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 Many thanks to Prof. Greg DurreH @ UT Aus.n for sharing his slides. 
Some slides were adapted from Prof. Christopher Manning, Stanford.  

Some images/examples were from the two textbooks by (1) Jurafsky and Mar.n and (2) Eisenstein.  



Outline

‣ Dependency representa.on (in contrast with cons.tuency)

‣ Projec.vity

‣ Transi.on-based dependency parsing



Dependency Representa.on



Two Views of Linguis.c Structure  

‣ Phrase Structure (Phrasal cons.tuency)

‣ Dependency structure 
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Dependency Structure

‣  Dependency structure shows which words depend on (modify or are 
arguments of) which other words.



Dependency Structure
‣  Dependency structure shows which words depend on (modify or are 

arguments of) which other words.

In contrast with phrase structure, dependency structure of a sentence is described 
solely in terms of the words (or lemmas) in a sentence and an associated set of 
directed binary grammatical relations that hold among the words. 
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‣ Cons.tuency: several rule produc.ons need to change

Dependency vs. Cons.tuency: PP AHachment Ambiguity



the children ate the cake with a spoon

‣ Dependency: one word (“with”) may be assigned a different parent

Dependency vs. Cons.tuency: PP AHachment Ambiguity

‣ More predicate-argument focused view of syntax

‣ “What’s the main verb of the sentence? What is its subject and object?” 
— easier to answer under dependency parsing

the children ate the cake with a spoon



12



13



‣ Cons.tuency: ternary rule NP -> NP CC NP

Dependency vs. Cons.tuency: Coordina.on Ambiguity



dogs in houses and cats

‣ Dependency: 

Dependency vs. Cons.tuency: Coordina.on Ambiguity

dogs in houses and cats

‣ Coordina.on is decomposed across a few arcs as opposed to being a 
single rule produc.on as in cons.tuency

‣ Can also choose and to be the head

‣ In both cases, headword doesn’t really represent the phrase — 
cons.tuency representa.on makes more sense

[dogs in houses] and cats dogs in [houses and cats]
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Dependency vs. Cons.tuency

‣ Dependency is ogen more useful in prac.ce (models predicate-argument 
structure)

‣ PP aHachment is beHer modeled under dependency

‣ Coordina.on is beHer modeled under cons.tuency

‣ Slightly different representa.onal choices:

‣ Dependency parsers are easier to build: no “grammar engineering”, no 
unaries, easier to get structured discrimina.ve models working well

‣ Dependency parsers are usually faster

‣ Dependencies are more universal cross-lingually



Dependency Syntax

‣ Dependency syntax postulates that syntac.c structure consists of 
rela.ons between lexical items, normally binary asymmetric rela.ons 
(“arrows”) called dependencies



Dependency Syntax

DT NNTOVBDDT NN
the housetoranthe dog

‣ Dependency syntax: syntac.c structure is defined by these arrows/arcs 
‣ Head (parent, governor) connected to dependent (child, modifier) 

ROOT



Dependency Syntax

DT NNTOVBDDT NN
the housetoranthe dog

‣ Dependency syntax: syntac.c 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 (i.e., tree)

ROOT

‣ POS tags same as before, usually run a tagger first as preprocessing



Dependency Syntax

‣ Dependency syntax postulates that syntac.c structure consists of 
rela.ons between lexical items, normally binary asymmetric rela.ons 
(“arrows”) called dependencies The arrows are commonly typed 

with the name of gramma.cal 
rela.ons (subject, preposi.onal 
object, apposi.on, etc.) 

i.e., the role that the dependent 
plays with respect to its head
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Universal Dependencies provide an inventory of dependency rela.ons 
that are linguis.cally mo.vated, computa.onally useful, and cross-linguis.cally applicable



Universal Dependencies
‣ Annotate dependencies with the same representa.on in many languages

hHp://universaldependencies.org/

English

Bulgarian

Czech

Swiss



25

Core sets of frequently used rela.ons: clausal rela.ons that describe syntac.c 
roles with respect to a predicate (ogen a verb), and modifier rela.ons that 
categorize the ways that words that can modify their heads.



Dependency Syntax

DT

NN

TO

VBD

DT

NN

the

house

to

ran

the

dog

‣ S.ll a no.on of hierarchy! Subtrees ogen align with cons.tuents



Dependency Parsing

DT NNTOVBDDT NN
the housetoranthe dog

‣ Can label dependencies according to syntac.c func.on

det

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

nsubj

pobj

detprep
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Outline

‣ Dependency representa.on (in contrast with cons.tuency)

‣ Projec.vity

‣ Transi.on-based dependency parsing



Projec.vity

DT

NN

TO

VBD

DT

NN

the

house

to

ran

the

dog

‣ Any subtree is a con.guous span of the sentence <-> tree is projec*ve



Projec.vity
‣ Projec.ve <-> no “crossing” arcs

dogs in houses and cats the dog ran to the house

credit: Language Log

‣ Crossing arcs:



Projec.vity

Pitler et al. (2013)

‣ Many trees in other languages are nonprojec.ve

‣ Number of trees produceable under different formalisms



Projec.vity

‣ Many trees in other languages are nonprojec.ve

‣ Some other formalisms (that are harder to parse in), most useful one is 1-
Endpoint-Crossing

‣ Number of trees produceable under different formalisms

Pitler et al. (2013)



Outline

‣ Dependency representa.on (in contrast with cons.tuency)

‣ Projec.vity

‣ Transi.on-based dependency parsing



Transi.on-based Parsing
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Chapter 15.4 in Jurafsky and Martin textbook:  
https://web.stanford.edu/~jurafsky/slp3/15.pdf 

The notion of a 
“configuration”: 
a stack, an input buffer of 
words or tokens,
a set of relations 
representing
a dependency tree

https://web.stanford.edu/~jurafsky/slp3/15.pdf
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Chapter 15.4 in Jurafsky and Martin textbook:  
https://web.stanford.edu/~jurafsky/slp3/15.pdf 

The notion of a 
“configuration”: 
a stack, an input buffer of 
words or tokens,
a set of relations 
representing
a dependency tree

1. LeftArc
2. RightArc
3. Shift

https://web.stanford.edu/~jurafsky/slp3/15.pdf
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arc standard 
approach
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arc standard 
approach



40

Chapter 15.4 in Jurafsky and Martin textbook:  
https://web.stanford.edu/~jurafsky/slp3/15.pdf 

The notion of a 
“configuration”: 
a stack, an input buffer of 
words or tokens,
a set of relations 
representing
a dependency tree

classifiers based on 
supervised learning 
algorithm (logistic 
regression, SVM, deep 
neural networks, etc.)

https://web.stanford.edu/~jurafsky/slp3/15.pdf
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slides from 
cs224n-2019, 

Manning, Stanford

Other parsers
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slides from 
cs224n-2019, 

Manning, Stanford

Other parsers



Evalua.ng Dependency Parsing
‣ UAS: unlabeled aHachment score. Accuracy of choosing each word’s 

parent (n decisions per sentence)

‣ Log-linear CRF parser, decoding with Eisner algorithm: 91 UAS

‣ LAS: addi.onally consider label for each edge

‣ Higher-order features from Koo parser: 93 UAS

‣ Best English results with neural CRFs (Dozat and Manning): 95-96 UAS



Takeaways

‣ Dependency parsing also has efficient dynamic programs for inference

‣ Dependency formalism provides an alterna.ve to cons.tuency, 
par.cularly useful in how portable it is across languages

‣ CRFs + neural CRFs (again) work well


