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Abstract—This paper presents exporting of research domain
entities” metadata from a national publication information
service to European research portal. The aim of the
presented implementation is to export metadata about
researchers, organization units, scientific events, and
publications from the Finnish VIRTA publication
information service to the OpenAIRE research portal. This
export of data is based on the OpenAIRE Guidelines for
CRIS managers.

. INTRODUCTION

The amount of research being produced is increasing
rapidly along with the advent of research digitalisation and
open science. The number of the systems where the
produced research outputs and other information are
stored is alike increasing, resulting in wide range of
separate and disintegrated information systems.

Many universities and other research organizations use
local Current Research Information Systems (CRIS)
systems to store metadata about their researchers and
research outputs as well as institutional repositories to
support self-archiving of open access publications. The
universities have various reporting responsibilities on their
research to both national and international administrative
bodies and funders. One of them is OpenAlRE, a
European initiative to support open science, aiming at
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integrating and promoting interoperability of research
information across European research organizations.
Solely from technical point of view OpenAlIRE acts as an
aggregative infrastructure of research output related
metadata, but in addition it provides policies and
guidelines as well as open science helpdesks in numerous
European countries to promote open science as a whole.

In Finland the situation of OpenAIRE harvests is rather
similar as in many other countries, OpenAIRE aggregates
information on research outputs mainly by harvesting
institutional repositories which have achieved OpenAIRE
compliance by following the set Guidelines for
repositories. By only harvesting institutional repositories a
rather high amount of research publications, which are not
included in those repositories, are left out of the
OpenAlRE aggregation.

By forming a national centralized solution,
organizations could provide information on research
outputs in a consistent format so that each organization
does not need to build its own solution for OpenAIRE
harvesting.

This paper presents the implementation of the
integration of the Finnish national VIRTA Publication
Information Service to OpenAIRE. By exporting
publication information to OpenAIRE via the national
aggregator, VIRTA, all Finnish research organizations can
achieve OpenAlIRE compliance in an easy and cost-
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Figure 1. VIRTA Publication Information Service
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TABLE I.
VIRTA IN SHORT
Master data in local CRISes (Pure,

Data sources Converis, SoleCRIS) or other publication
databases of HEIs, university hospitals,
state research institutes
XML files (XML-CSV converter provided

Data format

for small organizations)

The data must include required fields and
fulfill certain technical criteria.

From organizations via a secure and
certified connection by using SFTP
protocol and SSH authentication keys.
New publications and corrections in local
systems are updated automatically to
VIRTA e.g. once a day. The frequency
depends on the organizations, minimum
being once a year.

All data from previous years to present can
be transferred. Statistics compiled once a
year.

Duplicates, faults as well as inter-
organizational co-publications identified
automatically and real time. Error reports
available for research organizations in an
online service.

All metadata are published real time in
JUULI portal:  www.juuli.fi . Yearly
statistical data is available in Vipunen
portal www.vipunen.fi REST API
provides metadata in XML and JSON
formats, OAI-PMH APl in XML and
Dublin Core.

Data contents

Data transfer

Updates

Temporal
coverage

Data validation

Data use and
availability

efficient way. Consequently, the OpenAIRE coverage of
Finnish publications will tremendously rise, as VIRTA
includes information on all publications even if they were
not registered into institutional repositories or the
organization had not yet implemented the harvest from its
own repository.

Il.  LITERATURE REVIEW

The Open Archives Protocol for Metadata Harvesting
(OAI-PMH) has been widely adopted as an approach for
metadata harvesting [12]. Van de Sompel and colleagues
[9] discussed how digital resources and metadata about
resources can be harvested using the OAI-PMH protocol.
The exposed metadata can be in various formats such as
such as Dublin Core or MARCXML. However, for the
research domain there is a standardized format — CERIF.

Pinto and colleagues investigated how CERIF enhances
development of CRIS systems and interoperability
between those systems [1]. Jeffery and Asserson [2]
claim that access to research publications is facilitated by
a CERIF compliant CRIS systems and, furthermore, that
the access is enriched by the contextual information in the
CRIS and the access provided via the CRIS to further
relevant information. The CERIF format could be
profiled using semantic layer for the various local needs
[3]. FRIS R3 served as an example of a real world
implementation of CERIF XML that uncovered
challenges that must be addressed, if CERIF XML was
intended to stay relevant in commercial and large scale
contexts [5]. External interfaces of CRIS systems are not
standardized. Dvoiak and colleagues [7] assessed the
potential of CERIF as the basis for standardization of

those external interfaces. CERIF is a natural standard for
interchange of research information preserved in CRIS
systems, bibliographic databases, researcher profile
systems, and project proposal submission systems of
funders.

The OpenAIRE project has been developing the
infrastructure for managing EC funded research outputs
[10]. Moreover, the OpenAlRE infrastructure is
collaborative open access infrastructure for European
researchers [11]. Although it started as a publication
infrastructure, it moved to a more comprehensive
infrastructure that covers all types of scientific output [4].
To put this into practice an integrated suite of guidelines
were developed with specific requirements: guidelines for
Literature Repository Managers, for Data Archive
Managers and for CRIS Managers. The OpenAlRE
guidelines for CRIS Managers is based on CERIF XML
[8]. A range of issues needed to be addressed by the
guidelines in order to define a complete solution for
interoperability.

METIS20penAlRE is an OpenAIRE-funded project led
by euroCRIS. The aim of this project is to ensure
OpenAIRE  compatibility  between METIS and
OpenAlRE based on the OpenAlIRE guidelines for CRIS
Managers [7]. Omega-PSIR, PURE, VIRTA, NARCIS,
and DSpace-CRIS are currently developing OpenAIRE
CERIF-XML endpoint [13].

. VIRTA

Finnish national VIRTA Publication Information
Service (Fig. 1, Table 1) integrates bibliographic
information of all scientific publications from 54 Finnish
research organizations using various local solutions for
publication data, such as commercial CRIS systems, self-
made publication registers, institutional publication
repositories and e-forms. About 60,000 publications per
year are harvested, and all scientific fields are covered.
Publication metadata in VIRTA is based on a national data
model that fulfills the requirements of national higher
education institutions’ funding model and other needs of
monitoring research and development activities. For the
Finnish universities, 13% of core funding (~200 mill.
euros) is allocated via publication points. Publication
points are calculated based on publication types and their
level (evaluated by national scholarly panels - Publication

Forum -  http://www.julkaisufoorumi.fi/fen).  The
bibliographic ~ data are  published at JUULI
(http://www.juuli.fi/) and  statistics at  Vipunen

(www.vipunen.fi/en-gb/). The queries are available in a
machine readable format via authenticated REST API
(XML, JSON) and OAI-PMH API (Dublin Core, XML).
More information about VIRTA Publication Information
Service can be found here
https://wiki.eduuni.fi/display/cscvirtajtp/VIRT A+in+Engli
sh.

IV. OPENAIRE

The mission of the H2020 project OpenAlRE is to shift
scholarly communication towards openness and
transparency and facilitate innovative ways to
communicate and monitor research. This mission is
closely linked to the mission of the European
Commission: to provide open access to research outputs
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financed by public funding in Europe. The main result of
OpenAIRE project is a platform
(https://www.openaire.eu/) representing a hub of scientific
results collected from research infrastructure nodes across
the Europe. By 2018, the OpenAlRE platform harvests
Finnish publications’ metadata from 9 repositories, mostly
at the universities and one repository common to all
universities of applied sciences, and thus includes mainly
self-archived publications’ and theses’ metadata. 5
universities’ repositories as well as most of the research
institutions in Finland are missing in OpenAIRE
aggregation. This is due to cumbersome implementation
needed on repository-level to be compliant with
OpenAlRE specifications. In addition, repositories seldom
include any metadata on scientific publications that are not
self-archived. For these reasons a major share of Finnish
publications’ metadata is not currently aggregated to
OpenAlRE.

A. OpenAIRE Guidelines for CRIS Managers

OpenAlIRE Guidelines for CRIS Managers version 1.1.
was released in June 2018. The Guidelines provide
orientation for CRIS managers to expose their metadata in
a way that is compatible with the OpenAIRE
infrastructure. By implementing the Guidelines, CRIS
managers support the inclusion and therefore the reuse of
metadata in their systems within the OpenAIRE
infrastructure. Protocol for collecting data according to
these guidelines is the OAI-PMH protocol, while the
format for collecting data is a CERIF profile. CERIF
(Common European Research Infrastructure Format) is a
conceptual metadata model which allows a representation
of research entities, their activities and their output.
euroCRIS is European non-profit organization responsible
for further development of CERIF. The OAI-PMH
protocol is a client-server protocol that enables the data
exchange between the systems that implement it. There
are two classes of participants in OAI-PMH
communication and these are: Data Provider — server
side of the protocol that provides data from its repository
and Service Provider — client side of the protocol that
retrieves data. OAI-PMH request is specified as HTTP
GET or POST request. There are six types of requests
defined by OAI-PMH protocol. In communication
between VIRTA and OpenAlRE, VIRTA should be a
Data provider, while OpenAIRE should be a Service
provider. It means that server side of the OAI-PMH
protocol should be implemented on behalf of the VIRTA
team, while client side of the OAI-PMH protocol should
be implemented on behalf of the OpenAIRE team.

V. METHODOLOGY

In order to implement the OpenAIRE guidelines the
following steps should be performed.

« Mapping VIRTA data model to OpenAIRE (CERIF)
data model. There are many similarities between VIRTA
and CERIF data models. However, there are some key
differences which should be addressed to properly
implement the mapping. These include for example the
differing classification of publication types, presentation
of IDs on the case of persistent identifiers as well as
person IDs. Also, open access classifications need to be
homogenized and Finnish national classifications, e.g.
scientific fields, need to be taken in consideration when

representing metadata both in human and machine
readable formats.
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Figure 2. VIRTA Publication Information Service

« Making procedure for converting data from VIRTA
to CERIF-XML. The new T-SQL procedures which
implements mappings from the previous point should be
implemented. Those procedures should be run each night
to update CERIF-XML data table.

« Extension of the VIRTA OAI-PMH endpoint in
accordance with the Guidelines. OAI-PMH was already
implemented in VIRTA for providing metadata in both
Dublin Core and VIRTA-XML formats (Fig. 2). This
implementation is used as basis for implementing
OpenAlIRE specifications. However, this implementation
should be extended with support for new metadata prefix
oai_cerif_openaire, the OpenAIRE supported sets:
openaire_cris_publications, openaire_cris_persons,
openaire_cris_events, openaire_cris_orgunits.

« Making agreement with organizations on what
information they want to be made available for
harvesting. Coordination with the Finnish OpenAIRE
National Open Access Desk (NOAD) operated from The
Helsinki University Library, and discussion with research
organizations based on the plans and data model mapping
should be done. VIRTA only stores a copy of publication
metadata and research organizations act as registrars, i.e.
owners, of the metadata. As such, permissions are needed
for metadata to be allowed for external services to use this
metadata. Organizations can decide if

a. OpenAlRE can harvest their data,

b.  Which publication years should be included in the
harvest , and

c. the other limitations for
publication types).

the harvest (e.g.

VI. IMPLEMENTATION

This section describes the implementation of the
OpenAIRE CERIF-XML endpoint within the VIRTA
system.
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A. Mapping VIRTA data model to CERIF data model

Mapping VIRTA’s data model entities and properties to
XML scheme prescribed by OpenAlRE Guidelines for
CRIS managers (CERIF) has been defined. The complete
mapping is available at
https://wiki.eduuni.fi/pages/viewpage.action?pageld=8094
1717.

The first mapping issue was differing classification of
publication types in VIRTA and OpenAlRE systems.
Classification of publications types prescribed by Ministry
of Education and Culture, Finland
(https://aaltodoc.aalto.fi/doc_public/ohjeet/publicationclas
sification2010.pdf) are mapped to classification prescribed
by OpenAIRE guidelines for CRIS managers
(https://openaire-guidelines-for-cris-
managers.readthedocs.io/en/v1.1.1/cerif xml_publication

entity.html#type). The Table Il shows this mapping.

The second mapping issue was how to expose local
IDs to OpenAIRE. We are using VIRTA database local
identifiers for organizations (universities and research
institutes) and publications’ records (scientific papers and
books), while we are generating identifier using ISSN,
ISBN, and title values for source publications (journal,
conference proceedings). Also, we are generating persons’
identifiers using ORCID, first and last name.

The third issue was exporting Finnish national scientific
fields’ vocabulary to the European OpenAlRE portal.
Finnish Thesaurus and Ontology Service has been used

TABLE II.
MAPPING OF PUBLICATIONS TYPES

Finnish classification OpenAlRE guidelines

research article
http://purl.org/coar/resource
ype/c_2df8fbbl

review article
http://purl.org/coar/resource
ype/c_dcae04bc

Journal article (refereed),
original research (A1)

—

Review article, Literature
review, Systematic review (A2)

—

Book section, chapters in
research books (A3);

TABLE III.
T-SQL SCRIPT NAMES, NUMBER OF LINES AND SCRIPT PURPOSES

Script name Num
of
lines

Purpose of script

JulkaisutCERIF_ Luonti | 970 Transfer publications from
VIRTA to CERIF-XML

publication entity

JulkaisutCERIF_ 870 Transfer parent publications
ISSN_Luonti with ISSN ID from VIRTA to
CERIF-XML publication entity
JulkaisutCERIF_ 960 Transfer parent publications
ISBN_Luonti with ISBN ID from VIRTA to
CERIF-XML publication entity
OrganisaatiotCERIF_ 610 Transfer organisations from
Luonti VIRTA to CERIF-XML
organisation entity
TapahtumatCERIF_ 260 Transfer events from VIRTA to
Luonti CERIF-XML event entity

TekijatCERIF_ Luonti 460 Transfer persons from VIRTA

to CERIF-XML person entity

Book section (B2);

Article in a professional manual
or guide or professional
information system, textbook
material (D2)

book part
http://purl.org/coar/resource

ype/c_3248

—

Conference proceedings (A4);
Non-refereed conference
proceedings (B3);
Professional conference
proceedings (D3)

conference paper
http://purl.org/coar/resource

ypelc_5794

—

Non-refereed journal articles

journal article

Edited book, conference
proceedings or special issue of a
journal (C2);

Textbook, professional manual
or guide, dictionary (D5);
Popularised monograph (E2)

(B1); http://purl.org/coar/resource_t
Article in a trade journal (D1) ype/c_6501
Book (C1);

book
http://purl.org/coar/resource

ypelc_2f33

-

Published development or
research report or study (D4)

research report
http://purl.org/coar/resource
ype/c_18ws

—

Popularised article, newspaper
article (E1)

text
http://purl.org/coar/resource_t
ype/c_18cf

for definition of vocabulary of Finnish national scientific

fields (http://finto.fi/okm-tieteenala/en/).

B. Making procedure for converting data from VIRTA
to CERIF-XML

Defined mapping has been implemented by a T-SQL
script. A VIRTA database table has been populated with
CERIF-XML format for publications that originate from
organizations which have granted the permission for the
harvest. The T-SQL script is run daily in order to update
the table data.

There are 6 script files that convert VIRTA records to
CERIF-XML (Table I1)

There are three different scripts for transferring
publications from VIRTA schema to CERIF-XML as can
be seen from Table IIl. This is because if publication
channel is included in CERIF-XML then its place is inside
Publishedin -> Publication element. Therefore, we have
one script (JulkaisutCERIF_Luonti) for creating the main
publications and two (JulkaisutCERIF_ISSN_Luonti and
JulkaisutCERIF_ISBN_Luonti) for creating publications
that have publication IDs either ISSN or ISBN.

Part of the script for converting VIRTA publications
records to CERIF-XML is shown in the Listing 1. The
shown script maps title of the publication (JulkaisunNimi)
to the Title element of the Publication entity prescribed by
OpenAlIRE guidelines. The Title element represent an xml
tag with attribute xml:lang whose value is filled using
value of JulkaisunKieli element of VIRTA data model.
CAST(

CASE
WHEN JulkaisunKieli is null or JulkaisunKieli ="
THEN ‘en’
ELSE JulkaisunKieli
END as nvarchar(10)
) AS 'Title/@xml:lang’,
JulkaisunNimi as 'Title',
Listing 1. T-SQL script

C. Extension of the VIRTA OAI-PMH endpoint in
accordance with the Guidelines
The OAI-PMH endpoint has been extended. The testing
and validation has been performed using OpenAlRE
CRIS-validator (https://github.com/jdvorak001/openaire-
cris-validator).  Test endpoint is available at
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https://dwitjutifel.csc.fi/api/cerif. The list of VIRTA
publications through OAI-PMH protocol in accordance
with the Guidelines is available at
https://dwitjutifel.csc.fi/api/cerif?verb=ListRecords&meta
dataPrefix=oai_cerif openaire&set=openaire cris_publica
tions.

The response on the OAI-PMH ListMetadataFormats
request has been extended with new OpenAIRE metadata
format (Listing 2).
<metadataFormat>

<metadataPrefix>

oai cerif openaire
</metadataPrefix>
<schema>

https://www.openaire.eu/

schema/cris/current/ openaire-cerif-

profile.xsd
</schema>
<metadataNamespace>
https://www.openaire.eu/ cerif-
profile/1.1/
</metadataNamespace>
</metadataFormat>

Listing 2. The OpenAIRE metadata format

<set>
<setSpec>openaire cris publications</setSpec>
<setName>OpenAIRE CRIS publications</setName>

</set>

<set>
<setSpec>openaire cris products</setSpec>
<setName>OpenAIRE CRIS products</setName>

</set>

<set>
<setSpec>openaire cris patents</setSpec>
<setName>OpenAIRE CRIS patents</setName>

</set> - B

<set>
<setSpec>openaire cris persons</setSpec>
<setName>OpenAIRE CRIS_persons</setName>

</set>

<set>
<setSpec>openaire cris_orgunits</setSpec>
<setName>OpenAIRE CRIS_orgunits</setName>

</set>

<set>
<setSpec>openaire cris projects</setSpec>
<setName>OpenAIRE CRIS projects</setName>

</set>

<set>
<setSpec>openaire cris_ funding</setSpec>
<setName>OpenAIRE CRIS_ funding</setName>

</set>

<set>
<setSpec>openaire cris_ events</setSpec>
<setName>OpenAIRE CRIS events</setName>

</set> B B

<set>
<setSpec>openaire cris equipments</setSpec>
<setName>OpenAIRE CRIS equipments</setName>

</set> N N

Listing 3. OpenAlIRE sets
Moreover, the response on the OAI-PMH ListSets

request (https://dwitjutifel.csc.fi/api/cerif?verb=ListSets)
has been extended with new OpenAlIRE sets (Listing 3).

D. Making agreement with organizations on what
information they want to be made available for
harvesting

Written permissions from organizations on data harvest
are being collected. The T-SQL script will convert data to

CERIF-XML as agreements come and thus make
available publications via OAI-PMH endpoint.

VIlI. CONCLUSION

The vision of OpenAIRE project is to transform society
through validated scientific knowledge, e.g. to allow
citizens, educators, funders, civil servants and industry
find ways to make science useful for themselves, their
working environments, and the society. The presented
implementation of OpenAIRE Guidelines for CRIS
managers to Finnish VIRTA Publication Information
Service can be adjusted for the needs of exporting data
from CRIS systems all over the Europe to OpenAlRE
platform. There are a few initiatives across the Europe in
the process of implementation of OpenAIRE Guidelines

for

CRIS managers: METIS, Omega-PSIR, PURE,

VIRTA, NARCIS, DSpace-CRIS, and CRIS UNS.
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