Lexicalized Parsing

S(ran)

\
VP(ran)

NP(dog) L BB(to) i
N'B('hguse):k;s

/\ NPeht .

DT(the) NN(dog) VBD(ran) TO(to) DT(the)  NN(house)
the dog ran to the house
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Dependency Parsing

» Dependency syntax: syntactic structure is defined by these arcs
» Head (parent, governor) connected to dependent (child, modifier)

» Each word has exactly one parent except for the ROOT symbol,
dependencies must form a directed acyclic graph

TN N 7 N

DT NN VBD TO DT NN
the dog ran to the house

ROOT

» POS tags same as before, often run a tagger first as preprocessing



Dependency Parsing

» Still a notion of hierarchy! Subtrees often align with constituents

VBD
ran
—
NN TO
dog to
DT <« " NN
the house



Labeled Dependency Parsing

» Can label dependencies according to syntactic function

» Major source of ambiguity is in the structure, so we focus on that more
(labeling separately with a classifier works pretty well)

pobj
det NsSubj prep det
DT NN VBD TO DT NN

the dog ran to the house



Dependency vs. Constituency

» Constituency: several rule productions need to change

S

NP
DT NNS VP PP_
I | — The ch:!dren ate

The children IN NP DT/\NN mp
2 N BN R A NN

ate DT NN with DT NN
’ the cake with DT NN

the cake a spoon a spoon

» Dependency: one parent differs

ST

the children ate the cake with a spoon



Dependency vs. Constituency

» Constituency: ternary rule NP -> NP CC NP

NP PP and NNS

| P |
NNS IN NP cafts

o T
. 1n NNS
dogs 1 ‘ NNS and NNS
houses ‘ |
houses cats

» Dependency: first item is the head. Doesn’t really make sense

NN~

dogs in houses and cats dogs in houses and cats

[dogs in houses] and cats  dogs in [houses and cats]



Stanford Dependencies

» Designed to be practically useful for relation extraction

Bills on ports and immigration were submitted by Senator Brownback, Republican of Kansas

submitted ,
submitted
nsubjpass | auxpass prep / &
nsubjpass fuxpass -
Bills were by N

Brownback

l prep l pobj
on Brownback /’ repon p/" l \21?05
lpubj / nn \\a,,,,(,s ports prep_on Senator Republican

ports Senator Republican \&unj_aml l

/(.(- \(-,,,,j lpr(’p in]migr'dti()n Kansas

and immigration of

Standard l’""’" Collapsed

Kansas




Universal Dependencies

» Annotate dependencies with the same representation in many languages

punct»
obl»
E I h nsubj:pass / case
NZIIS DET |9t NOUNW’/A_:Jxrr‘a“X'paSS vErRe"| [ADP| DET |~ ‘' ~Noun] YPUNCT
—— —— = —— —— -

The Eo?; was chased B; the cat

punct»

. nsubj:pass r/—obhﬂ
Bulgarlan NOUN‘T/;ON’—r‘eXpraSS VERB ADP] ~>""YNOUN"] [PUNCT
o g —— P—— A

— — — — A
KyyeTo ce npecneapaille oT KOTKaTa
nsubj:pass punct
Czech NOUN’T/_‘ AUX AP NyERET Y °P Y YNOUNT | JPUNCT
— —~N— /—J? — T -~ ~
Pes byl honeén koCkou .
punct»
. obl»
HES
SWISS NOUN? | "suPiPass~NveperY appl “**NNouN"| PUNCT
P—— — — A
Hunden jagades av katten

» Dependencies are more portable cross-lingually: languages with free
word order are not well handled by constituency



Projectivity

» Any subtree is a contiguous span of the sentence <-> tree is projective
» Equivalent to drawing the structure and having no crossing arcs

» Crossing arcs / nonprojective:

PUNC
TMP
ROOT ax
NP
NMOD SB) //—\\ thg\\
root hearmg IS  scheduled on the Issue  today

credit: Language Log



Projectivity

// N

das mer em Hans huus halfed aastriiche
that we Hanspar the houseacc helped  paint

» Swiss German example: X said [that we helped Hans paint the house]

» Many trees in other languages are nonprojective

| Arabic | Czech Danish
Projective | 1297 (88.8) | 55872 (76.8) | 4379 (84.4)
Sentences 1460 72703 5190

Pitler et al. (2013)



