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9DOLGLW\�RI�4XDQWXP�:LJJOHU�(OHFWURG\QDPLFV
%DVHG�RQ�$QDO\VLV�RI�WKH�)LUVW�)UHH�(OHFWURQ
/DVHU�DQG�5DGLDWLRQ�LQ�WKH�)LUVW�6PLWK�3XUFHOO

&RQILJXUDWLRQ

6��+��.LP
'HSDUWPHQW�RI�3K\VLFV��8QLYHUVLW\�RI�7H[DV�DW�$UOLQJWRQ
3�2��%R[��������$UOLQJWRQ��7H[DV������

,W� LV� VKRZQ� WKDW� WKH� PHDVXUHG� SRZHU� RI� WKH� LQGXFHG� UDGLDWLRQ� E\� WKH� H[WHUQDOO\�
ODXQFKHG�ODVHU�ILHOG�LQ�ILUVW�IUHH�HOHFWURQ�ODVHU��)(/��H[SHULPHQW�LV�PXFK�ODUJHU�WKDQ
WKH�ZRUN�DJDLQVW�WKH�ODVHU�ILHOG�SHU�XQLW�WLPH�ZKLFK�ZRXOG�EH�GRQH�E\�DOO� WKH�HOHF�
WURQV�LQ�WKH�FDYLW\�HYHQ�XQGHU�WKH�DVVXPSWLRQ�WKDW�WKH\�DUH�EXQFKHG�LQWR�D�VLQJOH�SR�
VLWLRQ�RI�WKH�SKDVH�DW�ZKLFK�D�SRLQW�FKDUJH�FDQ�ZRUN�DW�PD[LPXP��,W�LV�VKRZQ�WKDW
WKH�SRZHU�RI�QHW�VWLPXODWHG�HPLVVLRQ�GXH�WR�WKH�PDJQHWLF�:LJJOHU�LV�WRR�VPDOO�WR�DF�
FRXQW� IRU� WKH�PHDVXUHG� SRZHU�� EXW� WKH� SRZHU� RI� QHW� VWLPXODWHG� IUHH�HOHFWURQ� WZR�
TXDQWXP�6WDUN��)(746��HPLVVLRQ�GULYHQ�E\�WKH�WUDQVYHUVHO\�ZLJJOLQJ�PRWLRQ�LQ�WKH
HOHFWURVWDWLF�ZDYH�JHQHUDWHG�E\�WKH�VDPH�WUDQVYHUVHO\�ZLJJOLQJ�PRWLRQ�DQG�WKH�UDGLDO
GHQVLW\�JUDGLHQW�FDQ�EH�ODUJH�DV�WKH�PHDVXUHG�SRZHU��7KH�ZDYHOHQJWK�RI�WKH�)(746
HPLVVLRQ�LV�WKH�VDPH�DV� WKH�PHDVXUHG�RQH�� ,Q�RUGHU� WR�SURYH� WKDW�)(746�HPLVVLRQ
WDNHV� SODFH� DQG� LV� H[WUDRUGLQDULO\� VWURQJ�� ZH� PDNH� D� VFUXWLQ\� LQWR� WKH� VR�FDOOHG
6PLWK�3XUFHOO� �63�� UDGLDWLRQ��ZKLFK� LV� DQRWKHU� H[DPSOH� RI� )(746� HPLVVLRQ�� ,W� LV
VKRZQ� WKDW� WKH�ZDYHOHQJWK�RI�DQ\�HPLVVLRQ�FRQFHLYHG� LQ� WKH�FODVVLFDO�FRQFHSW�FDQ
QRW�PDWFK� WKDW� RI� WKH� H[SHULPHQWDOO\� REVHUYHG�63� UDGLDWLRQ�� DQG� WKH� SRZHU� RI� WKH
PHDVXUHG�63� UDGLDWLRQ� LV������ WLPHV� ODUJHU� WKDQ� WKDW�RI�DQ\�HPLVVLRQ�GLUHFWO\� IURP
WKH� HOHFWURQV� LQ� DQ\� HTXLYDOHQW� FRQGLWLRQ� WKDW� FDQ�EH� FRQFHLYHG�EDVHG� RQ� WKH�/Lp�
QDUG�:LFKHUW�SRWHQWLDOV�RU�TXDQWXP�HOHFWURG\QDPLFV�EHIRUH�WKH�DGYHQW�RI�4:'��:H
LGHQWLI\� WKH� 63� UDGLDWLRQ�ZLWK� )(746� HPLVVLRQ� GULYHQ� E\� WKH� D[LDO�PRWLRQ� LQ� WKH
D[LDO�FRPSRQHQW�RI�WKH�HOHFWULF�ILHOG�IURP�WKH�VXUIDFH�FKDUJH�LQGXFHG�E\�WKH�HOHFWURQ
LWVHOI��7KH�SRZHU�RI� WKH�)(746�HPLVVLRQ� FDOFXODWHG�E\� WDNLQJ� LQWR� DFFRXQW� D� IDFW
WKDW�WKH�UDGLXV�RI�WKH�HOHFWURQ�EHDP�LQ�WKH�63�H[SHULPHQW�LV�DERXW����WLPHV�WKH�JUDW�
LQJ�SHULRG�ZHOO�DJUHHV�ZLWK�WKH�H[SHULPHQWDOO\�HVWLPDWHG�SRZHU��%RWK�WKH�REVHUYHG
UDGLDWLRQ� DQG� WKH� )(746� HPLVVLRQ� KDYH� WKH� VDPH� ZDYHOHQJWK�� 6LQFH� WKH� ZDYH�
OHQJWKV�DQG�SRZHUV�RI�ERWK�WKH�ILUVW�)(/�DQG�WKH�63�UDGLDWLRQ�DJUHH�ZLWK�WKRVH�RI�WKH
)(746�HPLVVLRQV��ZH�FRQFOXGH� WKDW� WKH� UHFHQWO\� IRXQGHG�4XDQWXP�:LJJOHU�(OHF�
WURG\QDPLFV�ZKLFK�JLYHV�UHDVRQV�IRU�WKH�RFFXUUHQFH�RI�)(746�HPLVVLRQ�LV�YDOLG�

���,QWURGXFWLRQ

,Q�WKLV�SDSHU��D�:LJJOHU�PHDQV�D�FODVVLFDO�RVFLOODWLQJ�ILHOG�ZKRVH�ZDYH�YHFWRU� LV�SDUDOOHO� WR�D
SDUWLFOH�EHDP��DQG�ZKRVH�SRWHQWLDO�DPSOLWXGH�LQ�WHUPV�RI�WKH�SDUWLFOH�HQHUJ\�LV�IDU�OHVV�WKDQ�WKH�D[LDO
NLQHWLF� HQHUJ\�� 4XDQWXP� (OHFWURG\QDPLFV� �4('�� PHDQV� WKH� RUGLQDU\� TXDQWXP� HOHFWURG\QDPLFV
EHIRUH�WKH�DGYHQW�RI�4XDQWXP�:LJJOHU�(OHFWURG\QDPLFV��4:'���.LP�����F���%RWK� WKH�RUGLQDU\
4('�DQG�4:'�DUH�TXDQWXP�HOHFWURG\QDPLFV�LQ�WKH�EURDG�PHDQLQJ�

:H�FDQQRW�IXOO\�GHVFULEH�YDVW�SKHQRPHQD�LQ�YDULRXV�DUHDV�VXFK�DV�HPLVVLRQV�LQ�YDULRXV�:LJJOHUV
ZLWK� RQO\� WKH� VWDQGDUG� XQLYHUVDO� TXDQWXP�PHFKDQLFDO� SULQFLSOHV�� 7KHUHIRUH��ZH� KDYH� EHHQ� XVLQJ
YDULRXV�TXDQWXP�PHFKDQLFDO�DSSURDFKHV�VXFK�DV�DWRPLF�VSHFWURVFRS\��4('��DQG�4:'��ZKLFK�QRW
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RQO\�LQFOXGH�WKH�VWDQGDUG�XQLYHUVDO�TXDQWXP�PHFKDQLFDO�SULQFLSOHV��EXW�DOVR�DGRSW�HYHQ�VRPH�ODZV
SHUWLQHQW�RQO\� WR� WKH�SKHQRPHQD� LQ� D� SDUWLFXODU� UHJLRQ��7KH� UHFHQW� LGHQWLILFDWLRQ�RI� WKH� VR�FDOOHG
6PLWK�3XUFHOO�UDGLDWLRQ��ZKLFK�LV�GHILQHG�DV�WKH�REVHUYHG�HPLVVLRQ�LQ�WKH�6PLWK�3XUFHOO� W\SH�FRQ�
ILJXUDWLRQV� �6PLWK� DQG� 3XUFHOO� ������ 'RXFDV� HW� DO�� ������� DV� IUHH�HOHFWURQ� WZR�TXDQWXP� 6WDUN
�)(746��HPLVVLRQ�GULYHQ�E\�PDFURVFRSLF�D[LDO�PRWLRQ��ZKLFK�LV�PDQ\�RUGHUV�RI�PDJQLWXGH��H�J��
�����WLPHV��VWURQJHU�WKDQ�DQ\�HPLVVLRQ�FRQFHLYDEOH�ZLWK�FODVVLFDO�RU�TXDQWXP�HOHFWURG\QDPLFV�LQ�DQ
HTXLYDOHQW� FRQGLWLRQ� �.LP� ����E�� F�� ����D��� DQG� WKH� GLVFRYHULHV� RI� DQ� HPLVVLRQ� LQ� DQ� HOHFWURQ�
F\FORWURQ�PDVHU� �(&0�� FRQILJXUDWLRQV��ZKLFK� LV� ���� WLPHV� VWURQJHU� WKDQ� /DUPRU� UDGLDWLRQ� IURP
J\UDWLRQ��.LP�����F���DQG�RI�D�UDGLDWLYH�UHDFWLRQ�IRUFH�DFWLQJ�RQ�DQ�HOHFWURQ�ZKLFK�LV�VWURQJHU�WKDQ
WKH�/RUHQW]�IRUFH�GULYLQJ�WKH�HOHFWURQ�HPLW�WKH�6PLWK�3XUFHOO�UDGLDWLRQ��.LP�����D���KDYH�OHG�WR�WKH
IRUPDWLRQ�RI�4:'�ZKLFK�LV�D�EUDQFK�RI�4('�LQ�WKH�EURDG�PHDQLQJ�WR�GHVFULEH�IUHH�HOHFWURQ�HPLV�
VLRQ�LQ�:LJJOHUV��.LP�����F���)(746�HPLVVLRQ�VKRXOG�WDNH�SODFH�LI�D�ODZ�RI�4:'��.LP�����F�
ZKLFK�FDQ�EH�VWDWHG�DV�WKDW�WKH�ZDYH�IXQFWLRQ�SKDVH�RI�WKH�ILQDO�VWDWH�RI�D�WUDQVLWLRQ�URXWH�LQYROYLQJ
DQ� LQWHUDFWLRQ�ZLWK� D�:LJJOHU� LV� UDQGRP�VR� WKDW� WKH� WUDQVLWLRQ�SUREDELOLW\� DPSOLWXGHV�RI� WKH� WZR�
WUDQVLWLRQ�URXWHV�RI�D�WZR�TXDQWXP�SURFHVV�GR�QRW�FDQFHO�HDFK�RWKHU��LV�YDOLG��.LP�����G������D��
5DPDQ�VFDWWHULQJ�RI�D�ODVHU�OLJKW�E\�D�SODVPD�HOHFWURQ�LQ�D�SODVPD�HOHFWULF�ILHOG�LV�D�WZR�TXDQWXP
SURFHVV�LQ�ZKLFK�RQO\�WKH�VFDWWHUHG�UDGLDWLRQ�DQG�WKH�SODVPD�ILHOG�DFW�DV�D�TXDQWXP�DQG�D�:LJJOHU�
UHVSHFWLYHO\��LQ�FRQWUDVW�WR�WKDW�WKH�LQFLGHQW�ODVHU�ZDYH�GRHV�QRW�DFW�DV�D�ILUVW�RUGHU�SHUWXUELQJ�ILHOG�
EXW� DV� D� SULPH� �RU� ]HUR�RUGHU�� ILHOG��5DPDQ� VFDWWHULQJ� RI� D� ODVHU� OLJKW� E\� D� IUHH� HOHFWURQ� FDQ� EH
YLHZHG� DV� )(746� HPLVVLRQ� LQ� WKH� SUHVHQFH� RI� WKH� ODVHU� ILHOG�� 7KXV�� )RUZDUG� 5DPDQ� VFDWWHULQJ
�)56��FDQ�EH�REVHUYDEOH�LI� WKH�WKLUG�ODZ�RI�4:'�LV�YDOLG��2Q�WKH�FRQWUDU\�� LI� WKH�RUGLQDU\�4('
FRQFHSW�RQ�WKH�ZDYH�IXQFWLRQ�SKDVH�LV�YDOLG��L�H���LI�WKH�DERYH�WZR�WUDQVLWLRQ�SUREDELOLW\�DPSOLWXGHV
VXEWUDFW�HDFK�RWKHU��)56�FDQQRW�EH�H[KLELWHG�E\�SODVPD�HOHFWURQV��6LQFH�H[SHULPHQWV��.LWDJDZD�HW
DO�������� VKRZ� WKDW�)56�FDQ�EH�H[KLELWHG�E\�SODVPD�HOHFWURQV��ZH�FRQILUP� WKDW� WKH� WKLUG� ODZ�RI
4:'�LV�YDOLG�

$V�PHQWLRQHG�DERYH��)(746�HPLVVLRQ�FDQQRW�EH�H[SODLQHG�HYHQ�ZLWK�WKH�SUH�4:'�TXDQWXP
PHFKDQLFDO�FRQFHSW��VWLOO�OHVV�ZLWK�WKH�FRQFHSWV�ZRXOG�EH�RU�WUXO\�EDVHG�RQ�FODVVLFDO�HOHFWURG\QDP�
LFV��$JDLQVW� WKLV��RQH�PD\�UDLVH�DQ�DUJXPHQW� WKDW� IUHH�HOHFWURQ�HPLVVLRQ� LQ�DQ\�:LJJOHU�KDV�EHHQ
ZHOO�H[SODLQHG�E\�WKH�FODVVLFDO�)(/�WKHRU\��0DUVKDOO��������VXFK�FRQFHSW�KDV�EHHQ�SUHYDLOLQJ�IRU
ODVW����\HDUV�RU�VR��+HUH��ZH�ILUVW�GLVPLVV�WKLV�FRQFHSW�DV�QRWKLQJ�EXW�D�JURXQGOHVV�QRQ�VFLHQWLILF�IDLWK
E\�UHYHDOLQJ�WKDW�WKHUH�KDV�QRW�EHHQ�HYHQ�D�VLQJOH�SXEOLVKHG�FODLP�LQ�UHDOLW\�WKDW�D�TXDQWLW\�FDOFXODWHG
ZLWK�WKH�FODVVLFDO�)(/�WKHRU\��0DUVKDOO�������DJUHHV�ZLWK�WKH�PHDVXUHG�TXDQWLW\�LQ�WKH�ILUVW�)(/
H[SHULPHQW��(OLDV��������,Q�WKH�DXWKRU¶V�NQRZOHGJH��VR�IDU�WKHUH�KDV�EHHQ�RQO\�WKH�IXQFWLRQDO�VKDSH
RI�WKH�JDLQ�YV�� WKH�HOHFWURQ�HQHUJ\�ZLWKRXW�VKRZLQJ�WKH�XQLWV�RI�WKH�JDLQ�DQG� WKH�HOHFWURQ�HQHUJ\�
ZKLFK� UHVHPEOHV� WKH� VKDSH� RI� WKH�PHDVXUHG� JDLQ� IXQFWLRQ�� 7KH� SURSRQHQWV� RI� WKH� FODVVLFDO� )(/
WKHRU\�ZKR�ZLVK�WKDW�WKH�UHVXOWV�REWDLQHG�ZLWK�WKH�FODVVLFDO�)(/�WKHRU\�ZRXOG�DJUHH�ZLWK� WKH�H[�
SHULPHQWDO�RQHV�KDYH�VLPSO\�EHOLHYHG�WKDW�WKH�UHVXOWV�REWDLQHG�ZLWK�WKH�FODVVLFDO�)(/�WKHRU\�UHDOO\
DJUHH�ZLWK�WKH�H[SHULPHQWDO�RQHV�RQ�WKH�DFFRXQW�WKDW�WKH�DERYH�JDLQ�IXQFWLRQV�UHVHPEOH�HDFK�RWKHU�LQ
VKDSH��(YHQ� WKRXJK� ERWK� UHVHPEOH� LQ� VKDSH�� WKH� JDLQ� IXQFWLRQ� FDOFXODWHG�ZLWK� WKH� FODVVLFDO� )(/
WKHRU\�LV�IDU�GLIIHUHQW�IURP�WKH�PHDVXUHG�JDLQ�IXQFWLRQ�LQ�PDJQLWXGH��:H�ZLOO�LQGHHG�VKRZ�WKDW�WKH
PHDVXUHG�SRZHU��DFFRUGLQJO\�WKH�PDJQLWXGH�RI�WKH�JDLQ��RI�WKH�ILUVW�)(/��(OLDV�������FDQ�QRW�EH
DFFRXQWHG�IRU�ZLWK�WKH�FODVVLFDO�)(/�WKHRU\��)XUWKHU��ZH�ZLOO�VKRZ�WKDW�DQ\�FODVVLFDO�FRQFHSW�FDQQRW
H[SODLQ�WKH�ILUVW�)(/�XQOHVV�WKH�/RUHQW]�IRUFH�HTXDWLRQ�LV�UHYLVHG��7KHQ��ZH�ZLOO�VKRZ�WKDW�LQ�WKH
SUHVHQW�NQRZOHGJH�WKHUH�LV�QR�RWKHU�ZD\�WR�H[SODLQ�WKH�ILUVW�)(/�WKDQ�WR�LGHQWLI\�ODVLQJ�LQ�WKH�ILUVW
)(/�ZLWK�DQ�)(746�HPLVVLRQ�LQ�WKH�HOHFWURVWDWLF�ZDYH�JHQHUDWHG�ZLWKLQ�WKH�HOHFWURQ�EHDP�E\�WKH
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H[WHUQDO�PDJQHWLF�:LJJOHU��7KLV�LV�EHFDXVH�WKH�PHDVXUHG�SRZHU�LV�IDU�ODUJHU�WKDQ�ERWK�WKH�SRZHU
REWDLQHG�ZLWK�WKH�FODVVLFDO�)(/�WKHRU\�DQG� WKH�SRZHU�RI�QHW�VWLPXODWHG�PDJQHWLF�EUHPVVWUDKOXQJ
FDOFXODWHG�ZLWK�TXDQWXP�PHFKDQLFV��EXW�FDQ�EH�LQ�WKH�UDQJH�RI� WKH�HVWLPDWHG�SRZHU�RI� WKH�DERYH
)(746�HPLVVLRQ�

,W�LV�HDVLHU�WR�VWXG\�)(746�HPLVVLRQ�ZLWK�WKH�63�UDGLDWLRQ�WKDQ�ZLWK�WKH�ILUVW�)(/�EHFDXVH�WKH
HOHFWULF�:LJJOHU�LV�JHQHUDWHG�E\�D�VLPSOHU�SURFHVV�LQ�WKH�63�FRQILJXUDWLRQ�WKDQ�LQ�WKH�ILUVW�)(/��)RU
WKLV�UHDVRQ�ZH�ZLOO�VWXG\�WKH�63�UDGLDWLRQ�ZLWK�WKH�LQWHQWLRQ�WR�ILQG�ZKHWKHU�WKH�63�UDGLDWLRQ�FDQ�EH
DFFRXQWHG� IRU�ZLWK�FODVVLFDO�HOHFWURG\QDPLFV�� DQG�ZKHWKHU� WKH�SRZHU�RI�)(746�HPLVVLRQ� DJUHHV
ZLWK�WKH�PHDVXUHG�SRZHU�RI�WKH�63�UDGLDWLRQ�

����3URRI�RI�WKH�,QYDOLGLW\�RI�WKH�&ODVVLFDO�)UHH�(OHFWURQ�/DVHU��)(/�
7KHRU\�ZLWK�WKH�0HDVXUHG�5DGLDWLRQ�3RZHU�RI�WKH�)LUVW�)(/

,Q�WKLV�VHFWLRQ��ZH�LQYHVWLJDWH�WKH�FODVVLFDO�)(/�FRQFHSW�ZLWK�WKH�H[SHULPHQWDO�GDWD�RI�WKH�ILUVW
)(/��(OLDV�HW�DO���������:H�VWDUW�LW�ZLWK�EULHI�UHYLHZ�RI�WKH�FODVVLFDO�)(/�WKHRU\��0DUVKDOO�������

,Q�FODVVLFDO�HOHFWURG\QDPLFV��UDGLDWLRQ�LV�XQLTXHO\�GHWHUPLQHG�E\�YHORFLW\�DQG�DFFHOHUDWLRQ��7KH
SRZHU�RI�UDGLDWLRQ�LV�H[SUHVVHG�E\�/LpQDUG�IRUPXOD�ZKLFK�LV�WKH�IRUPXOD�FODVVLFDOO\�GHULYHG�IURP
0D[ZHOO¶V�HTXDWLRQV��-DFNVRQ��������,W�LV�LOORJLFDO�LI�WKHUH�LV�DQRWKHU�HPLVVLRQ�ZKRVH�SRZHU�FDQ�QRW
EH�H[SUHVVHG�E\�/LpQDUG�IRUPXOD�LQ�WKH�IUDPHZRUN�RI�FODVVLFDO�HOHFWURG\QDPLFV��,Q�WKH�)(/��YHORFLW\
DQG�DFFHOHUDWLRQ�GRHV�QRW�FKDQJH�VLJQLILFDQWO\�HYHQ�LI�D�ODVHU�ZDYH�ZKRVH�ZDYHOHQJWK�LV�WKH�VDPH�DV
WKDW� RI� WKH� HPLVVLRQ� LQ� WKH� DEVHQFH� RI� WKH� ODVHU� ZDYH�� L�H��� VSRQWDQHRXV� HPLVVLRQ�� LV� H[WHUQDOO\
ODXQFKHG��7KXV��LQ�FODVVLFDO�HOHFWURG\QDPLFV�WKH�UDGLDWLRQ�LQ�WKH�SUHVHQFH�RI�VXFK�D�ODVHU�ILHOG��L�H��
LQGXFHG� HPLVVLRQ� E\� VXFK� D� ODVHU� ILHOG�� FDQQRW� EH�PDQ\�RUGHUV� WLPHV� VWURQJHU� WKDQ� VSRQWDQHRXV
HPLVVLRQ��+RZHYHU��LQ�WKH�ILUVW�)(/��(OLDV�HW�DO��������LQGXFHG�HPLVVLRQ�E\�DQ�H[WHUQDOO\�ODXQFKHG
ODVHU�ILHOG�LV�����WLPHV�VWURQJHU�WKDQ�VSRQWDQHRXV�HPLVVLRQ��7KXV��WKH�FODVVLFDO�)(/�WKHRU\��0DUVKDOO
�������ZKLFK�FODLPV�WKDW�LW�GHVFULEHV�FODVVLFDOO\�VXFK�LQGXFHG�HPLVVLRQ��FDQQRW�EH�FODVVLFDO�HOHFWUR�
G\QDPLFV�DQG�PXVW�EH�WR�PLVXQGHUVWDQG�VRPH�FODVVLFDO�ODZV��:H�ZLOO�SLQSRLQW�ZKHUH�WKH�FODVVLFDO
)(/�WKHRU\�LV�ZURQJ�

7KH�FODVVLFDO�)(/�WKHRU\��0DUVKDOO�������LV�VWDWHG�DV�IROORZV�

�D��7KH�HQHUJ\�DPRXQW�RI�WKH�ZRUN�GRQH�DJDLQVW�WKH�ODVHU�ILHOG�E\�D�ODVLQJ�HOHFWURQ�LV�HQWLUHO\�WUDQV�
IRUPHG�WR�WKH�ODVHU�ILHOG�HQHUJ\�E\�VRPH�PHFKDQLVP�ZKLFK�LV�QRW�LGHQWLILHG�E\�WKH�FRQFHSW��DQG
WKH�HQHUJ\�DPRXQW�RI�WKH�ZRUN�UHFHLYHG�IURP�WKH�ODVHU�ILHOG�LV�HQWLUHO\�WUDQVIRUPHG�WR�WKH�HOHF�
WURQ�NLQHWLF�HQHUJ\�

�E��1R�PDWWHU�KRZ�VWURQJ�LV�ODVHU�UDGLDWLRQ�IURP�DQ�HOHFWURQ��WKH�UHDFWLRQ�IRUFH�GXH�WR�WKH�ODVHU�UD�
GLDWLRQ�LV�LJQRUHG��DQG�SKDVH�EXQFKLQJ�RFFXUV�RQO\�E\�WKH�/RUHQW]�IRUFHV�RI�WKH�ODVHU�ILHOG�DQG
WKH�PDJQHWLF�:LJJOHU�

�F��1R�PDWWHU�KRZ�FRPSDFWO\�DUH�WKH�HOHFWURQV�EXQFKHG��WKH�(0�ZDYHV�HPLWWHG�IURP�WKH�EXQFKHG
HOHFWURQV�DGG�LQFRKHUHQWO\�

�G��7KH�ODVHU�ZDYH�FRQVHUYHV�LWV�FRKHUHQFH��7KHUH�VKRXOG�EH�D�ODVHU�ZDYH�DW�WKH�LQOHW��WKDW�LV��D�ODVHU
ZDYH�PXVW�EH�LQMHFWHG�LQWR�WKH�FDYLW\��RU�WKH�FODVVLFDO�)(/�WKHRU\�DSSOLHV�DIWHU�WKH�ODVHU�ZDYH�LV
VXIILFLHQWO\�EXLOW�

7KH�FODLP��F��LV�FRQVLVWHQW�ZLWK�WKH�FODLP��D���7KLV�LV�EHFDXVH�WKH�FODLP��D��VWDWHV�WKDW�QR�PDWWHU
KRZ�FRPSDFWO\�DUH�WKH�HOHFWURQV�EXQFKHG��WKH�LQFUHDVH�LQ�WKH�ODVHU�ILHOG�HQHUJ\�LV�HTXDO�WR�WKH�VXP�RI
WKH�ZRUNV�GRQH�E\�WKH�LQGLYLGXDO�HOHFWURQV��DQG�WKH�ZRUNV�GR�QRW�DGG�FRKHUHQWO\�
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7KH� UDGLDWLYH�UHDFWLRQ� IRUFH� VKRXOG�QRW� EH� LJQRUHG� LQ� WKH� FODVVLFDO� WKLQNLQJ��7KH� UHDVRQ� LV� DV
IROORZV�

7KH�ZRUN�GRQH�E\�DQ�HOHFWURQ�DJDLQVW�WKH�HOHFWULF�ILHOG�RI�WKH�ODVHU�ILHOG�LV�HPLWWHG�DV�ODVHU�UDGLD�
WLRQ�ZKLFK�SURSDJDWHV�LQ�WKH�SRVLWLYH�D[LDO�GLUHFWLRQ��)URP�1HZWRQ¶V�WKLUG�ODZ�RI�PRWLRQ��WKH�ODZ�RI
DFWLRQ�DQG�UHDFWLRQ��DQG�WKDW�WKH�ZRUN�GRQH�DJDLQVW�D�IRUFH�I�LV�H[SUHVVHG�DV�:� �±)�Â�GU��WKH�PDJQL�
WXGH�RI�WKH�UHDFWLYH�IRUFH�IUDG�DFWLQJ�RQ�WKH�HOHFWURQ�GXH�WR�WKH�ODVHU�UDGLDWLRQ�LV�JLYHQ�E\
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r
�LV�WKH�ODVHU�HOHFWULF�ILHOG�DQG�WKH�IDFW�Y� �Y]�LQ�WKH�)(/�LV�XVHG��(O�Â�Y�LV�GHSHQGHQW�RQ�WKH
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ZKHUH�g� �(���PF��LV�WKH�/RUHQW]�IDFWRU�RI�WKH�HOHFWURQ�DQG�f�LV�WKH�HOHFWURQ�SKDVH�ZLWK�UHVSHFW�WR�WKH
ODVHU�ZDYH�ZKLFK�LV�YHU\�VORZO\�YDU\LQJ�FRPSDUHG�WR�WKH�:LJJOHU�DQG�WKH�ODVHU�ILHOG��)URP�HTV�����
DQG������ZH�ILQG� WKDW� WKH�HOHFWURQ� WUDQVYHUVH�YHORFLW\� LV�SKDVH�ORFNHG�ZLWK� WKH� ODVHU� ILHOG� LI� WKH�]�
YHORFLW\�LV�HTXDO�WR�WKH�SKDVH�YHORFLW\�YS�RI� WKH�VR�FDOOHG�SRQGHURPRWLYH�ZDYH�ZKLFK� LV�JLYHQ�E\
YS� �w����NO

���NP���7KH� ODVLQJ� HOHFWURQ�PHDQV� WKH� HOHFWURQ�ZKRVH� ]�YHORFLW\� LV� HTXDO� WR�YS�� 6LQFH� D
ODVLQJ�HOHFWURQ�FRQWLQXRXVO\�ZRUNV�DJDLQVW�RU�LV�ZRUNHG�E\�WKH�ODVHU�HOHFWULF�ILHOG��D�ODVLQJ�HOHFWURQ�LV
VLPLODU�WR�DQ�HOHFWURQ�LQ�D�XQLIRUP�HOHFWULF�ILHOG��)LUVW��OHW�XV�DVVXPH�WKDW�DQ�HOHFWURQ�ZLWK�DQ�LQLWLDO
HQHUJ\�RI���0H9�WUDYHOV�LQ�WKH�GLUHFWLRQ�DQWL�SDUDOOHO�WR�D�XQLIRUP�HOHFWULF�ILHOG�RI�����9���FP�E\��
FP��7KHQ��WKH�HOHFWURQ�REYLRXVO\�ORVHV�LWV�NLQHWLF�HQHUJ\�E\�����H9��,Q�WKH�FODVVLFDO�)(/�WKHRU\��LW�LV
FRQFHLYHG�WKDW�WKH�HOHFWURQ�SRWHQWLDO�HQHUJ\�LV�LQFUHDVHG�E\�����H9��6R�WKH�HOHFWURQ�GRHV�QRW�ORVH�LWV
WRWDO�HQHUJ\��DQG� WKXV�QR�UDGLDWLRQ�FDQ�EH�HPLWWHG�IURP� WKLV�HOHFWURQ��6HFRQGO\�� OHW�XV�FRQVLGHU�D
ODVLQJ�HOHFWURQ�LQ�WKH�PDJQHWLF�:LJJOHU�DQG�WKH�ODVHU�ZDYH�JLYHQ�E\�HTV������DQG�����UHVSHFWLYHO\�
7KH� ODVLQJ� HOHFWURQ� LV� LQ� D�GLIIHUHQW� VLWXDWLRQ� IURP� WKH� DERYH� HYHQ� WKRXJK� LW� FRQWLQXRXVO\�ZRUNV
DJDLQVW�WKH�ODVHU�HOHFWULF�ILHOG��7KH�ODVLQJ�HOHFWURQ�ZLJJOHV�LQ�WKH�[�GLUHFWLRQ�ZLWK�YHORFLW\�JLYHQ�E\
Y[� �H$PRFRV�NPYSW���f����g�PF� DQG� H[SHULHQFHV� WKH� ODVHU� ILHOG� ZKRVH� SRWHQWLDO� JLYHQ� E\�$O

� �$
OR

FRV�NPYSW��DQG�WKH�PDJQHWLF�:LJJOHU�ZKRVH�SRWHQWLDO� LV�JLYHQ�E\�$P� �$PR�FRV�NPYSW� [Ö ��6LQFH�WKH
WUDQVYHUVH�ZLJJOLQJ�PRWLRQ�DQG�WKH�WRWDO�ILHOG��L�H���WKH�ODVHU�ILHOG�SOXV�WKH�PDJQHWLF�:LJJOHU��ZKLFK
WKH�HOHFWURQ�H[SHULHQFHV�DUH�V\QFKURQL]HG��RU�SKDVH�ORFNHG���WKH�HOHFWURQ�UHWXUQV�WR�WKH�VDPH�ILHOG
MXVW�DIWHU�PDQ\�F\FOHV�RI�WKH�WUDQVYHUVH�ZLJJOLQJ��6R�WKH�SRWHQWLDO�HQHUJ\�GRHV�QRW�FKDQJH�MXVW�DIWHU
WKH�HOHFWURQ�FRPSOHWHV�PDQ\�F\FOHV�RI�WKH�WUDQVYHUVH�ZLJJOLQJ��6LQFH�WKH�ODVLQJ�HOHFWURQ�QHW�ZRUNV
RYHU�PDQ\�F\FOHV�RI�WKH�WUDQVYHUVH�ZLJJOLQJ��WKH�HQHUJ\�DPRXQW�RI�WKH�ZRUN��ZKLFK�LV�HTXDO�WR�WKH
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GHFUHDVH�LQ�WKH�NLQHWLF�HQHUJ\��PXVW�JR�WR�LQILQLW\�� WKDW�LV��VKRXOG�EH�HPLWWHG�DV� UDGLDWLRQ��VLQFH� LW
GRHV�QRW�WUDQVIRUP�WR�WKH�SRWHQWLDO�HQHUJ\�

7KH�DERYH�WKLQNLQJ�LV�QRWKLQJ�EXW�VSXULRXV��7KH�WKLQNLQJ�LQ�WKH�ILUVW�VLWXDWLRQ�LV�YDOLG�RQO\�ZKHQ
WKH�HOHFWURQ�YHORFLW\�LV�LQILQLWHO\�VPDOO��,Q�UHDOLW\��VLQFH�WKH�HOHFWURQ�PRYHV�ZLWK�QRQ�]HUR�YHORFLW\
DQG� DFFHOHUDWLRQ� FRUUHVSRQGLQJ� WR� WKH� HOHFWURQ� NLQHWLF� HQHUJ\� EHLQJ� ��0H9� DQG� LWV� DFFHOHUDWLRQ
EHLQJ� ���� H9���FP���g� P�� WKH� HOHFWURQ� UDGLDWHV� ZLWK� SRZHU� JLYHQ� E\� WKH� /LpQDUG� IRUPXOD
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��ZKHUH�3�LV�WKH�UDGLDWLRQ�SRZHU��g� �(���PF��LV�WKH�/RUHQW]�IDFWRU��DQG

b
r
� �Y���F��7KH�UDGLDWLRQ�HQHUJ\�3/���Y�GXULQJ�/� ���FP�WUDYHO�GLVWDQFH�LV�RQ�WKH�RUGHU�RI���±���H9

DQG�H[WUHPHO\�VPDOO��1HYHUWKHOHVV��ZH�VKRXOG�QRW�LJQRUH�UDGLDWLRQ�LQ�WKH�TXDOLWDWLYH�DUJXPHQW��7KH
GHFUHDVH�LQ�WKH�HOHFWURQ�NLQHWLF�HQHUJ\�LV�����H9��7KH�HQHUJ\�DPRXQW�HTXDO�WR�WKLV�GHFUHDVH�LQ�WKH
HOHFWURQ�NLQHWLF�HQHUJ\�PLQXV� WKH�DERYH� UDGLDWHG�HQHUJ\��ZKLFK� LV�����H9� LQ� WKH�SUDFWLFDO� VHQVH�
PXVW�EH� UHOHDVHG� IURP� WKH�HOHFWURQ�DV�QRQ�UDGLDWLRQ�� ,Q� FODVVLFDO� HOHFWURG\QDPLFV�� D� IUHH� HOHFWURQ
UHOHDVHV�LWV�NLQHWLF�HQHUJ\�RQO\�WKURXJK�YHORFLW\�DQG�DFFHOHUDWLRQ�HOHFWURPDJQHWLF��(0��ILHOGV��$F�
FHOHUDWLRQ�(0�ILHOG�LV�UDGLDWLRQ��7KURXJK�YHORFLW\�(0�ILHOG��WKH�HOHFWURQ�OHDYHV�D�SDUW�RI�LWV�NLQHWLF
HQHUJ\�ZKRVH�DPRXQW�LV�HTXDO�WR�WKH�GHFUHDVH�LQ�WKH�NLQHWLF�HQHUJ\�EHKLQG�LWV�WUDMHFWRU\�DV�VSDFH�
ILHOG�HQHUJ\�ZKHQ�LW�LV�GHFHOHUDWHG��DQG�SLFNV�XS�VSDFH�ILHOG�HQHUJ\�ZKRVH�DPRXQW�LV�HTXDO�WR�WKH
LQFUHDVH�LQ�LWV�NLQHWLF�HQHUJ\�ZKHQ�LW�LV�DFFHOHUDWHG��7KXV��WKH�DERYH�����H9��ZKLFK�ZDV�GUDJJHG�LQ
DVVRFLDWLRQ�ZLWK�YHORFLW\�(0�ILHOG�E\�WKH�HOHFWURQ�LQ�WKH�EHJLQQLQJ�RI�WKH���FP�WUDYHO��LV�OHIW�EHKLQG
WKH�HOHFWURQ� WUDMHFWRU\�DV�VSDFH�ILHOG�HQHUJ\�ZKLFK�FDQ�QRW�DUULYH� WR�DQ\�SUDFWLFDO�GHWHFWRU�� ,I� WKH
HOHFWURQ�LV�DW�UHVW�DIWHU�WKH�WUDYHO�RI���FP��WKH�����H9�HQHUJ\�HYHQWXDOO\�EHFRPHV�WKH�HOHFWURVWDWLF
ILHOG� HQHUJ\� DURXQG� WKH� UHVW� HOHFWURQ�� 7KH� FRQFHSW� RI� /LpQDUG�:LHFKHUW� SRWHQWLDOV� DSSOLHV� WR� WKH
ODVLQJ�HOHFWURQ�WRR��6LQFH�WKH�HOHFWURQ�YHORFLW\�DQG�DFFHOHUDWLRQ�RVFLOODWH�LQ�WKH�[�GLUHFWLRQ��WKH�UD�
GLDWLRQ�FDOFXODWHG�ZLWK�/LpQDUG�:LHFKHUW�SRWHQWLDOV�LV�SUDFWLFDOO\�PRQRFKURPDWLF�DQG�SURSDJDWHV�LQ
WKH�SRVLWLYH�D[LDO�GLUHFWLRQ�DV�VSRQWDQHRXV�HPLVVLRQ��7KH�SRZHU�RI�WKH�UDGLDWLRQ�LV�VWLOO�RI�WKH�RUGHU
RI�WKH�SRZHU�RI�VSRQWDQHRXV�HPLVVLRQ�ZKLFK�LV�DQ�H[WUHPHO\�VPDOO�IUDFWLRQ�RI�WKH�ZRUN�GRQH�E\�WKH
HOHFWURQ��7KXV��WKH�HQHUJ\�HTXDO�WR�WKH�ZRUN�GRQH�E\�WKH�HOHFWURQ�LQ�WKH�SUDFWLFDO�VHQVH�LV�HPLWWHG
WKURXJK�YHORFLW\�(0�ILHOG�

2QH�PD\�FODLP�WKDW�WKH�FODVVLFDO�)(/�WKHRU\�LV�D�QHZ�FODVVLFDO�WKHRU\�ZKLFK�LV�QRW�EDVHG�RQ�WKH
SUHVHQWO\� H[LVWLQJ� FODVVLFDO� HOHFWURG\QDPLFV� VR� WKDW� LW� PD\� FRQWUDGLFW� WKH� FRQFHSW� RI� /LpQDUG�
:LHFKHUW� SRWHQWLDOV�� 7KHUHIRUH�� QR�PDWWHU� KRZ� QRQVHQVLFDO� LV� WKH� FODVVLFDO� )(/� WKHRU\� IURP� WKH
YLHZSRLQW�RI�H[LVWLQJ�FODVVLFDO�HOHFWURG\QDPLFV��ZH�MXVW�DFFHSW�LW�DV�D�QHZ�WKHRU\�DQG�FDOFXODWH�WKH
SRZHU�RI�LQGXFHG�HPLVVLRQ�ZLWK�LW��DQG�FRPSDUH�WKH�UHVXOW�ZLWK�WKH�PHDVXUHG�RQH�

7KH�ILUVW�)(/�HYLGHQWO\�VKRZV�WKDW�WKH�FODVVLFDO�)(/�WKHRU\�LV�QRWKLQJ�EXW�D�JURXQGOHVV�ZLVKIXO
WKLQNLQJ��QDPHO\��D�WKHRU\�ZKLFK�KDV�EHHQ�IDOVHO\�EHOLHYHG� WR�DJUHH� WKH�)(/�VLQFH� WKH�FRQFHSW� LV
ZLVKHG�WR�GR�VR��:H�ZLOO�ILUVW�VKRZ�WKDW�WKH�PHDVXUHG�SRZHU�RI�LQGXFHG�HPLVVLRQ�LQ�WKH�ILUVW�)(/�LV
LQFRPSUHKHQVLEOH�IURP�WKH�FRQFHSW�RI�WKH�FODVVLFDO�)(/�WKHRU\�LQ�WKH�IROORZLQJ�

,Q�WKH�ILUVW�)(/��WKH�DYHUDJH�LQWHU�HOHFWURQ�GLVWDQFH�/H�RI�WKH�EXQFK�HOHFWURQV�LV�JLYHQ�E\�/H� �Q
±

����û�-S���HY6�
±�����ZKHUH�Q� LV� WKH�HOHFWURQ�GHQVLW\��-S� LV� WKH�SHDN�FXUUHQW� �-S� ����P$���DQG�6� LV� WKH

FURVV�VHFWLRQ�RI�WKH�HOHFWURQ�EHDP��$VVXPLQJ�6� ���PP���ZKLFK�LV�VXIILFLHQWO\�UHDVRQDEOH��ZH�ILQG
WKDW�/H� LV� ORQJHU� RU� DERXW� HTXDO� WR� WKH� ODVHU�ZDYHOHQJWK�l ������mP��6LQFH� WKHUH� LV� QR� SK\VLFDO
PHFKDQLVP�WR�FRQWURO�WKH�HOHFWURQ�SKDVH�ZLWK�UHVSHFW�WR�WKH�ODVHU�ZDYH��WKH�EXQFK�HOHFWURQV�HQWHU�WKH
)(/�FDYLW\�ZLWK�UDQGRP�SKDVHV�ZLWK�UHVSHFW�WR�WKH�ODVHU�ZDYH��7KXV��WKH�LQLWLDO�SKDVH�GLVWULEXWLRQ�LV
VWRFKDVWLF��IRU�H[DPSOH��WKH�LQLWLDO�SKDVHV�PD\�EH�XQLIRUPO\�GLVWULEXWHG�LQ�WKH�ZKROH�SKDVH�UHJLRQ
EHWZHHQ� �� DQG� �p�� RU�PD\� EH� SDFNHG� LQ� WKH� UHJLRQ� EHWZHHQ�p������ DQG�p����������� 7KH� LQLWLDOO\
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DQG��p��RU�PD\�EH�SDFNHG�LQ�WKH�UHJLRQ�EHWZHHQ�p������DQG�p�����������7KH�LQLWLDOO\�UDQGRP�SKDVH
GLVWULEXWLRQ�NHHSV�LWV�UDQGRPQHVV�LQ�SKDVH�GLVWULEXWLRQ�UHJDUGOHVV�RI�ZKHWKHU�RU�QRW�WKHUH�LV�D�SKDVH
EXQFKLQJ�PHFKDQLVP�ZKLFK�WUDQVIRUPV�WKH�LQLWLDO�SKDVH�GLVWULEXWLRQ�WR�D�EXQFKHG�SKDVH�GLVWULEXWLRQ
LI�WKH�LQLWLDO�SKDVH�GLVWULEXWLRQ�LV�WKH�XQLIRUP�GLVWULEXWLRQ�DV�WKH�FODVVLFDO�)(/�WKHRU\�FODLPV��7KXV�
WKH�QHW�ZRUN�GRQH�E\�DOO�WKH�HOHFWURQV�LQ�WKH�FDYLW\�IOXFWXDWHV�ZLWK�WLPH�DERXW�WKH�]HUR�YDOXH��6LQFH
WKH�QHW�ZRUN�FRPSOHWHO\�WUDQVIRUPV�WR�UDGLDWLRQ�LQ�WKH�FODVVLFDO�)(/�WKHRU\��WKH�SRZHU�RI�LQGXFHG
HPLVVLRQ�VKRXOG� IOXFWXDWH�ZLWK� WLPH� DERXW� WKH� ]HUR�YDOXH� LI� WKH� FODVVLFDO�)(/� WKHRU\� DJUHHV�ZLWK
H[SHULPHQW��+RZHYHU�� WKH�PHDVXUHG�SRZHU�RI� LQGXFHG�HPLVVLRQ� LV�FRQVWDQWO\�HTXDO� WR����RI� WKH
SRZHU�RI�WKH�H[WHUQDOO\�ODXQFKHG�ODVHU�ILHOG��)XUWKHUPRUH��ZH�ZLOO�VKRZ�WKDW�WKH�PDJQLWXGH�RI�WKH
PHDVXUHG�SRZHU�LV�HYHQ�JUHDWHU�WKDQ�WKH�ZRUN�ZKLFK�ZRXOG�EH�GRQH�E\�DOO�WKH�HOHFWURQV�LQ�WKH�FDYLW\
ZKHQ�WKH\�DUH�EXQFKHG�LQWR�D�VLQJOH�SRLQW�RI�WKH�SKDVH�DW�ZKLFK�D�SRLQW�FKDUJH�FDQ�ZRUN�DW�PD[L�
PXP�DJDLQVW�WKH�ODVHU�ILHOG

,Q�WKH�ILUVW�)(/�WKH�ODVHU�LQWHQVLW\�6�FDQ�EH�DSSUR[LPDWHG�DV�EHLQJ�FRQVWDQW�VLQFH�LW� LQFUHDVHV
RQO\�E\����RYHU�WKH�WRWDO�OHQJWK�RI�WKH�FDYLW\��7KH�DYHUDJH�ZRUN�SHU�XQLW�WLPH�GRQH�E\�DOO�WKH�HOHF�
WURQV�LQ�WKH�ILUVW�)(/�FDYLW\�DJDLQVW�WKH�ODVHU�ILHOG�RYHU�D�WLPH�VFDOH�PXFK�ORQJHU�WKDQ�WKH�ODVHU�ZDYH
LV�JLYHQ�E\
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ZKHUH�3PD[� �1F�UH%RlP���g���6����p�����LV�HTXDO�WR�WKH�ZRUN�E\�DOO� WKH�HOHFWURQV�LQ�WKH�FDYLW\�ZKHQ
WKH\�DUH�EXQFKHG�LQWR�D�VLQJOH�SRLQW�RI� WKH�SKDVH�DW�ZKLFK�D�SRLQW�FKDUJH�FDQ�ZRUN�DW�PD[LPXP

DJDLQVW�WKH�ODVHU�ILHOG��DQG�IEXQFKLQJ� � ( ) ( )×
p

fff
�

�

GFRV I �LV�FDOOHG�KHUH�WKH�EXQFKLQJ�IDFWRU��,Q�HT������

UH� �H
����PF�� ���������±���FP�LV�WKH�FODVVLFDO�HOHFWURQ�UDGLXV��1F�LV�WKH�WRWDO�QXPEHU�RI�WKH�HOHFWURQV

LQ�WKH�FDYLW\��I�f��LV�WKH�QRUPDOL]HG�SKDVH�GLVWULEXWLRQ�IXQFWLRQ�RI�WKH�HOHFWURQV�LQ�WKH�)(/�FDYLW\�DQG
6� �F(R

�����p�KDV�EHHQ�XVHG�
6LQFH�1F���-S/F���HY� IRU�SUH�EXQFKHG�HOHFWURQ�EHDPV��ZKHUH�/F� LV� WKH� FDYLW\� OHQJWK�� DQG� IEXQFK�
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,QVHUWLQJ�WKH�IROORZLQJ�H[SHULPHQWDO�YDOXHV��-S� ������
±��$��/F� ��������

��FP��%R� ��������
��JDXVV�

lP� �����FP��Y� �F��g� �����DQG�6� ����������HUJ���VHF���FP���LQWR�WKH�H[SUHVVLRQ�RI�3F�LQ�HT�������ZH
KDYH�3F� �������

��î�ZKLFK�LV�OHVV�WKDQ�WKH�PHDVXUHG�UDGLDWLRQ�SRZHU�3
O
� ��������:��)URP�WKLV�IDFW

ZH�FDQQRW�EXW�FRQFOXGH�WKDW�WKH�PHDVXUHG�UDGLDWLRQ�SRZHU�LV�JUHDWHU�WKDQ�WKH�ZRUN�GRQH�DJDLQVW�WKH
ODVHU�ILHOG�SHU�XQLW�WLPH�ZKLFK�ZRXOG�EH�GRQH�E\�DOO�WKH�HOHFWURQV�LQ�WKH�FDYLW\�HYHQ�XQGHU�WKH�DV�
VXPSWLRQ�WKDW�WKH\�DUH�EXQFKHG�LQWR�D�VLQJOH�SRVLWLRQ�RI�WKH�SKDVH�DW�ZKLFK�D�SRLQW�FKDUJH�FDQ�ZRUN
DW�PD[LPXP�

:H�HVWLPDWH�WKH�WRWDO�QXPEHU�RI�WKH�HOHFWURQV�E\�DQRWKHU�ZD\��%RWK�FDOFXODWLRQV�RI�WKH�VSRQWD�
QHRXV�HPLVVLRQ�SRZHU�IURP�DQ�HOHFWURQ�LQ�D�PDJQHWLF�:LJJOHU�ZLWK�FODVVLFDO�HOHFWURG\QDPLFV��+RI�
PDQ� ������ DQG�ZLWK� WKH� VR�FDOOHG� VHPL�FODVVLFDO� WUHDWPHQW� RI� TXDQWXP�PHFKDQLFV� �.LP� ����D��
ZKLFK�LV�LGHQWLFDO�ZLWK�4:'�WUHDWPHQW�IRU�WKH�PDJQHWLF�:LJJOHU��UHQGHU�H[DFWO\�WKH�VDPH�IRUPXOD
>FI�HT��������RI�.LP�����E
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$FFRUGLQJ�WR�WKH�FODVVLFDO�FRQFHSW��+RIPDQQ�������0DUVKDOO�������ZKLFK�YLHZV�HYHQ�WKH�VSRQWDQH�
RXV�UDGLDWLRQ�LQ�WKH�ILUVW�)(/�DV�DQ�(0�ZDYH��PRVW�RI�VSRQWDQHRXV�UDGLDWLRQ�LV�HPLWWHG�LQ�D�FRQH�RI
VROLG�DQJOH�WFODVVLFDO�WKHRU\� �p���g

��1Z�DERXW�WKH�D[LV�ZKHUH�1Z�LV�WKH�QXPEHU�RI�WKH�:LJJOHUV��+RZHYHU�
D�TXDQWXP�PHFKDQLFDO�FDOFXODWLRQ��.LP�����D��VKRZV�WKDW�PRVW�RI�VSRQWDQHRXV�SRZHU�LV�HPLWWHG�LQ
D�FRQH�RI�VROLG�DQJOH�W� �p���g���7KH�QXPEHU�RI�VSRQWDQHRXVO\�HPLWWHG�SKRWRQV�GXULQJ�DQ�HPLVVLRQ
SHULRG�LV�JLYHQ�E\�3 PHDVXUHG

HPVSRQ ��

l����1FKF
���ZKHUH�3 PHDVXUHG

HPVSRQ ��

�LV�WKH�PHDVXUH�SRZHU�RI�VSRQWDQHRXV�HPLV�

VLRQ��DQG�LV�RQ�WKH�RUGHU�RI���±��LQ�WKH�ILUVW�)(/��7KXV��VSRQWDQHRXV�HPLVVLRQ�LQ�WKH�FDVH�RI�WKH�ILUVW
)(/�LV�D�TXDQWXP�PHFKDQLFDO�HPLVVLRQ�VLQFH�DQ�HOHFWURQ�JLYHV�RII�RQO\�RQH�SKRWRQ�SHU�RQH�KXQGUHG
WKRXVDQG�RU�D�PLOOLRQ�HPLVVLRQ�SHULRGV��7KXV��WKH�HPLWWHG�SKRWRQV�GR�QRW�EHKDYH�DV�ZDYH��$FFRUG�
LQJO\��ZH�UHMHFW�WKH�FODVVLFDO�FRQFHSW�DQG�RSW�WKH�TXDQWXP�PHFKDQLFDO�FRQFHSW��7KH�DGRSWLRQ�RI�WKH
TXDQWXP�PHFKDQLFDO�FRQFHSW�RYHU�WKH�FODVVLFDO�RQH�LV�DOVR�VXSSRUWHG�E\�WKH�IROORZLQJ�IDFW��$FFRUG�
LQJ�WR�WKH�FODVVLFDO�FRQFHSW�� WKH�PHDVXUHG�VSRQWDQHRXV�SRZHU�LQWR�WKH�FRQH�RI�VROLG�DQJOH�����±�

VXIILFLHQWO\� UHSUHVHQWV� WKH� WRWDO� VSRQWDQHRXV�HPLVVLRQ�SRZHU� VLQFH� WKH� VROLG� DQJOH� LV� RQ� WKH� VDPH
RUGHU� RI� PDJQLWXGH� DV� p���g�1Z� �������

±��� 7KHUHIRUH�� WKH� WRWDO� QXPEHU� RI� WKH� HOHFWURQV� LV
1F� �3 PHDVXUHG

HPVSRQ ��

���3VSRQ��HP���)URP�3 PHDVXUHG
HPVSRQ ��

� EHLQJ�����±��:�DQG� HT�� �����ZH� ILQG� WKDW�1F �������
��

7KHQ��ZKHQ� WKH� ODVHU� OLJKW� LV� H[WHUQDOO\� ODXQFKHG�� DQ� DYHUDJH� HOHFWURQ�ZKRVH� LQLWLDO� HQHUJ\� LV� ��
0H9�ORVHV�LWV�HQHUJ\�E\�D� ��3

O
���1F��/F���Y�� ����0H9��ZKLFK�LV�FHUWDLQO\�XQUHDVRQDEOH��7KHUHIRUH�

ZH�GLVPLVV�WKH�FODLP�RI�WKH�FODVVLFDO�WKHRU\�IRU�WKH�HPLVVLRQ�FRQH��DQG�DGRSW�WKH�TXDQWXP�PHFKDQL�
FDO�RQH��,I� WKH�SRZHU�PHDVXUHPHQW�LV�GRQH�DW�D�GLVWDQFH�QRW�IDU�JUHDWHU� WKDQ��H�J������� WLPHV�� WKH
FDYLW\�OHQJWK�����P�IURP�WKH�RXWOHW�RI�WKH�)(/�FDYLW\��WKH�WRWDO�QXPEHU�RI�WKH�HOHFWURQV�FDOFXODWHG
XQGHU�WKH�DVVXPSWLRQ�WKDW�PRVW�RI�SKRWRQV�LV�HPLWWHG�LQWR�WKH�FRQH�RI�VROLG�DQJOH�p���g��DERXW�WKH�D[LV
ZLWK�LWV�DSH[�DW�WKH�LQOHW�SRLQW�RI�WKH�)(/�FDYLW\�LV�PXFK�ODUJHU�WKDQ�WKH�DFWXDO�WRWDO�QXPEHU��7KHUH�
IRUH�� DFFRUGLQJ� WR� WKH� TXDQWXP�PHFKDQLFDO� WKHRU\�� WKH� WRWDO� QXPEHU� RI� WKH� HOHFWURQV� LQ� WKH� )(/
FDYLW\��1F�� LV�PXFK�OHVV�WKDQ������

±��:���VHF���3VSRQ��HP��>�p���g
����������@� ����������7KLV�QXPEHU� LV

OHVV� WKDQ�EXW�RQ� WKH� VDPH�RUGHU�DV� WKH�RQH�FDOFXODWHG� IURP� WKH�SHDN� FXUUHQW��7KH� IDFW� WKDW�1F�ó
��������LQGLFDWHV�WKDW�WKH�PHDVXUHG�SRZHU�LV�ODUJHU�WKDQ�WKH�ZRUN�ZKLFK�ZRXOG�EH�GRQH�E\�DOO�WKH
HOHFWURQV�LQ�WKH�FDYLW\�ZKHQ�WKH\�DUH�K\SRWKHVL]HG�WR�PHUJH�LQWR�D�VLQJOH�SRLQW�FKDUJH�DQG�WKH�WUDQV�
YHUVH�YHORFLW\�RI�WKH�VLQJOH�SRLQW�FKDUJH�LV�SKDVH�ORFNHG�ZLWK�WKH�ODVHU�ILHOG�DW�WKH�SKDVH�ZKHUH�WKH
VLQJOH�SRLQW�FKDUJH�FDQ�ZRUN�DW�PD[LPXP�VR�WKDW�WKH�EXQFKLQJ�IDFWRU�LV�HTXDO�WR�RQH�� L�H��� IEXQFKLQJ
� ����6LQFH�IEXQFKLQJ�=���LQ�UHDOLW\��WKH�SRZHU�UDGLDWHG�WKURXJK�LQGXFHG�HPLVVLRQ�LV�IDU�ODUJHU�WKDQ�WKH
QHW�ZRUN�GRQH�E\�WKH�HOHFWURQV�LQ�WKH�FDYLW\�SHU�XQLW�WLPH��6LQFH�WKH�QHW�ZRUN�SHU�XQLW�WLPH�LV�WRR
VPDOO�FRPSDUHG�WR�WKH�UDGLDWLRQ�SRZHU��ZH�FRXOG�QRW�VHH�DQ\�H[SHFWHG�IOXFWXDWLRQ�LQ�WKH�UDGLDWLRQ
SRZHU�RU�JDLQ�HYHQ�LI�WKH�QHW�ZRUN�ZHUH�HQWLUHO\�WUDQVIRUPHG�WR�ODVHU�UDGLDWLRQ�

6LQFH�WKH�PHDVXUHG�SRZHU�RI�LQGXFHG�HPLVVLRQ�LV�HYHQ�JUHDWHU�WKDQ�WKH�PD[LPXP�ZRUN�WKDW�FDQ
EH�GRQH�E\�D�SRLQW�FKDUJH�ZKRVH�FKDUJH�LV�HTXDO�WR�WKH�WRWDO�FKDUJH�RI�WKH�HOHFWURQV�LQ�WKH�FDYLW\��ZH
FDQ�VHH�E\�WKH�VDPH�DUJXPHQW�RI�HT������WKDW�WKH�UDGLDWLYH�UHDFWLRQ�IRUFH�GXH�WR�LQGXFHG�HPLVVLRQ�LV
HYHQ�JUHDWHU�WKDQ�WKH�/RUHQW]�IRUFH�RI�WKH�ODVHU�ILHOG�LQGXFLQJ�WKH�HPLVVLRQ��.LP�����D���6XFK�IRUFH
ZKLFK�FDQQRW�EH�DFFRXQWHG�IRU�ZLWK�WKH�/RUHQW]�IRUFH�HTXDWLRQ�PXVW�EH�JHQHUDWHG�E\�D�QRQ�FODVVLFDO
UDGLDWLRQ�PHFKDQLVP��:H� LQYHVWLJDWH� LQWR� WKH� UDGLDWLRQ� PHFKDQLVP� ZKLFK� LV� UHVSRQVLEOH� IRU� WKH
PHDVXUHG�SRZHU�RI�LQGXFHG�HPLVVLRQ�
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����)UHH�(OHFWURQ�/DVLQJ�0HFKDQLVP�LQ�WKH�)LUVW�)UHH�(OHFWURQ�/DVHU

/HW�I�(�(E��EH�WKH�HQHUJ\�GLVWULEXWLRQ�IXQFWLRQ�IRU�WKH�HOHFWURQV�LQ�WKH�)(/�FDYLW\�ZKHQ�DQ�HOHF�
WURQ�EHDP�ZLWK�HQHUJ\�GLVWULEXWLRQ�EHLQJ�FHQWHUHG�DW�(E� �CEHDP�HQHUJ\¶�� LV� LQMHFWHG� LQWR� WKH�)(/
FDYLW\��7KH�HOHFWURQ�EHDP�FDQ�EH�RI�PRQR��HQHUJ\�EHIRUH�EHLQJ�LQMHFWHG�LQWR�WKH�)(/�FDYLW\��7KH
SRZHU�3VSRQ��HP��(E��RI�VSRQWDQHRXV�HPLVVLRQ�IURP�WKH�HOHFWURQ�EHDP�RI�(E�LV�SURSRUWLRQDO�WR�I�(H�(E�
ZKHUH�(H�LV�XQLTXHO\�GHWHUPLQHG�E\�WKH�PRPHQWXP�RI�WKH�LQFLGHQW�SKRWRQV�DQG�WKH�:LJJOHU�ZDYH�
OHQJWK�� ,I� WKH� JDLQ� LV� GXH� WR� QHW� VWLPXODWHG� HPLVVLRQ�� WKH� JDLQ� IXQFWLRQ�*�(E�� LV� SURSRUWLRQDO� WR
��I�(�(E�����(�(� �(H��.LP�����D��F���,I�WKH�VKDSH�RI�WKH�HOHFWURQ�GLVWULEXWLRQ�IXQFWLRQ�I�(�(E��GRHV�QRW
GUDVWLFDOO\�FKDQJH�DV�(E�VOLJKWO\�YDULHV�VXFK�WKDW

( ) ( ) ( )��� (2(((I(((I EE D=D+-D+ � ���

ZKHUH�2>�D(��@�VWDQGV�IRU�D�TXDQWLW\�RQ�WKH�VDPH�RUGHU�RI��D(����WKH�IROORZLQJ�HTXDWLRQ�LV�VDWLVILHG�
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7KHUHIRUH��LI�HTXDWLRQ�����KROGV�IRU�I�(�(E��RI�WKH�ILUVW�)(/��DQG�WKH�LQGXFHG�HPLVVLRQ�LV�GXH�WR�WKH
TXDQWXP�PHFKDQLFDO�VWLPXODWHG�HPLVVLRQ��ZH�H[SHFW

( ) ( )
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EHPVSRQ

E
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IRU�WKH�ILUVW�)(/�
)LJXUH���RI�WKH�DUWLFOH�E\�(OLDV�HW�DO���������VKRZV�WKDW�LQ�WKH�ILUVW�)(/�WKH�UHODWLRQVKLS�EHWZHHQ

WKH�IXQFWLRQDO�VKDSH�RI� WKH�PHDVXUHG�JDLQ�YV��(E�DQG� WKDW�RI� WKH�PHDVXUHG�SRZHU�RI� VSRQWDQHRXV
HPLVVLRQ�YV��(E�VDWLVILHV�HT��������6LQFH�ZH�FDQQRW�WKLQN�RI�DQ\�UHDVRQ�WKDW�HT������GRHV�QRW�KROG�LQ
WKH�ILUVW�)(/��WKH�LQGXFHG�HPLVVLRQ�LQ�WKH�ILUVW�)(/�LV�GXH�WR�WKH�TXDQWXP�PHFKDQLFDO�QHW�VWLPXODWHG
HPLVVLRQ��:H�ZLOO�GHWHUPLQH�ZKHWKHU�QHW�VWLPXODWHG�PDJQHWLF�EUHPVVWUDKOXQJ� �$SSHQGL[�RI�.LP
����D��LV�WKH�UHVSRQVLEOH�PHFKDQLVP�

)URP�*� �Q3QHW�VW��HP����6�� WKH�SRZHU�RI�QHW� VWLPXODWHG�HPLVVLRQ�E\�DOO� WKH�HOHFWURQV� LQ� WKH�)(/
FDYLW\��LV�H[SUHVVHG�E\

��������� HPVWQHWFHPVWQHWFHPVWQHW
131 s63 == � ����

ZKHUH�sQHW�VW��HP�� �*���Q�LV�WKH�HTXLYDOHQW�PLFURVFRSLF�FURVV�VHFWLRQ�RI�QHW�VWLPXODWHG�HPLVVLRQ��,I�WKH
PHDVXUHG�VWLPXODWHG�SRZHU�LV�GXH�WR�QHW�VWLPXODWHG�PDJQHWLF�EUHPVVWUDKOXQJ��WKH�HTXLYDOHQW�PLFUR�
VFRSLF�FURVV�VHFWLRQ�LV�H[SUHVVHG�E\
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ZKHUH�WKH�PHDQLQJV�RI�DOO�QRWDWLRQV�DUH�IRXQG�LQ�$SSHQGL[�RI�.LP������D��DQG�WKLV�SDSHU��,I� WKH
PRPHQWXP�GLVWULEXWLRQ�IXQFWLRQ�I�S��LV�*DXVVLDQ��WKH�PD[LPXP�RI�GI�S����GS�LV�DSSUR[LPDWHO\�HTXDO
WR������DS�� ������xg�PF����ZKHUH�D3�DQG�x�DUH�WKH�IXOO�ZLGWK�DW�KDOI�PD[LPXP��):+0��DQG�WKH�UDWLR
RI�D3�WR�WKH�FHQWHU�RI�WKH�PRPHQWXP�GLVWULEXWLRQ��UHVSHFWLYHO\��$VVXPLQJ�WKDW�WKH�PRPHQWXP�GLVWUL�
EXWLRQ�FDQ�EH�DSSUR[LPDWHG�DV�D�*DXVVLDQ�RQH� LQ� WKH�FDVH�RI� WKH�ILUVW�)(/�� WKH�PD[LPXP�RI� WKH
HTXLYDOHQW�PLFURVFRSLF�FURVV�VHFWLRQ�RI�QHW�VWLPXODWHG�PDJQHWLF�EUHPVVWUDKOXQJ�FDQ�EH�ZULWWHQ�DV
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$OO�TXDQWLWLHV�H[FHSW�1F�DQG�x�ZKLFK�DUH�QHHGHG�WR�FDOFXODWH�WKH�VWLPXODWHG�SRZHU�XVLQJ�WKH�DERYH
HTXDWLRQV�DUH�GLUHFWO\�PHDVXUHG��:H�FDQ�WDNH�x� ������IURP�)LJ�����D��RI�(OLDV�HW�DO���������DQG�WKH
SUDFWLFDO�DVVXPSWLRQ�WKDW�HTXDWLRQ�����KROGV�IRU�WKH�FDVH�RI�WKH�ILUVW�)(/��DQG�1F� ���

��DV�LV�SUHYL�
RXVO\�GLVFXVVHG��,QVHUWLQJ�WKHVH�YDOXHV�LQWR�HTV�������DQG�������ZH�ILQG�WKDW

����
�0D[LPXP�3RZHU�RI�1HW�6WLPXODWHG�0DJQHWLF

0HDVXUHG�3HDN�6WLPXODWHG�3RZHU
�=

%UHPVVWUDKOXQJ
� ����

6LQFH�WKH�PD[LPXP�SRZHU�RI�QHW�VWLPXODWHG�PDJQHWLF�EUHPVVWUDKOXQJ�LV�SURSRUWLRQDO�WR�1F���x
��DQG

WKH�DERYH�YDOXHV�RI�1F�DQG�x�DUH�PRVW�OLNHO\�DFFXUDWH�ZLWKLQ�D�IDFWRU�RI�����LW�LV�XQIHDVLEOH�IRU�WKDW
WKH� DERYH� UDWLR� FDQ� EH� HTXDO� WR� RQH� LQ� UHDOLW\�� 7KLV� PHDQV� WKDW� QHW� VWLPXODWHG� PDJQHWLF� EUHP�
VVWUDKOXQJ�LV�QRW�UHVSRQVLEOH�IRU�IUHH�HOHFWURQ�ODVLQJ�LQ�WKH�ILUVW�)(/��:H�VKRXOG�ORRN�IRU�RWKHU�QHW
VWLPXODWHG�HPLVVLRQ�PHFKDQLVP�

7KH� EHDP� HOHFWURQ� VHHV� WKH�ZDYHOHQJWK� RI� WKH�:LJJOHU� EHLQJ� FRQWUDFWHG� E\� D� IDFWRU� RI� ����g
�C)LW]*HUDOG�/RUHQW]�FRQWUDFWLRQ¶���7KXV��LI�WKH�EXQFK�OHQJWK�LV�ODUJHU�WKDQ�lP���g��WKH�PDJQHWLF�:LJ�
JOHU�H[HUWV�VSDWLDO�HIIHFW�RI�ZDYHOHQJWK�lP���g�RQ�WKH�EHDP�EXQFKHV��)URP�HT�������ZH�ILQG�WKDW�WKH
DPSOLWXGH�RI�WKH�WUDQVYHUVH�ZLJJOLQJ�LV�lP.����p�g� ������PP��ZKLFK�LV�PXFK�VPDOOHU�WKDQ�WKH�WUDQV�
YHUVH� VL]H�RI� WKH� HOHFWURQ�EHDP��7KXV�� WKH� WUDQVYHUVH�ZLJJOLQJ�GRHV�QRW�PDNH� WKH� FROXPQ�RI� WKH
HOHFWURQ�EHDP�EHQG�EXW�SURGXFHV�DQ�D[LDOO\�SURSDJDWLQJ�(6�ZDYH�RI� WKH�VDPH�ZDYHOHQJWK�DV� WKH
PDJQHWLF�:LJJOHU�LI�WKH�WKH�GHQVLW\�YDULHV�LQ�WKH�WUDQVYHUVH�GLUHFWLRQ�ZKLFK�LV�LQWULQVLFDOO\�WUXH�IRU
DQ\�EHDP��.LP�����������F���%RWK�D�NLQHWLF�WKHRU\��.LP�������DQG�D�K\GURG\QDPLFV�WKHRU\��.LP
����F�� UHQGHU� WKH� VDPH� UHVXOW� IRU� WKH� (6� ZDYH�� 7KH� UHVXOW� LV� GHULYHG� XQGHU� WKH� DVVXPSWLRQ
.���g�=����ZKLFK�LV�VDWLVILHG�IRU�WKH�ILUVW�)(/��7KH�SRWHQWLDO�DPSOLWXGH�fR�RI�WKH�(6�ZDYH�GHULYHG
IURP�WKHVH�WKHRULHV�LV�DSSUR[LPDWHO\�>FI�HT�������RI�.LP�����@

( )��

G

�

�
����

�

+
=

P

PPRS

S
GF

$

lp

lw
f � ����

ZKHUH�wS
�� ��p�QH����Pg�� 7KXV��ZH� ILQG� WKDW�fR�����g�� 7KH� WUDQVYHUVH�ZLJJOLQJ�PRWLRQ� GULYHV� QHW

VWLPXODWHG�)(746�HPLVVLRQ�LQ�WKLV�(6�ZDYH��.LP�����F���7KH�UDWLR�RI�WKH�SRZHU�RI�QHW�VWLPXODWHG
WUDQVYHUVH�PRWLRQ�GULYHQ�)(746�HPLVVLRQ��70)(746��LQ�WKH�(6�ZDYH�WR�WKH�SRZHU�RI�QHW�VWLPX�
ODWHG�PDJQHWLF�EUHPVVWUDKOXQJ�LQ�WKH�PDJQHWLF�:LJJOHU�LV�JLYHQ�E\�>FI�HT�������RI�.LP�����F@
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ZKHUH�DR�LV�WKH�%RKU�UDGLXV��$VVXPLQJ�WKDW�WKH�WKH�FURVV�VHFWLRQDO�DUHD�6�RI�WKH�HOHFWURQ�EHDP�LV��
FP���DQG�LQVHUWLQJ�Q� �-S���HY6� ���

��FP±��DQG�RWKHU�YDOXHV�LQWR�WKH�DERYH�HTXDWLRQV�ZH�JHW�WKH�WKHR�
UHWLFDOO\�HVWLPDWHG�SRZHU�RI�QHW�VWLPXODWHG�70)(746�HPLVVLRQ�LV���WLPHV�ODUJHU�WKDQ�WKH�PHDVXUHG
VWLPXODWHG�SRZHU��WKDW�LV��WKH�IRUPHU�LV�RQ�WKH�VDPH�RUGHU�RI�PDJQLWXGH�DV�WKH�ODWWHU��7KXV��XQGHU�WKH
SUHVHQW� NQRZOHGJH�� IUHH�HOHFWURQ� ODVLQJ� LQ� WKH� ILUVW� )(/� VKRXOG� EH� DWWULEXWHG� WR� QHW� VWLPXODWHG
)(746�HPLVVLRQ�GULYHQ�E\�WUDQVYHUVH�ZLJJOLQJ��ZKLFK�LV�SURGXFHG�E\�WKH�PDJQHWLF�:LJJOHU��LQ�WKH
(6�ZDYH�JHQHUDWHG�E\�WKH�VDPH�PDJQHWLF�:LJJOHU�ZLWKLQ�WKH�HOHFWURQ�EHDP�

)URP� WKH�DERYH�ZH� FDQ� FRQYLQFH�RXUVHOYHV�RI� WKDW� WKH� FODVVLFDO�)(/� WKHRU\� LV� QRWKLQJ�EXW� D
JURXQGOHVV�ZLVKIXO�WKLQNLQJ�LQ�WKH�ILUVW�)(/��DQG�IUHH�HOHFWURQ�ODVLQJ�LQ�WKH�ILUVW�)(/�LV�PRVW�OLNHO\
QHW�VWLPXODWHG�)(746�HPLVVLRQ�GULYHQ�E\�WKH�WUDQVYHUVH�PRWLRQ�LQ�WKH�(6�ZDYH�SURGXFHG�E\�WKH
PDJQHWLF�:LJJOHU��7KHQ��WKH�TXHVWLRQ�ORJLFDOO\�DULVLQJ�IURP�WKLV�IDFW�LV�ZK\�GR�WKH�UHVXOWV�FDOFXODWHG
ZLWK� WKH� FODVVLFDO�)(/� WKHRU\� DJUHH�ZLWK� H[SHULPHQWDO� RQHV� LQ�5DPDQ�)(/V��7KH� DQVZHU� WR� WKLV
TXHVWLRQ�ZLOO� EH�SXEOLVKHG� HOVHZKHUH�� ,Q� WKLV� SDSHU�ZH� RQO\� FRQFHQWUDWH� WR� FRQILUP� WKDW� )(746
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HPLVVLRQ�RFFXUV�DV�4:'�GHVFULEHV��)RU�WKLV�ZH�QHHG�DQRWKHU�HYLGHQFH�RI�)(746�HPLVVLRQ��7KH
UDGLDWLRQ�LQ�WKH�ILUVW�63�FRQILJXUDWLRQ��6PLWK�DQG�3XUFHOO�������KDV�EHHQ�FODLPHG�WR�EH�DQ�)(746
HPLVVLRQ�E\�DQ�DQDO\VLV�ZKLFK�LV�PRVWO\�TXDOLWDWLYH�EXW�OHVV�TXDQWLWDWLYH��.LP�����E���7KH�HOHFWULF
:LJJOHU�LV�JHQHUDWHG�E\�D�PXFK�VLPSOHU�SURFHVV�LQ�WKH�ILUVW�63�FRQILJXUDWLRQ�WKDQ�LQ�WKH�ILUVW�)(/�VR
WKDW�WKH�DPSOLWXGH�DQG�ZDYHOHQJWK�RI�WKH�HOHFWULF�:LJJOHU�LQ�WKH�IRUPHU�LV�UHDGLO\�FDOFXODWHG�ZLWKRXW
XVLQJ� K\GURG\QDPLFV� RU� NLQHWLFV� DV� LQ� WKH� ODWWHU�� )XUWKHU�� VLQFH� WKH� 63� UDGLDWLRQ� FDQQRW� EH� DQ\
VWLPXODWHG�HPLVVLRQ��ZKLFK�ZLOO�EH�H[SODLQHG�ODWHU��WKH�FDOFXODWLRQ�RI�WKH�SRZHU�RI�WKH�63�UDGLDWLRQ
GRHV�QRW�LQYROYH�WKH�YDOXH�RI���I�(�(E�����(�B(� �(E��ZKLFK�LV�HVWLPDWHG�E\�WKH�DVVXPSWLRQ�WKDW�HT�
����KROGV��ZKLFK�LV�UHDVRQDEOH�EXW�QRW�TXLWH�REYLRXV��:H�ZLOO�VWXG\�PRUH�ULJRURXVO\�WKDQ�EHIRUH�WKH
UDGLDWLRQ�LQ�WKH�ILUVW�63�FRQILJXUDWLRQ��DQG�VKRZ�WKDW�WKH�H[SHULPHQWDOO\�HVWLPDWHG�SRZHU�DQG�ZDYH�
OHQJWK�FDQ�EH�H[SODLQHG�RQO\�E\�LGHQWLI\LQJ�WKH�63�UDWLRQ�ZLWK�DQ�)(746�HPLVVLRQ�

�����%ULHI�5HYLHZ�RI�WKH�6PLWK�3XUFHOO�5DGLDWLRQ�DQG�)UHH�(OHFWURQ�7ZR�
4XDQWXP�6WDUN�(PLVVLRQ�'ULYHQ�E\�0DFURVFRSLF�$[LDO�0RWLRQ

7KH�UDGLDWLRQ�REVHUYHG�LQ�FRQILJXUDWLRQV�VLPLODU�WR�WKDW�VKRZQ�LQ�)LJXUH���LV�FDOOHG�WKH�63�UDGLD�
WLRQ��,Q�WKH�RULJLQDO�63�H[SHULPHQW��6PLWK�DQG�3XUFHOO��������WKH�LQWHU�HOHFWURQ�GLVWDQFH�LV����WLPHV
ORQJHU�WKDQ�WKH�JDS�GLVWDQFH�G�RI�WKH�JUDWLQJ��.LP�����E���ZKLFK�LV�ORQJHU�WKDQ�WKH�ZDYHOHQJWK�l�RI
WKH�REVHUYHG�UDGLDWLRQ�VLQFH�WKH�ODWWHU�FDQ�EH�ZULWWHQ�E\�WKH�6PLWK�3XUFHOO��63��IRUPXOD��6PLWK�DQG
3XUFHOO������
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)LJ������6PLWK�3XUFHOO�H[SHULPHQW��7KH�HOHFWURQ�WUDYHOOLQJ�RQ�D�VWUDLJKW�WUDMHFWRU\�LQGXFHV�WKH
GLVWULEXWHG�FKDUJH�RQ�WKH�JUDWLQJ�VXUIDFH��7KH�UDGLDWLRQ�IURP�WKH�SRUWLRQ�RI�WKH�VXUIDFH�FKDUJH
LQ�WKH�VKDGHG�UHJLRQ�FDQQRW�EH�PHDVXUHG�E\�WKH�VSHFWURPHWHU�LQVWDOOHG�DW�DQJOH�q�
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DQG������b�±�FRVq������LQ�WKH�63�H[SHULPHQW��ZKHUH�b� �Y���F�ZLWK�Y�WKH�HOHFWURQ�YHORFLW\�DQG�q�LV�WKH
DQJOH�EHWZHHQ�WKH�HOHFWURQ�SDWK�DQG�WKH�HPLVVLRQ�GLUHFWLRQ�DV�VKRZQ�LQ�)LJXUH����6LQFH�WKH�UDGLDWLRQ
LV�REVHUYHG�LQ�WKH�REOLTXH�GLUHFWLRQ��L�H���q�����ZKLFK�KDV�]HUR�DPSOLILFDWLRQ�GLVWDQFH�>FI�)LJXUH��@�
WKH�REVHUYHG�UDGLDWLRQ�FDQQRW�EH�D�UDGLDWLRQ�ZKLFK�LV�DPSOLILHG�E\�VWLPXODWHG�HPLVVLRQ�RU�DQ\�RWKHU
DPSOLI\LQJ�SURFHVV��$FFRUGLQJO\��DQ\�FODVVLFDO�WKHRU\�ZKLFK�FRQFHLYHV�WKDW�DPSOLILFDWLRQ�RI�D�UDGLD�
WLRQ�LQ�D�:LJJOHU�LV�GXH�WR�EXQFKLQJ�E\�WKH�:LJJOHU�DQG�WKH�UDGLDWLRQ�ILHOG�FDQQRW�DSSO\�WR�WKH�UDGLD�
WLRQ�LQ�WKH�63�FRQILJXUDWLRQ�HYHQ�LI�WKLV�NLQG�RI�WKHRU\�ZHUH�YDOLG�

7KH�PHDVXUHG�UDGLDWLRQ�LQ�WKH�63�H[SHULPHQW��6PLWK�DQG�3XUFHOO�������LV�DQ�LQFRKHUHQW�VXP�RI
WKH�HPLVVLRQV�ZKLFK�DUH�RULJLQDWHG�IURP�WKH�LQGLYLGXDO�HOHFWURQV�DQG�DUH�QRW�DPSOLILHG�GXULQJ�WKH
SDVVDJH�IURP�WKH�HOHFWURQV�WR�WKH�VSHFWURJUDSK��,I�WKH�PHDVXUHG�UDGLDWLRQ�ZHUH�RULJLQDWHG�E\�D�FODV�
VLFDO�SURFHVV�� WKH�HVWLPDWHG�SRZHU�EDVHG�RQ� WKH�SKRWRJUDSKLF�HPXOVLRQ��6PLWK�DQG�3XUFHOO������
VKRXOG�DW�OHDVW�DJUHH�ZLWK�WKH�SRZHU�FDOFXODWHG�E\�XVLQJ�VL[�HTXDWLRQV�RI�FODVVLFDO�HOHFWURG\QDPLFV
�0D[ZHOO¶V�IRXU�HTXDWLRQ��WKH�/RUHQW]�IRUFH�HTXDWLRQ��DQG�1HZWRQ¶V�VHFRQG�ODZ�RI�PRWLRQ��LQ�WKH
RUGHU�RI�PDJQLWXGH��:H�ZLOO�FDOFXODWH�WKH�SRZHU�E\�XVLQJ�WKH�VL[�HTXDWLRQV�DQG�VKRZ�WKDW�WKH�FODVVL�
FDOO\�FDOFXODWHG�SRZHU�LV�VHYHUDO�RUGHUV�RI�PDJQLWXGH�VPDOOHU�WKDQ�WKH�HVWLPDWHG�SRZHU�EDVHG�RQ�WKH
SKRWRJUDSKLF�HPXOVLRQ��:H�ILUVW�EULHIO\�UHYLHZ�WKH�63�H[SHULPHQW�

3XUFHOO��6PLWK�DQG�3XUFHOO�������QRWLFHG�WKDW�/DUPRU¶V�IRUPXOD�IRU�WKH�UDGLDWLRQ�E\�D�QRQUHOD�
WLYLVWLF�FKDUJHG�SDUWLFOH�3� ��H�D�w�����F���ZKHUH�D� LV� WKH� UDGLXV�RI� WKH� URWDWLRQ�RU� WKH� URRW�PHDQ�
VTXDUH� �UPV��YDOXH�RI� WKH�RVFLOODWLQJ�DPSOLWXGH� LQ�SRVLWLRQ��DQG�w� LV� DQJXODU� IUHTXHQF\�� GRHV�QRW
LQFOXGH�WKH�PDVV�RI�WKH�SDUWLFOH��+H�DOVR�ILJXUHG�WKDW�LI�DQ�HOHFWURQ�SDVVHV�FORVH�WR�WKH�VXUIDFH�RI�D
PHWDO�GLIIUDFWLRQ�JUDWLQJ��PRYLQJ�DW�ULJKW�DQJOHV�WR�WKH�UXOLQJV�DV�VKRZQ�LQ�)LJXUH����WKH�HOHFWURQ�ZLOO
LQGXFHV�WKH�FKDUJH�RQ�WKH�VXUIDFH�RI�WKH�JUDWLQJ��3XUFHOO�WKRXJKW�WKDW�WKH�VXUIDFH�FKDUJH�FDQ�EH�UHSUH�
VHQWHG�E\�D�SRLQW�FKDUJH��³LPDJH´��ZKRVH�PDVV�FDQQRW�EH�GHVLJQDWHG��DQG�/DUPRU¶V�IRUPXOD�FDQ�EH
DSSOLHG�WR�WKH�LPDJH��VLQFH�PDVV�GRHV�QRW�DSSHDU�LQ�/DUPRU¶V�IRUPXOD���%RWK�WKH�HOHFWURQ�DQG�LWV
LPDJH� UHSHDW� WKHLU�SHULRGLF�PRWLRQV�ZLWK�H[DFWO\� WKH� VDPH� IUHTXHQF\��6LQFH� WKH� DPSOLWXGH�RI� WKH
RVFLOODWLQJ�YHUWLFDO�SRVLWLRQ�RI�WKH�LPDJH�LV�VHYHUDO�RUGHUV�RI�PDJQLWXGH�ODUJHU�WKDQ�WKDW�RI�WKH�HOHF�
WURQ��DQG�/DUPRU¶V� IRUPXOD�SUHVFULEHV� WKDW�3���D�� IRU�D�JLYHQ�IUHTXHQF\��3XUFHOO�JXHVVHG� WKDW� WKH
SRZHU�UDGLDWHG�IURP�WKH�VXUIDFH�FKDUJH�ZLOO�EH�ODUJHU�WKDQ�WKDW�IURP�WKH�HOHFWURQ�E\�D�IDFWRU�RI�PDQ\
SRZHUV�RI�WHQ��)XUWKHU��3XUFHOO�IRXQG�WKDW�WKH�ZDYHOHQJWK�RI�WKH�UDGLDWLRQ�IURP�WKH�HOHFWURQ�LV�JLYHQ
E\�HT��������6LQFH�WKH�ZDYHOHQJWK�JLYHQ�E\�HT������LV�DOVR�LQGHSHQGHQW�RI�WKH�PDVV��3XUFHOO�FRQFHLYHG
WKDW�WKH�ZDYHOHQJWK�RI�WKH�UDGLDWLRQ�IURP�WKH�LPDJH�IROORZV�WKH�63�IRUPXOD�

6PLWK�DQG�3XUFHOO�VHW�D�FRQILJXUDWLRQ�DV�VKRZQ�LQ�)LJXUH����DQG�REVHUYHG�WKDW��L��WKH�ZDYHOHQJWK
RI�WKH�UDGLDWLRQ�IROORZV�WKH�63�IRUPXOD��DQG��LL��LWV�SRZHU�LV�HTXDO�WR�WKH�SRZHU�RI�D�/DUPRU�UDGLDWLRQ
ZLWK�WKH�VDPH�IUHTXHQF\�DV�WKH�HOHFWURQ�H[SHULHQFHV�LQ�WKH�SHULRGLF�VWUXFWXUH�RI�WKH�JUDWLQJ��DQG�ZLWK
D� �����G��ZKLFK�LV�HTXDO�WR������WLPHV�JUHDWHU�WKDQ�WKH�SRZHU�GLUHFWO\�UDGLDWHG�E\�WKH�HOHFWURQ�DF�
FRUGLQJ� WR� WKH�FODVVLFDO�FRQFHSW� �.LP�����E���6LQFH� WKH�H[SHULPHQWDO� UHVXOW�ZHOO� DJUHHG�ZLWK�KLV
WKHRUHWLFDO�SUHGLFWLRQ�DQG�WKHUH�ZDV�QR�LQFHQWLYH�WR�TXHVWLRQ�VHULRXVO\�3XUFHOO¶V�FRQFHSW��3XUFHOO¶V
FRQFHSW�KDG�EHHQ�OHW�DORQH�ZLWKRXW�PDNLQJ�D�VFUXWLQ\�LQWR�LW�XQWLO�WKH�QDWXUH�RI�WKH�VR�FDOOHG�ZDNH
ILHOG�EHFDPH�D�PDWWHU�RI�FRQFHUQ��.LP��&KHQ�DQG�<DQJ��������'RXFDV�HW�DO��YHULILHG�WKDW�WKH�ZDYH�
OHQJWK�RI�WKH�63�UDGLDWLRQ�IROORZV�WKH�63�IRUPXOD��'RXFDV�HW�DO��������

,W� LV� QRW� YDOLG� WKDW� WKH� RULJLQ� RI� WKH� UDGLDWLRQ� HQHUJ\� FDQ� EH� WUDFHG� EDFN� RQO\� WR� WKH� VXUIDFH
FKDUJH��,W�LV�REYLRXV�WKDW�WKH�RULJLQ�LV�WUDFHG�EDFN�WR�WKH�HOHFWURQ�EH\RQG�WKH�VXUIDFH�FKDUJH��)URP
WKH�FRPPRQ�VHQVH��WKH�SRZHU�RI�WKH�63�UDGLDWLRQ�ZLOO�QRW�IROORZ�WKH�/DUPRU�IRUPXOD�VLQFH�WKH�DP�
SOLWXGH�RI�WKH�WUDQVYHUVH�ZLJJOLQJ�RI�WKH�VXUIDFH�FKDUJH�FDQ�EH�PDGH�DUELWUDULO\�ODUJH�>H�J������FP�IRU
D�SLOO�ER[� FDYLW\�� E\�PDNLQJ� WKH�GHSWK�RI� WKH�JUDWLQJ�YDOOH\�YHU\� ODUJH� >H�J��� D� SLOO�ER[� VWUXFWXUH
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�.LP��&KHQ�DQG�<DQJ������@��DQG�WKHQ�ZH�VKRXOG�VHH�D�VSHFWDFXODUO\�XOWUD�VWURQJ�HPLVVLRQ�ZKLFK�LV
PDQ\�RUGHUV�RI�PDJQLWXGH�ODUJHU�WKDQ�DQ\�SUHVHQWO\�NQRZQ�HPLVVLRQ��:KHQ�WKH�SK\VLFV�RI�WKH�ZDNH�
ILHOG�DFFHOHUDWLRQ�FRQFHSW��%DQH��:LOVRQ�DQG�:HLODQG�������ZDV�SURYHQ�DV�JHQHUDOO\�YDOLG�E\�H[�
SHULPHQWV��)LJXHURD�HW�DO���������WKH�QDWXUH�RI�WKH�ZDNH�ILHOG�EHFDPH�RI�JUHDW�LQWHUHVW��.LP�IRU�WKH
ILUVW�WLPH�FODULILHG�WKDW�WKH�ZDNH�ILHOG�LV�PRVWO\�D�UDGLDWLRQ�ILHOG�FRQYHUWHG�DW�WKH�FRQGXFWLQJ�VXUIDFH
IURP�WKH�VR�FDOOHG�YHORFLW\�ILHOG��-DFNVRQ��������ZKLFK�LV�HPLWWHG�E\�D�PRYLQJ�FKDUJH��.LP��&KHQ
DQG�<DQJ��������)XUWKHU��.LP�FODULILHG�WKDW�3XUFHOO¶V�FRQFHSW�LV�FDXVHG�IURP�WKH�PLVXQGHUVWDQGLQJ
RQ�WKH�ZDNH�ILHOG��.LP�����E���:H�EULHIO\�UHYLHZ�WKH�ZDNH�ILHOG�

$Q�HOHFWURQ�PRYLQJ�LQ�IUHH�VSDFH�LQGXFHV�WKH�HOHFWURPDJQHWLF��(0��ILHOGV�RI�/LpQDUG�:LHFKHUW
ZKLFK�FRQVLVW�RI�DFFHOHUDWLRQ� �RU� UDGLDWLRQ��DQG�YHORFLW\� ILHOGV� �-DFNVRQ� �������7KH�YHORFLW\�(0
ILHOG�FDQ�EH�YLHZHG�DV�WKH�PRGLILFDWLRQ�RI�WKH�&RXORPk�ILHOG�GXH�WR�WKH�HOHFWURQ�PRWLRQ��7KH�HQHUJ\
GHQVLW\�RI�YHORFLW\�ILHOG�DW�D�SRVLWLRQ�VFDOHV�DV�����5���ZKHUH�5�LV�WKH�UHWDUGHG�GLVWDQFH�EHWZHHQ�WKH
HOHFWURQ�DQG�WKH�REVHUYDWLRQ�SRVLWLRQ��7KXV��WKH�YHORFLW\�ILHOG�LV�FRPSOHWHO\�QHJOLJLEOH�DW�DQ\�GHWHF�
WRU�LQVWDOOHG�DW�DQ�RSHQ�VSDFH��DQG�WKH�GHWHFWRU�FDQ�PHDVXUH�RQO\�WKH�DFFHOHUDWLRQ�(0�ILHOG�LQ�WKH
SUDFWLFDO�VHQVH��+RZHYHU��WKH�YHORFLW\�ILHOG�IURP�D�FKDUJHG�SDUWLFOH�RU�EXQFK�LQ�SUDFWLFDOO\�XQLIRUP
PRWLRQ�RQ�D�VWUDLJKW�OLQH�LQ�D�GLVN�ORDGHG�UDGLR�IUHTXHQF\��5)��FDYLW\�RU�RQ�D�JUDWLQJ�SURGXFHV�D
PHDVXUDEOH�HIIHFW�DW� D� GHWHFWRU��7KLV� LV� EHFDXVH� WKH�YHORFLW\� ILHOG� LQGXFHV�GLVWULEXWHG� FKDUJH� DQG
FXUUHQW�DW�WKH�PHWDOOLF�VXUIDFH��ZKLFK�LQ�WXUQ�SURGXFH�HOHFWULF�DQG�PDJQHWLF�ILHOGV��ZKLFK�FRQVLVWV�RI
ILHOGV�IDOOLQJ�RII�DV�����5�DQG�����5���WKH�IRUPHU��ZKLFK�LV�FDOOHG�WKH�WUDQVYHUVH��RU�HOHFWURPDJQHWLF�
ZDNH��FDQ�DUULYH�DW�WKH�GHWHFWRU��:H�FDQ�VHH�LW�LQ�GHWDLO�DV�IROORZV�

)RU�VLPSOLFLW\��OHW�XV�DVVXPH�WKDW�D�VXUIDFH�QHDU�WKH�HOHFWURQ�SDWK�UH �UH�W��LV�PDGH�ZLWK�D�SHUIHFW
FRQGXFWRU��:KHQ�5�LV�VPDOO��WKH�DFFHOHUDWLRQ�(0�ILHOG�FDQ�EH�LJQRUHG�FRPSDUHG�WR�WKH�YHORFLW\�(0
ILHOG��7KH�VXUIDFH�FKDUJH�GHQVLW\�s�DQG�FXUUHQW�.�DW�D�SRVLWLRQ�UV�RQ� WKH� VXUIDFH�� LQGXFHG�E\� WKH
YHORFLW\�(0�ILHOG��DUH�UHODWHG�WR�WKH�HOHFWULF�ILHOG�DQG�PDJQHWLF�LQGXFWLRQ�DW�UV�E\�WKH�HTXDWLRQV�
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(TXDWLRQV����D��DQG����E��VKRZ�WKDW�VRPH�RI�WKH�YHORFLW\�ILHOG�IURP�D�PRYLQJ�HOHFWURQ�FRQYHUWV
WR�D� UDGLDWLRQ�ZKLFK� IDOOV�RII�DV�����5V�B�����_U�±�UH�WUHW�_� DIWHU� WKH�YHORFLW\� ILHOG�KLWV� WKH� FRQGXFWLQJ
VXUIDFH��6LQFH�WKH�VXUIDFH�FKDUJH�GHQVLW\�s�DQG�DQG�WKH�VXUIDFH�FXUUHQW�GHQVLW\�.� LQGXFHG�E\� WKH
YHORFLW\�(0�ILHOG�LV�HQRUPRXVO\�ODUJH�FRPSDUHG�WR�WKRVH�LQGXFHG�E\�WKH�DFFHOHUDWLRQ�(0�ILHOG�ZKHQ
WKH�FRQGXFWLQJ�VXUIDFH�LV�YHU\�QHDU�WKH�HOHFWURQ�SDWK��WKH�UDGLDWLRQ�ILHOG�FRQYHUWHG�IURP�WKH�YHORFLW\
(0�ILHOG�LV�PXFK�VWURQJHU�WKDQ�WKH�DFFHOHUDWLRQ�(0�ILHOG��ZKLFK�FRPHV�GLUHFWO\�IURP�WKH�PRYLQJ
HOHFWURQ��7KH�UDGLDWLRQ�ILHOG�FRQYHUWHG�IURP�WKH�YHORFLW\�(0�ILHOG� LV�VSHFLILFDOO\�FDOOHG� WKH� WUDQV�
YHUVH�ZDNH��)URP�HTV�����D��DQG����E���ZH�ILQG�WKDW�WKH�VXUIDFH�FKDUJH�DQG�FXUUHQW�GLUHFWO\�LQGXFHG
RQO\�E\�WKH�ILHOGV�IURP�WKH�HOHFWURQ�GRHV�QRW�FULWLFDOO\�GHSHQG�RQ�WKH�FXUYDWXUH�RI�WKH�VXUIDFH��7KH
DFWXDO�VXUIDFH�FKDUJH�DQG�FXUUHQW�GLVWULEXWLRQ�GHSHQGV�RQ�WKH�FXUYDWXUH�VLQFH�WKH�FKDUJH�DQG�FXUUHQW
LQGXFHG�E\� WKH� ILHOG� IURP� WKH� HOHFWURQ� H[HUWV� VHOI�FRQVLVWHQWO\� �ZLWK�0D[ZHOO¶V� HTXDWLRQV�� D� QHZ
ILHOG�RQ�LWVHOI�

2QFH�WKH�QDWXUH�RI�WKH�ZDNH�ILHOG�ZDV�FODULILHG��WZR�FRQFHSWV�KDG�EHHQ�DULVHQ�WR�LGHQWLI\�WKH�63
UDGLDWLRQ��7KH� ILUVW�ZDV� WKDW� WKH� 63� UDGLDWLRQ� LV� D�ZDNH�ILHOG� SKHQRPHQRQ� �'RXFDV�HW� DO�� ������
+RZHYHU�� LW�KDG�EHHQ�VKRZQ� WKDW� WKH� WKHRUHWLFDO�ZDYHOHQJWK�RI� WKH�ZDNH�GRHV�QRW� IROORZ� WKH�63
IRUPXOD��.LP�����E��.LP��&KHQ�DQG�<DQJ�������DQG�ZDV�FRQILUPHG�E\�D�ZDNH�ILHOG�DFFHOHUDWLRQ
H[SHULPHQW��)LJXHURD�HW�DO���������7KH�RWKHU�RQH�ZDV�WKDW�WKH�63�UDGLDWLRQ�LV�)(746�HPLVVLRQ�GXH
WR�HOHFWURQ�VSLQ�LQWHUDFWLQJ�ZLWK�WKH�D[LDO�FRPSRQHQW�RI� WKH�IRUFH�DFWLQJ�RQ� WKH�HOHFWURQ�IURP�WKH
VXUIDFH�FKDUJH��.LP�����H���7KH�ZDYHOHQJWK�RI�)(746�HPLVVLRQ�GXH� WR�HOHFWURQ�VSLQ� LV�H[DFWO\
JLYHQ�E\� WKH�63� IRUPXOD� �.LP�����H���+RZHYHU�� WKH�PHDVXUHG�SRZHU�RI� WKH� 63� UDGLDWLRQ� �.LP
����E��LV�PDQ\�SRZHUV�RI�WHQ�ODUJHU�WKDQ�WKH�SRZHU�RI�)(746�HPLVVLRQ�GXH�WR�HOHFWURQ�VSLQ�LQWHU�
DFWLQJ�ZLWK�WKH�D[LDO�FRPSRQHQW�RI�WKH�IRUFH�IURP�WKH�VXUIDFH�FKDUJH��7KHVH�PHDQ�WKDW�WKH�63�UDGLD�
WLRQ�LV�QHLWKHU�D�ZDNH�QRU�DQ�)(746�HPLVVLRQ�GXH�WR�HOHFWURQ�VSLQ��,Q�RUGHU�WR�VROYH�WKH�GLOHPPD�
.LP�FODLPHG�WKDW�)(746�HPLVVLRQ�FDQ�EH�SURGXFHG�HYHQ�E\�SUDFWLFDOO\�XQLIRUP�D[LDO�PRWLRQ��DQG
WKDW� WKH� 63� UDGLDWLRQ� LV� WKDW� NLQG� RI� )(746� HPLVVLRQ� �.LP� ����E�� F���.LP¶V� FDOFXODWLRQ� RI� WKH
SRZHU�RI�)(746�HPLVVLRQ�GULYHQ�E\�PDFURVFRSLF�D[LDO�PRWLRQ� LV� EDVHG�RQ� WKH� FRQFHSW� WKDW� WKH
SKDVH�RI�WKH�SUREDELOLW\�DPSOLWXGH�RI�D�WUDQVLWLRQ�URXWH�LQYROYLQJ�DQ�LQWHUDFWLRQ�ZLWK�D�:LJJOHU�LV
UDQGRP�VR�WKDW�WKH�SUREDELOLW\�DPSOLWXGHV�RI�WKH�WZR�URXWHV�RI�D�WZR�TXDQWXP�SURFHVV�DUH�LQFRKHU�
HQWO\�DGGHG�WR�PDNH�WKH�WRWDO�WUDQVLWLRQ�SUREDELOLW\��.LP�����G���ZKLFK�LV�GHVLJQDWHG�DV�WKH�WKLUG
ODZ�RI�4:'��.LP�����F���,I�ZH�FDOFXODWH� WKH�SUREDELOLW\�RI�D� WUDQVLWLRQ� WKURXJK�D� WZR�TXDQWXP
SURFHVV�LQYROYLQJ�LQWHUDFWLRQ�ZLWK�DQ�HOHFWULF�:LJJOHU�LQ�DFFRUGDQFH�ZLWK�WKH�WKLUG�ODZ�RI�4:'��WKH
SUREDELOLW\�VFDOHV�DV�����h��VR�WKDW�WKH�HPLVVLRQ�SRZHU�EHFRPHV�H[WUDRUGLQDULO\�ODUJH��,I�ZH�FDOFXODWH
VXFK�D�WUDQVLWLRQ�SUREDELOLW\�EDVHG�RQ�WKH�FRQFHSW�WKDW�WKH�SKDVH�RI�WKH�SUREDELOLW\�DPSOLWXGH�RI�D
WUDQVLWLRQ�URXWH�LQYROYLQJ�DQ�LQWHUDFWLRQ�ZLWK�D�:LJJOHU�LV�FRKHUHQW�VR�WKDW�WKH�SUREDELOLW\�DPSOLWXGHV
RI�WKH�WZR�URXWHV�RI�D�WZR�TXDQWXP�SURFHVV�FDQFHO�HDFK�RWKHU�� WKH� ORZHVW�RUGHU� WHUPV� LQ�h�RI� WKH
WUDQVLWLRQ�SUREDELOLW\�DUH�WKH�WHUPV�RI�WKH�RUGHU�RI�h���ZKLFK�DUH�JHQHUDWHG�E\�WKH�HOHFWURQ�VSLQ���.LP
����F��H���%HIRUH�WKH�DGYHQW�RI�4:'��LW�KDG�EHHQ�EHOLHYHG�WKDW�KLJK�HQHUJ\�HOHFWURQV�H[KLELW�RQO\
WKH� SKHQRPHQD� DVVRFLDWHG� ZLWK� TXDQWLWLHV� ZKLFK� GR� QRW� GLYHUJH� WR� LQILQLW\� LQ� WKH� FODVVLFDO� OLPLW
�h�������ZKLFK�LV�PLVOHDGLQJO\�FDOOHG�WKH�FRUUHVSRQGHQFH�SULQFLSOH��+HQFH��WKH�ODWWHU�FRQFHSW�KDG
EHHQ�DGRSWHG�EHIRUH�WKH�DGYHQW�RI�4:'��6LQFH�WKHUH�LV�QR�GLIIHUHQFH�EHWZHHQ�)(746�HPLVVLRQ�GXH
WR�HOHFWURQ�VSLQ�DQG� WKDW�GULYHQ�E\�PDFURVFRSLF�PRWLRQ�IURP�WKH�NLQHPDWLF�YLHZSRLQW�� WKH�ZDYH�
OHQJWK�RI�)(746�HPLVVLRQ�GULYHQ�E\�PDFURVFRSLF�PRWLRQ� LV� JLYHQ�E\� WKH�63� IRUPXOD� DV� WKDW� RI
)(746�HPLVVLRQ�GXH�WR�HOHFWURQ�VSLQ�LV�VR��.LP�����E��
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����:DYHOHQJWK�RI�WKH�(OHFWURPDJQHWLF�:DNH

/HW�XV�FRQVLGHU�WKUHH�HOHFWURQV�PRYLQJ�LQ�WKH�[±]�SODQH��$OO�WKUHH�HOHFWURQV�KDYH�WKH�VDPH�]�YH�
ORFLW\��EXW�GLIIHUHQW�SHULRGLF�WUDQVYHUVH�YHORFLWLHV�Y[�ZLWK�WKH�VDPH�SHULRG�DV�VKRZQ�LQ�)LJXUH����,Q
WKH� FRQFHSW� EDVHG� RQ� FODVVLFDO� HOHFWURG\QDPLFV�� DOO� WKUHH� HOHFWURQV� FDQQRW� HPLW� HOHFWURPDJQHWLF
ZDYHV�RI�WKH�VDPH�ZDYHOHQJWK��)XUWKHUPRUH��WKH�HOHFWURQV�LQ��D��DQG��E��FDVHV�FDQQRW�HPLW�D�OLQH�
VSHFWUXP�HPLVVLRQ�VLQFH�WKHLU�WUDQVYHUVH�YHORFLWLHV�DUH�QRW�V\QFKURQL]HG�ZLWK�WKH�HOHFWULF�ILHOG�RI�DQ
HOHFWURPDJQHWLF�ZDYH��.LP�����D��E��

)RU�WZR�SRLQW�FKDUJHV�WR�HPLW�UDGLDWLRQV�RI�WKH�VDPH�ZDYH�YHFWRU��WKHLU�WUDQVYHUVH�YHORFLWLHV�PXVW
EH�V\QFKURQL]HG�ZLWK�WKH�HOHFWULF�ILHOG�RI�D�PRQRFKURPDWLF�(0�ZDYH�ZLWK�WKH�VDPH�ZDYH�YHFWRU�
7KXV��WKH�HOHFWURQ�WUDQVYHUVH�YHORFLWLHV�PXVW�EH�V\QFKURQL]HG�ZLWK�HDFK�RWKHU��$FFRUGLQJO\��IRU�ERWK
DQ�HOHFWURQ�DQG�DQ�HOHPHQW�RI�WKH�VXUIDFH�FKDUJH� LQGXFHG�E\� WKH�HOHFWURQ� WR�HPLW�PRQRFKURPDWLF
HOHFWURPDJQHWLF�ZDYHV�RI�WKH�VDPH�ZDYH�YHFWRU��WKH�WUDQVYHUVH�YHORFLW\� ( )WYH

^ �RI�WKH�HOHFWURQ�PXVW

EH�UHODWHG�ZLWK�WKH�WUDQVYHUVH�YHORFLW\� ( )WYV

^ �RI�WKH�IOXLG�HOHPHQW�RI�WKH�VXUIDFH�FKDUJH�DV�VHHQ�IURP

WKH�GHWHFWRU�E\
( ) ( )WDYWWY V

R

H

^^ =- � ����

ZKHUH�D�DQG�WR�DUH�FRQVWDQWV��(TXDWLRQ������FDQQRW�EH�VDWLVILHG�IRU�WKH�HOHFWURQ�DQG�D�VXUIDFH�FKDUJH
IOXLG� HOHPHQW�� 7KLV� LV� UHDGLO\� VHHQ� E\� D� IROORZLQJ� GUDPDWLF� H[DPSOH��:KHQ� WKH� FKDUJH� HOHPHQW
PRYHV�LQWR�WKH�VKDGHG�UHJLRQ�DV�VKRZQ�LQ�)LJ�����DQ\�UDGLDWLRQ�IURP�WKLV�HOHPHQW�FDQQRW�EH�GLUHFWO\
VHHQ�E\� WKH� VSHFWURPHWHU� LQVWDOOHG� DW� DQJOH�q��7KXV�� IURP� WKH� YLHZSRLQW� RI� WKH� VSHFWURPHWHU�� WKH

)LJ�����7HPSRUDO�SURILOHV�RI�WKH�WUDQVYHUVH�YHORFLWLHV�RI�WKUHH�HOHFWURQV�LQ�GLIIHUHQW�SHULRGLF
PRWLRQV�ZLWK�WKH�VDPH�SHULRG�DQG�]�YHORFLW\�
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FKDUJH�HOHPHQW�GLVDSSHDUV�ZKHQ�LW�LV�LQ�WKH�VKDGHG�UHJLRQ��$FFRUGLQJO\��WKH�WUDQVYHUVH�YHORFLW\�RI
WKH�HOHFWURQ�DV�VHHQ�E\�WKH�REVHUYHU�DW�DQJOH�q�LV�FRQWLQXRXV��ZKLOH�WKDW�RI�WKH�VXUIDFH�FKDUJH�HOH�
PHQW�LV�GLVFRQWLQXRXV�DV�GHSLFWHG�E\�)LJ�����E���+HQFH��WKH�UDGLDWLRQ�IURP�WKH�VXUIDFH�FKDUJH�HOH�
PHQW� LV� SHULRGLFDOO\� SXOVDWLQJ� ZLWK� DQ� LQWHUYDO� WLPH�� %\� )RXULHU� DQDO\VLV�� WKH� ZDYHOHQJWK� RI� WKH
GRPLQDQW�PRGH�RI�VXFK�UDGLDWLRQ�FDQQRW�EH�H[SUHVVHG�E\�WKH�63�IRUPXOD��L�H���HT��������$FFRUGLQJO\�
WKH�UDGLDWLRQV�ZKLFK�DUULYHG�DW�WKH�REVHUYDWLRQ�LQVWUXPHQW�GLUHFWO\�IURP�DOO�HOHPHQWV�RI�WKH�VXUIDFH
FKDUJH��ZLWKRXW�DQ\�UHIOHFWLRQ�DW�WKH�JUDWLQJ�VXUIDFH��FDQQRW�VXP�WR�D�UDGLDWLRQ�ZKLFK�KDV�WKH�XQLTXH
ZDYHOHQJWK�JLYHQ�E\�WKH�63�IRUPXOD��7KXV��WKH�VSHFWUXP�RI�VXFK�UDGLDWLRQ�FDQQRW�EH�RI�OLQH�VKDSH�LQ
WKH�IUHTXHQF\�DQG�GLUHFWLRQ�EXW�VKRXOG�EH�EURDG�

)URP�WKH�DERYH��ZH�FDQ�FRQFOXGH�WKDW�WKH�REVHUYHG�63�UDGLDWLRQ��ZKLFK�VDWLVILHV�WKH�63�IRUPXOD�
FDQQRW�RULJLQDWH�IURP�WKH�VXUIDFH�FKDUJH��DQG�WKHUH�LV�QR�FRQWUDGLFWLRQ�LQ�WKH�FODLP�WKDW�WKH�63�UDGLD�
WLRQ�LV�)(746�HPLVVLRQ�DV� IDU�DV� WKH�REVHUYHG�ZDYHOHQJWK�DQG�VSHFWUDO�ZLGWK� LV�FRQFHUQHG�VLQFH
)(746�HPLVVLRQ�LV�RI�PRQRFKURPDWLF�DQG�VDWLVILHV�WKH�63�IRUPXOD��.LP�����E��

����7KH�5DGLDWLRQ�3RZHU�IURP�WKH�6XUIDFH�&KDUJH�LQ�WKH�6PLWK�3XUFHOO
&RQILJXUDWLRQ

6PLWK�DQG�3XUFHOO��������DQG�'RXFDV�HW�DO���������PHDVXUHG�UDGLDWLRQV�DW�DQJOH�q������7KXV��WKH
REVHUYHG� UDGLDWLRQV�FDQQRW�EH� WKH� LQGXFHG�HPLVVLRQ�VLQFH� WKHUH� LV�SUDFWLFDOO\�QR�DQRWKHU� HOHFWURQ
ZKLFK�FDQ�EH�LQGXFHG�E\�D�UDGLDWLRQ�HPLWWHG�LQ�VXFK�REOLTXH�GLUHFWLRQ�IURP�DQ�HOHFWURQ��:H�ZLOO�DOVR
VKRZ�WKDW�WKH�REVHUYHG�UDGLDWLRQ�GRHV�QRW�FRPH�IURP�WKH�VXUIDFH�FKDUJH�LQGXFHG�E\�WKH�HOHFWURQV�E\
DQDO\]LQJ�WKH�UDGLDWLRQ�SRZHU�

7KH�IRUFH�IURP�WKH�VXUIDFH�FKDUJH�WR�WKH�HOHFWURQ�FDQQRW�EH�ODUJHU�WKDQ�WKH�IRUFH�IURP�WKH�HOHF�
WURQ�WR�WKH�VXUIDFH�FKDUJH��DQG�WKH�ODWWHU�FDQQRW�EH�ODUJHU�WKDQ�H����U��ZKHUH�U�LV�WKH�GLVWDQFH�EHWZHHQ
WKH�HOHFWURQ�DQG�LWV�SRVLWLYH�LPDJH�FKDUJH��ZKLFK�UHSUHVHQWV�WKH�VXUIDFH�FKDUJH��6LQFH�WKH�DYHUDJH�RI
WKH�ODWWHU�IRUFH�LV�RI�WKH�RUGHU�RI�H����E��a�H����G����ZKHUH�E�LV�WKH�DYHUDJH�RI�WKH�SHUSHQGLFXODU�GLVWDQFH
IURP�WKH�HOHFWURQ�SDWK�WR�WKH�JUDWLQJ�VXUIDFH�DV�VKRZQ�LQ�)LJ�����WKH�UHODWLYLVWLF��Y�a�F��HOHFWURQ�PRYHV
LQ�WKH�WUDQVYHUVH��[��GLUHFWLRQ�E\�D�GLVWDQFH
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ZKHQ�LW�WUDYHOV�D�GLVWDQFH�G�LQ�WKH�]�GLUHFWLRQ��ZKHUH�UH� �H
����PF��LV�WKH�FODVVLFDO�HOHFWURQ�UDGLXV�

(TXDWLRQ������LQGLFDWHV�WKDW�WKH�HOHFWURQ�WUDYHOV�RQ�D�SUDFWLFDOO\�VWUDLJKW�SDWK�VLQFH�WKH�DYHUDJH
GRZQZDUG�VORSH�LV�UH���G�a���

±��LQ�WKH�63�H[SHULPHQW��6PLWK�DQG�3XUFHOO��������HVWLPDWHG�WKH�WRWDO
UDGLDWLRQ�SRZHU�E\�PHDQV�RI�D�SKRWRJUDSKLF�HPXOVLRQ�DV�EHLQJ�HTXDO� WR�D�/DUPRU� UDGLDWLRQ�ZLWK
D� �����G�DQG�w� �g�Y���G�ZLWKLQ�DQ�HUURU�PDUJLQ�RI�WKH�RUGHU�RI�RQH�WKRXVDQG��7KH�NLQHWLF�HQHUJ\�ORVV
DV�DQ�HOHFWURQ�WUDYHOV�D�JUDWLQJ�SHULRG�G�LV�HTXDO�WR�WKH�HVWLPDWHG�UDGLDWLRQ�SRZHU�PXOWLSOLHG�E\�WKH
WLPH��W� �G���Fb��IRU�WKH�HOHFWURQ�WR�WUDYHO�D�JUDWLQJ�SHULRG��.LP�����E���ZKLFK�LV�H[SUHVVHG�E\
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PHDVXUHG = � ����

7KLV� NLQHWLF� HQHUJ\� ORVV� LV� DERXW� RQH� WHQ� WKRXVDQGWK�RI� WKH� LQLWLDO� HOHFWURQ�NLQHWLF� HQHUJ\� �a����
NH9���7KXV�� LQ� WKH� ]HURWK�RUGHU� DSSUR[LPDWLRQ�� WKH� HOHFWURQ� FDQ� EH� FRQVLGHUHG� WR� EH� LQ� XQLIRUP
PRWLRQ�RQ�D�VWUDLJKW�OLQH��,I�WKH�JUDWLQJ�VXUIDFH�ZHUH�IODW��WKHUH�ZRXOG�EH�QR�OLQH�HPLVVLRQ�HYHQ�LQ�WKH
FODVVLFDO� FRQFHSW�� 7KXV�� WKH� 63� UDGLDWLRQ�� ZKLFK� LV� RI� OLQH� VSHFWUXP�� PXVW� EH� SURGXFHG� E\� WKH
JURRYHV�LQ�WKH�FODVVLFDO�FRQFHSW��WKDW�LV��WKH�63�UDGLDWLRQ�LV�GHULYHG�IURP�WKH�HQHUJ\�KLWWLQJ�WKH�YDOOH\
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VXUIDFH�RI�WKH�JURRYHV��7KHUHIRUH��LI�ZH�VKRZ�WKDW�WKH�HQHUJ\�KLWWLQJ�WKH�YDOOH\�VXUIDFH�RI�D�JURRYH�LV
IDU�VPDOOHU�WKDQ�WKH�PHDVXUHG�YDOXH�RI�WKH�HQHUJ\�UDGLDWHG��WKH�FODVVLFDO�FRQFHSW�VKRXOG�EH�GLVPLVVHG
DV�LQYDOLG�

/HW�WKH�HOHFWURQ�EH�RQ�WKH�SRLQW�2�DW�W� ���DV�VKRZQ�LQ�)LJXUH����)URP�WKH�/LpQDUG�IRUPXOD��-DFN�
VRQ� ������ ZH� UHDGLO\� ILQG� WKDW� WKH� HQHUJ\� DUULYHG� DW� WKH� XQLW� DUHD� ZLWK� QRUPDO� YHFWRU

]P\P[PP ]\[
ÖÖÖÖ ++= ��ZKLFK�LV�+�GLVWDQW�IURP�WKH�HOHFWURQ�SDWK��LQ�DQ\�GLUHFWLRQ�LV
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,Q�WKH�63�H[SHULPHQW��6PLWK�DQG�3XUFHOO��������WKH�UDGLXV�5E�RI�WKH�HOHFWURQ�EHDP�LV��������FP�
DQG�WKH�JUDWLQJ�SHULRG�LV���������±��FP��:H�DVVXPH�YHU\�FRQVHUYDWLYHO\��L�H���LQ�PXFK�IDYRU�RI�WKH
FODVVLFDO�FRQFHSW�WKDW�WKH�ORZHVW�DOWLWXGH�K�LQ�)LJ����IRU�WKH�HOHFWURQ�WR�SDVV�RYHU�WKH�JUDWLQJ�ZLWKRXW
DQ\�FROOLVLRQ�LV�WKH�FODVVLFDO�HOHFWURQ�UDGLXV�UH��DQG�WKH�EHDP�FHQWHU�JUD]HV�WKH�JUDWLQJ�VR� WKDW� WKH
HQHUJ\�GHSRVLW�LQ�WKH�JUDWLQJ�YDOOH\�EHFRPHV�PD[LPXP��7KHQ��WKH�PDJQLWXGH�RI�WKH�HQHUJ\�KLWWLQJ
RQ�WKH�VXUIDFH�6� �$$¶%¶Æ���%%¶&¶&�RI�D�JUDWLQJ�YDOOH\�DV�VKRZQ�LQ�)LJ����E\�DQ�DYHUDJH�HOHFWURQ
VKRXOG�VDWLVI\
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)LJ�����6FKHPDWLF�VKRZLQJ�WKH�ILHOG�IURP�D�PRYLQJ�HOHFWURQ�DW�ZKDW�SRVLWLRQ�DUULYHV�DW�DQ
LQILQLWHVLPDO�DUHD�G6�DW�WKH�YDOOH\�VXUIDFH�



$3(,521�9RO����1U������-DQXDU\�$SULO����� 3DJH���

ZKHUH� �PHDQV�WKH�DYHUDJH�RYHU�WKH�EHDP�HOHFWURQV��'�LV�WKH�PD[LPXP�YDOOH\�GHSWK��'�a�G�LV
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KDV�EHHQ�XVHG��7KXV��HYHQ�LI�ZH�DVVXPH�WKDW�DOO�HQHUJ\�KLWWLQJ�WKH�YDOOH\�VXUIDFH�LV�WUDQVIRUPHG�LQWR
WKH� WUDQVYHUVH� ZDNH�� WKH� UDWLR� RI� WKH� ZDNH� SRZHU� WR� WKH�PHDVXUHG� SRZHU� LQ� WKH� 63� H[SHULPHQW
�b� ������LV�OLPLWHG�E\

���
0HDVXUHG�5DGLDWLRQ�3RZHU

3RZHU:DNH
-<=

PHDVXUHG

VXUIDFH

(
(

5 = � ����

$FFRUGLQJO\��WKH�SRZHU�RI�WKH�PHDVXUHG�63�UDGLDWLRQ�FDQQRW�EH�DFFRXQWHG�IRU�ZLWK�WKH�ZDNH�ILHOG
FRQFHSW�

����7KH�3RZHU�RI�)UHH�(OHFWURQ�7ZR�4XDQWXP�6WDUN�(PLVVLRQ�LQ�WKH
)LUVW�6PLWK�3XUFHOO�&RQILJXUDWLRQ

6LQFH�WKH�63�UDGLDWLRQ�GRHV�QRW�FRPH�IURP�WKH�VXUIDFH�FKDUJH��LW�PXVW�FRPH�GLUHFWO\�IURP�WKH
HOHFWURQ��7KH�ILHOG�DV�VHHQ�E\�WKH�HOHFWURQV�LQ�WKH�63�H[SHULPHQW�LV�D�SHULRGLF�ILHOG�ZKRVH�SRWHQWLDO
DPSOLWXGH��ZKLFK�LV�REYLRXVO\�OHVV�WKDQ����H9��H����DR�a����H9��ZKHUH�DR�LV�WKH�%RKU�UDGLXV���LV�YHU\
VPDOO�FRPSDUHG�WR�WKH�HOHFWURQ�NLQHWLF�HQHUJ\��7KXV��WKH�ILHOG�FDQ�EH�FRQVLGHUHG�DV�D�TXDQWXP�LQ
NLQHPDWLFV�� ,W�ZDV� VKRZQ� IURP�NLQHPDWLFV� WKDW� WKH�ZDYHOHQJWK� RI� WKH� HPLVVLRQ� GLUHFWO\� IURP� WKH
HOHFWURQ� VDWLVILHV� WKH� 63� IRUPXOD� �.LP� ����E���7KXV�� DV� IDU� DV�ZDYHOHQJWK� LV� FRQFHUQHG�� WKH� 63
UDGLDWLRQ�FDQ�EH�DQ�HPLVVLRQ�ZKLFK�GLUHFWO\�FRPHV�IURP�WKH�HOHFWURQ��,Q�FODVVLFDO�HOHFWURG\QDPLFV�
IRU�D�JLYHQ�PDJQLWXGH�RI�WKH�DSSOLHG�IRUFH�WKH�UDGLDWLRQ�HPLWWHG�ZLWK�D�WUDQVYHUVH�DFFHOHUDWLRQ�LV�D
IDFWRU�RI�g�� ODUJHU� WKDQ�ZLWK�D�SDUDOOHO�DFFHOHUDWLRQ��S������RI� -DFNVRQ��������+RZHYHU�� HYHQ� WKH
SRZHU�RI� WKH�HPLVVLRQ�GULYHQ�E\� WKH� WUDQVYHUVH�FRPSRQHQW�RI� WKH� IRUFH� IURP� WKH� VXUIDFH� FKDUJH�
ZKLFK�FDQ�EH�FDOFXODWHG�ZLWK�HLWKHU�TXDQWXP�PHFKDQLFDO��.LP�����D��RU�FODVVLFDO��+RIPDQQ������
IRUPXOD��LV�D�IDFWRU�RI���±���VPDOOHU�WKDQ�WKH�PHDVXUHG�SRZHU�LQ�WKH�63�H[SHULPHQW��.LP�����E��
7KHUHIRUH��WKH�63�UDGLDWLRQ�PXVW�EH�DQ�HPLVVLRQ�GLUHFWO\�IURP�WKH�HOHFWURQV�WKURXJK�D�QRQ�FODVVLFDO
SURFHVV��6LQFH�WKH�HOHFWURQ�PRYHV�E\�D�GLVWDQFH�RI�WKH�RUGHU�RI�UH� LQ�WKH�WUDQVYHUVH�GLUHFWLRQ�DV�LW
WUDYHOV�RQH�:LJJOHU�SHULRG�LQ�WKH�D[LDO�GLUHFWLRQ��WKH�WUDQVYHUVH�PRWLRQ�GRHV�QRW�SURGXFHV�DQ\�PDF�
URVFRSLFDOO\� REVHUYDEOH� SKHQRPHQRQ�� ,Q� RXU� SUHVHQW� NQRZOHGJH�ZH� FDQ� RQO\� LGHQWLI\� VXFK� QRQ�
FODVVLFDO�HPLVVLRQ�ZLWK�)(746�HPLVVLRQ�GXH�WR�D[LDO�PRWLRQ�LQ� WKH�D[LDO�FRPSRQHQW�RI� WKH�IRUFH
IURP�WKH�VXUIDFH�FKDUJH��.LP�����E���:H�ZLOO�VKRZ�WKDW�WKH�SRZHU�RI�WKH�)(746�HPLVVLRQ�ZHOO
DJUHHV�ZLWK�WKH�HVWLPDWHG�SRZHU�EDVHG�RQ�WKH�SKRWRJUDSKLF�HPXOVLRQ�E\�6PLWK�DQG�3XUFHOO��������LQ
WKH�IROORZLQJ�

7KH�SRZHU�RI�)(746�HPLVVLRQ�GXH�WR�D[LDO�PRWLRQ�RI�DQ�HOHFWURQ�WUDYHOLQJ�LQ�DQ�HOHFWULF�:LJ�
JOHU�ZLWK�SRWHQWLDO�DPSOLWXGH�fR�LV�JLYHQ�E\�>FI�HT���������RI�.LP�����E
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6LQFH�fR�a�H���K�LQ�WKH�63�FRQILJXUDWLRQ��WKH�UDGLDWLRQ�SRZHU�DYHUDJHG�RYHU�WKH�EHDP�HOHFWURQV�LQ�WKH
6PLWK�3XUFHOO�FRQILJXUDWLRQ�LV�JLYHQ�E\
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)URP�HTV������±������WKH�HQHUJ\�UDGLDWHG�WKURXJK�)(746�HPLVVLRQ�DV�WKH�HOHFWURQ�WUDYHOV�D�JUDWLQJ
SHULRG�LV

�

�

��

�

���

��
�

G
H

U
G
H

5

G
F

G3
( H

FE

)(746
)(746  Ü

Ý

Û
Ì
Í

Ë
Ü
Ý

Û
Ì
Í

Ë
 =

lpb
ag

b
r ����

ZKHUH�
F

l � �h���PF� LV� WKH�&RPSWRQ�ZDYHOHQJWK��7KH� QXPHULFDO� YDOXH� RI� HT�� ����� LV� VPDOOHU� E\� D
IDFWRU� ���� WKDQ� WKH�PHDVXUHG� YDOXH� H[SUHVVHG� E\� HT�� ������ &RQVLGHULQJ� WKDW� 6PLWK� DQG� 3XUFHOO¶V
HVWLPDWLRQ�IRU�WKH�UDGLDWLRQ�SRZHU�EDVHG�RQ�SKRWRJUDSKLF�HPXOVLRQ�LV�YDOLG�RQO\�ZLWKLQ�D�IDFWRU�RI
KXQGUHGV��ZH� FDQ� FODLP� WKDW� WKH�SRZHU�RI� WKH�63� UDGLDWLRQ� UHDVRQDEO\� DJUHHV�ZLWK� WKH� SRZHU� RI
)(746�HPLVVLRQ�

%HVLGHV� WKH� DERYH� IDFW��.LP�GLVFRYHUHG� WKDW� LQ�ERWK�6PLWK�3XUFHOO� ������� DQG�'RXFDV�HW� DO�
�������FRQILJXUDWLRQV�WKH�'&��QRQ�DOWHUQDWLQJ��IRUFH�ZKLFK�WKH�HOHFWURQ�H[SHULHQFHV�GXH�WR�VSRQWD�
QHRXV�HPLVVLRQ�LV�VWURQJHU�WKDQ�WKH�RVFLOODWLQJ�/RUHQW]�IRUFH�DFWLQJ�RQ�WKH�HOHFWURQ�IURP�WKH�VXUIDFH
FKDUJH�ZKLFK�GULYHV�WKH�HPLVVLRQ��.LP�����D��E���7KLV�FDQ�EH�UHDGLO\�YHULILHG�ZLWK�WKH�IRUHJRLQJ
UHVXOWV�LQ�WKH�FDVH�RI�WKH�63�FRQILJXUDWLRQ�DV�IROORZV��7KH�DPSOLWXGH�RI�WKH�/RUHQW]�IRUFH�DFWLQJ�RQ

WKH�HOHFWURQ�LV�OHVV�WKDQ� �� � KH ��ZKLOH�WKH�'&�IRUFH�DFWLQJ�RQ�WKH�HOHFWURQ�LV�(PHDVXUHG���G��)URP

HTV�������DQG�������ZH�ILQG�WKDW�WKH�ODWWHU�LV�ODUJHU�WKDQ�WKH�IRUPHU��$FFRUGLQJO\��LI�WKH�63�UDGLDWLRQ�LV
VRPH�HPLVVLRQ�WKDW�FDQ�EH�H[SODLQHG�ZLWK�FODVVLFDO�HOHFWURG\QDPLFV��WKH�REVHUYHG�IDFW�WKDW�WKH�IRUFH
GXH� WR� VSRQWDQHRXV� HPLVVLRQ� LV� ODUJHU� WKDQ� WKH�/RUHQW]� IRUFH�ZKLFK�GULYHV� WKH� HPLVVLRQ�PXVW� EH
H[SODLQHG�ZLWK�FODVVLFDO�HOHFWURG\QDPLFV�ZKLFK�LV�EDVHG�RQ�WKH�WHQHW�WKDW�WKHUH�LV�QR�PDFURVFRSLFDOO\
PHDVXUDEOH�IRUFH�DFWLQJ�RQ�D�FKDUJHG�SDUWLFOH�IURP�HOHFWULF��PDJQHWLF�DQG���RU�HOHFWURPDJQHWLF�ILHOGV
RWKHU�WKDQ�WKH�/RUHQW]�IRUFH�

����'LVFXVVLRQ�DQG�&RQFOXVLRQV

:H�KDYH�UHYHDOHG�WKDW�WKH�FODVVLFDO�)(/�FRQFHSW�LV�JURXQGOHVV�E\�VKRZLQJ�WKDW�WKH�PHDVXUHG�UD�
GLDWLRQ�SRZHU�RI�WKH�ILUVW�)(/�LQ�WKH�SUHVHQFH�RI�WKH�H[WHUQDOO\�ODXQFKHG�ODVHU�OLJKW�LV�PXFK�ODUJHU
WKDQ�WKH�SRZHU�ZKLFK�ZRXOG�EH�FDOFXODWHG�ZLWK�WKH�FODVVLFDO�)(/�WKHRU\��7KH�PHDVXUHG�SRZHU�LV�IDU
JUHDWHU�WKDQ�WKH�SRZHU�RI�QHW�VWLPXODWHG�PDJQHWLF�EUHPVVWUDKOXQJ��,W� LV�VKRZQ�WKDW� LQ� WKH�SUHVHQW
NQRZOHGJH��RQO\�IUHH�HOHFWURQ�WZR�TXDQWXP�6WDUN��)(746��HPLVVLRQ�GULYHQ�E\�WKH�WUDQVYHUVH�ZLJ�
JOLQJ��ZKLFK� LV� JHQHUDWHG� E\� WKH�PDJQHWLF�:LJJOHU�� LQ� WKH� HOHFWULF�:LJJOHU� SURGXFHG�ZLWKLQ� WKH
HOHFWURQ�EXQFK�E\�WKH�PDJQHWLF�:LJJOHU�KDV�VXFK�SRZHU��6XFK�)(746�HPLVVLRQ�FDQ�EH�FRQFHLYDEOH
RQO\�LQ�4XDQWXP�:LJJOHU�(OHFWURG\QDPLFV��4:'���,Q�RUGHU�WR�FKHFN�WKH�YDOLGLW\�RI�4:'��ZH�KDYH
WKRURXJKO\�VWXGLHG�WKH�VR�FDOOHG�6PLWK�3XUFHOO��63��UDGLDWLRQ�

,Q�WKH�63�H[SHULPHQW��6PLWK�DQG�3XUFHOO�������WKH�HQHUJ\�UHOHDVH�WKURXJK�DFFHOHUDWLRQ�(0�ILHOG
SHU�XQLW� WLPH�LV�RQO\�D�QHJOLJLEOH�SRUWLRQ�RI��L�H�����±��� WLPHV�� WKH�REVHUYHG�UDGLDWLRQ�SRZHU��.LP
����E���7KH�YHORFLW\�(0� ILHOG� FDQQRW� DUULYH� DW� DQ\�SUDFWLFDO� GHWHFWRU��+RZHYHU��ZKHQ� D� UXJJHG
VXUIDFH�OLNH�WKH�VXUIDFH�RI�D�JUDWLQJ�LV�QHDU�WKH�HPLWWLQJ�HOHFWURQ��YHORFLW\�(0�ILHOG�FRQYHUWV�WR�DFFHO�
HUDWLRQ�(0�ILHOG�E\�JHQHUDWLQJ�D�VXUIDFH�FKDUJH�RQ�WKH�VXUIDFH�

7KH�SUHYDOHQW�FRQFHSW�RQ�WKH�63�UDGLDWLRQ�LV�WKDW�WKH�63�UDGLDWLRQ�LV�WKH�UDGLDWLRQ�IURP�WKH�VXU�
IDFH� FKDUJH� SURGXFHG� RQ� WKH� JUDWLQJ� VXUIDFH� E\� WKH� HOHFWURQV� SDVVLQJ� DERYH� WKH� JUDWLQJ� VXUIDFH�
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ZKLFK�LV�FRPPRQO\�FDOOHG�D�ZDNH��,Q�RUGHU�WR�GLVSURYH�WKLV�FRQFHSW��ZH�KDYH�VKRZQ�WKDW�WKH�ZDYH�
OHQJWK�RI�WKH�UDGLDWLRQ�IURP�WKH�VXUIDFH�FKDUJH�LQ�WKH�63�FRQILJXUDWLRQV�FDQ�E\�QR�ZD\�VDWLVI\�WKH�63
IRUPXOD�ZKLFK� LV� VDWLVILHG�E\� WKH�PHDVXUHG� UDGLDWLRQ� DQG� FDQQRW� EXW� EH� RI� FRQWLQXRXV� VSHFWUXP�
)XUWKHU��ZH�KDYH�SURYHQ�WKDW�WKH�PDJQLWXGH�RI�WKH�UDGLDWLRQ�SRZHU�IURP�WKH�VXUIDFH�FKDUJH�PXVW�EH�D
IDFWRU�RI���±��VPDOOHU�WKDQ�WKH�PHDVXUHG�UDGLDWLRQ�SRZHU�LQ�WKH�63�H[SHULPHQW��7KHUHIRUH�� WKH�63
UDGLDWLRQ�PXVW�EH�WR�FRPH�IURP�DQ�HPLVVLRQ�SURFHVV�WKDW�FDQQRW�EH�H[SODLQHG�ZLWK�FODVVLFDO�HOHFWUR�
G\QDPLFV�� 7KH� RUGLQDU\� TXDQWXP�PHFKDQLFV� EHIRUH� WKH� DGYHQW� RI� 4:'� GRHV� QRW� GHVFULEH� DQ\
VSRQWDQHRXV� HPLVVLRQ� SURFHVV� ZKLFK� FDQQRW� EH� GHVFULEHG� ZLWK� FODVVLFDO� HOHFWURG\QDPLFV�� LW� GH�
VFULEHV�D�VWLPXODWHG�HPLVVLRQ�ZKLFK�GRHV�QRW�H[LVW� LQ� WKH�IUDPHZRUN�RI�FODVVLFDO�HOHFWURG\QDPLFV
DQG�FRUUHVSRQGV� WR�D� VSRQWDQHRXV�HPLVVLRQ� WKDW�FDQ�EH�GHVFULEHG�ZLWK�FODVVLFDO� HOHFWURG\QDPLFV�
7KH�REVHUYHG� UDGLDWLRQ� LQ� WKH�63� W\SH� H[SHULPHQW� �L�H��� WKH�63� UDGLDWLRQ�� FDQQRW� FRPH� IURP�DQ\
VWLPXODWHG�HPLVVLRQ�VLQFH�LW�LV�REVHUYHG�LQ�WKH�REOLTXH�GLUHFWLRQ�ZLWK�WKH�HOHFWURQ�EHDP��7KHUHIRUH�
WKH�63�UDGLDWLRQ�PXVW�EH�DQ�HPLVVLRQ�WKDW�FDQQRW�EH�GHVFULEHG�HYHQ�WKH�RUGLQDU\�TXDQWXP�PHFKDQLFV
EHIRUH�WKH�DGYHQW�RI�4:'��7KH�63�UDGLDWLRQ�FDQQRW�EXW�EH�LGHQWLILHG�DV�IUHH�HOHFWURQ�WZR�TXDQWXP
6WDUN��)(746��HPLVVLRQ�GXH�WR�PDFURVFRSLF�D[LDO�PRWLRQ�LQ�WKH�D[LDO�FRPSRQHQW�RI�WKH�SHULRGLF
IRUFH�IURP�WKH�VXUIDFH�FKDUJH�ZKLFK�LV�FRQFHLYDEOH�RQO\�ZLWK�4:'��,QGHHG��WKH�ZDYHOHQJWK�RI�WKH
)(746�HPLVVLRQ�LV�JLYHQ�E\�WKH�63�IRUPXOD�

)XUWKHU��E\�WDNLQJ�LQWR�DFFRXQW�D�IDFW�WKDW�WKH�HOHFWURQ�EHDP�UDGLXV�LV�DERXW����WLPHV�ORQJHU�WKDQ
WKH�JUDWLQJ�SHULRG�LQ�WKH�FDOFXODWLRQ�RI�WKH�VWUHQJWK�RI�WKH�HOHFWULF�ILHOG�DFWLQJ�RQ�DQ�DYHUDJH�HOHFWURQ
IURP�WKH�VXUIDFH�FKDUJH�LQ�WKH�FDVH�RI�WKH�ILUVW�63�H[SHULPHQW��6PLWK�DQG�3XUFHOO��������ZH�KDYH
IRXQG�WKDW�WKH�SRZHU�RI�)(746�HPLVVLRQ�GXH�WR�D[LDO�PRWLRQ�LQ�WKH�D[LDO�FRPSRQHQW�RI�WKH�HOHFWULF
ILHOG�IURP�WKH�VXUIDFH�FKDUJH�ZHOO�DJUHHV�ZLWK�WKH�REVHUYHG�SRZHU��7KXV��ZH�FDQQRW�EXW�FRQFOXGH
WKDW�WKH�63�UDGLDWLRQ�LV�VXFK�)(746�HPLVVLRQ��7KLV�PHDQV�WKDW�DW�OHDVW�WKH�WKLUG�ODZ�RI�4:'��ZKLFK
FDQ�EH�VWDWHG�DV�WKH�SUREDELOLW\�DPSOLWXGHV�RI�WKH�WZR�URXWHV�RI�D�WZR�TXDQWXP�SURFHVV�DUH�LQFRKHU�
HQWO\�DGGHG�WR�PDNH�WKH�WRWDO�WUDQVLWLRQ�SUREDELOLW\��PXVW�EH�YDOLG�

5HIHUHQFHV

%DQH��.��/��)���:LOVRQ��3��%��DQG�:HLODQG��7���������$,3�&RQI��3URF����������
'RXFDV��*���0XOYH\��-��+���2PRUL��0���:DOVK��-��DQG�.LPPLWW��0��)���������³)LUVW�REVHUYDWLRQ�RI�6PLWK�3XUFHOO

UDGLDWLRQ�IURP�UHODWLYLVWLF�HOHFWURQV�´�3K\V��5HY��/HWW����������
(OLDV��/��5���)DLUEDQN��:��0���0DGH\��-��0��-���6FKZHWWPDQ��+��$��DQG�6PLWK��7��,���������3K\V��5HY��/HWW��

��������
)LJXHURD��+���*DL��:���.RQHFQH\��5���1RUHP��-���5XJJLHUR��$���6FKRHVVRZ��3��DQG�6LPSVRQ��-���������3K\V��5HY�

/HWW�����������
+RIPDQQ��$������Ü��1XFO��,QVWU��0HWKRGV��������
-DFNVRQ��-��'���������&ODVVLFDO�(OHFWURG\QDPLFV���-RKQ�:LOH\��1HZ�<RUN��
.LP��6��+���������3K\V��)OXLGV��������
.LP��6��+���������³)UHH�HOHFWURQ�ODVLQJ�LQ�D�WUDQVYHUVH�XQGXODWLQJ�PDJQHWLF�ILHOG�´�3K\V��OHWW��$��������
.LP��6��+�������D��³1HW�LQYHUVH�EUHPVVWUDKOXQJ�DFFHOHUDWLRQ�LQ�3ODVPD�ZDYHV�´�-��3K\V��6RF��-DSDQ��������
.LP��6��+�������E��³6WLPXODWHG�HPLVVLRQ�IURP�D�ODVHU�ZLJJOHG�HOHFWURQ�EHDP�WUDYHOLQJ�LQ�DQ�HOHFWURVWDWLF

ZDYH�´�-��3ODVPD�3K\V���������
.LP��6��+������F��³4XDQWXP�ILHOG�WKHRUHWLFDO�UHODWLRQVKL3�EHWZHHQ�WKH�D[LDO�VSRQWDQHRXV�HPLVVLRQ�DQG�WKH�ODVHU

JDLQ��DQG�LWV�DSSOLFDWLRQ�WR�WKH�IUHH�HOHFWURQ�WZR�TXDQWXP�6WDUN�ODVHU�´�1XRYR�&LPHQWR���Â�%�����
.LP��6��+�������D��³4XDQWXP�PHFKDQLFDO�WKHRU\�RI�7KRPVRQ�VFDWWHULQJ�E\�D�UHODWLYLVWLF�HOHFWURQ�´�-��3K\V��6RF�

-DSDQ������
.LP��6��+�������E��³6SRQWDQHRXV�IUHH�HOHFWURQ�WZR�TXDQWXP�6WDUN�HPLVVLRQ�LQ�DQ�DUELWUDU\�GLUHFWLRQ�IURP�D

]HUR�WHPSHUDWXUH�HOHFWURQ�EHDP�´�-��3ODVPD�3K\V���������
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.LP��6��+�������F��³4XDQWXP�PHFKDQLFDO�WKHRU\�RI�IUHH�HOHFWURQ�WZR�TXDQWXP�6WDUN�HPLVVLRQ�GULYHQ�E\�WUDQV�
YHUVH�PRWLRQ�´�-��3K\V��6RF��-DSDQ���������

.LP��6��+�������G��³3ULQFLSOH�RI�UDQGRP�ZDYH�IXQFWLRQ�SKDVH�RI�WKH�ILQDO�VWDWH�LQ�IUHH�HOHFWURQ�HPLVVLRQ�LQ�D
:LJJOHU�´�$SHLURQ�������

.LP��6��+�������H��³4XDQWXP�PHFKDQLFDO�FDOFXODWLRQ�RI�VSRQWDQHRXV�IUHH�HOHFWURQ�WZR�TXDQWXP�6WDUN�HPLVVLRQ
LQ�DQ�DUELWUDU\�GLUHFWLRQ�´�-��.RUHDQ�3K\V��6RF���������

.LP��6��+�������D��³$�QRQ�/RUHQW]LDQ�IRUFH�VWURQJHU�WKDQ�WKH�/RUHQW]�IRUFH�´�$SHLURQ������

.LP��6��+�������E��³(OHFWURPDJQHWLF�ZDNH�LQ�WKH�6PLWK�3XUFHOO�FRQILJXUDWLRQ�´�-��.RUHDQ�3K\V��6RF���������

.LP��6��+�������F��³4XDQWXP�:LJJOHU�HOHFWURG\QDPLFV�DQG�LWV�DSSOLFDWLRQ�WR�DQ�;�UD\�WXUER�PDJQHWLF�XQGXOD�
WRU�XVLQJ�KDUPRQLF�IUHH�HOHFWURQ�WZR�TXDQWXP�6WDUN�HPLVVLRQ�´�-��.RUHDQ�3K\V��6RF���������

.LP��6��+���&KHQ��.��:��DQG�<DQJ��-��6���������³0RGDO�DQDO\VLV�RI�ZDNH�ILHOGV�DQG�LWV�DSSOLFDWLRQ�WR�HOOLSWLFDO
SLOO�ER[�FDYLW\�ZLWK�ILQLWH�DSHUWXUH�´�-��$SSO��3K\V����������

.LWDJDZD��<���0DWVXPRWR��7���0LQDPLKDWD��7���6DZDL��.���0DWVXR��.���0LPD��.���1LVKLKDUD��.���$]HFKL��+��
7DQDND��.��$���7DNDEH��+��DQG�1DNDL��6���������³%HDW�ZDYH�H[FLWDWLRQ�RI�SODVPD�ZDYH�DQG�REVHUYDWLRQ
RI�DFFHOHUDWHG�HOHFWURQV�´�3K\V��5HY��/HWW��������

0DUVKDO��7��&���������)UHH�(OHFWURQ�/DVHUV��0DF0LOODQ��1HZ�<RUN���FK����
6PLWK��6��-��DQG�3XUFHOO��(��0��������³9LVLEOH�OLJKW�IURP�ORFDOL]HG�VXUIDFH�FKDUJHV�PRYLQJ�DFURVV�D�JUDWLQJ�´

3K\V��5HY����������


