
2SWLPL]DWLRQ�RI�EDVH�FU\VWDOV�IRU�VLOLFRQ�VRODUFHOOV�RI�YDULRXV�GHVWLQDWLRQV�
0�9�.LULFKHQNR��,�7�7\PFKXN��9�$�$QWRQRYD�1�3�.ORFKNR��9�5�.RSDFK��$�0�/LVWUDWHQNR

1DWLRQDO�7HFKQLFDO�8QLYHUVLW\��.KDUNLY�3RO\WHFKQLFDO�,QVWLWXWH��
���)UXQ]H�6W���������.KDUNLY��8NUDLQH6WDWH�(QWHUSULVH��5HVHDUFK�DQG�'HYHORSPHQW�7HFKQRORJLFDO�,QVWLWXWH�IRU

,QVWUXPHQW�(QJLQHHULQJ���������3ULPDNRY�6W���������.KDUNLY��8NUDLQH

5HFHLYHG�-DQXDU\��������
7KH�VSHFWUDO�GHSHQGHQFHV�RI�UHIOHFWLRQ�FRHIILFLHQW�5�O�� IRU�YDULRXV�OLJKW�UHFHLYLQJ�VXU�

IDFH�WH[WXUH�W\SHV� ��LQYHUWHG�S\UDPLGV��DQG��9�JURRYHV���RI�VLQJOH�FU\VWDO�VLOLFRQ�ZDIHUV
DUH�SUHVHQWHG�DV�ZHOO�DV�RXWSXW�DQG�GLRGH�SDUDPHWHUV�RI�VRODU�FHOOV��6&��ZLWK�¯��DQG�Q�W\SH
VLOLFRQ� EDVH� FU\VWDOV� �6L�%&��� %DVLQJ� RQ� FRPSDUDWLYH� DQDO\VLV� RI� 5�O�� GHSHQGHQFHV�� WKH
VHOHFWLRQ� RI� DQ� RSWLPXP� W\SH� RI� 6L�%&� OLJKW�UHFHLYLQJ� VXUIDFH� WH[WXUH� LV� VXEVWDQWLDWHG�
&RPSDULQJ�WKH�RXWSXW�DQG�GLRGH�SDUDPHWHUV�RI�6&�ZLWK�6L�%&�RI�¯��DQG�Q�W\SH�FRQGXFWLY�
LW\�� WKH� GHYHORSPHQW� H[SHGLHQF\� RI� KLJK�HIILFLHQF\� 6L�6&� ZLWK� WKH� Q�W\SH� FRQGXFWLYLW\
VLQJOH�FU\VWDOV�LV�VXEVWDQWLDWHG�
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7KH� LQFUHDVLQJ� QHHG� IRU� HQYLURQPHQW�
IULHQGO\� DQG� KLJK�HIILFLHQF\� HQHUJ\� VRXUFHV
VWLSXODWH� WKH� VZLIW� DFFHOHUDWLRQ� LQ� WKH� ILHOG
RI� LPSURYHPHQW� DQG� PDQXIDFWXUH� RI� VRODU
HQHUJ\�SKRWRYROWDLF�FRQYHUWHUV�Û�VRODU�FHOOV
�6&��� 7DNLQJ� LQWR� FRQVLGHUDWLRQ� WKH� WUHQGV
DW� WKH� WKLUG� PLOOHQQLXP� EHJLQQLQJ� >�@�� WKH
SURGXFWLRQ� RI� VLQJOH� FU\VWDO� 6L�6&� WR� \HDU
�����VKRXOG�EH�QRW�OHVV�WKDQ������RI�WRWDO
ZRUOG�6&�SURGXFWLRQ��ZKLFK�LV�HTXLYDOHQW�WR
SHDN� SRZHU� DERXW� ���� *:�\HDU� >����@�� 7KH
PDLQ�UHTXLUHPHQWV�WR�WKLV�NLQG�RI�6&�ZLOO�EH
WKH� LQFUHDVLQJ� HIILFLHQF\� �K��� PDVV�SRZHU
SHUIRUPDQFH� cl� �PD[LPXP� XVHIXO� SRZHU

SURGXFHG� E\� 6&� UHIHUUHG� WR� LWV� PDVV��� DQG
GXUDELOLW\�

7KH�VHULDO�¯�W\SH�VLQJOH�FU\VWDO�6L�6&�ZLWK
EDVH� FU\VWDOV� �%&�� WKLFNQHVV� W� ����r���PP
KDYH� DQ� HIILFLHQF\� ��� �� K�d��� �� DQG
������c0�������:�NJ�DW����&�LQ�WKH�FRQGL�
WLRQV� RI� VRODU� VSHFWUXP�RXWVLGH�WKH�(DUWK�DW�
PRVSKHUH��kl��UHJLPH��DQG����d�K�d������DQG
������cl�������:�NJ� LQ� WHUUHVWULDO� FRQGL�
WLRQV�Û�RQ�WKH�(DUWK�VXUIDFH�ZKHQ�WKH�VXQ
LV� SRVLWLRQHG� DW� ���� DERYH� KRUL]RQ� �kl���
UHJLPH��� +RZHYHU�� WKH\� DUH� LQIHULRU� LQ� WKH
LQGLFDWHG� SDUDPHWHUV� WR� WKH� EHVW� IRUHLJQ
DQDORJXHV� KDYLQJ�� IRU� H[DPSOH�� K�|�����

)XQFWLRQDO�0DWHULDOV�����1R��������� �������Û�,QVWLWXWH�IRU�6LQJOH�&U\VWDOV
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�kl���DQG�K�|�������kl�����DW�FRPSDUDEOH
W�YDOXHV�>�@��7KHUHIRUH��LQFUHDVLQJ�RI�GRPHV�
WLF�6L�6&�HIILFLHQF\�UHPDLQV�DQ�DFWXDO�SURE�
OHP�

7KHUH�DUH�VHYHUDO�UHDO�ZD\V�WR�VROYH�WKLV
SUREOHP�EDVLQJ�RQ�GHYHORSPHQW�RI�DQ�HIIHF�
WLYH� OLJKW�WUDSSLQJ� V\VWHP� RI� SKRWRHOHFWULF
DFWLYH� FRPSRQHQW� RI� VXQOLJKW� E\� WKH� %&�
RSWLPL]DWLRQ�RI�%&� WKLFNQHVV�� DQG� UHFRPEL�
QDWLRQ� ORVVHV� UHGXFWLRQ� ZLWKLQ� WKH� 6&� %&
EXON�� RQ� LWV� EDFN� DQG� IURQW� VXUIDFHV� LQ� DV�
SUHSDUHG� VWDWH� DV�ZHOO� DV� DW� FRQVHTXHQW� UD�
GLDWLRQ�DQG�SKRWRQ�HIIHFWV�

7KH� PDMRU� GHVLJQ� FRPSRQHQW� QHFHVVDU\
IRU� GHYHORSPHQW� RI� DQ� HIIHFWLYH� V\VWHP� IRU
OLJKW� WUDSSLQJ� E\� EDVH� FU\VWDO� LV� WKH� WH[�
WXUHG�IURQW�VXUIDFH�>�@��,Q�WKH�%&�WKLFNQHVV
RSWLPL]DWLRQ�FRXUVH�� LW�SURYLGHV�D� FRQVLGHU�
DEOH� LQFUHDVH� LQ� WKH� SKRWRFXUUHQW� GHQVLW\
-SK�� DQG�� KHQFH�� LQ� HIILFLHQF\� DQG� cl� >��
�@�� 7KH� UHFRPELQDWLRQ� ORVV� OHYHO� LQ� 6L�%&
GHSHQGV�HVVHQWLDOO\�RQ�WKH�W\SH�DQG�FRQFHQ�
WUDWLRQ�RI�WKH�PDLQ�GRSDQW�>�Ü�@��7KHUHIRUH�
WR� VROYH� WKH� DERYH�PHQWLRQHG� SUREOHP�� WKH
VXQOLJKW� UHIOHFWLRQ� FRHIILFLHQW�5�O�� VSHFWUDO
GHSHQGHQFHV� LQ� WKH� ���Ü���� PP�ZDYHOHQJWK
UDQJH�ZDV� VWXGLHG� LQ� WKLV�ZRUN� IRU�YDULRXV
OLJKW�UHFHLYLQJ� IURQW� VXUIDFH� WH[WXUH� W\SHV
RI� ������RULHQWHG�6L�%&��DV�ZHOO�DV�WKH�RXW�
SXW� DQG� GLRGH� SDUDPHWHUV� RI�6L�6&� GHSHQG�
LQJ� RQ� WKH� FRQGXFWLYLW\� W\SH� DQG� GRSLQJ
OHYHO�RI�%&�

7KH�WH[WXULQJ�PHWKRGV�GHYHORSHG�WR�GDWH
SURYLGH� IRUPDWLRQ� RI� YDULRXV� WH[WXUH� W\SHV
RQ�VLOLFRQ�FU\VWDO�VXUIDFH��D�UDQGRP�WH[WXUH
ZLWK� OXJV� VXFK� DV� S\UDPLGV� RU� FRQHV� DQG
RUGHUHG� WH[WXUH� VKDSHG� DV� �LQYHUWHG� �VXE�
PHUJHG�� S\UDPLGV� �,3���� �9�JURRYHV�� �9*�
RU� VXEPHUJHG� FRQHV� >�������@�� $FFRUGLQJ� WR
H[SHULPHQWDO�GDWD��WKH�KLJKHVW�HIILFLHQF\�LV
DWWDLQHG� DW� WKH� �LQYHUWHG� S\UDPLGV�� �,3�
DQG� �9�JURRYHV�� �9*�� WH[WXUHV�� SURYLGLQJ
5�d��Ü����DW�����d�O�d�����PP�DIWHU�GHSRVL�
WLRQ� RI� ELOD\HU� DQWLUHIOHFWLRQ� FRDWLQJ� RQWR
WKH�WH[WXUHG�VXUIDFH�>�@�

8QWLO� UHFHQWO\�� DW� GHYHORSPHQW� DQG
PDQXIDFWXUH� RI� VLQJOH� FU\VWDO� 6L�6&� ZLWK
S�Q� KRPRMXQFWLRQ�� WKH� ¯�W\SH� 6L�%&� ZHUH
SUHIHUUHG� EHFDXVH� RI� KLJKHU�PRELOLW\� PQ� RIPLQRULW\� FKDUJH� FDUULHUV� �HOHFWURQV��� DQG
FRQVHTXHQWO\� WKHLU� GLIIXVLRQ� OHQJWKV�/Q�� LQFRQWUDVW� WR� VLPLODU� SDUDPHWHUV� �P¯� DQG� /¯�IRU�KROHV�LQ�Q�W\SH�6L�%&��7KLV�LV�NQRZQ�>�@
WR� SURPRWH� LQFUHDVHG� LQLWLDO� -SK� YDOXH� DQGHQKDQFHG� VWDELOLW\� RI�6L�6&�ZLWK� ¯�W\SH� %&
DJDLQVW� KLJK�HQHUJ\� HOHFWURQV� DQG� SURWRQV
LQ�VSDFH��$W�WKH�VDPH�WLPH��FRPSHWLWLYHQHVV
RI�6L�6&�ZLWK�Q�W\SH�%&�XQGHU�FRQVLGHUDEOH

LQIOXHQFH� RI� VXUIDFH� UHFRPELQDWLRQ� SURF�
HVVHV�RQ�6L�6&�SDUDPHWHUV�KDV�EHHQ�WKHRUHWL�
FDOO\�VXEVWDQWLDWHG�>�@��$V�VKRZQ�LQ�>�@��WKH
XVH� RI�Q�W\SH�6L�%&�ZLWK� WKLQ� EDVH� �W���/¯�VKRXOG� SURYLGH� UHGXFWLRQ� RI� 6L�6&� GLRGH
VDWXUDWLRQ�FXUUHQW�GHQVLW\�-��DSSUR[LPDWHO\E\�D� IDFWRU�RI���DV� FRPSDUHG�WR�6L�6&�ZLWK
¯�W\SH�%&��7KH�-��UHGXFWLRQ�PLJKW�UHVXOW�LQLQFUHDVHG�RSHQ�FLUFXLW�YROWDJH�82&�DQG�FRQ�VHTXHQWO\�>�@�WKH�6L�6&�HIILFLHQF\�

$V�6L�6&�ZLWK�Q�W\SH�%&�DUH�PRUH�VHQVL�
WLYH�WR�FU\VWDO�ODWWLFH�GDPDJHV�DSSHDULQJ�LQ
VSDFH� GXH� WR� KLJK�HQHUJ\� SDUWLFOHV� LUUDGLD�
WLRQ� WKDQ�6L�6&� ZLWK� ¯�%&� >�@�� WKH� DUHD� RI
WKHLU�DSSOLFDWLRQ�VKRXOG�EH�OLPLWHG�WR�WHUUHV�
WULDO� DSSOLFDWLRQ�� +RZHYHU�� LQ� WKLV� FDVH�
WKH\�FDQ�GLIIHU� IDYRXUDEO\� IURP�6L�6&�ZLWK
¯�W\SH� %&� QRW� RQO\� LQ� WKH� LQLWLDOO\� KLJKHU
HIILFLHQF\�� EXW� DOVR� LQ� DEVHQFH� RI� SKRWRQ
GHJUDGDWLRQ� HIIHFW� >������@�� )RU�6L�6&�ZLWK
S�W\SH� %&� WUDGLWLRQDOO\� GRSHG� ZLWK� ERURQ�
WKH� PHQWLRQHG� HIIHFW� LV� DPSOLI\LQJ� FDWD�
VWURSKLFDOO\�ZLWK�LQFUHDVLQJ�RI�ERURQ�DWRPLF
FRQFHQWUDWLRQ� 1%� IURP� �����FPÜ�� XS� WR
�����FPÜ��� 6R�� IRU� H[DPSOH�� DW� 1%�a�����FPÜ�� �UHVLVWLYLW\�U�a���:�FP��� WKH�SKR�
WRQ�GHJUDGDWLRQ�UHVXOWV�IRU�PLQRULW\�FDUULHU
OLIHWLPH�GHFUHDVH�LQ�WKH�EXON�RI�S�W\SH�6L�%&
IURP�����PV�GRZQ�WR����PV��WKDW�LV�WKH�UHD�
VRQ� RI�82&� UHGXFWLRQ� DSSUR[LPDWHO\� E\� �Ü�� �� >������@�� 7KHUHIRUH�� IRU� VSDFH� 6L�6&�
WKH� S�W\SH� %&�ZLWK�1%�|����������FPÜ�� DQG
U�|����:�FP�DUH�XVHG� >��@��ZKHUH�WKH�SKRWRQ
GHJUDGDWLRQ�RI�6L�6&�LV�OHVV�HVVHQWLDO�

,Q� FRQQHFWLRQ�ZLWK� WKH� DERYH�� WKH� LQYHV�
WLJDWLRQV� RQ� RSWLPL]DWLRQ� RI� 6L�%&� IURQW
VXUIDFH�UHOLHI�JHRPHWU\�ZLWK��LQYHUWHG�S\UD�
PLGV���,3��DQG��9�JURRYHV���9*��WH[WXUHV�DV
ZHOO�DV�RQ�H[SHULPHQWDO� FRPSDULVRQ�RI�RXW�
SXW� DQG� GLRGH� SDUDPHWHUV� RI�6L�6&� ZLWK� ¯�
DQG�Q�W\SH�%&�KDYH�EHHQ�UHDOL]HG�

7KH� H[SHULPHQWDO� VDPSOHV�ZLWK� WH[WXUHG
VXUIDFH� ZHUH�PDQXIDFWXUHG� IURP� ������ RUL�
HQWHG� 6+%���� VLOLFRQ� ZDIHUV�� 7KH� VXUIDFH
ZDV� WH[WXUHG� WKURXJK� WKH� ZLQGRZV� IRUPHG
E\� SKRWROLWKRJUDSK\� LQ� 6L2�� PDVN� OD\HUXVLQJ�WKH�SURFHVV�GHVFULEHG�EHORZ�

$� SURWHFWLYH� 6L2�� OD\HU� ZDV� IRUPHG� RQWKH� SROLVKHG� VXUIDFH� DQG� RSSRVLWH� JULQGHG
VXUIDFH� RI� D� VLOLFRQ� ZDIHU�� 7KHQ� WKH� ZLQ�
GRZV� RI� YDULRXV� JHRPHWULFDO� VL]HV� ZHUH
RSHQHG� E\� SKRWROLWKRJUDSK\� DQG� HWFKLQJ� DW
WKH� SROLVKHG� VXUIDFH� VLGH�� 7KHUHDIWHU�� WKH
ZDIHU� ZDV� LPPHUVHG� LQ� KRW� ��Ü��� ZW��
.2+�VROXWLRQ�ZKHUH�VHOHFWLYH�FKHPLFDO�HWFK�
LQJ� RI� VLOLFRQ� ZDV� FDUULHG� RXW� WKURXJK� WKH
PHQWLRQHG�ZLQGRZV� LQ�6L2���7KXV��LQYHUWHGS\UDPLGV� ZHUH� IRUPHG� DW� WKH� VLGH� RI� SRO�
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LVKHG� VXUIDFH�� OLPLWHG� E\� ������ FU\VWDO�
ORJUDSKLF� SODQHV�� 8VLQJ� WKLV� SURFHVV�� ��,3
DQG� ��,3� VDPSOHV�ZHUH� REWDLQHG�� ,Q� D� VLPL�
ODU� PDQQHU�� ��9*� DQG� ��9*� VDPSOHV� ZLWK
9�JURRYHV�ZHUH�PDGH�ZLWK�LQFOLQHG�VXUIDFHV
UHSUHVHQWLQJ� DOVR� ������ FU\VWDOORJUDSKLF
SODQHV��+RZHYHU��IRU�WKLV�SXUSRVH��H[WHQGHG
ZLQGRZV�RI�GLIIHUHQW�ZLGWKV�ZHUH�RSHQHG�LQ
6L2�� OD\HU� EHIRUH� HWFKLQJ� DW� WKH� VLGH� RIZDIHU�SROLVKHG�VXUIDFH�

'DWD�RQ�WKH�WH[WXUH�HOHPHQW�VL]HV�IRU�WKH
DERYH� VDPSOHV� DUH� SUHVHQWHG� LQ� 7DEOH���
+HUH�� E� LV� WKH� S\UDPLG� EDVH� RU� WKH� JURRYH
ZLGWK�� G�� VWHS� RI� S\UDPLGV� RU� JURRYHV� DU�
UDQJHPHQW�� 60�� WKH� QRQ�HWFKHG� IUDFWLRQ� RIIURQWDO�VXUIDFH�DUHD�IRU�IURQW�PHWDO�ILQJHUV�
61�� WKH� QRQ�HWFKHG� IUDFWLRQ� RI� IURQWDO� VXU�IDFH�DUHD�EHWZHHQ�S\UDPLGV�RU�JURRYHV�

7R�GHWHUPLQH� WKH�RSWLPXP�IURQW� VXUIDFH
WH[WXUH� W\SH�� WKH� VLOLFRQ� ZDIHUV� ZLWK� YDUL�
RXV�WH[WXUH�W\SHV�ZHUH�VWXGLHG�XVLQJ�RSWLFDO
DQG�HOHFWURQ�PLFURVFRS\��7KH�VDPSOH�SKRWRV
REWDLQHG� LQ� D� 5(l����8� VFDQQLQJ� HOHFWURQ
PLFURVFRSH� DUH� VKRZQ� LQ� )LJ�����$V� LV� VHHQ
IURP� 7DEOH���� VDPSOHV� RI� WKH� VDPH� WH[WXUH

W\SHV� ���,3����,3�DQG���9*����9*��GLIIHU�LQ
WKH� SROLVKHG� QRQ�WH[WXUHG� VXUIDFH� DUHDV� LQ�
FOXGLQJ� WKH� DUHDV� EHWZHHQ� S\UDPLGV� DQG
JURRYHV�� DQG� DOVR� QRQ�WH[WXUHG� VXUIDFH� IRU
PHWDO�ILQJHUV�

)RU� FRPSDULVRQ� SXUSRVHV� DQG� IRU� ZHOO�
VXEVWDQWLDWHG� FKRLFH� RI� RSWLPXP� WH[WXUH
W\SH�� WKH� 5�O�� PHDVXUHPHQWV� IRU� LQYHVWL�
JDWHG�VDPSOHV�ZHUH�FDUULHG�RXW�E\�DQ�6)���
VSHFWURSKRWRPHWHU�

7R� FRPSDUH� WKH� 6L�6&� RXWSXW� DQG� GLRGH
SDUDPHWHUV�GHSHQGLQJ�RQ� WKH�6L�%&�FRQGXF�
WLYLW\�W\SH�DQG�GRSLQJ�OHYHO��WKH�6&�ODERUD�
WRU\� VDPSOHV� RI� ���Ü���� PP� 6L�%&� WKLFN�
QHVV� DQG� WKH� SODQDU� VXUIDFH� DUHD� ����� °P�
�RQH� RI� ZKLFK� �IURQWDO�� ZDV� SROLVKHG�� DQG
RWKHU� �EDFN��� JULQGHG�� ZHUH� LQYHVWLJDWHG�
7KH� ¯�W\SH� %&�ZHUH� GRSHG�ZLWK� ERURQ�� DQG
ZHUH� FXW� RXW� IURP� VLQJOH� FU\VWDO� 6+%���
VLOLFRQ� LQJRWV� �U�|����:�FP�� JURZQ� E\� &]R�
FKUDOVNL� WHFKQLTXH�� 7KH� Q�W\SH� %&� ZHUH
GRSHG� ZLWK� SKRVSKRURXV�� DQG� ZHUH� FXW� RXW
IURP� VLQJOH� FU\VWDO� 61(��� VLOLFRQ� LQJRWV
�U�|���:�FP�� JURZQ� E\� FUXFLEOH�IUHH� ]RQH
PHOWLQJ�

7KH� DSSHDUDQFH� RI� LQYHVWLJDWHG� VDPSOHV
ZLWK�JULG�PHWDOOL]DWLRQ�DW�WKH�IURQW�VXUIDFH
LV� VKRZQ� LQ� )LJ����� 7KH� 6L�6&� ZLWK� S�W\SH
%&� KDG� Q��S�S�� GLRGH� VWUXFWXUH�� EXW� 6L�6&
ZLWK� Q�W\SH� %&� KDG� S��Q�Q�� RQH�� 'LIIXVLYH
Q���DQG�¯��OD\HUV�ZHUH�GRSHG�ZLWK�SKRVSKR�
URXV� DQG� ERURQ�� UHVSHFWLYHO\�� XS� WR� D� OHYHO
RI�����Ü�����FPÜ���DQG�WKHLU�WKLFNQHVV�ZDV
���Ü����PP�� 7KH� 6&� HOHFWURGH� DW� WKH� Q��
OD\HU� VLGH� FRQVLVWHG� RI� FRQWDFWLQJ� WLWDQLXP
OD\HU�RI�����PP�WKLFNQHVV�FRDWHG�ZLWK���PP

7DEOH����7\SHV�DQG�SDUDPHWHUV�RI�WH[WXUHV�

6DPSOH ��,3 ��,3 ��9* ��9*
7H[WXUH
W\SHV

,QYHUWHG
S\UDPLGV

,QYHUWHG
S\UDPLGV

9�W\SH
JURRYHV

9�W\SH
JURRYHV

E��PP �� �� �� ��
G��PP �� �� �� ��
60��� ��� ��� ��� ���
61��� ���� ���� ���� ����
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WKLFN� DOXPLQLXP� OD\HU�� )URP� WKH� S��OD\HU
VLGH�� WKH� HOHFWURGH� ZDV� PDGH� IURP� DOX�
PLQLXP� RI� �� PP� WKLFNQHVV�� 7KH� EDFN� HOHF�
WURGH�ZDV�VROLG�

7KH� ORDG� FXUUHQW� ,� YV� YROWDJH�9� FKDUDF�
WHULVWLFV� �,9&�� RI� LQYHVWLJDWHG� 6&� ZHUH
PHDVXUHG� VLPLODUO\� WR� >��@� DW� ���&� XQGHU
WKH�VDPSOH�IURQWDO�VXUIDFH�LUUDGLDWLRQ�SRZHU
RI� ����� :�P��� WKDW� FRUUHVSRQGV� WR� WKH
kl�� UHJLPH�� 7KH� 6&� RXWSXW� DQG� GLRGH� SD�
UDPHWHUV� ZHUH� GHWHUPLQHG� E\� DQDO\WLFDO
FRPSXWHU�SURFHVVLQJ�RI�PHDVXUHG�,9&�XVLQJ
WKH�PHWKRG�GHVFULEHG�LQ�>��@�

7KH�PHDVXUHG�5�O��GHSHQGHQFHV�IRU�VDP�
SOH� WH[WXUHG� VXUIDFHV� DUH� VKRZQ� LQ� )LJ����
)RU� FRPSDULVRQ�� 5�O�� RI� VLOLFRQ� ZDIHU
��3ROLVK6L���ZLWK�SROLVKHG�DQG�QRQ�WH[WXUHG
VXUIDFHV�DUH�DOVR�SUHVHQWHG�

,W� LV� VHHQ� IURP� WKH� SUHVHQWHG� GHSHQG�
HQFHV� WKDW� WKH� LQYHVWLJDWHG� VDPSOHV� KDYH
WKH� IROORZLQJ� UHIOHFWLRQ� FRHIILFLHQWV� 5� YDO�
XHV� �DW� O� ����� QP��� ��,3�� ����� ��� ��,3�
����������9*������������9*����������7KH
ORZHVW� UHIOHFWLRQ� FRHIILFLHQW� ������ ��� KDV
WKH���9*�VDPSOH�ZLWK��9�JURRYHV��WH[WXUHG

IURQW�VXUIDFH�DW�WKH�JURRYH�ZLGWK�RI����PP�
DQG�WKH�KLJKHVW�RQH�����������WKH���,3�VDP�
SOH�ZLWK�WKH��LQYHUWHG�S\UDPLGV��WH[WXUH�DW
WKH�EDVH�VL]H�RI����u����PP��

6LQFH� D� FRQVLGHUDEOH� IUDFWLRQ� RI� WKH� LQ�
YHVWLJDWHG�VDPSOH�VXUIDFH�DUHD�ZDV�QRQ�WH[�
WXUHG� �7DEOH����� WKH� UHOHYDQW� DQDO\WLFDO
SURFHVVLQJ�RI�REWDLQHG�VSHFWUDO�GHSHQGHQFHV
RI� D� GLIIXVH�UHIOHFWLRQ� FRHIILFLHQW� ZDV� FDU�
ULHG� RXW� WR� HOLPLQDWH� LWV� LQIOXHQFH�� 7KH
VSHFWUDO� GHSHQGHQFHV� RI� GLIIXVH� UHIOHFWLRQ
FRHIILFLHQW� IRU� WKH� VDPSOHV� WDNLQJ� LQWR� DF�
FRXQW�WKH�DQDO\WLFDO�SURFHVVLQJ�DUH�VKRZQ�LQ
)LJ�����+HUH��FXUYHV���DUH�H[SHULPHQWDO�5�O�
GHSHQGHQFHV�����FDOFXODWHG�5�O��GHSHQGHQFHV
GLVUHJDUGLQJ� WKH� QRQ�WH[WXUHG� DUHDV� IRU
PHWDO� ILQJHUV�� ��� 5�O�� GHSHQGHQFHV� GLVUH�
JDUGLQJ� RI� QRQ�WH[WXUHG� DUHDV� EHWZHHQ
S\UDPLGV�DQG�JURRYHV�

7KH� DQDO\WLFDO� SURFHVVLQJ� UHVXOWV� VKRZ
WKH�ORZHVW�UHIOHFWLRQ�FRHIILFLHQW�5��d�����LQ
WKH�ZKROH�ZDYHOHQJWK�UDQJH�DQG�5�|�����LQ
WKH� ����d�O�d����� QP� UDQJH� IRU� WKH� �LQ�
YHUWHG�S\UDPLGV��WH[WXUH����,3�VDPSOH��ZLWK
WKH�S\UDPLG�EDVH�VL]H�RI����u����PP���6LQFH
WKH�VDPSOH���,3�KDV�WKH�JUHDWHVW�QRQ�HWFKHG
DUHD� ���������� LW� FDQFHOV� WKH� DGYDQWDJH� RI
WKH�VPDOO� LQYHUWHG�S\UDPLGV�WR� IRUP�DQ�HI�
IHFWLYH�OLJKW�WUDSSLQJ�V\VWHP�IRU�6L�6&�EDVH
FU\VWDOV�

7KH� VDPSOH� ��9*�� LQLWLDOO\� EHLQJ�EHVW� LQ
LQWHJUDWHG� 5� YDOXH�� DIWHU� DQDO\WLFDO� GDWD
SURFHVVLQJ�KDV�WKH�KLJKHVW�UHIOHFWLRQ�FRHIIL�
FLHQW� ����5�d������ LQ� WKH� ZKROH� H[DPLQHG
VSHFWUDO�UDQJH��7KLV�LV�GXH�WR�WKDW�WKH�VDP�
SOH���9*�KDV�WKH�QRQ�HWFKHG�DUHD������DQG

)LJ�����([SHULPHQWDO� VSHFWUDO� GHSHQGHQFHV�RI
GLIIXVH�UHIOHFWLRQ�FRHIILFLHQW�IRU�LQYHVWLJDWHG
VDPSOHV�ZLWK�YDULRXV�WH[WXUH�W\SHV�RI�IURQWDO
VXUIDFH������3ROLVK6L���VLOLFRQ�ZDIHU�ZLWK�SRO�
LVKHG�DQG�QRQ�WH[WXUHG�VXUIDFHV��������,3����
��,3�������9*�������9*�)LJ����� 6FKHPDWLF� LPDJH� RI� LQYHVWLJDWHG� 6&

GHVLJQ�ZLWK�Q��S�S��DQG�S��Q�Q��GLRGH�VWUXF�
WXUHV�� �D��� LOOXPLQDWHG� IURQWDO� VXUIDFH� ZLWK
SODQDU�GLPHQVLRQV����u����PP������JULG�IURQ�
WDO� HOHFWURGH� FRQVLVWLQJ� RI� D� EDU� FRQQHFWLQJ
��u����SDUDOOHO�ILQJHUV�����DQWLUHIOHFWLRQ�7L2�FRDWLQJ��� �E��Û� D� SDUW� RI� 6&� VHFWLRQ� SURILOH
QRUPDO� WR� 6&� IURQWDO� VXUIDFH� ���� SDVVLYDWLQJ
6L2�� OD\HU����� GLIIXVLYH�Q��¯���W\SH� OD\HU����VLOLFRQ�EDVH�FU\VWDO�RI�¯�Q��W\SH�FRQGXFWLYLW\�
��� GLIIXVLYH� ¯��Q���W\SH� OD\HU�� ��� EDFN� VROLG
HOHFWURGH��
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WKLV� LV� WKH� VPDOOHVW� DV� FRPSDUHG� WR� VLPLODU
DUHDV� RI� RWKHU� LQYHVWLJDWHG� VDPSOHV�� WKXV
SURYLGLQJ� WKH� ORZHVW� H[SHULPHQWDOO\� UHJLV�
WHUHG� UHIOHFWLRQ� FRHIILFLHQW�DQG�UHVXOWV� LQ�D
PD[LPXP� ORVV� LQ�5�O�� DIWHU� UHPRYDO�RI� WKH
FRQWULEXWLRQ�IURP�QRQ�HWFKHG�SROLVKHG�ZDIHU
VXUIDFH� LQWR� 5�O��� 7KXV�� WKH� �9�JURRYHV�
WH[WXUH�LV�RSWLFDOO\�OHVV�SHUIHFW�FRPSDUHG�WR
�LQYHUWHG�S\UDPLGV��WH[WXUH��
� � � 7KH� H[SHULPHQWDO� ,9&� W\SLFDO� IRU� DOO� LQ�
YHVWLJDWHG�6L�6&�ZLWK�S��DQG�Q�W\SH�%&�DIWHU
WKHLU� SUHOLPLQDU\� UHSHDWHG� ORQJ�WHUP� LUUD�
GLDWLRQ� DW� kl�� DUH� VKRZQ� LQ� )LJ���� QXP�
EHUHG�DV���DQG����UHVSHFWLYHO\��7KH�YDOXHV�RI
RXWSXW� SDUDPHWHUV�� VKRUW� FLUFXLW� FXUUHQW
GHQVLW\�-6&�|�-SK�� RSHQ� FLUFXLW�YROWDJH�82&
DQG� HIILFLHQF\� �K�� DV�ZHOO� DV� GLRGH� SDUDPH�

WHUV�� GLRGH� VDWXUDWLRQ� FXUUHQW� GHQVLWLHV� -�DQG� GLRGH� LGHDOLW\� IDFWRU�$�� W\SLFDO� IRU� WKH
VDPSOHV��DUH�SUHVHQWHG�LQ�7DEOH���

7KH� FRPSDULVRQ� RI� 6L�6&� RXWSXW� DQG
GLRGH�SDUDPHWHUV�SUHVHQWHG�LQ�7DEOH���WHVWL�
ILHV�ZKDW�IROORZV��$FFRUGLQJ�WR�>�@�

K�a�-6&82&�� ���

82&�|�$N7H OQ-SK-� ���
���

�ZKHUH�N�LV�%ROW]PDQQ�FRQVWDQW��7��WHPSHUD�
WXUH��H��HOHFWURQ�FKDUJH��

7KXV��WKH�KLJKHU�HIILFLHQF\�RI�6L�6&�ZLWK
Q�W\SH� %&� LV� GXH� REYLRXVO\� WR� KLJKHU� 82&YDOXH�� ZKLFK� LQ� WXUQ� LV� FDXVHG� E\� UHGXFHG
-��OHYHO�,W� LV� WR� QRWH� WKDW� IRU� 6L�6&� ZLWK� Q�W\SH
%&��WKH�-��YDOXH�LV�DSSUR[LPDWHO\�����WLPHVOHVV� WKDQ� IRU� WKRVH�ZLWK�S�W\SH�%&��7KLV� LV
LQ� D� UDWKHU� JRRG� DJUHHPHQW� ZLWK� WKHRUHWL�
FDOO\�VXEVWDQWLDWHG�FRPSHWLWLYHQHVV�RI�6L�6&
ZLWK� Q�W\SH� %&� FDXVHG� E\� DSSUR[LPDWHO\� �
WLPHV�VPDOOHU�-��DV�FRPSDUHG�WR�6L�6&�ZLWKS�W\SH�%&� >�@�� ,Q� >�@�� WKDW� HIIHFW� LV� UHODWHG
WR� UHGXFHG� VXUIDFH� UHFRPELQDWLRQ� UDWH� RI
PLQRULW\�FDUULHUV�LQ�Q�W\SH�%&��$V�LW�LV�VHHQ

)LJ����� /RDG� ,9&� RI� LQYHVWLJDWHG� 6L�6&�� ��
ZLWK�S�W\SH�%&�����ZLWK�Q�W\SH�%&�

)LJ�����&DOFXODWHG� GHSHQGHQFHV� RI�GLIIXVH� UH�
IOHFWLRQ� FRHIILFLHQW� IRU� LQYHVWLJDWHG� VDPSOHV
��,3��È�����,3��E�����9*��F��DQG���9*��G��DIWHU
HOLPLQDWLRQ� RI� QRQ�WH[WXUHG� DUHD� FRQWULEX�
WLRQ�� ��� H[SHULPHQWDO� 5�O�� GHSHQGHQFHV�� ��
FDOFXODWHG�5�O��GHSHQGHQFHV�ZLWKRXW�FRQWULEX�
WLRQ� RI� QRQ�WH[WXUHG� UHJLRQV� IRU� JULG� HOHF�
WURGH�����5�O�� GHSHQGHQFHV�ZLWKRXW� FRQWULEX�
WLRQ� RI� QRQ�WH[WXUHG� UHJLRQV� EHWZHHQ� S\UD�
PLGV�DQG�JURRYHV�

7DEOH����3DUDPHWHUV�RI�LQYHVWLJDWHG�6L�6&�

,9&�RI�6& � �
-6&��Pk�°P� �� ��
82&��P9 ��� ���
K��� �� ��

-���k�°P� ������Ü�� ������Ü���
$��UHO��XQ� ��� ���
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IURP� 7DEOH���� WKH� GLRGH� LGHDOLW\� IDFWRU� IRU
6L�6&�ZLWK�Q�W\SH�%&�LV�ORZHU�WKDQ�IRU�WKRVH
ZLWK�S�W\SH�%&��7KLV�FLUFXPVWDQFH�LV�DQ�DG�
GLWLRQDO� H[SHULPHQWDO� DUJXPHQW� IRU� WKH
VORZLQJ� RI� VXUIDFH� UHFRPELQDWLRQ� ZKHQ
SDVVLQJ�IURP�S�W\SH�%&�WR�Q�W\SH�%&�

7KXV��WKH�LQYHVWLJDWLRQV�RI�UHIOHFWLRQ�FR�
HIILFLHQW� VSHFWUDO� GHSHQGHQFHV� IRU� YDULRXV
6L�6&�IURQW�VXUIDFH�WH[WXUH�W\SHV�DQG�DQDO\�
VLV�RI�REWDLQHG�UHVXOWV�KDYH�VKRZQ�WKDW�WKH
RSWLPXP� WH[WXUH� LV� WKDW� RI� LQYHUWHG� S\UD�
PLGV�ZLWK����u����PP��S\UDPLG�EDVH��$W�UH�
PRYDO� QRQ�HWFKHG� VLWHV� EHWZHHQ� WKH� QHLJK�
ERULQJ� S\UDPLGV�� WKLV� W\SH� RI� WH[WXUH� FDQ
SURYLGH� UHGXFWLRQ� RI� WKH� LQWHJUDWHG� UHIOHF�
WLRQ�FRHIILFLHQW�RI�D�SKRWRDFWLYH�VRODU�UDGLD�
WLRQ� FRPSRQHQW� IURP� WKH� EDVH� VLOLFRQ� FU\V�
WDOV� IURQWDO� VXUIDFH� ZLWKRXW� DQWLUHIOHFWLQJ
FRDWLQJ� GRZQ� WR� �Ü�� ��� ,W� KDV� EHHQ� FRQ�
ILUPHG� H[SHULPHQWDOO\� WKDW� ZKHQ� SDVVLQJ
IURP� ERURQ� GRSHG� S�W\SH� VLOLFRQ�%&�ZLWK� D
UHVLVWLYLW\����2KP�FP� WR� SKRVSKRUXV� GRSHG
Q�W\SH�%&�ZLWK�UHVLVWLYLW\���2KP�FP��RWKHU
HOHPHQWV� RI� WKH� 6L�6&� FRQVWUXFWLRQ�WHFKQR�
ORJLFDO�VROXWLRQ��&76��UHPDLQLQJ�XQFKDQJHG�
UHVXOWV� LQ� D� QRWLFHDEOH� GHFUHDVLQJ� RI� WKH
GLRGH� VDWXUDWLRQ� FXUUHQW� GHQVLW\� WKXV�PDN�
LQJ� LW� SRVVLEOH� WR� LQFUHDVH� WKH� RSHQ� FLUFXLW
YROWDJH� DQG� FRQVHTXHQWO\� DOVR� HIILFLHQF\� RI
FRQVLGHUHG� GHYLFHV�� 7KH� IXUWKHU� &76� PRG�
HUQL]LQJ�RI�GRPHVWLF�VLQJOH�FU\VWDO�6L�6&��LQ
SDUWLFXODU�� E\� IRUPLQJ�DQ�RSWLPXP�WH[WXUH
VXFK� DV� �LQYHUWHG� S\UDPLGV�� RQ� WKHLU� EDVH
FU\VWDO� IURQW� VXUIDFHV� DQG� %&� WKLQQLQJ
GRZQ� WR� ���Ü����PP�ZLOO� SURYLGH� DQ� DGGL�
WLRQDO�LQFUHDVH�LQ�HIILFLHQF\�DQG�PDVV�SRZHU
SHUIRUPDQFH�RI�6L�6&�IRU�VSDFH�DSSOLFDWLRQV
ZLWK�S�W\SH�EDVH�FU\VWDOV�DV�ZHOO�DV�RI�6L�6&
RI� WHUUHVWULDO� DSSOLFDWLRQV� ZLWK�Q�W\SH� EDVH
FU\VWDOV��7KXV��DV�RXU�HVWLPDWLRQV�VKRZ��WKH
PDVV�SRZHU�SHUIRUPDQFH�FDQ�EH�LQFUHDVHG�LQ
ERWK� FDVHV� IURP� ���Ü����:�NJ� �WKH� SULRU

DUW� &76�� W� ����r���PP�� XS� WR� ���Ü
����:�NJ��QRYHO�&76��

5HIHUHQFHV
� ���:�+RIIPDQQ�� 3URF����WK� (XURSHDQ� 3KRWRYRO�

WDLF�6RODU�(QHUJ\�&RQI���2FWREHU�������������
0XQLFK��*HUPDQ\��S�����

� ���(�0DUWLQRW�� 5HQHZDEOHV� ����� *OREDO� 6WDWXV
5HSRUW�� :DVKLQJWRQ�� '&�� :RUOGZDWFK� ,QVWL�
WXWH�����S���KWWS���ZZZ�UHQ�QHW�

� ���(3,$�5RDGPDS��������KWWS���ZZZ�HSLD�RUJ�
� ���0�$�*UHHQ�� .�(PHU\�� '�/�.LQJ� HW� DO��� 3URJ�

3KRWRYROW���5HV��$SSO�����������������
� ���-�=KDR��$�:DQJ��3�&DPSEHOO�HW�DO���3URF����WK

,(((�3KRWRYROWDLF� 6SHFLDOLVWV� &RQI��� 6HSWHP�
EHU����2FWREHU����������$QDKHLP��&$��S������

� ���$�/�)DKUHQEUXFK��5�+�%XEH��)XQGDPHQWDOV�RI
6RODU�&HOOV��3KRWRYROWDLF�6RODU�(QHUJ\�&RQYHU�
VLRQ��$FDGHPLF�3UHVV��1HZ�<RUN���������

� ���3�:DZHU��$�6FKPLGW��+��*�:DJHPDQQ��3URF�
��WK�(XURSHDQ�3KRWRYROWDLF�6RODU�(QHUJ\�&RQ�
IHUHQFH�� -XQH� ���-XO\� ��� ������ %DUFHORQD�
6SDLQ��S������

� ���6�:�*OXQ]��6�5HLQ��:�:DUWD�HW�DO���3URF���QG
:RUOG� &RQI��DQG� ([KLELWLRQ� RQ� 3KRWRYROWDLF
6RODU�(QHUJ\�&RQYHUVLRQ��-XO\�������������9L�
HQQD��$XVWULD��S������

� ���-�6FPLGW�� $�*�$EHUOH�� 5�+H]HO�� 3URF� ��WK
,(((�3KRWRYROWDLF� 6SHFLDOLVWV� &RQI��� 6HSWHP�
EHU����2FWREHU����������$QDKHLP��&$��S����

����-�=KDR�� $�:DQJ�� 3�$OWHUPDWW� HW� DO��� $SSO�
3K\V��/HWW�������������������

����5�/XGHPDQ�� 6�6FKDHIHU�� -�5HLE�� 3URF���QG
:RUOG�&RQI��DQG�([KLELWLRQ�RQ� WKH�3KRWRYRO�
WDLF� 6RODU� (QHUJ\� &RQYHUVLRQ�� -XO\� �����
������9LHQQD��$XVWULD��S������

����9�$�$QWRQRYD�� 9�1�%RUVKFKRY�� 9�5�.RSDFK
HW�DO���)XQFWLRQDO�0DWHULDOV�����������������

����:�.HRJK�� $�&XHYDV�� 3URF����WK� ,(((� 3KRWR�
YROWDLF� 6SHFLDOLVWV� &RQI��� 6HSWHPEHU� ���2FWR�
EHU����������$QDKHLP��&$��S�����

����(�.HUVFKDYHU�� 5�(LQKDXV�� -�6]OXIFLN�� 3URF�
��WK� (XURSHDQ� 3KRWRYROWDLF� 6RODU� (QHUJ\
&RQI��� -XQH� ���-XO\� ��� ������ %DUFHORQD�
6SDLQ��S������
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