
&G6 ILOPV�JURZWK�E\�FKHPLFDO�EDWK�GHSRVLWLRQWHFKQLTXH�ZLWK�VXEVWUDWH�YLEUDWLQJ�DJLWDWLRQ
1�3�.ORFKNR��*�6�.KU\SXQRY��1�'�9RONRYD��9�5�.RSDFK�9�0�/\XERY��'�$�.XGL\��0�0�.KDUFKHQNR��9�2�1LNLWLQ
1DWLRQDO�7HFKQLFDO�8QLYHUVLW\��.KDUNLY�3RO\WHFKQLFDO�,QVWLWXWH��

���)UXQ]H�6W���������.KDUNLY��8NUDLQH�1�=KXNRYVN\�1DWLRQDO�$HURVSDFH�8QLYHUVLW\��.KDUNLY�$YLDWLRQ�,QVWLWXWH��
���&KNDORY�6W���������.KDUNLY��8NUDLQH

5HFHLYHG�1RYHPEHU��������
&RPSRVLWLRQ��VXUIDFH�PRUSKRORJ\��RSWLFDO�DQG�VWUXFWXUDO�SURSHUWLHV�RI�FDGPLXP�VXOILGH

�&G6�� ILOPV� SUHSDUHG� E\� FKHPLFDO� EDWK� GHSRVLWLRQ� KDYH� EHHQ� LQYHVWLJDWHG�� &G6� ILOPV
REWDLQHG�E\�LRQ�E\�LRQ�TPHFKDQLVP�LQ�VXOIDWH�VROXWLRQ��WKLRXUHD�WR�FDGPLXP�VDOW�UDWLR�6�&G
 ������ VDIH� IURP� WKH�YLHZSRLQW� RI�GHJUDGDWLRQ�&G6�&G7H� EDVHG� VRODU� FHOO�ZLWK� VXEVWUDWH
YLEUDWLQJ�DJLWDWLRQ�ZHUH�SHUIHFWO\�DGKHUHQW�DQG�VPRRWK��,Q�FKORULGH�VROXWLRQ��6�&G� �����
&G6� OD\HUV� ZHUH� GHSRVLWHG� E\� FOXVWHU� PHFKDQLVP� DQG� WKHUHIRUH� KDG� URXJK� VXUIDFHV� DQG
SRRU�DGKHVLRQ��7KH�ILOPV�KDG�RSWLFDO�SURSHUWLHV�LQKHUHQW�LQ�FDGPLXP�VXOILGH�DQG�FRQVLVWHG
PDLQO\�RI�&G6�ZXUW]LWH�PRGLILFDWLRQ��DYHUDJH�FU\VWDOOLWH�VL]H�ZDV�DSSUR[LPDWHO\����QP�

j°°ãË�ºmÈÓ©� °º°�Èm��äº¯Áºãº�Ò«�¹ºmË¯²Óº°�Ò�� º¹�Ò�Ë°}ÒË�Ò� °�¯�}��¯Ó©Ë� °mº®°�mÈ
°ãºËm� °�ã	ÁÒ�È� }È�äÒ«� �&G6��� ÒÏ�º�ºmãËÓÓ©²� äË�º�ºä� ÎÒ�}ºÁÈÏÓº�º� ²ÒäÒ�Ë°}º�º
º°ÈÎ�ËÓÒ«��rãÈ�º�È¯«�äË²ÈÓÒÏä��¹ºÒºÓÓº�º�º°ÈÎ�ËÓÒ«�¹ãËÓ}Ò��¹ºã��ËÓÓ©Ë�m�¯ËÎÒäË
mÒ¯È�ÒÒ�¹º�ãºÎ}Ò� m� ËÏº¹È°Óºä� °� �º�}Ò� Ï¯ËÓÒ«��Ë�¯È�È�ÒÒ� °ºãÓË�Óº�º� ªãËäËÓ�È� ÓÈ
º°ÓºmË� &G6�&G7H� °�ã	ÁÈ�Óºä� ¯È°�mº¯Ë� �°ºº�Óº�ËÓÒË� m� ¯È°�mº¯Ë� �Òºäº�ËmÒÓ©� Ò� °ºãÒ
}È�äÒ«�6�&G� �������©ãÒ��ãÈ�}ÒäÒ�Ò�²º¯º�º�°�Ë¹ãËÓÓ©äÒ�°�¹º�ãºÎ}ÈäÒ��{�²ãº¯Ò��
Óºä� ¯È°�mº¯Ë� �6�&G� ������ °ãºÒ�&G6� º°ÈÎ�ÈãÒ°	� ¹º� }ãÈ°�Ë¯Óºä��äË²ÈÓÒÏä�� Ò� ¹º�ºä�
ºãÈ�ÈãÒ� ¯ÈÏmÒ�©ä� äÒ}¯º¯Ëã	ËÁºä� Ò� ¹ãº²º®� È��ËÏÒË®�� �ãËÓ}Ò� ÒäËãÒ� °mº®°�mËÓÓ©Ë
°�ã	ÁÒ���}È�äÒ«� º¹�Ò�Ë°}ÒË� °mº®°�mÈ�� °º°�º«ãÒ� ¹¯ËÒä��Ë°�mËÓÓº�ÒÏ�&G6� äº�ÒÁÒ}È�
�ÒÒ�m
¯�Ò���°¯Ë�ÓÒ®�¯ÈÏäË¯�}¯Ò°�ÈããÒ�ºm�°º°�Èmã«ã�º}ºãº����Óä�

���,QWURGXFWLRQ
&DGPLXP�VXOILGH��&G6��ILOPV�REWDLQHG�E\

FKHPLFDO� EDWK� GHSRVLWLRQ� �&%'�� DUH� ZLGHO\
XVHG� DV� EXIIHU� OD\HUV� LQ� &X�,Q�*D�6H�� DQG&G7H� EDVHG� VRODU� FHOOV� >�Ü�@��$OWKRXJK� WKH
&%'Ü&G6�ILOPV�KDYH�WKH�OHDVW�SHUIHFW�VWUXF�
WXUH� FRPSDUDHG� WR� WKRVH� GHSRVLWHG� E\� ODVHU
DEODWLRQ�� FORVH� VSDFH� YDSRU� WUDQVSRUW� DQG
YDFXXP� VSXWWHULQJ�� WKH\� FDQ� JLYH� H[FHOOHQW
UHVXOWV� IRU� SKRWRYROWDLF� DSSOLFDWLRQ� GXH� WR
EHWWHU� PRUSKRORJLFDO� SURSHUWLHV� �URXJKQHVV
DQG�SLQKROH�GHQVLW\�� WKDQ�&G6� ILOPV�JURZQ
E\�RWKHU� WHFKQLTXHV��$W� WKH� VDPH�WLPH�� WKH
PDLQ� WDVN�� QDPHO\� WKH� REWDLQLQJ� RI� ILOPV
SHUIHFWO\�DGKHUHQW�WR�VXEVWUDWH��IUHH�RI�VXO�

IXU�VXUSOXV�RQ�JUDLQ�ERXQGDULHV�DQG�RI�KLOO�
RFNV� RQ� WKH� ILOP� VXUIDFH� KDYH� QRW� FRP�
SOHWHO\� XQGHUVWRRG� DQG� DWWDLQHG�� 7KH� FDXVH
LV� RFFXUULQJ� RI� WZR� SRVVLEOH�PHFKDQLVPV� RI
&G6�&%'��7KH�ILUVW�RQH�LV�LRQ�E\�LRQ�GHSRVL�
WLRQ� SURFHVV� SURGXFLQJ� FRPSDFW� KLJKO\� UH�
IOHFWLQJ� ILOPV� ZLWK� H[FHOOHQW� DGKHUHQFH� WR
WKH�VXEVWUDWH�>����@��$FFRUGLQJ�WR�WKH�VHFRQG
PHFKDQLVP�� &G6� RU� &G�2+���&G6� SDUWLFOHV�FOXVWHUV�� IRUPHG� LQ� WKH� VROXWLRQ�DUH�GHSRV�
LWHG� RQ� WKH� VXEVWUDWH� RU� RQ� WKH� VXUIDFH� RI
WKH� XQGHUO\LQJ� FRPSDFW�&G6� ILOP� DQG� SUR�
GXFH� ORZ� TXDOLW\� SRURXV� OD\HU�� 6R� WKH
JURZWK� RI� D�&G6� ILOP� RFFXUV� WKURXJK� FOXV�
WHU�E\�FOXVWHU� SURFHVV�� ZKLFK� UHVXNWV� LQ� D
OLJKW� VFDWWHULQJ� OD\HU� LQKRPRJHQHRXV� LQ

)XQFWLRQDO�0DWHULDOV�����1R��������� �������Û�67&��,QVWLWXWH�IRU�6LQJOH�&U\VWDOV�
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SK\VLFRFKHPLFDO� SURSHUWLHV�� 7KH� ODVW� H[�
SODLQV� LQWHUHVW� WR� WKH� GHWDLOHG� UHVHDUFK� RI
&%'� PHFKDQLVPV� IURP� WKH� YLHZSRLQW� RI
ZRUNLQJ�VROXWLRQ�FRPSRVLWLRQV�DQG�DJLWDWLRQ
WHFKQLTXHV�� ,Q� RXU� ZRUN�� ZH� ZHQW� DIWHU
DXWKRUV� >�@� DQG�XVHG� YLEUDWLQJ� DJLWDWLRQ� RI
VXEVWUDWH� GXULQJ� &G6� WKLQ� ILOP� JURZWK� E\
&%'� WHFKQLTXH�� 7KH� GHSRVLWLRQV� ZHUH� IXO�
ILOOHG� LQ� VXOIDWH�DQG�FKORULGH� VROXWLRQV� WKDW
GLIIHU� QRW� RQO\� LQ� DQLRQLF� FRPSRVLWLRQ� EXW
DOVR� E\� UDWLR� RI� VXOILGH� DQG� FDGPLXP� LRQV
�6�&G� UHODWLRQ�� LQ� WKH� VROXWLRQV� �7DEOH����
6HDUFK� IRU� WKH�EDWK� IRUPXOD�RWKHU� WKDQ�GH�
VFULEHG� LQ� >�@� LV� H[SODLQHG� E\� GHJUDGDWLRQ
SURFHVVHV� LQKHUHQW� LQ� WKH� VROXWLRQV� ZLWK
6�&Gt��LQ�&G6�&G7H�VRODU�FHOOV�>�������@�EH�
FDXVH�RI�VXOIXU�VXUSOXV�RQ�JUDLQ�ERXQGDULHV�
$V� D� UHVXOW� RI� WKH� GHJUDGDWLRQ� SURFHVVHV�
HIILFLHQF\�RI�SKRWRYROWDLF�GHYLFHV�GLPLQLVKHV
E\� ��Ü��� �� DIWHU� �� \HDUV� VWRUDJH�� 1RWH
WKDW�DXWKRUV�>�@�XVHG�IRU�&%'�&G6�VROXWLRQ
ZLWK�6�&G� ���� IDYRULQJ� WKH� VRODU� FHOO� GHJ�
UDGDWLRQ�� 7KH� SXUSRVH� RI� WKLV� ZRUN� LV� WKH
LQYHVWLJDWLRQ� RI� &%'Ü&G6� ILOPV� FRPSRVL�
WLRQ��VXUIDFH�PRUSKRORJ\��RSWLFDO�DQG�VWUXF�
WXUDO�SURSHUWLHV�YV�� FKHPLFDO�EDWK� IRUPXODV
DQG� DJLWDWLRQ� WHFKQLTXHV� DQG� UHYHDOLQJ� WKH
DELOLWLHV� RI� WKH� EDWK� FRPSRVLWLRQ� WRJHWKHU
ZLWK�YLEUDWLQJ�DJLWDWLRQ�WR�LQIOXHQFH�WKH�VXE�
VWLWXWLRQ� RI� FOXVWHU�E\�FOXVWHU� ILOP� JURZWK
PHFKDQLVP�E\�LRQ�E\�LRQ�ILOP�GHSRVLWLRQ��

���([SHULPHQWDO
7KH� &G6� GHSRVLWLRQV� ZHUH� DFFRPSOLVKHG

LQ� DTXHRXV� VROXWLRQV� FRQWDLQLQJ� FDGPLXP
FKORULGH� RU� VXOIDWH�� WKLRXUHD� DQG� DPPRQLD
�7DEOH����� $V� VXEVWUDWHV�� XVHG� ZHUH� HLWKHU
FOHDQ�JODVV�VKHHWV�RU�WKRVH�FRDWHG�ZLWK�PDJ�
QHWURQ�VSXWWHUHG�WUDQVSDUHQW�FRQGXFWLYH�WLQ
R[LGH��72��RU�LQGLXP�WLQ�R[LGH��,72��OD\HUV�
7KH� VROXWLRQ� ZDV� KHDWHG� XS� WR� ���&� DQG
FRQWLQXRXVO\�DJLWDWHG�E\�PDJQHWLF�VWLUUHU�RU
E\�VXEVWUDWH�KROGHU�YLEUDWLQJ�DW����+]��7KH
GHSRVLWLRQ� WRRN� SODFH� GXULQJ� ��� PLQ� DQG

WKHQ� ILOPV� ZHUH� ULQVHG� LQ� GLVWLOOHG� ZDWHU
DQG�GULHG�E\�IORZLQJ�KRW�DLU�

7KH�ILOP�SKDVH�FRPSRVLWLRQ�DQG�VWUXFWXUH
ZHUH� HVWLPDWHG� E\�;5'� XVLQJ� D� '521��0
;�UD\� GLIIUDFWRPHWHU� ZLWK� &R.D� UDGLDWLRQDFFRUGLQJ� WR� TÜ�T� VFKHPH�� 7KH� VFDQQLQJ
VWHS� ZDV� ����Ü����� GHJUHH�� WKH� H[SRVXUH
WLPH�ZDV���V��7KH�REWDLQHG�FRPSRXQGV�ZHUH
LGHQWLILHG�E\�FRPSDULVRQ�RI�H[SHULPHQWDO�UH�
VXOWV� ZLWK� -&3'6� GDWD� IRU� FU\VWDO� ODWWLFH
SDUDPHWHUV� RI� FXELF� &G6F� �VSKDOHULWH
�-&3'6� 1R���Ü������ DQG� KH[DJRQDO� �&G6K�ZXUW]LWH� �-&3'6�1R���������� FDGPLXP� VXO�
ILGH� PRGLILFDWLRQV�� RI� 72� DQG� ,72� VXE�
VWUDWHV�� SRVVLEOH� LPSXULWLHV� &G�2+���� 6�
&G&1��� &G2+&O�� &G&2��� &G2�� �1+���&2�DQG�VRPH�RWKHU�PRVW�SUREDEOH�FRPSRXQGV�RI
FDGPLXP�DQG�VXOIXU��7KH�FU\VWDOOLWH�VL]H�IRU
&G6� ILOP� ZDV� HVWLPDWHG� E\� DSSUR[LPDWLRQ
PHWKRG� IRU� LVRWURSLF� FU\VWDOOLWH� SURSHUWLHV
XVLQJ� WKH� 6FKHUHU� IRUPXOD� >�������@�� 7KH
PRUSKRORJ\� RI� &%'�&G6� ILOP� VXUIDFHV� ZDV
VWXGLHG� XVLQJ� D� 5(0����8� VFDQQLQJ� HOHF�
WURQ� PLFURVFRSH� DW� IROORZLQJ� SDUDPHWHUV�
DFFHOHUDWLQJ�YROWDJH�����9��FROOHFWRU�YROWDJH
���� 9�� 7KH� WUDQVPLWWDQFH� VSHFWUD� RI� WKH
ILOPV� ZHUH� PHDVXUHG� E\� DQ� 6)���� GRXEOH
EHDP� VSHFWURSKRWRPHWHU� LQ� WKH� VSHFWUDO
UDQJH� ���Ü���� PP�� 7KH� RSWLFDO� WUDQVLWLRQ
W\SH�DQG�EDQG�JDS�YDOXHV�RI�&G6�ILOPV�ZHUH
REWDLQHG� JUDSKLFDOO\� E\� SORWWLQJ� �DKQ�Q� YV�
KQ�LQ�DFFRUGDQFH�ZLWK�>����@��7KH�ILOP�WKLFN�
QHVV�ZDV�GHWHUPLQHG�E\�JUDYLPHWULF�PHWKRG
DV� WKH� GLIIHUHQFH� RI� VXEVWUDWH� ZHLJKW� SULRU
WR� GHSRVLWLRQ� DQG� VXEVWUDWH� SOXV� &G6� ILOP
ZHLJKW� DIWHU�&%'�XVLQJ� WKH�NQRZQ�GDWD�RQ
WKH�ILOP�DUHD�DQG�FDGPLXP�VXOILGH�GHQVLW\��

���5HVXOWV�DQG�GLVFXVVLRQ
2XU� H[SHULPHQWV� FRQFHUQLQJ�&G6� FKHPL�

FDO� EDWK� GHSRVLWLRQ� LQ� FKORULGH� VROXWLRQV
FRQWDLQLQJ�UDWLR�6�&G� �����DQG�DJLWDWHG�E\
PDJQHWLF� VWLUULQJ� RU� E\� YLEUDWLQJ� KDYH� UH�
YHDOHG�WKDW�LQ�ERWK�FDVHV�WKH�FOXVWHU�E\�FOXV�

7DEOH����3DUDPHWHUV�RI�ILOPV�GHSRVLWLRQ�&G6

6DPSOH�1R� 6ROXWLRQ 6�&G�UDWLR 6XEVWUDWH $JLWDWLRQ�UHJLPH
�� ������0�&G&O�����0�1+�2+������0��1+���&6

��� JODVV PDJQHWLF
�� ,72�JODVV
�� ������0�&G&O�����0�1+�2+������0��1+���&6

��� JODVV RVFLOODWLQJ
�� ,72�JODVV
�� �������0�&G62�����0�1+�2+������0��1+���&6

��� ,72�JODVV RVFLOODWLQJ
�� JODVV
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WHU� GHSRVLWLRQ� LV� QRW� DYRLGHG�� 'XULQJ� WKH
&G6�ILOP�GHSRVLWLRQ��FROORLGDO�SDUWLFOHV�ZHUH
IRUPHG�LQ�WKH�VROXWLRQ�ILUVWO\�DQG�WKHQ�WKH\
FRQYHUWHG� LQLWLDOO\� WR�ZKLWH� DQG� ODWHU�RQ� WR
\HOORZ� IODNHV��7KH�XSSHU� OD\HU� RI� WKH� ILOPV
ZDV� SRRU� DGKHUHQW� DQG� UHDGLO\� UHPRYHG
IURP�WKH�VXUIDFH�DV�D�GXVW��7KH�ILOPV�ZHUH
URXJK�� VR� WKH\� GLVSHUVHG� OLJKW��$QDO\VLV� RI
WKHLU� RSWLFDO� SURSHUWLHV� KDYH� UHYHDOHG� WKDW
RSWLFDO� EDQG�JDS� IRU� DOORZHG� WUDQVLWLRQV�(JHTXDOV� ���� H9� IRU� 6DPSOH� ��� GHSRVLWHG� DW
DJLWDWLRQ�E\�PDJQHWLF�VWLUUHU�DQG�����H9�IRU
VDPSOHV����DQG����REWDLQHG�DW�VXEVWUDWH�YL�
EUDWLRQ� �)LJ���D�� E�� G�� H�� )LJ����� FXUYH� ���
$FFRUGLQJ�WR�>�@��QDUURZHU�RSWLFDO�EDQG�JDS
FRPSDUHG�WR�WKDW�W\SLFDO�RI�VLQJOH�&G6�FU\V�
WDO� �(J� ����� H9�� >�@� LV� FKDUDFWHULVWLF� IRU

&%'�&G6� ILOPV� DQG� FRUUHODWHV� ZLWK� VWUXF�
WXUH�LPSHUIHFWLRQ��0RUHRYHU��DV�LW�LV�VHHQ�LQ
�DKQ���YV��KQ�SORWV��)LJ���G��H��)LJ������WKH\
FRQWDLQ�PDUNHG�8UEDFK�WDLOV�DW�VXE�EDQGJDS
SKRWRQ� HQHUJLHV� DQG� VR� WKH\� DUH� FKDUDF�
WHUL]HG�E\�FRPSDUDWLYHO\�ZLGH�8UEDFK�HQHU�
JLHV�� WKDW� DVVRFLDWHG� ZLWK� GLVRUGHU� LQ� WKH
ILOP�PDWHULDO�DQG�ZLWK�WKH�UHGXFWLRQ�RI�WKH
(J�IURP�WKHLU�VWDQGDUG�YDOXH�LQ�WKH�FU\VWDO�OLQH�PDWHULDO� >�@�� $V� LV� VHHQ� LQ� )LJ����� 8U�
EDFK� HQHUJ\� UHGXFHV� DQG� EDQG� JDS� JURZV

)LJ����� 2SWLFDO� SURSHUWLHV� RI� &%'�&G6� ILOPV
RQ�JODVV�VXEVWUDWHV��D��G�Û�VDPSOH�����E��H�Û
VDPSOH�����F��I�Û�VDPSOH����

)LJ����� �D�KQ��� YV�� KQ� IRU� &%'�&G6� ILOP� RQ
JODVV�72��VDPSOH�1R���������DV�JURZQ�ILOP����
DIWHU�DLU�DQQHDOLQJ�DW�����&�IRU����PLQ�

)LJ����� ;�UD\� GLIIUDFWLRQV� RI� &%'�&G6� ILOPV
GHSRVLWHG� E\� DSSO\LQJ� RI� PDJQHWLF� DJLWDWLRQ
LQ� FKORULGH� VROXWLRQ� ZLWK� UDWLR� 6�&G� �����
D��Ü�RQ�WKH�JODVV�VXEVWUDWH��VDPSOH�1R�����DQG
E��Ü�RQ�VXEVWUDWH�JODVV�,72��VDPSOH�1R����DIWHU
DLU�DQQHDOLQJ�DW�����&�IRU����PLQ��
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IURP� ����� H9� XS� WR� ����� H9� DIWHU� DLU� DQ�
QHDOLQJ�RI�WKH�ILOPV�

;�UD\� DQDO\VLV� RI� FDGPLXP� VXOILGH� ILOP
GHSRVLWHG� IURP� FKHPLFDO� EDWK�RQ�JODVV� VXE�
VWUDWH� DW� PDJQHWLF� VWLUULQJ� KDYH� UHYHDOHG
�)LJ�����D��WKDW�WKLV�ILOP�FRQWDLQV�EHVLGHV�RI
FDGPLXP�VXOILGH�FRPPHQVXUDEOH�DPRXQWV�RI
LPSXULW\� FDGPLXP� F\DQDPLGH� SKDVH�&G&1��-&3&6�1R�����������WKDW�LV�W\SLFDO�RI�&%'�
&G6� OD\HUV� >��@�� ;�UD\� GLIIUDFWLRQ� SDWWHUQ
RI�&%'�&G6�OD\HU�DLU�DQQHDOHG�DW�����&�IRU
��K��)LJ�����E��GLIIHUV�VXEVWDQWLDOO\�IURP�DV�

GHSRVLWHG� RQH� Û� LW� KDV� QR� FDGPLXP� F\�
DQDPLGH�SHDNV��,QVWHDG��DIWHU�WKH�DQQHDOLQJ�
D�ZHDN�&G2� ������ GLIIUDFWLRQ� SHDN� �-&3'6
1R���������DW��T� �����ZDV�UHYHDOHG�VLGH�E\
VLGH�ZLWK�72��-&3'6�1R����������SHDNV�EH�
FDXVH�� DFFRUGLQJ� WR� >��@�� DW� HOHYDWHG� WHP�
SHUDWXUHV� LQ� R[\JHQ� FRQWDLQLQJ� DWPRVSKHUH
&G&1��PXVW�WXUQ�LQWR�FDGPLXP�R[LGH��1RWHWKDW� RWKHU� PDLQ� &G2� SHDNV� DUH� LPSRVVLEOH
WR�GLVWLQJXLVK�DJDLQVW�WKH�EDFNJURXQG�RI�72
VXEVWUDWH��7KH�;�UD\�GLIIUDFWLRQ�SDWWHUQV�RI
&G6� ILOPV� JURZQ� ZLWK� VXEVWUDWH� YLEUDWLQJ
DJLWDWLRQ� LQ� FKORULGH� VROXWLRQ� DW� WKH� UDWLR
6�&G� �����DUH�VKRZQ�LQ�)LJ�����D�DQG�E���,Q
VSLWH� RI� WKH� ORZ� SHDN� LQWHQVLW\�� ZH� KDYH
LGHQWLILHG� WKH�&G6K� SKDVH� TXVLQJ� WKH� �1HZSURILOH�� SURJUDP� EDVHG� RQ� DSSUR[LPDWLRQ
PHWKRG� IRU� LVRWURSLF� FU\VWDOOLWH� SURSHUWLHV
GHYHORSHG�DW�;�UD\�ODERUDWRU\�RI�0HWDOV�DQG
6HPLFRQGXFWRUV� 3K\VLFV� 'HSDUWPHQW� RI�1D�
WLRQDO� 7HFKQLFDO� 8QLYHUVLW\� �.KDUNLY
3RO\WHFKQLFDO� ,QVWLWXWH�� >�@��%HVLGHV�RI�FDG�
PLXP�VXOILGH��WKHVH�ILOPV�FRQWDLQHG�LPSXUL�
WLHV� &G�2+��� �-&3'6� ��������� �������DQG�RU�1R���������� DQG� VXOIXU� �-&3'6����
������� ZKLFK� SDUWLFXODUO\� VKDSH� WRJHWKHU
ZLWK�JODVV�VXEVWUDWH�D�UDWKHU�LQWHQVH�KDOR�DW
�T�IURP�����XS�WR������7KH�JUDLQ�VL]HV�HVWL�
PDWHG� XVLQJ� WKH� 6FKHUUHU� IRUPXOD� ZHUH
DERXW����QP��7KLV�DJUHHV�ZHOO�ZLWK�WKH�DE�
VHQFH� RI� WKH� �EOXH� VKLIW��� ZKLFK� FRXOG� VLJ�

)LJ����� ;�UD\� GLIIUDFWLRQV� RI� &%'�&G6� ILOPV
GHSRVLWHG�E\�DSSO\LQJ�RI�VXEVWUDWH�RVFLOODWLRQ
LQ� FKORULGH� VROXWLRQ� ZLWK� UDWLR� 6�&G� ����
�VDPSOHV�1R���� �D��DQG�1R����E��� DQG� LQ� VXO�
IDWH� VROXWLRQ� ZLWK� UDWLR� 6�&G� ����� �VDPSOHV
1R����F��DQG�1R�����G���

)LJ����� 6FDQQLQJ� HOHFWURQ�PLFURVFRS\� LPDJHV
RI� &G6� ILOPV� GHSRVLWHG� E\� DSSO\LQJ� VXEVWUDWH
RVFLOODWLRQ��D��VDPSOH�����E��VDPSOH�����F��VDP�
SOH�����G��VDPSOH�����I��DQG�H��VXEVWUDWH�,72�
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QLILFDQWO\�EURDGHQ�(J�LI�FU\VWDOOLWH�GLDPHWHUZRXOG�EH�OHVV�WKDQ����QP�>�@�
%\� LQFUHDVLQJ� WKH� 6�&G� UDWLR� XS� WR� ����

ZH� KDYH� UHDOL]HG� WKH� LRQ�E\�LRQ� FKHPLFDO
EDWK�GHSRVLWLRQ� LQ� WKH� FDVH� RI� VXEVWUDWH�YL�
EUDWLQJ�DJLWDWLRQ�LQ�VXOIDWH�VROXWLRQ��'XULQJ
WKH� JURZWK�� QR� IODNHV� DULVH� LQ� WKH� VROXWLRQ
YROXPH��WKH�&G6�ILOPV�ZHUH�SHUIHFWO\�DGKHU�
HQW� DQG� KDG� PLUURU�VPRRWK� VXUIDFH�� )LJ���
GHPRQVWUDWHV� WKH� VXUIDFH� PRUSKRORJ\� RI
WKHVH� ILOPV� �)LJ���D�� F�� LQ� FRPSDULVRQ� ZLWK
WKH�OD\HUV�REWDLQHG�LQ�FKORULGH�VROXWLRQ�ZLWK
UDWLR� 6�&G� ����� �)LJ���E�� G�� DQG� ZLWK
JODVV�,72�VXEVWUDWH�VXUIDFHV��)LJ���H��I���;�UD\
VSHFWUD� LQ� )LJ����� F� DQG� G� HYLGHQFH� WKDW
WKHVH� ILOPV� FRQVLVW� SUHGRPLQDWHO\� RI�&G6K�EXW� FRQWDLQ� VRPH�&G�2+��� LPSXULW\�� ZKLFKILUVW� RI� DOO� IRUPV� WRJHWKHU� ZLWK� JODVV� VXE�
VWUDWH� WKH� KDOR� DW� �T� IURP� ���� XS� WR� ����
$QDO\VLV� RI� VKDSH� RI�&G6K� SHDNV� XVLQJ� WKH�1HZ� SURILOH�� SURJUDP� DQG� HVWLPDWLRQ
XVLQJ�WKH�6FKHUHU�IRUPXOD�KDV�UHYHDOHG�WKDW
&G6K�DYHUDJH�JUDLQ�VL]H�ZDV����QP��2SWLFDO
DQDO\VLV� RI� WKHVH� LPSURYHG� &G6� ILOPV� KDV
VKRZQ� �)LJ���F�� I�� WKDW� WKH\� KDYH� RSWLFDO
EDQG�JDS�����H9�W\SLFDO�RI�FDGPLXP�VXOILGH
IRU�DOORZHG�VWUDLJKW�WUDQVLWLRQV��7KH�8UEDFK
WDLOV� IRU� WKHVH� ILOPV� DUH� VPDOO�� WKDW� FRQ�
ILUPV� WKH� EHWWHU� FU\VWDOOLQLW\� RI� FDGPLXP
VXOILGH�ILOPV�JURZQ�LQ�VXOIDWH�VROXWLRQ�ZLWK
UDWLR� 6�&G� ����� E\� DSSO\LQJ� VXEVWUDWH� YL�
EUDWLRQ�� $EVHQFH� RI� �EOXH� VKLIW�� IRU� VXFK
ILOPV� FRQILUPV� LQ� DFFRUGDQFH� ZLWK� >��@� WKH
FRUUHFWQHVV� RI� WKH� HVWLPDWLRQV�E\�XVLQJ� WKH
6FKHUHU�IRUPXOD��7KXV��FKHPLFDO�EDWK�GHSR�
VLWLRQ� WHFKQLTXH� ZLWK� VXEVWUDWH� YLEUDWLQJ
DJLWDWLRQ� SURYLGHV� WKH� DYRLGLQJ� RI� FOXVWHU�
E\�FOXVWHU� FKHPLFDO�EDWK�GHSRVLWLRQ�DQG� WKH
SUHSDUDWLRQ� RI� SHUIHFWO\� DGKHUHQW� PLUURU�
VPRRWK� LPSXULW\� VXOIXU� IUHH� &G6� ILOPV� LQ
WKH� VROXWLRQ� FRQWDLQHG� WKLRXUHD� DQG� FDG�
PLXP� VXOIDWH� LQ� UDWLR� 6�&G6������ ZKLFK
GRHV�QRW�FDXVH�WKH�GHJUDGDWLRQ�RI�&G6�&G7H
EDVH�VRODU�FHOO�

���&RQFOXVLRQ
7KXV�� WKH� UHVXOWV� RI� WKH� DERYH� VWXGLHV

PDNH� LW� SRVVLEOH� WR� FRQFOXGH� ZKDW� IROORZV�
%\�PHDQV� RI� FKDQJH� RI�6�&G� UDWLR� LQ� VROX�

WLRQV� IRU� FKHPLFDO� EDWK� GHSRVLWLRQ� FDXVLQJ
QRW�WKH�GHJUDGDWLRQ�RI�&G6�&G7H�EDVH�VRODU
FHOO� DJLWDWHG�E\�PDJQHWLF� VWLUULQJ�RU� E\�YL�
EUDWLRQ��ZH�KDYH�GHWHUPLQHG� WKH� FRQGLWLRQV
IRU�WUDQVLWLRQ�IURP�FOXVWHU�WR�FOXVWHU�WR�LRQ�
E\�LRQ�GHSRVLWLRQ��ZKLFK�SURYLGHV�WKH�SUHSD�
UDWLRQ� RI� SHUIHFWO\� DGKHUHQW� PLUURU�VPRRWK
LPSXULW\� VXOIXU� IUHH� &G6� ILOPV�� ;�UD\
DQDO\VLV� RI� &%'�&G6� ILOPV� KDV� VKRZQ� WKDW
DOO� OD\HUV� FRQVLVW� SUHGRPLQDWHO\� RI� &G6K�DYHUDJH� JUDLQ� VL]H� YDOXH� LV� ��� QP�� WKDW� LV
FRQILUPHG� E\� RSWLFDO� LQYHVWLJDWLRQ� RI� WKHVH
ILOPV�� 'HSHQGLQJ� RQ� VROXWLRQ� FRPSRVLWLRQ�
DJLWDWLRQ�PRGH�DQG�DQQHDOLQJ��WKH�&%'�&G6
ILOPV� FRQWDLQ� VRPH� LPSXULWLHV� RI� &G&1��&G�2+����&G2�RU�6�$FNQRZOHGJPHQW�� 7KH� ZRUN� ZDV� VXS�
SRUWHG�E\�6FLHQFH�DQG�7HFKQRORJ\�&HQWHU�LQ
8NUDLQH��*UDQW�67&8������

5HIHUHQFHV
� ���2�9LJLO�*DODQ�� $�$ULDV�&DUEDMDO�� 5�0HQGR]D�

3DUH]� HW� DO���6HPLFRQG��6FL��7HFKQRO��� ���� ���
�������

� ���2�9LJLO�*DODQ�� $�$ULDV�&DUEDMDO�� 5�0HQGR]D�
3DUH]� HW� DO��� 6RODU� (QHUJ\� 0DWHU�� 	� 6RODU
&HOOV������������������

� ���&KHPLFDO�%DWK�'HSRVLWLRQ�*URZWK�RI�&DGPLXP
6XOSKLGH��KWWS���ZZZ�FUDQILHOG�DF�XN�FGV�FIL�
VRODU�GHSRVLWLRQ�MVSLG� �UHGLUHFW

� ���<�$�6DOD]DU��5�3RWLQR��-�,�3HQD�HW�DO���%UD]LO�
LDQ�-��3K\V������������ ��������0�*�6DQGRYDO�
3D]��5�5DPLUH]�%RQ��7KLQ� 6ROLG� )LOPV�� ����
�������������

� ���*�+RGHV�� &KHPLFDO� 6ROXWLRQ� 'HSRVLWLRQ� RI
6HPLFRQGXFWRU�)LOPV��1HZ�<RUN�%DVHO��0DUFHO
'HNNHU��,QF���������

� ���5�0HQGR]D�3HUH]��-�6DVWUH�+HUQDQGHV��*�&RQ�
WHUHUDV�3XHQWH�HW�DO���6RODU�(QHUJ\�0DWHU��	
6RODU�&HOOV����������������

� ���+�0RXDONLD��6�+DULHFK��0�6�$LGD��7KLQ�6ROLG
)LOPV�������������������

� ���2�*�$ODYHUGRYD��2�9�$ULQNLQ��2�)�%RJGDQRYD
HW� DO��� 6WUXFWXUH� DQG� 3K\VLFDO� 3URSHUWLHV� RI
6ROLGV�� HG�� E\� /�6�3DODWQLN�� 9\VFKD� 6KNROD�
.\LY��������>LQ�5XVVLDQ@�

� ���%�0DOLQRZVND��0�5DNLE��*�'XUDQG��6RODU�(Q�
HUJ\�0DWHU��	�6RODU�&HOOV�����������������

����1�,�,YDQRYD��'�6�5XGHOHY��%�'�6XPP��9HVWQLN
0RVNRY��8QLY���6HU�����.KLPLD�����������������
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