EuroWordNet

General Docu ment

1

Version 3

Final

July 19, 1999

P iek Vossen (ed.)

Universit y ofAmsterdam e- mail: piek. vossen@hum.uva. nl http://www.hum.uva.nl/~ewn

1 This document is an extension and enhancement of various other documents that have been published. For an overview of all publications on EuroWordNet see http://www.hum.uva.nl/~ewn.

Table of Contents

1. Introduction ................................ ................................ ................................ ................................ ..... 5

2. Design of the multilingual database ................................ ................................ ................................ .. 8

2.1. The Database Modules ................................ ................................ ................................ ............. 8

2.2. The Language Internal Relations ................................ ................................ ............................ 11

2.2.1. Criteria for the identification of relations between synsets ................................ ................ 12

2.2.2. Relation Labels ................................ ................................ ................................ ............... 13

2.2.2.1. Conjunction /Disjunction ................................ ................................ .......................... 14

2.2.2.2. Factivity ................................ ................................ ................................ ................... 14

2.2.2.3. Reversed ................................ ................................ ................................ ................... 14

2.2.2.4. Negation ................................ ................................ ................................ ................... 15

2.2.3. Thesubt ypes of language-internal relations ................................ ................................ ...... 15

2.2.3.1. Synon ym y ................................ ................................ ................................ ................ 18

2.2.3.2. Hypon ym y ................................ ................................ ................................ ................ 21

2.2.3.3. Antonym y ................................ ................................ ................................ ................. 24

2.2.3.4. Meronym y ................................ ................................ ................................ ................ 26

2.2.3.5. ROLE and INVOLVED ................................ ................................ ............................ 28

2.2.3.6. CO_ROLE ................................ ................................ ................................ ................ 31

2.2.3.7. CAUSES and IS_CAUSED_BY ................................ ................................ ............... 32

2.2.3.8. HAS_SUBEVENT and IS_SUBEVENT_OF ................................ ............................ 35

2.2.3.9. IN_MANNER and MANNER_OF ................................ ................................ ............ 36

2.2.3.10. BE_IN_STATE and STATE_OF ................................ ................................ ............ 37

2.2.3.11. Derivational relations ................................ ................................ .............................. 37

2.2.3.12. Instance and Class ................................ ................................ ................................ ... 37

2.2.3.13. Undefined Relations: ^fuzzynyms~ ................................ ................................ .......... 37

2.3. Multilinguality ................................ ................................ ................................ ....................... 38

2.3.1 Equivalence relations ................................ ................................ ................................ ........ 38

2.3.2. Inter-Lingual-Index ................................ ................................ ................................ ......... 39

2.3.2.1. Extending theILI with newconcepts ................................ ................................ ......... 39

2.3.2.2. Creating a coarser level of differentiation in the ILI ................................ ................... 40

2.3.3. Accessing complex equivalence mappings ................................ ................................ ....... 43

2.4. Variant Information ................................ ................................ ................................ ............... 46

2.5. EuroWordNet Import/Export Format ................................ ................................ ...................... 47

2.5.1. Import/Export format for synsets ................................ ................................ ..................... 47

2.5.2. Import/Export format for ILI-records ................................ ................................ ............... 49

2.5.3. Import format for Top-Concepts and Domains ................................ ................................ . 50

3. Methodology ................................ ................................ ................................ ................................ . 52

3.1. Expand/Merge approach ................................ ................................ ................................ ........ 52

3.2. Base Concepts ................................ ................................ ................................ ....................... 53

3.3. Top Ontology ................................ ................................ ................................ ......................... 58

3.3.1. Classification of 1st-Order-Entities ................................ ................................ ................. 62

3.3.2. The classification of 2ndOrderEntities ................................ ................................ ............ 65

3.3.2.1. SituationTypes ................................ ................................ ................................ ......... 65

3.3.2.2 SituationComponents ................................ ................................ ................................ 66

4. The EuroWor dNet database ................................ ................................ ................................ ....... 72

5. Description of the CD-Rom ................................ ................................ ................................ ........... 76

Acknowledgements ................................ ................................ ................................ ........................... 78

References ................................ ................................ ................................ ................................ ........ 79

Appendix I: Base ConceptsSelected by four sitesin EuroWordNet ................................ .................... 82

Appendix II Top Ontology Classification of the Base Conceps ................................ ........................... 83

Appendix III: Top Concept Cluster Combinations for Base Concepts ................................ ................. 98

Appendix IVEuroWordNet Optional Variant Information ................................ ............................... 106

List of Tables

Table 1: WordNet1.5 Relations ................................ ................................ ................................ ......... 15

Table 2: Language Internal Relationsbetween synsets in EuroWordNet ................................ ............ 17

Table 3: Language-Internal Relations between other data types in EuroWordNet ............................... 18

Table 4: TheEquivalence Relationsin EuroWordNet ................................ ................................ ........ 38

Table 5: Dutch, Spanish and Italian Synsets linked to senses of ^offi ce~ in the ILI. ............................ 41

Table 6: Composite ILI-records ................................ ................................ ................................ ........ 43

Table 7: Overviewof mappingrelations tothe ILI ................................ ................................ ............ 44

Table 8: Intersection-pairs of translations of English, Dutch, Spanish and Italian Base Concepts ........ 54

Table 9: Complete Intersections of Base Concept Selections ................................ ............................. 54

Table 10: Overlap of EWN2 nouns and EWN1nouns(905 CBCs) ................................ .................... 55

Table 11: Overlap of EWN2 verbs andEWN1 verbs (239 CBCs) ................................ ...................... 55

Table 12: Selected and Rejected Base Concepts for each language ................................ .................... 56

Table 13: Number of Common Base Concepts represented in the local wordnets ............................... 56

Table 14: Base Concept Gaps in at least two wordnets ................................ ................................ ...... 56

Table 15: Total Set of classified Base Concepts ................................ ................................ ................. 61

Table 16: Definitions for first order top concepts ................................ ................................ ............... 64

Table 17: Mapping of WordNet1.5 Lexicographer’sfile codes to EuroWordNet top-concepts ............ 71

List of Figures

Figure 1: Synsets related to ^car~ in itsfirst sense in WordNet1.5. ................................ ....................... 5

Figure 2. The global architecture of the EuroWordNet database. ................................ .......................... 9

Figure 3: Parallel wordnet structures in EuroWordNet linked tothe same ILI-records. ....................... 11

Figure 4: Spanish synset ^oficina~ with extended EQ _ METONYM link to a Composite ILI-record for

^office~ ................................ ................................ ................................ ................................ ..... 42

Figure 5: Many-to-manymappings of near synonyms of ^apparatus~ synsets to ILI-records. ............. 44

Figure 6: Ways of ^killing~ lexicalized in Dutch andnot in English. ................................ .................. 45

Figure 7: Morpho-syntactic variant features allowed in EuroWordNet ................................ ............... 46

Figure 8: Usage labels for variantsallowed in EuroWordNet ................................ ............................. 47

Figure 9: Global overviewof steps in building EuroWordNet ................................ ............................ 53

Figure 10: General outline of the vocabularies ................................ ................................ ................... 58

Figure 11: The EuroWordNet Top-Ontology ................................ ................................ ..................... 61

Figure 12: Lattice structure of theEuroWordNet top-ontology ................................ ........................... 63

Figure 13: Accessing separate wordnetsand their equivalence links ................................ .................. 73

Figure 14: Accessing different wordnetsvia the Inter-Lingual-Index ................................ ................. 73

Figure 15: Accessing different wordnetsvia the Top-Ontology ................................ .......................... 74

Figure 16: Accessing different wordnetsvia the Domain hierarchy ................................ .................... 74

Figure 17: Projecting Dutch ^vehicles~ (1 level) to the Spanish wordnet ................................ ............ 75

Figure 18: Folder with the EuroWordNet database stores ................................ ................................ .. 77

List of Abbreviations

GB = English wordnet of additions to WordNet1.5 EWN = EuroWordNet

NL = Dutch wordnet ILI = Inter-Lingual-Index

IT = Italian wordnet ILIR = Inter-Lingual-Index-record

ES = Spanish wordnet WM = word meaning

DE = German wordnet BC = Base Concept

FR = French wordnet TC = Top-Concept

EE = Estonian wordnet LIR = Language-internal relations

CZ = Czech wordnet POS = part-of-speech

WN15 = WordNet1.5

List of contributors to EuroWordNet

Person Affiliatio n Country

Adriana Roventini ILC-CNR Pisa IT

Andreas Wagner University of Tuebingen DE

Anselmo Peñas Universida d Na ciona l de Educa ción a Dista ncia ES

Antonietta Alo nge ILC-CNR Pisa IT

Antonio Sanche z Valderrabanos Lernout & Hau spie BE

Carol Peters ILC-CNR Pisa IT

Cintha H arjadi University of Amsterda m NL

Clara Soler Universitat de Barcelona ES

Claude de Loupy Bertin Technologies F

Claudia K unze University of Tuebingen DE

Dominique Dutoit Memodata F

David Fernández Universida d Na ciona l de Educa ción a Dista ncia ES

Elisabetta Marinai ILC-CNR Pisa IT

Erhar d Hinrich University of Tuebingen DE

Fernando Ló pez Universida d Na ciona l de Educa ción a Dista ncia ES

Francesca Bertagna ILC-CNR Pisa IT

Frédérique Segond Xerox Research Centre F

Geert Adriaens Lernout & Hau spie BE

Gerar d Escudero Bakx Universitat Politècnica de Catalunya ES

German Rigau Clar amunt Universitat Politècnica de Catalunya ES

Haldur Õim University of Tartu EE

Heili Orav University of Tartu EE

Helmut Feldweg University of Tuebingen DE

Horacio Rodríguez Universitat Politècnica de Catalunya ES

Ilse Cuypers Lernout & Hau spie BE

Irene Castelló n Masalles Universitat de Barcelona ES

Irina Chugur Universida d Na ciona l de Educa ción a Dista ncia ES

Ivonne Peters University of Sheffield GB

Javier Farreres de la Morena Universitat Politècnica de Catalunya ES

Jordi Tur mo Universitat Politècnica de Catalunya ES

Josep Carmona Universitat Politècnica de Catalunya ES

Julio Gonzalo Universida d Na ciona l de Educa ción a Dista ncia ES

Kadri Vider University of Tartu EE

Karel Pala Masaryk University CZ

Laia Palo uzi Universitat de Barcelona ES

Laur a Be níte z Universitat Politècnica de Catalunya ES

Laur a Blo ksma University of Amsterda m NL

Laure nt Catherin LIA, Avignon F

Laure nt Griot Xerox Research Centre F

Leho Paldre University of Tartu EE

Linda Schippers Lernout & Hau spie BE

Lluis Màrquez Universitat Politècnica de Catalunya ES

Lluís Padró Universitat Politècnica de Catalunya ES

Luca Tar asi ILC-CNR Pisa IT

M. Antonia Martí Universitat de Barcelona ES

M.Felisa Ver dejo Universida d Na ciona l de Educa ción a Dista ncia ES

Marc El-Beze LIA, Avignon F

Mariona Taulé Delor Universitat de Barcelona ES

Michael Lo uw Lernout & Hau spie BE

Mónica Cantero Universitat de Barcelona ES

Mònica Lòpe z Rebollal Universitat de Barcelona ES

Neeme Kahusk University of Tartu EE

Neus Català Universitat Politècnica de Catalunya ES

Nicoletta Calzolari ILC-CNR Pisa IT

Paul Boersma University of Amsterda m NL

Pavel Sevecek Masaryk University CZ

Pedro Luis Die z-Orzas Lernout & Hau spie BE

Philippe Forest Lernout & Hau spie BE

Pie kVossen University of Amsterda m NL

Pierre-Francois Marte au Bertin Technologies F

Rita M arinelli ILC-CNR Pisa IT

Rudy Montigny Lernout & Hau spie BE

Salv ador Clime nt Roca Universitat de Barcelona ES

Sílvia Calvet Universitat de Barcelona ES

Wim Peters University of Sheffield GB

Xavier Carreras Universitat Politècnica de Catalunya ES

Yann Fer nande z LIA, Avignon F

YorickWilks University of Sheffield GB

1. Introduction

EuroWordNet 2 is a multilingual lexical database with wordnetsfor several European languages, which

are structured along the same lines as the Princeton WordNet (Fellbaum 1998). WordNet contains

information about nouns, verbs, adjectives and adverbs in English and isorganized around thenotion

of a synset . Asynset is a set of words with the same part-of-speech that can be interchanged in a certain

context. For example, {car; auto; automobile; machine; motorcar} form a synset because theycan be

used to refer to the same concept. A synset isoften further described bya gloss: "4-wheeled; usually

propelled byan internal combustion engine". Finally, synsets can be related to each other bysemantic

relations, such ashypon ym y(bet ween specific and moregeneral concepts), meronym y(bet ween parts

and wholes), cause, etc. asisillustrated in Figure1.

{ vehicle}

{ conveyance; tr anspor t}

{ car; auto; aut omobile; mach ine; motorcar}

{ cruiser; squad car ; patrol car; police car; pr owl car} { cab; taxi; hack; taxicab; }

{ motor vehicle;automotivevehicle}

{ bumper}

{ car door}

{ car window}

{ car mirror}

{ hinge;flexible joint}

{ doorlock}

{ armrest} hyperonym

hyperonym

hyperonym

hyperonym hyperonym meronym

meronym meronym meronym

Figure 1: Synsets related to ^ car~ in its first sense in WordNet1.5.

In this example, taken from WordNet1.5, the synset {car; auto; automobile; machine; motorcar} is

related to:

¯ a more general concept or thehyperon ym synset: {motor vehicle; automotive vehicle},

¯ more specific concepts or hyponym synsets: e.g. {cruiser; squad car; patrol car; police car; prowl

car} and {cab; taxi; hack; taxicab},

¯ partsit iscomposed of: e.g. {bumper}; {car door}, {car mirror} and {car window}.

Each of these synsets is again related to other synsets as is illustrated for {motor vehicle; automotive

vehicle} that is related to {vehicle}, and {car door} that isrelated to other parts: {hinge; flexible joint},

{armrest}, {doorlock}. Bymeans of these and other semantic/conceptual relations, all word meanings

in a language can be interconnected, constituting a huge network or wordnet. Such a wordnet can be

used for making semantic inferences (what things can be used as vehicles ), for finding alternative

expressions or wordings(what words can refer to vehicles ), or for simplyexpanding words to sets of

semanticallyrelated or close words, in e.g. information retrieval. Furthermore, semantic networks give

information on thelexicalization patterns of languages, on theconceptual densityof areasof the

vocabularyand on thedistribution of semantic distinctions or relations over different areasof the

vocabulary. In Fellbaum (1998) a detailed description isgiven of the history, background and

characteristics of the Princeton WordNet.

Each of the European wordnetsisa similar network of relationsbetween word meanings in a specific

language. Thesemantic relations are therefore considered as language-internal relations(see bel ow). In

addition to the language-internal relations, each synset is also linked to the closest synset in the

Princeton WordNet1.5. Bystoring thewordnets in a central lexical database system we thuscreated a

multilingual database, where the synsets from WordNet1.5 function as an inter-lingual index. In this

database it is possible to go from one synset in a wordnet to a synset in another wordnet, which is

2 EuroWordNet (LE2-4003 and LE-8328) is funded bythe European Communitywithin the Telematics

Application Programme of the 4 th Framework (DG-XIII, Luxembourg). The project started March 1996 and ended

July1999.

linked to the same WordNet1.5 concept. Such a multilingual database isuseful for cross-language

information retrieval, for transfer of information from one resource to another or for simplycomparing

the different wordnets. Acomparison maytell ussomething about theconsistencyof the relations

across wordnets, where differences maypoint to inconsistencies or to language-specific properties of

the resources, or also to properties of the language itself. In thisway, the database can also be seen asa

powerful tool for studying lexical semantic resources and their language-specificit y.

In EuroWordNet, we initiallyworked on 4 languages: Dutch, Italian, Spanish and English. In an

extension to the project, the database was extended with German, French, Estonian and Czech. The

wordnets arelimited to nouns and verbs, but adjectives and adverbs are included in so far theyare

related to nouns and verbs (see section 2 for the relations that mayhold across parts-of-speech). The

vocabularycomprises all the generic and basic words of thelanguages: i.e. it includes all themeanings

and concepts that are needed to relate more specific meanings, and all thewords that occur most

frequentlyin general corpora. For the domain of computer terminology, sub-vocabularyhas been added

to illustrate thepossibilityof integrating terminologyin such a general-purpose lexicon.

The following institutes have been responsible for building thewordnets:

Dutch : the Universityof Amsterdam (co-ordinator of EuroWordNet). NL.

Spanish : the `Fundacíon Universidad Empresa´ (a co-operation of UNED Madrid,

Politecnica de Catalunya in Barcelona, and the Universityof Barcelona).

ES.

Italian : Istituto di Linguistica Computazionale, C.N.R., Pisa. IT.

English : Universityof Sheffield (adapting the English wordnet). GB.

French : Université d´ Avignon and Memodata at Avignon. F.

German : Universität Tübingen. D E.

Czech : Universityof Masaryk at Brno. CZ.

Estonian : Universityof Tartu, EE.

Each of these institutes was responsible for theconstruction of their national wordnet, where most of

them used material and resources devel oped outside the project (among which lexical resources from

the publishers Van Dale for Dutch and Bibliograf for Spanish). The task of Sheffield has been different

because of the existence of WordNet for English. Their role consisted of adapting thePrinceton

WordNet for the changes made in EuroWordNet and controlling theinterlingua that connects the

wordnets.

In addition tothe wordnet builders therehave been 3 industrial users in the project:

¯ Bertin &Cie, Plaisir, France

¯ Xerox Research Centre, Meylan, France

¯ Novell Linguistic Development (changed to Lernout & Hauspie during theproject), Antwerp,

Belgium

Theydemonstrated the use of the database in their (multilingual) information-retrieval applications.

Novell also had an additional role as thedeveloper of the central EuroWordNet database Polarisand

the database viewer Periscope.

On a longer term we expect that EuroWordNet will open up a whole range of newapplications and

services in Europe at a trans-national and trans-cultural level. It will give information on the typical

lexicalization patternsacross languages, which will be crucial for machinetranslation and language

learning systems. It will give non-native users and non-skilled writers thepossibilityto navigate or

browse through the voca bularyof a language in new wa ys, giving them an overviewof expression

which isnot feasible in traditional alphabetically-organized resources. Finally, it will stimulate the

development of sophisticated lexical knowledge bases that are crucial for a whole gamut of future

applications, ranging from basic information retrieval to question/answering systems, language

understanding and expert systems, from summarizers toautomatictranslation tools and resources.

In this document, we will give a general description of the database. The4 main sections cover the

design of the database (section 2), the general methodology(section 3), the main database functionality

(section 4) and thecontent of the CD-rom (section 5), respectivel y. In addition to thisgeneral document, there wil be separate documents that describe the content of the each wordnet and a

comparison across each set of wordnets:

- EuroWordNet-1: Acomparison of the Dutch, English, Italian and Spanish wordnets

- EuroWordNet-2: Acomparison of the German, French, Czech andEstonian wordnets

In theindividual wordnet documents information is given on thesizeand quantityof thedata, as well

more specific detailson the methods of building. The comparison consistsof an overviewof the

quantitive properties of thewordnets and their compatibilitymeasured in termsof the equivalences to

which theyare linked. These documentsare released with the databases. All this information on

EuroWordNet andmore can also be downloaded from http://www.hum/uva.nl/~ewn .

The next section on the database design will give an overview of the different modules (section 2.1),

the language internal structures (section 2.2), the multilingual structure (section 2.3), the word sense or

synset variant structure (section 2.4), and an explanation of theplain text representation of the data

(section 2.5).

2. Design of the multilingual database

The design of the EuroWordNet-database is first of all based on the structure of the Princeton WordNet

and specificallyversion WordNet1.5 . The notion of a synset and themain semantic relations have been

taken over in EuroWordNet. However, some specific changes have been made to the design of the

database, which are mainlymotivated bythe following objectives:

1) to create a multilingual database;

2) to maintain language-specific relations in the wordnets;

3) to achieve maximal compatibilityacross the different resources;

4) to build the wordnetsrelativel yindependently(re)-using existingresources;

The most important difference of EuroWordNet with respect to WordNet is its multilinguality, which

however also raises some fundamental questionswith respect to thestatus of the monolingual

information in the wordnets. In principle, multilingualityis achieved by adding an equivalence relation

for each synset in a language to the closest synset in WordNet1.5. Synsets linked to thesame

WordNet1.5 synset aresupposed to be equivalent or close in meaning and can then be compared.

However, what should be done with differences across the wordnets? If `equivalent´ words arerelated

in different ways in the different resources, we have to make a decision about the legitimacyof these

differences. For example, in the Dutch wordnet we see that hond (dog) isboth classified as huisdier

(pet) and zoogdier (mammal). However, there is no equivalent for pet in Italian, and the Italian cane ,

which islinked tothe same synset dog , isonlyclassified as a mammal in theItalian wordnet.

In EuroWordNet, we take the position that it must be possible to reflect such differences in lexical

semanticrelations. The wordnets areseen as linguistic ontologies rather than ontologies for making

inferences only. In an inference-based ontologyit maybe the case that a particular level or structuring

is required to achieve a better control or performance, or a more compact and coherent structure. For

this purpose it maybe necessaryto introduce artificial levels for concepts which are not lexicalized in a

language (e.g. natural object , external body parts ), or it maybe necessaryto neglect levels (e.g.

watchdog ) that arelexicalized but not relevant for thepurpose of the ontology. A linguistic ontology,

on theother hand, exactlyreflects the lexicalization and the relations between thewords in a language.

It is a "wordnet" in the true sense of the word and therefore captures valuable information about

conceptualizationsthat are lexicalized in a language: what is theavailable fund of words and

expressions in a language. In addition to the theoretical motivation there is also a practical motivation

for considering the wordnetsasautonomous networks. To be more cost-effective, theyhave (as far as

possibl e) been derived from existing resources, databases and tools. Each sites therefore had a different

starting point for building their local wordnet, making it necessaryto allowfor a maximum of

flexibilityin producing the wordnetsand structures.

2.1. The Database Modules

To be able to maintain the language-specific structures and to allowfor the separate devel opment of

independent resources, we make a distinction between the language-specific modules and a separate

language-independent module. Each language module representsan autonomous and unique language-

specifi c system of language-internal relations between synsets. Equivalence relations between the

synsets in different languages and WordNet1.5 are made explicit in the so-called Inter-Lingual-Index

(ILI). Each synset in the monolingual wordnetshasat least one equivalence relation with a record in

this ILI, either directlyor indirectlyvia other related synsets. Language-specific synsets linked to the

same ILI-record should thusbe equivalent across the languages, asis illustrated in Figure 2 for the

language-specific synsets linked to the ILI-record drive .

Figure 2 further gives a schematicpresentation of the different modules and their inter-relations. In the

middle, the language-external modules are given: theILI, a Domain Ontologyand a Top Concept

Ontology. The ILI consistsof a list of so-called ILI-records (ILIRs) which are related to word-

meanings in the language-internal modules, (possibl y) to one or more Top Concepts and (possibl y) to

domains. The language-internal modules then consist of a lexical-item-table indexed to a set of word-

meanings, between which thelanguage-internal relations are expressed.

Figure 2. The global architecture of the EuroWordNet database.

The ILI is an unstructured list of meanings, mainlytaken from WordNet1.5, where each ILI-record

consists of a synset, an English gloss specifying the meaning and a reference to itssource. The only

purpose of the ILI is to mediate between the synsets of the language-specific wordnets. No relationsare

therefore maintained between the ILI-records as such. Thedevelopment of a complete language-neutral

ontologyis considered to be too complex and time-consuming given the limitationsof the project. As

an unstructured list, there is no need to discuss changes or updates to theindex from a many-to-many

perspective. Note that it will nevertheless be possible to indirectlysee a structuring of a set of ILI-

records byviewing the language-internal relations of the language-specific concepts that are related to

the set of ILI-records. Since WordNet1.5 islinked to the index in the same wayas anyof the other

wordnets, it isstill possible to recover the original internal organization of the synsets in terms of the

semanticrelationsin WordNet1.5.

The advantages of an interlingua such asthe Inter-Lingual-Index are well-known in MT translation

(Copeland et al. 1991, Nirenburg 1989):

1. it is not necessaryto specifymany-to-manyequivalence relationsbetween each language-pair and

to have consensus across all the groups on theequivalence relations: each group onlyconsiders the

equivalence relationsto theIndex.

2. newlanguages can be added without having to reconsider the equivalence relationsfor the other

languages.

3. it is possible to adapt theInter-Lingual-Index as a central resource to makethe matching more

efficient or precise.

In section 2.3, we will describe howwe adapted theILI to provide a more efficient mapping across the

wordnets. Updates can be made relativelyeasybecause the ILI lacks anyfurther structure.

Some language-independent structuring of the ILI is nevertheless provided bytwo separate ontologies,

which maybe linked to ILI records:

· the Top Concept ontology, which isa hierarchyof language-independent concepts, reflecting

important semantic distinctions, e.g. Object and Substance, Location, Dynamic and Static;

· a hierarchyof domain labels, which are knowledge structures grouping meanings in termsof

topics or scripts, e.g. Traffic, Road-Traffic, Air-Traffic, Sports, Hospital, Restaurant;

Both the Top Concepts and the domain labels can be transferred via the equivalence relationsof the

ILI-records tothe language-specific meanings, as isillustrated in Figure 2. The Top Concepts Location

and Dynamic are for example directlylinked to theILI-record drive and therefore indirectlyalso apply

to all language-specific concepts related to thisILI-record. Via the language-internal relations, the Top

Concept can be further inherited byall other related language-specific concepts. Themain purpose of

the Top Ontologyis to provide a common framework for the most important concepts in all the

wordnets. It consists of 63 basic semanticdistinctions that classifya set of 1300 ILI-records

representing the most important concepts in the different wordnets. Theclassification hasbeen verified

bythe different sites, so that it holds for all the language-specific wordnets. In section 3.4, we will

further describe the Top Ontologyand its motivation.

The domain-labels can be used directlyin information retrieval (and also in language-learning tools and

dictionarypublishing) to group concepts in a different way, based on scriptsrather than classification.

Domains can also be used to separate the generic from the domain-specific vocabularies. Thisis

important to control the ambiguityproblem in Natural Language Processing. So far we have only

included domain labels for computer terminologyin EuroWordNet. However, users of the database can

freel yadd domain labels to the ILI or adjust the top ontologywithout having to access or consider the

language-internal relations of each wordnet. In thesame wa y, it ispossible to extend the database with

other ontologies provided that theyare specified according to theEuroWordNet format and include a

proper linking to the ILI.

Once the wordnets are properlylinked to theILI, the EuroWordNet database makes it possible to

compare wordnet fragments via theILI and to track down differences in lexicalization and in the

language-internal relations. This is illustrated in Figure 3, which is taken from thegraphical interface to

the EuroWordNet database, called Periscope (Cuypers and Adriaens 1997). The top-half of the screen-

dump shows a window with a fragment of the Dutch wordnet at the left and a similar fragment of

WordNet1.5 at theright. The bottom windowshows a similar parallel viewfor the Italian and Spanish

wordnets. Each synset in these windows is represented bya rectangular box followed bythe synset

members. On the next line, the closest Inter-Lingual-Index concept is given, following the = sign

(which indicates direct equivalence). In thisview, the ILI-records are represented byan English gloss.

Bel owa synset-ILI pair, the language-internal relationscan be expanded, as is done here for the

hyperonyms. The target of each relation is again represented asa synset with thenearest ILI-equivalent

(if present). The first lineof each wordnet gives the equivalent of cello in the4 wordnets. In this case,

theyareall linked to the same ILI-record, which indirectlysuggests that theyshould be equivalent

across the wordnets as well. We also see that the hyperon yms of cello arealso equivalent in the two

windows, as is indicated bythe lines connecting the ILI-records. Apparently, the structures areparallel

across the Dutch wordnet and WordNet1.5 on theone hand and theSpanish and Italian wordnets on the

other. However, we see that the intermediate levels for bowed stringed instrument and stringed

instrument in the Dutch wordnet and WordNet1.5 are missing both in Italian and Spanish. Had we

compared other wordnet pairs, the intermediate synsets would be unmatched across thewordnets.

Figure 3: Parallel wordnet structures in EuroWordNet linked to the same ILI-records.

A further discussion on the advantages and disadvantages of different multilingual designsand the

wa ys of comparing the wordnets isgiven in Peterset al. (1998).

Summarizing, the modular multilingual design of the EWN-database has thefollowing advantages:

· it will be possible to use the database for multilingual information retrieval, byexpanding words in

one language torelated words in another language via the ILI;

· the different wordnetscan be compared and checked cross-linguisticallywhich will make them

more compatible;

· language-dependent differences can be maintained in the individual wordnets;

· it will be possible to develop the wordnets at different sites relativel yindependently;

· language-independent information such asthe glosses, the domain-knowledge and the analytic Top

Concepts can be stored onlyonce and can be made available to all thelanguage-specific modules

via the inter-lingual relations;

· the database can be tailored to a user´sneeds bymodifying theTop Concepts, the domain labels

or instances, (e.g. byadding semanticfeatures) without having to access the language-specific

wordnets;

2.2. The Language Internal Relations

The EWNdatabase isa `relational´ database in which the meaning of each word is basicallydescribed

bymeans of its relations to other word meanings. Most of the WordNet1.5 relations, commonly

accepted in various approaches to semantics, have been taken over in EWN. Nevertheless, some

changes have been made with respect to WordNet1.5:

1. the use of labels to relations that make thesemantic entailmentsmoreexplicit and precise (e.g.

conjunction of relations: a knife iseither a weapon or a piece of cutlery , a spoon is both a container

and a piece of cutlery );

2. the introduction of cross part-of-speech relations, so that different surface realizations of similar

concepts within and across languages can still be matched (e.g. between the verb adorn and the

noun adornment or the noun death and the adjective dead );

3. the addition of some extra relationsto differentiate certain shallowhierarchies (e.g. semantic role

relations between nouns and verbs, such as agent ( teacher ), patient ( student ), location ( school )

related to teach );

A crucial difference here are the relations across part-of-speech. Whereas thePrinceton WordNet

maintainsa strict division between the different parts-of-speech, manyrelationsbetween different part-

of-speech are allowed in EuroWordNet. Instead of the part-of-speech distinction, EuroWordNet makes

a fundamental difference bet ween 3 types of entities following Lyons (1977):

1stOrderEntity

Anyconcrete entity(publicly) perceiva ble bythe senses and located at anypoint in time, in a

three-dimensional space, e.g. object, substance, animal, plant, man, woman, instrument.

2ndOrderEntity

AnyStaticSituation (property, relation) or Dynamic Situation, which cannot be grasped,

heart, seen, felt as an independent physical thing. Theycan be located in timeand occur or

take place rather than exist; e.g. be, happen, cause, move, continue, occur, apply.

3rdOrderEntity

Anyunobservable proposition that exists independentlyof time and space. Theycan be true or

false rather than real. Theycan be asserted or denied, remembered or forgotten. E.g. idea,

thought, information, theory, plan, intention.

We will see that certain relations can onlyhold between certain types of entities, but that these entities

can be named often bywords with different parts-of-speech. The tests that areused to verifythe

relations are then rephrased to fit the different partsof speech but theconditionsare formulated for

entityt ypes. In section 3.4, we will further describe the ontological statusof these 3 types of entities.

EuroWordNet represents a more general semantic model that incorporates different types of important

semanticrelationsthat are extractable from dictionaries (and other sources) and of usage for NLP

applications. Thedefinition of such a broad model does not, however, implythat all possible relations

for all meanings have been provided. Given the project´s limitationsin time and budget, the encoding

of additional semantic relationshasbeen restricted to those meaningsthat can be (semi-)automatically

derived from our sources or to those meaningsthat cannot be related properlybymeans of the more

basic relations only.

Thissection is further organized as follows. First, we illustrate the kind of criteria and principles we

used to verifya relation between synsets (subsection 2.2.1.). In section 2.2.2., we describe the relation

labels and in section 2.2.3., thedifferent types of relations.

2.2.1. Criteria for the identification of relations between synsets

Following Cruse (1986), we created substitution tests or diagnostic frames to verifyrelationsbetween

synsets. Inserting two words in the test sentences will mostlyevoke a strong `normality´/`abnormality´

judgement, on the basis of which therelation can be determined. For instance, synsets are identified on

the basis of thepossibilityof a word being replaced byanother in a specific context. This can be

verified bythe possibilityof being mutuallysubstitutable in sentence (a) for nouns, and sentence (b)

for verbs:

a. X is a Noun 1 therefore X isa Noun 2 b. Y Verb(-phrase) 1 therefore Y Verb(-phrase) 2

For instance, fiddle and violin are synonyms on the basis of the`normality´ of (1a) and (1b), while dog

and animal are not, due to the `abnormality´ of (2b); in a similar way, enter and go into are synonyms,

while walk and move are not:

1a. It is a fiddle therefore it is a violin .

2a. It is a violin therefore it is a fiddle .

3a. It is a dog therefore it isan animal .

4a. *It is an animal therefore it isa dog . 3

3 `*´ is used, here and in the following examples, to indicate `semanticabnormality´.

1b. J ohn entered the room therefore John went into the room.

2b. John went into the room therefore John entered the room.

3b. The dog walked therefore the dog moved .

4b. *The dog moved therefore the dog walked .

Similar tests have been devel oped for ever yrelation in EWN, in each of the different languages. Note

that these tests are devised to detect semanticrelationsonlyand are not intended to cover differences in

register, style or dialect between words. Thetests not onlyprovide us with a common definition for

carrying out the work independentlybut can also be used byexternal people to verifythe qualityof our

work. In Alonge (1996) and Climent et al. (1996), tests aredescribed for most relations in English,

Dutch, Spanish and Italian. These documents can be downloaded from theEuroWordNet WWW-site

http://www.hum.uva.nl/~ewn . Below, we will onlygive the English tests to illustrate themeaning and

use of each relation.

In addition to the tests there are some other principles which can be used for encoding the relations.

One of them is the Economy principle (Dik, 1978) which states that a word should not be defined in

terms of more general words when there are more specific words that can do the job. If we applythisto

hyperonym y/h ypon ym y 4 the principle can be formalized as follows:

If a word W 1 is the hyperonym of W 2 and W 2 is the hyperonym of W 3 then W 3 should not be

directly linked to W 1 but to W 2 . 5

Thisprinciple should prevent intermediatelevels from being skipped, i.e. senses from being (directly)

linked too high up in the hierarchy.

A second principle isthe Compatibility principle, which can be formulated as:

If a word W 1 is related to W 2 via relation R 1 , W 1 and W 2 cannot be related via relation R n ,

where R n isdefined as a relation distinct fromR 1 .

In other words, if two word senses are linked bya particular type of relation (e.g. as synonyms), then

theycannot be linked bymeans of anyother relation (e.g. as antonyms). Although this general rule

directlyfollows from the wayin which the relations are defined, thereare cases in which it is somehow

difficult to maintain it. For instance, group nouns or collectives, such as cutlery and furniture, can

easilybe linked by hyponymy and meronymy to the terms representing individual itemsincluded in the

groups, such as fork and table respectivel y. Some relationswill then have priorityover other relations,

in the above case hypon ym yover meronym y(cf. Vossen et al., (1998), for a more detailed discussion).

Finally, we have provided in some cases more specific tests in addition to more general tests. Thisis

done because the more specific tests yield stronger intuitions on thevalidityof relations. It iseasier to

agree with a specific test than with a more general abstract test. If the specific test failsor is

questionable, it isstill possible to use the more general test.

2.2.2. Relation Labels

A major difference between the EWN database and the structure of WN1.5 isthe possibilityof adding

labels to the relations. These labels are needed to differentiate the precise semantic implicationsthat

followfrom the defined relations. The following types of labels have been distinguished:

¯ conjunction or disjunction o f multiple relations of thesametype related to a synset;

¯ (non-)factivityof causal relations;

¯ reversal of relations;

¯ negation of relations.

4 What we indicate here as hyperonymy is sometimes spelled as hypernymy (e.g., in WN). Moreover, in WN a

distinction is drawn between hyperonymy(the relation occurring between nouns) and troponymy (occurring

between verbs), because of the different nature of the relation linking verbs to their superordinates discussed in

Fellbaum (1990) (but cf. also Cruse 1986). Although we generallyagree with Fellbaum´s remarks on this issue, we

have decided tousethe traditional label hyperonymy also for the relation linking verbs. 5 Of course, since the hyponymy( or IS-A) relation is a transitive relation, W 3 will be a sub-hyponym of W 1 .

2.2.2.1. Conjunction /Disjunction

The conjunction and disjunction labels are used to explicitlymark the statusof multiple relations of the

same type displayed bya synset. In WN1.5 the interpretation is not explicit. It is a matter of practice

that e.g. multiple meronyms linked to the same synset are automaticallytaken asconjunctives: ^all the

partstogether constitute the holonym car ~. Furthermore, we see that different senses are distinguished

for words referring to parts belonging to different kinds of holonyms (e.g. door ):

door1 -- (a swinging or sliding barrier that will close the entrance to a room or building; ^he knocked

on thedoor~; ^heslammed the door ashe left~) PART OF: doorwa y, door, entree, entry,

portal, room access

door 6 -- (a swinging or sliding barrier that will close off access intoa car; ^she forgot to lock the doors

of her car~) PART OF: car, auto, automobile, machine, motorcar.

In more traditional resources, similar relations are expressed often byexplicit disjunction or

conjunction of words in the same definition. Note that thisis also donein the definition of the first

sense of door in WN1.5 where room and building arecoordinated in thegloss. In EWN, disjunction

and conjunction can be indicated explicitlyby a relation label or feature:

{airplane} {door}

HAS _ MERONYM

: c1 {door} HAS _ HOLONYM

: d1 {car}

HAS _ MERONYM

: c2d1 {jet engine} HAS _ HOLONYM

: d2 {room}

HAS _ MERONYM

: c2d2 {propeller} HAS _ HOLONYM

: d3 {airplane}

Here c1, c2 and d1, d2, d3 represent conjunction and disjunction respectivel y, where the index keeps

track of the scope of nested combinations. For example, in the case of airplane we see that either a

propeller or a jet engine constitutes a part that is combined as the second constituent with door . Note

that onedirection of a relationship can have a conjunctive index, while the reverse can have a

disjunctive one. Finally, when conjunction and disjunction labels are absent, multiple relationsof the

same type areinterpreted asnon-exclusive disjunction (and/or).

Conjunction and disjunction mayalso applyto other relations than meronym ysuch as hypon ymy: a

spoon isboth a container and a piece of cutlery at the same time. In other cases, hyperonyms are

clearlydisjunctive: an albino either is an animal , human or a plant , a threat maybe a person , idea or

thing .

2.2.2.2. Factivity

Lyons (1977) distinguishes different types of causalityon the basis of the factivityof the effect:

¯ factive: event E 1 implies the causation of E 2

^to kill causes to die~

¯ non-factive: E 1 probabl yor likelycauses event E 2 or E 1 is intended to cause some event E 2

^to se arch maycause to find~.

The label non-factive is added to a causal relation to indicatethat the relation does not necessarilyhold.

Absence of a label indicates factivitybydefault.

2.2.2.3. Reversed

It is a requirement of the database that everyrelation hasa reverse counter-part. However, thereare

relations that are conceptuallybi-directional, and othersthat arenot. In the case of

hyperonym y/h ypon ym y, the relation holds in both directions: e.g. since hammer isa hypon ym of hand

tool , hand tool is a hyperonym of hammer . In the case of, for example, a meronym yrelation the

implicational direction may, instead, vary:

hand HAS _ MERONYM finger

finger HAS _ HOLONYM hand

car HAS _ MERONYM door

door HAS _ HOLONYM car reversed

computer HAS _ MERONYM disk drive reversed

disk drive HAS _ HOLONYM computer

In thecase of finger and hand the dependencyor implication holds in both directions. In thecase of car

and door however, we see that car alwa ys implies the meronym door but door does not necessarily

implythe holonym car . For computer and disk drive , we see the opposite dependency: a disk drive isa

part of a computer but not ever y computer has a disk drive . Since relations that are stated in one

direction are automaticallyreversed in the database, it is not possible to distinguish these different

directions of implication, unless theyare labelled. Therefore, thelabel reversed is added to those

relations that are not necessarilyimplied or not conceptuallysalient but are onlythe result of the

automatic reversal. 6

2.2.2.4. Negation

The negation label negative explicitlyexpresses that a relation does not hold:

macaque HAS _ MERONYM tail

Barbaryape HAS _ MERONYM tail negative

Such a label can be used to explicitlybl ock certain implications. For instance, a macaque hasa tail.

Normally, parts are inherited along a taxonomy, thus, being a kind of macaque, the Barbary ape should

have a tail. However, a Barbary ape does not have a tail, and byusing thelabel negative this inference

can be blocked. In the following subsections, moreexamples will be given of the use of these labels

when discussing relations.

2.2.3. The subtypes of language-internal relations

The most important relation in WN1.5 is synonym y, which isimplicit in the notion of a synset. The

other relations encoded in WN1.5 are given in Table 1 together with examples for the various parts-of-

speech (POS) linked:

Table 1: WordNet1.5 Relations

Relation PoS linked Example EWN

ANTONYMY noun/noun; verb/verb;

adjective/adjective man/woman; enter/exit;

beautiful/ugly yes

HYPONYMY noun/noun slicer/knife yes

MERONYMY noun/noun head/nose yes

ENTAILMENT verb/verb buy/pa y SUBEVENT or

CAUSE

TROPONYM verb/verb walk/move HYPONYMY

CAUSE verb/verb kill/die yes

ALSO SEE verb/adjective no

DERIVED FROM adjective/adverb beautiful/beautifully yes

ANTONYM noun/noun; verb/verb heavy/light yes

ATTRIBUTE noun/adjective size/small XPOS _ HYPONYM

RELATIONAL

ADJ adjective/noun atomic/ atomic bomb PERTAINS TO

SIMILAR TO adjective/adjective ponderous/heavy no

PARTICIPLE adjective/ verb elapsed/ elapse no

6 Currently, if a new wordnet is imported in the database, a relation is expressed in one direction from the source

concept to the target concept. The database will first automaticallygenerate the corresponding reversed relation,

adding the label reversed. Onlyif the relation is also explicitlyexpressed in the other direction, the database will

remove the reverse label when resolving the relations. It is also possible to explicitlyspecifylabels in the import

file. The database will honour these specification.

The last column indicates what relations have been taken over in EuroWordNet or have been converted

to other relations.

The next two tables then give thecomplete list of Language-Internal-Relationsin EuroWordNet. The

first table gives the relationsbetween synsets, and the second table between other data types (instances

and variants or synset members). For each relation the following information is given:

i) its name,

ii) the parts of speec h linked (with an indication of the `direction´ of the linking: < or >),

iii) further relation labels that mayapply,

iv) the type of data linked (i.e. synsets, synset variantsor instances).

The part-of-speech constraints arethe formal constraints that will be checked bythe EuroWordNet

database, Polaris. Thisisbecause the part-of-speech ismore easilyverifiable than thedifferentiation

bet ween different entityt ypes. Nevertheless, underlying manylimitations between the part-of-speech

com binations are still constraints on thetypes of entities, e.g. a CAUSE relation can onlyhave a

2ndOrderEntityas a target (which can be realized as a noun, verb or adjective/adverb in the current set

of languages).

Parts of Speech:

N = noun

V = verb

AdjAdv = Adjective or Adverb

PN = pronoun or name

Labels:

dis = disjunctive

con = conjunctive

rev = reversed

non-f = non-factive

neg = negative

Data types:

Syn = synset

I = instance

VA = synset variant

Table 2: Language Internal Relations between synsetsin EuroWordNet

Relation Type Parts of Speech Labels Data Types

NEAR _ SYNONYM N<>N, V<> V Syn <>Syn

XPOS _ NE AR _ SYNONYM N<>V, N<> AdjAdv, V<> AdjAdv Syn <>Syn

HAS _ HYPERONYM N>N, V> V dis, con Syn <>Syn

HAS _ HYPONYM N>N, V> V dis Syn <>Syn

HAS _ XPOS _ HYPERONYM N>V, N> AdjAdv, V> AdjAdv, V>N, AdjAdv>N,

AdjAdv> V dis, con Syn <>Syn

HAS _ XPOS _ HYPONYM N>V, N> AdjAdv, V> AdjAdv, V>N, AdjAdv>N,

AdjAdv> V dis Syn <>Syn

HAS _ HOLONYM N>N dis, con, rev, neg Syn <>Syn

HAS _ HOLO _ PART N>N dis, con, rev, neg Syn <>Syn

HAS _ HOLO _ MEMBER N>N dis, con, rev, neg Syn <>Syn

HAS _ HOLO _ PORTION N>N dis, con, rev, neg Syn <>Syn

HAS _ HOLO _ MADEOF N>N dis, con, rev, neg Syn <>Syn

HAS _ HOLO _ LOCATION N>N dis, con, rev, neg Syn <>Syn

HAS _ MERONYM N>N dis, con, rev, neg Syn <>Syn

HAS _ MERO _ PART N>N dis, con, rev, neg Syn <>Syn

HAS _ MERO _ MEMBER N>N dis, con, rev, neg Syn <>Syn

HAS _ MERO _ MADEOF N>N dis, con, rev, neg Syn <>Syn

HAS _ MERO _ LOCATION N>N dis, con, rev, neg Syn <>Syn

ANTONYM N<>N, V<> V Syn <>Syn

NEAR _ ANTONYM N<>N, V<> V Syn <>Syn

XPOS _ NE AR _ ANTONYM N<>V, N<> AdjAdv, V<> AdjAdv Syn <>Syn

CAUSES V> V, N> V, N>N, V>N, V> AdjAdv, N> AdjAdv dis, con, non-f, rev , neg Syn <>Syn

IS _ CAUSED _ BY V> V, N> V, N>N, V>N, AdjAdv> V, AdjAdv>N dis, con, non-f, rev, neg Syn <>Syn

HAS _ SUBEVENT V> V, N> V, N>N, V>N dis, con, rev, neg Syn <>Syn

IS _ SUBE VENT _ OF V> V, N> V, N>N, V>N dis, con, rev, neg Syn <>Syn

ROLE N>V, N>N, AdjAdv>N, AdjAdv>V dis, con, rev, neg Syn <>Syn

ROLE _ AGE NT N>V, N>N dis, con, rev, neg Syn <>Syn

ROLE _ INSTRUMENT N>V, N>N dis, con, rev, neg Syn <>Syn

ROLE _ PATIENT N>V, N>N dis, con, rev, neg Syn <>Syn

ROLE _ LOCATION N>V, N>N, AdjAdv>N, AdjAdv>V dis, con, rev, neg Syn <>Syn

ROLE _ DIRECTION N>V, N>N, AdjAdv>N, AdjAdv>V dis, con, rev, neg Syn <>Syn

ROLE _ SOURCE _ DIRECTION N>V, N>N, AdjAdv>N, AdjAdv>V dis, con, rev, neg Syn <>Syn

ROLE _ TARGET _ DIRECTION N>V, N>N, AdjAdv>N, AdjAdv>V dis, con, rev, neg Syn <>Syn

ROLE _ RESULT N>V, N>N dis, con, rev, neg Syn <>Syn

ROLE _ MANNER AdjAdv>N, AdjAdv> V dis, con, rev, neg Syn <>Syn

INVOLVED V>N, N>N, V> AdjAdv, N> AdjAdv dis, con, rev, neg Syn <>Syn

INVOLVED _ AGENT V>N, N>N dis, con, rev, neg Syn <>Syn

INVOLVED _ PATIENT V>N, N>N dis, con, rev, neg Syn <>Syn

INVOLVED _ INSTRUME NT V>N, N>N dis, con, rev, neg Syn <>Syn

INVOLVED _ LOCATION V>N, N>N, V> AdjAdv, N> AdjAdv dis, con, rev, neg Syn <>Syn

INVOLVED _ DIRECTION V>N, N>N, V> AdjAdv, N> AdjAdv dis, con, rev, neg Syn <>Syn

INVOLVED _ SOURCE _ DIRECTION V>N, N>N, V> AdjAdv, N> AdjAdv dis, con, rev, neg Syn <>Syn

INVOLVED _ TARGET _ DIRECTION V>N, N>N, V> AdjAdv, N> AdjAdv dis, con, rev, neg Syn <>Syn

INVOLVED _ RESULT V>N, N>N dis, con, rev, neg Syn <>Syn

CO _ ROLE N>N rev Syn <>Syn

CO _ AGENT _ PATIENT N>N rev Syn <>Syn

CO _ AGENT _ INSTRUMENT N>N rev Syn <>Syn

CO _ AGENT _ RESULT N>N rev Syn <>Syn

CO _ PATIE NT _ AGENT N>N rev Syn <>Syn

CO _ PATIE NT _ INSTRUMENT N>N rev Syn <>Syn

CO _ PATIE NT _ RESULT N>N rev Syn <>Syn

CO _ INSTRUMENT _ AGENT N>N rev Syn <>Syn

CO _ INSTRUMENT _ PATIENT N>N rev Syn <>Syn

CO _ INSTRUMENT _ RESULT N>N rev Syn <>Syn

CO _ RESULT _ AGENT N>N rev Syn <>Syn

CO _ RESULT _ PATIE NT N>N rev Syn <>Syn

CO _ RESULT _ INSTRUMENT N>N rev Syn <>Syn

IN_ MANNER V> AdjAdv, N> AdjAdv dis, con, rev, neg Syn <>Syn

MANNER _ OF AdjAdv>N, AdjAdv> V dis, con, rev, neg Syn <>Syn

BE _ IN _ STATE N>AdjAdv, V> AdjAdv dis, con, rev, neg Syn <>Syn

STATE _ OF AdjAdv>N, AdjAdv> V dis, con, rev, neg Syn <>Syn

FUZZYNYM N<>N, V<> V Syn <>Syn

XPOS _ FUZZYNYM N<>V, V<> AdjAdv, N<> AdjAdv Syn <>Syn

Table 3: Language-Internal Relationsbetween other data typesinEuroWordNet

Relation Type Parts of Speech Labels Data Types

IS _ DERIVE D _ FROM N, V, AdjAdv (a cross all) VA<> VA

HAS _ DERIVED N, V, AdjAdv (a cross all) VA<> VA

DERIVATION N, V, AdjAdv (a cross all) VA<> VA

ANTONYM N<>N, V<> V, AdjAdv <> AdjAdv VA<> VA

PERTAINS _ TO AdjAdv>N, AdjAdv> V VA<> VA

IS _ PERTAINED _ TO N>AdjAdv, V> AdjAdv VA<> VA

HAS _ INSTANCE N>PN Syn>I

BELONGS _ TO _ CLASS PN>N I>Syn

In thenext subsections we will discuss each relation and give some examples.

2.2.3.1. Synonymy

Synonymy is thebasis for theorganization of the database in synsets. In principle all semantically

equivalent words should belong to the same synsets (wheretheycan be differentiated bylabels on the

appropriate usage). Aformal definition of synon ym y, given byLeibniz, is:

^t wo expressions are synonyms if the substitution of one for the other never change the truth

value of a sentence in which the substitution is made~

However, true synonyms are rarelyfound in language. Miller and Fellbaum (1990) therefore suggest to

use a weaker notion of synon ym y, namely ’semantic similarity’ , which isdefined as:

^two expressions are synonymous in a linguistic context C if the substitution of one for the

otherin C doesnot alter the truth value~ (Miller et al., 1990).

One such context is thus alreadysuffi cient to allowa synonym yrelation between word meanings. This

leaves room for different interpretations. Following Miller and Fellbaum (1990) and Cruse (1986),

what seems clear ishowever that synonym yshould be a symmetric relation, that is, if X is

’semanticallysimilar’ to Y, then Yis equally’semanticallysimilar’ to X, while, obvi ousl y, hypernym y-

hypon ym yshould be asymmetric.

In EuroWordNet, we further mean by semantically-equivalent that two words denote the same range

of entities, irrespective of themorpho-syntactic differences, differences in register, style or dialect or

differences in pragmatic use of the words. Another, more practical, criterion which follows from the

above homogeneityprinciple is that two words which are synonym ous cannot be related byanyof the

other semanticrelationsdefined. This would mean that, for example, thefollowing variants belong to

the same synset:

{people, folks}

{cop, pig, policeman, police officer}

but it also means that ^person~ and ^police force~ cannot belong to these synsets because thereis

another semantic relation: " member-group " that can be used to relate them (even though theyarein

manycases interchangeable in language use).

Strictlyspeaking, this definition allows for synon ym yacross parts-of-speech, e.g. "shot N", "shoot V".

However, since the distinction between part-of-speech (asan intrinsic propertyof WordNet1.5) is

crucial to manysystems using WordNet1.5 we have decided to use a separate relation for synon ym y

(and alsohypon ym y) across parts-of-speech: XPOS_NEAR_SYNONYM (see bel ow)

The above claimscan be formulated as follows for nouns and verbs:

· in anysentence S where Noun1 is thehead of an NP which is used to identifyan entityin

discourse another noun Noun2 which is a synonym of Noun1 can be used as thehead of the same

NP without resulting in semantic anomaly. And vice versa for Noun2 and Noun1.

· in anysentence S where Verb 1 is the head of a VP which is used to identifya situation in discourse

another verb Verb 2 , which is a synonym of Verb 1 , can be used as thehead of the same VPwithout

resulting in semantic anomaly. And vice versa for Verb2 and Verb1.

From thiswe can derive the following tests for synon ym ybetween nounsand verbs respectivel y:

Test 1 Synonymy betweennouns

yes a if it is (a/an) X then it is also (a/an) Y

yes b i f it is (a/an) Y then it is also (a/an) X

Conditions: X and Y are singular or plural nouns

Example: a if it is a fiddle then it is a violin

b if it is a violin then it isa fiddle

Effect: synset variants {fiddle, violin}

Test 2 Synonymy betweenverb s

yes a If something/someone/it Xsthen something/someone/it Ys

yes b If something/someone/it Ysthen something/someone/it Xs

Conditions: - X is a verb in the third person singular form

- Y is a verb in the third person singular form

- there are n o specifying PPs that apply to the X-phrase or the Y-phrase

Example: a If something/someone/it begins then something/someone/it starts

b If something/someone/it starts then something/someone/it begins

Effect: synset variants: {begin, start}

The substitution sentences for synonym yare the same as for hyponym y, with the onlydifference that

synonyms are mutuallyexclusive whereas words with a hyponym yrelation are partially

interchangeable (see below).

In manycases there isa close relation between words but not sufficient to make them members of the

same synset, i.e.: theydo not yield clear scores for the previous test or their hypon yms cannot be

interchanged. For these cases we can use the NEAR_SYNONYM relation. The next test expresses

differences in the range ofhypon yms across close concepts:

Test 3 Near_synonymy between nouns that differ in range of hyponyms.

yes a if it is a/an X then it is also a kind of Ybut you usually do not call Z n Ys

yes b if it is a/an Y then it is also a kind of Xbut you usually do not call Z m Xs

Conditions: Z n are hyponyms of X, Z m are hypnymsof Y.

Example: a if it is a tool then it is also an instrument but you usually do not call

hammers, screw drivers, etc. instruments

b if it is an instrument then it is also a tool but you usually do not call measure

intruments, musical instruments , etc. tools

Effect: tools NEAR_SYNONYM instrument

instrument NEAR_SYNONYM tools

Using theNEAR_SYNONYMY relation we can keep sets of hypon yms separatewhilewe can still

encode that two synsets are closer in meaning than other co-hypon yms, e.g. tool versus body ,

instrument versus fruit which are all subt ypes of object .

We mentioned that WordNet1.5 maintainsa strict separation between the different parts-of-speech, but

in EuroWordNet explicit relationsacross parts-of-speech mayoccur. The first relation to be discussed

is synon ym yacross part-of-speech, asbetween ^move~ and ^movement~. The POS difference leads to

subtle differences in meaning (such as argument reduction of nominalizations) but in manycases

languages offer a choice between a noun, verb or adjective to namethe same situation or event. Even

stronger, there aremanycases of part-of-speech mismatch across languages, which can onlybe

translated bydifferent morpho-syntactic realizations.

Cross-part-of-speech relations are often derivational, but verydifferent meanings can be associated

with these derivations, e.g. thenoun cut can both be the event or the result of the event. Since this

information isnot always predictable it isuseful to make therelation explicit. In thissubsection, we

will discuss near-synonym yrelationsacross part-of-speech. Later we will also describe cross-pos

hypon ym y, antonym yand causal relations across parts of speech. In all these cases there is no type-

shift. The nouns, verbs and adjectives all refer to situations and events or 2ndOrderEntities. Type

shifting relations across part of speech, such asbetween the cutting event and the cutting instrument,

will be discussed as ROLEs.

Type-persistent relationsacross parts-of-speech can be tested using frames that explicitlycompensate

for thesyntactic differences between the word pairs. The following tests express a synonym yrelation

bet ween nounsand verbs in general:

Test 4 XPOS_Near_Synonymy between nouns andverbs

yes a If there is a case of a/an X then something/someone/it Ys

yes b If something/someone/it Ysthen there isa case of a/an X

Conditions: - X is a noun in the singular

- Y is a verb in the third person singular form

- there are no specifying PPs that apply to the X-phrase or the Y-phrase

- preferably there is a morphological link between the noun and the verb

Example: a If there is a case of a movement then something moves

b If something movest hen there isa case of a movement

Effect: movement N XPOS_NEAR_SYNONYM move V

move V XPOS_NEAR_SYNONYM movement N

The distinction between hypon ym yand synonym yis not always clear-cut. Sometimes concepts can be

ver yclose showing onlya verylimited specialization. In the case of relations across part-of-speech we

can at least formulate the extra conditions that a strong morphological link between thetwo words is

preferred, as is here the case for movement and move .

Whereas theprevious test works both for non-dynamic states and dynamic events, the next tests only

applyto dynamic or static events:

Test 5 XPOS_Near_Synonymy between event-denoting nouns and verbs

yes a if a(n) X takes place then something/somebody/it Ys

yes b if something/somebod y/it Ys then a/an X takes place

Conditions: - X is a noun in the singular

- Y is a verb in the third person singular form

- there are no specifying PPs that apply to the X-phrase or the Y-phrase

- preferably there is a morphological link between the noun and the verb

Example: X = movement

Y = move

Effect: movement N XPOS_NEAR_SYNONYM move V

move V XPOS_NEAR_SYNONYM movement N

Test 6 XPOS_Near_Synonymy between state-denoting nouns and verbs

yes a If there is a state of X then somethin g/someone/it Ys

yes b If something/something/it Ys then there is a state of a/an X

Conditions: - X is a noun in the singular

- Y is a verb in the third person singular form

- there are no specifying PPs that apply to the X-phrase or the Y-phrase

- preferably there isa morphological link between the noun and the verb

Example:

yes a If there is a state of sleep then something/someone/it sleeps

yes b If something/something/it sleepsthen there isa state of a/an sleep

Effect: sleep N XPOS_NE AR_SYNONYM sleep V

sleepV XPOS_NEAR_SYNONYM sleep N

Example: a If something/someone/it exists then there is a state of existence

b If there is a state of existence then something/someone/it exists

Effect: to exist (X) XPOS_NEAR_SYNONYM existence (Y )

existence (Y) XPOS_NEAR_SYNONYM to exist (X)

The next tests are similar to theprevious ones but applyto adjectives/adverbs and nouns or verbs that

denote non-dynamic states. Thetest is onlydifferent in so far that adjectives/adverbs need a copula to

occur in the same sentence as above:

Test 7 XPOS_Near_Synonymy between state-denoting nouns and

adjectives/adverbs

yes a If there is a state of X then something/someone/it is Y

yes b If something/someone/it is Ythen there isa state of a/an X

Conditions: - X is a noun in the singular

- Y is an adjective

- there are no specifying PPs that apply to the X-phrase or the Y-phrase

- preferably there is a morphological link between the noun and the adjective

Example: a If there is a state of popverpty then something/someone/it ispoor

b If something/someone/it is poor then there is a state of a/an poverty

Effect: poverty N XPOS_NEAR_SYNONYM poor A

poor A XPOS_NEAR_SYNONYM poverty N

Test 8 XPOS_Near_Synonymy between state-denoting v erbs and adjectives/

adverbs

Yes a if something/someone/it Xs then something/someone/it is Y

Yes b if something/someone/it is Ythen something/someone/it Xs

Conditions: - X is a verb in the third person singular form

- Y is an adjective

- there ar e no specifying PPs that apply to the X-phrase or the Y-phrase

- preferably there is a morphological link between the noun and the verb

Example: a if someone/it livesthen someone/it is alive

b if someone/it isalive then someone/it lives

Effect: to live (X) XPOS_NEAR_SYNONYM alive (Y)

alive (Y) XPOS_NEAR_SYNONYM to live (X)

2.2.3.2. Hyponymy

As argued in Fellbaum (1998), hypon ym yis the most fundamental relation around which thewordnets

are constructed. Chainsof hyponym yrelations such as:

taxi HAS_HYPERONYM car HAS_HYPERONYM motor vehicle HAS_HYPERONYM vehicle HAS_HYPERONYM

instru ment HAS_HYPERONYM object HAS_HYPERONYM entity

can form the backbone of a knowledge base or lexicon, via which rich semanticspecifications can be

inherited in a consistent wa yto thousands of more specific concepts. In WordNet, multiple hyperonyms

have occasionallybeen encoded. In EuroWordNet, we have tried to encode multiple hypon ym y

relations more comprehensively. However, hierarchical structures quicklybecome ver ycomplex once

this is allowed, and consistencyshould be checked byactuallyimplementing and applying inheritance.

Anyhierarchical structureshould therefore be populated with features that can be tested against a

corpus or bysome task, to verifyits quality.

Hyperon ym yand hypon ym yare inverse relations, which roughlycorrespond to the notion of class-

inclusion: if Y isa kind of X, then Xis hyperonym of Y and Yis an hyponym of X. Both relationsare

asymmetric and transitive. A hypon ym yrelation implies that thehyperon ym (the more general class)

maysubstitute the hypon ym (the more specific subt ype) in a referential context but not theother wa y

around. Areferential context is a context where onlythe denotational range (the set of discourse

entities) is considered (grammatical, register, pragmatic and other non-semantic properties of the

considered words or context are neglected). Given these constraints there must be a full inclusion of the

set of entities denoted bythe hyponym in the set of entities denoted bythe hyperon ym. An extra

constraint can be that there must be multiple co-hypon yms to result in a genuine hypon ym yrelation.

Thismeansthat the denotation of the hyponym is never equal to the denotation of the hyperonym, i.e. it

must be a proper subset.

The same substitution principle as discussed above for synonym ycan thus be applied to hyponym y

relations but it onlyholds in one direction. However, to more clearlyelicit the difference in specificity

the tests have been extended with general specifying phrases. In addition to the formal substitution-

sentences we can state that:

If a pair of words W1 and W2 fits thetest frame then there should be at least one other word

W3 which fitsthis frame in relation to W2 so that W1 and W3 are so-called co-hypon yms of

W2. The presence of co-hypon yms is a necessityto establish a genuine hypon ym yrelation.

In thenext test three different paraphrases are used which elicit the implicational relation between the

hypon ym and the hyperonym.

Test 9 Hyponymy-relation between nouns

yes a A/an X is a/an Ywith certain properties)

It is a Xand therefore also a Y

If it is a Xthen it must be a Y

no b the converse of any of the (a) sentences.

Conditions: - both Xand Yare singular nounsor p lural nouns

Example: a A car is a vehicle with certain properties

b ?A vehicle is a car with certain properties

a It is a car and therefore also a vehicle

b ?It is a vehicle and therefore also a car

a If it is a car then it must be a vehicle

b ?I f it isa vehicle then it must be a car

Effect: car N HAS_HYPERONYM vehicle N

vehicle N HAS_HYPONYM car N

Without thespecifying phrase, thistest can also be used for synonym y. The next test indicates a more

specifi c type of hyponym ybet ween kinds, species, races and brands:

Test 10 Hyponymy-relation between nouns of speciesand classes, which is

reflectedby the explicit hyponymy nouns such as sort/kind, type, race,

species.

yes a A/an X is a kind/type/race/species/brand of Y(s)

no b the conv erse of the (a) sentence.

Conditions: - X is a singular noun

- Y is a singular or plural noun

Example: a A mercedesisa kind ofcar

b ?A car isa kind ofmercedes

Effect: mercedes N HAS_HYPERONYM car N

car N HAS_HYPONYM merdeces N

Thistest cannot be used for synonym y.

A general criterion for testing hyponym ybet ween verbs is the following:

A verb synset X isa hypon ym of another verb synset Y (and, bythe same token, Ya

hyperonym of X) if He is X-ing entailsbut is not entailed by He is Y-ing .

The following sentences then should be true and false respectivel y:

- He Vs 1 therefore he Vs 2 yes

- He Vs 2 therefore he Vs 1 no

Clear yes-no = V 1 isa hyponym of V 2 (and V 2 isa hyperon ym of V 1 )

Thisgeneral test is however not sufficient, because it does not distinguish between verbs connected by

a hypon ym yrelation and verbs connected bya more general entailment relation. In fact, in this test, V 1

could be, for instance, to snore and V 2 could be to sleep (indeed, He is snoring entails but isnot

entailed by He is sleeping ), which are not connected bya hyponym yrelation. Thetest should be

reformulated as a more specific phrase. Since each hypon ym is equivalent to a paraphrase in which its

hyperonym is syntagmaticallymodified, we can state the following formal criteria for the definition of

hyperonym y/h ypon ym y :

Test 11 Hyperonymy/hyponymy betweenverb synsets

yes a to Xis to Y + AdvP/AdjP/AdjP/NP/PP

no b to Yis to X + AdvP/AdjP/NP/PP

Conditions: - X is a verb in the infiniti ve form

- Y is a verb in the infinitive form

- there isat least one specifying AdvP, NPor PP that applies to the Y-phrase

Example: a to run is to go fast

b * to go isto run fast

Effect: {to run} (X) HAS_HYPERONYM {to go} (Y)

{to go} (Y) H AS_HYPONYM {to run} (X)

As is the case for near_synonym y, hyponym ycan also be established between words with different

partsof speech. Thisrelation also come in inverse pairs. In the previous section, we have seen some

test sentences for synon ym y-relations across parts-of-speech. In principle these tests can also be used

as a basis for hypon ym y-tests with some additionsto elicit the difference in specificit y:

Test 12 XPOS_Hyponymy of nouns and verbsdenoting events

yes/no a If a/an Xtakesplace then something/someone/it Ys + NP, PP (in a certain

way)

no/yes b If something/someone/it Ysthen there isa/an Xtakes place

Conditions: - X is a noun in the singular

- Y is a verb in the third person singular form

- there should be at least one specifying NP or PP that makes the Y-phrase

equivalent to the X-phrase or the other way around.

- preferably there is no morphological link between the noun and the verb

Example: a If an election takesplace, then somebody votesfor a political party

no/yes b If someone votes for a political party then an election takesplace

Effect: {election}N (X) HAS_XPOS_HYPERONYM {to vot e}V (Y)

{to vot e} V (Y) HAS_XPOS_HYPONYM {election}(X)

The reversal of the score leadsto a reversion of the hypon ymy: noun-to-hyperonym-verb or verb-to-

hyperonym-noun. Aslong as one direction has a clear positive score and the other direction hasa clear

negative score we are dealing with a hypon ym yrelation.

The next test onlyapplies nounsand verbs expressingnon-dynamicsituations or states:

Test 13 XPOS_Hyponymy betweenstate-denoting nouns andverbs

yes/no a if there is a state of Xthen something/someone Ys + NP, PP (in a certain

way)

no/yes b if someone/something/it Ys then a state ofa/an certain Xappli es

Conditions: - X is a noun in the singular

- Y is a verb in the third person singular form

- there should be at least one specifying NP or PP that makes the Y-phrase

equivalent to the X-phrase or the other way around.

- preferably there is no m orphological link between the noun and the verb

Example: a If there is a state of paranoia then someone fears something intensively

b * If someone fearssomething then there isa certain state of paranoia

Effect: paranoia (Y) HAS_XPOS_HYPERONYM to fear (X)

to fear (X) HAS_XPOS_HYPONYM paranoia(Y)

The next test elicitshyponym ybet ween adjectives/adverbs and nouns that denote non-dynamic

situations or states:

Test 14 XPOS_Hyponymy betweenstate-denoting nouns andadjectives

yes/no a if there is a state of Xthen something/someone/it isY in a certain way

no/yes b if something/someone/it is Ythen a state ofa/an Xapplies

Conditions: - X is a noun in the singular

- Y is an adjective

- there isat least one specifying adverb, NP or PP that applies to the X-

phrase or the Y-phrase

- preferably there is a no morphological link between the noun and the

adjective

Example: a If there is a state of brain-death then someone is dead in a certain way

b *if something/someone/it isdead then a state of a/an brain-death applies

Effect: brain-death (Y) HAS_XPOS_HYPERONYM dead (X)

dead (X) HAS_XPOS_HYPONYM brain-death(Y)

Note that the XPOS_HYPONYMY relation can also be used to relate nouns that head a class of

adjectival values:

size XPOS_HYPONYMs small, big, medium.

col our XPOS_HYPONYMs black, white, blue, green, yellow, red.

taste XPOS_HYPONYMs sour, sweet, bitter.

shape XPOS_HYPONYMs round, rectangular, cubic, triangular, oval.

In WordNet1.5, these cases are related bythe ATTRIBUTE relation between nounsandadjectives.

Finally, the next test elicits hyponymy between static verbsand adjectives:

Test 15 Xpos_Hyponymy betweenstate-denoting verbs andadjectives/adverbs

yes a If something/someone/it is Ythen something/someo ne/it Xs +

AdvP/AdjP/NP/PP

no b If something/someone/it Xsthen something/someone/it is in a certain state of

being Y

Conditions: - X is a verb in the third person singular form

- Y is an adjective

- there isat least one specifying AdvP, NPor PP that applies to the X-phrase

- preferably there is no morphological link between the adjective and the

verb

Example: a If someone is horrified then someone fears something intensively

b * If someone fearssomething then someone isin a certain state of being

horrified

Effect: horrified (Y) HAS_XPOS_HYPERONYM to fear (X)

to fear (X) HAS_XPOS_HYPONYM horrified (Y)

2.2.3.3. Antonymy

Antonym yrelates lexical opposites, such as^to ascend~ and ^to descend~, ^good~ and ^bad~ or

^justice~ and ^injustice~. It is clear that antonym yis a symmetric relation, but little more can be said,

since it seems to encode a large range of phenomena of opposition, e.g. ^rich~ and ^poor~ are scalar

opposites with manyvalues in between theextremes, ^dead~ and ^alive~ can be seen as complementary

opposites (Cruse 1987).

It is also unclear whether antonym ystands between either word forms or word meanings. For instance,

^appearance~ and ^arrival~ are, in the appropriate senses, synonyms; but linguistic intuition says that

the appropriateantonyms are different for each word (^disappearance~ and ^departure~). With respect

to this, EWN will assume the solution adopted byMiller’s WordNet, that is, antonym yis considered to

be a relation between word forms, but not between word meanings-namelysynsets. Therefore, in the

example above, the antonym yrelation will hold between ^appearance~ and ^disappearance~, ^arrival~

and ^departure~ asword forms. In those cases that antonym yalso holds for the other variants of the

synset we use a separate NEAR_ANTONYM relation. Finally, we ma yfind cases in which thereis an opposition between synsets with different parts-of-speech. Just as with thesynon ym yand hypon ym y

relations we store these relationsasXPOS_NEAR_ANTONYM relations.

Antonyms typicall yform contrasting categories within the same dimension. Thismeansthat an

Antonym not onlycontrastswith another antonym in one or more features (e.g. animate/inanimate) but

that theyhave to share the same hyperonym: i.e. theyhave to be competitors within a reasonable

denotational range. Thislatter criterion preventsus from contrasting irrelevant pairssuch as ^car~ and

^love~. An antonym ytest therefore has to consist of two parts: one part expressing thecontrast and one

part expressing the shared dimension or hyperon ym

Test 16 Antonymy between nouns

yes a X and Y are both a kind of Z but X is the opposite of Y

yes b the converse of (a)

Conditions: - X and Y are singular or plural nouns

- Z isa hyperonym of both X an d Z and within a reasonable, competitive

denotational range.

Example: a man and woman are both a kind of human being but man is the opposite of

woman

b woman and man are both a kind of human being but woman is the opposite

of man

Effect: man- N ANTONYM woman-N

woman-N ANTONYM man-N

Verbal opposition isoften revealed bymorphological structure: tie / untie , appear / disappear ,

approve / disapprove , etc. However, in other cases, the antonym yrises from theopposition between

adjectives or direction incorporated within the meaning of verbs, e.g. in Italian: abbellire / imbruttire

( prettify / uglify ), dimagrire / ingrassare ( slim / fat ), entrare / uscire - to go in/to go out, salire / scendere - to

go up/to go down). Finally, a special class of verbal antonyms in WN1.5 occur within the same

semanticfield and r̂efer to thesameactivity, but from the viewpoint of different participants~

(Fellbaum 1990:51): lend / borrow , teach / learn , buy / sell , etc.

Test 17 Antonymy between verb

yes a If something/someone/it Xsthen so mething/someone/it does not Y

yes b If something/someone/it Ysthen something/someone/it does not X

Conditions: - X is a synset variant in the third person singular form

- Y is a synset variant in the third person singular form

i. - X and Y are memb ersof co-hyponym synsets

ii. - there isa hyperonym of X which isopposite to a hyperonym of Y

iii. - the situation referred to by Xhas an addressee and the addressee is the

protagonist of the situation referred to by Y

Example: ia If he getsfat the n he doesnot get thin

ib If he getsthin then he doesnot get fat

iia If he sellsthen he does not buy

iib If he buys then he does not sell

iiia If he givesthen he does not take

iiib If he takes then he does not give

Effect: {to get fat, to pu t on weight}

NEAR_ANTONYM {to get thin, to lose weight}

{to sell, to exchange formoney}

NEAR_ANTONYM {to buy, to purchase, to take}

{to give}

NEAR_ANTONYM {to take, to take away}

If theantonym yrelation holds between all variants, the relation is NEAR_ANTONYM, otherwise it is

ANTONYMY. Antonym ybetween different POS is onlyallowed between synsets (and not variants):

Test 18 XPOS_Antonymy between dynamic verbs andnouns

yes a If something/someone/it Xsthen a/an Y does not take place

yes b If a/an Ytakesplace then something/someone/it doesnot X

Conditions: - X is a verb in the third person singular form

- Y is a noun in the singular

- X and Y are (XPOS) co-hyponyms

Example: a If someone falls asleep then awakening doesnot take place

b If awakening takes place then someone does not fall asleep

Effect: {to fall asleep} (X) XPOS_NEAR_ANTONYM {awakening} (Y)

Test 19 XPOS_Antonymy between static verbs andnouns

yes a If something/someone/it Xsthen somet hing/someone/it is not in a state of Y

yes b If something/someone/it is in a state of Y then something/someone/it does

not X

Conditions: - X is a verb in the third person singular form

- Y is a noun in the singular

- X and Y are (XPOS) co-hyponyms

Example: a If someone loves someone then someone isnot in a state of hate

b If someone is in a state of hate then someone isnot loving

Effect: {to love} (X) XPOS_NEAR_ANTONYM {hate} (Y)

Test 20 Antonymy between verbs andadjectives(or adverbs)

yes a If something/someone/it Xsthen something/someone/it is not Y

yes b If something/someone/it is Ythen something/someone/it does not X

Conditions: - X is a verb in the third person singular form

- Y is an adjective

- X and Y are (XPOS) co-hy ponyms

Example: a If someone sleeps then someone is not awake

b If someone is awake then someone doesnot sleep

Effect: {to sleep} (X) XPOS_NEAR_ANTONYM {awake} (Y)

2.2.3.4. Meronymy

Most scholars in Lexical Semantics (e.g. Cruse, 1986) and Psycholinguistics (e.g. Winston et al. 1987)

also claim that the so-called Part-Whole relation is a familyof relations. Themost salient subtypes are:

(i) bet ween (thenounsstanding for) a whole and their constituent parts (^part~, e.g. ^hand~-

^finger~);

(ii) bet ween a portion and the whole from which it has been detached (^portion~, e.g. ^ingot~-

^metal~);

(iii) bet ween a place anda wider place which includes it (^location~, e.g. ^oasis~-^desert~);

(iv) bet ween a set and their members (e.g. ^fleet~ -^ship~);

(v) bet ween a thing and the substance it ismade of (^made-of~, e.g. ^book~-^paper~).

In EuroWordNet, we decided to limit part-whole relations to these five t ypes. A general unspecified

relation is used to cover unclear cases. A further differentiation ismade between unique and non-

unique parts. Unique parts belong to one type of whole, e.g. finger which is onlya part of hand , non-

unique partscan belong to a diverse range of wholes, e.g. window which can be a part of a building ,

vehicle , container , etc.. Whether or not a part is unique follows from the fact that there are multiple

disjunctive wholes to which it islinked.

Also thePart-Whole relations come in inverse pairs, namelyholonym and meronym - if X is the

holonym of Y, Y isthe meronym of X. Likewise, we defined one general relation HAS_HOLONYM

(and itsinverse HAS_MERONYM) and five subt ypes of them, namely

- HAS_HOLO_PART and HAS_MERO_PART

- HAS_HOLO_PORTION and HAS_MERO_PORTION

- HAS_HOLO_LOCATION and HAS_MERO_LOCATION

- HAS_HOLO_MEMBER and HAS_MERO_MEMBER

- HAS_HOLO_MADEOF and HAS_MERO_MADEOF

As explained above, the automaticallyreversed relationswill get the label reversed . In theexamples

bel owwe will not express this because the tests do not makeclear which direction of the relation was

explicitlycoded and which direction was theresult of automatic reversal.

Test 21 General meronymy for nouns

yes a (a/an) Xmakes upa part of (a/an) Y

(a/an)Y has (a/an) Xs

no b the converse of the a) relations

Conditions: X and Y are concrete nounsand are interpreted gene rically

Effect: X HAS_HOLONYM Y

Y HAS_MERONYM X

Test 22 MEMBER/GROUP meronymy for nouns using a relational member-

noun

yes a (a/an) Xisa member/element of (a/an/the) Y

no b the converse of a)

Conditions: - X is a single object-denoting noun

- Y is a multiform noun (either a group-noun, a collective-noun or as a

lexicalized plural denoting multiple objects)

- preferably humans, animals, plants or vehicles or closed sets such as the

number system, or the alphabet.

Example: a a player is a me mber of a team

*b a team is a member of a player

Effect: player HAS_HOLO_MEMBER team

team HAS_MERO_MEMBER player

Several studies suggested that the portion-of relation differs in several aspects from other meronym y

relations:

(i) the whole always pre-exist the portion;

(ii) usuallyportions (as concepts) do not receive a separate lexical item but are realized bysense

extension (for instance, there isno lexical item equivalent to ^portion of cake~);

(iii) boundaries of portionsusuallyare not defined;

Sometimes portions are sufficientlycommon in a particular language to become lexicalized. These

lexical items will be linked to their wholes bymeans of a has_holo_portion link according to the

following test:

Test 23 PORTION meronymy for nouns using a relat ional amount-noun

yes a (a/an) Xisan (amount/piece/portion) of Y

no b the converse of (a)

Conditions: X and Y are substance denoting nouns

Example: a a drop is an amount of liquid

*b a liquid is an amount of a drop

Effect: drop HAS_MERO_PORTION liq uid

liquid HAS_HOLO_PORTION drop

The has_holo/mero_part relation typicallyrelates components to their wholes, namely: something

which iseither topologicall yor temporallyincluded in a larger entityand which aswell bears some

kind of autonomy(non-arbitraryboundaries) and a definite function with respect tothe whole.

Test 24 PART meronymy for nouns

yes a a/an Xis a component of a/an Y

yes b a/an Yis a whole/system/complex/network/arrangement/construction of

parts/componentsamong which a/an X

Conditions: X and Y are concrete nounsdenoting objects, there must be several Xs

Example: a a wheel is a component of a car

*b a car isa component ofa wheel

Effect: wheel HAS_HOLO_PART car

car HAS_MERO_PART wheel

The condition states that theremust be multiple components (which can be of the same type) and that

both the holonym and the meronym should be concrete objects. Complex holonyms can also contain

substances but in that case theMADE_OF relation isused.

There are two basic wa ys of viewing entities in theworld, namelyeither as an individuated thing or as

the stuff from which theyare made of. This way, for instance a book can be alternativel ynamed ^a

book~ or ^paper~. The relation between things and the stuff which compose them is called MADE_OF.

It is defined bythe suitabilityof the following test:

Test 25 MADEOF meronymy for nouns

yes a a/an Xis made of Y

no b the converse of (a)

Conditions: - X is a concrete object

- Y is a concrete substance

Example: a a stick isma de of wood

*b wood ismade of stick

Effect: stick HAS_MERO_MADEOF wood

wood HAS_HOLO_MADEOF stick

Place nouns form an important set in a lexical database. Space, in a general sense, isbydefinition

contiguous and the sub-division in more inclusive pieces of space largelyseems to be a matter of

lexicalisation. Nounsfor places must stand in a relation of lexical-semantic inclusion to the nouns of

the larger places which include them; a relation which is parallel to thetopological ’real-world’ relation

which stands between theplaces named.

Test 26 LOCATIONmeronymy for nouns

yes a (a/an/the) X is a place located in (a/an/the) Y

no b the converse of (a)

Conditions: - X is a concrete noun

- Y is a concrete noun

Example: a the centre is a place located in a city

*b the city isa place located in a centre

Effect: centre HAS_HOLO_LOCATION city

city HAS_MERO_LOCATION centre

2.2.3.5. ROLE and INVOLVED

So far, all relationsthat have been discussed are between entities of the same paradigmatic type.

Synonym y, hyponym y, antonym yand meronym y(within or across part-of-speech) can onlybe

expressed either between pairs of 1st, 2nd or pairs of 3rdOrderEntities respectivel y, but never across

these types. All these relationsare therefore type-persistent. In thissection we will describe the

relations that can onlybe expressed across different ontological types, more specifically, the different

roles and functionsthat 1st and 3rdOrderEntities mayhave in events(2ndOrderEntities).

From a cognitive point of view, function isone of themajor features that organizes human knowledge.

Likewise, functionalityis widelyreflected in the lexicon. Languages are rich in derivational procedures

that generate nounsfrom verbs or the other wayround along a functional dimension -e.g. run/runner ,

telephone/to telephone . In such cases, thereis a tight semantic relation between both lexical units that is

potentiallyuseful for linguistic engineering tasks. Functional relations are often related to telicitybut,

since theyalso cover other aspects of semantic entailment, theywill be referred to as - more generically

- involvement relations.

If therelation goes from a concrete or mental entity(onlynounsdenoting 1st or 3rdOrderEntities) to

verbs or event denoting nouns (2ndOrderEntities), it will be called role , the inverse from events

(2ndOrderEntities) to concrete or mental entities (nouns) is called involved . For instance, the verb to

hammer will directlybe linked to thenoun hammer bymeans of the INVOLVED_INSTRUMENT

relation and the latter will be related back bya ROLE_INSTRUMENT relation to the verb. Similarly,

the noun carpenter can be connected with theverb to hammer bymeans of the ROLE_AGENT

relation, and the correspondent link from theverb to the noun (i.e., to hammer -->

INVOLVED_AGENT --> carpenter ) is then automaticallyderived. The verb hammer will thushave several INVOLVED relations, some of them being labelled as reversed, others perhaps as disjuncts

(e.g. multiple agents connected to it).

Although the ROLE/INVOLVED relations often correlate with the kind of argumentsthat a verb

requires as itscomplements, theydo not necessarilycoincide with them. For instance, a verb like to

move , in itsinchoative sense, allows both agent and patient arguments, but has no particular `involved-

agent´ or `involved-patient´ in itsmeaning. That is, themeaning of the verb does not motivate a link to

anyspecific involved-argument. On the other hand, a verb like sgambettare (an Italian verb meaning to

kick one´s legs about and onlyused to refer to a movement performed byba bies) does incorporate a

specifi c `agent-protagonist´ which differentiates it from other movements. Thiswill be encoded by

means of the relation INVOLVED_AGENT --> babies

Also note that ROLE/INVOLVED relations are not the same asselectional restrictions. The instrument

of ^to hammer~ can be anyphysical object and is not necessarilyrestricted to theinstrument

^hammer~. However, the relation to the instrument ĥammer~ is a conceptuallysalient and will

immediatelybe triggered regardless of the context.

In addition to the general relation ROLE/INVOLVED, we distinguished: AGENT, PATIENT,

INSTRUMENT, RESULT, LOCATION, DIRECTION, SOURCE_DIRECTION,

TARGET_DIRECTION, where each relation isdifferentiated in both direction as a ROLE and an

INVOLVEMENT. The differentiation is based on the need for these relations to encode and clarify

concepts in theprocessed lexicons. There isno fundamental reason for making thischoice or for not

distinguishing more relations.

Just aswith the meronym yrelations, the general relation ROLE/INVOLVED isused for cases where

the tests or the criteria for extracting these relationsfrom resources cannot discriminate between the

subt ypes. The general test for a ROLE/INVOLVED relation is as follows:

Test 29 INVOLVED/ROLE as general relation

yes (a/an) Xisthe one/that who/which is typically involved in Ying

Conditions: X is a noun

Y is a verb in the infinitive form

Example: A hammer is that which is ty picall yinvolved in hammering

Effect: {hammer} (X) ROLE {tohammer} (Y)

{to hammer} (Y) INVOLVED {hammer} (X)

The next tests can then be used to elicit more specific involvements.

The first two relationsAGENT and PATIENT are based on the notions of ’proto-agent’ and ’proto-

patient’ asdefined byDowt y(1988). According to Dowt y, various properties implied within the

meaning of a verb contribute to the definition of proto-roles:

(1) Typical properties for the Agent Proto-Role:

a. volition

b. sentience (and/or perception)

c. causes event

d. movement

(2) Typical properties for the Patient Proto-Role:

a. change of state (including come-into-being, cease-to-be)

b. incremental theme

c. causallyaffect ed byevent

d. stationary

A proto-agent does not need to have all the properties indicated, but, among theargumentsof a verb, it

is the one which hasmore proto-agent properties. Thefollowing tests can be used to elicit typical

agents and patientsin general:

Test 28 Agent Involvement

yes a (A/a n) X is the one/that who/which does the Y, typicallyintentionally.

Conditions: - X is a noun

- Y is a verb in the gerundive form

Example: a A teacher isthe one who does theteaching intentionally

Effect: {to teach} (Y) INVOLVED_AGENT {teacher} (X)

Test 29 Patient Involvement

yes a (A/an) X is the one/that who/which undergoes the Y

Conditions: - X is a noun

- Y is a verb in the gerundive form

Example: a A learner is the one who undergoes the learning

Effect: {to learn} (Y) INVOLVED_PATIENT {learner} (X)

RESULTs are a special kind of PATIENTs. In thiscase, the entityis not jut changed or affected but it

comes into existence as a result of the event:

Test 30 Result Involvement

yes a (A/an) X is comes into existence asa result of Y

yes b (A/an) X is the result of Y

yes c (A/an) X is created byY

Conditions: - X is a noun

- Y is a verb in the gerundive form and a hyponym of ^make~, ^produce~,

^generate~.

Example: a a crystal comes into existence as a result of crystalizing

b a cryst al is the result of crystalizing

c a crystal is created bycrystalizing

Effect: {to crystalize} (Y) INVOLVED_RESULT {crystal} (X)

Note that RESULTs are strictlyconcrete entities (1stOrder) or mental objects such as ideas (3rdOrder).

Situations that result from other situations are related bythe CAUSE relation (see below). Furthermore,

the event should be a resultative verb, i.e. a hypon ym of concepts such as make, produce, generate .

A different type of relation isINSTRUMENT, which mostlyapplies to inanimate entities used by

animate entities to get some effect or result:

Test 31 Instrument Involvement

yes a (A/an) X is either i) theinstrument that or ii) what is used to Y (with)

Conditions: - X is a noun

- Y is a verb in the infinitive form

Example(1): An hammer isthe instrument that isused tohammer

Effect: {hammer} (X) ROLE_INSTRUMENT {to hammer} (V)

Effect: {to hammer} (Y) INVOLVED_INSTRUMENT {hammer} (X)

Example(2): A sailing boat iswhat is used to sail with

Effect: {sail} (X) ROLE_INSTRUMENT {to ail} (V)

Example(1): Pen/Ink/Paper is what isused to write

Effect: {pen} (X) ROLE_INSTRUMENT {to write} (X)

{ink} (X) ROLE_INSTRUMENT {to write} (X)

{paper} (X) ROLE_INSTRUMENT {to write} (X)

Two t ypes of location involvements are distinguished. The place where something takes place iscalled

LOCATION and the place to or from where movement isdirected iscalled DIRECTION:

Test 32 Location Involvement

yes a (A/an) X is the place where the Yhappens

Conditions: - X is a n oun

- Y is a verb in the gerundive form

Example: a A school is the place where the teaching happens

Effect: {school} (X) ROLE_LOCATION {to teach} (Y)

{to teach} (Y) INVOLVED_LOCATION {school} (X)

Test 33 Direction Involvement

yes a It is possible to Y from/to/over/across/through a place (X)

Conditions: - Y is a verb in the infinitive form

Example: a It is possible to pass though a place

Effect: {to pass} (Y) INVOLVED_DIRECTION {place} (X)

The DIRECTION relation is then further differentiated into:

Test 34 Source-Direction Involvement

yes a (A/an/the) Xisthe place from whereYing begins/starts/happens / one Ys

Conditions: - X is a noun

- Y is a verb

Example: a The start is the place from where the racing starts

Effect: {to race} (Y) INVOLVED_SOURCE {the start} (X)

Test 35 Target-DirectionInvolvement

yes a (a/an/the) X is the place to which Yinghappens / one Ys

Conditions: - X is a noun

- Y is a verb

Example: a The ground is the place to which one collapses/fallshe avily

Effect: {to collapse, to fall heavily} (Y)

INVOLVED_TARGET_DIRECTION

{ground} (X)

The INVOLVED_DIRECTIONrelation is useful to distinguish different incorporationsin a language

(e.g., the Italian verb nuotare (to swim) has no INVOLVED_DIRECTION) and among differences of

lexicalisation across languages (e.g., to swim has a generic INVOLVED_DIRECTION).

2.2.3.6. CO_ROLE

Especiallyin Germaniclanguages, manycompounds are lexicalized that incorporate different

participants of an event in their meaning, but the event itself is not made explicit, e.g.: guitar player or

ice saw . In some cases the event is lexicalized as a specific verb but still often onlyone of the

components is related to the verb, i.e. a saw as an instrument of to saw but ice is not a typical patient of

saw . The concept ice is onlyrelated to saw via ice-saw , there is no other reason to link ice and saw . To

properlyrelatethese compounds we would thusdirectlywant to link the co-participants. This can be

done using theso-called CO_ROLE relation. CO_ROLES represent pairs of ROLE relations between

concrete and/or mental entities, while the event itself is not necessarilymade explicit (although it may

be). 7 CO_ROLES arethuspartiallyt ype-persistent: there maybe co_roles bet ween 1st and

3rdOrderEntities (e.g. thinker CO_AGENT_RESULT thought) but not between 1st and 2nd or 3rd and

2ndOrderEntities. Given theabove ROLE relationswe thus get the following CO_ROLEs:

CO_ROLE (general relation that isbi-directional)

CO_AGENT_PATIENT &CO_PATIENT_AGENT

CO_AGENT_INSTRUMENT & CO_INSTRUMENT_AGENT

CO_AGENT_RESULT & CO_RESULT_AGENT

CO_PATIENT_INSTRUMENT & CO_INSTRUMENT_PATIENT

CO_PATIENT_RESULT & CO_RESULT_PATIENT

CO_INSTRUMENT_RESULT & CO_RESULT_INSTRUMENT

7 An alternative would beto use 3-place relations:ice-sawROLE_INTRUMENT saw INVOLVED_PATIENT ice.

These are however not foreseen in the database.

Note that there isno corresponding CO_ROLE relation to ROLE_LOCATION and

ROLE_DIRECTION. The reason for this is that the relation would overlap too much with

HAS_HOLO_LOCATION. If some entities is involved in an event at some location, then this entity

can also be located at that location during the event, and hence the HAS_HOLO_LOCATION relation

holds between this entityand the location.

The above examples will then be encoded as follows:

guitar player

HAS_HYPERONYM pla yer

CO_AGENT_INSTRUMENT guitar

player

HAS_HYPERONYM person

ROLE_AGENT to playmusic

CO_AGENT_INSTRUMENT musical instrument

to playmusic

HAS_HYPERONYM to make

ROLE_INSTRUMENT musical instrument

guitar

HAS_HYPERONYM musical instrument

CO_INSTRUMENT_AGENT guitar player

ice saw

HAS_HYPERONYM sa w

CO_INSTRUMENT_PATIENT ice

saw

HAS_HYPERONYM sa w

ROLE_INSTRUMENT to saw

ice

CO_PATIENT_INSTRUMENT ice sawREVERSED

Examples of the other relations are:

criminal

CO_AGENT_PATIENT victim

novel writer/ poet

CO_AGENT_RESULT novel/ poem

pastrydough/ bread dough

CO_PATIENT_RESULT pastry/ bread

photograpic camera

CO_INSTRUMENT_RESULT photo

We will not give specific tests for the CO_ROLE relations. Theabove ROLE/INVOLVED test can be

used in combination to verifya CO_ROLE relation.

2.2.3.7. CAUSES and IS_CAUSED_BY

The causal relation is used in WN1.5 for verb pairs such as show / see , fell / fall , give / have . Fellbaum

(1990: 54) states that thecausal relation onlyholds between verbs, and onlybet ween verbs that are

temporallydisjoint. In EuroWordNet, the cause relation is used to link 2ndOrderEntities, which can be

either verbs, nounsand adjectives (the relation is thus type-persistent but can applyacross POSs). The

onlyconstraint isthat the causing event should be dynamic (henceforth `dynamic situations´ or dS ),

whereas the resulting situation can either be static or dynamic. In addition, we distinguish among 3

temporal relationships between the(dynamic/non-dynamic) situationsrelated bycause:

¯ a cause relation between two situations which are temporallydisjoint: there is no time point when

dS 1 takes place and also S 2 (which iscaused bydS 1 ) and vice versa (e.g., in the case of to

shoot / to hit );

¯ a cause relation between t wo situations which are temporallyoverlapping: there is at least one

timepoint when both dS 1 and S 2 take place, and thereis at least onetime point when dS 1 takes place and S 2 (which iscaused bydS 1 ) does not yet take place (e.g., in the case of to teach / to

learn );

¯ a cause relation between two situations which are temporallyco-extensive: whenever dS 1 takes

place also S 2 (which iscaused bydS 1 ) takes place and there isno time point when dS 1 takes

place and S 2 does not takeplace, and vice versa (e.g., in the case of to feed / to eat ).

If situationsare co-extensive it maybe argued that we are not dealing with two separate events at all,

e.g. ^to dig~ and ^to dig a hole~. In that case, we mayalso be dealing with a hypon ym yrelation

bet ween one verb which is simplymore inclusive (implying a result) than another verb (change without

necessarilyimplying a result). We decided to prefer hyponym yabove cause when non-disjoint verb-

pairsalso pass thehyponym ytest.

As we have alreadyrecalled, then, different types of causalitycan also be distinguished with respect to

the factivityof the effect. In the following general formal criteria for the definition of causation relation

are provided.

Test 36 Factive causationrelation

yes a (To/A/an) X causes (to/a/an) Y to take place

(To/A/an) X has(to/a/an) Yas a consequence

(To/A/an) X leads to (to/a/an) Y

no b the converse of (a)

Conditions: - X is a verb in the infinitive form or X is a noun in the singular

- Y is a verb in the infinitive for m or Y is a noun in the singular

Example: a to kill (/a murder) causes to die (/ death)

to kill (/a murder) has to die (/ death) asa consequence

to kill (/a murder) leads (someone) to die (/ death)

b *to die / (a) death causesto kill

*to die / (a) death hasto kill asa consequence

*to die / (a) death leads(someone) to kill

Effect: {to kill} (X) CAUSES {to die} (Y) factive

{to die} (Y) IS_CAUSED_BY {to kill} (X) reversed

{to kill} CAUSES {death} factive

{death} IS_CAUSED_BY { to kill} reversed

{murder} CAUSES {to die} factive

{to die} IS_CAUSED_BY {murder} reversed

{murder} CAUSES {death} factive

{death} IS_CAUSED_BY {murder} reversed

Obviousl y, the event of `dying´ is not necessarilycaused by`killing´. This mayeither followfrom the

fact that the verb kill isonlyone out of thepossible disjunct causes for die , or it maybe expressed by

explicitlylabeling ^dying IS_CAUSED_BY killing~ as reversed (asisdone here).

The following test is for detecting factive causation relation between dynamic verbs/nounsand static

adjectives/adverbs:

Test 37 Factive causationrelation between verbsand adjectives(or adverbs)

yes a X causes to be Y

X hasbeing Y as a consequence

X leads to be(ing) Y

no b the converse of (a)

Conditions: - X is a verb in the infinitive form

- Y is and adjective

Example: a to kill causes to be dead

to kill has being dead as a consequence

to kill leads someone to be dead

b *to be dead causes to kill

*to be dead has to kill asa consequence

*to be dead leads(someone) to kill

Effect: {to kill} (X) CAUSES {dead} (Y) factive

{dead} (Y) IS_CAUSED_BY {to kill} (X) reversed

Non-factivityis elicited with modal auxiliaries:

Test 38 Non-factive causation relation betweenverbs/nouns using a modal

auxiliary

yes a (A/an) X may cause (a/an) Y

(A/an) X may have (a/an) Y as a consequence

(A/an) X may lead to (a/an) Y

no b the converse of (a)

Conditions: - X is a verb in the infinitive form or X is a noun in th e singular

- Y is a verb in the infinitive form or Y is a noun in the singular

Example: a to search may cause to find

to search may have to find asa consequence

to search may lead (someone) to find

b ?to find may cause to search

?to find may have to search as a consequence

?to find may lead (someone) to search

Effect: {to search} (X) CAUSES {to find} (Y)(non-factive)

{to find} (X IS_CAUSED_BY {to search} (Y)(non-factive)

The above tests are general tests to identifycausal relation. More specific tests to elicit the different

temporal relationsof the situations. Thefollowing test elicits a `genuine´ cause relation between

disjoint situations:

Test 39 Causation relationbetweenverbs/nouns referring to temporally disjoint

situations

yes a If (a/an) Xtakesplace it causes/may cause (a/an) Y to take place

afterwards/later on

no b the converse of (a)

Conditions: - X is a verb in the gerundive form or X is a noun in the singular

- Y is a verb in the gerundive form or Y is a noun in the singular

Example: a If sending takesplace it causesreceiving to take place later on

b * If receiving takes place it causes sendingto take place later on

Effect: {to send} (X) CAUSES {to receive} (Y) factive

{to receive} (Y) IS_CAUSED_BY {to send} (X) reversed

The next test elicitsa causal relation between temporallyoverlapping situations:

Test 40 Causation relationbetweenverbs/nouns referring to temporally non-

disjoint situations

yes a If (a/an) Xtakesplace it causes/may cause ( a/an) Y to take place at the same

time

no b the converse of (a)

Conditions: - X is a verb in the gerundive form or X is a noun in the singular

- Y is a verb in the gerundive form or Y is a noun in the singular

- X and Y are not connected by means o f the hyponymy relation

Example: a If pulling takes place it may cause opening to take place at the same time

b ? If opening takes place it may cause pulling to take place at the same time

Effect: {to pull} (X) CAUSES {to open} (Y) (non-factive)

{t o open} (Y) IS_CAUSED_BY {to pull} (X) (non-factive)

As explained above, if two words onlypass theabove test, theyshould also be tested for a hyponym y

relation.

Finally, we have stated that dynamic situationsmaycause other dynamic or non-dynamic situations.

Dynamicityof the result can be inferred from therelation with a dynamic/non-dynamic hyperonyms

(e.g. state or change ). For example:

i) fall asleep V CAUSES sleep V, sleep N, asleep A

fall asleep V HAS_HYPERONYM change V

sleep V HAS_H YPERONYM be V

sleep N, asleep A XPOS_NEAR_SYNONYM sleep V

ii) addormentare(make sleep) V CAUSES addormentarsi (fall asleep) V

addormentarsi (fall asleep) V HAS_HYPERONYM cambiare (change) V

addormentare(make sleep) V HAS_HYPERONYM fare (m ake, cause) V

In i) we see that the CAUSED verb to sleep isnon-dynamic, asisexpressed byits hypon ym yrelation

with the verb to be . We also see that the noun sleep and theadjective asleep have near-synonym y

relations with it and must, therefore, also be non-dynamic. In ii) we see an example in which the Italian

verb addormentarsi (to fall asleep) is caused by addormentare (to makesleep). The fact that we are

dealing with two dynamic situationsis again expressed bythe hyponym yrelation: addormentarsi isa

`non-controlled´ process and addormentare is a `controlled´ action.

2.2.3.8. HAS_SUBEVENT and IS_SUBEVENT_OF

According to Fellbaum (Miller et al, 1990: 45) the entailment relation underlies all verbal relations:

^the different relationsthat organize the verbs can be cast in terms of one overarching principle, lexical

entailment~. Next, lexical entailment isdifferentiated on thebasis of the temporal relation between

events and the direction of the implication or entailment:

a. + Temporal Inclusion (the two situationspartiallyor totallyoverlap)

a.1 co-extensiveness (e. g., to limp / to walk ) hypon ym y/troponym y

a.2 proper inclusion (e.g., to snore / to sleep ) entailment

b. - Temporal Exclusion (the two situations are temporallydisjoint)

b.1 backward presupposition (e.g., to succeed / to try ) entailment

b.2 cause (e.g., to give / to have )

In theactual database therelation Entailment isapplied to those cases that cannot be expressed bythe

more specific hypon ym yand cause relations. In that case at least the direction of the implication or

entailment isindicated. In thecase of snore/sleep the direction is from snore to sleep : i.e. snore implies

sleep but not the other wayaround. In thecase of buy/pay on theother hand buy implies pay but not the

other wayaround.

In EuroWordNet, thedifferences in the direction of the entailment can however be expressed bythe

labels factive and reversed. For example, `backward presupposition´ can be expressed byusing the

causal relation in conjunction with the factivitylabel:

{to succeed} IS_CAUSED_BY {to try} factive

{to try} CAUSES {to succeed} non-factive

Fellbaum (1998) alreadysuggests that the `proper inclusion´ ismore intuitivel ydescribed bya verb

meronym yrelation. She then abandons thissolution because the entailment from ^snore~ to ^sleep~ is

reversed compared to ^buy~ and ^pay~. However, such implicational differences can also occur for

noun-meronyms: e.g. ^car~ implies ^door~ but ^door~ isnot necessarilypart of a ^car~, ^propeller~ is

part of an ^aircraft~, but an ^aircraft~ does not necessarilyhave a ^propeller~. We have seen that this

implicational difference is encoded bythe label reversed. The same can be done for theabove verbs in

com bination with a HAS_SUBEVENT/ IS_SUBEVENT_OF relation:

{to snore} IS_SUBEVENT_OF {to sleep}

{to sleep} HAS_SUBEVENT {to snore} reversed

{to buy} HAS_SUBEVENT {to pay}

{to pay} IS_SUBEVENT_OF {to buy} reversed

The SUBEVENT relation is veryuseful for manyclosel yrelated verbs and appealsmore directlyto

human-intuitions (parallel to part-whole relation of concrete entities).

In thefollowing tests, general criteria for thedefinition of the HAS_SUBEVENT relation between

verbs (/nouns referring to events or processes) are given:

Test 41 Has_Subevent/Is_Subevent_of relation betweenverbs/nouns (a)

yes a Y takes place during or asa part of X, and

whenever Y takes place, Xtakes place

no b the converse of a)

Conditions: - X is a verb in the gerundive form

- Y is a verb in th e gerundive form

Example: a Snoring takesplace during oras part of sleeping, and

whenever snoring takes place, sleeping takes place

b *Sleeping takes place during or as part of snoring

*Whenever sleeping takes place, snoring takes place

Effect: {to snore} (X) IS_SUBEVENT_OF {to sleep} (Y)

{to sleep} (Y) HAS_SUBEVENT {to snore} (X) reversed

Test 42 Has_Subevent/Is_Subevent_Of relation between verbs/nouns(b)

yes a X consists of Yand other events or processes

no b the converse of a)

Conditions: - Y is a verb in the gerundive form

- X is a verb in the gerundive form

Example: a buying consistsof paying and other events or processes

b *paying consists of buying and other processes

Effect: {to buy} (Y) HAS_SUBEVENT {to pay} (X)

{ to pay} (X) IS_SUBEVENT_OF {to buy} (Y) reversed

2.2.3.9. IN_MANNER and MANNER_OF

The notion of troponym yin WordNet1.5 is motivated bymanner-verbs (e.g. mannersof movement)

and their more general superordinate, e.g. ^slurp~ can paraphrased as^to eat noisel y~ and isencoded as

a tropon ym of ^eat~. Troponym ycan be seen asa subt ype of hyponym y: i.e. it implies hypon ym yand a

manner feature. Still, thetrponnym yrelation hasbeen used to encode all hyponym yrelation in the

database, even in cases where the manner isnot implied. In EuroWordNet, we decided not to

differentiate between troponym yand hypon ym ybut to use the IN_MANNER and MANNER_OF

relation in addition to normal hypon ym yto make the manner component explicit (if it is significant in

the meaning of the verb):

Test 43 to take place in certainmanner

yes a to X is to Y in a Zmanner/way.

Conditions: X and Y are verbs

Y is the hyperonym of X

Z is an adjective/adverb

Example: a to slurp is to eat in a noisel ymanner

X = slurp, Y= eat

Z = noisely

Effect: slurp V HAS_HYPERONYM eat V

slurp V IN_MANNER noisely Adverb

noiselyAdverb MANNER_OF slurp Vreversed

2.2.3.10. BE_IN_STATE and STATE_OF

Thisrelation isneeded to encode linksbetween nouns that refer to anything in a particular state expressed by

an adjective. These nouns often have an open denotation: i.e. theycan refer to anyentityto which the state

applies, e.g. ^the poor~ refers to all entities which are in a ^poor~ state. Note that these nouns are not

equivalent to the states: the entities that have the property^poor~ arenot states but normal 1stOrderEntities.

Thisrelation istherefore across different semantic types. The general test is:

Test 44 being in a particular state

yes a a/an/theX is theone/that t o whom/which the state Yapplies

Conditions: X is a noun

Y is an adjective/adverb

Example: a the poor arethe ones to whom the state poor applies

X = poor N (a poor person)

Y = poor A

Effect: poor N BE_IN_STATE poor A

poor A STATE_OF poor N reversed

2.2.3.11. Derivational relations

Two derivational relations have been taken over from WordNet1.5:

- DERIVED/ DERIVED_FROM/HAS_DE RIVED

- PERTAINS_TO and IS_PERTAINED_TO

The DERIVEDrelation isa purelymorphological relation. In addition to DERIVED there must also be

some other semantic relation e.g. synonym y, antonym y, role, cause. The general relation DERIVED is

used if it isnot clear what is thebase form and what form is derived.

The PERTAINrelation isa more specific morphological relation with an unclear semantic effect. It is

used for manyadjectives that can onlybe related to nouns as a kind of topic marker: atomic/atom,

chemical/chemistry, Greek/Greece. The relation to the corresponding nouns can onlybe paraphrased

as: concerning, related to. This relation is more vague than the previous relation because the adjective

itself is meaningless. There isno positive test for this relation (except for related to) but it can be

inferred from the fact that none of the other relationshold (causal, in_state) and theadjective itself is

void. Obviousl y, the relation holds between variantsonly.

2.2.3.12. Instance and Class

Hyponym yis a relation between classes of entities. Individual entities can also be said to belong to

some class. Although we do not find manyinstances in a lexical database, the relation is useful for

users that want to add particular instances and do not want to consult a separate database. To

distinguish it from hyponym ythe relation is dubbed has_instance and its inverse belongs_to_class:

Test 45 Individuals belonging to a class

yes a X is one of the Ys

no b Y is one of the Xs

Conditions : X is a proper noun

Y is a noun

Example : a Manchester is one of the cities

Effect : Manchester BELONGS_TO_CLASS city

city HAS_INS TANCE Manchester

2.2.3.13. Undefined Relations: ^fuzzynyms~

Finally, there is a relation to cover all thecases in which a word is stronglyassociated with another

word but no proper relation has been defined. Fuzzyn ym yholds when all the above tests fail but the

test X has some strong relation to Y still works. A FUZZYNYM relation holds between words with the

same part-of-speech, XPOS_FUZZYNYM holds across part-of-speech.

2.3. Multilinguality

2.3.1 Equivalence relations

The Equivalence Relationsbetween synsets in each language and theInter-Lingual-Index are to a large

extent parallel to the Language Internal Relations.

Table 4: The Equivalence Relationsin EuroWordNet

EQ _ RELATION

Source Synsets Target ILIs

EQ _ SYNONYM diventareIT to become

EQ _ NEAR _ SYNONYM schoonmaken NL to clean in Xsenses

EQ _ HAS _ HYPERONYM kunstproduct NL (artifact substance) artifact; product

EQ _ HAS _ HYPONYM dedo ES (a finger or toe) toe; finger

O THER RELATIONS

EQ _ HAS _ HOLONYM EQ _ IN _ MAN N ER EQ _ BE _ IN _ ST ATE

EQ _ HAS _ MERONYM EQ _ CAUSES EQ _ IS _ ST ATE _ OF

EQ _ INVOLVED EQ _ IS _ CAUSED _ BY EQ _ GENERALIZATION

EQ _ ROLE EQ _ HAS _ SUBEVENT EQ _ METONYM

EQ _ CO _ ROLE EQ _ IS _ SUBEVENT _ OF EQ _ DIATHESIS

The most important relation is EQ _ SYNONYM

, which onlyholds if thereis a 1-to-1 mapping between

synsets. In addition there are relations for complex-equivalence relations, among which themost

important are:

· EQ _ NEAR _ SYNONYM when a meaning matches multiple ILI-records simultaneousl y, when multiple

synsets match with the same ILI-record, or when there is some doubt about the precise mapping.

· EQ _ HAS _ HYPERONYM when a meaning is more specific than anyavailable ILI-record.

· EQ _ HAS _ HYPONYM when a meaning can onlybe linked tomore specific ILI-records.

The complex-equivalence relations are comparable to the kinds of mismatches across word meanings

described in the Acquilex project in theform of complex TLINKS (Ageno et al 1993, Copestake et al.

1995, and Copestake and Sanfilippo 1993). It ispossible to manuallyencode these relations directlyin

the database, but theycan also be extracted semi-automaticallyusing the technologydeveloped in

Acquilex. The difference bet ween Acquilex and EuroWordNet isthat the TLINKS in Acquilex are

lexical transfer links between language-pairsat a sense-level, whereas the equivalence relations in

EuroWordNet are established at the synset level from each language to a singleinterlingua (the ILI).

Language-to-language mappings can onlyindirectlybe inferred via the ILI.

In EuroWordNet, thecomplex relations are needed to help the relation assignment during the

development process when there isa lexical gap in one language or when meaningsdo not exactlyfit.

The first situation, in which a single synset matches several ILI-records simultaneously, occurs quite

often. The main reason for this isthat thesense-differentiation in WordNet1.5 is more fine-grained than

in the traditional resources from which theother wordnets are built. For example, in theDutch resource

there is onlyone sense for schoonmaken (to clean) which simultaneouslymatches with at least 4 senses

of clean in WordNet1.5:

- {make clean byremoving dirt, filth, or unwanted substances from}

- {remove unwanted substances from, such asfeathers or pits, as of chickens or fruit}

- {remove in making clean; "Clean the spots off the rug"}

- {remove unwanted substances from - (asin chemistry)}

The Dutch synset schoonmaken will thusbe linked with an EQ _ NEAR _ SYNONYM relation to all these

senses of clean . A similar situation mayarise when there isunder-differentiation in the Dutch wordnet.

For example, keuze in theDutch resource isdefined as the act or result of choosing, likewise it can be

linked with EQ _ NEAR _ SYNONYM relations to both choice #1 (the act of choosing) and choice #2 (what is

chosen) in WordNet 1.5.

Despite the sense-differentiation in WordNet1.5, the reverse situation also occurs. For example,

versiersel and versiering are not coded as synonyms in the Dutch resource but theycan still both be

linked to the same WN1.5 synset decoration . It maybe the case that the Dutch words should be merged into a single synset, but, theycan also be related bya weaker NEAR _ SYNONYM relation. In the latter

case, theycan share the same ILI-record but theequivalence relation should be EQ _ NEAR _ SYNONYM

and not EQ _ SYNONYM .

The EQ _ HAS _ HYPERONYM is typicallyused for gapsin WordNet1.5 or in English. Such gapscan be

cultural or pragmatic. A cultural gap is a concept not known in the English/American culture, e.g. the

Dutch noun citroenjenever , which is a kind of gin made out of lemon skin, or the Dutch verb: klunen

(to walk on skates over land from one frozen water to another). Pragmaticgapsarecaused by

lexicalization differences between languages, in the sense that in this case theconcept is known but not

expressed bya single lexicalized form in English., e.g.:

Dutch: doodschoppen (to kick to death),

Spanish: alevín (young fish),

Italian: rincasare (to go back home).

In these cases the lexicalization patterns in the languages are different from English but the concepts

are familiar to all cultures. Typically, a concept like ^doodschoppen~ (kick to death) in Dutch will get

two eq_h yperonym relations, one to ^to kill~ and one to ^to kick~. Thisis parallel to the multiple

hyperonyms the word will receive in Dutch. Similarly, Spanish ^alevín ~ (young fish) can both be

linked with an eq_hyperonym to ^fish~ and eq_be_in_state to ^young~. Using multiple equivalence

relations the meaningsof some synsets can be exhaustivel ylinked tothe ILI.

In all theabove cases, thenon-English word is more specific and thus can be related to a more general

English ILI-concept using an EQ _ HAS _ HYPERONYM relation. The EQ _ HAS _ HYPONYM is then used for

the reversed situation, when WordNet1.5 onlyprovides more narrowterms. An example is Spanish

dedo which can be used to refer to both finger and toe . In thiscase there can onlybe a pragmatic

difference, not a genuinecultural gap.

A special case of gaps are mismatches in Part of Speech across languages, e.g. in Dutch the adjective

aardig is equivalent to the verb to like in English but there is no verb with that meaning in Dutch. The

equivalence relationsto theILI are however not sensitive to thePart-of-Speech. It is thus possible to

directlyexpress an EQ _NEAR_ SYNONYM relation between aardig Adjective and like Verb.

The complex equivalence relationsare expressed separatelyfrom each language to theindex. Decisions

on thematching are taken byeach site separatelyfor their language, towardsthe English ILI. In

addition, there isalso an effort to smoothen the matching across the wordnetsbyadapting the index.

Thiswill be discussed in the next subsection.

2.3.2. Inter-Lingual-Index

As explained in the introduction, the Inter-Lingual-Index (ILI) is an unstructured fund of concepts, with

the onlypurpose to provide an efficient mapping across languages. Each concept is represented asa

ILI-record that in principle consistsof a synset, a part-of-peech label, a gloss and a reference to its

source. The ILI started off as a plain list of WordNet1.5 synsets, but it hasbeen adapted to provide a

better matching across the wordnets. There are several changes to the WordNet1.5 list of concepts:

- adding missing concepts occurring in other wordnets

- creating more global sense clusterings

- to add domain terminologyfor computing terms

- improve the glosses

In 425 cases, a missing gloss was manuallyadded to an ILI-record derived from WordNet1.5. Glosses

are often crucial for determining proper equivalence relations. The other changes are discussed in the

next subsections.

2.3.2.1. Extending the ILI with new concepts

First of all, there areconcepts in the local wordnets which are not present in WordNet1.5, e.g. a female

cashier . To be able to still express equivalence relations between such a concept in other wordnets

( cajera in Spanish, cassière in Dutch), the ILI hasto be extended. Theultimate ILI will thus become

the superset of all concepts occurring in 2 or more wordnets. The procedure for extending the ILI isas follows. All sites send descriptionsof the gaps in the form of potential newILI-records to one site. The

ILI-records aredescribed using a formalized semantic specification so that the candidates can be

compared. If there is sufficient overlap between at least two descriptions, a newILI-record isadded and

the local synsets referring to this newILI-record will get an additional EQ _ SYNONYM relation to this

record. These synsets will thus have at least two different equivalence relations, a complex equivalence

relation to the closest WordNet1.5 synset and a simple equivalence relation to the newILI-record, e.g.:

Spanish Wordnet ILI Dutch Wordnet

cajera eq_hyperonym { cashier} eq_hyperonym cassière

eq_synon ym { female cashier } eq_synon ym

Thisexample shows that it ispossible to extract direct equivalences in Dutch and Spanish, but also to

find the closest matches with English (albeit a morespecific concept). Dueto lack of time and

resources in the project, we have not been able to actuallyextend the ILI with newconcepts, based on

evidence from other wordnets. Furthermore, the discussion about the different statusof mismatches to

the ILI is still ongoing (see Vossen, Peters, Gonzalo 1999, for a further discussion).

Nevertheless, theILI has been extended with computer terminologyto illustrate thepossibilityof

incorportating domain terminologyin the generic wordnets. In total, 444 ILI-records have been labelled

as Computer Terminology. The selection has been based on a number of electronic resources:

- FOLDOC Free On-line Dictionaryof Computing: http://wombat.doc.ic.ac.uk/foldoc/index.html .

Around 6000 entries with definitions and subdomain information.

- DATA Direct glossary: http://data-direct.com/glossary.htm , around 650 entries with definitions

- Dartek glossary: http://www.dartek.com/glossary/glossary.cfm , around 1000 entries with

definitions

- Netglos glossary: http://wwli/com/translation/netglos/netglos.html , around 110 entries with

definitions

These terms have been verified using a word frequencylist taken from:

- Ami-Pro manual from Lotus (Donker, Serail and Vossen 1994)

- the Brittish National Corpus

- Unixmanuals

The selected terms have been matched against the WordNet1.5 vocabulary. If the concepts where

present in WordNet1.5 in the correct sense, the corresponding ILI-record hasbeen labelled as

computer term byadding a domain label ^ COMPUTER_TERMINOLOGY~ to the gloss. This happened

for 107 concepts. In the other cases, 337 concepts, we added newILI-records to the ILI (with the

appropriate synset, gloss, and part-of-speech). In total, 397 nouns, 32 verbs and 15 adjectives have

been added.

2.3.2.2. Creating a coarser level of differentiation in the ILI

Even though theILI should ideallybe thesuperset of concepts occurring in the different wordnets, it

should, on theother hand, not be too fine-grained either. If manysubtle senses are distinguished, it is

more complicated to establish equivalences across thewordnets. In thecase of "clean", for example, it

maybe that different sites link equivalent synsets to different meanings, resulting in a mismatch across

the languages. Asimilar mismatch maybe caused byinconsistent enumeration of regular polysem y

across resources. In the ILI, there are different synsets for university asa building and university asthe

organization, and in fact manyinstitute/building pairs are present. However, in other wordnets we may

find situations where onlyone of the senses isgiven. If a different choice is made for the building or

the institute , synsets cannot be matched across wordnets. The second adaptation to theILI therefore

aims at grouping senses that can be related by’regular polysem y’ (Apresjan 1973; Copestake and

Briscoe 1991; Nunberg and Zaenen 1992). This is achieved byadding so-called Composite ILI-

records, which can be compared with Complex Types as defined byPustejovsky(1995).

For example, the synsets in Dutch, Spanish and Italian in the next table arerelated via EQ _ SYNONYM or

EQ _ NEAR _ SYNONYM relations to ILI-records that represent 5 different senses of ^offi ce~: place; actions

carried out; job; organization and the group of people. The synsets are separated bycurled brackets. In

some cases multiple synsets are linked to the same ILI-record.

Table 5: Dutch, Spanish and Italian Synsets linked to senses of ^office~ in the ILI.

ILI record Dutch Synsets Spanish Synsets ItalianSynsets

{ office }-1960921

where professional or clerical duties are

performed; "he rented a n office in the new

building"

{kantoor; werkkamer;

werkruimte}

{oficina} {ufficio; studio}

{role; part; office ; fu nction}-399406

the a ctions and a ctivities a ssigned to or required

or expected of a person or group: "the fu nction of

a tea cher";"the government mu st do its part" or

"play its role" or "do its duty"

{functie; rol}

{emplooi}

{función; pa pel;

officio}

{ufficio; ma nsione;

carica}

{situation; pla ce; spot; office ; slot; berth; post;

position}-344376

a job in a n organization or hierarchy; "he ocu pied

a post in the trea sury"

{ambt; a mbtsbediening;

bediening; officie;

officiu m}

{betrekking; baan;

dienstbetrekking;

dienstverband; functie;

job; positie; werk;

werkkring}

{arbeidsplaats; plaats}

{caro; puesto} {lavoro; impiego;

occu pazione}

{authority; office ; bureau; a gency}-5301461

an administrative unit of government; "the

Central Intelligence Agency"; "the Censu s

Bureau"; "Office of Ma nagement and Budget";

"Tennessee Valley Authority"

{dienst}

{kantoor; bureau;

bureel; burelen}

{bureau}

{agentuur}

{agencia; oficina} {ispettorato}

{office sta ff; office }-5303509

professional or clerical workers in an office; "the

whole office wa s late the morning of the

blizzard"

{kantoorpersoneel}

Several things can be observed here. First of all, we see that thepolysem yis not parallel across the

languages. In the Spanish wordnet, only^oficina~ ispolysemous relative to ^office~ and in the Italian

and Dutch wordnet only^uffici o ~ and ^kantoor~ are, respectivel y. Furthermore, each of these is

pol ymous over different senses of ^office~ and onlymaps to 2 out of the 5 senses (obviousl y, manyof

these words maybe pol ysemous in other senses not related to ^office~ in English). In most cases, the

concepts arelexicalized bydifferent forms, derivations or compounds. Finally, we see that {office

staff; office }-5303509 isonlyrepresented in Dutch.

A native speaker of Spanish and Italian hasto confirm whether variantsin thesynsets in Spanish and

Italian related to ^offi ce~ can take themeaning of "the group of people working in an office". This is

definitelythe case for some of the Dutch variants: ^dienst~, ^kantoor~, bureau~, ^werk~. Apparently,

the polysem yin the wordnets ismore parallel then the direct linking suggests. The resources used to

build thewordnets have not been consistent in explicating all the different senses.

Bycreating a grouping for all these senses of ^offi ce~ in EuroWordNet, we can still establish this

potential relation. Such a grouping is made bythe next example of a Composite ILI-record for "office"

that relates the5 senses bya metonym yrelation. Theexample is in the ILI-import format that will be

explained later in section 2.4. ThisILI-record establishes a grouping of the senses listed as variantsvia

the EQ_RELATIONto thetarget concepts. Thetarget concepts are represented bythe WORDNET_OFFSET

numbers:

0 ILI_RECORD

1 PART_OF_SPEECH "n"

1 ADD_ON_ID 20

1 GLOSS "a job in an organization or hierarchy; "he ocupied a post

in the treasury""\ building where professionals work or the

institution represented by these professionals"\professional or

clerical workers in an office; "the whole office was late the

morning of the blizzard""\the actions and activities assigned to or

required or expected of a person or group: "the function of a

teacher"; "the government must do its part" or "play its role" or

"do its duty""

1 VARIANTS

2 LITERAL "office"

3 SENSE 1

2 LITERAL "office"

3 SENSE 2

2 LITERAL "office"

3 SENSE 4

2 LITERAL "office"

3 SENSE 5

2 LITERAL "office"

3 SENSE 6

1 EQ_RELATION "eq_metonym"

2 TARGET_ILI

3 WORDNET_OFFSET 1960921

3 WORDNET_OFFSET 344376

3 WORDNE T_OFFSET 399406

3 WORDNET_OFFSET 5301461

3 WORDNET_OFFSET 5303509

Whenever such a Composite ILI-record isadded to theILI, the EuroWordNet database will

automaticallygenerate additional equivalence relations for all synsets in the wordnets related with an

EQ _ SYNONYM or EQ _ NEAR _ SYNONYM relation to anyof the specific meanings that are grouped bythis

ILI-record. All thesynsets in the above table will thus receive an additional eq_metonym link to the

Composite ILI-record, asis shown in the next figure for ^oficina~ in Spanish:

Figure 4: Spanish synset ^oficina~ with extended EQ _ METONYM link to a Composite ILI-record for ^office~

Even though, none of the local wordnets has the same differentiation, all synsets nowshare the

metonym ylink and, likewise, can be retrieved in a global waywhen we look for synsets to the same

ILI-record with EQ _ METONYM

. This can either be used to extend the wordnets with newsenses for the words in these synsets or link the synset to newwords. Alternativel y, the database can be used in a

more global wa yto expand synsets across languages via EQ _ METONYM relations, even thouh this might

overgenerate.

Similar Composite ILI-records areadded for generalizations that group over-differentiation as we have

seen for "clean" (related by EQ _ GENERALIZATION

) and for enumerated senses that reflect diathesis

alternations for verbs (related by EQ _ DIATHESIS

), such asbetween causative and inchoative pairs, e.g.:

hit 1 : hit a ball (synonym: cause to move by striking)

hit 2 : come into sudden contact with: ^The arrowhit the target~

hit 3 : deal a blowto; ^He hit her hard in the face~

Differences in arityand the semantic characterization of subcategorized argumentshighlight different

perspectives on the situation described bythe predications, or express semanticnotions such as

`causation´ and `result of causation´ (Levin 1993). Byrelating these diathesis alternation patterns to

more Composite ILI-records we will thus be able to link local synsets regardless of whether the verbs

in question displaydissimilar alternation patterns in different senses, have a number of alternations

collapsed in a single sense, or are monosemous.

Buitelaar (1998), Peterset al. (1998) describe howthese sense-groups can be extracted from a resource

such as WordNet1.5. Peters (1999) gives a complete description of the extracted Composite ILI clusters

in EuroWordNet. Here we give just an overview:

Table 6: Composite ILI-records

Metonymy Generalization

Clusters Words Senses Clusters Words Senses

nouns 30 24 67 1703 1398 3205

verbs 0 0 0 2905 1799 5134

The clusters have been derived according tothe following methodologies:

- manual clustering (generalization and metonym y)

- automaticallyderived clusters(generalization)

- based on the inte rnal structure of Wn1.5 (sisters, autohyponym y)

- based on matching WN15 with other resources

- Levin´s semanticclasses underlying diathesis alternations(Levin 1993)

- WN1.6

- around 66 clustersbased on one tomanylinksbetween

Dutch and It alian wordnets to the ILI

- 10regular polysem ypatternsderived from sense distribution in WN15

(e.g. ’music - dance’, ’container - collection’)

The sense-groupingslead to a more coarse differentiation of senses which will makethe ILI more

effective for mapping senses across languages. Inconsistencyof sense-differentiation, such as for

synsets related to office , will be captured bymeton ym yclasses.

2.3.3. Accessing complex equivalence mappings

From what has been said so far it follows that there can be many-to-manymappingsfrom local synsets

to ILI-records. This mayeither be an EQ _ NEAR _ SYNONYM relation from and/or to multiple synsets

(possibl ywith different part-of-speech), or an EQ _ HAS _ HYPONYM / EQ _ HAS _ HYPERONYM and an

EQ _ SYNONYM t o a newILI-record, or various combinations of these (or other types of equivalence

relations). Finally, it is possible that a singlesynset in a wordnet is linked to both a Composite ILI-

record with an EQ _ METONYM , EQ _ DIATHESIS or EQ _ GENERALIZATION and to one of the more specific

senses grouped bythe Composite ILI.

Table 7: Overview of mapping relations tothe ILI

Relation POS Source Synsets : Target ILIs Example

eq_synonym same 1:1 auto :

car

eq_near_synonym any many: many apparaat, machine, toestel :

apparatus, machine, device

eq_hyperonym same many: 1 (usually) citroenjenever:

gin

eq_hyponym same (usually) 1 : many dedo :

toe, finger

eq_metonymy same many/1 : 1 universiteit, universiteitsgebouw:

university

eq_diathesis same many/1 : 1 raken (cause), raken:

hit

eq_generalization same many/1 : 1 schoonmaken :

clean

Note that a many-to-manymapping from a wordnet to theILI, mayalso cause a further spreading when

multiple ILI-records are next mapped to another wordnet. In thenext screen-dump we see howsuch a

fuzz ymapping resultsfor machine , apparatus , tool in Dutch and Italian. In this example, 3 near

synonyms in the Dutch wordnet are linked to multiple ILI-records, from-top-to-bottom: device ,

apparatus , instrument , implement , tool . The ILI-records areagain represented bytheir glosses, where

the synset of the highlighted ILI-record (device:1) is shown in thesmall box at the bottom-right corner.

In theItalian wordnet we see that 4 of these ILI-records aregiven as EQ _ NEAR _ SYNONYM s of a single

synset utensile:1 but device is linked to ferrovecchio:2 byan EQ _ HAS _ HYPERONYM relation (as

indicated bythesymbols) .

Figure 5: Many-to-many mappings of near synonyms of ^ apparatus~ synsets to ILI-records.

Another important characteristic of the equivalence relationsis the fact that theyare established at the

synset level. This is different from a traditional bilingual dictionarywhere specific relations are

expressed bet ween individual words or word-senses. For example, a pejorative term such as"idiot" is

usuallytranslated in a bilingual dictionarybya pejorative term in a thetarget language. In

EuroWordNet, both the pejorative and theneutral term are members of the same synset and mayhave a

single ILI-record as equivalent. Finally, thePOS of an ILI-record isnot relevant for creating

equivalence links, e.g.: a nominal synset can have equivalence links to verbal and adjectival ILI-

records, although the type of equivalence should be eq_near_synonym.

In general, we can thus saythat the effect of the multilingual relationsin EuroWordNet is that concepts

are matched rather than words, that multiple concepts mayshare ILI-records (index-terms) or single

concepts may yield multiple ILI-records. Furthermore, the ILI maybe accessed ver yspeci ficallyby

EQ _ SYNONYM relations only, or byindicating anyof the other complex equivalence mappings. The

database thus provides the possibilityto project a single concept or a cluster of concepts to another

language, either specificallyor in a more fuzzywa y.

Once we have accessed a cluster of concepts in thetarget language, we can further use the language-

internal relations to see the conceptual dependencies between these words (and possibl yother words).

Thismaypoint to solutionsfor gapsin thetarget language as is illustrated in Figure 6, whereDutch

compound verbs for ways of killing are not lexicalized in English.

s l a a n

s c h o pp e n

d ru k ke n

d od e n

d oo d s c h o p p e n

d oo d s l a a n d oo d

d oo d d r u k k e n k il l

d e a th b e a t

k ic k

p us h

c a us e s k i c k

p us h

k i ll

d e at h

k i c k t o de a t h

b e at to d e a th p us h to d e a th b e at

c a us e s

Figure 6: Ways of ^killing~ lexicalized in Dutch and not in English.

Here we see that the ILI is extended to represent concepts for the Dutch verbs, and there is no mapping

to English verbs at the right side. The Dutch verbs have multiple hyperon yms to both themanner in

which the event takes place ( beat , kick , push ) and the result ( kill ). Furthermore, doden and kill , which

are equivalents, have a causal relation tothe nouns dood and death , which are equivalent too. From this

we maydevelop a strategyto generate expressions such as "kill bykicking" or "kick to death" as

equivalentsfor theDutch verb "doodschoppen".

Concluding, we can saythat instead of a single or a fewspecific alternatives in a bilingual dictionary,

the EuroWordNet database gives a more comprehensive overviewof concept-lexicalization in the

target language, from which to choose the best candidate. In this sense, we can make a parallel with the

’Shake and Bake’ methodologyin Machine Translation (Whitelock 1992), where first an abstraction is

made from thestructural properties in the Source Language to a more neutral conceptual level (Shake),

and next a (possibl ydifferent) newstructureis generated in thetarget language (Bake). In the case of

EuroWordNet, we are dealing with lexical Shake : abstract from the lexicalization that maybe specific

for a language (Vossen 1999). Bake is then possible byselecting the most appropriate candidate on the

basis of co-occurrence restrictions in the target language, or the pragmatic and morpho-syntactic

properties of themembers in the synset. Thiskind of information can be extracted from Parole lexicons

properlylinked tothe EuroWordNet database (see also Dorr et al. 1998).

2.4. Variant Information

For each variant in the synset specific information can be provided:

Usage Labels Features on register, style, sub-domains.

Features Morpho-syntactic properties for each part-of-spee ch.

Examples Examplesentences.

Translations Whereas EuroWordNet provides equivalence linksat the synset level, it is

possibl e to specify here translations at the variant level.

Corpus Refs Corpus reference information for thevariant and corpus frequency

Data Source Refs Data source reference information for the variant.

Definition A singledefinition per variant

Status Anylabel providinga statusindication.

Parole ID A reference to a specific Parole entry

Most of this information is optional. Builders of thewordnet are free to specifythe examples,

translations, corpusand data source references, the definition and thestatus. TheUsage Labels and the

Features have been defined more specifically, as isindicated in Figure 7 and 8.

Figure 7: Morpho-syntactic variant features allowed in EuroWordNet

Figure 8: Usage labels for variants allowed in EuroWordNet

As said before, most of these features are optional. Theyhave been used during thebuilding process. In

Appendix IV, we give the allowed variant features and their values. For further detailson the labels and

fields that can be stored in the database, we refer to the Polaris user manual (Louw1998, D024) that

can be downloaded form the EuroWordNet WEB site.

2.5. EuroWordNet Import/Export Format

The EuroWordNet data are distributed asa database and as plain text files. The text files arestructured

according to the EuroWordNet import/export format. This isthe format that the Polarisdatabase (see

section 4 below) can read and will generate when concepts areexported. There are 3 different formats:

- Synsets

- ILI-records

- Top-Concepts and Domains

2.5.1. Import/Export format for synsets

The synset format isused for importing concepts for a language-specific wordnet. All thedistributed

wordnets aredelivered in thisformat. Belowis a (nonsensical) made-up example of a synset structure

in the import format, illustrating manyoptions:

0 @55718@ WORD_MEANING

1 PART_OF_SPEECH "n"

1 VARIANTS

2 LITERAL "job"

3 SENSE 2

3 DEFINITION "what you should do for a living"

3 EXTERNAL_INFO

4 SOURCE_ID 1

5 TEXT_KEY "08508615-n"

2 LITERAL "work"

3 SENSE 1

3 STATUS "New"

3 DEFINITION "what you do for a living"

3 USAGE_LABELS

4 USAGE_LABEL "sub"

5 USAGE_LABEL_VALUE "Medicine"

4 USAGE_LABEL "reg"

5 USAGE_LABEL_VALUE "Informal"

4 USAGE_LABEL "orig"

5 USAGE_LABEL_VALUE "Latin"

3 FEATURES

4 FEATURE "connotation"

5 FEATURE_VALUE "figurative"

4 FEATURE "gender"

5 FEATURE_VALUE "feminine"

4 FEATURE "number"

5 FEATURE_VALUE "singular"

3 EXTERNAL_INFO

4 CORPUS_ID 2

5 FREQUENCY 920575

4 SOURCE_ID 1

5 TEXT_KEY "II.6.a"

4 SOURCE_ID 3

5 NUMBER_KEY 8008

4 PAROLE_ID 36721

1 INTERNAL_LINKS

2 RELATION "has_hyponym"

3 TARGET_CONCEPT

4 PART_OF_SPEECH "n"

4 LITERAL "lexicography"

5 SENSE 9

2 RELATION "has_hyperonym"

3 TARGET_CONCEPT

4 PART_OF_SPEECH "n"

4 LITERAL "activity"

5 SENSE 3

1 EQ_LINKS

2 EQ_RELATION "eq_has_hyperonym"

3 TARGET_ILI

4 PART_OF_SPEECH "n"

4 WORDNET_OFFSET 8508615

2 EQ_RELATION "eq_near_synonym"

3 TARGET_ILI

4 PART_OF_SPEECH "n"

4 WORDNET_OFFSET 2861550

2 EQ_RELATION "eq_generalization"

3 TARGET_ILI

4 PART_OF_SPEECH "n"

4 ADD_ON_ID 8543

The first line, starting with level ^0~ identifies the synset (called WORD_MEANING). If the synset is

exported from a database, then a synset ID follows (@55718@). At the next level (1) information is

given on:

- the part of speech: noun, verb, adjective, adverb or proper noun.

- the variants, synset members or synonyms

- the language-internal relations

- the equivalence relations

For each variant, the literal and sense are obligatory. Optionallyinformation for each variant is given at

level (3). The latter information includes the status (anything can be specifi ed here), theusage labels

and their values, morpho-syntactic features (FEATURES), and references to corpora and corpus

frequency, pointers to sources and possible reference to a PAROLE entry. A full list of the optional

variant features is provided in Appendix IV. The example also illustrates thedifferent types of values:

free-text, values, or numbers.

The language internal relations(INTERNAL_LINKS) are specified one byone byindicating the type

of relation and the target concept. Thetarget concept is indicated bythe part-of-speech the literal and

sense number of one of its variants. The equivalence relations (EQ_LINKS) followa similar syntax,

but the target isnowan ILI-record either identified bythe file offset position that originates from the

original WordNet1.5 data file or, if the ILI record is added in EuroWordNet, a so-called ADD_ONid-

number.

2.5.2. Import/Export format for ILI- records

The import format for ILI records follows a similar pattern asfor synsets. The first lines identifies the

record, the next levels contain the data. There are 3 subtypes of ILI-records:

- SimpleILI-records that originate from WordNet1.5

- SimpleILI-records that donot originate from WordNet1.5

- Composite ILI-records that represent a grouping of other ILI-records

ILI-records that originatefrom WordNet1.5 consist of a specification of the part-of-speech, a reference

to the file offset position in the original WordNet1.5 database, the gloss and a list of variants

representing the synset.

0 @1@ ILI_RECORD

1 PART_OF_SPEECH "n"

1 WORDNET_OFFSET 2403

1 GLOSS "something having concrete existence; living or nonliving& 03"

1 VARIANTS

2 LITERAL "entity"

3 SENSE 1

0 @2@ ILI_RECORD

1 PART_OF_SPEECH "n"

1 WORDNET_OFFSET 2728

1 GLOSS "any living entity& 03 1stOrderEntity Living Natural Origin"

1 VARIANTS

2 LITERAL "life form"

3 SENSE 1

2 LITERAL "organism"

3 SENSE 1

2 LITERAL "being"

3 SENSE 1

2 LITERAL "living thing"

3 SENSE 1

In some cases, glosses have been edited or added. Thisinformation isimported via a special kind of

updateformat:

0 ILI_RECORD

1 UPDATE

1 PART_OF_SPEECH "n"

1 FILE_OFFSET 8340478

1 GLOSS "COMPUTER_TERMINOLOGY a unit of information (from Binary+digIT); the

amount of information in a system having two equiprobable states; "there are 8 bits in

a byte""

The second line here indicates the UPDATE function and the gloss will overwrite the gloss that is

alreadyin the database.

The second type of ILI format are the Composite ILI-records. The import records have a so-called

ADD_ON_ID instead of an FILE_OFFSET number to identifythe record. Furthermore, theyhave

equivalence relationsto theILI-records that are grouped byit. For the rest the structure isthe same:

0 ILI_RECORD

1 PART_OF_SPEECH "v"

1 ADD_ON_ID 3029

1 GLOSS "give certain properties to something; "g et someone mad"; "She made us

look silly"; "He made of fool of homself at the meeting"; "Don’’t make this into a big

deal"; "This invention will make you a famous physicist""

1 VARIANTS

2 LITERAL "get"

3 SENSE 3

2 LITERAL "get"

3 SENSE 4

1 EQ_R ELATION "eq_generalization"

2 TARGET_ILI

3 WORDNET_OFFSET 69344

2 TARGET_ILI

3 WORDNET_OFFSET 69756

So in this example, the Composite ILI-record representsa generalization between two specific synsets,

which aresenses of the verb ^get~.

Finally, we give an example of ILI import records for computer terminologythat hasbeen added. It has

the same general structureof an ADD_ON record but no equivalence relations:

0 ILI_RECORD

1 PART_OF_SPEECH "n"

1 ADD_ON_ID 8001

1 GLOSS "COMPUTER_TERMINOL OGY Redefining in a child class a method or

function member defined in a parent class."

1 VARIANTS

2 LITERAL "overriding"

3 SENSE 1

2.5.3. Import format for Top-Concepts and Domains

The top-ontology, which will be explained below, hasinternal structureand is linked to the ILI aswell.

The import records therefore consist of:

- variants(onlyone)

- gloss

- internal links

- linksto the ILI

The internal linksare limited to SUPER_TOP_CONCEPT, which standsfor hyponym y, isa or

superordinate, and OPPOSITE_TOP_CONCEPT to indicate explicit disjointness of classes:

0 TOP_CONCEPT

1 VARIANTS

2 LITERAL "1stOrderEntity"

1 GLOSS "Any concrete entity (publicly) perceivable by the senses and located at

any point in time, in a three-dimensional space."

1 INTERNAL_LINKS

2 SUPER_TOP_CONCEPT "Top"

2 OPPOSITE_TOP_CONCEPT "2ndOrderEntity"

2 OPPOSITE_TOP_CONCEPT "3rdOrderEntity"

1 ILI_LINKS

2 TARGET_ILI

3 PART_OF_SPEECH "n"

3 FILE_OFFSET 1958400

0 TOP_CONCEPT

1 VARIANTS

2 LITERAL "2ndOrderEntity"

1 GLOSS "Any Static Situation (property, relation) or Dynamic Situation, which

cannot be grasped, heart, seen, felt as an independent physical thing.

They can be located in time and occur or take place rather than exist;

e.g. continue, occur, apply"

1 INTERNAL_LINKS

2 SUPER_TOP_CONCEPT "Top"

2 OPPOSITE_TOP_CONCEPT "1stOrderEntity"

2 OPPOSITE_TOP_CONCEPT "3rdOrderEntity"

Domain labels can be imported in the same wa y, as hierarchical structures related to specific ILI-

records. Except for the fact that the first lineshould say0 DOMAIN and the concept internal relation is

SUBDOMAIN:

0 @1@ DOMAIN

1 GLOSS "hardware, software and elements from related scientific disciplines"

1 VARIANTS

2 LITERAL "computing"

1 INTERNAL_LINKS

2 SUB_DOMAIN "World-Wide Web"

2 SUB_DOMAIN "networking"

2 SUB_DOMAIN "storage"

2 SUB_DOMAIN "programming"

2 SUB_DOMAIN "operating system"

2 SUB_DOMAIN "hardware"

1 ILI_LINKS

2 TARGET_ILI

3 PART_OF_SPEECH "n"

3 WORDNET_OFFSET 4339459

2 TARGET_ILI

3 PART_OF_SPEECH "n"

3 WORDNET_OFFSET 2393633

3. Methodology

3.1. Expand/Merge approach

The EuroWordNet database was built (asmuch aspossible) from available existing resources and

databases with semantic information developed in various projects. This was not onlymore cost-

effective given thelimited time and budget of the project, but also made it possible to combine

information from independentlycreated wordnets.

In general, the wordnets were built in two major cycles as indicated byI and II in Figure 9 below. Each

cycle consisted of a building phase and a comparison phase:

1. Building a wordnet fragment

1.1. Specification of an initial vocabulary

1.2. Encoding of thelanguage-internal relations

1.3. Encoding of theequivalence relations

2. Comparing the wordnet fragments

2.1. Loading of the wordnets in the EuroWordNet database

2.2. Comparing andrestructuring the fragments

2.3. Measuring the overlap across th e fragments

The building of a fragment was done using local tools and databases that are tailored to the specific

nature and possibilities of the available resources. The available resources differ considerablyin quality

and explicitness of the data. Whereassome sites had the availabilityof partiallystructured networks

bet ween word senses, others started from genuswords extracted from definitions that still had to be

disambiguated in meaning.

After the specification of a fragment of the voca bulary, where each site used similar criteria (there may

again be differences due to the different starting points), globally, two approaches have been followed

for encoding thesemantic relations:

Merge Model : the selection isdone in a local resource and thesynsets and their language-

internal relations are first developed separately, after which the equivalence relations to

WordNet1.5 are generated.

Expand Model : the selection is done in WordNet1.5 and the WordNet.1.5 synsets are

translated (using bilingual dictionaries) into equivalent synsets in the other language. The

wordnet relations are taken over and where necessaryadapted to EuroWordNet. Possibl y,

monolingual resources are used to verifythe wordnet relations imposed on non-English

synsets.

The Merge Model, which was followed for most languages, results in a wordnet that is independent of

WordNet1.5, possibl ymaintaining the language-specific properties. The Expand model, which was for

example followed for Spanish and French, results in a wordnet that isverycl ose to WordNet1.5 but

which isalso biased byit. What approach should be followed also depends on the qualityof the

available resources.

After the first production phase (steps Ia and Ib in Figure9) the results have been converted to the

EuroWordNet import format and loaded into the common database (step Ic). At that point various

consistencychecks have been carried out, both formallyand conceptually. Byusing thespecific

options in the EuroWordNet database it isthen possible to further inspect and compare the data, to

restructure relationswhere necessaryand to measure the overlap in thefragmentsdeveloped at the

separate sites.

Figure 9: Global overview of steps in building EuroWordNet

After each cycle, therehasbeen a verification phase. Feedback from the verification has been

incorporated in the next building cycle. At the end of the project the resultshave been used in a (cross-

language) information retrieval application (phase III).

The overall design of the EuroWordNet database made it possible to develop the individual language-

specifi c wordnets relativelyindependentlywhile guaranteeing a minimal level of compatibility.

Nevertheless, some specific measures have been taken to enlarge the compatibilityof the different

resources:

1. The definition of a common set of so-called Base Concepts that isused asa starting point byall the

sites to develop the cores of the wordnets. Base Concepts are meaningsthat playa major role in

the wordnets.

2. The classification of the Base Concepts in termsof a Top Ontology.

3. The exchange of problems and possible solutions for encoding therelationsfor theBase Concepts.

Bel owwe will give a further specification of the procedure of selecting the Base Concepts and theTop

Ontologythat has been used to classifythem. In Vossen et al. (1998) a description is given of the kind

of problems that have been encountered encoding relations in EuroWordNet and of the solutions that

have been adopted.

3.2. Base Concepts

The main characteristic of the Base Concepts is their importance in the wordnets. According to our

pragmatic point of view, a concept is important if it iswidely used, either directly or asa reference for

other widely used concepts. Importance isthusreflected in the ability of a concept to function as an

anchor to attach other concepts. This anchoring capability hasbeen defined in terms of two operational

criteria that can be automatically applied to the available resources:

¯ the number of relations (general or limited to hyponymy).

¯ high position of the concept in a hierarchy (in WN1.5 or in any local taxonomy)

The notion of Base Concepts should thusnot be confused with Basic-Level Concepts asdefined by

Rosch (1977). According to Rosch, the Basic Level is the level at which two conflicting principles of

classification arein balance: 1) to predict features for as manyinstances as possible, 2) to predict as

manyfeatures aspossible. Typically, thisbalance occurs at an average level of specificit y(where the

level can varydue to interest and experience). Base Concepts are technicallydefined as the concepts

with most relations. This more stronglycorrelates with the first principle, and theyare therefore in most

cases more general than the Basic Level Concepts.

Because the selection of these conceptsshould not be biased by a particular language or resource, each

site hascarried out an independent selection in their language. These selections have been translated to

the closest equivalentsinWordNet1.5 and the translated selections have been compared.

We first made a comparison between the Base Concepts (BCs) selected in the English, Dutch, Italian

and Spanish wordnets. This set has been verified later by taking similar selections in the German,

Estonian and Czech wordnets(for the French wordnet no independent selection hasbeen carried out).

Once each group had selected their local set of BCs and linked it to WN1.5 synsets, we have computed

the different intersections(pairs, triples, etc.) of the local BCs. In the ideal case, the selected sets of

conceptscoincide. The intersection of the English (GB), Dutch (NL), Spanish (ES) and Italian (IT)

translations was however only 30 BCs(24 noun synsets, 6 verb synsets). Thistotal intersection is not a

reliable set. Important concepts such as animal , object , place , location are not included. We therefore

selected all concepts occurring in two sets: the intersection-pairs.

Table 8: Intersection-pairsof translations of English, Dutch, Spanish and Italian Base Concepts

Nouns Verbs

NL ES IT GB NL ES IT GB

NL 1027 103 182 333 323 36 42 86

ES 103 523 45 284 36 128 18 43

IT 182 45 334 167 42 18 104 39

GB 333 284 167 1296 86 43 39 236

Merging these intersections resulted in a set of 871 WN1.5-synsets (694 nouns and 177 verbs) out of a

total set of 2860 synsets. Inspection of the rejected cases resulted in an extension of the BC set with

another 211 noun and 62 verb synsets. Thetotal set of common BCs (CBCs), based on English, Dutch,

Italian and Spanish, thus consisted of 1144 synsets, 905 nominal BCs and 239 verbal BCs.

Thisset of CBCs has been verified bythe Base Concept selectionsextracted in a similar wayin

French (FR), German (DE), Estonian (EE) and Czech (CZ). Table 9 shows the complete intersection of

the newselections and the selectionsmade for Dutch, Spanish, Italian and English.

Table 9: Complete Intersectionsof Base Concept Selections

Nouns Verbs

Intersection GB, NL, IT,

ES

24 6

Intersection FR, DE, EE,

CZ

70 30

Intersection All 13 2

As before, thetotal intersection of BCs derived for thenewlanguages (FR, DE, EE, CZ) is small (100

synsets). The total intersection by8 languages isonly15 synsets. Theunion of the intersection pairsis

a set of 877 synsets (619 nouns and 258 verbs), which is comparable with theunion of intersection

pairsfor GB, NL, ES, and IT. The next two tables showhowthe newselections (EWN2) overlap with

the first set of common BCs (EWN1).

Table 10: Overlap of EWN2 nounsand EWN1 nouns(905 CBCs)

NOUNS Local

NBCs

Intersectionwith

CNBC-ewn1 (905)

% of CNBC4-EWN1 % of Local BCs NEW

BCs (not

in

EWN1)

FR 787 787 99,24% 100,00% 0

DE 460 202 25,47% 43,91% 258

CZ 726 271 34,17% 37,33% 455

EE 703 389 49,05% 55,33% 314

Union

(selected by at least 1 side)

1727 811 102,27% 46,96% 916

Union of Intersection pairs

(selected by at least 2 sides)

619 516 65,07% 83,36% 105

Intersection

(selected by 4 sides)

70 70 8,83% 100,00%

Table 11: Overlap of EWN2 verbs and EWN1 verbs (239 CBCs)

VERBS Local

VBCs

Intersectionwith

CVBC-ewn1 (239)

% of CNBC4-EWN1 % of Local BCs New BCs

(Not in

EWN1)

FR 225 225 94.14% 100.00% 0

DE 321 98 41.00% 30.53% 223

EE 459 145 60.67% 31.80% 314

CZ 260 71 29.71% 27.31% 189

Union

(selected by at least 1 side)

872 233 97.49% 26.72% 639

Union of Intersection pairs

(selected by at least 2

sides)

258 179 74.90% 69.38% 61

Intersection

(selected by 4 sides)

30 30 12.55% 100.00%

When we look at the individual selections, we see that theFrench selection fullyoverlaps with the

CBCs in EWN1. This is due to the fact that theyhave directlytranslated the CBCs from EWN1 and did

not make an independent selection. The other selections showan overlap between 34-54% for nouns

and 27-30% for verbs. If we compare the union of the intersection pairswe see a much higher overlap:

83% for nouns and 69% for verbs. These synsets are thus selected for 4 or more languages. There

appears to be a high overlap between theBase Concepts in EWN1 and EWN2.

There are 105 nouns and 61 verbs selected by at least 2 EWN2 sides that are not part of the set of

common Base Concepts selected in EWN1. These have been added to the set of common Base

Concepts, resulting in a final total of 1310 synsets: 1010 nominal and 300 verbal synsets. Note that this

set does not represent the most minimal set of concepts. No attempts have been made to reduce the set

bygeneralizing unbalanced selections (e.g. dog is selected but not cat ), merging synomous concepts

(e.g. act and action ). Themain idea of the selection has been to be complete rather than to be minimal.

Given this set of common Base Concepts, the local selections can be divided into:

¯ synsets that have been selected as CBC. Thismeans that at least one other site considered this

concept as basic.

¯ rejected, i.e. no other site hasconsidered the concept as basic. The concept isnot a CBC but it can

still be part of the local BCs.

¯ missing, i.e. synsets selected by at least two other sites but not part of the local set

The result of this division for each group is given in the next table

Table 12: Selected and Rejected Base Concepts foreach language

Nouns Verbs

Proposed Selected Rejected Missing Proposed Selected Rejected Missing

NL 1027 429 598 265 323 126 197 51

ES 523 323 200 371 128 72 56 105

IT 334 239 95 455 104 63 41 114

GB 1296 594 702 100 236 132 104 45

FR 787 787 0 223 225 225 0 75

DE 460 261 199 794 321 139 182 161

EE 703 465 238 545 459 205 254 95

CZ 726 351 375 599 260 98 162 202

Thistable illustrates that, for instance in the case of the Dutch (NL) nouns, 429 out of 1027 candidates

(local BCs) were selected (as being membersof at least one other selection) and 598 were rejected. The

fourth column indicates that 265 nominal senses of the common BCs were missing in the local Dutch

selection.

Each group tried to represent the missing BCs as good as possible by the equivalent concepts in their

language. The results of representing the common BCs in Spanish, Italian and Dutch isgiven below,

where the BCs are measured in WordNet1.5 synsets.

Table 13: Number of Common Base Conceptsrepresented in the local wordnets

Local Synsets

Related to CBCs

Eq_synonym

Relations

Eq_near_

Synonym relations

CBCs Without

Direct Equivalent

NL 992 725 269 97

ES 1012 1009 0 15

IT 878 759 191 9

The final column gives the BCsthat could not directly be represented in the local wordnets. In total 105

CBCs could not been represented inall three wordnets, 12 of which not in two wordnets:

Table 14: Base Concept Gapsin at least two wordnets

bodycovering#1 Mental object#1; cognitive content#1; content#2

bodysubstance#1 Natural object#1

social control#1 Place of business#1; business establishment#1

change of magnitude#1 Plant organ#1

contractile organ#1 Plant part#1

spatial property#1; spatiality#1 Psychological feature#1

The table clearly shows that the unrelated CBCs are in many cases multiwordsin WordNet1.5 that

either represent artificial word senses, or very technical word senses.

If there is no eq_synonym or eq_near_synonym for a CBC, it isstill linked to the closest meaning in

the local wordnet via a so-called complex equivalence relation, e.g.:

{ongelukkig#1}, Adjective (unhappy)

EQ _ STATE _ OF unfortunate#1, unfortunate person#1, Noun

{onwel#1}, Adjective (sick)

E Q _ IS _ CAUSED _ BY cause to feel unwell#1, Verb

{bevatten#1}, Verb, (to contain)

E Q _ INVOLVED vessel#2, Noun

Just asa single meaning in the local wordnet maybe related to several CBCs, it isalso possible that a

single CBC is related to several meanings in the local wordnets. Especiallywhen it representsan

intermediate level of classification, it makes sense to link the CBC both to a more general meaning in

the local wordnet (with an eq_has_hyponym relation with the CBC) and to the more specific meanings

that it classifies (with an eq_has_hyperonym relation the CBC). This isillustrated by the way in which t he non-lexicalized BC ^plant part~ (0976849-n) isrepresented in the Spanish wordnet bylinking

hypon ymic andholonymic Spanish synsets to it:

{cosa#1; objet o#1} Noun (inanimateobject, physical object, object)

E Q _ HAS _ HYPONYM plant part#1, Noun

{organo#5; organo vegetal#1}, Noun (plant organ)

E Q _ HAS _ HYPERONYM plant part#1, Noun

{floar#1, planta#1} Noun, (plant life, flora, plant)

E Q _ HAS _ MERONYM plant part#1, Noun

Via the complex equivalence relations we thus get a maximal coverage of all the CBCs by all the sites

in terms of local representatives, even when there is no direct equivalence.

For building the wordnets, the meanings directly related to the CBCsare taken as the starting point in

the local wordnet. These selections are then worked out according to the lexicalization patternsthat are

relevant to that particular language. It may turn out that some meaningsrelated to a CBC are not

important for the local wordnet. In that case, only the minimal relations are encoded (synonymy and

hyponymy). It may also be the case that important meanings in the local wordnet are not part of the

CBC-related set. In that case, they are given the same attention as the CBC-related meanings. The

resulting core wordnet in each language will thus include the meaningsrelated to the CBCs and any

othermeaning which isimportant for the wordnet.

Given the set of common BCs (1310), each site created their core wordnetsindependentlyusing the

following procedure (see Figure 10 for an overview):

1. extend the set of Local BCs with equivalent representatives for the missing BCs.

2. create synsets for the Local BCs andthe common BC (CBC) representatives.

3. encode the hyperonyms for theLocal BCs and the CBC representatives (as far astheyare not yet

part of the selection).

4. encode the first level of hypon yms belowthe Local BCs and the CBC representatives

5. encode synsets related to the Local BCs and CBC representatives bynon-hyponym yrelations

6. encode sub-h ypon yms of the Local BCs and CBC representatives

Figure 10 gives an overviewof the different vocabularyfragments. Step 1 through 4 result in the core

wordnets that aremost important. We have focussed the manual work on the core wordnets. Extensions

from the core makeit possible to applydifferent (semi-)automatic methodologies for building and to

include language specific lexicalization patterns. As indicated in the general scheme, theintermediate

resultshave been compared. The results have been used to adjust the building strategies.

The documents that accompanyeach wordnet further describe the building and selection of the

different vocabularies and howtheyare compared. Each site has been free to add other concepts to the

core wordnets, suiting their local approach and starting point. These additionscould be:

· synsets related via non-hyponymy relations (such as meronymy, role/involvement, antonymy).

· synsets that are translatable to WordNet1.5 synsets.

· easilyextractable from thelexical resources that are available.

· local Base Concepts, locallyimportant concepts but still not part of the set of common Base

Concepts.

For each of these synsets the following information has to be minimallyspecified:

· Hyperonym

· Synonyms (synset members)

· Equivalence relationsto WordNet1.5, either directlyor via a hyperonym

Optionally, anyother relation could be added.

Figure 10: General outline of the vocabularies

Finally, as can be seen in Figure10, the BCs have been clasified bythetop-ontologyof 63 semantic

distinction. Thisontology, which functions as a common framework for all the wordnets, will be

described in the next section.

3.3. Top Ontology

To get to grips with theset of Base Concepts and to achieve consensus on the interpretation, we have

constructed a top-ontologyof basic semantic distinctionsto classifythem. Asexplained in the

introduction, the language-specific modules (as autonomous systems of language-internal relations),

are linked through the ILI, which gives further access to all language-independent knowledge, among

which the Top Ontologyof fundamental semantic distinctions. This language-independent information

can be transferred via theILI-records to all the languagespecific synsets that arelinked to it. The

common BCs, described above, areall specified in theform of ILI-records, which are thus linked to

fundamental concepts in the local wordnets.

The purpose of the EuroWordNet Top Ontologycan then be detailed asfollows:

a) It enforces more uniformityand compatibilityof the different wordnets. The classifications of the

BCs in terms of theTop Ontologydistinctions should applyto all the involved languages. In

practice this means that all sites have verified theassignment of a Top Concept to an ILI-record for

the synsets in their local wordnets that arelinked to thisILI-record. For example, the features

associated with thetop-concept Object can onlyapplyto the ILI-record object , when the features

also applyto the Dutch and Italian concepts linked to thisILI-record asequivalences. In addition

the distinction should also hold for all other Dutch and Italian concepts that could possibl yinherit

this propertyfrom the language-internal relations (e.g. all the (sub)hypon yms linked to ^voorwerp~

in the Dutch wordnet and all the (sub)hypon yms linked to ^oggetto~ in the Italian wordnet). Note

that the language internal distribution of such a feature can still differ from wordnet to wordnet, as

long as no false implications arederived.

b) Using the Top Concepts(TCs) we can divide the Base Concepts (BCs) into coherent clusters. This

means that the building of the wordnets can take place from cluster to cluster so that similar

conceptsare dealt with adjacently. This is important to enable contrastive-analysis of the word

meanings and it will stimulate a similar treatment. Furthermore, the clusters are used to monitor

progress across the sites and to discuss problems and solutionsper cluster.

c) The Top-Ontologyprovides users access and control of the database without having to understand

the languages of the wordnets. It ispossible to customize the database byassigning features to the

top-concepts, irrespective of the language-specific structures.

d) Although the wordnetsin EWNare seen asautonomous language-specific structures, it is in

principlepossible to extend the database with language-neutral ontologies, such as CYC,

MikroKosm os, the Upper-Model, bylinking them to the corresponding ILI-records. Such a linking

will be facilitated bythe top-concept ontologywhere similar concepts can be mapped directly.

From these purposes we can derive a fewmore specific principles for deciding on the relevant

distinctions. As suggested before, the wordnets reflect language-specific dependencies between words.

Likewise, the coding of the relations can be seen mainlyas a linguistic operation, resulting in

linguistically-motivated relations. 8 It is therefore important that the top-ontologyincorporates semantic

distinctions that playa role in linguistic approaches rather than purelycognitive or knowledge-

engineering practices. We therefore have initiallybased the ontologyon semantic classifications

common in linguistic paradigms: Aktionsart models [Vendler 1967, Verkuyl 1972, Dowt y1979,

Verkuyl 1989, Pustejovsky1991, Levin 1993], entity-orders [Lyons 1977], Aristotle´s Qualia-structure

[Pustejovsky1995]. Furthermore, we made use of ontological classifications developed in previous

EC-projects, which had a similar basisand are well-known in the project consortium: Acquilex (BRA

3030, 7315), Sift (LE-62030, [Vossen and Bon 1996]. 9

In addition to these theoretically-motivated distinctions there isalso a practical requirement that the

ontologyshould be capable of reflecting the diversityof theset of common BCs, across the 8

languages. In thissense the classification of the common BCs in terms of the top-concepts should result

in:

· homogeneous Base Concept Clusters

· average size of Base Concept Clusters

Homogeneit yhasbeen verified bychecking theclustering of theBCs with their classification in

WordNet1.5. In this senses the ontologyhasalso been adapted to fit thetop-levels of WordNet1.5.

Obviousl y, the clustering also has been verified with the other language-specific wordnets. The

criterion of cluster-size implies that we should not get extremelylarge or small clusters. In theformer

case theontologyshould be further differentiated, in thelatter case distinctions have to be removed and

the BCs have to be linked to a higher level. Finally, we can mention asimportant characteristics:

· the semantic distinctions should applyto both nouns, verbs and adjectives, because these can be

related in the language-specific wordnetsvia a xpos_synonym yrelation, and the ILI-records can be

related to anypart-of-speech.

· the top-concepts are hierarchicallyordered bymeans of a subsumption relation but there can only

be one super-type linked to each top-concept: multiple inheritance between top-concepts is not

allowed.

· in addition to the subsumption relation, top-concepts can have an opposition-relation to indicate

that certain distinctionsaredisjunct, whereas othersmayoverlap.

· there maybe multiple relations from ILI-records to top-concepts. Thismeansthat the BCs can be

cross-classified in terms of multipletop-concepts (as long asthese have no opposition-relation

bet ween them): i.e. multiple inheritance from Top-Concept to Base Concept is allowed.

It is important to realize that the Top Concepts (TCs) are more like semantic features than common

conceptual classes. We typicallyfind TCsfor Living and for Part but we do not find a TC Bodypart,

even though this maybe more appealing to a non-expert. BCs representing body parts arenowcross-

classified bytwo feature-like TCs Living and Part. The reason for this is that thediversityof the BCs

would require manycross-classifi ying concepts where Living and Part are combined with manyother

TCs. These combined classes result in a much more complex system, which isnot veryfl exible and

difficult to maintain or adapt. Furthermore, it turned out that theBCs typicallyabstract from particular

8 Relations hold between lexicalized units (words and phrases) of a language, and not, as is often the case in

language-neutral ontologies, just for the sake of creating a better ordering of hierarchies. The wordnets should

therefore not contain levels or synsets for concepts which are not considered to be natural expressions in a

language; this to the contraryof the common practice in WordNet1.5. As linguistic-structures the wordnets can

provide valuable information on the expressiveness of languages, as conceptual-structures this is not guaranteed.

9 In a later stage the EWN ontologyhas been compared with language-neutral ontologies such as CYC, Upper-

Model, MikroKosmos. This took place in the framework of the Eagles-project and in collaboration with the ANSI

ADHOC Group on OntologyStandards.

features but these abstractionsdo not showanyredundancy: i.e. it isnot thecase that all things that are

Living also always shareother features.

An explanation for thediversityof the BCs isthe wayin which theyhave been selected. To be useful

as a classifier or categoryfor manyconcepts (one of the major criteria for selection) a concept must

capture a particular generalization but abstract from (many) other properties. Likewise we find many

classifying meanings which express onlyone or two TC-features but no others. In this respect the BCs

typicall yabstract one or two levels from the cognitive Basic-Level as defined by[Rosch 1977]. So we

more likelyfind BCs such as furniture and vehicle than chair , table and car .

The ontologyis the result of 4 cycles of updating where each proposal hasbeen verified bythe

different sites. The ontologynowconsists of 63 higher-level concepts, excluding thetop. Following

[Lyons 1977] we distinguish at the first level 3 types of entities:

1stOrderEntity

Anyconcrete entity(publicly) perceiva ble bythe senses and located at anypoint in time, in a

three-dimensional space, e.g.: vehicle, animal, substance, object.

2ndOrderEntity

AnyStaticSituation (property, relation) or Dynamic Situation, which cannot be grasped,

heard, seen, felt asan independent physical thing. Theycan be located in time and occur or

take place rather than exist, e.g.: happen, be, have, begin, end, cause, result, continue, occur..

3rdOrderEntity

Anyunobservable proposition which existsindependentlyof timeand space. Theycan be true

or false rather than real. Theycan be asserted or denied, remembered or forgotten, e.g.: idea,

thought, information, theory, plan.

According to Lyons, 1stOrderEntities are publiclyobservable individual persons, animals and more or

less discrete physical objects and physical substances. Theycan be located at anypoint in time and in,

what is at least psychologicall y, a three-dimensional space. The2ndOrderEntities are events, processes,

states-of-affairs or situations which can be located in time. Whereas 1stOrderEntities exist in time and

space 2ndOrderEntities occur or take place , rather than exist. The 3rdOrderEntities arepropositions,

such as ideas, thoughts, theories, hypotheses, that exist outside space and time and which are

unobservable. Theyfunction asobjects of propositional attitudes, and theycannot be said to occur or be

located either in space or time. Furthermore, theycan be predicated as true or false rather than real,

theycan be asserted or denied, remembered or forgotten, theymaybe reasons but not causes.

The following tests areused to distinguish between 1st and 2nd order entities:

a The same person was here again today

b The same thinghappened/occurred again today

The reference of ’thesameperson’ is constrained bytheassumption of spatio-temporal continuityand

bythe further assumption that the same person cannot be in two different places at the same time. The

same type of event can occur in several different places, not onlyat different times but also at the same

time. However, the same event cannot reoccur at all; it is for allways bound bythe time and location of

its occurrence. Third-order entities cannot occur, have no temporal duration and therefore fail on both

tests:

*? The idea, fact, expectation, etc.... was here/occurred/ took place

A positive test for a 3rdOrderEntityis based on the properties that can be predicated:

ok The idea, fact, expectation, etc.. istrue, isdenied, forgotten

The first division of the ontologyis disjoint: BCs cannot be classified as combinations of these TCs.

Thisdistinction cutsacross the different partsof speech in that:

· 1stOrderEntities are always (concrete) nouns.

· 2ndOrderEntities can be nouns, verbs or adjectives.

· 3rdOrderEntities are always (abstract)nouns.

The actual distribution of the BCs over the different partsof speech is shown in the next table:

Table 15: Total Set of classified Base Concepts

Nouns Verbs Total

1stOrderEntities 491 491

2ndOrderEntities 272 263 535

3rdOrderEntities 33 33

Total 796 263 1059

The figures given here and belowcover theBase Concepts before the extension based on the French,

German, Czech and Estonian selections. Note also that a BC mayoriginallybe a noun or verb in

WordNet1.5 but maybe associated with anypart-of-speech in one of thelocal wordnets. The

1stOrderEntities and 2ndOrderEntities are then further subdivided according to the following hierarchy,

where thesuperscripts indicate thenumber of BCs that are directlyclassified bythe TC:

Top 0

1stOrderE ntity 1 2ndOr derE ntity 0

Origin 0

Natural 21

Living 30

Plant 18

Human 106

Creature 2

Anima l23

Artifact 144

Form 0

Substance 32

Solid 63

Liquid 13

Gas 1

Object1 62

Composition 0

Part 86

Group 63

Function 55

Vehicle 8

Representation 12

MoneyRepresentation 10

LanguageRepresentation 34

ImageRepresentation 9

Soft ware 4

Place 45

Occupation 23

Instrument 18

Garment 3

Furniture 6

Covering 8

Container 12

Comestible 32

Building 13

SituationType 6

Dynamic 134

BoundedEvent 183

UnboundedEvent 48

Static 28

Property 61

Relation 38

SituationComponent 0

Cause 67

Agentive 170

Phenomenal 17

Stimulating 25

Communication 50

Condition 62

Existence 27

Experience 43

Location 76

Manner 21

Mental 90

Modal 10

Physical 14 0

Possessi on 23

Purpose 137

Quantity 39

Social 102

Time 24

Usage 8

3rdOrderE ntity 33

Figure 11: The EuroWordNet Top-Ontology

Since thenumber of 3rdOrderEntities among the BCs was limited compared to the 1stOrder and

2ndOrder Entities we have not further subdivided them. The following BCs have been classified as

3rdOrderEntities:

Base Conceptsclassified as3rdOrderEntities:

theory; idea; structure; evidence; procedure; doctrine; policy; data point; content; plan of

action; concept; plan; communication; knowledge base; cognitive content; know-how;

category; information; abstract; info;

The subdivisions of the 1stOrderEntities and 2ndOrderEntities are further discussed in the next

sections.

3.3.1. Classification of 1st-Order-Entities

The 1stOrderEntities are distinguished in termsof four main ways of conceptualizing or classifying a

concrete entity:

a) Origin: the wayin which an entityhas come about.

b) Form: asan a-morf substance or asan object with a fixed shape, hence thesubdivisions Substance

and Object.

c) Composition: asa group of self-contained wholes or as a part of such a whole, hence the

subdivisions Part and Group.

d) Function: thetypical activityor action that is associated with an entity.

These classes are comparable with Aristotle´s Qualia roles as described in Pustejovsky´s Generative

lexicon, (the Agentive role, Formal role, Constitutional role and Telic Role respectivel y: [Pustejovsky

1995] but are also based on our empirical findings to classifythe BCs. BCs can be classified in terms

of anycombination of these four roles. As such the top-concepts function moreas features than as

ontological classes. Such a systematic cross-classification was necessarybecause the BCs represented

such diverse combinations(e.g. it was not possible to limit Function or Living onlyto Object).

The main-classes are then further subdivided, wherethe subdivisions for Form and Composition are

obvi ous given the above definition, except that Substance itself is further subdivided into Solid, Liquid

and Gas. In the case of Function the subdivisionsare based onlyon the frequencyof BCs having such a

function or role. In principle the number of roles isinfinite but the above roles appear to occur more

frequentlyin the set of common Base Concepts.

Finally, a more fine-grained subdivision hasbeen made for Origin, first into Natural and Artifact. The

categoryNatural covers both inanimateobjects and substances, such as stones , sand , water , and all

living things, among which animals , plants and humans . The latter are stored at a deeper level below

Living. The intermediate level Living is necessaryto create a separate cluster for natural objects and

substances, which consist of Living material (e.g. skin , cell ) but are not considered as animate beings .

Non-living and Natural objects and substances, such as natural products like milk , seeds , fruit , are

classified directlybelowNatural.

As suggested, each BC that is a 1stOrderEntityis classified in termsof these main classes. However,

whereas the main-classes are intended for cross-classifications, most of the subdivisions are disjoint

classes: a concept cannot be an Object and a Substance, or both Natural and Artifact. Thismeansthat

within a main-classonlyone subdivision can be assigned. Consequently, each BC that is a

1stOrderEntityhas at least one up to four classifications:

fruit: Comestible (Function)

Object (Form)

Part (Composition)

Plant (Natural, Origin)

skin: Covering (Covering)

Solid (Form)

Part (Constituency)

Living (Natural , Origin)

life 1: Group (Composition)

Living (Natural, Origin) cell: Part (Composition)

Living (Natural, Origin)

reproductive structure 1 Living (Natural, Origin)

The next Figure give a schematic overview, howclusters of BCs (both 1stOrder and 2ndOrderEntites)

are classified bycom binations of TCs:

skin

hair

body-

covering

Top

1stOrderEntity 2ndOrderEntity

SituationType SituationComponent

Living

Location Experience

Physical

Static Dynamic

Natural

Covering Part Group

Composition Origin

Function Form

Etc�. Etc.

body

part

cell

muscle

organ

Object

Human

Mental

Direction

distance

spatial property

spatial relation

course

path change of position

divide

locomotion

motion feel desire

disturbance

emotion

feeling

humor

pleasance church

company

institute

organization

party

union human

adult

adult female

adult male

child

native

offspring

Figure 12: Lattice structure of the EuroWordNet top-ontology

The more classifications apply, the more informative the concept is. If a BC isclassified bye.g. only

one main-class it means that it can refer to thingsthat varyin properties with respect to theother

classes. This typicallyapplies to words which we call Functionalsand which occur relativelyoften as

BCs. Functionalsare words that can onlybe characterized in termsof some major activity-involvement

and can varywith respect to their Form, Constituency, or Origin. Examples of Functionals are: threat ,

belongings , product , cause , garbage , which can refer to persons, animals, substances, objects,

instruments, parts, groups, anything as long asit satisfies the described role. These nounsthus have an

open denotation (although stereot ypical constraints mayhold) and fullyrelyon this role relation. 10

Other classes belowFunction, e.g. Building, Vehicle are also linked to Artifact and therefore speci fied

for Origin. Most of these are Objects, some are also specified for Group:

arms: Instrument (Function)

Group (Composition)

Object (Form)

Artifact (Origin)

Finally, with respect to Composition it needs to be said that onlyconcepts that essentiallydepend on

some other concept, are classified as either Part or Group. It is not the case that all persons will be

classified as Parts because theymaybe part of group . Group , on the other hand, typicallydepends on

the elements as part of its meaning.

10 This role relation maybe expressed in the language-internal wordnet bymeans of a specific role-relation with a

lexicalized verb or noun denoting the event.

Table 16: Definitions for first ordertop concepts

1stOrder Top Concept Gloss

Origin Considering thewa yconcrete entities are created or come into existence.

Function Considering thepurpose, role or main activityof a concrete entity.

Typicall yit can be used for nounsthat can refer to anysubstance, object

which isinvolved in a certain wa yin some event or process; e.g.

remains, product, threat.

Form Considering theshape of concrete entities, fixed as an object or a-morf

as a substance

Composition Considering thecomposition of concrete entities in terms of parts,

groups and larger constructs

Part Anyconcrete entitywhich iscontained in an object, substance or a

group; head, juice, nose, limb, blood, finger, wheel, brick, door

Group Anyconcrete entityconsisting of multiple discrete objects (either

homogeneous or heterogeneous sets), typicallypeople, animals, vehicles;

e.g. traffic, people, army, herd, fleet

Substance all stuff without boundaryor fixed shape, considered from a conceptual

point of viewnot from a linguistic point of view; e.g. mass, material,

water, sand, air. Opposed to Object.

Object Anyconceptually-countable concrete entitywith an outer limit; e.g.

book, car, person, brick. Opposed to Substance.

Vehicle ; e.g. car, ship, boat

Software ; e.g. computer programs and databases

Representation Anyconcrete entityused for conveying a message; e.g. traffic sign,

word, money.

Place Concrete entities functioning as thelocation for something else; e.g.

place, spot, centre, North, South

Occupation ; e.g. doctor, researcher, journalist, manager

Instrument ; e.g. tool, machine, weapon

Garment ; e.g. jacket, trousers, shawl

Furniture ; e.g. table, chair, lamp

Covering ; skin, cloth, shield,

Container ; e.g. bag, tube, box

Comestible food & drinks, including substances, liquidsand objects.

Building ; e.g. house, hotel, church, offi ce

Plant ; e.g. plant, rice; Opposed to Animal, Human, Creature.

Human ; e.g. person, someone

Creature Imaginarycreatures; e.g. god, Faust, E.T.; Opposed to Animal, Human,

Plant

Animal ; e.g. animal, dog; Opposed to Plant, Human, Creature.

Living Anything living and dying including objects, organic parts or tissue,

bodilyfluids; e.g. cells; skin; hair, organism, organs.

Natural Anything produced bynature and physical forces as artifact; Opposed to

Artifact.

Artifact Anything manufactured bypeople as natural; Opposed to Natural.

MoneyRepresentation Physical Representations of value, or money; e.g. share, coin

LanguageRepresentation Physical Representations conveyed in language (e.g. spoken, written or

sign language); e.g. text, word, utterance, sentence, poem

ImageRepresentation Physical Representations conveyed in a visual medium; e.g. sign

language, traffic sign, light signal

Solid Substance which can fall, does not feel wet and you cannot inhale it; e.g.

stone, dust, plastic, ice, metal; Opposed to Liquid, Gas

Liquid Substance that can fall, feels wet and can flowon theground; e.g. water,

soup, rain; Opposed to Gas, Solid.

Gas Substance that cannot fall, you can inhale it and it floats above the

ground; e.g. air, ozon; Opposed to Liquid, Solid.

3.3.2. The classification of 2ndOrderEntities

As explained above, 2ndOrderEntities can be referred to using nounsand verbs (and also adjectives or

adverbs) denoting static or dynamic Situations, such as birth , live , life , love , die and death . All

2ndOrderEntities are classified using two different classification schemes, which represent the first

division below2ndOrderEntity:

· the SituationType: the event-structure in terms of which a situation can be characterized asa

conceptual unit over time;

· the SituationComponent: themost salient semantic component(s) that characterize(s) a situation;

The SituationType reflects the wayin which a situation can be quantified and distributed over time,

and the dynamicitythat is involved. It thusrepresentsa basic classification in termsof the event-

structure (in the formal tradition) or thepredicate-inherent Aktionsart properties of nounsand verbs.

Examples of SituationTypes are Static, Dynamic. The SituationComponents represent a more

conceptual classification, resulting in intuitivel ycoherent clusters of word meanings. The

SituationComponentsreflect the most salient semantic componentsthat applyto our selection of Base

Concepts. Examples of SituationComponentsare: Location, Existence, Cause.

Typicall y, SituationType representsdisjoint features that cannot be com bined, whereas it is possible to

assign anyrange or combination of SituationComponentsto a word meaning. Each 2ndOrder meaning

can thus be classified in termsof an obligatorybut unique SituationType and anynumber of

SituationComponents.

3.3.2.1. SituationTypes

Following a traditional Aktionsart classification [Vendler 1967, Verkuyl 1972, Dowt y1979, Verkuyl

1989], SituationType is first subdivided into Static and Dynamic, depending on thedynamicityof the

Situation:

Dynamic

Situations implying either a specific transition from one state to another (Bounded in time) or

a continuous transition perceived as an ongoing temporallyunbounded process; e.g. event, act,

action, become, happen, take place, process, habit, change, activity. Opposed to Static.

Static

Situations (properties, relationsand states) in which there is no transition from one eventuality

or situation to another, i.e. theyare non-dynamic; e.g. state, property, be. Opposed to

Dynamic.

In general words, Static Situationsdo not involve anychange, Dynamic Situations involve some

specifi c change or a continuous changing. Thetraditional test for making dynamicityexplicit is to

com bine the noun or verb with a manner phrase that specifies the inherent properties of the Situation:

a. ?he sitsquickly.

b. he sat down quickly; a quick, wild meeting

The static verb to sit cannot be combined with quickly, but the dynamic verb to sit down and dynamic

noun meeting can. Different aspectual modifications, such as (im)perfective, progressive, depend on

this qualification.

Static Situationsare further subdivided into Properties, such as length , size, which applyto single

concrete entities or abstract situations, and Relations, such as distance , space , which onlyexist relative

to and in between several entities (of the same order):

Property

Static Situation which applies to a singleconcrete entityor abstract Situation; e.g. colour,

speed, age, length, size, shape, weight.

Relation

Static Situation which applies to a pair of concrete entities or abstract Situations, and which

cannot exist byitself without either one of the involved entities; e.g. relation, kinship,

distance, space.

Dynamic Situationsaresubdivided into events which express a specific transition and are bounded in

time(BoundedEvent), and processes which are unbounded in time (UnboundedEvent) and do not imply

a specific transition from one situation to another (although therecan be manyintermediate

transitions):

BoundedEvent

Dynamic Situationsin which a specific transition from one Situation to another is implied;

Bounded in time and directed to a result; e.g. to do, to cause to change, to make, to create.

UnboundedEvent

Dynamic Situationsoccurring during a period of time and composed of a sequence of (micro-

)changes of state, which are not perceived as relevant for characterizing the Situation as a

whole; e.g. grow, continuous changing, move around, live, breath, activity, hobby, sport,

education, work, performance, fight, love, caring, management.

We t ypicallysee that manyverbs and nouns areunder-classified for boundedness and sometimes even

for dynamicity. This means that theycan get a more specific interpretation in terms of a bounded

change or an unbounded process when theyare put in a particular context. A verb such as ^walk~

names a bounded event when it is combined with a destination phrase, as in (a), but it is unbounded

when it iscombined with a location phrase asin (b):

a) He walked to the station (?for hours) (in 2hours)

b) He walked in the park (for hours) (?in 2hours)

The boundedness is made more explicit using duration phrases that implythe natural termination point

of thechange ( in 2 hours ) or explicitlydo not ( forhours ).

3.3.2.2 SituationComponents

The SituationComponents divide the Base-Concepts in conceptuallycoherent clusters. The set of

distinctions is therefore based on the diversityof the set of common Base-Concepts that has been

defined. The following main components have been distinguished (where each component is followed

bya formal definition and a short explanation):

Usage

Situations in which something (an instrument, substance, time, effort, force, money) is or can

be used; e.g. to use, to spent, to represent, to mean, to be about, to operate, to fl y, drive, run,

eat, drink, consume.

Usage stands for Situationsin which either a resource or an instrument is used or activated for some

purpose. Thiscovers both consumptive usage (the use time, effort, food, fuel) and instrumental

operation (as in to operate a vehicle , to run a program) . So far it has been restricted to Dynamic

Situations only. It typicall ycom bines with Purpose, Agentive and Cause because we often deliberately

use thingsto cause to some effect for some purpose.

Time

Situations in which duration or time plays a significant role; Static yesterday, day, pass, long,

period, Dynamic e.g. begin, end, last, continue.

Time is onlyapplied to BCs that stronglyimplytemporal aspects. This includes general BCs that only

implysome temporal aspect and specific BCs that also denote some specific Situation. Typical

`aspectual´ BCs, such as begin , end , onlyexpress to the phase of situationsbut abstract from the actual

Situation. Most of these also implydynamicity. More specific BCs, such as to attack, to depart, to

arrive , combine other SituationComponents but also implysome phase. Finally, all BCs that denote

timepoints and periods, such as time , day , hour , moment , are all clustered belowTime and Static.

Social

Situations related to societ yand social interaction of people: Static e.g. employment, poor,

rich, Dynamic e.g. work, management, recreation, religion, science.

Social refers to our inter-human activities and situations in societ y. There are manySocial activities

(UnboundedEvent) which correlate with manydifferent Social Interestsor Purposes. These are not

further differentiated in termsof TCs but using the Domain labels (Management, Science, Religion,

Health Care, War, Recreation, Sports). In addition there are Static Social states such as poverty ,

employment .

Q uantity

Situations involving quantityand measure; Static e.g. weight, heaviness, lightness; changes of

the quantityof first order entities; Dynamic e.g. to lessen, increase, decrease.

Dynamic BCs clustered belowQuantityt ypicallydenote increase or decrease of amounts of entities.

Static QuantityBCs denote all kinds of measurements.

Purpose

Situations which are intended tohave some effect.

Purpose is an abstract component reflecting theintentionalityof acts and activities. This concept can

onlybe applied to Dynamic Situationsand it stronglycorrelates with Agentive and Cause, clustering

mainlyhuman acts and activities. SituationComponentssuch asUsage, Social and Communication

often (but not alwa ys) com bine with Purpose.

Possession

Situations involving possessi on; Static e.g. have, possess, possession, contain, consist of, own;

Dynamic changes in possession, often to be com bined which changes in location aswell; e.g.

sell, buy, give, donate, steal, take, receive, send.

Possessi on covers ownership and changes of ownership, but not physical location or meronym yor

abstract possession of properties. Thefact that transfer of Possessi on often implies physical motion or

static location will be indicated bycross-classifying BCs for Possession, Location, and Static or

Dynamic, respectivel y.

Physical

Situations involving perceptual and measurable properties of first order entities; either Static

e.g. health, a colour, a shape, a smell; or Dynamic changes and perceptions of the physical

properties of first order entities; e.g. redden, thicken, widen, enlarge, crush, form, shape, fold,

wrap, thicken, to see, hear, notice, smell. Opposed to Mental.

Physical typicallyclusters Dynamic physical Changes, in which a Physical Propertyis altered, and

Static Physical Properties. In all these cases a particular physical propertyis incorporated which, in

manycases, can be made explicit bymeans of a causative relation ( to become red ) or a synonym y

relation ( health and healthy ) with an adjective in the local wordnets. Another cluster is formed by

Physical Experiences (see Experience).

Modal

Situations (onlyStatic) involving the possibilityor likelihood of other situations as actual

situations; e.g. abilities, power, force, strength.

Modal Situationsare always Static. Most Modal BCs denote some abilityor necessar ypropertyneeded

to perform some act or activity.

Mental

Situations experienced in mind, including a concept, idea or theinterpretation or message

conveyed bya symbol or performance (meaning, denotation, content, topic, story, message,

interpretation) and emotional and attitudinal situations; a mental state is changed; e.g. invent,

remember, learn, think, consider. Opposed to Physical.

Mental Situationscan be differentiated into Experiences (see Experience) and in Dynamic Mental

events possibl yinvolving an Agent. The latter cluster cognitive actionsand activities such as to think,

to calculate, to remember , to decide .

Manner

Situations in which wa yor manner plays a role. This maybe Manner incorporated in a

dynamic situation, e.g. ways of movement such as walk, swim, fly, or the static Propertyitself:

e.g. manner, sloppy, strongly, wa y.

Manner as a SituationComponent applies to manyspeci fic BCs that denote a specific wa yor manner in

which a Dynamic event takes place. Typical examples are wa ys of movement. General BCs that only

refer to Manner as such andnot to some speci fic Situation are Staticnounssuch as manner , way , style .

Location

Situations involving spatial relations; static e.g. level, distance, separation, course, track, wa y,

path; something changes location, irrespective of thecausation of the change; e.g. move, put,

fall, drop, drag, glide, fill, pour, empty, take out, enter.

Location is typicallyincorporated in Dynamic BCs denoting movements . When combined with Staticit

clusters nouns that refer to Location Relations, such as distance, level, path, space . ALocation Relation

holds between several entities and cannot be seen asa propertyof single entity. This makes it different

from Place, which applies to a 1stOrderEntitythat functionsasthe location for an event or some other

1stOrderEntity.

Experience

Situations that involve an experiencer: either mental or perceptual through the senses.

Situations with the TC Experience involve the mental or perceptual processing of some stimulus. In

this respect there must be an experiencer implied, although it isnot necessarilyexpressed as one of the

arguments of a verb (it could be incorporated in the meaning). Typical Experience BCs are: to

experience, to sense, to feel, pain, to notice . Experiences can be differentiated bycom bining it with

Physical or Mental. Physical Experiences are external stimuli processed bythe senses: to see, to hear .

Mental Experiences are internal onlyexisting in our minds: desire, pleasance, humor, faith, motivation .

There are manyexamples of BCs that cannot be differentiated between these, e.g. pain that can be both

Physical and Mental. Another interesting aspect of Experiences isthat there isunclarityabout the

dynamicity. It isnot clear whether a feeling or emotion is static or dynamic. In this respect Experience

BCs areoften classified asSituationType, which is undifferentiated for dynamicity.

Existence

Situations involving the existence of objects and substances; Staticstates of existence e.g.

exist, be, be alive, life, live, death; Dynamic changes in existence; e.g. kill, produce, make,

create, destroy, die, birth.

Dynamic Existence Situations typicallyrefer to the coming about, the dying or destruction of both natural and

artifact entities. This includes artificial production or creation, such as to make, to produce, to create, toinvent , and

natural birth . Static Existence is a small cluster of nouns that refer to existence or non-existence.

Condition

Situations involving an evaluative state of something: Static, e.g. health, disease, success or

Dynamic e.g. worsen, improve.

Condition isan evaluative notion that can be either positive or negative. It can be combined with

Dynamic changes (Social, Physical or Mental) or Static Situations which are considered as positive or

negative (again Social, Physical or Mental).

Communication

Situations involving communication, either Static, e.g. be_about or Dynamic (Bounded and

Unbounded); e.g. speak, tell, listen, command, order, ask, state, statement, conversation, call.

Communication verbs and nouns areoften speech-acts (bounded events) or denote more global

communicative activities (unbounded events) but thereare also a fewStatic Communication BCs. The

Static Communication BCs (e.g. to be about ) express meaning relations between

PhysicalRepresentations (such aswritten language) and thepropositional content (3rdOrderEntities).

The Dynamic BCs belowthe TC Communication form a complex cluster of related concepts. Theycan represent various aspects of Communication which correlate with the different ways in which the

communication is brought about, or different phases of the communication. Some Communication BCs

refer to causation of communication effects, such as to explain, to show, to demonstrate , but not

necessarilyto the precise medium (graphical, verbal, bodyexpression). These BCs combine with the

TCs Cause and Mental. Other BCs refer to the creation of a meaningful Representation, to write, to

draw, to say , but theydo not necessarilyimplya communicative effect or the perception and

interpretation of the Representation. Theytypicall ycom bine with Existence, Agentive, and Purpose.

Yet other BCs refer to the perceptual and mental processing of communicative events, to read, to listen

and thuscombine with Mental.

Cause

Situations involving causation of Situations(both Static and Dynamic); result, effect, cause,

prevent.

Causation isalwa ys combined with Dynamic and it can take various forms. It can either be related to a

controlling agent which intentionallytries to achieve some change (Agentive), or it can be related to

some natural force or circumstance (Phenomenal). Another differentiation is into the kind of effect as a

perceptive or mental Experience, which makes thecause Stimulating. The different ways of causation

have been subdivided in termsof an extra level of TCs:

Agentive

Situations in which a controlling agent causes a dynamic change; e.g. to kill, to do; to act.

Opposed to other causes such asStimuli, Forces, Chance, Phenomena.

Stimulating

Situations in which something elicits or arouses a perception or provides the motivation for

some event, e.g. sounds (song, bang, beep, rattle, snore), views, smells, appetizing,

motivation. Opposed to other causes such as Agents, Forces, Chance.

Phenomenal

Situations that occur in nature controlled or uncontrolled or considered as a force; e.g.

weather, chance. Opposed to other causes such as Stimuli, Agents.

As far asthe set of Base Concepts is representative for the total wordnets, this set of

SituationComponentsis also representative for the whole. Note that adjectives and adverbs have not

been classified in EuroWordNet yet. In thisrespect we ma yneed a further elaboration of these

components when these parts-of-speech are added. Thelast three SituationComponents are subdivided,

which arediscussed in the following subsections.

As said above, a verb or 2ndOrder noun maythus be composed of anycombination of these

components. However, it isobvious that some combinations make more sense than others. Situations

involving Purpose oft en also involve Cause, simplybecause it isin thenature of our behavior that

people do things for some purpose. Furthermore, there maybe some specific constraints that some

components are restricted to some SituationTypes. Cause and Purpose can onlyoccur with Dynamic

Situations. When there isno constraint we will thus get various combinations, such as Dynamic and

Physical for to colour or Static and Physical for colour , where word meanings can still be grouped on

the basis of theshared component: Physical.

The more specific a word isthe more componentsit incorporates. Just as with the 1stOrderEntities we

therefore typicall ysee that the more frequent classifying nouns and verbs onlyincorporate a fewof

these components. In the set of common Base-Concept, such classifying words aremore frequent, and

words with manySituationComponentsaretherefore rare. In Appendix II a list isgiven of al TC

com binations with the clustersof BCs that belong to it. Appendix III gives a list of all cluster

com binations with frequency. The 1stOrderEntities (491 BCs) are divided over 124 clusters, the

2ndOrderEntities (500 BCs) over 314 clusters.

Finally, it is important to realize that theTop Ontologydoes not necessarilycorrespond with the

language-internal hierarchies. Each language-internal structurehasa different mapping with the top-

ontologyvia the ILI-records to which theyare linked asequivalences. For example there are no words

in Dutch that correspond with technical notions such as 1stOrderEntity, 2ndOrderEntity,

3rdOrderEntity, but alsonot with more down-to-earth concepts such as theFunctional 1stOrder concept

Container. These levels will thus not be present in the Dutch wordnet. From theDutch hierarchyit will hence not be possible to simplyextract all the containers because no Dutch word meaning is used to

group or classifythem. Nevertheless, the Dutch `containers´ maystill be found either via the

equivalence relationswith English `containers´ which are stored belowthe sense of ^container~ or via

the TopConcept clustering Container that isimposed on the Dutch hierarchy(or anyother ontologythat

maybe linked to the ILI). See Peters et al. (1998) for a further discussion on accessing the different

modules in the database.

The Top-Concepts have been assigned directlyto theBase Concepts but also to other tops in

WordNet1.5 that are not included in theBase Concept selection (389 verbal synsets and 2 nominal

synsets). This resulted in 793 nominal and 617 verbal synsets that have been classified in total. The file

with these classifications is provided on the general EuroWordNet CD and can be downloaded from the

WWW-site.

Byinheriting these top-concept assignments via the hyponym yrelations it ispossible to populate the

complete ILI with top-concepts. However, because we want to keep a distinction between the directly

assigned and the inherited top-concepts we decided to add the inherited top-concepts to the glosses.

There are two things to be noted with respect to the inherited top-concepts. First of all, redundant top-

concepts areadded in so far theyhave not been inherited from higher levels. If a top-concept list

includes Animal but not Natural, then Natural isadded because it isimplied byAnimal according to the

above top-concept hierarchy. The second point is that the hyperonym classification of WordNet1.5 is

not always the same or consistent with our top-ontologyassignement. This can be a matter of choice,

because we did not agree with theWordNet1.5 classification or it maybe incidental because top-

concepts, assigned to the higher levels, are no longer valid at deeper levels of the hierarchy. Examples

of theformer case are 3rdOrderEntities that have been classified in WordNet1.5 below

psychological_feature that goes to state together will all statitive nominals. In EuroWordNet, states are

static 2ndOrderEntities and the WordNet1.5 top state has been classified accordingly. Consequently,

many3rdOrderEntities will thusinherit both thetop-concepts 2ndOrderEntityand 3rdOrderEntity.

Inconsistencies at lower levels, the second possibilityof mismatch, mayarise. We have not been able

to verifythe inherited top-concepts at all levels.

Finally, we have added the lexicographer’sfile codes in WordNet1.5 to the glosses as well. Since these

are assigned on a synset to synset basis, it was not necessaryto inherit these codes. The compatibility

of thelexicographer’s file-codes and the top-ontologyis given belowin 16. Beloware some examples

of ILI-record glosses that include the augmented thelexigrapher’sfile code and the inherited

EuroWordNet top-concepts (where redundant TCs are added as well):

0 ILI_RECORD

1 PART_OF_SPEECH "n"

1 FILE_OFFSET 2728

1 GLOSS "any living entity& 03 1stOrderEntity Living Natural Origin"

1 VARIANTS

2 LITERAL "life form"

3 SENSE 1

2 LITERAL "organism"

3 SENSE 1

2 LITERAL "being"

3 SENSE 1

2 LITERAL "living thing"

3 SENSE 1

0 ILI_RECORD

1 PART_OF_SPEECH "n"

1 FILE_OFFSET 1978911

1 GLOSS "a flat-bottomed boat used on upper Great Lakes& 03 06 1stOrderEntity

Artifact Form Function Instrument Object Origin Vehicle"

1 VARIANTS

2 LITERAL "Mackinaw boat"

3 SENSE 1

2 LITERAL "mackinaw"

3 SENSE 2

0 ILI_RECORD

1 PART_OF_SPEECH "v"

1 FILE_OFFSET 1064210

1 GLOSS "roll around, as of a pig in mud& 2ndOrderEntity 38 Dynamic Location

Physical SituationType"

1 VARIANTS

2 LITERAL " roll around "

3 SENSE 1

2 LITERAL " wallow "

3 SENSE 2

2 LITERAL " welter"

3 SENSE 3

Table 17: Mapping of WordNet1.5 Lexicographer’s file codes to EuroWordNet top-concepts

Code WordNet File Name EuroWordNet Top Concepts

03 noun.Tops

04 noun.act Agentive;

05 noun.animal Animal;

06 noun.artifact Artifact;

07 noun.attribute Property;

08 noun.body Object; Natural;

09 noun.cognition Mental;

10 noun.communication Communication;

11 noun.event Dynamic;

12 noun.feeling Experience;

13 noun.food Comestible;

14 noun.group Group;

15 noun.location Place;

16 noun.motive 3rdOrderEntity;

17 noun.object Object;

18 noun.person Human;

19 noun.phenomenon Phenomenal;

20 noun.plant Plant;

21 noun.possession Possessi on;

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;

29 verb.body Dynamic; Physical;

30 verb.change Dynamic;

31 verb.cognition Mental; Dynamic;

32 verb.communication Communication; Dynamic;

33 verb.competition Social; Dynamic;

34 verb.consumption Physical; Location; Dynamic;

35 verb.contact Location; Dynamic;

36 verb.creation Existence; BoundedEvent;

37 verb.emotion Experience; Mental;

38 verb.motion Location; Physical; Dynamic;

39 verb.perception Experience; Physical; Dynamic;

40 verb.possessi on Possessi on; Dynamic;

41 verb.social Social; Dynamic;

42 verb.stative Static;

43 verb. weather Phenomenal; Physical; Dynamic;

The EuroWordNet database

The multilingual EuroWordNet database consists of three components:

1. The actual wordnets in Flaim database format: an indexing and compression format of Novell,

which isalso part of the Groupwise software.

2. Polaris(Louw1998): a wordnet editing tool for creating, editing and exporting wordnets.

3. Periscope (Cuypers and Adriaens 1997): a graphical database viewer for viewing and exporting

wordnets.

The Polaristool is a re-implementation of the Novell ConceptNet toolkit (Díez-Orzas et al 1995)

adapted to the EuroWordNet architecture. Polaris can import newwordnets or wordnet fragments from

ASCII files with the correct import format and it creates an indexed EuroWordNet database (an

example of the import format is theTop Ontologyfile). Furthermore, it allows a user to edit and add

relations in the wordnets and to formulate queries. The Polaristoolkit makes it possible to visualize the

semanticrelationsasa tree-structure that can directlybe edited. These trees can be expanded and

shrunk byclicking on word-meaningsand byspecifying so-called TABs indicating the kind and depth

of relations that need to be shown, see Figure 13 below. Expanded trees or sub-trees can be stored as a

set of synsets, which can be manipulated, saved or loaded. Additionally, it ispossible to access the ILI

or theontologies, and to switch between the wordnets and ontologies via theILI. Finally, it contains a

queryinterface to match sets of synsets across wordnets. This can be down in several general ways:

1. multiple windows that expand separate wordnets and showthe equivalence relations(see Figure

13)

2. looking up inter-lingual-index items(Explore ILI-records) which will give the associated synsets

in each language (see Figure 14)

3. looking up Top-Concepts, which will give associated ILI-records (mostlyBase Concepts) and the

synsets in each language that are associated with these (see Figure 15)

4. looking up Domains, which will give associated ILI-records (mostlymore specific concepts) and

the synsets in each languagethat are associated with these (see Figure 16)

5. projecting a set of synsets in one language to a target language, via a selected set of equivalence

relations (see Figure 17).

Figure 13: Accessing separate wordnets and their equivalence links

Figure 14: Accessing different wordnets via the Inter-Lingual-Index

Figure 15: Accessing different wordnets via the Top-Ontology

Figure 16: Accessing different wordnets via the Domain hierarchy

Figure 17: Projecting Dutch ^ vehicles~ (1 level) to the Spanish wordnet

In thecase of a projection, which is shown in Figure 16, a selection of synsets in a particular language

(as shown in theleft upper windowfor Dutch vehicles) isloaded and the desired types of equivalence

mapping areselected. When a target language ischoosen, the ILI-recordsthat match the equivalence

types are taken to generate the synsets in the target language also linked to them. The resulting set of

target synsets is given in theright upper window, as is shown here for Spanish. Thelower window

gives, with different TABs, the ILI-records that are linked in the source selection, the ILI-records that

could not be matched and the records that are shared bythesource and target.

The cross links can also be activated bydouble-clicking the synsets or theILI-records. For example,

double-clicking a ILI-record that is given as an equivalent for a synset in the language-specific

explorer, will activate the ILI-explorer and from there it is possible to select a synset in another

language.

The Periscope program isa public viewer that can be used to look at wordnets created bythe Polaris

tool and compare them in a graphical interface. Word meaningscan be looked up and trees can be

expanded. Individual meaningsor complete branches can be projected on another wordnet or wordnet

structures can be compared via the equivalence relations with the Inter-Lingual-Index. Selected trees

can be exported to Ascii files. The Periscope program cannot be used for importing or changing

wordnets. Examples of the Periscope interface have alreadybeen given in this document.

5. Description of the CD-Rom

The EuroWordNet results are distributed byELRA/ELDA. Thedistribution consists of:

1. a general CDcontaining all the freeware and public data (also includes this document)

2. for each language: a language specific CD

The Polariswordnet toolkit should be licensed from Lernout and Hauspie. Contact person is Geert

Adriaens (e-mail: Geert.Adriaens@lhs.be).

The General CD containsthefollowing data:

DOC:

- EuroWordNet General Documentation (this document)

EWN GENERAL.ps (PostScript),

EWN GENERAL.doc (Word-97).

EWN GENERAL.html

- EuroWordNet Powerpoint Presentation

EWN GENERAL.ppt

- Text data

- BaseCon cepts:

The Base Concepts with top-concept clasification and WordNet1.5 classification

- NOUN_BASECONCEPTS.txt & VERB_BASECONCEPTS.txt

- Inter-Lingual-Index:

- ILI_WN15.ewn (ILI based on WordNet1.5)

- ILI_CLUSTERS.ewn (added composite ILI-records or clusters)

- ILI_DOMAIN_LABELS.ewn (Domain labels assigned to ILI)

- ILI_TOP_ONTOLOGY.ewn (Top Concepts assigned to ILI)

- ILI_COMPUTER_TERMS.ewn (computer terminologyadded and glossed)

- WordNet15:

WordNet1.5 in EWN format:

- WN_15_nouns.ew n, WN_15_verbs.ewn,

- WN_15_adjectives.ewn, WN_15_adverbs.ewn

- Samples:

EuroWordNet Samples in EWN format:

- WN_NL.ewn, WN_IT.ewn, WN_ES.ewn, WN_DE.ewn,

- WN_FR.ewn, WN_EE.ewn, WN_CZ.ewn, WN_TO.ewn (top-ontologyas wordnet)

- EwnDataBase:

The EuroWordNet database with the ILI and separate stores (*.sdb) for

the wordnet samples and WordNet1.5 (see Figure 18 below).

- PERISCOPE:

- Periscope software, to be installed on Windows95/98/NT

- MAN: Periscope manual and installation instructions

- Readme.txt

Explanations:

*.sdb = Polaris database format;

*.ewn = EuroWordNet format that is exported byPolarisand can be imported byit;

Figure 18: Folder with the EuroWordNet database stores

Figure 18 lists the database files that should be present for Periscope and Polaris to operate properly.

Onlythe file ^Ewn_rvw.fdb~ should be opened byboth programs after launch. Theindividual wordnets

are stored as the *.sdb files. Note that the top-ontologyis also included as a mini-wordnet so that it can

be accessed in Periscope. Polaris alsohas an integrated version of the top-ontology.

For each language therewill be a language-specific CD which contains:

- language.sdb (thecomplete database accessible by Periscope or Polaris)

- language.ewn (ascii version of the database in EWN import/export format)

- document on the content of the wordnet (Postscript, Word-97)

- document on the comparison of the wordnets(Postscript, Word-97)

The content documentation includes a description of the individual wordnets and a comparison of

them. This comparison document isreleased separatelyfor EuroWordNet-1 (LE2-4003) and

EuroWordNet-2 (LE4-8328). The former includes descriptions of the English, Dutch, Spanish and

Italian wordnets and a comparison of these. The latter includes a description of the French, German,

Estonian and Czech and their comparison. These documents can also be downloaded from the

EuroWordNet WWW-site.

The general CDis distributed in addition to oneor more language-specific CDs. A user can then

replace the language-sample.sdb (keep a copyin a separate folder!) bythe full language.sdb file and

directlysee it with Periscope. In this way, it is not necessaryto make a *.fdb for this language (or any

com bination of languages) with Polaris, and it thus is not necessaryto buyPolaris before one can see

the database. If languages are missing in the folder Periscope does not work (and also Polaris may

crash). Somake surethat a copyof each of the language.sdb files ispresent in the database folder.

Acknowledgements

The EuroWordNet project has been possible by the funding of theEuropean Commision, DGXIII,

Luxembourg. We also want to thank thepublishers Van Dale Lexicografie and Bibliograf who have

provided their material. We clearlywant to express our gratitude to the Princeton research group of

George Miller, for building wordnet, for inspiring us and for giving usthe possibilityto build the

wordnets in theother languages. Without the Princeton wordnet, there would not have been

EuroWordNet.

For the rest, we want tothank all people that contributed to theproject.

References

Ageno A., F. Ribas, G. Rigau, H. Rodriquez and F. Verdejo. 1993. TGE: Tlinks Generation Environment .

Acquilex II (BRA7315) Working Paper 7. Polytecnica de Catalunya, Barcelona.

Agirre E. and Rigau G. 1996. Word Sense Disambiguation using Conceptual Density, in proceedings of the 16th

International Conference on Computational Linguistics (COLING’96). Copenhagen, Denmark.

Alonge, A. 1996. Definition of the Links and Subsets for Verbs . Deliverable D006, EuroWordNet , LE2-4003,

Computer Centrum Letteren, University of Amsterdam.

Alonge, A., N. Calzolari, P. Vossen, L. Bloksma, I. Castellon, T. Marti, W. Peters. 1998. "The Linguistic Design

of the EuroWordNet Database". In: Nancy Ide, Daniel Greenstein, Piek Vossen (eds), Special Issue on

EuroWordNet. Computers and the Humanities , Volume 32, Nos. 2-3 1998. 91-115.

Alvar M. (Ed.) 1987 Diccionario General Ilustrado dela Lengua Española VOX . Biblograf S.A. Barcelona.

Apresjan, J. 1973. "Regular Polysemy". Linguistics 142.

Bateman, J., B. Magnini and J. Rinaldi 1994 The Generalised Upper Model . In Proceedings of ECAI 1994.

Beckwith, R. and G.A. Miller. 1990. ^Implementing a Lexical Network~. International Journal of Lexicography,

Vol 3, No.4, 302-312.

Buitelaar, P. 1998. Corelex: Systematic Polysemy and Underspecification , PhD., Department of Computer

Science, Brandeis University.

Climent, S., H. Rodriguez, J. Gonzalo. 1996. Definition of the Links and Subsets for Nouns of the EuroWordNet

Project . Deliverable D005, EuroWordNet, LE2-4003, Computer Centrum Letteren, University of

Amsterdam.

Copeland, C., Durand, J., Krauwer, S. and Maegaard, B. (eds.). 1991. The Eurotra Formal Specifications , Office

for Official Pblications of the European Community, Luxembourg.

Copestake A. and A. Sanfilippo. 1993. Multilingual Lexical Representation , Acquilex II (BRA 7315) Working

Paper 2. Cambridge University.

Copestake A. and Briscoe, T. 1991. "Lexical operations in a unification-based framework". Ed. Pustejovsky J. and

Bergler S. Lexical Semantics and Knowledge Representation, Association for Computational Linguistics.

Copestake A., T Briscoe, P. Vossen, AAgeno, I Castellon, F Ribas, GRigau, HRodriguez, ASanmiotou. 1995.

"Acquisition of Lexical Translation Relations from MRDs". Journal of Machine Translation , Volume 9,

issue 3.

Copestake, A. 1995. "Representing Lexical Polysemy". Proceedings of AAAI, Stanford Spring Symposium,

Stanford.

Cruse, D. A. 1986. Lexical Semantics . Cambridge, Cambridge University Press.

Cuypers, I. And G. Adriaens. 1997. Periscope: the EWNViewer , EuroWordNet Project LE4003, Deliverable

D008d012. University of Amsterdam, Amsterdam.

Díez Orzas, P., M. Louwand Ph. Forrest. 1996. High level design of the EuroWordNet Database . EuroWordNet

Project LE2-4003, Deliverable D007.

Díez-Orzas P. and I. Cuypers. 1995. The Novell ConceptNet , Internal Report, Novell Belgium NV.

Dik, S. Stepwise Lexical Decomposition . Lisse, Peter de Ridder Press, 1978.

Donker, T. , I. Serail and P. Vossen, 1994, ^Salient Wordsand Phrases~, Computer Centrum Letteren,

University of Amsterdam, March 1994, Sift deliverable D5, LRE 62030.

Dowty, D.R. 1979. Word meaning and Montague grammar :the Semantics of Verbs and Times in Generative

Semantics and inMontague’s PTQ . Dordrecht: Reidel.

Dowty, D., On the Semantic Content of the Notion of Thematic Role, in G. Cherchia, B. Partee, R.

Turner (eds), Properties, Types and meaning, Kluwer, 1989.

Fellbaum, C. (ed.) 1998. WordNet: An Electronic Lexical Database . Cambridge, MA: MIT Press.

Fellbaum, C. 1990. ^English Verbs as a Semantic Net~. International Journal of Lexicography, Vol 3, No.4, 278-

301.

Gross, D. and K.J. Miller 1990. ^Adjectives inWordnet~. International Journal of Lexicography , Vol 3, No.4,

265-277.

Gruber, T.R. 1992 Ontolingua: aMechanismto Support Portable Ontologies . Report KSL 91-66. Stanford

University.

Lakoff, G. 1987. Women, Fire and Dangerous Things, University of Chicago Press, Chicago/London.

Lenat, D. and R. Guha 1990 Building Large Knowledge-based Systems. Representation and Inference in the CYC

Project. AddisonWesley.

Levin, B. 1993 English Verb Classes and Alternations . University of Chicago Press. Chicago.

Louw, M. 1998. The Polaris User’s Guide: The EuroWordNet Database Editor. EuroWordNet (LE4-4003

Deliverable D024 ) University of Amsterdam..

Lyons, J. 1977. Semantics . London, Cambridge University Press, 1977.

McCarthy, D. 1997. "Word sense disambiguation for acquisition of selectional preferences." Ed. Vossen, P.,

Adriaens, G., Calzolari, N., Sanfilippo, A., and Wilks, Y., Proceedings of the ACL/EACL’97Workshop on

Automatic Information Extraction and Building of Lexical Semantic Resources .

Miller G., R. Beckwith, C. Fellbaum, D. Gross, K.J. Miller. 1990. ^Introduction to WordNet: An On-line Lexical

Database". International Journal of Lexicography , Vol 3, No.4, 235-244.

Nirenburg, S. (ed.). 1989. "Knowledge-basedMT", Special issue Machine Translation vol.4, no 1 and 2, Kluwer

Publishers, Dordrecht.

Nunberg, G& A. Zaenen. 1992. "Systematic Polysemy in Lexicology and Lexicography". Proceedings of

EURALEX´92 , University of Tampere.

Ostler, N. and S. Atkins. 1991. "PredictableMeaning Shift: somelinguistic properties of lexical implication rules".

Ed. Pustejovsky J. and Bergler S. Lexical Semantics and Knowledge Representation , Association for

Computational Linguistics.

Peters, W., I. Peters, and P. Vossen. 1998a. "The Reduction of Semantic Ambiguityin Linguistic Resources". In:

A. Rubio, N. Gallardo, R. Catro and A. Tejada (ed) Proceedings of First International Conference on

Language Resources and Evaluation , Granada, 28-30 May 1998. 409-416

Peters, W., P. Vossen, P. Diez-Orzas, G. Adriaens. 1988b. "Cross-linguistic Alignment of Wordnets with an Inter-

Lingual-Index. In: Nancy Ide, Daniel Greenstein, Piek Vossen (eds), Special Issue on EuroWordNet.

Computers and the Humanities , Volume 32, Nos. 2-3 1998. 221-251.

Peters, W. 1999. The Inter-Lingual-Index in EuroWordNet, EuroWordNet Deliverable 2D004, Project

reference LE4-8328, University of Amsterdam.

Procter, P (ed) 1978 Longman Dictionary of Contemporary English. Longman, Harlowand London.

Pustejovsky, J. 1991. The syntax of event structure, Cognition, 41, 47-81.

Pustejovsky, J. 1995. The Generative Lexicon , MIT Press, Cambridge MA.

Rodriquez, H., S. Climent, P. Vossen, L. Bloksma; A. Roventini, F. Bertagna, A. Alonge, W. Peters. 1998. "The

Top-Down Strategy for Building EuroWordNet: Vocabulary Coverage, Base Concepts and Top Ontology".

In: Nancy Ide, Daniel Greenstein, Piek Vossen (eds), Special Issue on EuroWordNet. Computers and the

Humanities , Volume 32, Nos. 2-3 1998. 117-152.

Rosch, E. 1977 Human Categorisation. In N. Warren (Ed.) Studies in Cross-Cultural Psychology, Vol. I , pp. 1-49.

Academic Press. London.

Rosch, E. 1975. Cognitive Representations of Semantic Categories In: Journal of Experimental Psychology:

General 104:192-233.

Sanfilippo, A. 1997. "Using semantic similarity to acquire co-occurrence restrictions from corpora". Ed. Vossen,

P., Adriaens, G., Calzolari, N., Sanfilippo, A., and Wilks, Y., Proceedings of the ACL/EACL’97Workshop

on Automatic Information Extraction and Building of Lexical Semantic Resources .

Sanfilippo, A., T. Briscoe, A. Copestake, M. A. Martì-Antonin, A. Alonge. 1992. ^Translation Equivalence and

Lexicalization in the ACQUILEX LKB.~ Proceedings of the 4th International Conference on Theoretical

and Methodological Issues inMachine Translation , Montreal, Canada.

Talmy, L. 1985. ^Lexicalization Patterns: Semantic Structurein Lexical Form.~ In Language Typology and

Syntactic Description: Grammatical Categories and the Lexicon . Ed. T. Shopen. Cambridge, Cambridge

University Press.

Vendler, Z. 1967. Linguistics and philosophy. Ithaca: Cornell University Press.

Verkuyl, H. 1972. On the compositional nature of the aspects. Dordrecht: Reidel.

Verkuyl , H. 1989. ^Aspectual classes and aspectual distinctions~, Linguistics and Philosiphy, 12, 39-94.

Vossen P. and A. Bon 1996 Building a semantic hierarchy for the Sift project, Sift LRE 62030, Deliverable D20b,

University of Amsterdam. Amsterdam.

Vossen, P., L. Bloksma, C. Peters, A. Alonge, A. Roventini, E. Marinai, I. Castellon, T. Marti, G. Rigau, 1998.

"Compatibilityin Interpretation of Relations in EuroWordNet". In: NancyIde, Daniel Greenstein, Piek

Vossen (eds), Special Issue on EuroWordNet. Computers and the Humanities , Volume 32, Nos. 2-3 1998.

153-184.

Vossen P. (eds.) 1999 EuroWordNet: a multilingual database with lexical semantic networksfor

European Languages. Kluwer Academic Publishers, Dordrecht.

Vossen P. 1999 fc., EuroWordNet as a multilingual database. In: WolfgangTeubert (ed), Mouton

Gruyter, Berlin.

Vossen, P. , W. Peters, J. Gonzalo, 1999, Towardsa Universal Index of Meaning, In proceedings of the

Siglex99-workshop, ACL-1999, Maryland.

VOX-HARRAP´S 1992. Diccionario Esencial Español-Inglés Inglés-Español . Biblograf S.A. Barcelona.

Winston M., R. Chaffin, D. Herrmann. 1987. ^ATaxonomy of Part-Whole Relations.~ Cognitive Science 11, 417˘

444.

Appendix I: Base Concepts selected for 4languages 82

Appendix I: Base Concepts Selected by four sites in EuroWordNet

N OMINAL B ASE C ONCEPTS SELECTED BY ALL FOUR SITES

act 1* element 6 ornament 1

activity1 fabric 1 period 3

amount of time 1 fauna 1 period of time 1

animal 1 feeling 1 person 1

animate being1 flora 1 phenomenon 1

attitude 3 food 1 plant 1

beast 1 ground 7 plant life 1

beverage 1 human 1 point 12

brute 1 human action 1 potable 1

chemical compound 1 human activity1 quality1

chemical element 1 individual 1 solid ground 1

cloth 1 knowledge 1 someone 1

cognition 1 land 6 soul 1

compound 4 line 26 structure 1

construction 4 material 1 stuff 7

creature 1 material 5 substance 1

decoration 2 matter 1 terra firma 1

drink 2 mental attitude 1 textile 1

dryland 1 mortal 1 time period 1

earth 3 nutrient 1 worker 2

Verbal Base Concepts selected by all four sites

be 4 have 7 move 15

cause 6 have the qualityof being 1 remove 2

cover 16 induce 2 stimulate 3

create 2 locomote 1 take 4

get 9 make 12 take awa y1

go 14 make 13 travel 4

*Sense numbersdonot necessarilycorrespond with the sense numbersin WordNet1.5

83

Appendix II Top Ontology Classification of the Base Conceps

1stOrderEntity

thing 2: 01958400-n

Artifact

article1: 00012356-n

Building+Group+Artifact

establishment 2: 01960381-n

Building+Group+Object+Artifact

f actor y1: 02895948-n

housing 3: 02724446-n

Building+Object

abode 1: 02456156-n

Building+Object+Artifact

building 3: 02207842-n

building complex 1: 02209583-n

business establishment 1: 01960698-n

house 2: 02728393-n

mercantile establishment 1:

01961354-n

plant 2: 02893856-n

shop 1: 03066446-n

Building+Part+Object+Artifact

office 4: 01960921-n

room 1: 02725092-n

Comestible

aliment 1: 04837708-n

condiment 1: 05019688-n

dainty1: 04856504-n

Comestible+Artifact

baked good 1: 04875085-n

candy1: 04859051-n

course 5: 04842977-n

dish 3: 04843172-n

Comestible+Group+Artifact

pastry2: 04875625-n

Comestible+Group+Plant

garden truck 1: 04935405-n

Comestible+Liquid

beverage 1: 05074818-n

drink 4: 05077192-n

Comestible+Liquid+Artifact

alcohol 2: 05076795-n

sauce 1: 05034282-n

vino 1: 05081539-n

Comestible+Object+Plant

edible fruit 1: 04935607-n

vegetable 1: 04937211-n

Comestible+Part

helping 2: 04842062-n

ingredient 3: 05018259-n

Comestible+Part+Solid

commissariat 1: 04838667-n

Comestible+Part+Solid+Natural

herb 1: 05020240-n

Comestible+Solid+Animal

meat 2: 04894971-n

Comestible+Solid+Artifact

bread 1: 04916628-n

cake 2: 04879808-n

cheese 1: 05050320-n

dessert 1: 04867005-n

refined sugar 1: 05056815-n

Comestible+Substance

comestible 1: 04830190-n

dairyproduct 1: 05045392-n

flavorer 1: 05018491-n

food 1: 00011263-n

foodstuff 2: 04834499-n

Comestible+Substance+Artifact

confection 2: 04858776-n

Container+Object

container 1: 01990006-n

vessel 2: 03236256-n

Container+Object+Artifact

bottle 1: 02180350-n

tube 2: 03219464-n

Container+Part+Solid+Living

blood vessel 1: 03733773-n

passage 7: 03622270-n

tube 4: 03621461-n

vas 1: 03725681-n

vein 2: 03734105-n

Container+Solid

channel 1: 02342911-n

passage 6: 02857000-n

Container+Solid+Artifact

bag 4: 02097669-n

Covering

shield 2: 02895122-n

Covering+Artifact

covering 4: 01991765-n

Covering+Object+Natural

cover 7: 05639760-n

Covering+Part+Solid+Living

bodycovering 1: 03616903-n

hair 2: 03626404-n

skin 4: 03617358-n

Covering+Part+Solid+Natural

hide 1: 01246669-n

Covering+Solid+Artifact

cloth 1: 01965302-n

Creature

deity1: 05774165-n

imaginarybeing 1: 05764486-n

Function

Function

asset 2: 08179398-n

barrier 1: 02117075-n

bel onging 2: 08128156-n

building material 1 : 08885624-n

causal agency1: 00004473-n

commodit y1: 02329807-n consumer goods 1: 02344541-n

creation 3: 01992919-n

curative 1: 02024781-n

decoration 2: 02029323-n

device 4: 04576638-n

fastener 1: 02494190-n

force 6: 06276483-n

force 7: 06491991 -n

form 5: 03957219-n

impediment 1: 02822812-n

medicament 1: 02011101-n

possession 1: 00017394-n

protection 4: 02937777-n

remains2: 05638634-n

restraint 2: 02995085-n

support 6: 03149538-n

support 7: 03150440-n

supporting structure 1: 03150653-n

Function+Artifact

art 2: 02980374-n

facility1: 01962758-n

piece of work 1: 02932267-n

plaything 1: 02032220-n

product 2: 02929839-n

thing 3: 01958716-n

Function+Group+Human

church 3: 05168576-n

club 6: 05238189-n

company2: 05218109-n

company3 : 05220757-n

educational institution 1: 05270729-n

establishment 4: 05152219-n

house 6: 05206050-n

house 8: 05236426-n

institute 1: 05334108-n

organization 5: 05149489-n

party3: 05259394-n

school 5: 05271053-n

state 3: 05214009-n

union 7: 052863 71-n

Function+Living

reproductive structure 1: 06668106-n

Function+Object+Artifact

card 1: 02245777-n

painting 4: 02985557-n

Function+Object+Human

defender 1: 05844515-n

negotiant 1: 06224003-n

representative 3: 06305438-n

Function+Part+Object+Artifact

grip 3: 02598444-n

Function+Solid+Natural

ground 6: 05719829-n

Function+Substance

com bustible 1: 08936946-n

cushioning 1: 02841356-n

Functional

means 2: 02766526-n

Furniture+Group+Artifact

furnishings 2: 02043015-n

Furniture+Object+Artifact

arti cleof furniture 1: 02008299-n

chair 2: 02275608-n

seat 2: 03044397-n

table 1: 03160216-n

table 2: 03160884-n

Garment+Solid+Artifact

apparel 1: 02307680-n

garment 1: 02309624-n

headdress 1: 02612319-n

Gas

gas 5: 08938440-n

Group

accumulation 2: 05120211-n

arrangement 7: 05114274-n

group 1: 00017008-n

set 7: 05142366-n

system 1: 02036726-n

system 7: 05354739-n

unit 1: 01959683-n

Group+Human

a people 1: 05208026-n

administration 3: 05207180-n

administrative unit 1: 05233375-n

agency1: 05 301461-n

assemblage 4: 05132844-n

association 3: 05150995-n

authorities 1: 05151482-n

band 7: 05246785-n

body7: 05127029-n

bodypolitic 1: 05209013-n

citizenry1: 05205244-n

commission 7: 05293372-n

community2: 05236204-n

company1: 05217925-n

division 9: 05233198-n

enterprise 3: 05154048-n

family2: 05129983-n

family3: 05131472-n

hoi polloi 1: 05214761-n

human race 1: 05116306-n

movement 7: 05365815-n

party2: 05255204-n

people 1: 05116476-n

populace 1: 05214471-n

social group 1: 05 119847-n

unit 4: 05222733-n

Group+Living

life 1: 00003504-n

Group+Plant

flora 1: 00008894-n

ImageRepresentation

figure 12: 08483587-n

line 26: 08484352-n

ImageRepresentation+Artifact

design 2: 02030692-n

emblem 2: 04481847-n

icon 1: 02879254-n

re presentation 3: 02354709-n

ImageRepresentation+Object solid 1: 08482581-n

ImageRepresentation+Object+Artifact

art 4: 04539476-n

bill 7: 04427449-n

Instrument+Artifact

equipment 1: 02004554-n

instrumentality1: 02009476-n

light 1: 02697378-n

mechanis m 2: 02010561-n

Instrument+Group

material 2: 02765238-n

Instrument+Group+Object+Artifact

arm 4: 03253503-n

arms2: 03254035-n

Instrument+Object+Artifact

apparatus 1: 02069513-n

device 2: 02001731-n

engine1: 02473560-n

implement 1: 02008805-n

instr ument 2: 02657448-n

machine 2: 02743730-n

machine 3: 02744991-n

measuring instrument 1: 02766721-n

motor 1: 02798554-n

musical instrument 1: 02804379-n

tool 2: 03198235-n

LanguageRepresentation

alphabetic character 1: 04451043-n

appellation 1: 041 83149-n

language 3: 04155501-n

language unit 1: 04156286-n

message 1: 04139704-n

natural language 1: 04495739-n

word 1: 04157535-n

LanguageRepresentation+Artifact

character 5: 04444555-n

document 2: 04242515-n

document 3: 08225885-n

identification number 1: 04230965-n

letter 1: 04330686-n

literarycomposition 1: 04196450-n

mark 8: 04443464-n

material 3: 04197046-n

name 1: 04180885-n

number 7: 04435360-n

poem 1: 04203578-n

printed sym bol 1: 04443305-n

publication 3: 04308479-n

register 5: 08232464-n

text 1: 04211005-n

title 2: 04183413-n

writing 4: 04195435-n

written communication 1: 04187642-n

LanguageRepresentation+Group+Artifact

line 15: 04547144-n

LanguageRepresentation+Object+Artifact

book 3: 02675934-n

book 5: 04222100-n

book of facts 1: 04226531-n

record 6: 08226179-n

LanguageRepresentation+Part+Artifact

end 4: 03973920-n

LanguageRepresentation+Part+Object+Artifac

t

issue 5: 04312465-n

LanguageRepresentation+Solid+Artifact

bill of fare 1: 04253617-n

symbolic representation 1: 04192746-

n

Liquid

acid 2: 08796177-n

fluid 1: 08975815-n

fluid 2: 08976164-n

lipid 1: 08975312-n

liquid 4: 08976498-n

oil 2: 08991530-n

Living

being 1: 00002728-n

body3: 03607347-n

microorganism 1: 00740781-n

spiritual being 1: 05773239-n

Location+Solid

land 8: 08132366-n

MoneyRepresentation

financial obligation 1: 08222484-n

payment 2: 08147362-n

MoneyRepresentation+Artifact

medium of exchange 1: 08207032-n

money1: 08132772-n

money2: 08214427-n

money3: 08214665-n

MoneyRepresentation+Group+Artifact

coinage 3: 08216671-n

MoneyRepresentation+Object+Artifact

coin 1: 08217024-n

currency3: 08215253-n

MoneyRepresentation+Part+Artifact

amount of money1: 08180701-n

Object

body9: 05641227-n

complex 1: 03975160-n

stick 3: 0290990 4-n

Object+Animal

Equus caballus1: 01691640-n

animal 1: 00008030-n

aquatic vertebrate 1: 00855637-n

arthropod 1: 01126858-n

bird 1: 00884285-n

canid 1: 01421448-n

carnivore 2: 01413653-n

chordate 1: 00849436-n

craniate 1: 00854210-n

dog 1: 01422 174-n

equid 1: 01691356-n

eutherian 1: 01237932-n

fish 2: 01816356-n

hoofed mammal 1: 01688143-n

insect 1: 01491542-n

invertebrate 1: 01254383-n

larva 1: 01633257-n mammal 1: 01213903-n

mollusc 1: 01286451-n

odd-toed ungulate 1: 01690543-n

offsp ring 1: 00736689-n

reptile 1: 01033306-n

Object+Artifact

artefact 1: 00011607-n

book 1: 02174965-n

construction 4: 02034531-n

flat solid 1: 03056705-n

pole 1: 02908961-n

rod 3: 02909423-n

Object+ Human

European 1: 05873418-n

acquaintance 2: 0591860 9-n

adherent 1: 06048864-n

adult 2: 05839075-n

adult female1: 06434591-n

adult male 1: 06193747-n

advocate 1: 05923094-n

artist 1: 05939406-n

assistant 1: 05940574-n

athlete 1: 05942710-n

boy3: 06192735-n

caller 1: 05981698-n

child 1: 05996700 -n

child 2: 05997221-n

communicator 1: 05842570-n

compeer 1: 05852391-n

connection 6: 06015983-n

contestant 1: 05843454-n

creator 1: 05844200-n

denizen 1: 05848227-n

expert 1: 05846273-n

family6: 06163682-n

female 2: 05847495-n

follower 1: 0609 3600-n

friend 3: 06102108-n

homo 1: 01779125-n

human 1: 00004865-n

intellect 3: 05849094-n

leader 2: 05850058-n

life 6: 06178692-n

male 2: 05850734-n

man 5: 06194712-n

man 7: 06195173-n

native 1: 05848758-n

offspring 2: 06233328-n

relation 3: 0 6163124-n

religionist 1: 05853722-n

ruler 2: 06313765-n

unfortunate1: 05855160-n

Object+Natural

Earth 1: 05696519-n

celestial body1: 05698341-n

inanimate object 1: 00009469-n

natural object 1: 00009919-n

Object+Plant

bush 4: 07998630-n

graminace ous plant 1: 07072915-n tree 1: 07991027-n

Occupation+Group+Human

business 8: 05155150-n

company4: 05223147-n

company6: 05232180-n

Occupation+Object+Human

Dr. 1: 06050986-n

artificer 2: 06026990-n

author 2: 06438760-n

chair 4: 06279934-n

chief 2 : 06127722-n

employee 1: 06069879-n

entertainer 1: 05845591-n

functionary1: 06232382-n

health care provider 1: 06128804-n

instrumentalist 1: 06219943-n

man 8: 06337508-n

medical man 1: 06203256-n

party5: 06248866-n

performer 1: 06256875-n

presi dent 1: 06279283-n

president 2: 06279719-n

professi onal 2: 06285396-n

skilled worker 1: 06349626-n

soldier 2: 06357018-n

worker 2: 05856677-n

Part

amount 1: 00018966-n

atom 1: 08803169-n

atom 2: 08803320-n

bound 2: 05383364-n

component 1: 023348 27-n

division 4: 03973162-n

group 3: 08804621-n

part 10: 05650477-n

part 12: 08450839-n

part 3: 02855539-n

section 2: 02880516-n

unit 8: 08451350-n

Part+Human

department 1: 05189859-n

Part+Liquid+Living

bodyfluid 1: 03725816-n

Part+Living

anatom ical structure1: 03612911-n

bodypart 1: 03610098-n

cell 1: 00003711-n

contractile organ 1: 03645654-n

muscle 3: 03645458-n

organ 4: 03650737-n

Part+Object+Living

bone 2: 03634323-n

Part+Object+Plant

fruit 3: 08017859-n

Part+Plant

plant organ 1: 0 7977350-n

plant part 1: 07976849-n

Part+Solid

end 7: 05412066-n

end 8: 05412182-n end 9: 05412624-n

section 9: 05652971-n

Part+Solid+Artifact

city3: 05397774-n

piece of paper 1: 04141240-n

slip 9: 03141951-n

Part+Solid+Living

membrane 2: 03740823 -n

tissue 1: 03632471-n

Part+Solid+Natural

earth 4: 08919214-n

Part+Solid+Plant

wood 4: 09057553-n

Part+Substance

layer 2: 02707655-n

Part+Substance+Living

bodysubstance 1: 03631546-n

hormone 1: 03729776-n

secretion 1: 03728455-n

Part+Substance+Plant

foliage 2: 08032472-n

plant material 1: 09008290-n

Place

cosmos 2: 05655960-n

country3: 05400698-n

course 4: 02955611-n

home 4: 05372409-n

line 21: 05432072-n

location 1: 00014314-n

municipality2: 05447262-n

part 9: 05449837-n

place 10: 05 444846-n

place 13: 05469653-n

point 12: 05443777-n

work 3: 01962095-n

Place+Artifact

city2: 05390395-n

wa y4: 02031514-n

Place+Part

administrative district 1: 05373867-n

area 1: 02075853-n

area 5: 05376564-n

district 1: 05404435-n

enclosure 2: 0 2472938-n

extremity3: 05413816-n

gap 4: 05661636-n

geographicarea 1: 05417924-n

opening 4: 02028879-n

province 1: 05463659-n

region 3: 05450515-n

side 1: 02487333-n

surface 1: 02486678-n

surface 4: 05467731-n

Place+Part+Artifact

excavation 3: 0 2480168-n

Place+Part+Liquid+Natural

bodyof water 1: 05715416-n

Place+Part+Natural

geographicpoint 1: 05420170-n

interstice 2: 03614829-n

Place+Part+Solid

athletic field 1: 05415062-n

face 12: 05382030-n

field 11: 05414707-n

layer 3: 05430251-n

pa rcel 4: 05472252-n

space 7: 05462485-n

Place+Part+Solid+Natural

dryland 1: 05720524-n

Place+Solid

location 4: 03531499-n

place 7: 05384109-n

Place+Solid+Artifact

road 2: 03001757-n

Place+Solid+Natural

depression 4: 05657514-n

elevation 6: 05657252- n

Place+Substance+Natural

formation 5: 05656341-n

Plant

fungus 1: 07910410-n

grass 2: 07073185-n

herb 2: 07169764-n

ligneous plant 1: 07990292-n

tracheophyte 1: 07974178-n

Representation

indication 1: 04430266-n

medium 3: 04140264-n

Representation+Artifact

meter reading 2: 03944736-n

sign 3: 04425761-n

song 3: 04567799-n

symbol 2: 04434881-n

Representation+Object+Artifact

biography1: 04268429-n

calling card 1: 04337362-n

sign 4: 04427279-n

Representation+Part

section 4: 04213050-n

Representation+Solid+Artifact

card 6: 04263357-n

material 4: 04338410-n

Soft ware+Artifact

computer program 1: 04297609-n

database 1: 04339764-n

list 1: 04248202-n

soft ware 1: 04296594-n

Solid

fiber 3: 08932374-n

metal 1: 08807415-n

powder 2: 09012321-n

solid 3: 09033134-n

Solid+Artifact

paper 6: 08996165-n

thread 1: 02361568-n

Solid+Living

protein 1: 08849625-n

Solid+Natural

mineral 1: 08983367-n

rock 4: 05637686-n rock 5: 08827122-n

Substance

agent 5: 08879673-n

alloy2: 08783498-n

chemical c ompound 1: 08907331-n

chemical element 1: 08805286-n

col oring material 1: 09003076-n

drug 1: 02003723-n

element 7: 08918157-n

material 5: 08781633-n

matter 1: 00010368-n

mixture 5: 08783090-n

pigment 1: 09006729-n

poison 2: 09028514-n

salt 5: 090 18436-n

Substance+Living

fat 3: 08930612-n

neoplasm 1: 08647560-n

Substance+Natural

deposit 4: 05659254-n

organic compound 1: 08849147-n

Vehicle+Artifact

conveyance 3: 01991412-n

Vehicle+Object+Artifact

aircraft 1: 02051671-n

auto 1: 02242147-n

aut omotive vehicle 1: 02799224-n

boat 1: 02167572-n

craft 2: 03235595-n

ship 1: 03061180-n

vehicle 1: 03233330-n

2ndOrderEntities

%%%%%%%%%%%%%%%%%%%%%%

%%%%%%

SituationType

%%%%%%%%%%%%%%%%%%%%%%

%%%%%%

SituationType

continue 7: 01517254-v

leave 4: 00 079704-v

thing 11: 08533938-n

SituationType+Condition

hold 26: 01515519-v

SituationType+Experience+Mental

desire 4: 01040073-v

experience 6: 01008772-v

%%%%%%%%%%%%%%%%%%%%%%

%%%%%%

Dynamic

%%%%%%%%%%%%%%%%%%%%%%

%%%%%%

Dynamic

affair 1: 03869121-n

alt er 2: 00071241-v

change 11: 00064108-v

come about 1: 00204516-v

passage 1: 00114479-n

Dynamic+Agentive

act 12: 01341700-v

carryout 4: 01448761-v

do 6: 00980842-v

Dynamic+Agentive+Communication

convey 1: 00522332-v

evince 1: 00531321-v

express 5: 00529407-v

give information 1: 00467082-v

mouth 6: 00530290-v

sa y8: 00569629-v

Dynamic+Agentive+Communication+Social

cozen 3: 01456537-v

Dynamic+Agentive+Condition

development 1: 00139142-n

Dynamic+Agentive+Condition+Purpose

deed 1: 00020244-n

impr ovement 1: 00138272-n

Dynamic+Agentive+Condition+Purpose+Soci

al

aid 1: 00383106-n

aid 2: 00664219-n

therapy1: 00385186-n

Dynamic+Agentive+Existence+Purpose+Com

munication+Social

art 1: 00518008-n

Dynamic+Agentive+Experience+Physical

look 8: 01216027-v

Dynamic+Agentive+Location

conduct 5: 01141779-v

Dynamic+Agentive+Mental

act 2: 03885466-n

basic cognitive process 1: 03885854-n

Dynamic+Agentive+Mental+Purpose

arrange 2: 00416049-v

categorization 2: 03900455-n

cerebration 1: 03918967-n

higher cogn itive process 1: 03918844-

n

Dynamic+Agentive+Physi cal+Condition

clean 2: 00023287-v

clean 4: 00106393-v

clean 5: 00109110-v

Dynamic+Agentive+Physi cal+Condition+Purp

ose+Social

medical aid 1: 00384138-n

Dynamic+Agentive+Physi cal+Location

meeting 1: 0006 9655-n

Dynamic+Agentive+Physi cal+Location+Mann

er

foot 8: 01084973-v

Dynamic+Agentive+Physi cal+Location+Purpo

se

travel 2: 00166345-n

Dynamic+Agentive+Physi cal+Location+Purpo

se+Usage

eat 3: 00663538-v

Dynamic+Agentive+Physi cal+Purpose

clean 7: 00881979-v

sex 1: 00469903-n

Dynamic+Agentive+Physi cal+Purpose+Social

athletics 1: 00240760-n

dance 1: 00299543-n

Dynamic+Agentive+Purpose

activity1: 00228990-n

carrying into action 1: 00055898-n

exert effort 1: 01366212-v

Dynamic+Agentive+Purpose+Communication

+Social

language 5: 04598615-n

Dynamic+Agentive+Purpose+Possessi on+Soci

al

exchange for money1: 01277199-v

Dynamic+Agentive+Purpose+Social

action 2: 00527228-n

compete 1: 00605050-v

duty1: 00398775-n

governance 1: 00622561-n

group action 1: 00597 858-n

penalization 1: 00639819-n

play21: 00605818-v

Dynamic+Agentive+Quantity

accumulate 2: 00796914-v

Dynamic+Agentive+Social

act together 2: 01346535-v

function 1: 00399406-n

Dynamic+Cause

act 1: 00016649-n

action 1: 00021098-n

allow6: 01371393 -v

alter 3: 00072540-v alteration 3: 04697176-n

change of state 1: 00113334-n

Dynamic+Cause+Location

displace 3: 01055491-v

Dynamic+Cause+Physical

cover 16: 00763269-v

Dynamic+Cause+Physical+Location

cause to spread 1: 00792958-v

impel 1: 00869132-v

Dynamic+Cause+Physical+Location+Manner

push 1: 00064101-n

Dynamic+Cause+Purpose

means 1: 00096919-n

Dynamic+Cause+Purpose+Possession

cater 2: 00671827-v

Dynamic+Cause+Quantity

increase 6: 00091455-v

Dynamic+Cause+Time

pass 39: 01531792-v

Dynamic+Condition

ameliorate 2: 00123997-v

decline 5: 00122638-v

flush 4: 08682700-n

Dynamic+Experience

experience 7: 01203891-v

experience 8: 01204902-v

find 3: 00307705-v

reality1: 03940989-n

Dynamic+Experience+Mental

cognition 1: 00012878-n

desire 2: 0478 8545-n

disposition 2: 03287725-n

disposition 4: 04113320-n

disturbance 7: 08693431-n

emotion 1: 04785784-n

feeling 1: 00013522-n

humor 3: 04827440-n

pleasance 1: 04792478-n

Dynamic+Experience+Mental+Existence

process 4: 03885684-n

Dynamic+Experience+Physical

feel 12: 01202814-v

Dynamic+Location

change position 1: 01043075-v

come down 3: 01122509-v

go 14: 01046072-v

travel 5: 01049627-v

turn 22: 01086483-v

Dynamic+Location+Manner

ride 8: 01114042-v

Dynamic+Phenomenal

action 7: 08239425-n

bad luck 1: 04701573-n

chance 3: 06467144-n

consequence 3: 06465491-n

natural phenomenon 1: 06464347-n

Dynamic+Phenomenal+Condition

symptom 2: 08671032-n

Dynamic+Phenomenal+Experience+Physical

phenomenon 1: 00019295-n

Dynamic+Phenomenal+Physical

atmosph eric phenomenon 1:

06472551-n

biol ogical process 1: 08258903-n

light 12: 06502153-n

physical phenomenon 1: 06467898-n

wind 7: 06529752-n

Dynamic+Phenomenal+Physical+Condition

growth 4: 08647140-n

Dynamic+Phenomenal+Physical+Location

come down 4: 0155 8020-v

Dynamic+Physical+Location

accumulate 3: 01311458-v

change of position 1: 00186555-n

divide 5: 01161526-v

locomotion 1: 00159178-n

motion 5: 04704743-n

Dynamic+Physical+Location+Manner

actuation 1: 00058021-n

Dynamic+Physical+Location+Purpose

journey1: 00172823-n

Dynamic+Possession

acquire 3: 01261345-v

acquiring 1: 00041613-n

have 15: 01260836-v

lose 7: 01301277-v

Dynamic+Quantity

change magnitude 1: 00101800-v

decrease 5: 00090574-v

increase 7: 00093597-v

Dynamic+Stimulating

cause to be heard 1: 01241976-v

cause to be perceived 1: 01212141-v

Dynamic+Stimulating+Experience

trouble 3: 04692813-n

Dynamic+Stimulating+Experience+Mental

affect 5: 01007544-v

arouse 5: 01003070-v

excite 2: 01004175-v

Dynamic+Stimulating+Experience+Physical

perception 2: 03890199-n

sensation 1: 03892008-n

Dynamic+Stimulating+Experience+Physical+

Communication

cause to appear 1: 01219939-v

Dynamic+Stimulating+Physical

emit 2: 00554586-v

%%%%%%%%%%%%%%%%%%%%%%

%%%%%%

BoundedEvent

become 1: 00089026-v

cea se 2: 00211850-v

change state 1: 00086015-v

event 1: 00016459-n

happening 1: 04690182-n

BoundedEvent+Agentive

complete 2: 00285198-v

error 1: 00038929-n

failure 1: 00035229-n

let 4: 00433082-v nonaccomplishment 1: 00035066-n

BoundedEvent+Agentive+Existence

creation 2: 00505014-n

BoundedEvent+Agentive+Existence+Purpose+

Communication

enter 1: 00563886-v

BoundedEvent+Agentive+Experience+Conditi

on+Purpose

examine 4: 01226339-v

BoundedEvent+Agentive+Mental

abandon 3: 00345074-v

ascertain 3: 00517007 -v

call back 1: 00341396-v

BoundedEvent+Agentive+Mental+Communic

ation

admit defeat 1: 00611702-v

BoundedEvent+Agentive+Mental+Existence+

+Purpose

devise 3: 00396499-v

BoundedEvent+Agentive+Mental+Existence+

Purpose+Communication

account 13: 01289475-v

BoundedEvent+Agentive+Mental+Purpose

analyse 3: 00362566-v

cerebrate 1: 00354465-v

choice 1: 00091731-n

choose 1: 00379073-v

decide 1: 00392710-v

determine 2: 00393722-v

differentiate 4: 00365740-v

form an opinion of 1: 00376571-v

identify2: 0034 8034-v

BoundedEvent+Agentive+Mental+Purpose+C

ommunication

affirm 1: 00374169-v

BoundedEvent+Agentive+Mental+Purpose+So

cial

form a resolution about 1: 00392562-v

BoundedEvent+Agentive+Physical+Condition

carve up 1: 01396914-v

cleaning 1: 00139539-n

BoundedEvent+Agentive+Physical+Existence

create from rawmaterial 1: 00945714-

v

kill 1: 00124269-n

BoundedEvent+Agentive+Physical+Existence

+Communication

describe 1: 00366972-v

represent 3: 00556972-v

BoundedEvent+Agentive+Physical+Existence

+Condition

con serve 2: 01268422-v

BoundedEvent+Agentive+Physical+Existence

+Purpose

make 15: 00929175-v

BoundedEvent+Agentive+Physical+Existence

+Purpose+Communication

interpret 5: 00966090-v

BoundedEvent+Agentive+Physical+Location

bring 8: 01188762-v cut 32: 00894185 -v

BoundedEvent+Agentive+Physical+Location+

Possessi on

bring 2: 00823804-v

bring 3: 00824200-v

BoundedEvent+Agentive+Physical+Location+

Purpose

direct 10: 01100714-v

maneuver 3: 00323663-n

BoundedEvent+Agentive+Physical+Location+

Purpose+Manner

blow2: 0 0647048-n

BoundedEvent+Agentive+Physical+Location+

Purpose+Possession

get rid of 2: 01267839-v

BoundedEvent+Agentive+Physical+Location+

Purpose+Social+Manner

stroke 3: 00329906-n

BoundedEvent+Agentive+Physical+Purpose+

Communication

sign 3: 04425761-n

sig n 6: 04479492-n

BoundedEvent+Agentive+Physical+Purpose+

Social

assail 1: 00633037-v

BoundedEvent+Agentive+Possession

give 16: 01254390-v

BoundedEvent+Agentive+Purpose

accomplishment 1: 00019847-n

assay3: 01432563-v

operation 3: 00338477-n

BoundedEvent+Agentive+Purpose+Communic

ation

ask 1: 00422854-v

declare 5: 00570287-v

explain 2: 00528672-v

BoundedEvent+Agentive+Purpose+Communic

ation+Social

allow3: 00451248-v

asking 1: 04638292-n

character 3: 04001822-n

order 6: 04629714-n

party1: 04769704- n

party2: 05255204-n

performance 4: 04487114-n

show1: 00297544-n

show3: 04326789-n

speech act 1: 04625000-n

statement 4: 04388724-n

BoundedEvent+Agentive+Purpose+Communic

ation+Social+Manner

declaration 2: 04390828-n

BoundedEvent+Agentive+Purpose+Communic

ation+Usage+Manner

rhetorical device 1: 04590378-n

BoundedEvent+Agentive+Purpose+Possessi on

gift 4: 01255335-v

transfer 12: 01266189-v

BoundedEvent+Agentive+Purpose+Possessi on

+Social make a payment 1: 01281885-v

BoundedEvent+Agentive+Purpose+Social

appoint 3: 01401683-v

attack 5: 00540241-n

battle 2: 00527805-n

check 28: 01421427-v

chore 1: 00398968-n

competition 3: 04771851-n

game 1: 00254052-n

operation 6: 00528736-n

war 1: 00540597-n

BoundedEvent+Agentive+Purpose+Usage

apply4: 0065 8243-v

BoundedEvent+Agentive+Quantity

add 1: 00110396-v

decrease 6: 00262983-v

BoundedEvent+Agentive+Social

play24: 00652908-v

project 2: 00442844-n

BoundedEvent+Cause

break 23: 00218979-v

bring 1: 00078946-v

cause 6: 00432532-v

cause to have 1: 0 1317872-v

cease 3: 01515268-v

change 1: 00108829-n

conclusion 2: 00119310-n

keep 12: 01387332-v

leave 6: 00291924-v

BoundedEvent+Cause+Condition

arrange 4: 00842219-v

bring to a close 1: 00402474-v

cause 7: 00941367-v

fail to keep 1: 01301401-v

BoundedEvent+Cause+Condition+Possession

fail to profit 1: 01302104-v

BoundedEvent+Cause+Existence

bring to an end 1: 00213455-v

production 1: 00507790-n

BoundedEvent+Cause+Experience+Physical

cause to feel unwell 1: 00040824-v

BoundedEvent+Cause+Physi cal

fasten 3: 00768642-v

forge 6: 00949570-v

form 12: 00083270-v

leave a mark on 1: 00297919-v

BoundedEvent+Cause+Physi cal+ +Location

collect 2: 00794237-v

BoundedEvent+Cause+Physi cal+Condition

adorn 2: 00959417-v

break 19: 00154558-v

break 21: 00201 902-v

break 31: 00787971-v

injure 1: 00043545-v

BoundedEvent+Cause+Physi cal+Existence

create 1: 00926188-v

create 2: 00926361-v

create again 1: 00928226-v

BoundedEvent+Cause+Physi cal+Existence+

kill 5: 00758542-v

BoundedEvent+Cause+Physi cal+Location

close 5: 00772512-v

disunite 1: 00897572-v

hit 15: 00806352-v

lay3: 00859635-v

BoundedEvent+Cause+Physi cal+Location+Ma

nner

project through theair 1: 00867132-v

cause to move bystriking 1:

00809580-v

BoundedEvent+Cause+Physi cal+Location+Po

ssessi on

furnish 1: 01323715-v

BoundedEvent+Cause+Physi cal+Quantity

change of magnitude 1: 00196939-n

decrease 1: 00197092-n

increase 1: 00204508-n

BoundedEvent+Condition+Possession

loss 1: 00036401-n

BoundedEvent+Existence

constitution 1: 00134247-n

BoundedEvent+Experience+Existence+Time

life 13: 09084835-n

BoundedEvent+Experience+Mental

discover 5: 00937054-v

BoundedEvent+Experience+Time

night 5: 09100842-n

BoundedEvent+Location

arrive 1: 01144761-v

come 6: 01054590-v

come in 5: 01152122-v

depart 1: 01054314-v

go awa y3: 01147140-v

go by3: 01172741-v

BoundedEvent+Mental

bump into 2: 01280035-v

BoundedEvent+Phenomenal+Experience+Qua

ntity+Time

dark 5: 09100431-n

BoundedEvent+Physical

change integrity1: 00081466-v

connect 4: 00778333-v

BoundedEvent+Physical+Condition

break 20: 00201526-v

break into fragments1: 00203548-v

break into parts 1: 00237247-v

BoundedEvent+Physical+Existence

decease 2: 00216283-v

BoundedEvent+Physical+Location

attach 3: 00743265-v

bring 5: 00827521-v

change of loc ation 1: 00157028-n

collide with 1: 00704074-v

fill 5: 00268884-v

remove 2: 00104355-v

touch 18: 00686113-v

BoundedEvent+Physical+Location+Manner

stroke 2: 00318118-n

BoundedEvent+Physical+Location+Possession

get hold of 2: 00691086-v

BoundedEvent+Quantity

increase 3: 04725113-n

BoundedEvent+Quantity+Purpose+Time

day5: 09094193-n

BoundedEvent+Quantity+Purpose+Usage+Ti

me

time9: 09171650-n

BoundedEvent+Quantity+Social+Time

day3: 09081414-n

BoundedEvent+Quantity+Time

amount of time 1: 09065837-n

calendar day1: 09094027-n

calendar month 1: 09131680-n

day2: 09071807-n

day4: 09092722-n

instant 1: 09157756-n

time5: 09071447-n

twel vemonth 1: 09127492-n

year 2: 09125664-n

year 4: 09127774-n

BoundedEvent+Stimulating+Experience+Com

munication

express indirectly1: 00469225-v

BoundedEvent+Stimulating+Physical

sound 5: 04731716-n

vocalization 1: 04599795-n

BoundedEvent+Stimulating+Purpose+Commu

nication

demonstrate 1: 00373148-v

BoundedEvent+Stimulating+Purpose+Social

composition 8: 04561287- n

song 3: 04567799-n

BoundedEvent+Time

day6: 09098948-n

day7: 09130776-n

day8: 09130983-n

night 4: 09100717-n

time4: 04704458-n

BoundedEvent+Usage

break 26: 00258338-v

%%%%%%%%%%%%%%%%%%%%%%

%%%%%%

UnboundedEvent

continue 2: 00210630-v

process 6: 08239006-n

UnboundedEvent+Agentive+Communication

communicate 1: 00416793-v

speak 2: 00542186-v

UnboundedEvent+Agentive+Communication+

Manner

expressive st yle 1: 04575747-n

UnboundedEvent+Agentive+Condition+Purpo

se+Social

medical science 1: 04053427-n

UnboundedEvent+Agentive+Existence+Purpo

se+Communication

communicate bywriting 1: 00559904-

v

UnboundedEvent+Agentive+Mental

remember 2: 00342479-v remember 3: 00343621-v

UnboundedEvent+Agentive+Mental+Purpose

abstract thought 1: 03919704-n

UnboundedEvent+Agentive+Mental+Purpose+

Communication+Social

argumentation 1: 03920287-n

UnboundedEvent+Agentive+Physical+Conditi

on+Purpose+Social

care for 1: 00048767-v

UnboundedEvent+Agentive+Physical+Manner

neaten 1: 00026120-v

UnboundedEvent+Agentive+Physical+Purpose

+Manner

processing 1: 08300433-n

UnboundedEvent+Agentive+Physical+Social

fight 5: 00615347-v

UnboundedEvent+Agentive+Possession+Socia

l

business 3: 00606634-n

UnboundedEvent+Agentive+Purpose+Commu

nication+Social

communicating 1: 04138929-n

UnboundedEvent+Agentive+Purpose+Social

amusement 1: 00295035-n

biol ogical science 1: 04052506-n

branch of knowledge 1: 04035790-n

business 2: 00341191-n

care for 4: 01378917-v

class 1: 00492074-n

command 10: 01381843-v

diversion 2: 00238878-n

head 28: 01 381333-v

life science 1: 04052323-n

music 1: 00313161-n

natural philosophy1: 04066626-n

natural science 1: 04037783-n

science 3: 04037371-n

social control 1: 00621770-n

work 1: 00337364-n

UnboundedEvent+Agentive+Social+Manner

act 7: 00007021-v

UnboundedEvent+Cause+Condition+Social

aid 6: 01442355-v

back up 4: 01446559-v

UnboundedEvent+Cause+Experience+Physica

l

cause pain 1: 00040663-v

UnboundedEvent+Condition

development 6: 08283435-n

UnboundedEvent+Experience

life 3: 03941565-n

UnboundedEvent+Experience+Existence

life 8: 08543710-n

UnboundedEvent+Experience+Time

time1: 00014882-n

UnboundedEvent+Manner

pattern 1: 00230674-n

UnboundedEvent+Mental+Purpose+Social

science 2: 04037192-n

UnboundedEvent+Phenomenal+Physical reaction 2: 00478685-n

UnboundedEvent+Physical

activity4: 08274118-n

UnboundedEvent+Physical+Location+Purpose

+Usage

consume 2: 00656714-v

UnboundedEvent+Physical+Purpose+Commu

nication+Social

music 4: 04552184-n

UnboundedEvent+Social+Manner

behavior 3: 03433579-n

%%%%%%%%%%%%%%%%%%%%%%

%%%%%%

Static

%%%%%%%%%%%%%%%%%%%%%%

%%%%%%

Static

be 4: 01472320-v

continue 1: 00068138-v

position 12: 08522029-n

state 1: 00015437-n

thing 6: 03966203-n

union 9: 08711637-n

Static+Agentive+Purpose

arrangement 4: 03898749-n

Static+Cause+Purpose

system 4: 03864615-n

Static+Cause+Quantity

measure 5: 03539714-n

Static+Condition+Social

accord 4: 08549511-n

dignity3: 08719491-n

disorder 1: 08550427-n

Static+Existence

death 5: 08781169-n

Static+Manner

fashion 2: 03450012-n

Static+Mental

abstract 1: 03965572-n

Static+Mental+Location

place 3: 03837930-n

Static+Phenomenal+Condition

atmospheric condition 1: 06529389-n

Static+Quantity

batch 3: 08432825-n

definite quantity1: 08310215-n

indefinite quantity1: 08310433-n

number 2: 035537 23-n

quantity3: 03966324-n

small indefinite quantity1: 08423016-

n

Static+Quantity+Purpose+Usage+Social

unit 6: 08313335-n

Static+Social

berth 1: 00344376-n

employment 1: 00342842-n

natural state 1: 08530753-n

Static+Stimulating+Mental

motivation 1 : 00013299-n

%%%%%%%%%%%%%%%%%%%%%%

%%%%%%

Property

attribute 1: 00017586-n

be 8: 01482115-v

character 2: 03963513-n

end 16: 01475351-v

nature 2: 03340632-n

Property2: 03444246-n

quality1: 03338771-n

thing 4: 03283615-n

trait 1: 03282629-n

Property+Agentive+Purpose+Possessi on+Soci

al

sell 7: 01546360-v

Property+Cause+Modal

can 8: 01539155-v

Property+Condition

condition 4: 08520221-n

condition 5: 08520394-n

defect 3: 08738373-n

deficiency2: 08731035-n

need 5: 00675532-v

need 6: 00675686-v

s ituation 4: 08522741-n

Property+Condition+Social

value 2: 03564110-n

worth 1: 03563866-n

Property+Existence

be 3: 01471536-v

be 6: 01477879-v

Property+Experience+Mental

cognize 1: 00333362-v

understand 1: 00330150-v

Property+Experience+Physical+Modal

sense 2: 03858744-n

Property+Mental

await 1: 00405636-v

believe 3: 00387631-v

consider 1: 00388394-v

psychological feature 1: 00012517-n

Property+Mental+Communication+Social

agree 2: 00452960-v

Property+Mental+Modal

facult y1: 03857413-n

Property+Mental+Purpose

wa y7: 03930651-n

Property+Modal

ability1: 03601639-n

ability2: 03841132-n

appear 6: 01217877-v

inability2: 03854243-n

Property+Physical

form 1: 00014558-n

Property+Physical+Condition

be ill with 1: 00041140-v

disease 1: 08592183-n

disorder 2: 08586618-n

harm 3: 08665752-n

health problem 1: 08586350-n

illness 1: 08587853-n physiol ogical state 1: 08577911-n

plant disease 1: 08658681-n

Property+Physical+Location+Possession

carry27: 01537537-v

Property+Physical+Manner

structur e 2: 03451157-n

st yle 6: 03961040-n

Property+Physical+Quantity

magnitude 1: 03539122-n

Property+Purpose+Modal

accomplishment 2: 03849803-n

Property+Purpose+Social

agency3: 08565692-n

Property+Quantity

number 10: 08317731-n

number 5: 04231864-n

Property+Social+Modal

play16: 08569341-n

potency2: 03596179-n

Property+Stimulating+Physical

appearance 4: 03314728-n

cast 7: 03316776-n

col or 2: 03463765-n

form 6: 04003083-n

visual property1: 03460270-n

Property+Time

time6: 09077332-n

%%%%%%%%%%%%%%%%%%%%%%

%%%%%%

Relation

agree 5: 01503041-v

connectedness 1: 08440487-n

degree 1: 03540591-n

relation 1: 00017862-n

relationship 1: 08436181-n

Relation+Agentive+Purpose+Communication

intend 4: 00537777-v

Relation+Communication

be about 2: 01513147- v

Relation+Condition+Social degree 7: 08535290-n

position 13: 08534455-n

Relation+Location

be 9: 01501697-v

course 8: 05666985-n

degree 6: 08531278-n

direction 7: 05477069-n

go 25: 01518088-v

space 1: 00015245-n

spacing 1: 03535737-n

stayin one place 1: 01492762-v

Relation+Physical+Location

adjoin 1: 00685874-v

aim 4: 05477280-n

blank space 1: 04211782-n

course 7: 05477560-n

direction 8: 08463109-n

distance 1: 03536009-n

elbowroom 1: 08434357-n

path 3: 05441398-n

spatial property1: 035 24985-n

spatial relation 1: 08462976-n

Relation+Physical+Quantity

magnitude relation 1: 08454813-n

ratio 1: 08457189-n

Relation+Possession

have 12: 01256853-v

have 13: 01257491-v

hold on to 2: 01256282-v

Relation+Quantity

be 10: 01506899-v

Relation+Social

familyrelationship 1: 08453309-n

rank 3: 08717824-n

relationship 3: 08523567-n

relationship 4: 08523811-n

social relation 1: 00018392-n

Append II: 3rdOrderEntities 96

3rdOrderEntity

3rdOrderEntity+Cause+Mental+Purpose

plan 3: 03985547-n

plan of action 1: 03987224-n

procedure 3: 00566905-n

3rdOrderEntity+Cause+Mental+Purpose+Com

munication+Social

policy3: 04349399-n

3rdOrderEntity+Cause+Mental+Purpose+Soci

al

play7: 00324581-n

3rdOrderEntity+Experience+Mental

attitude 3: 04111788-n

faith 2: 04011318-n

know-how1: 03841532-n

3rdOrderEntity+Mental

belief 2: 04008826-n

category1: 03957148-n

cognitive content 1: 03940357-n

concept 1: 03954891-n

data point 1: 03944568-n

doctrine 1: 04009596-n

evidence 1: 03948538-n

idea 2: 03953834-n

info 1: 04337839-n infor mation 1: 03944302-n

issue 4: 03943820-n

knowledge base 1: 04036935-n

opening 7: 03930751-n

opinion 2: 04010732-n

structure 4: 03898550-n

subject 5: 04314223-n

theory3: 04033925-n

thing 8: 04389685-n

3rdOrderEntity+Mental+Communication+Usa

ge

mess age 2: 04313427-n

3rdOrderEntity+Mental+Purpose+Communica

tion+Social

communication 1: 00018599-n

3rdOrderEntity+Mental+Purpose+Manner

method 2: 03863261-n

3rdOrderEntity+Mental+Social

right 4: 03586387-n

3rdOrderEntity+Stimulating+Mental

life 5: 056332 77-n

3rdOrderEntity+Stimulating+Mental+Purpose

aim 2: 04029556-n

aim 3: 04030116-n

Append III: Top Concept Cluster Combinations 97

LE2-4003, LE4-8328 EuroWordNet

Appendix III: Top Concept Cluster Combinations for Base Concepts

1 3rdOrderEntity;Cause;Mental;Purpose;Communication;Social

1 3rdOrderEntity;Cause;Mental;Purpose;So cial;Recreation

1 3rdOrderEntity;Experience;Mental;cognition

1 3rdOrderEntity;Mental;information,cognition

1 3rdOrderEntity;Mental;Communication;Usage;information

1 3rdOrderEntity;Mental;Purpose;Communication;Social;cognition

1 3rdOrderEntity;Mental;Purpos e;Manner

1 3rdOrderEntity;Mental;Social

1 3rdOrderEntity;Stimulating;Mental

2 3rdOrderEntity;Experience;Mental

2 3rdOrderEntity;Stimulating;Mental;Purpose

3 3rdOrderEntity;Cause;Mental;Purpose

3 3rdOrderEntity;Mental;information

7 3rdOrderEntity;Mental

7 3 rdOrderEntity;Mental;cognition

LE2-4003, LE4-8328 EuroWordNet

1 BoundedEvent;Agentive;Existence

1 BoundedEvent;Agentive;Existence;Purpose;Communication

1 BoundedEvent;Agentive;Experience;Condition

1 BoundedEvent;Agentive;Mental;Communication

1 BoundedEvent;Agentive;Mental;Existence;Co mmunication

1 BoundedEvent;Agentive;Mental;Existence;Purpose

1 BoundedEvent;Agentive;Mental;Purpose;cognition

1 BoundedEvent;Agentive;Mental;Purpose;Communication

1 BoundedEvent;Agentive;Mental;Purpose;Social

1 BoundedEvent;Agentive;Physical;Location;Purpo se;Manner;conflict

1 BoundedEvent;Agentive;Physical;Location;Purpose;movement

1

BoundedEvent;Agentive;Physical;Location;Purpose;Social;Manner;Recreat ion

1 BoundedEvent;Agentive;Physical;Purpose;Social;Fighting

1 BoundedEvent;Agentive;Purpose;Communication; Social;Manner

1 BoundedEvent;Agentive;Purpose;Communication;Usage;Manner

1 BoundedEvent;Agentive;Purpose;Social;Work

1 BoundedEvent;Agentive;Purpose;Usage

1 BoundedEvent;Agentive;Social;Games

1 BoundedEvent;Agentive;Social;Work

1 BoundedEvent;Cause;Conditi on;Possession

1 BoundedEvent;Cause;Experience;Physical

1 BoundedEvent;Cause;Physical;Location;Possession

1 BoundedEvent;Condition;Possession

1 BoundedEvent;Experience;Existence;Time

1 BoundedEvent;Experience;Mental

1 BoundedEvent;Experience;Time

1 BoundedE vent;Mental

1 BoundedEvent;Phenomenal;Experience;Quantity;Time

1 BoundedEvent;Physical;Existence

1 BoundedEvent;Physical;Location;Manner

1 BoundedEvent;Physical;Location;movement

1 BoundedEvent;Physical;Location;Possession

1 BoundedEvent;Quantity

1 Bounded Event;Quantity;Purpose;Time

1 BoundedEvent;Quantity;Purpose;Usage;Time

1 BoundedEvent;Quantity;Social;Time;Work

1 BoundedEvent;Quantity;Time;Science

1 BoundedEvent;Quantity;Time;science

1 BoundedEvent;Stimulating;Experience;Communication

1 BoundedEvent;Sti mulating;Purpose;Communication

1 BoundedEvent;Stimulating;Purpose;Social

1 BoundedEvent;Stimulating;Purpose;Social;Art

1 BoundedEvent;Usage

1 Dynamic;Agentive;Communication;Social;Behavior

1 Dynamic;Agentive;Condition

1 Dynamic;Agentive;Existence;Purpose;C ommunication;Social;Art

1 Dynamic;Agentive;Experience;Physical

1 Dynamic;Agentive;Location

1 Dynamic;Agentive;Location;Manner

1 Dynamic;Agentive;Mental;Purpose

1 Dynamic;Agentive;Physical;Condition;Chemistry

1 Dynamic;Agentive;Physical;Condition;Purpose;So cial;Caring

1 Dynamic;Agentive;Physical;Location;movement

1 Dynamic;Agentive;Physical;Location;Purpose;movement

1 Dynamic;Agentive;Physical;Location;Purpose;Usage

1 Dynamic;Agentive;Physical;Purpose

1 Dynamic;Agentive;Physical;Purpose;Behavior

1 Dynamic;Ag entive;Physical;Purpose;Social;Art

1 Dynamic;Agentive;Physical;Purpose;Social;Recreation

LE2-4003, LE4-8328 EuroWordNet

1 Dynamic;Agentive;Possession

1 Dynamic;Agentive;Purpose;Communication;Social

1 Dynamic;Agentive;Purpose;Social;Behavior

1 Dynamic;Agentive;Purpose;Social;conflict

1 D ynamic;Agentive;Purpose;Social;Management

1 Dynamic;Agentive;Purpose;Social;Recreation

1 Dynamic;Agentive;Purpose;Social;Work

1 Dynamic;Agentive;Quantity

1 Dynamic;Agentive;Social;Behavior

1 Dynamic;Agentive;Social;Work

1 Dynamic;Cause;Location

1 Dynamic;C ause;Physical

1 Dynamic;Cause;Physical;Location;Manner

1 Dynamic;Cause;Purpose;Possession

1 Dynamic;Cause;Quantity

1 Dynamic;Cause;Time

1 Dynamic;Experience;Mental;Existence

1 Dynamic;Experience;Physical

1 Dynamic;Location;Manner

1 Dynamic;Phenomenal;Condi tion

1 Dynamic;Phenomenal;Experience;Physical

1 Dynamic;Phenomenal;Physical;Condition

1 Dynamic;Phenomenal;Physical;Location;Wheather

1 Dynamic;Physical;Location;Manner;movement

1 Dynamic;Physical;Location;Purpose;movement

1 Dynamic;Quantity;Possession

1 D ynamic;Stimulating;Experience

1 Dynamic;Stimulating;Experience;Physical;Communication

1 Dynamic;Stimulating;Physical

1 SituationType

1 UnboundedEvent;Agentive;Communication;Manner

1 UnboundedEvent;Agentive;Condition;Purpose;Social;Science

1 UnboundedEvent; Agentive;Existence;Purpose;Communication

1 UnboundedEvent;Agentive;Mental;Purpose;cognition

1 UnboundedEvent;Agentive;Mental;Purpose;Communication;Social;cognition

1 UnboundedEvent;Agentive;Physical;Condition;Purpose;Social;Caring

1 UnboundedEvent;Agentive ;Physical;Manner

1 UnboundedEvent;Agentive;Physical;Purpose;Manner

1 UnboundedEvent;Agentive;Physical;Social;Fighting

1 UnboundedEvent;Agentive;Possession;Social

1 UnboundedEvent;Agentive;Purpose;Communication;Social

1 UnboundedEvent;Agentive;Purpose;Socia l

1 UnboundedEvent;Agentive;Purpose;Social;Art

1 UnboundedEvent;Agentive;Purpose;Social;Education

1 UnboundedEvent;Agentive;Social;Manner;Behavior

1 UnboundedEvent;Cause;Experience;Physical

1 UnboundedEvent;Condition

1 UnboundedEvent;Experience

1 Unbounded Event;Experience;Existence

1 UnboundedEvent;Experience;Time

1 UnboundedEvent;Manner

1 UnboundedEvent;Mental;Purpose;Social

1 UnboundedEvent;Phenomenal;Physical

1 UnboundedEvent;Physical

1 UnboundedEvent;Physical;Location;Purpose;Usage

1 UnboundedEvent;Phys ical;Purpose;Communication;Social;Art

1 UnboundedEvent;Social;Manner;Behavior

2 BoundedEvent;Agentive;Physical;Condition

2 BoundedEvent;Agentive;Physical;Purpose;Communication

2 BoundedEvent;Agentive;Purpose

2 BoundedEvent;Agentive;Purpose;Communication;So cial;Recreation

LE2-4003, LE4-8328 EuroWordNet

2 BoundedEvent;Agentive;Purpose;Social;Management

2 BoundedEvent;Agentive;Purpose;Social;Recreation

2 BoundedEvent;Agentive;Quantity

2 BoundedEvent;Cause;Existence

2 BoundedEvent;Cause;Physical;Location;Manner

2 BoundedEvent;Existence

2 Bou ndedEvent;Physical

2 BoundedEvent;Stimulating;Physical

2 Dynamic;Agentive;Condition;Purpose

2 Dynamic;Agentive;Mental;cognition

2 Dynamic;Agentive;Physical;Condition

2 Dynamic;Agentive;Purpose

2 Dynamic;Agentive;Purpose;Social

2 Dynamic;Cause;Physical;Loca tion

2 Dynamic;Cause;Purpose

2 Dynamic;Physical;Location;movement

2 Dynamic;Stimulating

2 Dynamic;Stimulating;Experience;Physical

2 SituationType;Experience;Mental

2 UnboundedEvent

2 UnboundedEvent;Agentive;Communication

2 UnboundedEvent;Agentive;Mental

2 UnboundedEvent;Agentive;Purpose;Social;Recreation

2 UnboundedEvent;Agentive;Purpose;Social;Work

2 UnboundedEvent;Cause;Condition;Social;Caring

3 BoundedEvent;Agentive;Physical;Existence

3 BoundedEvent;Agentive;Physical;Existence;Communication

3 BoundedEven t;Agentive;Physical;Location

3 BoundedEvent;Agentive;Physical;Location;Possession

3 BoundedEvent;Agentive;Purpose;Communication

3 BoundedEvent;Cause;Physical;Quantity

3 BoundedEvent;Physical;Condition

3 Dynamic;Agentive;Condition;Purpose;Social;Caring

3 Dy namic;Agentive;Mental;Purpose;cognition

3 Dynamic;Condition

3 Dynamic;Physical;Location

3 Dynamic;Quantity

3 Dynamic;Stimulating;Experience;Mental

3 SituationType;Cause

3 UnboundedEvent;Agentive;Purpose;Social;Management

4 BoundedEvent

4 BoundedEvent;Agent ive;Mental

4 BoundedEvent;Agentive;Possession

4 BoundedEvent;Agentive;Purpose;Communication;Social;Art

4 BoundedEvent;Agentive;Purpose;Social;conflict

4 BoundedEvent;Cause;Condition

4 BoundedEvent;Cause;Physical;Condition

4 BoundedEvent;Cause;Physical;Exis tence

4 Dynamic;Agentive

4 Dynamic;Experience

4 Dynamic;Possession

5 BoundedEvent;Agentive;Purpose;Communication;Social

5 BoundedEvent;Cause;Physical

5 BoundedEvent;Cause;Physical;Location

5 BoundedEvent;Time

5 Dynamic

5 Dynamic;Location

5 Dynamic;Phenomen al

5 Dynamic;Phenomenal;Physical

6 BoundedEvent;Agentive

6 BoundedEvent;Location

LE2-4003, LE4-8328 EuroWordNet

6 BoundedEvent;Physical;Location

6 Dynamic;Agentive;Communication

6 Dynamic;Cause

6 UnboundedEvent;Agentive;Purpose;Social;Science

8 BoundedEvent;Agentive;Mental;Purpose

8 Bou ndedEvent;Quantity;Time

9 BoundedEvent;Cause

9 Dynamic;Experience;Mental

LE2-4003, LE4-8328 EuroWordNet

1 Static;Agentive;Purpose;cognition

1 Static;Cause;Purpose;behavior

1 Static;Cause;Quantity

1 Static;Condition;Social;Work

1 Static;Existence

1 Static;Manner;behavior

1 Static;Ment al;cognition

1 Static;Mental;Location

1 Static;Phenomenal;Condition

1 Static;Quantity;Purpose;Usage;Social

1 Static;Social

1 Static;Stimulating;Mental

1 Property;Cause;Modal

1 Property;Experience;Physical;Modal

1 Property;Location;Possession

1 Property;Men tal;Communication;Social

1 Property;Mental;Modal;cognition

1 Property;Mental;Purpose

1 Property;Physical

1 Property;Physical;Quantity

1 Property;Possession;Social

1 Property;Purpose;Modal

1 Property;Purpose;Social

1 Property;Time

1 Relation;Agentive;Purpos e;Communication

1 Relation;Communication

1 Relation;Quantity

2 Static;Condition;Social

2 Static;Social;Work

2 Property;Condition;Social

2 Property;Existence

2 Property;Experience;Mental

2 Property;Physical;Manner

2 Property;Quantity

2 Property;Social;Modal

2 Relation;Condition;Social

2 Relation;Physical;Quantity

3 Property;Physical;Condition;health

3 Relation;Possession

4 Property;Mental

4 Property;Modal

5 Property;Physical;Condition

5 Property;Stimulating;Physical

5 Relation

5 Relation;Social

6 Static

6 St atic;Quantity

7 Property;Condition

8 Relation;Location

9 Property

10 Relation;Physical;Location

LE2-4003, LE4-8328 EuroWordNet

1 1stOrderEntity

1 Building;Group;Artifact

1 Building;Object

1 Comestible;Group;Artifact

1 Comestible;Group;Plant

1 Comestible;Part

1 Comestible;Part;Solid

1 Comestible;Part;Solid;Natural

1 Comestible;Solid

1 Comestible;Solid;Animal

1 Container

1 Container;Object;Artifact

1 Container;Solid;Artifact

1 Covering

1 Covering;Artifact

1 Covering;Object;Natural

1 Covering;Part;Solid;Natural

1 Covering;Solid;Artifact

1 Function;Composition;Form;Origin

1 Function;Object;Artifact

1 Function;Part;Object;Artifact

1 Function;Solid;Natural

1 Furniture;Group;Artifact

1 Gas

1 Group;Living

1 Group;Plant

1 ImageRepresentation;Object

1 Instrument;Group

1 LanguageRepresentation;G roup

1 Location;Solid

1 MoneyRepresentation

1 MoneyRepresentation;Group;Artifact

1 MoneyRepresentation;Part;Artifact

1 Part;Liquid;Living

1 Part;Object;Living

1 Part;Object;Plant

1 Part;Solid;Natural

1 Part;Solid;Plant

1 Part;Substance

1 Place;Part;Artifac t

1 Place;Part;Liquid;Natural

1 Place;Part;Solid;Natural

1 Place;Solid;Artifact

1 Place;Substance;Natural

1 Representation;Part

1 Solid;Living

1 Vehicle;Artifact

2 Artifact

2 Building;Group;Object;Artifact

2 Building;Part;Object;Artifact

2 Comestible;Liqui d

2 Comestible;Object;Plant

2 Container;Object

2 Container;Solid

2 Creature

2 ImageRepresentation

2 ImageRepresentation;Object;Artifact

2 Instrument;Group;Artifact

2 LanguageRepresentation;Part;Artifact

2 LanguageRepresentation;Solid;Artifact

2 MoneyRepres entation;Object;Artifact

LE2-4003, LE4-8328 EuroWordNet

2 Occupation;Group;Human

2 Part;Plant

2 Part;Solid;Living

2 Part;Substance;Plant

2 Place;Part;Natural

2 Place;Solid

2 Place;Solid;Natural

2 Representation

2 Representation;Solid;Artifact

2 Solid;Artifact

2 Substance;Living

2 Substa nce;Natural

3 Comestible;Liquid;Artifact

3 Covering;Part;Solid;Living

3 Garment;Solid;Artifact

3 LanguageRepresentation;Object;Artifact

3 Object

3 Object;Plant

3 Part;Solid;Artifact

3 Part;Substance;Living

3 Representation;Object;Artifact

3 Solid;Natural

4 Comestible

4 Comestible;Substance

4 Function;Artifact

4 Function;Group;Human

4 ImageRepresentation;Artifact

4 MoneyRepresentation;Artifact

4 Object;Natural

4 Part;Solid

4 Representation;Artifact

4 Software;Artifact

4 Solid

5 Comestible;Artifact

5 Comestib le;Solid;Artifact

5 Container;Part;Solid;Living

5 Furniture;Object;Artifact

5 Instrument;Artifact

5 Living

5 Plant

6 Liquid

6 Object;Artifact

6 Part;Living

6 Place;Part;Solid

7 Building;Object;Artifact

7 Group

7 LanguageRepresentation

7 Vehicle;Object;Arti fact

10 Instrument;Object;Artifact

12 Part

14 Place

14 Place;Part

15 Substance

19 LanguageRepresentation;Artifact

20 Occupation;Object;Human

22 Object;Animal

26 Function

38 Group;Human

42 Object;Human

Append IV: EuroWordNet Import/Export Optional Variant Information

106

LE2-4003, LE4-8328 EuroWordNet

Appendix IV EuroWordNet Optional Variant Information

Important Comments

The tables provided here reflect thesituation of the current version 1.3 EWN database. When preparing import data, and you need to refer to a usage label or feature, use the string of the "Code" columnsbelow. Do not use the string in the "Name" column. When preparing import data, and you need to refer to a value, use the string in the "Values" column. Do not use thenumeric identifiers from thetable below. For further information on the import/export syntax, please refer to the Polaris documentation.

Usage Labels

Language-independent Usage Labels

Name Code Values

Date 1 date Old-fashioned archaic, out-of-date, obsolete 1

Unusual rare, infrequent 1

Usual common, frequent 2

Formal traditional, conventional, literary 3

Informal familiar, unliterary, conversational 4

Humerous comical 5

Poetic literary 6

Vulgar plebeian, rude, taboo 7

Slang argot, used by certain social groups 8

Neol ogism newly invented word 9

Burlesque caricature, parody 10

Pejorative negative, showing disapproval, uncomplementary 11

Positive showing approval, complementary 12

Euphemistic inexplicit, understatement 13

Ironic sarcastic 14

Register 2 reg

Diminutive small, little 15

Scientific 1

Technical 2

Business 3

Geography 4

Medicine 5

Computer 6

Sublanguage 3 sub

Sports & Leisure 7

Spanish 1

German 2

Latin 3

French 4

English 5

Origin 4 orig

Russian 6

Append IV: EuroWordNet Import/Export Optional Variant Information

107

LE2-4003, LE4-8328 EuroWordNet

Dutc h Usage Labels

Name Code Values

AZN 1

Dialect/Regional 1 dial

Antilles 2

There are currentlyno usage labels for other languages.

Syntactic Features

Currently, all syntactic features are language-independent.

Name Code Values (1) Parts-of-speech (2)

Gender 1 gender

masculine feminine neutral

n, v, a, b, p

Person 2 person

1st person singular

2nd person singular

3rd person singular

1st person plural

2nd person plural

3rd person plural polite singular polite plural

n, v, a, b, p

Number 3 number

singular plural dual

n, v, a, b, p

Tense 4 tense ... n, v, a, b, p

Determiner 5 determiner

always never optional

n, v, a, b, p

Connotation 10 connotation figurative non-figurative n, v, a, b, p

Collective 10

1 collective * n

Countability 10

2 count * n

Portion 10

3 portion * n

Finite clause 10

4 fin_clause * n, v

Infinite clause 10

5 inf_clause * n, v

Nominal complement 10

6 nom_comp * n

Case 10

7 case

nom gen dat acc abl voc dual

n

Transitive 10

8 trans * v

Append IV: EuroWordNet Import/Export Optional Variant Information

108

LE2-4003, LE4-8328 EuroWordNet

Intransitive 10

9 intrans * v

Reflexive 11

0 reflexive * v

Middle formation 11

1 middle * v

Imperative form 11

2 imperative * v

Passive transformation 11

3 passive * v

Unaccusative 11

4 unacc * v

Unergative 11

5 unerg * v

Cognate object 11

6 cogn_obj * v

Emptyobject 11

7 empty_obj * v

Obligatoryadverb 11

8 obl_adv * v

Obligatorynegative polarityelement 11

9 obl_neg_pol * v

Benefactive 12

0 benefact * v

Auxiliaryfor perfect tense 12

1 aux_perf ... v

Status (3) 12

2 status ... v

Prepositional object 12

3 prep_obj ... v

Prepositional comitative 12

4 prep_comit ... v

Prepositional object complement 12

5 prep_obj_comp ... v

Prepositional copular verb 12

6 prep_cop ... v

Locative 12

7 loc ... v

Source 12

8 source ... v

Target 12

9 target ... v

1. In the "Values" column, if three periodsappear instead of a list of values, it meansthat any text can be specified. If an asterisk (*) appearsthere instead, it means that the feature isa boolean value.

2. Part-of-speech codes are: n (noun), v (verb), a (adjective), b (adverb), p (proper noun)

3. Do not confuse this verb-specific feature field with the general ’Status’ field.