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,QWURGXFWLRQ�
2�� 1RWDWLRQ�DQG�FRQYHQWLRQV�
��� .DZDPDWD�9LHKZHJ�YDQLVKLQJ�DQG�5HLGHU
V�WKHRUHP�
��� $�WKHRUHP�RI�5HLGHU�W\SH�IRU� 4�GLYLVRUV�RQ�D�VXUIDFH�
��� 0DLQ�WKHRUHP�� VWDWHPHQW�DQG�VHW�XS�RI�SURRI�
��� 7KH�FDVH�RI�DQ�H[FHSWLRQDO�PLQLPL]LQJ�FRPSRQHQW�
��� 1RQH[FHSWLRQDO�PLQLPL]LQJ�FRPSRQHQWV�
��� )XMLWD
V�FRQMHFWXUH�RQ�JOREDO�JHQHUDWLRQ�

5HIHUHQFHV�

,1752'8&7,21�

7KH�SXUSRVH�RI�WKLV�SDSHU�LV�WR�VKRZ�KRZ�WKH�FRKRPRORJLFDO�WHFKQLTXHV�GH�
YHORSHG�E\�.DZDPDWD�� 5HLG�� 6KRNXURY�� DQG�RWKHUV�OHDG�WR�VRPH�HIIHFWLYH� DQG�
SUDFWLFDO�UHVXOWV�RI�5HLGHU�W\SH�RQ�IUHHQHVV�RI�OLQHDU�VHULHV�RQ�VPRRWK�FRPSOH[�
SURMHFWLYH�WKUHHIROGV��
,Q� UHFHQW� \HDUV�� WKHUH� KDV� EHHQ� D� JUHDW� GHDO� RI�LQWHUHVW� LQ� WKH� JHRPHWULF�

SURSHUWLHV�RI�SOXULFDQRQLFDO�DQG�DGMRLQW�OLQHDU�V\VWHPV�RQ�VXUIDFHV�DQG�KLJKHU�
GLPHQVLRQDO�YDULHWLHV�� $PRQJ�RWKHU�WKLQJV��RQH�ZDQWV�WR�XQGHUVWDQG�DV�H[SOLF�
LWO\�DV�SRVVLEOH�ZKHQ�WKH�V\VWHPV�LQ�TXHVWLRQ�DUH�EDVH�SRLQW�IUHH�RU�YHU\�DPSOH��
0RGHP�ZRUN� LQ� WKLV� DUHD�JRHV� EDFN� WR� .RGDLUD� >.RG�� DQG�%RPELHUL� >%PE���
ZKR� VWXGLHG�SOXULFDQRQLFDO�PDSV�RI�VXUIDFHV� RI�JHQHUDO� W\SH�� 0RUH� UHFHQWO\��
PDQ\�RI�WKHLU�UHVXOWV�KDYH�HPHUJHG�DV�VSHFLDO�FDVHV�RI�D�FHOHEUDWHG�WKHRUHP�RI�
5HLGHU�>5GU��� 5HLGHU�XVHV�YHFWRU�EXQGOH�WHFKQLTXHV�WR�VKRZ�WKDW�� LI�%� LV�D�QHI�
OLQH�EXQGOH�RQ�D�VXUIDFH� ;� VXFK�WKDW� %�� ����WKHQ� .�[���%� LV�JOREDOO\�JHQHU�
DWHG�XQOHVV� WKHUH�H[LVW�FHUWDLQ�VSHFLDO�FXUYHV� &� F� ;� VXFK� WKDW� %Â�&� ���KH�
DOVR�REWDLQV�DQDORJRXV�FULWHULD�IRU� .�[���%� WR�EH�YHU\�DPSOH�� $�FRKRPRORJLFDO�
DSSURDFK�WR�WKHVH�WKHRUHPV��EDVHG�RQ�0L\DRND
V�YDQLVKLQJ�WKHRUHP�IRU�=DULVNL�
GHFRPSRVLWLRQV��ZDV�JLYHQ�E\�6DNDL�>6DN����

5HFHLYHG�E\�WKH�HGLWRUV�6HSWHPEHU����� ������
����� 0DWKHPDWLFV�6XEMHFW�&ODVVLILFDWLRQ�� 3ULPDU\���)��6HFRQGDU\���)��
7KH�ILUVW�DXWKRU�ZDV�SDUWLDOO\�VXSSRUWHG�E\�16)�*UDQW�'06�����������
7KH�VHFRQG�DXWKRU�ZDV�SDUWLDOO\�VXSSRUWHG�E\�16)�*UDQW�'06�����������

����

�������$PHULFDQ�0DWKHPDWLFDO�6RFLHW\�
������������� ��������6���� SHU�SDJH�
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,Q� KLJKHU� GLPHQVLRQV�� QDWXUDOO\� HQRXJK�� PXFK� OHVV� LV� NQRZQ�� )RU� DGMRLQW�
OLQHDU�VHULHV�� D�IDPRXV�FRQMHFWXUH�RI�)XMLWD�>)XM��@� DVVHUWV�WKDW�LI�/� LV�DQ�DPSOH�
EXQGOH�RQ�D�VPRRWK�SURMHFWLYH�YDULHW\� ;� RI�GLPHQVLRQ� Q��WKHQ� .[����Q���O�/�
LV�EDVH�SRLQW�IUHH� DQG� .[����Q�����/� LV�YHU\�DPSOH�� )RU�VXUIDFHV� WKLV� IROORZV�
IURP�5HLGHU
V� WKHRUHP�� EXW�LQ�JHQHUDO� LW�VWLOO� VHHPV�RXW�RI�UHDFK�� +RZHYHU� LQ�
D� UHDO� EUHDNWKURXJK�'HPDL�O\� >'HP@� LQWURGXFHG� VRPH�EHDXWLIXO� QHZ� DQDO\WLF�
LGHDV�OHDGLQJ�WR�WKH�ILUVW�H[SOLFLW�FRQGLWLRQV�WR�JXDUDQWHH�WKDW� .�[���/� LV�JOREDOO\�
JHQHUDWHG�RU�YHU\�DPSOH�� +LV�VWDWHPHQW�LQYROYHV�WKH�LQWHUVHFWLRQ�QXPEHUV�RI�/�
ZLWK�VXEYDULHWLHV�RI�;� DQG�D�FRQVWDQW�LQ�HIIHFW�PHDVXULQJ��ZLWK�UHVSHFW�WR� /��
WKH�FXUYDWXUH�RI�;��+H�GHGXFHV�IRU�LQVWDQFH�WKDW� �.[�����QQ/� LV�YHU\�DPSOH�
DV�VRRQ�DV� /� LV�DPSOH�� ,Q�D�VRPHZKDW�GLIIHUHQW�GLUHFWLRQ��2JXLVR�>2J@� UHFHQWO\�
SURYHG�WKDW�LI�/� LV�DQ�DPSOH�OLQH�EXQGOH�RQ�D�&DODEL�<DX�WKUHHIROG� ;� �VR�WKDW�
.[� �	[�
�WKHQ� ��/� LV�JOREDOO\�JHQHUDWHG�DQG� ��/� LV�YHU\�DPSOH��
&RQFHUQLQJ�SOXULFDQRQLFDO� VHULHV�� .DZDPDWD� >.@� DQG�6KRNXURY� >6@� SURYHG�

WKDW� LI� ;� LV� D� VPRRWK�PLQLPDO� SURMHFWLYH�YDULHW\� RI�JHQHUDO� W\SH� �VR� .�[� LV�
QXPHULFDOO\�HIIHFWLYH���WKHQ�	[�P.[�� LV�JOREDOO\�JHQHUDWHG�IRU�DOO� P�ª�2�� )RU�
WKUHHIROGV��%HQYHQLVWH�>%HQ@� VKRZHG�WKDW�RQH�FDQ�WDNH� P� ����DQG�5HLG�>5G@�
DOVR�REWDLQHG�VRPH�H[SOLFLW�VWDWHPHQWV��VHH�DOVR� >0DW@��� ,Q�WKH�VLWXDWLRQ�RI�WKH�
WKHRUHP�RI�.DZDPDWD�6KRNXURY�� DQRWKHU�FRQMHFWXUH� RI�)XMLWD� >)XM�@� SUHGLFWV�
WKDW� ,�P.�[�,�LV� IUHH�DV� VRRQ�DV� P� Q������7KH�SURRIV�RI�WKH�NQRZQ�UHVXOWV� UH�
YROYH�DURXQG�WKH�.DZDPDWD�9LHKZHJ�YDQLVKLQJ�WKHRUHP�IRU� ,4�GLYLVRUV�� 7KHVH�
FRKRPRORJLFDO�WHFKQLTXHV�ZHUH�GHYHORSHG�E\�.DZDPDWD�� 5HLG�� 6KRNXURY�� DQG�
RWKHUV� LQ�FRQQHFWLRQ�ZLWK� WKH�PLQLPDO�PRGHO� SURJUDP� LQLWLDWHG�E\�0RUL�� :H�
UHIHU�WKH� UHDGHU�WR� >&.0@� RU�>.00@� IRU� DQ�RYHUYLHZ�DQG�IXUWKHU� UHIHUHQFHV��
2XU�RZQ�LQWHUHVW�LQ�WKHVH�TXHVWLRQV�JUHZ�RXW�RI�WKH�REVHUYDWLRQ�WKDW�RQH�FRXOG�
XVH� WKH� DSSURDFK� RI�.DZDPDWD�5HLG�6KRNXURY� WR� SURYH� VSHFLDO� FDVHV� RI�5HL�
GHU
V� WKHRUHP�� :H�ZLOO� JLYH� WKH�DUJXPHQW� LQ� ����� .ROODU� >.R,�@� WKHQ� VKRZHG�
WKDW�RQH�FRXOG�XVH� WKHVH�PHWKRGV�WR�JLYH�H[SOLFLW�HVWLPDWHV�� LQ�WKH�VSLULW�RI�'H�
PDLOO\�� LQ� DOO� GLPHQVLRQV�� +LV� UHVXOWV� LPSO\�� IRU� LQVWDQFH�� WKDW� RQ� D� VPRRWK�
PLQLPDO� Q�IROG�RI�JHQHUDO�W\SH�� ���Q������Q������.[O� LV�EDVH�SRLQW�IUHH�DQG�WKDW�
+2�;��.[���P%��  I��� �� ZKHQ� P� !� �QLO�� IRU� D�ELJ�DQG�QHI�OLQH�EXQGOH� %� RQ�
DQ\�VPRRWK� Q�IROG� ;��
:KLOH�WKH�H[LVWLQJ�HIIHFWLYH�VWDWHPHQWV�DUH�YHU\�LQWHUHVWLQJ�IURP�D�WKHRUHWLFDO�

SRLQW�RI�YLHZ��PRVW�RI�WKH�FRQVWDQWV�WKDW�DSSHDU�DUH�YHU\�ODUJH�� 6R� LW�LV� QDWXUDO�
WR�DVN�ZKHWKHU�RQH�FDQ�REWDLQ�UHVXOWV�RI�D�PRUH��SUDFWLFDO��QDWXUH�� LQ�WKH�VSLULW�
RI�5HLGHU
V� ZRUN� RU�)XMLWD
V� FRQMHFWXUHV�� ,Q� WKH� SUHVHQW� SDSHU� ZH� GHDO� RQO\�
ZLWK� JOREDO� JHQHUDWLRQ�RQ�WKUHHIROGV�� EXW�ZH� DLP� IRU� VWDWHPHQWV�ZKLFK�� ZKLOH�
JHQHUDOO\�QRW�RSWLPDO��DUH�DW�OHDVW�LQ�WKH�ULJKW�EDOOSDUN��
:H�VWDUW�ZLWK�DQ�DQDORJXH�RI�5HLGHU
V�7KHRUHP��

7KHRUHP� ��� /HW� %� EH� D� ELJ� DQG�QHI�GLYLVRU� RQ� D� VPRRWK� FRPSOH[�SURMHFWLYH�
WKUHHIROG� ;��DQG�OHW� [� (�;� EH�D�IL[HG�SRLQW�� $VVXPH�WKDW� %�� ��� DQG�

%� ��&� �� <�FXUYHV�&�F�;� ZLWK�&��� [��
%�� ��6� �� <�VXUIDFHV�6H;�ZLWK�6��� [��

7KHQ� .�[���%� LV�IUHH�DW� [��L�H��� 	[�.�[���%�� KDV�D�VHFWLRQ�ZKLFK�LV�QRQYDQLVKLQJ�
DW� [��0RUHRYHU�� LI�%��ª���H�J��� %�� ������� WKHQ� WKH�VDPH�FRQFOXVLRQ�KROGV�
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ZLWK� WKH�VHFRQG�LQHTXDOLW\�UHSODFHG�E\� %�� ��6� ����

2QH�FDQ�XVH� @3
�� EXQGOHV�RYHU�D�FXUYH�WR�VHH�WKDW�� LI�WKHUH�DUH�FXUYHV� &� ZLWK�
%� ��&� ����� �� DQG� VXUIDFHV� 6� ZLWK� %�� ��6� ����� ��� WKHQ� LW� FDQ� KDSSHQ� WKDW� %�� LV�
DUELWUDULO\�ODUJH�EXW�+2�;��	
[�.[���%��� �2�� 7KHRUHP� ,� LV�GHGXFHG�IURP�WKH�
IROORZLQJ�PRUH�JHQHUDO�QXPHULFDO�FULWHULRQ��LQ�WHUPV�RI�WKH�LQWHUVHFWLRQ�QXPEHUV�
%�� �� %���6��DQG� %Â�&��IRU�	
[�.�[���%�� WR�EH�IUHH� DW�D�SRLQW� [� ��
7KHRUHP� �
�� ,Q� WKH� VLWXDWLRQ� RI�7KHRUHP� ,�� VXSSRVH� WKDW� �������
� ���� !��� DUH�
UDWLRQDO�QXPEHUV�VXFK� WKDW� %�� !�2�W� !��� �� %���6�!�2�L�� DQG� %Â�&�!����� IRU�DOO�
VXUIDFHV� 6� 
�� [� DQG�FXUYHV� &� 
�� [�� ,I�

^� ����� Q���� `�
���� PD[� ��� B� ,� 
� ���� ���� � ��

WKHQ� .�[���%� LV�IUHH�DW� [��
:KHQ� �����%������� RQH�FDQ�XVH� WKLV�WR�JHW�RWKHU�VWDWHPHQWV�RI�5HLGHU�W\SH�

E\�UHTXLULQJ� %Â�&� DQG� %���6� WR�EH�ODUJHU��
$V� DQ�LPPHGLDWH�FRQVHTXHQFH�RI�7KHRUHP� ,��ZH� REWDLQ��

&RUROODU\���� /HW� /� EH�DQ� DPSOH�OLQH�EXQGOH�RQ� WKH�VPRRWK�SURMHFWLYH� WKUHHIROG�
;�� 7KHQ� .�[����/� LV�JOREDOO\�JHQHUDWHG�� ,I�/��� �� WKHQ� .�[����/� LV�IUHH�� DQG�
LI�/�� �� WKHQ� .[����/� LV�IUHH��
$JDLQ� WKH�H[DPSOH�RI� @3
�� EXQGOHV� RYHU� D� FXUYH� VKRZV� WKDW� WKHUH� FDQ�EH� QR�

QXPHULFDO� K\SRWKHVLV� RQ� /��� WR� IRUFH� .�[����/� WR� EH� IUHH�� 1RWH� WKDW� LQ� WKH�
VHWWLQJ�RI�)XMLWD
V�FRQMHFWXUH�� ZKHUH� %�  ��/��DOO
WKH� LQHTXDOLWLHV� LQ�7KHRUHP�
��
�KROG� H[FHSW� IRU� ���� ��������� � ����ZKLFK�MXVW�IDLOV�� :LWK� VRPH� DGGLWLRQDO�
DUJXPHQW�ZH� RYHUFRPH�WKLV�GLIILFXOW\�DQG�GHGXFH�WKH�RSWLPDO�VWDWHPHQW��

&RUROODU\��
�� ,I�/� LV�DPSOH�� WKHQ� LQ�IDFW� .[����/� LV�JOREDOO\�JHQHUDWHG��
7KHRUHP��
� LV�LQ�WXP�D�FRQVHTXHQFH�RI�D�PRUH�JHQHUDO�UHVXOW� �7KHRUHP������

ZKLFK� DOVR� DSSOLHV� LQ� WKH� VHWWLQJ�RI�.DZDPDWD
V� EDVH�SRLQW�IUHH� WKHRUHP�� DQG�
ZH� ILQG��

7KHRUHP� ��� /HW� ;� EH� D� VPRRWK� PLQLPDO�SURMHFWLYH� WKUHHIROG�RI�JHQHUDO� W\SH��
L�H��� DVVXPH�WKDW� .�[� LV� QHI�DQG�ELJ�� 7KHQ� 	
[�P.�[�� LV�JOREDOO\�JHQHUDWHG�IRU�
P� ��� ,I�.L�!��� WKHQ� 	
[��.[�� LV�IUHH�� DQG�LI�.L�!���� WKHQ� 	
[��.[�� LV�
IUHH��

7KH� WKHRUHP� LPSURYHV� WKH� UHVXOW� RI�%HQYHQLVWH� PHQWLRQHG� DERYH�� $JDLQ�
RQH�VKRXOG�FRPSDUH�ZLWK�)XMLWD
V�SUHGLFWLRQ� WKDW� 	
[��.[�� LV� DOZD\V� JOREDOO\�
JHQHUDWHG�� 6LPLODUO\��

3URSRVLWLRQ���� /HW� %� EH�D�ELJ�DQG�QHI�OLQH�EXQGOH�RQ�D�VPRRWK�SURMHFWLYH�WKUHH�
IROG� ;� VXFK� WKDW� .[���%� LV�ELJ�DQG�QHI� 7KHQ� WKH�OLQHDU�V\VWHP� ,P�.[���%�,�
LV�EDVH�SRLQW�IUHH�ZKHQ� P� ����

2QH�FDQ�REWDLQ�DQDORJRXV�VWDWHPHQWV�ZKHQ� .�[���%� LV� QHI�EXW�QRW�ELJ��
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:H�H[SHFW�WKDW�WKH�WHFKQLTXHV�RI�WKH�SUHVHQW�SDSHU�FDQ�DOVR�EH�XVHG�WR�REWDLQ�
FULWHULD�IRU�DGMRLQW�EXQGOHV� .�[���%� WR�EH�YHU\�DPSOH��DOWKRXJK�LW�VHHPV�WKLV�LV�
QRW�FRPSOHWHO\�IRUPDO��DQG�WKDW�VRPH�RIWKH�UHVXOWV�FDQ�EH�H[WHQGHG�WR�WKUHHIROGV�
ZLWK�PLOG�VLQJXODULWLHV�� :H�KRSH�WR�UHWXUQ�WR�WKHVH�PDWWHUV�HOVHZKHUH�� +RZHYHU��
WKH�SURRI�RI�RXU�PDLQ�UHVXOW�LV�DOUHDG\�UDWKHU�ORQJ��DQG�ZH�WKRXJKW�LW�D�NLQGQHVV�
WR�ERWK�WKH�UHDGHU�DQG�WKH�DXWKRUV�WR�SUHVHQW�LW�DV�LV��
,W�PD\�EH�XVHIXO�WR�VD\�D�IHZ�ZRUGV�DERXW�WKH�VWUDWHJ\�IRU�SURGXFLQJ�VHFWLRQV�

RI� .�[���%��ZKLFK� LQ� PDQ\� UHVSHFWV� IROORZV� WKH� SURRI�RI�6KRNXURY
V� 1RQ�
9DQLVKLQJ�7KHRUHP� >6@�� +DYLQJ� IL[HG� D� SRLQW� [� (;��D� ORZHU� ERXQG� RQ� %��
DOORZV�XV�WR�FRQVWUXFW�D�GLYLVRU�'(�,Q%,� ZLWK�KLJK�PXOWLSOLFLW\�DW� [��%ORZ�XS�
[���DQG�WKHQ�WDNH�DQ�HPEHGGHG�UHVROXWLRQ� I��<� ;� RI�'��7KH�DUJXPHQW�RI�
.DZDPDWD�5HLG�6KRNXURY�JLYHV�D�VPRRWK�GLYLVRU� (� F� <� ZLWK� [� (� I�(�� VXFK�
WKDW�WKH�UHVWULFWLRQ�PDS�
�
�� +2�\�� @�.[���%��� 1�� +2�(�� �I
�.[���%��� 1�� ,�(��
LV�VXUMHFWLYH��ZKHUH� 1� F�<� LV�D�GLYLVRU�ZLWK�1QI� ��[�� �����)RU�WKH�H[SHUWV��
ZH� LJQRUH�KHUH� WKH�IDFW� WKDW� LQ�WKH�ILUVW� LQVWDQFH�RQH�PLJKW�KDYH� WR� WKURZ�LQ�D�
VXP�RI�H[FHSWLRQDO�FRPSRQHQWV��� 2QH� WKLQNV�RI�(� DV� DULVLQJ�IURP� WKH��PRVW�
VLQJXODU��ORFXV�RI�'��6R�ZH�DUH�UHGXFHG�WR�VKRZLQJ�WKDW�WKH�JURXS�RQ�WKH�ULJKW�
LQ� �
�� KDV�D�VHFWLRQ�ZKLFK�LV�QRQYDQLVKLQJ�DW�VRPH�SRLQW� \� (�I� ��[���
:H� GLVWLQJXLVK� WKUHH� FDVHV�� DFFRUGLQJ� WR�ZKHWKHU� GLP� I�(��  � ��� ���RU� ��

�FRPSDUH� >:�@��� ,Q� WKH� ILUVW� FDVH�� ZKLFK�ZRXOG� DULVH� LI�WKH�PXOWLSOLFLW\�RI�'�
ZHUH�PXFK�ODUJHU�DW� [� WKDQ�DW�QHLJKERULQJ�SRLQWV�� �I
��.�[���%��� 1�� ,�(�  � 	
(� 
�
DQG�VR�ZH�DUH�GRQH�� ,I�GLP� I�(�� � ����WKHQ�WKHUH�LV�D� ILEUDWLRQ� S� ��(� &� RI�
(� RYHU�D�VPRRWK�FXUYH� &� PDSSLQJ�WR� ;�� &KRRVH� 4�(�&� O\LQJ�RYHU� [� (;��
DQG�OHW� =�  � S�O�4��� 5RXJKO\� �EXW�QRW� OLWHUDOO\�� VSHDNLQJ�� WKH� LGHD� LV� WR� XVH�
.DZDPDWD�9LHKZHJ�YDQLVKLQJ�RQ� (� WR�VKRZ�WKH�VXUMHFWLYLW\�RI�

+2�(�� �@�.[�%��1��,�(�� +2�=�� �@�.[�%��1��,�=�� � +2�=��	
]���
VR� DJDLQ�ZH� ZRXOG�EH�GRQH�� )LQDOO\�� VXSSRVH� WKDW�GLP� I�(��  � ��� VR� WKDW� (�
PDSV�ELUDWLRQDOO\�WR�D�VXUIDFH�6H;��7R�D�ILUVW� DSSUR[LPDWLRQ�� WKH�JURXS�RQ�
WKH�ULJKW� LQ� �
�� DULVHV� DV� +2�(��.(���U�0
�� IRU� VRPH� DPSOH� 4�GLYLVRU�0�RQ�
(� ��7KH�LGHD�WKHQ�LV�WR�SURYH�D�5HLGHU�W\SH�WKHRUHP�IRU�VXFK�GLYLVRUV�DQG�DSSO\�
LW� WR� SURGXFH� WKH� UHTXLUHG� VHFWLRQ�� 8QIRUWXQDWHO\� WKHUH� DUH� VHYHUDO� WHFKQLFDO�
GLIILFXOWLHV�KHUH��DQG�LQ�IDFW�ZH�HQG�XS�ZRUNLQJ�RQ�D�VXUIDFH�EHWZHHQ� 6DQG�(���
$Q�HVVHQWLDO�UHPDUN�WKHQ�LV�WKDW� 6� KDV�DW�ZRUVW�D�FDQRQLFDO�VLQJXODULW\�DW� [��
7KH�SDSHU�LV�RUJDQL]HG�DV� IROORZV�� )RU�ZDUP�XS��ZH� VWDUW�LQ�����E\�VKRZLQJ�

KRZ�WKH�DSSURDFK�RI�.DZDPDWD�5HLG�6KRNXURY�OHDGV�WR�D�SURRI�RI�VRPH�RI�5HL�
GHU
V�UHVXOWV�� 2XU�LPSUHVVLRQ�LV�WKDW�WKHVH�PHWKRGV�DUH�QRW�ZHOO� NQRZQ�RXWVLGH�
WKH�FLUFOH�RI�H[SHUWV�� DQG�ZH� KRSH�WKDW�DQ�HOHPHQWDU\�FRQFUHWH�DSSOLFDWLRQ�ZLOO�
OHDG�WR�D�ZLGHU�DSSUHFLDWLRQ�RI�WKHLU�SRZHU�� �7KH� LGHDV�DUH�SDUWLFXODUO\�WUDQV�
SDUHQW�LQ�WKLV�VHWWLQJ�EHFDXVH�RQH�GRHV�QRW�KDYH�WR�SDVV�WR�QRUPDO�FURVVLQJV��� ,Q�
���ZH�SURYH�D�5HLGHU�W\SH�WKHRUHP�IRU� 4�GLYLVRUV�RQ�D�VXUIDFH��ZKLFK�PD\�EH�RI�
VRPH�LQGHSHQGHQW�LQWHUHVW�� 7KH�VWDWHPHQW�RI�WKH�PDLQ�7KHRUHP�����DSSHDUV�LQ�
����ZKHUH�ZH�DOVR�LQWURGXFH�WKH�VHW�XS�RI�WKH�SURRI�� 7KH�DUJXPHQW�LV�FRPSOHWHG�
LQ� ���� DQG� ��� ,Q� ��� ZH� LQGLFDWH� WKH�PRGLILFDWLRQV� QHFHVVDU\� WR� SURYH� &RURO�
ODU\��
��
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:H�KDYH�EHQHILWWHG�IURP�GLVFXVVLRQV�ZLWK�-��3�� 'HPDLOO\�-��/L�0��5HLG��*��
;X��DQG�HVSHFLDOO\�*��)HUQDQGH]�GHO�%XVWR�� 7KH�SKLORVRSK\�RI�KRZ�.DZDPDWD�
9LHKZHJ�YDQLVKLQJ�FDQ�DSSO\�WR�JLYH�VHFWLRQV�RI�.�[���%� ZDV�ILUVW� H[SODLQHG�WR�
XV�E\�+�� (VQDXOW�DQG�(�� 9LHKZHJ� LQ�FRQQHFWLRQ�ZLWK� D� OHFWXUH�E\� 6LX�� DQG�ZH�
WKDQN�WKHP�IRU�JHWWLQJ�XV�VWDUWHG�� :H� DUH�SDUWLFXODUO\�JUDWHIXO�WR�<��7�� 6LX�IRU�
KLV�NLQGQHVV� DQG�SDWLHQFH� LQ�H[SODLQLQJ� WR�XV� WKH�DQDO\WLF�YLHZSRLQW�RQ� WKHVH�
PDWWHUV�DQG�WKH�ZRUN�RI�'HPDLOO\�� )LQDOO\��ZH� WKDQN�-��.ROODU�IRU�FRPPHQWLQJ�
RQ�DQ�HDUO\�GUDIW�RI�WKLV�SDSHU�DQG�IRU�VKRZLQJ�XV�SUHOLPLQDU\�YHUVLRQV�RI�>.R,�@��

2�� 127$7,21�$1'�&219(17,216�
������ :H�ZRUN�WKURXJKRXW�RYHU�WKH�FRPSOH[�QXPEHUV� &��
������ ,I�;� LV�D�VPRRWK�YDULHW\�RI�GLPHQVLRQ� Q� �ZH�GHQRWH�E\� .�[� D�FDQRQLFDO�
GLYLVRU�RQ� ;��:H� VD\� WKDW�D�GLYLVRU� �RU�OLQH�EXQGOH�RU�OLQHDU�VHULHV�� %�LV�IUHH�
DW�D� SRLQW� [� (� ;� LI�	[�%�� KDV� D� VHFWLRQ�ZKLFK� LV� QRQYDQLVKLQJ� DW� [�� :H�
VD\�WKDW� %� LV�IUHH� �RU�EDVH�SRLQW�IUHH�RU�JOREDOO\�JHQHUDWHG�� LI�	[�%�� LV� IUHH� DW�
HYHU\� SRLQW�RI�;�� 5HFDOO� WKDW� %� LV� QXPHULFDOO\�HIIHFWLYH�RU�QHI�LI�%Â�&� ��� ��
IRU�DOO�FXUYHV� &�H;��,I�%� LV�QHI�� LW�LV� LQ�DGGLWLRQ�ELJ�LI�%Q�!�2�� 1RWH�WKDW�LI�
I��<��� ;� LV�D�JHQHULFDOO\�ILQLWH� VXUMHFWLYH�PDS�RI�SURMHFWLYH�YDULHWLHV�� DQG�LI�
%� LV�D�ELJ�DQG�QHI�GLYLVRU�RQ� ;��WKHQ� M
�%� LV�ELJ�DQG�QHI�RQ� <��
������ :H�UHYLHZ�WKH�FXVWRPDU\�QRWDWLRQ�FRQFHUQLQJ�4�GLYLVRUV�� *LYHQ�D�UDWLR�
QDO�QXPEHU�D��WKH�URXQG�XS� U�D
�RI�D� LV�WKH�OHDVW�LQWHJHU� ��� D���DQG�WKH�IUDFWLRQDO�
SDUW� ^D`� LV� D�� >D@� ��ZKHUH�DV�XVXDO� >D@� LV�WKH�LQWHJHU�SDUW�RU�URXQG�GRZQ�RI�D���
7KXV�� IRU� LQVWDQFH�� U���
� � >LO� � ^�`� � 2�� $� 4�GLYLVRU�RQ�DQ�DOJHEUDLF�YDULHW\�
;� LV�D�:HLO�GLYLVRU� '� � (�DM� ��' M� ZLWK� 4�FRHIILFLHQWV�� 7KH�JURXS�RI�DOO�VXFK�LV�
'LY4�;����DQG�JLYHQ�D�SULPH�GLYLVRU�(� RQ�;�� RUG(�'�� GHQRWHV�WKH�FRHIILFLHQW�
RI�(� LQ�'��$VVXPLQJ�WKDW�WKH� ' M� DUH�GLVWLQFW�SULPH�GLYLVRUV��WKH�URXQG�XS�RI�
'� LV� U�'
� �
/���DM 
��' M �� 7KH�IUDFWLRQDO�SDUW� ^'`� DQG�WKH�LQWHJUDO�SDUW� >'�� RI�'�
DUH�GHILQHG�VLPLODUO\�� ,I�DOO�WKH�' M� DUH�&DUWLHU��RU� 4�&DUWLHU��L�H���VRPH�PXOWLSOH�
RI�HDFK� LV�&DUWLHU��� WKHUH� LV� WKH�XVXDO� QRWLRQ�RI�QXPHULFDO� HTXLYDOHQFH�� ZKLFK�
ZH�GHQRWH�E\�   �� DQG�LW�PDNHV�SHUIHFWO\�JRRG�VHQVH�WR�VD\�WKDW� '� LV� DPSOH�� RU�
QHI�DQG�ELJ�� :H� UHIHU�WR� >&.0@�RU�>.00@� IRU�GHWDLOV��
������ 7KH�EDVLF�WRRO�XQGHUO\LQJ�WKH�DSSURDFK�RI�.DZDPDWD�5HLG�6KRNXURY� LV�
WKH�.DZDPDWD�9LHKZHJ�9DQLVKLQJ�7KHRUHP��
/HW� ;� EH�D�VPRRWK�FRPSOH[�SURMHFWLYH�YDULHW\�� DQG��HW� 0� EH�D� ELJ�DQG�QHI�

4�GLYLVRU�RQ� ;�� $VVXPH�WKDW�WKH�IUDFWLRQDO�SDUW� ^0`� RI�0� LV�VXSSRUWHG�RQ�D�
GLYLVRU�ZLWK�JOREDO�QRUPDO�FURVVLQJV�� 7KHQ� +M�;
	[�.[�U0
ª 2� IRU� L!�
2��
1RWH� WKDW�� VLQFH� URXQGLQJ�GRHV� QRW� LQ� JHQHUDO� FRPPXWH�ZLWK� OLQHDU�HTXLY�

DOHQFH�� LW� LV� LPSRUWDQW� KHUH� WKDW� WKH� IUDFWLRQDO� SDUW� RI�0� EH� GHILQHG� RQ� WKH�
OHYHO�RI�GLYLVRUV�� +RZHYHU��ZH�ZLOO�RIWHQ�WDFLWO\�LGHQWLI\�WZR� 4�GLYLVRUV�ZKRVH�
IUDFWLRQDO� SDUWV�FRLQFLGH�DQG�ZKRVH� LQWHJUDO� SDUWV� DUH� OLQHDUO\� HTXLYDOHQW�� %\�
WKH�VDPH�WRNHQ��ZH�ZLOO�GHDO�ZLWK�REMHFWV�RI�WKH�IRUP� /�'����ZKHUH� /� LV� D�OLQH�
EXQGOH��GHILQHG�XS�WR�LVRPRUSKLVP�� DQG� '(�'LY4�;���ZH� UHIHU�WR�WKHVH�DOVR�
DV� 4�GLYLVRUV�� 1RWH�WKDW��LI�/�'�� LV�VXFK�D� 4�GLYLVRU�DQG�(� F�;� LV�DQ\�SULPH�
GLYLVRU��WKHQ�WKH�UHVWULFWLRQ� /�'��,�(� PDNHV�VHQVH�DV�D� 4�GLYLVRU�SURYLGHG�WKDW�
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(� GRHV� QRW� DSSHDU� LQ� WKH� IUDFWLRQDO� SDUW�RI�'�� L�H��� RUG( ��̂ '`��  � R�� ,I�� LQ�
DGGLWLRQ�� (� DQG�DOO� WKH�FRPSRQHQWV�RI� ^'`� IRUP� D� QRUPDO�FURVVLQJ�GLYLVRU��
WKHQ� URXQGLQJ� FRPPXWHV� ZLWK� UHVWULFWLRQ�� +RZHYHU�� ZKHQ� RUG(�^'`��  I��� ���
WKH� UHVWULFWLRQ� /�'��,�(� LV� RQO\� GHILQHG� DV� D� OLQHDU� HTXLYDOHQFH� FODVV�� L�H�� DV�
DQ�HOHPHQW�LQ� 3LF4�;��� �$V� D� SUDFWLFDO�PDWWHU�� RQH�UHVWULFWV� LQ�WKH�ODWWHU�FDVH�
IRU�QXPHULFDO�FDOFXODWLRQV�EXW�QRW�DV� LQSXW�WR�9DQLVKLQJ��� %HVLGHV� >&.0@�DQG�
>.00@��ZH� UHFRPPHQG�WKH�DUWLFOHV� >.ROO��:,@�RI�.ROODU�DQG�:LOVRQ�� DV�ZHOO�
DV� WKH�QRWHV� >(9@� RI�(VQDXOW�DQG�9LHKZHJ�� DV� JRRG� LQWURGXFWLRQV�WR� WKLV�FLUFOH�
RI�LGHDV��

��� .$:$0$7$�9,(+:(*�9$1,6+,1*�$1'�5(,'(5
6� 7+(25(0�

7KLV�VHFWLRQ� LV� LQWHQGHG�IRU� WKH�EHQHILW� RI�WKH� QRQH[SHUW� UHDGHU�� :H� VKRZ�
KRZ�WKH�DSSURDFK�RI�.DZDPDWD�5HLG�6KRNXURY�OHDGV�WR�D�VLPSOH�SURRI�RI�VRPH�
RI�WKH� VWDWHPHQWV� IURP� >5GU@�� 7KH� UHVXOW� ZH� SURYH� LV� DFWXDOO\� D� VSHFLDO� FDVH�
RI�7KHRUHP�����EHORZ��EXW�ZLWK�WKH�WHFKQLFDOLWLHV�VWULSSHG�DZD\�� 7KLV�UHQGHUV�
WKH�DUJXPHQWV�SDUWLFXODUO\�WUDQVSDUHQW��DQG�DW�WKH�ULVN�RI�UHSHWLWLRQ�ZH�LQFOXGH�
WKHP�KHUH� LQ� WKH� KRSH�RI�PDNLQJ� VXEVHTXHQW� VHFWLRQV� �DV� ZHOO� DV� WKH�JHQHUDO�
WHFKQLTXHV�RI�.DZDPDWD�5HLG�6KRNXURY��PRUH�DFFHVVLEOH�WR�WKH�XQLQLWLDWHG��
2QH� RI�WKH� SOHDVDQW� IHDWXUHV� RI�ZRUNLQJ� RQ� VXUIDFHV� LV� WKDW� YDQLVKLQJ� IRU�

4�GLYLVRUV�KROGV�ZLWKRXW�DQ\�QRUPDO�FURVVLQJ�K\SRWKHVHV��
����� /HPPD�>6DN,@�� /HW� �� EH�D� VPRRWK�SURMHFWLYH�VXUIDFH�� DQG�OHW� 0� EH�DQ\�
ELJ�DQG�QHI�4�GLYLVRU�RQ� ��� 7KHQ�

+ L����	
V�.[���U�0
��� ��� IRU� L�!�R��
3URRI�� %\� D� VXFFHVVLRQ� RI�EORZLQJV�XS� DW� SRLQWV�� ZH� FRQVWUXFW� D� PDS� �� ��
��� �� �� VXFK� WKDW� ^�
�0`� LV� VXSSRUWHG�RQ�D� QRUPDO�FURVVLQJ�GLYLVRU�� 6LQFH�
�
�0� LV�VWLOO�QHI�DQG�ELJ��.DZDPDWD�9LHKZHJ�YDQLVKLQJ������� JLYHV�

+ L ���� 
�	
6� �.V� ��U��
�0
��� � �� IRU� L�!�2��
�� ��

:RUNLQJ�RXU�ZD\�GRZQ�IURP� ���
� LW�LV�WKHUHIRUH�HQRXJK�WR�SURYH��
������ /HW� I��<��� ;� EH�WKH�EORZLQJ�XS�RI�D�VPRRWK�VXUIDFH�DW�D�SRLQW� [� (;��
DQG�OHW� 0� EH�D� 4�GLYLVRU�RQ� ;�� ,I�+L�\��	
\�.\���U�I
�0I��� ��� IRU� VRPH�
L�!���� WKHQ� +L�;��	
[�.[���U0
��� � 2��
)RU��������ZULWH� 0�  � U0
�� (DM'M� �����DM� ������ZKHUH� WKH� 'M� &� ;� DUH�

GLVWLQFW�SULPH�GLYLVRUV�� /HW� (� F� <� EH�WKH�H[FHSWLRQDO�GLYLVRU�RYHU� [��DQG�OHW�
F� <� EH� WKH�SURSHU� WUDQVIRUP� RI�'M �� 7KHQ� I
�'M�  � ��TM(� IRU� VRPH�

TM� ���ZKHQFH�

�T� ����

6LQFH� .\� � I
�.�[���(� ��ZH� ILQG� WKDW�
.\���U�I
�0
� � I
��.�[���U�0
��� S(���

ZKHUH� S� � >T@�� �� ����� 7KHUHIRUH��
-��	
\�.\���U�I
�0
��� �	
[�.[���U�0
����

5N�-��	
\�.\��UI
0
��� � �� IRU�N� !����
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ZKHUH� P[� LV� WKH� LGHDO� VKHDI�RI�[��ZLWK� WKH�FRQYHQWLRQ� WKDW�  � 	[� ZKHQ�
S� � ����+HQFH��

�
�� +L�\��	\�.\���U��
�0
��� �+L�;��	[�.[���U�0
����
IRU�DOO� L��%XW�+L��;��	[�.�[���U�0
����  � �� ZKHQ� L�!��� VLQFH�WKH�VKHDI�
LQ�TXHVWLRQ�LV�VXSSRUWHG�RQ�D�SRLQW��DQG�WKHUHIRUH� ������ IROORZV� IURP� �
��� ��

����� 5HPDUN�� ,Q�JHQHUDO�� VXSSRVH� WKDW� 0� LV� DQ\�ELJ�DQG�QHI� 4�GLYLVRU�RQ�D�
VPRRWK�FRPSOH[�SURMHFWLYH�YDULHW\� ;�� 7KHQ�WKHUH� LV�DQ�LGHDO�VKHDI�I� F�	[��
ZLWK�	[�I� VXSSRUWHG�RQ�D�VXEVHW�RI�FRGLPHQVLRQ� ���� ���VXFK�WKDW�

+L��;��	[�.�[���U�0
����I�� � �� IRU� L�!�2��
'HPDLOO\� LQIRUPV�XV� WKDW�RQH�FDQ�YLHZ�WKH�VKHDI� I� DV� RQH�RI�WKH�PXOWLSOLHU�
LGHDOV�WKDW�DSSHDU�LQ�WKH�ZRUN�RI�1DGHO�DQG�LQ�>'HP@��
7KH� UHPDLQGHU� RI�WKLV� VHFWLRQ� LV� GHYRWHG� WR� WKH� IROORZLQJ� VSHFLDO� FDVH� RI�

5HLGHU
V�WKHRUHP�>5GU@��

����� 3URSRVLWLRQ�� /HW�%� EH�D�ELJ�DQG�QHI�GLYLVRU�RQ�D�VPRRWK�SURMHFWLYH�VXUIDFH�
6��DQG�OHW� ;(6� EH�D�IL[HG�SRLQW�� $VVXPH�WKDW��

�L�� %�� ���� ���
�LL�� %Â�&� ���� �� 9�FXUYHV� &�&�6� ZLWK� [� (�&��

7KHQ� 	V�.V���%�� KDV�D�VHFWLRQ�ZKLFK� LV�QRQYDQLVKLQJ�DW� [��
5HLGHU�DFWXDOO\�VKRZV�WKDW�LI�;(6� LV�D�EDVH�SRLQW�IRU� .V���%� �� WKHQ�WKHUH�

LV�D� FXUYH� &� &� 6� WKURXJK� [� ZLWK� %Â�&�  � �� DQG� &��  � �� RU� %Â�&�  � �� DQG�
&��  � ���� )URP�WKH�SUHVHQW�SRLQW�RI�YLHZ�� LW�ZRXOG� WDNH� DGGLWLRQDO�ZRUN� WR�
UXOH�RXW�WKH�SRVVLELOLW\� &��©�����
7KH�LGHD�RI�WKH�SURRI�LV�WKLV�� ZH�XVH��L�� WR�FRQVWUXFW�D�GLYLVRU�'(�,Q%,� �Qª�

��� ZLWK�VXLWDEO\�KLJK�PXOWLSOLFLW\�DW�[��,I�'� LV�LUUHGXFLEOH�� RU�PRUH�JHQHUDOO\�
LI��Â�PXOW\�'����PXOW[�'�� IRU� \� QHDU� [� � WKHQ�ZH�KDYH�D�YDQLVKLQJ�ZKLFK�
GLUHFWO\�JLYHV� WKH�UHTXLUHG�VHFWLRQ�� �6HH� >66�� ������@� IRU�D��FODVVLFDO��DUJXPHQW�
RI�WKLV�W\SH�DQG�>(9�� �����������@� IRU�DQ�DQDORJRXV� IDFW� LQ�DOO� GLPHQVLRQV��� ,Q�
WKH�DOWHUQDWLYH�FDVH��WKHUH�LV�D�FRPSRQHQW� 'R� RI�'�ZLWK�KLJK�PXOWLSOLFLW\�� 7KH�
DSSURDFK�RI�.DZDPDWD�5HLG�6KRNXURY� LV� WR� UHGXFH� WKH�TXHVWLRQ� WR�SURGXFLQJ�
D�QRQYDQLVKLQJ�VHFWLRQ�RQ�'R
�ZKLFK�ZH�DWWDFN�XVLQJ�K\SRWKHVLV� �LL���

����� 3URRI�RI������� 7R�EHJLQ�ZLWK��QRWH�WKDW�IRU� Q�ª��WKHUH�H[LVWV�D�GLYLVRU�

'(�,Q%,� ZLWK� T� �PXOW[�'������ �Q������

,Q�IDFW��E\�5LHPDQQ�5RFK�DQG��L��� K2�;��	V�Q%��� JURZV�OLNH� Q��%���������Q�����
ZKHUHDV� LW� LV� HQ���� 
�� �Q���� FRQGLWLRQV� WR� LPSRVH� D� SRLQW�RI�PXOWLSOLFLW\� !�
�Q����� DW� [��&KRRVH�VXFK�D�GLYLVRU�'��DQG�ZULWH�
��������

ZKHUH�WKH�'L� DUH�WKH�SULPH�FRPSRQHQWV�RI�'� SDVVLQJ�WKURXJK� [� DQG� )� LV�WKH�
HIIHFWLYH�GLYLVRU�FRPSULVHG�RI�WKRVH�FRPSRQHQWV�RI�'� GLVMRLQW�IURP� [��
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������ 6XSSRVH� ILUVW� WKDW� T� !� �GM� IRU� DOO� L�� 7KHQ� OHW� I� ��<� ������ 6� EH� WKH�
EORZLQJ�XS�RI�[��OHW� (� F� <� EH�WKH�H[FHSWLRQDO�GLYLVRU��DQG�OHW� '�� F� <� EH�WKH�
SURSHU�WUDQVIRUP�RI�'M �� 7KXV� I
�'� �(G3����T(���M� )��&RQVLGHU�WKHQ�WKH�
4�GLYLVRU�

0�  �-�%� � -�'� �I
�%� � �(�� 
�
��GM� � I
�)�T� T� ,� T�

RQ�<�� 1RZ� �G-T��� ���VR� U�0
� �I
�%� � �(�� 1��ZKHUH� 1�  � )@� LV� DQ�
HIIHFWLYH�GLYLVRU�VXSSRUWHG�DZD\�IURP� (��7KXV�

-�.V�%���(��1��

2Q�WKH�RWKHU�KDQG�� 0�   � ��� � ���M�%� ��DQG�E\�FRQVWUXFWLRQ� ��� �TQ�!�2�� 7KHUH�
IRUH�� 0� LV�ELJ�DQG�QHI�� DQG�YDQLVKLQJ������� \LHOGV�

�� 
� �� ��+� �<�� �.V���%��� (� � 1��� � +� �6�� ��%� � 1� ����P[ �� � ���
ZKHUH� 1
� �I�1�F�6� LV�D�GLYLVRU�VXSSRUWHG�DZD\�IURP� [� DQG�P[� LV� WKH�LGHDO�
VKHDI�RI� [�� ,W� IROORZV� WKDW� WKHUH� LV� D� VHFWLRQ� W� (� ��%� � 1
ª�
VXFK� WKDW� W�[��  )� 2�� 6LQFH� [� ��� 6XSS�1
��� WKLV�\LHOGV� WKH� UHTXLUHG�VHFWLRQ�RI�

�%���

������ 6XSSRVH�QH[W�WKDW� T����G�� IRU�VRPH� L��1RWH�IURP� �������� WKDW�

��������

VR�LQ�WKH�ILUVW�SODFH� T�"�� G�� IRU�DOO� L��,W�IROORZV�WKDW�WKHUH�LV�D�XQLTXH�FRPSRQHQW�
'M���VD\� 'R��RI�PD[LPDO�PXOWLSOLFLW\� GR� !�`��)XUWKHUPRUH��ZH� VHH� WKDW� 'R� LV�
VPRRWK�DW� [�� &RQVLGHU�QRZ�RQ� 6� WKH� 4�GLYLVRU� 0�  � %� � '���GR�� $V� DERYH�
0�   � ��� � Q�GR�%� LV�ELJ�DQG�QHI��DQG�

.V�%�'R�� 1�

IRU�VRPH�HIIHFWLYH�GLYLVRU� 1� &� 6� VXSSRUWHG�DZD\�IURP� [��,W�IROORZV�IURP�WKH�
YDQLVKLQJ�������WKDW�+,��6��  � 2�� 7KHUHIRUH��WKH�UHVWULFWLRQ�
PDS�

��������

LV�VXUMHFWLYH�� 7R�FRPSOHWH�WKH�SURRI�LW�LV�HQRXJK�WR�VKRZ�WKDW�WKH�JURXS�RQ�WKH�
ULJKW�LQ���������KDV�D�VHFWLRQ� ��ZKLFK�GRHV�QRW�YDQLVK�DW�DW� [��IRU�WKHQ� ��OLIWV�
WR� W�(�+2�6�� ��%� � 1ª� DQG�ZH�FRQFOXGH�DV�DERYH��

������ 7KH�H[LVWHQFH�RI�WKH�UHTXLUHG�VHFWLRQ� ��ZLOO� LQ�WXP�IROORZ� LI�ZH�YHULI\�
��������

)RU�WKHQ�� VLQFH� �%�� 'R� � 1����'R� LV� LQ�DQ\�HYHQW�DQ�LQWHJHU�� WKH� VKHDI�RQ�WKH�
ULJKW�LQ���������LV�RI�WKH�IRUP� &2'� �/��ZKHUH� /� LV�D�OLQH�EXQGOH�RI�GHJUHH"�����

R�
DQG�KHQFH�LV�IUHH�DW� [��$V�IRU��������� QRWH�WKDW� U�0
�� 0�  � ,�GM'����GR���/O���
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ZKHUH�  �U�)���GR�
� � )���GR� LV� DQ�HIIHFWLYH� GLYLVRU�ZKLFK�PHHWV� 'R� SURSHUO\��
7KXV�

�� G��%� � 'R� � 1�  � U�$U�  �0���/��-� G
�'M� ��
��

%XW� %Â�'R� �� E\�DVVXPSWLRQ�� ' M ��'R� PXOW[�'-� IRU� L� ��� DQG� 0�   �
��� � Q�GR�%��7KHQ��������� IROORZV�ZLWK�D�OLWWOH�FDOFXODWLRQ�XVLQJ����������

������ ,W�UHPDLQV�WR�WUHDW�WKH�ERUGHUOLQH�SRVVLELOLW\�WKDW� T�  � �GM� IRU�VRPH� L��
7KH�JHQHUDO�DSSURDFK�RI�.DZDPDWD�5HLG�6KRNXURY�ZRXOG�EH�WR�SHUWXUE�VOLJKWO\�
WKH�FRHIILHFLHQWV�RI�WKH�FRPSRQHQWV�RFFXUULQJ�LQ�0��%XW�LQ�WKH�SUHVHQW�VHWWLQJ��
LW�LV�HDVLHU�WR�DUJXH�DV� LQ� ������ XVLQJ�WKH�1RULPDWVX�W\SH�/HPPD�����EHORZ�WR�
UHPRYH�WKH�RIIHQGLQJ�' M �� :H�OHDYH�GHWDLOV�WR�WKH�UHDGHU�� ��

%\�DQ�DQDORJRXV�DUJXPHQW��ZH�ZLOO�SURYH�LQ�WKH�QH[W�VHFWLRQ��D�JHQHUDOL]DWLRQ�
RI�� WKH�IROORZLQJ�

������ 9DULDQW�� ,Q� WKH�VLWXDWLRQ�RI������� VXSSRVH�WKDW� 0� LV�D�QHI�4�GLYLVRU�RQ�
�� VXFK� WKDW�

0Â0!��� DQG� 0� ��&� �� 9�FXUYHV�&��� [��
7KHQ� .V��U0
� LV�IUHH�DW� [��
,W�ZRXOG�EH�LQWHUHVWLQJ�WR�NQRZ�ZKHWKHU�WKLV�KDV�DQ\�DSSOLFDWLRQV�WR�VXUIDFHV��
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,Q� WKLV� VHFWLRQ� ZH� IRUPXODWH� DQG� SURYH� WKH� 5HLGHU�W\SH� WKHRUHP� IRU� 4�
GLYLVRUV�WKDW�XQGHUOLHV�RXU�ZRUN�RQ�WKUHHIROGV�� ,Q�WKH�LQWHUHVWV�RI�IXWXUH�UHIHU�
HQFH�� ZH� JLYH� WKH� UHVXOW� LQ�VOLJKWO\�PRUH�JHQHUDOLW\� WKDQ�ZLOO� EH�QHHGHG� LQ�WKH�
VHTXHO��

������ :H�VWDUW�ZLWK�VRPH�UHPDUNV�DERXW�WKH�PXOWLSOLFLW\�RI�D�IUDFWLRQDO�GLYLVRU�
DW�D�SRLQW�� /HW� ����[�� EH�D� QRUPDO�VXUIDFH�JHUP�� :H� DVVXPH�WKDW� [� LV�HLWKHU�
D� VPRRWK�SRLQW�RU�D�UDWLRQDO�GRXEOH�SRLQW��5'3��RI����/HW� �S���
������� EH�WKH�
EORZLQJ�XS�RI��� DW� [� LI�[� LV�D�VPRRWK�SRLQW��RU�WKH�PLQLPDO�UHVROXWLRQ�RI�WKH�
JHUP� ����[�� LI�[� LV�D�5'3��'HQRWH�E\� =� WKH�H[FHSWLRQDO�GLYLVRU�RYHU� [� LQ�
WKHÂILUVW�FDVH��RU�WKH�IXQGDPHQWDO�F\��OH�LQ�WKH�5'3�FDVH��FI��>%39�������@�IRU�WKH�
EDVLF�IDFWV�DERXW�5'3
V��� 1RZ�VXSSRVH�WKDW� LV�DQ�HIIHFWLYH� 4�GLYLVRU�RQ� ���
7KHQ�ZH�GHILQH�WKH�PXOWLSOLFLW\� RI� DW� [� WR�EH�WKH�ODUJHVW�UDWLRQDO�
QXPEHU� S�� VXFK�WKDW� S�=� ��� �S�� �7KH�SXOO�EDFN�PDNHV�VHQVH�WKDQNV�WR�WKH�IDFW�
WKDW� LV�DXWRPDWLFDOO\� 4�&DUWLHU�QHDU� [� ��� $W�OHDVW�ZKHQ� [� LV�D�VPRRWK�SRLQW��
WKLV�LV�WKH�HYLGHQW�QRWLRQ�� LI�ZH�ZULWH�  � (� DV�D� VXP�RI�SULPH�GLYLVRUV��
WKHQ�  �(�QM��� 1RWH�WKDW�� LI� I���� �������0� LV�D�PDS�IURP�
�� WR�D� VPRRWK�YDULHW\�DQG� '�  � (�USM� LV�D� 4�GLYLVRU�RQ� 0� ZKRVH� VXSSRUW�
PHHWV� I���� SURSHUO\��WKHQ�

�������� PXOW[�-�'�� PXOWI�[��'�� GHI�/�UM ��PXOWI�[��'���

>3URRI�� %\� OLQHDULW\� LW� LV� HQRXJK� WR� FKHFN� WKLV�ZKHQ� '� LV� &DUWLHU�� DQG� WKHQ�
LW�IROORZV� IURP� WKH� IDFW� WKDW�� LI� J� (� LV� D� ORFDO� HTXDWLRQ� IRU� M� �'��� WKHQ�
L=���� GLY��S��J��@�
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����� 1RWDWLRQ� DQG� DVVXPSWLRQV�� :H� FRQVLGHU�D� VXUMHFWLYH�PDS� RI�LUUHGXFLEOH�
SURMHFWLYH�VXUIDFHV�

K��6,� ���W�6R�
DQG�SRLQWV� ;,� (�6,
� ;R� (�6R� VXFK�WKDW� K�[ O ��  � [R��$VVXPH�WKDW� 6,� LV� VPRRWK�
H[FHSW�SHUKDSV�IRU�ILQLWHO\�PDQ\�UDWLRQDO�GRXEOH�SRLQWV�DORQJ� K�O�[2�� �VR� WKDW�
LQ�SDUWLFXODU�� 6,� LV�*RUHQVWHLQ�DQG� 4�IDFWRULDO��� /HW� 0� EH�D�ELJ�DQG�QHI� 4�
GLYLVRU�RQ� 6,� ZLWK�WKH�SURSHUW\�WKDW� U�$U� LV�&DUWLHU�� :H� IL[� SRVLWLYH�UDWLRQDO�
QXPEHUV� 3,
� 3�� VXFK�WKDW�
�������� 0Â�0� !��3�����
�������� 0� ��U�!�3,� 9�FXUYHV�U�F�6,� V�W�� K�U�� LV� D�FXUYH�WKURXJK�[2��
/HW� ����  � U�$U�� 0� EH� WKH�GLIIHUHQFH� EHWZHHQ� 0� DQG�LWV� URXQG�XS�� DQG� IL[� D�
UDWLRQDO�QXPEHU� �� -�O� PXOW[� ������ ��

,�

����� 7KHRUHP�� ,Q� WKH�VLWXDWLRQ�RI�������� VXSSRVH�WKDW� 	
6� �.V� ��U�$U��,�U� ���� 	
U�
,� ,�

IRU� HYHU\� UHGXFHG� �EXW� SRVVLEO\� UHGXFLEOH�� FXUYH� U� F� 6,� VXFK� WKDW� K�U�� � [2��
$VVXPH�DOVR� WKDW�

���������VPRRWK� DQG�

ZKHQ� ;,� LV�D�VPRRWK�SRLQW�RI�6,
�RU�

�������5'3�

ZKHQ� ;,� LV�DQ�5'3�RI�6,�� 7KHQ� 	
6� �.V� ��U�0
�� KDV�D�VHFWLRQ� ZKLFK� LV� QRQ�
,� ,�

YDQLVKLQJ�DW�VRPH�SRLQW� ;�(� K��,��[R��� ,I�� PRUHRYHU�� K��,��[R��  � ^;,`
� WKHQ� WKH�
VDPH�FRQFOXVLRQ�KROGV��ZLWK� ;� �;,�� DOVR�XQGHU�WKH�K\SRWKHVHV��
�������
PRRWK� 3�� ��� -�O� DQG� 3,� ��� -�O�

ZKHQ� ;�,� LV�VPRRWK�� RU�

�������5'3�
ZKHQ� ;,� LV�D�UDWLRQDO�GRXEOH�SRLQW��
,Q�RUGHU�WR�DYRLG�D� VRPHZKDW� XQSOHDVDQW��WLH�EUHDNLQJ�� DUJXPHQW�� ZH� ZLOO�

EDVH� WKH�SURRI�RQ�.DZDPDWD�9LHKZHJ�YDQLVKLQJ� LQ� WKH� IRUP�RI�D�1RULPDWVX�
W\SH�VWDWHPHQW��

����� /HPPD�� /HW� 5� EH�D� ELJ�DQG�QHI�4�GLYLVRU�RQ� D� VPRRWK� VXUIDFH� 6�� /HW�
(,�
� �����(N� EH�GLVWLQFW�LUUHGXFLEOH�FXUYHV�RQ� 6� ZKLFK�GR� QRW�DSSHDU�LQ� WKH�IUDF�
WLRQDO�SDUW� RI�5�� L�H��� ZLWK� RUG(�^5`��  � 2�� $VVXPH� WKDW� 5Â�( M�!� �� IRU� DOO�
�� L� N�� 7KHQ� ,�

+M�6
	
V�.V�U5
�(,��ÂÂÂ�(N�� 2� IRUL!2��
3URRI�� :KHQ� N� � ���WKLV�LV� WKH�.DZDPDWD�9LHKZHJ�9DQLVKLQJ�7KHRUHP� �������
,Q�JHQHUDO��RQH�DUJXHV�E\�LQGXFWLRQ�RQ�N��2QH�KDV� GHJ��5
Â(�� GHJ�5�(M��!���
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WKDQNV�WR�WKH�K\SRWKHVLV�WKDW�RUG(� �^5`�� � 2�� 7KH�OHPPD�WKHQ�IROORZV�E\�WDNLQJ�
FRKRPRORJ\�IURP�WKH�H[DFW�
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3URRI�RI�7KHRUHP������ :H�ZLOO�DVVXPH�WKDW� ;,� LV�D�5'3�RI�6,��7KH�DUJXPHQW�
ZKHQ� ;,� LV�D�VPRRWK�SRLQW�LV�VLPLODU�>DQG�WKH�UHTXLUHG�FKDQJHV�ZLOO�EH�LQGLFDWHG�
ZLWKLQ�EUDFNHWV@��

������ )RU�DOO�VXIILFLHQWO\�ODUJH�LQWHJHUV� Q� VXFK�WKDW� Q0� LV�&DUWLHU�� ��������DQG�
5LHPDQQ�5RFKLPSO\WKDW� K2�6,
�	V� �Q0���!�Q��3��¼����� IRU�VXLWDEOH� ¼� !�2��

��

2Q� WKH� RWKHU�KDQG�� VLQFH� ;,� LV� D� GRXEOH� SRLQW�� K2�6,
�	V�  � ��������
�� ��

�ORZHU�RUGHU�WHUPV�LQ�L���ZKHUH� P[� LV�WKH�LGHDO�VKHDI�RI�;,� LQ� 6,��7KHUHIRUH�
��

WKHUH�H[LVWV� DQ� LQWHJHU� Q�ª� �� ZLWK� Q0� &DUWLHU�� SOXV� D� QRQ]HUR� VHFWLRQ� V� (�
	V� �Q0����P�O�� IRU� VRPH� TO� !�Q3����WL�� /HW� '�  � GLYHV�� F� 6,� EH�WKH�

�� ��
FRUUHVSRQGLQJ�GLYLVRU�� >:KHQ� ;,� LV�D�VPRRWK�SRLQW��RQH�WDNHV� TO�!�Q3���@�
������ /HW� ���6� 6,� EH�WKH�PLQLPDO�UHVROXWLRQ�RI�6,� 
� DQG�OHW� J�  � K� �� �� ��
6� 6R� EH� WKH� FRPSRVLWLRQ� RI� �� ZLWK� K�� 7KXV� .V�  � �
�.V�� 'HQRWH�

��
E\� =� WKH� IXQGDPHQWDO� F\FOH� LQ� 6� O\LQJ� RYHU� ;,�� >:KHQ� ;,� LV� VPRRWK�� ZH�
FRQVWUXFW� 6� E\�ILUVW� EORZLQJ�XS� ;,� DQG�WKHQ�WDNLQJ�WKH�PLQLPDO�UHVROXWLRQ�RI�
WKH�UHVXOWLQJ� VXUIDFH�� ,Q�WKLV� FDVH� =� LV� WKH� H[FHSWLRQDO� GLYLVRU�RYHU� ;,
� DQG�
ZH� KDYH� .V� � �
�.6,� ��=�@� )RU�VXLWDEOH�LUUHGXFLEOH�GLYLVRUV� ^(M `� RQ� 6DQG�
QXPEHUV� UM�(1�� D M� (�4��ZH�PD\�ZULWH�

���������
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1RWH�WKDW�LI�(L� LV�QRW� ��H[FHSWLRQDO�� WKHQ� �� D�� ����� )XUWKHUPRUH�� LI� =
� LV�
RQH�RI�WKH�FRPSRQHQWV�RI�=� ��ZLWK�FRUUHVSRQGLQJ�FRHIILFLHQWV� D
� DQG� U
�� WKHQ�
U
� TO� DQG� D
� PXOW[� �G�� -���� ��
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������ 6XSSRVH� ILUVW� WKDW� DM� �� IRU� VRPH� M�� 7KHQ� U��
U0
�� (DM(�
� �
��
U�0
�� :� �ZKHUH�:�,��� LV� D�SRVLWLYH�OLQHDU�FRPELQDWLRQ�RI� ��H[FHSWLRQDO�
GLYLVRUV� �O\LQJ�RYHU� [R���2Q�WKH�RWKHU�KDQG�� �
U0
�� (DM(M�   � �
�0�� LV� QHI�
DQG�ELJ�� VR�E\�YDQLVKLQJ�ZH� FRQFOXGH� WKDW� +,�6��	V�.V����
U�0
�� :���  � 2��
+HQFH�� +,�6O
�
	V�.V��
U0
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��-7 ��
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ZKHUH� 7� F� 6,� LV� D� QRQHPSW\� ILQLWH� VFKHPH� VXSSRUWHG� LQ� K�O�[2��� :H� FRQ�
FOXGH�WKDW�	V� �.V� ��U�0
�� KDV�D�VHFWLRQ�ZKLFK�LV�QRQYDQLVKLQJ�RQ� VXSS�7���DV�

�� ��
UHTXLUHG�� >:KHQ� ;,� LV� VPRRWK�DQG� (R�  � =� LV� WKH�H[FHSWLRQDO�GLYLVRU�RYHU�LW��
WKLV�DUJXPHQW�ZRUNV�ZKHQ� DM� �� IRU� M� �,��� RU� DR� ��@�
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������ 6R� ZH� PD\� DVVXPH� KHQFHIRUWK� WKDW� DOO� DM� �� �� DQG�� LQ� SDUWLFXODU�� WKDW�
-�O� ����� 3XW�

F� �PLQ�^��� D M� ,�J�(���� ;R� 
� UM� I�� R`��
5HLQGH[LQJ�LI�QHFHVVDU\�� OHW� ( , �������(>� EH�WKH�PLQLPL]LQJ�FRPSRQHQWV�ZKHUH�
WKH�PLQLPXP�LV�DFKLHYHG�� WKXV� J�(-��� [R 
� DQG� ��� � D-�UL� �F� IRU� ������� L� ����� ,�� ��
$OO� WROG�� ZH� KDYH� DUUDQJHG� WKLQJV� VR� WKDW� DL���HUL� ����� ��� IRU� DQ\� (L� ZLWK� ;R� (�
J�(-��DQG�HTXDOLW\�KROGV� LI�DQG�RQO\�LI� ,� ����� L� ����� ,��� /HW�XV� DOVR� FKRRVH�LQGLFHV�
LQ�VXFK�D�ZD\�WKDW� ( , �������(N� PDS�WR�FXUYHV�LQ� 6R
�ZKHUHDV� J�(N�,�� ����� �
J�(>�� �[2�� �,I�DOO�WKH�PLQLPL]LQJ�FRPSRQHQWV�DUH� J�H[FHSWLRQDO��WDNH� N� ������
)LQDOO\��SXW� �� ��(�  �(,���������(N�
� (�  �(N�����������(U�
>:KHQ� ;,� LV�D�VPRRWK�SRLQW�DQG� (R� �=� LV� WKH�H[FHSWLRQDO�GLYLVRU�O\LQJ�RYHU�
LW��ZH�DVVXPH�WKDW� DR�������DQG�WKH�FRUUHVSRQGLQJ�FRHIILFLHQW�LQ�WKH�GHILQLWLRQ�RI�
FLV����DR��UR ��7KHUH�DUH�WKHQ�WKUHH�SRVVLELOLWLHV�� >DR�FUR@ ��� ��RU�2�� :H�
FRQVLGHU� (R� WR�EH�PLQLPL]LQJ� �DQG�KHQFH� DSSHDULQJ� LQ� (��� LQ� WKH� ILUVW� FDVH��
EXW� QRW� RWKHUZLVH�� 7KH� WKLUG� FDVH�ZKHQ� >DR���FUR@�  � 2�ZLOO� UHTXLUH� VRPH�
VOLJKW� DGGLWLRQDO� DUJXPHQWV�� +RZHYHU�� REVHUYH� WKLV� FDQ�RQO\�RFFXU� LI�QRQH� RI�
WKH�PLQLPL]LQJ�FRPSRQHQWV�PHHW� =� �� IRU� LI� ;,� (� �!�(-� IRU� VRPH� ������� L� ����� ,�� ��
WKHQ� DL� ����� DR� DQG� U L� ����� UR 
�ZKHQFH� DR���HUR� ��@�
������� %\� H[DPLQLQJ� WKH� FRHIILFLHQWV� DWWDFKHG� WR� WKH� FRPSRQHQWV� RI� =� �� RQH�
ILQGV� WKDW�
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&RQVLGHU�QRZ�WKH� �4�GLYLVRU� 5�  GHI� �!
U�0��� /��DM� ��HU�(M�� 7KHQ� LQ� WKH� ILUVW�
SODFH�
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VR� 5� LV�ELJ�DQG�QHI�� )XUWKHUPRUH��

�������� U�5�� � �!�
U�0��� (
�� (��� 1� ��

ZKHUH� 1� LV�DQ�HIIHFWLYH�GLYLVRU�RQ�6�VXFK�WKDW� VXSS�1��Q�J��,��[R��  � ���>:KHQ�
;,� LV� VPRRWK�� �������� LV� UHSODFHG�E\� ��� HQ� !� ��� ��� � -�O���3�� 2�� 5HIHUULQJ�
WR� WKH�WKUHH�SRVVLELOLWLHV�GLVFXVVHG�DW�WKH�HQG�RI�������� LQ�WKH� ILUVW� WZR�ZH� KDYH�
U�5�� � �!
U�0��� =� � (
�� (��� 1��:KHQ� >DR���FUR@� ������������ KROGV�DV� VWDWHG��
DQG�ZH� UHWXUQ�WR�WKLV�FDVH�EHORZ�@�

������� 6XSSRVH�QRZ�WKDW� (�� I�� �� RU�� LQ�RWKHU�ZRUGV�� WKDW�DW�OHDVW�RQH�RI�WKH�
PLQLPL]LQJ�FRPSRQHQWV� LV� J�H[FHSWLRQDO�� )RU�HDFK� FRPSRQHQW� (L� RI�(
� ZH�
KDYH� 5Â�(L� � ��� � FQ�0���!
�(-� ��� � FQ�3,�!�2�� &RQVHTXHQWO\�

+,�6��	
V�.V����!
U�0��� (��� 1��� ���
E\�/HPPD������ DQG�KHQFH�WKH�UHVWULFWLRQ�PDS�

�
�� +2�6��	
V�.V����!
U�0��� 1��� ����W�+2�(����	
V�.V����!�
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LV�VXUMHFWLYH�� 2Q�WKH�RWKHU�KDQG��FRQVLGHULQJ�(�� DV�D�UHGXFHG�FXUYH�RQ�6���QRWH�
WKDW� VLQFH� (��Q�VXSS�1��  � �� DQG�REVHUYH� WKDW� U�  GHI���(���
PDSV�XQGHU� K� WR� [R
� ,W�IROORZV�IURP�WKH�ILUVW� K\SRWKHVLV�RI�WKH�WKHRUHP�WKDW�
��������� ���
U$U�� 1��,�(�� �.V� ��U�0
��� ,(�� �

,� ,�

%\�WKH�VXUMHFWLYLW\� �
���WKHUH�WKXV�H[LVWV�D� VHFWLRQ�

W
�(�+2�6�� ���
U�0
�� 1���

ZKLFK�LV�QRZKHUH�YDQLVKLQJ�RQ�(���� 7KDQNV�DJDLQ�WR�WKH�IDFW�WKDW�(�� LV�GLVMRLQW�
IURP�WKH�VXSSRUW�RI�1��WKLV�LPSOLHV�WKH�H[LVWHQFH�RI�D�VHFWLRQ�
��������� W�(�+2�6�� ��
U$U��� ��
+2�6O
� �.V� �U0
���

,� ,�

ZKLFK�LV�QRZKHUH�YDQLVKLQJ�RQ�(����DQG�WKH�DVVHUWLRQ�RI�WKH�WKHRUHP�IROORZV� LQ�
WKH�FDVH�DW�KDQG�� >:KHQ� ;O� LV� VPRRWK�� UHFDOO� WKDW� .V� � �
�.V�����=�� ,Q�WKH�

,�

ILUVW�WZR�FDVHV�GLVFXVVHG�LQ�������� ZKHUH� U5
� � �
U�0
�=��(
��(���1�� WKH�
DUJXPHQW�MXVW�JLYHQ�ZRUNV�ZLWKRXW�DQ\�HVVHQWLDO�FKDQJHV�� %XW�ZKHQ� >DR�FUR-� �
���VRPH�DPSOLILFDWLRQV�PD\�EH�LQ�RUGHU�� ,Q�WKLV�FDVH���������DQG�WKH�VXUMHFWLYLW\�
�
�� KROG�DV�VWDWHG��DQG�WKLV�FUHDWHV�D�SRWHQWLDO�GLIILFXOW\�LQ�SDVVLQJ�IURP� .�V� WR�
.V� �� +RZHYHU�� UHFDOO� IURP� ������ WKDW� (��Q�=�  � �� LQ� WKH� FDVH� DW�KDQG�� DQG�

,�
WKHUHIRUH�WKH�LVRPRUSKLVPV�LQ���������� UHPDLQ�YDOLG�� 6R�ZH�FRQFOXGH�DV� DERYH�
WKH�H[LVWHQFH�RI�D� VHFWLRQ� W� (�+2�6�� ���
U�0
��� QRZKHUH�YDQLVKLQJ�RQ�
(���� %XW�
+2�6,
� �.V��U�0
��� �+2�6�� �.V��U�0
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�����

,� ,� ,� ,�

ZKHUH�WKH�VHFRQG�LVRPRUSKLVP�LV�JLYHQ�E\�PXOWLSOLFDWLRQ�E\� =� �FI�� ��������� 6R�
ZH�GR�LQ�IDFW�JHW�WKH�UHTXLUHG�VHFWLRQ�RI� �.V� ��U�0
���-�

,� ,�

������� ,W�UHPDLQV�RQO\�WR�WUHDW�WKH�FDVH�ZKHQ� (�� � ���L�H���ZKHQ�DOO�WKH�PLQL�
PL]LQJ�FRPSRQHQWV�PDS�WR�FXUYHV� LQ� 6R�� 7R�WKLV�HQG��ZH�DUJXH� ILUVW� WKDW�LW�LV�
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KRUL]RQWDO�PDSV�DUH�VXUMHFWLYH�� 6LQFH�WKH�YHUWLFDO�PDSV�RQ�WKH�ULJKW�DUH� LQ�DQ\�
HYHQW�LQMHFWLYH��LW�IROORZV�IURP�WKH�GLDJUDP�WKDW�WKH\�DUH�ELMHFWLYH�� 7KH�VHFWLRQ�
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6�(�+2�(�� ��%��� 1
��� WKHQ�PDSSLQJ�WR� 6,� LV� QRQYDQLVKLQJ�DW� \��
DQG�WKHUHIRUH�&ULWHULRQ���������� LV�YHULILHG��
7KLV�FRPSOHWHV�WKH�SURRI�RI�VWDWHPHQW��,�� RI�7KHRUHP������

������ 5HPDUN�� 7KH�DUJXPHQW�MXVW�JLYHQ�OHDGV� WR�D�YDULDQW�LQ�WKH�VLWXDWLRQ�RI�
VWDWHPHQW��,,�� RI�WKH�WKHRUHP�� 6SHFLILFDOO\�� VXSSRVH�WKDW� K� LV�DQ�LVRPRUSKLVP�
RYHU� [R�� $VVXPH� WKDW�WKH�QXPHULFDO�K\SRWKHVHV� �������� DQG� �������� KROG�� EXW�
WKDW��������� LV�UHSODFHG�E\�

��������� ���� �-�*,� ���

7KHQ� /R�LV�IUHH�DW� [R��,Q�IDFW��MXVW�DV�LQ��������RQH�FDQ�XVH����������DQG���������
WR�YHULI\� WKH� QXPHULFDO� K\SRWKHVHV� �������� RI�7KHRUHP� ���� ZLWK� IO�  �2�� ,Q�
WKH�VLWXDWLRQ�RI�)XMLWD
V�FRQMHFWXUH��IRU�H[DPSOH��WKLV�OHDGV�WR�WKH�VWDWHPHQW�WKDW�
.�[����$� LV�EDVH�SRLQW�IUHH�LI�$� LV�DPSOH�� +RZHYHU��LQ�WKH�IROORZLQJ�SDUDJUDSKV�
ZH�ZLOO�VHH�WKDW�ZLWK�PRUH�ZRUN�RQH�FDQ�GR�D�OLWWOH�EHWWHU�E\�XVLQJ�D�QRQWULYLDO�
HVWLPDWH�IRU� IO��

������� 7XUQLQJ� WR� VWDWHPHQW� �,,��� DVVXPH� QRZ� WKDW� K�O�[2�� FRQVLVWV� RI�WKH�
VLQJOH� SRLQW� [� (� ;� DSSHDULQJ� LQ� ������� 7KHQ� 6� SDVVHV� WKURXJK� [��DQG�ZH�
GHQRWH�E\� ;,� (� 6,� WKH�SRLQW�O\LQJ�RYHU� [��3XW�

BU0
�0��S��U5��5
���� ,� �� 
� ��

DQG�OHW� IO�  � PXOW[� ,W�LV� HQRXJK� WR� VKRZ� WKDW� WKH� QXPHULFDO�K\SRWKHVHV�
��

�������� RI�7KHRUHP����� DUH�VDWLVILHG�ZLWK� 3,� DQG�3�� DV�JLYHQ�LQ����������
7R�WKLV�HQG��ZH�QHHG�WR�HVWLPDWH� IO��/HW� '
�  � (L!��6LÂ�' M� EH�WKH�SDUW�RI�'�

H[FOXGLQJ� 'R� � 6���VR�WKDW�'� � U6���'
� �� 7KH�HVVHQWLDO�SRLQW�LV�
������ /HPPD�� $V�LQ�������� OHW� T� � PXOW[�'���

�L�� 7KHUH� LV� D� QHLJKERUKRRG� RI�;,� LQ� 6,� VXFK� WKDW� -��F'
�� ,� ��
,�

�LL�� ,I�;,� LV�D�VPRRWK�SRLQW�RI�6,
�WKHQ� IO� ��� � GR��T� � U��U��
�LLL�� ,I�;,� LV�DQ�5'3�RI�6,
�WKHQ� IO� ��� � GR��T� � �U��U��

3URRI�� 6LQFH�PXOW[�'
�� � T�� U�PXOW[�6� ��VWDWHPHQWV��LL��DQG��LLL��I�OORZ�IURP�
�L�� E\�YLUWXH�RI���������� )RU��L�� QRWH�WR�EHJLQ�ZLWK�WKDW��

�
�� I�F'
�� �I�F'�� FU6�� �/�FUM�� ��� � GR�WM�(M��
M"��

1H[W��FKRRVH�D�VPDOO�QHLJKERUKRRG� 9� RI�;� LQ� 6� VXFK�WKDW�WKH�IROORZLQJ�KROG��
�D�� ��� LV� DQ� LVRPRUSKLVP�RYHU� 9� �VR� 6� LV� VPRRWK�RQ� 9� H[FHSW� SHUKDSV�

DW� [���
�E�� ,I�  � -��,�9�� DQG� 9L�  � WKHQ� Q�9L�  � �� DQG�

VXSS�1
��Q�9L� ����
%\��������� DQG���������

U�5�� � 5
� � 3
�� 1
���/^O�M���FUM�� EM�(���
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%XW� �3
�� 1
�� ,�-��  � 3�� ,�-�� WKDQNV�WR� �E���DQG�ZULWLQJ�
�2-���HUM�� E�� � �HUM�� ��� � GR�WM�����WM�� EM���� �2-� � GRWM��

ZH�ILQG�IURP� �
�� DQG���������

�U5�� � 5
�� ,�-��  � �3����M
�H'
��� .( �6��� � GRW�(��� ,�-���
%XW� S
�3��� � �� DQG�VLPLODUO\� S
�.( �6� ,�-���  � �� WKDQNV� WR� �D��� )XUWKHUPRUH�
2-��GRWM� �� E\���������� 7KH�DVVHUWLRQ�RI�WKH�OHPPD�WKHQ�IROORZV�XSRQ�DSSO\LQJ�
S���� ��

������� ,W�UHPDLQV� RQO\� WR� FDUU\� RXW� WKH� HVWLPDWHV� VKRZLQJ� WKDW� LQHTXDOLWLHV�
��������DQG���������OHDG�WR���������� 6XSSRVH�WKHQ�WKDW� ;,� LV�D�VPRRWK�SRLQW��DQG�
OHW� -�O�  �P8OW[ �/�,��� )RU�������ZH�QHHG�WR�YHULI\�

� O�HQ������X� !��-�O�X� �� � ��
��

VR�ZH�PD\�DVVXPH�WKDW� -�O� ����� 6LQFH� T!�QX� ���� � X���ZH� DUH� IUHH� WR�VXSSRVH�
LQ������� WKDW�DOO�WKH� GL� VDWLVI\� GL������ QX� �T��� � X���7KHQ�

ZKHQFH��

7KHUHIRUH��

%XW�WKH�IXQFWLRQ�
VR�ZH� ILQG�

��� � GR�� ���� Q8�� ��-�O� �T� � U��!� � �� � U�
������� U� U� ��� X�

Q� �-�O�������� � X����� ��
U� X��

��� HQ� � � !���� � � � ��� ������ 8�� Q� X� -�O�O�
X�� U� X�� X��

���� [���O�� �[������X��� LV� GHFUHDVLQJ�LQ� [� IRU� [� ��X�� � ���

!� ��-�O�
��� �-�O������X��

7KH�RWKHU�LQHTXDOLW\�LQ� �
�� LV� LGHQWLFDO�� :KHQ� ;,� LV� D� UDWLRQDO�GRXEOH�SRLQW��
RQH�DUJXHV�VLPLODUO\�XVLQJ�LQVWHDG�WKH�VHFRQG�WHUPV�RQ�WKH�ULJKW�VLGHV�RI���������
DQG���������� :H� OHDYH�GHWDLOV�WR�WKH�UHDGHU��
7KH�SURRI�RI�7KHRUHP�����LV�QRZ�FRPSOHWH��

��� )8-,7$
6�&21-(&785(�21�*/2%$/�*(1(5$7,21�
:H� LQGLFDWH� KHUH� WKH�PRGLILFDWLRQV� QHFHVVDU\� WR� SURYH� &RUROODU\� �
� LQ� WKH�

,QWURGXFWLRQ�� 7KH�LGHD�LV� WKDW� WKH�RQO\�GLIILFXOW\�RFFXUV�ZKHQ� WKH�PLQLPL]LQJ�
FRPSRQHQW�PDSV�WR�D�FXUYH�� DQG� ��� HQ� ���:H� WKHQ�DUJXH� WKDW�E\�FKDQJLQJ�
VOLJKWO\�WKH�GLYLVRU�0� RFFXULQJ�LQ�������� ZH� FDQ�DUUDQJH� WR�HQG�XS� LQVWHDG�LQ�
WKH�VLWXDWLRQ�RI��������
������ /HW�/� EH�DQ�DPSOH�OLQH�EXQGOH�RQ�;��DQG�OHW�%� � �/��:H�NHHS�QRWDWLRQ�
DV�LQ����� EXW�ZH� WDNH� ;R�  � ;� DQG� K� � LG�� 7KXV� [� (�;� LV� D� IL[HG� SRLQW�� DQG�
ZH�QHHG�WR�SURGXFH�D�VHFWLRQ�RI�	[�.�[���%�� ZKLFK�LV� QRQYDQLVKLQJ�DW� [��
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������ /HW� �W� ��;,� ����;� EH� WKH�EORZLQJ� XS� RI� ;�� DQG�OHW� ),� &� ;,� EH� WKH�
H[FHSWLRQDO�GLYLVRU�� 6LQFH� /� LV� DPSOH��ZH�PD\�IL[� D� QXPEHU� V�!��� VXFK� WKDW�
�W
�%��� V),� LV�DPSOH�� :H�QH[W�IL[� ����I� ©��� VXFK�WKDW�

��������� �I� ���� �I�������� V���� I� ��� �I� ��

,Q��������ZH�FDQ�WKHQ�WDNH�

�������� D�� � ��� �I��� D� � I��

5HFDOO�WKDW�WKH�UHVROXWLRQ� I��<� ����;� FRQVWUXFWHG�LQ������� IDFWRUV� WKURXJK�WKH�
EORZLQJ�XS� �W�� 'HQRWH�E\� ���<� ����;,� WKH�UHVXOWLQJ�PDS��DQG�OHW� )H<�EH�
WKH�SURSHU�WUDQVIRUP�RI�),�
�VR�WKDW�)� RFFXUV�DV�RQH�RI�WKH�H[FHSWLRQDO�GLYLVRUV�
(M �� 7KXV�WKH�FRHIILFLHQWV�DWWDFKHG�WR� )� LQ������� DUH� U�)�� �T�� E�)�� ����DQG�
R�)�� �2)
�

������ 2EVHUYH�QH[W�WKDW�WKH�LQHTXDOLWLHV� �������� DQG��������� QHHGHG�LQ���� KROG�
ZLWK� D O�  ���� IO� DQG� D�� ���� I�� IRU� VPDOO� IO� DQG� I�
�EXW��������� MXVW�IDLOV�
IRU� DR� � ��� ,Q�RWKHU�ZRUGV�� WKH�RQO\� WURXEOHVRPH�VLWXDWLRQ� LV� WKDW�RFFXUULQJ�
LQ��������������ZKHQ�WKH�PLQLPL]LQJ�FRPSRQHQW� (� PDSV�WR�D�FXUYH�LQ� ;�� 6R�
ZH� PD\�DVVXPH�ZH� DUH� LQ�WKDW� VHWWLQJ�� $V� LQ����� SXW� \�  � ��� HQ� � D���D� �� ,I�
\�!����WKHQ�WKH�DUJXPHQW� LQ� ������ JRHV� WKURXJK� DQG�ZH� DUH�GRQH�� +HQFH�ZH�
PD\�VXSSRVH�WKDW� \����� ��
�L�H���
�������� ����I�

HQ� ��� �I
�

������ :H� QRZ� LQWURGXFH� SHUWXUEDWLRQV� RI�WKH� GL\LVRUV� 5�� 0� RFFXUULQJ� LQ�
������� 6SHFLILFDOO\�� IRU�UDWLRQDO�QXPEHUV� $��� 
�� !��� SXW�

��������

��������

6�$��� 
���  � ,�EM� � $�UM� � R�(M� � 
����
�),� 
�
M"2�

0�$��� 
���  �@� 	
;�..���%��� .\���6�$��� 
����
�1RWH�WKDW�WKH�VXP�LV�WDNHQ�RYHU�DOO� (M
�LQFOXGLQJ�WKH�PLQLPL]LQJ�FRPSRQHQW�
(�  � (R
�� 7KXV� 6�H����� �5�� (� ��DQG�

��������

������ :H�FODLP�WKDW�LQ�RUGHU�WR�SURYH�&RUROODU\��
�� LW�VXIILFHV�WR�ILQG�D�UDWLRQDO�
QXPEHU� 
�� VXFK�WKDW�

��������

��������

R��� 
�� �� ����HQ�� ����V��
RUG)6�H�� 
���������

,Q�IDFW��VXSSRVH�VXFK� 
�� H[LVWV��DQG�IL[� ����$�� ��H� ZLWK�RUG)6�$��� 
��� ������� 7KHQ�
LQ�WKH� ILUVW� SODFH�� LW�IROORZV� IURP� �������� DQG� �������� WKDW� 0�$��� 
��� LV� DPSOH��
1RWH�QH[W� WKDW� RUG(6�$������ !���� IRU�DOO� ( M� VXFK� WKDW� I�(�� �� [� WKDQNV�WR�

-�
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WKH�GHILQLWLRQ�RI�F� LQ�������� 0RUHRYHU��E\���������� RUG(6�$��� ����  � RUG(6�$������
�� ��

XQOHVV� -�(M ��  � [��7KHUHIRUH��ZH�FDQ�ZULWH�
UV�$��� 
�I� � 3�$��� 
��� � 1�$��� ���� � 7�$��� ����

ZKHUH�HYHU\�FRPSRQHQW�RI�3�$��� ���� LV� -�H[FHSWLRQDO��DQG�1�$��� ���� DQG� 7�$��� ����
DUH�HIIHFWLYH�GLYLVRUV�ZLWK� VXSS�1�$�������Q-� -�[�� ����DQG�-�VXSS�7�$���������  �
[��0RUHRYHU�� 7�$��� ����  I�� �� VLQFH� RUG)6�$��� ���� ������� ,Q�SDUWLFXODU�� WKLQNLQJ�RI�
7�  � 7�$��� ���� DV�D� VXEVFKHPH�RI�<��ZH�KDYH� M	
[�.[���%�,7� � 	
7�� 62� DV�LQ�
������� DQG��������ZH� ILQG�WKDW�WKHUH�LV�D�VXUMHFWLYH�KRPRPRUSKLVP�

+2�\��	�\�M�.[�%���1�������+2�7��	�\�M�.[�%��1�,7�� � +2�7��	
7�
�

DQG�ZH�FRQFOXGH�DV�LQ�������� DQG��������

������ ,W�UHPDLQV� RQO\� WR� SURGXFH� WKH� UHTXLUHG� ���� 5HFDOOLQJ� IURP� ������ WKDW�
T�!� ZH�ILQG�XVLQJ���������

RUG)6�F������  � RUG)6�F����� � ���
 � ��� FT�� -) ����

��� �¼� �¼�
����� � 
��  � ������� ¼� ���Â�

%XW� \�!��� ���¼� E\����������VR�ZH�VHH�WKDW�LW�VXIILFHV�WR�WDNH� ����� ���W���V���
DQG�ZH�DUH�GRQH��

����� 5HPDUN�� ,Q�WKH�VLWXDWLRQ�RI�7KHRUHP���
�� VXSSRVH�WKDW� V� �� LV�D�UDWLRQDO�
QXPEHU�VXFK�WKDW� Q
�%� � VÂ�)-� LV�ELJ�DQG�QHI��ZKHUH� Q� LV�WKH�EORZLQJ�XS�RI�;�
DW� [� (;�� 7KHQ�RQH�FDQ�VKRZ�WKDW�7KHRUHP� ��
�KROGV�ZLWK�WKH�ODVW� LQHTXDOLW\�
2
-� �
����
�� � ��� UHSODFHG�E\� 2
-� ����� ��
�� � 6����
�� � ���� :H� OHDYH�GHWDLOV� WR� WKH�
LQWHUHVWHG�UHDGHU��

5()(5(1&(6�

>%39@� :�� %DUWK��&�� 3HWHUV��DQG�$��9DQ�GH�9HQ��&RPSDFW�FRPSOH[�VXUIDFHV��6SULQJHU�9HUODJ��1HZ�
<RUN�� ������

>%HQ@� ;�� %HQYHQLVWH�� 6XU�OHV� YDULHWHV�GH�GLPHQVLRQ� ��GH� W\SH�JHP�UDO�GRQW� ,H� GLYLVHXU�FDQRQLTXH�
HVW�QXPHULTXHPHQW�SRVLWLI��0DWK��$QQ�� ���� �������� ���������

>%PE@� (�� %RPELHUL��&DQRQLFDO�PRGHOV�RI�VXUIDFHV�RI�JHQHUDO� W\SH�� ,QVW��+DXWHV�(WXGHV�6FL�� 3XEO��
0DWK����� ����������������

>&.0@� +��&OHPHQV��-��.ROKLH��DQG�6��0RUL��+LJKHU�GLPHQVLRQDO�FRPSOH[�JHRPHWU\��$VWHULVTXH�����
���������

>2HP@� -��3��2HPDLOO\��$�QXPHULFDO�FULWHULRQ�IRU� YHU\�DPSOH�OLQH�EXQGOHV��WR�DSSHDU���
>(9@� +�� (VQDXOW�DQG�(�� 9LHKZHJ��/HFWXUHV�RQ� YDQLVKLQJ�WKHRUHPV��209�6HPLQDU��EG�� ����%LUN�

KLLXVHU�9HUODJ��%DVHO�� ������
>)XM��@� 7��)XMLWD��FRQWULEXWLRQ�WR�%LUDWLRQDO�JHRPHWU\�RI�DOJHEUDLF�YDULHWLHV�� 2SHQ�SUREOHPV�� IURP�

WKH� �����.DWDWD�6\SRVLXP�RI�WKH�7DQLJXFKL�)RXQGDWLRQ��
>)XM�@� B��2Q�SRODUL]HG�PDQLIROGV�ZKRVH�DGMRLQW�EXQGOHV�DUH�QRW�VHPLSRVLWLYH��$OJHEUDLF�*HRP�

HWU\��6HQGDL�� ����� �7��2GD��HG����$GY��6WXG��3XUH�0DWK���YRO�� ����1RUWK�+ROODQG��$PVWHU�
GDP�� ������SS�� ���������

>)XM�@� B��&ODVVLILFDWLRQ� WKHRULHV�RI�SRODUL]HG�YDULHWLHV�� /RQGRQ�0DWK�� 6RF�� /HFWXUH�1RWH� 6HU���
YRO�� �����&DPEULGJH�8QLY��3UHVV��&DPEULGJH�DQG�1HZ�<RUN�� ������
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>+UW@� 5�� +DUWVKRUQH��*HQHUDOL]HG�GLYLVRUV�RQ�*RUHQVWHLQ�FXUYHV�DQG�D� WKHRUHP�RI�1RHWKHU��0DWK��
-��.\RWR�8QLY����� �������� ���������

>.@� <��.DZDPDWD��2Q�WKH�ILQLWHQHVV�RI�JHQHUDWRUV�RI�D�SOXULFDQRQLFDO�ULQJ�IRU�D���IROG�RI�JHQHUDO�
W\SH��$PHU��-��0DWK�� ������������ �����������

>.00@� <�� .DZDUQDWD�� .��� 0DWVXGD��DQG�.��0DWVXNL�� ,QWURGXFWLRQ� WR� WKH�PLQLPDO�PRGHO�SUREOHP��
$OJHEUDLF�*HRPHWU\�� 6HQGDL�� ����� �7��2GD�� HG����$GY�� 6WXG�� 3XUH�0DWK���YRO�� ���� 1RUWK�
+ROODQG��$PVWHUGDP�� ��������������

>.PI@� *��.HPSI�� 9DULHWLHV�ZLWK� UDWLRQDO�VLQJXODULWLHV��3URF�� RI�WKH�/HIVFKHW]�&HQWHQQLDO�&RQIHU�
HQFH��&RQWHPS��0DWK������������� ���������

>.RG@� .��.RGDLUD�� 3OXULFDQRQLFDO� V\VWHPV� RQ� DOJHEUDLF� VXUIDFHV� RI�JHQHUDO� W\SH�� -�� 0DWK�� 6RF��
-DSDQ���� �������� ���������

>.ROO@� -�� .ROODU��9DQLVKLQJ�WKHRUHPV�IRU�FRKRPRORJ\�JURXSV��$OJHEUDLF�*HRPHWU\��%RZGRLQ� ������
3URF��6\PSRV��3XUH��0DWK���YRO������$PHU��0DWK��6RF���3URYLGHQFH��5,�� ������SS�����������

>.R��@� BB���(IIHFWLYH�EDVH�SRLQW�IUHHQHVV�� SUHSULQW��
>.R��@� -��.ROODU�HW�DL���)OLSV�DQG�DEXQGDQFH�IRU�DOJHEUDLF�WKUHHIROGV� �WR�DSSHDU���
>0DW@� .��0DWVXNL��2Q�SOXULFDQRQLFDO�PDSV�IRU� WKUHHIROGV�RI�JHQHUDO�W\SH�� -��0DWK�� 6RF�� -DSDQ����

����������������
>2JX@� .��� 2JXLVR��2Q�SRODUL]HG�&DODEL�<DX� WKUHHIROGV��-�� )DF��6FL��8QLY��7RN\R�6HFW�� ,$�0DWK�����

����������������
>5G@� 0��5HLG��3URMHFWLYH�PRUSKLVPV�DFFRUGLQJ�WR�.DZDPDWD��XQSXEOLVKHG�PDQXVFULSW�� ������
>5GU@� ,��5HLGHU��9HFWRU�EXQGOHV�RI�UDQN���DQG�OLQHDU�V\VWHPV�RQ�DOJHEUDLF�VXUIDFHV��$QQ��RI�0DWK��

���� ������������ ���������
>6DLG@� )�� 6DNDL��:HL��GLYLVRUV�RQ�QRUPDO�VXUIDFHV��'XNH�0DWK�� -�� ��� �������� ���������
>6DN�@� BB��� 5HLGHU�6HUDQR
V� PHWKRG� RQ� QRUPDO� VXUIDFHV�� $OJHEUDLF� *HRPHWU\�� 3URFHHGLQJV��

/
$TXLOD� ������/HFWXUH�1RWHV� LQ�0DWK���YRO�� ������ 6SULQJHU�9HGDJ��1HZ�<RUN�� ������ SS��
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