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• Computational Lexicons
– Language-specific information (English, Spanish, German, etc.), 

cover common-sense knowledge

– Cover, at best, all linguistic description levels for a lexical item 
but usually don’t

– Undetermined towards formalization, yet electronically available

• Terminologies
– Language-independent (though verbally encoded!), cover 

domain-specific, expert-level knowledge

– Cover lexico-semantic information only (semantic relations)

– Informal, computational issues are (usually) of no concern

• Ontologies
– Language-independent, cover domain-specific, expert-level 

knowledge

– cover conceptual information (semantic relations, semantic 
integrity constraints, rules, etc.)

– Formal specifications, computational issues are a major concern

– Formal reasoning: inferences

Computational Lexicons,

Terminologies & Ontologies
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Examples: Computational Lexicons, 

Terminologies & Ontologies

• Computational Lexicons

– WordNet (English) & EuroWordNet 

– GermaNet

– FrameNet

• (Biomedical) Terminologies

– Unified Medical Language System (UMLS)

– BioPortal

– Open Biological Ontologies (OBO)

• Gene Ontology (GO)

• Ontologies

– Formal reasoning (for text understanding)
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WordNet

• English WordNet (V3.0)
– semantic (relation) lexicon of English 

(general language)
• no morphology!, no syntax!, no etymology

– groupings of words into sets of synonyms 
(synsets)

– English definitions for lexical entries/synsets 
(glosses)

– defines semantic relations between synsets

– covers (base forms of) nouns, verbs, 
adjectives, adverbs

– Size: more than 155,000 lexical entries

http://wordnet.princeton.edu/
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WordNet

• EuroWordNet

– Portuguese, Spanish, Spanish Catalan-Basque

– French

– Italian

– German (licence required), Dutch

– Russian, Czech, Hungarian, Slovene, …

– ...

• Global WordNet http://globalwordnet.org

– Arabic

– Mandarin-Chinese

– Hindi

– ....
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WordNet SynSets and Glosses

• Nouns

S: (n) jump, leap (a sudden and decisive increase) "a jump in attendance"
direct hyponym | full hyponym
S: (n) quantum leap, quantum jump (a sudden large increase or advance) "this may not 
insure success but it will represent a quantum leap from last summer„
direct hypernym | inherited hypernym| sister term derivationally related form

S: (n) leap, jump, saltation (an abrupt transition) "a successful leap from college to the major leagues"
S: (n) jump ((film) an abrupt transition from one scene to another) 

S: (n) startle, jump, start (a sudden involuntary movement) "he awoke with a start"
S: (n) jump, parachuting (descent with a parachute) "he had done a lot of  parachuting in the army"
S: (n) jump, jumping (the act of  jumping; propelling yourself  off  the ground) "he advanced in a series 

of  jumps"; "the jumping was unexpected"



7

WordNet Synsets and Glosses

• Verb
S: (v) jump, leap, bound, spring (move forward by leaps and bounds) "The horse bounded across 

the meadow"; "The child leapt across the puddle"; "Can you jump over the fence?"
S: (v) startle, jump, start (move or jump suddenly, as if  in surprise or alarm) "She startled when I 

walked into the room"
S: (v) jump (make a sudden physical attack on) "The muggers jumped the woman in the fur coat"
S: (v) jump (increase suddenly and significantly) "Prices jumped overnight"
S: (v) leap out, jump out, jump, stand out, stick out (be highly noticeable) 

S: (v) jump (enter eagerly into) "He jumped into the game"
S: (v) rise, jump, climb up (rise in rank or status) "Her new novel jumped high on the bestseller list"
S: (v) jump, leap, jump off (jump down from an elevated point) "the parachutist didn't want to jump"; 

"every year, hundreds of  people jump off  the Golden Gate bridge"; "the widow leapt into 
the funeral pyre"

S: (v) derail, jump (run off  or leave the rails) "the train derailed because a cow was standing on the 
tracks"

S: (v) chute, parachute, jump (jump from an airplane and descend with a parachute) 

S: (v) jump, leap (cause to jump or leap) "the trainer jumped the tiger through the hoop"
S: (v) jumpstart, jump-start, jump (start (a car engine whose battery is dead) by connecting it to 

another car's battery) 

S: (v) jump, pass over, skip, skip over (bypass) "He skipped a row in the text and so the sentence 
was incomprehensible"

S: (v) leap, jump (pass abruptly from one state or topic to another) "leap into fame"; "jump to a 
conclusion"; "jump from one thing to another"

S: (v) alternate, jump (go back and forth; swing back and forth between two states or conditions) 
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WordNet Relations

• Nouns
– Hypernyms

• „Y is a hypernym (more general term) of X, if every X is a 
(kind of) Y“

– Hyponyms
• „Y is a hyponym (more specific term) of X, if every Y is a 

(kind of) X“

• Y is hyponym of X 1 X is a hypernym of Y

– Coordinate terms
• „Y is a coordinate term of X, if X and Y share a hypernym“

– Holonyms
• „Y is a holonym (whole) of X, if (every/some?) X is a part

of Y“

– Meronyms
• „Y is a meronym (part) of X, if (every/some?) Y is a part of

X“

• Y is a meronym of X 1 X is a holonym of Y
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WordNet Relations

• Verbs
– Hypernyms

• „the verb Y is a hypernym (more general term) of the 
verb X, if the activity X is a (kind of) Y“

– e.g., travel to movement

– Troponyms
• „the verb Y is a troponym of the verb X, if the activity 

Y is doing X in some manner“

– e.g., lisp to talk

– Entailment
• „the verb Y is entailed by the verb X, if by doing X 

you must be doing Y“

– e.g., snoring by sleeping

– Coordinate terms
• „Y is a coordinate verb of X, if X and Y share a 

hypernym“
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WordNet Relations

• Adjectives
– Related nouns

– Participle of verb

• Adverbs
– Root adjectives
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WordNet V3.0 Statistics

POS Unique Strings SynSets Word-Sense Pairs
(word - #synset pairs)

Noun

Verb

Adj

Adv

S

117,100

11,500

21,500

4,500

155,300

82,100

13,800

18,200

3,600

117,700

146,300

25,000

30,000

5,600

206,900

http://wordnet.princeton.edu/wordnet/man/wnstats.7WN.html
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WordNet V3.0 Statistics

POS
Monosemous

Words / senses

Polysemous

Words

Polysemous

senses

Noun

Verb

Adj

Adv

S

101,900

6,300

16,500

3,700

128,400

16,000

5,300

5,000

700

27,900

44,400

18,800

14,400

1,800

79,500

http://wordnet.princeton.edu/wordnet/man/wnstats.7WN.html
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WordNet V3.0 Statistics

POS
Average polysemy*

(incl. monosemous words)

Noun

Verb

Adj

Adv

1.24

2.17

1.40

1.25

2.79

3.57

2.71

2.50

Average polysemy*

(excl. monosemous words)

*  Number of  synsets that contain the word

http://wordnet.princeton.edu/wordnet/man/wnstats.7WN.html



14

GermaNet

• Lexikalische Einheiten sind nach Lesarten gruppiert:

Quelle: Henrich & Horber, 2015
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GermaNet: SynSets

Quelle: Henrich & Horber, 2015
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GermaNet: Lexical Relations

Quelle: Henrich & Horber, 2015
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GermaNet: Conceptual Relations

Quelle: Henrich & Horber, 2015
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GermaNet: Conceptual Relations

Quelle: Henrich & Horber, 2015
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GermaNet: Conceptual Relations

Quelle: Henrich & Horber, 2015
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GermaNet: Relations

Quelle: Henrich & Horber, 2015
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GermaNet: semantische Felder

Quelle: Henrich & Horber, 2015
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GermaNet : Verb Frames

• Verbbedeutung wird durch Verb-Frames ergänzt

• Verb-Frames beschreiben syntaktische Strukturen 
wie Valenzen, Subkategorisierungen u.ä. (Bezug auf 
CELEX Lexikonformat)

• Interlingualer Index (ILI) zur Anbindung an das 
englische WordNet

• Verlinkung geschieht über lexikalische und 
konzeptuelle Relationen (derzeit ca. 29.000 Links)

http://www.sfs.uni-tuebingen.de/GermaNet/
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GermaNet

Quelle: Henrich & Horber, 2015
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GermaNet-Struktureigenschaften

• WordNets sind hierarchisch über die Hyponymie / 
Hypernymie-Relation und partonomisch über diverse 
Teil-Ganzes-Relationen strukturiert

• Im Unterschied zum englischen WordNet gibt es 
nicht mehrere Hierarchien – GermaNet ein 
vollständig verbundener Graph mit einem 
gemeinsamen (künstlichen) Wurzelknoten 
(GNROOT), der alle SynSets subsumiert

• Künstlich eingeführte Knoten beschreiben nicht-
lexikalisierte Konzepte
– Vermeidet unnötige Ko-Hyponymien

• GermaNet erlaubt Kreuzklassifikation (ein SynSet 
kann mehrere Hypernyme haben)

http://www.sfs.uni-tuebingen.de/GermaNet/
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GermaNet (V 14.0 – April 2019)

• 175.000 Lexeme

• 136.263 Synsets

• 150.003 Relationen

• Größe des ILI: 28.567

• Anzahl Wiktionary-Beschreibungen: 29.552

http://www.sfs.uni-tuebingen.de/GermaNet/
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FrameNet

• English FrameNet

– semantic frames of English (script-style)

• no morphology!, no syntax!, no etymology

– English-style, semi-formal definitions for lexical 

entries

– Statistics (Version 1.3)

• 11,000 lexical units

• 1,050 semantic frames

• 135,000 example sentences for frames (taken from 

the British National Corpus [BNC] and US newswire)

http://framenet.icsi.berkeley.edu/

http://framenet.icsi.berkeley.edu/index.php?opt

ion=com_content&task=view&id=17881&Itemid=66/

• Try out: FrameGrapher
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FrameNet Entry

FrameNet Data Search for jump

Lexical unit search results: Closest match is jump...

Lexical Unit Frame

jump.v Self_motion

jump.v Traversing 

jump.v Change_position_on_a_scale

jump.v Attack

jumper.n Clothing

jumping.a Lively_place

jumpsuit.n Clothing
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FrameNet Entry (cont.)

Self_motion

Definition: The Self_mover, a living being, moves under its own power in a directed fashion, i.e. along 

what could be described as a Path, with no separate vehicle.

FEs: Core:

Area [Area] Semantic Type Location

Area is used for expressions which describe a general area in which motion takes place when the 

motion is understood to be irregular and not to consist of  a single linear path. Note that this FE should 

not be used for cases when the same phrase could be used with the same meaning with a non-motion 

target, since these should be annotated with the Place FE. 

Direction [dir]

The direction that the Self_mover heads in during the motion. 

Goal [Goal] Semantic Type Goal

Goal is used for any expression which tells where the Self_mover ends up as a result of  the 

motion. 

Path [Path] Semantic Type Path

Path is used for any description of  a trajectory of  motion which is neither a Source nor a Goal. This 

includes "middle of  path'' expressions. 

Self_mover [SMov] Semantic Type Sentient

Self_mover is the living being which moves under its own power. Normally it is expressed as an 

external argument. 

Source [Src] Semantic Type Source

Source is used for any expression which implies a definite starting-point of  motion. In prepositional 

phrases, the prepositional object expresses the starting point of  motion. With particles, the starting 

point of  motion is understood from context. 
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Wiktionary

• Multilinguales Wörterbuch 

– derzeit 230 Sprachen

• 625.973 deutschsprachige Einträge

– Struktur s. Beispiel „Hebamme“

• Online:
– https://de.wiktionary.org/wiki/Wiktionary:Hauptseite
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Wiktionary-Eintrag „Hebamme“ (1/3)
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Wiktionary-Eintrag „Hebamme“ (2/3)
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Wiktionary-Eintrag „Hebamme“ (3/3)
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(Biomedical) Terminologies

• Sublanguages: domain-specific

• Relational Encoding

– Is-a

– Part-of
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UMLS –
Unified Medical Language System
• https://www.nlm.nih.gov/research/umls/knowledge_sources/metathesaurus/release/

statistics.html

• https://www.nlm.nih.gov/research/umls/sourcereleasedocs/current/MSH/stats.html

• Purpose: clinical coding, billing, document retrieval, …

– Umbrella system covering more than 153 terminologies

– Size: 14,000,000 terms (10M English); <3.700.000 

concepts, >>13,000,000 relations

– Content: (almost) the whole of  (clinical) medicine

– Lexical semantics: thesaurus relations for taxonomies, 

partonomies, also other light-weight semantics 

(approximately 80 additional relation types)

– Basic and variant word forms, and (quite complex) NPs

– (English) Specialist Lexicon uses conceptual grounding 

of  UMLS for NLP applications



35

UMLS Thesauri

Biomedical

literature
MeSH

Genome

annotations

GOModel

organisms

NCBI

Taxonomy

Genetic

knowledge bases

OMIM

Clinical

repositories

SNOMEDOther

subdomains

…

Anatomy

UWDA

UMLS
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UMLS Tables

Concept 1 relation Concept 2

RIGHT-SIDE-OF-HEART narrower_rel HEART

LEFT-SIDE-OF-HEART part_of HEART

ANGINA-PECTORIS has_location HEART

HEART has_part HEART-ATRIUM

HEART has_part MITRAL-VALVE

WALL-OF-HEART part_of HEART

BRONCHIAL-TUBERCULOSIS has_location BRONCHI

BRONCHIAL-TUBERCULOSIS narrower_rel TUBERCULOSIS

SARCOMA sibling CARCINOMA

LENS-CRYSTALLINE part_of EYE

ACUTE-MYELOID-LEUKEMIA has_location BONE-MARROW

RIGHT-HAND is_a HAND

ALLERGIC-REACTION associated_with DERMATITIS-ATOPIC

LUNG broader_rel ATELECTASIS

anatomical concepts

pathological concepts
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Ontologies for Information Extraction

S1 A mitochondrion provides the cell

with energy in the form of ATP.

S2 The organelle possesses its own 

genetic material which is inherited 

maternally.

S3 The ATP synthesizing enzyme 

ATP synthase is located in the 

inner membrane.
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Ontologies for Information Extraction

S1 A mitochondrion provides the cell

with energy in the form of ATP.

S2 The organelle possesses its own 

genetic material which is inherited 

maternally.

S3 The ATP synthesizing enzyme 

ATP synthase is located in the 

inner membrane.

is-a
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Ontologies for Information Extraction

S1 A mitochondrion provides the cell

with energy in the form of ATP.

S2 The mitochondrion possesses its own 

genetic material which is inherited 

maternally.

S3 The ATP synthesizing enzyme 

ATP synthase is located in the 

inner membrane.
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Ontologies for Information Extraction

S1 A mitochondrion provides the cell

with energy in the form of ATP.

S2 The mitochondrion possesses its own 

genetic material which is inherited 

maternally.

S3 The ATP synthesizing enzyme 

ATP synthase is located in the 

inner membrane.
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Conceptual Normalization

S1 A mitochondrion provides the cell

with energy in the form of ATP.

S2 The mitochondrion possesses its own 

genetic material which is inherited 

maternally.

S3 The ATP synthesizing enzyme 

ATP synthase is located in the 

mitochondrial inner membrane.
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Semantic Interpretation

“Normalized“ Text Level

• Provide [mitoch., cell, energy]

• Possess [mitoch., gen. material]

• Synthesize [ATP synthase, ATP]

• Located-in [ATP synthase,

mitoch. inner membrane]

Propositional Level

S1 A mitochondrion provides the cell

with energy in the form of ATP.

S2 The mitochondrion possesses its own 

genetic material which is inherited 

maternally.

S3 The ATP synthesizing enzyme 

ATP synthase is located in the 

mitochondrial inner membrane.



OWL – Web Ontology Language

http://www.w3.org/2001/sw/wiki/OWL

Spezifikationsstandard für die Beschreibung von 
formalen Ontologien

– Taxonomisches „Rechnen“ a Subsumption

Formale Sprachbasis: Beschreibungslogik

– Entscheidbare Teilmenge der Prädikatenlogik

http://www.w3.org/2001/sw/wiki/OWL


Illustration der Subsumption

• Term_1 Term_2

att_1 att_1

att_2 att_2

att_3

a Term_1 Is-a Term_2 

• Elefant Säugetier

belebt belebt

säugt Nachw. säugt Nachwuchs

Stoßzähne=2

a Elefant Is-a Säugetier 



DL (Description Logic) – OWL:

Klassen-/Konzeptkonstruktoren

http://www.cs.ox.ac.uk/ian.horrocks/Seminars/download/Horrocks_Ian_pt1.pdf

http://www.cs.ox.ac.uk/ian.horrocks/Seminars/download/Horrocks_Ian_pt1.pdf


DL (Description Logic) – OWL:

Ontologie-Axiome

OWL-Ontologie:  Mischung aus Tbox- und Abox-Axiomen

http://www.cs.ox.ac.uk/ian.horrocks/Seminars/download/Horrocks_Ian_pt1.pdf

http://www.cs.ox.ac.uk/ian.horrocks/Seminars/download/Horrocks_Ian_pt1.pdf

