
,Q UHFHQW \HDUV ZH KDYH ZLWQHVVHG LPSURYHPHQWV LQ PDQ\

ILHOGV RI FDQFHU UHVHDUFK DQG WKHUDS\� LQFOXGLQJ HQKDQFH�

PHQW RI SUHYHQWLYH PHGLFLQH DQG HDUO\ GHWHFWLRQ SURJUDPV�

LPSURYHG VXUJLFDO WHFKQLTXHV� DQG PDMRU DFKLHYHPHQWV LQ

UDGLR� DQG FKHPRWKHUDS\� +RZHYHU� WKH DELOLW\ WR FXUH WKH

PDMRULW\ RI FDQFHU SDWLHQWV UHPDLQV HOXVLYH� $W WKH VDPH

WLPH� LW KDV EHFRPH LQFUHDVLQJO\ DSSDUHQW WKDW FHOOV RI WKH

LPPXQH V\VWHP SOD\ D NH\ UROH LQ WKH UHFRJQLWLRQ DQG

HOLPLQDWLRQ RI QHRSODVWLF FHOOV� 5HFHQWO\� WKHUHIRUH� QHZ

FDQFHU WKHUDSLHV KDYH EHHQ GLUHFWHG DW PRGXODWLQJ DQG

H[SORLWLQJ FRPSRQHQWV RI WKH LPPXQH V\VWHP LQ RUGHU WR

DXJPHQW WKH LPPXQRJHQLFLW\ RI� DQG WKXV HUDGLFDWH FDQFHU

FHOOV� 7KH VFLHQFH RI YHFWRURORJ\ KDV RFFXSLHG LWVHOI ZLWK WKH

WDVN RI GHVLJQLQJ DQG FRQVWUXFWLQJ QHZ PHWKRGV RI

GHOLYHULQJ JHQHV LQWR WXPRU WLVVXH ZLWK KLJK HIILFLHQF\�

7KHVH PHWKRGV� ZKLFK DUH WXPRU RU RUJDQ VSHFLILF� DUH DOVR

FDSDEOH RI SUHYHQWLQJ V\VWHPLF WR[LF HIIHFWV�

7KH DERYH PHQWLRQHG DFKLHYHPHQWV LQ EDVLF VFLHQFH KDYH

QRW E\SDVVHG WKH FOLQLFDO UHDOP RI JHQLWRXULQDU\ RQFRORJ\�

7KH XVH RI LQWUDYHVLFDO LPPXQRWKHUDS\ IRU VXSHUILFLDO

EODGGHU WXPRUV ZDV WKH ILUVW LPPXQH�EDVHG WKHUDS\ IRU

EODGGHU FDQFHU DQG KDV EHFRPH D JROG VWDQGDUG� 'HYHORS�

PHQWV LQ LPPXQRWKHUDS\ KDYH UHVXOWHG LQ DQ LPSURYHG

RXWORRN IRU SDWLHQWV SUHVHQWLQJ ZLWK DGYDQFHG UHQDO FHOO

FDUFLQRPD DV ZHOO DV IRU WKRVH ZKR GHYHORS ERWK GLVWDQW DQG

ORFDO UHFXUUHQFHV DIWHU FXUDWLYH WUHDWPHQW� 7KHVH DGYDQFHV

UHSUHVHQW RQO\ WKH EHJLQQLQJ RI QHZ GLUHFWLRQV WR FRPH�

&OHDUO\� WKH IXWXUH SURVSHFWV RI FDQFHU WKHUDS\ ZLOO EH EXLOW

XSRQ WKH IRXQGDWLRQ RI FXUUHQW LQYHVWLJDWLYH HIIRUWV LQ JHQH

DQG LPPXQH WKHUDS\�

7KLV DUWLFOH UHYLHZV WKH FXUUHQW UROH RI LPPXQRWKHUDS\

DQG JHQH WKHUDS\ LQ WKH WUHDWPHQW RI PHWDVWDWLF DQG

UHFXUUHQW JHQLWRXULQDU\ QHRSODVPV� )LUVW� ZH ZLOO GLVFXVV

WKH IXQGDPHQWDOV RI LPPXQRWKHUDS\ DQG JHQH WKHUDS\� 1H[W�

ZH ZLOO UHYLHZ WKH DSSOLFDWLRQV RI HDFK RI WKHVH WKHUDSHXWLF

PRGDOLWLHV LQGLYLGXDOO\ ZLWK UHVSHFW WR SURVWDWH� EODGGHU DQG

UHQDO FHOO FDUFLQRPD� :H ZLOO WKHQ DGGUHVV IXWXUH GLUHFWLRQV

LQ JHQH DQG LPPXQRWKHUDS\� DQG� ILQDOO\� ZH ZLOO OLVW WKH

FXUUHQW FOLQLFDO WULDOV� IRFXVLQJ RQ JHQH DQG LPPXQH

WKHUDSLHV� :H FRQWHQG WKDW DOO WKH GDWD RQ FXUUHQW FDQFHU

FOLQLFDO WULDOV VKRXOG EH DYDLODEOH IRU WKH SXEOLF WR FKRRVH

IURP >7DEOHV � DQG �@�

2QH RI WKH IXQGDPHQWDO GLOHPPDV LQ JHQH WKHUDS\ WRGD\

LQYROYHV WKH VHOHFWLRQ RI JHQHV WR EH XVHG LQ FOLQLFDO WULDOV�

8QOLNH PDQ\ RWKHU JHQHWLF GLVHDVHV� WXPRULJHQHVLV LV D

PXOWL�VWHS SDWKZD\ LQYROYLQJ LQLWLDWLRQ� SUROLIHUDWLRQ� ORVV RI

FRQWDFW LQKLELWLRQ� LQYDVLRQ DQG XOWLPDWHO\ PHWDVWDVLV RI WKH

FDQFHU FHOO� 0XOWLSOH JHQHV LQYROYLQJ FHOO F\FOH UHJXODWLRQ�

DQJLRJHQHVLV� LPPXQRUHDFWLYLW\ DQG FHOO DGKHVLRQ DUH DOVR

LQYROYHG� 6LQFH QR VLQJOH JHQH GHIHFW KDV EHHQ IRXQG WR

IDFLOLWDWH WXPRULJHQHVLV IRU DOO FDQFHU GLVHDVHV� GLIIHUHQW

PXWDWLRQ SDWKZD\V PD\ OHDG WR WKH VDPH HQG UHVXOW�

&RQVHTXHQWO\� WKH XWLOL]DWLRQ RI D VLQJOH W\SH RI JHQH WKHUDS\

PD\ QRW EH HQRXJK� (UURUV LQ JHQH UHJXODWLRQ� WUDQVFULSWLRQ

RU WUDQVODWLRQ FDQ OHDG WR PRUSKRORJLF DQG IXQFWLRQDO

FKDQJHV ZLWKLQ WKH FHOO� ZKHUHDIWHU WKH FDQFHU SKHQRW\SH

PD\ EHFRPH DSSDUHQW� 7KHUH DUH VHYHUDO SRWHQWLDO PHFKD�

QLVPV E\ ZKLFK JHQH WKHUDS\ PD\ DFKLHYH FDQFHU FRQWURO

>7DEOH �@�

&&\\WWRRUUHHGGXXFFWWLLYYHH 77KKHHUUDDSSLLHHVV
8VLQJ WKLV VWUDWHJ\� D JHQH �VXLFLGH JHQH� LV LQMHFWHG LQWR WKH

WXPRU RU VSHFLILFDOO\ DWWDFKHG WR LW� $IWHU WUDQVIHFWLRQ� WKH

JHQH WKDW LV H[SUHVVHG UHVXOWV LQ WKH SURGXFWLRQ RI D SURWHLQ�

XVXDOO\ DQ HQ]\PH WKDW LV FDSDEOH RI FRQYHUWLQJ DQ RWKHUZLVH

EHQLJQ PHGLFDWLRQ LQWR D KLJKO\ F\WRWR[LF RQH� 2EYLRXVO\ WKLV

ZLOO UHVXOW LQ D KLJK FRQFHQWUDWLRQ RI WKH F\WRWR[LF DJHQW LQ

WKH WXPRU EXW ZLWKRXW VLJQLILFDQW V\VWHPLF FRQFHQWUDWLRQV�

$FWLYH VXLFLGH JHQHV HQDEOH QRW RQO\ GHVWUXFWLRQ RI WKH

WUDQVIHFWHG FHOO� EXW WKH GHVWUXFWLRQ RI DGMDFHQW WXPRU FHOOV

�E\VWDQGHU HIIHFW�� 7KLV PHDQV WKDW QRW DOO WXPRU FHOOV QHHG

WR EH GLUHFWO\ WUDQVIHFWHG� 7KXV� RQH RI WKH DGYDQWDJHV RI

WKLV DSSURDFK LV WKH QHHG IRU OHVV HIILFLHQW WUDQVIHFWLRQ LQ

FRPSDULVRQ WR RWKHU JHQH WKHUDSLHV� )RU H[DPSOH� WKH

KHUSHV VLPSOH[ WK\PLGLQH NLQDVH JHQH �+69�WN� LV RQH RI

WKH PRVW FRPPRQO\ XVHG V\VWHPV� DQRWKHU V\VWHP XVHV

F\WRVLQH GHDPLQDVH >�@� +XPDQ WK\PLGLQH NLQDVH FDQQRW

SKRVSKRU\ODWH FHUWDLQ SUR�GUXJV OLNH JDQF\FORYLU� ZKLOH

+69�WN FDQ SKRVSKRU\ODWH JDQF\FORYLU WR JDQF\FORYLU PRQR�

SKRVSKDWH� 7KLV LV WKHQ FRQYHUWHG WR JDQF\FORYLU WULSKRV�

SKDWH E\ FHOOXODU NLQDVHV� 7KH UHVXOWLQJ WULSKRVSKDWH DFWV DV
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*HQH DQG ,PPXQH�EDVHG 7KHUDSLHV IRU *HQLWRXULQDU\

0DOLJQDQFLHV� &XUUHQW 6WDWXV DQG )XWXUH 3URVSHFWV

$PQRQ =LVPDQ 0'� $OODQ -� 3DQWXFN 0' DQG $ULH %HOOGHJUXQ 0' )$&6

'LYLVLRQ RI 8URORJLF 2QFRORJ\� 'HSDUWPHQW RI 8URORJ\� 8QLYHUVLW\ RI &DOLIRUQLD� /RV $QJHOHV 6FKRRO RI 0HGLFLQH�

/RV $QJHOHV� &$� 86$�

.H\ ZRUGV� SURVWDWH FDQFHU� UHQDO FHOO FDUFLQRPD� WUDQVLWLRQDO FHOO FDUFLQRPD� LPPXQRWKHUDS\� JHQH WKHUDS\� VXLFLGH

JHQH� WXPRU VXSSUHVVRU JHQHV� DQWLVHQVH P51$� LPPXQRPRGXODWLRQ

,0$- ���������²��
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D IDOVH EDVH LQKLELWLQJ '1$ SRO\PHUDVH DQG '1$ V\QWKHVLV�

XOWLPDWHO\ OHDGLQJ WR FHOO GHDWK� 7KH E\VWDQGHU HIIHFW VHHQ

ZLWK WKLV PHWKRG LV QRW FOHDUO\ XQGHUVWRRG� 3URSRVHG

H[SODQDWLRQV IRU WKLV HIIHFW LQFOXGH WKH GLVWULEXWLRQ RI

JDQF\FORYLU WULSKRVSKDWH YLD JDS MXQFWLRQV LQWR QHLJKERULQJ

FHOOV� D ORFDO LQIODPPDWRU\ UHVSRQVH GXH WR GLUHFW LQMHFWLRQ

LQWR SURVWDWLF WLVVXH� RU D V\VWHPLF LPPXQH UHVSRQVH� 7KH

E\VWDQGHU HIIHFW DQG UHTXLUHPHQW IRU RQO\ WUDQVLHQW DQG

PRGHVW WUDQV�JHQH H[SUHVVLRQ KDV PDGH VXLFLGH JHQH

WKHUDS\ YHU\ DSSHDOLQJ DQG KDV FRQWULEXWHG WR LWV HDUO\

DSSURYDO IRU KXPDQ WULDOV� 2WKHU SUR�GUXJ V\VWHPV LQFOXGH

WKH F\WRVLQH GHDPLQDVH JHQH DQG WKH (VFKHULFKHD FROL

[DQWKLQH�JXDQLQH SKRVSKRULERV\OWUDQVIHUDVH� &\WRVLQH GH�

DPLQDVH LV D EDFWHULDO JHQH WKDW FRQYHUWV ��IOXRURF\WRVLQH

LQWR WKH DQWL�PHWDEROLWH ��IOXRURXUDFLO� ZKLFK FDXVHV FHOO

GHDWK E\ LQKLELWLQJ WKH KRVW FHOO '1$ V\QWKHVLV� (� FROL

[DQWKLQH�JXDQLQH SKRVSKRULERV\OWUDQVIHUDVH SKRVSKRU\ODWHV

��WKLR[DQWKLQH WR LWV F\WRWR[LF PRQRSKRVSKDWH�

&&RRUUUUHHFFWWLLYYHH **HHQQHH 77KKHHUUDDSS\\
0DQ\ GLIIHUHQW JHQHWLF DOWHUDWLRQV KDYH EHHQ UHFRJQL]HG LQ

XURORJLF WXPRUV� 0RVW RI WKHP DUH GLVWLQJXLVKHG E\ HLWKHU

WKH RYHUH[SUHVVLRQ RI DQ RQFRJHQH RU WKH LQDFWLYDWLRQ RI D

WXPRU�VXSSUHVVRU JHQH VXFK DV WKH S�� JHQH� ,Q GLVHDVHV

OLNH F\VWLF ILEURVLV ZKHUH WKH GLVRUGHU LV FDXVHG E\ D VLQJOH

JHQH GHIHFW� JHQH UHSODFHPHQW LV SDUWLFXODUO\ DWWUDFWLYH�

8QIRUWXQDWHO\� WKHVH DSSURDFKHV KDYH QRW SURYHQ VXFFHVVIXO

LQ FDQFHU SDWLHQWV� 7KLV PD\ EH GXH WR WKH IDFW WKDW WKHUH LV

QR VLQJOH RQFRJHQH RU WXPRU�VXSSUHVVRU JHQH GHIHFW WKDW

FDQ EH GHILQLWHO\ LPSOLFDWHG LQ WKH IRUPDWLRQ RI DOO WXPRUV�
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%DVLF SULQFLSOH 3ULQFLSDO LQYHVWLJDWRUV 6WXG\ FHQWHU
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

$QWL�(*) $E %HOOGHJUXQ 8&/$

/LSRVRPDO ,/�� %HOOGHJUXQ 8&/$

$GHQRYLUXV 3�� %HOOGHJUXQ 8&/$

,QWUDGHUPDO YDFFLQLD²36$ &KHQ 1DYDO 0HGLFDO $FDGHP\

$XWRORJRXV WXPRU FHOO YDFFLQH � ,)1�*0�&6) �SKDVH ,,� 'LOOPDQ 0XOWLFHQWHU

,QWUDPXVFXODU 9DFFLQLD YLUXV²08&��,/� )LJOLQ 8&/$

$GHQRYLUXV JDQF\FORYLU�7. +DOO 0RXQW 6LQDL +RVSLWDO

36$ YDFFLQH²9DFFLQLD YLUXV �SKDVH ,� +DPLOWRQ 102%

$GHQRYLUXV JDQF\FORYLU�7. .DGPRQ %D\ORU &ROOHJH RI 0HGLFLQH

,QWUDGHUPDO YDFFLQLD²36$ .XIH 'DQD )DUEHU &DQFHU ,QVW�

$GHQRYLUXV 3�� /RJRWKHWLV 0' $QGHUVRQ

36$ YDFFLQH²9DFFLQLD YLUXV �SKDVH ,�,,� 6DQGD 8QLYHUVLW\ RI 0LFKLJDQ

$GHQRYLUXV JDQF\FORYLU�7. 6FDUGLQR %D\ORU &ROOHJH RI 0HGLFLQH

*0²&6) LPPXQRWKHUDS\ 6LPRQV -RKQ +RSNLQV

$XWRORJRXV WXPRU FHOO YDFFLQH � ,)1�,/� 6ORYLQ 06.&&

$XWRORJRXV WXPRU FHOO YDFFLQH� *0�&6) �SKDVH ,�,,� 6PDOO 8&6)

36$ YDFFLQH²/LSLG HQYHORSH �SKDVH ,,� 6SLWOHU �&KDLU� 3K� 0XOWLFHQWHU

5HWURYLUXV DQWLVHQVH F�P\F 6WHLQHU 9DQGHUELOGW
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
$GRSWHG ZLWK FKDQJHV IURP KWWS��FDQFHUQHW�QFL�QLK�JRY� DQG IURP 5RGULJH] 5� HW DO� 8URORJLF DSSOLFDWLRQV RI JHQH WKHUDS\�
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06.&&  0HPRULDO 6ORDQ�.HWWHULQJ &DQFHU &HQWHU�

7DEOH �� &OLQLFDO WULDOV IRU UHQDO FHOO FDQFHU XVLQJ PROHFXODU�EDVHG DSSURDFKHV
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%DVLF SULQFLSOH 3ULQFLSDO LQYHVWLJDWRUV 6WXG\ FHQWHU
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

+/$�%� DQG ,/�� $QWRQLD 8QLYHUVLW\ RI 6RXWK )ORULGD

,QWUD�WXPRUDO LQMHFWLRQ RI /(89(&7,1 �SKDVH ,,� %HOOGHJUXQ 8&/$

/LSRVRPH +/$�%��β� PLFURJOREXOLQ &KDQJ 0XOWLFHQWHU

$XWRORJRXV WXPRU FHOO YDFFLQH�,)1�*0�&6) �SKDVH ,,� 'LOOPDQ 0XOWLFHQWHU

7,/�,1)�,/� (FRQRPRX 8&/$

/LSRVRPH ,/�� )LJOLQ 8&/$

7KH +/$�%� DQG ,/�� JHQH )LJOLQ 8&/$

+/$�%��EHWD�� PLFURJOREXOLQ )R[ &KLOHV 5HVHDUFK ,QVWLWXWH

,/�� �DOORJHQHLF� *DQVEDFKHU 06.&&

0XOWL�DQWLJHQ ORDGHG GHQGULWLF FHOO YDFFLQH �DGRSWLYH

LPPXQRWKHUDS\ ³ SKDVH ,� *LWOLW] 8&/$

,/�� /RW]H 8QLYHUVLW\ RI 3LWWVEXUJK

71)9� 5RVHQEHUJ 1,+

,/�� 5RVHQEHUJ 1,+

*0�&6) 6LPRQV -RKQV +RSNLQV
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
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7KXV� WKH VLPXOWDQHRXV WDUJHWLQJ RI PXOWLSOH JHQH GHIHFWV

ZLOO SUREDEO\ EH D PRUH DSSHDOLQJ VWUDWHJ\ LQ WKH IXWXUH�

,,PPPPXXQQRRWWKKHHUUDDSS\\
,W KDV EHHQ K\SRWKHVL]HG WKDW WXPRU FHOOV HVFDSH VXUYHLO�

ODQFH DQG GHVWUXFWLRQ E\ WKH LPPXQH V\VWHP WKURXJK GRZQ�

UHJXODWLRQ RI FHOO VXUIDFH DQWLJHQV� VXFK DV WKH PDMRU

KLVWRFRPSDWLELOLW\ FRPSOH[ >�@� 7XPRU YDFFLQH DSSURDFKHV

LQYROYH WKH XVH RI F\WRNLQH JHQHV �LQWHUOHXNLQ��� ,/��� WXPRU

QHFURVLV IDFWRU�� LQWHUIHURQ JDPPD� JUDQXORF\WH�PDFURSKDJH

FRORQ\�VWLPXODWLQJ IDFWRU� ,/��� ,/���� WUDQVIHFWHG LQWR WXPRU

FHOOV LQ YLWUR >�@� &\WRNLQHV RULJLQDWLQJ LQ WKH WUDQVIHFWHG

FHOOV LQGXFH H[SUHVVLRQ RI FHOO VXUIDFH SURWHLQV VXFK DV +/$

FODVV , DQG ,, WKDW WKHQ DXJPHQW WKHLU LPPXQRJHQLFLW\� &HOOV

DUH WKHUHDIWHU LUUDGLDWHG WR HOLPLQDWH SUROLIHUDWLYH FDSDELOLW\

DQG DUH DGPLQLVWHUHG EDFN WR WKH SDWLHQW DV D YDFFLQH LQ DQ

DWWHPSW WR JHQHUDWH DQ LPPXQH UHVSRQVH DJDLQVW WKH

UHPDLQLQJ WXPRU EXUGHQ� (IILFDF\ RI WKLV DSSURDFK GHSHQGV

RQ DFKLHYLQJ D KLJK OHYHO RI F\WRNLQH H[SUHVVLRQ LQ WKH WXPRU

WLVVXH DQG RQ WKH DYDLODELOLW\ RI WXPRU WLVVXH IRU WKH SURFHVV�

6HFRQG�JHQHUDWLRQ WXPRU YDFFLQHV XWLOL]H UHWURYLUXVHV�

OLSLG�SDFNDJHG VHJPHQWV RU QDNHG '1$�HQFRGLQJ F\WRNLQH

JHQHV� 7KHVH FRQVWUXFWV DUH LQMHFWHG LQWR WKH WXPRU�

7UDQVIHFWLRQ WDNHV SODFH LQ YLYR DQG D FKURQLF F\WRNLQH

SURGXFWLRQ UHVXOWV >�@�

00RROOHHFFXXOODDUU��EEDDVVHHGG $$SSSSUURRDDFFKKHHVV WWRR
88UURROORRJJLLFF 00DDOOLLJJQQDDQQFF\\
%ULQJLQJ SURVWDWH FDQFHU LQWR WKH IUDPHZRUN RI

PROHFXODU�EDVHG WKHUDS\

7KH VWUDWHJLHV IRU GLIIHUHQW JHQH DQG LPPXQH WKHUDSLHV LQ

SURVWDWH FDQFHU DUH LOOXVWUDWHG LQ )LJXUH �� 7KH H[SHFWDWLRQ

RI D EUHDNWKURXJK LQ JHQH WKHUDS\ IRU SURVWDWH FDQFHU LV

EDVHG RQ WKH IDFW WKDW FHOOV LQ WKH SURVWDWH JODQG H[SUHVV

WLVVXH�VSHFLILF PROHFXOHV �SURVWDWH�VSHFLILF DQWLJHQ DQG

SURVWDWH�VSHFLILF PHPEUDQH DQWLJHQ�� :LWK WKH GLVFRYHU\

DQG VHTXHQFLQJ RI DGGLWLRQDO JHQHV HQFRGLQJ VSHFLILF

SURVWDWH DQWLJHQV ³ VXFK DV WKH 36$ HQKDQFHU SURPRWHU

>�@� VSHFLILF RQFRJHQV� FHOO VXUIDFH UHFHSWRUV DQG WXPRU

VXSSUHVVRU JHQHV >�@ VXFK DV S��� 5E� S�O� 30/� %5&$�� F�

P\F� %FO�� DQG WUDQVIRUPLQJ JURZWK IDFWRU�β >�@ ³ WKH

SRWHQWLDO IRU SURVWDWH�VSHFLILF WDUJHWLQJ DW WKH JHQHWLF OHYHO

EHFRPHV DSSDUHQW DV WKH QXPEHU RI SRVVLEOH JHQHWLF WDUJHWV

LQFUHDVH� 3KDVH , VWXGLHV XVLQJ 36$ SURPRWHU�GULYHQ JHQHV

DUH QRZ XQGHUZD\� 7KH H[SUHVVLRQ RI WKHVH JHQHV KDV EHHQ

VKRZQ WR EH ERWK DQGURJHQ�UHVSRQVLYH DQG �VSHFLILF IRU

SURVWDWH WLVVXH >�@� 7KHVH VWXGLHV KDYH FRPELQHG WKH 36$

JHQH HQKDQFHU RU SURPRWHU ZLWK VXLFLGH JHQHV OLNH WKH +69�

WN JHQH RU F\WRVLQH GHDPLQDVH JHQH� RU WXPRU VXSSUHVVRU

JHQHV� 6WXGLHV XWLOL]LQJ LQWUDWXPRUDO LQMHFWLRQ RI DGHQRYLUXV

YHFWRU FDUU\LQJ WKH VXLFLGH JHQH +69�WN DORQH KDYH DOUHDG\

EHHQ FRQGXFWHG DQG KDYH VKRZQ LW WR

EH HIIHFWLYH LQ WKH 'XQQLQJ SURVWDWH

FDQFHU UDW WXPRU PRGHO DQG QRQWR[LF

IRU ERWK FDQFHU SDWLHQWV DQG FDUH�

JLYHUV�

&\WRUHGXFWLYH WKHUDS\� *HQH UH�

SODFHPHQW DQG DQWLVHQVH VWUDWHJLHV

UHTXLUH KLJKO\ HIILFLHQW WUDQVIHFWLRQ RI

SURVWDWH FDQFHU FHOOV LQ RUGHU WR EH

HIIHFWLYH� 7KXV� VXLFLGH JHQH DS�

SURDFKHV WKDW GR QRW UHTXLUH DV KLJK

OHYHOV RI WUDQVIHFWLRQ VHHP DSSHDOLQJ�

$GYDQFHV LQ SURVWDWH�VSHFLILF VXLFLGH

JHQHV KDYH EHHQ FRQVLGHUDEO\ SUR�

PRWHG E\ WKH LGHQWLILFDWLRQ DQG FORQ�

LQJ RI WKH 36$ SURPRWHU DQG

HQKDQFHU� %\ XVLQJ WKHVH VHTXHQFHV

5HYLHZV
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7DEOH �� 3RWHQWLDO PHFKDQLVPV E\ ZKLFK PROHFXODU�EDVHG

DSSURDFKHV PD\ DWWDLQ FDQFHU FRQWURO
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

&\WRUHGXFWLYH WKHUDSLHV
• 6XLFLGH JHQH �H�J�� WKLPLGLQH NLQDVH JHQH WKHUDS\ IROORZHG E\
JDQF\FORYLU DGPLQLVWUDWLRQ��

• 'UXJ DFWLYDWLRQ RI VXLFLGH JHQHV�
• 2QFRO\WLF YLUXVHV �H�J�� DGHQRYLUXV WKDW UHSOLFDWHV LQ S���GHILFLHQW
FHOOV��

• 7R[LF JHQH WKHUDS\ �H�J�� GLSKWKHULD WR[LQ WKDW LQGXFHV QHFURVLV DQG
DSRSWRVLV�

&RUUHFWLYH JHQH WKHUDS\
• &RUUHFWLRQ RI GHIHFWLYH WXPRU VXSSUHVVRU JHQHV E\ LQVHUWLRQ RI ZLOG
W\SH JHQHV �H�J�� S��� S��� S����

• *URZWK IDFWRU PRGXODWLRQ XVLQJ DQWLVHQVH P51$ WHFKQLTXHV �H�J��
DQWLVHQVH EFO�� DQG DQWLVHQVH 7*)���

,PPXQRWKHUDS\�FDQFHU �JHQHWLF� YDFFLQH HOLFLWLQJ LPPXQH UHVSRQVH
• 7UDQVIHFWLRQ RI WXPRU FHOOV ZLWK F\WRNLQHV RU JURZWK IDFWRU JHQHV�
6HFUHWLRQ RI WKH JHQH SURGXFW �,/��� *0�&6) �*�9$;�� ,/���� IRU
LPPXQH DFWLYDWLRQ DQG HIIHFW RQ SULPDU\ RU V\VWHPLF LPPXQLW\� /RZHU
WR[LFLW\ WKDQ ZLWK GLUHFW LQMHFWLRQ RI F\WRNLQHV�

• $GRSWLYH LPPXQRWKHUDS\� H[SRVH F\WRWR[LF O\PSKRF\WHV RU GHQGULWLF
FHOOV WR FDQFHU�VSHFLILF DQWLJHQV DQG LQVWLJDWH DQ LPPXQH UHVSRQVH E\
UHWXUQLQJ FHOOV WR SDWLHQW �H�J�� 360$��

,PPXQRPRGXODWLRQ E\ DGPLQLVWHULQJ F\WRNLQHV GLUHFWO\ �H�J�� ,/���
*0�&6) DQG FR�VWLPXODWLRQ ZLWK %����
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

)LJXUH �� 7KH VWUDWHJLHV IRU GLIIHUHQW JHQH DQG LPPXQH�EDVHG WKHUDSLHV LQ SURVWDWH FDQFHU�

3%/  SHULSKHUDO EORRG O\PSKRF\WHV� 9(*)  YDVFXODU HQGRWKHOLDO JURZWK IDFWRU� )*)  

ILEUREODVW JURZWK IDFWRU
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36$  SURVWDWH�VSHFLILF DQWLJHQ



WR GULYH VXLFLGH JHQH H[SUHVVLRQ� IDLUO\ KLJK OHYHOV RI

SURVWDWH WLVVXH VSHFLILFLW\ FDQ EH DFKLHYHG ZKLOH LQFXUULQJ

PLQLPDO ULVN WR QRQ�SURVWDWLF WLVVXHV�

'LUHFW LQWUDWXPRUDO LQMHFWLRQV RI VXLFLGH JHQHV ZLWKRXW

WKH DLG RI WKH 36$ SURPRWHU KDYH DOVR EHHQ WHVWHG DQG ZHUH

IRXQG WR EH WDUJHW�VSHFLILF DQG HIIHFWLYH� ,QWUDWXPRUDO

LQMHFWLRQ RI WKH +69�WN VXLFLGH JHQH LQ D 'XQQLQJ UDW

SURVWDWH FDQFHU PRGHO KDV VKRZQ D JURZWK LQKLELWLRQ RI

VXEFXWDQHRXVO\ LPSODQWHG WXPRUV ZLWK OLWWOH V\VWHPLF

WR[LFLW\ ZKHQ FRPSDUHG WR FRQWURO DQLPDOV >�@� 7KH LQWUD�

WXPRUDO LQMHFWLRQ URXWH LV XVHG WR PLQLPL]H V\VWHPLF HIIHFWV�

EXW LQYHVWLJDWRUV KDYH UHFHQWO\ GHPRQVWUDWHG WKDW WKH

LQWUDWXPRUDO LQMHFWLRQ RI WKH +69�WN JHQH DOVR LQGXFHV

V\VWHPLF DQWL�WXPRU HIIHFWV� )RU H[DPSOH� RQH VWXG\ VKRZHG

JURZWK LQKLELWLRQ RI SXOPRQDU\ PHWDVWDVLV LQ D PRXVH PRGHO

RI SURVWDWH FDQFHU >�@� 0RUHRYHU� ZKHQ DWWHQXDWHG UHSOL�

FDWLRQ�GHILFLHQW DGHQRYLUXV FDUU\LQJ WKH +69�WN JHQH ZDV

LQMHFWHG LQWR WKH WXPRU LQ �� SDWLHQWV� ORZHU GRVH OHYHOV

\LHOGHG QR WR[LFLW\ RU FOLQLFDO UHVSRQVHV ZKLOH KLJKHU GRVHV

VKRZHG ��²��� UHVSRQVH UDWHV�

7KH FRQFHSW RI VXLFLGH JHQHV KDV OHG WR QHZ SRVVLELOLWLHV

XWLOL]LQJ SUHYLRXVO\ WHVWHG UHJXODWRU\ JHQHV IRU SURVWDWH

FDQFHU WR LQFUHDVH WKH HIIHFW RI WXPRU FHOO GHDWK� *HQH

FRPSOH[HV WKDW XWLOL]H SURPRWHU VHTXHQFHV UHTXLULQJ

PXWDWHG S�� IRU DFWLYLW\ DUH EHLQJ FUHDWHG� 7KH VXLFLGH

JHQH LV SODFHG XQGHU WKH FRQWURO RI D SURPRWHU� :KHQ WKH

DEQRUPDO S�� ELQGV WR LW WKH VXLFLGH JHQH LV H[SUHVVHG�

OHDGLQJ WR WXPRU FHOO GHDWK >�@�

$QRWKHU VXLFLGH JHQH V\VWHP XWLOL]HV WKH KXPDQ LQGXFLEOH

KHDW VKRFN SURWHLQ �� SURPRWHU VHTXHQFH DV D UHJXODWRU\

FRPSRQHQW� 7KXV� VXLFLGH JHQH H[SUHVVLRQ LV LQGXFHG E\ D

WHPSHUDWXUH HOHYDWLRQ� $ UHFHQW VWXG\ XVLQJ ERWK F\WRVLQH

GHDPLQDVH DQG +69�WN VXLFLGH JHQHV XQGHU WKH FRQWURO RI

WKLV V\VWHP HPSOR\HG D SUR�GUXJ� $IWHU DSSURSULDWH KHDW

LQGXFWLRQ DQG SUR�GUXJ DGPLQLVWUDWLRQ� WDUJHWHG 3&��

SURVWDWH FDQFHU FHOO OLQH JURZWK ZDV LQKLELWHG VLJQLILFDQWO\�

$GGLWLRQDO VXLFLGH JHQH FDQGLGDWHV IRU SURVWDWH FDQFHU

WKHUDS\ KDYH UHFHQWO\ EHHQ LGHQWLILHG DQG FKDUDFWHUL]HG�

7KHVH LQFOXGH GLSKWKHULD WR[LQ� ZKLFK KDV VLJQLILFDQW S���

LQGHSHQGHQW F\WRWR[LF HIIHFWV RQ WKH /Q&D3 FHOO OLQH� DQG

FHUXOHQLQ� D IDWW\ DFLG V\QWKHVLV LQKLELWRU WKDW KDV GHPRQ�

VWUDWHG DSRSWRWLF HIIHFWV RQ WKH 768�3UO FHOO OLQH� 7KLV JHQH

V\VWHP KROGV SURPLVH IRU IXWXUH WKHUDSLHV�

&RUUHFWLYH JHQH WKHUDS\� $OWHUQDWLYHO\� FRUUHFWLRQ RI

DEHUUDQW JHQH H[SUHVVLRQ� VXFK DV WKURXJK WKH UHSODFHPHQW

RI PDOIXQFWLRQLQJ WXPRU VXSSUHVVRU JHQHV� LV DQRWKHU URXWH

IRU JHQH WKHUDS\ LQ SURVWDWH FDQFHU�

• S��� $EQRUPDO H[SUHVVLRQ RI WKH S�� KDV EHHQ

LPSOLFDWHG LQ D YDULHW\ RI WXPRU V\VWHPV� 7KH S��

SURWHLQ PDQLIHVWV FRQWURO RQ FHOOXODU SUROLIHUDWLRQ E\

EORFNLQJ WKH ELQGLQJ RI '1$ SRO\PHUDVH WR WKH '1$

VWUDQG >��@ LI VXIILFLHQW GDPDJH KDV EHHQ LQFXUUHG� 7KLV

UHVXOWV LQ WKH DUUHVW RI FHOO SUROLIHUDWLRQ DW WKH *�

FKHFNSRLQW RI WKH FHOO F\FOH� ,I WKH S�� JHQH SURGXFW LV

DEVHQW� FHOO SUROLIHUDWLRQ ZLOO FRQWLQXH LQ WKH IDFH RI

VHYHUH '1$ GDPDJH� UHVXOWLQJ LQ LQFUHDVHG JHQHWLF

LQVWDELOLW\ DQG SRVVLEOH WXPRULJHQLF HIIHFWV� $SSUR[L�

PDWHO\ ��� RI SURVWDWH FDQFHU FHOO OLQHV KDYH PXWDWLRQV

LQ WKH S�� JHQH >��@� $EQRUPDO S�� H[SUHVVLRQ KDV EHHQ

IRXQG LQ PRUH DJJUHVVLYH WXPRUV� DQG DSSHDUV WR EH DQ

LQGHSHQGHQW SUHGLFWRU RI FDQFHU UHFXUUHQFH DIWHU UDGLFDO

SURVWDWHFWRP\� 7KH WUDQVIHFWLRQ RI QRUPDO ZLOG W\SH S��

JHQH LQWR S���GHILFLHQW SURVWDWH FDQFHU FHOO OLQH UHVXOWHG

LQ GHFUHDVHG WXPRULJHQLFLW\ DQG GHFUHDVHG SUROLIHUDWLRQ

DIWHU EHLQJ LQMHFWHG EDFN LQWR QXGH PLFH� 8QIRUWXQDWHO\�

��� RI VSRUDGLF SURVWDWH FDQFHUV GR QRW KDYH DQ

LGHQWLILDEOH GHIHFW LQ WKH S�� SURWHLQ� EXW PDQ\ RWKHU

RQFRJHQHV DQG WXPRU VXSSUHVVRU JHQHV KDYH EHHQ

LGHQWLILHG DV SRWHQWLDO WDUJHWV IRU JHQH WKHUDS\� LQFOXGLQJ

F�UDV� +�UDV� F�P\F� 7*)�β DQG EFO�� >��@�

• S��� 7KLV JHQH LV WKRXJKW WR SOD\ D VLPLODU UROH DV S�� E\

LQKLELWLQJ '1$ UHSOLFDWLRQ ZKHQ VHYHUHO\ GDPDJHG� 7KH

S�O JHQH HQFRGHV IRU D SURWHLQ WKDW IXQFWLRQV DV DQ

LQGXFHU RI D F\FOLQ�GHSHQGHQW NLQDVH LQKLELWRU� ZKLFK PD\

DOVR SOD\ D UROH LQ '1$ UHSOLFDWLRQ DQG UHSDLU >��@� 7KXV�

ODFN RI WKH ZLOG W\SH S�O SURWHLQ UHVXOWV LQ SHUSHWXDWLRQ RI

WKH FHOO F\FOH LQ WKH SUHVHQFH RI '1$ GDPDJH� 5HFHQW

VWXGLHV FRPSDULQJ WKH WUDQVIHFWLRQ HIIHFWV RI S���

GHILFLHQW SURVWDWH FDQFHU FHOO OLQHV ZLWK ZLOG W\SH

DGHQRYLUXV�PHGLDWHG S�� DQG S�O JHQHV� ERWK LQ YLWUR

DQG LQ YLYR� KDYH VKRZQ JUHDWHU JURZWK VXSSUHVVLRQ ZLWK

S�O WKDQ S�� JHQH UHSODFHPHQW� 7KLV KDV OHG WR WKH

DVVXPSWLRQ WKDW FHUWDLQ VXEVHWV RI S���GHILFLHQW SURVWDWH

WXPRUV PD\ EH PRUH UHVSRQVLYH WR S�O�GLUHFWHG JHQH

UHSODFHPHQW WKHUDS\ WKDQ FRQYHQWLRQDO WKHUDS\ ZLWK S���

• 30/ JHQH �SURJUHVVLYH PXOWLIRFDO OHXNRHQFHSKDO�

RSDWK\�� $EHUUDQW H[SUHVVLRQ RI WKLV JHQH KDV EHHQ

REVHUYHG LQ YDULRXV KXPDQ FDQFHUV� LQFOXGLQJ OHXNHPLD�

EUHDVW FDQFHU DQG SURVWDWH FDQFHU� 7KLV JHQH HQFRGHV D

SURWHLQ WKDW LV LQYROYHG LQ WKH VXSSUHVVLRQ RI JURZWK DQG

WUDQVIRUPDWLRQ RI FHOOV� 'LUHFW LQWUDWXPRUDO LQMHFWLRQ RI

WKLV YHFWRU LQWR QXGH PLFH GHFUHDVHG WXPRU JURZWK E\

PRUH WKDQ ���� 7KHVH UHVXOWV VXJJHVW D SURPLVLQJ UROH

IRU WKH 30/ JHQH LQ IXWXUH SURVWDWH FDQFHU JHQH WKHUDS\�

• %5&$�� 7KH EUHDVW FDQFHU VXVFHSWLELOLW\ JHQH

�%5&$��� D WXPRU VXSSUHVVRU JHQH� KDV EHHQ LPSOLFDWHG

LQ KHUHGLWDU\ SURVWDWH FDQFHU� 7KH %5&$� JHQH LV

LQYROYHG LQ WUDQVFULSWLRQDO UHJXODWLRQ� EXW LWV H[DFW UROH

LV VWLOO SRRUO\ XQGHUVWRRG� ,Q YLWUR H[SHULPHQWV XVLQJ ZLOG

W\SH DQG PXWDQW %5&$� WUDQVIHFWLRQ LQWR D ORZ %5&$��

H[SUHVVLQJ SURVWDWH FDQFHU FHOO OLQH �'8���� KDYH

GHPRQVWUDWHG LQFUHDVHG WXPRU GRXEOLQJ WLPH� LQFUHDVHG

VXVFHSWLELOLW\ WR GUXJ�LQGXFHG DSRSWRVLV� UHGXFHG FDSD�

ELOLW\ WR UHSDLU VLQJOH VWUDQG '1$ EUHDNV� DQG DOWHUDWLRQ

LQ UHJXODWRU\ JHQHV VXFK DV S�O DQG %FO��� 3KDVH , FOLQLFDO

WULDOV XVLQJ ZLOG W\SH %5&$� LQFRUSRUDWHG LQWR UHWUR�

YLUXV YHFWRUV KDYH VKRZQ HQFRXUDJLQJ UHVXOWV� DQG

IXUWKHU VWXGLHV DUH FXUUHQWO\ XQGHUZD\�

5HYLHZV
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7*)�β  WUDQVIRUPLQJ JURZWK IDFWRU�EHWD



2WKHU SURVSHFWLYH WXPRU VXSSUHVVRU JHQHV WKDW DUH

FXUUHQWO\ EHLQJ LQYHVWLJDWHG IRU SRVVLEOH UROHV LQ SURVWDWH

FDQFHU DQG IXWXUH JHQH WKHUDS\ LQFOXGH WKH UHWLQREODVWRPD

JHQH� &'.1�� 67($3� .$,�� *673� DQG YDULRXV FHOOXODU

DGKHVLRQ PROHFXOH JHQHV� 7KHVH JHQHV KDYH DOO EHHQ

LPSOLFDWHG DV KDYLQJ UROHV LQ GLIIHUHQW SURVWDWH FDQFHU FHOO

OLQHV�

• $QWLVHQVH JHQH WKHUDS\ LV DQ DUP RI FRUUHFWLYH JHQH

WKHUDS\ >7DEOH �@� $QWLVHQVH PROHFXOHV XVH FRPSOLPHQ�

WDU\ P51$ VHJPHQWV DQG ROLJRQXFOHRWLGHV WKDW ELQG WR

DQG LQDFWLYDWH WDUJHW JHQHV E\ LQKLELWLQJ WUDQVFULSWLRQ RU

WUDQVODWLRQ� 7KLV VWUDWHJ\ KDV EHHQ SURSRVHG DV D PHWKRG

WR GLVDUP WKH FDQFHU FHOO E\ FRXQWHUDFWLQJ WKH RYHU�

H[SUHVVLRQ RI D SDUWLFXODU RQFRJHQH� 7KH DQWLVHQVH

PROHFXOH FDQ EH GHOLYHUHG GLUHFWO\� RU LQVLGH D YHFWRU

DV SDUW RI D JHQH FRQVROLGDWH� ZKLFK ZLOO WKHQ WUDQVFULEH

DQWLVHQVH PROHFXOHV LQ WKH SUHVHQFH RI D SURPRWHU�

• F�P\F LV DQ RQFRJHQH ZKRVH PHFKDQLVP RI HQKDQFHG

H[SUHVVLRQ KDV \HW WR EH H[SODLQHG� ,WV H[SUHVVLRQ KDV

EHHQ IRXQG LQ YDULRXV SURVWDWH FDQFHU FHOO OLQHV >��@�

7UDQVGXFWLRQ RI WKH /Q&D3� 3&� DQG '8��� SURVWDWH

FDQFHU FHOO OLQHV ZLWK DQWLVHQVH F�P\F P51$ UHYHDOHG

GRVH�GHSHQGHQW UHGXFWLRQ LQ '1$ V\QWKHVLV DQG FHOO

YLDELOLW\ >��@� 1XGH PLFH ZLWK HVWDEOLVKHG '8���

[HQRJUDIWV VKRZHG D VLJQLILFDQW GHFUHDVH LQ WXPRU VL]H

DQG KLVWRORJLFDO DJJUHVVLYHQHVV DIWHU LQWUDWXPRUDO LQ�

MHFWLRQ RI DQWLVHQVH F�P\F P51$� 7KLV KDV OHG WR 3KDVH ,

FOLQLFDO WULDOV FXUUHQWO\ LQ SURJUHVV�

)XUWKHU SURSRVHG WDUJHWV IRU DQWLVHQVH WKHUDS\ LQFOXGH WKH

%FO�� DQG 7*)�β JHQHV� ERWK RI ZKLFK DUH RYHUH[SUHVVHG LQ

FHUWDLQ DJJUHVVLYH SURVWDWH FDQFHUV�

• %FO��� 7KH %FO�� SURWHLQ LQKLELWV FHOO DSRSWRVLV DQG KDV

EHHQ LPSOLFDWHG LQ WKH GHYHORSPHQW RI DQGURJHQ�

UHVLVWDQW SURVWDWH FDQFHU FHOOV� ,W LV EHOLHYHG WKDW %FO���

E\ EORFNLQJ DSRSWRVLV� LV UHVSRQVLEOH IRU WKH SRRU

UHVSRQVH WR DQWL�QHRSODVWLF GUXJV DQG UDGLDWLRQ WKHUDS\

VHHQ LQ WXPRUV� ,Q YLWUR VWXGLHV XVLQJ ULER]\PHV WR

FOHDYH WKH %FO�� 51$ KDYH GHPRQVWUDWHG HIILFDF\� DQG

WKXV PD\ EH DSSOLFDEOH IRU JHQH WKHUDS\�

• 7*)�β� +LJK OHYHOV RI 7*)�β HQDEOH SURVWDWH FDQFHU

FHOOV WR DGKHUH WR ERQH PDUURZ VWURPD DQG� IXUWKHUPRUH�

WR VXSSUHVV ORFDO LPPXQH V\VWHP UHVSRQVHV DJDLQVW WKHLU

WXPRUDO DQWLJHQV >��@� 5HFHQW H[SHULPHQWV KDYH DOVR

GHPRQVWUDWHG WKH UHVWRUDWLRQ RI 7*)�β JURZWK LQKLELWLRQ

IXQFWLRQ RQ SURVWDWH FDQFHU FHOO OLQHV YLD WKH RYHU�

H[SUHVVLRQ RI 7*)�β� W\SH ,, UHFHSWRUV� &XUUHQW H[SHUL�

PHQWV KDYH DOVR VKRZQ WKDW 7*)�β KDV D SUROLIHUDWLYH

HIIHFW RQ WKH KLJKO\ DJJUHVVLYH SURVWDWH FDQFHU FHOO OLQH�

768�3U� >��@� &OHDUO\ WKH UROH RI 7*)�β LQ SURVWDWH

FDQFHU LV D FRPSOH[ RQH� :RUN LV FXUUHQWO\ XQGHUZD\ WR

IXUWKHU GHOLQHDWH WKH IXQFWLRQ RI WKLV LQWHUHVWLQJ VXE�

VWDQFH LQ SURVWDWH FDQFHU�

1XPHURXV RWKHU JHQHV DUH DOVR EHLQJ VWXGLHG IRU WKHLU

DSRSWRWLF HIIHFW LQ WXPRU FHOOV LQ WKH KRSH RI LQGXFLQJ FHOO

GHDWK SDWKZD\V E\ PHDQV RI JHQH WKHUDS\� 3RVVLEOH WDUJHWV

EHLQJ VWXGLHG LQFOXGH %D[� %FO�;�6� %FO�;�/� (�)� '3�

F\WRNLQHV ,/��� WXPRU QHFURVLV IDFWRU�α DQG YLUDO SURWHLQV

(�$ DQG (�%�

,PPXQRWKHUDS\� 3URVWDWH FDQFHU PD\ HVFDSH LPPXQH

UHVSRQVH SDUWO\ GXH WR WKH ODFN RI 0+& FODVV , H[SUHVVLRQ�

UHVXOWLQJ LQ SRRU DQWLJHQ SUHVHQWDWLRQ� *HQH WKHUDSLHV KDYH

EHHQ FRQVWUXFWHG WR RYHUFRPH WKLV ODFN RI LPPXQRJHQLFLW\

DQG ORVV RI 0+&�, H[SUHVVLRQ E\ WUDQVIHFWLQJ F\WRNLQH

JHQHV GLUHFWO\ LQWR SURVWDWH FDQFHU FHOOV� %HFDXVH VRPH

VHJPHQWV RI WKH 36$ PROHFXOH DUH LPPXQRJHQLF DQG

VWLPXODWH 7 DQG % FHOO LPPXQH UHVSRQVHV >�����@� HIIRUWV

KDYH EHHQ PDGH WR WUDQVIHFW GHQGULWLF FHOOV ZLWK 360 RU

36$ JHQHV� 7KH WUDQVIHFWHG GHQGULWLF FHOOV ZLOO SUHVHQW WKH

SURVWDWH DQWLJHQV DV IRUHLJQ� WKXV VWLPXODWLQJ DQ LPPXQH

V\VWHP�PHGLDWHG� DQWL�WXPRU UHVSRQVH >��@� &OLQLFDO WULDOV

DUH QRZ XQGHUZD\ LQ ZKLFK SDWLHQWV DUH YDFFLQDWHG DJDLQVW

WKH 36$ SURWHLQ� ZLWK WKH KRSH WKDW D V\VWHPLF LPPXQH

UHVSRQVH DJDLQVW SURVWDWH FDQFHU ZLOO GHYHORS� /RFDO

SURGXFWLRQ RI F\WRNLQHV LQ WKH SURVWDWH FDQ JHQHUDWH DQ

LPPXQH UHVSRQVH� 7KH 'XQQLQJ UDW 5�����0DW/\/X FHOO

OLQH ZDV WUDQVIHFWHG ZLWK WKH ,/�� JHQH DQG WKHQ LQMHFWHG

EDFN WR D VLWH UHPRWH IURP WKH SULPDU\ WXPRU� 7KLV

SURFHGXUH FXUHG WKH UDWV DQG DOVR SURWHFWHG WKHP IURP

IXWXUH WXPRU FHOO FKDOOHQJHV >��@� 6LPLODU ZRUN GRQH ZLWK

WKH *0�&6) JHQH IRUPHG WKH EDVLV IRU FXUUHQW FOLQLFDO WULDOV

XVLQJ WKH *0�&6) JHQH LQ SURVWDWH FDQFHU >��@� 7KH ORQJ�

WHUP UROH WKDW WXPRU YDFFLQH WKHUDSLHV ZLOO SOD\ LQ WKH

WUHDWPHQW RI SURVWDWH FDQFHU LV \HW WR EH GHWHUPLQHG�

6XPPDU\

5HFHQW GHPRQVWUDWLRQV WKDW SURVWDWH WXPRUV DUH LPPXQR�

JHQLF� FRXSOHG ZLWK QHZ GHYHORSPHQWV LQ JHQH GHOLYHU\

WHFKQRORJ\� DQG EHWWHU XQGHUVWDQGLQJ RI SURVWDWH WLVVXH�

VSHFLILF UHJXODWLRQ RI JHQH H[SUHVVLRQ� KDYH HQKDQFHG WKH

SURVSHFWV RI JHQH WKHUDS\ DV D IHDVLEOH DSSURDFK WR WKH

WUHDWPHQW RI DGYDQFHG SURVWDWH FDQFHU� &XUUHQWO\� SKDVH ,

GRVH�HVFDODWLRQ DQG VDIHW\�HYDOXDWLRQ FOLQLFDO WULDOV DUH

XQGHUZD\� 7KHVH VWXGLHV LQYROYH WKH XVH RI 36$

SURPRWHU�GULYHQ VXLFLGH JHQHV� ,/�� JHQH WUDQVIHFWLRQ� 36$

DQG *0�&6) WXPRU YDFFLQHV� DQG S�� DQG DQWL F�P\F JHQH

UHSODFHPHQW DSSURDFKHV� 7KH ELRORJLFDO HIILFDF\ RI WKHVH

DSSURDFKHV VKRXOG EHFRPH FOHDU LQ WKH QH[W IHZ \HDUV� 6RPH

RI WKHVH FOLQLFDO WULDOV DUH OLVWHG LQ 7DEOH ��

)URP LQWUDYHVLFDO LQVWLOODWLRQ RI %DFLOOXV
FDOPHWWH�JXHULQ WR PROHFXODU�EDVHG WKHUDS\ IRU
SDWLHQWV ZLWK WUDQVLWLRQDO FHOO FDUFLQRPD

$OWKRXJK VXSHUILFLDO SDSLOODU\ WXPRUV DUH HDVLO\ UHVHFWHG E\

WUDQV�XUHWKUDO UHVHFWLRQ RI EODGGHU WXPRU� WKHUH LV D KLJK

UHFXUUHQFH UDWH DIWHU VXUJHU\� 5LVN IDFWRUV IRU UHFXUUHQFH

LQFOXGH WKH SUHVHQFH RI PXOWLSOH OHVLRQV� KLJK JUDGH WXPRUV�

DQG SUHYLRXV UHFXUUHQFHV� /LNHZLVH� WKH SUHVHQFH RI 7&& LQ

5HYLHZV
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0+&  PDMRU KLVWRFRPSDWLELOLW\ FRPSOH[

360  SURVWDWH�VSHFLILF PHPEUDQH

*0�&6)  JUDQXORF\WH PDFURSKDJH FRORQ\�VWLPXODWLQJ IDFWRU

7&&  WUDQVLWLRQDO FHOO FDUFLQRPD



VLWX IRUHFDVWV D ZRUVH RXWFRPH� 3UHYHQWLRQ RI LQYDVLRQ DQG

UHFXUUHQFH E\ VXSHUILFLDO WXPRUV DQG WKH DPHOLRUDWLRQ RI

7&& LQ VLWX DUH WKH JRDOV LQ WKH WUHDWPHQW RI EODGGHU FDQFHU�

WKHUHE\ UHGXFLQJ WKH PRUELGLW\ DQG PRUWDOLW\ DVVRFLDWHG

ZLWK DGYDQFHG GLVHDVH�

,QWUDYHVLFDO LQVWLOODWLRQ RI %DFLOOXV FDOPHWWH�JXHULQ P\FR�

EDFWHULD VWUDLQ LV RQH RI WKH HDUOLHVW DQG PRVW HIIHFWLYH

LPPXQRWKHUDSLHV NQRZQ� %&* SOD\V DQ LPSRUWDQW UROH LQ

WKH WUHDWPHQW RI QRQLQYDVLYH EODGGHU FDQFHU DQG LV

UHFRPPHQGHG IRU SURSK\OD[LV DJDLQVW WXPRU UHFXUUHQFH

DIWHU VXFFHVVIXO WUDQV�XUHWKUDO UHVHFWLRQ RI EODGGHU WXPRUV�

,WV PHFKDQLVP RI DFWLRQ LV FXUUHQWO\ XQNQRZQ� DOWKRXJK

,9&�%&* LV EHOLHYHG WR LQGXFH DQWL�WXPRU HIIHFWV WKURXJK

LPPXQH HIIHFWRU DJHQWV� ,9&�%&* PD\ LQLWLDWH D WXPRU�

VSHFLILF LPPXQH UHVSRQVH LQYROYLQJ 7 FHOO�GHSHQGHQW

DJHQWV� LQFOXGLQJ 7 KHOSHU FHOOV� PDFURSKDJHV� ,/��� ,)1�

DQG WXPRU QHFURVLV IDFWRU� +RZHYHU� 7KH GHJUHH RI WKH ORFDO

LQIODPPDWRU\�LPPXQH UHVSRQVH FRUUHODWHV GLUHFWO\ ZLWK WKH

OLNHOLKRRG RI D SDWLHQW UHPDLQLQJ GLVHDVH IUHH� $OWKRXJK ,9&�

%&* LV JHQHUDOO\ ZHOO WROHUDWHG E\ ��²��� RI SDWLHQWV�

FRPSOLFDWLRQV RFFDVLRQDOO\ GR RFFXU DQG PRUWDOLW\ LV UDUHO\

UHSRUWHG >��@� ,QGHHG� �²�� RI SDWLHQWV GHYHORS VHYHUH�

SRWHQWLDOO\ OLIH�WKUHDWHQLQJ FRPSOLFDWLRQV WKDW QHFHVVLWDWH

LQWHQVLYH WUHDWPHQW� 'HVSLWH WKH LPSUHVVLYH VXFFHVV RI ,9&�

%&* WUHDWPHQW� DQ DYHUDJH RI ��� RI SDWLHQWV WUHDWHG ZLWK

FRPELQHG WUDQV�XUHWKUDO DQG ,9&�%&* IDLO WR UHVSRQG WR

WKHUDS\ DQG ZLOO HLWKHU GHYHORS UHFXUUHQW WXPRUV RU

SURJUHVV WR LQYDVLYH GLVHDVH >��@� )RU WKHVH SDWLHQWV�

WUHDWPHQW RSWLRQV DUH OLPLWHG� ,Q WKH VHDUFK IRU WKHUDSLHV

DV HIIHFWLYH DV ,9&�%&* EXW ZLWK OHVV WR[LFLW\� RWKHU

LPPXQRWKHUDSHXWLF DJHQWV KDYH EHHQ LQYHVWLJDWHG�

&\WRUHGXFWLYH WKHUDS\� 7UDQVIHFWLRQ ZLWK WKH +69�WN

VXLFLGH JHQH DQG DGPLQLVWUDWLRQ RI JDQF\FORYLU UHVXOWHG LQ D

WHQIROG GHFUHDVH LQ WXPRU VL]H LQ D PXULQH PRGHO� 2QH

OLPLWDWLRQ WR WKLV DSSURDFK LV WKDW WKH SHQHWUDWLRQ RI

LQWUDYHVLFDO LQVWLOODWLRQ RI WKH WUDQVIHFWLQJ DJHQW LV OLPLWHG

WR WKH VXSHUILFLDO FHOO OD\HUV�

,QLWLDO VWXGLHV VKRZHG WKH VDIHW\ DQG HIILFDF\ RI D

JHQHWLFDOO\ PRGLILHG %&* VWUDLQ WKDW DOVR H[SUHVVHV WKH

JHQH IRU ,/��� (YHQ PRUH SURPLVLQJ UHVXOWV ZHUH UHSRUWHG

LQ DQ DQLPDO PRGHO XVLQJ WKH VWUDWHJ\ RI WUDQVIHFWLRQ ZLWK

,/�� SOXV %�� ZKLFK LV D SRWHQW 7 FHOO VWLPXODWRU� 7KH YHFWRU

IRU WKH GHOLYHU\ RI WKH WUDQVIHFWLQJ DJHQW LV WKH UDWH�OLPLWLQJ

IDFWRU� $ UHFHQW UHSRUW RI D SKDVH , VWXG\ GHVFULEHV WKH

LQWUDYHVLFDO DGPLQLVWUDWLRQ RI YDFFLQLD YLUXV WR SDWLHQWV

EHIRUH UDGLFDO F\VWHFWRP\� ZLWK QR DSSDUHQW WR[LFLW\ >��@�

$GHQRYLUXV YHFWRUV DSSHDU WR EH SURPLVLQJ DV LQWUDYHVLFDO

JHQH GHOLYHU\ YHKLFOHV ZLWK HDV\ DFFHVV DQG VDIHW\ SURILOH�

%HFDXVH WKH\ DUH QRW JLYHQ V\VWHPLFDOO\� SUH�H[LVWLQJ

KXPRUDO EORFNLQJ DQWLERGLHV DJDLQVW DGHQRYLUXV VKRXOG QRW

GHFUHDVH WKH HIILFDF\ RI WUHDWPHQW� $GHQRYLUXV YHFWRUV PD\

EH DEOH WR SURYLGH WXPRU�VSHFLILF JHQH WUDQVIHFWLRQ EHFDXVH

WKH\ VHHP WR SUHIHUHQWLDOO\ LQIHFW EODGGHU WXPRU FHOOV

LQVWHDG RI QRUPDO PXFRVD >��@�0RUHRYHU� WKH DGPLQLVWUDWLRQ

RI WKH QDNHG ,/�� JHQH DORQH SURWHFWHG E\ D OLSLG HQYHORSH

�OLSRVRPDO ,/��� ZDV UHSRUWHG WR EH YHU\ HIILFDFLRXV DQG D

KLJK FRQFHQWUDWLRQ RI SRVW�WUDQVIHFWLRQ XULQDU\ ,/�� ZDV

GHPRQVWUDWHG�

&RUUHFWLYH JHQH WKHUDS\� *HQH WKHUDS\ IRU 7&& LV

DSSHDOLQJ EHFDXVH WKH EODGGHU XURWKHOLXP LV UHDGLO\

DFFHVVLEOH IRU LQWUDYHVLFDO LQVWLOODWLRQ RI WKH JHQHWLF DJHQW�

7KH HIIHFW PD\ EH PRQLWRUHG ZLWK F\VWRVFRS\ DV ZHOO DV

F\WRORJ\ DQG RWKHU DYDLODEOH WHVWV �%7$� 103��� DQG &.�

���� 7R GDWH� WKH WXPRU VXSSUHVVRU JHQHV 5E� F�P\F� &�&$0

�� %G[�� �FHOO DSRSWRVLV UHJXODWRU� DQG S�� KDYH DOO EHHQ

LGHQWLILHG DV SRWHQWLDO WDUJHWV IRU JHQH UHSODFHPHQW WKHUDS\

LQ 7&&�

• 5E JHQH� (SLGHPLRORJLFDO HYLGHQFH VKRZV DQ LQFUHDVHG

LQFLGHQFH RI 7&& LQ UHWLQREODVWRPD IDPLOLHV >��@� 0RUH�

RYHU� UHWLQREODVWRPD JHQH DFWLYDWLRQ KDV EHHQ REVHUYHG

LQ SDWLHQWV ZLWK VSRUDGLF EODGGHU FDQFHU� 5E�GHILFLHQW

7&& FHOO OLQHV KDYH EHHQ HVWDEOLVKHG� :KHQ WKHVH FHOO

OLQHV ZHUH WUDQVIHFWHG ZLWK WKH ZLOG W\SH 5E� D GHFUHDVHG

WXPRULJHQLFLW\ DQG VORZHG FHOOXODU SUROLIHUDWLRQ ZHUH

UHFRUGHG ERWK LQ YLWUR DQG LQ YLYR� 3KDVH , DQG 3KDVH ,,

FOLQLFDO WULDOV KDYH DOUHDG\ EHHQ LQLWLDWHG LQ KXPDQV� DQG

VRPH VWXGLHV KDYH VKRZQ WKDW VHOHFWHG EODGGHU FDQFHU

FHOO OLQHV WUDQVIHFWHG E\ WKH ZLOG W\SH 5E JHQH VWLOO

PDLQWDLQ VRPH PDOLJQDQW IHDWXUHV >��@� ,W ZDV VXJJHVWHG

WKDW PXWDWLRQV LQ WKH 5E JHQH UHSUHVHQW ODWH HYHQWV LQ

FDUFLQRJHQHVLV� OHDGLQJ WR LQFUHDVHG DJJUHVVLYHQHVV�

• F�P\F� ([SUHVVLRQ RI WKLV JHQH KDV EHHQ DVVRFLDWHG ZLWK

WXPRU SURJUHVVLRQ DQG FKHPRWKHUDS\ UHVLVWDQFH� 6LQFH

WKH F�P\F JHQH SURGXFW FRQIHUV UHVLVWDQFH WR FLVSODWLQ�

LQGXFHG '1$ LQMXU\� FHOO UHSOLFDWLRQ FRQWLQXHV GHVSLWH

'1$ GDPDJH� OHDGLQJ WR D VHYHUH JHQRPLF LQVWDELOLW\�

*HQH WKHUDS\ DJDLQVW F�P\F KDV EHHQ WULHG E\ DGGLQJ F�

P\F DQWLVHQVH ROLJRQXFOHRWLGHV WR FHOO FXOWXUHV FRQWDLQLQJ

KXPDQ EODGGHU WXPRU FHOO OLQHV WKDW DUH NQRZQ WR

H[SUHVV F�P\F DQG DUH UHVLVWDQW WR FLVSODWLQ�EDVHG

FKHPRWKHUDS\� 7KH UHVXOW ZDV D VLJQLILFDQW GHFOLQH LQ

WKH WUDQVODWLRQ RI F�P\F VHQVH P51$ ZLWK DQ HQKDQFHG

F\WRWR[LF HIIHFW ZKHQ XVHG LQ FRPELQDWLRQ ZLWK FLVSODWLQ

>��@� 7KH FRPELQDWLRQ RI F�P\F DQWLVHQVH JHQH WKHUDS\

DQG FKHPRWKHUDS\ PD\ VLJQLILFDQWO\ LPSURYH WKH RXW�

FRPH RI SDWLHQWV ZLWK DGYDQFHG 7&&�

• S��� &KDQJHV LQ S�� DUH EHOLHYHG WR EH RQH RI WKH ILUVW

VWHSV LQ EODGGHU WXPRULJHQHVLV� ,QLWLDO VWXGLHV XVLQJ D

ZLOG W\SH S�� WUDQVIHFWHG LQWR PXULQH DQG KXPDQ 7&&

FHOO OLQHV DQG DQLPDO PRGHOV DUH SURPLVLQJ�

$W WKLV WLPH D IHZ FOLQLFDO WULDOV DUH DSSO\LQJ JHQH WKHUDS\ WR

KXPDQ VXEMHFWV ZLWK EODGGHU FDQFHU� DQG PRVW RI WKHP DUH

XVLQJ DGHQRYLUDO YHFWRUV� 7KH JHQHV WHVWHG DUH WKH 5E JHQH

DW WKH 8QLYHUVLW\ RI &DOLIRUQLD LQ 6DQ )UDQFLVFR� DQG WKH S��

JHQH DW WKH 8QLYHUVLW\ RI &DOLIRUQLD LQ /RV $QJHOHV DQG WKH

5HYLHZV
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0�'� $QGHUVRQ &DQFHU ,QVWLWXWH >��@� 7KH FRPELQDWLRQ RI

WKH DELOLW\ WR GLUHFWO\ H[DPLQH DQG LQMHFW WXPRUV LQWUDYHVL�

FDOO\� WRJHWKHU ZLWK WKH DFFXPXODWLRQ RI GDWD RQ WKH JHQHWLF

GHIHFWV LQ EODGGHU FDQFHU PDNH LW RQO\ D PDWWHU RI WLPH

EHIRUH DGGLWLRQDO JHQH WKHUDS\ FOLQLFDO WULDOV ZLOO EH LQLWLDWHG�

,PPXQRWKHUDS\� 7KH DQWL�WXPRU HIIHFW RI ,9&�%&* RQ

EODGGHU FDQFHU LV EHOLHYHG WR UHVXOW IURP LQFUHDVHG

HQGRJHQRXV F\WRNLQH VHFUHWLRQ DQG WKH UHVXOWLQJ VWLPXODWLRQ

RI KRVW GHIHQVH DQG LPPXQH PHFKDQLVPV� 7KHUHIRUH� PDQ\

UHVHDUFKHUV KDYH DWWHPSWHG WR WUHDW 7&& E\ GLUHFW

DGPLQLVWUDWLRQ RI F\WRNLQHV�

• ,)1�α ZDV WKH ILUVW F\WRNLQH WR EH XVHG� ,)1 KDV VKRZQ

PRUH SURPLVH DV D SURSK\ODFWLF DJHQW SRVW�785%7� ,Q

RQH VWXG\� D ��� GLVHDVH�IUHH UDWH DW �� ZHHNV PHGLDQ

IROORZ�XS ZDV VHHQ DIWHU 785%7� ,)1 KDV DOVR WHVWHG

ZHOO LQ FRPSDULVRQ WR FKHPRWKHUDSHXWLF DJHQWV� :KHQ

FRPSDUHG WR PLWRP\FLQ�&� ,)1 ZDV IRXQG WR EH HTXDOO\

HIIHFWLYH LQ SUHYHQWLQJ WKH UHFXUUHQFH RI VXSHUILFLDO

WXPRUV >��@� 7KH VLGH HIIHFWV RI ,)1 DUH PLOG DQG FRQVLVW

PDLQO\ RI ORZ JUDGH IHYHU�

• %URSLULPLQH LV DQ RUDO DJHQW VKRZQ WR KDYH YDULRXV

LPPXQRVWLPXODWRU\ SURSHUWLHV� LQFOXGLQJ WKH VWLPXODWLRQ

RI HQGRJHQRXV ,)1 SURGXFWLRQ� 6DURVG\ DQG DVVRFLDWHV LQ

���� >��@ UHSRUWHG D SKDVH ,, WULDO RI RUDO EURSLULPLQH IRU

WKH WUHDWPHQW RI VXSHUILFLDO EODGGHU FDQFHU� ,Q �� ����� RI

WKH �� SDWLHQWV� PDOLJQDQW ELRSVLHV DQG EODGGHU�ZDVK

F\WRORJ\ FRQYHUWHG WR QHJDWLYH� LQFOXGLQJ � ����� RI ��

ZKR IDLOHG SULRU WR %&* LPPXQRWKHUDS\� 0HGLDQ

UHVSRQVH GXUDWLRQ H[FHHGHG �� PRQWKV� )RXU RI WKH ��

UHVSRQGHUV KDG D SDSLOODU\ WXPRU UHFXUUHQFH DW � WR ��

PRQWKV� DOO 6WDJHG 7D RU 7� >��@�

• ,QWHUOHXNLQ � LQGLUHFWO\ FDXVHV O\VLV RI WXPRU FHOOV E\

DFWLYDWLQJ 1. DQG /$. FHOOV� %HFDXVH ,/�� KDV D VKRUW

KDOI�OLIH� V\VWHPLF WKHUDS\ UHTXLUHV KLJK GRVLQJ� ZKLFK

UHVXOWV LQ VLJQLILFDQW WR[LFLW\� ,QWUDYHVLFDO DGPLQLVWUDWLRQ

RI ,/�� GRGJHV WKH FRPSOLFDWLRQV RI V\VWHPLF LQIXVLRQ�

DQG VHYHUDO VWXGLHV KDYH VKRZQ LW WR EH HIIHFWLYH� ,Q RQH

SURWRFRO� UHSHDWHG LQWUD� DQG SDUDOHVLRQDO LQMHFWLRQV RI ,/�

� UHVXOWHG LQ D ��� FRPSOHWH UHVSRQVH� D ��� SDUWLDO

UHVSRQVH� DQG QR VLGH HIIHFWV� ,Q D GLIIHUHQW VWXG\� ��� RI

WUHDWHG SDWLHQWV KDG FRPSOHWH WXPRU UHJUHVVLRQ DQG DQ

DGGLWLRQDO ��� KDG D SDUWLDO UHVSRQVH� ,Q YLYR LQWUD�

OHVLRQDO ,/�� LQMHFWLRQV LQWR PXULQH EODGGHU WXPRU

UHGXFHG JURZWK WR D JUHDWHU H[WHQW WKDQ ZLWK ,9&�

%&*� /HVV LPSUHVVLYH UHVXOWV KDYH EHHQ UHSRUWHG ZLWK

WRSLFDO LQWUDYHVLFDO ,/�� DSSOLFDWLRQ� DFKLHYLQJ QR PRUH

WKDQ D ��� UHVSRQVH UDWH ZLWK FRQWLQXRXV ,/�� EODGGHU

LUULJDWLRQ DIWHU 785%7 >��@� HYHQ LQ FRPELQDWLRQ ZLWK

/$. FHOOV LQ SDWLHQWV ZLWK PHWDVWDWLF EODGGHU FDQFHU�

• &RPELQLQJ %&* DQG ,/�� KDV EHHQ VXJJHVWHG DV D

SRWHQWLDOO\ HIIHFWLYH WUHDWPHQW IRU VXSHUILFLDO EODGGHU

FDQFHU� 7XPRU�IUHH UHVSRQVHV RI ��²���� ODVWLQJ DQ

DYHUDJH RI ��²�� PRQWKV� KDYH EHHQ UHSRUWHG >��@� 6LGH

HIIHFWV ZHUH VHOI�OLPLWHG DQG PLQRU� FRQVLVWLQJ RI ORZ

JUDGH IHYHU� KHPDWXULD DQG EODGGHU LUULWDELOLW\ ODVWLQJ OHVV

WKDQ �� KRXUV�

• 7XPRU QHFURVLV IDFWRU LQVWLOOHG LQWUDYHVLFDOO\ IRU

VXSHUILFLDO EODGGHU FDQFHU GHPRQVWUDWHG DQ ��� SDUWLDO

UHVSRQVH UDWH LQ RQH FOLQLFDO WULDO >��@� ,Q DQRWKHU WULDO�

UHFRPELQDQW 71) ZDV JLYHQ WR �� SDWLHQWV ZLWK

UHIUDFWRU\ WUDQVLWLRQDO FHOO EODGGHU FDQFHU� 7ZR SDWLHQWV

KDG FRPSOHWH UHVSRQVHV� � KDG SDUWLDO UHVSRQVHV� � KDG

PLQRU UHVSRQVHV� RQH ZDV GLDJQRVHG ZLWK SURJUHVVLYH

GLVHDVH� DQG � ZHUH QRW HYDOXDWHG� $GYHUVH HIIHFWV ZHUH

PLQLPDO� ,Q YLYR VWXGLHV RI 71) FRPELQHG ZLWK ,)1 RQ

FXOWXUHG EODGGHU FDQFHU FHOOV KDYH DOVR GHPRQVWUDWHG

SRZHUIXO DQWL�SUROLIHUDWLYH HIIHFWV�

6XPPDU\

&XUUHQWO\� FRPELQHG 785%7 DQG ,9&�%&* WKHUDS\ DUH WKH

JROG VWDQGDUG LQ WKH WUHDWPHQW IRU PRVW SDWLHQWV ZLWK

UHFXUUHQW VXSHUILFLDO EODGGHU FDQFHU� )RU WKH ��� WKDW IDLO WR

UHVSRQG WR 785%7�,9&�%&*� WKHUDSHXWLF RSWLRQV KDYH

EHHQ OLPLWHG� ZLWK PRVW SDWLHQWV FXUUHQWO\ XQGHUJRLQJ

UDGLFDO VXUJHU\� ,PPXQRWKHUDSHXWLF DJHQWV RWKHU WKDQ ,9&�

%&* KDYH GHPRQVWUDWHG SURPLVH LQ WKH WUHDWPHQW RI EODGGHU

FDQFHU DQG DUH UHFRPPHQGHG DV RQH DSSURDFK WR GHOD\

UDGLFDO F\VWHFWRP\ LQ SDWLHQWV ZKR IDLO ,9&�%&*� 7KH ILHOG

RI LPPXQRWKHUDS\ DQG JHQH WKHUDS\ IRU EODGGHU FDQFHU LV

VWLOO HYROYLQJ� 2YHU WKH QH[W GHFDGH LW LV DQWLFLSDWHG WKDW WKH

LQWURGXFWLRQ RI QRYHO DGYDQFHV VXFK DV WXPRU YDFFLQHV DQG

JHQH WKHUDS\ VKRXOG VLJQLILFDQWO\ LPSURYH WKH SURJQRVLV DQG

IXUWKHU GHFUHDVH WKH PRUWDOLW\ IURP EODGGHU FDQFHU�

55HHQQDDOO FFHHOOOO FFDDUUFFLLQQRRPPDD ³³ WWKKHH

IIXXWWXXUUHH LLVV KKHHUUHH

7UDGLWLRQDOO\� WKHUH KDYH EHHQ QR RWKHU HIIHFWLYH WUHDWPHQWV

IRU 5&& DVLGH IURP VXUJHU\� 5&& LV UDGLDWLRQ� DQG FKHPR�

UHVLVWDQW� 0HWDVWDWLF 5&& KDV D SRRU SURJQRVLV� ZLWK DQ

DYHUDJH VXUYLYDO RI RQO\ � WR �� PRQWKV IURP WKH WLPH RI

GLDJQRVLV DQG RQO\ D �� REMHFWLYH UHVSRQVH UDWH ZLWK

FRQYHQWLRQDO FKHPRWKHUDS\� 7KXV� WKH QHHG IRU DGGLWLRQDO

WKHUDS\� PDLQO\ IRU SDWLHQWV ZLWK DGYDQFHG 5&&� LV VWURQJO\

QHHGHG� 7KH ILUVW DGYDQFH LQ WKLV GLUHFWLRQ RFFXUUHG ZKHQ

,/�� ZDV LVRODWHG DQG LGHQWLILHG� 7KH PROHFXODU FORQLQJ RI

,/�� UHYROXWLRQL]HG WKH ILHOG RI FDQFHU LPPXQRWKHUDS\ DQG

VLJQLILFDQWO\ DOWHUHG WKH WUHDWPHQW RI PHWDVWDWLF 5&& >��@�

:LWK WKH DGYHQW RI UHFRPELQDQW '1$ WHFKQRORJ\� WKH DELOLW\

WR SURGXFH ODUJH TXDQWLWLHV RI ,/�� KDV UHVXOWHG LQ LWV

ZLGHVSUHDG XVH� ,Q D UHODWLYHO\ VKRUW WLPH� WKLV DJHQW ZDV

DSSURYHG E\ WKH )RRG DQG 'UXJ�� $GPLQLVWUDWLRQ DV

WUHDWPHQW IRU PHWDVWDWLF 5&&� 6LQFH WKHQ� RWKHU LPPXQRV�

WLPXODWRU\ F\WRNLQHV KDYH EHHQ LGHQWLILHG DQG SXULILHG� 7R

GDWH� PRVW VWXGLHV LQYHVWLJDWLQJ WKH XVH RI F\WRNLQHV DUH

IRFXVLQJ RQ ,)1�α� ,/��� FRPELQDWLRQV RI WKHVH F\WRNLQHV� RU

DGRSWLYH LPPXQRWKHUDS\ ZLWK WXPRU LQILOWUDWLQJ O\PSKR�

F\WHV RU /$. FHOOV� 7KH UROH RI RWKHU F\WRNLQHV �,/��� ,/���

5HYLHZV
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,/��� DQG *0�&6)� LV FXUUHQWO\ XQGHU LQYHVWLJDWLRQ�

&OLQLFDO WULDOV FRQGXFWHG IRU 5&& DUH OLVWHG LQ 7DEOH ��

7KHUH KDV EHHQ PXFK SURJUHVV LQ XQGHUVWDQGLQJ WKH

JHQHWLF FKDQJHV WKDW DUH DVVRFLDWHG ZLWK WKH GHYHORSPHQW RI

5&&� 7KXV JHQH WKHUDS\ IRU 5&& KDV DGYDQFHG IXUWKHU WKDQ

IRU DQ\ RWKHU XURORJLFDO RUJDQ V\VWHP�

&\WRUHGXFWLYH WKHUDS\� $ WXPRU PDUNHU IRU 5&& KDV

UHFHQWO\ EHHQ LGHQWLILHG� 7KH IXQFWLRQ RI WKLV SURWHLQ� QDPHG

*���� LV XQFOHDU� +LJK OHYHOV RI *��� DQWLJHQ FDQ EH

GHWHFWHG LQ XS WR ��� RI DOO NLGQH\ FDQFHU FHOOV� ZLWK QRUPDO

UHQDO SDUHQFK\PD VKRZLQJ QR GHWHFWDEOH *��� DQWLJHQ� 7KLV

DQWLJHQ KDV EHHQ XVHG DV D WDUJHW IRU PRQRFORQDO DQWLERG\

LPPXQRKLVWRFKHPLFDO VWDLQLQJ IRU GLDJQRVWLF SXUSRVHV DQG

KDV DOVR EHHQ XVHG LQ UDGLRQXFOLGH VFDQV WR ORFDOL]H WXPRU

VLWHV >��@� %HFDXVH WKLV DQWLJHQ LV IRXQG LQ D KLJK SURSRUWLRQ

RI 5&&V� LW KDV WKH SRWHQWLDO WR EH D WDUJHW IRU JHQH WKHUDS\�

5HFHQW VWXGLHV KDYH GHPRQVWUDWHG WKDW LPPXQH DFWLYDWLRQ

FRXOG EH HQKDQFHG E\ DGPLQLVWUDWLRQ RI DQWLERGLHV WR *����

LQ D F\WRNLQH�VWLPXODWHG KXPDQ 5&& [HQRJUDIW PRGHO�

)XUWKHU VWXGLHV DUH FXUUHQWO\ XQGHUZD\ WR HOXFLGDWH LWV UROH

DV D SRWHQWLDO FDQFHU YDFFLQH� +RZHYHU� WKH ILHOG RI WXPRU

YDFFLQHV LQ 5&& ODJV EHKLQG PHODQRPD DQG QR DFFHSWDEOH

WDUJHW LV \HW DYDLODEOH� %XW� ZLWK LWV QXPHURXV WXPRU WDUJHWV�

UHVWRUDWLRQ RI WKH ZLOG W\SH YRQ +LSSHO�/LQGDX JHQH SURGXFW

DQG WKH GHYHORSPHQW RI WDUJHWHG WKHUDS\ DJDLQVW WKH *���

SURWHLQ KROG VLJQLILFDQW SURPLVH IRU IXWXUH WULDOV�

&RUUHFWLYH JHQH WKHUDS\� )URP VWXGLHV RI IDPLOLDO 5&& LQ

SDWLHQWV ZLWK WKH 9+/ V\QGURPH� WKH PROHFXODU EDVLV IRU

WXPRULJHQHVLV RI WKH NLGQH\ LV EHFRPLQJ FOHDUHU� /RVV RI

FKURPRVRPH �S LQ PDQ\ VSRUDGLF DQG IDPLOLDO UHQDO FHOO

FDQFHUV KDV EHHQ QRWHG >��@ ZLWK UHVWULFWLRQ IUDJPHQW OHQJWK

SRO\PRUSKLVPV� 7KH 9+/ JHQH ZDV LGHQWLILHG DW �S����

�9+/ JHQH� RI FKURPRVRPH � >��@� ,W KDV EHHQ K\SRWKHVL]HG

WKDW WKH 9+/ SURWHLQ IXQFWLRQV DV D FHOO F\FOH UHJXODWRU�

FRQWUROOLQJ FHOOXODU SUROLIHUDWLRQ E\ UHVWULFWLQJ JHQH WUDQ�

VFULSWLRQ� WUDQVODWLRQ� RU UHSDLU� +RZHYHU� RQO\ ��²��� RI DOO

SDWLHQWV ZLWK VSRUDGLF 5&& KDYH D GHWHFWDEOH PXWDWLRQ LQ

WKH 9+/ JHQH� )XUWKHUPRUH� WKH SKHQRW\SLF H[SUHVVLRQ RI

9+/ JHQH GHIHFW YDULHV� ZLWK ORVV RI WKH 9+/ JHQH SURGXFW

QRW DOZD\V UHVXOWLQJ LQ 5&& >��@� 7KXV� WKH GHIHFW LQ WKH

9+/ JHQH LV SUREDEO\ LQIOXHQFHG E\ PDQ\ RWKHU� \HW WR EH

GHILQHG HSLJHQHWLF SKHQRPHQD� 0RUHRYHU� DEHUUDWLRQV LQ

FKURPRVRPHV �� �� ��� DQG < ZHUH DOVR IRXQG WR EH

DVVRFLDWHG ZLWK 5&&� 7KHVH ORFL PD\ EH DEOH WR DFW

LQGHSHQGHQWO\ IURP WKH 9+/ ORFXV� UHVXOWLQJ LQ WKH

GHYHORSPHQW RI 5&&�

'HVSLWH WKH OLPLWDWLRQV RI WKH 9+/ JHQH DV D WDUJHW IRU

JHQH WKHUDS\� LQLWLDO VWXGLHV KDYH WULHG WR UHSODFH WKH

GHIHFWLYH WXPRU VXSSUHVVRU SURGXFW LQ DQ DWWHPSW WR UHYHUVH

WKH FDQFHU SKHQRW\SH� 1RUPDO �ZLOG W\SH� 9+/ JHQH ZDV

WUDQVIHFWHG LQWR 5&& FHOO OLQHV ODFNLQJ WKH QRUPDO H[SUHV�

VLRQ RI WKH JHQH� 7KH ZLOG W\SH 9+/ JHQH ZDV DWWDFKHG WR D

FRQVWLWXWLYHO\ DFWLYDWHG F\WRPHJDORYLUXV SURPRWHU DQG

SODFHG LQWR D OLSRVRPH YHKLFOH� 7UDQVIHFWLRQ RI WKH ZLOG W\SH

9+/ JHQH KDG QR HIIHFW RQ WKH WUDQVIHFWHG FHOO OLQH JURZWK

LQ YLWUR� EXW WKH H[SUHVVLRQ RI WKH ZLOG W\SH 9+/ JHQH

UHVXOWHG LQ JURZWK VXSSUHVVLRQ RI RWKHU 5&& FHOO OLQHV� 7KLV

VWXG\ VKRZHG WKDW WKH VXSSUHVVLRQ RI FHOO JURZWK ZDV

VSHFLILF WR 5&& FHOO OLQHV� ZKLFK LPSOLHG WKDW WKH 9+/

SURWHLQ KDV D UROH LQ FRQWUROOLQJ WKH SUROLIHUDWLRQ RI NLGQH\

FHOOV� 7KXV� JHQH UHSODFHPHQW WKHUDS\ ZLWK WKH ZLOG W\SH

9+/ JHQH LV SURPLVLQJ IRU 5&& SDWLHQWV� DOWKRXJK WKH

VDIHW\ DQG HIILFDF\ RI WKLV WUHDWPHQW LV \HW WR EH GHILQHG�

,Q YLWUR DWWHPSWV WR UHSODFH WKH S�� JHQH LQ 5&& FHOO OLQHV

XVLQJ OLSRVRPH²S�� JHQH FRPSOH[HV KDYH UHVXOWHG LQ

GHFUHDVHG JURZWK RI WXPRU FHOOV LQ FXOWXUH� 7UDQVIHFWLRQ RI

WKH S�� JHQH LQWR D PRXVH [HQRJUDIW PRGHO UHVXOWHG LQ D

GHFUHDVH LQ WKH QXPEHU RI PHWDVWDWLF OXQJ OHVLRQV >��@� 7KH

XVH RI WKH S�� ZLOG JHQH E\ LQWUDWXPRUDO LQMHFWLRQ PD\ SURYH

HIILFDF\ LQ WKH IXWXUH�

,PPXQRWKHUDS\� ,W LV ZHOO HVWDEOLVKHG WKDW ,/�� KDV

EHQHILFLDO DFWLYLW\ LQ SDWLHQWV ZLWK DGYDQFHG 5&&� WKXV D

WXPRU YDFFLQH VHHPV DSSHDOLQJ� %\ XVLQJ D WXPRU YDFFLQH�

HOHYDWHG F\WRNLQH FRQFHQWUDWLRQV FDQ EH DFKLHYHG ZLWKLQ WKH

WXPRU� FDXVLQJ DQ LQFUHDVH LQ 0+& H[SUHVVLRQ� %\

LQFUHDVLQJ WKH VXUIDFH 0+& H[SUHVVLRQ� HVSHFLDOO\ RI

+/$�&Z�� DQ LPPXQH UHVSRQVH LV DQWLFLSDWHG RQFH WKH

7,/ DUH DEOH WR UHFRJQL]H WKH 0+&�UHVWULFWHG WXPRU�UHODWHG

SHSWLGHV� %\ DFKLHYLQJ ORFDOO\ KLJK F\WRNLQH FRQFHQWUDWLRQV�

LW LV OLNHO\ WKDW WKH V\VWHPLF WR[LFLW\ WKDW OLPLWV WKH HIILFDF\ RI

LPPXQRWKHUDS\ ZLOO EH DYRLGHG�

,QLWLDO VWXGLHV ZLWK WXPRU YDFFLQHV LQ DQLPDO PRGHOV KDYH

VKRZQ WKDW WUDQVIHU RI F\WRNLQH JHQHV WR WXPRU FHOOV LV

IHDVLEOH DQG FDQ LQGXFH KRVW DQWL�WXPRU HIIHFWV >��@� ,/���

WUDQVIHFWHG 5&& FHOOV LQKLELW WKH JURZWK RI SDUHQWDO WXPRU

FHOOV LQ UDWV >��@� ,W ZDV DOVR VKRZQ WKDW WKH SURGXFWLRQ RI ,/�

� ZDV PRUH LQWHQVH DIWHU LQWUD�WXPRUDO LQMHFWLRQ WKDQ DIWHU

V\VWHPLF DGPLQLVWUDWLRQ RI WKH WUDQVIHFWLQJ DJHQW� $

V\QHUJLVWLF DQWL�WXPRUDO HIIHFW ZDV UHSRUWHG IRU UHWURYLUDO

WUDQVGXFWLRQ RI WKH ,/�� JHQH FRQMXJDWHG ZLWK V\VWHPLF

DGPLQLVWUDWLRQ RI ,)1�α� 7KLV VXJJHVWV WKDW D V\QHUJLVWLF�

LPPXQRJHQLF HIIHFW FDQ EH REWDLQHG E\ XVLQJ ERWK ORFDO JHQH

WKHUDS\ DQG V\VWHPLF� LPPXQH VWLPXODWLRQ� ,/��� *0�&6)�

+/$����� DQG ,)1�λ JHQH WUDQVIHFWLRQ DUH RWKHU LPPXQH

V\VWHP PRGXODWRUV WKDW PD\ KDYH D UROH LQ IXWXUH WXPRU

YDFFLQHV IRU 5&& >��@�

5HFHQW 3KDVH , WULDOV XVLQJ WXPRU YDFFLQHV KDYH EHHQ

LQLWLDWHG LQ KXPDQV ZLWK PHWDVWDWLF 5&&� 3DWLHQWV ZHUH

JLYHQ LUUDGLDWHG DXWRORJRXV WXPRU FHOOV WUDQVIHFWHG LQ YLWUR

ZLWK D UHWURYLUDO YHFWRU FDUU\LQJ WKH *0�&6) JHQH� 1R

VLJQLILFDQW WR[LFLW\ ZDV UHSRUWHG� DQG RQO\ RQH RI �� SDWLHQWV

KDG D SDUWLDO UHVSRQVH >��@� ,Q DGGLWLRQ� VWXGLHV XVLQJ

JHQHWLFDOO\ PRGLILHG GHQGULWLF FHOOV DQG VWXGLHV XVLQJ WKH

LQMHFWLRQ RI F\WRNLQHV LQWR WKH WXPRU� ZLWK WKH +/$�%� DQG

,/�� JHQHV FDUULHG LQ D OLSRVRPDO YHFWRU� KDYH EHHQ

SHUIRUPHG DW 8&/$� ,Q DGGLWLRQ WR WKHVH SURJUDPV� DW OHDVW

WKUHH RWKHU WXPRU YDFFLQH SURJUDPV KDYH EHHQ LQLWLDWHG

5HYLHZV
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7,/  WXPRU�LQILOWUDWLQJ O\PSKRF\WHV



XVLQJ HLWKHU LQWUD�WXPRUDO +/$�%� RU ,/�� JHQH WUDQVIHFWLRQ

WR HQKDQFH WKH LPPXQRJHQLFLW\ RI WKH WXPRU� $W WKLV WLPH�

DOWKRXJK WXPRU YDFFLQH�EDVHG JHQH WKHUDS\ DSSHDUV WR EH

VDIH� LWV HIILFDF\ LQ PHWDVWDWLF 5&& KDV \HW WR EH SURYHG�

6XPPDU\

7KH SDVW WZR GHFDGHV KDYH ZLWQHVVHG LPSUHVVLYH DGYDQFHV

LQ WKH DSSOLFDWLRQ RI LPPXQRWKHUDS\ WR WKH WUHDWPHQW RI

UHQDO FHOO FDUFLQRPD� $W 8&/$ ZH KDYH VHHQ D SURJUHVVLYH

LQFUHDVH LQ UHVSRQVH WR WUHDWPHQW� ZKLFK KDV HYROYHG IURP

V\VWHPLF ,)1�α DGPLQLVWUDWLRQ ������ WR FRPELQDWLRQ

,)1�,/�� ������ WR WKH FXUUHQW PHWKRG RI EXON 7,/ �����

DQG &'��7,/ ������ 3DWLHQW FKDUDFWHULVWLFV WKDW SUHGLFW

LPSURYHG UHVSRQVLYHQHVV WR WKHUDS\ KDYH EHHQ LGHQWLILHG�

DQG WUHDWPHQW SURWRFROV WKDW GHFUHDVH WR[LFLW\ KDYH EHHQ

GHYHORSHG� 7KH PRVW HQFRXUDJLQJ UHVXOWV DUH WKH LPSURYHG

UDWHV RI FRPSOHWH FOLQLFDO UHVSRQVH� PRVW RI WKHP GXUDEOH

DQG ORQJ�ODVWLQJ� )XUWKHU UHILQHPHQWV LQ WKH WUHDWPHQW RI

UHQDO FHOO GLVHDVH ZLWK ELRORJLF DQG LPPXQRWKHUDSHXWLF

DJHQWV DUH VWLOO QHHGHG� \HW WKHUH LV QR GRXEW WKDW FXUUHQW

LPPXQRWKHUDSHXWLF SURWRFROV SURGXFH FKDQJHV LQ WKH QDWXUDO

KLVWRU\ RI WKLV GLVHDVH DQG FDXVH VLJQLILFDQW DQG ODVWLQJ

UHPLVVLRQV LQ VHOHFWHG SDWLHQWV�

&&RRQQFFOOXXVVLLRRQQVV

$OWKRXJK VXUJLFDO PDQDJHPHQW FRQWLQXHV WR EH DQ HIIHFWLYH

WUHDWPHQW IRU RUJDQ�FRQILQHG QHRSODVWLF GLVHDVH� WKH WUHDW�

PHQW RSWLRQV IRU SDWLHQWV ZLWK GLVVHPLQDWHG FDQFHU LV

OLPLWHG� ,PPXQRWKHUDS\ KDV GHPRQVWUDWHG VLJQLILFDQW VXF�

FHVV LQ WKH PDQDJHPHQW RI DGYDQFHG UHQDO FHOO FDQFHU DQG

ORFDOL]HG WUDQVLWLRQDO FHOO WXPRUV� 5HFHQW H[FLWLQJ UHVHDUFK

KDV GHPRQVWUDWHG WKDW SURVWDWH FDQFHU PD\ DOVR EH

VXVFHSWLEOH WR LPPXQRWKHUDSHXWLF SURWRFROV� ILQDOO\ RIIHULQJ

D JOLPPHU RI KRSH WR SK\VLFLDQV WUHDWLQJ WKLV YHU\ SUHYDOHQW

DQG PRUELG GLVHDVH� 0ROHFXODU�EDVHG WKHUDS\ KDV PDQ\

SRWHQWLDO DSSOLFDWLRQV WR WKH WUHDWPHQW RI DGYDQFHG JHQLWR�

XULQDU\ FDQFHUV� 7KH UHLQVHUWLRQ RI LQDFWLYDWHG WXPRU

VXSSUHVVRU JHQHV� WKH LQDFWLYDWLRQ RI RQFRJHQHV� WKH

LQVHUWLRQ RI LPPXQRPRGXODWRU\ JHQHV� DQG WKH LQVHUWLRQ RI

VXLFLGH JHQHV KDYH EHHQ XVHG WR WUHDW JHQLWRXULQDU\

PDOLJQDQFLHV LQ YLWUR DQG LQ DQLPDO PRGHOV� 3URJUHVV LV

EHLQJ PDGH WR EHWWHU XQGHUVWDQG WKH JHQHWLF DQG FHOOXODU

PHFKDQLVPV WKDW XQGHUOLH WXPRULJHQHVLV� +XPDQ FOLQLFDO

WULDOV DUH DOUHDG\ LQ 3KDVH , WHVWLQJ LQ VRPH WXPRU V\VWHPV�

LQFOXGLQJ UHQDO FHOO� WUDQVLWLRQDO FHOO� DQG SURVWDWH FDQFHU�

+RZHYHU� OLPLWDWLRQV VWLOO KDYH WR EH RYHUFRPH� 6DIH DQG

HIIHFWLYH JHQH YHFWRUV ZLOO EH QHHGHG WR FDUU\ WKH

WKHUDSHXWLF JHQH WR WKH KRVW FHOO� DQG WUHDWPHQWV PXVW EH

WDLORUHG VR WKDW WKH GHVLUHG HIIHFWV RFFXU RQO\ LQ WKH WXPRU

FHOOV�

,Q FRQFOXVLRQ� PROHFXODU�EDVHG WKHUDS\ LV DSSHDOLQJ

EHFDXVH RI LWV DELOLW\ WR WUHDW FDQFHU DW WKH OHYHO RI WKH JHQH

GHIHFW WKDW FDXVHV WKH PDOLJQDQW SKHQRW\SH� DQG LW RIIHUV

QRYHO DQG H[FLWLQJ DSSURDFKHV IRU WKH WUHDWPHQW DQG XOWLPDWH

HUDGLFDWLRQ RI FDQFHU�

55HHIIHHUUHHQQFFHHVV

�� +DOO 6-� 0XWFKQLN 6(� &KHQ 6+� :RR 6/� 7KRPSVRQ 7&� $GHQRYLUXV�
PHGLDWHG KHUSHV VLPSOH[ YLUXV WK\PLGLQH NLQDVH JHQH DQG JDQFLFORYLU
WKHUDS\ OHDGV WR V\VWHPLF DFWLYLW\ DJDLQVW VSRQWDQHRXV DQG LQGXFHG
PHWDVWDVLV LQ DQ RUWKRWRSLF PRXVH PRGHO RI SURVWDWH FDQFHU� ,QW - &DQFHU

�����������²��

�� *DUULGR )� 5XL]�&DEHOOR )� 0+& H[SUHVVLRQ RQ KXPDQ WXPRUV ³ LWV
UHOHYDQFH IRU ORFDO WXPRU JURZWK DQG PHWDVWDVLV� 6HPLQ &DQFHU %LRO ��������²
���

�� 6XQ :+� %XUNKROGHU -.� 6XQ -� &XOS -� 7XUQHU -� /X[ *� 3XJK 7'� (UVKOHU
:%� <DQJ 16� ,Q YLYR F\WRNLQH JHQH WUDQVIHU E\ JHQH JXQ UHGXFHV WXPRU
JURZWK LQ PLFH� 3URF 1DWO $FDG 6FL 86$ ������������²���

�� /HZ '� 3DUNHU 6(� /DWLPHU 7� $EDL $0� .XZDKDUD�5XQGHOO $� 'RK 6*�
<DQJ =<� /DIDFH '� *URPNRZVNL 6+� 1DEDHO *-� HW DO� &DQFHU JHQH WKHUDS\
XVLQJ SODVPLG '1$� SKDUPDFRNLQHWLF VWXG\ RI '1$ IROORZLQJ LQMHFWLRQ LQ
PLFH� +XP *HQH 7KHU ����������²���

�� 'DQQXOO -� 3DQJ 6� .DERR 5� %HOOGHJUXQ $6� 1RYHO UHJXODWRU\ PHFKDQLVP RI
36$ JHQH H[SUHVVLRQ� UHOHYDQFH IRU WKH GHYHORSPHQW RI WLVVXH VSHFLILF
KXPDQ JHQH WKHUDS\ IRU SURVWDWH FDQFHU� - 8URO �����������$�

�� 0DF*URJDQ '� %RRNVWHLQ 5� 7XPRU VXSSUHVVRU JHQHV LQ SURVWDWH FDQFHU�
6HPLQ &DQFHU %LRO ���������²���

�� 7DQHMD 66� 3DQJ 6� &RKDQ 3� %HOOGHJUXQ $� *HQH WKHUDS\� SULQFLSOHV DQG
SRWHQWLDO� &DQFHU 6XUY �����������²���

�� %HUPDQ &-� 'DYLGVRQ %� /XEDURII '� 8VH RI DGHQRYLUXV GHOLYHUHG KHUSHV
WK\PLGLQH NLQDVH JHQH IRU F\WRUHGXFWLYH WKHUDS\ RI SURVWDWH FDQFHU XVLQJ WKH
'XQQLQJ UDW PRGHO� - 8URO �����������$�

�� 'D &RVWD /7� -HQ -� +H 7&� &KDQ 7$� .LQ]OHU .:� 9RJHOVWHLQ %� &RQYHUWLQJ
FDQFHU JHQHV LQWR NLOOHU JHQHV� 3URF 1DWO $FDG 6FL 86$ ������������²��

��� %UHZVWHU 6)� *LQJHOO -&� %URZQ .:� 7XPRXU VXSSUHVVRU JHQHV LQ XULQDU\
WUDFW RQFRORJ\� %U - 8URO �����������²���

��� ,VDDFV :%� &DUWHU %6� (ZLQJ &0� :LOG�W\SH S�� VXSSUHVVHV JURZWK RI
KXPDQ SURVWDWH FDQFHU FHOOV FRQWDLQLQJ PXWDQW S�� DOOHOHV� &DQFHU 5HV

������������²���

��� 0F'RQQHOO 7-� 1DYRQH 10� 7URQFRVR 3� 3LVWHUV //� &RQWL &� YRQ
(VFKHQEDFK $&� %ULVED\ 6� /RJRWKHWLV &-� ([SUHVVLRQ RI EFO�� RQFRSURWHLQ
DQG S�� SURWHLQ DFFXPXODWLRQ LQ ERQH PDUURZ PHWDVWDVHV RI DQGURJHQ
LQGHSHQGHQW SURVWDWH FDQFHU >VHH FRPPHQWV@� - 8URO ������������²���

��� 6WHLQPDQ 5$� +RIIPDQ %� ,UR $� *XLOORXI &� /LHEHUPDQQ '$� HO�+RXVHLQL
0(� ,QGXFWLRQ RI S�� �:$)���&,3�� GXULQJ GLIIHUHQWLDWLRQ� 2QFRJHQH

�����������²���

��� )XNXPRWR 0� 6KHYULQ '+� 5RQLQVRQ ,%� $QDO\VLV RI JHQH DPSOLILFDWLRQ LQ
KXPDQ WXPRU FHOO OLQHV� 3URF 1DWO $FDG 6FL 86$ ������������²���

��� %DODML .&� .RXO +� 0LWUD 6� 0DUDPRJ & 5HGG\ 3� 0HQRQ 0� 0DOKRWUD 5.�
/D[PDQDQ 6� $QWLSUROLIHUDWLYH HIIHFWV RI F�P\F DQWLVHQVH ROLJRQXFOHRWLGH LQ
SURVWDWH FDQFHU FHOOV� D QRYHO WKHUDS\ LQ SURVWDWH FDQFHU� 8URORJ\
������������²���

��� 0XQG\ *5� 0HFKDQLVPV RI ERQH PHWDVWDVLV� &DQFHU ������������²���

��� /DPP 0/� 6LQWLFK 60� /HH &� $ SUROLIHUDWLYH HIIHFW RI WUDQVIRUPLQJ JURZWK
IDFWRU�EHWD � RQ D KXPDQ SURVWDWH FDQFHU FHOO OLQH� 768�3U�� (QGRFULQRORJ\
������������²���

��� =LVPDQ $� =LVPDQ (� /LQGQHU $� 9HOLNDQRY 6� 6LHJHO <,� 0R]HV (�
$XWRDQWLERGLHV WR SURVWDWH VSHFLILF DQWLJHQ LQ SDWLHQWV ZLWK EHQLJQ SURVWDWLF
K\SHUSODVLD� - 8URO �������������²��

��� =LVPDQ $� /LQGQHU $� =LVPDQ (� /LQGQHU 8� 0R]HV (� 3URVWDWH�VSHFLILF
DQWLJHQ LQGXFHV SUROLIHUDWLRQ RI SHULSKHUDO EORRG O\PSKRF\WHV DQG F\WRNLQH
VHFUHWLRQ LQ EHQLJQ SURVWDWH K\SHUWURSK\ SDWLHQWV� (XU 8URO �����������²���

��� 7MRD %� %R\QWRQ $� .HQQ\ *� 5DJGH +� 0LVURFN 6/� 0XUSK\ *�
3UHVHQWDWLRQ RI SURVWDWH WXPRU DQWLJHQV E\ GHQGULWLF FHOOV VWLPXODWHV 7�FHOO
SUROLIHUDWLRQ DQG F\WRWR[LFLW\� 3URVWDWH ����������²��

��� 9LHZHJ -� 5RVHQWKDO )0� %DQQHUML 5� +HVWRQ :'� )DLU :5� *DQVEDFKHU %�
*LOERD (� ,PPXQRWKHUDS\ RI SURVWDWH FDQFHU LQ WKH 'XQQLQJ UDW PRGHO� XVH
RI F\WRNLQH JHQH PRGLILHG WXPRU YDFFLQHV� &DQFHU 5HV ������������²��

��� /DPP '/� &RPSOLFDWLRQV RI EDFLOOXV &DOPHWWH�*XpULQ LPPXQRWKHUDS\� 8URO
&OLQ 1RUWK $P �����������²���

��� GH.HUQLRQ -%� +XDQJ 0<� /LQGQHU $� 6PLWK 5%� .DXIPDQ --� 7KH
PDQDJHPHQW RI VXSHUILFLDO EODGGHU WXPRUV DQG FDUFLQRPD LQ VLWX ZLWK
LQWUDYHVLFDO EDFLOOXV &DOPHWWH�*XHULQ� - 8URO ������������²����

��� *RPHOOD /*� 0DVWUDQJHOOR 0-� 0F&XH 3$� 3KDVH , VWXG\ RI LQWUDYHVLFDO
YDFFLQLD YLUXV DV D YHFWRU IRU JHQH WKHUDS\ RI EODGGHU FDQFHU� - 8URO

������������$�
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��� %DVV &� &DEUHUD *� (OJDYLVK $� 5REHUW %� 6LHJDO *3� $QHHUVRQ 6&� 0DQHYDO
'&� &XULHO '7� 5HFRPELQDQW DGHQRYLUXV�PHGLDWHG JHQH WUDQVIHU WR
JHQLWRXULQDU\ HSLWKHOLXP LQ YLWUR DQG LQ YLYR� &DQFHU *HQH 7KHU ���������²
����

��� 7DNDKDVKL 5� +DVKLPRWR 7� ;X +-� +XV ;� 0DWVXL 7� 0LOL 7� %LJR�0DUVKDOO
+� $DURQVRQ 6$� %HQHGLFW :)� 7KH UHWLQREODVWRPD JHQH IXQFWLRQV DV D
JURZWK DQG WXPRU VXSSUHVVRU LQ KXPDQ EODGGHU FDUFLQRPD FHOOV� 3URF 1DWO
$FDG 6FL 86$ ������������²���

��� 0L]XWDQL <� )XNXPRWR 0� %RQDYLGD %� <RVKLGD 2� (QKDQFHPHQW RI
VHQVLWLYLW\ RI XULQDU\ EODGGHU WXPRU FHOOV WR FLVSODWLQ E\ F�P\F DQWLVHQVH
ROLJRQXFOHRWLGH� &DQFHU ������������²���

��� 5H\QROGV 7� 3UHYHQWLRQ VWXG\ WXUQV VSRWOLJKW RQ EODGGHU FDQFHU� - 1DWO &DQFHU
,QVW ������������²��

��� %RFFDUGR )� &DQQDWD '� 5XEDJRWWL $� *XDUQHUL '� 'HFHQVL $� &RQREELR /�
&XURWWR $� 0DUWRUDQD *� 3HJRUDUR &� 6HOYDJJL 3� HW DO� 3URSK\OD[LV RI
VXSHUILFLDO EODGGHU FDQFHU ZLWK PLWRP\FLQ RU LQWHUIHURQ DOID��E� UHVXOWV RI D
PXOWLFHQWULF ,WDOLDQ VWXG\� - &OLQ 2QFRO ���������²���

��� 6DURVG\ 0)� /RZH %$� 6FKHOOKDPPHU 3)� /DPP '/� *UDKDP 6' -U�
*URVVPDQ +%� 6HH :$� 3HDERG\ -2� 0RRQ 7'� )ODQLJDQ 5&� &UDZIRUG
('� 0RUJDQURWK -� 2UDO EURSLULPLQH LPPXQRWKHUDS\ RI FDUFLQRPD LQ VLWX RI
WKH EODGGHU� UHVXOWV RI D SKDVH ,, WULDO� 8URORJ\ ����������²��
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5HFXUUHQFH RI EURQFKLRORDOYHRODU FDUFLQRPD LQ
WUDQVSODQWHG OXQJV
%URQFKLRORDOYHRODU FDUFLQRPD KDV D KLJK LQFLGHQFH RI

PHWDVWDVLV ZLWKLQ WKH OXQJ DQG D ORZHU LQFLGHQFH RI GLVWDQW

PHWDVWDVLV WKDQ DGHQRFDUFLQRPD RI WKH OXQJ� ,W DFFRXQWV IRU

�²�� RI FDVHV RI QRQ�VPDOO�FHOO OXQJ FDQFHU� $V FRQYHQ�

WLRQDO WKHUDSLHV IRU LQWUDSXOPRQDU\ PHWDVWDWLF EURQFKLR�

ORDOYHRODU FDUFLQRPD DUH JHQHUDOO\ LQHIIHFWLYH� VHYHQ

SDWLHQWV ZKR KDG LQWUDSXOPRQDU\ PHWDVWDVLV RI EURQFKLR�

ORDOYHRODU FDUFLQRPD UHFHLYHG WUDQVSODQWV RI RQH RU ERWK

OXQJV� 7KH WUDQVSODQWV ZHUH WHFKQLFDOO\ IHDVLEOH� KRZHYHU

UHFXUUHQFH RI WKH RULJLQDO WXPRU ZLWKLQ WKH GRQRU OXQJV

RFFXUUHG ZLWKLQ � \HDUV LQ WKUHH RI VHYHQ SDWLHQWV�

&DQGLGDWHV IRU WUDQVSODQWDWLRQ ZHUH UHTXLUHG WR KDYH

ELRSV\�SURYHQ EURQFKLRORDOYHRODU FDUFLQRPD DQG QR HYL�

GHQFH RI H[WUDSXOPRQDU\ GLVHDVH� 3&5 ZDV XVHG WR GHWHFW

UHFXUUHQFH RI WKH WXPRU�

2I WKH WKUHH SDWLHQWV ZLWK UHFXUUHQFH� LW DSSHDUHG LQ D

WUDQVEURQFKLDO ELRSV\ VSHFLPHQ EXW KDV QRW EHHQ FRQ�

ILUPHG E\ D PRUH H[WHQVLYH VXUJLFDO ELRSV\� ,Q WKH RWKHU

WZR SDWLHQWV� WUHDWPHQW ZDV UHVHFWLRQ ZLWK QR HYLGHQFH RI

UHFXUUHQFH DW �� PRQWKV� 2QH RI WKH SDWLHQWV ZDV WUHDWHG

E\ UHVHFWLRQ RI WKH HQWLUH WUDQVSODQWHG OXQJ IROORZHG E\ D

VHFRQG OXQJ WUDQVSODQWDWLRQ� 7KLV SDWLHQW GLHG � PRQWKV

ODWHU IURP PXOWLSOH SXOPRQDU\ FRPSOLFDWLRQV� LQFOXGLQJ

UHFXUUHQFH RI WKH FDQFHU� +LVWRORJLF DQDO\VLV RI WKH

UHFXUUHQW WXPRUV ZLWKLQ WKH WUDQVSODQWHG OXQJV VKRZHG

WKDW WKHVH WXPRUV ZHUH VLPLODU WR WKH RULJLQDO WXPRUV LQ

WKUHH RI WKH SDWLHQWV ZLWK UHFXUUHQFH�

6XUYLYDO UDWHV IRU SDWLHQWV ZLWK VWDJH � EURQFKLRORDO�

YHRODU FDQFHU UDUHO\ H[FHHG � \HDUV� )RU IRXU RI WKH VHYHQ

SDWLHQWV� WUDQVSODQWDWLRQ ZDV IROORZHG E\ D OHQJWK\ SHULRG

RI GLVHDVH�IUHH VXUYLYDO� ,Q DOO IRXU FDVHV RI UHFXUUHQFH� WKH

FDQFHU ZDV OLPLWHG WR WKH GRQRU OXQJ� 7KH VLWH IURP ZKLFK

WKH UHFXUUHQW FDUFLQRPD DURVH ZLWKLQ WKH GRQRU OXQJ

UHPDLQV XQFOHDU� ,W LV SRVVLEOH WKDW VRPH EURQFKLRORDOYHR�

ODU FDUFLQRPD FHOOV SUHVHQW LQ WKH WUDFKHD DQG SUR[LPDO

PDLQVWHP EURQFKL RI SDWLHQWV PHWDVWDVL]HG EDFN LQWR WKH

WUDQVSODQWHG SRUWLRQ�V� RI OXQJ WLVVXH�
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