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&RQWUDVWLQJ 1IHWZRUNV DQG (QWDQJO
,RQ &RPSOH[HV ZLWHK BGVSWEM@VF $FLGV

3LHUUH 7X@ \DFN +DUURZILHOG

'8QLYHUVLWp 3DULV 6DFOD\ &($ &156 1,0%( *L1 VXU
A8QLYHUVLWp GH 6WUDVERXUJ ,6,6 DOOpH *DVSDUG ORQJ

$%675$&BGLSLF KH[DQH G L FD QR QO/PW FR®@SEAD Q VKW LD QV GLHQH
GLFDUER[\OLBFPX¥+DYH EHHQ UHDFWHG ZLWK XUDQ\O FDWLRQV XQGH!
QLQH KRPR RU KHWHURPHWDOOLF FRPSOH[HV GLVSOD\LQJ LQ WKHLU F
RI WKH OLJDQGYV 7K@ BRPBSO®[HNQGE 3K I@ELSAP X F@+ 2 ZKHUH ELS\ LV
% ELS\ULGLQH FU\VWDOOL]HK MRV FCIBOIRILR GUKH QO ARV NEHEZ QW K/ WUR Q
SODQDU UHVSHFWLYHO\DGSKHUFO¥R @ 82 ZKHUH F\FODP LV
WHWUDD]DF\FORWHWUDGHFDQH FU\VWmXFDLL JFH ¥ @RYPDEG LLYHD WRELFHQ H R/G
IUDPHZRUN LQ ZKDWK RVKRHDIUH LQWURGXFHG PMISPGIZR PR MURABKRLMRD\ X U D ¢
>82DGS +&2% 60HF\FODP 2@ ZKHBHOHF\FODP &V 6
KH[DPHWK\OF\FODP LV D GLSWUDREBBRORVVHMDPE®m ZWWKU\VWDOOL]H\
>+10H@ 82 DG® D KLJKO\ FREUEDMIDIRUMN ZLWK D VTXDUH ZDYH SURIL
WKUHHIROG SDUDOOHO LQW H URSXR2HEXE BBWHFR DO D@ R OWAJIDBHWU LR BRF DV V
FRQWDLQLQJ RHROL.GRFPUD®JIHG VHFRQGDU\ EXLOGLQJ XQLWYX[DKLFK DU
WRSRORJ\ 7KH WZR UH®MHW@HE®2 ARPSOH[HDV @G3KH®@ 82 PXF@ 2
FU\WWD @PEMWINRUNY EXW WKHLU GLIIHUHQW VKDSHV XQGXODWHG RU

HQWDQJOHPHQWY WZRIROG SDQU® /@ ROR IOGHHUSRIQHAEWDHI\YDRVQ RQ L Q
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,QWHUSHQHWUDWLRQ RU SRO\FDWHQDWLRQ SKHQRPHQD F|
FRRUGLQDWLRQ SRO\PHUV DUH PRVW *L@WGLBUMRAWLERD
YLHZSRLQWV :KLOH YDULRXV IDFWRUV KDYH EHHQ LGHQ\
SUHGLFWLRQ LQ DQ\ JLYHQ V\VWHPRUGIHDEQIVE I XWWH X B M
FRRUGLQDWLRQ SRO\PHU DV LQYROYLQJ HQWDQJOHPHQW L
FRPSRQHQWY ZKLFK DUH XQLWHG LQ WKH FU\WVWDO RQO\ Wk
FRYDOHQW  LQWHUDFWLRQV 7KH PRQRPHU FRPSRQHQWYV R
WKURXJK FRRUGLQDWH ERQGV LQ PRVW FDVHV EHLQJ IRUF
WKH SRO\PHU FDQ UHDGLO\ XQGHUJR GLVVRFLDWLRQ WD QG W
PHDQV WKDW WKH FU\WWDOOL]DWLRQ RI DQ HQWDQJOHG F
PROHFXODU DQDORJXH RI ' SULQWLQJ ZKHUH DSSURSULDW
GLUHFWO\ WR WKH HQWDQJOHG VWUXFWXUH WKURXJK WKH
DQG VWRPBBJIJRI WKH QHWYV KDV WR ILW LQ WKH YRLGV GHILC
PD\ KDYH D SDUWLFXODU WHQGHQF\ WR JHW HQWDQJOHG
5LJLG OLJDQGV LQ ZKLFK WZR GRQRU JURXSV DUH KHC
DSSHDU WR IDYRUEMWWDQJ®WKPHMMWLFXODU FDVH RI XUI
SRO\PHUV RU | DPPIZ RUNWKH ILUVW H[DPSOHV UHSRUWHG LC
D OLJDQG QRWDEOH IRU LWV IOM[&SELOLMW\EL S\ @K LMY FRRPLIK
ELS\ULGLQH FROLJDQG LQWURGXFHY D GHJUHH RI ULJLGLW
LQFOLQHG SRO\FDWHQDWLRQ WR JLYH D WULSHULRGLF VW
DQG SRO\FDWHQDWLRQ DV LQGLFDWLQJ WKDW WKH SHULR!
KLJKHU UHVSHFWLYHO\ WK D®WUKBW XU DDKWWPRFPLIRQ R Q MAYL

ZLWK DF\FOLPZ COEBKPER/I[L\NO I8 DRLEZKLAFK DGLSLF DFLG LV D



KDYH EHHQ H[WHQVLYH ZLWK DV PDQ\ DV D KXQGUHG
BWUXFWXUDO 'DWDEDVH I&RIIQOHUDIQRQKDYH OHG WR WKH FK
RI VSHFLHV VXFK DV WUIRSHELRGEP HD DPHE@UEDNDH Y HP D U N
YDULHW\ Rl IRUPV GHSHQGHQW XSRQ IRU H[DPSOH WKH X
FKDLQ OHQJWK WKH SUHVHQFH RI FR OLJDQGV RU FRXQ
REVHUYDWLRQV RI HQWDQJOHPHQW DUH TXLWH UDUH ZLW
DGLSDWH VSHFLHV FLWH GSRER FB WS RQRIDN.GQSERID UDOOHO
' LQWHUSHQBWULKDYRQIFEWHQ UHSRUWHG 1RWZLWKVWDQG
VIVWHPV SUHVHQWO\ NQRZQ LQ XUDQ\O FKHPLVWH\ RIWHC
SUHGLFWLRQ RI WKH RFFXUUHQFH RI WKLV SKHQRPHQRQ H
XQFHUWDLQ

‘H KDYH QRZ H[WHQGHG VRPH RI RXU HDUOLHU ZRUN R
DZ GLEFDUER[\ODWHYV LQ WKH SDUWLFXODU FDVH RI DGLSDW|
WUDQVPWERQWWB QVKWUIDQVGLHQH GLED U DR\ ® Q WHIW PXIF\
UHODWLYH RI DGLSDWH RI VLPLODU OHQJWK EXW PRUH UL
FU\WWDOORJUDSKLFDOO\ FKDUDFWHUL]JHG XS WR QRZ DQG
GLIIHUHQFHV LQ LWV FRRUGLQDWLRQ GXH WR WKH FRQIRUT
ERQGY 1LQH DQLRQLF FRPSOH[HVY KDYH EHHQ V\QWKHVL]H
GLUHFWLQJ1PBWI3RB®V33KH >1L E@S\>1L F\FODIPQ@ 5> & X
OHF\FODP BLS\ % ELS\ULGLQH F\FODP 5 BWHWUD |
OHF\FODP PHVR LS8/RRHU KH[DPHWK\OF\FODP &U\V
FKDUDFWHUL]DWLRQ KDV UHYHDOHG WKUHH H[DPSOHV RI H
WKUHHIROGLOWHUSHQHWUDWLRQSRO\EQMMHMMHBELRQ ZKLFK

LQVLIKWY DV WR WKH UROH RI OLJDQG JHRPHWU\
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6\QW K HADHKW LARID QLXP LV D UDGLRDFWLYH DQG FKHPLF
XUDQLXP FRQWDLQLQJ VDPSOHV PXVW EH KDQGOHG ZLWHK
TXDQWLWLHY Rl UHDJHQWY DQG VROYHQWY ZHUH HPSOR\H
ERWK IURP WKH SUHVHQFH RI XUDQLXP DQG WKH XVH RI SU

>8212 +2 @ 2 53 1RUPDSXU DQ@ ZHWH SXUFKDVH
IURP 3URODER 7KH FDUER[\OLF DFLGV ZHUH IURP $OGULFK
>1L F\FODP@ 1P QG5 $&HF\FODP @®2 ZHUH V\QWKHVL]HG DV
GHVFULEMGIPHQWDO DQDO\WHVY ZHUH SHUIRUPHG E\ 0('$&
PLIWXUHV LQ GHPLQHUDOL]HG ZDWHU RUJDQLF VROYHQW :
YHVVHOV DQG KHDWHG DW f& XQGHU DXWRJHQRXV SUHV
GHSRVLWHG XQGHU WKH UHDFWLRQ FRQGLWLRQV DQG QRW

€ WMEZ h- %o si~X$SGLSLF DFLG PJ 12PPRO@ >B2

PJ PPRO %WQG 3BK PPRO ZHUH GLVVROYHG LQ Z|
PHWK\O S\UUROLGRQH 103 P/ <HEORZREWDMWDHG/ ZRIWK
ZHHNV PJ \LHOG EDVHG RQ+82 38D®@ &DOF6 IRU &
JRXQG & +

EE]~ (96 CMK Ui« ;K T~XWUDQVOWEP@IM DFLG PJ PF
>8212 +2 @ 2 PJ PPRO 14212 PJ PPRO DQG
ELS\ULGLQH ELS\ PJ PPRO ZHUH GLVMROYHG L
GLPHWK\OIRUPDPLGH '0) P/ $ VPDOO TXDQWLW\ RI \HO
ZDV REWDLQHG ZLWKLQ WKUHH GD\V PL[HG ZLWK
>+10H@ 82 PXF@+2 ZKLFK ZHUH RI LQVXIILFLHQW TXDOLW\

RQO\ D URXJK VWUXFWXUDO PRGHO VKRZLQJ WKH QDWXUH |



€~hi %&]~ C ofTuKe X $GLSLF DFLG PJ PP

>8212 +2 @ 2 PJ PPRO DQG >1@ F\FEDP 12PPRO
ZHUH GLVVROYHG LQ ZDWHU P/ DQG '0) P/HUKHOOR
REWDLQHG ZLWKLQ WKUHH GD\V PJ \LUHO GLRBVHG RQ |
& + 1 JRXQG & + 1

E~hk-UWE]~ C of UK &XWUDQVOWIP@IVF DFLG PJ PF
>8212 +2 @ 2 PJ PPRO DQG >1@ F\FEDP 12PPRO
ZHUH GLVVROYHG LQ ZDWHU P/ DQG '0) P/ 2UDQJF
ZHUH REWDLQHG ZLWKLQ IRXU GD\V PJ \LHOG EL
& + 11L28 & + 1 JRXQG & + 1

Ehi Yoo~ , KK=ZDY C 0 UtistK f+ v €;EDia€~he %se 00X
$GLSLF DFLG PJ 1PPRD@>82 PJ PPRO 5D6QG >&X
OHF\FODP @®2 PJ PPRO ZHUH GLVVROYHG LQ ZDWHU

$ PL[IWXUH RI OLJKW SXUSOMQRUDVY WPIHDWORIUFRPBQWLW\ RI \
FRPSOHEDV REWDLQHG ZLWKLQ WZR PRQWKYV &U\WWDOV RI

VWUXFWXUH DQDO\WVLV EXW QR VHSDUDWLRQ RI WKH EXON

E~hdcupi~Kep~ZD% C 0 U XWUDQVOWRP@MW DFLG PJ
PPRO 182 +2 @ 2 PJ PPRO 5DAQBFYODP @2
PJ PPRO ZHUH GLVVROYHG LQ ZDWHU P/ DQG '0)

FU\VWDOV RIZHRPIS®REWDLQHG ZLWKLQ RQH ZHHN

EWN 2Z2€~h %®,K 66X $GLSLF DFLG PJ PP
>8212 +2 @ 2 PJ PPRO OMHQW 33KPJ PPRO ZHI
GLVVROYHG LQ ZDWHU P/ DQG '0) P/ ZK U1 GRREZV B U QD
ZLWKLQ WZR PRQWKYV PJ \LHOG EBVHGBBR®&8 $QDO &

+ JRXQG & +



EWW Z2€~hd-upie 1K GXWUDQVOWRDQM DFLG PJ PF

>8212 +2 @ 2 PJ PPRO OMHQW 33KPJ PPRO ZHI
GLVVROYHG LQ ZDWHU P/ DQG '0) P/ ZHUID REXV B U QH
ZLWKLQ WZR ZHHNYV PJ \LHOG EDVWVHX 3BQ & $QDO &D
+ JRXQG & +

&U\WWDOORKHDSBKXWD IRU DOOZFRPMSRRQGN FEXWG DW

IRU RQ D %UXNHU ' 4XHVW GLIIUDFWRPHWHU HTXLSSHG
P6 OR c DQG D 3+2721 ,,, DUHD GHWHFWRU DQG RS
VRIWZDDWD IRHUH FROOHFWHG DW . RQ D 1RQLXV .D
GLIIUDFWRFPHRHIUDSKLWH PR QRDGLDMDIVRIPG DRH. FU\VWD OV
LQWR JODVV FDSLOODULHYV RU RQ OLWHJHQ PLFURPRXQWYV
+DPSWRQ 5HVHDUFK 7KH GDWD ZHUH R REHVDHEG RZW WK U:
FRPSRXQGY $EVRUSWLRQ HIIHFWV ZHUH FRUUHFWHG HPSL
RU 6$'$%6D0O0 RWKHU FRPSRXQGV $00 VWUXFWXUHYV :
ZLWK 6+ (/;0DQG UHILQHG E\ IXO0 PDPWALW KOEDNWVVLDIDWKM F
6KHO;OH LQWM®IDRIY K\GURJHQ DWRPV ZHUH UHILQHG ZLV
SDUDPHWHUV :KHQ SUHVHQW WKH K\GURJHQ DWRPV ERX!
UHWULHYHG IURP UHVLGXDO HOHFWURQ GHQVLW\ PDSV ZKl|
WUHDWHG DV ULGLQJ DWRPV 7KH FDUERQ ERXQG K\GURJI
SRVLWLRQV DQG ZHUH WUHDWHG DV ULGLQJ DWRPV ZLWK I
WLPHVY WKDW RI WKH SDDHWQK FOSMRP L]HGRIWHRAHRQB\ ,Q
DGLSDWH OLJDQG LV GLVRUGHUHG RYHU WZR SRVLWLRQV U
KDV EHHQ UHILQHG ZLWK KDOI| RAFXG IV@RPH YR FRE®SBNQ C

PROHFXOHV FRXOG QRW EH PRGHOOHG VDWEZDWPWRIGL O/\RI



VXEWUDFW WKHLU FRQWULEXWLRQ WRWKKH SXWRIKG WX UH IL

PRLHW\ LV EDGO\ UHVROYHG GXH WR HIWHQGHG GLVRUGHU

7TDEOH &U\VWDO 'DWD DQG 6WUXFWXUH 5HILQHPHQW "HWL

FKHPLFDO IRUPX®D2 38 & + 11L28 & + 11L28 & + 11L28 & + &X12 8
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DQG WKH DYHUDJH SRVLWLRQ RI WKH PDFURF\FOH RQO\ ZDV
GLVSODFHPHQW SDUDPHWHUV WKH K\GURJHQ DWRPV ERX(
FDOFXODWHG SRVLWIZKQFK ,QVFIR WERXPBPSRQHQW WZLQ RQ
LV SDUWO\ GLVRUGHUHG RYHU WZR SRVLWLRQV UHODWH:!
URWDWLRQDOO\ GLVRUGHUHG RYHU WZR SRVLWLRQV &U\VV
JLYHQ LQ 7DEOH 7KH PROHFXODU SORDD\G 2MKIH SRIM\E® C
UHSUHVHQWDWLRQKHZ WRIS ROGFHLFDO DQDO\WHV DQG QRGDO

ZLWK 7RSRV3UR

5(68/76 $1' ',6&866,21

&U\WWDOV RI FRPBOH[HYRZQ XQGHU VROYR K\GURWKH!I
WHPSHUDWXUH RI f& 7KH RUJDQLF FRVROYHQWIRDV '0) |
ZKLFK LW zZzDV 103 7KHVH VIQWKHVHV SURYLGH \HW IXUWKH
WKH QDWXUH RI WKH SURGXFWV REWDLQHG XQGHU VROYF
FRPSOLFDWHG QDWXUH RI WKH VROXWLRQV ZKHUH QXPHUR
ZKLFK FU\WWDOV PD\ GHSRVLW '0) D YHU\ XVHIXO VROY
KRPRIJIHQHRXV VROXWLRQ RI RUJDQLF DQG LQRUJDQLF UHD.
KDV WKH GLVDGYDQWDJH RI XQGHUJRLQJ K\GURO\VLV SU
IRUPDWH DQG GLPHWK\ODPPRQLXP LRQV RQH RU ERWK RI Z
DQG IRXQG KHUH D@Q FRPWOHMHNG WRIHWKHU LQ WKH VDPH |
+HQFH LQ WKH FRQWLQXHG DEVHQFH RI D GHWDLOHG NQRZ
VROYRWKHUPDO PHGLD SURJUHVV LQ VROYRWKHUPDO V\QV

$IWHU @3BRGS 1@ LQ ZKLFK WKH WHUPLQDO QLWUDWH (
IRUPHG WR EHLQJ PR®RBHDGEG LLIFV WIBHK VHFRQG XUDQ\O DG

LQFRUSRUDWDWUR@K 7KH RQO\ GLITHUHQFH EHWZHHQ WKH



LV WKH SUHVHQFH RI 103 DV DZAR\CROWKEGVE URYWRNKVW BR A SR
XQGHU SXUHO\ K\GURWKHUPDO FRQGLWLRQV D IXUWKHU SU

UROH RI FRVROYHQWY 7KH DV PRPHWILEVXRQW X QDR O S

FHQWURV\PPHOW IR ®AVGSLIXUH 7 K N 2P2H WIHDHDO BWHIAR \ LW KW I

d

JLIXUHD 9LHZ RI FRPSRX@BFHPHQW HOOLSVRLGYV DUH GUDZQ DW WKH
DWRPV DUH RPLWWHG B\PBHWUMFRGHY Lk N [+ ¥ * E 9LHZ RI
WKH GLSHULRGLF SRO\PHU ZLWK XUDQLXP FRRUGLQDWLRQ SRO\KHGUD |

RQ DQG FRXQWHULRQV RPLWWHG IRU FODULW\



FDUER[\ODWH JURXSV DV FRPPRQO\ IRXQG LQ XUDQ\O FDUE
DQG c 8+2 FDUER[\ODWR + c@ 1RQH RI W
IXOO0\ HIWHQGHG FRQIRUPDWLRQ DOO EHLQJ NLQNHG DQC
SRO\PHU IRUPHG SDUDOOHO WR D Q& RW EWXKS$R DRU WA OV WP
‘KHQ YLHZHG HGJH RQ WKH OD\HUV DUH KHDYLO\ SXFNHUH
OLH LQ WZR SDUDOOHO SODQHVY DQG WKH\ DUH SDENHG
FKDQQHOV DUH GHILQHG (DFK DWQR QW EXW CHWKD@ R LKBIK L
LQWHUDFWLRQ UHYHDOHG E\ VKRUW R ¢ WOHFMWRILED G \G L V WL
EHLQJ ODUJHU WRBDWQHS D& DMKIHRE® RI c IRUWKHVH WZR
SHPEUDFH  LQW®G DLW LIREW WKH WZR DQW HQIDFRMEMREW ZR
XUDQ\O R[R JURXSV3I7KHSDKRWHNRQWR B c LQYROYHV F
VKHHWV ZLWK LQWHUDFWLRQV EH\RQG GLWSHWWRQDEQ L\A
+FHQWURLG GLVWDBHRABWURLG ®HOJOH f LW LV WKXV SF
REVHUYHG LQWHUDFWLRQV EH\RQG GLVSHUVLRQ D XQLW ED
ZKLFK ZRXOG OHDG WR D GLSHULRGLF SRO\PHU 7KH .LWDL
ZLWK 3/$721 LV LQGLFDWLQJ QR VLJQLILFDQW SRURVL\
&RPSOH31L E@S\82PXF@+ 2 VKRZQ LQ )LJXUH DOVR G
N22 FKHODWLRQ RI WKH WZR LQGHSHQGHQW XUDQLXP DWR
2 FDUER[\ODWR + c@ 7KH GLSHULRGLKDVVHPE
DOVRK MR SRORJ\ EXW WKH ULJLG HORQJDWHG IRUP RI WK
DQG FORVHU WR SODQDULWYX MW KMHPDWKBWHDY FRBSUH)UH V.

ZLWK ODUJHVW DQG VPDOOHVW GLPHQVLRQV RI DQG c
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JLIXUHD 9LHZ RI FRPEREQBFHPHQW HOOLSVRLGY DUH GUDzZQ DW WKH
PROHFXOHYV DQG K\GURJHQ DWRPV DUH: RPLWWHG J6APPHWU\]JFRGHV L

o]] \ ] E DQG F 3DFNLQJ ZLWK VKHHWY YLHZHG REOLTXHO\ RU

RPLWWHG LQ F IRU FODULW\

VLPSOHU WKDQ WKDW RI WKH FRPSOH[HV LQFOXGLQJ WKH
GLFDUER[\OOWHVDRIGNKKH RFWDKHG@DPRXDIWHUIE\RQV RFFX.
FKDQQHOV WKDW UXQ SDUDOOHO WR > @ ZLWK WKH FKL

FDWLRQV LQYROYHG LQ DQ *HPEUDFH ™ TO@®WHDB®WRRQ\QM RR



GLVSHUVLRQ DV VKRZQ E\ WK I D}QRXEDRHES VDLW B F&HU\ ¥ BV D (
7KH FROXPQV RI FDWLRQV PD\ EH VHHQ DV DVVRFLE
SRO\WKUHDGLQJ OLNH ZD\ OHDGLQJ WR D FRPSDFW SDFNL
D PHPEHUHG ULQJ RI D SRO\PHU VKHHW EXW OLHV RII FHQ
WKH WZR LQHTXLYDOHQW XUDQLXP FHQWUHY DQGZWKH Wk
K\GURJHQ ERQGV LQYROYLQJ WKH FDWLRQV DUH QXPHURXYV
IRUPDWLRQ RI D VKHHW VWUXFWXUH ZLWKRXW DQ\ HQWDQJ
RI LQWHUDFWLQJ FD WL \8 2&RIXV@AD2OXHRIH>BOVR REWDLQHG
ZLWK WKRWVKILRIFRPSOH[ KIFESHOWIR DO YRWIQ QR HQWDQJOHPFH
TXDOLW)\ ZDV LQVXIILFLHQW IRU SURSHU VWUXFWXUH UHILC
+HWHURPHWDOOLF FRPSOH[H\R LLHQW DX\G LZHU B L REEWOD B H
DG'SDQG PXMQG WKH\ DSSHDU WR KDYH YHU\ GLIIHUHQW FU\V
LQ > 8DGSL F\FOBR @ FRQWDLQV RQH XU D QI2XP FRKIHWD IDRACH & K
E\ RQH FDUER[\ODWH JURXS DQG ERXQG WR WKUHH PRUH
DGGLWLRQDO OLJDQGV DQG LV WKXV LQ D SHQWDJRQDO E
DQG c 8+2 FDUER[\ODWR DQG c IRU W
+ c IRU WKH RWKHUV@ )LJXUH 7KH SUHVHQFH R
ZHDN FRRUGLQDWLRQ RI D VLQJOH GRQRU DWRP HYHQ Zk
UHQGHUV >1LIF\SRRP ®RPSHWLWRU ZLWK XUDQ\O LRQ IRU
QRQHWKHOHVYV LV DEOH WR SHDGE XB MY IDKLERD @ WQW IVIKQL
DQG FDUER[\ODWH JURXSV LQ WKH UDWUR D G RRBM KDV GKLIZHH
SRO\PHU IROFA QLK BIRQDO ELS\UDPLGDO FRRUGLQDWLRQ
2 ERQGV > ¢ FRPSDUHG WR 1L=z*1 DQG C

ERQGLQXY >1 c 1I"Z+ f@ LVLDSSDUHQWO\MPEOH WR

N2 N2"EULGJILQJ EHWVQBHBI@GLE BR 2 HRKW O D WLR\QWKR #FDUER[\OL



JLIJXUHD 9LHZ Rl FRPISRX@IBFHPHQW HOOLSVRLGY DUH GUDZQ DW WKH
K\GURJHQ DWRPV DUH RPLWWHG DQG K\GURJHQ ERQGYV DUH VKRZQ DV ¢
GLFDUER[\ODWH OLJDQG LV VIKRZQ M\PPHWU\FRGHV\]L O [ * =

\ P [+ ¥ } E O9LHZ Rl WKH GLSHULRGLF FRRUGLQDWLRQ SRO\
SRO\KHGUD \HOORZ DQG WKRVH RI QLFNHO JUHHQ F 3DFNLQJ ZLWK VI
WKH QHWZRUN XUDQLXP QRGHV \HOORZ QLFNHO OLQNV JUHHQ GLFC

SDUW E

XQLW LQYRPXRE2 BEXFIKGIJLQJ RI DQRWKHU DGLSDWH DOVR O
FHQWURV\PPHWULFE XIQIDM)\G EQM RGH FDUER[\ODWH JURXS
EULGJLQJ XUDQLXP D@ @EFWHR PWRPAV ZKLOH WKH RWKHL
GLVRUGHUHG DURXQG DQ LQYHUVLRQ FHQWUH VHH ([SHULF
WKHPENAN2~ PRGH 8UDQLXP LV WKXV D FRRUGLLIDIMENVGD U H
FDQG F QRGHV DQG QLFNHO LV D VLPSOH OLQN LQ WKH
W R ZKLFK KDV WKH 'YHUWH[ VIFEROVDPH WRSRORJ\ L

PRQRSHULRGLF XUDQ\O GLFDUER[\ODWH VXEXQLWYV UXQQL



E\ WKH QLFNHO FHQWUHY KDV SUHYLRXVO\ EHHQ IRXQG LQ
FRQWDLQLQJ HDMERP®¥YY WRSRORJ\ LV DNLQ WR WKH PRUH
IRU H[DPSOH LQ WKH FRPSOH[ ZLWK DCEDPMBYXFWDRHGLDF
FDWLRAQWK WKH VLPSOH PRQRSHULRGLF VXEXQLWYV LQ WKFE
VWUDQGHG ULEERQV 7KHVH ULEERQV DUH FOBNWYXWR IS@D Q
FRUUXJDWHG VKHHWYVY ZLWK D VDZWRRWK SURILOH ZKHQ
HOQOWDQJOHPHQW LV REVHUYHG KHUH DV ZHOO DV LQ VXEVH
DUH LQYROYHG DULVHV SULPDULO\ IURP WKH LQVXIILFLHC
GLVWDQFH EHWZHHQ FDUERQ DWRPV LQ SUR[LPDO PDFURF\
QRWHG WKDW D VSHFLHV @&X¥KXVDYR>REVAMRG@UPHDBXUHV WR
VHOI DVVRFLDWLRQ DQG WKXV WR EHJLQ SRO\PHUL]DWLRC(
XOWLPDWHO\ EHFRPH HQWDQJOHG
7KH FRXQWHUNMXUWKREILBRRG PX§2L F\FOBR @ KDV

HIDFWO\ WKH VDPH VWRLFKLRPHWU\ DQG VROYDWLRQ DQG
VDPH )LJXUH 7TKH XQLTXH XUDQLXP DWRP LV LQ D SHQW
RQH FKHODWLQJ DQG WKUHH VLQJO\ ERQGHG FDUER[\OD\

c 8+2 FDUER[\ODWR DQG c IRU WK

* c IRU WKH RWKHUV@ DQG WKH QLFNHO DWI
DV LQLVY LQYROYHG LQ WZR D[LDO ERQGV ZLWK FDUERI[\OI
VKRUWHU WKDBQLMWKDW LQ c 1L+1 DQG c@
K\GURJHQ ERQG EHWZHHQ WKH PDFURF\FOH 'DOQ\G SVUKH HFQW
>1"7 c 1 ZF+ f@ +RZHYHU WKH GLIITHUHQW |

FDUER[\ODWH JURXSVY GXH LQ SDUW WROAMKBQAJUBNVWOWE G



JLIXUHD 9LHZ RI FRPSREQBFHPHQW HOOLSVRLGY DUH GUDZQ DW WKH
PROHFXOHV DQG FDUERQ ERXQG K\GURJHQ DWRPV DUH RPLWWHG DQC
6\PPHWU\ FRGHV L\ J* M [ # N [+ ¥ } Of \ }

Pl+ % ¥ Q[+\] E 9LHZ RI WKH WULSHULRGLF IUDPHZRUN ZLWK X
\HOORZ DQG WKRVH RI QLFNHO JUHHQ F 1RGDO UHSUHVHQWDWLRQ RI

JUHHQ GLFDUER[\ODWH QRGHV GDUN EOXH RULHQWDWLRQ VOLJKWO\

IRUPDWLRQ RI D WULSHULRGLF QRGDO F QHW.

A TA A ) 8UDQ\O DQOGLPXEGY DORQH IRUP DOVR



DVVHPEO\ ZKLFK LV QRGDO F DQG KDV MWXGPBRHQW V'
PRIJIDQLWH WRSPRORM FODODPWYRHW N GLVSOD\V FKDQQHOV ZLV
ZKLFK WKH 1L FHQWUHYVY VWDQG DV SLOODUV 7KH WULSHU
SRURVLW\ DQG WKH .3, LV

7TKH WZR FRPSODEHY +&8Z5 60HF\FODP 20 DQG
>+10H@ 82 DG® ZHUH FU\WWDOOL]JHG IURP WKH VDPH VRC
LQFRUSRUDWHY RQH VSHFLHV IRUPHG IURP '0) DKQGUWRHNYV L\

GLPHWK\ODPPRQLXP BRXMXRHEQLR®)ILOXUH WKH XQLTXH XU

d

JLIXUHD 9LHZ RI FRPISRXQ)BGFHPHQW HOOLSVRLGY DUH GUDZQ DW WKH
K\GURJHQ DWRPV DUH RPLWWHG DQG K\GURJHQ ERQGYV PWHEVMRZQ DV G
H ¥ ¥ N [ £ ¥ ¥ E 9LHZ RI WKH GLSHULRGLF FRRUGLQDWLRQ SRO

SRO\KHGUD \HOORZ DQG WKRVH RI FRSSHU EOXH F 3DFNLQJ ZLWK VKF



ORFDWHG RQ DQ LQYHUVLRQ FHQWUH LV FKHGCDBDBQEB\VW Z
DQG LV ERXQG WR WZR PRUH FDUER[\ODWH R[\JHQ DWRPV
EULGJLQJ XUDQLXP DQG V\RS BIM2INEOMRGH D@ GVKW LV WK
KH[DJRQDO ELS\UDPLGDO HQYLURQPHQW >8+2 R[R c
c IRU WKH FKHODWLQJ JURXS DQG NZ2lRU WKH
FKHODWHG IRUPIRIDWE&HDRGSLWY UHIJXODU H[WHQGHG FRQIF
RI VLQJOH VWUDQGHG OLQHDU FKDLQV GLUHFWHG DORQJ >
RI WKH VLP DGR €8 FRPSOH[DO FRRUGL §OQVDRQ2LRE WK H
EULGJLQJ IRUPDWNRVABREPWHG RQ DQ LQYHUVLRQ FHQWU
DQG c@ UHVXOWYV LQ WKH OLQNDJH RI WKHVH |

QHWZRUN SDUDDKOAHW® WRV WKH SRLIQOGVWRERRSGRR ORJLFDO W\S

XVXDO WKH PDFURF\FOH LV K\GURJHQERQGHG WRI1WKH IF
+ 7 f@ ZKLOH WKH VROYHQW ZDWHU PROHFXOH LV D
DQG LWV VIPPHWU\ HTXLYDOHQ®W LQ D QBIQGKERXUTR R2YKHH!

DQG f@ WKXV JHQHUDWLQJ D ZHDNO\ ERQGHG WU
FRPSOHPDHMGWKH VSIBFAOMF\REDP +&22 RQH ZKHUH XUDQ\O LF
WR WKH SHQGDQW IRUPDWH FDUER[\ODWHV ZRXOG SODFH \
DVVRFLDWLRQ WR LQLWLDWH SRVVLEOH LOQWHUSHQHWUDWL

7KH DV\PPHWULF XQLWOH@ FBRPBG®] FRQWDLQV WZR X!
FHQWUHYV ERWK2RI PKHHPDWHGVE\ WKUHH FDUER[\ODWH J
KH[DJRQDO ELS\UDPLGDO HQYLURQPHQW >8+2 R[R 4

+ c@ DQG WKH IRXWILIHIXVLY WZROQRY WE&HP FHQV

DUH ELV FKHODWLQJ )LIJXDIKGWENVVLERRRRFPISDIHPRGH \LHOGYV
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JLIXUHD 9LHZ RI FRPISRX@IBFHPHQW HOOLSVRLGY DUH GUDZQ DW WKH

K\GURJHQ DWRPV DUH RPLWWHG DQG K\GURJHQ ERQGYV DUM YVKMZQ DV G
4 ¥ BN [z2% O +\ ] E 7ZR YLHZV RI WKH WKUHHIROG LQWH

QHWZRUNV GRZQ > @ WRS RU> @ ERWWRP F 3DFNLQJ ZLWK VKF

G 6LPSOLILHG YLHZ RI WKH WKUHHIROG LQWHUSHQHWUDWLRQ RI GLSH

QHWZR{UABMRSRORJ\ SDUDOOHO WR ZKLFK KDV D GLVWL
ZDYH SURILOH DULVLQJ IURP WZR RI WKH OLJDQGV KDYLQJ
WZR EHLQJ UHJXODUO\ HIWHQGHG 7KLV VKDSH DOORZV IRU
JLYLQJ LQWULFDWH VKHHWYV ALWK DXPPKLPXY R WWDFN® IGVVRE
WKH EXPSV FRUUHVSRQGLQJ WR WKH SURWUXGLQJ FXUYHG
E\ WKH HI[WHQGHG OLJDQGV RI WKH WZR QHLJKERKBLQJ V
QHWZRUNV KDV UHFHQWO\ EHHQ UHSRUWHG WR RFFXU

WKLRSKHQHGLADUBRFWHNV HQ ZKLFK WKH XQGXODWLRQV RI
VXIILFLHQWO\ LPSRUWDQW* QK BIDIQBHUSHDALWWW R | SWOION D@ $H V

LQ HQGRZLQJ WKH QHWZRUN ZLWK VXIILEHHBRX EWHUX RDW



FRQWDLQLQJ 1 DQG LWV VI\PPHWU\ HTXLYDOHQWY DUH C
VKHHWV ZKLOH WKH RWKHUV FRQWDLQLQJ 1 DUH VHDW
FKDQQHOV SDUDOOHO WR > @ 7KH IRUPHU IRUPV WZR K\G
DWRPV IURP H[WHQGHG OLJDQ@G\Y LQ GLIIHDBGW VKHHWW =1
+°7 2 DQG f@ ORUH LQWHUHVWLQJO\ WKH RWK
WKUHH FDUER[\ODWH JURXSV ZLWK RQH ELIXUFDWHG ERQ
QHWZRURV 21 2 + c”A x2 2 + f
2 DQG 2 SHUWDLQ WR WKH VDPH QHWZRUN@ ([DPLQDWLR
IXUWKHU LQYROYHBHUDRWLRQV 2& c"®++ t f@ VR
WKDW WKH LQWUDVKHHW FDWLRQ RYHUDOO FRQQHFWV WKH
FRQVLGHU DV WKH FRUH RI D 3PRQRPHU" XQLW XVHG WR IR
VKHHWV1IR®QHBWLRQ DQG WKUHH DWWDFKHG SRO\PHU IUDJ
LQHTXLYDOHQW XUDQLXP DQG OLJDQG PRLHWLHV 7KH .3, L
REFXSLHG E\ XQUHVROYHG VROYHQW PROHFXOHV VHH ([S}
XUDQ\O LRQ FRPSOHJFRIMVGR IFDAFLFOW+RQV FU\WWDOOL]JHG
FRPSOHILVSOD\V TKPED\SIQONQEMW LV QRW HQWDQJOHG VH!
7KH FRXQWHUSDUWLRIK FRREONPN G PXF2 &X5 6
OHF\FODP @RHV QRW FRQWDLQ WKH IRUPDWH DQLRQ EXW |
ZKLFK JHQHUDWH D SRO\QXFOHDU VHFRQGDU\ EXLOGLQJ X
DWRPV DUH DOO LQ SHQWDJRQDO ELS\UDPLGDO HQYLURQPFL
LV ERXQG WR WZR FDUER[\ODWH @ [\UH®G M WRFE/ WKRIR W RRL B,
LV ERXQG WR RQH FKHODWLQJ FDUER[\ODWH JURXS RQH FC
DQG WZR R[LGR DQLRQV DQG 8 WR RQH FKHODWLQJ FDUER

GLIIHUHQW OLJDQGY DQG RQH R[LGR DQLRQ >8+2 XUDQ\O



JLIXUHD 9LHZ RI FRPISRX@MIBFHPHQW HOOLSVRLGY DUH GUDZQ DW WKH
K\GURJHQ DWRPV DUH RPLWWHG DQG K\GURJHQ ERQGYV PUHtVIKRZQ DV G
M [+ % N [# }O [# } E 9LHZ Rl WKH GLSHULRGLF FRRUGLG

XUDQLXP FRRUGLQDWLRQ SRO\KHGUD \HOORZ DQG WKRVH RI FRSSHU EC

I+

c IRU FKHODWLQJ JURXSYV P RILGRIRU W

I+

c@ $ TXDVL SODQDU FHQWURV\PPHWULF KH
ZKLFK LV KHPR[EGRBPQLRQV DQG*\ALJPWYGILOH[PRKFOHDU
QRW IUHTXHQW LQ >OUQDEQ WK AKHPILY \@B\H[DFW HTXLYDOHQW |
KH[DQXFOHDU 6%8 KDV EHHQ JHQHUDWHG ZLWK S\ULGLQ

RI RILGR DQG K\GUR[LGR OLJDQGY DQG WKH SRO\KHGUD HC(



7KH 6%8VDIUMY DVVHPEOHG LQWR D GLSHULRGLF QHWZRUN S
PRLHW\ LV FRQVLGHUHG DV D VLQJOH QRGH URZV RI GRXE
> @ ZKLFK DUH IXUWKHU OLQNHG WKURXJK IRXU DGGLWLF
LQ WKH DGMRLQLQJ URZV 2YHUDOO HDFK 6%8 FRQQHFWYV
GLVUHJDUGLQJ QRGH ORRSV K[D®E [WKRHQWA S RO @ RMFIDEOW'
WKLV VWUXFWXUH LV WKR PQIHD ®UDRQG IRIR RURXS WKH PHW
VIXDUH S\UDPLGDO ZLWK D &X*2 ERQG OHQJWK > c@
WKH IRXU PDFURF\FOLF QLWURJHQ GRQRUV > -

f 7KH 8 2 ERQG LQYROYHG LV VLIQLILFDQWO\ OHQJWEK
ERQGLQJ RI G EORFN PHWDO FDWLRQV LV UDWKHWWWKHTXH
FRPSDUDEOH 1L+2 DQG 8 2 ERQG OHQJWKV RI DQG
EHHQ UHSRAHNSIGHVHQW &X+2 ERQG OHQJWK LV KRZHYHU W
LQYROYLUHSRUWHG LQ WKH &6' WKH FGRWHRX RQ EDEHL\QUH \
VHH ([SHULPHQWDG GOHFVWOP® PW&HFXOH DSSHBEY WR E
FRQIRUPDWLRQ ZLWK WKH IRXU DPLQH SURWRQV GLUHFWH{
ERQGV ZLWK XUDQ\O R[R DQG FDUER[\ODWR JURXSV RI W

+ c T+ + f@ (DFK 6%8 LV ERXQG WR WZR
&X5 60HF\FODPRLHWLHV ZKLFK DUH ORFDWHG RQ HLWKHU
FRQVLGHUHG DV PHUH GHFRUDWLQJ JURXSV 7KHVH JURXS\
DQG LQWHUGLJLWDWLRQ JRYHUQV WKH SDFNLQJ 7KH .3,
FRQWDLQLQJ XQUHVROYHG GLVRUGHUHG VROYHQW PROHF?

33RH LV DQRWKHU FDWLRQ IRU ZKt B G FPREQ Bl QHEW ZALRWKIO
EH LVRODWHG DQG WKH FRPSDULVRQ RI WKHLU VWUXFW

HQWDQJOHPHQW IRUPDWBRER @$8W HIWGCBRRSOHYKRZQ LQ )LJIXU



LV DQRWKHU FDVH LQ ZKLFK ERWK INQR T X¥IK¥VDODHDMG XOUDGD |

LQ D KH[DJRQDO ELS\UDPLGDO HQYLURQPHQW >8+2 R[R

JLJXUHD 9LHZ RI FRPSRXQBFHPHQW HOOLSVRLGV DUH GUDZQ DW WKH
PROHFXOHV DQG K\GURJHQ DWRPV DUH RPLWWHG 2QO\ RQH SRVLWLRC
FRGHY #L\] M [ * N[+ ¥ ¥ O \] E 9LHZ Rl WKH WZRIROG LQW
GLSHULRGLF QHWZRUNV F 3DFNLQJ ZLWK VKHHWYVY YLHZHG HGJH RQ

RI GLSHULRGLF QHWZRUNV GRZQ > @ OHIW RU > @ ULJKW

+ c@ DQG WZR RXW RI WIOHJRGGWV QUHHXENQOHRY
7KH GLSHULRGLF QHWZRUN R U KHG&V BPRIDRIA HEXWR D O W KKRIX
OLJDQGYV DUH LQ FXUYHG RU NLQNHG FRQIRUPDWLRQV JLY
SURILOH LW LV OHVV VWURQJO\ FRUWXJD VWIBDGEGL AEMDAZ LIGWWK FA
LH OHVV WKDQ¥KIDOUMMODOWLPOWKRXIJK SDUDOOHO LQWHU
RQO\ WZRIROG LQGLFDWLQJ D FRUUHODWLRQ EHWZHHQ FF
GHJUHH RI LQWHUSHQHWUDWLRQ ZKLFK KDV DOVR EHHQ IR>

XUDQ\O LRQ FRMPMHOGBLN¥XVVLRQ DKHDG 7KH DQLRQLF OD\F



FDWLRQV WKDW LQ WHUPV RI RSERWVHE REUDLG QWY W LRH ¥ RRG
GRXEOH ZKLOH WKH ZDWHU PROHFXOHV DOO OLH ZLWKLQ \
.3, ZLWK GLVRUGHU H[FOXGHG 7ISWWMDENL@R L Q & HRLDY
DOO FHPMQMUBLG GLVWDQFHV EHL GL\OWDQRH WH[FAHGL GO C
LV QR VLJQLILFDQW 3SKHQ\0O HPEUDFH LQWHUDFWLRQ HLW
&7 ZHDN ERQGLQJ 2QH RI WKH ZDWHU PROHFXOHV LV K\
R[\JHQ DWRPV SHUWDLQLQJ WR WKH WZRZQGHSH@EHRW
c %X DQG f@
7KH FRXQWHUSDUW Rl LOQNRRSQAKWI WKHLIPRE

>33KH® 82 PXF@ 2 GLVSOD\V DOWR WKHKYDPHVWRIQ\RI WKH
FDWLRQ >8%2 R[R DQG c 8+2 FDUER[\ODWR
c@ DQG D GLSHUKRBURFS@BWIRIUWROVR IRUPHG )LJXUH +

WKH ULJLG TXDVL SODQDU VKDSH RI WKH OLJDQG UHVX(
TXDVL SODQDU DQG DV D UHVXOW QRW ZHOO DGDSWHG WR

LQFOLQHG SRO\FDWHQDWLRQ LV IRXQG LQVWHDG WKH W
RU DQG KDYLQJ > @ DV JRQH GLUHFWLRQ ZLWK DQ DQJO
SODQHV )LIXUH 7KH KH[DQXFOHDU ULQJV DUH REORGC
GLPHQVLRQV RI DQG ¢ DQG WKH\ DUH DUUDQJHG LQ KH
HORQJDWHG VKDSH DOORZ IRU HDFK KH[DQXFOHDU ULQJ W
IDPLO\ Rl SODQHV WKH BHUQHHW RX\FDWBHQ® WRIORQXUDQ\O FI
WKHVH WZR OD\HUV LV ORFDWHG LQVLGH WKH ULQJ &KDQ
ZLWK GLDJRQD:D OWGIJWKVDBH UXQQLQJ DORQJ WKH JRQH
FRXQWHULRQV DUH DUUD® JHG/WQQFRZRI :LWK DB ZLWKLQ \

33K0H FRXQWHULRQV DUH QRW LQYROYHG LQ VWURQJ LQWH |



JLIXUHD 9LHZ RI FRPERZEQBFHPHQW HOOLSVRLGY DUH GUDZQ DW WKH
PROHFXOHY DQG K\GURJHQ DWRPV DUH\RPLWWHG 6YPPHWU\ FRGHV L
N [+ ¥ ¥ E 9LHZKHABMKSHHULRGLF QHWZRUN F 9LHZ RI WKH SRO\FDYV

HGJH RQ G 9LHZ RI RQH KH[DQXFOHDU ULQJ ZLWK WKH WZR LQFOXGHC(

SODQHYV

SDUDBOVOMIDFNLQJ L QW HIFHFWWLRTL GFBQWWRQEHY ODUJHU WKE
SRVVLEOH RUWISRIRQUDDIFEORQ REG ~FHQWWRLG f@ +RZ
WKLY LQWHUDFWLRQ GRHV QRW DSSHDU FRQVSLFXRXVO\ R
&+ 7 K\GURJHQ ERQGV LQYROYLQJ K\GURJHQ DWRPV IURP ER
ULQJVY DQG PRVW LPSRUWDQWO\ FDUER[\ODWH JURXSV IU]

2YHUDOO ZLWK D .3, RI WKH SDFNLQJ LV TXLWH FRPSD



JLIXUH7ZR YLHZV RI WKH VLPSOLILHG UHSUHVHQWDWLRQ RI WKH WZRII
FRPSOWMOLJKWO\ URWDWHG IURP WKH JRQH GLUHFWLRQ WRS DQG VKR

ERWWRP

JRU D GLVFXVVLRQ RI WKHVH HQWDQJOHG VWUXFWX
WRSRORJLFDO JHRPHWULFDO YLHZSRLQW ZKLFK LV UHODW
QDWXUH Rl WKH SRVVLEOH HQWDQJOHPHQWY DQG WKH
FRXQWHULRQV RU VROYHQW PROHFXOHV ZKLFK PD\ H[HU
IRUPDWLRQ Rl WKH HQWDQJOHG VSHFLHV RI FRXUVH VXFK
WRSRORJ\ DQG VKDSH Rl WKH QHWZRUN PD\ DOVR GHSHQG
7KH WKUHH HQWDQJOHG VSHFLHV GHYVFULEH RKFRIOR 1Q WRIO!
VHFRQG PRVW FRPPRQTWRSA06 R USHUWL R GDEWHRMWB RQH OH P
KEFRHWZRUNV IRXQG LQ WKLV DRWGN HHFRPSOHJHKW DQLRQLF K

FRPSOH[HYV WKUHH GLVSOD\ HQWDQJOHPHQW WKH QDWXI



VKDSH RI WKH OD\HUV $V VKRZQ LQ )LJXUH WKH JHQWO\

DQG WKH VDZWRRWKDVKIDBMGBRRRBIWHEG ZLWK WZRIROG D
LQWHUSHQHWUDWLRQ UHVSHFWLYHO\ 7KH VKDSH RI WKH C
VLIH RI WKH KH[DQXFOHDU ULQJV VLQFH WKH WUDQVDQQXC

ZLGHO\ GLIIHUHQW > DQG c LQ

JLIXUH(GJH RQ YKABRMMHWIEZRUNY LQGLYLGXDO QHWZRUNV DQGRZRW WKH
>"@ GRZQ > @ GRDG> @ ZLWK XUDQLXP QRGHV \HOORZ DQG GLFD

RI WKH DVVRFLDWHG HQWDQJOHPHQW

DQG @QLQW LV NQRZQ WKDW WKLFN GLSHULRGLF OD
SDUDOOHO SROROWWRDWKRY EHHQ REVHUYHG ZKWHK KLJK
WRSRORJ\ LQ WKH FDVH RRDHNRIYS HW) ARLE GHHV QW IDPLO
GLFDUER[\ODWH XUDQ\O LRQ FRPSOH[HV WKLV KDV RQO\
FRQYROXWHG OD\HUV ZLWK W.KH RFReIVYIVOH[ W KHE R CFRAH Q\CKWH O
RSSRVLWH TXDVL SODQDULW\ RI ODIHVW QKRQYHGLEDQ & D \
WKURXJK LQWURGXFWLRQ RI D ULJLG OID@EDOU D& ELBLNYS U J
ZKLFK WKH ODTN&HRWSRDIRWK DUH DVVRFLDWHG WKURXJK WKU|
W FDQ DOVR EH DWWDLQHG WKURXJK VWLIIHQLQJ WKH G|

FRQIRUPDWLRQ WKH VLPSOHVW PRGLILFDWLRQ IRU WKDW



IRXQG LQ MXWKLV KPBVIRSWBRJ\ LV UHWDLQHG DQG WZRIROC
HQVXHV ZLWK KH[DQXFOHDU ULQJV "BXGLFWDQFBEY ODUJH
DQG c@ WR DOORZ IRU D GHJUHH RI FDWHQ
IRXQG IRU WKH ODUJHU ULQJV LQ XUDQ\O FRP3VHUBY @ LWK
SDWWHUQ LV VLPLODU WR WKDW UHFHQWOH [GH 8 A WKDG | RQ
FDVH WKH YDULDWLRQ RI WKH VKDSH GRHV QRW DULVH IUR
RI WKH QHDUO\ SODQDU OLJDQGV RXW Rl WKH XUDQ\O HTXEC
' KLXHFE)HWZRUNV DUH DOVR IRQBPHQ ERCRPBOW[W\R FRF
DQGR HQWDQJOHPHQW LV SUHVHQW LQ WKHVH FDVHV Z}
GLIIHUHQW VWUXFWXUH GLUHFWLQJ HIIHFWV RI WKH FRXQ\
ODUJH PHDVXUH XQSSBIGW EWOEDUD QFIR RYOMH[HY WKH FORVH(
FRXQWHULPQ\G B DQGKWEHWZRUANRKQG DSSHDU WR EH D
FRUUXJDWHG IRU WZRIROG RU HYHQ WKUHHIROG LQWHUSHC
SUHYHQWHG LQ WKLV FDVH E\ WKH VWDFNLQJ SUHIHUHQFH
WKH VWURQJ WHQGHQF\ H[KLELWHG E\ WKH XUDQ\O LRQ WF
GLSHULRGLF JOQMHMWIRWUNOLRKHQ FRPSOH[HG E\ GLYHUJHQ
DXVSLFLRXVY WUHQG LQ YLHZ RI REWDLQLQJ HQWDQJOHG
VXIILELHQWO\ HORQJDWHG WR IRUP ODUJH ULQJV 7KH IRUF
SKHQRPHQRQ ZKLFK GLVSOD\V VRPH XQH[SHFWHG IHDWXUH
WKH PHWDO OLJDQG FRRUGL®DWH ERIEYN BMOEHKQBIW S D WWR Q
FU\WWDO WR VLQJOH FU\WWDO WUDQVIRUPDWLRQMRIWYROY
H[DPSOH 7KH IXOOILOPHQW RI WKH SRVVLELOLWLHV RI HQ
JHRPHWULFDO JURXQGY GHSHQGY RQ VXEWOH LQWHUDFWLF
DQG FRXQWHULRQV ,Q WKH SOIGEHW® W VFQRRMAD RO i RPISIDW [H D

LQYROYHG LQ ZHDN LQWHUDFWLRQV ZLWK WKH GLIITHUHQW



WKXV VXJIHVWLQJ WKDW WKH IRUPDWLRQ FRXOG SRVVLEC
FRPSRQHQWY RUJDQL]HG DURXQG WKH FDWLRQV +RZHYHU

WKH SURFHVV FRXO0OG ZHOO EH PXFK PRUH FRPSOLFDWHG

&21&/86,216

$GLSDWHUDQBPWERQNYWH DUH WZR OLJDQGV RI VLPLODU OH(
IRUPHU EHLQJ D KLJKO\ IOH[LEOH VSHFLHV ZKLOH WKH OD)
ZKLFK KDV FRQVSLFXRXV HITHFWV RQ WKH FU\WVWDO VWUXFV
Rl WKH KHWHURPHWDOOLF FRPS@H][EY0FHRF\W D BFRIHIWLIH ¥ \F
WKRVH LQYRDYHQ@LBBBLRGLF VSHFLHV ZLWK VLPSOHHVRSR
HLWKHU D WULSHULRGLF IUDPHZRUN RU D GLSHULRGLF QI
EXLOGLQJ XQLW ,Q WKHVH FDVHV DOWKRXJK LW LV DSSD!
WZR OLJDQGV LV QRW HDVLO\ UDWLRQDOL]JHG $00 WKt
GLPHWK\ODPPRQLX® RRXOQM HULISRQV FU\WWDOOL]H DV GLSH
VDRRFBVRSRORJ\ LQYROYLQJ XUDQLXP QRGHY DQG GLFDUER
OLJDQG IOH[LELOLW\ DUH PRVW DBOSDEKDQWL F KK COLEL QIRVD G
FRQIRUPDWLRQV IURP UHJXODUO\ HIWHQGHG WR YDULRXV
GLIIHUHQW OD\HU JHRPHW U DHVREHA B JFRGRSWHHE RZQ W KZ B BKK
HLWKHU JHQWO\ XQGXODWHG RU VTXDUH ZDYHG UHVXOWL
WZRIROBQ® WKUHHIREBQWQUDVW WKH QHDAL $SDO® MWIGVR RY
QHWZRUN IRDPERBZIVQRQO\ IRU WZRIROG LQFOLQHG SRO\FDW
LQ WKLV VI\VWHP OLJDQG ULJLGLW\ LV QRW DQ HVVHQWLD
DFWXDO IRUP GHSHQGYV XSRQ WKH GHYLDWLRQ RI WKH SRO\
GHWHUPLQHG E\ WKH EDODQFH EHWZHHQ URWDWLRQDO EL

K\GURJHQ ERQGLQJ ([DFWO\ KRZ HQWDQJOHPHQW PD\ DULY



SUHVHQW H[DPSOHV ZKDW GRHV GLVWLQJXLVK WKHP IURF
DQDO\WLV RI ZHDN LQWHUDFWLRQV FDQ EH XVHG WR GHILQI
FRPSRQHQWY ZKLFK FRXOG LQWHUDFW LQ D zZD\ LQ ZKLFK

SRO\PHU FKDLQV ZRXOG JURZ VLPXOWDQHRXVO\

$662&,$7(' &217(17

$FFHVVLRQ &RGHYV

&&'& i FRQWDLQ WKH VXSSOHPHQWDU\ FU\VWDOOR
GDWD FDQ EH REWDL QA& IFRAGH KID PKIDAJ XM YSLEDW EB UHPTDXUHOALVD
GDWDBUHTXHVW#HMFGE\FERQWDEWLQJ 7KH &DPEULGJH &U\VYV

8QLRQ 5RDG &DPEULGJH &% (= 8. ID]

$87+25 ,1)250%$7,21

&RUUHVSRQGLQJ $XWKRUV

( PDLO SLHUUH WKXHU\#FHD IU 37

( PDLO KDUURZILHOG#XQLVWUD IU - +

25&,"
SLHUUH 7KXpU\ ;

-DFN +DUURZILHOG ;

I1RWHYV

7KH DXWKRUV GHFODUH QR FRPSHWLQJ ILQDQFLDO LQWHUH



5()(5(1&(6

%DWWHQ 6 5 5REVRQ 5 ,QWHUSHQHWUDWBQJHAHWY 2

&KHP ,QW (G +

%DWWHQ 6 5 7RSRORJERIVVQVWHEBRRHWUDWLRQ

&DUOXFFL / &LDQL * 3URVHUSLR ' 0 3RO\FDWHQDWLI

&RRUGLQDWLRQ 1HWRRWEG &KHAPL VBMLY\ =+

%ODWRY 9 $ &DUOXFFL / &DDVHUSH@URYBWSDR OHWD

L QRUJDQLF ' 1HRFZRUMNU BLGHG 6\VWHPDWLF ,QYHVWLJD\

&DPEULGJH 6W UXRWXVY\W OQ IR P P D VH

&DUOXFFL / &LDQL * 3URVHUSLR ' 0 OLWLQD 7 *

'LPHQVLRQDO &RRUGLQDWLRQ 1HWXRWPNV5HY *HQHUDO
i

$OH[DQGURY ( 9 %ODWRY 9 $ 3URVHUSLR ' 0 +RZ

DUH ,QWHUZHDYHG (QWDQJOHPHQWUWMWRPHURRPPQG 3RO
+

-LDQJ + / ODNDO 7 $ =KRX + & ,QWHUSHQHWUD\

JUDPHZRUNV IRU )XQFWLRRD® BKHHPLBHHWLRQV

<DQJ * 3 +RX / 0D / JQYHDQNLXDWLRQ RQ WKH 3ULPH )

WKH J)RUPDWLRQ RI (QWDQJOHG&&HWWOQRIMRPRLF MYUDPHZF

+DOGDU 5 6LNGDU 1 obmML 7 . ,QWHUSHQHWUDWLRQ

'LYHUVLWLHVY WRZDUG 3RUBKWHKQFRGRQDOO ODWHULDOV



*RQJ < 1 =KRQJ ' & IX 7 % ,QWHUSHQHWUDWLQJ

&U\WW(QJ&RPP -

*XSWD 0 9LWWDO - - &RQWURO RI ,QWHUSHQHWUDWL
,QWHUSHQHWLRRVUKG &RHP 5HY

/JHKQ - 0 '\QDPHUV OROHFXODU DQEX¥WSUDRREBHAFXODU
+

'REUDZD 5 :*UWKQHU ) OHWDOORVXSUDPROHFXODU

&RRUGLQDWLRQ3BRRORPMUBFL $ 3RO\PHU &KHP

'"HOJDGR )ULHGULFKV 2 )RVWHU 0 ' 27.HHIIH 0 3UR\

<DJKL 2 0 :KDW GR ZH .QRZ DERXW @KOHG GWOMRG KK HM

I+

:DQJ . &KHQ - 6 ([WHQGHG 6WUXFWXUHV DQG 3K\VL
2UJDQLF &RBERXKQKNP 5HYV *
$QGUHZV 0 % &DKLOO & / 8UDQ\O %HDULQJ +\EULG OC

6ROLG 6 WDWHKKMPUXGHN XUHYV +

/IRLVHDX 7 OLKDOFHD +HQU\ 1 9RONULQJIJHU & 7K
&DUER[\@BRPMHE &KHP 5HtY +

6X - &KHQ - 6 02)V RI 8UDQLEXWUXF® WKRQIFWLQLGHYV
7KXpU\ 3 +DUURZILHOG - S5HFHQW $GYDQFHV LQ 6WU

8UDQ\O &RQWDLQLQJ &RRUGLQDWLRQ 3RO\PBIWYR @ @G DBRWO
+

Y . )J)LFKWHU 6 *X 0 O0IlU] - 6FKPLGW 0 $Q 8SGDWH!

OHWDO 2UJDQLF )UDPHZRUNV $Q 02)V ) ARR WBEQ VEKHYPL YV

SHY



RUNRZVNL [/ $ &DKLOO & [/ &U\WWDO (QJLQHHULQJ
$OLSKDWLF &DUER[\ODWH $URPDWLF 3\ULG\O &RRUGLQLI
6WUXFWXUHY DQG 6HQ&UWMWHGURKPWRHMVFHQFH

*URRP & 5 %UXQR , - /ILJKWIRRW 0 3 :DUG 6 &
‘DWDE¥fFWHD &U\VWDOORJU GHFW %

7D\ORU 5 'RRG 3 $ $ OLOOLRQ &U\WWDO 6WUXFWXUHYV
Rl WV SIORHRVVoHY *

%RUNRZVNL / $ &DKLOO & / 7RSRORJLFDO (YROXWLRC
DQG O6WUXFWXUHV Rl 2Q&2PHRDVILIIR@Q®O7KEPHH 'LPHQVLE

82 &+2 ,QRUJ &KHP i

7KXpU\ 3 +DUURZILHOG - $ 1HZ )RUP RI 7ULSOH 6WUL
&RPSOH[HV RIDEOLFSKXWDBR][FQORWH V& KHP *
7KXpU\ 3 SLYLqUH ( +DUURZILHOG - &ERXQWHULF

'LPHQVLRQDOLW\ DQG 7RSRORJ\ RI&U\VP\O* BREWED'WMM &F
+

7KXpU\ 3 $WRLQL < +DUURZILHOG - B6WUXFWXUH 'LUH
, RQ &RPSOH[HV ZLWK /RQ@ZX QKDIUE BQOOSKMMHVLF' WR 3RO\FI
6SHFELARUJ &KHP +

7KXpU\ 3 )JURP +HOLFDWHV WR %RUURPHDQ /LQNV &KI|
&RPSOH[HV R IDSOIFSKDER]BEQDWHV*URZWK 'HV +

+X . 4 -LDQJ ; :DQJ & = OHL / ;;LH = 1 7DR : 4
) 6KL : 4 6ROYHQW 'HSHQGHQW 6\QWKHVLV RI 3RU
JUDPHZRUNYV )HDWXULQJ D +LJKO\ AWRHWWRERORJ\ IRRQ

6HOHFWLYH "\H&&GWR UYBRWLRQ =



/LX & &KHQ ) < 7LDQ + 5 $L - <DQJ : 3DQ 4 -
8UDQ\Oi2UJDQLF )U ERHZGIIR SRORI\ 6WUXFWXUH 6SHF
&RPSXWDRIURIQ &KHP i

'DQJ 6 OHL / <X - 3 +X . 4 /LX = 5 &KDL = )
/ID\HUHG 1HWZRUNV 3RO\FDWHQDWHG )UDPHZRUNV DQG
8UDQ\O 7UL ELSKHQ\O DPLQH 7UL SKHQ\O DPLQH 7ULFDUE
'XDO 5HIXOWWWROURZWK 'HV i

/LDQJ / |/ =KDQJ 5 / =KDR - 6 &RXQWHULRQ &RQV
+RQH\FRPE DQG 3RO\WKUHDGLQJ 8UDQ\O 1HWZRUNV DQG
'HWHFWLRRQOR$HIMHRX\WQBHGLRKHP i

6XUEHOOD 5 * ,,, &DUWHU . 3 /RKUH\ 7 ' B5HLOO\
6FKZDQWHY - $EHUJHO 5 - 5DWLRQDO 'HVLJQ RI D 8U

WKH &DSWXUH DQG &RORULPHWKHPHWHFWLRQ Rt 2UJDQ

+RX ; 7DQJ 6 ) 9DULDELOLW)\ RI 8UDQ\O &DUER[\ODWHYV
$FLG /LIIREN &KHP i

7KXpU\ 3 +DUURZILHOG - 7KLRSKHQHGLFDUER[\OD'
/LJDQG LQ 8UDQ)\QRUKHRRLKMPU\  +

7KXpU\ 3 +DUURZILHOGD®QG 5t EQFFRPOPPE® /LQNHUV RL
&RXQWHULRQV ,Q 8UDQ\ORL\D QBEQDR \&SHERK M [DIQMIGLFD UEF
/LIDQEUMVW *URZWK 'HV

$3(; &U\WWWDOORJUDSKIAHERIWZDUH%XXWHU $;6 ODGLVRQ

+RRIW 5 &2{/(&71RQLXV %9 'HOIW 7KH 1HWKHUODQGYV



2WZLQRZVNL = OLQRU : 3URFHVVLQJ RI ; 5D\ 'LITUDFWL

ORGBHWKRGV (Q]J\PRO =

6$,1PHU $ %UXNHU 1DQR ODGLVRQ :, 86%

6$'$%6 %UXNHU 6LHPHQV $UHD 'HWHFWRU S EWRUSWLRQ I

%UXNHU $;6 ODGLVRQ :, 86%

.UDXVH [/ +HUEVW JUPHU 5 6KHOGULFN * O 6WDON

ORO\EGHQXP OLFURIRFXV ; 5D\ 6RXUFHV IRU 6LQJOH &U\V

$SSO &U\WWDOORJU

6KHOGULFN * 0 6+(/;7 £+ ,QWHJUDWHG 6SDFH *URXS DQG

$FWD &U\WWDOORJU *6HFW $

6KHOGULFN * 0 &U\WWDO 6WUXFWXBW D5 B U\QY MHIQOR U W

*

+*EVFKOH & % O6KHOGULEKNHO,DDHWLWMMSKEKD® 8VHU ,Q)\

6+(/;/ - $SSO &U\WVWDOORZU

6SHN ®/$721648((=( D 7RRO IRU WKH &DOFXODWLRQ RI \

&RQWULEXWLRQ WR WKH &B36ADOOWM G BWARKFW X6 HF)\W F 8 |

YDUUXJLD / - :LQ*; DQG 257(3 IRU :I$GSRZ % UD\QWHSOEITRN H
+

ORPPD . UXPW67$ IRU 7KUHH 'LPHQVLRQDO 9LVXDOL]

9ROXPHWULF DQG OR WBSKROO RJINVDWODO O R4 U

%ODWRY 9 $§ 6KHYFKHQNR $ 3 3URVHUSLR ' 0 $SSOL

6WUXFWXUHYVY ZLWK WKH 3URKRUWDNP IDRMNIVIH ARSRV3UR

6SHN $ / 6WUXFWXUH 9DOLGDWLR®FWD &KIHNYPWHDIDM® B UYV YV

+



'DQFH , 6FXGGHU 0 6XSUDPROHFXODU ORWLIV &RQF
EHWZHB®@BKWLRQV DUH $WW UDSRUHIPY HXOR G 8EL+TXLWR XV
7D\ORU 5 .HQQDUG 2 &U\WWDOORJUDSKITE @“IGHQFH IF
DQG &&® +\GURJHQ %MQIWHP 6RF +

'HVLUDMX * 577KIGBRIHQ %RQG 6WUXFWXUDO ,PSOLFDV
'HVL3GF &KHP 5HV =

7KXpU\ 3 +DUURZILHOG - 8UDQ\O ,RQ &RP®@H[HV ZL
'LEFDUER[\ODWHY DQG G %ORRN DHEKHP &RXOWHULRQV

6SDFNPDQ 0 $ -D\DWLODND ' +&WWKNHDIZBRBIDEH $QDC

:ROIl 6 . *ULPZRRG ' - OF.LQQRQ - - 7XUQHU o0 -
0 $&U\WWDO ([SQRUHWLW\ Rl :HVWHUQ $XVWUDOLD
7KXpU\ 3 $WRLQL < +DUURZILHOG - DQG 3
WKH 8UDQ\O ,RQ ZLWK $GGLWLRQDO DHRDROU &DWLRW
&RQIURQWLQJ /LIJDQG *HRPHWWLFEDRZIVR FIOVL YL WL H V
7KXpU\ 3  $WRLQL <  +DYWREDIQWOIBQHGLFDUER[\ODW
$GDPDQWDQHGLDFHWDWH DV 8UDQ\O ,RQ /LQNHUV (Ilt
'LITHUHQFHV LQX)® H[L FLROUIW\&K HP
6X & < 6PLWK 0 ' *RIRUWK $ 0 XU /R\H + &
IRQLQWHUSHQHWUDWLQJ OHWDO+2UJDQLF )UDPHZRUN ZL
1HW &RQWDLQLQJ 7ZR .LQGV RI 7RSRORJLFDC
,QRUJ &KHP +
=KHQJ < = 7RQJ 0 hK\QKKIVLVOEWUXFWXUH DQG 3KRW|
RI 7ZR 1RYHO /D\HUHG 8UDQLXP &RRUGLQDWLRQ 3RO\P

3RO\KHGUD DQG 3\ULGKQHGL,FRIRILER [&RBRH YV



7KXpU\ 3 +DUURZILHOG - &RQWUDVWLQJ 6WHXFWXU

3KWKDODWH ,VRSKWKBODWH *WREZMK 6 MW HP V

HUU $ 7 B5LGHQRXU - $ 1RULQJ $ $ &DKLOO & [/ 7

&RRUGLQDWLRQ 3ROWWHIY\S&BRIQGNDLMAWDLF DFLG 6WUXI

WKURXJK 6\QWKHQRFJ6 XKW P HIFIWHY +

=KDQJ ; 0 &KHQ : 0 $ 1HZ 3RURXV ' )UDPHZRUN &R

3DUDOOHO ,QWHUSHQHWUDWLRQ RI IHWV $ OL[HC

3RO\PHWEX&X% ES\G® 2 (XU - ,QRUJ &KHP

7KXpU\ 3 +DUURZILHOG - B6WUXFWXUDO 9DULDWLRQV L

6\WWHP 5DUH ([DRSOH3IR®\FDVWHQ@DWIHRUJIDQLEFQRUMZRUN

&KHP +

%DWWHQ 6 5 *ORULRXV 8QFHUWDLQW)\ &R&KLDE0 OW QWHHV & K
t

6HUH]KNLQ 9 1 *ULJRULHY 0 6 B5RJDOHYD ( ) 1RY

,VRUHWLEFXODU ' 8UDQ\O &RRUGLQDWLRQ 3RO\PHUV %D

/JLQNIBBROLG 6WDWH 6FL

JHUIJXVRQ $ J/LX / 7DSSHUZLMQ 6 - 3HUO ' &RXGH!

9HUELHVW 7 YDQ GHU 9HHQ 0 $ 7HOIHU 6 * &RQWUR

2UJDQLF JUDPIHMZRUNWKHP

&KRL 6 % )XUXNDZD + 1DP + - -XQJ ' < -KRQ <

29.HHIIH 0 <DJKL 2 0 .LP - 5HYHUVLEOH ,QWHUSH:

JUDPHZRUN 7ULJJHUHG E\ /LIDQ&QIHER®RBRBPDQGW G(&LWLR

+



$JJDUZDO + %KDWW 3 0 %H]XLGHQKRXW & ; %DUER
&U\WWWDO WR 6LQJOH &U\VWDO 6ZLWFKLQJ RI '"HJUHH RI

JUDPHZRWW¥Y &KHP 6RF i



JRU 7TDEOH RI &RQWHQWYV 8VH 2QO0\

&RQWUDVWLQJ 1IHWZRUNV DQG (QWDQJO
,RQ &RPSOH[HV ZLWHK BGVSWEM@VF $FLGV

SLHUUH 7KXpU\ DQG -DFN +DUURZILHOG

7KH GLIITHUHQFH LQ IOH[LELOLW\ RI DGLSDWH DQG PXFRQD
XUDQ\O LRQ FRPSOH[HV LQFRUSRUDWLQJ GLYHUVH VWUXFV
EHLQJ WKH VZLWFK IURP WZRIROG oS D ULDIPFAOHQ H@ VB R O SHIMAI

ZLWK WBH BRKQWHULRQ



