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Outline 1

 Why are lexical semantic resources relevant for semantic 
annotation?

 What is the relation between traditional lexicography 
and lexical resources for annotation purposes?a d a ou o a o a o pu po

Bolette S. Pedersen, CLARA Course 2011



Outline 2

 WordNet primary focus on vertical taxonomicalWordNet, primary focus on vertical, taxonomical 
relations 

V bN t i f h i t l t ti VerbNet, primary focus on horizontal, syntagmatic
relations, thematic roles

 PropBank, primary focus on horizontal, syntagmatic
relations, argument structure

 FrameNet, primary focus on horizontal, syntagmatic
relations, thematic roles (= frame elements) , ( )

 PAROLE/SIMPLE - Semantic Information for 
Multifunctional PluriLingual Lexicons based on the
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Outline 4

 Ambiguity and granularity – eventual merging of senses
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Semantic annotation of proper names

In some contexts, semantic annotation refers to annotation of 
proper names such as places, persons, organisations and 
eventsevents

Many media demand these kinds of annotations to facilitate 
th itheir users

Gazateers are available for several interests

Many media collect their own repositories by collecting lists of 
proper names and by dynamically extending themproper names and by dynamically extending them 
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Semantic annotation of proper names

Example from OntoText:
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Wh l i l ti l tWhy are lexical semantic resources relevant 
for semantic annotation?

 If you want to do supervised learning in lexical 
semantics, the lexical resource is your guiding principle

 Your annotations should ideally refer to a consistent and 
well motivated source

 Annotations/groupings of similar examples on the fly are 
possible but it is very hard to be consistentpossible, but it is very hard to be consistent 
(lexicographers’ work)

 The lexical source should ideally be corpus-based
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The link between the corpus and the lexiconThe link between the corpus and the lexicon

Pande kitchen aid Pande idiom Pande bodypart
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Challenge: To contradict ”old truths” regarding 
lexicography and Human Language Technology 
(HLT)(HLT):

It’s too difficult to reuse lexicographical data for HLT:It s too difficult to reuse lexicographical data for HLT:
• Information is too inconsistent Ide & Véronis

(1995)
• Unclear criteria for sense distinction Killgarrif

(1997) 
• Wordnet community: More economic to generateWordnet community: More economic to generate 

wordnets from Princeton WordNet (via 
translations) Rigau & Agirre (2002) 
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HLT resources vs traditional lexicographyHLT resources vs traditional lexicography

Formal linguistics – traditionally views language as a 
production system: 

 Chomsky’s generative grammar
 Related to the development of logical systems of Related to the development of logical systems of 

mathematics and logics 
 Lexicon not primary interest of formal linguistics:p y g

”the lexicon is a wastebin of irregularities”     
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HLT t diti l l i hHLT resources vs traditional lexicography

Lexical objects of interest in formal semantics: the 
elements in language that have counterparts in 
l i ( t tifi ) f ti dlogic (operators, quantifiers); function words

D t i Determiners 
 Conjunctions 

Ad b Adverbs
 Numerals
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HLT t diti l l i hHLT resources vs traditional lexicography

In classical approaches to formal semantics, content 
words have typically been underspecified

One exception is argument structure

Function words are not vocabulary of particular 
interest in lexicography
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Formal lexical semantics 

Formal approaches to content words: nouns, verbs, 
adjectives in terms of theories (such as i.e. The 
Generative lexicon, and development projects: 
AQUILEX SIMPLE t )AQUILEX, SIMPLE etc.)

Needs for a formal apparatus that enables to express:Needs for a formal apparatus that enables to express: 
 Different meaning components of content words 
 Word ambiguity

Relations between concepts Relations between concepts
 Semantic similarity

These aspects of meaning (of content words) are also 
dealt with in lexicography
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Some HLT tools that are changingSome HLT tools that are changing 
lexicography

Early advances: 

 Lexicographical development tools which enabled more 
systematic approach to word description

 Large electronic corpora and concordance corpus tools 
which enable lexicographers to scan corpus material to 
ensure corpus-based establishment of sensesensure corpus based establishment of senses
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Some HLT tools that are changingSome HLT tools that are changing 
lexicography

Later advances:

 Advances corpus tools like Sketch Engine (Kilgarrif et al.) 
and DeepDict (Bick et al.) which provide so-called ”word 
sketches” built on parsed corpora

Sketch Engine is used in the development of:
 Macmillan English Dictionary for Advanced Learners Macmillan English Dictionary for Advanced Learners
 FrameNet

 However, some backlog must be foreseen; huge 
lexicon projects are not launched every day.  
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Some HLT tools that are changingSome HLT tools that are changing 
lexicography

A word sketch is a one-page, automatic, corpus-derived 
summary of a word’s grammatical and collocational 
b h ibehaviour
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Some HLT tools that are changingSome HLT tools that are changing 
lexicography

These tools will have great impact on future 
lexicographylexicography

 Lexicographers will be more faithful to corpus 
data, i.e. less idiosyncratic
M t ti More systematic

 Better, prototypical examples
 Better and more current collocational informationBetter and more current collocational information

 Clearer sense distinctions?
 Clearer definitions?
Will make traditional lexicons more suitable for HLT
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Wordnets

 Wordnets originate from ideas about the 
t t f th t l l istructure of the mental lexicon

 Wordnets have become popular in HLT 
because they can work as word models for 
computers

 Wordnets are being developed for more than 
40 languages (i.e. EuroWordNet)g g ( )

 Easy access: Princeton and some others are 
open source
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Hypotheses behind wordnet

Separability hypothesis: 
The mental lexicon has an independentThe mental lexicon has an independent 

status compared to our other language 
competencescompetences

M i f l t t d b lMeaningful to study vocabulary 
independently 
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Hypotheses behind wordnet

We wouldn’t be capable of mastering so 
many words without use of patternsmany words without use of patterns

Pattern hypothesis: Psycholinguists had 
a hypothesis that our knowledge of word 
meaning is stored en terms of a network 
with internal relations between concepts; 
some concepts are superconcepts to 
others
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Hypotheses behind wordnet

Storing and inheritance hypothesis: 
K l d i t d t th hi h t iblKnowledge is stored at the highest possible 

node and inherited by lower (more specific) 
t th th b i lti l t dconcepts rather than being multiply stored

Can birds fly?   Short reaction time
Do canaries fly? Longer reaction timeDo canaries fly?   Longer reaction time
Do canaries have a heart?  Long reaction time
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Same hypotheses used in languageSame hypotheses used in language 
learning (Lexin project)
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The architecture of wordnets

A wordnet is a collection of word senses where 
d ti th tsenses denoting the same concepts are 

organised in so-called 
synsets (= synonym sets)

Example of synset: 
{computer datamat datamaskine}{computer, datamat, datamaskine}
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The architecture of wordnets

Synsets are connected to each other by means 
f th ti l ti th t h ld b tof the semantic relations that hold between 

them, such as 
 Hyponymy and hypernymy (e.g. cup — tea 

cup) and 
 Meronymy - parts and wholes (e.g. handle —

tea cup)p)
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Princeton WordNet: instruments

WordNet Search - 3.0 - WordNet home page - Glossary - Help
Word to search for: Display Options: 
Key: "S:" = Show Synset (semantic) relations, "W:" = Show Word (lexical) relations
NNoun
•S: (n) wind instrument, wind (a musical instrument in which the sound is produced by an enclosed column of air that is moved by the 

•direct hyponym / full hyponym
•S: (n) brass, brass instrument (a wind instrument that consists of a brass tube (usually of variable length) that is blown by
•S: (n) free-reed instrument (a wind instrument with a free reed) 
•S: (n) kazoo (a toy wind instrument that has a membrane that makes a sound when you hum into the mouthpiece) 
•S: (n) ocarina, sweet potato (egg-shaped terra cotta wind instrument with a mouthpiece and finger holes) 
•S: (n) organ, pipe organ (wind instrument whose sound is produced by means of pipes arranged in sets supplied with air 
•S: (n) organ pipe, pipe, pipework (the flues and stops on a pipe organ) 
•S: (n) pipe (a tubular wind instrument)S: (n) pipe (a tubular wind instrument) 
•S: (n) post horn (wind instrument used by postilions of the 18th and 19th centuries) 
•S: (n) whistle (a small wind instrument that produces a whistling sound by blowing into it) 
•S: (n) woodwind, woodwind instrument, wood (any wind instrument other than the brass instruments) 

•part meronym
S (n) bell (the flared opening of a t b lar de ice)•S: (n) bell (the flared opening of a tubular device) 

•S: (n) mouthpiece, embouchure (the aperture of a wind instrument into which the player blows directly) 
•direct hypernym / inherited hypernym / sister term

•S: (n) musical instrument, instrument (any of various devices or contrivances that can be used to produce musical tones 
WordNet home page
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D N t d t i t tDanNet wordnet: instruments
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Other relations: wind instruments
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How do wordnets differ from ontologies?
 Wordnets differ from formal ontologies by being anhored 

in language expressions 

 Wordnets are meant to express lexical-semantic 
knowledge in a systematic way 

 Wordnets refer to concrete languages like Danish or
Spanish and can therefore account for language specificSpanish and can therefore account for language specific 
structures

Ex:
Dedos – dedos (de manos) (fingers), dedos de pies (toes)
Lemmer  (limbs) – arme, fødder, tæer, fingre (arms, feet, 
toes fingers)
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How do wordnets differ from ontologies?

 In wordnets we talk about senses and synonym sets, 
in ontology we talk about classes, i.e. an abstraction 
over word levelover word level 

 Classical wordnets do not include axiomaticClassical wordnets do not include axiomatic 
expressions in terms of logical statements:

 There exist  x, y : instance(x, Person) & instance(y, Animal) 
& pet(x y)& pet(x, y)

 Several attempts to connect wordnets to formal 
ontologies (SUMO, DOLCE) 
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To which extent are wordnets multilingual?
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Limitations of wordnets (1) 

Not (very) corpus-based; not necessarily built 
on monolingual groundsg g

Some wordnets are much too fine-grained, not g ,
always textually motivated

Taxonomy may be a central semantic 
dimension of nouns,  but not for other word 
lclasses
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Center for sprogteknologi

Taxonomy and verbs

X is a way of Y

Events seem to be better organized along the dimensions 
of the manner relation, i.e. troponymy (Fellbaum 1998, 
2002)

Examples:Examples: 
to scoff is a quick and rough way of eating
to swim is a way of moving in watery g
to reply is way of communicating
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Taxonomy and verbsTaxonomy and verbs
(scoff is way of eating which is a way of consuming which is a way of 
acting)
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Center for sprogteknologi

The manner relation is highly polysemous

The differentiae distinguishing the superordinate from the 
more specific subordinate may be i emore specific subordinate may be i.e. 
direction move - rise
speed walk - runp
volume talk - scream
intensity persuade - brainwash
..

Fellbaum 2002:p 27Fellbaum 2002:p. 27
Pedersen and Nimb 2008

Bolette S. Pedersen, CLARA Course 2011



Taxonomy and verbs 
remove -> decalcify, descale, delouse, dehydrate, discolour) 
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Center for sprogteknologi

Taxonomy and verbs

remove -> decalcify, descale, delouse, dehydrate, 
discolourdiscolour

Not so much ways of removing but rather different 
material that is removed (calcium, lice, humidity, 
colour..)
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Limitations of wordnets (2)

Wordnets lack syntagmatic relations, do not 
capture some of the basic semantic p
dimensions of verbs and deverbal nouns 
(argument structure, selectional restrictions)

Wordnets generally lack compositional 
components (for example those included by 
telicity)telicity)
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Inspired by Levin’s semantic classes
VerbNet

Inspired by Levin s semantic classes

Largest online verb lexicon for EnglishLargest online verb lexicon for English

Approx. 3960 verbs distrubted over 471 classesApprox. 3960 verbs distrubted over 471 classes
 Semantic roles
 Syntactic framesy
 Selectional restrictions
 Semantic predicates (Jackendoff inspirered)

http://verbs.colorado.edu/~mpalmer/projects/verbnet.html
Palmer, Gildea & Xue ”Semantic Role Labelling”
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VerbNetVerbNet
http://verbs.colorado.edu/~mpalmer/projects/verbnet.html
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VerbNet
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VerbNet
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VerbNet – selectional restrictions
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FrameNetFrameNet

 Approx 950 semantic frames (fx sell and buy-frame, apply heat-frame etc.)
 Approx 2.500 frame elements (each frame has its own set of frame

elements))
 7000 lexical units
 130.000 annotated sentences annotated Frame Element (FE), phrase type 

(PT) and grammatical function (GF).( ) g ( )

 Core
 PeripheralPeripheral
 Extra-thematic (but not free adjuncts)

Different differentiation than what is used in Levin’s verb taxonomy which isDifferent differentiation than what is used in Levin s verb taxonomy, which is 
built on syntactic patterns. 

http://framenet icsi berkeley edu/
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FrameNet: A three-layer modelFrameNet: A three layer model

Motion Frame
Text The kitchen swarmed with ants during summer

FE Location Mover TimeFE Location Mover Time

PT NP PP PP

GF Subject Oblique Adverbial

 Null instantiation: conceptually present in theNull instantiation: conceptually present  in the 
phrase but not expressed

 Hierarchy of frames which share centain frameHierarchy of frames which share centain frame
elements
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FrameNet: Annotations for swarmFrameNet: Annotations for swarm
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Comparing verb descriptionsp g p
Palmer et al. P. 27

kjkj
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Exercise to WordNet

 Sit in groups of two to three

 Check out in Princeton WordNet (wordnet.princeton.edu) 
the concepts
snack food, fast food, hot dog and burger. Draw on a piece of paper snack food, fast food, hot dog and burger. Draw on a piece of paper 
the partial taxonomy/taxonomies (hypernymy, hyponymy)

 Discuss whether you could suggest an improved taxonomy for these  Discuss whether you could suggest an improved taxonomy for these 
concepts?

D   id   f th  i l d t   t fitti  i t  th   Do you consider any of the involved concepts as not fitting into the 
taxonomy?

Bolette S. Pedersen, CLARA Course 2011
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Exercise to WordNet and VerbNet

 Sit in groups of two to three

 Check out in Princeton WordNet (http://wordnet.princeton.edu) 
the verb bake

 Unfold all relations  (including sentence frame) and discussUnfold all relations  (including sentence frame) and discuss
 Compare to bake in VerbNet (http://verbs.colorado.edu/verb-

index/index.php)
 Discuss differences Discuss differences
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Exercise to VerbNet and FrameNet

 Sit in groups of two to three

 Check out cook in VerbNet (http://verbs.colorado.edu/verb-
index/index.php)

 Compare to cook in FrameNet (http://framenet.icsi.berkeley.edu/)
(Click View FrameNet data; click Lexical units)
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PAROLE/SIMPLE

 Aim of EU project: provide harmonised 
ti l i f 12 EU lsemantic lexicons for 12 EU languages

 10.000 semantic entries for each language
 A unified , ontology-based semantic model: the 

SIMPLE model (Lenci et al. 2000)( )
Web page with 100 samples for each 

language:language: 
http://www.ub.es/gilcub/SIMPLE/simple.html
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Theoretical background of SIMPLE

 Argument structure
 Event structure Event structure
 Qualia structure
 Lexical inheritance structure (linguistic Lexical inheritance structure (linguistic

ontology)

Pustejovsky 1995
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Q li t tQualia structure

 Formal (is_a - hyponymy)
Constit ti e (fo m me on m ) Constitutive (form – meronymy)

 Telic (purpose – used_for)
Agenti e (o igin made b ) Agentive (origin – made_by)

Bolette S. Pedersen, CLARA Course 2011 Det 
Dans



Q li t t f kQualia structure for cake

 Formal (is_a – pastry food artifact
physobjphysobj

 Constitutive (form – made of flour, sugar..)
 Telic (purpose – used for eat) Telic (purpose – used_for eat)
 Agentive (origin – made_by bake)

Bolette S. Pedersen, CLARA Course 2011 Det 
Dans



I t ti th l lIntegrating the levels 
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PAROLE/SIMPLE
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PAROLE/SIMPLE
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PAROLE/SIMPLE
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PAROLE/SIMPLE - MULTILINGUAL
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Overall Overall Organization Organization ((CalzolariCalzolari))

......

TT
Danish lexiconDanish lexicon

Greek lexiconGreek lexicon
......

Type Type 
OntologyOntology
150 150 
tt

TemplateTemplate Catalan lexiconCatalan lexicon

InstantiationInstantiation
Italian lexiconItalian lexicon

typestypes

SemUSemU Predicate, Predicate, Pred. LayerPred. Layer

Italian lexiconItalian lexicon

SemUSemU arguments, arguments, 
Selection Selection 
restrictionsrestrictions

Bolette S. Pedersen, CLARA Course 2011
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PAROLE/SIMPLE Verbs

Semantic Unit krydse_CHL  (cross)
Definition: Bevæge sig tværs over et åbent område (Nudansk Ordbog)

(move across an open area)
Corpus example: Drengen krydsede sporet ved stationen, men så ikke toget

’The boy crossed the rails at the station but he didn’t see the train’y
Semantic type: Change of location
Unification Path: Change/Agentive
Domain: General
Argument Structure ARG1 ARGDirection
Selectional ARG1= Human OR Animal OR VehicleSelectional
Restrictions

ARG1= Human OR Animal  OR Vehicle
Direction = Concrete

EventType Transition
Formal quale: Is_a = ændring  (change)
Agentive quale: Agentive = bevæge_sig   (move)
Telic quale: Nil
Constitutive quale: Resulting_State = være  (be)

Direction= forwards
Systematic Polysemy Nil
Synonymy Nil

Bolette S. Pedersen, CLARA Course 2011
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PAROLE/SIMPLE Nouns

Semantic Unit puslespil (jigsaw puzzle)
Definition: et spil med træ- el papbrikker i forskellige faconer som skalDefinition: et spil med træ el. papbrikker i forskellige faconer som skal

lægges sammen så de danner et hele (NDO)
Corpus example: nu var hun næsten ved at være færdig med det puslespil, hun

var begyndt på lige efter påskevar begyndt på lige efter påske
Ontological type: Artifact
Unification Path Concrete_Entity|Agentive|Telic
Domain: General
Formal quale: is_a = spil (game)
Agentive quale: created by = udskære (cutting out)g q _ y ( g )
Telic quale: used_for = samle til et hele (collect to a whole)
Constitutive quale:has_as_parts=træbrikker OR papbrikker
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E i SIMPLEExcersices SIMPLE

Build the qualia structure for orange and 
househouse

Formal (is_a - hyponymy)
Constitutive (form – meronymy, has as parts, is a part of)Constitutive (form meronymy, has_as_parts, is_a_part_of)
Telic (purpose – used_for/purpose_of)
Agentive (origin – made_by)

Check the concepts in Princeton Wordnet
and see which relations correlateand see which relations correlate
http://wordnet.princeton.edu/

Bolette S. Pedersen, CLARA Course 2011 Det 
Dans



DanNet – a WordNet that includes qualia 

The Danish Society for Language and 
Literature

U i it f C hUniversity of Copenhagen

Background resources:g
The Danish Dictionary
SIMPLE-DK

International inspiration:
Princeton WordNet, EuroWordNet
SIMPLE, The Generative Lexicon

Supported by: The Danish Research Council

Bolette S. Pedersen, CLARA Course 2011
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Driving reuse factor: Genus proximumDriving reuse factor: Genus proximum

Bolette S. Pedersen, CLARA Course 2011



Qualia relations from definitions

C l ti b t d fi iti i i t diti lCorrelation between definitions given in traditional 
dictionaries and Qualia Structure

M i di i i t f Q li St tMeaning dimensions in terms of Qualia Structure:

 formal role (is_a - genus proximum)
 telic role (used_for ..)
 constitutive role (has_as_parts..)
 agentive role (made_by)g ( y)

Definition of ”pot” in DDO:

A pot is a container (FORMAL), usually with two handles and 
a lid (CONSTITUTVE), used for cooking food (TELIC)
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ii) Qualia relations from definitions and examples

Definition: Container (FORMAL) usually with two handles and a lidDefinition: Container (FORMAL), usually with two handles and a lid 
(CONSTITUTVE), used for cooking food (TELIC)
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ii) Qualia relations from definitions and examples
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ii) Qualia relations from definitions and examples
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ii) Qualia relations from definitions and examples

Definition: Container (FORMAL) usually with two handles and a lidDefinition: Container (FORMAL), usually with two handles and a lid 
(CONSTITUTVE), used for cooking food (TELIC)

AGENTIVE

Bolette S. Pedersen, CLARA Course 2011

G



ii) Qualia relations from definitions and examples

Definition: Container (FORMAL) usually with two handles and a lidDefinition: Container (FORMAL), usually with two handles and a lid 
(CONSTITUTVE), used for cooking food (TELIC)

AGENTIVE

Bolette S. Pedersen, CLARA Course 2011
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E t acting ne kno ledge abo t theExtracting new knowledge about the 
vocabulary
Eks: Positive/negative connotation on 16% of all person references i DanNet:Eks: Positive/negative connotation on 16% of all person references i DanNet:  

rappenskralde, sild, skår, skude, vatnisse, fløs, kuvøseguf, laps, strandløve, 
træmand … (Braasch & Pedersen 2010) (Pedersen & Braasch 2009)

llll
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Ambiguity and granularity – andAmbiguity and granularity and 
eventual of merging senses

H ( d ( ) d (f h d))Homonymy: (pande (pan), pande (forehead)): 
two headwords in the dictionary, each with 
their own definition

Polysemy: (mus (mouse, animal), mus 
(mouse, computer device) 
one headword, two definitions

Regular polysemy: (country as geographical, 
country as human group)country as human group)
frequent cases: one headword, two 
definitionsdefinitions
Infrequent cases: not listed
Eventually in same definition

Bolette S. Pedersen, CLARA Course 2011
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Ambiguity and granularity – andAmbiguity and granularity and 
eventual of merging senses

Diff t t t iDifferent strategies:
1. Use most frequent senses
2 C ll l b l i t2. Collapse polysemous senses belonging to 

same ontological type (ex. card (Semiotic 
- Artifact)Artifact)

3. Collapse senses with the same purpose 
(ex. needle (sewing, injecting,(ex. needle (sewing, injecting, 
measuring)

4. Collapse subsensesp
5. Collapse differently for different word 

classes (i.e. verbs tend to be very 
fi i d i l i )
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finegrained in lexicons)



ConclusionsConclusions

 Consider which resource fits your 
annotation needs
 Consider strategy for eventual 

merging of senses
 Be prepared to accept and overcome 

discrepancies in coverage
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DiscussionDiscussion

 Have you decided on lexical 
ressource?
 How many choices do you have in 

your own language?
 Have you considered a strategy for 

eventual merging of senses?
 Are you encountering coverage 

problems?p
 Other problems?
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