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limited	memory	capacity

The	dog	chased	the	cat	that	bit	the	rat	that	ate	the	cheese

Assump.on:	People	parse	sentences	within	limited	memory	capacity

●	not	incur	large	memory	cost	for	
daily	occurring	sentences

Framework:	Stack-based	incremental	parser
●	parse	tree	is	constructed	in	a	stack

human
comprehend

The	dog	chased	the	cat	that	bit	the	rat	that	ate	the	cheese

is a parsing	...

This

memory	cost:		
			#	trees	in	the	stack

⇒	Some	syntac.c	construc.on	causes	memory	overflow	
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[Schuler	et	al.,	2010]	argues	it	is	cogni.vely	plausible,	because...
●	Almost	all	English	treebank	sentences	don’t	require	cost	>	3
●	High	parsing	accuracy	within	such	memory	constraint

Our	goal:	Stack-based	dependency	parser	with	cogni.ve	plausibility
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9

popular beer Ireland

Stack Buffer

in

most

Incrementally...

●	create	arcs	in	the	stack	(reduce)
●	read	a	token	from	the	buffer	(shi#)

1

Memory	cost	for	a	parser:	number	of	subtrees	on	the	stack
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Each	system	has	a	different	property	of	memory	cost

Desired	system:	memory	cost	increases	only	with	center-embedding
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●	Le#-corner	cons.tuency	parsing

●	Memory	cost	of	exis.ng	transi.on-based	dependency	parsers

Setup
●	Psycholinguis.c	observa.on

Experiments
●	Memory	cost	during	oracle	transi.ons

●	Explora.on	of	syntac.c	biases

Le#-corner	dependency	parsing
●	Dummy	node

●	Parse	example	and	ac.on	defini.on



Key	idea:	transi.on	with	predic.on

14

Problem	of	arc-standard:	for	right-branchings...



Key	idea:	transi.on	with	predic.on

14

Problem	of	arc-standard:	for	right-branchings...

a popular			beera			popular			beer

a	cannot	be	reduced	before	beer	is	
shi#ed



Key	idea:	transi.on	with	predic.on

14

Problem	of	arc-standard:	for	right-branchings...

popular			beera			popular			beer

a	cannot	be	reduced	before	beer	is	
shi#ed

a



Key	idea:	transi.on	with	predic.on

14

Problem	of	arc-standard:	for	right-branchings...

popular			beera			popular			beer

a	cannot	be	reduced	before	beer	is	
shi#ed

a

in Irelandbeer

in	cannot	be	reduced	before	collec.ng	
childrenbeer			in			Ireland



Key	idea:	transi.on	with	predic.on

14

Problem	of	arc-standard:	for	right-branchings...

popular			beera			popular			beer

a	cannot	be	reduced	before	beer	is	
shi#ed

a

Irelandbeer

in	cannot	be	reduced	before	collec.ng	
childrenbeer			in			Ireland

in



Key	idea:	transi.on	with	predic.on

14

Problem	of	arc-standard:	for	right-branchings...

popular			beera			popular			beer

a	cannot	be	reduced	before	beer	is	
shi#ed

a

Irelandbeer

in	cannot	be	reduced	before	collec.ng	
childrenbeer			in			Ireland

Solu.on:	right	side	of	subtree	is	predicted	during	transi.on
●	Dummy	node:	represents	predicted	part	in	a	subtree

in



Key	idea:	transi.on	with	predic.on

14

Problem	of	arc-standard:	for	right-branchings...

popular			beera			popular			beer

a	cannot	be	reduced	before	beer	is	
shi#ed

a

Irelandbeer

in	cannot	be	reduced	before	collec.ng	
childrenbeer			in			Ireland

Solu.on:	right	side	of	subtree	is	predicted	during	transi.on
●	Dummy	node:	represents	predicted	part	in	a	subtree

in

a
x



Key	idea:	transi.on	with	predic.on

14

Problem	of	arc-standard:	for	right-branchings...

popular			beera			popular			beer

a	cannot	be	reduced	before	beer	is	
shi#ed

a

Irelandbeer

in	cannot	be	reduced	before	collec.ng	
childrenbeer			in			Ireland

Solu.on:	right	side	of	subtree	is	predicted	during	transi.on
●	Dummy	node:	represents	predicted	part	in	a	subtree

in

a
x

a popular
x



Key	idea:	transi.on	with	predic.on

14

Problem	of	arc-standard:	for	right-branchings...

popular			beera			popular			beer

a	cannot	be	reduced	before	beer	is	
shi#ed

a

Irelandbeer

in	cannot	be	reduced	before	collec.ng	
childrenbeer			in			Ireland

Solu.on:	right	side	of	subtree	is	predicted	during	transi.on
●	Dummy	node:	represents	predicted	part	in	a	subtree

in

a
x beer

xa popular
x



Key	idea:	transi.on	with	predic.on

14

Problem	of	arc-standard:	for	right-branchings...

popular			beera			popular			beer

a	cannot	be	reduced	before	beer	is	
shi#ed

a

Irelandbeer

in	cannot	be	reduced	before	collec.ng	
childrenbeer			in			Ireland

Solu.on:	right	side	of	subtree	is	predicted	during	transi.on
●	Dummy	node:	represents	predicted	part	in	a	subtree

in

a
x beer

xa popular
x beer

in
x



Parsing	example

15

beer Ireland

Stack Buffer

inpopulara



Parsing	example

15

beer Ireland

Stack Buffer

inpopulara



Parsing	example

15

beer Ireland

Stack Buffer

inpopularx
a



Parsing	example

15

beer Ireland

Stack Buffer

inx
a

popular



Parsing	example

15

popular

beer Ireland

Stack Buffer

inx
a



Parsing	example

15

popular

Ireland

Stack Buffer

in

a

beer



Parsing	example

15

popular

Ireland

Stack Buffer

in

a

beer

x



Parsing	example

15

popular

Ireland

Stack Buffer

a

beer in

x



Parsing	example

15

popular

Ireland

Stack Buffer

a

beer

in

x



Parsing	example

15

popular

Stack Buffer

a

beer

in

Ireland



4	kinds	of	ac.ons

16

SHIFT

INSERT

COMP	(leP/right)

PRED	(leP/right)



4	kinds	of	ac.ons

16

a		popular	... popular	...a

beer		in	...

a popular

x in	...beer

a popular

SHIFT

INSERT

COMP	(leP/right)

PRED	(leP/right)



4	kinds	of	ac.ons

16

a		popular	... popular	...a

beer		in	...

a popular

x in	...beer

a popular

SHIFT

INSERT

COMP	(leP/right)

PRED	(leP/right)

create	a	new	dummy	node

popular	... popular	...
a

a x



4	kinds	of	ac.ons

16

a		popular	... popular	...a

beer		in	...

a popular

x in	...beer

a popular

SHIFT

INSERT
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Non-constant	cost	only	with	center-embedding:

Which	makes	the	chase	car	necessary

Deep	connec.on	to	cons.tuency	le#-corner	parsing
●	PRED	can	be	interpreted	as	original	predict	with	CNF:

●	COMP	is	also	connected	to	composite	in	[Resnik,	1992]
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●	Le#-corner	cons.tuency	parsing

●	Memory	cost	of	dependency	parsers

Setup
●	Psycholinguis.c	observa.on

Experiments
●	Memory	cost	during	oracle	transi.ons
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Le#-corner	dependency	parsing
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●	Parse	example	and	ac.on	defini.on
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Dataset:	CoNLL	06/07	shared	tasks	(18	language	treebanks)

Evalua.on:	Required	memory	cost	to	recognize	gold	dependency	
trees	in	treebanks

a ...is
There

is
There

a large...

1 2

●	Our	interest:	cross-linguis.cally	cogni.vely	plausible	parser	
●	Such	parser	should	use	less	memory	for	recognizing	sentences	
across	diverse	languages
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100 Catalan

1 2 3 4 5 6 7 8 91050
60
70
80
90

100 Chinese

1 2 3 4 5 6 7 8 91050
60
70
80
90

100 Czech

1 2 3 4 5 6 7 8 91050
60
70
80
90

100 Danish

1 2 3 4 5 6 7 8 91050
60
70
80
90

100 Dutch

1 2 3 4 5 6 7 8 91050
60
70
80
90

100 English

1 2 3 4 5 6 7 8 91050
60
70
80
90

100 Greek

1 2 3 4 5 6 7 8 91050
60
70
80
90

100 Hungarian

1 2 3 4 5 6 7 8 91050
60
70
80
90

100 Italian

1 2 3 4 5 6 7 8 91050
60
70
80
90

100 Japanese

1 2 3 4 5 6 7 8 91050
60
70
80
90

100 Portuguese

1 2 3 4 5 6 7 8 91050
60
70
80
90

100 Slovene

1 2 3 4 5 6 7 8 91050
60
70
80
90

100 Spanish

1 2 3 4 5 6 7 8 91050
60
70
80
90

100 Swedish

1 2 3 4 5 6 7 8 91050
60
70
80
90

100 Turkish
Arc-standard
Arc-standard (random)
Arc-eagerLe#-corner

1 2 3 4 5 6 7 8 91050
60
70
80
90

100 Arabic

1 2 3 4 5 6 7 8 91050
60
70
80
90

100 Basque

1 2 3 4 5 6 7 8 91050
60
70
80
90

100 Bulgarian

1 2 3 4 5 6 7 8 91050
60
70
80
90

100 Catalan

1 2 3 4 5 6 7 8 91050
60
70
80
90

100 Chinese

1 2 3 4 5 6 7 8 91050
60
70
80
90

100 Czech

1 2 3 4 5 6 7 8 91050
60
70
80
90

100 Danish

1 2 3 4 5 6 7 8 91050
60
70
80
90

100 Dutch

1 2 3 4 5 6 7 8 91050
60
70
80
90

100 English

1 2 3 4 5 6 7 8 91050
60
70
80
90

100 Greek

1 2 3 4 5 6 7 8 91050
60
70
80
90

100 Hungarian

1 2 3 4 5 6 7 8 91050
60
70
80
90

100 Italian

1 2 3 4 5 6 7 8 91050
60
70
80
90

100 Japanese

1 2 3 4 5 6 7 8 91050
60
70
80
90

100 Portuguese

1 2 3 4 5 6 7 8 91050
60
70
80
90

100 Slovene

1 2 3 4 5 6 7 8 91050
60
70
80
90

100 Spanish

1 2 3 4 5 6 7 8 91050
60
70
80
90

100 Swedish

1 2 3 4 5 6 7 8 91050
60
70
80
90

100 Turkish
Arc-standard
Arc-standard (random)
Arc-eager●	Arc-eager	requires	less	memory	than	arc-standard

●	Le#-corner:	except	Arabic,	98%	of	states	⇒	cost	<	4



Universality
Arc-eager	performs	poorly	in	some	languages

Le#-corner’s	behavior	is	more	consistent	across	languages

Arc-standard

1 2 3 4 5 6 7 8 91050
60
70
80
90

100 Arabic

1 2 3 4 5 6 7 8 91050
60
70
80
90

100 Basque

1 2 3 4 5 6 7 8 91050
60
70
80
90

100 Bulgarian

1 2 3 4 5 6 7 8 91050
60
70
80
90

100 Catalan

1 2 3 4 5 6 7 8 91050
60
70
80
90

100 Chinese

1 2 3 4 5 6 7 8 91050
60
70
80
90

100 Czech

1 2 3 4 5 6 7 8 91050
60
70
80
90

100 Danish

1 2 3 4 5 6 7 8 91050
60
70
80
90

100 Dutch

1 2 3 4 5 6 7 8 91050
60
70
80
90

100 English

1 2 3 4 5 6 7 8 91050
60
70
80
90

100 Greek

1 2 3 4 5 6 7 8 91050
60
70
80
90

100 Hungarian

1 2 3 4 5 6 7 8 91050
60
70
80
90

100 Italian

1 2 3 4 5 6 7 8 91050
60
70
80
90

100 Japanese

1 2 3 4 5 6 7 8 91050
60
70
80
90

100 Portuguese

1 2 3 4 5 6 7 8 91050
60
70
80
90

100 Slovene

1 2 3 4 5 6 7 8 91050
60
70
80
90

100 Spanish

1 2 3 4 5 6 7 8 91050
60
70
80
90

100 Swedish

1 2 3 4 5 6 7 8 91050
60
70
80
90

100 Turkish
Arc-standard
Arc-standard (random)
Arc-eager

Arc-eager

1 2 3 4 5 6 7 8 91050
60
70
80
90

100 Arabic

1 2 3 4 5 6 7 8 91050
60
70
80
90

100 Basque

1 2 3 4 5 6 7 8 91050
60
70
80
90

100 Bulgarian

1 2 3 4 5 6 7 8 91050
60
70
80
90

100 Catalan

1 2 3 4 5 6 7 8 91050
60
70
80
90

100 Chinese

1 2 3 4 5 6 7 8 91050
60
70
80
90

100 Czech

1 2 3 4 5 6 7 8 91050
60
70
80
90

100 Danish

1 2 3 4 5 6 7 8 91050
60
70
80
90

100 Dutch

1 2 3 4 5 6 7 8 91050
60
70
80
90

100 English

1 2 3 4 5 6 7 8 91050
60
70
80
90

100 Greek

1 2 3 4 5 6 7 8 91050
60
70
80
90

100 Hungarian

1 2 3 4 5 6 7 8 91050
60
70
80
90

100 Italian

1 2 3 4 5 6 7 8 91050
60
70
80
90

100 Japanese

1 2 3 4 5 6 7 8 91050
60
70
80
90

100 Portuguese

1 2 3 4 5 6 7 8 91050
60
70
80
90

100 Slovene

1 2 3 4 5 6 7 8 91050
60
70
80
90

100 Spanish

1 2 3 4 5 6 7 8 91050
60
70
80
90

100 Swedish

1 2 3 4 5 6 7 8 91050
60
70
80
90

100 Turkish
Arc-standard
Arc-standard (random)
Arc-eager

Le#-corner

1 2 3 4 5 6 7 8 91050
60
70
80
90

100 Arabic

1 2 3 4 5 6 7 8 91050
60
70
80
90

100 Basque

1 2 3 4 5 6 7 8 91050
60
70
80
90

100 Bulgarian

1 2 3 4 5 6 7 8 91050
60
70
80
90

100 Catalan

1 2 3 4 5 6 7 8 91050
60
70
80
90

100 Chinese

1 2 3 4 5 6 7 8 91050
60
70
80
90

100 Czech

1 2 3 4 5 6 7 8 91050
60
70
80
90

100 Danish

1 2 3 4 5 6 7 8 91050
60
70
80
90

100 Dutch

1 2 3 4 5 6 7 8 91050
60
70
80
90

100 English

1 2 3 4 5 6 7 8 91050
60
70
80
90

100 Greek

1 2 3 4 5 6 7 8 91050
60
70
80
90

100 Hungarian

1 2 3 4 5 6 7 8 91050
60
70
80
90

100 Italian

1 2 3 4 5 6 7 8 91050
60
70
80
90

100 Japanese

1 2 3 4 5 6 7 8 91050
60
70
80
90

100 Portuguese

1 2 3 4 5 6 7 8 91050
60
70
80
90

100 Slovene

1 2 3 4 5 6 7 8 91050
60
70
80
90

100 Spanish

1 2 3 4 5 6 7 8 91050
60
70
80
90

100 Swedish

1 2 3 4 5 6 7 8 91050
60
70
80
90

100 Turkish
Arc-standard
Arc-standard (random)
Arc-eager
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1 2 3 4 5 6 7 8 9 1050

60

70

80

90

100
Arabic

1 2 3 4 5 6 7 8 9 1050

60

70

80

90

100
Basque

1 2 3 4 5 6 7 8 9 1050

60

70

80

90

100
Bulgarian

1 2 3 4 5 6 7 8 9 1050

60

70

80

90

100
Catalan

1 2 3 4 5 6 7 8 9 1050

60

70

80

90

100
Chinese

1 2 3 4 5 6 7 8 9 1050

60

70

80

90

100
Czech

1 2 3 4 5 6 7 8 9 1050

60

70

80

90

100
Danish

1 2 3 4 5 6 7 8 9 1050

60

70

80

90

100
Dutch

1 2 3 4 5 6 7 8 9 1050

60

70

80

90

100
English

1 2 3 4 5 6 7 8 9 1050

60

70

80

90

100
Greek

1 2 3 4 5 6 7 8 9 1050

60

70

80

90

100
Hungarian

1 2 3 4 5 6 7 8 9 1050

60

70

80

90

100
Italian

1 2 3 4 5 6 7 8 9 1050

60

70

80

90

100
Japanese

1 2 3 4 5 6 7 8 9 1050

60

70

80

90

100
Portuguese

1 2 3 4 5 6 7 8 9 1050

60

70

80

90

100
Slovene

1 2 3 4 5 6 7 8 9 1050

60

70

80

90

100
Spanish

1 2 3 4 5 6 7 8 9 1050

60

70

80

90

100
Swedish

1 2 3 4 5 6 7 8 9 1050

60

70

80

90

100
Turkish

1 2 3 4 5 6 7 8 9 1050

60

70

80

90

100
Arabic

1 2 3 4 5 6 7 8 9 1050

60

70

80

90

100
Basque

1 2 3 4 5 6 7 8 9 1050

60

70

80

90

100
Bulgarian

1 2 3 4 5 6 7 8 9 1050

60

70

80

90

100
Catalan

1 2 3 4 5 6 7 8 9 1050

60

70

80

90

100
Chinese

1 2 3 4 5 6 7 8 9 1050

60

70

80

90

100
Czech

1 2 3 4 5 6 7 8 9 1050

60

70

80

90

100
Danish

1 2 3 4 5 6 7 8 9 1050

60

70

80

90

100
Dutch

1 2 3 4 5 6 7 8 9 1050

60

70

80

90

100
English

1 2 3 4 5 6 7 8 9 1050

60

70

80

90

100
Greek

1 2 3 4 5 6 7 8 9 1050

60

70

80

90

100
Hungarian

1 2 3 4 5 6 7 8 9 1050

60

70

80

90

100
Italian

1 2 3 4 5 6 7 8 9 1050

60

70

80

90

100
Japanese

1 2 3 4 5 6 7 8 9 1050

60

70

80

90

100
Portuguese

1 2 3 4 5 6 7 8 9 1050

60

70

80

90

100
Slovene

1 2 3 4 5 6 7 8 9 1050

60

70

80

90

100
Spanish

1 2 3 4 5 6 7 8 9 1050

60

70

80

90

100
Swedish

1 2 3 4 5 6 7 8 9 1050

60

70

80

90

100
Turkish

1 2 3 4 5 6 7 8 9 1050

60

70

80

90

100
Arabic

1 2 3 4 5 6 7 8 9 1050

60

70

80

90

100
Basque

1 2 3 4 5 6 7 8 9 1050

60

70

80

90

100
Bulgarian

1 2 3 4 5 6 7 8 9 1050

60

70

80

90

100
Catalan

1 2 3 4 5 6 7 8 9 1050

60

70

80

90

100
Chinese

1 2 3 4 5 6 7 8 9 1050

60

70

80

90

100
Czech

1 2 3 4 5 6 7 8 9 1050

60

70

80

90

100
Danish

1 2 3 4 5 6 7 8 9 1050

60

70

80

90

100
Dutch

1 2 3 4 5 6 7 8 9 1050

60

70

80

90

100
English

1 2 3 4 5 6 7 8 9 1050

60

70

80

90

100
Greek

1 2 3 4 5 6 7 8 9 1050

60

70

80

90

100
Hungarian

1 2 3 4 5 6 7 8 9 1050

60

70

80

90

100
Italian

1 2 3 4 5 6 7 8 9 1050

60

70

80

90

100
Japanese

1 2 3 4 5 6 7 8 9 1050

60

70

80

90

100
Portuguese

1 2 3 4 5 6 7 8 9 1050

60

70

80

90

100
Slovene

1 2 3 4 5 6 7 8 9 1050

60

70

80

90

100
Spanish

1 2 3 4 5 6 7 8 9 1050

60

70

80

90

100
Swedish

1 2 3 4 5 6 7 8 9 1050

60

70

80

90

100
Turkish



Universality
Arc-eager	performs	poorly	in	some	languages

Le#-corner’s	behavior	is	more	consistent	across	languages

Indicate	le#-corner	is	cross-linguis.cally	
cogni.vely	plausible	in	terms	of	memory	cost Arc-standard

1 2 3 4 5 6 7 8 91050
60
70
80
90

100 Arabic

1 2 3 4 5 6 7 8 91050
60
70
80
90

100 Basque

1 2 3 4 5 6 7 8 91050
60
70
80
90

100 Bulgarian

1 2 3 4 5 6 7 8 91050
60
70
80
90

100 Catalan

1 2 3 4 5 6 7 8 91050
60
70
80
90

100 Chinese

1 2 3 4 5 6 7 8 91050
60
70
80
90

100 Czech

1 2 3 4 5 6 7 8 91050
60
70
80
90

100 Danish

1 2 3 4 5 6 7 8 91050
60
70
80
90

100 Dutch

1 2 3 4 5 6 7 8 91050
60
70
80
90

100 English

1 2 3 4 5 6 7 8 91050
60
70
80
90

100 Greek

1 2 3 4 5 6 7 8 91050
60
70
80
90

100 Hungarian

1 2 3 4 5 6 7 8 91050
60
70
80
90

100 Italian

1 2 3 4 5 6 7 8 91050
60
70
80
90

100 Japanese

1 2 3 4 5 6 7 8 91050
60
70
80
90

100 Portuguese

1 2 3 4 5 6 7 8 91050
60
70
80
90

100 Slovene

1 2 3 4 5 6 7 8 91050
60
70
80
90

100 Spanish

1 2 3 4 5 6 7 8 91050
60
70
80
90

100 Swedish

1 2 3 4 5 6 7 8 91050
60
70
80
90

100 Turkish
Arc-standard
Arc-standard (random)
Arc-eager

Arc-eager

1 2 3 4 5 6 7 8 91050
60
70
80
90

100 Arabic

1 2 3 4 5 6 7 8 91050
60
70
80
90

100 Basque

1 2 3 4 5 6 7 8 91050
60
70
80
90

100 Bulgarian

1 2 3 4 5 6 7 8 91050
60
70
80
90

100 Catalan

1 2 3 4 5 6 7 8 91050
60
70
80
90

100 Chinese

1 2 3 4 5 6 7 8 91050
60
70
80
90

100 Czech

1 2 3 4 5 6 7 8 91050
60
70
80
90

100 Danish

1 2 3 4 5 6 7 8 91050
60
70
80
90

100 Dutch

1 2 3 4 5 6 7 8 91050
60
70
80
90

100 English

1 2 3 4 5 6 7 8 91050
60
70
80
90

100 Greek

1 2 3 4 5 6 7 8 91050
60
70
80
90

100 Hungarian

1 2 3 4 5 6 7 8 91050
60
70
80
90

100 Italian

1 2 3 4 5 6 7 8 91050
60
70
80
90

100 Japanese

1 2 3 4 5 6 7 8 91050
60
70
80
90

100 Portuguese

1 2 3 4 5 6 7 8 91050
60
70
80
90

100 Slovene

1 2 3 4 5 6 7 8 91050
60
70
80
90

100 Spanish

1 2 3 4 5 6 7 8 91050
60
70
80
90

100 Swedish

1 2 3 4 5 6 7 8 91050
60
70
80
90

100 Turkish
Arc-standard
Arc-standard (random)
Arc-eager

Le#-corner

1 2 3 4 5 6 7 8 91050
60
70
80
90

100 Arabic

1 2 3 4 5 6 7 8 91050
60
70
80
90

100 Basque

1 2 3 4 5 6 7 8 91050
60
70
80
90

100 Bulgarian

1 2 3 4 5 6 7 8 91050
60
70
80
90

100 Catalan

1 2 3 4 5 6 7 8 91050
60
70
80
90

100 Chinese

1 2 3 4 5 6 7 8 91050
60
70
80
90

100 Czech

1 2 3 4 5 6 7 8 91050
60
70
80
90

100 Danish

1 2 3 4 5 6 7 8 91050
60
70
80
90

100 Dutch

1 2 3 4 5 6 7 8 91050
60
70
80
90

100 English

1 2 3 4 5 6 7 8 91050
60
70
80
90

100 Greek

1 2 3 4 5 6 7 8 91050
60
70
80
90

100 Hungarian

1 2 3 4 5 6 7 8 91050
60
70
80
90

100 Italian

1 2 3 4 5 6 7 8 91050
60
70
80
90

100 Japanese

1 2 3 4 5 6 7 8 91050
60
70
80
90

100 Portuguese

1 2 3 4 5 6 7 8 91050
60
70
80
90

100 Slovene

1 2 3 4 5 6 7 8 91050
60
70
80
90

100 Spanish

1 2 3 4 5 6 7 8 91050
60
70
80
90

100 Swedish

1 2 3 4 5 6 7 8 91050
60
70
80
90

100 Turkish
Arc-standard
Arc-standard (random)
Arc-eager
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memory cost
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1 2 3 4 5 6 7 8 9 1050

60

70

80

90

100
Arabic

1 2 3 4 5 6 7 8 9 1050

60

70

80

90

100
Basque

1 2 3 4 5 6 7 8 9 1050

60

70

80

90

100
Bulgarian

1 2 3 4 5 6 7 8 9 1050

60

70

80

90

100
Catalan

1 2 3 4 5 6 7 8 9 1050

60

70

80

90

100
Chinese

1 2 3 4 5 6 7 8 9 1050

60

70

80

90

100
Czech

1 2 3 4 5 6 7 8 9 1050

60

70

80

90

100
Danish

1 2 3 4 5 6 7 8 9 1050

60

70

80

90

100
Dutch

1 2 3 4 5 6 7 8 9 1050

60

70

80

90

100
English

1 2 3 4 5 6 7 8 9 1050

60

70

80

90

100
Greek

1 2 3 4 5 6 7 8 9 1050

60

70

80

90

100
Hungarian

1 2 3 4 5 6 7 8 9 1050

60

70

80

90

100
Italian

1 2 3 4 5 6 7 8 9 1050

60

70

80

90

100
Japanese

1 2 3 4 5 6 7 8 9 1050

60

70

80

90

100
Portuguese

1 2 3 4 5 6 7 8 9 1050

60

70

80

90

100
Slovene

1 2 3 4 5 6 7 8 9 1050

60

70

80

90

100
Spanish

1 2 3 4 5 6 7 8 9 1050

60

70

80

90

100
Swedish

1 2 3 4 5 6 7 8 9 1050

60

70

80

90

100
Turkish

1 2 3 4 5 6 7 8 9 1050

60

70

80

90

100
Arabic

1 2 3 4 5 6 7 8 9 1050

60

70

80

90

100
Basque

1 2 3 4 5 6 7 8 9 1050

60

70

80

90

100
Bulgarian

1 2 3 4 5 6 7 8 9 1050

60

70

80

90

100
Catalan

1 2 3 4 5 6 7 8 9 1050

60

70

80

90

100
Chinese

1 2 3 4 5 6 7 8 9 1050

60

70

80

90

100
Czech

1 2 3 4 5 6 7 8 9 1050

60

70

80

90

100
Danish

1 2 3 4 5 6 7 8 9 1050

60

70

80

90

100
Dutch

1 2 3 4 5 6 7 8 9 1050

60

70

80

90

100
English

1 2 3 4 5 6 7 8 9 1050

60

70

80

90

100
Greek

1 2 3 4 5 6 7 8 9 1050

60

70

80

90

100
Hungarian

1 2 3 4 5 6 7 8 9 1050

60

70

80

90

100
Italian

1 2 3 4 5 6 7 8 9 1050

60

70

80

90

100
Japanese

1 2 3 4 5 6 7 8 9 1050

60

70

80

90

100
Portuguese

1 2 3 4 5 6 7 8 9 1050

60

70

80

90

100
Slovene

1 2 3 4 5 6 7 8 9 1050

60

70

80

90

100
Spanish

1 2 3 4 5 6 7 8 9 1050

60

70

80

90

100
Swedish

1 2 3 4 5 6 7 8 9 1050

60

70

80

90

100
Turkish

1 2 3 4 5 6 7 8 9 1050

60

70

80

90

100
Arabic

1 2 3 4 5 6 7 8 9 1050

60

70

80

90

100
Basque

1 2 3 4 5 6 7 8 9 1050

60

70

80

90

100
Bulgarian

1 2 3 4 5 6 7 8 9 1050

60

70

80

90

100
Catalan

1 2 3 4 5 6 7 8 9 1050

60

70

80

90

100
Chinese

1 2 3 4 5 6 7 8 9 1050

60

70

80

90

100
Czech

1 2 3 4 5 6 7 8 9 1050

60

70

80

90

100
Danish

1 2 3 4 5 6 7 8 9 1050

60

70

80

90

100
Dutch

1 2 3 4 5 6 7 8 9 1050

60

70

80

90

100
English

1 2 3 4 5 6 7 8 9 1050

60

70

80

90

100
Greek

1 2 3 4 5 6 7 8 9 1050

60

70

80

90

100
Hungarian

1 2 3 4 5 6 7 8 9 1050

60

70

80

90

100
Italian

1 2 3 4 5 6 7 8 9 1050

60

70

80

90

100
Japanese

1 2 3 4 5 6 7 8 9 1050

60

70

80

90

100
Portuguese

1 2 3 4 5 6 7 8 9 1050

60

70

80

90

100
Slovene

1 2 3 4 5 6 7 8 9 1050

60

70

80

90

100
Spanish

1 2 3 4 5 6 7 8 9 1050

60

70

80

90

100
Swedish

1 2 3 4 5 6 7 8 9 1050

60

70

80

90

100
Turkish
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center-embedded	dependency?

Previous	study:	Dependency	length	minimiza.on

●	Dependency	trees	may	have	evolved	to	
minimize	the	sum	of	dependency	lengths

[Gildea	&	Temperley,	2007;	Park	&	Levy,	2009]

John	loves	Mary	⇒	2

loves	John	Mary	⇒	3
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Method:	Following	[Gildea	and	Temperley,	2007]
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most		popular		beer		in		Ireland

LEFT-PRED:

most
most

x

The	same	form	as	predicDon	in!
original	le#-corner	parser

X[most]

most

X[x]

X[x]
X[most]

most

X[beer]

beer
X[beer]

beer

X[beer]

X[x]

RIGHT-PRED:

beer
beer

x

Difference:	predicted	parent	label
(Which	child	is	the	head	child?)
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beer

x
in

beer

x

in

RIGHT-COMP:

X[beer]

beer

X[beer]

X[x]
X[in]

in
X[beer]

beer

X[beer]

X[in]

X[in]

in

X[x]

The	same	form	as	original	composiDon	[Resnik,	1992]

LEFT-COMP	differs	
in	this	label

Important	result:	Our	parser	implicitly	recognizes	a	CNF	tree	
as	the	original	le#-corner	parser	would	do

beer		in		Ireland


