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He is mostly not even interested in the new things and in most cases, he has no money for it either.

McDonald et al. 2006
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Context-free grammar

A context-free grammar defines how
symbols in a language combine to form
valid structures

NP — Det Nominal

Nominal — Noun | Nominal Noun

. terminal
Noun - flight SIS




Constituents

Every internal node is a phrase

* My pajamas

/\ * In My pajamas

NP elephant in my pajamas
* an elephant in my pajamas
* shot an elephant in my pajamas
Nominal * | shot an elephant in my pajamas

Each phrase could be

NP
N replaced by another of the
my  pajamas same type of constituent




Formalisms

Phrase structure grammar

(Chomsky 1957)

N/\VP
| ///\
| VP PP
P PN
v NP p NP
N N\

|
shot Det N in Det h‘l

| | |

an elephant my pajamas

Dependency grammar
(Mel’Cuk 1988; Tesniere 1959; Panini)

shot
I/Qham shot
7 T~
iL | elephant in
pajam/as\my pajam/as\my




Dependency syntax

Sgall, Dependency-based formal description of language
(1994)

Mel'Cuk, Dependency Syntax: Theory and Practice (1988)
Tesniere, (1959)
Medieval theories of grammar (Covington 1984)

Panini grammar of Sanskrit (ca. 5th-century BCE)



Dependency syntax

“Sentence diagramming”



Dependency syntax

* "Between the word and its neighbors, the mind

perceives connections, the total
the structure of the sentence. T
connections establish depende

ity of whic

ncy relatio

N forms

ne structural

S

between the words. Each connection in principle

unites a superior and an inferior

term.”



Dependency syntax

S shot

// \\\ /\
NP ,//Vf’\ | elephant shol
| _— —~— | 7 T
VP /pp\ in | elephant in
v NP P NP “,JH”{\,,,Y p.ﬂu”{\qy
10t Det N n Det N
| | | |
an elephan my pajama

* Dependency syntax doesn't have non-terminal
structure like a CFG; words are directly linked to
each other.



Dependency syntax

e Syntactic structure = , relations
between words.



Dependency

* How do we decide which of a pair of words is the
and which Is the ?



Dependency

 Many (conflicting) frameworks:

 Head determines the syntactic category of a
construction

 Head is obligatory; dependents are optional

 Head selects dependents and determines whether
the dependent is required

* The form of the dependent depends on the head

(e.qg., agreement between nouns/verbs, adjectives/
nouns)

* The linear position of a dependent is specitied with
respect to the head.




The

dog



8

he dog ate
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Coordination
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Case marking prepositions
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lrees

* A dependency structure is a directed graph G =
(V,A) consisting of a set of vertices Vand arcs A
between them. Typically constrained to form a

* Single root vertex with no incoming arcs

* Every vertex has exactly one incoming arc
except root ( )

* [here is a unigue path from the root to each
vertex in V ( )



lrees

* Unlike phrase-structure trees, dependency trees
aren’t tied to the linear order of the words in a

sentence.

* Adding a constraint derived from the linear order of
words in a sentence allows for more efficient
parsing algorithms (as we’ll see on Tuesday).



Word oraer

 Dependency relations belong to the structural
order of a sentence, not the

e This is different from a

phrase-structure tree, N/\

where the syntax is L e
constrained by the

inear order of the /hm
sentence (a different Nomﬁ\
inear order yields a | P
different parse tree). SE—-———

PN

my pajamas



Free word order

(TN~ 7T N

root

O to nové vétSinou nemd ani zdjem a taky na to vétSinou nemd  penize

He is mostly not even interested in the new things and in most cases, he has no money for it either.

d o
(root} = \‘
- dobj \ e (nmed \\ - mod \\
~—\nsubj / /4@\ \ / If—ldcﬂ—\ ‘ lzlcasc)\ \ / Aady N \
, \\\r v \\v J \\l v \\v/ iz \4/

JetBlue canceled our flight this moming which was already late



Free word order

N

tris notus abreptas in saxa latentia torquent, saxa vocant Itali mediis quae in fluctibus aras



Projectivity

* An arc between a head and dependent Is
orojective If there is a path from the head to every
word between the head and dependent.

mod

(root I', \\‘

dobj ~ nmod N mod

@ @ @\ |
¥

’ | R Y YT B
v \ v ¥ LY \ v (v v \
JetBlue canceled our flight this moming which was already late




Dependencies vs constituents

* Dependency links are closer to semantic

relationships; No need to infer the relationships from
the structure of a tree

* A dependency tree contains one edge for each

word, no Intermediate hidden structures that also
need to be learned for parsing.

* Easier to represent languages with free word order.



/\

NP VP
V NP PP
P NP
noun verp noun orep noun

NBC suspended Willlams on  Tuesday



. Who did what to

NP VP
V NP PP
P NP
noun verb noun orep noun

subject: S — VP

L

direct object: S = NP (VP — ... )




/\

NP VP
V NP PP
P NP
noun verb noun orep noun

NBC suspended Willlams on  Tuesday

Q/
nsub| Pob]

prep



Dependency grammar

Captures binary relations between words

* nsubj(NBC, suspended)
* dobj(Willilams, suspended)

nsub| Pob)

prep




Data

« NELL SVO triples
(604 million
nsubj|+dob]
relations from 230B
words on the web

police
police
police
police
police
police
police
police
police
police

police

found

found

found

found

found

found

found

found

found

found

found

five .030 bullets
seven dead rebels
two hidden cameras

wanders lover

211 pounds

Marcia

bank draft
diskette
five marijuana plants

items used

judge



Dependency-
Based Wora
-mbeddings

Levy & Goldberg,
ACL 2014

http://irsrv2.cs.biu.ac.il:9998/

Target Word | BoWS BOW?2 DEPS
nightwing superman superman
aquaman superboy superboy

batman catwoman aquaman supergirl
superman catwoman catwoman
manhunter batgirl aguaman
dumbledore evernight sunnydale
hallows sunnydale collinwood

hogwarts half-blood garderobe calarts
malfoy blandings greendale
snapc collinwood millficld
nondeterministic | non-deterministic | pauling
non-deterministic | finite-state hotelling
turing computability nondeterministic | heting
deterministic buchi lessing
finite-state primality hamming
gainesville fla tcxas
fla alabama louisiana
florida jacksonville gainesville georgia
tampa tallahasscc california
lauderdale texas carolina
aspect-oriented aspect-oriented event-driven
smalltalk event-driven domain-specific
object-oriented | event-driven objective-c rule-based
prolog dataflow data-driven
domain-specific | 4gl human-centered
singing singing singing
dance dance rapping
dancing dances dances breakdancing
dancers breakdancing miming
tap-dancing clowning busking



http://irsrv2.cs.biu.ac.il:9998/

Universal Dependencies

UD Treebanks
v B Afrikaans 49K 6 - o o OO
) Ancient Greek 202K 06 D 2 v &
) Ancient Greek-
== PROIEL 211K (6] - Lo v 40
' Arabic 242K 0G) - £ v
) B} Arabic-NYUAD 629K O® - Lo ¥ 4
» Arabic-PUD 20K O® - & % (.06 IEEAVY
' mmm Basque 121K OE 9 ol v cc) (DO Y=/
+ [# Belarusian 8K O® - & . ) OC
) Bulgarian 156K 006) O v v )OS0 EH& &0
) [ Byryat 10K 06 & % =L
v  E Catalan 530K DE D oV v Q) IEE
+  Hl Chinese 123K 6 D Hv v (glolelo) W
» [ Chinese-CFL 7K ) D & u D
+ | Chinese-PUD 21K ® = F A 9 (SHnER ICERVY
»  [# Coptic 4K () Bl & v 8.0 &F0
' [ Croatian 197K O©® - Hv v (ZADeN EEOW
» il Czech 1,503k ©O® B v v (IOl

http://universaldependencies.org



Universal Dependencies

e Developing cross-linguistically consistent treebank
annotation for many languages

e Goals:
e Facilitating multilingual parser development
» Cross-lingual learning

e Parsing research from a language typology
perspective.



Universal Dependencies

punct»
obl»
nsubj pass case
@A—*det aux p%/ «det
1| The dog chased by the
punct
nsubj:pass obl»
L:
NOUN PRON [PRON™ [ “P"P*** Y VERB"™ case "NOUN"] PUNCT]
2 quem npecnep,aame OT KoTKaTa
nsubj:pass punct
[NOUN™ | [AUX" 'a“""" [NOUN™ ] PUNCT)
3 Pes byl honén koCkou I
punct
obl»
bj
—msu |:pass VER_B FI“DP CHSEHNQEN PUI:ICI'
4| Hunden Jagades av katten

-

http://universaldependencies.org




UD Principles

obl»
nsuijobj

_& _L —A_ —A_ —A_ _L _& —A_ —A_ _L —A_\ ‘L

The cat could have chased all the dogs down the street .

Dependency relations mainly hold between words.



UD Principles

@ux «det «case
dett aux d% GAC

r—J‘~r N Ry r \l_&\f—&1 F — IJ\

The cat could have chased all the dogs down the street .

Function words dependent on closest related content word



UD Principles

:}/ punct»

The cat could have chased all the dogs down the street .

Punctuation typically depends on phrasal head
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The

det

UD Principles

—

2

A .

nsubj

@ux

auX

S

i W

cat coula ﬁave chased al

.

— -

A
= T

the

0Dbj
«det
det

punctr»
obl»
{Case
det
— — A
dogs down the street .

http://universaldependencies.org/u/overview/syntax.html



NSub]

* Syntactic subject of active verbs

jnsubjt

6Iintoﬁ aefeatea Dole




NSub]

* When the verb is copular (nominal/adjective
oredicatives like “she is my boss”), the subject
depends on the complement.

" {0\

—— AN~ —— (-L‘ —

she is my mother she IS nice

nsu bj N—

—— A~ A A

We are in the barn .




NSub]

* EXpletives

nsubj
expl\{ {

A~ A — N A

i’heré IS a ghostin the room .



NSub]

e Relative clauses with finite verbs also often have
syntactic subjects expressed.

acl
-/ m

A . A e fA"\." A o A A

?hesé ﬁnk§ Eresent the man\; ﬁewpoin@ fhaf gxistea



NSub|:pass

* Syntactic subject of passive verbs

:{nsubj:pass\:

Dole was defeated by Clinton




ole]

* Generally, the entity that is acted upon as the
of the predicate.

}rOb:

—— —— AN ——

She gave me a raise




0D

* |Indirect object: recipients of ditransitive verbs of
exchange (verbs requiring two objects)

iobj

g —" | ——— prtt—" iy p———

She gave me a raise

nsubj iobj ole]

She teaches her daughters math

She told her daughtesr a story




OD|

* Any nominal functioning as non-required argument or
adjunct of a verb, including temporal and locational
nominal modifiers and agents of passive verbs

obl\(:/—obl msubj:pass\ ~abl:agent»

_M
- _ﬂ_ Jp— S— —M\

Last rﬂgTﬂ | swam in the pool the cat was chased by the dog




ccomp

* Clausal complements, including dialogue

ccomp
:/ ma’%ﬁ ccomp

P I e I

He says that vou like to swim He says vou like to swim




advcl

* A clause that modifies another predicate (temporal clauses,
conseqguence, conditional clauses, purpose clauses)

j/—advcl

_M e _M_M

Nt was falllnq

The acmdent happened as nig

{advcl

_M

—M

N

ey e P —— . P e, P,

If you know who did it, you should te

"M‘ .—M. . e

| the teac

ner



acl

* Clausal modifier of a nominal, including
. The head verb of the embedded clause
modifies the nominal it qualifies

—t —— A~

the Issues as he sees them




acl:relc

* Clausal modifier of a nominal, including
. The head verb of the embedded clause
modifies the nominal it qualifies

acl:relcl

N —— A —— A ———

| saw the man you love



con|

* [The elements that are coordinated; the head Is the
first conjunct

r/conj

P T e T e T et P

Bill is big and honest

conj»
conjh
conj punct
¥ °°""f punctyy "% &

A et A A — \ A .A" N h

We have apples , pears |, oranges , and bananas .




INntransitive verps

[;rmsubjg

she left




Transitive verbs

obj
g™ @ E

~—— N

she left a note



Ditransitive verbs

b
nsubj iobj
)5 Gl

gy f—-“‘ = ot —
she left him a note
obl
obj
nsubj\[
— —— N —— S —

she left a note to him



Nonverbal predication

{:]nsubj\{:

r—’“\rﬁr—’\f —

she IS my mother

f o

K_JHFJﬁrL

she IS nlce




Nonverbal predication

 Equation (aka identification): “she is my mother”
e Attribution: “she is nice’

 [ocation: "she is in the bathroom”
 Possession: “the book Is hers”

Benefaction: “the book is for her”
-xistence: “there is food (in the kitchen)”




Obligue nominals

obl»

abj

nsubj\t
g —t— N —— -~ A ——
she left a note on the table

obl»
SYTE

= i = 5 )

Hﬁfo—_ﬁf'Hﬁ-Hf' =

she left a note In the mornlng




nsubj\E}/advmodwj
— —— —

—

she left gudden@




Vocatives

f joc[a:t]ive\:] 0 O

A —— N —

buys , take it easy'




AUX

£

—— — —
she has left

aux adds tense, aspect, mood, voice or evidentiality



cop

nsubj
o T"\g

"

she IS EaEpQ

cop links a non-verbal predicate to subject



“Open the pod bay doors, HAL”

"Nobody puts baby in a corner”



lTuesday

* Algorithms for dependency parsing
* Shift-reduce parsing

* Graph-based parsing



