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Wittgenstein (1953) Philosophical Investigations
Austin (1962) How to Do Things with Words
Searle (1969) Speech Acts
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Inform
Query
Command
Promise
Acknowledge

“There's a pit in front of you”
“Can you see the gold?”
“Pick it up”

“I'll share the gold with you”
“OK"
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STAGES IN COMMUNICATION (INFORMING)
VIS Intention S wants to inform H that P
Speaker Generation S selects words 11/ to express F in context
Context C' Synthesis S utters words I/
Perception H perceives 1/ in context C’
Analysis H infers possible meanings P, ... P,

Disambiguation H infers intended meaning F;
Incorporation H incorporates F; into KB
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STAGES IN COMMUNICATION (INFORMING)
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GRAMMAR
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Rewrite Rules
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Terminals
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Non-terminals
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Sentence Symbol

JGs

S — NP VP
Article - the | a| an| ...

the, a, an

S NP, VP

S
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GRAMMAR TYPES

aliie 0l 8| Regular: nonterminal — terminal|[nonterminall

S —alS
S — A

(,sa:,lJﬁs.mJal‘,ﬂ Context-free: nonterminal — anything
S — aSb
oo du uluaa JA|JS| Context-sensitive: more nonterminals on right-hand side

ASB — AAaBB
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Noun
Verb

Adjective
Adverb

Pronoun
Name
Article
Preposition
Conjunction
Digit

l
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stench | breeze | glitter | nothing

| wumpus | pit | pits| gold | east| ...

is | see| smell | shoot| feel | stinks

| go| grab| carry | kil | turn| ...

right | left| east| south | back | smelly| ...
here | there | nearby | ahead

| right | left | east | south | back | ...
me| you| I| it| S/HE | Y'ALL...
John | Mary| Boston| UCB| PAJC | ...
the | a| an| ...

to| in| on| near| ...

and | or | but| ...

O| 1| 2| 3| 4| 5] 6| 7| 8] 9

[ ]

open closed
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RelClause
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NP VP
S Conjunction S

Pronoun
Noun

Article Noun
Digit Digit
NP PP

NP RelClause

Verb

VP NP

VP Adjective
VP PP

VP Adverb

Preposition NP
that VP

| 4+ feel a breeze
| feel a breeze + and + | smell a wumpus

|

pits

the + wumpus

34

the wumpus + to the east
the wumpus + that is smelly

stinks

feel + a breeze

is + smelly

turn + to the east
go + ahead

to + the east
that + is smelly
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GRAMMATICALITY JUDGEMENTS

L, L,
false false
positives negatives

* the gold grab the wumpus
* | smell the wumpus the gold
| give the wumpus the gold

* | donate the wumpus the gold
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Parse Tree
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shoot the
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Pronoun
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Verb Ar‘ticle
shoot the

Noun

wumpus
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VP

Verb

shoot

NP
Ar‘ticle Noun
the wumpus
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PARSE TREE
VP
NP VP NP
£ Pronoun Verb Article Noun
= I shoot the wumpus
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SYNTAX IN NLP

JJ—LL@QJ:\J@M&SJJ(S‘JJ(S\)JJ—LA‘AK&S;\u‘d—\.ﬁ‘t—\t__\.‘.ﬁ‘cs\sé_\)l:\;l.&u

JBs gl

“Mary hit John” == “John hit Mary”
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G (gl s
Wouldn’t the sentence 'l want to put a hyphen
between the words Fish and And and And and
Chips in my Fish-And-Chips sign” have been clearer
if quotation marks had been placed before Fish,
and between Fish and and, and and and And, and
And and and, and and and And, and And and and,
and and and Chips, as well as after Chips?
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And since | was not informed—as a matter of fact,
since | did not know that there were excess funds
until we, ourselves, in that checkup after the whole
thing blew up, and that was, if you’ll remember,
that was the incident in which the attorney general
came to me and told me that he had seen a memo
that indicated that there were no more funds.
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CONTEXT-FREE PARSING
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LOGICAL GRAMMARS
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X — YZ  becomes Y (s1) N Z(s;
X — word becomes X (|“word"
X — Y | Z becomes Y(s) = X(

)) = X (Append(si, s9))
s) Z(s) = X(s)

X (s) means that string s can be interpreted as an X
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NP(s1) N EatsBreakfast(Ref(s1)) ANV P(s9)
= NP(Append(sy, |“who"], s3))

NP(s;) AN Number(sy,n) ANV P(sy) A Number(ss,n)
= S(Append(si, s2))
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LOGICAL GRAMMARS

the car that | saw
* the car who | saw
the chimp who | saw
* the cockroach who | saw

NP(s1) N EatsBreakfast(Ref(s1)) ANV P(s)
= NP(Append(si,|"who"], s3))

John eats
* John eat
Penguins eat

NP(s;) N Number(si,n) AV P(sy) N Number(sy,n)
= S(Append(sy, s3))
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LOGICAL GRAMMARS: PARSING IS REDUCED TO LOGICAL INFERENCE

ASK(KB, S(|:HIH uamn |1a11 uwumpusn]))
(w3l S5 15 Lae g uob JEALL Uy, B oS dlall, sub) slagle ST o) 55 )

Pl 0080 (6 5l gad (gla Huatie b Gl 5 SO aie il suls Hsb 4 cddaa w5

Ask(K B, S(z))

33l |y Laadan sbiae B ani€ Glal LaSLLL & 1y olagle ST S
agd aladlsad sty Bhie (sadan S 5 43155 0 NLP Hu aul 3
Ask(K B, S(x, At(Robot, [1,1]))
Yes;{x ="The robot is at [1,1]" }
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Squad helps dog bite victim
Helicopter powered by human flies

American pushes bottle up Germans
| ate spaghetti with meatballs

salad
abandon
a fork

a friend
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After Mary proposed to John, they found a preacher and got married.
For the honeymoon, they went to Hawaii
Mary saw a ring through the window and asked John for it

Mary threw a rock at the window and broke it
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Indexicality

I am over here

Why did you do that?
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I've read Shakespeare
Chrysler announced record profits

The ham sandwich on Table 4 wants another beer

alis/ jlas
Metonymy
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I’'ve tried killing the process but it won’t die. Its parent keeps it alive.
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Meaning of Word,;Words composed from meanings of Word,, Word,?

basketball shoes
baby shoes
alligator shoes
designer shoes
brake shoes

red book
red pen
red hair
red herring

small moon
large molecule
mere child
alleged murderer
artificial grass
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_ CHAPTER P2

(m ar 1 ‘ NATURAL LANGUAGE PROCESSING

tected
2n Unif else

In which we see how a computer can use natwral language to communicate with humans
and learn from what they have written.

th

g \ About 100,000 years ago, humans learned how to speak, and about 5,000 years ago they

o I # learned to write. The complexity and diversity of human language sets Homo sapiens apart
from all other species. Of course there are other attributes that are uniquely human: no other
species wears clothes, creates art, or spends two hours a day on social media in the way that
humans do. But when Alan Turing proposed his test for intelligence, he based it on language,
not art or haberdashery, perhaps because of its universal scope and because language captures
so much of intelligent behavior: a speaker (or writer) has the goal of communicating some
knowledge, then plans some language that represents the knowledge, and acts to achieve
the goal. The lisiener (or reader) perceives the language, and infers the intended meaning.
This type of communication via language has allowed civilization to grow; it is our main
means of passing along cultural, legal, scientific. and technological knowledge. There are
three primary reasons for computers to do natural language processing (NLP):

Stuart + To communicate with humans. In many situations it is convenient for humans to use
e = . speech to interact with computers, and in most situations it is more convenient to use

Russell Artlfl C I al I ntel I l g e n Ce natural language rather than a formal language such as first-order predicate calculus.
Peter * To learn. Humans have written down a lot of knowledge using natural language.
NOI’VIg A MOdern Ap proaCh Wikipedia alone has 30 million pages of facts such as “Bush babies are small nocturnal
o rimates,” whereas there are hardl sources of facts like this written in formal logic.

’.D Fourth Edition ?[ we want our system to know a :::Ii?had better understand natural language. =
+ To advance the scientific understanding of languages and language use, using the tools

of Al in conjunction with linguistics, cognitive psychology, and neuroscience.

In this chapter we examine various mathematical models for language, and discuss the tasks

Stuart Russell and Peter NOI’Vig, that can be achieved using them.
Artificial Intelligence: A Modern Approach, 23.1 Language Models
4th Edition, Prentice Hall, 2020 Formal languages, such as first-order logic, are precisely defined, as we saw in Chapter 8. A

grammar defines the syntax of legal sentences and semantic rules define the meaning.
Natural languages, such as English or Chinese, cannot be so neatly characterized:

Chapter 23 + Language judgments vary from person to person and time to time. Everyone agrees that
“Not to be invited is sad” is a grammatical sentence of English, but people disagree on

the grammaticality of “To be not invited is sad.”

K%

MNatural language
processing (NLP)




