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» Lexical resources refers to resources containing
information about lexical units (e.g., formal
description, relations, combinations).

» lexical resources for LT differ from paper
dictionaries in that they are:

» created for machines, not humans

» formal

» practically oriented (a lexical resource for LT that
cannot be used in automatic text analysis is
kinda worthless from a LT perspective).

LMF: Lexical Markup Framework

OT!

onversiter > LMFis the ISO standard (1IS0-24613:2008) for
Sprak representing LT lexical resources.
BANKEN > E .

CLT

» Using a standard is never painless, but it beats
having to create a special-purpose solution for
every single lexical resource. 5
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Three Perspectives on Meaning

Lexical Semantics

«  The meanings of individual words

Formal Semantics (or Compositional Semantics or

Sentential Semantics)

+  How those meanings combine to make meanings for
individual sentences or utterances

Discourse or Pragmatics

* How those meanings combine with each other and with
other facts about various kinds of context to make
meanings for a text or discourse

(+ Dialog or Conversational Semantics)

Relationships between word
meanings

* Homonymy
* Polysemy
* Synonymy
* Antonymy
* Hypernomy
* Hyponomy
* Meronomy

First idea: The unit of meaning is called a
Sense or wordsense

* One word “bank” can have multiple different
meanings:
* “Instead, a bank can hold the investments in a custodial
account in the client’s name”
* “But as agriculture burgeons on the east bank, the river
will shrink even more”

* We say that a sense is a representation of one
aspect of the meaning of a word.

 Thus bank here has two senses
* Bank1:
* Bank2:

Some more terminology

* Lemmas and wordforms
* Alexeme is an abstract pairing of meaning and form
« Alemma or citation form is the grammatical form that is used to
represent a lexeme.
Carpet is the lemma for carpets
Dormiris the lemma for duermes.
« Specific surface forms carpets, sung, duermes are called wordforms
* The lemma bank has two senses:
« Instead, a bank can hold the investments in a custodial account in
the client’s name
« But as agriculture burgeons on the east bank, the river will shrink
even more.
* Asense is a discrete representation of one aspect of the
meaning of a word




Homonymy

* Homonymy:
* Lexemes that share a form
Phonological, orthographic or both
* But have unrelated, distinct meanings
* Clear example:
Bat (wooden stick-like thing) vs
Bat (flying scary mammal thing)
Or bank (financial institution) versus bank (riverside)
© Can be homophones, homographs, or both:
Homophones:

Homonymy causes problems for
NLP applications

 Text-to-Speech
* Same orthographic form but different
phonological form
bass vs bass
¢ Information retrieval
« Different meanings same orthographic form
QUERY: bat care
¢ Machine Translation
* Speech recognition

 Write and right * Why?
« Piece and peace
Polysemy Polysemy

1. The bank was constructed in 1875 out of local red brick.
* 2.1 withdrew the money from the bank
* Are those the same sense?
« We might call sense 2
“Afinancial institution”
* And sense 1
“The building belonging to a financial institution”
* Or consider the following example

« While some banks furnish sperm only to married women, others are
less restrictive

* Which sense of bank is this?

* We call polysemy the situation when a single word
has multiple related meanings (bank the building,
bank the financial institution, bank the biological
repository)

* Most non-rare words have multiple meanings




Polysemy: A systematic relationship
between senses

* Lots of types of polysemy are systematic
* School, university, hospital
* Can all be used to mean the institution or the
building.
* We might say there is a relationship:
* Building <-> Organization
* Other such kinds of systematic polysemy:

Author (Jane Austen wrote Emma) < Works of Author ( really love Jane Austen)
Animal (The chicken was domesticated in Asia) — Meat (The chicken was overcooked)
Tree (Plums have beautiful blossoms) — Fruit (I ate a preserved plum yesterday)

How do we know when a word has more
than one sense?
* Consider examples of the word “serve”:
* Which flights serve breakfast?
* Does America West serve Philadelphia?
* The “zeugma” test:

 ?Does United serve breakfast and San Jose?

* Since this sounds weird, we say that these are two
different senses of “serve”

Synonyms

* Word that have the same meaning in some or all
contexts.
« filbert / hazelnut
 couch / sofa
* big / large
« automobile / car
* vomit / throw up
* Water / H,0

* Two lexemes are synonyms if they can be
successfully substituted for each other in all
situations

« If so they have the same propositional meaning

Synonyms

* But there are few (or no) examples of perfect

synonymy.

* Why should that be?

* Even if many aspects of meaning are identical

« Still may not preserve the acceptability based on notions
of politeness, slang, register, genre, etc.

Example:

* Water and H,0

* Big/large

* Brave/courageous




Synonymy is a relation between senses
rather than words

Consider the words big and large
* Are they synonyms?

« How big s that plane?

« Would I be flying on a large or small plane?
* How about here:

« Miss Nelson, for instance, became a kind of big sister to Benjamin.

« 2Miss Nelson, for instance, became a kind of large sister to
Benjamin.

* Why?
« big has a sense that means being older, or grown up
« large lacks this sense

Antonyms

* Senses that are opposites with respect to one
feature of their meaning
» Otherwise, they are very similar!
« dark / light
 short / long
* hot / cold
* up / down
ein/out
* More formally: antonyms can
« define a binary opposition or at opposite ends of a scale
(long/short, fast/slow)
 Be reversives: rise/fall, up/down

Hyponymy

* One sense is a hyponym of another if the first
sense is more specific, denoting a subclass of the
other
 car is a hyponym of vehicle
* dog is a hyponym of animal
* mango is a hyponym of fruit

* Conversely
 vehicle is a hypernym/superordinate of car
* animal is a hypernym of dog
* fruit is a hypernym of mango

[superordinate Jvehicle |fruit [furniture [ mammal

| hyponym [car  [mango [chair [ dog

Hypernymy more formally

* Extensional:

 The class denoted by the superordinate

* extensionally includes the class denoted by the hyponym
* Entailment:

* Asense A is a hyponym of sense B if being an A entails

being a B

* Hyponymy is usually transitive

* (A hypo B and B hypo C entails A hypo C)




Il. WordNet

* A hierarchically organized lexical database

On-line thesaurus + aspects of a dictionary
Versions for other languages are under development

Category Unique
Forms
Noun 117,097
Verb 11,488
Adjective 22,141
Adverb 4,601

WordNet

© Whereitis:

Format of Wordnet Entries

‘The noun “bass” has § senses in WordNet.

. bass! - (the lowest part of the musical range)

. bass?, bass part! - (the lowest part in polyphonic music)

. bass®, basso! - (an adult male singer with the lowest voice)

4. seabass!, bass* - (the lean flesh of a saltwater fish of the family Serranidac)

5. freshwater bass', bass” - (any of various North American freshwater fish with
Tean flesh (especially of the genus Micropterus))

6. bass®, bass voice!, basso? - (the lowest adult male singing voice)

7. bass” - (the member with the lowest range of a family of musical instruments)

1
3

8. bass® - (nontechnical name for any of numerous edible marine and
freshwater spiny-finned fishes)

The adjective “bass™ has 1 sense in WordNet

1. bass!, deep® - (having or denoting a low vocal or instrumental range)
"a deep voice"; "a bass voice is lower than a baritone voice”’;
“a bass clarinet”

WordNet Noun Relations

Relation Also called | Definition Example

Hypernym From concepts to Treakfast” — meal"
Hyponym Subordinate | From concepts to subtypes meal' — lunch!
Member Meronym | Has-Member | From groups to their members Jaculty? — professor'
Has-Instance From concepts to instances of the concept | composer! — Bacl!
Instance From instances to their concepts Austen' — author'
Member Holonym | Member-Of | From members to their groups copilort* — crew!
Part Meronym Has-Part From wholes to parts table* — leg
PartHolonym | Part-Of From parts to wholes course’ — meat
Antonym Opposites leader! — follower!




WordNet Verb Relations

Relation

Definition Example

Entails
Antonym

Hypernym| From evens to superordinnate events P — rravel
‘Troponym | From a verb (event) to a specific manner elabosation of that verb | walk! — siroll!

From verbs (events) to the verbs (events) they entail
Opposites

snore! — sleep!
increase! = decrease!

WordNet Hierarchies

= ect, phyaieat cbject
= psical s

= phyeieal watity

ety

shysical cbinct

How is “sense” defined in
WordNet?

« The set of near-synonyms for a WordNet sense s called a synset
(synonym set); it's their version of a sense or a concept

« Example: chump as a noun to mean
+ “a person who s gullible and easy to take advantage of’

{chump!, fool?, gnu‘, mark®, patsy', fall quy!, sucker!,
soft touchl, mug?}

« Each of these senses share this same gloss
+ Thus for WordNet, the meaning of this sense of chump is this list.
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Princeton Wordnet: final comments

» Princeton Wordnet is (probably) the most used
LT resource. This because:

» it describes the English language:

» itis large-scale;

» itis freely available.
However, it has been criticized for having a too
fine-grained sense distinction (actually, it more
or less follows distinctions made in paper
dictionaries).
If we cannot distinguish senses (the task called
WSD: word sense disambiguation), then it is
difficult/impossible to use the information in
Wordnet.

v




Sense inventory
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» Hanks (1992) divides lexicographers into
“lumpers” or “splitters”.

» As discussed in Ide and Wilks paper, LT needs
more more lumping and less splitting.

» Sense distinction is difficult for humans also,
many report on around 80% inter-annotator
agreement (e.g., Edmonds and Kilgarriff, 2002)
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Lumping senses

1. paper - (a material made of cellulose pulp derived mainly from
wood or rags o certain grasses)

composition, paper, report, theme - (an essay (especially one
witten as an assignment); “he got an A on his composition’)
newspaper, paper - (a daly or weekly publication on folded
sheets: contains news and articles and advertisements: *he read
his newspaper at breakfast)

paper - (a scholarly article describing the results of observations or
stating hypotheses; ‘he has written many scientific papers’)

paper - (medium for written communication; “the notion of an
office running without paper is absurd’)

newspaper, paper, newspaper publisher - (a business firm that
publishes newspapers; ‘Murdoch owns many newspapers’)
newspaper, paper - (a newspaper as a physical abject; ‘when it
began fo rain he covered his head with a newspaper”

]

©
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o
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paper - material (1 and 5)
paper - composition, article (2 and 4)
paper - newspaper, publication, publisher (3.6,7)
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What’s wrong

dictionaries?

FrameNet is a lexicography proje * Dictionaries only e s
% i indirectly gi AMERICAN
That means we’re making a JCIrect.y, give access iavceil

gy to the conceptual |
dictionary. structures underlying dic-tion-ary

B word meanings.
But hasn’t that already been dc Human intelligence is

5 required to find
What S wrong with C i connectlons hidden in
i hra

Ivees! lieest

Thesauri shows us ) ) * WordNet is a vast online
that certain groups of G r A lexical resource that
words are s combines the work of

% \ dictionaries and thesauri,
semant'cal"Y related, \ with the flaws of each, but
but only indirectly provides essentially no
how they are related; information about the
and they show ﬁ‘ombinadtory possibilities of
nothing of a word’s Sjorce.
combinatonal
beh.
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http://famenet.icsi.berkele In particula

Welcome to FrameNet

o Ltfcf)t'n‘gse)l;oﬂavgv?th o | Tha}e(;;;cegri‘ng paragraph explains that we are bu
description of the ; (a) based on corpus evidence,
at:;lz Zggdzl:zclj;cts of ; \ (b) :c':l’ll( ;vords defined in terms of the
T TR
links that will

pedestrian

Back to the question: What’s wrong w some definitions:
the dictionaries we’ve got?

Let’s look at what dictionaries do ] area’ (Mac OSX)
nouns

pedestrian
customer ; 3 an area also used

* ‘a person walking along a road or a

‘someone who travels by fool
‘one who is travelling on




Iveest

WordNet Hierar:

traveller

(one who moves from one place to another)

pedestrian, walker, footer
(one who travels on foot)

straggler, tramp, ram

Iveest

to “hit a pedestrian”
* Suppose you overheard me say:

* Which of these is the more likely interpi
* I’'m a belligerent guy, and punched a man
walking next to me. i
* | was driving a car or bicycle, and m
with someone on the road. J

How is the wo

Example sentences (from the web)

* M. Peguero was not aware that his vehicle had struck A

pedestrian.

* Specifically, if you hit a pedestrian while driving at 20 mp
the pedestrian has a 95% chance of survival.

lieest

How to describe the

A frame-informed definition (tentative):

There are spaces shared competitively by movin
vehicles - buses, cars, bicycles, etc. - and people mq
on foot. Within that context, the word designating
people moving about on foot is pedestrian.

Use of the word always implies the
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Common compou

pedestrian casualties
pedestrian fatalities
pedestrian accidents
pedestrian zones
pedestrian safety
pedestrian-friendly
~ roads

lveest

in the definitions.

‘a person walking along a road or a
developed area’ (Mac OSX)
‘someone who travels by foot” (WN
‘one who is travelling on foot, es|
an area also used by cars’ (MS)
‘WALKER: person on foot; |

OAIID) ’

o Are there other words

Thousands. Here are a few, with typical definitions

customer
‘someone who buys something at a shop or
business”

land

‘the solid part of the earth’s surface”
chicken

.

lieest

customer

The noun customer is typically defined as
‘someone who buys something in a shop o

business.” That includes everyone | know

the age of 5.

Suppose you overhear someb
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land

The noun land tends to be defined as something like

solid part of the earth’s surface’. WordNet adds
and ground as synonyms.
Suppose you find in an article about sea birds ...

Auks build their nests on land.

lveest

chicken (mass no

The noun chicken, as a count noun, is the name

well-known domestic bird. As a mass noun it is deﬁ e

“the meat of a chicken or chickens’.

What’s wrong with the following sentence?
The fox that lives near our farm
likes chicken. (compare

The image you might get is of a f
ing a knife and a fork,

lieest

Back to Frame!

We make sense of the things we see around us by f

* The products of the lexical construction that them into the ready-made frames we have in our heads.
mass noun uses of chicken, lamb, duck, turke invoke those frames, whether or not any words associat

with the events have been used.

etc,, refer to meats preparediceiating h ! \ When we encounter a word that “belongs to”™
frame, we can say that the word evokes the fra
minds. d

As a lexicographer, | ask of the frame: 3
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i We need to describe words in terms
* People invoke (summon * Words evoke cate “ ”
up from their memory) and knowledge the “framal” background.
frarrles, to make sense pe \ If we don’t understand the fram
of their experience, i 0
linguistic or otherwise. r [ don’t understand
* acognitive act G the word,

lieest

Frame Semantics

* This point i iest to see in the cast i '
Jiliis point is easigey thele Frame semantics assumes that all content

SPec‘ahSt vocabulary: F words in a language - not just the special-
Freud, psychoanalytic theory 4 \ domain vocabulary, but also the words
* 1, ego, superego, transference \ everybody knows -- are best explained by
* Tectonic plate theory . | appealing to the conceptual backs

* subduction zone, oceanic 1
Rz d frames) that underlie their meai
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| Double-decker dictic

* Ideally, then, a dictionary entry for

content words should have two parts: ‘

* One to explain the “framal” backgrour
the meaning of a word.

* One to explain the role of that
or against that background

Iveest

The ideal dictionary should

Look up a word

Get a link to a description of the relevant frame, ft
each of its meanings, and see the names of
frame’s components

See a display of its combinatory affordances, i
valence possibilities, both semantic and

Find a collection of example sentences

of its main combinatory patte!

Find a list of other words th:

“What kind of descriptio
up with?

frames.

* Accompanying each frame descript
provide a list of frame element
like the “cases” of old -- as nami

lieest

Background:

The FrameNet project itself began in the
late 90’s with ambitions | shared with ;
lexicographer Sue Atkins on ;

(1) using corpus data for discovering the combi
possibilities of “frame-bearing” English words
(2) describing their “valences” in term:

(a) semantic roles

(b) syntactic properties and




Frame examples: Risk

Taking_a_risk:
Protagonist, Action, Harm, Asset
1"'m going to risk a swim in the sea.
You'll risk bankruptcy if you make that investment.
You're risking your reputation by doing that.
You're taking a big risk.
Being_at_risk:
Protagonist, Harm, Asset
1. Buildings in California risk destruction by earthquakes.
2. Newborns in this hospital run the risk of hypothermia.
3. We risk our lives every day.
4. lam at risk of stroke.

Frame examples:
Explanation

Communication.explanation:

Speaker, Addressee, Mystery, Account.

*  The coach explained the problem to the team.

+  The coach explained that they hadn’t learned the maneuvers.

*  What’s your explanation of these facts?

+  The defense lawyer gave an inadequate explanation.
Cognition.explanation:

Mystery, Account

*  What can explain these facts?

*  Ahistory of unrestricted logging explains the erosion pattern we
see here,

Next let’s look at a small family of
visualizable frames, with a temporal

structure, involving a Role (a place, a job,
title), an Old Occupant, a New O c"u;) nt,
and, for some cases, an Agent who brings
about a change in role oc:

lieest

Reading the Pic

‘The boxes refer to five-part scenarios consisting of an initial
intermediary state, another transition, and a final state.

‘The writing under the pictures abbreviates particular rol

that evoke instances of the scenario.

‘The bold borders indicate a profiling of some portion of the event.
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The first examples have only one
“thing”, and it just goes away and co
back.

.
= SEe=

@ i

X; return, go back, come back

He returned to Hong Kong.

He returned Tuesday evening after aweek’strip to
Australia.

He returned to his home for afew days.

The verb RETURN profiles the time of arrival, but it evokes
the entire frame; other information in the sentences can fill
in some of the details of the larger scenario.

‘
Sie= = B
® o g
)
s

A, X; return, replace, put back
| returned your books this morning.
| returned to your desk the books that | had borrowed last week.
After the earthquake we replaced al the books on the shelf.

Now examples with two
objects, changing places.




e
;
O

0 oeloel|l-e

|
ol°

N, O; replace, substitute (for)
Jim has replaced me.

Jim has replaced me on your examination
committee.

Nobody will ever replace you in my heart.

You areirreplaceable.

Iveest

Introducing an outside Agent,

and alternative profiles.

Fm -
8 (=2 =g
(©)

0Oe0e !l e

A, N, O; replace (O with N); substitute (N for O)

You'd better work harder; you can be replaced.
We'd better replace these weak batteries.

After the scandal, we immediately replaced Ed with Morgan.

Here a two-step act is profiled: removal and placement.

S L L

0Deloe|l e

A, N, O; replace (O with N); substitute (N for O)

Three years after Smith retired, the department finally
replaced him.

stole my bicycle; it was ayear before | could
afford to replaceiit.
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The last two show a difference in : ; I‘=—:'|—;*. = %r’r‘.g g-
profiling, recognizing the possibility in on (] 0O ®0 e T ol @
case that the Agent who put the New thi

in place is not responsible for removing

| A, N, O; replace (O with N); substitute (N for O)
Eel e A, N, O replace (O with N); substitute (N for O
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Replacing

Agentive_replacing:
Agent, New, Old [Place]
1. The chairman replaced me with my worst enemy.
2. | think we can replace sugar with honey in this
recipe.
Non-agentive_replacing:
New, Old [Place]
Smith has replaced me on the committee.
Honey can replace sugar in this recipe.

REVENG

One FN frame that is simple enough to describe
completely, and just complex enough to be interest
is the so-called Revenge frame, the nature of whlch
requires understanding a kind of history. In that
one person (we call him the Offender) did som
harm another person (what he did we call th
and his victim we call the Injured_party);
that act, someone (the Avenger,

i jured.

lieest

frame element

* Participants and Sub-events .
* Avenger the one who enacts revs
* Offender the ori ginal
* Injured_party the offende
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grammar

* Components of linguistic form for ;
expressing the FEs (defining valence).
* Subject
* Direct Object

iti i " Ain turn
A c) C’s action is carried out ind
(by, for, with, on, at, a
Subordinate cla '

Identify its frame.‘

Suppose we’re working on avenge. ‘

We find sentences that show it in use.

REVENGE FRAME

We avenged the insult by setting fire to his village.

We avenged the insult by setting fire to his village.




Characterize the elements of the frame.

Avenger
Offender
Injury
Injured Party
Punishment

We avenged the insult by setting fire to his village.

Tag phrases that express frame elements.
Do this for many examples of each target.

Notice that
some FEs

Avenger / do not get
Offender - unexpressed expressed.
Injury >l
Injured Party - unexpressed
Punishment

We avenged the insult by setting fire to his village.

Find other words in the same frame.
And then do the same with each of them.

avenge, revenge, retaliate, get back at, pay back, get even, ...

revenge, vengeance, retaliation, retribution, reprisal, ...
vengeful, retaliatory, retributive; in revenge, in retaliation, ...

take revenge, wreak vengeance, exact retribution, ...

Ivees!

# Annotation Reports"
descriptions

Annotation is in layers (“standoff”)
1. target (frame-bearing) word (here, a verb)
2. semantic role labels
3. grammatical function labels
4. syntactic form (phrase type) labels
Example of one valence for avenge:
{Avenger:subject:NP,
Injury:object:NP,
Punishment:Oblique:by+VPing}
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@ SweFN++ in sum

GOTEBORGS .

UNIVERSITET » the SweFN++ plans involve:
Sprak » reuse of existing free lexical resources
BANKEN building a Swedish framenet

building a diachronic lexical resource

exploring language technology-based methods
for automatizing the acquisition of lexical
information from corpora and other linguistic
resources

making the resulting resource open-content

vy

CLT

v

methodology, 2

GOTEBORGS
UNIVERSITET » in particular, we would like to explore
Sprik » aufomatic selection of ‘good’ examples from
‘BANKEN corpora
» addition of senses and discovery of related
CLT frames via lexical-semantic links

v

how to link general semantic roles (from
GLDB/SDB) to frame elements

(principled) inclusion of multi-word units
inclusion of constructions

(ongoing) longer-term plan: the creation of an
infrastructure for lexical resources and corpora
material (an under-researched area).

v

v

v

SALDO is the pivot

GOTEBORGS B
UNIVERSITET » In SweFN++ we are using the SALDO resource as

Sprak the pivot to which everything else is linked.
BANKEN » SALDO is a lexical resources with associative

CLT semantic relations.

wordforms 1,779.314
senses 116,279
lemngrams (lexemes) 113.217
paradigms 1,290
PoS 37
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SALDO "PIDs”

» SALDO has id's for:
» senses (grad. .1)
» lemgrams (grad. .nn.1)
» parts of speech (nn)
» paradigms/inflection tables (an_3u_£ilm)
» the id’s are designed to be
> unique (no other id’s should be necessary, e.g..
database keys)
» atomic (no built-in assumptions about
sense-subsense relationships, etc.)
» usable in Semantic Web formalisms (RDF, OWL):
id’s are well-formed XML names
> human-readable (makes resources easier to
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merging existing resources

v

existing resources in many formats and with
heterogeneous content categories
minimally we need two kinds of common
categories:

1. (lexical) senses

2. lemgrams (with accompanying inflectional

paradigms)

our goal is to link all resources using the senses or
the lemgrams or both (and senses are linked to
lemgrams in SALDO)
all information must be explicit and
unambiguous
we will use SALDO identifiers

v

v

v

v
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merging lexical resources

» format harmonization can by and large be
automatized

» how much of content merging can be
automatized and how much manual work is
needed?

» enter Zipf
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George Kingsley Zipf (1902-1950)

(from Wikipedia)
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senses/lemmma in SALDO
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lemmas = senses in SALDO
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@ with Zipf towards the future

GOTEBORGS
UNIVERSITET » our hypothesis: since the majority of lemmas
Sprék generally correspond to only one sense each in
BANKEN our lexical resources, it will be possible to merge
CLT the resources largely automatically with an
acceptably small manual post-processing effort,
» and, further, the merged resource will be of
acceptable quality for practical applications
» in fact, preliminary experiments largely bear this
out
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SweFN++ demo

» http://spraakbanken.gu.se




