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Outline 

•  The trend to go deeper: dependency tree to 
Abstract Meaning Representation (AMR) 

•  A shallower alternative for MT: a hierarchically 
aligned Chinese-English parallel treebank 
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Dependency representation revolves around 
the notion of “head” 

%XLOGLQJ D +LHUDUFKLFDOO\ $OLJQHG &KLQHVH�(QJOLVK 3DUDOOHO 7UHHEDQN

$EVWUDFW

:H FRQVWUXFWHG D KLHUDUFKLFDOO\ DOLJQHG &KLQHVH�(QJOLVK SDUDOOHO WUHHEDQN E\ GRLQJ ZRUG DOLJQ�
PHQWV DQG SKUDVH DOLJQPHQWV VLPXOWDQHRXVO\ RQ SDUDOOHO SDUVH WUHHV� 7KH PDLQ LQQRYDWLRQ RI
RXU DSSURDFK LV WKDW ZH OHDYH ZRUGV ZLWKRXW D FRXQWHUSDUW �PRVWO\ ODQJXDJH�SDUWLFXODU IXQFWLRQ
ZRUGV� XQDOLJQHG RQ WKH ZRUG OHYHO� DQG WKHQ ORFDWH DQG DOLJQ WKH DSSURSULDWH SKUDVHV WKDW HQ�
FDSVXODWH WKHP� ,Q GRLQJ VR� ZH KDUPRQL]H ZRUG�OHYHO DQG SKUDVH�OHYHO DOLJQPHQWV� :H VKRZ
WKDW WKLV W\SH RI DQQRWDWLRQ FDQ EH SHUIRUPHG ZLWK KLJK LQWHU�DQQRWDWRU FRQVLVWHQF\ DQG KDYH ERWK
OLQJXLVWLF DQG HQJLQHHULQJ SRWHQWLDOV�
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Root is ‘is’ 
‘is’ is the head of ‘Ivan’ 
‘is’ is the head of ‘dancer’ 
‘dancer’ is the head of ‘best’ 
‘dancer’ is the head of ‘the’ 
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Root is “office” 
“office” is the head of “of” 
“office” is the head of “the” 
“of” is the head of “Chair” 
“Chair” is the head of “the” 



It’s not always this clean 
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Prague dependency 

Moscow dependency 



Universal Stanford dependency (USD) 
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Direct links between content words 

Relation between content words 
mediated by function words 
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Universal Stanford dependency (USD) 
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Relation between content words 
mediated by function words 
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����WKH ��GHVN ��DQG ��WKH ��FKDLU�

GHW

�

FRRUG

�

FRRUG

�

GHW

�

URRW

����WKH ��GHVN ��DQG ��WKH ��FKDLU�

GHW

�

FRRUG

�

H[W�

�

GHW

�

URRW

����WKH ��GHVN ��DQG ��WKH ��FKDLU�

GHW

�

FF

�

FRQM

�

GHW

�

URRW

�

Function words kept 

Function words thrown away  
(or mapped to abstract concepts 
or relations, or attributes) 
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����3(5621 ��֠ ށ�� ��ቒ ��3(5621 ��1$0( ���၏ສ�
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�

�$5*��RI

�

�PRG

�

�GHJUHH

�

�GRPDLQ

�

�QDPH

�

�RS�

����WKH ��RIÀFH ��RI ��WKH ��&KDLU�

GHW

�

QPRG

�

FDVH

�

GHW

�

URRW

����WKH ��RIÀFH ��RI ��WKH ��&KDLU�

GHW

�

SPRG

�

GREM

�

GHW

�

URRW

����ᇽ༣ ��֬ ��Ͼ܋൰
��FKDLU ��'( ��RIÀFH

�

QPRG

�

'(

�

URRW

����2)),&( ��&+$,5�

�PRG

����Ͼ܋൰ ��ᇽ༣�

�PRG

����WKH ��GHVN ��DQG ��WKH ��FKDLU�

GHW

�

FRRUG

�

FRRUG

�

GHW

�

URRW

����WKH ��GHVN ��DQG ��WKH ��FKDLU�

GHW

�

FRRUG

�

H[W�

�

GHW

�

URRW

����WKH ��GHVN ��DQG ��WKH ��FKDLU�

GHW

�

FF

�

FRQM

�

GHW

�

URRW

�

����ሤሷ ދ�� ��ၜሷ
��GHVN ��DQG ��FKDLU

�

FF

�

FRQM

�

URRW

����$1' ��'(6. ��&+$,5�

�RS�

�

�RS�

����$1' ��ሤሷ ��ၜሷ�

�RS�

�

�RS�

7KH YDOXH RI KXPDQ DQQRWDWHG V\QWDFWLF VWUXFWXUHV IRU 6WDWLVWLFDO 0DFKLQH 7UDQVODWLRQ KDV EHHQ FOHDUO\
GHPRQVWUDWHG LQ VWULQJ�WR�WUHH �*DOOH\ HW DO�� ����� *DOOH\ HW DO�� ����� +XDQJ HW DO�� ������ WUHH�WR�VWULQJ
�/LX HW DO�� ����� /LX DQG *LOGHD� ������ DQG WUHH�WR�WUHH �(LVQHU� ����� /LX HW DO�� ����� &KLDQJ� �����
PRGHOV� 2QH UHFXUULQJ LVVXH WKDW KDPSHUV WKH XWLOLW\ RI V\QWDFWLF VWUXFWXUHV LV WKH LQFRPSDWLELOLW\ EH�
WZHHQ ZRUG DOLJQPHQWV DQG V\QWDFWLF VWUXFWXUHV �'H1HUR DQG .OHLQ� ����� )RVVXP HW DO�� ����� 3DXOV HW
DO�� ������ 7KH LQFRPSDWLELOLW\ DULVHV EHFDXVH ZRUG DOLJQPHQWV DQG V\QWDFWLF VWUXFWXUHV DUH HVWDEOLVKHG
LQGHSHQGHQW RI HDFK RWKHU� ,Q WKH FDVH RI WUHH�WR�WUHH PRGHOV� WKHUH LV DOVR WKH LVVXH RI LQFRPSDWLEOH SDU�
DOOHO WUHH VWUXFWXUHV UHVXOWLQJ IURP GLYHUJHQW V\QWDFWLF DQQRWDWLRQ VWDQGDUGV WKDW KDYH EHHQ LQGHSHQGHQWO\
FRQFHLYHG EDVHG RQ PRQROLQJXDO FRUSRUD �&KLDQJ� ������ ,Q WKLV SDSHU� ZH UHSRUW DQ HIIRUW LQ EXLOGLQJ D
+LHUDUFKLFDOO\ $OLJQHG &KLQHVH�(QJOLVK 3DUDOOHO 7UHHEDQN �+$&(37� ZKHUH ZH SHUIRUPZRUG�OHYHO DQG
SKUDVH�OHYHO DOLJQPHQWV VLPXOWDQHRXVO\ RQ SDUDOOHO SDUVH WUHHV� ,Q WKLV SURFHVV� ZH DWWHPSW WR HVWDEOLVK DQ
DQQRWDWLRQ VWDQGDUG WKDW KDUPRQL]HV ZRUG�OHYHO DQG SKUDVH�OHYHO DOLJQPHQWV EDVHG RQ SDUDOOHO V\QWDFWLF
VWUXFWXUHV� :H DOVR DQDO\]H D FRPPRQ FRPSDWLELOLW\ LVVXH EHWZHHQ &KLQHVH DQG (QJOLVK SDUDOOHO SDUVH
WUHHV H[SRVHG LQ WKH DQQRWDWLRQ SURFHVV� ZLWK WKH JRDO RI VROYLQJ WKH LVVXH E\ VHPL�DXWRPDWLFDOO\ UHYLVLQJ
WKH SDUVH WUHHV�
,Q WKH UHVW RI WKLV SDSHU� ZH GHVFULEH KRZ ZH FRQVWUXFWHG +$&(37 DQG GLVFXVV LWV SRWHQWLDOV� ,Q

6HFWLRQ �� ZH GLVFXVV SUREOHPV RI ZRUG DOLJQPHQW GRQH ZLWKRXW FRQVLGHULQJ LWV LQWHUDFWLRQ ZLWK V\Q�
WDFWLF VWUXFWXUHV� ,Q 6HFWLRQ �� ZH GHVFULEH RXU DQQRWDWLRQ SURFHGXUH ZKHUH ZH SHUIRUP ZRUG�OHYHO DQG
SKUDVH�OHYHO DOLJQPHQWV VLPXOWDQHRXVO\ LQ D FRRUGLQDWHG PDQQHU� DQG VKRZ KRZ RXU DSSURDFK LV IUHH RI
WKH LQFRPSDWLELOLW\ LVVXHV� ,Q 6HFWLRQ �� ZH UHSRUW D FRPPRQ FRPSDWLELOLW\ LVVXH EHWZHHQ SDUVH WUHHV
DQG SURSRVH D VROXWLRQ� :H DOVR FRPSDUH WKH LVVXH ZLWK WUDQVODWLRQ GLYHUJHQFH �'RUU� ����� DQG VKRZ
WKDW WKH\ DUH GLIIHUHQW LQ QDWXUH DQG RFFXUUHQFH IUHTXHQF\� ,Q 6HFWLRQ �� ZH SUHVHQW WKH UHVXOWV RI WKUHH
H[SHULPHQWV ZH KDYH GRQH RQ RXU DQQRWDWLRQ WR VKRZ WKH LQWXLWLYHQHVV RI RXU DSSURDFK DQG WKH OLQJXLVWLF
DQG HQJLQHHULQJ SRWHQWLDOV RI RXU FRUSXV� :H WKHQ GHVFULEH UHODWHG ZRUN LQ 6HFWLRQ � DQG FRQFOXGH RXU
SDSHU LQ 6HFWLRQ ��

� ,QFRPSDWLELOLWLHV EHWZHHQ ZRUG DOLJQPHQWV DQG V\QWDFWLF VWUXFWXUHV

([LVWLQJ ZRUG DOLJQPHQW VWDQGDUGV DQG SUDFWLFHV KDYH DOO WUHDWHG ZRUG DOLJQPHQW DV D VWDQG�DORQH
WDVN ZLWKRXW V\VWHPDWLFDOO\ FRQVLGHULQJ LWV LQWHUDFWLRQ ZLWK WKH V\QWDFWLF VWUXFWXUH RI D VHQWHQFH� 7KH
LQHYLWDEOH FRQVHTXHQFH RI WKLV DSSURDFK LV WKDW ERWK LQFRPSDWLELOLWLHV DQG UHGXQGDQFLHV EHWZHHQ ZRUG
DOLJQPHQWV DQG V\QWDFWLF VWUXFWXUHV ZLOO DULVH LQ PDQ\ SODFHV� ,Q WKLV VHFWLRQ� ZH LOOXVWUDWH WKH LVVXHV
WKURXJK ODQJXDJH�SDUWLFXODU IXQFWLRQ ZRUGV� ZKHUH WKH SUREOHPV DUH PRVW IUHTXHQWO\ IRXQG� 'XH WR
ODQJXDJH�SDUWLFXODU LGLRV\QFUDV\ DQG ODFN RI OH[LFDO FRQWHQW� WKHVH IXQFWLRQ ZRUGV XVXDOO\ GR QRW KDYH D
WUDQVODWLRQ FRXQWHUSDUW� ZKLFK SUHVHQWV D JUHDW FKDOOHQJH WR DOLJQPHQW DQQRWDWLRQ� 7KHUH DUH WZR ORJLFDO
SRVVLELOLWLHV RI GHDOLQJ ZLWK WKHVH ZRUGV� ERWK RI ZKLFK DUH UHSUHVHQWHG LQ H[LVWLQJ DQQRWDWLRQ SUDFWLFH�

�

Function words kept 

Function words thrown away  
(or mapped to abstract concepts, 
attributes, or relations) 
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%XLOGLQJ D +LHUDUFKLFDOO\ $OLJQHG &KLQHVH�(QJOLVK 3DUDOOHO 7UHHEDQN

$EVWUDFW

:H FRQVWUXFWHG D KLHUDUFKLFDOO\ DOLJQHG &KLQHVH�(QJOLVK SDUDOOHO WUHHEDQN E\ GRLQJ ZRUG DOLJQ�
PHQWV DQG SKUDVH DOLJQPHQWV VLPXOWDQHRXVO\ RQ SDUDOOHO SDUVH WUHHV� 7KH PDLQ LQQRYDWLRQ RI
RXU DSSURDFK LV WKDW ZH OHDYH ZRUGV ZLWKRXW D FRXQWHUSDUW �PRVWO\ ODQJXDJH�SDUWLFXODU IXQFWLRQ
ZRUGV� XQDOLJQHG RQ WKH ZRUG OHYHO� DQG WKHQ ORFDWH DQG DOLJQ WKH DSSURSULDWH SKUDVHV WKDW HQ�
FDSVXODWH WKHP� ,Q GRLQJ VR� ZH KDUPRQL]H ZRUG�OHYHO DQG SKUDVH�OHYHO DOLJQPHQWV� :H VKRZ
WKDW WKLV W\SH RI DQQRWDWLRQ FDQ EH SHUIRUPHG ZLWK KLJK LQWHU�DQQRWDWRU FRQVLVWHQF\ DQG KDYH ERWK
OLQJXLVWLF DQG HQJLQHHULQJ SRWHQWLDOV�

� ,QWURGXFWLRQ

����,YDQ ��LV ��WKH ��EHVW ��GDQFHU�

QVXEM

�

GREM

�

GHW

�

DPRG

�

URRW

����,YDQ ��LV ��WKH ��EHVW ��GDQFHU�

QVXEM

�

FRS

�

GHW

�

DPRG

�

URRW

����၏ສ �� ��ቒ ށ�� ��֬ ��֠ࡌ
��,YDQ ��EH ��PRVW ��JRRG ��'( ��GDQFHU

�

QVXEM

�

FRS

�

PRG

�

'(

�

DPRG

�

URRW

����3(5621 ��'$1&( ��*22' ��0267 ��3(5621 ��1$0( ���,YDQ��

�$5*��RI

�

�PRG

�

�GHJUHH

�

�GRPDLQ

�

�QDPH

�

�RS�

%XLOGLQJ D +LHUDUFKLFDOO\ $OLJQHG &KLQHVH�(QJOLVK 3DUDOOHO 7UHHEDQN

$EVWUDFW

:H FRQVWUXFWHG D KLHUDUFKLFDOO\ DOLJQHG &KLQHVH�(QJOLVK SDUDOOHO WUHHEDQN E\ GRLQJ ZRUG DOLJQ�
PHQWV DQG SKUDVH DOLJQPHQWV VLPXOWDQHRXVO\ RQ SDUDOOHO SDUVH WUHHV� 7KH PDLQ LQQRYDWLRQ RI
RXU DSSURDFK LV WKDW ZH OHDYH ZRUGV ZLWKRXW D FRXQWHUSDUW �PRVWO\ ODQJXDJH�SDUWLFXODU IXQFWLRQ
ZRUGV� XQDOLJQHG RQ WKH ZRUG OHYHO� DQG WKHQ ORFDWH DQG DOLJQ WKH DSSURSULDWH SKUDVHV WKDW HQ�
FDSVXODWH WKHP� ,Q GRLQJ VR� ZH KDUPRQL]H ZRUG�OHYHO DQG SKUDVH�OHYHO DOLJQPHQWV� :H VKRZ
WKDW WKLV W\SH RI DQQRWDWLRQ FDQ EH SHUIRUPHG ZLWK KLJK LQWHU�DQQRWDWRU FRQVLVWHQF\ DQG KDYH ERWK
OLQJXLVWLF DQG HQJLQHHULQJ SRWHQWLDOV�

� ,QWURGXFWLRQ

����,YDQ ��LV ��WKH ��EHVW ��GDQFHU�

QVXEM

�

GREM

�

GHW

�

DPRG

�

URRW

����,YDQ ��LV ��WKH ��EHVW ��GDQFHU�

QVXEM

�

FRS

�

GHW

�

DPRG

�

URRW

����၏ສ �� ��ቒ ށ�� ��֬ ��֠ࡌ
��,YDQ ��EH ��PRVW ��JRRG ��'( ��GDQFHU

�

QVXEM

�

FRS

�

PRG

�

'(

�

DPRG

�

URRW

����3(5621 ��'$1&( ��*22' ��0267 ��3(5621 ��1$0( ���,YDQ��

�$5*��RI

�

�PRG

�

�GHJUHH

�

�GRPDLQ

�

�QDPH

�

�RS�

Function words kept 
 
Lexical Integrity respected 

Function words thrown away  
(or mapped to abstract concepts, 
attributes, or relations) 
 
Lexical integrity violated 
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•  From “standard” dependency to Stanford 
dependency to AMR, the community is moving 
towards increasingly “deeper”, more abstract 
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%XLOGLQJ D +LHUDUFKLFDOO\ $OLJQHG &KLQHVH�(QJOLVK 3DUDOOHO 7UHHEDQN

$EVWUDFW

:H FRQVWUXFWHG D KLHUDUFKLFDOO\ DOLJQHG &KLQHVH�(QJOLVK SDUDOOHO WUHHEDQN E\ GRLQJ ZRUG DOLJQ�
PHQWV DQG SKUDVH DOLJQPHQWV VLPXOWDQHRXVO\ RQ SDUDOOHO SDUVH WUHHV� 7KH PDLQ LQQRYDWLRQ RI
RXU DSSURDFK LV WKDW ZH OHDYH ZRUGV ZLWKRXW D FRXQWHUSDUW �PRVWO\ ODQJXDJH�SDUWLFXODU IXQFWLRQ
ZRUGV� XQDOLJQHG RQ WKH ZRUG OHYHO� DQG WKHQ ORFDWH DQG DOLJQ WKH DSSURSULDWH SKUDVHV WKDW HQ�
FDSVXODWH WKHP� ,Q GRLQJ VR� ZH KDUPRQL]H ZRUG�OHYHO DQG SKUDVH�OHYHO DOLJQPHQWV� :H VKRZ
WKDW WKLV W\SH RI DQQRWDWLRQ FDQ EH SHUIRUPHG ZLWK KLJK LQWHU�DQQRWDWRU FRQVLVWHQF\ DQG KDYH ERWK
OLQJXLVWLF DQG HQJLQHHULQJ SRWHQWLDOV�

� ,QWURGXFWLRQ

����,YDQ ��LV ��WKH ��EHVW ��GDQFHU�

QVXEM

�

GREM

�

GHW

�

DPRG

�

URRW

����,YDQ ��LV ��WKH ��EHVW ��GDQFHU�

QVXEM

�

FRS

�

GHW

�

DPRG

�

URRW

����၏ສ �� ��ቒ ށ�� ��֬ ��֠ࡌ
��,YDQ ��EH ��PRVW ��JRRG ��'( ��GDQFHU

�

QVXEM

�

FRS

�

PRG

�

'(

�

DPRG

�

URRW

����3(5621 ��'$1&( ��*22' ��0267 ��3(5621 ��1$0( ���,YDQ��

�$5*��RI

�

�PRG

�

�GHJUHH

�

�GRPDLQ

�

�QDPH

�

�RS�

����3(5621 ��֠ ށ�� ��ቒ ��3(5621 ��1$0( ���၏ສ�
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�

�$5*��RI

�

�PRG

�

�GHJUHH

�

�GRPDLQ

�

�QDPH

�

�RS�

����WKH ��RIÀFH ��RI ��WKH ��&KDLU�

GHW

�

QPRG

�

FDVH

�

GHW

�

URRW

����WKH ��RIÀFH ��RI ��WKH ��&KDLU�

GHW

�

SPRG

�

GREM

�

GHW

�

URRW

����ᇽ༣ ��֬ ��Ͼ܋൰
��FKDLU ��'( ��RIÀFH

�

QPRG

�

'(

�

URRW

����2)),&( ��&+$,5�

�PRG

����Ͼ܋൰ ��ᇽ༣�

�PRG

����WKH ��GHVN ��DQG ��WKH ��FKDLU�

GHW

�

FRRUG

�

FRRUG

�

GHW

�

URRW

����WKH ��GHVN ��DQG ��WKH ��FKDLU�

GHW

�

FRRUG

�

H[W�

�

GHW

�

URRW

����WKH ��GHVN ��DQG ��WKH ��FKDLU�

GHW

�

FF

�

FRQM

�

GHW

�

URRW

�
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�

�PRG

����WKH ��GHVN ��DQG ��WKH ��FKDLU�

GHW

�

FRRUG

�

FRRUG

�

GHW

�

URRW

����WKH ��GHVN ��DQG ��WKH ��FKDLU�

GHW

�

FRRUG

�
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�
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�
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�GHJUHH

�

�GRPDLQ

�

�QDPH

�

�RS�

����WKH ��RIÀFH ��RI ��WKH ��&KDLU�

GHW

�
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�

URRW
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GHW
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�
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�PRG
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��2)),&( ��&+$,5

�

�PRG

����WKH ��GHVN ��DQG ��WKH ��FKDLU�

GHW

�

FRRUG

�

FRRUG

�

GHW

�

URRW

����WKH ��GHVN ��DQG ��WKH ��FKDLU�

GHW

�

FRRUG

�

H[W�

�

GHW

�
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����WKH ��GHVN ��DQG ��WKH ��FKDLU�
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FF

�
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����ሤሷ ދ�� ��ၜሷ
��GHVN ��DQG ��FKDLU

�

FF

�

FRQM

�
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����$1' ��'(6. ��&+$,5�

�RS�

�

�RS�

����$1' ��ሤሷ ��ၜሷ
��$1' ��'(6. ��&+$,5

�

�RS�

�

�RS�

7KH YDOXH RI KXPDQ DQQRWDWHG V\QWDFWLF VWUXFWXUHV IRU 6WDWLVWLFDO 0DFKLQH 7UDQVODWLRQ KDV EHHQ FOHDUO\
GHPRQVWUDWHG LQ VWULQJ�WR�WUHH �*DOOH\ HW DO�� ����� *DOOH\ HW DO�� ����� +XDQJ HW DO�� ������ WUHH�WR�VWULQJ
�/LX HW DO�� ����� /LX DQG *LOGHD� ������ DQG WUHH�WR�WUHH �(LVQHU� ����� /LX HW DO�� ����� &KLDQJ� �����
PRGHOV� 2QH UHFXUULQJ LVVXH WKDW KDPSHUV WKH XWLOLW\ RI V\QWDFWLF VWUXFWXUHV LV WKH LQFRPSDWLELOLW\ EH�
WZHHQ ZRUG DOLJQPHQWV DQG V\QWDFWLF VWUXFWXUHV �'H1HUR DQG .OHLQ� ����� )RVVXP HW DO�� ����� 3DXOV HW
DO�� ������ 7KH LQFRPSDWLELOLW\ DULVHV EHFDXVH ZRUG DOLJQPHQWV DQG V\QWDFWLF VWUXFWXUHV DUH HVWDEOLVKHG
LQGHSHQGHQW RI HDFK RWKHU� ,Q WKH FDVH RI WUHH�WR�WUHH PRGHOV� WKHUH LV DOVR WKH LVVXH RI LQFRPSDWLEOH SDU�
DOOHO WUHH VWUXFWXUHV UHVXOWLQJ IURP GLYHUJHQW V\QWDFWLF DQQRWDWLRQ VWDQGDUGV WKDW KDYH EHHQ LQGHSHQGHQWO\
FRQFHLYHG EDVHG RQ PRQROLQJXDO FRUSRUD �&KLDQJ� ������ ,Q WKLV SDSHU� ZH UHSRUW DQ HIIRUW LQ EXLOGLQJ D
+LHUDUFKLFDOO\ $OLJQHG &KLQHVH�(QJOLVK 3DUDOOHO 7UHHEDQN �+$&(37� ZKHUH ZH SHUIRUPZRUG�OHYHO DQG
SKUDVH�OHYHO DOLJQPHQWV VLPXOWDQHRXVO\ RQ SDUDOOHO SDUVH WUHHV� ,Q WKLV SURFHVV� ZH DWWHPSW WR HVWDEOLVK DQ
DQQRWDWLRQ VWDQGDUG WKDW KDUPRQL]HV ZRUG�OHYHO DQG SKUDVH�OHYHO DOLJQPHQWV EDVHG RQ SDUDOOHO V\QWDFWLF
VWUXFWXUHV� :H DOVR DQDO\]H D FRPPRQ FRPSDWLELOLW\ LVVXH EHWZHHQ &KLQHVH DQG (QJOLVK SDUDOOHO SDUVH
WUHHV H[SRVHG LQ WKH DQQRWDWLRQ SURFHVV� ZLWK WKH JRDO RI VROYLQJ WKH LVVXH E\ VHPL�DXWRPDWLFDOO\ UHYLVLQJ
WKH SDUVH WUHHV�
,Q WKH UHVW RI WKLV SDSHU� ZH GHVFULEH KRZ ZH FRQVWUXFWHG +$&(37 DQG GLVFXVV LWV SRWHQWLDOV� ,Q

6HFWLRQ �� ZH GLVFXVV SUREOHPV RI ZRUG DOLJQPHQW GRQH ZLWKRXW FRQVLGHULQJ LWV LQWHUDFWLRQ ZLWK V\Q�
WDFWLF VWUXFWXUHV� ,Q 6HFWLRQ �� ZH GHVFULEH RXU DQQRWDWLRQ SURFHGXUH ZKHUH ZH SHUIRUP ZRUG�OHYHO DQG
SKUDVH�OHYHO DOLJQPHQWV VLPXOWDQHRXVO\ LQ D FRRUGLQDWHG PDQQHU� DQG VKRZ KRZ RXU DSSURDFK LV IUHH RI
WKH LQFRPSDWLELOLW\ LVVXHV� ,Q 6HFWLRQ �� ZH UHSRUW D FRPPRQ FRPSDWLELOLW\ LVVXH EHWZHHQ SDUVH WUHHV
DQG SURSRVH D VROXWLRQ� :H DOVR FRPSDUH WKH LVVXH ZLWK WUDQVODWLRQ GLYHUJHQFH �'RUU� ����� DQG VKRZ
WKDW WKH\ DUH GLIIHUHQW LQ QDWXUH DQG RFFXUUHQFH IUHTXHQF\� ,Q 6HFWLRQ �� ZH SUHVHQW WKH UHVXOWV RI WKUHH
H[SHULPHQWV ZH KDYH GRQH RQ RXU DQQRWDWLRQ WR VKRZ WKH LQWXLWLYHQHVV RI RXU DSSURDFK DQG WKH OLQJXLVWLF
DQG HQJLQHHULQJ SRWHQWLDOV RI RXU FRUSXV� :H WKHQ GHVFULEH UHODWHG ZRUN LQ 6HFWLRQ � DQG FRQFOXGH RXU
SDSHU LQ 6HFWLRQ ��

� ,QFRPSDWLELOLWLHV EHWZHHQ ZRUG DOLJQPHQWV DQG V\QWDFWLF VWUXFWXUHV

([LVWLQJ ZRUG DOLJQPHQW VWDQGDUGV DQG SUDFWLFHV KDYH DOO WUHDWHG ZRUG DOLJQPHQW DV D VWDQG�DORQH
WDVN ZLWKRXW V\VWHPDWLFDOO\ FRQVLGHULQJ LWV LQWHUDFWLRQ ZLWK WKH V\QWDFWLF VWUXFWXUH RI D VHQWHQFH� 7KH
LQHYLWDEOH FRQVHTXHQFH RI WKLV DSSURDFK LV WKDW ERWK LQFRPSDWLELOLWLHV DQG UHGXQGDQFLHV EHWZHHQ ZRUG
DOLJQPHQWV DQG V\QWDFWLF VWUXFWXUHV ZLOO DULVH LQ PDQ\ SODFHV� ,Q WKLV VHFWLRQ� ZH LOOXVWUDWH WKH LVVXHV
WKURXJK ODQJXDJH�SDUWLFXODU IXQFWLRQ ZRUGV� ZKHUH WKH SUREOHPV DUH PRVW IUHTXHQWO\ IRXQG� 'XH WR
ODQJXDJH�SDUWLFXODU LGLRV\QFUDV\ DQG ODFN RI OH[LFDO FRQWHQW� WKHVH IXQFWLRQ ZRUGV XVXDOO\ GR QRW KDYH D
WUDQVODWLRQ FRXQWHUSDUW� ZKLFK SUHVHQWV D JUHDW FKDOOHQJH WR DOLJQPHQW DQQRWDWLRQ� 7KHUH DUH WZR ORJLFDO
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�RS�

�

�RS�

����$1' ��ሤሷ ��ၜሷ
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�RS�

�

�RS�

7KH YDOXH RI KXPDQ DQQRWDWHG V\QWDFWLF VWUXFWXUHV IRU 6WDWLVWLFDO 0DFKLQH 7UDQVODWLRQ KDV EHHQ FOHDUO\
GHPRQVWUDWHG LQ VWULQJ�WR�WUHH �*DOOH\ HW DO�� ����� *DOOH\ HW DO�� ����� +XDQJ HW DO�� ������ WUHH�WR�VWULQJ
�/LX HW DO�� ����� /LX DQG *LOGHD� ������ DQG WUHH�WR�WUHH �(LVQHU� ����� /LX HW DO�� ����� &KLDQJ� �����
PRGHOV� 2QH UHFXUULQJ LVVXH WKDW KDPSHUV WKH XWLOLW\ RI V\QWDFWLF VWUXFWXUHV LV WKH LQFRPSDWLELOLW\ EH�
WZHHQ ZRUG DOLJQPHQWV DQG V\QWDFWLF VWUXFWXUHV �'H1HUR DQG .OHLQ� ����� )RVVXP HW DO�� ����� 3DXOV HW
DO�� ������ 7KH LQFRPSDWLELOLW\ DULVHV EHFDXVH ZRUG DOLJQPHQWV DQG V\QWDFWLF VWUXFWXUHV DUH HVWDEOLVKHG
LQGHSHQGHQW RI HDFK RWKHU� ,Q WKH FDVH RI WUHH�WR�WUHH PRGHOV� WKHUH LV DOVR WKH LVVXH RI LQFRPSDWLEOH SDU�
DOOHO WUHH VWUXFWXUHV UHVXOWLQJ IURP GLYHUJHQW V\QWDFWLF DQQRWDWLRQ VWDQGDUGV WKDW KDYH EHHQ LQGHSHQGHQWO\
FRQFHLYHG EDVHG RQ PRQROLQJXDO FRUSRUD �&KLDQJ� ������ ,Q WKLV SDSHU� ZH UHSRUW DQ HIIRUW LQ EXLOGLQJ D
+LHUDUFKLFDOO\ $OLJQHG &KLQHVH�(QJOLVK 3DUDOOHO 7UHHEDQN �+$&(37� ZKHUH ZH SHUIRUPZRUG�OHYHO DQG
SKUDVH�OHYHO DOLJQPHQWV VLPXOWDQHRXVO\ RQ SDUDOOHO SDUVH WUHHV� ,Q WKLV SURFHVV� ZH DWWHPSW WR HVWDEOLVK DQ
DQQRWDWLRQ VWDQGDUG WKDW KDUPRQL]HV ZRUG�OHYHO DQG SKUDVH�OHYHO DOLJQPHQWV EDVHG RQ SDUDOOHO V\QWDFWLF
VWUXFWXUHV� :H DOVR DQDO\]H D FRPPRQ FRPSDWLELOLW\ LVVXH EHWZHHQ &KLQHVH DQG (QJOLVK SDUDOOHO SDUVH
WUHHV H[SRVHG LQ WKH DQQRWDWLRQ SURFHVV� ZLWK WKH JRDO RI VROYLQJ WKH LVVXH E\ VHPL�DXWRPDWLFDOO\ UHYLVLQJ
WKH SDUVH WUHHV�
,Q WKH UHVW RI WKLV SDSHU� ZH GHVFULEH KRZ ZH FRQVWUXFWHG +$&(37 DQG GLVFXVV LWV SRWHQWLDOV� ,Q

6HFWLRQ �� ZH GLVFXVV SUREOHPV RI ZRUG DOLJQPHQW GRQH ZLWKRXW FRQVLGHULQJ LWV LQWHUDFWLRQ ZLWK V\Q�
WDFWLF VWUXFWXUHV� ,Q 6HFWLRQ �� ZH GHVFULEH RXU DQQRWDWLRQ SURFHGXUH ZKHUH ZH SHUIRUP ZRUG�OHYHO DQG
SKUDVH�OHYHO DOLJQPHQWV VLPXOWDQHRXVO\ LQ D FRRUGLQDWHG PDQQHU� DQG VKRZ KRZ RXU DSSURDFK LV IUHH RI
WKH LQFRPSDWLELOLW\ LVVXHV� ,Q 6HFWLRQ �� ZH UHSRUW D FRPPRQ FRPSDWLELOLW\ LVVXH EHWZHHQ SDUVH WUHHV
DQG SURSRVH D VROXWLRQ� :H DOVR FRPSDUH WKH LVVXH ZLWK WUDQVODWLRQ GLYHUJHQFH �'RUU� ����� DQG VKRZ
WKDW WKH\ DUH GLIIHUHQW LQ QDWXUH DQG RFFXUUHQFH IUHTXHQF\� ,Q 6HFWLRQ �� ZH SUHVHQW WKH UHVXOWV RI WKUHH
H[SHULPHQWV ZH KDYH GRQH RQ RXU DQQRWDWLRQ WR VKRZ WKH LQWXLWLYHQHVV RI RXU DSSURDFK DQG WKH OLQJXLVWLF
DQG HQJLQHHULQJ SRWHQWLDOV RI RXU FRUSXV� :H WKHQ GHVFULEH UHODWHG ZRUN LQ 6HFWLRQ � DQG FRQFOXGH RXU
SDSHU LQ 6HFWLRQ ��

� ,QFRPSDWLELOLWLHV EHWZHHQ ZRUG DOLJQPHQWV DQG V\QWDFWLF VWUXFWXUHV

([LVWLQJ ZRUG DOLJQPHQW VWDQGDUGV DQG SUDFWLFHV KDYH DOO WUHDWHG ZRUG DOLJQPHQW DV D VWDQG�DORQH
WDVN ZLWKRXW V\VWHPDWLFDOO\ FRQVLGHULQJ LWV LQWHUDFWLRQ ZLWK WKH V\QWDFWLF VWUXFWXUH RI D VHQWHQFH� 7KH
LQHYLWDEOH FRQVHTXHQFH RI WKLV DSSURDFK LV WKDW ERWK LQFRPSDWLELOLWLHV DQG UHGXQGDQFLHV EHWZHHQ ZRUG
DOLJQPHQWV DQG V\QWDFWLF VWUXFWXUHV ZLOO DULVH LQ PDQ\ SODFHV� ,Q WKLV VHFWLRQ� ZH LOOXVWUDWH WKH LVVXHV
WKURXJK ODQJXDJH�SDUWLFXODU IXQFWLRQ ZRUGV� ZKHUH WKH SUREOHPV DUH PRVW IUHTXHQWO\ IRXQG� 'XH WR
ODQJXDJH�SDUWLFXODU LGLRV\QFUDV\ DQG ODFN RI OH[LFDO FRQWHQW� WKHVH IXQFWLRQ ZRUGV XVXDOO\ GR QRW KDYH D
WUDQVODWLRQ FRXQWHUSDUW� ZKLFK SUHVHQWV D JUHDW FKDOOHQJH WR DOLJQPHQW DQQRWDWLRQ� 7KHUH DUH WZR ORJLFDO
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当你需要他时, 霍默辛普森在哪里? 
Where is Homer Simpson when you need him? 
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 这 是 一 个 大 叫 “ 噢哦 ！ ” 的 时刻 。 
  This is a major `` D'oh! '' moment . 



The representation calculus 

•  Deeper, more abstract representations lead to better 
alignment 

•  But they come at a cost for MT purposes: 
–  Deeper analyzers tend to be less accurate 
–  For MT, AMR necessitates a generation step: you have to get 

back the function words you’ve thrown away or mapped to 
abstract concepts, attributes, or relations 

•  Source stringà(source AMR)à target AMRà target string 

•  Less of a problem for applications such as IE, QA, etc. 
where the generation step is less involved 

17	



Hierarchical alignment between constituent 
parse trees 

18	

Dun Deng and Nianwen Xue. 2014 (To appear). Building a Hierarchically Aligned  
Chinese-English Parallel Treebank. In Proceedings of COLING. Dublin, Ireland 
 
Dun Deng and Nianwen Xue. 2014 (To appear). Aligning Chinese English Parallel  
Parse Trees: Is it Feasible? In Proceedings of Linguistic Annotation Workshop VIII. 
Dublin, Ireland. 

Let’s not throw away the function words.  
Just don’t align them (at the word level). 
 
Assume neural networks do not solve all the problems  
in MT and representation is still relevant 



19	



20	



Word alignment 

给 你 提供 解释 

provide you with an explanation 

21	



Existing word alignment practice 

•  Function words are attached to a “head” 
–  Determiners (e.g., “the”, “a”) and Chinese classifiers (e.g., 个) are attached 

to a noun before they are aligned 
–  Auxiliary verbs, tense, aspect markers are attached to their main verbs 
–  Prepositions are attached to their NP object 
–  Complementizers attached to matrix verbs, 
–  Relative pronouns attached to head of relative clauses 

•  Function words (or punctuation) that anchor larger patterns are 
aligned at the word level as well 
–  Chinese comma aligned with “and” 
–  Chinese sentence-final markers aligned with punctuation marks 
–  Chinese 的, a modifier marker, attached to and aligned with various things 

•  Pronouns are linked to their coreferent before they are aligned 

22	



Linguistic problems 

给 你 提供 解释 

provide you with an explanation 

•  Cram too much into word-level alignment 

23	



Computational problems 

•  Creates pervasive one-to-many or many-to-many 
alignments, where the “many” are often non-consecutive, 
making the automatic alignment difficult.  

•  Severs crucial dependencies and creates many 
haphazard alignments, increases ambiguity 

24	



Attaching function words to their “heads” 

给 你 提供 解释 

provide you with an explanation 

25	

你 -- you 
给你 -- you 

解释 – explanation 
解释– an explanation 
解释 – with an explanation 



Attaching function words to their “heads” 

给 你 提供 解释 

provide you with an explanation 

26	

你 -- you 
给你 -- you 

解释 – explanation 
解释– an explanation 
解释 – with an explanation 

provide sb with sth 



Spurious ambiguity magnified 

27	

Eat apples <> 吃 苹果 
Eat an apple <> 吃 苹果 
Eat the apple <> 吃 苹果 
Fond of apples <> 喜欢 苹果 
Talk about apples <>谈论 苹果 
Provide them with apples <>给 他们 提供 苹果 
 



Hierarchical alignment 

•  Aligning function words in their syntactic context 
–  Leaving function words (“glue words”) that signal syntactic 

patterns (的, “so that”) or semantic attributes (“a”, “the”) 
unaligned at the word level, and migrating their alignment to the 
phrase level 

•  What is the proper syntactic context? 
 

28	



Word alignment 

给 你 提供 解释 

provide you with an explanation 

29	



Hierarchical alignment 

给 你 提供 解释 

provide you with an explanation 

NP P 

PP 

VV NP 

VP 

VB NP 

IN 

DT NN 

NP 

PP 

VP 

VP 
30	



Hierarchical alignment constraints 

•  If Node nc is aligned to Node ne, then the 
descendants of nc can only be aligned to the 
descendants of ne 

•  If Node nc is aligned to Node ne, then the 
ancestors of nc can only be aligned to the 
ancestors of ne   

•  A non-terminal node can only be aligned once 
                   (Tinsley et al, 2007) 

31	



Hierarchical alignment 

给 你 提供 解释 

provide you with an explanation 

NP P 

PP 

VV NP 

VP 

VB NP 

IN 

DT NN 

NP 

PP 

VP 

VP 
32	



Hierarchical alignment 

给 你 提供 解释 

provide you with an explanation 

NP P 

PP 

VV NP 

VP 

VB NP 

IN 

DT NN 

NP 

PP 

VP 

VP 
33	



Guiding principles for determining the  
alignment of non-terminal nodes 

•  Provide enough context for the alignment 
–  Alignment should not sever crucial dependencies or 

patterns 
–  Reduces the number of haphazard alignments to its 

minimum 
•  Minimum alignment  

–  Aligned (non-terminal) nodes dominate only crucial 
dependencies, nothing more  

34	



Hierarchical alignment 

给 你 提供 解释 

provide you with an explanation 

NP P 

PP 

VV NP 

VP 

VB NP 

IN 

DT NN 

NP 

PP 

VP 

VP 
35	



Hierarchical alignment 

给 你 提供 解释 

provide you with an explanation 

NP1 P 

PP 

VV NP2 

VP 

VB NP1 

IN 

DT NN 

NP2 

PP 

VP 

VP 

[你 <--> you] 
 
[解释 <--> an explanation] 
 
[给X1提供X2 <--> provide X1 with 
X2]     

36	



Alignment procedure 

•  Take a portion of the Penn Chinese TreeBank 
(CTB) that has English translations that have 
also been manually parsed (PTB) style and word 
aligned 

•  Revising the word alignments, and then align the 
non-terminal nodes, using a web-based tool 
developed by IBM 

37	



Attaching a determiner to its head 
S3878 

38	



Hierarchically aligned 

S3878 

39	



Attaching 把 to its NP “object” 

S3818 

40	



Hierarchically aligned 
S3818 

41	



Verb prepositions/particles 

S3877 

42	



Hierarchically aligned 
S3877 
 

43	



Auxiliary verbs 

S3705 

44	



Hierarchically aligned 

S3705 

45	



Are the PTB and CTB trees compatible? 

•  Not always. Some of the incompatibilities are well-
documented in MT literature 

•  Three types of incompatibilities: 
–  Incompatibilities between lexico-semantic differences between 

the two languages  
–  Incompatibilities caused by translation-related reasons  

•  5 cases out of 500 sentence pairs 
–  Incompatibilities caused by bracketing annotation 

•  20 cases out of 500 sentence pairs 

•   The last one we can do something about 

46	



Idiomatic translations 

47	
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��VR

�E� (QJOLVK VHQWHQFH

)LJXUH �� 7UDQVODWLRQ RI LGLRPDWLF H[SUHVVLRQV�

WR D XVHIXO H[WHQW� 7KH IDFW LV WKDW ZH GLG ÀQG LQFRPSDWLELOLWLHV EHWZHHQ SDUVH WUHHV LQ RXU DQQRWDWLRQ� ,Q
WKH QH[W VHFWLRQ� ZH UHSRUW WKUHH W\SHV RI SDUVH WUHH LQFRPSDWLELOLWLHV ZH KDYH HQFRXQWHUHG�

� 7KUHH W\SHV RI SDUVH WUHH LQFRPSDWLELOLWLHV

'XULQJ WKH DQQRWDWLRQ SURFHVV� ZH HQFRXQWHUHG WKUHH W\SHV RI SDUVH WUHH LQFRPSDWLELOLWLHV WKDW PDNH
VRPH SKUDVH DOLJQPHQWV LPSRVVLEOH WR PDNH� 7KH WKUHH W\SHV DUH GLVWLQJXLVKHG E\ WKH VRXUFHV RI WKHLU
RFFXUUHQFH DQG DUH OLVWHG EHORZ�
7KUHH W\SHV RI LQFRPSDWLELOLWLHV EHWZHHQ SDUDOOHO SDUVH WUHHV�

D� ,QFRPSDWLELOLWLHV FDXVHG E\ OH[LFDO�VHPDQWLF GLIIHUHQFHV EHWZHHQ WKH WZR ODQJXDJHV

E� ,QFRPSDWLELOLWLHV FDXVHG E\ WUDQVODWLRQ�UHODWHG UHDVRQV

F� ,QFRPSDWLELOLWLHV FDXVHG E\ EUDFNHWLQJ DQQRWDWLRQ

%HORZ ZH GLVFXVV WKH WKUHH W\SHV RI LQFRPSDWLELOLWLHV RQH E\ RQH� /HW XV ORRN DW WKH ÀUVW W\SH� 2Q
WKH OH[LFDO OHYHO� ODQJXDJHV GLIIHU LQ WHUPV RI ZKHWKHU RU QRW D SLHFH RI VHPDQWLF LQIRUPDWLRQ LV HQFRGHG
LQ D OH[LFDO LWHP� )RU LQVWDQFH� &KLQHVH GRHV QRW KDYH D YHUE WKDW H[SUHVVHV WKH PHDQLQJ RI WKH (QJOLVK
YHUE CCSULRULWL]H�� ZKLFK QHHGV WR EH WUDQVODWHG XVLQJ D SKUDVH� 7KLV GRHV QRW QHFHVVDULO\ FDXVH SUREOHPV
IRU SKUDVH DOLJQPHQWV� 7DNLQJ CCSULRULWL]H� IRU LQVWDQFH� WKH (QJOLVK SKUDVH CCSULRULWL]H WUDQVSRUWDWLRQ
SURMHFWV� LV WUDQVODWHG DVτར֬Ⴑ༼ද࿄ �OLWHUDOO\� DUUDQJH WUDQVSRUWDWLRQ SURMHFW '( SULRULW\
RUGHU� L�H�� DUUDQJH WUDQVSRUWDWLRQ SURMHFWVôSULRULW\ RUGHU�� 1RWH WKDW D SKUDVH DOLJQPHQW FDQ EH PDGH
EHWZHHQ WKH WZR 93V DQG DOVR WKH WZR 13V CCWUDQVSRUWDWLRQ SURMHFWV� DQGར GHVSLWH WKH IDFW WKDW
WKH PHDQLQJ RI CCSULRULWL]H� LV H[SUHVVHG E\ D GLVFRQWLQXRXV SKUDVH LQ &KLQHVH �L�H�� τå֬Ⴑ༼ද
࿄�� 7KH PRVW H[WUHPH FDVH LQ WKLV FDWHJRU\ WKDW XVXDOO\ FDXVHV LQFRPSDWLELOLWLHV DQG PDNHV SKUDVH�OHYHO
DOLJQPHQW LPSRVVLEOH LV LGLRPDWLF H[SUHVVLRQV� $Q LGLRP LV OLNH D VLQJOH ZRUG DQG LWV PHDQLQJ JHQHUDOO\
KDV WR EH H[SUHVVHG OLWHUDOO\ LQ DQRWKHU ODQJXDJH� )RU LQVWDQFH� WKH LGLRPDWLF SDUW LQ CC0DUNHWV IXQFWLRQ
EHVW VR ORQJ DV QR RQH KDV D ÀQJHU RQ WKH VFDOH� LV WUDQVODWHG DV �ᇁး�ս܋ࡌᆥྡྷൠ �൮Ӎᄕቛቒށ��
ZKLFK OLWHUDOO\ PHDQVóHYHU\RQH MXVWO\ DFWô� 1R SKUDVH DOLJQPHQW LV SRVVLEOH EHWZHHQ WKH LGLRP DQG
LWV WUDQVODWLRQ H[FHSW WKDW EHWZHHQ WKH WZR URRW QRGHV WKDW GRPLQDWH HDFK VWULQJ� 3KUDVH DOLJQPHQWV DUH
GHFUHDVHG WR D PLQLPDO H[WHQW LQ FDVHV OLNH WKLV�
1RZ OHW XV GLVFXVV WKH VHFRQG W\SH RI LQFRPSDWLELOLW\� &RQVLGHU WKLV H[DPSOH� ZKHUH WKH &KLQHVH

VHQWHQFH ેႼ֥ᆊ၉ �OLWHUDOO\� KH QRW PHQWLRQ WKLV RQH SRLQW� ZDV WUDQVODWHG DV CC7KHUH ZDV
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Divergent annotation standards 
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�E� &KLQHVH 7UHH%DQN VWUXFWXUH

)LJXUH �� 'LIIHUHQFHV LQ WUHHEDQN DQQRWDWLRQ VWDQGDUGV� ;3  ^13�33�$'93�6`

JOLVK DQG &KLQHVH 93V DQG WKH GHFLVLRQV WKH 37% DQG &7% �&KLQHVH 7UHHEDQN� EUDFNHWLQJ VWDQGDUGV
PDGH IRU SDUVLQJ WKH 93V� /HW XV VWDUW ZLWK WKH (QJOLVK 93� %HVLGHV WKH YHUE� WKHUH FDQ EH SUHYHUEDO DQG
SRVWYHUEDO FRQVWLWXHQWV LQ DQ (QJOLVK 93� 3UHYHUEDO FRQVWLWXHQWV DUH PXFK PRUH UHVWULFWHG WKDQ SRVWYHUEDO
FRQVWLWXHQWV LQ WHUPV RI ERWK SKUDVH W\SHV DQG WKH QXPEHU RI FRQVWLWXHQWV DOORZHG� 0RVW FRPPRQO\ VHHQ
LQ RXU FRUSXV� DQ $'93 LV SUHVHQW EHIRUH WKH YHUE LI WKHUH LV D SUHYHUEDO FRQVWLWXHQW DW DOO� %\ FRQWUDVW�
YDULRXV NLQGV RI FRQVWLWXHQWV �13� 33� $'93� 6� FDQ DSSHDU SRVW�YHUEDOO\ DQG PRUH WKDQ RQH RI WKHVH
SKUDVHV FDQ FR�RFFXU� :KHQ WKHUH LV PRUH WKDQ RQH SRVW�YHUEDO FRQVWLWXHQW� TXLWH RIWHQ RQH RI WKHP LV WKH
FRPSOHPHQW RI WKH YHUE DQG WKH RWKHUV DUH DGMXQFWV� 'XH WR HQJLQHHULQJ FRQVLGHUDWLRQV� WKH 37% EUDFNHW�
LQJ JXLGHOLQHV GHFLGHG RQ D ÁDW VWUXFWXUH IRU WKH (QJOLVK 93� ZKHUH SUHYHUEDO DQG SRVWYHUEDO FRQVWLWXHQWV
DQG WKH YHUE DUH WUHDWHG DV VLVWHUV WKDW DUH GLUHFWO\ DWWDFKHG WR WKH 93�QRGH� $ JHQHUDO VWUXFWXUH IRU WKH
(QJOLVK 93 LV JLYHQ LQ )LJXUH �D� ZKHUH LW FDQ EH VHHQ WKDW WKH DUJXPHQW�DGMXQFW GLVWLQFWLRQ LV LJQRUHG�
1RZ OHW XV WXUQ WR WKH &KLQHVH 93� ,Q D &KLQHVH 93� WKHUH FDQ DOVR EH ERWK SUHYHUEDO DQG SRVWYHU�

EDO FRQVWLWXHQWV� EXW WKH VLWXDWLRQ LV TXLWH GLIIHUHQW IURP WKDW LQ (QJOLVK� 8QOLNH LQ (QJOLVK 93V ZKHUH
SRVWYHUEDO FRQVWLWXHQWV DUH IUHHU� SRVWYHUEDO FRQVWLWXHQWV LQ &KLQHVH 93V DUH UHVWULFWHG DQG FDQ RQO\ EH
WKH FRPSOHPHQW RI WKH YHUE DQG RQH SDUWLFXODU NLQG RI SKUDVH� QDPHO\ 43� ZKLFK LQFOXGHV FRXQWLQJ
SKUDVHV VXFK DV WKUHH WLPHV DV LQ ZHQW WKHUH WKUHH WLPH� DQG GXUDWLRQ SKUDVHV VXFK DV IRU WKUHH \HDUV DV LQ
OLYHG WKHUH IRU WKUHH \HDUV� $GMXQFWV LQFOXGLQJ $'93� 33� DQG GLIIHUHQW NLQGV RI DGYHUELDO FODXVHV FRPH
EHIRUH WKH YHUE� 7KH VHFRQG GLIIHUHQFH LV WKDW &KLQHVH VWURQJO\ IDYRUV QR PRUH WKDQ RQH FRQVWLWXHQW DIWHU
WKH YHUE� ,Q WKHRU\� D FRPSOHPHQW SKUDVH DQG D 43 FDQ FR�RFFXU DIWHU WKH YHUE� EXW LQ UHDOLW\� LI WKH WZR
FR�RFFXU LQ D VHQWHQFH� WKH FRPSOHPHQW ZLOO PRVW OLNHO\ EH SUHSRVHG WR WKH OHIW RI WKH YHUE E\ HLWKHU
WRSLFDOL]DWLRQ RU WKH LQWURGXFWLRQ RI WKH IXQFWLRQ ZRUG ED� OHDYLQJ 43 WKH RQO\ SRVW�YHUEDO HOHPHQW� 7KH
VWUXFWXUH RI D &KLQHVH 93 VWLSXODWHG E\ WKH &7% EUDFNHWLQJ VWDQGDUGV �;XH DQG ;LD� ����� LV SURYLGHG
LQ )LJXUH �E�
1RZ OHW XV FRPSDUH WKH WZR VWUXFWXUHV LQ )LJXUH �� 1RWH WKDW LQ WKH (QJOLVK 93 WKHUH LV QR SKUDVDO QRGH

WKDW GRPLQDWHV WKH YHUE DQG LWV LPPHGLDWH VLVWHU RQ WKH ULJKW� ZKLFK� LQ PDQ\ FDVHV� LV WKH FRPSOHPHQW
RI WKH YHUE� %\ FRQWUDVW� WKHUH LV D QRGH LQ WKH &KLQHVH 93 �WKH ER[HG 93� ZKLFK JURXSV WRJHWKHU
WKH YHUE DQG D SRVW�YHUEDO FRQVWLWXHQW� ZKLFK FRXOG EH HLWKHU WKH FRPSOHPHQW RU D 43 �VRPH 43 DUH
FRPSOHPHQWV DQG VRPH RWKHUV DUH DGMXQFWV� DQ LVVXH WKDW GRHV QRW QHHG WR ERWKHU XV KHUH�� 7KLV LV ZKHUH
WKH LQFRPSDWLELOLW\ DULVHV� WKH ER[HG 93�QRGH LQ WKH &KLQHVH WUHH KDV QR QRGH�FRXQWHUSDUW WR DOLJQ ZLWK
LQ WKH (QJOLVK WUHH� EXW WKH VWULQJ GRPLQDWHG E\ WKDW ER[HG 93 KDV D PDWFK LQ WKH (QJOLVK VHQWHQFH� 7KH
H[DPSOH LQ )LJXUH � LOOXVWUDWHV WKH LVVXH� ZKHUH WKH &KLQHVH 93 GRPLQDWLQJ WKH VWULQJ৭Ⴏሸ֬࠴ѝչ
١൛ KDV QR SRVVLEOH SKUDVH DOLJQPHQW DOWKRXJK WKH VWULQJ FRUUHVSRQGV LQ PHDQLQJ WR WKH (QJOLVK VWULQJ
XVH WKHLU RZQ PHWKRGV RI H[SUHVVLRQ�
7R HOLPLQDWH WKH LQFRPSDWLELOLW\� DQ H[WUD OD\HU RI SURMHFWLRQ LV QHHGHG LQ WKH (QJOLVK WUHH� 7R EH

VSHFLÀF� ZH QHHG WR FRPELQH WKH YHUE DQG LWV FRPSOHPHQW WR FUHDWH D 93 QRGH� ZKLFK WKHQ FDQ EH DOLJQHG
WR WKH ER[HG 93 LQ WKH &KLQHVH WUHH� 6WLOO XVLQJ WKH H[DPSOH LQ )LJXUH � IRU LQVWDQFH� ZH QHHG WR FUHDWH D
93 QRGH E\ FRPELQLQJ WKH (QJOLVK YHUE XVH DQG LWV REMHFW 13 WKHLU RZQ PHWKRGV RI H[SUHVVLRQ� VR WKDW
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Divergent annotation standards 
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Can this be done quickly and consistently? 

•  Annotators with no prior linguistic training can 
perform this kind of alignment with good 
consistency given proper training and guidelines 
–  87% Inter-annotator agreement for (non-terminal) 

node alignment  
•  Tree synchronization requires linguistic training 

–  We currently just mark places of tree divergence 

•  Status: 
–  Double annotation of about 10,000 sentence pairs 
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Use cases for hierarchical alignment 

•  Extracting Hierarchical rules 
–  From an unaligned function word, find its alignment domain by 

identifying its closest ancestor node N that is aligned. 
–  From N, all descendant nodes that are not node-aligned 

themselves are visible as potential triggers of a hierarchical rule 

•  Alignment-driven flattening of syntactic trees 
–  We can assume the unaligned nodes are unimportant to MT and 

can be automatically eliminated to create a simplified tree for MT 
purposes 
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Passives 

[可 禁止 X1 X2 <--> X1 is prohibited from X2] 
 

S66 
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把 construction 

[把 X 定为非法因素 <--> outlaw X] 

S66 
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Connectives 

[将 X1 ，这样 X2 <--> will X1 so that X2] 
 

S66 
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Conjunction 
S3850 

[X , Y <> X and Y] 
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Questions 

S1550 

[ X1 为什么 不 X2 <--> Why do n’t  X1 X2] 
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Questions 

S3250 

那X为什么Y呢? <> Then why do X Y? 
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Negation 
S1400 

[认为 我们 不必 X  都 看到 Y <> do n’t think we need see Y X] 
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Summary 

•  Strategically select non-terminal node pairs to 
align  
•  Effectively creates an hierarchical partition for each sentence 

•  Harmonize word alignment and (non-terminal) 
node alignment 
–  Content words are (generally) aligned the word level 
–  Function words are (generally) aligned via the alignment of 

non-terminal nodes 
•  Synchronize parallel parse trees 

–  Address divergences in PTB and CTB annotation styles  
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Cases for and against hierarchical alignment 
for MT 

•  Supports transfer-based approach to MT, no 
need for a separate generation step. More steps 
in the pipeline mean more chances for errors 

•  Can be readily exploited by existing statistical 
techniques (supervised synchronized parsing?) 

•  But need to be done for each language pair. 
May not work for some language pairs. 
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Conclusions 

•  Familiar tradeoffs between depth of 
representation (therefore better alignment) and 
processing difficulty (analysis, generation) 

•  A hierarchically aligned parallel corpus might be 
a viable alternative as a representation for MT 
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