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%DFN� WR� EDVLFV�� KLVWRULFDO� RSWLRQ� SULFLQJ� UHYLVLWHG�

%\� -HDQ�3KLOLSSH� %RXFKDXG���� DQG� 0DUF� 3RWWHUV��
��6HUYLFH� GH� 3K\VLTXH� GH� 9(WDW� &RQGHQVH�� &HQWUH� G
HWXGHV� GH� 6DFOD\��

2UPH� GHV� 0HULVLHUV�� ������ *LI�VXU�<YHWWH� &HGH[�� )UDQFH�
��6FLHQFH� 	� )LQDQFH�� �������� UXH� 9LFWRU� +XJR�� ������ /HYDOORLV� &HGH[�� )UDQFH�

:H� UHFRQVLGHU� WKH�SUREOHP� RI�RSWLRQ� SULFLQJ� XVLQJ� KLVWRULFDO� SUREDELOLW\� GLVWULEXWLRQV��
:H� ILUVW�GLVFXVV� KRZ� WKH� ULVN�PLQLPL]DWLRQ� VFKHPH� SURSRVHG� UHFHQWO\� LV� DQ� DGHTXDWH�
VWDUWLQJ� SRLQW� XQGHU� WKH� UHDOLVWLF� DVVXPSWLRQ� WKDW� SULFH� LQFUHPHQWV� DUH� XQFRUUHODWHG�

�EXW� QRW� QHFHVVDULO\� LQGHSHQGHQW�� DQG� RI�DUELWUDU\� SUREDELOLW\� GHQVLW\�� :H� GLVFXVV�
LQ� SDUWLFXODU� KRZ�� LQ� WKH� *DXVVLDQ� OLPLW�� WKH� %ODFN�6FKROHV� UHVXOWV� DUH� UHFRYHUHG��
LQFOXGLQJ� WKH� IDFW� WKDW� WKH� DYHUDJH� UHWXUQ� RI�WKH� XQGHUO\LQJ� VWRFN� GLVDSSHDUV� IURP�
WKH� SULFH� �DQG� WKH� KHGJLQJ� VWUDWHJ\��� :H� FRPSDUH� WKLV� WKHRU\� WR� UHDO� RSWLRQ� SULFHV�
DQG� ILQG�WKHVH� UHIOHFW� LQ� D� VXUSULVLQJO\� DFFXUDWH� ZD\� WKH� VXEWOH� VWDWLVWLFDO� IHDWXUHV� RI�
WKH� XQGHUO\LQJ� DVVHW� IOXFWXDWLRQV��

.H\ZRUGV�� RSWLRQV�� LQFRPSOHWH� PDUNHWV�� YRODWLOLW\� VPLOH�� LPSOLHG� NXUWRVLV�

��� ,QWURGXFWLRQ�

7KH� IDPRXV� %ODFN�6FKROHV� RSWLRQ� SULFLQJ� WKHRU\� KDV� WZR� UHPDUNDEOH� IHDWXUHV�� WKH�

KHGJLQJ� VWUDWHJ\� HOLPLQDWHV� ULVN� HQWLUHO\�� DQG� WKH� RSWLRQ� SULFH� GRHV� QRW� GHSHQG� DW�
DOO� RQ� WKH� DYHUDJH� UHWXUQ� RI�WKH� XQGHUO\LQJ� DVVHW� �%ODFN� 	� 6FKROHV� ������ +XOO� ������
:LOPRWW� HW�DO�� ������� 7KH� VHFRQG� SURSHUW\� PHDQV� WKDW� WKH� RSWLRQ� SULFH� LV�QRW� VLPSO\�
WKH� DFWXDOL]HG� DYHUDJH� RI� WKH� IXWXUH� SD\�RII� RYHU� WKH� KLVWRULFDO� SUREDELOLW\� GLVWUL"�

EXWLRQ�� ZKLFK� REYLRXVO\� ZRXOG� GHSHQG� RQ� WKH� DYHUDJH� UHWXUQ�� 7KLV� LV� HYHQ� PRUH�

VWULNLQJ� LQ� WKH� FDVH� RI�WKH� &R[�5RVV�5XELQVWHLQ� ELQRPLDO� PRGHO� �+XOO� ������ &R[� HW�
DO�� ������ ZKHUH� WKH� SULFLQJ� PHDVXUH� LV�FRPSOHWHO\� XQUHODWHG� WR�WKH� DFWXDO� GLVWULEXWLRQ�
RI�UHWXUQV�� 7KLV� KDV� OHDG� WR� D� UDWKHU� DEVWUDFW� DQG� JHQHUDO� IUDPHZRUN� IRU�GHULYDWLYH�

SULFLQJ�� ZKHUH� WKH� DEVHQFH� RI� DUELWUDJH� RSSRUWXQLWLHV� OHDGV�� IRU�PRGHOV� ZKHUH� ULVN�
FDQ� EH� HOLPLQDWHG� FRPSOHWHO\�� WR� WKH� H[LVWHQFH� RI�D� 
ULVN�QHXWUDO� SUREDELOLW\� PHDVXUH
�

�XQUHODWHG� WR� WKH� KLVWRULFDO� RQH�� RYHU� ZKLFK� WKH� UHOHYDQW� DYHUDJH� VKRXOG� EH� WDNHQ� WR�
REWDLQ� WKH� SULFH� RI�GHULYDWLYHV� �+DUULVRQ� 	� 3OLVND� ������ %D[WHU� 	� 5HQQLH� ������� ,W� LV�
WKXV� D� UDWKHU� FRPPRQ� EHOLHI� WKDW� WKH� NQRZOHGJH� RI�WKH� 
WUXH
� SUREDELOLW\� GLVWULEXWLRQ�
RI�UHWXUQV� LV� D� XVHOHVV� SLHFH� RI�LQIRUPDWLRQ� LQ�RUGHU� WR� SULFH� RSWLRQV�� 7KH� FUHGHQFH� LV�
UDWKHU� WKDW� WKH� UHOHYDQW� 
LPSOLHG
� YDOXH� RI�WKH� SDUDPHWHUV� VKRXOG� EH� REWDLQHG� IURP�
WKH� RSWLRQ� PDUNHWV� WKHPVHOYHV�� DQG� XVHG� WR� SULFH� RWKHU� LQVWUXPHQWV� �IRU� H[DPSOH��
H[RWLF� RSWLRQV�� �VHH�� IRU�H[DPSOH�� +XOO� ������ 'XSLUH� �������

+RZHYHU�� LQ�PRVW� PRGHOV� RI�VWRFN� IOXFWXDWLRQV�� H[FHSW� IRU�YHU\� VSHFLDO� FDVHV� �FRQ"�
WLQXRXV�WLPH� %URZQLDQ� PRWLRQ� DQG� ELQRPLDO�� ERWK� EHLQJ� YHU\�SRRU� UHSUHVHQWDWLRQV� RI�
WKH� UHDOLW\��� ULVN� LQ�RSWLRQ� WUDGLQJ� FDQQRW� EH� HOLPLQDWHG�� DQG� VWULFW� DUELWUDJH� RSSRU"�
WXQLWLHV� GR� QRW� H[LVW�� ZKDWHYHU� WKH� SULFH� RI�WKH� RSWLRQ�� 7KDW� ULVN�FDQQRW� EH� HOLPLQDWHG�
LV� IXUWKHUPRUH� WKH� IXQGDPHQWDO� UHDVRQ� IRU�WKH� YHU\� H[LVWHQFH� RI�RSWLRQ� PDUNHWV�� ,W�
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����� -��3�� %RXFKDXG� DQG� 0�� 3RWWHUV�

ZRXOG� WKXV� EH� PRUH� VDWLVIDFWRU\� WR�KDYH� D� WKHRU\� RI�RSWLRQV� ZKHUH� WKH� WUXH� KLVWRULFDO�
EHKDYLRXU� RI�WKH� XQGHUO\LQJ� DVVHW� ZDV� XVHG� WR� FRPSXWH� WKH� RSWLRQ� SULFH�� WKH� KHGJLQJ�
VWUDWHJ\�� DQG� WKH� UHVLGXDO� ULVN�� 7KH� ODWWHU� LV� FOHDUO\� LPSRUWDQW� WR� HVWLPDWH�� ERWK� IRU�
ULVN� FRQWURO� SXUSRVHV� DQG� DOVR� EHFDXVH� LW� LV� UHDVRQDEOH� WR� WKLQN� WKDW� WKLV� UHVLGXDO�
ULVN� SDUWO\� GHWHUPLQHV� WKH� ELG�DVN� VSUHDG� LPSRVHG� E\�PDUNHW� PDNHUV�� 7KH� QDWXUDO�
IUDPHZRUN� IRU�WKLV� LV� WKH� ULVN� PLQLPL]DWLRQ� DSSURDFK� GHYHORSHG� E\� VHYHUDO� DXWKRUV�

�6FKZHL]HU� ������ ������ 6FKDO� ������ %RXFKDXG� 	� 6RUQHWWH� ������ %RXFKDXG� 	� 3RWWHUV�

������ $XUHOO� 	� 6LPG\DQNLQ� ������ $XUHOO� 	� =\F]NRZVNL� ������ :ROF]\QVND� ������ +DP��
PDUOLG� ������ 0DWDF]� ������� ZKHUH� WKH� RSWLPDO� WUDGLQJ� VWUDWHJ\� LV� GHWHUPLQHG� VXFK�
WKDW� WKH� FKRVHQ� PHDVXUH� RI�ULVN� �IRU� H[DPSOH�� WKH� YDULDQFH� RI�WKH� ZHDOWK� EDODQFH��
LV� PLQLPL]HG�� 7KH� 
WKHRUHWLFDO
� SULFH� LV� WKHQ� REWDLQHG� XVLQJ� D� IDLU�JDPH� DUJXPHQW��
1RWH� WKDW� LQ� WKLV� DSSURDFK� WKH� RSWLRQ� SULFH� LV� QRW� XQLTXH� VLQFH� LW� GHSHQGV� RQ� WKH�
GHILQLWLRQ� RI�ULVN�� IXUWKHUPRUH�� D� ULVN�SUHPLXP� FRUUHFWLRQ� WR� WKH� IDLU�JDPH� SULFH� FDQ�
EH� H[SHFWHG� LQ� JHQHUDO�� )URP� D� WKHRUHWLFDO� SRLQW� RI�YLHZ�� WKLV� ZRXOG� JHQHUDOO\� EH�

UHJDUGHG� DV� D� OHWKDO� LQFRQVLVWHQF\�� )URP� D� SUDFWLFDO� SRLQW� RI�YLHZ�� KRZHYHU�� ZH� VHH�
WKLV� DV� DQ� DGYDQWDJH�� VLQFH� WKH� SULFH� DPELJXLW\� LV� D� FRQVWLWXWLYH� SURSHUW\� RI�RSWLRQ�
PDUNHWV�� LW�LV� LQWHUHVWLQJ� WR� XQGHUVWDQG� WKH� RULJLQ� DQG� VL]H� RI�WKLV� DPELJXLW\�� ,Q� WKLV�

IUDPHZRUN�� WKH� KLVWRULFDO� SUREDELOLW\� GLVWULEXWLRQ� GHWHUPLQHV� WKH� 
SULFLQJ� NHUQHO
� WR�
EH� XVHG� LQ� WKH� RSWLRQ� SULFH� IRUPXOD�� :H� VKRZ� LQ� GHWDLO� KRZ�� LQ� WKH� %ODFN�6FKROHV�

OLPLW�� WKH� DYHUDJH� WUHQG� LQGHHG� FRPSOHWHO\� GLVDSSHDUV� IURP�WKH� IRUPXOD�� DQG� DOO� WKH�
FODVVLFDO� UHVXOWV� DUH� UHFRYHUHG�� )RU� PRUH� JHQHUDO� PRGHOV�� KRZHYHU�� WKH� LQGHSHQGHQFH�
RI�WKH� SULFH� RQ� WKH� DYHUDJH� UHWXUQ� LV�QRQ�WULYLDO��

7KH� RXWOLQH� RI� WKLV� SDSHU� LV� DV� IROORZV�� :H� ILUVW�UHFDOO� WKH� EDVLF� VWHSV� OHDGLQJ�
WR� RSWLRQ� SULFHV� DQG� RSWLPDO� KHGJHV� IRU� D� JHQHUDO� SURFHVV� ZLWK� XQFRUUHODWHG� �EXW�
QRW� QHFHVVDULO\� LQGHSHQGHQW�� LQFUHPHQWV�� ZKLFK� ZH� SUHVHQW� LQ� WHUPV� RI�D� FXPXODQW�

H[SDQVLRQ� WR� VKRZ� KRZ� WKH� %ODFN�6FKROHV� UHVXOWV� DUH� REWDLQHG� LQ�WKH� FRUUHVSRQGLQJ�
*DXVVLDQ� OLPLW�� 7KH� ILUVW�FXPXODQW� FRUUHFWLRQ� SURYLGHV� D�WKHRU\� IRU�WKH�YRODWLOLW\� VPLOH�
LQ�WHUPV� RI�WKH� �PDWXULW\� GHSHQGHQW�� NXUWRVLV� RI�WKH� WHUPLQDO� SULFH� GLVWULEXWLRQ�� :H�

FRPSDUH� WKLV� WKHRU\� WR� UHDO� RSWLRQ� SULFHV� �RQ� D� OLTXLG� PDUNHW�� DQG� ILQG�WKDW� WKHVH�

RSWLRQ� SULFHV� UHIOHFW� LQ� D� VXUSULVLQJO\� DFFXUDWH� ZD\� WKH� VXEWOH� VWDWLVWLFDO� IHDWXUHV�
RI�WKH� XQGHUO\LQJ� DVVHW� IOXFWXDWLRQV� �*UDQJHU� 	� 'LQJ� ������ *XLOODXPH� HW� DO�� ������
&RQW� HW�DO�� ������ %RXFKDXG� ������� LQ�SDUWLFXODU� WKH� SHUVLVWHQW� QDWXUH� RI�WKH� YRODWLOLW\�
IOXFWXDWLRQV��

��� $� ULVN� PLQLPL]DWLRQ� WKHRU\� RI� RSWLRQ� SULFLQJ�

�D�� 7KH� JOREDO� ZHDOWK� EDODQFH�

/HW� XV� ILUVW�ZULWH� WKH� ZHDOWK� EDODQFH� HTXDWLRQ� FRUUHVSRQGLQJ� WR� WKH� ZULWLQJ� RI� D�

(XURSHDQ� FDOO� RSWLRQ�� $W� WLPH� W�  � ��� WKH� ZULWHU� UHFHLYHV� WKH� SULFH� RI� WKH� RSWLRQ�
&>[T�[V�7@�� RQ� D� FHUWDLQ� DVVHW� ZKRVH� YDOXH� LV� [�W�  � ���  � [T�� 7KH� VWULNH� SULFH� LV� [V��
%HWZHHQ� W� � �� DQG� W� � 7�� WKH� ZULWHU� WUDGHV� WKH� XQGHUO\LQJ� DVVHW� DW� GLVFUHWH� WLPHV�
W�  � NU�� N�  � ������� -9� � 7�U�� KLV� VWUDWHJ\� LV� WR� KROG� �SN^AN�� DVVHWV� LI�WKH� SULFH� LV�

[�W��  � ;N�ZKHQ� WKH� WLPH� LV� W� � NU�� ,W� LV� HDV\� WR� VKRZ� WKDW� WKH� FKDQJH� RI�ZHDOWK� GXH�
WR� WKLV� WUDGLQJ� LV�JLYHQ� E\� �%RXFKDXG� 	� 3RWWHUV� �������

1�O�

$EUDGLQJ�  �
"� ���>�O� a� HA.A�A�� ������
N ��
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%DFN� WR� EDVLFV�� KLVWRULFDO� RSWLRQ� SULFLQJ� UHYLVLWHG� �����

ZKHUH� U� LV� WKH� ULVN�IUHH� UDWH� DQG� WA�  � NU�� $W� WLPH� 7� "� 1W�� WKH� ZULWHU� ORVHV� WKH�
GLIIHUHQFH� [Q� "� [V� LI�WKH� RSWLRQ� LV�H[HUFLVHG�� 7KXV� WKH� FRPSOHWH� ZHDOWK� EDODQFH� UHDGV�

1�O�

$:�  � &>[��[V�7@HU7� �� PD[�[1� �� [V���� �� @7� ��!N�[N�6[NHU�"�WK��?� ������
IF ��

ZKHUH� ZH� KDYH� LQWURGXFHG� WKH� QRWDWLRQ� 6[A�  � >�N�L� "� HUU;N?�� 1RWH� WKDW� 6[N� LV�

SRVWHULRU� WR� WKH� LQVWDQW� N�ZKHUH� �I!N�LV�GHWHUPLQHG�� 'HQRWLQJ� DV� �"�"�"��WKH� DYHUDJH� RYHU�
WKH� KLVWRULFDO� GLVWULEXWLRQ�� WKH� DYHUDJH� SURILW� LV� JLYHQ� E\�

1�O�

�$:��  � &>[��[V�7@HU7� �� ^PV[�[1� �� V���!� �� "� �A�A�!�A!HU�7�WIF�O��� ������
N ��

7KH� IDLU�JDPH� UHTXLUHPHQW� WKHQ� IL[HV� &>[T�[��7@� VXFK� WKDW� �$:��  � ���

$OWKRXJK� RWKHU� LQWHUHVWLQJ� GHILQLWLRQV� FRXOG� EH� FRQVLGHUHG� �%RXFKDXG� 	�� 3RWWHUV�

������� ZH� UHVWULFW� RXUVHOYHV� KHUH� WR� WKH� FDVH� ZKHUH� WKH� ULVN� LV�PHDVXUHG� DV�

5�  � �$:��� �� �$:���  � �$:���� ������

7KH� ULVN� 5� LV� DOZD\V� JUHDWHU� WKDQ� RU�HTXDO� WR� ]HUR� DQG� WKH� PLQLPXP� LV� REWDLQHG� IRU�
D� FHUWDLQ� RSWLPDO� VWUDWHJ\� ��!��GHWHUPLQHG� E\� D� IXQFWLRQDO� GHULYDWLRQ� RI� ������ ZLWK�

UHVSHFW� WR� �I��[�W��� 7KLV� GHWHUPLQHV� WKH� RSWLRQ� SULFH� WKURXJK�

-9�O�

&>[��]V�7@ H�U7�PD[�DA� ������
N �4�

1RWH� WKDW� VLQFH� �� GHSHQGV� D� SULRUL� RQ� RXU� FKRLFH� RI�WKH� YDULDQFH� DV� WKH� UHOHYDQW�
PHDVXUH� RI� ULVN�� WKH� SULFH� RI� WKH� RSWLRQ� LV� QRW� XQLTXH�� EXW� UHIOHFWV� �DPRQJ� RWKHU�

WKLQJV�� WKH� RSHUDWRU
V� SHUFHSWLRQ� RI�ULVN��

�E�� 7KH� FDVH� RI�]HUR�H[FHVV� DYHUDJH� UHWXUQ�

,Q� WKLV� VHFWLRQ� ZH� FRQVLGHU� WKH� FDVH� ZKHUH� WKH� DYHUDJH� UHWXUQ� RI�WKH� VWRFN� RYHU� WKH�

ERQG�� P�  � ����	���LV�]HUR�� 7KLV� VLPSOLI\LQJ� K\SRWKHVLV� LV�RIWHQ�MXVWLILHG� LQ�SUDFWLFH� IRU�
VPDOO� PDWXULWLHV�� ZKHUH� DYHUDJH� UHWXUQ� HIIHFWV� DUH� VPDOO� FRPSDUHG� ZLWK� YRODWLOLWLHV��
DQG� FDQ� EH� WUHDWHG� SHUWXUEDWLYHO\�� DV� VKRZQ� LQ� "���F��

/HW� 3�[�� 7� _�[T����� G[� EH� WKH�SUREDELOLW\� WKDW� WKH� DVVHW� YDOXH� LV�[�DW�WLPH� 7�� NQRZLQJ�
WKDW� LW�ZDV� [T� DW� WLPH� ��� :KHQ� P�  � ��� HTXDWLRQ� ������ WKHQ� \LHOGV� DQ� RSWLRQ� SULFH�
LQGHSHQGHQW� RI�WKH� WUDGLQJ� VWUDWHJ\��

&>[�M� [6-�7�� P�  � �@� � HaU7�PD[��UMY� a� �VL�����  � HaU7� �� GD���[� "� [V�3�[-� 7� _�[R������

������

1RWH� WKDW� RXU� DVVXPSWLRQ� WKDW� P�  � �� PHDQV� WKDW� WKH� DYHUDJH� RI�3�[�7� _�[R���� LV�
QRW� DW� �R��EXW� DW� WKH� IRUZDUG� SULFH� [RHU7��

,Q� RUGHU� WR� SURFHHG� ZLWK� WKH� ULVN� PLQLPL]DWLRQ�� ZH� VKDOO� DVVXPH� WKDW� WKH� SULFH�
LQFUHPHQWV� 6[N� DUH� XQFRUUHODWHG� UDQGRP� YDULDEOHV�� VXFK� WKDW� �6[N6[L��  � R���N�"��
ZKHUH� �N�"�LV� WKH� .URQHFNHU� V\PERO�� 7KH� DVVXPSWLRQ� WKDW� D� GRHV� QRW� GHSHQG� RQ� N�
LV� LQ� JHQHUDO� QRW� MXVWLILHG�� VLQFH� LW� DPRXQWV� WR� DVVXPLQJ� WKDW� VKDUH� SULFH� IROORZV� DQ�
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����� -��3�� %RXFKDXG� DQG� 0�� 3RWWHUV�

DGGLWLYH� UDQGRP� SURFHVV� RI�FRQVWDQW� YRODWLOLW\� �EXW� ZLWK� DQ� DUELWUDU\� GLVWULEXWLRQ� IRU�
WKH� LQFUHPHQWV��� $FWXDOO\�� UHDO� GDWD� DUH� RIWHQ� EHWWHU� GHVFULEHG� �IRU�VKRUW� PDWXULWLHV��
DV� EHLQJ� DQ� DGGLWLYH� UDQGRP� SURFHVV� UDWKHU� WKDQ� D� PXOWLSOLFDWLYH� RQH� �%RXFKDXG� 	�
3RWWHUV� ������� DQ� DVVXPSWLRQ� ZKLFK� GRHV� LQWURGXFH� DQ� VSXULRXV� SRVLWLYH� VNHZ� LQ�WKH�

SULFH� GLVWULEXWLRQ�� ,Q� UHDOLW\�� KRZHYHU�� D� GHSHQGV� RQ� IF��ZKLFK� UHIOHFWV� KHWHURVNHGDV��
WLF� HIIHFWV� �RU� WLPH�SHUVLVWHQW� YRODWLOLW\� �*UDQJHU� N� 'LQJ� ������ *XLOODXPH� ��������
7DNLQJ� WKLV� HIIHFW�LQWR� DFFRXQW� ZRXOG� OHDG� WR� PRUH� LQYROYHG� FDOFXODWLRQV�� ZKLFK� FDQ��
KRZHYHU�� VWLOO� EH� FRPSOHWHG� DQDO\WLFDOO\� �%RXFKDXG� N� 3RWWHUV� ������� :LWK� WKHVH�

DSSUR[LPDWLRQV� LQ�PLQG�� WKH� UHOHYDQW� IRUPXOD� IRU�ULVN� LV�UDWKHU� VLPSOH��

1�O� �RR�

�$:���  � ^$:���� �� �-�� GS	WN� ,�D������D��H�U�7�W�L!�
N 4-R�

1�O�
IRR��� �HU�7���!� @7� �� G[3�[�WN� _�[R�2���[��

N R-R�

[� �� G[I��[I��� [V�3�[
�7� _�[�WN�^�[N�;LWN��[
�7�� ������
-[V�

ZKHUH� �$:��T� LV�WKH� XQKHGJHG� ��I!N� � ��� ULVN� DVVRFLDWHG� ZLWK� WKH� RSWLRQ� DQG�

�	;N�[�WN�![
�7�

LV� WKH� FRQGLWLRQDO� DYHUDJH� RI� �[N� RQ� WKH� WUDMHFWRULHV� VWDUWLQJ� DW� [� DW� WLPH� WN� DQG�

HQGLQJ� DW� SRLQW� [
� DW� WLPH� 7��
7KH� RSWLPDO� WUDGLQJ� VWUDWHJ\� LV� REWDLQHG� E\� VHWWLQJ� �%RXFKDXG� N� 6RUQHWWH� ������

%RXFKDXG� N� 3RWWHUV� ������ $XUHOO� N� 6LPG\DQNLQ� ������ $XUHOO� N� =\H]NRZVNL� ������

G�M!N^[��

IRU�DOO� N� DQG� [�� 7KLV� OHDGV� WR� WKH� IROORZLQJ� H[SOLFLW� UHVXOW� IRU�WKH� RSWLPDO� KHGJLQJ�
VWUDWHJ\��

H�U�7�WIF�L�� URR�

����  ���� ��
G[
� �[
� a� ;V���[N�[�WN�![!�73�[?7� _�[�WN��� ������

7KLV� IRUPXOD� VLPSOLILHV� VRPHZKDW� ZKHQ� WKH� LQFUHPHQWV� DUH� *DXVVLDQ�� DQG� RQH� ILQDOO\�
ILQGV�WKH� IDPRXV� %ODFN�6FKROHV� F$�KHGJH
��

�W�O^[��  � G&>[�[V�7�WN`�G[��

,Q� WKH� QRQ�*DXVVLDQ� FDVH�� KRZHYHU�� WKLV� VLPSOH� UHODWLRQ� EHWZHHQ� WKH� GHULYDWLYH� RI�WKH�

RSWLRQ� SULFH� DQG� WKH� WUDGLQJ� VWUDWHJ\� QR� ORQJHU� KROGV� �VHH� HTXDWLRQ� ������� EHORZ���
,QVHUWLQJ� ������ LQWR� ������ OHDGV� WR� WKH� IROORZLQJ� IRUPXOD� IRU�WKH� UHVLGXDO� ULVN��

5�  � ^$:���� �'U\�� G[3�[�WN� ?�[�A:N^[�H�A7�WNA?� �������

,Q� JHQHUDO�� WKH� OHIW�KDQG� VLGH� RI� ������� LV� QRQ�]HUR�� LQ� SUDFWLFH� LW� LV� TXLWH� KLJK"�
IRU�H[DPSOH�� IRU�W\SLFDO� RQH�PRQWK� RSWLRQV� RQ� OLTXLG� PDUNHWV�� \�5� UHSUHVHQWV� DV�
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%DFN� WR� EDVLFV�� KLVWRULFDO� RSWLRQ� SULFLQJ� UHYLVLWHG� �����

PXFK� DV� ���� RI� WKH� RSWLRQ� SULFH� LWVHOI� �%RXFKDXG� 	� 3RWWHUV� ������� +RZHYHU�� LQ�
WKH� VSHFLDO� FDVH� ZKHUH� 3�[�W� _��R���� LV� QRUPDO� �RU� ORJQRUPDO��� DQG� LQ� WKH� OLPLW� RI�
FRQWLQXRXV� WUDGLQJ�� WKDW� LV�� ZKHQ� U� �"� ��� RQH� FDQ� VKRZ� WKDW� WKH� UHVLGXDO� ULVN� 5�

DFWXDOO\� YDQLVKHV�� WKDQNV� WR� D� VRPHZKDW� PLUDFXORXV� LGHQWLW\� IRU�*DXVVLDQ� LQWHJUDOV�
�%RXFKDXG� 	�� 6RUQHWWH� ������� +HQFH�� WKH� DERYH� IRUPDOLVP� PDWFKHV� VPRRWKO\� ZLWK�
DOO� WKH� %ODFN�6FKROHV� UHVXOWV� LQ� WKH� OLPLW� RI� D� FRQWLQXRXV�WLPH� %URZQLDQ� �RU� ORJ��
%URZQLDQ�� SURFHVV�� DW� OHDVW� ZKHQ� WKH� H[FHVV� DYHUDJH� UHWXUQ� RI�WKH� DVVHW� LV� ]HUR�� /HW�
XV� QRZ� GLVFXVV� KRZ� WKHVH� UHVXOWV� DUH� FKDQJHG� LI�WKH� DYHUDJH� UHWXUQ� P�  �

�6[N�� LV�
QRQ�]HUR� �EXW� VPDOO���

�F�� 6PDOO� QRQ�]HUR� DYHUDJH� UHWXUQ�

0RUH� SUHFLVHO\�� ZH� VKDOO� FRQVLGHU� WKH� FDVH� ZKHUH� P1� �&� D\�1� �1�  � 7�U��� RU��
PRUH� LQWXLWLYHO\�� WKDW� WKH� DYHUDJH� UHWXUQ� RQ� WKH� WLPH�VFDOH� RI� WKH� RSWLRQ� LV� VPDOO�

FRPSDUHG� ZLWK� WKH� W\SLFDO� YDULDWLRQV�� ZKLFK� LV�FHUWDLQO\� WKH� FDVH� IRU�RSWLRQV� XS� WR� D�
IHZ�PRQWKV�I� 7KH� JOREDO� ZHDOWK� EDODQFH� WKHQ� LQFOXGHV� WKH� WHUP� UHODWHG� WR�WKH� WUDGLQJ�
VWUDWHJ\�� ZKLFK� UHDGV��

1�O� �RR�

�$EUDGLQJ��  � P� A� �� G[�3�;!O�  � NOa�,�;4�����!N�[��� �������
IF ��-R�

7KH� DGYDQWDJH� RI�FRQVLGHULQJ� D�VPDOO� DYHUDJH� UHWXUQ� LV�WKDW� RQH� FDQ� GR� D�SHUWXUEDWLRQ�
DURXQG� WKH�]HUR�DYHUDJH� UHWXUQ� FDVH�� DQG� VWLOO�XVH� WKH�H[SOLFLW� RSWLPDO� VWUDWHJ\� RI�������
WR� ORZHVW� RUGHU� LQ�P��

&RPSDUHG� WR� WKH� FDVH� P�  � ��� WKH� RSWLRQ� SULFH� LV� FKDQJHG� ERWK� EHFDXVH� 3�[�� N� ?�
D"R���� LV� ELDVHG�� DQG� EHFDXVH� �$:WUDGLQJ�� PXVW� EH� VXEVWUDFWHG� IURP� HTXDWLRQ� �������
,W� LV� FRQYHQLHQW� WR� XVH� WKH� )RXULHU� WUDQVIRUP� RI�WKH� SUREDELOLW\� GLVWULEXWLRQ�

�RR�
G[�3�[�� 1� _�[����� H[S�L[����

�RR�

DQG� WR� H[SDQG� LW�LQ� D� VHULHV� LQWURGXFLQJ� WKH� FXPXODQWV� FQ�� 7KH\� DUH� GHILQHG� E\�

&QL`]�Q�
3�]��  � H[S�

U�RR�

"Q"O�
�������

ZKHUH� F?�  � P1�� &�� � 1D��� N�  � FA�FA� LV� WKH� NXUWRVLV�� HWF�� $SSO\LQJ� WKH� FXPXODQW�

H[SDQVLRQ� WR� WKH� SUREDELOLW\� GLVWULEXWLRQ� LQ� HTXDWLRQ� ������� ZH� REWDLQ� WKH� IROORZLQJ�
RSWLPDO� VWUDWHJ\� IRU�P�  � �� �%RXFKDXG� 	� 3RWWHUV� �������

L� �A�� �� L�?Q� ILQB��

����  �
A(� IU�Z/�LF>[![

7�WN@��

�������

1RWH� DJDLQ� WKDW� LQ� WKH� *DXVVLDQ� FDVH� �FQ�  � �� IRU�Q� !� ���� RQH� UHFRYHUV� WKH� VWDQGDUG�
%ODFN�6FKROHV� 
$�KHGJH
��

I�7\SLFDOO\��P� � ���DQQXDO�DQG�FU� � ����DQQXDO��7KH�RUGHU�RI�PDJQLWXGH�RI�WKH�HUURU�PDGH�LQ�
QHJOHFWLQJ�WKH�VHFRQG�RUGHU�WHUP�LQ�P�LV�P�1�D��a� ����HYHQ�IRU�1U� � ��\HDU��

L� )RU�WKH�VDNH�RI�VLPSOLFLW\��ZH�VKDOO�VHW�WKH�LQWHUHVW�U�WR�]HUR�LQ�WKH�IROORZLQJ��6HH�$XUHOO�	�6LPG\DQNLQ�
�������DQG�$XUHOO�	�=\F]NRZVNL��������IRU�D�PRUH�FRPSOHWH�GLVFXVVLRQ��
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����� -��3�� %RXFKDXG� DQG� 0�� 3RWWHUV�

,QVHUWLQJ� WKH� RSWLPDO� VWUDWHJ\� ������� LQWR� HTXDWLRQ� ������� DQG� LQWHJUDWLQJ� E\�SDUWV�
RQH� JHWV� DQ� H[SDQVLRQ� RI�WKH� WUDGLQJ� WHUP� �$:WUDGLQJ��� ,QVHUWHG� LQWR� HTXDWLRQ� �������
WKLV� JLYHV� WKH� IROORZLQJ� FRUUHFWLRQ� WR� WKH� RSWLRQ� SULFH� �%RXFKDXG� N� 3RWWHUV� �������

&>[��� [D��7�� P@�  � &>[T�� [V��7�� P�  � �@�
RR� "?Q"��

��
J6� �:����A��A������A��

��^P?� �������

ZKHUH� WKH� VKRUWKDQG� 3�� VWDQGV� IRU�WKH� SUREDELOLW\� GLVWULEXWLRQ� ZKHUH� WKH� ILUVW�FXPX"�
ODQW� P� KDV� EHHQ� VHW� WR� ]HUR��

,Q� WKH� *DXVVLDQ� FDVH�� FQ�  � �� IRU� DOO� Q� !� ��� DQG� RQH� WKXV� VHHV� H[SOLFLWO\� WKDW�

&P� � &R�� DW� OHDVW� WR� ILUVW�RUGHU� LQ�P�� $FWXDOO\�� RQH� FDQ� VKRZ� WKDW� WKLV� LV� WUXH� WR� DOO�
RUGHUV� LQ�P� LQ�WKH� *DXVVLDQ� FDVH�� ZKLFK� LV� DQ� DOWHUQDWLYH� ZD\� WR� GHULYH� WKH� UHVXOW� RI�
%ODFN� N� 6FKROHV� LQ� D� *DXVVLDQ� FRQWH[W� �%RXFKDXG� N� 3RWWHUV� ������� I�

+RZHYHU�� IRU�HYHQ� GLVWULEXWLRQV� ZLWK� IDW� WDLOV� �FA�  � �� DQG� &�� !� ���� LW� LV� HDV\� WR�
VHH� IURP�HTXDWLRQ� ������� WKDW� D� SRVLWLYH� DYHUDJH� UHWXUQ� P� !� ��GHFUHDVHV� WKH� SULFH� RI�

RXW�RI�WKH�PRQH\� RSWLRQV� �[V� !� [T��� DQG� LQFUHDVHV� WKH� SULFH� RI�LQ�WKH�PRQH\� RSWLRQV�
�[V� �� [T��� +HQFH�� ZH� DJDLQ� VHH� H[SOLFLWO\� WKDW� WKH� LQGHSHQGHQFH� RI�WKH� RSWLRQ� SULFH�
RQ� WKH� DYHUDJH� UHWXUQ� UD�� ZKLFK� LV� RQH� RI� WKH� PRVW� LPSRUWDQW� UHVXOWV� RI�%ODFN� N�

6FKROHV�� GRHV� QRW� VXUYLYH� IRU�PRUH� JHQHUDO� PRGHOV� RI�VWRFN� IOXFWXDWLRQV��
1RWH� ILQDOO\� WKDW� HTXDWLRQ� ������� FDQ� DOVR� EH� ZULWWHQ� DV�

&>[��� [���7�� P@�  � �� G[�[�� [V�4�[�� 7� _�[�M���� �������
-[V�

ZLWK� DQ� HIIHFWLYH� GLVWULEXWLRQ� 4� GHILQHG� DV�

4�[�7� ,�[��4��  � 3��[�7� ,�]����� �� ��
�A� �� B� �� Q�;3R^[�1� ?�[��4��� �������

F�� ��?Q� /�
� 2;��

7KH� LQWHJUDO� RYHU� [� RI� 4� LV� RQH�� EXW� 4� LV� QRW� D� SULRUL� SRVLWLYH� HYHU\ZKHUH�� 7KLV�
PHDQV� WKDW� IRU�D� FHUWDLQ� IDPLO\� RI�SD\RIIV�� WKH� IDLU�SULFH� RI�WKH� RSWLRQ� ������� PD\� EH�

QHJDWLYH� LQ� WKH� DEVHQFH� RI�ULVN� SUHPLXP�� 3URP� D� SUDFWLFDO� SRLQW� RI�YLHZ�� KRZHYHU��
WKLV� UHTXLUHV� UDWKHU� DEVXUG� YDOXHV� IRU�WKH� DYHUDJH� UHWXUQ� DQG� IRU�WKH� VWULNH� SULFH��
ZKLFK� LQ�WXUQ� ZRXOG� OHDG� WR� D� ODUJH� UHVLGXDO� ULVN��

7KH� SVHXGR�GLVWULEXWLRQ� 4� JHQHUDOL]HV� WKH� 
ULVN� QHXWUDO� SUREDELOLW\
� XVXDOO\� GLV"�
FXVVHG� LQ� WKH� FRQWH[W� RI�WKH� %ODFN�6FKROHV� WKHRU\�� DQG� DOVR� KDV� WKH� SURSHUW\� WKDW�
WKH� H[FHVV� DYHUDJH� UHWXUQ� �WKH� LQWHJUDO� RI� �[�

"� [��4� RYHU� [�� LV� ]HUR�� DV� FDQ� HDVLO\�
EH� VHHQ� E\� LQVSHFWLRQ� IURP� �������� ,Q� IDFW�� RQH� FDQ� GHULYH� D� JHQHUDO� IRUPXOD� IRU�4�
ZLWKRXW� DQ\� UHVWULFWLRQ� RQ� P� RI�U� �$XUHOO� N� 6LPG\DQNLQ� ������ $XUHOO� 	� =\F]NRZVNL�
������ :ROF]\QVND� ������ +DPPDUOLG� ������� DQG� WKH� HIIHFWLYH�GLVWULEXWLRQ� VWLOO� KDV� WKH�

SURSHUWLHV� WKDW� LW� LV�QRUPDOL]HG� WR� RQH� DQG� KDV� ]HUR�DYHUDJH� H[FHVV� UHWXUQ��

��� 9RODWLOLW\� VPLOH� DQG� LPSOLHG� NXUWRVLV�

,Q�WKH� FDVH� ZKHUH� WKH�PDUNHW� IOXFWXDWLRQV� DUH�PRGHUDWHO\� QRQ�*DXVVLDQ�� DV� LV�WKH� FDVH�
IRU�OLTXLG� PDUNHWV�� RQH� PLJKW� H[SHFW� WKDW� WKH� ILUVW�WHUPV� LQ�WKH� FXPXODQW� H[SDQVLRQ�

I�7KLV�UHVXOW�LV�REYLRXV�LQ�WKH�IUDPHZRUN�RI�,WR
V�FDOFXOXV��ZKLFK�LV�RQO\�YDOLG�IRU�DOO�*DXVVLDQ�SURFHVVHV�
�LQFOXGLQJ�WKH�ORJQRUPDO��LQ�WKH�FRQWLQXXP�WLPH�OLPLW��
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%DFN� WR� EDVLFV�� KLVWRULFDO� RSWLRQ� SULFLQJ� UHYLVLWHG� �����

DN� ��

KLVWRULFDO�YROXPH����GD\V�ILOWHU��
LPSOLHG�YROXPH�

��� ��� ��� ���

)LJXUH� ��� &RPSDULVRQ� EHWZHHQ� WKH� KLVWRULFDO� YRODWLOLW\�RI�WKH� %81'� �PHDVXUHG� IURP�KLJK��
IUHTXHQF\�GDWD� DQG� ILOWHUHG�RYHU�WKH�SDVW� ILYH�GD\V��� DQG� WKH�LPSOLHG�YRODWLOLW\��H[WUDFWHG� IURP�
WKH�RSWLRQ�SULFHV�WKURXJK�IRUPXOD��������

DURXQG� WKH� %ODFN�6FKROHV� IRUPXOD� DUH� VXIILFLHQW� WR� DFFRXQW� IRU�UHDO� RSWLRQ� SULFHV�� ,I�
RQH� RQO\� UHWDLQV� WKH� OHDGLQJ�RUGHU� FRUUHFWLRQ� ZKLFK� LV� �IRU� V\PPHWULF� IOXFWXDWLRQV��
SURSRUWLRQDO� WR� WKH� NXUWRVLV� "�� RQH� ILQGV� WKDW� WKH� SULFH� RI�RSWLRQV� &�[R�[V�7�� FDQ�
EH� ZULWWHQ� DV� D� *DXVVLDQ� %ODFN�6FKROHV� IRUPXOD��I�EXW� ZLWK� D� PRGLILHG� YDOXH� RI�WKH�

YRODWLOLW\� �U��ZKLFK� EHFRPHV� SULFH� DQG� PDWXULW\� GHSHQGHQW� �3RWWHUV� HW� DO�� �������

DLPS�[V�7��  � D� O� �� A.7�IFA�O� �7�7� ������

7KH� YRODWLOLW\� DLPS� LV� FDOOHG� WKH� LPSOLHG� YRODWLOLW\� E\�WKH� PDUNHW� RSHUDWRUV�� ZKR� XVH�
WKH� VWDQGDUG� %ODFN�6FKROHV� IRUPXOD� WR�SULFH� RSWLRQV�� EXW� ZLWK� D�YDOXH� RI�WKH�YRODWLOLW\�
ZKLFK� WKH\� HVWLPDWH� LQWXLWLYHO\�� DQG� ZKLFK� WXUQV� RXW� WR� GHSHQG� RQ� WKH� H[HUFLVH� SULFH�
LQ� D� URXJKO\� SDUDEROLF� PDQQHU�� DV� LQGHHG� VXJJHVWHG� E\� HTXDWLRQ� ������� 7KLV� LV� WKH�
IDPRXV� 
YRODWLOLW\� VPLOH
�� (TXDWLRQ� ������ IXUWKHUPRUH� VKRZV� WKDW� WKH� FXUYDWXUH� RI�WKH�
VPLOH� LV�GLUHFWO\� UHODWHG� WR�WKH� NXUWRVLV� NW� RI�WKH� XQGHUO\LQJ� VWDWLVWLFDO� SURFHVV� RQ� WKH�

I�1RWH�WKDW�WKH�RSHUDWRUV�XVH�WKH�UDWKHU�PRUH�VWDQGDUG�ORJQRUPDO�%ODFN�6FKROHV�IRUPXOD��ZKLFK��DV�
QRWHG�DERYH��LQGXFHV�D�VSXULRXV�SRVLWLYH�VNHZ�QRW�SUHVHQW�LQ�UHDO�GDWD� �DW�OHDVW�IRU�VKRUW�PDWXULWLHV���,Q�
RUGHU�WR�FRUUHFW�IRU�WKLV�VNHZ��WKH�ORJQRUPDO�YRODWLOLW\�VPLOH�LV�WKHQ�QHJDWLYHO\�VNHZHG��$�PRUH�V\PPHWULF�
VPLOH�LV�REVHUYHG�LI�RQH�WDONV�LQ�WHUPV�RI�D�*DXVVLDQ�YRODWLOLW\��ZKLFK�LV�ZKDW�ZH�DGRSW�LQ�WKH�IROORZLQJ��
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���

.� ��

L�KLVWRULFDO�.7��IXWXUH��
!�LPSOLHG�TPS��RSWLRQ��
H[SRQHQWLDO�YRO��FRUUHODWLRQV�

SRZHU�ODZ�YRO��FRUUHODWLRQV�

-B�
��� ����

$7�
�����

)LJXUH� ��� 3ORW� �LQ� ORJ�ORJ� FRRUGLQDWHV�� RI�WKH� DYHUDJH� LPSOLHG� NXUWRVLV� ALPS��GHWHUPLQHG� E\�
ILWWLQJ�WKH�LPSOLHG�YRODWLOLW\�IRU�D� IL[HG�PDWXULW\�E\�D�SDUDEROD�� DQG� RI�WKH�HPSLULFDO�NXUWRVLV�
N�Q��GHWHUPLQHG�GLUHFWO\�IURP�WKH�KLVWRULFDO�PRYHPHQWV�RI�WKH�%81'� FRQWUDFW���DV�D�IXQFWLRQ�RI�
WKH�UHGXFHG� WLPH�VFDOH� 1�  � 7�U�� U� � ���PLQ��$OO�WUDQVDFWLRQV� RI�RSWLRQV�RQ�WKH�%81'� IXWXUH�
IURP������WR������ZHUH�DQDO\VHG� DORQJ�ZLWK���PLQ�WLFN�GDWD� RI�WKH�%81'� IXWXUH�IRU�WKH�VDPH�
SHULRG��:H�VKRZ�IRU�FRPSDULVRQ� D�ILW�ZLWK�NQ� "� 1aa�
�� �GDUN�OLQH��� $�ILW�ZLWK�DQ�H[SRQHQWLDOO\�
GHFD\LQJ�YRODWLOLW\�FRUUHODWLRQ�IXQFWLRQ�LV��KRZHYHU��DOVR� DFFHSWDEOH� �GRWWHG� OLQH���

VFDOH� RI�WKH� PDWXULW\� 7�  � 1U�� :H� KDYH� WHVWHG� WKLV� SUHGLFWLRQ� E\�GLUHFWO\� FRPSDULQJ�
WKH� 
LPSOLHG� NXUWRVLV
�I� REWDLQHG� E\� H[WUDFWLQJ� IURP�UHDO� RSWLRQ� SULFHV� WKH� YRODWLOLW\�
D� DQG� WKH� FXUYDWXUH� RI�WKH� LPSOLHG� YRODWLOLW\� VPLOH�� ZLWK� WKH� KLVWRULFDO� YDOXH� RI�WKH�

YRODWLOLW\� DQG� RI�WKH� NXUWRVLV� NQ�� :H� KDYH� PRVWO\� VWXGLHG� VKRUW�PDWXULWLHV� �XS� WR�
WZR� PRQWKV�� RSWLRQV� RQ� IXWXUHV�� IRU�ZKLFK� WKH� LQWHUHVW� UDWH� FDQ� EH� VHW� WR� ]HUR�� :H�
DOVR� UHVWULFW� RXUVHOYHV� WR� OLTXLG� PDUNHWV� �VXFK� DV� WKH� %81'� RSWLRQ� PDUNHW�� ZKHUH��

�L�� QRQ�*DXVVLDQ� HIIHFWV� DUH� QRW� WRR� VWURQJ�� DQG� �LL�� ULVN� SUHPLXPV� DUH� H[SHFWHG� WR�
EH� VPDOO�� DQG� WKXV� ZKHUH� D� FRPSDULVRQ� ZLWK� WKH� IDLU�SULFH� LV�PHDQLQJIXO��

:H� KDYH� IRXQG� WKH� IROORZLQJ� UHVXOWV�� 7KH� LPSOLHG� YRODWLOLW\� WXUQV� RXW� WR� EH� KLJKO\�
FRUUHODWHG� ZLWK� D� VKRUW� WLPH� ILOWHU�RI�WKH� KLVWRULFDO� YRODWLOLW\� �VHH� ILJXUH� ���� )LJXUH� ��
VKRZV� WKH� FRPSDULVRQ� EHWZHHQ� WKH� LPSOLHG� NXUWRVLV� DQG� KLVWRULFDO� NXUWRVLV�� ZLWK� QR�

IXUWKHU� DMXVWDEOH� SDUDPHWHUV�� 1RWH� WKDW� WKH� KLVWRULFDO� NXUWRVLV� GHFD\V� PRUH� VORZO\�
WKDQ� L9B��� ZKLFK� ZRXOG� EH� H[SHFWHG� IRU�D� SURFHVV� ZLWK� LQGHSHQGHQW� LGHQWLFDOO\� GLV"�
WULEXWHG� LQFUHPHQWV�� 7KLV� DQRPDORXVO\� VORZ� GHFD\� LV� GLUHFWO\� UHODWHG� WR� YRODWLOLW\�
SHUVLVWHQFH� HIIHFWV� �3RWWHUV� HW� DO�� ������ %RXFKDXG� 	� 3RWWHUV� �������

I�7KH�LGHD�RI�DQ�LPSOLHG�NXUWRVLV�LV�DOVR�GLVFXVVHG�LQ�-DUURZ�	�5XGG��������DQG�&RUUDGR�	�6X���������
7KHVH�DXWKRUV��KRZHYHU��FRQVLGHUHG�DQ�H[SDQVLRQ�DURXQG�WKH�ORJQRUPDO�GLVWULEXWLRQ�UDWKHU�WKDQ�DURXQG�
D�*DXVVLDQ�GLVWULEXWLRQ��DV�GLVFXVVHG�KHUH��VHH�DOVR�WKH�SUHYLRXV�IRRWQRWH���
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%DFN� WR� EDVLFV�� KLVWRULFDO� RSWLRQ� SULFLQJ� UHYLVLWHG� �����

,W� LV� LQWHUHVWLQJ� WR� QRWH� WKDW� WKH� NXUWRVLV� FRUUHFWLRQ� WR� WKH� RSWLPDO� VWUDWHJ\� GRHV�
QRW� FRLQFLGH� ZLWK� WKH� PDUNHW� SUDFWLFH� RI�XVLQJ� WKH� LPSOLHG� YRODWLOLW\� LQ� WKH� %ODFN��
6FKROHV� $�KHGJH�� +RZHYHU�� VLQFH� WKH� ULVN� LV� PLQLPXP� IRU���!� � ��!��WKLV� PHDQV� WKDW�
WKH� LQFUHDVH� RI�ULVN� GXH� WR� D� VPDOO� HUURU� ��I��LQ�WKH� VWUDWHJ\� LV� RQO\� RI�RUGHU� ��I����DQG�
WKXV� RIWHQ� TXLWH� VPDOO� LQ�SUDFWLFDO� DSSOLFDWLRQV��

7KH� UHPDUNDEOH� DJUHHPHQW� EHWZHHQ� WKH� LPSOLHG� DQG� KLVWRULFDO� YDOXH� RI�WKH� SDUDP"�
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