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Learning Goals for today's class

YOou can:

 Provide a formal definition of a PCFG

« Apply a PCFG to compute the probability of a parse
tree of a sentence as well as the probabillity of a
sentence

« Describe the content of a treebank

« Describe the process to identify a head of a
syntactic constituent

« Compute the probability distribution of a PCFG from
a treebank
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Lecture Overview

Recap English Syntax and Parsing

Key Problem with parsing: Ambiguity
Probabilistic Context Free Grammars (PCFQG)
Treebanks and Grammar Learning
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Key Constituents: Examples ey

D’t:: 'E(e ) (Specifier) X (Complement)

* Noun phrases (NP) . (Det) N (PP)
_ the cat on the table

* Verb phrases (VP) + (Qual) V (NP)

never eat acat

. Pr'epos‘i'rional phrases (PP)- (Deg) P  (NP)
— almost in thenet
+ Adjective phrases(AP) . (Deg) A (PP)
o very happy about it
+ Sentences (S) . (NP) (-) (VP)
amouse -- ateit
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Context Free Grammar (CFG)

* 4-tuple (non-term., term., productions, start)
- (N,2,P,9)
* Pisasetof rules A—sa; AeN, ac(ZUN)*

/V:EX%{E<Z:£aEc} P X Xk

b Y5 xx
/S
o X X 53¢
/\ / ><,_><
'@\c/\( X\lo Y&
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CFG Example

Grammar with example phrases

Lexicon

5 =+ NP VP

NP — Pronoun
| Proper-Noun
| Det Nominal
Nominal — Nown Nominal
| Noun

Verh NP
Verbh NP PP

VP — Verh
|
|
| Verb PP

PP — Preposition NP

[+ want a morning fight

I

Los Angeles
a+ fHight
momming + flight
fights

do

want + a flight

keave + Boston + m the mormng
keaving + on Thursday

from + Los Angeles

Noun
Verr
Adjective

Pronoun

Proper-Noun

Determiner
Preposition

Conjunction

144

SN

S

—

flights | breeze| trip| morning | ...
is | prefer| like| need | want | flv
cheapest | non—stop | first | larest
| other | direct | ...

me | 1| vou| it| ...

Alavka | Baltimore | Los Angeles

| Chicago | United | American | ...

the | a| an| this| these | that | ...

from| ta| on| near| ...

and | or| bur| ...
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N

Pro Verb Det

I prefer a morning

Nommal

/

Noun

mal

Noun

|
flight

5 —

NP "—

Nominal —

VP —
|
|
|

CPSC 422, Lecture 26

Derivations as Trees

NP VP

Pronoun
Proper-Noun
Det Nominal
Noun Nominal
Noun

Vert
Verla NP

Verls NP PP
Verlr PP

Preposiion NP



Example of relatively complex parse tree

S
—
NP VP
m ﬂ
JJ JJ NN VBZ S
| | | | |
Left cerebellar hemisphere appears VP
ﬁ
TO VP
N? 736 \B‘S to VB NP
N S NNS T
demonstrate NP PP
NNS IN NP
| | T~
areas of VEN NN

decreased attenuation

Journal of the American Medical Informatics Association, 2005,
Improved Identification of Noun Phrases in Clinical Radiology
Reports Using a High-Performance Statistical Natural Language
Parser Augmented with the UMLS Specialist Lexicon



Lecture Overview

Recap English Syntax and Parsing

Key Problem with parsing: Ambiguity
Probabilistic Context Free Grammars (PCFG)
Treebanks and Grammar Learning
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Structural Ambiguity (Ex.

VP ->V NP ; NP -> NP PP
VP ->V NP PP

"I shot an elephant in my pajamas”

1)

PP

P Poss

NP

N

MNoun

(a) S (b)
Hx.,_h
NP VP NP
."IIIIE--E-
/
/ D
/ NP PP
/o ,
/ _/\ /\NP ,
S SN [
Pro V Det Noun| P Poss Noun | Pro V Det Noun
I shot an elephanf in my pElj.’:lI'l]ElEl. I shot an elephant in my pajamay
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Structural Ambiguity (Ex.2)

"I saw Mary passing by cs2”
"I saw Mary passing by cs2”

(ROOT (ROOT
(S (S
(NP (PRP I)) (NP (PRP I))
(VP (VBD saw) (VP (VBD saw)
(S (NP (NNP Mary))
(NP (NNP Mary)) (S
(VP (VBG passing) (VP (VBG passing)
(PP (IN by) (PP (IN by)
(NP (NNP cs2))))))) (NP (NNP cs2)))))))

CPSC 422, Lecture 26 12



Structural Ambiguity (Ex. 3)

Ty W N
+ Coordination “new students and profs”

NP = NP and WP

NP = 3T NP
NP —> N
J ]\/P ~
/ yan
PN NP 2> N\]?
~Z >

NE 3 NP Jd '\J?
\

/
N N N
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Structural Ambiguity (Ex. 4)

* NP-bracketing “French language teacher”

NP — 33 NP

Np > N
NP = NP NP

N P
-\
JT NP
o WP
NP \
\
v W
P
N
AN
-\
JU  N¥ ,\J)
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Lecture Overview

Recap English Syntax and Parsing
Key Problem with parsing: Ambiguity
Probabilistic Context Free Grammars (PCFG)

Treebanks and Grammar Learning (acquiring
the probabillities)

Intro to Parsing PCFG
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Probabilistic CFGs (PCFGs)

* 60OAL: assign a probability to parse trees
and to sentences

+ Each grammar rule is augmented with a
conditional probability

- If these are all the rules for VP and .55
is P(VP->Verb | VP)

VP -> Verb 55 A1

VP ->Verb NP 40 B. 0

VP - VerbNPNP 22 & 009
D. 0.42

* What should ?? be ? E. None of the above
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Probabilistic CFGs (PCFGs)

* 6OAL: assign a probability to parse trees
and to sentences

+ Each grammar rule is augmented with a
conditional probability

- The expansions for a given non-terminal
sum to 1

T
VP -> Verb 55 7\) QP-s\edd, \ VP)
VP -> Verb NP 40| T (VF=Vexb NP VP)

VP -> Verb NP NP bﬂ“(vf—»vm iPIQP JvP)
Formal Def: 5-tuple (N, 2, P, S,D)
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Sample PCFG

S — MNP VF

5 —+ Aux NP VFP

&5 — VP

NP — Dret Mom
NP — Proper-Noun
NF — Nom

NE — Fronoun
Nom — Noun

Nom — MNoun Mo
Nom — Pmper-Noun Nom
VP — Verb

VF — Verb NF

VP — Verb NP NP

B0
.15
05
200
.35]
015
£l
75
20
.05
55]
EL
03

-]

—

Det =+ that[05] | the (8] | a
MNaun — ook

Naun — flighty

Nour — mea!

Verh — book

Verlr — nclde

Verh — wanr

Any — can

Anx — does

Ay — o

FPmoper-Nown — TWA
FPaoper-Noun — Denver

FPonown — you |40 | 7|.60]

30
30

AL
Al)

A3
10
]l
AL}
30
A0
A}
Al)
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PCFGs are used to....

- Estimate Prob. of parse tree . ; L-
A. Sum of the probs of all the T
rules applied |
B. Product of the probsof allthe | | = = T
PUIQS Gpplled can }rt:':-u book fn;m Hig:htv.
+ Estimate Prob. of a sentence s
A. Sum of the probs of all the nMp
parse trees 7o
B. Product of the probs of all the R
pClr‘Se Tr'ees Pro PiNoun Noun

CPSC 422, Lecture 2b can you  book TWA Aights



PCFGs are used to....

- Estimate Prob. of parse tree

P(Tree)= | | /\)C@qov««w 1[om°g(e)

hode” [ vee.

- Estimate Prob. to sentences

P(Sentence) = Z TO(T ree>

Tver & §e“4¢\q -~
%
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Example

P(Tree®)=.15%.4%..=[3.8-107| P(Tree’)=.15%4x..=(43-107

() (12}
m _m c¢ : 29
Aux NP A AT NP P(“can you book TWA flights”)
| /f’ ]
) MNP MP ¥ MNP 8 c 1 : 1 0 !
Mo
\\h“'&_
MNom Mo
| |
Pro PMoun Moun Pro PMoun Moun
| I | |

can vou  book TWA fights can vou  book TWA  fights

Bules P Eules P
g = Aux NP VH .15 g = Aux NP VP | .15
NP — Pro = NP = Pro A0
—> WP o VNPNP | .05 VP = VNP at (&)
NP — BMom A5 NP — Mom A5
NP — PMoun 33 Nom = PMNeun Mom| .03
Mom = Moun ) Mom =+ NMoun i)
Aux = Can el Aux =+ {an A0
—P———Pre— A —Pp———Pre— Al
Fro = Yol A Pro = wvou A0
Verlk — book 30 Verk = book A0
Phoun = TWA ) Pnoun =+ TWA A0 21
Moun — fights 50 Moun —+ fights S0




Lecture Overview

Recap English Syntax and Parsing
Key Problem with parsing: Ambiguity
Probabilistic Context Free Grammars (PCFG)

Treebanks and Grammar Learning (acquiring
the probabilities)
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Treebanks

+ Definition: corpora in which each sentence
has been paired with a parse tree
+ These are generally created

- Parse collection with parser
- human annotators revise each parse

* Requires detailed annotation guidelines

- POS tagset

- Grammar

- instructions for how to deal with particular
grammatical constructions.
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Penn Treebank

* Penn TreeBank is a widely used treebank.

( (S (JJ J.f)

(S—TPC-2
(NP-SBJ-1 (PRP We) )
=Most well (VP (MD would)
known is the (VE (VB have)
(S
Wall Street (NP-SBJ (-NONE- %-1) )
- (VP (TO to)
Journal section e (vo B
of the Penn (SBAR-TMP (IN until)
(S
TreeBank. (NP-SBJ (PRP we) )
*1 M words G,
cOo ecte
from the 1987- (PP_CLR (IN BE)
1989 Wall Street (NP (DT those)(NNS assets=)))))))))))))
Journal. Crig) (78 70)

(NP-SBJ (PRP he) )
(VP (VBD said)
(S (-NONE- *T%-2) ))

(- 1) ) .

il Uy Ty vV LUIl LY v



Treebank Grammars
+ Such grammars tend to contain lots of
rules....

* For example, the Penn Treebank has
4500 different rules for VPs! Among
them...

VP — VBD PP
VP — VBD PP PP

VP — VBD PP PP PP
VP — VBD PP PP PP PP
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Heads in Trees

* Finding heads in treebank trees is a
task that arises frequently in many
applications.

- Particularly important in statistical parsing

* We can visualize this task by annotating
the nodes of a parse tree with the
heads of each corresponding node.

CPSC 422, Lecture 26 26



Lexically Decorated Tree

S(dumped)
/\\\
NP(workers) VP(dumped)
/ x
NNS(workers) VBD(dumped) NP(sacks) PP(into)
/\
NNS(sacks) P(into) NP(bin)
/\
DT(a) NN(bin)
workers dumped sacks mto E‘l b1|'11
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Head Finding

+ The standard way to do head finding is
to use a simple set of tree traversal
rules specific to each non-terminal in the
grammar.

Each rule in the PCFG specifies where

the head of the expanded non-terminal
should be found
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Noun Phrases
C{-\(%"’t‘3 NP— YreDet NP

NP \
/\ /\)P——> Net M*’\’\
PreDet NP \% :
Nowm —= Nom Gevonda val?
o /\\ 7
.' Eac\/\ ‘(‘U\C

D|et / Nom w the PCEG
e om Gerundive VP SPcf 0\((’(65
/I wheye the
g Om/\PP leaving before 10 0{-
> . T Fhe expyniled

Vign - Ter mi g

Nom / Noun \from Denver S\I\DV\\d BC-\'DU"\A
Nclun ig‘hts 29

Morning




Acquiring Grammars and Probabilities

Manually parsed text corpora (e.g., PennTreebank)

+ Grammar: read it off the parse trees

Ex: if an NP contains an ART, ADJ, and NOUN then
we create the rule NP -> ART ADJ NOUN.

- Probabilities:

P(A—>a|A) = = Y e

Ex: if the NP -> ART ADJ NOUN rule is used 50
times and all NP rules are used 5000 times, then
the rule's probability is ... - 0|
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\—\- ‘/]‘JVL kaol( a‘f— 5‘4 ‘H’\( Paf{{%(ef I\ %,Q
\33\4\( vov +““‘L<{ +hree wles —(—ad‘ N P

N ow \/V\}\/lu( ﬁ‘[\ws

@ NIP— AT ADTJ Nouirs So
O > Novn thaos
oy PRoNOUN 999
Q)N P— I
of NP
/’)C@/NP): go/SOOO = - 9l e PpINT \ONS

PC@’NP) - 4'009/6'000: -4 ~
PC@)NP> = ﬁ%oo: .7 >lso:\—C~O\+.X)
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Next class (Nov 13)

 Parsing Probabilistic CFG: CKY parsing

* PCFG in practice: Modeling Structural and
Lexical Dependencies
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