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

Introduction to
the course

Why is natural
language
understanding
so difficult?
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Problems, Problems, Problems

Understanding Natural Language

Contemporary methods fov automated natural [anguage processing depend, toa
large extent, on the use to which each ap}o[icaﬁon of the processing is to be put.
Consider the foUow'mg excerpt from Erle Stanley Gardner s The Case of the
Demure Defendant”:
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“ Cross-examine, ” Hamilton Burger snapped at Perry Mason.

Mason said, “ Mr. Dayton, when you described your occupation you gave it as that of a police
expeyt techmcwm 1s that correct?’

yes sir.”
“What is an expert technician?”
“Well, 1 have studied extensively on certain fields of science that are frequently called upon in the

scwnce of criminology.”

“That s what you meant by an expert technician?

“Yes sir.”

“Now what is a police expert technician?”
“Well that means that ... well, it all means the same thing. ”
“What means the same thing?”
“An expert technician.”
“An expert technician is the same as a police expert technician?”
“Well 1 am in the employ of the police department.”

“Oh the police employ you as an expert witness, do they?”
Instructor: Nick Cercone - 3050 CSEB - nick@cse.yorku.ca
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‘ ‘ . . . . . , ,
Yes sir, ... 1 mean no, sir. | am an expert investigator, not an expert witness.

‘ ‘ . 4 . , ,
You are testifying now as an expert witness are you not?

(13 . 39
Yes sir.

“Then what did you mean by saying you were an expert technician but not an expert witness?”’
11 . . . )
1 am employed as a technician but not as a witness.

“You draw a monthly salary?”
[1 ‘Yes, 79

And you are being paid for your time while you are on the stand as an expert witness?”’
“Well, 'm paid for being a technician”

“Then you won't accept any pay for being a witness?”’

“1 can't divide my salary.”

“So you are being paid?”’

“Of course - as part of my employment.”
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“And are you now employed by the police?”’

[1 ‘Yes 79

“And are you an expert witness?”’

[1 ‘Yes. 79

“Then you are now being employed as an expert witness.”

“1 guess so. Have it your own way.”

“When you described yourself as a police expert technician that means your testimony is atways

called by the police. Isn't that so?”’
“No, sir.”’
“Who else calls you?”’
“Well,1...1 could be called by either party.”
“How many times have you been on the witness stand?”’
“Oh, 1 don't know. 1 couldn't begin to tell you.”
“Dozens of times?”’
€ ‘Yes. )
“Hundreds of times?”’
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“Probably.”

“Have you ever been called by the defense as a defense witness?”’

“1 have not been directly subpoenaed by the defense. No, sir.”

“So that you have always testified for the police, for the prosecution?”’

“Yes, sir. That's my business.”

“That was what 1 was trying to bring out,” Mason said. ...

[1 ‘Yes. »

“Then you are now being employed as an expert witness.”

“1 guess so. Have it your own way.”

“When you described yourself as a police expert technician that means your testimony is atways

called by the police. Isn't that so?”’
“No, sir.”’
“Who else calls you?”’
“Well,1...1 could be called by either party.”
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“How many times have you been on the withess stand?”

“Oh, | don't know. | couldn't begin to tell you.”

“Dozens of times?”

“Yes.”

“Hundreds of times?”

“Probably.”

“Have you ever been called by the defense as a defense witness?”
“I have not been directly subpoenaed by the defense. No, sir.”

“So that you have always testified for the police, for the
prosecution?”

“Yes, sir. That's my business.”
“That was what | was trying to bring out,” Mason said. ...
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My. Dayton needs’ ”co understand the subtleties of noun p’mrases such as “police
expert technician , to answer Mr. Mason’s ﬂuestioas. ‘l‘inders:c’anding‘ such
phrases are troublesome to automate since poﬁce , expert and  technician

are a“ nouns.

77

Generalizing semantic considerations fov such constructions have proven evasive.
The composiﬂona[ approach to NLU favowred on [ogic grammarians becomes
comb 'matoria“y exp losive. Many researchers represent noun-noun constructions
as single lexical entries, constraining the computation Vequived to disamb lguate
them.
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When the domain of discourse is well speciﬁed and the number of Sb‘t‘lel plmrases (S
small, this approach works adequately. But is it practical? Consider western

b4

region outage log emp [oyed on telecommunications service‘loersonne[. Would the

loner v resor Y ' ri r n regl
deSLgne o]f’ thft system esort to sepa ate,geaf‘tcal entries fo eastern egt’c,m

outage log ., southern region outage log ., northern region outage [og ,
“ ) ”” ‘ .. ’
northeastern region outage [og ..., western district outage [og , ..., western
”” < . . 7 6 .
pvefect’(’ufe outage [og , ., Western region service log , .y Western region

record ,..?
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Imagine ﬁurther, the processing Vequhred on Perry Mason. Not on[y must the
subtleties of [anguage understanding realized ]oy Mvr. Dayton be mastered but also
the reasoning capa’oiliﬁes of Mr. Mason and extraction of relevant and salient
conversational fea’cwes be iden’ciﬁed in order to generate the appropriate next
question. Actuaﬂy, Mr. Mason_ s task is much simp ler than Mv. Dayton’ s-to
generate an utterance which conveys a presuma’o [y preexisting thougnt Mr.
Dayton’ s task as listener is to decide what My. Mason must have been thinking in
order to motivate his utterance in the particu[ar context in which he uttered it.
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Some NLP Appﬁcaﬁons
— machine translation
— speech analysis and generation systems
— spe” checking and grammaﬁca( correction
— conversational agents
— document generation
— text c[assiﬁca‘cion, summarization, mining
— infovmaﬁon retrieval and informa’cion extraction
— question answering

— support appﬁcations, such as: stemming, POS tagging, semantic tagging, and
partial parsing
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Short History of NLP
1947—54 pioneers and foundaﬁonal ns ights
1954—66 decade of optimism, two camps: sym’ooﬁc and stochastic
1966 ALPAC report in US (negative MT report)
1970-90 S emergence various systems & approaches:
— stochastic paradigm
— [ogic—based
— NLU
— discourse mode[ing
1990—2000 stochastic NLP, Web, unification-based grammars

. . . b
2000— The rise of Machine Leammg

Instructor: Nick Cercone - 3050 CSEB - nick@cse.yorku.ca 12



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

Levels of NLP
1. phonetics: physical sounds
2. phonology: sound system (phonemes) of a spoken language
3. morpho logy: word structure
4. syntax: inter-word structure up to sentence structure
5. semantics: meaning up to the sentence level

6. pragmatics: “speaker’s meaning”—extended ﬁfom the literal sentence
meaning

7. discourse: units larger than an utterance (e.g., inter-sentence meaning,
Veferences)
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Why is NLP hard?
Aside: Turing test, evidence ﬁ‘om neural sciences

1. nighly amb lguous
2. vague (the princip le of minimal eﬁ‘ort)

3. universal (domain independent)
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Ambiguities at all levels of NLP
— phono[ogical (phonetical) am’oiguity
— lexical amb lguity
— syntactic amb lguity
— semantic amb lguity
— Veferential amb lguity
— pragmatic amb lguity
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Ambiguity Examples at Various Levels of NLP
— lexical amb lguity, e.g. “hot” may mean: warm, spicy, good [ooking, or stolen
— syntactic amb lguity, e.g. “Time ﬂies like an arrow.”
Two structures and two meanings.
— semantic amb lguity
Examples:

1. What does “coast road mean? Is it a road that leads to a coast, or a road
that foﬂows the coast?

11 . ”» . .
2. carriage return — Is it a return of a carriage, or an ASCII character?

3. "kick the bucket”, and other idioms
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— Veferential amb lguity— a kind of semantic amb lguity
Examp le: “It,” or ‘he’ in a text — to what and who does it Vefer?
— pragmatic amb lguity
12am— is it noon or midnight?

Do you have a quarter? — Do you have or quarter, or can you give me a

quarter?

Can you pass the salt? — Can you, or would you pass the salt?
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Some More Problems with Natural Language
Eng[is h, for examp le, is indeed a crazy [anguage.

A hot cup of coﬂee — Acup of hot coﬁee
+  Anear miss — in Vea[i’cy, anear miss is a collision
1 could care less = 1 could not care less

+ Put on your shoes and socks — this is exceedingly diﬁ{eu[’c since we, in
Veali’cy, put on our socks and shoes.

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

18



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

Eng[ish is also weird, wearing tonal grooves in our heads, lgnoring the V'Lgid

rules for forming proper expvessions. Consider the 0XyMOoTonNs:

Fresh ﬁfozen jumbo shrimp
Old news

Freezer burn

Voice mail

Final dmﬁ

Act na’cwaﬂy

Conspicuous ly absent
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These oxymorons give rise to material for comedians and new web sites on the
Internet. Nonetheless we Veadi[y interpret them without extend'mg our

comp [exity of language analys is. In fac‘c we take liberties with language all of the
time on editorializing 0Xymorons, for examp le:

Military intelligence
Peace offensive
Postal service
Airline food
Microsoft works

Good grief —we ﬁnd 0Xymorons [wking everywheve.
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It is common in the best of the Yiddish tradition to answer a question with a
question, oﬁen the very same question with d'gﬁferen’c emp hasis and
intonation.

For examp le, in response to the question Did you Iouy ﬂowers for your mother
on her Io'wthday?, the response would be quite diﬁ%rent 9C a diﬂ%rent word
were emp hasized in the answer. Thus the answer Did 1 buy ﬂowers for your
mother on her Ioivthday? s quite diﬁeren’c from Did 1 buy ﬂowers for your
mother on her birthday? which is diﬂ?eren’c ﬁrom Did 1 Iouy ﬂowers fov your

mother on her birthday and so on and so on.
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]mag'me the reasoning Vequired to mterpret the foﬂowing and cowec’dy ask the
question that M. Rosenberg asks of Mvurray Go[dwag at the end of this story.

One Friday aﬁemoon, Murray Go[dwag leaves work in Brooklyn to catch the
bus to Poughkeepsie upstate to spend the weekend with his ﬁnance Lennie
Rosenfe ld. During the trip an elderly genﬂeman M. Rosen’oerg, returning to
his home in Poughkeepsw ﬁrom a VLSL‘[ with his brother in Brooklyn s’cmkes up a
conversa‘uon with Muway So you re up t‘c‘) the Pok’ for the weekend "9

“Yes sir , replied Murray. By yourself?” Just visiting ﬁftends , replied
Murray. Mr. Rosenberg then Veﬂects for a while. He is vis iting ﬁlends,
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leav'mg ear[y enough to arrive in time for a late dinner and to get himself a
motel room. He must be visiting a girl ﬁriend since no one would go out of
their way so much for another Iooy ﬁfiend. Now who could he be visiting? He is
a handsome lad. Could it be the Go[anerg twins? - No, Mery[ is away at
University out of state and Fran is out of town visiting relatives. Could it be
Maxine Kriebel? - No, she has a Iooyﬁ'iend. What about Melinda Eaman?
Probab ly not, she is very rich and would not be going out with any young
man who had to travel on bus in order to see her. Well, what about Sarah
Lavine? That could be the one, Sarah has been on cloud nine Vecenﬂy

Instructor: Nick Cercone - 3050 CSEB - nick@cse.yorku.ca
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and acting mysterious, visiting all the shops and making preparations for a
Io'tg day soon. She is not graduating ﬁrom CoUege, nor celebraﬁng a promotion
or newjob. That s it, thought M. Rosenberg, Murray must be coming to
Poughkeepsie to see Sarah and make plans for their upcoming wedding. M.

Rosenberg turns to Murray and says N Congratulaﬁons, son, on your
7 “wha-~what”, said Murray. “How did
7 “My Iooy”, said Mr.

upcoming wedding to Sarah Lavine.
you know, we haven t even told her parents yet.

7

1 .
Rosenberg, its obvious.
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An Application: NL-DB Interface

Consider the sentence:

1 want the marks in CSno. [1]
* Its interpretation would seem straigh’gforwavd.
+ The sentence structure is simp le — any parser

+ Jtisnot diﬂflcu[t to map “marks’ onto the cowesponding database attribute, and
to require that only marks in the course CStio be accessed.

* However, many assumptions underly this nterpretation which may, in fact, not
cowespond to what the user intended.
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The first problem which must be resolved is how to even recognize [1] as a
question.

Its swface form is declarative, not interrogative.
Must Vecognize Lmderlying request speech act

]magme ‘I want to change all marks of 49% to 50% " “Twant to add something
towhat 1 Jjust told you. , etc.

Other phraseo[ogies are more problemaﬁc

. . ” . . .
Can you give me the marks in CS110? - a yes/ no answer is inappropriate

Instructor: Nick Cercone - 3050 CSEB - nick@cse.yorku.ca 26
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Recognizing under[ying speech act(s) is Just one item which must be infewed
about the user.

What does the user want with the marks - needed to determine what exacﬂy to
present to the user.

]fthe user is the registrar, who wants to mail the marks out to the students, it
would be a good idea to include addresses with names.

]fthe user is the univers ity’s statistician, it may be suﬁicient to give the distribution

of the marks.

Certain users may not be even be allowed access to the marks (for example,
another CS 110 student).
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Other unspeciﬁed aspects of [1] must be clariﬁed gf an appropriate response is to
be given.

Does the user want the marks for all sections of CS 110 or just one?
]f Just one section, is it possib le to infer which section without asking the user

Does the user want the marks for [ast year's CS 11o course? Next year's? The course
cuwen’dy undevway?

]fthe course cwfrenﬂy n progress, should the system hold the request n abeyance
and respond at the end of the term when the course is done?

How about ho lding the request 9C the marks are for next year’s course?
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How about ho lding the Vequest gf the marks are for next yeav's course?

Once the course and the section are determined, the system must determine

whether all marks are Vequ'ufed, or just ﬁnal exam marks, or the ﬁna[ grade for
each student.

The system must also decide what to do gC the request (s nappropriate. For
examp le, CS 110 may not have been oﬁered, or there may not be any course named
CS 110, or the marks may not have been assigned as yet.

To be continued next class
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Concluding Remarks

The Road to Wisdom

The road to wisdom? —

Well, it's p[ain and simp[e to express:
Err and err and err again
but less and less and less.
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