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Abstract
The Andrew K. Mellon Foundation has funded a project to create a “trust network” between the Language Applications (LAPPS) Grid, a
major framework for composing pipelines of natural language processing (NLP) tools, and the WebLicht workflow engine hosted by the
CLARIN-D Center in Tiibingen. The project also includes integration of NLP services available from the LINDAT/CLARIN Center in
Prague. The goal is to allow users on one side of the bridge to gain appropriately authenticated access to the other and enable seamless
communication among tools and resources in both frameworks. The resulting “meta-framework”™ provides users across the globe with
access to an unprecedented array of language processing facilities that cover multiple languages, tasks, and applications, all of which are

fully interoperable.
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1. Introduction

The Andrew K. Mellon Foundation has funded a project
to create a “trust network” between the Language Appli-
cations (LAPPS) Grid (Ide et al., 2014), a major frame-
work for composing pipelines of natural language process-
ing (NLP) tools, and the WebLicht workflow engine (Dima
et al., 2012) hosted by the CLARIN-D Center in Tiibingen.
The project also includes integration of NLP services avail-
able from the LINDAT/CLARIN Center in Prague{ﬂ The
goal is to allow users on one side of the bridge to gain
appropriately authenticated access to the other and enable
seamless communication among tools and resources in both
frameworks. The resulting “meta-framework™ provides
users across the globe with access to an unprecedented ar-
ray of language processing facilities that cover multiple lan-
guages, tasks, and applications, all of which are fully inter-
operable.

The LAPPS Grid/CLARIN Mellon project involves two
major tasks: (1) establishing a joint single sign-on user au-
thentication and authorization mechanism; and (2) enabling
seamless interoperability at both the syntactic and seman-
tic levels among tools available from both the LAPPS Grid
and WebLicht, so that users can mix and match these tools
regardless of provenance and without concern for differing
I/O requirements. In this paper we describe the work re-
quired to accomplish these tasks.

2. Overview

In the LAPPS Grid, language resources and NLP tools are
made available from the Galaxy workflow engine (Giardine
et al., 2005)), as well as programmatic access through the
LAPPS Grid APIP] LAPPS Grid tools consume and pro-
duce data in the LAPPS Interchange Format (LIF) (Ver-
hagen et al., 2015), a JSON-LD-based format designed to
serve as an internal interchange format for linguistically an-
notated data. Semantic interoperability among services is

' https:/lindat.mff.cuni.cz/en
2 http://wiki.lappsgrid.org/Developing.html

accomplished via URI references to the LAPPS Grid Web
Service Exchange Vocabulary (WSEV) (Ide et al., 2016).
NLP tools are accessed as web services that deliver meta-
data about the content at a standardized URI and are at
present invoked using the SOAP protocol.

WebLicht is an environment for building, executing, and vi-
sualizing the results of NLP pipelines, which is integrated
into the CLARIN infrastructure (Hinrichs and Krauwer,
2014). WebLicht NLP tools are implemented as web ser-
vices that consume and produce the Text Corpus Format
(TCF data, an XML format designed for use as an inter-
nal data exchange format for WebLicht processing tools.
The TCF also ensures semantic interoperability among all
WebLicht tools and resources by defining a common vo-
cabulary for linguistic concepts. Metadata descriptions of
WebLicht tools are stored in repositories located at the
CLARIN center hosting the service. WebLicht web ser-
vices are invoked using the RESTful protocol.
LINDAT/CLARIN provides various NLP servicesﬁ based
on single-purpose tools or pre-configured chains of tools,
often for multiple languages, most notably the UDPipe ser-
vice (Straka et al., 2016). UDPipe produces CoNLL-U, the
UD annotation format (Nivre et al., 2016), which is based
on the column-based “BIO” format used in the Conference
on Natural Language Learning (CoNLL) exercises. Sub-
chains of UDPipe are being exposed in WebLicht, and will
be made interoperable with WebLicht’s other TCF-based
tools.

The challenges to bridging The LAPPS Grid and WebLicht
frameworks arise from differences in the architectures of
the two systems, in particular the differences in data ex-
change formats, access to and format of metadata, and the
protocols used to invoke web services. In addition, it is nec-
essary to provide support for authentication and authoriza-
tion mechanisms that allow users to access resources and
services provided by each framework as easily and seam-

3 https://weblicht.sfs.uni-tuebingen.de/weblichtwiki/index.php
/The_TCF_Format * http://lindat.mff.cuni.cz/services/



"text":{
"@value": "Karen flew to New York."
b
"views": [
{ "metadata": {}
"annotations": [
{
"id": "tokO","start": 0,"end": 5,
"features": {"word": "Karen"
Yleool1)
{ "metadata": {},
"annotations": [
{
"id": "pos_0","start": 0,"end": 5,
"features": {"pos": "NNP"
}loo.l1dy
{ "metadata": {},
"annotations": [
{
"id": "tokO","start": 0,"end": 5,
"features": {"pos": "NNP","word": "Karen"}},...]}]

<text>Karen flew to New York. </text>
<tokens>
<token
<token
<token
<token
<token

_0">Karen</token>
_1">flew</token>
_2">to</token>
">New</token>
">York</token>
5">.</token>

</tokens>

<POStags tagset="pennTB">
">NNP</tag>
_1">VBD</tag>
">TO</tag>
">NNP</tag>
">NNP</tag>

</POStags>

Table 1: Example LIF (top) and TCF (bottom) formats

lessly as those within the framework they typically use.
Each of these tasks is described in the following sections.

3. Data Format Conversion

Conversion between the LAPPS Grid and WebLicht for-
mats is addressed at the level of service protocols, and at
the syntactic (data representation) and semantic (linguistic
objects and their relations) levels.

Communication Protocols. = The LAPPS Grid and
CLARIN services use different communication protocols.
The LAPPS Grid uses the Simple Object Access Proto-
col (SOAP), whereas the CLARIN tools are implemented
as RESTfuﬂ services. To invoke LAPPS services reg-
istered in CLARIN, it is currently necessary to convert
CLARIN’s RESTful requests to LAPPS Grid SOAP re-
quests. A SOAP-PROXY service has been implemented
to take a REST service request as input, convert it to a
SOAP message, invoke the service with the SOAP request,
and return the response from the service. A similar mech-
anism enables access to CLARIN RESTful services from
the LAPPS Grid.

Syntactic Interoperability. The problem of differing data
exchange formats has been addressed at the syntactic level
by implementing data converters between LIF and TCF
as web services and registering them in both frameworks.
Structural differences and the granularity of annotation data
in LIF and TCF imposed several challenges:
* LIF is a stand-off annotation format and therefore re-
quires character offset anchors to the primary text as

> https://www.w3.0rg/2001/sw/wiki/REST

part of an annotation. TCF token annotations, on
which all further WebLicht annotations rely, do not
contain character offsets; therefore, conversion from
LIF to TCF requires mapping character offset anchors
from/to each token.

» TCF allows only one occurrence of an annotation type
per document, whereas LIF allows multiple occur-
rences of the same annotation type within a single out-
put document (contained in different “views”). There-
fore, only one of multiple LIF annotations of the same
type can be chosen for conversion into TCF. For exam-
ple, in Table [T} the LIF representation contains multi-
ple part-of-speech annotations. Therefore, it is neces-
sary to identify the optimal alternative for conversion
into TCF. This remains an open problem at this time;
currently, the last view for any given annotation type
is included in the TCF representation.

Semantic Interoperability. The three frameworks in this
project reference different sets of linguistic objects (with
some overlaps), using differing terminology and express-
ing relations among these objects in differing configura-
tions. To enable semantic interoperability among the ser-
vices in the three frameworks, we provide means to specify
the linguistic objects that a given service or tool requires as
input and produces as output, so that that other producers
and consumers (i.e., other services and/or tools) can deter-
mine if its requirements are satisfied. In a pipeline of tools
or web services, this information is provided as metadata
that must be checked automatically for compatibility. This
in turn demands that identical concepts can be identified
as such, either by direct match or by reference to a com-
mon web-addressable entity. Internally, a given tool may
use different terminology; the only necessity is that the tool
is wrapped to map the exchange vocabulary into the inter-
nal terminology and vice versa. Thus a single mapping of
a tool’s specific terminology into and out of the common
exchange vocabulary is sufficient to enable information ex-
change with all others.

We have developed a mapping and linkage among con-
cepts defined in the the vocabularies of WebLicht, LIN-
DAT/CLARIN, and the WSEV to cover entities contained
in the others. Where necessary, we have expanded specifi-
cations to meet the needs of additional services and data
types. In some cases, it was necessary to split and/or
merge concepts, revise/refine partially overlapping con-
cepts, allow specification of alternatives, etc. Where nec-
essary, we extended the vocabularies of WebLicht, LIN-
DAT/CLARIN, and the WSEV to cover entities contained
in the others. Details are omitted here for lack of space, but
a full inventory of the kind and number of modifications
required will be provided in the final paper, if accepted.

Figure [I] shows the LAPPS Grid - WebLicht integration
framework. When one framework calls a service from the
other, metadata from the called service is converted and
made available to the other, after which it can be processed
with the caller’s usual handlers. Similarly, data conversion
services allow each platform to consume and produce data
in its native format. Service calls are tunneled through a
proxy, which invokes services using the required protocol.
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Figure 1: Integration framework

4. Metadata Conformance

Metadata about the web services available in LAPPS Grid
and WebLicht contain information needed to invoke the ser-
vices from their respective frameworks. The two frame-
works handle web service metadata differently with respect
to content, storage location, and fetching.

In the LAPPS Grid, each web service delivers its own
metadata on demand, whereas WebLicht web service meta-
data is retained in CLARIN Center repositories. WebLicht
metadata, which follows the specifications of CLARIN
CMD]E| framework, includes information corresponding
LAPPS Grid metadata as well as additional details about
the format and contents of a service’s input and output.
Therefore, WebLicht metadata can be converted to LAPPS
Grid metadata automatically, but the reverse is not true. To
handle this, LAPPS Grid metadata is stored in the WebLicht
repository and augmented manually to include the required
additional information.

5. User Authentication and Identification

Using the LAPPS Grid through the Galaxy interface re-
quires a simple registration in order to provide a uniquely-
named workspace for each user, but there are no usage re-
strictions depending on the user type or affiliation. When
it is necessary to provide secure access to licensed data
and software, the LAPPS Grid uses “click through” li-
censes that can be accepted in real time as well as veri-
fication via timed tokens (Cieri and DiPersio, 2014). In
the CLARIN infrastructure, users must be authenticated via
identity providers belonging to EU national identity feder-
ations that in turn ensure secure authentication services.

Because of the need for authentication, prior to this project
LAPPS Grid users were in general not able to access login-
protected CLARIN services. To provide this access, we
have devised means for LAPPS Grid users with appropri-
ate credentials to access these services by registering the

® http://www.clarin.euw/cmdi

LAPPS Grid as both a service and identity provider with
the relevant organizations.

6. Example

Figure [2] presents an example use of tools from both the
LAPPS Grid and WebLicht frameworks, accessed via the
WebLicht user interface. An input text corpus is converted
to LIF format, tokenized and sentence-split by LAPPS ser-
vices, followed by a LIF—TCF format conversion to allow
processing to continue using CLARIN services. The lower
window in the figure ‘Input and Chain Selection’shows the
tool chain that was selected for execution. After the LAPPS
Grid services (Stanford Tokenizer and Stanford Splitter) are
executed, the LIF — TCF converter is used to switch back
to using WebLicht; the upper window (‘Next Choices’)
shows the available WebLicht services. If TCF — LIF is
chosen, then the chain will switch again from WebLicht
to the LAPPS Grid. In this way, a user can alternate be-
tween LAPPS Grid services and WebLicht services and
vice versa, without ever leaving the WebLicht interface.
Figure [3] shows a portion of the LAPPS Grid Galaxy in-
terface and a workflow in which a tokenizer and part-of-
speech tagger from WebLicht are invoked, followed by a
named entity recognizer from the LAPPS Grid. In the sec-
ond step of the workflow, the user specifies the appropri-
ate format for wrapping the input text (in this case, TCF).
Output from the part-of-speech tagger is converted to LIF
before invoking the LAPPS Grid entity recognizer. Note
that while conversion to and from TCF and LIF is done ex-
plicitly in this example, in the final implementation this will
not be required on the LAPPS Grid side as the Galaxy inter-
face automatically detects and converts formats as needed,
without intervention from the user.

7. Broader Impact

The meta-framework providing for mutual access between
the LAPPS Grid and the two CLARIN frameworks has the
potential to transform scholarship and development across
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Figure 3: Invoking WebLicht services in a LAPPS Grid/Galaxy pipeline

multiple disciplines in the sciences, language and social sci-
ences, and digital humanities by providing a transparent in-
terface to a massive range of tools and resources at an un-
precedented level.

Bridging the LAPPS Grid and WebLicht frameworks will
significantly extend the capabilities of each, by providing
seamless access to services that are currently unavailable.
For example, the LAPPS Grid will benefit from availabil-
ity of a more extensive suite of tools for output visualiza-
tion than currently exists in the LAPPS Grid, and WebLicht
will gain access to the sophisticated evaluation services the
LAPPS Grid provides.

The potential impact extends even farther than the two
frameworks involved, as both the LAPPS Grid and We-
bLicht are federated with other frameworks to which they
provide a gateway. WebLicht is a member of the EU
CLARIN network and therefore provides access to multi-
lingual tools and resources from CLARIN Centers hosted
throughout Europe. The harmonization will also extend to
Asia because the LAPPS Grid is federated with seven other
gridﬂ including the Language Grid housed at Kyoto Uni-
versityﬂ Like the LAPPS Grid-CLARIN bridge, this feder-
ation provides interoperability and seamless access among

" Federated Grid of Language Services (FGLS) (Ishida et al.,
2014). ® http://langrid.org

atomic and composite web services available from any of
the grids involved.

A more wide-ranging impact of this project may result from
its success in providing interoperable access to services in
two major frameworks that were developed entirely inde-
pendently. Although we acknowledge that universal in-
teroperability for NLP tools is far from a solved problem,
we believe this project takes an important step towards its
achievement. Additionally, our solutions to the problems
of authentication, authorization, and access to licensed data
and tools can serve as a model for other project facing the
same issues. Finally, the work performed takes a major
step toward the harmonization of software and data devel-
oped across the globe that can vastly ameliorate and even-
tually eliminate the current lack of reusability of resources
and tools that thwarts research and development in the field
and hampers collaboration. Ultimately, the LAPPS Grid-
CLARIN meta-network may lay the groundwork for the
eventual creation of a global network of grids and frame-
works to serve researchers, developers, and users of NLP
technologies.
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