
Introduction

The CLARIN (Common Language Resources and Technology Infrastructure) research 
infrastructure for the Social Sciences and the Humanities (SSH) offers researchers access 
to a wide range of language- related research data and tools. The Virtual Language Obser-
vatory, for instance, gives users uniform access to nearly a million resources and tools 
using faceted search on metadata, and by employing Federated Content Search users can 
perform full- text searches across distributed databases. Additionally, WebLicht supports 
users to process language resources with predefined and user- defined tool workflows, 
while the Language Resource Switchboard helps users to connect resources with tools that 
can process them. The infrastructure depends on a common metadata framework that 
makes it possible to describe all types of resources to a fine- grained level of detail, paying 
attention to their specific characteristics and the needs of the many SSH communities.

The Component MetaData Infrastructure (CMDI) follows a Lego brick approach to 
metadata modeling, where elementary data descriptors are semantically grounded in con-
cept registries, and where components can be defined in terms of those descriptors or 
predefined simpler components (ISO 24622-1:2015). This design offers a common syntac-
tic basis, but also helps maximize the semantic interoperability of CMDI- based metadata 
schemes. In the past, however, CMDI has not been used sufficiently to achieve its full 
potential toward semantic interoperability. With the advent of the Semantic Web and the 
idea of Linked Data, it is clear that CMDI’s interoperability claim is currently limited to 
the CLARIN universe and that data sharing with other communities remains an issue that 
needs to be addressed.

In this chapter, we discuss steps toward extending CMDI’s semantic interoperability 
beyond the Social Sciences and Humanities: We stress the need for an initial data curation 
step, in part supported by a relation registry that helps impose some structure on CMDI 
vocabulary; we describe the use of authority file information and other controlled vocabu-
lary to help connecting CMDI- based metadata to existing Linked Data; we show how 
significant parts of CMDI- based metadata can be converted to bibliographic metadata 
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standards and hence entered into library catalogs; and finally we describe first steps to 
convert CMDI- based metadata to RDF. The initial grassroots approach of CMDI (mean-
ing that anybody can define metadata descriptors and components) mirrors the AAA slo-
gan of the Semantic Web (“Anyone can say Anything about Any topic”). Ironically, this 
makes it hard to fully link CMDI- based metadata to other Semantic Web datasets. This 
paper discusses the challenges of this enterprise.

Motivation

CLARIN is a research infrastructure that enables Social Sciences and Humanities schol-
ars to access and to process language- related resources and tools (Hinrichs and Krauwer 
2014). CLARIN offers four types of services: (1) access to resources such as reference 
corpora, lexical resources, and grammars; (2) construction of virtual collections to com-
bine resources that support the study of research questions; (3) deposition and archiving 
of resources to manage persistent access and citation; and (4) provision of web- based 
tools that help scholars in the analysis of textual data, such as taggers, named entity rec-
ognizers, geolocation tools, and the like. It is therefore essential to describe the research 
material consistently and conclusively to help users locate the data, evaluate its usefulness 
for the task at hand, and access the data. The description framework needs to be expres-
sive to cater to the large variety of data types, interoperable to support the sharing of 
descriptions, sufficiently flexible to anticipate future technology changes, but also stan-
dardized enough to ensure that the framework is adopted and used by the communities. 
For these reasons, CLARIN has selected the Component MetaData Infrastructure (CMDI), 
which is an international standard (ISO 24622-1:2015). The first part of this chapter 
describes CMDI, highlights its design principles, and gives CMDI usage examples. The 
second part discusses the challenges to connect CMDI- based metadata to Linked Data.

A Distributed Infrastructure
The CLARIN infrastructure is a distributed network across various institutions and coun-
tries, rather than a centralized hub. This has both historical and practical reasons. Histori-
cally, individual institutions have grown their own ecosystems of repositories for resources 
and tools. The ecosystems’ designs often differ in nature at organizational and technical 
levels so that they cannot be simply combined into a single, central, or overarching infra-
structure. Besides the differences in the technical ecosystem of the institutions, resources 
at an institution often have strong license restrictions imposed on them so that such a 
resource (e.g., a newspaper corpus) cannot be accessed outside of the institution, or access 
to the resource can be subject to strict authentication and authorization procedures. Addi-
tionally, institutions tend to have their own research specializations, and hence very differ-
ent types of research data and tools, along with different methodologies and technical 
requirements to access and work with them. It is thus better to maintain all research data 
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under the auspices of the institution in charge that created the resource, rather than attempt-
ing to centralize the archiving at a central agency. Moreover, distributed infrastructures 
share the risk among the various stakeholders and institutions, distribute the task and cost 
for preservation, and therefore improve the sustainability of the infrastructure.

A Rich and Diverse Set of Language Resources
CLARIN offers a large variety of language resources, ranging from corpora with various 
(linguistic) annotations, lexical resources, psycholinguistic experiments, digital editions 
of books, spoken language recordings and their annotations, endangered languages docu-
mentation, and grammars to big data corpora that feed applications in the area of lan-
guage technologies. The language resources come in many different languages, and while 
most resources are monolingual, many are bilingual or even multilingual, while others 
have many layers of annotation to support their study.

This variety poses a number of challenges that the research infrastructure must cope 
with. Given CLARIN’s distributed architecture, most technical and organizational issues 
are addressed at the participating institutions. A unified cataloging of all resources, how-
ever, requires a central approach to harvest, understand, and harmonize their metadata 
descriptions. The metadata descriptions need to have a level of expressiveness that allows 
scholars to evaluate the relevance of the resources they describe. Here, descriptive catego-
ries such as resource title, creator, size, or language usually do not suffice to assess 
whether a given resource fits a scholar’s needs. In fact, each of the resource types benefits 
from its own set of descriptive means. A lexical resource, for instance, needs to be 
described in terms of the number of lexical keywords/lexemes and definitions it contains, 
whereas such data categories are meaningless for, say, a text corpus. In the latter case, a 
scholar might care for a corpus’s size (number of words), its language or languages, its 
type- token ratio, its genre, and so on. Also, the interpretation of the metadata depends on 
the context. A resource with a size of five megabytes is rather small when the resource is 
multimodal material, but rather large when it is a lexical resource. The provision of mean-
ingful descriptions that help researchers to either safely disregard a resource or be prompted 
to investigate the resource further is an issue of utmost importance that any central access 
to a distributed infrastructure must address.

Describing Language Resources Adequately
In the library world, electronic resources are predominantly described with Dublin Core 
metadata (DC), a set of 15 descriptive categories, such as author, title, publisher, year, and 
copyright holder (ISO 15836-1:2017). In the area of language resources, the Open Language 
Archive Community proposed its own metadata set. It is based on the complete set of Dub-
lin Core metadata terms,1 yet the format allows the use of extensions to express community- 
specific qualifiers (Simons and Bird 2008). One type of language resource has its own 
encoding standard: Digital editions of text are often made available in terms of the Text 
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Encoding Initiative.2 The Text Encoding Initiative (TEI) Guidelines for Electronic Text 
Encoding and Interchange include an extensive header that describes the resource with 
metadata. More- expressive metadata formats are available in the library world, such as 
MARC 21 (MARC- 21 1999), and though all these descriptive schemas are both helpful 
and effective in their context, they lack expressiveness to describe the varying types of 
language- related resources.

There are three approaches to tackling this issue: (1) construct a rich set of metadata 
descriptors to form a single schema to describe all language- related research data; (2) 
construct multiple schemas, each catering to a type of language- related research data; and 
(3) construct smaller components to describe the various aspects of language- related 
resources and then combine them in a modular fashion to more complex schemas, one for 
each type of language- related resource. CLARIN follows the third approach.

Component MetaData Infrastructure (CMDI)

Various types of language resources require different sets of metadata (i.e., profiles). In 
CMDI, a metadata profile for a given resource type is built by assembling prefabricated 
components, some of which are shared or reused across different schemas, while others 
are specific to the class of resource to be described. A CMDI component brackets elemen-
tary data descriptors or other, simpler components into a single unit. We obtain, thus, a 
hierarchical metadata system (Broeder et al. 2011).

Figure 6.1 shows a profile that can be used to describe text corpora. It has components 
/GeneralInfo/, /Project/, /Publications/, and /Creation/, among others, that capture infor-
mation that is independent of the type of the language- related resource. The resource- 
specific component /TextCorpusContext/ makes use of the two data descriptors /CorpusType 
/ and /TemporalClassification/. Each descriptor must have a value scheme specifying the 
type of its value and also must have a reference to its definition. In the given example, the 
ConceptLink has a handle reference, persistently addressing the corresponding element 
in the CLARIN concept registry (see below). Moreover, it is specified whether a data 
descriptor is optional or required, or whether it may occur multiple times.

The two data descriptors illustrate the expressive power required to adequately describe 
a resource of type corpus. The value scheme of /CorpusType/ can take a value from a pre-
defined controlled vocabulary, which contains the terms “comparable corpus,” “parallel cor-
pus,” “general corpus,” “reference corpus,” “learner corpus,” and so on. The controlled 
vocabulary for the element /TemporalClassification/ comprises the terms “diachronic,” “syn-
chronic,” “historic,” “modern,” “other,” and “unknown.”

Each elementary data descriptor, or data category, should be defined in an external 
concept registry, such as the CLARIN concept registry (Schuurman, Windhouwer, 
Ohren, and Daniel 2016), or in its predecessor, the ISOcat registry, which is based on the 
ISO  12620:2009 standard, or should refer to other established metadata schemes, such as 



Figure 6.1
The CMDI profile for a text corpus (screenshot from the Component Registry).
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the Dublin Core Metadata Set. Components and profiles are defined and stored centrally 
in the Component Registry (Ďurčo and Windhouwer 2014a). The components and profiles 
are defined using a Component Description Language; for each CMDI profile, the compo-
nent registry can generate a corresponding XML schema definition (XSD).

Figure 6.2 shows the concept /corpus type/ that is referenced from the profile for the 
description of text corpora. This concept is defined in the CLARIN concept registry, the 
most often used term registry in the CLARIN community.

In the CLARIN Component Registry, components can be searched for, edited, or newly 
created. The component registry has a public space that contains all components that have 
been published, which get a uniform and persistent ID so that others can use them, as well 
as a private space. In the latter, new components can be defined, and experimented with, 
before they may get published at a later stage.

Figure 6.3 shows the XML representation of a CMDI instance that describes a text corpus. 
Note that the instance refers to its profile in the xsi:schemaLocation attribute, and hence, stan-
dard XML technology can be used to validate whether the instance adheres to the schema.

The CLARIN infrastructure provides metadata modelers with a number of tools, such as:

•  The CLARIN component registry (https:// catalog . clarin . eu / ds / ComponentRegistry) 
and the CLARIN concept registry (https:// openskos . meertens . knaw . nl / ccr / browser) for 
the definition and look- up of profiles, components, and data descriptors

•  COMEDI (http:// clarino . uib . no / comedi), a web- based editor for CMDI metadata
•  SMC Browser, a web- based tool to visualize the hierarchical structure of CMDI pro-

files; see https:// clarin . oeaw . ac . at / smc - browser / index . html

Figure 6.2
The concept /corpus type/ (screenshot from the CLARIN Concept Registry).

https://catalog.clarin.eu/ds/ComponentRegistry
https://openskos.meertens.knaw.nl/ccr/browser
http://clarino.uib.no/comedi
https://clarin.oeaw.ac.at/smc-browser/index.html
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•  CMDI2DC, a web service that converts CMDI- based profiles to Dublin Core (Zinn et 
al. 2016); see http:// weblicht . sfs . uni - tuebingen . de / converter / Cmdi2DC /

The CLARIN center registry at https:// centres . clarin . eu / oai_pmh maintains a list of all 
CLARIN repositories that provide their metadata publicly by using the Open Archive 
Initiative’s Protocol for Metadata Harvesting (OAI- PMH). A central hub harvests all 
metadata at regular intervals and aggregates them into a single search index. The Virtual 
Language Observatory at http:// vlo . clarin . eu /  enables users to explore the aggregated 
datasets via a dozen facets and to perform a full- text search on the metadata.

CMDI and Semantic Interoperability

In the past, the CLARIN community followed a grassroots approach to metadata man-
agement. The CMD infrastructure, in particular the registries, explicitly supported this 
movement. Anybody in the community was allowed and enabled to define metadata 
descriptors and components, mirroring the Semantic Web AAA slogan (“Anyone can say 
Anything about Any topic”). As a result, the registries were rapidly filled with descriptors 
to describe any possible aspect of a language resource. Often, users did not check whether 
an adequate descriptor or component already existed. Rather than using an existing one, 

Figure 6.3
A CMDI instance for a language resource of type Text Corpus.

http://weblicht.sfs.uni-tuebingen.de/converter/Cmdi2DC/
https://centres.clarin.eu/oai_pmh
http://vlo.clarin.eu/
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new descriptors and components were defined helter- skelter. The effect of the grassroots 
movement is reflected by the content (many duplicates) and the size of the CLARIN reg-
istries. At the time of writing, the CLARIN Concept Registry provides over 3,000 entries; 
the CLARIN Component Registry has more than 1,000 public components and more than 
180 public profiles.

It is clear that CMDI delivers on the grounds of syntactic interoperability. Based on 
XML, a CMDI instance documenting a resource is linked to a CMDI metadata schema, 
and XML validation is used to check whether the instance adheres to the schema. The 
main issue to address is the interpretation of the resulting syntactical structure. While 
most metadata elements are grounded in the CLARIN concept registry, the interpretation 
has to cope with the large number of duplicate entities being used and their varying con-
textual embedding.

The CLARIN Virtual Language Observatory (VLO) shows how to deal with this issue 
in an ad hoc manner. To deal with the large variety of different schemas, considerable 
parts of their data categories are semantically mapped to a dozen VLO search attributes.3 
Consider, for instance, the facet “language,” which indexes all resources in terms of their 
language. In the CLARIN concept registry, there are at least four different entries that 
define the data descriptor “language” in some way or other. There are also CMDI compo-
nents that refer to the Dublin Core element http:// purl . org / dc / terms / language .  All these 
entries are mapped to the facet “language,” given that the data category is used in the “proper” 
context. If the data category is used in an “improper” context, say, to describe either the 
language of the resource’s documentation or the native language of the resource’s actor, 
the mapping will not take place.

While the mapping helps fix the issue for the VLO, the proliferation of duplicated data 
descriptors must be addressed by the CMDI community. In the future, CLARIN vocabu-
lary must be far better managed. Users should use existing, established terms whenever 
possible, rather than defining their own set of terms. To alleviate the problem of contex-
tual interpretation, when new terms need to be created, definitions should be specific 
rather than general. To minimize contextual interpretation, for instance, the descriptors 
/actorLanguage/ and /documentationLanguage/ should be preferred to simply /language/.

The CLARIN community has taken the first steps toward addressing the data curation 
issue. With the migration from the ISOcat registry to the SKOS- based concept registry, 
the grassroots approach to concept definition has been changed to a more controlled envi-
ronment where designated members of the CLARIN community (“national CCR coordi-
nators”) now manage the vocabulary. Also, a best practices guide to metadata modeling 
within CMDI is currently being devised. On the software side, the SMC browser has been 
further developed to track the usage of profiles, components, and data descriptors across 
the CLARIN metadata set; it is a useful tool to support the curation of all existing con-
tent. Moreover, the CLARIN registries are being improved: The SKOS- based concept 
registry is easier to use than the ISO 12620:2009- based ISOcat registry, while the CLARIN 

http://purl.org/dc/terms/language
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component registry now adds a status to each component (one of Development, Production, 
and Deprecated).

Data curation in the CMDI universe, however, remains an enormous challenge. Any 
change in a CMDI profile (a change of a component or an elementary descriptor) must be 
mirrored by a corresponding update in all CMDI instances relying on the profile. With a 
million CMDI instances originating in 36+ CLARIN centers, this is a challenging task. 
Nevertheless, data curation must take place, and it shows that Semantic Web technology 
can support this process.

CMDI and Linked Data

The Semantic Web is built from structured data of uniform resource identifiers (URIs) 
that are highly interlinked. Berners- Lee (2006) defines Linked Data as accepting these 
four principles:

1. Use URIs as names for things.
2.  Use HTTP URIs so that people can look up those names.
3.  When someone looks up a URI, provide useful information using standards (Resource 

Description Framework [RDF4], SPARQL Protocol and RDF Query Language 
[SPARQL5]).

4. Include links to other URIs, so that they can discover more things.

With each CMDI profile and component in the CLARIN component registry, and each 
concept in the CLARIN concept registry being addressable with a persistent identifier, 
the CMD infrastructure clearly fulfills the first two conditions. The CLARIN community 
needs to take care of the remaining two conditions. For CMDI- based metadata to take 
part in Linked Data, it is necessary to add RDF support to the CMD infrastructure and to 
add links to existing datasets. For the latter, we need to map both the CMDI metadata 
vocabulary to existing Linked Data (LD) vocabulary and the value space of CMDI meta-
data to existing LD entities.

In CMDI- based metadata, there are a number of opportunities to link the value space 
of data descriptors with Linked Data entities. First and foremost, the names of resource 
creators, as well as the names of the institutions where the language resource originated 
or where it is hosted, should be linked to URIs that refer to names.

Authority File Information
Some CMDI metadata creators have started to use authority file information (Trippel and 
Zinn 2016). An authority file record gives the name of a person or institution a standard-
ized representation. The authority file record links the standardized representation of a 
name with its alternative forms or spellings to accomplish the goal of disambiguation. 
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Many libraries use authority files for identity management. The Integrated Authority File 
of the German National Library (GND) has about 11 million entries, which include over 
7.5 million personal names and over 1 million names for corporate bodies (DNB 2016). 
The Virtual International Authority File at viaf . org is a joint project of more than 40 
national libraries and is operated by the Online Computer Library Center. The aim of 
VIAF is to link together the national authority files of all project members to a single 
virtual authority file. Each VIAF record is associated with a URI and aggregates the infor-
mation of the original authority records from the member states.

The International Standard Name Identifier (ISO 27729:2012) at http:// isni . org /  holds 
nearly 9 million identities, including over 2.5 million names of researchers and more than 
500,000 organization IDs. More recent initiatives include the Open Researcher and Contrib-
utor ID (ORCID) at orcid . org and ResearcherID at researcherid . com .  All these authority 
agencies attach a uniform resource identifier to their records. Also note that many Wikipedia 
biographical articles refer to the URIs of the corresponding authority agencies. Their datasets 
are also prominent nodes in the Linked Open Data (LOD) project at http:// linkeddata . org .

The flexibility of CMDI allows us to easily define a CMDI component to hold authority 
file information. Figure 6.4 shows the CMDI component /AuthoritativeIds/, which can be 
used to represent one or more authority records /AuthoritativeId/. Its first element, /id/, 
stores the persistent identifier of the authority agency, while /issuingAuthority/ refers to 
the agency that provides the data. All the aforementioned agencies can be selected as a 
value of this descriptor. The authors have amended all CMDI profiles that describe research 

Figure 6.4
A CMDI component for keeping authority file information.

http://isni.org/
http://linkeddata.org
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data from the University of Tübingen to include this CMDI component for all data about 
persons and organizations. In practice, it shows that the majority of persons referred to in 
the CMDI metadata have an authority record. If not, persons can be asked to get an 
ORCID or ResearcherID. Also, most corporate bodies (such as university institutions and 
other research organizations) can be linked to such records. It shows that the GND from 
the German National Library is a good data source to link to, making it possible to 
uniquely identify, say, either the University of Tübingen or its linguistics department as 
the creator of many traditional publications (stemming from library catalogs), or to iden-
tify the research data (stemming from their repositories) it helped create. For more details, 
see Trippel and Zinn (2016). The authors hope that all CLARIN centers follow this exam-
ple and add authority records to their data.

Use of Established Vocabularies
Any shared use of vocabulary supports Linked Data. The CLARIN Component Registry 
contains some components that make extensive use of externally defined metadata terms. 
The component /DcmiTerms/, for instance, gives a CMDI- based representation of all DCMI 
Metadata Terms.6 To refer to languages, metadata providers can make use of the CMDI 
component /iso- language- 639– 3/ that represents the three- letter language codes as defined in 
the ISO 639-3:2007 code tables; see http:// sil . org / iso639 - 3 . 7 The CMDI component /Country/ 
makes available the country codes as defined by ISO 3166:2013.

The latter two components are outdated, because ISO has ended its support for URIs of 
the form https:// cdb . iso . org / cdb to refer to language and country codes. While it is possi-
ble to use the URI http:// sil . org / iso639 - 3 / documentation . asp ? id=deu (or http:// www . lexvo 
. org / page / iso639 - 3 / deu) to refer, say, to the ISO 639- 3:2007 code for German (and to 
obtain more information about the referent), it is hard to say whether the links will remain 
resolvable 10 years from now. Therefore, the CLARIN community decided to import the 
ISO 639-3:2007 code set into CLAVAS, the newly created CLARIN vocabulary service 
based on OpenSKOS (http:// openskos . org). This service aims to provide sustainable, per-
sistent URIs to refer to ISO codes.8

Most CMDI data providers aim at using a controlled vocabulary to identify the media 
type of a resource, though referral to such data using the string datatype is often either 
incomplete or erroneous, and because users typically abstain from using persistent 
URIs. Explicit references to http:// www . iana . org / assignments / media - types / media - types 
. xhtml are rare. Also, at the time of writing, CMDI metadata providers make little use of 
geographical databases such as geonames . org .  Other missed opportunities to refer to 
shared vocabulary include the ISO 8601:2013 standard on dates and times, which is par-
ticularly interesting for the description of segments and their duration (intervals) from 
recordings, transcriptions, annotations, and the like. In the future, the CLAVAS vocabu-
lary service may include the IANA terms and the other aforementioned terms to address 
this issue.

http://sil.org/iso639-3.7
https://cdb.iso.org/cdb
http://sil.org/iso639-3/documentation.asp?id=deu
http://www.lexvo.org/page/iso639-3/deu
http://www.lexvo.org/page/iso639-3/deu
http://openskos.org
http://www.iana.org/assignments/media-types/media-types.xhtml
http://www.iana.org/assignments/media-types/media-types.xhtml
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Link to Existing Vocabularies
There is ample potential to link CMDI- based data categories to the Semantic Web world, 
given that all descriptors in the CLARIN concept registry are addressable by persistent 
identifiers. To support data curation, semantic interoperability can be increased by relat-
ing CMDI- based data descriptors to each other. For this, reconsider the aforementioned 
mapping of CMDI data categories to facets to support faceted browsing in the Virtual 
Language Observatory. Here, the mapping is ad hoc rather than principled. In Windhou-
wer (2012) and Ďurčo and Windhouwer (2013), the authors propose establishing explicit 
ontological relationships between data descriptors. Using a new registry, the RELcat rela-
tion registry, it becomes possible to establish, for instance, owl:same- as or skos:exaxtMatch 
relations between semantically equivalent concepts, or to relate skos:closeMatch to almost 
semantically equivalent concepts. In the future, the CLARIN community must use REL-
cat to formalize the VLO mapping, and on the grand scale it must impose ontological 
insight onto the 3,000+ entries in the CLARIN concept registry.

Schema . org is an interesting ontology that CMDI metadata providers should consider 
using. Take the class http:// schema . org / PostalAddress, for instance. It serves as an anchor 
point to address- related properties, most of which have near equivalents in the CLARIN 
concept registry: /locationAddress/, /locationRegion/, /locationCountry/, /locationContinent/, 
/email/, and /faxNumber/. The term /address/ could then be linked to PostalAddress, and the 
aforementioned terms to its properties. In Zinn, Hoppermann, and Trippel (2012), the authors 
propose mapping some of the entries of the CLARIN concept registry to the schema . org 
ontology, in part to increase CMDI’s interoperability with regard to the Semantic Web com-
munity, and in part to support ongoing curation efforts within the CMDI community. So far, 
the CLARIN community has yet to discuss and agree on a mapping of CMDI vocabulary to 
schema . org or to vocabularies from other well- known concept registries or metadata schemes. 
Here, the RELcat relation strategy should be used to formalize the mapping described in 
Zinn, Hoppermann, and Trippel (2012) and to enter other term equivalencies. Community 
consensus could be marked by attaching a status to each mapping.

From CMDI to Linked Data via Bibliographic Metadata
Ongoing work is needed to move CMDI closer to the library world and subsequently 
toward the Semantic Web. In Zinn et al. (2016), the authors propose crosswalks (along 
with a web- based converter) between CMDI- based profiles and the library metadata stan-
dards Dublin Core and MARC 21. Having a CMDI- based record converted to MARC 21 
helps its ingestion in the library catalog, but without authority information the new infor-
mation is not linked to any prior information in the catalog (e.g., common author or com-
mon publisher), and hence is of limited use. With authority file information, we can link 
person- related metadata (in particular, the creator of a resource) with /dc:author/ informa-
tion in bibliographic databases. This makes it possible to have a single entry point for the 
traditional publications of a researcher and for the research data he or she created. The 
same holds for institutions that help to create or host linguistic data and metadata.

http://schema.org/PostalAddress
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The conversion of CMDI to Dublin Core comes with a significant information loss; the 
conversion from CMDI to MARC 21 preserves a considerable amount of information and 
is hence the preferred bibliographic format. Once a bibliographic format has been attained, 
there are existing converters to Semantic Web standards. From MARC 21, for instance, 
there is a mapping to RDF that can be used to generate RDF triples.9

From CMDI to RDF via Direct Conversion
In Ďurčo and Windhouwer (2014b), the authors propose a conversion from XML- based 
CMDI representations to RDF- based representations, addressing the third item in Berners- 
Lee’s (2006) list. The conversion includes all levels of the CMD data domain: the CMD 
meta model as given in ISO 24622-1:2015, CMD profiles and component definitions, CMD 
concept definitions, and RDF representations for CMD instance data. In the future, the 
CLARIN component registry will offer RDF representations for all profiles and components. 
Here, the hierarchical representation of a CMD component will be represented by the compo-
nent’s URI (rooted in the CLARIN component registry) and by a dot- path to its subcom-
ponents and elements. At the time of writing, the RDF conversion is ongoing development.

A true conversion of CMDI- based RDF data requires data sharing at the URI level; that 
is, CMDI- based metadata must make a healthy use of URIs to refer to persons, corpora-
tions, geographical places, and other web entities. The use of authority records in CMDI- 
based metadata descriptions strengthens the links to other datasets, but this can only be 
the first step. With the semantic mapping from CMDI vocabulary to existing Linked Data 
vocabulary still to be done— the RELcat registry needs to be filled with many more 
entries— it is hard to evaluate the adequacy of the CMDI to RDF conversion algorithm. 
Here, the community must gather more experience.

RDF is the lingua franca of Linked Open Data. The data format comes with RDF- based 
technology for storing or querying datasets. In terms of metadata management, however, 
RDF is less legible and harder to maintain. Clearly, the CLARIN infrastructure best sup-
ports the record- based CMDI, so this is the mandatory format today for all CLARIN data 
providers. To reap the benefits of Linked Open Data, all harvested data should be con-
verted to RDF and made accessible through SPARQL endpoints. Given the distributed 
nature of the CLARIN infrastructure, such conversion will be done at the central hub 
once all harvested data are aggregated and harmonized. Here, the VLO is the best place 
for getting access to RDF representations of CMDI instances.

Discussion

The CLARIN community has taken initial steps toward achieving semantic interopera-
bility with other communities and toward linking CMDI- based metadata with metadata 
available elsewhere. The large number of vocabularies available in the metadata world, 
however, seems to complicate the community’s work. Clearly, the CMDI community 
must first face the challenge of curating its own datasets. Given the distributed nature of 
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CLARIN, a considerable part of this task must be tackled by the individual data provid-
ers. Each of them profits, however, from the CMD infrastructure, in terms of the follow-
ing: an improved CLARIN Concept Registry, where national CCR coordinators are now 
in charge to manage (and to curate) all terms; a CLARIN component registry that will 
need to offer (and to better advertise) prefabricated components that are semantically 
grounded in the CCR and other term registries; and an evolving CLARIN RELcat rela-
tion registry, where CCR terms can be ontologically linked both to each other and to exter-
nal vocabularies. With powerful tool support (the SMC browser), data curation should be 
taken seriously; manpower should be made available to address the curation and interop-
erability challenges in a timely manner.

The advent of the Semantic Web and the idea of Linked Data offer motivation as well 
as conceptual and technological support for this task. While data curation starts at home, 
it must not be limited to CLARIN’s own backyard. There exists a plethora of vocabularies 
in the metadata universe, and it is often unclear which ones are best to use and how to use 
them effectively. Which of the vocabularies will persist through time, or at least through 
a number of decades? While ISO standards are good candidates, the authors have already 
experienced that URIs to them become unresolvable, which in turn provides a convincing 
argument to set up one’s own terminology service (such as CLAVAS).

In Cole, Han, Weathers, and Joyner (2013), the authors also mention the challenge of “too 
many semantic options available for creating RDF representations” in the library context: 
early adopters of library LOD often have “developed their own namespaces and semantics 
when publishing their catalogue records as LOD data sets.” As a result, the authors con-
tinue, “there are too many sets used for library LOD data sets. No single semantic net seems 
sufficient for describing library bibliographic data records.” With the CMDI community 
moving closer to the Linked Data world, we may reach a similar conclusion with regard to 
metadata records on language- related resources and tools. Here, the CLARIN members 
should take into account the best practices that are currently being designed for transform-
ing bibliographic metadata into Linked Data (see, for instance, Southwick 2015).

In this regard, it is worth emphasizing that the library world is also transitioning to the 
Semantic Web and Linked Data. The Library of Congress has proposed a new standard 
for library resource description called BIBFRAME, https:// www . loc . gov / bibframe /  .  While 
the Library acknowledges the existence of different vocabularies (schema . org, Resource 
Description and Access [RDA], http:// www . rda - rsc . org), the BIBFRAME vocabulary 
comes with its own namespace.10 The authors of the bibliographic framework by the Library 
of Congress (2012) acknowledge that “the recommendation of a singular namespace is 
counter to several current Linked Data bibliographic efforts.” However, they continue, “it 
is crucial to clarify responsibility and authority behind the schematic framework of BIB-
FRAME in order to minimize confusion and reduce the complexity of the resulting data 
formats. It will be the role of the Library’s standards stakeholders to maintain the connec-
tions between BIBFRAME model elements and source vocabularies such as Dublin Core, 

https://www.loc.gov/bibframe/
http://www.rda-rsc.org
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FOAF, SKOS, and future, related vocabularies that may be developed to support different 
aspects of the Library workflow.” The CLARIN community may well decide to follow the 
example of a singular namespace and to use the RELcat relation registry to link, when-
ever possible, to relevant vocabularies that play an important role in prominent Linked 
Data sets.

Conclusion

In the past, research data were hardly accessible. They resided on recording reel- to- reel 
tapes, floppy disks, or hard drives, and to gain access to data it was often necessary to 
contact the researcher who collected the data in the first place to learn details about the 
data (for free) or to make a copy of the requested material. Some institutions followed a 
systematic approach to collecting and archiving research data, and also devised their own 
metadata format to help describing and accessing the data. With many different archives 
devising their proprietary metadata language, it was hard, if not impossible, for research-
ers to search across collections. The CMDI framework for metadata aims at fostering 
syntactic and semantic interoperability. It enables archive maintainers and other users to 
first define their descriptive vocabulary in concept registries (or, whenever possible, to 
use the vocabulary defined there). With the basic vocabulary in place, larger metadata 
chunks, or “components,” can be defined and made available to others in the CLARIN 
component registry. This grassroots movement helped archives to replace their proprie-
tary description framework with CMDI- based descriptions. These research data are regu-
larly harvested from the many different data providers at a central place. Following a 
curation and mapping phase, the data are entered into the Virtual Language Observatory, 
which in turn allows users to perform a faceted- based search to large aggregations of 
language- related material of an enormous variety.

By now, CMDI- based metadata have become the standard framework to describe 
language- related resources in the CLARIN community. The CMDI community still must 
address a number of issues. First, the CLARIN concept and component registries need 
better curation. In both registries, unused entries should be removed. To deal with dupli-
cates and near duplicates, data descriptors should be interlinked with each other to state 
their ontological relationships. Also, their relationships with terms from other metadata 
schemes should be made explicit. Here, the RELcat relation registry, which was first 
introduced in Windhouwer (2012), should be finally released and effectively used for this 
purpose. Second, where applicable, vocabulary from established metadata schemes, such 
as Dublin Core, should be used to describe aspects about a resource that are independent 
from its type. With the usage of established vocabulary rather than CMDI homegrown 
terms, there is no need for a mapping. Third, for values of descriptors, authority files from 
the library world should be used whenever possible, as should ISO- based closed vocabu-
laries for countries, languages, dates, and so on. Here, the CLAVAS vocabulary service 
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should be used whenever possible, also to ensure the persistence of all URIs. Fourth, it is 
desirable that RDF become an integral part of the CLARIN infrastructure. Both the com-
ponent and the concept registries should offer RDF exports and SPARQL endpoints for 
their entries. Also, the VLO resource viewer should make available RDF- based represen-
tations of the resources’ metadata. With these adoptions, CMDI- based metadata can be 
easily linked to library catalogs and Linked Data, so that in the midterm as many as a 
million records describing language- related resources can finally become a highly inter-
linked part of the Linked Data cloud.

Notes

1. See http:// dublincore . org / documents / dcmi - terms /  .
2. See http:// www . tei - c . org /  .
3. See https:// lux17 . mpi . nl / isocat / clarin / vlo / mapping / index . html .
4. See https:// www . w3 . org / TR / 2014 / REC - rdf11 - concepts - 20140225 /  .
5. See https:// www . w3 . org / TR / sparql11 - query /  .
6. See http:// dublincore . org / documents / dcmi - terms /  .
7. The CMDI component /iso- language- 639– 3/ is identified with the URI http:// catalog . clarin . eu 
/ ds / ComponentRegistry / rest / registry / components / clarin . eu:cr1:c_1271859438110 .
8. The URI http:// clavas . clarin . eu / clavas / public / api / concept / 2bfb9f9a - e088 - 4473 - bf8e - 5de7b81e716f,
for instance, refers to “deu,” German.
9. See https:// wiki . dnb . de / pages / viewpage . action ? pageId=124132496 .
10. The namespace for the BIBFRAME 2.0 vocabulary is http:// id . loc . gov / ontologies / bibframe .
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