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Why lexicography in natural language processing

e NLP and Language Technology are central building
blocks in upcoming intelligent systems

e Intelligent systems are undergoing an extreme fast
development right now and are being integrated
everywhere in society

e The closer intelligent systems get to our every day
lives, the more need there is for high-quality
language technology based on our mother tongue

e Important to base our language technology systems
on locally anchored knowledge of language and
culture
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Why lexicography in natural language processing

e Dictionaries are not just systematic collections of
words with information about morphology and
syntax

e They are cultural testimonies in the sense that they
describe the society and culture in which they are
being compiled

e Therefore they constitute a central source for
natural language processing in intelligent systems
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Research focus

e Research and development within the field of
computational linguistics and lexicography at
the Centre for Language Technology at UCPH

e Main focus: to provide the HLT field with
methodologies for reusing lexicographical
resources and converting high quality
lexicographical resources to formal lexica
suitable for HLT

e Special focus on lexical semantics, sense
inventories, sense clusters etc.

e Close collaboration with the Danish Society for
Language and Literature
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The special case of machine translation

e Machine translation used to be a good case for
demonstrating the lexicon’s role in natural language
processing

e With rule-based MT the lexicon (mono- and
multilingual) was indispensable

e With statistical and neural approaches the lexicon
has become superfluous

e Will the same not happen with other Al systems
when we get more data?
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The special case of machine translation

e My claim is that MT is a very special case of natural
language processing

e The human-translated parallel texts used for training
constitute the cultural clues

e We don't have such high-quality, culturally anchored
clues for other intelligent systems
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Reusing and linking lexical resources

/ DSL

The Danis

Common sense id
number

SemDax ——

__ / Denish FrameNet
| H

Danish wordnet
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Reusing and linking lexical resources

/ DSL

Common sense id
number

Se
Semantic corpus of Danish

Danish wordnet \

DSL + UCPH
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Reusing and linking lexical resources

——

Dictionary The Danish Thesaurus

Common sense id
number

SemDax

Semantic corpus of Danish

Donish FrameNet

Danish wordnet
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The wordnet: a formal concept hierarchy organised
in terms synonymy clusters (“synsets”) and of
relations between synsets

(conveyance, tramsport)
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From DDO to DanNet: Via genus proximum

Focws on table: l Saelection ﬁrm:;ﬂ;;fmtuuﬂmﬂ
| Expanded lennm.| Pos | GenProx Definition

1 beeltekaretaj_1 |sb. keretaj keretaj der beveeger sig pd beslter
2
3 dreesine_2 sh. keretaj tohjulet, cykellignende kareteg] som man drew frem wed at lebe me
g ellert_1 sh. keretaj lille eldrevet kereta]
5 gaffeltruck_1 sk, karetaj kraftigt, som regel el- el. dieseldrevet kereta) som bruges til at leh
[ grusspreder_1 sk, karetaj seerligt keretej €. maskine der bruges til at sprede grus pa stier og
I
8
9 lebehjul_1 sh. keretaj keretaj som bestdr af et breet med et lille hjul | hwver ende og med
10 mandskabswogn_| sb. keretaj karetaj til transport af mandskab
11 motorkeretej_1 | sb. keretaj kereta] med en motor som drivkraft, fx bil el. motorcykel
12 panserkeretas 1 |sh. keretaj keretej med panser af haerdet stal
13 radiobil_1 sk, karetaj elkeretaj til indendars bane som far strem fra et traddnet i loftet vig
14 redningswvogn_1 | sb karetaj kareta] med kran, spil e.l. til bjergning af forulykkede personer 1.
15 salatfad_1 sk, karetaj stort, lukket keretgj som politiet breger til transport af fanger .
16
17 skinnecykel_1 sh. keretaj cykellignends keretaj til kersel pd jernbaneskinner
18 slamsuger_1 sh. keretaj kaeretaj el. maskine med en tank, pumpe el. slange til cpswugning af
19 |sleede,1l_1 sb.  ksretsj keretej med meder som bruges til kersel pd sne el. is, som regel m
20 |sle=de,l 1 1 sb.  keretaj mindre, fladt keretsj af plastic som bruges til at keelke med
21
22 | standsning_1 sh.  keretaj det at et keretsjs bevaegelse fremad standses
23 stridswogn_1 sk, karetaj Abent, tohjulet, hestetrukket kereta] cmgivet af et frontskjold som
24 seEbekassebil_1 |sb. keretaj keretaj som et barn kan sidde | og lege med, fremstillet af forhdnd
25
26 tender_3 sh. keretaj kaeretej brugt af brandweesenet til at transportere pumpe og sla
27
28 trojka_1 sh. keretaj russisk keretej trukket af et forspand pa tre heste
4 4 |k
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Readjustment of inconsistent or underspecified
hyponymies

Example: fruits and vegetables
Different definitions from The Danish Dictionary:

tomato is a fruit and a vegetable
aubergine is a vegetable
beetroot is a root vegetable
spinach is a plant

rhubarb is a stalk

artichoke is a flower bud
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Readjustments..
Food taxonomy: Natural taxonomy:
grontsag (vegetable) plante (plant)
rodfrugt (root vegetable) skaermplante (umbelliferous plant)
krydderurt (spice herb) rod (tuber)
suppeurt (potherb) stilk (stalk)
flerkree (poultry) indvolde (entrails)

flaesk (pork)
indmad (offals)
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Wordnet relations from definitions

Definition of “pot”: Container, usually with two handles and
a lid used for cooking food

husgerdd 5 |se
behplder ~ P
hank indeholde
grydeldg )
stobejernsaryde @
stegegryde fodemiddel
smedejernsgryde kobbertoj
madgryde g grydeszet
kobbergryde fonduesaet
klzeberstensgryde kasserolle
jerngryde kedel
fonduegryde fiskegryde
trykkoger frituregryde
suppegryde ﬂskoge,kodgryde

RELATIONER

® vedrorer
bruges til

® inddrager (agens)
fremstilles ved

® bmges til (objekt)
indgir i

® harunderbegreb

© hardel

® har overbegreb
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DanNet: Ontological types
(EuroWordnet topontology)

Origin SituationType
Natural Dynamic
Living BoundedEvent
Plant UnboundedEvent
el Static
Creature
Animal Property
Artefact Relation
SituationComponent
Cause
Form Agentive
Substance Phenomenal
Solid Stimulating
Liquid Communication
Gas Condition
Object Existence
Composition Experience
Part Location
Group Manner
Function Mental
Vebhicle Modal
Representation Physical
MoneyRepresentation Possession
LanguageRepresentation Purpo;e
ImageRepresentation Qua_ntlty
Software SF)CIa|
Place Time
Occupation Usage
Instrument
Garment
Furniture
Covering
Container
Comestible

Building
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From thesaurus to FrameNet

The Danish Dictionary The Danish Thesausrus

Common sense id
number

SemDax

Semantic corpus of Danish

Donish FromeNet

ET

Danish wordnet
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From thesaurus to FrameNet

gthas_hyperonym: - has_hyperonym: - involved

olved_patient: - }
='skaelde ud, 'skrue bissen p&, skande, skeelde, skaelde (ud) for, ‘tordne, tale dunder, tale med .
store bogstaver, skelde og smelde, ‘udskselde, "gennemhegle, "give (med) grovfilen, give en gang lak, D h F m N t .
hegle igennem, "sige et par borgerlige ord (til), give tert pa, skelde hader og =re fra, skalde balgen a n I S ra e e .
fuld, skaelde huden fuld, rive hovedet af nogen, "tage nogen i skole, "sla i bordet, "bruge mund, "herse,
overfuse, rise, deenge til=; =-fa luft for sin vrede, 'fa afleb for sin vrede, "bande nogen langt vaek, ° 5 3 O O Ve rbs
‘rase ud=: e-give luft for sin vrede, rase, *frade, *se radt, 'g& amok, "springe/ryge i luften, "koge over,

‘eksplodere<; = snerre, "bide ad, "hvaese, "spytte satningen udl. 'sige vredt/bittert, ‘rabe vredt=;
‘komme efter nogen, ‘smaskande pa, 'vreden leb af med ham, ?udese sin vrede, 'skamme ud;

erkomme med tilgéb. fare i blaekhuget. hvaesse/spidse pennen, hvaesse pennen=; "hvesse kleerne, d 649 O d eve rba I n O u n S
forlebe sig; e-vredesudbrud, raserianfald, udfald, -vredesskrig, “wris, "sneft, "gnaveri=;
rudskaeldning, ‘skaeldud, udskaeld, ‘skeend, opsang, ‘formaning, ‘pegefinger, en sang fra de varme
lande"'="™«; erirettesattelse, roffel, gardinpraediken, moralpraadiken™=*=<; = overhaling, skideballe
vt syinertf=™, -et ordentligt pulver, megfald, bredside, det glatte lag, balle, overfald, hak i tuden=;
=-hérde ord, knubbede ord, ‘salut, *svada™=**, ‘salve, dundertale, ‘tordentale, ‘afskedssalut<;

‘forlebelse; = skaenderi, ‘sterre skeenderi, ‘ophidset diskussion, "hidsig diskussion, -skeendsmal="<; &
{=yn} rheftigt skeenderi, "keempeskaenderia; ‘familieskanderi

N

5316 skaelde Judgment_direct_address ngn skaslder (pa ngn )

5317 skaelde (ud) for Judgment_direct_address ngn skaelder ngn (ud) for sb

5318 skaelde nogen baslgen fuld Judgment_direct_address

5319 skaelde nogen huden fuld Judgment_direct_address

5320 skeelde nogen haeder og aere fra  Judgment_direct_address ngn skazlder ngn hazder og aere fra

5321 skeelde og smaelde Judgment_communication ngn skazlder og smaelder (over ngt/at../..)

5322 | skeelde ud Judgment_direct_address ngn skaslder ud pa ngn; ngn skaslder ngn ud (for at../ngt ); ngn s
5323 skeeldud Judgment_communication

5324 skeemte Communication_manner ngn skeemter (med ngn ); ngn skasmter replik; ngn skaemter me
5325 skaend Judgment_communication

5326 skaende Judgment_direct_address ngn skaznder (pa ngn ); ngn skasnder replik

~

Communicator Addressee Reason|

I R ety havde talt med store bogstaver til
i pausen

skeelder Bkfor at vaere groft uansvarlig
| debatten tordnes der s [gglols ABI o] MEEE T S LI a Ol ITE!
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From FrameNet to a semantic frame classifier

A pilot communication corpus of 440 sentences
annotated with frames from the FrameNet used for
training a semantic classifier

Danish communication events
Ours Random

Statement 0.66 0.25 English-Danish

Opinion 0.69 0.15 Statement G o
Telling 052 0.11 Thine 013 012
Text_creation 0.86 0.09 Becoming aware 006 0.0
Becoming_aware  0.43 0.07 cemme 00
Certainty 0.54 0.09

Supervised and unsupervised F1-scores on various frames.
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SemDax - a corpus for semantic processing

[
—

The DanishWy The Danish Thesausrus

Common sense id
number

SemDax

Semantic corpus of’Danish \

__ Donish FrameNet
| H

Danish wordnet
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Sense inventories in SemDax -
searching for the right balance

Challenge: senses in traditional dictionaries are
generally too finegrained for NLP

Aim:

* to develop principled methods for sense
clustering which can make existing lexical
resources practically useful in NLP

* not too fine-grained to be operational

* yet fine-grained enough to be worth the
trouble.
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Scalable sense inventories

Informativeness Cross-linguality

Coarse-grained Language independent -
Supersense tagging
Reduced clusters of DDO/DanNet
Clusters of DDO/DanNet

Full sense inventory from DDO/DanNet (“regular”)

" Fine-grained Language specific -
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Scalable sense inventories

Informativeness Cross-linguality

Coarse-grained Language independent -

] Supersense tagging >

Reduced clusters of DDO/DanNet

Clusters of DDO/DanNet

Full sense inventory from DDO/DanNet (“regular”)

" Fine-grained Language specific -
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SemDax - a corpus for semantic processing

A Danish human-annotated corpus annotated with
sense inventories of different granularity based on
our sense inventory (ids are kept!)

« The texts selected for annotation have been
extracted from the 45 million words CLARIN
Reference Corpus.

« The corpus contains a wide variety of text types
and domains: blog, chat, forum, magazine,
Parliament debates, and newswire.

Aim:
To assess the reliability of the different sense

annotation schemes for Danish based on existing
resources
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SemDax - a corpus for semantic processing

New approach to semantic corpus annotation

Not all disagreement is noise: contains valuable
linguistic information that can improve
annotation schemes and learning algorithms

Double annotation of a larger part of corpus
than usually seen

The available corpus includes not only
adjudicated files but also diverging annotations
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SemDax - a corpus for semantic processing

SemDaX-Coarse
« All-words annotation (nouns, verbs, adjectives)

 Annotated with so-called supersenses derived
from the list of WordNet's lexicographical files.

« Sijze: 90,000 words
« 60 % doubly annotated and adjucated

The annotation process

« Mapping of DanNet synsets to the 44
supersense classes (based on top level of
Princeton Wordnet)
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SemDax - a corpus for semantic processing

[adj.phys| |nounfood _ |werb.COLL | werb.COLL | _ [moun.substance |

De store vodkasjusser ;ﬁ ud il at 5_]'31 lige i blodet

Fig. 1. Phrasal verbs with more than one particle (se ud
til ('seem')) are annotated as collocations

with the sense label (here: verb.cognition) on the lexical
kernel (se).
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SemDax - a corpus for semantic processing

Evaluation: Where do annotators disagree?
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SemDax - a corpus for semantic processing

Evaluation: How do text types differ?
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SemDax - a corpus for semantic processing

Development of a sense tagger:

« The corpus has been used for training and
testing of a sense tagger that achieves an
overall F1 score of 0.82 on heldout data,

considering only the F1 of supersense labeling,
micro-averaged score is ~0.65

Available at:
https://github.com/coastalcph/dsl_semtagger
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Scalable sense inventories

Informativeness Cross-linguality

Coarse-grained Language independent -

Supersense tagging

Reduced clusters of DDO/DanNet

Clusters of DDO/DanNet

Il sense inventory from DDO/DanNet (“regula

Fine-grained Language specific -
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SemDax - a corpus for semantic processing

SemDaX-LexicalSample

« Sense annotation of 20 highly ambiguous
nouns (11 senses on average)

« Sense inventory derived from 1) The Danish
Dictionary (DDO) and 2) DanNet
combining main and subsenses from DDO
and the top-ontological types from DanNet

« Clustering method: a reduction of senses of
23.5 % on average
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Sense organization in DDO

Nordisk Forskningsinstitut

Wis owverblik

S — —_ 1

-
ERJIHING —Er
uoTaLs| [wall oG
oFRINDELEE| morrant vald, oldeng=lsk geweald
Betydninger -
1. handling =ller adfeerd som indeboerar brug af fysisk magt beregnet pS at
beskadige. sire =ller dre=be nogen
S5E OGSA magt
EESLECGTEDE OROEETS s
GrRAammaTIH]| wold miod NOGEMSMNOGET
EXSEMFLER brutal wold = I meningslas weld = | fysisk wold & | rawald = |
stigends wold = I politisk wald = crusler om wold = | bruge wold = 1
ewel/begd wold = 1 anvendelse =f wald = I krig og weld =
MMange mennesker er parate til at anvende vold, nar de kommer ud for et
praoblem eller en konflikt skaoleb-rel.oz
l.a mrRs angreb p& en anden persons legeme
SYHONTMER legemskr==nkelse | |lsgem=sbeskacigslse =g oczi waldtsagr
GrammaTik | wold mod HOSER
ERSEMPLER growv wald = wold mod sagesles = I wold meoed tjenestemand i
funktion = I wold med daden il falge = | sigrer for wold = I udsat for wald
= | deamt for vald =&

Wold kan have mange former. lize fra den milde wold f.eks. en lussing, til de
grovers former for vold., hvror der er anvendt vaben, f.eks. kniv. stok eller
revolver handb—jur.22

Lb handling eller adfeerd der udger et owvergreb mod =t andet menneskaes
natur og integritet

EESLESTEDE QROEETS i
ERSEMPLER psykisk wold =

Passiv psyvkisk vold forelisser. hrris barnets forssldre ikke er i stand tl at
st'lmulene barnet og give barnet den nedivendige om=sorg og keerlighed

RFERT owergreb der kresnbker @n rettighed, kultur, tradition el lign.
S5E OGEIA gere/eve wvold mods/pa

disknssioner o ﬁu:l:uJJens.vo]cl o berns fantasi TiBryd24

Humn lavede te til dem alle tre, vaszkede op. mens Gnags overdoveds deres
larmends

1.d brug =f fysisk kraft eller anstrengslse rettet mod en ting
S HIOF YA magt

ExsswrLER | me=d vold &

kontrol eller herredemme som en steerk person eller magt har over nogaen
GRAPMMATIH i NOGEEN s/ MNOGETs wold

nar hadet sreb hende, var hun helt i sine falel “nold fagb-litt. 84
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Sense organization in DDO

S — —_ 1

Wis owverblik -

ERJIHING —Er
uoTaLs| [wall oG

oFRINDELEE| morrant vald, oldeng=lsk geweald

Betydninger -

1. handllng eIIEr =2gnat pS at
sars eller dresbe nogen

magt

EESLESTEDE GREEETS - wis

GRAmmaTIE]| wold miod NOGEMSMNOGET
ErsEmrLER| brutal wvold = | meningsles wvold = | fysiskweld B2 | rAwcld = |
ende wold = | paolitisk vold = trusler om wold = | bruge veold =

evel/beg | anwvendelse af wald = | krig og wold =

MMange mennesker er parate til at anvende vold, nar de kommer ud for et
problem eller en konflikt skoleb-rel.92

l.a mrRs angreb p& en anden persons legeme
SYHONTMER legemskr==nkelse | |lsgem=sbeskacigslse =g oczi waldtsagr

GrammaTik | wold mod HOSER

ERSEMPLER grow wald = wold mod sagesles = I wold meoed tjenestemand i
funktion = I wold med daden il falge = | sigrer for wold = I udsat for wald
= | deamt for vald =&

Wold kan have mange former. lize fra den milde wold f.eks. en lussing, til de
grovers former for vold., hvror der er anvendt vaben, f.eks. kniv. stok eller
revolver handb—jur.22

Lb handling eller adfeerd der udger et owvergreb mod =t andet menneskaes
natur og integritet
EESLECTEDE QRO S=TS i
ERSEMPLER psykisk wold =

Passiv psyvkisk vold forelisser. hrris barnets forssldre ikke er i stand tl at
st'lmulene barnet og give barnet den nedivendige om=sorg og keerlighed

RFERT owergreb der kresnbker @n rettighed, kultur, tradition el lign.

S5E OGIA gere/eve wvold mods/pa

Humn lavede te til dem alle tre, vaszkede op. mens Gnags overdoveds deres
larmende diskmssioner om familiens wold mod berns fantasi TiBryldg:

1.d brug =f fysisk kraft eller anstrengslse rettet mod en ting
S HIOF YA magt

ExsswrLER | me=d vold &

- ol eller herredemme som en steerk person eller magt har

GRAPMMATIE | i MNOGEEN s/ MOGEETs wold

Nordisk Forskningsinstitut
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Sense organization in DDO

Nordisk Forskningsinstitut

S — —_ 1

Wis owverblik

ERJIHING —Er
unTaLs| [wall G

oFRINDELEE| morrant vald, oldeng=lsk geweald

Betydninger

1. handling =ller adfeerd som indeboerar brug af fysisk magt beregnet pS at
beskadige. sire =ller dre=be nogen

SE OGSA magt
EESLECGTEDE OROEETS s

GrRAammaTIH]| wold miod NOGEMSMNOGET

EXSEMFLER brutal wold = I meningslas weld = | fysisk wold & | rawald = |
stigends wold = I politisk wald = crusler om wold = | bruge wold = 1
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Sense organization in DDO

Auto-hyponymy: narrowed meaning with same hypernym, as in to
drink alcohol as a subsense to to drink

Auto-superordination: extended meaning as in man (person) vs
man (male)

Auto-meronymy: a part instead of the whole as in door meaning a
piece of wood, metal or the like in contrast to door in the broader
opening sense (as in the door was made of wood vs. he closed the
door).

Auto-holonymy: a whole instead of the part as in body meaning
the whole body in contrast to body in the sense of the torso only.

Figurative: sense where only part of the meaning is derived from
the core sense but used in a figurative/metaphorical context as in
window in the sense a window to the world.
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Sense organization in DDO

Factors that overrule these principles:

 Frequency of the senses "big words” tend to
establish main senses where they should actually have
been subsenses according to Cruse

« Communicative factor of the structure: overall goal
was to compile an ‘easy to read’ printed dictionary,
especially by avoiding very deep sense structures




UNIVERSITY OF COPENHAGEN

Establishment of clusters

Exploiting semantic info from both sources

« Experiment 1 (‘regular') where all main and
subsenses are maintained

 Experiment 2 (‘clustered') where subsenses are
clustered if they are of the same ontological type

« Experiment 3 ('clustered reduced') where also main
senses are clustered if they are of the same
ontological type.
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Annotation of lexical samples

« The number of annotated sentences for each noun
varies according to the number of DDO senses of the

noun (100 + 15*no. of senses), resulting in from 175
to 600 sentences per noun.




UNIVERSITY OF COPENHAGEN

Corpus and annotation
WebAnno tool:

selskab-reduceret/selskab bentesblog-1 xml

—Annotation

selskab-1-1a-1b|
1| Jeg falte mig i hwvert fald i godt selskab med Willumsens arbejdspapirer og Herregarden Odden, so

2|1 dag gjorde  selskabet  det.

3| Men i dag fik jeg endelig igen snuppet en times tid | maskinernes selskab.

4 Sadan halvanden time | maskinernes selskab blankpolerer godt nok den gode samvittighed.

5 De blev udlast af, at jeq fortalte, at det efterhanden mere er reglen end undtagelsen, at manden i mit liv o

New Span Annotation 4

Selected text s=lskahb

Layer  Lexical Sample 2 v |
Features
value (selskab-tagset-reducerst) ‘selskab-1—1a—‘lb| | v

selskab-1-1a-1b

selskab-1c-2-2a-5

selskab-3

selskab-4-4a
selskab-F-holde-med-selskab
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Intercoder agreement using Krippendorffs a

Intercoder agreement

1.0
® clustered reduced
® ® ® clustered
] @® regular
® ) )
® )
[}
i ®
06 $ ® T
0.4
o
0.2
0.0

blik hul kort model plads selskab skade skud slag vold
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Intercoder divergences

Divergence types identified (when curating 2% of the
material)

« Underspecified examples: Diverging annotations
where the precise word sense could not be deduced
from the isolated example (most divergences).

« Incomplete or unclear tag set: Diverging
annotations in cases where a new/unconventional
sense of the word was not covered by the tag set, or
where the lexical description of a tag was unclear or
blurred.

« Plain errors: Diverging annotations due to wrong
POS tags or because the annotator had erroneously
skipped a word, for instance in cases with more than
one lexical occurrence per sentence.
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WSD using the LIibLINEAR package

A corresponding automatic disambiguation task using
empirical methods (LibLINEAR package included in scikit-learn
from Python).

« Disambiguate the polysemous words in context (lexical
sample task)

« See if there is any significant improvement of the
prediction accuracies when using clustered word
senses.

The features:
- Bag of lemmas of the whole sentence.

« Next and previous four lemmas (primarily devised to
disambiguate idiomatic expressions whose structure is
mostly fixed).




1.0
BN regular

B clustered

B clustered reduced
B baseline

blik hul kort model plads selskab skade skud slag vold
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Word embeddings and word senses

« Ongoing studies to see how well word senses
are resembled in Danish word embeddings

* Only recently reliable word embeddings are
available for Danish

* Only recently evaluation data sets are ready
for evaluating Danish word embeddings

« Interesting to examine to which extent
reduced sense clusters are reflected in the
distributional data
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The ELEXIS project

H2020 Infraria project, started 2018
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Standards, data and tools in the ELEXIS project

Aim: Connecting the disconnected
« The lexicographic landscape is heterogeneous.

« There are stand-alone lexicographic resources,
which are typically encoded in incompatible data
formats due to the isolation of efforts

« This prohibits reuse of the data in natural language
processing, linked open data and the Semantic
Web, or in digital humanities.




Standards, data and tools in the ELEXIS project

Aim: Connecting the disconnected

« ELEXIS will introduce common standards,

« develop conversion tools and, most importantly,

« will interconnect the existing resources so that they
can be used to develop new modern data which

can be used in ways that new digital technologies
need.
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Summing up

« Employ existing high-quality lexical data in
natural language processing and intelligent
systems (AI)

« Comply with international standards to ensure
linking and reuse potential

« Incorporate elements of language transfer from
better resourced languages where relevant




Thank you!

Selected links:

DanNet: http://wordnet.dk/lang.html
SemDax:https://github.com/coastalcph/semdax
WordTies: http://wordties.cst.dk/

STO: http://cst.ku.dk/sto_ordbase/

Sense tagger:
https://github.com/coastalcph/dsl_semtagger



http://wordnet.dk/lang.html
https://github.com/coastalcph/semdax
http://wordties.cst.dk/
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