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,Q� ����� 6HYHUL� >6@� SURYHG� WKDW� LI�;�� ;
� F� �3
� DUH� VPRRWK� VXUIDFHV�ZKRVH�
XQLRQ� LV� WKH� FRPSOHWH� LQWHUVHFWLRQ� RI� U� � �� K\SHUVXUIDFHV� RI� GHJUHHV�
G�� 
� ������G�B�
� WKHQ�K\SHUVXUIDFHV�RI�GHJUHH� N� (�GL� � U� FXW� RXW�D� FRPSOHWH�
OLQHDU�VHULHV�RQ� ;� �FI�� >65��;,,,���6@��� 7KH�SXUSRVH�RI�WKLV�SDSHU�LV�ILUVW� RI�DOO�
WR� VKRZ�WKDW�HOHPHQWDU\�DUJXPHQWV�XVLQJ�WKH�.RGDLUD�YDQLVKLQJ� WKHRUHP�OHDG�
WR�D� VLPSOH�YDULDQW�RI�6HYHUL
V� VWDWHPHQW� �7KHRUHP� ��EHORZ�� ZKLFK� H[WHQGV�LW�
LQ� VHUYDO� GLUHFWLRQV�� 0RUH� LPSRUWDQWO\�� ZH� KRSH� WR� FRQYLQFH� WKH� UHDGHU� WKDW�
WKLV� UHVXOW� KDV� D� VXUSULVLQJ�QXPEHU�RI�DSSOLFDWLRQV� WR� TXHVWLRQV� LQYROYLQJ� WKH�
HTXDWLRQV�GHILQLQJ�SURMHFWLYH�YDULHWLHV��
&RQVLGHU� WR� EHJLQ� ZLWK� D� VPRRWK� FRPSOH[� SURMHFWLYH� YDULHW\� ;� F� �3
� RI�

GLPHQVLRQ� QDQG�FRGLPHQVLRQ� H� �U�� Q�� ,Q�WKLV�VHWWLQJ�� RXU�WKHRUHP�DVVHUWV�
WKH�YDQLVKLQJ�RI�WKH�KLJKHU�FRKRPRORJ\�RI�VXLWDEOH�WZLVWV�RI�WKH� DWK�SRZHU�RI�
WKH�LGHDO�VKHDI� RI�;� LQ� �3
��

3URSRVLWLRQ� ��� $VVXPH�WKDW� ;� LV� FXW�RXW�VFKHPH�WKHRUHWLFDOO\� LQ� �3
� E\�K\SHU�
VXUIDFHV�RI�GHJUHHV� G�� G�� ���� GP �� 7KHQ�

+L�,3
��-��N��� � �� IRU� L� ��SURYLGHG�N� DG����G����������GH� � U��
1RWH� WKDW�RQO\� WKH� GHJUHHV� RI�WKH� ILUVW� H� �FRGLP�;���3
�� GHILQLQJ� HTXDWLRQV�
FRPH�LQWR�SOD\�KHUH�� :KHQ� Q� � �� DQG� D� � �� WKLV�LV� D�FRQVHTXHQFH�RI�6HYHUL
V�

5HFHLYHG�E\�WKH�HGLWRUV�1RYHPEHU����� ������
����� 0DWKHPDWLFV�6XEMHFW�&ODVVLILFDWLRQ�� 3ULPDU\���)����
7KH�DXWKRUV�ZHUH�� UHVSHFWLYHO\��VXSSRUWHG�E\�DQ�1�6�)��3RVWGRFWRUDO�)HOORZVKLS��D�6ORDQ�)HOORZ�

VKLS�DQG�1�6�)��*UDQW�206�����������DQG�1�6�)��*UDQW�206�����������

����

������� $PHULFDQ�0DWKHPDWLFDO�6RFLHW\�
������������� ������������� SHU�SDJH�
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UHVXOW�� :H� UHPDUN� WKDW� LI� G��  �����  �GH�  �G�D�FDVH� WKDW� VXIILFHV� IRU�PDQ\�
RI�WKH�DSSOLFDWLRQV�WKHQ�WKHUH�LV�D�SDUWLFXODUO\�TXLFN�SURRI�RI�WKH�SURSRVLWLRQ�
�VHH�5HPDUN� �������
3URSRVLWLRQ� ��KDV�D�QXPEHU�RI�FRUROODULHV�� )LUVW�RI�DOO�� WDNLQJ� D� � ����ZH�JHW�

&RUROODU\� ��� .HHSLQJ� QRWDWLRQ� DV� DERYH�� LI�G����������GH� U������ WKHQ� ;� LV�
SURMHFWLYHO\�QRUPDO�� ,I�G���������GH� U��WKHQ� ;� LV�SURMHFWLYHO\�&RKHQ�0DFDXOD\��

)RU�H[DPSOH�� LI� ;Q� &� S�Q�O� LV� FXW� RXW� E\� TXDGULFV�� WKHQ� ;� LV� SURMHFWLYHO\�
QRUPDO��D� IDFW� LOOXVWUDWHG�E\�QXPHURXV�FODVVLFDO�H[DPSOHV��
&RUROODU\���LQ�WXUQ�OHDGV�WR�D�VLPSOLILFDWLRQ�DQG�VWUHQJWKHQLQJ�RI�WKH��%DE\�

ORQLDQ� WRZHU�� WKHRUHPV� RI�+DUWVKRUQH� DQG�%DUWK�9DQ�GH�9HQ� >%@� FRQFHUQLQJ�
VXEYDULHWLHV� RI�YHU\� ORZ�GHJUHH� LQ� SURMHFWLYH� VSDFH�� 6SHFLILFDOO\�� VXSSRVH� WKDW�
;� F� S
� DV� DERYH� KDV� GHJUHH� G�� 7KHQ�� DV� LV� ZHOO� NQRZQ�� ;� LV� GHILQHG� E\�
K\SHUVXUIDFHV�RI�GHJUHH� G��DQG�KHQFH� LW�IROORZV� IURP� WKH�FRUROODU\� WKDW� ;� LV�
SURMHFWLYHO\� &RKHQ�0DFDXOD\� DV� VRRQ� DV� GH� U�� (OHPHQWDU\� HVWLPDWHV� IRU�
&RKHQ�0DFDXOD\� ULQJV� WKHQ� VKRZ� WKDW� WKH� KRPRJHQHRXV� LGHDO� ,�[� RI� ;� KDV�
GH�PLQLPDO�JHQHUDWRUV�� 2Q�WKH�RWKHU�KDQG��DQ��HOHPHQWDU\��WKHRUHP�RI�)DOW�

LQJV� >)@� VWDWHV� WKDW� LI�;� F� S
� LV� GHILQHG�VFKHPH�WKHRUHWLFDOO\�E\� U���� RU�IHZHU�
HTXDWLRQV�� WKHQ� ;� LV� D�FRPSOHWH�LQWHUVHFWLRQ�� +HQFH�

&RUROODU\���� $VVXPH�WKDW� ;� F� S
� LV� D�VPRRWK� YDULHW\�RI�GHJUHH� G�� GLPHQVLRQ�
Q��DQG�FRGLPHQVLRQ� H�� ,I�

WKHQ� ;� LV�D�FRPSOHWH�LQWHUVHFWLRQ��

+DUWVKRUQH� �FI�� >+@�� VKRZHG� WKDW� LI�RQH� IL[HV� G� DQG� H� DQG� OHWV� Q� JR� WR� LQ�
ILQLW\�� WKHQ� HYHQWXDOO\� ;� EHFRPHV� D� FRPSOHWH� LQWHUVHFWLRQ�� %DUWK� DQG� 9DQ�
GH� 9HQ� >%@� REWDLQHG� WKH� VDPH� FRQFOXVLRQ� XQGHU� WKH� H[SOLFLW� DVVXPSWLRQ� WKDW�
G�G�� ������Q����:KHQ� H� � ���5DQ� >5O@�SURYHG�D�PXFK�VWURQJHU�LQHTXDOLW\��
ZKLFK�ZDV�VWUHQJWKHQHG�LQ�>+6@��7KH�PRWLYDWLRQ�RI�WKHVH�UHVXOWV�LV�RI�FRXUVH�WKH�
�VWLOO�ZLGH�RSHQ��FRQMHFWXUH�WKDW�DQ\�VPRRWK�VXEYDULHW\�RI�VXIILFLHQWO\�VPDOO�FRGL�
PHQVLRQ�LQ�SURMHFWLYH�VSDFH�LV�D�FRPSOHWH�LQWHUVHFWLRQ�� 7KH�SRVVLEOLW\�RI�XVLQJ�
)DOWLQJV
V�WKHRUHP�LQ�WKH�SUHVHQW�FRQWH[W�ZDV�VXJJHVWHG�WR�XV�E\�)��/��=DN��FRP�
SDUH�>)O�@��� )OHQQHU�>)OO��)O�@�DQG�6DWR�>6DW@�KDYH�HVWDEOLVKHG�%DE\ORQLDQ�WRZHU�
WKHRUHPV�LQ�FRQVLGHUDEO\�PRUH�JHQHUDO�VHWWLQJV��IRU�H[DPSOH�ZHLJKWHG�SURMHFWLYH�
VSDFHV�� ,W�ZRXOG�EH�LQWHUHVWLQJ�WR�ILQG� DQDORJRXV�H[WHQVLRQV�RI�3URSRVLWLRQ� ���
7KH�QH[W�DSSOLFDWLRQV�FR�QFHUQ� WKH�&DVWHOQXRYR�0XPIRUG�UHJXODULW\�RI�;� F�

3
�� 5HFDOO� WKDW� RQH� VD\V� WKDW� ;� LV� N�UHJXODU� LI� +L�3
����I[�N�� L���  � �� IRU�
L� !�R�� 7KH�VLJQLILFDQFH�RI�WKLV�FRQFHSW�VWHPV�IURP� WKH�IDFW� WKDW�WKH� UHJXODULW\�
RI�;� JRYHUQV�WKH�FRPSOH[LW\�RI�FRPSXWLQJ�WKH�V\]\JLHV�DQG�RWKHU�LQYDULDQWV�RI�
;� �FI�� >%6O�� %6�@��� )RU�LQVWDQFH�� D� WKHRUHP�RI�0XPIRUG
V� >0@� VWDWHV� WKDW� ;�
LV� N�UHJXODU�LI�DQG�RQO\� LI�IRU� HYHU\� S� �� WKH�PLQLPDO�JHQHUDWRUV�RI�WKH� SWK�
PRGXOH�RI�V\]\JLHV�RI�WKH�KRPRJHQHRXV�LGHDO� ,�[� RFFXU�LQ�GHJUHHV� N���S��,W�LV�
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WKHUHIRUH�RI�LQWHUHVW�WR�ERXQG�WKH�UHJXODULW\�RI�;� LQ�WHUPV�RI�WKH�GHJUHHV�RI�LWV�
GHILQLQJ�HTXDWLRQV�� )RU�DQ�DUELWUDU\�VFKHPH��WKLV�UHJXODULW\�FDQ�EH�KRUUHQGRXVO\�
ODUJH�� WKHUH�DUH� H[DPSOHV�GXH� WR�0D\U�0H\HU�%D\HU�6WLOOPDQ� >%6,@� RI�VFKHPHV�

��U��2��
;� &� -O'U� GHILQHG�E\�K\SHUVXUIDFHV� RI�GHJUHH� G� ZLWK� UHJXODULW\� ��� �G� � ��� ��
+RZHYHU�� H[SHULHQFH� ZLWK� DFWXDO� FRPSXWDWLRQV� VXJJHVWV� WKDW� IRU� WKH� VRUWV� RI�
YDULHWLHV� WKDW�RFFXU�LQ�QDWXUDO�SUREOHPV�H�J�� VPRRWK�YDULHWLHV�WKH�UHJXODULW\�
JURZV�PXFK�PRUH�VORZO\�ZLWK� G� DQG� U�� 7KLV�HPSLULFDO�REVHUYDWLRQ�LV�MXVWLILHG�
E\�DJDLQ� WDNLQJ� D� � ,� LQ�3URSRVLWLRQ� ,��ZKLFK� \LHOGV�DQ�RSWLPDO�ERXQG�ZKHQ�
;� LV� VPRRWK��
&RUROODU\���� $VVXPH�DV�DERYH�WKDW� ;� F� -O'U� LV�D�VPRRWK� YDULHW\�RI�GLPHQVLRQ� Q�
DQG�FRGLPHQVLRQ� H� GHILQHG� E\� K\SHUVXUIDFHV� RI�GHJUHHV� G�� ��� G�� ��� ���� ��� GP ��
7KHQ�

�L�� ;� LV� �G����������GH� � H���,��UHJXODU�� DQG�
�LL�� ;� IDLOV� WR�EH� �G����������GH� � H��UHJXODU�LI�DQG�RQO\�LI�;� LV�WKH�FRPSOHWH�

LQWHUVHFWLRQ�RI�K\SHUVXUIDFHV�RI�GHJUHHV� G�� G� �� ���� �� GH� ��

,Q�RWKHU�ZRUGV��ZH�PD\�VD\�WKDW�FRPSOHWH�LQWHUVHFWLRQV�KDYH�WKH��ZRUVW��UHJXODU�
LW\�DPRQJ�DOO� VPRRWK�YDULHWLHV�GHILQHG�E\�HTXDWLRQV�RI�JLYHQ�GHJUHHV�� 3UHYLRXV�
ZRUN�RQ�WKH�UHJXODULW\�RI�;� KDV�FHQWHUHG�DURXQG�HVWLPDWHV�LQYROYLQJ�WKH�GHJUHH�
RI�;� �FI�� >*/3��3��/O��DQG�%0@���+HUH�3URSRVLWLRQ���LPSOLHV�D�VOLJKW�VWUHQJWK�
HQLQJ� �&RUROODU\� ����� RI�D�ERXQG�RI�0XPIRUG
V��ZKLFK�KRZHYHU�LV� SUHVXPDEO\�
QRW�RSWLPDO��
$Q�DSSOLFDWLRQ�RI�D�UDWKHU�GLIIHUHQW�IODYRU�FRQFHUQV�WKH�+RGJH�W\SH�RI�;� F� -O'U� ��

/HW� 8� � -O'U� � ;� GHQRWH� WKH�FRPSOHPHQW�RI�;�� 2QH� VD\V� WKDW� ;� KDV�+RGJH�
W\SH� +W�;�� ��� W� LI�SW+��8�� � ?�,L� ��� ���ZKHUH� 3� LV� WKH�+RGJH�'HOLJQH�
GHFUHDVLQJ�ILOWUDWLRQ�� 0RWLYDWHG�E\�VRPH�DULWKPHWLF�UHVXOWV��'HOLJQH�DQG�'LPFD�
>''@�FRQMHFWXUH�WKDW�LI�;� F� -O'U� LV�DQ�DUELWUDU\�DOJHEUDLF�VHW�GHILQHG�E\�HTXDWLRQV�
RI�GHJUHHV� G�� ��� G�� ��� ������� GP� 
� WKHQ�

��� +W�;�� ��� >�U���� /�GL �� �G�@� ��
7KH\�SURYH�WKLV�ZKHQ� ;� LV� D�K\SHUVXUIDFH��DQG�(VQDXOW�>(@� KDV� HVWDEOLVKHG�WKH�
FRQMHFWXUH�ZKHQ� ;� LV� D�FRPSOHWH� LQWHUVHFWLRQ�� ,Q�WKH� VSHFLDO�FDVH�ZKHQ� ;� LV�
VPRRWK�� (VQDXOW
V�UHVXOWV�FRPELQHG�ZLWK�3URSRVLWLRQ� ,�\LHOG�
&RUROODU\� ��� ,I�;� F� -O'U� LV� D� VPRRWK� FRQQHFWHG� YDULHW\� RI�FRGLPHQVLRQ� H� GH�
ILQHG�VFKHPH�WKHRUHWLFDOO\�E\�K\SHUVXUIDFHV�RI�GHJUHHV� G�� ��� G�� ��� ������� GP �� WKHQ�
+W�;�� ��� >�U������ GL��G�@��
7KLV� LQHTXDOLW\� LPSOLHV� ���� EXW� RI�FRXUVH� WKH� K\SRWKHVHV� RQ� ;� DUH� PXFK�
VWURQJHU�WKDQ�ZKDW�RQH�ZRXOG�OLNH��
&KDQJLQJ�JHDUV� VRPHZKDW�� ZH� FRQVLGHU�ILQDOO\� WKH� QRUPDO�JHQHUDWLRQ�RI�DG�

MRLQW�EXQGOHV�RQ�D�VPRRWK�SURMHFWLYH�YDULHW\�;� RI�GLPHQVLRQ� Q��� 7KHUH�KDV�EHHQ�
FRQVLGHUDEOH�LQWHUHVW�UHFHQWO\�LQ�WKH�SURMHFWLYH�QRUPDOLW\�DQG�GHILQLQJ�HTXDWLRQV�
RI�DOJHEUDLF�FXUYHV� DQG�RWKHU�YDULHWLHV� �FI�� >0�� *�� /��� .0)�� %WO@��� 7KH�SURWR�
W\SLFDO� UHVXOW� KHUH� LV� DQ� ROG� WKHRUHP�RI�&DVWHOQXRYR� HW� DO�� WR� WKH� HIIHFW� WKDW� D�

License or copyright restrictions may apply to redistribution; see http://www.ams.org/journal-terms-of-use



���� $$521�%(575$0��/$:5(1&(�(U1��$1'�52%(57�/$=$56)(/'�

OLQH�EXQGOH�RI�GHJUHH� ����� �J����� RQ�D�VPRRWK�FXUYH�RI�JHQXV� J� GHILQHV�D�SURMHF�
WLYHO\�QRUPDO�HPEHGGLQJ�� ,W�LV�QDWXUDO�WR�DVN�IRU�DQDORJRXV�VWDWHPHQWV�LQ�KLJKHU�
GLPHQVLRQV�� 0XNDL� REVHUYHG� WKDW� WKH� NQRZQ� WKHRUHPV� GHDO�ZLWK� HPEHGGLQJV�
GHILQHG�E\�EXQGOHV� RI�WKH� W\SH� .�[� �� 3� �� ZKHUH� 3� LV� DQ� H[SOLFLW�PXOWLSOH�RI�D�
VXLWDEO\�SRVLWLYH�EXQGOH�� +H�VXJJHVWHG� WKDW�RQH�VKRXOG�DLP� IRU�JHQHUDO� UHVXOWV�
KDYLQJ� WKLV� VKDSH�� ,Q� WKLV� GLUHFWLRQ�� ZH� SURYH� WKDW� LI� $� LV� D� YHU\� DPSOH� OLQH�
EXQGOH�RQ� ;��WKHQ� .�[� ��$�N� LV� QRUPDOO\�JHQHUDWHG�DV� VRRQ�DV� N� ����� Q�������
3URSRVLWLRQ���� /HW�$� EH�D�YHU\�DPSOH�OLQH�EXQGOH�RQ� ;��DQG�OHW� %DQG�&� EH�DU�
ELWUDU\�QXPHULFDOO\�HIIHFWLYH�OLQH�EXQGOHV�RQ� ;�� 7KHQ� WKH�QDWXUDO�PXOWLSOLFDWLRQ�
PDS�

+2�;��.[�$�N��%��+R�;��.[�$�UQ��&�������+2�;��.���$�N�UQ��%�&��

LV� VXUMHFWLYH� SURYLGHG� WKDW� N��P� ����� Q������ ,Q� SDUWLFXODU�� LI�N� ����� Q������ WKHQ�
.�[��� $�N��� %� GHILQHV�D�SURMHFWLYHO\�QRUPDO�HPEHGGLQJ�RI�;� SURYLGHG�WKDW�LW�LV�
YHU\�DPSOH�� L�H��� LI��;��$��%�� L� �-3
Q� ��	
,�
Q�������	
,�
Q�� ��

:H� VKRZ� WKDW� WKH� VDPH� VWDWHPHQW�KROGV�ZLWK� RQH� H[FHSWLRQ�ZKHQ� N��P� ����� Q���
7KHVH� UHVXOWV� KDYH� EHHQ� REWDLQHG� LQGHSHQGHQWO\� E\� $QGUHDWWD�� %DOOLFR�� DQG�
6RPPHVH� >$6�� $%6��� $QDORJRXV� DVVHUWLRQV� IRU� GHILQLQJ� HTXDWLRQV� IRU� KLJKHU�
V\]\JLHV� DUH� HVWDEOLVKHG�E\�GLIIHUHQW�PHWKRGV� LQ� >(/��� WR� ZKLFK�ZH� UHIHU� IRU� D�
IXOOHU�GLVFXVVLRQ�RI�WKH�EDFNJURXQG�DQG�HDUOLHU�ZRUN�RQ�WKHVH�TXHVWLRQV��
7KH�SURSRVLWLRQV�DUH�FRQVHTXHQFHV�RI�

7KHRUHP���� /HW� 0� EH�D�VPRRWK�FRPSOH[�SURMHFWLYH�YDULHW\�� OHW� $� EH�DQ� DPSOH�
OLQH�EXQGOH�RQ� 0��DQG�OHW� /� EH�D�JOREDOO\�JHQHUDWHG�OLQH�EXQGOH�RQ� 0�� &RQVLGHU�
D� VPRRWK�VXEYDULHW\� ;� &� 0� RI�FRGLPHQVLRQ� H�� ZLWK� LGHDO�VKHDI�I[� ���;�0 Â�

6XSSRVH� WKDW� ;� LV� GHILQHG� VFKHPH�WKHRUHWLFDOO\� LQ� 0� E\� WKH� YDQLVKLQJ� RI�P�
VHFWLRQV� 6L� (�+2�0�� /��G�����ZKHUH� G�� ����� G�� ����� ��������� GUQ
� 7KHQ�

+L��0��������� .�0� �� /�2N� �� $�� ��� IRU� L� ����� ��

SURYLGHG� N� ����� DG����G����������GH
�
,Q�IDFW�� LW�LV� HQRXJK�KHUH� WKDW� $� EH�ELJ�DQG� QHI�� 3URSRVLWLRQ� ��IROORZV� LPPH�
GLDWHO\�� )RU�3URSRVLWLRQ���� RQH�DSSOLHV�WKH�WKHRUHP�WR�WKH�GLDJRQDO� F�;� [�;� ��
ZKLFK�LV�FXW�RXW�E\�VHFWLRQV�RI�/� ��3,��$����3���$� DV�ORQJ�DV� $� LV�YHU\�DPSOH��
,Q� WKLV� VHWWLQJ�� WKH� DQDORJRXV� VWDWHPHQWV� LQYROYLQJ�KLJKHU�SRZHUV� RI� -���� \LHOG�
LQIRUPDWLRQ�DERXW�WKH�VXUMHFWLYLW\�RI�WKH�:DKO�PDS�DQG�LWV�JHQHUDOL]DWLRQV� �VHH�
&RUROODU\�������
$V� IRU�7KHRUHP���� WKH� LGHD�LV� WR�FRQVLGHU�WKH�EORZLQJ�XS� S��3� � %O[�0�� �����

0� RI�0� DORQJ� ;��DQG�WR�DSSO\�WKH�.RGDLUD�5DPDQXMDQ�.DZDPDWD�9LHKZHJ�
YDQLVKLQJ� WKHRUHP�� :KHQ� GO�  � G��  � ���� � GUQ�  � G��RQH� FDQ� DSSO\�YDQLVKLQJ�
GLUHFWO\�RQ� 3��LQ�ZKLFK� FDVH� WKH� UHVXOW� LV� SUDFWLFDOO\�LPPHGLDWH�� ,Q�JHQHUDO�� DV�
LQ� 6HYHUL
V� VHW�XS�� ZH� ZRUN� RQ� WKH� EORZLQJ�XS� <H3� RI�WKH� YDULHW\� UHVLGXDO�
WR� ;� LQ�WKH�FRPSOHWH�LQWHUVHFWLRQ�RI�VXLWDEOH�VHFWLRQV� WL� (�+2�0��I[���/��G��� ��
:H� UHPDUN� WKDW� D� VLPLODU�DUJXPHQW�\LHOGV� D�GLUHFW�JHQHUDOL]DWLRQ� �3URSRVLWLRQ�
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������ RI�6HYHUL
V�WKHRUHP�� DV�ZHOO� DV� D�JHQHUDOL]DWLRQ� �3URSRVLWLRQ� ������ RI�WKH�
*ULIILWKV�YDQLVKLQJ�WKHRUHP�>*ULIW@� IRU�JOREDOO\�JHQHUDWHG�YHFWRU�EXQGOHV��
7KH� SRVVLEOLW\� RI�DSSO\LQJ� YDQLVKLQJ� WKHRUHPV� RQ� D� EORZ�XS� WR� VWXG\� WKH�

HTXDWLRQV�YDQLVKLQJ�RQ�D�VXEYDULHW\�LV� HYLGHQWO\�QRW�D�QHZ�LGHD�� )RU�H[DPSOH��
PXFK�PRUH�VRSKLVWLFDWHG�DUJXPHQWV�DORQJ�WKHVH� OLQHV�RFFXU�LQ�WKH�ZRUN�RI�(V�
QDXOW�DQG�9LHKZHJ� >(9O��(9�@� RQ�'\VRQ
V�OHPPD�� 7KH\�DQG�RWKHUV� �LQFOXGLQJ�
VRPH�RI�WKH�SUHVHQW�DXWKRUV�� KDYH�EHHQ�DW�OHDVW�LPSOLFLWO\�DZDUH�IRU�VRPH�WLPH�
RI�WKH�VSHFLDO�FDVH� G`�  �G�� � ���� �GP�  �G� RI�7KHRUHP���� +RZHYHU�� WKH�DSSOL�
FDELOLW\�RI�WKHVH� LGHDV� WR� WKH�VRUW�RI�SURMHFWLYH�JHRPHWULF�TXHVWLRQV�FRQVLGHUHG�
DERYH�VHHPV�QRW�WR�KDYH�UHFRJQL]HG��DQG�LW�LV�KHUH�WKDW�ZH�SRVW�RXU�PDLQ�FODLP�
WR�QRYHOW\��
7KH�6HYHUL�W\SH�7KHRUHP� ��DQG� VRPH�YDULDQWV� DUH�SURYHQ� LQ� ����� 6HFWLRQ� ��

FRQWDLQV� WKH� DSSOLFDWLRQV� WR� VXEYDULHWLHV�RI�SURMHFWLYH� VSDFH�� YL]�� 3URSRVLWLRQ�
��DQG�&RUROODULHV� ��� ��� ��� DQG� ��� :H� SURYH� WKH� QRUPDO�JHQHUDWLRQ� RI�DGMRLQW�
EXQGOHV� �3URSRVLWLRQ���� DQG�VRPH�UHODWHG�UHVXOWV� LQ�����

:H�ZLVK�WR�WKDQN�'��%D\HU��'��%XWOHU��'��(LVHQEXG��+�� 3LQNKDP��)��/��=DN��
DQG�HVSHFLDOO\�+�� (VQDXOW�IRU�YDOXDEOH�GLVFXVVLRQV�DQG�HQFRXUDJHPHQW��

R�� 127$7,21�$1'�&219(17,216�
������ :H�ZRUN�WKURXJKRXW�RYHU�WKH�FRPSOH[�QXPEHUV��

������ /HW� ;� EH�D�SURMHFWLYH�YDULHW\�RI�GLPHQVLRQ� Q�� ,I�/� LV�D�OLQH�EXQGOH�RQ�
;��ZH�ZULWH� /�N� IRU�WKH� N�IROG�WHQVRU�SRZHU�/��N� RI�/��,I�N� ���WKHQ�DV�XVXDO�
/��N� � �/��O���5HFDOO� WKDW� /� LV� QHI�LI� F`��/����U� �� IRU�HYHU\�LUUHGXFLEOH�FXUYH�
UH;�� /� LV�ELJ�LI�IRU� VRPH� P�!��� WKH�UDWLRQDO�PDS� �OªOP/,�� ;� O3+2�/P��
LV�ELUDWLRQDO�� ,I�/� LV� QHI�� WKLV� LV� HTXLYDOHQW�WR�DVNLQJ� WKDW� -�F`��/�Q� !�2�� �6HH�
>0RUL�� �����@� IRU�D�IXOOHU�GLVFXVVLRQ���

������ :KHQ� ;� LV� VPRRWK�� ZH� GHQRWH� E\� .[� WKH� FDQRQLFDO� EXQGOH� RQ� ;��
:H�ZLOO�IUHTXHQWO\�XVH�WKH�.DZDPDWD�9LHKZHJ�YDQLVKLQJ�WKHRUHP� >.��9@��ZKLFK�
VWDWHV�WKDW�LI�/� LV�D�ELJ�DQG�QHI�OLQH�EXQGOH�RQ�D�VPRRWK�SURMHFWLYH�YDULHW\��WKHQ�
+L�;�.[	-/�  �� IRU� ���

������ /HW� /`�������/P� EH� OLQH� EXQGOHV� RQ� D�YDULHW\� 0�� :H� VD\� WKDW� D� VXE�
YDULHW\� ;� F� 0� ZLWK� LGHDO� VKHDI� �I[� LV� VFKHPH�WKHRUHWLFDOO\� FXW� RXW�E\� VHF�
WLRQV� 6L� (�+2�0��/ M �� LI�WKH� 6L� YDQLVK�RQ� ;��DQG�LI�WKH�VKHDI�KRPRPRUSKLVP�
(%�/�������I[� GHWHUPLQHG�E\�WKH� 6L� LV� VXUMHFWLYH��

��� $�9$5,$17� 2)�6(59(5,
V�7+(25(0�

,Q� WKLV� VHFWLRQ�ZH�ZRUN� LQ� WKH� VHWWLQJ�RI�7KHRUHP���IURP� WKH� ,QWURGXFWLRQ��
7KXV��0� LV�D�VPRRWK�FRPSOH[�SURMHFWLYH�YDULHW\�RI�GLPHQVLRQ� U�� $� LV�D�ELJ�DQG�
QHI�OLQH�EXQGOH�RQ�0��DQG� /� LV� D�JOREDOO\�JHQHUDWHG�OLQH�EXQGOH�RQ�0��:H�
FRQVLGHU�D�VPRRWK�VXEYDULHW\� ;� F�0� RI�SXUH�GLPHQVLRQ� QDQG�FRGLPHQVLRQ�
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H� �Q�� U��DQG�ZH� VXSSRVH�JLYHQ�WKH�VXUMHFWLYH�PDS�
P�

������� (%/�G�� ���- [� ������
L 
�

ZKHUH� G�� ��� G�� ��� ������� GP� !�2�� 2XU�SXUSRVH�QRZ�LV� WR�SURYH�

7KHRUHP� ����� 8QGHU�WKH�K\SRWKHVHV�MXVW�VWDWHG� +L��0���-��4�� .�0�4�� /�N�4�� $�� ���
IRU� D�� L� ��� �� DQG� N� ��� DG����G����������GH� ��
$V� LQ�WKH�LQWURGXFWLRQ��-��GHQRWHV�WKH� DWK�SRZHU�RI�WKH� LGHDO�VKHDI� ��
:H� VWDUW�E\�UHFRUGLQJ�WZR�HOHPHQWDU\�OHPPDV��

/HPPD� ����� /HW� 3� EH�D� VPRRWK� YDULHW\�� OHW� $� EH�D� ELJ�DQG�QHI�OLQH�EXQGOH�RQ�
3�� DQG�OHW� I�� EH� D� EDVH�SRLQW�IUHH� OLQHDU� V\VWHP� RI�GLYLVRUV� RQ� 3�� 7KHQ� WKH�
UHVWULFWLRQ� $,'� RI�$� WR�D�JHQHUDO�HOHPHQW� '�(� I�� LV�DJDLQ�ELJ�DQG�QHI�
3URRI�� 7KLV� LV� FOHDU� JLYHQ� WKH� IDFW� �FI�� >0RUL�� ������� �������@�� WKDW� D� QHI�OLQH�
EXQGOH� $� LV� ELJ�LI�DQG�RQO\�LI�WKHUH�H[LVWV�D�QDWXUDO�QXPEHU� G�!��� DQG�D�YHU\�
DPSOH�GLYLVRU� +� VXFK�WKDW� $G� �+� 4�� 1��ZKHUH� K2�1�� L �2�� '�

/HPPD� ����� /HW� ;� F� 0� EH� D� VPRRWK� FRGLPHQVLRQ� H� VXEYDULHW\� RI�D� VPRRWK�
YDULHW\� 0�� OHW� I��3� �%O[�0�����0� EH�WKH�EORZLQJ�XS�RI�0� DORQJ� ;��DQG�OHW�
(� F�3� EH�WKH�H[FHSWLRQDO�GLYLVRU�� ,I��� ����� W� ����� H� � ���� WKHQ�

+L�3�� I�)� 4��	
S�W(��� � +L�0��)�� 9L�

IRU�DQ\�ORFDOO\�IUHH�VKHDI�)� RQ� 0��
3URRI�� %\� WKH�SURMHFWLRQ�IRUPXOD�DQG�WKH�/HUD\�VSHFWUDO�VHTXHQFH�� LW� LV� HQRXJK�
WR� VKRZ� WKDW� I�	
S�W(��  �	
0� DQG� 5LI�	
S�W(�� ��� IRU� L� !��� DQG� W� LQ� WKH�
LQGLFDWHG� UDQJH�� :KHQ� W�  � �� WKDW� LV� ZHOO� NQRZQ�� )RU� W� ��� �� RQH� DUJXHV� E\�
LQGXFWLRQ�IURP� WKH�VHTXHQFH�

����	
S��W�� ��(�� ���	
S�W(�� ���	
(�W(�� �����

XVLQJ�WKH�IDFWV� WKDW� (�  � O3
�1� LV� WKH�SURMHFWLYL]DWLRQ�RI�D� UDQN� H� YHFWRU�EXQGOH�
1� RQ� ;��DQG�WKDW�	
(�(�� �	
,O
1������ '�

1RZ�ZH� WXUQ�WR�WKH�

3URRI�RI�7KHRUHP� ����� /HW� I�� 3�  � %O[�0�� ��� 0� EH� WKH� EORZLQJ�XS� RI� 0�
DORQJ� ;��DQG�GHQRWH� E\� (� F�3� WKH�H[FHSWLRQDO�GLYLVRU�� 5HFDOOLQJ�DJDLQ� WKDW�
I�	
S�  � 	
�0� DQG� 5L�I�	
S�  � �� IRU� L� !� �� EHFDXVH� ;� LV� VPRRWK�� RQH� ILQGV� E\�
LQGXFWLRQ�RQ� D� WKH�ZHOO�NQRZQ� IDFW� WKDW�LI�D!��� WKHQ� I	�S���D(�� �-��DQG�
5L�I�	
S���D(�� � �� IRU� L� !�2�� 7KH� SURMHFWLRQ� IRUPXOD� DQG� WKH�/HUD\� VSHFWUDO�
VHTXHQFH�WKHUHIRUH�\LHOG�

+�3�� I�%���D(��� � +�0��-��4�� %��
IRU� DQ\� OLQH� EXQGOH� %� RQ� 0�� :LWK� WKLV� LQ� PLQG�� WKH� LVVXH� LV� WR� SURYH� WKDW�
+L�3�� M�.0�4�� /�N� 4�� $���D(��� � �� IRU� L� ��� �� DQG� N� ��� DG����G����������GH
�
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7R�WKLV�HQG�� OHW� % M�  � I�/ G����(���7KHQ�

��� % M��� �%M ��  � I�/G��GL �� LV�EDVH�SRLQW�IUHH� IRU� L� M�

WKDQNV�WR� WKH�IDFWV� WKDW� /� LV�EDVH�SRLQW�IUHH�DQG� G M� GM� ZKHQ� L� M��2Q�WKH�
RWKHU�KDQG�� WKH�VHFWLRQV� 6M� (�+2�0�� /G��� GHILQLQJ� ;� JLYH�DULVH�LQ�WKH�QDWXUDO�
ZD\�WR�HIIHFWLYH�GLYLVRUV� )M�(� ,%MO��DQG�WKH�H[LVWHQFH�RI�WKH�VXUMHFWLYH�PDS�������
PHDQV�SUHFLVHO\�WKDW�

:H�QRZ�SURFHHG�LQ�VHYHUDO�VWHSV��
&ODLP� ����� /HW� ' M�(� ,%MO� EH�D�JHQHUDO�GLYLVRU�� DQG�IRU� �� 6� H��VHW�

<V� � ' -�Q�'��Q�����Q�'V���
7KHQ�E\�FKRRVLQJ�WKH� ' M� VXLWDEO\��ZH�PD\�DVVXPH�WKDW�

�L�� <V� LV�VPRRWK��EXW�SRVVLEO\�GLVFRQQHFWHG��RI�SXUH�FRGLPHQVLRQ� V� LQ�3��
�LL�� IRU� DQ\� LUUHGXFLEOH� FRPSRQHQW� <� F� <V 
� WKH� UHVWULFWLRQ� I�$,<� LV� ELJ�

DQG�QHI��
�LLL�� QR�FRPSRQHQW�RI� LV�FRQWDLQHG�LQ�WKH�H[FHSWLRQDO�GLYLVRU�(��DQG�
�LY��
:H� SURYH�&ODLP� ���� E\�LQGXFWLRQ�RQ� V�� ,W�IROORZV� WR�EHJLQ�ZLWK� IURP� ���

DQG� ��� WKDW� %,� LV� JOREDOO\�JHQHUDWHG�� DQG�KHQFH� �L��� �LLL��� DQG� �LY�� DUH�FOHDU�
ZKHQ� 6�  � ��� 6WDWHPHQW� �LLL�� IROORZV� LQ� WKH� FDVH� 6�  � �� IURP� ������ DQG� WKH�
IDFW� WKDW� I�$� LV� ELJ� DQG� QHI�� $VVXPH� LQGXFWLYHO\� WKDW� &ODLP� ���� LV� NQRZQ�
IRU� D� JLYHQ� V�� 'HQRWLQJ�E\� %V�%M�� WKH�EDVH�ORFXV�RI�%M
�LW� LV� D� FRQVHTXHQFH�
RI� ��� WKDW� %V�%V� ,�� F� )6�,� QÂÂÂ�Q�)P�� 7KHUHIRUH�� WKDQNV�WR� �LY��� %V�-,� LV�
EDVH�SRLQW� IUHH� DQG�� LQ�IDFW�� %V�-,� <V� LV� JHQHUDWHG�E\� +2�3��%V� , ��� %XW�WKHQ�
E\�WDNLQJ� '6�,� (� ,%6�,,� WR�EH�VXIILFLHQWO\�JHQHUDO��ZH�FDQ�FHUWDLQO\�DUUDQJH�WKDW�
<V� -� � <V�Q�'6�,� VDWLVILHV� �L���LY���
1RZ�IL[� <� � <H� �',�Q�'��Q�����Q�'H� VDWLVI\LQJ�WKH�DVVHUWLRQV�RI�&ODLP� �����

DQG�WKH�VHW� G� � G O� ��G����������GH� ��
&ODLP� ����� ,I� N� DG-���G����������GH
� WKHQ�

IRUD�� ���

:H� SURYH� WKLV� E\� DSSO\LQJ� WKH� .DZDPDWD�9LHKZHJ� YDQLVKLQJ� WKHRUHP� RQ�
�HDFK�FRQQHFWHG�FRPSRQHQW�RI�� <��7R�WKLV�HQG��XVH�DGMXQFWLRQ�DQG�WKH�IRUPXOD�
IRU�WKH�FDQRQLFDO�GLYLVRU�RI�D� EORZ�XS�DORQJ�D� VPRRWK�FHQWHU�WR�FRPSXWH�

.\� � .S��%,��ÂÂÂ��%HO<�

 � I�.0��� � ,�(���� �-�/G��� �H(��,<�

 � )�.0��/G��
�,I�<� LV�GLVFRQQHFWHG��WKH�UHVWULFWLRQ�RI�WKH�EXQGOH�DSSHDULQJ�RQ�WKH�ULJKW�KDQG�
VLGH�FRPSXWHV�WKH�FDQRQLFDO�EXQGOH�RI�DQ\�FRPSRQHQW�RI�<��� 7KHUHIRUH�

I�.0��� /N��� $���� �D(����  �.\��� I�$��� /N�DGO�G��ÂÂÂ�G����� �%-�D��� ��
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5HFDOOLQJ� WKDW� %,�  � -/GO��(�� LV�EDVH�SRLQW�IUHH� DQG�WKDW� -$,<� LV� ELJ�DQG�
QHI�� LW� IROORZV� WKDW� LI� N� ��� DGO���G����������GH
� 7KHQ� -�.0���/N���$����
	S���D(����	\� LV�RI�WKH�IRUP� .\���&��ZKHUH� &� LV� QHI�DQG�ELJ�� +HQFH�&ODLP�
���� IROORZV� IURP�>.@� RU�>9@��
&RQVLGHU� QH[W� WKH� H[DFW� VHTXHQFH� �� ��!� ��<\� ��!� 	S� ��!� 	\� ��!� 2�� 7ZLVWLQJ�

WKURXJK�E\� -��.�0���/�N���$����D(����WKH�WKHRUHP�ZLOO�IROORZ�IURP�&ODLP�����DV�
VRRQ�DV�ZH�HVWDEOLVK�WKH�YDQLVKLQJ�
������ ,I�D���� ��DQG�N� ���DGO��G���������GH��

WKHQ�+L�3��-�.0���/N���$�����<\���D(��� � ��IRU� L� ��� ���

7R� WKLV� HQG�� OHW� 9� � %����VR� WKDW� <H3� LV� WKH�]HUR� ORFXV� RI�D�YHFWRU�
EXQGOH�PDS� H�� 9� ��!�	S�� ,Q�YLHZ�RI�WKH�.RV]XO� UHVROXWLRQ�RI� ���<\� GHWHUPLQHG�
E\H��IRU� ������� LW�LV� LQ�WXUQ�HQRXJK�WR�SURYH��

������� +L�3��-�.0���/N���$����D(����$W9�� ���
IRU�D�� L� ��� ��� W���� ��� DQG�N� ���D�GO���G����������GH� ��

%XW� $W�9� LV� D�GLUHFW�VXP�RI�OLQH�EXQGOHV�RI�WKH�IRUP� -�/��V���	S��W(�� ZLWK�
R� V� G O� ��������GW �� 7KHUHIRUH� ������DQG�KHQFH� ILQDOO\� WKH� WKHRUHP�LV�D�
FRQVHTXHQFH�RI�
&ODLP������ )RU�DQ\� �� W� H� DQG� D�� L� ��� ����

+L�3��-�.0���/�N�V����$����	S��W�� D�(��� � ��
SURYLGHG� N� ��� D�GO���G����������GH� DQG� �� V� GO���������GW� ��
3URFHHGLQJ�E\� LQGXFWLRQ�RQ� D��DVVXPH� ILUVW� WKDW� D� � ��� 7KHQ�E\� /HPPD�

�����
+L�3��-�.0���/�N�V����$���W�� ,�(��� �+L�0��.0���/�N�V����$���

%XW� N� ��� V� DQG�KHQFH� WKH� WHUP�RQ� WKH� ULJKW�YDQLVKHV� E\� .DZDPDWD�9LHKZHJ��
1RZ�RQFH�RQH�NQRZV�&ODLP� ���� IRU�JLYHQ� D���� ���WKHQ�WKH�WKHRUHP�IROORZV� IRU�
WKDW�YDOXH�RI�D��6R�ZH� FDQ�DVVXPH�LQGXFWLYHO\�WKDW� +L��3���-��.�0� ��/��N���$��
����D(��� � �� IRU� L� ��� ��DQG� N� ��� D�GO���G����������GH
�7KLV�LPSOLHV�WKH�FDVH� D�����
RI�&ODLP�����ZKHQ� W���D�������ZKHUHDV�ZKHQ� W����D����� LW�IROORZV�DV�EHIRUH�IURP�
/HPPD�����DQG�.DZDPDWD�9LHKZHJ�YDQLVKLQJ�� 7KLV�FRPSOHWHV�WKH�SURRI�RI�WKH�
WKHRUHP�� ��

7KH� UHPDLQGHU� RI�WKLV� VHFWLRQ� LV� GHYRWHG� WR� VSHOOLQJ� RXW� VRPH� YDULDQWV� RI�
7KHRUHP� ���� DQG� LWV� SURRI�� $V� ZH� VWDWHG�DERYH�� WKHUH� LV� D� SDUWLFXODUO\�TXLFN�
DUJXPHQW�WR�KDQGOH�WKH�VSHFLDO�FDVH� GO� �G�� ����� �GP� �G��
5HPDUN� ������ .HHSLQJ� WKH� QRWDWLRQ�RI�7KHRUHP� ����� DVVXPH� WKDW� ;� F� 0� LV�
FXW�RXW�E\�VHFWLRQV�RI�+2�0�� / G ���$V�EHIRUH�OHW� -�� 3� ��!�0� EH�WKH�EORZLQJ�XS�
RI�0� DORQJ� ;��DQG�OHW� (� F�3� EH�WKH�H[FHSWLRQDO�GLYLVRU�� 6LQFH� ;� LV�FXW�RXW�
E\�VHFWLRQV�RI�/�G� �� -�/�G���� (�� LV�JOREDOO\�JHQHUDWHG�� DQG�KHQFH�QHI�� 7KHUHIRUH�
-�.0���/N���$����	S���D(�� �.S������/G��B(��H�D�O���-�/N�G�H�D�O����$���
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ZKLFK�LV�RI�WKH�IRUP� .S�� �ELJ�DQG�QHI��SURYLGHG�WKDW� N� G�H�D�O���+HQFH��
E\�.DZDPDWD�9LHKZHJ�YDQLVKLQJ��

+M�0��-���.0���/N���$�� �+M�3�� @�.0���/N��$���	S��D(��� � ��
IRU� D�� L� �� DQG� N� G�H���D�,���DV� UHTXLUHG��
1RWH� WKDW� 6HYHUL
V� WKHRUHP� GRHV� QRW� IROORZ� GLUHFWO\� IURP� WKH� VWDWHPHQW� RI�

7KHRUHP�����EHFDXVH�KH�GRHV�QRW�DVVXPH�DV�ZH�GR�WKDW�;� F� O3
U� LV�GHILQHG�E\�K\�
SHUVXUIDFHV�RI�GHJUHHV� PD[^G� �� ���� �� GUB �`��+RZHYHU�WKH�SURRI�RI�7KHRUHP�
����GRHV�\LHOG�WKH�IROORZLQJ�JHQHUDOL]DWLRQ�RI�6HYHUL
V�UHVXOW��ZKRVH�YHULILFDWLRQ�
ZH� OHDYH� WR�WKH�UHDGHU��

3URSRVLWLRQ� ������ :LWK� QRWDWLRQ� DV� LQ� WKH�SURRI�RI�7KHRUHP� ����� DVVXPH� WKDW�
;� F� 0� OLHV� LQ� WKH� FRPSOHWH� LQWHUVHFWLRQ� RI�H�  � FRGLP�;��0�� VHFWLRQV� 6M� (�
+2�0��/GL �� �� DQG�OHW� )M�(� ,I�/GL ���(�,� EH�WKH�FRUUHVSRQGLQJ�GLYLVRUV�UHVLGXDO�WR�
(� LQ� WKH� EORZ�XS� 3� RI�0� DORQJ� ;�� $VVXPH�WKDW� <�  �)O� Q�)��Q�����Q�)H� LV�
VPRRWK�� DQG�WKDW� QR�FRPSRQHQW�RI�<� OLHV� LQ� WKH�H[FHSWLRQDO�GLYLVRU� (�� 7KHQ�
+M�0��<�[���.0���/N���$�� � �� IRU� L� ��DQG� N� G����G����������GH
� ��

2EVHUYH� WKDW�ZH� DUH� QRW� DVVXPLQJ� KHUH� DQ\WKLQJ� H[WUD� DERXW� WKH� HTXDWLRQV�
GHILQLQJ� ;� LQ�0�� 7KH�DUJXPHQW�IRU�7KHRUHP� ���� GRHV�QRW�GLUHFWO\�\LHOG�WKH�
DQDORJRXV�VWDWHPHQW�IRU�KLJKHU�SRZHU�RI�WKH�LGHDO�VKHDI��EHFDXVH�LI�D�!��� WKHQ�
WKH�SURRI�RI�&ODLP�����UHTXLUHV�WKDW�RQH�NQRZ�WKDW� I�/�G O� �� � (�� LV�JHQHUDWHG�E\�
LWV� JOREDO� VHFWLRQV�� ,W�PLJKW� VHHP�PRUH� QDWXUDO� WR� DVVXPH� WKH� VPRRWKQHVV� RI�
WKH�YDULHW\� ;
�F�0� UHVLGXDO� WR� ;� LQ�WKH�FRPSOHWH� LQWHUVHFWLRQ�RI�WKH� VM�DV�
6HYHUL�GLG�EXW�ZKHQ� Q� ��� ;
� ZLOO� W\SLFDOO\�EH�VLQJXODU��
)LQDOO\�� ZH� UHPDUN� WKDW� DQ� DUJXPHQW� VLPLODU� WR� WKH� SURRI�RI�7KHRUHP� ����

OHDGV�WR�DQ�H[WHQVLRQ�RI�D�ZHOO�NQRZQ�YDQLVKLQJ�WKHRUHP�RI�*ULIILWKV�>*ULIW@�� $V�
DW� WKH�EHJLQQLQJ�RI�WKLV� VHFWLRQ�� 0� LV� D� FRPSOH[�SURMHFWLYH�PDQLIROG�� /� LV� D�
JOREDOO\�JHQHUDWHG�OLQH�EXQGOH� RQ� 0��DQG� $� LV� D�ELJ�DQG�QHI�OLQH�EXQGOH�RQ�
0��

3URSRVLWLRQ������� 6XSSRVH�WKDW� (� LV�D� YHFWRU�EXQGOH�RI�UDQN� H� RQ� 0��ZKLFK� LV�
D� TXRWLHQW�RI�D�GLUHFW�VXP�RI�SRZHUV�RI�/�

G� G�/� ,� (%�
(%/� P� ��(��2��

ZKHUH� �� G�� ���� GP �� 7KHQ�

+M�0��6W�(����/�N� ��GHW(��$��.0�� � ��

IRU� L� ��� W� ���DQG� N� �W���O�G����������GH
�
:KHQ� G�� � ���� � GP�  � ���WKLV�LV� WKH�*ULIILWKV�YDQLVKLQJ�WKHRUHP�IRU�JOREDOO\�

JHQHUDWHG�YHFWRU�EXQGOHV��

6NHWFK�RI�3URRI�RI�3URSRVLWLRQ������� /HW� I��3� �O3
�(� ���0� EH�WKH�SURMHFWLYL]DWLRQ�
RI�(� DQG�VHW� +M� � I�/��GL��	S(����� ��$V�LQ�WKH�SURRI�RI�7KHRUHP�����RQH�DUJXHV�
ILUVW� WKDW�LI�' M� (� ,+MO� LV�D�VXIILFLHQWO\�JHQHUDO�GLYLVRU��WKHQ� <� �'O�Q'�QÂÂ�ÂQ'H�
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LV�VPRRWK�DQG�JHQHULFDOO\�ILQLWH�RYHU�0��6HW� &���N�  � I��/��N���GHW�(���$���.�0���
�� 	
�
(�W��� $SSO\LQJ� .DZDPDWD�9LHKZHJ� YDQLVKLQJ� RQ� <�� RQH� ILQGV� WKDW�
+L�\��&��N,<��  � �� IRU� L� �� DQG� N� �W���O�GO���������GP �� 7KH� .RV]XO�
UHVROXWLRQ�IRU� ��<\� VKRZV� WKDW� +L��3���&���N�����<\�� ���IRU� L� DQG� N� LQ�WKH�VDPH�
UDQJH�� DQG�WKH�DVVHUWLRQ�IROORZV�� ��

��� $S3/,&$7,216� 72�68%9$5,(7,(6�2)�352-(&7,9(�63$&(�

,Q�WKLV�VHFWLRQ�ZH�JLYH�WKH�DSSOLFDWLRQV�WR�VXEYDULHWLHV�RI�SURMHFWLYH�VSDFH��DV�
VWDWHG�LQ�WKH�LQWURGXFWLRQ��

3URRI�RI�3URSRVLWLRQ� ��� $SSO\�7KHRUHP� ����ZLWK� $� � /� � 	
��� ����� ��

3URRI�RI�&RUROODU\� ��� ,I� GO���������GH� U������� WKHQ� +,��;��<�[�N���  � �� IRU�
N� �� DQG�KHQFH� ;� LV� SURMHFWLYHO\� QRUPDO�� ,I� GO���������GH� U�� WKHQ� LQ�
DGGLWLRQ� +L�,�O3
U��<�[�N��� �+L�;��	
[�N��� ��� IRU� N� �� DQG� L� ��� 6LQFH�
+L�;��	
[�N��� � �� ZKHQ� N����� DQG� �� L� Q�� �� E\�.RGDLUD�� LW�IROORZV� WKDW�
;� LV�SURMHFWLYHO\�&RKHQ�0DFDXOD\�� ��

3URRI�RI�&RUROODU\� ��� :KHQ� ;� LV� D� ORFDO� FRPSOHWH� LQWHUVHFWLRQ�� (VQDXOW� >(@�
SURYHV� WKDW� WKH� GHVLUHG� LQHTXDOLW\� LV� D� FRQVHTXHQFH� RI� WKH� YDQLVKLQJ�
+L�O3
U����<��N��  ��IRU� DQG� :KHQ� L 2�
WKLV� LV� FOHDU� VLQFH� N� ��� DQG�ZKHQ� L� �� LW� LV� WKH� DVVHUWLRQ� RI�3URSRVLWLRQ�
��� ��

3URRI�RI�&RUROODU\� ��� *LYHQ� ;� F� O3
U� RI�GLPHQVLRQ� Q��WR� FKHFN� WKDW� ;� LV� N�
UHJXODU� �IRU� N� ��� LW� LV� VXIILFLHQW� WR� YHULI\� WKDW� +L�O3
U��<�[�N� � L���  � �� IRU�
�� L� Q�������WKH�UHPDLQLQJ�YDQLVKLQJV�EHLQJ�DXWRPDWLF�� 7KHUHIRUH�VWDWHPHQW�
�L�� RI�WKH�FRUROODU\�LV�D�FRQVHTXHQFH�RI�3URSRVLWLRQ� ���
1RZ�DVVXPH�WKDW� ;� IDLOV�WR�WR�EH� �GO���������GH�� H��UHJXODU�� 7KHQ�LW�OLNHZLVH�

IROORZV� IURP�3URSRVLWLRQ� ��WKDW�

+Q�,�O3
U��<�[�GO��������GH��H�� Q������ � +Q�;��	
[�GO��������GH�� U�O��� -� 2��
(TXLYDOHQWO\��

$UJXLQJ� DV� LQ� WKH� SURRI�RI�7KHRUHP� ����� ZH� PD\� FKRRVH� SRO\QRPLDOV� 6L� (�
+2�O3
U�� <�[�GL��� ��� L� H�� GHILQLQJ�K\SHUVXUIDFHV� 'L� ���;� VXFK� WKDW� WKH� 6L�
JHQHUDWH� <�[� DZD\�IURP�D�FRGLPHQVLRQ� ��VXEVHW�� 7KXV�

< GHI',�Q'�QÂÂÂQ'H� ;8;
 ��

ZKHUH� ;
� �LI�QRQHPSW\�� LV� HLWKHU�GLVMRLQW� IURP� ;� RU�PHHWV� ;� LQ� D� GLYLVRU��
:H� VXSSRVH�KHQFHIRUWK� WKDW� Q� � U� � H� ��� 7KHQ� <� LV� FRQQHFWHG�� VR� WR�VKRZ�
WKDW� ;�  �<� ��LW�LV�HQRXJK�WR�SURYH�WKDW� ;�Q�;
� ��� ��
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7R�WKLV�HQG�� REVHUYH�WKDW�WKH�GLIIHUHQWLDOV�RI�WKH� 6L� GHWHUPLQH�LQ�WKH�QDWXUDO�
ZD\�D�PDS�

X��	[���G-��(%ÂÂÂ� (%�	[���GH�����1� ��
ZKHUH� 1� LV� WKH�FRQRUPDO�EXQGOH�WR� ;� LQ� ,W��6LQFH�WKH� 6L� JHQHULFDOO\�JHQHU�
DWHG� �I[�� X� LV� LQMHFWLYH�FRQVLGHUHG�DV� D� KRPRPRUSKLVP�RI�FRKHUHQW�VKHDYHV��
)XUWKHUPRUH�� FRNHU�X� LV� VXSSRUWHG�RQ� ;�Q�;
��� &RPSXWLQJ�ILUVW�&KHUQ�FODVVHV��
LW�IROORZV� WKDW� ;� Q�;
� LV� VXSSRUWHG�RQ�D�GLYLVRU�LQ�WKH�OLQHDU�VHULHV�

,GHW1�	[�G-��ÂÂÂ�GH��� � O	[�G-��������GH �U����.�,Â�
,Q�YLHZ�RI���� ��WKLV�LPSOLHV�WKDW�WKH�OLQHDU�VHULHV�LQ�TXHVWLRQ�LV�WULYLDO��DQG�KHQFH�
WKDW� X� LV�DQ�LVRPRUSKLVP�� 7KHUHIRUH� ;�Q�;
� � �� ��DQG�ZH� DUH�GRQH�� ��

5HPDUN�� 7KH�DVVHUWLRQ�RI�WKH�FRUROODU\�UHPDLQV�WUXH� LI�GLP;� � 2�� :H� OHDYH�
LW�WR� WKH� LQWHUHVWHG� UHDGHU�WR�PDNH�WKH�QHFHVVDU\�FKDQJHV� WR�WKH�DUJXPHQW�MXVW�
JLYHQ��

3URSRVLWLRQ���DOVR�OHDGV�WR�D�TXLFN�SURRI�RI�D�VOLJKW�JHQHUDOL]DWLRQ�RI�D� WKHR�
UHP�RI�0XPIRUG�>%0@� ERXQGLQJ�WKH�UHJXODULW\�RI�;� LQ�WHUPV�RI�LWV�GHJUHH��

&RUROODU\������ $VVXPH�WKDW� ;F�,3
U� LV�D�VPRRWK�YDULHW\�RI�GHJUHH� G��GLPHQVLRQ�
Q��DQG�FRGLPHQVLRQ� H� � U�� Q�� 6HW� F� �PLQ^H��Q����`�� 7KHQ�

+L�O3
U�� �I[�N��� � �� IRU� L�"� ��DQG�N� "� F�G�� ���� Q��

5HPDUN�� 0XPIRUG
V�UHVXOW�LV� WKH�VWDWHPHQW�WKDW� +L�O3
U�� �I[�N��� ��� IRU� L"���
DQG� N"��Q������G�� ��� � Q� � �Q������G�� �������� :KHQ� ;� LV�QRQGHJHQHUDWH��
RQH�KRSHV�WKDW�LQ�IDFW� WKH�VWDWHG�YDQLVKLQJ�KROGV�DV�VRRQ�DV� N� "� G���Q�� U���DW�
OHDVW�ZKHQ� U"��Q������EXW�WKLV�LV�RQO\�NQRZQ�ZKHQ� GLP;����� >*/3��3��/W��
5�@��

3URRI�RI�&RUROODU\� ����� :KHQ� U� "� �Q������ LW� LV� HQRXJK� WR� SURYH� WKH� VWDWHG�
YDQLVKLQJ�IRU�WKH�HPEHGGLQJ�;F��3
�Q�-� REWDLQHG�E\�WDNLQJ�D�JHQHUDO�SURMHFWLRQ�
WR� �3
�Q�-�� 7KHUHIRUH�ZH�PD\�DVVXPH� WKDW� U� �Q���F�� %XW�UHFDOO� WKDW�LI�;� KDV�
GHJUHH� G�� WKHQ� ;� LV� VFKHPH�WKHRUHWLFDOO\�FXW�RXW� LQ� ,3
U� E\�K\SHUVXUIDFHV� RI�
GHJUHH� G� �FI�� >0'��+HQFH�WKH�FRUROODU\�IROORZV� IURP�3URSRVLWLRQ� ��� ��

5HPDUN�� 2EVHUYH�WKDW�WKH�SURRI�UHTXLUHV�RQO\�WKH�HDV\�FDVH� G -�  � ���� � GH�  � G�
RI�3URSRVLWLRQ� ���
:H�FRQFOXGH�WKLV�VHFWLRQ�E\�SURYLQJ�WKH��%DE\ORQLDQ�WRZHU��W\SH-� &RUROODU\�

��DQG�D�JHQHUDOL]DWLRQ�� $V�EHIRUH� ;� F� ,3
U� GHQRWHV�D�VPRRWK�LUUHGXFLEOH�SURMHF�
WLYH�YDULHW\�RI�GLPHQVLRQ� Q��GHJUHH� G� ��DQG�FRGLPHQVLRQ� H� � U�� Q��:H�DVVXPH�
WKDW� ;� F� ,3
U� LV�QRQGHJHQHUDWH�� L�H��� WKDW�LW� LV�QRW�FRQWDLQHG�LQ�DQ\�K\SHUSODQHV��
7KH� ILUVW� SRLQW� LV� DQ�HOHPHQWDU\� HVWLPDWH�IRU� WKH� QXPEHU�RI�JHQHUDWRUV� RI�WKH�
KRPRJHQHRXV�LGHDO�RI�D�&RKHQ�0DFDXOD\�YDULHW\��

,�5HVXOWV�RI�WKLV� VRUW�FDQ�EH� VHHQ�DV� DVVHUWLQJ�WKDW� ;� F� S
� LV� D�FRPSOHWH� LQWHUVHFWLRQ�SURYLGHG�
WKDW�LW�LV�WKH�K\SHUSODQH�VHFWLRQ�RI�D�VPRRWK�YDULHW\� ;,� &� S���� ��ZKHUH� ;,� LV�LQ�WXUQ�WKH�K\SHUSODQH�
VHFWLRQ�RI�D�VPRRWK�YDULHW\� ;��&�SU��� ��DQG�VR�RQ�LQGHILQLWHO\�D�VLWXDWLRQ�WKDW�LV�VXSSRVHG�WR�HYRNH�
WKH�LPDJH�RI�D�%DE\ORQLDQ�WRZHU��
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/HPPD������ $VVXPH�WKDW�;F@S�� DV�DERYH�LV�SURMHFWLYHO\�&RKHQ�0DFDXOD\�� 7KHQ�
WKH�KRPRJHQHRXV� LGHDO� ,� � ,[� RI�;� FDQ�EH�JHQHUDWHG�E\� H�G�� ��� � P�JHQHU�
DWRUV��
3URRI�� 6LQFH� WKH� KRPRJHQHRXV� FRRUGLQDWH� ULQJ� RI� ;� LV� &RKHQ�0DFDXOD\�� ZH�
FDQ�PRG�RXW�E\�D� UHJXODU�VHTXHQFH�ZLWKRXW�FKDQJLQJ�WKH�QXPEHU�RI�JHQHUDWRUV�
RI� ,� ��7KHUHIRUH�WKH�OHPPD�UHGXFHV�WR�WKH�IROORZLQJ�DVVHUWLRQ��

������
/HW�9� EH� D� YHFWRU� VSDFH� RI�GLPHQVLRQ� H�� DQG� OHW� ,� F� 6�  �
6\P��9�� EH�D�KRPRJHQHRXV�LGHDO�RI�FR�GLPHQVLRQ� G��JHQHUDWHG�
E\�HOHPHQWV�RI�GHJUHHV� ���VR� WKDW�WKH�JUDGHG� ULQJ� 5�  � 6���,�
LV�$UWLQLDQ�RI�OHQJWK� G��/HW� &� � 6���6��� GHQRWH�WKH�UHVLGXH�ILHOG�
RI�6� DW�WKH�LUUHOHYDQW�PD[LPDO�LGHDO�� 7KHQ� GLPH� �5���

�

%XW�WKLV�IROORZV�HDVLO\�IURP�WKH�IDFW� �FI�� >*@�� WKDW�RQH�FDQ�FRPSXWH�WKH� 7RU� LQ�
TXHVWLRQ�DV� WKH�KRPRORJ\�DW�WKH�PLGGOH�WHUP�RI�WKH�.RV]XO�W\SH�FRPSOH[��

$ �9�O�5����9�O�5���5��

,QGHHG��WKH�PDS�RQ�WKH�ULJKW�KDV� UDQN� H���DQG�FKRRVLQJ�DQ�HOHPHQW�RI�5� JLYHV�
DQ�HPEHGGLQJ� $ �9� &� NHU^9��O��5� ����5`�� ��

5HPDUN�� ,Q�WKH�VLWXDWLRQ�RI�WKH�OHPPD��OHW� 5� EH�WKH�KRPRJHQHRXV�FRRUGLQDWH�
ULQJ�RI�;�� $�VLPLODU�DUJXPHQW�VKRZV� WKDW�WKH� NWK�PRGXOH�RI�V\]\JLHV� RI� ,[�
KDV� �=��G�� ���� PLQLPDO�JHQHUDWRUV�� 0RUHRYHU�WKLV�LV� VKDUS�LI�;� LV�D�
YDULHW\�RI�PLQLPDO�GHJUHH��

&RUROODU\������ .HHSLQJ�QRWDWLRQ� DV� DERYH�� DVVXPH�WKDW� G� U���H�� 7KHQ� ;� LV�
D� FRPSOHWH� LQWHUVHFWLRQ�� ,I�Q� ��U� � ������ WKHQ� ;� LV� D�FRPSOHWH� LQWHUVHFWLRQ�
SURYLGHG�WKDW� G� U���H���
3URRI�� 5HFDOO�DJDLQ�WKDW�LI�;� F@S�� KDV�GHJUHH� G��WKHQ� ;� LV� VFKHPH�WKHRUHWLF�
DOO\�GHILQHG�E\�K\SHUVXUIDFHV�RI�GHJUHH� G� �FI�� >0@���7KHUHIRUH� ;� LV�SURMHFWLYHO\�
&RKHQ�0DFDXOD\�RQFH� GH� U� WKDQNV�WR�&RUROODU\���� ,Q�WKLV� FDVH�� /HPPD�����
LPSOLHV�WKDW� ;� LV�FXW�RXW�E\� HG� HTXDWLRQV�� %XW�DFFRUGLQJ�WR�D�UHVXOW�RI�)DOW�
LQJV�>)��6DW]��@��LI�;� F� @S�� LV�FXW�RXW�VFKHPH�WKHRUHWLFDOO\�E\� N� U���� HTXDWLRQV��
WKHQ� ;� LV� D� FRPSOHWH�LQWHUVHFWLRQ�� 7KH�ILUVW� DVVHUWLRQ�RI�WKH�FRUROODU\�IROORZV��
)RU�WKH�VHFRQG��ZH�LQYRNH�DQ�H[WHQVLRQ�RI�)DOWLQJV
V�WKHRUHP�E\�1HWVYHWDHY�>1@��
ZKR�VKRZV�WKDW�LW�LV�HQRXJK�WR�DVVXPH� N� Q� SURYLGHG�WKDW� Q� ��U� ������ ��

5HPDUN�� ,Q�RUGHU�WR�XQGHUVFRUH�WKH�IXQGDPHQWDOO\�HOHPHQWDU\�QDWXUH�RI�&RURO�
ODU\����ZH�ZLVK�WR�HPSKDVL]H�WKDW�WKH�TXRWHG�WKHRUHP�RI�)DOWLQJV�LV�TXLWH�TXLFN�
WR�SURYH�� 2EVHUYH�DOVR�WKDW�ZH�KDYH�DJDLQ�RQO\�XVHG�WKH�FDVH� G�� � ���� � GH�  � G�
RI�3URSRVLWLRQ���� 1RWH�DOVR�WKDW�ZH�KDYH�QRW�XVHG�WKH�IXOO�VWDWHPHQW�RI�/HPPD�
����� 'RLQJ� VR� OHDGV� WR� D� VOLJKWO\� EHWWHU� LQHTXDOLW\� LQ�&RUROODU\� ����� ZKLFK�ZH�
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OHDYH� WR�WKH� UHDGHU�WR�IRUPXODWH�� :H� UHPDUN�WKDW�)DOWLQJV
V�WKHRUHP�LV� XVHG�LQ�
D�VLPLODU�FRQWH[W�LQ�)OHQQHU
V�SDSHU�>),�@��

��� 1250$/�*(1(5$7,21�2)�$'-2,17� %81'/(6�

7KLV�VHFWLRQ�LV� GHYRWHG�WR�3URSRVLWLRQ���RI�WKH�LQWURGXFWLRQ�DQG�VRPH�YDUL�
DQWV�� 7KURXJKRXW�� ;� LV� D�VPRRWK�SURMHFWLYH�YDULHW\�RI�GLPHQVLRQ� Q� DQG� $� LV�
D�YHU\�DPSOH�OLQH�EXQGOH�RQ� ;� ��)L[�QHI�OLQH�EXQGOHV� %DQG�&� RQ�;��DQG�IRU�
DQ\�LQWHJHUV� N��P��SXW�

0N .[�$N�%� DQG� 1P .[�$P�&��

:H�GHQRWH�E\�3,
� 3��� ;� [�;� � ;� WKH�WZR�SURMHFWLRQV��

/HPPD������ 7KH�GLDJRQDO�GH�;� [�;� LV�FXW�RXW�VFKHPH�WKHRUHWLFDOO\�E\�VHFWLRQV�
RI�/ �3,�$��3��$��
3URRI�� 7KH� HPEHGGLQJ� ;� &� �3�� GHILQHG�E\� $� JLYHV� ULVH� WR� DQ� LQFOXVLRQ� ;� [�
;� &� �3�� [� �3�� �� DQG� G [�  � GO���Q��;�[�;��� 7KHUHIRUH� LW�LV� HQRXJK� WR� SURYH� WKDW�
GOO�� &� �3�� [��3�� LV�GHILQHG�E\�VHFWLRQV�RI� �����
��� %XW�WKLV�LV�HOHPHQWDU\�� ��

3URRI�RI�3URSRVLWLRQ���� :H�XVH�WKH�WLPH�KRQRUHG�GHYLFH�RI�UHGXFLQJ�WKH�TXHVWLRQ�
WR�D�YDQLVKLQJ�RQ� ;� [�;� �� 6SHFLILFDOO\�� FRQVLGHU�RQ� ;� [�;� WKH�H[DFW�VHTXHQFH�

�� �3O��0N����S���1P� � �3,�0N����3���1P�� 0N���1POG�� 2��

7KH�PXOWLSOLFDWLRQ�PDS� +2�;��0N ����+2�;��1P��� +2�;��0N���1P�� LV�MXVW�
WKH�KRPRPRUSKLVP�RQ�JOREDO�VHFWLRQV�LQGXFHG�E\�WKH�UHVWULFWLRQ�WR� G��&RQVH�
TXHQWO\�LW�LV�HQRXJK�WR�SURYH�WKDW�+,�;[;���3,��0N��3���  � ��ZKHQ�
N�� P� ������ Q���,�� %XW� WKLV� IROORZV� IURP�7KHRUHP� ���� DSSOLHG� WR� WKH�HPEHGGLQJ�
GH�;� [�;� ZLWK� /� ��3,��$����3���$�� ,Q�IDFW��

�3,�0N����3��1P� � .[[[��/Q��'��

ZKHUH� '� � �3 ,���$N� Q���%�����3����$P� Q���&���1RZ� /� LV�FHUWDLQO\�EDVH�SRLQW�
IUHH�� DQG� '� LV� DPSOH� SURYLGHG� WKDW� N��P� ������ Q������ 7KHUHIRUH� WKH� UHTXLUHG�
YDQLVKLQJ�IROORZV� IURP�7KHRUHP� ���� DQG�/HPPD����� ��

9DULDQW������ :LWK� DVVXPSWLRQV�DV�DERYH�� WKH�PXOWLSOLFDWLRQ�PDS�

�� �� ��+� �;��0N����+� �;��1P��� +� �;��0N���1P��

LV� VXUMHFWLYH�DV� VRRQ� DV� N��P� ������ Q� XQOHVV� �;��$�� � �,3
Q� �� ,Q� WKLV� FDVH��
VXUMHFWLYLW\�IDLOV� LI�HLWKHU� %� RU� &� LV� WULYLDO��
6NHWFK�RI�SURRI�� 5DWKHU�WKDQ�WU\LQJ�WR�SXW�WKLV�LQ�D�JHQHUDO�VHWWLQJ�� LW�LV� HDVLHVW�
LQ� WKH� FDVH� DW�KDQG�WR� VLPSO\�JLYH� D�PRGLILFDWLRQ�RI�WKH� DUJXPHQW�RI�5HPDUN�
�����DERYH�� &RQVLGHU�WKH�EORZLQJ�XS� I��3� � %,� �;�[�;�� � ;� [�;� RI�;� [�;�
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DORQJ� WKH�GLDJRQDO�� /HW� (� F� 3� GHQRWH� WKH� H[FHSWLRQDO� GLYLVRU�� DQG�VHW� +�  �
���3O��$��� �3���$����(���0XFK�DV� LQ�5HPDUN� �����WKH�UHTXLUHG�YDQLVKLQJ�RI�
+��3�����3O�0N��3��1P ���(��� IRU� N��P� Q� ZLOO�IROORZ�IURP�.DZDPDWD�
9LHKZHJ�DV�VRRQ�DV�ZH� SURYH�
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K�P��5�0N
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ZKHQ� N��P� Q����� �FI�� >:�@��� %XW�WKLV�IROORZV� DV�DERYH� IURP� WKH�FDVH� D� � ��
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RI� -���� 1HHGOHVV� WR� VD\�� WKH� VDPH� DUJXPHQW� JLYHV� D� VXUMHFWLYLW\� VWDWHPHQW� LQ�
WKLV�FRQWH[W�DV�ZHOO��
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