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$QGUHZ 3KLOLS %DUW !
+HWKHULQJWRQ

IRU WKH GHJUHH R
'RFWRU RI 3KLORVRSK\
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'"HSDUWPHQW RI 2SWRPHWU\ DQ
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EROQOWHQWYV
$FNQRZOHGJIJHPHQWYV
'HEFODUDWLRQ
7KHVLV $EVWUDFW
L QWURGXFWLRQ
$QDWRPLFDO DQG 3K\WVLRORJLFDO %DFNJURX
(OHFWURUHWLQRJUDP
$QDWRP\ DQG 3K\WLRORJ\ RI WKH (\H DQG ¢
ODFURVFRSLF $SSHDUDQFH RI WKH 5HWI
OLFURVWUXFWXUH RI WKH 5HWLQD
5HWLQDO ODPLQDH
&HOOV RI WKH 5HWLQD
5HWLQDO SLJPHQW HSLWKHOLXP FHO
3KRWRUHFHSWRUV VWUXFWXUH
3KRWRUHFHSWRUV V\QDSWLF FRQWI
3KRWRUHFHSWRUV IXQFWLRQ DQG G
%LSRODU FHOOV URG ELSRODUYV
%LSRODU FHOOV FRQH ELSRODUV
+RUL]JRQWDO FHOOV
$PDFULQH FHOOV
*DQJOLRQ FHOOV
5HWLQDO JOLDO FHOOV
5HWLQDO &LUFXODWLRQ
&RPSRQHQWY RI WKH (OHFWURUHWLQRJUD
*UDQLWIV $QDO\VLV RI WKH (OHFWURUH
7KH (5* FRQVLVWV RI WKUHH PHSURFH
OLFURHOHFWURGHY DQG WKH HOHEWUR
3,, FRQVLVWYV RI WZR FRPSRQHQWV
7KH (5* DV D IXQFWLRQ RI GHSWK



7KH D DQG F ZDYH KDYH GLIIHUHQW RUL
3LOO DQG WKH D ZDYH DUH WKH UHFHSW
7KH UHODWLRQVKLS RI WKH HOHFWURUH)?
TXDQWDO HYHQWYV
7KH HDUO\ UHFHSWRU SRWHQWLDO
(OHFWURUHWLQRJUDP FRPSRQHQWYV DUH
GLSROHYV
0+OOHU FHOO UHVSRQVHV DQG WKH HOHFWL
7KH 0 OOHU FHOO UHVSRQVH
7KH VSDWLDO SURSHUWLHV RI H{WUDEHO
7KH VSDWLDO SURSHUWLHV RI >. @ VRXU
0+OOHU FHOO UHVSRQVHV GR QRW FDXVH
9HUWHEUDWH SKRWRUHFHSWRUV DQG WKH t
&RQH SKRWRUHFHSWRU UHVSRQVH LQ WK
5RG SKRWRUHFHSWRU UHVSRQVH LQ *HN
+\SHUSRODULVDWLRQ DQG PHPEUDQH UH
7KH LRQLF PHFKDQLVPV RI WKH UHFHSW?
6RGLXP SRWDVVLXP DQG FKORULGH LRQ
UHFHSWRU SRWHQWLDO
7KH GDUN FXUUHQW DQG WKH SKRWRFXU
ORGHOOLQJ WKH URG SKRWRUHVSRQVH
5KRGRSVLQ DQG WKH VHFRQG PHVVHQJH
&DOFLXP LV QRW WKH VHFRQG PHVVHQJF
7KH UROH RI F\FOLF *03
7KH WUDQVGXFWLRQ FDVEDGH
3KRWRWUDQVGXFWLRQ DV D PRGHO RI W
SKRWRUHFHSWRU UHVSRQVH
%LSRODU FHOOV DQG WKH HOHFWURUHWLQF



7KH LVRODWLRQ RI FODVVHV RI FHOO!
DIHQWYV
21 ELSRODU FHOO DFWLYLW\ FDXVHV
2)) ELSRODU FHOO DFWLYLW\ FDXVHV
7KH G ZDYH DV D GLDJQRVWLF WRRO
$ FRQWULEXWLRQ WR WKH E ZDYH IUR
DQG KRUL]JRQWDO FHOOV
$ FRQWULEXWLRQ WR WKH D ZDYH IUR
DQG KRUL]JRQWDO FHOOV
%LSRODU FHOO LQWUXVLRQ LQWR WK
WKH SKRWRUHFHSWRU UHVSRQVH
7KH WUDQVGXFWLRQ FDVFDGH DV D P
FHOO UHVSRQVH
7KH WUDQVGXFWLRQ FDVFDGH DV D P
SDUW RI WKH (5*
7UDQVJHQLF PLFH DQG WKH HOHFWURUH
7KH RVFLOODWRU\ SRWHQWLDOV
2VFLOODWRU\ SRWHQWLDOV DULVH LC
7KH RVFLOODWRU\ SRWHQWLDOV DUH
IHHGEDFN V\VWHP
7KH VFRWRSLF WKUHVKROG UHVSRQVH
7KH SDWWHUQ HOHFWURUHWLQRJUDP
6RXUFHV RI WKH 3(5*
&OLQLFDO DQG H[SHULPHQWDO HYLGH}
JHQHUDWHG LQ WKH LQQHU UHWLQD
6SDWLDO VHOHFWLYLW\ DQG WXQLQJ
BHSDUDWLRQ RI WKH 3(5* LQWR OXPL
FRPSRQHQWYV

6LIJQDO $QDO\VLV RI (OHFWURUHWLQRJUDSKLI



6LIQDO $YHUDJILQJ
&URVV FRUUHODWLRQ
2UWKRJRQDO 7UDQVIRUPYV
JRXULHU 6HULHV DQG )RXULHU 7UDQVIRUPV
JRXULHU VHULHV H[DPSOH 7KH VTXDUH
7KH )RXULHU WUDQVIRUP
7KH IDVW )RXULHU WUDQVIRUP
7KH :DOVK 6HULHV DQG :DOVK +DGDPDUG 7
:DOVK +DGDPDUG WUDQVIRUPV
+DGDPDUG PDWULFHV DV RUWKRJRQDO W
P 6HTXHQFHYV
*HQHUDWLQJ P VHTXHQFHV
7KH WDS UHJLVWHU
. HUQHO $QDO\VLV DQG )XQFWLRQDOV
)XQFWLRQDOV
3RZHU VHULHV RI IXQFWLRQDOV
. HUQHOV
%LQDU\ NHUQHOV
60OLFHV RI WKH %LQDU\ .HUQHOV
&DOFXODWLRQ RI %LQDU\ .HUQHOV XVLQJ +
%LQDU\ NHUQHO SURFHGXUH XVLQJ +DGI
&DOFXODWLRQ RI %LQDU\ .HUQHOV XVLQJ P
%LQDU\ NHUQHO SURFHGXUH XVLQJ P VH
&DOFXODWLQJ WKH ILUVW RUGHU ELQDU'
&DOFXODWLQJ KLJKHU RUGHU ELQDU\ NH
OXOWLSOH ,QSXW 6\VWHPV

9ROWHUUD .HUQHOV DQG OXOWLSOH ,QSXW
2YHUODS

*HQHUDWLRQ RI 6WLPXOL



1RLVH &RQVLGHUDWLRQV DQG $UWHIDF)
5DQGRP QRLVH
'LVEUHWH 1RLVH
1RQOLQHDU &RPSRQHQWY Rl WKH (OHFWUF
1IRQOLQHDULWLHY HYRNHG E\ 3DWWHUQ
6WLP XOL
1IRQOLQHDULWLHYVY $ VIVWHPV DQDO\WL
.HUQHO DQDO\VLV RI WKH IODVK (5* DQG
,QVWDOOLQJ 9(5,6
+DUGZDUH 'HYLFHV WR (QKDQFH 6LJQDO Wi
7KH $PSOLILHU
)DUDGD\ &DJH
'HVLJQ DQG &RQVWUXFWLRQ RI WKH )L
3KDUPDFRORJLFDO $LGV WR (QKDQFH 6LJQ
3XSLO 'LODWLRQ
&KRLFH RI O\GULDWLE
&RUQHDO $QDHVWKHVLD
(OHEWURGHYV
6NLQ (OHFWURGHYV
7KH &RUQHDO (OHFWURGH
2YHUYLHZ Rl &RUQHDO (OHFWURGHYV !
)DEFWRUV $IIHFWLQJ &RUQHDO (OHEW!
&RQVWUXFWLQJ '7/ HOHEWURGHYV
5HFRUGLQJ 3DUDPHWHUV
BWLPXOXV &RQILIXUDWLRQ
1XPEHU RI KH[DJRQYV
BWLPXOXV WLOH VFDOLQJ
J)LIDWLRQ WDUJHW
BWLPXOXV 5DWH



BWLPXOXV &RQWUDVW
ORQLWRU JXQ VHWWLQJV
ORQLWRU PEULJKWQHVVY DQG PFRQWUDV
ORQLWRU &DOLEUDWLRQ
JLOWHUYV
6DPSOLQJ 5DWH
P 6HTXHQFH 3DUDPHWHUV
P 6HTXHQFH /HQJWK
1XPEHU RI NHUQHOV DQG LQSXWYV
P 6HTXHQFH IUDPHYV
7DS ZRUG
6HIJPHQWY DQG 3UH ([SRVXUH P 6WHSV
$Q ([DPSOH 'DWD 6HW
&RPSRQHQWY RI WKH /LQHDU DQG 1RQOLQHDU (.
DQG &KDQJHV 'XH WR $JHLQJ
&RPSRQHQWYV RI WKH /LQHDU 5HVSRQVH
&RPSRQHQWY RI WKH OLQHDU UHVSRQVH
&RPSRQHQWY RI WKH OLQHDU UHVSRQVH
&RPSRQHQWY RI WKH OLQHDU UHVSRQVH
DPSOLWXGH
&RPSRQHQWY RI WKH OLQHDU UHVSRQVH
&RPSRQHQWY RI WKH OLQHDU UHVSRQVH
,PSHGDQFH RI WKH UHWLQD DQG JOREH
&RPSRQHQWY Rl WKH 1RQOLQHDU 5HVSRQVH
&RPSRQHQWY RI WKH QRQOLQHDU UHVSR
&RPSRQHQWY RI WKH QRQOLQHDU UHVSR
ORGHOOLQJ WKH &RPSRQHQWYV Rl WKH 1RQC
&RPSDULVRQ RI WKH WRSRJUDSK\ RI WKH Q
DQG WKH URG FRQH DQG JDQJOLRQ FHOO SRSX



7RSRJUDSK\ Rl WKH DPSOLWXGH RI 3
7RSRJUDSK\ RI WKH ODWHQF\ RI 3 D
7KH 2SWLF 1HUYH +HDG &RPSRQHQW
2SWLF 1HUYH +HDG &RPSRQHQW OH\
2SWLF 1HUYH +HDG &RPSRQHQW 5HV
'LVEFXVVLRQ
7RSRJUDSK\ RI $JH 5HODWHG &KDQJHV LQ
1RQOLQHDU (OHFWURUHWLQRJUDSKLE 5HVSRC
$JH UHODWHG &KDQJHV LQ WKH (OHFWU
5HFUXLWPHQW RI 1RUPDOV
1RUPDO VXEMHFW UHFUXLWPHQW VW
$JH UHODWHG &KDQJHV LQ WKH (OHEWU
&KDQJHV LQ WKH /LQHDU (OHFWURUHWL
$JH UHODWHG SK\VLRORJLFDO FKDQJ
7KH /LQHDU (OHFWURUHWLQRJUDP LQ
&KDQJHV LQ WKH 1RQOLQHDU (OHFWURU
$IJHLQJ
$JH UHODWHG SK\VLRORJLFDO FKDQJ
7KH 1RQOLQHDU (OHFWURUHWLQRJUD
'LVEXVVLRQ
/LQHDU DQG 1RQOLQHDU (OHFWURUHWLQRJU
*ODXFRPD
7KH $HWLRORJ\ $SSHDUDQFH DQG 7UHDWF
&ODVVLILEFDWLRQ RI WKH JODXFRPDYV
7KH 2SWLF 1HUYH +HDG LQ 3ULPDU\ 2SH
3DWWHUQV RI *DQJOLRQ &HOO /RVV LQ 3
*ODXFRPD
SHWLQDO JDQJOLRQ FHOO ORVV LQ
GHSHQGDQW



9LVXDO )XQFWLRQ 'HILFLWV LQ 3ULPDU\ 2St
*ODXFRPD
3HULPHWU\ LQ JODXFRPD
/IRFDWLRQ DQG SURJUHVVLRQ RI VFRWRP
2SHQ $QJOH *ODXFRPD
2WKHU YLVXDO IXQFWLRQ GHILFLWV LQ J
7KH SDWWHUQ HOHFWURUHWLQRJUDP DQ
LQ JODXFRPD
.V WKHUH PRUH WKDQ RQH SDWKRPHFKD
JODXFRPD"
/LQHDU DQG 1RQOLQHDU OXOWLIRFDO (OHF!
*ODXFRPD
OHGLFDO 7UHDWPHQW RI *ODXFRPD
*ODXFRPD 6XEMHFW 5HFUXLWPHQW
([FOXVLRQ &ULWHULD
SHFUXLWPHQW RI *ODXFRPD 3DWLHQWYV
&ULWHULD UHTXLUHG WR LGHQWLI\ SULPI
JODXFRPD SDWLHQWYV
SHFUXLWPHQW SURFHGXUH
*ODXFRPD VXEMHFW UHFUXLWPHQW VWD
)XOO )LHOG /LQHDU DQG 1RQOLQHDU 5HVSRQV
$QJOH *ODXFRPD
)XOO ILHOG 5HVSRQVHV LQ *ODXFRPD OHW
)XOO ILHOG 5HVSRQVHV LQ *ODXFRPD 5HV
)XOO ILHOG 5HVSRQVHV LQ *ODXFRPD $QD
JRYHDO /LQHDU DQG 1RQOLQHDU 5HVSRQVHV |
$QJOH *ODXFRPD
JRYHDO 5HVSRQVHV LQ *ODXFRPD OHWKRC
JRYHDO 5HVSRQVHV LQ *ODXFRPD 5HVXOW



JRYHDO 5HVSRQVHVY LQ *ODXFRPD $QD
/LQHDU DQG 1RQOLQHDU 5HVSRQVHV RI *OL
6FRWRPDWD
5HVSRQVHV Rl *ODXFRPDWRXV 6FRWRPD
(IDPSOH 7TUHDWPHQW
6WDWLVWLEDO PHWKRG
5HVSRQVHV Rl *ODXFRPDWRXV 6FRWRPD
/ILQHDU 5HVSRQVH
1RQOLQHDU 5HVSRQVH
5HVSRQVHV Rl *ODXFRPDWRXVY 6FRWRPD
7KH 9(5,6 1IRQOLQHDU (OHFWURUHWLQRJUD
3ULPDU\ 2SHQ $QJOH *ODXFRPD
&RQFOXVLRQV

% . EOLRJUDSK\
$SSHQGL[ 3DWLHQWTV ,QIRUPDWLRQ 6KHHW



SMNQRZOHGJHPHQWYV

, RZH DQ HQRUPRXV GHEW RI JUDWLWXGH WR 3!
DQG 'U -DQHW :ROI " LWKRXW WKHLU DGYLFH D
WKHVLVY FRXOG QRW SRVVLEO\ KDYH EHHQ ZULW
SURIHVVRU $UGHQ IRU FULWLFDOO\ UHDGLQJ W

OLUHLD 3DFKHFR &XWLOODV 0&2SWRP DVVLVWI
QRUPDO VXEMHFWYV

, PXVW WKDQN 9DHJDQ IRU WKH '7/ ILEUH
$ KXJH QXPEHU RI SHRSOH JDYH XS WKHLU WLP
PH WKHVH DFNQRZOHGJHPHQWY ZRXOG QRW EI

ODUWLQ %XOO PXVW EH SDUWLFXODUO\ PHQWLF

, ZRXOG OLNH WR WKDQN DOO WKH SRVWJUDGX
DQG SUHVHQW IRU PDNLQJ P\ WKUHH \HDUV DW

$QG ILQDOO\ WKH 8/&& IRU VR PDQ\ JUHDW WL

DOV LFK NDQ



'"HFODUDWLRQ

, JUDQW SRZHUV RI GLVFUHWLRQ WR WKH /LEUL
DOORZ WKLV WKHVLV WR EH FRSLHG LQ ZKROH
PH 7KLV SHUPLVVLRQ FRYHUV RQO\ VLQJOH FF
SXUSRVHV DQG LV VXEMHFW WR WKH QRUPDO
DFNQRZOHGJHPHQW



7TKHVLV $EVWUDFW

$LP

TR LQYHVWLIJDWH WKH UHWLQDO RULJLQV RI WKH OL
WKH KXPDQ PXOWLIRFDO HOHFWURUHWLQRJUDP

OHWKRG

/ILQHDU DQG QRQOLQHDU PXOWLIRFDO HOHFWURUHW
UHFRUGHG ZLWK WKH 9(5,6 VIVWHP 1RUPDO VXEMHF)
R \HDUV ZHUH VWXGLHG DQG VXEMHFWV ZLWK
WHPSRUDO DQG VSDWLDO FKDUDEWHULVWLEV RI 9(5,
&RPSDULVRQV ZHUH IRUPHG EHWZHHQ 9(5,6 UHVSRQ\
UHWLQDO QHXURQH GHQVLWLHV 7KH DIIHEWV RI DJF
JODXFRPD RQ 9(5,6 UHVSRQVHV ZHUH VWXGLHG

SHVXOWYV

D :DYH DPSOLWXGH OLQHDU UHVSRQVH VKRZV FOR\
GHQVLWLHY LQ WKH FHQWUDO UHWLQD EXW QRW DE
VHFRQG RUGHU NHUQHO VOLFHV UHYHDOV WKDW WK!
DQG RQH FRUQHDO QHJDWLYH FRPSRQHQW FRQWULE
FORVH DSSUR[LPDWLRQ RI WKH QRQOLQHDU UHVSRQ
*DXVVLDQ IXQFWLRQV PRGHOOHG RQ WKHVH IRXU FR
RI WKH QRQOLQHDU UHVSRQVH PD\ EH HIWUDFWHG X

%HDUVH 7KH DPSOLWXGH RI WKH D DQG E
DJHLQJ 3! H[FHSW LQ WKH FHQWUDO UHWLQD
WKH D DQG E ZDYHV LQFUHDVH ZLWK DJHLQJ DW HY}|
DQG PV \HDU 3 7KH DPSOLWXGH RI WKH ¢
XQDIIHFWHG E\ DJHLQJ EXW DERYH GHJUHHV WKH
PV \HDU *ODXFRPD FDXVHV D UHGXFWLRQ LQ WKI
FRPSRQHQW Rl WKH QRQOLQHDU UHVSRQVH 3 L ¢

RQO\ ZKLOVW WKH OLQHDU UHVSRQVH LV HYHU\ZKHL
LQGLFDWH WKDW 9(5,6 LV DV HIILFLHQW DV WKH 3(5*
VFRWRPDWRXY DQG QRUPDO UHWLQD

&RQFOXVLRQV

7KH D ZDYH FRQWDLQV D VLJQLILFDQW FRQH UHVSRC
GHJUHHVY RWKHU UHVSRQVHV LQWUXGH &RQH IXQFW
GXH WR LPSDLUHG SKDJRF\WRWLF UHDFWLRQV $JH |
UHVSRQVH PD\ EH DVVRFLDWHG ZLWK DQ DFKURPDWL
SUHVHQW LQ SHULSKHUDO UHVSRQVHV DQG KDV DQ |
GHJHQHUDWLRQ $OWHUDWLRQV WR WKH RXWHU UHW
WKH OLQHDU UHVSRQVH 7KH QRQOLQHDU UHVSRQVH
LQQHU UHWLQDO QHXURQH IXQFWLRQ EXW 9(5,6 PD\
QHXURQH ORVV LQ JODXFRPD WKDW LV KLGGHQ XVLC



QWGXFWLRQ

7KH 9LVXDOO\ (YRNHG 5HVSRQVH ,PDJLQJ 6\VW
DSSURDFK WR UHFRUGLQJ HOHFWURUHWLQRJUL
VHYHQ \HDUV KDYH SDVVHG VLQFH WKH DOJRUL
ZDV ILUVW SXEOLVKHG 6XWWHU 6LQFH W
KXPDQ YLVXDO IXQFWLRQ XVLQJ 9(5,6 KDV JUR:
FOLQLFDO XVH

9(5,6 KDV VLQJXODU DWWULEXWHY LW LV DEOF
WKH HOHFWURUHWLQRJUDSKLF UHVSRQVHV RI ¥
UHJLRQV DQG VHSDUDWH WKH UHVSRQVHV LQW
FRPSRQHQWY DQG GR WKLV TXLFNO\ 7KLV WK
XQFRYHULQJ WKH UHWLQDO RULJLQV RI 9(5,6 U
XQFHUWDLQ EHFDXVH D UDWKHU HFFHQWULF V\
GLVVLPLODU WR RWKHUV XVHG LQ HOHFWURUH\

$ GLVFXVVLRQ RI SUHYLRXV ZRUN RQ HOHFWUR
&KDSWHU 7KH PDWKHPDWLFV WKDW OLH EHK
LQ &KDSWHU XQGHU WKH EURDGHU WLWOH RI
DWWHPSWHG WR H[SODLQ ELQDU\ RUWKRJRQDO
WKH PRUH IDPLOLDU DQDORJXH )RXULHU 6HULH
RWKHU H[SODQDWLRQ SXWV 9(5,6 LQ WKLV FRQ!
DUH QRW DW DOO VWUDLJKWIRUZDUG , KRSH W
GLVFXVVLRQ PRYHV RQ WR NHUQHO DQDO\VLYV

YLWDO LI WKH UHVW RI WKH WKHVLV LV WR EH

6HWWLQJ XS 9(5,6 SUHVHQWYV VRPH XQLTXH SU|I
GLVFXVVHG LQ &KDSWHU 7KH VROXWLRQV Wi



UHIOHFW P\ HQJLQHHULQJ EDFNJURXQG 6HYHUDO
WR LQYHVWLIJDWLQJ WKH UHWLQDO RULJLQV RI 9(&
FRYHUHG LQ &KDSWHUV DQG &RQFOXVLRQV DL
WHPSRUDO DQG VSDWLDO FKDUDFWHULVWLFV RI 9
FRPSDULVRQV EHWZHHQ 9(5,6 UHVSRQVHV DQG SX
UHWLQDO QHXURQH GHQVLWLHY DQG IURP WKH DII
SULPDU\ RSHQ DQJOH JODXFRPD RQ 9(5,6 UHVSRQ)



SOQDWRPLFDO DQG 3K\WVLRORJLFDO %I
(OHFWURUHWLQRTUDP

$QDWRP\ DQG 3K\WLRORJ\ Rl WKH (YH DQG

7KH H\H LV D VOLJKWO\ DV\PPHWULFDO VSKHUH
VDIJLWWDO GLDPHWHU RI WR PP DQG D WUD!

PP :LOOLDPYV $ FURVV VHFWLRQDO YLH
OD\HUV 7KH H[WHUQDO OD\HU LV ILEURXYV DQG
H[IFHSW DW LWV PRVW DQWHULRU SDUW ZKHUH
WUDQVSDUHQW FRUQHD WKH LQWHUPHGLDWH
WKH LULVY WKH FLOLDU\ ERG\ DQG WKH FKRURL
LV FDOOHG WKH UHWLQD 7KH H\H PD\ EH GLYL
WKDW DUH VHSDUDWHG E\ WKH OHQV

JLIXUH 6DJLWWDO VHFWLRQ RI WKH H\H VKRZLQJ



ODFURVFRSLF $SSHDUDQFH RI WKH 5HWLQD

7TKH UHWLQD LV WKH OLJKW VHQVLWLYH QHXUDO V'
UHWLQD LV WKLQ EHLQJ WKLFNHVW PP QHDU \
WKLQQHU DW WKH IRYHD RI WKH PDFXOD DQG LQ W
RSWLF GLVN WKH UHWLQD LV FRQWLQXRXV ZLWK W
FHOQWUH RI WKH UHWLQD LV DQ RYDO DUHD FDOOHC(
KDV D FHQWUDO GHSUHVVLRQ WKH IRYHD FHQWUD
VHQVLWLYH FHOOV DUH FRQFHQWUDWHG LQ WKH IF
FRUUHVSRQGLQJO\ KLJK 7TKHUH DUH QR OLJKW VH
GLVN ZKLFK LV WKHUHIRUH LQVHQVLWLYH WR OLJI
VSRW

OLFURVWUXFWXUH RI WKH 5HWLQD

7KH UHWLQD FRQWDLQV D YDULHW\ Rl FHOO W\SHV
VHQVLWLYH SKRWRUHFHSWRUV URGVY DQG FRQHYV
JDQJOLRQ FHOOV $OVR SUHVHQW DUH LQWHUQHX
DQG LQWHUSOH[LIRUP FHOOV 7KH UHWLQD DOVR
YDVEXODU V\VWHP

7KH UHWLQD LV PRVW FOHDUO\ XQGHUVWRRG DV D
GHGLFDWHG WR WKH GHWHFWLRQ DQG DQDO\VLV R
DFFRXQW ZLOO FRQVLGHU WKH UHWLQD ZLWKRXW
QHUYRXV FRQQHFWLRQV EXW WKH RUJDQLVDWLRQ
EH VHHQ DV DQ LQWHJUDO SDUW RI WKH PXFK ODU
SUHVHQW LQ WKH WKDODPXV FRUWH[ DQG FHQWUI



SHWLQDO ODPLQDH

7HQ UHWLQDO ODPLQDH RU OD\HUV DUH GLVWLC
FRPSRQHQWY RI UHWLQDO FHOOV DUH FOXVWHL
FRQWLQXRXV VWUDWD &RQYHQWLRQDOO\ WKF
FKRURLG DUH WHUPHG uRXWHUY DQG WKH ODPL
DQWHULRU VHIJPHQW RI WKH H\H DUH WHUPHG
RXWHUPRVW WR LQQHUPRVW DUH

IDPLQD SLIPHQW HWSOWKHHORXP/LPSOH FXERLC(
HSLWKHOLXP 7TKH FHOOV RI WKH SLIJPHQW HSL
WHUPHG DSLFDO SURFHVVHV WKDW SHQHWUDYV

IDPLQD 5RG DQG FRQI ISRWRHWFHBWRU RXWH
VHIPHQWY DQG WKH RXWHU SDUW RI WKH LQQH
IDPLQD (IWHUQDO OLPKMWL@DODPEGRVLVWYV F
EHWZHHQ 0-OOHU FHOOV DQG SKRWRUHFHSWRU
IDPLQD 2XWHU QX¥BWPUDIMDWILHUV RI URG DQ
ERGLHV

IDPLQD 2XWHU SOHYLQROUSPWQB\HQWHUDFWLRQ
EHWZHHQ WKH FHOOV LQKDELWLQJ WKH QHLJKE
IDPLQD ,QQHU QXPOGID\WOFRRSULVHG RI WKL

VWUDWD KRUL]JRQWDO FHOO VRPD IRUP WKH R:
VRPD UHVW LQ WKH PLGGOH DQG 0:0OO0HU FHOO
DQG LQWHUSOH[LIRUP FHOOV WKH LQQHUPRVW
IDPLQD ,QQHU SOH[LIRUP OD\HU V\QDSWLF F
LQQHU SOH[LIRUP OD\HU DV LQ ODPLQD EXW
VXEGLYLGHG LQWR WKUHH PRUH VWUDWD GHSH
PDNLQJ FRQWDFW 2)) ELSRODU JDQJOLRQ DQC
RXWHU p2))] VWUDWXP 21 ELSRODU JDQJOLR



WH PLGGOH u21f VWUDWXP ZKLOVW URG ELSROL
UGLVSODFHGYT DPDFULQH FHOOV LQ WKH LQQHU pl

IDPLQD *DQJOLRQWAHH O OOODNMUFRQWDLQV QRW R
FHOO ERGLHVY EXW DOVR WKH FHOO ERGLHV RIuGlI
IDPLQD 1HUYH ILEKH QBUNW ILEUH OD\HU FRQWL

XQP\HOLQDWHG D[RQV RI UHWLQDO JDQJOLRQ FHO
SURFHVVHV RI DVWURF\WHV ZKLFK HQVKHDWK WKH
IDPLQD ,QWHUQDO OD BROWDQJERXMIGIDU\ EHW ZHH
UHWLQD DQG WKH YLWUHRXV IRUPHG E\ WKH HQG

7KH WKLFNQHVYV RI WKH OD\HUV YDU\ WKURXJKRXW
([FHSWLRQDOO\ LQ WKH IRYHD ZKHUH WKH UHWLC
RXWHUPRVW ODPLQDH DUH SUHVHQW

&HOOV RI WKH 5HWLQD

SHWLQDO SLIJPHQW HSLWKHOLXP FHOOV

5SHWLQDO SLIJPHQW HSLWKHOLXP FHOOV FDUU\ RXYV
WR YLVLRQ 7KH\ SKDJRF\WRVH GLVFDUGHG SLHFI
RXWHU VHIPHQW PHPEUDQH 7KH HSLWKHOLXP DF
GHYLFH UHGXFLQJ WKH DPRXQW RI OLJKW WKDW 1
SKRWRUHFHSWRU OD\HU 7TKH HSLWKHOLXP IRUPYV
UHWLQDO EDUULHU EHWZHHQ WKH UHWLQD DQG Wi
FKRURLG DQG JXDUGV WKH VSHFLDO LRQLF HQYLU
:LOOLDPYV



SKRWRUHFHSWRUYV VWUXFWXUH

3KRWRUHFHSWRU FHOOV FDQ EH HLWKHU URGYV
KDYH D VLPLODU RUJDQLVDWLRQ DOWKRXJK Gt
ORQJ DQG UDGLDOO\ RULHQWDWHG ZLWK D OLJ
RXWHU VHIJPHQW WKDW LV LQ FRQWDFW ZLWK \
SLIJIPHQW HSLWKHOLXP DW WKH GLVWDO HQG
VHIPHQW LV OLQNHG WR DQ LQQHU VHJPHQW E
FDVH Rl URG SKRWRUHFHSWRUV WKH LQQHU DQ
WKLQQHU DQG PRUH F\OLQGULFDO WKDQ LQ WK
WKH VHJPHQWY DUH ZLGHU DQG WDSHUHG 7KF¢
WKH LQQHU VHIJPHQW E\ GLUHFW MX[WDSRVLWL
ILEUH LQ URGVY 5RG FHOOV PDNH V\QDSWLF FF
YLD D URG VSKHUXOH FRQH FHOOV YLD D FRQH
SHGLFOH DUH FRQQHFWHG WR FHOO ERG\ E\ D ¢
LQWHUQDO ILEUH ,Q WKH IRYHD ZKHUH WKH D
IURP WKH SKRWRUHFHSWRU WKH LQWHUQDO IL
KRULJRQWDOO\ OD\HUHG DQG DUH WHUPHG WKI

SKRWRUHFHSWRUYV VIQDSWLF FRQWDFWYV

5RG VSKHUXOHV IRUP VIQDSWLF MXQFWLRQV ZL
KRULJRQWDO FHOOV DQG YLD JDS MXQFWLRQYV
URGY DQG WKH SHGLFOHV RI RWKHU FRQHV (O
ZLWK RQH RU PRUH URG ELSRODU FHOO GHQGU
D[RQV 7KLV DUUDQJHPHQW DOORZV FRPSOHJ \
HQWDLOLQJ H[FLWDWRU\ DQG LQKLELWRU\ LQIO
WKUHH W\SHV RI FHOO



&RQH SHGLFOHV DUH PRUH FRPSOH[ ,Q WKH PRQN
LQYDJLQDWLRQV FRQWDLQLQJ D FRQH 21 ELSRODU
KRULJRQWDO FHOO GHQGULWHY ,Q DGGLWLRQ WK
FRQWDFWV ZLWK FRQH 2)) ELSRODU FHOOV (DFK

FRQQHFWHG WR WZR PLGJHW ELSRODU FHOOV DQG
ELSRODUV /DWHUDO LQWHUDEFWLRQV EHWZHHQ FI
MXQFWLRQV EHWZHHQ SHGLFOHV ,Q WKH IRYHD H
PD\ FRQWDFW VL[ WR WZHOYH SHGLFOHV LQ WKH

XVXDOO\ PDGH EHWZHHQ FRQH DQG URG FHOOV 7
FRQH JDS MXQFWLRQV LV QRW ZHOO XQGHUVWRRG
ZRXOG DOORZ URGV WR VLIJQDO WKURXJK WKH LQK
:LOOLDPV

SKRWRUHFHSWRUYV IXQFWLRQ DQG GLVWULE

SRG FHOOV SURYLGH KLJK PRQRFKURPH VHQVLWLY
UDQJH RI LOQOWHQVLWLHY ZKHUHDV FRQH FHOOV DU
VSDWLDO UHVROXWLRQ FRORXU YLVLRQ LQ JRRG C
FHOOV DUH DOO RQH RI WKUHH W\SHV DFFRUGLQJ
VHQVLWLYLW\ UHG RU / JUHHQ RU 0 DQG %OXH R
UHIHU WR WKH ZDYHOHQJWK /RQJ OHGLXP RU 6KR
WKH\ DUH PD[LPDOO\ VHQVLWLYH LOLDPV

7KH WRWDO QXPEHU RI URGV LQ WKH KXPDQ UHWL

PLOOLRQ DQG FRQHYV PLOOLRQ 2VWHUE
IRYHD WKH URGYV DUH DEVHQW EXW WKH FRQHV DU
WKH FRQHV DFKLHYH D VSDFLQJ RI MLP RU DER
PP 2VWHUEHUJ &RQH GHQVLW\ GLPLQLVKH\
IURP WKH PDFXOD GURSSLQJ WR PP DW WK



SRGV DUH DOPRVW WKH UHYHUVH RI FRQHV LQ
IURP JHUR DW WKH IRYHD WR D SHDN GHQVLW\ |
HFFHQWULFLW\ RI f WKHQ IDOOLQJ RIl WR DEF
SHULSKHU\ DERXW WHQ WLPHV PRUH QXPHURX

7KLV GLVWULEXWLRQ DFFRUGV ZHOO ZLW|
SKRWRSLF FRQH DQG URG SKRWRSLF YLVLRQ
UHWLQD 6 FRQHY DUH VOLJKWO\ ODUJHU WKD (
OHVV WKDQ D ILIWK RI WKH WRWDO FRQH SRSX!
IRYHD

%LSRODU FHOOV URG ELSRODUYV

1XPHULFDOO\ URG ELSRODUV ELSRODU FHOOV
ELSRODU FHOOV ZLWK FRQH LQSXWV MXVW DV
FRQH SKRWRUHFHSWRUV LQ WKH KXPDQ UHWLQ
WHUPLQDOV HQG RQH WR HDFK URG VSKHUXOH
URG ELSRODUV FRQWDFWYV URGY ZKHUHDYV
ELSRODU FRQWDFWYV URGYV SRG ELSRODU
JDQJOLRQ FHOOV GLUHFWO\ EXW VI\QDSVH RQW|
ELSRODUYVY DUH 21 ELSRODUYVY DQG VR UHVSRQG
LQSXW ZLWK D VLIJQ LQYHUWLQJ GHSRODULVDW

%LSRODU FHOOV FRQH ELSRODUV

&RQH ELSRODUV ELSRODU FHOOV WKDW V\QDS"
FDQ EH FODVVLILHG LQWR WKUHH JURXSV PLG



OLGJHW ELSRODUV DUH RQO\ VHHQ LQ SULPDWHYV

ZLWK D VPDOO GHQGULWLF WUHH WKDW LV QDUUR.
FRQWDFWY RQO\ RQH / RU 0 FRQH SHGLFOH $W V
FHOO WKH D[RQ V\QDSVHV ZLWK D VLQJOH JDQJOLI
DPDFULQH FHOOV OLGJHW ELSRODUV PD\ EH HLW
FRQVHUYLQJ 6LJQ LQYHUWLQJ PLGJHW ELSRODU
K\SHUSRODULVDWLRQ ZLWK D GHSRODULVLQJ 21 U
FHOOV UHVSRQG ZLWK DQ 2)) UHVSRQVH HDEFK FR
RQH 21 DQG RQH 2)) PLGJHW ELSRODU FHOO 1HOV
%HFDXVH DW WKH IRYHD WKH PLGJHW ELSRODU F
FKDQQHO IURP RQH FRQH WR RQH JDQJOLRQ FHOO
RI D VIVWHP WKDW PHGLDWHYV KLJK VSDWLDO UHVI

%OXH RU VRPHWLPHYV 6 FRQH ELSRODUV V\QDSVH
FRQH ELSRODUV IRUP D XQLWDU\ SDWKZD\ EHWZH}
JDQJOLRQ FHOOV .ROE HW DO %OXH FRQH E
VLJQ LQYHUWLQJ YDULHW)\

"'LIIXVH ELSRODU FHOOV DUH ODUJHU WKDQ PLGJH'
FRQQHFWHG WR ELSRODU FHOOV LQ WKH FHQWL
FHOOV LQ WKH SHULSKHU\ UHJDUGOHVV RI FRQH =
7KH\ DUH WKRXJKW WR VLIJIQDO OXPLQRVLW\ 7TKHI
ODUJHU WKDQ PLGJHW ELSRODU FHOOV DQG FRQV]
GLVFULPLQDWLRQ 7TKHUH DUH VL[ PRUSKRORJLFD
GLIIXVH ELSRODU FHOO WKUHH RI WKHP DUH 21 W
W\SH



+RULJRQWDO FHOOV

+RUL]JRQWDO FHOOV DUH LQKLELWRU\ LQWHUQH
FRQWDFW ZLWK ELSRODU FHOOV DQG SKRWRUH
FRQH SHGLFOHV DQG YLD JDS MXQFWLRQV ZLW
UHFHSWLYH ILHOG Rl KRULJRQWDO FHOOV LV VF
UHWLQD HDFK FHOO FRQWDFWLQJ FRQHV EXV
ZKHUH FRQHV PD\ EH FRQWDFWHG 7KUHH W\
PD\ EH GLVWLQJXLVKHG WKH\ DUH WHUPHG +,

KDYH D VPDOO EXVK\ GHQGULWLF ILHOGV DER
LQ WKH IRYHD DQG DERXW PLFURQV LQ GLDPI
3RO\DN +00 FHOOV KDYH PRUH VSLGHU\
FHOOV +LOO FHOOV DUH YHU\ VLPLODU LQ DS
HYHU\ZKHUH ELJJHU LQ GHQGULWLF ILHOG VI

+RUL]IRQWDO FHOOV FUHDWH LQKLELWRU\ VXUU
GHSRODULVHY DQ 21 ELSRODU KRUL]JRQWDO FH
DW WKH HGJH RI WKH LOOXPLQDWHG DUHD ZKLF
PD[LPLVHV VSDWLDO UHVROXWLRQ 6RPH KRUL
HIKLELW FRORXU RSSRQHQF\ VR WKDW YLD IHH
FHOOV VSHFWUDOO\ RSSRQHQW VXUURXQGYV FD
$PPHUPXOOHU DQG .ROE $ VSRW RI VD\

RQWR WKH UHWLQD FDXVHV LQKLELWLRQ LQ WK
WKH / FRQH

+, FHOOV FRQWDFW / DQG 0 FRQHV SULPDULO\
ZLWK VRPH 6 FRQHV LQ WKHLU GHQGULWLE ILHC
FRQHV ZLWK ODUJH GHQGULWHY OHDYLQJ OHV'
DQG 0 FRQHV +LOO FHOOV PDNH FRQWDFW ZL\



DQUHHPLQJO\ DYRLG 6 FRQHV ZLWKLQ WKHLU GHQ
$PPHUPXOOHU DQG .ROE .ROE HW DO

$PDFULQH FHOOV

$PDFULQH FHOOV VHUYH WR LQWHJUDWH PRGXOD'
WHPSRUDO GRPDLQ WR WKH YLVXDO PHVVDJH SUH
FHOO .ROE HW DO $PDFULQH FHOOV DUH XQ
EHFDXVH WKHLU GHQGULWHY IXQFWLRQ DV D[RQV
PDNH LQFRPLQJ DQG RXWJRLQJ V\QDSVHV $PDFU
FODVVLILHG LQWR GLIIHUHQW W\SHV RQ PRUSKROF
GHQGULWLF VSUHDG DQG VWUDWLILEFDWLRQ ZLWKL
O0DQ\ YDULHWLHY RI DPDFULQH FHOO DUH PRQRVW!
VLQJOH VWUDWXP ZKLOH RWKHUV DUH EL RU WUL
DPDFULQH FHOO SDVVHV WKURXJK DOO WKH VWUD
OD\HU LW LV FDOOHG GLIIXVH 7KH PRVW VWXGLH
DPDFULQH FHOO D QDUURZ ILHOG ELVWUDWLILHG
FRPLQJ LQWR DQ $00 FHOO DUH URG GRPLQDWHG
WKH FHOO LV FLUFXODU URG LQSXWV IURP WKH FI
21 UHVSRQVH ZKHUHDV URG LQSXWV IURP WKH HG.
ILHOG FDXVH D K\SHUSRODULVLQJ 2)) UHVSRQVH

ELSRODUV GR QRW PDNH GLUHFW FRQWDEW ZLWK

VR YLD DPDFULQH FHOOV 2WKHU DPDFULQH FHOC
ILHOG FRQH SDWKZD\ DPDFULQH FHOO ZKLFK PD\
JHQHUDWLQJ WKH DQWDJRQLVWLE VXUURXQGV RI |
1HOVRQ 7KH $ DPDFULQH FHOO LV LQYROYH
FDW LQ PLGJHW FRQH SDWKZD\V 1HOVRQ DQG .RC
DPDFULQH FHOO KDV LQSXWV IURP URG FHOOV DQ¢
GHQGULWLF ILHOG 7KH $ SUREDEO\) SOD\V D UF



WwJQDO IURP ODUJH DUHDV RI WKH UHWLQD WR
LQWHQVLWLHYVY .ROE HW DO $ FRQH GU
GULYHQ YLD $00 DPDFULQHVY DUH WZR VLPLOD
LQYROYHG LQ WUDQVIHUULQJ IDVW PHVVDJHV |

DQRWKHU )J)UHHG HW DO $ORQJ ZLWK $
DPDFULQH FHOO $ $ PD\ EH UHVSRQVLEOH
QHIJDWLYH UHVSRQVH %XUNKDUGW TY

*DQJOLRQ FHOOV

*DQJOLRQ FHOOV DUH WKH ILQDO VWDJH LQ WK
WKH\ UHOD\ UHWLQDO QHXURQDO VLJQDOV WR
*DQJOLRQ FHOO ERGLHV IRUP D VLQJOH VWUDW
H[FHSWLRQDOO\ LQ WKH PDEXODU DUHD WKH\ I
GHHS DQG LQ WKH IRYHD WKH\ DUH YLUWXDOO\
*DQJOLRQ FHOOV DUH FODVVLILHG LQWR YDULR
GHQGULWLF SDWWHUQ DQG HOHFWURSK\VLROR.
VSHFLHV GLIIHUHQFHV H[LVW EXW KHUH D GHVF
SULPDWH UHWLQD ZLOO EH XVHG

ORVW JDQJOLRQ FHOOV DUH HLWKHU PLGJHW R!
QHUYH PLGJHW FHOOV SURMHFW WR WKH SDUYH
JHQLFXODWH QXFOHXV DQG SDUDVRO FHOOV Wi
SDUDVRO FHOOV DUH VRPHWLPHVY WHUPHG 0 FH
FHOOV %RWK WKHVH FODVVHV RI FHOO KDYH
UHVSRQG WR WKH RQVHW Rl LOOXPLQDWLRQ LQ
DQG 2)) FHOOV ZKLFK UHVSRQG ZKHQ WKH LOO)
GHQGULWHYV RI 21 DQG 2)) FHOOV VSUHDG WR P



DSSURSULDWH 21 DQG 2)) OD\HUV Rl WKH LQQHU S¢
6HFWLRQ

OLGJHW JDQJOLRQ FHOOV PDNH FRQWDFW ZLWK D
ELSRODU FHOO WKH\ EHFRPH DFWLYH 21 RU LQD
VLQJOH / RU 0 FRQH LV LOOXPLQDWHG DQG FDQ Pt
YLVLRQ 3RO\DN ORVW PLGJHW JDQJOLRQ FH
DFFRUGLQJ WR WKHLU FKURPDWLF UHVSRQVH *RX
JDQJOLRQ FHOOV IRUP D QRQ RYHUODSSLQJ PRVDI
DFFRXQWLQJ IRU RI DOO JDQJOLRQ FHOOV L

3DUDVRO JDQJOLRQ FHOOV DUH OHVV QXPHURXV V
FHOOV IRUPLQJ RQO\ DERXW RI DOO JDQJOLRQ
ELJJHU 3RO\DN 7KH\ UHFHLYH LQIRUPDWLRC
ELSRODUV DQG YLD $00 DPDFULQH FHOOV RI URC
JDQJOLRQ FHOOV KDYH H[WHQGHG UHFHSWLYH ILH
PDQ\ SKRWRUHFHSWRUV %RWK 21 DQG 2)) SDUDV
H[LVW 3RO\DN

%LVWUDWLILHG JDQJOLRQ FHOOV KDYH WHUPLQDO
RI WKH LQQHU SOH[LIRUP OD\HU 7KH\ SUREDEO\
SKRWRUHFHSWRUV YLD EOXH FRQH ELSRODUV DO\
ObUJHU UHFHSWLYH ILHOG WKDQ PLGJHW ELSRODL

7KH D[RQV RI UHWLQDO JDQJOLRQ FHOOV FRQYHU.
IRUP WKH QHUYH ILEUH OD\HU JURP WKH QDVDO |
D[RQV FRQYHUJH LQ D VLPSOH UDGLDO SDWWHUQ
D[RQV SDVV VWUDLJKW WR WKH RSWLF GLVN 7TKH
FHOOV WKDW OLH WHPSRUDO WR WKH PDFXOD VZH



DQG EHORZ WKH PDFXOD WR UHDFK WKH GLVN

FHOOV DUH XQP\HOLQDWHG XQWLO WKH\ UHDFK
DGYDQWDJH DV P\HOLQ LV UHWUDFWLOH WKH F
WKH D[RQV HQWHU WKH RSWLF GLVN WR EHFRPI

SHWLQDO JOLDO FHOOV

0+OOHU FHOOV DUH WKH SULQFLSDO JOLDO FHO
DUFKLWHFWXUDO VXSSRUW VWUXFWXUHV VWUH
WKLENQHVV RI WKH UHWLQD DQG IRUPLQJ WKH
PHPEUDQHVY 0+ OOHU FHOOV DUH UDGLDOO\ RU
LQ WKH LQQHU QXFOHDU OD\HU DQG SURMHFW ¢
0+OOHU FHOO SURFHVVHV HQYHORS QHXURQV L
DUH RQO\ DOORZHG GLUHFW FRQWDFW DW WKH.L
IXQFWLRQV LQFOXGH WKH VXSSO\ RI HQG SURG.
PHWDEROLVP WR IXHO DHURELF PHWDEROLVP L
QHXURQDO ZDVWH SURGXFWV SURWHFW QHXUR
H[FHVV QHXURWUDQVPLWWHUVY DQG DUH LQYRO
KRPHRVWDVLY SDUWLFXODUO\ ZLWK UHVSHFW
FHOOV DUH FRYHUHG LQ PRUH GHWDLO LQ 6HFW
RI JOLDO FHOOV H[LVW LQ WKH UHWLQD DVWUF
$VWURF\WHV SUREDEO\ SURYLGH JOXFRVH WR V
WUDQVIRUPV PLFURJOLD ZKLFK EHFRPH PDFURS

SHWLQDO &LUFXODWLRQ

7KH UHWLQD UHFHLYHV LWV EORRG VXSSO\ IURI

WKH EORRG YHVVHOV RI WKH FKRURLG DQG WK
UHWLQDO DUWHU\ 7KH FHQWUDO UHWLQDO DU



WDYHOV WR WKH RSWLF QHUYH KHDG ZKHUH LW Gl
EUDQFKHV 7KH WZR EUDQFKHY DUH WHUPHG VXS]
WKH\ ERWK WKHQ ELIXUFDWH LQWR QDVDO DQG WFE
WKHVH IRXU EORRG YHVVHOV VHUYHV RQH FRUUHYV
UHWLQD &RUUHVSRQGLQJ YHLQV XQLWH WR IRUP
DOWKRXJK WKH FRXUVHV RI WKH YHLQV GR QRW FF
RI WKH DUWHULHY 7KH FDSLOODULHV EUDQFKLQJ
DUWHU\ GR QRW SDVV EH\RQG WKH RXWHU QXFOHL
VXSSO\ WKH SKRWRUHFHSWRUV 3KRWRUHFHSWRL
RQ FKRURLGDO FLUFXODWLRQ WUDQVPLWWHG YLE
FHOOV IRU R[\JHQ VXSSO\ DQG RWKHU QXWULWLY
FLUFXODWLRQ

OLGJHWIDQHIXP FHOOV

QR IW
% OXH ,QWHUQDO
OLPLWLQJ PHPEUDQH

JLIXUH VKRZV WKH DSSHDUDQFH ORFDWLRQ DQG LQW
UHWLQDO QHXURQV SKRWRUHFHSWRUYV DUH LQGLFDWH
KRUL]RQWDO FHOOV E\ +] ELSRODU FHOOV E\ UE URG |
PLGJHW LGHE 21 GLIIXVH IGHE 2)) GLIIXVH EHE EOXH
$00 $00 DPDFULQH FD $ DPDFULQH GFD GLVSODFH!



&RPSRQHQWV RI WKH (OHFWURUHWLQRTUDP

'KHQ DQ HOHFWURGH VXFK DV D OHQJWK RI VL
SRVLWLRQHG RQ WKH FRUQHDO VXUIDFH RI WKt#
UHIHUHQFH HOHFWURGH LV SODFHG HOVHZKH!
FKDQJHV EHWZHHQ WKH HOHFWURGHYV DUH UHF
VWLPXODWHG ZLWK D IODVK RI OLJKW 7KHVH

SRWHQWLDOV DQG WKH\ UHSUHVHQW WKH VXPP
SRSXODWLRQV RI FHOOV DQG FHOO W\SHV 7Kt&
IURP WKH H\H LV FDOOHG DQ HOHFWURUHWLQR.
FRPSOH[ ZDYH IRUP FRQVLVWLQJ RI WKUHH PDN
PLQRU RQHV 7KH ILUVW ZDYH LV D QHJDWLYH
ZLWK UHVSHFW WR UHIHUHQFH HOHFWURGH DQ
D ZDYH 7KH VHFRQG RU E ZDYH LV D SRVLW
FRUQHD ,Q D UHWLQD GRPLQDWHG E\ URGV Wt
WKH F ZDYH ZKLFK LV SRVLWLYH LQ VLJQ 7KH
SURPLQHQW LQ (5*V HOLFLWHG IURP FRQH GRP
SURPLQHQW SRWHQWLDO FDQ EH REVHUYHG DW
FDOOHG WKH G ZDYH ,Q URG GRPLQDWHG UHW
QHIJDWLYH GHIOHFWLRQ LQ GXSOH[ UHWLQDV V
DQG PRUH FRPSOH]

7KH (5* KDV JHQHUDOO\ EHHQ KHOG WR EH WKH
VHYHUDO XQGHUO\LQJ FRPSRQHQWY ,Q YLHZ I
DSSHDUDQFH RI WKH (5* DQG WKH HTXDOO\ FRF
UHWLQD WKH HOHFWULFDO VXPPDWLRQ RI FXU
VWUHQJWK DQG ODWHQF\ ZRXOG RIIHU D UHDVF
(5* LQ WHUPV RI VLPSOHU FRPSRQHQWV



*UDQLWTYTV $QDO\WVLYVY RI WKH (OHFWURUHWLQR™

2QH RI WKH ILUVW DQDO\VHY WKDW DWWHPSWHG W
WHUPV RI LWV XQGHUO\LQJ FRPSRQHQWV ZDV FDU!

*UDQLW REVHUYHG WKDW LW LV SRVVLEOH W
FXUYH OLNH WKH (5* LQ PDQ\ ZD\V  +H VXJJHVWE
FXUYH LQWR LWV FRPSRQHQWYV E\ ELRORJLFDO PH
UHWLQD ZKHUH FHOOV KDYH EHFRPH GLIIHUHQWLI
SXUSRVHV PD\ VKRZ VHOHFWLYH VHQVLWLYLW\ RU
DIJHQWV $ JLYHQ DJHQW PD\ DFW XSRQ RQH FHOOQ
PDQQHU WR DQRWKHU DQG DOORZ WKH UHVSRQVH
VHSDUDWHG W LV RQO\ QHFHVVDU\ WR ILQG DQ I
WKDW LV VWDEOH DQG \HW VXIILFLHQWO\ VHQVLWL

7KH (5* FRQVLVWYV RI WKUHH pSURFHVVHV]

*UDQLW IRXQG WKDW D VPDOO DPRXQW RI HWKHU

LQKDODWLRQ ZDV VXIILFLHQW WR UHPRYH D SRVL
FRUQHDO UHFRUGHG (5* RI DERXW WKH ODWHQF\ C
ZDYH 7TKH FRPSRQHQW UHPRYHG LQ WKLV IDVKLR
SURFHVYV |, 3, *UDQLW IRXQG WKDW DW YHU\ ORZ
WKH (5* FRQVLVWHG RI RQO\ D E ZDYH DQG WKDW
UHPRYHG IURP WKH (5* E\ D PHGLXP GRVDJH RI HW
LGHQWLILHG D VHFRQG 3URFHVV 300 ZKLFK ZDV

ZDYH 7KH QHIJDWLYH ZDYHIRUP WKDW UHPDLQHG
UHPRYHG 3, DQG 300 ZzDV WHUPHG 3URFHVYV ,,, 3L
VHHPHG WR EH D VLPLODU VKDSH DQG ODWHQF\ D\
3LOO VR WKH D ZDYH ZDV DWWULEXWHG WR 3LOO
WKH DGPLWWHG HWKHU KDG WKH HIITHFW RI UHPRY



J)LIXUH *UDQLWIV WKUHH FRPSRQHQWYV RI WKH pU
LOOXVWUDWHG KHUH DV EURNHQ OLQHV ZLWK WKH H
UHWLQDO LQWHQVLWLHYV P/ DERYH DQG P/ EHC

OLFURHOHFWURGHY DQG WKH HOHFWURUHMW

*UDQLWYV WHFKQLTXH IRU LVRODWLQJ FRPSRQ
OLPLWHG E\ WKH DELOLW\ Rl WKH DJHQW WR GL
WA\SHV ,Q *UDQLWYV H[SHULPHQWY HWKHU FR;
WKH FHOOV RI PDQ\ VWUXFWXUHV ZLWKLQ WKH
SRVVLEOH WR NQRZ ZKLFK FHOOV ZHUH EHLQJ I
WKHUHIRUH FRQFHQWUDWHG RQ PLFURHOHFWUI
UHVSRQVHV UHFRUGHG IURP HOHFWURGHV SOD!|
LQVLGH WKH FHOOV WKHPVHOYHVY OLFURHOHF)
QHZ WHFKQLTXHV IRU DQDO\VLQJ WKH (5* DQG
LWV FRPSRQHQWYV



300 FRQVLVWY RI WZR FRPSRQHQWYV

*UDQLW REVHUYHG WKDW UHGXFLQJ WKH LQFI
FDXVHG 300 WR EHFRPH LVRODWHG 8VLQJ QHZ F
UHFRUGLQJ PHWKRGYV %URZQ DQG :LHVHO D IR
LOQWHQVLW\ FRXOG EH UHGXFHG VXIILFLHQWO\ WR
DEROLVKLQJ 300 LWVHOI 7KH UHPDLQLQJ FRPSR(
VLPLODU WR D G F FXUUHQW SXOVH DQG VR ZDV W
FRPSRQHQW 7KH DSSOLFDWLRQ RI [\ORFDLQH VHLE
ZDYH ZLWKRXW DIIHFWLQJ WKH G F FRPSRQHQW R
DQG :LHVHO D FRQFOXGHG WKDW WKH E ZDYH
FRPSRQHQW DUH JHQHUDWHG E\ GLITHUHQW PHFKD
FRQWULEXWH WR 300

7TKH (5* DV D IXQFWLRQ RI GHSWK

OLFURHOHFWURGHY HQDEOHG %URZQ DQG :LHVHO
DPSOLWXGH RI WKH (5* ZDYHV DV D IXQFWLRQ RI G
ZDV SXVKHG LQWR WKH UHWLQD XQWLO LW SHQHW
7KH HOHFWURGH ZDV WKHQ ZLWKGUDZQ LQ VWHSYV
HDFK KDOW 7KH DPSOLWXGH PD[LPD IRU WKH D I
IRXQG WR EH FORVH WR WKH UHWLQDO VLGH RI WK
DPSOLWXGH PD[LPD RI WKH E ZDYH ZDV IRXQG WR
WKH UHWLQD LQ WKH UHJLRQ RI WKH LQQHU QXFOF
GLYLGH WKH (5* LQWR UHVSRQVHYVY JHQHUDWHG DW
UHWLQDO OHYHOV



7TKH D DQG F ZDYH KDYH GLITHUHQW RULJ

7KHUH LV VWURQJ HYLGHQFH WKDW WKH D DQG
JHQHUDWHG E\ VHSDUDWH PHFKDQLVPV EXW D!
FHOO W\SHV 1RHOO VKRZHG WKDW VRGLX
UHGXFHV WKH F ZDYH FRUUHODWHG WKLV ZLWEk
SLIJPHQW HSLWKHOLXP DQG ZDV WKH ILUVW WR
JHQHUDWHG E\ FHOOV RI WKH SLJPHQW HSLWKH
E\ <DPDVKLWD DQG RWKHUV ZKR GLG QRW
ZKHQ ZRUNLQJ RQ WKH LVRODWHG UHWLQDV RI
WKH FDW DQ LQWUDFHOOXODU UHVSRQVH KDV
WLPH FRXUVH VLPLODU WR WKDW RI WKH F ZDY]|

E 7KLV UHVSRQVH ZDV RQO\ IRXQG ZKHQ W
SHQHWUDWHG WKH SLIJPHQW HSLWKHOLXP %UXTI
7KH UHVSRQVH DSSHDUHG LQ FRQMXQFWLRQ ZL
SUHVXPDEO\ UHSUHVHQWLQJ WKH PHPEUDQH SF
VHHPHG OLNHO\ WKDW WKLV UHVSRQVH ZDV WK
DULVH IURP ZLWKLQ WKH FHOOV RI WKH UHWLQI
VDPH H[SHULPHQW WKH D ZDYH DSSHDUHG WR |
DPSOLWXGH QHDU WKH UHWLQDO VLGH RI WKH
UHDGLO\ UHFRUGHG IURP LVRODWHG UHWLQDV
ZDYH PXVW EH D UHVSRQVH IURP RI WKH SKRWF
'LHVHO E

3LOO DQG WKH D ZDYH DUH WKH UHFHSWI

%URZQ DQG :DWDQDEH XVHG WZR QHZ WHF

(5* FRPSRQHQWYV )LUVWO\ WKH\ FRPSDUHG (5
IRYHD RI WKH F\QRPROJXV PRQNH\ UHWLQD WR



SHULSKHU\ 7KH\ UHDVRQHG WKDW WKH GLIIHUHQF
UHIOHFW WKH GLYHUJLQJ PRUSKRORJ\ RI WKHVH W
UHFRUGHG IURP WKH IRYHDO SLW VKRXOG FRQWDL
E\ FRQH RXWHU VHIJPHQWY DQG +HQOHYTV ILEUHV .
PRUH SHULSKHUDOO\ FRXOG FRQWDLQ FRPSRQHQW
KRULJRQWDO JDQJORQ DQG DPDFULQH FHOOV 6R
JHQHUDWHG E\ FHOOV SUR[LPDO WR WKH UHFHSWR
UHGXFHG RU HYHQ DEVHQW LQ WKH IRYHD ZKLOH
E\ WKH UHFHSWRUV WKHPVHOYHV VKRXOG EH XQDI
RWKHU PHWKRG ZDV WR VHOHFWLYHO\ FODPS WKH
DIIHFWLQJ WKH FKRURLGDO FLUFXODWLRQ %HFD;
HIWHQGV RQO\ WR WKH RXWHU PDUJLQ RI WKH LQC
WHUPLQDWHY VKDUSO\ DW WKDW OHYHO LW KDV E
PRQNH\ UHWLQD WKH JDQJOLRQ FHOOV DQG WKH F
OD\HU DUH VXSSRUWHG SULPDULO\ E\ UHWLQDO FL
6LQFH WKHUH LV QR UHWLQDO FLUFXODWLRQ LQ W
SKRWRUHFHSWRUV VDWLVI\ WKHLU PHWDEROLF GH
FLUFXODWLRQ 3RO\DN 7KHVH YLHZV KDYH E
WKH KLVWRORJLFDO HIIHFW RI FODPSLQJ WKH UHW
FDXVHVY VHYHUH GHJHQHUDWLRQ RI WKH JDQJOLRC
OD\HUV 1RHOO &ODPSLQJ WKH UHWLQDO FL
WR DEROLVK WKRVH FRPSRQHQWY QRW JHQHUDWH
WKH UHWLQDO SLJPHQW HSLWKHOLXP

SHFRUGLQJ IURP WKH SHULSKHUDO UHWLQD FODP
FLUFXODWLRQ QHDUO\ DEROLVKHG WKH E ZDYH 7
WKHUHIRUH EH JHQHUDWHG E\ FHOOV SUR[LPDO W
KDG EHHQ VXVSHFWHG "KHQ UHFRUGLQJ IURP WK
WKH UHWLQDO FLUFXODWLRQ OHIW D SXUH FRQH U



RI D UDSLG ULVH IROORZHG E\ D VOLJKW IDOO \
WKDW ODVWHG XQWLO OLJKW RIIVHW ,Q WKH ¢
FODPSLQJ FRQVLVWHG RI D TXLFN ULVH DW OLJ
ZHOO PDLQWDLQHG GXULQJ VWLPXODWLRQ EXW
VWDJHV DW OLJKW RIIVHW $Q LQLWLDO UDSLG
FRQHV ZDV IROORZHG E\ D PXFK VORZHU GHFD
WKH URGY %URZQ WKHUHIRUH LGHQWLILHG Wt
SRWHQWLDOV 7KH SHULSKHUDO UHFHSWRU SR
GHFD\LQJ FRQH UHVSRQVH VXSHULPSRVHG RQ I
UHVSRQVH 7KH VLPLODULW\ EHWZHHQ WKH VK
SRWHQWLDO DQG WKH VKDSH RI *UDQLWYV 3LO
SRWHQWLDO

7KH UHODWLRQVKLS Rl WKH HOHFWURUHW
HYHQWYV

7KH UHODWLRQVKLS EHWZHHQ WKH WKUHVKROG
DQG LQWHQVLW\ ZDV VWXGLHG E\ &RQH 0
OXPLQDQFH LQ TXDQWDO XQLWV &RQH ZDV DEC
UHODWLRQVKLS RI WKH E ZDYH WR LQFLGHQW C
OHYHOV :RUNLQJ RQ WKH DOPRVW SXUH URG
IRXQG WKDW WKH E ZDYH FRXOG EH REVHUYHG
DEVRUEHG D TXDQWXP &RQH IRXQG WKDW WK
UHVSRQVH LV SURGXFHG E\ DEVRUSWLRQ RI D \
VPDOO SURSRUWLRQ RI URGV 7KH E ZDYH WKL
HQRXJK URGVY DEVRUE RQH TXDQWXP HDFK WR
FRPSDUDEOH WR WKH EDFNJURXQG QRLVH 7K}
ZDYH DPSOLWXGH DQG OXPLQDQFH VWD\V OLQH



LQ HI[FLWHG ZKHQ WKH DPSOLWXGH EHFRPHV Sl
RI WKH OXPLQDQFH DV LW LV DW KLJKHU LQWHQVL

$V WKH E ZDYH EHFRPHV QRQ OLQHDU DW DQ LQW!
VPDOO SURSRUWLRQ RI WKH URGYV DEVRUE HYHQ R
PRUH WKDQ RQH WKH VRXUFH RI WKH E ZDYH PXV'
PRQLWRUV D ODUJH JURXS Rl URGV &RQH H[FOXG
DV D VRXUFH Rl WKH E ZDYH DQG VXJJHVWHG WKH
QXFOHDU OD\HU DV SRVVLEOH FDQGLGDWHV I W|
ZDV WKH ELSRODU FHOO WKHQ &RQHYV HOHFWURS
DEOH WR SUHGLFW WKH QXPEHU RI URG FHOOV WK
FHOO &RQH VXJIJHVWHG WR URGV SHU ELSROL
VLPSOH PRGHO ZKLFK FRPSDUHG IDYRXUDEO\ ZLW
WKDW KDYH VXJJHVWHG WKDW HDFK ELSRODU FHO
URGYV

$VKPRUH DQG )DON H[WHQGHG WKLV DQDO\VLV E\
DEVROXWH VHQVLWLYLW\ RI ELSRODU FHOOV LQ W
WKH GRBIIEMKLRUKLQXYV FDQLSFXRPRUH DQG )DON IR:
WKDW WKH G\QDPLF YROWDJH JDLQ PHDVXUHG DV
VHQVLWLYLW\ LQ WKH ELSRODU FHOO WR WKH IOD
DERXW $VKPRUH DQG )DON DVVXPHG WKDW WK
VXPPHG WKH WUDQVPLWWHU PRGXODWHG FRQGXF'
FRQWULEXWHG E\ WKH SUH VI\QDSWLF FHOOV 7 KH
FRQWULEXWLRQ PD\ QRW GHSHQG H[SOLFLWO\ RQ
FRQYHUJHQFH LI WKH IUDFWLRQDO FRQWULEXWLR(
LV QRW HTXDO 7KLV VLWXDWLRQ PLIJKW DULVH LI
ZHUH QRW FRPSRVHG H[FOXVLYHO\ RI URGV EXW L
KRUL]RQWDO FHOOV



7KH HDUO\ UHFHSWRU SRWHQWLDO

%YWURZQ DQG OXUDNDPL KDYH VKRZQ WKDW .
IODVK RI YHU\ WKRXUMW WLRQ D VPDOO ZDYH FDQ

ZKLFK SUHFHGHYVY WKH D ZDYH ,QLWLDOO\ WKL\
E\ LQWUDUHWLQDO UHFRUGLQJ EXW ZDV VRRQ

WRR 7KH ZDYH ZDV UHFRUGHG IURP F\QRPROJ:
IURP WKH QLJKW PRQNH\ RU WKH FDW 7KLV VX
UHVSRQVH ZDV PRUH UHDGLO\ UHFRUGHG IURP |
SKRWRUHFHSWRUYV 7TKH QHZ SRWHQWLDO ZDV |
DV LW ZDV GHYHORSHG LQ WKH VDPH SDUW RI W
DQG OXUDNDPL WHUPHG WKH QHZ SRWHQWLDO V
DQG UH GHVLIQDWHG WKH UHFHSWRU SRWHQWL
SRWHQWLDO VHH )LIJXUH 7KH HDUO\ UHFH:
ODWHQF\ DQG SURYHG WR EH YHU\ UHVLVWDQW
2T1%U\DQ KDYH VKRZQ WKDW WKH HDUO\ UH
WULJIJHUHG E\ LVRPHULVDWLRQ RI WKH SKRWRS
FRQGXFWLRQ PHFKDQLVP ZKLFK FDUULHV DFWL"
UHFHSWRU VHIPHQW WR WKH WHUPLQDO RI WKH

YLIXUH 7LPH FRXUVH Rl WKH HDUO\ 53

HDUO\ UHFHSWRU SRWHQWLDO DQG ODWH 53 D
ZDYH DW WZR GLIIHUHQW VZHHS VSHHGV
%URZQ DQG OXUDNDPL

PVHF



(OHFWURUHWLQRJUDP FRPSRQHQWY DUH JHC

W KDV EHHQ SURSRVHG WKDW WKH FRPSRQHQWYV

PXVW EH JHQHUDWHG E\ D GLSROH WKDW LV UDGLI
UHWLQD 7KLY ZRXOG FUHDWH D SRODULW\ LQYHU
SUR[LPDO HQGV RI WKH UHWLQD ,Q WKH FDVH RI
SRODULW\ LQYHUVLRQ KDV EHHQ UHFRUGHG E\ PD(
HIDPSOH OXUDNDPL DQG .DQHNR DV WKH D

WKHQ WKH QHJDWLYH SROH RI WKH SKRWRUHFHSW
WKH UHWLQDO VXUIDFH WKDQ WKH SRVLWLYH HQG

7KH ORFDOO\ UHFRUGHG E ZDYH KDV DOVR EHHQ V
DV WKH UHWLQD LV SHQHWUDWHG 6LQFH WKH E Z
UHFRUGHG E\ FRQYHQWLRQDO PHWKRGV WKH SRVL
WKH SUR[LPDO UHWLQD DQG WKH QHJDWLYH HQG L
+RZHYHU SRVVLEO\ EHFDXVH WKH SUR[LPDO HQG

FORVH WR WKH YLWUHRXV KXPRXU WKH GLSROH K
$UGHQ DQG %URZQ UHSODFHG WKH YLWUHRX\
H\H ZLWK KHDY\ RLO ZKLFK VDQN DQG EHFDPH FO|
UHWLQDO VXUIDFH $Q HOHFWURGH ZDV WKHQ LQ"
QRQ FRQGXFWLQJ DOO WKH UHVSRQVHV UHFRUGHC
DQ\ FXUUHQW JHQHUDWHG DW UHPRWH VLWHV FRX
WKH PLFURHOHFWURGH ,W ZDV WKHQ IRXQG WKD'
LQYHUW SRODULW\ GXULQJ SHQHWUDWLRQ 7KH P
UHFRUGHG DW WKH RXWHU PDUJLQ RI WKH LQQHU

PD[LPXP SRVLWLYLW\ ZDV UHFRUGHG DW WKH LQQ|
SOH[LIRUP OD\HU 7KHVH ILQGLQJV LQGLFDWHG W
JHQHUDWH WKH E ZDYH PXVW EH UDGLDOO\ RULHQ
DQG PXVW H[WHQG IURP WKH RXWHU PDUJLQ RI WK



WH LQQHU PDUJLQ RI WKH LQQHU SOH[LIRUP OD
RQO\ FHOOV WR SRVVHVV WKHVH WZR FKDUDFW
VXJIJHVWHG WKDW ELSRODU FHOOV ZHUH WKH V

E ZXYR DPSOLRVXGH

)LIXUH $PSOLWXGH RI WKH E ZDYH DV D IXQFWLR!
J)LYH VHSDUDWH HOHFWURGH SHQHWUDWLRQV DUH S
GLSROH LV FOHDUO\ LQGLFDWHG E\ WKH LQYHUVLRQ
DQG %URZQ



0-OOHU FHOO UHVSRQVHVY DQG WKH HOHFWURL

OLOOHU DQG 'RZOLQJ VWXGLHG WKH OLJKW Ul
QHXURQHV LQ WKH PXGSXSS\ UHWLQD LQ DQ DWWF
RI WKH E ZDYH OLOOHU DQG 'RZOLQJ IRXQG WKDYV
WKH UHWLQD UHVSRQGHG IDVWHU WKDQ WKH E zZD"
WKHQ UHFRUGHG LQWUD FHOOXODU UHVSRQVHV IU

7KH 0rOOHU FHOO UHVSRQVH

OLOOHU DQG 'RZOLQJ IRXQG WKDW 0-OOHU FHOOV
LQ UHVSRQVH WR OLJKW OLOOHU DQG 'RZOLQJ FC
UHVSRQVH ZDV VLPLODU WR WKH E ZDYH DOWKRX.
UHVSRQVH DW KLJK LOQWHQVLWLHYV ZHUH VXVWDLQ!
UHVSRQVH ZHUH QRW 0-OOHU FHOOV SURYHG WR
RUJDQLVDWLRQ DQG KDG D PXFK ODUJHU UHFHSWL
FHOO 0 -OOHU FHOOV KDG QR puD ZDYHY W\SH UHV
UHVSRQVHY ZHUH UHFRUGHG IURP QHDUO\ DOO UH
PLFURJUDSKV FRQILUPHG WKDW PXGSXSS\ 0cOOHU
IURP JDQJOLRQ FHOO OD\HU WR RXWHU QXFOHDU (

7KH VSDWLDO SURSHUWLHYVY RI HIWUDFHOOXO

7KH VSDWLDO SURSHUWLHV RI 0cOOHU FHOOV DQG
WR LOQWHUHVW LQ WKH GLVWULEXWLRQ RI HIWUDF}
UHWLQD )DEHU FLWHG E\ 'RZOLQJ FD
VHFRQG VSDWLDO GHULYDWLYH DQDO\WVHV RI WKH
FRUUHFWHG IRU YDULDWLRQ LQ UHWLQDO UHVLVW
ZDV DEOH WR SORW WKH GLVWULEXWLRQ RI VRXUF



EZDYH FXUUHQWY LQ WKH UDEELW UHWLQD )D
VLOQN IRU WKH E ZDYH FXUUHQW OLHV LQ WKH R
WKH FXUUHQW VRXUFHV ZHUH ERWK GLVWDO DC
SUR[LPDO VRXUFH H[WHQGHG DOO WKH ZD\ WR '
PHPEUDQH

7KH VSDWLDO SURSHUWLHV RI >. @ VRXUI

6HYHUDO ODERUDWRULHYV 'LFN DQG OLOOHU
.DUZRVNL DQG 3URHQ]D KDYH VWXGLHG WE
ZLWKLQ WKH UHWLQD XVLQJ . VSHFLILF HOHFW!
ORFDWLRQV RI WKH WZR FXUUHQW VLQNV FRUU
ORFDWLRQV RI OLJKW HYRNHG > @ LQFUHDVHYV
LQ WKH RXWHU SOH[LIRUP OD\HU DQG D VHFRQUC
LQQHU SOH[LIRUP OD\HU 7TKH WZR >. @ LQFUH
FRXUVHY DQG WKHVH WRR PLPLF WKH WLPH FR?>
FXUUHQW VRXUFHV IRXQG E\ )DEHU 7TKH F
LQFUHDVH LV PRUH WUDQVLHQW ZKHUHDV WKH
VXVWDLQHG

1HZPDQ VXJIJHVWHG WKDW WKH 0+OOHU FH
WKH IORZ RI >. @ ZLWKLQ WKH UHWLQD )LH SLU
WKH 0OOHU FHOOV EXIIHU WKH OLJKW LQGXFH(

JLJKW LQGXFHG LQFUHDVHV LQ . LQ WKH RX
LQQHU SOH[LIRUP OD\HU FDXVH FXUUHQWV WR |
WKHVH UHJLRQV ORVW RI WKLV FXUUHQW WKH
SHUPHDEOH HQG IRRW UHJLRQ RI WKH 0 OOHU [
PHPEUDQH 1HZPDQ EHOLHYHG WKDW WKH GLS
IORZLQJ WKURXJK WKH 0.OOHU FHOOV ZDV UHV!



$ 0ceOOHU FHOO UHVSRQVHV GR QRW FDXVH WK

$UGHQ DQG %URZQYIV VWXG\ KDG QRW IRXQG \
FXUUHQW VRXUFH DW WKH UHWLQDO VXUIDFH WKD
LPSO\ )XUWKHUPRUH ;X DQG .DUZRVNL D |

WKDW %D LRQV GR QRW DEROLVK WKH E ZDYH HYt
NQRZQ WR EORFN WKH . FKDQQHOV LQ 0sOOHU FHC

KDYH IRXQG WKDW 0J&, QHDUO\ DEROLVKHV W
DFWXDOO\ HQODUJHV WKH GLVWDO OLJKW LQGXFH
LQGXFHG WUDQVUHWLQDO >. @ IOX[HV GR QRW FR
DQG VR 0OOHU FHOOV FDQQRW EH D PDMRU FRQW
ZDYH

S9HUWHEUDWH SKRWRUHFHSWRUV DQG WKH HO

&RQH SKRWRUHFHSWRU UHVSRQVH ,Q WKH FI

7KH ILUVW FRQYLQFLQJ LQWUDFHOOXODU UHFRUGI
SKRWRUHFHSWRUV ZHUH REWDLQHG E\ 7TRPLWD

RQ WKH FRQH GRPLQDWHG UHWLQD RI WKH FDUS \
MROWLQJ WKH UHWLQD DW YHU\ KLJK DFFHOHUDWL
PLFURSLSHWWH HOHFWURGH "KHQ WKH PLFURSLS
SKRWRUHFHSWRU PHPEUDQH WKH UHVSRQVH WR D
UHFRUGHG +H PDGH WKH ILQGLQJ WKDW ZKHQ WK
LW K\SHUSRODULVHG PDNLQJ WKH FHOO PHPEUDQ
QHJDWLYH KHQ WKH ZDYHOHQJWK RI WKH LQFLG
WKURXJK WKH YLVLEOH VSHFWUXP 7RPLWD REVHU
I[IURP WKH SHQHWUDWHG FRQH SKRWRUHFHSWRU FI



IOWR DQ\RQH Rl WKUHH GLVWLQEFW FODVVHV 7
REVHUYHG UHVSRQVH KDG D SHDN DPSOLWXGH
7KLV VR FDOOHG 5 W\SH UHVSRQVH FRXQWHG IF
FRQHVY SHQHWUDWHG DQG ZDV WKHUHIRU VXSS
SRSXORXV FRQH W\SH LQ WKH FDUS UHWLQD 7
FRQH W\SH KDG D % W\SH UHVSRQVH ZLWK D St
W\SH FRQH QP KDG WKH VPDOOHVW SRSXOD!

SRG SKRWRUHFHSWRNNRVIERNNWH LQ

*HNNR KDYH ODUJH URGYVY WKDW DUH VXLWDEOH
7TR\RGD VWXGLHG WKHLU UHVSRQVH LQ LVF
6 XFFHVVIXO SHQHWUDWLRQ RI SKRWRUHFHSWR
DFKLHYHG XVLQJ 7RPLWDYV MROWLQJ WHFKQLT
WLS ZDV FRQILUPHG XVLQJ G\H PDUNLQJ DQG C
RXWHU VHIPHQWY RI UHFHSWRUV DQG QRW WK&E
RI WKH UHVSRQVH WR OLJKW ZDV DOZD\V LGHQ\
LQ WKH FDUS D K\SHUSRODULVDWLRQ

+\SHUSRODULVDWLRQ DQG PHPEUDQH UH\

7TKH TXHVWLRQ WKHVH UHVXOWYV SRVHG ZDV ZK
K\SHUSRODULVDWLRQ LV UHODWHG WR DQ LQFU
PHPEUDQH UHVLVWDQFH 7R UHVROYH WKLV LV
PHDVXUHG WKH FKDQJH LQ PHPEUDQH UHVLVWLELC
DIWHU OLJKW VWLPXOL XVLQJ D :KHDWVWRQH E
FXUUHQW SXOVHV ZDV LQMHFWHG WKURXJK D F
DQG D PLFURSLSHWWH HOHFWURGH LQWR WKH |
FXUUHQW ZDV EDODQFHG ZLWK DQRWKHU WUDL!



RSSRVLWH SRODULW\ DQG YDULDEOH DPSOLWXGH V
UHIHUHQFH HOHFWURGH VLWHG RQ WKH UHWLQD F
VHFRQG FXUUHQW OLPLWHU 7R\RGD REVHUYHG W
LOOXPLQDWLRQ FDXVHG D EULGJH LPEDODQFH WKI
PHPEUDQH UHVLVWDQFH 7KH LQFUHDVH LQ PHPE!
GHSHQGHG RQ OLJKW LQWHQVLW\ EHFRPLQJ ODUJ
LQFUHDVHG 7R\RGD WKHQ DSSOLHG DQ H[WULQVL
FXUUHQW WR WKH FHOO 7KH HIIHFW RI VXFK D FX
UHVLVWDQFH ZDV FRPSDUHG ZLWK WKH UHVLVWDQ
LOOXPLQDWLRQ 7KH SDVVLYH FKDQJH LQ PHPEUL
E\ WKH FXUUHQW GLG QRW FKDQJH WKH EULGJH EC
FRQVLGHUDEOH LPEDODQFH ZDV FDXVHG E\ OLJKW
SRWHQWLDO FKDQJHG KDG EHHQ UHGXFHG E\ WKH
FXUUHQW 7KLV FOHDUO\ VKRZHG WKDW WKH LQFL
UHVLVWDQFH FDXVHG E\ H[SRVXUH WR OLJKW LV Q
WKH K\SHUSRODULVDWLRQ EXW D SKHQRPHQRQ G|
PHPEUDQH SURFHVV WKDW FDXVHG K\SHUSRODULYV

7KH LRQLF PHFKDQLVPV RI WKH UHFHSWRU S

W VWLOO UHPDLQHG WR EH VKRZQ KRZ WKH PHPEI
E\ OLJKW LQFLGHQW RQ WKH SKRWRUHFHSWRUYV !
WKDW PHPEUDQH UHVLVWDQFH FKDQJHG LQ OLJKW
RI LRQV ZKLFK RFFXU LQ GDUNQHVYVY ZDV VXSSUHV\
PHPEUDQH UHVLVWDQFH PLJKW EH GXH WR DQ LQI
HITOX[ RI DQLRQV ([DFWO\ ZKLFK LRQV ZHUH LQYTF
SXUSRVH RI 6LOOPDQYfV VWXG\ 6LOOPDQ HW DO



BRGLXP SRWDVVLXP DQG FKORULGH LRQ"
SRWHQWLDO

'RUNLQJ RQ LVRODWHG IURJ UHWLQDV 6LOOPD
SRWHQWLDO E\ DSSO\LQJ DVSDUWDWH WR WKH

VIQDSWLF UHVSRQVHYV SHSODFLQJ WKH VRGLX
ZLWK OLWKLXP UHVXOWHG LQ WKH GLVDSSHDUL
7KH HIIHFW ZDV UHYHUVLEOH LI WKH OLWKLXP
WKHQ WKH UHFHSWRU SRWHQWLDO UHWXUQHG

WRI[LF HIIHFW 6LOOPDQ WULHG XVLQJ D UDQJF
DQG IRXQG WKDW WKH DPSOLWXGH RI WKH UHF|
GLUHFW SURSRUWLRQ WR WKH ORJDULWKP RI W
6LOOPDQ FRQFOXGHG WKDW WKH SKRWRFXUUHC(

7TKH GDUN FXUUHQW DQG WKH SKRWRFXUL

+DJLQV HW DO VWXGLHG WKH LQWHUVWL\
UHVLVWDQFHV Rl WKH UHFHSWRU OD\HU RI WKH
RI PLFURSLSHWWH HOHFWURGHV LQVHUWHG XQ
E\ LQIUDUHG PLFURVFRS\ ,Q D VRXUFH VLQN D
WKH H[LVWHQFH RI D GDUN FXUUHQW ZLWKLQ W
+DJLQV HW DO IRXQG WKDW LQ GDUNQHVV D V\
URG RXWHU VHIJPHQW ,W ZDV EDODQFHG E\ DG
FXUUHQW DORQJ WKH UHPDLQGHU RI WKH URG

FXUUHQW XQGHUZHQW D VKDUS WUDQVLWLRQ D
VHIPHQW MXQFWLRQ 3HQQ DQG +DJLQV v
OLJKW EURXJKW DERXW D WUDQVLHQW UHGXFW
SKRWRFXUUHQW KDG D ZDYHIRUP WKDW UHVHP]



3HHQ DQG +DJLQV VXJIHVWHG WKDW WKDW WKH SK
VXSSUHVVLRQ RI WKH GDUN FXUUHQW IDPE HW D
RI +DJLQV HW DO ZKHQ WKH\ VKRZHG WKDW V
SODVPD PHPEUDQH LV WKH VLWH RI SKRWRFXUUHQC
VHIPHQW LOOXPLQDWLRQ FDXVHVY ORFDO SKRWRF’

RXWHU VHJPHQW

YLIXUH 7KH GDUN FXUUHQW LQ
D VFKHPDWLF GLDJUDP RI D URG

I[LIKW DFWLYDWHG UKGRSVLQ 5K
FLUFXODWLQJ

FORVHYV 1D FKDQQHOV DQG GDUN FXUUHQW
GHFUHDVHV WKH IORZ RI 1D
IDPE

ORGHOOLQJ WKH URG SKRWRUHVSRQVH

)XRUWHYV DQG +RGJNLQ KDG VXJIJHVWHG WKD)\
DW ORZ IODVK LQWHQVLWLHV FRXOG EH DSSUR[LP
FKDLQ RI ORZ SDVV ILOWHUV $W ORZ LQWHQVLWI

IRXQG WKDW IRXU FDVEDGHG ORZ SDVV ILOW
ILW ZLWK H[SHULPHQWDOO\ UHFRUGHG GDWD 7K}
WS ZDV OLQNHG ZLWK WKH QXPEHU RI ILOWHUV LC
ZKHUH Q LV WKH QXP E#WUVRW KIHOWHRKN PRGVWDQW F
ILOWHUV 3HQQ DQG +DJLQV VXJIJHVWHG WKDW IR
DFEFXUDWHO\ PRGHO WKH WLPH FRXUVH RI WKH UH



$W IODVK LQWHQVLWLHY DERYH SKRWRQV DE
DPSOLWXGH EHFRPHV OHVV WKDQ ZRXOG EH FD
SURSRUWLRQDOLW\ LQGLFDWHG E\ WKH ORZ SD
UHVSRQVH DW KLJK LOQWHQVLWLHYV 3HQQ DQG +
K\SHUEROLF DPSOLWXGH OLPLWLQJ IXQFWLRQ

(TXDWLRQ

VKRXOG EH LQFOXGHG ZKHUH , LV LQWHQVLW\
5 W 5 PDJ 1DND DQG 5XVKWRQ KDG DOUF
HTXDWLRQ RI WKLV IRUP IRU PRGHOOLQJ 6 SRW

%“»D\ORU HW DO DOVR SURSRVHG D WZR SK
NLQHWLFV RI WKH UHVSRQVH ZDV PRGHOOHG ZI
D 3RLVVRQ ILOWHU DV VXJIJHVWHG E\ %D\ORU
DQG +RGJINLQ W WRRN WKH IRUP

(TXDWLRQ

ZKHUH U W LV WKH LPSXOVH UHVSRQVH RI WKI
LQVWDQWDQHRXY WLPH WS LV WKH WLPH WR S
RI VWDJHYV LQ WKH ILOWHU ZKLFK %D\ORU HW D



YO\ORU HW DO PRGHOOHG WKH GHSHQGHQFH RI1 UF
RQ LQWHQVLW\ RI OLJKW LQSXW ZLWK D VDWXUDWI
VXJIJHVWHG E\ /DPE HW DO

5W>0°H ¥

(TXDWLRQ

ZKHUHY LQWHQVQRWKBQGIHVSPONWLPFHPDIKD O |
WKH VDWXUDWHBWY SIOXM RPSOLWXGH DV EHIRUH

8VLQJ HLWKHU RI WKHVH HTXDWLRQV WKH URG UH'
VXPPDULVHG LQ WHUPV RI Q 5PD[ .DDQG WS %RV

VLPLODU UHVXOWY +RRG DQG %LUFK D % D\O
.D LVRPHULVDWLRQV L URG IODVK ZKLOVW 3H!
.D L URG IODVK %D\ORU HW DO IRXQG WS F

+DJLQVY WS PVHF 7KH GLITHUHQFH LQ WLPH FR
WKH GLITHUHQW QXPEHU RI VWDJHV LQ WKH ILOWH
JURXSYV

5KRGRSVLQ DQG WKH VHFRQG PHVVHQJHU

7TKH VWDFN RI GLVN PHPEUDQHY LQ WKH URG RXWI
SKRWR VHQVLWLYH SURWHLQ UKRGRSVLQ 5K % X
WR LOOXPLQDWLRQ LV WKH UHGXFWLRQ RI WKH FL
WKLV LV EURXJKW DERXW E\ WKH FORVXUH RI 1D \
LQ WKH SODVPD PHPEUDQH %D\ORU DQG )XRUWH"
WKDW OLJKW OHG WR WKH UHOHDVH LQWR WKH F\V
FORVHG PHPEUDQH FKDQQHOV ,Q WKH URG SKRW
WKH SODVPD PHPEUDQH DUH FRPSOHWHO\ VHSDUD



DOG KHQFH WKH GLIIXVLRQ RI D PHVVHQJHU VXI
LQWHUYHQLQJ UHJLRQ PXVW EH SRVWXODWHG
IRXQG TXDQWLWDWLYH HYLGHQFH IRU D P
SURGXFHG LQ GLUHFW SURSRUWLRQ WR OLJKW
WKLY PHVVHQJHU EORFNV LRQ FKDQQHOV LQ W

&DOFLXP LV QRW WKH VHFRQG PHVVHQJHL

7KH K\SRWKHVLV WKDW FDOFLXP LV WKH LQWH.L
SURSRVHG E\ <RVKLNDPL DQG +DJLQV $ 0\
SURSRVLQJ FDOFLXP H[LVWHG DW WKH WLPH L
UROH DV DQ LOQWUDFHOOXODU PHVVHQJHU LQ P
WKH VLJQDOOLQJ DJHQW UHVSRQVLEOH IRU WU
IXVLRQ LW ZDV WKRXJKW WR SOD\ WKH UROH R
YDULHW\ Rl FHOOXODU SURFHVVHV (YLGHQFH
ZDV WKH VHFRQG PHVVHQJHU LQ YHUWHEUDWH
&KDQJHV LQ H[WHUQDO FDOFLXP DQG OLJKW KC
GDUN FXUUHQW WKH DIIHFWV Rl DOWHUHG H[W
SKRWRYROWDJHV DUH FRQVLVWHQW ZLWK WKH
HIIHFW Rl DOWHUHG H[WHUQDO FDOFLXP LV RQ
WKH DIIHFWV Rl HIWHUQDO FDOFLXP RQ WKH GI
HQKDQFHG E\ DJHQWYV WKDW LQFUHDVH WKH DF
RXWHU VHIJPHQW LQMHFWLRQ RI FDOFLXP K\SH
PHPEUDQH LQIXVLRQ RI FDOFLXP GHFUHDVHV
URGY OLJKW FDXVHV DQ LQFUHDVH LQ H[WUDF
JUDGHG ZLWK OLJKW LQWHQVLW\ DQG IROORZ S
DQG &REEV



+RZHYHU PRUH UHFHQW UHSRUWY KDYH UHIXWHG
,QIXVLRQ RI FDOFLXP LQWR LVRODWHG URGV GRH)\
VHQVLWLYLW\ DQG IUHH FDOFLXP LQ WKH RXWHU \
GXULQJ OLJKW UHVSRQVH WKHUH LV QR REVHUYD
FRQGXFWDQFH RI HI[FLVHG PHPEUDQH SDWFKHV W
JDWHG E\ FDOFLXP 3XJK DQG &REEV W ZR X
DOWKRXJK FDOFLXP KDV D UROH WR SOD\ LQ SKRMW
RSHUDWLQJ DV D VHFRQG PHVVHQJHU

7KH UROH RI F\FOLF *03

JHVHQNR IRXQG WKDW F\FOLF *03 GLUHFWO\ RSHQ
VHIPHQW RI URG SKRWRUHFHSWRUV )HVHQNR HW
RXWHU VHIPHQW PHPEUDQH ZDV UHPRYHG XVLQJ
PHWKRG 7KH FXUUHQW FDUULHG E\ YDULRXV FDW
SDVVLQJ WKURXJK WKH FKDQQHOV LQ WKH SDWFK
LQWUDFHOOXODU VXUIDFH ZDV H[SRVHG WR FDOFL
JHVHQNR ZDV DEOH WR VKRZ WKDW WKH FKDQQHO"
*03 ZHUH VHOHFWLYH WR FDWLRQV DQG PRUH VHC(
DQ\ RWKHU ZKLOVW FDOFLXP ZDV LQDIIHFWLYH
OLJKW VWULNHV WKH RXWHU VHIJPHQW FDWLRQ VS
PHPEUDQH DUH FORVHG W IROORZHG WKDW OLJ}
F\FOLF *03 OHYHOV LQ WKH RXWHU VHIPHQW WR II
PXVW EH WKH VHFRQG PHVVHQJHU

7KH WUDQVGXFWLRQ FDVFDGH

7TKH WUDQVGXFWLRQ FDVFDGH D FDVFDGH RI UHD
WKH DFWLYDWLRQ RI 5SKRGRSVLQ LQ WKH GLVNV E



VRGLXP FKDQQHOV LQ WKH SODVPD PHPEUDQH

HVWDEOLVKHG 7KH WUDQVGXFWLRQ FDVFDGH
UHYLHZHG 3XJK DQG &REEV IDPE 6 W L
VXPPDULVHG KHUH

5KRGRSVLQ 5K D SUR HQJ\PH LV SKRWR LVRP
IRUP 5K E\ OLJKW 5K GLIIXVHY ODWHUDOO\ L
LW FRQWDFWVY D VHFRQG SURWHLQ D WULPHU
SURWHLQ RU WUDQVGXFLQ 7 EHFRPHV DEOH W
DQG 5K WKHQ GLVVRFLDWHY LQWR 7D DQG 7S\
IXUWKHU PROHEXOHV RI 7 XQWLO LW EHFRPHV
7D*73 VZLWFKHV RQ SKRVSKRGLHVWHUDVH 3
LQKLELWRU\ FRQVWUDLQW 3KRVSKRGLHVWHUL
K\GURO\VLV Rl F\WRSODVPLF F\FOLF *03 ,Q GTC
FRQFHQWUDWLRQ RI F\FOLF *03 LQ WKH RXWHU
PRVW RI WKLV LV ERXQG DQG WKH DIIHEWL