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�
$EVWUDFW�
+LJK� UHVROXWLRQ� 1HDU�ILHOG� $FRXVWLF� +RORJUDSK\� �1$+�� LV� QRW� D� ZLGHO\� GLVFXVVHG�
WRSLF� LQ�RSHQ� OLWHUDWXUH��)RU� LQVWDQFH�DUWLFOHV�RQ�DXWRPRWLYH�RU�QDYDO�DSSOLFDWLRQV�GR�
QRW� GLVFXVV� UHVROXWLRQV� EH\RQG� RQH� FHQWLPHWUH�� (OHFWURQLF� DSSOLDQFHV� RQ� WKH� RWKHU�
KDQG�GHPDQG�D�KLJK�VSDWLDO�UHVROXWLRQ��VLQFH�WKH�FRPSRQHQWV�RI�SULQWHG�FLUFXLW�ERDUGV�
EHFRPH� VPDOOHU� DQG� VPDOOHU�� 7KHVH� DSSOLFDWLRQV� UHTXLUH� D� VSDWLDO� UHVROXWLRQ� LQ� WKH�
RUGHU�RI�PLOOLPHWUHV��$V�DQ�H[DPSOH��FRPSRQHQWV�VXFK�DV�6XUIDFH�0RXQWHG�'HYLFHV�
�60'V��FDUU\�KLJK� IUHTXHQW� VZLWFKLQJ�YROWDJHV��ZKLFK�PD\�KDYH�D�QRLVH�JHQHUDWLQJ�
HIIHFW��(YHQ�VRXQG�SRZHU�OHYHOV�DV�ORZ�DV����G%�$��FDQ�EH�DQQR\LQJ�WR�WKH�FXVWRPHU��
UHTXLULQJ�D�GLDJQRVWLF�WRRO�VXFK�DV�1$+�WR�ORFDOLVH�WKH�VRXQG�VRXUFH�V��RI�UHODWLYHO\�
ORZ� DFRXVWLF� OHYHOV� DW� D� KLJK� VSDWLDO� UHVROXWLRQ�� 7R� REWDLQ� KLJK�UHVROXWLRQ� DFRXVWLF�
LPDJHV�� WKH� DFRXVWLF� VLJQDO� SURFHVVLQJ� DQG� PHDVXUHPHQW� VHW�XS� KDYH� WR� EH� WXQHG�
FDUHIXOO\�� 7KH� SDSHU� IRFXVHV� XSRQ� WKH� GHWHUPLQDWLRQ� RI� RSWLPDO� PHDVXUHPHQW� DQG�
UHFRQVWUXFWLRQ�SDUDPHWHUV� WR�HQDEOH�KLJKO\�DFFXUDWH�VRXUFH�UHFRQVWUXFWLRQV��ZKLFK�LQ�
WKLV� FDVH� DUH� OLPLWHG� WR� VWDWLRQDU\�� FRKHUHQW� VRXUFHV� RQO\�� 7R� LOOXVWUDWH� WKH� KLJK�
UHVROXWLRQ�FDSDELOLWLHV�RI�3ODQDU�1HDU�ILHOG�$FRXVWLF�+RORJUDSK\��31$+��D�WHVW�FDVH�
LV�XVHG��7KH�WHVW�FDVH�LV�D�SODWH�FRQWDLQLQJ�WKUHH�EDIIOHG�VRXUFHV��HDFK�WZR�PLOOLPHWUH�
LQ� GLDPHWHU�� KDOI� D� PLOOLPHWUH� DSDUW�� 7KH� PHDVXUHPHQWV� VKRZ� WKDW� WKH� VRXUFHV� DUH�
LGHQWLILHG�ZLWK�VXE�PLOOLPHWUH�UHVROXWLRQ��
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2QH�RI�WKH�PDLQ�LQWHUHVWV�RI�3ODQDU�1HDU�ILHOG�$FRXVWLF�+RORJUDSK\��31$+��RQ�VPDOO�
REMHFWV�LV�WKH�PD[LPXP�DFKLHYDEOH�UHVROXWLRQ�RI�WKH�DFRXVWLF�ILHOG�LQIRUPDWLRQ�DW�WKH�
VRXUFH�SODQH��7KLV�UHVROXWLRQ�GHSHQGV�RQ�D�QXPEHU�RI�SDUDPHWHUV�WKDW�FDQ�EH�VHW�HLWKHU�
E\� WKH� PHDVXUHPHQW� RU� WKH� SRVW�SURFHVVLQJ� SURSHUWLHV�� 7KH� GLIIHUHQW� SDUDPHWHUV�
DIIHFWLQJ�WKH�UHVROXWLRQ�RI�WKH�DFRXVWLF�LPDJHV�ZLOO�EH�GLVFXVVHG�LQ�WKLV�FKDSWHU��$OVR�D�
SRVW�SURFHVVLQJ�DOJRULWKP�WR�GHWHUPLQH� WKH�RSWLPDO�N�VSDFH�ILOWHU�SDUDPHWHUV�ZLOO�EH�
LQWURGXFHG�� 7KH�ZRUN� RI�:LOOLDPV� >�@� LV� XVHG� DV� D� EDVLV� IRU� 31$+� DFRXVWLF� VLJQDO�
SURFHVVLQJ���
�
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�
6SDWLDO�VDPSOLQJ�
�
6DPSOLQJ� LQ� WKH� VSDWLDO� GRPDLQ� LV� GHWHUPLQHG� E\� WKH� DFRXVWLF� VHQVRU� SRVLWLRQV��7KH�
GLVWDQFHV� [�DQG� \�EHWZHHQ� WKH�PHDVXUHPHQW�SRVLWLRQV�RQ� WKH�PHDVXUHPHQW�SODQH�
PDNH�XS� WKH� VSDWLDO� GLVFUHWLVDWLRQ� DQG� FDQ�EH� VHHQ�DV� D� VSDWLDO�$'�FRQYHUVLRQ��7KH�
1\TXLVW�FULWHULRQ�>�@� IRU�DQDORJXH� WR�GLJLWDO�VLJQDO�SURFHVVLQJ� LV�HTXDOO\�YDOLG� LQ� WKH�
VSDWLDO� GRPDLQ�� &RQVLGHU� D� QRLVH�IUHH� DFRXVWLF� PHDVXUHPHQW� LQ� WKH� QHDU�ILHOG�� 7KH�
PLQLPXP� GLVWDQFH� EHWZHHQ� WZR� DFRXVWLF� VHQVRUV� RU� VSDWLDO� VDPSOHV� GHWHUPLQHV� WKH�
PD[LPXP�REVHUYDEOH�ZDYHQXPEHU�� N ��� � ��7KH�PLQLPXP�REVHUYDEOH�ZDYHOHQJWK� LV���
VDPSOHV�ORQJ��RU�

[' �� � �O �����������>P@�� ����

7KLV�PDNHV�WKH�KLJKHVW�REVHUYDEOH�ZDYHQXPEHU��
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7KH�UHVROXWLRQ�RI�DQ�DFRXVWLF�LPDJH�FDQ�EH�GHILQHG�DV�WKH�PLQLPXP�GLVWDQFH�EHWZHHQ�
WZR�DFRXVWLF�VRXUFHV�WKDW�FDQ�EH�REVHUYHG��7KLV�PLQLPXP�FKDQJH�LQ�DFRXVWLF�TXDQWLW\�
FDQ� DW� EHVW� EH� REVHUYHG� E\� WZR� QHLJKERXULQJ� VHQVRU� SRVLWLRQV� RI�ZKLFK� RQH� LV�� IRU�
H[DPSOH�� VHQVLQJ� D� KLJK� VRXQG�SUHVVXUH� DQG� WKH� RWKHU� D� ORZ� VRXQG�SUHVVXUH�� ,Q� WKH�
QRLVH�IUHH�FDVH�WKH�UHVROXWLRQ�RI�WKH�DFRXVWLF�LPDJH�ZLOO�EH�
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7KXV�� WKH� PD[LPXP� UHVROXWLRQ� RI� WKH� DFRXVWLF� LPDJH� LV� DW� ILUVW� GHWHUPLQHG� E\� WKH�
VHQVRU�GLVWDQFH��ZKLFK�LV�WKH�DEVROXWH�XSSHU�ERXQGDU\�DQG�VKRXOG�EH�FKRVHQ�ZLWK�FDUH��
6R��LI�WKH�VHQVRU�GLVWDQFH�LV�WRR�ODUJH�FRPSDUHG�WR�WKH�ZDYHQXPEHUV�RQH�LV�LQWHUHVWHG�
LQ� WKH�SURFHVV�ZLOO� IDLO� DQG� WKH� UHVROXWLRQ�ZLOO� QRW�EH� DGHTXDWH��$� VHFRQG�ERXQGLQJ�



SURSHUW\�IRU�WKH�PD[LPXP�UHVROXWLRQ�RI�DQ�DFRXVWLF�LPDJH�LV�WKH�VLJQDO�WR�QRLVH�UDWLR��
ZKLFK�ZLOO�EH�GLVFXVVHG�LQ�WKH�QH[W�SDUDJUDSK��
�
,QIOXHQFH�RI�PHDVXUHPHQW�QRLVH�RQ�UHVROXWLRQ�
�
,Q�FDVH�WKHUH�DUH�QR�HYDQHVFHQW�ZDYHV�DYDLODEOH�IURP�WKH�PHDVXUHPHQWV�DQG�WKH�JULG�
VSDFLQJ�LV�VPDOOHU�WKDQ�� [��WKH�UHVROXWLRQ�5�LV�GHWHUPLQHG�E\�WKH�IUHH�ILHOG�DFRXVWLF�
ZDYHOHQJWK� ��
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7KLV�FDQ�EH�GHILQHG�DV�WKH�PLQLPXP�UHVROXWLRQ�IRU�DQ�DFRXVWLF�LPDJH��ZKLFK��LQ�IDFW��
LV� WKH� UHVROXWLRQ� WKDW� FDQ� EH� REWDLQHG� E\� EHDP�IRUPLQJ� RU� DFRXVWLF� KRORJUDSK\�� ,Q�
SUDFWLVH� WKH� UHVROXWLRQ� WKDW� FDQ� EH� REWDLQHG� E\� 31$+�ZLOO� EH� LQ�EHWZHHQ�5��� � � DQG�
5��� � ��7R�LQFUHDVH�WKH�VSDWLDO�UHVROXWLRQ�EH\RQG�5 ��� 	 ��LW�LV�FOHDU�WKDW�D�PHDVXUHPHQW�LQ�
WKH�QHDU�ILHOG�RI� WKH�REMHFW� LV�QHFHVVDU\� WR�DFTXLUH� LQIRUPDWLRQ�DERXW� WKH�HYDQHVFHQW�
ZDYHV��
� 7KH� HUURU� OHYHO� RI� DQ� DFWXDOO\� PHDVXUHG� KRORJUDP� FRQWDLQV� VRPH� LQWULQVLF�
HUURU��DOVR�UHIHUUHG�WR�DV�QRLVH��ZKLFK�LQFOXGHV�EDFNJURXQG�VRXQG��GLIIUDFWLRQ�IURP�WKH�
PLFURSKRQH�� HOHFWULF� QRLVH�� FDOLEUDWLRQ� HUURUV�� HWF�� ,QWHUHVWLQJ� LQIRUPDWLRQ� DERXW� WKH�
QRLVH�LV� WKH�GLIIHUHQFH�EHWZHHQ�VLJQDO�DQG�QRLVH��DOVR�NQRZQ�DV�VLJQDO�WR�QRLVH�UDWLR�
�615���RU�G\QDPLF�UDQJH�'��ZKLFK�LV�GHILQHG�DV�
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ZKHUH�0�LV�WKH�PD[LPXP�PHDVXUHG�ILHOG�DPSOLWXGH�DQG�(�LV�WKH�QRLVH�DPSOLWXGH��7KLV�
LV� DQ� LPSRUWDQW� TXDQWLW\� EHFDXVH� WKH� G\QDPLF� UDQJH� '� LQIOXHQFHV� WKH� PD[LPXP�
REVHUYDEOH�ZDYHQXPEHU�DV�D� IXQFWLRQ�RI� WKH�VRXUFH�KRORJUDP�GLVWDQFH��] � �] 
 ���)URP�
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IRU� WKH� UHVROXWLRQ�RI� WKH� DFRXVWLF� LPDJH� WKDW� LV� SRVVLEOH�ZLWK�G\QDPLF� UDQJH�'��)RU�
' �G%� WKHUH� DUH� QR� HYDQHVFHQW� ZDYHV� DYDLODEOH� DQG� 5� LV� HTXDO� WR� WKH� UHVROXWLRQ�
REWDLQHG� E\� EHDP�IRUPLQJ�� 5��� � � LQ� ����� 6R�� WKH� EHWWHU� WKH� G\QDPLF� UDQJH� RI� \RXU�
PHDVXUHPHQW��WKH�KLJKHU�WKH�UHVROXWLRQ�RI�\RXU�DFRXVWLF�LPDJH�ZKHQ�PHDVXULQJ�LQ�WKH�
QHDU�ILHOG��
� 7KH�SRWHQWLDO�RI�1$+�LV�D�GLUHFW�UHVXOW�RI� WKH�G\QDPLF�UDQJH�ZLWK�ZKLFK�WKH�
HYDQHVFHQW� ZDYHV� DUH� PHDVXUHG� LQ� WKH� QHDU�ILHOG�� &RPSDUHG� WR� EHDP�IRUPLQJ� RU�
DFRXVWLF� KRORJUDSK\�� 1$+� ZLOO� UHVXOW� LQ� D� PXFK� KLJKHU� UHVROXWLRQ� JLYHQ� D� KLJK�
G\QDPLF� UDQJH�� &RQVLGHU� IRU� H[DPSOH� WKH� DFRXVWLF� UDGLDWLRQ� DW� D� VLQJOH� DQJXODU�
IUHTXHQF\� RI� 
  � ����� UDG�V� DW� GLIIHUHQW� GLVWDQFHV� ]� �] 
 �� 7KH� UHVROXWLRQ� RI� WKH�
DFRXVWLF� LPDJH� GHSHQGV� RQ� WKH� G\QDPLF� UDQJH� '� DV� VKRZQ� LQ� )LJXUH� ��� ZKHUH� WKH�



XSSHU�JUDSK�JLYHV�WKH�UHVROXWLRQ�IRU�EHDP�IRUPLQJ�ZKHUH�QR�UHVROXWLRQ�LPSURYHPHQW�
LV�REWDLQHG�IRU�KLJKHU�G\QDPLF�UDQJH��)URP�����DQG� 
  � �����UDG�V� LW� IROORZV� WKDW�
5��� �  �����P��
���

�

)LJXUH� ��� ,QIOXHQFH� RI� '\QDPLF�
UDQJH� DQG� KRORJUDP� GLVWDQFH� RQ�
UHVROXWLRQ�IRU� �  � �����UDG�V��

�
7KHVH� JUDSKV� WHOO� XV� WKDW� GLVWDQFH� IURP� DFRXVWLF� VHQVRUV� WR� WKH� VRXUFH� VKRXOG� EH� DV�
VPDOO� DV� SRVVLEOH� �EXW� QRW� WRR� VPDOO�� DV� ZLOO� EH� VHHQ� LQ� WKH� QH[W� VHFWLRQ�� DQG� WKH�
G\QDPLF� UDQJH� RI� WKH� PHDVXUHPHQW� VKRXOG� EH� DV� ODUJH� DV� SRVVLEOH� LQ� RUGHU� WR�
PD[LPL]H�UHVROXWLRQ���
�
6SDWLDO�DOLDVLQJ�
�
$Q� LPSRUWDQW� LVVXH�ZKHQ�DFTXLULQJ�D�KRORJUDSKLF�PHDVXUHPHQW� LV� WKH�GLVWDQFH� IURP�
WKH�WLS�RI�WKH�VHQVRU�WR�WKH�VRXUFH�SODQH��RU�DV�VWDWHG�DERYH��] � �] 
 ��)URP�����ZH�NQRZ�
WKDW� WKH� UHVROXWLRQ� VWURQJO\� GHSHQGV� RQ� WKLV� GLVWDQFH� DQG� GHFUHDVLQJ� LW� ZLOO� ERRVW�
UHVROXWLRQ��7KHUH� DUH� WZR�PDLQ� UHDVRQV�ZK\�GHFUHDVLQJ� WKH� KRORJUDP�GLVWDQFH� ] � �] 
 �
KDV�LWV�OLPLWV���

7KH�ILUVW�UHDVRQ�LV� WKH�LQIOXHQFH�RI� WKH�VHQVRU�RQ�WKH�DFRXVWLF�EHKDYLRXU�RI� WKH�
VRXUFH��'LIIUDFWLRQ�DQG�D�FKDQJH�LQ�DFRXVWLF�LPSHGDQFH�FDQ�EH�RI�JUHDW�LPSRUWDQFH�RQ�
VKRUW�GLVWDQFHV��7KH�VHFRQG�UHDVRQ�LV�WKH�VSDWLDO�VDPSOLQJ�VSDFLQJ��RU� [�DQG� \��7KH��
VSDWLDO� VDPSOLQJ� DQG� KRORJUDP� GLVWDQFH� DUH� LQWHUOLQNHG� EHFDXVH� RI� DOLDVLQJ� HIIHFWV��
$OLDVLQJ�LV�D�ZHOO�NQRZQ�LVVXH�LQ�GLJLWDO�VLJQDO�SURFHVVLQJ�DQG�LV�D�UHVXOW�RI�WKH�XQGHU�
VDPSOLQJ� RI� GDWD�� 7DNH� IRU� H[DPSOH� WKH� VLQH� ZDYH� ZLWK� D� KLJK� ZDYHQXPEHU� DV�
LOOXVWUDWHG�LQ�)LJXUH����7KLV�VLQH�ZDYH�LV�VDPSOHG�E\� [��ZKLFK�UHVXOWV�LQ�WKH�VDPSOLQJ�
SRLQWV�PDUNHG�E\�WKH�EODFN�GRWV���

�

)LJXUH� ��� 8QGHU�VDPSOLQJ�
RI�D�VLQH�ZDYH��

:KHQ�RQO\�FRQVLGHULQJ�WKH�VDPSOHG�GDWD��ZKLFK�LV�WKH�RQO\�GDWD�DYDLODEOH�DIWHU�
DFRXVWLF� DUUD\�PHDVXUHPHQWV�� WKH� VLQH�ZDYH� WKDW� ILWV� WKHVH�SRLQWV�KDV� D�PXFK�
ODUJHU�ZDYHOHQJWK��DOVR�LOOXVWUDWHG�LQ�)LJXUH�����7KXV��VSDWLDO�DOLDVLQJ�FDXVHV�DQ�
LQDELOLW\�WR�UHFRQVWUXFW�WKH�H[DFW�VRXQG�ILHOG���



,Q� WLPH� GRPDLQ� GLJLWDO� VLJQDO� SURFHVVLQJ�� W\SLFDOO\�� D� ORZ�SDVV� ILOWHU� DSSOLHG�
EHIRUH� VDPSOLQJ� LV� XVHG� WR� HQVXUH� WKDW� IUHTXHQFLHV� KLJKHU� WKDQ� KDOI� WKH� VDPSOLQJ�
IUHTXHQF\�DUH�QRW�SUHVHQW��+RZHYHU��LW�LV�QRW�SRVVLEOH�WR�DSSO\�DQ�DQDORJXH�ILOWHU�IRU�
VSDWLDO�DFRXVWLF�GDWD�EHFDXVH�WKH�KLJK�ZDYHQXPEHUV�DUH�SUHVHQW�LQ�WKH�QHDU�ILHOG�RI�WKH�
VRXUFH� DQG� FDQQRW� EH� VXSSUHVVHG�ZLWKRXW� LQWHUUXSWLQJ� WKH� DFRXVWLF� SURSHUWLHV� RI� WKH�
ILHOG� EHWZHHQ� VRXUFH� DQG� KRORJUDP� SODQH�� $� VSDWLDO� ORZ�SDVV� ILOWHU� FDQ� EH� PDGH�
HIIHFWLYH� E\� D� SURSHU� FKRLFH� RI� WKH� KRORJUDP�GLVWDQFH�� VLQFH� WKH� KLJKHVW� REVHUYDEOH�
ZDYHQXPEHU� LV� GHSHQGDQW�RQ� WKLV�GLVWDQFH��%HFDXVH� LW� LV� DVVXPHG� WKDW� VRXUFHV�RQO\�
H[LVW�LQ�WKH�KDOI�VSDFH�]����WKHUH�LV�QR�VRXUFH�WKDW�FRXOG�SURGXFH�KLJKHU�ZDYHQXPEHUV�
DW�WKH�KRORJUDP�SODQH��IRU�D�JLYHQ�GLVWDQFH�WR�WKH�VRXUFH��7KLV�FDQ�EH�VHHQ�DV�D�QDWXUDO�
DQWL�DOLDVLQJ�ILOWHU���
�
&RXSOLQJ�RI�VSDWLDO�VDPSOLQJ��KRORJUDP�GLVWDQFH�DQG�G\QDPLF�UDQJH�
�
,Q�DFFRUGDQFH�ZLWK�WKH�1\TXLVW�FULWHULRQ�ZH�KDYH�VHHQ�WKDW� � � � � � �N��� �LV�WKH�PD[LPXP�
REVHUYDEOH� ZDYHQXPEHU� LQ� D� QRLVH� IUHH� HQYLURQPHQW�� $� QRLVH� IUHH� HQYLURQPHQW�
LPSOLFDWHV�WKDW� fo' �DQG�WKH�UHVROXWLRQ� 5 �IURP������ZKLFK�FRQVLGHUV�WKH�HIIHFW�RI�
PHDVXUHPHQW�QRLVH�RQ�WKH�UHVROXWLRQ�RQO\��EHFRPHV�DSSUR[LPDWHO\�]HUR��7KLV�HIIHFW�LV�
OLPLWHG� E\� WKH� ³RWKHU´� UHVROXWLRQ� IURP� ���� GXH� WR� VSDWLDO� VDPSOLQJ�� :KHQ� WKH�
LQHTXDOLW\��
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LV�WUXH��DOLDVLQJ�RFFXUV��,Q�RWKHU�ZRUGV��WKHUH�H[LVWV�D�GLVWDQFH� �� ]] � �EHORZ�ZKLFK��DW�
D� FHUWDLQ� G\QDPLF� UDQJH�� DOLDVLQJ� RFFXUV� DW� D� FKRVHQ� VSDWLDO� VDPSOLQJ� IUHTXHQF\��
EHFDXVH�IURP�WKLV�GLVWDQFH�RQ�HYDQHVFHQW�ZDYHV�KLJKHU�WKDQ�WKH�1\TXLVW�ZDYHQXPEHU�
DUH� REVHUYDEOH�� ,QHTXDOLW\� ���� FRXSOHV� VSDWLDO� VDPSOLQJ�� KRORJUDP� GLVWDQFH� DQG�
G\QDPLF�UDQJH��ZKLFK�PDNHV�LW�SRVVLEOH�WR�ZLVHO\�VHW�\RXU�PHDVXUHPHQW�SDUDPHWHUV��
)LJXUH���LOOXVWUDWHV�LQHTXDOLW\������,W�DOVR�VKRZV�WKDW�WKH�IUHTXHQF\�RI�WKH�VLJQDO�SOD\V�
DQ�XQLPSRUWDQW�UROH��
�

�

)LJXUH� ��� 6SDWLDO� DOLDVLQJ�
GXH�WR�G\QDPLF�UDQJH�DQG�
KRORJUDP�GLVWDQFH��

��
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�
0HDVXUHPHQW�
�
,Q� RUGHU� WR� YHULI\� WKH� DERYH� VWDWHG� SURSHUWLHV� DQG� OLPLWDWLRQV� RI� VSDWLDO� 31$+�
UHVROXWLRQ�� D�PHDVXUHPHQW� LV� SHUIRUPHG�� 7KH� VHW�XS� LV� SLFWXUHG� LQ� )LJXUH� �D� DQG� E��
7KH�REMHFW�FRPSULVHV�WKUHH�KROHV�LQ�D�EDIIOHG�SODWH��7KH�WKUHH�KROHV��HDFK�ZLWK�D���PP�
GLDPHWHU��DUH�SRVLWLRQHG�LQ�OLQH������PP�DSDUW��$�F\OLQGULFDO�FDYLW\�LV�FRQQHFWHG�WR�DOO�
WKUHH� KROHV� DQG� WKH� F\OLQGULFDO� FDYLW\� LV� FRQQHFWHG� WR� D� FORVHG� VSHDNHU� ER[�� ZKLFK�
UHVXOWV�LQ�LQ�SKDVH�DFRXVWLF�ZDYHV�FRPLQJ�RXW�RI�WKH�KROHV��
�
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DQG�I ����+]�
)LJXUH����0HDVXUHPHQW�LQIRUPDWLRQ�
�
7KH�KRORJUDP�GLVWDQFH�] � �] 
 �LV���PP�DQG�WKH�VSDWLDO�VDPSOLQJ�GLVWDQFH�LQ�ERWK�[��DQG�
\�GLUHFWLRQ�LV�����PP��ZKLFK�LV�EDVHG�RQ������D�G\QDPLF�UDQJH�RI�DSSUR[LPDWHO\���G%�
DQG�WKH�UHTXLUHG�UHVROXWLRQ�RI�DW�OHDVW�����PP��7KH�KRORJUDP�DV�LOOXVWUDWHG�LQ�)LJXUH�
�F�VKRXOG�JLYH�XV�HQRXJK�LQIRUPDWLRQ�WR�UHFRQVWUXFW�DOO�WKUHH�VRXUFHV��
�
3RVW�SURFHVVLQJ�DQG�/�FXUYH�5HJXODUL]DWLRQ�LQ�31$+�
�
7KH� DFRXVWLF� KRORJUDP� LV� SDUWO\� SURFHVVHG� DV� LOOXVWUDWHG� E\� WKH� EORFN� GLDJUDP� LQ�
)LJXUH����
�
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)LJXUH����%ORFN�GLDJUDP�RI�31$+�SRVW�SURFHVVLQJ��
�
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7KH�EDVLFV�RI�WKLV�WHFKQLTXH�DUH�GHVFULEHG�LQ�>�@��DQ�H[SDQVLRQ�ZLWK�]HUR��DQG�ERUGHU�
SDGGLQJ� LV� GHVFULEHG� LQ� >�@�� DQG� D� WKRURXJK� GHVFULSWLRQ� RI� WKH� IXOO� SRVW�SURFHVVLQJ�
VWUDWHJ\�DQG�LWV�SHUIRUPDQFH�FDQ�EH�IRXQG�LQ�>�@��

([WUD� DWWHQWLRQ� LV�QHFHVVDU\� IRU� WKH� ORZ�SDVV�N�VSDFH� ILOWHU� DQG� HVSHFLDOO\� LWV�
UHJXODUL]DWLRQ��6LQFH�DQ�LQFUHDVLQJO\�KLJKHU�N � � �UHVXOWV�LQ�D�³EORZ�XS´�RI�WKH�UHVXOW��WKH�
N�VSDFH�ILOWHU�FXW�RII�YDULDWLRQ�LV�D�JRRG�PHDVXUH�IRU�DSSOLFDWLRQ�RI�DQ�/�FXUYH��
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)LJXUH����31$+�/�FXUYH�DW�I ����+]��WKH�QXPEHUV�
FRUUHVSRQG�WR�WKH�UHFRQVWUXFWLRQV�RI�)LJXUH�����WR�
����DW�LQFUHDVLQJ�FXW�RII�ZDYHQXPEHU�N # $ ��1RWLFH�

WKDW�)LJXUH�����WR�����VKDUH�HTXDO�D[LV�OLPLWV��
)LJXUH�����RQ�WKH�RWKHU�KDQG�KDV�IDU�ZLGHU�OLPLWV�LQ�

WKH�YHUWLFDO�D[LV��$EVROXWH�VRXQG�SUHVVXUH�>3D@�LV�
VHW�RXW�RQ�WKH�YHUWLFDO�D[LV�LQ�)LJXUH�����WR������
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,Q�>�@�D�FOHDU�GHVFULSWLRQ�RI�WKH�/�FXUYH�DQG�LWV�XVHIXOQHVV�LQ�LQYHUVH�SUREOHPV��OLNH�LQ�
31$+�� LV� JLYHQ�� ,Q� VKRUW�� WKH� DSSOLFDWLRQ�RI� WKH�/�FXUYH� VKRZV� WKH� VZLWFK�EHWZHHQ�
XQGHUHVWLPDWLRQ� RI� WKH� LQYHUVH� VROXWLRQ� E\� WRR� PXFK� ORZ�SDVV� ILOWHULQJ� �WKH� ULJKW��
KRUL]RQWDO�SDUW�RI�WKH�³/´��DQG�WKH�³EORZ�XS´�RI�WKH�VROXWLRQ�E\�WKH�ODFN�RI�ORZ�SDVV�
ILOWHULQJ��WKH�OHIW��YHUWLFDO�SDUW�RI�WKH�³/´���2SWLPDO�UHJXODUL]DWLRQ�FDQ�EH�REWDLQHG�E\�
VHOHFWLQJ�D�FXW�RII�YDOXH�WKDW�FRUUHVSRQGV�WR�WKH�FRUQHU�RI�WKH�/�FXUYH��7KH�³EORZ�XS´�
HIIHFW�E\�31$+�FDQ�EH�SURSHUO\�GHVFULEHG�E\�WKH�QRUP�RI�WKH�N�VSDFH�FRXQWHUSDUW�RI�
WKH� VSDWLDO� VRXQG� SUHVVXUH� UHVXOW�� � �*+,- ]NNS ��Öa �� 7KH� HIIHFW� RI� D� WRR� WLJKW� N�VSDFH�
ILOWHU�FDQ�DOVR�EH�GHWHUPLQHG�SURSHUO\�LQ�N�VSDFH�E\�WDNLQJ�WKH�QRUP�RI�WKH�KRORJUDP�
FRXQWHUSDUW� LQ� N�VSDFH� PLQXV� WKH� ORZ�SDVV� ILOWHUHG� YHUVLRQ�� RU�� � � �./01./0 ]NNS]NNS ��Öa��Öa � �� 1RZ�� ZH� SORW� � �2345 ]NNS ��Öa � YHUVXV�
� � � �34534 ]NNS]NNS ��Öa��Öa � �LQ�D�ORJ�ORJ�JUDSK��UHVXOWLQJ�LQ�WKH�/�FXUYH�RI�)LJXUH����



� 7KH� HIIHFWV� RI� WKH� ORZ�SDVV� ILOWHU� DUH� FOHDUO\� YLVLEOH� LQ� )LJXUH� ���� WR� �����
3RVLWLRQ�RQH�VKRZV�WKH�UHFRQVWUXFWLRQ�RI�WKH�VRXUFH�ZLWK�D�YHU\�ORZ�FXW�RII��UHVXOWLQJ�
LQ�RQO\�RQH�UHFRJQL]DEOH�VRXUFH��7KH�FXW�RII�RI�SRVLWLRQ�WZR�LV�VWLOO�WRR�ORZ��EXW�QRZ�
WZR�VRXUFHV�DUH�UHFRJQL]HG��:KHQ�FXW�RIIV�EHFRPH�WRR�KLJK�LQ�FDVH�RI�SRVLWLRQ���DQG�
��� WKH� UHFRQVWUXFWLRQ� EHFRPHV� YHU\� LQDFFXUDWH� VLQFH� QRLVH� KDV� EORZQ� XS��:KHQ�ZH�
REVHUYH� WKH� /�FXUYH� DQG� FKRRVH� WKH� SURSHU� SRVLWLRQ� LQ� WKH� FRUQHU� RI� WKH� ³/´�� WKH�
SURSHUO\� UHJXODULVHG� UHVXOW� LV� REWDLQHG� ZKHUH� WKH� WKUHH� LQGLYLGXDO� VRXUFHV� FDQ� EH�
UHFRJQL]HG��
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� � � FRUUHVSRQGLQJ�ZLWK�)LJXUH������
�
7KH�VSDWLDO�FKDQJH�IURP�WKH�KRORJUDP�SODQH�DW���PP�LQ�VWHSV�RI���PP�WR�WKH�VRXUFH�
SODQH� DW� ��PP�FDQ� EH� REVHUYHG� IURP� OHIW� WR� ULJKW� LQ�)LJXUH� ��� 6LQFH� WKH� D[LV� VKDUH�
HTXDO� OLPLWV�� WKH� FKDQJH� IURP� D� GLVWDQFH� RI� MXVW� ��PP�ZLWK� RQO\� RQH� UHFRJQL]DEOH�
VRXUFH�WR�D�GLVWDQFH�RI���PP�ZLWK�WKUHH�UHFRJQL]DEOH�VRXUFHV�LV�FOHDUO\�YLVLEOH���
�
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7KLV�ZRUN�VKRZV�WKDW�D�VSDWLDO�UHVROXWLRQ�EHWZHHQ�����DQG���PP�LV�SRVVLEOH�E\�PHDQV�
RI� SURSHU� PHDVXUHPHQWV� DQG� LPSURYHG� 31$+� SRVW�SURFHVVLQJ� WHFKQLTXHV�� 7KH�
FRXSOLQJ� RI� VSDWLDO� VDPSOLQJ� WKHRU\�� G\QDPLF� UDQJH� DQG� NQRZOHGJH� RI� DOLDVLQJ�
FRQGLWLRQV�SURYH�WR�EH�YHU\�LPSRUWDQW�LQ�WKH�VHW�XS�RI�D�31$+�PHDVXUHPHQW��)URP�D�
SRVW�SURFHVVLQJ� SRLQW� RI� YLHZ� WKH� DSSOLFDWLRQ� RI� DQ� /�FXUYH� IRU� 31$+� LV� YHU\�
HIIHFWLYH�DQG�KHOSIXO�LQ�WKH�GHWHUPLQDWLRQ�RI�WKH�RSWLPDO�FXW�RII�IRU�WKH�N�VSDFH�ILOWHU���
�
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