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$%675$&7� :H LQWURGXFH WKH GHVLJQ RI D VFDODEOH� PRGXODWHG ORQJ�ZDYH LQIUDUHG VRXUFH�
7KH GHVLJQ PDNHV XVH RI D SVHXGR�EODFNERG\ KHDWLQJ HOHPHQW DUUD\� ZKLFK UDGLDWHV LQWR
D FXVWRP DOXPLQXP LQWHJUDWLQJ FDYLW\� 7KH HOHPHQWV SRVVHVV ORZ WKHUPDO FDSDFLWDQFH� HQDE�
OLQJ WHPSRUDO PRGXODWLRQ IRU LPSURYHG VLJQDO LVRODWLRQ DQG G\QDPLF EDFNJURXQG UHPRYDO�
7R FKDUDFWHUL]H SHUIRUPDQFH� GHᚐHFWRPHWU\ PHDVXUHPHQWV ZHUH PDGH XVLQJ ERWK WKH QHZ
VRXUFH GHVLJQ DQG D WUDGLWLRQDO WXQJVWHQ ULEERQ VRXUFH� ZKLFK SRVVHVV VLPLODU VRXUFH LUUDGL�
DQFH DQG LGHQWLFDO HPLVVLRQ SURᚏOH GLPHQVLRQV� 0HDVXUHPHQWV IURP D JURXQG JODVV ᚐDW DQG
DQ DOXPLQXP EODQN GHPRQVWUDWHG WKH QHZ VRXUFH SURGXFHV D VLJQDO�WR�QRLVH UDWLR IRXU WLPHV
JUHDWHU WKDQ WKDW RI WKH ULEERQ� 7KHUPDO LPDJLQJ GHPRQVWUDWHG LPSURYHG VRXUFH JHRPHWU\
DQG VLJQDO VWDELOLW\ RYHU WLPH� DQG IXUWKHU� WKH QHZ GHVLJQ PHDVXUHG D SUHYLRXVO\ XQWHVWDEOH
KRW DOXPLQXP ᚐDW ���� r&�� 7KH QHZ GHVLJQ HQDEOHV KLJK�FRQWUDVW WKHUPDO PHDVXUHPHQW RI
VXUIDFHV W\SLFDOO\ FKDOOHQJLQJ WR LQIUDUHG GHᚐHFWRPHWU\ GXH WR KLJK VXUIDFH URXJKQHVV RU
LQWULQVLF WKHUPDO QRLVH JHQHUDWLRQ�

.H\ZRUGV� RSWLFDO PHWURORJ\� GHᚐHFWRPHWU\� LQIUDUHG VRXUFH� WHPSRUDO PRGXODWLRQ

� ,1752'8&7,21

)UHHIRUP RSWLFV� RU QRQ�URWDWLRQDOO\ V\PPHWULF� KLJKO\ FXVWRP�VKDSHG RSWLFV� SUHVHQW WKH
RSSRUWXQLW\ WR LPSURYH WKH SHUIRUPDQFH RI DQ RSWLFDO V\VWHP� 8QGHU WKH DVVXPSWLRQ WKDW DQ
DUELWUDU\ VXUIDFH FDQ EH IDEULFDWHG� IUHHIRUP RSWLFDO GHVLJQV PD\ EHQHᚏW IURP LPSURYHG PHFK�
DQLFDO FRPSDFWQHVV� UHGXFHG DVVHPEO\ FRPSOH[LW\� DQG EHWWHU LPDJLQJ SHUIRUPDQFH �)DQJ
HW DO�� ������ $FURVV DVWURQRPLFDO RSWLFV� PHGLFDO LPDJLQJ� GHIHQVH� DQG FRQVXPHU HOHFWURQLFV�
D QHZ JHQHUDWLRQ RI RSWLFDO LQVWUXPHQWV DUH RQ WKH KRUL]RQ WKDQNV WR WKH ᚐH[LELOLW\ FRQIHUUHG
E\ WKHVH RSWLFV� +RZHYHU� DV WKH SRSXODULW\ DQG GLYHUVHQHVV Rᚎ UHHIRUP RSWLFDO VXUIDFHV JURZ�
VR GR WKH PHWURORJ\ UHTXLUHPHQWV�
1RQ�FRQWDFW PHWURORJ\ Rᚎ UHHIRUP RSWLFV LV FRPPRQO\ SHUIRUPHG E\ LQWHUIHURPHWU\ DQG

GHᚐHFWRPHWU\ �.LP HW DO�� ������ ,QWHUIHURPHWU\ LV D QXOO PHWURORJ\ PHWKRG� UHTXLULQJ D QXOO
RSWLF WR XVH DV D UHIHUHQFH DJDLQVW WKH XQLW XQGHU WHVW �887�� 3DUWLFXODUO\ IRU IUHHIRUP VXUIDFHV�
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FXVWRP QXOO RSWLFV DUH UHTXLUHG� 'LᚎUDFWLYH HOHPHQWV FDOOHG FRPSXWHU�JHQHUDWHG KRORJUDPV
�&*+� DUH DWWUDFWLYH QXOO HOHPHQW RSWLRQV EHFDXVH WKH\ FDQ QXOO XS WR DQG LQFOXGLQJ DUELWUDU\
VXUIDFHV ZLWK H[WUHPH RU KLJK�IUHTXHQF\ IHDWXUHV �'XELQ HW DO�� ������ +RZHYHU� D &*+ LV W\SLF�
DOO\ GHVLJQHG IRU RQO\ RQH QXOO FRQᚏJXUDWLRQ DQG PD\ QRW DOZD\V EH D YLDEOH RSWLRQ IRU WHVWLQJ�
$OWHUQDWLYHO\� GHᚐHFWRPHWU\ LV D QRQ�QXOO WHVW PHWKRG WKDW KDV GHPRQVWUDWHG FRPSDUDEOH

SHUIRUPDQFH WR LQWHUIHURPHWU\ RYHU D UDQJH Rᚎ UHHIRUP VXUIDFHV �*UDYHV HW DO�� ������ ,Q WKLV
PHWKRG� DQ LOOXPLQDWLRQ VRXUFH HPLWV D NQRZQ SDWWHUQ� ZKLFK VSHFXODUO\ UHᚐHFWV Rᚎ WKH 887�
DQG WKH UHᚐHFWHG LPDJH RI WKH VRXUFH LV FDSWXUHG E\ D FDPHUD� :LWK SUHFLVH NQRZOHGJH RI WKH
VHWXSಬV JHRPHWU\� WKH ORFDO VORSHV RI WKH 887 FDQ EH GHWHUPLQHG DQG LQWHJUDWHG WR JHQHUDWH
D UHFRQVWUXFWHG VXUIDFH PDS� 'HᚐHFWRPHWU\ FDUULHV WKH DGYDQWDJHV RI KLJK WHVWDEOH VORSH
G\QDPLF UDQJH DQG PHDVXUHPHQW ᚐH[LELOLW\ EHFDXVH LW GRHV QRW UHTXLUH D QXOO UHIHUHQFH� 2I
LQWHUHVW WR RSWLFDO IDEULFDWLRQ� PHDVXUHPHQW RI VXUIDFH ᚏJXUH HUURU GXULQJ LQWHUPHGLDU\ JULQG�
LQJ SKDVHV PD\ KHOS SULRULWL]H ORFDO ᚏJXUH HUURU FRUUHFWLRQ VR WKDW D VXUIDFH PD\ PRUH Hᚑ�
FLHQWO\ FRQYHUJH� 'XH WR UDSLGO\�FKDQJLQJ VXUIDFH SURᚏOHV GXULQJ JULQGLQJ� &*+V DUH QRW
SUDFWLFDO� EXW GHᚐHFWRPHWU\ FDQ EHFRPH DSSOLFDEOH LI D FDPHUD DQG VRXUFH RI DSSURSULDWH
ZDYHOHQJWK VDWLVI\ WKH VSHFXODU UHᚐHFWDQFH FRQGLWLRQ �2K HW DO�� ����� /RZPDQ HW DO�� ������
)RU RSWLFV LQ WKH JULQGLQJ SKDVH� ZKLFK KDYH D URXJK GLᚎXVLQJ VXUIDFH� D VSHFXODU UHᚐHFWLRQ

FDQ EH DFKLHYHG XVLQJ ORQJ�ZDYH LQIUDUHG �/:,5� OLJKW� VSHFLᚏFDOO\� LQ WKH �ದ ��wP UHJLRQ�
/:,5 FDPHUDV DUH UHDGLO\ REWDLQDEOH� EXW /:,5 WKHUPDO VRXUFH RSWLRQV DUH FXUUHQWO\ OLPLWHG�
2QH FRPPRQ GHVLJQ LV LPSOHPHQWHG E\ DSSO\LQJ D FXUUHQW WR D WKLQ WXQJVWHQ ULEERQ� ZKLFK
LQGXFHV MRXOH KHDWLQJ DQG FUHDWHV D UHFWDQJXODU� SVHXGR�EODFNERG\ HPLWWLQJ VRXUFH �6X HW DO��
����� ����� 2K HW DO�� ������ %\ VFDQQLQJ WKLV UHFWDQJXODU ULEERQ LQ RUWKRJRQDO GLUHFWLRQV� D OLQH
VFDQQLQJ VRXUFH LV FUHDWHG� DQG VORSH LQIRUPDWLRQ FDQ EH REWDLQHG WR FRQVWUXFW D IXOO DSHUWXUH
VXUIDFH VDJ PDS� :KLOH WKLV VRXUFH HQDEOHV LQIUDUHG GHᚐHFWRPHWU\ WHVWLQJ RI URXJK VXUIDFHV DW
D SUHFLVLRQ VFDOH� VHYHUDO LQKHUHQW FKDUDFWHULVWLFV LQFOXGLQJ ORZ VLJQDO�WR�QRLVH UDWLR �615��
OLPLWHG PRGXODWLRQ GHSWK� DQG ORZ WHPSRUDO VWDELOLW\� OLPLW WKH WHVWLQJ DFFXUDF\ DQG UDQJH�
:H KDYH FUHDWHG D QHZ VRXUFH GHVLJQ ZKLFK DGGUHVVHV WKHVH SULRU LVVXHV DQG H[WHQGV WKH

DSSOLFDEOH UDQJH Rᚏ QIUDUHG GHᚐHFWRPHWU\ WHVWLQJ� 7KH VRXUFH LV D /RQJ�ZDYH ,QIUDUHG 7LPH�
0RGXODWHG ,QWHJUDWLQJ FDYLW\ 6RXUFH �/,70,6�� ZKLFK XVHV PRGXODU KLJK HᚑFLHQF\ DQG KLJK
VWDELOLW\ UHVLVWLYH PHPEUDQH SVHXGR�EODFNERG\ HOHPHQWV� $ SHUIRUPDQFH FRPSDULVRQ ZDV
PDGH DJDLQVW WKH WUDGLWLRQDO WXQJVWHQ ULEERQ VRXUFH� ZKRVH VKDSH ZDV LGHQWLFDO WR WKH H[LW VOLW
RI WKH ER[� XVLQJ WKH VDPH VHWXS DQG /:,5 FDPHUD� 5HVXOWV VKRZ SURPLVH LQ GHᚐHFWRPHWULF
WHVWLQJ RI URXJK RSWLFV GXULQJ WKHLU JULQGLQJ SKDVH DQG 887V XQGHU WKHUPDO ORDG�
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��� 'HᚐHFWRPHWU\ RYHUYLHZ
'HᚐHFWRPHWU\ LV D QRQ�QXOO WHFKQLTXH WKDW PHDVXUHV VXUIDFH VORSHV RI DQ RSWLFDO VXUIDFH�
ZKLFK DUH SRVW�SURFHVVHG WR UHFRQVWUXFW WKH VXUIDFH� '\QDPLF UDQJH OLPLWDWLRQV DUH LPSRVHG
E\ WKH VRXUFH VL]H� WKH FDPHUD ᚏHOG RI YLHZ �)29�� DQG ZKHWKHU WKH 887 VXUIDFH FDQ UHᚐHFW
OLJKW HPLWWHG IURP WKH VRXUFH� ,I D GHᚐHFWRPHWU\ VHWXS FDQ FDSWXUH OLJKW UHᚐHFWHG E\ WKH 887�
LW FDQ PHDVXUH WKH ORFDO VORSHV RI WKH 887 VXUIDFH �*UDYHV HW DO�� ������ &RPELQHG ZLWK SUH�
FLVH V\VWHP FDOLEUDWLRQ GDWD� VORSHV PD\ EH LQWHJUDWHG LQ SRVW�SURFHVVLQJ WR UHFRQVWUXFW VXUIDFH
PDSV ZLWK DFFXUDF\ FRPSDUDEOH WR WKDW SURGXFHG E\ LQWHUIHURPHWU\ �0DUWLQ HW DO�� ������
,Q D W\SLFDO GHᚐHFWRPHWU\ FRQᚏJXUDWLRQ� D KLJK�UHVROXWLRQ FDPHUD SRVVHVVLQJ D ZHOO�GHᚏQHG

HQWUDQFH SXSLO ORFDWLRQ� UHIHUUHG WR DVS�[�\�]�� IRFXVHV RQWR WKH 887 VXUIDFH� &DPHUD SL[HOV
DUH PDSSHG WR WKH 887 VXUIDFH� ZKLFK LV UHSUHVHQWHG E\ GLVFUHWHಫ PLUURU SL[HOVಬ� UHIHUUHG WR DV
X�[�\�]�� ,GHDOO\� WKH VRXUFH IRU D GHᚐHFWRPHWU\ VHWXS� UHIHUUHG WR DV V�[�\�]�� KDV KLJK VWDELOLW\�
UHSHDWDELOLW\� DQG VLJQDO SRZHU� ZKLFK SURYLGH WKH WHVW V\VWHP ZLWK D KLJK VLJQDO�WR�QRLVH UDWLR
�615�� $W D VLQJOH FDPHUD SL[HO WKDW VXFFHVVIXOO\ FDSWXUHV OLJKW UHᚐHFWHG IURP WKH 887 VXUIDFH�
WKH SUHFLVH ORFDWLRQ RQ WKH VRXUFH WKDW LOOXPLQDWHG WKH FDPHUD SL[HO LV GHWHUPLQHG� 8VLQJ WKH
GHWHUPLQHG UD\ VWDUW ORFDWLRQ DW WKH VRXUFH� WKH HQG ORFDWLRQ DW WKH FDPHUD� DQG WKH LQWHUFHSW
ORFDWLRQ DW WKH PLUURU SL[HO� WKH ORFDO VORSH DW WKH PLUURU SL[HO FDQ EH FDOFXODWHG� 7KLV SURFHVV LV
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H[WHQGHG WR DOO FDPHUD SL[HOV WR PHDVXUH WKH ORFDO VORSHV DW DOO PLUURU SL[HOV RQ WKH 887 LQ
RUWKRJRQDO GLUHFWLRQV� UHIHUUHG WR DV6;�[�\�]� DQG 6<�[�\�]� � UHSUHVHQWLQJ WKH [ DQG \ VORSHV
UHVSHFWLYHO\� 7KHVH VORSH PDSV DUH W\SLFDOO\ LQWHJUDWHG ZLWK D ]RQDO LQWHJUDWLRQ PHWKRG VXFK DV
6RXWKZHOO LQWHJUDWLRQ �6RXWKZHOO� ����� RU D PRGDO LQWHJUDWLRQ VXFK DV XVLQJ D JUDGLHQW &KHE\�
VKHY SRO\QRPLDO VHW �$IWDE HW DO�� ������ UHVXOWLQJ LQ D UHFRQVWUXFWHG VXUIDFH PDS� )LJXUH � GHP�
RQVWUDWHV D VWDQGDUG GHᚐHFWRPHWU\ VHWXS DQG WKH PRGHO XVHG IRU ORFDO VORSH FDOFXODWLRQ�

��� ,QIUDUHG GHᚐHFWRPHWU\ DQG H[LVWLQJ WXQJVWHQ ZLUH SDUDGLJP
,QIUDUHG GHᚐHFWRPHWU\ H[WHQGV GHᚐHFWRPHWU\ WR PHDVXULQJ GLᚎXVH URXJK RSWLFV� ZKLFK DUH
FKDOOHQJLQJ WR PHDVXUH XVLQJ WUDGLWLRQDO WHFKQLTXHV� %HFDXVH D ZLGH UDQJH RI PDWHULDOV DQG
VXUIDFHV GR QRW VSHFXODUO\ UHᚐHFW YLVLEOH OLJKW� LQIUDUHG GHᚐHFWRPHWU\ LV DQ LPSRUWDQW PHWURO�
RJ\ WRRO� 7KLV LV SDUWLFXODUO\ WUXH GXULQJ WKH JULQGLQJ SKDVH RI PLUURU IDEULFDWLRQ� ZKHUH
D URXJK JULW LV XVHG WR UDSLGO\ JULQG WKH 887 GRZQ WR WKH ᚏQDO GHVLUHG VXUIDFH VKDSH� 'XULQJ
WKLV SHULRG� WKH URRW�PHDQ�VTXDUH �506� VXUIDFH URXJKQHVV ZLOO W\SLFDOO\ GURS IURP
���wP WR � wP DV VPDOOHU JULW VL]HV DUH XVHG� )RU VXFK URXJK VXUIDFHV� YLVLEOH OLJKW LV VFDWWHUHG
DQG WKXV YLVLEOH VSHFWUXP PHWURORJ\ WRROV DUH LQDSSOLFDEOH� KRZHYHU� LQIUDUHG GHᚐHFWRPHWU\
KDV EHHQ DSSOLHG GXULQJ WKLV SKDVH VXFFHVVIXOO\ IRU VHYHUDO PLUURU IDEULFDWLRQ SURMHFWV� LQFOXG�
LQJ WKH 'DQLHO .� ,QRX\H 6RODU 7HOHVFRSH �'.,67� SULPDU\ PLUURU �2K HW DO�� ������
7UDGLWLRQDOO\� D KHDWHG WXQJVWHQ ULEERQ DFWV DV WKH LQIUDUHG VRXUFH� VHUYLQJ DV D SVHXGR�

EODFNERG\ HOHPHQW� &RXSOHG ZLWK D /:,5 FDPHUD� ZKLFK LV VHQVLWLYH LQ WKH ����wP UDQJH�
WKLV VRXUFH DOORZV IRU WHVWLQJ �wP WR a�� wP 506 URXJK VXUIDFHV �6X HW DO�� ����� .LP HW DO��
����� ����� 2K HW DO�� ������ 7KLV WHVW VHWXS KDV EHHQ VXFFHVVIXOO\ XVHG WR PHDVXUH D YDULHW\ RI
URXJK� QRQ�VSHFXODUO\ UHᚐHFWLQJ VXUIDFHV DQG ZDV DEOH WR DFKLHYH KLJK DFFXUDF\ VXUIDFH UHFRQ�
VWUXFWLRQ� ,W VKRXOG EH QRWHG WKDW RWKHU G\QDPLF WKHUPDO SDWWHUQ JHQHUDWRUV� LQFOXGLQJ
D VFDQQLQJ LQIUDUHG ODVHU DQG D UHVLVWRU DUUD\� KDYH VXFFHVVIXOO\ EHHQ XVHG DV VRXUFHV
IRU LQIUDUHG GHᚐHFWRPHWU\� +RZHYHU� D KHDWHG VFDQQLQJ ULEERQ VWLOO VHUYHV DV WKH PRVW
FRPPRQ VRXUFH IRU WHVWLQJ ODUJH GLᚎXVH RSWLFV �+¸IHU HW DO�� ������

��� &RPSDFW� LQIUDUHG SVHXGR�EODFNERG\ HPLWWHU
:KLOH D WXQJVWHQ ULEERQ VRXUFH FDQ EH HQJLQHHUHG IRU KLJKHU VLJQDO SRZHU RU ODUJHU VL]H� LWV
GHVLJQ LV SDUWLFXODUO\ YXOQHUDEOH WR WKHUPDO IDWLJXH DQG VXᚎHUV IURP VHYHUDO LQKHUHQW OLPLWD�
WLRQV� &\FOLFDOO\ KHDWHG WXQJVWHQ HYDSRUDWHV DQG GHJUDGHV ZLWK XVH RYHU WLPH� OHDGLQJ WR
D SRWHQWLDOO\ QRQ�XQLIRUP HPLVVLRQ SURᚏOH DFURVV WKH VXUIDFH� 7KLV LV FRXSOHG ZLWK WKH QDWXUH

)LJXUH �� ,Q D VWDQGDUG GHᚐHFWRPHWU\ V\VWHP �D�� OLJKW LV HPLWWHG E\ D VRXUFH�V�[�\�]�� 6RPH RI WKH
HPLWWHG OLJKW ZLOO GHᚐHFW IURP WKH 887 VXUIDFH� X�[�\�]�� DQG EH VXFFHVVIXOO\ FDSWXUHG E\ WKH
FDPHUD� F�[�\�]�� ZLWK DQ HQWUDQFH SXSLO ORFDWLRQ� S�[�\�]� � 5HSUHVHQWHG E\ WKH YHFWRU aY�[�\�]��
D GHᚐHFWHG OLJKW UD\ IROORZV WKH ODZ RI UHᚐHFWLRQ DQG LV UHᚐHFWHG E\ D ORFDO DUHD RQ WKH 887 VXUIDFH�
ZKRVH QRUPDO YHFWRU LV JLYHQ E\ aQ� .QRZLQJ WKH UD\ VWDUW�LQWHUFHSW� DQG HQG ORFDWLRQ� WKH ORFDO VORSH
RI WKH 887� JLYHQ E\ 6;� FDQ EH GHWHUPLQHG �E��
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RI D WKLQ ULEERQ WR SRVVLEO\ H[SHULHQFH DQ\ RI �LWV ORZHU EHQGLQJ PRGHV GXULQJ WHVWLQJ� IXUWKHU
GHYLDWLQJ WKH HPLVVLRQ DUHD IURP WKH WKHRUHWLFDO LGHDO UHFWDQJXODU DUHD� $GGLWLRQDOO\� GULYLQJ
KLJKHU LQSXW FXUUHQW WKURXJK WKH ULEERQ RQO\ DFFHOHUDWHV PDWHULDO GHJUDGDWLRQ DQG DOVR VKLIWV
WKH RXWSXW VSHFWUXP DZD\ IURP GHVLUDEOH ORQJHU ZDYHOHQJWKV� )LQDOO\� WKH KHDWHG WXQJVWHQ
ULEERQ LQYDULDEO\ FUHDWHV D WHPSHUDWXUH JUDGLHQW LQ WKH VXUURXQGLQJ DLU GXH WR ORFDO FRQYHFWLYH
ERXQGDU\ FRQGLWLRQV� )RU ODUJHU ULEERQV DQG ORQJHU VRXUFH RSHUDWLRQ WLPH� JURZLQJ SRFNHWV
Rᚐ RFDOO\ KHDWHG DLU PD\ JHQHUDWH WKHUPDO QRLVH WKDW EOXUV WKH LQIUDUHG VRXUFH VLJQDO�
:H SURSRVH DQ DOWHUQDWLYH VRXUFH FDOOHG D /RQJ�ZDYH ,QIUDUHG 7LPH�PRGXODWHG ,QWHJUDWLQJ

FDYLW\ 6RXUFH �/,70,6� WR DGGUHVV WKHVH OLPLWDWLRQV� $W WKH FRUH RI WKH /,70,6 GHVLJQ LV
PRGXODU XVDJH RI (0,56��� 6HULHV HPLWWHUV� ZKLFK DUH DYDLODEOH FRPPHUFLDOO\ Rᚎ�WKH�VKHOI
IURP $[HWULV $*� 7KH SDFNDJHG HPLWWHUV� KHQFHIRUWK UHIHUUHG WR DVಫFDSVಬ� DUH W\SLFDOO\ XVHG
LQ QRQGLVSHUVLYH LQIUDUHG �1',5� DQG SKRWRDFRXVWLF JDV VSHFWURVFRS\ DQG KDYH D XVDEOH OLIH�
WLPH RI ������ KRXUV �(VIDKDQL 	 &RYLQJWRQ� ����� :LOVRQ HW DO�� ������ $OWKRXJK WKH HPLVVLYH
VSHFWUDO GLVWULEXWLRQ LV FHQWHUHG DW �wP DW WKH RSHUDWLRQDO WHPSHUDWXUH ����r&�� UDGLDQW ᚐX[
DFURVV WKH GHVLUHG ����wP EDQG Rᚏ QWHUHVW LV DOVR SURGXFHG� DV GHVFULEHG E\ 3ODQFNಬV /DZ�
&DSV DUH IDEULFDWHG E\ HOHFWURSODWLQJ 3ODWLQXP %ODFN� D SODWLQXP SRZGHU� RQWR D WKLQ PHP�
EUDQH ZKLFK ᚐRDWV RQ D VLOLFRQ VXEVWUDWH �+HVVOHU HW DO�� ����� $[HWULV $*� ����� ������ 6LPLODU
WR WKH WXQJVWHQ ULEERQ� D FDS LV RSHUDWHG E\ GULYLQJ DQ HOHFWULF FXUUHQW WKURXJK WKH WDUJHW
PDWHULDO WR LQGXFH UHVLVWLYH KHDWLQJ DQG HPLW EODFNERG\ UDGLDWLRQ� 7ZR GHVLUDEOH VRXUFH SURS�
HUWLHV UHVXOW IURP WKH FDS PDWHULDO GHVLJQ DQG JHRPHWU\�

� +LJK HPLVVLYLW\� ZKHQ HOHFWURSODWHG RQWR D VXEVWUDWH� 3ODWLQXP %ODFN IRUPV GHQGULWLF
VWUXFWXUHV RQ WKH VFDOH RI � �� QP� 7KH IHDWXUH VFDOH DQG KLJK SRURVLW\ RI WKH VWUXFWXUH
UHVXOW LQ KLJK DEVRUSWLYLW\ DQG KLJK HPLVVLYLW\ �s ! ���� FKDUDFWHULVWLFV IRU WKH FRDWHG PHP�
EUDQH� XQOLNH WKDW RI VPRRWK PHWDOOLF VXUIDFHV� )RU H[DPSOH� WKH W\SLFDO HPLVVLYLW\ RI WXQJ�
VWHQ LVˢ � ��� DW ����. �9HUUHW 	 5DPDQDWKDQ� ������

� /RZ WKHUPDO FDSDFLWDQFH� WKLV SURSHUW\� DOVR FDOOHG WKHUPDO PDVV� UHIHUV WR D ERG\ಬV DELOLW\
WR VWRUH WKHUPDO HQHUJ\� +HUH� WKH FRPELQHG UHVLVWLYH QHWZRUN RI DQ H[WHULRU 3ODWLQXP
%ODFN FRDWLQJ� 7DQWDOXP 2[LGH� DQG D 6L1 PHPEUDQH LV RQO\ VHYHUDO PLFURQV WKLFN �+HVVOHU
HW DO�� ������ DV FRPSDUHG WR D W\SLFDO a��wP WKLFN WXQJVWHQ ULEERQ� %HFDXVH WKH XOWUD�ORZ
PDVV LV VXVSHQGHG LQ DLU E\ D VLOLFRQ VXEVWUDWH� WKH WKLQ HPLVVLYH QHWZRUN FDQ KHDW WR DQG
FRRO IURP LWV VWHDG\�VWDWH WHPSHUDWXUH LQ OHVV WKDQ � VHFRQG �+HVVOHU HW DO�� ������

7HPSRUDO PRGXODWLRQ HPHUJHV DV D YLDEOH RSHUDWLRQDO PRGH RI WKH QHZ VRXUFH� 7HVWLQJ
UHYHDOV WKDW D FDS FDQ DFKLHYH DQ ��� FRQWUDVW UDWLR DW � +]� ZKLFK HQDEOHV LQ�VLWX EDFNJURXQG
QRLVH LPDJHV WR EH WDNHQ GXULQJ WHVWLQJ� 7KHUHIRUH� DW D JLYHQ LPDJH FDSWXUH� D SDLU RI ಫVLJQDOಬ
DQG ಫEDFNJURXQGಬ VKRWV FDQ EH VXFFHVVLYHO\ FDSWXUHG IRU QRLVH VXEWUDFWLRQ LQ SRVW�SURFHVVLQJ�

)LJXUH �� 7KH $[HWULV (0,56��� 72�� VRXUFH IHDWXUHV D UHVLVWLYH PHPEUDQH WKDW� ZKHQ FXUUHQW LV
DSSOLHG� DFWV DV D SVHXGR�EODFNERG\ VRXUFH �D�� 7KH HPLWWHUV FDQ EH FRQQHFWHG LQ VHULHV RU LQ SDUDOOHO�
PXFK OLNHD JURXS RI UHVLVWRUV� WR FUHDWH D SDWWHUQHG VRXUFH �E��

�



7KLV RSWLRQ LV QRW SUDFWLFDO IRU WKH WXQJVWHQ ULEERQ VRXUFH EHFDXVH LWV UHODWLYHO\ KLJKHU WKHUPDO
PDVV HYLQFHV D VORZHU WKHUPDO WUDQVLHQW UHVSRQVH� )RU DQ\ WKHUPDO VRXUFH� QRLVH ZLOO DFFXPXODWH
LQ WKH HQYLURQPHQW DV LW ZDUPV XS DQG DSSURDFKHV LWV VWHDG\�VWDWH RSHUDWLRQDO WHPSHUDWXUH�

��� /RQJ�ZDYH LQIUDUHG WLPH�PRGXODWHG LQWHJUDWLQJ FDYLW\ VRXUFH
7KH /RQJ�ZDYH ,QIUDUHG 7LPH�PRGXODWHG ,QWHJUDWLQJ FDYLW\ 6RXUFH �/,70,6� OHYHUDJHV WKH
(0,56��� HOHPHQWV DV ᚐH[LEO\ SODFHG� KLJKO\ WLPH�UHVSRQVLYH LQSXW QRGHV IRU UDGLDWLYH HPLV�
VLRQ� 1RGHV UDGLDWH /:,5 VSHFWUD LQWR WKH LQWHJUDWLQJ FDYLW\� ZKHUH WKH OLJKW LV VFDWWHUHG DQG
DFKLHYHV D XQLIRUP� QRQ�GLUHFWLRQDO HPLVVLRQ ZKHQ H[LWLQJ WKH UHFWDQJXODU RXWSXW VOLW� &DYLW\
OHQJWK� LQWHULRU ZDOO URXJKQHVV� DQG H[LW VOLW JHRPHWU\ DUH DOO RSWLPL]HG WR PLQLPL]H UHᚐHFWLRQ
ORVVHV� )XUWKHUPRUH� LQWHULRU ZDOOV PD\ EH SURWHFWHG ZLWK KLJK UHᚐHFWLYLW\ FRDWLQJV� OLNH VLOYHU
RU JROG� DQG WKH QXPEHU Rᚏ QSXW FDSV PD\ EH LQFUHDVHG WR VFDOH SRZHU RXWSXW�
)RU GLUHFW FRPSDULVRQ ZLWK WKH ULEERQ VRXUFH PRGDOLW\� DQ LQWHJUDWLQJ FDYLW\ ZDV

GHVLJQHG DQG PDFKLQHG WR PDWFK WKH JHRPHWULFDO DQG UDGLRPHWULF SURSHUWLHV RI DQ H[LVW�
LQJ� IXQFWLRQDO WXQJVWHQ UHFWDQJXODU ULEERQ VRXUFH XVHG IRU GHᚐHFWRPHWU\ �6X HW DO��
������ 7KHVH SURSHUWLHV LQFOXGH VRXUFH VXUIDFH DUHD DQG VRXUFH UDGLDQFH� 7KH FDYLW\ ZDV
GHVLJQHG ZLWK �� LQSXW ಫFDSಬ VRXUFHV� RSHUDWLQJ DW DSSUR[LPDWHO\ ��� PD[LPXP SRZHU
IRU VDIHW\ DQG LQ RUGHU WR DFKLHYH D � +] ᚐLFNHU UDWH� 7KH FDYLW\ LWVHOI ZDV RSWLPL]HG WR
DFKLHYH ERWK VSDWLDO XQLIRUPLW\ RYHU D UHFWDQJXODU H[LW ZKLFK IHDWXUHG D SVHXGR�
/DPEHUWLDQ HPLVVLRQ DQJOH� ZKLOH WKH LQWHULRU RI WKH FDYLW\ ZDV D ER[ VKDSH PDGH RI
EDUH DOXPLQXP ZLWK D VXUIDFH URXJKQHVV RI ��� P 506� 7KH V\VWHP ZDV PRGHOHG LQ
/LJKW7RROV� D QRQ�VHTXHQWLDO UD\ WUDFLQJ VLPXODWLRQ VRIWZDUH� DQG WKH ORFDWLRQ RI WKH
KHDWLQJ HOHPHQWV� DV ZHOO DV LQWHULRU FDYLW\ GLPHQVLRQV DQG VXUIDFH URXJKQHVV� ZHUH RSWL�
PL]HG WR DFKLHYH D XQLIRUP SRZHU RXWSXW DFURVV WKH H[LW VOLW ZKLOH PDLQWDLQLQJ QRQ�
GLUHFWLRQDO RXWSXW RYHU DSSUR[LPDWHO\ � VWHUDGLDQV� 7KH RXWSXW ZDV VLPXODWHG DW WKH
VOLW� ZKHUH XQLIRUP SRZHU ZDV WKH JRDO� 7KH QHDU ᚏHOG LUUDGLDQFH SDWWHUQ� DV ZHOO DV WKH
ᚏQDO RSWLPL]HG ER[ GHVLJQ� DUH VKRZQ EHORZ LQ )LJXUH ��

� /,70,6 (;3(5,0(17$/ 0($685(0(17 6(783 $1' 5(68/76

��� 'HᚐHFWRPHWU\ KDUGZDUH� 887� DQG VRXUFH FRQᚏJXUDWLRQ
$Q LQIUDUHG GHᚐHFWRPHWU\ V\VWHP ZDV FRQᚏJXUHG VXFK WKDW DOO KDUGZDUH ZDV FRPPRQ� H[FHSW
WKH VRXUFH� ZKLFK ZDV FKDQJHG GXULQJ H[SHULPHQWDO PHDVXUHPHQWV� 7KH 7KHUPDO�(\H ����$6
/:,5 FDPHUD IHDWXUHG D a�ದ � P YDULDEOH IRFDO OHQJWK JHUPDQLXP OHQV� DQG LWV GHWHFWRU ZDV

)LJXUH �� 7KH ᚏQDO RSWLPL]HG /,70,6 DVVHPEO\ ZDV PRGHOHG LQ 6ROLG:RUNV �D�� �� LQIUDUHG HPLWWHUV
SRLQW LQVLGH D GLᚎXVLQJ FDYLW\ ZKLFK FRQWDLQV D VLQJOH H[LW VOLW� PDFKLQHG IURP D WKLQ DOXPLQXP SODWH� 7KH
RSWLPL]HG GHVLJQ ZDV DOVR PRGHOHG LQ /LJKW7RROV� ZKHUH WKH LUUDGLDQFH DW WKH VXUIDFH RI WKH ER[ ZDV
VLPXODWHG WR DVVXUH KLJK XQLIRUPLW\ DFURVV WKH H[LW VOLW �E��
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D ��� � ��� PLFURERORPHWHU DUUD\ ZLWK ��� � ��� VXSHU�UHVROXWLRQ RXWSXW� ([SRVXUH� JDLQ�
DQG OHYHO VHWWLQJV ZHUH DGMXVWHG WR SUHYHQW RXWSXW VDWXUDWLRQ DQG ZHUH KHOG FRQVWDQW EHWZHHQ
DOO WHVWV� $ ᚏ[HG RSWLFDO PRXQW ZDV VLWXDWHG DSSUR[LPDWHO\ RQH PHWHU IURP WKH FDPHUD DQG
DOORZHG IRU UHSHDWDEOH 887 SODFHPHQW� 7R FRPSDUH SURSHUWLHV EHWZHHQ VRXUFH PRGDOLWLHV�
D VFDQQLQJ SODWIRUP ZDV XWLOL]HG ZLWK D PRXQWLQJ LQWHUIDFH WR LQWHUFKDQJH /:,5 VRXUFHV�
$ PRWRUL]HG OHDG VFUHZ VWDJH PRYHG VRXUFH DVVHPEOLHV LQ WKH YHUWLFDO GLUHFWLRQ ZLWK DQ DEVR�
OXWH SRVLWLRQDO DFFXUDF\ RI s����� PP� )RU HDVH RI FRPSDULVRQ� VRXUFHV VKDUHG ERWK LGHQWLFDO
VOLW GLPHQVLRQV ��� PP � ��� PP� DQG UDGLDQW H[LWDQFH SODQHV� )LJXUH � GHPRQVWUDWHV WKH
FDPHUD DQG VRXUFH VHWXS IRU WKH WHVW V\VWHP�
887V LQFOXGHG D ��LQFK GLDPHWHU URXJK JURXQG JODVV UHIHUUHG WR DV *ODVV���� DQG

D EDUH DOXPLQXP ᚐDW UHIHUUHG WR DV $O5RRP� 887V ZHUH VHOHFWHG IRU PHDVXUHPHQW GXH
WR WKHLU GLᚎXVH QDWXUH� PDNLQJ WKHUPDO LQIUDUHG GHᚐHFWRPHWU\ DQ LGHDO PHWURORJ\
PHWKRG� :KHQ KHDWHG WR ���r&� $O5RRP ᚐDW LV UHIHUUHG WR DV $O���� DQG LV GRQH VR DV
D FKDOOHQJH FDVH EHFDXVH LW JHQHUDWHV YDULDEOH WKHUPDO EDFNJURXQG QRLVH� ZKLFK W\SLFDOO\
GHJUDGHV WKH 615 RI D WHVW� 7KLV LV D FRPPRQ VFHQDULR� DV VHYHUDO RSWLFV� VXFK DV VRODU
FROOHFWRUV RU HYHQ WKH '.,67 SULPDU\ PLUURU� ZLOO RSHUDWH XQGHU WKHUPDO ORDG� WKXV�
WKH $O��� WHVW FDVH LV KLJKO\ UHOHYDQW� 7KH VXUIDFH URXJKQHVV RI ERWK RSWLFV ZDV PHDV�
XUHG XVLQJ D =\JR 1HZ9LHZ ���� ,QWHUIHUHQFH 0LFURVFRSH� 7KH JURXQG JODVV VXUIDFH
IHDWXUHG D VXUIDFH URXJKQHVV RI ������ QP 506 ZKLOH WKH EDUH DOXPLQXP VXUIDFH
URXJKQHVV ZDV ������ QP 506 RYHU D VPDOO ��� � ���wP VTXDUH DUHD RYHU HDFK RSWLF�
7KH /:,5 OLQH VRXUFH ZDV LPSOHPHQWHG E\ UXQQLQJ GLUHFW FXUUHQW ���� $� ��� :�

DFURVV D WKLQ ��˩P UHFWDQJXODU WXQJVWHQ ULEERQ� 7UDQVLHQW WKHUPDO QRLVH IURP WKH ZLUH�
VXFK DV WKH ORFDO KHDWLQJ RI DLU� ZDV UHGXFHG E\ WDNLQJ PHDVXUHPHQWV RQO\ DIWHU WKH
ULEERQ UHDFKHG D WKHUPDO VWHDG\�VWDWH FRQGLWLRQ� ZKLFK ZDV DFKLHYHG DIWHU DSSUR[LPDWHO\
�� PLQXWHV�
7KH /,70,6 VRXUFH ZDV LPSOHPHQWHG E\ DSSO\LQJ D ����� $� � :� ORDG WR D FLUFXLW

FRQVLVWLQJ RI �� HPLWWHUV� 3RLQWHG LQWR WKH HQFORVXUH� WKH UHFWDQJXODU HPLWWHU DUUD\ ZDV
RSHUDWHG E\ ELQDU\ SRZHU F\FOLQJ ZLWK D GLJLWDOO\ FRQWUROOHG UHOD\� (QFORVXUH ZDOOV ZHUH
PDFKLQHG IURP EDUH $O �����7� DQG FKDUDFWHUL]HG WR ���˩P 506 E\ D =\JR 1HZ9LHZ
���� ,QWHUIHUHQFH 0LFURVFRSH� /DVWO\� WR PLQLPL]H ODWHQW WKHUPDO UDGLDWLRQ IURP WKH
FDYLW\ LQWHULRU� WKH /,70,6 VRXUFH ZDV FRROHG WR �r& SULRU WR HDFK WHVW� )LJXUH � GLV�
SOD\V WKH LQWHJUDWLQJ FDYLW\ DIWHU DVVHPEO\�

��� 0HDVXUHPHQWV DQG UHVXOWV IRU VRXUFH JHRPHWU\ DQG WHPSRUDO VWDELOLW\
*HRPHWULFDO SURᚏOH PHDVXUHPHQWV ZHUH FRQGXFWHG E\ UHFRUGLQJ DQ LPDJH IRFXVHG DW HDFK
VRXUFH ZLWK WKH /:,5 FDPHUD� 7KH FDPHUD VRIWZDUH ZDV DGMXVWHG VR WKH PD[LPXP ��ELW VLJQDO
FRXQW ZDV D GLVFUHWH YDOXH MXVW EHORZ ���� 6RXUFH SURᚏOHV ZHUH FDSWXUHG DQG FRPSDUHG DJDLQVW

)LJXUH �� $ WUDGLWLRQDO WXQJVWHQ ULEERQ VFDQQLQJ VRXUFH LV PDSSHG WR 7KHUPDO�(\H ����$6 FDPHUD� $V
D UHTXLUHPHQW IRU GHᚐHFWRPHWU\ PHDVXUHPHQW� WKH FDPHUD LV IRFXVHG RQ WKH VXUIDFH RI WKH 887� /:,5
UDGLDWLRQ OHDYHV WKH VRXUFH� RI ZKLFK� VRPH UD\V DUH LQWHUFHSWHG E\ WKH GHWHFWRU� )RU JURXQG RSWLFV�
KLJKHU 615 LV UHTXLUHG WR SUHFLVHO\� RU DW DOO� GHWHUPLQH WKH VXUIDFH VORSH DW D JLYHQ PLUURU SL[HO� $IWHU
887 PHDVXUHPHQW ZLWK WKH ULEERQ� LW LV XQPRXQWHG DQG UHSODFHG E\ WKH /,70,6 VRXUFH�
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WR DQ DVVXPHG LGHDO UHFWDQJXODU HPLVVLRQ SURᚏOH� $V VHHQ LQ )LJXUH �� WKH /,70,6 VRXUFH PDLQ�
WDLQV D ᚐDWWHU VLJQDO SRZHU DFURVV WKH KRUL]RQWDO SL[HO EDQG DQG GURSV Rᚎ VKDUSO\ DW WKH HGJHV�
7R REVHUYH WKH WHPSRUDO VWDELOLW\� D PHDVXUHPHQW ZDV SHUIRUPHG E\ IRFXVLQJ WKH

FDPHUD RQ HDFK VRXUFH� ZKLFK ZDV WXUQHG RQ DQG UHFRUGHG IRU �� PLQXWHV� VHSDUDWHO\�
7HPSRUDO PHDVXUHPHQW UHVXOWV LOOXVWUDWH WKH KLJK VWDELOLW\ DQG XQLIRUP VOLW HPLVVLRQ

)LJXUH �� $ IURQWDO YLHZ RI WKH DVVHPEOHG /,70,6 DUFKLWHFWXUH LV VKRZQ LQ �D�� )RXU SDUDOOHO
FKDLQV RI HOHPHQWV DUH FRQQHFWHG WR RSHUDWH DV D VLQJOH HOHFWULFDO FLUFXLW� :KLOH UDGLDWLYH WKHUPDO
LQSXW LV LQWHQGHG WRZDUGV WKH LQWHULRU RI WKH ER[� H[FHVV WKHUPDO UDGLDWLRQ LV HPLWWHG E\ WKH KHDWHG
FRSSHU ERG\ RI HDFK FDS� $OXPLQXP�FRYHUHG VKLHOGLQJ LV PRXQWHG WR WKH /,70,6 ID©DGH WR GHᚐHFW
LW� DV VKRZQ LQ �E�� %\ GHVLJQ� /:,5 UDGLDWLRQ GRHV QRW SURSDJDWH GLUHFWO\ IURP D KHDW VRXUFH WR
WKH REMHFW RI PHDVXUHPHQW� 5DWKHU� LW LV GLᚎXVHG E\ LQWHUQDO VFDWWHULQJ DQG PD\ RQO\ HVFDSH
WKURXJK D OLPLWHG ZLQGRZ� :LWK WKLV PHFKDQLVP� LQSXW SRZHU FDQ EH UHDGLO\ VFDOHG E\ VLPSO\
DGGLQJ PRUH HPLWWHUV ZLWKLQ WKH FDYLW\� ,Q FRQWUDVW� WKH DYDLODEOH LQSXW SRZHU IURP D GLUHFW WKHU�
PDO VRXUFH LV OLPLWHG E\ WKH DUHD Rᚏ WV SURᚏOH JHRPHWU\�

)LJXUH �� 7KH LPDJHV RI WKH WXQJVWHQ ULEERQ �D� DV ZHOO DV WKH /,70,6 VOLW �E� VRXUFHV ZHUH FDS�
WXUHG XVLQJ 7KHUPDO�(\H ����$6 FDPHUD WKURXJK�IRFXVHG RQWR WKH VRXUFH WKURXJK D ᚐDW PLUURU�
2EVHUYLQJ WKH FDPHUD VLJQDO SRZHU KLVWRJUDPV IRU WKH WXQJVWHQ ULEERQ �F� DQG WKH /,70,6 VOLW
�G� VRXUFHV� LW LV VHHQ WKDW WKH DYHUDJH SRZHU LV VLPLODU� EXW WKH VRXUFH SURᚏOH JHRPHWULHV DUH
TXLWH GLᚎHUHQW� ZKHUH ERWK VKRXOG LGHDOO\ IRUP D ᚐDW WRS UHFWDQJXODU VKDSH ZLWK UROO�RQ DQG
UROO�Rᚎ DW WKH HGJHV� 7KLV LV GXH WR WKH FRQYROXWLRQ RI WKH UHFWDQJXODU VRXUFH ZLWK WKH FLUFXODU
FDPHUD SXSLO�
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JHRPHWU\ RI WKH /,70,6 VRXUFH� 6WDELOLW\ ZDV PRVW SURQRXQFHG LQ WKH VLJQDO SHDN�WR�
YDOOH\ ᚐXFWXDWLRQ FRPSDULVRQ� ZKLFK ZDV PHDVXUHG DV �� VLJQDO FRXQWV IRU WKH WXQJVWHQ
ULEERQ VRXUFH DQG ���� IRU WKH /,70,6 VRXUFH�

��� 0HDVXUHPHQWV DQG UHVXOWV IRU 887 VXUIDFH UHFRQVWUXFWLRQ DQG UHSHDWDELOLW\
7R GHWHUPLQH WKH FRPSDUDWLYH VXUIDFH UHFRQVWUXFWLRQ UHSHDWDELOLW\� WKH *ODVV�����
$O 5RRP� DQG $O��� RSWLFV ZHUH PHDVXUHG XVLQJ ERWK WXQJVWHQ ULEERQ DQG /,70,6
VRXUFHV�
7KH UHFRQVWUXFWHG VXUIDFH WRSRORJ\ PDSV RI DOO � 887 FDVHV DUH VKRZQ LQ )LJXUH ��

%RWK WKH /,70,6 VOLW VRXUFH DQG WXQJVWHQ ULEERQ VRXUFH ZHUH VXFFHVVIXOO\ XVHG WR WHVW
WKH *ODVV���� DQG $O5RRP RSWLFV� +RZHYHU� WKH VWDQGDUG GHYLDWLRQ RI WKH VLJQDO SRZHU
DFURVV WKH ᚏYH UHSHDW PHDVXUHPHQWV SHUIRUPHG IRU HYHU\ RSWLF IRU HDFK VRXUFH ZDV
VOLJKWO\ ODUJHU IRU WKH WXQJVWHQ ULEERQ DV FRPSDUHG WR WKH /,70,6 VRXUFH� 'HVSLWH WKLV�
WKH /,70,6 VRXUFH ZDV EHWWHU DEOH WR UHGXFH QRLVH IRU DOO FDVHV� ZKLFK GLUHFWO\ LPSDFWV
WKH 615 RI ERWK WHVW PHWKRGV� 2YHUDOO� WKH /,70,6 VRXUFH DFKLHYHG D �ದ � WLPHV ODUJHU
615 IRU WKH *ODVV���� DQG $O5RRP� 7KH $O��� VDPSOH FRXOG QRW EH PHDVXUHG XVLQJ WKH
ULEERQ VRXUFH GXH WR KLJK WKHUPDO QRLVH JHQHUDWHG E\ WKH 887� ZKLOH WKH /,70,6
VRXUFH SURYLGHG VXᚑFLHQW VORSH GDWD IRU VXUIDFH UHFRQVWUXFWLRQ�

� &21&/86,216

,Q LQIUDUHG GHᚐHFWRPHWU\� DQ\ XQFHUWDLQW\ LQ WKH VSDWLDO DQG WHPSRUDO EHKDYLRU RI D VRXUFH
GLUHFWO\ QHJDWLYHO\ LPSDFWV WKH UHFRQVWUXFWLRQ DFFXUDF\ DQG XQFHUWDLQW\� $GGLWLRQDOO\� WLPH�
YDU\LQJ� WKHUPDO EDFNJURXQG QRLVH LV FRPPRQ LQ PRVW WHVW HQYLURQPHQWV DQG GHJUDGHV WKH
HᚎHFWLYHQHVV RI /:,5 VRXUFHV E\ GHFUHDVLQJ WKH VLJQDO�WR�QRLVH UDWLR� :H KDYH LQVWHDG FUHDWHG
DQ LQWHJUDWLQJ FDYLW\ VRXUFH� ZKLFK HPLWV ORQJ�ZDYH LQIUDUHG OLJKW XQLIRUPO\ IURP D GHᚏQHG
H[LW VOLW� ZKLFK ZH FDOO WKH /,70,6 VRXUFH� $ GHPRQVWUDWLRQ LQIUDUHG GHᚐHFWRPHWU\ V\VWHP

)LJXUH �� 8VLQJ ERWK D WUDGLWLRQDO WXQJVWHQ ULEERQ VRXUFH �WRS URZ� DQG WKH /,70,6 VRXUFH
�ERWWRP URZ�� LQIUDUHG GHᚐHFWRPHWU\ PHDVXUHPHQWV ZHUH WDNHQ DQG WKH VXUIDFH UHFRQVWUXFWHG IRU
WKH *ODVV���� RSWLF �OHIW FROXPQ�� WKH $O5RRP RSWLF �PLGGOH FROXPQ�� DQG WKH $O��� RSWLF �ULJKW
FROXPQ�� )RU DOO PDSV� 6WDQGDUG =HUQLNH WHUPV ���� ZHUH UHPRYHG WR REVHUYH WKH VXUIDFH PLG�WR�
KLJK VSDWLDO IUHTXHQF\ WRSRORJ\� ,Q WKH *ODVV FDVH� VRPH SRLQWV LQ WKH DSHUWXUH FRXOG QRW EH
VDPSOHG GXH WR LQVXIᚏFLHQW 615� ,Q WKH $O ��� FDVH� D PDMRULW\ RI WKH VXUIDFH WRSRORJ\ ZDV XQDYDLO�
DEOH GXH WR FRPSHWLWLYH WKHUPDO QRLVH� :LWK JUHDWHU LPPXQLW\ IURP WKHUPDO QRLVH� WKH /,70,6
VRXUFH REWDLQHG VXIᚏFLHQW VORSH GDWD WR UHFRQVWUXFW DOO WKUHH VDPSOHV�
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XVLQJ WKH QHZ VRXUFH VXFFHVVIXOO\ WHVWHG D JURXQG JODVV VDPSOH DQG DOXPLQXP EODQN� DV ZHOO DV
D SUHYLRXVO\ XQPHDVXUDEOH DOXPLQXP EODQN XQGHU WKHUPDO ORDG� ,Q DOO FDVHV� WKH VRXUFH H[KLE�
LWHG H[FHOOHQW UHSHDWDELOLW\ DQG VLJQLᚏFDQWO\ LPSURYHG WKH 615 RI WKH WHVW� DV FRPSDUHG WR
WHVWLQJ XVLQJ D WUDGLWLRQDO WXQJVWHQ ULEERQ� 7KH DXWKRUV HQFRXUDJH UHDGHUV WR H[DPLQH IXUWKHU
GHWDLOHG WHVW UHVXOWV DQG DQDO\VLV LQ WKH SDSHU�ಯ+LJK�FRQWUDVW WKHUPDO GHᚐHFWRPHWU\ XVLQJ ORQJ�
ZDYH LQIUDUHG WLPH�PRGXODWHG LQWHJUDWLQJ FDYLW\�ರ�*UDYHV HW DO�� LQ SUHS��
7KH VFDODELOLW\ DQG ᚐH[LELOLW\ RI WKH QHZ VRXUFH DUFKLWHFWXUH OHDYH PXFK WR H[SORUH� %H\RQG

VLPSO\ HQJLQHHULQJ WKH VRXUFH GHVLJQ WR DFKLHYH KLJK VLJQDO RXWSXW SRZHU� WHPSRUDO EHKDYLRU
PD\ EH H[SORLWHG WR UHFRQVWUXFW VKDSHV RI FKDOOHQJLQJ RSWLFV� $V WHPSRUDO PRGXODWLRQ DGHTXDWHO\
LQRFXODWHV PHDVXUHPHQW IURP ORFDO WKHUPDO ᚐXFWXDWLRQV LQ DFWLYH ZRUNSLHFHV� WKH FUHDWLRQ RI DQ
RQ�PDFKLQH GHᚐHFWRPHWU\ V\VWHP DOVR HGJHV WRZDUGV WKH UHDOP RI SRVVLELOLW\� 0RUH H[FLWLQJO\�
WKHVH EXLOGLQJ EORFNV PD\ EH DSSOLHG WRZDUGV D VLQXVRLGDOO\ PRGXODWHG LQIUDUHG VRXUFH� ZKLFK
PD\ DOORZ SKDVH�VKLIWLQJ LQIUDUHG GHᚐHFWRPHWU\ WR EHFRPH YLDEOH LQ RSWLFDO PHWURORJ\�

$&.12:/('*0(176

7KH DXWKRUV ZRXOG OLNH WR DFNQRZOHGJH WKH ,,�9, )RXQGDWLRQ %ORFN�*LIW 3URJUDP IRU KHOSLQJ
VXSSRUW JHQHUDO GHᚐHFWRPHWU\ UHVHDUFK LQ WKH /2)7 JURXS� PDNLQJ WKLV UHVHDUFK SRVVLEOH�
$OVR� WKLV ZRUN ZDV PDGH SRVVLEOH LQ SDUW E\ WKH 7HFKQRORJ\ 5HVHDUFK ,QLWLDWLYH )XQG 2SWLFV�
,PDJLQJ 3URJUDP DQG WKH .RUHD %DVLF 6FLHQFH ,QVWLWXWH )RXQGDWLRQ�

5()(5(1&(6

$IWDE� 0�� %XUJH� -�+�� 6PLWK� *�$�� *UDYHV� /�5�� 2K� &�-� DQG .LP� '�:� ����� ಫ&KHE\VKHY JUDGLHQW
SRO\QRPLDOV IRU KLJK UHVROXWLRQ VXUIDFH DQG ZDYHIURQW UHFRQVWUXFWLRQಬ� ��������6HSWHPEHU ������
S� ��� GRL��������������������

$[HWULV $* ����� ಫ,56 )UHTXHQWO\ $VNHG 4XHVWLRQV 5HY�$ಬ� SS� �ದ��
$[HWULV $* ����� ಫ,QIUDUHG 6RXUFHV %URFKXUH �(QJOLVK�ಬ� SS� ��ದ��� GRL������������������������
'XELQ� 0�%�� 6X� 3� DQG %XUJH� -�+� ����� ಫ)L]HDX LQWHUIHURPHWHU ZLWK VSKHULFDO UHIHUHQFH DQG

&*+ FRUUHFWLRQ IRU PHDVXULQJ ODUJH FRQYH[ DVSKHUHVಬ� 2SWLFDO 0DQXIDFWXULQJ DQG 7HVWLQJ 9,,,� ����
�0D\�� S� �����6� GRL�������������������

(VIDKDQL� 6� DQG &RYLQJWRQ� -�$� �����ಫ/RZ &RVW 2SWLFDO (OHFWURQLF 1RVH IRU %LRPHGLFDO $SSOLFDWLRQVಬ�
3URFHHGLQJV� ������ S� ���� GRL���������SURFHHGLQJV�������

)DQJ� )�=�� =KDQJ� ;�'�� :HFNHQPDQQ� $�� =KDQJ� *�;� DQG (YDQV� &� �����ಫ0DQXIDFWXULQJ DQG PHDV�
XUHPHQW Rᚎ UHHIRUP RSWLFVಬ� &,53 $QQDOV � 0DQXIDFWXULQJ 7HFKQRORJ\� &,53� ������ SS� ���ದ����
GRL���������M�FLUS�������������

*UDYHV� /�5�� 4XDFK� +�� .RVKHO� -�5�� 2K� &�-�� .LP� '�:� �LQ SUHS�� ಫ+LJK FRQWUDVW WKHUPDO GHᚐHFWR�
PHWU\ XVLQJ ORQJ�ZDYH LQIUDUHG WLPH�PRGXODWHG LQWHJUDWLQJ FDYLW\�ಬ

*UDYHV� /�5�� 4XDFK� +�� &KRL� +� DQG .LP� '�:� ����� ಫ,QᚏQLWH GHᚐHFWRPHWU\ HQDEOLQJ �˭ �VWHUDGLDQ
PHDVXUHPHQW UDQJHಬ� 2SWLFV ([SUHVV� ������ S� ����� GRL���������RH�����������

+HVVOHU� 7�� 'XERFKHW� 2�� )RUVWHU� 0� DQG 0HUVFKGRUI� 0� �����ಫ0LFUR�PDFKLQHG� HOHFWULFDOO\ PRGX�
ODWHG WKHUPDO LQIUDUHG VRXUFH ZLWK EODFN ERG\ FKDUDFWHULVWLF S\URHOHFWULF GHWHFWRUV RUಬ�
�1RYHPEHU ������

+¸IHU� 6�� %XUNH� -� DQG +HL]PDQQ� 0� �����ಫ,QIUDUHG GHᚐHFWRPHWU\ IRU WKH LQVSHFWLRQ RI GLᚎXVHO\ VSHFX�
ODU VXUIDFHVಬ� $GYDQFHG 2SWLFDO 7HFKQRORJLHV� ���ದ��� SS� ���ದ���� GRL���������DRW�����������

.LP� '�:�� 6X� 7�� 6X� 3�� 2K� &�� *UDYHV� /� DQG %XUJH� -� �����ಫ$FFXUDWH DQG UDSLG ,5 PHWURORJ\ IRU
WKH PDQXIDFWXUH Rᚎ UHHIRUP RSWLFVಬ� 63,( 1HZVURRP� SS� �ದ��� GRL��������������������������

.LP� '�:�� 2K� &�� /RZPDQ� $�� 6PLWK� *�$�� $IWDE� 0� DQG %XUJH� -�+� ����� ಫ0DQXIDFWXULQJ RI
VXSHU�SROLVKHG ODUJH DVSKHULF�IUHHIRUP RSWLFVಬ� $GYDQFHV LQ 2SWLFDO DQG 0HFKDQLFDO 7HFKQRORJLHV IRU
7HOHVFRSHV DQG ,QVWUXPHQWDWLRQ ,,� ����� S� �����)� GRL��������������������

/RZPDQ� $�(�� <RR� +�� 6PLWK� *�$�� 2K� &�-� DQG 'XELQ� 0� ����� ಫ,PSURYHPHQWV LQ WKH VFDQQLQJ
ORQJ�ZDYH RSWLFDO WHVW V\VWHPಬ� ��������6HSWHPEHU ������ S� ��� GRL��������������������

0DUWLQ� +�0� HW DO� �����ಫ0DQXIDFWXUH RI SULPDU\ PLUURU VHJPHQWV IRU WKH *LDQW 0DJHOODQ 7HOHVFRSHಬ�
�0D\�� S� ��� GRL��������������������

2K� &�-� HW DO� �����ಫ)DEULFDWLRQ DQG WHVWLQJ RI ���P Rᚎ�D[LV DVSKHULF SULPDU\ PLUURU RI 'DQLHO .� ,QRX\H
6RODU 7HOHVFRSHಬ� ����� S� �����2� GRL��������������������

��



6RXWKZHOO� :�+� ����� ಫ:DYH�IURQW HVWLPDWLRQ IURP ZDYH�IURQW VORSH PHDVXUHPHQWVಬ� -RXUQDO RI WKH
2SWLFDO 6RFLHW\ RI $PHULFD� ������ S� ���� GRL���������MRVD�����������

6X� 7�� 3DUN� :�+�� 3DUNV� 5�(�� 6X� 3� DQG %XUJH� -�+� �����ಫ6FDQQLQJ /RQJ�ZDYH 2SWLFDO 7HVW 6\VWHP�
D QHZ JURXQG RSWLFDO VXUIDFH VORSH WHVW V\VWHPಬ � 2SWLFDO 0DQXIDFWXULQJ DQG 7HVWLQJ ,;� �����0D\��
S� �����(� GRL�������������������

6X� 7�� :DQJ� 6�� 3DUNV� 5�(�� 6X� 3� DQG %XUJH� -�+� �����ಫ 0HDVXULQJ URXJK RSWLFDO VXUIDFHV XVLQJ VFDQ�
QLQJ ORQJ�ZDYH RSWLFDO WHVW V\VWHP � 3ULQFLSOH DQG LPSOHPHQWDWLRQಬ� $SSOLHG 2SWLFV� ������� S� �����
GRL���������DR�����������

9HUUHW� '�3� DQG 5DPDQDWKDQ� .�*� ����� ಫ7RWDO KHPLVSKHULFDO HPLVVLYLW\ RI WXQJVWHQಬ� -RXUQDO RI WKH
2SWLFDO 6RFLHW\ RI $PHULFD� ������ S� ����� GRL���������-26$�����������

:LOVRQ� '�� 3KDLU� -� DQG /HQJGHQ� 0� �����ಫ3HUIRUPDQFH $QDO\VLV RI D 1RYHO 3\URHOHFWULF 'HYLFH IRU
1RQ�'LVSHUVLYH ,QIUD�5HG &2� 'HWHFWLRQಬ� ,((( 6HQVRUV -RXUQDO� �����F�� SS� �ದ�� GRL���������
MVHQ��������������

��


