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Overview Syntactic Formalisms

An introductionto the parsingproblem :/r\]/grlkgigofgrmal syntaxgoesbackto Chomslk's PhDthesisin

Context freegrammars . o .
Examples of current formalisms: minimalism, lexical

A brief(!) sketchof the syntaxof English functional grammar (LFG), head-dwen phrase-structure
' grammarHPSG),treeadjoininggrammarg TAG), catayorial

Examplesof ambiguousstructures grammars

PCFGstheir formal propertiesandusefulalgorithms

Weaknessesf PCFGs




Data for Parsing Experiments

PennWSJTreebank= 50,000sentencewith associatedrees

Usualset-up:40,000trainingsentences2400testsentences

An exampletree:

CanadianUtilities had 1988 revenueof C$ 1.16 billion , mainly from its
naturalgasand electric utility businesse# Alberta, wherethe compary
senesabout800,000customers

2) Phrases

NP

DT 'T' Y, NP

| N
the burglar robbed DT N
| |

the apartment

NounPhrasegNP): “the burglar”, “the apartment”
VerbPhrasegVP): “robbedtheapartment”

SentencesS): “the burglar robbedthe apartment”

The Information Conveyed by ParseTrees

1) Partof speecHor eachword

(N =noun,V =verb,D = determiner)

the burglar rob|bed D/\N
| |

the apartment

3) UsefulRelationships

S

VP

|
Vv

|
v NP

/\
robbed DT N
\ |

the apartment
) “the burglar” is the subjectof “robbed”




An Example Application: Machine Translation

Englishword orderis subject- verb—object

Japaneswordorderis  subject-object—verb

English: IBM boughtlLotus
Japanese: IBM Lotusbought

English: SourcesaidthatIBM boughtLotusyesterday
Japanese:  SoucesyestedayI|BM Lotusboughtthat said
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An introductionto the parsingproblem

Contet freegrammars
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Examplesof ambiguousstructures
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Syntax and Compositional Semantics

Sboudt(l BM; Lotus)

NP:1BM VP:y boudt(y; Lotus)

|
IBM

V: x; y boudit(y;x) NP:Lotus

|
bought Lotus

Eachsyntacticnon-terminalnow hasan associatedemantic
expression

Context-FreeGrammars

[HopcroftandUllman 1979
A contt freegrammarG = (N; ;R;S) where:

N is asetof non-terminakymbols
is asetof terminalsymbols

R is asetof rulesof theform X ! YiY5:::Y,
forn O, X2N,Y,2(NJ[ )

S 2 N is adistinguishedstartsymbol




A Context-FreeGrammar for English

N =fS,NP, VP, PR DT, Vi, Vt, NN, INg
S =S

f sleepssaw, man,woman,telescopethe,with, ing
- NP VP Vi sleeps

- Vit saw

vP Vi NN man
VP Vi NP NN woman
vP VP PP NN telescope
NP DT NN DT the
NP NP PP

PP N NP IN with
IN in

N N | N | N N N | N N

Note: S=sentence,VP=verb phrase, NP=noun phrase, PP=prepositional
phrase, DT=determiner Vi=intransitve verb, Vt=transitve verb, NN=noun,
IN=preposition
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DERIVATION RULES USED

S S! NPVP
NP VP NP! DTN
DT N VP DT! the
theN VP N! dog
thedogVP VP! VB
thedogVB VB! laughs
thedoglaughs

NP VP

PN \
DT N VB

| | \
the dog laughs

Left-Most Derivations
A left-mostderiationis a sequencef stringss; :::s,, where

s; = S, thestartsymbol
S, 2 ,l.e.syismadeup of terminalsymbolsonly

Eachs; fori = 2:::nisdervedfroms; ; by pickingtheleft-
mostnon-terminalX ins; ; andreplacingit by some where
X! isarulein R

For example:[S], [NP VP], [D N VP], [the N VP], [the manVP],
[the manVi], [the mansleeps]
Representationf aderivationasatree:

s

NP VP

P ‘
D N Vi

the man sleeps
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Propertiesof CFGs

A CFGde nesasetof possiblederivations

A strings 2 isinthelanguage de ned by the CFGif there
is atleastonederivationwhichyieldss

Eachstringin the languagegeneratedy the CFG may have
morethanonederiation (“ambiguity”)




DERIVATION RULES USED The Problemwith Parsing: Ambiguity

S S! NPVP
NP VP NP! he INPUT:

heVP VP! VPPP Sheannouncea programto promotesafetyin trucksandvans
heVP PP VP! VB PP
heVB PPPP VB! drove +
hedrove PPPP PP downthestreet
hedrove down thestreetPP PP inthecar POSSIBLEOUTPUTS:
hedrove down thestreetin thecar

And therearemore...

DERIVATION RULES USED Overview
S S! NPVP

NP VP NP! he . : .
heVP VP! VB PP An introductionto the parsingproblem

heVB PP VB! drove
hedrove PP PP! downNP Contet freegrammars

hedrove down NP NP! NPPP

hedrove down NPPP NP! thestreet A brief(!) sketchof the syntaxof English
hedrove down the streetPP PP! inthecar

hedrove down the streetin thecar .
Examplesof ambiguousstructures

S

T PCFGstheir formal propertiesandusefulalgorithms

NP

\ VP
vB/\PP Weaknessesf PCFGs

|
drove /\
down NP
NP PP

N /I\
the street .
in the car
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A Fragment of a Noun PhraseGrammar

box

car
mechanic
pigeon

the
a

fast
metal
idealistic
clay

Generates:
abox, thebox, themetalbox, thefastcarmechanic;
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Prepositions,and Prepositional Phrases Verbs, Verb Phrases,and Sentences

Prepositions BasicVerbTypes

IN = preposition e.g.,of, in, out, besideas Vi = Intransitve verb  e.g.,sleepswalks,laughs
Vt = Transitveverb  e.g.,seessaw, likes
Vd = Ditransitve verb e.g.,gave

BasicVP Rules
VP | Vi

VP IVt NP
VP I Vd NP NP

BasicS Rule
S | NP VP

Examplesof VP:
sleepswalks, likesthe mechanic gave the mechanicthe fastcar,
gave thefastcarmechanidhe pigeonin thebox,: : :
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An Extended Grammar

Examplesof S:
JJ fast themansleepsthe dogwalks,the doglikesthe mechanicthe dog

& metal in the box gave themechanidhefastcar;: : :
box JJ idealistic

car JJ clay
mechanic
pigeon IN in

IN under
the IN of

a IN on

IN with
IN as

Generates:
in abox, underthebox, thefastcarmechaniaunderthe pigeonin thebox,: : :




PPsModifying Verb Phrases Mor e Verbs

New VerbTypes
V[5] e.g.,said,reported
V[6] e.g.told,informed
V[7] e.g.,bet

A newrule:
VP | VP PP

New examplesof VP:
sleepsin the car, walks like the mechanic gave the mechanicthe New VP Rules

fastcaron Tuesday: : : ﬁ : x{g} EEAR AR

VP ! V[7] NP NP  SBAR

Examplesof New VPs:

saidthatthemansleeps

told thedogthatthe mechanidik esthe pigeon
betthe pigeon$50thatthe mechanicownsa fastcar

Complementizers,and SBARS Coordination

Complementizers A New Part-of-Speech:
COMP= complementizer e.g.,that CC=Coordinator e.g.,and,or, but

SBAR New Rules

SBAR ! COMP S NP
N

NP CC NP
N CC N

S CC S
SBAR CC SBAR

thatthemansleepsthatthe mechanicsav thedog: : : S
SBAR

!
!
Examples: VP I VP CC VP
!
!
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Sourcesof Ambiguity

Part-of-Speecltambiguity
NNS !  walks
Vi I walks

PrepositionaPhraseéAttachment
thefastcarmechaniainderthe pigeonin the box

PP
/\
IN NP

‘ /\
faSt NN N un‘der D/\N
| |
car NN | T

| the N PP
mechanic

| /\
NN IN NP
pigeon In




VP
VP PP
Vt/\PP in the car
|

drove dowvn the street

VP
Vit PP

drove

Two analysedor: Johnwasbelievedto have beenshotby Bill

/NP\

D
|

N
the /\
N PP
/\
IN NP
N PP 5%

in D N

box

IN




Sourcesof Ambiguity: Noun Premodi ers

Nounpremodi ers:

NP
s N
| /\
the N N
N |
JJ N NN
| |

fast NN mechanic

mechanic car

Overview

An introductionto the parsingproblem

Contet freegrammars

A brief(!) sketchof the syntaxof English
Examplesof ambiguousstructures
PCFGstheirformal propertiesandusefulalgorithms

Weaknessesf PCFGs

A Funny Thing about the Penn Treebank

LeavesNP premodi er structure at, or underspeci ed:
NP

DT JJ NN NN
| | | |

the fast car mechanic

NP

N

NP PP

/\ TN
IN NP

DT JJ NN NN | P

| | | | under DT NN
the fast car mechanic | |

the pigeon

A Probabilistic Context-FreeGrammar (PCFG)

Vi

S VP 10 sleeps 1.0

Vit
NN
NN

saw 1.0
man 0.7
woman | 0.2

VP [ 0.4
VP NP 0.4
VP PP 0.2

NN
DT
IN

telescopg 0.1

NP NN 0.3 the 10

NP PP 0.7

PP NP 1.0 with 0.5

N N | N | N N N | N N

IN in 0.5

Probabilityof atreewith rules ;! iisQi P(Ci! i) )




DERIVATION RULESUSED PROBABILITY

S

S! NPVP 1.0

NP VP NP! DTN 0.3
DT N VP DT! the 1.0
theN VP N! dog 0.1
thedogVP VP! VB 0.4
thedogVB VB! laughs 0.5
thedoglaughs

TOTAL PROBABILITY =1.0 03 1.0 01 04 05

Deriving a PCFG from a Corpus

Givena setof exampletrees,the underlyingCFG cansimply beall rules
seenin the corpus

MaximumLikelihoodestimates:

. Coun{ ! )
P, | = - = 7
ML ( i) Coun( )

wherethe countsaretakenfrom atraining setof exampletrees.
If the training data is generatedby a PCFG, thenasthe training data

sizegoesto in®nity, the maximum-likelihood PCFGwill corvergeto the
samedistribution asthetrue®PCFG.

Propertiesof PCFGs

Assignsa probability to eachleft-mostderivation or parse-
tree,allowedby theunderlyingCFG

Saywe have a sentencé, setof dervationsfor thatsentence
is T (S). Thena PCFGassignsa probabilityto eachmember
of T(S). i.e.,wenowhavea rankingin order of probability.

Theprobabilityof astringS is

P(T;S)
T2T (S)

PCFGs

[BoothandThompson73] shoved that a CFG with rule
probabilities correctly de nes a distribution over the set of
dervationsprovidedthat:

1. Therule probabilitiesde ne conditionaldistributionsover the
differentwaysof rewriting eachnon-terminal.

2. A technicalcondition on the rule probabilitiesensuringthat
the probability of thederivationterminatingin a nite humber
of stepss 1. (This conditionis notreally apracticalconcern.)




Algorithms for PCFGs

GivenaPCFGandasentences, de®neT (S) to be
thesetof treeswith S astheyield.

GivenaPCFGandasentencé, how dowe ®nd

arg Trzr}a}é) P(T;S)

GivenaPCFGandasentencé, how dowe ®nd

P(S) = P(T;S)
T2T (S)

A Dynamic Programming Algorithm
Givena PCFGandasentences, how dowe ®nd

max P(T;S)
T2T (S)

Notation:

n = numberof wordsin thesentence

Ny fork = 1:::K isk'th non-terminal
N; = S (thestartsymbol)

De®nea dynamicprogrammindgable
[i; j; K] = maximumprobabilityof aconstituentvith non-terminalN
spanningwvordsi :::j inclusive

Ourgoalis to calculatemaxy ot (sy P(T;S) = [1;n;1]

Chomsky Normal Form

A contt free grammarG = (N;

'R;S) in Chomsly Normal
Formis asfollows

N is asetof non-terminakymbols

is asetof terminalsymbols

R is asetof ruleswhich take oneof two forms:
- X1

YiYofor X 2 N,andYy;Y> 2 N
- X!

Y for X 2 N,andY 2

S 2 N is adistinguishedstartsymbol

A Dynamic Programming Algorithm

Basecasede®nition:foralli = 1:::n,fork = 1:::K

[i;i; K= P(Nk ! w; j Ny)

(note:de®neP (N« ! w;i j N) = 0if N !

w; is notin thegrammar)

Recursvede®nition:foralli = 1:::n,j = (i+ 1):::n, k= 1:::K,

[0 kl=  max fP(Nk! N;NmnjNk) [i; s;1] [s+ 1;j; m]g
i s<j

1 1 K

1 m K
(note: de®neP (N !

NiNm j Ng) = 0if Ng !' NNy, is notin the
grammar)




Initialization:
Fori=1..n,k=1...K
[i;1; K] = P(Nk ' wijNg)

Main Loop:
Forlengh = 1:::(n 1),i=1:::(n lengh), k=1:::K
j i + length
max O
Fors=i:::(j 1),
For Nj; Ny, suchthatNy ! NN, isin thegrammar
prob  P(Nkx! NNm) [iisil]  [s+ 1), m]
If prob> max
max  prob
//Storebackpointersvhichimply the bestparse
Split (i; j; k) = fs;l;mg
[i; J; K] = max

A Dynamic Programming Algorithm for the Sum

Basecasede®nition:foralli = 1:::n,fork = 1:::K

[i;i; K= P(Nk ! w; j Ny)

(note:de®neP (N« ! w; j Nx) = 0if N ! w; is notin thegrammar)

Recursvede®nition:foralli = 1:::n,j = (i+ 1):::n, k= 1:::K,

X
[i; J; K] = fP(Nk! Ni\Nm jNy)  [iis;l]  [s+ 1) m]g

(note: de®neP (N« !' NiNpy j Ng) = 0if Ny ' NyNp, is notin the
grammar)

A Dynamic Programming Algorithm for the Sum
GivenaPCFGandasentencé)S< how dowe ®nd

P(T;S)
T2T (S)

Notation:

n = numberof wordsin thesentence
Ni fork = 1:::K isk'th non-terminal
N; = S (thestartsymbol)

De®neadynamicprogrammingable

[i; j; K] = sumof probabilityof parseswith rootlabel Ny
spanningwvordsi :::j inclusive

P
Ourgoalisto calculate | ,; () P(T;S)= [1n;1]

Initialization:
Fori=1..nk=1...K
[i;i; k] = P(Nx ! wijNy)

Main Loop:
Forlengh = 1:::(n  1),i=1:::(n 11engh), k= 1:::K

j i + length

sum O

Fors=1i:::(j 1),

For N;; Ny, suchthatNg ! N;N, isin thegrammar
prob  P(Nkx! NNm) [iisil] [s+ 1), m]
sum  sum+ prob
[i; j; k] = sum
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Weaknessesf PCFGs

Lack of sensitvity to lexical information

Lack of sensitvity to structuralfrequencies

Overview

An introductionto the parsingproblem

Contet freegrammars

A brief(!) sketchof the syntaxof English
Examplesof ambiguousstructures

PCFGstheir formal propertiesandusefulalgorithms

Weaknessesf PCFGs

S

T

NP VP

| TN
NNP Vi NP

| | |
IBM  bought NNP

Lotus

PROB= P(S! NPVPjY) P(NNP! 1BM j NNP)
P(VP! V NPjVP) P(Vt! boudit j Vi)
P(NP! NNPj NP) P(NNP! Lotus j NNP)
P(NP! NNPjNP)




Another Caseof PP Attachment Ambiguity

S

T

NP VP

| /\
NNS
| VP PP

workers TN
VBD NP IN NP

| | N N
dumped NNS into DT NN
| | |

sacks a bin

Rules Rules

S! NPVP S! NPVP
NP! NNS NP! NNS
VP! VP PP NP! NPPP
VP! VBD NP VP! VBD NP
NP! NNS NP! NNS

PP! IN NP PP! IN NP
NP! DT NN NP! DT NN
NNS! workers NNS! workers
VBD! dumped VBD! dumped
NNS! sacks NNS! sacks
IN! into IN! into

DT! a DT! a

NN'! bin NN'! bin

If P(NP! NPPPj NP) > P(VP! VPPPj VP) then(b) is
moreprobable glse(a) is moreprobable.

Attachment decisionis completelyindependentof the words

S

N

NP VP

NNS
| VBD

workers |
dumped pNp

| /\
NNS IN NP

| | N
sacks into DT NN

a bhin

A Caseof Coordination Ambiguity

NP

I

NP CcC NP

NP PP and NNS

| N |
NNS IN NP

| |
d0|gs in NNS
|

houses




Structural Preferences:CloseAttachment

@ NP

CcC NP

| | |
NNS and NNS

houses cats Example:presidenbf acompaly in Africa

Both parseshave the samerules, thereforereceve same
probabilityunderaPCFG

“Close attachment”(structure(a)) is twice aslikely in Wall
StreetJournaltext.

Structural Preferences:CloseAttachment

Rules Rules

NP! NPCCNP NP! NPCCNP Previous example: Johnwasbelievedto have beenshotby Bill
NP! NPPP NP! NPPP
’F\,'gl! lEN,\ISP ’F\,'gl! lEN,\ISP Herethe low attachmengnalysis(Bill doesthe shooting contains
NP! NNS NP! NNS samerulesasthehigh attachmenénalysigBill doesthebelieving),
NP! NNS NP! NNS sothetwo analyseseceve sameprobability.

NNS! dogs NNS! dogs
IN! in IN! in
NNS! houses NNS! houses
CC! and CC! and
NNS! cats NNS! cats

Here the two parseshave identical rules, and therefore have
identical probability under any assignment of PCFG rule
probabilities
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