Introduction to Natural Language Processing

Aims

* to review the structure of the discipline of linguistics, particularly as it applies to NLP
* to review the structure of English grammar
* to introduce the concept of a formal grammar rule

Reference

Allen, chapter 2.
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Plan

* overview of linguistics: lexicon, morphology, syntax, semantics, reference, pragmatics
e parts of speech

¢ phrases

e grammar rules
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Related Disciplines

Linguistics - study of language and of languages

Psycholinguistics - language and the mind, models of human language processing
Neurolinguistics - neural-level models of language processing

Logic - an unambiguous formal language useful for representing

(unambiguous) meanings
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Why study NLP (Natural Language Processing) ?

NLP is part of AL

In order to implement any application of Al, we need to know a fair amount, and maybe a lot
about, the domain or application area.

So Al = general Al techniques + domain knowledge + domain specific techniques

We study NLP as an example of this integration process.

Typical Applications of NLP
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database query languages
machine (assisted) translation: e.g. weather reports, Canadian Hansard
information extraction: e.g. financial reports, news article summaries

all of these operate in limited domains
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Map of the Discipline of Linguistics
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Major Issue - Ambiguity

* Structural / Syntactic ambiguity
* Word-sense ambiguity
* Referential ambiguity
» Combinations of these

Structural/Syntactic Ambiguity

or
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Referential Ambiguity

e Steve hated Paul. He hit him.

* he = Steve or he = Paul ?

Combinations of These

e The red eyes water
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Word-Sense Ambiguity

dog:

domesticated carnivore Canis familiaris
animals related to 1.

the male of such an animal (as opposed to bitch)

. a despicable fellow
. a fellow in general (you old dog, you)

N R N N N

. an andiron

and more.
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Eliza/Doctor (1966)

Men are all alike.
In what way?

They're always bugging us about something.
Can you think of a specific example?

Well, my boyfriend made me come here.
Your boyfriend made you come here?

He says I'm depressed much of the time.
I am sorry to hear you are depressed.

It's true - I am unhappy.
Do you think coming here will help you not to be unhappy?

I need some help.

Earlier you said you were unhappy.
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. various unrelated but vaguely similar animals (e.g. prairie dog)

. a mechanical device for gripping or holding (dog the hatches)



Eliza 2

¢ Was an early rule-based / pattern-matching system

¢ Matched patterns (I like $Object)in the
input, discarded inessential bits, turned what was
left around (/ like pizza = you like pizza), and
added an "attitude" (It’s interesting that you like
pizza).

¢ Has a memory, so material can be re-introduced
some time later.

* You can try out a version of Eliza for yourself by
running the Gnu emacs editor on one of the
School’s Linux computers (login and type emacs)
and then typing Escape x doctor (Type control-
X control-C to exit from emacs.)

» Eliza was created by Joseph Weizenbaum of MIT.

Joseph Weizenbaum

Syntax — Parts of Speech

* Words can be classified to parts of speech (POS) — practical sets for English have about 40

— here are some common ones:

Part of Speech Examples

NOUN cat thing philosophy bite

VERB assassinate graduate have bite do
ADJECTIVE yellow happy teenage bad
ADVERB happily worse very
DETERMINER the a an these

INTERJECTION hallelujah! oh! arggh!
PREPOSITION of in under at beside
CONJUNCTION and or if but

PRONOUN he him she it I we us they them you thou thee ye
AUXILIARY have be is do can could
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Subclassification

* Some parts of speech can be subclassified (and the subclasses have different

grammatical properties)

» Parts of speech are sometimes referred to as lexical categories.
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Syntax - Phrases

- noun phrases
- verb phrases

words fit together to make phrases:

10

proper nouns abstract nouns mass nouns count nouns
Iraq philosophy sand apple
intransitive transitive ditransitive
laugh kill give
You laugh _ You kill an ant’ You give him a book

1 NB: this is bad karma, and the staff of COMP9414 will not be held responsible if you take such a course of action
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- prepositional phrases
- adverbial phrases

- adjectival phrases

- sentences

» Each phrase type, or phrasal category, has a characteristic structure (or set of alternative
structures)

* These are described by a grammar (descriptive grammar) — i.e. a set of rules that describe
the structure of the language as it is spoken

* Prescriptive grammar is a set of rules for a high-status variant of a language.

¢ In NLP, we are interested in descriptive grammar.
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Sentence Forms

e declarative (indicative) John is listening

*  yes/no question (interrogative) Is John listening?

¢  wh-question (interrogative) When is John listening?
e imperative Listen, John!
¢ subjunctive If John were listening, he might learn something.

The subjunctive mood often describes a counter-factual situation - that is, it describes a
situation that is not a fact - in our example of the subjunctive form, John is not listening.
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Grammar Rules 2

* Abbreviated Notation: we can combine our three NP rules using the | symbol (= "or"):
NP — DET NOUN | DET ADJ NOUN | QUANT CARD NOUN

¢ With NP defined (and PREP = preposition) we can define prepositional phrase (PP):
PP — PREP NP INP''s

*  Over-Generation: Sometimes grammar rules generate strings of words which are not valid, such as
NP — QUANT CARD NOUN, which generates valid NPs like all three children, but also invalid
ones like *both seven horse. (* is used to flag an invalid sentence or phrase)

e Some Rules for VP (verb) and S (sentence):
VP — VIV NPI|V NP NP | means “or” in grammar rules
50, a VP can be just a Verb, or a Verb followed by an NP, or a Verb followed by two NPs.
S — NP VP AUX NP VP "?" | WH AUX NP VP "?"

e.g.
Rule Example
S > NP VP Time flies
S = AUX NP VP "?" Did you go?
S — WH AUX NP VP "?" | When did you go?
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Grammar Rules

* The structure of a phrase can be described in terms of its sequence of parts of speech.
¢ One type of noun phrase (NP):
NP — DET ADJ NOUN
DET = determiner; ADJ= adjective.
Read this as "a Noun Phrase can be an DETerminer followed by an ADJective followed by a
NOUN." E.g. a vicious dog

There are many other NP structures and hence other NP rules. Here are two more:

NP — DET NOUN
NP — ADJ NOUN e.g. Happy days

* DET, ADJ, and NOUN are examples of lexical categories. NP is a phrasal category.
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Summary

¢ linguistics forms the domain knowledge for natural language processing
¢ ambiguity is a major issue in NLP

* words must be classified (parts of speech, and beyond) as a basis for NLP
¢ phrase structures are described by grammar rules

* lexical and phrasal categories appear in grammar rules
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