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���������������������������$EVWUDFW

)RU� HDV\� EURZVLQJ� DQG� UHWULHYDO� SURFHVVHV� LQ� D� ODUJH
QHZV�GDWDEDVH��VWRUHG�QHZV�SURJUDPV�KDYH�WR�EH�LQGH[HG
LQ�D�VXLWDEOH�ZD\��2QH�SRVVLELOLW\�RI�GRLQJ�WKLV�LV�WR�LQGH[
HDFK� QHZV� UHSRUW� EDVHG� RQ� FRYHUHG� WRSLF�� +RZHYHU�
EHIRUH� WKH� WRSLF� UHFRJQLWLRQ� DQG� LQGH[LQJ� VWHSV� FDQ� EH
FDUULHG� RXW�� � HDFK� QHZV� SURJUDP� KDV� ILUVW� WR� EH
VHJPHQWHG� LQWR� VLQJOH� UHSRUWV�� 7KH� ILUVW� VWHS� LQ� WKLV
VHJPHQWDWLRQ� SURFHVV� LV� WKH� FODVVLILFDWLRQ� RI� DOO� YLGHR
VKRWV�RI�D�QHZV�SURJUDP�LQ�GLIIHUHQW�FDWHJRULHV��VXFK�DV
DQFKRUSHUVRQ� �QHZV� UHDGHU�� VKRWV�� QHZV� �UHSRUW�� VKRWV
DQG�SRVVLEOH�FRPPHUFLDO�EUHDNV��,Q�WKLV�SDSHU�ZH�SUHVHQW
D� QHZ� UHOLDEOH� DSSURDFK� IRU� GHWHFWLRQ� RI� DOO
DQFKRUSHUVRQ� VKRWV� LQ� DQ� DUELWUDU\� QHZV� SURJUDP�
,QFUHDVH�LQ�GHWHFWLRQ�UHOLDELOLW\��FRPSDUHG�WR�WKH�UHIHUUHG
PHWKRGV��LV�DFKLHYHG�E\�XVLQJ�D�VHTXHQFH�RZQ�YLGHR�VKRW
DV� WKH� WHPSODWH� IRU� GHWHFWLQJ� DOO� DQFKRUSHUVRQ� VKRWV� RI
WKDW� VHTXHQFH�� 7KH� WHPSODWH� LWVHOI� LV� GHWHUPLQHG� LQ� D
UREXVW��WKUHVKROG�IUHH�ZD\�

����,QWURGXFWLRQ

$PRQJ�WKH�W\SHV�RI�SURJUDPV�WR�EH�WDNHQ�LQWR�DFFRXQW
ZKHQ�GHYHORSLQJ�UHWULHYDO�WRROV�IRU�PRGHUQ�GLJLWDO�YLGHR
DUFKLYHV� LQ� GLIIHUHQW� DSSOLFDWLRQ� DUHDV�� QHZV� SURJUDPV
DSSHDU�WR�EH�LPSRUWDQW�³VWRULQJ�REMHFWV´��7KH�UHDVRQ�OLHV
XQGRXEWHGO\� LQ� WKHLU� LQIRUPDWLRQ� FRQWHQW��ZKLFK�PD\�EH
XVHIXO�IRU�DSSOLFDWLRQV�LQ�PDQ\�SURIHVVLRQDO�DUHDV�DV�ZHOO
DV� IRU� XVHU�SULYDWH� QHHGV�� &RQVHTXHQWO\�� ODUJH�VFDOH
GLJLWDO� QHZV� DUFKLYHV� DUH� EHLQJ� FUHDWHG� ZLWK� VWHDGLO\
LQFUHDVLQJ�YROXPHV�ZKLFK�DUH�QRW�HDV\� � WR�KDQGOH�XQOHVV
WKH� VWRUHG� LQIRUPDWLRQ� LV� LQGH[HG� LQ� D� VXLWDEOH� ZD\�
6HYHUDO� SXEOLFDWLRQV� FDQ� EH� IRXQG� LQ� OLWHUDWXUH� GHDOLQJ
ZLWK�WKH�SUREOHP�RI�QHZV�DUFKLYH�RUJDQL]DWLRQ�>�����������
�������@�

2QH� SRVVLELOLW\� RI� GRLQJ� WKLV� LV� WR� LQGH[� HDFK� VWRUHG
QHZV�UHSRUW�EDVHG�RQ�FRYHUHG� WRSLF��$W�D� ODWHU� VWDJH�� DOO
QHZV� UHSRUWV� RQ� VDPH� RU� VLPLODU� WRSLFV� FDQ� EH� JURXSHG

WRJHWKHU� UHVXOWLQJ� LQ� D� KLJKO\� WUDQVSDUHQW� DQG� HDV\
DFFHVVLEOH� QHZV� DUFKLYH�� +RZHYHU�� EHIRUH� VXFK� DQ
RUJDQL]DWLRQ� FDQ� EH� DFKLHYHG�� HDFK� QHZV� SURJUDP� KDV
ILUVW�WR�EH�VHJPHQWHG�LQWR�VLQJOH�UHSRUWV��7KH�ILUVW�VWHS�LQ
WKLV�VHJPHQWDWLRQ�SURFHVV�LV�WKH�FODVVLILFDWLRQ�RI�DOO�YLGHR
VKRWV�RI�D�QHZV�SURJUDP� LQ�GLIIHUHQW� FDWHJRULHV�� VXFK� DV
DQFKRUSHUVRQ� �QHZV� UHDGHU�� VKRWV�� QHZV� �UHSRUW�� VKRWV
DQG�SRVVLEOH�FRPPHUFLDO�EUHDNV�

,Q� WKLV� SDSHU� ZH� FRQFHQWUDWH� RQ� WKH� SUREOHP� RI
DXWRPDWLFDOO\� GHWHFWLQJ� DQFKRUSHUVRQ� VKRWV� LQ� DQ
DUELWUDU\�QHZV�SURJUDP�DQG�SURSRVH�D�QHZ�DSSURDFK�IRU
SHUIRUPLQJ� WKLV�RSHUDWLRQ��&RPSDUHG� WR� DOUHDG\� H[LVWLQJ
GHWHFWLRQ�PHWKRGV��H�J��>�@��>�@���ZH�EHOLHYH�WR�DFKLHYH�DQ
LQFUHDVH� LQ� GHWHFWLRQ� UREXVWQHVV� GXH� WR� WKH� XVDJH� RI� D
VHTXHQFH�RZQ�YLGHR�VKRW�DV�WKH�WHPSODWH�IRU�GHWHFWLQJ�DOO
DQFKRUSHUVRQ�VKRWV�RI� WKDW� VHTXHQFH��7KH� WHPSODWH� LWVHOI
LV� DOVR� IRXQG� LQ� D� UREXVW�� WKUHVKROG�IUHH� ZD\�� :KHQ
GHILQLQJ�RXU�GHWHFWLRQ�PHWKRG��ZH�PDNH�XVH�RI�D�UHDOLVWLF
QHZV� SURJUDP� VWUXFWXUH� DV� VKRZQ� LQ� )LJXUH� ��� 6LPLODU
VWUXFWXUH�LV�DOVR�SURSRVHG�LQ�>�@�DQG�LV�PRUH�JHQHUDO�WKDQ
WKH�RQH�VKRZQ�LQ�>�@�

)LJXUH����$VVXPHG�UHDOLVWLF�VWUXFWXUH�RI�D�QHZV�SURJUDP�
'LIIHUHQW� FRORUV� RI� EORFNV� EHORQJLQJ� WR� DQFKRUSHUVRQ
VKRWV�LQGLFDWH�WKHLU�GLIIHUHQW�W\SHV

$IWHU�PDNLQJ�DOO�WKH�QHFHVVDU\�DVVXPSWLRQV�DQG�GHILQLQJ
DOO� WKH� WHUPV� LQ� 6HFWLRQ� ��� ZH� SUHVHQW� RXU� WZR�VWHS
GHWHFWLRQ� DSSURDFK� LQ� 6HFWLRQ� ��� 6HFWLRQ� �� GHILQHV� WKH
GLVVLPLODULW\� PHWULF� XVHG� WR� FRPSDUH� YLGHR� VKRWV� RI� D
QHZV� VHTXHQFH�� 6HFWLRQ� �� FRQWDLQV� WKH� H[SHULPHQWDO
UHVXOWV�� ZKLOH� LQ� 6HFWLRQ� �� D� GLVFXVVLRQ� DERXW� XVHG
DVVXPSWLRQV�DQG�WKHLU�YDOLGLW\�FDQ�EH�IRXQG�

W

6WDUWLQJ�����$QFKRUSHUVRQ�VKRW������1HZV�VKRWV����&RPPHUFLDO�EUHDN����$QFKRUSHUVRQ�VKRW����$QFKRUSHUVRQ�VKRW����6KRUW�QHZV����(QG



)LJXUH����2EWDLQLQJ�RI�D�GLVVLPLODULW\�YDOXHV�VHW�IRU�WKH�VKRW�N

����$VVXPSWLRQV�DQG�GHILQLWLRQV

:H�EDVH�RXU�DQFKRUSHUVRQ�GHWHFWLRQ�DSSURDFK�RQ�WKH
DVVXPSWLRQ�WKDW�DQ�DQFKRUSHUVRQ�VKRW�LV�WKH�RQO\�W\SH�RI
QHZV�VHTXHQFH�VKRWV�WKDW�KDV�PXOWLSOH�PDWFKHV�RI�PRVW�RI
LWV� YLVXDO� FRQWHQW� DORQJ� WKH� HQWLUH� QHZV� SURJUDP��2WKHU
�QHZV�� VKRWV� PDWFK� ZHOO� RQO\� LQ� WKHLU� FORVHVW
QHLJKERUKRRG��H�J��ZLWKLQ�D�VLQJOH�UHSRUW��ZKHUH�WKH\�FDQ
ILQG�HQRXJK� VLPLODU�YLVXDO� IHDWXUHV��6XFK�DQ� DVVXPSWLRQ
LV� UHDOLVWLF� GXH� WR� VSHFLILF� YLVXDO� FKDUDFWHULVWLFV� RI
DQFKRUSHUVRQ�VKRWV�DQG� WKHLU� UHJXODU�DSSHDUDQFH�DORQJ�D
QHZV�VHTXHQFH�

:H�DOVR�DVVXPH�WKDW�WKH�ILUVW�DQFKRUSHUVRQ�VKRW� N
DS
LQ

D� QHZV� SURJUDP� FRQWDLQLQJ� 6� YLGHR� VKRWV� FHUWDLQO\
DSSHDUV�ZLWKLQ�WKH�LQWHUYDO�>���1@��ZKHUH�1�6�LV�DVVXPHG
WR�YDU\�DURXQG���

,Q�RUGHU� WR�PDNH� WKH�GHWHFWLRQ� DV� UREXVW� DV� SRVVLEOH�
ZH� WRRN� LQWR� DFFRXQW� WKH� FDVHV�ZKHUH� GLIIHUHQW� W\SHV� RI
DQFKRUSHUVRQ�VKRWV�DSSHDU��DOVR� LQFOXGLQJ�QRQ�VWDWLRQDU\
RQHV��:H�LQWURGXFH�QRZ�WKH�IROORZLQJ�GHILQLWLRQ�

$QFKRUSHUVRQ� �QHZV� UHDGHU�� VKRWV� DUH� YLVXDOO\
FKDUDFWHUL]HG� E\� VWXGLR� EDFNJURXQG� DQG� E\� RQH� RU� WZR
QHZV�UHDGHUV�DSSHDULQJ�VHSDUDWHO\�RU�WRJHWKHU��DOVR�ZLWK
VRPH�SRVVLEOH�YDULDWLRQV�RI�D�FDPHUD�DQJOH�DQG�FKDQJHV
LQ�QHZV�LFRQV�DSSHDULQJ�LQ�D�VFUHHQ�FRUQHU��7KHVH�VKRWV
FDQ� EH� VWDWLF� RU� G\QDPLF� �FRQWDLQLQJ� VRPH� FDPHUD
RSHUDWLRQV�OLNH�]RRPLQJ�RU�SDQQLQJ��DQG�FRQWDLQ�FHUWDLQ
SHUFHQWDJH�RI�VDPH�RU�VLPLODU�YLVXDO�IHDWXUHV�

'XULQJ� WKH� GHWHFWLRQ� SURFHGXUH� ZH� FRPSDUH� YLGHR
VKRWV�EDVHG�RQ�WKHLU�YLVXDO�DEVWUDFWV��,Q�WKLV�ZD\��ZH�RSHQ

WKH� SRVVLELOLW\� WR� SRVWSURFHVV� DQ\� VHTXHQFH�� ZKLFK� KDV
DOUHDG\� EHHQ� SXW� LQ� D� GDWDEDVH� LQ� WKH� IRUP� RI� LWV� YLVXDO
DEVWUDFW� EXW� IRU� ZKLFK� QR� RWKHU� LQIRUPDWLRQ� �H�J�
WHPSRUDO��DXGLR��HWF��� LV�DYDLODEOH��7KHUHIRUH��ZH�DVVXPH
WKDW� D� QHZV� VHTXHQFH� KDV� DOUHDG\� EHHQ� VHJPHQWHG� LQWR
YLGHR�VKRWV��DQG�WKDW�HDFK�VKRW�LV�UHSUHVHQWHG�E\�D�YLVXDO
DEVWUDFW�FRQVLVWLQJ�RI�D�OLPLWHG�QXPEHU�RI�NH\�IUDPHV�

����'HWHFWLRQ�SURFHGXUH

7KH� SURSRVHG� DQFKRUSHUVRQ� GHWHFWLRQ� DSSURDFK
FRQVLVWV�RI� WZR�VWHSV��GHVFULEHG� LQ�6HFWLRQV����� DQG�����
UHVSHFWLYHO\�

�� $� WKUHVKROG�IUHH� SURFHGXUH� RI� ILQGLQJ� WKH� VHTXHQFH�
VSHFLILF�WHPSODWH�IRU�DQFKRUSHUVRQ�VKRWV�

�
�� 8VLQJ�WKH�WHPSODWH�WR�GHWHFW�DOO�DQFKRUSHUVRQ�VKRWV�LQ

D�VHTXHQFH�E\�DSSO\LQJ�DGDSWLYH�WKUHVKROGLQJ�

������)LQGLQJ�D�WHPSODWH

'LIIHUHQW�W\SHV�RI�DQFKRUSHUVRQ�VKRWV�FDQ�EH�IRXQG�LQ
)LJXUH� �� WRJHWKHU� ZLWK� QHZV� VKRWV� �UHSRUWV�� DQG
FRPPHUFLDO�EUHDNV��%DVHG�RQ�DVVXPSWLRQV�IURP�6HFWLRQ��
ZH�PDWFK�HDFK�VKRW� N 1³> � @� ��1�6��ZLWK�DOO�RWKHU�QHZV
VKRWV� Q N N 6³ +> � @D �� ,Q� WKLV� ZD\�� D� VHW� RI� GLVVLPLODULW\
YDOXHV��^$�N� N N+ D ���������$�N�6�`�LV�REWDLQHG�IRU�HDFK�VKRW
N�� DV� VKRZQ� LQ�)LJXUH����7KH�GLVVLPLODULW\�PHDVXUH�XVHG
KHUH� WR� FRPSXWH� YDOXHV� $�N�Q�� FRPSDUHV� WZR� VKRWV� RQ
EDVLV�RI�WKHLU�DEVWUDFWV��NH\�IUDPHV��DQG�ZLOO�EH�H[SODLQHG
LQ�6HFWLRQ���

$OO�YLGHR�VKRWV�RI�D�QHZV�VHTXHQFH
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7KH�³VHFXULW\´�LQWHUYDO�>N�� N N+ D @�VHUYHV�WR�DYRLG�DQ
SRVVLEOH�JRRG�PDWFK�RI�D�QHZV�VKRW�LQ�LWV�QHLJKERUKRRG�
DQG�WR�H[SRVH�WKH�VKRW� N

DS
HYHQ�VWURQJHU�IURP�WKH�UHVW�

)RU� HDFK� VKRW� N 1³ > � @� � ZH� QRZ� WDNH� WKH� 3� EHVW
PDWFKHV� �ORZHVW� YDOXHV�� RXW� RI� LWV� VHW� RI� GLVVLPLODULWLHV
DQG�DYHUDJH�WKHP�WR�FRPSXWH�LWV�RYHUDOO�PDWFKLQJ�YDOXH�
7KH� VKRW� ZLWK� WKH� ORZHVW� RYHUDOO� PDWFKLQJ� YDOXH� LV
DVVXPHG� WR� EH� DQ� DQFKRUSHUVRQ� VKRW�� DQG� LV� XVHG� DV� WKH
WHPSODWH� IRU� ILQGLQJ� DOO� RWKHU� DQFKRUSHUVRQ� VKRWV� RI� D
QHZV�VHTXHQFH�

������7HPSODWH�PDWFKLQJ

$IWHU� WKH� WHPSODWH� KDV� EHHQ� IRXQG�� DOO� VKRWV� RI� D
VHTXHQFH� DUH� FKHFNHG� IRU� EHLQJ� DQFKRUSHUVRQ� VKRWV� E\
XVLQJ�WKH�VDPH�LQWHU�VKRW�GLVVLPLODULW\�PHWULF�$�N�Q���/RZ
GLVVLPLODULW\�YDOXHV�ZLOO�EH�REWDLQHG�ZKHQ�WKH�WHPSODWH�LV
PDWFKHG�ZLWK�DQRWKHU�DQFKRUSHUVRQ�VKRW��)RU�HDFK�VKRW�N
RI� D� VHTXHQFH� ZH� QRZ� GHILQH� LWV� VLPLODULW\� ZLWK� WKH
WHPSODWH�VKRW�DV
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ZKHUHE\�$�W�N��LV�WKH�GLVVLPLODULW\�EHWZHHQ�WKH�WHPSODWH�W
DQG� WKH� VKRW� N�� ,Q� RUGHU� WR� SHUIRUP� WKH� GHWHFWLRQ� RI
DQFKRUSHUVRQ� VKRWV� DXWRPDWLFDOO\�� ZH� XVH� WKH� DGDSWLYH
WKUHVKROG�0�N���SURSRVHG�LQ�>�@�DQG�GHILQHG�DV�IROORZV�
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+HUH�Z�LV�D�IL[HG�SDUDPHWHU�ZKRVH�YDOXH�LV�QRW�FULWLFDO�LQ
D� ZLGH� UDQJH� RI� YDOXHV�� 7KH� SDUDPHWHU� 1N� GHQRWHV� WKH
QXPEHU� RI� VKRWV� XQWLO� N� DQG� VLQFH� WKH� ODVW� GHWHFWHG
DQFKRUSHUVRQ�VKRW��,W�DOVR�XVHV�WKH�VLPLODULW\�YDOXH� V� �RI
WKH� ODVW� VKRW� RI� WKH� ODVW� QHZV� UHSRUW� DV� D� ELDV�� )RU� HDFK
VKRW�N�� D� YDOXH� V�N�� LV� DYDLODEOH� DV�ZHOO� DV� WKH� WKUHVKROG
YDOXH� 0�N��� $Q� DQFKRUSHUVRQ� VKRW� LV� GHWHFWHG� ZKHQ
V�N�!0�N��

����'LVVLPLODULW\�PHDVXUH

:H�QRZ�GHILQH� WKH� GLVVLPLODULW\�PHWULF�$�N�Q�� EDVHG
RQ� >�@�� ZLWK� WKH� LQWHQWLRQ� WR� UHOLDEO\� GLVWLQJXLVK� DOO
DQFKRUSHUVRQ�VKRWV�IURP�WKH�UHVW��EXW�DW�WKH�VDPH�WLPH�WR
DOORZ� IRU� VOLJKW� GLIIHUHQFHV� DPRQJ� GLIIHUHQW� W\SHV� RI
DQFKRUSHUVRQ�VKRWV�� �$V�DOUHDG\�PHQWLRQHG�LQ�6HFWLRQ���
WKH� PHWULF� $�N�Q�� PHDVXUHV� WKH� GLVVLPLODULW\� EHWZHHQ
VKRWV� N� DQG� Q� E\� XVLQJ� WKHLU� YLVXDO� DEVWUDFWV�� ZKLFK
FRQVLVW� RI� NH\� IUDPHV�� � :H� UHSUHVHQWHG� HDFK� VKRW� RI� D
QHZV�VHTXHQFH��E\�WZR�NH\�IUDPHV��RQH�VWDQGLQJ�FORVH�WR
WKH�EHJLQQLQJ�DQG�RQH�FORVH�WR�WKH�HQG�RI�WKH�VKRW�

)RU�HDFK�VKRW��ERWK�NH\�IUDPHV�DUH�PHUJHG�WRJHWKHU�LQ
RQH� ODUJH� YDULDEOH� VL]H� LPDJH�� FDOOHG� WKH� VKRW� LPDJH�
ZKLFK� LV� WKHQ� GLYLGHG� LQWR� EORFNV� RI�0[1� SL[HOV�� (DFK
EORFN� LV� QRZ� D� VLPSOH� UHSUHVHQWDWLRQ� RI� RQH� HOHPHQW� RI
WKH�VKRW¶V�YLVXDO�FRQWHQW��6LQFH�ZH�FDQQRW�H[SHFW�DQ�H[DFW
VKRW�WR�VKRW�PDWFKLQJ�LQ�PRVW�FDVHV��DQG�WKH�LQIOXHQFH�RI
XQLPSRUWDQW� VKRW� FRQWHQW� GHWDLOV� VKRXOG� EH� DV� VPDOO� DV
SRVVLEOH�� ZH� FKRRVH� WR� XVH� RQO\� WKRVH� IHDWXUHV� WKDW
GHVFULEH�WKH�0[1�HOHPHQWV�JOREDOO\��,Q�WKLV�SDSHU�ZH�XVH
RQO\�WKH�DYHUDJH�FRORU�LQ�WKH�/
X
Y
�XQLIRUP�FRORU�VSDFH
DV�D�EORFN¶V�IHDWXUH�

)RU�HDFK�VKRW�SDLU��N�Q��ZH�QRZ�ZRXOG�OLNH�WR�ILQG�WKH
PDSSLQJ� EHWZHHQ� WKH� EORFNV� EN� DQG� EQ�� HDFK� EHLQJ� DQ
0[1� EORFN� IURP� WKH� VKRW� LPDJH� N� DQG� Q�� UHVSHFWLYHO\�
VXFK�WKDW

�� HDFK� EORFN�EN� LQ� D� NH\� IUDPH� RI� VKRW� LPDJH� N� KDV� D
XQLTXH�FRUUHVSRQGHQFH�ZLWK�D�EORFN�EQ� LQ�VKRW�LPDJH
Q��,I�D�EORFN�EQ�KDV�DOUHDG\�EHHQ�DVVLJQHG�WR�D�EORFN�EN
IURP� D� NH\� IUDPH� EHORQJLQJ� WR� VKRW� LPDJH� N�� ZH� GR
QRW� DOORZ� LW� WR� EH� XVHG� IRU� PDWFKLQJ� RI� DQ\� RWKHU
EORFN�IURP�WKDW�NH\�IUDPH��$OO�EORFNV�EQ�DUH�DYDLODEOH
RQO\�ZKHQ�D�QHZ�NH\�IUDPH�RI�VKRW�N�LV�WR�EH�PDWFKHG�
)LJXUH���LOOXVWUDWHV�WKLV�LQ�PRUH�GHWDLOV�

�
�� WKH� DYHUDJH� GLVWDQFH� LQ� WKH� /
X
Y
� FRORU� VSDFH

EHWZHHQ� FRUUHVSRQGLQJ� EORFNV� IURP� WKH� WZR� VKRW
LPDJHV�LV�PLQLPL]HG�
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�DQG�ZKHUH� DOO� SRVVLEOH� EORFN� FRPELQDWLRQV� DUH� JLYHQ� E\
WKH�ILUVW�LWHP�

8QIRUWXQDWHO\� WKLV� LV� D� SUREOHP� RI� KLJK� FRPELQDWRULDO
FRPSOH[LW\��:H� WKHUHIRUH� XVH� D� VXERSWLPDO� DSSURDFK� WR
RSWLPL]H������7KH�EORFNV�EN�IURP�D�NH\�IUDPH�RI�D�VKRW�N
DUH�PDWFKHG� XQFRQVWUDLQHG�ZLWK� EORFNV� LQ� VKRW� LPDJH� Q
VWDUWLQJ� ZLWK� WKH� WRS�OHIW� EORFN� LQ� WKDW� NH\� IUDPH�� DQG
VXEVHTXHQWO\� OLQH�IDVKLRQHG� VFDQQLQJ� WR� LWV� ERWWRP�ULJKW
EORFN��$�EORFN�EQ�WKDW�KDV�EHHQ�DVVLJQHG�WR�D�EORFN�EN� LV
QR� ORQJHU� DYDLODEOH� IRU� DVVLJQPHQW� XQWLO� WKH� HQG� RI� WKH
VFDQQLQJ� SDWK�� )RU� HDFK� EORFN� EN� WKH� REWDLQHG� PDWFK
\LHOGV� D� PLQLPDO� GLVWDQFH� YDOXH� G��EN��� 7KHQ�� WKLV
SURFHGXUH�LV�UHSHDWHG�IRU�WKH�VDPH�NH\�IUDPH�LQ�RSSRVLWH
VFDQQLQJ� IDVKLRQ�� L�H�� IURP� ERWWRP�ULJKW� WR� WRS�OHIW�
\LHOGLQJ� D� GLIIHUHQFH� PDSSLQJ� IRU� WKH� EORFNV� EN� � DQG� D
QHZ�PLQLPDO� GLVWDQFH� YDOXH� IRU� HDFK� EORFN�� GHQRWHG� E\
G��EN���2Q� WKH�EDVLV�RI� WKHVH� WZR�GLIIHUHQW�PDSSLQJV� IRU



HDFK� NH\� IUDPH� IURP� VKRW� N� DQG� FRUUHVSRQGLQJ�PLQLPDO
GLVWDQFH� YDOXHV� G��EN�� DQG� G��EN�� SHU� EORFN�� WKH� ILQDO
FRUUHVSRQGHQFH� DQG� DFWXDO�PLQLPDO� GLVWDQFH�GP�EN�� � SHU
EORFN�LV�FRQVWUXFWHG�DV�IROORZV�

�� GP�EN�� �G��EN����LI�G��EN� �G��EN������������������������������D�
�
�� GP�EN��  � G��EN�� �� LI� � G��EN��� G��EN�� � DQG� G��EN�� LV� WKH

ORZHVW�GLVWDQFH�YDOXH�PHDVXUHG�RQ�WKH�DVVLJQHG�EORFN
LQ�WKH�VKRW�LPDJH�Q��RQH�EORFN�LQ�VKRW�LPDJH�Q�FDQ�EH
DVVLJQHG�WR� WZR�GLIIHUHQW�EORFNV� LQ�D�NH\� IUDPH�IURP
N��RQH�WLPH�LQ�HDFK�VFDQQLQJ�GLUHFWLRQ�������������������E�

�
�GP�EN�� �� ��RWKHUZLVH�����������������������������������������F�
�
�� GP�EN��  � G��EN�� �� LI� � G��EN��� G��EN�� DQG� G��EN�� LV� WKH

ORZHVW�GLVWDQFH�YDOXH�PHDVXUHG�RQ�WKH�DVVLJQHG�EORFN
LQ�WKH�VKRW�LPDJH�Q������������������������������������������������G�

�
�����GP�EN�� �� ��RWKHUZLVH�����������������������������������������H�

ZKHUH�� VWDQGV� IRU�D� IDLUO\� ODUJH�YDOXH�� LQGLFDWLQJ� WKDW
QR�DFFHSWDEOH�EHVW�PDWFK� IRU�D�EORFN�EN� FRXOG�EH� IRXQG�
7KH� HQWLUH� GHVFULEHG� SURFHGXUH� LV� UHSHDWHG� IRU� DOO� NH\
IUDPHV�RI�D�VKRW�N�� OHDGLQJ�WR�RQH�YDOXH�GP�EN�� � IRU�HDFK
EORFN�RI�D�VKRW�LPDJH�N�

)LJXUH� ��� &RPSDULVRQ� RI� D� VKRW� N� ZLWK� D� VKRW� Q� E\
PDWFKLQJ�0[1�EORFNV�IURP�HDFK�NH\�IUDPH�RI�VKRW�N�ZLWK
DOO�EORFNV�LQ�WKH�VKRW�LPDJH�Q�

)LQDOO\� WKH�DYHUDJH�RI� WKH�GLVWDQFHV�GP�EN��RI� WKH�EHVW�&
PDWFKLQJ�EORFNV� LQ� WKH� VKRW� LPDJH�N� LV� FRPSXWHG� DV� WKH
ILQDO�LQWHU�VKRW�GLVVLPLODULW\�YDOXH�
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7KH�UHDVRQ�IRU�WDNLQJ�RQO\�WKH�&�EHVW�PDWFKLQJ�EORFNV�LV
WKDW� WZR�VKRWV�VKRXOG�EH�FRPSDUHG�RQO\�RQ�JOREDO� OHYHO�

DOORZLQJ� IRU� GLIIHUHQFHV� DPRQJ� GLIIHUHQW� W\SHV� RI
DQFKRUSHUVRQ�VKRWV�

����([SHULPHQWDO�HYDOXDWLRQ

:H� WHVWHG� RXU� WZR�VWHS� DQFKRUSHUVRQ� VKRW� GHWHFWLRQ
DSSURDFK�RQ�WZR�GLIIHUHQW�QHZV�VHTXHQFHV�

�� 6HTXHQFH� ��� ���PLQXWHV� ORQJ�� �� DQFKRUSHUVRQ� VKRWV�
RQH�QHZV�UHDGHU��ILUVW�DSSHDUDQFH�LQ�WKH�ILUVW�VHTXHQFH
VKRW�

�� 6HTXHQFH�������PLQXWHV�ORQJ�����DQFKRUSHUVRQ�VKRWV�
WZR� QHZV� UHDGHUV�� ILUVW� DSSHDUDQFH� LQ� WKH� WKLUG
VHTXHQFH�VKRW�

:H� UHSUHVHQWHG�HDFK�YLGHR� VKRW�E\� WZR�VXEVDPSOHG�NH\
IUDPHV�ZLWK�VL]HV����[���� IRU�6HTXHQFH��� DQG����[���
IRU�6HTXHQFH����)RU�EORFN�GLPHQVLRQV�ZH�FKRVH�0 1 ��
3DUDPHWHU� VHWWLQJ� IRU� ERWK� VHTXHQFHV� ZDV� 1 ��� 3 ��
DN  ���DQG�Z �����ZKHUHE\�YDULDWLRQV�RI�WKLV�WKUHVKROG
SDUDPHWHU�DURXQG�WKH�VHOHFWHG�YDOXH�ZLWKLQ�D�FRPIRUWDEOH
LQWHUYDO� GR� QRW� LQIOXHQFH� WKH� GHWHFWLRQ� UHOLDELOLW\�� :H
IRXQG�D�����RI�DOO�EORFNV� LQ�D� VKRW� LPDJH� WR�EH�D�JRRG
YDOXH� IRU� &�� )RU� VXFK� SDUDPHWHU� VHWWLQJ� ZH� ZLOO� QRZ
HYDOXDWH�HDFK�RI�WKH�WZR�VWHSV�VHSDUDWHO\�

������7KH�WHPSODWH�ILQGLQJ�SURFHGXUH

2Q� ERWK� VHTXHQFHV� ZH� DSSOLHG� WKH� WHPSODWH� ILQGLQJ
SURFHGXUH� IURP� 6HFWLRQ� ���� DQG� PDQDJHG� WR� ILQG� WKH
SURSHU�WHPSODWH��:H�WKHQ�PHDVXUHG�WKH�UHODWLYH�GLVWDQFH
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EHWZHHQ� WKH� FKRVHQ�PLQLPXP�RYHUDOO�PDWFKLQJ� YDOXH�P
FRUUHVSRQGLQJ� WR� WKH� WHPSODWH�� DQG� WKH� VHFRQG� VPDOOHVW
PDWFKLQJ� YDOXH� V� FRUUHVSRQGLQJ� WR� WKH� PDMRU� RWKHU
FRPSHWLWRU�VKRW�IRU�WHPSODWH�VHOHFWLRQ�

5HODWLYH�GLVWDQFH�G�P�V��LQ�SHUFHQWV

6HTXHQFH�� ����

6HTXHQFH�� ����

7DEOH� ��� 5HOLDELOLW\� HYDOXDWLRQ� RI� WKH� WHPSODWH� ILQGLQJ
SURFHGXUH
7KH� ODUJHU� WKH� UHODWLYH� GLVWDQFH�� WKH�PRUH� UHOLDEOH� LV� WKH
IRXQG�WHPSODWH��7DEOH���VKRZV�WKHVH�UHODWLYH�GLVWDQFHV�IRU
ERWK�VHTXHQFHV�

/RZHU� UHODWLYH� GLVWDQFH� LQ� WKH� VHFRQG� VHTXHQFH� LV
PRVW� SUREDEO\� WKH� UHVXOW� RI� WKH� SDUWLFXODU� VHTXHQFH
VWUXFWXUH� VKRZLQJ� DQ� LQWURGXFWLRQ� IRU� FRPLQJ� UHSRUWV

6KRW�LPDJH�N 6KRW�LPDJH�Q



DIWHU� WKH� ILUVW� DQFKRUSHUVRQ� VKRW�� 7KLV� LQWURGXFWLRQ
FRQWDLQV� YHU\� VLPLODU� YLVXDO� LQIRUPDWLRQ� DV� WKH� VKRWV� LQ
WKH� ODWHU� SDUWV� RI� WKDW� VHTXHQFH�� SDUWLDOO\� YLRODWLQJ� WKH
DVVXPSWLRQ�PDGH�LQ�WKH�LQWURGXFWLRQ�WR�WKLV�SDSHU�

������7KH�WHPSODWH�PDWFKLQJ�SURFHGXUH

7KH�SURFHVV�RI�PDWFKLQJ� WKH� IRXQG� WHPSODWH�ZLWK� DOO
WKH� VHTXHQFH� VKRWV� LV� HYDOXDWHG� LQ� 7DEOH� �� E\� FRXQWLQJ
PLVVHG�DQG�IDOVH�GHWHFWLRQV�

$QFKRUSHUVRQ
VKRWV

'HWHFWLRQV )DOVH
DODUPV

6HTXHQFH�� � � �

6HTXHQFH�� �� �� �

7DEOH����'HWHFWLRQ�UHVXOWV

7ZR�IDOVHO\�GHWHFWHG�VKRWV�LQ�WKH�VHFRQG�VHTXHQFH�VKRZ�D
GLDORJ� EHWZHHQ� WKH� QHZV� UHDGHU� LQ� WKH� VWXGLR� DQG� D
UHSRUWHU� WDONLQJ� IURP� D� VFUHHQ� SRVLWLRQHG� LQ� WKH� FRUQHU�
2EYLRXVO\�� WKH� DOJRULWKP�ZDV� WULFNHG�E\� D� ODUJH� DPRXQW
RI� � VWXGLR� YLVXDO� LQIRUPDWLRQ� DQG� LW� WUHDWHG� WKHVH� VKRWV
VLPLODUO\�DV�WKRVH�VKRZLQJ�WZR�QHZV�UHDGHUV�
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)LJXUH����'HWHFWLRQ�GLDJUDP�IRU�VHTXHQFH��

5HOLDELOLW\� RI� WKH� GHWHFWLRQ� SURFHVV� FDQ� EH� HYDOXDWHG� E\
DQDO\]LQJ� WKH� KHLJKWV� RI� WKH� GHWHFWLRQ� SHDNV� LQ� V�N�
FXUYHV�� 2QH� VXFK� FXUYH�� FRUUHVSRQGLQJ� WR� WKH� VHFRQG
VHTXHQFH��LV�VKRZQ�LQ�)LJXUH���WRJHWKHU�ZLWK�WKH�DGDSWLYH
WKUHVKROG�0�N��
����'LVFXVVLRQ

$V� VKRZQ� E\� H[SHULPHQWDO� UHVXOWV�� WKH� SURSRVHG
DQFKRUSHUVRQ� GHWHFWLRQ� DSSURDFK� FDQ� SHUIRUP� ZLWK
DFFHSWDEOH�UHOLDELOLW\�XQGHU�JLYHQ�DVVXPSWLRQV��7KH�PRVW
LPSRUWDQW�DVVXPSWLRQ�LV�WKDW�QR�VKRW�RI�D�QHZV�VHTXHQFH
RWKHU� WKDQ� DQFKRUSHUVRQ� VKRW� FDQ� ILQG� 3� JRRG� PDWFKHV

DORQJ� WKH� HQWLUH� VHTXHQFH�� $QG� LQGHHG�� D� VPDOO� EXW
GHILQLWH�SUREDELOLW\�IRU�IDLOXUH�RI�WKLV�FRQGLWLRQ�FDQ�EH�WKH
PDMRU�UHDVRQ�IRU�ORZHULQJ�WKH�DOJRULWKP¶V�UREXVWQHVV�LQ�D
JHQHUDO�FDVH��ZKLFK�FDQ�EH�REVHUYHG�RQ�D� ORZHU� UHODWLYH
GLVWDQFH�IRU�WKH�VHFRQG�VHTXHQFH�LQ�7DEOH�����:H�EHOLHYH�
WKDW�WKLV�SUREOHP�FDQ�EH�VROYHG�E\�IXUWKHU�LPSURYLQJ�WKH
LQWHU�VKRW� GLVVLPLODULW\� PHWULF� LQ� RUGHU� WR� EHWWHU
GLVWLQJXLVK�GLIIHUHQW�W\SHV�RI�DQFKRUSHUVRQ�VKRWV�IURP�WKH
UHVW�RI�WKH�VHTXHQFH��ZKLOH�DW�WKH�VDPH�WLPH�DOORZLQJ�IRU
YDULDWLRQV�DPRQJ�WKHVH�W\SHV�
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