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Motivation



Key	point:	Syntactic	Information

• To	use	or	not	to	use?
• string-to-string	model
• tree/graph-to-string	model

• How	to	use?
• Change	network	structure
• Change	model	input

• To	what	extent?
• One	parsing	tree
• Multiple	parsing	trees

×Use	implicitly

○Use	explicitly

×Complicated

○Simple

×Less	information

○More	information
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Background



Sequence-to-sequence	Model	with	Attention	Mechanism



• Eriguchi et	al.	(2016)

Tree-based	NMT:	Change	network	structure



• Li	et	al.	(2017)

Tree-based	NMT:	Change	model	input



• Li	et	al.	(2017)

How	to	represent	syntactic	information	
appropriately	using	a	sequence?

Tree-based	NMT:	Change	model	input



Tree	Linearization

• Vinyals et	al.	(2015)



Packed	Forest



Our	Method



Overview

• Use	syntactic	information	explicitly
• Do	not	use	tree/graph-structured	network
• Use	multiple	parsing	trees
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Forest	Linearization

• Packed	forest	is	directed	acyclic	graph,	not	tree
• Fixed	traversal	order	does	not	exist.

• Topological	sort?
• Outputs	are	not	always	optimal	for	MT.
• Important	information	may	be	lost

• Word	sequential	information
• Parent-child	information



Word	sequential	
information

[10]à[1]à[2]à…à[9]à[11]
Valid	topological	sort
Words	are	disordered



Parent-child
information

[1]à[2]à…à[9]à[10]à[11]
Valid	topological	sort
Distances	between	[2][9][10]	
and	[11]	vary	a	lot.





Score	Sequence
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Linearization	of	Leaf	nodes



Connect	phrase	and	constituent	label Connect	words

Connect	hyperedges

Linearization	of	Leaf	nodes
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Experiments



Data
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Merits	&	Demerits

• Use	syntactic	information	explicitly
• Simpler	model,	more	information
• Robust	to	parsing	errors

• Lots	of	sentences	are	filtered	out	due	to	lengths
• Memory	consumption
• Training/decoding	efficiency
• Implementation	tricks



Conclusion

First	attempt	to	use	forest	in	neural	
machine	translation



Q	&	A

Thanks


