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0. Dedication

7KLV WKHVLV LV IRUHPRVW GHGLFDWHG WR P\ SDUHQWV� ZKR SXW XS ZLWK P\ VWUHVV DQG

JUXPSLQHVV DV , ZRUNHG WR ILQLVK XS DJDLQVW WKH GHDGOLQH� )XUWKHUPRUH� WKLV WKHVLV LV GHGLFDWHG WR

P\ SURIHVVRUV DQG PHQWRUV� HVSHFLDOO\ 3URI� $YLUDP� ZLWKRXW ZKRP , DP VXUH , ZRXOG QHYHU KDYH

HPEDUNHG RQ WKLV WKHVLV LQ WKH ILUVW SODFH�
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I. Abstract

7KH &RJQLWLYH 6WDWHV SURMHFW LV DQ RQJRLQJ LQYHVWLJDWLRQ RI KRZ ZHOO D SUH�WUDLQHG GHHS

OHDUQLQJ PRGHO� ILQH�WXQHG ZLWK YDULRXV FRUSRUD RI DQQRWDWHG WH[WV� FDQ LQIHU EHOLHI VWDWHV�

2YHUDOO� WKH JRDO RI WKLV SURMHFW LV WR PDNH LQFUHPHQWDO SURJUHVV WRZDUGV PRUH DGYDQFHG EHOLHI

VWDWH DQG VHQWLPHQW GHWHFWLRQ FDSDELOLWLHV� 3UHYLRXV UHVHDUFK KDV IRFXVHG RQ DFKLHYLQJ

VWDWH�RI�WKH�DUW )� UHVXOWV RQ FODVVLILFDWLRQ WDVNV DV ZHOO DV HQG�WR�HQG JHQHUDWLYH WDVNV GHILQHG

RQ WZR FRUSRUD DQQRWDWHG IRU EHOLHI� VHQWLPHQW� RU ERWK� )DFWEDQN DQG 034$� XVLQJ WZR PRGHOV�

%(57 DQG )ODQ�7� �0XU]DNX HW DO�� :H XVH WKH VDPH PRGHOV WR GHILQH VLPLODU WDVNV RQ WKH

/DQJXDJH 8QGHUVWDQGLQJ �/8� FRUSXV� LQ RUGHU WR FRUURERUDWH LQVLJKWV JDLQHG IURP SUHYLRXV

ZRUN� )XUWKHUPRUH� ZH SUHVHQW D QRYHO GDWDEDVH UHSUHVHQWDWLRQ IRU ILQH�WXQLQJ GDWD� DOORZLQJ IRU

WKH XQLILFDWLRQ RI )DFWEDQN� 034$� /8� DQG DGGLWLRQDO DQQRWDWLRQ�EDVHG EHOLHI�VHQWLPHQW

FRUSRUD LQWR D VLQJOH GDWDVHW IRU VHDPOHVV XVH LQ PXOWL�WDVN OHDUQLQJ FRQWH[WV� UHTXLULQJ XQLI\LQJ

GDWD WUDQVIRUPDWLRQV VXFK DV FRQYHUWLQJ XQLJUDP KHDG ZRUGV WR Q�JUDP VSDQV� 2XU UHVXOWV IRU

/8
V PDMRULW\ FODVV DOLJQ ZLWK WKRVH RI 0XU]DNX HW DO� RQ DOO WDVNV� ZKHUHDV RXU DSSURDFKHV

SHUIRUPHG OHVV ZHOO RQ PLQRULW\ FODVVHV� 3ODQV WR LPSURYH PLQRULW\ SHUIRUPDQFH LQFOXGH

OHYHUDJLQJ D IHZ�VKRW DSSURDFK RU JHQHUDWLQJ V\QWKHWLF GDWD E\ VZDSSLQJ RXW ZRUGV LQ H[LVWLQJ

H[DPSOHV ZLWK FORVH V\QRQ\PV�
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LQGLFDWLQJ DW ZKLFK FKDUDFWHUV LQ WKH VHQWHQFH WKH WDUJHW EHJLQV DQG HQGV� 7KURXJKRXW RXU

UHVHDUFK� ZH KDYH XVHG VXFK VRXUFH�WDUJHW�ODEHO WULSOHV DV WUDLQLQJ GDWD WR ILQH�WXQH SUH�WUDLQHG

GHHS OHDUQLQJ PRGHOV WKDW ZLOO EH GHVFULEHG ODWHU� ZKHUH HLWKHU WKH VRXUFH DQG WDUJHW DUH JLYHQ

DQG WKH ODEHO LV SUHGLFWHG E\ WKH PRGHO �FODVVLILFDWLRQ WDVN�� RU WKH VHQWHQFH DORQH LV JLYHQ DQG

WXSOHV RI WKH IRUP �VRXUFH� WDUJHW� IDFWXDOLW\� DUH RXWSXWWHG E\ WKH PRGHO �HQG�WR�HQG WDVN�
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([DPSOH �� $ GULYHU VSHDNV WR D ORFDO RQ WKH VLGH RI WKH URDG DIWHU UXQQLQJ RXW RI IXHO�

$� , DP RXW RI SHWURO�

%� 7KHUH LV D JDUDJH 
URXQG WKH FRUQHU�

,I ZH DVVXPH WKDW ERWK $ DQG % DUH IROORZLQJ FRQYHUVDWLRQDO QRUPV� WKHQ ZH FDQ GHGXFH

WKDW % LV QRW LQIULQJLQJ RQ WKH FRPPRQ H[SHFWDWLRQ WKDW FRQYHUVDWLRQDO FRQWULEXWLRQV EH UHOHYDQW�

7KLV OHDGV XV WR FRQFOXGH WKDW % WKLQNV WKH JDUDJH DURXQG WKH FRUQHU LV RSHQ DQG VHOOLQJ IXHO� WKDW

$
V ODFN RI IXHO LV D SUREOHP WKDW PXVW EH VROYHG� DQG WKDW $ FDQ VROYH WKLV SUREOHP E\ JRLQJ WR

WKH JDUDJH WR EX\ IXHO� 7KHVH XQVSRNHQ DVVXPSWLRQV DOORZ $ WR SHUFHLYH %
V UHVSRQVH DV

UHOHYDQW WR ZKDW $ KDG MXVW VDLG� 7KHVH XQVSRNHQ WKRXJKWV FRQQHFWLQJ $
V VSHHFK WR %
V LQ D ERQG

RI UHOHYDQFH DUH WKH LPSOLFDWXUH�

,PSOLFDWXUHV DSSHDU LQ GLVFRXUVH ZKHQ� RQ WKH VXUIDFH� RQH RU PRUH RI D VHW RI SURSRVHG

JXLGHOLQHV IRU D FRQYHUVDWLRQ DUH QRW PHW IRU RQH RI D QXPEHU RI UHDVRQV� 7KLV VHW RI JXLGHOLQHV LV

FDOOHG WKH &RRSHUDWLYH 3ULQFLSOH� DQG LWV PD[LPV DUH TXDQWLW\� TXDOLW\� UHODWLRQ� DQG PDQQHU� *ULFH

SUHVHQWV VRPH LOOXVWUDWLYH DQDORJLHV WR WKHVH PD[LPV�

Maxim of
Cooperative

Principle
Definition Example

4XDQWLW\ %H LQIRUPDWLYH� EXW QRW
RYHUO\ VR�

,I , DVN IRU IRXU VFUHZV� , H[SHFW \RX WR KDQG
PH IRXU VFUHZV� 1RW WKUHH� QRW ILYH�

4XDOLW\ 'R QRW VD\ WKLQJV \RX NQRZ
DUH IDOVH RU ODFN HYLGHQFH IRU�

,I , DP EDNLQJ D FDNH DQG DVN IRU VXJDU� ,
H[SHFW \RX WR KDQG PH VXJDU� QRW VDOW�

5HODWLRQ %H UHOHYDQW� ,I , DP PL[LQJ WKH FDNH EDWWHU� , GR QRW H[SHFW
WR EH KDQGHG D IDVFLQDWLQJ ERRN�
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IV. Language Understanding Corpus

:RUN EHJDQ ZLWK WKH /DQJXDJH 8QGHUVWDQGLQJ
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,W LV FOHDU WKDW WKH QHZ VFKHPD LV HDVLHU WR FRPSUHKHQG DQG XVH IRU XV DV ZHOO DV WKH UHVHDUFK

FRPPXQLW\ DW ODUJH� FRQVLGHULQJ WKH FDUH WKDW ZDV WDNHQ WR PDLQWDLQ DEVWUDFWLRQ LQ WKH QHZ

VFKHPD� 0DQ\ VRXUFH�WDUJHW�IDFWXDOLW\ FRUSRUD ZLOO ILW LQWR WKLV PROG�
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SROLWLFLDQ RI WKH UHFHQW &11 H[SRVp FRQFHUQLQJ KLV GXELRXV FDPSDLJQ ILQDQFH SUDFWLFHV�� +HUH�

WKH UHSRUWHU LV FRQYH\LQJ WKH EHOLHI KHOG E\ &11� ZKLFK LV WKDW WKH SROLWLFLDQ LV FRUUXSW� EXW WKH

UHSRUWHU WKHPVHOYHV GRHV QRW H[SUHVV WKHLU RZQ EHOLHI LQ WKH DFW RI H[SUHVVLQJ &11
V EHOLHI� ,Q

WKLV H[DPSOH� WKHUH DUH WKUHH VRXUFHV ZKR DOO VKDUH WKH VDPH WDUJHW� WKH DXWKRU� WKH UHSRUWHU� DQG

&11� 7KH WDUJHW LV WKH EHOLHI WKDW WKH SROLWLFLDQ LV FRUUXSW� )RU WKH DXWKRU DQG WKH UHSRUWHU� WKH

ODEHO LV 52%� ZKLOH IRU &11� LW LV 8X�

,Q )DFWEDQN
V QDWLYH IRUP� WKHVH DQQRWDWLRQV DUH OXPSHG WRJHWKHU ZLWK 8X� VR ZH KDG WR

GHVLJQ FXVWRP ORJLF WR VHSDUDWH WKHP� ,I WKH QHVWLQJ OHYHO RI WKH VRXUFH LV JUHDWHU WKDQ ]HUR �L�H��

QRW DQ DXWKRU DQQRWDWLRQ�� DQG WKH ODEHO LV QRW 8X� ZH WUDYHUVH WKH WUHH RI SDUHQW VRXUFHV IURP WKH

FXUUHQW RQH DOO WKH ZD\ WR WKH WRS� VZLWFKLQJ DOO 8X ODEHOV WR 52%� 7KLV WDVN HQGHG XS UHODEHOLQJ

a���� H[DPSOHV WR EH SDUW RI WKH UHSRUWHG EHOLHI FODVV�
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VII. Source-Target Corpus Unification Database:
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VIII. Methods

/8� RQFH LQ RXU GDWDEDVH� EHFDPH WKH IRFXV RI RXU
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6HH WKH WDEOH EHORZ IRU D VXPPDU\ RI WKHVH WDVNV ZLWK H[DPSOHV�

Task Model(s) Paradigm Example Input Example Output

(QG�WR�(QG )ODQ�7� ([WUDFWLRQ -RKQ VDLG 0DU\ LV FRPLQJ WR
GLQQHU�

�FRPLQJ� &%�

(QG�WR�(QG )ODQ�7� $QQRWDWLRQ -RKQ VDLG 0DU\ LV FRPLQJ WR
GLQQHU�

-RKQ VDLG 0DU\ LV
>FRPLQJ_&%@ WR
GLQQHU�

&ODVVLILFDWLRQ )ODQ�7��
%(57

1�$

«
([ �� FRPLQJ___-RKQ VDLG 0DU\
LV FRPLQJ WR GLQQHU�

([ �� WR___-RKQ VDLG 0DU\ LV
FRPLQJ WR GLQQHU�
«

«
([ �� &%

([ �� 2
«

:LWK WKHVH WKUHH WDVNV GHILQHG� ZH XSJUDGHG WKH FRGHEDVH SUHVHQWHG E\ =KDQJ HW DO� DQG

PRGLILHG E\ 0XU]DNX HW DO� WR VXSSRUW WKH /8 FRUSXV DQG WKH FODVVLILFDWLRQ WDVN� ERWK RI ZKLFK

GLG QRW ZRUN QDWLYHO\� )XUWKHUPRUH� ZH LPSOHPHQWHG ILYH�IROG FURVV�YDOLGDWLRQ IRU DOO

H[SHULPHQWV� VR WKDW� EHWZHHQ DOO RI WKH IROGV� WKH PRGHO ZRXOG WUDLQ RQ HYHU\ VLQJOH H[DPSOH�

WKXV SURYLGLQJ D ZHOO�EDODQFHG UHVXOW� &UXFLDOO\� ILOH ERXQGDULHV ZHUH UHVSHFWHG EHWZHHQ IROGV

VXFK WKDW D ILOH
V DQQRWDWLRQV ZHUH QHYHU VSOLW EHWZHHQ WZR IROGV� 7KLV SUHYHQWHG WKH PRGHO IURP

JHWWLQJ GLVWUDFWHG E\ OHDUQLQJ IHDWXUHV RI WKH ILOHV WKHPVHOYHV�

)RU WKH WZR HQG�WR�HQG WDVNV� ZH XVHG WKH VDPH QRUPDOL]DWLRQ ORJLF WR H[WUDFW SUHGLFWLRQV

IURP JHQHUDWLYH RXWSXWV DV =KDQJ HW DO� 7KH EHVW SUHIL[ IRU WKHVH WDVNV HQGHG XS EHLQJ �OX

IDFWXDOLW\� �� $GGLWLRQDO VSHFXODWLRQ UHJDUGLQJ PRGHO SUHIL[HV RQ WKLV WDVN LV QRW XVHIXO VLQFH

SUHYLRXV ZRUN �0XU]DNX HW DO�� LQYHVWLJDWHG WKLV H[WHQVLYHO\ DQG GLG QRW ILQG D VLJQLILFDQWO\

EHWWHU�SHUIRUPLQJ SUHIL[�
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5HJDUGLQJ WKH FODVVLILFDWLRQ WDVN� VRPH VOLJKW GDWDEDVH PRGLILFDWLRQV ZHUH UHTXLUHG WR

LQWURGXFH WKH 
2WKHU
 �2� ODEHO� 0RVW RI WKH ZRUN KHUH KDG WR GR ZLWK DGMXVWLQJ RIIVHW ERXQGDULHV

IRU WKRVH DQQRWDWLRQV LQ /8 ZKHUH WKH QDWLYH WDUJHW LV DQ Q�JUDP VSDQ YHUVXV D XQLJUDP KHDG�

VLQFH WKH 6SD&\ WRNHQL]HU� ZKLFK KDQGOHG WKH VSDQ�WR�KHDG WDVN� GLIIHUV VOLJKWO\ IURP WKH

WRNHQL]DWLRQ LPSOLHG LQ WKH ZD\ /8 SUHVHQWV RIIVHW ERXQGDULHV IRU VSDQV� :LWK WKDW IL[HG�

JHQHUDWLQJ WKH GDWD LQ WKH FRUUHFW IRUPDW ZDV HDV\� 7KH SUHIL[ IRU WKLV WDVN ZDV VLPSO\ �FODVVLI\� �

�RQO\ DSSOLHG WR )ODQ�7� � QR SUHIL[ ZDV XVHG ZLWK %(57��

$OO WKUHH WDVNV ZHUH UXQ WKURXJK )ODQ�7�� ZKHUHDV WKH FODVVLILFDWLRQ WDVN ZDV DOVR UXQ

WKURXJK %(57� 7DUJHWV IRU DOO H[SHULPHQWV ZHUH UHSUHVHQWHG DV XQLJUDP KHDGV� DQG DOO

H[SHULPHQWV ZHUH UXQ WKUHH WLPHV� ZLWK HDFK UXQ DVVLJQHG RQH RI WKH IROORZLQJ UDQGRP VHHGV�

ZKLFK LV SURYLGHG WR WKH PRGHO LQ RUGHU WR HQVXUH WKDW FKDQJHV WR UHVXOWV EHWZHHQ UXQV ZLOO EH

HQWLUHO\ FDXVHG E\ FKDQJHV LQ WKH GDWD� �� ��� DQG ��� &URVV�YDOLGDWLRQ ZDV LPSOHPHQWHG ZLWKLQ

HDFK RI WKHVH WKUHH UXQV� 6HH SDUW �%� RI WKH H[SHULPHQWDO UHVXOWV VHFWLRQ IRU UHVXOWV�

&6&,���� +RQRUV 7KHVLV� &RJQLWLYH 6WDWHV
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IX. Experimental Results

A.
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B. LU: All Results

1RWH� )RU WKH IROORZLQJ IRXU WDEOHV� PDFUR�I� UHIHUV WR WKH DYHUDJLQJ RI UHVXOWV RI PDFKLQH

OHDUQLQJ SUHGLFWLRQ DFURVV WKUHH GLIIHUHQW VHHGV IRU WKH LQLWLDOL]DWLRQ RI WKH UDQGRP QXPEHU

JHQHUDWRU� 7KH UHVXOWV IRU HDFK VHHG DUH DOUHDG\
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1RQ�&RPPLWWHG %HOLHI 0DFUR�)� �����

1RQ�$SSOLFDEOH 0DFUR�)� �����

2WKHU 0DFUR�)� �����

$YHUDJH RI DOO ODEHOV H[FHSW RWKHU 0DFUR�)� �����

%�,9� &ODVVLILFDWLRQ ZLWK %(57 �5DZ�

Classifier Metric Value

&RPPLWWHG %HOLHI 0DFUR�)� �����

1RQ�&RPPLWWHG %HOLHI 0DFUR�)� �����

1RQ�$SSOLFDEOH 0DFUR�)� ���

2WKHU 0DFUR�)� �����

$YHUDJH RI DOO ODEHOV H[FHSW RWKHU 0DFUR�)� �����

2Q WKH FODVVLILFDWLRQ WDVN� ZH REVHUYHG VOLJKWO\ KLJKHU EXW RYHUDOO YHU\ VLPLODU

SHUIRUPDQFH FRPSDUHG WR WKH HQG�WR�HQG WDVNV� EHWZHHQ )ODQ�7� DQG %(57� WKH PDMRULW\ FODVV

SHUIRUPDQFH ZDV LGHQWLFDO� ,QWHUHVWLQJO\� PLQRULW\�FODVV SHUIRUPDQFH ZDV IDU EHWWHU KHUH WKDQ RQ

WKH HQG�WR�HQG WDVNV� \LHOGLQJ D PXFK�LPSURYHG PDFUR DYHUDJH )� VFRUH� 2YHUDOO� %(57

RXWSHUIRUPHG )ODQ�7� RQ WKH FODVVLILFDWLRQ WDVN�

,W LV LPSRUWDQW WR QRWH WKDW /8 UHPDLQV ODUJHO\ XQH[SORUHG� 7KLV PHDQV WKDW WKHVH UHVXOWV

DUH GLIILFXOW WR FRPSDUH WR SUHYLRXV UHVXOWV� DOWKRXJK WKH\ FDQ EH FRPSDUHG WR WKH )DFW%DQN

H[SHULPHQWV XVLQJ WKH VDPH PHWKRGV DV ZH GLG�

&6&,���� +RQRUV 7KHVLV� &RJQLWLYH 6WDWHV
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X. Conclusions and Insights

A. FactBank: Author-Only Initial Experiment (Pre-Database)

7KH GDWD SUHVHQWHG KHUH GR QRW OHDG WR FRQFOXVLRQV DV LPSUHVVLYH DV WKRVH LQ 0XU]DNX HW

DO� VLQFH WKH H[SHULPHQW LQ TXHVWLRQ ZDV UH�UXQ ZLWK PHWKRGV PRUH FORVHO\ UHVHPEOLQJ WKRVH

IROORZHG IRU WKH /8 H[SHULPHQWV� QDPHO\ GUDZLQJ GDWD IURP WKH XQLILHG GDWDEDVH LQVWHDG RI WKH

QDWLYH IRUPDW� 1HYHUWKHOHVV� XVHIXO VRPH FRQFOXVLRQV FDQ EH GUDZQ�

)URP WKH REVHUYHG PHWULFV IRU WKH PDMRULW\ FODVV� &7�� ZH FDQ FRQFOXGH WKDW %(57 LV

LQGHHG DEOH WR FRUUHFWO\ LQIHU WKH EHOLHI VWDWH RI WKH DXWKRU ZKHQ WKDW EHOLHI VWDWH LV &7�� 7KH

FRPSDUDWLYHO\ SRRU SHUIRUPDQFH RI WKH 8X FODVV PD\ EH GXH WR WKH IDFW WKDW WKH 8X FODVV LV

VLPSO\ QRW ODUJH HQRXJK WR PDWFK WKH &7� FODVV� EXW ZH VXVSHFW WKHUH LV PRUH EHKLQG 8X
V

SHUIRUPDQFH� ,Q )DFW%DQN� WKH 8X FODVV DFWV DV D FDWFK�DOO IRU DQQRWDWLRQV WKDW JHQHUDOO\ GR QRW

H[SUHVV D EHOLHI� WKH OLQJXLVWLF IHDWXUHV RI WKHVH DQQRWDWLRQV PD\ YDU\ ZLGHO\� KRZHYHU� 7KLV LV LQ

FRQWUDVW WR WKH &7� FODVV� ZKHUH WKH V\QWDFWLF DQG JUDPPDWLFDO VWUXFWXUHV RI DQQRWDWLRQV DUH

VKDUHG� WKLV PDNHV OHDUQLQJ HDVLHU� 7R LPSURYH SHUIRUPDQFH� WKH 8X FODVV VKRXOG EH UHH[DPLQHG

WR VHH ZKHWKHU VRPH VXEVHW RWKHU WKDQ WKH SUHYLRXVO\�GLVFXVVHG UHSRUWHG EHOLHI FODVV FRXOG EH

UHODEHOHG�
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B. LU: All Results

%�, DQG %�,,� (QG�WR�(QG 7DVNV RQ )ODQ�7�

7KH PRVW VDOLHQW FRQFOXVLRQ WR EH GUDZQ IURP WKLV VHW RI H[SHULPHQWV LV WKDW )ODQ�7� GRHV

EHWWHU ZLWK WDVNV WKDW DVN IRU JHQHUDWLYH RXWSXWV� ZKLFK ZDV GRQH KHUH ZLWK WKH DQQRWDWLRQ

SDUDGLJP� WKH FRUUHFW RXWSXW FRQWDLQV WKH HQWLUH VHQWHQFH� ,W LV LPSRUWDQW WR QRWH WKDW DOO FODVVHV

VDZ LPSURYHG SHUIRUPDQFH� QRW MXVW WKH PDMRULW\ FODVV�

:H DOVR REVHUYHG WKDW )ODQ�7� GRHV QRW GR ZHOO ZLWK VSDQ�EDVHG DQQRWDWLRQV RU D PL[ RI

XQLJUDPV DQG Q�JUDPV� 7KH EHVW SHUIRUPDQFH E\ IDU RFFXUUHG ZKHQ DOO DQQRWDWLRQV XVHG

XQLJUDPV� 7KLV VXJJHVWV WKDW LQFOXGLQJ QRQ�HVVHQWLDO WRNHQV LQ DQQRWDWLRQV IHG WR WKH PRGHO RQO\

VHUYHV WR FRQIXVH LW DQG ORZHU DFFXUDF\� )XUWKHU UHVHDUFK �
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7KH DOPRVW�SHUIHFW VFRUH IRU WKH 
2
 ODEHO LV ERWK H[SHFWHG DQG LQVLJQLILFDQW� 3HU WKH

PHWKRGV� DQ\ WRNHQ QRW FRQWDLQHG LQ DQ DQQRWDWLRQ LV DVVLJQHG WKLV ODEHO� WKHUHIRUH PDNLQJ LW D

VXSHUPDMRULW\ FODVV�
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XI. Future Work

A. Plans to Improve Experi
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