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Disclaimer

This document contains a description of the DRIVER Il project findings, work and products.
Certain parts of it might be under partner Intellectual Property Right (IPR) rules so, prior to
using its content please contact the consortium head for approval.

In case you believe that this document harms in any way IPR held by you as a person or as
a representative of an entity, please do notify us immediately.

The authors of this document have taken any available measure in order for its content to
be accurate, consistent and lawful. However, neither the project co nsortium as a whole nor
the individual partners that implicitly or explicitly participated in the creation and publication
of this document hold any sort of responsibility that might occur as a result of using its

content.

This publication has been produced with the assistance of the European Union. The content
of this publication is the sole responsibility of the DRIVER Il consortium and can in no way
be taken to reflect the views of the European Union.

The European Union is established in accordance with the

Treaty on European Union (Maastricht). There are currently

27 Member States of the Union. It is based on the European

Communities and the member states cooperation in the

fields of Common Foreign and Security Policy and Justice and
Home Affairs. The five main institutions of the European

Union are the European Parliament, the Council of Ministers,
the European Commission, the Court of Justice and the Court
of Auditors. (http://europa.eu.int/)

DRIVERII is a project funded by the European Union
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Executive Summary

This report is part of the Discovery Workpackage (WP4 and is the third report out of four
deliverables. The objective of this report is to give an overview of the latest technical
developments in the world of digital repositories, digital libraries and beyond, in order to
serve as theoretical and practical input for the technical DRIVER developments, especially
those focused on enhanced publications. This report consists of two main parts, one part
focuses on interoperability standards for enhanced publications, the other part consists of
three subchapters, which give a landscape picture of current and surfacing technologies
and communities crucial to DRIVER. These three subchapters contain the GRID, CRIS and
LTP communities and technologies. Every chapter contains a theoretical explanation,
followed by case studies and the outcomes and opportunities for DRIVER in this field.

The outcomes and opportunities for DRIVER are, by chapter:

DRIVER Grid interaction:

1 DRIVER/DNET should be able to interoperate with OGSAbased middleware in order to
support enhanced publications with linkage of grid -based resources.

1 DRIVER/DNET should be ableto interoperate with OGSA-based middleware in order to
exploit grids, by utilizing storage elements for selective replication, and by utilizing
compute elements for heavy computing tasks.

1 DRIVER/DNET should implement functionality and user interfaces for creating and
maintaining enhanced publications.

DRIVERII should follow the evolution of scholarly workbenches.

DRIVERII has to follow the evolution of cloud computing services in order to become
ready to interoperate.

1 DRIVERcould benefit from mediator services providing DRIVERservices with access to
Grid infrastructures. Infrastructures could be either service -oriented or job-oriented,
depending on the functional and computational needs of the DRIVER services. For
example, if DRIVERwill be endowed with services capable of analyzing large quantities
of full-texts (millions) to extract stats or information, the computational needs would go
well beyond those available to individual machines on the DRIVER network and an
interface to the job -oriented grid could solve the problem.

CRIS

1 DRIVERcould very likely benefit from recommending interoperability between the two
information domains, CRIS and digital repositories. Especially through endorsing the
reuse of data, hence providing less work for the researchers that are providing the
content to repositories.

1 DRIVER could provide recommendations for the mapping from common CRIS formats
like CERIR2008 to the formats of the DRIV ER guidelines.

1 CRIS systems often also contain other information objects such as projects, person
(experts, authors), activities (membership of editorial boards, referee, presentations).
The relations between these entities are easily lost when converting from an internal
CRIS format to DRIVER Guidelines. There could be an opportunity to use the enhanced
publication model to represent relations between these entities.

D4.3 1 Technology Watch report 9 0f148



CAPACITIES

1 LTP

1 Repositories that take care of enhanced publications will need to take extra measures
to make these publications ready for long term preservation. Apart from technical
measures, they also need to take organizational steps to solve legal issues, streamline
the information regarding the individual parts of the enhanced publication, determine
the status of the separate parts, ownership etc. Guidelines which provide advice for
these organizational issues and LTP requirements (minimal set of metadata) for
enhanced publications would be worth developing as an integral part of the DRIVER
guidelines for European repositories.

1 The way a digital object is created influences strongly the chances that the digital
object will survive. In contrast to LTP Archives, repository managers can, to a certain
degree, influence these choices. If the repository managers are aware of this by having
a basic knowledge of digital preservation, they can offer better advice to the
researchers. DRIVERcan improve the awareness of repository managers about LTP by
providing best practices and guidelines through the DRIVERsupport site and country
correspondents, as well as by participating in repository or digital library conferences on
LTP, to underline the importance of an efficient LTP strategy for European repositories.

1 The DRIVERcommunity should be aware of the developments in the digital
preservation community to be able to implement the right measures in time, so that
their digital objects will be prepared for long term preservation i n the Long Term
Preservation Archive.

D4.3 1 Technology Watch report 10 of148




CAPACITIES

Interoperability

T

I n the category of Opackagesd6 or o6enveld
publication, many formats like DIDL, ODF, METS and IMSCP are wide-spread in the
digital library world, the scientific and e -learning fields. DRIVERshould ensure these
formats, when containing E P ,Gai® interoperable or harvestable by DRIVER

Open formats such as ODF and OOXML enable services to open up access to structured
content (as opposed to PDF) which can be reused by a range of other services,

including aggregators such as DRIVER Open formats also guarantee long-term
accessibility.

Given the ongoing controversy surrounding OOXML,DRIVERshould adopt an approach
that is capable of using both ODF and OOXML.

In the category of overlays and feeds as ways to describe and structure E P ,6CAI-ORE
is an asset for DRIVER Preliminary assessment of results so far suggests that ReMs
may be useful for many applications. Because the uptake of OAI-ORE in the repository
and digital library community is quite big, and the DRIVERdemonstrator for E P éises
ORE as a technology, it can be predicted that OAFORE will become one of the leading
technologies used within DRIVERto tackle E P.6 s

SWAP is a good format for describing E P ,§/et it has not been adopted eno ugh for
DRIVERto take it into account.

The new W3C standard POWDER, lesser known in the repository community, might be
a viable alternative for ORE when the aggregations are of a very dynamic nature or
can't be simply enumerated.

It is important for DRIVERto follow up on Microformats developments as it allows for
easy extraction of references from web pages: by editing the repository HTML page and
adding semantic annotations as Microformats, DRIVERharvesters would get machine-
readable access to binary content streams. The existing Dublin Core records could be
used to expose the available publications. Where following the DC:identifier link and
parsing the resulting webpage for Microformat would provide the data streams
themselves.

When it comes to Web services, both ROA and SOAbased protocols have benefits for
DRIVER it is important for DRIVERto keep up-to-date with developments in the field,
because DRIVERIs using different protocols for different tasks. Because ROA is dynamic
and easy to use and implement, it has a large (end) user base: DRIVERuses ROA
protocols for dealing with external partners. SOA allows more control over the software
components and is more popular as an industry standard: DRIVERuses SOAbased
protocols for internal procedures. A balanced use of both ROA and SOAbased protocols
can be beneficial but it has to be monitored and checked against new evolutions in web

services.

D4.3 1 Technology Watch report 11 of148
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1 Introduction

1.1 Background and synergies with other DRIVER-II deliverables

DRIVERII focuses on the aggregation and harvesting of enhanced publications throughout
European digital repositories. Whereas the focus of DRIVERI was on purely textual

publications, in DRIVERII, so-c al | ed &6 en h an c(eHP, gukidlio tontainantanyo n s 6

more data formats, will be integrated into the DRIVERInfrastructure. WP4, the Discovery
Workpackage, looks into data models and theoretical frameworks for enhanced
publications, and builds an EP demonstrator. For continuity within WP4 and DRIVERII in
general, this report uses the same definition for enhanced publications as D4.1
(Woutersen-Windhouwers and Brandsma, 2008:27), in the Report on enhanced
publications state-of-the-art.

An enhanced publication is a publication which is enhanced with research data, extra
materials, post publication data, database records, and has an object-based structure with
explicit links between the objects. An object can be (part of) an article, a data set, an
image, a movie, a comment, a module or a link to information in a database .

The authors of this report are fully aware of recent developments in which datasets without
an underlying textual publication have been published as journal articles, hence the above
definition of an EP has already changed. Still, because this report needs a workable
definition that fits the goals and objectives of DRIVER-I | in which EPS
have a textual basis, the choice was made to use the above definition throu ghout this WP4
report.

In order to be able to exchange enhanced publications, more specific attention is needed in
order to make DRIVER compatible with current upcoming standards, communities and
technologies. The Technology Watch Report serves as a usefu instrument for D-NET
developers and the broader repository community: it is an overview of the new metadata

and repository standards as well as the lively communities that use and develop them. Of
extra purpose to DRIVERII, it delivers opportunities for DRIVER by evaluating the case
studies.

This Technology Watch Report consists of two main parts: New Technologies and
Communities, and Interoperability. The New Technologies and Communities part contains
three chapters: one on the Grid computing community, one on long-term preservation
(LTP) strategies and projects, and one on the European CRIS community. Originally, the
DRIVER Il-description of work stated that, apart from Interoperability, only the subjects
Grid-interaction and Long Term Preservation had to be tackled. CRIS was nevertheless
deemed a very important community for DRIVER as well, because of its similarity to
DRIVER: CRISsystems are based in research institutions and national administrations, and
should evolve into a Europeanwide e-infrastructure. Of course, there are differences
between the repository (publications) and CRIS (research information) communities, but
just like Grid computing and LTP, the CRIS community is a related, pan-European
community, which deserves a place alongside the other chapters in this Technology Watch
Report.

The other part of the report, Interoperability, deals with the new standards, formats and
evolutions in the repository world and beyond, all related to the dissemination and
interoperability of enhanced publications. Forthcoming D-NET developments will need to be

D4.3 1 Technology Watch report 12 of148
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interoperable with many of these emerging standards because they are being used to
disseminate enhanced publications.

These two parts together constitute the Technology Watch Report (Deliverable 4.3, WP 4,
Discovery), and will be bundled with deliverables D4.1, the Report on Enhanced
Publications state-of-the art, and D4.2, the Report on Object models and Functionalities All
these deliverables will be published and disseminated alike, and they use, as much as
possible, the same terminology.

The outcomes of the case studies have been discussed during a workshop in Bielefeld with
the technical DRIVER partners, who were already passively involved in the content
selection and editing of the whole report. The report itself will be presented at relevant
technical repository and digital library workshops throughout Europe*.

1.2 Targeted audience

All the DRIVER partners, including consortium, network and strategic partners (as
described in D2.1, the European Network Plan, PetersSchmidt: 76) and the global
repository community, as well as related communities in the digital library and scientific
communication world.

1.3 Methodology

Every chapter of this report describes an emerging standard, a relevant community or
platform, and follows a three -tiered approach: an introduction and theoretical framework
explains and defines the technology or community in a DRIVERII context, which is
followed by case studies and projects which have implemented these standards or
technologies, in order to evaluate the relevance and quality for DRIVER. The last part of
every chapter always contains the outcomes for DRIVERII, and serves as input for the
technical team.

1.4 Partners and contributors

DRIVER partner DTU (Denmark) is in charge of both the DRIVER-Grid interaction chapter

(author Gert Schmeltz Pedersen) and the DRIVERCRIS chapter (author Mikael Karstens
Elbaek). SURF (NL), UGent (BE) and UKOLN (UK) are partners for the interoperability
chapter (authors Maurice Vanderfeesten, Rosemary Russell, Patrick Hochstenbach and
Karen Van Godtsenhoven), and KB, the Dutch Royal Library, is responsible for the long

term preservation chapter (author Barbara Sierman). The expertise of many partners is

hence combined, under the auspices of reviewing partners from UniBi (Wolfram

Horstmann, Friedrich Summann), ICM (Wojtek Sylwestrzak), UGent (Peter Reyniers) and
CNR (Paolo Manghi). Because nearly ten authors have written contributions for this report,

the chapters all follow their own interpreta tion of the general three -tiered structure.

Although general style and references are respected, it is inevitable that some differences

persist.

! The Interoperability chapter has been presented at the JISC-funded SUETR Interoperability
Workshop at the London School of Economics, December ¢', 2008.

http://www.ukoln.ac.uk/events/suetr -2008/ (last accessed on December 3°, 2008)
D4.37 Technology Watch report 13 0f148
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2 New technologies and Communities

2.1 Introduction

This first part of the Technology Watch Report, consists of three chapters, each describing
an upcoming or established community or technology relevant to DRIVER-II.

Although Grid computing, CRIS systems and Long Term Preservation strategies are
completely different from each other, their commonality is that they all have a European
community of users and developers, mostly situated in digital libraries and information
science. Hence, there is an overlap between the professionals working in these fields and
the DRIVERII community. The three communities (CRIS-LTP-Grid) are of interest to the
DRIVERII community, because the DRIVER infrastructure profits and builds on the
infrastructures and services offered by these communities. For example, DRIVERII can
harvest CRISdata or enhance CRISdata with publication data, whilst using computational
power offered by the Géant2’ net wor k ( Grid computing), and
archives for long term preservation. This is just an example of how these four communi ties
are complimentary to each other.

2.2 GRID

2.2.1 Introduction

Some Grid expertise and experience is already present in DRIVER II, hence the objective of
this chapter is to provide a basis for further decisions, so that the involved partners will
have a common picture in mind.

The content of this chapter is based on a survey of web-based literature, including
Wikipedia® and Gridipedia’, and participat i Digital Repositorleei s e mi
Interoperability Using Grid Technologie® at t he Op econfe@nce GGFE3qJune m

2008). Thi s semiSiaterof-the-adt Afand f ut Wseecase stesdied nsandAn
fKey horizontal issue® as its key subjects. Observations

9 Listen to the users! But, do not expect them to be t he least interested in grid
technology nor in digital repository technology.

i Standardization activities performed by OGF Open Grid Forum, resulting in the
OGSA Open Grid Services Architecture recommendations are fundamental Drivers
of grid technology.

1 Grid technology is very complicated and therefore very far from being directly
applicable by the majority of its intended user communities.

1 Cloud computing is an emerging approach to shared infrastructures, which has a lot
in common with grid computing , but with less complexity for users.

1 The EGEE prgect with the middleware gLite and the Diligent and D4Science
projects with the middleware gCube are success stories despite complexity.

2 http://www.geant2.net _ (last accesson November 20th, 2008)
3 http://en.wikipedia.org/w/index.php?title=Grid_computing _ (last accesson November 20th, 2008)
* http://www.gridipedia.eu_ (last accesson November 20th, 2008)

® http://www.ogf.ora/af/event_schedule/index.php?id=1265 (last accesson November 20th, 2008)
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Because of the success story of the EGEE DILIGENT and D4Sciencé projects, these will

receive particular focus in the following sections. Furthermore, the DRIVERI | AfReport
enhanced publications: state of theNER1DON from
June 20" , 2008 were also used as input for this chapter.

The chapter starts with an overview of standards and technologies (section 2.2.2), selected
as the Grid activities that are deemed most relevant for DRIVER-Il. These are the
standardization activities performed by OGF, the Open Grid Forum and published as OGSA,
Open Grid Services Architecturerecommendations, and by OASIS, published as WSRF, Web
Services Resource Framework. Next, Grid softwaretechnology is described, in particular
middleware and Grid application development software. Also, emerging cloud computing is
described. The scope of the chapter excludes description of more general software
technologies, such as Shibboleth and CAS for security.

The theoretical approach from the first section will be put in practice in section 2.2.3, which
describes use casesof running Grids, in particular EGEE. The third part of this chapter
focuses on the evaluation of the importance of the European Grid in the light of DRIVER-II,
on which the outcomes for the last section are based.

2.2.2 Theory

The definition of Grid computing, according to the Open Grid Services ArchitectureGlossary
of Terms Version 1.6 (Treadwell, 2007):

A grid is a system that is concerned with the integration, virtualization, and
management of servicesand resourcesin a distributed, heterogeneous environment
that supports collections of users and resources (virtual organizations) across
traditional administrative and organizational domains (real organizations).

The complexity of Grid computing is obvious from this definition, which gives a good
indication of the mixture of virtual and real organizations in a distributed environment.
Based on this definition, the following concepts and projects situate grid computing further.

2221 OGSA: Open Grid Ser vices Architecture

The Open Grid Forum (OGF) has embraced the Open Grid Services Architectur OGSAY as

the blueprint for standards-based grid computing. A Opend refers to the p
develop standards that achievei nt er operabi |l i ty. AGrido is con
virtualization, and management of services and resources in a distributed, heterogeneous
environment . -olrti ein®caueaiedeliwarscfienctionality as loosely coupled,

interacting services aligned with industry-accepted web service standards. The
Aarchitectured defines the component s,desigheir
philosophy used.

OGSA repesents an evolution towards a Grid system architecture based on web services
concepts and technologies. Version 1.5 (Foster ef al, 2006) defines a set of core
capabilities and behaviors that address key concerns in Grid systems. These concerns
include such isswes as: How do | establish identity and negotiate authentication? How is
policy expressed and negotiated? How do | discover services? How do | negotiate and
monitor service level agreements? How do | manage membership of, and communication

® http://www.eu -egee.org (last accesson November 20th, 2008)
" http://www.diligentproject.org _ (last accesson November 20th, 2008)
8 http://www.d4science.eu (last accesson November 20th, 2008)

® http://www.globus.org/ogsa_ (last access on November 20th, 2008)
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within, virtual o rganizations? How do | organize service collections hierarchically so as to
deliver reliable and scalable service semantics? How do | integrate data resources into
computations? How do | monitor and manage collections of services?

The definition of OGSA 1.5 is driven by a set of functional and non-functional requirements,
which themselves are informed by use cases see examplesin Table 1. The use cases cover

infrastructure and application scenarios for both commercial and scientific areas.

Table 1 Some OGSA Use Cases

Use case

Summary

Commercial Data
Center (CDC)

Data centers will have to manage thousands of IT resources,
including servers, storage, and networks, while reducing
management costs and increasing resource utilization.

Severe Storm
Modeling

Enable accurate prediction of the exact location of severe
storms based on a combination of real-time wide area
weather instrumentation and large -scale simulation coupled
with data modelling.

Online Media and
Entertainment

Delivering an entertainment experience, either for
consumption or interaction.

National Fusion
Collaboratory (NFC)

Defines a virtual organization devoted to fusion research and
addresses the needs of software developed and executed by
this community based on the application service provider
(ASP) model.

Service-Based
Distributed Query
Processing

A service-based distributed query processor supporting the
evaluation of queries expressed in a declarative language
over one or more existing services.

Grid Workflow

Workflow is a convenient way of constructing new services by
composing existing services. A new service can be created
and used by registering a workflow definition to a workflow
engine.

Grid Resource Reseller

Inserting a supply chain between the Grid resource owners
and end users will allow the resource owners to concentrate
on their core competences, while end users can purchase
resources bundled into attractive packages by the reseller.

Inter Grid

Extends the CDC use case by emphasizing the plethora of
applications that are not Grid-enabled and are difficult to
change: e.g. mixed Grid and non-Grid data centers, and Grids
across multiple companies. Also brings into view generic
concepts of utility computing.

Interactive Grids

Compared to the online media use case, this use case
emphasizes a high granularity of distributed execution.

Grid Lite

Extends the use of grids to small devicesd PDAs, cell phones,
firewalls, etc.d and identifies a set of essential services that
enable the device to be part of a g rid environment.
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Virtual Organization A VO gives its members access to various computational,
(VO) Grid Portal instrument-based data and other types of resources. A Grid
portal provides an end-user view of the collected resources
available to the members of the VO.

Persistent Archive Preservation environments handle technology evolution by
providing appropriate abstraction layers to manage mappings
between old and new protocols, software and hardware
systems, while maintaining authentic records.

Mutual Authorization Refines the CDC and NFC use cases byntroducing the
additional requirement of the job submitter authorizing the
resource on which the job will eventually execute.

Resource Usage Facilitates the mediation of resource usage metrics produced
Service by applications, middleware, operating systems, and physical
(compute and network) resources in a distributed,
heterogeneous environment.

OGSA must enable interoperability between diverse, heterogeneous, and distributed
resources and services as well as reduce the complexity of administering heterogeneous
systems. Moreover, many functions required in distributed environments, such as security
and resource management, may already be implemented by stable and reliable legacy
systems. It will rarely be feasible to replace such (old) legacy systems; instead, they must
be integrated into the Grid.

The need to support heterogeneous systems leads to requirements that include the
following:

1 Resource virtualization. Essential to reduce the complexity of managing heterogeneous
systems and to handle diverse resources in a unified way.

1 Common management capabilities Simplifying administration of a heterogeneous
system requires mechanisms for uniform and consistent management of resources. A
minimum set of common manageability capabilities is required.

1 Resource discovery and query. Mechanisms are required for discovering resources with
desired attributes and for retrieving their properties. Discovery and query should
handle a highly dynamic and heterogeneous system.

1 Standard protocols and schemas. Import ant for interoperability. In addition, standard
protocols are also particularly important as their use can simplify the transition to
using Grids.

1 Global name space.To ease data and resource access. OGSA entities should be able
to access other OGSA entites transparently, subject to security constraints, without
regard to location or replication.

1 Metadata services Important for finding, invoking, and tracking entities. It should be
possible to allow for access to and propagation, aggregation, and management of
entity metadata across administrative domains.

1 Site autonomy. Mechanisms are required for accessing resources across sites while
respecting local control and policy.

D4.3 1 Technology Watch report 17 of148
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1 Resource usage data. Mechanisms and standard schemas for collecting and
exchanging resource usage (i.e., consumption) data across organizationsd for the
purpose of accounting, billing, etc.

T Support for various job types. Execution of various types of jobs must be supported
including simple jobs and complex jobs such as workflow and composite services.

1 Job management. It is essential to be able to manage jobs during their entire
lifetimes. Jobs must support manageability interfaces and these interfaces must work
with various types of groupings of jobs (e.g. workflows, job arrays). Mechanisms are
also required for controlling the execution of individual job steps as well as
orchestration or choreography services.

1 Scheduling. The ability to schedule and execute jobs based on such information as
specified priority and current allocation of resources is required. It is also required to
realize mechanisms for scheduling across administrative domains, using multiple
schedulers.

1 Resource provisioning. To automate the complicated process of resource allocation,
deployment, and configuration. It must be possible to deploy the required applications
and data to resources and configure them automatically, if necessary deploying and
re-configuring hosting environments such as OS and middleware to prepare the
environment needed for job execution. It m ust be possible to provision any type of
resource, not just compute resources, but, for example, network or data resources.

The OGSAservices framework is shown in Figure 1. In the figure , cylinders represent
individual services. The services are built on web service standards, with semantics,
additions, extensions and modifications that are relevant to grids.

Execution Data
Security * Storage Mgmt.
= Authentication _H n “Tﬁﬂt * Transport
= Authorization . wmu rl:ﬂﬁnnw" g * Replica Mgmt.

* Policy

implemeantation * Work managers

R
* Virtualization

+ Management
. optlmgl:atlun * Configuration

+ Deployment
« Dptimization

mttg%ﬁgmm

* Required interfaces
supported by all services

Figure 1 The OGSA Services Framework
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The OGSA Roadmap(Jordan and Kishimoto, 2008) provides an overview of the many
interrelated recommendations and informational documents being produced by the OGSA
and related working groups.

OGSA softwareadheres to OGSA normatve specifications and profiles, and thus enables
customers to deploy Grid solutions that interoperate even when based on different open -
source or commercials of t war e vendorso i mplementations.

Figure 2 shows the structure of whole OGSA documents, especially the relationship among
high-level informational documents, profiles, and actual normative specifications.

Base document

OGSA
Use Case

e

and |

guide -.,\_:_It_j Service -/ Guidelines
’ Description feedback = -

| Infamational | i P __] \ . DF“ﬁ Il:i - -

:;‘n?‘"“ |’/ Iconsistent RN Sl

FProposed _ N = —
recommendation guide x\r [Candidate Profile “,{; Modeling
V = ~| guidelines
Profile e
OGSA WG documents o~ N \ ‘.,:’"
RO Ao M. S—— I
Documents produced E/Eill Info tio
by other OGF WGs I —_— rTF. n
or other SDOs Actual mede’=
specs

Figure 2 OGSA documents and their structure

The Open Grid Services Infrastructure (OGSI) is related to OGSA, as it was originally

intended to form the basic fpl wopbrseded by WSRFy er f
and WS-Management

GridForge'® represents the main collaboration toolkit used by the OGF community, to share
documents and meeting materials, and to collaboratively work on OGF standards.

2222 Web Services Resource Framework (WSRF)

The purpose of the Web Services Resource Framework' (WSRP is to define a generic
framework for modelling and accessing persistent resources usingweb services sothat the
definition and implementation of a service and the integration and management of multiple
services is made easier.

The OASIS organization has developed five specifications for WSRF, i.e.WS-Resource WS
ResourceProperties WS ResourceLifetime WS-ServiceGoup, and WSBaseFaults Taken
together and with the WS-Notification specification, these specifications facilitate
implementation of OGSA capabilities using web services.

WSRFis seen asthe real interoperability platform for Grid middleware.

19 http://forge.ogf.org/sf/sfmain/do/home _ (last access on November 20th, 2008)

M http://www.oasis -open.org/committees/tc_home.php?wg_abbrev=wsrf (last access on November
20th, 2008)
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2223 Grid Midd leware

Grid middleware is software that is layered between the application software and the
underlying hardware and its software services, see Table 2.

Table 2 Grid middleware

Name Description

gLite' LightWeight Middleware for Grid Computing.

The gLite distribution is an integrated set of components designed to
enable resource sharing. In other words, thi s is middleware for building a
Grid.

The gLite middleware is produced by the EGEEproject. In addition to
code developed within the project, the gLite distribution pulls together
contributions from many other projects, including LCG The distribution
model is to construct different services ('node -types') from these
components and then ensure easy installation and configuration on the
chosen platforms (currently Scientific Linux versions 3 and 4).

gLite middleware is currently deployed on hundreds of sites as part of the
EGEEproject and enables global science in a number of disciplines,
notably serving the LCGproject.

gCube* gCube enables scientists to declaratively and dynamicaly build transient
Virtual Research Environments --VREs- by aggregating and deploying
on-demand content resources, application services, and computing
resources. It also monitors the shared resources during the VREs lifetime
guaranteeing their optimal allocation and exploitation. Finally, it provides
mechanisms to easily create VREsdedicated web portals through which
scientists can access their content and services.

The gCube system is realised as a service oriented framework canposed
of a set of interacting services providing:

9 support for the creation and operation of on -demand, transient
virtual research environment;

i features necessary for handling shared content and application
resources;

9 access to information sources and apgications provided by third-
parties;

9 aset of typical DL functions, like search, annotation,
personalisation, document visualisation.

These services are designed to exploit the gLite middleware and are
capable to consume the high computational and storage capabilities of
the Grid infrastructure released by the EGEE project Thus, gCube
services support complex and time consuming functionalities, while

12 hitp://glite.web.cern.ch/glite _ (last access on November 20th, 2008)

13 http://www.gcube -system.org (last access on November 20th, 2008)
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focusing on optimizing resource usage and satisfying QoS contracts
gCube exploits WSRF together withWS-Natification, WS-Addressing, and

WS-Security.
Globus The open source Globu$’ Toolkit is a fundamental enabling technology
Toolkit** for the Grid, letting people share computing power, databases, and other

tools securely online across corporate, institutional, and geographic
boundaries without sacrificing local autonomy. The toolkit includes
software services and libraries for resource monitoring, discovery, and
management, plus security and file management. In addition to being a
central part of science and engineering projects that total nearly a half -
billion dollars internationally, the Globus Toolkit is a substrate on which
leading IT companies are building significant commercial Grid products.

The toolkit includes software for security, information infrastructure,
resource management, data management, communication, fault
detection, and portability. It is packaged as a set of components that can
be used either independently or together to develop applications. Every
organization has unique modes of operation, and collaboration between
multiple organizations is hindered by incompatibility of resources such as
data archives, computers, and networks. The Globus Toolkit was
conceived to remove obstacles that prevent seamless collaboration. Its
core services, interfaces and protocols allow users to access remote
resources as if they were located within their own machine room while
simultaneously preserving local control over who can use resources and
when.

The Globus Toolkit 4.0 and later versions provide an open source WSRF
development kit and a set of WSRF services.

UNICORE® UNICORE (Uniform Interface to Computing Resources) offers a readyto-
run Grid system including client and server software.

UNICORE has special characteristics that make it unique among Grid
middleware systems. The UNICORE design is based on several guidig
principles, that serve as key objectives for further enhancements.

Abstraction: UNICORE users need not know details about the system that
they use. UNICORE provides abstractions for concepts such as application
software and storage locations. Thus, UNICORE allows seamless access
to heterogenous environments.

Security: UNICORE offers strong security based on industry standards
such as the X.509 PKI. Communication over the internet is protected by
mutual authentication. The UNICORE security conceptincludes Explicit
Trust Delegation (Snelling et a/., 2004) and novel VO management based
on XSAML®.

Site autonomy: when making resources available on the Grid,

14 http://www.globus.org/toolkit  (last access on November 20th, 2008)
15 http://www.unicore.eu  (last access on November 20th, 2008)
18 http://sourceforge.net/project/showfiles.php?group_id=159 625&package_id=211108 (last access

on November 20th, 2008)
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administrators keep fine-grained control about their resources. Local
policies are respected.

Ease ofuse. A powerful GUI client covers the most common usage
scenarios, such as application execution and multistep, multi-site

workflows.

UNICORE 6 is using WSRF and can be considered as fully compliant with

WSRF.
ARC’ - ARC provides a reliable implementation of the fundamental Grid services,
Advanced such as information services, resource discovery and monitoring, job
Resource submission and management, brokering and data management and
Connecta resource management. The middleware builds upon standard Open

Source solutions like the OpenLDAR OpenSSl,. SASLand Globus Toolkit®
(GT) libraries. ARC is much more than a Globus Toolkiti it is an out-of-
the-box Grid solution that offers its own services built upon the GT
libraries.

The ARC middleware is deloyed and used in the NorduGrid production
environment.

Y http://www.nordugrid.org/middleware _ (last access on November 20th, 2008)
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2.2.24 Gridffication/ Grid  -enabling of Applications

Software and/or methods for the construction of applications that may run on a Grid, see
Table 3.

Table 3 Gridification / Grid-enabling of applications

Name Description

g-Eclipse'® The g-Eclipse project aims to build an integrated workbench framework
to access the power of existing Grid infrastructures. The framework will
be built on top of the reliable eco -system of the Eclipse community to
enable a sustainable development. The framework will provide tools to
customize Grid users' applications, to manage Grid resources and to
support the development cycle of new Grid applications. Therefore,
already existing tools (such as the Migrating Desktop, the GridBench
suite, and the Grid Visualisation Kernel (GVK)) will be integrated.

The project will aim for general Grid workbench tools that can be
extended for many different Grid middlewares (such as gLite, UNICORE,
Globus toolkit), starting with implementations for the gLite middleware.

GRID GRID superscalar is a new programming paradigm for Grid-enabling
superscalar®® applications, composed of an interface and a run-time. With GRID
superscalar, a sequential application composed of tasks of a certain
granularity is automatically converted into a parallel application where the
tasks are executed in different servers of a computational Grid.

The aim of GRID superscalar is to reduce the development complexity of
grid applications to a minimum, in such a way that writing an application
for a computational grid may be as easy as writing a sequential
application.

Intel ds |Intel ds Grid Programming Environit
Programming demonstrator that provides a full Grid software stack ready to be used

Environment®® | out-of-the-box. It enables the development of Gridi enabled applications
that are independent of the underlying Grid middleware, and includes

powerful graphical user interfaces for Grid experts, administrators and

end users.

2225 Cloud Computing

Cloud computing is an emerging approach to shared infrastructure in which large pools of
systems are linked together to provide IT services. A specific example is Amazon EC2
Elastic Compute Cloud.

Amazon EC2's web service interface allows to obtain and configure capacity, scaihg up and
down as computing requirements change, paying only for capacity used. Amazon EC2

18 http://www.eclipse.org/geclipse  (last access on November 20th, 2008)
19 http://www.bsc.es/plantillaG.php?cat_id=69 (last accesson November 20th, 2008)
% See Intel (2006), in references (Grid section)

2 hitp://www.amazon.com/gp/browse.html?node=3435361 (last access on November 20th, 2008)
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provides developers the tools to upload custom Amazon Machine Image (AMI) into Amazon
S3, Simple Storage Service manage access permissions, and runthe image using as many
or few systems as desired.

A comparative study of grids and clouds (Bégin et al., 2008) was presented at OGF23
(Bégin, 2008). Clouds and Grids do have a lot in common, but there are differences. One

important difference being that Grids are typically used for job execution (i.e. limited

duration execution of a programme, often as part of a larger set of jobs, consuming or
producing all together a significant amount of data). Clouds are more often used to support
long-serving services. Users are gaining confidence in the cloud services and are now
outsourcing production services and part of their IT infrastructure to cloud pro viders such
as Amazon. Grids provide higherlevel services that are not covered by clouds; services
enabling complex distributed scientific collaborations (i.e. virtual organisations) in order to
share computing, data and ultimately scientific discoveries.

A related development is the Google App Enginé?, also called Google Cloud. Computing
infrastructure is rapidly turning into a utility and Google App Engine is yet another example
of this.

2.2.3 Case studies
2231 EGEE/EGEE-Il

Enabling Grids for E-scienckE (EGEI is the largest multi-disciplinary Grid infrastructure in
the world, which brings together more than 120 organisations to produce a reliable and
scalable computing resource available to the European and global research community.

EGEE is providing a production quality Grid infrastructure spanning about 50 countries with
over 250 sites to a myriad of applications from various scientific domains, including Earth
Sciences, High Energy Physics, Bioinformatics and Astrophysics.

The EGEE Grid infrastructure consists of a set of middleware services deployed on a
worldwide collection of computational resources. The EGEE project provides three services
to users:

9 Production Service: This is the largest Grid infrastructure provided by E GEE. It runs
the latest stable version of the gLite middleware. This is the preferred service for
large-scale, production use of the Grid.

1 Preproduction Service: This service consists of a limited number of sites running a
preview of the next release of the gLite software. This should be used to test
existing applications against the new release and to understand new gLite services.

1 GILDA tinfrastructure : This is a Grid which runs the entire gLite software stack in
parallel to the Production and Preproduction Services. It is used to demonstrate
EGEE grid technologyand to support training courses.

2232 DILIGENT

The main objective of DILIGENT has been to create an advanced testbed for knowledge e-
Infrastructure that will enable members of dynam ic virtual e-Science organisations to
access shared knowledge and to collaborate in a secure, coordinated, dynamic and cost
effective way. This e-Infrastructure has been built by integrating Grid and digital library
technology. The merging of these two for ms of technology has opened the way to a new

2 hitp://appengine.google.com (last access on November 20th, 2008)
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generation of e-Science knowledge elnfrastructures able to provide powerful environments
for research and industrial applications.

DILIGENT has released the gCube system version 1.0, which is the foundation
infrastructure on which DILIGENT will provide on-demand digital libraries to dynamic virtual
organizations by exploiting the hi gh-computing capacities of the Grid.

From a logical point of view, the gCube system is organised in layers, see Figure 3.
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Figure 3 gCube system layers
The Collective Layer

The Collective Layer enhances existing Grid cdlective services with the functionalities able
to support the complex services interactions required by the Digital Library Layer. The
Collective Layer contains services that are not associated with any one specific resource but
are rather global in natur e and manage interactions across collections of resources.

The Digital Library Layer

The Digital Library Layer selects, integrates and enhances a set of reliable and dependable
production-quality services, developed in digital library projects and applications, in order to
cover the fundamental functionalities required for any virtual research environment in the
e-knowledge area. The services of this layer provide submission, indexing and discovery of
mixed-media objects (documents, videos, images, environmental data, etc.), and the
management and processing of these objects through annotation, composition, cooperative
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editing, etc. It also supports the dynamic creation and access to transient virtual research
environment.

The Application Specific  Layer

The Application Specific Layer contains application specific services. Thirdparty providers
are enabled to migrate their data or functional components to the ¢gCube framework.
Specifications are being produced that facilitate the plug-in of legacy components needed
to support user-specffic scenarios and enable the reuse of existing content and

applications.

2.2.3.3 DRIVER -related Grid activities

Table 4 lists DRIVERrelated Grid activities that may be interesting for this study, and which
were not already covered in the sections above. It states their relevance for DRIVER-Grid
interaction and mentions involvement of DRIVER partners in the activities.

Table 4 DRIVERrelated Grid activities (Sorted by activity name)

Activity name Activity type Activity title or DRIVER Relevance
description Partner(s) for DRIVER -
involved Grid
interaction
BEInGRIB® FP6 project Business Experiments in | CNR, NKUA | Examples in
GRID many
application
areas
BELIEFII** FP7 project Bringing Eur CNR,NKUA | Example of a
elLectronic digital library
Infrastructures to using GEANT
Expanding Frontiers
Chemomentum | FF6 project Grid Services based ICM Example of
25 Environment to enable service
Innovative Research development
CoreGRID® FP6 Network of | The European Research | CNR Knowledge
Excellence Network on about
Foundations, Software development
Infrastructures and of next
Applications for large generation
scale distributed, GRID grid
and Peerto-Peer middleware
Technologies
D4Sciencé’ FP7 project DI stributed CNR,NKUA | Closely
colLaboratories related, may
| nfrastructure on Grid be attached

% http://www.beingrid.eu  (last access on November 20th, 2008)

4 hitp://www.beliefproject.org _ (last access on November 20th, 2008)

% http://www.chemomentum.org/c9m _ (last access on November 20th, 2008)

2 hitp://www.coregrid.net_ (last access on November 20th, 2008)

27 http:/lwww.d4science.eu (last access on November 20th, 2008)
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ENabled Technology 4
Science

as advanced
DR

DARIAH?® FP7 project Digital Research UGOE Should be
Infrastructure for the followed as
Arts and Humanities example
The digital research within .
infrastructure will humanities
integrate grid
middleware with user
facing tools to support
e-research and e-
learning activities.
DEISA/ FP6+7 projects Distributed European CNRS Example Qid
DEISAZ® Infrastructure for
Supercomputing
Applications
D-Grid® National Developing a Examples in
initiative to distributed, integrated many
establish a grid resource platform for application
infrastructure for | high-performance areas
Germany computing and related
services.
DReSNet* EPSRC project, | Digital Repositories in e- Should be
Engineering and Science Network followed
Physical Sciences| The proposed Network
Research is motivated by the
Council potential for synergy
The UK between two fields of
Government's technology and
leading funding | technique, e-Science
agency for and Digital Repositories,
research and and the benefits that
training in will be obtained by
engineering and | increasing interaction
the physical and cooperation
sciences between researchers
and practitioners in
these fields.
e-SciDR? FP6 study e-SciDR is a study to The study
drive forward the aims to

2 hitp://www.dariah.eu_ (last access on November 20th, 2008)

2 hitp://www.deisa.eu (last access on November 20th, 2008)

% http://www.d -grid.de (last access on November 20th, 2008)

31 http://www.dresnet.net  (last access on November 20th, 2008)

32 hitp://www.e -scidr.eu (last access on November 20th, 2008)
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development and use of provide the
digital repositories in the European
EU in all areas of Commission
science, from the with an
humanities to the earth overview of
sciences. the situation
in Europe
EGI_DS® FP7 project European Grid Initiative | CNRS Evaluating
(EGI) Design Study use cases
Towards a sustainable
production Grid
infrastructure
GEANTZ* GEANT2 isco- GEANTZ2is the seventh Used by
funded by the generation of pan- EGEHE, see
European European research and 231
Commission and | education network,
Europe's national | successor to the pan-
research and European multi-gigabit
education research network
networks. GEANT.
The GEANT2 network
connects 34 countries
through 30 national
research and education
networks
Health-e-Child®® An integrated platform NKUA Example
for European paediatrics application
based on a Grid-enabled
network of leading
clinical centres
KnowARC*® FP6 project Grid-enabled Know-how Should be
Sharing Technology followed

Based on ARC Services
and Open Standards.

The KnowARC project
aspires to improve and
extend the existing
state-of-the-art
technology found in the
Advanced Resource
Connector (ARC)
middleware, which

% http://web.eu -egi.eu (last access on November 20th, 2008)

3 http://www.geant2.net_ (last access on November 20th, 2008)

% http://www.health -e-child.org (last access on November 20th, 2008)

% http://www.knowarc.eu (last access on November 20th, 2008)
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provides a set of
reliable, robust, non-
intrusive, well-tested
core services.

NextGRID" FP6 project Architecture for Next CNR, NKUA | Architectural
Generation Grids input
NGG® FP6Next "Future for European CNR, NKUA | Vision and
Generation Grid | Grids: GRIDs and research
(NGG) Expert Service Oriented directions
Group Knowledge Utilities",
January 2006, outlines
vision and research
directions 2010 and
beyond
Nordic Data The Nordic Data | The motivation for May provide
Grid Facility, Grid Facility, NDGEF is to ensure that example Grid
NDGE® NDGF, is a researchers in the services
collaboration Nordic countries can
between the create and participate in
Nordic contries computational
(Denmark, challenges of scope and
Finland, Norway, | size unreachable for the
Sweden). national research groups
alone.
NDGF is aproduction
grid facility that
leverages existing,
national computational
resources and grid
infrastructures.
Currently, several Nordic
resources are accessible
with ARC and gLite grid-
middleware, some sites
with both.
NorduGrid* NorduGridisa | The aim of the ARC
Grid Research NorduGrid collaboration middleware is
and is to deliver a robust, a candidate
Development scalable, portable and for
collaboration fully featured solution interaction

for a global
computational and data

37 http://www.nextgrid.org  (last access on November 20th, 2008)

3 http://cordis.europa.eu/ist/grids/ngg.htm _ (last access on November 20th, 2008)

39 http://www.ndgf.org/ndgfweb/home.html

“0 http://www.nordugrid.org  (last access on November 20th, 2008)

D4.3 1 Technology Watch report

(last access on November 20th, 2008)

29 of148



http://www.nextgrid.org/
http://cordis.europa.eu/ist/grids/ngg.htm
http://www.ndgf.org/ndgfweb/home.html

CAPACITIES

Grid system. NorduGrid
develops and deploys
the ARC middlewae.

OMII-Europe™

FP6 project

OMIl = Open
Middleware
Infrastructure
Institute

OMII-Europe will
develop a repository of
quality-assured Grid
services running on
existing major Grid
infrastructures. The
OMII-Europe goals are
interoperability, quality -
assurance and to
establish itself as an
impartial broker, giving
advice on
heterogeneous Grid
solutions.

May develop
relevant
services

TextGrid*

Project
part of D-Grid

Modular platform for
collaborative textual
editing

- a community Grid for
the humanities

UGOE

example

UniGrids®?

FP6 project

Uniform Interface to
Grid Services

The UniGrids project will
develop a Grid Service
infrastructure compliant
with the Open Grid
Service Architecture
(OGSA). It is based on
the UNICORE Grid
software initially
developed in the
German UNICORE and
UNICORE Plus projects

ICM

Candidate for
Grid
interaction

“% http://omii -europe.org (last access on November 20th, 2008)

“2 http://www.textgrid.de _ (last access on November 20th, 2008)

“3 http://www.unigrids.org _ (last access on November 20th, 2008)
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2.2.4 Opportunities for DRIVER

Grid technology is very complicated and therefore very far from being directly applicable by
the majority of its intended user communities. Current development trends, in order to
simplify and/or hide complexity, are

1 community-specific user interfaces, as in D4Science

T functionality for creating enhancechcpabkesoa
where Grid resources are included in publications with less pain

1 scholarly workbenches, like eSciDoc

1 cloud computing

There are also considerable successes for Grid technology, despite complexity:
1 EGEE with gLite

9 DILIGENT with gCore

1 The Grid concept of virtual organizations is fruitful for driving interoperation of digital
repositories

So, what may be recommendations from this study:

1 DRIVER/DNET should be able to interoperate with OGSAbased middleware in order to
support enhanced publications with linkage of Grid-based resources;

1 DRIVER/DNET should be able to interoperate with OGSAbased middleware in order to
exploit Grids, by utilizing storage elements for selective replication, and by utilizing
compute elements for heavy computing tasks;

1 DRIVER/DNET should implement functionality and user interfaces for creating and
maintaining enhanced publications;

=

DRIVERII should follow the evolution of scholarly workbenches;

=

DRIVERII has to follow the evolution of cloud computing services in order to b ecome
ready to interoperate;

1 DRIVERcould benefit from mediator services providing DRIVERservices with access to
Grid infrastructures. Infrastructures could be either service -oriented or job-oriented,
depending on the functional and computational needs of the DRIVER services. For
example, if DRIVERwill be endowed with services capable of analyzing large quantities
of full-texts (millions) to extract stats or information, the computational needs would go
well beyond those available to individual machines on the DRIVER network and an
interface to the job -oriented grid could solve the problem.

Finally, here is a recent viewpoint on Grid technology by Wolfgang Gentzsch (DEISA; Duke
University) : It looks like we have t o say goodbye to our good, old Grids of the past -- at
least to all those beautiful features and capabilities envisioned 10 years ago, when Gids
were supposed to evolve toward coordinated resource sharing and problem solving in
dynamic, multi-institutional virtual organizations, and even to ext end beyond their scientific
scope. This is a great vision, but it is becoming more and more obvious that in order to

make it happen, we need much more time and effort than originally anticipated. 6 é fiThe
good news is that clouds will help Grids to survive. They teach Grids that in order to be

widely accepted and thus sustainable, they have to be simple, user-friendly, service-
oriented, scalable, on-demand, SLAdriven, with simple APIs, and so on -- just like clouds.o
(Gentzsch, 2008).
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2.3 CRIS

2.3.1 Introduction

Current Research Information Systems (CRIS are receiving increasing attention in Europe
these years. Global research is becoming more and more competitive. This competitive
environment forms an increasing need for a systematic management of research.

At the same time, digital repositories (whether they are institutional repositories, or
subject repositories) succeeded in the sense that they obtained a considerable critical
mass (Van der Graaf, Van Eijndhoven, 2008) . Most universities have an inditutional
repository where researchers can archive their publications and results from their research.

CRI1 So6s ar e traditionally i mpl emented and ma
universities, which are mainly referring to context (description) of res earch whereas digital
repositories are referring to the content of research, i.e. full -texts (Razum et a/., 2007). The

two information domains outline what could be dubbed the Academic Information Domain

(see 2.3.2). The synergy between the two information domains is interesting for the

DRIVER community because evidence show that welpopulated repositories are backed by

CRI S6s (Rusbridge, 2008).

With two systems that are traditionally managed and implemented by two different
organizational units, but covering similar information and concerning the same people, the
risk of building information silos and duplicated work is evident. One of the biggest
motivations of discovering the correlation between CRIS and repositories are the synergies
that are obtainable and eliminate redundant work.

This chapter will provide the reader with an insight into the basics of Current Research
Information Systems and comparison to digital repositories, and what brings those
information domains together. It will also introduce the leading standardization of the CRIS

data model Current European Research Information Format (CERIF and the community

behind it, EuroCRIS Moreover, three different case studies will demonstrate different uses

and synergies o f CRI S6s and institutional repositori
Denmark. Finally, the chapter will sum up the implications of becoming interoperable with
CRISsystems for the DRIVER infrastructure.

2.3.2 Theory

In the Strand Report of the Knowledge Exdhange Institutional Repository Workshop on
Echanging Research Information the concept of the Academic Information Domain (AID )

was introduced (Razum, M. et al. 2007:3 ) . The model is a simplifi
setting of information supply and management of academic in
a distinction between information elements (entities and attributes) that are mostly related

to the academic information processes (research and education), and those that are more

related to the administration of the university. The simple model contains the Personnel
Information Domain (LDAP/HR-systems), Finandal Information Domain (ERP) and finally,

the Academic Information Domain (CRIS and digital repositories) where the CRIS is
overlapping the domains of Personnel and Financial Information Domains.
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Overview of typical systems within the overlapping information domains of AID:
Personnel Information Domain

§ Human Research System

8 LDAP directory service for looking up information about employees
Financial Information Domain

§ Enterprise Resource Planning systems (ERP)

8 Project management systems

Academic Information Domain

§ Current Research Information Systems

8 Open Access Repositories, such as Institutional Repositories

§ Learning Management Systems

Enterprise Content Management Domain

§ Content Management Systems

8 Records/Document Management Systems

The AID was later enhanced by Chris Baars et a/. (2008) and shown in several
presentations of the Dutch national research portal NARAS to also contain E-research (i.e.
datasets).

The model presented here is based on the previous models of the AID but has been
extended with Enterprise Content Management Domain and the AID has been extended
with Learning Management Systems (LMS). Thus dtempting to capture the AID at a more
comprehensive level.

Enterprise Content
Mdndqemer t Domain

EDMS
Personnel Information Financial Information
Dornau CRI9 Domain
ERP
Academic Informatien

Domain

Figure 4. the Enhanced AID mode/
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2.3.2.1 Introduction to Current Research Information Systems (CRIS)

A CRIS should cover the needs of research management in an increasingly competitive
research environment in which research funds are growing and funders equally require
more precise and comprehensive information of the research activities and their output,
which they fund. Therefore, the CRIS should enable research managers aml councils easier
and better access to measure and analyze research activities more accurately.

It should give researchers easier access to relevant information, for example making
project applications easier to complete as the information needed is captured and available
when needed, thus eliminating duplicate work. It should also provide data to researchers 0
personal pages, like C\(pages etc.

It should give entrepreneurs and businesses easy access to new research, thus increasing
the diffusion of innovation in the society. It should provide the media and public with easy
access to research information.

CRIS are often based on relational databases i but not necessarily i RDF/XML are also
used. Importantly though , is that semantic relations between research entities can be
captured. The typical entities in a CRIS system are:

Person

Results (documents, publications, media)
Organisation

Project

Event

All entities are interrelated and have recursive relations. Relations and states of the entities
are formalized through enumerated lists, controlled vocabularies, ontologies etc. For
example, a Person can be related to the creation of a publication and have the role of being
the author, the corresponding author, an editor, or a supervisor if the publication was a
doctoral thesis. If the person is related to a project that person might be the project leader,
a member of project staff, a work package leader or a contact person.

It should be clear that data models of CRIS are:
Extensive (covering several entities, model to cover all or most research activities)
Detailed (relations and states are broken down to their most detailed level)
Formalized (relations and states are formalized in enumerated lists, ontologies etc.)
Logically structured (often depicted in ER-diagrams)

List: Based on Razum et al. (2007)

2.3.2.2 Common system features

Exsisting and current CRI S6s are typically in
LDAP and CMS, thus reusing existing and authoritative data in the CRBE and providing

exposure of CRIS data in existing information systems. The system has extensive user roles

i.e. personal user (the researcher), reporter (can register output from a specific institution),

editor (can reject, accept and edit registrations, f or one or more departments), validator

(final validation, typically on a supra -organisational level), administrator .

Besides being interoperable with the campus information systems, CRI S6s wuswuall
advantage of external information providers. This can either be done manually, thus
importing data from databases like Web of Science, to integrating them into the systems as
look-ups or-atiggyggpe functions, accessing the data b
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