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Abstract

In this paper, we describe a new and im-
proved Global Wordnet Grid that takes ad-
vantage of the Collaborative InterLingual
Index (CILI). Currently, the Open Mul-
tilingal Wordnet has made many word-
nets accessible as a single linked word-
net, but as it used the Princeton Wordnet
of English (PWN) as a pivot, it loses con-
cepts that are not part of PWN. The tech-
nical solution to this, a central registry of
concepts, as proposed in the EuroWord-
net project through the InterLingual Index,
has been known for many years. How-
ever, the practical issues of how to host
this index and who decides what goes
in remained unsolved. Inspired by cur-
rent practice in the Semantic Web and the
Linked Open Data community, we pro-
pose a way to solve this issue. In this paper
we define the principles and protocols for
contributing to the Grid. We tested them
on two use cases, adding version 3.1 of the
Princeton WordNet to a CILI based on 3.0
and adding the Open Dutch Wordnet, to
validate the current set up. This paper aims
to be a call for action that we hope will be
further discussed and ultimately taken up
by the whole wordnet community.

1 Introduction

Princeton WordNet (PWN: Fellbaum, 1998) has
existed for 25 years. It is a manually created re-
source that has proven its worth in many differ-
ent aspects of linguistics, computational linguis-
tics, industrial applications and last but not least
lexicology and knowledge engineering, cited over
11,000 times in Google Scholar'. It models lan-
guage based on a division between words and con-
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cepts (represented as synsets) and semantic rela-
tions between these synsets. WordNet provided
a different perspective on lexical resources from
the traditional view in which the lemmas are the
basis for defining concepts. Since EuroWordNet
Vossen (1998), the Princeton WordNet model has
spread to many other languages all over the world
and has been extended with inter-lingual relations
through the InterLingual Index (ILI). By linking
concepts across languages it became possible to
compare wordnets across languages, raising fun-
damental issues with respect to the definition of a
word and a concept.

Because synsets are based on sets of synonyms,
they mainly represent concepts lexicalized in a
particular language (although you can have a
synset with a phrase rather than a single word).
This implies that different language wordnets may
define different concepts related to the network
and in fact define semantic spaces that partially
match and partially do not. Within EuroWordNet,
two approaches were defined to build wordnets:
expand and merge. The expand method takes
the concepts from the Princeton WordNet (PWN)
as a starting point and translates the synonyms in
the synsets to equivalences in the target language.
If the same word is a translation of synonyms in
different synsets, this creates different senses for
the translation. By default, the fund of concepts
for this wordnet and the semantic space is identi-
cal to the PWN structure. Concepts that are not
lexicalized in English cannot be represented, or
will be added to the nearest possible synset, even
if the denotation is slightly different. The merge
method takes the words of a language as a start-
ing point and independently creates the synsets
and relations between them. This leads to an inde-
pendently created semantic space, which can then
be aligned with the PWN structure by providing
equivalence relations. In the case of the merge ap-
proach, the spaces are usually partially aligned and



there may be concepts that are in the new wordnet
but not in PWN.

Currently, there is no central registry for these
new concepts. Wordnet builders for different lan-
guages have no control over the concepts included
in PWN and cannot easily share their concepts to
other wordnet builders. Some projects have cre-
ated their own internal InterLingual indexes (for
example MCR (Gonzalez-Agirre et al., 2012) and
the Multilingual Wordnet (Pianta et al., 2002) but
these have not been widely adopted, are also based
on PWN and most importantly cannot be modified
by the community.

The idea of a GlobalWordNet Grid (GWG): a
platform for making all wordnets and their link-
age available was proposed at the bi-annual busi-
ness meeting of the Global Wordnet Conference in
Jeju, Korea 2006. Such a platform would enable
the discussion about what defines a word and a
concept across the different wordnets and also en-
able concept-sharing in a more fundamental way.

The Open Multilingual Wordnet (OMW: Bond
and Paik, 2012; da Costa and Bond, 2015) went
a long way to making linked wordnets available.
The key insight was that wordnets could only be
legally linked if the data was freely available and
allowed manipulation and redistribution. They
showed that wordnets were cited more if released
under an open license, and managed to persuade
many projects to release under open licenses. As
a result there are now open wordnets available for
33 languages, all linked to each other, as well as
automatically constructed data for 150 languages.
They postponed the question of how to link con-
cepts across all languages by using PWN 3.0 as a
de facto ILI, and dropping concepts that could not
be linked.

Concluding: the essential problem of how to
coordinate adding new concepts for multiple lan-
guages has not been realized until today. We want
to start a new era for wordnets by establishing a
framework so that the building and comparison of
the different language wordnets may achieve an-
other level: both theoretically and from an engi-
neering point of view. This paper describes the
details of this platform and opens up the discus-
sion with the community how to proceed. The
paper is further structured as follows. In Section
2, we give the background and motivation for the
Grid, while section 3 describes the main princi-
ples for the GWG and Section 4 for the Collab-

orative ILI (CILI). Section 5 describes the pro-
cedures and the current status. In Section 6, we
explain how the ILI is used to map to Word-
Net3.0 and WordNet3.1. We also discuss meth-
ods for gloss-comparison across synsets in word-
nets to find matches and candidates for new con-
cepts. Section 7 reports on an experiment to map
the Open Dutch Wordnet to the Grid and the at-
tempt to find new ILI concepts. Finally in Sec-
tion 8, we discuss the future options to proceed
and come to our conclusions.

2 Background and motivation

The Global Wordnet Association website cur-
rently lists 76 wordnet groups and projects for
47 languages and other initiatives such as In-
doWordnet and Asian Wordnet with many more
languages. Not all of these projects are at the
stage where they have produced a working word-
net. These wordnets almost all have some relation
with PWN, either through the expand method or
through equivalence relations (merge). All word-
nets implement the notion of a synset as the core
structure with at least lexical semantic relations
between these synsets. Although PWN has a well-
defined structure, the development of wordnets
for other languages shows a large variety of de-
cisions and choices. Some of these choices re-
late to the content of the databases, whereas oth-
ers apply to the way the resources are distributed.
This variation seriously hampers the use and prin-
cipled study of the wordnets, especially since it
is not possible to obtain all wordnets and access
them through a unified format and API, which
is our main motivation for establishing the GWG
platform. Further, different wordnet projects have
extended the wordnet structure in different ways,
adding different relations and using conventions.
Because of this, it is hard to compare wordnets
across languages.

In addition to these more fundamental prob-
lems, there are also various practical problems
for usage of the collection of wordnets. Differ-
ent wordnets are linked to different versions of the
Princeton WordNet, released in different formats
(e.g. Princeton offsets and sense-keys, EuroWord-
Net XML, Multiwordnet, WordnetLMF, RDF) and
according to different licenses (from completely
open source to commercially restricted). Further,
many wordnets have added new concepts, but as
there is no central ILI how many of these, if any,



are duplicates?

When Princeton releases a new version of
WordNet, it immediately leads to a further de-
crease in compatibility of wordnets and all related
tools and systems, in particular as synset identi-
fiers cannot be preserved across versions, although
sense keys are intended to be preserved. The fact
that all wordnets and systems adhere to some ver-
sion of the Princeton WordNet also means that
the fund of concepts is biased towards an Anglo-
Saxon worldview and is not open to concepts from
other languages and cultures.

It could be argued that these problems would
go away if a single multilingual database was de-
veloped instead. This would, in theory, solve
problems of incompatible formats and coordina-
tion. In practice, however there is no single
group that has expertise in all the world’s lan-
guages. Further, much experimentation is done
in the different projects; adding new relations
(Vossen, 1998), adding richer domains (Bentivogli
et al.,, 2004), adding new parts-of-speech (Seah
and Bond, 2014) and so forth. This would be
harder to do in one monolithic project.

As time passes, and PWN now celebrates its
25th anniversary, the need for implementing the
GWG becomes more urgent. The GWG should
be a platform for achieving linguistic and concep-
tual interoperability across wordnets and all re-
lated machinery. It should allow researchers to
study the universals and idiosyncracies in lexi-
calisation across languages, to address fundamen-
tal questions about what is a word and what is a
concept (Fellbaum and Vossen, 2010; Vossen and
Fellbaum, 2011). Tools built on wordnets should
enable the development of software that can pro-
cess text in any language according to a common
semantic backbone as was demonstrated by the
KYOTO? (Vossen et al., 2013a) and NewsReader’
(Vossen et al., 2014) projects.

3 The new Global Wordnet Grid

The global wordnet grid consists of:

e The individual wordnet projects
e The collaborative interlingual index (CILI)

e The platform that ties them together and al-
lows for adaptation and collaboration

Zwww . kyoto-project.eu
3 .
www.newsreader-project.eu

The projects contribute data for wordnets that
they produce in an agreed upon format: Word-
netLMF or a lemon-based WordnetRDE. These
should be validated and checked by the projects,
who will have the responsibility of clearly mark-
ing which synsets are ready to be included in the
ILI (that is, hand checked to a good quality). Al-
though most projects specialize in a single lan-
guage, there are some that produce multiple lan-
guages: both LMF and lemon can handle this.

As the GWG will manipulate and redistribute
the projects’ data, it must be released under a suit-
able open license. The CILI is released under a
the Creative Commons Attribution 4.0 (CC BY)
license. However, some projects use the Share-
ALike license (CC BY SA). In order to keep
compatibility across the grid, any projects in the
Global Wordnet Grid must have a license compat-
ible with CC BY SA (such as the original wordnet
license, CC BY, MIT and many others), and the
entire grid will be released under this license.

The individual projects, starting with PWN, are
the foundations upon which the GWG is built,
the CILI links them and the platform ties them
together, allows for versioning and adaptation
through the community.

4 The Collaborative ILI (CILI)

The Collaborative ILI is an extension of the ILI
defined in EuroWordNet (see Bond et al., 2016, for
more details). As a base for the CILI we take the
synsets currently in Princeton Wordnet 3.0, the de
facto ILI for the Open Multilingual Wordnet. This
shows its central position in the current wordnet
community. Each synset in PWN 3.0 gives rise to
a concept in the CILI.

The CILI is just a collection of concepts to
which all wordnets are linked. It does not dupli-
cate the relations between these concepts as rep-
resented in any wordnet and it does not have any
lexicalizations. Concepts and concept identifiers
in the CILI are permanent. They will never be re-
moved or changed. However, new concepts can be
added to the CILI but only if:

e there is a synset in a wordnet in the GWG
that represents this concept (that is, linked by
a owl:sameAs relation)

o this synset is related to another concept in
this wordnet that is already represented in the
CILI with one of a set of known relations
(hypernymy, meronomy, antonymy)



e It must have a unique English definition that
complies with the definition guidelines

The CILI is expanded when a project commits
a wordnet, or a new version of a wordnet, to the
repository. A committed wordnet is analysed by
the moderators of the site (the authors of this sub-
mission). If syntactically correct, we will update
the ILI records for all synsets that have such a
record as a value of the ILI-attribute so that the
records get owl : sameAs mappings to the con-
tributed wordnet.

All synsets without an CILI-attribute that fulfill
the conditions given above (linked, uniquely de-
fined) will generate a proposed new concept which
is distributed to the wordnet community for feed-
back and voting.

Gloss similarity can be used to find CILI con-
cepts that are similar, where we can limit the
search space on the basis of the semantic relations
(of any linked wordnet). This prevents orphan
concepts to be added that cannot be positioned
in the semantic space of any available wordnet.
We will demonstrate this in the next sections for
Princeton WordNet 3.1 and the Open Dutch Word-
net.

5 The community platform

The GWG platform consists of:

e the website providing the most impor-
tant information and the status of the
Grid: http://globalwordnet.org/
global-wordnet—-grid/

o the ILI hosted as an LOD repository
with persistent identifiers for concepts:
globalwordnet.org/ili

e the collection of wordnets in WordnetLMF,
lemon-based WordnetRDF format in a ver-
sion control platform (such as https://
github.com/globalwordnet)

The versioning control system is used to keep
track of changes and contributions.

Adapting the ILI within GWG is important to
get a better mapping across wordnets, especially
when following a merge approach. It enables us to
bypass conceptual gaps in PWN and the English
language and share related resources across lan-
guages such as parallel corpora, ontologies, ter-
minologies and sense-tagged corpora. It should
also tighten definitions of synonyms and relations

through translation relations across texts in differ-
ent languages or word embeddings derived for any
language (such as Mikolov et al., 2013). Ulti-
mately, it allows us to define what is a word and
what is a concept across languages.

There should be no limit to the number of con-
cepts. Phrasenets are equally legitimate as synsets
to define a concept. We can allow for exam-
ple for frequent adjective-noun, noun-prep-noun,
verb-object combinations as well as for proverbs,
idioms and compounds in languages. Whether and
how these concepts are lexicalized is up to the
wordnet builders in each language. Ultimately,
we will be able to infer which and how many
languages provide some type of lexicalization for
these concepts. Concepts that are linked to many
independently-built wordnets do matter, concepts
linked to a single wordnet play a minor role within
the Grid. The more owl:sameAs relations a
concept gets, the more it is valued by the word-
net community. It is also possible to axiom-
atize concepts through any ontology, exploiting
owl:sameAs relations between URIs. An on-
tology defines a semantic space just as any other
wordnet, albeit more formally.

Given the fact that concepts with sufficiently
different glosses can be added and can be adopted
by others, we can imagine that the GWG forms
different layers of concepts, starting from a core
of concepts shared by many wordnets, possibly
ontologized and applied to many different texts in
different languages, up to concepts recently added
and mapped to only a single wordnet. The link-
age of the data can be seen as an onion model* of
concepts based on:

e akernel of fund consists of concepts that are:

— shared by all associated wordnets

— sufficiently voted for by different word-
nets, built independently and with suf-
ficient spread in language-families and
cultures

— axiomized through ontologies

— passed various consistency checks

e an outer layer that contains:

— most recently proposed new concepts
with an owl:sameAs relation to a
synset in a single wordnet that meets the
minimal criteria described above

“as presented at the LREC-2014 workshop on Linked
Data in Linguistics



e In between layers:

— linked to more wordnets across lan-
guages and language families

— while these wordnets express semantic
relations for these concepts that are not
in conflict

— may have been moderated by the com-
munity for example through voting

e an external layer that contains:

— synsets defined in project wordnets that
do not fit the criteria for inclusion into
the ILI (e.g. no English definition or un-
linked). These concepts need more work
to either link them or to be added as new
concepts.

In addition to the CILI itself, we will host all
public wordnets that are linked to the ILI and may
have provided new concepts. We extended Word-
netLMF (Vossen et al., 2013b) with some addi-
tional attributes to support the mappings of word-
nets to the CILI. First of all, each synset element
has an optional attribute ili for the CILI-record
to which the synset is connected. Furthermore,
the definition element has an obligatory language
attribute and an optional provenance attribute to
enable matching concepts. Below we show a
WordnetLMF example for an Open Dutch Word-
net synset with a mapping to the CILI and different
definitions:
<Synset id="eng-30-13956488-n" i1i="i110277">

<Definitions>

<Definition gloss="overeenstemming met de werkelijkheid"
language="nl" provenance="odwn"/>

<Definition gloss="conformity to reality or actuality"
language="en" provenance="pwn"/>

<Definition gloss="agreement with reality" language="en"
provenance="google-translate"/>

</Definitions>

<SynsetRelations>

<SynsetRelation provenance="pwn" relType="has_hyperonym"
target="eng-30-13954818-n"/>

</SynsetRelations>
</Synset>

6 Mapping updates in PWN 3.1

One of our first checks was to ensure that the graph
of the 3.1 version of PWN can be mapped to the
CILI (which is based on version 3.0 of PWN). This
should have been a trivial case as while the synset
identifiers, which are based on the offset in a the
release files, are not stable between versions, the
sense keys used to identify the senses in Princeton
WordNet should be. Using this as the basis of the
mapping we found that 1,796 (1.5%) of all synsets
were modified between version 3.0 and 3.1 and we

manually mapped these synsets. The results were
as follows:

e No equivalent in 3.1 (986 synsets):

— Proper names, drug names, brand names
and other proper nouns were systemati-
cally removed from 3.0

— Many sexist, racist, homophobic etc.
terms were removed (e.g., ‘shirtlifter’
and many much worse)

— Some terms such as ‘that much’ or
senses of terms were considered not
be lexicalized concepts and thus erro-
neously introduced into PWN.

In these cases, the concept in the CILI is
marked as deprecated

e Multiple 3.0 synsets mapped to one in 3.1 (51
synsets)

— Mostly duplicates, e.g., ‘finish coat’
(03342657-n and 03342863-n)

In these cases, one of them (typically the one
with a different definition from the one that
was kept), should be marked as being su-
perceded by the other and deprecated.

e Single 3.0 synset mapped to multiple in 3.1
(22 synsets)

— In some cases a word is removed from a
synset and put into a new synset, which
may be either a hypernym, hyponym
or co-hyponym of the previous synset.
The definition of the original synset is
preserved, e.g., the adjective ‘documen-
tary’ was removed from the synset of
‘objective’ or ‘documentary’ (“empha-
sizing or expressing things as perceived
without distortion of personal feelings,
insertion of fictional matter, or interpre-
tation”) and given a new synset specifi-
cally stating that it must be a film or TV
show.

— In some cases an existing synset is split
and both new meanings appear to be
more specific, e.g., the heraldic terms
‘annulet’ and ‘roundel’ were given new
synsets and the previous definition was
removed.

In the first case, a new concept is created and
no other change is necessary. In the second
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Figure 1: Examples of changes that can be made
to the CILI

case, two new concepts need to be created
and linked to the original one, which should
be deprecated.

e The remaining 737 mappings were changes
of part-of-speech between satellite and non-
satellite adjectives. These require no changes
to the ILI as it does not mark part-of-speech.

In summary, these changes should be the most
common changes of the CILI as it develops.

Deprecate A synset may be flagged as depre-
cated, meaning that we no longer consider it
a true lexical concept. This is primarily the
case when a compound term has been intro-
duced by mistake. The synset identifier is not
removed from the ILI.

Supercede If a duplicate is detected we would
choose one of the synsets to remain, and the
second synset identifier is marked as depre-
cated and a link is introduced to the superced-
ing synset, but this second synset is not re-
moved from the CILI.

Split If a synset is considered to generalize two
distinct concepts we split it into two new
synsets and add these as hyponyms, which
are marked as supercedents of the original
synset. The original synset is marked as dep-
recated but not removed from the ILI.

Fork Alternatively if the original synset is still
considered valid it is kept undeprecated and a
new more specific and closely related synset
is added.

Note, that a new wordnet version on its own
does not give enough information to decide when a
concept should be deprecated or superceded. The
platform must therefore allow projects to suggest
this as a separate operation.

7 The Open Dutch Wordnet

The Open Dutch Wordnet (ODWN, Postma et al.
(2016)) was created from PWN through a mixture
of expand and merge methods. PWN synset iden-
tifiers and relations have been re-used as much as
possible. However, new concepts that originate
from the Referentie Bestand Nederlands (RBN:
Van der Vliet, 2007)) and have no equivalence re-
lation to PWN synsets have been added. Table 1
shows the distribution of synsets with mappings to
PWN (Dutch PWN synsets) and synsets without
(Dutch ODWN synsets). To maintain the PWN
hierarchy, the wordnet includes hypernym synsets
from PWN even if they do not have any Dutch syn-
onyms (English PWN synsets).

Table 1: Overview of the Open Dutch Wordnet

Open Dutch Wordnet Total  Nouns Verbs
Word forms 57,602 50,255 7,347
Lexical Units 94,140 78,612 15,528
Dutch ODWN synsets 21,636 15,992 5,644
Dutch PWN synsets 19,980 15,706 4,274
English PWN synsets 75,376 66,409 8,967
Total 116,992 98,107 18,885

In all cases that we could use a PWN synset,
we could also map the concept to a CILI record.
All synsets with an ODWN identifier were not
mapped to the CILI. Consider the word bierbuik
which is ambiguous between two senses: one for
a big belly because of drinking too much beer
and the second referring to a person with such a
belly. Neither sense is currently in PWN3.0, and
thus new CILI concepts would need to be created.
The first sense is lexicalized in English (beer belly,
beer gut, but has not yet been added to PWN. Both
the concepts are linked (as hyponyms) to existing
synsets in PWN, therefore to add the concepts to
the CILI, the ODWN project would just need to
write English glosses.

In total there are 21,636 synsets without a map-
ping to a PWN synset and therefore without a



Dutch English
perzikhuid peach skin
kalfskotelet veal chop
natuurramp natural disaster
verwachtingspatroon | expectations
sluikreclame product placement

Figure 2: ODWN entries not in PWN
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Figure 3: Precision-Recall curve of gloss match-
ing between ODWN and PWN

mapping to the CILI. From these, there are about
5,067 synsets in which case the lemma as trans-
lated by Google Translate is not an entry in PWN
and another 4,479 synsets for which the transla-
tions have a low similarity according to the PWN
hierarchy, using the method described by Leacock
and Chodorow (1998). We show some more ex-
amples of translations not in PWN in Figure 2.
We consider these 9,546 synsets potential new
CILI concepts. To validate these as new, we need
to ensure that they do not match an existing En-
glish gloss. This task is complicated by two main
issues: firstly, semantic textual similarity is still
a difficult task and secondly, we are using ma-
chine translations of the definitions, which intro-
duces further error into the process. To investi-
gate whether automatic methods would solve this
task we translated the definitions of Dutch synsets
which were already aligned to synsets in PWN
and attempted to see if we can distinguish this
gloss from similar glosses, in particular glosses
of synsets that were up to 3 hyperonym/hyponym
links from the target synset. We tried three sim-
ilarity metrics, namely, the Dice co-efficient, the

cosine of TF-IDF vectors of the glosses and an
alignment method (Sultan et al., 2014), which had
the strongest performance for the Semantic Tex-
tual Similarity Task at SemEval-2014. For each of
these methods, we varied the acceptance thresh-
old and calculated precision and recall in the usual
manner and the results are presented in figure 3.
A random baseline has an expected precision of
3.0% and the highest F-Measure was 35.5%: a
strong improvement.

However, the performance of the semantic
matching is still low, and while high recall can be
achieved, which would allow us to select a list of
potential duplicates this is only at very low preci-
sion, meaning that annotators may have to work
through a very long list of candidates. We be-
lieve this in part due to the relatively short glosses
in ODWN, for example, for ‘afweersystem’ (‘im-
mune system’), the gloss is only ‘afweer tegen
ziektes’ (‘defense against diseases’) where as the
PWN gloss is 27 words long: “a system (includ-
ing the thymus and bone marrow and lymphoid
tissues) that protects the body from foreign sub-
stances and pathogenic organisms by producing
the immune response”. As such, automatic sys-
tems can aid in the detection of duplicates in the
CILI but must be considered along with guide-
lines that glosses must be submitted in English and
not automatically translated and that glosses must
conform to quality guidelines.

Our impression overall so far is that many of the
ODWN synsets are already in PWN, although it is
very difficult in some cases to find them. The best
candidates for new concepts are actually transla-
tions of synonyms that could not be found as en-
tries in PWN (5,067 in total). However, even these
need critical review and their glosses should have
zero scores compared with a wide range of candi-
date synsets. Concluding, we can say that extend-
ing the CILI with new concepts should be done
conservatively and with great care.

8 Future work and conclusions

We presented the implementation of the Global
Wordnet Grid, which has been pending for many
years. We described the data structures and data
points as well as the main principles, the protocols
and the motivation. The success of the platform
will depend on the community. We described two
use cases. They made it clear that the process is
not trivial and we still will need to discuss many



details. We welcome any further suggestions and
contributions of wordnet builders and users.

Finally, the position of the Princeton WordNet
in the Grid is essential. Reference to concepts,
words, word senses and versions of resources is
essential. We hope that future version of PWN
will support the GWG and make reference to the
ILI just as other wordnets should do.
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