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H[SHULPHQWDOO\�LQYHVWLJDWHG�GXULQJ�FUHHS�RI�1D&O�DQG�.&O�VLQJOH�FU\VWDOV��7KH�EDVLF�UHOD[D�
WLRQ�SURFHVVHV�KDYH�EHHQ�FRQVLGHUHG�DQG�VRPH�RI�WKRVH�KDYH�EHHQ�VLPXODWHG�

w}°¹Ë¯ÒäËÓ�Èã	Óº� Ò°°ãË�ºmÈÓ� ¹¯º�Ë°°� ¯ËãÈ}°È�ÒÒ� mÓ��¯ËÓÓÒ²� ÓÈ¹¯«ÎËÓÒ®� ¹¯Ò
°}È�}ºº­¯ÈÏÓºä�ÒÏäËÓËÓÒÒ�mÓË�ÓÒ²�ÓÈ¹¯«ÎËÓÒ®�mº�m¯Ëä«�¹ºãÏ��Ë°�Ò�äºÓº}¯Ò°�Èããºm
1D&O�Ò�.&O��cÈ°°äº�¯ËÓ©�º°ÓºmÓ©Ë�¯ËãÈ}°È�ÒºÓÓ©Ë�¹¯º�Ë°°©�Ò�¹¯ºäº�ËãÒ¯ºmÈÓ©�ÓË}º�
�º¯©Ë�ÒÏ�ÓÒ²��

3ODVWLF� GHIRUPDWLRQ� RI� VLQJOH� FU\VWDOV� LV
NQRZQ� WR� RFFXU� E\� PRYLQJ� RI� GLVORFDWLRQV
ZKLFK� DUH� WKHUPRG\QDPLFDOO\� QRQHTXLOL�
EULXP� GHIHFWV� RI� D� FU\VWDO� ODWWLFH�� 7KHUH�
IRUH��D�QXPEHU�RI�UHOD[DWLRQ�SURFHVVHV�PD\
UXQ� LQ� GLVORFDWLRQ� VXEV\VWHP� HYHQ� LQ� DE�
VHQFH�RI�H[WHUQDO� VWUHVVHV� �V�� >�@��7KRVH�UH�
VXOW�LQ�UHGXFWLRQ�RI�LQWHUQDO�VWUHVVHV�VL�DQGH[FHVV�HQHUJ\�UHODWHG�WKHUHWR��7KH�DSSO\LQJ
RI� H[WHUQDO� VWUHVVHV� DFWLYDWHV� VRPH� UHOD[D�
WLRQ�SURFHVVHV�� LQ�SDUWLFXODU�� WKH� VFDWWHULQJ
RI�GLVORFDWLRQ�ERXQGDULHV�

7R�HOXFLGDWH�WKH�H[WHUQDO�VWUHVV�LQIOXHQFH
RQ� WKH� LQWHUQDO� VWUHVV� UHOD[DWLRQ� PHFKD�
QLVPV�� H[SHULPHQWV� RQ� MXPS�OLNH� FKDQJH� RI
H[WHUQDO� VWUHVVHV� GXULQJ� KLJK�WHPSHUDWXUH
GHIRUPDWLRQ� DUH� RI� JRRG� SURPLVH�� ,Q� VXFK
FDVHV��WKH�GLVORFDWLRQV�KDYLQJ�DQ�HGJH�FRP�
SRQHQW� RI� %XUJHUV� YHFWRU�� PD\� QRW� RQO\
JOLGH��EXW�DOVR�FOLPE�GXH�WR�GLIIXVLRQ��'LVOR�
FDWLRQV� LQ� WKH� H[WHUQDO� ORDGLQJ� GLUHFWLRQ
JOLGH�XQGHU�DFWLRQ�RI�HIIHFWLYH�VWUHVVHV�VHII� 
V�Ü�VL�� WKHUHIRUH�� WKH� DQDO\VLV� RI� NLQHWLFFUHHS� FXUYHV� VKDSHV� DW� SDUWLDO� IDVW� XQORDG�
LQJ� RI� VDPSOHV� DOORZV� WR� MXGJH� RQ� WLPH� GH�
SHQGHQFH�RI�DYHUDJH�LQWHUQDO�VWUHVVHV�

'LUHFW� G\QDPLFV� REVHUYDWLRQV� RI� LQGLYLG�
XDO�GLVORFDWLRQV�DQG�SLOH�XSV�WKHUHRI�DW�KLJK
WHPSHUDWXUHV� LV� SRVVLEOH� RQO\� LQ� WKLQ� VDP�
SOHV� E\�PHDQV� RI� DQ� HOHFWURQLF�PLFURVFRSH�
ZKLOH� LW� LV� SUDFWLFDOO\� LPSRVVLEOH� LQ� EXON
FU\VWDOV��7KDQNV�WR�QHZ�FRPSXWHU�WHFKQROR�
JLHV�� LW� LV� H[SHGLHQW� WR� FRPELQH�H[SHULPHQ�
WDO� UHVHDUFKHV� ZLWK� PDWKHPDWLFDO� PRGHOLQJ
RI� SK\VLFDO� SURFHVVHV�� &RPSDULVRQ� RI� WKHVH
UHVHDUFK�UHVXOWV�PDNHV�SURYLGHV�D�EHWWHU�XQ�
GHUVWDQGLQJ� RI� WKH� SURFHVVHV� RFFXUULQJ� LQ
GLVORFDWLRQ�VXEV\VWHP�RI�WKH�FU\VWDOV�

7KH�H[SHULPHQWDO�SDUW�RI� UHVHDUFKHV�ZDV
FDUULHG� RXW� RQ� DONDOL� KDOLGH� VLQJOH� FU\VWDOV
1D&O� DQG�.&O� VKDSHG�DV� UHFWDQJXODU�SULVPV
RI��u�u���PP��ZLWK�LQLWLDO�GLVORFDWLRQ�GHQ�
VLW\� U�|���FPÜ��� &U\VWDOV� RI� WZR� RULHQWD�
WLRQV� ����!� �FU\VWDOV� ,�� DQG� ����!� �FU\V�
WDOV� ,,�� ZHUH� VWUDLQHG� LQ� D� WHPSHUDWXUH
UDQJH�RI�����WR�����7PHOW�LQ�WKH�FUHHS�PRGHXQGHU� XQLD[LDO� FRPSUHVVLRQ�� 7KH� LQLWLDO
�WUDQVLHQW�� VWDJH� RI� FUHHS��ZKHQ� FKDQJHV� LQ
GLVORFDWLRQ� VXEV\VWHP� DUH� WKH� PRVW� HVVHQ�
WLDO��ZDV� VWXGLHG��7KH� GLVORFDWLRQ� VWUXFWXUH
RI� FU\VWDOV� SULRU� WR� GHIRUPDWLRQ� ZDV� UH�
YHDOHG�E\�HWFK�SLW�PHWKRG��7R�GHWHUPLQH�WKH
DYHUDJH� LQWHUQDO� EDFN� VWUHVVHV�� WKH� WHFK�
QLTXH� RI� IDVW� FKDQJHV� RI� WKH� DSSOLHG� H[WHU�
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QDO�VWUHVVHV�IURP�V��WR�V��>�@�ZDV�XVHG��WKHVWUHVV� LQWHUYDO� V�� ����� WR� ���� 03D��� 7KHYDOXHV�VL�ZDV�GHWHUPLQHG�IURP�WKH�VWUHVV�V�DW�ZKLFK�WKH�GHIRUPDWLRQ�UDWH�H�� LV� HTXDO�WR
]HUR�IRU�VRPH�WLPH��WKDW�LV��VHII��7KH� UHVXOWV� REWDLQHG� VKRZ� WKDW� VL� LQ�FUHDVHV� LQ� GLUHFW� SURSRUWLRQ� WR� V� ERWK� IRU
FU\VWDOV�,�DQG�FU\VWDOV�,,��)LJ���È���$�KLJKHU
LQWHUQDO�VWUHVV�OHYHO�LQ�FU\VWDOV�,��WKH�H[WHU�
QDO� VWUHVVHV� DQG� WHPSHUDWXUH� EHLQJ� WKH
VDPH��LV�FDXVHG�E\�D�JUHDWHU�QXPEHU�RI�GLV�
ORFDWLRQV�DQG�WKHLU�SLOH�XSV�WKHUHLQ�DV�FRP�
SDUHG� WR� FU\VWDOV� ,,�� EHFDXVH� RI� HDVLHU� DULV�
LQJ�DQG�VOLGLQJ�RI�GLVORFDWLRQV�LQ�FU\VWDOV�,�
7KH� VL� GHFUHDVHV� DW� WHPSHUDWXUH� HOHYDWLRQ�)LJ���E��

([SHULPHQWV�WR�GHWHUPLQH�WKH�DYHUDJH�LQ�
WHUQDO�VWUHVVHV�DUH�FDUU\�RXW�XVXDOO\�ZLWKLQ
VHYHUDO� VHFRQGV� RU� WHQV� VHFRQGV�� 6WXG\� RI
VWUDLQ�FXUYHV�H�W��GXULQJ�WHQV�PLQXWHV�DIWHU
VKDUS�VWUHVV�UHOHDVH�GRZQ�WR�OHYHO�V�|VL�KDVVKRZQ�LQWHUHVWLQJ�IHDWXUHV��RQ�D�EDFNJURXQG
RI� FRQVWDQW� RU� GHFUHDVLQJ� VWUDLQ�� SHULRGLF
VKDUS� MXPSV�RI�SRVLWLYH��LQ�WKH�GLUHFWLRQ�RI
DSSOLHG� H[WHUQDO� ORDGLQJ�� VWUDLQV� DUH� RE�
VHUYHG�� WKHUHDIWHU� WKH� FXUYH� H�W�� JUDGXDOO\
FRPHV� EDFN� XS� WR� WKH� OHYHO� SUHFHGLQJ� WKH
MXPS� �)LJ���È��� 7KH� SHULRG� LQFUHDVHV� LQ
WLPH�

7KH� SHFXOLDULWLHV� RI� NLQHWLF� FUHHS� FXUYHV
DIWHU�VWUHVV�GXPSLQJ�DUH�FDXVHG�E\�VSHFLILF�
LW\� RI� LQWHUQDO� VWUHVV� UHOD[DWLRQ� LQ� GLVORFD�
WLRQ� VXEV\VWHP�� $W� WKH� WUDQVLHQW� FUHHS
VWDJH�� WKH� KDUGHQLQJ� DQG� VRIWHQLQJ� SURF�
HVVHV� RFFXU� DW� GLIIHUHQW� UDWHV� >�@�� 7KH� LQ�
FUHDVH� RI� LQWHUQDO� VWUHVVHV� RFFXUV� GXH� WR
EHQGLQJ� RI� GLVORFDWLRQ� OLQHV� IL[HG� DW� VWRS�
SHUV�WR�UDGLXV�5|*E�V���*�LV�WKH�VKHDU�PRG�XOH�� E�� WKH� %XUJHUV� YHFWRU� YDOXH�� DQG� WR
IRUPDWLRQ� RI� GLVORFDWLRQ� SLOH�XSV� DW� EORFN
ERXQGDULHV�� ,Q� WKH� ILUVW� FDVH�� WKH� LQWHUQDO
VWUHVVHV� UHOD[� DIWHU� MXPS�OLNH� UHGXFWLRQ� RI
H[WHUQDO� VWUHVVHV� GXH� WR� VWUDLJKWHQLQJ� RI
GLVORFDWLRQ� OLQHV�� 7KH� GLVORFDWLRQV� HPLWWHG
IURP� VRXUFHV� HQFRXQWHU� GXULQJ� WKHLU�PRYH�
PHQW� XQGHU� DFWLRQ� RI� VWUHVVHV� V� WKH� ORZ�
DQJOH� ERXQGDULHV� DQG� DUH� VWRSSHG�� IRUPLQJ
IODW� SLOH�XSV�� ,Q� WKH� SLOH�XS� KHDG� �DW� WKH
VWRSSHU���WKH�VWUHVV�OHYHO�ULVHV�XS�WR�V6� �QV�ZKHUH� Q� LV� QXPEHU� RI� GLVORFDWLRQV� LQ� WKH
DFFXPXODWLRQ��,I�WKH�VWUHVV�FRQFHQWUDWLRQ�DW
WKH� ERXQGDU\� GRHV� QRW� H[FHHG� WKH� VWUHVV
YDOXH�V
�QHFHVVDU\�IRU�EUHDN�RI�GLVORFDWLRQV
WKURXJK�WKH�ERXQGDU\�RU�IRU�LWV�GHVWUXFWLRQ�
WKH�SLOH�XS� LV�VWRSSHG��%HWZHHQ�GLVORFDWLRQV
ORFDWHG� LQ� RQH� VOLS� SODQH�� WKH� UHSXOVLQJ
IRUFHV� DFW��8QGHU� HTXLOLEULXP�� WKH� GLVWDQFH

EHWZHHQ� GLVORFDWLRQV� LQ� WKH� SLOH�XS� [L� DUHGHWHUPLQHG�E\�>�@�
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7KH�SLOH�XS�HTXLOLEULXP�OHQJWK�DW�WKH�FHU�
WDLQ� VWUHVV� LV� /� ��$Q�V�� $� �*E��S���Ü�Q�
IRU�WKH�SLOH�XS�RI�HGJH�GLVORFDWLRQV�DQG
$� �*E��S�IRU�WKDW�RI�VFUHZ�GLVORFDWLRQV��$V
WKH� VWUHVV� OHYHO� LV� UHGXFHG�E\�'V� �V��Ü�V��WKH�SLOH�XS�OHQJWK�LQFUHDVHV�E\

'/� ����$QV��
'V� ���

7KLV� UHVXOWV� LQ� D� EDFN� GHIRUPDWLRQ� RI� WKH
FU\VWDO�� )URP� DQ� HVWLPDWLRQ� RI� '/� YDOXH� DW
NQRZQ�FRQVWDQWV�RI�D�FU\VWDO��IRU�H[DPSOH��.&O�
DW� WKH� H[SHULPHQW� WHPSHUDWXUH� RI� �*� 
���������lcÈ� >�@�� E� �����Ü���P�� V
|��03D��

)LJ����� � �D�� � 'HSHQGHQFHV� RI� LQWHUQDO� VWUHVV
YDOXH� RQ� WKDW� RI� H[WHUQDO� RQH�� 7� �����&�
�E�� 7HPSHUDWXUH� GHSHQGHQFHV� RI� LQWHUQDO
VWUHVV�YDOXH��V� �����03D��.&O�VLQJOH�FU\VWDOV�
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LW� IROORZV� WKDW� DW� WKH� VWUHVV� GXPSLQJ� E\
����� �)LJ���È��� RQH� SLOH�XS� PD\� FDXVH� WKH
FU\VWDO�OHQJWKHQLQJ�E\�a��PP��L�H��DQ�REVHUY�
DEOH� EDFN� VWUDLQ� LV� FDXVHG� E\� DERXW� ���� SLOH�
XSV��7KH�QXPEHU�RI�EORFNV�LQ�D�VDPSOH�KDV�MXVW
WKDW� RUGHU� RI� PDJQLWXGH� �DFFRUGLQJ� WR� VWUXF�
WXUDO�UHVHDUFKHV��WKH�DYHUDJH�EORFN�OLQHDU�VL]H
O�LV�DERXW�����PP���7KXV��WKH�EDFN�VWUDLQ�FRXOG
EH�SURYLGHG�HLWKHU�E\�RQH�SLOH�XS�LQ�HDFK�EORFN�
RU�E\�VHYHUDO�SLOH�XSV�LQ�VRPH�EORFNV�

7KH�QRQ�PRQRWRQRXV�FKDUDFWHU�RI�NLQHWLF
FUHHS� FXUYHV� �)LJ���È�� WHVWLILHV� WR� QRQ�PR�
QRWRQRXV� FKDQJH� RI� LQWHUQDO� VWUHVVHV� DW
GXPSLQJ� RI� D� SDUW� RI� ORDGLQJ�� QDPHO\�� WR
WKHLU�SHULRGLF�VKDUS�UHGXFWLRQ��$V�D�UHVXOW�
WKH� HIIHFWLYH� VWUHVVHV� LQFUHDVH�� DQG� WKH� GH�
IRUPDWLRQ� RFFXUV� IRU� D� FHUWDLQ� WLPH� LQ� WKH
GLUHFWLRQ� RI� H[WHUQDO� VWUHVVHV�� 7KHUH� DUH
VRPH�SRVVLEOH�UHDVRQV�IRU�LQWHUQDO�VWUHVV�UH�

GXFWLRQ�� )LUVW�� DW� KLJK� WHPSHUDWXUHV�� WKH
SLOH�XSV�RI�HGJH�GLVORFDWLRQV�FDQ�H[WHQG�GXH
WR� GLIIXVLRQ� FOLPELQJ� IURP� WKH� LQLWLDO� SLOH�
XS�SODQH��6HFRQG��WKH�SLOH�XSV�RI�VFUHZ�GLV�
ORFDWLRQV�DUH�XQVWDEOH�EHFDXVH�D�FURVV�VOLS�LV
SRVVLEOH�� +RZHYHU�� WKH� FURVV� VOLS� SODQHV� LQ
FU\VWDOV� ZLWK� WKH� 1D&O� ODWWLFH� DUH� ^���`
RQHV�� QRW� EHLQJ� WKH� HDV\� VOLGLQJ� SODQHV�
7KHUHIRUH��FURVV�VOLS�RI�VFUHZ�GLVORFDWLRQV�LV
KLQGHUHG� DQG� FDQ� WDNH� SODFH� LI� WKH� ����!
^���`� VOLGLQJ� V\VWHP� EHFRPHV� DFWLYH�� &RP�
SDULVRQ� RI� FUHHS� UDWHV� IRU� FU\VWDOV� ,� DQG� ,,
DOORZV�WR�FRQFOXGH�WKDW�DW��t����&��GLVORFD�
WLRQV� LQ� WKH� VSHFLILHG� VOLS� V\VWHP�DULVH� DQG
PRYH�� 7KH� WKLUG� SRVVLELOLW\� RI� VKDUS� LQWHU�
QDO�VWUHVV�UHGXFWLRQ�LV�EUHDN�RI�DFFXPXODWHG
GLVORFDWLRQV�WKURXJK�GLVORFDWLRQ�ERXQGDULHV�
7KH�IRXUWK�FDXVH�FRQVLVWV�LQ�WKDW�LI�WKH�SLOH�
XS� GLVORFDWLRQV� DUH� XQDEOH� WR� SDVV� WKURXJK
WKH� ERXQGDU\�� WKH\� FDQ� WR� GHVWUR\� LW� DQG
PRYH�WRJHWKHU�ZLWK�GLVORFDWLRQV�RI�WKH�ERXQG�
DU\� LQ� WKH� H[WHUQDO� ORDGLQJ� GLUHFWLRQ�� 7KH
ILIWK�UHDVRQ�LV�WKDW�WKH�GLVORFDWLRQV�FDQ�HQWHU
WKH� ERXQGDU\� ZLWKRXW� SDVVLQJ� WKURXJK� LW� RU
GHVWUR\LQJ� LW�� ,Q� FDVH� RI� GLVORFDWLRQ� SLOH�XSV
VWRSSHG�RQ�ERWK�VLGHV�RI�ERXQGDU\�DQG�KDYLQJ
RSSRVLWH�%XUJHUV�YHFWRUV� WKLV� SURFHVV� UHVXOWV
LQ� ORFDO� UHRULHQWDWLRQ� RI� WKH� FU\VWDO�� 7KLV
SURFHVV�LV�VLPLODU�WR�IRUPDWLRQ�RI�GXPS�VWULSV
DW� SODVWLF� GHIRUPDWLRQ� >�@�� 6XFK� DUHDV� UHRUL�
HQWHG�E\�VRPH�GHJUHHV�ZHUH�REVHUYHG�H[SHUL�
PHQWDOO\� E\� RSWLFDO� PLFURVFRS\� DV� D� GLIIHU�
HQFH�LQ�FRQWUDVW�RI�WKH�UHIOHFWHG�EHDPV�DQG�E\
)XMLZDUD�;�UD\� WHFKQLTXH�DV�GLIIUDFWLRQ�VSRW
VSOLWWLQJ�>�@��)LJ������$W�ODVW��RQH�PRUH�SRVVL�
EOH�UHDVRQ�RI�LQWHUQDO�VWUHVV�UHGXFWLRQ�FRQVLVWV
LQ� IRUPDWLRQ�RI� FUDFNV� >�@� LQ� FRQGLWLRQV�ZKHQ
GLVORFDWLRQ�PRYLQJ�LQ�HDV\�VOLS�V\VWHPV�LV�LPSRV�
VLEOH�RU�KLQGHUHG��FU\VWDOV�,,��

)LJ����� �D�� ([SHULPHQWDO� FUHHS� FXUYH� IRU�.&O
VLQJOH� FU\VWDO� DIWHU� H[WHUQDO� VWUHVV� UHGXFWLRQ
IURP� V�� ���� � 03D� WR � V�� ���� �03D�
7� �����&���E��6WUDLQ�FXUYH�REWDLQHG�E\�FRP�
SXWHU� VLPXODWLRQ� IRU� EUHDN� RI� GLVORFDWLRQV
WKURXJK� ORZ�DQJOH�ERXQGDU\�

)LJ����� 3RVW�FUHHS� ;�UD\� GLIIUDFWLRQ� SDWWHUQ
RI�1D&O�FU\VWDO�REWDLQHG�E\�)XMLZDUD�PHWKRG�

9�3�0DWVRNLQ��,�1�3DNKRPRYD���0HFKDQLVPV�RI�WKH�����

��� )XQFWLRQDO�PDWHULDOV�������������



7ZR�RI�WKH�DERYH�PHQWLRQHG�SURFHVVHV�UH�
VXOWLQJ� LQ� VKDUS� LQWHUQDO� VWUHVV� UHGXFWLRQ
KDYH�EHHQ�VLPXODWHG��7KRVH�ZHUH�D�EUHDN�RI
GLVORFDWLRQV�RI�DQ�SLOH�XS�WKURXJK�D�GLVORFD�
WLRQ�ERXQGDU\�DQG�GHVWUXFWLRQ�RI�D�GLVORFD�
WLRQ� ERXQGDU\�� ,Q� RXU� RSLQLRQ�� LW� LV� MXVW
WKHVH�WZR�SURFHVVHV�WKDW�DUH�UHVSRQVLEOH�IRU
MXPS�OLNH� GHIRUPDWLRQ� LQ� FU\VWDOV� RI� ERWK
RULHQWDWLRQV� IRU� WKH� IROORZLQJ� UHDVRQV�� 5H�
VROYLQJ�RI�GLVORFDWLRQ�SLOH�XSV�GXH�WR�FOLPELQJ
RU�WR�FURVV�VOLS��DQG�UHRULHQWDWLRQ�RI�FU\VWDO
ORFDO� DUHDV� UHVXOW� LQ� FRPSDUDWLYHO\� VORZ� LQ�
WHUQDO� VWUHVV� UHGXFWLRQ�� &UDFNV� DUH� IRUPHG
PDLQO\�LQ�FU\VWDOV�,,�

7R� SURYH� WKDW� EUHDN� WKURXJK� D� GLVORFD�
WLRQ�ERXQGDU\�UHVXOWV�LQ�MXPS�OLNH�FKDUDFWHU
RI� SODVWLF� GHIRUPDWLRQ�� D� PDWKHPDWLFDO
PRGHO� RI� WKH� SURFHVV� ZDV� FRQVWUXFWHG�� :H
KDYH�FRQVLGHUHG�QRW�RQO\�FRQVHUYDWLYH�PRYH�
PHQW� RI� GLVORFDWLRQV�� EXW� DOVR� WKHLU� DELOLW\
WR�GLIIXVLRQ�FOLPELQJ�DW�KLJK�WHPSHUDWXUHV�
7KH� EHKDYLRU� RI� D� VHSDUDWH� DFFXPXODWLRQ
FRQVLVWLQJ�RI�UDQGRPO\�GLVWULEXWHG�HGJH�GLV�
ORFDWLRQV�QHDU�D�ZDOO�RI�LPPRYDEOH�HGJH�GLV�
ORFDWLRQV�ZDV�VLPXODWHG� �WKH�PRGHO�SDUDPH�
WHUV� KDYH� EHHQ� WDNHQ� IRU�1D&O� VLQJOH� FU\V�
WDO��� 6XFK� D� PRGHO� FDQ� EH� XVHG� LI� WKH
FXUYDWXUH�UDGLXV�RI�GLVORFDWLRQ�OLQHV�H[FHHGV
FRQVLGHUDEO\� WKH� DYHUDJH� GLVORFDWLRQ� VSDF�
LQJ�� 7KHQ�� WKH� GLVORFDWLRQV� FDQ� EH� FRQVLG�
HUHG�DV�UHFWLOLQHDU�DQG�WKH�ZKROH�GLVORFDWLRQ
HQVHPEOH�� ZKHQ� EHLQJ� FRQVLGHUHG�� FDQ� EH
VXEGLYLGHG�LQWR�VXEHQVHPEOHV��HDFK�RI�WKRVH
EHLQJ�D�V\VWHP�RI�SDUDOOHO�GLVORFDWLRQ� OLQHV�
)LJ���E� VKRZV� WKH� FUHHS� FXUYH� REWDLQHG� E\
FRPSXWHU�VLPXODWLRQ�DQG�LQ�)LJ�����FRQVHFX�
WLYH�HYROXWLRQ�VWDJHV�RI�D�GLVORFDWLRQ�SLOH�XS
DUH� SUHVHQWHG�� :H� DVVXPH� WKDW� WKH� VWUHVV
GXPS�GRZQ�WR�V��ZDV�UHDOL]HG�DW�WKH�LQLWLDOPRPHQW��ZKHUHDV�SULRU�WR�WKLV�WLPH��WKH�GLV�
ORFDWLRQ� DFFXPXODWLRQV� DUH� DULVHQ� LQ� WKH
FU\VWDO� QHDU� GLVORFDWLRQ� ZDOOV� GXULQJ� FUHHS
�XQGHU�V����7KH�FUHHS�SURFHVV��FXUYH�LQ�)LJ���E�FDQ�EH� VXEGLYLGHG� LQWR� WKUHH�VWDJHV��$W�WKH
ILUVW� VWDJH�� GHIRUPDWLRQ� SURFHHGV� LQ� WKH
�SRVLWLYH�� GLUHFWLRQ� RI� WKH� DSSOLHG� H[WHUQDO
VWUHVV��'LVORFDWLRQV�ZKLFK�DUH�ORFDWHG�LQ�WKH
DFFXPXODWLRQ� KHDG� EUHDN� WKURXJK� WKH� ZDOO
DQG�PRYH�IXUWKHU�XQGHU�DQ�H[WHUQDO�VWUHVV�
WLOO� PHHWLQJ� DQRWKHU� REVWDFOH� ZKLFK� WKH\
FDQQRW� RYHUFRPH� �)LJ����� DÜF��� $W� WKH� VHF�
RQG� VWDJH�� WKHUH� LV� DQ� DFWLYH� PRYHPHQW� RI
RWKHU� GLVORFDWLRQV�� �IURQW�� GLVORFDWLRQV�� WR�
ZDUGV� WKH� VWRSSHU� �ZKHUH� WKRVH� VWRS��
�EDFN�� GLVORFDWLRQV�� LQ� WKH� RSSRVLWH� GLUHF�
WLRQ��ZKHUH�WKHUH�DUH�QR�REVWDFOHV���7KLV�UH�
VXOWV� LQ� D� �QHJDWLYH�� VWUDLQLQJ� �)LJ����� GÜH��
$W�WKH�WKLUG�VWDJH��VRPH�GLVORFDWLRQV�ZKLFK
KDYH�OHIW�WKH�VWUHVV�ILHOG�RI�DQ�SLOH�XS��PRYH

LQ�WKH��SRVLWLYH��GLUHFWLRQ��7KLV�SURFHVV�RF�
FXUV�VLPXOWDQHRXVO\�ZLWK�JHQHUDWLRQ�RI�QHZ
GLVORFDWLRQV� ZKLFK� PRYHPHQW� UHVXOWV� DJDLQ
LQ��SRVLWLYH��GHIRUPDWLRQ��)LJ�����HÜI��

&RPSDULQJ�WKH�FUHHS�FXUYHV�REWDLQHG�H[�
SHULPHQWDOO\� DQG� E\� VLPXODWLRQ�� LW� LV� VHHQ
WKDW�WKRVH�DUH�FRLQFLGHQW�TXDOLWDWLYHO\�LI�WKH
GRPLQDWLQJ� GHIRUPDWLRQ� PHFKDQLVP� LV
EUHDNLQJ� RI� D� PRELOH� GLVORFDWLRQ� SLOH�XS
WKURXJK�WKH�DUUD\�RI�IL[HG�GLVORFDWLRQ�ZDOOV�
7KXV�� LW� LV� SRVVLEOH� WR� H[SODLQ� WKH� QRQ�PR�
QRWRQ\� RI� SODVWLF� IORZ� E\� WKH� SDVVLQJ� RI
SUHYLRXVO\� FUHDWHG� GLVORFDWLRQV� WKURXJK
IL[HG� ORZ�DQJOH� ERXQGDULHV�� WKXV� UHVXOWLQJ
LQ�D�LQWHUQDO�VWUHVV�UHGXFWLRQ��7R�SURYLGH�DQ
HVVHQWLDO� FRQWULEXWLRQ� RI� WKLV� SURFHVV� WR
FUHHS� �WKDW� FRXOG� EH� REVHUYHG� H[SHULPHQ�
WDOO\��� VXFK� RYHUFRPLQJ� RI� REVWDFOHV� VKRXOG
HLWKHU�RFFXU�ORFDOO\�E\�JUHDW�QXPEHU�RI�GLV�
ORFDWLRQV�� RU� DOPRVW� VLPXOWDQHRXVO\� E\� VLQ�
JOH� GLVORFDWLRQV� LQ� GLIIHUHQW� SODFHV� RI� WKH
VDPSOH� YROXPH�� $� VLQJOH� GLVORFDWLRQ� SUR�
YLGHV� WKH� VDPSOH� VWUDLQ� RI� a��Ü���P�ZKHQ
PRYLQJ� LQVLGH� D� EORFN� LQ� D� VDPSOH� RI� WKH
DERYH�PHQWLRQHG� VL]H�� 7KXV�� WR� SURYLGH� DQ

)LJ�����&RQVHFXWLYH�VWDJHV�RI�HYROXWLRQ�RI�GLV�
ORFDWLRQ� SLOH�XS� QHDU� DQ� LPPRELOH� V\PPHWULF
GLVORFDWLRQ�ERXQGDU\�
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HIIHFW� LQ� REVHUYDEOH� LQ� H[SHULPHQW� �WKH
JDXJH�VHQVLWLYLW\�EHLQJ�a����Ü��P��DW�VLPXO�
WDQHRXV� SURFHVVHV� LQ� DOO� EORFNV�� DERXW� ���
GLVORFDWLRQV� VKRXOG�EH� LQYROYHG� LQ�GHIRUPD�
WLRQ� �DQG� LQ� PRYHPHQW�� LQ� DQ\� RI� WKH
EORFNV�

7KH� VHFRQG� LPSRUWDQW� HIIHFW� LQIOXHQFLQJ
WKH� QRQ�PRQRWRQLF� FKDUDFWHU� RI� SODVWLF� GH�
IRUPDWLRQ� LV� D� VFDWWHULQJ� RI� GLVORFDWLRQ
ERXQGDULHV� ZKHQ� GLVORFDWLRQV� OHDYLQJ� WKH
ERXQGDULHV�PRYH�WKURXJK�WKH�EORFN�DQG�FRQ�
WULEXWH� WR� GHIRUPDWLRQ�� :KHQ� FRQVLGHULQJ
WKH� VFDWWHULQJ� RI� ERXQGDULHV�� D� VSHFLDO� DW�
WHQWLRQ�KDV�EHHQ�JLYHQ�WR�GHVWUXFWLRQ�RI�DQ
DV\PPHWULF�VLWH�RI�GLVORFDWLRQ�ERXQGDU\�>�@�
6XFK�VLWHV�DSSHDU�DOZD\V�DW�FURVVLQJ�RI�WKH
ERXQGDULHV� IRUPHG� LQ� SRO\JRQL]DWLRQ� SURF�
HVV��7KH�VWDEOH� �WKDW� LV��PRVW�HQHUJ\�IDYRU�
DEOH�� FRQILJXUDWLRQV� RI� DV\PPHWULF� GLVORFD�
WLRQ� ERXQGDU\� VLWHV� KDYH� EHHQ� GHWHUPLQHG�
7R� VROYH� WKDW�SUREOHP�� WKH� HQHUJ\� UHOLHI� RI
IXQFWLRQ�8�[�\��ZDV�FRQVWUXFWHG��7KLV�IXQF�
WLRQ� LV� VXFK� WKDW� WKH� IRUFH� DFWLQJ� RQ� XQLW
OHQJWK�RI�WKH�HGJH�GLVORFDWLRQ�)� �ÜJUDG�8�
&RQVLGHULQJ�WKH�VXUIDFH�UHOLHI�RI�WKDW�IXQF�
WLRQ��LW�LV�SRVVLEOH�WR�HVWDEOLVK�WKH�PLQLPXP
DQG� PD[LPXP� YDOXHV� RI� HQHUJ\� EDUULHUV
ZKLFK�JHQHUDWH�WKH�GLVORFDWLRQV�RI�GLIIHUHQW
VOLS� V\VWHPV� �ZLWK� %XUJHUV� YHFWRUV� E�� �E������ DQG� � E�� ��E������� ORFDWHG� ZLWKLQ� DGLVORFDWLRQ�ZDOO� VR� WKDW� DQ� DV\PPHWULF� VLWH
RI� GLVORFDWLRQ� ERXQGDU\� LV� IRUPHG�� 0RYH�
PHQW�RI�D�GLVORFDWLRQ�ORFDWHG�QHDU�WR�D�ZDOO
LV�GLUHFWHG�WRZDUGV�WKH�UHGXFWLRQ�RI�8�[�\��
,Q� )LJ���D�� WKH� UHOLHI� RI� IXQFWLRQ� 8�[�\�
QHDU� WR� WKH� DV\PPHWULF� VLWH� FRQVLVWLQJ� RI
IRXU�GLVORFDWLRQV�ZLWK�E��LV�VKRZQ�,Q�WKH�GLDJUDP�SUHVHQWHG� LQ�)LJ���E��WKH
DUURZV�VSHFLI\�WKH�PRYHPHQW�GLUHFWLRQV�RI�D
GLVORFDWLRQ� ZLWK� %XUJHUV� YHFWRU�E�� QHDU� DQDV\PPHWULF� VLWH� FRQWDLQLQJ� WKUHH� GLVORFD�
WLRQV� ZLWK� E��� 7KH� FRPELQHG� FRQVLGHUDWLRQRI� VXFK� GLDJUDPV� DQG� FRUUHVSRQGLQJ� SRZHU
UHOLHYHV� KDV� HVWDEOLVKHG� WKDW� WKHUH� DUH� WZR
VWDEOH�FRQILJXUDWLRQV�RI�DQ�DV\PPHWULF�VLWH�
DOWHUQDWLRQ� RI� HTXDOO\� VSDFHG� GLVORFDWLRQV
ZLWK�E��DQG�E��DQG�D�SDLUHG�H[WUHPHO\�FORVHDUUDQJHPHQW� RI� VXFK� GLVORFDWLRQV� �ZLWK� D
SRVVLELOLW\� RI� GLVORFDWLRQ� UHDFWLRQ� DQG� IRU�
PDWLRQ�RI�D� VHVVLOH�GLVORFDWLRQ���+DYLQJ�GH�
WHUPLQHG� SRVVLEOH� VWHDG\� FRQILJXUDWLRQV� RI
DV\PPHWULF� VLWHV� RI� GLVORFDWLRQ� ERXQGDULHV�
WKH�VHTXHQFH�RI�DV\PPHWULF�GLVORFDWLRQ�ZDOO
GHVWUXFWLRQ�KDV�EHHQ�IRXQG��WKDW�LV��WKH�GLV�
ORFDWLRQV� IRU� ZKLFK� LV� HQHUJ\� IDYRUDEOH� WR
OHDYH� VXFK� ERXQGDU\� ILUVW� KDYH� EHHQ� GHWHU�
PLQHG�

$V�VWDWHG�DERYH��GHVWUXFWLRQ�RI�D�GLVORFD�
WLRQ�ZDOO�ZLWK�DQ�DV\PPHWULF�VLWH�RFFXUV�DW

D�ORZHU�VWUHVV� OHYHO� WKDQ�WKDW�RI�D�V\PPHW�
ULF�GLVORFDWLRQ�ZDOO�>��@��:H�KDYH�FDOFXODWHG
WKH� YDOXH� RI� WKH� FULWLFDO� VKHDU� VWUHVV� VFUQHFHVVDU\�WR�GHVWUR\�D�GLVORFDWLRQ�ZDOO�ZLWK
DQ�DV\PPHWULF�VLWHD��IRU�WZR�HVVHQWLDOO\�GLI�
IHUHQW�FDVHV�� ORZ�WHPSHUDWXUHV��GLVORFDWLRQV
PRYH� E\� VOLGLQJ�� DQG� KLJK� WHPSHUDWXUHV
�7�a�7PHOW�� GLVORFDWLRQV� FDQ� FOLPE���$W� KLJKWHPSHUDWXUHV�� WKH� GLVORFDWLRQ� ZDOO� ZLWK� DQ
DV\PPHWULF�VLWH�LV�GHVWUR\HG�DW�D�ORZHU�OHYHO
RI� VWUHVVHV�� WKDQ�DW� ORZ� WHPSHUDWXUHV��7KLV
FDQ� EH� H[SODLQHG� E\� WKH� IDFW� WKDW� DW� KLJK
WHPSHUDWXUHV�D�GLVORFDWLRQ�FDQ�OHDYH�LWV�VOLS
SODQH�DQG��IROORZLQJ�D�PLQLPXP�RI�D�SRWHQ�
WLDO�UHOLHI��JR�DZD\�IURP�WKH�ZDOO�

7KXV�� FRPSDULVRQ� RI� H[SHULPHQWDO� GDWD
ZLWK� UHVXOWV� RI� FRPSXWHU� VLPXODWLRQ� DOORZ
WR�FRQFOXGH�WKDW�WKH�PDLQ�SURFHVVHV�UHVSRQ�
VLEOH� IRU� QRQ�PRQRWRQLF� GHIRUPDWLRQ� RI� DO�
NDOL�KDOLGH� VLQJOH� FU\VWDOV� XQGHU� VKDUS� UH�

)LJ����� �D�� (QHUJ\� IXQFWLRQ� VXUIDFH� RI� DQ
DV\PPHWULF�GLVORFDWLRQ�ZDOO�DUHD���E��'LDJUDP
RI�SRVVLEOH�PRWLRQ�GLUHFWLRQV�RI�D�GLVORFDWLRQ
QHDU� DQ� DV\PPHWULF� DUHD� RI� GLVORFDWLRQ
ERXQGDU\�
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GXFWLRQ� RI� H[WHUQDO� VWUHVVHV� GXULQJ� KLJK�
WHPSHUDWXUH�FUHHS�DUH�SURFHVVHV�RI�EUHDN�RI
GLVORFDWLRQV� WKURXJK� VXEERXQGDULHV� DQG� GH�
VWUXFWLRQ�RI�GLVORFDWLRQ�ERXQGDULHV�

$SSUHFLDWLRQ� LV� H[SUHVVHG� WR� '�9�0DW�
VRNLQ�IRU�KHOS�LQ�FRPSXWHU�VLPXODWLRQ�

5HIHUHQFHV
� ���9�3�0DWVRNLQ�� )XFWLRQDO� 0DWHULDOV�� ��� ���

�������
� ���*�1�$KTXLVW�� :�'�1L[�� $FWD� 0HWDOOXUJLFD�

���������������
� ���9�0�5R]HQEHUJ��0HWDOORYHG��L�7HUP��2EUDE�����

����������

� ���-�'�(VKHOE\��)�&�)UDQN��)�5�1�1DEDUUR��3KLO�
0DJ������������������

� ���$�$�9RURE\RY�� 0HFKDQLFDO� DQG� +HDW� 3URSHU�
WLHV�RI�$ONDOLKDOLGHV�6LQJOH�&U\VWDOV��9\VVKD\D
6KNROD��0RVFRZ��������

� ���-�)ULHGHO�� 'LVORFDWLRQV�� 3HUJDPRQ� 3UHVV�� 2[�
IRUG��������

� ���7�)XMLZDUD��.�.RL]XPL��0�+LURVH��0HPRLUV�RI
'HIHQVH�$FDGHP\�-DSDQ����������������

� ���'�9�0DWVRNLQ��,�1�3DNKRPRYD��9LVQ\N�.K18�
����������������

� ���'�9�0DWVRNLQ��,�1�3DNKRPRYD��9�3�0DWVRNLQ�
9LVQ\N�.K18�����������������

����-�&�0�/L�� LQ�� (OHFWURQ� 0LFURVFRS\� DQG
6WUHQJWK�RI�&U\VWDOV��1HZ�<RUN��������

lË²ÈÓLÏäÒ�mÒ°º}º�Ëä¹Ë¯È��¯Óº��¯ËãÈ}°È�L�mÓ��¯L�Ó�²�ÓÈ¹¯�ÎËÓ	���¹¯º�Ë°L�¹ºmÏ��º°�Lã�ÎÓº�Èãº��ÓÒ²�äºÓº}¯Ò°�ÈãLm�
{���lÈ�º}LÓ��,�l��È²ºäºmÈ

p}°¹Ë¯ÒäËÓ�Èã	Óº��º°ãL�ÎËÓº�¹¯º�Ë°�¯ËãÈ}°È�L�� mÓ��¯L�ÓL²�ÓÈ¹¯�ÎËÓ	�¹¯Ò�°�¯Ò­�
}º¹º�L­Ó�®� ÏäLÓL� ÏºmÓL�ÓL²� ÓÈ¹¯�ÎËÓ	� ¹L�� �È°� ¹ºmÏ��º°���äºÓº}¯Ò°�ÈãLm�1D&O� �È�.&O�
cºÏ�ã«Ó��º�º°ÓºmÓL�¯ËãÈ}°È�L®ÓL�¹¯º�Ë°Ò��È�¹¯ºäº�Ëã	ºmÈÓº��Ë«}L�Ï�ÓÒ²�

9�3�0DWVRNLQ��,�1�3DNKRPRYD���0HFKDQLVPV�RI�WKH�����

)XQFWLRQDO�PDWHULDOV������������� ���


