world-wide 
are built according to a warehouse like set-
up (with one or multiple SPARQL endpoints 
that can be queried) with all the classi-
cal shortcomings such as a large up-front 
time investment required for data integra-
tion, technical challenges with respect to 
the infrastructure, data provenance and 
maintenance issues. The recently devel-
oped SPARQL 1.1 specifi cation may offer a 
new perspective to query across multiple 
distributed endpoints through query fed-
eration. However, this is still in its nascent 
stage, issues relating to the differences be-
tween SW resources that stem from the us-
age of RDF and query optimisation needs 
to be addressed. SPARQL query optimisa-
tion within a single RDF store is still a chal-
lenge, naturally handling large amounts of 
results that gets exchanged over the globe 
will only be more cumbersome. To estab-
lish the SW as a robust technology that fa-
cilitates the answering of complex biologi-
cal questions, the above problems have  to 
be addressed at the community level with 
active participation of SW developers and 
biological data providers. Such interactions 
would encourage orthogonality of the con-
tent among the triple stores and  promote 
best practices for the use of RDF (Venkate-
san et al., 2011). 

To provide proof of concept the “Gastrin re-
sponse modelling” project has been cho-
sen as a use case. The Gastrin Systems 
Biology group at the Medical Faculty of 
NTNU/St Olavs Hospital has for several 
years taken a systems biology approach 
to study gastrointestinal tumour biology 
with a special focus on the role of gastrin 
in regulating potential target genes. Our 
direct objectives (http://www.ntnu.edu/nt/
systemsbiology/projects/gastrin) are to 
understand and extend a model capturing 
current experimental results through new 
hypotheses generated from the knowledge 
present in GeXKB. For example, conducting 
the local neighbourhood analysis of a tran-
scription factor by constructing SPARQL 
queries will retrieve data pertaining to the 
transcription factor integrated from vari-
ous data sources stored in GeXKB, provid-
ing us with a lead towards generating hy-
potheses based on the types of relations 
linking the protein to other components in 
the KB. 

Hypothesis management
In molecular biology, the results from 
high-throughput data production technolo-
gies, e.g. gene expression studies, can be 
overwhelming to a biologist. Lack of effi -
cient hypothesis generation and manage-
ment protocols makes it diffi cult to han-
dle and comprehend these extensive data 
sets and consider all possible hypotheses 
that may be derived from it. Moreover, as 
the experimental validation of any hypoth-
esis costs time, effort and money we seek 
to support these tasks with an automated 
pipeline that generates hypotheses and 
ranks them for likelihood that they may be 
valid. This ranking should be done consid-
ering all available sources of knowledge 
accessible through the Semantic Web. 
We follow the example set by HyQue 
(http://semanticscience.org/projects/
hyque/), a tool that uses a rule-based mod-
el to prioritise scientifi c hypothesis based 
on distributed knowledge sources cov-
ering molecular events in the context of 
the galactose gene network in Saccharo-
myces cerevisae (Baker’s yeast). The tool 

an essential source for platform design 
ideas. Our current efforts include collab-
orations with the Gastrin Biology group at 
the Department of Cancer Research and 
Molecular Medicine and the Lipid Signal-
ling group (PLA2) at the Department of Bi-
ology, both at NTNU. The defi nitive aim is 
to develop real world use-cases that steer 
the further integration of specifi c domain 
knowledge and the development of a user-
friendly interface. This has prompted us to 
focus on the area of transcription control: 
the analysis of components and mecha-
nisms involved in the production of mes-
senger RNAs from genes.

Capturing gene expression knowledge
Transcriptional gene expression and its 
regulation depend on a large variety of cel-
lular processes that control the timing and 
level of transcription of an individual gene. 
Gene expression falls into two main phas-
es, i.e. transcription and translation. Dur-
ing the process of transcription, proteins 
called transcription factors bind to spe-
cifi c DNA sequence motifs (binding sites) 
of a gene, playing a key role in producing 
pre-mRNAs which are subsequently pro-
cessed upon which mature mRNAs are 
transported from the nucleus to the cyto-
plasm where the mRNA is translated into a 
protein. Regulatory processes of gene ex-
pression occur at different levels, enabling 
the cell to adapt to different conditions by 
controlling its structure and function. Ab-
normalities in the regulation of gene ex-
pression can cause diseases such as the 
occurrence of malignant cell proliferation.

The knowledge required to decipher the 
various processes involved in gene expres-
sion continues to grow. However, for a sys-
tems-wide understanding of gene regula-
tion, there is a need for effi ciently capturing 
knowledge of this domain in its entirety 
and to further facilitate effi cient querying 
of this data. Therefore we have developed 
a system that captures knowledge related 
to gene expression and regulation, the 
Gene Expression Knowledge Base (GeXKB) 
(Venkatesan et al., 2012).
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Figure 5. 
Semantic Web Stack

Semantic Web quick guide: 
The architecture of the Semantic Web in-
volves a hierarchical assembly (Seman-
tic Web Stack, Figure 5) of various formats 
and technologies where each layer exploits 
the capabilities of the layer below providing 
a formal description of concepts and rela-
tionships within a given domain. The bot-
tom layers in the Semantic Web Stack con-
sists of technologies that are widely used 
in the current Web, this Semantic Web is 
built on the basis of these technologies and 
the middle layer (RDF onwards) consists 
of technologies that have been standard-
ised specifi cally to support semantic web 
applications.

Unicode: This is a standard for consist-
ent representation of text expressed in the 
world’s various writing systems. The usage 
of unicode aids the semantic web applica-
tions in bridging documents expressed in 
different human language systems.
 
Unique Resource Identifi er (URI):  A URI is 
a series of characters used to identify an 
abstract or a physical entity. URIs are used 
in Semantic Web based systems to de-
scribe a resource and its components, 
enabling interactions over the Web using 
HTTP.

Extensible Markup Language (XML): 
XML is a markup language that provides 
an elementary structure in describing 
data. The restrictive syntax rules of XML 
are highly suited for the Semantic 
Web and provides a scaffold in data repre-
sentation, however, it adds no semantics 
for data representation.

Resource Description Framework (RDF): 
RDF is a data modelling language that 
provides a framework to describe a 
resource and its relationship with other 
resources in a form called triples, i.e. 
Subject-Predicate-Object. A set of such 
triples forms a RDF graph that are made 
machine-readable using the XML seriali-

that facilitates simple inference through 
hierarchical specifi cation of classes and 
properties.

Web Ontology Language (OWL): OWL goes 
beyond RDF and RDFS in its expressive-
ness by providing logical constructs to the 
description of classes. W3C provided three 
specifi cations for OWL (also known as OWL 
1): OWL-Lite, OWL-DL and OWL-Full (in the 
increasing order of expressivity). OWL-DL, 
in particular, offers an interesting trade-off 
between expressiveness and computability. 
OWL-DL developed based on a well-under-
stood fragment of Description Logics (DL, 
www.dl.kr.org), which guarantees comput-
ability. As a consequence, a number of DL 
reasoners, developed by the artifi cial in-
telligence community, were made avail-
able for deployment in the Semantic Web 
for: a) consistency checking, b) inferencing, 

sation form. Furthermore, the RDF graphs 
can be stored in repositories called Triple 
stores or RDF stores, they function much like 
the relational databases systems, where 
one could store and query the graphs via 
a query language, SPARQL (also known as 
RDF/SPARQL endpoints). In recent times, 
a number of effi cient scalable triple stores 
have been developed enabled with SPARQL, 
e.g. Openlink Virtuoso  (http://virtuoso.open-
linksw.com/), Apache Jena (http://jena.
apache.org/) and 4store (www.4store.org). 

RDF Schema (RDFS): The graph-based 
data model of RDF makes it a compelling 
choice to represent concepts and inte-
grate data from multiple sources. Howev-
er, RDF lacks descriptions of relationships 
between predicates and other resources. 
To bring an improvement on this the RDFS 
was developed. It is an ontology language 
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c) classifi cation and d) querying. FaCT++, 
Pellet and RACERPro are among the most 
commonly used DL reasoners. Although, 
research on DL has kept the hope alive for 
realizing fully automated reasoning on bio-
ontologies. The application of reasoners on 
fully fl edged large, integrated bio-ontolo-
gies failed due to scalability issues. How-
ever, with the recent release of OWL (OWL 
2) signifi cant work has gone into making 
reasoning more tangible, offering sever-
al DL-based sublanguages such as OWL 2 
DL, OWL 2 EL and OWL 2 RL (http://www.
w3.org/TR/owl2-profi les/). 

SPARQL: SPARQL or the SPARQL Protocol 
and RDF Query Language is a query lan-
guage for RDF. It offers the developers and 
end users a way to retrieve and manipu-
late data stored in RDF format. It is con-
sidered as one of the key technologies of 
semantic web, as it allows users to write 
unambiguous queries consisting of triple 
patterns, conjunctions, disjunctions, and 
optional patterns. Furthermore, as an ex-
tension to SPARQL, the SPARQL/Update 
(SPARUL) has been developed. It is a de-
clarative data manipulation language that 
offers the ability to insert, delete and up-
date RDF data held within a triple store. 
With the latest udated version of SPAR-
QL, SPARQL 1.1, more features have been 
added to the language for instance, SPAR-
QL 1.1 provides its users with the capability 
of query federation i.e. the ability to launch 
SPARQL queries to different RDF stores. 
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Relevance
Until the NMDC infrastructure was funded 
Norway has lacked an integrated system 
for exchange of marine data between in-
stitutions, hampering operational, effi cient 
and cutting edge marine science. Specifi c 
problems include lack of a general over-
view of and access to available datasets, 
lack of common data formats, lack of a 
modern technical infrastructure for data 
sharing, and the absence of inter-institu-
tional agreements. Within meteorology an 
operational data fl ow between the differ-
ent meteorological institutions was devel-
oped several decades ago. Within marine 
science this operationalisation is yet to 
take place.

The heterogeneity of “marine data” is great 
and includes both the physical character-
istics of the ocean and all the biota that 
inhabits it, and is far more challenging to 

deal with than the more restricted variables 
within meteorology. In a way the challenge 
with organising marine data resembles a 
land based initiative that would integrate 
all the meteorological data with data on 
plants, forest, insects, deer and wolfs, etc. 
Not only is the variety in the marine data 
great, but it also involves different sci-
ence fi elds with different sampling equip-
ment, traditions and ways of operation and 
storing information. This illustrates some 
of the challenges in exchanging marine 
data. 

The Norwegian Marine Data Centre (NMDC) 
will act as the coordination unit for marine 
data in Norwegian waters and provide 
seamless access to historical and contem-
porary marine data. The research infra-
structure is a national initiative building
on 15 Norwegian institutions willing to act 
together to make marine data available

NORWEGIAN 
MARINE DATA 

CENTRE
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complementary to and interoperable with 
the ongoing (2010-2016) Norwegian satel-
lite EO data infrastructure project “Norwe-
gian Satellite Earth Observation Database 
for Marine and Polar Research (NORMAP)” 
and the glider-based Norwegian Atlantic 
Current Observatory (NACO).

Serving the international marine scien-
tifi c community, NMDC will complement 
and support the EU GMES MyOcean (http://
www.myocean.eu.org) project where in situ 
ocean and satellite observations are inte-
grated with ocean modelling products, up-
coming EU GMES downstream services, 
the Arctic Regional Ocean Observing Sys-
tem (Arctic ROOS, http://www.arctic-roos.
org), the Global Climate Observing Sys-
tem (GCOS), the European Space Agency 
Climate Change Initiative, the coming as-
sessment reports for IPCC and future in-
ternational initiatives. As the major na-
tional marine data infrastructure NMDCs 
European role is envisaged as a compo-
nent of and contribution to European Strat-
egy Forum on Research Infrastructures 
(ESFRI) including EuroARGO, the Svalbard 
Integrated Arctic Earth Observing System 
(SIOS) and European Multidisciplinary Sea-
fl oor Observatory (EMSO).

NMDC kickoff
In mid-August 2012 the NMDC infrastruc-
ture held its kickoff meeting outside Ber-
gen at Solstrand Hotel og Bad. The 15 
partners were present at the meeting pre-
senting each other’s visions for the com-
ing 5 years.

NMDC partners
The infrastructure is coordinated by the 
Institute of Marine Research. The consortia 
consist of 15 institutions and universities 
in Norway that hold and gather marine 
data. 

The contributing partners are:
Christian Michelsen Research, Norwegian 
Defence Research Establishment, Univer-
sity of Nordland. Norwegian Meteorological 
Institute, Nansen Environmental and 

the view of the EU INSPIRE directive for ge-
ographical data and the new “Geodatalov” 
being implemented in Norway. 

Gaining access to large amount of high 
quality research data including long time 
series will facilitate generation of high 
quality science and make Norwegian in-
stitutions attractive as partners in interna-
tional research programs. The infrastruc-
ture will support the major programs of 
the RCN, such as “Havet og Kysten” and 
“Norklima” ensuring easy accessibility for 
relevant research and industry. It will also 
serve the BarentsWatch project and utilize 
data from the national facilities at Sval-
bard, including SIOS (Svalbard Integrated 
Observing System). NMDC will also be 

for national and international research. 
The infrastructure aims to participate in-
ternationally in developing standards and 
best practises for data management and 
sharing. 

The partners represent universities, uni-
versity colleges, research institutions and 
other relevant sectors all interested in 
making research data public available re-
specting the OECD principles and guide-
lines for access to research data. The ma-
rine data infrastructure will harmonize its 
activities and developments with the prin-
ciples of “Norway Digital” and contribute 
marine data and information to the nation-
al geographical data infrastructure. Stand-
ardization work will have to be devised in 
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data in Norway. The conceptual model for 
NMDC will evolve from existing institution-
al data centres in Norway by integrating, 
merging, coordinating and expanding ac-
tivities and services in those. 

One of these local centres is the Norwe-
gian Marine Datacentre (NMD) which has 
the national responsibility of oceanograph-
ic data in addition to acoustic, biological 
and other data at the Institute of Marine 
Research (IMR). 

The national infrastructure long term data 
storage will be organised in three main 
activities, user contribution of data, data 
products/storage and data applications for 
exchange. NMDC aims to use the NorStore 
infrastructure mainly as a secure copy of 
the data and metadata. In addition seek-
ing to develop more sophisticated servic-
es when appropriate, e.g. Web Services to 

with seamless access to documented 
marine datasets covering waters of Nor-
wegian interest.
 
Long term objectives: 
• Establish a distributed national infra-
 structure for marine data sets including
 historical and contemporary data. 
• Make Norwegian marine data sets easily
 accessible. 
•  Enable long term stewardship of datasets. 
•  Operationalize data fl ow from observa-
 tions to users minimizing latency. 
•  Develop advanced applications, products 
 and services.

Conceptual model
The Ministry of Fisheries and Coastal af-
fairs have identifi ed the importance of an 
operational national service and compe-
tence centre for marine data. NMDC aims 
to be the focal access point for marine 

Remote Sensing Center, Geological Sur-
vey of Norway, Norwegian Institute for Na-
ture research, Norwegian Polar Institute, 
University of Bergen, University of Oslo/
CEES, University of Tromsø, Norwegian 
Institute for Water Research, Akvaplan 
NIVA, UNI Research – UNI Bjerknes Centre.

Vision and scientifi c goals
Marine research is by nature multi-disci-
plinary, combining physical, geological, 
chemical and biological knowledge and 
data. High quality and effi cient marine re-
search requires easy and rapid access to 
marine data across institutions and dis-
ciplines. Gathering information about the 
marine environment is very expensive due 
to the dependence on vessels with high in-
vestment and operating costs. New tech-
nological developments allow a broader 
approach to sampling of the ocean using 
buoys, drifters, and various bottom mount-
ed equipment, but these are also general-
ly expensive to develop and operate. Part-
ly due to the costs, the information about 
the sea is extremely limited compared to 
our knowledge about ecosystems on land. 
The relative scarcity of marine data makes 
it all the more important to make data that 
exist easily accessible for effi cient use in 
science.
 
In order to achieve this, an integrated in-
frastructure addressing interoperabil-
ity, data documentation, archiving and 
both data provider and user issues is re-
quired. The infrastructure should simplify 
the technical obstacles scientists encoun-
ter when using data from various sources 
as well as provide cost effective interfaces 
for data providers. This is required to es-
tablish a sustainable system while ensur-
ing proper stewardship for data, both in the 
short and long term. In order to realize the 
potential hidden in historical data sets cur-
rently not documented nor stored in long 
term archives, the project need to under-
take efforts in data archaeology.
 
Main objectives
To serve the marine science community 
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User driven conceptual model 
enabling application develop-
ment and user interaction on 
top of a distributed system 
emphasising interoperability.

Distributed
Data Storage
-replication
-archival

User interaction
- searching
- data visualization
- data extraction
- interchange
- metadata exchange

User
contribution
of data

NMDC Responsibilities

Standardized
Meta Data
Format(s)

- controlled
  vocabulary
- external
  representation

Standardized
Data Formats

- file types
- protocols

Portal Application

Process

Process

Application

Data set
index

- integrity
  checking
- consistency
- authenticity

Catalog
- search
- retrieval
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Multiple user groups 
Complete datasets from the marine en-
vironment are of critical importance to 
facilitate: 
•  Effective policy making and sustainable
 management of the coastal zone and
 large marine ecosystems 
•  Monitoring of the rate and scale of en-
 vironmental change, including climate
 change and biodiversity loss 
•  Detection of hazards and events 
• Understanding coastal, larger marine
 ecosystems and climate system processes 

The coastal zone and the larger marine 
ecosystems support maritime industries 
and provide goods and services which are 
of critical importance for human socie-
ties and economies. However, marine eco-
systems are under considerable pressure 
from ocean acidifi cation and global climate 
change as well as localised impacts from 
human activities such as fi sheries, aqua-
culture, pollution, transport and marine 

A national data catalogue containing meta-
data information on datasets and time se-
ries will be established at NMDC based on 
existing work carried out by the Norwe-
gian Research Council and the pre-project 
on NMDC. The lists of datasets and time 
series are organised in three reports, im-
portant marine time series, important cli-
matology time series, and important ter-
restrial and inland waters time series. This 
will serve as a basis for an updated nation-
al catalogue.

The research infrastructure will also man-
age near real-time data. This requires data 
to be exchanged with low latency and will 
need a message oriented infrastructure for 
the distribution of the data. This infrastruc-
ture will collect data from instruments and 
distribute it both to end users and to spe-
cial purpose services for quality control 
and automatic archiving.

access data. The OECD's principles for free 
and unrestricted access to research data 
will act as an underlying principle for data 
access.

Data acquisition means pre-processing
and quality control of the collected data 
from their native formats to fi t the require-
ments of NMDC, and making data available 
in a user-friendly manner by making a vir-
tual distributed database where the origi-
nator manages the data. Interface software 
will have to be installed locally on top of the 
databases at the specifi c data repository. 
These distributed repositories will have 
to comply with the guidelines of best data 
management practices for their data man-
agement service to be accepted as a lo-
cal repository. Data product activities will 
focus on harmonising quality control rou-
tines made upon the datasets, develop da-
tabases for data storage and conversion 
software making exchange of data easier.
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while in the fi eld, is of great value to the 
fi eld researcher. Of perhaps equal value is 
the possibility to get online access to real 
time data while conducting research. This 
will increase the possibility to locate and 
prepare for interesting events or to dis-
cover formerly unknown relations between 
events.
 
The importance of mobilizing historical 
data on climate and biology for use in mod-
ern ecosystem based management is ob-
vious. Many mechanisms and interactions 
in nature can only be revealed by the study 
of trends over time. Thus, efforts will be 
made in this project to identify and utilize 
information resources which have not been 
accessible formerly. 

The access to a huge amount of data will 
create new possibilities and uncover new 
needs (statistical and theoretical) that will 
stimulate innovation in Norwegian ma-
rine research. The new analytical tools 
and theories will, through the normal sci-
entifi c diffusion, become available world-
wide and as such benefi ting the interna-
tional scientifi c community and society 
in large. A seamless data fl ow system as 
to be delivered by NMDC will also allow 
advancement in operational ecosystem 
modelling simulating Norway’s marine 
ecosystems from end-to-end, much in the 
same manner that has been customary 
within meteorology for decades.

attention from highly skilled scholars and 
scientists from University and Research In-
stitutes in Europe and North America. This 
will increase the visibility of Norway in in-
ternational marine science, and will have 
the potential of generating general interest 
for our marine research, a fi eld in which 
Norway has long standing merits. An in-
creased interest in, and enhanced opportu-
nities for, conducting research on the eco-
systems where we have economic interests 
will naturally benefi t Norway.

Impact on science, technology and
innovation 
Data access and data infrastructure devel-
opment is a societal priority in Europe. In 
2009, it was discussed at the Monaco Con-
ference “The Arctic: observing the environ-
mental changes and facing their challeng-
es” organized by the EU where all Arctic 
countries were attending (USA, Canada, 
Russia, Norway and Greenland/Denmark). 
NMDC will position Norway as a leading 
country not only in marine data access and 
quality, but hopefully also in marine re-
search due to the scientifi c stimulation fol-
lowing usage of NMDC. 

Nations are required to base their policies 
related to the exploitation of marine re-
source on an ecosystem approach. Adopt-
ing such an approach is, however, rather 
diffi cult as it requires much data and in-
sight pertaining to the dynamic interac-
tions within the ecosystem. NMDC will re-
move one of the bottlenecks, data access, 
to develop such ecosystem based manage-
ment and by stimulating interdisciplinary 
work it will considerable alleviate the sec-
ond one (ecology insight). 
 
NMDC will not only give an effi cient ac-
cess to data but will give an awareness 
of their existence and particularities. The 
usual limitation that is the data access will 
be overcome by the existence of a data in-
frastructure. NMDC being a web based fa-
cility, its service will not be restricted to 
the Norwegian scientifi c community. The 
possibility to access historical data online 

renewable energy. To sustainably man-
age our interaction with the sea, and to 
meet policy and societal needs, we require 
knowledge of the marine environment and 
the ability to predict future changes.
 
Access to consistent historical data on key 
biological, chemical and physical (includ-
ing geological) parameters from the coast-
al zone and the large marine ecosystems 
is therefore essential. Such data can only 
be obtained through a collaboration and 
network of national user groups collecting 
data from the marine environment. Pres-
ently, several organizations acquire marine 
data, but the data and metadata are stored 
in incompatible forms. To be able to have 
smooth data exchange and a high level of 
cooperation, the datasets need harmoni-
zation of units, formats, metadata etc. To 
get access to already existing data need-
ed for research is often quoted as a diffi -
cult, frustrating and very time consum-
ing task. At several occasions researchers 
have claimed that to get access to data, 
accounted for 60% of the time spent on a 
task. Making research data easily accessi-
ble for users will make valuable time avail-
able for research itself.

Scientist from both the public and the pri-
vate sector will be the main users of infra-
structure. As more information becomes 
available, the quality of advices given for 
the management of our marine resources 
and environments will improve. This is of 
great importance for the Ministry of Fish-
eries and Coastal Affairs and the Ministry 
of Environment, but also of signifi cance for 
the Ministry of Foreign Affairs, the Minis-
try of Petroleum and Energy and the Min-
istry of Defence supporting the knowl-
edge based implementation of the “High 
North Strategy” of the Government. In the 
private sector there are several groups, 
such as the aquaculture industry and tour-
ism, which will benefi t from the improved 
knowledge NMDC will make available. 

The infrastructure will international-
ly be an excellent platform for attracting 
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Dear Colleague,

This is an open letter to invite research communities to express interest in participating in the development of high-quality 

e-Infrastructure solutions in areas of joint Nordic interest. The Letters of Interest that we hope to receive will be used as basis for 

selecting a few strategic areas where NeIC will focus its efforts on developing innovative e-Infrastructure services.

Background and Details of Invitation

The mission of NeIC is to facilitate the development of high-quality e-Infrastructure solutions in areas of joint Nordic interest. The main 

focus of NeIC in the coming years will be innovation into new e-Infrastructure solutions. By bringing together competencies of Nordic 

e-Infrastructure providers, and challenging this pool of highly skilled IT experts with the requirements of Nordic user communities, new 

innovative services will be developed and deployed. NeIC aims at bringing such groups together within key areas of common Nordic 

interest. The innovation and pilot development of such services will be a primary focus of NeIC, but NeIC will also run selected services, 

such as the Nordic Tier-1 service for the Worldwide LHC Computing Grid (WLCG) community. NeIC activities will be organized into areas. 

There will be 3-5 strategic areas, one generic area and an administrative area serving the NeIC offi ce. A strategic area consists of one or 

more projects serving a scientifi c community with similar e-Infrastructure needs. The projects are expected to create high synergy 

between them. The generic area includes projects of cross-cutting concerns across several strategic areas. An existing strategic area 

is the Nordic Tier-1 service; examples of other strategic areas could include biomedical sciences, climate and environment, health and 

welfare, astrophysics or other. The NeIC Board is expected to decide on new strategic areas in November 2012.

Area Coordinators for the strategic areas and the generic area will be responsible for the development of e-Infrastructure activity within 

his/her area. This activity will include proposing and executing technical projects for development and deployment of e-Infrastructure 

solutions. Projects will be developed in collaboration with users and national institutions from participating countries on a cost-sharing 

basis. An area coordinator will engage with users and other stakeholders, perform requirements gathering, and exploit future 

opportunities for innovative projects within her area. Within each strategic area users will be involved through appropriate user forums. 

Thus, it is expected that the innovation will be user-driven, with participation at all levels from requirements gathering to technology 

development.

Anticipated Process

A rough description of the anticipated process is as follows. Letters of interest are to be submitted to the NeIC Offi ce. The letters of 

interest will be an important part of the input that the NeIC Board will use to decide on the strategic areas to be developed initially. This 

decision is expected late November 2012. For the selected areas, NeIC will facilitate the development of projects in collaboration with 

relevant user communities and national e-Infrastructure providers. The submitted Letters of Interest will form an important basis for 

developing such projects.

Guidelines for Submission

A Letter of Interest may be submitted in free text format with a recommended maximum document length of two pages. 

Useful information for the assessment of Letters of Interests by the NeIC Board may include:

1. A description of the user community in the Nordic countries and internationally. A brief description of the user needs. 

 What Nordic countries are involved?

2.  A description of the anticipated innovative e-Infrastructure and how the research community will benefi t from it. 

   How will scientifi c output be accelerated through the e-Infrastructure?

  4.   A description of currently available resources and manpower to leverage NeIC base funding and to sustain the e-Infrastructure 

      in the long run.

    5.   National contact persons with coordinates for each Nordic country involved.

      6.   Links to additional information of relevance.

        Please indicate your interest by electronically submitting a Letter of Interest to neic@nordforsk.org within 9. October, 2012.

           Further Information

            More information can be provided by NeIC Director Gudmund Høst, e-mail: Gudmund.Host@nordforsk.org or neic@nordforsk.org, 

              Mobile: +47 95816846.
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The Cray cluster Hexagon at the University 
of Bergen (UiB) was upgraded from an 
XT4 to an XE6m-200 in March. Both Vilje, 
the new SGI Altix ICE X replacing Njord at 
NTNU, and Abel, the new compute cluster 
at the University of Oslo are available 
to Notur-users. Finally, Stallo at the Uni-
versity of Tromsø will fi nish its second 
phase upgrade in May 2013.

All of the Notur II procurements for 2012 
will be ready for production in the next 
allocation period, to begin on October 1. 
The aggregate number of available CPU  
hours rise from approximately 124 million  
CPU hours to approximately 209 million 
CPU hours for the next allocation period.

Obviously, such a steep increase in capac-
ity leaves unallocated CPU hours. Including 

local usage, the current estimate for the 
next allocation period of 111 million CPU 
hours leaves 98 million unallocated CPU 
hours for the next 6 months. The NOTUR 
administration encourages scientists with  
large scientifi c challenges, which can 
be addressed by computation, to submit 
applications for extra time for the next 
allocation period. Applicants must comply 
with the eligibility requirements as 
described on www.notur.no/quotas/apply. 

Applications for allocations are evaluated 
by the Resource Allocation Committee
(RFK), appointed by the Research Coun-
cil of Norway. RFK evaluates the applica-
tions on scientifi c quality, the feasibility 
and the specifi c need for using the 
requested resources.

INCREASED 
CAPACITY IN 

NOTUR
In 2012 the High Performance Computing facilities at all four universities 

being partners in the NOTUR II Consortium have been replaced or 

upgraded. The four investments are the result of an application process to 

the Research Infrastructure Program of the Research Council of Norway.

The new cluster system Abel at the University 
of Oslo is number 96 of the world fastest super-
computers. Abel will also be a Tier-1 system in 
the European research infrastructure PRACE, 
Partnership for Advanced Computation in Europe.

A U T H O R S
Jørn Amundsen

Notur Project Manager
UNINETT Sigma
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The PRACE RI is operated in collaboration with 
national and regional HPC centers and gov-
erned by representatives of partner govern-
ments. Access to the PRACE services is open 
to all European researchers affiliated with rec-
ognized European academic institutions and 

industries. The Scientific Steering Committee 
composed of Europe’s leading scientists and 
engineers selects project proposals and grants 
access to resources. 

PRACE, the Partnership for Advanced Computing in Europe, created a persistent 
pan-European Research Infrastructure (RI) providing leading High Performance 
Computing (HPC) services. PRACE enables world-class science and engineering for 
European academia and industry. 

Find more information how to join PRACE please contact us at: www.prace-ri.eu

PRACE – the European HPC  
Research Infrastructure

PRACE Call for Proposals:
Would you like access to European Resources?

There is an important change in scedule for PRACE Calls for Proposals. As of September 2012, PRACE publishes its twice-yearly 
Calls for Proposals according to a fixed rhythm:  

Call opens in February > Access is provided starting September of the same year.
Call opens in September > Access is provided starting March of the next year.

The 6th PRACE Call for Proposals is open from September 18, 2012 and closes October 23. Access will start March 4, 2013. 
Call 7 opens February 13, 2013 and closes March 26, 2013. Access starts September 3, 2013. 

The Partnership for Advanced Computing in Europe (PRACE) is a Research Infrastructure that allows researchers from across Europe 
to apply for time on high-performance computers via a central peer-review process. 

PRACE encourages researchers from across Europe to apply for access to its world class resources for research with potential high European and inter-
national impact.Preparatory Access is intended for resource use required to prepare proposals for Project Access. Applications for Preparatory Access 
are accepted at any time.

For more information:  www.prace-ri.eu/Call-Announcements

SUBSCRIBE to the META magazine?

To see earlier editions and to subscibe to the paper version of the META magazine, please visit:www.notur.no/publications/magazine
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PRACE 
Scientifi c Annual 
Report 2012 

PRACE 
Preparatory 
Access 
PRACE encourages researchers from across 
Europe to apply for access to its world class 
resources for research with potential high European 
and international impact. PRACE resources are 
available through three forms of  access:  Mul-
ti-year Access, Project Access and Preparatory 
Access. Multi-year Access is available to major 
European projects or infrastructures that can 
benefi t from PRACE resources and for which Pro-
ject Access is not appropriate. 

Project Access is intended for individual research-
ers and research groups including multi-national 
research groups and has a one year duration. Calls  
for  Proposals  for  Project  Access  are  issued  twice 
yearly (May and November). Preparatory Access 
is  intended for resource use required to prepare 
proposals for Project Access. Applications for 
Preparatory Access are accepted at any time. 
Preparatory Access requests are only subject to a 
technical evaluation and assessment of the appli-
cations received will be carried out at least every 
two months.

E u r o p e ’ s  s u p e r c o m p u t e r s  –  D r i v i n g  d i s c o v e r y ,  f u e l l i n g  g r o w t h

Scientific Annual Report

Number 1 :  2012

The Norwegian metacenter for computational science

A magazine published by the Notur II project

Advanced data assimilation in oceanography

Exploring atoms in superintense laser fi elds
Modelling marine ecosystems in a changing climate

HEXAGON has a New Brain

The Norwegian metacenter for computational science

Exploring atoms Modelling marine ecosystems in a changing climate
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Number 2 :  2012

The Norwegian metacenter for computational science
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Heat, Sun and Rain - and some Heavy Computing

From 
Sequence to Consequence Computational fl uid dynamics and offshore wind energy

ABEL is able
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Number 3 :  2012

The Norwegian metacenter for computational science

A magazine published by the Notur II project

Putting Semantics in Systems Biology

Enhancing Research Data in Australia
Norwegian Marine Data Centre

NORSTORE - an advanced national infrastructure 
for scientifi c data

SUBSCRIBE 
to the META magazine?
To see earlier editions and to subscibe to 
the paper version of the META magazine, 
please visit:
www.notur.no/publications/magazine
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To see earlier editions and to subscibe to the paper version of the META magazine, please visit:www.notur.no/publications/magazine

At the end of June 2012, the Partnership for 
Advanced Computing in Europe, published its fi rst 
Scientifi c Annual Report. The fi rst edition covers 
a range of topics, including success stories from 
research done on PRACE Tier-0 high performance 
supercomputers, including in-depth information 
about the PRACE Peer Review Process and Calls for 
Proposals, as well as features on HPC resources, 
the PRACE Advanced Training Centres (PATC) and 
the PRACE Awards winners. 

The report is available 
for online reading 
and download on 
www.prace-ri.eu. 
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The Notur II project provides the national e-infrastructure for computational science in Norway

The infrastructure serves individuals  and 
groups involved in education and research 
at Norwegian universities , colleges  and 
research institutes, operational  forecast-
ing and research at the Meteoro logical 
Institute, and other groups who contri bute 

to the funding of the project. Consortium  
partners are UNINETT  Sigma AS, the 
Norwegian  University  of Science and 
Technology  (NTNU), the University of 
Bergen  (UiB), the University of Oslo (UiO) 
and the University of Tromsø (UiT). The 

project is funded in part by the Research 
Council of Norway and in part by the 
consortium  partners.
The Notur project is complemented by  
NorStore, a national infrastructure for 
scientifi c  data.

Upcoming Events
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1st EUDAT conference
22-24 October, 2012
Barcelona, Spain
www.eudat.eu/1st-conference

SuperComuting 2012
10-16 November, 2012 
Salt Lake City, USA
sc12.supercomputing.org

Fifth Swedish Workshop on Multicore Computing
22-23 November, 2012
Stockholm, Sweden
www.ict.kth.se/mcc12

8th HiPEAC conference
21-23 Janury, 2013
Berlin, Germany
www.hipeac.net/conference

EGI Community Forum
8-12 April, 2013
Manchester, United Kingdom
cf2013.egi.eu


