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1. Introduction

This document describes the Dutch wordnet developed by the University of Amsterdam in the
EuroWordNet project (LE2-4003). The EuroWordNet database has been built from available
existing resources and databases with semantic information developed in various projects. In our
case, we used a database for Dutch provided by Van Dale Publishers BV. This database already
has semantic relations between word senses and provides an excellent starting point for
developing a Dutch wordnet. The document is divided into the following sections:

*» section 2 describes the main resources that we used;

 section 3 discusses the methodology;

 section 4 describes the structure and content of the Dutch wordnet;

» section 5 describes the content of the CD for the Dutch wordnet;

In the Appendix, examples are given of entries in the text files for the different parts-of-speech
(nouns, verbs, adjectives/adverbs). For an explanation of the structure we refer to the general
EuroWordNet documentation on the general CD or downloadable from the www-site
http://www.hum.uva.nl/~ewn. The general document describes the design of the multilingual
database, the language internal relations and the equivalence relations. It also includes a
specification of the overall approach for building the wordnets and the top-ontology that is used
as a common framework. In the following, we assume that the reader is familiar with this general
EuroWordNet document.

The Dutch wordnet consists of 34,455 nominal synsets, 9,040 verbal synsets and 520
adjectival/adverbial synsets, where the latter are only added if they are relevant for the meaning
of the encoded nouns and verbs. Each synset consists of synonyms, a set of language-internal
relations and, mostly, an equivalence relation to the closest WordNet1.5 synset. The synsets do
not have glosses or definitions but a classification in terms of the EuroWordNet top-ontology.

The Dutch wordnet is property of the University of Amsterdam and Van Dale Publishers BV and
can be licensed via ELDA/ELRA (http://www.icp.grenet.fr/ELRA/home.html). For any further
information on the Dutch wordnet please get in touch with:

Dr. Piek Vossen

Co-ordinator of EuroWordNet
Faculteit der Geesteswetenschappen
Universiteit van Amsterdam
Spuistraat 134

Amsterdam, 1012 VB

NL

tel: +31 20 525 4669

fax: +31 20 525 4429

e-mail: piek.vossen@hum.uva.nl

EuroWordNet LE-4003
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2. Theresources used for building the Dutch wor dnet
We used the following resources for the Dutch wordnet:

- Vlis: the content of alexical database provided by Van Dale;

- Vde: the Van Dale Dutch-English dictionary (Martin and Tops 1986);

- Ved: the Van Dale English-Dutch dictionary (Martin and Tops 1989);

- WordNet 1.5 (Fellbaum 1998);

- Celex Dutch and English lexicons with basic morpho-syntactic information and corpus
frequency information on word forms and lemmas;

- alist of new Dutch spellings (according to the spelling convention of 1997) extracted from a
Dutch-Russian dictionary build at the University of Amsterdam;

We assume that the reader is familiar with WordNet1.5. The main resources used are Vlis, the
Vde and the Ved. Some background information will be given for these resources in the next
sections. The Celex lexicons and the list of new spellings will not be further discussed. All the
above resources were loaded in a special lexical database system developed at the University of
Amsterdam (the Amsterdam Lexicon System or ALS). A more complete description of the
functionality of ALS and the lexical data structures for the above resources is given in the ALS
manual (downloadable from the EuroWordNet WWW-site).

2.1. The Vlis database
The data from the Van Dale Lexical Information System (Vlis) are the input for the Dutch

wordnet. The database contains the merge of several contemporary Dutch dictionaries published
by Van Dale in recent years:

Table 1: Number of entries and sensesin the Vlis database

Entries 63962 8822
Senses 74678 | 14268

The coverage is contemporary Dutch and it includes the common and general vocabulary as most
common monolingual dictionaries. A fundamental difference with traditional dictionaries is
however that particular semantic and morphological relations are explicitly coded for nouns,
verbs and adjectives at a sense level. The next table displays the various relations distributed over
nouns and verbs (the adjectives are left out here).

EuroWordNet LE-4003
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Table 2: Semantic relations in the Vlis database

Noun senses Verb senses
ABBREVIATION 63 0
ANTONYM 181 148
ASSOCIATIVE 1763 557
CAUSATIVE 0 5
HYPERONYM 49815 8231
INCHOATIVE 0 11
PARTITIVE 576 0
REFERENCE 715 93
SYNONYM 9901 5049
WOMAN 95 0
PREFERENCE 2361 108
FORM_VARIANT 4 0
SYMBOL 1 0

Important semantic relations in Vlis are hyponomy, synonymy, antonymy, partitive and
associative. Hyponymy is a 'kind of' relation from a hyponym (e.g. “auto” (car)) to its class or
hyperonym (e.g. “motorrijtuig” (motor vehicle)) and vice versa. The difference in meaning
between co-hyponyms that share the same hyperonym is formulated in a field called 'differentiage’.
Whereas WN1.5 occasionally includes multiple hyperonyms this does not occur in the Vlis
database (but has been added to Vlis for the Dutch wordnet).

Synonymy has been assigned (within part-of-speech) if there was no significant difference in
meaning. With respect to synonymy, Vlis has assigned the term '‘central’ to one sense and
‘peripheral’ to the other synonym(s). 'Central’ denotes the most 'general’ or frequently used term in
Dutch. Hyp(er)onymy relations can only go from or to the central term and not to the peripherals.

Antonymy is defined as not X but Y and is only assigned to verbs and adjectives, e.g. 'to succeed'
is an antonym of 'to fail'. Partitive relations are only assigned to nouns. The relation is used as
the meronymy relation in WNL.5, but in Vlisit is not differentiated into subtypes. Associative is
always an additional relation between two senses that are closely related and is allowed between
all part-of-speech categories. The idea was to assign the relation if other relations did not suffice.
Therefore associative relations often stand for multiple hyperonymy, but aso for near-synonymy
or cross-part-of-speech synonymy.

Furthermore, there are other interesting semantic relations in Vlis, like causative and inchoative,
but these are not assigned significantly. Finally, there is a morphological relation ‘reference’ of
which it is unclear how it can be used semantically. The remaining relations are variants to the
synonymy or hyponymy relation.

The database does not form a closed wordnet in which all relations are unified in asingletree or a
small set of tops. In fact, the Vlis database contains 1429 tops for nouns and 298 tops for verbs.
The reason for making a sense a top in the hierarchy is often not well-motivated (the database is
still in development). In many cases a sense is an end point because the meaning was too
complex (e.g. higher-order nouns referring to states, conditions, events) or information was of an
encyclopaedic nature (names of places, people, etc.).

EuroWordNet LE-4003
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In addition to the relations, each sense contains a definition, some minimal syntactic properties,
and it may contain labels with various types of information like domains, attitude and style. We
have extended these data with corpus-frequency information for each word form (per part-of-
speech) extracted from the Celex database.

2.2. The Van Dale Dutch-English and English-Dutch Dictionary

The Van Dale bilingual dictionaries are developed for native speakers of Dutch. This means that
the resources contain only very limited information on the Dutch words and much more
information on the foreign-language target words. The data for the Dutch-English and English-
Dutch dictionaries (Martin and Tops 1986 and 1989) is stored in the form of separate fields with
field-names and values. Some values are restricted to codes, others contain free text. The entry-
structure is homograph-based but homographs are distinguished only when the part-of-speech
differs and/or the pronunciation. Sub-homographs are used when senses differ in major
grammatical properties such as valency, countability, predicate/attributive usage.

Table 3: Number of entries, senses and trandlations in the Van Dale Dutch-English & English-Dutch dictionaries
Dutch-English English-Dutch

Entries 90,925 89,428
Senses 127,024 156,838
Main Trandations 145,511 152,318
Secondary Trandations 104,181 162,752

In addition to some grammatical information on the words and the tranglations, the dictionary
contains a large amount of semantic information restricting the senses and the translations. In the
case of the Dutch-English dictionary, we find for example the following additional information:

* [Sense-indicators] (53368 tokens) to specify the Dutch senses or polysemous entries. These
contain bits and pieces from original definitions (often a genus word);

[Biological gender marker] for English translations. This is necessary to differentiate
translations when the source and target language have different words for male or female
species. 286 translations are labelled as male, 407 trandlations as female;

[Usage labels for domain, style and register] Applies to both Dutch senses and their English
translations;

[Dialect labels] for Dutch senses and their English translations;

[Context markers] (23723 tokens, 16482 types). These are semantic congtraints differentiating
the context of multiple translations, and to limit the scope of translations having a narrower
context than the Dutch source sense;

The usage labels and the domain labels are mostly stored in the same field. Differentiation has to
be done by some parsing. The usage labels form a limited closed set of abbreviations and codes,
the domain labels are free text. For the main-translations, about 400 different types of usage
labels.

The translations can be single words, words combined with labels, co-ordination of translations
and phrases. Phrasal tranglation may indicate a lexical gap in English or point to a multiword
expression in the target language. Co-ordinations have been marked in the resource by "/I" (for
alternative words) or "/" (surrounding alternative phrases). This information has been used to

EuroWordNet LE-4003
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split them in separate translation fields for a sense, e.g.:

gin//genever bottle

=>gin bottle; genever bottle

(adminigtration of) the /last sacraments/extreme union/

=> adminigration of the extreme union; adminigtration of thelast sacraments;, the last sacraments; the extreme union
(adult) literacy project//campaign

=> adult literacy project; adult literacy project; literacy project; literacy campaign

The result is a rather basic resource with sense-indicators for Dutch and English senses and one
or more translations per sense, where each translation field is a phrase or a single word.

3. Methodol ogy

In the general EuroWordNet documentation, you can find information on the overall
methodology and the design of the EuroWordNet database. To explain the strategy for the Dutch
wordnet, we will summarise the main points here. As discussed in the general EuroWordNet
document, the design of the database is such that the wordnets can be developed and maintained
relatively independently. The main motivation for thisis:

1. the wordnet builders have different resources and database and tools for building the
wordnets;

2. the lexicalization of words differs from language to language, resulting in different wordnet
structures for each language;

Globally, there have been 2 main approaches for building the wordnets in EuroWordNet:

1. expand approach: WordNet1.5 synsets are translated to another language and the WordNet1.5
relations are taken over as a sart;

2. the merge approach: a separate wordnet is build up for a language with a unique structure and
this wordnet is then mapped to WordNet1.5 by generating equivalence relations,

The expand approach results in structures that are close to WordNet1.5 but may also be biased by
it. The merge approach is more difficult and may result in very different structures.

For the Dutch wordnet, we followed the merge approach, mainly because we already had a
structured database with relations between word senses and we are particularly interested in
differences of the lexicalization patterns in Dutch and other languages. A similar approach has
been followed for Italian, whereas the Spanish wordnet has been built according to the expand
method.

A drawback of the flexible design and construction of the database is that specific measured had
to be taken to guarantee a minimal compatibility in coverage and interpretation across the
wordnets. This has been achieved by adopting general top-down approach where the wordnets
have been built starting with a set of about 1300 common Base Concepts (see the general
EuroWordNet documentation for a further explanation). These Base Concepts, which are
represented as Inter-Lingual-1ndex records (mostly WordNet1.5 synsets), play an important role
in two or more wordnets. Importance is measured in terms of number of relations attached to

EuroWordNet LE-4003
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these concepts and the position in the hierarchy. They are generic concepts that express major
generalizations over other word meanings. In this respect, they are more general than Basic Level
concepts as defined by Rosch (1977). The latter typically occur at a middle level of specificity.

Each wordnet builder took this set of Base Concepts as a starting point and tried to represent the
concepts in their local wordnet. The next step was to build a core wordnet around these Base
Concepts, possibly extended with concepts that are important in the local wordnet but have not
been selected as common Base Concepts.

The core wordnets include all relevant relations to the local equivalents of the Base Concepts,
minimally consisting of:

- hyperonyms;
- 14t level of hyponyms below the Base Concepts;
- equivalence relations;

The core wordnets have mainly been built manually and there has been extensive discussion on
the nature of the relations. Furthermore, the EuroWwordNet top-ontology has been applied to al
the Base Concepts. The EuroWordNet top-ontology provided all the wordnet builders with a
common semantic framework and made it possible to monitor the progress by clustering synsets
over the top-concepts (e.g. Animal, Vehicle, etc.). For the rest, each builder was free to extend the
core wordnets to the final wordnets, either using the above expand or merge approach. Extension
of the core wordnets has been done (semi-)automatically.

In general, all the wordnets are based on the lexicalizations of nouns and verbs in each language.
Multiword expressions are allowed but have not been the main focus. The minimal size of the
wordnets should be about 35K synsets and 50K word meanings. The vocabularies should include:

- all the generic word meanings that are needed to properly link and classify more specific
meanings in a language;
- all most frequent words in a language, as measured in a general language corpus,

The first criterion is ensured by the above top-down approach. The second criterion has been
tested by comparing the entries in the wordnets with Parole lexicons. In the Parole project,
morpho-syntactic lexicons have been built for the 20,000 most frequent words in 12 European
languages, based on comparable corpora of general language.

The Dutch wordnet has also been built according to this top-down approach, starting with the
lexical semantic relations as they occur in the Vlis database. The main aim has been to develop a
consistent and complete Dutch wordnet, given the funding and time available to us. We mainly
used language-internal criteria, tests and definitions as they have been agreed upon in
EuroWordNet, but we also frequently compared the Dutch structures with WordNet1.5 to choose
the best solution. The second aim was to link this Dutch wordnet to WordNet1.5.

EuroWordNet LE-4003
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The development of the Dutch wordnet can then roughly be described by the following steps:

1. conversion of the Vlis database to the EuroWordNet structure and the addition of the Dutch
database with Celex corpus frequency information;

2. automatic generation of equivalence relations via the bi-lingual dictionaries;

3. the development of the Dutch core wordnet around the Dutch equivalences of the common
Base Concepts and other Dutch conceptsthat are important;

4. extension of the Dutch core wordnet to the full wordnet;

Step 1 and 2 resulted in a large database loaded in the Amsterdam Lexicon System (ALS) that
contained a basic EurowWordNet (EWN) structure with language-internal relations between word
senses and an automatic equivalence mapping to WordNet1.5. This database has been used to
make the first selections of Base Concepts and to build the core wordnet of about 10,000
concepts (step 3). The core wordnet has been compared with the other wordnets, with corpus
frequency information and by measuring the clustering with respect to the top-ontology and the
associated Base Concepts. On the basis of this comparison we have improved the quality of the
data and extended the selection to full coverage. Since a new Dutch spelling has been introduced
in 1997, we have also added new spelling variants to the selection. The four main steps will be
further described in the next subsections

3.1. Conversion of the Vlis and Celex to the Dutch EuroWordNet structure

Because of the partial compatibility of the relations in Vlis and the relations defined in
EuroWordNet, we decided to convert the Vlis-relations to the corresponding EuroWordNet
relations and use this database as a starting point. Table 4 indicates how the Vlis relations have
been converted.

Table 4: Conversion of the Vlisrelations

Noun senses Verb senses Conversion to Dutch wordnet
ABBREVIATION 63 0 | Synset member
ANTONYM 181 148 | NEAR ANTONYM
ASSOCIATIVE 1763 557 | --
CAUSATIVE 0 5| CAUSES
HYPERONYM 49815 8231 | HAS HYPERONYM
INCHOATIVE 0 11| CAUSES
PARTITIVE 576 0| HAS MERONYM
REFERENCE 715 93| --
SYNONYM 19901 5049 | Synset member
WOMAN/MAN 95 0 | Synset member
PREFERENCE 2361 108 | Synset member
FORM VARIANT 4 0 | Synset member
VERB 0 474 | HAS HYPERONYM

The conversion resulted in a first Dutch wordnet. Next we loaded the Celex Dutch lemma lexicon
with frequency information in ALS and we have added frequency information to the matching
Vlis entries with the same part of speech. Finally, we created slots for the specification of
equivalence relations to WordNet1.5 synsets and for specifying EuroWordNet top-concepts that

apply.

EuroWordNet LE-4003
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Figure-1 shows the resulting structure of the database in ALS for the first sense of "werktuig"
(tool). First, the part-of-speech and gender is given (NOUN_HET), followed by the Celex
frequency (f = 328). and the second line contains a definition ("stuk gereedschap” piece of
equipment). The Upward and Downward relations are the relations given in Vlis. After that the
relations according to EuroWordNet are listed. First, the other synset members, next, the
language-internal relations (EWN relations), the equivalence relations (EWN inters) and the top-
concepts (EWN top concepts). The shown information can be customized, e.g. here the

HYPONY Ms relations are not expanded to reduce the amount of information in the scrollable
window.

= | = of x|
File Gota iew Enty Senze  Syhaet Help
Back i Farth i Gotar ”werktuig Edi. Lt :
% kel FPaste [nter zunzet Chrld i3
HOUH_HET f= 333 Add relation... Chrl-B
ehly gereedschiap &dd inter... Chel|
TUpward relations i
Dk of mereadleth an il Add top concept.. Chl-T
Downward relations N
: g}fﬁedﬂh@ i Toggle OEAY {2
%UI‘[_‘;’J‘HSZ .
Py Remove relation. - ChilkA:R
EVWHN zynzet
] pereadschap #2
EVWN relations

2 =OKAY)= HAS HOLO PART apparatuur #1 MAHTTAL Lamra 19970150
23 =OKAY!= EOLE INSTR mehruilen #1 MAMTTAL Lara 19950305
24 = OKAY= HAS BOLO_MEMEER mereedschap #1 COFED_FROM_ VLIS
Larra 10970130
i:s%lc&?': HAS MERO PART grijparm #1 RPEVERSED MANITAL Lama
100706
39 qOK&Y': HAS HOLO PART installatie #3 MANITAL Lama 19970130
4l = OKAY = NEAR SYHTHVM instrument #1 WMANTTATL Lama 19970150
£7 =OKAY!= HAS WERO DART mechanisme #3 MANTTAL Tara 10070150
£9 - OKAY= HAS HYPERONYI middel #2 BAANITAL Lama 19970150
H#]g ﬁ%lg‘%;} HAT HYPER OHYM voorwerp #1 MAMITAT Lams 19570130

EWHN interxs

+] =QKAY!- EQ SWDN‘.EM 02008805-n MAHTIAT Pisk 19961130
Word et ni

L dOKg’IE‘b EQ SWDH‘.EM 03198235 -n MANTIAL Pisk 19961130
WordHet syneet: tool #2.

EWHN top concepis
¥1 =0OKAY!- HEAR SYHOHYM Artifact #1 MAHTAT Piek 19971218
A ﬁGKﬂY'} HEAR SWDM I.'I'lst['l.l.l'l'l.l!n‘t #1 IUIAH'LTHL Pl&'l': 195'?12 13 ;!

;-M #1 =0KAY!= HEAR, SVHONYIL araat #1 MAHMTAL Lo 19970130

Figure 1: Window for the VIisEntry "werktuig" (tool) in the Amsterdam Lexicon System (ALS)

As the opened menu shows, there are different possibilities to modify the relations. For example,
copied relations can be checked manually, and if agreed, marked as being <OKAY>, and
relations can also be removed, added or edited. Added relations are automatically reversed from
the target sense back to the sense where the relation is added. The Dutch wordnet thus consists of
relations which can have to the following status, asis also shown in Figure-1:

EuroWordNet LE-4003
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1. relations copied from Vlis and not manually checked (22% of the relations in the Dutch
wordnet);

2. relations copied from Vlis and manually confirmed as OKAY (47% of the relations);

3. relations added manually (24% of the relations);

4. relations added manually and confirmed as OKAY (7% of the relations);

Obviously, Vlis relations also have been removed. This is not shown in the above distribution.
For a further explanation of the ALS functionality, see the ALS manual (Vossen, Boersma and
Bloksma 1999).

3.2. The extraction of equivalence relations to WordNet1.5.

The extraction of the equivalence links between the Dutch wordnet and WordNet1.5 is partly
done by hand and partly using automatic techniques. The manual coding is carried out for the
most important concepts in the database (see below) and for those concepts that have been poorly
matched by the automatic techniques. The manual encoding of the most important concepts had
to ensure that the cores of the wordnets are well-matched. In total, 14,749 equivalence relations
(30% of all equivalence relations) have been created by hand or confirmed manually (8,596
manual equivalence relations for nominal synsets and 6,153 manual equivalence relations for
verbal synsets). These figures include the manual encoding of poor translations and the manual
confirmation of automatically generated translations, which will be further discussed next.

3.2.1. Extracting trandations from bilingual dictionaries.

Most synsets have been translated by mapping the Van Dale database with the bilingual Dutch-
English dictionary and mapping the translations to WordNet1.5. This implies that the part-of-
speech of the orthographic form in Vlis and in the bilingual dictionary match, as well as the part-
of-speech of the tranglations in WordNet1.5. Note that such a mapping is carried out for synsets.
It is therefore sufficient if one member of a synset can be mapped and there may be multiple
mappings originating from different synset members.

A proportion of the original Dutch database did not receive a translation, either because the entry
was missing in the bilingual dictionary, or the translations could not be found in WordNet1.5.

Table 5: Synsetswithout trandlation in the Dutch database
Number of Synsetsin Vlis Number of setswithout trandation to WordNetl.5 %

nouns 52359 23398| 44,69%

verbs 9125 1060 11,62%

Table 5 shows that the result for verbs (11% not translsated) are much better than for nouns (44%
not translated). This is due to the fact that the nominal part contains more specialized vocabulary.
To improve this matching we have applied two additional techniques.

According to the introduction to the Dutch-English dictionary, many English words that are
directly taken over in Dutch without change of meaning and pronunciation, have been omitted (to
save space, assuming that Dutch speakers are familiar with the word). It therefore makes sense to
directly match the non-translated Dutch entries to the WordNet1.5 entries. The results are given
in the next table:

EuroWordNet LE-4003
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Table 6: Directly matching entries between the Dutch database and WordNet1.5.
Entriesin Vlis Entriesin WordNet1.5 I ntersecting Entries

nouns 63962 88200 3981

verbs 8822 14734 9

Inspection of this list showed that all the 9 verbal matches were wrong but the nominal
intersection contained many good matches. By intersecting the direct nominal matches with the
synsets without translation the nominal matching has been improved as follows:

Table 7: New nominal trandlations generated by direct matches with WordNet1.5
Synsets Senses Entries without Overlap  with Matched Remaining
without without trandations WordNet1.5 synsets unmatched

trandation trandations noun entries
nouns in the Van Dale|
database

A second improvement consisted of reversing the English-Dutch dictionary (Ved) into a Dutch-
English dictionary, assuming that the set of Dutch translations is different from the set of Dutch
entries. A third improvement consisted of varying the use of hyphens and spaces in the
transglations. In many cases, hyphens and spaces are used inconsistently, e.g. animal park, animal-
park and animalpark. By replacing and removing spaces and hyphens in the translations we could
further translate another 338 synsets. This resulted in the following improvements.

Table 8: Trandations by reversed English-Dutch dictionary and replacing spaces and hyphens.
Total Synsets Synsets matched by Synsets matched Remaining % of total
Number  of without reversed English- by replacing unmatched

Synsets trandlation  Dutch dictionary Spaces and synsets
Hyphens
nouns 52359 22672 2161 20180 38.54%

verb 9125 1060 183 7 869 9.52%

Since not all nouns from the Van Dale database are selected for the Dutch wordnet, the result for
the wordnet is better:

Table 9: Synsetswithout trandation in the Dutch wordnet
Dutch WordNet No ILI match % of Dutch Wordnet
nouns 34455 6070 17.6%

verbs 9040 1133 12.5%

For the Dutch wordnet, 82% of the selected noun synsets and 87% of the verb synsets has a
match to a WordNet1.5 synset. The fact that this result is better than for the complete database
has to do with the way synsets have been selected. First of al, we selected synsets with manual
and reliable translations and, secondly, we excluded more specific levels that are more likely not
translated (and probably cannot be translated). Note that this is the final matching result, which
includes the manual addition of complex equivalence relations and the removal of wrongly-
generated matches. In the case of the verbs, the results are lower. This is because many wrong
automatic translations have been removed or neglected (see below).
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3.2.2. Weighting the trandation candidates

Once a matching entry has been found in WordNet1.5, al the senses of the entry are proposed as
possible translations. If there is only one synset translation, the procedure stops, and we assume
that this translation is correct. If there are multiple translations, they are weighted using several
heuristics:

1. prefer tranglations of Dutch senses in the bilingual dictionary that match the information given
for the Dutch sensein Vlis;

2. conceptual distance measurement: prefer trandations that are close in the WordNetl.5
hierarchy;

3. overlap with Dutch synsets when target WordNet1.5 synsets are translated back to Dutch;

4. overlap in Top-Concepts inherited according to the Dutch hierarchy for the Dutch sense and
according to the WordNet1.5 hierarchy for the target translations;

The first heuristics makes use of the fact that the bilingual dictionaries often give some further
information on the Dutch sense when it is polysemous. In many cases, this information consists
of some key words from the definition in the monolingual dictionary, but sometimes usage labels
or additional information are given. By matching the overlap in characters in the definitions
relative to the length of the definition, an initial weighting is calculated. Furthermore, there are
some more specific morpho-syntactic features that can be used to select the most appropriate
sense in the bilingual dictionary, e.g. valency for verbs, gender for nouns. If this information is
present for both the Dutch synset in the monolingual resource and the bilingual entry, then only
tranglations of senses with matching information are considered. For the rest al possible target
synsets of the trandlations are listed (in some cases hundreds of synsets). The output of the
matching of Vlisto the bilingual resource is used to for further weighting.

The second heuristics makes uses of the notion of conceptual distance as defined by Agirre and
Rigau (1996). Conceptual distance is calculated by counting the steps to their closest shared node
in the network, taking into account the level of the hierarchy and the density of nodes relative to
the average density. There are two situations for which the conceptual distance is calculated:

1. the distance between senses of multiple alternative translations of a single entry in the
bilingual dictionary.

2. the distance between each possible translation and the translations of hyponyms and
hyperonyms of the Dutch word

The first situation occurs when, for example, the Dutch word orgel has two translations, organ
and keyboard, for the same sense. Since the polysemy of these translations is often not parallel, it
is possible to favour the sense of organ and keyboard that have the shortest distance. The second
situation is illustrated in Figure-2. Here we see that orgel in Dutch is translated as organ, which
can either be amusical instrument or a body part. Since the hyperonym and a hyponym of orgel
in the Dutch wordnet have already been translated it is possible to measure the distance of the
two senses of organ to the translations of the hyperonym and hyponym:
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Dutch wordnet

muziekinstrument#1

’_A

orgel#1

H

hammond orgel#1

WordNetl.5

Instrument#1

—¥ organ —

+_‘

» musical instrument ’j

’_A

> 2 organ#l organ#2

Object#1

body part;1

» hammond organ#1l
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Figure 2: Selecting trandations to WordNet1.5 by distance to the trandated context in the Dutch wordnet.

The distance measuring of the tranglations to the context in the Dutch wordnet, leads to aranking
of all the senses of a translation. The heuristics for automatically deriving equivalence relations
are implemented in such away that bad matches are removed if the best match is above a certain
threshold. If not, al matches are maintained. A large number of matches with a low score
therefore indicates that the system had poor evidence for differentiating the matching. By
searching the database for synsets which have an extremely high number of automatically-
derived translations (with arelatively low score) we can isolate dubious cases. This is shown for
the next example "inlassen" (to weld something in between something else), where none of the

Dutch synset: inlassen ¥ 2

2.07 00604079-v
1.77 00121079-v
1.7 00579406-v
1.65 00437968-v
1.65 00514811-v
1.35 00361286-v
1.30 00818159-v
1.27 01417019-v
1.13 00507610-v
1.00 00799930-v
0.946 00927659-v
0.946 00939471-v
0.914 00507320-v
0.898 00397690-v
0.668 00210341-v
0.668 01189328-v
0.668 01297479-v
0.668 01532350-v
0.544 01386819-v
0.364 00113224-v
0.243 00605466-v

bring out#3; introducet6

alter#4; falsify#l; interpolatetl

insert#5; dip in#l; sneak in#l; stick in#2
barge in#1; break in#4; butt in#1; chimein#l; cut in#4; put in#2
comein#2; inject#3; interject#l; interposettl; put in#3; throw in#l
extrapolate#2; interpolate#2

enter#3; infix#3; insert#7; introducet7
admit#4; allow in#l; let in#2
introducett5; preface#2; premise#t3

insert#6; tuck#3
introduce#8

innovatet1; introducet9

acquai nt#2; introduce#4; present#6

introduce#3

inauguratef1; introduce#2; usher in#l

bring in#2; introduce#10
hive away#1; lay in#l; put in#5; salt away#1; stack away#1; stash away#1; storet7

put in#6

suggested translations is correct (in fact, the correct translation probably does not exist):

admit#3; include#3; let in#1; let participatetl
insert#4; introducetl; put in#l; stick in#l

put in#4; submit#5

The number-codes, such as oosos4s6-v and oo113224-v, are file-offset positions that uniquely identify a
synset in WordNet1.5.
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Based on the above observations, we have manually translated all verbal synsets with more than
20 translations and all nominal synsets with more than 30 translations. Next we looked at:

- polysemous words with many meanings and many translations
- synsets with many relations and many translations

It often appeared that polysemous words with a badly translated sense also had poor translations
for the other senses. We then manually translated all the senses of such a polysemous word. In
addition, we have looked at words with many relations and many tranglations. All verbs with
more than 2 relations and more than 10 translations have been manually translated as well. The
same holds for nouns with more than 10 relations and more than 10 translations. About 3,000
synsets with low quality matches have thus been translated by hand.

The next step was to rerun the tree-matching algorithm. The matching algorithm tries to weight
candidate translations by calculating the distance in the WordNet1.5 hierarchy of each translation
to the translations of the Dutch hyponyms and hyperonyms. Since many translations have been
improved manually, we expected an improvement of the tree-matching effect for synsets related
to these concepts (by hyponymy or hyperonymy) as well. Table 11 below shows the results.

The third heuristics makes use of the possibility to access the Dutch-English and English-Dutch
dictionary vice versa and to prefer translations that co-occur and show overlap with the original
Dutch synset. If several synset members in WordNetl.5 have the same Dutch word as a
tranglation in the English-Dutch dictionary or they have several Dutch translations in the same
Dutch synset, then this can be seen as additional evidence for the correctness of a translation.
Roughly the algorithm is:

1. take the possible candidate translations generated from the Dutch-English resource to
WordNet1.5;

2. look up the target variants in the English-Dutch resource;

3. increase the match:
3.1. each time an English variant has a variant of the Dutch source synset as its
translation;
3.2. if multiple variants of the Dutch source synset are given as the translation for a
single English sense;
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The next example illustrates this for the Dutch synset "lakken" (coat with lacquer):*

Dutch Variants: | akken;
Wor dNet Mat ch: 00779724-v
WordNet Variant: affix a seal to
Wor dNet Variant Transl ation:
Wor dNet Variant: seal
WordNet Variant Transl ation: op robben/zeehondenvangst gaan/zijn;
Overlap =0
Wor dNet Mat ch: 00726098-v
WordNet Variant: coat with | acquer
Wor dNet Variant Transl ation:
Wor dNet Variant: |acquer
WordNet Variant Translation: |akken;
WordNet Variant Translation: vernissen;
Overlap =1
From 26.6 To: 39.8

The verb "lakken" has a translation candidate synset 00779724-v. The first variant of this synset
is "affix aseal to". This cannot be found as an entry in the English Dutch dictionary. The second
variant "seal" can be found. However, none of the translations of "seal" contains the original
Dutch word "lakken" (the overlap between the translations and the original synset members is 0).
The next WordNet Match is the synset 00726098-v. The first synset member "coat with lacquer”
cannot be found but the second "lacquer” is found and has "lakken" as one of its translations. The
matching for this synset will thus be increased (From: 26.6 To: 39.8). The second translation of
“lacquer” is a near synonym “vernissen”. Note that if “vernissen” would be part of the Dutch
synset “lakken”, this would result in an overlap of 2 but aso cause an extra increment because
both synset variants are given for a single sense of “lacquer” in the bilingual English-Dutch
dictionary.

The fourth heuristics makes use of the fact that we have separately added the 63 Top Concepts
(TCs) to the Base Concepts (the most important concepts) in the Dutch wordnet and WordNet1.5.
The TCs represent fundamental semantic features, such as Natural, Artifact, Dynamic, Static,
Physical, Mental that can be combined into complex feature combinations (see the general
documentation for a further motivation and explanation of the top-ontology). By inheriting these
TCs to more specific concepts via the hyponymy relations it is possible to measure the overlap in
TCs between Dutch senses and their candidate translations. If a candidate translation has many
overlapping TCs, it is a more likely candidate for translating. In the next example, the Dutch
word "hart" (heart as an organ) inherits the top-concepts Living and Part from its hyperonyms
(orgaan 1, ded 2, iets 1), which it shares only with sense 4 of the senses of "heart" in
WordNet1.5:

" In the real situation there are many more matches and trandations. Here, we have listed just two of them to illustrate the
example.
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hart 1
orgaan 1 (Living Part) dedl 2 (Part) iets 1 LEAF

playing card 1 card 1 (Artifact Function Object) paper 6 (Artifact Solid)
material 5 (Substance) matter 1 inanimate object 1 entity 1 LEAF
heart 2
disposition 2 (Dynamic Experience Mental) nature 1
trait 1 (Property) attribute 1 (Property) abstraction 1 LEAF
heart 3
bravery 1 spirit 1 character 1 trait 1 (Property) attribute 1 (Property)
abstraction 1 LEAF
heart 4
internal organ 1 organ 4 (Living Part) body part 1 (Living Part)
part 10 entity 1 LEAF

This heuristics is expected to be especially useful for discriminating translations of verbs because
their semantics is less dependent on the hierarchical structure (which is relatively flat and
shallow). A rich encoding with features for verbs with a poor hyponymic structure can still
contain sufficient evidence for choosing tranglations. The effect of this matching obviously
depends on the coverage of the features and the diversity of features. In EuroWordNet, we have
limited ourselves to the 63 features from the EuroWordNet top ontology. To further improve the
matching it is possible to add more discriminative features at crucial points of both hierarchies.
To get a maximal coverage of inherited top-concepts, we ensured that all tops in the Dutch
wordnet and in WordNet1.5 are classified according to the ontology, and that most tops in the
Dutch wordnet are unified into a minimal number of trees. For WordNet1.5, we had to add top-
concepts (TCs) to 389 verbal synsets and 2 nomina synsets, which are tops but have not
previously been classified by the top-ontology. In total 2006 Dutch synsets (1170 nouns and 836
verbs) and 1410 WordNet1.5 synsets (793 nouns and 617 verbs) have been classified with one or
more top-concept features. Furthermore, we have converted the lexicographer's file codes in
WordNet1.5 to compatible EuroWordNet top-ontology codes, as is indicated in the next table.
Since all synsets in WordNet1.5 have been assigned by these codes we thus get a very high
coverage of the semantic features.
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Table 10: Conversion of WordNet1.5 Lexicographer's file codes to EuroWor dNet top-concepts

19

Code @ WordNet File Name

EuroWordNet Top Concepts Code @ WordNet File Name

EuroWordNet Top Concepts

04 noun.act Agentive; 29 verb.body Dynamic; Physical;

05 noun.animal Animal; 30 verb.change Dynamic;

06 noun.artifact Artifact; 31 verb.cognition Mental; Dynamic;

07 noun.attribute Property; 32 verb.communication Communication; Dynamic;
08 noun.body Object; Natural; 33 verb.competition Social; Dynamic;

09 noun.cognition Mental; 34 verb.consumption Physical;Usage; Dynamic;
10 noun.communication Communication; 35 verb.contact Location; Physical

11 noun.event Dynamic; 36 verb.creation Existence; BoundedEvent;
12 noun.feeling Experience; 37 verb.emotion Experience; Mental;

13 noun.food Comedtible; 38 verb.motion Location; Physical; Dynamic;
14 noun.group Group; 39 verb.perception Experience; Physical; Dynamic;
15 noun.location Place; 40 verb.possesson Possession; Dynamic;

16 noun.motive 3rdOrderEntity; 41 verb.social Social; Dynamic;

17 noun.object Object; 42 verb.dative Static;

18 noun.person Human; 43 verb.weather Phenomenal; Physical; Dynamic;
19 noun.phenomenon Phenomenal;

20 noun.plant Plant;

21 noun.possess on Possession;

22 noun.process Dynamic;

23 noun.quantity Quantity;

24 noun.relation Relation;

25 noun.shape Physical;

26 noun.state Static;

27 noun.substance Substance;

28 noun.time Time;

The effects of the above heuristics are shown in the table 11 below. We took a random sample of
nouns and verbs and measured the quality of the matching by scoring how often the highest
match was correct, the 2nd highest match, etc.. This has been done 1) with minimal manual
encoding of equivalence relations and applying the tree-matching algorithm, and next after taking
each of the above measures in sequence to each result: 2) encoding dubious translations and
important synsets by hand and after that running the tree-matching algorithm again, 3) applying
the reverse translation option using the English-Dutch dictionary, 4) applying the top-concept
matching. Inthetable, the rows indicate rank of the correct match: the first row the number of
times the highest match was correct (match 1), the 2nd correct, the 3rd, 4th, 5th and higher.
Obviously, in the ideal case the highest match (rank 1) should be correct. The next row indicates
the number of synsets that cannot be translated (presumably a gap in English), which can be
translated but there correct translation was not present (non ok) or only a hyperonym translation
is given (hyper). Finally, the number of synsets without a translation have been given. The
columns then give the improvements, where the first column gives the figures and percentages
with minimal manual encoding of equivalence relations (only the Base Concepts), the second
column the results after the manual revision of dubious translations, the third column the results
of making use of reversed translations and the fourth column the results of matching the top-
concepts. The improvements are applied in a cascade. The final column gives the total gain with
respect to the first column.
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Table 11: Results of automatic matching heuristics

Nouns Verbs
correct before after manual |trandation  |Matching before after manual [trandation |Matching
match manual improv. manual improv.
improv. improv.
1 60| 64,5%| 70| 66,6%| 72| 685%| 74| 70,4%| 5,9%| 28| 33,3%| 28| 32,9%| 32| 37,6%| 39| 45,8%| 12,5%
2 8| 86%| 10| 95%| 8| 7,6%| 9| 85%| -0,03%| 7| 83%| 14| 164%| 18| 21,1%| 12| 14,1%| 5,7%
3 4 43%| 3| 28%| 3| 2,8% 2| 19%| -24%| 9| 10,7%| 10| 11,7%| 4| 4,7%| 5| 58%| -4,8%
4 0| 00%| 2| 19%| 3| 28% 1| 09%| 09%| 2| 23%| 3| 35%| 4| 47%| 5 58%| 35%
5 2l 21%| 2| 1,9% 1| 09%| 1| 09%| -12%| 1| 1,1%| 4| 4,7%| 3| 35%| 4| 4,7%| 35%
>5 1| 1,0%| 1| 09% 2l 19%| 2| 19%| 08%| 0| 00%| 6| 7,0%| 4| 47%| 2| 23%| 23%
gap 6| 6,4%| 9| 85%| 10| 9,5%| 10{ 9,5%| 3,0%| 8| 95%| 10| 11,7%| 12| 14,1%| 10| 11,7%| 2,2%
all wrong 9 96%| 3| 28% 4| 38% 4| 38%| -58%| 19| 22,6%| 6| 7,0%| 4| 4,7%| 4| 4,7%| -17,9%
hyper 3| 32%| 5| 4,7% 2] 19%| 2| 19%| -1,3%| 4| 47%| 4| 47%| 4| 47%| 4| 4,7%| -0,06%
Subtotal 93 105 105 105 78 85 85 85 0,0%
notrans | 102| 52,3%| 90| 46,1%| 90| 46,1%| 90| 46,1%| -6,1%| 6| 7,1%| O] 0,0% O 0,0%| O -7,1%
Total 195 195 195 195 84 85 85 85
Top-3 72| 77,4%| 83| 79,0%| 83| 79,0%| 85| 80,9%| 3,5%| 44| 52,3%| 52| 61,1%| 54| 63,5%| 56| 65,8%| 13,5%

If we look at the first match (the highest matching score, 1) we see that for nouns each technique
results in about 2% improvement. In total we gained 6% with respect to the first column. In the
case of the verbs, we see that the tree-matching has not improved after the manual revision. This
is expected because the general effect of tree-matching is poor for verbs. However, the reversed
translation technique and, especially, the top-concept matching has resulted in a considerable
improvement, 5% and 8% respectively. The total improvement for verbs is therefore even higher
than for nouns: 12,55%. Obviously, an increase of correct first matches leads to a decrease of the
lower matches.?

Since the quality corresponds with the number of matches, we have evaluated the quality per
number of matches. In the case of synsets with 1 automatically derived equivalent, 86% of
nominal synsets and 78% of the verbal synsets got a correct translation. If there are 2
automatically derived translations, the correct translation was scored as the best match in 68% of
the noun synsets and 71% of the verb synsets. In the case of 3-9 translations, the percentages go
down to 65% and 49% for nouns and verbs respectively. This figure gets lower the more matches
are left, where 10 or more tranglations are extremely unreliable for verbs (23%). In many of these
cases, we are dealing with gaps which cannot properly be translated, even manually. The next
table shows the projection of this confidentiality rate to the full set of the automatically extracted
equivalences:

? Both for verbs and nouns, the number of gaps and the number of translated synsets hasincreased due to the fact that
more word have been trandated by the measures explained previoudly.
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Table 12: Quality of the equivalence relations

Noun synsets Verb synsets
1 0000 |47.31% |86% |569 |13.82% |78%
2 4246 |20.29% |68% (497 |12.07% |71%

3t09 |4673 |22.33% |65% |1907 |46.32% [49%

10plus |2105 |10.06% |54% |1144 |27.79% |23%

Total (20924 4117
synsets

This table shows that 67% of the nouns and 26% of the verbs with automeatic translations have 1
or 2 translations with a reasonable reliability (70-86% correct). For verbs still a large proportion
has 3 up to 9 translations. For all the cases with 2 up to 9 automatic translations we have selected
the top-2 translations. This resulted in 17,838 equivalence links for nouns and 4,808 equivalence
links for verbs. Most of these have been checked manually, where we removed 1627 translations
for nouns (9% of all 2upto9 links) and 1842 translations for verbs (40% of the 2upto9links). In
some cases, we manually added other relations, in other cases, no equivalent could be provided
(39 noun synsets, and 107 verb synsets).

If there are 10 or more translations, we decided to neglect the proposed tranglations. In those
cases that the hyperonym in the Dutch wordnet was manually translated, we automatically
generated an EQ_HYPERONYM relation or parent-equivalent to the translation of this hyperonym.
If there are multiple hyperonyms or multiple equivalents of the hyporonym this may lead to
multiple EQ_HYPERONYM relations as well, e.g.:

st eunpi | aar
has_hyperonym steun-1
eq_near_synonym support {bears the wei ght of another thing}3149538
eq_near _synonym support {holds up or provides a foundation}3150440
has_hyperonym pilaar-1
eq_near_synonym pillar-1 {a tall cylindrical vertical upright}2326166

The Dutch word "steunpilaar” has two hyperonyms in the Dutch wordnet: "steun" (support) and
"pilaar" (pillar). No equivalent was generated via the bilingual dictionary and we therefore
checked the status of the equivalence relations of the hyperonyms "steun-1" and "pilaar-1". Since
the hyperonyms have an eq (near)_synonym relation which is either manually assigned or
marked as OKAY,, these are extracted as parent-equivalences to "steunpilaar":

steunpi | aar
eq_has_hyperonym support {bears the wei ght of another thing}3149538
eq_has_hyperonym support {holds up or provides a foundation}3150440
eq_has_hyperonym pillar-1 {a tall cylindrical vertical upright}2326166

To summarise, the next table gives an overview of manual and automatic equivalence relations
for nouns and verbs:
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Table 13: Overview of the equivalence relation statusin the Dutch wordnet
Equivalence relation status

Source Number of equivalence Number of equivalence

22

Code  relationsfor Nouns relations for Verbs
manual 3108 7.96% 2203 19.94% 5311 10.61%
manual and okay 1002 697 1.79% 265 2.40% 962 1.92%
heuristics and okay 1003 4791 12.28% 3685 33.36% 8476 16.93%
heuristics 1004 26432 67.73% 3531 31.97% 29963 59.84%
automatic parent-equivalent |1005 3995 10.24% 1362 12.33% 5357 10.70%
Total 39023| 100.00% 11046| 100.00% 50069| 100.00%
Manually verified 8596 22.03% 6153 55.70% 14749 29.46%

First of all, we see that 22% of the noun equivalences and 56% of the verb equivalences is
somehow manually verified (the sum of rows 1, 2 and 3). Between 10-12% of the equivalences is
a parent-equivalent that is automatically generated because the heuristics generated 10 or more
candidates. The remaining cases are generated by the heuristics, where 9,900 nominal synsets
have only one translation (86% reliability) and 569 verbal synsets (78% reliability). For the
remaining cases, we have manually removed 10% of the nominal links and 40% of the verbal
links that were wrong. The column with source code refers to the number code that identifies the
source of the equivalence relations in the text file of the Dutch wordnet (in EuroWordNet
format). In section 4.3, we will further explain how the different status of the equivalence
relations is encoded in the database files.

3.3. The creation of the Dutch core wordnet

As explained at the beginning of this section, most of the effort has been devoted to the Dutch
core wordnet, built around the Base Concepts. The manual work for this has mostly been carried
out in the ALS database. Special editors and query options have been developed to easily create
links between synsets or sets of synsets. Queries can be applied incrementally so that precise
selections of synsets can be made that share particular features (e.g. morphological, orthographic,
semantic, or corpus frequency). The following information has been used for building the core
wordnets:

1. queries over definitions patterns

2. morphology

3. bilingual dictionaries

4. comparison with WordNet1.5 structures and synsets

We will first describe how the selection of the Base Concepts has been established and next what
procedures have been followed to encode and restructure the relations.

3.3.1 Section of Dutch Base Concepts and equivalences for the Common Base Concepts

The Base Concepts are the starting point for building the core wordnets. The selection should
include the most generic concepts of a language that still comprehensively represent the diversity
of the complete vocabulary. As explained in section 2, the Vlis database does not form a closed
hierarchy, in which all relations are unified in a single tree or a small set of tops, but it has 1429
noun tops and 298 verb tops. We therefore did not just take the Vlis tops as a starting point for
selecting the base concept but we used the following combination of criteria:
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number of relations
position in the hierarchy
Vlistop senses
frequency

We first selected nominal concepts with more than 15 relations (965 synsets) and all verbal
concepts with more than 12 relations (237 synsets). These selections represent about 15% of all
the relations in the database. We added to these selections all hyperonyms of these concepts that
not have been included. Thisresulted in afirst set of 1165 noun and 285 verb senses:

Table 14: Base Concept selection based on the number of relations
15% of all relations hyperonyms union

965 470 1165

237 120 285

NOUNS with >15 relations
VERBSwith >12 relations

Inspection of this set showed that some of these concepts occur at rather specific levels. The
second criterion was therefore to look a the position in the hierarchy. We limited the initial
selection to those concepts that occur within the first 2 levels of the Vlis Database, which turned
out to be the most generic cut off point. This limited the first set to 706 nouns and 268 verbs,
respectively. The next column shows how many of above concepts occur in the first 3 levels.

Table 15: Base Concept selection distributed over the 3 highest levels of the hierarchy

Levels Nouns Verbs
intersection percentage of the fird|intersection percentage of the firg
(number of senses) | selection (1165 senses) (number of senses) | selection (1165)
level 0 148 12,7% 94 32,9%
down tolevel 1 432 37,1% 209 73,3%
down tolevel 2 706 60,6% 268 94,0%
down tolevel 3 921 79,0% 276 96,8%

The above procedure excluded some important concepts or areas of the vocabulary because none
of the concepts in the hierarchy had substantial relations. It is possible that whole branches of the
hierarchy are interrelated via many levels with arelatively low number of relations. On the other
hand, we did not wanted to add all the tops from the Vlis database. We therefore added those tops
or ends that have more than 10 children at any depth of the hierarchy. The extension is shown in
the next table:

Table 16: Non-selected hierarchy topswith more than 10 children

Tops  >10children at any depth Not yet included Extended Selection

NOUNS 1429 114 35 741
VERBS 298 50 14 223

Finally, we looked at word frequency information in the Celex lexicon. Inspection of all words
with a frequency of 2000 or more showed that frequency is not a sufficient criterion for
genericity of concepts. The set includes both very general words, such as "meubel” (furniture)
and "fruit" (fruit) but also very specific words at the Basic Level, "bed" (bed) and "appel”
(apple). We therefore used the frequency criterion only as a filter on both the number of relations
and the Vlis tops. Nouns with more than 15 and verbs with more than 12 relations, or Vlis tops
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that were excluded by the above procedure, but had a word frequency according to Celex of 2000
or more occurrences have been added:

Table 17: Non-selected concepts which are tops or have many relations but with high corpus freguency

e Celex Frequency > 2000 Final Selection of Dutch Base Concepts
Selection Vlis End

>12 verbal relations
>15 nominal relations
NOUNS 741 164 905

VERBS 223 61 284

As explained in the general wordnet documentation, this set has been translated manually to the
closest WordNet1.5 synsets and the translations have been used for the selection of the common
Base Concepts. The Common Base Concepts (1300 concepts in total) include concepts that are
not represented in the above Dutch set and there are Dutch Base Concepts (DBCs) that did not
make it into the set of Common Base Concepts (CBCs). This is shown in the next table:

Table 18: Dutch Base Concepts (DBC) compared to the Common Base Concepts (CBC) in EuroWordNet
Proposed Selected Rejected Missing
DBC DBC DBC CBC

NOUNS 1027 429 598 265
VERBS 323 126 197 51
TOTAL 1350 555 795 316

To make sure that the Common Base Concepts are well represented in the Dutch wordnet, we
thus had to extend our selection with Dutch equivalences for the 'missing’ concepts in this table.
In some cases (97 in total), there was no equivalent for the Common Base Concepts in the Dutch
wordnet. We then created a so-called complex equivalence link to the closest concept(s), as is
illustrated in the following examples:

Common Base Concept Equivalence relationClosest Dutch Concept
cause to feel unwell#1, Verb EQ IS causeD BY {onwel#1}, Adjective (sick)
vessel#2, Noun EQ INVOLVED { bevatten#1}, Verb, (to contain)

EQ HYPERONYM {doos#1}, Noun, (box)
EQ HYPERONYM { zak#1}, Noun, (bag)
EQ HYPERONYM {blik#1}, Noun, (tin)
EQ HYPERONYM {Kkist#1}, Noun, (box)

Both the synset { cause to feel unwell} and {vessel, container} do not exist as lexicalized formsin
Dutch. In the case of {cause to feel unwell}, the closest Dutch concept is the adjective "onwel"
(unwell, sick), which can be related as the result of this Base Concept (BC). In the case of
{vessel, container}, the closest equivalents are the verb equivalent of to contain and some more
specific containers in Dutch that are lexicalized. The BC can thus be represented by multiple
complex links to these concepts. Note that all these Dutch synsets also have direct equivalences in
English (sick, to contain, box, bag, tin). The above relations are thus additional to the direct
equivalents, only to have a precise mapping of the BCsto Dutch.
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In total about 1200 Dutch concepts have been related to the CBCs. Together with the 795 Dutch
synsets that have not been selected as Common BCs but that do play an important role in the
Dutch wordnet (according to the above criteria), they constituted a core set of about 2,000 Dutch
word meanings that have been used to build the Dutch core wordnet.

3.3.2. Manual encoding of the language internal and equivalence relations

The 2,000 Dutch Base Concepts, (more than 50% of which represent Common Base Concepts,
also encoded in the other wordnets) have been processed according to the following general
procedure:

select closely related terms and word meanings,

establish the major semantic classes and differentiation;

provide a hyperonym classification to the top of the hierarchy;

chart out hierarchical differences among the selected words;

establish the correct equivalence relations for the most important concepts,
establish any other language-internal relation in so far necessary;

ouklwdpE

In many cases, there isa set of closely related words that roughly cover the semantic space of a
Base Concept. In some cases, these words are listed as synonyms, sometimes they have
hyponymy relations, but in other cases they are unrelated (e.g. because one of them isatop in the
hierarchy or because they have been classified according to different perspectives). Below these
words we may find various clusters of hyponyms. The first step to be taken is to make a
comprehensive list of these words. Several techniques are available for finding these word
clusters:

* co-occurrence data from corpora;

» expanding from closely related words and synsets in WordNet1.5;

» word meanings with similar definitions, one-word-definitions, circular definitions;
» overlapping translations in bilingual dictionaries;

The first technique is well-know in information theory. Words that tend to have the same co-
occurrence pattern also tend to be similar in meaning (Sparck-Jones and Willett 1997). This can
be applied to independent corporaor to the definitions themselves.

The second technique is rather obvious. By directly translating the synset members in
WordNetl.5 it is possible to derive synsets in another language. This can be extended to
hyponyms. In some cases, the translations of these synsets or their hyponyms give rise to other
classes and categories that have not been thought of or have not been included in first Dutch set.
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The third technique looks at definitions that are very similar, and, in particular, definitions
consisting of a single word or circularly defining words in terms of each other. Thisis illustrated
by the following Dutch examples:

apparaat min of meer samengesteld werktuig

(apparatus) (more or less assembled tool)

instrument min of meer samengesteld of fijn gereedschap of toestdl...
(instrument) (more or less assembled or delicate tool or apparatus)
toestel appar aat

(apparatus) (apparatus)

werktuig stuk gereedschap

(tool) (piece of tools)

gereedschap werktuig

(tools, instruments) (tool)

Here we see 5 different meanings that are circularly defined, suggesting a synonymy relation.

Another possibility is to look for words that have the same translations and/or occur as
translations for the same words in bilingual dictionaries. The procedure is more or less the same
as the translation heuristic that used the bilingual dictionaries. Starting with a set of closely
related Dutch words extracted on the basis of other techniques, such as the previous instrument
examples apparaat (apparatus), toestel (apparatus), and werktuig (tool), and gereedschap(tools),
we extract al the English translations for al their meanings from the bilingual Dutch-English
dictionary. Next all these English translations are looked up in the reverse English-Dutch
dictionary to see what Dutch words are given as tranglations for al the different meanings. The
result isavery large list of trandlation-sets, covering very different meanings. However, we keep
only those sets of Dutch tranglations that include at least two of the original words with which the
search was started. These sets form a so-called translation-cycle via two bilingual resources (note
that any language-pair can be used for this). The co-occurrence of pairs of source words is thus
used as a filter to select the correct meaning of the word. The automatically-generated result for
the above words is the following list:

Potential Equivalents generated from bilingual dictionaries:

gebruiksvoorwerp 1 (implement, appliance, utensil)
comfort 1 (comfort)

mechanisme 2 (mechanism)

inrichting 5 (construction, installation)
tuig 1 (gear, equipment)
uitmonstering 3 (equipment, outfit, kit)
uitrusting 1 (equipment)

outillage 1 (equipment)

apparatuur 1 (apparatus, machinery)
materieel 1 (meaterial, equipment)
machinerie 1 (machinery)

systeem 10 (system)

mechaniek 1 (mechanism)
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All these words express some kind of instrumentality. Among them are a few synonyms but also
wordsthat can be related in other ways.

After establishing a reasonable set of related words and word clusters for a Base Concept or Base
Concept representatives a careful study is made of the hyponyms distributed over the different
classes, possible levels of the hyponyms and the hyperonym relations to the top of the hierarchy.
The following main variations tend to occur in hierarchical classifications (Vossen 1995):

» Similar words are classified at different levels of abstraction;

o Different but more-or-less equivalent words have been used to classify the same
meanings;

» Other perspectives have been chosen to classify similar meanings,

In the next hierarchy (Figure-3) containing Dutch words for diseases we see a typical
combination of the phenomena, where multiple perspectives and levels have been missed:

Ziekte
(disease)
ingewandsziekte dierenziekte infectieziekte
(bowd disease) (animd disease) (infectious disease)
haringwormziekte | der veeziekte vuilbroed
(enisekiasis bowel  (gaggers brain~ (cattledisease)  (infectious
disease of herrings) gjisease of cattle) disease of bees)

Figure 3: Hierarchical Relationsin the Van Dale database

We see here that haringwormzekte (anisakiasis) is only linked to ingewandzekte (bowel disease)
and that vuilbroed (infectious disease of bees) is only linked to infectieziekte (infectious disease),
while both are diseases of animals: herrings and bees respectively. In both cases, the
classification as dierenziekte (animal disease) has been omitted. Within the same part of the
hierarchy we see the opposite situation for kolder (staggers) which is directly linked to
dierenziekte (animal disease) while it is also a disease of cattle and should be linked to veeziekte
(cattle disease). One of the reasons for the incompleteness of the classifications is the lack of
multiple hyperonyms in the Vlis hierarchy.

The hierarchy of diseases contains some typical examples of restructuring that are required
because sub-levels of hyperonyms have been skipped and multiple classifications have been
missed. Such variation in levels and multiple classifications can be detected by applying the
Principle-of-Economy to the hyponyms (Dik 1978). This principle states that it is not allowed to
relate a word W1 to a word W3 when there is a word W2 linked to W3 to which W1 can be
linked in the same way. In practice this means that al hyponyms of ziekte (disease) have to be
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cross-checked to see whether they represent hyperonyms of each other.® This then also reveals
multiple category membership. In EuroWordNet, multiple hyperonyms have been encoded more
systematically. When applied to the above cases, we get the following structure:

Ziekte
(disease)
ingewandsziekte dierenziekte infectieziekte
(bowel disease) (animal disease) (infectious disease)
haringwormziekte veeziekte vuilbroed
(anisekiasis: bowel (cattle disease) (infectious
disease of herrings) * disease of bees)
kol der
(staggers. brain

disease of cattle)
Figure 4: Restructured Hierarchical Relationsin the Dutch wordnet

A further special effort has been made to build up the hyperonym chains from Base Concepts
such as "disease" to link them to a unified top-level that is compatible to the EWN top-ontology,
possibly using multiple hyperonyms.

Other changes involved:

 the gplitting or merging of synsets;
* theredlocation of hyponyms after the major classes have been established;
* the specification of tranglations for major classes;

Where necessary, Base Concepts or closely related concepts have been further enriched with non-
hyponymy relations.

The Dutch core wordnet consists of about 10,000 synsets related to the 2,000 most generic Base
Concepts. This set has been compared with the other wordnets in terms of coverage and
compatibility of relations. The results of the comparison have been used to extend and improve
the wordnet.

° Some practical drategies for finding similar meanings which are classified differently, is by making use of the
morphology of the entries (e.g. compounds ending with disease), or by looking for other, aternative definition
patterns (e.g. containing phrases such asinfectious).
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3.4. Extension of the core wordnet to the complete Dutch wordnet
In the second building phase for the Dutch wordnet, we focussed on:

extending the core wordnet to the full size;
improving the overlap across the wordnets;
improving the quality of the equivalence relations;
verify the corpus frequency of the selection;
include regular lexicalization patterns;

adding new spelling variants;

SahhwNhE

The work on the equivalence relations has been described in section 3.2. above. The other
extensions/improvements are discussed here.

The core wordnet for Dutch covered 9,588 synsets: 5,917 nominal synsets, 3,282 verbal synsets
and 389 adjectival/adverbial synsets. This core wordnet had to be extended to approximately 35K
synsets (25K nominal synsets and 10K verbal synsets) or 50K word meanings (more than 1
synonym on average per synset).

For the verbs this implied extending the set to the complete lexicon of 9,125 synsets made
available by Van Dale. These synsets contain 14,278 senses and 8,868 entries. The verbal
wordnet has 100% overlap with the Parole lexicon for Dutch for entries with a frequency above
100.* The verbal wordnet for Dutch has two verbal tops "zijn" (to be) for static verbs and
"gebeuren” (to happen) for dynamic verbs. All verbal synsets are connected to one of these tops
viaat least one hyperonym link. In addition, they may have other links (see tables in section 4).

The coverage of the nominal wordnet has been increased by several measures:

1. Extending classes with significantly low coverage of ontological clustering, as followed from

the top-concept clustering in WordNet1.5. This mainly involved 1stOrderEntities;

2. Invedtigation of significant gaps in the Dutch wordnet based on a comparison of coverage of
the Inter-Lingual-Index (IL1). These are trandations of hierarchy nodes covered by the other
wordnets but not in the Dutch wordnet;

Extending the vocabulary with missing Parole entries (all senses) with afrequency above 100;

Adding new spelling variants to the synsets;

Inclusion of all synsetswith 10 or more relations;

Inclusion of all direct hyponyms (1 level) of concepts with 50 or more relations;

Inclusion of all synsetswith 1 or 2 automatically derived trandations;

Inclusion of al hyperonyms needed to classify the above concepts;

ONOO AW

Coverage of the First Subset has been measured by clustering of synsets per Top Concept. This
clustering is achieved by collecting the Top Concepts for all translations to WordNet1.5 synsets

* The Dutch Parole lexicon is developed by the Instituut voor Nederlandse Lexicografie (INL). The lexicon contains morpho-syntactic information
for the most frequent words taken from corpora (Kruyt 1998). The INL has compared the Dutch wordnet entries with their lexicon for
different frequency clusters to measure the overlap.
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or hyperonyms of these translations in WordNet (see D029D030 (Vossen et al. 1999) on the
comparison of the wordnets). Since the aimed size of the final wordnet is 1/3rd of the size of
WordNet1.5, the ideal balancing is also 1/3rd of the coverage of WordNet1.5. for each cluster.

The comparison of the 2ndOrderEntity clusters (events, states, relations, processes) did not show
any unbalanced clusters across the sites. No balancing of the coverage was needed. In fact,
relatively many 2ndOrderEntities are encoded, when compared to WordNet1.5. In the case of the
1stOrderEntities the following clusters had significantly lower coverage in the Dutch wordnet
compared to the coverage of WordNetl.5: Animal; Creature; Function; Garment; Gas; Group;
Human; Living; Occupation; Plant; Software. Except for Group, we have maximally balanced the
clusters by adding more specific concepts. In the case of Animal and Plant, it is however
impossible to get the same distribution because many exotic classes in WordNetl.5 are not
available in our resource. However, as it appeared that many common animal and plant names
were missing in our database, many of these have been added to the database (801 synsets in
total).

An overall comparison of the intersection of the wordnets (where concepts are represented by the
ILI-records with which they have an equivalence mapping) generated feedback on major
hierarchy nodes that have been covered by other languages (English, Spanish and Italian) but not
in Dutch. We investigated the most important nodes in the other wordnets which are lacking in
the Dutch wordnet and improved our subset where possible. The following explanations have
been found for the gaps.

1. there is no equivalent:
1.1. because it does not exist in Dutch: it is a genuine gap.
1.2. it does exist but was not taken up in our resource:
1.2.1. for non explicit reasons
1.2.2. because it would be a multi-word (which we did not include in our wordnet)
2. thereis an equivalent:
2.1. but we disagreed with the classification, therefore no changes were made
2.2. we agree with the classification, but somehow it was not assigned (yet), so we
adapted the classification.

One of the important conclusions from this comparison is that there are some major differences
between the Dutch hierarchy and the WordNet1.5. hierarchy. Some important classes high up the

hierarchy are treated differently, such as. "relation”, "meaning”, "communication”, "thought”,
"ared’. This has important consequences for the comparison of the wordnets.

To verify that frequent words are represented in the Dutch wordnet, we have compared the Dutch
wordnet with the most frequent words from the Parole project. There are 6492 nominal entries in
the database that have a frequency above 100 in the Parole corpus. These correspond with 7945
noun senses in the Vlis database. All these senses have been included in the Dutch wordnet. In
section 4, we give a table that compares the vocabulary of the Dutch wordnet with the vocabulary
of Celex, distributed over the Celex frequency.

The entries in the Vlis database are all in the Dutch spelling from before 1997. In 1997, a new
spelling has been agreed. We have therefore expanded the synsets in the Dutch wordnet with new

EuroWordNet LE-4003



The Dutch wordnet 31

spelling variants. For this purpose we used a word form list that has been built for a Dutch-
Russian dictionary that is developed at the University of Amsterdam. This word form list
includes new spelling forms. We first made a selection of all forms that could not be found in the
Dutch wordnet. Next, we modified the unmatched entries by undoing the spelling changes.
Entries that could be matched after the spelling change was reversed, have been added to the
matching entries in their changed (non-matching) form as new spelling variants. For example,
one change involves the addition of a binding "n" in Dutch compounds. The old spelling
contained words such as "kattevoer" (cat food), which are now spelled as "kattenvoer”, adding a
binding "n". The form "kattenvoer" cannot be matched with the Dutch wordnet, but by removing
the "n" we can retrieve the entry "kattevoer”. In that case "kattenvoer” is added as a new variant
to all senses of "kattevoer". In total 896 new nominal variants have been added using this
procedure. Also afew verbal (10) and adjectival (6) variants have been added.

Next we made sure that the selection of additional concepts was distributed over the major
semantic field and included the concepts for which reliable information could be derived. To
make sure that major fields are well-represented we have selected:

« all concepts with more than 10 relations;
+ all direct hyponyms of words with 50 or more relations;

The first measure ensured that more important concepts are present, while the second measure
leads to more comprehensive lists of concepts just below major concepts. Just taking all direct
hyponyms of the Base Concepts would lead to too many concepts.

Furthermore, to make sure that all concepts with reliable information have been included we
selected:

 all conceptsthat had at least 1 manually encoded or modified relation (either language-internal
or equivalent relation);

 all concepts with only 1 or 2 automatically derived equivalence relations (these have the
highest reliability);

Finally, we excluded concepts that had no translation, no relations except a hyperonym, a single

meaning and a low frequency. In addition, we generated all the hyperonym chains for the selected
conceptsto verify that also the hyperonyms are part of the selection.
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The next table shows how the final hominal subset has been compiled.

Table 19: Sdection of the nominal synsets for the Dutch wordnet
Selection criterion

32

Number of Synsets

all synsets which have a manually processed relation (language internal or equivalence) 15,364
all synsetswith only 1 automatically extracted equivalencereation 9747
all synsets with only 2 automatically extracted equivalencerédations 4173
all synsetswith 10 or more reations 1637
all direct hyponyms (1 level) of synsets with 50 or morereations 10,766
all senses of Parole entries with a frequency above 100 (6492 entries) 7945
Synsets with new spelling variants 846
Manually added animal/plant synsets 801
all hyperonyms (all levels) of the above union 5272
Total 34,455

Obviously, the sets selected by these criteria overlap considerably. The total set of 34,455 synsets
is therefore not the sum of these figures. All these nominal synsets are related via hyponymy-

linksto asingle top: "iets" (anything).

Dutch wordnet Top-Ontology
iets
63TCs
Hypero
e nyms i
A
. 1200 CBC 1300 CBCs
L ocal Rteptr_ esen
BCs atives .
WMs < Remaining
related via WordNet1.5
non-hypo Synsets
nymy Girst Level Hyponyms }
Remaining Inter-Lingual-1ndex
\ Hyponyms

Figure 5: Overview of the vocabulary of the Dutch wordnet

Except for the animal-plant synsets and the new spelling variants, all entries and senses originate

from the Vlis database. This is shown in the next table:

EuroWordNet

LE-4003



The Dutch wordnet 33

Table 20: Origin of the variantsin the Dutch wordnet

Nouns
OriginisVlis 52731| 96.88%| 14141| 99.93%| 1616| 99.63%
New Animal/Plant 2002 801 1.47% 0| 0.00% 0| 0.00%
New Spelling Variant 2003 896/ 1.65% 10| 0.07% 6| 0.37%
Total 54428 14151 1622

Again the source code is used to mark the origin of synset variants in the text file of the Dutch
wordnet.

Manual processing of the full extension was not possible, given the limitations in time and
budget. We therefore used some overall strategies to detect deficiencies:

- overall checks on the structural coherence

- unifying the hyperonym relations in a single top-node

- encoding of non-hyponymy relations for large semantic fields or clusters
- checking of the compatibility of relations with top-concept classifications

To get an overview of the conceptual coherence, we exported the complete hierarchy as sorted
flat chainswith ALS:

iets 1 middd 2 vervoermiddel 1 voertuig 1 motorrijtuig 1 auto 1 automaat 3

iets 1 middd 2 vervoermiddel 1 voertuig 1 motorrijtuig 1 auto 1 bedrijfsauto 1
iets 1 middd 2 vervoermiddel 1 voertuig 1 motorrijtuig 1 auto 1 begrafenisauto 1
iets 1 middd 2 vervoermidde 1 voertuig 1 motorrijtuig 1 auto 1 bezemwagen 1
iets 1 middd 2 vervoermidde 1 voertuig 1 motorrijtuig 1 auto 1 brandweerauto 1

Incoherent collections of leaves, tops, cycles and mistakes at the higher levels (at the left side)
can easily be detected in this way. After we made sure that large and crucial nodes in the Dutch
hierarchy are acceptable, we replaced this chain by the WordNet1.5 equivalents if available. If
there is not translation we maintained the Dutch word. The result for the above example looks as
follows:

iets 1 means 1 conveyance 3 vehicle 1 automotive vehicle 1 auto 1 automatic 1
iets 1 means 1 conveyance 3 vehicle 1 automotive vehicle 1 auto 1 bedrijfsauto 1
iets 1 means 1 conveyance 3 vehicle 1 automotive vehicle 1 auto 1 hearse 1

iets 1 means 1 conveyance 3 vehicle 1 automotive vehicle 1 auto 1 bezemwagen 1
iets 1 means 1 conveyance 3 vehicle 1 automotive vehicle 1 auto 1 fireengine 1

Because the Dutch hierarchy was already checked, incoherences pointed to wrong or bad
translations, e.g.:

‘chemical compound_1' --> 'building_1'
mind 7 ->group 1

All odd cases have been inspected and the translations have been corrected when necessary. This
option also makes it possible to verify if drastic mistakes have been made at major points in the
hierarchy.
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A separate effort has been made to differentiate large clusters of hyponyms using non-hyponymy
relations. Typical clusters are:

- persons, differentiated by their agent/patient_roles or co_roles,

- manners of motion, differentiated by the involved instruments, the location or direction;
- creation events, differentiated by the involved_result;

- processing of materials, differentiated by the patient_role and the instrument_role;

- instruments, differentiated by their instrument_role or co_instrument_patient;

- parts and groups, differentiated by the meronymy relations;

Finally, we have checked the constraints on the semantic relations. As explained in the general
EuroWordNet document, there are all kinds of semantic limitations on the target and source
concepts of a relation (in addition to the part-of-speech limitations). A distinction can be made
between type-persistent relations and type-shifting relations. Type-persistent relations only hold
between entities of the same type: either 1stOrderEntities (concrete things), 2ndOrderEntities
(events, processes, states and relations) or 3rdOrderEntities (mental objects). Examples of type-
persistent relations are: hyponymy, meronymy, cause, subevent, antonymy, Xpos _Synonymy.
Type-shifting relations are: roles/involvements, be in_state. By selecting major hyponymy nodes
in the Dutch hierarchy (e.g. "voorwerp" (object)), it is possible to search the ALS database for
senses within the scope of that hierarchy in which particular types of relations occur. This
functionality has been used to check whether relations are compatible with the type constraints,
or relations have been reversed by accident.

The above measures have lead to dructural and quantitative improvements to the Dutch
hierarchy. The next table gives an overview of the origin of the language-internal relations for the
final Dutch wordnet:

Table 21: Origin of the relationsin the Dutch wordnet

Relation Source

Copied from Vlisand Okay 1| 17140] 20,20%| 7500] 28,77% 4  0,49%| 24644 22,05%
Copied from Vlis 2| 43614| 51,39%| 8466 32,47% 2|  0,25%| 52082| 46,61%
Manual and Okay 101 18336 21,61%) 8872 34,03% 570| 70,46%| 27778 24,86%
Manual 102 5779 6,81%)| 1233] 4,73% 233] 28,80%| 7245 6,48%
Total 84869 26071 809 111749

Manual Total 41255| 48,61%| 17605 67,53% 807| 99,75%| 59667 53,39%

As before, the source code indicates the origin of the language-internal relations in the database.
Overall, 51% of the noun relations and 32% of the verb relations directly originate from Vlis. A
further 20% and 28% of the nouns and verbs, respectively, is copied from Vlis and manually
checked in EuroWordNet. Finally, 28% of the nouns and 38% of the verbs is added manually in
EuroWordNet. Thistable does not indicate how many relations have been removed.

The column with Others represents the adjectives and adverbs. Due to lack of an agreed model or
specification for relations between adjectives, hardly any relations have been taken over from
Vlis. All relations are encoded manually, as the result of coding the nouns and verbs that are
closely related to these adjectives. No relations have been encoded between adjectives.
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4. The structure and content of the Dutch wor dnet

We will first give some quantitative overview tables and in the next subsection we will explain
some typical structures of the Dutch wordnet.

4.1. Quantitative overview

The next table specifies the number of synsets, word senses, words and the total number relations
and equivalence relations for the Dutch wordnet. For comparison, the same figures are given for
WordNet1.5 (except for the equivalence relations).

Table 22: Numbers of synsets, senses, entries and relations in the Dutch wordnet and WordNet1.5
Dutch Wordnet WordNet1.5

Total Noun Verb  Oth Total

Synsets 34455| 9040| 532 44015 60521] 11363| 22631| 94515
No. of senses 54428| 14151 1634 70201 107428| 25768 54406| 187602
Sens./syns. 158 157 3,07 1.59 1,78 2,27 2,40 1,98
Entries 45972| 8826| 1495 56283) 88175 14734| 23708 126617
Sens./entry 1.18] 1.60[ 1,09 1.25 1,22 1,75 2,29 1,48
LIRels. 84869| 26071 833| 110711 159975| 24332| 27821| 212128
LIRels/syns 246| 2,88 1,57 2,52 2,64 2,14 1,23 2,24
EQResILI 42055| 23077| n.a| 65132

EQRels/syn 122 255 na 1.48

Synsetswithout IL| 6070, 1133] n.a

The first table shows that the Dutch wordnet exceeds the minimally aimed size of 35K synsets
and 50K wordnets. For nouns, 56,8% of the size of WordNet1.5 has been reached and in the case
of verbs even 79,5%. The ratios of senses per synset (degree of synonymy) and senses per entry
(degree of polysemy) are both a bit lower in the Dutch wordnet. Note however that the Dutch
wordnet also makes use of near_synonymy as a relation between synsets, which lowers the
degree of synonymy. If we look at the language-internal relations (LIRS), we see that comparable
numbers of relations have been expressed as in WordNet1.5 (a bit less for nouns and a bit more
for verbs). In general, we can say that a rich and condensed lexicons with a minimal levels of
polysemy is agood property of a database. The next table shows how the relations are distributed
over the different relation types.

Obviously, no comparison of the equivalence relations can be made with WordNetl.5.
Nevertheless, figures close to 1 equivalent on average can be considered to be good. This is the
case for nouns but not for verbs. As can be in Table 23 below, these are mostly due to
generalization equivalents that make up 51% of all the verbal equivalence relations. These are
automatically generated by the database for clustered sense-groups. (see general EuroWordNet
document for an explanation). Only a small proportion of the Dutch synsets did not receive an
equivalent link.
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Table 23: Distribution of the language-internal relationsin the Dutch wordnet

Language | nternal Relations Nouns Verbs Other Total

HAS HYPERONYM 35861 42,3%| 10160| 39,0% 46021| 41,6%
HAS HYPONYM 35861| 42,3%| 10160| 39,0% 46021| 41,6%
HAS XPOS HYPERONYM 29| 0,0% 51| 0,2% 29| 3,5% 109 0,1%
HAS XPOS HYPONYM 56| 0,1% 28| 0,1% 1| 0,1% 85| 0,1%
NEAR_SYNONYM 182] 0,2%| 104| 0,4% 286| 0,3%
XPOS NEAR_SYNONYM 896 1,1%| 763| 2,9%| 180| 22,2%| 1839| 1,7%
NEAR_ANTONYM 288 0,3%| 388 15% 0,0% 676 0,6%
XPOS NEAR_ANTONYM 3| 0,0% 3| 0,0% 0,0% 6| 0,0%
HAS HOLONYM 260] 0,3% 260 0,2%
HAS HOLO _LOCATION 258 0,3% 258 0,2%
HAS HOLO _MADEOF 143 0,2% 143| 0,1%
HAS HOLO MEMBER 220] 0,3% 220 0,2%
HAS HOLO PART 1135] 1,3% 1135 1,0%
HAS HOLO_PORTION 67| 0,1% 67| 0,1%
HAS MERONYM 260 0,3% 260 0,2%
HAS MERO _LOCATION 258 0,3% 258 0,2%
HAS MERO MADEOF 143| 0,2% 143 0,1%
HAS MERO MEMBER 220 0,3% 220 0,2%
HAS MERO PART 1135 1,3% 1135 1,0%
HAS MERO PORTION 67| 0,1% 67| 0,1%
INVOLVED 62| 0,1% 47 0,2% 0,0% 109 0,1%
INVOLVED AGENT 213] 03%| 472] 18% 0,0% 685 0,6%
INVOLVED_PATIENT 384 05%| 591 2,3% 0,0% 975 0,9%
INVOLVED _INSTRUMENT 287| 0,3%| 1263| 4,8% 0,0%| 1550 1,4%
INVOLVED LOCATION 89 0,1% 771 0,3% 0,0% 166| 0,1%
INVOLVED RESULT 55| 0,1%| 234 0,9% 0,0% 289 0,3%
INVOLVED DIRECTION 0| 0,0% 9| 0,0% 0,0% 9] 0,0%
INVOLVED SOURCE_DIRECTION 4 0,0% 10| 0,0% 0,0% 14| 0,0%
INVOLVED TARGET DIRECTION 2| 0,0% 27] 0,1% 0,0% 29| 0,0%
ROLE 109] 0,1% 109] 0,1%
ROLE_AGENT 685 0,8% 685 0,6%
ROLE_PATIENT 975 1,1% 975| 0,9%
ROLE_INSTRUMENT 1550 1,8% 1550 1,4%
ROLE_LOCATION 166| 0,2% 166| 0,1%
ROLE RESULT 289 0,3% 289 0,3%
ROLE_DIRECTION 9| 0,0% 9] 0,0%
ROLE_SOURCE_DIRECTION 13| 0,0% 1l 0,1% 14| 0,0%
ROLE_TARGET DIRECTION 25| 0,0% 4| 0,5% 29| 0,0%
CO _ROLE 42| 0,0%

CO_AGENT_PATIENT 41 0,0%

CO_AGENT_INSTRUMENT 49| 0,1%

CO _AGENT_RESULT 42| 0,0%

CO_PATIENT_AGENT 41 0,0%

CO_PATIENT _INSTRUMENT 282| 0,3%

CO_PATIENT RESULT 1| 0,0%

CO_INSTRUMENT_AGENT 49| 0,1%

CO_INSTRUMENT PATIENT 282| 0,3%

CO_INSTRUMENT RESULT 83| 0,1%

CO _RESULT AGENT 42| 0,0%

CO_RESULT PATIENT 1| 0,0%

CO _RESULT INSTRUMENT 83| 0,1%

CAUSES 306 04%| 885 34% 1191 1,1%
IS CAUSED BY 405/ 0,5%| 383| 1,5%| 403| 49,8%| 1191| 1,1%
HAS SUBEVENT 225 0,3%| 185] 0,7% 410| 0,4%
IS SUBEVENT_OF 190] 0,2%| 220 0,8% 410 0,4%
MANNER_OF 15| 0,0% 2| 0,2% 17| 0,0%
IN_MANNER 14| 0,0% 3| 0,0% 17| 0,0%
BE IN_STATE 313] 0,4% 313|] 0,3%
STATE _OF 97] 0,1% 8| 0,0%| 208| 25,7% 313| 0,3%
FUZZYNYM 2| 0,0% 2| 0,0%
XPOS FUZZYNYM 5 0,0% 5| 0,6% 10| 0,0%
Total 84869 26071 833 110735
Synsets 34455 9040 532 44027
Average per synset 2,46 2,88 1,57 2,52
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Table 23 shows that hyponymy (hyperonyms and hyponyms) is the most important language-
internal relation: 78% for nouns and 83,2% for verbs. Another important relation is
XPOS_NEAR_SYNONYM, which connects nouns, verbs and adjectives that can be used to refer to
the same entities. Relations between different entity types are the role/involved relations. If we
take the subtotals of the specific subtypes together, we ill get a considerable number of
relations: for nouns 1096 involved relations (1,3%) and 3821 role relations (4,5%), for verbs
2730 involved relations (10,5%). Other relations for nouns are holonym and meronym (2083
relations or 2,5% each), and for verbs causal relations (1259 or 4,9%). In the case of
adjectives/adverbs, we see that only non-hyponymy relations are encoded, all of which are across
part-of-speech.

The next table gives the distribution of the equivalence relations over the different relation types:

Table 24: Distribution of the equivalence relationsin the Dutch wordnet

Equivalence Relations Nouns

EQ SYNONYM 2006| 4.77%| 312| 1.35%| 2318| 3.56%
EQ NEAR SYNONYM 31625| 75.20%| 8552| 37.06%| 40177, 61.69%
EQ HAS HYPERONYM 4796| 11.40%| 2217 9.61%| 7013| 10.77%
EQ HAS HYPONYM 191| 0.45% 32| 0.14%| 223| 0.34%
EQ INVOLVED 17| 0.04% 34| 0.15% 51| 0.08%
EQ ROLE 59| 0.14% 59| 0.09%
EQ IS CAUSED BY 15| 0.04% 29| 0.13% 44| 0.07%
EQ CAUSES 7| 0.02% 32| 0.14% 39| 0.06%
EQ HAS HOLONYM 89| 0.21% 89| 0.14%
EQ HAS MERONYM 37| 0.09% 37| 0.06%
EQ HAS SUBEVENT 2| 0.00% 6| 0.03% 8| 0.01%
EQ IS SUBEVENT OF 7| 0.03% 7| 0.01%
EQ BE IN STATE 22| 0.05% 3] 0.01% 25| 0.04%
EQ IS STATE OF 4| 0.01% 4/ 0.01%
EQ CO ROLE 22| 0.05% 22| 0.03%
EQ GENERALIZATION 2762 6.57%| 11786| 51.07%| 14548| 22.34%
EQ METONYM 401| 0.95% 17 0.07% 418| 0.64%
EQ DIATHESIS 50| 0.22% 50/ 0.08%
Total 42055 23077 65132

The average number of ILIs per synset is 1.56 for nouns and 3.34 for verbs, not considering the
synsets without ILIs. There are 6,070 nominal synsets (16%) and 1,133 verbal synsets (12%) that
have no ILI reference. We see that EQ NEAR_SYNONYM is the most frequent relation (75% for
nouns and 37% for verbs). These are mostly due to the automatic procedures to derive
equivalence relations. Also the EQ_GENERALIZATION, EQ METONYM and EQ_DIATHESIS relations
are derived automatically. They are added by the EuroWordNet database to each Dutch synset
that is related to a member of a so-called ILI-cluster or group. ILI-clusters have been added to the
database as Composite ILI-records to group closely related meanings (see the general
EuroWordNet documentation). As said above, EQ_GENERALIZATION makes up 51% of all verbal
equivalence relations. All other relations are added manually, either to represent the Base
Concepts or to correct wrongly-generated automatic relations. Except for EQ_SYNONYMS, most
of these manual links indicate that the Dutch concept does not exist in WordNet1.5.
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As explained above, all words from the Vlis database with a frequency above 100 in the Dutch
Parole corpus are included in the Dutch wordnet. The next table shows the distribution of the
Dutch wordnet vocabulary over the Celex frequencies. We can see here that nouns and verbs with
a frequency above 1000 have a coverage of 91-93%. This slowly decreases to about 75% for
frequencies above 100. Obviously, words with zero frequency have been covered less. The total
coverage is 89% for nouns and 71.5% for verbs. In general we can conclude that the most
frequent words are well-represented in the Dutch wordnet.

Table 25: Overlap and distribution of the Dutch wordnet entries over Celex corpus frequencies

Noun Entries Verb Entries
Frequency |Celex |Dutch Wordnet | Coverage|Celex | Dutch Wordnet| Coverage
1001+ 1217 1130] 92.85%| 677 620 91.58%
501-1000 939 831] 88.50%| 455 398 87.47%
251-500 1408 1176] 83.52%| 637 516] 81.00%
101-250 3157 2346| 74.31%| 1176 889 75.60%
51-100 3604 2302] 63.87% 957 684 7147%
31-50 3380 1918] 56.75%| 695 500, 71.94%
21-30 3016 1607| 53.28%| 495 316] 63.84%
11-20 5258 2631 50.04%| 706 473  67.00%
6-10 4804 2195 45.69%| 567 360, 63.49%
35 4713 2079 44.11% 377 247)  65.52%
2 2338 946] 40.46%)| 346 203 58.67%
1 127 68| 53.54% 9 6] 66.67%
0 30001 10641 35.47%| 1725 1096 63.54%
Total 33565 29870 88.99%| 8822 6308,  71.50%

4.2. Major structures and clusters

The complete Dutch wordnet has two top nodes. "iets' (anything) and “niets’ (nothing), which
are related by antonymy. Below “niets’ we find nothing, below “iets” we find all other concepts
in the Dutch wordnet. All nominal synsets (except “niets) are related to “iets’ via hyponymy-
links. All verbal concepts are linked to two verbal tops "gebeuren” (to happen) and "zijn" (to be),
which are also linked to “iets’ via cross-part-of-speech hyponymy. The pronoun "iets' can
substitute any phrase in Dutch, including verbs and verb phrases and thus represents a natural top
of the wordnet.

The indented list below gives the first level of hyponyms below "iets' in the Dutch wordnet.
There are two types of children:

- LEAVES that do not have hyponyms at afurther level;
- NODES with hyponyms at deeper levels;

NODES are followed by two figures, the first of which indicates the direct children below it, and
the second node indicates the total nhumber of children at any level. We have marked the most
important NODES here. These NODES are aso followed by an English translation and
proceeded by a label that indicates the kind of entities that it classifies, where 1st =
1stOrderEntities, 2nd = 2ndOrderEntities and 3rd = 3rdOrderEntities. In some cases, the NODE
cuts across these entity types, which is indicated by multiple classifications.
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_iets 1

1st

1st
1st; 2nd; 3rd

2nd

2nd
3rd
1st; 2nd; 3rd
1st; 2nd; 3rd

1st

1st; 2nd; 3rd

1st

1st

1st

1st
1st
1st

2nd
2nd

1st; 2nd

2nd
2nd

EuroWordNet

HAS_HYPONYM Al | erheiligste 1 LEAF
HAS HYPONYM aanrader 1 NODE 1 / 1
HAS_HYPONYM achterste 3 NODE 1 /
HAS_HYPONYM af schei di ng 2 NODE 19
HAS HYPONYM attractie 1 NODE 5 /
HAS_HYPONYM bedrei ging 2 NODE 2 /
HAS_HYPONYM bel emmrering 2 NODE 4 / 17

HAS_HYPONYM bl i kvanger 1 LEAF

HAS_HYPONYM bron 2 NODE 12 / 126 (source)

HAS_HYPONYM deel 2 NODE 375 / 5691 (part)

HAS HYPONYM desi deratum 1 LEAF

HAS_HYPONYM di nges 1 LEAF

HAS_HYPONYM ei gendom 2 LEAF

HAS_HYPONYM ei genschap 1 NODE 103 / 4231 (property)
HAS_HYPONYM entiteit 1 LEAF

HAS_HYPONYM equi val ent 1 LEAF

HAS_HYPONYM gebeurtenis 1 NODE 52 / 13198 (event, NOUN)
HAS_HYPONYM gedachte 2 NODE 30 / 1368 (thought)
HAS_HYPONYM geheel 1 NODE 29 / 629 (whol e)

HAS_HYPONYM geheim 1 NODE 7 / 7
HAS_HYPONYM genak 2 NODE 1 / 1
HAS_HYPONYM groep 4 NODE 102 /
HAS_HYPONYM gruwel 1 LEAF
HAS_HYPONYM hoeveel heid 1 NODE 128 / 768 (quantity)
HAS_HYPONYM hybri de 2 LEAF

HAS_HYPONYM i nhoud 2 NODE 5 / 62

HAS_HYPONYM i nvestering 1 LEAF

HAS_HYPONYM juweel 2 NODE 2 / 2

HAS_HYPONYM kneus 2 LEAF

HAS_HYPONYM | okkertje 1 NODE 2 / 2

HAS_HYPONYM ni ddel 2 NODE 50 / 5266 (neans)

HAS_HYPONYM nanmaak 1 NODE 9 / 12

HAS_HYPONYM ni euwi gheid 1 NODE 2 /| 2

HAS_HYPONYM obj ect 1 NODE 4 / 17986 (object)
HAS_HYPONYM onder pand 2 LEAF

HAS_HYPONYM ondi ng 1 LEAF

HAS_HYPONYM oorsprong 1 NODE 6 / 15

HAS_HYPONYM oorzaak 1 NODE 11 / 28

HAS_HYPONYM oppepper 1 LEAF

HAS_HYPONYM overblijfsel 1 NODE 6 / 16

HAS_HYPONYM parel 2 LEAF

HAS_HYPONYM pl aats 1 NODE 92 / 4041 (pl ace)

HAS_HYPONYM presti ge-obj ect 1 LEAF

HAS_HYPONYM produkt 1 NODE 48 / 2469 (product)
HAS_HYPONYM pui kj e 1 LEAF

HAS_HYPONYM rommel 3 NODE 1 / 1

HAS_HYPONYM sanenstelling 3 NODE 1 / 441 (conposition)
HAS _HYPONYM schande 2 LEAF

HAS_HYPONYM soort 2 NODE 29 / 227 (kind)

HAS _HYPONYM stinmulans 2 NODE 2 / 3

HAS_HYPONYM substantie 1 NODE 89 / 4993 (substance)
HAS_HYPONYM succes 2 NODE 1 / 2

HAS_HYPONYM tijd 1 NODE 10 / 824 (tine)

HAS_HYPONYM t oestand 1 NODE 123 / 4329 (situation, NOUN)
HAS_HYPONYM trots 3 NODE 1 / 1

HAS_HYPONYM uiting 2 NODE 41 / 5975 (utterance)
HAS_HYPONYM uitslag 1 LEAF

HAS_HYPONYM ui tvi nding 1 LEAF

HAS_HYPONYM versiering 1 NODE 31 / 56

HAS_HYPONYM vuil 1 NODE 1 / 1

HAS_HYPONYM woekering 1 NODE 1 / 3

HAS_HYPONYM zaak 1 LEAF

XPOS_HAS_HYPONYM gebeuren 2 NODE (to happen, VERB)
XPOS_HAS_HYPONYM zijn 7 NODE (to be, VERB)

1
/| 232 (separation)
12
2

5923 (group)
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Even though, the NODES are most important because they establish the major semantic
structures, the LEAVES are interesting from a linguistic point of view. A LEAF at this level of
the hierarchy is almost void. It can be applied to any type of entity (it is not restricted) and
expresses some kind of role, function or sate (see Vossen 1995), e.q.:

oorzaak (cause) a person, thing, idea or event that is the cause of an event
overblijfsel (remainder) aperson, thing, idea or event that is the remains of an event
eigendom (property) aperson or thing that is owned

Here the disjunction in the definition indicates that the words can be used for an open range of
entities. Other cases have a more limited usage, possibly because of the kind of property or
function that they express. Words at high levels of the hierarchy and open denotations are called
functionals.

We see that also some of the major NODES can be called functionals. Words such as "deel"
(part), "middel" (means), "groep" (group), are orthogonal with the classification of 1stOrder,
2ndOrder and 3rdOrderEntities, e.g.:

1st  "eendeel van zijn hoofd" (part of his head)
2nd  "eendeel van de vergadering” (part of the meeting)
3rd:  "een deel van deze theorie" (part of this theory)

1st  "dezepil iseen middel tegen kanker "
(this pill isa'means against cancer)
2nd  "vergaderen is een belangrijk middel tot communiceren”
(to have meetings is an important means of communication)
3rd:  "dit idee is een middel voor het oplossen van het probleem
(thisidea is a means to solve the problem)

The lower we get, the more specific concepts become and thus less orthogonal. Below "deel” we
find many concrete parts (e.g. body parts, parts of machines, buildings) and member-group
relations, and below "means’ we find all instruments.

Other concepts below "iets" represent more homogeneous categories of more specific concepts:

» 1stOrderEntities are found below "object" (all objects, both animate and inanimate, natural
and artifact), and below "substantie”" (substances, natural and artificial);

» 2ndOrderEntities are found below the nouns "gebeurtenis’ (event), "eigenschap” (property),
"toestand" (situation) and the verbs "zijn" (to be) and "gebeuren™ (to happen);

* 3rdOrderEntities, such as "idee" (ided), "concept” (concept), "kennis' (knowledge), "plan”
(plan), can be found below "gedachte" (thought);

Obviously, these categories cross-classify with many other. Objects (below "object") will
typically cross-classify with places (below "plaats'), parts ("ded"), instruments ("middel"),
products ("produkt"), whereas substances will typically cross-classify with products ("produkt™),
compositions ("samenstelling”), quantity ("hoeveelheid"). Cross-classification leads to multiple
hyperonym schemes.
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Below we see the indented lists for the major verb clusters “gebeuren” (to happen) and “zijn” (to
be), structured in the same way as the first level of “iets’ (anything) above:

_ gebeuren 2
HAS_HYPONYM begi nnen NODE
HAS_HYPONYM door gaan NODE

3 2

4
HAS_HYPONYM gebeuren 3 LEAF

2

3

1

8/ 1
3/ 4
HAS_HYPONYM handel en NODE 53 / 4429 (to act)
HAS_HYPONYM her hal en LEAF

HAS_HYPONYM neemaken NODE 9 / 256 (to experience)
HAS_HYPONYM nmi ssen 4 NODE 2 / 2

HAS_HYPONYM over komen 5 LEAF

HAS_HYPONYM pl aat svinden 1 NODE 4 / 5

HAS_HYPONYM sanenval len 2 NODE 1 / 1

HAS_HYPONYM st oppen 8 NCDE 10 / 21
HAS_HYPONYM t er ugkonen 2 LEAF

HAS_HYPONYM ui t oef enen 2 NODE 4 / 421 (to excel force)
HAS_HYPONYM ver anderen 1 NODE 154 / 2358 (to change)
HAS_HYPONYM ver kopen 1 LEAF

HAS _HYPONYM verliezen 1 NODE 8 / 9

HAS_HYPONYM ver | open 4 NCDE 2 / 2

HAS_HYPONYM ver oor zaken 1 NODE 48 / 6242 (to cause)
HAS_HYPONYM vi nden 1 NODE 5 / 11

HAS_HYPONYM voor af gaan 1 LEAF

HAS_HYPONYM voor konmen 4 NODE 6 / 10

HAS_HYPONYM wacht en 2 LEAF

_zijn 7
HAS_HYPONYM achterliggen 2 NODE 1 / 1
HAS_HYPONYM af hangen 2 LEAF
HAS_HYPONYM bedr ei gen 2 LEAF
HAS_HYPONYM bet ekenen 2 NODE 2 / 3
HAS_HYPONYM bevi nden 2 NODE 27 / 255
HAS_HYPONYM blijven 5 NODE 7 / 17
HAS_HYPONYM denken 4 NODE 9 / 53
HAS_HYPONYM dichtzitten 1 LEAF
HAS_HYPONYM doni neren 1 LEAF
HAS_HYPONYM doorlaten 1 NODE 4 / 6
HAS _HYPONYM eruitzien 1 NODE 13 / 39
HAS_HYPONYM gaan 15 LEAF
HAS_HYPONYM horen 1 NODE 6 / 8
HAS_HYPONYM houden 3 LEAF

HAS_HYPONYM i nnenmen 2 NODE 4 / 16
HAS_HYPONYM koken 1 NODE 1 / 1
HAS_HYPONYM kunnen 2 NODE 6 / 8
HAS_HYPONYM kunnen 4 NODE 2 / 2
HAS_HYPONYM | ei den 2 NODE 7 / 8
HAS_HYPONYM | eiden 5 NODE 1 / 1
HAS_HYPONYM | i jken 1 NODE 4 / 4
HAS_HYPONYM | i jken 2 NODE 8 / 10
HAS_HYPONYM noeten 4 NODE 1 / 4

HAS HYPONYM onder doen 1 LEAF
HAS_HYPONYM ont gaan 2 LEAF
HAS_HYPONYM over eenkomen 1 NODE 7 / 12
HAS_HYPONYM pl egen 2 LEAF
HAS_HYPONYM scheneren 1 NODE 1 / 1
HAS_HYPONYM verschillen 1 NODE 6 / 8
HAS_HYPONYM weer geven 2 NODE 2 / 18
HAS_HYPONYM weten 2 NODE 5 / 11
HAS_HYPONYM zi jn 2 NODE 5 21
/

/
HAS_HYPONYM zul  en 2 NODE 1 1
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The dynamic cluster “gebeuren” (to happen) contains several fundamental classes:

causal change: veroorzaken (to cause);

non-causal change:  veranderen (to change as a process)

phenomena: voorkomen (to occur); plaatsvinden (to take place); overkomen (to happen)
actions: handelen (to act)

experience: meemaken (to undergo, experience)

exert force: uitoefenen (to exert force)

aspectuals: beginnen (to begin); doorgaan (to continue); stoppen (to stop); herhalen (to

repeat); samenvallen (to co-occur);

The causal changes below “veroorzaken” (to cause) and the non-causal processes below
“veranderen” (to change as a process) represent the largest clusters. Below these, we find, among
others, all movement verbs, existential verbs (make, kill, create, produce, etc.), and verbs of
physical change (soften, harden, damage, etc.). The causal meanings are often transitive, the
non-causal mostly intransitive. A special group are phenomena that can be found below
“voorkomen” (to occur), "plaatsvinden”" (to take place); "overkomen™ (to happen). These take
place or occur (mostly with a natural cause) and without a necessarily clear result. Below
“handelen” (to act), we find many human acts, including subclasses such as change of possession,
speech acts, thinking. The experience cluster below “meemaken”, contains feelings and emotions,
at least involving an experiencer and possibly a stimulus. Below “uitoefenen” (to exert force), we
find classes like “duwen” (push), “trekken” (pull), “zuigen” (suck), “raken” (hit). These are
further differentiated either in terms of the result, causality or instrumentality, possibly by
combining them with other categories. A special category are the aspectuals. There are not many
genuine aspectuals but aspectual verbs are often combined with other more specific verbs of
change (see below).

An important feature of the verb hierarchy is the use of multiple hyperonyms to capture regular
compositional verb structures. In Dutch, it is possible to derive composite verbs such as the
following:

doorademen: door+ademen (lit. through+breath, continue to breath)
doorbetalen: door+betalen (lit. through+pay, continue to pay)
doorlopen: door+lopen (lit. through+walk, continue to walk)
doorfietsen: door+fietsen (lit. through+walk, continue to walk)
doorrijden: door+rijden (lit. through+walk, continue to walk)

The first set of examples contains compounds combining the particle “door” (though) with a
main verb, which has an aspectual semantic effect: to continue the event expressed by the main
verb.
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The aspectual effect is also expressed by one of the above generic aspectual verbs:
doorgaan: door+gaan (lit. through+go, continue);

This means that we can systematically apply multiple hyponymy to these compound verbs,
capturing both the aspectual implication and the event expressed by the main verb:

doorademen:
HAS_HYPERONYM
HAS_HYPERONYM

doorbetalen:
HAS_HYPERONYM
HAS_HYPERONYM

openknijpen:
opendraaien:
openschuiven:
dichtknijpen:
dichtdraaien:
dichtschuiven:

openmaken:
dichtmaken:

openknijpen:
HAS HYPERONYM
HAS HYPERONYM
opendraaien:
HAS HYPERONYM
HAS HYPERONYM
dichtknijpen:
HAS HYPERONYM
HAS HYPERONYM
dichtdraaien:
HAS HYPERONYM
HAS HYPERONYM

EuroWordNet

door+ademen (lit. through+breath, continue to breath)
ademen (breath)

doorgaan (continue)

door+betalen (lit. through+pay, continue to pay)
betalen (pay)

doorgaan (continue)

A similar phenomena can also be observed for compound verbs in which a main verb is preceded
by an adective/adverb that denotes the resulting state:

open+knijpen (lit. open+sgqueeze, to open by squeezing)
open+draaien (lit. open+turn, to open by turning)
open+schuiven (lit. open+slide, top open by sliding)
dicht+knijpen (lit. closed+squeeze, to close by squeezing)
dicht+draaien (lit. closed +turn, to close by turning)
dicht+schuiven (lit. closed +slide, to close by dliding)

In all these cases, there is also a main verb that expresses just the resulting change of state
without the main verb:

open+maken (lit. open+make, to cause to be open);
dicht+maken (lit. dicht+make, to cause to be open);

We can thus again use multiple hyponymy to capture both the result implication and the event
expressed by the main verb:

open+knijpen (lit. open+squeeze, to open by squeezing)
knijpen (squeeze)

openmaken (to open)

open+draaien (lit. open+turn, to open by turning)
draaien (to turn)

openmaken (to open)

dicht+knijpen (lit. closed+squeeze, to close by squeezing)
knijpen (squeeze)

dichtmaken (to close)

dicht+draaien (lit. closed +turn, to close by turning)
draaien (to turn)

dichtmaken (to close)
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Using multiple hyponymy links to rather basic verbs at several levels, complex meanings can be
composed in arelatively systematic way. Note that the above meanings are productive but that in
many cases there is also an unproductive meaning in addition to the above word senses in the
wordnet.

Another remarkable property of the noun and verb hierarchies is that there appears to be a double
system for nouns and verbs denoting 2ndOrderEntities that is quite parallel. At the highest level,
we find a parallel division into dynamic events and static situations, both as nominal forms and
verbal forms:

dynamic nodes
NOUN gebeurtenis (event)
VERB gebeuren (to happen))
static nodes:
NOUN toestand (situation)
NOUN eigenschap (property)
VERB zijn (to be)

The next Figure-6 shows a similar parallelism at deeper levels in the dynamic cluster, where at
major, parallel points a XPOS SYNONYM relation is encoded between the nominal and verbal
chain:

Nominal Hierarchy Verbal Hierarchy
gebeurtenis <XPOS _SYN> gebeuren
(event) (to happen)

handeling <XPOS_SYN> handelen

(anact) (to act)

daad <XPOS _SYN> doen
(deed) (to do)
verandering <XPOS_SYN> veranderen
(achange) (to change,
intrans)
beweging <XPOS_SYN> bewegen
(movement) (to move,
intrans)
verplaatsing | <XPOS _SYN> | verplaatsen
(change of (to move
location) position, intrans)
<XPOS_SYN> veroorzaken
(to cause)
verandering <XPOS_SYN> veranderen
(achange) (to change,
trans)
beweging <XPOS SYN> | bewegen
(movement) (to move, trans)

Figure 6: Paralld hierarchies for nominalized events and verbs

There are many of these parallelisms, and they can be exploited to check consistency across the
hierarchies or to systematically paraphrase text as noun phrases or sentences. There may be some
disturbances due to the fact that the nominalized version abstracts from the argument structure
and consequently is less explicit about the causality of the event. We thus see that both the
transitive and the intransitive versions of verbs of change (“veranderen”) map to a single
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nominalized form: "verandering” (a change). We also see that the causality implication
introduces an extra level "veroorzaken" (to cause) in the causative chain.

If we look at the hyponyms of the static verbal top “zijn” (to be) we first of all see that they form
arelatively small group compared to the previous clusters. Static situations tend to be lexicalized
as nouns and adjectives/adverbs in Dutch. Static nouns (below “eigenschap” (property) and
“toestand” (situation)) form a large cluster. They include category names for physical adjectival
properties:

kleur (colour); maat (size); volume (volume); lengte (length); smaak (taste); vorm (shape);
and for social and mental states or attitudes, such as:

armoede (poverty); rijkdom (richness); werkeloosheid (unemployment);
gevoel (feeling); twijfel (doubt); geloof (belief); haat (hatred); liefde (love);

In a sense, the nominal static hierarchy covers many different dimensions of the adjectival
hierarchy. A complete connection between the two hierarchies could not be made in the Dutch
wordnet because there was not sufficient time and resources for properly encoding the relations
between adjectivedadverbs. As an illustration, we have currently linked “kleur” (colour),
“smaak” (taste) and “vorm” (shape) with the most frequent adjectival values via an
has xpos_hyponym relation, e.g.:

“kleur” (colour)
has xpos_hyponym: zwart (black), wit (white); rood (red); geel (yellow); blauw
(blue); groen (green); paars (purple); oranje (orange)

There is also some parallelism between the static nominals and the hyponyms below “zijn”, but
this is less systematic and predictable. For example, “eruitzien” (have a physical appearance)
groups many physical properties and “denken-4" (consider in the attitudinal sense) contains
mental attitudes. For the rest, there is not much hierarchical structure and only incidental overlap
between nouns and verbs. We will find many property denoting verbs in flat layers below
“bevinden” (to be positioned in some situation), among which verbs that express spatial
positions: “zitten” (to Sit), “staan” (to stand), “liggen” (to lay), “hangen” (to hang), and other
conditions such as “slapen” (to deep), “vastzitten” (to be stuck). Another limited cluster is
formed by existential “zijn” (to exist).

One interesting group is formed by the modal verbs, most of which are directly linked below
“zijn” (to be) and have a few hyponyms:

“kunnen” =to be able to
“moeten” = to be obliged to
“zullen” =to do in the future

Since they are matrix verbs that express some modal aspect with respect to a complement verb

phrase, they can be seen as static property-denoting verbs. Although they have a rather technical
meaning, there are gill some interesting lexical semantic relations that can be encoded. There are
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some dynamic verbs such as “laten” (to let), “toestaan” (to alow), “verbieden” (to forbid) that
can be seen as acts or speech acts and have a causal relation with the modal properties denoted by
the static verbs. Furthermore, “kunnen” (to be able to) is related to “vermogen” (ability) that
groups many physical and mental abilities (awareness, intelligence, sight, smell, hearing), which
are again related to perceptua values and experiences.

Finally, the flat hierarchical structure of static verbs, adjectives and nouns makes it useful to
make a more tight structure via xpos_synonymy relations and to classify them by means of more
abstract features like physical, mental, social, as is done using the EuroWordNet top-ontology.
Hyponyms in a large cluster such as “eigenschap” (property) denote many different types of
properties, ranging from mental, perceptual, physical, modal to relational or social. This
information is provided in the glosses of these synsets (see the next section).

The next levels of below “iets’ (anything), “zijn” (to be) and “gebeuren” (to happen) contain
many other clusters, which are not further shown here. For example, all animals, plants, humans
are grouped below "wezen" (being), which is a direct hyponym of "object" (object). In the
Appendix we have expanded the 2nd level, but limited the lists to all hyponyms with 10 or more
children at any level. Thisreveals a bit of the further hyponymic structure.

Non-hyponymy relations have been encoded in 3 different cases:

- for major nodes and Base Concepts in the hierarchy

- cause and role/involved relations to differentiate large classes or shallow hierarchies
- to clarify the meaning if there was not a good equivalent in English

- to create some comprehensive thematic grids

The first strategy has been explained extensively above. The second strategy has for example
been applied to instruments and their purpose or function, to humans and their role or properties
and to changes and their result, e.q.:

brandblusser (fire extinguisher) role_instrument blussen (to extinguish fire)

condesator (condenser) role_instrument opslaan (to store)

decoder (decoder) role_instrument decoderen (to decode)

frankeermachine (franking machine) role_instrument frankeren (to frank)

broodrooster (toaster) role_instrument roosteren (to toast)
co_instrument_patient brood (bread)y

shredder (shredder) role_instrument versnipperen (to shred)
co_instrument_patient paper (paper) y

wasdroger (dryer) role_instrument drogen (to dry)
co_instrument_patient was (cloth to be washed)

afwezige (absent person) y be in_state afwezig (absent) 5

nieuweling (anew person) be in_state nieuw (new) o

verdachte (suspect person) y be in_state verdacht (suspect) a

bevrijder (liberator) v role_agent bevrijden (to set free)

bewonderaar (admirer) role_agent bewonderen (to admire)

gokker (gambler) y role_agent gokken (to gamble)

roker (smoker) y role_agent roken (to smoke)
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natmaken (to wet, make wet) causes nat (wet) 5

harden (to harden) causes hard (hard) o

gladmaken (to smoothen) causes glad (even, smooth) 5
composteren (to compost) involved result compost (compost)
creosoteren (to creosoot) involved result creosoot (creosoot) y

In the case of “wasdroger” (dryer), we see that the related concept “was’ (clothes that will, are or
have been washed) does not exist in English. In such cases, the non-hyponymy relations are very
helpful to clarify the meaning.

Because of limitations in time and budget, the fourth strategy has been applied occasionally to
particular areas of the vocabulary. Nevertheless, we think it is a very fruitful way of encoding
lexical semantic relations. Two areas that have been covered in this way are sports and diseases.
By specifying the exact relations between all concepts related to the theme, a comprehensive and
natural coverage of a domain can be achieved. Thisisillustrated in Figure-7 below:

................................................ > organls..ne (organlm])
. Partof A
wezen (being)
orgaan —A
(organ) persoon (person)
A A
genezen P Causes
(togetwell)
! h
Patient : t
i zieke Patient | . ats
opereren g scal pel
i g
maagaandoening » (operate)l ) t
(stomach disease) .y Maag nstrumen
Involves (stomach)

Figure 7: Thematic network for “ disease” in the Dutch wordnet

Similar graphs can be made for sports such as tennis and all the involved concepts. By retrieving
all concepts related via role/involved and cause relations to an activity, we can thus extract
domain information or clusterings from the wordnet internal structure.

Complex causal relations such as the above are not aways thematically organized. An important
part in the wordnet is related to communication, which is perhaps the most complex structure.
Figure-8 gives some of the major relations expressed. Communication is an activity where mental
content, which is a 3rdOrderEntity, is evoked by a communicative act (2ndOrderEntity), possibly
supported by some representation (1stOrderEntity). Basically, a 1stOrderEntity that functions as a
symbol contains content as a 3rdOrderEntity (its meaning or interpretation). Communication can
use 1stOrder representations as instruments to generate interpretations or meaning. There may be
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separate events to create such a representation (e.g. to utter, to represent, to make an image, to
speak, to write), and there may be communicative events where this representation, created at
some other time, is just shown (to show). Obviously, information can also be the result of direct
perception or by processing representations (e.g. read, listen, perceive, notice).

o i€ts P
" (anything) ‘
. uiting
zijn (to be) (expression) <
A
state_of | j
gedachte(thought) - weergeven, symboliseren (represent, imply) sate. of p VOOAE 4
(expression)
A A A
state_of jti
I betekenis (meaning) < E betekenen (mean) siate of Eauﬂgg:ge) <
state_of i
- voorstelling (imagination) e --m-..— voorstellen (represent) siate of > \(Icr)g;;?;llnr:glion)
A
: state_of
~ kennis (knowledge) - weten (to know)
t A
informatie mededeling
(information) (something said)
A involved resulté
involved_result
mededelen
CAUSES i (to el
involved_instrument
: v I .
causes|  tonen ) zeggen involved result
(to show) informeren (to say)
(to inform)
voorstellen involved result
Causes| - waarnemen (to represent)
(to perceive)
causesi  leren doen weergeven involved result
(tolearn)  (to do) (to represent)
causes i
vvvvv \(Itlc??ﬁ:;) * Ly uiten involved result
handelen (to utter)
(to act)

Figure 8: Causal and involvement relations for "communication”

At the left side, we see the 3rdOrderEntities below “gedachte”’ (thought), at the bottom we find
some communicative acts as hyponyms of “doen” (to do), some events that cause “weten” (to
know), and some events that create a representation, e.g. "weergeven' (to represent),
"voorgellen" (to present), "uiten” (express). A complex event is “mededelen” (to tell some
information) which results in an utterance (“mededeling”) that informs the addressee (causes the
addressee to know (“weten”) and achieve knowledge (“informatie”’)). At the right side, we find
the representations, which are 1stOrderEntities below “uiting” (expression). Note that "uiting”
(expression) can be seen both as a 1st and a 2ndOrderEntity. It can be an event expressing a
concept or thought (think of theater performances, signs, body language, etc.) or a symbolic
representation with a permanent form. Representations (regardless of their nature) have a relation
with their content or meaning (the evoked 3rdOrderEntities). In the middle, we find a set of static
verbs (below “zijn” (to be)) that express this relation: “betekenen” (to mean), “weergeven” (to
represent), “voorgellen” (to represent). These are transitive verbs where the subject is the
symbol and the object is the content.
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There are many more relations that have not been represented in this graph, such as: to think
(“denken”) which may have a thought (‘gedachte”) as a result, gestures that are both movements
and speech acts but do not result in a 1stOrder representations, language perceptions (listen and
read) and language production (write and speak).

4.3. Explanation of the EuroWordNet text file

The synsets in the Dutch wordnet have the general structure of the EuroWordNet format as
described in the general EuroWordNet document. There are some specific features that are
explained here.

For each variant or synonym in the synset you may find the following information that is specific
to the Dutch wordnet:

» Definition in the form of atop-concept classification
» Celex corpus frequency
» Reference to the source of concepts and relations

The so-called central term of a synset in Vlis (most neutral synonym) may have a definition field
that contains a classification according to the EuroWordNet top-ontology. These features are
derived in the following way:

- The top-ontology features that are assigned to the Base Concepts have been projected to the
Dutch representatives of these Base Concepts;

- Other tops and major hyperonyms in the Dutch wordnet have been classified according to the
ontology;

- Some large and undifferentiated clusters of concepts have been differentiated using the top-
ontology features.

In total, 2006 Dutch synsets received one or more top-concepts (1170 nouns and 836 verbs).
These top-concepts have been inherited via the hyponymy relations in the Dutch wordnet, where
redundant features have been added. The result is string such as the following:

"1stOrderEntity; Artifact; Comesti bl e; Form Functi on; Li qui d; Li vi ng; Nat ural ;
Origin; Part; Substance; "

Similar classification has been derived for al the ILI-records using the hyponymy relations of
WordNet1.5. However, there are some differences in both the top-concept classification and the
hierarchy between the Dutch wordnet and WordNet1.5. This may lead to inconsistencies between
the top-concepts in the Dutch definition and the top-concepts in the ILI. Furthermore, the
projection of the top-concepts assigned to the Common Base Concepts from the ILI to the Dutch
wordnet is not aways precise. In some cases, the Common Base Concepts could not be
represented by a single synset in the Dutch wordnet but more globally to sets of closely related
concepts. For example, there is no equivalent for Base Concept "natural_object” in Dutch, but the
hyponyms in WordNet1.5 closely relate to the hyponyms of "voorwerp" (object), which is a bit
more general. Linking "natural_object” to "voorwerp" leads to the projection of the feature
"Natural", which is then inherited to many thousands of more specific concepts. In some cases,
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this over-generates, e.g. other hierarchy nodes below "voorwerp™" are marked as Artifact. In these
cases, two conflicting top-features are derived.

A explained in section 3, most concepts originate from the Van Dale database Vlis. If thisisthe
case, we have stored areference to the Vlis sense identifier in the STATUS field of variant. Other
information on the source is given as EXTERNAL_INFO in the field SOURCE_ID. The
following values occur:

2001 = sense taken from Vlis
2002 = animal or plant sense not in Vlis
2003 = new spelling variant added to an existing concept

Another special feature a8 EXTERNAL_INFO is the corpus frequency, based on the Celex
frequencies. The Celex frequency is derived from a 420K word token corpus of Dutch
newspapers. The frequency information is based on stemmed words forms, differentiated per
part-of-speech. The type of corpus (Celex) is indicated by the CORPUS ID number 1 and the
actual frequency asthe value of FREQUENCY .

Further source information is provided at the relation level (both language internal and
equivalence relations), where the following values can occur:

1 language internal relation is copied from Vlis

2: language internal relation is copied from Vlis and checked manually in EuroWordNet

101: language internal relation is added manually in EurowordNet and checked

102: language internal relation is added manually in EuroWordNet

1001: equivalence relation is added manually and checked

1002: equivalence relation is added manually

1003: equivalence relation is derived automatically and manually checked

1004: equivalence relation is derived automatically and scored as the best two candidates

1005: there are too many automatically derived equuivalences and a reliable parent equivalent
relation could be derived.

The appendix shows some entries in the EuroWordNet format for the different parts of speech, in
which the above features areillustrated.
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5. The content of the CD
The Dutch wordnet is delivered as;

- plain text file in the EuroWordNet import/export format: wn_nl.ewn
- Polaris database file: wn_nl.sdb

The Polaris database can be viewed with the freeware program Periscope or with the Polaris
database. The Polaris database can be licensed from Lernout and Hauspie (contact person is
Geert.Adriaens@lhs.be). The Periscope viewer is on the general CD-rom, as well as instructions
how to install the EuroWordNet database and add the Dutch wordnet. Please read the instructions
carefully before ingtalling. On the general CD you will also find general documentation on
EuroWordNet, and samples of the other wordnets and the complete version of WordNet1.5.
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Appendix |. Examples of Dutch wor dnet synsetsin EuroWor dNet for mat

0 @1066@ WORD_MEANI NG
1 PART_OF_SPEECH "n"
1 VARI ANTS
2 LI TERAL "sterkedrank"
3 SENSE 1
3 DEFINITION "1stOrderEntity; Artifact; Comesti bl e; Form Functi on; Li qui d; Li vi ng; Nat ur al ;
Origin; Part; Subst ance; "
3 STATUS 272641
3 EXTERNAL_I NFO
4 CORPUS_ID 1
5 FREQUENCY 0
4 SOURCE_I D 2001
2 LITERAL "gedistilleerd"
3 SENSE 2
3 STATUS 87829
3 FEATURES
4 FEATURE "gender"
5 FEATURE_VALUE "neutral "
3 EXTERNAL_I NFO
4 CORPUS_ID 1
5 FREQUENCY 38
4 SOURCE_I D 2001
2 LITERAL "neurie"
3 SENSE 1
3 STATUS 414275
3 EXTERNAL_I NFO
4 CORPUS_ID 1
5 FREQUENCY 0
4 SOURCE_I D 2001
2 LITERAL "spiritualién”
3 SENSE 1
3 STATUS 281946
3 FEATURES
4 FEATURE "nunber"
5 FEATURE_VALUE "pl ural "
3 EXTERNAL_I NFO
4 CORPUS_ID 1
5 FREQUENCY 11
4 SOURCE_I D 2001
2 LITERAL "spiritualia”
3 SENSE 1
3 STATUS 267141
3 FEATURES
4 FEATURE "nunber"
5 FEATURE_VALUE "pl ural "
3 EXTERNAL_I NFO
4 CORPUS_ID 1
5 FREQUENCY 0
4 SOURCE_I D 2001
2 LITERAL "vuurwater"
3 SENSE 1
3 STATUS 324638
3 FEATURES
4 FEATURE "gender"
5 FEATURE_VALUE "neutral "
3 EXTERNAL_I NFO
4 CORPUS_ID 1
5 FREQUENCY 12
4 SOURCE_I D 2001
1 | NTERNAL_LI NKS
2 RELATI ON "has_hyper onynt
3 TARGET_CONCEPT
4 PART_OF_SPEECH "n"
4 LI TERAL "drank"
5 SENSE 3
3 SOURCE_ID 2
2 RELATI ON "has_hyponynt
3 TARGET_CONCEPT
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4 PART_OF_SPEECH "n"
4 LITERAL "tic"
5 SENSE 3
3 SOURCE_ID 2
2 RELATI ON "has_hyponynt
3 TARGET_CONCEPT
4 PART_OF_SPEECH "n"
4 LITERAL "nescal "
5 SENSE 1
3 SOURCE_ID 2
2 RELATI ON "has_hyponynt
3 TARGET_CONCEPT
4 PART_OF_SPEECH "n"
4 LITERAL "tequila"
5 SENSE 1
3 SOURCE_ID 2
2 RELATI ON "has_hyponynt
3 TARGET_CONCEPT
4 PART_OF_SPEECH "n"
4 LI TERAL "wodka"
5 SENSE 1
3 SOURCE_ID 2
2 RELATI ON "has_hyponynt
3 TARGET_CONCEPT
4 PART_OF_SPEECH "n"
4 LI TERAL "aquaviet"
5 SENSE 1
3 SOURCE_ID 2
2 RELATI ON "has_hyponynt
3 TARGET_CONCEPT
4 PART_OF_SPEECH "n"
4 LI TERAL "cal vados"
5 SENSE 1
3 SOURCE_ID 2
2 RELATI ON "has_hyponynt
3 TARGET_CONCEPT
4 PART_OF_SPEECH "n"
4 LITERAL "pastis"
5 SENSE 1
3 SOURCE_ID 2
2 RELATI ON "has_hyponynt
3 TARGET_CONCEPT
4 PART_OF_SPEECH "n"
4 LITERAL "vi eux"
5 SENSE 1
3 SOURCE_ID 2
2 RELATI ON "has_hyponynt
3 TARGET_CONCEPT
4 PART_OF_SPEECH "n"
4 LITERAL "jenever"
5 SENSE 1
3 SOURCE_ID 2
2 RELATI ON "has_hyponynt
3 TARGET_CONCEPT
4 PART_OF_SPEECH "n"
4 LITERAL "l i keur"
5 SENSE 1
3 SOURCE_ID 1
2 RELATI ON "has_hyponynt
3 TARGET_CONCEPT
4 PART_OF_SPEECH "n"
4 LITERAL "runt
5 SENSE 1
3 SOURCE_ID 2
2 RELATI ON "has_hyponynt
3 TARGET_CONCEPT
4 PART_OF_SPEECH "n"
4 LITERAL "slivovitsj"
5 SENSE 1
3 SOURCE_ID 2
2 RELATI ON "has_hyponynt
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3 TARGET_CONCEPT
4 PART_OF_SPEECH "n"
4 LI TERAL "brandew jn"
5 SENSE 1
3 SOURCE_ID 2
2 RELATI ON "has_hyponynt
3 TARGET_CONCEPT
4 PART_OF_SPEECH "n"
4 LI TERAL "whi sky"
5 SENSE 1
3 SOURCE_ID 2
2 RELATI ON "has_hyponynt
3 TARGET_CONCEPT
4 PART_OF_SPEECH "n"
4 LI TERAL "cognac"
5 SENSE 1
3 SOURCE_ID 2
1 EQ LI NKS
2 EQ _RELATI ON "eq_synonynt
3 TARGET_I LI
4 PART_OF_SPEECH "n"
4 WWORDNET_OFFSET 5089006
3 SOURCE_ID 101

0 @1067@ WORD_MEANI NG
1 PART_OF_SPEECH "n"
1 VARI ANTS
2 LITERAL "sternal gie"
3 SENSE 1

3 DEFI NI TION "2ndOrder Entity; BoundedEvent ; Cause; Condi ti on; Dynami c; Experi ence;
Ment al ; Phenonenal ; Physi cal ; Si tuati onType; Static; Stinul ating;"

3 STATUS 272679
3 EXTERNAL_I NFO
4 CORPUS_ID 1
5 FREQUENCY 0
4 SOURCE_I D 2001
1 | NTERNAL_LI NKS
2 RELATI ON "has_hyper onynt
3 TARGET_CONCEPT
4 PART_OF_SPEECH "n"
4 LITERAL "pijn"
5 SENSE 1
3 SOURCE_ID 1
2 RELATION "invol ved_Il ocati on"
3 TARGET_CONCEPT
4 PART_OF_SPEECH "n"
4 LI TERAL "bor st been”
5 SENSE 1
3 SOURCE_ID 101
1 EQ LI NKS

2 EQ _RELATI ON "eq_has_hyperonynt

3 TARGET_I LI

4 PART_OF_SPEECH "n"

4 WORDNET_OFFSET 3897733
3 SOURCE_I D 1005

2 EQ _RELATI ON "eq_has_hyperonynt

3 TARGET_I LI

4 PART_OF_SPEECH "n"

4 WORDNET_OFFSET 8677522
3 SOURCE_I D 1005

2 EQ _RELATI ON "eq_has_hyperonynt

3 TARGET_I LI

4 PART_OF_SPEECH "n"

4 WORDNET_OFFSET 8677932
3 SOURCE_I D 1005

2 EQ RELATI ON "eq_generalization"

3 TARGET I LI
4 PART_OF_SPEECH "n"
4 ADD ON_| D 8559

0 @1068@ WORD_MEANI NG
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1 PART_OF_SPEECH "n"
1 VARI ANTS
2 LI TERAL "sterrenkunde"
3 SENSE 1
3 DEFI NI TION "2ndOrderEntity; Agenti ve; BoundedEvent ; Cause; Dynami c; Ment al ;
Pur pose; Si tuati onType; Soci al ; UnboundedEvent ;"
3 STATUS 272711
3 EXTERNAL_I NFO
4 CORPUS_ID 1
5 FREQUENCY 49
4 SOURCE_I D 2001
2 LI TERAL "astronom e"
3 SENSE 1
3 STATUS 14387
3 EXTERNAL_I NFO
4 CORPUS_ID 1
5 FREQUENCY 84
4 SOURCE_I D 2001
2 LI TERAL "uranol ogi e"
3 SENSE 1
3 STATUS 303918
3 EXTERNAL_I NFO
4 CORPUS_ID 1
5 FREQUENCY 0
4 SOURCE_I D 2001
1 | NTERNAL_LI NKS
2 RELATI ON "has_hyper onynt
3 TARGET_CONCEPT
4 PART_OF_SPEECH "n"
4 LI TERAL "wet enschap”
5 SENSE 1
3 SOURCE_ID 2
2 RELATI ON "has_hyponynt
3 TARGET_CONCEPT
4 PART_OF_SPEECH "n"
4 LI TERAL "radi oastrononie"
5 SENSE 1
3 SOURCE_ID 2
2 RELATI ON "has_hyponynt
3 TARGET_CONCEPT
4 PART_OF_SPEECH "n"
4 LI TERAL "astrodynam ca"
5 SENSE 1
3 SOURCE_ID 2
2 RELATI ON "has_hyponynt
3 TARGET_CONCEPT
4 PART_OF_SPEECH "n"
4 LI TERAL "astronetrie"
5 SENSE 1
3 SOURCE_ID 2
2 RELATI ON "has_hyponynt
3 TARGET_CONCEPT
4 PART_OF_SPEECH "n"
4 LI TERAL "astrofysica"
5 SENSE 1
3 SOURCE_ID 2
1 EQ LI NKS
2 EQ _RELATI ON "eq_near _synonynt
3 TARGET_I LI
4 PART_OF_SPEECH "n"
4 WWORDNET_OFFSET 4067256
3 SOURCE_I D 1004

0 @1069@ WORD_MEANI NG
1 PART_OF_SPEECH "n"
1 VARI ANTS
2 LI TERAL "sterrenwacht"

3 SENSE 2
3 DEFI NI TION "1st OrderEntity; Functi on; G oup; Human; Li vi ng; Natural ; Origin;"
3 STATUS 272730
3 EXTERNAL_I NFO
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4 CORPUS_ID 1
5 FREQUENCY 28
4 SOURCE_I D 2001
1 | NTERNAL_LI NKS
2 RELATI ON "has_hyper onynt
3 TARGET_CONCEPT
4 PART_OF_SPEECH "n"
4 LI TERAL "organisatie"
5 SENSE 3
3 SOURCE_ID 2

0 @1081@ WORD_MEANI NG
1 PART_OF_SPEECH "n"
1 VARI ANTS
2 LITERAL "sti kst of ver bi ndi ng"
SENSE 1
DEFI NI TION "1st Order Entity; Form Functi on; Natural ; Origi n; Part; Subst ance; "
STATUS 283078
EXTERNAL_I| NFO
4 CORPUS_ID 1
5 FREQUENCY 5
4 SOURCE_I D 2001
1 | NTERNAL_LI NKS
2 RELATI ON "has_hyper onynt
3 TARGET_CONCEPT
4 PART_OF_SPEECH "n"
4 LI TERAL "ver bi ndi ng"
5 SENSE 3
3 SOURCE_ID 1
2 RELATI ON "has_hyponynt
3 TARGET_CONCEPT
4 PART_OF_SPEECH "n"
4 LI TERAL "sti kst of di oxyde"
5 SENSE 1
3 SOURCE_I D 101
2 RELATI ON "has_hyponynt
3 TARGET_CONCEPT
4 PART_OF_SPEECH "n"
4 LI TERAL "sti kst of nronoxyde”
5 SENSE 1
3 SOURCE_I D 101
1 EQ LI NKS
2 EQ _RELATI ON "eq_has_hyperonynt
3 TARGET_I LI
4 PART_OF_SPEECH "n"
4 WORDNET_OFFSET 8849147
3 SOURCE_I D 1005
2 EQ _RELATI ON "eq_has_hyperonynt
3 TARGET_I LI
4 PART_OF_SPEECH "n"
4 WORDNET_OFFSET 8907331
3 SOURCE_I D 1005

W www

0 @1082@ WORD_MEANI NG
1 PART_OF_SPEECH "n"

1 VARI ANTS
2 LITERAL "stilist"
3 SENSE 2
3 DEFI NI TION "1st OrderEntity; Ani mal ; For m Human; Li vi ng; Nat ural ; Obj ect; Origin;"
3 STATUS 273252
3 EXTERNAL_I NFO

4 CORPUS_ID 1
5 FREQUENCY 27
4 SOURCE_I D 2001
1 | NTERNAL_LI NKS
2 RELATI ON "has_hyper onynt
3 TARGET_CONCEPT
4 PART_OF_SPEECH "n"
4 LI TERAL "ontwer per”
5 SENSE 1
3 SOURCE_ID 2
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1 EQ LI NKS
2 EQ _RELATI ON "eq_near _synonynt
3 TARGET_I LI
4 PART_OF_SPEECH "n"
4 WWORDNET_OFFSET 6379239
3 SOURCE_I D 1004

0 @1083@ WORD_MEANI NG
1 PART_OF_SPEECH "n"

1 VARI ANTS
2 LITERAL "stil stand"
3 SENSE 2
3 DEFI NI TION "2ndOrderEntity; SituationType; Static;"
3 STATUS 273307
3 EXTERNAL_I NFO

4 CORPUS_ID 1
5 FREQUENCY 609
4 SOURCE_I D 2001
1 | NTERNAL_LI NKS
2 RELATI ON "has_hyper onynt
3 TARGET_CONCEPT
4 PART_OF_SPEECH "n"
4 LI TERAL "toestand"
5 SENSE 1
3 SOURCE_ID 2
2 RELATI ON "has_hyponynt
3 TARGET_CONCEPT
4 PART_OF_SPEECH "n"
4 LI TERAL "bacteriostase"
5 SENSE 1
3 SOURCE_ID 101
2 RELATI ON "has_hyponynt
3 TARGET_CONCEPT
4 PART_OF_SPEECH "n"
4 LI TERAL "stagnatie"”
5 SENSE 1
3 SOURCE_ID 2
1 EQ LI NKS
2 EQ _RELATI ON "eq_near _synonynt
3 TARGET_I LI
4 PART_OF_SPEECH "n"
4 WORDNET_OFFSET 8571118
3 SOURCE_I D 1004
2 EQ _RELATI ON "eq_near _synonynt
3 TARGET_I LI
4 PART_OF_SPEECH "n"
4 WWORDNET_OFFSET 8572459
3 SOURCE_I D 1004

0 @1084@ WORD_MEANI NG
1 PART_OF_SPEECH "n"

1 VARI ANTS
2 LITERAL "stilton"
3 SENSE 1
3 DEFINITION "1stOrderEntity; Artifact; Comesti bl e; Form Functi on; Ori gi n; Sol i d; Subst ance; "
3 STATUS 273322
3 EXTERNAL_I NFO

4 CORPUS_ID 1
5 FREQUENCY 36
4 SOURCE_I D 2001
1 | NTERNAL_LI NKS
2 RELATI ON "has_hyper onynt
3 TARGET_CONCEPT
4 PART_OF_SPEECH "n"
4 LI TERAL "schi mmel kaas"
5 SENSE 1
3 SOURCE_ID 2
1 EQ LI NKS
2 EQ _RELATI ON "eq_near _synonynt
3 TARGET_I LI
4 PART_OF_SPEECH "n"
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4 WORDNET_OFFSET 5052045
3 SOURCE_I D 1004

0 @@ WORD_MEANI NG
1 PART_OF_SPEECH "v*"
1 VARI ANTS
2 LI TERAL "aanaarden"
SENSE 1
DEFI NI TI ON "2ndOr der Enti ty; BoundedEvent ; Cause; Dynani c; Experi ence; Physi cal ; Si tuati onType; "
STATUS 91
FEATURES
4 FEATURE "trans"
EXTERNAL_| NFO
4 CORPUS_ID 1
5 FREQUENCY 0
4 SOURCE_I D 2001
1 | NTERNAL_LI NKS
2 RELATI ON "has_hyper onynt
3 TARGET_CONCEPT
4 PART_OF_SPEECH "v"
4 LI TERAL "bedekken"
5 SENSE 1
3 SOURCE_ID 1
2 RELATION "invol ved_i nstrunent"
3 TARGET_CONCEPT
4 PART_OF_SPEECH "n"
4 LI TERAL "grond"
5 SENSE 6
3 SOURCE_ID 101
1 EQ LI NKS
2 EQ _RELATI ON "eq_near _synonyni
3 TARGET_I LI
4 PART_OF_SPEECH "v"
4 WORDNET_OFFSET 867822
3 SOURCE_I D 1003

wWwww

w

0 @@ WORD_MEANI NG
1 PART_OF_SPEECH "v"
1 VARI ANTS
2 LI TERAL "aanbel | en"
3 SENSE 1
3 DEFI NI TION "2ndOrder Enti ty; BoundedEvent ; Dynami c; Locat i on; Physi cal ; Si tuati onType; "
3 STATUS 130
3 FEATURES
4 FEATURE "intrans"
3 EXTERNAL_I NFO
4 CORPUS_ID 1
5 FREQUENCY 231
4 SOURCE_I D 2001
2 LITERAL "aanschel | en”
3 SENSE 1
3 STATUS 400542
3 FEATURES
4 FEATURE "intrans"
3 EXTERNAL_I NFO
4 CORPUS_ID 1
5 FREQUENCY 2
4 SOURCE_I D 2001
2 LITERAL "bel | en"
3 SENSE 1
3 STATUS 25537
3 FEATURES
4 FEATURE "intrans"
3 EXTERNAL_I NFO
4 CORPUS_ID 1
5 FREQUENCY 4292
4 SOURCE_I D 2001
2 LITERAL "schel | en"
3 SENSE 1
3 STATUS 252219
3 FEATURES
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4 FEATURE "intrans"
3 EXTERNAL_I NFO
4 CORPUS_ID 1
5 FREQUENCY 29
4 SOURCE_I D 2001
1 | NTERNAL_LI NKS
2 RELATI ON "has_hyper onynt
3 TARGET_CONCEPT
4 PART_OF_SPEECH "v"
4 LI TERAL "rmel den”
5 SENSE 2
3 SOURCE_ID 2
2 RELATION "invol ved_i nstrunent"
3 TARGET_CONCEPT
4 PART_OF_SPEECH "n"
4 LI TERAL "deurbel "
5 SENSE 1
3 SOURCE_I D 102
1 EQ LI NKS
2 EQ _RELATI ON "eq_near _synonyni
3 TARGET_I LI
4 PART_OF_SPEECH "v"
4 WWORDNET_OFFSET 1244553
3 SOURCE_I D 1004
2 EQ RELATI ON "eq_generalization"
3 TARGET_I LI
4 PART_OF_SPEECH "v"
4 ADD_ON_I D 3202
2 EQ RELATI ON "eq_generalization"
3 TARGET_I LI
4 PART_OF_SPEECH "v"
4 ADD_ON_I D 2572

0 @@ WORD_MEANI NG
1 PART_OF_SPEECH "v*"
1 VARI ANTS
2 LI TERAL "aanbi dden"
SENSE 1
DEFI NI TI ON "2ndOr der Enti ty; Dynami c; Experi ence; Mental ; Si tuati onType; "
STATUS 179
FEATURES
4 FEATURE "trans"
EXTERNAL_I NFO
4 CORPUS_ID 1
5 FREQUENCY 372
4 SOURCE_I D 2001
1 | NTERNAL_LI NKS
2 RELATI ON "has_hyper onynt
3 TARGET_CONCEPT
4 PART_OF_SPEECH "v"
4 LITERAL "vereren"
5 SENSE 1
3 SOURCE_ID 1
2 RELATION "invol ved_agent"
3 TARGET_CONCEPT
4 PART_OF_SPEECH "n"
4 LI TERAL "aanbi dder"
5 SENSE 1
3 SOURCE_ID 101
1 EQ LI NKS
2 EQ _RELATI ON "eq_near _synonynt
3 TARGET_I LI
4 PART_OF_SPEECH "v"
4 WORDNET_OFFSET 1012890
3 SOURCE_I D 1004
2 EQ _RELATI ON "eq_near _synonynt
3 TARGET_I LI
4 PART_OF_SPEECH "v"
4 WORDNET_OFFSET 1013171
3 SOURCE_I D 1004
2 EQ RELATI ON "eq_generalization"

WwWwww

w
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3 TARGET_I LI
4 PART_OF_SPEECH "v"
4 ADD_ON_I D 5066
2 EQ RELATI ON "eq_generalization"
3 TARGET_I LI
4 PART_OF_SPEECH "v"
4 ADD_ON_I D 5080
2 EQ RELATI ON "eq_generalization"
3 TARGET_I LI
4 PART_OF_SPEECH "v"
4 ADD_ON_I D 5206

0 @@ WORD_MEANI NG
1 PART_OF_SPEECH "v*"
1 VARI ANTS
2 LI TERAL "aanbet al en"
3 SENSE 1
3 DEFI NI TION "2ndOrderEntity; Agenti ve; BoundedEvent ; Cause; Dynani c;
Experi ence; Locat i on; Physi cal ; Possessi on; Pur pose; Si tuati onType; Soci al ;"
3 STATUS 150
3 EXTERNAL_I NFO
4 CORPUS_ID 1
5 FREQUENCY 0
4 SOURCE_I D 2001
1 | NTERNAL_LI NKS
2 RELATI ON "xpos_near _synonynt
3 TARGET_CONCEPT
4 PART_OF_SPEECH "n"
4 LI TERAL "aanbetal i ng"
5 SENSE 1
3 SOURCE_ID 101
2 RELATI ON "has_hyper onynt
3 TARGET_CONCEPT
4 PART_OF_SPEECH "v"
4 LI TERAL "betal en"”
5 SENSE 2
3 SOURCE_ID 1
1 EQ LI NKS
2 EQ _RELATI ON "eq_has_hyperonynt
3 TARGET_I LI
4 PART_OF_SPEECH "v"
4 WORDNET_OFFSET 1281885
3 SOURCE_I D 1005

0 @639@ WORD_MEANI NG
1 PART_OF_SPEECH "a"
1 VARI ANTS
2 LI TERAL "zwanger"
3 SENSE 1
3 STATUS 347356
3 EXTERNAL_I NFO
4 CORPUS_ID 1
5 FREQUENCY 800
4 SOURCE_I D 2001
2 LITERAL "gravi da"
3 SENSE 1
3 STATUS 407647
3 EXTERNAL_I NFO
4 CORPUS_ID 1
5 FREQUENCY 0
4 SOURCE_I D 2001
2 LI TERAL "pregnant”
3 SENSE 2
3 STATUS 223823
3 EXTERNAL_I NFO
4 CORPUS_ID 1
5 FREQUENCY 83
4 SOURCE_I D 2001
1 | NTERNAL_LI NKS
2 RELATI ON "xpos_near _synonynt
3 TARGET_CONCEPT
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4 PART_OF_SPEECH "n"
4 LI TERAL "zwanger schap"
5 SENSE 1
3 SOURCE_ID 101
2 RELATION "is_caused_by"
3 TARGET_CONCEPT
4 PART_OF_SPEECH "v"
4 LI TERAL "aborteren”
5 SENSE 1
3 FEATURES
4 REVERSED
3 SOURCE_ID 101
2 RELATION "is_caused_by"
3 TARGET_CONCEPT
4 PART_OF_SPEECH "v"
4 LI TERAL "bevruchten”
5 SENSE 1
3 SOURCE_ID 101

0 @®641@ WORD_MEANI NG
1 PART_OF_SPEECH "a"
1 VARI ANTS
2 LITERAL "insektivoor"
3 SENSE 2
3 STATUS 122691
3 EXTERNAL_I NFO
4 CORPUS ID 1
5 FREQUENCY 0
4 SOURCE_I D 2001
2 LITERAL "insect enet end"
3 SENSE 1
3 STATUS 0
3 EXTERNAL_I NFO
4 CORPUS ID 1
5 FREQUENCY 0
4 SOURCE_I D 2003
2 LI TERAL "i nsektenet end"
3 SENSE 1
3 STATUS 122673
3 EXTERNAL_I NFO
4 CORPUS ID 1
5 FREQUENCY 5
4 SOURCE_I D 2001
1 | NTERNAL_LI NKS
2 RELATION "state_of"
3 TARGET_CONCEPT
4 PART_OF_SPEECH "n"
4 LI TERAL "insekteneter"
5 SENSE 1
3 FEATURES
4 REVERSED
3 SOURCE_I D 102

0 @642@ WORD_MEANI NG
1 PART_OF_SPEECH "a"
1 VARI ANTS
2 LI TERAL "overeenkonend"
3 SENSE 2
3 STATUS 208916
3 EXTERNAL_I NFO
4 CORPUS_ID 1
5 FREQUENCY 34
4 SOURCE_I D 2001
1 | NTERNAL_LI NKS
2 RELATI ON "xpos_near _synonynt
3 TARGET_CONCEPT
4 PART_OF_SPEECH "v"
4 LITERAL "lijken"
5 SENSE 1
3 SOURCE_ID 101
2 RELATI ON "xpos_near _synonynt
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3 TARGET_CONCEPT
4 PART_OF_SPEECH "v"
4 LI TERAL "over eenkonen"
5 SENSE 1
3 SOURCE_ID 101

0 @595@ WORD_MEANI NG
1 PART_OF_SPEECH "b"
1 VARI ANTS
2 LITERAL "vooruit"
3 SENSE 1
3 STATUS 321957
3 EXTERNAL_I NFO
4 CORPUS_ID 1
5 FREQUENCY 2238
4 SOURCE_I D 2001
2 LITERAL "voort"
3 SENSE 1
3 STATUS 321718
3 EXTERNAL_I NFO
4 CORPUS_ID 1
5 FREQUENCY 3987
4 SOURCE_I D 2001
1 | NTERNAL_LI NKS
2 RELATION "is_caused_by"
3 TARGET_CONCEPT
4 PART_OF_SPEECH "v"
4 LI TERAL "voortgaan"
5 SENSE 1
3 FEATURES
4 REVERSED
3 SOURCE_I D 101
2 RELATION "is_caused_by"
3 TARGET_CONCEPT
4 PART_OF_SPEECH "v"
4 LI TERAL "vooruitgaan"
5 SENSE 3
3 FEATURES
4 REVERSED
3 SOURCE_I D 101
2 RELATION "is_caused_by"
3 TARGET_CONCEPT
4 PART_OF_SPEECH "v"
4 LI TERAL "vooruitzetten"
5 SENSE 1
3 FEATURES
4 REVERSED
3 SOURCE_I D 101
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Appendix II. Major hyperonymsat level 2 in the Dutch wor dnet

_iets 1

HAS_HYPONYM deel 2
HAS_HYPONYM aandeel 3 NODE 7 / 18
HAS_HYPONYM af deling 1 NODE 74 / 302
HAS_HYPONYM best anddeel 1 NODE 18 / 30
HAS_HYPONYM bi nnenste 1 NODE 10 / 24
HAS_HYPONYM bl ad 3 NODE 29 / 153
HAS_HYPONYM bl i ndedarm 1 NODE 1 / 313
HAS_HYPONYM bl oeiwi jze 1 NODE 15 / 21
HAS_HYPONYM boek 3 NODE 1 / 64
HAS_HYPONYM boog 2 NODE 13 / 15
HAS_HYPONYM bot 2 NODE 50 / 79
HAS_HYPONYM bovenstuk 1 NODE 11 / 30
HAS_HYPONYM deeltje 1 NCDE 16 / 63
HAS_HYPONYM f undanment 1 NODE 10 / 10
HAS_HYPONYM gebi ed 2 NODE 91 / 686
HAS_HYPONYM geheugen 2 NODE 6 / 11
HAS_HYPONYM gewricht 1 NODE 13 / 13
HAS_HYPONYM haar 1 NODE 18 / 53
HAS_HYPONYM haar 2 NODE 15 / 18
HAS_HYPONYM i nrichting 5 NODE 30 / 79
HAS_HYPONYM i nsnijding 1 NODE 15 / 25
HAS_HYPONYM kant 1 NODE 27 / 52
HAS_HYPONYM knol 1 NODE 7 / 33
HAS_HYPONYM | aag 1 NODE 73 / 170
HAS HYPONYM | i chaansdeel 1 NODE 48 / 213
HAS_ HYPONYM onderdeel 1 NODE 53 / 250
HAS_HYPONYM openi ng 3 NODE 32 / 301
HAS_HYPONYM orgaan 1 NODE 44 / 312
HAS_HYPONYM overblijfsel 2 NODE 9 / 54
HAS_HYPONYM over schot 2 NODE 11 / 11
HAS_HYPONYM passage 1 NCDE 11 / 15
HAS_HYPONYM perk 1 NODE 5 / 15
HAS_HYPONYM pl aat 1 NODE 56 / 237
HAS_HYPONYM pl ooi 1 NODE 4 / 22
HAS_HYPONYM post 2 NODE 12 / 12
HAS_HYPONYM rand 1 NODE 41 / 116
HAS_HYPONYM rang 2 NODE 9 / 19
HAS_HYPONYM stengel 1 NODE 9 / 16
HAS_HYPONYM steun 1 NODE 28 / 72
HAS_HYPONYM strook 1 NODE 26 / 309
HAS_HYPONYM tak 1 NODE 15 / 29
HAS_HYPONYM tand 1 NODE 11 / 22
HAS_HYPONYM ui tei nde 1 NODE 28 / 59
HAS_HYPONYM ver bi nding 5 NODE 20 / 63
HAS_HYPONYM vezel 1 NODE 12 / 18
HAS_HYPONYM vl ak 1 NODE 36 / 233
HAS_HYPONYM vrucht 1 NODE 15 / 194
HAS_HYPONYM wat er 2 NODE 16 / 106
HAS_HYPONYM wi j k 1 NODE 21 / 26
HAS_HYPONYM wortel 1 NODE 10 / 17

HAS_HYPONYM ei genschap 1
HAS_HYPONYM aard 1 NODE 6 / 10
HAS HYPONYM karaktertrek 1 NODE 58 / 218
HAS_HYPONYM Kkl eur 1 NODE 31 / 63
HAS_HYPONYM kwal iteit 1 NODE 12 / 20
HAS_HYPONYM naat 5 NODE 27 / 1544
HAS_HYPONYM ni veau 1 NODE 24 / 57
HAS_HYPONYM ondui del i j kheid 1 NODE 6 / 11
HAS_HYPONYM onvol konenheid 1 NODE 10 / 684
HAS_HYPONYM over eenkonst 1 NODE 8 / 44
HAS_HYPONYM schoonheid 1 NODE 3 / 11
HAS_HYPONYM stand 2 NODE 3 / 69
HAS_HYPONYM stijfheid 1 NODE 8 / 11
HAS HYPONYM st ructuur 2 NODE 25 / 271
HAS_HYPONYM ver nbgen 3 NODE 66 / 331
HAS_HYPONYM vorm 1 NODE 36 / 126
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HAS_HYPONYM waarde 1 NODE 29 / 35
HAS_HYPONYM waarde 2 NODE 9 / 18
HAS_HYPONYM wi j ze 2 NODE 49 / 420
HAS_HYPONYM gebeurtenis 1
HAS_HYPONYM beval ing 1 NODE 9 / 10
HAS_HYPONYM bezi gheid 1 NODE 58 / 3191
HAS_HYPONYM ervaring 2 NODE 10 / 531
HAS_HYPONYM feit 1 NODE 8 / 69
HAS_HYPONYM geval 2 NODE 11 / 11
HAS_HYPONYM handel ing 1 NODE 90 / 4041
HAS_HYPONYM ongel uk 2 NODE 10 / 32
HAS HYPONYM r echt szaak 1 NODE 13 / 13
HAS_HYPONYM ver andering 1 NODE 127 / 3782
HAS_HYPONYM ver ki ezi ngen 1 NODE 10 / 10
HAS_HYPONYM ver schi jnsel 1 NODE 22 / 1140
HAS_HYPONYM vervol g 1 NODE 3 / 12
HAS HYPONYM voorval 1 NODE 4 / 14
HAS_HYPONYM wedstrijd 1 NODE 84 / 208
HAS_HYPONYM wedstri j donderdeel 1 NODE 12 / 27
HAS_HYPONYM gedachte 2
HAS_HYPONYM bet ekenis 1 NODE 12 / 68
HAS_HYPONYM doel 3 NODE 8 / 15
HAS_HYPONYM i dee 1 NODE 15 / 197
HAS_HYPONYM kennis 2 NODE 27 / 687
HAS_HYPONYM nening 1 NODE 16 / 171
HAS_HYPONYM overpeinzing 1 NODE 5/ 6
HAS_HYPONYM reden 1 NODE 6 / 79
HAS_HYPONYM r edenering 1 NODE 9 / 11
HAS_HYPONYM vertrouwen 1 NODE 7 / 19
HAS_HYPONYM voorstelling 1 NODE 26 / 57
HAS_HYPONYM geheel 1
HAS_HYPONYM conplex 1 NODE 6 / 15
HAS_HYPONYM | eer 3 NODE 16 / 69
HAS_HYPONYM opeenhoping 2 NODE 7 / 8
HAS_HYPONYM regl erent 1 NCDE 14 / 14
HAS HYPONYM sanenstel 1 NODE 14 / 30
HAS_HYPONYM st el sel 1 NODE 20 / 69
HAS_HYPONYM t echni ek 2 NODE 14 / 14
HAS_HYPONYM ver zanmel ing 2 NODE 60 / 348
HAS_HYPONYM gr oep 4
HAS_HYPONYM af del ing 1 NODE 74 / 302
HAS_HYPONYM apparaat 2 NODE 9 / 10
HAS_HYPONYM appar atuur 1 NODE 20 / 30
HAS_HYPONYM bezit 1 NODE 24 / 57
HAS_HYPONYM eetgerei 1 NODE 8 / 150
HAS_HYPONYM goed 4 NODE 16 / 699
HAS_HYPONYM goederen 2 NODE 23 / 204
HAS_HYPONYM groen 3 NODE 4 / 14
HAS_HYPONYM groep 3 NODE 140 / 1176
HAS_HYPONYM handel swaar 1 NODE 14 / 27
HAS_HYPONYM i nstal latie 3 NODE 39 / 264
HAS_HYPONYM koppel 2 NODE 2 / 10
HAS_HYPONYM nmat schappij 1 NODE 14 / 14
HAS_HYPONYM nat eri aal 3 NODE 22 / 448
HAS_HYPONYM or gani satie 3 NODE 79 / 1226
HAS_HYPONYM post 7 NODE 14 / 15
HAS_HYPONYM reeks 1 NODE 18 / 261
HAS_HYPONYM sector 3 NODE 43 / 107
HAS_HYPONYM set 2 NODE 7 / 22
HAS_HYPONYM software 1 NODE 7 / 22
HAS_HYPONYM speel goed 1 NODE 35 / 63
HAS_HYPONYM stel 1 NODE 8 / 47
HAS_HYPONYM st el sel 1 NODE 20 / 69
HAS_HYPONYM t oebehoren 1 NODE 4 / 50
HAS_HYPONYM vee 1 NODE 13 / 16
HAS_HYPONYM ver zanmel ing 2 NODE 60 / 348
HAS_HYPONYM wereld 2 NODE 11 / 20
HAS_HYPONYM woor dgroep 1 NODE 5 / 50
HAS_HYPONYM hoeveel heid 1
HAS_HYPONYM aandeel 3 NODE 7 / 18
HAS_HYPONYM beetje 1 NODE 7 / 12
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HAS_HYPONYM bos 1 NODE 5 / 12
HAS_HYPONYM brok 2 NODE 1 / 68
HAS_HYPONYM bundel 1 NODE 18 / 39
HAS_HYPONYM deeltje 2 NODE 2 / 10
HAS_HYPONYM druppel 1 NODE 11 / 12
HAS_HYPONYM hoop 1 NODE 11 / 25
HAS_HYPONYM [ aag 1 NODE 73 / 170
HAS_HYPONYM nonster 1 NODE 8 / 10
HAS_HYPONYM opbrengst 1 NODE 18 / 45
HAS_HYPONYM per centage 1 NODE 13 / 17
HAS_HYPONYM plak 1 NODE 5 / 18
HAS_HYPONYM portie 2 NODE 10 / 49
HAS_HYPONYM produktie 2 NODE 11 / 11
HAS_HYPONYM rol 2 NODE 10 / 10
HAS_HYPONYM voorraad 1 NODE 9 / 23
HAS_HYPONYM zaad 2 NODE 18 / 21
HAS_HYPONYM ni ddel 2
HAS_HYPONYM apparaat 1 NODE 239 / 842
HAS_HYPONYM bedekking 1 NODE 24 / 574
HAS_HYPONYM bet aal mi ddel 1 NODE 9 / 99
HAS_HYPONYM comuni cati emi ddel 1 NODE 3 / 177
HAS_HYPONYM conput er progranma 1 NODE 13 / 14
HAS_HYPONYM hul pmi ddel 1 NODE 19 / 57
HAS_HYPONYM i nformati edrager 1 NODE 7 / 50
HAS _HYPONYM i nstrunment 1 NODE 39 / 604
HAS_HYPONYM kil eef stof 1 NODE 4 / 23
HAS_HYPONYM kil eurstof 1 NODE 22 / 66
HAS_HYPONYM | okaas 1 NODE 7 / 11
HAS_HYPONYM nat eri aal 3 NODE 22 / 448
HAS_HYPONYM ni ddel 3 NODE 82 / 580
HAS_HYPONYM software 1 NODE 7 / 22
HAS_HYPONYM vervoerni ddel 1 NODE 8 / 692
HAS_HYPONYM weg 2 NODE 5 / 120
HAS_HYPONYM wer ktuig 1 NODE 109 / 810
HAS_HYPONYM obj ect 1
HAS_HYPONYM bouwwerk 1 NODE 12 / 575
HAS_HYPONYM henel |i chaam 1 NODE 7 / 40
HAS_HYPONYM voorwerp 1 NODE 193 / 8474
HAS_HYPONYM wezen 1 NODE 40 / 8893
HAS_HYPONYM pl aats 1
HAS_HYPONYM aanl egpl aats 1 NODE 5 / 33
HAS_HYPONYM adres 1 NODE 9 / 11
HAS_HYPONYM baan 3 NODE 24 / 32
HAS_HYPONYM basis 5 NODE 8 / 11
HAS_HYPONYM gebi ed 2 NODE 91 / 686
HAS_HYPONYM gel egenheid 2 NODE 29 / 121
HAS_HYPONYM | aagte 1 NODE 2 / 23
HAS_HYPONYM [ and 1 NODE 16 / 51
HAS_HYPONYM pl aats 5 NODE 7 / 15
HAS_HYPONYM pl ek 1 NODE 18 / 62
HAS_HYPONYM post 3 NODE 12 / 18
HAS_HYPONYM punt 6 NODE 35 / 97
HAS_HYPONYM ruinte 1 NODE 14 / 151
HAS_HYPONYM ruinte 3 NODE 93 / 1457
HAS_HYPONYM station 1 NODE 10 / 10
HAS_HYPONYM verblijfplaats 1 NODE 32 / 721
HAS_ HYPONYM ver hevenheid 2 NODE 11 / 116
HAS_HYPONYM wat er 2 NODE 16 / 106
HAS_HYPONYM weg 1 NODE 56 / 158
HAS_HYPONYM pr odukt 1
HAS_HYPONYM arti kel 4 NODE 27 / 157
HAS_HYPONYM bouwwerk 1 NODE 12 / 575
HAS_HYPONYM conput er progranma 1 NODE 13 / 14
HAS_HYPONYM constructie 3 NODE 19 / 179
HAS_HYPONYM di stillaat 1 NODE 2 / 16
HAS_HYPONYM ei 2 NODE 10 / 11
HAS_HYPONYM handwerkje 1 NODE 6 / 15
HAS_HYPONYM nengsel 1 NODE 52 / 230
HAS_HYPONYM nat uur produkt 1 NODE 6 / 48
HAS_HYPONYM software 1 NODE 7 / 22
HAS_HYPONYM teelt 2 NODE 2 / 53
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HAS_HYPONYM weg 1 NODE 56 / 158
HAS_HYPONYM werk 4 NODE 16 / 829
HAS_HYPONYM zui vel produkt 1 NODE 10 / 91
HAS_HYPONYM soort 2
HAS_ HYPONYM di ersoort 1 NODE 8 / 13
HAS_HYPONYM gewas 1 NODE 22 / 96
HAS_HYPONYM gr aansoort 1 NODE 5 / 15
HAS_HYPONYM hout soort 1 NODE 56 / 57
HAS HYPONYM substantie 1
HAS_HYPONYM aansl ag 5 NODE 8 / 14
HAS_HYPONYM af schei ding 3 NODE 16 / 63
HAS_HYPONYM br andst of 1 NODE 18 / 67
HAS_HYPONYM deeltje 1 NODE 16 / 63
HAS_HYPONYM del fstof 1 NODE 12 / 55
HAS_HYPONYM el enent 1 NODE 4 / 115
HAS_HYPONYM el enent 2 NODE 96 / 176
HAS_HYPONYM gas 1 NODE 31 / 71
HAS_HYPONYM grond 6 NODE 29 / 83
HAS_HYPONYM hars 1 NODE 11 / 16
HAS_HYPONYM hornoon 1 NODE 17 / 20
HAS_HYPONYM kil eef stof 1 NODE 4 / 23
HAS_HYPONYM kil eurstof 1 NODE 22 / 66
HAS_HYPONYM nassa 3 NODE 12 / 62
HAS_HYPONYM nat eriaal 1 NODE 35 / 843
HAS_HYPONYM nengsel 1 NODE 52 / 230
HAS_HYPONYM nmi neraal 1 NODE 5 / 10
HAS_HYPONYM neerslag 1 NODE 10 / 18
HAS_HYPONYM papi er 1 NODE 64 / 96
HAS_HYPONYM poeder 2 NODE 20 / 24
HAS_HYPONYM ver bi nding 3 NODE 82 / 440
HAS_HYPONYM vl oei stof 1 NODE 42 / 555
HAS_HYPONYM voedsel 1 NODE 66 / 1327
HAS_HYPONYM vul 'ing 1 NODE 13 / 16
HAS_HYPONYM weef sel 2 NODE 34 / 399
HAS_HYPONYM tijd 1
HAS_HYPONYM periode 1 NODE 129 / 419
HAS_HYPONYM tijd 3 NODE 50 / 70
HAS_HYPONYM ti j deenheid 1 NODE 20 / 235
HAS_HYPONYM tijdstip 1 NODE 23 / 81
HAS HYPONYM t oestand 1
HAS_HYPONYM af wezi gheid 1 NODE 11 / 13
HAS_HYPONYM af wi j king 1 NODE 15 / 33
HAS_HYPONYM behoefte 1 NODE 7 / 10
HAS_HYPONYM bepal ing 2 NODE 14 / 234
HAS_HYPONYM bezit 2 NODE 10 / 11
HAS_HYPONYM gest el dheid 1 NODE 22 / 1946
HAS_HYPONYM grootte 1 NODE 9 / 55
HAS_HYPONYM hoedani gheid 1 NODE 6 / 59
HAS_HYPONYM houdi ng 1 NODE 31 / 63
HAS_HYPONYM noei | i j kheid 1 NODE 3 / 28
HAS_HYPONYM nogel i j kheid 1 NODE 29 / 102
HAS_HYPONYM ni veau 1 NODE 24 / 57
HAS_HYPONYM onst andi gheid 1 NODE 18 / 182
HAS_HYPONYM ongenak 1 NODE 1 / 15
HAS_HYPONYM over eenkonst 1 NODE 8 / 44
HAS_HYPONYM over eenkonmst 2 NODE 30 / 200
HAS_HYPONYM plicht 1 NODE 29 / 46
HAS_HYPONYM positie 3 NODE 12 / 19
HAS_HYPONYM rel atie 1 NODE 8 / 152
HAS HYPONYM resultaat 1 NODE 11 / 85
HAS_HYPONYM ruinte 1 NODE 14 / 151
HAS_HYPONYM rust 3 NODE 4 / 16
HAS_HYPONYM schade 2 NODE 23 / 24
HAS_HYPONYM t oestemming 1 NODE 11 / 85
HAS_HYPONYM vrijheid 1 NODE 9 / 17
HAS_HYPONYM wi j ze 2 NODE 49 / 420
HAS_HYPONYM ui ting 2
HAS_HYPONYM opnerking 1 NODE 26 / 41
HAS_HYPONYM taal uiting 1 NODE 9 / 1918
HAS_HYPONYM weer gave 2 NODE 10 / 3916
HAS_HYPONYM wens 2 NODE 2 / 14
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_ gebeuren 2

HAS_HYPONYM handel en 2
HAS_HYPONYM aanval | en 2 NODE 14 / 18
HAS_HYPONYM bezi ghouden 3 NODE 21 / 444
HAS_HYPONYM doen 5 NODE 47 / 3126
HAS_HYPONYM gedragen 3 NODE 32 / 207
HAS_HYPONYM haasten 1 NODE 1 / 24
HAS_HYPONYM hel pen 1 NODE 20 / 113
HAS_HYPONYM i nspannen 3 NODE 5 / 14
HAS_HYPONYM | ei den 4 NODE 12 / 20
HAS_HYPONYM | eren 3 NODE 6 / 36
HAS_HYPONYM oef enen 3 NODE 6 / 9
HAS_HYPONYM optreden 4 NODE 7 / 21
HAS HYPONYM overtreffen 1 NODE 8 / 18
HAS_HYPONYM praten 2 NODE 11 / 30
HAS_HYPONYM proberen 2 NODE 15 / 101
HAS_HYPONYM r eageren 2 NODE 7 / 22
HAS_HYPONYM vechten 1 NCDE 14 / 21
HAS_HYPONYM vergi ssen 1 NODE 10 / 10
HAS_HYPONYM wer ken 1 NODE 20 / 85
HAS_HYPONYM zorgen 1 NODE 3 / 18

HAS_HYPONYM neenaken 1
HAS_HYPONYM ervaren 2 NODE 8 / 90
HAS_HYPONYM ondergaan 1 NODE 8 / 20
HAS HYPONYM tel eurstellen 1 NODE 4 / 5
HAS_HYPONYM waar nenmen 2 NODE 9 / 132

HAS_HYPONYM ui t oef enen 2
HAS_HYPONYM duwen 1 NODE 9 /
HAS_HYPONYM r aken 2 NODE 9 / 2
HAS_HYPONYM trekken 1 NODE 6 / 77
HAS_HYPONYM zui gen 2 NODE 5 / 15

HAS_HYPONYM ver anderen 1
HAS_HYPONYM acht erui tgaan 2 NODE 17 / 31
HAS_HYPONYM bewegen 1 NODE 36 / 1604
HAS_HYPONYM branden 1 NODE 9 / 16
HAS_HYPONYM doodgaan 1 NODE 2 / 21
HAS_HYPONYM kapot gaan 1 NODE 16 / 51
HAS_HYPONYM krijgen 1 NCDE 15 / 25
HAS_HYPONYM | osl aten 1 NCDE 19 / 26
HAS HYPONYM ont staan 1 NODE 14 / 28
HAS_HYPONYM opengaan 1 NCDE 13 / 14
HAS HYPONYM resulteren 1 NODE 7 / 44
HAS_HYPONYM t oenenen 1 NODE 23 / 66
HAS_HYPONYM ui t eenval l en 1 NODE 10 / 26
HAS HYPONYM verbeteren 1 NODE 6 / 47
HAS_HYPONYM verdw j nen 1 NODE 21 / 35
HAS_HYPONYM verm nderen 1 NODE 11 / 25
HAS_HYPONYM ver schijnen 1 NODE 10 / 19
HAS_HYPONYM vervornmen 1 NODE 7 / 12

HAS_HYPONYM ver oor zaken 1
HAS_HYPONYM aanvoel en 1 NODE 5 / 12
HAS_HYPONYM be\ e"i ndigen 1 NODE 36 / 114
HAS_HYPONYM ber ei ken 2 NODE 21 / 373
HAS_HYPONYM bewer kstel ligen 1 NODE 2 / 49
HAS_HYPONYM bezorgen 2 NODE 5 / 19
HAS_HYPONYM draai en 11 NCDE 12 / 21
HAS_HYPONYM Kkl i nken 1 NCDE 61 / 88
HAS_HYPONYM | aten 8 NODE 18 / 84
HAS_HYPONYM naken 2 NODE 46 / 868
HAS_HYPONYM onver gooien 1 NODE 18 / 21
HAS HYPONYM ver anderen 4 NODE 124 / 4214
HAS_HYPONYM ver hi nderen 1 NODE 7 / 31
HAS HYPONYM verwerven 1 NODE 13 / 153
HAS_HYPONYM voortbrengen 1 NODE 6 / 71
HAS_HYPONYM vornmen 2 NODE 5 / 10
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2
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_zijn 7

HAS_HYPONYM bevi nden 2
HAS_HYPONYM bevi nden 3 NODE 27 / 154
HAS_HYPONYM hebben 1 NODE 10 / 41
HAS_HYPONYM sl apen 1 NODE 8 / 10
HAS HYPONYM vastzitten 1 NODE 3 / 10

HAS_HYPONYM denken 4
HAS_HYPONYM beschouwen 2 NODE 17
HAS_HYPONYM betreuren 1 NODE 2 /
HAS_HYPONYM i nstemmen 1 NODE 5 /
HAS_HYPONYM specul eren 2 NODE 1 / 1
HAS_HYPONYM ver nbeden 2 NODE 1 / 3
HAS_HYPONYM veronderstellen 1 NODE 2 / 2
HAS_HYPONYM vertrouwen 2 NODE 5 / 10

HAS HYPONYM eruitzien 1
HAS_HYPONYM gol ven 2 NODE 1
HAS_HYPONYM hel | en 2 NODE 2
HAS_HYPONYM kr onkel en 1 NODE 1
HAS_HYPONYM onkransen 1 NODE 1
HAS_HYPONYM staan 3 NODE 2 / 2

/
7

/ 20
3
5

/
/
/1
/1

HAS _HYPONYM stral en 2 NODE 1

HAS_HYPONYM ui t st eken 1 NODE
HAS_HYPONYM zijn 2

HAS_HYPONYM bestaan 3 NODE 2 / 9

HAS_HYPONYM gel den 3 NODE 2 / 2

HAS_HYPONYM | even 7 NODE 3 / 4

HAS_HYPONYM voorkomen 5 NODE 1 / 1
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