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What's an ideal language resource for
statistical machine translation?

Lots and lots of parallel texts?

A large word and phrase aligned parallel
treebank?

A large semantically annotated parallel corpus?
— Parallel Abstract Meaning Representation Corpus

Other
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Issues with treebanks and word alignments

« Status quo:

— Manually annotated treebanks and word alignments
independently conceived

 Inevitable incompatibilities between word alignment and the syntactic
structure

— Treebanks on both sides are independently conceived
* Incompatibilities between the parse trees of a sentence pair

— Treebanks not optimized for MT
» Trees too shallow, too deep
* Frustrated MT users
— Forget about parse trees!
— Or use automatically induced parse trees!
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Addressing this problem

« Create a hierarchically aligned Chinese English parallel
treebank that

— harmonizes word alignment and the syntactic structure of a
sentence,

— synchronizes the parse trees of the sentence pair

— Empirically determine the amount of structure that is needed
during alignment
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Word alignment is deceptively complicated

v" An equivalent exists in the target-language sentence,
which matches the word in both lexical meaning and
grammatical function

? There is a candidate in the target-language sentence,
which does not have the same lexical meaning and/or
grammatical function as the word but could be aligned in
the given context

? The word has no translation counterpart in the target-
language sentence at all.
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Word alignment

laoshi ba xuesheng  biaoyang le

2 it FA R T

N

the teacher praised the student
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Word alignment

laoshi ba xuesheng  biaoyang le
= i PR E &7 it
\ B pemm
|
|
| \
the teacher praised the student
2 fi<>teacher =44 & student
2 fi<the teacher 1 &the student
24 Ostudent

24 Sthe student
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“Syntactic annotation” in word alignment

- -~ - ~

/ v v ™\
laoshi ba xuesheng biaoyang le
2 m 1 R E &7 it
the teacher praised the student
SN A N A
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Redundancylpand conflict with parse trees

W—

NP VP
BA I=
l NP VP
el \4 -2 e
laoshi ba xuesheng biaoyang le
=AU [ P E&7| it
the teacher praised the student
M~ |
DT NN DT NN
\\\\M//// VBD NP
— v/
NP VP
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Causes of conflict

* Word alignment standards and treebanking
standards are independently established and are
meant to be used separately

* Need an approach that systematically considers
the interaction between word alignment and
syntactic structure to maximize the utility of
aligned parse trees

« Solution: hierarchical alignment

— “sure” alignments only at word level, others aligned
iIndirectly via node alignment in their context
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Hierarchical alignment

'

NP \ VP
1
'BA P
\ — =
\‘[ NP VP
- \4 - N
laoshi bé xuesheng biaoyang le
2 i) St & 7
\ i y
the teache‘r praised the student
\
I\ —_— /‘ [ r\ —_—— 1
DT NN | DT NN
\/ \ VBD NP
[ — L —
NP \ VP
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Hierarchical alignment

VP
BA I=
NP VP
- \4 - S
laoshi bé xuesheng biaoyang le
2 i) 1 £ 7
\ ‘\ >( —
the “ teacher praised the student
i
I ' | r\——/ 1
DT NN | DT NN
i
\ \ VBD NP
[ — L —
NP \ VP

13
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Hierarchical alignment

|

xueshéQg biaoyang e

=240 DA e
‘ )( _
the “ teacher praised thg student
| | - | ® I
1 \
DT NN | DT % NN
\ \‘ VBD NP
NP ‘\ \7|5

14
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Hierarchical alignment

IP
VP
1 v /\
laoshi bh xuesheng  biaoyang e
2, i) $EON, EH T
\ \‘ )( -
the teacher praised

'lth\a\ student
LI |

DT %, NN
:
|

‘ \ VBD NP
b
NP \‘ VP

S

NN

i
i
I “ I ‘\
\ ‘
i

19
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Issues In aligning parse trees

 Too much structure
— Not all nodes in a parse tree are aligned or alignable.

— This might suggest that not all the syntactic
structures annotated in existing treebanks are
necessary for MT purposes

* Too little structure

— Flat structures in the parse trees can prevent
legitimate alignments

— Needs to revise trees in order to get proper
alignments

16



Brandeis University [T;
Too little structure

EX

P
NP : V|P
I
] DP | \
I — “ -
I
.' —
I

, ,‘ NN \‘ NN
| I N
N B Ve

guk L ALER T
/o o ——

The Semate reopened) the budgeﬂ talks Iast‘\ week
I 1 [ LI I

I :] Ill DT NN ' NN JJ\\“/NN

Dw\l P WV : ‘\I\L _“‘/ L
NE : XP

-S 17
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Potential benefits of hierarchical alignment

« Captures unconstrained long-distance lexical
dependencies

+ Allows the extraction of linguistically
Interpretable rules

« Smaller but equally potent translation table
« Better MT accuracy?
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Fewer rules

~ IP
\ —
NP || /VP\
\
\ v
laoshi bé xueshéQg| biaoyang e
2 i) $EON, EH T
\"\ \‘ )( -
the “ teacher praised 'lth\a\ student
1 : \
I \ I \‘ III \\ I
DT NN | pT °, NN
\ |
\‘ ‘\‘ VBD : NP
\
NP \‘ VP

=7 <the student
HU22 2L enthe stuent
fEXZEK47 1 < praised X

19
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Long distance dependency: Passives

S66

TOP—IB—-ADVP 2D 1 g B Eventually g 1RE ADVP TMP—S—TOP

I PU 2extra . we g  2PRP NP_SBJ{

fnp_sBJ PN 3 g B / will g 3MD VP

H#B—vp—apve AD 4 g 9 outlaw g 4vB VB/REU—v P |

] e BA Sextra I8 /| gravity g 5NN ned | |

|| Llrp oBJ-NP SBJ-NN 6 g HEhH — SO extra 6IN SBAR PRPJ |

|| Lvp VW 7 g EBA — that extra 71N ]

| LN OBJ-ADJP-JJ 8 g FEFHE sludge g 8NN NP_SBJ 1-SUREGS |

| Lnp NN 9 g B — is extra 9VB vel |

| | PU10extra |, prohibited g 10VBN vpd |

| Lvp—ADVE AD11extra X#% from extrallIN PP_CLR/ |

| Lve W12extra G| running g 12VBG——VB-s NoM |

| Lve V13| g downbhill g 13RB—ADVP_DIRJ |

| jhvp_oBI— NN14 g g 14. :

| lip-we VV15 g ﬁﬂiiﬂ

| LNp_OBJ NN16 g

' PU17 g o

[A] 2E11 X, X, <--> X, is prohibited from X,]

20
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Long distance dependency: 2 construction

Lve vwWi13 g Hik downhill g 13RB-ADVP_DIR/
NP OBJ—————NN14 BB . g 14.
L1p—¥B VV15 b3

g
g
NN16 g IITF
PU17 g

Lvp COBJ

S66
TOP—IB—ADVP AD Eventually g 1RB ADVP_TMP—8-TOP
| PU - we g 2PRP NP_SBJ{
NP _SBJ PN will g 3MD VP
H#B—vp—apve AD outlaw g 4VB VP/REU-VE] |
|| e BA - gravity g 5NN nel ||
||  LlrIp_oBJ-NP_SBJ-NN SO extra 6IN SBAR PRPJ |
|| Lvp vV that extra 71N ]
| LNP_OBJ-ADJP-JJ sludge g 8NN NP_sBJ_1-SUREG’ |
| Lwe N is extra 9VB ved |
| '} PU10extra |, prohibited g 10VBN v |
| Lvp—ADVE AD11extra X#% from extrallIN PP_CLR/ |
| e VV12extra A running g 12VBG———WP-s_Nom! |
| |
| |
|
|
|

o

[H X € NIEERER <--> outlaw X]

21
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Long distance dependency.

discourse Connectives 66
TOP—IP—-ADVP 2D 1 g MR Eventually g 1RE ADVP TMP—S—TOP
I PU 2extra o we g 2PRP NP_SBJ]
Inp_sBJ PN 3 g i / will g 3MD VP
H#B—vp—apve AD 4 g 9 outlaw g 4vB VB/REU—v P |
] e BA Sextra ?E | gravity g 5NN ned | |
|| Llrp _oBJ-NP SBJ-NN 6 g EhH- SO extra 6IN SBAR PRPJ |
|| Lvp VW 7 g EBA — that extra 71N ]
| LN OBJ-ADJP-JJ 8 g FEFHE sludge g 8NN NP_SBJ 1-SUREGS |
| Lnp NN 9 g B — is extra 9VB vel |
| '} PU10extra |, prohibited g 10VBN v |
| Lvp—aDvP AD11extra iX# from extrallIN PP CLRJ |
| Lve VVi2extra ®] running g 12VBG——VB-s NoM |
| Lve Vw13 g Eik downbhill g 13RB—ADVP_DIRJ |
| RP_OBI———NN14 g | HE . g 14. :
| lip-we vV15 g 3
| LNp OBJ NN16 g IWIF
' PU17| @ | o
[BF X, IXFE X, <--> will X, so that X,]

22
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Long distance dependency: Questions

S1550
TOP—IP_Q——PU 1 extra + Why g 1WRB—WHADVP 2-SBARQ/REU-TOP

NBRSES——rN 2 g filafil — do  extra 2VBP s
FVP—ADVP WH-AD 3 g T ' g 3RB | |
[[aove——an4 g g 4pRe NP_SBJ_1{ |

| WB—vsB——vV 5 g g 5VB VP/UFW |

| L——vve g g 6RB ADVP DIR{ |

| PU7 g 2 T to extra 7 T0—————VP—S PRPJ |

T —_ T——fight | g 8VB vpA |

17 g 9. '

[ X, W4 AN X, <> Why do n't X, X,]

23
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Alignment in syntactic context: Conjunction

S3850

TOP—IP-NP_SBJ—— PN 1 g S 1 g 1PRP NP SBJ—S—TCP
fve wW 2 g @ EAB understood g @ 2VED VP /UFW
| EENOEE-BE NP SBI-NN 3 g it that extra 3IN SBAR |
|| lWWp—BBVE—AD 4extra B \ the extra 4DT-NP_SBJ/UEW |
| | Lvp VW 5 g @ &E discussion g 5NN ] |
| | PU 6extra had extra 6VBD VP /UFW | |
| Lep-1p-NP_SBJ——PN 7 g " ended g | 7VBN——vPd |
| | Wp——ve 8 g WE| and extra 8CC | |
| | |lwep oBJ NN 9 g g 9PRP NP SBJ-S/UFW! |
| | SP 10 extra g 10VBD ved |
: PU11 g g [11DT Np—B] |
g 12NN ' I
g 13RB ADVE |
g 14. |

[X,Y <>XandY]

24
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Conclusions and future work

« Described a hierarchical alignment approach that
systematically considers the interaction between word
alignment and the syntactic structure of a sentence.

« Showed that such alignments can be used to extract
translation rules that cover long-distance dependencies.

» Aligned 10K sentence pairs annotated with PTB and
CTB trees

* To do: revising treebanking guidelines and synchronizing
the parse trees

 More info can be found at:

— http://www.cs.brandeis.edu/~clp/ctb/hacept/
25
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