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Linguistic
Any darn fool can make 5"
ac gl/' oun
something complex; it
ta.keS a gemlls tO make Words, words, words,
something simple.

Albert Einstein
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Preliminaries

What sa Morpheme?
— a morpheme is the smallest ﬁnguistic unit that has semantic meaning.

— In spoken [anguage, morphemes are composed of phonemes (the smallest
[inguisﬁcaﬂy distinctive units of sound), and in written language morp hemes are

composed of graphemes (the smallest units of written [anguage).
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TY,O@S OfWIOV,O hemes

Free morphemes like town, and a’og can appear with other lexemes (as in town hall

or dog house) or they can stand alone, i.e. "free".

Bound morphemes like "un-" appear on[y together with other morp hemes to form

a lexeme. Bound morp hemes in general tend to be preﬁxes and su]fﬁxes.

Unproducﬁve, non—aﬁix morp hemes that exist only in bound fovm are known as

"cranbewy" morphemes, ﬁfom the "cran" in that very word.

Derivational morphemes can be added to a word to create (derive) another word:
the addition of "ness" to "happy,” for examp le, to give ”happiness." They carry

semantic information.
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Types OfWIOV,O hemes

]nﬂecﬁona[ morp hemes modify a word's tense, number, aspect, and so on, without
deriving a new word or a word in a new grammatical category (as in the "dog"

morpheme if written with the plural marker morpheme "-s" becomes "dogs"). They

carry grammaﬁcal informaﬁon.

A[[omorphs are variants of amorp heme, e.g. the plwa[ marker in English S

sometimes realized as /-z/, /-s/ or [-tz/.
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Other variants

A null movpheme s a movpheme that is realized on a phonologicaﬂy null aﬂix (an
empty string of p hono logical segments). In simp ler terms, a null morpheme ls an
"invisible" aﬂ{x. It's also called zero movpheme; the process of adding anull

morp heme is called null a}ﬁxation, null derivation or zero derivation.

The root is the primary lexical unit of aword, which carries the most signiﬁcant
aspects of semantic content and cannot be reduced into smaller constituents.
Content words in near[y all languages contain, and may consist on[y of, root
morphemes. However, sometimes the term "root" is also used to describe the word
minus Lts inﬂecﬁonal end'mgs, but with its lexical endings n p[ace. For examp le,
chatters has the inﬂecﬁona[ root or lemma chatter, but the lexical root chat.

]nﬂecﬂonal roots are oﬁen called stems.
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Other variants

Stems may be roots, e.g. run, or they may be morp ho [ogicaﬂy comp lex, as in
compound words (cf the compound nouns meat ball or bottle opener) or words
with derivational morphemes (cf the derived verbs black-en ov standard-ize).
Thus, the stem of the comp lex Eng[ish noun p/zofogmp/zer S p/zofograp/z-er, but
not p/zoto. For another examp le, the root of the Eng[ish verb form destabilized is
stabil-, a form of stable that does not occur alone; the stem is de-stabil-ize, which
includes the derivational aﬁixes de- and -ize, but not the 'mﬂectional past tense

suﬂ{x -(e)d. That is, a stem is that part of a word that 'mﬂectiona[ aﬂixes attach to.
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Morp ho [ogica[ analys (S

In natural [anguage processing forj apanese, Chinese and other [anguages,

morp ho logical analys S s a process of segmenting given sentence into a row of
morp hemes. 1t is c[ose[y related to Part—of-speech tagging, but word segmentation
s Vequived for these languages because word boundaries are not indicated on

blank spaces. Famous Japanese morphological analysers include Juman, ChaSen

and Mecab.
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Words, words, words

What' s a word?

— Deﬁniﬁons we will use over and over: Types, tokens, stems, roots, inﬂec’ced

fovms, etc...

— Lexeme: An entry in a lexicon cons isting of a pairing of a fovm with a sing[e

meaning Vepresentaﬁon

— Lexicon: A collection of lexemes

Instructor: Nick Cercone - 3050 CSEB - nick@cse.yorku.ca
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Re[aﬁonsh'qos between word meanings
Homonymy
Polysemy
Synonymy
Antonymy
Hypernomy
Hyponomy

Meronomy
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Homonymy:
— Lexemes that share a form

Phonologica[, ovthographic or both
— But have unrelated, distinct meanings

— Clear example:
Bat (wooden stick-like thing) vs

Bat (ﬂying scary mammal thing)

Or bank (ﬁnancia[ institution) versus bank (riverside)

— Can be l’lOWlO]OhOVIeS, homographs, or bOthI

Homophones:
— Write and V'Lght

— Piece and peace
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Homonymy causes pro’olems fov NLP app[ications

Text~’co~8peec’n
— Same orthographic form but dﬁeven‘n phonologica[ fovm

Ioass VS ’oass

]nformaﬁon retrieval

— D iﬁeren’c meanings same orthographic form
* QUERY: bat care
Machine Translation

Speech recognition

— Why?
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Po lys emy

The bank is constructed ﬁrom red brick
1 withdrew the money ﬁfom the bank

Are those the same sense?

Or consider the foﬂowing examp le

— While some banks ﬁumish sperm only to married women, others are less

restrictive

— Which sense of bank is this?

- distinct from (homonymous with) river bank sense?

How about the savings bank sense?
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Polysemy
A s'mg[e lexeme with mu[tip le velated meanings (bank the louild'mg, bank the

ﬁnancial institution)

Most non-rare words have mu[tip le meanings
— The number of meanings is related to its ﬁrequency
— Verbs tend more to polysemy

— Disﬂnguishing po[ysemy ﬁ‘om lnomonymy isn't always easy (or necessary)
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Metaphor and Metonymy

Specific types of polysemy

Metaphor:
— Germany will pull Slovenia out of its economic slump.
— Ispent2 hours on that homework.

Metonymy
— The White House announced yesterday.
— This chapter talks about part—of-speech tagging
— Bank (Ioui[d'mg) and bank (ﬁnancial institution)

Instructor: Nick Cercone - 3050 CSEB - nick@cse.yorku.ca
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Parts of Speech Table

part of function or "job" example words example sentences
speech
Verb action or state (to) be, have, do, like, EnglishClub.com is a web site. | like
work, sing, can, must EnglishClub.com.
Noun thing or person pen, dog, work, music, This is my dog. He lives in my house.
town, London, teacher, | We live in London.
John
Adjective describes a noun al/an, the, 69, some, My dog is big. | like big dogs.
good, big, red, well,
interesting
Adverb describes a verb, quickly, silently, well, My dog eats quickly. When he is
adjective or adverb badly, very, really very hungry, he eats really quickly.
Pronoun replaces a noun I, you, he, she, some Tara is Indian. She is beautiful.
Preposition links a noun to another to, at, after, on, but We went to school on Monday.
word
Conjunction | joins clauses or and, but, when | like dogs and | like cats. | like cats
sentences or words and dogs. | like dogs but | don't like
cats.
Interjection short exclamation, oh!, ouch!, hi!, well Ouch! That hurts! Hi! How are you?
sometimes inserted into Well, | don't know.
a sentence

Instructor: Nick Cercone - 3050 CSEB - nick@cse.yorku.ca
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Words with More than One]o’o

Many words in Eng[ish can have more than one ] ob, or be more than one part of
speech. For examp le, "work" can be a verb and a noun; "but" can be a conjunction
and a preposition; "well" can be an adjecﬂve, an adverb and an interjection. In

addition, many nouns can act as aab' ectives.

To ana[yze the part of speech, ask yowself: "What job is this word do ing in this

sentence?"

In the table below you can see a few examp les. Of course, there are more, even for
some of the words in the table. In fac’c, Lf you look in a good dictionary you will see
that the word but has six jobs to do:

verb, noun, adverb, pronoun, preposition and conjuction!

Instructor: Nick Cercone - 3050 CSEB - nick@cse.yorku.ca 16
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Words with More than One Job

word part of speech example
work noun My work is easy.
verb | work in London.
but conjunction John came but Mary didn't
come.
preposition Everyone came but Mary.
well adjective Are you well?
adverb She speaks well.
interjection Well! That's expensive!
afternoon noun We ate in the afternoon.
noun acting as adjective We had afternoon tea.
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Part—of—speeeh tagging
In corpus iinguistics, part—of—speech tagging (POS tagging or POST), also called

grammaticai tagging or word category disamb iguation, is the process of mavieing
up the words in a text (covpus) as cowesponoiing toa particuiar part of speech,

based on both its deﬁnition, as well as its context —i.e., Veia’cionship with aoijaeent
and related words in a phrase, sentence, or paragraph. A simp iiﬁed form is the

ioieniiﬁcation of words as nouns, verbs, aoij ectives, etc.

Once pewfovmeoi if)y hand, POS tagging is now done in computationai iinguistics
using aigovi’cinms which associate discrete terms, as well as hidden parts of speecia,

in accordance with a set of descriptive tags.
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Princip le

Part—of—speech tagging is harder than Just lnaving a list of words and their parts of
speech, because some words can represent more than one part of speech at
different times. This is not rare—in natural [anguages (as opposed to many
artiﬁcial languages), a large percentage of word—forms are amb iguous. For

examp le, even "dogs", which is usua”y thought of as a just a plwfal noun, can also

be a ver’o:

The sailor dogs the hatch.

”Dogged”, on the other hand, can be either an adjecﬁve or a past-tense verb.]ust

which parts of speech aword can represent varies great[y.

Instructor: Nick Cercone - 3050 CSEB - nick@cse.yorku.ca 19
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History
Research on part—oﬁspeech tagging has been cioseiy tied to corpus linguistics. The

ﬁrst major corpus of Engiish for computer anaiys is was the Brown Corpus
oieveiopeoi at Brown University ioy Henry Kucera and Nelson Francis, in the
mid-1960s. It consists of about 1,000,000 words of running Engiish prose text,
made up of 500 sampies ﬁrom randomiy chosen puioiications. Each samp le is 2,000
or movre words (enoiing at the ﬁrs’c sentence-end aﬁer 2,000 words, so that the

corpus contains oniy compiete sentences).
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Note

It is worth Vemember'mg, as Eugene Charniak points out in Statistical tec/zn[ques
fbr natural /angaage parsing, that merely assigning the most common tag to each
known word and the tag "proper noun” to all unknowns, will approach 90% POST

accuracy Ioecause many WOVG{S are unamlo igthLlS.
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Major algorithms

Some current major algorithms for part—of—speech tagging include the Viterbi
algorithm, Brill Tagger, Constraint Grammar, and the Baum-Welch algovithm
(also known as the forward-backward algorithm). Hidden Markov model and
visible Markov model taggers can both be mp lemented using the Viterbi
algorithm.
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How 0[0 we know when a WOVO[ has more than one sense?

ATIS examp les

— Which ﬂights serve breakfas’c?
— Does America West serve Phi[ade[phia?
The “zeugma” test:

— ?Does United serve Iareakfas’c and San Jose?

Instructor: Nick Cercone - 3050 CSEB - nick@cse.yorku.ca
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Synonyms

Word that have the same meaning in some or all contexts.

— filbert / hazelnut
— couch / sofa

— big/ large

— automobile / car

— vomit [ throw up
— Water /Ho

Two lexemes are synonyms gC they can be successfuﬂy substituted for each other in

all situations

— ]fso they have the same proposiﬁonal meaning
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Synonyms

- But there are few (or no) examp les of pevfec’c synonymy.
— Why should that be?

— Even gC many aspects of meaning are identical

— Still may not preserve the accep‘tabiﬁty based on notions of po[iteness, s[ang,

register, genre, etc.

* Examp le:

— Water and H,o
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More Termino logy

Lemmas and wordforms

— A lexeme is an abstract pairing of meaning and form

— A lemma or citation form is the grammatical form that is used to represent a lexeme.

Carpet is the lemma fov carpets
Dormir is the lemma for duermes.

— SpCC@ﬁC swfaceforms car /961'5', sung, 0/116’7’ mes are caﬂed WOV'dfOVWIS

The [emma bank ”1&8 two senses:

— Instead, a bank can hold the investments in a custodial account in the client’s name

— Butas agricu[’cwe bwgeons on the east bank, the river will shrink even more.

A sense is a discrete Vepresen’caﬁon of one aspect of the mean'mg of aword

Instructor: Nick Cercone - 3050 CSEB - nick@cse.yorku.ca
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Synonymy is a relation between senses rather than words
Consider the words bzg and /arge
Are they synonyms?

— How Ioig is that plane?
— Would 1 be ﬂying on a [arge or small plane?

How about here:
— Miss Nelson, fov instance, became a kind of Ioig sister to Benjamin.

—  ?Miss Nelson, for instance, became a kind of large sister to Benjamin.
Why?
— bzg has a sense that means being older, or grown up

— /arge lacks this sense

Instructor: Nick Cercone - 3050 CSEB - nick@cse.yorku.ca
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Antonyms

Senses that are opposites with respect to one fea’cwe of their meaning

Otherwise, they are very similar!

dark / light
short / long
hot / cold
up / down

in / out

MOV’GJCOYWL&“}/: antonyms can

deﬁne a Io'mary opposition or at opposite ends of a scale (/ong/s/zoré, ﬁzsf/s/ow)
Be reversives: r[seﬁz//, up/down

Instructor: Nick Cercone - 3050 CSEB - nick@cse.yorku.ca 29
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Hyponomy

One sense is a hyponym of another gC the ﬁrs’c sense is more specific, deno’cing a subclass of

the other
— carisa hyponym of vehicle
— dog isa hyponym of animal
— mangoisa hyponym of ﬁuz’f
Conversely
— vehicleis a hypemym/ superordinate of car

— animalis a hypevnym of dog
— ﬁuz’z‘ (s a hypemym of mango

superordinate vehicle fruit furniture mammal

hyponym car mango chair dog

Instructor: Nick Cercone - 3050 CSEB - nick@cse.yorku.ca
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Hypernymy more formally
Extensional:
— The class denoted on the superordinate
— extensiona“y includes the class denoted on 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)
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WordNet
A hievavchicaﬂy organized lexical database
On-line thesaurus + aspects of a dic‘cionary

- Versions for other languages are under deve[opmen‘c
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WordNet
+ Where it is:

— http://[www.cogsci.princeton.edu/cgi-bin/webwn
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Format of Wordnet Entries

The noun “bass™ has 8 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)

. sea bass!, bass? - (the lean flesh of a saltwater fish of the family Serranidae)

. freshwater bass!, bass® - (any of various North American freshwater fish with

lean flesh (especially of the genus Micropterus))

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

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

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

19—

~ ok W

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”
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WordNet Noun Relations
Relation Also called Definition Example
Hypernym Superordinate | From concepts to superordinates breakfast — meal®
Hyponym Subordinate | From concepts to subtypes meal' — lunch!

Member Meronym
Has-Instance

Has-Member

From groups to their members
From concepts to instances of the concept

faculty* — professor!

composer! — Bach!

Instance From instances to their concepts Austen' — author!
Member Holonym | Member-Of | From members to their groups copilot! — crew!
Part Meronym Has-Part From wholes to parts table* — leg3

Part Holonym Part-Of From parts to wholes course’ — meall
Antonym Opposites leader! — follower!
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WordNet Verb Relations
Relation |Definition Example
Hypernym | From events to superordinate events Iy’ — travel
Troponym | From a verb (event) to a specific manner elaboration of that verb | walk! — stroll!
Entails From verbs (events) to the verbs (events) they entail snore! — s/eepl
Antonym | Opposites increase! — decreasel_
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Sense 3
bass, basso —--
Ci . LI. (an adult male singer with the lowest voice)
WOV Net Hlerav.c es => singer, vocalist, vocalizer, vocaliser
=> musician, instrumentalist, player
=> performer, performing artist
=> entertainer
=> person, individual, someone...
=> organism, being
=> living thing, animate thing,
=> whole, unit
=> object, physical object
=> physical entity
=> entity
=> causal agent, cause, causal agency
=> physical entity
=> entity

Sense 7
bass --
(the member with the lowest range of a family of
musical instruments)
=> musical instrument, instrument
=> device
=> instrumentality, instrumentation
=> artifact, artefact
=> whole, unit
=> object, physical object
=> physical entity
=> entity
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How is * sense defined in WordNet?
The set of near-synonyms fov a WordNet sense is called a synset (synonym set); it s their version of

a sense or a concep’c
Examp le: chump as a noun to mean
—— person who is gu“ib[e and easy to take advantage of
1

{chumpl, foolz, gulll, markg, patsyl, fall guyl, sucker”,
soft touch!, mug?}

Each of these senses share this same g[oss

Thus fov WordNet, the meaning of this sense of chump isthis list.
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Word Sense Disambiguation (WSD)

Given
— aword in context,

— A ﬁxed nventory of potenﬁal word sense

decide which is the sense of this word.
— English-to-Spanish MT
Inventory is set of Spanish translations
—  Speech Synthesis
Inventory is homogrpahs with diﬂ‘ﬂerent pronunciations like bass and bow

—  Automatic 'mdex'mg of medical articles

MeSH (Medical Subject Headings) thesaurus entries
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Two variants of WSD task

Lexical Sample task
— Small pre—se[ected set of target words
— And nventory of senses for each word
— We'll use supevvised machine learning

All-words task
— Every word in an entire text
— A lexicon with senses for each word
— Sort Of like pavboﬁspeech tagging

Exce}ot each lemma has its own tagset
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Supervised Machine Learning Appvoaches

Supervised machine leaming approach:
— atraining corpus of words tagged in context with their sense

— used to train a classiﬁer that can tag words in new text

— Just as we saw for part-of-speech tagging, statistical MT.
Summary ofwhat we need:

— the tag set (“sense inven’cory”)

— the training corpus

— Aset of featwes extracted from the training corpus

— A classifier
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Word sense disamb iguation sketch — not ML

Comsider a simp le, informal, anything but robust know[edgeJoased approach to
word sense disamb iguation. We know that many Engﬁsh sentences can map onto
a temp late that looks like the foUowing:

<agen’c> <action> <actionable item>

which norma“y cowespond to the sub ject, verb and ob ject respective [y. This simp le
observation leads to an ntriguing method for disamb lguating word senses. As an
examp le consider the sentence “The banker banks his plane over the river bank
near the bank that he banks on for good foank'mg service.” — whew
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Word sense disamb iguation sketch — not ML

What do we know about this somewhat contrived sentence? We know that “..that
he banks on fov good Ioanking service.” is a relative clause and can be treated as a
separate sentence. That's good — and the same techniques we will now discuss for
the “The banker banks his p[ane over the river bank near the bank” part will also

serve well fov the clause. We need to ﬁnd the verb - <action>. Movphologica[

analysis reveals that the content words banker, banks, plane, river, bank and bank
can be as foUows:
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Word sense disamb iguation sketch — not ML

WORD ROOT MORPH-1 MORPH-2

Banker Bank Noun singular Comparative
adjective

Banks Bank Noun plural Verb present tense

Plane Plane Noun singular Verb present tense

River River Noun singular

Bank Bank Noun singular Verb present tense

Bank Bank Noun singular Verb present tense
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Word sense disamb iguation sketch — not ML

The ﬁmction words also prov ide us with useﬂd informa‘cion, thus over and near are
prepositions and hense their phrases over the river bank and near the bank will
need to be attached to the sentence structure (remember grammar school English
classes and diagramming?). So now we need to find the verb in the fragment The
banker banks his p[ane. Morphological analysis has revealed two candidates: banks

and p [ane .

Instructor: Nick Cercone - 3050 CSEB - nick@cse.yorku.ca 45




CSE6339 3.0 Introduction to Computational Linguistics
Instructor: Nick Cercone — 3050 LAS — nick@cse.yorku.ca
Mondays, Wednesdays 10:00-11:20 — North Ross 836A

Winter Semester, 2014

Word sense disamb iguation sketch — not ML
]fwe consider banks we ﬁnd that banker is a compaﬂb le <agent> (a sub )] ect), that is

banker has the V'Lgh’c featwes (selectional vestrictions) to be compaﬁ’o le with a verb
<action> of banks. Also plane is an acceptable <actionable item> (an object). Thus

the sense of banks is determined on the constraints imposed (selectional restrictions)

that banker and plane impose.

]fwe consider the alternative and choose the second candidate p[ane as the verb, we

ﬁnd that it does not work so well.
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Conclusion
Morphemes, words, ...
Lexical Semantics
— Homonymy, Po[ysemy, Synonymy
— Thematic roles

Computaﬁonal resource for lexical semantics

— WordNet
Task

— Word sense disambiguaﬁon
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T.T.T.

Put up ina p[ace where it's easy to see

the cryptic admonishment T. T. T,
When you feel how depvessingly s[ow[y you climb,
it's well to remember that Things Take Time.
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