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7�K�H���(�S�K�H�P�H�U�L�V
)RFXV�DQG�ERRN�UHYLHZV

6SDFH�LV���'LPHQVLRQDO
³'LPHQVLRQDOLW\´�LV�XQGHUVWRRG�KHUH� LQ� WKH�VHQVH

RI�GHJUHHV�RI�IUHHGRP�RU��HTXLYDOHQWO\��WKH�QXPEHU�RI
LQGHSHQGHQW� EDVLV� YHFWRUV� LQWR� ZKLFK� DQ� DUELWUDU\
YHFWRU� FDQ� EH� GHFRPSRVHG�� 7KLV� LV� D� WRSRORJLFDO
GLPHQVLRQ�� TXLWH� GLIIHUHQW� IURP� WKH� QRQ�LQWHJUDO
+DXVGRUII� GLPHQVLRQV� PDGH� SRSXODU� E\� -XOLD� VHWV
DQG�E\�0DQGHOEURW¶V�³IUDFWDOV´�

(LQVWHLQ¶V�³VSHFLDO´�DQG�JHQHUDO�UHODWLYLW\�WKHRULHV
GR�QRW�FRQWHQW� WKHPVHOYHV�ZLWK� WKUHH�VSDWLDO�GLPHQ�
VLRQV�DQG�D�³IODW´�(XFOLGLDQ�JHRPHWU\��+RZHYHU��WKLV
³PDWKHPDWL]DWLRQ´�RI�VSDFH�LV�QRW�RQO\�XQQHFHVVDU\�
EXW� LW� WZLVWV� SK\VLFDO� LGHDV� LQWR� PHDQLQJOHVV� NLQH�
PDWLFDO�JDPHV�WKDW�DUH�QRW�LQ�DJUHHPHQW�ZLWK�HPSLUL�
FDO�IDFW�

'\QDPLFV�DQG���'LPHQVLRQDOLW\
1HZWRQ¶V� WKUHH�³ODZV´�DUH��DFWXDOO\�� WKUHH�GHILQL�

WLRQV�
�L� RI�WKH�LQHUWLDO�IUDPH
�LL� RI�WKH�IRUFH�RI�LQHUWLD�DQG
�LLL� RI�WKH�FORVHG�V\VWHP�

7KHVH� GHILQLWLRQV� DUH�� ERWK� LQ� SULQFLSOH� DQG� LQ
SUDFWLFH�� IXQGDPHQWDO� WR� DOO� SK\VLFV²QRW� RQO\� WR
G\QDPLFV��7KH�H[SOLFLW�IRUP�RI�D�IRUFH��ZKLFK�KDV�WR
EDODQFH�WKH�IRUFH�RI�LQHUWLD��LV�D�IRUFH�ODZ��$OO�SK\VL�
FDO�ODZV��H�J��WKH�³��U��ODZ�´�0D[ZHOO¶V�HTXDWLRQV��WKH
ODZ�RI�GLIIXVLRQ�� WKH� ODZ�RI� UDGLRDFWLYH�GHFD\��ZHUH
GLVFRYHUHG� LQ� DQ� �DSSUR[LPDWH�� LQHUWLDO� IUDPH� RI
UHIHUHQFH� �,)5��� 7KH� YHU\� GHILQLWLRQ� RI� WKH� ,)5� DO�
UHDG\� UHIHUV� WR� WZR� NLQGV� RI� PRWLRQ�� 5RWDWLRQDO
PRWLRQ� �³DQ� ,)5� LV� QRW� DOORZHG� WR� URWDWH´�� DQG
WUDQVODWLRQDO��RU�OLQHDU��PRWLRQ��³D�PDWHULDO�ERG\�QRW
DFWHG� XSRQ� E\� IRUFHV� PRYHV� XQLIRUPO\� DORQJ� D
VWUDLJKW� OLQH´���7KH�PDUYHOORXV�SDODFH�RI�1HZWRQLDQ
G\QDPLFV�LV�EXLOW�XSRQ�WKH�LGHD�WKDW�HYHU\�PRWLRQ�LV�D
FRPELQDWLRQ�RI�WUDQVODWLRQDO�DQG�URWDWLRQDO�PRWLRQV��D
VR�FDOOHG� LQVWDQWDQHRXV� URWR�WUDQVODWLRQDO� PRWLRQ
�ZLWK�D�FHQWHU�RI�URWDWLRQ�DW�HYHU\�PRPHQW���$FFRUG�
LQJ� WR� D�JHQHUDO� WKHRUHP� FRQFHUQLQJ� WKH� HIIHFW� RI� D
V\VWHP� RI� �VOLGLQJ�� IRUFHV� XSRQ� D� ULJLG� ERG\�� WKH
DFWLRQ� RI� D� V\VWHP� RI� IRUFHV� LV� HTXLYDOHQW�� DW� HYHU\
PRPHQW�� WR� D� UHVXOWDQW� IRUFH� �5�� DQG� D� UHVXOWDQW
WRUTXH� �0R��� 7KH� IRXU� SRVVLEOH� VLWXDWLRQV�� QDPHO\
5� ��� DQG� 0R� ���� 5����� DQG� 0R� ���� 5� ��� DQG
0R������5�����DQG�0R������FRUUHVSRQG�WR�HTXLOLEULXP�
WUDQVODWLRQDO� PRWLRQ�� URWDWLRQDO� PRWLRQ�� DQG� URWR�
WUDQVODWLRQDO�PRWLRQ��UHVSHFWLYHO\�

7KH� WZR� YHFWRUV��5� DQG�0R� �5�©�UR� DUH� TXDOLWD�
WLYHO\�GLIIHUHQW��SRODU�DQG�D[LDO�YHFWRUV��UHVSHFWLYHO\�
DQG� FRUUHVSRQG� WR� WKH� WZR� IXQGDPHQWDOO\� GLIIHUHQW
NLQGV� RI� PRWLRQ�� WUDQVODWLRQ� DQG� URWDWLRQ�� $� SRODU
YHFWRU�KDV�QR�SHFXOLDULWLHV�UHODWHG�WR�WKH�GLPHQVLRQDO�
LW\�RI�WKH�SK\VLFDO�VSDFH²LW�EHKDYHV�HTXDOO\�ZHOO�LQ
�'���'��RU��'��$Q�D[LDO�YHFWRU��KRZHYHU��GHILQHG�E\
D�YHFWRU�SURGXFW���HTXLYDOHQW�WR�D�VHFRQG�RUGHU�DQWL�
V\PPHWULF�WHQVRU���UHTXLUHV�D�WKLUG�GLPHQVLRQ���(YHQ
IRU�WKH�K\SRWKHWLFDO��DEXVHG����'�FUHDWXUHV��WKH�WKLUG
GLPHQVLRQ�LV�KLQWHG�E\�WKH�IDFW�WKDW�D�EL�GLPHQVLRQDO
VKHHW�KDV�WZR�IDFHV����7KH�YHU\�LGHD�RI�WKH�³VHQVH�RI
URWDWLRQ´� LV� FRQFHLYDEOH� RQO\� ZKHQ� D� WKLUG� GLPHQ�
VLRQ²DV� IRU� DQ� DGYDQFLQJ� VFUHZ²H[LVWV�� 7KLV� LV
LPSOHPHQWHG�LQ�WKH�GHILQLWLRQ�RI�WKH�YHFWRU�SURGXFW�
DOORZLQJ� FRKHUHQW� GHILQLWLRQV� RI�� WDQJHQWLDO� YHORFLW\
w�©�U��PRPHQW�RI� IRUFH� UR�©�)�� DQJXODU�PRPHQWXP
U�©�PY�� /RUHQW]� IRUFH� Y�©�%�� F\FORWURQ� �/DUPRU�
PRWLRQ��HWF��5HPDUNDEO\��0D[ZHOOLDQ�HOHFWURG\QDP�
LFV�� D� WDXWRORJLFDO� FRUUHVSRQGHQFH� EHWZHHQ� VRXUFHV
�SDUWLFOHV�� DQG� ILHOGV�ZKLFK� UHTXLUHV� IRU� LVW� FRPSOH�
WLRQ�D�IRUFH�ODZ�EHWZHHQ�PRYLQJ�FKDUJHV��)RU�H[DP�
SOH��WKH��OLPLWHG��/RUHQW]�IRUFH�LV�EXLOW�XSRQ�D�SRODU
YHFWRU�(�DQG�DQ�D[LDO�YHFWRU�%��ZKLFK�DUH�UHVSRQVLEOH
IRU� WUDQVODWLRQDO� DQG� URWDWLRQDO� PRWLRQ� RI� D� FKDUJH�
5HPDUNDEO\�� 3ODQFN� >�@� JDYH� DQ� D[LRPDWLF� IRXQGD�
WLRQ� WR� 0D[ZHOO¶V� HOHFWURG\QDPLFV�� EDVHG� RQ� WKH
IROORZLQJ�SRVWXODWHV�
�� 7KHUH�DUH�WZR�NLQGV�RI�YHFWRUV�QHFHVVDU\�WR�EXLOG�

XS�HOHFWURG\QDPLFV�� WKH�SRODU� �HOHFWULF��YHFWRU�(
DQG�WKH�D[LDO��PDJQHWLF��YHFWRU�%�

�� 7KH�HQHUJ\�GHQVLW\�RI�WKH�HOHFWURPDJQHWLF�ILHOG�LV�
ò�e�(����m�%

��
�� 7KH� HQHUJ\� IOX[� LV� UHSUHVHQWHG� E\� WKH� 3R\QWLQJ

YHFWRU�(���%�
7KLV�DSSURDFK�ZDV�IXUWKHU�GHYHORSHG�E\�,PDL>�@�

/RQJ�5DQJH�2UGHU�DQG�'LPHQVLRQDO�
LW\

3KDVH� WUDQVLWLRQV� LQ�JHQHUDO� DQG� WKH�SRVVLEOH�RF�
FXUUHQFH�RI�VSRQWDQHRXV�PDJQHWLF�RUGHU�EHORZ�VRPH
FULWLFDO� WHPSHUDWXUH� 7F�� LQ� SDUWLFXODU�� KDYH� DWWUDFWHG
DWWHQWLRQ�RQ�WKH�UROH�RI�GLPHQVLRQDOLW\�LQ�FRQGHQVHG
PDWWHU� SK\VLFV�� WRR��7KH� WZR� LPSRUWDQW�PRGHOV�� WKH
KLJKO\�DQLVRWURSLF�XQLGLUHFWLRQDO�,VLQJ�PRGHO�DQG�WKH
LVRWURSLF�+HLVHQEHUJ� PRGHO� SUHGLFWHG� QR� VSRQWDQH�
RXV�PDJQHWL]DWLRQ�LQ�RQH�GLPHQVLRQ��,Q� WZR�GLPHQ�



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

VLRQV��KRZHYHU��WKH�ULJRURXV�2QVDJHU�VROXWLRQ�RI�WKH
,VLQJ� SUREOHP� SUHGLFWHG� �IRU� WKH� ILUVW� WLPH�� D� ILQLWH
YDOXH� RI� 7F�� 7KH� H[SHULPHQWDO� WHVWLQJ� RI� YDULRXV
PRGHOV�ZDV�DOZD\V�SODJXHG�E\�WKH�VR�FDOOHG�³LVODQG
VWUXFWXUH´� RI� XOWUDWKLQ� �EHORZ� ��� QP�� ILOPV� ZKLFK
LPSHGHG�WKH�UHDOL]DWLRQ�RI�³SVHXGR�WZR�GLPHQVLRQDO´
ILOPV�� :KHQ� WKH� HSLWD[LDO� JURZWK� WHFKQLTXH� ZDV
ILQDOO\�PDVWHUHG�� WKH� LQWHUHVW� RI� UHVHDUFK� �GULYHQ�� RI
FRXUVH�� E\� WKH� LQWHUHVWV� RI� VSRQVRUV�� ZDV� DOUHDG\
VKLIWLQJ� IURP� PDJQHWLVP� WR� VHPLFRQGXFWRU� SK\VLFV
DSSOLHG�WR�PLFURHOHFWURQLFV�

$V�IDU�DV�WKH�+HLVHQEHUJ�PRGHO�LV�FRQFHUQHG�
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�+�� -�� 6L� �+DPLOWRQLDQ�� H[FKDQJH� LQWHJUDO�� VSLQ
RSHUDWRU�� UHVSHFWLYHO\��� WKH�0HUPLQ�:DJQHU� WKRUHP
>�@²GHULYHG� IURP� WKH� PRUH� JHQHUDO� %RJROLXERY
LQHTXDOLW\�>�@²SUHGLFWHG�WKDW�IRU�FRYHUJHQFH
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QR� VSRQWDQHRXV� ORQJ�UDQJH� RUGHU� LQ� RQH� DQG� WZR
GLPHQVLRQV� LV� SRVVLEOH�� %HVLGHV� WKH� GLIILFXOW\� RI
ILQGLQJ�PDWHULDOV�LQ�WHUPV�RI�DQ�LVRWURSLF�+HLVHQEHUJ
PRGHO�DQG�WKH�HTXDOO\�GLIILFXOW�JURZWK�RI��VXEVWUDWH�
LQGXFHG��VWUHVV�IUHH�FRQWLQXRXV�PRQROD\HU�ILOPV��WKH
VLWXDWLRQ�ZDV� IXUWKHU� SODJXHG� E\� WKH� VHHPLQJO\� LP�
SRVVLEOH� WDVN� RI� FDOFXODWLQJ� +HLVHQEHUJ¶V� H[FKDQJH
LQWHJUDOV�-�U��IURP�ILUVW�SULQFLSOHV�� L�H�� IURP�RYHUODS�
SLQJ�ZDYH�IXQFWLRQV��,W�PD\�FRPH�DV�D�VXUSULVH� WKDW
HYHQ�WH[WERRNV�RQ�WKH�TXDQWXP�WKHRU\�RI�PDJQHWLVP
DFWXDOO\�ZRUN�ZLWK�³H[FKDQJH�SDUDPHWHUV�´� L�H�� SKH�
QRPHQRORJLFDO�SDUDPHWHUV�WR�EH�ILWWHG�WR�H[SHULPHQ�
WDO� GDWD�� 7KH� LQGLUHFW� H[FKDQJH� �RU� V�G�� PRGHO� EH�
WZHHQ� ORFDOL]HG� LRQV� YLD� LWLQHUDQW� �V�� HOHFWURQV� RI
5XGHUPDQ��.LWWHO��.DVX\D��<RVKLGD��5..<�PRGHO�RI
WUDQVLWLRQ�PHWDOV�� SURYLGHG� �DIWHU� VHYHUDO� VLPSOLILFD�
WLRQV��DQ�DQDO\WLFDO�IRUP�
-�U�� �±&)��N)U�ZKHUH�)�[�� ��[�FRV[�±�VLQ[��[

� ����
ZLWK�&� D� FRQVWDQW�� N)� WKH�)HUPL�ZDYH� YHFWRU� UHSUH�
VHQWLQJ�WKH�PRPHQWXP�RI�FRQGXFWLRQ�HOHFWURQV�LQ�WKH
PHWDO��

)RU� D� TXDGUDWLF� GLVSHUVLRQ� ODZ� RI� WKH� LWLQHUDQW
HOHFWURQ� DQG� IRU� [� ODUJHU� WKDQ� WKH� QHDUHVW�QHLJKERU
�11�� GLVWDQFH�� WKH� DERYH� IRUPXOD� ���� IXOILOOV� LQ� �'
WKH� FULWHULD� IRU� WKH�0HUPLQ�:DJQHU� WKHRUHP�� )RU� [
FRPSDUDEOH�ZLWK�WKH�11�GLVWDQFH������\LHOGV�D�FULWLFDO
WHPSHUDWXUH�RI�VHYHUDO�KXQGUHG�GHJUHHV�.��)RU�LQWHU�
PHGLDWH�GLVWDQFHV�[��)�[��RVFLOODWHV��VR�WKDW�IHUUR��DQG
DQWLIHUURPJQHWLF� RUGHULQJ� DV�ZHOO� DV� SDUDPDJQHWLVP
�L�H��QR�RUGHULQJ��DUH�IXQFWLRQV�RI�[�

7KH�SRSXODU�EXW�RYHUVLPSOLILHG�/DQGDX�WKHRU\�RI
VHFRQG� RUGHU� SKDVH� WUDQVLWLRQV� SUHGLFWV²QHJOHFWLQJ

IOXFWXDWLRQV²WKH� IROORZLQJ� FULWLFDO� EHKDYLRU� IRU� WKH
RUGHU�SDUDPHWHU�P�

Pð����7F�±�7� ���
7KH�EHKDYLRU�RI�WKH�FULWLFDO�IOXFWXDWLRQV��RQ�WKH�RWKHU
KDQG�� LV� JRYHUQHG� E\� WKH� )RXULHU� WUDQVIRUP� RI� WKH
JHQHUDOL]HG� VXVFHSWLELOLW\� ZKLFK� OHDGV� WR� WKH� *LQV�
EXUJ�FULWHULRQ�

<dPð>�Pð���>�7F�±�7��7F@
�G�±����� ����

,I�WKH�GLPHQVLRQDOLW\�G� LV�KLJKHU�WKDQ���� WKH�IOXFWXD�
WLRQV�RI�P�FDQ�EH�QHJOHFWHG�DV�FRPSDUHG�WR�P�LWVHOI�
VR�WKDW�/DQGDX¶V�WKHRU\�LV�VXSSRVHG�WR�ZRUN��,I�G� ���
WKH�UDWLR�<dPð>�Pð�GLYHUJHV�IRU�7���7F�

:LOVRQ�>�@�KDV�H[SUHVVHG�WKH�FULWLFDO�H[SRQHQWV�DV
D�IXQFWLRQ�RI�e�����±�G��)RU�G�!����WKHVH�WXUQ�RXW�WR�EH
LQGHSHQGHQW�RI�G��)RU�G������LQ�DFFRUGDQFH�ZLWK� WKH
XQLYHUVDOLW\� K\SRWKHVHV�� WKH� FULWLFDO� H[SRQHQWV� GH�
SHQG� RQO\� RQ� WKH� GLPHQVLRQDOLW\� RI� WKH� RUGHU� SD�
UDPHWHU�DQG� WKH�GLPHQVLRQDOLW\� RI� VSDFH�� �7KH\� DUH
LQGHSHQGHQW� RI� WKH� V\PPHWU\� RI� WKH� FU\VWDO� ODWWLFH�
GHJUHH�RI�DQLVRWURS\��NLQG�DQG�UDQJH�RI�LQWHUDFWLRQV�
HWF��� )RU�PDQ\� SUDFWLFDO�PDJQHWLF� V\VWHPV�� WKH� XQL�
YHUVDOLW\� K\SRWKHVLV� ZDV� FRQILUPHG�� 7KH� WKHRU\� RI
SKDVH�WUDQVLWLRQV��KRZHYHU��SURYLGHV�QR�DUJXPHQWV�LQ
IDYRU�RI�RU�DJDLQVW�WKH�REVHUYHG���GLPHQVLRQDOLW\�RI
VSDFH�

+LJKO\�$QLVRWURSLF�6WUXFWXUHV�DQG
3VHXGR�'LPHQVLRQDOLW\

,QWHQVLYH�UHVHDUFK�KDV�EHHQ�GHYRWHG�WR�WKH�XQXVXDO
FRQVHTXHQFHV� RI� UHGXFHG� GLPHQVLRQDOLW\� RI� VRPH
PDWHULDOV��1RWD�EHQH��6SDFH�DOZD\V�UHPDLQV��'��RQO\
WKH� VWUXFWXUH� RI� WKH�PDWHULDO� EHFRPHV� KLJKO\� DQLVR�
WURSLF�� D� IDFW�ZKLFK�PLPLFV� UHGXFHG�GLPHQVLRQDOLW\�
³2QH�GLPHQVLRQDO� PHWDOV�´� L�H�� PHWDOV� LQ� ZKLFK
HOHFWURQV� DUH� FRQVWUDLQHG� WR� PRYH� SUHIHUHQWLDOO\� LQ
RQH� GLUHFWLRQ� E\� WKH� PROHFXODU� DUUDQJHPHQW�� DUH
LQWULQVLFDOO\� XQVWDEOH� DJDLQVW� WKH� IRUPDWLRQ� RI� D
YDULHW\�RI�GLVWRUWHG�VWDWHV�DW� ORZ� WHPSHUDWXUHV��7KH\
PD\�EHFRPH�PDJQHWLF�RU�QRQ�PDJQHWLF�LQVXODWRUV��RU
SRVVLEO\�HYHQ�KLJK�7F�VXSHUFRQGXFWRUV��7KH�LQVWDELOL�
WLHV� DULVH� IURP� WKH� UHVSRQVH� RI� WKH� V\VWHP� WR� ZHDN
SHUWXUEDWLRQV�� WKH� UHVSRQVH� ³EORZV� XS´� ZKHQ� WKH
WHPSHUDWXUH�LV�ORZHUHG��2Q�WKH�RWKHU�KDQG�� WUXO\��'
V\VWHPV� FDQQRW� XQGHUJR� SKDVH� WUDQVLWLRQV� DW� DQ\� 7
DERYH� DEVROXWH� ]HUR��7KLV� DSSDUHQW� FRQWUDGLFWLRQ²
WKDW� WKH� V\VWHP� LV� XQVWDEOH� DJDLQVW� GLVWRUWLRQV�� EXW
FDQQRW�GLVWRUW²LV�UHPRYHG�E\� WKH�DFWXDO��'�QDWXUH
RI�WKH�FU\VWDOV�

7KH���U�DUJXPHQW
,I�RQH�LPDJLQHV�WKH�ILHOG�SURGXFHG�E\�D�SRLQW�OLNH

VRXUFH�DV�LVRWURSLFDOO\�GLVWULEXWHG�³IRUFH�OLQHV�´�WKHLU
GHQVLW\�SHU�XQLW�DUHD�ZLOO�GHFUHDVH�ZLWK� WKH�GLVWDQFH
�U�� IURP� WKH� VRXUFH� OLNH� WKH� UHFLSURFDO� VXUIDFH� DUHD�
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���p�Uð��RI�WKH�VSKHUH�ZLWK�UDGLXV�U��7KHUH�VHHPV�WR�EH
D� FRQQHFWLRQ� EHWZHHQ� WKLV� ³��Uð� ODZ´� DQG� WKH� ��
GLPHQVLRQDOLW\� RI� SK\VLFDO� VSDFH�� 7KLV� FRUURERUDWHV
ZHOO�ZLWK�WKH�IDFW�WKDW�WKH���U�SRWHQWLDO��ZKLFK�KDV�WR
EH� D� VROXWLRQ� RI� WKH� /DSODFH� HTXDWLRQ�� LV� SRVVLEOH
RQO\�LQ���GLPHQVLRQV�

,QGHHG��IRU
[ ��'�

U� �»�[ð���\ð� ��'�
���

»�[ð���\ð���]ð� ��'�
WKH�/DSODFH�HTXDWLRQ

�ðj��[ð ��'�

�� �Dj� � �ðj��[ð����ðj��\ð����'� ���

�ðj��[ð����ðj��\ð����ðj��]ð
KDV�WKH�UHVSHFWLYH�VROXWLRQV

$��U���%�

j�U�� �$��OQU���%� ����
$���U���%�

7KH�WKLUG�SULQFLSOH�RI�JHQHUDO�UHODWLYLW\��(LQVWHLQ¶V
³JHQHUDO� WKHRU\� RI� UHODWLYLW\�´� DFWXDOO\� D� VR�FDOOHG
WKHRU\�RI�JUDYLW\��LV�VDLG�WR�UHO\�XSRQ�WZR�SULQFLSOHV�

�D� WKH�SULQFLSOH�RI�FRYDULDQFH�DQG
�E� WKH�SULQFLSOH�RI�HTXLYDOHQFH�

7KH�JUDYLWDWLRQDO� ILHOG� HTXDWLRQV�ZHUH�SRVWXODWHG
DV�

*mn� �k7����*mn���5mn�±�ò5Jmn ���
FRQWDLQV�WKH�FRQWUDFWHG�5LHPDQQ� WHQVRU��5mn�DQG�WKH
VFDODU�FXUYDWXUH��5��$V�D�FRQVHTXHQFH�RI�WKH�%LDQFKL
LGHQWLWLHV��*mn�KDV�WKH�FRYDULDQW�GHULYDWLYH�*

mn
�n�����

7KH�ODWWHU�LGHQWLW\�PHDQV�WKDW�WKH�HQHUJ\�PRPHQWXP
WHQVRU�RI�PDWWHU�KDV�D�YDQLVKLQJ�FRYDULDQW�GHULYDWLYH
7��������WRR�

7KLV�� LQ� WXUQ�� LPSOLHV� D� YLRODWLRQ� RI� WKH� HQHUJ\�
PRPHQWXP� FRQVHUYDWLRQ� SULQFLSOH� IRU� PDWWHU�� H[�
SUHVVHG�E\�PHDQV�RI�RUGLQDU\�GHULYDWLYHV���n7m

n�����
1RZ�RXU�FRQFHUQ�LV�WKH�LQDELOLW\�RI�WKH�WKHRU\�WR

GHWHUPLQH�WKH�YDOXH�DQG�WKH�QDWXUH�RI�WKH�FRQVWDQW�k
LQ� ����� 7KLV� LV� PRVW� FOHDU� UHFDOOLQJ� WKH� VSKHULFDOO\
V\PPHWULF�OLQH�HOHPHQW�
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RI� WKH� 6FKZDU]VFKLOG� VROXWLRQ�� L�H�� WKH� ³YDFXXP
VROXWLRQ´�RI� ����ZLWK�7mn�����ZKLFK� OHDYHV� WKH� FRQ�
VWDQW�$� XQGHWHUPLQHG��7KH�XVXDO�ZD\� WR� IL[�$� LV� WR
LGHQWLI\��$�FðU�ZLWK�WKH�1HZWRQLDQ�VROXWLRQ�$��U� IRU
ZKLFK�$�� �*0�ZLWK�0�WKH�JUDYLWDWLRQDO�PDVV�RI�WKH
VRXUFH� DQG� *� 1HZWRQ¶V� JUDYLWDWLRQDO� FRQVWDQW�� ,Q
RWKHU� ZRUGV�� (LQVWHLQ¶V� WKHRU\� QHHGV� D� WKLUG� DGGL�

WLRQDO� SULQFLSOH�� D� FRUUHVSRQGHQFH� SULQFLSOH� ZLWK
1HZWRQ¶V�WKHRU\�LQ�RUGHU�WR�KDYH�DQ\�UHOHYDQFH�WR�RXU
PDWHULDO� ZRUOG�� DW� DOO�� 7KLV� SULQFLSOH� RI� FRUUHVSRQ�
GHQFH� KDV� WR� EH� RSHQO\� DGGHG� WR� WKH� SULQFLSOHV� RI
FRYDULDQFH� DQG� HTXLYDOHQFH�� UHVSHFWLYHO\�� $V� FRU�
UHFWO\�SRLQWHG�RXW�E\�1DUOLNDU�DQG�3DGPDQDEKDQ>�@�
WKH�6FKZDU]VFKLOG�SUREOHP�UHTXLUHV�7�

�� �7�
��RQ�RQH

KDQG�DQG�7�
��DV�WKH�RQO\�QRQ�]HUR�FRPSRQHQW�RI�7m

n

IRU�D�VRXUFH�SDUWLFOH�DW�UHVW�RQ�WKH�RWKHU�KDQG��ZKLFK
LV�D�VKHHU�LPSRVVLELOLW\�

,Q�DQ\�FDVH��(LQVWHLQ¶V�LQLWLDO�0DFKLDQ�SURJUDP�WR
GHULYH�WKH�JHRPHWU\�RI�SK\VLFDO�VSDFH�IURP�WKH�GLVWUL�
EXWLRQ�RI�PDWWHU�IDLOHG��7KH�WKHRU\�ZDV�VXSSRVHG�WR
GHWHUPLQH� WKH�PHWULF� WHQVRU�Jmn� VWDUWLQJ�ZLWK�7mn�� ,W
WDNHV��KRZHYHU��WKH�H[LVWHQFH�RI�WKUHH�VSDWLDO�GLPHQ�
VLRQV�IRU�JUDQWHG��HYHQ�LI�7mn� ����:K\�RQ�HDUWK�GRHV
(LQVWHLQ¶V� YDFXXP� WR� KDYH� SUHFLVHO\� WKUHH� VSDWLDO
GLPHQVLRQV"

*HQHUDO�5HODWLYLW\�DQG�'LPHQVLRQDOLW\
�D� ,Q� WKH��'�FDVH��DQ�DQWL�V\PPHWULF� WHQVRU�$mn� �±
$nm�KDV�RQO\�RQH�QRQ�YDQLVKLQJ�FRPSRQHQW�$����VLQFH
$mn� �Demn� ZLWK� D� D� VFDODU� DQG� WKH� �'� /HYL�&LYLWi
V\PERO

���m� ����n� ��
emn� �����m� �n ����

±���m� ������n� ��
.QRZLQJ�WKDW�5LHPDQQ¶V�FXUYDWXUH�WHQVRU�KDV�WKH

V\PPHWU\�SURSHUWLHV
5mnlr� �±5nmlr� �±5nmrl ����

LW�QHFHVVDULO\�KDV�WKH�IRUP�5mnlr� �.emn�elr��2QH�FDQ
IXUWKHU�VKRZ�WKDW

5mn�±�ò5Jmn ����
ZKLFK� PHDQV²VHH� ���²WKDW� *mn���5mn�±�ò5Jmn
YDQLVKHV� LGHQWLFDOO\�� 7KHUHIRUH�� WKH� HQHUJ\�
PRPHQWXP�WHQVRU�7mn�YDQLVKHV�LGHQWLFDOO\��WRR��:LWK
QR�HQHUJ\�DQG�QR�PRPHQWXP�WKH�ILHOGV�RI�DQ�LPDJL�
QDU\�WZR�GLPHQVLRQDO�ZRUOG�FDQQRW�EH�SK\VLFDO�DW�DOO�
�E�,Q� WKH� �'� FDVH�� WKH� V\PPHWU\� SURSHUWLHV� �����
WRJHWKHU�ZLWK�WKH�LGHQWLWLHV�RI�%LDQFKL�DQG�RI�5LFFL�

5amnl�emnl� �� ����
ZLWK�emnl�D��'�/HYL�&LYLWi�V\PERO��UHGXFH�WKH�QXP�
EHU�RI�FRPSRQHQWV�RI�ERWK�5LHPDQQ�����DQG�5LFFL����
WHQVRUV�WR���

7KH�IROORZLQJ�H[SUHVVLRQ�IRU�5LHPDQQ¶V�FXUYDWXUH
WHQVRU
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7KH�ODWWHU�UHODWLRQVKLS�VKRZV�WKDW�5LHPDQQ¶V�FXU�
YDWXUH�WHQVRU�YDQLVKHV�HYHU\ZKHUH�ZKHUH�WKH�HQHUJ\�
PRPHQWXP� WHQVRU�7mn� YDQLVKHV�� ,Q� RWKHU� ZRUGV�� LQ
WKH�DEVHQFH�RI�PDWWHU�DQG�ILHOGV��H[FHSWLQJ�WKH�JUDYL�
WDWLRQDO� ILHOG��� VSDFH�WLPH�KDV� WR�EH�SODQH� �L�H��� ]HUR
FXUYDWXUH��� ,Q�SDUWLFXODU�� WKH�6FKZDU]VFKLOG�SUREOHP
LV�(XFOLGLDQ�

2QO\�LQ�WKH��'�FDVH�FDQ�VSDFH�WLPH�KDYH�QRQ�]HUR
FXUYDWXUH� LQ� WKH� DEVHQFH� RI�PDWWHU� DQG� WKH� JUDYLWD�
WLRQDO� ILHOG� KDYH� DQ� LQGHSHQGHQW� H[LVWHQFH� LQ� WKH
VHQVH� RI� (LQVWHLQ¶V� WKHRU\�� 7KDW� WKLV� WKHRU\� GRHVQ¶W
FRPSO\� ZLWK� HQHUJ\�PRPHQWXP� FRQVHUYDWLRQ� IRU
PDWWHU�LV�D�GLIIHUHQW��DQG�OHWKDO��GLIILFXOW\�

3K\VLFDO�DQG�DOJHEUDLF�JHRPHWU\
1�GLPHQVLRQDO�VSDFHV�DQG�QRQ�(XFOLGHDQ�JHRPH�

WULHV� DUH� ZHOO� HVWDEOLVKHG� EUDQFKHV� RI� PDWKHPDWLFV�
+HUH� ZH� DUH� LQWHUHVWHG� LQ� WKH� JHRPHWU\� RI� WKH� UHDO
ZRUOG��WKH�RQO\�REMHFW�RI�SK\VLFDO�UHVHDUFK��:H�KDYH
DOZD\V� WR� NHHS� LQ� PLQG� WKDW� JHRPHWU\� GHDOV� ZLWK
WKLQJV� WKDW� KDYH� PRUH� WKDQ� ORJLFDO� H[LVWHQFH� DQG
PXVW�� WKHUHIRUH�EH� IRXQGHG�RQ�REMHFWLYH� FRQGLWLRQV�
UDWKHU�WKDQ�RQ�ORJLFDO�UHODWLRQV�DORQH��$OVR��WKH�UHOD�
WLRQV� RI� WKH� HOHPHQWV� RI� D� JHRPHWULFDO� REMHFW� DUH
H[SUHVVLEOH�LQ�WKH�IRUP�RI�DOJHEUDLF�HTXDWLRQV��EXW�WKH
RSSRVLWH�LV�QRW� WUXH��QRW�DOO�SRVVLEOH�DOJHEUDLF�HTXD�
WLRQV� FDQ� EH� FRQVWUXHG� DV� JHRPHWULF� IRUPV� DQG� ILJ�
XUHV�� 2QH� FDQ� DOJHEUDLFDOO\� JHQHUDOL]H� 3\WKDJR�
UDV¶WKHRUHP�WR�D�VXP�RI�VTXDUHV��EXW�WKH�JHRPHWULFDO
PHDQLQJ� LV� ORVW� IRU� 1�!���� )RXU� GLPHQVLRQDOLW\� LV
JHRPHWULFDOO\� LQFRQFHLYDEOH� DQG� XQUHSUHVHQWDEOH>�@�
3K\VLFLVWV�FROOHFW�DOO�H[SHULPHQWDO�GDWD�IURP�WKH�RQO\
DYDLODEOH� �'� DQG� (XFOLGHDQ� ZRUOG� DQG� ZH� FDQ¶QRW
WUDQVIHU� WKHP� WR� DQ�1�GLPHQVLRQDO� �� QRQ�(XFOLGHDQ�
DOJHEUDLF�JHRPHWU\�

2QH�FDQ�ZHOO�XVH�D�JHRPHWULFDO�MDUJRQ�DQG�GHILQH
DQ�³RUWKRJRQDO�EDVLV´�^I����� I���������I�Q�`� VR� WKDW� WKH
LQWHJUDO� RYHU� I�L��I�M�� YDQLVKHV� IRU� L� GLIIHUHQW� IURP� M�
EXW�WKLV�KDV�QRWKLQJ�LQ�FRPPRQ�ZLWK�WZR�OLQHV�EHLQJ
SHUSHQGLFXODU�

7KH� ZD\� 5LHPDQQ� LQWURGXFHG� KLV� ³PXOWLSO\�
H[WHQGHG�PDQLIROGV´�ZDV�VHHPLQJO\�WULYLDO��³$�SRLQW
LQ� PRWLRQ� JHQHUDWHV� D� OLQH�� RU� D� PDJQLWXGH� RI� RQH
GLPHQVLRQ�� D� OLQH� LQ�PRWLRQ� DW� ULJKW� DQJOHV� WR� LWVHOI
JHQHUDWHV�D�SODQH��RU�D�PDJQLWXGH�RI�WZR�GLPHQVLRQV�
VLPLODUO\�� D�SODQH� LQ�PRWLRQ� DW� ULJKW� DQJOHV� WR� LWVHOI
JHQHUDWHV�D�YROXPH��RU�D�PDJQLWXGH�RI� WKUHH�GLPHQ�

VLRQV���$QG� LW� LV� HDV\� WR� VHH� KRZ� WKLV� FRQVWUXFWLRQ
PD\�EH�FRQWLQXHG´���,W�LV�GHILQLWHO\�QRW�

7KH� DQDO\VLV� RI� -�-�&DOODKDQ>�@�� ³$� 3URRI� RI� WKH
3DUDOOHO�7KHRU\�DQG�D�&ULWLTXH�RI�0HWDJHRPHWU\�´�KDV
WUDFHG�EDFN�WKH�JHQHVLV�RI�WKH�QRQ�(XFOLGHDQ�JHRPH�
WULHV�� FRQWUDGLFWLQJ� (XFOLGH¶V� ILIWK� SRVWXODWH�� WR
(XFOLGH¶V� GHILQLWLRQ� WKURXJK� QHJDWLRQ� RI� SDUDOOHO
OLQHV��´3DUDOOHO�VWUDLJKW�OLQHV�DUH�OLQHV�ZKLFK��EHLQJ�LQ
WKH� VDPH� SODQH� DQG� EHLQJ� SURGXFHG� LQGHILQLWHO\� LQ
ERWK� GLUHFWLRQV�� GR� QRW� PHHW� RQH� DQRWKHU� LQ� HLWKHU
GLUHFWLRQ�´�&DOODKDQ¶V������UHGHILQLWLRQ�UHDGV��³3DU�
DOOHO� OLQHV�DUH� OLQHV� WKDW� O\LQJ� LQ� WKH� VDPH�SODQH� DUH
HTXLGLVWDQW� DW� HTXLGLVWDQW� SRLQWV�´�:LWK� WKLV� GHILQL�
WLRQ�� (XFOLG¶V� ILIWK� SRVWXODWH� FDQ� EH� SURYHQ� DV� D
WKHRUHP�� VR� WKDW� QRQ�(XFOLGHDQ� JHRPHWULHV� DUH� H[�
FOXGHG�

2QH�FRXOG�� OLNH�*DXVV�� FRQVLGHU� WKH� LQWULQVLF�JH�
RPHWU\�RI�D�VSKHUH�DV�QRQ�(XFOLGHDQ� LQ�D�SRVLWLYHO\
FXUYHG�� WZR�GLPHQVLRQDO� VSDFH�� EXW� WKLV� GRHV� QRW
FKDQJH� WKH� IDFW� WKDW� WKH� VSKHUH� H[LVWV� LQ� D� WKUHH�
GLPHQVLRQDO�(XFOLGHDQ�VSDFH��7KH�FUX[�RI� WKH�SURE�
OHP� LV� WKDW� RQH� KDV� DOZD\V� WR� VWDUW� ZLWK� WKH� WKUHH�
GLPHQVLRQDO� �� XQLTXH�� SK\VLFDO� VSDFH�� ZKLFK� LV� MXVW
WKHUH�� DQG� WKDQ� WR� DEVWUDFW� WKH� ��'�� SODQH� DQG� WKH
��'��VWUDLJKW�OLQH�

(XFOLGHDQ�VSDFH�DQG�XQLIRUP�WLPH�DUH�LQGLVSHQVD�
EOH�IRU�WKH�GHILQLWLRQ�RI�YHORFLW\��WKXV�IRU�SK\VLFV� LQ
JHQHUDO�� ,Q� WXUQ�� XQLIRUP� WLPH�� XQLIRUP�PRWLRQ� DQG
LQHUWLDO�IUDPH�RI�UHIHUHQFH��,)5��LPSO\�HDFK�RWKHU��LQ
VSLWH� RI� WKH� ³JHQHUDO� UHODWLYLVWLF´� FODLP� WKDW� ,)5¶V
ZHUH� GHWKURQHG� IURP� WKHLU� SULYLOHJHG� VWDWXV�� $V� D
PDWWHU�RI�IDFW��DOO�SK\VLFDO�ODZV�KDYH�EHHQ�GLVFRYHUHG
LQ�DQ��DSSUR[LPDWHO\��,)5

5HIHUHQFHV
>�@ %RJROLXERY��1�1���������4XDVL�$YHUDJHV�LQ�6WDWLVWLFDO

0HFKDQLFV�3UREOHPV��3UHSULQW�5�������'8%1$�

>�@ %RFFDUD��1���������6\PpWULHV�%ULVpHV��7KHRULH�GHV

7UDQVLWLRQV�DYHF�3DUDPqWUH�G¶2UGUH��3DULV��+HUPDQQ�

>�@ &DOODKDQ��-�-���������$�3URRI�RI�WKH�3DUDOOHO�7KHRU\�DQG

D�&ULWLF�RI�0HWDJHRPHWU\��1HZ�<RUN��7KH�'HYLQ�$GDLU

3XEOLVKLQJ�&RPSDQ\�

>�@ ,PDL��,���������-��3K\V��6RF��-DSDQ����������

>�@ +D]HOHWW��5��DQG�7XUQHU��'�(���������6SHF��6FL��DQG

7HFKQ��������

>�@ 1DUOLNDU��-��DQG�3DGPDQDEKDQ��7���������)RXQG��RI

3K\VLFV�������

>�@ 3ODQFN��0���������7KHRU\�RI�(OHFWULFLW\�DQG�0DJQHWLVP´

�1HZ�<RUN��0DFPLOODQ�&RPSDQ\�

>�@ 5XHOOH��'���������([DFW�5HVXOWV�LQ�6WDWLVWLFDO�0HFKDQ�

LFV´�&DPEULGJH���&DPEULGJH�8QLYHUVLW\�3UHVV�

>�@ :LOVRQ��.���������5HY��0RG��3K\VLFV���������

*��*DOHF]NL

6RFLHW\�IRU�WKH�$GYDQFHPHQW�RI�3K\VLV��5�6�

.|OQ��*HUPDQ\
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%RRN�5HYLHZV

:HEHU¶V�(OHFWURG\QDPLFV��$��.�� 7�� $VVLV� �.OXZHU�
'RUGUHFKW�� ������ ,6%1�� ��������������� 86�
������������SDJHV��9ROXPH����RI�WKH�VHULHV�)XQGD�
PHQWDO�7KHRULHV�RI�3K\VLFV��

,Q�VFLHQFH��KHUHV\�RU�KHUHWLFDO�WKHRU\�LV�FRQVLGHUHG
WR�FRQWDLQ�VRPH�NLQG�RI�HUURU��PLVWDNH��IDLOXUH��GHOX�
VLRQ�� IDOODF\��RU� XQVFLHQWLILF� DUJXPHQW��7KRVH� HUURUV
KDYH�VHYHUDO�SDWWHUQV��DQ�HUURU�WKDW�DULVHV�RZLQJ�WR�WKH
JHQHUDOL]DWLRQ�RI�SKHQRPHQD�WKURXJK�GLUHFW�REVHUYD�
WLRQDO� H[SHULHQFHV²WKH� 3WROHPDLF� V\VWHP� DV� DQ
H[DPSOH��DQ�LQFRUUHFW�UHSUHVHQWDWLRQ�RI�DQ�REMHFW�E\
LQWURGXFLQJ� D� QRQH[LVWHQW� HQWLW\�� VXFK� DV� HWKHU�� D
PLVWDNH� FDXVHG�E\� H[WHQGLQJ�DQ� DSSOLFDWLRQ� EH\RQG
WKH� OLPLWDWLRQ� RI� D� IXQGDPHQWDO� WKHRU\�� 7KHUH� DUH�
DOVR�� PDQ\� FRPPRQ� PLVWDNHV� GXH� WR� XQVFLHQWLILF
SURFHGXUHV�� VXEMHFWLYH� REVHUYDWLRQV�� RU� LQFRUUHFW
DQDO\VHV�

$�WKHRU\�WKDW�GRHV�QRW�FRPH�XQGHU�WKH�FDWHJRU\�RI
SDUDGLJP�LV�FRQVLGHUHG�KHUHWLFDO��1R�RQH�GHQLHV� WKH
IDFW� WKDW� 0D[ZHOO¶V� WKHRU\� RI� HOHFWURPDJQHWLVP
FRQVWLWXWHV� WKH� SUHVHQW� SDUDGLJP� IRU� WKH� VWXG\� RI
HOHFWURPDJQHWLF� SKHQRPHQD�� ,Q� WKH� PLGGOH� RI� WKH
��WK� FHQWXU\�� KRZHYHU�� WKH� WKHRULHV� RQ� HOHFWULFDO
IRUFHV�DQG�FXUUHQWV�ZHUH�QRW�ZHOO�VHWWOHG��7KHUH�ZHUH
WZR�PDLQ�QRWLRQV�WR�GHDO�ZLWK�WKH�WKHRULHV��RQH�EDVHG
RQ�WKH� WKHRU\�RI�DFWLRQ�DW�D�GLVWDQFH��DQG� WKH�RWKHU�
WKHRULHV� EDVHG� RQ� WKH� FRQFHSW� RI� ILHOGV� DQG� HWKHU�
:HEHU¶V� HOHFWURG\QDPLFV� WKHRU\�� GHYHORSHG� DURXQG
������LV�EDVHG�RQ�WKH�SULQFLSOH�RI�DFWLRQ�DW�D�GLVWDQFH�
0D[ZHOO¶V� WKHRU\� LV�EDVHG�RQ� WKH� HOHFWULF� DQG�PDJ�
QHWLF�ILHOG�DQG�WKH�PHGLXP�FDOOHG�HWKHU�

:LOKHOP�:HEHU¶V� WKHRU\�RQ� HOHFWURG\QDPLFV�EH�
FDPH� KHUHWLFDO� HYHQ� WKRXJK� KLV� FRQFHSWXDO� IUDPH�
ZRUN�SHUPLWV�WKH�H[SODQDWLRQ�DQG�LQYHVWLJDWLRQ�RI�WKH
NQRZQ�HOHFWURPDJQHWLF�SKHQRPHQD��7KH�:HEHU�IRUFH
EHWZHHQ� WZR�PRYLQJ� FKDUJHV� QDWXUDOO\� FRQIRUPV� WR
1HZWRQ¶V�WKLUG�ODZ��WKH�DFWLRQ�DQG�UHDFWLRQ�SULQFLSOH�
EXW�WKH�VWDQGDUG�/RUHQW]�IRUFH�GRHV�QRW��7KH�IRUPX�
ODWLRQ� RI� HOHFWURG\QDPLFV� E\�:HEHU�ZDV� TXLWH� VXF�
FHVVIXO�LQ�FRUUHFWO\�GHVFULELQJ�WKH�NQRZQ�SKHQRPHQD
RI� HOHFWURPDJQHWLVP�� 0D[ZHOO�� ZKRVH� DUJXPHQW
DJDLQVW�:HEHU¶V� IRUFH�ZDV� EDVHG� SULPDULO\� RQ� FRQ�
FHSWXDO�JURXQGV��DFNQRZOHGJHG�WKLV�

,Q� :HEHU¶V� HOHFWURG\QDPLFV� RQO\� WKH� FKDUJHV�
WKHLU� VHSDUDWLRQV�� WKHLU� YHORFLWLHV� �WKHLU� ILUVW� WLPH�
GHULYDWLYHV�� DQG� DFFHOHUDWLRQV� �VHFRQG� WLPH�
GHULYDWLYHV�� DUH� LPSRUWDQW� WR� GHVFULEH� WKH� IRUFHV
EHWZHHQ� WZR�PRYLQJ�FKDUJHV�� 6WXGLHV� EDVHG� RQ� WKH
DFWLRQ�DW�D�GLVWDQFH�ZHUH� LQ� WKH�PDLQ� FXUUHQW� LQ� WKH
&RQWLQHQW� LQ� WKRVH�GD\V��7KH� ILHOGV�ZHUH�QRW�QHFHV�
VDU\� WR� GHVFULEH� WKHLU� LQWHUDFWLRQV�� 0D[ZHOO� KDG
GLIIHUHQW�FRQFHSWLRQV��%DVHG�RQ�WKH�HWKHU�DQG�ILHOGV�

KH�VKRZHG�WKDW�KLV�PRGHO�FRXOG�DOVR�H[SODLQ�WKH�PDLQ
HOHFWURPDJQHWLF�SKHQRPHQD�DV�ZHOO��$OO�HOHFWURPDJ�
QHWLF� SKHQRPHQD� FRXOG� EH� H[SODLQHG� DV� VRUWV� RI
HODVWLF� VWUDLQV� DQG� URWDWLRQDO� PRWLRQV� RI� HWKHU�� 7KH
SHUPLWWLYLW\� DQG� SHUPHDELOLW\� ZHUH� LQWURGXFHG� IRU
HWKHU�� 7KH� ILHOG� FRQFHSW�� WKH� PDLQ� LQJUHGLHQW� LQ
0D[ZHOO¶V�WKHRU\��KDG�JLYHQ�D�OHDSLQJ�UHVXOW�WR�OHDG
WR� WKH�GLVFRYHU\�RI� WKH� H[LVWHQFH�RI� HOHFWURPDJQHWLF
ZDYH�WKDW�ZDV�FRQVLGHUHG�DV�D�WUDYHOLQJ�HOHFWURPDJ�
QHWLF� GLVWXUEDQFH� LQ� HWKHU�� :KHQ� +HUW]� H[SHULPHQ�
WDOO\�VKRZHG�WKH�H[LVWHQFH�RI�HOHFWURPDJQHWLF�ZDYHV�
SHRSOH� WKRXJKW� WKDW� WKH� H[LVWHQFH� RI� HWKHU�ZDV� DOVR
SURYHG�� +RZHYHU�� WKH� 0LFKHOVRQ�0RUOH\� H[SHUL�
PHQWV�UDLVHG�D�VHULRXV�GRXEW�DJDLQVW�WKH�H[LVWHQFH�RI
HWKHU��,Q�DGGLWLRQ��WKH�WKHRULHV�EDVHG�RQ�HOHFWULF�DQG
PDJQHWLF� ILHOGV�KDG� VRPH�GHILFLHQFLHV� LQ� GHVFULELQJ
HIIHFWV�EHWZHHQ�PRYLQJ�FKDUJHV�

(LQVWHLQ�WULHG�WR�IL[�WKH�VKRUWFRPLQJV�E\�KLV�VSH�
FLDO�WKHRU\�RI�UHODWLYLW\��7KH�VSHFLDO�WKHRU\�RI�UHODWLY�
LW\�LV�QRZ�JHQHUDOO\�DFFHSWHG��0D[ZHOO¶V�HOHFWURPDJ�
QHWLF� WKHRU\� ZLWKRXW� WKH� HWKHU� KDV� EHHQ� ZLGHO\� DF�
FHSWHG� DQG� EHFRPH� WKH� SDUDGLJP� IRU� WKH� VWXG\� RI
HOHFWURPDJQHWLVP�� :H� QRZ� RQO\� WDON� DERXW� ILHOGV�
DVVRFLDWHG�SRWHQWLDOV��DQG�GHOD\HG�DFWLRQ�GXH�WR�ILQLWH
YHORFLW\�RI�SURSDJDWLRQ�RI�WKH�LQWHUDFWLRQV�

,W� LV� LQWHUHVWLQJ� WR� QRWH� WKDW� :HEHU¶V� WKHRU\� LV
VKRZQ�WR�EH�FRPSDWLEOH�ZLWK�0D[ZHOO¶V�WKHRU\�DV�WR
WKH�EDVLF� ODZV�RI�$PSHUH¶V�DQG�)DUDGD\¶V��:HEHU¶V
WKHRU\�FDQQRW�EH�FDOOHG�DV�³ZURQJ´� LQ� WKH� VFLHQWLILF
WHUP��7KH�FRQFHSWXDO� IUDPHZRUN�RI� WKH� WKHRU\�GRHV
QRW�KDYH�DQ\�ORJLFDO�HUURU��7KH�PDLQ�VKRUWFRPLQJ�RI
:HEHU¶V� WKHRU\� LV� WKDW� WKH� WKHRU\� FDQQRW� DSSDUHQWO\
GHVFULEH�HOHFWURPDJQHWLF�UDGLDWLRQ��7KLV�LQFDSDFLW\�LV
D� OLPLWDWLRQ�RI�:HEHU¶V�HOHFWURG\QDPLFV��EXW�QRW� DQ
HUURU��0D[ZHOO¶V� WKHRU\�IDLOV� WR�FRQVLVWHQWO\�DFFRXQW
IRU� WKH� IRUFHV� EHWZHHQ� PRYLQJ� FKDUJHV�� (LQVWHLQ¶V
VSHFLDO� WKHRU\� RI� UHODWLYLW\� ZDV� QHHGHG� WR� IL[� WKH
VKRUWFRPLQJV��7KH�DQDO\VHV�EDVHG�RQ�:HEHU¶V�WKHRU\
FDQ�JLYH�UHVXOWV�FRUUHFW�WR�VHFRQG�RUGHU�LQ�WKH�YHORFLW\
ZLWKRXW� UHODWLYLVWLF� WUHDWPHQWV�� 0D[ZHOO¶V� WKHRU\� LV
PHGLXP�EDVHG�� ZKLOH� :HEHU¶V� WKHRU\� LV� SDUWLFOH�
EDVHG� DQG� LV� WKHUHIRUH� FRQJHQLDO� WR� WKH� DQDO\VLV� RI
FKDUJHG�SDUWLFOH�EHKDYLRU�

:HEHU¶V�WKHRU\�LV�RQO\�KHUHWLFDO�LQ�WKH�VHQVH�WKDW
WKH�WKHRU\�GRHV�QRW�FRQIRUP�WR�WKH�RUWKRGR[�0D[ZHOO
WKHRU\�RI�HOHFWURPDJQHWLVP� WKDW�XVHV� WKH�FRQFHSW�RI
ILHOGV�� :HEHU¶V� IRUFH� DQG� $PSHUH¶V� IRUFH� VKRXOG
DOZD\V�EH�LQ�WKH�VWXG\�RI�HOHFWURG\QDPLFV��+RZHYHU�
QRW�PDQ\�SXEOLFDWLRQV�DUH�HDVLO\�DYDLODEOH�WR�VWXGHQWV
RI� HOHFWURPDJQHWLVP�� *LYHQ� WKH� VFDUFLW\� RI� HDVLO\
DYDLODEOH�SXEOLFDWLRQV�DERXW�:HEHU¶V�WKHRU\��$VVLV¶V
ERRN�LV�YHU\�YDOXDEOH�IRU�WKH�VFLHQWLILF�FRPPXQLW\�WR
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UHDFTXDLQW� ZLWK� WKH� FRQFHSWV� RI� :HEHU¶V� XQMXVWO\
XQGHUYDOXHG�WKHRU\�DQG�LW�ZLOO�SURYLGH�D�VWLPXOXV�IRU
D� EHWWHU� XQGHUVWDQGLQJ� RI� GLIILFXOW� HOHFWURPDJQHWLF
SKHQRPHQD�

7KH�DXWKRU�RI�:HEHU¶V�(OHFWURG\QDPLFV��$��.��7�
$VVLV��LV�D�SURIHVVRU�DW�WKH�,QVWLWXWH�RI�3K\VLFV��6WDWH
8QLYHUVLW\�RI�&DPSLQDV��%UD]LO��+H�LV�UHFRJQL]HG�DV
RQH�RI�WKH�WRS�OHDGHUV�LQ�WKH�VWXG\�RI�:HEHU¶V�WKHRU\�
+H� KDV�PDGH� QXPHURXV� FRQWULEXWLRQV� WR� WKH� XQGHU�
VWDQGLQJ� RI� WKH� FRQFHSWV� XQGHUO\LQJ� DWWHPSWV� WR
IRUPXODWH�HOHFWURG\QDPLFV�DV�ZHOO�DV�JUDYLW\�WKURXJK
:HEHU¶V�WKHRU\�

7KH� ERRN� LV� GHYHORSHG� IURP� KLV� OHFWXUH� QRWHV
JLYHQ� WR� XQGHUJUDGXDWHV� DQG� JUDGXDWH� VWXGHQWV�� ,W
VWDUWV�ZLWK�YHFWRU� DQDO\VLV� DQG� D� UHYLHZ�RI� FODVVLFDO
HOHFWURPDJQHWLVP��7KH�ERRN�LV�LQWHQGHG�IRU�VWXGHQWV
DQG� VFLHQWLVWV� LQ� WKH� DUHD� RI� SK\VLFV�� HQJLQHHULQJ�
PDWKHPDWLFV�� KLVWRU\� DQG� SKLORVRSK\� RI� VFLHQFH�
UHTXLULQJ�QR�SUHYLRXV�NQRZOHGJH�RI�:HEHU¶V�WKHRU\�
$IWHU�WZR�UHYLHZ�FKDSWHUV��$VVLV�EHJLQV�ZLWK�D�VKRUW
KLVWRULFDO�EDFNJURXQG�UHODWHG�WR�:LOKHOP�:HEHU�DQG
WKH� HOHFWURPDJQHWLVP� RI� KLV� GD\V�� 7KH� GHWDLOHG� DF�
FRXQW�RI�:HEHU¶V� IRUFH� DQG�DVVRFLDWHG�SRWHQWLDO� DUH
SUHVHQWHG��IROORZHG�E\�DSSOLFDWLRQV�RI�:HEHU¶V�IRUFH
WR�YDULRXV�FXUUHQW�HOHPHQWV�DQG�WKH�ODZ�RI�LQGXFWLRQ�
HPSKDVL]LQJ� LPSRUWDQW� GLIIHUHQFHV� IURP� RWKHU� IRU�

PDOLVPV��,Q�WKH�IROORZLQJ�FKDSWHUV��IRUFHV�RI�:HEHU�
RI�/RUHQW]�DQG�RWKHU�IRUPXODV�DUH�FRPSDUHG�WR�HOXFL�
GDWH�GLIIHUHQFHV�LQ�WKHLU�UHVXOWLQJ�SUHGLFWLRQV��&KDSWHU
�� GHDOV� ZLWK� WKH� G\QDPLFV� RI� FKDUJHG� ERGLHV� DQG
H[WHQGV� WR�DSSOLFDWLRQV�RI�:HEHU¶V� IRUFH� WR�JUDYLWD�
WLRQ�LQFOXGLQJ�0DFK¶V�SULQFLSOH��7KHVH�SUREOHPV�DUH
GHDOW� ZLWK� LQ� D� OLYHO\� DQG� LQWHUHVWLQJ� ZD\�� DQG� DO�
WKRXJK� VRPH� RI� WKH� DXWKRU¶V� SKLORVRSKLFDO� V\PSD�
WKLHV�FDQ�EH�JXHVVHG��WKH�H[SRVLWLRQ�LV�DV�REMHFWLYH�DV
RQH� FDQ�EH�RQ� WKH� VXEMHFW�� HPSKDVL]LQJ�RSHQ� TXHV�
WLRQV�IRU�IXUWKHU�VWXG\��,Q�WKLV�ERRN�$VVLV�LV�VXFFHVV�
IXO�LQ�SUHVHQWLQJ�WKH�GLIILFXOW�VXEMHFW�LQ�D�ULJRURXV�EXW
FOHDU�DQG�FRPSUHKHQVLYH�PDQQHU�

,� ZRXOG� VWURQJO\� UHFRPPHQG� WKDW� DQ\RQH� LQWHU�
HVWHG� LQ� HOHFWURPDJQHWLVP�� HVSHFLDOO\� DQ\RQH� WHDFK�
LQJ�(�	�0�DW�&ROOHJH�OHYHO�UHDG�WKLV�ERRN�DQG�IDPLO�
LDUL]H�KLPVHOI�ZLWK�WKH�ODZ�DQG�WKH�FRQFHSW�GHYHORSHG
E\� :HEHU�� 7KLV� ERRN� VKRXOG� EH� UHFRPPHQGHG� WR
VWXGHQWV�DQG�XWLOL]HG�DV�D�FRPSOHPHQWDU\�ERRN�WR�WKH
RQHV� XVXDOO\� DGRSWHG� E\� WKH� WHDFKHUV�� ,W� LQFOXGHV� D
ODUJH�YROXPH�RI�ELEOLRJUDSK\�WKDW�LV�YHU\�XVHIXO�

-XQLFKLUR�)XNDL

3K\VLFV�'HSDUWPHQW��$XEXUQ�8QLYHUVLW\

$XEXUQ��$/��������86$

H�PDLO��FIXNDL#SK\VLFV�DXEXUQ�HGX

L�L�L�L�L

%ODFN� +ROHV�� WKH� %LJ� %DQJ� 7KHRU\� DQG� 2WKHU
6FLHQWLILF� 1RQVHQVH�� E\� +HQU\� 3�� 'DUW� ,,,�� �����
6WDUOLJKW�3UHVV�� �����(DVW� �WK� 6WUHHW��7XFVRQ��$UL�
]RQD������������

$V� WKH� WLWOH� LPSOLHV�� WKH� DXWKRU¶V� DLP� LV� QR� OHVV
WKDQ�WR�RYHUWXUQ�VRPH�RI�WKH�PDMRU�VFLHQWLILF�WKHRULHV
RI� RXU� GD\�� :KLOH� DOZD\V� D� WDOO� RUGHU�� 'DUW� GRHV
VXFFHHG�DW�OHDVW�LQ�WKURZLQJ�D�QHZ�OLJKW�RQ�VRPH�ROG
SUREOHPV��7KH�VL[�FKDSWHUV�RI�%ODFN�+ROHV�DUH� VXS�
SRUWHG�E\�DQ�DSSHQGL[�FRQVLVWLQJ�RI�UHSULQWHG�HDUOLHU
SDSHUV��,Q�VRPH�FDVHV�� WKHVH�SDSHUV�PXVW�EH�UHDG�LQ
RUGHU�WR�XQGHUVWDQG�WKH�PDLQ�WH[W�

7KH� HVVHQFH�RI�'DUW¶V� LGHDV� DUH� FRQWDLQHG� LQ� KLV
µ6FDODU�)LHOG�7KHRU\¶��ZKLFK�LV�SURSRVHG�DV�DQ�DOWHU�
QDWLYH� WR�*HQHUDO�5HODWLYLW\��$VVXPLQJ� WKDW� WKH�XQL�
YHUVH� LV� LQILQLWH� LQ� WLPH� DQG� VSDFH�� 'DUW� DVVLJQV� WR
HDFK�SRLQW�LQ�VSDFH�D�YDOXH�1��GLPHQVLRQOHVV���ZKLFK
LV� JLYHQ� E\� �*�F���0�5���+HUH� �0�5�� UHSUHVHQWV� WKH
VXP� RI� WKH� PDVV�GLVWDQFH� UDWLRV� IURP� WKDW� SRLQW� WR
HYHU\�SDUWLFOH�LQ�WKH�XQLYHUVH��)RU�D�SRLQW�VLWXDWHG�LQ
RXWHU�VSDFH�DZD\�IURP�D�ODUJH�ERG\��1�§����$�SDUWLFOH
DW� WKLV� SRLQW� KDV� D� PDVV� HTXDO� WR� LWV� RUGLQDU\� UHVW
PDVV��P���

1HDU� D� ODUJH� ERG\�� KRZHYHU�� WKH� µVFDODU� ILHOG
VWUHQJWK¶�PXVW�EH�DXJPHQWHG�E\�DQ�DGGLWLRQDO�IDFWRU
�*�F���0�5���ZKHUH� �0�5�� LV� WKH�PDVV�GLVWDQFH� UDWLR
IRU�WKH�ODUJH�ERG\��7KH�WRWDO�µILHOG�VWUHQJWK¶�LV�WKHQ�1

 � �� �� �*�F���0�5�� DQG� D� SDUWLFOH� KDV� LWV� PDVV� LQ�
FUHDVHG�E\�WKLV�QHZ�IDFWRU��6LQFH�ERWK�PDVV�DQG�WLPH
VFDOH� ZLWK� 1� LQ� 'DUW¶V� WKHRU\�� KRZHYHU�� WKH� UHVW
HQHUJ\� RI� D� SDUWLFOH� QHDU� WKH� ODUJH� ERG\� DFWXDOO\
GHFUHDVHV�DV���1��7KLV�GHFUHDVH�LQ�UHVW�PDVV�HQHUJ\�LV
PDWFKHG� E\� D� FRUUHVSRQGLQJ� LQFUHDVH� LQ� WKH� NLQHWLF
HQHUJ\�RI�WKH�SDUWLFOH�DV�LW�IDOOV�LQ�RQ�WKH�ODUJH�ERG\�
7KH� NH\� UHVXOW� LV� WKDW� WKH� WRWDO� HQHUJ\� RI� D� SDUWLFOH
GRHV�QRW�ULVH�LQGHILQLWHO\�ZLWK�LWV�YHORFLW\��DV�LW�GRHV
LQ�6SHFLDO�5HODWLYLW\��EXW�LV�LQVWHDG�SHJJHG�DW�D�FRQ�
VWDQW� YDOXH�� $W� D� SDUWLFXODU� YHORFLW\�� WKLV� PD\� EH
H[SUHVVHG� DV�(WRW�  �(UHVW�Y����(NLQ�Y�� �� 7KH� UHVW� HQHUJ\
RQO\� HTXDOV�P�F

�� ZKHQ� Y�  � ��� ,Q� WKH� SURFHVV�� 'DUW
GHYHORSV�D�QHZ�H[SUHVVLRQ�IRU�NLQHWLF�HQHUJ\��(NLQ� 
PY�������$���ZKHUH�$�LV����±�Y��F��ò��$�QLFH�IHDWXUH�RI
WKLV�IRUPXOD�LV�WKDW�LW� UHSURGXFHV� LQ�DQ�REYLRXV�ZD\
WKH� FODVVLFDO� H[SUHVVLRQ� IRU� NLQHWLF� HQHUJ\� DW� ORZ
YHORFLWLHV�

:LWK�WKLV�IRUPXOD��'DUW�VKRZV�WKDW�WKH�PD[LPXP
IUHH�IDOO�VSHHG�IRU�DQ�REMHFW�IDOOLQJ�LQ�RQ�D�ODUJH�ERG\�
DQG� FRQYHUVHO\� WKH� HVFDSH� VSHHG� IURP� WKDW� VDPH
ERG\��DUH�ERWK�F��%ODFN�KROHV�DUH�WKXV�EDQLVKHG�DQG
ODUJH�JUDYLWDWLRQDO� UHGVKLIWV� IURP� ODUJH�REMHFWV�� VXFK
DV�TXDVDUV��EHFRPH�DGPLVVLEOH��'DUW�DUJXHV�PRUHRYHU
WKDW�DW�WKH�FHQWUHV�RI�ODUJH�REMHFWV�D�UHSXOVLYH�IRUFH�LV
JHQHUDWHG� ZKLFK� FRXQWHUDFWV� JUDYLW\�� :KLOH� ,� KDG
GLIILFXOW\�IROORZLQJ�WKLV�SDUWLFXODU�DUJXPHQW��LW�VKRXOG
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EH� QRWHG� WKDW� VRPH� VRUW� RI� UHSXOVLYH� IRUFH� LQVLGH
GHQVH� REMHFWV� LV� QHHGHG� LQ� D� VWDWLF� FRVPRORJ\� WR
XOWLPDWHO\�UHWXUQ�WKH�PDWWHU�LQ�WKHVH�REMHFWV�WR�LQWHU�
VWHOODU�VSDFH�

,Q� DQRWKHU� LQWHUHVWLQJ� VHFWLRQ�� 'DUW� HPSKDVL]HV
WKDW� ZKHQ� ODUJH�� PXOWLSOH� UHGVKLIWV� DUH� LQYROYHG� LQ
REVHUYDWLRQV�LW�LV�LQFRUUHFW�WR�VLPSO\�DGG�WKHP�XS��DV
LV�WKH�XVXDO�SUDFWLFH��,QVWHDG�WKH\�PXVW�EH�PXOWLSOLHG
WRJHWKHU�� 7KH� FRPSRVLWH� UHGVKLIW� ODZ� GHYHORSHG� E\
'DUW� LV�QRW�RULJLQDO�� LQ� IDFW�� LW� LV� WKH� FRQYHQWLRQDOO\
DFFHSWHG�ODZ��<HW�'DUW�PD\�SHUKDSV�EH�IRUJLYHQ�IRU
VXSSRVLQJ�KH�LV�WKH�ILUVW�WR�KDYH�JLYHQ�WKH�IRUPXOD��,
RQO\�IRXQG�LW�E\�FKDQFH�LQ�6WXDUW�&ODUN¶V�ERRN�5HG�
VKLIW��ZKHUH�LW�LV�QRWHG�WKDW�FRQYHQWLRQDO�DVWURQRPHUV�
SRVVLEO\�VHHNLQJ�WR�DYRLG�$US¶V�LQWHUSUHWDWLRQ�RI�WKH
ODUJH� UHGVKLIW� RI�0DUNDULDQ� ����� KDYH� XVHG� WKH� IRU�
PXOD� �LQ� FRQMXQFWLRQ� ZLWK� DQ� HQRUPRXV� VXSSRVHG
'RSSOHU� VKLIW� FDXVHG� E\� LWV� HMHFWLRQ� IURP� 1*&
�������%XW�'DUW�PD\�EH�WKH�ILUVW�WR�VKRZ�WKH�LPSRU�
WDQFH� RI� WKLV� ODZ� LQ� D� VWDWLF� FRVPRORJ\�� ,Q� 'DUW¶V
UHQGLWLRQ��WKH�FRPSRVLWH�UHGVKLIW�LV�JLYHQ�E\

�����]F�� ������]+������]*������]'��
ZKHUH� WKH� VXEVFULSWV� &�� +�� *� DQG� '� VWDQG� IRU

FRPSRVLWH��+XEEOH��JUDYLWDWLRQDO�DQG�'RSSOHU��2WKHU
UHGVKLIW�IDFWRUV�FRXOG�EH�DGGHG�DV�QHFHVVDU\��7KXV��LI
ZH� KDYH� ]+�  � �� DQG� ]*�  � ��� WKHQ� ]F�  � ��� ZKHUHDV
PHUHO\�DGGLQJ�WKHP�JLYHV�]F� ����$UJXLQJ�WKDW�PDQ\
ODUJH�REMHFWV�FRXOG�KDYH�ODUJH�JUDYLWDWLRQDO�UHGVKLIWV
�VLQFH� EODFN� KROHV� FDQQRW� H[LVW� LQ� KLV�PRGHO��� 'DUW
GHVFULEHV�D�QXPEHU�RI�VLWXDWLRQV�ZKHUH�WKH�FRPSRVLWH
ODZ�PD\� EH� VLJQLILFDQW�� VXFK� DV� LQ� WKH� FDVH� RI� WKH
JDOD[\�0DOLQ���

7KH�FRPSRVLWH�UHGVKLIW�ODZ�FRXOG�DOVR�H[SODLQ�WKH
GHDUWK�RI�TXDVDUV�EH\RQG�]� ����RIWHQ�KDLOHG�E\�%LJ
%DQJ�SURSRQHQWV�DV�SURRI�RI�µFRVPLF�HYROXWLRQ¶��7KH
KLJK�LQWULQVLF�UHGVKLIWV�RI�TXDVDUV�TXLFNO\�LQIODWH�]F�IRU
WKHVH�REMHFWV� IDU� EH\RQG� WKH� YDOXH�ZKLFK�ZRXOG� EH
REWDLQHG�WKURXJK�VLPSO\�DGGLQJ�WKH�UHGVKLIWV��*LYHQ
WKDW� WKH�QXPEHU�RI�TXDVDUV� LQ� D� WKLQ� VSKHULFDO� VKHOO
FHQWUHG� DURXQG� WKH� HDUWK� YDULHV� DV� 5��� WKHUH� ZRXOG
WKXV�EH�DQ�DSSDUHQW�UHGXFWLRQ�LQ�WKH�TXDVDU�QXPEHU

LQ�D�SDUWLFXODU�VKHOO�VLQFH�WKH�TXDVDUV�ZKLFK�DSSHDU�WR
EH�LQ�WKLV�VKHOO�DUH�DFWXDOO\�IURP�D�VKHOO�ZLWK�D�VPDOOHU
5�SRVVHVVLQJ�IHZHU�TXDVDUV�

'DUW� DOVR� XSGDWHV� KLV� HDUOLHU� K\SRWKHVLV� IRU� WKH
+XEEOH�UHGVKLIW��ZKLFK�SUHYLRXVO\�DSSHDUHG�LQ�$SHL�
URQ��QR������2FWREHU��������+H�PRGHOV�WKH�SKRWRQ�DV
D� VLPSOH� KDUPRQLF� RVFLOODWRU�� ZKLFK� VKHGV� D� VPDOO
SDUWLFOH�RI�PDVV��DQ�µHMHFWRQ¶��GXULQJ�HDFK�KDOI�F\FOH�
:LWK� WKH� ORVV� LQ� HQHUJ\�� WKH� SKRWRQ� LV� UHGVKLIWHG�
ZKLOH� WKH�HMHFWRQV� IDOO� LQWR�JDOD[LHV� WR�FRPSULVH� WKH
GDUN� PDWWHU� RU� µPLVVLQJ� PDVV¶�� 'DUW� WULHV� WR� UHIXWH
VRPH�RI�WKH�SDVW�FULWLFLVPV�RI�KLV�PRGHO��VXFK�DV�WKH
DSSDUHQW�YLRODWLRQ�RI�FRQVHUYDWLRQ�RI�PRPHQWXP�

)LQDOO\�� 'DUW� GHULYHV� D� JHQHUDO� IRUPXOD� IRU� WKH
'RSSOHU�HIIHFW�ZKLFK� WDNHV� LQWR� DFFRXQW� WKH�PRWLRQ
RI� HPLWWHU� DQG� UHFHLYHU� LQ� D� XQLYHUVDO� UHVW� IUDPH
GHILQHG�E\�WKH�FRVPLF�PLFURZDYH�EDFNJURXQG��7KLV
IRUPXOD� LV� WR� UHSODFH� WKH� RQH� REWDLQHG� XVLQJ� WKH
WKHRUHP� RI� FRPSRVLWLRQ� RI� YHORFLWLHV� LQ� 65�� 'DUW
VKRZV�WKDW�HDFK� IRUPXOD�PDNHV� WKH�VDPH�SUHGLFWLRQ
DV�WR�WKH�H[SHFWHG�IUHTXHQF\�UHFHLYHG�E\�DQ�REVHUYHU�
7KH� GLIIHUHQFH� LV� WKDW� 'DUW¶V� IRUPXOD� DOORZV� IRU
HPLWWHU� DQG� UHFHLYHU� WR� REWDLQ� LQGHSHQGHQWO\� VSHHGV
XS� WR� F�ZLWK� UHVSHFW� WR� WKH� EDFNJURXQG� DQG� WKXV� D
PD[LPXP�SRVVLEOH�PXWXDO�UHFHVVLRQ�VSHHG�RI��F�� ,Q
65�� E\� FRQWUDVW�� WKH�PD[LPXP� UHFHVVLRQDO� VSHHG� LV
RQO\�F�

:KLOH�,�HQMR\HG�WKH�ERRN��VRPH�UHDGHUV�ZLOO�ILQG
SUREOHPV� ZLWK� LW�� 7KHUH� DUH� D� QXPEHU� RI� LQVWDQFHV
ZKHUH� WKH� LGHDV� FRXOG� SHUKDSV� EH� H[SUHVVHG� PRUH
FOHDUO\�� %XW� IRU� WKRVH� DWWHPSWLQJ� WR� GUDZ� XS� D� UD�
WLRQDO��VWDWLF�FRVPRORJ\��LW�PD\�EH�XQZLVH�WR�GLVPLVV
'DUW��+H�PD\�MXVW�KDYH�DGGHG�D�IHZ�LPSRUWDQW�WRROV
WR�RXU�WRROER[�

0DWWKHZ�5��(GZDUGV

6FLHQFH�DQG�0HGLFLQH�/LEUDU\

8QLYHUVLW\�RI�7RURQWR

7RURQWR��2QWDULR��&DQDGD��0�6��$�

HGZDUGV#OLEUDU\�XWRURQWR�FD

L�L�L�L�L

6HHLQJ� 5HG�� 5HGVKLIWV�� &RVPRORJ\� DQG� $FDGHPLF
6FLHQFH�E\�+DOWRQ�$US������SDJHV��$SHLURQ��0RQW�
UHDO��������DOVR�DYDLODEOH�IURP�0HWD�5HVHDUFK��

'RQ¶W�5HDG�7KLV�%RRN��)RU�LI�\RX�VKRXOG�GHFLGH
DIWHU�UHDGLQJ�WKLV�UHYLHZ�WR�GLVUHJDUG�WKLV�DGYLFH��\RX
ZLOO� QHHG� WR� SUHSDUH� WR� KDYH� \RXU� XQLYHUVH� WXUQHG
XSVLGH�GRZQ�� 6KRXOG� \RX� WKHQ� PDNH� \RXU� ZD\
WKURXJK�WKLV�VPDOO�SULQW������SDJH�WRXU�GH�IRUFH��\RX
ZLOO� YHU\� OLNHO\� FRPH� DZD\� GRXEWLQJ� ZKDW� \RX
WKRXJKW�\RX�NQHZ�RI� WKH� ODUJH�VFDOH�VWUXFWXUH�RI� WKH
XQLYHUVH��7KH�FRVPRORJLFDO�LQWHUSUHWDWLRQ�RI�UHGVKLIW
IRU�TXDVDUV� DQG�DFWLYH� JDOD[\� QXFOHL� KDV� EHHQ� FKDO�

OHQJHG�RIWHQ�EHIRUH��DOWKRXJK�QHYHU� VR� VXFFHVVIXOO\�
%XW�RQH�VHOGRP�VHHV�VHULRXV�VXJJHVWLRQV�WKDW�HYHQ�WKH
UHGVKLIW�GLVWDQFH� UHODWLRQ� IRU� RUGLQDU\� JDOD[LHV� PD\
EH�ZURQJ��DV�\RX�ZLOO�VHH�KHUH��$QG�DV�LI�WKH�LPSOLHG
UHYROXWLRQ�LQ�FRVPRORJ\�ZHUH�QRW�HQRXJK��\RXU�YLHZ
RI�WKH�SURIHVVLRQDOLVP�RI�VFLHQWLVWV�DQG�DFDGHPLFV�LQ
JHQHUDO�� DQG� RI� DVWURQRPHUV� LQ� SDUWLFXODU�� ZLOO� EH
DQRWKHU�FDVXDOW\�RI�\RXU�UHDGLQJ�

2QH�FDQ�FRQVXPH� WKLV�ERRN� WR�GLIIHUHQW�GHJUHHV�
)RU� H[DPSOH�� D� VKRUW� VXPPDU\� RI� WKH� HYLGHQFH� DQG
LPSOLFDWLRQV� DSSHDUV� RQ� SS�� ��������� ,I� WKH�ZULWLQJ
SURYHV�WRR�WHFKQLFDO�LQ�SODFHV�HYHQ�ZLWK�WKH�DLG�RI�WKH



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

H[WHQVLYH� JORVVDU\�� RQH� FDQ� JHW� WKH� HVVHQFH� RI� WKH
HYLGHQFH� E\� MXVW� VFDQQLQJ� WKH� SODWHV� ��� SDJHV� LQ
FRORU��� ILJXUHV�� DQG� FDSWLRQV� WKDW� DSSHDU� RQ� DOPRVW
HYHU\�SDJH��)RU�H[DPSOH��LW¶V�QRW�GLIILFXOW�WR�ORRN�DW
WKH�SLFWXUH�RI�WKH�;�UD\�ILODPHQWV�LQ�0DUNDULDQ�����
IHDWXUHG� DOVR� RQ� WKH� ERRN� FRYHU�� DQG� WR� JUDVS� WKH
GHHS�LPSOLFDWLRQV�RI�WKDW�LPDJH��)RU�LI�D�ORZ�UHGVKLIW
6H\IHUW� JDOD[\� LV� SK\VLFDOO\� FRQQHFWHG� WR� DQG� LQWHU�
DFWLQJ�ZLWK� WZR�KLJK�UHGVKLIW�TXDVDUV��RQH�RQ�HLWKHU
VLGH�� WKHQ� UHGVKLIW� FDQ� EH� QHLWKHU� D� GLVWDQFH� QRU� D
YHORFLW\� LQGLFDWRU��$QG� WKDW� VLQJOH� SLFWXUH� WKHQ� GLV�
SURYHV� WKH� %LJ� %DQJ� DQG�PRVW� RI�PDLQVWUHDP� FRV�
PRORJ\�LQ�LWV�SUHVHQW�IRUP�

$US� NQRZV� WKH� H[WUDJDODFWLF� VN\� SHUKDSV� EHWWHU
WKDQ�DQ\�RWKHU�OLYLQJ�DVWURQRPHU��+H�EXLOGV�KLV�FDVH
DJDLQVW� WKH� FXVWRPDU\� LQWHUSUHWDWLRQ� RI� UHGVKLIW� PH�
WKRGLFDOO\�� 7KH� HDUOLHVW� KLQWV� RI� SUREOHPV�ZLWK� UHG�
VKLIW�FDPH�LQ������ZLWK�WKH�GLVFRYHU\�WKDW�WKH�EULJKW�
EOXH� VWDUV� LQ� RXU� RZQ�0LON\�:D\� JDOD[\� KDYH� V\V�
WHPDWLFDOO\�KLJKHU�UHGVKLIWV� WKDQ�WKH�UHVW�RI� WKH�VWDUV
E\�DERXW����NP�V��/DWHU�REVHUYDWLRQV�VKRZHG�WKDW�WKH
2�VWDUV� LQ� FOXVWHUV� ZLWKLQ� RXU� JDOD[\� DUH� UHGVKLIWHG
ZLWK� UHVSHFW� WR� WKH� %�VWDUV� E\� DQRWKHU� ��� NP�V� RU
VR²VRPHWKLQJ� FDOOHG� WKH� ³.�HIIHFW´� DQG� VWLOO� GLV�
SXWHG�EHFDXVH�LW�KDV�QR�DFFHSWHG�WKHRUHWLFDO�H[SODQD�
WLRQ��+RZHYHU��GRXEWV�DERXW� WKH�YDOLGLW\�RI� WKH�GDWD
ZHUH� XQGHUFXW� DQG� WKH�.�HIIHFW� FRQILUPHG� E\�PRUH
UHFHQW�PHDVXUHV�RI�WKH�UHGVKLIWV�RI�VXSHUJLDQW�VWDUV�LQ
WKH� WZR� 0DJHOODQLF� &ORXGV�� QHDUE\� FRPSDQLRQ
JDOD[LHV�RI�WKH�0LON\�:D\��7KHVH�WRR�DUH�UHGVKLIWHG
E\�DERXW����NP�V�ZLWK�UHVSHFW�WR�RWKHU�VWDUV�LQ�WKRVH
VPDOO�JDOD[LHV��<HW�QR�RQH�VXVSHFWV�WKDW�DOO�VXSHUJLDQW
VWDUV�LQ�RXU�JDOD[\�RU�LQ�RXU�LPPHGLDWH�QHLJKERUV�DUH
IOHHLQJ� DZD\� V\PPHWULFDOO\� IURP� RXU� RZQ� ORFDWLRQ
ZHOO�RXW�WRZDUG�RQH�HGJH�RI�WKH�0LON\�:D\�

&RPSDQLRQ�JDOD[LHV� LQ�JHQHUDO�VHHP� WR�KDYH�QHW
UHGVKLIWV�WKDW�H[FHHG�WKDW�RI�WKHLU�SDUHQWV��$OO�HOHYHQ
FRPSDQLRQ� JDOD[LHV� LQ� WKH� /RFDO� *URXS� KDYH� UHG�
VKLIWV� ZLWK� UHVSHFW� WR� WKHLU� SDUHQW�� WKH� $QGURPHGD
JDOD[\�LQ�WKH�FHQWHU�RI�WKH�JURXS��/LNHZLVH��DOO�HOHYHQ
FRPSDQLRQ� JDOD[LHV� RI� WKH� QHLJKERULQJ�0��� JURXS
KDYH�UHGVKLIWV�UHODWLYH�WR�0����<HW��LI�WKHVH�FRPSDQ�
LRQV�ZHUH�RUELWLQJ�WKHLU�SDUHQW�JDOD[\��URXJKO\����
RI� WKHP� RXJKW� WR� KDYH� EHHQ� EOXH�VKLIWHG�� $OWKRXJK
WKH�HYLGHQFH�IRU�FRPSDQLRQ�UHGVKLIWV�LV�OHVV�GHILQLWLYH
IRU�PRUH�GLVWDQW�JDOD[\�JURXSV�� LW� LV�VWLOO�VWDWLVWLFDOO\
VLJQLILFDQW��([FHVV�UHGVKLIWV�RYHU�EOXHVKLIWV�IRU�FRP�
SDQLRQ� JDOD[LHV� UHODWLYH� WR� WKHLU� SDUHQWV� DUH� DSSDU�
HQWO\� D�YHULILDEOH� IHDWXUH�RI� WKH� ORFDO� XQLYHUVH��$QG
WKDW�PHDQV�WKH�UHGVKLIW�PXVW�KDYH�VRPH�FDXVH�RWKHU
WKDQ�YHORFLW\�

:H�EHJLQ� WR�JHW� VRPH�FOXHV� DERXW�ZKDW�PD\� EH
KDSSHQLQJ�ZKHQ�$US�UHPLQGV�XV�RI�EDVLF�IDFWV�DERXW
UDGLR� JDOD[LHV�� 7KHVH� ZHUH� GLVFRYHUHG� ORQJ� DJR� WR
KDYH�JLDQW��XVXDOO\�GRXEOH��UDGLR�OREHV�WR�HLWKHU�VLGH�

SUHVXPDEO\�WKH�UHVXOW�RI�H[SORVLRQV�DQG�HMHFWLRQV�RI
PDWHULDO� IURP� WKH� SDUHQW� JDOD[\�� +LJKHU� UHVROXWLRQ
UDGLR� WHOHVFRSHV� KDYH� IRXQG� ILODPHQWV� FRQQHFWLQJ
WKHVH� OREHV� WR� WKH� FHQWUDO� JDOD[\�� $QG� WKH� HMHFWHG
UDGLR�SDLUV�DUH�QRZ�NQRZQ�WR�FRUUHVSRQG�FORVHO\�ZLWK
;�UD\�SDLUV�DFURVV�WKH�VDPH�JDOD[\�

7KDW�EULQJV�XV�WR�WKH�NH\V�WR�XQORFNLQJ�WKH�ZKROH
SX]]OH²WKH� TXDVDUV²EHFDXVH� TXDVDUV� DOVR� RIWHQ
FRUUHVSRQG�ZLWK�;�UD\�VRXUFHV��+LJK�DQG�ORZ�UHGVKLIW
TXDVDUV�DUH�DVVRFLDWHG�IDU�PRUH�RIWHQ�WKDQ�UHDVRQDEOH
FKDQFH�DOORZV��7KHVH�VRPHWLPHV�GLVSOD\�LQWHUDFWLRQV
DQG� FRQQHFWLRQV� DQG� RIWHQ� IRUP� SDLUV� DFURVV� ORZ�
UHGVKLIW� REMHFWV��ZKLFK� XQUHODWHG� REMHFWV� ZRXOG� QRW
GR�

:RUNLQJ�HQWLUHO\�IURP�WKH�REVHUYDWLRQDO�GDWD��$US
VKRZV�XV�WKDW�HMHFWLRQV�IURP�DFWLYH�JDODFWLF�QXFOHL�DW
VSHHGV�XS�WR�����RI�WKH�VSHHG�RI�OLJKW�OHDG�WR�HVFDSH�
%XW� HMHFWLRQV� DW� VORZHU� VSHHGV� PD\� QRW�� HVSHFLDOO\
VLQFH� DOO� HMHFWLRQV� DSSDUHQWO\� GHFHOHUDWH� RQ� WKH�ZD\
RXW��6ORZHU�REMHFWV�HQG�XS�FDSWXUHG�DW�DERXW�����NSF
IURP� WKHLU� SDUHQW� JDOD[\�� %XW� ERWK� FDSWXUHG� DQG
HVFDSHG� TXDVDUV� HQG� XS� ZLWK� TXLWH� VPDOO� SHFXOLDU
YHORFLWLHV��0RUHRYHU�� WKH� FORVHVW� DQG� WKHUHIRUH�PRVW
UHFHQW� HMHFWLRQV� KDYH� WKH� KLJKHVW� UHODWLYH� UHGVKLIWV�
DQG�WKH�ORZHVW�LQWULQVLF�OXPLQRVLWLHV��7KLV�OHDGV�$US
WR� VXJJHVW� WKDW� WKH� UHGVKLIW� RI� PDWWHU� LV� DQ� LQYHUVH
IXQFWLRQ�RI� WKH� DJH�RI� WKDW�PDWWHU��$V�PXFK� DV� RQH
ZLVKHV�WR�UHVLVW�WKLV�FRQFOXVLRQ��$US�VKRZV�FDVH�DIWHU
FDVH� WKDW�FRQIRUPV� WR� LW��PDQ\� IRXQG�ZHOO� DIWHU� WKLV
K\SRWKHVLV�ZDV�LQ�SULQW��HDFK�ZLWK�RGGV�RI�WKRXVDQGV
WR� RQH� DJDLQVW� FKDQFH�� 0RUHRYHU�� WKHVH� DSSDUHQWO\
HMHFWHG�TXDVDUV�ZLWK�UHGVKLIWV�RUGHUHG�LQYHUVHO\�ZLWK
GLVWDQFH�IURP�WKHLU�SDUHQW�DOVR�WHQG�WR�OLQH�XS�DORQJ
WKH�PLQRU�D[LV�RI�WKH�SDUHQW�JDOD[\�

7KH� JHQHUDOLW\� RI� WKHVH� VWDUWOLQJ� FRQFOXVLRQV� LV
VKRZQ�E\�UHSHDWHG�H[DPSOHV��VXFK�DV�WKH�$US�+D]DUG
SDLU� RI� VLPLODU� WULSOHW� TXDVDUV�� KDYLQJ� GLVFRUGDQW
UHGVKLIWV� DQG�D�6H\IHUW� JDOD[\�EHWZHHQ� WKHP��0DQ\
RWKHU�JRRG�H[DPSOHV�ZHUH�GLVFRYHUHG�E\�PDLQVWUHDP
DVWURQRPHUV��+RZHYHU��HYHQ�ZKHQ� ORRNLQJ� LQ�GHSWK
DW� VLQJOH� H[DPSOHV�� $US� PDNHV� D� FRPSHOOLQJ� FDVH
DJDLQVW� FRLQFLGHQFH�� $� VXUYH\� RI� DOO� EULJKW� TXDVDUV
VKRZHG� WKDW� WKHVH� KDYH� D� FRQFHQWUDWLRQ� DURXQG� WKH
9LUJR�FOXVWHU�DW�WKH�FHQWHU�RI�WKH�/RFDO�6XSHUFOXVWHU�
GHVSLWH� KDYLQJ� UHGVKLIWV� WKDW� VKRXOG� SODFH� WKHP� IDU
RXW�LQWR�WKH�XQLYHUVH�LQ�WKDW�GLUHFWLRQ�DQG�PDNH�WKHP
XQUHODWHG� WR� RQH� DQRWKHU�� 7KH� PRVW� FRQVSLFXRXV
TXDVDU�LQ�WKH�VN\�LV��&�����RQH�PHPEHU�RI�D�SDLU�RI
TXDVDUV� DOPRVW� H[DFWO\� DOLJQHG� DFURVV� WKH� EULJKWHVW
JDOD[\�LQ�WKH�9LUJR�FOXVWHU�FHQWHU��$�SHFXOLDU�K\GUR�
JHQ�FORXG�NQRZQ�WR�EH�LQ�WKH�9LUJR�FOXVWHU�QHDU�WKH
FRRUGLQDWHV� RI� �&���� KDV� D� ORQJ�� QDUURZ� VKDSH
SRLQWLQJ�EDFN�WRZDUG�WKH�TXDVDU��ZKLFK�LWVHOI�KDV�D�MHW
SRLQWLQJ�WRZDUG�WKH�K\GURJHQ�FORXG��$Q�;�UD\�UDGLD�
WLRQ�PDS� �VHH�)LJXUH� ������ DOVR� VKRZV� FRQQHFWLRQV
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EHWZHHQ� WKH�FOXVWHU� WR� WKH�TXDVDU��<HW� WKH�TXDVDU� LV
VXSSRVHG�WR�EH����WLPHV�IDUWKHU�DZD\�WKDQ�WKH�FOXVWHU�
DFFRUGLQJ�WR�LWV�UHGVKLIW��$V�$US�VD\V��RYHU����\HDUV
DJR�� WKH� ILHOG� RI� DVWURQRP\� WRRN� D� JDPEOH� DJDLQVW
RGGV� RI� D�PLOOLRQ� WR� RQH� WKDW� WKLV� VLWXDWLRQ� ZDV� DQ
DFFLGHQW�� 7KH� QHZHU� ;�UD\� DQG� K\GURJHQ� FORXG
HYLGHQFH�KDYH�FRQILUPHG�WKDW�WKLV�ZDV�D�EDG�JDPEOH�
DOWKRXJK�WKH�ILHOG�LV�QRW�\HW�UHDG\�WR�DFFHSW�LWV�ORVVHV
DQG�PRYH�RQ�

%HFDXVH�UHGVKLIW�LV�QRW�D�JRRG�GLVWDQFH�LQGLFDWRU�
$US� SRLQWV� RXW� WKDW� DSSDUHQW� EULJKWQHVV� RIWHQ� LV�
4XDVDUV�QHDU�0���DSSHDU�UHODWLYHO\�UDQGRP�RQ�D�VN\
PDS�XQWLO� MXVW� WKH�EULJKWHU�RQHV� LQ�D�KDOI�PDJQLWXGH
UDQJH� DUH� SORWWHG�� 7KHQ� PDJLFDOO\�� WKHUH� DSSHDUV� D
OLQH� RI� TXDVDUV� HPHUJLQJ� IURP� 0��� ZLWK� UHGVKLIWV
GHFUHDVLQJ� ZLWK� GLVWDQFH�� MXVW� DV� WKH� REVHUYDWLRQ�
GULYHQ�PRGHO�SUHGLFWV�

:KHQHYHU�VHFRQGDU\�GLVWDQFH�LQGLFDWRUV�DUH�DYDLO�
DEOH��WKH\�VXSSRUW�WKLV�SLFWXUH��,Q�VRPH�FDVHV��)DUDGD\
URWDWLRQ� FDXVHG� E\� WUDYHUVLQJ� D� PDJQHWL]HG� SODVPD
FDQ�EH�PHDVXUHG�IRU�TXDVDUV��6R�WKH�DPRXQW�RI�VXFK
URWDWLRQ�RXJKW� WR�EH�D�GLVWDQFH�LQGLFDWRU��%XW� LW�ZDV
WKHQ�GLVFRYHUHG�WKDW�TXDVDUV�ZLWK�UHGVKLIWV�RI�DERXW��
KDG� RQO\� ���� DV� PXFK� )DUDGD\� URWDWLRQ� DV� TXDVDUV
ZLWK� UHGVKLIWV�RI� DERXW����ZKHQ� WKH\� RXJKW� WR� KDYH
KDG� WZLFH� DV� PXFK� URWDWLRQ�� %\� FRQWUDVW�� WKLV� LV� LQ
DFFRUG�ZLWK�$US¶V�PRGHO� EHFDXVH� WKH� UHGVKLIW� ]� ��
TXDVDUV�DUH� LQWULQVLFDOO\�IDLQWHU��DQG�WKHUHIRUH�JHQHU�
DOO\� VHHQ� RQO\� DW� FORVHU� GLVWDQFHV�� WKDQ� WKRVH� ZLWK
]� ���

$US� FRQFOXGHV� WKDW� TXDVDUV� DUH� LQLWLDOO\� IDLQW�
SRLQW�OLNH�REMHFWV�RI�KLJK�UHGVKLIW�WKDW�WUDQVIRUP�LQWR
ORZHU�UHGVKLIW��FRPSDFW�REMHFWV�VXUURXQGHG�E\�D�IX]]
DV� WKH\� HYROYH�� 7KHVH� GHYHORS� LQWR� VPDOO�� KLJK�
VXUIDFH�EULJKWQHVV� JDOD[LHV� ZLWK� PRUH� PDWHULDO
DURXQG� WKHP�� 8OWLPDWHO\� WKHVH� PDWXUH� LQWR� QRUPDO�
TXLHVFHQW�JDOD[LHV�

,Q� WKLV� QHZ� YLHZ� RI� UHODWLRQVKLSV� DPRQJ� DVWUR�
SK\VLFDO� REMHFWV�� 6H\IHUW� JDOD[LHV� DQG� WKHLU� FORVH
FRXVLQV��%/�/DF�REMHFWV�DUH�D�VKRUW�OLYHG�HYROXWLRQ�
DU\�VWDJH�DVVRFLDWHG�ZLWK�TXDVDU�HMHFWLRQ�IURP�DFWLYH
JDOD[\�QXFOHL��,Q�HIIHFW��6H\IHUWV�DUH�TXDVDU�IDFWRULHV�
6WURQJ� TXDVDU� QXPEHU�FRXQWV� DUH� DVVRFLDWHG� ZLWK� D
QHDUO\� FRPSOHWH� VDPSOH� RI� EULJKW� 6H\IHUWV�� DV� FRP�
SDUHG�ZLWK�QRQ�6H\IHUW�FRQWURO�ILHOGV��6RPH�RI�WKHVH
DVVRFLDWLRQV� KDYH� ODXJKDEOH� H[SODQDWLRQV� LQ� PDLQ�
VWUHDP� MRXUQDO� DUWLFOHV�� 4XDVDU� *&��������� LV
GHVFULEHG�DV�D�³SRVVLEO\�PLFUROHQVHG�TXDVDU�EHKLQG�D
WLGDO�DUP�RI�D�PHUJLQJ�JDOD[\�´�ZKLFK�MXVW�KDSSHQV�WR
EH�D�6H\IHUW�

,QGHHG�� TXDVDUV� ORRN� WR� DVWURQRPHUV� OLNH� VPDOO
SRUWLRQV�RI�DFWLYH��6H\IHUW�OLNH��JDODFWLF�QXFOHL��7KHLU
SDLULQJ�DFURVV�VXFK�QXFOHL��WKHLU�DOLJQPHQW�ZLWK�UDGLR
HPLVVLRQ� SDLULQJV�� WKH� FRUUHVSRQGHQFHV� RI� ;�UD\
PDSV�� DQG� WKH� GDWD� IURP� RSWLFDO� HPLVVLRQ� OLQHV� DOO

VWURQJO\�VXSSRUW�WKH�HMHFWLRQ�LQWHUSUHWDWLRQ��,I�QDWXUH
KDV�QRW� DOUHDG\�SURYLGHG�HQRXJK� KLQWV�� DQ� DSSDUHQW
PDJQLWXGH�YV�� UHGVKLIW� �+XEEOH��GLDJUDP�VKRZV� WKDW
6H\IHUW� JDOD[LHV� KDYH� WRR� PXFK� UHGVKLIW� DW� IDLQWHU
PDJQLWXGHV�DQG�GR�QRW�IROORZ�WKH�VDPH�UHODWLRQVKLS
DV�QRUPDO�JDOD[LHV�� ,QGHHG�� WKH�+XEEOH�GLDJUDP� IRU
6H\IHUWV� WUHQGV� WRZDUG� WKDW� IRU� TXDVDUV��ZKLFK� OLNH�
ZLVH� GR� QRW� VKRZ� D� QRUPDO� +XEEOH� UHODWLRQVKLS
EHWZHHQ� EULJKWQHVV� DQG� UHGVKLIW��2QH�ZRQGHUV� KRZ
PDQ\�GLIIHUHQW�ZD\V�QDWXUH�PXVW�UHSHDW�WKLV�PHVVDJH
DERXW�UHGVKLIW�QRW�FRUUHVSRQGLQJ�WR�GLVWDQFH�EHIRUH�LW
VLQNV�LQ�

2WKHU�DVWURSK\VLFDO�REMHFWV�DUH�LQ�DFFRUG�ZLWK�WKLV
PHVVDJH�� :DWHU� PDVHU� HPLVVLRQV� DUH� DOVR� VHHQ� LQ
SDLUV� URXJKO\� DOLJQHG�ZLWK� TXDVDUV��;�UD\� ILODPHQWV
RU�MHWV�HPHUJH�IURP�6H\IHUW�JDOD[LHV�DQG�HQG�DW�TXD�
VDUV�� RIWHQ� LQ� SDLUV� RI� VLPLODU� UHGVKLIW� RQ� RSSRVLWH
VLGHV�RI� WKH�PLQRU�D[LV�RI� WKH�JDOD[\�EHWZHHQ��$QG
KLJK�OXPLQRVLW\�VSLUDO�JDOD[LHV�KDYH�H[FHVV�UHGVKLIWV
FRPSDUHG�WR�QRUPDO�VSLUDOV��DV�MXGJHG�E\�WKH�7XOO\�
)LVKHU� PHWKRG� RI� MXGJLQJ� GLVWDQFHV� IURP� URWDWLRQ
UDWHV��ZKLFK�LV�LQGHSHQGHQW�RI�UHGVKLIW��

2QH�PLJKW�ZHOO�ZRQGHU�ZKDW�JDOD[\�FOXVWHUV�KDYH
VR� VD\� DERXW� WKLV�� VLQFH� WKHVH� DUH� FOHDUO\� SK\VLFDOO\
DVVRFLDWHG� JURXSLQJV� RI� JDOD[LHV�� 7KH� VXSSRUWLQJ
HYLGHQFH�WKH\�SURYLGH�LV�WUXO\�H[WHQVLYH��&ODVVLFDOO\�
ZKROH�JDOD[\�FOXVWHUV�REH\�D�+XEEOH�GLDJUDP�UHODWLRQ
EHWZHHQ�UHGVKLIW�DQG�EULJKWQHVV�ZLWK�D�GLVSHUVLRQ�RI
MXVW� D� IHZ� WHQWKV� RI� D� PDJQLWXGH�� %XW� ��� FOXVWHUV
QRUWK�RI�&HQ�$�KDYH�D�PXFK�ODUJHU�GLVSHUVLRQ�ZLWK�D
PD[LPXP�UDQJH�RI���PDJQLWXGHV��6XFK�FOXVWHUV�KDYH
QR� UHODWLRQVKLS� RI� WKH� W\SH� FODLPHG� IRU� RUGLQDU\
JDOD[LHV�� DQG� UDLVH� GRXEWV� WKDW� WKH� FODVVLFDO�+XEEOH
UHODWLRQVKLS�FDQ�KDYH�WKH�PHDQLQJ�XVXDOO\�DWWULEXWHG
WR� LW²WKDW� UHGVKLIW� LQGLFDWHV�GLVWDQFH²IRU�DQ\WKLQJ�
:H�PD\�VLPSO\�KDYH�EHHQ�IRROHG�E\�ERWK�OXPLQRVLW\
DQG� UHGVKLIW� EHLQJ� IXQFWLRQV� RI�PDVV�� ZKLFK� ZRXOG
OHDG� WR� DQ� DSSDUHQW� +XEEOH� UHODWLRQVKLS� GHVSLWH� QR
WUXH�GLVWDQFH�GHSHQGHQFH�

6RPH�RI� WKH�FOXVWHU�H[DPSOHV�DUH�FHUWDLQO\�KHDG�
WXUQHUV�� $EHOO� FOXVWHUV� RI� JDOD[LHV� ZLWK� KLJKHU� UHG�
VKLIWV�DUH�GLVWULEXWHG�ULJKW�GRZQ�WKH�VSLQHV�RI�ERWK�WKH
9LUJR� FOXVWHU� DQG� LWV� VRXWKHUQ�KHPLVSKHUH� WZLQ�� WKH
)RUQD[� FOXVWHU�� $� FRPSOHWH� VDPSOH� RYHU� D� ODUJH
UHJLRQ�RI�WKH�VRXWKHUQ�VN\�VKRZHG�WKDW�WKH�VWURQJHVW
;�UD\� FOXVWHU� FRQFHQWUDWLRQ� KDG� WKH� WZR� EULJKWHVW
JDOD[LHV��0���DQG�&HQ�$��DW�LWV�FHQWHU��GHVSLWH�PXFK
ODUJHU� UHGVKLIW� IRU� WKH�;�UD\� FOXVWHUV�� ,Q�JHQHUDO��;�
UD\�FOXVWHUV�DSSHDU�PRUH�FRPPRQO\�ZLWK�UHGVKLIWV�RI
DERXW������WKDQ�FKDQFH�DOORZV��ZKLFK�LQ�$US¶V�LQWHU�
SUHWDWLRQ� PDUNV� WKHP� DV� \RXQJ� DQG� LQWULQVLFDOO\
UHGVKLIWHG�

6XSSRUWLQJ�GDWD� LQFOXGHV� FRROLQJ� IORZ�PHDVXUHV�
ZKLFK�LQGLFDWH�WKDW�DW�OHDVW�����VRODU�PDVVHV�SHU�\HDU
DUH�EHLQJ� ORVW� IURP� WKHVH� FOXVWHUV��7KLV� LPSOLHV����
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ELOOLRQ� VRODU� PDVVHV� LQ� D� ELOOLRQ� \HDUV�� :KHUH� LV� LW
JRLQJ"�7KH�REYLRXV�SRVVLELOLWLHV�FDQ�DOO�EH�UXOHG�RXW�
%/� /DF� REMHFWV�� DW� UHGVKLIWV� LQWHUPHGLDWH� EHWZHHQ
TXDVDUV�DQG�FOXVWHU�JDOD[LHV��DUH�DSSDUHQWO\�SURJHQL�
WRUV� RI� FOXVWHUV� RI� JDOD[LHV��1RUPDO� JDOD[LHV� ZLWKLQ
FHUWDLQ� UHGVKLIW� UDQJHV� WHQG� WR� DOLJQ� RQ� WKH� VN\� LQ
VWULQJV�� ZLWK� WKH� ORZHVW� UHGVKLIW� JDOD[\� QHDU� WKH
FHQWHU��)RU�H[DPSOH�����RI�WKH����EULJKWHVW�QRUWKHUQ
KHPLVSKHUH�VSLUDO�JDOD[LHV�LQ�XQFURZGHG�ILHOGV�IDOO�RQ
ZHOO�PDUNHG� OLQHV� RI� JDOD[LHV� WKDW� KDYH� FRQFHQWUD�
WLRQV� RI� IDLQWHU�� KLJKHU�UHGVKLIW� JDOD[LHV�� $QG� WKHUH
DUH� DQRPDORXV� IDLQW�� EOXH��RIWHQ� DFWLYH�JDOD[LHV� WKDW
ILOO�RXW�FOXVWHUV�LQ�WKH�UHGVKLIW�UDQJH�EHWZHHQ�����DQG
����� 7KHVH� DSSDUHQWO\� HYROYH� LQWR� WKH� KLJKHU� OXPL�
QRVLW\�� ORZHU� UHGVKLIW� REMHFWV� VHHQ� DW� �������]�������
)LQDOO\��EHORZ�UHGVKLIWV�RI�DERXW������ZH�ILQG�VWULQJV
RI�JDOD[LHV�DOLJQHG�WKURXJK�WKH�EULJKWHVW�QHDUE\�VSLUDO
JDOD[LHV��SUHVXPDEO\�UHSUHVHQWLQJ�WKH�ODVW�HYROXWLRQ�
DU\� VWDJH� RI� SURWRJDOD[LHV� EHIRUH� EHFRPLQJ� WKH
VOLJKWO\� KLJKHU� UHGVKLIW� FRPSDQLRQV� RI� WKH� RULJLQDO
HMHFWLQJ�JDOD[LHV��:H�DUH�VR�DFFXVWRPHG�WR� WKLQNLQJ
RI�WKLV�VHTXHQFH�DV�D�WLPH�HYROXWLRQ�WKDW�LW�WDNHV�VRPH
HIIRUW� WR� UH�WKLQN� WKH� ZKROH� SLFWXUH� DV� D� PDVV�
OXPLQRVLW\�UHGVKLIW�HYROXWLRQ�DW�D�QHDUO\�IL[HG�WLPH�

6R� WKH�\RXQJ�DSSHDULQJ� REMHFWV�ZLWK� WKH� KLJKHVW
UHGVKLIWV� DUH� DOLJQHG� RQ� HLWKHU� VLGH� RI� HUXSWLYH� RE�
MHFWV��ZKLFK�LPSOLHV�WKH�HMHFWLRQ�RI�SURWRJDOD[LHV�DQG
WKH� DVVRFLDWLRQ� RI� UHGVKLIW� ZLWK� \RXWK�� ,QFUHDVLQJ
GLVWDQFH�IURP�SDUHQW�OHDGV�WR�EULJKWHU��ORZHU�UHGVKLIW
REMHFWV��VR�WKLV�LV�WKH�GLUHFWLRQ�RI�HYROXWLRQ�ZLWK�DJH�
$W�UHGVKLIWV�RI�DERXW�����DQG�GLVWDQFHV�RI�DERXW����
NSF� IURP� WKH�SDUHQW�� TXDVDUV�EHFRPH�YHU\� EULJKW� DW
RSWLFDO�ZDYHOHQJWKV� DQG� LQ�;�UD\V�� DQG� HYROYH� LQWR
%/� /DF�W\SH� REMHFWV²D� VKRUW�OLYHG� VWDJH� EHFDXVH
WKHUH� DUH� IHZ� RI� WKHP�� )LQDOO\�� WKHVH� HYROYH� LQWR
FOXVWHUV� RI� JDOD[LHV�� ZKLFK� DUH� VHHQ� WR� DSSHDU� DW
FRPSDUDEOH�GLVWDQFHV�WR�WKH�%/�/DF�REMHFWV��LPSO\LQJ
WKDW� FOXVWHUV�PD\�RULJLQDWH� IURP� WKH� EUHDNXS� RI�%/
/DF�REMHFWV�

7KHUH� LV� PRUH�� 7LJKW� PXOWLSOH�TXDVDUV�LPDJH
JURXSLQJV�ZHUH�RULJLQDOO\�GLVPLVVHG�DV�REVHUYDWLRQDO
HUURUV�XQWLO�WKH�JUDYLWDWLRQDO�OHQV�WKHRU\�ZDV�LQYRNHG�
7KHQ� PDQ\� PRUH� H[DPSOHV� ZHUH� TXLFNO\� IRXQG�
*����������ZDV�HVVHQWLDOO\�D�KLJK�UHGVKLIW�TXDVDU�LQ
WKH�QXFOHXV�RI�D�ORZ�UHGVKLIW�JDOD[\��/HQVLQJ�ZDV�WKH
RQO\� ZD\� RXW� IRU� FRVPRORJLVWV�� 7KH� IRXU� TXDVDU
LPDJHV�ZHUH�DOO�ZLWKLQ�RQH�DUF�VHFRQG�RI�WKH�JDOD[\
QXFOHXV��%XW�+R\OH�FRPSXWHG�WKH�SUREDELOLW\�RI�VXFK
D�OHQVLQJ�HYHQW�DV�WZR�LQ�D�PLOOLRQ��0RUHRYHU��LQVWHDG
RI�EHLQJ�DUFV�DV�OHQVLQJ�WKHRU\�SUHGLFWHG��WKH�TXDVDU
LPDJHV�DUH�H[WHQGHG�EDFN�WRZDUG�WKH�FHQWUDO�JDOD[\�
5HDO�DUF� LPDJHV�GRQ¶W� ORRN�PXFK� OLNH� WKH�SUHGLFWHG
DUFV�HLWKHU��EXW�UDWKHU�OLNH�SDUW�RI�DQ�H[SDQGHG�VKHOO�
7KLV�DOWHUQDWLYH�LV�LQ�EHWWHU�DJUHHPHQW�ZLWK�WKH�H[LV�

WHQFH�RI�UDGLDO�DUFV��MHW�DUFV��GRJ�OHJ�DUFV��DQG�HMHFWHG
MHWV�WKDW�HQG�LQ�WUDQVYHUVH�DUFV�

7KH� ODVW� PDLQ� REVHUYDWLRQDO� DUHD� GHDOV� ZLWK� WKH
TXDQWL]DWLRQ�RI�UHGVKLIWV��,Q�HVVHQFH��UHGVKLIWV�GR�QRW
WDNH�RQ�DOO�YDOXHV�ZLWK�HTXDO�HDVH��DV�WKH\�PXVW�LI�WKH\
DUH�FDXVHG�PDLQO\�E\� WKH�YHORFLWLHV�RI� WKH�REVHUYHG
REMHFWV��)RU�H[DPSOH�� UHGVKLIWV�QHDU�����������������
������ ������ ������ HWF�� RFFXU� PRUH� IUHTXHQWO\� WKDQ
FKDQFH� SHUPLWV�� 6PDOOHU� UHGVKLIWV� WRR� RFFXU� DW� SUH�
IHUUHG�SHULRGLF�LQWHUYDOV��DV�7LIIW�KDV�VKRZQ�LQ�D�VWXG\
FRQILUPHG�LQ�DQ�LQGHSHQGHQW�VDPSOH�E\�*XWKULH�DQG
1DSLHU��7KH�H[LVWHQFH�RI�SUHIHUUHG�YDOXHV�IRU�UHGVKLIWV
SURYHV�WKDW�HLWKHU�ZH�DUH�DW� WKH�FHQWHU�RI�D�VHULHV�RI
H[SDQGLQJ�VKHOOV��RU�UHGVKLIW�GRHV�QRW�LQGLFDWH�YHORF�
LW\��$US�FDXWLRQV�WKDW�IDLQW�TXDVDUV�ZLWK�KLJK�UHGVKLIWV
GR�QRW�FRQWLQXH�WR�VKRZ�WKLV�HIIHFW��SHUKDSV�EHFDXVH
WKH�IRUP�RI�WKH�UHODWLRQVKLS�FKDQJHV�DW�JUHDW�GLVWDQFHV
IURP�XV��DV�IDLQWQHVV�ZRXOG�VXJJHVW���$OVR��PXFK�RI
WKH�VSUHDG�WKDW�H[LVWV�DURXQG�WKHVH�SUHIHUUHG�UHGVKLIW
YDOXHV� LV� DSSDUHQWO\� GXH� WR� WKH� VSHHG� RI� HMHFWLRQ�
ZKLFK�FDQ�EH�XS� WR�����F��7KH�DYHUDJH� UHGVKLIW�RI�D
TXDVDU�SDLU� JHQHUDOO\� IDOOV� FORVHU� WR� D�SUHIHUUHG� UHG�
VKLIW� YDOXH� WKDQ� GRHV� HLWKHU� LQGLYLGXDO� UHGVKLIW�� %/
/DF�REMHFWV�VKRZ�WKH�VDPH�TXDQWL]DWLRQ��EXW�WR�D�OHVV
SURQRXQFHG� GHJUHH�� DV� EHILWV� WKHLU� UHODWLRQVKLS� WR
TXDVDUV�� )LJXUH� ����� VKRZV� D� VWULNLQJ� VHW� RI� EDQGV
DQG� JDSV� IRU� JDOD[\� UHGVKLIWV� LQ� WKH� ;�UD\� FOXVWHU
$EHOO� ��� WKDW� LOOXVWUDWHV� WKH� UHGVKLIW� TXDQWL]DWLRQ
HIIHFW�DW�D�JODQFH�

$US¶V� VWUHQJWK� LV� REVHUYDWLRQDO� H[WUDJDODFWLF� DV�
WURQRP\��:LWK� WKHRU\� KH� LV� OHVV� SURILFLHQW�� EXW� KDV
HQOLVWHG� WKH� DLG� RI�1DUOLNDU��+R\OH� DQG� RWKHUV�� 7KH
FRQFHSW�RI�PDVV�LQFUHDVLQJ�ZLWK�DJH�KDV�QR�DGMXVWDEOH
SDUDPHWHUV��WKH�FKDUDFWHULVWLF�DJH�EHLQJ�JLYHQ�E\�WKH
PHDVXUHG�DJH�RI�RXU�RZQ�JDOD[\���\HW�DOORZV�SUHGLF�
WLRQ� RI� LQWULQVLF� UHGVKLIWV� IRU� REMHFWV� IURP� .�HIIHFW
VWDUV� WR�TXDVDUV��ZLWK� UHVXOWV�EHWWHU� WKDQ�DQ�RUGHU�RI
PDJQLWXGH�� 7KH� %LJ� %DQJ� ZLWK� PDQ\� DGMXVWDEOH
SDUDPHWHUV� FDQQRW� GR� DV� ZHOO�� 5HGVKLIW�� WKHQ�� LQGL�
FDWHV� \RXWK�� $QG� WKH� VORSH� RI� WKH� +XEEOH� GLDJUDP
FRPHV� GLUHFWO\� IURP� RXU� RZQ� JDOD[\¶V� DJH�� 6LQFH
OXPLQRVLW\� HYROYHV�ZLWK�PDVV� VTXDUHG�� WKH� DSSDUHQW
EULJKWQHVV�UHGVKLIW� UHODWLRQVKLS� LV� FRLQFLGHQWDO�� DQG
QRW� DQ� LQGLFDWRU� RI� GLVWDQFH�� ,� DP� QR� GRXEW� ELDVHG
KHUH� E\� VHHLQJ� VLPSOHU� WKHRUHWLFDO� H[SODQDWLRQV� IRU
$US¶V� REVHUYDWLRQDO� FRQVWUDLQWV� WKDQ� KLV� YDULDEOH�
PDVV�WKHRU\�FDQ�SURYLGH��%XW�$US�FRQFHGHV�LQ�SODFHV
WKDW� WKHRULHV�QHHG�WR�HYROYH�ZLWK�GLVFRYHULHV�� VRPH�
WKLQJ� WKDW� WKH� %LJ� %DQJ� VWRSSHG� GRLQJ� DW� D� IXQGD�
PHQWDO�OHYHO�D�JHQHUDWLRQ�DJR�

6RPH�RI�WKH�PRVW�HQWHUWDLQLQJ�UHDGLQJ�LQ�WKLV�ERRN
LV�SURYLGHG�E\�$US¶V�LQWHUDFWLRQV�ZLWK�KLV�FROOHDJXHV
DQG�ZLWK�UHIHUHHV�DQG�MRXUQDO�HGLWRUV��$US�VSLFHV�XS
WKHVH� H[FKDQJHV� ZLWK� D� ELW� RI� KLV� RZQ� SKLORVRSK\�
'HVSLWH�LWV�SHVVLPLVP��,�ZRQGHU�KRZ�DQ\�RI�XV�FRXOG
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KDYH�HYROYHG�D�SKLORVRSK\�PXFK�PRUH�RSWLPLVWLF� LI
ZH� KDG� EHHQ� LQ� $US¶V� VKRHV�� $QRQ\PRXV� UHIHUHHV
IUHTXHQWO\�XVH�DEXVLYH�ODQJXDJH�VXFK�DV�³OXGLFURXV�´
RU� XQZDUUDQWHG� JHQHUDOL]DWLRQV� VXFK� DV� ³EL]DUUH
FRQFOXVLRQV�EDVHG�RQ�DQ�H[WUHPH�ELDV�RI�WKH�DXWKRUV
ZLVKLQJ� WR� ILQG� QRQ�FRVPRORJLFDO� UHGVKLIWV�´� ,W�ZDV
QRW� LQIUHTXHQW� WR� ILQG� UHIHUHHV� VXJJHVWLQJ� WKDW� WKH
LPSOLFDWLRQV� VKRXOG� KDYH� EHHQ� XVHG� WR� SURYH� WKH
REVHUYDWLRQV� ZURQJ�� $� 1REHO� ODXUHDWH� DQG� IRUPHU
WHDFKHU�LV�TXRWHG�DV�VD\LQJ�³$US�GLG�QRW�JHW�DQ\WKLQJ
ULJKW�LQ�P\�FRXUVH��,�VKRXOG�KDYH�IOXQNHG�KLP�EXW�,
FRXOG� QRW� EHDU� WR� KDYH� KLP� UHSHDW� WKH� FRXUVH� ZLWK
PH�´

:H�VHH� LQ� WKH�DQHFGRWHV� IUHTXHQW�RFFXUUHQFHV�RI
³VQLSLQJ�´�XQEDFNHG�FODLPV�WKDW�VRPHWKLQJ�LV�WUXH�RU
IDOVH� IRU� VRPH� UHDVRQ� WKDW� LV� QRW� SUHVHQWHG� WR� WKH
DXWKRU� IRU� UHEXWWDO��2QH�H[DPSOH�� ³2K� WKRVH� FODLPV
KDYH� EHHQ� FRPSOHWHO\� GLVSURYHG�´�$US� LQWURGXFHV� D
IHZ� QDPHV� IRU� VRPH� RI� WKHVH� EDWWOH� WDFWLFV� KLPVHOI�
7KH� ³3OHLDGHV� PDQHXYHU´� LV� RQH� VXFK��0HDVXUH� VR
PXFK� EDFNJURXQG� WKDW� WKH� VWDWLVWLFDO� VLJQLILFDQFH� RI
WKH�REYLRXV�IRUHJURXQG��VXFK�DV�WKH�3OHLDGHV�FOXVWHU�
LV� UHGXFHG� WR� LQVLJQLILFDQFH�� 5HDFWLRQ� WR� WKH� ;�UD\
PDS�VKRZLQJ�WKH�FRQQHFWLRQ�RI�WKH�9LUJR�FOXVWHU�DQG
TXDVDU��&����SURGXFHG�ILYH�DUURJDQW�DQG�SDWURQL]LQJ
UHIHUHH� UHMHFWLRQV� DW� WZR� MRXUQDOV�� DQG� ZDV� YLHZHG
HYHQ� E\� VRPH� FROOHDJXHV� DV� ³D� JULVO\� DXWR� DFFLGHQW
DORQJ�WKH�KLJKZD\�´

6DGO\��WKH�PDLQVWUHDP�LV�ZHOO�DGDSWHG�IRU�VXUYLYDO�
6R�ZKHQ�$US�VXFFHHGV�LQ�UXQQLQJ�WKH�PLQHILHOG�DQG
JHWWLQJ�KLV� UHVXOWV�SXEOLVKHG�GHVSLWH� WKH� UHIHUHHV�� DQ
XQZULWWHQ� XQGHUVWDQGLQJ� LV� WKDW� QR� GLVFXVVLRQ� RU
FLWDWLRQV�ZLOO� IROORZ��VR�WKH�HPEDUUDVVLQJ� UHVXOW�ZLOO
VRRQ� EH� IRUJRWWHQ��$US� VXJJHVWV� WKDW� D� VDPSOLQJ� RI
UHIHUHH�UHSRUWV��VKRZLQJ�³PDQLSXODWLYH��VO\��LQVXOWLQJ�
DUURJDQW��DQG�DERYH�DOO�DQJU\´� UHIHUHHV��RXJKW� WR�EH
SXEOLVKHG�EHFDXVH�LW�ZRXOG�DOORZ�SHRSOH�WR�HYDOXDWH
WKH� REMHFWLYLW\� RI� WKH� LQIRUPDWLRQ� WKH\� DUH� EHLQJ
DOORZHG�WR�UHDG�

+HUH�DUH�VRPH�EULHI�TXRWHV�RXWOLQLQJ�ZKDW�$US�KDV
OHDUQHG�IURP�WKHVH�H[FKDQJHV�

�D�� ³:KHQ�SUHVHQWHG�ZLWK� WZR�SRVVLELOLWLHV�� VFLHQ�
WLVWV�WHQG�WR�FKRRVH�WKH�ZURQJ�RQH�´

�E�� 7KH� VWURQJHU� WKH� HYLGHQFH�� WKH� PRUH� DWWLWXGHV
KDUGHQ�

�F�� ³7KH� JDPH� KHUH� LV� WR� OXPS� DOO� WKH� SUHYLRXV
REVHUYDWLRQV� LQWR� RQH� µK\SRWKHVLV¶� DQG� WKHQ
FODLP� WKHUH� LV� QR� VHFRQG�� FRQILUPLQJ� REVHUYD�
WLRQ�´

�G�� ³1R� PDWWHU� KRZ� PDQ\� WLPHV� VRPHWKLQJ� KDV
EHHQ�REVHUYHG��LW�FDQQRW�EH�EHOLHYHG�XQWLO�LW�KDV
EHHQ�REVHUYHG�DJDLQ�´

�H�� ³,I�\RX�WDNH�D�KLJKO\�LQWHOOLJHQW�SHUVRQ�DQG�JLYH
WKHP�WKH�EHVW�SRVVLEOH��HOLWH�HGXFDWLRQ��WKHQ�\RX

ZLOO�PRVW�OLNHO\�ZLQG�XS�ZLWK�DQ�DFDGHPLF�ZKR
LV�FRPSOHWHO\�LPSHUYLRXV�WR�UHDOLW\�

�I�� ³:KHQ� ORRNLQJ� DW� WKLV� SLFWXUH� QR� DPRXQW� RI
DGYDQFHG�DFDGHPLF�HGXFDWLRQ�FDQ�VXEVWLWXWH�IRU
JRRG�MXGJPHQW��LQ�IDFW�LW�ZRXOG�XQGRXEWHGO\�EH
DQ�LPSHGLPHQW�´

�J�� ³/RFDO�RUJDQL]LQJ�FRPPLWWHHV�JLYH�LQ�WR�LPSHUL�
DOLVWLF�SUHVVXUHV� WR�NHHS� ULYDO� UHVHDUFK�RII�SUR�
JUDPV�´

�K�� ³,W�LV�WKH�SULPDU\�UHVSRQVLELOLW\�RI�D�VFLHQWLVW�WR
IDFH��DQG�UHVROYH��GLVFUHSDQW�REVHUYDWLRQV�´

�L�� ³6FLHQFH� LV� IDLOLQJ� WR� VHOI�FRUUHFW�� :H� PXVW
XQGHUVWDQG�ZK\�LQ�RUGHU�WR�IL[�LW�´�7KH�ERRN�KDV
PDQ\�PRUH�OLNH�WKHVH�

$V�ZLWK�DQ\�ZRUN�RI�VXFK�OHQJWK�DQG�GHSWK��D�IHZ
HUURUV� WXUQHG�XS�DORQJ�ZLWK�D�IHZ�SRLQWV� WKDW�DUH�RI
GXELRXV�PHULW��1RQH�RI�XV� FDQ�EH� H[SHUWV� LQ� HYHU\�
WKLQJ�� DQG�ZH� DUH� DOZD\V� SXVKLQJ� WKH� OLPLWV� RI� RXU
NQRZOHGJH�DQG�WUDLQLQJ��:RUWK�D�FRPPHQW�DUH�WKHVH
SRLQWV�

�D� $US¶V� DUJXPHQWV� DJDLQVW� WLUHG� OLJKW�PRGHOV� �S�
���� PDNH� D� FRPPRQ� LQYDOLG� DVVXPSWLRQ� WKDW
TXDQWXP� SDUWLFOHV�PXVW� EH� UHVSRQVLEOH� IRU� WKH
HQHUJ\�ORVV��%XW�WKHUH�LV�JRRG�UHDVRQ�WR�VXVSHFW
WKDW�TXDQWXP�SDUWLFOHV�DUH�E\�QR�PHDQV� IXQGD�
PHQWDO�

�E� $US¶V�SURSRVDO��S�������WKDW�HYHQ�SODQHWDU\�DQG
VDWHOOLWH�PDVVHV�PD\�EH�TXDQWL]HG�XVHV�DQ�LQYD�
OLG� VWDWLVWLFDO� DUJXPHQW� ZKHQ� EULGJLQJ� ODUJH
UDQJHV� RI�PDVV�� %XW� KH�PD\�ZHOO� EH� ULJKW� IRU
VPDOO�PDVV�GLIIHUHQFHV��2ULJLQ�LQ� WZLQ�SDLUV�E\
ILVVLRQ� XVXDOO\� FUHDWHV� PDVVHV� LQ� WKH� DSSUR[L�
PDWH� UDWLR� RI� ����� ZKLFK� PD\� SDUWO\� H[SODLQ
$US¶V�SODQHW�VWDWLVWLFV��,W�PLJKW�DOVR�H[SODLQ�KLV
PDJLFDO� ����� UHGVKLIW� TXDQWL]DWLRQ� UDWLR� LI� D
VLPLODU� ILVVLRQ� SURFHVV� LV� UHVSRQVLEOH� IRU� WKH
WZLQ�HMHFWLRQV�LQ�JDOD[LHV�

�F� 2Q�S�������$US�FLWHV�WKH�VXUIDFH�EULJKWQHVV�WHVW�
ZKLFK�PXVW�YDU\�DV������]���LQ�WKH�%LJ�%DQJ��+H
DSSOLHV�WKDW�WR�KLV�RZQ�PRGHO�RQ�WKH�DVVXPSWLRQ
WKDW� REVHUYDWLRQV� VXSSRUW� LW��+RZHYHU�� WKH� RE�
VHUYHG� GHSHQGHQFH� JRHV� DV� �����]���� (YROXWLRQ
RI�JDOD[LHV�LV�VDLG�WR�EH�UHVSRQVLEOH�IRU�WKH�GLI�
IHUHQFH� LQ� WKH� %LJ� %DQJ�� EXW� WKDW� DUJXPHQW
ZRXOG�QRW�DSSO\�WR�$US¶V�PRGHO�

�G� 2Q�S�������$US�LQFRUUHFWO\�VWDWHV�WKDW�WKH�FRVPLF
PLFURZDYH� UDGLDWLRQ� PXVW� FRPH� IURP� D� WKLQ
VKHOO�� VD\LQJ� WKLV� KDV� QRW� EHHQ� H[SODLQHG�� %XW
WKDW� UDGLDWLRQ� LV� VXSSRVHG� WR� KDYH� IORRGHG� WKH
XQLYHUVH� VKRUWO\� DIWHU� WKH� %LJ� %DQJ�� DQG� EHHQ
FRROLQJ� HYHU� VLQFH�� 6R� HYHU\� SRLQW� LQ� WKH� XQL�
YHUVH� LV� WRGD\� UHFHLYLQJ� FRROHG� UDGLDWLRQ�� DQG
WKHUH� LV�QR� VKHOO� DQ\ZKHUH��$US� FRUUHFWO\� JRHV
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RQ� WR� SURYLGH� PRUH� SUREDEOH� H[SODQDWLRQV� IRU
WKH�UDGLDWLRQ�WKDQ�D�ILUHEDOO�UHVLGXH�

�H� $US¶V� XVH� RI� VWDWLVWLFV� FULHV� RXW� IRU� KLP� WR
H[SODLQ� WKH� GLIIHUHQFH� EHWZHHQ� D� SULRUL� DQG� D
SRVWHULRUL�SUREDELOLWLHV��LI�RQO\�WR�DVVXUH�XV�WKDW
KH� XQGHUVWDQGV� WKH� GLIIHUHQFH� DQG� LWV� LPSRU�
WDQFH�

�I�� ,W�ZDV� GLVDSSRLQWLQJ� WR� VHH� QR�PHQWLRQ� RI� WKH
UROH�RI�JLDQW�HOOLSWLFDO�JDOD[LHV�LQ�WKH�HYROXWLRQ�
DU\�VFKHPH�RI�WKLQJV�

$US� FRUUHFWO\� SRLQWV� RXW� WKDW� RQH� VLGH� LQ� WKLV
PHDQLQJ�RI�UHGVKLIW� GHEDWH�PXVW� EH� FRPSOHWHO\� DQG
FDWDVWURSKLFDOO\� ZURQJ�� 7KLV� OHDGV� KLP� WR� ZRQGHU
KRZ�PDQ\�RWKHU�XQFHUWDLQ�DVVXPSWLRQV�PLJKW�H[LVW�LQ
RWKHU�DUHDV�DIIHFWLQJ�RXU�GDLO\�OLYHV�DERXW�ZKLFK�ZH
DUH� LQQRFHQWO\� RYHUFRQILGHQW�� 7KDW� LV� SHUKDSV� WKH
PRVW�VREHULQJ�WKRXJKW�RI�DOO�

7RP�9DQ�)ODQGHUQ

0HWD�5HVHDUFK

�KWWS���ZZZ�PHWDUHVHDUFK�RUJ!

L�L�L�L�L

2SHQ� 4XHVWLRQV� LQ� 5HODWLYLVWLF� 3K\VLFV�� HGLWHG� E\
)UDQFR�6HOOHUL������S��$SHLURQ��0RQWUHDO�������

7R�EHJLQ� WKLV�GLVFXVVLRQ�RI�6HOOHUL¶V� UHFHQW�ERRN
FKDOOHQJLQJ� WKH� IRXQGDWLRQV� RI� UHODWLYLW\� WKHRU\�� ,
ZRXOG�OLNH�WR�UHFDOO�WZR�UHFHQW�LQFLGHQWV�

,Q�RQH��D�FRPPHQWDWRU�FULWLFL]HG�DQ�DXWKRU�IRU�QRW
FLWLQJ�KLV�RZQ�SXEOLVKHG�ZRUN��RQ�WKH�JURXQGV�WKDW�KH
ZDV�REYLRXVO\�QRW�GRLQJ�UHVHDUFK�LQ�WKH�ILHOG���,Q�WKH
SDUWLFXODU� FDVH�� WKH� FULWLFLVP� ZDV� QRW� SDUWLFXODUO\
UHOHYDQW��EHFDXVH�WKH�DXWKRU�ZDV�VLPSO\�VXPPDUL]LQJ
SXEOLVKHG�OLWHUDWXUH���%XW�,�KDYH�RIWHQ�FULWLFL]HG�ZRUN
WKDW�FLWHG�RQO\�RU�PDLQO\� WKH�DXWKRU¶V�RZQ�ZRUN��RQ
WKH�JURXQGV� WKDW�KH�PDGH� OLWWOH� DWWHPSW� WR� UHODWH�KLV
ZRUN� WR� UHDOLW\�� WKLV� IDLOXUH� WR� UHDG� OLWHUDWXUH� LV� D
IUHTXHQW� IODZ� RI� FULWLFV� RI� UHODWLYLW\� WKHRU\�� 2Q� WKH
DVVXPSWLRQ� WKDW� (LQVWHLQLDQ� UHODWLYLW\� WKHRU\� LV� MXVW
SODLQ�ZURQJ�� WKHUH�ZRXOG�EH�QR�QHHG��RI� FRXUVH�� WR
KDYH� RQH¶V� WKHRU\� DJUHH� ZLWK� (LQVWHLQ¶V�� +RZHYHU�
WKHUH�LV�QR�H[FXVH�QRW�WR�VHHN�RXW�H[SHULPHQWV��:ULW�
HUV� ZKR� FLWH� RQO\� WKHLU� RZQ� ZRUN� WKHUHIRUH� GRRP
WKHLU�RZQ�ZRUN�E\�RYHUORRNLQJ�WKH�QHFHVVLW\�WR�DJUHH
ZLWK�H[SHULPHQW�

,Q�DQRWKHU�LQFLGHQW��D�VSHDNHU�JDYH�XV�D�QLFH�FRO�
ORTXLXP�DERXW� WKH�EDFNJURXQG�EODFNERG\� UDGLDWLRQ�
EXW� GLG� QRW� DFNQRZOHGJH� DQ\� DWWHPSWV� SULRU� WR� WKH
����V�WR�GHWHUPLQH� WKH� WHPSHUDWXUH�RI� WKH�XQLYHUVH�
$IWHU�,�H[SODLQHG�KRZ�NQRZOHGJH�>�@�RI� WKH�6WHIDQ�
%ROW]PDQQ�UDGLDWLRQ�ODZ�ZDV�XVHG�IRU�RYHU����\HDUV
WR�WKDW�SXUSRVH��WKH�VSHDNHU�DVNHG�PH��³:HOO��LI�LW�ZDV
VR� ZHOO� NQRZQ�� ZK\� GLGQ¶W� ,� NQRZ� DERXW� LW"�:K\
KDGQ¶W� ,� HYHU� HQFRXQWHUHG� LW"´� ,� UHSOLHG�� ³:HOO�� LQ
0DUVKDOO� :DONHU¶V� ZRUGV�� µ3K\VLFLVWV� GRQ¶W� UHDG�¶´
/HVW�WKH�FULWLFLVP�VRXQG�WRR�XQIDLU��EH�UHPLQGHG�WKDW
SK\VLFLVWV� OLNH� WR� REWDLQ� WKHRUHWLFDO� UHVXOWV� IURP� WKH
VPDOOHVW�SRVVLEOH�VHW�RI�DVVXPSWLRQV��XVLQJ�WKH�EDFNV
RI�HQYHORSHV�ZKHQ�SRVVLEOH��7KH�GHOLJKW�RI�³ILJXULQJ
WKLQJV� RXW´� IURP� SXUH� ORJLF� �PDWKHPDWLFV�� DQG� D
KDQGIXO�RI�SK\VLFDO�ODZV�LV�WKH�NLQG�RI�HQMR\PHQW�WKDW

GURYH�WKLV�FODVV�RI�SHRSOH�WR�VWXG\�SK\VLFV�LQ�WKH�ILUVW
SODFH�

$OO�RI�WKH�IRUHJRLQJ�LV� WR�VD\�WKDW�D�ELEOLRJUDSK\
WHOOV�PXFK�DERXW� WKH�ZRUN��,�PDNH�QR�DSRORJLHV� IRU
ORRNLQJ�WKHUH�ILUVW�

)UDQFR�6HOOHUL�KDV�DVVHPEOHG����SDSHUV��HYLGHQWO\
IURP�D�FRQIHUHQFH@��WKDW�GLVFXVV�UHODWLYLW\�WKHRU\�IURP
RQH�RI� VHYHUDO�SRLQWV�RI�YLHZ�� WKH� YHORFLW\� RI� OLJKW�
KLVWRU\�DQG�SKLORVRSK\��VWUXFWXUHV�LQ�VSDFH�DQG�WLPH�
FRVPRORJ\�DQG�DVWURSK\VLFV��DQG�TXDQWXP�WKHRU\�DQG
UHODWLYLW\��&RQWUDU\� WR�ZKDW� UHODWLYLVWV�PLJKW� H[SHFW�
PRVW�RI�WKH�DXWKRUV�RI�WKHVH�ODUJHO\�GLVVLGHQW�SDSHUV
DUH�IURP�SK\VLFV�GHSDUWPHQWV�DW�UHVSHFWDEOH�XQLYHUVL�
WLHV�

$V� DQ� H[HUFLVH�� ,� FKRVH� WKUHH� QXPEHUV� ������ DW
UDQGRP��ORRNHG�XS�WKH�SDSHUV�FRUUHVSRQGLQJ�WR�WKRVH
QXPEHUV�� DQG� ZHQW� WR� WKHLU� ELEOLRJUDSKLHV�� 7RWDOO\�
WKHUH�ZHUH���� UHIHUHQFHV� FLWHG��PRVW�RI�ZKLFK�ZHUH
QRW�WKH�DXWKRU¶V�ZRUN��2I� WKH�����D�IHZ�ZHUH�SRSX�
ODUL]HG�ERRNV�DQG�PDQ\�ZHUH�IURP�UHIHUHHG�MRXUQDOV
WKDW� DUH� QRW� PDLQVWUHDP�� +RZHYHU�� WKHUH� ZHUH� ��
UHIHUHQFHV� WR� DUWLFOHV� LQ� LQGLVSXWDEO\� RUWKRGR[� MRXU�
QDOV��3K\V��5HY���3K\V��5HY��/HWWV���1DWXUH��$QQ��GHU
3K\VLN��5HYLHZ�RI�6FLHQWLILF�,QVWUXPHQWV��DQG�WKH�OLNH�
,� DP� VDWLVILHG� WKDW� 6HOOHUL¶V� ERRN� LV� D� VHULRXV� HQ�
GHDYRU�

7KHUH�DUH�SDSHUV�RQ�WKH�GLIILFXOW�WRSLFV�RI�WLPH�DQG
VSDFH�PHDVXUHPHQWV�RQ�URWDWLQJ�SODWIRUPV��LQFOXGLQJ
*36���%HOOV¶�WKHRUHP��UHODWLYLVWLF�PDJQHWLF�WRSV��DQG
FRVPRORJLFDO�LQWHUSUHWDWLRQV��WR�QDPH�D�IHZ��7KRXJK
,� KDYH� QRW� KDG� WLPH� WR� UHDG� WKHP� DOO� �OHW� DORQH� WR
XQGHUVWDQG� WKHP��� ,� FDQ� VD\� WKDW� ,� KDYH� IRXQG� YHU\
LQWHUHVWLQJ�UHDGLQJ�LQ�6HOOHUL¶V�ERRN��0D\�LW�VHOO�ZHOO�

5HIHUHQFHV
>�@ $�.�7��$VVLV��³+LVWRU\�RI�WKH�����.�%DFNJURXQG�5DGLD�

WLRQ�3ULRU�WR�3HQ]LDV�DQG�:LOVRQ��$SHLURQ


