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#���,�6�6�8�(
&RUUHVSRQGHQFH��FRQIHUHQFH�WKUHDGV�DQG�GHEDWH

2Q�WKH�5ROH�RI�6SDFH�DQG�7LPH�LQ
5HODWLYLW\�7KHRU\

0\� YHQHUDEOH� IULHQG� 0HQGHO� 6DFKV� �$SHLURQ�
9RO���� 1U������ ������ EHORQJV�� WRJHWKHU� ZLWK� +HQUL
%HUJVRQ� DQG� (�*�� &XOOZLFN�� WR� WKH� VHOHFW� JURXS� RI
³SXUH� UHODWLYLVWV´�� ,Q� FRQWUDVW� WR� (LQVWHLQ� DQG� KLV
IROORZHUV��L�H��WKH�RYHUZKHOPLQJ�PDMRULW\�RI�SUHVHQW�
GD\�SK\VLFLVWV���WKH�³SXULVWV´�FRQVLGHU�³WLPH�GLODWLRQ´�
³PDVV� LQFUHDVH� ZLWK� YHORFLW\´�� D�V�R��� DV� ³DS�
SHDUHQFHV´��RU�³LOOXVLRQV´��QRW�XQOLNH�WKH�FRQYHUJHQFH
RI�WKH�UDLOV�RI�D�UDLOURDG�WUDFN�DV�WKH\�UHFHGH�LQWR�WKH
GLVWDQFH��7R�0HQGHO�6DFKV�WKH�&(51�PXRQ�OLIH�WLPH
H[SHULPHQW�PHDQV�DQ�DSSDUHQWO\��L�H��³DV�YLHZHG�IURP
ODERUDWRU\´��VORZHU�GHVLQWHJUDWLRQ�UDWH��UDWKHU�WKDQ�DQ
DEVROXWH�LQFUHDVH�RI�WKH�OLIH�WLPH��DV�GHPRQVWUDWHG�E\
WKH�WUDQVSRUW�RI�XQVWDEOH�SDUWLFOHV� WR�GLVWDQFHV�PXFK
ODUJHU�WKDQ�F�τ��%RWK�WDX� �γ�τ�DQG�P� �γ�P��GR�KDYH
G\QDPLFDO�H[SODQDWLRQV�DQG�KDYH�QRWKLQJ�WR�GR�ZLWK
³VSHFLDO´� UHODWLYLW\�� 0RUHRYHU�� UDGLDWLRQ� UHTXLUHV� D
XQLTXH��YHU\�SULYLOHJHG�DEVROXWH� IUDPH�RI� UHIHUHQFH�
*RRG� SURIHVVLRQDOV�� OLNH� ,YHV�� %XLOGHU�� 3URNKRYQLN�
-iQRVV\�� $U]HOLqV�� %HOO�� 9LJLHU� DQG� PDQ\� RWKHUV�
EHFDPH� ³QHR�/RUHQW]LDQV´�� E\� WU\LQJ� WR� ILW� WRJHWKHU
³VSHFLDO´� UHODWLYLW\� DQG� WKH� DEVROXWH� VSDFH� DQG� WLPH
WKHRU\�RI�/RUHQW]�DQG�3RLQFDUp�

$IWHU����\HDUV�RI�UHODWLYLW\�FULWLFLVP�³IURP�LQVLGH´�
0HQGHO� 6DFKV� XWWHUO\� IDLOHG� WR� SHUVXDGH� WKH� (VWDE�
OLVKPHQW�RI� WKH�FRUUHFWQHVV�RI�KLV� LQWHUSUHWDWLRQ��+LV
³5XEDVKRYLDQ� DWWLWXGH´� �5XEDVKRY�� WKH� KHUR� RI
$UWKXU� .RHVWOHU�V� ³'DUNQHVV� DW� 1RRQ´�� LV� DQ� ROG�
IDLWKIXO�EROVKHYLN��ZKR�GHIHQGV�FRPPXQLVP�HYHQ�LQ
D�FRPPXQLVW� MDLO������RQO\�ZHDNHQV� WKH�ZHOO�IRXQGHG
�EXW� YHU\� KDUG�� ILJKW� DJDLQVW� WKH� GRJPDWLFDOO\� GH�
IHQGHG�³VSHFLDO´�UHODWLYLW\�

*HRUJH�*DOHF]NL��'�6F�
6RF��IRU�WKH�$GY��RI�3K\VLFV�5�6�

)OLWWDUGHU�+DXSWVWUD�H���
'�������&RORJQH��*HUPDQ\

5HSO\�IURP�0��6DFKV
*HRUJH� *DOHF]NL� KDV� LW� ZURQJ� DERXW� WKH� ORJLFDO

EDVLV� RI� UHODWLYLW\� WKHRU\� YHUVXV� WKH� FRQVHQVXV� RI
RSLQLRQ� WRGD\²H[FOXGLQJ� (LQVWHLQ� KLPVHOI�� (LQ�
VWHLQ¶V� FRPPHQWV� LQ� KLV� ³$XWRELRJUDSKLFDO� 1RWHV´
�UHIHUUHG�WR�LQ�P\�$SHLURQ�OHWWHU��DV�ZHOO�DV�UHIHUHQFHV
PXFK� HDUOLHU� WKDQ� WKLV� �H�J�� KLV� OHFWXUH� LQ� �����
TXRWHG�LQ�$��(LQVWHLQ��6LGHOLJKWV�RI�5HODWLYLW\��'RYHU�
�������S������PDNH�LW�FOHDU�WKDW�KH�GLG�LQGHHG�FKDQJH
KLV�PLQG�DERXW�KLV�HDUOLHU�IDXOW\�LQWHUSUHWDWLRQ�RI�WKH

/RUHQW]� WUDQVIRUPDWLRQ� DV� UHIHUULQJ� WR� DQ� DEVROXWH
SK\VLFDO�HIIHFW�LQ�PDWWHU²VKULQNLQJ�VWLFNV�RU�UHWDUG�
LQJ�WKH�UHDGLQJ�RI�WKH�KDQGV�RI�D�FORFN���+H�VDLG�WKDW
WKLV� ZRXOG� LQGHHG� EH� ORJLFDOO\� LQFRQVLVWHQW�� DQG� DV
VXFK�LW�LV�LQDGPLVVLEOH�DV�D�VFLHQWLILF�FRQFOXVLRQ�

:LWKRXW� JRLQJ� LQWR� WKH� GHWDLOV� DJDLQ�� WKH� UHDVRQ
IRU� WKH� ORJLFDO� LQFRQVLVWHQF\�RI� WKH� FRQVHQVXV� LQWHU�
SUHWDWLRQ�RI�WKH�/RUHQW]�WUDQVIRUPDWLRQ�DV�D�SK\VLFDO
HIIHFW�LV�WKH�UHODWLYLW\�RI�UHIHUHQFH�IUDPHV��7KH�ODWWHU
ZRXOG� LPSO\� WKDW� D� PHWHU� VWLFN� LV� ERWK� ORQJHU� DQG
VKRUWHU�WKDQ�DQRWKHU�PHWHU�VWLFN��WKDW�D�WZLQ�EURWKHU�LV
ERWK�ROGHU�DQG�\RXQJHU�WKDQ�KLV�EURWKHU��HWF��%XW�WKH
LQWHUSUHWDWLRQ� RI� WKH� /RUHQW]� WUDQVIRUPDWLRQ� DV� D
µVFDOH�FKDQJH¶�HQWDLOV�QR�ORJLFDO�SDUDGR[�

*DOHF]NL� VD\V� WKDW� ³UDGLDWLRQ� UHTXLUHV� D� XQLTXH�
YHU\�SULYLOHJHG�DEVROXWH�UHIHUHQFH�IUDPH��+H�VHHPV�WR
EH� XQDZDUH� WKDW� WKLV� ³PRGHO´� RI� DEVROXWH� UHIHUHQFH
IUDPHV� IRU� DOO� SK\VLFDO� SKHQRPHQD�� LV� LQFRQVLVWHQW
ZLWK� WKH� UHODWLYLW\�RI� UHIHUHQFH� IUDPHV�� DFFRUGLQJ� WR
(LQVWHLQ¶V� SULQFLSOH� RI� FRYDULDQFH²QR� PDWWHU� ZKDW
WKH�³JRRG�SURIHVVLRQDOV´�VD\�

2QH�PD\� WKHQ� VD\�� 2.�� EXW� UHODWLYLW\� LV� ZURQJ�
%XW�RQH�FDQQRW�KDYH�LW�ERWK�ZD\V��NHHSLQJ�WKH�YDOLG�
LW\�RI� WKH� WKHRU\�RI�UHODWLYLW\�DQG�WKH�DEVROXWH� UHIHU�
HQFH�IUDPH�IRU�UDGLDWLRQ��3HUVRQDOO\��,�EHOLHYH�WKDW�LW
LV�(LQVWHLQ¶V� UHODWLYLW\� WKHRU\�EDVHG�RQ� WKH�SULQFLSOH
RI�FRYDULDQFH�WKDW�LV�VFLHQWLILFDOO\�WUXH�

2Q�FRQVHQVXV�RI�RSLQLRQ�YHUVXV� WUXWK�� ,�PD\� UH�
PLQG� 'U�� *DOHF]NL� RI� DGYLFH� WKDW� ZDV� JLYHQ� DERXW
����\HDUV�DJR�

)RU�ZKHQ�VRPHWKLQJ�KDV�EHHQ�GHPRQVWUDWHG�
WKH�FRUUHFWQHVV�RI�WKH�PDWWHU�LV�QRW�LQFUHDVHG�
DQG�FHUWDLQW\�UHJDUGLQJ�LW�LV�QRW�VWUHQJWKHQHG
E\�WKH�FRQVHQVXV�RI�DOO�PHQ�RI�NQRZOHGJH�ZLWK
UHJDUG�WR�LW��1RU�FRXOG�WKH�FRUUHFWQHVV�EH�GL�
PLQLVKHG�DQG�FHUWDLQW\�UHJDUGLQJ�LW�EH�ZHDN�
HQHG� HYHQ� LI� DOO� SHRSOH� RQ� (DUWK� GLVDJUHHG
ZLWK�LW�

0RVHV�0DLPRQLGHV��*XLGH�RI� WKH�3HUSOH[HG�� WUDQVO�
6��3LQHV��8QLY�RI�&KLFDJR�3UHVV���������S������

0HQGHO�6DFKV
'HSW��RI�3K\VLFV��681<

%XIIDOR��1<

6HOOHUL¶V�7KHRUHP
*HQHUDOO\�� VFLHQFH� SURJUHVVHV�� QRW� VR� PXFK� E\

FDUSLQJ�LFRQRFODVP��EXW�E\�SRVLWLYH�FRQWULEXWLRQV�WKDW
KHOS� DOO� RI� XV� VHH� EHWWHU� VRPH� IDFHW� RI� QDWXUH�� 7R
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XQGHUVWDQG�WKH�SRZHUIXO�PHVVDJH�LQ�6HOOHUL¶V�WKHRUHP
>����RQH�PXVW�DVVVHVV�ZKR�LW�KDV�KHOSHG�

)LUVW��LI�LW�LV�WR�KHOS�GHIOHFW�WKH�FRQYHQWLRQDOV�IURP
WKH�VWUHQJWK�RI�WKHLU�PRQROLWKLF�VWDQG��LW�LV�EHVW�WR�XVH
WKHLU� FRQYHQWLRQDO� ODQJXDJH�� DV� 6HOOHUL� GLG�� HYHQ
WKRXJK�PRVW� RI� WKH� SUHVHQW� FRQIXVLRQ� RI� ERWK� FRQ�
YHQWLRQDOV� DQG� GLVVLGHQWV� FRPHV� IURP� WKH� PL[� RI
WHFKQLFDO� ZLWK� FRPPRQ� ZRUG� XVDJH�� 7KH� MRE� RI
GLVVLGHQWV�LV�WR�KHOS�VRUW�RXW�WKH�ODQJXDJH�DQG�JLYH�WKH
FRQYHQWLRQDOV�D�FDXVH�DQG�HIIHFW�EDVLV�IRU�WKH�H[SHUL�
PHQWDO� GDWD� DQG�PDWKHPDWLFDO� IRUPDOLVP� RI� VSHFLDO
UHODWLYLW\��ZKLFK�WKH\�XVH�GDLO\�ZLWK�JUHDW�VXFFHVV�

6HFRQG�� WR� KHOS� RXUVHOYHV�� ZH� PXVW� FRUUHFW� WKH
SUHVHQW�FRQGLWLRQ�³D�GLIIHUHQW�WKHRU\�IRU�HYHU\�GLVVL�
GHQW�´� D� ZHDN� DSSURDFK� DJDLQVW� WKH� FRQYHQWLRQDO
PRQROLWK�� 6HOOHUL¶V� WKHRUHP� KHOSV� WR� GR� WKLV� LQ� WKH
IROORZLQJ�ZD\��:KHQ��QRW�LI��ZH�VXFFHHG�LQ�FRUUHFW�
LQJ�WKH�FRQYHQWLRQDOV¶�SRVLWLRQ��ZH�ZLOO�ILQG��DV�LQ�WKH
SDVW�� WKDW� WKH�PRGLILFDWLRQV� LQ� WKH�H[SHULPHQWDO�GDWD
DQG� PDWKHPDWLFDO� IRUPDOLVP� ZLOO� EH� YHU\� VPDOO�
ZKHUHDV� WKH� FKDQJH� LQ� YLHZSRLQW�� ODQJXDJH� DQG
XQGHUVWDQGLQJ�ZLOO�EH�VLJQLILFDQW��7KH�VDPH�SULQFLSOH
DSSOLHV� LQ� WKH� GLVVLGHQWV¶� QHHG� WR� XQLWH� XQGHU� RQH
DSSURDFK�

)RU�H[DPSOH��RQH�JURXS�RI�GLVVLGHQWV� UHFRJQL]HV
WKH�H[SHULPHQWDO�YDOLGLW\�RI� WKH� FRQVWDQF\�RI���ZD\
OLJKW�YHORFLW\� DQG� WKH� VORZLQJ�RI�SK\VLFDO� FORFNV� LQ
PRWLRQ� UHODWLYH� WR� WKH�REVHUYHU��EXW� UHMHFWV� WKH� FRQ�
WUDFWLRQ�RI�SK\VLFDO�URGV�LQ�SHUSHWXDWLRQ�RI�WKH�P\WK
WKDW� ³RQO\� WKLQJV� GLUHFWO\� PHDVXUDEOH� DUH� UHDO�´� ,W
VKRXOG�EH�FOHDU�WKDW�DQ\�PHDVXUHPHQW�LV�GLIILFXOW�DQG
LQDFFXUDWH� �6HH� >�@��� 8QGHUVWDQGLQJ� FRPHV� PRVWO\
IURP� LPDJLQDWLRQ� DQG� LQWXLWLRQ� VXSSRUWHG�E\�PHDV�
XUHPHQW��ZKHUH�SRVVLEOH�� VR�6HOOHUL¶V� WKHRUHP�KHOSV
WKDW�VPDOO�JURXS�RI�GLVVLGHQWV�MRLQ�WKH�UHVW�RI�XV��ZKR
UHDOL]H�WKDW�WKH�URG�FRQWUDFWLRQ�LV�SK\VLFDOO\�UHDO��ZLWK
WKH�VDPH�FDXVH�DQG�HIIHFW�EDVLV�DV�WKH�FORFN�FRQWUDF�
WLRQ�� 1RWLFH� WKDW� VSDFH� DQG� WLPH� KDYH� QRW� \HW� DS�
SHDUHG�LQ�WKLV�GLVFXVVLRQ�

2QH�RI�WKH�ELJJHVW�SUREOHPV�IDFLQJ�FRQYHQWLRQDOV
DQG�GLVVLGHQWV�DOLNH�LV�SXVKLQJ�WKH�PHWDSK\VLFDO�EDVH
GRZQ�EHORZ�WKH�OHYHOV�RI�DEVWUDFWLRQ�ZKHUH�SK\VLFV�LV
XQGHUVWRRG��2QO\�E\�FOHDQLQJ�DOO�PHWDSK\VLFDO� LGHDV
RXW�RI�WKH�SK\VLFV�OHYHOV�FDQ�SDUDGR[�EH�HOLPLQDWHG�
3K\VLFV� OHYHOV� DUH� DOO� FDXVH�DQG�HIIHFW� XQGHUVWDQG�
DEOH��EXW�WKH�PHWDSK\VLFDO�EDVH�LV�D�VHW�RI�VWDWHPHQWV
WKDW� SUREDEO\� QHYHU� ZLOO� EH� XQGHUVWDQGDEOH�� 2QH
PHWDSK\VLFDO�EDVH�WKDW�KDV�EHHQ�SXVKHG�GRZQ�RXW�RI
D�VXFFHVVIXO�SK\VLFDO�WKHRU\�����DOORZV�D�XQLYHUVH�WKDW
KDV�MXVW�WKUHH�PHWDSK\VLFDO�FRPSRQHQWV�

���1HZWRQ¶V�DEVROXWH�VSDFH
���1HZWRQ¶V�DEVROXWH�WLPH
���$�PDVVOHVV��IULFWLRQOHVV�IOXLG�ILOOV�VSDFH
/LWWOH�PRUH�FDQ�EH� VDLG� DERXW� VSDFH�DQG� WLPH�RU

WKH�IDFW�WKDW�WKH�IOXLG�HWKHU�ILOOV�WKH�VSDFH��7KHVH�WKUHH

FRQGLWLRQV� DUH� PHWDSK\VLFDO�� L�H�� QRW� H[SODLQDEOH�
3K\VLFV� WDNHV� WKHVH� WKUHH�QRQ�SK\VLFDO� IDFWV�DQG��E\
GLVFRYHULQJ� WKH� SK\VLFDO� SURSHUWLHV� RI� WKH� HWKHU�
EXLOGV� IURP� WKHP� WKH�ZRUOG�RI� UHDO�REMHFWV��3K\VLFV
VKRZV� WKDW� SDUWLFOHV� DQG�ZDYHV� DUH� VROXWLRQV� RI� WKH
HWKHU¶V� HTXDWLRQV� RI� PRWLRQ�� 7KH� SDUWLFOHV� FKDQJH
VKDSH� ZKHQ� PRYLQJ� UHODWLYH� WR� WKH� PDLQ� ERG\� RI
HWKHU��DQG��EHFDXVH�URGV�DQG�FORFNV�DUH�PDGH�RI�WKHVH
IOH[LEOH� SDUWLFOHV�� WKH� URGV� DQG� FORFNV� FKDQJH�� WKH
FORFNV� VORZLQJ� DQG� WKH� URGV� FRQWUDFWLQJ�� 7KHVH
FKDQJHV�KDYH�QRWKLQJ�WR�GR�ZLWK�PHWDSK\VLFDO�VSDFH
DQG� PHWDSK\VLFDO� WLPH�� WKH\� RQO\� DIIHFW� PHDVXUHG
GLVWDQFH�DQG�FORFN�WLPH��RQ�DQ�XQGHUVWDQGDEOH�FDXVH
DQG�HIIHFW�EDVLV�

1R� H[SHULPHQW� KDV� HYHU� EHHQ� SHUIRUPHG� RQ
³VSDFH´�RU�³WLPH´��ZKLFK�DSSHDU�WR�EH�KRPRJHQHRXV�
WR�WKH�H[WHQW�WKDW�WHUP�FDQ�EH�DSSOLHG�WR�VXFK�PHWD�
SK\VLFDO�LGHDV��&HUWDLQO\��WKH�HWKHU¶V�SK\VLFDO�SURSHU�
WLHV�DOORZ�ODUJH�UHJLRQV�ZKHUH�QR�SDUWLFOHV�RU�ZDYHV
H[LVW� WR� EH� KRPRJHQHRXV�� ,Q� XVLQJ� WUDQVIRUPDWLRQ
WKHRU\�� WKH� VWDWHPHQW� ³LQHUWLDO� UHIHUHQFH� IUDPH´� LP�
SOLHV�D�SK\VLFDO�ODERUDWRU\��UHSOHWH�ZLWK�SK\VLFDO�URGV
DQG� FORFNV� WKDW� GHILQH� WLPH� DQG� SRVLWLRQ� LQVLGH� WKH
ODERUDWRU\�� 7KDW� LV� ZKDW� LV� EHLQJ� WUDQVIRUPHG� WR
DQRWKHU� SK\VLFDO� ODERUDWRU\¶V� FORFN� DQG� SRVLWLRQ
UHDGLQJV�� 2QH� FDUSHU� DFFXVHG� 6HOOHUL� RI� XVLQJ� D
³SK\VLFDO´� UDWKHU� WKDQ� D� ³PDWKHPDWLFDO´� IRXQGDWLRQ�
7KDW�SLQSRLQWHG�WKH�HVVHQFH�RI�WKH�SUREOHP�DW�KDQG��,W
LV� SK\VLFDO�� DQG�PDWKHPDWLFV� LV�QRW� WKH� EDVLV� RI� WKH
ZRUOG¶V� FKDUDFWHULVWLFV�� LW� LV� RQO\� D� XVHIXO� WRRO�� OLNH
FORFNV�DQG�URGV��ZKLFK�ZKHQ�DOO�XVHG�WRJHWKHU�JLYH�XV
WKH�ZRUG¶V�SK\VLFV�

)LQDOO\�� D� VPDOO� QXPEHU� RI� GLVVLGHQWV� DPRQJ� XV
ILQG� DQ� HUURU� LQ� D� GHULYDWLRQ� DQG� EHDW� LW� LQWR� WKH
JURXQG��0DQ\�VROLG�SK\VLFDO�IDFWV�ZHUH�GLVFRYHUHG�E\
HUURQHRXV� GHULYDWLRQV�� 7KH� WKLQJ� WKDW� PDGH� LW� FOHDU
WKH\�ZHUH�IDFWV�ZDV�WKHLU�HYHUODVWLQJ�DJUHHPHQW�ZLWK
REVHUYDWLRQ��)RUWXQDWHO\��WKHUH�LV�QR�HUURU�LQ�6HOOHUL¶V
GHULYDWLRQ�DQG�KLV�WKHRUHP�DOVR�HQMR\V�WKH�EOHVVLQJ�RI
EHLQJ�LQ�DJUHHPHQW�ZLWK�WKH�H[SHULPHQWDO�IDFWV�

7KRVH�RI�XV�GLVVLGHQWV�ZKR�XVH� WKH� DERYH�PHWD�
SK\VLFV�DQG�SK\VLFV�DUH�DSSUHFLDWLYH�RI�WKH�KHOS�WKDW
6HOOHUL¶V�WKHRUHP�KDV�PDGH�DYDLODEOH�WR�XV�WR�FRQWLQXH
WKH�MRE�DKHDG�

5HIHUHQFHV
>�@ 6HOOHUL��)���������5HPDUNV�RQ�WKH�7UDQVIRUPDWLRQV�RI

6SDFH�DQG�7LPH��$SHLURQ����1R�������������

>�@ 0XQHUD��+�$���������0LFKHOVRQ�0RUHO\�([SHULPHQWV

5HYLVLWHG��$SHLURQ����1R�������������

>�@ 'LVKLQJWRQ��5��+���������7KH�&RQVHUYDWLRQ�/DZ��$SHL�

URQ����1R������������

5�+��'LVKLQJWRQ
3�2��%R[����

3DFLILF�3DOLVDGHV��&$������
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1R�(DUWK�([SDQVLRQ
+DYLQJ� FDUHIXOO\� UHDG� /�6�0\HUV� H[SRVLWLRQ� RQ

WKH� ³H[SDQGLQJ� (DUWK´� LQ� WKH� 2FWREHU� YROXPH� RI
$SHLURQ��9RO����1R����������SS����������DQG�SUHYL�
RXVO\�UHDG�D�ODUJH�SDUW�RI�3URI��&DUH\¶V�³(DUWK��8QL�
YHUVH�� &RVPRV´� �������� ,� ZRXOG� EH� SOHDVHG� LI� \RX
ZRXOG� SHUPLW� PH� WR� PDNH� VRPH� FRPPHQWV� RQ� WKH
K\SRWKHVLV�RI�(DUWK�H[SDQVLRQ�

&RQVLGHULQJ�WKH�NQRZOHGJH�QHHGHG�DQG�WKH�ZRUN
UHTXLUHG�WR�GHYHORS�D�QHZ�K\SRWKHVLV�LW�LV�XQIRUWXQDWH
WKDW�VR�OLWWOH�NQRZOHGJH�LV�UHTXLUHG�WR�GLVSURYH�LW�LI�LW
LV�GLVSURYDEOH��$OO�WKDW�LV�UHTXLUHG�LV�WR�VKRZ�WKDW�RQH
SLHFH� RI� NQRZQ� GDWD� LV� LQFRPSDWLEOH� ZLWK� WKH� K\�
SRWKHVLV��1R�JUHDW�NQRZOHGJH�LV�QHFHVVDULO\�QHHGHG�
:KDW� LV� UHTXLUHG� LV� WR� UHFRJQLVH� WKH� GLVFUHSDQF\� LI
RQH�FRPHV�XSRQ�LW²GHOLEHUDWHO\�RU�DFFLGHQWDOO\��$V�LW
KDSSHQV�� ,� DFFLGHQWDOO\�GLVFRYHUHG� VHYHUDO� SLHFHV� RI
GDWD� ZKLFK� DUH� LQLPLFDO� WR� WKH� ³H[SDQGLQJ� (DUWK´
K\SRWKHVLV�ZKLOH� LQYHVWLJDWLQJ�ZKDW�,� WKRXJKW�DW� WKH
WLPH�ZDV�DQ�XQUHODWHG�SUREOHP�

:KLOH�LW�LV�UHODWLYHO\�VLPSOH�XVLQJ�JHRORJLFDO�GDWD
WR�GLVSURYH�VXEGXFWLRQ�DV�LW�LV�FXUUHQWO\�DUJXHG��LW�LV
QRW�VLPSOH��XVLQJ�JHRORJ\�� WR�GLVSURYH�WKH�³H[SDQG�
LQJ� (DUWK´� K\SRWKHVLV�� �%XW� VHH� WKH� GHEDWH� LQ� 7KH
$XVWUDOLDQ�*HRORJLVW� ����������QXPEHUV���� WR�����
FXOPLQDWLQJ� LQ� ZKDW� DSSDUHQWO\� LV� WKH� JHRORJLFDOO\
DFFHSWHG�DUJXPHQW�DJDLQVW�WKH�LGHD���1R������0DUFK
������SS���������+RZHYHU��LW�LV�TXLWH�HDV\�WR�GLVSURYH
WKH�K\SRWKHVLV�XVLQJ�6RODU�6\VWHP�UHODWLRQVKLSV��$V�,
KDYH� ZULWWHQ� DERYH�� WKHUH� DUH� VHYHUDO� LQFRPSDWLEOH
SLHFHV�RI�GDWD�ZKLFK�� LI�QRW�VLQJO\�� WKHQ�FHUWDLQO\� LQ
SOXUDO�� VKRZ� WKDW� DQ� H[SDQGLQJ� (DUWK� DV� FXUUHQWO\
DUJXHG�LV�LPSRVVLEOH���,�SHUVRQDOO\�EHOLHYH�WKH�(DUWK
KDV�H[SDQGHG�VOLJKWO\�DQG�ZLOO�FRQWLQXH�WR�H[SDQG�D
VPDOO�DPRXQW�EXW�LQ�WRWDO��H[SDQVLRQ�KDV�EHHQ�RI�YHU\
PLQRU�LPSRUWDQFH��

$V�0\HUV�VWDWHV�� WKH�1HEXOD�7KHRU\� LV� IDOODFLRXV
DQG� FDQQRW� EH� XVHG� WR� GLVSURYH� WKH� ³H[SDQGLQJ
(DUWK´�K\SRWKHVLV��EXW�ZKLOH�NQRZLQJ�KRZ�WKH�6RODU
6\VWHP�GLG�FRPH�LQWR�EHLQJ�KHOSV�ZLWK� WHVWLQJ�� LW� LV
QRW� D� QHFHVVLW\�� .QRZLQJ� ZKDW� WR� XVH� WR� WHVW� WKH
K\SRWKHVLV�LV�WKH�LPSRUWDQW�WKLQJ��2I�WKH�VHYHUDO�WHVWV
DYDLODEOH�,�ZRXOG�OLNH�WR�EULHIO\�SUHVHQW�WKUHH��SDUWO\
EHFDXVH�RI� WKHLU�VLPSOLFLW\�DQG�SDUWO\�EHFDXVH� ,� OLNH
WKHP�

���&RQVLGHU� WKH� WZR�SDLUV� RI� SODQHWV�8UDQXV� �8�
DQG�(DUWK��(���1HSWXQH��1��DQG�9HQXV��9���DQG�QRWH
WKH� UHODWLYH� SRVLWLRQV� RI� WKH� WZR� SDLUV� WR� -XSLWHU�
8UDQXV�(DUWK�QHDUHVW��1HSWXQH�9HQXV�IDUWKHVW�

8VLQJ�WKH�JHQHUDOO\�DFFHSWHG�ILJXUHV�IRU�WKH�SODQHW
UDGLL�RI�58� �������NP��5(� ������NP��51� ������
NP��59� ������NP� �D� IHZ�NLORPHWUHV� HLWKHU�ZD\� LV
XQLPSRUWDQW���WKHQ�WKH�IROORZLQJ�DUH�UDGLL�UDWLRV�

58�5(� ��������� �������ZLWKLQ��������

51�59� ��������� �������ZLWKLQ��������

DQG�WKH�WZR�UDWLRV�DUH�������IURP�RQH�DQRWKHU�
5(�59� ���������a���������ZLWKLQ��������

58�51� ���������a���������ZLWKLQ��������

+HUH�ZH�KDYH�D�V\PPHWU\�LQ�WHUPV�RI�VL]H�RI�WKH
WZR�SDLUV�RI�SODQHWV�ERWK�LQ�SRVLWLRQ��ERWK�WKH�ODUJHVW
JDVHRXV� DQG� WHUUHVWULDO� SDLU� DUH� QHDUHVW� -XSLWHU�� WKH
VPDOOHVW�SDLU�IDUWKHVW�DZD\���DQG�LQ�UDGLL�UHODWLRQVKLSV�
3HUKDSV� DV� VLJQLILFDQW�� WKH� UDWLRV� DUH� SRZHUV� RI� WKH
WZR� PRVW� FRPPRQ� 8QLYHUVH� UDWLRV�� YL]�� ����� DQG
������ VXJJHVWLQJ� WKDW� WKH� UHODWLRQVKLSV� DUH� QRW� DFFL�
GHQWDO��1RZ�DV�,�VHH�LW��WKH�UDGLL�UHODWLRQVKLSV�FDQ�EH
H[SODLQHG�LQ�RQH�RI�WKUHH�ZD\V�LQ�WHUPV�RI�H[SDQVLRQ�
�D��$W�WKLV�PRPHQW�RI�(DUWK�WLPH�LW�MXVW�KDSSHQV�WKDW

DQ�H[SDQGLQJ�(DUWK�KDV�VXFK�D�UDGLXV�WKDW�LWV�UDWLR
WR� WKDW�RI�8UDQXV� HTXDOV� WKH� UDWLR�RI� WKH� UDGLL� RI
1HSWXQH�9HQXV�

�E�� 7KH� IRXU� SODQHWV� DUH� DOO� H[SDQGLQJ� DW� WKH� VDPH
UDWLR�

�F��7KH�IRXU�SODQHWV�DUH�QRW�H[SDQGLQJ�
6XUHO\��D��LV�PRVW�XQOLNHO\��DQG�WKH�PHFKDQLVP�IRU

�E�� LV� H[WUHPHO\� GLIILFXOW� WR� HQYLVDJH²LPSRVVLEOH
ZKHQ�DSSO\LQJ�WKH�H[SDQVLRQ�K\SRWKHVLV�DV�JLYHQ�E\
0\HUV� LQ� KLV� DUWLFOH�� 7KLV� OHDYHV� RQO\� FRQFOXVLRQ
�F�²WKDW� QRQH� RI� WKH� IRXU� SODQHWV� DUH� H[SDQGLQJ²
DQG� WKLV� LV� QRW� RQO\� WKH� VLPSOHVW� FDVH� EXW� DOVR� WKH
PRVW�HDVLO\�REWDLQHG�FRQGLWLRQ�

��� ,W� LV� DQ� HPSLULFDO� IDFW� WKDW� WKH� PDVVHV� RI� WKH
SODQHWV��H[FHSWLQJ�6DWXUQ��DUH�UHODWHG�E\�WKH�IRUPXOD
P[� �D

Q×�0��ZKHUH�P[� �PDVV�RI�WKH�SODQHW�UHTXLUHG�
0� �PDVV�RI�-XSLWHU��D� ������IRU�1HSWXQH�DQG�8UD�
QXV��D� ������IRU�WKH�WHUUHVWULDO�SODQHWV��H[FHSW�WKDW�IRU
0DUV�WKH�ILJXUH�LV�RQO\�DSSUR[LPDWH²ZLWKLQ�±������
7KLV� FDQ� EH� H[SODLQHG� EXW� LV� RXWVLGH� WKH� SUHVHQW
GLVFXVVLRQ��7KH�Q�YDOXHV��ZLWK�EUDFNHWHG�SHUFHQWDJH
GLIIHUHQFH�WR�WKH�PHDVXUHG�YDOXH�LQ�HDFK�FDVH��DUH�
1HSWXQH��Q� �±�������������8UDQXV��±����������

(DUWK��±������������9HQXV��±������������0HUFXU\��±��

�������

,Q�DGGLWLRQ��WKH�IRUPXOD�P[� �D
Q×�0[��ZKHUH�0[�LV

WKH�WRWDO�PDVV�RI�WKH�SODQHWV�DQG�VDWHOOLWHV�OHVV�6DWXUQ
DQG�D� �������JLYHV�UHDVRQDEOH�YDOXHV�IRU�WKH�PDVVHV
RI�WKH�VDWHOOLWHV�ZKHQ�WKH�IROORZLQJ�Q�YDOXHV�DUH�XVHG
�SHUFHQWDJH� GLIIHUHQFH� IURP� WKH� PHDVXUHG� YDOXH� LQ
EUDFNHWV��

*DQ\PHGH�� Q�  � ��ò� �±�������� 7LWDQ�� ±��� �±
�������&DOOLVWR��±������������,R��±����±�������0RRQ��±
����±�������7ULWRQ�±������������(XURSD�±����±������
7KH�³LF\´�VDWHOOLWHV¶�DYHUDJH�GLIIHUHQFH�LV�±�������IRU
WKH�³VLOLFDWH´�VDWHOOLWHV�LW�LV�±������

1RZ�LI�WKH�PDVVHV�RI�WKH�SODQHWV�DQG�VDWHOOLWHV�DUH
UHODWHG�E\�VXFK�VLPSOH�DQG�REYLRXVO\�UHODWHG�IRUPX�
ODH� DV� JLYHQ� DERYH�� DQG� VXFK� D� UHODWLRQVKLS� IRU� WKH
SODQHWV� LV� QRW� D� SUHVHQW� GD\� FRLQFLGHQFH�� WKHQ� LW� LV
LPSRVVLEOH� IRU� WKH� ³H[SDQGLQJ�(DUWK´� K\SRWKHVLV� DV
HQXQFLDWHG�E\�&DUH\�RU�E\�0\HUV�WR�DFFRXQW�IRU�WKH
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UHODWLRQVKLS��%\� IDU� WKH� VLPSOHVW� H[SODQDWLRQ� LV� WKDW
WKHUH�KDV�EHHQ�QR�FKDQJH�RI�PDVV��DQG�VR�QR�FKDQJH
RI�YROXPH��RI�WKH�(DUWK��DJDLQ�ZLWK�P\�HDUOLHU�RSLQ�
LRQ��

���,W�LV�DQ�HPSLULFDO�IDFW�WKDW�WKH�VSHFLILF�JUDYLWLHV
RI� WKH�VDWHOOLWHV�DQG�XQFRPSUHVVHG�WHUUHVWULDO�SODQHWV
DUH�UHODWHG�E\�WKH�IRUPXOD�6�*�� ��×�����Q��ZKHUH�Q
YDULHV�EHWZHHQ������6�*�� ����DQG�±����0HUFXU\��

,Q�WKH�FDVH�RI�WKH�³LF\´�VDWHOOLWHV�WKHUH�DSSHDUV�WR
EH�D�JHQHUDO�UHTXLUHPHQW�WKDW�WKH�Q�YDOXH�EH�DQ�HYHQ�
SRVLWLYH� LQWHJHU� EXW� WKHUH� DUH� D� IHZ� H[FHSWLRQV� DQG
VRPH�DUH�PLVVLQJ��6XJJHVWHG�H[SODQDWLRQV�IRU�DOO�WKH
PLVVLQJ�YDOXH�ERGLHV�FDQ�EH�JLYHQ�EXW��DJDLQ��LW�LV�QRW
UHOHYDQW�WR�WKH�VXEMHFW�RI�WKLV�OHWWHU�

([FOXGLQJ�(XURSD� �Q� � ±���� WKH� ³VLOLFDWH´� VDWHO�
OLWHV�DQG�XQFRPSUHVVHG�WHUUHVWULDO�SODQHWV�UHTXLUH�WKH
Q�QXPEHUV�WR�EH�QHJDWLYH�LQWHJHUV�GLYLVLEOH�E\�WKUHH�
7KDW�LV��0RRQ��Q� �������,R��±�����0DUV��±�����(DUWK
�±�����DQG�0HUFXU\��±�����1RWH�WKDW�WKH�UHODWLRQVKLS
RI�WKH�VSHFLILF�JUDYLWLHV�RI�WKH�ERGLHV�LV�LQGHSHQGHQW
RI�WKH�³SDUHQW´�SODQHWV���7KH�SUHFHHGLQJ�VXJJHVWV�WKDW
WKH� Q� YDOXH� VKRXOG� EH� ±��� IRU� 9HQXV�� JLYLQJ� DQ
XQFRPSUHVVHG�VSHFLILF�JUDYLW\�IRU�WKDW�ERG\�RI������

$JDLQ�ZH�KDYH�WKH�IDFW�RI�D�VLPSOH�PDWKHPDWLFDO
UHODWLRQVKLS�RI�D�SK\VLFDO�SURSHUW\�EHWZHHQ�D�QXPEHU
RI�6RODU�6\VWHP�ERGLHV�� WKH� UHODWLRQVKLS�EHLQJ� UHLQ�
IRUFHG�E\� WKH� WHQGHQF\�RI� D� VLPSOH� VHTXHQFH� LQ� WKH
QXPEHU�Q�

6SHFLILF� JUDYLW\� LV� PDVV� GLYLGHG� E\� YROXPH�� ,I
(DUWK� H[SDQVLRQ� LV� WDNLQJ� SODFH� DV� JLYHQ� E\� &DUH\
DQG�E\�0\HUV� WKH�ERGLHV�PHQWLRQHG�DERYH�PXVW�EH
DGGLQJ� PDVV� DQG� YROXPH� FRPPHQVXUDWH� ZLWK� WKH
UHTXLUHPHQWV�RI�WKH�IRUPXODH�JLYHQ�LQ���WR����,�YHU\
PXFK�GRXEW�LI�LW�FDQ�EH�GRQH��FHUWDLQO\�QRW�DSSO\LQJ
WKH� ³H[SDQGLQJ� (DUWK´� K\SRWKHVLV� DV� JLYHQ�� DJDLQ
H[FHSWLQJ�WKH�FDVH�RI�SUHVHQW�GD\�FRLQFLGHQFHV�RI�WKH
UHODWLRQVKLSV�

<RXU�UHDGHUV�PD\�QRW�DJUHH�ZLWK�PH�EXW�WKH�FRQ�
FOXVLRQ�,�KDYH�UHDFKHG�LV�WKDW�WKH�WKUHH�UHODWLRQVKLSV
JLYHQ� DERYH�� ZKHQ� WDNHQ� LQ� FRQMXQFWLRQ�� GHILQLWHO\
SUHFOXGH� WKH� SRVVLELOLW\� RI� (DUWK� H[SDQVLRQ� WDNLQJ
SODFH�DW�SUHVHQW�DQG�SUHFOXGH�LW�KDYLQJ�WDNHQ�SODFH�LQ
WKH� SDVW��:H� DUH� FRQVLGHULQJ� KHUH� H[SDQVLRQ� DV� DU�
JXHG�E\�0\HUV�D�VPDOO�DPRXQW�RYHU�D�ORQJ�WLPH�FDQ
EH�DFFRPPRGDWHG�E\�WKH�IRUPXODH�,�KDYH�SUHVHQWHG�

0\HUV�PD\�WDNH�VRPH�FRPIRUW� LQ�QRWLQJ� WKDW� WKH
UHODWLRQVKLSV� JLYHQ� DERYH� DOVR� VXJJHVW� LW� LV� YHU\
XQOLNHO\�WKDW�WKH�6RODU�6\VWHP�IRUPHG�IURP�D�1HEXOD
'LVF� RU� WKDW� WKH� VDWHOOLWHV� RI� WKH� JDVHRXV� SODQHWV
IRUPHG�LQ�D�VLPLODU�ZD\�DERXW�WKHLU�³SDUHQW´�SODQHWV�
$FWXDOO\�� WKHUH� LV� UHDOO\� TXLWH� D� ORW� RI� GDWD� ZKLFK
PLOLWDWHV� DJDLQVW� VXFK� D� GHYHORSPHQW� EXW� ,� PXVW
UHVWUDLQ�P\VHOI�IURP�UHIHUULQJ�WR�LW�DQG�HQG�WKLV�OHWWHU�

)UDQN�/HH
����0LOO�6WUHHW�

%DOODUDW�������9LFWRULD��$XVWUDOLD
7HO���������������

6SHFLDO�5HODWLYLW\��7KH�SXUSRVH�RI
GLVFXVVLRQ

'U�� ,� -��*RRG� �$SHLURQ��9RO���� QR����� �-DQXDU\�
$SULO� ������ SS���������� LV� WR� EH� DSSODXGHG� LQ� KLV
LQGHIDWLJDEOH� ODERXUV� WR� HVWDEOLVK� WKH� VXSUHPDF\� RI
PDWKHPDWLFDO� UHDVRQ��8QIRUWXQDWHO\� KH� LJQRUHV� WKDW�
LQ� FRQVHTXHQFH� RI� GHYHORSPHQWV� FXOPLQDWLQJ� LQ
:HLHUVWUDVV� DQG� 5XVVHOO�� WKH� ZD\V� RI� PDWKHPDWLFV
��'��DQG�SK\VLFV���'��KDYH�ORQJ�DJR�VHSDUDWHG��KLV
GHIHQFH�RI��'�WKHUHIRUH�PLVVHV�WKH�SRLQW��,Q�DGGLWLRQ�
WR�TXRWH�&KDUOHV�'LFNHQV��>KLV@�HQMR\PHQW�RI�HPEDU�
UDVVHG�DIIDLUV�>LV@� OLNH�D�KRXVHNHHSHU¶V�HQMR\PHQW� LQ
SLFNOLQJ�DQG�SUHVHUYLQJ��RU�D�ZDVKHUZRPDQ¶V�HQMR\�
PHQW�RI�D�KHDY\�ZDVK��RU�D�GXVWPDQ¶V�HQMR\PHQW�RI
DQ� RYHUIORZLQJ� GXVW�ELQ�� RU� DQ\� RWKHU� SURIHVVLRQDO
HQMR\PHQW�RI�D�PHVV�LQ�WKH�ZD\�RI�EXVLQHVV�

7R�MRLQ�KLP�LQ�KLV�HQMR\PHQW�LV�D�ZDVWH�RI�HIIRUW�
RXU�UHVRXUFHV�EHLQJ�OLPLWHG��WKH\�PXVW�EH�GLUHFWHG�WR
ILQG�D�ZD\�RXW�UDWKHU�WKDQ�WR�JHW�VWXFN�LQ��2QH�LWHP
WKRXJK�� QHHGV� FRUUHFWLRQ�� WKH� X �� LQ� WKH� %URZQ�	
0D\D�DUWLFOH��X�LV�WKHUH�WKH�GHILQLQJ�YHORFLW\�LQ�WKH���
PDWUL[�IRUP�RI�WKH�/RUHQW]�WUDQVIRUPDWLRQ��$OWKRXJK
LQYDULDQFH�LV�LQGHSHQGHQW�RI�WKH�QXPHULFDO�YDOXH��X �
LQYROYHV�GLYLVLRQ�E\�]HUR��,Q�SDUWLFXODU��WKH�SURRI�WKDW
Y¶ Y�UHVWV�RQ�X ��

*��:DOWRQ
(GLWRU��6SHFLDO�5HODWLYLW\�/HWWHU

���6W��6ZLWKXQ�6WUHHW
:LQFKHVWHU�62����-3��8�.��

³(VWDEOLVKPHQW�7KLQNLQJ´
$�UHSO\�WR�&KDSSHOO

&KDSSHOO� >�@�PHQWLRQV� WKH� LQGLVSXWDEOH� IDFW� WKDW
³HYHQ� LI� ��,-*�� >*RRG��5HI�� �@� KDG� IRXQG� HUURUV� LQ
HDFK�RI�WKH�DUWLFOHV�KH�FULWLFL]HV«�KH�KDV�QRW��WKHUHE\�
SURYHQ� WKDW� VSHFLDO� UHODWLYLW\� �65�RU� 675�� LV� LQYXO�
QHUDEOH´��2I�FRXUVH��EXW�,�QHYHU�FODLPHG�WR�VKRZ�WKDW
675� LV� LQYXOQHUDEOH� LQ� VSLWH�RI�P\� DQWLGLVHVWDEOLVK�
PHQWDULDQLVP��$SDUW�IURP�P\�UHSO\�LQ�>�@�WR�3KLSSV�
UHODWHG�WR�JURXS�WKHRU\��P\�DLP�ZDV� WR� UHIXWH�DUJX�
PHQWV�FODLPLQJ�WKDW�WKH�/7��/RUHQW]�WUDQVIRUPDWLRQ�
RU� .675� �WKH� NLQHPDWLFV� RI� 675�� LV� VHOI�
FRQWUDGLFWRU\�� &KDSSHOO� JRHV� RQ� WR� VD\� RI� PH� ³+H
LQVWUXFWV� :DOWRQ� WKDW� µDWWDFNV� RQ� 675� VKRXOG� EH
EDVHG�RQ�HPSLULFDO� HYLGHQFH�¶�EXW� LI� VR�� VKRXOG� QRW
GHIHQVHV� RI� LW� EH� VLPLODUO\� EDVHG"´� 1R�QRW� ZKHQ
WKRVH�GHIHQVHV�RI�675�UHIXWH�DWWDFNV�RQ�675�WKDW�DUH
QRW�EDVHG�RQ�HPSLULFDO�HYLGHQFH��6XFK�DWWDFNV�DOZD\V
FODLP�WKDW�.675�LV�VHOI�FRQWUDGLFWRU\�DQG�RI�FRXUVH



$3(,521�9RO����1U������-XO\�2FWREHU����� 3DJH����

DUH� DOZD\V� ZURQJ� LI� .675� LV� VHOI�FRQVLVWHQW�� 0\
FRQILGHQFH� LQ� WKDW� VHOI�FRQVLVWHQF\� LV� QRW� EDVHG� RQ
IDLWK�� LW� LV� EDVHG� RQ� FDUHIXO� DUJXPHQWV� LQ� VL[WHHQ
FRPPXQLFDWLRQV� >�������@� LQ� ZKLFK�� DPRQJ� RWKHU
WKLQJV��VHYHUDO�IDOODFLRXV�DUJXPHQWV�DUH�UHIXWHG��,�ZLOO
KDYH� GRQH� D� VHUYLFH� WR� GLVVLGHQWV� LI� ,� FDQ� FRQYLQFH
WKHP�WKDW�WKH�/7�LV�VHOI�FRQVLVWHQW��)RU�WKH\�ZLOO�WKHQ
VWRS�ZDVWLQJ�WKHLU�WLPH�E\�WU\LQJ�WR�SURYH�WKH�LPSRV�
VLEOH�DQG�ZLOO�FRQFHQWUDWH�RQ�HPSLULFDO�DUJXPHQWV�

0\�GHIHQVHV�RI�WKH�VHOI�FRQVLVWHQF\�RI�.675�DUH
IRU�WKH�PRVW�SDUW�PDWKHPDWLFDO�DQG�ORJLFDO� LQ�ZKLFK
QR� UHIHUHQFH� WR�HPSLULFDO�HYLGHQFH� LV� UHTXLUHG��7KLV
PDWKHPDWLFDO�ZRUN�LV�RI�SK\VLFDO�LQWHUHVW�EHFDXVH��RI
FRXUVH�� LI� .675� LV� IRXQG� WR� EH� VHOI�FRQWUDGLFWRU\�
WKHQ�675�ZRXOG�EH�UHIXWHG�

0\� UHPDUN�� LQWHQGHG� WR� EH� IOLSSDQW� DQG� OLJKW�
KHDUWHG�� WKDW� ,� ZDV� D� ³GHIHQGHU� RI� WKH� IDLWK´�� KDV
PLVOHG�&KDSSHOO��,�GLGQ¶W�PHDQ�WKDW�,�VKRXOG�DWWHQG�D
FKDSHO� WR� ZRUVKLS� (LQVWHLQ�� 7KH� XQGHUVWDQGDEOH
PLVXQGHUVWDQGLQJ�KDV�SURYRNHG�PDQ\�RI�&KDSSHOO¶V
FULWLFDO�FRPPHQWV�

$�GHIHQVH�RI� WKH� VHOI�FRQVLVWHQF\�RI�.675�GRHV
VXSSRUW�675�WR�VRPH�GHJUHH��7KLV�GHJUHH�LV�VPDOO�IRU
P\VHOI�EHFDXVH�,�KDYH�EHOLHYHG�LQ�WKH�VHOI�FRQVLVWHQF\
RI� .675� IRU� PRUH� WKDQ� WHQ� \HDUV�� EXW� WKH� GHJUHH
ZRXOG� EH� ODUJH� IRU� WKRVH� GLVVLGHQWV� ZKR� FXUUHQWO\
WKLQN�.675�LV�VHOI�FRQWUDGLFWRU\��,I�VXFK�D�GLVVLGHQW
EHFRPHV� FRQYLQFHG�� E\� DQ� DUJXPHQW�� WKDW�.675� LV
VHOI�FRQVLVWHQW�� WKHQ� WKDW� GLVVLGHQW¶V� SHUVRQDO� RGGV
�RGGV�� QRW� SUREDELOLW\�� RI� 675�� DV� FRPSDUHG� ZLWK
1HZWRQLDQ�SK\VLFV�� DUH�PXOWLSOLHG� E\� D� ODUJH� IDFWRU
�HYHQ�LI�WKH�RGGV�VWLOO�UHPDLQ�VPDOO���7KLV�LV�NQRZQ�DV
WKH�%D\HV� IDFWRU� LQ� IDYRU�RI� WKH� WKHRU\�SURYLGHG�E\
WKH�DUJXPHQW�

)DOODFLHV� DUH� VRPHWLPHV� LQWHUHVWLQJ� DQG� HGXFD�
WLRQDO��VXFK�DV�VRPH�JHRPHWULFDO�IDOODFLHV�>���SS�����
��@��6R�IDOODFLHV�DUH�QRW�DOZD\V�ZLWKRXW�YDOXH�

,Q�GXH�FRXUVH�,�ZRXOG�OLNH�WR�VWXG\�WKH�RWKHU�WRS�
LFV� DQG� UHIHUHQFHV� VXSSOLHG� E\�&KDSSHOO�� ,� ZLVK� KH
KDG� VSHOW� RXW� WKH�6DJQDF� UHIHUHQFH��%XW� KDYLQJ� ORVW
P\�WLPH�PDFKLQH�EHFDXVH�D�FKLPS�HQWHUHG�LW�VXUUHS�
WLWLRXVO\��,�FDQQRW�DFFHSW�&KDSSHOO¶V�NLQG�LQYLWDWLRQ�WR
VHHN�HQOLJKWHQPHQW�LQ�3KLODGHOSKLD�LQ�)HEUXDU\������

,�ZDV�QRW�KDSS\�ZLWK�&KDSSHOO¶V�UXGH�H[SUHVVLRQV
³JUDWXLWRXV� UXGHQHVV´�� ³QR� IHZHU� WKDQ� ILYH� GLVUH�
VSHFWIXO� EODVWV´� DQG� ³\RX� SHRSOH´��:RUVH� ZHUH� H[�
SUHVVLRQV�OLNH�³LQFUHGLEO\�VWXSLG´��:DOWRQ��>�@���DQG
³SKHQRPHQDO�EOXQGHU´��:DOWRQ��>�@���QRW�UHIHUULQJ�WR
PH��DQG��UHIHUULQJ�WR�PH��³XS�WR�KLV� WULFNV´��³ULGLFX�
ORXV� PLVWDNHV´� DQG� ³ODFN� RI� EDVLF� NQRZOHGJH� RI
PDWKHPDWLFV��6��;X�>�@���DQG�³WKLQJV�DUH�REYLRXV�WR
RQH�RQO\�DFFRUGLQJ�WR�KLV�JLIWV´��&DPSEHOO�>��@��ZKR
WKRXJKW�VRPHWKLQJ�ZDV�REYLRXV�ZKHQ�LW�ZDVQ¶W�HYHQ
FRUUHFW���,V�WKLV�WKH�³VSLULW�RI�WROHUDQFH´�RQ�WKH�SDUW�RI
GLVVLGHQWV��WR�ZKLFK�&KDSSHOO�UHIHUUHG"

&KDSSHOO�>���S�����LL@�VD\V�³:LWK�JUDWXLWRXV�UXGH�
QHVV�� ��,-*�� DFFXVHV� KLV� RSSRQHQWV� RI� EHLQJ� µIODW�
HDUWKHUV¶�«´��0\�LQWHQWLRQ�>���S�����L@�ZDV�WR�GUDZ
DQ� DQDORJ\� ZLWK� D� IODW�HDUWKHU� EHFDXVH� ;X� 	� ;X
VHHPHG�WR�EH�GHQ\LQJ�WKH�H[LVWHQFH�RI�VSDFH�WLPH�E\
ILDW��,�KDG�LQ�PLQG�WKH�IODW�HDUWKHUV�RI�ORQJ�DJR��RIWHQ
LQWHOOLJHQW��GLVVLGHQWV�RI� WKH� WLPH�� ,¶P�VRUU\� ,�GLGQ¶W
PDNH� WKDW� FOHDU� HQRXJK� DQG�PLJKW� KDYH� FDXVHG� RI�
IHQVH�

0\� LQWHUFKDQJHV�ZLWK�3KLSSV� DQG�ZLWK�6]HJR�	
2IQHU�� KDYH� EHHQ� JHQWOHPDQO\� RQ� ERWK� VLGHV�� VR
&KDSSHOO¶V� H[SUHVVLRQ� ³QR� IHZHU� WKDQ� ILYH´� LV� FHU�
WDLQO\� ZURQJ� XQGHU� DQ\� UHDVRQDEOH� GHILQLWLRQ� RI
³GLVUHVSHFWIXO�EODVWV´��$OVR�� WR� SRLQW� RXW� DQ� HUURU� LV
QRW�LQ�LWVHOI�GLVUHVSHFWIXO�

&KDSSHOO� WDNHV� LVVXH� ZLWK�P\� UHVSRQVH� >��D@� WR
6]HJR�	�2IQHU�>��@��1RWH�WKDW�>��D@�FRQVLVWHG�RI�WZR
SDUWV�� &KDSSHOO� RYHUORRNHG� WKDW� MXVW� WKH� ILUVW� SDUW
SRLQWHG�RXW�DQ�HUURU�LQ�>��@��7KH�VHFRQG�SDUW��WKURZQ
LQ�IRU�JRRG�PHDVXUH��VKRZHG�WKDW��IRU�WKHLU�PRGHO��WKH
/7�OHDGV� WR�D�³ELQJRVLW\´��D�QHDW�FRQILUPDWLRQ� �FRU�
URERUDWLRQ��RI�WKH�VHOI�FRQVLVWHQF\�RI�.675��,Q�VSLWH
RI�ZKDW�&KDSSHOO� VD\V� >���S�������FRO�� LL@��P\�DUJX�
PHQW� FRUURERUDWHG� �VXSSRUWHG�� WKH� YLHZ� WKDW� WKH
FRQVWDQW�F�LV�FRPPRQ�WR�DQ\�WZR�LQHUWLDO�V\VWHPV�DQG
WKHUHIRUH� WR�DOO� LQHUWLDO�REVHUYHUV�� �)RU�PRUH�RQ� WKLV
WRSLF�VHH�6HFWLRQ���RI�>��@��7KLV�LV�UHOHYDQW�EHFDXVH
;X�	�;X�>��@�KDSSHQHG�WR�VKDUH�D�PRGHO�ZLWK�6]HJR
	�2IQHU���7KH�DPELJXLW\�RI�WKH�ZRUG�³FRQILUPDWLRQ´
KDV�SURYRNHG�DQRWKHU�PLVXQGHUVWDQGLQJ�DQG�DQRWKHU
DGYHUVH�FULWLFLVP�IURP�&KDSSHOO��,�KRSH�KH�ZLOO�QRZ
WUHDW�P\�GLVFXVVLRQV�ZLWK�WKH�WROHUDQFH��DQG�UHVSHFW�
WKDW�KH�FODLPV�GLVVLGHQWV�LQ�JHQHUDO�KDYH�

:KHQ� ,� UHIHUUHG� WR� ;X� 	� ;X� DV� ;X�� ,� ZDV� RI
FRXUVH� EHLQJ� IDFHWLRXV�� 1RWH� WKDW� ;X� 	� ;X� >��@
ZURWH� 6721(6�� DQG� (**6��� QRW� IDFHWLRXVO\�� EXW
EDVHG� RQ� WKH� LQFRUUHFW� DVVXPSWLRQ� WKDW� [� DQG� W� FDQ
UHSUHVHQW�VWRQHV�DQG�HJJV�

&KDSSHOO�>���S�����@�VD\V�(LQVWHLQ�>��@

³JLYHV�HDFK�RI�WZR�OLJKW�EHDPV�WZR�GLIIHUHQFW
YHORFLWLHV� �H[SOLFLWO\�� ILUVW� F���Y� DQG� F�−�Y�
WKHQ� ODWHU� VXUUHSWLWLRXVO\� >LW� ZDVQ¶W� VXUUHSWL�
WLRXV�� LW�ZDV�³XS� IURQW´@�EXW� TXLWH� FHUWDLQO\�
H[DFWO\�F�LQ�HDFK�FDVH��´

&KDSSHO�LV�SUHVXPDEO\�UHIHUULQJ�WR�>����S����@�DQG
,� FDQQRW� EODPH� KLP� IRU� IDLOLQJ� WR� XQGHUVWDQG� WKH
IRUPXODH
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IRU� (LQVWHLQ¶V� H[SODQDWLRQ� RI� ���� ZDV� VHULRXVO\� LQ�
FRPSOHWH�� ,�ZLOO� QRZ� ILOO� WKH�JDS�� ,� DVVXPH� WKDW� WKH
UHDGHU�KDV�>��@�WR�KDQG�DQG�,�ZLOO�H[SODLQ�WKH�ILUVW�RI
WKH�HTXDWLRQV������7KH�VHFRQG�HTXDWLRQ�KDV�D�VLPLODU
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H[SODQDWLRQ��1RWH�RQFH�DQG�IRU�DOO� WKDW� WKH�H[SODQD�
WLRQ�LV�HQWLUHO\� LQ� WHUPV�RI� WKH�IUDPH�RI�UHIHUHQFH�LQ
ZKLFK�DQ�LQHUWLDO�REVHUYHU�Ω�LV�VWDWLRQDU\��KLV�³QDWX�
UDO�FRRUGLQDWH�V\VWHP´��1&6��

$�URG�$%�LV�PRYLQJ�ZLWK�YHORFLW\�Y�DORQJ�WKH�[
D[LV�UHODWLYH�WR�Ω��7KH�OHQJWK�RI�WKH�URG��DV�PHDVXUHG
E\�Ω�RI�FRXUVH��LV�GHQRWHG�E\� U$% ��$W�WLPH� W$ �RQ

Ω¶V�FORFN�WKH�HQG�$�RI�WKH�URG�FRLQFLGHV�ZLWK�Ω�ZKR
WKHQ�VHQGV�D�OLJKW�SXOVH�DORQJ�WKH�OHQJWK�RI� WKH�URG�
%HFDXVH� RI� WKH�GHILQLWLRQV� RI� W �DQG�W$ % �� RI� FRXUVH

WKH�SXOVH�WDNHV� WLPH� W W% $− WR�UHDFK�%��0HDQZKLOH

%�DGYDQFHV�D�GLVWDQFH� Y�W W% $− � �VR�WKH�OLJKW�EHDP

WUDYHOV�D�GLVWDQFH� U Y�W W$% % $+ − �� �+HQFH

F�W W U Y�W W% $ $% % $− = + −� � ���

EHFDXVH�WKH�VSHHG�RI�OLJKW�LV�F��LQ�WKH�1&6�RI�Ω��E\
RQH�RI�(LQVWHLQ¶V�EDVLF�K\SRWKHVHV�IRU�.675�>����S�
��@��7KHUHIRUH

W W U F Y�% $ $%− = −� � ���

DV�UHTXLUHG�
7KLV�H[SODQDWLRQ�RI�����LV�LQGHSHQGHQW�RI�ZKHWKHU

.675� LV� DVVXPHG�� ,W� VKRZV� WKDW� (LQVWHLQ� GLG� QRW
PDNH� WKH� ³XWWHUO\� LQFUHGLEOH� \HW� YLUWXDOO\� XQNQRZQ
EOXQGHU´� �&KDSSHOO¶V� S�� ����� RI� DVVXPLQJ� WKDW� WKH
VSHHG�RI�OLJKW�LV�F�−�Y��RU�F���Y��UHODWLYH�WR�Ω��,W�LV�WKH
VSHHG� RU� YHORFLW\� RI� WKH� OLJKW� EHDP� UHODWLYH� WR� WKH
RWKHU�REVHUYHU� ′Ω �DV�PHDVXUHG�LQ�WKH�1&6�RI�Ω�

(LQVWHLQ� RVWHQVLEO\� XVHG� ���� WR� GHULYH� WKH� XVXDO
/7�� ,W� LV� KDUGO\� ZRUWK� ERWKHULQJ� ZLWK� KLV� GLIILFXOW
SDJHV� ��� DQG� ���� DQG� ,� KDYH� QRW� GRQH� VR�� EHFDXVH
DQRWKHU�PHWKRG�� VXJJHVWHG�ZLWKRXW� SURRI� LQ� D� IRRW�
QRWH�RQ�S�����RI�>��@��OHDGV�PRUH�HDVLO\�WR�WKH�RUGL�
QDU\�/7��7KH�IRRWQRWH�ZDV�GXH� WR�$UQROG�6RPPHU�
IHOG�DFFRUGLQJ�WR�0LOOHU�>����S�����@��6HH�>���S�����@
IRU�RQH�H[SODQDWLRQ�RI�WKH�IRRWQRWH�

,QFLGHQWDOO\�� ,� SXEOLVKHG� DQ� DUWLFOH� E\�'LQJOH� LQ
5HI�� >��@� DIWHU� PXFK� IULHQGO\� FRUUHVSRQGHQFH� ZLWK
KLP�

5HIHUHQFHV
>�@�-RKQ�(��&KDSSHOO��-U����������$SHLURQ�������������������

>�@ ,�-��*RRG���������ILYH�OHWWHUV�LQ�$SHLURQ��������ZLWKLQ

SDJHV����������6HH�DOVR�����������������ZLWKLQ�SS������

����

>�@ ,�-��*RRG���������$SHLURQ����������ZLWKLQ�SS����������

>�@� ,�-��*RRG���������,QWO��-��7KHRU��3K\VLFV��������������

����

>�@ ,�-��*RRG��3K\VLFV�(VVD\V�������������������������������

�������������������������������������������������

������������������������������

>�@ :�:��5RXVH�%DOO��0DWKHPDWLFDO�5HFUHDWLRQV�DQG

(VVD\V��0DFPLOODQ��/RQGRQ��������

>�@ *��:DOWRQ���������$SHLURQ��������������

>�@ *��:DOWRQ���������$SHLURQ��������������

>�@ 6��;X���������$SHLURQ������������������

>��@�-�2��&DPSEHOO���������$SHLURQ������������

>��@�,�-��*RRG���D��$SHLURQ���������������������E���������

����������������

>��@�/��6]HJR�	�3�)��2IQHU���������$SHLURQ���������������

�������������

>��@�,�-��*RRG��³$�UHSO\�WR�6KDR]KL�;X´��LQ�WKLV�LVVXH�

>��@�6��;X�	�;��;X��$SHLURQ�����������������������

>��@�$��(LQVWHLQ������������,Q�7KH�3ULQFLSOH�RI�5HODWLYLW\

�'RYHU��1HZ�<RUN��������

>��@�$��,��0LOOHU���������$OEHUW�(LQVWHLQ¶V�6SHFLDO�7KHRU\�RI

5HODWLYLW\��$GGLVRQ�:HVOH\��5HDGLQJ��0DVV���

>��@�7KH�6FLHQWLVW�6SHFXODWHV��,�-��*RRG��*HQHUDO�(G���$�-�

0D\QH��$VVRF��(G���-��0D\QDUG�6PLWK��%LRO��(G��������

+HLQHPDQQ��/RQGRQ��7KHUH�ZHUH�)UHQFK�DQG�*HUPDQ

HGLWLRQV��

,�-��*RRG

³5HIXWDWLRQV´
$�UHSO\�WR�;X�6KDR]KL

���*RRG������E���ZKLFK�;X�KDG�QRW�VHHQ�ZKHQ�KH
ZURWH�KLV� ORQJ�³EULHI�FRPPHQW´�;X��������FRQWDLQV
VRPH�UHVSRQVHV�WR�;X�	�;X������D��E���,Q�SDUWLFXODU�
,�SURYHG�WKHUH��DQG�LQ�*RRG������E���WKDW�;X�	�;X
GLG� QRW� VKRZ�� DV� WKH\� FODLPHG�� WKDW� WKH� /7� LV� VHOI�
FRQWUDGLFWRU\��%XW� IXUWKHU� UHVSRQVH� WR�;X� ������� LV
QHFHVVDU\�EHFDXVH�LW�FRQWDLQV�HOHYHQ�LQVXOWV�HPDQDW�
LQJ� IURP� KLV� RZQ� HUURUV�� +H� FDQQRW� EH� EODPHG� IRU
IDLOLQJ�WR�VKRZ�WKDW�WKH�NLQHPDWLFV�RI�VSHFLDO�UHODWLY�
LW\��.675���RU�WKH�/RUHQW]�WUDQVIRUPDWLRQ�/7��LV�VHOI�
FRQWUDGLFWRU\�IRU�QR�RQH�KDV�VXFFHHGHG�LQ�GRLQJ�VR��,
KDYH� H[DPLQHG�HQRXJK�DWWHPSWV� WR�PDNH� WKDW� VWDWH�
PHQW�ZLWK�FRQILGHQFH��IRU�UHIHUHQFHV�VHH�P\�UHVSRQVH
WR�&KDSSHOO� LQ� WKLV� LVVXH�� ,� FDQ� VXSSO\� FRSLHV� LI� UH�
TXHVWHG�

;X�VD\V�LQFRUUHFWO\
5DWKHU� WKDQ� RIIHU� D� GLUHFW� UHIXWDWLRQ� RI� WKH
SURRI� E\� 6]HJR� 	� 2IQHU�� *RRG� IHHGV� XV� µD
QHDW�FRQILUPDWLRQ�RI�WKH�/7¶�LQVWHDG�«

&RQWUDULZLVH�� ,� GLG� JLYH� D� GLUHFW� UHIXWDWLRQ� RI
6]HJR� 	� 2IQHU� �����D�� LQ� *RRG� �����D�� DQG� LQ
DGGLWLRQ�,�XVHG�WKHLU�PRGHO�WR�JLYH�D�QHDW�FRQILUPD�
WLRQ��VXSSRUW�RU�FRUURERUDWLRQ��QRW�SURRI��RI�WKH�VHOI�
FRQVLVWHQF\� RI� WKH� /7�� 6R� ;X¶V� ³UDWKHU� WKDQ´� DQG
³LQVWHDG´� DUH� LQFRUUHFW�� ,Q� WKH� FRUURERUDWLRQ� ,�PDGH
XVH� RI� 3\WKDJRUDV¶V� WKHRUHP�� 6HH� *RRG� �����E�� S�
����� FRO�� L�� IRU� RQH� SURRI� WKDW�� LQ� WKH� FRQWH[W�� 3\�
WKDJRUDV¶V� WKHRUHP�FDQ�EH�XVHG�FRUUHFWO\� LQ�VSLWH�RI
;X� �������S�� ������$Q� LQHUWLDO� V\VWHP�FRQVLVWV�RI� D
(XFOLGHDQ� VSDFH� SOXV� D� WLPH� D[LV�� 7KH� GLVWDQFH� EH�
WZHHQ� D� SDLU� RI� HYHQWV� WKDW� DUH� VLPXOWDQHRXV� LQ� DQ
LQHUWLDO� V\VWHP� LV� VLPSO\� WKH� (XFOLGHDQ� GLVWDQFH
EHFDXVH�WKH�WHPSRUDO�WHUP�LQ�WKH�IDPLOLDU�UHODWLYLVWLF
LQWHUYDO� GURSV� RXW�� ,� KDYH� DVVXPHG� KHUH� WKDW� WKH
FRQFHSW� RI� VLPXOWDQHLW\�ZLWKLQ� DQ� LQHUWLDO� IUDPH� RI
UHIHUHQFH�LV�DFFHSWHG�DOWKRXJK�LW�LV�E\�QR�PHDQV�IUHH
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RI�FRQWURYHUV\��6HH��IRU�H[DPSOH��6DOPRQ��������IRU
D�VXUYH\�

1RWH�WKDW�WKH�HTXDWLRQV
� � �� �γ γ γ� � � � � �Y �F W � � �W� �Y F F+ = + =−� � � � � ���

ZKLFK� OHG� WR� ³ELQJRVLW\´� �QHDW� FRUURERUDWLRQ�� ZHUH
YHU\�EDGO\�SULQWHG�LQ�*RRG������D���7KLV�PXVW�KDYH
GLVFRXUDJHG� UHDGHUV�� 7KHUH� ZHUH� REYLRXV� PLVSULQWV
DOVR�LQ�*RRG������E��SS������DQG������

6HH� DOVR� 6]HJR� 	� 2IQHU� �����E�� DQG� *RRG
�����D���0\� UHVSRQVHV� WR� 6]HJR�	�2IQHU� LQ� *RRG
�����D� DQG� ����D�� DOVR� UHIXWH� ;X¶V� /HPPD� ���
ZKHUH�WKH�XVXDO�/7�LV�PLVXVHG�EHFDXVH�KLV�IRUPXODH
�$��� DQG� �$��� UHIHU� WR� WZR� GLVWLQFW� SKRWRQV�� 7KLV
LQYDOLGDWHV� ;X¶V� SRVLWLRQ� DW� LWV� URRWV�� 7KH� SRLQW� LV
GLVFXVVHG�LQ�*RRG������E��

���2Q�SDJH�����RI�;X��������KH�VD\V�LQFRUUHFWO\
WKDW� ,� ODFN�EDVLF�NQRZOHGJH�RI�PDWKHPDWLFV��)RU� DQ
LQGH[HG�OLVW�RI�PDQ\�RI�P\�PDWKHPDWLFDO�SXEOLFDWLRQV
VHH�*RRG��������SS������������7KHUH�LV�D�PRUH�XS�WR�
GDWH�XQSXEOLVKHG�OLVW�

,Q� *RRG� �����D�� ,� PHQWLRQHG� WKDW� WKH� WULSOH
�ZKHUH�]� ���LV�LJQRUHG�

�[� �\� �W�� ���� �FW� �W��= ���

ZKLFK��IRU�YDULDEOH�W��UHSUHVHQWV�D�SKRWRQ�WUDYHOLQJ�XS
WKH�\�D[LV��WUDQVIRUPV��E\�WKH�XVXDO�/7��WR

�[ � �\ � �W � � �FW� �FW� � �W��′ ′ ′ = −γ γ ���

;X��������S�������VD\V�³VXEVWLWXWLQJ� ′ = ′\ FW ��WKLV

\LHOGV��−γ�YW��γ�FW��γ�W�´�LQVWHDG��WKXV�VHHPLQJ�WR�KLP
WR�FRQWUDGLFW�ERWK�����DQG�WKH�VHOI�FRQVLVWHQF\�RI�WKH
/7��+LV�PLVWDNH�LV�WKH�VDPH�DV�LQ�KLV�/HPPD������KLV
HTXDWLRQ� ′ = ′\ FW �UHIHUV�WR�D�SKRWRQ�WUDYHOOLQJ�XS�WKH

′\ �D[LV��QRW�XS�WKH�\�D[LV��7KH�HTXDWLRQ� ′ =\ \ � LQ

WKH� XVXDO� /7� GRHVQ¶W�PHDQ� WKDW� WKH� \�DQG�\′ � D[HV
FRLQFLGH��H[FHSW�ZKHQ� W�DQG�W′ �DUH�]HUR���,�SRLQWHG
WKLV� RXW� LQ� *RRG� �����D��� ;X¶V� UHVSRQVH� ������� S�
�����FRO��LL��WKH�������LLL��SDUD��VWDUWLQJ�³([FXVH�PH´�
LV� XQLQWHOOLJLEOH� DSDUW� IURP� WKUHH� LQVXOWV��;X¶V� HUURU
EHFRPHV�HYHQ�FOHDUHU�LI�ZH�JLYH�W�D�VSHFLILF�YDOXH��VD\
��VHFRQGV��VR�DV�WR�UHIHU�WR�D�GHILQLWH�HYHQW�LQVWHDG�RI
WR� WKH�ZKROH�SDWK�RI� D�SKRWRQ��:KHQ�;X� �������S�
�����VD\V�WKDW�,�³VKRXOG�QRZ�QREO\�DGPLW´��ERRPHU�
DQJLQJ�DQ�H[SUHVVLRQ�RI�PLQH�ZKLFK�LV�QRW�DQ�LQVXOW�
WKDW�,�DP�PLVWDNHQ��DQG�VKRXOG�ZLWKGUDZ�P\�³%LQJR´
UHIXWDWLRQ��³DW� OHDVW�EHIRUH�KH� >*RRG@� FDQ� UHIXWH� WKH
DERYH´��,�KDYH�QRZ�SUHVHQWHG�WKH�UHTXLUHG�UHIXWDWLRQ
VR�;X�VKRXOG�GR�WKH�QREOH�WKLQJ�

���1RZ�FRQVLGHU�/HPPD�����LQ�6HFWLRQ�,,,�RI�;X
��������7KLV�LV�VRPHZKDW�VXEWOH��2Q�D�ILUVW�UHDGLQJ�,
WKRXJKW�,�PLJKW�KDYH�WR�VD\�³2XFK´��+H�FRQVLGHUV�D
VSKHULFDO�ZDYH�IURQW�DV�LQ�(LQVWHLQ�����������S������
;X�SRLQWV�RXW�WKDW��E\�WKH�XVXDO�/7��ZH�KDYH

�FW � [ \ ]� � � �′ = ′ + ′ + ′ ���

= − + +� ��[ YW� \ ]� � � �γ ���

DQG�KH�VD\V�LQ�HIIHFW�WKDW�WKLV�FRQWDLQV�YDULDEOHV�\�DQG
]�XQOLNH�WKH�IRUPXOD

� �FW � FW Y[ � F� ��� � �′ = −γ ���

DOVR�IURP�WKH�/7���7KHUH�LV�D�PLVSULQWLQJ�RI�����LQ�;X�
������� ���� DQG� ���� DUH� RI� FRXUVH� ERWK� FRUUHFW�� ;X
WKLQNV� KH� KDV� REWDLQHG� D� FRQWUDGLFWLRQ�� %XW� KH� KDV
RYHUORRNHG� WKDW� IRU� WKLV� PRGHO� [�� \�� DQG� ]� DUH� QRW
LQGHSHQGHQW�EHFDXVH��RQ�WKH�ZDYH�IURQW��ZH�KDYH

[ \ ] F W� � � �+ + = � � ���
7KHUHIRUH�WKH�ULJKW�VLGH�RI�����LV�VHHQ��E\�XVLQJ�WKH

GHILQLWLRQ�RI�γ��WR�EH�HTXDO�WR
γ � � � � � � �[ YW� Y F ���F W [� � � �− + − −� ���

ZKLFK� UHGXFHV� WR� WKH� ULJKW� VLGH� RI� �����1RW� ³2XFK´
EXW�%LQJR�

���7KH�ILUVW�KDOI�RI�6HFWLRQ�,9�RI�;X��������PDNHV
XVH�RI�KLV�/HPPD�����DQG�LV�WKHUHIRUH�DOVR�PLVWDNHQ�
,W�PLJKW�EH�KHOSIXO� WR�PHQWLRQ�WKDW� LW� LV�DGHTXDWH� WR
XVH�WKH������'�IRUP�RI�WKH�/7�ZKHQ�RQO\�WZR�LQHUWLDO
REVHUYHUV� RU� IUDPHV� DUH� XQGHU� FRQVLGHUDWLRQ�� 7KLV
EHFDXVH�WKH\�FDQ�FKRRVH� WKHLU�[�D[HV�SDUDOOHO� WR� WKH
YHORFLW\� Y�� DQG� WKHLU� \� DQG� ]� D[HV� LQ� WKH� VWDQGDUG
PDQQHU�WR�IRUFH� ′ = ′ =\ \��] ]� �7KH�³HYHQW´�IRU�WKH

/7�LV�QRW�FRQVWUDLQHG�WR�WKH�[�DQG� ′[ �D[HV�LQ�VSLWH�RI
;X��7KHQ�WKH��'�LQYDULDQW�³LQWHUYDO´�UHGXFHV�WR�D��'
LQYDULDQW�

���;X��������S�������VWDWHV�WKDW�³7KH�/7�LV�D�VHW�RI
LQWULQVLF�����W\SH�>RI@�HTXDWLRQV´��%XW�PDWKHPDWLFLDQV
LQWHUSUHW� LQGHWHUPLQDWH� IRUPV� DV� OLPLWLQJ� IRUPV�� /HW
XV�GR�VR��,�LJQRUH�;X¶V�FRQVWDQWV�&�DQG� ′& ��EHFDXVH
,�DP�XVLQJ�WKH�/7�LQ�LWV�VLPSOHVW�IRUP�

7KH�FRRUGLQDWH�SDLU��YW��W��LQ�D�V\VWHP�6�UHSUHVHQWV
DQ�REMHFW��D�VHTXHQFH�RI�HYHQWV��PRYLQJ�ZLWK�YHORFLW\
Y�UHODWLYH�WR�6��,W�LV�WKHUHIRUH�DW�UHVW�LQ�D�V\VWHP� ′6
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%\� D� FRPSDULVRQ�� VXIILFH� LW� WR� VD\� WKDW� *RRG¶V

³FRUUHFW� LQIHUHQFH´� RQ� KLV� (T����� LV� QRWKLQJ� EXW� D
ULGLFXORXV�ILFWLRQ�PLVOHG�E\�KLPVHOI��WKRXJK�KDLOHG�DV
³DQ�LQWHUHVWLQJ�H[DPSOH«´��³%LQJR´�

,,,�7KH�(�/�*URXS�,V�$�1XOO�6HW
'HVSLWH�SDJHV�RYHU�SDJHV�RI�PDWULFHV�DQG�WKHLU�GH�

GXFWLRQV�� SDUURWHG� IURP� WKH� 657� WH[WERRNV�� *RRG
SURYHV�KH�GRHV�QRW�XQGHUVWDQG�ZKDW�D�JURXS�PHDQV�
DV�VHHQ�EHORZ�

$V�LV�SURYHQ�>�@��WKH�(LQVWHLQ�/RUHQW]��(�/��JURXS
LV�D�QXOO�VHW��,�PDNH�D�EULHI�UHSHWLWLRQ�
3522)��7KH� /7� LV� DVVXPHG� WR� VWHP� IURP� WKH� DO�
OHJHG���'�LQYDULDQW�IRUP
[ \ ] F W
 
 
 


� � � � �+ + − � [ \ ] F W
� � � � �+ + − � �)�� ��D�

<HW�� WKH�/7�FDQQRW�EH�GHULYHG� IURP���D��DORQH��EH�
FDXVH�LW�FRQWDLQV�SDUDPHWHU�Y��EXW�(T���D��QRW�

8QGRXEWHGO\�� ��E�� LV� LQGLVSHQVDEOH� IRU� WKH� /7�
DQG�WKHQ�ERWK���D��DQG���E��HQ�EORF�IRUP��H[SOLFLWO\
RU�LPSOLFLWO\��D�VHW�RI�VLPXOWDQHRXV�HTXDWLRQV�VR�WKDW
WKH�/7�FDQ�EH�GHULYHG�

<HW�� ��E�� VD\V� WKDW� ERWK� [� DQG� W� �DQG�� [
� DQG� W
�
FDQQRW� EH� DUJXPHQWV� �LQGHSHQGHQW� YDULDEOHV��� DQG
RQO\� RQH� RI� WKH� WZR� LV�� 7KXV�� XOWLPDWHO\�� ��D�� LV� D
VSXULRXV���'�EXW�JHQXLQH���'�TXDGUDWLF��$QG��WKH�(�
/�JURXS�GRHV�QRW�PHHW�WKH�GHILQLWLRQ�RI�D���'�JURXS
DQG�KHQFH�LV�D�QXOO�VHW��4('�

,W� VHHPV� FOHDU� WKDW� *RRG� GRHV� QRW� XQGHUVWDQG
(T���D�� DQG� LV� XQDZDUH� RI� LWV� RULJLQ�� ,W� VKRXOG� EH
NQRZQ� WKDW� ��D��ZDV� ILUVW� SUHVHQWHG� E\�0LQNRZVNL�
E\�PRGHOOLQJ�RQ�WKH��(XFOLGHDQ����'�IRUP
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YLD� DXJPHQWLQJ� WKH� XVXDO� ��'� YHFWRUV� ZLWK� WKHLU
UHVSHFWLYH�IRXUWK�FRPSRQHQW�

<HW�� WKLV�PRGHOOLQJ� ODFNV� WKHRUHWLFDO� JURXQG� DQG
HPSLULFDO�HYLGHQFH�DQG�KHQFH�LV�LQ�TXHVWLRQ�

0RUHRYHU�� WKLV�PRGHOOLQJ� UHVWV� RQ� WKH� IDLOXUH� WR
XQGHUVWDQG�WKDW�LGHQWLW\�����FDQ�KROG�EHFDXVH�LW�EDVHV
RQ� WKH� XQTXHVWLRQDEOH� DVVXPSWLRQ� RI� OHQJWK� LQYDUL�
DQFH�� D� ILUP� SUHPLVH� (XFOLGHDQ� JHRPHWU\� UHVWV� RQ�
QDPHO\�WKDW�DQ�LGHDO�ULJLG�URG�SUHVHUYH�LWV�OHQJWK�5�LQ
DQ\�FDVH�ZLWKRXW�H[WHUQDO�LQIOXHQFH�VXFK�DV�WHPSHUD�
WXUH�FKDQJH�RU�IRUFH��HWF���DW�OHDVW� LQ� WKHRU\��%XW� WKH
/7�VFRUQV�VXFK�LQYDULDQFH�DQG�KHQFH�LV�LQFRPSDWLEOH
ZLWK� (XFOLGHDQ� JHRPHWU\�� DQG� LW� LV� XQMXVWLILDEOH� WR
XVH��RU�PRGHO�RQ������

:KDW�LV�WKH�JURXQG�IRU�(T���D��ZKHQ�)�≠���"�1R
WHQDEOH� DQVZHU� FDQ� EH� JLYHQ� E\�0LQNRZVNL� RU� DQ\
RWKHUV�� LQFOXGLQJ�*RRG��:KHUHDV� LW� LV� FOHDU� WKDW� WKH
/7�SUHGLFDWHV�RQ�
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D� VHW� RI� DOOHJHG� OLJKW�ZDYH� HTXDWLRQV� WKDW� HQ� EORF
IRUP�WKH�3,9/�

7KXV��DW�WKH�EHVW����D��FDQ�KROG�RQO\�ZKHQ�)� ��
DQG�WKH�3,9/�FDQ�EH�SURYHQ�YDOLG�

,I�)� ���DQG�WKH�3,9/�ZHUH�YDOLG��IURP���E��RQH
VKRXOG�REWDLQ
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UDWKHU� WKDQ� ��D��� ZKHUH� N� QHHG� QRW� EH� XQLW\�� $Q\
³SURRI´� DERXW� N� � ��� VXFK� DV� JLYHQ� E\�$�� )RFN� RU
(LQVWHLQ� KLPVHOI�� FDQ� EH� SURYHQ� ZURQJ� �D� SURRI� LV
RPLWWHG�KHUH���OHW�DORQH�*RRG¶V�³UHDVRQ´�

:RUVH�� DV� ,� KDYH� VKRZQ� >�@�� ��D�� KDV� EHHQ�PLV�
WDNHQ�IRU�EHLQJ�HTXLYDOHQW�WR
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LQ�JHQHUDO�FDVH�RI�ZKHQ�REVHUYHG�HYHQWV�QRW�RQ�WKH�[�
D[LV��GXH�WR�WKH�IDLOXUH�WR�VHH�WKDW�WLPH�YDULDEOH�W
��RU�W�
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KHUH�GLIIHUV�IURP�WKDW�LQ���D���W
� �[
�F�KHUH��DQG�W
� 
U
�F��≠�[
�F��WKHUH��D�WULYLDO�EXW�FUXFLDO�HUURU�ZKLFK�KDV
HVFDSHG�WKH�DWWHQWLRQ�RI�JHQHUDWLRQV�RI�KLJKO\�WUDLQHG
VFLHQWLVWV�

,W� LV� ZHOO� NQRZQ� WKDW� LQ� IDFW� RQO\� WKH� WZR� RI
(T���D�� DUH� GHULYHG� IURP� ������ (T���E�� LV� VLPSO\
LUUHOHYDQW�WR������DQG�WKXV���D���DQG�KDV�DV�D�SXUHO\
H[WUD�ILFWLRQ�EHHQ�VWXFN�WR���D��

,Q�RWKHU�ZRUGV��DW�WKH�EHVW�������RU���D��FDQ�DSSO\
WR�RQO\��[����� W

[
��UDWKHU�WKDQ �[��\��]� W

U
���DQG�PXVW

FRUUHVSRQG�WR
\
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LQ�FRQIOLFW�ZLWK���E���7KXV�WKH�/7�LV�QRW�TXDOLILHG�DV�D
FRRUGLQDWH� WUDQVIRUPDWLRQ�� EHFDXVH� WKH� [�D[LV� DORQH
FDQQRW� IRUP� D� �VSDWLDO�� ��'� IUDPH�� *RRG� FDQQRW
XQGHUVWDQG�WKLV�DQG�VWLOO�³LJQRUHV�WKH�HTXDWLRQ��E´�LQ
KLV�³UHIXWDWLRQV´�RYHU�DQG�RYHU��HYHQ�DIWHU�UHDGLQJ�RXU
ZULWLQJV�

1RZ�,�VKRZ�WKDW�WKH�/7�FUHDWHV��VD\��FRQWUDGLFWLQJ
WLPH�UDWHV��6HWWLQJ� G[ = � �OHDGV�WKH�VHFRQG�HTXDWLRQ
LQ���D��WR�JLYH

GW
�GW� γ� ���D�

,Q� YLHZ� RI� Y G[ GW= � � � WKH� VHFRQG� LQ� ��D�� GLUHFWO\
\LHOGV
GW
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7DNLQJ�DFFRXQW�RI���E���RQH�KDV
GW
�GW� ��FGW
���FGW�� �G�FW
��G�FW�� �G\
�G\� ��� ���F�

XQOHVV�G\
�G\� � �G\
�F���G\�F�� �GW
�GW� UHVWLQJ�RQ� WKH
3,9/�FDQ�EH�UHIXWHG�

$� VXEVWLWXWLRQ� RI� ��D�� LQWR� WKH� VHFRQG� RI� ��D�
\LHOGV

GW
�GW� γ>����YG[�� F� GW�@� �γ�����β���β� �Y�F�� ���G�

���:LWKLQ�WKH�657�IUDPHZRUN�WKH�IROORZLQJ�KROGV�
���GW
�GW� ��G[GW
���GWG[�� �YGW
�G[� �Y�GW
�GW���G[�GW��

DQG�SXWWLQJ�GW
�GW� �γ�����β��IURP����G��LQWR�WKH�DERYH
\LHOGV

GW
�GW� �Y�GW
�GW��F� �γβ�����β�� ���H�

,9�3RVWVFULSW
:LWK�D�JUHDW�SLOH�RI�HPSW\�YHUELDJH�FRSLHG� IURP

WH[WERRNV�� *RRG¶V� ³UHIXWDWLRQV´� DUH� ULGGOHG� ZLWK
PLVWDNHV�DQG�FRQIXVLRQ��7KH\�HDFK�LV�XQWHQDEOH�DQG
IDOVH�DV�WKH�/7�

*RRG�DGPLWWHG�WKDW�KH�GRHV�³QRW�NQRZ�ZK\´�ZH
XVHG�W� LQVWHDG�RI�KLV� W� �DQG� W� �*RRG¶V�QRWDWLRQ�³LV
GHILQLWHO\�ZURQJ´���,QGHHG�KH�GRHV�QRW�NQRZ�RWKHUV
PRUH�� VXFK�DV�� �D��+LV�(T�� ����� LV�QRW�HTXLYDOHQW� WR
��D���EHFDXVH���D��LV�QRW��JHQXLQH��OLQHDU�DQG�FDQQRW
DUULYH�DW�������WKRXJK�ERWK�DUH�IDOVH���E��7KH�(LQVWHLQ
PRGHO�FDQQRW�SURYLGH� WKH�VDLG� IUHH�FKRLFH��D�QHFHV�
VDU\�SUHUHTXLVLWH�IRU�DQ\�FRUUHFW�FRRUGLQDWH� WUDQVIRU�
PDWLRQ� LQ� WHUPV� RI� EDVLF� TXDQWLWLHV�� [�� W�� HWF��� DQG
FDQQRW�WDOO\�ZLWK�REVHUYDWLRQDO�FRQGLWLRQ�LQ�SUDFWLFH�
�F�� ,I� RXU�PDWUL[� 8�� GHVSLWH� EHLQJ� IDOVH� DV� WKH� /7�

³GRHV� FRUUHVSRQG� WR� WKH� /7´�� *RRG� LV� VD\LQJ� KH
DFFHSWV��� ���IRU�WUXWK��VLQFH�WKH�8�SUHGLFDWHV�RQ�WKH
VDPH�DVVXPSWLRQ�RI�VSHHG�Y� � Fβ��QRW�Y� �F% H %− �
�G��$OWKRXJK�*RRG�GRHV�QRW�XQGHUVWDQG�WKH�³UHODWLY�
LW\�RI�VLPXOWDQHLW\´��IDOVH�RU�QRW��LW�LV�VXUHO\�IDOVH��VHH
5HIV��D�E��� KH�XVH� LW� WR� DWWDFN�&DPSEHOO¶V� DUJXPHQW
WKDW�WKRVH�657�WHQHWV�DUH�ILFWLWLRXV��,I�KLV�³LQIHUHQFH´
ZHUH�YDOLG�� WKHQ�� DW� OHDVW�� DOO� KLV� ³GLIIHUHQFH� IRUPV´
VXFK�DV�KLV�(T������ZRXOG�EH�GHIHDWHG�E\�KLPVHOI����
DQG�VR�IRUWK�

7KH�UHVW��VXFK�DV�³VWRQH�HJJ´��HWF���LV�PXFK�IDU�EH�
\RQG�*RRG¶V�IDFXOW\��VR�,�VWRS�KHUH�

*RRG¶V� RQH�VLGHG� PLQG� DQG� GXDO�VWDQGDUGV� ILQG
HYHU\ZKHUH�LQ�KLV�DUWLFOHV��%\�YLUWXH�RI�VXFK�ORJLF�IXOO
RI�HUURUV��*RRG�ZRXOG�IRUFH�KLV�RSSRQHQWV�WR�³QREO\
DGPLW´�WKHLU�³PLVWDNHV´�

,W� SHUKDSV� LV� D� ZDVWH� RI� WLPH� WR� SHUVXDGH� *RRG
ZKR� LV� IUHH� WR�KROG�KLV�EHOLHI�ZLWK� ³%LQJR´��<HW�� LI
LQVLVWV� KLV� RSSRQHQWV� WR� DGPLW� WKHLU� ³PLVWDNHV´�� KH
³VKRXOG�QRZ�QREO\�VD\�FOHDUO\��DQG�ZLWKRXW�EHDWLQJ
DERXW�WKH�EXVK´��WKDW�KLV�UHIXWDWLRQ�RI�RXU�³VHFWLRQ��
ZDV�PLVWDNHQ´��2U�� KH�ZLWKGUDZV�� VD\�� WKH� ³%LQJR´
UHVXOW�UHIXWHG�E\�PH�LQ�VHFWLRQ�,�KHUH��,�WUXVW�KH�³QRW
VLPSO\�WR�HYDGH�WKH�LVVXH´�

$Q\ZD\��WKH�/7�LV�D�VHW�RI�����W\SH�HTXDWLRQV�DQG
KHQFH�WKH�657�LV�QRQVHQVH�

1R�RQH�� LQFOXGLQJ� ,�� -��*RRG��FDQ� UHVFXH� WKH�/7
IURP�FROODSVLQJ�

$Q\�FKDOOHQJHV�IURP�DQ\RQH�DUH�DOZD\V�ZHOFRPH�
,�EHOLHYH�LQ�WKDW�WKH�PRUH�WUXWK�LV�GHEDWHG��WKH�FOHDUHU
LW�EHFRPHV�� VR� WKDW� VFLHQFH� FDQ� DGYDQFH� LQ� WKH�QH[W
PLOOHQQLXP�

5HIHUHQFHV
,�-��*RRG��$SHLURQ���D��������S�����S������������E���������

S�����DOVR�S�����HWF���������

;X�6KDR]KL��$SHLURQ����������S����������

;X�6KDR]KL�	�;X�;LDQJTXQ��3K\VLFV�(VVD\V��������S����

�����

,GHP��$SHLURQ���D��������S���������������S�����������E����

S���	������������F��������S�����������G��������S����

�����

;X�6KDR]KL
%HLMLQJ�&RQWURO�'HYLFH�5HVHDUFK�,QVWLWXWH

3��2��%R[�������%HLMLQJ���������3��5��RI�&KLQD
[XVFL#SXEOLF�HDVW�FQ�QHW

7KH�'RSSOHU�(IIHFW
7KLV�LV�D�UHVSRQVH�WR�2�-��&DPSEHOO¶V�QRWH��2FWR�

EHU�� ������ HQWLWOHG� ³(QLJPD� RI� OLJKW´�� ,Q� KLV� QRWH�
&DPSEHOO� UDLVHG� WZR� TXHVWLRQV�� ���� ,V� OLJKW� ZDYH
SURSDJDWLRQ�DIIHFWHG�E\�DQ�HWKHU�RU� VSDFH�WLPH�FRQ�
WLQXXP������,V�OLJKW�HQHUJ\�VSHHG�D�FRQVWDQW"�&DPS�
EHOO� FRQFOXGHV� WKDW�� LI� WKHUH� ZHUH� D� PHGLXP�� 0�
WKURXJK� ZKLFK� OLJKW� SURSDJDWHV�� WKHQ� WKH� 'RSSOHU
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HIIHFW�VKRXOG�EH�D�IXQFWLRQ�RI�WZR�VSHHGV��WKH�VSHHG
RI� WKH� VRXUFH� ZLWK� UHVSHFW� WR� WKH� PHGLXP�� DQG� WKH
VSHHG�RI�WKH�VRXUFH�ZLWK�UHVSHFW�WR�WKH�REVHUYHU��7KLV
LV� WUXH��EXW�&DPSEHOO� LQVLVWV� WKDW� WKH�'RSSOHU� HIIHFW
GHSHQGV� RQO\� RQ� WKH� UHODWLYH� VSHHG� EHWZHHQ� VRXUFH
DQG�REVHUYHU�

,�EHOLHYH�&DPSEHOO�LV�ZURQJ�DERXW�WKDW��7KH�EHVW
HYLGHQFH�RI�D�PHGLXP��LQ�P\�RSLQLRQ��LV�WKH�GLVFRY�
HU\�RI�WKH�FRVPLF�EDFNJURXQG�UDGLDWLRQ��ZKLFK�VHUYHV
DV�D�EDVLV�IRU�PHDVXULQJ�WKH�DEVROXWH�PRWLRQ�RI�RXU
SODQHW�(DUWK�ZLWK�UHVSHFW�WR�WKH�EDFNJURXQG�UDGLDWLRQ�
7KLV�ZDV�ILUVW�PHDVXUHG�E\�&RQNOLQ�LQ������

7KH�SURSHU�JHQHUDO�IRUPXOD�IRU�WKH�'RSSOHU�HIIHFW
LQ�WHUPV�RI�IUHTXHQF\�LV�VHW�IRUWK�LQ�P\�SDSHU�RQ�WKDW
VXEMHFW� SXEOLVKHG� LQ� 7KH� 7RWK�0DDWLDQ� 5HYLHZ
��������7KH�'RSSOHU�HIIHFW�LV�D�IXQFWLRQ�RI�WKH�VSHHG
RI�WKH�VRXUFH�DQG�WKH�VSHHG�RI�WKH�UHFHLYHU��REVHUYHU�
UHODWLYH� WR� WKH�EDFNJURXQG� UDGLDWLRQ�� DQG� WKH� DQJOHV
EHWZHHQ�WKH�SDWKV�RI�WKH�VRXUFH�DQG�REVHUYHU�DQG�WKH
SDWK� RI� WKH� OLJKW�� 7LPH� GLODWLRQ� IRU� ERWK� WKH� VRXUFH
DQG�WKH�REVHUYHU�PXVW�DOVR�EH�WDNHQ�LQWR�DFFRXQW�

5HIHUHQFH
+�3��'DUW��,,,��7KH�7RWK�0DDWLDQ�5HYLHZ��9ROXPH����

1XPEHU����SS�������������������

+HQU\�3��'DUW��,,,
�����(DVW��WK�6WUHHW

7XFVRQ��$UL]RQD������

/HQJWK�&RQWUDFWLRQ
,Q�$SHLURQ�RI� -DQXDU\�$SULO� µ���� 3URI��*RRG� �S�

�����JLYHV�KLV�VXUUHEXWWDO�WR�P\�DUJXPHQWV�UHJDUGLQJ
/HQJWK� &RQWUDFWLRQ� DQG� 7LPH� 'LODWLRQ�� &HUWDLQO\�
QRWKLQJ�,�FDQ�VD\�ZLOO�SHUVXDGH�KLP�RU�DQ\�PHPEHU
RI� WKH�3K\VLFV�(VWDEOLVKPHQW� VR� ORQJ�DV� WKH\� IDLO� WR
GUDZ�D�FRUUHFW�GLVWLQFWLRQ�EHWZHHQ�0DWKHPDWLFV�DQG
3K\VLFV��7KH�IRUPHU�LV�PHUHO\�WKH�³ODQJXDJH´�RI�WKH
ODWWHU�� 3HUKDSV� WKLV� LV� ZK\� WKH\� HUURQHRXVO\� HTXDWH
6SHFLDO�5HODWLYLW\�7KHRU\��SK\VLFV��ZLWK�WKH�/RUHQW]
&RRUGLQDWH�7UDQVIRUPV��PDWKHPDWLFV���$V�'U��3KLSSV
KDV�SRLQWHG�RXW�LQ�+HUHWLFDO�9HULWLHV��DOO�WKH�3K\VLFV
OLHV�LQ�WKH�LQWHUSUHWDWLRQ�RI�WKH�0DWKHPDWLFV�

,Q� WKH� VDPH� LVVXH� RI� $SHLURQ�� 0UV�� *HUWUXGH
:DOWRQ�DGGUHVVHG�WKLV�VXEMHFW�LQ�WZR�OHWWHUV��³)DQFL�
ILG�PDWK"´� DQG�³7KH�7ZLQ�3DUDGR[�GRHV� QRW� H[LVW´
�S�������ZLWK�D�SURIXQGLW\�WKDW�LV�DV�DGPLUDEOH�DV�WKH
UKHWRULF� VKH� HPSOR\V�� 3OHDVH�� 3URI�� *RRG�� SRQGHU
ZHOO� KHU� UHPDUNV�� IRU� VKH� FOHDUO\� XQGHUVWDQGV� WKH
HVVHQWLDO� GLIIHUHQFHV� EHWZHHQ� PDWKHPDWLFDO� DQG
SK\VLFDO�HQWLWLHV�DQG�WKDW�LV�WKH�LVVXH�KHUH�

:KHQ�FRQIURQWHG�ZLWK�&RPPRQ�6HQVH�DQG�5LJKW
5HDVRQ��(VWDEOLVKPHQW�SK\VLFLVWV��UHODWLYLVWV��LQYDULD�
EO\�ODXQFK�WKRVH�ZHDSRQV�RI�PDVV�GHVWUXFWLRQ�NQRZQ
DV�6LPXOWDQHLW\�DQG�,QHUWLDO�5HIHUHQFH�)UDPHV��7KH\
LJQRUH� (VVHQFHV� �GHILQLWLRQV�� RI� WKLQJV� OLNH� 6SDFH�

0RWLRQ� DQG� 7LPH� DQG� LQYHQW� D� P\VWLFDO� HWKHU� �WKH
6SDFH�7LPH� &RQWLQXXP��� ZKLFK� VLQFH� WKH\� GR� QRW
GHILQHG� LW� LQ� WHUPV� RI� SK\VLFDO� HQWLWLHV� OLNH� FKDUJH�
PDVV�DQG�HQHUJ\��WKH\�FDQ�DVVLJQ�LW�ZKDWHYHU�SURSHU�
WLHV� WKH\� SOHDVH�� 7KH\� LJQRUH� WKH� IXQGDPHQWDO� WUXWK
WKDW� WKLQJV� OLNH�QXPEHU�� VSDFH��PRWLRQ�DQG� WLPH�DUH
SXUHO\� PDWKHPDWLFDO� HQWLWLHV�� &ORFNV� DQG� URGV� IRU
PHDVXULQJ� WLPH� DQG� VSDFH� �GLVWDQFH�� DUH�� RI� FRXUVH�
SK\VLFDO� HQWLWLHV�� EXW� IDLOXUH� WR� GUDZ� WKH� GLVWLQFWLRQ
EHWZHHQ�WKH�PDWKHPDWLFDO�DQG�SK\VLFDO��3URI��*RRG�
SURGXFHV�WKH�IDOODFLRXV�

7KLV�HUURU�RQ�WKHLU�SDUW�LV�SKLORVRSKLFDO�DV�LW�FRQ�
FHUQV�HVVHQFHV��GHILQLWLRQV���VR�LW�LV�QRW�VXUSULVLQJ�WKDW
LWV� JHQHVLV� OLHV� LQ� WKH� ZRUNV� RI� D� SKLORVRSKHU�� ,P�
PDQXHO�.DQW�������������ZKR�DUJXHG�WKDW�VSDFH�DQG
WLPH� DUH� QRWLRQV� JHQHUDWHG� LQ� RXU� PLQGV�� WKDW� RXU
PHQWDO� IDFXOWLHV� LPSRVH� VSDFH� DQG� WLPH� RQ� WKLQJV
SHUFHLYHG��7KH� UHVXOWLQJ�FRQFOXVLRQ� LV� WKDW�PDQ�FDQ
QHYHU�NQRZ�WKLQJV�DV�WKH\�UHDOO\�DUH��KH�FDQQRW�JUDVS
REMHFWLYH�RU�DEVROXWH�WUXWK��DOO�WUXWK�LV�VXEMHFWLYH�DQG
UHODWLYH�� 7KLV� ³UHODWLYLVW´� PLQGVHW� UHQGHUV� GHEDWH
LPSRVVLEOH�DQG�OHDYHV�RQHV�QRWLRQV�RI�DOO�RI�SK\VLFV�
PDWKHPDWLFV�DQG�HYHU\WKLQJ�HOVH�³XS�IRU�JUDEV´�

,Q�VSLWH�RI�WKH�DERYH��LW�ZRXOG�EH�D�JUHDW�PLVWDNH
WR� HQWHUWDLQ� DQ\� WKRXJKWV� DERXW� WKH� VWXSLGLW\� RI� WKH
(VWDEOLVKPHQW�� EHFDXVH� LQHSW�� WKH\� DUH� QRW�� 3URI�
*RRG�KDV�GHPRQVWUDWHG�KLV�EULOOLDQFH��KLV�NQRZOHGJH
RI� PDWKHPDWLFV� DQG� SK\VLFV� LV� SDU� H[FHOOHQFH�� WKH
SUREOHP�LV�ZLWK�KLV�XQGHUVWDQGLQJ�RI�WKHVH�VXEMHFWV�
%XW� ZKDW� ,� OLNH� DERXW� 3URI�� *RRG� LV� KLV� JXLOHOHVV
PDQQHU� RI� GHEDWH�� ZKLFK� H[SRVHV� D� UHIUHVKLQJ� QD�
LYHW\��7KHUHIRUH��,�FDQ�RQO\�DVVXPH�WKDW�KH�KDV�D�PLQG
RSHQ� WR� 7UXWK� DQG� ZLOO� FRQGHVFHQG� WR� UHWKLQN� KLV
SRVLWLRQ�� EHDULQJ� LQ�PLQG� WKDW� WKRVH�ZKR� UHMHFW� (V�
WDEOLVKPHQW� SK\VLFV� GR� VR� VROHO\� EHFDXVH� WKH\� DUH
FRPSHOOHG� WR� IROORZ� WKH�GLFWDWHV�RI�&RPPRQ�6HQVH
DQG�5LJKW�5HDVRQ�

-RKQ�2ZHQ�&DPSEHOO
������&RPPXQLW\�6WUHHW

1RUWK�+LOOV��&DOLIRUQLD�����������
7HO����������������

=HUR�3URSHU�0RWLRQ�LQ�WKH�2XWHU�3DUWV
RI�2XU�*DOD[\

)RU�WKH�SDVW����\HDUV��DVWURQRPHUV�KDYH�PHDVXUHG
WKH�DOWHUHG�IUHTXHQFLHV�RI�OLJKW�DV�HPLWWHG�RU�DEVRUEHG
E\�GLVWDQW�REMHFWV�VXFK�DV�VWDUV��JDOD[LHV�RU�TXDVDUV�
DQG�KDYH�LQWHUSUHWHG�WKRVH�GDWD� LQ� WHUPV�RI�'RSSOHU
VKLIWV�GXH�WR�PRWLRQ�

6RPH� H[SHULHQFHG� DVWURQRPHUV� VXFK� DV� +R\OH�
1DUOLNDU��YDQ�)ODQGHUQ�DQG�$US�KDYH�TXHVWLRQHG�WKDW
LQWHUSUHWDWLRQ� ������� 7KH\� EHOLHYH� WKDW� VXFK� DOWHUHG
IUHTXHQFLHV�RI�OLJKW�PD\�EH�GXH�WR���L��ORVV�RI�HQHUJ\
E\�OLJKW�DV�LW�WUDYHOV�IRU�KXJH�GLVWDQFHV�WKURXJK�VSDFH�
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RU��LL��YDULDWLRQ�LQ� WKH�PDVV�HQHUJ\�RI�SDUWLFOHV�RYHU
EURDG�UDQJHV�RI�VSDFH�RU�WLPH�

6WLOO��WKH�YDVW�PDMRULW\�RI�DVWURQRPHUV�DGKHUH�WR�D
'RSSOHU� LQWHUSUHWDWLRQ� RI� DOWHUHG� OLJKW� IUHTXHQFLHV�
:KHQ� YLHZHG� LQ� WKDW� ZD\�� WKH� H[SHULPHQWDO� GDWD
HQWDLO� IXUWKHU�EHOLHI� LQ���D��DQ�DQFLHQW�%LJ�%DQJ�� �E�
YHU\�GLVWDQW�TXDVDUV��DQG��F��YDVW�TXDQWLWLHV�RI�LPDJL�
QDU\�GDUN�PDWWHU�ZKLFK��E\�PHDQV�RI�LWV�KLJK�JUDYLW\�
NHHSV� IDVW�PRYLQJ� VWDUV� RQ� WKH� RXWHU� HGJH� RI� WKH
0LON\�:D\�IURP�IO\LQJ�RII�LQWR�VSDFH�

'HVSLWH�WKH�FRQVHQVXV�RSLQLRQ�RI� WKHVH�PDQ\�DV�
WURQRPHUV��WKRVH�RI�XV�ZLWK�DQ�LQTXLULQJ�PLQG�PLJKW
VWLOO�ZLVK� WR� DVN�� GRHV� WKH� SURSHU�PRWLRQ� RI� GLVWDQW
VWDUV��JDOD[LHV�RU�TXDVDUV�UHDOO\�FRQILUP�WKHLU�DSSDUHQW
PRWLRQ� DV� GHGXFHG� IURP� OLJKW� IUHTXHQFLHV"� 2QH
FDQQRW�HDVLO\�PHDVXUH�SURSHU�PRWLRQ�IRU�JDOD[LHV�RU
TXDVDUV��EHFDXVH�RI�WKH�KXJH�GLVWDQFHV�LQYROYHG��%XW
RQH�VKRXOG�EH�DEOH�WR�PHDVXUH�SURSHU�PRWLRQ�IRU�VWDUV
LQ�WKH�0LON\�:D\��DV�D�WLQ\�EXW�GHWHFWDEOH�HIIHFW�

,Q�IDFW��WKH�VOLJKW�SURSHU�PRWLRQ�RI�VWDUV�DORQJ�WKH
RXWHU�HGJH�RI�WKH�0LON\�:D\�KDV�UHFHQWO\�EHHQ�PHDV�
XUHG�DFFXUDWHO\��E\�PHDQV�RI�D�VDWHOOLWH�LQ�VSDFH�����
$FFRUGLQJ� WR� WKH� SUHYLRXV� 'RSSOHU� LQWHUSUHWDWLRQ�
VWDUV�LQ�WKDW�RXWHU�SDUW�VKRXOG�EH�VSLQQLQJ�DERXW� WKH
FHQWHU�ZLWK�D�KLJK�VSHHG�QHDU�����NP�VHFRQG��GXH�WR
WKH� JUDYLWDWLRQ� RI� LPDJLQDU\� GDUN� PDWWHU�� +RZHYHU�
WKHVH� QHZ� GDWD� VHHP� WR� VKRZ� OLWWOH� RU� QR� SURSHU
PRWLRQ� DW� DOO�� IRU� VWDUV� DORQJ� WKH� RXWHU� HGJH� RI� WKH
0LON\�:D\�ZKHQ�PRYLQJ� DORQJ� WKHLU� WLOWHG� SDWK� RU
³ZDUS´��%\�VLPSOH�JHRPHWULFDO�DQDO\VLV��,�QRZ�VKRZ
WKDW�]HUR�SURSHU�PRWLRQ�IRU�VWDUV�DORQJ�WKH�RXWHU�ZDUS
RI�WKH�0LON\�:D\��PHDQV�WKDW�WKRVH�VWDUV�DUH�HVVHQ�
WLDOO\� VWDWLRQDU\�� ZLWK� UHVSHFW� WR� URWDWLRQ� DERXW� WKH
JDODFWLF�FHQWHU�

)RU�WKH�SXUSRVHV�RI�WKLV�DQDO\VLV��OHW�XV�PRGHO�WKH
0LON\�:D\�LQ�WHUPV�RI�WZR�FLUFOHV�GUDZQ�RQ�D�VKHHW
RI�SDSHU��/HW�WKH�LQQHU�FLUFOH��ZKLFK�FRQWDLQV�WKH�6XQ
DQG�(DUWK��OLH�DW�D�UDGLXV�RI���NLORSDUVHFV��NSF��IURP
WKH� FHQWHU��1H[W� OHW� WKH�RXWHU� FLUFOH��ZKLFK� FRQWDLQV
WKH� RXWHU� VWDUV�� OLH� DW� D� UDGLXV� RI� ��� NSF� IURP� WKH
FHQWHU��)LQDOO\��OHW�XV�WLOW�WKH�RXWHU�FLUFOH�E\���GHJUHHV
LQ�DQ�XS�GRZQ�VHQVH��VR�WKDW�LW�OLHV�VOLJKWO\�DERYH�RU
EHORZ�WKH�SDSHU�RQ�HLWKHU�HQG��7KDW�VOLJKW�WLOW�UHSUH�
VHQWV�D�QRQ�OLQHDU�³ZDUS´��DV�VHHQ�IRU�VWDUV�DW�HLWKHU
HQG�RI�RXU�JDOD[\��VHH�)LJXUH���RI�UHI����

1H[W� OHW� XV� FRQVLGHU� WKH� PRWLRQV� RI� VWDUV� DORQJ
WKRVH� WZR� FLUFOHV�� LQ� D� URWDWLRQDO� VHQVH� DERXW� WKH
FHQWHU��$V� D� SUHOLPLQDU\�PRGHO�� OHW� XV� VXSSRVH� WKDW
VWDUV� PLJKW� EH� PRYLQJ� DORQJ� ERWK� FLUFOHV� ZLWK� DQ
HTXDO� IUHTXHQF\� RI� RUELW�� ,Q� WKDW� FDVH�� QR� UHODWLYH
PRWLRQ�LQ�WKH�KRUL]RQWDO�SODQH�VKRXOG�EH�GHWHFWDEOH�
IRU�DQ\�VWDU�LQ�WKH�RXWHU�FLUFOH�DV�YLHZHG�IURP�(DUWK�
6WDUV�DORQJ�WKH�RXWHU�FLUFOH�ZLOO�PRYH�ZLWK�D�YHORFLW\
WKDW�LV������ODUJHU�WKDQ�DORQJ�WKH�LQQHU��VR�DV�WR�SUR�

YLGH�IRU�DQ�HTXDO�IUHTXHQF\�RI�RUELW�GHVSLWH�D� ODUJHU
UDGLXV�RI�VSLQ�

)RU�H[DPSOH��LI�ZH�DVVLJQ�D�YHORFLW\� WR� WKH� LQQHU
FLUFOH� DV� Y���� ����� NP�VHFRQG�� WKHQ� WKH� YHORFLW\
DORQJ� WKH� RXWHU� FLUFOH� PXVW� EH� Y����� ����� [� ��� �
�� �����NP�VHFRQG��IRU�DQ�RUELW�RI�HTXDO� IUHTXHQF\�
7KRVH� YDOXHV� RI� ���� DQG� ���� NP�VHFRQG� DJUHH
URXJKO\�ZLWK�WKH�DSSDUHQW�URWDWLRQDO�VSHHGV�RI�VWDUV�LQ
WKH�0LON\�:D\��ZKHQ�GHGXFHG�IURP�D�'RSSOHU�LQWHU�
SUHWDWLRQ�RI�OLJKW�IUHTXHQFLHV�

)LQDOO\�ZH�FDQ�DVN��GR�VXFK�KLJK�DSSDUHQW�YHORFL�
WLHV�RI�URWDWLRQ�DV�Y���� �����NP�VHFRQG�IRU�WKH�(DUWK�
DQG�Y����� �����NP�VHFRQG�IRU�WKH�ZDUS��DJUHH�ZLWK
SURSHU� PRWLRQV� RI� VWDUV� LQ� WKH� ZDUS� DV� VHHQ� IURP
(DUWK"�%HFDXVH�WKH�RXWHU�FLUFOH�LV�WLOWHG�E\���GHJUHHV
UHODWLYH� WR� WKH� LQQHU�� VWDUV� DORQJ� WKH� RXWHU� FLUFOH
VKRXOG�VKRZ�D� ODUJH�XS�GRZQ�FRPSRQHQW�RI�SURSHU
PRWLRQ� DV� VHHQ� IURP� (DUWK�� HTXDO� WR� Y�]�� ����
NP�VHFRQG�IRU�Y����DQG�Y�����DV�JLYHQ�DERYH��<HW�RXU
SUHGLFWHG�YDOXH�RI�Y�]�� �����GLVDJUHHV�VWURQJO\�ZLWK
WKH� REVHUYHG� SURSHU� PRWLRQ� RI� VWDUV� LQ� WKH� ZDUS�
ZKLFK�OLHV�FORVH�WR�Y�]�� ���RQ�DYHUDJH��VHH�)LJXUHV��D
DQG��E�RI� UHI�� ��� ,QGHHG�� WKH� DXWKRUV� VD\�� ³:H� ILQG
WKDW� DOWKRXJK� WKH� VSDWLDO� GLVWULEXWLRQ� RI� VWDUV� DJUHHV
ZLWK�SUHYLRXV�VWXGLHV��WKH�YHORFLW\�GLVWULEXWLRQ�KDV�WKH
RSSRVLWH� VLJQ� WR� WKDW� H[SHFWHG�� )LQGLQJ� D� SODXVLEOH
H[SODQDWLRQ�RI� WKLV�UHVXOW�PD\�EH�WKH�NH\� WR�VROYLQJ
WKH�ORQJ�VWDQGLQJ�SX]]OH�SRVHG�E\�JDODFWLF�ZDUSV�´

+RZ�FDQ�ZH�IL[�RXU�PRGHO�IRU�WKH�0LON\�:D\��WR
PDNH�LW�DJUHH�ZLWK�QHZ�GDWD�RQ�SURSHU�PRWLRQ"�7KH
RQO\� SODXVLEOH� VROXWLRQ� LV� WR� DVVLJQ� Y����� ��� RU
WKHUHDERXWV�DV�D�YHORFLW\�IRU�WKH�RXWHU�FLUFOH��VR� WKDW
VWDUV� LQ� WKH�RXWHU�ZDUS�ZLOO�KDUGO\�EH� URWDWLQJ� LQ�DQ
DEVROXWH� VHQVH�� DERXW� WKH� FHQWHU� RI� RXU� JDOD[\�� ,Q
RWKHU�ZRUGV��LI�VWDUV�LQ�WKH�RXWHU�FLUFOH�VKRZ�QR�XS�
GRZQ�PRWLRQ�Y�]��UHODWLYH�WR�(DUWK��WKDW�FDQ�RQO\�EH
EHFDXVH� WKH�YHFWRUV� IRU� DEVROXWH�PRWLRQ� Y����� KDYH
JRQH�WR�]HUR��7KXV��DQ\�DEVROXWH�PRWLRQ�Y�����DORQJ
WKH� RXWHU� FLUFOH� ZRXOG� FUHDWH� D� QRQ�]HUR� UHODWLYH
PRWLRQ�Y�]��DV�VHHQ�IURP�(DUWK��VLQFH�WKH�RXWHU�FLUFOH
LV�WLOWHG�E\���GHJUHHV��ZKLOH�(DUWK�OLHV�LQ�WKH�JDODFWLF
SODQH�

6WLOO��VWDUV�LQ�WKDW�RXWHU�FLUFOH�VKRXOG�VKRZ�D�KRUL�
]RQWDO� FRPSRQHQW�Y�[\��RI�PRWLRQ� UHODWLYH� WR�(DUWK�
VLQFH� WKH�(DUWK�PD\� EH� URWDWLQJ� IRUZDUG�ZLWK� VRPH
YHORFLW\� Y�����+HQFH�� DQ� REVHUYHU� RQ�(DUWK�ZLOO� VHH
WKRVH� RXWHU� VWDUV�PRYLQJ� ³EDFNZDUGV´� LQ� D� UHODWLYH
VHQVH�Y�[\��ZLWKLQ�WKH�SODQH��DOWKRXJK�QRW�XS�RU�GRZQ
DV�Y�]��RXW�RI�WKH�SODQH��3UHFLVH�GDWD�RQ�SURSHU�PRWLRQ
RI� VWDUV�ZLWKLQ� WKH�JDODFWLF�SODQH�KDYH�QRW� \HW� EHHQ
SXEOLVKHG��VR�ZH�FDQQRW�DVVLJQ� WKH�YDOXH�RI�Y����� ,I
WKH�PRGHO� IURP� UHI�� �� LV� FRUUHFW�RQ� D� UHODWLYH� VFDOH�
RQH� FDQ�GHGXFH� WKDW�Y�[\�� �±���NP�VHFRQG�� DQG� VR
Y���� �����NP�VHFRQG�DV�DQ�DSSUR[LPDWH�UHVXOW�
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3URSHU�PRWLRQV� IRU� VWDUV�ZLWKLQ� WKH� LQQHU�SDUW� RI
WKH�0LON\�:D\�DUH�QRW�NQRZQ�ZLWK�DV�PXFK�DFFXUDF\
�����7KH\� VHHP� WR� VKRZ� DQ� LQFUHDVH�ZKHQ� JRLQJ� LQ
WRZDUGV� WKH� FHQWHU�� DV� LI� WKRVH� LQQHU� SDUWV�PLJKW� EH
VSLQQLQJ�PRUH�UDSLGO\�WKDQ�6XQ�DQG�(DUWK�

,Q�VXPPDU\��WKHVH�QHZ�GDWD�RQ�SURSHU�PRWLRQ�RI
VWDUV�LQ�WKH�RXWHU�SDUW�RI�WKH�0LON\�:D\��ZRXOG�VHHP
WR� DUJXH� DJDLQVW� WKH� LQWHUSUHWDWLRQ� RI� DOWHUHG� OLJKW
IUHTXHQFLHV� DV�'RSSOHU� VKLIWV�� LQ� WKH� FDVH� RI� JDOD[\
VSLQ�� 7KH� EOXH�UHG� JUDGLHQW� RI� OLJKW� IUHTXHQFLHV� DV
VHHQ�DFURVV�WKH�ZLGWKV�RI�PDQ\�JDOD[LHV��ZRXOG�VHHP
WKHUHIRUH�WR�UHSUHVHQW�VRPH�JUDGLHQW�RI�PDVV�RU�WLPH�
UDWKHU�WKDQ�DQ\�'RSSOHU�VKLIW�������

)LQDOO\�� WKH� RULJLQ� DQG� VWUXFWXUH� RI� JDOD[LHV�PD\
EH�FODULILHG�WKURXJK�WKH�DQDO\VLV�JLYHQ�DERYH��/HW�XV
VXSSRVH� WKDW� PRVW� JDOD[LHV� ZHUH� IRUPHG� RULJLQDOO\�
WKURXJK� WKH� ODUJH�VFDOH� HMHFWLRQ� RI� PDWWHU� IURP� D
FHQWUDO�HQHUJHWLF�VRXUFH��DV�SURSRVHG�E\�$US� ����� ,Q
WKDW� FDVH�� PDWWHU� PD\� EH� HMHFWHG� LQ� WZR� RSSRVLQJ
GLUHFWLRQV�� VR� DV� WR� FUHDWH� WZR� VSLUDO� DUPV� DV� RE�
VHUYHG�� $OVR�� VXFK� PDWWHU� ZLOO� HYHQWXDOO\� ORVH� LWV
LQLWLDO� YHORFLW\� DQG� EHFRPH� VWDWLRQDU\� LQ� WKH� RXWHU
SDUWV�� DV� LW� LV� SXOOHG� WR� WKH� FHQWHU� E\� VRPH� ZHDN
JUDYLW\�� ZKLFK� PD\� EH� UHGXFHG� RU� ³VFUHHQHG´� RYHU
ZLGH�UHJLRQV�RI�VSDFH�����

1RZ�LQ�RUGHU�WR�H[SODLQ�WKH�³ZDUS´��OHW�XV�VXSSRVH
WKDW�WKH�SODQH�RI�HMHFWLRQ�PD\�KDYH�FKDQJHG�VOLJKWO\�
VD\� E\� �� GHJUHHV� ZKLOH� WKH�0LON\�:D\� ZDV� EHLQJ
IRUPHG��7KDW�ZRXOG�WKHQ�H[SODLQ�ZK\�WKH�0LON\�:D\
DQG�PDQ\�RWKHU�VSLUDO�JDOD[LHV�DSSHDU�³ZDUSHG´��DQG
KHQFH�VKRZ�D�VOLJKWO\�GLIIHUHQW�SODQHV�IRU�WKHLU�RXWHU
SDUWV�YHUVXV� WKHLU� LQQHU��,Q�RWKHU�ZRUGV��ZH�VHHP� WR
VHH� LQ� WKH� QHDUO\�VWDWLRQDU\� RXWHU� SDUWV� RI� PRGHUQ
JDOD[LHV��D�KLVWRULFDO�UHFRUG�RI�KRZ�WKH\�ZHUH�IRUPHG
ELOOLRQV�RI�\HDUV�DJR��,I�WKRVH�RXWHU�SDUWV�ZHUH�UHDOO\
URWDWLQJ�ZLWK�KLJK�VSHHGV�RI�Y����� �����NP�VHFRQG�
LQVWHDG�RI�Y����� ���DV� IRXQG�KHUH�� VXFK�D�KLVWRULFDO
UHFRUG�FRXOG�QHYHU�KDYH�SHUVLVWHG�WR�WKH�SUHVHQW�WLPH�

5HIHUHQFHV
�� +R\OH��)��DQG�1DUOLNDU��-���������2Q�WKH�QDWXUH�RI�PDVV�

1DWXUH�������������

�� $US��+�&���������4XDVDUV��5HGVKLIWV�DQG�&RQWURYHUVLHV�

,QWHUVWHOODU�0HGLD��%HUNHOH\��&DOLIRUQLD�

�� 1DUOLNDU��-��DQG�$US��+���������)ODW�VSDFHWLPH�FRVPRO�

RJ\��D�XQLILHG�IUDPHZRUN�IRU�H[WUDJDODFWLF�UHGVKLIWV��$V�

WURSK\VLFDO�-RXUQDO�������������

�� YDQ�)ODQGHUQ��7���������'DUN�0DWWHU��0LVVLQJ�3ODQHWV

DQG�1HZ�&RPHWV���1RUWK�$WODQWLF�%RRNV��%HUNHOH\��&DOL�

IRUQLD�

�� 6PDUW��5�/���'ULPPHO��5���/DWWDQ]L��0�*��DQG�%LQQH\�

-�-���������8QH[SHFWHG�VWHOODU�YHORFLW\�GLVWULEXWLRQ�LQ�WKH

ZDUSHG�JDODFWLF�GLVN��1DWXUH���������������

�� 0DMHZVNL��6�5���������*DODFWLF�VWUXFWXUH�VXUYH\V�DQG�WKH

HYROXWLRQ�RI�WKH�0LON\�:D\��$QQXDO�5HYLHZ�RI�$VWURQ�

RP\�DQG�$VWURSK\VLFV��������������

�� 'UHZ��+���������2Q�WKH�QDWXUH�RI�WKLQJV�DV�VHHQ�LQ�WKH

ODWH���WK�FHQWXU\��$SHLURQ�����������

�� 'UHZ��+���������5HVSRQVH�WR�FRUUHVSRQGHQW��$SHLURQ����

������

+�5��'UHZ
����&KDUOHV�6WUHHW

3XWQH\������1HZ�6RXWK�:DOHV
$XVWUDOLD

(OHFWURPDJQHWLF�5HWDUGDWLRQ�DQG
7KHRU\�RI�5HODWLYLW\

,� MXVW� VDZ� WKH� ,QWHUQHW� YHUVLRQ� RI� WKH� -DQXDU\�
$SULO�� ������ LVVXH� RI�$SHLURQ� �,� KDYH� EHHQ� UHDGLQJ
$3(,521� RQ� WKH� ,QWHUQHW� IRU� VRPH� WLPH� QRZ��
7KDQN�\RX�YHU\�PXFK�IRU�SXEOLVKLQJ�+LOOLRQ¶V�UHYLHZ
RI�P\�ERRN�� ,� DP�YHU\� SOHDVHG� LQGHHG�ZLWK� WKH� UH�
YLHZ��,I�SRVVLEOH��SOHDVH�LQGLFDWH�LQ�WKH�QH[W�LVVXH�RI
$SHLURQ�WKDW�WKH�DFWXDO� WLWOH�RI� WKH�ERRN�LV�³(OHFWUR�
PDJQHWLF�5HWDUGDWLRQ�DQG�7KHRU\�RI�5HODWLYLW\�´�WKDW
WKH� SULFH� RI� WKH� ERRN� LV� ������� 86�� DQG� WKDW� WKH
SXEOLVKHU¶V�DGGUHVV�LI�3�2��%R[�������6WDU�&LW\��:9
������������86$�

2OHJ�'��-HILPHQNR
RGMHI#ZYQYPV�ZYQHW�HGX

ZZZ�DV�ZYX�HGX�SK\V�MHILPHQN�KWP

5HODWLYLW\�DQG�D�/DUJH��'HQVH
6SKHUH�RI�(OHFWURQV

(LQVWHLQ� >����@� GHILQHG� RXU� SUHVHQW� FRQFHSW� RI
UHODWLYLW\� ZKHQ� KH� � ZURWH�� ³«� WKH� VDPH� ODZV� RI
HOHFWURG\QDPLFV� DQG� RSWLFV� ZLOO� EH� YDOLG� IRU� � DOO
IUDPHV�RI� UHIHUHQFH� IRU�ZKLFK� WKH� HTXDWLRQV� RI�PH�
FKDQLFV�KROG�JRRG�´�+H�QDPHG�WKLV�³7KH�3ULQFLSOH�RI
5HODWLYLW\�´

)RU�(LQVWHLQ¶V�FRQFHSW�RI�UHODWLYLW\� WR�EH�FRUUHFW�
WKH� ODZV�RI� HOHFWURVWDWLFV� DQG�HOHFWURPDJQHWLFV�PXVW
QRW� OHDG� WR� LUUHFRQFLODEOH� UHVXOWV�ZKHQ�YLHZHG� IURP
WZR�XQDFFHOHUDWHG�LQHUWLDO�FRRUGLQDWH�V\VWHPV�PRYLQJ
OLQHDUO\�WRZDUG�RU�DZD\�IURP�HDFK�RWKHU�

,W�DSSHDUV��WKRXJK��WKDW�DW�OHDVW�RQH�LUUHFRQFLODEOH
SDLU�RI�UHVXOWV�H[LVWV�

$W�WKH�RULJLQ�RI�D�µPRYLQJ¶�FRRUGLQDWH�V\VWHP��DQ
REVHUYHU�SURGXFHV�D�ODUJH��GHQVH�VSKHUH�RI�HOHFWURQV�
7KH�REVHUYHU�ZDWFKHV� WKH� VSKHUH� H[SDQG� HTXDOO\� LQ
DOO�GLUHFWLRQV�GXH�WR�HOHFWURVWDWLF�UHSXOVLRQ��1R�PDJ�
QHWLF�ILHOG�LV�DSSDUHQW�

7KH� µPRYLQJ¶� FRRUGLQDWH� V\VWHP� LV� DSSURDFKLQJ
UDSLGO\��DOPRVW�WKH�VSHHG�RI�OLJKW��D�QHDUE\�µVWDWLRQ�
DU\¶� FRRUGLQDWH� V\VWHP��7KH� µVWDWLRQDU\¶� REVHUYHU� DW
WKH� RULJLQ� RI� WKH� µVWDWLRQDU\¶� V\VWHP� ILUVW� VHHV� WKH
UDSLGO\� DSSURDFKLQJ� VSKHUH� RI� HOHFWURQV� ZLWKLQ� D
VWURQJ�� VHOI�JHQHUDWHG� PDJQHWLF� ILHOG�� 7KH� ILHOG
VTXHH]HV� WKH� VSKHUH� LQWR� D� QHJDWLYHO\�FKDUJHG� URG�
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DSSURDFKLQJ�WKH�µVWDWLRQDU\¶�REVHUYHU�OHQJWKZLVH��7KH
QHDU�HQG�RI� WKH� URG� LV�PRYLQJ�PRUH� UDSLGO\� WRZDUG
WKH�µVWDWLRQDU\¶�REVHUYHU�WKDQ�LV�WKH�IDU�HQG�RI�WKH�URG�

7KH�µVWDWLRQDU\¶�REVHUYHU�LV�QRW�ZRUULHG�EHFDXVH�D
VLPSOH� PDWKHPDWLFDO� H[HUFLVH� UHYHDOV� WKDW� WKH� HOHF�
WURQV� DUH� UHDOO\� LQ� WKH� IRUP�RI� D� TXLFNO\� H[SDQGLQJ
VSKHUH�LQ�WKH�µPRYLQJ¶�V\VWHP�

7KH�QHDU�HQG�RI�WKH�URG�UHDFKHV�KLP�DQG��XQIRUWX�
QDWHO\�� WKH�FRQFHQWUDWHG�EHWD�UD\V�EXUQ�DQG�SXQFK�D
ODUJH�KROH� WKURXJK� WKH� µVWDWLRQDU\¶� REVHUYHU¶V� FKHVW�
7KLV� OHDYHV� KLP�GHDG�� DQG� OHDYHV� WKH� µPRYLQJ¶� RE�
VHUYHU�ZRQGHULQJ� KRZ� DQ� HOHFWURQ� RU� WZR� IURP� KLV
JUHDWO\�H[SDQGHG�VSKHUH�RI�HOHFWURQV� FRXOG�SRVVLEO\
SURGXFH�WKDW�PXFK�GDPDJH�

7KH� YLHZV� RI� WKH� µVWDWLRQDU\¶� DQG� µPRYLQJ¶� RE�
VHUYHUV�DUH�QRW�FRPSDWLEOH��7KH� HOHFWURQV� FDQQRW�EH
JUHDWO\�H[SDQGHG�DQG�WLJKWO\�FRQFHQWUDWHG�DW�WKH�VDPH
WLPH�

7KLV�EULQJV�PH�WR�VHYHUDO�TXHVWLRQV��)LUVW��IRU�WKH
UHODWLYLVWV�����&DQ�WKHVH�WZR�GLVSDUDWH�YLHZV�EH�UHFRQ�
FLOHG�IURP�WKH�YLHZSRLQW�RI�UHODWLYLW\"�,I�\HV��SOHDVH
VKRZ�XV�KRZ����� ,I�QR��ZKDW�GRHV� WKLV� WHOO�XV� DERXW
RXU� XQGHUVWDQGLQJ� RI� RXU� XQLYHUVH"� ��� ,I� QR�� ZKDW
GRHV�WKLV�WHOO�XV�DERXW�RXU�SUHVHQW�FRQFHSW�RI�UHODWLY�
LW\��DQG����ZKDW�GRHV�WKLV�VD\�DERXW�DQ\�WKHRU\�EDVHG
RQ�RXU�SUHVHQW�FRQFHSW�RI�UHODWLYLW\"

6HFRQG�� IRU� WKH� QXFOHDU� SK\VLFV� WKHRUHWLFLDQV�� ��
7KLV�VTXHH]H�HIIHFW�RQ�UDSLGO\�PRYLQJ�µOLNH�FKDUJHV¶
DOVR�RFFXUV�IRU�WKH�FKDUJHG�TXDUNV�RI�WKH�VDPH�HOHF�
WULF�VLJQ�WKDW�DUH�PRVW�QXPHURXV�ZLWKLQ�HDFK�FKDUJHG
QXFOHXV��4XDUNV�ZLWK�FKDUJHV�RI�VLJQ�RSSRVLWH�WR�WKH
IRUHJRLQJ� µOLNH�FKDUJHV¶� DUH� PDJQHWLFDOO\� UHSHOOHG
IURP�WKH�µVTXHH]HG¶�TXDUNV�GHVSLWH�WKHLU�RZQ�ZHDNHU
µVTXHH]H¶�HIIHFW��7KHVH�HIIHFWV�LPSO\�D�FKDQJH�LQ�VWDWH
IURP�ZKHQ�WKH�QXFOHXV�LV�DW�UHVW�ZKLFK��LQ�WXUQ��VXJ�
JHVWV� WKDW� WKH� GHFD\� WLPH� RI� WKH� QXFOHXV� PLJKW� EH
FKDQJHG� IURP�ZKHQ� DW� UHVW��:KDW� GRHV� WKLV� WHOO� XV
DERXW�DQ\�SRVVLEOH�VSHHG�GHSHQGHQW�PHDQ�GHFD\�WLPH
IRU� PHVRQV"� ��� &DQ� D� PDWKHPDWLFDO� H[SUHVVLRQ� IRU
DQ\�SRVVLEOH�VSHHG�GHSHQGHQW�PHDQ�GHFD\�WLPH�RI�WKH
PHVRQ� EH� GHYHORSHG"� ,I� \HV�� SOHDVH� VKRZ� XV� WKH
GHYHORSPHQW�

5HIHUHQFHV
�� (LQVWHLQ��$OEHUW��³=XU�(OHNWURG\QDPLN�%HZHJWHU�.|U�

SHU´��$QQDOHQ��GHU�3K\VLN������(QJOLVK�WUDQVODWLRQ�³2Q

WKH�(OHFWURG\QDPLFV�RI�0RYLQJ��%RGLHV´�E\�:��3HUUHWW

DQG�*�%��-HIIHU\�LQ�7KH�3ULQFLSOH�RI�5HODWLYLW\���1HZ

<RUN��'RYHU�3XEOLFDWLRQV�,QF���������/RUHQW]��(LQVWHLQ�

0LQNRZVN\���DQG�:H\O��ILUVW�FRS\ULJKWHG�LQ������E\

0HWKXHQ�DQG�&RPSDQ\��/WG����SS��������RI�������

'RQDOG�*LOEHUW�&DUSHQWHU
�3URIHVVRU��3K\VLFV��5HWLUHG�

&RORQHO��5HWLUHG���86$)

$JDLQ�RQ�WKH�0DULQRY�0RWRU

:H� UHSRUW� VRPH� SUHOLPLQDU\� H[SHULPHQWDO� UH�
VHDUFK� DERXW� WKH� �VLEHULDQ� FROLX�� 0DULQRY� PRWRU
ZKLFK� �H[FHSW� LQ� WKH� VLJQ� RI� URWDWLRQ�� DUH� LQ� URXJK
DFFRUGDQFH�ZLWK�:HVOH\�WKHRU\��0RUHRYHU��ZH�ZHUH
DEOH� WR�PDNH��E\� FRQQHFWLQJ� LQ� VHULHV���� ORRSV�� WKH
DERYH�PDFKLQH� DGGLWLYH��&RQWLQXRXV� URWDWLRQ� RI� WKH
URWRU�ZDV�DFKLHYHG�UHVRUWLQJ�WR�D�ZHOO�NQRZQ�GHVLJQ
RI�FRQPXWDWLRQ��:H�KRSH�WR�GHVFULEH�WKRURXJKO\�RXU
PRWRU�LQ�D�FRXSOH�RI�PRQWKV�

,QWURGXFWLRQ
6RPH�PRQWKV�DJR�3DXO�:HVOH\�ZURWH�XV� LQ�FRQ�

QHFWLRQ�ZLWK�WKH�0DULQRY�PRWRU��FOHDUO\�GHVFULEHG�E\
KLP� LQ� WKLV� MRXUQDO>�@� LQYLWLQJ� XV� WR� SHUIRUP� D
VWUDLJKWIRUZDUG�H[SHULPHQW� LQ�ZKLFK�D�PHUFXU\� ULQJ
ZRXOG�EH�WKH�URWRU��:H�KDYH�DWWHPSWHG�WR�SHUIRUP�WKH
DERYH� EXW� IDLOHG� WR� REVHUYH� PRWLRQ�� 3URPSWO\� ZH
UHFRJQLVH�WKDW�LQHUWLD�DQG�VXUIDFH�WHQVLRQ�RI�PHUFXU\
DUH� LQGHHG� WRR� KLJK� DV� WR�PDVN� WKH� HOHFWURPDJQHWLF
IRUFH�� 'XULQJ� 2FWREHU�1RYHPEHU� ¶��� 7RP� 3KLSSV
�ZLWK� ZKRP� ZH� VHDUFKHG� RQ� 9$&(� LQ� D� UHODWHG
PDWWHU>�@��SXW� LQ�RXU�NQRZOHGJH>�@� WKDW�7RP�/LJRQ
VXFFHHGHG�ZLWK� WKH� UHFLSURFDO� DUUDQJHPHQW�� WKH� ULQJ
DW�UHVW�DQG�WKH�WRURLGDO�PDJQHW�IUHH�WR�URWDWH�DERXW�WKH
YHUWLFDO�D[LV�

7KH�ODVW�WZR�PRQWKV�ZH�UHSHDWHG�VRPH�RI�WKH�H[�
SHULPHQWV�SHUIRUPHG�E\�3KLSSV�FUXGHO\�YHULI\LQJ�KLV
RXWSXWV��1RZ�ZH�DUH�VHDUFKLQJ�DERXW�WKH�DGGLWLYLW\�RI
WRUTXH�DQG�IRU�WKH�FRXQWHU�HOHFWURPRWLYH�IRUFH��EDFN
HPI��

$GGLQJ�5LQJV
)LJXUH��� VNHWFKV� WKH� WZR� ILUVW� ORRSV�RI� � RXU� ILUVW

DGGLWLYH� VLEHULDQ� FROLX��7KH� ����� ULQJV� ORFDWHG� DV� LQ
:HVOH\� �ILJ��� FRQILJXUDWLRQ�� :H� HPSOR\HG� D� �$O�
QLFR����FP�ZLGH���FP�KHLJKW������FP�WKLFNQHVV��RQH
SLHFH�� TXDVL� SHUIHFW� WRURLG� HQFORVLQJ� VRPH� �����
JDXVV��ZLWK�GLVSHUVLYH�IOX[�DPRXQWLQJ��QR�PRUH�WKDQ
���JDXVV��DV�PHDVXUHG�LQ�WKH�HFXDWRULDO�SODQH��DW�WKH
SODFH�ZHUH�ZH� ORFDWHG� WKH� FRLO��:LWK� WKH� DLG�RI� WKH
DERYH� �GHYLFH�ZH�KDYH�YHULILHG�PRVW� RI� WKH�3KLSSV
PHDVXUHPHQWV�� �� :H� GRQ¶W� UHSRUW� KHUH� QXPHULFDO
ILJXUHV�EXW�ZH�ZLVK� WR�HPSKDVL]H� WKDW�7�� ≈ ���7�
EHLQJ�7��WKH�WRUTXH�DFWLQJ�XSRQ�D�LVRODWHG�ORRS��7KH
WRURLG�ZDV�VXVSHQGHG�ZLWK�WKH�DLG�RI�D�����µ�GLDPH�
WHU� VWDLQOHVV� VWHHO�ZLUH��2XU�REVHUYDWLRQV� DJUHH�ZLWK
WKDW�GXH� WR�3KLSSV>�@� DV� IDU� DV� WRUTXH� DQG� VHQVH� RI
URWDWLRQ�FRQFHUQV��EXW�GLVDJUHH�ZLWK�:HVOH\��FDOFXOD�
WLRQV�DW�ODVW�SRLQW��8S�WR�QRZ�ZH�FDQQRW�DGYDQFH�DQ\
SK\VLFDOO\� WHQDEOH� H[SODQDWLRQ� DERXW� WKLV� H[WUDQJH
IDFW� �ZH� ZHUH� XQDEOH� WR� ILQG� IODZV� LQ� WKH� :HVOH\
GHULYDWLRQ���$QRWKHU�SRLQW�\HW�DGYDQFHG�E\�3KLSSV>�@
��ZH�FRQILUPHG�LQ�RXU�ODE�LV�WKH�IDLOXUH�RI��IHUURPDJ�
QHWLF�FRUH��HOHFWURPDJQHWV�IRU�WRUTXH�SURGXFWLRQ�
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7RURLG�IL[HG��FRLO�IUHH�WR�URWDWH
:KHQ�WKH�����ORRSV��URWDWLQJ�FRLO�ZDV�VXVSHQGHG

�ZLWK�WKH�DLG�RI�WKH�DERYH�VWHHO�ZLUH���UHPDLQLQJ�WKH
DUPDWXUH� �WRURLG�� DQFKRUHG� WR� WKH� ODE�� D� YLJRURXV
URWDWLRQ�RI�WKH�FRLO�ZDV�REVHUYHG�DIWHU�SDVVLQJ�VRPH
��� '&$��:H� IHHG� WKH� GHYLFH� ZLWK� WKH� DLG� RI� WZR
FLUFXODU� WURXJKV� RI� PHUFXU\� LQ� ZKLFK� WKH� FRSSHU
WKUHDGV� ����� ZHUH� LPPHUVHG�� :KHQ� WKH� FRLO� ZDV
HSR[LHG� WR� WKH� DUPDWXUH�� ERWK� VXVSHQGHG� DV� DERYH�
URWDWLRQ�GRHVQ¶W�WDNH�SODFH��ZH�UHDFKHG�XS�WR�FD�����
$�'&�LQ�YHU\�EULHI�SXOVHV���)URP�WKH�DERYH�IROORZV
DQJXODU�PRPHQWXP�FRQVHUYDWLRQ��DV�H[SHFWHG�

$IWHU�RXU�GHFHSWLYH�H[SHULPHQWV�ZLWK�WKH��DV�VXJ�
JHVWHG�E\�:HVOH\��PHUFXU\�ULQJ��ZH�VXFFHHGHG�ZKHQ
UHSODFLQJ�WKH�DERYH�E\�D�KLJKO\�VDOLQH�ZDWHU�VROXWLRQ�
DW� FXUUHQWV�RI� VRPH����'&$��)RU� H[SHULPHQWV� FRQ�
VXPLQJ� D� IHZ� VHFRQGV� HOHFWURO\VLV� ZDV� QRW� D� KDUG
SUREOHP�

7KH�SX]]OH�RI�EDFN�HPI
7KH� QH[W� VWHS� WR� EH� UHSRUWHG� LQ� WKLV� SUHOLPLQDU\

OHWWHU�FRQFHUQV�ZLWK�WKH�XQDYRLGDEOH�TXHVWLRQ�UHODWHG
WR�EDFN�HPI��3UHYLRXV�FRUUHVSRQGHQFH�ZLWK�&RVWD�GH
%HDXUHJDUG>�@�VKRZHG� WKH� LPSRUWDQFH� WR� VHDUFK� WKH
VLEHULDQ�FROLX� EHKDYLRXU� DV� JHQHUDWRU�� )RU� WKLV� SXU�
SRVH�ZH�DQFKRUHG�WKH�����ORRSV��FRLO�WR�WKH�ODE�DQG
URWDWH� WKH� DUPDWXUH� XS� WR� ������ USP�� %HVLGHV� WKH
UDQGRP�QRLVH�ZH�ZHUH�XQDEOH�WR�GHWHFW�DQ\�UHOHYDQW
YROWDJH��2XU�RVFLOORVFRSH�VHQVLWLYLW\�ZDV�EHWWHU� WKDQ
����P9��$�FUXFLDO�TXHVWLRQ�DULVHV��:KDW�LV�WKH�EUDN�
LQJ�IRUFH�LQ�WKH�0DULQRY�PRWRU"�,I�\RX�VWDUW�WKH�PRWRU
ZLWK����'&�9ROW��DIWHU� UHDFKLQJ� �VD\��������� USP� �
WKH�VDPH����'&��9ROW��ZLOO�GULYH�FXUUHQW�LQWR�WKH�FRLO�
$W�ILUVW�VLJKW��RQO\��PHFKDQLFDO�� IULFWLRQDO�IRUFHV�DUH
WKH�FDQGLGDWH� WR�EUDNH� WKH� DUPDWXUH��*RLQJ� LQWR� WKH
WKHRUHWLFDO� UHDOP�� WKH� REVHUYDWLRQ� GHVHUYHV� IXUWKHU
LQYHVWLJDWLRQ�VLQFH�ZH�NQRZ�WKDW��IRU�D�WLPH�YDU\LQJ
$��ZH�JHW�(LQG� � � ∂ �$�∂ � W� �� � ,Q�RXU�DUUDQJHPHQW
URWDWLRQ� LV� WKH� UHVSRQVLEOH� IRU� D� �PRWLRQDO�� � WLPH�
YDU\LQJ�SRWHQWLDO�YHFWRU�LQ�WKH�EXON�RI�WKH�ZLUHV��:H

RQO\�PHDVXUH� (LQG�GO� ���=I �� EXW�ZH� GRQ¶W� NQRZ

DERXW�(LQG�DW�DQ�DUELWUDU\�SRLQW�

)LQDO�FRQVLGHUDWLRQV
:H� IHHO� WKH� SK\VLFV� FRPPXQLW\� LV� LQGHEWHG� WR

6��0DULQRY�� 3�� :HVOH\� DQG� 7�� 3KLSSV�-U�� IRU� KLV
EL]DUUH�DWWLWXGH�DV�IDU�DV�WKH�VHDUFK�RI�WUXWK�FRQFHUQV�
$FNQRZOHGJHPHQW�� 7R� &DPELR� )�9DFFDUR� 6�$

�%DLUHV��

5HIHUHQFHV
>�@ 3��:HVOH\��3ULYDWH�&RPPXQLFDWLRQ���$SHLURQ��WKLV�LVVXH��

>�@ 7�3KLSSV�-U��DQG�-R�*XDOD�9DOYHUGH��7R�EH�SXEOLVKHG

�(OHFWULF�6SDFHFUDIWV��

>�@ 7�3KLSSV�-U��3ULYDWH�FRPPXQLFDWLRQV��6HSW�2FWREHU�

1RY�'HF�������

>�@ 7��3KLSSV��-U��3ULYDWH�FRPPXQLFDWLRQ���$SHLURQ��WKLV

LVVXH�

>�@ 2��&RVWD�GH�%HDXUHJDUG��3ULYDWH�FRPPXQLFDWLRQ

�6HSW������

-R�*XDOD�9DOYHUGH
�&23$'(�81&�

3��0D]]RQL
�,QVWLWXWR�-XOLR�3DODFLRV�

6DOWD�����������1HXTXHQ��$UJHQWLQD
)D[�����������

(�PDLO�FHELMXS#VDWOLQN�FRP�DU

$GGUHVV�WR�WKH�¶���,6&)316�SDUWLFL�
SDQWV�DQG�JOREDO�VFLHQWLILF�FRPPXQLW\

7DNLQJ�WKLV�RSSRUWXQLW\�RIIHUHG�E\�WKH� ¶���,QWHU�
QDWLRQDO�6FLHQWLILF�&RQJUHVV�RQ�)XQGDPHQWDO�3URE�
OHPV�RI�1DWXUDO�6FLHQFH��6W��3HWHUVEXUJ��-XQH�������
�������ZH�VROHPQO\�PDNH�LW�NQRZQ�WR�WKH�UHVSHFWDEOH
SDUWLFLSDQWV�DOO�KHUH�DQG�JOREDO�VFLHQWLILF�FRPPXQLW\
WKDW�

0DWKHPDWLFDO� RFFXUUHQFHV� GHPRQVWUDWH� WKDW� WKH
ZHOO�NQRZQ�/RUHQW]�WUDQVIRUPDWLRQ�LV�D�VHW�RI�LQWULQ�
VLFDOO\�LQFRQVLVWHQW�DQG�LOOHJLWLPDWH�HTXDWLRQV��PLVOHG
E\� WKH� ³OHDGLQJ� VFLHQWLVWV´�� VXFK� DV�+��3RLQFDUH��$�
(LQVWHLQ�� DQG� +��0LQNRZVNL�� GXH� WR� WKHLU�� DW� OHDVW�
IDLOXUH�WR�GLVWLQJXLVK�EHWZHHQ��[��\��]�� W

U
��DQG��[�������

W ��DV�VHHQ�LQ�WKH�DWWDFKHG�PDWHULDO�
1R� RQH� FDQ� UHVFXH� WKH� /RUHQW]� WUDQVIRUPDWLRQ

IURP�FROODSVLQJ�
,W� WKXV� LV� VLPSO\� LURQLF� WR� VSHDN� RI� H[SHULPHQWDO

³FRQILUPDWLRQV´�IRU� WKH�5HODWLYLW\��ZKLFK�LV�GRRPHG
WR� YDQLVK�� DORQJ� ZLWK� DOO� LWV� GHULYDWLYHV�� VXFK� DV
OHQJWK�FRQWUDFWLRQ� DQG� WLPH�GLODWLRQ�� UHODWLYLVWLF
VSHHG�ODZ��UHODWLYLVWLF�'RSSOHU�IRUPXODH�DQG�UHODWLY�
LVWLF�VSDFH�WLPH�WKHRU\«�XS�WR�WKH�ELJ�EDQJ�

1RZ�PRUH�DQG�PRUH�VFLHQWLVWV�ZKR�UHDG�RXU�FULWL�
FDO�SDSHUV�FRPH� WR�JLYH�XS� WKH� LPSURSHU�EHOLHI� WKDW
WKH� SUREOHP� ZLWK� WKH� 5HODWLYLW\� WKHRU\� LV� QRW� LQ
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PDWKHPDWLFV� EXW� LQ� SK\VLFDO� H[SODQDWLRQ� RI� H[SHUL�
PHQWV�RQO\�

:KHUH�LV�WKH�ZD\�RXW�IRU�PRGHUQ�VFLHQFH"�7KH�DQ�
VZHU�PD\�EH�IRXQG�IURP�WKH�5HIHUHQFHV�>�@��>�@�DQG
>�@�LQ�WKH�DWWDFKHG�PDWHULDO�

$OO�LQ�DOO��&RQWHPSRUDU\�VFLHQFH��HVSHFLDOO\�EDVLF
SK\VLFV�� DVWURSK\VLFV� DQG� FRVPRORJ\�� QHHGV� IXQGD�
PHQWDO�PDWKHPDWLFDO� DQG�SK\VLFDO� UHYLVLRQV��RU� LW� LV
LPSRVVLEOH� WR� DGYDQFH� PRGHUQ� VFLHQFH� LQ� WKH� QH[W
PLOOHQQLXP�

1R�2QH�&DQ�6DYH�WKH�/7�)URP�&ROODSVLQJ
:LWK�XVXDO�PHDQLQJV�IRU�V\PEROV�EHORZ�WKH�/RU�

HQW]�WUDQVIRUPDWLRQ��/7�
W
� �γ�W���Y[� F� ���[
� �γ�[���YW� ��D�

\
� �\���]
� �] ��E�

γ� ��� �
� �− Y F�

VHHPV�WR�EH�ZHOO�DFFHSWHG�EXW�FDQ�EH�SURYHQ�LQYDOLG�
DV�EHORZ�
,���7KH�/7�LV�DVVXPHG�WR�DSSO\�WR�DQ\�HYHQW�LQ���'
VSDFH��LQFOXGLQJ��VD\��DQ�HYHQW��SRLQW� 3

U
�ZLWK�FRRU�

GLQDWHV�\�≠���DQG�]�≠����<HW��(T���D��FDQQRW�GHVFULEH
WKH� 3

U
�EXW�DQ\�HYHQW�RQ�WKH�[�D[LV�RQO\�

3522)��7KH�SRLQW� 3
U
�ZLWK�\�≠���DQG�]�≠���KDYH

SULPHG�FRRUGLQDWHV
�[
��\
��]
��W
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ZKHUH��W
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6XEVWLWXWLQJ�����LQWR�WKH�DERYH�\LHOGV
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ZKLFK�LV�VXUH�WR�FRQWDLQ�\�≠���DQG�]�≠����%XW��WKH�ILUVW
HTXDWLRQ�RI���D�
W
� �γ�W���Y[� F� �
KDV�QR�\�DQG�]�WHUPV��DQG�KHQFH�FDQQRW�GHVFULEH�WKH
3
U
���4('
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