Dependency Parsing

lecture 5

Jakub Waszczuk, Kilian Evang
Heinrich Heine Universitat

Summer semester 2021

Jakub Waszczuk, Kilian Evang (HHU) Dependency Parsing Summer semester 2021 1/12



Today

o Transition-based parsing

o Deterministic, linear time

o Projective dependencies only
(slides from ESSLII 2007 course by McDonald & Nivre)

e Training a classifier to predict the next transition
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Transition system

o Simple example—Finite State Automaton:
o Finite set of atomic states
o Transitions between states, with input conditions
o A start state
o An end state; result: Input is accepted or not

a b

b
start — @ 2 qi qz

a b

Jakub Waszczuk, Kilian Evang (HHU) Dependency Parsing Summer semester 2021 3/12



Transition system

o Simple example—Finite State Automaton:
o Finite set of atomic states
o Transitions between states, with input conditions
o A start state
o An end state; result: Input is accepted or not

a b

b
start — @ 2 a1 q2

a b

o Dependency parsing:
o More complex: states have structure (data structures of the parser)
o Transitions are parser operations
o Start state: empty data structures, sentence as input
o Result: transitions define a dependency graph

[e]

Mary sees astronomers with telescopes

We will consider a stack-based form of transition parsing.
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Stack-Based Transition Systems

Stack-Based Transition Systems

» A stack-based configuration for a sentence x = wp, wy, ..., w,
is a triple ¢ = (o, 8, A), where
1. o is a stack of tokens i < m (for some m < n),
2. B is a buffer of tokens j > m,
3. A'is a set of dependency arcs such that G = ({0,1,...,n}, A)
is a dependency graph for x.
» A stack-based transition system is a quadruple
S=(C,T,cs, Ct), where
1. C is the set of all stack-based configurations,
2. ¢s(x =wp,wr,...w,) = ([0],[L,...,n],0),
3. T is a set of transitions, each of which is a function t : C — C,
4. Gt ={ce Clc=(0,[],A)}.
» Notation:
» ol|i = stack with top i (] left-associative)
» |8 = buffer with next token i (| right-associative)

delta|i|j = (delta|i)|j
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Stack-Based Transition Systems

Shift-Reduce Dependency Parsing

» Transitions:
> Left-Arcy:
» Right-Arcy:
(oli, j|IB, A) = (0,18, AU{(i, ], k)})
» Shift:
(0,18, A) = (ali, B, A)
» Preconditions:

» Left-Arcy:
—[i = 0]
33K, i, k') € A
» Right-Arcy:

337", k') € Al
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Stack-Based Transition Systems

Example: Shift-Reduce Parsing

[rootp]s [Economicy news, hads littles effects ong financial; marketsg .9]3
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Stack-Based Transition Systems

Example: Shift-Reduce Parsing

[rooty Economicy], [news, hads littles effects ong financial; marketsg .9]3

Shift
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Stack-Based Transition Systems

Example: Shift-Reduce Parsing

nmod

[rootp]s Economicy [news, hads littles effects ong financial; marketsg .9]3

Left-Arc,mod
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Stack-Based Transition Systems

Example: Shift-Reduce Parsing

"Economic_1" is not
part of the stack
nmod

[rootg Economic; newsy], [hads littles effects ong financial; marketsg .9]3

Shift
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Stack-Based Transition Systems

Example: Shift-Reduce Parsing

nmod sbj

[rootp]s Economicy newss [hads littles effects ong financial; marketsg .9]3

Left-Arcgp;
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Stack-Based Transition Systems

Example: Shift-Reduce Parsing

nmod sbj

[rooty Economic; news, hads], [littles effects ong financial; marketsg .9]3

Shift
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Stack-Based Transition Systems

Example: Shift-Reduce Parsing

nmod  sbj

[rootg Economic; news, hads littles], [effects ong financial; marketsg .9]3

Shift
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Stack-Based Transition Systems

Example: Shift-Reduce Parsing

nmod sbj nmod

[rootg Economic; news, hads], littles [effects ong financial; marketsg .9]3

Left-Arc,mod
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Stack-Based Transition Systems

Example: Shift-Reduce Parsing

nmod  sbj nmod

!

[rootg Economic; news, hads little, effects], [ong financial; marketsg .9]3

Shift
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Stack-Based Transition Systems

Example: Shift-Reduce Parsing

nmod  sbj nmod

!

[rootg Economic; news, hads little, effects ong], [financial; marketsg .9]3

Shift
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Stack-Based Transition Systems

Example: Shift-Reduce Parsing

nmod  sbj nmod

!

[rootg Economic; news, hads little, effects ong financial7], [marketsg .9]3

Shift
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Stack-Based Transition Systems

Example: Shift-Reduce Parsing

nmod  sbj nmod nmod

Lo

[rooty Economic; news, hads little, effects ong], financial; [marketsg .9]3

Left-Arc,mod
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Stack-Based Transition Systems

Example: Shift-Reduce Parsing

pcC

nmod  sbj nmod nmod

!

[rootg Economici news, hads little, effects], [ong financial; marketsg .9]g

Right-Arc,.
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Stack-Based Transition Systems

Example: Shift-Reduce Parsing

pcC

nmod sbj nmod nmod nmod

[rootg Economici news, hads], littles [effects ong financial; marketsg .9]g

Right-Arc,mod
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Stack-Based Transition Systems

Example: Shift-Reduce Parsing

obj pc

nmod sbj nmod [nmod nmod

]

[rootp]s Economic; news, [hads littles effects ong financial; marketsg .9]g

Right-Arc,p;
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Stack-Based Transition Systems

Example: Shift-Reduce Parsing

pred obj pc

nmod  sbj nmod [nmod nmod

I

[rootp]s Economic; newsy hads littles effects ong financial; marketsg [.9]3

Right-Arcpreq
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Stack-Based Transition Systems

Example: Shift-Reduce Parsing

p
pred obj pc
nmod  sbj nmod [nmod nmod

N

[lo [rooto]g Economicy news, hads littles effects ong financial; marketsg g

Right-Arc,
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Stack-Based Transition Systems

Example: Shift-Reduce Parsing

p

pred obj pc

nmod sbj nmod [nmod nmod

R .

[rooto]s []g Economicy newsy hads littles effects ong financial; marketsg "9

Shift
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Stack-Based Transition Systems

Theoretical Results

» Complexity:
» Deterministic shift-reduce parsing has time and space
complexity O(n), where n is the length of the input sentence.

» Correctness:
» For every transition sequence Co m, G,
dependency forest (soundness).
» For every projective dependency forest G, there is a transition
sequence Cp m such that G, = G (completeness).

» Note:

» A dependency forest is (here) a dependency graph satisfying
Root, Single-Head, and Acyclicity (but not Connectedness).

» A dependency forest G = (V, A) can be transformed into a
dependency tree by adding arcs of the form (0, /, k) (for some
I € L) for every root i € V (i #0).

is a projective
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Parsing with a classifier

Definition

A configuration ¢ = (o, 3, A)
e o: Stack
o : Input buffer
o A: Dependencies already added, of the form: (head, dependent, label)

Parsing algorithm:
o Initial configuration: ([ROOT], [], 0)
@ Choose a transition, get new configuration

o Repeat, until terminal configuration: (o, [], A), s.t. A determines a dependency graph
Problem for classifier:

1 H X it is not checked that A
® We are at a conflgurat|on Ci determines a dependency graph
e Which transition to ¢iy1 ?

o Arc-Left, Arc-Right, Shift?
o if Arc-Left or Arc-Right, which dependency label?
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Probabilistic grammar vs training on parser decisions

In probabilistic grammars (e.g., PCFG):
o complete derivations have a probability
o ...based on scores/probabilities of their productions

o parser can arrive at same (analysis, probability) with different strategies:
bottom-up, top-down, left-corner, etc.

o using probabilistic model, can find most likely (sub)tree, n-best, Pr(S)

In transition-based parsing:
@ train on parser operations, not its output
@ a history-based approach

@ decisions can be based on any information the parser has
@ only need to know the single most likely action at each point:

o easier to estimate (operations are considered independently)
e parsing in linear time

|not entirely true these days? |
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Training a classifier

(]

Given dependency trees to train on ...

[

Extract a sequence of configurations and transitions for each tree
o For each configuration, extract features according to a template

@ Train classifier to predict transition from features
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Extracting transitions from dependency trees

o Oracle: function from configurations to transitions
given a dependency graph Gy = (V4, Aq) from the training set

o For the arc-standard transition system: |top of the buffer

LerT-ARC,  if (B[0],0[0],r) € Ag
RiGHT-ARC, if (0[0], 8[0], r) € Aq and, for all w, r,

if (B[0], w, r") € Aqg then (B[0], w,r') € A
SHIFT, otherwise

o(c=(0,8,A)) =

o Now we can construct a sequence of transitions
for a sentence Sy and dependency graph Gy = (Vy, Ag) in the training set:
o Start with ¢g = ([ROOT], S4,0)
o Apply transition from oracle to get next configuration
o ...until terminal configuration (o, [], Ay) is reached
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Example: getting configurations from dependency graph

(NMOD),(NMOD) NMOD
T A T A 7T B

ROOT Economic news had little effect on financial markets

Transition  Stack Input Dependency
[ROOT], [Economic, ...], 0
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Example: getting configurations from dependency graph

(NMOD),(NMOD) NMOD
T A T A 7T B

ROOT Economic news had little effect on financial markets

Transition  Stack Input Dependency
[ROOT], [Economic, ...], 0
SH [ROOT, Economic],  [news, ...], 0
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Example: getting configurations from dependency graph

(NMOD),(NMOD) NMOD
T A T A 7T B

ROOT Economic news had little effect on financial markets

Transition  Stack Input Dependency
[ROOT], [Economic, ...], 0
SH [ROOT, Economic],  [news, ...], 0
LAxvon [ROOT], [news, ...], +(news, Economic, NMOD)
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Example: getting configurations from dependency graph

(NMOD),(NMOD) NMOD
T A T A 7T B

ROOT Economic news had little effect on financial markets

Transition  Stack Input Dependency
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Example: getting configurations from dependency graph

(NMOD),(NMOD) NMOD
T A T A 7T B

ROOT Economic news had little effect on financial markets

Transition  Stack Input Dependency
[ROOT], [Economic, ...], 0
SH [ROOT, Economic],  [news, ...], 0
LAxvon [ROOT], [news, ...], +(news, Economic, NMOD)
SH [ROOT, news], [had, ...],
LAsss [ROOT], [had, ...], +(had, news, SBJ)
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Example: getting configurations from dependency graph

(NMOD),(NMOD) NMOD
T A T A 7T B

ROOT Economic news had little effect on financial markets

Transition  Stack Input Dependency
[ROOT], [Economic, ...], 0
SH [ROOT, Economic],  [news, ...], 0
LAxvon [ROOT], [news, ...], +(news, Economic, NMOD)
SH [ROOT, news], [had, ...],
LAsss [ROOT], [had, ...] +(had, news, SBJ)

SH [ROOT, had], llittle, .. ]
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Example: getting configurations from dependency graph

(NMOD),(NMOD) NMOD
T A T A 7T B

ROOT Economic news had little effect on financial markets

Transition  Stack

[ROOT],
SH [ROOT, Economic],
I—ANMOI) [ROOT],
SH [ROOT, news],
LAsas [ROOT],
SH [ROOT, had],
SH [ROOT, had, little],

Jakub Waszczuk, Kilian Evang (HHU)

Input

[Economic, ..

[news, ...
[news, ...],
[had, ...],
[had, ...],
[little, ...]
[effect, ...]

Dependency Parsing

NE

Dependency

0

0

+(news, Economic, NMOD)

+(had, news, SBJ)
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Example: getting configurations from dependency graph

(NMOD),(NMOD) NMOD
T A T A 7T B

ROOT Economic news had little effect on financial markets

Transition  Stack Input Dependency
[ROOT], [Economic, ...], 0
SH [ROOT, Economic],  [news, ...], 0
LAxvon [ROOT], [news, ...], +(news, Economic, NMOD)
SH [ROOT, news], [had, ...],
LAsss [ROOT], [had, ...], +(had, news, SBJ)
SH [ROOT, had], [little, ...]
SH [ROOT, had, little],  [effect, ...]
LAxuon [ROOT, had], [effect, ...], +(effect, little, NMOD)
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Example: getting configurations from dependency graph

(NMOD),(NMOD) NMOD
T A T A 7T B

ROOT Economic news had little effect on financial markets

Transition  Stack Input Dependency
[ROOT], [Economic, ...], 0
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SH [ROOT, news], [had, ...],
LAsss [ROOT], [had, ...], +(had, news, SBJ)
SH [ROOT, had], [little, ...]
SH [ROOT, had, little],  [effect, ...]
LAxuon [ROOT, had], [effect, ...], +(effect, little, NMOD)
SH [ROOT, had, effect], [on, ...],

Jakub Waszczuk, Kilian Evang (HHU) Dependency Parsing Summer semester 2021 8/12



Example: getting configurations from dependency graph

(NMOD),(NMOD) NMOD
T A T A 7T B

ROOT Economic news had little effect on financial markets

Transition  Stack

[ROOT],
SH [ROOT, Economic],
I—ANMOI) [ROOT],
SH [ROOT, news],
LAsas [ROOT],
SH [ROOT, had],
SH [ROOT, had, little],
LAwor  [ROOT, had],
SH [ROOT, had, effect],
SH [....on],

Jakub Waszczuk, Kilian Evang (HHU)

Input Dependency

[Economic, ...], 0

[news, ...], 0

[news, ...], +(news, Economic, NMOD)
[had, ...],

[had, ...], +(had, news, SBJ)
[little, ...]

[effect, ...]

[effect, ...], +(effect, little, NMOD)
[on, ...],

[financial, ...],
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Example: getting configurations from dependency graph

(NMOD),(NMOD) NMOD
T A T A 7T B

ROOT Economic news had little effect on financial markets

Transition  Stack

[ROOT],
SH [ROOT, Economic],
I—ANMOI) [ROOT],
SH [ROOT, news],
LAsas [ROOT],
SH [ROOT, had],
SH [ROOT, had, little],
LAsuion [ROOT, had],
SH [ROOT, had, effect],
SH [....on],
SH [-.., on, financial],
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Input Dependency

[Economic, ...], 0

[news, ...], 0

[news, ...], +(news, Economic, NMOD)
[had, ...],

[had, ...], +(had, news, SBJ)
[little, ...]

[effect, ...]

[effect, ...], +(effect, little, NMOD)
[on, ...],

[financial, ...],

[markets, ...],
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Example: getting configurations from dependency graph

(NMOD),(NMOD) NMOD
T A T A 7T B

ROOT Economic news had little effect on financial markets

Transition

SH
I—ANMOI)
SH
LAgg;
SH

SH
LAxmop
SH

SH

SH
LAxmop

Stack

[ROOT],

[ROOT, Economic],
[ROOT],

[ROOT, news],
[ROOT],

[ROOT, had],
[ROOT, had, little],
[ROOT, had],
[ROOT, had, effect],
[...,on],

[-.., on, financial],
[..,on],

Jakub Waszczuk, Kilian Evang (HHU)

Input
[Economic, ...
[news, ...],
[news, ...],
[had, ...],
[had, ...],
[little, ...]
[effect, ...]
[effect, ...],
[on, ...],
[financial, ...],
[markets, ...],
[markets, . ..]

Dependency Parsing

Dependency

0

0

+(news, Economic, NMOD)

+(had, news, SBJ)

+(effect, little, NMOD)

+(markets, financial, NMOD)
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Example: getting configurations from dependency graph

(NMOD),(NMOD) NMOD
T A T A 7T B

ROOT Economic news had little effect on financial markets

Transition

SH
I—ANI\IOI)
SH
LAgg;
SH

SH
LAxmop
SH

SH

SH
LAxmop
RApc

Stack

[ROOT],

[ROOT, Economic],
[ROOT],

[ROOT, news],
[ROOT],

[ROOT, had],
[ROOT, had, little],
[ROOT, had],
[ROOT, had, effect],
[...,on],

[-.., on, financial],
[..,on],

[ROOT, had, effect]
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Input Dependency

[Economic, ...], 0

[news, ...], 0

[news, ...], +(news, Economic, NMOD)
[had, ...],

[had, ...], +(had, news, SBJ)

[little, ...]

[effect, ...]

[effect, ...], +(effect, little, NMOD)

[on, ...],

[financial, ...],

[markets, ...],

[markets, . ..] +(markets, financial, NMOD)
[on, ...] +(on, markets, PC)
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Example: getting configurations from dependency graph

(NMOD),(NMOD) NMOD
T A T A 7T B

ROOT Economic news had little effect on financial markets

Transition  Stack Input Dependency
[ROOT], [Economic, ...], 0
SH [ROOT, Economic],  [news, ...], 0
LAxvon [ROOT], [news, ...], +(news, Economic, NMOD)
SH [ROOT, news], [had, ...],
LAsss [ROOT], [had, ...], +(had, news, SBJ)
SH [ROOT, had], [little, ...]
SH [ROOT, had, little],  [effect, ...]
LAxuon [ROOT, had], [effect, ...], +(effect, little, NMOD)
SH [ROOT, had, effect], [on, ...],
SH [...,on], [financial, ...],
SH [-.., on, financial], [markets, ...],
LAxuon [..,on], [markets, ...] +(markets, financial, NMOD)
RA:¢ [ROOT, had, effect] [on, ...] +(on, markets, PC)
RAmon [ROOT, had] [effect, ...] +(effect, on, NMOD)
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Features

Feature template:
@ The top word on the stack
@ The first word in the input
o Linear context: the neighboring words in the sentence

o Structural context: parent or dependents of a word

Instead of words, features can also be:
o lemmas
o part-of-speech tags
@ morphological features

o dependency labels
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Classifier-Based Parsing

A Typical Model [nivre et al. 2006]

These days feature templates tend to
be more minimalistic

hﬂ
[ w l_‘WJ’—I lo [ I_V‘Vk Wil Wki2 Wky3 ---]g
i Ik
FORM + + +  +
LEMMA + +
CPOS + +
POS + + +  + + +
FEATS + +
DEPREL + + + +
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Extracting features from a configuration

Transition  Stack Input
[ROOT, had, effect] [on, financial, markets]
SH

Feature template:
o the word on top of the stack
o the POS tags of the two words on top of the stack
o the first word in the input buffer
o the POS tags of the first two words in the input buffer

Features: (effect, VERB, NOUN, on, PREP, ADJ)

Data point for classifier: (effect, VERB, NOUN, on, PREP, ADJ) = SH
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Summary:

o Shift-reduce transition-based parsing
for projective dependencies

e Training a classifier to predict transitions

Next:
o Arc-eager parsing
@ Non-projective parsing

@ Dynamic oracles
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THE

END
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