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Abstract

This paper introduces the motivation for
and design of the Collaborative InterLin-
gual Index (CILI). It is designed to make
possible coordination between multiple
loosely coupled wordnet projects. The
structure of the CILI is based on the In-
terlingual index first proposed in the Eu-
roWordNet project with several pragmatic
extensions: an explicit open license, defi-
nitions in English and links to wordnets in
the Global Wordnet Grid.

1 Introduction

Within 10 years of the release of Wordnet (Miller,
1990) researchers had started to extend it to other
languages (Vossen, 1998). Currently, the Open
Multilingual Wordnet (OMW: Bond and Paik,
2012; da Costa and Bond, 2015) has brought to-
gether wordnets for 33 languages that have released
open data,' and automatically produced data for
150. There are even more wordnets than this: some
large projects have released non-open data, notably
German (Kunze and Lemnitzer, 2002) and Korean
(Yoon et al., 2009) and many projects have yet to
release any. This activity shows that the structure
of wordnets is applicable to many languages.

All the wordnets are based on the basic struc-
ture of the Princeton wordnet (PWN: Fellbaum,
1998): synonyms grouped together into synsets
and linked to each other by semantic relations.

The majority of wordnets have been based on
the expand approach, that is adding lemmas in
new languages to existing PWN synsets (Vossen,
1998, p83), boot-strapping from the structure of
English. 28 out of 33 of the wordnets in OMW

'We use the definition from the Open Knowledge Foun-
dation: http://opendefinition.org/: ““anyone is free
to use, reuse, and redistribute it --- subject only, at most, to
the requirement to attribute and/or share-alike".

take this approach. A few wordnets are based
on the merge approach, where independent lan-
guage specific structures are built first and then
some synsets linked to the PWN. In OMW, only
five projects take this approach: Chinese (Taiwan),
Danish, Dutch, Polish and Swedish (Huang et al.,
2010; Pedersen et al., 2009; Postma et al., 2016;
Piasecki et al., 2009; Borin et al., 2013).

To investigate meaning across languages, we
need to link synsets cross-lingually. It is easy to
link expand-style wordnets: they all link to PWN
and it can be used as a pivot to link them together.
This is one of the attractions of using the expand
approach, you immediately gain multilingual links.
The disadvantage is that concepts not in PWN (ei-
ther because they are not lexicalized in English or
just because they have not been covered yet) can-
not be expressed. Because of this, many expand-
style wordnets also define some new, language-
specific synsets, typically a few tens or hundreds
(Arabic, Chinese, Italian, Japanese, Catalan, Span-
ish, Galician, Finnish, Malay/Indonesian, Bulgar-
ian, Greek, Romanian, Serbian and Turkish all do
so)(Pianta et al., 2002; Tufis et al., 2004; Elkateb
and Fellbaum, 2006; Gonzalez-Agirre et al., 2012;
Wang and Bond, 2013; Bond et al., 2014; Seah and
Bond, 2014; Postma et al., 2016).

It is harder to link merge-style wordnets. The
projects need to somehow identify links to PWN,
and as a result, only a small subset of the language
specific synsets are linked to PWN. Examining the
unlinked synsets, this seems to be principally due
to the lack of resources to link them than semantic
incompatibility. For example, Danish and Polish
(Pedersen et al., 2009; Piasecki et al., 2009) have
many synsets which can be linked but are not cur-
rently.

Currently, when projects create their own
synsets, there is no coordination between these
projects. This means that similar or even identi-
cal concepts may be introduced in multiple places.



For example, most South East Asian languages dis-
tinguish between cooked and uncooked rice: these
concepts have been added independently to the
Korean and Japanese wordnets. Typically, clus-
ters of projects have tried to coordinate, such as
EuroWordNet, the Multilingual Central Reposi-
tory for Basque, Catalan, Galician and Spanish
(Gonzalez-Agirre et al., 2012), the MultiWordNet
for Italian and Hebrew, (Pianta et al., 2002), Balka-
net (Tufig et al., 2004), the Wordnet Bahasa for
Malay and Indonesian (Bond et al., 2014), the In-
doWordnet project (Bhattacharyya, 2010).

Clearly, there is a need for a single shared repos-
itory of concepts. In this paper, we propose to
build one: the Collaborative InterLingual Index
(CILI). We base the index on the technical founda-
tions laid down in EuroWordNet: a single list that
is the union of all the synsets in all the wordnets
(Peters et al., 1998; Vossen et al., 1999). To this
we add ideas from the best-practice of the Seman-
tic Web: a shared easily accessible resource with
a well defined license; from open-source software:
build a community of users who will co-develop
the resource; and from experiences in many multi-
lingual lexical projects: accept the de facto use of
English as a common language of communication.

In the following sections we discuss the motiva-
tion further (§ 2), then describe in detail the struc-
ture of the CILI (§ 3), list some open issues (§ 4)
and finally conclude.

2 Motivation

Wordnets have been built with different meth-
ods and from different starting points: expand or
merge, manually or semi-automatically and based
on pre-existing monolingual resources or using
available bilingual resources to translate English
synsets to words in the target language. Further-
more, it is up to the wordnet builders to make
decisions about which words are synonyms, what
are the semantic relations between the synsets and
how to interpret each semantic relation. We can
observe very large synsets in one wordnet being
linked through PWN to small synsets in another
language. Different granularities of synsets brings
into questions the notion of the same concept ex-
isting across these wordnets. PWN uses 44 seman-
tic relations (if separated by part-of-speech) but in
EuroWordNet 71 relations were defined that par-
tially overlap. Even if two wordnets use the same
relation name, there is no guarantee that it is inter-

preted in the same way. In fact, different wordnet
editors and algorithms may interpret relations dif-
ferently. Even the symbols used for parts of speech
differ in different projects (adverb is 'r' in PWN but
'b' in some projects). Finally, one can observe large
differences in coverage of the vocabulary and in the
degree of polysemy. Vocabularies and concepts
differ in size but also in terms of genre, pragmatics,
the inclusion of multiword expressions as ~ phrase
sets" (Bentivogli and Pianta, 2003) and specific
domains and areas. Choices for distinguishing
senses lead to fine-grained and coarse-grained pol-
ysemy, where the latter may lead to multiple hyper-
nyms that can be modeled as complex types (Puste-
jovsky, 1995). Finally, the glosses for synsets play
an underestimated role in addition to the synsets
and the relations, but no formal structuring is de-
fined for these glosses. As a result, glosses are
not sufficiently descriptive to precisely identify the
meaning of a concept. Such differences across
wordnets make it difficult to establish the proper
relations to the ILI and thus to compare and exploit
wordnets across languages. Further, if a synset is
not realized in a language it is not clear if that is
because the concept is not lexicalized in that lan-
guage, or if it is merely not realized yet (the com-
pilers may just not have got round to it).

To solve these problems, we need to not just de-
fine an interlingual index, but also shared guide-
lines for relations, how to write definitions, stan-
dard data formats and so forth.

3 The Collaborative Interlingual Index

In this section we describe the core properties of
CILI. To coordinate an index among all the dif-
ferent wordnet projects, we propose that it should,
ideally, have the following properties (building on
1--5 from Fellbaum and Vossen, 2008):

1. The Interlinear Index (ILI) should be a flat list
of concepts.

2. The semantic and lexical relations should
mean the same things for all languages.

3. Concepts should be constructed for salient
and frequent lexicalized concepts in all lan-
guages.

4. Concepts linked to Multiword units (MWUs)
in wordnets should be included.

5. A formal ontology could be linked to but sep-
arate from the wordnets.



6. The license must allow redistribution of the
index

7. ILI IDs should be persistent: we never delete,
only deprecate or supercede; we should not
change the meaning of the concept

8. Each new ILI concept should have a defini-
tion in English, as this is the only way we
can coordinate across languages. The defini-
tion should be unique, which is not currently
true, and preferably also parse and sense tag
information should be included. Definition
changes will be moderated.

9. Each new ILI concept should link to a synset
in an existing project that is part of the
GWG with one of a set of known relations
(hypernymy, meronomy, antonyny, ...)

10. This synset should link to another synset in an
existing project that is part of the GWG and
links to an ILI concept.

= each concept is linked to another concept
through at least one wordnet in the grid

11. Any project adding new synsets should first
check that they do not already exist in the CILI

* New concepts are added through their
existing in a wordnet

e If something fulfills the criteria is pro-
posed

* If no objections after three months then
it is added

Property 6, an open license, is a necessary con-
dition for groups to be able to use the ILI within
their own project. To be maximally compatible, the
license should place as few restrictions as possi-
ble, ideally requiring only that the source of the re-
source be mentioned: it should be either the word-
net license itself, Creative Commons Attribution
(CC-BY) or the MIT license. We choose to use
CC-BY, as the license has been well written and
documented and is widely used.

Property 7, persistent identifiers, is an important
criterion for stability. If the ILI changed its IDs,
projects without the resources to maintain compat-
ibility would fall behind. If a project changes its
hierarchy, then it will need to add new nodes and
delink the old ones. To keep backwards compat-
ibility, even if a concept is deemed problematic,

it will remain in the CILI, and marked as depre-
cated, preferably with a link to the concept that
supercedes it.

Property 8, that all synsets should have a defi-
nition in English, recognizes that, in practice, the
only language shared by all groups is English.
Here we are inspired by experience with the CICC
project, a multilingual machine translation project
linking Thai, Chinese, Japanese, Malay and In-
donesian (but not English) (CICC, 1994). No
members spoke all five languages, but someone
in each group spoke English, so all dictionary
entries also had an English translation or defini-
tion. Having a universally understood definition
is a prerequisite in avoiding redundant creation of
new senses. This creates a burden on non-English
speakers, which we will try to lighten by giving
clear guidelines for writing definitions (see section
3.3). Note, that while the definition must be in En-
glish, the concept is not necessarily lexicalized in
English, in contrast to Princeton WordNet.

Properties 9 and 10 make sure that all new con-
cepts link to something, there should be no or-
phaned concepts. Exactly which links are accept-
able is still a matter of research.?

The final point (11) is about coordination. Prac-
tically, it will not be possible to have a single
moderator who can check new synsets in every
language. We therefore propose that the burden
of checking for duplication with existing synsets
should be placed on the project wanting to add
new synsets. As new concepts should be linked
to existing concepts through relational links in a
wordnet, and definitions in English will exist for
all entries, checking for a compatible entry in the
ILI should not be too burdensome. Project mem-
bers with wordnets in the shared multilingual index
would gain write privileges to the ILI, of course
anyone should be able to read it. We will build au-
tomated tools that warn if definitions are too simi-
lar (for details see Vossen et al., 2016).

For the ILI to be successful there will be an
initial cost to combine all existing non-English
synsets, adding English definitions for all and
merging duplicates. It would also require buy-in
from all participating projects, but fortunately most
non-English wordnets contain few synsets that do
not correspond to an English synset, so this first
step should not be too burdensome. For wordnets

*Many wordnets, including PWN, currently contain some

orphans (e.g. uphill ), these would not be added to the ILI
unless they are linked to something.



built with the merge approach there will be many
more new synsets, these should be checked care-
fully and validated against corpora before being in-
cluded in the ILI. We will support this with work-
shops at relevant conferences (such as the 16th
Global Wordnet Conference).

In the long run, we hope that external re-
sources will link to the ILI's persistent IDs (things
like SUMO, TempoWordnet (Dias et al., 2014),
the many Sentiment wordnets (Baccianella et al.,
2010; Cruz et al., 2014).

3.1 Format

The ILI will be represented as RDF. Our reference
implementation will be in Turtle (Terse RDF Triple
Language: W3C,2012) a compact format for RDF
graphs.

It includes its own metadata, based on the
Dublin Core, shown in Figure 1. As far as possible,
triples are defined using existing schema (refer-
enced in the preamble). The individual entries are
designed to be extremely simple. Unlike synsets
in individual wordnets, ILI concepts do not have
explicit parts-of-speech. No further semantics is
imposed within the ILI.

Each concept in the ILI has the following simple
structure:

* AuniqueID: i1, i2, i3, ..
* A type: Concept or Instance
* A gloss in English: skos:definition

* A link to the synset that first motivated the ILI
concept: dc:source

¢ Links to all current wordnets in the GWG that
use this concept: owl:sameAs

* Optionally a deprecate/supercedes link

We give an example in Figure 2, which also
shows the relevant prefixes.

Information about provenance (who added the
entry, when it was made and so forth) are left to
the version control system, for which we have cho-
sen to use (git: http://git-scm.com/). When
commits are made, the project will be added as the
author so arecord is kept of who is responsible for
which change without making it visible in the ILI.

Note that the concept is defined not just by the
written definition but by the links to the wordnets
and the lemmas in those wordnets: the definition

is a crucial tool for coordinating across languages,
but is not meant to be the sole determiner of the ILI
concept's meaning. The ILI concepts will always
be linked to the global wordnet grid (Fellbaum and
Vossen, 2007; Vossen et al., 2016).

Labels for the concepts can be produced auto-
matically, as it is probably that different languages
would want different labels. The easiest approach
would be to take the most frequent lemma in the
language of choice, backing off to the most fre-
quent lemma in the language that introduced it
(which can be obtained from the dc:source).

3.2 The WordNet Schema

In order to ensure that WordNets may be submit-
ted in a form that is compatible with the ILI, we
have developed two specific schemas, namely an
XML schema based on the Lexical Markup Frame-
work (Vossen et al., 2013, LMF) and the second
in JSON-LD (Sporny et al., 2014) using the Lex-
icon Model for Ontologies (McCrae et al., 2012,
lemon). These models are structured as follows:

LexicalResource The root element of the re-
source is the lexical resource

Lexicon Each WordNet has a lexicon for each re-
source, which has a name, an ID and a lan-
guage. The language is given as a BCP 47
tag .

Lexical Entry Each 'word' is termed a lexical en-
try, it has exactly one lemma, at least one
sense and any number of syntactic behaviors.

Lemma The lemma has a written form and
part-of-speech, which may be one of noun,
verb, adjective, adverb, phrase, sentence or
unknown.

Sense The sense has any number of sense rela-
tions and a synset.

Synset The synset has an optional definition and
any number of sense relations.

Definition The definition is given in the language
of the WordNet it came from as well as the ILI
definition (in English). A definition may also
have a statement that gives an example

Synset/Sense Relation A relation from a given
list of relations such as synonym, hypernym,
antonym. This list defines the relations used



<> a voaf:Vocabulary ;
vann:preferredNamespacePrefix "ili" ;

vann:preferredNamespaceUri "http://globalwordnet.org/ili" ;

dc:title "Global Wordnet ILI"@en ;

dc:description "The shared Inter-Lingual Index for the global wordnets.
It consists of a list of concepts of instances with definitioms,

and their links to open wordnets."@en ;
dc:issued "2015-07-30"""xsd:date ;
dc:modified "2015-07-30"""xsd:date ;
owl:versionInfo "0.1.1"Qen ;

dc:rights "Copyright Global Wordnet Association" ;
cc:license <http://creativecommons.org/licenses/by/4.0> ;

cc:attributionName "Global Wordnet Association";

cc:attributionURL <http://globalwordnet.org>;

dc:contributor
<http://vossen.info/> ;

dc:publisher <http://globalwordnet.org> .

<http://www3.ntu.edu.sg/home/fcbond/>,

<http://john.mccr.ae> ,

Figure 1: ILI metadata

@prefix pwn30: <http://wordnet-rdf.princeton.edu/wn30/> .
@prefix jwnl2: <http://compling.hss.ntu.edu.sg/omw/wns/jpn/> .

@prefix ili: <http://globalwordnet.org/ili/> .
@base <http://globalwordnet.org/ili/ili#>.

<i71370> a <Concept> ;

dc:source pwn30:06639428-n ;

skos:definition "any of the machine-readable lexical databases
modeled after the Princeton WordNet"@en ;

owl:sameAs
owl:sameAs

jwnl2: jpn-06639428-n ;
pwn30:06639428-n .

Figure 2: Example ILI entry for the concept of a wordnet

by the Global Wordnet Grid, and all the rela-
tions are documented on the Global Wordnet
Association website.

Syntactic Behavior A syntactic behavior (verb
frame) gives the subcategorization frame in
plain text, such as ““Sam and Sue %s the
movie".

Meta Dublin Core properties may be added to lex-
icons, lexical entries, senses and synsets.

Either format can be used to describe a WordNet
and it is simple to convert between either. An ex-
ample of the LMF form is given in figure 3 and in
WN-JSON in figure 4

3.3 Guidelines for Definitions

In any given wordnet, the definition is only one of
the things that helps to tell the meaning of a word,
it is accompanied by the semantic relations, part
of speech information, examples and so forth. The
ILI is situated in the global wordnet grid, so this
information should also be available. However the
definition is the only thing guaranteed to be in the
ILI, and the accompanying information may only

be from a wordnet whose language is not compre-
hensible to another user. Moreover, as these defi-
nitions are given in natural language it is important
to ensure that they are as unambiguous as possible,
and can clearly identify the concepts, without the
additional mechanisms of semantic relations. For
these reasons strong guidelines for definitions are
of primary importance.

There are already good general guidelines
for writing dictionary definitions (Landau, 1989,
Chapter Four). Almost all of these apply to word-
nets in general, and the CILI in particular, with the
exception that brevity is less important in an elec-
tronic resource.

There are some extra constraints for the CILI.
First, definitions should be unique and there should
be enough information to minimally distinguish
one concept from all others. This was not the
case in the wordnets, PWN has over 1,629 synsets
with non-unique definitions, and there are simi-
lar numbers in other wordnets (1,362 in Japanese,
418 in Indonesian, 211 in Greek, 104 in Albanian
and so on). For example it would not be suffi-
cient to describe paella,,.; as ~“a Spanish dish" as



<?xml version="1.0" encoding="UTF-8"7>

<!DOCTYPE LexicalResource SYSTEM "http://globalwordnet.github.io/schemas/WN-LMF.dtd">

<LexicalResource>

<Lexicon label="Princeton WordNet" language="en">
<LexicalEntry id="wi1">
<Lemma writtenForm="wordnet" partOfSpeech="n"/>
<Sense id="106652077-n-1" synset="106652077-n"/>

</LexicalEntry>
<Synset id="106652077-n" ili="s35545">
<Definition
gloss="any of the..."
iliDef="any of the..."/>

<SynsetRelation relType="hypernym" target="106651393-n"/>

</Synset>
<Meta publisher="Princeton University"

rights="http://wordnet.princeton.edu/wordnet/license/"/>

</Lexicon>
</LexicalResource>

Figure 3: Example of WordNet entry in WN-LMF

"@context":
{ "@language": "en" } ],
Il@idll . llpwnsoll ,
"label": "Princeton WordNet",
Illanguage n . llenll ,
"publisher": "Princeton University",
"rights": "wordnetlicense:",
"entry": [{
ll@idll "Wl" ,
"lemma": { "writtenForm": "wordnet" },
"part0fSpeech": "wn:noun",
"sense": [{
"@id": "106652077-n-1",
"synset": {
"@id": "106652077-n",
"ili": "s35545",
"definition": {
"gloss": "any of the..." ,
"iliDef": "any of the..."
1,
"hypernym": ["106651393-n"]
3
1
]

[ "http://globalwordnet.github.io/schemas/wn-json-context. json",

} Figure 4: Example of an entry in WN-JSON

this is not sufficiently distinctive. For the word-
nets, the combination of definition and lemmas
is normally enough to distinguish a word, but for
the ILI, if necessary, one of the English lem-
mas must be included in the definition (for ex-
ample, including the species name in the defi-
nition). This conflicts somewhat with the best
practice for individual wordnets, where in gen-
eral we want to avoid redundancy: if the synset
is linked through domain-category to e.g. math-
ematics, we would normally not start the defi-
nition with ““(mathematics)". A case in point
is the definitions for PWN30:13223710-n ground
fir, princess pine, tree clubmoss, Lycopodium ob-
scurum and and PWN:13223588-n ground cedar,

staghorn moss, Lycopodium complanatum which
are both defined as “~a variety of club moss". In this
case, amending the definition to “"a variety of club
moss (Lycopodium obscurum)" and ““a variety of
club moss (Lycopodium complanatum)" makes the
definitions unique (at the cost of some redundancy.
We propose using some of the wide array of brack-
ets available to show the redundant information in
the ILI definition: ** ((plant)) a variety of club moss
[Lycopodium complanatum]". Doing this reduces
the number of non-unique definitions by over 50%.
The ILI definitions are thus produced automati-
cally from PWN 3.0, without always being iden-
tical to them.

We also place some limitations on the format.



The definition should consist of one or more short
utterances, separated by semicolons. Semicolons
should not be used within each utterance, use
comma or colon instead. Definitions will be split
on semicolons before being parsed, so it is impor-
tant to be consistent here. We also do not allow the
use of ASCII double quotes instead preferring Uni-
code left and right (double) quotes to aid parsing.

In general, we need to be very conservative in
changing the definitions of concepts in the ILIL
When first written, we should try not to make
the definition too restricted, for example, prefer
for angel, backer instead of ““invests in a theatri-
cal production”, prefer ““someone who invests in
something, typically a theatrical production”. This
makes it easier to avoid having to make multiple
very similar synsets.

Definitions should use standard patterns, espe-
cially for the first utterance in a definition. Ideally,
the definition should consist of a genus (the hyper-
nym, not necessarily the immediate hypernym) and
differentiae, e.g.,

wordnet  (lemma) ““any of the
machine-readable  lexical databases
(genus) modeled after the Princeton
WordNet" (differentiae)

Adjectives and adverbs are exceptions, in that
they are often defined using prepositional phrases.

Finally we make a simple requirement that defi-
nitions have a minimum length of 20 characters or
5 words.

In future work we will produce a tool to parse
the definition and automatically identify the hyper-
nym (Nichols et al., 2005), sense tag the definition
(Moldovan and Novischi, 2004) and report on this
to the definition writer, as well as compare the def-
inition to definitions from similar concepts. This
can help identify infelicitous definitions.

4 Open Issues

There are a few cases where it was hard to decide
whether a concept should be represented in the In-
terLingual Index.

One example is named entities. Roughly 6.6%
of the entries in PWN are linked by the instance
relation (including the names of people, places,
planets, gods and many more). Named entities
are much more numerous than words and these
concepts and their relations are better captured by
other kinds of resources. However, some named

entities can be considered part of the lexicon as
well as names for objects, for example Glaswe-
gian,.; “of or relating to or characteristic of
Glasgow or its inhabitants", which is also used in
the definition of other concepts. Thus, we retain
a small number of named entities, especially geo-
graphic terms but further discussion is required to
refine an exact policy.

It could also be argued that some of the derived
forms (for example quickly,..; from quick ) are
unnecessary: as the meaning change is generative,
there is no point in having two concepts. These
kind of changes can be applied later by means of
superceding other concepts, and for the moment
we apply the distinctions made by Princeton Word-
Net.

5 Conclusions

We have introduced and motivated the collabora-
tive interlingual index (CILI). Its simple design al-
lows us to link wordnets with a minimum of extra
work. Once concepts are added to the CILI, they
will get a persistent ID and thereafter should not
be deleted or change in meaning. We propose that
the task of checking the validity of new concepts is
taken up by the individual wordnet projects, with
only a light layer of moderation.
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