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0XFK UHVHDUFK KDV EHHQ GRQH RQ WKH SUREOHP RI (QJOLVK SUR�
QRXQ UHVROXWLRQ� EXW WKHUH KDV EHHQ UHODWLYHO\ OLWWOH ZRUN RQ WKH
FRUUHVSRQGLQJ SUREOHP RI &KLQHVH SURQRXQ UHVROXWLRQ� :KLOH
SURQRXQ UHVROXWLRQ LQ ERWK ODQJXDJHV UHPDLQV D FKDOOHQJLQJ
WDVN� &KLQHVH SURQRXQ UHVROXWLRQ LV IXUWKHU FRPSOLFDWHG E\
��� WKH ODFN RI SXEOLFO\ DYDLODEOH &KLQHVH ZRUG OLVWV RU GLFWLR�
QDULHV WKDW FDQ EH XVHG WR ORRN XS HVVHQWLDO PHQWLRQ DWWULEXWHV
VXFK DV JHQGHU DQG QXPEHU� DQG ��� WKH UHODWLYH GHDUWK RI &KL�
QHVH FRUHIHUHQFH�DQQRWDWHG GDWD� ([LVWLQJ DSSURDFKHV WR &KL�
QHVH SURQRXQ UHVROXWLRQ DUH PRQROLQJXDO� WUDLQLQJ DQG WHVWLQJ
D SURQRXQ UHVROYHU RQ &KLQHVH GDWD� ,Q FRQWUDVW� ZH SURSRVH
D ELOLQJXDO DSSURDFK WR &KLQHVH SURQRXQ UHVROXWLRQ� DLPLQJ
WR LPSURYH WKH UHVROXWLRQ RI &KLQHVH SURQRXQV E\ OHYHUDJ�
LQJ WKH SXEOLFO\ DYDLODEOH (QJOLVK GLFWLRQDULHV DQG FRUHIHU�
HQFH DQQRWDWLRQV� ([SHULPHQWV RQ WKH 2QWR1RWHV ��� FRUSXV
GHPRQVWUDWH WKDW RXU ELOLQJXDO DSSURDFK WR &KLQHVH SURQRXQ
UHVROXWLRQ VLJQLÀFDQWO\ VXUSDVVHV WKH SHUIRUPDQFH RI VWDWH�RI�
WKH�DUW PRQROLQJXDO DSSURDFKHV�

,QWURGXFWLRQ
5HFHQW \HDUV KDYH VHHQ D VXUJH RI LQWHUHVW LQ PXOWLOLQJXDO
DQDSKRUD DQG FRUHIHUHQFH UHVROXWLRQ� DV HYLGHQFHG E\ WKH RU�
JDQL]DWLRQ RI VKDUHG WDVNV WKDW IRFXV RQ PXOWLOLQJXDO FRUHI�
HUHQFH� VXFK DV WKH VHULHV RI $&( HYDOXDWLRQV� WKH 6HP(YDO�
���� VKDUHG WDVN RQ &RUHIHUHQFH 5HVROXWLRQ LQ0XOWLSOH /DQ�
JXDJHV �5HFDVHQV HW DO� ������ DQG WKH &R1//����� VKDUHG
WDVN RQ 0RGHOLQJ 0XOWLOLQJXDO 8QUHVWULFWHG &RUHIHUHQFH LQ
2QWR1RWHV �3UDGKDQ HW DO� ������ $Q LPSRUWDQW RXWFRPH RI
WKHVH VKDUHG WDVNV LV WKH FUHDWLRQ RI DQQRWDWHG FRUHIHUHQFH
GDWD LQ PXOWLSOH ODQJXDJHV� )RU H[DPSOH� D FRUSXV FRPSRVHG
RI FRUHIHUHQFH�DQQRWDWHG GRFXPHQWV LQ VL[ (XURSHDQ ODQ�
JXDJHV ZDV UHOHDVHG DV SDUW RI WKH 6HP(YDO����� VKDUHG
WDVN� DQG ERWK WKH 2QWR1RWHV ��� FRUSXV DQG WKH $&( FRU�
SXV� ZKLFK DUH UHOHDVHG DV D FRQVHTXHQFH RI WKH &R1//�
���� VKDUHG WDVN DQG WKH $&( HYDOXDWLRQV UHVSHFWLYHO\� DUH
FRPSRVHG RI FRUHIHUHQFH�DQQRWDWHG GRFXPHQWV LQ (QJOLVK�
&KLQHVH� DQG $UDELF� 7KHVH FRUSRUD KDYH HQDEOHG WKH GHYHO�
RSPHQW RI FRUSXV�EDVHG DSSURDFKHV WR DQDSKRUD DQG FRUHI�
HUHQFH UHVROXWLRQ LQ ODQJXDJHV RWKHU WKDQ (QJOLVK�

&RS\ULJKW � ����� $VVRFLDWLRQ IRU WKH $GYDQFHPHQW RI $UWLÀFLDO
,QWHOOLJHQFH �ZZZ�DDDL�RUJ�� $OO ULJKWV UHVHUYHG�

2XU JRDO LQ WKLV SDSHU LV WR LPSURYH WKH VWDWH RI WKH DUW
LQ &KLQHVH RYHUW SURQRXQ UHVROXWLRQ�� *LYHQ WKH DYDLODELO�
LW\ RI &KLQHVH FRUHIHUHQFH�DQQRWDWHG GDWD� D QDWXUDO TXHVWLRQ
LV� KRZ FDQ D OHDUQLQJ�EDVHG &KLQHVH SURQRXQ UHVROYHU EH
EXLOW" 3HUKDSV WKH VLPSOHVW VROXWLRQ� ZKLFK LV DOVR WKH VROX�
WLRQ DGRSWHG E\ YLUWXDOO\ DOO WKH SDUWLFLSDQWV RI WKH &R1//�
���� VKDUHG WDVN DQG WKH $&( HYDOXDWLRQV� LV WR EXLOG LW LQ
H[DFWO\ WKH VDPH ZD\ DV DQ (QJOLVK UHVROYHU� PHDQLQJ WKDW
ZH FDQ MXVW WUDLQ RQ WKH DYDLODEOH &KLQHVH WUDLQLQJ GDWD DQG
HPSOR\ WKH VDPH NLQG RI IHDWXUHV WKDW DUH W\SLFDOO\ XVHG IRU
(QJOLVK SURQRXQ UHVROXWLRQ� ,Q SULQFLSOH� WKHUH LV QR SURE�
OHP ZLWK FRQVWUXFWLQJ D &KLQHVH SURQRXQ UHVROYHU XVLQJ WKLV
PRQROLQJXDO DSSURDFK� EHFDXVH EDVLF OLQJXLVWLF FRQVWUDLQWV
RQ FRUHIHUHQFH� VXFK DV DJUHHPHQW LQ JHQGHU� QXPEHU� DQG
VHPDQWLF FODVV� DUH DSSOLFDEOH WR ERWK (QJOLVK DQG &KLQHVH�
,Q SUDFWLFH� KRZHYHU� VXFK D PRQROLQJXDO DSSURDFK WR &KL�

QHVH SURQRXQ UHVROXWLRQ PD\ QRW ZRUN DV ZHOO DV LW GRHV IRU
(QJOLVK SURQRXQ UHVROXWLRQ IRU DW OHDVW WZR UHDVRQV� )LUVW�
ZKLOH WKHUH H[LVW SXEOLFO\ DYDLODEOH (QJOLVK ZRUG OLVWV WKDW
FDQ EH XVHG WR ORRN XS HVVHQWLDO PHQWLRQ DWWULEXWHV VXFK DV
JHQGHU DQG QXPEHU� VXFK UHVRXUFHV DUH QRW DYDLODEOH IRU &KL�
QHVH� ,Q IDFW� JHQGHU DQG QXPEHU ZRUG OLVWV DUH SURYLGHG E\
WKH &R1//����� VKDUHG WDVN RUJDQL]HUV IRU (QJOLVK EXW QRW
&KLQHVH� 6HFRQG� WKH DPRXQW RI FRUHIHUHQFH�DQQRWDWHG GDWD
DYDLODEOH IRU WUDLQLQJ &KLQHVH UHVROYHUV LV IDU OHVV WKDQ WKDW
DYDLODEOH IRU WUDLQLQJ (QJOLVK UHVROYHUV� )RU H[DPSOH� WKH (Q�
JOLVK WUDLQLQJ GDWD XVHG IRU WKH &R1//����� VKDUHG WDVN FRQ�
VLVWV RI ��� PLOOLRQ WRNHQV� ZKHUHDV WKH &KLQHVH WUDLQLQJ GDWD
FRQVLVWV RI RQO\ ������� WRNHQV�
0RWLYDWHG E\ WKHVH REVHUYDWLRQV� ZH SURSRVH D ELOLQJXDO

DSSURDFK WR &KLQHVH SURQRXQ UHVROXWLRQ� VHHNLQJ WR LPSURYH
WKH VWDWH RI WKH DUW E\ OHYHUDJLQJ WZR NLQGV RI (QJOLVK UH�
VRXUFHV� QDPHO\ ��� SXEOLFO\ DYDLODEOH ZRUG OLVWV DQG GLF�
WLRQDULHV IRU FRPSXWLQJ HVVHQWLDO PHQWLRQ DWWULEXWHV VXFK DV
JHQGHU DQG QXPEHU� DQG ��� H[LVWLQJ (QJOLVK FRUHIHUHQFH DQ�
QRWDWLRQV� ([SHULPHQWV RQ WKH 2QWR1RWHV ��� FRUSXV GHPRQ�
VWUDWH WKDW RXU ELOLQJXDO DSSURDFK VLJQLÀFDQWO\ VXUSDVVHV WKH
SHUIRUPDQFH RI VWDWH�RI�WKH�DUW PRQROLQJXDO DSSURDFKHV�

�7KHUH DUH WZR NLQGV RI SURQRXQV LQ &KLQHVH� QDPHO\ RYHUW DQG
]HUR SURQRXQV� ,Q WKLV SDSHU� ZH ZLOO IRFXV H[FOXVLYHO\ RQ WKH UHVR�
OXWLRQ RI RYHUW SURQRXQV� )RU WKH VDNH RI VLPSOLFLW\� ZH ZLOO XVH WKH
WHUP SURQRXQV WR UHIHU WR RYHUW SURQRXQV WKURXJKRXW WKH SDSHU�
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$SSURDFK� $Q 2YHUYLHZ
$W WKH FRUH RI RXU DSSURDFK LV D FRPELQDWLRQ RI WZR PHWKRGV
IRU H[SORLWLQJ (QJOLVK ZRUG OLVWV DQG FRUHIHUHQFH DQQRWDWLRQV
WR UHVROYH &KLQHVH SURQRXQV� DV GHVFULEHG EHORZ�
,Q WKH ÀUVW PHWKRG� ZH EHJLQ E\ PDFKLQH�WUDQVODWLQJ DOO

WKH &KLQHVH WUDLQLQJ GRFXPHQWV LQWR (QJOLVK� VR WKDW HDFK
&KLQHVH PHQWLRQ LV PDSSHG WR LWV (QJOLVK FRXQWHUSDUW LQ WKH
WUDQVODWHG WH[W�� 7KHQ� ZH FUHDWH WKH LQVWDQFHV IRU WUDLQLQJ
D &KLQHVH UHVROYHU DV LQ WKH W\SLFDO PRQROLQJXDO DSSURDFK�
PHDQLQJ WKDW WKH IHDWXUH YHFWRU ZLOO EH FRPSRVHG RI IHD�
WXUHV FRPSXWHG EDVHG RQ WKH &KLQHVH SURQRXQ WR EH UHVROYHG
�FDOO LW p� DQG RQH RI LWV FDQGLGDWH DQWHFHGHQWV �FDOO LW c�� DV
ZHOO DV IHDWXUHV FDSWXULQJ WKH UHODWLRQVKLS EHWZHHQ p DQG c�
:H WKHQ DXJPHQW WKH IHDWXUH YHFWRU ZLWK IHDWXUHV FRPSXWHG
IRU WKH (QJOLVK SURQRXQ WR ZKLFK p LV PDSSHG DQG WKH (Q�
JOLVK FDQGLGDWH DQWHFHGHQW WR ZKLFK c LV PDSSHG� )LQDOO\� ZH
WUDLQ D &KLQHVH SURQRXQ UHVROYHU RQ WKH IHDWXUH�DXJPHQWHG
WUDLQLQJ LQVWDQFHV DV LQ WKH PRQROLQJXDO DSSURDFK� 1RWH WKDW
IHDWXUH DXJPHQWDWLRQ DOORZV XV WR H[SORLW (QJOLVK ZRUG OLVWV
DQG GLFWLRQDULHV IRU FRPSXWLQJ HVVHQWLDO DWWULEXWHV RI D PHQ�
WLRQ VXFK DV JHQGHU DQG QXPEHU� ZKLFK LQ WXUQ KHOSV XV WR
UHVROYH WKH &KLQHVH SURQRXQV� 2I FRXUVH� WKH XVHIXOQHVV RI
WKHVH (QJOLVK IHDWXUHV IRU &KLQHVH SURQRXQ UHVROXWLRQ GH�
SHQGV LQ SDUW RQ ZKHWKHU WKHUH LV D QDWXUDO FRUUHVSRQGHQFH
EHWZHHQ JHQGHU DQG QXPEHU LQ (QJOLVK DQG &KLQHVH� )RU�
WXQDWHO\� WKHUH LV D GLUHFW FRUUHVSRQGHQFH� PHDQLQJ WKDW DQ
(QJOLVK QDPH�QRPLQDO DOZD\V KDV WKH VDPH QXPEHU DQG JHQ�
GHU DV WKH FRUUHVSRQGLQJ &KLQHVH QDPH�QRPLQDO� $OVR QRWH
WKDW WR HPSOR\ WKLV PHWKRG� ERWK WKH &KLQHVH WUDLQLQJ GRFX�
PHQWV DQG WKH &KLQHVH WHVW GRFXPHQWV QHHG WR EH PDFKLQH�
WUDQVODWHG LQWR (QJOLVK� DV IHDWXUH DXJPHQWDWLRQ LV QHHGHG LQ
WKH FUHDWLRQ RI ERWK WKH WUDLQLQJ DQG WHVW LQVWDQFHV�
8QIRUWXQDWHO\� WKH DIRUHPHQWLRQHG PHWKRG GRHV QRW HQ�

DEOH XV WR H[SORLW (QJOLVK FRUHIHUHQFH�DQQRWDWHG GDWD� 7R
DGGUHVV WKLV VKRUWFRPLQJ� ZH LQWURGXFH D VHFRQG PHWKRG
ZKHUHLQ ZH WUDLQ DQ (QJOLVK SURQRXQ UHVROYHU RQ RQO\ WKH
(QJOLVK FRUHIHUHQFH�DQQRWDWHG WUDLQLQJ GDWD� (DFK WUDLQLQJ
LQVWDQFH LV UHSUHVHQWHG XVLQJ IHDWXUHV FRPSXWHG EDVHG RQ WKH
(QJOLVK SURQRXQ WR EH UHVROYHG DQG RQH RI LWV FDQGLGDWH DQ�
WHFHGHQWV� DV ZHOO DV IHDWXUHV WKDW FDSWXUH WKH UHODWLRQVKLS EH�
WZHHQ WKH WZR� 'XULQJ WHVWLQJ� ZH ÀUVW PDFKLQH�WUDQVODWH WKH
&KLQHVH GRFXPHQW ZKRVH SURQRXQV DUH WR EH UHVROYHG LQWR
(QJOLVK� VR WKDW HDFK &KLQHVH PHQWLRQ LV PDSSHG WR LWV (Q�
JOLVK FRXQWHUSDUW LQ WKH WUDQVODWHG WH[W� 7KHQ� ZH DSSO\ WKH
(QJOLVK UHVROYHU DFTXLUHG LQ WKH WUDLQLQJ VWHS WR UHVROYH WKH
(QJOLVK PHQWLRQV LQ WKH WUDQVODWHG WH[W� )LQDOO\� ZH SURMHFW
WKH UHVROXWLRQ UHVXOWV EDFN WR WKH &KLQHVH VLGH WR UHVROYH &KL�
QHVH SURQRXQV� 8QOLNH WKH ÀUVW PHWKRG� WKLV PHWKRG H[SORLWV
ERWK WKH (QJOLVK FRUHIHUHQFH DQQRWDWLRQV DQG WKH (QJOLVK
ZRUG OLVWV IRU FRPSXWLQJ WKH DWWULEXWHV RI DQ (QJOLVKPHQWLRQ�
,Q DGGLWLRQ� ZH RQO\ QHHG WR PDFKLQH�WUDQVODWH WKH &KLQHVH
WHVW GRFXPHQWV� DV WKH WUDLQLQJ VWHS PHUHO\ LQYROYHV WUDLQLQJ
DQ (QJOLVK UHVROYHU RQ WKH (QJOLVK WUDLQLQJ GRFXPHQWV�
$ QDWXUDO TXHVWLRQ LV� ZKLFK PHWKRG VKRXOG ZH HPSOR\ WR

UHVROYH &KLQHVH SURQRXQV" :H K\SRWKHVL]H WKDW DQ HQVHP�

�,Q SUDFWLFH� ZRUG DOLJQPHQW HUURUV GR QRW SHUPLW HDFK &KLQHVH
PHQWLRQ WR EH PDSSHG WR DQ (QJOLVK PHQWLRQ� :H ZLOO DGGUHVV WKLV
LVVXH ZKHQ GHWDLOLQJ RXU ELOLQJXDO DSSURDFK LQ WKH QH[W VHFWLRQ�

EOH PHWKRG WKDW FRPELQHV ERWK RI WKH PHWKRGV DERYH ZRXOG
ZRUN EHWWHU WKDQ DQ\ RI WKHVH PHWKRGV DORQH� 7KH UHDVRQ LV
WKDW WKH ÀUVW PHWKRG H[SORLWV RQO\ WKH &KLQHVH FRUHIHUHQFH�
DQQRWDWHG GDWD LQ WKH WUDLQLQJ VWHS� ZKHUHDV WKH VHFRQG
PHWKRG H[SORLWV RQO\ WKH (QJOLVK FRUHIHUHQFH�DQQRWDWHG GDWD
LQ WKH WUDLQLQJ VWHS� +HQFH� RQO\ ZKHQ ZH FRPELQH ERWK
PHWKRGV FDQ ZH H[SORLW WKH FRUHIHUHQFH�DQQRWDWHG GDWD IRU
ERWK (QJOLVK DQG &KLQHVH�

$SSURDFK� ,PSOHPHQWDWLRQ 'HWDLOV
,Q WKLV VHFWLRQ� ZH GHVFULEH WKH GHWDLOV LQYROYHG LQ LPSOH�
PHQWLQJ WKH ELOLQJXDO DSSURDFK WR &KLQHVH SURQRXQ UHVROX�
WLRQ WKDW ZH RXWOLQHG LQ WKH SUHYLRXV VHFWLRQ� $V ZH ZLOO VHH�
RXU DSSURDFK UHTXLUHV WKH WUDLQLQJ RI WKUHH SURQRXQ UHVROYHUV�
QDPHO\ D &KLQHVH SURQRXQ UHVROYHU WKDW LV WUDLQHG XVLQJ WKH
W\SLFDO PRQROLQJXDO DSSURDFK� DQ (QJOLVK UHVROYHU WUDLQHG
XVLQJ WKH VHFRQG PHWKRG GHVFULEHG DERYH� DQG D PL[HG UH�
VROYHU WUDLQHG XVLQJ IHDWXUH DXJPHQWDWLRQ� DV GHVFULEHG LQ WKH
ÀUVW PHWKRG DERYH� %HIRUH ZH GHVFULEH WKH GHWDLOV RI KRZ
WKHVH WKUHH UHVROYHUV DUH WUDLQHG� UHFDOO WKDW WKH (QJOLVK UH�
VROYHU UHTXLUHV WKDW D WHVW &KLQHVH GRFXPHQW EH PDFKLQH�
WUDQVODWHG LQWR (QJOLVK VR WKDW HDFK &KLQHVH PHQWLRQ FDQ EH
PDSSHG WR DQ (QJOLVK PHQWLRQ� DQG WKH PL[HG UHVROYHU UH�
TXLUHV WKDW ERWK WKH WUDLQLQJ DQG WKH WHVW &KLQHVH GRFXPHQWV
EH PDFKLQH�WUDQVODWHG LQWR (QJOLVK�� :H WKHUHIRUH EHJLQ E\
GHVFULELQJ WKH GRFXPHQW SUHSURFHVVLQJ VWHS� ZKLFK LQFOXGHV
GHWDLOV RQ KRZ WKH &KLQHVH PHQWLRQV DUH PDSSHG WR WKH (Q�
JOLVK PHQWLRQV DIWHU PDFKLQH WUDQVODWLRQ �07��

'RFXPHQW 3UHSURFHVVLQJ
5HFDOO WKDW WKH RXWSXW RI 07 LV D SVHXGR SDUDOOHO FRUSXV FRQ�
VLVWLQJ RI &KLQHVH�(QJOLVK VHQWHQFH SDLUV WKDW DUH WUDQVODWLRQV
RI HDFK RWKHU� 7KH JRDO RI WKH SUHSURFHVVLQJ VWHS LV WR DOLJQ
��� WKH ZRUGV LQ HDFK VHQWHQFH SDLU DQG ��� WKH PHQWLRQV LQ
HDFK VHQWHQFH SDLU�
:RUG DOLJQPHQW� :H DOLJQ WKH ZRUGV LQ HDFK SDLU RI VHQ�
WHQFHV XVLQJ %HUNHOH\$OLJQHU�� 1RWH WKDW %HUNHOH\$OLJQHU
RXWSXWV D SRVWHULRU SUREDELOLW\ Pa IRU HDFK DOLJQHG ZRUG
SDLU LQGLFDWLQJ WKH SUREDELOLW\ WKDW WKH WZR ZRUGV LQ WKH SDLU
VKRXOG EH DOLJQHG� :H ÀOWHU WKRVH DOLJQHG SDLUV ZKRVH SURE�
DELOLW\ LV EHORZ D SUHGHÀQHG WKUHVKROG�
0HQWLRQ DOLJQPHQW� 1H[W� ZH H[WUDFW WKH PHQWLRQV IURP
HDFK &KLQHVH GRFXPHQW DQG HDFK (QJOLVK GRFXPHQW XVLQJ
&KHQ DQG 1J
V ������ DQG %M|UNHOXQG DQG )DUNDV
V ������
PHQWLRQ GHWHFWRUV� UHVSHFWLYHO\�� :H WKHQ DOLJQ HDFK &KLQHVH
PHQWLRQMc ZLWK DQ (QJOLVK PHQWLRQ XVLQJ WKH WZR UXOHV�
+HDG UXOH� /HWHMc EHMc
V KHDG ZRUG� DQGH ′

Me
EH WKH

KLJKHVW�SUREDELOLW\ (QJOLVK ZRUG WR ZKLFK HMc VKRXOG EH
PDSSHG DFFRUGLQJ WR WKH ZRUG DOLJQHU� ,IH ′

Me
LV D KHDG ZRUG

IRU VRPH PHQWLRQMe� ZH ZLOO DOLJQMc ZLWKMe�
%RXQGDU\ UXOH� ,I WKH KHDG UXOH IDLOV� ZH HPSOR\ WKH

ERXQGDU\ UXOH� /HW LMc EH WKH OHIWPRVW ZRUG RI Mc DQG

�,Q RXU H[SHULPHQWV� ZH XVH *RRJOH 7UDQVODWH �WUDQV�
ODWH�JRRJOH�FRP� IRU PDFKLQH WUDQVODWLRQ�

�KWWS���FRGH�JRRJOH�FRP�S�EHUNHOH\DOLJQHU�
�7KHVH WZR V\VWHPV ZHUH WKH WRS�SHUIRUPLQJ V\VWHPV LQ WKH

&R1//����� VKDUHG WDVNV �3UDGKDQ HW DO� ������
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RMc EH WKH ULJKWPRVW ZRUG RI Mc� :H ��� ÀQG WKH KLJKHVW�
SUREDELOLW\ (QJOLVK ZRUGV L′

Mc
DQG R′

Mc
WR ZKLFK LMc DQG

RMc VKRXOG EH DOLJQHG UHVSHFWLYHO\� ��� FUHDWH DQ (QJOLVK
PHQWLRQ VWDUWLQJ ZLWK L′

Mc
DQG HQGLQJ ZLWK R′

Mc
� DQG ���

DOLJQMc ZLWK WKLV (QJOLVK PHQWLRQ�
&ODVVLÀHU 7UDLQLQJ
1H[W� ZH WUDLQ RXU WKUHH UHVROYHUV� WKH &KLQHVH UHVROYHU� WKH
(QJOLVK UHVROYHU� DQG WKH PL[HG UHVROYHU� (DFK UHVROYHU LV D
ELQDU\ FODVVLÀHU WKDW GHWHUPLQHV ZKHWKHU D SURQRXQ mk DQG
RQH RI LWV FDQGLGDWH DQWHFHGHQWV mj DUH FRUHIHUHQW RU QRW
�6RRQ� 1J� DQG /LP ������ ZKHUH WKH VHW RI FDQGLGDWH DQ�
WHFHGHQWV RI mk LV WKH VHW RI PHQWLRQV SUHFHGLQJ mk LQ WKH
DVVRFLDWHG WH[W� $OO WKHVHPHQWLRQ�SDLUPRGHOV DUH WUDLQHG RQ
WKH WUDLQLQJ GDWD XVLQJ WKH 690 OHDUQLQJ DOJRULWKP LPSOH�
PHQWHG LQ WKH /,%690 VRIWZDUH SDFNDJH �&KDQJ DQG /LQ
������ ZKLFK UHWXUQV D YDOXH EHWZHHQ � DQG � WKDW LQGLFDWHV
WKH SUREDELOLW\ WKDWmk DQGmj DUH FR�UHIHUULQJ�
7UDLQLQJ DQ (QJOLVK SURQRXQ UHVROYHU� 35E � 7UDLQLQJ
LQVWDQFHV IRU 35E DUH FUHDWHG IURP WKH (QJOLVK WUDLQLQJ WH[WV
XVLQJ 6RRQ� 1J� DQG /LP
V ������ PHWKRG� 6SHFLÀFDOO\� ZH
FUHDWH ��� D SRVLWLYH LQVWDQFH IRU HDFK DQDSKRULF SURQRXQ
mk DQG LWV FORVHVW DQWHFHGHQW mj � DQG ��� D QHJDWLYH LQ�
VWDQFH IRUmk SDLUHG ZLWK HDFK RI WKH LQWHUYHQLQJ PHQWLRQV�
mj+1,mj+2, . . . ,mk−1� (DFK LQVWDQFH LV UHSUHVHQWHG XVLQJ
D VHW RI IHDWXUHV HPSOR\HG E\ %M|UNHOXQG DQG )DUNDV
V ������
FRUHIHUHQFH UHVROYHU� RQH RI WKH WRS SHUIRUPLQJ V\VWHPV LQ
WKH &R1//����� VKDUHG WDVN� /LQJXLVWLFDOO\� WKH IHDWXUH VHW
FRQVLVWV RI OH[LFDO� JUDPPDWLFDO� V\QWDFWLF� VHPDQWLF� DQG SR�
VLWLRQDO IHDWXUHV� DV ZHOO DV FRQMXQFWLRQV RI WKHVH IHDWXUHV��

7UDLQLQJ D &KLQHVH SURQRXQ UHVROYHU� 35C � 7UDLQLQJ LQ�
VWDQFHV IRU 35C DUH FUHDWHG IURP WKH &KLQHVH WUDLQLQJ WH[WV
XVLQJ 6RRQ� 1J� DQG /LP
V ������ PHWKRG� (DFK LQVWDQFH LV
UHSUHVHQWHG XVLQJ WKH IHDWXUHV HPSOR\HG E\ %M|UNHOXQG DQG
)DUNDV
V &KLQHVH FRUHIHUHQFH UHVROYHU� 1RWH WKDW WKH IHDWXUHV
XVHG E\ WKHLU (QJOLVK DQG &KLQHVH UHVROYHUV DUH HVVHQWLDOO\
WKH VDPH� H[FHSW WKDW ��� WKH JHQGHU DQG QXPEHU DJUHHPHQW
IHDWXUHV DUH RQO\ SUHVHQW LQ WKH (QJOLVK IHDWXUH VHW� VLQFH
WKHVH IHDWXUHV ZHUH QRW SURYLGHG IRU WKH &KLQHVH GRFXPHQWV
E\ WKH &R1//����� VKDUHG WDVN RUJDQL]HUV� DQG ��� IHDWXUHV
DUH FRQMRLQHG GLIIHUHQWO\ LQ WKH WZR ODQJXDJHV RZLQJ WR WKH
XVH RI GLIIHUHQW KHXULVWLFV�
7UDLQLQJ D PL[HG SURQRXQ UHVROYHU� 35M � 1H[W� ZH
WUDLQ D PL[HG SURQRXQ UHVROYHU WKDW HPSOR\V D VWURQJHU IHD�
WXUH VHW FRPSRVHG RI LQIRUPDWLRQ H[WUDFWHG IURP ERWK ODQ�
JXDJHV� 7KH WUDLQLQJ LQVWDQFHV IRU 35M DUH D VXEVHW RI WKRVH
FUHDWHG IRU 35C � 6SHFLÀFDOO\� ZKLOH WKH WUDLQLQJ LQVWDQFHV
IRU 35C DUH FUHDWHG IURP DOO DQDSKRULF &KLQHVH SURQRXQV�
WKRVH IRU 35M DUH FUHDWHG RQO\ IURP WKRVH DQDSKRULF &KL�
QHVH SURQRXQV WKDW KDYH EHHQ DOLJQHG WR VRPH (QJOLVK SUR�
QRXQ� 7KH IHDWXUHV UHSUHVHQWLQJ WKH LQVWDQFH� KRZHYHU� IDOO
LQWR WZR JURXSV� 7KH ÀUVW JURXS FRQVLVWV RI IHDWXUHV FRP�
SXWHG IURP mj DQG mk E\ 35C � ZKHUH mk LV D &KLQHVH

�7KH FRPSOHWH OLVW RI IHDWXUHV FDQ EH IRXQG LQ WKH VRXUFH FRGH
RI WKH UHVROYHU� 6HH KWWS���ZZZ�LPV�XQL�VWXWWJDUW�GH�IRUVFKXQJ�
UHVVRXUFHQ�ZHUN]HXJH�,06&RUHI�HQ�KWPO� 7KH OLQJXLVWLF DQQRWD�
WLRQV XVHG WR FRPSXWH WKHVH IHDWXUHV� VXFK DV 326 WDJV DQG V\QWDFWLF
SDUVH WUHHV� DUH DXWRPDWLFDOO\ FUHDWHG�

DQDSKRULF RYHUW SURQRXQ DQG mj LV RQH RI LWV FDQGLGDWH DQ�
WHFHGHQWV� 7KH VHFRQG JURXS FRQVLVWV RI IHDWXUHV FRPSXWHG
IURP mj′ DQG mk′ E\ 35E � ZKHUH mj′ DQG mk′ DUH WKH (Q�
JOLVK FRXQWHUSDUWV RI mj DQG mk DFFRUGLQJ WR RXU PHQWLRQ
DOLJQPHQW DOJRULWKP�
&ODVVLÀFDWLRQ RI 7HVW ,QVWDQFHV
$IWHU WUDLQLQJ� HDFK RI WKHVH UHVROYHUV FDQ EH DSSOLHG LQGH�
SHQGHQWO\ WR FODVVLI\ WHVW LQVWDQFHV� 5HFDOO WKDW 35C LV XVHG
WR FODVVLI\ WHVW LQVWDQFHV FUHDWHG GLUHFWO\ IURP WKH &KLQHVH
WHVW GRFXPHQWV� 35M LV DOVR XVHG WR FODVVLI\ WHVW LQVWDQFHV
FUHDWHG GLUHFWO\ IURP WKH &KLQHVH WHVW GRFXPHQWV� H[FHSW WKDW
HDFK LQVWDQFH LV UHSUHVHQWHG XVLQJ IHDWXUHV FRPSXWHG IURP
ERWK WKH &KLQHVH PHQWLRQ DQG WKH (QJOLVK PHQWLRQ LQYROYHG�
2Q WKH RWKHU KDQG� 35E LV XVHG WR FODVVLI\ WHVW LQVWDQFHV FUH�
DWHG IURP WKH WUDQVODWHG &KLQHVH GRFXPHQWV�
:KDW WKLV LPSOLHV LV WKDW JLYHQ D SURQRXQ mk WR EH UH�

VROYHG LQ D &KLQHVH WHVW GRFXPHQW� 35C ZLOO DOZD\V SURGXFH
VRPH UHVXOW IRU mk �L�H�� HLWKHU UHVROYLQJ LW WR VRPH SUHFHG�
LQJ PHQWLRQ RU GHWHUPLQLQJ WKDW LW KDV QR DQWHFHGHQW�� 2Q WKH
RWKHU KDQG� 35M DQG 35E PD\ QRW DOZD\V SURGXFH D UHVXOW
IRUmk� 0RUH VSHFLÀFDOO\� UHFDOO WKDW IRU 35M � D WHVW LQVWDQFH
ZLOO EH FUHDWHG IURP D SURQRXQ LI DQG RQO\ LI LW FDQ EHPDSSHG
WR VRPH (QJOLVK PHQWLRQ� +HQFH� LImk LV QRW PDSSHG WR DQ\
(QJOLVK PHQWLRQ� QR LQVWDQFHV ZLOO EH FUHDWHG IRU LW� DQG DV D
UHVXOW� 35M ZLOO QRW SURGXFH DQ\ UHVXOW IRU LW� 7KH VLWXDWLRQ LV
VLPLODU IRU 35E � 6SHFLÀFDOO\� VLQFH 35E FODVVLÀHV LQVWDQFHV
FUHDWHG IURP WKH WUDQVODWHG &KLQHVH GRFXPHQWV� LImk LV QRW
PDSSHG WR DQ\ (QJOLVK PHQWLRQ LQ WKH WUDQVODWHG WH[W� 35M

ZLOO QRW SURGXFH DQ\ UHVXOW IRU LW�
,Q VXP� JLYHQ D WHVW LQVWDQFH FRPSRVHG RI D &KLQHVH SUR�

QRXQ� mk� DQG RQH RI LWV FDQGLGDWH DQWHFHGHQWV� mj � LI ERWK
mk DQG mj FDQ EH PDSSHG WR VRPH (QJOLVK PHQWLRQV� WKHQ
HDFK RI WKH WKUHH UHVROYHUV ZLOO UHWXUQ D YDOXH WKDW LQGLFDWHV
WKH SUREDELOLW\ WKDW mj DQG mk DUH FRUHIHUHQW� +RZHYHU� LI
mk RU mj LV QRW PDSSHG� WKHQ ZH DVVXPH WKDW WKH YDOXH UH�
WXUQHG E\ 35M DQG 35E IRU WKH WHVW LQVWDQFH IRUPHG IURP
mk DQGmj LV 1$ �1RW $SSOLFDEOH��
5HVROXWLRQ 0HWKRGV
1H[W� ZH GHVFULEH KRZZH FRPELQH WKH WKUHH UHVROYHUV DERYH
WR UHVROYH D &KLQHVH SURQRXQ LQ D WHVW WH[W� :H LQYHVWLJDWH
IRXU UHVROXWLRQ PHWKRGV� )RU QRWDWLRQDO FRQYHQLHQFH� ZH DV�
VXPH WKDWmk LV WKH SURQRXQ WR EH UHVROYHG�
0HWKRG �� :H UHVROYHmk WR WKH FORVHVW SUHFHGLQJPHQWLRQ
ZKRVH FRUHIHUHQFH SUREDELOLW\ ZLWKmk DFFRUGLQJ WR 35E LV
DW OHDVW ���� ,I 35E UHWXUQV 1$ RU D YDOXH RI OHVV WKDQ ���
IRU DOO RI mk 
V SUHFHGLQJ PHQWLRQV� WKHQ ZH UHVROYH mk WR
WKH FORVHVW SUHFHGLQJ PHQWLRQ ZKRVH FRUHIHUHQFH SUREDELOLW\
ZLWKmk LV DW OHDVW ��� XVLQJ 35C �
0HWKRG �� 0HWKRG � LV WKH VDPH DV 0HWKRG � H[FHSW WKDW
35E LV UHSODFHG ZLWK 35M �
0HWKRG �� 8QOLNH WKH SUHYLRXV WZR UHVROXWLRQ PHWKRGV�
ZKLFK H[SORLW RQO\ WZR RI WKH WKUHH UHVROYHUV� WKH QH[W WZR
UHVROXWLRQ PHWKRGV H[SORLW DOO WKUHH UHVROYHUV�
5HFDOO WKDW HDFK RI WKH WKUHH UHVROYHUV LQGHSHQGHQWO\ UH�

WXUQV D YDOXH IRU HDFK RImk 
V FDQGLGDWH DQWHFHGHQWV WKDW LQ�
GLFDWHV WKH SUREDELOLW\ WKDW LW LV FRUHIHUHQW ZLWK mk �WKRXJK
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WKH UHWXUQHG YDOXH PLJKW EH 1$ IRU 35M DQG 35E�� ,Q
0HWKRG �� ZH WDNH WKH XQZHLJKWHG DYHUDJH RI WKHVH WKUHH
SUREDELOLWLHV IRU HDFK FDQGLGDWH DQWHFHGHQW� DQG UHVROYH mk

WR WKH FORVHVW FDQGLGDWH DQWHFHGHQW ZKRVH DYHUDJH FRUHIHU�
HQFH SUREDELOLW\ LV DW OHDVW ���� 1RWH WKDW 1$ YDOXHV ZLOO EH
LJQRUHG ZKHQ FRPSXWLQJ WKH XQZHLJKWHG DYHUDJH�
0HWKRG �� /HW XV ÀUVW GHÀQH VRPH QRWDWLRQ� /HWmj GHQRWH
D FDQGLGDWH DQWHFHGHQW RImk� DQG PC

jk� PE
jk� DQG PM

jk EH WKH
FRUHIHUHQFH SUREDELOLWLHV EHWZHHQ mj DQG mk DFFRUGLQJ WR
35C � 35E DQG 35M � UHVSHFWLYHO\� ,Q 0HWKRG �� ZH UHVROYH
mk WR WKH FORVHVW SUHFHGLQJ PHQWLRQ mj LI DW OHDVW RQH RI
IRXU FRQGLWLRQV LV VDWLVÀHG� ��� PC

jk > tC � ��� PM
jk > tM �

��� PE
jk > tE � DQG ��� Pnorm

jk ≥ 0.5� ZKHUH tC � tM � DQG tE
DUH WKUHVKROGV WR EH WXQHG� DQG Pnorm LV D SUREDELOLW\ WKDW
ZH ZLOO GHÀQH VKRUWO\� ,Q HVVHQFH� WKH ÀUVW WKUHH FRQGLWLRQV
VD\ WKDW LI DQ\ RI WKH WKUHH PHQWLRQ�SDLU PRGHOV LV FRQÀGHQW
WKDWmj LV WKH FRUUHFW DQWHFHGHQW RImk �E\ YLUWXH RI WKH IDFW
WKDW WKH FRUUHVSRQGLQJ FRUHIHUHQFH SUREDELOLW\ LV DERYH VRPH
FRQÀGHQFH WKUHVKROG�� WKHQ ZH UHVROYHmk WRmj � 2WKHUZLVH�
ZH FKHFN WKH IRXUWK FRQGLWLRQ� Pnorm ≥ 0.5� ZKHUH

Pnorm
jk =

PC
jk + PE

jkwe(Pa)wae + PM
jk wm(Pa)wam

1 + we(Pa)wae + wm(Pa)wam
.

,Q WKLV IRUPXOD� WKH QXPHUDWRU LV D ZHLJKWHG FRPELQDWLRQ
RI PC � PE � DQG PM �L�H�� WKH FRUHIHUHQFH SUREDELOLWLHV UH�
WXUQHG E\ WKH WKUHH SURQRXQ UHVROYHUV�� DQG WKH GHQRPLQD�
WRU QRUPDOL]HV Pnorm

jk WR D YDOXH EHWZHHQ � DQG �� $ FORVHU
LQVSHFWLRQ RI WKH IRUPXOD UHYHDOV WKDW WKH ZHLJKW DVVRFLDWHG
ZLWK PE KDV WZR FRPSRQHQWV� we DQG Pwae

a � 7KH ZHLJKW SD�
UDPHWHUwe� ZKLFK FDQ EH WKRXJKW RI DV LQGLFDWLQJ WKH UHODWLYH
LPSRUWDQFH RI 35E LQ WKH GHFLVLRQ�PDNLQJ SURFHVV� LV ÀQH�
WXQHG E\ Pwae

a � ZKHUH Pa LV WKH SUREDELOLW\ UHWXUQHG E\ WKH
DOLJQPHQW PRGHO�� DQG wae DGMXVWV WKH GHJUHH RI LQÁXHQFH
RI Pa RQ WKH ZHLJKW DVVRFLDWHG ZLWK PE � 7KH WZR ZHLJKWV
DVVRFLDWHG ZLWK PM FDQ EH LQWHUSUHWHG VLPLODUO\�
$V ZH FDQ VHH� WKH IRXU FRQGLWLRQV KDYH VHYHQ WXQDEOH

SDUDPHWHUV� :H MRLQWO\ WXQH WKHP WR PD[LPL]H SHUIRUPDQFH
�ZKLFK LQ WKLV FDVH LV )�VFRUH� RQ KHOG�RXW GHYHORSPHQW GDWD
XVLQJ D KLOO�FOLPELQJ ORFDO VHDUFK DOJRULWKP� ZKHUH ZH WXQH
RQH SDUDPHWHU DW D WLPH ZKLOH KROGLQJ WKH UHPDLQLQJ SDUDP�
HWHUV À[HG�
)LQDOO\� QRWH WKDW 0HWKRG � FDQ EH DSSOLHG RQO\ LI DOO WKUHH

UHVROYHUV UHWXUQ FRUHIHUHQFH SUREDELOLWLHV IRU HDFK RI mk 
V
FDQGLGDWH DQWHFHGHQWV� +HQFH� LI 35E RU 35M UHWXUQV 1$
IRU D JLYHQ FDQGLGDWH DQWHFHGHQW� ZH UHSODFH 1$ ZLWK WKH
YDOXH UHWXUQHG E\ 35C �

(YDOXDWLRQ
([SHULPHQWDO 6HWXS
&RUSXV� :H XVH WKH 2QWR1RWHV ��� FRUSXV WKDW ZH RE�
WDLQHG IURP WKH &R1//����� VKDUHG WDVN RUJDQL]HUV IRU HYDO�
XDWLQJ RXU ELOLQJXDO DSSURDFK WR &KLQHVH SURQRXQ UHVROXWLRQ�

�:H GHÀQH Pa DV WKH PLQLPXP RI WKH SUREDELOLW\ RI DOLJQLQJ
WKH KHDG ZRUGV RI WKH &KLQHVH DQG (QJOLVK SURQRPLQDO DQDSKRUV
DQG WKH SUREDELOLW\ RI DOLJQLQJ WKH KHDG ZRUGV RI WKH &KLQHVH DQG
(QJOLVK FDQGLGDWH DQWHFHGHQWV�

7\SH 7UDLQ 'HY 7HVW 7RWDO
&+ 'RFV ����� ��� ��� �����

:RUGV ���. ���. ��. ���.
&KDLQV ������ ����� ����� ������
0HQWLRQV ������� ������ ������ �������

(1 'RFV ����� ��� ��� �����
:RUGV ���0 ���. ���. ���0
&KDLQV ������ ����� ����� ������
0HQWLRQV ������� ������ ������ �������

7DEOH �� 6WDWLVWLFV RQ WKH &KLQHVH �&+� DQG (QJOLVK �(1�
GDWD LQ WKH 2QWR1RWHV ��� FRUSXV�

5HVROXWLRQ 0HWKRG 5 3 ) $a $na $o

� &ORVHVW�ÀUVW ���� ���� ���� ���� ���� ����
� %HVW�ÀUVW ���� ���� ���� ���� ���� ����
� %HVW 6KDUHG 7DVN ���� ���� ���� ���� ���� ����
� 5DKPDQ DQG 1J ���� ���� ���� ���� ���� ����
� 0HWKRG � ���� ���� ���� ���� ���� ����
� 0HWKRG � ���� ���� ���� ���� ���� ����
� 0HWKRG � ���� ���� ���� ���� ���� ����
� 0HWKRG � ���� ���� ���� ���� ���� ����

7DEOH �� 5HVROXWLRQ UHVXOWV RQ WKH 2QWR1RWHV ��� WHVW VHW� 7KH
VWURQJHVW UHVXOW LQ HDFK FROXPQ LV EROGIDFHG�

6WDWLVWLFV RQ WKH &KLQHVH DQG (QJOLVK FRUHIHUHQFH�DQQRWDWHG
GDWD WKDW ZH HPSOR\HG DUH VKRZQ LQ 7DEOH �� :H IROORZ WKH
VKDUHG WDVN
V WUDLQ�WHVW SDUWLWLRQ RI WKH GRFXPHQWV� SHUIRUP�
LQJ WUDLQLQJ DQG SDUDPHWHU WXQLQJ RQ WKH WUDLQLQJ DQG GHYHO�
RSPHQW GRFXPHQWV DQG UHVHUYLQJ WKH WHVW GRFXPHQWV VROHO\
IRU HYDOXDWLRQ SXUSRVHV� 6SHFLÀFDOO\� ZKHQ 0HWKRGV �−�
DUH HPSOR\HG� ZH WUDLQ WKH WKUHH UHVROYHUV RQ WKH FRPELQHG
WUDLQLQJ�GHYHORSPHQW VHW� RQ WKH RWKHU KDQG� VLQFH 0HWKRG �
UHTXLUHV SDUDPHWHU WXQLQJ� ZH WUDLQ WKH UHVROYHUV RQ WKH WUDLQ�
LQJ VHW DQG WXQH WKH SDUDPHWHUV RQ WKH GHYHORSPHQW VHW�

(YDOXDWLRQ PHWULFV� :H UHSRUW UHVXOWV LQ WHUPV RI UHFDOO
�5�� SUHFLVLRQ �3�� DQG )�VFRUH �)� RQ UHVROYLQJ DQDSKRULF
SURQRXQV� +HQFH� 3 DQG 5 LQFUHDVH ZLWK WKH QXPEHU RI FRU�
UHFWO\ UHVROYHG SURQRXQV� $OVR� 3 LQFUHDVHV ZLWK WKH QXPEHU
RI XQUHVROYHG QRQ�DQDSKRULF SURQRXQV�
:H DGGLWLRQDOO\ UHSRUW UHVXOWV LQ WHUPV RI ��� WKH SHUFHQW�

DJH RI DQDSKRULF SURQRXQV FRUUHFWO\ UHVROYHG �$a�� ZKLFK LV
HTXLYDOHQW WR WKH UHFDOO QXPEHU PHQWLRQHG DERYH� ��� WKH SHU�
FHQWDJH RI QRQ�DQDSKRULF SURQRXQV QRW UHVROYHG �$na�� DQG
��� WKH RYHUDOO DFFXUDF\ �$o�� ZKLFK LV FRPSXWHG DV WKH VXP
RI WKH QXPEHU RI FRUUHFWO\ UHVROYHG DQDSKRULF SURQRXQV DQG
WKH QXPEHU RI XQUHVROYHG QRQ�DQDSKRULF SURQRXQV GLYLGHG
E\ WKH WRWDO QXPEHU RI SURQRXQV�

5HVXOWV DQG 'LVFXVVLRQ
5HVXOWV DUH VKRZQ LQ 7DEOH ��

%DVHOLQH �� 0RQROLQJXDO DSSURDFK� 7KLV EDVHOLQH KDV
WZR YHUVLRQV� %RWK YHUVLRQV DUH WUDLQHG LQ WKH VDPH PDQQHU
DV 35C � DQG GLIIHU RQO\ LQ KRZ WKH SURQRXQV DUH UHVROYHG�
%DVHOLQH �D HPSOR\V FORVHVW�ÀUVW FOXVWHULQJ� UHVROYLQJ D SUR�
QRXQ WR WKH FORVHVW FRUHIHUHQW FDQGLGDWH DQWHFHGHQW �URZ ���
%DVHOLQH �E HPSOR\V EHVW�ÀUVW FOXVWHULQJ� UHVROYLQJ D SUR�
QRXQ WR WKH FDQGLGDWH ZLWK WKH KLJKHVW FRUHIHUHQFH SUREDELO�
LW\ �URZ ��� $VZH FDQ VHH� WKH\ DUH VWDWLVWLFDOO\ LQGLVWLQJXLVK�
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DEOH ZLWK UHVSHFW WR DOO VL[ HYDOXDWLRQ PHWULFV��

%DVHOLQH �� %HVW VKDUHG WDVN V\VWHP� 7R JDXJH WKH SHU�
IRUPDQFH RI %DVHOLQH �� ZH UXQ WKH EHVW�SHUIRUPLQJ &KLQHVH
FRUHIHUHQFH UHVROYHU LQ WKH VKDUHG WDVN RQ WKLV WHVW GDWD��
6LQFH WKLV UHVROYHU RXWSXWV FRUHIHUHQFH FKDLQV� ZH DVVXPH
WKDW D SURQRXQ mk LV FRUUHFWO\ UHVROYHG LI LWV FORVHVW DQ�
WHFHGHQW LQ WKH V\VWHP FKDLQ DSSHDUV LQ WKH JROG FKDLQ FRQ�
WDLQLQJ mk �URZ ��� $V ZH FDQ VHH� WKLV UHVROYHU SHUIRUPV
VLJQLÀFDQWO\ ZRUVH WKDQ %DVHOLQH �E� RZLQJ WR ODUJH GURSV LQ
UHFDOO DFFRPSDQLHG E\ VPDOOHU GURSV LQ SUHFLVLRQ� 7KLV LQIRU�
PDWLRQ LV DOVR UHÁHFWHG LQ LWV ORZHU $a DQG KLJKHU $na� ,WV
$o LV VOLJKWO\ KLJKHU WKDQ EXW QRW VWDWLVWLFDOO\ GLVWLQJXLVKDEOH
IURP WKDW RI %DVHOLQH �E�
%DVHOLQH �� 5DKPDQ DQG 1J
V ������ DSSURDFK� 7KH UHV�
ROXWLRQ DSSURDFK FORVHVW WR RXUV LV 5DKPDQ DQG 1J
V� 7KH\
DVVXPH D VHWWLQJ LQ ZKLFK FRUHIHUHQFH�DQQRWDWHG GDWD LV
RQO\ DYDLODEOH LQ RQH ODQJXDJH �ZKLFK LQ WKHLU FDVH LV (Q�
JOLVK�� DQG WKHLU JRDO LV WR UHVROYH D SURQRXQ E\ DSSO\LQJ
D WKUHH�VWHS DQQRWDWLRQ SURMHFWLRQ DSSURDFK ZKHUH WKH\ ���
PDFKLQH�WUDQVODWH WKH WH[WV LQ WKH WDUJHW ODQJXDJH LQWR (Q�
JOLVK� ��� DSSO\ WKH FRUHIHUHQFH UHVROYHU WUDLQHG RQ WKH (Q�
JOLVK FRUHIHUHQFH�DQQRWDWHG GDWD WR HDFK WUDQVODWHG WH[W� DQG
��� SURMHFW WKH FRUHIHUHQFH FKDLQV EDFN WR WKH WDUJHW ODQJXDJH�
,Q HVVHQFH� WKHLU DSSURDFK LV WKH VDPH DV RXU 0HWKRG �� H[�
FHSW WKDW QR EDFNRII PRGHO ZLOO EH XVHG WR UHVROYH D SURQRXQ
p LI p RU DQ\ RI LWV FDQGLGDWH DQWHFHGHQWV FDQQRW EH PDSSHG
WR DQ (QJOLVK PHQWLRQ�
,Q DQ DWWHPSW WR REWDLQ VWURQJHU EDVHOLQH UHVXOWV� ZH DS�

SOLHG RXU UHLPSOHPHQWDWLRQ RI 5DKPDQ DQG 1J
V DSSURDFK WR
RXU WHVW GDWD� 5HVXOWV DUH VKRZQ LQ URZ �� $V ZH FDQ VHH�
%DVHOLQH �E VLJQLÀFDQWO\ RXWSHUIRUPV WKLV EDVHOLQH ZLWK UH�
VSHFW WR ERWK )�VFRUH DQG $o� &RQVHTXHQWO\� ZH ZLOO FRPSDUH
RXU DSSURDFK DJDLQVW %DVHOLQH �E� WKH EHVW EDVHOLQH�
2XU ELOLQJXDO DSSURDFK� 5RZV �−� VKRZ WKH UHVXOWV RI
RXU DSSURDFK�
5RZ � VKRZV WKH UHVXOWV RI 0HWKRG �� ZKHUH ZH UHVROYH

D &KLQHVH SURQRXQ mk XVLQJ 35E DQG EDFNRII WR 35C RQO\
LImk LV QRW PDSSHG WR DQ\ (QJOLVK SURQRXQ� $V ZH FDQ VHH�
WKLV PHWKRG \LHOGV VLJQLÀFDQWO\ ZRUVH UHVXOWV WKDQ WKH EDVH�
OLQH ZLWK UHVSHFW WR ERWK )�VFRUH DQG $o DV D UHVXOW RI D ODUJH
GURS LQ UHFDOO�
5RZ � VKRZV WKH UHVXOWV RI 0HWKRG �� ZKLFK GLIIHUV IURP

0HWKRG � LQ WKDW 35E LV UHSODFHG ZLWK 35M � 7ZR SRLQWV GH�
VHUYH PHQWLRQ� )LUVW� LQ FRPSDULVRQ WR 0HWKRG �� ZH VHH WKDW
)�VFRUH LQFUHDVHV VLJQLÀFDQWO\ E\ PRUH WKDQ ���� DQG $o

LQFUHDVHV VLJQLÀFDQWO\ E\ ����� RZLQJ WR D FRQVLGHUDEOH ULVH
LQ UHFDOO� 7KHVH UHVXOWV VXJJHVW WKDW 35M � ZKLFK FRPELQHV
IHDWXUHV IURP ERWK ODQJXDJHV� LV LQGHHG D VWURQJHU UHVROYHU
WKDQ WKH PRQROLQJXDO 35E �
6HFRQG� LWV )�VFRUH DQG DFFXUDF\ DUH LQGLVWLQJXLVKDEOH

IURP WKRVH RI WKH EHVW EDVHOLQH� 6LQFH WKH PDMRU GLIIHUHQFH
EHWZHHQ WKH EDVHOLQH �35C� DQG0HWKRG � �35M � 35C� OLHV
LQ ZKHWKHU WKH IHDWXUHV IURP WKH (QJOLVK VLGH �H�J�� JHQGHU�

�$OO VLJQLÀFDQFH WHVWV DUH SDLUHG t�WHVWV� ZLWK p < 0.05�
�7KH V\VWHP LV DYDLODEOH IURP ZZZ�KOW�XWGDOODV�HGX�a\]FFKHQ�

FRUHIHUHQFH�

QXPEHU� DUH XVHG� WKHVH VWDWLVWLFDOO\ LQGLVWLQJXLVKDEOH UHVXOWV
VHHP WR VXJJHVW WKDW (QJOLVK JHQGHU DQG QXPEHU DUH QRW XVH�
IXO IRU UHVROYLQJ &KLQHVH SURQRXQV� 7R XQGHUVWDQG ZKHWKHU
WKLV LV LQGHHG WKH FDVH� ZH H[DPLQH WKH SDLUZLVH 5� 3� DQG
) RI 35C DQG 35M RQ WKH WHVW VHW� 7KH 5�3�) VFRUHV DUH
�������������� IRU 35C DQG �������������� IRU 35M � 7KHVH
UHVXOWV VKRZ WKDW 35M SHUIRUPV EHWWHU WKDQ 35C DW WKH SDLU�
ZLVH OHYHO� VXJJHVWLQJ WKDW WKH (QJOLVK IHDWXUHV DUH LQGHHG
XVHIXO IRU UHVROYLQJ &KLQHVH SURQRXQV�
5RZV � DQG � VKRZ WKH UHVXOWV RI 0HWKRGV � DQG �� ZKHUH

UHVROXWLRQ GHFLVLRQV DUH PDGH E\ WDNLQJ WKH XQZHLJKWHG DQG
ZHLJKWHG DYHUDJHV RI WKH SUREDELOLWLHV UHWXUQHG E\ WKH WKUHH
PRGHOV� UHVSHFWLYHO\� 7KH )�VFRUH DQG $o RI 0HWKRG � DUH
VWDWLVWLFDOO\ LQGLVWLQJXLVKDEOH IURP WKRVH RI 0HWKRG �� ,Q DG�
GLWLRQ� WKH )�VFRUH DQG $o RI ERWK PHWKRGV DUH VLJQLÀFDQWO\
EHWWHU WKDQ WKRVH RI 0HWKRG �� RZLQJ WR D VXEVWDQWLDO LQ�
FUHDVH LQ SUHFLVLRQ� 7KHVH UHVXOWV VXJJHVW WKDW ��� HYHQ WKH
VLPSOH XQZHLJKWHG DYHUDJLQJ VFKHPH FDQ SHUIRUP DV ZHOO DV
ZHLJKWHG DYHUDJLQJ YLD DXWRPDWLF SDUDPHWHU WXQLQJ� DQG ���
HPSOR\LQJ DOO WKUHH PRGHOV RIIHUV EHWWHU UHVXOWV WKDQ HPSOR\�
LQJ RQO\ WZR PRGHOV�

$QDO\VLV RI 5HVXOWV
&RPSDULVRQ ZLWK WKH 0RQROLQJXDO %DVHOLQH
7R EHWWHU XQGHUVWDQG ZK\ RXU EHVW�SHUIRUPLQJ DSSURDFK �WKH
RQH HPSOR\LQJ0HWKRG �� LV VXSHULRU WR WKH EHVW EDVHOLQH �WKH
PRQROLQJXDO EDVHOLQH XVLQJ EHVW�ÀUVW FOXVWHULQJ�� ZH DQDO\]H
VRPH FDVHV ZKHUH RXU DSSURDFK PDNHV WKH FRUUHFW GHFLVLRQ
DQG WKH EHVW EDVHOLQH IDLOV�
7KH 1(87(5 DWWULEXWH� 5HFDOO WKDW WKH &R1//�����
VKDUHG WDVN RUJDQL]HUV SURYLGHG WKH SDUWLFLSDQWV ZLWK D VH�
PDQWLF UHVRXUFH WKDW FDQ EH XVHG WR ODEHO DQ (QJOLVK PHQ�
WLRQ ZLWK LWV JHQGHU �L�H�� 0DVFXOLQH� )HPLQLQH RU 1HXWHU
�%HUJVPD DQG /LQ ������ EXW VXFK D UHVRXUFH LV QRW DYDLO�
DEOH IRU &KLQHVH� $V D UHVXOW� RXU PRQROLQJXDO EDVHOLQH PD\
LQFRUUHFWO\ OLQN D SURQRXQ WR D FDQGLGDWH DQWHFHGHQW WKDW LV LQ�
FRPSDWLEOH ZLWK UHVSHFW WR WKH 1(87(5 DWWULEXWH� &RQVLGHU
WKH IROORZLQJ H[DPSOH���

�⠭ḍ�Ꮖ㒣ᛜড়њǄ᠔ҹ �Ҫ�ュ䍋ᴹᕜⓖ҂ˈ㗠Ϩ⠭
啓гᕜདǄ
�7RRWK URRW� KDV KHDOHG� 6R �KH� ODXJKV YHU\ EHDXWLIXO� DQG
WKH WHHWK DUH YHU\ JRRG�

7KH SURQRXQ WR EH UHVROYHG�Ҫ �KH�� LV 0DVFXOLQH� EXW LWV
FDQGLGDWH DQWHFHGHQW�⠭ḍ �7RRWK URRW�� LV1HXWHU� 7KH EDVH�
OLQH SRVLWV WKHP DV FRUHIHUHQW� ODUJHO\ RZLQJ WR WKH IDFW WKDW
⠭ḍ �7RRWK URRW� LV WKH SURQRXQ
V QHDUHVW VXEMHFW� +RZHYHU�
XVLQJ WKH DIRUHPHQWLRQHG (QJOLVK VHPDQWLF UHVRXUFH� RXU DS�
SURDFK NQRZV WKDW WKH FDQGLGDWH DQWHFHGHQW
V (QJOLVK FRXQ�
WHUSDUW KDV WKH DWWULEXWH 1HXWHU DQG WKHUHIRUH FRUUHFWO\ FODV�
VLÀHV WKLV SDLU DV QRW FRUHIHUHQW�
7KH 180%(5 DWWULEXWH� 8QOLNH (QJOLVK QRXQV� &KLQHVH
QRXQV GR QRW LQÁHFW LQ QXPEHU� 7KXV� LI D QRXQ LV QRW SUH�
PRGLÀHG E\ D QXPEHU LQGLFDWRU VXFK DVϔѯ �VRPH��䆌໮

��)RU DOO WKH H[DPSOHV VKRZQ LQ WKLV VXEVHFWLRQ� WKH ÀUVW OLQH LV
WKH RULJLQDO &KLQHVH VHQWHQFH� ZKHUHDV WKH VHFRQG OLQH LV LWV (QJOLVK
WUDQVODWLRQ REWDLQHG YLD *RRJOH 7UDQVODWH�
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0DFKLQH 7UDQV� +XPDQ 7UDQV�
5HVROXWLRQ 0HWKRG 5 3 ) 5 3 )

� &ORVHVW�ÀUVW ���� ���� ���� ���� ���� ����
� %HVW�ÀUVW ���� ���� ���� ���� ���� ����
� %HVW 6KDUHG 7DVN ���� ���� ���� ���� ���� ����
� 5DKPDQ DQG 1J ���� ���� ���� ���� ���� ����
� 0HWKRG � ���� ���� ���� ���� ���� ����
� 0HWKRG � ���� ���� ���� ���� ���� ����
� 0HWKRG � ���� ���� ���� ���� ���� ����
� 0HWKRG � ���� ���� ���� ���� ���� ����

7DEOH �� 5HVROXWLRQ UHVXOWV RQ WKH ����GRFXPHQW SDUDOOHO FRU�
SXV REWDLQHG YLD ÀYH�IROG FURVV YDOLGDWLRQ� 7KH VWURQJHVW UHVXOW
LQ HDFK FROXPQ LV EROGIDFHG�

�PDQ\� DQG WKH VXIÀ[ Ӏ� LW LV JHQHUDOO\ KDUG WR GHWHUPLQH
ZKHWKHU D QRXQ LV 3OXUDO RU QRW� +RZHYHU� ZKHQ D 07 V\V�
WHP WUDQVODWHV D SOXUDO &KLQHVH QRXQ LQWR (QJOLVK� LW PD\ EH
DEOH WR FRUUHFWO\ WXUQ WKH QRXQ LQWR LWV SOXUDO IRUP E\ H[SORLW�
LQJ FRQWH[W� 7KH IROORZLQJ H[DPSOH LOOXVWUDWHV WKLV FDVH�

㧼䖒ྚ೼ѠकϪ㑾ܿकᑈҷ⅟䝋䬛य़ �Ҕ৊⌒ᬭᕦ�Ǆ
�䖭�Ўᢝྚᮃ㧆ᇨᖋ੠㕢೑೼Ӟᢝܟⱘग़৆ᗻ༅䋹༴ᅮ
෎⸔Ǆ
6DGGDP 
V EUXWDO UHSUHVVLRQ RI WKH ����V �6KLLWHV�� �,W� ZDV
5XPVIHOG DQG 8�6� IDLOXUH LQ ,UDT� WKH KLVWRULF IRXQGDWLRQ�

,Q WKLV H[DPSOH� WKH SURQRXQ WR EH UHVROYHG LV䖭 �,W�� DQG
RQH RI LWV FDQGLGDWH DQWHFHGHQWV LV Ҕ৊⌒ᬭᕦ �6KLLWHV��
6LQFH 䖭 �,W� LV 6LQJXODU� DOO 3OXUDO FDQGLGDWH DQWHFHGHQWV�
LQFOXGLQJ Ҕ৊⌒ᬭᕦ �6KLLWHV�� VKRXOG EH UHPRYHG IURP
FRQVLGHUDWLRQ� +RZHYHU� LQ WKH PRQROLQJXDO EDVHOLQH� DV WKH
Ҕ৊⌒ᬭᕦ �6KLLWHV� LV QRW PDUNHG DV 3OXUDO �EHFDXVH QXP�
EHU LQIRUPDWLRQ LV DEVHQW LQ WKH &KLQHVH FRUSXV�� WKH EDVHOLQH
ZURQJO\ SRVLWV WKLV FDQGLGDWH DQWHFHGHQW DV FRUHIHUHQW ZLWK
䖭 �,W�� ,Q FRQWUDVW� WKH (QJOLVK FRXQWHUSDUW RI WKLV FDQGLGDWH
DQWHFHGHQW KDV D SOXUDOLW\ PDUNHU �L�H�� WKH VXIÀ[ 
V
�� VR RXU
DSSURDFK FRUUHFWO\ GHWHUPLQHV WKDW WKLV FDQGLGDWH DQWHFHGHQW
LV QRW FRUHIHUHQW ZLWK WKH SURQRXQ�
,PSDFW RI 0DFKLQH 7UDQVODWLRQ 4XDOLW\
5HFDOO WKDW WZR RI RXU FODVVLÀHUV�PRM DQGPRE � UHO\ RQ DX�
WRPDWLFDOO\ WUDQVODWHG (QJOLVK WH[W� $ QDWXUDO TXHVWLRQ� WKHQ�
LV� WR ZKDW H[WHQW GRHV 07 TXDOLW\ LPSDFW SURQRXQ UHVR�
OXWLRQ SHUIRUPDQFH" 7R DQVZHU WKLV TXHVWLRQ� ZH FRPSDUH
WKH UHVXOWV RI RXU DSSURDFK ZKHQ LW LV XVHG LQ FRPELQDWLRQ
ZLWK KXPDQ�WUDQVODWHG WH[W DQG ZLWK PDFKLQH�WUDQVODWHG WH[W�
6SHFLÀFDOO\� ZH UHSHDW WKH H[SHULPHQWV LQ 7DEOH � RQ WKH ���
GRFXPHQW�SDUDOOHO FRUSXV LQ 2QWR1RWHV ���� ÀUVW XVLQJ WKH
(QJOLVK GRFXPHQWV SURGXFHG E\ PDFKLQH�WUDQVODWLQJ WKH ���
&KLQHVH GRFXPHQWV� DQG WKHQ XVLQJ WKH KXPDQ�WUDQVODWHG
GRFXPHQWV WDNHQ IURP WKH GRFXPHQW�SDUDOOHO FRUSXV���
)LYH�IROG FURVV�YDOLGDWLRQ UHVXOWV RI GLIIHUHQW UHVROXWLRQ

PHWKRGV XVLQJ 07 DQG KXPDQ WUDQVODWLRQ �+7� DUH VKRZQ
LQ 7DEOH �� 7KH V\VWHPV LQ WKH ÀUVW WKUHH URZV RI WKH WDEOH
GR QRW UHO\ RQ WUDQVODWHG WH[W� VR WKHLU UHVXOWV XQGHU ERWK WKH
07 DQG +7 FROXPQV DUH LGHQWLFDO� 7KH 5DKPDQ DQG 1J UH�
VXOWV VKRZQ LQ URZ � DUH VRPHZKDW FRXQWHU�LQWXLWLYH� )�VFRUH

��1RWH WKDW WKH GRFXPHQW�SDUDOOHO FRUSXV LV QRW VHQWHQFH�SDUDOOHO�
7R DOLJQ &KLQHVH DQG (QJOLVK VHQWHQFHV� ZH HPSOR\ WKH &KDP�
SROOLRQ 7RRO .LW �KWWS���FKDPSROOLRQ�VRXUFHIRUJH�QHW�� DQG KHXULV�
WLFDOO\ DGMXVW LWV RXWSXW WR LPSURYH WKH UHFDOO UDWH RI WKH DOLJQPHQW�

GURSV E\ �� ZKHQ 07 LV UHSODFHG ZLWK +7� $Q H[DPLQDWLRQ
RI WKH RXWSXW UHYHDOV WKDW WKH HUURUV LQ VHQWHQFH DQG PHQWLRQ
DOLJQPHQW KDYH FRQWULEXWHG WR WKH SRRUHU +7 UHVXOWV� :KLOH
ZH DOVR QHHG WR SHUIRUP PHQWLRQ DOLJQPHQW LQ WKH FDVH RI
07� WKH PHQWLRQ DOLJQPHQW UDWH RQ WKH PDFKLQH�WUDQVODWHG
WH[W LV KLJKHU WKDQ WKDW RQ WKH KXPDQ�WUDQVODWHG WH[W ������
YV� ������� 7KH UHDVRQ ZK\ LW LV HDVLHU WR DOLJQ PHQWLRQV LQ
PDFKLQH�WUDQVODWHG WH[W LV VLPSOH� WKH VWUXFWXUHV RI WKH VHQ�
WHQFHV LQ D PDFKLQH�WUDQVODWHG VHQWHQFH SDLU DUH PRUH VLPLODU
WR HDFK RWKHU WKDQ WKRVH LQ D KXPDQ�WUDQVODWHG SDLU�
5RZV �−� RI 7DEOH � VKRZ WKH UHVXOWV RI WKH IRXU UHVROX�

WLRQ PHWKRGV HPSOR\HG E\ RXU DSSURDFK� 1RWH WKDW DQ\ GLI�
IHUHQFHV EHWZHHQ WKH07 DQG +7 UHVXOWV VKRXOG EH DWWULEXWHG
WR QRW RQO\ GLIIHUHQFHV LQ WUDQVODWLRQ TXDOLW\� EXW DOVR GLIIHU�
HQFHV LQ VHQWHQFH DQG PHQWLRQ DOLJQPHQW UDWH� $V H[SHFWHG�
ZKHQ 07 LV UHSODFHG ZLWK +7� WKH )�VFRUHV RI DOO IRXU PHWK�
RGV LQFUHDVH VLJQLÀFDQWO\ E\ ���−�����
1RWH WKDW WKH UHODWLYH SHUIRUPDQFH RI WKH UHVROXWLRQ PHWK�

RGV UHPDLQV WKH VDPH ZKHQ 07 LV UHSODFHG ZLWK +7� 7KLV
REVHUYDWLRQ DOVR KROGV WUXH ZKHQ ZH FRPSDUH WKH UHVXOWV LQ
7DEOH � DQG 7DEOH ��

5HODWHG :RUN
2XWVLGH WKH $&( HYDOXDWLRQV DQG WKH &R1//����� VKDUHG
WDVN� WKHUH KDV EHHQ OLWWOH ZRUN RQ &KLQHVH DQDSKRUD DQG
FRUHIHUHQFH UHVROXWLRQ� DQG DOO RI WKHVH ZRUNV XVHG PRQR�
OLQJXDO DSSURDFKHV� /XR DQG =LWRXQL ������ HPSOR\ &KL�
QHVH VSHFLÀF V\QWDFWLF IHDWXUHV IRU FRUHIHUHQFH UHVROXWLRQ�
:DQJ DQG 1JDL ������ DSSO\ FOXVWHULQJ WR &KLQHVH FRUHIHU�
HQFH UHVROXWLRQ� HPSOR\LQJ IHDWXUHV FRPPRQO\�XVHG IRU (Q�
JOLVK FRUHIHUHQFH UHVROXWLRQ� :HL HW DO� ������ HPSOR\ V\Q�
WDFWLF IHDWXUHV DQG ZRUG VHQVHV WR UHVROYH WKLUG�SHUVRQ &KL�
QHVH SURQRXQV� .RQJ DQG =KRX ������ HPSOR\ WUHH NHUQHOV
WR UHVROYH &KLQHVH SURQRXQV� .RQJ DQG 1J ������ H[SORLW
]HUR SURQRXQV WR LPSURYH &KLQHVH FRUHIHUHQFH UHVROXWLRQ�
7R RXU NQRZOHGJH� RXU ELOLQJXDO DSSURDFK LV WKH RQO\

DSSURDFK WR SURQRXQ UHVROXWLRQ WKDW H[SORLWV FRUHIHUHQFH�
DQQRWDWHG GDWD LQ WZR ODQJXDJHV �LQ RXU FDVH (QJOLVK DQG
&KLQHVH� WR KHOS LPSURYH WKH UHVROXWLRQ RI SURQRXQV LQ WKH
SRRUHU�UHVRXUFHG ODQJXDJH RI WKH WZR �LQ RXU FDVH &KLQHVH��
7KH DSSURDFKHV WKDW DUH PRVW FORVHO\ UHODWHG WR RXUV DUH WKRVH
WKDW DWWHPSW WR UHVROYH SURQRXQV LQ D UHVRXUFH�SRRU ODQJXDJH
YLD DQQRWDWLRQ SURMHFWLRQ� 6SHFLÀFDOO\� WKHVH DSSURDFKHV RS�
HUDWH XQGHU WKH VHWWLQJ ZKHUH FRUHIHUHQFH�DQQRWDWHG GRFX�
PHQWV DUH RQO\ DYDLODEOH LQ D UHVRXUFH�ULFK ODQJXDJH �H�J�
(QJOLVK� IRU WUDLQLQJ D UHVROYHU� EXW QR FRUHIHUHQFH�DQQRWDWHG
GDWD LV DYDLODEOH LQ WKH WDUJHW ODQJXDJH� $V QRWHG EHIRUH� WKH
LGHD LV WR UHVROYH WKH PHQWLRQV LQ WKH WDUJHW ODQJXDJH YLD DQ
DQQRWDWLRQ SURMHFWLRQ DSSURDFK� ZKHUH WKH GRFXPHQWV LQ WKH
WDUJHW ODQJXDJH FDQ EH WUDQVODWHG DXWRPDWLFDOO\ �XVLQJ PD�
FKLQH WUDQVODWLRQ� VHH 5DKPDQ DQG 1J ������� RU PDQXDOO\
�SRVVLEO\ YLD D SDUDOOHO FRUSXV� VHH +DUDEDJLX DQG 0DLR�
UDQR ������ DQG GH 6RX]D DQG 2UDVDQ ��������

&RQFOXVLRQV
:H LQYHVWLJDWHG D QRYHO ELOLQJXDO DSSURDFK WR &KLQHVH SUR�
QRXQ UHVROXWLRQ WKDW H[SORLWV (QJOLVK UHVRXUFHV� 5HVXOWV RQ
2QWR1RWHV ��� VKRZ WKDW RXU DSSURDFK VLJQLÀFDQWO\ RXWSHU�
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IRUPV LWV PRQROLQJXDO FRXQWHUSDUWV ZLWK UHVSHFW WR ERWK )�
VFRUH DQG DFFXUDF\� 7R RXU NQRZOHGJH� RXU UHVXOWV IRU WKLV
WDVN DUH WKH EHVW UHVXOWV UHSRUWHG WR GDWH RQ WKLV GDWDVHW�

$FNQRZOHGJPHQWV
:H WKDQN WKH WKUHH DQRQ\PRXV UHYLHZHUV IRU WKHLU GHWDLOHG
DQG LQVLJKWIXO FRPPHQWV RQ DQ HDUOLHU GUDIW RI WKH SDSHU� 7KLV
ZRUN ZDV VXSSRUWHG LQ SDUW E\ 16) *UDQWV ,,6�������� DQG
,,6��������� $Q\ RSLQLRQV� ÀQGLQJV� FRQFOXVLRQV RU UHFRP�
PHQGDWLRQV H[SUHVVHG LQ WKLV SDSHU DUH WKRVH RI WKH DXWKRUV
DQG GR QRW QHFHVVDULO\ UHÁHFW WKH YLHZV RU RIÀFLDO SROLFLHV�
HLWKHU H[SUHVVHG RU LPSOLHG� RI 16)�

5HIHUHQFHV
%HUJVPD� 6�� DQG /LQ� '� ����� %RRWVWUDSSLQJ SDWK�EDVHG
SURQRXQ UHVROXWLRQ� ,Q 3URFHHGLQJV RI WKH ��VW ,QWHUQDWLRQDO
&RQIHUHQFH RQ &RPSXWDWLRQDO /LQJXLVWLFV DQG WKH ��WK $Q�
QXDO 0HHWLQJ RI WKH $VVRFLDWLRQ IRU &RPSXWDWLRQDO /LQJXLV�
WLFV� �������
%M|UNHOXQG� $�� DQG )DUNDV� 5� ����� 'DWD�GULYHQ PXOWLOLQ�
JXDO FRUHIHUHQFH UHVROXWLRQ XVLQJ UHVROYHU VWDFNLQJ� ,Q 3UR�
FHHGLQJV RI WKH ���� -RLQW &RQIHUHQFH RQ (PSLULFDO 0HWKRGV
LQ 1DWXUDO /DQJXDJH 3URFHVVLQJ DQG &RPSXWDWLRQDO 1DWX�
UDO /DQJXDJH /HDUQLQJ ��6KDUHG 7DVN� �������
&KDQJ� &��&�� DQG /LQ� &��-� ����� /,%690� $ OLEUDU\ IRU
VXSSRUW YHFWRU PDFKLQHV� $&0 7UDQVDFWLRQV RQ ,QWHOOLJHQW
6\VWHPV DQG 7HFKQRORJ\ �7,67� ��������
&KHQ� &�� DQG 1J� 9� ����� &RPELQLQJ WKH EHVW RI WZR
ZRUOGV� $ K\EULG DSSURDFK WR PXOWLOLQJXDO FRUHIHUHQFH UHVR�
OXWLRQ� ,Q 3URFHHGLQJV RI WKH ���� -RLQW &RQIHUHQFH RQ (P�
SLULFDO 0HWKRGV LQ 1DWXUDO /DQJXDJH 3URFHVVLQJ DQG &RP�
SXWDWLRQDO 1DWXUDO /DQJXDJH /HDUQLQJ ��6KDUHG 7DVN� ����
���
GH 6RX]D� -� &�� DQG 2UDVDQ� &� ����� &DQ SURMHFWHG FKDLQV
LQ SDUDOOHO FRUSRUD KHOS FRUHIHUHQFH UHVROXWLRQ" ,Q $QDSKRUD
3URFHVVLQJ DQG $SSOLFDWLRQV� 6SULQJHU� �������
+DUDEDJLX� 6�� DQG 0DLRUDQR� 6� ����� 0XOWLOLQJXDO FRUHIHU�
HQFH UHVROXWLRQ� ,Q 3URFHHGLQJV RI WKH 6L[WK $SSOLHG 1DWXUDO
/DQJXDJH 3URFHVVLQJ &RQIHUHQFH� ���������
.RQJ� )�� DQG 1J� +� 7� ����� ([SORLWLQJ ]HUR SURQRXQV WR
LPSURYH &KLQHVH FRUHIHUHQFH UHVROXWLRQ� ,Q 3URFHHGLQJV RI
WKH ���� &RQIHUHQFH RQ (PSLULFDO 0HWKRGV LQ 1DWXUDO /DQ�
JXDJH 3URFHVVLQJ� ���������
.RQJ� )�� DQG =KRX� *� ����� 3URQRXQ UHVROXWLRQ LQ (QJOLVK
DQG &KLQHVH ODQJXDJH EDVHG RQ WUHH NHUQHO� -RXUQDO RI 6RIW�
ZDUH �����������������
/XR� ;�� DQG =LWRXQL� ,� ����� 0XOWL�OLQJXDO FRUHIHUHQFH UHV�
ROXWLRQ ZLWK V\QWDFWLF IHDWXUHV� ,Q 3URFHHGLQJV RI WKH +XPDQ
/DQJXDJH 7HFKQRORJ\ &RQIHUHQFH DQG WKH &RQIHUHQFH RQ
(PSLULFDO 0HWKRGV LQ 1DWXUDO /DQJXDJH 3URFHVVLQJ� ����
�����
3UDGKDQ� 6�� 0RVFKLWWL� $�� ;XH� 1�� 8U\XSLQD� 2�� DQG
=KDQJ� <� ����� &RQOO����� VKDUHG WDVN� 0RGHOLQJ PXOWLOLQ�
JXDO XQUHVWULFWHG FRUHIHUHQFH LQ RQWRQRWHV� ,Q 3URFHHGLQJV RI
WKH ���� -RLQW &RQIHUHQFH RQ (PSLULFDO 0HWKRGV LQ 1DWXUDO

/DQJXDJH 3URFHVVLQJ DQG &RPSXWDWLRQDO 1DWXUDO /DQJXDJH
/HDUQLQJ ��6KDUHG 7DVN� ������
5DKPDQ� $�� DQG 1J� 9� ����� 7UDQVODWLRQ�EDVHG SURMHF�
WLRQ IRU PXOWLOLQJXDO FRUHIHUHQFH UHVROXWLRQ� ,Q 3URFHHGLQJV
RI WKH ���� &RQIHUHQFH RI WKH 1RUWK $PHULFDQ &KDSWHU RI
WKH $VVRFLDWLRQ IRU &RPSXWDWLRQDO /LQJXLVWLFV� +XPDQ /DQ�
JXDJH 7HFKQRORJLHV� ���������
5HFDVHQV� 0�� 0jUTXH]� /�� 6DSHQD� (�� 0DUWt� 0� $�� 7DXOp�
0�� +RVWH� 9�� 3RHVLR� 0�� DQG 9HUVOH\� <� ����� 6HP(YDO�
���� 7DVN �� &RUHIHUHQFH UHVROXWLRQ LQ PXOWLSOH ODQJXDJHV�
,Q 3URFHHGLQJV RI WKH �WK ,QWHUQDWLRQDO :RUNVKRS RQ 6HPDQ�
WLF (YDOXDWLRQ� �����
6RQJ� :�� 4LQ� %�� /DQJ� -�� DQG /LX� 7� ����� &RPELQ�
LQJ V\QWD[ DQG ZRUG VHQVH IRU &KLQHVH SURQRXQ UHVROXWLRQ�
-RXUQDO RI &KLQHVH ,QIRUPDWLRQ 3URFHVVLQJ ������������
6RRQ� :� 0�� 1J� +� 7�� DQG /LP� '� &� <� ����� $ PDFKLQH
OHDUQLQJ DSSURDFK WR FRUHIHUHQFH UHVROXWLRQ RI QRXQ SKUDVHV�
&RPSXWDWLRQDO /LQJXLVWLFV ���������������
:DQJ� &��6�� DQG 1JDL� *� ����� $ FOXVWHULQJ DSSURDFK IRU
XQVXSHUYLVHG &KLQHVH FRUHIHUHQFH UHVROXWLRQ� ,Q 3URFHHG�
LQJV RI WKH )LIWK 6,*+$1 :RUNVKRS RQ &KLQHVH /DQJXDJH
3URFHVVLQJ� �������
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