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52%(57� +��0$F$57+85� $1'�(5,&� 5��3,$1.$�

'HSDUWPHQW�RI�%LRORJ\��3ULQFHWRQ�8QLYHUVLW\��3ULQFHWRQ��1HZ�-HUVH\�

7KHUH�LV�D�FORVH�SDUDOOHO�EHWZHHQ�WKH�GHYHORSPHQW�RI�WKHRULHV�LQ�HFRQRPLFV�
DQG�SRSXODWLRQ�ELRORJ\��,Q�ELRORJ\��KRZHYHU��WKH�JHRPHWU\�RI�WKH�RUJDQLVPV�
DQG�WKHLU�HQYLURQPHQW�SOD\V�D�JUHDWHU�UROH�� 'LIIHUHQW�SKHQRW\SHV�KDYH�GLI��
IHUHQW�DELOLWLHV�DW�KDUYHVWLQJ�UHVRXUFHV��DQG�WKH�UHVRXUFHV�DUH�GLVWULEXWHG�
LQ�D� SDWFKZRUN�LQ�WKUHH�GLPHQVLRQV�RI�WKH�HQYLURQPHQW��,Q�WKLV�SDSHU�ZH�
XQGHUWDNH�WR�GHWHUPLQH�LQ�ZKLFK�SDWFKHV�D� VSHFLHV� ZRXOG�IHHG�DQG�ZKLFK�
LWHPV�ZRXOG�IRUP�LWV�GLHW�LI�WKH�VSHFLHV� DFWHG�LQ�WKH�PRVW�HFRQRPLFDO�
IDVKLRQ��+RSHIXOO\��QDWXUDO�VHOHFWLRQ�ZLOO�RIWHQ�KDYH�DFKLHYHG�VXFK�RSWLPDO�
DOORFDWLRQ�RI�WLPH�DQG�HQHUJ\�H[SHQGLWXUHV��EXW�VXFK��RSWLPXP�WKHRULHV��
DUH�K\SRWKHVHV�IRU�WHVWLQJ�UDWKHU�WKDQ�DQ\WKLQJ�FHUWDLQ�� 6RPH�DVSHFWV�RI�
GLHWDU\�DQG�SDWFK�XWLOL]DWLRQ�KDYH�EHHQ�WUHDWHG�LQ�UDWKHU�GLIIHUHQW�ZD\V�E\�
+XWFKLQVRQ�DQG�0DF$UWKXU��������DQG�E\�0DF$UWKXU�DQG�/HYLQV��������� 7KH�
EHVW�HPSLULFDO�VXSSRUW�IRU�WKH�PRGHO�WR�EH�SUHVHQWHG�LV�WKDW�JLYHQ�E\�0F1DE�
��������
7KH�EDVLF�SURFHGXUH�IRU�GHWHUPLQLQJ�RSWLPDO�XWLOL]DWLRQ�RI�WLPH�RU�HQHUJ\�

EXGJHWV�LV�YHU\�VLPSOH��DQ�DFWLYLW\�VKRXOG�EH�HQODUJHG�DV� ORQJ�DV� WKH�UH��
VXOWLQJ�JDLQ�LQ�WLPH�VSHQW�SHU�XQLW�IRRG�H[FHHGV�WKH�ORVV�� :KHQ�DQ\�IXUWKHU�
HQODUJHPHQW�ZRXOG�HQWDLO�D� JUHDWHU�ORVV� WKDQ�JDLQ�QR�VXFK�HQODUJHPHQW�
VKRXOG�WDNH�SODFH�� 7KH�SUREOHP�LV�WR�ILQG�ZKLFK�FRPSRQHQWV�RI�D�WLPH�RU�
HQHUJ\�EXGJHW�LQFUHDVH�DQG�ZKLFK�GHFUHDVH�DV�FHUWDLQ�DFWLYLWLHV�DUH�HQODUJHG��

&RQVLGHU�� ILUVW��WKH�RSWLPDO�QXPEHU�RI�NLQGV�RI�LWHPV��VXFK� DV� SUH\�VSH��
FLHV�� LQ�WKH�GLHW�� :H�DVVXPH� KHUH�WKDW�WKH�HQYLURQPHQW�LV� �WILQH�JUDLQHG���
WKDW�LV�� WKDW�GXULQJ�VHDUFK�IRU�IRRG�WKH�SUH\�VSHFLHV� DUH�ORFDWHG� LQ�WKH�SUR��
SRUWLRQ�LQ�ZKLFK�WKH\�RFFXU�� ,Q�D� ODWHU�SDUDJUDSK�ZH�GHDO� ZLWK�SDWFK\�HQ��
YLURQPHQWV�ZKHUH�WKLV�LV�QRW�WUXH�� :H�GLYLGH�WKH�WLPH�VSHQW��SHU�LWHP�HDWHQ��
LQWR�WZR�FRPSRQHQWV��WLPH�IRU�VHDUFK�� DQG�WLPH�IRU�SXUVXLW�FDSWXUH�DQG�HDW��
LQJ�� �7KH� GLIIHUHQFH�LV� WKDW�WKH�DQLPDO�VHDUFKHV� D�ILQH�JUDLQHG�HQYLURQPHQW�
IRU�DOO� NLQGV�RI�LWHPV�VLPXOWDQHRXVO\�EXW�SXUVXHV� FDSWXUHV� DQG�HDWV� WKHP�
RQH�DW�D� WLPH��� 6XSSRVH� WKDW�WKH�SUHGDWRU�DOUHDG\�LQFOXGHV� 1�NLQGV�RI�SUH\�
LQ� LWV� GLHW�� 7KHQ�ZH�PD\�VXEGLYLGH� LWV� WLPH��71�� SHU�LWHP�HDWHQ�� LQWR�D�
VHDUFK�WLPH�716�DQG�D�SXUVXLW��SOXV� FDSWXUH�DQG�HDWLQJ��WLPH��713�� :H�FDQ�
GR�WKH�VDPH�IRU�WKH�SUHGDWRU�LI�KH�ZHUH�WR�HQODUJH�KLV�GLHW�WR�LQFOXGH�1��� ��
NLQGV�RI�SUH\��:ULWLQJ�ERWK�GRZQ�LQ�V\PEROV�

7� 7� 6��7� 3��71�� � 71��� �71���

71�  � 716� �� 713� �DOO� WLPHV�DUH�SHU�LWHP�RI�IRRG���

$�71�  $� 716���$�713�

����
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:H�FDQ�VXEWUDFW�DQG�ILQG�WKH�FKDQJH��$�71��LQ�WRWDO�WLPH�ZKLFK�DFFRPSDQLHV�
HQODUJLQJ�WKH�GLHW�IURP�1�WR�1�����LWHPV�� ,I��LQ�VRPH�ZD\��WKH�LWHPV�FDQ�EH�
UDQNHG�IURP�PRVW�SURILWDEOH�WR�OHDVW� SURILWDEOH��WKHQ�WKH�RSWLPDO�GLHW�FDQ�EH�
FDOFXODWHG� E\�SURFHHGLQJ�WKURXJK�WKH�UDQNHG�OLVW� RI�LWHPV�XQWLO�$�71�ILUVW�
EHFRPHV� QHJDWLYH�� $W�WKLV�SRLQW�QR�IXUWKHU�HQODUJHPHQW�VKRXOG�EH�FRQWHP��
SODWHG�� 7KLV� JLYHV� WKH�FOXH� WR�WKH�PHWKRG�RI�UDQNLQJ��LW�VKRXOG�SURFHHG�
IURP�LWHPV�RI�KLJKHVW�KDUYHVW�SHU�XQLW�WLPH�WR�WKRVH�RI�ORZHVW�� 0RUH�VSHFLIL��
FDOO\�� ZH�QRWLFH�WKDW�$�76� LV� DOZD\V� QHJDWLYH��IRU�WKH�ODUJHU�WKH�YDULHW\�RI�
DFFHSWDEOH� LWHPV��WKH�OHVV� WKH�VHDUFK� WLPH��SHU�XQLW�RI�IRRG�� 7KH�SXUVXLW�
WLPH�PD\�LQFUHDVH�� KRZHYHU��DV� QHZ��KDUG�WR�FDWFK�LWHPV�DUH�DGGHG� WR�WKH�
GLHW�� +HQFH� $�73� PD\�EH� SRVLWLYH�� ,Q� )LJ�� OD�� OE�� ZH� SORW� VDPSOHV� RI�
$�713�DQG���$�716�� )RU�FRPSDULVRQ�SXUSRVHV�ZH�DFWXDOO\�SORW�WKH�UHGXFWLRQ�
LQ�VHDUFK�WLPH�$6� ���$716�DJDLQVW�WKH�LQFUHDVH� LQ�SXUVXLW�WLPH�$3�  �$�713��
VLQFH� ZKHUH�WKHVH� LQWHUVHFW�WKHUH�ZLOO� EH�QR�IXUWKHU�EHQHILW�IURP�HQODUJLQJ�
WKH�GLHW�� 1RWLFH� WKDW�LQ�ERWK�)LJ�� OD� DQG� OE�� WKH�LWHPV�DUH�UDQNHG�VR�WKDW�
WKH�UHGXFWLRQ�LQ�SXUVXLW�WLPH�H[FHHGV� WKH�JDLQ�LQ�SXUVXLW�WLPH�E\�WKH�JUHDWHVW�
DPRXQW��L�H��� WKH�YHUWLFDO�GLVWDQFH� EHWZHHQ�$�6�DQG�$�3� FXUYHV�LV� GHFUHDV��
LQJ�� ,Q�VXPPDU\�WKH�RSWLPDO�GLHW�LV� WKH�ILUVW�YDOXH� RI�1�VXFK�WKDW�$71� LV�
QHJDWLYH��ZKLFK�LV� WKH�ILUVW�YDOXH� RI�1�WR�WKH�ULJKW�RI�WKH�LQWHUVHFWLRQ�SRLQW�
LQ�WKH�)LJ�� OD�� OE��

7KH� $�6�RI�)LJ�� ��LV� FDOFXODWHG� IURP�DVVXPLQJ�HQODUJLQJ�D� GLHW�IURP�1�

WR� 1����� HTXDOO\� DEXQGDQW�VSHFLHV� UHGXFHV� PHDQ�VHDUFK� WLPH�IURP��WR�
1�

��DQG�VR� $6 � ��� �� 7KH�$�3� FXUYH�PHDVXUHV� WKH�DGDSWDWLRQV�
1�� ,� 1� 1�� ,�
RI�WKH�VSHFLHV� IRU�WKH�LWHPV�DQG�PXVW�EH�HPSLULFDOO\�GHWHUPLQHG��7KH�DUURZ�
LQGLFDWHV� WKH�RSWLPDO�GLHW��ZKHQ�WKH�VSHFLHV� HDWV� IRXU�NLQGV�RI�UHVRXUFHV� DQ�
HQODUJHPHQW�RI�WKH�GLHW�ZRXOG��IRU�WKH�ILUVW�WLPH��FDXVH� D� JUHDWHU�LQFUHDVH�
�LQ�SXUVXLW�WLPH��WKDQ�GHFUHDVH� �LQ�VHDUFK� WLPH��� 7KH� $6�
�FXUYH�LV� GRXEOH�
WKH�KHLJKW�RI�WKH�$6� FXUYH�LQGLFDWLQJ�WKH�HIIHFW�RI�KDOYLQJ�WKH�GHQVLW\�RI�
HDFK� UHVRXUFH� VSHFLHV�� 7KH� RSWLPDO�GLHW�VKRXOG�EH� H[SDQGHG�WR�ILYH�VSH��
FLHV� RI�SUH\�� ,W�ZRXOG� DOVR� EH� SRVVLEOH� WR� LQGLFDWH� D� PRUH�VSHFLDOL]HG�
SUHGDWRU�E\�D� VWHHSHU�$3� FXUYH�� 7KLV� VSHFLDOL]HG� SUHGDWRU�VKRXOG�EH�OHVV�
VHQVLWLYH� WR�FKDQJHV�LQ�IRRG�GHQVLW\��

7KH� H[DFW� VKDSH� RI�WKH�FXUYHV� LV� XVXDOO\� XQNQRZQ�DQG�FHUWDLQO\�YDULHV�
IURP�VLWXDWLRQ�WR�VLWXDWLRQ�� +HQFH� QR�JHQHUDO�SUHGLFWLRQ�RI�WKH�H[DFW� GLHW�
LV�ZRUWK�DWWHPSWLQJ��+RZHYHU�VRPH�LQWHUHVWLQJ�FRPSDUDWLYH�SUHGLFWLRQV�FDQ�
EH�PDGH�� :KHQ�WKH�VHDUFK� WLPH�LV� PXOWLSOLHG�E\�D� FRQVWDQW�IDFWRU��LWV�GH��
FUHDVH� LV� DOVR� PXOWLSOLHG�E\�WKDW�IDFWRU��LI�76�LQ�HT�� ��LV�PXOWLSOLHG�E\�N��VR�
LV� $�76�� +HQFH�� LQ�D� SURGXFWLYH�HQYLURQPHQW�ZKHUH�VHDUFK� WLPH�LV� XQL��
IRUPO\�UHGXFHG��LWV�GHFUHDVH� LV� UHGXFHG��DOWKRXJK�WKH�SXUVXLW�WLPH��ZKLFK�LV�
D� IXQFWLRQ�RI�WKH�DELOLWLHV� RI�SUHGDWRU�DQG�SUH\��LV� XQDOWHUHG�DQG��DFFRUGLQJ�
WR� WKH�ILJXUH��WKH�RSWLPDO�GLHW�EHFRPHV� PRUH�UHVWULFWHG�� 7KXV� RUJDQLVPV�
ZKLFK� KDYH� ORZ� VHDUFK�SXUVXLW�UDWLRV� VKRXOG� EH� PRUH�UHVWULFWHG�LQ�GLHW��
ZKHWKHU�WKH�UHDVRQ�EH�KLJK�IRRG�GHQVLW\�RU�KLJK�PRELOLW\�RI�WKH�SUH\��5HFKHU�
KDV� VRPH�HYLGHQFH� IRU�WKLV�IURP�KHURQV��SHUVRQDO� FRPPXQLFDWLRQ���
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�� �� �� �� �� ��

1�

),*�� �$�� (TXLQXPHURXV� UHVRXUFH� VSHFLHV�� 7KH� GHFUHDVH�� $6�� LQ�PHDQ� VHDUFK�
WLPH�DQG�WKH�LQFUHDVH�� $3�� LQ�PHDQ�SXUVXLW�WLPH�ZKLFK�ZRXOG�DFFRPSDQ\�HQODUJLQJ�
WKH�GLHW�IURP�1�WR�1��� ��VSHFLHV� RI�SUH\�DUH�SORWWHG�IRU�D�K\SRWKHWLFDO�VLWXDWLRQ��

),*�� �%�� 5HVRXUFH� VSHFLHV� QRW�HTXDOO\� QXPHURXV�� 7KH� V\PEROV�DUH�WKH�VDPH�DV�
LQ�)LJ�� �$��EXW�WKH�FXUYHV� DUH�QR�ORQJHU�PRQRWRQLF�� 7KH� VDPH� TXDOLWDWLYH� FRQFOX��
VLRQV� KROG��

7KH�RSWLPDO�XVH�RI�SDWFKHV�RI�KDELWDW�LV�LQ�PDQ\�ZD\V�SDUDOOHO�WR�WKDW�RI�
LWHPV�LQ�WKH�GLHW�ZLWKLQ�D� SDWFK�� 1RZ�WKH�WLPH��SHU�LWHP�FDXJKW��VSHQW�
ZLWKLQ�VXLWDEOH�SDWFKHV�LV�DQ�LQFUHDVLQJ�IXQFWLRQ�RI�WKH�QXPEHU�RI�NLQGV�RI�
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SDWFKHV� RQ�WKH�VSHFLHV
� LWLQHUDU\��IRU�DV� WKH�LWLQHUDU\�LV� HQODUJHG�WR�LQFOXGH�
OHVV� VXLWDEOH� SDWFKHV� WKH�KXQWLQJ�WLPH�FOHDUO\� LQFUHDVHV��� :H�FDOO� WKLV�
KXQWLQJ�WLPH�+�� DQG�GHQRWH�E\�$+� WKH�LQFUHDVH� LQ�KXQWLQJ�WLPH�SHU�LWHP�
ZKLFK�DFFRPSDQLHV� HQODUJLQJ�WKH�LWLQHUDU\�WR�LQFOXGH� WKH�QH[W�PRVW�VDWLV��
IDFWRU\�SDWFK�W\SH�� 7KH�WLPH�VSHQW�WUDYHOOLQJ�EHWZHHQ�VXLWDEOH� SDWFKHV� �RU�
WR�DQG�IURP�WKH�QHVW�LI�QR�KXQWLQJ�LV� GRQH�RQ�WKH�WULSV���LV� GLYLGHG�E\�WKH�
KDUYHVW�WR�JLYH� WKH�WUDYHOOLQJ�WLPH��7�� SHU�LWHP�FDXJKW�� 7KLV� LV� FOHDUO\�D�
GHFUHDVLQJ� IXQFWLRQ�RI�WKH�QXPEHU�RI�SDWFK�W\SHV�LQ�WKH�LWLQHUDU\��DQG�ZH�
GHQRWH�E\�$�7� WKH�GHFUHDVH� ZKLFK�DFFRPSDQLHV� HQODUJLQJ�WKH�LWLQHUDU\�E\�
RQH� PRUH�SDWFK�W\SH�� 7KH� SDWFK� W\SHV�DUH� UDQNHG�IURP�PRVW�SURGXFWLYH�
�L�H��� PRVW�SUH\�FDORULHV� FDXJKW�SHU�XQLW�WLPH��WR�OHDVW�� DV� EHIRUH��WKLV�LV�
HTXLYDOHQW� WR� D� UDQNLQJ�ZKLFK�RUGHUV�$�+���$�7� IURP�ODUJHVW� WR�VPDOOHVW��
:KHQ�WKH�SDWFKHV� DUH�DERXW�HTXDOO\� FRPPRQ�ZH�JHW�VRPHWKLQJ�OLNH� )LJ�� ���
LI�WKH\�DUH� XQHTXDOO\�FRPPRQ��)LJ�� ��ZLOO� EH�PRGLILHG�LQ�WKH�ZD\�)LJ�� OE�
ZDV� REWDLQHG�IURP�OD�� ZLWK�QR�FKDQJH�LQ�WKH�TXDOLWDWLYH� SUHGLFWLRQV��

�� �� �� �� �� ��
1�

),*�� ��� 7KH� GHFUHDVH�� $�7�� DVVRFLDWHG� ZLWK�DGGLQJ�WKH�QH[W�SDWFK� W\SH��LQ�WKH�
PHDQ�WUDYHOOLQJ�WLPH�7��SHU�SUH\�LWHP��DFURVV� XQVXLWDEOH� SDWFKHV� DQG�WKH�LQFUHDVH��
$+�� LQ�PHDQ�KXQWLQJ�WLPH�ZLWKLQ�VXLWDEOH� SDWFKHV� �SHU�SUH\�LWHP��GXH�WR�DGGLQJ�WKH�
QH[W�SDWFK� W\SH��DUH�SORWWHG�DJDLQVW� WKH�QXPEHU�RI�W\SHV�RI�HQYLURQPHQWDO�SDWFKHV�
LQ� WKH� VSHFLHV
� LWLQHUDU\��$7� DQG�$+� PHDVXUH�WKH�FKDQJHV� ZKLFK�DFFRPSDQ\�HQ��
ODUJLQJ�IURP�1�WR�1��� ��� $V�EHIRUH��WKH�DUURZ�LQGLFDWHV� WKH�RSWLPDO�XWLOL]DWLRQ��

7KH� TXDOLWDWLYH� SUHGLFWLRQV��IURP�)LJ�� �� DUH�QRW�TXLWH� SDUDOOHO� WR�WKRVH�
IURP�)LJ�� ��� 7KH� HIIHFW�RI�LQFUHDVHG� SURGXFWLYLW\��RU�PRUH�SUHFLVHO\� LQ��
FUHDVHG� IRRG�GHQVLW\��LV� QR�ORQJHU�XQDPELJXRXV��IRU�ERWK�$+� DQG�$7� DUH�
ORZHUHG�� +RZHYHU��VSHFLHV� ZLWK�ODUJH�SXUVXLW�VHDUFK�UDWLRV�ZLOO�KDYH�WKHLU�
$+� FXUYHV�ORZHUHG�E\�D�UHGXFHG�DPRXQW��IRU�RQO\�WKH�VHDUFK�WLPH�GHFUHDVHV�
ZLWK�LQFUHDVHG� IRRG�GHQVLW\�� +HQFH� SXUVXHUV�PRUH�WKDQ�VHDUFKHUV�� VKRXOG�
VKRZ�UHVWULFWHG�SDWFK�XWLOL]DWLRQ�ZKHUH�IRRG�LV�GHQVH��

$� VHFRQG� LQWHUHVWLQJ�SUHGLFWLRQ� LQYROYHV� WKH� XVH� RI�GLIIHUHQW�VL]HG�
SDWFKHV�� 7ZR�HQYLURQPHQWV�ZKLFK�GLIIHU�QRW�LQ�WKH�SURSRUWLRQ�RU�TXDOLW\�RI�
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WKHLU�SDWFKHV� EXW�RQO\�LQ�WKH�VL]HV� RI�WKH�SDWFKHV� �H�J��� D� FKHFNHUERDUG�
ZLWK�RQH�DFUH� VTXDUHV� LQ�RQH��DQG� ����DFUHV� VTXDUHV� LQ�WKH�RWKHU��ZLOO�QRW�
KDYH� GLIIHUHQW�+�RU�$+�� FXUYHV�� IRU�WKHVH� DUH� FDOFXODWHG� SHU�LWHP�FDXJKW�
DQG�ZH�SRVWXODWHG� WKDW�WKH�TXDOLW\�RI�WKH�SDWFKHV� LV� XQFKDQJHG�� 7KH�$7�
FXUYHV� ZLOO� GLIIHU��WKRXJK��IRU�WUDYHOOLQJ�GLVWDQFH� EHWZHHQ�SDWFKHV� YDULHV�
OLQHDUO\�ZLWK�WKH�OLQHDU�GLPHQVLRQ�RI�WKH�SDWFK��ZKLOH�KXQWLQJ�DUHD�ZLWKLQ�D�
SDWFK�YDULHV� DV� LWV�VTXDUH�� +HQFH�� ODUJHU�SDWFKHV� RIIHU�VPDOOHU�WUDYHO�WLPH�
SHU�XQLW�KXQWLQJ�WLPH��DQG�WKXV�KDYH� ORZHU�$�7�FXUYHV�� +HQFH�� E\�GUDZLQJ�
DQ� LPDJLQDU\�$�7� FXUYH�ORZHU�RQ� )LJ�� ���ZH� VHH� WKDW�ODUJHU�SDWFKHV� DUH�
XVHG� LQ�D�PRUH�VSHFLDOL]HG� ZD\�WKDQ�DUH�VPDOOHU�RQHV�� HYHU\WKLQJ�HOVH� EH��
LQJ�HTXDO�� 7KLV� SDWFK�VL]H� HIIHFW�VKRXOG�EH�JUHDWO\�UHGXFHG�LQ�WHUULWRULDO�
VSHFLHV�� VLQFH� WKH�WUDYHO�WLPH�WR�DQG�IURP�WKH�QHVW�LV� LQGHSHQGHQW�RI�SDWFK�
VL]H�� DQG� RQO\�WKH�WUDYHOOLQJ�WLPH�IURP�SDWFK�WR� SDWFK�DFURVV� XQVXLWDEOH�
RQHV�GURSV�LQ�LPSRUWDQFH�DV� SDWFKHV� DUH�PDGH�ODUJHU�� +HQFH��ZKLOH�IHHGLQJ�
\RXQJ�LQ�WKH�QHVW��SDUHQWV�VKRXOG�H[KLELW�QHDUO\�WKH�VDPH�FKRLFH� RI�SDWFKHV�
ZKHWKHU�WKH\�EH�ODUJH�RU�VPDOO��EXW�DIWHU�WKH�QHVWLQJ��LQGLYLGXDOV� LQ�D�ODUJH��
SDWFK� HQYLURQPHQW�VKRXOG� UHVWULFW�WKHLU� SDWFK� XWLOL]DWLRQ�� >+XWFKLQVRQ�
������� ������KDV�FRPPHQWHG�RQ�RWKHU�DVSHFWV� RI�WKH�UHODWLRQVKLS�EHWZHHQ�DQ�
DQLPDO
V� VL]H� DQG�WKH��JUDLQ�VL]H�� RU�WH[WXUH�RI�WKH�HQYLURQPHQW�@�

7KH� HIIHFW�RI�FRPSHWLWRUV�LV� WR�UHGXFH�WKH�GHQVLW\�RI�VRPH�NLQGV�RI�SUH\�
VSHFLHV� LQ�VRPH�SDWFKHV�� &XULRXVO\�HQRXJK��DQ�RSWLPDO�SUHGDWRU�IDFHG�ZLWK�
FRPSHWLWLRQ��VKRXOG�UHVSRQG�E\�VKULQNLQJ�LWV�SDWFK�XWLOL]DWLRQ�EXW�QRW��FRQ��
VSLFXRXVO\�� LWV�GLHW�� 7R� VHH� WKLV��ZH�FRQVLGHU�WKH�GLHW�ILUVW�� ,I�D�GLHWDU\�
LWHP�EHFRPHV� UDUH��GXH�WR�D� FRPSHWLWRU��LWV�LQFOXVLRQ� LQ�WKH�GLHW�ZLOO�KDYH�
RQO\�D� YHU\�VOLJKW�HIIHFW�RQ�PHDQ�VHDUFK� DQG�PHDQ�SXUVXLW�WLPHV�� +HQFH�
$6� DQG�$�3�ZLOO�EH�UHGXFHG�WRZDUG�]HUR�IRU�WKH�LWHP�SUHFHGLQJ�WKH�UDUH�RQH�
DQG� WKHQ�ZLOO� ULVH� DJDLQ� �L�H��� HQODUJHPHQW�WR� LQFOXGH� WKH� UDUH�RQH�ZLOO�
FDXVH� OLWWOH� FKDQJH��� +RZHYHU��WKH�UHGXFWLRQ�LQ�WKH�$6� DQG�$3� ZLOO�EH�
URXJKO\�SURSRUWLRQDO�WR�WKH�UHGXFWLRQ�LQ�DEXQGDQFH� RI�WKH�SUH\��VR� WKDW�LI�
$6� H[FHHGHG� $3� EHIRUH�WKH�FRPSHWLWRU�HQWHUHG��LW�ZLOO�DIWHUZDUGV��DOVR�� ,Q�
RWKHU�ZRUGV��DQ\�GLHWDU\�LWHP�ZRUWK�HDWLQJ�LQ�WKH�DEVHQFH� RI�FRPSHWLWLRQ�LV�
VWLOO� ZRUWK�HDWLQJ�DIWHUZDUGV�� 3DWFKHV�� RQ�WKH�RWKHU�KDQG��DUH� D� GLIIHUHQW�
VWRU\�� )RU� LI�IRRG�ZLWKLQ�RQH�NLQG�RI�SDWFK�EHFRPHV� VFDUFH�� GXH�WR�FRP��
SHWLWLRQ�RU�DQ\�RWKHU�FDXVH�� WKHQ�WR�LQFUHDVH� WKH�LWLQHUDU\�WR�LQFOXGH�WKHVH�
SDWFKHV� RI�VFDUFH� IRRG�PHDQV�WR�LQFUHDVH� WKH�PHDQ�KXQWLQJ�WLPH�VKDUSO\��
$+� ZLOO� WKHQ�VKRZ� D� VKDUS� SHDN� RI� LQFUHDVH� FRUUHVSRQGLQJ�WR� WKH�LP��
SRYHULVKHG�SDWFK�W\SH�� $�7�ZLOO� EH� LQGHSHQGHQW�RI�WKH�TXDOLW\�RI�WKH�QHZ�
SDWFK�DQG�WKXV�ZLOO�QRW�FKDQJH�ZLWK�FRPSHWLWLRQ�� +HQFH� WKH�$+� FXUYH�PD\�
MXPS�DERYH� WKH�$�7� FXUYH�DW� DQ� HDUOLHU�SRLQW��FDXVLQJ� D� UHGXFWLRQ�LQ�WKH�
RSWLPDO�SDWFK�LWLQHUDU\��

1H[W�ZH�DVN�ZKHWKHU�WKH�SDWFK�VWUXFWXUH�RI�WKH�HQYLURQPHQW�LPSRVHV� DQ\�
OLPLW� RQ� WKH� VLPLODULW\�RI�FRH[LVWLQJ� FRPSHWLWRUV�� 7KH� DQVZHU� LV� \HV��
%ULHIO\��ZKHQ�WKH�JDLQ� WR� D� MDFN�RI�DOO�WUDGHV� LQ� UHGXFHG� WUDYHOOLQJ�WLPH�
PDNHV�XS�IRU�KLV�ORZHU�KXQWLQJ�HIILFLHQF\�FRPSDUHG�WR�WKH�SDWFK�VSHFLDOLVWV��
WKHQ�WKH�MDFN�RI�DOO�WUDGHV�ZLOO� RXWFRPSHWH�ERWK�VSHFLDOLVWV�� 7R� EH�PRUH�
SUHFLVH�� WKH�VSHFLDOLVWV
� KDUYHVW�RI�IRRG��SHU�GD\��LV� N'+�ZKHUH�N�LV� WKH�
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KXQWLQJ�UDWH��'�WKH�IRRG�GHQVLW\��DQG�+�WKH�KXQWLQJ�WLPH��SHU�GD\�� 7KH� MDFN��
RI�DOO�WUDGHV�KDUYHVWV� N
'+
� ZKHUH�N
�� N��D� MDFN�RI�DOO�WUDGHV�LV� D� PDVWHU�
RI�QRQH��DQG�+
�!�+��WKH�MDFN�RI�DOO�WUDGHV��E\�IHHGLQJ�LQ�D�ZLGHU�YDULHW\�RI�
SDWFKHV�� WUDYHOV� OHVV� EHWZHHQ� VXLWDEOH� RQHV� DQG� KDV� PRUH�WLPH�OHIW�IRU�

KXQWLQJ��� 7KXV�� LI�N
+
� !�N+��L�H��� �� !� �� WKHQ�WKH�MDFN�RI�DOO�WUDGHV�FDQ�

UHGXFH� WKH�IRRG�GHQVLW\�WR�D� ORZHU�YDOXH� RI�'� DQG�VWLOO� KDUYHVW�HQRXJK�WR�
PDLQWDLQ�LWVHOI�� $W�WKLV�YDOXH� RI�'� WKH�VSHFLDOLVWV� FDQQRW�KDUYHVW�IDVW�
HQRXJK�DQG�VR� WKH\�DUH�HOLPLQDWHG�� 2U�ORRNHG� DW�LQ�DQRWKHU�ZD\��WKH�VSH��
FLDOLVWV� FDQ� RQO\�EH� H[SHFWHG� WR�FRH[LVW� DQG� UHVLVW� LQYDVLRQ� E\�WKH�PRUH�

+� N�
JHQHUDOL]HG� IRUDJHUV�LI��� !� ��� DQG��LI�WKH�VSHFLDOLVWV� EHFRPH�WRR�VLPLODU�

+
� N�
WR�HDFK� RWKHU��WKHLU�KXQWLQJ�UDWHV� �N��EHFRPH�FORVHU� WR�WKH�KXQWLQJ�UDWH�RI�
WKH�MDFN�RI�DOO�WUDGHV��N
��� ZLWK�WKH�UHVXOW�WKDW�WKH\�EHFRPH�PRUH�VXVFHSWL��
EOH�WR�LQYDVLRQ�DQG�FRPSHWLWLYH�UHSODFHPHQW��

2QH� IXUWKHU�MXVWLILFDWLRQ�RI�WKH�ZKROH� VFKHPH� LV� ZRUWK�DGGLQJ�KHUH��WKH�
SURRI�WKDW�WKH�RSWLPDO�XVH� E\�D� VSHFLHV� LV� HVVHQWLDOO\� LQGHSHQGHQW�RI�WKH�
VXEWOHW\�RI�WKH�UHFRJQL]HG� GLIIHUHQFHV�EHWZHHQ�SDWFKHV� RU�GLHW�LWHPV�� ,Q�
RWKHU�ZRUGV��WKH�UHVXOWV� DUH�QRW�DUWLIDFWV�RI�WKH�FODVVLILFDWLRQ� RI�SDWFK�RU�
GLHW� W\SHV�� 6XSSRVH�� IRU�LQVWDQFH�� WKDW�)LJ�� �� LV� FDOFXODWHG� IURP�DQ�HQ��
YLURQPHQW�ZKLFK�RQH�ELRORJLVW� FRQVLGHUV� WR�EH� D� FKHFNHUERDUG�RI�RQH�DFUH�
VTXDUHV� RI�W\SHV�$��%��&��'������ LQ�GHFUHDVLQJ� RUGHU�RI�SUHIHUHQFH�� $�VHF��
RQG�ELRORJLVW� FODVVLILHV� WKH� VDPH� HQYLURQPHQW�LQWR�TXDUWHU�DFUH� VTXDUHV��
WKRVH�IRUPHUO\�ODEHOOHG� %�QRZ�EHLQJ�RI�W\SHV�E���E���E���E��DQG�VR� RQ�� $V��
VXPLQJ�DOO� D
V� DUH�VWLOO�SUHIHUDEOH�WR�DOO� E
V� DQG�WKHVH�WR�DOO� F
V�� WKHQ�)LJ��
�� UHPDLQV�XQFKDQJHG�H[FHSW� WKDW�WKH�DEVFLVVD� VKRXOG� EH� IRXU�WLPHV�DV�
ILQHO\�VXEGLYLGHG�� 3RLQW�E��ZLOO�FRLQFLGH� ZLWK�%��F��ZLWK�&�DQG�VR� RQ��DQG�
WKH�RSWLPDO�VWUDWHJ\�ZLOO�EH�HVVHQWLDOO\� LQGHSHQGHQW�RI�WKH�ILQHQHVV� RI�WKH�
VXEGLYLVLRQ�� ,I� WKHUH�ZHUH� LQYHUWHG�UDQNLQJV� �VD\� E����E����FO���E�������
WKHQ�WKHUH�ZLOO� EH� FKDQJHV� LQ�WKH�RSWLPDO�VWUDWHJ\��EXW�WKHVH� ZLOO�UHIOHFW�
UHDO� GLIIHUHQFHV�LQ�IRRG�FRQFHQWUDWLRQ�DQG�DUH� QRW�VLPSO\�DUWLIDFWV�RI�WKH�
QDPLQJ�RI�SDWFKHV��

2XU�FRQFOXVLRQV� PD\�EH�VXPPDUL]HG�E\�7DEOH� ���

6800$5<�

$� JUDSKLFDO� PHWKRG�LV� GLVFXVVHG� ZKLFK�DOORZV� D� VSHFLILFDWLRQ� RI�WKH�
RSWLPDO�GLHW�RI�D�SUHGDWRU�LQ�WHUPV�RI�WKH�QHW�DPRXQW�RI�HQHUJ\�JDLQHG�IURP�D�
FDSWXUH�RI�SUH\�DV� FRPSDUHG�WR�WKH�HQHUJ\�H[SHQGHG� LQ�VHDUFKLQJ�IRU�WKH�
SUH\��

7KH� PHWKRG�DOORZV� VHYHUDO� SUHGLFWLRQV�DERXW�FKDQJHV� LQ�WKH�GHJUHH�RI�
VSHFLDOL]DWLRQ� RI�WKH�GLHW�DV� WKH�QXPEHUV�RI�GLIIHUHQW�SUH\�RUJDQLVPV�FKDQJH��
)RU�H[DPSOH��D�PRUH�SURGXFWLYH�HQYLURQPHQW�VKRXOG�OHDG� WR�PRUH�UHVWULFWHG�
GLHW�LQ�QXPEHUV�RI�GLIIHUHQW�VSHFLHV� HDWHQ��� ,Q�D�SDWFK\�HQYLURQPHQW��KRZHYHU��
WKLV�ZLOO�QRW�DSSO\�WR�SUHGDWRUV�WKDW�VSHQG�PRVW�RI�WKHLU�WLPH�VHDUFKLQJ�� 0RUH��
RYHU��ODUJHU�SDWFKHV�DUH�XVHG�LQ�D�PRUH�VSHFLDOL]HG� ZD\�WKDQ�VPDOOHU�SDWFKHV��
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)DFWRUV� IDYRULQJ�LQFUHDVHG� VSHFLOL]DWLRQ�

2I�GLHW� 2I�SDWFKHV�

/HDYH� $3� FRQVWDQW��EXW� /HDYH� $+� FRQVWDQW��EXW�
ORZHU�$�6�FXUYH� ORZHU�$�7�FXUYH�

���*UHDWHU�IRRG�GHQVLW\� ���*UHDWHU�IRRG�GHQVLW\��SXUVXLQJ�VSH��
FLHV� RQO\
��

���,QFUHDVHG� PRELOLW\�RI�DQLPDO��RU�GH�� ���,QFUHDVHG� PRELOLW\�RI�DQLPDO��RU�GH��
FUHDVHG� HQYLURQPHQWDO�UHVLVWDQFH� WR� FUHDVHG� HQYLURQPHQWDO�UHVLVWDQFH� WR�
PRYHPHQW��HWF�� PRYHPHQW��PRUH�FRQWLJXRXV�SDWFK�

VWUXFWXUH��HWF��
���,QFUHDVHG� SDWFK�VL]H� UHODWLYH�WR�RU��

JDQLVP
V� VL]H� �OHVV� SURQRXQFHG�LQ�
WHUULWRULDO�IRUPV��

/HDYH� $6� FRQVWDQW��EXW� /HDYH� $7� FRQVWDQW��EXW�
UDLVH� $3� FXUYH� UDLVH� $+� FXUYH�

���,QFUHDVHG� GLIIHUHQFHV�EHWZHHQ�SUH\� ���,QFUHDVHG� GLIIHUHQFHV�EHWZHHQ�SDWFK�
W\SHV��RU�LQFUHDVHG� VSHFLDOL]DWLRQ� RI� W\SHV��RU�VL]HV��� RU�PRUH�UHVWULFWHG�
SXUVXLQJ�EHKDYLRU� KXQWLQJ�WHFKQLTXH�

���,QFUHDVHG� PRELOLW\�RI�SUH\��RU�JUHDWHU� ���,QFUHDVHG� PRELOLW\�RI�SUH\��RU�JUHDWHU�
GLIILFXOW\�LQ�SXUVXLW� GLIILFXOW\�RI�FDSWXULQJ�LW�

���5HGXFWLRQ�RI�IRRG�GHQVLW\�LQ�VRPH�
SDWFKHV� E\�FRPSHWLWLRQ�


7KH�KXQWLQJ�WLPH�LV� RQO\�LQGHSHQGHQW�RI�IRRG�GHQVLW\�LI�LW�LV� DOO� SXUVXLW�WLPH�DQG�
QRQH�VHDUFK�� 7KH� H[WHQW�WR�ZKLFK�WKLV�LV� DSSUR[LPDWHG�GHWHUPLQHV�RXU�FRQILGHQFH�
LQ�WKLV� HIIHFW��

$&.12:/�('*0(176�

7KHVH� LGHDV� KDYH� EHHQ� GLVFXVVHG� ZLWK� 'UV�� 5�� &�� /HZRQWLQ� DQG� 5��

/HYLQV�� DQG� ZLOO� EH� GHYHORSHG� IXUWKHU�LQ� D� SDSHU� RQ� WKH� HYROXWLRQ� RI�WKH�
QLFKH�E\�/HYLQV� DQG�0DF$UWKXU��2QH�DXWKRU�KDV� EHHQ�VXSSRUWHG�E\�D�JUDQW�
IURP�WKH�1DWLRQDO�6FLHQFH� )RXQGDWLRQ��WKH�RWKHU�E\�D�JUDQW�IURP�WKH�1DWLRQDO�
,QVWLWXWHV�RI�+HDOWK�� $�UHIHUHH�PDGH�KHOSIXO�FRPPHQWV��

/,7(5$785(� &,7('�

+XWFKLQVRQ��*�� (�� ������ +RPDJH� WR�6DQWD� 5RVDOLD�� RU�ZK\�DUH� WKHUH�VR�
PDQ\�NLQGV�RI�DQLPDOV"� $PHU��1DWXU��������������

�� ������ 7KH� HFRORJLFDO� WKHDWHU�DQG� WKH� HYROXWLRQDU\�SOD\�� <DOH�
8QLY��3UHVV�� 1HZ�+DYHQ�DQG�/RQGRQ��

+XWFKLQVRQ��*�� (��� DQG�5�� +�� 0DF$UWKXU�������� $�WKHRUHWLFDO�HFRORJLFDO�
PRGHO� RI� VL]H� GLVWULEXWLRQV� DPRQJ� VSHFLHV� RI� DQLPDOV�� $PHU��
1DWXU��������������

0DF$UWKXU��5��+���DQG�5��/HYLQV�� ������ &RPSHWLWLRQ��KDELWDW�VHOHFWLRQ�� DQG�
FKDUDFWHU�GLVSODFHPHQW�LQ�D� SDWFK\�HQYLURQPHQW��3URF�� 1DW��$FDG��
6FL�� ��������������

0F1DE�� %�� .�� ������ %LRHQHUJHWLFV� DQG� WKH�GHWHUPLQDWLRQ�RI�KRPH�UDQJH�
VL]H�� $PHU��1DWXU��������������
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