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Abstract
This paper describes the ongoing work to integrate WebLicht into the CLARIN infrastructure. It introduces the CLARIN infrastructure
for scholars in the humanities and social sciences as well as WebLicht - an orchestration and execution environment that is built upon
Service Oriented Architecture principles. The integration of WebLicht into the CLARIN infrastructure involves adapting it to the
standards and practices used within CLARIN, including distributed repositories, CMDI metadata, and persistent identifiers.
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1. Motivation
The ESFRI project Common Language Resources and
Technology Infrastructure (CLARIN)1 has the goal of pro-
viding an integrated and interoperable research infrastruc-
ture for scholars in the humanities and social sciences. One
of the main challenges in constructing this CLARIN infras-
tructure lies in the integration of language data and of ser-
vices that allow scholars to search, annotate, enrich, and
visualize language data on a large scale. CLARIN aims
to make such language processing tools and services avail-
able for novice users, eliminating technical obstacles that
are often encountered. In addition, these tools and services
should be capable of operating on data from various sources
and should be combinable into complex processing work-
flows.

2. CLARIN Metadata
An important part of the CLARIN infrastructure involves
creating language processing tools and making them avail-
able to the larger academic community. Equally important,
however, is devising a framework which allows these tools
to be discovered and used with minimal effort on the end-
user’s part. This framework relies heavily on the use of a
common metadata format. This section describes the meta-
data within CLARIN which enables WebLicht (Henrich et
al., 2010) to discover language tools and create process-
ing chains for annotating text corpora. Section 3. describes
in detail how WebLicht will use CLARIN’s metadata for
building processing chains.

2.1. Persistent Identifiers
A persistent identifier (PID) is a unique character string
used to identify a digital object (ISO 24619:2011, 2011).
PIDs can be used as references to digital objects in a wide
range of documents. The URL of the actual digital object
can be obtained simply by resolving its PID by means of
a designated service. PIDs are widely applied within the
CLARIN metadata to refer to webservices, resources, etc.

1CLARIN: http://www.clarin.eu

2.2. CMDI
The CLARIN project utilizes the CMDI2 (Component
Metadata Infrastructure) metadata format, which provides
a unified library of building blocks (called components).
These components can be reused to compose a wide range
of increasingly complex metadata components. Each of the
elementary components is normally linked to a field de-
scriptor in a registry of concepts and terminology widely
used by the linguistic community, such as ISOcat3 (ISO
12620:2009, 2009). The CLARIN infrastructure provides
the CMDI Component Registry4, in which arbitrarily com-
plex metadata components can be added for any resource
type, reusing existing components (Broeder et al., 2010).
The advantage of this building-block approach is that it
imposes no limitations on the expressiveness of the meta-
data. CLARIN requires that every resource is described
with CMDI metadata, and that this metadata is assigned a
PID and made available for harvesting via the OAI-PMH
protocol.

2.3. Center Resource Repositories
Each individual CLARIN center will operate its own repos-
itory for storing its resources and metadata. Currently there
are nine CLARIN centers, located at academic and re-
search facilities. When a center wishes to inform the wider
CLARIN community about one of its resources, it makes
the corresponding metadata (and optionally the resource it-
self) publicly available in its repository. This metadata can
be harvested via the standard OAI-PMH protocol, enabling
integration of the centers’ tools and resources into a broad
range of applications. For example, WebLicht must em-
ploy a harvester to gather CMDI metadata about available
WebLicht-compatible webservices.

2.4. CLARIN Center Registry
In order to ease the discoverability of resources within the
CLARIN infrastructure, the center registry has been put in

2CMDI: http://www.clarin.eu/cmdi
3ISOcat: http://www.isocat.org
4CMDI Component Registry: http://catalog.

clarin.eu/ds/ComponentRegistry/#
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Figure 1: CLARIN Metadata in WebLicht

place. The CLARIN Center Registry stores CMDI meta-
data describing each of the nine CLARIN centers. This
metadata includes the location of each center’s repository,
as well as the center’s type (A, B, or C), contact infor-
mation, CLARIN compliance status, etc. Figure 1 shows
how the center registry, together with the center reposi-
tories, will be utilized by WebLicht to collect webservice
metadata. An integral part of this webservice metadata is
so-called orchestration metadata, which specifies detailed
input and output descriptions as well as webservice param-
eters (see section 3.3.). This orchestration data is the key
component for constructing workflows in WebLicht.

3. WebLicht
WebLicht is a service orchestration and execution environ-
ment built upon Service Oriented Architecture principles.
Although it is currently mostly used for incremental auto-
matic annotation of text corpora, other uses such as audio
data processing are under development. In order to fulfill
the integration requirements the following components are
necessary:

• A harvester for aggregating metadata about distributed
webservices

• An orchestration engine for building valid webservice
workflows

• A user-friendly web application for construction and
invocation of workflows, which relies on the harvester
and the orchestration engine

The orchestration engine and the web application are al-
ready a part of the current version of WebLicht, while the
harvester is presently under development.

3.1. Webservices
A WebLicht-compatible webservice is simply a syn-
chronous REST-style webservice. The client establishes an

HTTP connection to the webservice and initiates a POST
request containing the input data. Depending on the web-
service, the client can also set various processing parame-
ters using the query string in the URL. The webservice pro-
cesses the input data synchronously and returns the result
as output data, using the same HTTP connection. Currently
there are approximately one hundred WebLicht-compatible
webservices located across Europe. The data format used
by the majority of WebLicht-compatible webservices is a
valid XML format, TCF (Text Corpus Format), fully com-
patible with the Linguistic Annotation Format (LAF) and
Graph-based Format for Linguistic Annotations (GrAF) de-
veloped in the ISO/TC37/SC4 technical committee (Ide and
Suderman, 2007). A set of webservices allow conversions
between TCF and most of the other formats used in the lin-
guistic community.

3.2. Harvesting of Webservice Metadata
Since webservice metadata is distributed over all the
CLARIN center resource repositories, there is no central
location from which to obtain webservice metadata. This
necessitates the collection of webservice metadata (called
harvesting) from each resource repository. Using informa-
tion from the CLARIN center registry, a harvester is able
to target a specific metadata set contained in the resource
repositories. Based on given requirements, the harvester
will locate the appropriate sets within each center resource
repository, read the sets via the OAI-PMH protocol, and
aggregate the results.
For example, the WebLicht harvester must periodically
check all the center repositories for WebLicht-compatible
webservice metadata sets and cache them, as shown in Fig-
ure 1. With the help of the harvested metadata, WebLicht
can assist the user in building webservice workflows in a
type-safe manner. A webservice workflow is a sequence of
webservices that are executed in succession, each one re-
ceiving as input the output of the previous one. Using the
descriptions of the input and output in the metadata for each
webservice, the system can guarantee the correctness of a
webservice workflow from a data perspective.

3.3. Orchestration Metadata and Chaining
Each webservice is described in the CLARIN repositories
by a piece of metadata. This contains information about
the webservice creators, access rights, development status,
description, input and output format specifications, regis-
tration date, URL, etc. An important part of the metadata is
the so-called orchestration metadata, which is used by or-
chestration engines to match webservices to a given input
data and to create workflows.
In the CLARIN CMDI Component Registry, an extendable
core webservice metadata format is specified. By design,
this core format can be easily extended to describe a wide
variety of webservices. Such an extended format describ-
ing WebLicht-compatible webservices is registered in the
CMDI Component Registry, which elaborates on the or-
chestration metadata in the core format. The orchestration
metadata in this extended format will be referred to in this
paper as orchestration metadata. The purpose of this or-
chestration metadata is to describe the profile of the data
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that a webservice accepts and the profile of its output, im-
plicitly defining a type system. This I/O data specification
is designed to be as straightforward and generic as possible.
It is domain neutral and independent of the actual data for-
mat used by the webservices, but at the same time simple to
understand, use and generate. The orchestration metadata
is a list consisting primarily of data features, each feature
containing zero or more values. The input description spec-
ifies what properties input data must have in order to be cor-
rectly processed by the webservice. The output description
specifies properties of the output data that is generated by
the webservice.

<I n p u t>
<Paramete rGroup>

<Name>I n p u t P a r a m e t e r s</ Name>
<P a r a m e t e r s>

<P a r a m e t e r>
<Name>t y p e</ Name>
<WebServiceArgValue>i n f o r m a t</ WebServiceArgValue>
<A l l o w M a n u a l S e l e c t i o n F a l l b a c k>t r u e</ A l l o w M a n u a l S e l e c t i o n F a l l b a c k>
<Values>

<P a r a m e t e r V a l u e>
<Value>t e x t / p l a i n</ Value>
<WebServiceArgValue>p l a i n t e x t</ WebServiceArgValue>

</ P a r a m e t e r V a l u e>
<P a r a m e t e r V a l u e>

<Value>a p p l i c a t i o n / msword</ Value>
<WebServiceArgValue>doc</ WebServiceArgValue>

</ P a r a m e t e r V a l u e>
</ Va lues>

</ P a r a m e t e r>
<P a r a m e t e r>

<Name>l a n g</ Name>
<WebServiceArgValue>l a n g u a g e</ WebServiceArgValue>
<A l l o w M a n u a l S e l e c t i o n F a l l b a c k>t r u e</ A l l o w M a n u a l S e l e c t i o n F a l l b a c k>
<Values>

<P a r a m e t e r V a l u e>
<Value>de</ Value>
<WebServiceArgValue>de</ WebServiceArgValue>

</ P a r a m e t e r V a l u e>
<P a r a m e t e r V a l u e>

<Value>en</ Value>
<WebServiceArgValue>en</ WebServiceArgValue>

</ P a r a m e t e r V a l u e>
<P a r a m e t e r V a l u e>

<Value>es</ Value>
<WebServiceArgValue>es</ WebServiceArgValue>

</ P a r a m e t e r V a l u e>
</ Va lues>

</ P a r a m e t e r>
</ P a r a m e t e r s>

</ Pa rame te rGroup>
</ I n p u t>
<Outpu t>

<Paramete rGroup>
<Name>Outpu t P a r a m e t e r s</ Name>
<R e p l a c e s I n p u t>t r u e</ R e p l a c e s I n p u t>
<P a r e m e t e r s>

<P a r a m e t e r>
<Name>t y p e</ Name>
<Values>

<P a r a m e t e r V a l u e>
<Value>t e x t / t c f +xml</ Value>

</ P a r a m e t e r V a l u e>
</ Va lues>

</ P a r a m e t e r>
<P a r a m e t e r>

<Name>l a n g</ Name>
<R e f I n p u t P a r a m e t e r>l a n g</ R e f I n p u t P a r a m e t e r>
<Values>

<P a r a m e t e r V a l u e>
<Value>de</ Value>
<R e f I n p u t P a r a m e t e r V a l u e>de</ R e f I n p u t P a r a m e t e r V a l u e>

</ P a r a m e t e r V a l u e>
<P a r a m e t e r V a l u e>

<Value>en</ Value>
<R e f I n p u t P a r a m e t e r V a l u e>en</ R e f I n p u t P a r a m e t e r V a l u e>

</ P a r a m e t e r V a l u e>
<P a r a m e t e r V a l u e>

<Value>es</ Value>
<R e f I n p u t P a r a m e t e r V a l u e>es</ R e f I n p u t P a r a m e t e r V a l u e>

</ P a r a m e t e r V a l u e>
</ Va lues>

</ P a r a m e t e r>
<P a r a m e t e r>

<Name>v e r s i o n</ Name>
<Values>

<P a r a m e t e r V a l u e>
<Value>0 . 4</ Value>

</ P a r a m e t e r V a l u e>
</ Va lues>

</ P a r a m e t e r>
<P a r a m e t e r>

<Name>t e x t</ Name>
</ P a r a m e t e r>

</ P a r a m e t e r s>
</ Pa rame te rGroup>

</ Ou tpu t>

Listing 1: CMDI Orchestration Metadata Example 1

For example, consider the simple case of a tool which takes
a text document as input and produces a TCF document

(which is a widely used internal format for linguistic pro-
cessing within WebLicht) as output. Listing 1 shows the
input and output specifications for such a tool, extracted
from the CMDI orchestration metadata.
The CMDI metadata specifies that the input of the corre-
sponding webservice must be either a plain-text or a Mi-
crosoft Word document. In order to better understand how
this is achieved, consider the summary of input features,
which is shown in Table 1.

Feature Value(s) URL Query String

type application/msword informat=doc
text/plain informat=plaintext

lang
de language=de
en language=en
es language=es

Table 1: Input Specification Summary for Example 1

The input specification asserts that the ”type” feature of the
input data must be ”application/msword” or ”text/plain”.
The ”type” feature in this case designates the data mime
type. Similarly, the ”lang” feature must be either ”de”,
”en”, or ”es”, which indicates the language of the input
document. Additionally it can be seen that a query string
is assigned to each feature value which will be passed to
the tool as part of the URL.
The CMDI metadata in Listing 1 also specifies that the out-
put will be a TCF file with version 0.4, a language identi-
cal to the language of the input text document, and a text
layer (represented in the TCF file as a special node). Table
2 shows the shows the summary of output features for our
example.

Feature Value(s) Input Reference

type text/tcf+xml

version 0.4

text

lang
de lang=de
en lang=en
es lang=es

Table 2: Output Specification Summary for Example 1

The output specification declares that the value of the
”type” feature is ”text/tcf+xml”, meaning the webservice
output format is TCF. The ”version” feature has a value of
”0.4”, which means that version 0.4 of TCF file format will
be produced. The ”text” feature without a value indicates
that the resulting TCF file will contain a text layer (the no-
tion of layers is specific to TCF). Finally, the ”lang” feature
has three possible values, each referencing a value of the
”lang” feature in the input specification. Thus the language
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of the output TCF document will depend on the language
of the input text document.
The output specification can operate in two different
modes: addition or replacement. Using the addition mode
means that the declared output features for the webservice
are added to the ones already in the input data. This mode is
used when webservices simply augment the original input
data, such as in a case where an additional annotation layer
is added to an input TCF document.
In the example above (Listing 1) the replacement mode is
used as declared by the element ReplacesInput. A value of
”true” indicates that the webservice completely transforms
the input data, so that the profile of the output data is deter-
mined solely by the declared output features of the webser-
vice.
Listing 2 shows another example, illustrating the use of the
addition mode. It describes a part-of-speech tagging tool
which augments the input TCF document with a part-of-
speech annotation layer.

<I n p u t>
<Paramete rGroup>

<Name>I n p u t P a r a m e t e r s</ Name>
<P a r a m e t e r s>

<P a r a m e t e r>
<Name>l a n g</ Name>
<A l l o w M a n u a l S e l e c t i o n F a l l b a c k>f a l s e</ A l l o w M a n u a l S e l e c t i o n F a l l b a c k>
<Values>

<P a r a m e t e r V a l u e>
<Value>de</ Value>

</ P a r a m e t e r V a l u e>
<P a r a m e t e r V a l u e>

<Value>en</ Value>
</ P a r a m e t e r V a l u e>
<P a r a m e t e r V a l u e>

<Value>f r</ Value>
</ P a r a m e t e r V a l u e>
<P a r a m e t e r V a l u e>

<Value>i t</ Value>
</ P a r a m e t e r V a l u e>

</ Va lues>
</ P a r a m e t e r>
<P a r a m e t e r>

<Name>t o k e n s</ Name>
<A l l o w M a n u a l S e l e c t i o n F a l l b a c k>f a l s e</ A l l o w M a n u a l S e l e c t i o n F a l l b a c k>

</ P a r a m e t e r>
<P a r a m e t e r>

<Name>t y p e</ Name>
<A l l o w M a n u a l S e l e c t i o n F a l l b a c k>f a l s e</ A l l o w M a n u a l S e l e c t i o n F a l l b a c k>
<Values>

<P a r a m e t e r V a l u e>
<Value>t e x t / t c f +xml</ Value>

</ P a r a m e t e r V a l u e>
</ Va lues>

</ P a r a m e t e r>
<P a r a m e t e r>

<Name>v e r s i o n</ Name>
<A l l o w M a n u a l S e l e c t i o n F a l l b a c k>f a l s e</ A l l o w M a n u a l S e l e c t i o n F a l l b a c k>
<Values>

<P a r a m e t e r V a l u e>
<Value>0 . 4</ Value>

</ P a r a m e t e r V a l u e>
</ Va lues>

</ P a r a m e t e r>
</ P a r a m e t e r s>

</ Pa rame te rGroup>
</ I n p u t>
<Outpu t>

<Paramete rGroup>
<Name>Outpu t P a r a m e t e r s</ Name>
<R e p l a c e s I n p u t>f a l s e</ R e p l a c e s I n p u t>
<P a r a m e t e r s>

<P a r a m e t e r>
<Name>lemmas</ Name>

</ P a r a m e t e r>
<P a r a m e t e r>

<Name>p o s t a g s . t a g s e t</ Name>
<R e f I n p u t P a r a m e t e r>l a n g</ R e f I n p u t P a r a m e t e r>
<Values>

<P a r a m e t e r V a l u e>
<Value>p e n n t b</ Value>
<R e f I n p u t P a r a m e t e r V a l u e>en</ R e f I n p u t P a r a m e t e r V a l u e>

</ P a r a m e t e r V a l u e>
<P a r a m e t e r V a l u e>

<Value>s t e i n</ Value>
<R e f I n p u t P a r a m e t e r V a l u e>f r</ R e f I n p u t P a r a m e t e r V a l u e>
<R e f I n p u t P a r a m e t e r V a l u e>i t</ R e f I n p u t P a r a m e t e r V a l u e>

</ P a r a m e t e r V a l u e>
<P a r a m e t e r V a l u e>

<Value>s t t s</ Value>
<R e f I n p u t P a r a m e t e r V a l u e>de</ R e f I n p u t P a r a m e t e r V a l u e>

</ P a r a m e t e r V a l u e>
</ Va lues>

</ P a r a m e t e r>
</ P a r a m e t e r s>

</ Pa rame te rGroup>
</ Ou tpu t>

Listing 2: CMDI Orchestration Metadata Example 2

The input specification for this example is summarized in
Table 3. In particular, it tells us that the input format must
be a TCF document (version 0.4) in one of four languages
(de, en, fr, or it), containing a tokens annotation layer. In
this case, no URL query string is required by the webser-
vice.

Feature Value(s) URL Query String

type text/tcf+xml

version 0.4

tokens

lang

de
en
fr
it

Table 3: Input Specification Summary for Example 2

Since the ReplacesInput element has a value of ”false”,
the output specification for this tool, summarized in Ta-
ble 4, must not explicitly specify the type, version, or lan-
guage of the output document, as all the input features will
be retained in the output. Thus only the additional an-
notation layers must be specified. In this case, lemmas
and postags.tagset layers are added, where the value of
the postags.tagset feature depends on the input language.
Namely, if the input document is in English the penntb
tagset will be used for part-of-speech tagging, whereas the
stein tagset will be used for French and Italian documents,
and the stts tagset will be used for German documents.
This example illustrates the use of input references to create
complex output/input dependencies.

Feature Value(s) Input Reference

lemmas

postags.tagset
penntb lang=en
stein lang={fr, it}
stts lang=de

Table 4: Output Specification Summary for Example 2

The feature and value name semantics are not yet formally
specified. However, consistency of the feature names is
necessary for interoperability of webservices within the
same domain. In order to ensure this consistency, the fea-
ture and value names must be kept in a concept registry
such as ISOcat, which is widely used in the CLARIN in-
frastructure. The use of these standardized feature and
value names will then be applied to currently registered
WebLicht-compatible webservices and enforced when reg-
istering a new webservice.
This system of data-describing assertions makes chaining
possible (even before any webservices have actually been
invoked). Chaining is the process of automatically find-
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ingappropriatewebserviceswhenthecharacteristicsofthe
datatobeusedasinputareknown.Eachtimeawebser-
viceisselected,thecharacteristicsoftheresultingdataare
recomputedandusedtogenerateanewsetofsuitableweb-
services.Automaticallyfindingnewwebservicestobeap-
pliedinthechainisnowjustamatteroffilteringthrough
thelistoftheavailablewebservices.

3.4. ExampleProcessingChains

TheWebLichtarchitectureallowsahighdegreeofflexibil-
itywithrespecttowebserviceprocessingchains.Forex-
ample,Figure2showsasmallsubsetofpossibleprocess-
ingchainsavailablefortheGermanlanguage.Eachcircle
representsanindividualwebservice(labeledwiththeinsti-
tutewhichcreateditandanidentificationnumber)andthe
rectangularboxesrepresentlinguisticannotationstates.An
annotationstateindicateswhichlinguisticannotationlay-
ersarepresentinthedatadocument. Oftenitispossible
toreachanannotationstatethroughdifferentprocessing
chains.Thisallowsuserstocompareresultsfromdiffer-
enttoolsandtopick-and-choosethosetoolsthattheydeem
bestsuitedtotheirneeds.
Figure3showstheconnectivityofallofthewebservices
currentlyavailableinWebLichtfortheGermanlanguage.

4. Conclusion

WepresentedtherequirementsofintegratingWebLichtinto
theCLARINinfrastructureanddescribedtheongoingwork
tofulfillthem,includingharvestingCMDImetadatafrom
theCLARINcenterregistryandthedistributedcenterre-
sourcerepositories.Inaddition,theimportanceandutility
oftheCMDImetadatawithinWebLichtwasdescribed.
Onceintegrationiscomplete, WebLicht-compatibleweb-
serviceswillbeeasilydiscoverableandthustheentire
CLARINdevelopercommunitywillbeabletoutilizethem
(alsodirectly-withoutusingtheWebLichtwebinterface).
Asforusers,theywillbenefitfromimmediateaccessto
newtoolsassoonastheyareregisteredinanyCLARIN
center.

Figure2:SubsetofWebservicesAvailableforGerman
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Figure3:CompleteSetofWebservicesforGerman
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