
7KH 7HFKQLFDO &DVH IRU 2SWLFDO DQG ,QIUDUHG 6(7,

�UHYLVHG ��6HSW����

,� ,QWURGXFWLRQ

,Q WKLV VHFWLRQ ZH IROORZ WKH OHDG RI &KDUOLH 7RZQHV� ZKR KDV SDWLHQWO\ EHHQ WU\LQJ WR
H[SODLQ WR WKH 6(7, FRPPXQLW\ WKH JRRG DUJXPHQWV IRU WDNLQJ RSWLFDO 6(7, VHULRXVO\�
�)RU IXOO JRU\ WHFKQLFDO GHWDLO RQH FDQ GR QR EHWWHU WKDQ WR UHDG KLV DUJXPHQWV� IRU
H[DPSOH LQ ?$W ZKDW ZDYHOHQJWKV VKRXOG ZH VHDUFK IRU VLJQDOV IURP H[WUDWHUUHVWULDO
LQWHOOLJHQFH"�� 3URF 1DW $FDG 6FL � ��� ���� >����@��

+LVWRULFDOO\ WKH &RFFLQL DQG 0RUULVRQ VXJJHVWLRQ WKDW 6(7, EH FDUULHG RXW DW WKH
�� FP ZDYHOHQJWK RI QHXWUDO K\GURJHQ FDPH DW D WLPH LQ RXU WHFKQRORJLFDO GHYHORS�
PHQW ZKHQ QR RWKHU DVWURQRPLFDO OLQHV ZHUH NQRZQ LQ WKH PLFURZDYH� DQG WKHUH ZHUH
QR ODVHUV� 7KH UDSLG GHYHORSPHQW RI ODVHU WHFKQRORJ\ VLQFH WKDW WLPH ^ D 0RRUH
V
/DZ GRXEOLQJ RI FDSDELOLW\ URXJKO\ HYHU\ WZR \HDUV ^ DORQJ ZLWK WKH GLVFRYHU\ RI
PDQ\ PLFURZDYH OLQHV RI DVWURQRPLFDO LQWHUHVW� KDYH OHVVHQHG VRPHZKDW WKH DOOXUH RI
K\GURJHQ�OLQH 6(7,� ,QGHHG� RQ HDUWK WKH H[SORLWDWLRQ RI SKRWRQLFV KDV UHYROXWLRQ�
L]HG FRPPXQLFDWLRQV WHFKQRORJ\� ZLWK KLJK�FDSDFLW\ nEHUV UHSODFLQJ ERWK WKH KLVWRU�
LFDO FRSSHU FDEOHV DQG WKH ORQJ�KDXO PLFURZDYH UHSHDWHU FKDLQV� $GGLWLRQDOO\� WKH
HOXFLGDWLRQ �E\ 'UDNH DQG +HORX� DQG PRUH UHFHQWO\ E\ &RUGHV DQG /D]LR� RI WKH
FRQVHTXHQFHV WR 6(7, RI LQWHUVWHOODU GLVSHUVLRQ �nUVW VHHQ LQ SXOVDU REVHUYDWLRQV� KDV
EURDGHQHG WKLQNLQJ DERXW RSWLPXP ZDYHOHQJWKV� (YHQ RSHUDWLQJ XQGHU WKH SUHYDLOLQJ
FULWHULRQ RI PLQLPXP HQHUJ\ SHU ELW WUDQVPLWWHG� RQH LV GULYHQ XSZDUG WR PLOOLPHWULF
ZDYHOHQJWKV�

0RUHRYHU� WKHUH DUH RWKHU FRQVLGHUDWLRQV WKDW PLJKW ZHOO HQFRXUDJH WKH XVH RI VKRUWHU
ZDYHOHQJWKV VWLOO� $ WUDQVPLWWLQJ FLYLOL]DWLRQ PLJKW ZLVK WR PLQLPL]H WUDQVPLWWHU VL]H
RU ZHLJKW� RU XVH D V\VWHP FDSDEOH RI JUHDW EDQGZLGWK� RU SHUKDSV GHVLJQ D EHDFRQ
WKDW LV YHU\ HDV\ WR GHWHFW�

,Q FRPSDULQJ WKH UHODWLYH PHULWV RI UDGLR YV RSWLFDO� LW KDV VRPHWLPHV EHHQ LQFRU�
UHFWO\ DVVXPHG WKDW RQH ZRXOG DOZD\V SUHIHU FRKHUHQW �KHWHURG\QH� GHWHFWLRQ� DQG
WKDW WKH QRLVH EDFNJURXQG LV JLYHQ E\ DQ HmHFWLYH WHPSHUDWXUH 7Q  Ky N� )RU KLJK
UHVROXWLRQ VSHFWURVFRS\ RQH PXVW XVH VXFK D V\VWHP� PL[LQJ WKH RSWLFDO IUHTXHQF\
GRZQ WR PLFURZDYH IUHTXHQFLHV ZKHUH UDGLR WHFKQLTXHV FDQ EH XVHG� EXW LI RQH LV LQ�
WHUHVWHG LQVWHDG LQ WKH GHWHFWLRQ RI VKRUW SXOVHV LW LV IDU EHWWHU WR XVH SKRWRQ�FRXQWLQJ
GHWHFWRUV �H�J�� SKRWRPXOWLSOLHUV�� 7KDW LV EHFDXVH WKH SURFHVV RI KHWHURG\QLQJ DQG
OLQHDU GHWHFWLRQ LV LQWULQVLFDOO\ QRLV\� IRU IXQGDPHQWDO UHDVRQV� EHFDXVH KHWHURG\QH
GHWHFWLRQ DOORZV D PHDVXUHPHQW RI SKDVH� WKHUH PXVW EH XQFHUWDLQW\ LQ WKH DPSOLWXGH�
7KH DGGHG QRLVH LV LPPDWHULDO LQ WKH UDGLR UHJLRQ� ZKHUH WKHUH DUH PDQ\ SKRWRQV SHU
PRGH� EXW LW LV VHULRXV LQ WKH RSWLFDO� ZKHUH WKH SKRWRQ nHOG LV GLOXWH�

7RZQHV >UHIV@ KDV PDGH D FRPSDULVRQ RI UHFHLYHG 615 YV ZDYHOHQJWK� PDNLQJ UHD�
VRQDEOH DVVXPSWLRQV DERXW DQWHQQD DSHUWXUHV DQG DFFXUDFLHV� GHWHFWLRQ PHWKRGV�
WUDQVPLWWHU SRZHU� DQG VR RQ� 7KH ERWWRP OLQH LV WKDW RSWLFDO PHWKRGV DUH FRP�
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SDUDEOH� RU SHUKDSV VOLJKWO\ SUHIHUUHG� LQ WKH VLQJOH nJXUH RI PHULW RI GHOLYHUHG 615

IRU D JLYHQ WUDQVPLWWHU SRZHU� 2WKHU IDFWRUV DUH REYLRXVO\ LPSRUWDQW ^ IRU H[DPSOH
SHQHWUDWLRQ RI DQ DWPRVSKHUH �ZKLFK IDYRUV PLFURZDYH� RU WKH DGYDQWDJHV RI SXOVLQJ
DQG KLJK GDWD UDWHV �ZKLFK IDYRUV RSWLFDO� ^ DQG FRXOG HDVLO\ WLS WKH EDODQFH� 7KH
FRQFOXVLRQ LV WKDW WKH 6(7, FRPPXQLW\
V KLVWRULFDO ELDV WRZDUG PLFURZDYHV VKRXOG
VXUHO\ EH UHFRQVLGHUHG�

/DVHU WHFKQRORJ\ LV LQ D SKDVH RI UDSLG FDWFKXS UHODWLYH WR WKH PDWXUH WHFKQRORJ\
DW UDGLR IUHTXHQFLHV� 5HFHQWO\ ODVHUV ZLWK D PHJDZDWW RI FRQWLQXRXV RSWLFDO RXWSXW
KDYH EHHQ EXLOW� DQG SLFRVHFRQG SXOVHV RI D SHWDZDWW �����:� KDYH EHHQ SURGXFHG�
3URJUHVV LQ VROLG�VWDWH ODVHUV KDV EHHQ LPSUHVVLYH� DQG WKHUH DUH ODVHU GHVLJQV RQ WKH
GUDZLQJ ERDUG WKDW ZRXOG SURGXFH UHSHWLWLYHO\ SXOVHG PHJDMRXOH QDQRVHFRQG SXOVHV
�VHH EHORZ�� $V ZH ZLOO VKRZ EHORZ� RSWLFDO SXOVHG EHDFRQV IRUPHG ZLWK WKDW VRUW RI
WHFKQRORJ\ SHUPLW GHWHFWLRQ ZLWK YHU\ VLPSOH DSSDUDWXV ^ MXVW D WHOHVFRSH ZLWK D SDLU
RI ZKLWH�OLJKW SKRWRPXOWLSOLHUV LQ FRLQFLGHQFH�

$UH SXOVHV WKH EHVW EHDFRQ" 2U VKRXOG ZH EH ORRNLQJ IRU ODVHU OLQHV� WUDQVPLWWHG
FRQWLQXRXVO\ DW VRPH JXHVVDEOH ZDYHOHQJWK� DQDORJRXV WR WKH PLFURZDYH VHDUFKHV WKDW
KDYH EHHQ FRQGXFWHG" :H FRQVLGHU WKLV TXHVWLRQ LQ WKH QH[W VHFWLRQ�

,,� 3XOVHV DQG &DUULHUV

:KDW LV QDWXUDO DW UDGLR IUHTXHQFLHV PD\ QRW EH VR DW RSWLFDO� $W UDGLR IUHTXHQFLHV LW
LV HDV\ WR GR FRKHUHQW GHWHFWLRQ� XVLQJ WKH RUGLQDU\ KHWHURG\QH WHFKQLTXHV RI PL[LQJ
ZLWK D ORFDO RVFLOODWRU WR D FRPSOH[ EDVHEDQG� :LWK FODVVLFDO nOWHU WHFKQLTXHV� RU ZLWK
FRQWHPSRUDU\ GLJLWDO SURFHVVLQJ ZLWK GLVFUHWH )RXULHU WUDQVIRUPV� RQH FDQ DFKLHYH
H[WUHPHO\ QDUURZ EDQGZLGWKV� OLPLWHG RQO\ E\ RVFLOODWRU VWDELOLW\ �D SDUW LQ ��� LV
URXWLQH� DQG SDWLHQFH �WKH UHVROXWLRQ LV WKH LQYHUVH RI WKH FRKHUHQW LQWHJUDWLRQ WLPH��
)XUWKHUPRUH� WKH LQWHUVWHOODU PHGLXP LV NLQG WR FDUULHUV ^ DW JLJDKHUW] IUHTXHQFLHV D
FDUULHU LV EURDGHQHG RQO\ PLOOLKHUW] LQ LWV SDVVDJH WKURXJK WKH LQWHUVWHOODU PHGLXP�
LI RQH DYRLGV WKH PRVW FRQJHVWHG UHJLRQ RI WKH JDODFWLF FHQWHU� DQG HYHQ WKHUH WKH
EURDGHQLQJ LV RQO\ D IHZ KHUW]� ,Q RWKHU ZRUGV� D VLJQDO WKDW LV D VSLNH LQ WKH IUHTXHQF\
GRPDLQ LV D QDWXUDO FDQGLGDWH IRU LQWHUVWHOODU VLJQDOOLQJ DW PLFURZDYH IUHTXHQFLHV� IRU
UHDVRQV ERWK VFLHQWLnF DQG WHFKQLFDO�

0RUHRYHU� LQWHUVWHOODU GLVSHUVLRQ� DQG WKH SUHVHQFH RI QDWXUDO DQG ?FXOWXUDO� LPSXOVLYH
LQWHUIHUHQFH �WUDQVLHQWV� VSDUN SOXJV� DQG VR RQ�� PDNH SXOVHV LQ WLPH OHVV HmHFWLYH�
)LQDOO\� WKH UHODWLYHO\ ORZ FDUULHU IUHTXHQF\ �DORQJ ZLWK GLVSHUVLRQ� SUHYHQWV KLJK
EDQGZLGWK FRPPXQLFDWLRQV RYHU WKH VDPH FKDQQHO�

%\ FRQWUDVW� DW RSWLFDO ZDYHOHQJWKV WKH VLWXDWLRQ LV UHYHUVHG� 2QH FDQQRW UHDOL]H
H[WUHPHO\ QDUURZEDQG V\VWHPV ZLWK RSWLFDO nOWHUV RU JUDWLQJV� EXW LV IRUFHG WR RSWL�
FDO KHWHURG\QH WHFKQLTXHV� XOWLPDWHO\ DSSO\LQJ SUHFLVH UDGLRIUHTXHQF\ VSHFWURVFRSLF
PHWKRGV DW WKH PLFURZDYH ,)� 7KLV UHVXOWV LQ DGGHG QRLVH� DV PHQWLRQHG DERYH DQG
ZHOO GHVFULEHG E\ 7RZQHV� )XUWKHUPRUH� DW RSWLFDO ZDYHOHQJWKV WKH KLJKHU FDUULHU
IUHTXHQFLHV �z ���� +]� UHVXOW LQ PXFK ODUJHU DEVROXWH 'RSSOHU VKLIWV� IRU H[DPSOH� �
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NP�V� � N+] DW ��� *+]� ZKHUHDV � NP�V� � *+] DW � xP� +RZHYHU� GLVSHUVLRQ LV
QHJOLJLEOH DW RSWLFDO ZDYHOHQJWKV� HYHQ DW WKH QDQRVHFRQG OHYHO� )XUWKHUPRUH� QDWXUDO
DQG ?FXOWXUDO� VRXUFHV RI QDQRVHFRQG oDVKHV DUH SUREDEO\ DEVHQW �VHH [,9�� ,Q RWKHU
ZRUGV� D VLJQDO WKDW LV D VSLNH LQ WKH WLPH GRPDLQ LV D QDWXUDO FDQGLGDWH IRU LQWHUVWHOODU
VLJQDOOLQJ DW RSWLFDO ZDYHOHQJWKV� IRU UHDVRQV ERWK VFLHQWLnF DQG WHFKQLFDO� $Q DGGHG
ERQXV LV WKDW� DW QDQRVHFRQG WLPH VFDOHV� WKH VWHOODU EDFNJURXQG EHFRPHV QHJOLJLEOH
�VHH [,9��

7KH DERYH FRQVLGHUDWLRQV VXJJHVW WKDW D SXOVHG ODVHU EHDFRQ LV DQ DWWUDFWLYH VFHQDULR�
,QGHHG� LQ [,9 EHORZ ZH ZLOO VNHWFK SODXVLEOH SDUDPHWHUV IRU VXFK D EHDFRQ� ZKLFK
LQGHHG LV HQWLUHO\ UHDVRQDEOH DQG FDQ DFFRPSOLVK WKH WDVN RI PDNLQJ FRQWDFW ZLWK
D FLYLOL]DWLRQ RXW WR z ���� OLJKW \HDUV RU PRUH� +RZHYHU� LW ZRXOG EH ZURQJ WR
LJQRUH WKH SRVVLELOLW\ RI DQ RSWLFDO VSHFWUDO ODVHU OLQH DV D PHDQV RI FRQWDFW� LQ IDFW�
'U� *HRm 0DUF\ �FR�GLVFRYHUHU RI H[WUDVRODU SODQHWV� LV JRLQJ WR ?PLQH� VRPH RI KLV
JURXS
V KLJK�UHVROXWLRQ VWHOODU VSHFWUD IRU SRVVLEOH ODVHU OLJKW�

,,,� 3XOVHG %HDFRQ

:H VHHN D ZRUNDEOH VWUDWHJ\ IRU D WDUJHWHG PXOWLSOH[HG RSWLFDO SXOVH EHDFRQ� 7KDW LV�
ZH DVVXPH WKDW WKH VHQGLQJ FLYLOL]DWLRQ ZLVKHV WR LUUDGLDWH� LQ VHTXHQFH� WKH SODQHWDU\
]RQHV RI WKH QHDUHVW1 VXQOLNH VWDUV �RU DQ LQWHOOLJHQW VXEVHW� LI WKH\ NQRZ PRUH�� JRLQJ
RXW WR D UDQJH 5PD[ FRPSDUDEOH WR WKH PHDQ GLVWDQFH EHWZHHQ DGYDQFHG FLYLOL]DWLRQV�
2UGHU�RI�PDJQLWXGH ZH PLJKW DVVXPH 1 LV LQ WKH UDQJH RI ��� WR ���� FRUUHVSRQGLQJ
WR GLVWDQFHV 5PD[ RI ���^���� OLJKW \HDUV �O\�� :H DVN ZKDW ODVHU SRZHU DQG SXOVH
ZLGWK DUH QHHGHG WR RXWVKLQH WKH VHQGHU
V VWDU� DQG WR GHOLYHU D VXEVWDQWLDO QXPEHU
RI SKRWRQV WR WKH UHFHLYLQJ V\VWHP� $UH VXFK ODVHUV IHDVLEOH� QRZ RU LQ WKH IRUHVHHDEOH
IXWXUH" ,V WKHUH D SUHIHUUHG ZDYHOHQJWK UHJLPH� RU SHUKDSV D ?PDJLF� ZDYHOHQJWK"
:KDW DERXW H[WLQFWLRQ DQG GLVSHUVLYH VPHDULQJ" $UH WKHUH VHULRXV WHUUHVWULDO RU DV�
WURSK\VLFDO EDFNJURXQGV" $QG nQDOO\� LV WKHUH D FRPSHOOLQJ SDUDPHWHU VHW �DQDORJRXV�
VD\� WR WKH XVH RI DQ 5) FDUULHU DW WKH K\GURJHQ K\SHUnQH ZDYHOHQJWK RI �� FP� WKDW
VXJJHVWV DQ REYLRXV 26(7, VHDUFK VWUDWHJ\ WKDW ZH FRXOG HPEDUN XSRQ"

08/7,3/(;(' 38/6(5

/HW XV DVVXPH WKDW WKH WUDQVPLWWLQJ FLYLOL]DWLRQ KDV D FDWDORJ RI WDUJHW VWDUV� ZLWK
SRVLWLRQV� SURSHU PRWLRQV� DQG UDQJHV NQRZQ ZLWK VXpFLHQW DFFXUDF\ WR SHUPLW DLPLQJ
WR DQ HUURU QR JUHDWHU WKDQ z�� $8 ZKHQ WKH EHDP UHDFKHV WKH WDUJHW� $W D UDQJH
RI ��� O\ WKLV FRUUHVSRQGV WR D SRVLWLRQDO DFFXUDF\ RI ��� DUFVHF DQG D SURSHU PRWLRQ
XQFHUWDLQO\ RI � PDV�\HDU� DW ���� O\ WKH FRUUHVSRQGLQJ nJXUHV DUH �� PDV DQG ��
xDV�\HDU� 7KH UHTXLUHG UDQJH DFFXUDF\ GHSHQGV RQ WKH VWDU
V SURSHU PRWLRQ� EXW QRW
LWV UDQJH� )RU H[DPSOH� WR WDUJHW WKH SODQHWDU\ ]RQH �VD\ �� $8� RI D VWDU ZKRVH
WUDQVYHUVH SURSHU PRWLRQ LV �� NP�V WKH UDQJH XQFHUWDLQW\ FDQ QRW H[FHHG � O\� 7KHVH
DFFXUDFLHV DUH UHOD[HG LI WKH WUDQVPLWWHG EHDP LV EURDGHQHG WR LUUDGLDWH D ODUJHU ]RQH�
DW WKH H[SHQVH RI FRXUVH RI UHFHLYHG VLJQDO VWUHQJWK�
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7KH SRVLWLRQDO DFFXUDF\ LV SUHVXPDEO\ DWWDLQDEOH� VLQFH LI WKH VHQGLQJ FLYLOL]DWLRQ
FDQ WUDQVPLW D EHDP RI WKH UHTXLUHG ZLGWK WKH\ FDQ FHUWDLQO\ REVHUYH WKH VWDU
V
DSSDUHQW SRVLWLRQ WR WKH VDPH SUHFLVLRQ� 7KH UHTXLUHG SURSHU PRWLRQ DQG UDQJH
DFFXUDFLHV DSSHDU WR EH FRPSOHWHO\ IHDVLEOH� FHUWDLQO\ IRU D FLYLOL]DWLRQ ZLWK JRRG
RSWLFDO WHFKQRORJ\ �DW OHDVW D FHQWXU\ LQ DGYDQFH RI RXU RZQ� VD\� LQ RUELW�

7R VHQG D SXOVH WR HDFK RI 1  ��� VWDUV �URXJKO\ WKH QXPEHU RI VXQOLNH VWDUV ZLWKLQ
��� O\� ZLWK D VLQJOH ODVHU V\VWHP� WKH VHQGHU ZRXOG SUREDEO\ XVH DQ DVVHPEO\ RI
IDVW EHDPVWHHULQJ PLUURUV RI UHODWLYHO\ VPDOO VL]H DQG ZHLJKW� LQ FRPELQDWLRQ ZLWK D
ODUJH REMHFWLYH WKDW LV VWHHUHG VORZO\� :H FRXOG EXLOG VXFK DQ DUUDQJHPHQW WRGD\ WKDW
ZRXOG VHWWOH LQ z��� VHF WR GLmUDFWLRQ�OLPLWHG SRLQWLQJ� VR LW LV VXUHO\ FRQVHUYDWLYH WR
DVVXPH WKDW WKH\ FDQ GR DV ZHOO� 7KLV ZRXOG OHW WKHP VHQG DQ RSWLFDO SXOVH WR �� VWDUV
SHU VHFRQG� WKXV ��� VHFRQGV WR LUUDGLDWH ���� VWDUV� �2I FRXUVH� WR LUUDGLDWH VWDUV
DQ\ZKHUH LQ WKH VN\ WKH\ ZRXOG QHHG HLWKHU VHYHUDO ODVHU VWDWLRQV RQ WKHLU SODQHW�
RU DQ RUELWLQJ VWDWLRQ� WKH ODWWHU LV SUREDEO\ EHWWHU� DQ\ZD\�� ,W LV LQWHUHVWLQJ WR
QRWH WKDW SXOVHG ODVHU V\VWHPV RQ WKH GUDZLQJ ERDUG WRGD\� LQ SDUWLFXODU WKH //1/
?+HOLRV� ODVHU� KDV D GHVLJQ UHSHWLWLRQ UDWH RI �� SSV�

8QGHU WKLV VFHQDULR� WKHQ� D WDUJHW VWDU PLJKW H[SHFW WR VHH DQ RSWLFDO SXOVH� UHSHDWHG
HYHU\ ��� VHFRQGV� FRPLQJ IURP D SDUWLFXODU RQH RI WKH ���� QHDUHVW VWDUV� $V ZH VKDOO
VKRZ EHORZ� LQ D VHOHFWHG �JXHVVDEOH"� ZDYHOHQJWK EDQG� DQG GXULQJ WKH QDQRVHFRQG
GXUDWLRQ RI WKH SXOVH� WKH RSWLFDO VLJQDO RXWVKLQHV WKH VHQGLQJ VWDU E\ VRPH VL[ RUGHUV
RI PDJQLWXGH� LQ IDFW� LW RXWVKLQHV HYHQ WKH XQnOWHUHG �EURDGEDQG� OLJKW RI WKH VWDU
E\ D VXEVWDQWLDO PDUJLQ� 0RUHRYHU� ZLWK QRW XQUHDVRQDEOH WUDQVPLWWHG ODVHU SXOVH
HQHUJ\� DQG QRW XQUHDVRQDEOH WHOHVFRSH VL]HV DW ERWK HQGV� WKH UHFHLYHG RSWLFDO VLJQDO
FRQWDLQV z��� SKRWRQV SHU SXOVH� ,W LV QRW GLpFXOW WR LPDJLQH DQ 26(7, SURJUDP
WKDW VSHQGV D IHZ PLQXWHV REVHUYLQJ HDFK RI D WKRXVDQG VWDUV� LQ IDFW� WKH MRE FRXOG
EH GRQH LQ MXVW D IHZ FOHDU QLJKWV� SHUKDSV HYHQ E\ DPDWHXU DVWURQRPHUV�

)RU WKH PRUH GLpFXOW VFHQDULR RI 1  ��� VWDUV WKH UHYLVLW WLPH VWUHWFKHV WR ���

VHFRQGV� URXJKO\ D GD\� 7KH UHFLSLHQW
V WDVN LV QRZ WR REVHUYH ��� VWDUV� HDFK IRU
D GD\ ^ QR ORQJHU D UHDVRQDEOH 26(7, SURJUDP� 7KH VHDUFKHU
V WDVN VFDOHV DV 1��
ZLWK 1 LWVHOI VFDOLQJ DV 5�

PD[� ,�H�� WKH HmRUW VFDOHV DV 5
�
PD[� &OHDUO\ RQH QHHGV WR

H[SORLW VRPH SDUDOOHOLVP� SHUKDSV DW ERWK HQGV� 7KH VHQGHU FDQ XVH D QHWZRUN RI
WUDQVPLWWHUV� WKH WDUJHW FDQ PRELOL]H WKH DPDWHXU DVWURQRPHUV� ZKR KDYH ORQJ VLQFH
EHFRPH YLFWLPV RI YDULDEOH�VWDU�HQQXL DQG GHVSHUDWHO\ QHHG D QHZ FKDOOHQJH� :KDW
DPDWHXU ZRXOGQ
W GHYRWH FRQVLGHUDEOH WLPH DQG HmRUW WR D VLPSOH REVHUYLQJ SURJUDP
WKDW� ZLWK VRPHWKLQJ OLNH RQH LQ D PLOOLRQ RGGV� FRXOG PDNH WKH JUHDWHVW GLVFRYHU\ LQ
KXPDQNLQG"
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$ UHFHLYLQJ V\VWHP WR GHWHFW z��� SKRWRQV LQ D QDQRVHFRQG� FRPLQJ IURP DQ LGHQ�
WLnDEOH QHDUE\ VWDU� FRXOG EH H[WUHPHO\ VLPSOH� $VVXPLQJ WKDW QR JUHDW ZDYHOHQJWK
VSHFLnFLW\ LV QHHGHG� RQH FDQ VLPSO\ IROORZ WKH OHDG RI 'DQ :HUWKLPHU DW %HUNHOH\�
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XVLQJ D UHoHFWLQJ WHOHVFRSH RI PRGHVW DSHUWXUH �VD\ RQH PHWHU�� ZLWK DQ RSWLRQDO
PXOWLOD\HU nOWHU DW WKH FKRVHQ ZDYHOHQJWK� IROORZHG E\ D EHDPVSOLWWHU DQG SDLU RI
SKRWRPXOWLSOLHU WXEHV �307V� EHKLQG PDWFKHG DSHUWXUHV LQ WKH IRFDO SODQH� 7KH
HOHFWURQLFV FRXOG EH D SDLU RI SXOVH KHLJKW GLVFULPLQDWRUV �WR UHMHFW GDUN FRXQWV DQG
VLQJOH SKRWRHOHFWURQ HYHQWV� GULYLQJ D FRLQFLGHQFH FLUFXLW� 7KH REVHUYHU SRLQWV WKH
WHOHVFRSH DW HDFK VWDU LQ WXUQ� JXLGLQJ RQ WKH 307 ?VLQJOHV� UDWHV �XSVWUHDP RI SXOVH
KHLJKW GLVFULPLQDWLRQ�� DQG ZDLWV IRU WKH XQLTXH FRLQFLGHQFH VLJQDWXUH JHQHUDWHG E\
WKH EXUVW RI VRPH KXQGUHG SKRWRQV ZLWKLQ WKH 307
V UHVROYLQJ WLPH RI D QDQRVHFRQG�

2I FRXUVH� PRUH FRPSOLFDWHG V\VWHPV DUH SRVVLEOH� SHUKDSV GHVLUDEOH� 2QH FRXOG WLPH�
WDJ DOO ODUJH PXOWL�SKRWRQ HYHQWV� SHUKDSV LQ D ZDYHOHQJWK�GLVSHUVLYH DUUD\ GHWHFWRU�
DQG ORRN IRU FRLQFLGHQFHV SRVW�KRF� ,Q WKLV ZD\ \RX
UH QRW FRPPLWWHG WR DQ\ SDUWLFXODU
WKUHVKROG� SXOVH ZLGWK� RU ZDYHOHQJWK� 7KH GRZQ VLGH LV D JOXW RI GDWD ^ EXW WKHUH LV
VXUHO\ D KDSS\ PLGGOH JURXQG�

/$6(5 32:(5 5(48,5('

&RQWHPSRUDU\ 3XOVHG /DVHUV ^ $Q ?([LVWHQFH 3URRI�

$W //1/ D SXOVHG ODVHU ZLWK QHDU GLmUDFWLRQ�OLPLWHG EHDP TXDOLW\ KDV DFKLHYHG D NLOR�
MRXOH RI SXOVH HQHUJ\ LQ D SLFRVHFRQG SXOVH ^ WKDW
V ���� ZDWWV �� 3:� D ?SHWDZDWW���
7KLV LV D oDVKODPS�SXPSHG 1G�JODVV ODVHU DPSOLnHU �?1RYD��� RSHUDWLQJ LQ D FKLUS�
SXOVH DPSOLnFDWLRQ PRGH IRU H[WUHPHO\ KLJK SHDN SRZHU� WKLV SDUWLFXODU ODVHU FDQQRW
EH F\FOHG IDVWHU WKDQ RQFH SHU KRXU� 5HFHQWO\� KRZHYHU� WKH LQHUWLDO IXVLRQ SURJUDP
KDV EHHQ ZRUNLQJ RQ SURWRW\SHV RI KLJKO\ HpFLHQW GLRGH�SXPSHG VROLG�VWDWH ODVHUV
�?'366/�� XVLQJ <E�GRSHG VWURQWLXP oXRUDSDWLWH�� 7KLV LV DQ HOHJDQW GHVLJQ IRU
D VFDODEOH DUFKLWHFWXUH RI EHDPOLQHV WKDW LV LQWHQGHG WR EH FRPELQHG WR SURGXFH D
KLJK TXDOLW\ EHDP� 7KH IXOO FRPELQDWLRQ ^ ?+HOLRV� ^ ZRXOG SURGXFH z� QV SXOVHV
DW w  ��� QP �WULSOHG IURP ���� QP�� ZLWK D SXOVH HQHUJ\ (S  ��� 0- DQG D
UHSHWLWLRQ UDWH RI �� SSV� 7KH\
UH QRW FKHDS ^ RI RUGHU D ELOOLRQ GROODUV� +RZHYHU� LW
LV QRW RXU PLVVLRQ WR GHYHORS D WUDQVPLWWLQJ V\VWHP� RQO\ WR WKLQN RXW ZKDW PLJKW
EH SODXVLEO\ DFKLHYDEOH VR WKDW ZH FDQ SODQ UDWLRQDO UHFHLYLQJ VWUDWHJLHV� $OWKRXJK
LW
V QRW WHUULEO\ LPSRUWDQW IRU WKH 26(7, PLVVLRQ� LW
V ZRUWK QRWLQJ WKDW WKHVH ODVHUV�
LQWHQGHG IRU IXVLRQ SRZHU SODQWV� GHOLYHU YHU\ KLJK HpFLHQF\ ^ URXJKO\ ��� IURP ZDOO�
SOXJ WR SKRWRQV� :KHQ WKLQNLQJ DERXW SXOVHG RSWLFDO 6(7, RQH VKRXOG QRW EH XQGXO\
LQoXHQFHG E\ WKH SDUWLFXODU SDUDPHWHU VHW RI +HOLRV� UDWKHU� RQH VKRXOG DVVXPH WKDW
D ?GHVLJQHU ODVHU� FDQ EH WDLORUHG �LQ WHUPV RI SXOVH ZLGWK� SRZHU� UHSHWLWLRQ UDWH�
DQG ZDYHOHQJWK� WR WKH 26(7, PLVVLRQ UHTXLUHPHQWV�

/DVHU 3XOVH (QHUJ\ 1HHGHG

/HW XV FDOFXODWH ZKDW ODVHU SRZHU LV QHHGHG IRU 26(7,� $VVXPH D WUDQVPLWWLQJ DSHU�
WXUH RI 'W DLPHG DW D UHFHLYLQJ DSHUWXUH 'U DW UDQJH 5� :H WUDQVPLW D SXOVH DW
ZDYHOHQJWK w� ZLWK SXOVH HQHUJ\ (S� 7KH HQHUJ\ SHU SKRWRQ LV Ky� RU KF w� WKXV WKH
QXPEHU RI SKRWRQV SHU SXOVH LV (Sw KF� 7KH EHDP VL]H LV DSSUR[LPDWHO\ tE  w 'W�
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DQG WKH GLUHFWLYLW\ �?JDLQ�� RI WKH WUDQVPLWWLQJ DSHUWXUH LV JW  �{$W w
�  {�'�
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�1RWH WKLV LV DSSUR[LPDWHO\ � t�
E
�� 6R� WKH IUDFWLRQ RI WUDQVPLWWHG SKRWRQV WKDW DUH

UHFHLYHG LV IU  JW$U �{5
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 ��w�5�� DQG WKHUHIRUH WKH QXPEHU RI SKRWRQV

UHFHLYHG SHU SXOVH WUDQVPLWWHG LV 1U  {�'�
W
'�

U
(S ��w5

�KF�

7R NHHS WKLQJV VLPSOH OHW
V VFDOH RXU UHVXOW WR D VHW RI URXQG�QXPEHU SDUDPHWHUV�
'W  'U  � P� w  � xP� (S  � -� 5  � SF� )RU WKLV VHW RI SDUDPHWHUV WKH
WUDQVPLWWLQJ GLUHFWLYLW\ LV ���� ���� G%�� DQG WKH QXPEHU RI SKRWRQV UHFHLYHG SHU
SXOVH LV 1 R

U
 ��� d ��b�� 1RWH WKDW WKLV GHSHQGV RQ SXOVH HQHUJ\� EXW QRW SXOVH

ZLGWK�

6LJQDO�WR�%DFNJURXQG 5DWLR

2EYLRXVO\ ZH QHHG KLJKHU SXOVH HQHUJ\� )LUVW� WKRXJK� OHW
V FRPSDUH ZLWK WKH QXPEHU
RI VWHOODU SKRWRQV FROOHFWHG LQ� VD\� � QV� �:H FKRRVH � QV EHFDXVH WKDW LV URXJKO\ WKH
VSHHG RI 307
V� DQG HDVLO\ DFKLHYDEOH SHUIRUPDQFH IRU SXOVH HOHFWURQLFV��

:H EHJLQ E\ DVVXPLQJ WKDW LW LV QHFHVVDU\ WR REVHUYH LQ D QDUURZ ZDYHOHQJWK EDQG LQ
RUGHU QRW WR EH RYHUZKHOPHG E\ VWHOODU EDFNJURXQG� ZH ZLOO UHFRQVLGHU WKLV DVVXPSWLRQ
ODWHU� $ VRODU OXPLQRVLW\ LV /n { � d ���� HUJ�V� /HW XV DVVXPH nUVW WKDW ZH FDQ
JXHVV WKH ZDYHOHQJWK WR � SDUW LQ ��� �WKDW
V cw  �y$ DW w  � xP� LW PLJKW EH D
)UDXQKRIHU GDUN OLQH� IRU H[DPSOH�� DQG nOWHU WKH VWDUOLJKW DFFRUGLQJO\� 7KHQ WKH VWDU
SXWV RXW DERXW � d ���� HUJ�V �RU � d ���� -�V� LQ cw� :LWKLQ WKH tE EHDPZLGWK RI
RXU FRPSHWLQJ ODVHU WUDQVPLWWHU� KRZHYHU� WKH VWDU SXWV RXW D IUDFWLRQ t�

E
 �{ { ��b���

,�H�� WKH VWDU GHOLYHUV DSSUR[LPDWHO\ �d��� -�V ZLWKLQ cw DQG LQWR tE� WKDW
V � -RXOHV
SHU QDQRVHFRQG�

,Q RWKHU ZRUGV� IRU D ODVHU 26(7, V\VWHP XVLQJ D � PHWHU WUDQVPLWWLQJ DSHUWXUH WKH
QXPEHU RI SKRWRQV UHFHLYHG IURP WKH ODVHU WUDQVPLWWHU �LQ cw� GXULQJ WKH QDQRVHFRQG
SXOVH H[FHHGV WKH QXPEHU RI SKRWRQV UHFHLYHG IURP WKH SDUHQW VWDU LI WKH ODVHU SXOVH
HQHUJ\ LV JUHDWHU WKDQ DERXW � -RXOHV� 7KLV VWDWHPHQW LV LQGHSHQGHQW RI UDQJH� ,W LV
D ELW FRQVHUYDWLYH� DV ZHOO� LI RQH XVHV D )UDXQKRIHU GDUN OLQH ZKHUH WKH VWHOODU oX[ LV
GRZQ E\ D IDFWRU RI �^�� RU VR�

/RRNLQJ EDFN DW WKH SDUDPHWHUV RI WKH LQHUWLDO IXVLRQ SXOVHG ODVHU �D � QV SXOVH ZLWK
��� 0- SHU SXOVH DW ��� QP� RU ��� 0- DW WKH QDWLYH ����� xP ZDYHOHQJWK�� ZH VHH
WKDW D +HOLRV�FODVV ODVHU ZLWK D ��PHWHU UHoHFWRU ZRXOG RXWVKLQH WKH SDUHQW VWDU E\ D
IDFWRU RI �d ����

7KLV VXJJHVWV WKDW LW LV QRW QHFHVVDU\ WR XVH D QDUURZEDQG nOWHU DW DOO� LI ZH UHFDOFXODWH
WKH ODVHU�WR�VWDUOLJKW UDWLR DERYH� DVVXPLQJ WKH SKRWRPXOWLSOLHU UHFHLYHG XQnOWHUHG
�EURDGEDQG� OLJKW� ZH VWLOO RXWVKLQH WKH VWDU E\ D IDFWRU RI �� GXULQJ WKH SXOVH�

%XW DGYDQFHG FLYLOL]DWLRQV DUH H[SHFWHG WR EH PRUH DGYDQFHG WKDQ ZH DUH� 6R� IRU
H[DPSOH� D .HFN�FODVV EHDP GLUHFWRU ��� P GLDPHWHU� ZLWK D +HOLRV�FODVV ODVHU RXW�
VKLQHV WKH XQnOWHUHG VWDU E\ D IDFWRU RI ����� 7KLV UHSUHVHQWV RXU WHFKQRORJ\ LQ WKH
nUVW GHFDGH RI WKH ��VW FHQWXU\� :LWK D PRGHVW H[WUDSRODWLRQ RI DQRWKHU �^� RUGHUV
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RI PDJQLWXGH LQ GHOLYHUHG oX[� ZKLFK FDQ KDUGO\ EH FRQVLGHUHG GDULQJ VLQFH ZH ZLOO
SUREDEO\ DWWDLQ WKDW VRPHWLPH LQ WKH QH[W FHQWXU\� ZH FRQFOXGH WKDW D SXOVHG RSWL�
FDO EHDFRQ IURP D PRGHUDWHO\ DGYDQFHG FLYLOL]DWLRQ FDQ RXWVKLQH LWV XQnOWHUHG VWDU
EDFNJURXQG E\ � RUGHUV RI PDJQLWXGH�

2SWLFDO SXOVHG EHDFRQV WKXV DSSHDU WR EH SUDFWLFDEOH� DW OHDVW LQ WHUPV RI RXWVKLQLQJ
WKHLU SDUHQW VWDU�

6LJQDO 3KRWRQV SHU 3XOVH

6LJQDO�WR�QRLVH UDWLR �615� LV DSSDUHQWO\ QR SUREOHP LQ 26(7,� %XW ZKDW DERXW ?6�"
:KDW GRHV LW WDNH WR JHQHUDWH D UHFHLYHG SXOVH RI ��� SKRWRQV"

)URP DERYH ZH FDQ VFDOH 1U DV 1U � '�
W
'�

U
(S5

b�� 7DNLQJ (S  ��� 0- �+HOLRV��
ZH UHFHLYH ��� d ��� SKRWRQV SHU SXOVH DW 5  � SF ZLWK � PHWHU DSHUWXUHV DW ERWK
WUDQVPLWWHU DQG UHFHLYHU� )RU WKH ODUJHU UDQJHV QHHGHG ZH PXVW XVH ODUJHU DSHUWXUHV�
$W �� SF ���� O\� ZLWKLQ ZKLFK WKHUH DUH URXJKO\ ��� VXQOLNH VWDUV� ZH ZRXOG UHFHLYH
�� SKRWRQV SHU SXOVH IURP +HOLRV LI ZH XVHG ��� P DSHUWXUHV DW ERWK HQGV� 2QH FRXOG
XVH LQVWHDG DQ DV\PPHWULFDO VWUDWHJ\ ^ WKH VDPH UHFHLYHG oXHQFH ZRXOG UHVXOW IURP
D ��� P DSHUWXUH WUDQVPLWWLQJ WR D � P UHFHLYHU� $W ��� SF ����� O\� ZLWKLQ ZKLFK
WKHUH DUH URXJKO\ ��� VXQOLNH VWDUV� ZH ZRXOG QHHG � P DSHUWXUHV DW ERWK HQGV� RU
FRPSDUDEOH VFDOLQJ� WR GHOLYHU �� SKRWRQV SHU SXOVH�

5 1VWDUV 'W 'U 1SKRWRQV�SXOVH
� SF � � P � P ���d ���

��� O\ ���� ��� P ��� P ��
��� P � P ��

���� O\ ��������� � P � P ��

7KH ODVHU SXOVH ZLGWKV ZH KDYH DVVXPHG ^ RI RUGHU � QV ^ DUH FRPSDUDEOH WR SKRWR�
PXOWLSOLHU VSHHGV� DQG VR WKH z��� SKRWRQV DUH GHWHFWHG DV RQH ODUJH SKRWRHYHQW� ,Q
SUDFWLFH WKLV LV GHVLUDEOH� EHFDXVH WKH 307
V OLQHDULW\ PHDQV WKDW ZH FDQ GLVFULPL�
QDWH WKH ODVHU SXOVH IURP VWHOODU EDFNJURXQG E\ VHWWLQJ D SXOVH KHLJKW WKUHVKROG KLJK
HQRXJK WR H[FOXGH WKH VPDOOHU UHVSRQVH IURP WKH H[SHFWHG PD[LPXP QXPEHU RI VWHOODU
SKRWRQV ZLWKLQ WKH FRLQFLGHQFH LQWHUYDO� ,I WKH ODVHU RXWVKLQHV WKH XQnOWHUHG VWDU E\
� RUGHUV RI PDJQLWXGH� WKLV LV QRW GLpFXOW�

$W YHU\ KLJK FRXQW UDWHV ZH ZRXOG EH XVLQJ WKH 307 LQ ?FXUUHQW� PRGH� LQ ZKLFK
WKH LQGLYLGXDO SKRWRHYHQWV DUH QRW SUHVHUYHG DW WKH RXWSXW� EXW LQ ZKLFK WKH RXWSXW
ZDYHIRUP WUDFNV WKH LQFLGHQW LQWHQVLW\� ZLWK DQ DYHUDJLQJ WLPH RI RUGHU QDQRVHFRQGV�
$W FRXQW UDWHV VLJQLnFDQWO\ EHORZ ����VHF WKH 307 RSHUDWHV LQ ?SXOVH FRXQWLQJ�
PRGH� LQ ZKLFK LQGLYLGXDO SKRWRHYHQWV DUH VHHQ DV RXWSXW SXOVHV� LI PXOWLSOH SKRWRQV
DUULYH ZLWKLQ WKH zQV UHVSRQVH WLPH RI WKH 307 WKH UHVXOW LV DQ RXWSXW SXOVH RI
SURSRUWLRQDOO\ ODUJHU DPSOLWXGH� *RRG 307V FOHDQO\ GLVFULPLQDWH VLQJOH SKRWRHOHF�
WURQ HYHQWV IURP PXOWLSOH SKRWRHOHFWURQ HYHQWV� HYHQ D SRRU 307 ZLOO GLVFULPLQDWH D
VLQJOH SKRWRHOHFWURQ HYHQW IURP D ���SKRWRHOHFWURQ HYHQW�
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:KLFK PRGH LV DSSOLFDEOH WR RSWLFDO 6(7," $ VRODU OXPLQRVLW\ ��d���� HUJ�V� GHOLYHUV
��� SKRWRQV SHU VHFRQG LQWR D VTXDUH PHWHU DSHUWXUH DW ���� OLJKW \HDUV� DW WKDW
GLVWDQFH LW KDV YLVXDO PDJQLWXGH P9  ��� 6R D � P UHFHLYLQJ WHOHVFRSH ZLWK D
EHDPVSOLWWHU EXW QR nOWUDWLRQ FDQ REVHUYH D *�Y VWDU LQ SXOVH�FRXQWLQJ PRGH DW
GLVWDQFHV GRZQ WR z��� O\ �P9  ��� DW ZKLFK PDJQLWXGH LW ZLOO KDYH FRXQW UDWHV RI
�d ����VHF� 7KHUH ZLOO EH QR SLOHXS IURP WKH 3RLVVRQ�GLVWULEXWHG DUULYDOV� FRQWUDVWHG
ZLWK WKH YHU\ ODUJH SXOVHV SURGXFHG E\ DQ LQWHQVH ODVHU RI WKH VRUW GHVFULEHG DERYH�
6LJQLnFDQWO\ EULJKWHU VWHOODU FDQGLGDWHV EULQJ XV LQWR WKH FXUUHQW PRGH� ,Q HLWKHU
PRGH WKHUH VKRXOG EH QR GLpFXOW\ GLVFULPLQDWLQJ DQ LQWHQVH ODVHU SXOVH IURP WKH PXFK
ZHDNHU VWHOODU EDFNJURXQG� SURYLGLQJ RI FRXUVH WKDW WKH QXPEHU RI SKRWRQV GHOLYHUHG
E\ WKH ODVHU SXOVH LV DGHTXDWH �DW OHDVW ��� VD\�� %HORZ ZH FRQVLGHU EDFNJURXQGV WKDW
FDQ LQWHUIHUH ZLWK WKLV VLPSOH SLFWXUH�

1RWH WKDW D UHDOLVWLF FDOFXODWLRQ RI GHWHFWRU FRXQW UDWHV PXVW WDNH LQWR DFFRXQW DWPR�
VSKHULF DQG LQVWUXPHQWDO ORVVHV� DV ZHOO DV TXDQWXP HpFLHQF\ RI WKH GHWHFWRU�

%HDPVL]H YV 3ODQHWDU\ =RQH

$V ZH VFDOH XS WKH WUDQVPLWWLQJ DSHUWXUH LW
V QHFHVVDU\ WR FKHFN WKDW WKH UHVXOWLQJ
GLmUDFWLRQ OLPLWHG EHDPVL]H GRHVQ
W EHFRPH VPDOOHU WKDQ WKH SODQHWDU\ ]RQH ZH ZLVK
WR LUUDGLDWH� $W �� SF WKH GLmUDFWLRQ OLPLWHG EHDP IURP D ��� P DSHUWXUH WUDQVPLWWLQJ
DW � xP LV � $8� DW ��� SF D � P WUDQVPLWWLQJ DSHUWXUH SURGXFHV D �� $8 EHDP� $W
OHVV WKDQ PD[LPXP UDQJH OHVV WUDQVPLWWLQJ JDLQ LV QHHGHG� VXFK WKDW WKH EHDP VL]H
UHPDLQV WKH VDPH LQ DEVROXWH XQLWV� 7KHVH nJXUHV VXJJHVW SUHWW\ DFFXUDWH VKRRWLQJ�
SHUKDSV WKH DGYDQFHG FLYLOL]DWLRQ GRLQJ WKH WUDQVPLWWLQJ ZRXOG FKRRVH WR VSUHDG WKH
EHDP D ELW� UDLVLQJ WKH ODVHU SRZHU WR FRPSHQVDWH�

35()(55(' :$9(/(1*7+

0LFURZDYH 6(7, ZDV HQHUJL]HG E\ &RFFRQL DQG 0RUULVRQ
V ���� VXJJHVWLRQ WR XVH
WKH ���FP K\GURJHQ K\SHUnQH OLQH DV D JXHVVDEOH EHDFRQ IUHTXHQF\� 1R DQDORJRXV
ZDYHOHQJWK KDV EHHQ VXJJHVWHG IRU 26(7,� DOWKRXJK 7RZQHV KDV SRLQWHG RXW WKDW
H[WLQFWLRQ LQ WKH YLVLEOH PDNHV LQIUDUHG D SUHIHUUHG EDQG� 7KHUH KDYH EHHQ VXJJHVWLRQV
LQ WKH SDVW WR H[SORLW WKH )UDXQKRIHU VWHOODU GDUN OLQHV WR UHGXFH VWHOODU EDFNJURXQG�
PRUHRYHU� D XQLTXH GDUN OLQH PLJKW VHUYH DV D JXHVVDEOH ZDYHOHQJWK� 3RVVLELOLWLHV DUH
WKH &D +� DQG .�OLQHV� RU WKH )H OLQHV� ERWK DW WKH EOXH HQG RI WKH VSHFWUXP� RU WKH
\HOORZ 1D '�OLQHV� $ GDUN OLQH DW ORQJHU ZDYHOHQJWK �OHVV SUREOHP RI H[WLQFWLRQ DQG
VPHDULQJ� ZRXOG EH EHWWHU� ,GHDO� SHUKDSV� ZRXOG EH D GDUN OLQH LQ WKH QHDU�,5 WKDW
FRLQFLGHV ZLWK WKH ZDYHOHQJWK SURGXFHG E\ D SDUWLFXODUO\ IDYRUDEOH ODVLQJ PDWHULDO� ,I
LW SURYHV IHDVLEOH WR FRQVWUXFW ZDYHOHQJWK GLVSHUVLYH RSWLFDO SXOVH GHWHFWRUV� WKH LGHD
RI D ?PDJLF ZDYHOHQJWK� PD\ ORVH VRPH RI LWV OXVWHU� MXVW DV LW KDV ZLWK PLFURZDYH
6(7,�

+RZHYHU� DV FDOFXODWHG DERYH� VWHOODU EDFNJURXQG LV QRW D SUREOHP IRU WKH SXOVH HQ�
HUJLHV WKDW DUH QHHGHG WR SURGXFH GHWHFWDEOH FRXQW UDWHV� 7KHUH VHHPV WR EH OLWWOH
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UHDVRQ WR FRQVLGHU QDUURZEDQG nOWHUV� RU PXOWLFKDQQHO VSHFWURVFRS\�

(;7,1&7,21 $1' 60($5,1*

$W RSWLFDO ZDYHOHQJWKV WKH LQWHUVWHOODU PHGLXP ERWK VFDWWHUV DQG DEVRUEV� 7KDW LV
ZK\ ZH FDQQRW VHH RXU RZQ JDODFWLF FHQWHU ��� PDJQLWXGHV RI H[WLQFWLRQ��� RU LQGHHG
PXFK RI WKH JDODFWLF SODQH DW DOO� DQG WKDW LV ZK\ PDSV RI JDODFWLF VWUXFWXUH PXVW EH
PDGH IURP REVHUYDWLRQV DW ORQJHU ZDYHOHQJWKV� SULPDULO\ IURP UDGLRDVWURQRP\�

8QOLNH DW UDGLR IUHTXHQFLHV �ZKHUH SODVPD VFDWWHULQJ LV WKH GRPLQDQW HmHFW�� RSWLFDO
VFDWWHULQJ LV FDXVHG E\ LQWHUVWHOODU GXVW JUDLQV� 7KH HmHFWV RI VFDWWHULQJ FDQ EH VH�
YHUH� DQG OLPLW RSWLFDO 6(7, WR GLVWDQFHV RI RUGHU D NLORSDUVHF� DW ZKLFK WKH YLVXDO
H[WLQFWLRQ LV VRPH � PDJQLWXGHV� 7KH HmHFW RI VFDWWHULQJ RQ D ODVHU SXOVH LV WR UHGXFH
WKH ?SURPSW� SXOVH KHLJKW� VLPXOWDQHRXVO\ SURGXFLQJ GHOD\HG WDLOV RQ WZR WLPH VFDOHV
^ D FORVH�LQ WDLO �VHFRQGV ODWHU� IURP IRUZDUG VFDWWHULQJ E\ ODUJH JUDLQV� DQG D PXFK
ORQJHU WDLO IURP GLmXVH VFDWWHULQJ� 7KH SURPSW SXOVH LV XQVFDWWHUHG �WKH WHUP ?EDOOLV�
WLF SKRWRQV� KDV EHHQ XVHG LQ D VLPLODU FRQWH[W�� WKHUHIRUH XQZLGHQHG� LWV DPSOLWXGH
LV UHGXFHG E\ D IDFWRU RI URXJKO\ H[S�b~VFDWW�� ZKHUH ~VFDWW LV WKH VFDWWHULQJ RSWLFDO
GHSWK� $EVRUSWLRQ DOVR UHGXFHV WKH SURPSW SXOVH� VR WKH VXUYLYLQJ IUDFWLRQ LV URXJKO\
H[S�b~�� ZKHUH ~ LV WKH WRWDO RSWLFDO GHSWK� $W YLVXDO ZDYHOHQJWKV VFDWWHULQJ DQG
DEVRUSWLRQ DUH FRPSDUDEOH� DQG WKH YLVXDO H[WLQFWLRQ LV DERXW � PDJQLWXGHV SHU NLOR�
SDUVHF� 6R IRU 26(7, EHDFRQV RXW WR ���� O\ ���� SF� WKH HQHUJ\ LQ WKH XQVFDWWHUHG
SXOVH LV UHGXFHG E\ DW PRVW ���� ,I RSWLFDO VLJQDOLQJ LV D ORFDO DFWLYLW\ �OHVV WKDQ D
NLORSDUVHF�� H[WLQFWLRQ DQG VPHDULQJ GR QRW VHHP WR EH VHULRXV SUREOHPV� )RU JUHDWHU
UDQJH LW LV QHFHVVDU\ WR JR WR ORQJHU ZDYHOHQJWKV� DW w  ��xP RSWLFDO EHDFRQV ZRXOG
EH HmHFWLYH RYHU GLVWDQFHV RI �� NSF RU PRUH� DFFRUGLQJ WR -LP &RUGHV DW &RUQHOO�
ZKR KDV FRQVLGHUHG WKLV SUREOHP UHFHQWO\�

,167580(17$/� 7(55(675,$/� $1' $67523+<6,&$/ %$&.*5281'6

:KDW DUH WKH EDFNJURXQGV ^ ERWK LQVWUXPHQWDO DQG QDWXUDO ^ WKDW LQWHUIHUH ZLWK WKH
RSWLFDO EHDFRQ VHDUFK VNHWFKHG DERYH"

,QVWUXPHQWDO

3UHOLPLQDU\ H[SHULPHQWV DWWHPSWLQJ WR GHWHFW VKRUW RSWLFDO SXOVHV IURP D IHZ WDUJHW
VWDUV� GRQH E\ 'DQ :HUWKLPHU DW %HUNHOH\� KDYH GHPRQVWUDWHG WKH QHHG IRU D SDLU
RI 307V LQ FRLQFLGHQFH �UDWKHU WKDQ VLPSO\ XVLQJ D VLQJOH 307 ZLWK SXOVH KHLJKW
WKUHVKROG VHW WR UHMHFW HYHQWV RI IHZ SKRWRHOHFWURQV�� DSSDUHQWO\ EHFDXVH WKHUH DUH
RFFDVLRQDO ODUJH SXOVHV LQ WKH GDUN FXUUHQW RI D 307� 7KHVH PD\ DULVH IURP UDGLRDFWLYH
GHFD\ HYHQWV LQ WKH 307 JODVV� IURP LRQ IHHGEDFN� IURP VFLQWLOODWLRQ LQ WKH JODVV FDXVHG
E\ HOHFWURQ LPSDFWV IURP ZLWKLQ� DQG�RU IURP FRVPLF�UD\ PXRQV� $ EHDPVSOLWWHU DQG
FRLQFLGHQFH FLUFXLW HmHFWLYHO\ HOLPLQDWHV DOO EXW PXRQV �D PXRQ FDQ SDVV WKURXJK ERWK
307V�� LI QHHG EH� WKH ODWWHU FDQ EH HOLPLQDWHG E\ DQ DQWL�FRLQFLGHQFH DUUDQJHPHQW
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ZLWK H[WHUQDO PXRQ VFLQWLOODWRU�

7HUUHVWULDO

,W ZRXOG EH LQWHUHVWLQJ WR NQRZ LI DQ\ DWPRVSKHULF SKHQRPHQD SURGXFH QDQRVHFRQG
OLJKW oDVKHV� DW D OHYHO WKDW LQWHUIHUH ZLWK WKH GHWHFWLRQ RI PXOWL�SKRWRQ QDQRVHFRQG
SXOVHV� 7KH JDPPD UD\ WHOHVFRSH RQ 0W� +RSNLQV LQ $UL]RQD GHWHFWV DWPRVSKHULF
&HUHQNRY oDVKHV LQ WKH QLJKW VN\� KRZHYHU WKLV LQVWUXPHQW RSHUDWHV ZLWK WLPH VFDOHV
RI PDQ\ PLFURVHFRQGV� QRW QDQRVHFRQGV�

6RPH GDWD RQ FRVPLF�UD\�LQGXFHG &HUHQNRY oDVKHV LQ WKH DWPRVSKHUH VXJJHVW WKDW
WKHVH DUH LQQRFXRXV� $ ���� H9 SULPDU\ FRVPLF UD\ SURGXFHV D oDVK RI URXJKO\ � QV
GXUDWLRQ� ZLWK WKH OLJKW IDOOLQJ RQ D ?IRRWSULQW� RQ WKH JURXQG RI UDGLXV URXJKO\
��� P� )URP ZLWKLQ WKDW IRRWSULQW WKH VRXUFH ?LPDJH� ORRNV OLNH D GLmXVH EORE LQ WKH
VN\� RI ):+0 URXJKO\ �p� SURGXFLQJ D oXHQFH RYHU WKH SXOVH RI URXJKO\ �� YLVLEOH�
OLJKW SKRWRQV SHU VTXDUH PHWHU� 7KH SULPDU\ oX[ JRHV URXJKO\ DV (b���

SUL IRU HQHUJLHV

EHWZHHQ ���� DQG ���� H9� DQG DV (b���
SUL DW KLJKHU HQHUJLHV� WKH SKRWRQ oXHQFH SHU

oDVK JRHV URXJKO\ DV (SUL�

)URP WKHVH IDFWV RQH TXLFNO\ nQGV WKDW� IRU ���� H9 SULPDULHV� WKH UDWH RI &HUHQNRY
HYHQWV� VHHQ IURP DQ DUELWUDU\ SRLQW RQ WKH JURXQG� LV JLYHQ E\ oX[d$IRRWSULQWdlLPDJH�
DERXW �� SHU VHFRQG� +RZHYHU� EHFDXVH WKH &HUHQNRY LPDJH LV GLmXVH RQ WKH VN\� WKH
oXHQFH IRU HDFK HYHQW� DV VHHQ E\ D IRFDO�SODQH DSHUWXUH FRUUHVSRQGLQJ WR D �� DUFVHF
nHOG RI YLHZ� LV RQO\ DERXW � d ��b� SKRWRQV SHU oDVK� L�H�� WKH 307 UDUHO\ GHWHFWV
HYHQ D VLQJOH SKRWRQ� DQG QHYHU WZR RU PRUH�

/LJKWQLQJ LV RI FRXUVH D SXOVHG WHUUHVWULDO VRXUFH� %XW LW LV GLpFXOW WR LPDJLQH SXOVH
ZLGWKV OHVV WKDQ PLFURVHFRQGV LQ oDVKHV WKDW VFDWWHU IURP GLVWDQW VWRUPV �RQH GRHVQ
W
REVHUYH LQ ORFDO VWRUPV�� +RZHYHU� IRU ?FXOWXUDO� WHUUHVWULDO HYHQWV VXFK DV HOHFWULFDO
VSDUNV LW LV DOWRJHWKHU SODXVLEOH WR LPDJLQH WKH SURGXFWLRQ RI VXE�PLFURVHFRQG SXOVHV�
LW UHTXLUHV VRPH FUHDWLYLW\ WR LPDJLQH KRZ WR GLUHFW VXFK SXOVHV LQWR WKH WHOHVFRSH
ZLWKRXW EURDGHQLQJ WKHP�

$ VRXUFH RI VWHDG\ EDFNJURXQG LV DLUJORZ DQG VFDWWHUHG ]RGLDFDO OLJKW� 7KHVH DUH
HQWLUHO\ QHJOLJLEOH ^ URXJKO\ ��� SKRWRQV SHU SL[HO SHU VHFRQG LQ D WHOHVFRSH RI � P�

DSHUWXUH� ,Q IDFW� LW PD\ HYHQ EH SRVVLEOH WR GR GD\WLPH RSWLFDO 6(7,� XQGHU FRQGL�
WLRQV RI YHU\ FOHDU VN\ DQG JRRG VHHLQJ �ZKLFK SHUPLWV VPDOO D IRFDO�SODQH DSHUWXUH��

$VWURSK\VLFDO

2I FRXUVH� WKH VWHOODU EDFNJURXQG� ZKLFK ZH DVVXPH LV QRW UHVROYDEOH IURP WKH ODVHU
EHDFRQ� LV RI DVWURSK\VLFDO RULJLQ� ZH KDYH GLVFXVVHG WKH UDWHV DERYH� ,W ZRXOG EH
LQWHUHVWLQJ WR NQRZ LI WKHUH DUH DVWURSK\VLFDO SKHQRPHQD WKDW FDQ SURGXFH QDQRVHFRQG
SXOVHV� 7KDW UHTXLUHV FRKHUHQFH RQ WKH GLVWDQFH VFDOH RI WHQV RI FHQWLPHWHUV� 2QH
PLJKW WDNH VRODFH LQ WKH WKRXJKW WKDW GHWHFWLRQ RI VXFK SKHQRPHQD ZRXOG EH D ZRUWK\
GLVFRYHU\ LQ LWV RZQ ULJKW�

��
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$V DOZD\V LQ 6(7,� 7KH\ FDQ
W WHOO XV KRZ WR VHDUFK EHIRUH ZH KDYH GHWHFWHG 7KHP�
,Q WKLV JXHVVLQJ JDPH WKH 6(7, HVWDEOLVKPHQW KDV JHQHUDOO\ ZRUNHG LQ WKH FHQWLPHWULF
PLFURZDYH SRUWLRQ RI WKH HOHFWURPDJQHWLF VSHFWUXP� EDVHG RQ IDYRUDEOH FRQVLGHUDWLRQV
RI HQHUJ\ HpFLHQF\� DWPRVSKHULF WUDQVSDUHQF\� DYDLODEOH WHFKQRORJ\� DQG WKH H[LVWHQFH
RI D QHDU�XQLTXH ZDYHOHQJWK PDUNHU DW +,� 2I FRXUVH� VLQFH 6(7, KDVQ
W VXFFHHGHG
\HW LW LV KDUG WR DUJXH WKDW WKLV FKRLFH RI VHDUFK VWUDWHJ\ LV RSWLPXP ^ EXW DW OHDVW LW
KDV PRWLYDWHG VHDUFKHV� RI LQFUHDVLQJ VRSKLVWLFDWLRQ� VHQVLWLYLW\� DQG WKRURXJKQHVV�

$Q DQDORJRXV DUJXPHQW IRU VRPH XQLTXH VHDUFK PHWKRGRORJ\ ^ SXOVHV" LI VR ZKDW
ZLGWK" ZDYHOHQJWK" UHYLVLW WLPH" ^ LV QHHGHG LQ RUGHU WR PDNH 26(7, DWWUDFWLYH�
DQG WR JHW WKH EDOO UROOLQJ� :H
YH PHQWLRQHG PHJDMRXOH QDQRVHFRQG SXOVHV DW VWHOODU
GDUN OLQHV� DV DQ H[DPSOH WR VHH LI WKH ZKROH LGHD PDNHV VHQVH� ,W DSSDUHQWO\ GRHV� EXW
LW QHHGV D JRRG ORRN WR VHH ZKDW HOVH PDNHV VHQVH� DQG ZKHWKHU WKHUH LV D FRPELQDWLRQ
RI SDUDPHWHUV FRPSHOOLQJ HQRXJK WR JHW VRPH UHDOO\ VHULRXV VHDUFKLQJ JRLQJ� ,Q WKH
PHDQWLPH� JURXSV DW +DUYDUG�6PLWKVRQLDQ DQG DW %HUNHOH\ DUH JRLQJ DKHDG ZLWK
PRGHVW WDUJHWWHG VHDUFKHV IRU QDQRVHFRQG SXOVHG ODVHU EHDFRQV� 7KHVH VHDUFKHV ZLOO
WDUJHW D IHZ WKRXVDQG QHDUE\ VRODU�W\SH VWDUV� GZHOOLQJ RQ HDFK IRU DW OHDVW D IHZ
PLQXWHV�

1RWH WKDW WKH WUHDWPHQW LQ WKLV SDSHU LV QRW DQ DWWHPSW DW D ?SDUDPHWULF WUDGHRm�
DQDO\VLV� UDWKHU LW LV MXVW DQ DWWHPSW DW DQ 26(7, UHDOLW\ FKHFN�

6800$5<

7KH FDOFXODWLRQV DERYH VXJJHVW WKDW D PXOWLSOH[HG 26(7, SXOVHG EHDFRQ LV DOWRJHWKHU
UHDVRQDEOH IRU HVWDEOLVKLQJ FRQWDFW RXW WR SHUKDSV ��� O\� LQ ZKLFK FDVH D +HOLRV�FODVV
ODVHU DQG D � P WUDQVPLWWLQJ DSHUWXUH� DORQJ ZLWK DSSURSULDWH EHDP�VWHHULQJ RSWLFV�
ZRXOG VXpFH WR FRQWDFW D UHDVRQDEO\ VRSKLVWLFDWHG DPDWHXU DVWURQRPHU� )RU UDQJHV
RXW WR ���� O\ DPDWHXU DVWURQRPHUV ZRXOG KDYH WR GHIHU WR WKH SURIHVVLRQDOV LQ D
VHULRXV 26(7, UHFHLYLQJ HmRUW� LI QRWKLQJ PRUH WKDQ D +HOLRV�FODVV ODVHU ZHUH XVHG
DV D WUDQVPLWWHU� 7KHUH LV QR UHDVRQ WR DVVXPH� KRZHYHU� WKDW WKH ODVHU //1/ SODQV
IRU WKH \HDU ���� LV DQ XSSHU ERXQG RQ ZKDW DQ DGYDQFHG H[WUDWHUUHVWULDO FLYLOL]DWLRQ
PLJKW XVH WR HVWDEOLVK FRQWDFW YLD WDUJHWHG RSWLFDO SXOVHG WUDQVPLVVLRQV�

7KH 6(7, FRPPXQLW\ QHHGV WR FRQVLGHU DOWHUQDWLYH 26(7, VWUDWHJLHV ^ FKRLFH RI
ZDYHOHQJWK� SXOVH ZLGWKV DQG UHSHWLWLRQ UDWHV� UHYLVLW WLPHV� HWF� ^ LQ DQ DWWHPSW
WR LGHQWLI\ D SDUWLFXODUO\ FRPSHOOLQJ D SULRUL VWUDWHJ\� LQYROYLQJ ERWK VHQGHU DQG
UHFHLYHU� WKDW FRXOG EH WKH EDVLV IRU PDMRU HDUWK�EDVHG 26(7, UHFHLYLQJ HmRUWV LQ WKH
QHDU WHUP�

��


