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o Chart-based : full search space
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MOTIVATION

TYPES OF PARSERS

o Chart-based : full search space

o Transition-based : partial search space, no guarantees

WHY USE TRANSITION-BASED PARSER INSTEAD OF

CHART-BASED ONE?

o Speed: O(n*™*%) vs O(n?)
@ Accuracy: local vs non-local conditioning
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Accuracy — LocALLy vsS NON-LOCALLY
CONDITIONED MODELS
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Jo said Phong thought the tree was tall
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Accuracy — LocALLy vsS NON-LOCALLY
CONDITIONED MODELS

EXAMPLE SENTENCE LOCALLY CONDITIONED
s MODEL
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Very successfull for CFG,
CCG and dependency parsing.
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MINIMALIST GRAMMARS

COMPOSITION FUNCTIONS
@ merge

@ move

FEATURES

o features for merge:
o selectees: v,n, c,d,a
e selectors: =v, =n, =c, =d, =a

o features for move:

o licensees: —wh, —case
o licensors: +wh, +case
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MINIMALIST GRAMMARS

LEXICON

o likes :: =d =d v
Chomsky :: d
e what :: d —wh

@¢ecl=vcCe

@ ci=v +twhc

v

CHAINS AND EXPRESSIONS

o likes Chomsky : =d v

o likes : =d v, what : —wh

N
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MERGE FOR COMPLEMENTS

A- 4 A
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stivy,o1,...,0k
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MERGE FOR SPECIFIERS

A- 4 A
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merge2
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MERGE FOR SPECIFIERS

A- 4 A

s: i =fy,aq,...,ak teflin, ... u
1S 19,01, s Qpilly e ooy L]
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MERGE FOR MOVING CONSTITUENTS
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MERGE FOR MOVING CONSTITUENTS

TVEY\

s - =fvy,a1,...,0k t- f0,01,...,0

R AN e % I o WO Sy WY P

merge3
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MOVE FOR THE LANDING CONSTITUENTS

+Hy

siH vy, 01, a1, b = a1, 0
movel

ts:v,a1,. .., Qi _1,041,...,0k



Introduction Minimalist Grammars Chart MG parser Transition CFG parser Transition MG parser Conclusion

MOVE FOR THE LANDING CONSTITUENTS

A‘Q\
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MOVE FOR THE MOVING CONSTITUENTS

s:H v, a1, o1, t i1, 0

move2
SN,y o1, b0, g1, e, Ol
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MOVE FOR THE MOVING CONSTITUENTS

A‘A

siHy, a1, 051, t 5,0{,‘4.1,...,@/(‘

S Ny ey 1, b0, g1y ey Ol
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DERIVED AND DERIVATION TREES
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ExXAMPLE MG DERIVATION
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ExXAMPLE MG DERIVATION
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ExXAMPLE MG DERIVATION

DERIVATION TREE DERIVED TREE

mergel <
Roki draws: +wh ¢, what: —wh / \
e >

merge2

Roki draws: v, what: —wh / \
merge3 Roki <
draws: =d v, what: —wh / \

draws  what




Introduction Minimalist Grammars Chart MG parser Transition CFG parser Transition MG parser Conclusion

ExXAMPLE MG DERIVATION
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ExXAMPLE MG DERIVATION
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BiG PICTURE
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CHART-BASED MG PARSER

HARKEMA /STABLER

MG CHART PARSER
o ltems ~ MG expressions
@ Inference rules ~ MG composition functions

@ axioms ~ supertags

goal (0,n) - ¢

Computational Complexity O(n*m*4)
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CHART-BASED MG PARSER

mergel DEFINITION

s i =frn t fooq,...,ax

St:vy,o1,...,0k

mergel INFERENCE RULE

(a,b) :: =f~ (byc)f o, ..., 0k

(a,€) :v,a1,...,ax
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CHART-BASED MG PARSER

merge2 DEFINITION

s:=fvy,a1,...,0k tfit,. .0

S DY, 01y e oy Oy b1y oo vyl

merge?2 INFERENCE RULE

(byc) : =fv,a1,...,0k (a,b)-fot1,... 0

(a,C)27,041,...,()(/(,L1,...,L/
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CHART-BASED MG PARSER

merge3 DEFINITION

s -=fy,a1,...,0% tfo, ...,

SV QL ey Qs 0L, L)

merge3 INFERENCE RULE

(a,b) - =fv,01,...,0x (c,d) -fo,t1,...,¢
(a,b): v,a1,...,au,(c,d): 6,e1,...,1
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CHART-BASED MG PARSER

movel DEFINITION

s i H v, a1, ..ot L1, O

S 7,01, ...,07—1,041,...,0k

movel INFERENCE RULE

(b,C) : —l—f’y,al, e, 1, (a, b) . —f, Qg1, ..., Q

(3,¢) : vy, a1y e i1, Qg1 - -y O




Introduction Minimalist Grammars Chart MG parser Transition CFG parser Transition MG parser Conclusion

CHART-BASED MG PARSER

move2 DEFINITION

s:H y,00, ..., 0i-1,t —F O a1, ..., 0

5:’Yaala”'aai*l)t:67ai+1a"'7ak

move2 INFERENCE RULE

(a, b) Y, aa, . .,Oz,',l,(C, d) e THE PR )

(a,b):v,a1,...,ai—1,(c,d): 0, 1, ..,ax
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WHAT 1S A TRANSITION-BASED PARSER?
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WHAT 1S A TRANSITION-BASED PARSER?
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TRANSITION-BASED CFG PARSING

COMPONENTS DEDUCTION SYSTEM

o Configurations

o buffer axiom

words remaining to
process

(
o stack o <
(o]X
{alX|Y, 8)

[0, [ws, ..., wa])
[S], []>
)

Era
| X

goal

constituents built so shift{X} X—w € G
far

@ Transitions reduce{Z} ﬂ>
o Shift ({o]Z,8) !Z75>

o Reduce

Z—XY € G

vy
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CFG TRANSITION-BASED PARSING EXAMPLE

o [ | transition
1 Colorless , green , ideas , sleep ,furiously | shift{A}
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CFG TRANSITION-BASED PARSING EXAMPLE

Ié]

transition

Colorless , green , ideas , sleep ,furiously

shift {A}

A

5 | Colorless

green , ideas , sleep ,furiously

shift{A}

Conclusion
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CFG TRANSITION-BASED PARSING EXAMPLE

o [ | transition

1 Colorless , green , ideas , sleep ,furiously | shift{A}
A

2 | Colorless green , ideas , sleep ,furiously | shift{A}

A

A

3 | Colorless green

ideas, sleep ,furiously

shift{N}

Conclusion
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CFG TRANSITION-BASED PARSING EXAMPLE

o [ | transition
1 Colorless , green , ideas , sleep ,furiously | shift{A}
A

5 | Colorless

A A

3 | Colorless green

green , ideas , sleep ,furiously | shift{A}

ideas, sleep ,furiously | shift{N}

A A N

4 | Colorless green ideas sleep furiously | reduce{NP}
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CFG TRANSITION-BASED PARSING EXAMPLE

o [ | transition

1 Colorless , green , ideas , sleep ,furiously | shift{A}

A
2 | Colorless green , ideas , sleep ,furiously | shift{A}

A A
3| Colorless egreen ideas, sleep ,furiously | shift{N}

A /‘4 N
4 | Colorless green ideas sleep ,furiously | reduce{ NP}

A

5 | Colorless

NP
A/ \N
]

green  ideas

sleep ,furiously

reduce{ NP}

Conclusion
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CFG TRANSITION-BASED PARSING EXAMPLE

sleep ,furiously

g B | transition
NP
VRN
A NP
/ N\

A N

|

6 Colorless gre‘en ideas

shift{V'}

Conclusion
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CFG TRANSITION-BASED PARSING EXAMPLE

furiously

g B | transition
NP
VRN
A NP
/ N\
A N
I
6 Colorless  green  ideas sleep furiously | shift{V}
NP
VRN
A NP
/ N\
A N \
I
7 Colorless grien ideas’ sleep

shift{ Adv}

Conclusion
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CFG TRANSITION-BASED PARSING EXAMPLE

transition

A N \ Adv

Colorless green ideas sleep furiously

reduce{ VP}

Conclusion
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CFG TRANSITION-BASED PARSING EXAMPLE

'

g transition
NP
VRN
A NP
/ N\
A N \Y Adv
I |
8 Colorless gre‘en ideasy sleepv furiously reduce{ VP}
NP
VRN
A NP VP
/ N\ /N
A N \ Adv
I |
9 Colorless gre‘en ideas sleep  furiously

reduce{S}

Conclusion
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CFG TRANSITION-BASED PARSING EXAMPLE

o B | transition
/S\
NP VP
VRN /N
A NP \Y Adv

/ N\

A N
|

10 Colorless gre‘en ideas sleep furiously goal

Conclusion
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MINIMALIST TRANSITION-BASED PARSER

CONVERT CFG PARSER TO MG PARSER
o keep shift-reduce structure
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CONVERT CFG PARSER TO MG PARSER
o keep shift-reduce structure

@ mini-items instead of constituents on the stack
@ add a stack to the configuration
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MINIMALIST TRANSITION-BASED PARSER

CONVERT CFG PARSER TO MG PARSER
@ keep shift-reduce structure

@ mini-items instead of constituents on the stack
@ add a stack to the configuration

@ add new transitions

CONFIGURATION STRUCTURE
< 01, 02, B, k >

o1 Main stack — contains mini-items same as chart
items

oo Auxiliary stack
£ Buffer

k Number of inserted empty strings
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TRANSFORMING TRANSITION-BASED CFG 1O MG

MINIMALIST GRAMMAR TRANSITIONS

@ axiom
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TRANSFORMING TRANSITION-BASED CFG 1O MG

MINIMALIST GRAMMAR TRANSITIONS

@ axiom
axiom ( [1, [], [0,....,n—1], 0 )

® goal goal { [{(On)-c}, 1[I, I[1 k)




Introduction Minimalist Grammars Chart MG parser Transition CFG parser Transition MG parser Conclusion

TRANSFORMING TRANSITION-BASED CFG 1O MG

MINIMALIST GRAMMAR TRANSITIONS

@ axiom

axiom ( [1, [], [0,....,n—1], 0 )

e goal ( [{(0,n)-c}l, [1. [l k)

o shift (o1, o2 ilB, k)
select{~y} < ol{(it1) =), o2, B, k >

e goal
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TRANSFORMING TRANSITION-BASED CFG 1O MG

MINIMALIST GRAMMAR TRANSITIONS

@ axiom
axiom ( [1, [], [0,....,n—1], 0 )
° g:_?' goal { [(Om)-c [ [ k)
e shift (o1, o B, k) o Lex
o reduce select{~y} ColGi+ D) o B K wiiy € L
tmerge < oixly, o B K > (x,y) € Dom(merge)

( oilmerge(x,y), o2, B, k)
(olx, o2, B, k)

tmove
( oilmove(x), o2, B, k)

x € Dom(move)
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o Empty strings

@ Discontinuous structures
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TRANSFORMING TRANSITION-BASED CFG 1O MG

THE EXTENSIONS NEEDED

o Empty strings

@ Discontinuous structures

EMPTY STRINGS SOLUTION

(o1, 02 B, k)
Colm =7, o B KAL)

selectEpsilon{~} k<eAery € Lex

e is any linear function of sentence length n
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TRANSFORMING TRANSITION-BASED CFG 1O MG

DISCONTINUITY SOLUTION: SWAP TRANSITION

@ Reorders elements on the stack (stupid sort)
e Derives any permutation of words/phrases

e Minimum 0

o Maximally O(n?)

4

TRANSITIONS

o1|xly, o2, , k
swap { aulxly 2y B ) spanStart(x) < spanStart(y)
< 0'1|}/7 X|027 ﬁ7 k >
< 01, X|0-2~, ﬁ7

(oilx, o2, B,

takeBack

k)
ko)
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MG TRANSITION-BASED PARSING EXAMPLE

=~

o1 2] 8 transition

1 0o ,1,2,3, 4 |0| selec{d}

| [ | |
Phong likes what Roki draws
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MG TRANSITION-BASED PARSING EXAMPLE

o1 2] B | k | transition
1 0,1, 2,3, 4 |0| selec{d}
| | | | |
Phong likes what Roki draws
2 {(0_1)_ d} 1, 2,3, 4 |0] select{=c =d v}

Phong

| |
likes what Roki draws
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MG TRANSITION-BASED PARSING EXAMPLE

o1 2] B | k | transition
1 0,1, 2,3, 4 |0| selec{d}
Phc‘)ng Iik‘es wl"\at Rc‘aki dralws
21 {©1=d} T , T , ‘3 4 | 0| select{=c =d v}
Phl)ng likes what Roki draws
3 2,3, 4 |0] select{d —wh}

{(0.1). d}< {(1.2) L= =d V}
Phl)ng hk‘es

| |
what Roki draws
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MG TRANSITION-BASED PARSING EXAMPLE

o1 2] B | k | transition
1 0o ,1,2,3, 4 |0] select{d}
| | | | |
Phong likes what Roki draws
21 {©1=d} 1.2, 3, 4 | 0] select{=c =d v}
| | |
Phl)ng likes what Roki draws
3 {on:d} {(12): = =av} T .3, 4 | 0| selec{d —wh}
Phl)ng hk‘es what Roki draws
41 o) d) {(1,2) = =d v} {(2.3):d —wh 3, 4 | 0] select{d}
{04} | (e ) -
Phong likes what Roki draws
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MG TRANSITION-BASED PARSING EXAMPLE

o1 o2 B | k | transition
5 {(OAI): d}‘ {(LZ) t=c =d v}‘ {(23) td —Wh}v {(14) i d} 4 0 | swap

| | | |
Phong likes what Roki draws
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MG TRANSITION-BASED PARSING EXAMPLE

o1 o2 B | k | transition
5 {o:=d} {025 = =dv} {@3):d -wh} {3.9) =4} “1 0 | swap
Pthg hk‘es wh‘at Rc‘:ki draws
6| {on:d} {12 = =dv} {B.9):d} {@2.3):d —wn} “1 0 | takeBack
Pthg hk‘es lei wh‘at draws
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MG TRANSITION-BASED PARSING EXAMPLE

o1 o2 B | k | transition
5 {o:=d} {025 = =dv} {@3):d -wh} {3.9) =4} “1 0 | swap
Pthg hk‘es wh‘at Rc‘:ki draws
6| {on:d} {12 = =dv} {B.9):d} {@2.3):d —wn} “1 0 | takeBack
Pthg hk‘es lei wh‘at draws
T oy db {12 = =dv} {Bo=d}{@3:d -w) “‘ 0 | select{=d =d v}
Pthg hk‘es lei wh‘at draws
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MG TRANSITION-BASED PARSING EXAMPLE

=~

o1 o2 | B transition

8 {(OAI) :d}- {(1.2) m=c =d v}- {(3‘4) H d}v{(2.3) od —wh}v {(4A5) :=d =d v}
Ph(‘)ng \ik‘es le'\ wh‘at dra‘ws

o

tmerge
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MG TRANSITION-BASED PARSING EXAMPLE

Conclusion

what  draws

o1 o2 | B | k | transition
8 {e=d} {025 = =dv} {Bad}{@3):d -wh} {@.5): =d =dv} 0 | tmerge
| | | | |
Phong likes Roki what draws
9 {en:=d} {025 = =dv} (B d}{@5): =dv, @23): wh} 0 | tmerge
| | | |
Phong likes Roki .
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MG TRANSITION-BASED PARSING EXAMPLE
o1 o2 | B transition
8 {e=d} {025 = =dv} {Bad}{@3):d -wh} {@.5): =d =dv} tmerge
Ph(‘)ng Iik‘es lei wh‘at dra‘ws
9 {0 :a} {@2):=c =av} {Ba) 2 d}{@.5): =dv, (2.3):wn} tmerge
Ph(‘)ng Iik‘es lei l
what  draws
selectEpsilon
10 {(OAI) :d}- {(1.2) w=c =d v}- {(3‘5): v, (2,3): —Wﬁ} {:V +wh C}

Phong likes

Roki .

what  draws
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MG TRANSITION-BASED PARSING EXAMPLE
o1 o2 | B transition
8 {e=d} {025 = =dv} {Bad}{@3):d -wh} {@.5): =d =dv} tmerge
Phl)ng Iik‘es Ro‘ki wh‘at dra‘ws
9 {en:=d} {025 = =dv} (B d}{@5): =dv, @23): wh} tmerge
Pthg Iik‘es Ro‘ki l
what  draws
lectEpsil
10 {(m) :d}- {(1.2):: = =d v}- {(3‘5): v, (2.3):%} {sisclﬁzgil
Phl)ng Iik‘es l
Roki .
what  draws
I fonsah {25 =c =d v} {@3.5): v, 2.3 wh {(5)5 =vbwh ) tmerge

| |
Phong likes

|
. 3
P
Roki .
P
what  draws
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MG TRANSITION-BASED PARSING EXAMPLE

o1

=

ox | B transition

12

{(0‘1) : d}- {(1.2) w=c =d v}- {(3.5) t4whe, (2,3): wh}

Phong likes

P
Roki .

what  draws

=

tmove

Conclusion
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MG TRANSITION-BASED PARSING EXAMPLE

o1

oo | B | k | transition
12 {(0‘1) : d}- {(1.2) w=c =d v}- {(3.5) t4whe, (2,3): wh} 1| tmove
Phr‘)ng Iik‘es !
/\
/\
Roki
/\
what  draws
13 {(OAI) :d}- {(1.2) wo=c =d v} { (2,5): c} 1| tmerge
Ph(‘)ng Iik‘es L
|

Roki what draws

Conclusion
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MG TRANSITION-BASED PARSING EXAMPLE

o1 o2 | B transition
12 {(0‘1) : d}- {(1.2) w=c =d v}- {(3.5) t4whe, (2,3): wh} tmove
Phr‘)ng Iik‘es !
/\
/\
Roki
/\
what  draws
13 {(OAI) :d}- {(1.2) wo=c =d v} { (2,5): c} tmerge
Ph(‘)ng Iik‘es L
|
Roki what draws
14 {on:d) {a5): =} tmerge

|
Phong

likes

o

Roki what draws

Conclusion
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MG TRANSITION-BASED PARSING EXAMPLE

o1 oy | B | k| transition
15 {(05) V} selectEpsilon{=v c}

—

Phong .

likes Roki what draws




Introduction

Minimalist Grammars

Chart MG parser

Transition CFG parser

Transition MG parser

MG TRANSITION-BASED PARSING EXAMPLE

o1 oy | B | k| transition
15 {(05) V} 1 | selectEpsilon{=v c}
|
Phong .
likes Roki what draws
16 {©5): v} A = e} 2 | tmerge
| |
Phong .

likes Roki what draws

Conclusion
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MG TRANSITION-BASED PARSING EXAMPLE

o1 oy | B | k| transition
15 {(05) V} 1 | selectEpsilon{=v c}

Phong .

likes Roki what draws
16 {©5): v} A = e} 2 | tmerge
| |

Phong .

likes Roki what draws

17 {(0‘5) : c} 2 | goal
|
. €
Phong .

likes Roki what draws
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. best worst
operation
case case
select{-} O(n) O(n)
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select{-} O(n) O(n)
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COMPUTATIONAL COMPLEXITY

, best worst

operation case case
select{-} O(n) O(n)
selectEpsilon{-} 0 O(n)

tmerge O(n) O(n)

Conclusion
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COMPUTATIONAL COMPLEXITY

operation

select{-} O(n) O(n)
selectEpsilon{-} 0 O(n)
)
)

tmerge O(n) 0]
tmove 0 0
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COMPUTATIONAL COMPLEXITY

, best worst
operation case case
select{-} O(n) O(n)

selectEpsilon{-} 0 O(n)
tmerge O(n) O(n)
tmove 0 O(n)

swap 0 O(n?)
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COMPUTATIONAL COMPLEXITY

, best worst
operation case case
select{-} O(n) O(n)

selectEpsilon{-} 0 O(n)
tmerge O(n) O(n)
tmove 0 O(n)

swap 0 O(n?)
takeBack 0 O(n?)
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COMPUTATIONAL COMPLEXITY

, best worst
operation

case case
select{-} O(n) O(n)
selectEpsilon{-} 0 O(n)
tmerge O(n) O(n)
tmove 0 O(n)
swap 0 O(n?)
takeBack 0 O(n?)
asympt. max | O(n) O(n?)




CONCLUSION

o Cfficient parser: worst case O(n?) and best case O(n)

e Transition Parser4+Learning Model+Treebank = Minimalism
in NLP applications

@ Technique applicable to other formalisms
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