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)LHOG (PEHGGLQJ� $ 8QLILHG *UDLQ�%DVHG )UDPHZRUN IRU
:RUG 5HSUHVHQWDWLRQ

-XQMLH /XR1,2∗� ;L &KHQ1∗†� -LFKDR 6XQ1∗� <XHMLD ;LDQJ1�
1LQJ\X =KDQJ3� ;LDQJ :DQ4

17HQFHQW -DUYLV /DE 28QLYHUVLW\ RI 0DU\ODQG
3=KHMLDQJ 8QLYHUVLW\ 46KHQ]KHQ 5HVHDUFK ,QVWLWXWH RI %LJ 'DWD

DDHmQ!mK/X2/m x?�M;MBM;vm!xDmX2/mX+M r�MtB�M;!b`B#/X+M
&D�bQMt+?2M-DB+?�QbmM-vm2DB�tB�M;'!i2M+2MiX+QK

$EVWUDFW

:RUG UHSUHVHQWDWLRQV HPSRZHUHG ZLWK DGGL�
WLRQDO OLQJXLVWLF LQIRUPDWLRQ KDYH EHHQ ZLGHO\
VWXGLHG DQG SURYHG WR RXWSHUIRUP WUDGLWLRQDO
HPEHGGLQJV� &XUUHQW PHWKRGV PDLQO\ IRFXV
RQ OHDUQLQJ HPEHGGLQJV IRU ZRUGV ZKLOH HP�
EHGGLQJV RI OLQJXLVWLF LQIRUPDWLRQ �UHIHUUHG WR
DV JUDLQ HPEHGGLQJV� DUH GLVFDUGHG DIWHU WKH
OHDUQLQJ� 7KLV ZRUN SURSRVHV D IUDPHZRUN
ILHOG HPEHGGLQJ WR MRLQWO\ OHDUQ ERWK ZRUG
DQG JUDLQ HPEHGGLQJV E\ LQFRUSRUDWLQJ PRU�
SKRORJLFDO� SKRQHWLF� DQG V\QWDFWLFDO OLQJXLV�
WLF ILHOGV� 7KH IUDPHZRUN OHYHUDJHV DQ LQQR�
YDWLYH ILQH�JUDLQHG SLSHOLQH ZKLFK LQWHJUDWHV
PXOWLSOH OLQJXLVWLF ILHOGV DQG SURGXFHV KLJK�
TXDOLW\ JUDLQ VHTXHQFHV IRU OHDUQLQJ VXSUHPH
ZRUG UHSUHVHQWDWLRQV� $ QRYHO DOJRULWKP LV
DOVR GHVLJQHG WR OHDUQ HPEHGGLQJV IRU ZRUGV
DQG JUDLQV E\ FDSWXULQJ LQIRUPDWLRQ WKDW LV
FRQWDLQHG ZLWKLQ HDFK ILHOG DQG WKDW LV VKDUHG
DFURVV WKHP� ([SHULPHQWDO UHVXOWV RI OH[LFDO
WDVNV DQG GRZQVWUHDP QDWXUDO ODQJXDJH SUR�
FHVVLQJ WDVNV LOOXVWUDWH WKDW RXU IUDPHZRUN FDQ
OHDUQ EHWWHU ZRUG HPEHGGLQJV DQG JUDLQ HPEHG�
GLQJV� 4XDOLWDWLYH HYDOXDWLRQV VKRZ JUDLQ HP�
EHGGLQJV HIIHFWLYHO\ FDSWXUH WKH VHPDQWLF LQ�
IRUPDWLRQ�

� ,QWURGXFWLRQ

'LVWULEXWHG ZRUG UHSUHVHQWDWLRQ� DOVR QDPHG DV
ZRUG HPEHGGLQJ� UHSUHVHQWV HDFK ZRUG DV D YHFWRU
LQ D FRQWLQXRXV YHFWRU VSDFH� 'XH WR LWV VWURQJ DELO�
LW\ RI HQFRGLQJ VHPDQWLF LQIRUPDWLRQ� ZRUG HP�
EHGGLQJ LV XVHIXO LQ PDQ\ GRZQVWUHDP 1/3 WDVNV�
VXFK DV WH[W FODVVLILFDWLRQ �:LHWLQJ HW DO�� �����
<LQ HW DO�� ������ QDPHG HQWLW\ UHFRJQLWLRQ �1(5�
�&ROOREHUW HW DO�� ����� 6XQ HW DO�� ������ HWF� &ODV�
VLF DSSURDFKHV PDLQO\ WUHDWHG ZRUGV DV DWRPLF WR�
NHQV� VXFK DV :RUG9HF �0LNRORY HW DO�� ����E�D�
DQG *OR9H �3HQQLQJWRQ HW DO�� ������ 5HFHQWO\�
PDQ\ UHVHDUFKHUV LQWURGXFHG VXEZRUG LQIRUPDWLRQ

7KH ILUVW WKUHH DXWKRUV FRQWULEXWHG HTXDOO\�
�;L &KHQ LV WKH FRUUHVSRQGLQJ DXWKRU�

)LJXUH �� )LHOG DQG JUDLQ VHTXHQFH H[DPSOHV IRU 智
�ZLVGRP� DQG ZLVGRP�  LQGLFDWHV WKH K\SHUILHOG�

WR OHDUQ DGYDQFHG ZRUG HPEHGGLQJV IRU GLIIHUHQW
ODQJXDJHV� LQFOXGLQJ (QJOLVK �%RMDQRZVNL HW DO��
����� DQG &KLQHVH �<X HW DO�� ����� &DR HW DO��
������ ,Q WKLV SDSHU� ZH UHIHU WR VXEZRUG W\SHV
DV OLQJXLVWLF ILHOGV DQG V\PEROV UHSUHVHQWLQJ VXE�
ZRUGV DV JUDLQV� )RU H[DPSOH� WKH ILHOG OHWWHU JUDLQ
VHTXHQFH RI ZRUG ZLVGRP LV >Z� L� V� G� R� P@� (O�
HPHQWV LQ WKH VHTXHQFH DUH OHWWHU JUDLQV ZKLFK DUH
IURP WKH OHWWHU YRFDEXODU\� L�H�� WKH DOSKDEHW WDEOH�
)LJ� � VKRZV PRUH H[DPSOHV RI OLQJXLVWLF ILHOGV
DQG JUDLQV�
+RZHYHU� WKRXJK KXJH SURJUHVV KDV EHHQ

DFKLHYHG� WKHUH DUH PDQ\ FKDOOHQJHV RU OLPLWDWLRQV
IRU IXOO\ H[SORLWLQJ OLQJXLVWLF ILHOGV¶ SRWHQWLDO RQ
OHDUQLQJ DGYDQFHG HPEHGGLQJV� 7KH ILUVW FKDO�
OHQJH LV SURGXFLQJ VHPDQWLFDOO\ PHDQLQJIXO UHSUH�
VHQWDWLRQV IRU LQSXW ZRUGV� 6XFK UHSUHVHQWDWLRQV
UHO\ RQ �D� EURDG OLQJXLVWLF ILHOGV DQG �E� KLJK�
TXDOLW\ JUDLQ VHTXHQFHV� )RU ILHOGV� RQO\ PRUSKR�
ORJLFDO ILHOGV ZHUH VWXGLHG� VXFK DV OHWWHU LQ (Q�
JOLVK �%RMDQRZVNL HW DO�� ������ DQG FRPSRQHQW
LQ &KLQHVH �<X HW DO�� ������ +RZHYHU� OLQJXLV�
WLFV VWXGLHV UHYHDOHG WKDW SKRQHWLF DQG V\QWDFWLFDO
ILHOGV FRQWDLQ ULFK VHPDQWLF LQIRUPDWLRQ �%HDYHU
HW DO�� ������ ZKRVH XWLOLW\ ZDV QRW IXOO\ VWXGLHG
EHIRUH� )RU JUDLQ VHTXHQFHV� FXUUHQW PHWKRGV RQO\
SURGXFHG FRDUVH JUDLQ VHTXHQFHV� ZKRVH JUDLQV VHO�
GRP FDUU\ LQIRUPDWLRQ DVVRFLDWHG ZLWK WKH RULJLQDO
ZRUG� )RU H[DPSOH� JUDLQV IURP >Z� L� V� G� R� P@�
WKH OHWWHU JUDLQ VHTXHQFH RI ZRUG ZLVGRP� DUH VLP�
SOH DQG OHVV PHDQLQJIXO OHWWHUV�
6HFRQG� D FXVWRPL]HG DOJRULWKP LV UHTXLUHG WR
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PRGHO ERWK WKH XQLTXHQHVV RI HDFK ILHOG DQG WKH
UHODWLRQVKLS DPRQJ ILHOGV� JLYHQ WKH LQFUHDVLQJO\
DYDLODEOH OLQJXLVWLF ILHOGV DV WKH QHZ LQIRUPDWLRQ�
%HVLGHV WKHLU XQLTXHQHVV� ILHOGV KDYH VWURQJ FRU�
UHODWLRQV ZLWK HDFK RWKHU� :H FDQ ILQG PDQ\
PRUSKHPH�V\QWD[ SDLUV� VXFK DV �WLRQ�1RXQ DQG �
LRXV�$GM DQG PRUSKHPH�SKRQHPH SDLUV� VRXQGV
RI 妈 �PRWKHU� DQG 码 �FRGH�� ZKLFK DUH GHULYHG
IURP WKH SDLU马 �KRUVH��PD� +RZHYHU� SDVW PHWK�
RGV PLJKW IDLO WR FDSWXUH KROLVWLF LQIRUPDWLRQ FDU�
ULHG DFURVV ILHOGV �&KHQ HW DO�� ����E� &DR HW DO��
������ 7KH\ VLPSO\ SXW DOO ILHOGV WRJHWKHU DQG LP�
PLJUDWHG FODVVLFDO ZRUG�YHF DOJRULWKPV� ZKLFK LJ�
QRUHG VXFK LQWHU�ILHOG LQIRUPDWLRQ�
)XUWKHUPRUH� WKH YDOXH RI JUDLQ HPEHGGLQJV RQ

1/3 WDVNV KDV QRW EHHQ FRPSUHKHQVLYHO\ HYDOX�
DWHG� 6LPLODU WR ZRUG HPEHGGLQJV� ZH LQWURGXFH
JUDLQ HPEHGGLQJV ZKLFK UHSUHVHQW HDFK JUDLQ ZLWK
D VHPDQWLF YHFWRU� 3DVW ZRUN IRFXVHG RQ ZRUG HP�
EHGGLQJV EXW SDLG OLWWOH DWWHQWLRQ WR OHDUQLQJ DQG
HYDOXDWLQJ JUDLQ HPEHGGLQJV IRU OLQJXLVWLF ILHOGV�
:KHWKHU JUDLQ HPEHGGLQJV FDQ FRQYH\ VHPDQWLFV
DQG EHQHILW 1/3 WDVNV LV VWLOO QRW V\VWHPDWLFDOO\
VWXGLHG�
7R VROYH WKH DERYH FKDOOHQJHV� ZH SURSRVH D

ILHOG HPEHGGLQJ IUDPHZRUN WR MRLQWO\ OHDUQ ZRUG
DQG JUDLQ HPEHGGLQJV VLPXOWDQHRXVO\� ,W FDQ IOH[�
LEO\ LQWHJUDWH DQ\ FRPELQDWLRQ RI OLQJXLVWLF ILHOGV�
2XU FRQWULEXWLRQV DUH IROORZV�
��� $ ILQH�JUDLQHG SLSHOLQH �D� WDNHV DQ\ FRPEL�

QDWLRQ RI YDULRXV OLQJXLVWLF ILHOGV� LQFOXGLQJ PRU�
SKHPH� SKRQHPH� DQG V\QWD[� DV WKH LQSXW� DQG
�E� LQFOXGHV Q�JUDP DQG JUDLQ GURSSLQJ WR JHQHU�
DWH KLJK�TXDOLW\ JUDLQ VHTXHQFHV DV VHPDQWLFDOO\
PHDQLQJIXO DQG FRPSOHWH UHSUHVHQWDWLRQV IRU LQSXW
ZRUGV�
��� $ QRYHO DOJRULWKP LV SURSRVHG ZLWK WKH PR�

WLYDWLRQ RI XELTXLWRXV OLQJXLVWLF SKHQRPHQD� ,WV
ORVV IXQFWLRQ JHQHUDWHV WZR NLQGV RI JUDGLHQWV WR
PRGHO LQIRUPDWLRQ FRQWDLQHG ZLWKLQ HDFK ILHOG DQG
WKDW VKDUHG DFURVV PXOWLSOH ILHOGV VHSDUDWHO\� 7KLV
EULQJV KROLVWLF LQIRUPDWLRQ WR LPSURYH WKH HPEHG�
GLQJ TXDOLW\�
��� ([WHQVLYH H[SHULPHQWDO UHVXOWV LOOXVWUDWH WKDW

RXU IUDPHZRUN \LHOGV VXSUHPH ZRUG DQG JUDLQ HP�
EHGGLQJV LQ YDULRXV 1/3 WDVNV� 2XU IUDPHZRUN
OHDUQV EHWWHU ZRUG HPEHGGLQJV WKDQ SUHYLRXV PHWK�
RGV LQ ERWK OH[LFDO WDVNV DQG GRZQVWUHDP WDVNV�
0RUHRYHU� RXU OHDUQHG JUDLQ HPEHGGLQJV RXWSHU�
IRUP ZRUG HPEHGGLQJV LQ GRZQVWUHDP WDVNV� VXFK
DV WH[W FODVVLILFDWLRQ DQG 1(5� )XUWKHUPRUH� TXDOL�

WDWLYH HYDOXDWLRQV VKRZ WKDW JUDLQ HPEHGGLQJV FDQ
HIIHFWLYHO\ FDSWXUH VHPDQWLF LQIRUPDWLRQ�
,W LV WKH ILUVW WRRONLW WKDW FDQ PHDVXUH WKH HIIHF�

WLYHQHVV RI YDULRXV ILHOGV DQG WKHLU FRPELQDWLRQV
LQ OHDUQLQJ ZRUG DQG JUDLQ HPEHGGLQJV� ,WV VLP�
SOLFLW\ DQG FRPSDWLELOLW\ VSDUH WKH ODERULRXV DQG
WLPH�FRQVXPLQJ GHYHORSPHQWV DQG HYDOXDWLRQV RI
QHZ PXOWL�ILHOG PRGHOV� 7KH FRGH DQG GDWD ZLOO EH
UHOHDVHG RQ *LWKXE�

� %DFNJURXQG DQG 5HODWHG :RUNV

)LHOG DQG *UDLQ $ VHQWHQFH LV D OLVW RI ZRUGV�
$ ILHOG GHVFULEHV RQH OLQJXLVWLF DVSHFW RI ZRUGV�
)RU H[DPSOH� LQ &KLQHVH� FRPSRQHQW DQG VWURNH
DUH PRUSKRORJLFDO ILHOGV ZKLFK GHVFULEH WKH ZRUG
VKDSH� SLQ\LQ� D SKRQHWLF ILHOG� GHVFULEHV SURQXQ�
FLDWLRQV� 7KHVH DUH VXEILHOGV� ZKLFK DUH GHWHU�
PLQHG H[FOXVLYHO\ E\ WKH ZRUG� ,Q FRQWUDVW� K\�
SHUILHOGV UHIHU WR WKH OLQJXLVWLF ILHOGV GHWHUPLQHG
E\ ERWK WKH ZRUG DQG LWV FRQWH[W� VXFK DV SDUW�RI�
VSHHFK �326�� D V\QWDFWLFDO ILHOG� $ VLPSOH DQG
HIILFLHQW ZD\ WR UHSUHVHQW ILHOG LQIRUPDWLRQ LV XV�
LQJ VHTXHQFHV RI V\PEROV� 6\PEROV DUH UHIHUUHG WR
DV JUDLQV DQG VHTXHQFHV DV JUDLQ VHTXHQFHV� VXFK
DV ZLVGRP¶V ZRUG URRW JUDLQ VHTXHQFH LV >ZLV�� �
GRP@�
6WDWLF (PEHGGLQJV 6WDWLF HPEHGGLQJV SUHVHQW

HDFK ZRUG �RU JUDLQ� ZLWK D VHPDQWLF YHFWRU LQGH�
SHQGHQW RI LWV FRQWH[WV� 7KLV ZRUN IRFXVHV RQ H[�
SORLWLQJ OLQJXLVWLF SRWHQWLDO IRU OHDUQLQJ VWDWLF ZRUG
DQG JUDLQ HPEHGGLQJV� 3DVW ZRUNV DFKLHYHG KXJH
SURJUHVV LQ LQWURGXFLQJ OLQJXLVWLF ILHOGV IRU DG�
YDQFHG VWDWLF ZRUG HPEHGGLQJV� )RU (QJOLVK� RQH
W\SLFDO OLQJXLVWLF ILHOG LV OHWWHU� ZKLFK KDV EHHQ H[�
SORLWHG WR LPSURYH ZRUG HPEHGGLQJV �%RMDQRZVNL
HW DO�� ������ )RU &KLQHVH� VXEZRUG ILHOGV� LQFOXG�
LQJ FKDUDFWHU� FRPSRQHQW� DQG VWURNH� FRQYH\ IUXLW�
IXO VHPDQWLF LQIRUPDWLRQ �:LHWLQJ HW DO�� ����� /LX
HW DO�� ����� DQG KDYH EHHQ VWXGLHG E\ &:( �&KHQ
HW DO�� ����D�� -:( �<X HW DO�� ������ DQG FZ�YHF
�&DR HW DO�� ����� VHSDUDWHO\� 7KH DERYH PHWKRGV
DGRSWHG VKDOORZ EXW HIILFLHQW VWUXFWXUHV� ,Q FRQ�
WUDVW� PDQ\ PHWKRGV LQWURGXFHG GHHS QHXUDO QHW�
ZRUNV LQ OHDUQLQJ VWDWLF HPEHGGLQJV �.LP HW DO��
����� &DR DQG /X� ������ +RZHYHU� WKH\ FRVW
KXJH FRPSXWDWLRQDO UHVRXUFHV DQG \LHOGHG OLPLWHG
LPSURYHPHQWV� 7R NHHS WKH IUDPHZRUN VWUDLJKW�
IRUZDUG DQG HIILFLHQW� WKLV ZRUN DGRSWV D VKDOORZ
VWUXFWXUH�
'\QDPLF (PEHGGLQJV '\QDPLF HPEHGGLQJV

DUH WUDLQHG DV GHHS ODQJXDJH PRGHOV DQG UHSUHVHQW
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)LJXUH �� )LHOG HPEHGGLQJ FERZ VWUXFWXUH�

D ZKROH VHQWHQFH ZLWK FRQWH[WXDO LQIRUPDWLRQ� 7KH
G\QDPLF HPEHGGLQJV� VXFK DV (/0R �3HWHUV HW DO��
������ DQG %(57 �'HYOLQ HW DO�� ������ DFKLHYHG
VWDWH�RI�WKH�DUW SHUIRUPDQFHV LQ PDQ\ 1/3 WDVNV�
7KLV ZRUN FRPSDUHV RXU JUDLQ HPEHGGLQJV ZLWK
WKHP RQ GRZQVWUHDP WDVNV� +RZHYHU� ZH GLG QRW
HYDOXDWH WKHP ZLWK OH[LFDO WDVNV� DV WKH\ FDQQRW
SURGXFH ZRUG YHFWRU ZLWKRXW FRQWH[WV GLUHFWO\�

� 0RGHO 'HVFULSWLRQ

:H XVH C WR GHQRWH WKH WUDLQLQJ FRUSXV� V WKH
ZRUG YRFDEXODU\� DQG F WKH VHW RI VHOHFWHG OLQJXLV�
WLF ILHOGV� )RU D ILHOG f ∈ F � ZH JHQHUDWH LWV Q�
JUDP JUDLQ YRFDEXODU\ Vf E\ VFDQQLQJ WKH ZRUGV
LQ WKH ZKROH FRUSXV� Gf (w) = [g1, g2, . . . , gn]
LV WKH JUDLQ VHTXHQFH RI ZRUG w LQ ILHOG f � 'DWD
SRLQWV IHG LQWR HPEHGGLQJ PRGHOV DUH SDLUV RI D WDU�
JHW ZRUG wt DQG LWV FRQWH[W ZRUG VHW S(wt)� RU S
IRU VLPSOLFLW\� 7DNH WKH VHQWHQFH 7KH IR[ UXQV DIWHU
FDWV DV DQ H[DPSOH DQG VXSSRVH UXQV LV WKH WDUJHW
ZRUG� %\ DSSO\LQJ FERZ� WKH GDWD SRLQWV (S,wt)
ZLOO EH �>7KH� IR[� DIWHU� FDWV@� UXQV�� %\ DSSO\LQJ
VNLS�JUDP� WKHUH DUH IRXU (S,wt)V� �>FW[@� UXQV� IRU
FW[ LQ >7KH� IR[� DIWHU� FDWV@�
7KH FERZ VWUXFWXUH LV VKRZQ LQ )LJ� �� ,W FRQ�

WDLQV WKUHH OD\HUV� WKH LQSXW� SURMHFWLRQ� DQG SUH�
GLFWLRQ OD\HU� )RU D GDWD SRLQW (S,wt)� PXOWL�ILHOG
LQSXWV RI S LQ WKH LQSXW OD\HU DUH IHG WR WKH SUR�
MHFWLRQ OD\HU DQG EHFRPH SURMHFWLRQ YHFWRUV� P0 WR
P|F |� (DFK SURMHFWLRQ HQWHUV WKH SUHGLFWLRQ OD\HU
WR SUHGLFW wt DQG JHW D SUHGLFWLRQ ORVV� 7KH VXP�
PDWLRQ RI WKHVH ORVVHV LV WKH WRWDO ORVV� 0RGHO¶V
SDUDPHWHUV LQFOXGH VHYHUDO JUDLQ HPEHGGLQJ PDWUL�
FHV LQ WKH SURMHFWLRQ OD\HU DQG D ZRUG HPEHGGLQJ
PDWUL[ LQ WKH SUHGLFWLRQ OD\HU� :H UHSUHVHQW ZRUG
HPEHGGLQJV DV EW RI VL]H |V |× d� ZKHUH d LV WKH

)LJXUH �� )LQH�JUDLQHG SLSHOLQH IRU H[WUDFWLQJ KLJK�
TXDOLW\ JUDLQ VHTXHQFHV DQG SURMHFWLRQV�

HPEHGGLQJ VL]H� )RU HDFK ILHOG f � LWV JUDLQ HPEHG�
GLQJV Ef

G LV RI VL]H |Vf | × d� :RUG HPEHGGLQJV
EW YHFWRUL]H WKH WDUJHW ZRUG wt ZKLOH JUDLQ HP�
EHGGLQJV Ef

G RQO\ YHFWRUL]H JUDLQV IURP FRQWH[W
ZRUGV LQ S(wt)�

��� )LQH�*UDLQHG 3LSHOLQH

,Q WKH SURMHFWLRQ OD\HU� ZH GHVLJQ D ILQH�JUDLQHG
SLSHOLQH WKDW FRQVLVWV RI Q�JUDP DQG JUDLQ GURSSLQJ
WR SURGXFH KLJK�TXDOLW\ JUDLQ VHTXHQFHV� )LJ� �
VKRZV LWV PHFKDQLVP�
1�*UDP &RPSDUHG WR WKH ZRUG YRFDEXODU\ V �

VL]HV RI Vf DQG Ef
G DUH VPDOO� ZKLFK PD\ OHDG WR

WKH XQGHUILWWLQJ SUREOHP� )RU HDFK ILHOG f � ZH JHQ�
HUDWH Q�JUDP JUDLQV WR HQODUJH LWV JUDLQ YRFDEXODU\
Vf � %\ LQFUHDVLQJ WKH JUDLQ YRFDEXODU\ VL]H� LW
HQODUJHV HDFK ZRUG¶V JUDLQ VHTXHQFH IRU D KLJKHU
FDSDFLW\ RI FDUU\LQJ OLQJXLVWLF NQRZOHGJH� $V DQ
LQVWDQFH� WKH ZRUG 智 �ZLVGRP� FRQWDLQV FRPSR�
QHQW矢 �DUURZ��口 �PRXWK�� DQG日 �GD\�� 7KHVH
FRPSRQHQWV DUH QRW UHOHYDQW WR WKH VHPDQWLFV RI
智 �ZLVGRP�� :LWKRXW Q�JUDP JUDLQV� Gf (w) LV
D VKRUW VHTXHQFH ZKLFK KDUGO\ FDWFKHV HQRXJK LQ�
IRUPDWLRQ� ZKHUHDV Q�JUDP JUDLQV LQWURGXFH PRUH
UHOHYDQW JUDLQV ZKLFK FDUU\ ULFK VHPDQWLF LQIRUPD�
WLRQ� )RU H[DPSOH� DIWHU LQFOXGLQJ ��JUDP JUDLQV�
ZH KDYH矢口 DQG口日� 7KH QHZ JUDLQ矢口 FDQ
EH UHJDUGHG DV 知 �NQRZOHGJH�� ZKRVH VHPDQWLFV
LV VLPLODU WR智 �ZLVGRP��
*UDLQ 'URSSLQJ :KLOH Q�JUDP LQWURGXFHV

PHDQLQJIXO JUDLQV� LW JHQHUDWHV PDQ\ ORZ�
IUHTXHQF\ DQG PHDQLQJOHVV JUDLQV� )RU H[DPSOH�
口日 LQ 智 FDUULHV DOPRVW QR LQIRUPDWLRQ DQG
VHOGRP DSSHDUV LQ WKH FRUSXV� :H ILOWHU RXW
VXFK QRLVH E\ GURSSLQJ H[WUHPHO\ ORZ�IUHTXHQF\
JUDLQV� 7KLV FDQ LPSURYH WKH TXDOLW\ RI WUDLQLQJ
GDWD� UHGXFH PRGHO SDUDPHWHUV� DQG WKXV DFFHOHUDWH
WKH WUDLQLQJ SURFHVV� 0RUHRYHU� PRWLYDWHG E\
GURSRXW �6ULYDVWDYD HW DO�� ����� DQG VXEVDPSOLQJ
�0LNRORY HW DO�� ����E�� GXULQJ WKH WUDLQLQJ SKDVH�
ZH UDQGRPO\ GURS VRPH KLJK�IUHTXHQF\ JUDLQV�
$W WKH VDPH WLPH� WKLV DFFHOHUDWHV WKH WUDLQLQJ
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SURFHVV�
$V VKRZQ LQ )LJ� �� DIWHU WKH SLSHOLQH SURFHVV�

WKH ZRUG 智¶V FRDUVH FRPSRQHQW JUDLQ VHTXHQFH
>矢� 口� 日@ LV XSGDWHG WR >矢� 日� 矢口@� ZKLFK
FDUULHV VHPDQWLFDOO\ PHDQLQJIXO QHZ JUDLQV IRU WKH
ZRUG 智� 7KH FDVH RI (QJOLVK ZRUG ZLVGRP LV
DOVR WKH VDPH� ,Q VKRUW� Q�JUDP DQG JUDLQ GURS�
SLQJ KHOS JHQHUDWH D EHWWHU JUDLQ VHTXHQFHGf (w)�
ZKLFK ZLOO EH SURYHG WR EH FUXFLDO WR HQKDQFH
WKH TXDOLW\ RI HPEHGGLQJV� $IWHUZDUGV� ZH FDQ
JHW SURMHFWLRQ YHFWRUV� )RU ILHOG f � ZH FDQ UHSUH�
VHQW D ZRUG w E\ DYHUDJLQJ DOO RI LWV JUDLQ YHF�
WRUV WR JHW LWV ZRUG SURMHFWLRQ YHFWRU� pf (w) =

1
|Gf (w)|

∑
g∈Gf (w)E

f
G(g)� ZKHUH Ef

G(g) LQGLFDWHV

WKH YHFWRU RI g IURP Ef
G� 7KHQ� ZH FDOFXODWH WKH

FRQWH[W SURMHFWLRQ YHFWRU Pf (S)�

Pf (S) =
1

|S|
∑

w∈S

1

|Gf (w)|
∑

g∈Gf (w)

Ef
G(g).

��� /RVV )XQFWLRQ
,Q WKH SUHGLFWLRQ OD\HU� RXU SURSRVHG FXVWRPL]HG
DOJRULWKP FRQWDLQV D QRYHO ORVV IXQFWLRQ ZKLFK
LV PRWLYDWHG E\ WKH IROORZLQJ OLQJXLVWLF SKHQRP�
HQD� )LUVW� RQH ILHOG UHSUHVHQWV D OLQJXLVWLF DW�
WULEXWH� VXFK DV PRUSKHPH GHVFULELQJ VKDSH ZKLOH
SKRQHPH LQGLFDWLQJ VRXQG� 7KHUHIRUH� HDFK ILHOG
FRQWDLQV LWV FRUUHVSRQGLQJ XQLTXH OLQJXLVWLF LQIRU�
PDWLRQ� 0RUHRYHU� ILHOGV KDYH VWURQJ FRQQHF�
WLRQV ZLWK HDFK RWKHU� :H FDQ HDVLO\ ILQG PDQ\
PRUSKHPH�V\QWD[ SDLUV� VXFK DV �WLRQ�1RXQ DQG �
LRXV�$GM� 7KH PRUSKHPH�SKRQHPH SDLUV DUH DOVR
XELTXLWRXV� VRXQGV RI伸 �VNHWFK� DQG绅 �VLU� DUH
IURP WKH SDLU申 �DSSO\��VKHQ� 7R EHWWHU PRGHO WKH
DERYH SKHQRPHQD� ZH GHVLJQ D QRYHO ORVV IXQFWLRQ
WR OHDUQ OLQJXLVWLF LQIRUPDWLRQ FRQWDLQHG ZLWKLQ
HDFK ILHOG DQG VKDUHG DFURVV PXOWLSOH ILHOGV� 1H[W�
ZH ZLOO VKRZ WKH ORVV IXQFWLRQ GHVLJQ DQG KRZ LW
OHDUQV WKH LQIRUPDWLRQ�
$IWHU FDOFXODWLQJ ILHOG SURMHFWLRQV Pf (S) IRU DOO

f ∈ F � ZH REWDLQ WKH FRQWHQW SURMHFWLRQ RI S WKDW
GHILQHG DV� P0(S) = 1

|F |
∑

f∈F Pf (S)� 7KH RE�
MHFWLYH RI WKLV SUREOHP LV WR PLQLPL]H WKH QHJDWLYH
ORJ�OLNHOLKRRGV RI WKH FRQGLWLRQDO SUHGLFWLYH SURE�
DELOLW\ IRU D WDUJHW ZRUG wt ZLWK LWV FRQWH[W ZRUG
VHW S(wt)�

Lfe(wt) = φ(wt|P0(S))+
∑

f∈F
φ(wt|Pf (S)) ���

7KH QHJDWLYH ORJ�OLNHOLKRRG RI FRQGLWLRQDO SURED�
ELOLW\ LV GHILQHG E\ WKH QHJDWLYH ORJDULWKP RI VRIW�

PD[ IXQFWLRQ�

φ(wt|P ) = −log
exp(P TEW (wt))

∑|V |
j=1 exp(P

TEW (wj))
���

ZKHUH P UHSUHVHQWV WKH FRUUHVSRQGLQJ FRQWH[W SUR�
MHFWLRQ� ,Q SUDFWLFH� ZH DGRSW DQ RSWLPL]DWLRQ
PHWKRG EDVHG RQ WKH QHJDWLYH VDPSOLQJ DQG WKH
VWDQGDUG JUDGLHQW GHVFHQG� 1HJDWLYH VDPSOLQJ LV
WR UHSODFH WKH H[SHQVLYH GHQRPLQDWRU LQ (T� ���
ZLWK D VHW RI QHJDWLYH VDPSOHG ZRUGV EDVHG RQ D
IUHTXHQF\ GLVWULEXWLRQ�

φ(wt|P ) = −[ORJσ(P TEW (wt))+

λEwng∼D ORJσ(−P TEW (wng)]
���

ZKHUH σ LV D VLJPRLG IXQFWLRQ� λ LV WKH QXPEHU
RI QHJDWLYH VDPSOHV� Ewng∼D[·] UHSUHVHQWV H[SHF�
WDWLRQ� DQG WKH QHJDWLYH VDPSOHG ZRUGwng EHORQJV
WR ZRUG IUHTXHQF\ GLVWULEXWLRQ D� *LYHQ D VSH�
FLILF FRUSXV C� WKH REMHFWLYH OLNHOLKRRG LV L(C) =∑

wt∈C Lfe(wt)�
2XU ORVV IXQFWLRQ Lfe LQ (T� ��� FRQWDLQV WZR

WHUPV� )RU WKH ILUVW WHUP� WKH JUDGLHQW RIP0� grad0�
LV EDFN SURSDJDWHG WR HYHU\ JUDLQ DFURVV ZKROH
ILHOGV� 7KLV JUDGLHQW grad0 FDQ EH LQWHUSUHWHG DV
XSGDWHG OLQJXLVWLF LQIRUPDWLRQ VKDULQJ E\ DOO WKH
ILHOGV� )RU WKH VHFRQG WHUP� WKH JUDGLHQW RI ILHOG
SURMHFWLRQ Pf � gradf � RQO\ XSGDWHV WKH JUDLQ YHF�
WRUV ZLWKLQ WKH VSHFLILF ILHOG f � 7KLV JUDGLHQW
gradf FDQ EH LQWHUSUHWHG DV WKH XQLTXH OLQJXLVWLF LQ�
IRUPDWLRQ RI ILHOG f � ,Q WKLV FDVH� WKH JUDGLHQW WKDW
XSGDWHV HDFK JUDLQ LQ ILHOG f LV gradf + 1

|F |grad0�
ZKLFK FRQWDLQV ERWK XQLTXH DQG VKDUHG OLQJXLVWLF
LQIRUPDWLRQ� ([LVWLQJ PHWKRGV PDLQO\ XVHG RQO\
�D� WKH ILUVW WHUP� VXFK DV WKH XVDJH RI Lw2v =
f(wt|P0) LQ ZRUG�YHF� RU �E� WKH VHFRQG WHUP�
Ljwe =

∑
f∈F f(wt|Pf ) LQ -:(� 7KHVH PHWKRGV

FKRVH HLWKHU VKDUHG RU ILHOG�VSHFLILF LQIRUPDWLRQ�
ZKLFK PLJKW EH QRW FRPSOHWH HQRXJK IRU OHDUQLQJ
HPEHGGLQJV�

� 7UDLQLQJ DQG (YDOXDWLRQV

��� 7UDLQLQJ 6HWXSV
7UDLQLQJ&RUSXV:H DGRSW WKH EHQFKPDUN FRUSXV�
ERWK &KLQHVH DQG (QJOLVK :LNLSHGLD GDWD� WR WUDLQ
HPEHGGLQJV ZLWK RXU IUDPHZRUN� )RU &KLQHVH� WKH
VHJPHQWDWLRQ WRRO LV MLHED� ZKLFK ZDV ZLGHO\ XVHG
LQ &KLQHVH 1/3 ZRUNV �/L HW DO�� ������ :H VHW WKH
PLQLPDO ZRUG IUHTXHQF\ DV ��� REWDLQLQJ �������
XQLTXHZRUGV� :H VHW WKH Q�JUDPV RI FKDUDFWHU DQG
326 DV � DQG RWKHUV DV �� 7KH ILUVW ������ JUDLQV
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RUGHUHG E\ IUHTXHQF\ DUH NHSW� )RU (QJOLVK FRUSXV�
ZH VHW WKH PLQLPDO ZRUG IUHTXHQF\ DV ��� ZKLFK
\LHOGV ������� XQLTXH ZRUGV� :H H[WHQG OHWWHU DQG
SKRQHPH WR ��JUDP� DQG VHW 326 WR ��JUDP� )LUVW
������ FRPPRQ JUDLQV DUH NHSW�
%DVHOLQHV 7R DVVHVV WKH HIIHFWLYHQHVV RI RXU

IUDPHZRUN� ZH FRPSDUH LW ZLWK VHYHUDO VWDWH�RI�
WKH�DUW DOJRULWKPV� :RUG�YHF RQO\ XVHV WKH ZRUG
LWVHOI DV D ILHOG� DQG LV DQ HIIHFWLYH DQG HIILFLHQW
WRRONLW IRU OHDUQLQJ ZRUG HPEHGGLQJ� ,W DGRSWV WKH
Lw2v WR WUDLQ WKH HPEHGGLQJV� &:( FRPELQHV
ERWK ZRUG DQG FKDUDFWHU DV ILHOGV DQG WUDLQV HP�
EHGGLQJV LQ D FERZ VWUXFWXUH� ,W DOVR DGRSWV WKH
Lw2v� -:( LQFRUSRUDWHV ZRUG� FKDUDFWHU� DQG
FRPSRQHQW ZLWK WKH FERZ VWUXFWXUH DQG DGRSWV WKH
Ljwe� FZ�YHF XVHV Q�JUDP VWURNH WR WUDLQ HPEHG�
GLQJV LQ D VNLS�JUDP PHWKRG DQG DGRSWV WKH Lw2v�
+\SHUSDUDPHWHUV )RU D IDLU FRPSDULVRQ� HDFK

ZRUG DQG JUDLQ HPEHGGLQJ LV RI ��� GLPHQVLRQV
IRU DOO DOJRULWKPV� :H VHW WKH ZLQGRZ VL]H DQG LW�
HUDWLRQ WR �� WKH LQLWLDO OHDUQLQJ UDWH WR ������ DQG
WKH QHJDWLYH VDPSOHV WR ���

��� (YDOXDWLRQ 7DVNV
,Q WKH WDVN HYDOXDWLRQ SDUW� OH[LFDO WDVNV DUH FRQ�
GXFWHG WR HYDOXDWH ZRUG HPEHGGLQJV DQG WKH HI�
IHFWLYHQHVV RI QHZ OLQJXLVWLF ILHOGV� ILQH�JUDLQHG
SLSHOLQH� DQG RXU QRYHO ORVV IXQFWLRQ� 'RZQVWUHDP
WDVNV DUH FRQGXFWHG WR HYDOXDWH SHUIRUPDQFHV RI
JUDLQ HPEHGGLQJV FRPSDUHG WR ZRUG HPEHGGLQJV�
4XDOLWDWLYH DQDO\VLV LV XVHG WR YDOLGDWH VHPDQ�
WLF LQIRUPDWLRQ LQ JUDLQ HPEHGGLQJV� $OO WDVN
GDWDVHWV DUH ZLGHO\ XVHG LQ SUHYLRXV ZRUG HPEHG�
GLQJ ZRUNV�
/H[LFDO (YDOXDWLRQV /H[LFDO HYDOXDWLRQV LQ�

FOXGH ZRUG VLPLODULW\ DQG ZRUG DQDORJ\� ZKLFK DUH
ZLGHO\ DSSOLHG WR HYDOXDWH WKH TXDOLW\ RI ZRUG HP�
EHGGLQJV�
�D� :RUG 6LPLODULW\ 7KLV WDVN HYDOXDWHV WKH

PRGHO¶V DELOLW\ RI FDSWXULQJ WKH VHPDQWLF UHOHYDQFH
EHWZHHQ JLYHQ ZRUG SDLUV� :H DGRSW GDWDVHWV
6LP��� DQG 6LP��� IURP �&KHQ HW DO�� ����E� IRU
ZRUG VLPLODULW\ WDVNV WR HYDOXDWH &KLQHVH ZRUG HP�
EHGGLQJV� DQG XVH 6LP��� IURP �0LNRORY HW DO��
����D� IRU (QJOLVK ZRUG HPEHGGLQJV� )RU HDFK
SDLU RI ZRUGV LQ HDFK GDWDVHW� D KXPDQ�ODEHOHG
VFRUH LV SURYLGHG� :H FRPSXWH WKH FRVLQH VLPLODU�
LW\ RI HDFK ZRUG SDLU DQG XVH WKH 6SHDUPDQ FRUUH�
ODWLRQ WR PHDVXUH WKH TXDOLW\ RI ZRUG HPEHGGLQJV�
�E� :RUG $QDORJ\ 7KLV WDVN HYDOXDWHV ZKHWKHU

WKH ZRUG HPEHGGLQJV FDSWXUH WKH OLQJXLVWLF UHOD�
WLRQVKLS EHWZHHQ ZRUG SDLUV� *LYHQ WKUHH ZRUGV

OLNH %HUOLQ� *HUPDQ\� 3DULV� WKH PRGHO VKRXOG LQ�
IHU WKDW WKH PRVW VLPLODU ZRUG YHFWRU YHF�)UDQFH�
ZLWK YHF�*HUPDQ\��YHF�%HUOLQ��YHF�3DULV�� :H
DGRSW WKH &KLQHVH GDWDVHW SURYLGHG E\ �&KHQ
HW DO�� ����E�� DQG (QJOLVK GDWDVHWV IURP *RRJOH
�0LNRORY HW DO�� ����D� DQG 065 �0LNRORY HW DO��
����F��
'RZQVWUHDP7DVN ,Q GRZQVWUHDP WDVNV� ZH XVH

RXU HPEHGGLQJV WR UHSUHVHQW ZRUGV LQ D WH[W RU VHQ�
WHQFH DV LQSXW IHDWXUHV� %RWKZRUG HPEHGGLQJV DQG
JUDLQ HPEHGGLQJV FDQ FRQVWUXFW D ZRUG UHSUHVHQWD�
WLRQ IRU D ZRUG w� %\ ZRUG HPEHGGLQJV EW � D
ZRUG w FDQ EH UHSUHVHQWHG DV EW (w)� %\ JUDLQ
HPEHGGLQJV� WKH UHSUHVHQWDWLRQ RI ZRUG w FDQ EH
FRQVWUXFWHG E\ FRQFDWHQDWLQJ DOO ZRUG SURMHFWLRQ
pf (w) WRJHWKHU� ZKHUH f ∈ F DUH DYDLODEOH ILHOGV�
,Q GRZQVWUHDP WDVNV� WKH OHDUQHG HPEHGGLQJV DUH
IUR]HQ DQG QRW XSGDWHG LQ WUDLQLQJ SKDVHV�
�D� 7H[W &ODVVLILFDWLRQ:H IROORZ FZ�YHF DQG VH�

OHFW ILYH WRSLFV LQ WKH &KLQHVH GDWHVHW )XGDQ&RUSXV
DQG REWDLQ ����� WH[WV� )RU (QJOLVK� ZH XVH 1HZV�
*URXS DQG REWDLQ �� WRSLFV DV ZHOO DV ������ WH[WV�
:H DYHUDJH ZRUG UHSUHVHQWDWLRQ RI ZRUGV LQ D WH[W
DV LWV LQSXW IHDWXUH YHFWRUV� :H EXLOG WKH FODVVLILHU
E\ XVLQJ 690 LQ VNOHDUQ DQG XWLOL]H ILYH�IROG FURVV
YDOLGDWLRQ WR REWDLQ DFFXUDF\ VFRUHV�
�E� 1DPHG (QWLW\ 5HFRJQLWLRQ )RU &KLQHVH� ZH

DGRSW %RVRQ� ZKLFK FRQWDLQV ������ VHQWHQFHV DQG
ILYH HQWLW\ FDWHJRULHV DQG UDQGRPO\ VHSDUDWH LW LQWR
WUDLQ� YDOLGDWLRQ� DQG WHVW SDUWV E\ ������ )RU (Q�
JOLVK� ZH XVH &R1//����� ZKLFK FRQWDLQV ������
VHQWHQFHV� � HQWLW\ FDWHJRULHV� DQG LWV RZQ GDWDVHW
VHJPHQWDWLRQ� :H GHYHORS D &5) PRGHO �/DIIHUW\
HW DO�� ����� EDVHG RQ 3\7RUFK DV WKH FODVVLILHU� :H
DGRSW D VLPSOH (PEHG�&5) VWUXFWXUH WR HYDOXDWH
WKH HPEHGGLQJ TXDOLW\ DQG D FRPSOLFDWHG %L/670�
&5) WR YDOLGDWH ERWK VWDWLF DQG G\QDPLF HPEHG�
GLQJV�
4XDOLWDWLYH (YDOXDWLRQ ,W LV EDVHG RQ WKH YHF�

WRUV RI VHOHFWHG FKDUDFWHU� FRPSRQHQW DQG SLQ\LQ
JUDLQV IURP OHDUQHG ILHOG JUDLQ HPEHGGLQJV� :H
HYDOXDWH WKHLU WRS VLPLODU ZRUGV IURP WKH OHDUQHG
HPEHGGLQJV� ZKLFK DUH UHWULHYHG EDVHG RQ WKH FR�
VLQH VLPLODULW\�

� ([SHULPHQWDO 5HVXOW

7KH ILHOGV DQG WKHLU ORJRJUDPV ZH XVHG LQ WKLV
ZRUN DUH� ZRUG :� 326 3RV� LI &KLQHVH� FKDUDF�
WHU +� FRPSRQHQW &� VWURNH 6� SLQ\LQ 3� LI (QJOLVK�
OHWWHU &� SKRQHPH 3�
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&KLQHVH

0HWKRG 6LP��� 6LP��� $QDORJ\

ZRUG�YHF ����� ����� ����
&:( ���� ����� �����
-:( ����� ����� ����

FZ�YHF ����� ����� �����

:�3RV ����� ����� ����
:�&�3RV ����� ���� �����
:�&�3�3RV ����� ����� �����

(QJOLVK

0HWKRG 6LP��� $QD065 $QD*RRJOH

ZRUG�YHF ����� ����� �����
&:( ����� ����� �����

:�& ����� ����� �����
:�3�3RV ����� ����� �����
:�&�3�3RV ����� ����� ����

7DEOH �� 3HUIRUPDQFH RQ OH[LFDO WDVNV DFKLHYHG E\ZRUG
HPEHGGLQJV JHQHUDWHG E\ WKH SURSRVHG PHWKRG DQG
VWDWH�RI�WKH�DUW PHWKRGV� 6SHDUPDQ FRUUHODWLRQ FRHIIL�
FLHQW LV SUHVHQWHG LQ SHUFHQWDJH ����

��� /H[LFDO (YDOXDWLRQ

7KH OH[LFDO WDVNV HYDOXDWH ZRUG HPEHGGLQJV
LQ WHUPV RI GLIIHUHQW ILHOG FRPELQDWLRQV� XVLQJ
SLSHOLQH RU QRW� DQG ORVV IXQFWLRQV WR YHULI\ WKH
HIIHFWLYHQHVV RI RXU SURSRVHG PHWKRGV� 5HVXOWV
LQ 7DEOH � VKRZ WKDW RXU SURSRVHG IUDPHZRUN
DFKLHYHV EHVW SHUIRUPDQFHV IRU GLIIHUHQW WDVNV�
)RU LQVWDQFH� LQ &KLQHVH 6LP��� WDVN� RXU PRGHO
:�3RV JHWV WKH EHVW VLPLODULW\ VFRUH ������� ZLWK
D ����� LQFUHDVH IURP EHVW EDVHOLQH PHWKRG -:(�
1H[W� ZH DQDO\]H VRXUFHV RI WKH LPSURYHPHQWV�
/LQJXLVWLF )LHOG ,Q 7DEOH �� IRU ERWK &KLQHVH

DQG (QJOLVK� RXU PRGHOV ZKLFK LQWHJUDWH SKRQHPH
DQG V\QWD[ ILHOGV SHUIRUP EHWWHU RQ WKUHH GLIIHUHQW
WDVNV DQG RXWSHUIRUP RWKHU H[LVWLQJ PRGHOV� )RU
H[DPSOH� :�&�3�3RV DFKLHYHV EHVW SHUIRUPDQFHV
LQ ERWK &KLQHVH 6LP��� ������ LQFUHDVH IURP WKH
EHVW EDVHOLQH -:(� DQG (QJOLVK 6LP��� ������
LQFUHDVH IURP WKH EHVW EDVHOLQH &:(�� 7KLV VXS�
SRUWV SKRQHPH DQG V\QWD[ ILHOGV FDUU\ QHZ OLQJXLV�
WLF ILHOGV ZKLFK SUHYLRXVO\ ZLGHO\ XVHG PRUSKR�
ORJLFDO ILHOGV GR QRW FRQWDLQ� 0RUHRYHU� SXWWLQJ
DOO ILHOGV WRJHWKHU WR WUDLQ HPEHGGLQJV GRHV QRW
JXDUDQWHH WKDW WKH OHDUQHG ZRUG HPEHGGLQJV FDQ
DFKLHYH EHVW SHUIRUPDQFHV IRU DOO WDVNV� VXFK DV WKH
&KLQHVH :�&�3�3RV PRGHO LQ 7DEOH �� 7KLV LQGL�
FDWHV VRPH OLQJXLVWLF ILHOGV EULQJ PRUH QRLVH WKDQ
VHPDQWLF LQIRUPDWLRQ IRU WKH FRUUHVSRQGLQJ WDVN�
,QVWHDG� ILQGLQJ WKH EHVW ILHOG FRPELQDWLRQ WR WUDLQ
HPEHGGLQJV IRU VSHFLILF WDVNV LV PRUH LPSRUWDQW�
2XU SURSRVHG IUDPHZRUN PDNHV LW HDV\ WR H[SORUH
WKH EHVW ILHOG FRPELQDWLRQ IRU HDFK VSHFLILF WDVN�

0HWKRG 1HZV*URXS �(QJOLVK� )XGDQ �&KLQHVH�
EW EG EW EG

:RUG�9HF ����� � ����� �
:�& ����� ����� ����� �����
:�&�3 ����� ����� ����� �����

:�&�3�3RV ����� ����� ����� �����

7DEOH �� &RPSDULVRQ RI WKH SURSRVHG PHWKRG ZLWK
:RUG�9HF RQ WKH WH[W FODVVLILFDWLRQ WDVNV� $FFXUDF\ LV
SUHVHQWHG LQ SHUFHQWDJH ����

)LQH�*UDLQHG 3LSHOLQH )LJ�� YHULILHV WKH ILQH�
JUDLQHG SLSHOLQH¶V HIIHFWLYHQHVV� *LYHQ ILHOGV DQG
ORVV IXQFWLRQ RI WKH PRGHO� OHYHUDJLQJ WKH ZKROH
ILQH�JUDLQHG SLSHOLQH LQFOXGLQJ Q�JUDP DQG JUDLQ
GURSSLQJ FDQ OHDG WR DGYDQFHG ZRUG HPEHGGLQJV�
)RU H[DPSOH� LQ WKH:�+�&PRGHO� WKH ILQH�JUDLQHG
SLSHOLQH \LHOGV D ����� LQFUHDVH LQ WKH &KLQHVH
$QDORJ\ WDVN� %H\RQG WKLV� )LJ� � IXUWKHU YDOLGDWHV
WKH HIIHFWLYHQHVV RI JUDLQ GURSSLQJ� ,Q WKH :�+�3
PRGHO� JUDLQ GURSSLQJ DFKLHYHV D ����� LPSURYH�
PHQWV LQ $QDORJ\ WDVN� 7KH LPSURYHPHQWV GHPRQ�
VWUDWH WKDW RXU ILQH�JUDLQHG SLSHOLQH GRHV SURGXFH
KLJK�TXDOLW\ JUDLQ VHTXHQFHV DQG FDQ VXFFHVVIXOO\
FDSWXUH PRUH OLQJXLVWLF LQIRUPDWLRQ WKDW SUHYLRXV
ZRUNV PLVVHG�
/RVV )XQFWLRQ )LJ� � DVVHUWV WKH HIIHFWLYHQHVV

RI RXU ORVV IXQFWLRQ� Lfe ORVV IXQFWLRQ RXWSHU�
IRUPV RWKHU ORVV IXQFWLRQV LQ DOO WDVNV� )RU H[�
DPSOH� LQ 6LP��� WDVN� Lfe DFKLHYHV ����� LQ�
FUHDVH FRPSDUHG WR Lw2v DQG ����� LQFUHDVH FRP�
SDUHG WR Ljwe� ,W¶V WKH VDPH IRU 6LP��� DQG
$QDORJ\� &RPSDUHG ZLWK Lw2v DQG Ljwe� Lfe

FRQVLGHUV SURPLQHQW OLQJXLVWLF SKHQRPHQD VXFK DV
PRUSKHPH�SKRQHPH SDLUV� 7KHUHIRUH� LW VXFFHVV�
IXOO\ FDSWXUHV WKH ZLWKLQ�ILHOG DQG FURVVLQJ�ILHOG
LQIRUPDWLRQ�

��� 'RZQVWUHDP 7DVN
:H FRQGXFW ERWK &KLQHVH DQG (QJOLVK GRZQVWUHDP
WDVNV� LQFOXGLQJ WH[W FODVVLILFDWLRQ DQG 1(5� WR WHVW
WKH SHUIRUPDQFHV RI ZRUG HPEHGGLQJV DQG JUDLQ
HPEHGGLQJV�
7H[W &ODVVLILFDWLRQ 7DEOH ��� VKRZV ZLWK PRUH

OLQJXLVWLF ILHOGV� ERWK ZRUG DQG JUDLQ HPEHGGLQJV
JDLQ SHUIRUPDQFH LPSURYHPHQWV RQ WH[W FODVVLIL�
FDWLRQ WDVNV� 7KLV UHYHDOV WKDW SKRQHPH DQG V\Q�
WD[ ILHOGV FDQ LPSURYH WKH TXDOLW\ RI ERWK ZRUG
DQG JUDLQ HPEHGGLQJV� 0RUHRYHU� JUDLQ HPEHG�
GLQJV EG DOZD\V RXWSHUIRUP ZRUG HPEHGGLQJV
EW � ,Q 1HZV*URXS WDVN� EG RI :�&�3�3RV H[�
FHHG EW ZLWK ������ )XUWKHUPRUH� FRPSDUHG
ZLWK ZRUG HPEHGGLQJV� JUDLQ HPEHGGLQJV PDNH
ODUJHU LPSURYHPHQWV ZLWK PRUH ILHOGV� )RU H[DP�
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)LJXUH �� )LQH�JUDLQHG SLSHOLQH SHU�
IRUPDQFHV RQ OH[LFDO WDVNV�

)LJXUH �� *UDLQ GURSSLQJ SHUIRU�
PDQFHV RQ OH[LFDO WDVNV�

)LJXUH �� /RVV IXQFWLRQ SHUIRU�
PDQFHV RQ OH[LFDO WDVNV�

0HWKRG &R1//���� �(QJOLVK� %RVRQ �&KLQHVH�
EW EG EW EG

:RUG�9HF ����� � ����� �
:�& ����� ����� ����� �����
:�&�3 ����� ����� ����� �����

:�&�3�3RV ����� ����� ����� �����

7DEOH �� &RPSDULVRQ RI WKH SURSRVHG PHWKRG ZLWK WKH
(PEHG�&5) VWUXFWXUH DQG:RUG�9HF RQ 1(5� )� VFRUH
LV SUHVHQWHG LQ SHUFHQWDJH ����

SOH� IURP :�& WR :�&�3�3RV� EW DFKLHYH D �����
LQFUHDVH ZKLOH EG DFKLHYHV D ����� LQFUHDVH LQ
1HZV*URXS WDVN� 6XFK DGGLWLRQDO LPSURYHPHQW
GHULYHV IURP DGGLWLRQDO OLQJXLVWLF LQIRUPDWLRQ WKDW
LV QRW LQFOXGHG LQ ZRUG HPEHGGLQJV� 7KLV VWURQJO\
LQGLFDWHV WKDW JUDLQ HPEHGGLQJV FDUU\PRUH OLQJXLV�
WLF LQIRUPDWLRQ WKDQ WKH DVVRFLDWHG ZRUG HPEHG�
GLQJV DQG FDQ EH D EHWWHU DOWHUQDWLYH WR ZRUG HP�
EHGGLQJV�
1DPHG (QWLW\ 5HFRJQLWLRQ $V WR 1(5 SHUIRU�

PDQFHV RI 7DEOH �� D VLPLODU SDWWHUQ LV REVHUYHG
WR WKDW RI WH[W FODVVLILFDWLRQ� ,W GHPRQVWUDWHV WKDW
PRUH OLQJXLVWLF ILHOGV EHQHILW WKH 1(5 WDVNV� )RU
H[DPSOH� IURP :�&�3 WR :�&�3�3RV� JUDLQ HP�
EHGGLQJV JDLQ ����� DQG ����� LPSURYHPHQWV LQ
&R1//���� DQG %RVRQ WDVNV� 7KH UHDVRQ IRU WKH
LPSURYHPHQWV LV WKDW WKH K\SHUILHOG 326 FDUULHV
WKH SDUW RI D VHQWHQFH’V V\QWDFWLFDO LQIRUPDWLRQ�
ZKLFK LV FUXFLDO LQ VHTXHQFH ODEHOLQJ WDVNV� 7KLV LO�
OXVWUDWHV WKH K\SHUILHOG¶V VLJQLILFDQFH LQ OHDUQLQJ
HPEHGGLQJV� 0RUHRYHU� LW VKRZV JUDLQ HPEHG�
GLQJV RXWSHUIRUP ZRUG HPEHGGLQJV� )RU LQVWDQFH�
LQ :�&�3�3RV PRGHO� )� VFRUHV RI JUDLQ HPEHG�
GLQJV H[FHHG WKDW RI ZRUG HPEHGGLQJV ZLWK �����
DQG ����� LQ &R1//���� DQG %RVRQ WDVNV�
7R IXUWKHU SURYH WKDW RXU HPEHGGLQJV DUH HI�

IHFWLYH ZLWK FRPSOLFDWHG QHXUDO QHWZRUNV� ZH
DGRSW (PEHG�%L/670�&5) DQG FRQGXFW H[SHUL�
PHQWV RQ &R1//����� %HVLGHV VWDWLF HPEHGGLQJ
:RUG�9HF� G\QDPLF HPEHGGLQJ PHWKRGV� VXFK DV
(/0R DQG %(57� DUH DOVR OLVWHG DV EDVHOLQHV IRU

0HWKRG )� 6FRUH ���
:�& �����
:�&�3 �����

:�&�3�3RV �����
:RUG�9HF �0LNRORY HW DO�� ����E� �����

(/0R �3HWHUV HW DO�� ����� �����
%(57 �'HYOLQ HW DO�� ����� �����

7DEOH �� 'LIIHUHQW HPEHGGLQJV ZLWK %L/670�&5)
VWUXFWXUH RQ WKH &R1//���� 1(5 WDVN�

FRPSDULVRQ� DV VKRZQ LQ 7DEOH �� ,Q WHUPV RI
VWDWLF HPEHGGLQJV� DGGLWLRQDO ILHOGV VWLOO EHQHILW WKH
WDVN� ZLWK DURXQG ����� LQFUHDVH SHU ILHOG IURP
:RUG�9HF WR :�&�3�3RV� 7KLV VKRZV WKDW� HYHQ
LQ FRPSOH[ QHXUDO QHWZRUNV� JUDLQ HPEHGGLQJV DUH
VXSHULRU WR ZRUG HPEHGGLQJV� DQG SKRQHPH DQG
V\QWD[ DUH XVHIXO�

)RU G\QDPLF HPEHGGLQJV� WKRXJK LW LV
PDUJLQDOO\ LQIHULRU WR %(57� RXU :�&�3�3RV
LV EHWWHU WKDQ (0/R E\ ������ ,W LQGLFDWHV
RXU IUDPHZRUN H[SORLWV WKH SRWHQWLDO RI VWDWLF
HPEHGGLQJV ZLWK PXOWLSOH ILHOGV ZKLFK VXUSDVVHV
WKH UHODWLYHO\ VKDOORZ G\QDPLF HPEHGGLQJV�
7KLV DOVR VXJJHVWV WKH SRWHQWLDO RI LQWURGXFLQJ
PXOWL�ILHOGV WR G\QDPLF HPEHGGLQJV� 2XU VWDWLF
HPEHGGLQJV DOVR HQMR\ RWKHU DGYDQWDJHV� 7KH
PRGHO¶V VWUXFWXUH LV VLPSOH DQG VWUDLJKWIRUZDUG
DQG SDUDPHWHU VL]H LV VPDOO� ,W UHTXLUHV OHVV
FRUSXV DQG UHVRXUFHV WR WUDLQ FRPSDUHG WR %(57�
ZKLFK LV D FRPSOLFDWHG GHHS QHXUDO QHWZRUNV� ,Q
GRZQVWUHDP WDVNV� WKRXJK %(57 RXWSHUIRUPV RXU
PRGHO� LW EHDUV H[SHQVLYH FRVWV RI PRGHO FRP�
SOH[LW\ DQG FRPSXWDWLRQDO UHVRXUFHV� 0RUHRYHU�
WKH G\QDPLF HPEHGGLQJV FDQQRW UHSUHVHQW WKH
LQGHSHQGHQW ZRUG RU JDLQ� ZKHUHDV RXU PRGHO
\LHOGV KLJK TXDOLW\ UHSUHVHQWDWLRQV IRU WKHP DQG
DFKLHYHV EHVW SHUIRUPDQFHV LQ OH[LFDO WDVNV�
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��� 4XDOLWDWLYH (YDOXDWLRQ

:H HYDOXDWH WKH HPEHGGLQJV¶ DELOLWLHV WR XQFRYHU
WKH VHPDQWLF UHODWHGQHVV RI ZRUGV� FKDUDFWHUV� DQG
FRPSRQHQWV WKURXJK FDVH VWXGLHV EDVHG RQ D PRGHO
WUDLQHG ZLWK FKDUDFWHU� FRPSRQHQW� DQG SLQ\LQ�
7DNLQJ 申 �DSSO\� DV DQ H[DPSOH� ZKLFK LV DOVR
DQ DQFLHQW VWDWH QDPH DQG D SRSXODU ODVW QDPH LQ
&KLQD� LW FDQ EH D &KLQHVH FKDUDFWHU RU ZRUG� :H
OLVW LWV FORVHVW ZRUGV IURP ZRUG HPEHGGLQJV LQ 7D�
EOH � ZKHUH ZH WUHDW申 DV D FKDUDFWHU DQG D ZRUG�
:KHQ LW LV D FKDUDFWHU� PRVW RI WKH FORVHVW ZRUGV
DUH VHPDQWLFDOO\ UHODWHG WR DSSO\� :KHQ LW DFWV DV
D ZRUG� WKH FORVHVW ZRUGV UHODWHG WR FRXQWU\ QDPH
DQG ODVW QDPH PHDQLQJV LQ 申� )RU H[DPSOH� 赵
�=KDR�� 殷 �<LQ� DUH DQFLHQW VWDWH QDPHV DQG ODVW
QDPHV� DQG定公 �'XNH 'LQJ�晋昭公 �'XNH =KDR
RI -LQ� DUH GXNHV LQ DQFLHQW &KLQD� 7KLV UHYHDOV WKDW
JUDLQ HPEHGGLQJV FDQ VXSSOHPHQW WKHZRUG HPEHG�
GLQJV IRU DPRUH FRPSOHWH VHPDQWLF UHSUHVHQWDWLRQ�
:H IXUWKHU WDNH WKH FRPSRQHQW 疒 �LOOQHVV� DV

DQ H[DPSOH DQG 7DEOH � VKRZV LWV FORVHVW FKDUDF�
WHUV DQG ZRUGV� $OO RI WKH FORVHVW FKDUDFWHUV DQG
ZRUGV DUH VHPDQWLFDOO\ UHODWHG WR WKH FRPSRQHQW
疒� 0RVW RI WKHP DUH UHODWHG WR GLVHDVHV� V\PS�
WRPV DQG RWKHU PHGLFDO WHUPV� VXFK DV ZRUGV 疾
病 �GLVHDVH�� 感染 �LQIHFWLRQ� DQG FKDUDFWHUV 症
�V\PSWRP��疮 �VFRUH�� 0RVW RI WKHP FRQWDLQ FRP�
SRQHQW 疒� EXW 肿 �JDQJUHQH�� 患 �VXIIHU�� DQG 感
染 �LQIHFWLRQ� ZLWKRXW疒 DOVR VKDUH WKH VLPLODU VH�
PDQWLFV� 0RUHRYHU� ZH VWXG\ SLQ\LQ W�zQJ� VRXQG
RI痛 �SDLQ�� DQG OLVW LWV FORVHVW ZRUGV DQG FKDUDF�
WHUV LQ 7DEOH � DQG REVHUYH D VLPLODU SKHQRPHQRQ
WR 疒� 7KHVH FORVHVW FKDUDFWHUV KDYH VLPLODU VH�
PDQWLF PHDQLQJ ZLWK痛 �SDLQ�� ZKRVH SLQ\LQ LV W�
zQJ� VXFK DV ZRUGV疼痛 �SDLQ��头痛 �KHDGDFKH��
DQG FKDUDFWHUV疮 �VRUH��瘫 �SDUDO\VLV�� 7KH TXDO�
LWDWLYH DQDO\VLV VKRZV WKDW RXU SURSRVHG PRGHOV
OHYHUDJH ERWK H[WHUQDO FRQWH[W FR�RFFXUUHQFH LQIRU�
PDWLRQ DQG LQWHUQDO PRUSKRORJLFDO DQG SKRQHWLF
LQIRUPDWLRQ� 7KH PHGLFDO LQIRUPDWLRQ VWRUHG LQ
DERYH JUDLQ HPEHGGLQJV FRXOG EH XWLOL]HG IRU FOLQ�
LFDO 1(5 WDVNV�

� &RQFOXVLRQ

:H SURSRVH D IOH[LEOH ILHOG HPEHGGLQJ IUDPH�
ZRUN WR MRLQWO\ OHDUQ ERWK ZRUG DQG JUDLQ HPEHG�
GLQJV E\ LQFRUSRUDWLQJ PRUSKRORJLFDO� SKRQHWLF�
DQG V\QWDFWLFDO OLQJXLVWLF ILHOGV VLPXOWDQHRXVO\�
2XU SURSRVHG IUDPHZRUN OHYHUDJHV DQ LQQRYDWLYH
ILQH�JUDLQHG SLSHOLQH� LQFOXGLQJ Q�JUDPV DQG JUDLQ
GURSSLQJ� DV ZHOO DV D QRYHO ORVV IXQFWLRQ WR FDS�

9HFWRU (PEHGGLQJ 7RS � &ORVHVW 5HVXOWV

EW 申 EW
赵 �=KDR��殷 �<LQ��定公 �'XNH 'LQJ��
楚 �&KX��晋昭公 �'XNH =KDR RI -LQ�

Echar
G 申 EW

申请 �DSSOLFDWLRQ��申请人 �DSSOLFDQW��
签证 �YLVD��资格 �TXDOLILFDWLRQ��入境 �HQWU\�

Ecomp
G 疒 EW

疾病 �GLVHDVH��感染 �LQIHFWLRQ��
疼痛 �SDLQ��肺 �OXQJ��症状 �V\PSWRP�

Echar
G

症 �V\PSWRP��疮 �VRUH��癫 �HSLOHSV\��
肿 �VZROOHQ��疽 �JDQJUHQH�

Epinyin
G W�zQJ

EW
痛 �SDLQ��流泪 �WHDU��焦虑 �DQ[LHW\��

痛楚 �SDLQ��呕 �YRPLW�

Echar
G

痛 �SDLQ��疚 �UHPRUVH��悸 �SDOSLWDWH��
症 �GLVHDVH��嚏 �VQHH]H�

7DEOH �� 4XDOLWDWLYH DQDO\VLV� )RU D 9HFWRU� IURP DQ
(PEHGGLQJ WRS � FORVHVW UHVXOWV DUH OLVWHG�

WXUH WKH LQIRUPDWLRQ FRQWDLQHG ZLWKLQ HDFK OLQJXLV�
WLF ILHOG DQG VKDUHG DFURVV PXOWLSOH ILHOGV� %\ LQ�
WURGXFLQJ SKRQHWLF DQG V\QWDFWLFDO OLQJXLVWLF ILHOGV
DQG OHYHUDJLQJ RXU ILQH�JUDLQHG SLSHOLQH DQG ORVV
IXQFWLRQ� RXU IUDPHZRUN LV FDSDEOH RI OHDUQLQJ EHW�
WHU ZRUG HPEHGGLQJV LQ WHUPV RI ZRUG VLPLODULW\
DQG DQDORJ\� )XUWKHUPRUH� ZH V\VWHPLFDOO\ LQYHV�
WLJDWH WKH HIIHFWLYHQHVV RI JUDLQ HPEHGGLQJV DQG
SURYLGHV WKH HYLGHQFH WKDW JUDLQ HPEHGGLQJV FDQ
EH D EHWWHU DOWHUQDWLYH WR ZRUG HPEHGGLQJV IRU
ZRUG UHSUHVHQWDWLRQV� ([SHULPHQWDO UHVXOWV VKRZ
WKDW JUDLQ HPEHGGLQJV RXWSHUIRUP ZRUG HPEHG�
GLQJV LQ VHYHUDO GRZQVWUHDP 1/3 WDVNV� VXFK DV
WH[W FODVVLILFDWLRQ DQG QDPHG HQWLW\ UHFRJQLWLRQ�
7KH TXDOLWDWLYH DQDO\VLV LOOXVWUDWHV WKDW JUDLQ HP�
EHGGLQJV FDQ HIIHFWLYHO\ FDSWXUH VHPDQWLF LQIRUPD�
WLRQ�

$FNQRZOHGJPHQWV

:H ZRXOG OLNH WR WKDQN 3URI� -RUGDQ %R\G�*UDEHU
IURP 8QLYHUVLW\ RI 0DU\ODQG DQG 'U� <HIHQJ
=KHQJ IURP 7HQFHQW IRU WKHLU KHOSIXO VXJJHVWLRQV�
7KLV ZRUN ZDV VXSSRUWHG E\ WKH .H\�$UHD 5H�
VHDUFK DQG 'HYHORSPHQW 3URJUDP RI *XDQJGRQJ
3URYLQFH >����%����������@�

5HIHUHQFHV
'DYLG , %HDYHU� %UDG\ &ODUN� (GZDUG 6WDQWRQ )OHP�

PLQJ� 7 )ORULDQ -DHJHU� DQG 0DULD :ROWHUV� �����
:KHQ VHPDQWLFV PHHWV SKRQHWLFV� $FRXVWLFDO VWXGLHV
RI VHFRQG�RFFXUUHQFH IRFXV� /DQJXDJH� ���������±
����

3LRWU %RMDQRZVNL� (GRXDUG *UDYH� $UPDQG -RXOLQ� DQG
7RPDV 0LNRORY� ����� (QULFKLQJ ZRUG YHFWRUV ZLWK
VXEZRUG LQIRUPDWLRQ� 7UDQVDFWLRQV RI WKH $VVRFLD�
WLRQ IRU &RPSXWDWLRQDO /LQJXLVWLFV� �����±����

6KDRVKHQJ &DR DQG :HL /X� ����� ,PSURYLQJ ZRUG
HPEHGGLQJV ZLWK FRQYROXWLRQDO IHDWXUH OHDUQLQJ DQG



1762

VXEZRUG LQIRUPDWLRQ� ,Q 7KLUW\�)LUVW $$$, &RQIHU�
HQFH RQ $UWLILFLDO ,QWHOOLJHQFH�

6KDRVKHQJ &DR� :HL /X� -XQ =KRX� DQG ;LDRORQJ /L�
����� FZ�YHF� /HDUQLQJ FKLQHVH ZRUG HPEHGGLQJV
ZLWK VWURNH Q�JUDP LQIRUPDWLRQ� ,Q 7KLUW\�6HFRQG
$$$, &RQIHUHQFH RQ $UWLILFLDO ,QWHOOLJHQFH�

+HQJ &KHQ� -XQ\LQJ /LDQJ� DQG +DLWDR /LX� ����D�
+RZ GRHV ZRUG OHQJWK HYROYH LQ ZULWWHQ FKLQHVH"
3OR6 RQH� ������H��������

;LQ[LRQJ &KHQ� /HL ;X� =KL\XDQ /LX� 0DRVRQJ 6XQ�
DQG +XDQER /XDQ� ����E� -RLQW OHDUQLQJ RI FKDUDF�
WHU DQG ZRUG HPEHGGLQJV� ,Q 7ZHQW\�)RXUWK ,QWHU�
QDWLRQDO -RLQW &RQIHUHQFH RQ $UWLILFLDO ,QWHOOLJHQFH�

5RQDQ &ROOREHUW� -DVRQ :HVWRQ� /pRQ %RWWRX� 0LFKDHO
.DUOHQ� .RUD\ .DYXNFXRJOX� DQG 3DYHO .XNVD�
����� 1DWXUDO ODQJXDJH SURFHVVLQJ �DOPRVW� IURP
VFUDWFK� -RXUQDO RI PDFKLQH OHDUQLQJ UHVHDUFK�
���$XJ������±�����

-DFRE 'HYOLQ� 0LQJ�:HL &KDQJ� .HQWRQ /HH� DQG
.ULVWLQD 7RXWDQRYD� ����� %HUW� 3UH�WUDLQLQJ RI GHHS
ELGLUHFWLRQDO WUDQVIRUPHUV IRU ODQJXDJH XQGHUVWDQG�
LQJ� DU;LY SUHSULQW DU;LY������������

<HDFKDQ .LP� .DQJ�0LQ .LP� -L�0LQ /HH� DQG
6DQJ.HXQ /HH� ����� /HDUQLQJ WR JHQHUDWH ZRUG UHS�
UHVHQWDWLRQV XVLQJ VXEZRUG LQIRUPDWLRQ� ,Q 3URFHHG�
LQJV RI WKH ��WK ,QWHUQDWLRQDO &RQIHUHQFH RQ &RPSX�
WDWLRQDO /LQJXLVWLFV� SDJHV ����±�����

-RKQ /DIIHUW\� $QGUHZ 0F&DOOXP� DQG )HUQDQGR &1
3HUHLUD� ����� &RQGLWLRQDO UDQGRP ILHOGV� 3URED�
ELOLVWLF PRGHOV IRU VHJPHQWLQJ DQG ODEHOLQJ VHTXHQFH
GDWD�

;LDR\D /L� <X[LDQ 0HQJ� ;LDRIHL 6XQ� 4LQJKRQJ +DQ�
$ULDQQD <XDQ� DQG -LZHL /L� ����� ,V ZRUG VHJPHQ�
WDWLRQ QHFHVVDU\ IRU GHHS OHDUQLQJ RI FKLQHVH UHS�
UHVHQWDWLRQV" ,Q 3URFHHGLQJV RI WKH ��WK &RQIHU�
HQFH RI WKH $VVRFLDWLRQ IRU &RPSXWDWLRQDO /LQJXLV�
WLFV� SDJHV ����±�����

)UHGHULFN /LX� +DQ /X� &KLHK /R� DQG *UDKDP
1HXELJ� ����� /HDUQLQJ FKDUDFWHU�OHYHO FRPSR�
VLWLRQDOLW\ ZLWK YLVXDO IHDWXUHV� DU;LY SUHSULQW
DU;LY������������

7RPDV 0LNRORY� .DL &KHQ� *UHJ &RUUDGR� DQG -HI�
IUH\ 'HDQ� ����D� (IILFLHQW HVWLPDWLRQ RI ZRUG
UHSUHVHQWDWLRQV LQ YHFWRU VSDFH� DU;LY SUHSULQW
DU;LY�����������

7RPDV 0LNRORY� ,O\D 6XWVNHYHU� .DL &KHQ� *UHJ 6 &RU�
UDGR� DQG -HII 'HDQ� ����E� 'LVWULEXWHG UHSUHVHQWD�
WLRQV RI ZRUGV DQG SKUDVHV DQG WKHLU FRPSRVLWLRQDO�
LW\� ,Q $GYDQFHV LQ QHXUDO LQIRUPDWLRQ SURFHVVLQJ
V\VWHPV� SDJHV ����±�����

7RPDV 0LNRORY� :HQ�WDX <LK� DQG *HRIIUH\ =ZHLJ�
����F� /LQJXLVWLF UHJXODULWLHV LQ FRQWLQXRXV VSDFH
ZRUG UHSUHVHQWDWLRQV� ,Q 3URFHHGLQJV RI WKH ����
&RQIHUHQFH RI WKH 1RUWK $PHULFDQ &KDSWHU RI WKH

$VVRFLDWLRQ IRU &RPSXWDWLRQDO /LQJXLVWLFV� +XPDQ
/DQJXDJH 7HFKQRORJLHV� SDJHV ���±����

-HIIUH\ 3HQQLQJWRQ� 5LFKDUG 6RFKHU� DQG &KULVWRSKHU
0DQQLQJ� ����� *ORYH� *OREDO YHFWRUV IRU ZRUG UHS�
UHVHQWDWLRQ� ,Q 3URFHHGLQJV RI WKH ���� FRQIHUHQFH
RQ HPSLULFDO PHWKRGV LQ QDWXUDO ODQJXDJH SURFHVV�
LQJ �(01/3�� SDJHV ����±�����

0DWWKHZ ( 3HWHUV� 0DUN 1HXPDQQ� 0RKLW ,\\HU� 0DWW
*DUGQHU� &KULVWRSKHU &ODUN� .HQWRQ /HH� DQG /XNH
=HWWOHPR\HU� ����� 'HHS FRQWH[WXDOL]HG ZRUG UHSUH�
VHQWDWLRQV� DU;LY SUHSULQW DU;LY������������

1LWLVK 6ULYDVWDYD� *HRIIUH\ +LQWRQ� $OH[ .UL]KHYVN\�
,O\D 6XWVNHYHU� DQG 5XVODQ 6DODNKXWGLQRY� �����
'URSRXW� D VLPSOH ZD\ WR SUHYHQW QHXUDO QHWZRUNV
IURP RYHUILWWLQJ� -RXUQDO RI 0DFKLQH /HDUQLQJ 5H�
VHDUFK� ����������±�����

<DPLQJ 6XQ� /HL /LQ� 'X\X 7DQJ� 1DQ <DQJ� =KHQ]KRX
-L� DQG ;LDRORQJ :DQJ� ����� 0RGHOLQJ PHQWLRQ�
FRQWH[W DQG HQWLW\ ZLWK QHXUDO QHWZRUNV IRU HQWLW\ GLV�
DPELJXDWLRQ� ,Q 7ZHQW\�)RXUWK ,QWHUQDWLRQDO -RLQW
&RQIHUHQFH RQ $UWLILFLDO ,QWHOOLJHQFH�

-RKQ :LHWLQJ� 0RKLW %DQVDO� .HYLQ *LPSHO� DQG
.DUHQ /LYHVFX� ����� 7RZDUGV XQLYHUVDO SDUD�
SKUDVWLF VHQWHQFH HPEHGGLQJV� DU;LY SUHSULQW
DU;LY������������

-RKQ :LHWLQJ� 0RKLW %DQVDO� .HYLQ *LPSHO� DQG .DUHQ
/LYHVFX� ����� &KDUDJUDP� (PEHGGLQJ ZRUGV DQG
VHQWHQFHV YLD FKDUDFWHU Q�JUDPV� DU;LY SUHSULQW
DU;LY������������

5RQJFKDR <LQ� 4XDQ :DQJ� 3HQJ /L� 5XL /L� DQG %LQ
:DQJ� ����� 0XOWL�JUDQXODULW\ FKLQHVH ZRUG HPEHG�
GLQJ� ,Q 3URFHHGLQJV RI WKH ���� &RQIHUHQFH RQ (P�
SLULFDO 0HWKRGV LQ 1DWXUDO /DQJXDJH 3URFHVVLQJ�
SDJHV ���±����

-LQ[LQJ <X� ;XQ -LDQ� +DR ;LQ� DQG <DQJTLX 6RQJ�
����� -RLQW HPEHGGLQJV RI FKLQHVH ZRUGV� FKDU�
DFWHUV� DQG ILQH�JUDLQHG VXEFKDUDFWHU FRPSRQHQWV�
,Q 3URFHHGLQJV RI WKH ���� &RQIHUHQFH RQ (PSLUL�
FDO 0HWKRGV LQ 1DWXUDO /DQJXDJH 3URFHVVLQJ� SDJHV
���±����


