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$EVWUDFW� ��� 7KLV� SDSHU� GHVFULEHV� PHWKRGV� IRU� DXWRPDWLFDOO\
ORFDWLQJ� SRLQWV� RI� VLJQLILFDQW� FKDQJH� LQ� PXVLF� RU� DXGLR�� E\
DQDO\]LQJ�ORFDO�VHOI�VLPLODULW\��7KLV�PHWKRG�FDQ�ILQG�LQGLYLG�
XDO�QRWH�ERXQGDULHV�RU�HYHQ�QDWXUDO�VHJPHQW�ERXQGDULHV�VXFK
DV� YHUVH�FKRUXV� RU� VSHHFK�PXVLF� WUDQVLWLRQV�� HYHQ� LQ� WKH
DEVHQFH�RI�FXHV�VXFK�DV�VLOHQFH��7KLV�DSSURDFK�XVHV�WKH�VLJQDO
WR�PRGHO�LWVHOI��DQG�WKXV�GRHV�QRW�UHO\�RQ�SDUWLFXODU�DFRXVWLF
FXHV�QRU�UHTXLUHV�WUDLQLQJ��:H�SUHVHQW�D�ZLGH�YDULHW\�RI�DSSOL�
FDWLRQV��LQFOXGLQJ�LQGH[LQJ��VHJPHQWLQJ��DQG�EHDW�WUDFNLQJ�RI
PXVLF�DQG�DXGLR��7KH�PHWKRG�ZRUNV�ZHOO�RQ�D�ZLGH�YDULHW\�RI
DXGLR�VRXUFHV�
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,Q�YLGHR��WKH�IUDPH�WR�IUDPH�GLIIHUHQFH�LV�RIWHQ�XVHG�DV�D�PHDVXUH
RI�QRYHOW\��ZKLFK�LV�KLJKO\�XVHIXO�IRU�DXWRPDWLF�VHJPHQWDWLRQ�DQG
NH\� IUDPH� H[WUDFWLRQ�� $� VLPLODU�PHDVXUH� IRU� DXGLR� ZRXOG� KDYH
PDQ\� XVHIXO� DSSOLFDWLRQV�� KRZHYHU�� FRPSXWLQJ� DXGLR� QRYHOW\� LV
VLJQLILFDQWO\� PRUH� GLIILFXOW� WKDQ� YLGHR�� 6WUDLJKWIRUZDUG� VSHFWUDO
GLIIHUHQFHV� DUH� QRW� RIWHQ� XVHIXO� EHFDXVH� WKH\� W\SLFDOO\� JLYH� WRR
PDQ\�IDOVH�DODUPV��7\SLFDO� VSHHFK�DQG�PXVLF� VSHFWUD�FRQVWDQWO\
IOXFWXDWH�� DQG� LW� LV� QRW� D� VLPSOH� WDVN� WR� GLVFULPLQDWH� VLJQLILFDQW
FKDQJHV�IURP�RUGLQDU\�YDULDWLRQ�

:H�SUHVHQW�PHWKRGV�RI�HVWLPDWLQJ�WKH�LQVWDQWDQHRXV�DXGLR�QRYHOW\
E\�DQDO\]LQJ�VHOI�VLPLODULW\��$W�HDFK�LQVWDQW��WKH�VHOI�VLPLODULW\�IRU
SDVW�DQG�IXWXUH�UHJLRQV�LV�FRPSXWHG��DV�ZHOO�DV�WKH�FURVV�VLPLODU�
LW\�EHWZHHQ�WKH�SDVW�DQG�IXWXUH��$�VLJQLILFDQWO\�QRYHO�SRLQW�ZLOO
KDYH�KLJK�VHOI�VLPLODULW\�LQ�WKH�SDVW�DQG�IXWXUH�DQG�ORZ�FURVV�VLP�
LODULW\�� 7KH� H[WHQW� RI� WKH� ³SDVW´� DQG� ³IXWXUH´� FDQ� EH� YDULHG� WR
FKDQJH�WKH�VFDOH�RI�WKH�DQDO\VLV��8VLQJ�D�VKRUW�WLPH�H[WHQW�DOORZV
LQGLYLGXDO�QRWHV�WR�EH�IRXQG��ZKLOH�ORQJHU�HYHQWV��VXFK�DV�PXVLFDO
SDVVDJHV��FDQ�EH�IRXQG�E\�FRQVLGHULQJ�ZLGHU�ZLQGRZV��7KH�UHVXOW
LV�D�PHDVXUH�RI�KRZ�QRYHO�WKH�VRXUFH�DXGLR�LV�DW�DQ\�WLPH��

,,��7(&+1,&$/�'(7$,/6

7KH�DXGLR�LV�SDUDPHWHUL]HG�XVLQJ�VWDQGDUG�VSHFWUDO�DQDO\VLV��(DFK
DQDO\VLV� IUDPH� LV� WDSHUHG� ZLWK� D� +DPPLQJ� ZLQGRZ� DQG� WUDQV�
IRUPHG�LQWR�WKH�IUHTXHQF\�GRPDLQ�XVLQJ�D�IDVW�)RXULHU�WUDQVIRUP
�))7���7KH�ORJDULWKP�RI�WKH�PDJQLWXGH�RI�WKH�))7�LV�XVHG�DV�DQ
HVWLPDWH�RI�WKH�SRZHU�VSHFWUXP�RI�WKH�VLJQDO�LQ�WKH�ZLQGRZ��+LJK
IUHTXHQF\�FRPSRQHQWV�DERYH�)V���DUH�GLVFDUGHG�DV�WKH\�DUH�QRW�DV
XVHIXO�IRU�WKH�VLPLODULW\�FDOFXODWLRQ��7KH�UHVXOWLQJ�YHFWRU�FKDUDF�
WHUL]HV�WKH�VSHFWUDO�FRQWHQW�RI�D�ZLQGRZ��

1RWH�WKDW�WKH�DFWXDO�SDUDPHWUL]DWLRQ�LV�QRW�FUXFLDO�DV�ORQJ�DV�³VLP�
LODU´�VRXQGV�\LHOG�VLPLODU�SDUDPHWHUV��'LIIHUHQW�SDUDPHWHUL]DWLRQV
PD\�EH�YHU\�XVHIXO�IRU�GLIIHUHQW�DSSOLFDWLRQV��IRU�H[DPSOH�H[SHUL�
PHQWV� KDYH� VKRZQ� WKDW� WKH� 0)&&� UHSUHVHQWDWLRQ�� ZKLFK� SUH�
VHUYHV� WKH�FRDUVH� VSHFWUDO� VKDSH�ZKLOH�GLVFDUGLQJ� ILQH�KDUPRQLF

VWUXFWXUH�GXH�WR�SLWFK��PD\�EH�SDUWLFXODUO\�DSSURSULDWH�IRU�FHUWDLQ
DSSOLFDWLRQV�� 3V\FKRDFRXVWLFDOO\� PRWLYDWHG� SDUDPHWHUL]DWLRQV�
OLNH�WKRVH�GHVFULEHG�E\�6ODQH\�LQ�>�@��PD\�EH�HVSHFLDOO\�DSSURSUL�
DWH��SDUWLFXODUO\�LI�WKH\�EHWWHU�UHSURGXFH�WKH�VLPLODULW\�MXGJPHQWV
RI�KXPDQ�OLVWHQHUV�

$���'LVWDQFH�0DWUL[�(PEHGGLQJ

2QFH�WKH�DXGLR�KDV�EHHQ�SDUDPHWHUL]HG��LW�LV�WKHQ�HPEHGGHG�LQ�D
��GLPHQVLRQDO� UHSUHVHQWDWLRQ�� 7KH� NH\� LV� D� PHDVXUH� '� RI� WKH
�GLV�VLPLODULW\� EHWZHHQ� IHDWXUH� YHFWRUV� � DQG� � FDOFXODWHG
EHWZHHQ�DXGLR� IUDPHV� L� DQG� M��$�VLPSOH�GLVWDQFH�PHDVXUH� LV� WKH
(XFOLGHDQ�GLVWDQFH�LQ�WKH�SDUDPHWHU�VSDFH��DQRWKHU�XVHIXO�PHWULF
LV�WKH�FRVLQH�RI�WKH�DQJOH�EHWZHHQ�WKH�SDUDPHWHU�YHFWRUV�

7KLV�KDV�WKH�SURSHUW\�WKDW�LW�FDQ�\LHOG�D�ODUJH�VLPLODULW\�VFRUH�HYHQ
LI�WKH�YHFWRUV�DUH�VPDOO�LQ�PDJQLWXGH��7KLV�LV�JHQHUDOO\�GHVLUDEOH
VR�WKDW�VLPLODU�UHJLRQV�ZLWK�ORZ�HQHUJ\�ZLOO�EH�MXGJHG�KLJKO\�VLP�
LODU�� )RU� PRVW� DSSOLFDWLRQV�� VXEWUDFWLQJ� WKH� VSHFWUDO� PHDQ� IURP
HDFK�YHFWRU�SURGXFHV�D�PRUH�SURQRXQFHG�VLPLODULW\�VFRUH�

7KH�GLVWDQFH�PHDVXUH�LV�D�IXQFWLRQ�RI�WZR�IUDPHV��KHQFH�LQVWDQWV
LQ� WKH� VRXUFH� VLJQDO�� ,W� LV� FRQYHQLHQW� WR� FRQVLGHU� WKH� VLPLODULW\
EHWZHHQ�DOO�SRVVLEOH�LQVWDQWV�LQ�D�VLJQDO��7KLV�LV�GRQH�E\�HPEHG�
GLQJ� WKH� GLVWDQFH�PHDVXUH� LQ� D� WZR�GLPHQVLRQDO� UHSUHVHQWDWLRQ�
7KH� PDWUL[� 6� FRQWDLQV� WKH� VLPLODULW\� PHWULF� FDOFXODWHG� IRU� DOO
IUDPH�FRPELQDWLRQV��KHQFH�WLPH�LQGH[HV�L�DQG�M�VXFK�WKDW�WKH�L��MWK
HOHPHQW�RI�6�LV�'�L�M���,Q�JHQHUDO��6�ZLOO�KDYH�PD[LPXP�YDOXHV�RQ
WKH�GLDJRQDO��EHFDXVH�HYHU\�ZLQGRZ�ZLOO�EH�PD[LPDOO\�VLPLODU�WR
LWVHOI���IXUWKHUPRUH�LI�'�LV�V\PPHWULF�WKHQ�6�ZLOO�EH�V\PPHWULF�DV
ZHOO��7R�VLPSOLI\�FRPSXWDWLRQ��WKH�VLPLODULW\�FDQ�EH�UHSUHVHQWHG
LQ�WKH�³VODQWHG´�GRPDLQ�/�L�O��ZKHUH� �LV�WKH�ODJ��7KLV�LV
SDUWLFXODUO\�WUXH�LQ�IRU�WKH�DSSOLFDWLRQV�SUHVHQWHG�ODWHU��ZKHUH�WKH
VLPLODULW\� LV� RQO\� UHTXLUHG� IRU� UHODWLYHO\� VPDOO� ODJV� DQG� QRW� DOO
FRPELQDWLRQV�RI�L�DQG�M��&RPSXWLQJ�/�RQO\�IRU�VPDOO��QRQ�QHJD�
WLYH�YDOXHV�RI�O�FDQ�UHVXOW�LQ�VXEVWDQWLDO�UHGXFWLRQV�LQ�FRPSXWDWLRQ
DQG�VWRUDJH�RYHU�WKH�IXOO�6�PDWUL[�

6�FDQ�EH�YLVXDOL]HG�DV�D�VTXDUH�LPDJH�>�@��(DFK�SL[HO�L��M�LV�FRORUHG
ZLWK� D� JUD\� VFDOH� YDOXH� SURSRUWLRQDO� WR� WKH� VLPLODULW\� PHDVXUH
'�L�M���7KHVH�YLVXDOL]DWLRQV� OHW�XV�FOHDUO\�VHH� WKH�VWUXFWXUH�RI�DQ
DXGLR� ILOH�� 5HJLRQV� RI� KLJK� DXGLR� VLPLODULW\�� VXFK� DV� VLOHQFH� RU
ORQJ� VXVWDLQHG� QRWHV�� DSSHDU� DV� EULJKW� VTXDUHV� RQ� WKH� GLDJRQDO�
5HSHDWHG�QRWHV�DUH�YLVLEOH�DV�EULJKW�RII�GLDJRQDO�UHFWDQJOHV��,I�WKH
PXVLF�KDV�D�KLJK�GHJUHH�RI�UHSHWLWLRQ��WKLV�ZLOO�EH�YLVLEOH�DV�GLDJR�
QDO�VWULSHV�RU�FKHFNHUERDUGV��RIIVHW�IURP�WKH�PDLQ�GLDJRQDO�E\�WKH
UHSHWLWLRQ�WLPH�
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)LJXUH� �� VKRZV� WKH� ILUVW� VHFRQGV� RI�%DFK¶V�3UHOXGH�1R�� �� LQ�&
0DMRU�� IURP�7KH�:HOO�7HPSHUHG�&ODYLHU��%9:������7KH� LPDJH
YLVXDOL]HV� D� ����� SLDQR� SHUIRUPDQFH� E\� *OHQQ� *RXOG�� �,Q� WKLV
LPDJH��WKH�RULJLQ�LV�DW�WKH�ORZHU�OHIW�DQG�WLPH�LQFUHDVHV�ERWK�ZLWK
KHLJKW�DQG� WR� WKH� ULJKW���7KH�PXVLFDO� VWUXFWXUH� LV�FOHDU� IURP� WKH
UHSHWLWLYH�PRWLIV��PXOWLSOHV�RI� WKH�UHSHWLWLRQ� WLPH�FDQ�EH�VHHQ� LQ
WKH� RII�GLDJRQDO� VWULSHV� SDUDOOHO� WR� WKH� PDLQ� GLDJRQDO�� )LJXUH� �
VKRZV�WKH�ILUVW�IHZ�EDUV�RI�WKH�VFRUH��WKH�UHSHWLWLYH�QDWXUH�RI�WKH
SLHFH�VKRXOG�EH�FOHDU�HYHQ�WR�WKRVH�XQIDPLOLDU�ZLWK�PXVLFDO�QRWD�
WLRQ��7KH�YLVXDOL]DWLRQ�PDNHV�ERWK�WKH�VWUXFWXUH�RI�WKH�SLHFH�DQG
GHWDLOV� RI� SHUIRUPDQFH� YLVLEOH�� ��� QRWHV� FDQ� EH� VHHQ� DV� VTXDUHV
DORQJ�WKH�GLDJRQDO��7KH�UHSHWLWLRQ�WLPH�LV�YLVLEOH�LQ�WKH�RII�GLDJR�
QDO�VWULSHV�SDUDOOHO� WR� WKH�PDLQ�GLDJRQDO��DV�ZHOO�DV� WKH� LQLWLDO�&
QRWH�ZKLFK�LV�UHSHDWHG�DW�������DQG���VHFRQGV��

%���.HUQHO�&RUUHODWLRQ

7KH�VWUXFWXUH�RI�6�LV�NH\�WR�WKH�QRYHOW\�PHDVXUH��&RQVLGHU�D�VLP�
SOH� ³VRQJ´� KDYLQJ� WZR� VXFFHVVLYH� QRWHV� RI� GLIIHUHQW� SLWFK�� IRU
H[DPSOH�D�FXFNRR�FDOO��:KHQ�YLVXDOL]HG��6�IRU�WKLV�H[DPSOH�ZLOO
ORRN�OLNH�D���[���FKHFNHUERDUG��:KLWH�VTXDUHV�RQ�WKH�GLDJRQDO�FRU�
UHVSRQG� WR� WKH� QRWHV�� ZKLFK� KDYH� KLJK� VHOI�VLPLODULW\�� EODFN
VTXDUHV�RQ�WKH�RII�GLDJRQDOV�FRUUHVSRQG�WR�UHJLRQV�RI�ORZ�FURVV�
VLPLODULW\��8VLQJ�WKH�FRVLQH�PHWULF��VLPLODU�UHJLRQV�ZLOO�EH�FORVH�WR
��ZKLOH�GLVVLPLODU�UHJLRQV�ZLOO�EH�FORVHU�WR�����)LQGLQJ�WKH�LQVWDQW
ZKHQ� WKH� QRWHV� FKDQJH� LV� DV� VLPSOH� DV� ILQGLQJ� WKH� FUX[� RI� WKH

FKHFNHUERDUG��7KLV�FDQ�EH�GRQH�E\�FRUUHODWLQJ�6�ZLWK�D�NHUQHO�WKDW
LWVHOI�ORRNV�OLNH�D�FKHFNHUERDUG���)RU�REYLRXV�UHDVRQV��ZH�FDOO�WKLV
FODVV� ³FKHFNHUERDUG´� NHUQHOV��� 3HUKDSV� WKH� VLPSOHVW� LV� WKH� �[�
XQLW�NHUQHO�ZKLFK�FDQ�EH�GHFRPSRVHG�LQWR�³FRKHUHQFH´�DQG�³DQWL�
FRKHUHQFH´�NHUQHOV�DV�VKRZQ�

7KH� ILUVW� WHUP�PHDVXUHV� WKH� VHOI�VLPLODULW\�RQ� HLWKHU� VLGH�RI� WKH
FHQWHU�SRLQW��WKLV�ZLOO�EH�KLJK�ZKHQ�ERWK�UHJLRQV�DUH�VHOI�VLPLODU�
7KH� VHFRQG� WHUP�PHDVXUHV� WKH�FURVV�VLPLODULW\�EHWZHHQ� WKH� WZR
UHJLRQV��WKLV�ZLOO�EH�KLJK�ZKHQ�WKH�UHJLRQV�DUH�VXEVWDQWLDOO\�VLPL�
ODU��WKXV�ZLWK�OLWWOH�GLIIHUHQFH�DFURVV�WKH�FHQWHU�SRLQW��7KH�GLIIHU�
HQFH�RI� WKH� WZR�YDOXHV�HVWLPDWHV� WKH�QRYHOW\�RI� WKH�VLJQDO�DW� WKH
FHQWHU�SRLQW��WKLV�ZLOO�KDYH�D�KLJK�YDOXH�ZKHQ�WKH�WZR�UHJLRQV�DUH
VHOI�VLPLODU�EXW�GLIIHUHQW�IURP�HDFK�RWKHU��/DUJHU�NHUQHOV�DUH�HDV�
LO\� FRQVWUXFWHG� E\� IRUPLQJ� WKH� .URQHFNHU� SURGXFW� RI� &� ZLWK� D
PDWUL[�RI�RQHV��IRU�H[DPSOH��

.HUQHOV� FDQ� EH� VPRRWKHG� WR� DYRLG� HGJH� HIIHFWV� XVLQJ�ZLQGRZV
WKDW� WDSHU� WRZDUGV� ]HUR� DW� WKH� HGJHV�� )RU� WKH� H[SHULPHQWV� SUH�
VHQWHG�KHUH��D�UDGLDOO\�V\PPHWULF�*DXVVLDQ�IXQFWLRQ�LV�XVHG��)LJ�
XUH� �� VKRZV� D� ��GLPHQVLRQDO� SORW� RI� D� ��� [� ��� FKHFNHUERDUG
NHUQHO�ZLWK�D�UDGLDO�*DXVVLDQ�WDSHU�KDYLQJ� �

&RUUHODWLQJ� D� FKHFNHUERDUG� NHUQHO� ZLWK� WKH� VLPLODULW\� PDWUL[� 6
UHVXOWV�LQ�D�PHDVXUH�RI�QRYHOW\��,PDJLQH�VOLGLQJ�&�DORQJ�WKH�GLDJ�
RQDO�RI�RXU�H[DPSOH��DQG�VXPPLQJ�WKH�HOHPHQW�E\�HOHPHQW�SURG�
XFW�RI�&� DQG�6��:KHQ�&� LV�RYHU�D� UHODWLYHO\�XQLIRUP�UHJLRQ�WKH

)LJXUH����)LUVW�EDUV�RI�%DFK¶V�3UHOXGH�1R����LQ�&�0DMRU��%9:������IURP�7KH�:HOO�7HPSHUHG�&ODYLHU
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SRVLWLYH� DQG� QHJDWLYH� UHJLRQV� ZLOO� WHQG� WR� VXP� WR� ]HUR�� &RQ�
YHUVHO\��ZKHQ�&�LV�SRVLWLRQHG�H[DFWO\�DW�WKH�FUX[�RI�WKH�FKHFNHU�
ERDUG��WKH�QHJDWLYH�UHJLRQV�ZLOO�PXOWLSO\�WKH�QHJDWLYH�UHJLRQV�RI
ORZ�FURVV�VLPLODULW\��DQG�WKH�RYHUDOO�VXP�ZLOO�EH�ODUJH��7KXV�FDO�
FXODWLQJ� WKLV� FRUUHODWLRQ� DORQJ� WKH� GLDJRQDO� RI� 6� JLYHV� D� WLPH�
DOLJQHG�PHDVXUH�RI�DXGLR�QRYHOW\�1�L���ZKHUH�L�LV�WKH�IUDPH�QXP�
EHU��KHQFH�WLPH�LQGH[�FRUUHVSRQGLQJ�WR�WKH�RULJLQDO�VRXUFH�DXGLR��

%\�FRQYHQWLRQ��WKH�NHUQHO�KDV�D�ZLGWK��ODJ��RI�/�DQG�LV�FHQWHUHG
RQ������)RU�FRPSXWDWLRQ��6�FDQ�EH�]HUR�SDGGHG�WR�DYRLG�XQGHILQHG
YDOXHV��RU��DV�LQ�WKH�SUHVHQW�H[DPSOHV��RQO\�FRPSXWHG�IRU�WKH�LQWH�
ULRU�RI� WKH� VLJQDO�ZKHUH� WKH�NHUQHO�RYHUODSV�6� FRPSOHWHO\��1RWH
WKDW�RQO\�UHJLRQV�RI�6�ZLWK�D�ODJ�RI�/�RU�VPDOOHU�DUH�XVHG��WKXV�WKH
VODQW�UHSUHVHQWDWLRQ�LV�SDUWLFXODUO\�KHOSIXO��$OVR��RQO\�RQH�KDOI�RI
WKH�YDOXHV�XQGHU�WKH�GRXEOH�VXPPDWLRQ��WKRVH�IRU� ��QHHG�EH
FRPSXWHG�EHFDXVH�W\SLFDOO\�ERWK�6�DQG�&�DUH�V\PPHWULF��

7KH�ZLGWK� RI� WKH� NHUQHO�/� GLUHFWO\� DIIHFWV� WKH� SURSHUWLHV� RI� WKH
QRYHOW\�PHDVXUH��$�VPDOO�NHUQHO�GHWHFWV�QRYHOW\�RQ�D�VKRUW�WLPH
VFDOH��/DUJHU�NHUQHOV�DYHUDJH�RYHU�VKRUW�WLPH�QRYHOW\�DQG�GHWHFW
ORQJHU�VWUXFWXUH��VXFK�DV�PXVLFDO�WUDQVLWLRQV��NH\�PRGXODWLRQV��RU
V\PSKRQLF�PRYHPHQWV��)LJXUH���VKRZV�WKH�QRYHOW\�VFRUH�1��FRP�
SXWHG�RQ�WKH�VLPLODULW\�PDWUL[�RI�)LJXUH����5HVXOWV�XVLQJ�WZR�NHU�
QHO� ZLGWKV� DUH� VKRZQ� �WKH� �6� NHUQHO� SORW� ZDV� RIIVHW� VOLJKWO\
XSZDUGV�IRU�FODULW\���7KH�VKRUWHU�NHUQHO�FOHDUO\�SLFNV�RXW�WKH�LQGL�
YLGXDO�QRWH�HYHQWV��WKRXJK�VRPH�QRWHV�DUH�VOXUUHG�DQG�DUH�QRW�DV
GLVWLQFW�� 7KLV� PHWKRG� FOHDUO\� LGHQWLILHV� WKH� RQVHW� RI� HDFK� QRWH�
ZLWKRXW� DQDO\]LQJ� H[SOLFLW� IHDWXUHV� VXFK� DV� SLWFK�� HQHUJ\�� RU
VLOHQFH��7KH�WKH�ORQJHU�NHUQHO�\LHOGV�SHDNV�DW�WKH�ERXQGDULHV�RI���
QRWH�SKUDVHV��DW�������DQG���VHFRQGV���(DFK�SHDN�RFFXUV�H[DFWO\�DW
WKH� GRZQEHDW� RI� WKH� ILUVW� QRWH� LQ� HDFK� SKUDVH�� 1RWH� WKDW� WKLV
PHWKRG� KDV� QR� D�SULRUL� NQRZOHGJH� RI� SLWFK�� QRWHV�� RU� PXVLFDO
SKUDVHV�� EXW� LV� ILQGLQJ� SHUFHSWXDOO\� DQG� PXVLFDOO\� VLJQLILFDQW
SRLQWV�

&���([WUDFWLQJ�6HJPHQW�%RXQGDULHV

$V�PHQWLRQHG�DERYH��H[WUHPD�LQ�WKH�QRYHOW\�VFRUH�FRUUHVSRQG�WR
ODUJH� FKDQJHV� LQ� WKH� DXGLR�� 7KHVH� SRLQWV� RIWHQ� VHUYH� DV� JRRG
ERXQGDULHV�IRU�VHJPHQWLQJ�WKH�DXGLR��)LQGLQJ�WKH�VHJPHQW�ERXQG�
DULHV�LV�D�VLPSOH�PDWWHU�RI�ILQGLQJ�WKH�SHDNV�LQ�WKH�QRYHOW\�VFRUH�
$� VLPSOH� DSSURDFK� LV� WR� ILQG� SRLQWV�ZKHUH� WKH� VFRUH� H[FHHGV� D

ORFDO�RU�JOREDO�WKUHVKROG��7KH�DSSURDFK�XVHG�KHUH�LV�WR�ORFDWH�WKH
PD[LPXP�ZKHUHYHU�WKH�VFRUH�H[FHHGV�WKH�WKUHVKROG�IRU�PD[LPXP
WLPH�SUHFLVLRQ��7KH�VFRUH� LV�QRUPDOL]HG�VXFK�WKDW� WKH�PD[LPXP
VFRUH�LV�RQH�DQG�WKH�PLQLPXP�LV�]HUR��

$�XVHIXO�ZD\�RI�RUJDQL]LQJ� WKH� LQGH[�SRLQWV� LV� LQ� D� ELQDU\� WUHH
VWUXFWXUH�FRQVWUXFWHG�E\� UDQNLQJ�DOO� WKH� LQGH[�SRLQWV�E\�QRYHOW\
VFRUH��)LJXUH���VKRZV�WKH�VHJPHQW�ERXQGDULHV�H[WUDFWHG�IURP�WKH
����VHFRQG�NHUQHO�UHVXOWV�RI�RQ�WKH�ILUVW����VHFRQGV�RI�WKH�*RXOG
SHUIRUPDQFH��%RXQGDULHV�DUH�LQGLFDWHG�E\ ��,QGLYLGXDO�QRWHV
DUH� FOHDUO\� LVRODWHG�� VDYH� IRU� WKH� IRXUWK� QRWH� ZKLFK� KDV� EHHQ
VOXUUHG�ZLWK�WKH�WKLUG�

'���6SHHFK�DQG�0XVLF�6HJPHQWDWLRQ

%HVLGHV� PXVLF�� WKHVH� PHWKRGV� ZRUN� IRU� VHJPHQWLQJ� DXGLR� LQWR
VSHHFK�DQG�PXVLF�UHJLRQV��)LJXUH���VKRZV�WKH�DXGLR�QRYHOW\�IRU
WKH� ILUVW� PLQXWH� RI� $QLPDOV� +DYH� <RXQJ� �YLGHR� 9��� IURP� WKH
03(*��� FRQWHQW� VHW� >��@��� 7KLV� VHJPHQW� FRQWDLQV��� VHFRQGV� RI
LQWURGXFWRU\� VLOHQFH�� IROORZHG� E\� D� VKRUW�PXVLFDO� VHJPHQW�ZLWK
WKH�SURGXFWLRQ�ORJR��$W����VHFRQGV�WKH�WLWOHV�VWDUW��DQG�YHU\�GLIIHU�
HQW� WKHPH� PXVLF� FRPPHQFHV�� $W� ��� VHFRQGV�� WKLV� IDGHV� LQWR� D
VKRUW� VLOHQFH�� IROORZHG� E\� IHPDOH� VSHHFK� RYHU� DWWHQXDWHG� EDFN�
JURXQG�PXVLF�IRU� WKH�UHPDLQGHU�RI� WKH�VHJPHQW��)LJXUH���VKRZV
WKH�VLPLODULW\�VFRUH�FRPSXWHG�RYHU�D���VHFRQG�ZLQGRZ��ZKLFK�LV
ORQJ�HQRXJK�WR�DYHUDJH�RXW�WKH�VKRUW�WLPH�VSHFWUDO�GLIIHUHQFHV�LQ
VSHHFK��7KH�ODUJHVW�SHDN�RFFXUV�GLUHFWO\�RQ�WKH�VSHHFK�PXVLF�WUDQ�
VLWLRQ�DW����VHFRQGV��7KH�WZR�RWKHU�PDMRU�SHDNV�RFFXU�DW�WKH�WUDQ�
VLWLRQV�EHWZHHQ�VLOHQFH�DQG�PXVLF�DW���VHFRQGV�DQG�EHWZHHQ�WKH
LQWURGXFWLRQ�DQG�WKHPH�PXVLF�DW����VHFRQGV��

6HJPHQWDWLRQ�E\�QRYHOW\�VFRUH�ZRUNV�ZHOO�IRU�PXVLFDO�QRWHV�DQG
SKDVHV�� DV� ZHOO� DV� VSRNHQ� SKUDVHV�� 7KRXJK� GLIILFXOW� WR� TXDOLWD�
WLYHO\�HYDOXDWH��RU�SUHVHQW�LQ�D�VKRUW�SDSHU���H[SHULPHQWV�XVLQJ�D
YDULHW\�RI�DXGLR��VXFK�DV�79�GUDPDV��\LHOGHG�VXEMHFWLYHO\�VDWLVI\�
LQJ�VHJPHQWDWLRQ�UHVXOWV��(YHQ�WKH�VRXQGWUDFN�RI�D�:DUQHU�%URWK�
HUV� ³/RRQH\� 7XQHV´� FDUWRRQ�� FRQWDLQLQJ� DQ� QHDU�SDWKRORJLFDO
VHTXHQFH� RI� RUFKHVWUDO� VRXQGV�� VRXQG� HIIHFWV�� DQG� 0HO� %ODQF
YRFDOL]DWLRQV��ZDV�VHJPHQWHG�ZLWK�UHDVRQDEOH�VXFFHVV��7KLV�VHJ�
PHQWDWLRQ�PHWKRG�FDQ¶W��KRZHYHU��EH�H[SHFWHG�WR�VHJPHQW�VSHHFK
LQWR� ZRUGV� XQOHVV� WKH\� DUH� VSHFWUDOO\� GLIIHUHQW�� 7KLV� LV� EHFDXVH
ZRUGV�DUH�RIWHQ�QRW�ZHOO�GHOLQHDWHG�DFRXVWLFDOO\��IRU�H[DPSOH��WKH
SKUDVH� ³WKDW¶V� 6WHYHQ´� ZRXOG� EH� VHJPHQWHG� LQWR� ³WKDW¶V�6´� DQG
³WHYHQ´� EHFDXVH� WKHUH� LV� OLWWOH� DFRXVWLF� GLIIHUHQFHV� LQ� WKH� ³V´
VRXQGV�RI�WKH�WZR�ZRUGV��HYHQ�ZLWK�D�JORWWDO�VWRS��1RWH�WKDW�WKLV
ZRXOG� OLNHO\� EH� WKH� VHJPHQWDWLRQ� WKDW� D� QRQ�(QJOLVK� VSHDNHU
ZRXOG�FKRRVH�
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7KH�DELOLW\�WR�UHOLDEO\�VHJPHQW�DXGLR�KDV�D�ODUJH�QXPEHU�RI�XVHIXO
DSSOLFDWLRQV��1RWH� WKDW� WKLV� DSSURDFK�FDQ� EH� XVHG� IRU�DQ\� WLPH�
GHSHQGHQW�PHGLD��VXFK�DV�YLGHR��ZKHUH�VRPH�PHDVXUH�RI�SRLQW�WR�
SRLQW�VLPLODULW\�FDQ�EH�GHWHUPLQHG�

$XGLR�VHJPHQWDWLRQ�DQG�LQGH[LQJ

$V� GHPRQVWUDWHG� DERYH�� WKHVH� PHWKRGV� JLYH� JRRG� HVWLPDWHV� RI
DXGLR�VHJPHQW�ERXQGDULHV��7KLV� LV�XVHIXO�IRU�DSSOLFDWLRQV�ZKHUH
RQH� PLJKW� ZLVK� WR� DFFHVV� RQO\� D� SRUWLRQ� RI� DQ� DXGLR� ILOH�� )RU
H[DPSOH��LQ�DQ�DXGLR�HGLWLQJ�WRRO��VHOHFWLRQ�RSHUDWLRQV�FDQ�EH�FRQ�
VWUDLQHG�WR�VHJPHQW�ERXQGDULHV�VR�WKDW� WKH�VHOHFWLRQ�UHJLRQ�GRHV
QRW� FRQWDLQ� IUDFWLRQDO� QRWHV� RU� VSRNHQ� SKUDVHV�� 7KLV� ZRXOG� EH
VLPLODU� WR� ³VPDUW� FXW� DQG� SDVWH´� LQ� D� WH[W� HGLWRU� WKDW� FRQVWUDLQV
VHOHFWLRQ�UHJLRQV�WR�HQWLUH�XQLWV�VXFK�DV�ZRUGV�RU�VHQWHQFHV��7KH
VHJPHQW� VL]H�FDQ�EH�DGMXVWHG� WR� WKH�GHJUHH�RI� ]RRP�VR� WKDW� WKH
DSSURSULDWH�WLPH�UHVROXWLRQ�LV�DYDLODEOH��:KHQ�]RRPHG�LQ��KLJKHU
UHVROXWLRQ��IURP�VPDOOHU�NHUQHOV��ZRXOG�DOORZ�QRWH�E\�QRWH�VHOHF�
WLRQ��ZKLOH�D�]RRPHG�RXW�YLHZ�ZRXOG�DOORZ�VHOHFWLRQ�E\�SKUDVH�RU
VHFWLRQ�� 6LPLODUO\�� VHJPHQWLQJ� DXGLR� JUHDWO\� IDFLOLWDWHV� DXGLR
EURZVLQJ��D�³MXPS�WR�QH[W�VHJPHQW´�IXQFWLRQ�DOORZV�DXGLR�WR�EH
EURZVHG�PRUH� UDSLGO\� WKDQ� UHDO�WLPH��%HFDXVH�VHJPHQWV�ZLOO�EH
UHDVRQDEO\� VHOI�VLPLODU�� OLVWHQLQJ� WR� D� VPDOO� SRUWLRQ� ZLOO� JLYH� D
JRRG�LGHD�RI�WKH�HQWLUH�VHJPHQW��7KLV�ZRXOG�EH�HVSHFLDOO\�DSSUR�
SULDWH�ZKHQ�FRPELQHG�ZLWK�D�YLGHR�VKRW�GHWHFWLRQ�V\VWHP��VKRWV
KDYLQJ�WR�KDYH�D�VLJQLILFDQW�DXGLR�QRYHOW\�DV�ZHOO�DV�YLGHR�GLIIHU�
HQFH�DUH�PRUH�OLNHO\�WR�EH�PHDQLQJIXO�WUDQVLWLRQV��$QRWKHU�DSSOL�
FDWLRQ�PLJKW� EH� WR� SOD\� EDFN� DQ� DXGLR� SLHFH� V\QFKURQL]HG�ZLWK
XQSUHGLFWDEO\� WLPHG� HYHQWV� �VXFK� DV� SURJUHVV� WKURXJK� D� YLGHR
JDPH��� /RQJHU� VHJPHQWV� FRXOG� EH� DVVRFLDWHG� ZLWK� SDUWLFXODU
VWDJHV��VXFK�DV�D�JDPH�OHYHO�RU�YLUWXDO�HQYLURQPHQW�ORFDWLRQ��$V
ORQJ�DV�WKH�XVHU�VWD\HG�DW�WKDW�VWDJH��WKH�VHJPHQW�ZRXOG�EH�ORRSHG�
0RYLQJ�WR�D�GLIIHUHQW�VWDJH�ZRXOG�FDXVH�DQRWKHU�VHJPHQW�WR�VWDUW
SOD\LQJ��

$XGLR�VXPPDUL]DWLRQ�DQG�JLVWLQJ

7KLV� DSSURDFK� FDQ� EH� H[WHQGHG� WR� DXWRPDWLF� DXGLR� VXPPDUL]D�
WLRQ��IRU�H[DPSOH��E\�SOD\LQJ�RQO\�WKH�VWDUW�RI�HDFK�VHJPHQW�DV�LQ
WKH�³VFDQ´�IHDWXUH�RQ�D�&'�SOD\HU��,Q�IDFW��VHJPHQWV�FDQ�EH�FOXV�
WHUHG�VR�WKDW�RQO\�VLJQLILFDQWO\�QRYHO�VHJPHQWV�DUH�LQFOXGHG�LQ�WKH
VXPPDU\��6HJPHQWV�WRR�VLPLODU�WR�D�VHJPHQW�DOUHDG\�LQ�WKH�VXP�
PDU\�FRXOG�EH�VNLSSHG�ZLWKRXW�ORVLQJ�WRR�PXFK�LQIRUPDWLRQ��)RU
H[DPSOH��ZKHQ� VXPPDUL]LQJ� D�SRSXODU� VRQJ�� UHSHDWHG� LQVWDQFHV
RI�WKH�FKRUXV�FRXOG�EH�H[FOXGHG�IURP�WKH�VXPPDU\�DV�WKH\�ZRXOG
EH� UHGXQGDQW�� 5HOLDEO\� VHJPHQWLQJ� PXVLF� E\� QRWH� RU� SKUDVH
DOORZV�VXEVWDQWLDO�FRPSUHVVLRQ��)RU�H[DPSOH��D�UHSHDWHG�VHULHV�RI
QRWHV�FDQ�EH�UHSUHVHQWHG�E\�WKH�ILUVW�QRWH�DQG�WKH�UHSHWLWLRQ�WLPHV�
7KH�03(*���VWUXFWXUHG�DXGLR�VWDQGDUG�VXSSRUWV�H[DFWO\�WKLV�NLQG
RI� UHSUHVHQWDWLRQ�� EXW� KHUHWRIRUH� WKHUH� KDYH� EHHQ� IHZ� UHOLDEOH
PHWKRGV�WR�DQDO\]H�WKH�VWUXFWXUH�RI�H[LVWLQJ�DXGLR��

,9��5(/$7('�:25.

0XFK�SULRU�ZRUN�LQ�DXGLR�VHJPHQWDWLRQ�KDV�EHHQ�EDVHG�RQ�GHWHFW�
LQJ� VLJQLILFDQW� VLOHQFHV� >�@��7KRXJK� WKLV�ZRUNV�VDWLVIDFWRULO\� IRU
FOHDQ� VSHHFK�� PXFK� FRPPRQ� DXGLR�� VXFK� DV� SRSXODU� PXVLF� RU
UHYHUEHUDQW�VRXUFHV��PD\�FRQWDLQ�QR�VLOHQFHV�DW�DOO��7KH�GLIIHUHQFH

EHWZHHQ�D�UXQQLQJ�VSHFWUDO�DYHUDJH�DQG�D�QHZ�VSHFWUDO�ZLQGRZ�LV
XVHG�WR�ILQG�³DXGLR�FXWV´�LQ�>�@��WKRXJK�QR�UHVXOWV�DUH�SUHVHQWHG�WR
LQGLFDWH� KRZ� ZHOO� WKLV� ZRUNV�� $QRWKHU� DSSURDFK� XVHV� VSHDNHU
LGHQWLILFDWLRQ�WR�VHJPHQW�DXGLR�E\�VSHDNHU�WXUQV�>�@��7KRXJK�WKH
ODWWHU�DSSURDFK�FRXOG�EH�XVHG�WR�VHJPHQW�PXVLF��LW�UHOLHV�RQ�VWDWLV�
WLFDO�PRGHOV�WKDW�PXVW�EH�WUDLQHG�IURP�D�FRUSXV�RI�ODEHOHG�GDWD��RU
HVWLPDWHG� E\� FOXVWHULQJ� DXGLR� VHJPHQWV� >�@�� $QRWKHU� DSSURDFK
VHJPHQWV�DXGLR�XVLQJ�KHXULVWLFDOO\�GHWHUPLQHG�WKUHVKROGV�RQ�IHD�
WXUHV� VXFK� DV� ]HUR�FURVVLQJ� UDWH� >���@�� $�PRUH� UREXVW� DSSURDFK
WUDLQV� *DXVVLDQ� PRGHOV� RQ� SDUWLFXODU� DFRXVWLF� IHDWXUHV� >�����@�
7KH�DSSURDFK�SUHVHQWHG�KHUH�LV�VLJQLILFDQWO\�GLIIHUHQW�DV�LW�ZRUNV
IRU�DQ\�DXGLR�VRXUFH� UHJDUGOHVV�RI� FRPSOH[LW\��GRHV�QRW� UHO\�RQ
SDUWLFXODU�DFRXVWLF�IHDWXUHV�VXFK�DV�VLOHQFH��SLWFK��RU�]HUR�FURVVLQJ
UDWH��DQG�QHHGV�QR�FOXVWHULQJ��PRGHOLQJ��RU�WUDLQLQJ��

5()(5(1&(6

>�@ 6ODQH\�� 0�� ³$XGLWRU\� WRROER[�´� 7HFKQLFDO� 5HSRUW� ������
�����,QWHUYDO�5HVHDUFK�&RUSRUDWLRQ��3DOR�$OWR��&$������

>�@ )RRWH�� -�� �������� ³9LVXDOL]LQJ�PXVLF� DQG� DXGLR� XVLQJ� VHOI�
VLPLODULW\�´� ,Q�3URF��$&0�0XOWLPHGLD�����2UODQGR��)/��SS
������

>�@ $URQV�� %�� ³6SHHFK6NLPPHU�� $� V\VWHP� IRU� LQWHUDFWLYHO\
VNLPPLQJ� UHFRUGHG� VSHHFK�´� ,Q� $&0 7UDQV�� RQ� &RPSXWHU
+XPDQ�,QWHUDFWLRQ�������������0DUFK������

>�@ /LHQKDUW��5���3IHLIIHU��6���DQG�(IIHOVEHUJ���:��³6FHQH�GHWHUPL�
QDWLRQ� EDVHG� RQ� YLGHR� DQG� DXGLR� IHDWXUHV�´� ,Q�3URF�� ,(((
,&0&6��9RO��,��-XQH�����

>�@ .LPEHU��'���DQG�/��:LOFR[��/���³$FRXVWLF�VHJPHQWDWLRQ�IRU
DXGLR� EURZVHUV�´� LQ� 3URF�� ,QWHUIDFH� &RQIHUHQFH�� 6\GQH\�
$XVWUDOLD�������

>�@ *LVK�HW�DO����6HJUHJDWLRQ�RI�VSHDNHUV�IRU�VSHHFK�UHFRJQLWLRQ
DQG�VSHDNHU�LGHQWLILFDWLRQ���3URF��,&$663��0D\�������YRO���
SS����������

>�@ 6FKHLUHU��(��'��³3XOVH� WUDFNLQJ�ZLWK� D� SLWFK� WUDFNHU�´�3URF�
����� :RUNVKRS� RQ� $SSOLFDWLRQV� RI� 6LJQDO� 3URFHVVLQJ� WR
$XGLR�DQG�$FRXVWLFV��0RKRQN��1<��,(((�

>�@ 6DXQGHUV��-��³5HDO�WLPH�GLVFULPLQDWLRQ�RI�EURDGFDVW�VSHHFK�
PXVLF�´� ,Q� 3URF�� ,&$663� 
���� YROXPH� ,,�� SS�� ��������
$WODQWD��0D\�������,(((�

>�@ =KDQJ�� 7��� DQG� &��&�� -D\� .XR�� ³+HXULVWLF� DSSURDFK� IRU
JHQHULF� DXGLR� GDWD� VHJPHQWDWLRQ� DQG� DQQRWDWLRQ�´� ,Q�3URF�
$&0�0XOWLPHGLD�����2UODQGR��)/��SS�������

>��@ :ROG��(���%OXP��7���.HVODU��'���DQG�:KHDWRQ��-���³&RQWHQW�
EDVHG� FODVVLILFDWLRQ�� VHDUFK�� DQG� UHWULHYDO� RI� DXGLR�´� ,(((
0XOWLPHGLD��SDJHV��������)DOO������

>��@ 6FKHLUHU��(��DQG�6ODQH\��0��³&RQVWUXFWLRQ�DQG�HYDOXDWLRQ�RI
D� UREXVW�PXOWLIHDWXUH�PXVLF�VSHHFK�GLVFULPLQDWRU�´�,Q�3URF�
,&$663�����YROXPH�,,��SDJHV������������,(((��$SULO������

>��@ )RRWH�� -�� �������� ³&RQWHQW�EDVHG� UHWULHYDO� RI� PXVLF� DQG
DXGLR�´� ,Q�0XOWLPHGLD� 6WRUDJH� DQG� $UFKLYLQJ� 6\VWHPV� ,,�
3URF��63,(��9RO��������'DOODV��7;�

>��@ 03(*�5HTXLUHPHQWV�*URXS��³'HVFULSWLRQ�RI�03(*���FRQ�
WHQW� VHW�´� 'RF�� ,62�03(*� 1������ 03(*� $WODQWLF� &LW\
0HHWLQJ��2FWREHU�����
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