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; LDR[ XH : DQJ <XQ[XH*XR -ID\X *X 5DQ &KHQ 6KLWDQ/LQ . DIKDR 7DQJ
6 LQFH WKHLU GLVFRYHU LQ FRQNKJDWYH SMVP LGV LQ WKH V WR[ LQ DQWWR[ LQ 7$ WM WHP V

KDYH EHHQ IRXQG WR EH ZLGHQ GLWMLEXWG DFWRW P LFLRELDO JHQRP HV DQG KRU] RQWO
JHQHWF HOHP HQW 7R GDWA HLJKW GLVWEQFWWSHV RI 7$ W WHP V Z K GUIHUHQW P ROHFX DU
P HFKDQLVP V KDYH EHHQ LGHQWILHG DQG VKH\ DW LQYRO'HG LQ P XONSQH GLP HQVLRQV RI
P LFURELDOQIH

) LOP HQWRXV 3| EDFWHURSKDJHV DWH Z LGHQ GLWUEXWAG LQ §:uP® y $: Su2PPp : S DQG
SWRIRXQGA LQIOXHQFH ELRIL® [RW DWRQ DQG YLUXGHQFH ,Q WHFHQWWXGLHV RQ WKH DFWYDWRQ
RI SWIRSKDJH 31 GXUQJ VKH ELRIL® IRW DWRQ RI §1 Su2PPp :S$ ZH IRXQG VKDWD QRYHO
SKRVSKRU @MWRQ EDVHG . .3 7$ WWWP HQFRGHG Z LWLQ LW LQWAJWDWG 31 SUWRSKDJH
G\ QDP LFD@ WHJ XMWV 31 DFWYDWRQ GXUQJ ELRIL®® IRWP DWRQ WKIWRXJK D WHYHWLEGH SRWW
WDQVMWRQDOP RGL LFDWRQ RQ VKH KRVWVLAHQFHU O YD8 SIRWHLQ 7KLV .. 3 7$ VWVWHP FRQVLWW
RI D WR[LQ FRP SRVHG RI W R WQGHP 6HU7KU NLQDVHV DQG D SKRVSKDWVH DQWWR[ LQ
3KRVSKRU MWRQ Rl 0 YD8 E\ VWKH W R NLQDVHV UHSWHWHV DQRVWKHU LQWAJ LDWHG 31 SUWRSKDJH
H[ FLVLRQ DQG DFWYDWRQ /L HWDO 0 RO 0 LFLRELRO * XR HW DO 1 DW &RP P XQ
$ GGLWRQD@®M VKH DQWWR[ LQ 31L$ HQFRGHG E\ 31 LV DO/R VKH WWHW Rl WKH W R 6HU7KU
NLQDVHV DQG Z H WHYHDOHG VWKDWVKH SKRVSKRU MWRQ RI VKH 31L$ VKLUW WKH 31L$7 FRP SO[
WRLFKLRP HWA ILRP D QRQFDQRQLFDO3IL$ 33171 WVR D FDQRQLFDO3IL$/31L7/ DWHP EQ 7KLV SRW
WDQVAWRQDO P RGULFDWRQ HQP LQDWHV VKH SRRO RI IWHH 317 WR[LQV WKUWRXJK FRP SOM
WHRW DQL DWRQ D SWRFHW VKDWSHWP LW 31 DFWYDWRQ &KHQ HWDO 6FL$GY XQGHU WHYLVIRQ
.. 3 DO/R P RQLVRW VKH 31 DFWYDWRQ E\ LQWAWDFWQJ Z LK VKH UHSQFDWRQ WH®WG SRWLQ
5HS* RI 31 * X HWDO 1 DW&RP P XQ 7KXV WKH .. 3 7$ DRQJ Z WK WKH 3IL7$ 7$ DFW
DV VKH P RHFX®U VZ WK J RYHWQLQJ ELRILP IRWP DWRQ DQG SKDJH KRVWW P ELRVLV LQVLGH VKH
ELRIL® FRP P XQLW
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7KH H[ WDFH@X®U SRAP HUF VXEWDQFHV (36 DWW VWKH HWHQFH Rl ELRIL® V \HW VWKHLU
LGHQWWHV DWH SRRUI XQGHUMRRG 7KHWH DWH IHZ FRP P RQ (36 VWKDWEHKDYH VIP LODUQ LQ
GUIHWHQW ELRIL®® V DQG QR XQLYHWDO ELRIL® (36 GHVFUEHG : KDWZH NQRZ DERXW (36
RWJ LQDWAV ILRP WWXGLHV RQ MERWW U WWWHP V. $WHP SW WR WDQVIHU WKLV NQRZ GHGJH WR
FRP SQH[ ELRIL® V VKDWSWHGRP LQDW LQ HQYLLRQP HQWODQG FQQLFDOVHWYQJV RIWHQ IDLO DQG
GHVFUSWRQV RI (36 LQ FRP SGH[ WWHP V DWH P SWHFLVH 7KHWIRW GHVSLW VWKHLULP SRUMDQFH
VKH (36 DWH LQDGHTXDWA WU HW IRU ELRDG VSHFWXP VSHFULF LQWHUYHQWRQV WR SUHYHQWRU
RSWP UH ELRIL® IRW DWRQ , Z LG SWHVHQW KHWH HIIRUW WR DGGWHW WKLV VKRU¥RP LQJ LQ
FQQLFDODQG HQYLLRQP HQWOW WHP V
([WDFHOX®U ' 1$ LV DQ (36 REVHUYHG DFWIRW P XQNSQH ELRIL®P V LQFXGLQJ VRP H FRP SOH[
ELRILP V %\ WXG\LQJ H' 1% LQ §:uP® y S: Su2PPbp :S ELRILP V ZH WHVROYHG KRZ KLIKHU
RUGHU VWWXFWKWDO P RWIV GHWWP LQH VWKH DELQW Rl '1$ W WDQVIWRQ WR YLVFRH®VWF
H WDFHA@X®U P DWL] VWWXFWUWHV 6SHFULFDA@ WHVH LQFXGHG VKH REVHUYDWRQV RI *
TXDGUXSQH[ H[ WDFHEX®U 51% DQG ILQDA H[ WDFHAX®U 5 GRRSV DV FUWFDO : H WKHQ
LGHQWI LHG VWKDW62 6 SIRWALQ WHF$ LP SMQW WR[ LF 5 RRSV LQWR VKH JHQRP H RI VXLFLGDOFHGQY
XQGHU VWKH WHI XM@WRQ RI VWKH VWWILQJ HQWVWHW WHVSRQVH WHG WR SIRPRW ' 1$ WHMDVH : H
FRXQ5 WKXV LGHQWI\ (36 WOWHW IRU8§I Spu2Pbb :S ELRIL® FRQWRO
,Q FRQWDWW WR &I Su2Pbb :S DFWYDWHG VXGJH KRZHYHU WHSWVHQW D FRP SQH DQG
LQWDFWEQ ELRILP IRU (36 WXG\ ,W LV QRQHWHMW DUWXDEQ WH P RVW [P SRUDQW
ELRWHFKQR@JLFDO ELRIL® Z RUIBZ LGH ' UIHUWHQW DSSIWRDFKHV DUH WHTXLWHG WR WXG\ VOXGJH
DQG , Z LD SWHVHQWKHWH VKH LVRMWRQ DQG LGHQWILFDWRQ RI D FRP P RQ DQG KLIKQ DEXQGDQW
VXGJH ELRSRQP HU 7KH SWVHQFH RI VWKLV ELRSRQP HU VXJJHW D SRWHQWDG® FRP P RQ
SDWZ D\ IRU P DWA SWRGXFWRQ IRU VOXGJH DQG RWKHU ELRIL® V WKDW Z DV SWHYLRXVQ QRW
FRQVLGHWHG

VK P SWIRYHP HQW LQ WKH WVROXXWRQ RI (36 FKDWFWU]DWRQ IRU SXWH DQG FRP SOH[
ELRILP V VKH XQGHUWWDQGLQJ RI (36 ILRP ERW Z LGEHJLQ WVR FRQYHWH KRSHIXG HQDEQQJ
XQLYHWDOP DQDJ HP HQWWVWDWAJ LHV
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%LRILP IRWP DWRQ LV D NH\ FRQWILEXWRU WVR WHFDGFLWDQFH Rl DQWELRWFV LQ ERQH LQIHFWRQV
SWHGRP LQDQWY GXH WR DQWERG\ WRMHWDQFH 2 XU K\SRWHVLY LV WKDW ZH FDQ HQKDQFH
DQWE LRWF DFWYLW Z LK D VHFRQG DJHQW VRP HWP HV WAWP HG DQ [DQWELRWF DGNKYDQVE : H
KDYH LGHQWILHG ERYLQH MFWRIHUWQ E/) DQ N' D LLRQ ELQGLQJ P LON JOFRSWRWLQ DV D
SWRP LIMLQJ DQWELRWF DGMNKYDQW Z LMK DQW ELRIL®® SWRSHUNHV GHDGLQJ WR P RWH HIIHFWYH
HWDGLFDWRQ Rl EDFWUDO LQIHFWRQV : H KDYH LGHQWILHG E/I DV D IDFWRU WK DW HQKDQFHV
DQWE LRWF NLARQJ RI 2 HS/ @od § §8P: SP2uP: 7KH IHDWKWH RI ELRIL®® LQIHFWRQ LV WVROHWDQFH WR
DQWE LRWFV GXH WR WKH VXUYLYDORI D VXESRSXM®WRQ RI ELRIL®® EDFWHUD Z KHUH (DERWWRU
WIVWW RQ SMQNVRQLF FHAY LQGLFDWA VXVFHSWELQW 7RGHWDQFH LV VHHQ LQ ERQH LQIHFWRQV RI
RWHRP \ HQWV DQG SRWKHWF NRLQW Z KHUH P HWKLFLADQ VXVFHSWEH 2 | SP2uP: 0 66% \VWDLQV
SWHGRP LQDW EXW Z KHUH WHDW HQW Z IVK VKH 1URQW2QH SHQLFLARQDVH WHVLWIDQW DQWE LRWF
IXFQR[ DFLADQ )/8 FDQ EH LQHITHFWYH : H KDYH JWRZ Q ELRIL® VRI 0 66$ LQ D &' & %LRILDP
5 HDFWRU WKHQ WHDWG VKHP Z WK D FRP ELQDWRQ RI )/8 DQG E/) DQG VKLV VLI QULFDQWY
HQKDQFHG ELRIL®P HUWDGLFDWRQ HIILFDF\ &R DGP LQLVWYDWRQ RI E/) Z LK )/ 8 UHVXOMWG LQ D !
@RJ WHGXFWRQ LQ P HGLD &)8 Z LWLQ W R GD\V DQG P DWW ELRIL® V RQ WKH P HWO FRXSRQ
VXUDFHV ZHWH D® RW FRP SGHWQ HWDGLFDWAG DIWHU GD\V : H WKHQ GHYH@RSHG D
ELRGHJ UIDGDEQH K\ GURJHOQLRVRP H WWHP WR DFKLHYH VXWWDLQHG GUXJ WHQHDVH ILRP D VLQJ OH
DSSQFDWRQ %LRIL®® HWDGLFDWRQ Rl )/8 DQG /) XQGHU VKLV P hBR GRFDO GHAYHU W WHP
HQKDQFHG ELRIL® NLA2QJ 3 SWRYLGLQJ DQ HIIHFWYH DSSWRDFK IRU GHQYHUQJ /) DQG
)/8 WR ELRILP VP hHh : H DW QRZ GRLQJ P hHh WXGLHV LQ D WDWERQH LQIHFWRQ P RGHO
XVIQJ D K\ GWRJIHCPQLRVRP H VWWHP VWK DW HQDEQHV FRQWRGAMG FR WHGIDVH RI )/8 DQG /) WR
HWDGLFDWH ELRIL®® V DQG VKLV LV GHP RQVWDWQJ VKH W\ WHP V SRWQWDO IRU GRFDQ] HG ELRIL®
FOIDWDQFH P hHth LQ D VDIH DQG HIIHFWYH P DQQHU

%RQH LQIHFWRQ FDQ LP SHGH EQRRG FLUFXMWRQ Z LVKLQ VKH ERQH OHDGLQJ WR ERQH GHDVK /)
DV D SRVHQWWWP X@MWRURI ERQH JURZ VK DGGV WR LW DSSHDODV D VDIH DQG HIIHFWYH WHDW HQW
IRUERQH LQIHFWRQV
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$ NH\ IHDWKW RI ELRIL®P V LV VSDWDO KHWHURJHQHLW ' XH WR WKH GHQVH SDFNLQJ RI VKH
EDFWHUD VSDWDO JWDGLHQW HP HWH ZLWLQ VKH FRP P XQLW ,W WP DLQV XQFQ®DU KRZ
FRP ELQDWRQV Rl GUIHWHQW JWGLHQW VKDSH ELRIL®® SWRSHUMHV 9%\ P RGXM®MWQJ VKH
SHQHWDWRQ Rl QXWIHQWDQG R[\JHQ ZH GHP RQVWIDWG WKDWFRP ELQDWRQ RI QXWLHQW DQG
R[\ JHQ J WDGLHQW JLYHV UVH WR W R WSHV Rl ELRILP V Z VK GLYHW HQWP RGHV Rl P HWERQVP

© H IXUWKHU IRXQG WKDW RQH WSH RI ELRIL®® GLVSM\HG VLI QULFDOWY KLI KHU WROHWDQFH WR
DQWELRWFV WKDQ VKH RWHU 7KLV HQKDQFHG WRGHWDQFH LV DWUEXWG VW RZ P HP EWQH
SRWIQWDO Z KLFK WHGXFHV DQWE LRWF XSWNH 6XSSGP HQWWRQ RI P HWE RQWHV VWK DWHQK DQFH
WHVSLLDWRQ P DUNHGQ SRWQWDWG DQWELRWF P HGLDWAG NLARQJ RI VKH ELRILP 2 XU Z RWN
WHYHDOY KRZ FRP ELQDWRQ Rl JWDGLHQW JLYHV UVH WR GUIHWHQWW SHV RI ELRIL®® V DGYDQFLQJ
RXU XQGHUWWDQGLQJ RI WKHLU VWHW UHVSRQVH [IDFLAWWQJ WKH GHYHARSP HQWRI P RUH HITHFWYH
HUWDGLFDWRQ VWDWAJ LHV

%LRJ IDSK\ - LQWR /X $WRFLDW 3 WRIHWRU DW7VLQJ KXD 8 QLYHWLW 6FKRRORI %DVLF 0 HGLFDO
6 FLHQFH %6 LQ SK\VLFV ILRP 8 QLYHWLW RI 6 FIHQFH DQG 7HFKQR@RJ\ RI &KLQD 3K' LQ SK\VLFV
[LRP 8 QLYHWLW RI 31MWVEXWK 3 RVWGRFWRWDOWDLQLQJ DWS8 QLYHWLW RI &DQIRWLD 6DQ ' LHIR

"U /X DQG KLV WHDP IRFXV RQ VKH VSDWDO DQG G\ QDP LFDO SIRSHUWHV RI ELRIL&® DQG
P HFKDQLVP V Rl ELRIL® WHVIVWQFH WR DOWE LIRWFV DQG WR SKDJH



6(/(&7(' 25%/

35(6(17$7,216
$%675% &76
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1 DGLWD 1 XU DW 1 D =KDR 6KXFXL: DQJ - LRQJ =KDQJ  <DQDQ * XR 4 LQ =HQJ
- 1QJ +DQ +DQXX : DQJ +XD: DQJ <DQ@<DQJ O0LQ/L O0LQJ/L 41DOQ/ILX

' HSDUW HQW Rl /DERWDWRU 0 HGLFLQH 5HQ -L +RVSLWO 6KDQJKDL -LDR 7RQJ 8 QLYHULW
6FKRRORI 0 HGLFLQH 6KDQJKDL &KLQD )DFXQN Rl 0 HGLFDO/DERWWRU 6FLHQFH &RAMJH RI
+ HDOK B6FLHQFH DQG 7HFKQRMJ\ 6FKRRO RI 0 HGLFLQH 6KDQJKDL -LDR 7RQJ 8 QLYHWLW
6KDQJKDL &KLQD ' HSDUNWP HQWRI ' HWP DWRARJ\ &KLASWHQB/ + RVSLWO Rl ) XGDQ 8 QLYHWLW

1 DWRQDO&KLAWHOQBY 0 HGLFDO&HQWAU 6 KDQJ KDL &KLQD ' HSDUAP HQWRI ' HUP DWRARJ\
6KDQJKDL 1 QW 3HRSMB/ + RVSIVWO 6KDQJKDL -IDR 7RQJ 8 QLYHWIW 6FKRRO RI 0 HGLFLQH
6 KDQJ KDL &KLQD 7KHVH DXVKRW FRQWILE XVHG HT XD

' HVYSLWH 2 H3/ @06 § §8P: SP2uP: FRMRQLUDWRQ DV D WFRJQUHG FRQWIEXWRU WR DWRSLF
GHWP DWWV $' SDVWKRJHQHVLY WKH JHQHWF P HFKDQLWP V XQGHWLQJ 21 SP2uP: FXWQHRXV
FRQRQL] DWRQ RQ $' DIIHFWAG VNLQ DQG LW FRQWLIEXWRQ WR GLVHDVH H[ DFHUEDWRQ WHP DLQ
LQFRP SHWQA XQGHUWWMRRG 7KWRXJK DQ LQWJWDWG DQDAVLY Rl VWKH P LFLRELRP H DQG
SKHQRWSLF DQDQAVHV Rl FQQLFDO 21 $P2uP: LVRMDWAV [LRP SHGLDWLF $' FRKRUW ZH
HWDE QVKHG DQ DWRFLDWRQ EHW HHQ EDFWHUDO ELRIL® SUWRILFLIHQF\ DQG GLVHDVH VHYHUW
0 HFKDQLVWYFDA@ VKLV K\ SHU ELRIL®® SKHQRW SH LV DWRFLDWHG Z LK D VLJ QU LFDQWUHGXFWRQ LQ
VKH DFWYLW Rl VKH 6DH56 W R FRP SRQHQWW WHP LQ 21 $P2uP: 7KH 6DH56 W\ WHP HQDE GHV
VKH EDFWHUXP WR DGDSW WR FXWQHRXV VWHWRW &RP SWHKHQVWLYH WDQVFUSVWRP LF DQG
SWRWRP LF DQDQ VHV GHP RQVWDW VWKDW6DH5 6 GRZ QUHJ X(DWRQ SURP RWAV ELRILP ELRJ HQHWLV
YLD FRRUGLQDWAG XSWHJ X@WRQ RI VXUDFH DGKHVLQ 6GW VHUQH DVSDUMDWA WHSHDWS LRWALQ &

H FRQILLP HG WKDW 6GW: HQKDQFHV 21 $P2uP: DGKHUHQFH WR HSLGHW DO NHUDWOQRF\ WHV
GLVUXSW HS VWK HQDOE DUJHU LQWHJ UW DQG DP SQILHV ,/ GUYHQ WSH LP P XQH UHVSRQVHV LQ
DP XUQH $' P RGHO & RAMFWYHQ RXUILQGLQJV LHYHDOD SWHYLRXVA XQGHUDSSUHFLDWHG LRCH RI
VWH 6DH56?6GW D[LV LQ P HGLDWQJ WH LQWWDFWRQ EHW HHQ 21 SP2uP: DQG VKH
SDWKRSK\ VIRQRJ\ RI $' VXJJHWIQJ VWKDWWW HWQJ 6GU& P D\ WHS HVHQWD YLDE G4 WK HUDS HX WF
VWDWAJ\ IRUP DQDJLQJ VKLV FKLRQLF LQIMP P DWRU GLVRUGHU

. ALCHob P DS P ghb® PTRYy w ®ué 11 @2 B S ®2ugP22u HwMRH 052 X TugHp
H X hp: HDSHuU HH ®o | P §Hp

6KDIRQ &DW ( ONH 6HSSDQHQ /DXWHQ %DNDQHW} 3 HWHU 5 LFKP RQG ) LASSR 9 DAHQWA

5 XWK 7KRUQWRQ

6 FKRRO RI 0 HGLFLQH 7KH 8 QLYHWIW RI : HWHWQ $XWDQ@D 3HWK : HVIDWP HW &HQWH RI
9 DFFLQHV ,QIHFWRXV ' LVHDVHV 7KH . LGV 5 HVHDUFK ,QVWWMXWA $ XWWUDA@b 3HUWK &HQWAU IRU
0 LFIREH DQG ,P P XQW 5HVHDUFK $ELIDLO : H[ QHU 5HVHDWK ,QVWWKWA DW 1 DWRQZ LGH
&KLASWHQB/ + RVSIWO 2 KIR 6WWH 8 QLYHWIW &RAMHJIJH RI 0 HGLFLQH &RXXP EXV 2KIR 86%
" HSDUWP HQW RI ,P P XQR@®J\ DQG * HQHWO 3 DHGLDWIFVY 3 HUWK &KLAGUHQ V + RVSIWO 3 HUWK
( DU 6 FLHQFH ,QVWIWKWH $ XVWDQD 1 HGW@QGV 3HUWK &HQWH IRU &KL + HDOK 5 HVHDWK 7KH
8 QLYHWLW RI : HWHWQ $ XVWDQAD 3 HWK

&KWRQLF DQG WHFXUHQW RWWY P HGLD LV DWRFLDWHG Z LW SHWLWHQFH Rl QRQa®V SHDECH
RSuy /@mP: P IiéPp ySu 17+L ZLWLQ EIRILP V LQ WH P LGGH HDU DJDLQWW Z KLFK

DQWE LRWFV DWH LQHITHFWYH &KLGEUWHQ H[ SHUHQFLQJ WHFXUMHQWDFXW HSLVRGHV RI RWWV P HGLD

RU FKURQLF RWWYV P HGID Z VWK HIIXVIRQ DWH F@WLULHG DV RWWYV SIRQH DQG DWH WHFRP P HQGHG
IRU VXW LFDO LQWHUYHQWRQ 2 XU SWHYLRXV Z RWIN KDV VKRZ Q WKDW RWWV SIRQH FKLAWHQ KDYH
WHGXFHG QDWKUDODQWERG\ WWHV WR VHYHWDO1 7+ L DQW.J HQV LQYROYHG LQ HSLVKHQDODWWDFKP HQW
DQG ELRIL® IRWP DWRQ FRP SDWHG Z VK QRQ RWWYV SWRQH FKLGBWHQ + HW Z H DLP HG WR DWHW
VKH | XQFWRQDOFRQVHT XHQFH Rl VWHVH LHGXFHG DQWERG\ WWHV E\ P HDVXUQJ VHWOP HGLDWAG
ELRILP GLVUXSWRQ XVLQJ RXUP hheBH2 17+ LELRILP P RGHO ,Q RXUP RGHO KXP DQ P LGGM HDU
HS LWKHQDO FHQY Z HWH JWRZ Q WR FRQIOXHQF\ DQG I HG WR SWRYLGH D SK\VIRMRJLFDG WHMYDQW
VXEVAUDWH IRU 17+L ELRILP IRW DWRQ O LGoERJ SKDVH 17+L ZHW FXOXWG LQ '0(0

VXSSP HQWHG Z LWK ) &6 DQG PJ/ KHP LQ DW r& &2/ IRU KW W HWDE QVK

P DWW ELRILP V %LRILP GLVUXSWRQ Z DV DWHWHG E\ DGGLQJ SRRMG KHDWEQDFWYDWAG
VHWD ILRP RWWV0S RQH FKLAWHQ Q ™ SRR/ RUDJHo® DWKHG QRQ RWWV SUIRQH FRQWRQ/

WRJ HWKHU Z LW EDE\ WEELW FRP SQHP HQW ) RARZ LQJ LQFXEDWRQ WRWO ELRP DW Z DV
TXDQWILHG XVIQJ FU WDO YLRGHW WDLQLQJ  %LRILP GLVUXSWRQ Z DV FDFXMWAG DV VWKH
SWRSRUNRQDO LHGXFWRQ LQ ELRP DW WH®WYH WR XQWHDWAG ELRIL® V 6HWD IWRP QRQ RWWV

SWRQH FKLGGWHQ LQGXFHG 1 7+ L ELRILP GLVUXSWRQ ,Q FRQWDVW VHWD |WRP RWWVS URQH
FKLGGWHQ H[ KLELWHG P DUINHGQ WHGXFHG GLVIXSWRQ WQJLQJ IWRP LQGLFDWQJ LP SDUHG
| XQFWRQDO DQWERG\ DFWYLW 6HWD IWRP RWWVESRQH FKLABWHQ VKRZ VLI QULFDQV WHGXFHG
DELOW WR GLVIXSW P DWW 17+L ELRILP V FRP SDWHG Z LW QRQ RWWV SWRQH FKLAGWHQ

VXJJHWIQJ P SDUHG DQWERG\ o HGLDWHG ELRIL® FRQWRO ) XUMKHU LQYHVW. DWRQ LV WHT XLLHG
WR GHILQH VWKH WH®WRQVKLSY EHW HHQ VSHFULF DQWERG\ WWHV DQWJHQ WWHW DQG
IXQFWRQDO ELRILP GLVUXSWRQ 7KHVH ILQGLQJV VXSSRUN D WM IRU DQWERG\ o HGLDWHG
SWIRWHFWRQ DJDLQVW FKWRQLF DQG WFXUHQW RWWV P HGLD DQG KLIKQJKW SRWQWDO
P P XQR@RJ LFDOWW HW I RU SHYHQWQJ GLVHDVH
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$GUDQ $EGR 1HLOO FO LADQ $QIHMD® %RDKHQ $QQD $QWSRY +DQJ 7 1JX\HQ $ELRGXQ
" 2JIXQQLL =®MWNR . RSHFNL * XLA&KHW H 3 HQD 5 REHW) lWILGJ H . DWKDUOQD 5 LFKWAU

$ GHDLGH 8 QLYHWIW $GHM®LGH 6% $XVWDQAD 7KH 4 XHHQ ( @] DEHW + RVSLWO 5 R\ DO
$ GHDLGH + RVSLWO $ GH®DLGH 6% $ XVWDQD

&KURQLF Z RXQGV VXFK DV GLDEHWAV WH®DWHG IRRW XGFHW DWH FRP P RQQ GUYHQ E\ ELRIL®P
LQIHFWRQV WKDWDW KLIKQ WRCGHUDQWWR DQWELRWFV FUHDWQJ DQ XW HQWQHHG |RU DQWE LRWF
[ULHH WKHUWDSLHV VWKDW FDQ WHGXFH ELRIL® EXUGHQ Z KLH VXSSRUNQJ WWXH UHSDLU 3®VP D
DFWYDWG ZDWHU 3$: LV D QTXLG HQUFKHG LQ WHDFWYH R[\JHQ DQG QLWRJHQ VSHFLHV VWKDW
VKRZ V UDSLG DQWP LFURELDO DFWYLW b hHR2 DQG LQ YLYR P DNLQJ WD SWRP LVIQJ ELRILP
WW HWHG Z RXQG UQVH

© H HWDEQVKHG D WDQVM®MWRQDO SLSHAQH WR HYDOXDWA 3$: IWRP P RXVH ELRIL®P LQIHFWRQ
WWRXJK WR SLI ZRXQGV DQG D ILWWLQ KXP DQ WIDO ,Q D ELRXXP LQHVFHQW P HVWKLFLARQ
WHVLWDQW 2 HS/ @06 § §8P: SP2uP: VFDG EXWQ P RGHO LQ P LFH Z RXQGV Z HWH LQIHFWAG WR
HWDEQVK ELRIL®P DQG WHDWHG Z LK 3$: RUYHKLFQ4 IRU GD\V 3$: VLI QULFDQWY WHGXFHG
EDFWHUDO ELROXP LQHVFHQFH ILRP GD\  DQG (RZ HWIHG EDFWHUDO FRXQW DW GD\ E\ @IV
S Z KLOH LP SWRYLQJ W HSLWKHQDQVDWRQ Z LVKRXWLP SDLUQJ Z RXQG FARVXWH LQGLFDWQJ
VIP XOMQHRXV ELRIL® FRQWRODQG DFFHCGHUDWG KHDQQJ

,Q D2HS/ @06 § 88P: SP2uP: LQIHFWAG H[ FLVLRQDOZ RXQG P RGHOLQ SLIV RYHU GD\V 3$:
ZDV FRP SDWHG Z LW VWKH FQQLFDO WDQGDUG 3 WRQWRVDQ SRQKH[DP HW\ GiIQH EL] XDQLGH
>3+0 %@ %RWK WHDW HQW DFKLHYHG VIP LU WHGXFWRQV LQ EDFWHUDO RDG @RIV
S! FRP SOHWH WIH HSLWKHQDQVDWRQ DQG FRGADJ HQ WHP RGHAQJ Z LK QR GRFDORUW WHP LF
DGYHWH HIIHFW GHP RQWYDWQJ HTXLYDOHQFH WR WDQGDUG FDWH DQG D IDYRXWEGH VDIHW
SWRILH

7KHVH GDW LQIRWP HG WKH GHVWQ RI DQ RQJRLQJ SKDVH , GRXEM EQQG WQGRP LVHG
FRQWRAMG WIDO LQ DGXQW Z VK (RZ UVN GLDEHWAV IHDWAHG IRRW X@GHW Z KLFK LV DWHWLQJ
VDIHW DQG WRGHWDELAW RI 3$: Z RXQG UQVH FRP SDWHG Z LK VDAQH Z LK H[ SGRIDWRU ELRILQP
DQG KHDQQJ RXWRP HV

7RIHWKHU VWKHVH WXGLHV VKRZ VWKDW3$: FDQ WGXFH ELRIL®®P EXUSHQ DQG VXSSRUWN Z RXQG
WHSDLU DFLRW VSHFLHV SUWRYLGLQJ D VWWRQJ WDQVM®WRQDO SDWKZ D\ WRZ DUG FQQLFDO XVH LQ
FKURQLF ELRIL®P LQIHFWHG Z RXQGV

. Ay hué opPb Sy &b UL S:p® §1:2 HSP bPH S: ©P 2Py 2pu :P D X@HH 2 b

§:uP® y S: Su2Ppp S

5 DVHO. KDQ 6DKLO6KDQGLO 6KHNK 6DELU O DWN : LGFR[ DQG_1DWHVK . XP DU

6 FKRRORI &KHP LVWJ ) DFXON Rl 6 FLHQFH 7KH 8 QLYHWLW RI 1 HZ 6RXWK : DAV 6\ GQH\ 16:
$ XWADAD 6FKRRORI 2 SWRP HWA DQG 9LVIRQ 6FLHQFH 7KH 8 QLYHWIW RI 1 HZ 6RXW : DMV
6\ GQH\ 16: $ XVWDQD

7R RYHUFRP H WKH FRQWOQXRXVQ JUWRZ LQJ VKWHDW RI LQIHFWRXV GLVHDVHV DQG HP HW LQJ

SDQGHP LFV VKHW LV DQ XW HQW QHHG WR GHYHQRS P RWH HIIHFWYH DOMUQDWYH VWIDWAJ LHV WR
FRP EDWDQW. P LFURELDOWHVIWDQFH Z KLFK WHSWHVHQW RQH Rl VKH P RVWVHURXYV FKDGMQJ HV WR
JREDO SXEQF KHDOK &§:pP® y S: Sp2PPp :S 3% LV D : +2 GHVLJQDWG SURUW
D/XSHUEXJE WHVSRQVIEGH IRU D Z LGH WQJH Rl QH WUHDWQLQJ LQIHFWRQV SDUNFX®DWA LQ
LP P XQRFRP SURP LVHG SDWHQW VXFK DV WKRVH Z LMK FDQFHU DQG F\VWF [LEWRVLY ,WLV Z H®
HWDE QVKHG VKDW VKH TXRUXP VHOVIQJ) 46 MWHP V LQ 3$ SM®\ D FHQWDO WRGH LQ WKH
WHJI XDWRQ W\ QWKHVLY DQG WHGHDVH RI QXP HWRXV YLUXCHQFH IDFVWRW LQFOXGLQJ S\ RF\ DQLQ DQG
ELRILP V 7KH §:pP® §  $: TXLORARQH VLIQDO 346 W WHP LV RQH Rl VKH WKUWHH P DNRU 4 6
VWWHP VIQ 38 $ONO TXLQRMRQH EDVHG DXVWRLQGXFHW VXFK DV 34 6 DQG ++4 ELQG WR DQG
DFWYDWH VWKH WDQVFUSWRQ WHJ X®DWRU SIRVHLQ WHFHSWRU 3TV5 DO/R NQRZ Q O YI5  7DW HWQJ

3TV5 ZLW FRP SHWWYH DQWJRQLWY WHSWHVHQW D SURP LVIQJ DQW YLUXQHQFH VWDWAJ\ WR
GLVUXSW 46 LQ 3$ DQG SRWHQWD@ P LWJDW DQWP LFLRELDO UHVLWDQFH 7R LQKLELW 34 6

P HGIDWG TXRUXP VHQVIQJ LQ 3$ ZH GHWQHG DQG W\ QWHVLHG D VHUHV Rl QRYHO
T XLQD] RQAQRQH EDVHG FRP SHWWYH DQWJRQLVWW RI 3TV5 : H FKDWDFWUWVHG WKHLU VWX FWK UH

I XQFWRQ UHDWRQVKLSV DQG VSHFWXP RI DQWP LFURELDODFWYLW  7KH P RVWSRWQWDQDGRJ XH
HIILFLHQWY LQKLELWAG VKH 346 WWHP H[ KLELWQJ DQ ,& Rl wo LQ WKH 3%$2 /1: ®I/

WHSRUMU DWD\ 7KH O4DG FRP SRXQG FRP SGHWQ VXSSWWHG S\RF\DQLQ SWRGXFWRQ DQG
VL] QULFDQWY WHGXFHG ELRIL® IRWP DWRQ ) XUXKHWP RWH LW VKRZ HG W\ QHW LVWWF DFWYLW LQ
FRP ELQDWRQ Z WK NQRZ Q DQWELRWFV DW VXE 0 ,& GHYHO/ 0,&% &RAMFWYHQ VKHVH
ILQGLQJV KLIKQJKW TXLQD] RQQRQH EDVHG 46 LQKLELVRW DV SUWRP LIVIQJ FRVWHIIHFWYH
FDQGLGDWHV | RUVKH GHYHQRSP HQWRI QH[ WJ HQHUDWRQ DQWP LFURELDODJ HQW



AL Yy iBP | HOu C2 / SHZ Pp BB 0: 8Qu2B@KS § ob b ThHy O0nH2S§U6P 6S2 w SH2M
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=KHQJ -IH /1DQ 5 XWKSDWD . XONDWQL 1JX\HQ 7KL . KDQK 1 KX O0DW $ 7 %@VNRYLFK
TKRUWWAQ : RKM®MQG DQG 0 DIN$ 6FKHP EW

JQWIVKWH IRU 0 RHFX@U %LRVFLHQFH ,0 %  7KH 8 QLYHWLW Rl 4 XHHQVADQG  %UVE DQH
4 XHHQVADQG $XVWWDQAD $XWIDQADQ ,QIHFWRXV ' LVHDVHV 5 HVHDUFK &HQWH 7KH 8 QLYHWLW RI
4 XHHQVADQG %UVEDQH 4 XHHQVADQG $XWADQAD &HQWAU IRU %LRLP DJLQJ 6FLHQFHV 1 DWRQDO
8 QLYHWIW Rl 6LQIJDSRWH 6LQIDSRWH ' HSDUNWP HQW RI %LRRJILFDO 6FLHQFHV 1 DWRQDO
8 QLYHWIW RI 6LQIJDSRWH 6LQIJDSRWH ' HSDUNWP HQW Rl &KHP LMWWA 1 DWRQDO 8 QLYHWIW Rl
6LQJDSRWIH 6LQIDSRWH 6FKRRORI &KHP LMW\ DQG 0 RGHFX®U %LRVFLHQFHV 7KH 8 QLYHUWLW RI
4 XHHQVADQG %UVEDQH 4 XHHQVADQG $ X\VWDQD

8 LRSDWKRJHQLF 0: 8Qu2B 0K § @& 83(& LV VKH P DNRUFDXVH RI XUQDU WDFWLQIHFWRQ 87,

' XUQJ LQIHFWRQ 83(& IRW V ELRIL®P V VKDW HQKDQFH WHVLIWDQFH WR DQWELRWFV DQG KRW
P P XQH IDFWVRW 83( & ELRIL® IRWP DWRQ LV D FRP SGH[ SWRFHW LQYRO/LQJ DGKHVLQV DQG
SWRGXFWRQ Rl DQ H[ WDFHAX@U P DWL[ (&0 FRP SUVIQJ GLIHWQW FRP ELQDWRQV RI FXUd
DP \ RLG ILEWHV DQG VKH SRQ VDFFKDUGH FHAGX@VH 7KHVH ( &0 FRP SRQHQW KDYH GUIHUHQW
SRS HUNHV WK DWLQIOXHQFH LQIHFWRQ RXWRP HV XQGHWFRUQJ VKH QHHG WR XQGHUWWDQG VK HLU
ELRRILFDO RV +HWH ZH VKRZ WKDW 83(& LQIHFWRQ VHYHUW LV DWRFLDWAG Z LK
FRP SRVIWRQDO FKDQJHV LQ WKH ELRILP (&0 Z LW 83(& VWWDLQV WKDWP DNH FXUL EXW QRW
FHAX®VH FDXVLQJ DXJP HQWAG LQQDWA LP P XQH VLI QDARQJ DQG WWXH QHXWRS K LO LQI LOADWRQ
LQ D P RXVH P RGHORI 87, X hHR H[DP LODWRQ RI 83( & ELRIL®P V VKRZ HG VKDWSRGXFWRQ RI
DQ (&0 FRP SUMIQJ FXUQ DQG FHAX@VH JHQHWDWYV VL) QULFDQWY JWHDWHU ELRIL®® ELRP DW
FRP SDWHG WR DQ ( &0 FRP SRVHG Rl FXUX DARQH %RVWK ( &0 WSHV DO/R SWRYLGHG VL] QL LFDQW
SWIRWFWRQ DJDLQVWW R FDWRQLF DQWP LFURELDOSHSWGHV $0 3V KXP DQ FDWKHQFLGLQ //

DQG SRAP \[LQ % FRP SDWHG WR SMQNWRQLF FHAY 7R GHILQH SUIRSHUNHV RI 8 3( & ELRIL® V VK DW
XQGHUAH $0 3 WHVIWDQFH ZH HP SAR\HG VIQJH SMQH LAXP LQDWRQ P LFLRVFRS\ FRP ELQHG
Z VK |OKRUIHVFHQFH FRUH®MWRQ P LFLIRVFRS\ 63,0 )&6 WR SUHFLVHQ TXDQWI\ WKH GLIXVIRQ RI
| KRIHVFHQWY MEHGMG P ROIFXQGHV LQFOXGLQJ GH[ WDQV DQG $0 3V %RW FXUQ RQQA DQG
FXUQ FHGX@RVH ( &0 V VLI QULFDQWY LQKLELWAG WKH GLIXVIRQ Rl LQHUW GH[ WDQV N' D
DQG $0 3V Z LW WKH W R (&0 V H[ KLELWQJ VIP LU VIHYLQJ FDSDFLW 4 XDQWILFDWRQ RI //
GUIXVIRQ DO/R IHYHD@HG D FKDW H EDVHG VHT XHWWUQJ HITHFW Z KHUH VWKH GUIXVIRQ RI //

Z DV VLJ QULFDQW) WHGXFHG WH®WYH WR D VL H P DWKHG LQHUNSHSWGH 7 WHDW HQWRI ELRILP V
ZLW SRAP\[LQ % EXW QRW // G WR LQFWHDVHG GH[ WDQ GLUIXVIRQ QNHQ UHIGHFWQJ
WHGXFHG ELRIL®® GHQVIW DQG WUXFWKLDO LQWAJ UW 2 YHWD@ RXU UHVXOW GHP RQVWDWA KRZ
FRP SRVIWRQ Rl VKH 83( & ELRIL®P (&0 LQIOXHQFHV ERWK KRVWLQI®MP P DWRU WHVSRQVHV DQG
ELRIL® DWRFLDWAG DQWP LFLIRELDO WHVIWDQFH WWRXJK WV H DQG FKDWH GHSHQGHQW
P HFKDQLVP V

. ,PHY S2HP D HOy S®®U2( R i HZp b iy wSHEN 1 8§81 Su2pbp :S b w 2u HZS
hP:HS §2 Hu§Hthu wps@S By P HIu C2b S20 A2S§HO hE2 y u H

$ UK IND 0 DOQRKDWDQ 7KHHUXKDQNDU ' DV $ VKLVKNXP DU * UHJ 6 : KLWHGH\ -LP 0 DQRV

,QIHFWRQ ,P P XQW DQG ,QI®P P DWRQ 7KHP H B6FKRRO Rl 0 HGLFDO 6FLHQFHV &KDUMV

3HWLQV &HQWH 7KH 8 QLYHWLW RI 6\ GQH\ 6\ GQH\ $XWDAD 6\ GQH\ ,QVWMWWH RI ,QIHFWRXV

' LVHDVH 7KH 8 QLYHWLW RI 6\ GQH\ 6\ GQH\ $XWUDQAD ,QJKDP ,QWEWW IRU$SSQHG 0 HGLFDO

5 HVHDUFK 6\ GQH\ $XVWWDQD : KLWGH\ &RUSRWDWRQ / DYHUFN $ YHQXH 7RP DJR 16:
$ XVWUDAD 6FKRRORI 0 HGLFLQH : HWWHUQ 6\ GQH\ 8 QLYHWLW

%DFNJ LIRXQG §1 Su2Pbb : S DFFRXQW IRU RI D@QRVRFRP LDO8 7,V RIWHQ DWRFLDWAG Z LWK
ELRIL® HQFUXWDWRQ Rl LQGZ HARQJ FDVWKHWAW 3 WHYLRXV WKGLHV Z LK §1 Su2PPb  : S LQGLFDW
VKDW XUQH LQIOXHQFHV GRZ QUHIXMWRQ RI TXRUXP VHQVIQJ 46 SRWQWDG LQFWHDVLQJ

VXVFHSWELQW WR FOGHDWDQFH E\ KRVWIP P XQH WWHP ' HVSLWH D FN Rl 46 LQ XUQH §I
Su2Pbp :$ KDV DGDSWHG WR WK UYH DQG HWDEQVK ELRILP V LQ WKH XUQDU WDFWHQYLURQP HQW
,Q VKLV WXG\ Z H LQYHWWI DWHG WKH LQIOXHQFH Rl XUQH RQ WKH §1 Sp2PPp : S ELRILP P DWL

FRP SRVIWRQ GXUQJ 87,V DQG LW LP P XQRJHQLFIW WR XURHSLWKHQDOFHGY 0 HWKRGV &QQLFDO
XURSDVKRJHQLF §1 Sp2Pbp  : S ELRILP V Z HWH JWRZ Q LQ VKH SWHVHQFH RI SRRAHG KXP DQ XUQH
RUWI SWF VR\ ELRWK IRU KW DW |& LQ VADQWQJ FHQWL XJH WEHV 7KH ELRIL® P DWL] Z DV
VFWDSHG DQG KDUYHWWG XVIQJ D VHUHV Rl JUDGLHQW DQG FKHP LFDO FHQWL XJ DWRQ VWSV

3WIRWHLQ H' 1$ SRQVDFFKDUGHV DQG S\RF\DQLQ Z HWH TXDQWILHG XVLQJ WDQGDUG P HWKRGV

0 DW VSHFWRP HWA RQ WKH SWRWALQ |WDFWRQ GHILQHG XUQH P HGLDWAG FKDQJHV WR VWH P DWI]

SWIRWRP H 7R WXG\ WKH HIIHFWRI WH ELRIL® P DWL] RQ XURWKHQDO FHAX®U LQIMP P DWRQ

XURHS LVKHQDO FH@ P RQRM\ HW $7&& Z HWH WHDWG Z LK GL IHUHQW | LDFWRQV RI VKH
KDUYHWWG ELRIL®® P DWL] Z LVKRXWEDFWAUD IRU DQG KW 3R LQIMP P DVRU F\ WVRNLQHV
DQG WWV Rl Z RXQG KHDQQJ ZHW TXDQWILHG 5HVXOW 8UQH JWRZQ ELRIL®P P DWLFHV
VKRZHG D ! IRGG LQFWHDVH LQ SWRWALQ FRQFHQWDWRQV DQG D VLI QULFDQW WHGXFWRQ LQ
SRQ VDFFKDUGHV S FRP SDIHG WR QXWIHQW EWRWK FRQWRO/ 7KH SWRWLQ |UDFWRQ
HQFLWHG VKH VWRQJ HVWLQI®MP P DVRU UHVSRQVH ILRP XRWKHQDOFHAY Z LVWK D VL] QU LFDQW



LQFWHDVH LQ ,/ .,/ DQG,/ E LQ WHVSRQVH WR LQIHFWRQ ! IRGG FRP SDWHG WR XQWHDWAG
FRQWRQY/ S DQG D VL] QU LFDQWWHGXFWRQ LQ WDWH Rl Z RXQG KHDQQJ b hH2 0 RWHRYHU

VWKH SWRWALQ | LIDFWRQ FRP SRVIWRQ Rl XUQH JWRZ Q ELRIL® V Z DV VLJ QULFDQWY GL I HIHQWWR 76 %
ELRIL® V 1 R VL QULFDQWGL IHWHQFHV Z HUH WHFRUGHG EHW HHQ VWKH SRQ VDFFKDUGH DQG H' 1$

| LDFWRQV &RQFOXVIRQ 8 UQH VLI QULFDOQWA LQIOXHQFHV VWH FRP SRVLWRQ DQG LP P XQRJ HQLFLW

RI WKH §1 Su2PPp :S ELRIL® P DWL] 7KH ELRIL® P DWL KDV D W HU SIRWHLQ FRP SRQHQW
VKDQ H[ WDFHAX@®U SRQ VDFFKDUGHV FRP SDWHG WR ELRIL® V JIRZ Q LQ QXWIHQW EWRWK 7KH
P DWL LV DO/R KLJIKQ [P P XQRJHQLF WVR XURHSLWKHQDO FHAY LQGLFDWQJ WKDWILW R LQ 87,V
H[ WHQGV EH\RQG EDFWUDO SWRWHFWYH P HFKDQLWP V. 6WKGLHV DWH FXUHQWY XQGHW D\ WR
FKDWDFWHU] H WKH P DWL SWRWRP H DQG ELRIL®® WDQVFUSWRP H 7KLV Z RN KLIKQJKW WKH
LP SRUDQFH RI RSWP L] LQJ WHDW HQW RSWRQV WR WW HW VW H ELRIL®® P DWW DQG WHGXFH
UHF X UHQWF DVK HWHU LQI HFWRQV

., C. 'uiH 6 yS p4ASy | S§HSy 8oP: A | 2Sy og§b PSb :H Ro/ p2y PHS! éu §: pP® ¥ S:
Su2Pbbp :S 0/ B®puy BB 2H2SP : X hu: HDSHI® hES S (o Sy BB b iRy w ®ué § / PoSHp
Ju Yy HB: S ®wus®@S by L S:py®w ®udék B

$NRVXD $ $J\HP DQ &DUD /puSH] &DXVDS« . DWH ( 5RJHW ' HDQQD ' HYHVRQ / XFDV
6DWD &RUMKYV /DD 0 DUD $ * RP LV)RQW 3DEQR ) WDLGH 5LERW -RDQ ) LJXHWR® <LQ] KL/ DQJ
(YD57 )WQONOQ : HH/ /HH  -LHTIDQJ =KRX <RQJ]KHQ =KDQJ -XWHQ % %XQWD

-RKQ ' %R\ FH 5RIJHU/ 1DWRQ $QWRQLR 2 @QYHU &RUWHAD % /DQGHWGRUHU

0 RQDVK ,QWUWWH Rl 3KDW DFHXWFDO 6 FLHQFHV 0 RQDVK 8 QLYHWIW 3 DWNYLGH $ X\WDQD

0 RQDVK &HQWH WR ,P SDFW$05 0 RQDVK 8 QLYHWIW 0 HERXWH $XWIDAD ,QWUWWR GH
,QYHWW DFLHQ 6DQLWUD ,GHV %DGHDW ,G,6%D 3D® D ' H 0 DARWD 6SDLQ  %LRP HGLFLQH
' LVFRYHU ,QVWIVXWA 0 RQDVK 8 QLYHWIW &M\ WRQ $XVWDQD &RGMHJH RI 3KDW DF\ 8 QLYHWIW
Rl ) RUGD 2 UDQGR 8 QLWHG 6 VDWHV

,QUWRGXFWRQ %LRIL®® DVVRFLDWHG §:uP® y S: Su2PPP :S LQIHFWRQV LQ F\WAF [LELWRVLV
&) KDYH QP LVWHG WHDW HQWRSWRQV : H K\ SRVWKHVLVHG WKDWFHIVWR@] DQH W] REDFWP & 7
SXV WREWP \FLQ 72 % FRP ELQDWRQ WHJLP HQV SWRYLGH W QHW LVWF NLADQJ DQG WHVLVWQFH

VXSSWHWILRQ RI K\SHWP XWEG §I Su2Pbp :S HSLGHP LF VWWDLQV /(6 && IURP
DGRGHVFHQW Z LWK &) 0 HWKRGV ,VRMWHV ) 4 6( 0,7 PJ/ 0,&,4 PJI/ [(6 DQG
)4 6( 0,&: 7 PJ/ O0,&.4 PJ/ && Z HH LQYHWW DWHG LQ K G\ QDP LF

ELRIL®P WKXGLHV 7KH G\QDP LF ELRIL® H[SHUP HQW VIP X@MWIG & 7 DQG 72 % OXQJ
SKDW DFRNLQHWFV WHSWHVHQWWYH RI DGRAHVFHQW Z WMWK &) S5HJILP HQV ZHWH & 7 J GD\ DV

FROQWQXRXV .9 LQIXVLRQ SHQHWDWR(Q *Q7) L6 72 % W [ xon o K
SHQHWDWRQ x0,) 16 PJ NJ KRXW DV K LQWDYHQRXV LQIXVIRQV 72 %
W o xony e K PJ KRXW LQKDOHG & 7 LQWDYHQRXV 72 % & 7 LQKDMHG 72 % 7RWO

DQG WHVLIWDQW FRXQW RI SMQONWRQLF DQG ELRIL®® EDFWHUD Z HWH GHWHWP LQHG & 7 DQG 72 %
H[ SRVXWHYV Z HWH FRQILWP HG E\ /& 06 06 & 7 WHVLIWDQFH P HFKDQLVP V Z HWH LQYHVW.J DWHG E\

ZKRM JHQRP H VHT XHQFLQJ %DFWHUDO YLDEGH FRXQW Z HW P DWHP DWFDA@ P RGHGMG

5 HVXQW $ P RQRVKHWSLHV WHVXOWMG LQ DP SQILFDWRQ Rl WHVLIWWDQFH HP HW HQFH FRP SDWHG WR
VWKH JWRZ WK FRQWRO DO RXJK LQKDMHG 72 % Z DV P RWH HIITHFWYH WKDQ LQWDYHQRXV 72 % & 7

WHVIWDQFH GHYHQRSP HQW Z DV DWRFIDWHG Z LW F®OWLFDO $P S& RYHW[ SIHWLIRQ SXV
VWX FWUDOP RGULFDWRQ DQG QRYHO &S[5 P XWWRQV P HFKDQLVP V GHSHQGLQJ RQ VKH VWDLQ

$ JDLQVW ERWK LVRMWV VWKH FRP ELQDWRQ WHJLP HQV GHP RQVWDWG W QHW\ DQG FRP SQHWHQ

VXSSWHWHG VWKH HP HWHQFH RI & 7 DQG 72 % WHVLWDQW SMQNWRQLF DQG ELRIL® EDFWUDO
VXE SRS X®WRQV 0 HFKDQLVP EDVHG P RGH@MQJ LQFRUS RLDWQJ VXESRSXMWRQ DQG
P HFKDQLWNMF W\ QHW\ Z H@ GHVFUEHG VWKH DQWEDFWUDO HIIHFW Rl D@ WJLP HQV DJDLQWW
SMONWRQLF DQG ELRILP EDFWHUD 3DWP HWU HVWP DWHV ILRP VWH P DVWKHP DWFDO P RGHO
VXJ J HWHG RQJHU P HDQ JHQHWDWRQ WP HV LQ VWKH ELRIL® FRP SDWHG WR VKH SMQNWRQLF WIDWA
RI JUIRZW $GGIWRQDG D (RZHU P D[P XP NLGDQJ WW FRQWDQWRI 72 % DQG GRZHU & 7

FRQFHQWDWRQ WTXLWHG IRU KDQO P D[LP DO LQKLELWRQ RI VXFFHWIXO WHSQFDWRQ Z HWH
HVWP DWAG IRU ELRIL® FRP SDWHG WR SMQNWRQLF EDFWHUD IRU ERWK LVRMWYV &RQFXVLRQ

7KHVH 1LQGLQJV VXSSRUW IXUWKHU LQYHWKI DWRQ Rl & 7 LQ FRP ELQDWRQ Z LW 72 % DJDLQWW
ELRIL® DVWWRFLDWAG §1 Su2Pbb : S LQIHFWRQV

, E. 8uP2S6 X TusHp S ® b Thy
. DQJ . H

' HSDUW HQW Rl 3X@® RQDU DQG &UWFDO &DWH 0 HGLFLQH 7KH ) LWW $IILADWAG + RVSLWO RI
* XDQJ[ L0 HGLFDO8 QLYHWLW 1 DQQLQJ * XDQJ[L &KLQD

%DFNJWRXQG §:puP® y S: Su2PPp S XVHV FGL*03 W WHIX®W ELRILP |IRWP DWRQ
GXUQJ SOHXWO LQIHFWRQV DQG FDQ LQGXFH QHXWRSKLY WR IRWP QHXWRSKLO H[ WDFHQX®U
WDSV 1(7V 2 XUWXG\ LQYHVWWJIDWAV F GL* 0 3 GUYHQ 1 ( 7V JHQHWDWRQ LQ P XUQH LQIHFWRQ
P RGHO/



0 HWKRGV P LFH Z HWH LQIHFWAG Z LW §ISpu2PBb :S VWDLQV H[ SIHWIQJ KLIK 3%$2 1 i :/1
Z 1G5 WSH 3%$2 RUMRZ 3%$2 SM®F oGiR F GL* 0 3 HYHO/ WVR HWDE QVK S GHXUDOLQIHFWRQ ,Q
YIWR F GL* 03 HYHO/ DQG ELRIL® IRWP DWRQ RI VWDLQV Z HWH YHWLHG XVIQJ SFGUW JIS
LHSRUWHU FU WO YLRHWWDLQLQJ DQG FRQIRFDOP LFLRVFRS\ ,Q YLYR SOHXWDO KLWRSDWRGARJ\
Z DV REVHUYHG YLD +( WDLQLQJ FRQIRFDO P LFLIRVFRS\ DQG VFDQQLQJ HMFWRQ P LFURVFRS\
6(0 51% VHTXHQFLQJ 51% VHT RI P RXVH SGHXWOMYDJH IXLG FHAY Z DV SHURW HG
5HVXQW ,Q YLYR 1(7V GHWFWRQ WHYHDMHG D & GL* 0 3 GHSHQGHQW WHQG 3%$2 | i/
LQGXFHG VWKH VWRQJ HVW1 ( 7V LHVSRQVH KL KHVWLP P XQH IOXRUHVFHQFH LQWIQVIW FI ' 1$ DQG
032 '1$%$ QGHYHO/ IRGRZHG E\ 3%$2 DQG 3%$2 SM®F \KM 51% VHT DQG 0 IX]] FOXWHUQJ
LGHQWILHG FRQWOQXRXVQA GRZ QUHJ XMWAG JHQH FOXVWHW LQ LQIHFWAG P LFH . ( * * HQUFKP HQW
VKRZ HG JHQHV HQUFKHG LQ WKH AHXWRSKLOH[ WDFHAX@®U WDS IRWP DWRQ BSDWZ D\ 33,
QHW RWN DQDQ VLV VFWHHQHG KXE JHQHV LQFXXGLQJ &\EE 0 DSN 3IN FG Z KRVH
GUIHWHQWDOH[ SIHWIRQ Z DV FRQILWP HG E\ T57 3&5 S

., E.AS2DUHP DJS:H2 P Hi:HP S6 P THY : i By SHP2uL( u2thpu® Hy B2 | BS6§ u/ H®W:
0 LFKDHO 0 DIN $ 7 %MVNRYLFK 0 DUNXV 0 XWWQW DQHU

&HQWH IRU &KHP LMWW DQG ' WXJ ' LVFRYHU ,QVWEWKWH IRU 0 RGIFXMU %LRVFLHQFH 7KH
8 QLYHWLW RI 4 XHHQVDQG 6W/ XFLD %UVEDQH $XVWWDQAD ,QVWWKWH Rl %LRARJ LFDO & KHP LW
8 QLYHWIW RI 9LHQQD 9LHQQD $ X\WWD

* DVWERLQWAVWOQDO * , GLVRUGHW VXFK DV LQIMP P DWRU ERZ HO GLVHDVHV ,%  DQG LUUWEM
ERZHO WQGWRRP H ,%6 DIIHFW a P LGDRQ DQG a P LGDRQ LQGLYLGXDQ/ JQREDQD
UHVSHFWYHQ ° 0 XFRVDODWRFLDWAG ELRIL®P V DUIH KLJKQ SWHYDAHQWLQ VKH * , WDFW RI WKRVH
SDWHQW 3 UWHQP LQDU FQQLFDOZ RWN LQ WP RYLQJ VWKHVH ELRIL® V Z LMK HQGRVFRSLF | XXVKLQJ
WHGXFHV |IXQFWRQDO *, WP SWRP V &XUHQWY QR SKDW DFHXWFDO LQWAUYHQWRQV H[ LW
WUW HWQJ VXFK JXWEILRIL®P V + HQFH ZH H[ S(RUIHG DQWEILRIL® DQG DQWP LFURELDO SHSWGHV
$03V ILRP GLYHWH DQLP DO F®DGHV LQFXXGLQJ P DWXSIDQ/Y P RQRWHP HV S®FHQWO
P DP P DO/ DP SKLELDQV DQG LQVHFW |IRU WKH GHYHGRSP HQWRI RUDO SHSWGH EDVHG DQW. J XW
ELRILP VKHUDS\

: H VWQWKHVLVHG VWKH $0 3V YLD VRQG SKDVH SHSWGH W\ QWHVLV DQG VFWHHQHG DJDLQVW IRXU
ELRIL® SRVIWYH SDWHQWLVRM®MWYV Rl 2Hu/ H § §8P: / $25:S PPb b . 2Hpu/ H § §8P:

: SehS2HP: . S§H12 MWu: 12SPbhk . DQG 0:8Qu2BQZE § & . DQG W R
QWWDWKH FRQWRO VWWDLQV RI 2HS/ @od § §8P: SP2uP: $7&& DQG §:uP® ¥ S:
Su2Pbb :S $7&& E\ GHWALP LQLQJ D P LQLP XP LQKLELWRU FRQFHQWDWRQ DQG DWHWHG
DQWELRIL®® DFWYLWHV XVLQJ FU WDO YLIRHW WDLQLQJ DQG VKH &DQ@ DU GHYLFH : H KDYH DOR
FRQGXFWAG VWWUXFWKUWH WDELQW DFWYLW UHMWRQVKLS WXGLHV WR HQKDQFH JXW WDELQW DQG
SRWAQF\ RI LGHQWILHG SHSWGH GHDGV |IRU RUWDODGP LQLVWDWRQ + HWH Z H VKRZ FDVH RXU @WAVW
WLHVXQW LQ GHYHRSLQJ RWO DQW JXWELRIL®®P SHSWGH QIDGV IRU VKH WHDW HQW RI
J DVWRLQWHVWQDOGLVRUGHW

, AA.282upn P B S ®! @S2S§Hu2bySHP Iy SHP2S6 0®B éu HO pimy ! y/ P ® SBSpb :H
2HS/ @ob § §8P: SP2uP:

=HQJIHQJ =KDQJ &KXQML 6 KL

' HSDUW HQW Rl ) RRG 6FLHQFH DQG 7HFKQRMJ\ 6FKRRORI $JUFXOXUWH DQG %LRARJI\ DQG
6WW . H\ /DERWWRU Rl 0 LFLRELDOO HWERQVP 6KDQJKDL - DR 7RQJ 8 QLYHWIW 6KDQJ KDL
&KLQD

1 DWKWDO HGLEM FRP SRXQGV GHUYHG IWRP ERW P HGLFLQDO DQG GLHWU VRXUFHV DWH
HP HWLQJ DV SURP LVLQJ DOMUQDWYHV WR WDGLWRQDO DQWELRWFV IRU FRQWRGQJ EDFWUDO
ELIRILP V ,Q WKLV WKG\ ZH HP SRR\HG DQ LQWJWDWG YLUXDO VFUIHHQLQJ DQG P RCGHFX®U
GRFNLQJ DSSWRDFK WR LGHQWI\ QDWUDOFRP SRXQGV Z K SRWHQWDQWELRIL®® DFWYLW DJ DLQWW
215/ @06 § §8P: SP2uP: : H WHQ FRQILWP HG WKHLU DQWELRIL®P HIILFDF\ DQG H[ SARWHG VKHLU
P HFKDQLVP V RI DFWRQ

7K\P RO D QDWWO SKHQRQF FRP SRXQG VLIQULFDQWY WHGXFHG ELRIL® |IRWP DWRQ
KHP RQWF DFWYLW DQG VWWDSK\ QR[ DQWKLQ SWRGXFWRQ 7KHVH HIIHFW Z HUH DWULEXWHG WR LW/
LQKLELWRQ Rl )®$ SWRWLQ ELRWQWHWLY D NH\ FRP SRQHQW Rl IXQFWRQDO P HP EUWQH
P LFULRGRP DLQV )0 0 V

( XJHQRO DQRWKHU QDWKWDO SKHQRQF FRP SRXQG H[KLELWAHG D P XOM DFHWAG SURILO
GHP RQWUDWQJ DQWELRIL®® DQWR[ LGDQW DQG DQWYLUX HQFH SURSHUNHV 7KHVH DFWYLWHV Z HWH
QONHG WR VKH P RGXMWRQ Rl SXUQH S\ UP LGLQH P HWERQVP DQG VKH DW LQLQH ELRW QWK HVLV
SDVWK Z D\

$ GGLIWRQDA@  K\GWR[\ P HVKR[\EHQ] D@HK\ GH D ELRDFWYH FRQWUWWXHQWRI + HP LGHVP XV
LQGLFXV HIITHFWYHQ WHP RYHG QHDWQ Rl P HWKLFLARQ WHVIWDQW2 | SP2uP: 056$ ELRILP V
,WDO/R VHUYHG DV D SRWHQWDQWE LRWF DOWMUQDWYH E\ GLVUIXSWQJ VWKH EDFWUDOFHGP HP EUWQH
QHDGLQJ WR VWWRQJ DQW 0 56$ DFWYLW
2 YHD@ WKLV WKXG\ LGHQWILHV P XQNSCG{ QDWKWDO HGLEMH FRP SRXQGV Z WK GLWIQFW \ HW
FRP SQ4P HQWU DQWELRIL® P HFKDQLWP V SIRYLGLQJ QHZ LQVLI KW LQWR WKH GHYH®RSP HQWRI
VDIH DQG HIITHFWYH DQW. 0 56% VWHUWDSHXWFV



. AA b iy | 2y SHp S ® RMRP6u 8uL :: SHSHU® 8§@u Ho/u: P 1Sy /o6 ! S§HU2
§ S8SPP:(Xhu:HPSHP PHZp 2 é&u 1! @u S ® 6Pn?

3WDGLS 6HGKDL 7KL7KX + DR 9DQ %URQZ\Q ( &DP SEHG DQG 7DJKUG ,VWYDQ

6 FKRRORI 6 FLHQFH 50 ,7 8 QLYHWLW 0 HERXWH 9,& $ XVWDQD

1 Sy /06 ! S8HI2 § &P P: LV D SDWRELRQWRI VKH KXP DQ RWDOP LFLIRELRW DQG LQFUHDVLQJ Q
LP SQFDWHG LQ KXP DQ JDVWRLQWAVWQDOWDFW * ,7 GLVRUGHW 7KH P ROHFX@®U P HFKDQLVP V RI
KRZ 'l § §&bRP: WDQVARFDW ILRP VKH RUDO FDYIW WR YDURXV HQYLLRQP HQWDO QLFKHV DQG
SHWLWW LQ H[ RJHQRXV VIWHV WHP DLQ SRRWA WHVRO/HG ,W LV K\ SRWKHVLVHG VKDW QNH RVKHU
P XFRVDOSDVWRJHQV ! 1 § §bP: P D\ DOR H[ S(RIWFKHP RW[ LV P HFKDQLVP V WR WDQVARFDW
WR GUIHUHQW KXP DQ *, VLWV ) XUKHWP RW RQFH IRXQG D IDYRXWEG® HQYLLRQP HQW ! |
§ §hP: PD\ LQIWDW FRGRQLVDWRQ XVLQJ YDURXV P HFKDQLVP V VXFK DV ELRIL®® |IRUWP DWRQ
FHA DGKHVIRQ DQG LQYDVIRQ 7KHUWHIRWH WKLV VWAXG\ H[ DP LQHV WKH FRQWLEXWRQV Rl ! @u D
NH\ FKHP RW[ LV WHJX®MWRU DQG &n2 LQYRO'HG LQ $, ?P HGLDWAG TXRUXP VHQWQJ WR VWKH
YLUXGHQFH DVWRFLDWHG WDLW LQ ! | § §kPP: 3KHQRWSLF DWHWP HQW EHW HHQ ! | § §RhP:

50,7 2 ZLlG@ WSH : 7 VWDLQ DJDLQVWP XWDQWYDUDQW ! | § 8§BP: 50,7 2 gy @ S
DQG !| § §8hP: 50,72 ®Pn2q@ S ZHW FRQGXFWIG $ VLIQULFDQW GHFUHDVH LQ
FKHP RWD[ LV LHVSRQVH Z DV REVHUYHG EHW HHQ WKH 5! @y FRP SDWHG Z LK : 7 S

Z KLH QR VL) QULFDQW GUIHWQFH Z DV GHWHFWAG EHW HHQ : 7 DQG VKH 5&Pnz P XWQW ,Q
FRQWDWW FKHP RW[ LV GL IHUHG VL) QULFDQWY EHW HHQ VWKH 5! @u  DQG VKH 5&n2 P XWDQW S

LQ D P RGLULHG ME EDVHG FKHP RW[ LV DWD\ ,Q DGGLWRQ 5! @p DQG 5&Pn2 P XWQW
H[ KLELWG D WGXFHG ELRIL® IRWP DWRQ DELQW 3WHQP LQDU FHG DGKHVIRQ DQG LQYDVIRQ
DWD\V VXJJHVW WDW5! @u  DQG 5&n2 P XWQW KDYH D VL) QULFDQV LP SDLUHG DELAW WR
DGKHWH DQG LQYDGH &DFR FHQY FRP SDWHG WR : 7 7RJHWHU WKHVH ILQGLQJV P D\
GHP RQVWUDW VKDW TXRUXP VHQWLQJ DQG FKHP RWD[ LV SDWKZ D\V DIIHFW YLUXGHQFH DWRFLDWHG
SKHQRW SHV WWRXJK FRP SQHP HOWU \ HW P HFKDQLVWYFDA@ GLYHW HQW LRXWHV + HQFH VKLV
P XWJ HQHVLY WXG\ WRJHWHU Z 'K ERWDWU EDVHG DWD\V GHP RQVWIDWV VKDW ELRIL®P
IRBP DWRQ LV FRQWRGMHG E\ D FRP SGH[ DQG LQWHUFRQQHFWAG FHAX@®U UHI XMWRU QHW RN 9%\
GHQQHDWQJ WKH LRIV RI ! @u  DQG &Pn2 JHQHV WKLV VWXG\ DGYDQFHV RXUXQGHUWWDQGLQJ RI ! |
§ 8P P:B/ ELRARJ\ DQG RITHW LQVLIKWLOWR IDFVWRW VWKDWP D\ FRQWLEXW WR LW SHUWLWHQFH
DQG SDVKRJ HQLF SRWHQWDOLQ * ,7 LQIHFWRQV

. AA. (phpd /gy p H T ALI 6P8oH :Pp 2u:bHS §u b !'S WS SP2b (P2p D! § | b SHp
Agu2S/ob :: SHHI® i BHJ 2 p®PSU® RE2P6u Su( !S:pap/ 2H T X LR :HOh oPHp

DR\ LQJ : IH * XDQSLQJ &KHQ <L LDQ: X =KDRIDQ /XR

' HSDUW HQW Rl &QQLFDO / DERWDVWRU  7KH 6HYHQW $11LADWAG + RVSLWO Rl 6XQ <DW6HQ
8 QLYHWLW 6KHQ] KHQ &KLQD

2 ENHFWYH
$ QWIXQJDOFRP ELQDWRQ WKHWDS\ Z K )& DSSHDW DV D SWRP LVLQJ VWDWJ\ IRUWHDWQJ ! |
SP2b LQIHFWRQV + RZ HYHU Z H REVHUYHG VKH GHYH®RSP HQWRI UHVIWDQW! | SP2b HYHQ XQGHU
GXDOWHDW HQW 7KLV WKXG\ DLP V WR FKDWDFWU] H VKH HYROXWRQDU  WDNHFWRUHV Rl LHVLVWDQF H
DQG YLUXQHQFH LQ WK H FRQWA[ WRI FRP ELQDWRQ WKHWDS\ WHWE\ LQIRW LQJ FAQLFDOGHFLVIRQ
P DNLQJ

0 HKRG

$ QWIXQJ DO VXVFHSWELAW WHAWIQJ Z KRG JHQRP H VHTXHQFLQJ ZHW SHURW HG RQ WHQ
LVRDWHV REWLQHG LQ D VLQJ & SDWHQWFDVH $P RQJ VKHVH D  |OKF\ VRVLQH VXVFHSWE GH LVRMW
&$ 6 DQG D WHVLWDQW LVR®W &$ 5 XQGHW HQW SKHQRWSLF FKDWDFWAU] DWRQ
LQFOXGLQJ ELRIL® IRWP DWRQ DWD\V FRQIRFDO MVHU VFDQQLQJ P LFLIRVFRS\ DQG J S&u2ts
y uid  pesS @DUYDO LQIHFWRQ P RGHAQJ &RP SDWDWYH JHQRP LF DQDA VLV RI &$ 6 DQG
&$ 5 WHYHDOHG VKHLU UHVIVWDQFH DQG YLUXGHQFH P HFKDQLVP V

5 HVX QW

' XUQJ FRP ELQDWRQ VKHWS\ Z LW YRUFRQD] R4 DQG IOXF\WRVLIQH IRUD ! | $P2r XUWQDU
WDFWLQIHFWRQ WKH LVRWH DFT XLUHG KLJK QHYHO 1OKF\ VRVLQH UHVLWWDQFH VWK DWFRQFRP LWDQWD
LlP SDUHG LW ELRIL® IRWP LQJ FDSDFLW WHVXQNQJ LQ D VLJ QULFDQWDWWHQXDWRQ RI YLUXGHQFH
&RP SDUWDWYH J HQRP LF DQDQ VLV LGHQWILHG D QRYHO) 85 |UWDP HVKLUWP XWWRQ )85 B/ HX IV
VWKDW FRQIHUHG  IOXF\ VRVLIQH WHVLIWDQFH DQG 3/& P XWWRQ 3/&B/\V  $W DQG ' 85

P XWWRQ /HX +LV LQYRO/LQJ YLUXQHQFH

&RQFOXVLRQ

&RAMFWYHQ VKHVH ILQGLQJV LAXP LQDWH VWKH HYROXWRQDU WDGH RIIV GXUQJ DQWI XQJ DO
WHDW HQW DQG HP SKDVL] H VKH FQQLFDO LP SHWDWYH WR P RQLWRU ERVK P RGHFX@®U WHVLWDQFH
P DUNHW DQG SKHQRW SLF YLUXGHQFH FKDUDFWUVWFV
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/| 658 SHP

$OP 1QJ X ; LQ\X =KRX /DWW 0 %MQN 8 QAFK 6FKZ DQHEHW SHQ : HL : HLADQJ

" RQJ 0 LQ - LDQJ

&RAMIH Rl %LRWFKQRMJ\ DQG 3 KDW DFHXWFDO ( QJLQHHUQJ 1DQMQJ 7HFK 8 QLYHWLW
1 DQMQJ &KLQD ,QVWEWKWA Rl %LRWAFKQRQRI\ $%%7 5: 7+ $DFKHQ 8 QLYHWLW
$DFKHQ * HWP DQ\ ,QUWWWWH RI $SSQHG O LFIRELRARI\ 1$0 % $DFKHQ %RAI\ DQG
%LRWVHFKQRARI\  $%%W 5: 7+ $DFKHQ 8 QLYHUWW $DFKHQ * HWPP DQ\ ' : , /HLEQLU ,QVWWXWA
IRU, QWHLDFWYH 0 DWHUDQ/ ) RUFNHQE HFNVWD; H $DFKHQ * HWP DQ\ - XQLRU 5 HVHDUFK
* LRXS 3 ®WWWF %LRGHJ UDGDWRQ ,QWUWWA RI %LRFKHP WA 8 QLYHWIW RI * WHUVZ DG
* LHUVZ DG * HWP DQ\  6WWH . H\ / DERWDWRU RI 0 DWHUDO/ 2 UHQWG &KHP LFDO ( QJ LQHHUQJ
1 DQMIQJ 7HFK 8 QLYHWLW 1 DQMQJ &KLQD

(Q]\P HV FDSDEGH Rl GHSRQP HUJLQJ K\GLWRQVDEM SMWIFV KDYH EHHQ GLVFRYHWG DQG
HQJ LQHHUWHG 1RU LQGXWILDO XVH LQ SMVWWF WHF\ FQQJ ' HVSLWA H[ WVHQVLYH SIRWALQ HQJ LQHHUQJ

HITRUW WR VL) QULFDQWY LQFWHDVH WKH FDWQ WF HIILFLHQF\ Rl SMWIF GHJ WDGLQJ HQ]\ P HV
LQHIILFLHQW HQ]\P H S®WF LQWWDFWRQV GXUQJ WKLV LQWUDFLDO ELRFDWQAWF SURFHW
FRQWQXH WR LP SHGH WKHLU Z LGHVSWDG DSSQFDWRQV +HW ZH XVH HQ]\P DWF 3(7
GHJ UDGDWRQ DV D P RGHOVM WHP WR GHVFUEH D ELRIL®® DWLWWHG WHFKQLT XH IRU HQKDQFLQJ

HQJ\P H LQWHUDFWRQV Z LK LQVROXEGH VXEVWDWHV %\ LQWAJ LDWQJ VKH HQWWH FXUQ RSHUWRQ
§:D !101J LOW P XOMSGH FKWRP RVRP DO RFL ZH JHQHWWG D VXSHU DGKHVLYH

&VI%$&()* RSWP LJHG &6*2 FXUL ELRILP SM®WRWP VWKDW SWRP RWHV HIITHFWYH S@VWF
VXUDFH DGKHVIRQ DQG HQ]\P H QRFDQ] DWRQ )$67 3(7DVH Z DV HP EHGGHG LQ VKH &6* 2

ELRIL® VWKWRXJK VKH 6S\7DJ 6S\&DWKHU VWWHP  WHVXQNQJ LQ IRGS DFFHGHWDWHG 3( 7
GHJ UDGDWRQ DFWYLW Z KHQ FRP SDWHG WR SM®QNVWRQLF FHAY $GGLWRQD@ 3(7 ILP

GHSRQ P HU] DWRQ WHYHDQHG WP HV KLJ KHU SLIRGXFWIRW DWRQ XVLQJ )$67 3( 7DVH QRDGHG
&6* 2 ELRIL®® FRP SDUHG WR VROXEQH )$67 3( 7DVH DQG WHWLQHG ! DFWYLW DIWHU |LYH
WHXVH F\FOHV LQ 3(7 QDQRSMVWF GHJWDGDWRQ $FFHGIWDWAG 3( 7 ILPP GHJWDGDWRQ SWRYHG
VWKDW VWKH SWRSRVHG FRQFHSW RI ELRIL®® FRQILQHG )$67 3( 7DVHV LV SWHIHUHG IRU WKLV
LQWAU DFLDO FDWQ VIV SIRFHW DQG VKDW I LQHWKQLQJ WKH ELRIL®® VKLFNQHW LV DQ LP SRUMDQW
SDWP HWHU IRU HIILFLHQW GHJWDGDWRQ &RAMFWYHQ WKLV VWXG\ HWDEQVKHV D P RGX®U
ELRILP EUGJHG SMWRWP W HQKDQFH 3(7 GHSRQP HU]DWRQ RIIHUQJ D JHQHWAQ] DE
DS SUWRDFK | RUVXVWDLQDE G4 S@VWF UHF\ FQQJ

. H\ Z RUGV LQWAUDFLDOFDWQ VLV ELRIL®®P S@®VWF GHJ UDGDWRQ 3( 7DVH FXUQ 3( 7

., AA. wpggS by I wSy y Sos ®OLRUSH 2y b D o S S8§HU266 AGu2y :p : 20
( BOPS 06SHU ! 088S:

S5HKOXP D 7 6HMW -DP HV 6 LFDDW ' XQD $ &RE 0 DUHGMH 8\ 9DQHWD ( $GDP V

$EELH 3DXO/RQ 7WHYRU ( 5DQGD@ 1 REXKINR : DWQDEH $ Q4 HL 6DYFKHQNR %U DQ *
<ISS -XWNQ/ 0 DF&DAXP 3 /\QQH +RZHA@ . HYLQ + * DUGQHU -RH - + DULVRQ

" HSDUWP HQW Rl %LRORJ LFDO 6 FLHQFHV 8 QLYHWLW RI &DQ DU 6 WXFWKUWDO %LRARJI\ , QLWDWYH
&81< $GYDQFHG 6FLHQFH 5HVHDWK &HQWAHU ' HSDUNWP HQW Rl %LRFKHP LV 8 QLYHWLW RI
7TRUIRQWR  6LFN. LGV 5 HVHDUFK ,QVWIWKWA ' HSDUNWP HQW Rl &KHP VWA 8 QLYHWLW RI &DQ DU

" HSDUWP HQWRI 0 LFIRELRGRI\ ,QIM®P P DWRQ DQG ,QIHFWRXV ' LVHDVHV 8 QLYHWLW RI &DQ DU

" HSDUWP HQWRI &UWFDO&DWH &XP P LQJ 6 FKRRORI 0 HGLFLQH 8 QLYHWILW RI &DQ DU 7KHVH
DXVWKRW FROQWILE XWHG HT XD &R FRUHVSRQGLQJ DXWKRW & RQVDFW
WHKQXP DWEDWXP VHMNK# XFDQ DU FD RUMKDULV# XFDQ DU FD

Q&§:puP® y  S: Sp2PPp S WKH LQWDFHAX®U VHFRQG P HWHQJ HU F\ FQF GLI XDQ\ MW F GL

* 03 WHJIXDWV H WDFHAX®U SRQA VDFFKDUGH SIRGXFWRQ P RWQAW DQG YLUXQGHQFH 2 XUJURXS
KDV GLVFRYHWHG WKH WKHUWP RVHQVRU GLJ XDQ\ W F\ FDVH 7GF$ Z KLFK V\QWKHVL HV F GL * 0 3

DWP DP P DADQ ERG\ WHP SHWDWKH P RGXMWQJ §1 Su2Pdb S YLUXGHQFH WDLW 7HP SHUDWKH

VHQVIQJ LV P HGLDWHG E\ D VKHW RVHQVWYH 3(5 $517 6,0 VWKHW R3$6 GRP DLQ VWKDW
UHJ X@WHV DQ DGNDFHQW* * ' () GRP DLQ IRUF GL* 0 3 W\ QWHVLY KRZ HYHU WKH P HFKDQLVP RI

VKHWP DO VHQVIQJ WHP DLQV XQNQRZQ +HWH ZH XVHG LQWJWDWYH WIXFWUWDO ELRMRI\

DSSURDFKHV W\ QWKHWF HQJ\P H GHVLJQ JHQHWF DQDQ VHV DQG ELRFKHP LFDODWD\ V WR GHILQH
IHDWKWHV HWHQWDO IRU 7GF$B/ VWHP SHWDWKWH GHSHQGHQW DFWYLW  +\ GLRJHQ GHXWHUXP

H[ FKDQJH P DW VSHFWRP HW\ LGHQWILHG ILYH KHDWMELMH WHJILRQV LQ 7GF$ DQ 1 WP LQDO
DP SKLSDVKLF WIHJLRQ WKH ) DQG -} KHQFHV DQG VKH * DQG ,E WADQGV Rl VKHWP R3$6 &UR

HOHFWRQ P LFLIRVFRS\ DQG $CSKD)RG P RGH@QJ ZHW XVHG WR SWRGXFH D SUHQP LQDU

VWUXFWUH RI D N' D 7GF$ GLP HU Z VK RFDO WHVROXWRQ DV RZ DV 1 QJ VWRP V

%LRLQIRWP DWFV LGHQWILHG VKH DP SKLSDVWKLF 1 WHWP LQXV DV D VLI QDWKWH RI 7GF$ RUKR@RJIV

0 XWDJHQHVLV Rl WKLV WHJLRQ DERQVKHG WHP SHWDWWH VHQVIWYIW P hBR DQG b hth

6 XEFHAX @MU | IDFWRQDWRQ DQG LP P XQRE RWYQJ WHYHDHG VWKDW7GF$ LV GRFDQ] HG WR VKH LQQHU
P HP EWLDQH E\ LW 1 WHWP LQXV 0 XWJHQHVLV VKRZ HG VKDW WHJLRQV EH\RQG VKH 3$6 FRW

LQFOXGLQJ WKH 1 WHLP LQXV DQG @QQNHU DWH HWHQWDOIRU VW HWP DODFWYDWRQ / LQNHUP XVWDWRQV
QRFNHG VKH HQ]\ P H IRQERUIRII E$ W QWKHWF ~ JDMFVWRVLGDVH ELIXUFDWHG Z LK WKHWP R3$ 6



GLVS @\ HG WHP SHUWDWKUH GHSHQGHQWDFWYLW Z KHQ VKHWP R3$6 UHP DLQHG LOWFWDQG SURSHUQY
SRVIWRQHG &WRW QQNLQJ 0 6 VXSSRUMG WHP SHWDWKWH GHSHQGHQW LHDUDQJ HP HQWRI VKH 1
WHLP LQDO DP SKLSDVKLF WHJLRQ 7DNHQ WRIJHWKHU ZH SWRSRVH VWKDW 7GF$ IXQFWRQV DV D
P HP EWDQH FRXSMG WHWP RVHQVRU GHYLFH 7HP SHWDWUH GHSHQGHQWWWIXFWKUDOFKDQJ HV DWH
WDQVWP LWWG WWRXJK DQ D[LV RWLQDWQJ LQ D P HP EWDQH HP EHGGHG 1 WHWP LQDO
DP SKLSDVKLF KHQ] WKWRXJK VWKH 3$6 GRP DLQ DQG QQNHU DQG WP LQDWQJ LQ WKH **' ()
GRP DLQ VR WHRUHQWVKH FDWQ WF VIWH Rl D GLP HU 7KHVH ILQGLQJV WHYHDOP RGX@U DFFHWRU
HOHP HQW WR VKH FDQRQLFDO3$6 GRP DLQ W DWDUWH | XQGDP HQWOWR WK HUWP DOVHQVDWRQ LQ 7GF$

,A. C &8 hpy H S62HSHIPHI: §2 V Hu HOu AR 2Lw u®ESHI® | FH p:: b § 6oy B2 | B56
'y y P B

/DR ' RQJ

' HSDUWP HQW Rl ,P P XQRQRJ\ DQG 0 LFWIRELRARJ\ 6FKRRO RI /UH B6FLHQFHV * XDQJP LQJ
$ GYDQFHG 5 HVHDUFK ,QVWVXW 6RXVKHUQ 8 QLYHWIW RI 6FLHQFH DQG 7HFKQR@RJI\ 6KHQ] KHQ
* XDQJ GRQJ &KLQD

%LRILPP FRP P XQLWHV DUH QRWWDWF DWHP EQHV EXWKLIKQ G\ QDP LF HFRW WWP V VKDSHG E\
FRQWQXRXV FRRSHWDWRQ FRP SHWWRQ DQG VSDWDO WHVWIXFWKUQJ : LKLQ VWKHVH GHQVH
P XONFHGX@®U HQYLRQP HQW P LFLREHV GHS@R\ VSHFLDQ] HG P HFKDQLVP V WR HQP LQDW
FRP SHWWRW FRQWUXFW FRP P XQLW DUFKLWFVWUH DQG VHFXUH GRFDO QLFKHV $P RQJ VKHVH
P HFKDQLVP V. WKH WSH 9, VHFLIHWRQ WWWP 7 66 LV RQH Rl VKH P RVWSRZ HUXO GUYHW RI
ELRILP RWDQL DWRQ 0 DQ\ * WDP QHJDWYH SDVWRJHQV XWQ]H VWKH 7 66 WR LQMHFW GLYHWH
VWR[ LF HITHFWRW LQWR QHLJ KERUQJ EDFWHUDODQG IXQJDOFHAY 7 66 DFWYLW WKHUHIRW SM\V D
FHQWDO WIRO4 LQ VKDSLQJ VKH VSDWDO SDWHWQLQJ RI ELRIL®P V GHWAWP LQLQJ Z KLFK VWDLQV
SHWLWW Z KLFK DWH GLVS@FHG DQG KRZ FRP P XQLW VWXFWKUH HYRO/HV RYHUWP H ' HVSLWH LW
HFRQRJLFDO LP SRUMQFH VKH P HFKDQLVP V VKDW HQVXWH SWHFLVH DWHP EQ DFWYDWRQ DQG
FRRUGLQDWRQ RI F\VWRVRQF DQG P HP EWDQH DWRFIDWHG 7 66 FRP SRQHQW WHP DLQ SRRWQ
XQGHUWWRRG ,Q WKLV WON , Z LA SUHVHQW WHFHQW P HFKDQLWYF LQVLI KW LQWR KRZ HIIHFWRU
SWRVHLQV DQG NH\ DWHP EQ LQLWDVRW RUFKHVWDWH 7 66 ELRJHQHVLY DQG ILUQJ , Z LADIXWKHU
GLVFXW KRZ WKHVH XQFRQYHQWRQDO UHJ XMWRU SUQFLSCHV LP SDFW LQWHWS HFLHV LQWHUDFWRQV
DQG ELRIL® G\ QDP LFV

%2 ' U 7DR ' RQJ LV D SWRIHWRU DQG DWRFLDWH GHDQ LQ WKH 6 FKRRORI / LIH 6 FLHQFHV DWVKH
6 RXVWKHUQ 8 QLYHUWIW RI 6FLHQFH DQG 7HFKQRMJ\ +H REWLQHG KLV %6F ILRP 6KDQGRQJ
8 QLYHWIW LQ DQG KLV 3K' IWRP 0 FO DWHU 8 QLYHWLW LQ ) XQGHG E\ %DQWQJ
) HORZ VKLS KH Z RINHG Z K - RKQ 0 HNDMQRV DW+ DUYDWG 0 HGLFDO6FKRROILRP VR
%HIRUIH MRLQLQJ 68 67HFK KH VHUYHG DV D IX@ SWRIHWRU DQG &DQDGD 5HVHDUFK &KDLU LQ
0 ROHIFXM®U ( FRARJ\ Rl : DWHLERWQH 0 LFUIREHV DWVKH 8 QLYHWIW RI &DJ DU +H DO/R VHUYHG DV
GHSDUNWP HQWFKDLU Rl %LRFKHP WM DQG 0 RGHFX@®U %LRARJ\ DW6 KDQJ KDL - LDR 7RQJ 8 QLYHWLW
' U ' RQJB/ WHVHDWFK IRFXVHV RQ XQGHUMDQGLQJ VKH P RGHFX@MU DGDSWWRQ P HFKDQLVP V W& DW
HQDEQH EDFWHUD WR VXUYLYH LQ GLYHWH QDWKWDO DQG KRVW HQYLLRQP HQW DQG VKH QDWH RI
EDFWUDO LQWHWDFWRQV Z LMK FRP SHWQJ VSHFLHV +H FXUHQWY VHUYHV DV DQ HGLWRU IRU WKH
- RXUQDORI %DFWHUR@RJ\ DQG DV HGLIWRUDOERDUG P HP EHURI P / UH DQG LO HWD

, ME mPb ® (2Sb (§82uhp HP i pimy | 2y SHP P RuSoHZES2p ( 2SP :
5 REHUN* DQJ L
/ LQGR 0 HERXWH $XWLDQD

6LON DQG IRRU GWDLQV LQ KHDOKFDWH VHWIQJV |WHTXHQWY KDUERXU FRP SQH[ P XONMD\ HU
ELRIL®P V VWKDW LQFOXGH RSSRUXQLVWYF DQG P XQNGUXJ WHVLVWDQW RW DQLVP V' 7KHVH UHVHUYRLWY
FDQ GLWHP LQDWH XSZ DUG WKUWRXJK VS@MVKLQJ DQG DHWRVRY JHQHWDWG GXUQJ WRXWQH EDVLQ
XVH FUHDWQJ D SHWLWHQWURXW Rl FRQWP LQDWRQ VKDWLV GUILFXQGVWR P DQDJH Z LK H[ LVWQJ

FOIDQLQJ SWDFWFHV &RQYHQWRQDOP LWJDWRQ WHQHV RQ LQWHWP LWHQW VKHUWP DO DQG FKHP LFDO
LQWHUYHQWRQV & XUHQW DSSWRDFKHV LQFOXGH SWRARQJHG KRW Z DWHU IOXVKLQJ ERLAQJ Z DVHU
GLVLQIHFWRQ DSSQHG DIWHU SWH Z DWP LQJ VKH GWLQ DQG VKRUNGXWDWRQ WWDP |RARZ HG E\

KRW Z DWHU IQRZ &KHP LFDO P HWKRGV FRP P RQA LQYRO'H GRVIQJ FK®RUQH VROXWRQV Z LWK
GHILQHG FRQWFWWP HV RUDSSQLQJ K\ GURIJHQ SHWR[LGH EDVHG IRDP V HYHU IHZ GD\V WR WKH
XSSHU GWDLQ WHILRQ : KL VWKHVH WHFKQLT XHV FDQ WHP SRWDUQ WHGXFH FXQXUDEQH RW DQLVP V

WHFRAQRQLVDWRQ Z LVKLQ GD\V LV FRP P RQ DQG WKH MERXU WHT XLUHG WR P DLOWLQ VKHVH WHJ LP HV
QP LW QRQJ VWP HIIHFWYHQHW

/LQGR ' WDLQ LV D QHZ SMWRWP XQGHU GHYH®RSP HQW LQWHQGHG WR SURYLGH FRQWQXRXV @RZ

P DLQWHQDQFH VXSSWHWLRQ RI GWLQ DWRFLDWG ELRIL®P V 7KH VW\WHP FRXSQHV DQ H[ WVHLQDO
QJKWHQJLQH WR D SXWSRVH GHVLI QHG RSWFDO VGHHYH WKDW GHQYHW FRQWRGAMHG HP LWIRQ RI

DQWP LFURELDO EXH QJKW LQWR WKH Z DWHU FROXP Q DQG Z HWWG VXUDFHV Rl VKH WDS 7KH
GHVL] Q HQDE GHV WDW HWAG GHQYHU RI P XOX Z DYHGHQJ VKV WR VWP X@®WH HQGRJ HQRXV EDFWAUDO
SKRWRVHQVIWVHW J HQHUWDWQJ UHDFWYH R[\ JHQ VSHFLHV FDSDEQ Rl GLVUXSWQJ ERVK Z HWDQG
LQWHLP LWHQWY GU ELRIL®® M\HW 7KH RSWFDO DUFKLWHFWKH LQFRUSRWDVWAHYV GHILQHG QJKW
GHQYHU WHJ LRQV HQJ LQHHWHG WR P DLOWLQ FRQVLIWWHQWUDGLDOHP LWLRQ XQGHU YDU LQJ P RLWXH
FRQGLWRQV



/ DERWDVRU WX GLHV XVLQJ VWKH VDP H P XOQX Z DYHCGHQJ VK DQWP LFUIRELDOEXXH @J KWHQJ LQH KDYH
GHP RQVWDWAG P XON ARJ WHGXFWRQV DFUIRW UHS IHVHQVDWYH * UDP SRVIWYH DQG * WDP QHJ DWYH
VSHFLHV LQ FRQWRGHG FDUJHU WVHVWY DQG VIP XMWG Z DVWWHZ DVWHU P RGHO/ 7KHVH ILQGLQJV IRWP
VKH EDVLV IRU/ LQGR ' WDLQB/ GHYHARSP HQWSDVKZ D\

$ WWKH WP H RI VXEP LWIRQ LQ VIWK GHS@R\ P HQWLQ RSHWDWWRQDOKHDOKFDW VLQNV KDV QRW\ HW
FRP P HQOFHG 7KLV ZRW WHWIRUWH RXWMQHV VWH GHVLQ WWRQEDM VXP P DUVHV WHGYDQW
MERWVWRU HYLGHQFH DQG GHVFUEHV D SMQQHG HYDXDWRQ SURJ WP P H WVR DVWHW FRQWQXRXV
DQWP LFWIRELDO EXH @KW DV D FRP SGHP HQWU VWDWJ\ IRU VXWDLOQDEGH FRQWRO RI GWLQ
DWRFLDWAG ELRILI® V

., AC. X RBR PiRy | 2y SHP SHHZY JPHwPE8P: X Hi2iS§u P ®u216 i ! ®HP

6DP LQ 7RNDVL 5H] D 1 RVIDW. $P LQ 9DQHL

%LRWHVRXUFH 3 LIRFHWLQJ 5 HVHDWFK ,QVWWWA Rl $ XWWDQ@D %LR35,%$ ' HSDUNP HQWRI &KHP LFDO

DQG %LRMRJILFDO ( QILQHHUQJ 0 RQDVK 8 QLYHUWW &@\WRQ 9 LFWRUD $ XVWDQD
0 HFKDQLFDO DQG $ HLRVSDFH ( QJLQHHUQJ 1 HZ + RU]RQV %XLA5LQJ 5 HVHDUFK : D\
0 RQDVK 8 QLYHWIW & @\ WRQ &DP SXV 9,& $ X VWDQ@D

0 LFWIRELDO FRP P XQLWHV LQ WKH KXP DQ LOWAVWOH VWRQJQ LQIXHQFH KHDOX 7KH\ DIIHFW
QXWIHQWP HWERQVP GLIHVWRQ YLWP LQ V\ QVWKHVLY DQG LP P XQH VW WHP WHJI XDWRQ &RMRQLF
P LFLRELDO FRP P XQLWHV DW KLIKQ WWXFWWHG Z LWKLQ WKH P XFXV ®\HU WKDW QQHV WKH
HSLWKHQXP Z KHW WKH\ DW VIP XOMWQHRXVQ H[ SRVHG WR P XFXV VHFWHWRQ DQG P HQ
K\ GIRG\ QDP LF IRUFHV + RZ HYHU VWKH G\ QDP LF P HFKDQLVP V Rl EDFWUDO DWDFKP HQW WKHLU
SRVHQWDOWDQVIWRQ LOQWR ELRIL® V DQG XQNP DWHO WKHLU LQYDVIRQ WKIRXJK WKH P XFXV WHP DLQ
SRR XQGHUMRRG 7KLV LV @WWHA GXH WR WKH FN RI SK\ VIRQRJ LFDA WHOGHYDQWH[ SHUP HQWO
P RGHY +HW ZH SWHVHQWD QRYHOP LFWRIXLGLF GHYLFH GHVL) QHG WR VIP X@M@MWA NH\ |HDWKWHV RI
VWKH P LFWIRELRP H P XFXV LQWUDFH XQGHU IQRZ FRQGLWRQV 7KH GHYLFH LV EDVHG RQ VKH FR
LOQMHFWRQ RI P XFXV IQRZ DQG EDFWUD IQRZ LQ D FRQIXHQFH EDVHG VHWS FDSDEM RI
JHQHWDWQJ D P XFXV JWGLIHQW 7P H @SVH P LFWIRVFRS\ Rl §:uP® ¥y S: Su2Pbp :S
WHYHDGHG SWHIHWHQWDO EDFWHUDO DFFXP XMWRQ DQG ELRIL® |IRW DWRQ DW VKH P XFXV
LQWHUDFH Z KLH P LQLP DO DWWFKP HQW Z DV REVHUYHG Z KHQ EXIIHU Z DV XVHG LQWWDG RI
P XFXV 1RWEQ ELRIL®® IRW DWRQ SHWLWHG GHVSLWH FRQWOQXRXV P XFXV IQRZ LQGLFDWQJ
VKDWD FRP ELQDWRQ Rl P XFXV YLVFRHOWFLW K\ GUWRG\ QDP LF WDSSLQJ P HWERQF HIIHFW
DQG VKHDU VWHW P HFKDQLVP V SIRP RWHV LHWHQWRQ DWWH LQWHUDFH 7KLV P LFWRIXLGLF P RGHO
SWRYLGHV D SK\ VIRQRJ LFDA@ WHMYDQWSDWRWP WR W\ WHP DWFDA@ WXG\ KRZ IRZ VKHDUVWHW
P XFXV SWRSHUNHV DQG EDFWHUDO WDLW LQIXHQFH P XFRVDO FRARQLVDWRQ %\ XQLT XHQ
IRFXVLQJ RQ ELRIL® V VKLV Z RWIN SWIRYLGHV QHZ LQVLI KWLQWR P LFURE LDORW DQLVDWRQ LQ VKH J XW
DQG EUGJHV DQ LP SRUMQWJI DS EHW HHQ WDWF FXOXW P RGHO/ DQG VKH FRP SQH[ P hbth  JXW
HQYLURQP HQW

, AE. 8§6S:y SL §HHhSHI® a SHu2) 0DDL: Hpy p ! éus

+HHP D . XP DU 1 LGHVK 9\ DV $GUDQ ,WD $EGR %NRHUQ + HQGUN . RGEH $QIHD®

%RDKHQ 6L XDQ -LD $QGWHD 5HQH 0 F: KRUMU %U DQ 5REHUN &RDG DQG . DVKDUQD
5 LFK WHU

51FKWU /DE ' HSDUW HOQW RI 6XWHU  %DVLO + HW HO ,QVWWWKW IRU 7WQVAMWRQDO + HDOX
5 HVYHDUFK 7KH 4 XHHQ (@ DEHW + RVSIWO 8 QLYHWLW RI $GH®LGH $GHDLGH 6RXW
$ XWDQDb $XWADaD $GH®LGH 0 HGLFDO 6 FKRRO 8 QLYHWLW RI $ GH®LGH $GHM®MLGH 6RXW
$ XVWDQAD $XVWDab ,QVWIMXWA IRU 3 KRWRQLFV $ GYDQFHG 6HQVLQJ 8 QLYHWLW RI $ GH®LGH
$ GHDLGH 6RXWK $ XVWWDQ@D $XVWDQAD 6FKRRORI $QLP DO 9HWUQDU 6FLHQFHV 8 QLYHWLW RI

$ GHDLGH 5 RVHZ RUK\  6RXVK $XWDAD $XWWDAD 6FKRRORI $JUFXOXWH ) RRG © LQH
8 QLYHWLW RI $GHM®LGH : DIWA &DP SXV 6RXWK $XVWWDQAD $XWUDQaD (QG )RRG : DWH
& RRSHWDWYH 5 HVHDUFK &HOQWH : LQH ,QQRYDWRQ & HQWDO %XLALQJ / HYHO : DLIWH &DP SXV

8 UEWDH 6RXWK $ XWDAD $ XWDQD

&RUHVSRQGLQJ $ XVKRU ( P DLODGGWW KHHP D Y\ DV# DGHM®MLGH HGX DX

%LRIL® IRWP DWRQ RQ HJJVKH@® VXUDFHV SRVHV D IRRG VDIHW FRQFHW HQDEQQJ WH
SHWILWHQFH DQG FWRW FRQWP LQDWRQ Rl EDFWAUD 7KLV WXG\ HYDXDWAG WKH DQW ELRILPP
HIILFDF\ Rl SMVP D DFWYDWIG Z DWHU 3$: D QTXLG UFK LQ WHDFWYH R[\JHQ DQG QLWRJHQ
VSHFIHV 5216 JHQHWWG ZKHQ SMVP D WKH IRXUK WDWH RI P DWWU LQWAWDFW Z LVWK Z DWAHU

EDFWAUDO LVR®WHV Z HWH WHFRYHWG IWRP FKLFNHQ HJJVKHG@/ DQG VKH ELRIL® IRW LQJ
DELQWHV Rl HLKW WHSWHVHQWWYH VSHFLIHV 2HS/ @od § §8P: S2quHSp mo:bp H S§HWP:
iP:H 2y b §2R1: HS y pbSHu2PY §u28 SsHP: 12D H 6u2S §b uH ! SgHu2 a Iip
0: 80280 § & §:uP® S: TPhS DQG §: uP®y S: :HPHyp2p Z HWH FKDWDFWUVHG $ @
LVRDOWHYV SWRGXFHG ELRIL®P V Z LW YDULQJ FXOXWDEGM FH@M SRSXMWRQV ELRP DW DQG
H[ WDFHGX®U SRAP HUF VXEWDQFH (36 FRP SRVIWRQ (36 DQDQAVLY RI HDFK LVRMWHB/
ELRIL® V LGHQWIIHG SRQ VDFFKDUGHV H' 1$ DQG SWRWLQV DV FRP SRQHQW RI VWKHLU P DWLFHV
Z WK VWKHLU LH@DWYH DEXQGDQFH VKLUWQJ Z IWK ELRIL® DJH ,P SRUWDQWY 3$%: Z DV WVHWHG
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XQGHU VKRUNVH[ SRVXUH WP HV DQG P LQ XVIQJ IWHVKQ JHQHWDWG Z HHN RG DQG
ZHHN R@G 3$: )WVK 3$: H[KLELVWWG SRWQW DQW ELRIL® DFWYLW DFKLHYLQJ FRP SCHWA
LQDFWYDWRQ EHRZ WKH QP IWRI GHWFWRQ RI 01 § 8> DQG §| : PH/U2P ELRILP V Z LWKLQ P LQ
Z KL * IDP SRVLWYH ELRIL® V Z HWH JHQHWDA@ P RWH WRAHUDQW 5 HGXFHG HIILFDF\ RI DJHG 3$:
FRUH®WG Z LMK VWH GHFD\ RI 5216 0 HFKDQLWYF DQDQ VHV LQFOXGLQJ VFDQQLQJ HOHFWRQ
P LFLIRVFRS\ DQG LQWDFHGX@®U WHDFWYH R[\ JHQ VSHFLHV GHWFWRQ DWD\V QQNHG 3$: DFWYLW
W ELRIL® GLVUIXSWRQ DQG LQWDFHAX@®U DFFXP XMWRQ RI WHDFWYH VSHFLHV 7KLV VWXG\
SWRYLGHV WKH | LWWGHWLMG HYDOXDWRQ RI ELRIL® IRWP DWRQ E\ FUWFD@ XQGHU LQYHWL] DWHG
HJ J VK HGD DWRFLDVHG EDFWUD DQG HOXFLGDWHV WKH DQW ELRIL®P P HFKDQLVP V Rl 3$: DJDLQWW
VWKHVH EDFWHUD : H SWHVHQW 3$: DV DQ HIIHFWYH VDQLAVIQJ DJHQW IRU VKH HJJ LQGXWU
VXSSRUNQJ VDIHUIRRG SWRGXFWRQ DQG WHGXFHG GHSHQGHQFH RQ FRQYHQWRQDO GLVLQI HFVWDQW
DP LG J QREDOVXW HV LQ DQWP LFURE LDOUHVLVWDQFH

. H\ : RUGV %lRILP 3®VP D $ FWYDWG : DWHU ' HFRQWP LQDWRQ (JJV ) RRG 6 DQLWVHU ) RRG
6 DIHW

, AE. X®u HH B SHp [ §pu2:PHI Hmbe HI2E8 § §0H Py p: 2H2SP : b 0 obwP:@2 ¥ :
S ®Ju pHB S:b T Agu2 bimy LU 2y b B! S/ S! b

<XMKDQ 6XR -lLQJ : DQJ <DQJ 4X 7lQ) /LQ <D®RQJ %DL 41QJQA ' RQJ : HLIXR 6RQJ
3HIKRQJ /X &KDQJ\DQ =KRX

, QWIWKWH IRU $J R IRRG 6 VWQGDUGY DQG 7HWQJ 7HFKQRGORJ\ /DERWWU RI 4 XDQW 6 DIHW
5LVN $ WHWP HQWIRU $JUWIR SWIRGXFW 6KDQJKDL 0 QLW RI $JUFXOXWH DQG 5 XWO $11DLW

6KDQJKDL $ FDGHP \ Rl $JUFXOXUDO 6 FLHQFHV 6KDQJ KDL &KLQD 6FKRRORI + HDOK
6 FLHQFH DQG ( QJLQHHUQJ 8 QLYHUWIW RI 6KDQJKDL IRU 6 FLHQFH DQG 7HFKQRGRJ\ 6KDQJ KDL
&KLQD

&RUHVSRQGLQJ  DXWKRU  <XMDQ 6XR VXR\ XNKDQ# VDDV VK FQ &KDQJ\DQ  =KRX
] KRXFKDQJ\ DQ# VDDV VK FQ

me HI2ES ¥ §oH Py p: LV D SWHYDAHQW IRRGERUQH SDWRJHQ FRQWP LQDWQJ VWKH HQRNL
P XVKWRRP LQGXWW ,W DELAW VR IRWP ELRIL®P V HQKDQFHV EDFWHUDO SHWLWWHQFH LQ WKH
HQYLLRQP HQW CGHDGLQJ WR WHFXUMHQWSRGXFWFRQWP LQDWRQ 2 XU WXG\ DQDQ ] HG RYHU mi
y §oH Py p: VWDLQV ILRP &KLQD V HQRNL SIRGXFWRQ FKDLQ LGHQWI\LQJ 67 67 DQG

67 DV SHWLWHQWWADLQV DFLRW IRXU IRRG HQWAUS ULVHV VKLRXJ K P XONARFXV VHT XHQFH W SLQJ
0/67 %LRILP DWD\V GHP RQWIDWG VKDW WKHVH SHUWLWHQW WIDLQV IRWP HG P RWH UREXVW
ELRILP V Z LK VKHLU FDSDFIW FRUHM®DWG WR VWHW WHVIWDQFH * HQRP LF DQDQ VLV RI
VWDLQV LGHQWILHG WKH hH JHQH DV D SWHGLFWYH P DWINHU IRU ELRIL® IRWP DWRQ Z LW
HQKDQFHG DFFXWF\ Z KHQ FRP ELQHG Z LK VKH : 2y §0§ DQG Ph2 JHQHV DV Z H@® DV
VSHFULF 67 WSHV ) XUKHWP RUH SMVP LG FDULDJH Z DV VL] QULFDQWY FRUHMWG Z LWK ELRILP
IRBP DWRQ VKH WHP RYDORI SMVP LGV WHVXOMG LQ D WHGXFWRQ LQ ELRIL®® SURGXFWRQ
P SDLUQJ ERWK DJJWHJIDWRQ DQG H[ WDFHAX®U SWRWALQ VHFWHWRQ 0 XOM RP LFV DQDQ VLV
WHYHDQHG VKDWSMVP LGV GRZ Q WHJ XMW FDUERK\ GUDVH P HWDERQVP HDGLQJ WR D GHFUHDVH LQ
H[ WDFHAX@®U SRA P HUF VXEWDQFH (36 QHYHY/ 7KHVH ILQGLQJV SURYLGH JHQHWF P DUNHW IRU
VKH GHWHFWRQ DQG FRQWRORI ml ¥ §oH Pp p: LQ HQRNL SLIRGXFWRQ

. H\'Z RUGV / IM\WHUD P RQRF\ WVRJHQHV EILRIL® IRWP DWRQ SHWLWHQFH JHQHWF P DUINHW
. AA. H3 b HE 2 pous8HP  8§2u::P2u 2uy ®us b IRy wpHS! 6y S ® 28@HHUSHP2u H
2y HIR 2By HS62pu:bPHS §uJp p A2S :Tp2

-LOVRQJ ) HQJ

" HSDUW HQWRI ) RRG 6 FLHQFH =KHMDQJ 8 QLYHWLW &KLQD

+ RU] RQWO JHQH WDQVIHU +*7 LV D FHQWDO HFRMRJLFDO SUIRFHW GUYLQJ VKH VSWHDG RI
DQWP LFWRELDO IHVIWDQFH $0 5 Z LWKLQ P LFLIRELDOFRP P XQUAHV %LRIL®P V VWKH SWHGRP LQDQW
P RGH RI EDFWHUDOQIH LQ QDWWDODQG KRVWDWRFLDWAG HQYLLRQP HQW DWH FKDWDFWAU] HG E\
VWRQJ VSDWDO VWUXFWUQJ P HWERQF KHWUWRJIHQHLW DQG FRVH LQWAUFHAX MU LQWALDFWRQV
DA RI Z KLFK FDQ LQIOXHQFH JHQH IRZ + RZ HYHU KRZ DQWELRWF VHGIFWRQ SWHWXUH DOMW
ELRIL®® HFRQRJ\ WR P RGXMWH WHVIWDQFH GLWHP LQDWRQ UHP DLQV SRRUd XQGHUWRRG

+HW ZH VKRZ VKDW VXEHVKDO VWHSVWRP \ FLQ H[ SRVXWH VLI QULFDQWY HQKDQFHV FRQNKJ DWYH
WDQVIHU RI WHVLIWDQFH JHQHV IWRP 23¢  poS WR 0:8Q0u2B0E § & Z WKLQ GXDOVSHFLHV
ELRIL®P V $ QWELRWF VHOHFWRQ SWHWXWH LQGXFHV ELRDG VKLW LQ VKH H[ WDFHAX@®U P HWDE RQF
M@MQGVFDSH DFFRP SDQLHG E\ FRRUGLQDVG P HWERQF DFWYDWRQ Z LWKLQ VSHFULF ELRIL®P
VXESRSXM®WRQV 7KHVH HFRARJ LFDO LHVSRQVHV FRLQFLGH Z LK SWRQRXQFHG FKDQJ HV LQ ELRIL®P
DIFKLWHFWWH DQG GRQRWWHFLSLHQW VSDWDO RW DQL DWRQ FRAMFWYHQ LQFWHDVIQJ WKH
SWREDELQW RI HITHFWYH FH@®WR FH® FRQWFWDQG SMVP LG WDQVIHU$ WVWKH FRP P XQLW QHYHO
DQWE LRWF H[ SRVXWH UHVKDSHV SRSXMWRQ G\ QDP LFV DQG DWHP EQ Z LVKLQ P XUQH IHFDO



P LFLIRELRW) 5HVLIWDQFH JHQHV DWH SUHIHWHQWD@® P DLQWLQHG DQG GLWHP LQDWAG DP RQJ

FARVHQ WH®WG ( QWHURE DFVWUDFHDH FRQVLWHQWZ LWK HFRQRJ LFDOILOMHUQJ 1 RWEQ DQWE LRWF
VHOHFWRQ DO/R |IDFLOAWDVWYV HDWQ GLWHP LQDWRQ WR P RUH SK\ GRJHQHWFD@ GLWDQW W[ D

LQGLFDWQJ VKDW DQWELRWF VWUHW FDQ WH®[ SK\ RJIHQHWF FRQWIDLQW RQ +* 7 DQG H[ SDQG
VWKH HFRQRJLFDO KRVW WQJH Rl WHVIWDQFH GHWAWP LQDQW +HWH ZH VKRZ VKDW VXEQHWKDO
VWHSWRP \ FLQ H[ SRVXWH VL] QULFDQWY HQKDQFHV FRQNKJDWYH WDQVIHU RI UHVLIVWDQFH J HQHV
ILRP 286 p&iS WR 0:8Qu2B0K § & Z LWKLQ GXDOVSHFLHV ELRILP V. $ QWELRWF VHO{FWRQ
SWHWXWH LQGXFHV EWRDG VKLUW LQ WKH H[ WDFHAX®U P HWERQF MQGVFDSH DFFRP SDQLHG E\

FRRUGLQDWAG P HWERQF DFWYDWRQ Z LWKLQ VSHFLULF ELRIL®® VXESRSXMWRQV 7KHVH HFRQRJ LFDO
WHVSRQVHV FRLQFLGH Z MK SURQRXQFHG FKDQJHV LQ ELRILP DUFKLWHFWKWH DQG GRQRWWHFLS LHQW
VSDWDORW DQL DWRQ FRAHFWYHQ LQFUHDVIQJ VW H SWREDELQW RI HIIHFWYH FH@WR FHAFRQWFW
DQG SMVP LG WDQVIHU $WVKH FRP P XQLW QHYHO DQWELRWF H[ SRVXUH WHVKDSHV SRSX®WRQ
G\QDP LFV DQG DWHP EQ ZLWLQ P XUQH IHFDO P LFWIRELRW 5HVIWDQFH JHQHV DWH
SWHIHUHQWDA P DLQWLQHG DQG GLWHP LQDWAG DP RQJ FQRVHQA WH®WG ( QWAURE DFWAUDFHDH

FRQVLWHQW Z LMK HFRQRJ LFDO ILOMUQJ 1 RWEQ DQWELRWF VHGHFWRQ DO/R |DFLAVWWAV HDWQ

GLWHP LQDWRQ WR P RUH SK\ RJHQHWFD@ GLWDQWW[ D LQGLFDWQJ VK DWDQWELRWF VWWHW FDQ
WH®[ SK\ RJIHQHWF FRQWIDLOW RQ + * 7 DQG H[ SDQG WKH HFRARJ LFDOKRVWIWDQJ H Rl LHVLWWDQFH
GHWHLP LQDQW

. AA a gp | ®J pu: S®(2HP®obP B PbPIimWy | 2y SHH H 2 pu®PS§p | ® 2/ BWSPu S ®
OnHL ® 2 @uad map
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6LQJDSRWH &HQWH IRU ( QYLLRQP HQWO / UH 6FLHQFHV ( QJLQHHUQJ 1 DQ\DQJ 7HFKQRGRJLFDO
8 QLYHWLW 6LQJDSRWH 6FKRRO RI %LRQRJILFDO 6 FLHQFHV 1 DQ\ DQJ 7HFKQRQRJ LFDO 8 QLYHWLW
6LQJ DSRWH

$ ® RW Rl WKH Z RUBGB/ SRSXMWRQ GR QRWKDYH HQRXJK WR HDW ' HVSLWH VKLV a RI D@D
IRRG SWRGXFHG IRU KXP DQ FRQVXP SWRQ Z RUWZ LGH LV ZDWHG Z LW IRRG VSRLDJH E\
P LFLREHV EHLQJ D NH\ FRQWLEXVWRUWR VKLV Z DWDJH 7KH P LFLREHV WKDWFDXVH VSRL®DJ H J WRZ
RQ IRRG VXUDFHV LQ ELRILP V : KL WVIQJQH VSHFLHV WXGLHV KDYH |IDFLOWWAG VRP H
P HFKDQLWYF XQGHUMDQGLQJ RI KRZ VWKHVH ELRIL®P V GHYHQRS WR FDXVH IRRG VSRLADJH QDWYH
IRRG P LFLIRELRP HV DWH P XOM VSHFLHV $GGLWRQDA® Z KL WKHW LV VRP H NQRZ GHGJH RI
P LFIRELRP H FRP SRVLWRQ ZH KDYH D SRRU XQGHUMDQGLQJ Rl KRZ LQGLYLGXDO P HP EHW
LQWHUDFWZ LK RQH DQRVKHU DQG VKH IRRG VXUDFH GXUQJ VSRLMDJH ELRIL®P GHYH®SP HQW + HWH
ZH DIP WR REWLQ D GHWLMG P RHFX®U P HFKDQLWYF XQGHUWWDQGLQJ RI VSRLDIH ELRILP
GHYH@RSP HQWE\ VWH QDWYH FRP P XQLW RQ W R IRRG FRP P RGLWHV FKLFNHQ EWHDVWDQG EDE\
VSLQDFK : H DWH XVLQJ D WQJH Rl DSSWRDFKHV LQFOXGLQJ IXADHQIVK 6 WB1$ VHTXHQFLQJ
P HWDERQRP LFV P HWWDQVFUSWRP LFV |OXRWHVFHQFH P LFLRVFRS\ DQG P RHFXMU ELRARJI\ 2 XU
GDW VKXV DU KDV GHWHP LQHG WKH FRP SRVLWRQ RI VKH FKLFNHQ DQG VSLQDFK P LFURELRP HV DW
VKH VSHFLHV GHYHO DV Z H@ DV WKH DWRFLDWHG P HWER®RP HV DFWIRW VKH VSRLDJH WP HQQH
9 LVXDQVDWRQ RI ELRIL®® GHYH®RSP HQW RQ ERVWK FRP P RGLWHV KDV WHYHDQHG VKDW WWXH
GHWUXFWRQ LV DWRFLDWHG Z VK VSRLDJH ELRIL® |IRW DWRQ 5HP DINDEQ WKH ELRIL®P V
IRWPP HG RQ FKLFENHQ DWH FRP SRVHG RI SLGDU QNH WQQHO/ VKDWH[ WHQG LQWR VKH WWXH Z KLFK
lQ P DQ\ FDVHV DW DWRFIDWAG Z LW H[WDFHAX®U '1$ H 1$ : H DWH FXUHQW
LQYHVWJ DWQJ Z KHWKHU WKLV H 1$ LV KRW DQG RU P LFLIREH GHUYHG DQG GHWHWP LQLQJ WKH
WH®WYH DEXQGDQFH Rl GUIHWHQW H 1$ FRQIRWP DWRQV HJ %' 1$ ='1$%$ DQG *
TXDGUXSQH[ : H DWH DOR GHYHARSLQJ W\ QWKHWF FRP P XQLWHV 6\ Q&RP V WWR IDFLOVDW P RUH
LQ GHSWK P HFKDQLWYF VWXGLHV Rl LQ VIWK FRP P XQLW LQWAWDFWRQV DQG ELRIL®P GHYH@RSP HQW
2 XU@RQJ WP DLP LV WR XVH WKH IXQGDP HQWO XQGHUWWQGLQJ Z H REWLQ WR GHYHQRS QRYHO
LOQWHUYHQWRQV WR WDUW HWVSRLMJ H ELRIL® V WR LQFWHDVH IRRG VKHO QIH DQG WHGXFH IRRG Z DWW

, AA. §86b) SHP L0 @S 8§u® | 2y SHp I 2poily vy ! B u® biRy : @u2 ! B8
J2S Pou: AT 2X /2 hp® a S: Hui SHuU2 A2uSHy p H

+ : DKDO®WDOWUIH ; =KDQJ - : HEE , : LODP V

8 QLYHWLW RI 6 RXWKDP SWRQ 6RXVKDP SWRQ 8 QLWAG . LQJ GRP

$HWRELF JUWQXAV DFW DV VHO LP P RELQVHG ELRIL®® V VKDW SWRYLGH FRP SDFW VWXFWKUH
HQKDQFHG VHWQQJ DQG HIILFLHQWQXWLHQWWDQVIRWP DWRQ Z LVKLQ Z DWWHZ DWHU P LFLRELRP HV
P DNLQJ WKH FRQGLWRQLQJ RI VHHG VOXGJH D FUXFLDOWHS LQ SWRP RWQJ HDUQ ELRIL®® EDVHG
JWDQXD®WRQ 7KLV WXG\ LQYHVWLI DWHG VKH LP SDFW RI VKRUNWWP DFFQP DWRQ RQ ELRP DW
I LVQHW DQG LQLWDO DHLRELF JUWDQXM GHYHARSP HQWLQ ME VFDM VHT XHQFLQJ EDWK WHDFWRW
6%5V 6HHG VOXGJH VRXUFHG ILRP D P XQLFLSDOZ DVWWZ DWHU WHDW HQWS @MQWZ DV DFFQP DWHG

IRU WKUIHH GD\V LQ VWHQJ WK W QWHWF Z DWHZ DWHU FRQWLQLQJ DP P RQLXP VXODW
SKRVSKDW EXIITHW DQG VRGLXP DFHWW XQGHU FRQWQXRXYV DHWDWRQ FP V $FFQP DWRQ
LP SIRYHG VOXXGJH FRP SDFWRQ DQG DJJWHJIDWRQ SRWHQWDO Z WK VHWOQJ YRXP H GHFUHADVLQJ
IURP WR P/ / VRWOVXVSHQGHG VRQAGV 766 LQFUHDVLQJ IWRP WR J | DQG

VOXGIJH YRXP H LQGH[ 69, LP SWRYLQJ IWRP WR P/ J LQGLFDWQJ WJKWAUP LFWRELDO



FXVWHUQJ DQG HQKDQFHG ELRIL® IRW LQJ FDSDELAQW 7KH DFFQP DWHG ELRP DW Z DV WKHQ
LQRFXMWG LQWR VWKUHH 6%5V RSHWDWAG RQ  KRXU F\FQHV Z KHWH K\ GURG\ QDP LF VHGHFWRQ
LP SRVHG E\ VKRUNVHWRQJ SHURGV DQG VXEVWDW J UDGLHQW GXUQJ IHHGLQJ IDFLAWWAG WDSLG
ELRIL®P GUYHQ J WDQXMWRQ &RP SDFWVSKHUFDODJJWJIDWV RI ? P P IRWP HG Z LWKLQ 2
KRXW VLI QULFDQWY HDURHU VKDQ VWKH a  KRXU JWDQX®WRQ WSLFDA REVHUYHG XVLQJ QRQ
DFFQP DWHG VOXGJH 69, P/ J 766 J/  7KHVH ILQGLQJV GHP RQVWIDW VWKDW
DFFQP DWRQ HQKDQFHV P LFURELDOSK\ VIRQRJ LFDO IHDGLQHW IRU DJ J UHJ DWRQ DFFHOHUDWQJ VWKH
HWDE QVKP HQW Rl VHO LP P RELAVHG DHWRELF JWQXMV XQGHU VKRUNF\FO4 RSHWDWRQ 7KH
P SLIRYHG VWIXFWKUDO LQWHJ UW DQG HDUQ ELRIL®® |IRWP DWRQ REVHUYHG LQ DFFQP DWHG VOXGJH
KL KQJ KW LW SRVWHQWDO IRU VWIHQJ VKHQLQJ ELR@RJ LFDO Z DWHZ DWHU WHDW HQW S URFHWHV E\
SWRP RWQJ P RWH WHVLAHQWDQG HIILFLHQWP LFLIRELDOFRP P XQUWHV 7KLV Z RWIN SWRYLGHV LQVL] KW
LOWR KRZ FRQWRGMG SWH FRQGLWRQLQJ FDQ RSWP LVH P LFURELDO DJJWHJDWRQ P HFKDQLVP V
VXSSRUNQJ VKH DSSQFDWRQ RI HQJLQHHWHG DQG QDWKWDA@ IRW HG ELRIL® V IRU HQKDQFHG
Z DWWZ DWHU E LRS LIRFHW SHURWP DQFH

., AA.2uSpP2S:: R 6 !b H A@2 PP@HZIu2uS: (08 6 PoC ®u20 hER § p HS62 Hyu::

7DP DU-DP LHVRQ 0 RKVHQ &KLWD] $QJ«Q@TXH * REHW 0 LFKHAH : D\ FRWV 6 RSKLH & /HWAWP H

0 LFLIRELDOFRP P XQLWHV DWH Z LGHQ WFRJ QLVHG DV LQGLFDWYH RI HFRW WWP KHDOK &KDQJ HV
LQ WKH P LFURELDOFRP P XQLW FRP SRVIWRQ RI VHDJ UDWHV DQG VKHLU HQYLLRQP HQWFRXG5 DFWDV
DQ P SRUMQWELR LQGLFDWRU |RU VWHW |DFWRW DI IHFWQJ WKH VXEP HW HG DT XDWF S@QW VKDW
P DNH XS WH 5XSSLD FRP P XQLW LQ VKH &RRWRQJ + HWH Z H H[ SARWIHG SRNDU RWHV DWRFLDWG
ZLW VXUDFH ELRILP V RI WKH GIDYHV DQG WRRW RI VKH VHDJWWHV W GHWWP LQH WKH
P LFLRELRW) FRP SRVLIWRQ Rl VKH 5XSSID FRP P XQIW DQG WHLU QQN WR WKH VXURXQGLQJ

VHGLP HQWDQG Z DWHU 5 XSSLD Z DV WHFRWGHG J URZ LQJ DW Rl VKH VLIWHV VXUYH\ HG DQG D@D
FRAHFWAG VDP SQHV VKRZ HG D KLJ K GLYHWIW RI SURNDU RWHV 7XUELGLW Z DV VKH P DLQ GUYHURI

VKH | XFWKDWRQV LQ P LFLRELRW FRP SRVIWRQ RI VKH 5 XSSLD FRP P XQLW : DWAUDQG VHGLP HQW
P LFULRELDO FRP P XQLWHV Z HWH FRUH®MWG Z VK VKH SWHVHQFH DEVHQFH Rl VKH VHDJ UDWHV

6 HDJ (DW KHDOK LQGLFDWRW Z HWH DWHWHG DQARZ LQJ IRU D FQHDU GLVWHQFWRQ EHW HHQ VKH
YDURXV WDVWHV RI VKH 5 XSSLD FRP P XQLW LGHQWILHG LQ WKLV WXG\ 7KLV WXG\ SURYLGHV NH\

EDVHQQH LQVL] KW LQWR VKH FRP SRVIWRQ DQG SRWILE Q4 IXQFWRQV Rl VKHVH ELRIL®® P LFURELRWD

DV ZH@ DV LGHQWI\LQJ SRWQWDO KHDOXK ELR LQGLFDWRW IRU VKH 5XSSLD FRP P XQLW

) XUWKHWP RWH LWLGHQWI LHV VSHFLLF EHQHILFLDO EDFWUD VKDWFRXA EH VHOHFWHG WR HQKDQFH
VHDJ W(DW IHWRWDWRQ HIIRUA DV Z H@®DDV LQK LE LWGHWLP HQW)ODQ DOEQRRP V LQ WKH & RRURQJ

JAA. 129y | PebD H PRy :( On/6 2P D wh2 | K6 ! yy P Hb cpy ‘o S ®
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6FKRRO Rl ( QJLQHHUQJ 6ZLQEXUWQH 8 QLYHWIW 9LFWRUD $ XVWWDQD  $ XVWWDQDQ

6XEP DUQH $JHQF\ 0 HERXWH $XWIDAD ' HIHQFH 6FLHQFH 7HFKQRJ\ * LRXS 9LFWRUD
$XWIDAD $5& 7WDLQOLQJ &HQWH IRU %LRIL®P 5HVHDUFK DQG ,QQRYDWRQ ) QQGHW
8 QLYHWLW B6RXVK $ X\VWDQD $ X VWDQD

3 IHVHQWHU HP DLO VZ DGH# VZ LQ HGX DX

&RQILQHG P LFLRHQYLLRQP HQW VXFK DV VKRVH FUHDWAG EHQHDW P DFWRIRXQQJ RW DQLVP V
RIIHU LGHDOFRQGLWRQV IRU ELRIL®® HWDEQVKP HQWDQG FRP P XQLW DWHP EQ <HWWKH |IDFWRW
JRYHWQLQJ P LFWRELDO FRARQLVDWRQ SDWHWQV FRP P XQIW WAXFWUH DQG SK\ QRJHQHWF
GLYHWLW Z LVWKLQ IRXQ@QJ LQGXFHG FWHYLFHV UHP DLQ SRRWA FKDWDFWHUVHG 8 QGHUWMDQGLQJ KRZ
SK\ VIFDOFRQILQHP HQWVKDSHV ELRIL® FRP P XQLW DWHP EQ LQ YDU LQJ P DUQH HQYLURQP HQW
LV HWHQWDO |RU SWHGLFWQJ P LFURELDO EHKDYLRXU LQ QDWKWDO DQG LQGXWYIDO P DUQH W\ WHP V
7KLV WXG\ XVHG P HFKDQLFDO IRXQQJ DQD@RJIXHV DQG &X1L DAR\V ZLGHQ XVHG LQ P DUQH
LQIUIDVWUXFWUH DV D FRQWRAMG P RGHO VR LQYHWW DWH KRZ P DFURIRXQQJ QNH VWIXFWKLHV
LQIXHQFH ELRILPP GHYH@RSP HQW DQG DWRFLDWHG P DWHUDO FRUKRVIRQ LQ UWHDO P DUQH
HQYLLRQP HQW 7Z R DQD@RJ XH W SHV Z HUIH GHVLI QHG KDUWG IRXQQJ DQDMRJI XHV Z LK GHILQHG
FUHYLFH JDS Z LGWKV WP WVR PP WRPLPLFEDUDFOH RUP XWHOWSH DWDFKP HQW DQG

VRIWIRXQQJ DQDMRJIXHV XVLIQJ SRWRXV VSRQJH P DWHUDO/ VR UHSURGXFH VWKH P RUH GLIIXVH
|OXLG SHWP HDEGH P LFLRHQYLLRQP HQW RI VRIWERGLHG P DFWRIRXGHW &X1L DQAR\
FRXSRQV Z LMK DWWFKHG DQD@RJ XHV Z HUH GHS @R\ HG DWWHP SHUWDWH 0 HERXWH DQG WRSLFDO
&DLUQV P DUQH VIWHV IRU YDU LQJ H[ SRVXWUH GXWDWRQV 3RWd[ SRVXWH FKDWFWUVDWRQ
LQFXGHG ' SWRILRP HW\ RI (RFDAVHG FRURVIRQ DQG P LFWRELDO FRP P XQLW SURILAQJ WR
FKDWDFWUVH SK\ QRJ HQHWF GLYHWIW DQG W[ RQRP LF FRP SRVIWRQ 7KH UHVXOW UHYHDOGLVWQFW
P LFLIRELDO W[ D DQG SK\ RJHQHWF GLYHWLW EHW HHQ DQD@RJIXH WSHV DQG HQYLLRQP HQW
WHIGHFWQJ GUIHWHQWDO ELRIL®® DWHP EQ XQGHU FRQWDWIQJ SK\VIFDO DQG FKHP LFDO
FRQGLWRQV /RFDQVHG FRURVIRQ SDWWUQV DO/R YDUHG DFWRW DQDM®RIXH WSHV DQG VLWV
VXJJHWIQJ FRP SCGH[ LQWHWDFWRQV EHW HHQ ELRIL® FRP P XQLWHV DQG P DWAUDO EHKDYLRXU
7KLV ZRW HWDEQVKHV DQ H[ SHUP HQWO WP HZ RN WR LQYHWWDWH ELRIL®® DWHP EQ
FRP P XQLW VWXFWUH DQG P DWHUDO WHVSRQVHV LQ VSDWD@ FRQILQHG |LHG WHGHYDQW
HQYLLRQP HQW DGYDQFLQJ NQRZ HGJH Rl KRZ SK\VLFDO DQG HQYLURQP HQWO IDFVRW GUYH
ELRILP HFRMRJI\ LQ LQGXVWIDODQG QDWKUDOP DUQH W\ WHP V
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XMH /L =KLIDQJ <X <XDQ\XDQ .DQJ 6KDQ : X -DQ ( QJHOW GWU * LGBD &DUYDXR

" DP LHQ %DWMWRQH - LDQKXD * XR

$ XVWWDQADQ &HQWH IRU : DWHU DQG ( QYLLRQP HQWO %LRWFKQR@RJ\ 7KH 8 QLYHWLW RI

4 XHHQV®DQG 6W / XFLD %UVEDQH 4/ $ XVWDAD 6FKRRORI VWKH ( QYLLRQP HQW 7KH
8 QLYHWLW RI 4 XHHQV®QG 6W / XFLD %UVEDQH 4 /' $ XVWDQAD 6FKRRORI &KHP LFDO
( QILQHHUQJ 7KH 8 QLYHWLW RI 4 XHHQV®QG 6W / XFLD %UVEDQH 4 /' $ XVWDQ@D

& RUHVSRQGLQJ DXWRU
(P DLO MJXR # XT HGX DX

%LRILP V XQGHWSLQ SHWLWHQW P LFURELDO VXUYLYDO DFLRW HQYLLRQP HQWO DQG LQGXWWIDO
WWVWHP V 7KH GHQVH VSDWDG@ VWXFWKUHG DUFKLWFWKUWH FUHDWAV LGHDO QLFKHV IRU FHGDWR FHGD
LQWHUDFWRQV VWK DWHQDE GH KRU] RQWOJ HQH WDQVIHU $ W$ VID 3 DFULF %LRIL®P V Z KHWH WKH
VFRSH VSDQV HQYLLRQP HQWGAY WHGHYDQWEILRIL®® V DQG P HFKDQLVWF EILRIL®® ELRMRJI\ DARQJ VLGH
WFKQR@RJI LHV VR FRQWROELRIL® V XQGHUWWQGLQJ KRZ GLVLQIHFWRQ SHUXLEV VKH LHDWRQVK LS
EHW HHQ ELRIL® VWWXFWW DQG IXQFWRQ LV VL QULFDQW +HW ZH LQYHWM DWHG KRZ |WHH
FKQRUQH WHVKDSHV ELRILP DWKLWFWWH DQG DOMW SMVP LG P HGLDWAG FRQNKJ DWYH WDQVIHU
RI DQWE LRWF WHVIVWWDQFH JHQHV $5* V LQ GUOQONLQJ Z DWHU ELRIL® P RGHO/ 8 VIQJ P RQR DQG
P XOMX VSHFIHV ELRIL® V FRP SRVHG Rl 0:8§Qu2B@E § 8 §:uP® y S: |/ PH®S DQG
§: uP® V S: Su2Pbbp :S ZH TXDQWILHG ELRIL® GLVUXSWRQ GRQRU LQYDVIRQ DQG GHSWK

WHVROYHG FRQMNKJ DWRQ RXWRP HV XQGHU LQFWHDVIQJ IWHH FKQRUQH H[ SRVXWH : H IRXQG WKDW

I[IHH FKQRUQH DW P J / HQKDQFHG SMVP LG P HGLDWAG FRQMJDWRQ IWHT XHQFLHV E\ IRG5
FRP SDWHG Z LWK XQWHDWG FROQWRQ/ LQ 0l § & ELRIL® ,Q FRQWDWW P XOM VSHFLHV ELRIL® V
H[ KLELWHG RZ HU RYHUWDG FROQMJI DWRQ [WHT XHQFLHV EXW VW@ VKRZ HG P RUH WKDQ D I RA5

LQFWHDVH XQGHU IUHH FKQRU.QH H[ SRVXWH WHIGHFWQJ VWH FRP SHWWYH DQG VSDWD@@ WWUXFWKWHG
QDWW Rl LQWHWSHFLHV LQWAWDFWRQV &RUHVSRQGLQJQ VKH VSDWDO GLWMIEXWRQ RI

FRQNKJ DWRQ HYHQW VKLIWHG ILRP VXUDFH @\ HW s WP WR GHHSHU WHJLRQV s wP LQ
P XON VSHFLHV ELRIL®® P RGHO LQGLFDWQJ D WHRW DQLVDWRQ RI HFRQRJ LFDO LQWHWDFWRQV Z LK LQ
VKH ELRILP XQGHU IUHH FKARUQH VWIHW ,P DJLQJ DQG FXONYDWRQ VKRZ HG WK DWIUHH FKQRUQH
P DINHGQ GLVUXSWIG ELRIL®® DWKLWFWUWH SWRYLGLQJ RSWP DO QLFKHV IRU GHHSHU GRQRU
FRARQLVDWRQ VKHWHE\ LQFUHDVIQJ FRQWFW EHW HHQ FHGY DQG IXUKHU HQKDQFLQJ

FROQMKJDWRQ 7R WHVRO‘H RQJHU WP FRQVHTXHQFHV EH\RQG H[ SHUP HQWO Z LQGRZV ZH
GHYH(RSHG D P DWHP DWFDO P RGHO FDSWUQJ LQYDVIRQ DQG FRQMNKJDWRQ G\QDP LFV LQ
VWUXFWCHG ELRIL®® V. XQGHU IWHH FKQRUQH 6LP X@WRQV FRURERWWWG VKDW P J / [WHH
FKQRUQH SWRP RWHV GHHSHU GRQRU SHQHWDWRQ DQG EURDGHU $5* GLWHP LQDWRQ WKURXJKRXW
WKH ELRIL® RYHUD GD\ SHURG 7KHVH ILQGLQJV QQN GLVLQIHFWRQ GUYHQ ELRIL®P VWIXFWKUWDO
GLVUXSWRQ WR EDFWHUDO LQYDVIRQ DQG DFFHCGHUDWHG KRU] RQWO $5* WDQVIHU DGYDQFLQJ RXU
XQGHUWWDQGLQJ RI KRZ GLVIQIHFWRQ SWFWFHV P D\ LQDGYHUMQWY LQIOKXHQFH DQWE LRWF
WHVLWDQFH GLWHP LQDWRQ LQ Z DWHU GLVWILE X \WRQ W\ WHP V

. AE wb BBob Db hth X TusHh (o Sy H:( 8@o:b 6 DHEBS60 2 puhS HA( §6SH 2y H
2HP®o b TRy L2 poSHI® X TugHP

6LXYID &RP HWW 5 H\ HV %HFHUD ,QEDU6KP XHQ /LWD] &KDL ' LHW DU: + XW DFKHU

0 D[ 3@MQFN 4 XHHQVDQEG &HQWH 4 XHHQVDQG 8 QLYHWLW RI 7HFKQRMRJI\ %UVEDQH 4 /'
$ XVWDQD 7KH +HEWZ 8 QLYHWIW RI -HWVDMHP ,QVWWKWA Rl &KHP LVWA - HUXVDCHP
, VIDHO

X hHR2 ELRIL®P P RGHY KDYH DGYDQFHG RXU XQGHUMDQGLQJ RI ELRIL®® |IRWP DWRQ

SHWLWHQFH DQG DQWP LFLREIDO WRQHWDQFH \HW VWH\ IDLO WR WHSQFDW WH KRW
P LFUIRHQYLLRQP HQW SK\ VIRQRJLFDO FRQGLWRQV DQG ELRIL®P ?KRVW LQWHUDFWRQV REVHUYHG b

hth 7R DGGWHW WKLV QP LMDWRQ ZH GHYH®RSHG D P RGX®U ' SM®WRW VWKDW VXSSRUN
215/ Poo § §8P: SP2uP: ELRILP |IRWP DWRQ Z LVKLQ JHDWQ P HWKDFU R\ O* H® $ K\ GLRJI HO/

DQ H[ WDFHGX@®U P DWL[ P LP LF FDSWUQJ NH\ ELRFKHP LFDODQG P HFKDQLFDOIHDWKWHV RI VRIW
WWXHV 21 $P2uP: HP EHGGHG LQ *H® $ Z HWH FXOXWHG HLWKHU LQ P LQLP XP  HWHQWDO
P HGLXP Z LWK IHWDOERYLQH VHIXP 0 (0 WR P LP LF KRVWQNH QXWLHQW RU LQ W) SWF VR\

ELRVK 76% WH WDQGDUS ELRILP P HGLXP &RQIRFDO P DJLQJ VKRZ HG VKDW VLQJH FHQY
DJ J WHJ DWHG DQG SRQIHWDWHG LQWR FOXMWHW VK DWUHFDS IWKMVWHG VWKH P DNRU ELRILP KDQP DUNV

DJJWJIDWRQ P DWL GHSRVIWRQ P DWWDWRQ DQG GLVSHWDO /LYH' HDG LP DJLQJ WYHDOHG
YIDEGH FOXVWHW HQUFKHG LQ H' 1$ ZKLMH ' $3,: *$ &RQ$ WDLQLQJ FRQILP HG SURJIWHWLYH
SRQ VDFFKDUGH UFK P DWL GHSRVIWRQ Z LW 3,$ 31$* GHWFWE® ILIRP K DQG LQFWHDVLQJ

WKWRXJK GD\'  &UR 6(0 GHP RQWIDWG QXWIHQWGHSHQGHQWGL IHIHQFHVY ®W HU 76% J WRZ Q
FOXVWHW FRQWLQHG DE X QGDQWFHGAX @MU GHE UV FRQVLIWHQWZ LK H' 1$ P HGLDWHG WDELQ] DWRQ

ZKHWDV 0 (0 JWRZ Q FXWHW FRQVIWHG Rl KHDOXK\ GLYLGLQJ FHGY HP EHGGHG LQ ( &0 QNH
P DWHUDO DQG GLVSM\HG DEXQGDQW H[ WDFHAX®U YHWFAHV VXJJIHWIQJ (9 DWRFLDWHG
YLUXQHQFH XQGHU KRVWQNH FRQGLWRQV 3 WRQ HWDWRQ DWD\V VKRZ HG JWRZ WK LQ ERWK P HGLD
EXW FRQVIWHQWY KLJKHU EDFWUDO QXP EHW DQG P HWERQF DFWYLW LQ 76% 0 HFKDQLFDO
WHVWQJ LQGLFDWAG VL] QU LFDQW* H® $ GHJ UDGDWRQ RQQ LQ 76% FXOXWHV VXJ JHWIQJ WR[ LQ



DQG SURWHDVH P HGLDWHG P DWIL[ WHP RGH@QJ 8 QWW HWAG P HWERGRP LFV WHYHDQHG GLVWQFW
P HWERQF MQGVFDSHV Z LK IDVWJLRZ LQJ HQHW)\ LQWAQVLYH FRP P XQLWHV LQ 76% YHWXV D
VXUYLYDORUHQWAG SKHQRWSH LQ 0 (0 WKDWP RWIH FQRVHA WIGHFW LQ YLYR LQIHFWRQ WDVHV
) LODAD LQFRUSRWDWQJ SRAFDSWRMFWRQH 3&/ VFDIIRGGY WR P RGHOLP S@MQVPWWXH LQWAU DFHV
VKRZ HG WKDW P SQW GLG QRW HQKDQFH EDFWHUDO SURQIHWDWRQ RU P HWERQF DFWYLW
$ K RXJ K EDFWHUD P LJ LDWHG RQWR 3 &/ VXUDFHV YLD FOXVWHU GLVSHWDO VWKH\ GLG QRWHWIDE QVK
WREXVWVXUDFH ELRIL® V DIWVHU GD\V 2 YHWD@ VKLV ' S®WRWP SUWRYLGHV D SK\ VIRQRJ LFD@
WHAHYDQW WWHP  |IRU WXG\LQJ ELRIL® WHDOWG LQIHFWRQV DQG LQIRW LQJ FQQLFDG
P HDQLQJ I XODQW. ELRIL®® VWDWHJ LHV

, AC. PiRy Z h P2 poi2 y JPHH HZu 2Spb (wh2 ! pbPimy : b HIyu JPHRShpu S
a o0 b RPYy S Pub bS ®(puy p HS §SHZ 6 Po

LEWKILP -DYHG 6\HG $RXQ $@ . DWIHQ &KXQJ 0 XKDP DG 8VP DQ 0 XQLU 7RP ' DYLV

/D 7WREH ,QWEWWH IRU 0 RHFX®U 6FLHQFHV /D 7WREH 8 QLYHUWW 0 HERXWH $ XWDQAD
$ XVWDADQ ,QWMWXWH IRU %LRHQJLQHHUQJ DQG 1 DQRWFKQRMJ\ 7KH 8 QLYHWIW RI
4 XHHQVADQG %UVEDQH $ X\WDQAD

$JJUHIDWRQ Rl SIRWHLQV LQWR ILEUQY/ ? FDANG DP \ QRLGV LV D XELT XLIWVRXV SKHQRP HQRQ VKDWLV
LQYRO'HG LQ KXP DQ DJHLQJ DQG GHP HQWD SDVKRMJ\ : K\ FHUMLQ SHRS@4 GHYH®RS GHP HQWD
HDWAHU RU DJH IDWWU VKDQ RVKHW LV QRWNKVWJ HQHWFV 5 HFHQWHYLGHQFH VXJJ HVWWKDWJ XW
P LFIRELRP H KDV D LIRQH LQ KXP DQ KHDO® DQG GLVHDVH + RZ HYHU KRZ JXWP LFLREHV S\ VKLV
WRG{ DW P ROHFX@MDU QGHYHO LV QRW H[ SQRWIHG ,QIHFWRXV P LFLREHV LQ VWKH JXW P DNH VLP LU
DP \ RLGV WR VXSSRUNELRIL®® IRWP DWRQ 7KHVH P LFURELDODP \ QRLGV DWH XQGHUQ LQJ VWX FWK UDO
XQLWRI WKHLU ELRIL®® V 2 XU WHVHDUFK KDV GHP RQVWWDWAG WKDWP LFURELDOELRIL®P V LQ WKH JXW
FDQ DFFHW WKH KXP DQ EWLQ WKURXJK * XW%WLQ $[LV % XVLQJ D FRP ELQDWRQ RI P RGHO/
LQFOXGLQJ WDQVSDUHQW] HEWILVK P LFH DQG KXP DQ GHUYHG RW DQRLGV Z H KDYH VWX GLHG WK DW
P LFLRELDODP \ QRLGV IRP HG LQ VKH ELRIL® V Rl RSSRUXQLVWWF JXWSDWRJIJHQV §:pP® §y  S:

Su2Pbp :S 01§ & FDQ DFFHW VKH KXP DQ EWLQ DQG LQWHWDFWZ LVK $~ $~ LV D NH\ SRWHLQ
LQ VKH EWLQ WDWDJJWHJIDWHV DQG P DNH DP \ RLGV GXUQJ KXP DQ DJHLQJ DQG SDWKRJHQHVLV
RI ' HP HQWD : H KDYH REVHUYHG VWKDWLQWAWDFWRQ RI J XWGHUYHG P LFURELDODP \ RLGV Z VK $ ~

WHVXOV LQ IDWWU DQG WR[LF DJJWJDWRQ Rl $~ DFFHO{WDWQJ FRJQLWYH GHFQQH DQG

QHXURGHJ HQHWDWRQ 2 Q VKH %WDLQ WR * XWVLGH Rl WKLV MRXWQH\ Z H KDYH IRXQG VKDWS$ ~ LQ VKH

EWLQ LV SUIRGXFHG LQ WHVSRQVH WR P LFURELDO ELRILP V LQ VWKH JXW $~ Z DV WDGLWRQDGD

FRQVLGHWHG D IXQFWRQMW SHSWGH SWRGXFHG LQ VKH EWDLQ : H REVHUYHG VKDW $ ~ SURGXFHG

LQ WKH EWLQ Z DV DEGH WR WDQVARFDWA WR VKH VIGH RI P LFLIRELDOELRIL® V GLWRO/HG P LFURELDO
ELRIL®P V DQG LQFWHDVHG WKH HIILFLHQF\ Rl DQWELRWFV 7KLV WIHYHDOHG D QDWYH GHIHQVLQV QNH

WIRH Rl $~ DJDLQW P LFLWRELDO ELRIL®P V LQ VKH JXW 2 YHWD@® WKLV WVHDUFK VKRZV D
ELGLUIHFWRQDOFLRW WON EHW HHQ J XWP LFURELDOELRIL® V DQG KXP DQ EWLQ Z KLFK FRUHMDWHV
Z LK EWDLQ DJ HLQJ DQG GHP HQWD SDWKRMJI\ WKLRXJK * XW%WDLQ $ [ LV

. AE. | y /PHSH S¢§ ! @uy BBS6 20 HIu:b) S ® P 6 DBS6 0hSoPSHp Iy hpo
§u/ H® y By uHSB: DSP :HwPoHAL( 2PD 2 u: b HS H S§HI2E8

7RSH $EWKDP ELVDQP I 0 DUIN: LAFR[ DQG 1 DWHVK . XP DU

6 FKRRORI &KHP VW) 8 QLYHWILW RI 1 HZ 6RXW : DGHV 6\GQH\ 16: 6 FKRRO2 SVRP HW)\ DQG
9 LVIRQ 6 FLHQFH 8 QLYHWIW Rl 1 HZ 6 RXVWK : DMV 6\ GQH\ 1 6:

7KH DFFHO{WDDWQJ JQREDO DQWP LFLIRELDO WHVIWDQFH $05 FUVLY KDV WHQGHWG P DQ\
FRQYHQWRQDO DQWE LRWFV LQFUHDVIQJ Q@ LQHITHFWYH XQGHWFRUQJ WKH XW HQWQHHG IRU QRYHO
VK HUDSHXWF DJ HQW DQG DOMUQDWYH DQWP LFURELDO VWDWHJI LHV ,Q WKLV WG\ Z H UHSRUWVKH
WDWRQDO GHVL]IQ W\ QWKHVLV DQG ELR@RJLFDOHYDOXDWRQ Rl D VHUHV RI JXDQLGLQH VXE VWU VHG
DQVKDQLAF DP LGH SHSWGRP P HWFV LQFRUSRWDWQJ DQ DGDP DQWQH P RLHW DV SRVHQWDO
DQWE DFWHUDO DJ HQW DJ DLQVWP XONGUXJ WHVLWDQWSDWRJIHQV $ Q LQWAJ LIDVHG FRP SXWWRQDO
ZRWINIQRZ FRP SUVLQJ P ROYHFXMU GRFNLQJ P RGIFXMU G\QDP LFV 0' VIP X(DWRQV WWHUHG
P ROHFXMU G\QDP LFV 60' $' 0 (7 SWILAQJ SK\@®RJIHQHWF FRP SDUVRQ Z LW SUHYLRXVQ
WHSRUHG SHSWGRP LP HWFV DQG GHQVIW |XQFWRQDOVWKHRU ' )7 DQDQVLV Z DV HP SQR\ HG WR
LGHQWI\ SWRP LMlQJ FDQGLGDWAY SURU WR FKHP LFDO W\ QWHVLY $P RQJ WH HYDOXDWHG
FRP SRXQGV P ROIFX@U GRFNLQJ LGHQWILHG 73 DV D SWRP LVLQJ FDQGLGDWA ) XU HU DQDQ VLV
VKRZ HG WKDW 73 H[ KLELWWAG D KLJKHU IWDFWRQ RI VSu FDUERQV ) VSu LQGLFDWQJ
LQFIHDVHG VWXFWKWDO FRP SQH[LW DQG D SRWQWDO LP SUIRYHP HQW LQ SKDW DFRNLQHWF
EHKDYLRXU 7KH FRP SRXQG DOR GLVS®\ HG VAJKWY RZ HU QRJ3 YDOXHV VXJJHWQJ HQKDQFHG
VRXELQW DQG IDYRXWEG GUXJ QNHQHW 60' VIP XMWRQV GHP RQVWIDWG VKDW 73

XQGHWRHV IDYRXWE® FRQIRWP DWRQDO DGDSWWRQ GXUQJ P HP EWDQH WDQVARFDWRQ
IDFLAWDWAG E\ VWKH DGDP DQWQH JWRXS LQGLFDWQJ DQ HQKDQFHG DELAW WR SHQHWDWH
EDFWUDO P HP EWDQHV 6XEVHT XHQW ELRQRJ LFDO HYDOXDWRQ WHYHDMHG SRWQW DQWE DFWAUDO
DFWYLW RI 73  DJDLQVWFQQLFDA@ WHAHYDQWVWDLQV LQFOXGLQJ 2 HS/ Pod § 8§8P: SP2uP: $7&&

056%$ 6 DXWHXV VWDLQ DQG 21 SP2uP: VWDLQ Z LW 0,& YDOXXHV WDQJLQJ IRP
W "0 DV ZHM®DV 0:80u2BaE § & 0 ,& ? "0 DQG §b uH ! SsHI2!SPy S
FQQLFDO LVRMWAV 0 ,& WQJH ? "0 )XUKHW RUIH WP H NLG NLQHWFV DQG DQWE LRIL®

DWD\ V GHP RQVWIDWHG WDSLG EDFVWHUFLGDODFWYLW DQG VL] QULFDQWELRIL®® LOQKLELWRQ



KLU KQKWQJ WH WHWSHXWF SRWQWDO RI VWKHVH SHSWGRP LP HWFV &RAHFWYHQ WKLV
LQWAJ LIDWYH DSSWRDFK GHP RQVWDWYV 73 DV D SWRP LVIQJ @DG FRP SRXQG IRU WVKH
GHYHARSP HQWRI QH[ WJ HQHUWDWRQ DQWP LFLRE DO/ WW HWQJ P XQGNGUXJ WHVIWDQWE DFWAUD

. H\'Z RWGV
$ QWP LFURELDOWHVLIWDQFH 3 HSWGRP P HWFV * XDQLGLQH VXEVWWWAG DQWK UDQLAF DP LGHV

$ GDP DQWQH 0 ROIFXMDU GRFNLQJ 0 RGHFX@MU G\ QDP LFV VIP X@MWRQV 6\WHWG P RAHFX DU
G\QDP LFV $' 0 (7 SWRILAQJ ' HQVIW |IXQFWRQDO WHRU $ QWEDFWHUDO DFWYLW 0 XQOM GUXJ
UHVLIVWWDQWE DFWHUD %LRILP LQKLELWRQ

, AE. w ®P&SHp I wPoHY S8§HU2E6 S ® § do! S§HU2ES T (p HS6 P iRy : C:P B S X L2BP
Jussk B 20: Huy m S®U® i BHJ ! 086 LmL§ BuLmL§ 2 (pu2ehp® 12 y 0 ® / JoH=B
§HP y o§pHu:

1 XU5DLKDQ $ T LMK %LOQW 0 RKDP P DG $]1P LQ 1 XUXOA]] DK %LQW 0 RKG 6DWP LQ

$WD 8 U5DKP DQ ,QWWWWA IRU 1 DWWO 3 IRGXFW' LVFRYHU 8 L70 3 XQFDN $ ®@P ) DFEXQWN RI
" HOWWW) 8 L70 6XQJDL %X@RK &DP SXV -D®@Q + RVSIVWWO 6XQJDL %XARK 6HMQJRU
0 D@\ VLD

( P DLO QXUDLKDQDT LWK# JP DLOFRP

7KH RUDOFDYLW KDUERXW QHDWQ EDFWUDOVSHFLHV DQG VKH IRWP DWRQ DQG SHWILWHQFH
RI GHQWO EIRIL® V S®\ D FHQWDO LIRH LQ VWKH GHYHMRSP HQW RI GHQWO FDUHV $Q LQ VLW
JHAQJ WMWHP LQFRUSRWDWQJ QDWWDO DQWEILRIL® FRP SRXQGV WHSWHVHQW D SUWRP LVIQJ
VWDWAJ\ IRUFDUHV P DQDJ HP HQWE\ HQDEQQJ SWRARQJHG WHWHQWRQ DQG RFDQ@] HG GHQYHU. RI
ELRDFWYH DJHQW DW VWH WRRW VXUDFH ( QGRSK\WF DFWQRP \ FHWHV Z KLFK WVIGH Z LVKLQ
SMQW WWXHV DWH WFRJQL HG DV SWRQILF SWRGXFHW Rl ELRMJLFDA@ DFWYH VHFRQGDU
P HWDERQWAV 7KLV WXG\ DLP HG WR HYDOXDWH VWWH DQWELRIL®® HIILFDF\ Rl D QDWUWOFRP SRXQG
F\FOR / SKH/ SUWR GHUWYHG IWIRP HQGRSK\WF DFWQRP \ FHWV DQG IRWP XMWAG LQWR DQ LQ VLW
JHGQJ WWHP LQ FRP SDUVRQ Z LlVK D FKHP LFDODQWVHSWF FRQWRO FK@RWKH[ LGLQH DJDLQVW
SRQEDFWHUD DQG P XQVEDFWUD GHQWO EIRIL®P V &WGH H[ WDFW IWRP HQGRSK\WF
DFWQRP \ FHWHV LVR@WAG ILRP R / pS Tpu22uS Z HWH SWHSDWHG XVIQJ WA SWF VR\ P HGLXP DQG
VXENHFWG WR FRP SRXQG LVRMWRQ DQG FKDWDFWU] DWRQ +LIK SHURW DQFH QTXLG
FKURP DWVRJWDSK\ +3/& ZDV HP SR\HG IRU SWRILAQJ IRGRZHG E\ WHF\FQQJ +3/& IRU
SXW LFDWRQ 6WXFWWO HXFLGDWRQ DQG LVRP HU GHWHWP LQDWRQ Z HWH FRQGXFWHG XVLQJ
QXFQIDU P DJ QHWF WHVRQDQFH VSHFWRVFRS\ ) RGRZ LQJ LVRMWRQ WH LGHQWILHG FRP SRXQG
Z DV LQFRUSRWDWG LQWR DQ LQ VIWK JHOIRW XMWRQ IRUDQWEIRIL®P WVWWQJ 3RQEDFWUD DQG
P XOVMEDFWAUD ELRIL®® P RGHO/ FRP SUVIQJ 2Hu/ H § 8§8§8P: §y PHS : 2Hu/ H § §8P: 2Sé&b
§H> y o8u: hh§ :P: 8Hp §y o8u: 2bp mS8H | S§mP: S8W / GHP: DQG ! S ®MWS Sg KBS

Z HHH GHYH@RSHG %LRIL® ELRP DW WHGXFWRQ Z DV DWHWHG XVILQJ VWKH FU WO YLRGHW DWWD\
ZKLH P HWERQF DFWYLW ZDV HYDXDWG XVIQJ &HG 3WRQAHWWRQ . LW ,, 5HVXQV
GHP RQVWDWAG WKDW VWKH LQ VIWK JHO FRQWILQLQJ F\FR / SKH/ SWR VLI QULFDQWY LQKLELWAG
ELRILP ELRP DW IRWP DWRQ E\ XS WR LQ ERW SRQEDFWHUD DQG P XQNEDFWAUD P RGHOQ/
$ GGLWRQDG®  DW PJP/ SHSWGH IRWP X®WRQV HQKDQFHG FHG@@ SWRQHWWRQ E\
DSSWR[LP DWHQ ? IRG FRP SDWIHG WR FRQWRO Z WK SWHVHUYHG ELRDFWYLW [RGRZ LQJ JHO
LQFRUSRWDWRQ 7KHVH ILQGLQJV KL KQJ KWHQGRSK\ WF DFWQRP \ FHWAV DV D YDOXDEQH VRXUFH RI
QDWKWDODQWE [RIL® DJHQW DQG VXSSRUNWKH SRWHQWDODSSQFDWRQ RI SHSWGH RDGHG LQ VLW
JHO/ DV DQ HDWQA SWHYHQWYH VWDWAJ\ |IRU P DQDJLQJ RWO ELRILP DWRFLDWAG GLVHDVHV DQG
WHGXFLQJ VW WHP LF KHDOX FRP SQFDWRQV

. H\Z RWGV ( QGRSK\ WF DFWQRP \ FHWV P XOMX VSHFLHV GHQWO ELRIL® F\ FQF GLSHSWGHV
DOWEIRIL® ELRILAP ELRP DW FH@SWRA HWDWRQ

., AAL WP8P L( 2bhp 2HuSy p2 P Iy : b JPHY B BB w2 T6PHRE w ®uo

1 DVIP 0 RKVHQL * LO* DWQLHU $P LQ 9 DQHL

%LRUHVRX UFH 3 LRFHWLQJ 5 HVHDUFK ,QVWEVKWA Rl $ XVWWDQAD %LR35,$ ' HSDUNP HQWRI &KHP LFDO
DQG %LRARJ LFDO( QJ LQHHUQJ 0 RQDVK 8 QLYHWIW & @\ WRQ 9 LFVWRUD $ X VWDQD

%LRILP IRWP DWRQ Z LVKLQ WKH J DVWERLQWHVWOQDOWDFWRFFXW LQ D KLJKQ G\ QDP LF P XFXV UFK
HQYLLRQP HQW Z KHWH KRVW SRQP HW DQG P LFWRELDO VHFUHWRQV FRH[ LW XQGHU FRQWQXRXV
IRZ : KLH P XFLQ LV Z LGHQ@ WFRJQLVHG IRU LW WRGH LQ VXUDFH SWRWHFWRQ DQG P LFURELDO
DGKHVIRQ LW FRQWIEXWRQ WR VWKH EXON SK\VLFDO RW DQLVYDWRQ RI P LFURELDO FRP P XQLWHV
XQGHU IQRZ WHP DLQV SRRUQ XQGHUWWRRG +HWH ZH LQYHWMIDW KRZ P XFLQ P RGXMWHV VKH
IRBP DWRQ RI EDFWAUDO VWAHDP HW Z LWKLQ FXUYHG P LFWRIXXLGLF FKDQQHO/ IRFXVIQJ RQ VKH
HP HWHQFH Rl ®WH VFDAH SRAP HUF QHW RUNV WDWHU VWKDQ FMWLFDO VXUDFH DWDFKHG
EIRILPV 8VIQ) §:puP® y S: Su2PPp :5 DQG D ' SUQWG P LFWRIXLGLF FKLS ZH
GHP RQVWUDW VWKDW P XFLQ GUWDP DWFD@ DFFHO{UDWHV VWHDP HU IRWP DWRQ DQG LQFUHDVHV
VWX FWK LDOWDE LAW XQGHU IRZ ,Q P XFLQ IUHH FRQGLWRQV VWHDP HU GHYHGRSP HQWLV GH®\ HG
DQG P HFKDQLFD@ [WDJLMH Z KHWHDV VKH SWHVHQFH RI P XFLQ SWRP RWHV WDSLG DWHP EQ RI
VKLFN FRKHVLYH QHW RUNV Z LK LQ P LQXWV &RP SDWWYH H[ SHUP HQW Z LK A\ QWK HWF



SRAP HW RI VIP LU FRQFHQWDWRQ LQFOXXGLQJ SRQHWK\HQH R[LGH P HWK\ FHGX@RVH DQG
[ DQWKDQ JXP IDLHG WR UHSUWRGXFH VKLV HITHFW LQGLFDWQJ VWKDWP XFLQB/ LRO4 H[ WVHQGV EH\ RQG
EXON WKHRQRJ LFDOP RGULFDWRQ ,P DJLQJ Z LG5 WSH EDFWHUD DQG P XQNSQH ELRIL®® NQRFN RXW
P XWQW VXJJHWY VWKDWVWHDP HU IRULP DWRQ GRHV QRWUHQ RQ D VLQJCH EDFWHUDO DGKHVLQ RU
H[ RSRQ VDFFKDUGH EXWLQWHDG HP HW HV ILRP SK\ VLFDO LQWHWDFWRQV EHW HHQ P XFLQ DQG D
QDVFHQWE DFWHUDOSRQ P HU EDFNERQH 7RJHWHU RXU ILQGLQJV LHYHDOD QHZ WRM RI P XFLQ LQ
VKDSLQJ ELRIL®P QNH VWUXFWUWHV 7KLV Z RIN LQWRGXFHV KRWPP LFLIREH SRQ P HU LQWAWDFWRQV
DV NH\ SK\VLFDO GHWHWP LQDQW Rl JXW P LFURELDO RW DQLVDWRQ WHGHYDQW WR SK\ VIRQRJ\ DQG

GLVHDVH
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§A OTTus8H T Apy / u2SHP2u S ® y PHH1 H ap/ Hop o : S§FSHU® 2 Soy posS b Thy
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$P WHHW 6 DUMW $DWRQ 0 F+ D@ 1 DYHHQ 6 HADSSHWXP DJH DQG * DU $ ' \ NHV

L QWUWVWH Rl ,QQRYDWRQ 6FLHQFH DQG 6XWDLQDELAOW ) HGHWDWRQ 8 QLYHWIW  &KXUFKLAD
9LFVRUD $XWUDAD 6FKRRO RI $JUFXOXW DQG )RRG 6XWDLQDELAW 8 QLYHWLW Rl
4 XHHQVADQG 6W/ XFLD 4 XHHQVADQG $ X\VWDQD

7KH SWHVHQFH RI 2 S&) pHesS LQ LHSWQHV SRVHV D VLI QULFDQWUWVN Rl WDQVP LWIRQ WR KXP DQV

7KHWH LV D JWRZ Q] LQWHWIHVWW LQ NHHSLQJ H[ RWF SHW VXFK DV FDSWYH S\ VWKRQV LQ $ XVWDQD

5 HSWH HQFRVXUHV JHQHWD@ FRQVLVWRI D EDVNLQJ VSRWWAP SHWDWIH DWa r& D@RQJVLGH D
FRRQHU DUHD P DLQWLQHG DWa r& 2 XU VWXG\ LQYHVW.J DWAG VKH HIITHFWRI WP SHUDWKUH r&

DQG r& DQG QXWIHQWDYDLDMELAW |XVWWHQJW DQG KDO VWHQJ WK WL SWF VR\ EWRVK >76 %@
RQ P RQRVSHFLHV ELRILP |IRWP DWRQ RI UHSWQ DWRFLDWAG 2 S&y HesS LVRMWAG ILRP FDSWYH
S\WKRQV 7KHVH LQFOXGHG VXEVSHFLHV p Hi2E8S Q VXEVSHFLHV ®2y Spu Q DQG
VXEVSHFLHV : S6Sy Sy Q 7KH VXEVSHFLHV p Hi2E8S VHWIRYDW ZHW 2 -DQJZDQL Q 2 -DYD
Q 2 0 XHQFKHQ Q 2 +DYDQD Q DQG 2 8P EDGDK Q 2 7\ SKLP XUXP $7&&

DQG Z HWH XVHG DV WHIHWHQFH VWDLQV LQ WKLV WXG\ %LRIL®® V Rl WHVH VWDLQV Z HWH
JWRZ Q RQ SRAVWWHQH VXUDFHV XVIQJ VKH FXQXW EDVHG FRXSRQV DQG P LFLIRWWH S®WM
WAFK QLT XH IRU K %LRIL®P FHG® QXP EHW DQG VSHFULF ELRIL®P IRW DWRQ 6%) DFWRW D@D
VWDLQV Z HWH a ? @®RJ &)8 FP DQG ? WHVSHFWYHQ LQ IXG VWHQIW 76% ,Q
KDO VWHQJWK 76% QXP EHW DQG 6%) Z HWH a ? @®RJ &) 8 FP DQG ? DW
ERWK VWHP SHWDWHV ,Q IXGVWHQJWK DQG KDO VWWHQJWK 76% P RVWWWDLQV H[ KLELWAG VLP LCIDU
ELRILP FHGDQXP EHW 6%) DW r& DQG r& Z LW QR VLI QULFDQWGLUIHWHQFHV S d

-DYD6 $ DQG 2 7\SKLP XUXP $7&& Z HH VKH RQQ VWDLQV VWK DWHJ KLE LWHG VL] QU LFDQV@

S KL KHUELRIL®® FHA@QXP EHW DW r& FRP SDWHG W r& LQ ERVK IXGVWHQJ VWK DQG
KDQO VWHQJW 76% $ GWHSWM LVROWG VWDLQV Z HWH Z HDN ELRIL® IRWP HW 6WDLQV EHMRQJ LQJ

WR VXEVSHFLHV p Hu28S Z HWH JHQHWDA@ SRRWHU ELRILP |IRWP HW WKDQ VWDLQV EHARQJLQJ WR
VXEVSHFLHV ®2y Sp DQG :S&Sy Sp 7KHVH ILQGLQJV P D\ VXJJHVW VWK DW WHP SHWDWKWH DQG
QXWIHQW VWHW LQIXHQFH WHSW® DVWRFLDWAG 2 Soy pesS ELRILP V KLU KQIKWQJ WH
SRWQWDOVL] QU LFDQFH RI K\ J LHQH SWDWFWFHV GXUQJ WHSWM KDQGQQJ

§A. S8Hu286 §SHZ Pp @ S ® RS2y P8  ::py ! 6SPu: 2 pudu§HI® §6S:HB P THYy :
X/ p0 hE2 yp HSORuS6sH 2bo: H | S:HS6a SHu2:

[LOXV6 + /R -LQSLQJ &KHQJ

' HSDUW HQW Rl 6FLHQFH DQG ( QYLLRQP HQWDO 6 WKGLHV 7KH ( GXFDWRQ 8 QLYHUWLW RI + RQJ
. RQJ 1HZ 7HULWRUHV +RQJ . RQJ &KLQD

3 WHVHQWQJ $ XVKRWB/ H P DLO QQXVAR# V HGXKN KN

3 MVWWF SRAXWRQ LQ DTXDWF HQYLLRQP HQW SRVHV VL] QU LFDQWFRQFHWQV DQG UVNV GXH WR LW
SRWHQWDOWR VHUYH DV D P RELOH ELRIL®® VXEVWDW DQG WHIXJH IRUDT XDWF SDVWRJHQV KDW IXO
DAUDH DQG RWKHU ELRMRJLFDO SRAXWQW VXFK DV DQWELRWF UHVIWDQFH JHQHV WR GLVSHUWH

+RZHYHU VWKH WM RI S®WIF VXUDFHV DQG KRZ ELRIL®® LQWUDFHV P D\ IDFLOVWDWH VKH
VHOHFWRQ RI SDWKRJHQLF DQG KDW IXO ELRQRILFDO FRP SRQHQW I[WRP VKH HQYLLRQP HQW
WP DLQV SRRUd XQGHWWRRG 7R DGGWHW WKLV JDS ZH HP S®R\HG HQYLLRQP HQWO
P HWJ HQRP LFV XVIQJ MERWWU P LFLRFRVP V DQG ILHGG LQ VIWK LQFXEDWRQV LQ P DUFXOXWH
Z DWHW RYHU D RQH P RQWK SHURG WR LQYHWW DWH VKH UWH®WRQVKLS EHW HHQ SMVWF W SHV

P LFLIRELDO FRP P XQLWHV KDW IXO P LFIRRWDQLWP V DQG $5*V LQ VWKH IRWP DWRQ DQG
VXFFHWLRQ Rl S®VWWF ELRIL®® V DV FRP SDUHG WR VKH VXURXQGLQJ VHDZ DWHU 6 FUHHQLQJ WHVXOW
LQGLFDWAG D JHQHWDA@ RZ DEXQGDQFH EXWD KLIKQ GLYHWH DQG YDUDEQ QDWUWH RI KDW IXO
SDWRJHQV RQ SMVWIFV MW HA JRYHUQHG E\ VKH WSH RI SRAQP HU + DWP IXOVSHFLHV VXFK DV
WKRVH ILRP BB 2p &b pH ! $§Hu2 DQG §:uP® §  S: Z HWH IRXQG VSRWDGLFD@ WHFWXLWHG ,Q
P LFLIRFRVP V GRP LQDWQJ W[ D RI SRWQWDO SDVKRJHQ FRQFHUQ VXFK DV §:uP® y $: DQG
§:uP® S6H12 y S: FDQ SHDN DQG GHFWHDVH Z LVWKLQ D SRWQWDGY GHJ WDGLQJ ELRILP DV

HDUW DV GD\ WR © KHQ IXWKHU VXEMIFWHG VWR DQWIRX®mMQW WHDW HQW DV DQ LP SRVHG
HQYLLRQP HQWO VWHW RYHU WP H §:Pu® Sdu2 y S: FDQ VKRZ VKDW LQFUHDVHV LQ
DEXQGDQFH DIVHU WKWHH GD\V RI H[ SRVXUH EXWTXLFNQ GLP LQLVKHG E\ GD\V LQ IDYRU RI

JHQHW VXFK DV §b pH ! S§H12 §:uP® § S: DQG 2HS/ @oé § §§8P: )WRP RXU LQFXEDWRQ
WXGLHV HQYLLIRQP HQWDOP LFLRS MVWFV KDYH DO/R EHHQ VKRZ Q WVR FRQFHQWDVH DQG H[ DFHUE DV
DYHWDJH Z DWHUERUQH H[ SRVXUH WR SDVWRJHQV DQG $5* V VIWKDWRQD@ XS WR VHYHQIRGS RU
PRW SHU XQLW YRXP H 7KHVH WHVXOW VXJJHW VWKDW LQ VKH FRQWA[W RI P DUFXOXUW
SMVWWVSKHWH ELRILP V P D\ SLIRP RWH VKH HDUWA VHOHFWRQ HQUFKP HQW DQG VSUHDG RI SRWHQW
KDW I1XO P LFLIRELDO DWHP E@JHV LQ VKH DTXDWF HQYLLRQP HQW Z KLFK FRXG @WU EH
H[ DFHUEDWHG XQGHU P DUFXOXWH UH®WIG FKHP LFDODQG RQJ WHWP SUHWXWHV 7KLV VWKG\ VKXV
FRQWLEXWHV VR VKH XQGHUWWQGLQJ RI P LFLRELDO VXFFHWLRQ DQG DWRFLDWHG KHDOXK UWVNV
LQYRO'HG LQ HP HW LQJ SMVWVSKHW ELRILP V LQ QJKWRI JREDOS MVWF SRAXWRQ
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,QIHFWRQ 3WRJWP 0 RQDVK %LRP HGLFLQH ' LVFRYHU ,QWYWKW ' HSDUWP HQWRI 0 LFURELRQRJ\
0 RQDVK 8 QLYHWIW & @\ VRQ 9 LFWWRUD $XVWDQ@D ' HSDUW HQWRI /DERWWRU 0 HGLFLQH
7KH ) LWW$ | ILADWAG + RVSLWO =KHMDQJ 8 QLYHWLW 6FKRRORI 0 HGLFLQH + DQJ] KRX =KHMDQJ
3 LRYLQFH &KLQD

&RUHVSRQGLQJ $ XVWKRU
"U <XH 4X ' HSDU¥ HQWRI 0 LFUIRELRGRI\ 0 RQDVK %LRP HGLFLQH ' LVFRYHU ,QVWWKWH 0 RQDVK
8 QLYHWLW ( P DLO \ XH T X# P RQDVK HGX 7HO

2 EMHFWYHVY 7KH VHP L TXDQWMDWYH ELRILP SHQHWDWRQ DWD\ FRP ELQLQJ DOQWELRWF GLVN
GUIXVIRQ DQG FRMRQ\ ELRIL® P RGH@MQJ LV LQDSSQFDEM™ IRU DOQWP LFIRELDO DIHQW Z LWK D
D@WH P RMHFXM®MU VUH VXFK DV YDQFRP\FLQ : H P RGULHG VWKH GUIXVIRQ EDVHG ELRIL®

SHQHWDWRQ DwWwD\ DQG DLP WR DFFXWWQ DVVWHW YDQFRP \FLQ SHQHWDWRQ WIWRXJK
WDS K\ RFRFFDOELRILO® V

0 HWKRGV %LRILP SWRGXFLQJ 2S5/ @ob § §8P: MERWWRU WHIHWHQFH WVWDLQV DQG FQQLFDO
LVRMWHV Z HUIH XVHG IRU WKLV WX G\ $ EVRUIEEHQWSDGV P P GLDP HWU PP VWLFNQHW Z HW
XVHG DV WHVHUYRLWY IRU WKH YDQFRP \ FLQ VROXXWRQ WHSM®FLQJ 0 XAHU + LOQWRQ DJDU SMWHV
2 YHWQL) KW LQFXEDWRQ DARZ HG DQWEILRWF VWR SHQHWDW WUWRXJK FRMRQ\ EIRILP V ILRP WH
DEVRWEEHQW SDG DQG WDFK D EMQN GWJ GLVYWN SM®FHG RQ VWH WS RI ELRIL®P 8 QD

SHURW DQFH /LTXLG &KUWRP DWRIJWDSK\ ZDV XVHG WR GHWW, LOH VWH FRQFHQWDWRQ RI
YDQFRP \ FLQ LQ WKH GWXJ GLYN 7KH ELRIL® SHQHWDWRQ WWR Z DV FDG-XMWG E\ FRP SDUQJ

FRQFHQWDWRQV RI DFWYH DQWE LRWFV LQ VKH GLVN Z I\ RUZ IVKRXWELRILO® EDUUHW

5HVXOW 9DQFRP \FLQ KDG D SRRU SHQHWDWRQ WWRXJK ELRIL® V IRWP HG E\ WDSK\ RFRFFDO
@ERWWRU WHIHWHQFH VADLQV DQG FAQLFDOLVRMWY Z IVK SHQHWDWRQ WWRYV WDQJ LQJ 1WRP

S R S

&RQFXVIRQV 7KH P RGULHG P HWRG FDQ EH XVHG W TXDQWWWYHQ DWWHW ELRIL®P

SHQHWDWRQ RI DQWP LFWIRELDYY ZIWK D MMWH P RAHFX®MU VJH LFXGLQJ DQWP LFWRELDO
SRAP HW RUSHSWGH P P LFV WKDWFDQ RQQ EH TXDQWWYHQ H[ DP LQHG SWHYLRXVQ

§A. (P8 ® b HIu WPOHHP §HP S6Jpu Yy u | HIp 8TA 1SSy u HP: 82 / @SPu( 12y
§2SPuJu Yy p0o®HP DH R :HX Hi2S§HP

<XQ[ XH * XR 6 KIWKDQ / LQ -DV X * X - XHKXD : HQJ ; LDR[ XH : DQJ

8 QLYHWLW RI &KLQHVH $ FDGHP \ Rl 6 FLHQFHV %HLMQJ &KLQD 6RXW &KLQD 6HD ,QVWWKWA RI
2 FHDQR@RJI\ &KLQHVH $ FDGHP \ Rl 6 FLHQFHV * XDQJ] KRX &KLQD

31 ILAP HQWRXV SWRSKDJHV DWH XELTXLWRXV LQ §:puP® y S: Su2Pbbp :S 8SRQ DFWYDWRQ
Z LWKLQ ELRIL®® V VWKH\ VHUYH DV FUXFLDO P HGIDVWRW Rl FURW NLQJGRP LQWDFWRQV LQYRO/LQJ
WKH SKDJH LWHO LW EDFWUDO KRVW DQG HXNDWRWF RWDQLVP V 7KH P RVW WXGLHG 3|
SWIRSKDJH Q 3%$2 KDWERW D ES W 1% JHQRP H HQFRGLQJ RQQ J HQHV
WHSWHVHQWQJ RQH RI VKH VIP SGHHVYW NQRZ Q QIH IRWP V +HW ZH HXFLGDW VWKH ELRQRJLFDO
IXQFWRQV RI WVKHVH JHQHV $ WHWRQ QNH GRFXV QHDU VWKH DWWDFKP HQW VIV FRP SUVLQJ WKH
QF51%$ 3KU WHYHWH WDQVFUSWVH 3107 DQG SXWWYH HQGRQXFMDVH 31U IXQFWRQV DV D
WLSDUAWH WR[ LQ DQWWR[ LQ VW WHP ' HOHWRQ RI DQ\ FRP SRQHQWILP SDLW 31 H[FLVIRQ LQ VKH
ELRIL® P LFLRHQYLLRQP HQW ) XUWKHWP RWH 3KU DQG 31U/ FRADERWW WR HGLW WKH 31
JHQRP H JHQHWWQJ VXSHUQIHFWYH YDUDQW VWK DWSLRSDJDW WDSLGA Z LVKLQ ELRIL®P V * XR HW
DO ludap/ 2H  $GNDFHQWWR VKLV GRFXV JHQHV JRYHWLQJ WH QVRJIHQ\ Q VLV VZ LWK
LQFOXGH VWKH WHSWWRU / IR2 DQG H[ FLVIRQDVH nk | R Z KLFK P DLQWLQ Q VRJHQ\ DQG SWRP RWA
31 H[FLVIRQ WVSHFWYHQ /L HW DO w 6u8P&S2 wH2 | b d Po 7KH FRUH JHQRP LF
WHJLRQ FRP SUVLQJ JHQHV GUHFW SKDJH WHSQFDWRQ DQG DWHP EQ 5HS* LV HWHQWDO
IRU 31 WSQFDWRQ * X HWDO ySHP2u ! yy P BSH : ZKLH 31 FRQWIEXWYV WR
Q VRIJHQ\ P DLQWHQDQFH 7KH IXQFWRQ Rl VKH GRZ QVWWHDP JHQH § Uala WP DLQV XQNQRZ Q
7KH IRARZ LQJ PR HQFRGHV WVKH W 1$ ELQGLQJ SWIRWALQ LQYROYHG LQ SKDJH DVWHP EQ 7KH ILYH
FDSVIG JHQHV HQFRGLQJ RQH P DMRU FDSVIG PR XX DQG IRXU P LQRU FDSVIGV BRXX /1:0 DX
PXXX DPRX IRWP WH YLURQ VWXFWWH Z LW DRXX DQG DXX DO/R P HGLDWQJ VXSHUQIHFWRQ
H FXVIRQ E\ LQWHUHUQJ Z LW WSH ,9 SLXV IXQFWRQ : DQJ HW DO 0 h2 y p HSH
wH2 ! P 6 Po DQG VWKH\ DO/R FRQIHU SKDJH GHIHQVH DFWYLW 3IW  =RW IDFLAWWV SKDJH
HOHDVH DQG VKH FR WDQVFUEHG ES JHQH / THER H[KLELW §1 Spu2Pbb :S VSHFULF NLARQJ
DFWYLW : HQJ HWDO BREP:pu: 5HS DQG ,QW HQFRGH WKH WHSQFDWRQ LQLWDWRU DQG
LQWHJ LDVH WHVSHFWYHQ )LQDG D GRZ QWYHDP WSH ,, WR[LQ DQWWR[LQ WVWWWHP 3I1L$7
VXSSWHWHYV 31 SWRSKDJH DFWYDWRQ /L HWDO wH2 | 56 b HI§@ o6 Po &KHQ HWDO
281 84 ®hS §u: XQGHU WHYLVIRQ &RAHFWYHQ RXU ILQGLQJV GHP RQVWDW WKDW VKH
P LQLP DO3! SUWRSKDJH JHQRP H HQFRGHV D VRSKLVWWFDWAG WHSHWRLH Rl IXQFWRQDOP RGXQHV
HI XDWQJ LW QIHF\ FAH JHQRP H SMVWFIW DQG KRVWLQWAWDFWRQV
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<DQJ : X

. H\ /DERWDWRU RI 0 HGLFDO 0 RAHFX®@U 9LURMRI\ 02( 1+& &$06 b 6KDQIKDL ) RQWHW
6 FLHQFH &HQWAU RI 3 DWRJHQLF 0 LFLIRRW DQLVP V DQG ,QIHFWRQb 6FKRRO Rl %DVLF 0 HGLFDO
6 FLHQFHV 6 KDQJ KDL O HGLFDO&RAHIH ) XGDQ 8 QLYHWLW

215/ @ob § §8P: SP2uP: ELRILP V DWH P DMRU FRQWIEXVWRW WR FKUWRQLF GHYLFH DVWWRFLDWHG
LQIHFWRQV 7KLV WXG\ LGHQWILHV WKH WDQVFUSWRQDO UHI XMWRU 6S[ DV D FHQWDO SRVLWYH
GHWAWP LQDQW Rl ELRIL®® [RWP DWRQ XQGHU ERVK WDWF DQG SK\VIRGRJLFDG WHOHYDQW IXXLG
VKHDU FRQGLWRQV * HQHWF NQRFNGRZ Q RI :/n VHYHWQ LP SDUHG ELRIL®® ELRP DW DQG
VWDELQW Z KL LW RYHWH[ SUIHWLIRQ HQKDQFHG VWKH IRWP DWRQ RI GHQVH VKHDU LHVLWDQW
ELRILP V ,QWAHJ LDWHG WDQVFUSWRP LF DQG SWRWHRP LF DQDQ VHV WHYHDGHG WKDW 6S[ VWRQJQ
XSWHI X@DWV WKH H[ SIHWLRQ RI ILEWRQHFWQ ELQGLQJ SWRWALQV ) Q%3$ DQG ) Q%3 % ) XQFWRQDO
DWD\ V FRQILP HG WKDW DOMUHG :/ n H[ SUIHWLRQ GLIHFWA P RGXMWHV EDFWHUDO DGKHVIRQ WR
DELRWF VXUDFHV DQG WR KXP DQ QDVDO HSLWHQDO FHAY LQ DQ ) Q%3$ % GHSHQGHQW P DQQHU
1RWEQ ZKLM :/n NQRFNGRZ Q LQFUHDVHG SRQ VDFFKDUGH LQWWFHAX®U DGKHVIQ 3,$

SWIRGXFWRQ ELRIL®P LQWIUW ZDV FRP SWRP LVHG LQGLFDWQJ VKDW 6S[ P HGLDWAG ELRIL®

WREXWQHW SUP DUQ GHSHQGV RQ SURWALQDFHRXV DGKHVLQV UDWKHU WKDQ 3,$ &UXFLDA LQ D
WDE ELW VXE FXWQHRXV FDWKHWAU P RGHO :/ n NQRFNGRZ Q WHVXOMG LQ VFDQW XQGHUGHYHMRSHG
ELRILP V Z KHUHDV FRQWRO DQG :/ n RYHWH[ SUIHWLQJ WWADLQV IRWP HG WKLFN KRVW FHQD
LQWHI LIDVHG ELRILP V 7KHVH ILQGLQJV HWDEQVK 6S[ DV D SLYRWO WHJIX®DWU Rl 21 SP2uP:

86% ELRIL® IRWP DWRQ DQG GHYLFH WH®WHG SDVWKRJHQHVLY FRQWRAQJ ) Q%3$ DQG ) Q%3 %
DGKHVLQV EH\ RQG 3,$
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5HKQXP D 7 6HMNKW -DP HV 6LF@UW ' XQID $ &RE 0 DUHGMH 8\ 9DQHWD ( $GDP V

$EELH 3DXO/RQ 7WHYRU ( 5DQGDA 1REXKLNR : DWQDEH $QH[HL 6DYFKHQNR %U DQ *
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" HSDUWP HQW Rl %LRORJ LFDO 6 FLHQFHV 8 QLYHWILW RI &DQ DU 6 WXFWKUWDO %LRARI\ , QLWDWYH
&81< $GYDQFHG 6FLHQFH 5HVHDUK &HQWAU ' HSDUW HQW Rl %LRFKHP LW 8 QLYHWLW RI
7RUIRQWR  6LFN. LGV 5 HVHDWFK ,QVWWKWH ' HSDUWP HQW RI &KHP LW 8 QLYHWLW RI &DQ DU
" HSDUWP HQWRI 0 LFLIRELR@RJI\ ,QIMP P DWRQ DQG ,QIHFWRXV ' LVHDVHV 8 QLYHWLW RI &DQ DU
" HSDUWP HQWRI &UWFDO&DWH &XP P LQJ 6FKRRORI 0 HGLFLQH 8 QLYHWLW RI &DA@ DU  7KHVH
DXVKRW FRQWLEXWAG HT XD@ &R FRUHVSRQGLQJ DXVWKRW

& ROQWFW UIHKQXP DWEDWXP VHMK# XFDQ DU FD RUMKDULV# XFDQ DU FD

,Q §: uP® y S: Su2Pbpbp :S VKH LQWDFHGX®U VHFRQG P HWHQJHU F\ FQF GLI XDQ\ ™MW F GL
* 03 WHIXDWHV H[ WDFHAX@®U SRQA VDFFKDUGH SWIRGXFWRQ P RWAW DQG YLUXQHQFH 2 XUJLRXS
KDV GLVFRYHWHG VWKH WHWP RVHQVRU GLI XDQ\ ®MWH F\F®VH 7GF$ Z KLIFK WQWHVIJHVF GL* 0 3
DWP DP P D@DQ ERG\ WHP SHWDWIH P RGXM®MWQJ §1 Su2Pbb  : S YLUXGHQFH WDLW 7HP SHUWDWKH
VHQVIQJ LV P HGIDWAG E\ D WKHW RVHQVIWYH 3(5 $517 6,0 WHW R3$6 GRP DLQ VWKDW
HJ X@WAV DQ DGNDFHQW* * ' () GRP DLQ IRUF GL* 0 3 VWQWKHVLY KRZ HYHU VWKH P HFKDQLVP RI
VKHWP DO VHQVLQJ WP DLQV XQNQRZQ +HW ZH XVHG LQWHJWWYH VWXFWWDO ELR@RJI\
DSSWRDFKHV W QWHWF HQ]\P H GHVLJ Q JHQHWF DQDQ VHV DQG ELRFKHP LFDODWD\ V WR GHILQH
IHDWKWHYV HWHQWDO |IRU 7GF$B/ WHP SHWDWKUH GHSHQGHQW DFWYLW  +\ GLRJHQ GHXWHUXP
H[ FKDQJH P DW VSHFWRP HW\ LGHQWILHG ILYH KHDW®ELMH WHJILRQV LQ 7GF$ DQ 1 WHWP LQDO
DP SKLSDWKLF WHJLRQ VKH ) DQG -} KHQFHV DQG VKH * DQG ,E WMDQGV Rl VWKHWPP R3$6 &UR
HOHFWRQ P LFUIRVFRS\ DQG $GKD)RG P RGH@QJ ZHW XVHG WR SWRGXFH D SUWHQP LQDU
VWWXFWKWH RI D N' D 7GF$ GLP HU Z LlWK RFDO WHVROXWRQ DV RZ DV 1 QJ VWRP V
%LRLQIRWP DWFV LGHQWILHG VWKH DP SKLSDVKLF 1 WAWP LQXV DV D VLI QDWWH RI 7GF$ RUKR@RJIV
0 XWJ HQHVLY Rl WKLV WJLRQ DERQ@VKHG WP SHWDWKWH VHQVIWYLW P hBR DQG LQ YLYR
6 XEFHGX@U | LDFWRQDWRQ DQG LP P XQRE RWNQJ WHYHDMHG VKDW7GF$ LV GRFDQ] HG WVR VWKH LQQHU
P HP ELDQH E\ LW 1 WAWP LOXV 0 XWDJHQHVLY VKRZ HG VWKDW WHJLRQV EH\RQG VKH 3%$6 FRW
LQFOXGLQJ VKH 1 WHWP LQXV DQG QQNHU DWH HWHQWDOIRU VKHWP DODFWYDWRQ / LQNHU P XWWRQV
RFNHG VWKH HQ]\P H RQERU RII E$ W QWHWF ~ JDMFWRVLGDVH EUXUFDWAG Z LVWK VWKHWP R3$6
GLVS @\ HG VWP SHWDWKUWH GHSHQGHQWDFWYLW Z KHQ WKHWP R3$6 WHP DLQHG LQWFWDQG SIRSHWQ
SRVIWRQHG &WRW QQNLQJ 0 6 VXSSRUMG WP SHWDWKWH GHSHQGHQW WHDUDQJ HP HQWRI WKH 1
WP LQDO DP SKISDWILF WHJLRQ 7DNHQ WRIJHWHU ZH SUWRSRVH WKDW 7GF$ IXQFWRQV DV D
P HP EWDQH FRXSMG VWKHWP RVHQVRU GHYLFH 7HP SHWDWUWH GHSHQGHQWWVWXFWUWDOFKDQJ HV DWH
WDQVP IWHG WWRXJK DQ D[LV RUJLQDWQJ LQ D P HP EWDQH HP EHGGHG 1 WAW LQDO
DP SKISDWILF KHQ] WKWRXJK WH 3$6 GRP DLQ DQG QQNHU DQG WHWP LQDWQJ LQ WKH * *' ()
GRP DLQ VR WHRUHQWVWKH FDWQ WF VIWVH Rl D GLP HU 7KHVH ILQGLQJV WHYHDOP RGX@®U DFFHWRU
HOHP HQW WR VWKH FDQRQLFDO3$6 GRP DLQ VWDWDWH | XQGDP HQWOWR WKHWP DOVHQVDWRQ LQ 7GF$
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6 DQFKIW . DU  $ HNVDQGW ' HERZVNL 0 W@ 6 7\VRQ $QGUHZ %DWNHU ,2\HU6 ,\HU

6 FKRRO RI 0 RHFX®@U 6FLHQFHV 7KH 8 QLYHWIW RI : HWHUW $XWUDAD 3HUWK : HWHW

$ XVWDaADb O DWKD® &HQWH IRU ,QIHFWRXV ' LVHDVHV 5HVHDUFK DQG 7WLQLQJ 6FKRRO RI

%LRP HGLFDO 6 FLHQFHV 7KH 8 QLYHWLW RI : HWHUQ $ XVWDQAD 3 HUWK : HWHUWQ $ XWADAD /LU D
6WUQAQJ + LIKZ D\ 1HG®QGYV 3HWK : HWHWQ $ XVWDQD

&DUEDSHQHP  UHVLWDQW( QWHURE DFVWUDFHDH &5 ( LQIHFWRQV KDYH QP LVWHG WHDW HQWRSWRQV
DQG RIWAQ WHTXLWH FRP ELQDWRQ VKHWDS\ SWRARQJHG KRVSLWQ@] DWRQ DQG WHVXQW LQ KLIK
P RUELGLIW DQG P RUMQW 7KHVH FKDAMQJ HV DUH NHRSDWGL HG Z KHQ &5( IRWP ELRIL®P V Z KLFK
| X UMK HU LHGXFH DQWE LRWF SHQHWDWRQ 7R DGGWHW WKLV WKLV WXG\ Z LGDLQYHVW.I DVH W R NH\
WHDVRQV IRU FDUEDSHQHP WHVIWDQFH WKH SWRGXFWRQ RI FDUEDSHQHP DVHV DQG HIIOX[ SXP S
RYHWH[ SUHWLRQ DQG WKHLU LH®WRQ WR ELRIL®® IRWP DWRQ ,Q FRADERWWRQ Z VK 1 HRQ[ LU/ W5
/UD QRYHO WIHVLIWDQFH EUHDNLQJ P RGIFXQHV Z LD EH H[ SARIHG WR GLVUXSW ELRIL®P V DQG
WHWRWH DQWELRWF HITHFWYHQHW LQ ERWK ELRIL®® DQG SM®QNVWRQLF WDWHV )LYH P RGHO

( QWHWREDFWAUDFHDH VWDLQV j &u! :uasS / pPy By $7&& %$$ DQG $7&& %$$
0:8Qu2BOKE § b $7&& %$$ 0 Hu2 ! S8HI2 @ 2y Su§@ub VXEVS [LDQJIDQJHQVLY $7&&
%$ $ DQG 0l S:! P25y ZHW VHMHFWG $a@ VWWDLQV H[FHSW 0l SP:! P2y DQ

HQYLLRQP HQWO LVR®WA ZHW LVRMWHG IWRP FQQLFDO VSHFLP HQV 0 LQLP XP  LQKLELWRU
FRQFHQWDWRQV 0 ,&V Z HWH GHWAWP LQHG E\ EWRWK GLXWRQ IRARZ LQJ &/ 6, JXLGHQQHV 7KH
QH[ W WHSV Z LG EH GHYHQRSLQJ ELRIL®P P RGHO/ XVIQJ VKH 0 %( & GHYLFH XQGHU YDU LQJ
QXWIHQW FRQGLWRQV LQFOXGLQJ D VXURJDW 8 UQDU WDFW LQIHFWRQ P HGLD /DWHU
FDUEDSHQHP DVH DQG HIIOX[ SXP S DFWYLW Z L@ EH TXDQWI LHG EHIRUH DQG DIWU WHDW HQW
Z VK QHZ UWHVLIWDQFH EWHDNLQJ FRP SRXQGV ([ SUHWLRQ DQDQ VLV DV Z H@ DV KLJ K WHVROXWRQ
FRQIRFDOQYH FHMLP DJLQJ Z LADEH FRQGXFWG WR P RQLWRU LHDOWP H FKDQJHV LQ WKH ELRIL®P
7R GDWH 0 ,& WHWQJ VKRZ HG WKDWIRXU FQQLFDO LVRDWHY Z HUH WHVIWDQWWR P HURSHQHP  d
wl P/ HUMSHQHP d wJ P/ DQG DPINDFIQ d wJ P/ ZIW QR FRQWQ WHVLWDQFH
GHWFWG &/ 6, &DWEDSHQHP DVH LQDFWYDWRQ DWD\ FRQILP HG FDUEDSHQHP DVH
SWRGXFWRQ LQ DAIRXU &5 ( LVRMOWHV 7KH &RQJR WHG DWD\ IRUELRIL®® VFWHHQLQJ TXDAWWYHQ
LQGLFDWHG VK DW D@ LVR@WHV Z HWH FDSDEQH Rl IRWP LQJ ELRILP V Z KLH TXDQWWWYH DWD\ V
VKRZ HG VKDWj | / pPy  ESp LVROWV SIRGXFHG VL] QULFDQWY JUHDWHU ELRIL®® DIWVHU  KRXW
LQ / XUD?%HUWDQL ELRVK 1 H[ WWHSV LQFOXGH RSWP 1] LQJ ELRIL® P RGHO/ XQGHU YDUHG QXWLHQW
FRQGLWRQV LQFOXGLQJ D VXURJIJDWA XUQDU WDFW LQIHFWRQ P HGLXP IRARZ HG E\ HIIX]
W WHP DQDQ VLV DQG HYDOXDWRQ RI /L D FRP SRXQGV WR SRWAQWDW DQWE LRWF DFWYLW
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7LDO\ XDQ - LD / LDQJ <DQJ

A1 DWRQDO &QQLFDO 5HVHDWFK &HQWAU IRU ,QIHFWRXV ' LVHDVH 6KHQ] KHQ 7KLUG 3 HRSOHB/
+ RVSLWDO 7KH 6 HFRQG $ If QDWAG + RVSLWORI 6 RXWKHUWQ 8 QLYHWLW Rl 6 FLHQFH DQG 7HFKQRGRJ \

6KHQ] KHQ &KLQD *' HSDUW HQW RI 3KDW DFRARJ\ -RLQW /DERWWRU Rl * XDQJGRQJ

+RQJ. RQJ 8 QLYHWLWHV IRU 9DVFXM®U + RP HRWDVLY DQG ' LVHDVHV 6FKRRO Rl 0 HGLFLQH
6RXWHW 8 QLYHWLW RI 6FLHQFH DQG 7HFKQR@J\ 6KHQ] KHQ &KLQD 68 67HFK + RP HRWDWF
0 HGLFLQH , QWKW 6FKRRORI 0 HGLFLQH 6RXVWKHWQ 8 QLYHWIW RI 6FLHQFH DQG 7HFKQRQRJ\

6 KHQ] KHQ &KLQD

) HURSWRVLY LV D WSH Rl LLRQ DQG QSLG SHWR[ LGDWRQ GHSHQGHQW SLRJWDP P HG FHG GHDWK
VKDW LV LQYRO'HG LQ YDURXV GLVHDVHV 6RP H SDVWKRJHQV P DQLSX®MWH KRVWW IHURSVWRVLY |RU
SDVKRJ HQHVLY KRZ HYHU VKH SRWAQWDOP HFKDQLVP V Rl DFWRQ WHP DLQ XQFQGHDU §: pP® y  $:
Su2PPp :$ LV DQ RSSRUMKKQLWYF SDVWKRJHQ WKDW LHQHV RQ LLRQ IRU LW YLUIXGHQFH ELRf @
IRWBP DWRQ DQG VXUYLYDO + HWH Z H ULHSRUNVKDWS | Su2PPb S HP SAR\V WKH TXRUXP VHQWLQJ
P HWERQW §:uP® y $: TXLQRARQH VLJQDO 346 WR LQGXFH IHURSWRVLY LQ P DFURSKDJ HV
WURXJK D FDUIQRVIQH 1 P HWK\ QUDQVIHWDVH &1 0 7 WDQVIHULQ WHFHSWRU 7)5 P HWK\ MWRQ
SDWKZ D\ 6SHFLf FDA@ 346 SUWRP RWV LLRQ GHSHQGHQW QSLG SHWR[LGDWRQ WR LQGXFH
IHURSVRVLY LQ P DFLIRSKDJHV 8WIQJ KLIK UHVROXWRQ P DW VSHFWRP HW\ ?EDVHG FHQX®U
VKHUWP DOVKLUWDWD\ 06 &(76% WHW DOSWRWRP H SWRf @QJ Z H LGHQWI\ &1 0 7 DV WKH GLUHFW
LQWDFHAX@®U WHFHSWRU Rl 34 6 LQ P DFLRSKDJHV 0 HFKDQLVWYFDA@ 34 6 ELQGLQJ LQFUHDVHV WKH
KLVWGLQH P HVK\ GYDQVIHUDVH + LV 0 7DVH DFWYLW Rl &1 0 7 FDWQ VLQJ P HWK\ ®WRQ Rl 7)5 DW
+lV 7KLV P HK\ MWRQ LQFWHDVHV 7)5 SWRWLQ SWRGXFWRQ WHVXONQJ LQ DP SQf HG LWRQ
DFT XLVIWRQ IRU IHURSWRVLY &UXFLDA VKH 34 6?&10 7?7)5 D[LV LV GLWEQFW IWRP FDQRQLFDO
EDFWHUDO SDVKRJ HQV VWK DWH|[ SQRLWKRVW FHG GHDWK SDWKZ D\V UHYHDQQJ VKH XQLT XH VWUDWAJ \
RI §1 Sp2PPP  : S WR H[ SGRLWKRVWHS L) HQHWF P DFKLQHU

§E. §6S:y SL §HhSHU® a SHU2 b S 8§ Hu H Pp H BSP:H bPimy : 1 2HS/ God § 8§8P:
SP2uP: 2y Sev! 6 o RS2E8 H

$GUDQ . $EGR +HHP D. 1 9\DV $QND =H@® HU DQG . DWKDUQD 5 LFKWAU




5lFKWU /DE ' HSDUW HQW RI 6 XWHU  %DVLO + HW HO ,QVWWWA IRU 7UWQVDWRQDO + HDOXK
5 HVHDUFK 7KH 4 XHHQ ( @] DEHW + RVSIWO $ GH®MLGH 6RXW $XVWDQ@D $XWUDQ@D 6FKRRORI
3KDW DF\ DQG %LRP HGLFDO6 FLHQFH &RAHJH RI + HDOXK $ GH®LGH 8 QLYHWLW $ GHMLGH 6RXWK
$ XVWDAD $XWUDAab ,QVWWMXWH IRU 3 KRWRQLFV $ GYDQFHG 6HQVIQJ $GHM®LGH 8 QLYHWLW
$ GHDOLGH 6RXWK $ XWDAD $ XWADQAD

6RP H EDFWUD FDQ IRWP VP DG FRARQ\ YDUDQW 6&9V DV DQ DGDSWWRQ P HFKDQLWP WR
HQYLLRQP HQWOVWIHW 6&9V DWH ¢ VWKH VIJH RI VKH Z LGB WSH : 7 VWDLQ H[ KLELWQJ VRZ
JIRZ VK DOMWHG P HWERQVWP  WHGXFHG YLUXGHQFH DQG DWH WSLFD@ DWRFLDWAG Z LWK
LQFUIHDVHG DQWELRWF IHVIWDQFH DQG ELRIL®P V LQ FKURQLF ZRXQGV ( YHQ Z LW FXUHQW
VWKHWDSLHV WKHVH FRP P XQLWHV RIWHQ SHWLVW DQG LWLV XQF QDU Z KHWKHU QHZ WHDW HQW FDQ
HUDGLFDWH ERWK : 7 DQG 6&9 SRSXM®WRQV 7KHWIRW Z H HYDOXDWAG VWKH DQW. ELRIL®® HIlLFDF\
RI SMVP D DFWYDWHG Z DWHU 3$: DQ LQQRYDWYH VROXWRQ UFK LQ WDFWYH R[\JHQ DQG
QLWRJHQ VSHFLHV JHQHWDWG E\ SK\VLFDO S@®VP D WHDW HQWRI ZDWU RQ : 7 DQG 6&9 2|
SP2uP: ELRILP V : H XVHG W R Z H®D FKDWDFWUVHG 21 $P2uP: 6&9 VWDLQV -% : &+ 6.
6&9 DQG VKHLUUHVSHFWYH : 7 VWIDLQV $7&& . &+ 6. 7 3$: VLIQULFDQWY WHGXFHG
VKH YLDELQW RI DAVWDLQV LQ D FRQFHQWDWRQ GHSHQGHQWP DQQHU Z LW Dd  @RJ UHGXFWRQ
DI WU P LQ Z LW 3$: EH®RZ GHWFWRQ QP LW 3KHQRWSH GLG QRWDIIHFWS @QNWRQLF
FRARQ\ IRWP LQJ XQLW WHGXFWRQ IRU -% RU $7&& EXW VWHW Z DV D VLI QULFDQW
VWRQJ HU LHGXFWRQ XS WR @RIV S IRU: &+ 6. 6&9 FRP SDWHG WR VKH : 7 DW

3$: H[SRVXW )RU GD\ ELRIL®® V YLDELQW Rl $7&& -% : &+ 6. : 7 DQG 6&9 Z DV
VL] QULFDQV WHGXFHG E\ @RI S @RI S @RI S DQG

®RI S WVSHFWYHQ ,Q GD\ ELRILP V YLDELQW Rl $7&& % &+ 6. 7
DQG 6&9 Z DV WHGXFHG E\ ®RJ S @RI S ®RI S DQG

®RI S WHVSHFWYHQ 7KH : &+ 6. : 7 DQG 6&9 ELRILP VZHW P RUIH ? IRG P RWH
VXVFHSWEGH WR DP R[LFLGRQ DQG QQH] RQG DIWHU 3$: H[SRVXWH GRVH ULHVSRQVH DQDQ VLV
IRGRZ LQJ PLQ 3$: WHDW HQW Sc 2 YHUD@ 3$: Z DV HTXDG SRWAQWDWNLARQJ 2 |
SP2uP: 6&9V DQG WKHLU : 7 WUDLQV VXJJHWYQJ WKDW6&9V P D\ QRWEH P RUH DGDSWEM WR
VXWLYH 3$: WHDW HQWLQ FKIRQLF Z RXQGV

§AA. ( 0( D0S2!6uS p2: a 20 o0/ Iy / S28SHhp 2 HP®o HO b Thy OTTpgH
P 'S pbu, HH OnHi2 SwS SPuy p H

%KXP LND) 6DYD@\D 6RWH . P 7DQLD 9HOW DQ ' DUHQ - 7WRW

A$ XVWWDQADQ &HQWH IRU $ QWP LFURELDO5 HVLIWIDQFH ( FRARJ\ 6FKRRORI $ QLP DODQG 9 HWAULQDU
6 FLHQFHV 7KH 8 QLYHWLW Rl $ GH®LGH 5 RVHZ RWK\ 6RXW $ XVWDQD $ XVWDQD

%LRILP SURGXFWRQ E\ FDQLQH RWWV H[WAWD &2 ( SDWRJHQV LV RQH Rl VWKH P SRUWDQW
IDFWVRW IRU UHVLDWDQFH GHYHGQRSP HQW DJDLQW H[ LVWWQJ DQWP LFLRELDYY $ GMWDWRQ LQ
DOWP LFIRELDOVXVFHSWELQW DQG WHFXUHQFH RI &2 ( GXH WR ELRIL® IRWP DWRQ DWH FRP P RQQ

WHSRUWHG SWREMHP V LQ SHW FQQLFV EXW KDV WHFHLYHG HW DWHQWRQ FRP SDWHG WR KXP DQ
P HGLFIQH ' RJ HDU FGHDQHW DWH WHFRP P HQGHG LQ P RVW FQQLFDO J XLGHQQHV WVR WHDW VWH
FDVHV Rl &2 ( DQG HVSHFLD@ LWLV LP SRUMDQWLQ FRQWA[ WRI DQWP LFURELDOVWWWZ DUGVKLS ( DU
FGIDQHW SM\ P SRUMQWLRM LQ &2 ( WHDW HQW E\ WHGXFLQJ GHEUV DQG DQWP LFURELDOMRDG

GLVUIXSWQJ ELRILI V DQG HQKDQFLQJ WRSLFDODQWP LFURELDO/BHIILFDF\ 7KH DLP RI VKLV VWXG\

ZDV W FRP SDWIH VKH DQWELRIL®® DFWYLW Rl FRP P RQQA XVHG FDQLQH HDU FAHDQHW LQFXXGLQJ

FRP SRXQGLQJ SKDUWP DF\ IRBP XMDWRQV 7WV (' 7% DQG 1 DFHW G-\ WHLQH Z WK WH
FRP P HFLD@ DSSWRYHG SWRGXFW 2 VRIXVK DJDLQW FRP P RQQ DWRFLDWG &2 ( SDWRJHQV
HUlD 2 HS/ @o6 § 8§8P: [/ :uP®bP HI2y u®HP: §:uP® S: Su2Pbb :S 0:8Qu2BB@0S § &
§2 HuP: ¢ ES! b 2Hpu/ H &8 88P: 8S b DQG wS&S::uys [/ S§Go®u2y SHe %LRI LAP

SWRGXFWRQ RI HDFK LVRM®WA Z DV GHWWP LQHG E\ &RQJR WG DJDU DQG P LFIRWWAU SMWH DVVD\

P HWKRGVY DQG WHQ EHVW EIRILP SWRRGXFLQJ LVRMO®OWYV IWRP HDFK VSHFWHV Z HWH VHMHFWAG WR
GHWHWP LQH WKH P LQLP XP ELRIL®P HWDGLFDWRQ FRQFHQWDWRQ 0 %( & %LRILP V ZHWH JUIRZQ
RQ SHIV RI WKH 0 %( & SMWHV DQG Z HWH FKDAHQJHG E\ W R IRG VHUD®M GLXWAG DGNKYDQW

2 XWRI WKHVH WKWHH HDU FHDQHW 2 WRIXXVKP KDG JRRG DQWELRIL® DFWYLW LQ P RGHWDW WR
KL K GLXXWRQ 1 DFHW G-\ WHLQH VKRZ HG DQWELRIL®® DFWYLW DW LW KLI KHVW FRQFHQWDWRQ
RQA IRUIHZ LVRMWHV EXWLV FRQWDLQGLFDWAG LQ FDVHV Rl WP SDQLF P HP EWDQH GDP DJH 7WV

(' 7$ KDG QR DQWELRIL®® DFWYLW DWLW KLJ KHVW FRQFHQWDWRQ %DVHG RQ P hHR UHVXQW
2 WVRIXVKP KDV LQWIQVIF DQWP LFURELDO DQG DQWEIRILG® DFWYIW DQG LV D SWRP LVIQJ HDU
FAHDQHUWR EH XVHG WR WHDW& 2 ( FDVHV

§AA |y / S2SHh Seo: b T ! ®HP L (u/p ®u H PIiWy | 29 SHP P 01§ 8PS ®
2 Sy 663

=DQJLOL 1 DND] Z H 0 MDQ 6 DINHU 7\ VRQ $ GHNVDQGW ' HERZ VNL &DWK\ $ EEHUARQ 1 LFRQH

0 F&XVNH\ (VKDQ + DHVH . HIWK 6 WKEEV $QGUHZ %DWHU . LAXJI XGL6Z DP LQDVKD ,\ HU

6FKRRO Rl 0 ROHFXM®DU 6FLHQFHV 7KH 8 QLYHWIW Rl : HWHUQ $XWUDAD 3HUK : HWHW
$ XVWWDAD $XVWWDAD 7KH $5& 7WDLOLQJ &HQWH IRU 1 H[ W* HQ 7HFKQR@RJLHV LQ %LRP HGLFDO
$ QDA VLV 6 FKRRORI 0 RGHIFX®U 6 FLHQFHV 7KH 8 QLYHUWLW RI : HWHWQ $ XVWDQD 3 HUXK : HWHUQ
$ XWUDAD $XWWDQAD 7KH 0 DWKDG &HQWH IRU ,QIHFWRXV ' LVHDVH 5 HVHDUFK DQG 7DLQLQJ
6 FKRRORI %LRP HGLFDO6FLHQFHV 7KH 8 QLYHWIW RI : HWHWQ $ XVWDAD 3 HUWK : HWHWQ



$ XVWDQD $Xvwbab /UD 6WU2QJ +Z\ 1HGMQGY 3HUWK : HWHUQ $ XVWDQD $ XVWDQD

%DFWAUDO ELRIL®® V FRQWUWXW D P DMRU FQQLFDO DQG LQGXWWIDO FKDAMQJH FRQIHULQJ
HQKDQFHG WRCGHWDQFH WR DQWP LFURELDO DJ HQW DQG VL) QULFDQWY FRQWILEXWQJ WR VWKH JQREDO
EXUGHQ RI DQWP LFLRELDO LHVIWDQFH %LRILG® IRWP DWRQ LV D NH\ VXUYLYDO VWZDWAJ\ LQ P DQ\
EDFWHUDOSDVKRJ HQV LQFOXGLQJ QRVWRURXV IRRG SDVKRJHQV 0: 8§Qu2HB G § PDQG 258  p&sS
+ RZ HYHU LWLV KLJKQ G\QDP LF DQG VWKRQJQ LQIOXHQFHG E\ HQYLUIRQP HQWO IDFVWRW VXFK DV
VWP SHWDWWH QXWIHQWDYDLMELAW DQG VXUDFH FRQGLWRQ DP RQJ RWHW ,Q VKLV WXG\ ZH
LQYHVW.) DWHG FRQGLWRQ GHSHQGHQWELRIL® [RWP DWRQ LQ P RQR DQG GXDOVSHFLHV ELRIL®P V
RI Ol § & VWDLQV $7&& %0 + $ -0 DQG 0 % DQG 258  p&S VWDLQV 2|
U Hi2H®R 5 2] § HI2H®PR 5] 2] u HI2BS WSKLP XUXP 0 DQG 21 p Hu28S

XVLQJ WDWF 0 %( &° 0 RGHO %LRIL®® ELRP DW P HWERQF DFWYLW DQG YLDELQW Z HWH
DWHWHG XVIQJ FU WDO YLRGHW DWD\ UWHVD] XUQ DQG SM®WH FRXQW P HWKRGV WR FDSWKWH
FRP SGHP HQWU DVSHFW RI ELRIL®® GHYH@RSP HQWDFWRW GL IHWHQWJ LRZ VK FRQGLWRQV 0 %( &
SHJ QGV Z HWH FRDWG Z LlWK ERYLQH VHUXP DEXP LQ %6$ DQG FRADJHQ WR HYDOXDWH VKH
LQIOXHQFH RI KRVWIDFVWRW LQ ELRIL® IRWP DWRQ ' DW DQDQ VLV Z DV DFKLHYHG XVLQJ W R Z D\
$129% LQ * DDSK3DG 3UVP 5REXVWELRIL® |IRWP DWRQ Z DV REVHUYHG LQ QXWLHQWUFK 76%
PHGLD LQ 0l § 8 VIQIGH DQG FR FXOXWHV Z KL RSWP L] DWRQ LQ QXWLIHQWSRRU P HGLD
WHYHDOHG GUIHUWHQWDO ELRIL®® WHVSRQVHV SDUNFX®UA IRU 2S$&  p&S VWIDLQV $ GGLWRQDGD
ELRIL®® GHYHQRSP HQW GUIHWG EHW HHQ FRDWAG DQG XQFRDWHG VXUDFHV 0 RVWWOI § & DQG
28¢y &S VWUDLQV SIRGXFHG GRZ HUELRP DW LQ FRDWHG S@MWHV FRP SDWHG WR VKH XQFRDWG ,W
Z DV IXUKHU REVHUYHG VKDW %6$ GLG QRW HQKDQFH LQLWDO DWWFKP HQWRI FHGY WR SWRP RWA
ELRIL® IRWP DWRQ 7KHVH ILQGLQJV GHP RQVWIDW VKDWELRIL®® |IRWP DWRQ LV KLJKQ FRQWA[ W
VSHFULF DQG XQGHWFRW VKH LP SRUMQFH RI HQYLIRQP HQWO DQG LQWHWSHFLHV IDFWRW LQ
VKDSLQJ ELRIL® EHKDYLRU ,QFRUISRIDWQJ FRQGLWRQ GHSHQGHQW DQG P XQNVSHFLHV
SHWSHFWYHV LV FUWFDO IRU GHYHARSLQJ P RWH HIIHFWYH DQWELRIL® LQWAUYHQWRQV ) XWKUH
Z RWN Z LA IRFXV RQ XVIQJ IXRWRSKRW SMVP LGV VR XQGHUWWQG WKH G\ QDP LF LQWHUDFWRQV LQ
FR FXOXWHV DQG FRQIRFDO P DJLQJ WR XQGHWWQG FRP SRVIWRQ DQG FKDQJHV LQ ELRIL®P
IRULP DWRQ

§AA. C 2Shpdsk By hpd2p:bPHS §u Jp p:) RER2Pou 8u | S8H 2:) S ® A@u2S/ uPHS AS2DuH
P wPOH®2PPL2 u: b HS H §:uP® S: Su2Pbb :S X 6SHu: 2pu§ hp2u® 2 y j u2SHHe
§SHu H

$ENH7IIDEX ODW' 3 : LGFR[ DQG )LRQD 6 VWSMHWRQ

6 FKRRORI 2 SWRP HW) DQG 9LVIRQ 6 FIHQFH 816: 6\GQH\ 16: $ XVWDQ@D
& RUHVSRQGHQFH D P RAD# XQVZ HGX DX

%DFNJ LRXQG 7KH RSSRUMXQLVWF SDVWKRJHQ §:uP® ¥ S: Su2Pbpbp :S KDV EHFRP H D P DNRU
FQQLFDO DQG SXEQ@F KHDOK FRQFHWQ GXH WR LW LQFUHDVIQJ WDWHV Rl P XONGUXJ 0' 5 DQG
SDQGWXJ WHVLWDQFH : KLO/WRFX®U LQIHFWRQ Z LK &1 Su2Pbb S FDQ WHVXQVLQ EQQGQHW WKH
HITHFWRI LQFUHDVHG DQWE LRWF UHVIVWDQFH LV KLJ KQJ KWAG E\ DQ RXVEUWHDN RI H[ WVHQVLYHQ GUXJ
WHVIWDQW ;' 5 &1 Su2Pbbp :S RFX®U LQIHFWRQV LQ 86% LQ VWK DW WHVXOMG LQ IRXU
GHDWKV IRXUH\H ULHP RYDQY DQG VHYHWH YLVIRQ QRW LQ DQRWKHU  SHRSQH 7KH IXAGFRP SOH[ LW
Rl DQWELRWF WHVIWWDQFH DQG YLUXQHQFH LQ RFX@MU LVRMWHV LQ QRWNQRZ Q + HQFH WKLV WXG\
DIP HG WR LGHQWI\ VKH UHVIVWDQFH JHQHV DQG YLXQHQFH IDFWRW SWRGXFHG E\ §I Su2rPbp :S
LVRMWAG ILRP RFX®U LQIHFWRQV DIRXQG VKH Z RUIB

0 HWKRGV 3 KHQRW SLF FKDWDFWAU] DWRQ LQFXXGLQJ VWKH GHWALWP LQDWRQ RI P LQLP XP LQKLELWRU
FRQFHQWDWRQV 0 ,&V DQG VWKH DWHWP HQWRI ELRIL®P IRW LQJ DELAW RI §1 Su2Pbp : S
LVRDWHV REWLQHG IWRP RFXMU LQIHFWRQV Z DV SHURW HG XVIQJ WKH EWRWK P LFIRGLXXWRQ
P HWKRG DQG FU WO YLRGHWDWD\ WHVSHFWYHQ : KRG JHQRP H VHT XHQFLQJ Z DV FDUUHG RXW
XVIQJ VKH ,GXP LQD VHTXHQFLQJ SMWRWP DQG DQQRVWDWG Z LK 3 LRNND Y $05 JHQHV
Z HWH LGHQWI LHG XVLQJ $0 5) LQGHW XV Y DQG VWKH &RP SWHKHQVLYH $ QWE LRWF 5 HVLWDQFH
' DWEDVH &$5' Y 7KH SWHVHQFH RI DFTXWHG WHVIWDQFH JHQHV DQG YLUXQHQFH IDFVWRW
Z DV IXUKHU DQDQ] HG XVLQJ 5HV) LQGHU Y DQG WKH 9LUXQHQFH ) DFWRU ' DWEDVH 9)' %
WHVSHFWYHQ 0 RWHRYHU WRDU. Y Z DV XVHG |IRU SDQJHQRP H DQDQ VLV Z KLOH 6QLSS\ Y

Z DV HP SR\ HG IRUZ KRG JHQRP H YDUDQWDQDQ VLV

5HVXQV $ WLUG RI VKH RFX@M@U LVRMOWHV ZHW 0' 5 + RZ HYHU D@ LVRMWV Z HWH VHQVIWYH WR
SROP\[LQ % DQG W R WKLUGV Z HUH VHQVIWYH WR JHQWP LFLQ WREWP \ FLQ DQG GHYRI@R[ DFLQ
7Z R WKLGV Rl VKH LVR@WAV Z HUH VWKRQJ EILRIL®® SWRGXFHW ZIW D@0 ' 5 LVRAOWAV EHLQJ
VWHRQJ ELRIL® SWRGXFHW 7DEMH 7KH $05 JHQHV §SH a | : DQG S/ @[bMgX¢ Z HWH
GHWHFWAG LQ QHDUWQ D@ LVRM@WAV ,QWHUIHWIQJQ 0 ' 5 §I Su2Pbb : S LVRMWHV XQLT XHQ FDUJLHG
DP LQRJQ FRVIGH WHVIWDQFH JHQHV SS§[P\g® S5S§[4dgX B SS® U SS® W S/ @[pdg{Raaal
S/ gla\g@w 2y H Y 2y H R 2y I-( ~ MFWP WHVIWIDQFH JHQHV | 65J02ga ! 6Sm agU ! 6S, & g
W 165,84 gpaa ! 65, & graa |68 CgU ! 6S8( ! glaS | &S8( ! gpa | 6SAOwgU | 6SRMv gal
IO(RLRTXLQRGQQH U—|VLVWDQFH JHQHV 1 2R! UDQG Po2  WAWDF\ FQQH WHVIWDQFH JHQH HuHJ\
P DFLRQGH WHVIWDQFH JHQHV p2u[ \ ¢ /@[ \ § / @[O0\ § :2[0\ DQG RWKHU LHVIWDQFH J HQHV
®I2 a o2 162y 1S80 1S§0®ueHSU Hy pun! H upun( Y H/2hU 7DEM 0 DQ\ RFX®U
LVRWAV REWLQHG ILRP ,QGID ZHWH 0 ' 5 DQG KDWERWG D JWHDWHU QXP EHU Rl UHVIWDQFH DQG
YLUXQHQFH JHQHV FRP SDWHG WR VWKH $XWUDQDQ LVRMWAV ,QWHLHWIQJQ O0' 5 LVRMWV Z HWH
un C SRVIWYH VWKDWHQFRGHV IRUD SRWQWSKRVSKRQSDVH Z KHUHDV QRQ 0 ' 5 LVR@WAV Z HWH
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un 2 SRVIWYH VKDWHQFRGHV IRUD GXDOIXQFWRQ 5KR * 73DVH DQG DQ $' 3 UERW QUDQVI HUWDVH
SWIRWHLQ 7DEA

0 RUH QRQ W\ QRQ\ P RXV YDUDWRQV Z HUWH GHWAFWAG 1Q 0' 5 §I Su2PbbP :S WIRQJ ELRILPP ?
SWRGXFLQJ VWDLQV WRWO61 3V FRP SDWHG VR VWRQJ VRWO61 3V DQG Z HDN
WRWO 61 3V ELRILP ?SURGXFLQJ QRQ 0 ' 5 §I Su2Pbb :S VWWDLQV 7DEMH 0'5 8§l
Su2Pbbp :S LVRMOWHV H[KLELIWHG D WH®WYHQ ®UWHU SDQJHQRP H FRP SDWIHG W QRQ 0' 5

LVR®WAV DQG WKH SK\ QRJHQHWF DQDQ VLV VKRZ HG VKDWVWKH 0 ' 5 LVRDOWYV FOXVWHWHG WRJ HVKHU
) LI XWH

&RQFXVIRQV ' HVSIWH VWKH SWHVHQFH RI 0' 5 VWDLQV P RVWNHWDWWY §1 Su2Pbb :S LVRMWV
WHP DLQHG VXVFHSWEQ WR NH\ DQWEIRWFV Z KHWDV 0' 5 LVR®WY SRWHWHG DGGLWRQDO
WHVIWDQFH DQG YLUXQHQFH JHQHV ,QGLDQ RFXM®MU LVRMWV Z HWH SWHGRP LOQDQWY 0 ' 5 DQG
KDUEERWHG P RWH WHVIWDQFH DQG YLUXQGHQFH JHQHV WKDQ $XWUDADQ LVRMOWAY 7KHWHIRW

WUW HWQJ WKH XQLTXH JHQHV DWRFIDWAG Z WK 0 ' 5 §1 Spu2PPb :S WRJHWHUZ VWK VWKH SRWHQW
YLUUXQHQFH IDFWRU un C P D\ SUWRYLGH DQ HIITHFWYH VWDWJ\ WR P LWJDWA VKH VSUHDG RI 0 ' 5 §I
Su2Pbp S VWDLQV

§M. y 8S BS6X H2b : B8 Au2y P SH 2b HZp A nb J HH nb ,/u2 82y Hu: HIu
A2S :y bB:b [ iPDSHH Hi b H8 2 u: b HS 8§u §6S:y ®:

- LDQ] KRQJ /LO{ 6RQJZ HL1 L %DL XDQ /L <XQ[ XH * XR{ <DER /LX{ : LDR[ XH : DQJ{

. H\ / DERWDVRU Rl 7WRSLFDO0 DUQH %LR UHVRXUFHV DQG ( FRARJ\ 6RXVK &KLQD 6HD ,QVWWXVH RI
2 FHDQRMRJ\ &KLQHVH $FDGHP\ Rl 6FLHQFHV 1R +DLELQ 5RDG 1DQVKD ' LVWWLFW
* XDQJ ] KRX &KLQD

&RQNKJ DWYH SMVP LGV P DMRU YHKLFQHV IRU VKH VSUHDG RI DQWELRWF WHVIVWDQFH J HQHV RIWHQ
FRQWLQ P XONSOH WR[ LQ+DQWWR[ LQ 7$ W\ WHP V + RZ HYHU VWKH SK\ VLIRQRJ LFDOIXQFWRQV RI 7$
W\ WHP V WIHP DLQ REVFXWH %\ WXG\LQJ W R 7$ IDP LAQHV FRP P RQQ IRXQG RQ FRAVWQ UHVLWIDQW
,QF, ¥ 829U EHDUQJ SMVP LGV Z H GLVFRYHWHG VKDWVKH + LF$ % 7$ WDWHUVWKDQ VKH 6VE' ( 7$
DFW DV D FUXFLDODGGLFWRQ P RGXCH WR LQFWHDVH KRU] RQWOS MVP LG+SMVP LG FRP SHWWRQ ,Q
FRQWDVW W VWKH FDQRQLFDOWSH ,, 7$ WWHWP V LQ Z KLFK WKH 7$ JHQHV DUH FRWDQVFUEHG
DQG RU VKH DQWWR[LQ JHQH KDV DQ DGGLWRQDO SWRP RWHU WR DARZ IRU DQ LQFWHDVHG
DOWWR[ LQ VR[ LQ WIDWR VKH +LF$% 7$ WWHP Z IWK WH WR[LQ JHQH SWHFHGLQJ WKH DQWWR[ LQ
JHQH HP SR\ V LQWAUQDO WDQVFUSWRQ WP LQDWRQ VWR DARZ IRU D KLJKHU WR[ LQ SWRGXFWRQ
7KLV LQWLQVLF WALP LQDWRU IHDWKUQJ D * & UFK KDLUSLQ Z LW D 888 WDFW QHV XSVWWHDP RI
VKH DQWWR[ LQ JHQH LQWRGXFLQJ D XQLTXH P HFKDQLVP |RU HQKDQFLQJ WR[ LQ DQWWR[ LQ WDWR
RXVBXW &UWFD@ WKH O 7$ VL QULFDQWY FRQWIEXWAY WR SMVP LG FRP SHWWRQ DQG
SMW LG SHWLWHQFH LQ WKH DEVHQFH RI DQWELRWF VHOHFWRQ DQG GHOHWQJ WKLV LQWLQVLF
VWP LQDWRU DARQH GLP LOLVKHV VKLV IXQFWRQ 7KHVH ILQGLQJV DQJQ Z LMK VKH REVHUYHG KLIK
RFFXUHQFH Rl @B  LQ ,QF, SM®VP LGV DQG WKH SHWLWHQFH Rl VKHVH SMVP LGV DIWU E DQQLQJ
FRQWYQ DV D IHHG DGGLWYH 7KLV WXG\ WHYHDO/ KRZ UHSWRJIWDP P LQJ WKH WHI X®WRU FLUFXLW
RI 7$ RSHWRQV LP SDFW SM®VP LG RFFXSDQF\ LQ WKH P LFURELDO FRP P XQLW DQG SURYLGHV
FUWFDOWW HW | RUFRP EDWQJ DQWE LRWF WHVLWDQFH

. H\Z RWGV WR[ LQ+DQWWR[ LQ W VWHP  LQWIQVLF WHWP LQDVWRU § §2gU FRQMNKJDWYH S®WP LG
DQWE LRWF UHVLVWDQFH J HQHV

§AA. CHbP P mED@H b D a BHEP HZp | ® X ®P:Ho( §6S:y SL §HhSHU® mbLPH®: H
I y!'SHI ® 2 p8§8SHZ bu

%MRHUQ + . REH 7DQLD 9HOW DQ $GUDQ $EGR %U DQ &RDG DQG . DWKDU.QD 5 LFKWHU

5 FKWHU / DE  %DVLO + HW HO, QYWW W IRU 7 UDQVADWRQDO + HDGXK 5 HVHDUFK $ GH®LGH 8 QLYHWLW
6 RXWK  $ XVWDQD 6 FKRRO RI $JUFXOXW )RRG DQG : LQH $GHD®LGH 8 QLYHWLW : DLWA
&DP SXV 6RXVK $ XWADQAD ,QVWIWVXWA IRU3KRWRQLFV  $ GYDQFHG 6 HQVLQJ $ GHM®LGH 8 QLYHWLW
6 RXWK $ XVWDQD

,QWRGXFWRQ )RRGERWH SDWKRJHQV SRVH D VLI QULFDQW SXEQF KHDOK FKDAMQJH LQ
$XVWWDAD WHVXONQJ LQ DSSUWR[LP DWHQ KRVSLWO DGP LWLRQV DQQXD@ DQG DQ
HVWIP DWHG HFRQRP LF LP SDFWRI ELGRRQ 7KH UVLQJ WUHDW Rl DQWP LFURELDO WHVLIWWDQFH
WHGXFHV VKH HIILFDF\ Rl FRQYHQWRQDOIRRG VDQLWVHW LQFWHDVIQJ VWKH UVN Rl FRQWP LQDWRQ
3@VP D DFWYDWHG P HGLD 3$0 DWH LQQRYDWYH VDQLWVHW JHQHUWDWAG E\ H[ SRVLQJ Z DWU
VDAQH RU EXIIHU VROXWRQV WR LRQLVHG JDVHV SWRGXFLQJ DQWP LFURELDO WHDFWYH R[\JHQ DQG
QLWRJ HQ VSHFLHV 7KHVH VDQLWVHW KDYH VXEWDQWDO SRWAQWDO IRU VKH IRRG VHFWRU DV VKH\
FRQWLQ P LQLP DOVWR QR LQGXVWIDOFKHP LFDO/ DQG FDQ WHGXFH WH HQYLLRQP HQWOLP SDFWRI
IRRG VDQLWVDWRQ

+\SRWHVLY 3$0 JHQHWDWG LQ Z DWHU VDAQH DQG EXIIHU VROXWRQV H[ KLELW DQWP LFLRELDO
DQG DQWELRIL® HIILFDF\ DJDLQW IRRGERWQH SDWRJHQV 7KLV ZDV HYDOXDWG XVLQJ
SMQNWRQLF VXVSHQVLRQV DQG ELRIL®P V Rl mb Hi2ES § §oH Py p: DQG 0: §DU2EPES § o

0 HWKRGV 7KH HITHFW Rl GUIHUHQWEDVH P HGLD DQG JHQHUDWRQ WP HV Z HWH DQDQ VHG RYHU
GD\V E\ P RQIWRUQJ SK\VLIFRFKHP LFDOSWRSHUNHV Rl HDFK 3$0 LQFOXGLQJ S+ FRQGXFWYLW
DQG R[ LGDWYH UHGXFWYH SRWQWDO 7KH FRQFHQWDWRQV Rl UHDFWYH R[\ JHQ DQG QLWRJ HQ



VSHFLHV Z HUH TXDQWILHG XVIQJ 89 9,6 VSHFWRSKRWRP HWW 7R HYDOXXDWH DQWP LFURELDO
HITLFDF\ WP H NLGD H[ SHUP HQW Z HWH FRQGXFWAG Z K 3$0 JHQHWDWAG IRU DQG

P LOXWAV DJDLQVW VXVSHQVIRQV RI mb HI2ES ¥ §oH Py p: DQG 0:8§Qu28@ES § & HDFK
WDQGDUGLVHG WR | &)8 P O $GGLWRQD@ DQWELRIL®® DFWYLW Z DV DWHWHG DJ DLQWW
KRXUELRILP V XVLQJ VWKH $ P DWAOXH YLDELQW DWD\ DQG &) 8 H[ WDFWRQ

5HVXOW 7KH EDVH P HGLXP DQG JHQHUWDWRQ WP H VL] QULFDQWY LQIOXHQFHG S+ FRQGXFWYLW
253 DQG LRQ FRQFHQWDWRQV LQ HDFK 3$0 7LP H NLGD FXUYH H[ SHUP HQW GHP RQVWDWAG D
WHGXFWRQ RI XS WR WR @RJ LQ SMONVRQLF EDFWHUD Z LVKLQ  VHFRQGV Z KHQ XVLQJ 3$0
JHQHWDWG IRU P LQXWV DQG XS WR D WHGXFWRQ LQ ELRIL®® YLDELQAW DFWRW D@®
DWHWHG VWDLQV

&RQFXXVIRQ 7KH VHWWG 3$0 V VKRZ SURP LVIQJ DQWP LFLRELDO DQG DQWELRIL® SUWRSHUNHV
DJ DLQVW IRRGERUQH SDVKRJHQV ) XWKWH WVHDWFK FRXQ5 VXSSRUN VKH WDQVADWRQ RI VWKHVH
IRLP X@WRQV LQWR SUDFWFDOIRRG LQGXWW DSSQFDWRQV |RUIRRG VDI HW

§A. (us8H @Gu2p B HIP ! Y/ :HP S ® 2 o6u: | HZp PIiRy wSHEI b HIu J2uSH
®S/ HI2 P20@ 6®u2ES / : pP® y Sooub

6DP XHO- * RORQ $P U5DP DGDQ ,DQ $ 0 FO LADQ * DFH , %RUMHH %WDGAH\ 5 %RUMHH

' HSDUW HQWRI 0 LFLIRELRQRJ\ ,P P XQRARJ\ DQG 3DWKRRJ\ &RMUDGR 6VWW 8 QLYHWLW ) RUW
&RAQV &2 86$% &HQWHUIRUO LFLRELDO2 FHDQRJWDSK\ 5HVHDWFK  ( GXFDWRQ 8 QLYHWLW RI
+ DZ DU'L DWO AQRD + RQRXXXX +, 86$%

P20@ ®U2S /i uP® y S&ubp / IRWP V UIREXVWELRIL® V DQG SHWLVW LQ VKH HQYLLRQP HQW /
LV DO/R LHVLWDQWWR P DQ\ DQWP LFUWRELDO/ DQG LV VKH FDXVDWYH DJ HQWRI P HQRLGRVLV D VHYHWH
LQIHFWRXV GLVHDVH Z LK JQREDO GLVWMLEXWRQ DQG KLIK P RUMQW WWYV $V D VDSWRQRWF
GLVHDVH DJHQW / FDQ HIITHFWYHQ WDQVIWIWRP HQYLLRQP HQWO WHVHUYRLW WR FDXVH LQIHFWRQ
LQ D KRVW EXWQWYH LV NQRZ Q DERXWKRZ LWVHQVHV DQG WHVSRQGV W DOMU VKH SIRGXFWRQ RI
VWKH P ROHFXQHV VKDWFRQWLEXWH WR ELRIL® IRWP DWRQ GXUQJ WKLV WDQVIWRQ / SWRGXFHV D
GLYHWH DUD\ Rl VXUDFH DWRFLDWHG SWRWLQV DQG SRQ VDFFKDUGHV Z KLFK IDFWRU LQ LW/
DGDSWELQW DQG ELRIL®® SWRGXFWRQ FDSDELAWHV $GGLWRQD@ LW SURGXFHV QXP HURXV
VHFRQGDU P HWERQWV VWKDW FRQWIEXWH WR DQG DQMWU ELRIL®P JWRZ VK G\ QDP LFV 7RJHWKHU
WKHVH P ROHFXCGHV QNHQ FRQWLEXW W VWKH DELAQW Rl / WR SURGXFH D ELRIL® DQG WR WHDGLQ
DGDSWVR FKDQJLQJ HQYLLRQP HQW)OFXHV 7KH DLP RI WKHVH WX GLHV LV WR XQGHUMDQG KRZ VKLV
FRP SH[ WSHUMRLWH RI H[ WDFHGX®U P DWL FRP SRQHQW LV DOMHWHG LQ WVSRQVH WR
HQYLLRQP HQWOFXHV DQG VKH YDURXV LRAHV VKDWVKH\ SRWHW 7R WXG\ VWKHVH P RGHFXQHV Z H
XVHG D YDUHW RI JHQHWF DSSWRDFKHV WR GLVUXSWSWRGXFWRQ RI P DWL FRP SRQHQW DQG VKH
VLI QDAQJ M WHP V. VKDW FRQWRO VWKHLU SWRGXFWRQ ZKLMH FRQFXUHQWY DOMUQJ WKH
HQYLLRQP HQWO FRQGLWRQV 7DWHWAG GLVUXSWRQ Rl F GL*03 P HWDJLQJ WYHDOHG
SKHQRWSLF P SDFW RQ ELRIL® IRW DWRQ FRM®Q\ P RUSKRMJ\ P RWQW DQG VHFRQGDU
P HWERQWAV LQ UHVSRQVH WR HQYLLRQP HQWDOFXHV ' HAHWRQ DQDQ VLV Rl VWKH ELRWV QWKHWF J HQH
FOXWHW HQFRGLQJ VWKH VXUDFH DWRFLDWAG SRQ VDFFKDUGHV LGHQWILHG VSHFULF WRGHV IRU
VRP H FRP SRQHQW DQG RYHUDSSLQJ IXQFWRQV IRU RWHW 7KHVH DSSWRDFKHV KDYH WKH
SRWHQWDO VR GHFRGH WKH FU SWF H[ SLIHWLRQ DQG WRMV RI VWKHVH P DWL] FRP SRQHQW VKDW
FROQWIEXWH W / ELRIL® IRW DWRQ 7KH DELAW RI / WR SWRGXFH QXP HURXV VXUDFH
DWRFLDWHG SWRWLQV DQG SRQ VDFFKDUGHV FRQWIEXWAV WR LW S®WIFIW DQG VXUYLYDO LQ
GLYHWH HQYLLRQP HQW DQG QLFKHV

§AME wPoHY ®S6! y /PHSHp So6 X®u HHIBBSHP I whia X @B HH 2: AS2buH B ©OP 2Py
2y :PbHD P WPOHA( 2PPL2U:PHS H §:uP® y S: Su2Pbb :S( X :B@H 12y X
w ®uoth D) w 6ugPeS2 ( 8obP D) (wO)w ©u8P&S2 (o Sy HB: 2B P6SHP :) S ® ©PS HPY

| guy BS6! Se8PeSHP

7RSH $EWKDP ,ELVDQP L ; LDRWR -1DQJ 5DVHO$KP HG . KDQ 7V] 7LQ <X 0 DW : LAFR[u
DQG 1 DUHWK . XP DU

6 FKRRORI &KHP LW 6 FKRRORI &Q@QLFDOO HGLFLQH 6FKRRO2 SWRP HW) DQG 9 LVIRQ 6 FLHQFH
8 QLYHWLW RI 1 HZ 6RXW : DMV

§:uP® y S Su2PPPp : S LVD P DNRUJ GREDOKHDOK FRQFHWQ GXH WR LW P XQNGUXJ WHVLVWDQFH
0'5 QHFHWLWWQJ WH XWHQW GHYH®RSP HQW RI QRYHO WKHWDSHXWF \VWDWAJ LHV
8 QGHUMDQGLQJ VKH P ROHFX@®U EDVLV Rl WHVIWDQFH LQ FQQLFDO LVRMDWAV LV FUWFDO IRU
GHVLI QLQJ QH[ WJ HQHUWDWRQ DQWP LFURE LD/

7KLV WXG\ DQDQ VHG UHFHQWFQQLFDOLVRMWAHV Rl §1 Su2PPpb : S REWLQHG ILRP VKH 1 &%, IRU
VKHLW WHVIWDQFH JHQH DQG YLUXQHQFH IDFWRU SWRILGHV $P RQJ VKH YLUXGHQFH DWRFLDWAG
WWHW 0 YI5 D NH\ WDQVFUSWRQDO UHJ X@MWRU RI TXRWP VHQVLQJ DQG ELRIL® |RWP DWRQ
Z DV SURUW] HG EDVHG RQ LW | XQFWRQDOWGHYDQFH $, P RGHAQJ RI 0 YI5 LGHQWILHG ILRP VKH
JHQRP H DQDAVLY ZDV SHURW HG IRGARZ HG E\ P RHFXMU GRFNLQJ DJDLQVW D QEWU RI
FRP SRXQGV SK\RJHQHWF FRP SDUVRQV WR FRP SDWH Z LK SUHYLRXVQ LGHQWILHG RQH $' 0 (7

SWRILAQJ QV P ROIFXMU G\QDP LFV 0 ' VIP X(MWRQV [WHH ELQGLQJ HQHW\ DQG ' HQWW
) XQFWRQDO7KHRU ' )7

* HOQHV FUWFDO IRU DQWP LFLRELDO WLHVLWDQFH GUXJ WW HWQJ DQG YLUXGHQFH IDFVRW Z HWH
LGHOWI LHG DFLRW P XQNS Q1 GDWDEDVHV 7KH DQWP LFURE LDOUHVLIWIDQFH J HOQHV DQG WHFHS VWRW/



WHYHDGHG NH\ UHVIWDQFH P HFKDQLVP V LQFOXGLQJ DQWELRWF LQDFWYDWQJ HQJ\P HV HIICX]

SXP SV TXRUXP VHQVLQJ DQG DOMUDWRQV LQ FHADZ DAFKDW H RUSHWP HDELAW 1 RWEQ 6
GLUOXRWRP HWK\O + EHQ]R>G@P LGD]RO \O K\ GUR[ \ S\UGLQ \ OHWK\ OXUHD

H[ KLELWAG WKH KLJ KHVWGRFNLQJ VFRWHV DJDLQVWO YI5 ' )7 DQG 0 ' VIP X(WRQV RYHU Qv

GHP RQVWUDVWG WDELQW RI VKH WRS QJDQGV VXSSRUMG E\ IDYRXWEG®H P RHFXDU WDE LAW

SDWDP HWW VXFK DV 506' 6$6% 506) DQG 5J SQRW )XUKHWP RUH WKH WRS WQNLQJ

QJ DQGV VDWVI LHG / LSLQVNLB/ UXQH RI ILYH VXJJHWQJ IDYRXUDEQ4 GUXJ QNH SURSHUNHV

7KLV WIKG\ SLRYLGHV DQ LQWJ LIDWHG FRP SXWWRQDOFKDWDFWAU] DWRQ RI 0 YI5 LQ LHFHQWS I

Su2Ppp :$ LVROWV DQG LGHQWILHV JHQHWF YDUDWRQV VKDW P D\ LQIOXHQFH GLVHDVH

P DQUHWDWRQ

§AC. (B2P/ HP I 81 Su2Pbbp :S S ® 21 SP2uP: ( PS6 2/ pghu: PiRy : i B2
Hy B2 | 568§ u/ H®u @mLACAS ® ! B 2 16 nS§b

' HVIH . DvHZ 0 XKDP P DG <DVIU %LQRG 5 D\ DP DMKHH 0 DWN : LAFR][

8 QLYHWLW RI 1 HZ 6RXW : DMV 0 DFTXDUH XQLYHWLW

§:uP® V S: Su2Pbbp :S DQG 2HS/ @od § §8P: SP2uP: IWHTXHQWY IRWP P L HG&SHFLHV
ELIRIL®P V GXUQJ IQIHFWRQ $QWP LFLIRELDO SHSWGHV $03V LQFXGLQJ WKH KXP DQ
FDWHQFLGLQ //e P D\ LQKLELWRU GLVUXSWELRIL® V DARQH RU Z MK DQWELRWFV 7KLV WXG\
DWHWHG //ce DQG FLSWIMR[DFLQ LQGLYLGXDG DQG FRP ELQHG I|RU WHLU DELQW WR GLVUXSW
SWHoERWP HG VIQJ M DQG P L HG ELRIL® V 0 HWKRGV §1 Su2Pbb :S 3% XUQH LVR@WA DQG 2|

SP2uP: DQG Z RXQG LVRMWHV Z HWH JWRZ Q RYHWQLI KWLQ W\ SWF VR\ EWRWK 76%
GLOXWAG WR 2 DQG LQRFXMWG LQGLYLGXD@®M RU LOWR oZ H@OD SMWHV $ 1WHU K DW
r& HWDEQVKHG ELRILP V Z HWH AHIWXQWHDWG RU H SRVHG W // ce FLSWIRIGR[ DFLQ RU ERW
IRU K %RILP V ZHWH GWWWIXSWG E\ YLIRWRXV VFUWKEELQJ DQG YLDEMH EDFWHUD Z HWH
TXDQWILHG RQ GUIHWHQWDO P HGLD 5HVXQW ,Q VLQJ HaWSHFLHV ELRIL®» V ™ ,& FLSWRIGR[ DFLQ
WHGXFHG 3% s VR s arRJ &)8 PO 6% s VR s DQG 6%

S VR S //ce DW ™ ,& KDG QR HIITHFWRQ 3$% RUG6GS$ EXWWHGXFHG 6%

S WR S 7KH FISWIRIR[DFLQ // e FRP ELQDWRQ I XUMXHU GHFWHDVHG 3% WR S
DQG 6% WR S Z WK QWVH DGGLWRQDOHIITHFWRQ 6% ,QP UHG ELRILAP V 3%
VXSSWVWHG 63% S WR S Z KLAH LQFWHDVIQJ W RZ Q QXP EHW S WR

S D WK 63 3% Z DV XQFKDQJHG S DQG 6% GHFWHDVHG VQJ KWY

S WR S ,Q PLUHG ELRILP V ™ ,& FLSWRIMR[DFLQ WHGXFHG 3% WR arJ
&)8 P O HWDGLFDWAG 6% DQG WHGXFHG 6% W s /1 ce ™ ,& WGXFHG 3% WR

S Z1W 6% DQG S Z1W 6% ERW 6 DXWHXV VWADLQV WHGXFHG W a
@RI &)8 P O 7KH FRP ELQHG DJ HQW IXUXHU WHGXFHG 3% S ZIW 6% S
ZLK 6% DQG HQP LQDWAG 6% Z KLOH QRZ HUQJ 6% W s &RQFOXXVIRQV ,Q

P UHG ELRILAP V 3% WHP DLQHG VIP LODWQ VXVFHSWE Q1 WR VIQJ H DI HQW EXWVKRZ HG VQJ KV
J LHDVWHU VRAHWDQFH VR VKH FRP ELQDWRQ %RW 21 SP2uP: WADLQV EHFDP H P RUH VXVFHSWE G WR
FISIRIGR[DFLQ //ce DQG WKHLUFRP ELODWRQ Z KHQ JWIRZQ Z LK §1 Sp2Pbp S

SAE. 1 2y WSlon HLU PRy $ ® HL ®Fu:b  0iiusH 1 RPy & m38§H ip22p $PSP : H
§: uP® y S: Su2Pbb :S

* HEUHVH®WIH ' HP HNH 0 LKUWHWH 6LP LQ 0 DVRXGL DQG 0 DWIN' 3 : LAFR]

6 FKRRORI 2 SWRP HWA DQG 9ILVIRQ 6FLHQFH 8 QLYHWLW RI 1 HZ 6RXW : DAV 6\GQH\ 16:
$ XVWDQD

& RUHVSRQGHQFH P Z LAFR[ # XQVZ HGX DX

,QWRGXFWRQ %LRIL®® IRWP DWRQ LV RQH P HWRG XVHG E\ §:pP® y $: Su2PPbp :3 D
FRP P RQ FDXVH RI NHWDWWY WR WHVLIVWVWKH HIITHFW Rl DQWELRWFV DQG KRVWGHIHQFH W WHP V

/ DFWRIHULQ D QDWWO LRQ ELQGLQJ SWRWHLQ IRXQG LQ WDW SRWHWHV DQWP LFURELDO
SWRSHUNHV VKDWP D\ KHGS FRP EDWS§I| Sp2PPp S LQIHFWRQV E\ SUHYHQWQJ DQG GLVUXSWQJ

ELRILP IRWP DWRQ

2 EMHFWYHV 7KLV WXG\ H[DP LQHG KRZ KXP DQ ®MFWRIHULQ DIIHFW §1 Su2PPb :3 DGKHVIRQ

ELRIL® IRWP DWRQ DQG HQW) LQWR FRUQHDOFHQY

0 HWKRGV + XP DQ MFWRIHULQ DQWP LFLRELDO DQW ELRIL®® DQG DQW LQYDVIRQ HIIHFW DJ DLQWW
VI &1 Su2PPp :S VWDLQV ZHW P HDVXWHG XVIQJ P LQP XP LQKLELWRU FRQFHQWDWRQ
P LFLIRGLOXWRQ DWD\V FU WO YLRGIWELRIL®® LQKLELWRQ DQG GHJ UDGDWRQ DWD\V DQG YLDEQH
FRARQ\ FRXQW ,W DELAW WR SIRWHFWKXP DQ FRUQHDOHSLWKHQDOFHAY +&( 7 IURP EDFWUDO
LQYDVIRQ Z DV WHWHG XVIQJ D JHQWP LFLQ SWRWFWRQ DWD\ Z KL HIIHFW RQ EDFWUDO
P RWAW Z HWH P HDVXWHG Z LK D W LWKLQJ DWD\ ' DWD Z HWH DQDQ VHG XVLQJ XQSDLUHG WWHWY
Z LK VL) QU LFDQFH VHWDWS ¢

5HVXOW /DFWRIHULQ VKRZ HG VWWRQJ LQKLELWRQ DQG GLVSHWDO DFWYLW DJDLQVW VI VWRQJ

ELRIL®P IRWP LQJ §I Spu2PPp :$ WWDLQV 3$ 3% 3% 3% 3% DQG
$7&& 2 Q DYHWDJH MDFWRIHUWQ LQKLELWAG ELRIL® |IRWP DWRQ E\ d ZIWK PJ P/

FDXVLQJ WKH JUHDWAVW ULHGXFWRQ LQ ELRIL® ELRP DW DQG YLDEQMH FHAY + XP DQ MFWRIHULQ
GHJ UDGHG ELRILP IRWP HG E\ $7&& DQG RI VKH ELRIL® IRWP HG E\ 3% Z DV



QW GHJ UDGHG / DFWRIHULQ VLJ QULFDQW WGXFHG EDFWUDO DWDFKP HQW DQG LQYDVIRQ LQWR
KXP DQ FRUQHDO HSLWHQDO FHAY 0 RWH WKDQ Rl VKH LQYDVIRQ HIILFLHQF\ RI 3$ DQG
3% Z DV GHFUHDVHG

&RQFOXVIRQV 2 YHWD@ WKHVH ILQGLQJV GHP RQWIDWH VKDW KXP DQ MFVWRIHULQ LQKLELW §]I
Su2PPp :S$ ELRILP GHYHRSP HQW GLVIXSW HWDEQVKHG ELRIL® V DQG QP LW EDFWUDO
DGKHVLIRQ DQG LQYDVIRQ RI FRUQHDOHSLWKHQDOFHAY 7KLV XQGHWFRWHV LW DFWRQ DV D QDWUDO
DQWP LFURELDODQG P D\ EH RQH WHDVRQ Z K\ VWH RFX@U VXU DFH LV SDXFLP LFURELDO

. H\ZRUGV /DFWRIHUIQ §:pP® §y S: Su2PPp :$ ELRIL® IRWP DWRQ ELRILP GHJUDGDWRQ
FHA@DGKHVIRQ LQYDVIRQ

§AE. yS HPSHP2u® ( 2bhudb pu 2P2IS§u: H ! y ! SH( phBBuL :: S§ESHI® X TugHp : S ®
X A28 :6SHP S68 Hu HESH

ZKX\ 3 7 1JX\HQ ' DYLG OF*LUILQ $QWRQ < 3HMJ 5RH\ ( GQDVWKDQ 1 LFRMV +

9RHG-NHU <XH 4 X

,QIHFWRQ 3WRJWDP 0 RQDVK %LRP HGLFLQH ' LVFRYHU ,QVWUVKXWA ' HSDUNWP HQWRI 0 LFURELRQRJ\

0 RQDVK 8 QLYHWIW & @\ WRQ 9 LFVRUD $XWDAD &HQWH WR ,P SDFW$05 0 RQDVK
8 QLYHWIW 0 HERXUQH 9LFVWRUD $ XVWWDQAD ' HSDUWP HQW RI &DUGLRVKRUWDFLF 6XW HU

7KH $0WG DQG 0 RQDVK 8 QLYHWLW 0 HERXWH 9LFWRUD $ XVWWDQD &UWFDO &DWH
5 HVHDUFK * LIRXS 7KH 3UQFH &KDUMV + RVSLWO %UVEDQH 4 XHHQVMDQG $ X VWDQD

' HSDUW HQW RI ,QIHFWRXV ' LVHDVHV 7KH $OWG + RVSIWO DQG 6FKRRO RI 7WDQVAMWRQDO
0 HGLFLQH 0 RQDVK 8 QLYHWIW 0 HERXWH 9LFWRUD $ XVWWDQD 0 HERXUQH &HQWH IRU
1 DQRIDEUFDWRQ 9LFWRUDQ 1 RGH Rl VWKH $XWWDQDQ 1 DWRQDO) DEUFDWRQ ) DFLQW & @\ WRQ

$ X VWDQD

3 DWHQW Z LMK HQG WDJ H KHDUWIDLOXUH RIWVHQ GHSHQG RQ YHQWLFX@®U DWLVWGHYLFHV 9$' V IRU
VXUYLYDO EXWELRIL®P WHMDOWG GUYHAQH LQIHFWRQV WP DLQ D VL] QU LFDQW FQQLFDO FKDAMQJ H
1 DQRVWUXFWKWHG VXU DFHV KDYH UHFHQWY HP HW HG DV D SWRP LMLQJ VWUDWJ\ WR SUHYHQWELRIL®P
IRBP DWRQ RQ P HGLFDO GHYLFHV ,QVSLHG E\ VWKH EDFWHUFLGDO DUFKLWHFWUH RI GUDJRQIQ
Z LQJV VKHVH QDQRVFDQH |HDWKWHV P HFKDQLFD@ GLVUXSWE DFVWUDOP HP EUDQHV WKRXJ K VKDUS
KLJ K DVSHFWWDWR VWUXFWUHY ,Q WKLV WXG\ Z H HQJ LQHHUHG DQW. LQIHFWYH GUYHQQH VXU DFHV
XVLIQJ VLAFRQ EDVHG YHUNFD@ DQJQHG QDQRZ LLH DUD\V IDEUFDWAG WURXJK DGYDQFHG
QDQRP DQXIDFWUQJ WHFKQLTXHV . H\ QDQRZ LLH GHVL) Q SDWDP HWHW LQFOXGLQJ KHLIKW " P
SLWK QP DQG WS GLDP HWU QP ZHW RSWP LJHG WR HQKDQFH EDFWUFLGDO
SHURW DQFH DJDLQVW SDVKRJHQV FRP P RQQ WHVSRQVIEQH IRU 9$' GUYHAQH LQIHFWRQV 7R
H[ SDQG VKHLU DSSQFDELAW WR FXUYHG RU IGH[LEQH GHYLFH FRP SRQHQW WH WJLG VLAFRQ
QDQRZ LLHV ZHW VXFFHWIX@  WDQVIHUHG RQW FRP SADQW SRQAP HUF  VXEVWDWYV
$ QWP LFLRELDO DFWYLW Z DV DWHWHG XVIQJ FRMRQ\ IRWP LQJ XQLW HQXP HUWDWRQ VFDQQLQJ
HOHFWRQ P LFLRVFRS\ 6( 0 DQG IRFXVHG LRQ EHDP 6(0 ),% 6(0 7KH RSWP L HG
QDQRZ LLHV H[ KLELWWG VWRQJ EDFWHUFLGDO HIIHFW DJDLQVW P XONSQH FQQLFDA WHGHYDQW
P LFIRRWDQLVWP V 6(0 DQG ),% 6( 0 DQDQVHV UIHYHDGHG VXEWDQWDO P HP EWDQH GHIRWP DWRQ
DQG UXSWKWH LQ EDFWUD DWDFKHG WR WKH QDQRWUXFWKHG VXUDFHV ) XUKHWP RWH WKH
QDQRZ LLH DUD\V Z HWH VXFFHWIX@ WHSQFDWG RQWR ICGH[LEH SRAP HW LQFXXGLQJ 3' 06
SRQA VW WHQH DQG SRQ XUHWKDQH P DWHUDQ/ LRXWQHQ XVHG LQ P HGLFDOGHYLFH P DQXIDFWUQJ
2 YHUD@ VKLV Z RIN SUHVHQW D WDQV®WRQDO DQWELRWF |WHH VWWDWAJ\ WR FRP EDW ELRIL®
DWRFIDWHG LQIHFWRQV RQ 9$' GUYHQQHV DQG GHP RQVWIDWY VKH EURDGHU SRWAQWDO RI
QDQRWUXFWKWHG VXUDFHV WR UWHGXFH EDFWHUDO FRQWP LQDWRQ LQ GLYHWH ELRP HGLFDO
DS S QFDWRQV

§AA. §@SPuL( 2khp  wH2 'Py u 2@HH ( AGu2y S6 2Hu::) PIRYy :) S ® HIu §2 / @SPp
a puSs/

HLT XDQ : DQJ

6 RXVK &KLQD 6 HD ,QVWAVKWA Rl 2 FHDQRARJI\ &KLQHVH $ FDGHP \ Rl 6 FLHQFHV

%LRIL®® V DUIH FUWFDOIRU P LFURELDO FRARQL] DWRQ DQG FRP SHWWRQ LQ FRUWDWOKRMRELRQW Z LWK
SWRSKDJH KRVW LQWHWDFWRQV HP HW LQJ DV NH\ WJXMWRW Rl P LFLRELRP H G\ QDP LFV XQGHU
HQYLLRQP HQWOVWWHW > @ 7KLV WXG\ DLP HG WVR HOXFLGDWA KRZ WP SHUWDWA SKDJHV P HGLDWA
FRARQL] DWRQ FRP SHWWRQ EHW HHQ FRUDOSDVWKRJHQV DQG FRP P HQVDOEDFWHUD JDWHUQJ DV
ELRIL® V LQ FRWO KRARELRQW : H LVRMWHG FXOXWDEM EDFWAUD IURP VKH JDVWWLF FDYLW RI

KHDOK\ J S&SnuS 1S:8HBP8S2r DQG IRXQG VKDW VWKH QRQ WR[ LJHQLF FRP P HQVDO RHB 2b

S®pb GHS8P: 9D H[ KLE LW VXSHURU FRARQL] DWRQ FDSDFLW FRP SDWHG WR VWKH SDWKRJ HQ
RH 2p § 2SosHtoHSEP: 9F + RZ HYHU 9F RXWRP SHWAV 9D XQGHU VWKHW DO
VWHW E\ WLIJHUQJ QWF LQGXFWRQ RI VWKH 3 Q@NH SWRSKDIJH *13 IQ 9D

0 HFKDQLVWFDG 9F HQFRGHG / RG$% SWRGXFHV K\ GWRJIHQ SHWR[LGH Z KLFK DFWYDWV
VWKH 626 WHVSRQVH DQG SUIRSKDJH QVLV LQ FRP P HQVDOEDFWAUD / RG$ % GHSHQGHQWSURSKDJH
LQGXFWRQ DO/R HQDEQMHV 9F WR VXSSWHW RWHU FRIDOWP EIRQW HJ 0 ® y B y S:

VS  7KHVH ILQGLQJV WHYHDO VWK DW SDWKRJ HQV H[ SARLW SIRSKDJH LQGXFWRQ DV D FRP SHWWYH
VWDWJI\ WR FRARQL] H FRUIDOY KLIKQJKWQJ VWKH SLYRWOUWRM RI SKDJH EDFWHUD LQWAWDFWRQV LQ
VKDSLQJ FRWOP LFUIRELRP H VWDELQW DQG SDVKRJHQ LQYDVIRQ XQGHU HQYLLRQP HQWOFKDQJ H
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§ AA HO P TRy OTTHES80 1 §@SPu ! 8§O0HSHE S ® HGuRR ! y ! P SHP i B HE P HES:
PSP :H§: puP® ¥ S: Su2Pbb :S

. XPD'IUEDS8WH\D O0DW: LAFR[ 1DWVK . XP DU

6 FKRRORI 2 SWRP HW) DQG 9 LVIRQ 6 FLIHQFH 7KH 8 QLYHWIW Rl 1 HZ 6RXW : DGHV 81 6: 16:
$ XVWDAD 6FKRRORI &KHP LW 7KH 8 QLYHWILW RI 1 HZ 6RXW : DHV 816: 6\ GQH\
16: $ XVWDQDb

3XUWSRVHV §:pP® § §: Sp2PPb :S LV D FRP P RQ DQWELRWF WHVLWDQWSDWRJIHQ SRVLQJ D
VL) QULFDQW SXEQF KHDOK VKWHDW Z RUBZ LGH §1 Sp2PPp S SUWRGXFHV ELRILP V GXUQJ
LQIHFWRQV ZKLFK S@M\ D FUWFDO WO LQ HQKDQFLQJ DQWELRWF UWHVIWDQFH DQG LW
SDVKRJ HQLFLW %DFWURSKDJH WKHWDS\ LV HP HWLQJ DV DQ RSWRQ IRU WHDWQJ P XQNGUXJ
WHVLWDQWS | Sp2PPb  : S DQG ELRILP V 7KLV WKXG\ DLP HG WR DWHW VKH DQWELRIL® DFWYLW RI
QRYHO SKDJH FRFNWLY DARQH DQG LQ FRP ELQDWRQ Z LK DQWELRWFV DJDLQWS§ | Spu2Ppb : S
ELRIL® V 0 H/KRG 7ZR §1 Sp2PPb : S LVROWHV DQG VI SKDJHV Z HWH LQFOXGHG LQ VKLV WXG\
6 SRWWHVW DQG WP H NLAGD DWD\V Z HWH XVHG IRU SKDJH VHQVLWYLW 7KHWP DODQG S+ VWDELQW
KRVWUWQJH HIILFLHQF\ RI SMWQJ SKDJH DGVRUSWRQ DQG RQH WWS JUWRZ VK FXUYH Z HUH XVHG
IRUSKDJH FKDUDFWHU] DWRQ 3KDJH P RUSKRQRJ\ Z DV H[ DP LQHG XVIQJ 7(0 3KDJH FRFNWLO/
DARQH DQG LQ FRP ELQDWRQ Z LK DQWELRWFV Z HWH DSSQHG DJDLQW  KRXW DQG KRXW
JWRZQ 8§81 Sp2PPp :$ ELRIL®P V 7KHLU HITHFW RQ ELRIL®P V Z HWH P HDVXWHG E\ FU WDO YLRGHW
VWDLOLQJ DWD\ DQG FRQIRFDOP LFLRVFRS\ 5 HVXQOV $ @VHAHFWAG SKDJ HV SUIRGXFHG EUWRDG | RQHV
Rl LQKLELWRQ DJDLQW ERWK &1 Su2PPbp :S WAUDLQV (23 DWD\ VKRZHG P HGLXP WR KLIK

SWRGXFWYLW DFWRW ERWK §1 Su2Pbp :S 2 YHU RI SKDJH SDUNFMHV DGVRUEHG Z LW LQ
P LOXWHV 3KDJH ' LBX H[KLEIMWG WH KLJKHVYWDYHWJIH EXWWVH H RI Z WK D MWHQWSHURG
RI P LOXWHYV $P RQJ VKH FRP ELQDWRQV GUIHUWHQW SKDJH FRFENWLOY/ WH FRFNWLO

FROQWLQLQJ ' 16X ' L6X DQG ' L6X ZDV WKH P RVWHITHFWYH LQ WHGXFLQJ EDFWAUDO JWRZ WK
DQG ELRIL®P RI ERVK WIDLQV 3KDJH FRENWLOWHDW HQWDWDQ 0 2, Rl VL) QULFDQWY WHGXFHG
SWIRWP HG ELRIL® V RI ERW WWADLQV 7KH FRFNWLO FRP ELQHG Z LK FLSWRIMR[ DFLQ SURGXFHG
VKH EHVWHIITHFW &RQIRFDOP LFLRVFRS\ |IXUMHU FRQILLP HG D P DINHGQ LQFWHDVHG SWRSRUNRQ
Rl GHDG EDFWUDO FHAY LQ WHDWG ELRIL®P V LQ VWKWHH GLP HQVLRQDO DQDQA VHV &RQFOXVIRQ
7KHVH 1LQGLQJ V KLJ KQJ KWVWKH W HWDSHXWF SRWQWDORI WLARUIHG SKDJH FRENWLO/ S DUNFX®DUQ
Z KHQ FRP ELQHG Z LVK DQWE LRWFV |RUWW HWQJ ELRIL® DWRFLDWAG §1 Sp2PPp S LQIHFWRQ

§AA. 02) 8§O0LP P Hy B2 ! BS62u: B HS Su(AAA y mS:pu2 mB@HH ! y ! SH2P/ u2! PD:

+ DULHW &RRQQJ 7KRP DV - GH 3 UQWH $ QRRS 6XQQ\ $GUDQ , $EGR 1LIHO $

6 SRRQHU DQG . DVKDUQD 5 LFKVWHU

5lFKWU /DE 7KH %DVLO + HW}HO ,QVWVXW IRU 7WQVMWRQDO + HDOK 5 HVHDUFK $ GHM®LGH
8 QLYHWLW : RRGYLGAH $XVWDQ@D 6FKRRORI 3K\ VLFV &KHP WA DQG ( DUWK 6 FLHQFHV &RAHJIH
Rl 6 FLHQFH $ GH®LGH 8 QLYHWIW $ GHM®LGH $ XVWDQAD ,QVWWXWA IRU 3 KRWRQLFV DQG $ GYDQFHG
6 HQVLQJ $ GHM®LGH 8 QLYHWLW $ GHM®MLGH $XWVWWDQ@D 6FKRRORI 3KDW DF\ DQG %LRP HGLFLQH
&RCGHIH Rl + HDOKK $ GH®LGH 8 QLYHWLW $ GHM®LGH $ XVWDQD

+ RVSLIWDODFT XLUHG LQIHFWRQV +$,V DWH D P DMRU VKHDWWR SXEQF KHDOX DIIHFWQJ
$ XVWDQDQV \ HDUQ DQG FDXVLQJ Rl DQWP LFUWRELDO WHVLWIDQFH GHDWYV 1 HZ WRRO/ WR
FRP EDW+ $,V DUH GUHQ QHHGHG HVSHFLD@ + $,V FDXVHG E\ (6. $3( SDWRJHQV 0l ISugkePy
2| SP2uP: j 1/ pPy By 1!'SPy S B &I Su2Pbbp :S DQG 0 Hu2 | S§HI2 VS 8 QUDYLRQHW
89 QJKW QP LV XVHG IRU VXUDFH GLVIQIHFWRQ KRZ HYHU WR[LF VLGH HIIHFW QP LW
FQQLFDO DSSQFDWRQV ,Q FRQWDWW IDU89 QJKW QP KDV EHHQ GHP RQVWWDWAG DV
VDIH DQG DQWP LFLRELDO P DNLQJ LWD SWRP LVIQJ DOMUQDWYH WR FRP EDW( 6. $3( SDWKRJHQV
H K\ SRWKHVLVHG WKDW QRYHO QP IDU89 MVHU QJKW LV DQWP LFWRELDO : H DLP HG WR
HYDOXDWA LW HIILFDF\ DJDLQW (6. $3( SDWRJHQV LQ GU DQG VXVSHQGHG FRQGLWRQV Ol
iISugPy 21 SP2uP: j 1/ uPy Bu | 'SPy S H §I Su2Pbb :S DQG 0l §86 S§Sp Z HWH
XVHG WR DWHW @VHU DQWP LFWRELDO HIILFDF\ ) RU VWKH GU WDWH EDFWAUD Z HWH VSWDG RQ
7USWRQH 6R\D $JDU GUHG DQG H[ SRVHG WR WKH M@VHU IRU QV WR V  $1WAU RYHUWQLI KW
LQFXEDWRQ r& LQKLELWRQ ] RQHV Z HWH TXDQWILHG XVIQJ ,P DJH- Qd ) RUWKH VXVSHQVIRQ
EDFVWHUD Z HWH VXVSHQGHG LQ 1 D&ODQG H[ SRVHG WR VKH (DVHU V V. %DFWAUDONLGRQJ
Z DV TXDQWILHG E\ FRARQ\ IRWP LQJ XQLWFRXQW Q 6 WWW\VWFDO VLI QU LFDQFH S RQH
ZD\ $129% ZILW 7XNH\B/ P XQUSH FRP SDUVRQ WAWW 7KH QP MVHU QJKW Z DV KLIKQ
HIITHFWYH DJDLQVW D SMQNWRQLF (6. $3( SDWRJIHQV LQ GU FRQGIWRQV ZILW JWRZ W
LQKLE LWRQ REVHUYHG DIWHU V RI H[ SRVXWH %DFWAUD LQ VXVSHQVIRQ WTXUHG KL KHU GRVHV RI
QJKW WR DFKLHYH GLVIQIHFWRQ 6LJQULFDQW WHGXFWRQV LQ EDFWUD ZHW VHHQ DW V RI
WHDW HQW S DQG D @RJ WHGXFWRQ S Z DV VHHQ DIWAU V )DU89 QJKW
VKRZ HG DQWP LFURELDODFWYLW DJDLQVWD@( 6. $3( SDWKRJHQV LQ FQQLFDG WHGHYDQW



WP HIWP HV 2 XU GDW VXJJHVW VWK DW QP MVHW KRG SRWHQWDODV D QRYHOWRROWR FRP EDW
+$,VZ LW DQWP LFURELDOWVIVWDQWE DFVHUD

§AA. 20 pu2Db HHE HY P HB OTTpgH §: uP® y S: Su2Pbb :S i BHZ wPoHY &u
au:bHS 8§u wpug@S by :

$QFH ( 7HUWIAD : HH /HQJ /HH &KDURWWH $ 3LFWRQ 0 DUD $QWRQLD * RP LV ) RQW
6 LIREKRQQH . - %WHHQ " RP LQIND 7 ) XKV -1IDQJ QLQJ 6RQJ 5RJHU / 1DWRQ $QWRQLR

2 QYHU DQG &RWQHQD % / DQGHWGRUHU

0 RQDVK ,QVWIVKXWH Rl 3KDW DFHXWFDOG6FLHQFHV 0 RQDVK 8 QLYHWIW 3 DWNYLGMH 9,& $XWUDQ@D
0 RQDVK &HQWH WR ,P SDFW$0 5 0 RQDVK 8 QLYHWLW 0 HERXUQH 9,& $XWIDQAD ,QVWWKWR GH
,QYHWWJ DFLQ 6 DQLWUD ,GMHV %DGDW 3D® D ' H 0 DARWD %DGHDUF ,VADQGVY 6SDLQ 0 RQDVK
%LRP HGLFLQH ' LVFRYHU QWKW DQG ' HSDUNWP HQWRI %LRFKHP LMW\ DQG 0 RCHFX@DU %LRARJ\

0 RQDVK 8 QLYHWIW &@\VWRQ 9,& $XWWDQAD

, QWRGXFWRQ §:uP® y S: Sp2PPp :$ KDV D MWH DW DP HQWUXP Rl UHVLWDQFH
P HFKDQLVP V HQDEQQJ WHVLIWDQFH HP HW HQFH GXUWQJ WKHUWS\ DJDLQVWDG@ RVW DG DQWE LRWFV
LQ P RQRVKHUDS\ To) DGGLWRQ VR LW DE LQW WR IRUP ELRILP V
3KDW DFRNLQHWF SKDW DFRG\QDP LF 3. 3' LQGLFHV QQN EDFWUDO UHVSRQVH WR DQWE LRWF
H[ SRVXUH EXW FDQQRW DFFRXQW IRU FRP ELQDWRQ WKHWSLHV %LRIL® V DUH DO/R ELRGRJ LFDQD
GLVWEQFW ILRP  SMOQNWRQLF JWRZ WK DQG P RWH WVHDUFK LV QHHGHG WR EHWWU WHDW WKHVH
LQIHFWRQV
$LPV 7R HYDOXDW GRVIQJ WHJLP HQV RI P HIRSHQHP 0 (5 DQG FHIWRGR] DQH W] REDFVDP
& 7 DRQH DQG FRP ELQHG DJDLQVWZ HG FKDUWDFWUVHG § 1 Su2PDb S VWDLQV Z LK P X ONS OH
WHVLWDQFH P HFKDQLVP VIQ D &' & G\QDP LF b hHR ELRIL® WHDFWRU DQG TXDQWI\ S@®QNWRQLF
DQG ELRIL®P JWRZ WK
0 HKRGV §1 Spu2Pbp :S VWADLQV 3$2 5$' 5P H[5 DQG 3$ 5$' 5P H[5 GHUYHG ILRP VKH
Z1G WSH WIDLQV 3$2 DQG 3$  WHVSHFWYHQ Z HWH XVHG %RVK VWDLQV KDG Sy / ( NQRFN
RXWQHDGLQJ WR LQFUHDVHG ~ FWP DVH SWRGXFWRQ DQG § pn® NQRFNRXW WHVXONQJ LQ HITOK]
SXP S RYHW[ SIHWIRQ 0 ,&V Z HWH GHWAWP LQHG LQ WLSQFDW ' RVIQJ WJLP HQV ZHW 0 (5
FRQWQXRXV LQIXVIRQ J GDLO & 7 LQWALWP LWHQWLQIXVIRQV DV =HWED[D J >J FHIWRGR] DQH
J W] REDFWP @RU J  KRXUQ > @DV K LQIXVIRQV DQG ERVK FRP ELQDWRQV 7KH WXG\
ZDVWQ IRU K
5HVXOW 0 ,&, (s ZDV PJ / IRU3$2 5%' 5P H[5 DQG PJ / IRU3$ 5%' 5P H[5 0 ,& ; ZDV
PJ/ IRU3%$2 5$'5PH[5 DQG PJ/ IRU3$ 5$' 5P H[5 )RU3$2 5$%$' 5P H[5 D@
P RQRVKHWSLIHY WHVXOWG [Q WHIWRZW DQG DP SQILFDWRQ RI 0 (5 DQG & 7 WHVLWDQW
VXESRSXMWRQV ) LJXWH 7KH FRP ELQDWRQ WHJ P HQV Z HWIH W\ QHW LVWIF DQG VXSS WHWHG WRWDO
DQG WHVIWDQW EDFWHUD &RQYHWHQ I[RU 3$ 5$' 5P H[5 WH P RQRWKHWSLHV SWRYLGHG
VXSSWHWLRQ Rl WHJURZ VK DQG WHVIVWDQFH HP HW HQFH DQG VKXV FRP ELQDWRQ WK HWSLHV Z HWH
QRWSXWXHG 7KHVH WHVXOW Z HIH FRQVLWHQWE HW HHQ VKH S@QNVRQLF DQG ELRIL®P JUWRZ VK RI
HDFK VWIDLQ
' LWFXWLRQ &RP ELQDWRQ WJLP HQV RI 0 (5 DQG & 7 VXFFHWIX@ VXSSWHWHG WHVIWDQFH
HP HWHQFH DJDLQW §!1 Su2PPp :S VWWDLQ 3%$2 5$' 5P H[5 7KH GUIHWHQW HIIHFW RI
P RQRVKHWSLIHY DFWIRW VKH VWDLQV WHIHFW GUIHWHQFHV LQ 0 ,& )XWUWH WHSV LQFOXGH
GHYH@RSLQJ D P HFKDQLVWP EDVHG P RGHOWKDWP D\ XOMP DWHQ EH XVHG WR RSWP LVH GRVLQJ
WHILP HQV

§AA. (ulobP D J2ShHb( ! &® 8§6S:y S Aus@ o6 Po H (uiuSH 2P/ p2) PB: b 2/ S§u
on/ 6 2SHp

* HRUILOD 1 HYLGH $GUDQ , $EGR . DUQ -DWLV -HWHP \ %WRZQ ' XQFDQ %XWHU . DVKDUQD

5 LFKWHU

5 LFKWAU / DE  %DVLO + HW HO, QWEWKVWH | RU 7 UDQVAPWRQDO + HDOYK 5 HVHDUFK 6FKRRORI 3 KDWP DF\
DQG %LRP HGLFLQH &RAMJH Rl + HDOK $ GH®LGH 8 QLYHUWIW $ GHM®LGH 6$ $XWIDAD $1)) 9LF
%LRLQWAU DFH ( QJ LQHHUQJ + XE B6FKRRORI ( QJLQHHUQJ 6Z LQEXUQH 8 QLYHWIW RI 7HFKQRGRJ\
+DZ WKRW 9,& $XWUDAD 2 SWFDO 6FLHQFHV &HQWH 6FKRRO Rl 6FLHQFH &RP SXWQJ DQG
( QJLQHHUQJ 7HFKQR@RJILHV 6Z LQEXUQH 8 QLYHWIW RI 7HFKQRMRJ\ + DZ WKRUQ 9,& $X\WDQAD
3UP DU 6WQGDUGV ' RVIP HW) /DERWWU $XVWDQADQ 5DGLDWRQ 3 RWHFWRQ DQG 1 XFQ4DU
6DIHW $JHQF\ $53$16$% <DGADP ELH 9,& $XWIDAD ,QWUWWH |RU3KRWRQLFV DQG $ GYDQFHG
6HQVLQJ $ GHMDLGH 8 QLYHWLW $GHM®DLGH 6$ $ XVWDQD

,Q VSDFH DOMWHG JWYLW DQG Z HDNHQHG P P XQLW GXH WR VSDFH WDGLDWRQ LQFWHDVH
LQIHFWRQ WVN SDuM GXH WR HQKDQFHG ELRIL® |IRWP DWRQ &RQILQHG W VKH KHUWP HWF
HQYLLRQP HQWRI D VSDFHFWDIW VWHWRW QNH P LFURJ WDYLW WGLDWRQ DQG WHWULFWHG DQWE LRWF
GLYHWIW FDQ HQKDQFH ELRILP WRGHWDQFH $V IXWKWH VSDFH P LWLIRQV JWRZ QRQJHU LW LV
XQFAHDU Z KHWHU H[ LvVWWQJ WHDW HQW WHP DLQ HIIHFWYH VWKHWIRW VSDFH FRP SDWE
DQWELRIL®® VWDWAHJ LHV DWH XWHQWY QHHGHG 3 @®@VP D DFWYDWAG Z DWHU 3$: FUHDWG E\
WHDWQJ Z DWHU Z WK FR@ S®VP D WR SWRGXFH WHDFWYH VSHFLHV KDV VKRZ Q SWRP LVH DV DQ
DOQWELRWF IUIHH DQWP LFWRELDO 7KHWIRWH WLV WXG\ WWHWHG Z KHWHU 3$%: UHWLQV LW
DQWELRIL®®» DFWYLW DIWAU LUDGLDWRQ DQG Z KHWHUELRIL®® V JWRZ Q LQ VIP XMWG P LFURJ WDYLW
YV VHUHVWIDOFRQGLWRQV WIHVSRQG GUIHWHOWY WR 3%: : H HYDXDWAG WKH HIILFDF\ RI



LUDGLDWAG 3$: DJDLQW?2 | SP2uP: ELRILP V JWRZ Q VHUHVWIDA YV LQ VIP XMWHG P LFURJ LDYLW

%LRILPP V ZHWH JWRZQ IRU K XVIQJ D UWQGRP SRVIWRQLQJ P DFKLQH $1)) W VIP XMW
P LFLIRJWDYLW D@RQJVIGH WAUHWYIDO FRQWRO/ 3$: Z DV LUDGLDWAG Z LWK DQG * LD\

XVIQJ D 09 ; W\ EHDP IWRP D QQHDU DFFHC{WDWRU $53$16$ DARQJVLGH Z DWHU DQG S+

FROQWRQY +12  3K\VIFRFKHP LFDO SUIRSHUNHV LQFOXGLQJ S+ FRQGXFWYLW DQG R[ LGDWYH

WHGXFWYH SRWHQWDO 253 ZHW WDFNHG RYHU P RQWV %LRILP V Z HHH WHDWAG Z LW
LUDGLDWAG 3$: IRU P LQ DQG DQWELRIL®® DFWYLW Z DV DWHWHG E\ FRQRQ\ IRWP LQJ XQLW
&)8 P/ FRXQW Q 6WWVWFDO DQDAVLY W R ZD\ $129% DQG GENB/ P XONSO
FRP SDUVRQ WAWY S 3$: VKRZ HG QR WDWVWFD@ VL] QU LFDQW GL IHWHQFHV EHW HHQ
UDGLDWRQ FRQGLWRQV IRU S+ FRQGXFWYLW RU2 53 7HUHWUDA@ JWRZ Q ELRILP V H[ SHUHQFHG

@RJ WHGXFWRQV DIWHU + 1 2 \WHDW HQW S DQG RJ WHGXFWRQV DIVHU3$: S

Z LK QRQ VLJ QU LFDQWGL | HIHQFHV EHW HHQ UDGLDWRQ GRVHV 6LP XMWG P LFLRJ WDYLW ELRILP V
ZHWH P RIH LIREXW Z WK @RJ WHGXFWRQV DIWVHU +12 RU3$: WHDW HQW S 2 YHUD@
LUDGLDWAG 3$: HITHFWYHQ  WHGXFHG WHUHWUDO ELRILP V.  Z LKRXW FKDQJHV  LQ
SK\ VLFRFKHP LFDO SWRSHUMHV Z KLH P LFIRJWDYIW JWRZ Q ELRILP V VKRZ HG HQKDQFHG
WHVLQHQFH 7KLV XQGHWFRWHV ELRIL®® FRQWP LQDWRQ DV D NH\ FKDAMQJH IRU GRQJ GXWDWRQ
VSDFHIQJKW DQG IXUKHWP RWUH VXSSRUW 3$: B/ SRWQWDO DV D VSDFH FRP SDWE QM
DQWP LFURELDO

§AA. ! //pu2yBop68S::thSH S ® HAU (phpoé /yu H T ! 22 :FhpwH2 | 56 b Thy :

$ 11LIKWQIDAH 6 : DGH ' ) RVGINH

6Z LQEXWH 8 QLYHWLW RI 7HFKQR@RJI\ 9,&
3 WHVHQWHU HP DLO DDVKRP SVRQ# VZ LQ HGX DX

&RSSHU QLFNHO &X1 L DAR\V DWH Z LGHQ XVHG LQ P DUWP H YHWHO/ DQG VWIXFWHV GXH LQ SDUN
WR VKHLU H[ FHGHQW FRURVIRQ WVIVWDQFH LQ VHDZ DWHU 7KLV WHVIVWDQFH WR GHJ LDGDWRQ LV
KHGBHG E\ WKH IRWPP DWRQ Rl VXUDFH FRSSHUR[ LGH ®\ HW Z KLFK FUHDWA D EDUJLHU EHW HHQ VKH
HQYLLRQP HQW DQG VKH EDVH P DWHUDO 7KHWH DWH D YDUHW RI P HWKRGV WR HQKDQFH VKLV
SDWLYH @\ HU VKH HITHFWYHQHW RI ZKLFK LQ WKW FDQ EH DIIHFWHG E\ HQYLUIRQP HQWO
FRQGLWRQV SUHVHQWGXUQJ WKH SDWLYH @\ HU IRWBP DWRQ 3 UHYLRXV WHVHDUFK KDV VKRZ Q VWK DW
VWKH SDWLYDWRQ RI &X1 L FDQ VL] QULFDQWY WHGXFH J HQHUDO FRURVIRQ KRZ HYHU WHFHQWZ RWN
KDV VKRZ Q WVKDWLQ VKH SWHVHQFH RI FHUMLQ P LFUIRRW DQLVP V VKH SDWLYDWRQ SWRFHW P D\

DFW D@ GHDG WR LQFUHDVHG FRURVLRQ WDVHV

0 DUQH HQYLLRQP HQW FDQ VXSSRUNVKH JWRZ WK DQG GHYHOQRSP HQWRI FRP SQH[ ELRIL®P V Z LK

ELRIRXQQJ EHLQJ D P DNRU FRQFHW IRU P DQ\ P DUWP H LQGXWYIHV ,Q FHUMLQ VIWKDWRQV

VWKHVH ELRIL®® V FDQ KRVWP DQ\ P LFURRW DQLVP V VWDWDWH DEQH WR FDXVH KLIKQ DFFHOHUDWHG

RFDAVHG FRURVIRQ NQRZ Q DV P LFLRELD@ LQIOXHQFHG FRURVIRQ 0 ,& 3 UWHYLRXV WHVHDUFK RQ
SDWLYDWRQ DQG 0 ,& KDV @MW HA IRFXWHG RQ WHWY XVLQJ VLQJ G VWADLQV Rl EDFWHUD Z KLFK LV
QRW WHSWHVHQWWYH RI WHDOZ RUB HQYLLRQP HQW 7KH FXUHQW Z RWN LV DWHWILQJ WKH

GHYHQRSP HQWRI SDWLYH M@\ HW XQGHU YDU LQJ VHDZ DWHU FRQGLWRQV Z LK VXE VHT X HQWWHVWQJ

Z KHUH VKHVH SDWLYDWHG P HWDO/ DUH H[ SRVHG WR DQ 0 ,& WHWW 7KH 0 ,& WHVWZ DV FRQGXFWHG

ZLWK D FRP SQGH[ P LFWRELDO FRP P XQUW VRXWFHG GLIHFW IURP VKH ILHGS WR HP XMW P R

QDWW UDOHQYLLRQP HQW)OFRQGLWRQV 7KH SUHVHQWWRQ Z LA GLVFXW WKH WHVXOW Rl VKLV WAVWQJ

LQFXGLQJ D IRFXVRQ 6 W1$ JHQH VHTXHQFLQJ XWQVHG WR GHWALP LQH GLIHWQFHV LQ VKH

FRP P XQLW FRP SRVLIWRQ RI ELRIL® V IRWP HG IRUSDWLYH IL® V GHYHARSHG XQGHU YDU LQJ WHWW
FRQGLWRQV

§ALE mS8§H Tu22p §H 20 u2PP HBSKHO | FHZ | P86 NnS§RIP PSP :H 2HS/ @Gob § §§P:
SP2uP: P TRy : hBS S Ro®2 Pudly b : y p ( péthu2o 2 0: Huy

<DQJ 6XQ *DYHQ*DQ <XH+DQ -LDQ P LQJ /LQ .DWHQ &DARQ -LQJ \XDQ: HQ 6LP RQ
6Z LW -LADDQ & RUQLVK

0 HGLFIQH $ XFN®QG 8 QLYHWIW  $XFN®QG 1HZ =HDM®MQG 0 RHFXMU 0 HGLFLQH DQG
3DVWKRORI\ $XFNDQG 8 QLYHWLW $ XFN®QG 1 HZ =HDM®MQG 3KDW DF\ $XFN®QG 8 QLYHWLW
$ XFNDQG 1 HZ =HDM®QG

%DFNJ LIRXQG %LRIL® IRWP DWRQ LV RQH RI VKH SUP DU SDWKRJHQLF P HFKDQLWP V RI

WIS K\ RFRFFDO RWHRP \ HOWV FRQWLE XWQJ VLI QULFDQWY WR WKH FKURQLFLW DQG WHFXUHQFH
Rl VKH LQIHFWRQ + RZ HYHU WKHW LV FXUHQW) QR HIIHFWYH WHDW HQWVSHFLLFDG WW HWQJ

ELRIL® DWRFLDWAG LQIHFWRQV / DFWRIHULQ DQ N' D LLRQ ELQGLQJ JQFRSWRWHLQ SRVWHWHV
EWRDG VSHFWXP DQWP LFURELDO DQG EDFWAHUFLGDO DFWYLWHV 7KH DLP Rl VKLV WXG\ LV W
LQYHVWLI DW WKH HIILFDF\ Rl MFWRIHULQ LQ FRP ELQDWRQ Z VK |IOXFQR[ DFLARQ LQ HWDGLFDWQJ

WDS K\ RFRFFDOE LRI L V

0 HKRGV $ &' & %LRIL® 5HDFVWRU Z DV XWQ] HG WR FXONMYDWA P DWKWH 2 H3/ @od § §8P: SP2uP:

- HQ ELRIL®® V RQ P SMQWJ WDGH WDLQMHW WHHO FRXSRQV IRU  GD\V 6WXFWUDG VWDE M
ELRIL®P V Z HH REWLQHG WKWRXJ K FRQWQXRXV UHS@FHP HQWRI QXWIHQWUFK P HGLD DQG VDQQH
ZDVK 7KH FRXSRQV Z HWH VWKHQ WQGRP @ SMFHG LQWR WHDW HQW VROXWRQV RI VKH FRQWRO
JWRXS MDFWRIHULQ JRXS IOXF@R[ DFLAQ JWRXS DQG | XF@R[ DFLARQ?MFWRIHULQ J LRXS IRUD
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GD\ W\ QHW\ DWD\ ) WHVK WHDW HQWP HGLXP Z DV WHSMFHG GDLO DQG EDFWUDO FHAY |URP
ERWK VWH FXOXWH P HGLD DQG FRXSRQV Z HIH FRAMFWAG DQG TXDQWILHG XVLQJ VHUDO GLOXWRQ
SOWQJ W GHWWP LQH FRARQ\ IRWP LQJ XQIW &)8V 2Q WLV EDVLV D ELRGHJUDGDE®
+\GLRIHO1 LRVRP H WWWP Z DV SWHSDWHG WR DFKLHYH VXWDLQHG GUXJ WHQHDVH ILRP D VIQJ A
DSSQFDWRQ %LRIL® HWDGLFDWRQ Rl IOXFQR[ DFLARQ DQG MFWRIHULQ XQGHU VKLV GRFDO GHQYHU
W WHP Z DV HYDOXDWHG E\ &) 8 FRXQWQJ
5HVXOW 7KH ILQGLQJV VKRZ HG VKDW VWKH FRP ELQDWRQ RI IOXFQR[ DFLGRQ DQG MFWRIHULQ
VL) QULFDQWY HQKDQFHG ELRILP HWDGLFDWRQ HIILFDF\ &R DGP LQLVWADWRQ RI PJ P/
@FWRIHULQ Z LK |OXFQR[ DFLARQ DWFRQFHQWDWRQV RI wl P/ DQG wl P/ WHVXOMG LQ D
I RJ WHGXFWRQ LQ P HGLD &) 8 Z LVWKLQ W R GD\V DQG P DWUWH ELRIL® V RQ VKH P HWDOFRXSRQ
VXUDFHV Z HWH D® RVW FRP SQHVWHQ HWDGLFDWG DIWVHU GD\V 7KLV HQKDQFHG ELRIL®® NLARQJ
Z DV REVHUYHG LQ VXEVHT XHQWH[ SHUP HQW Z VK WKH +\ GLRJHO1 LRVRP H GHQYHU W WHP 3
SWRYLGLQJ DQ HIITHFWYH DSSWRDFK |RU GHQYHUQJ MFWRIHULQ DQG |OXXFQR[ DFLARQ WR
ELRIL® VP hth
&ROFOXVIRQ /DFWRIHULQ FDQ VL) QULFDQWY HQKDQFH ELRIL®® HWDGLFDWRQ LQ W\ QHW\ Z LW
| XFQR[ DFLARQ KLJ KQJKWQJ LW SRWHQWDOLQ WHDWQJ WDSK\ GRFRFFDORWWRP \ HQWV

§AC. 12 y Xop HHHBSHP H 8SHZ Ppy u:b(C huybPb D HOu P TRy LI 2y b D § Hi HSE6 |
X H2SHPYy 2S61 P BPS ® X A@u2S/ uPH®S X / 68SHP

<X /L <LGDQ =KDQJ -L/L <DQ =KDQJ : LQJMDQJ /L

&RAMHIH Rl 3DVWKRMJI\ 4 LTLKDU O HGLFDO8 QLYHWLW 4 LTLKDU + HLARQJMDQJ &KLQD 6FKRRORI
/UH 6FLHQFH DQG 7HFKQRMJ\ )DFXQN RI /UH 6FLHQFHV DQG 0 HGLFLQH + DLELQ ,QWUWWH RI
7HFKQRQRJI\ + DIELQ + HLARQJNIDQJ &KLOD

7KH LQWDWKP RUDOP \ FRELRP H LV DQ HP HW LQJ FRQWILEXWRUWR FDQFHUELRQRJ\ 7R LGHQWI\ NH\
IXQIDOSM\ HW Z H SHURW HG DQ LQWAJ UIDWHG DQDQ VLV FRP SDUQJ WKP RU Q Z LK SDLHG
QRWP DO WWXHV Q ) XQJ DO VHT XHQFHV Z HUH SWRILMG IWRP P HWJHQRP LF GDW DQG
YDQGDWAG YLD KRVW51$ VHT GHFRQYROXWRQ WHYHDQQJ D VLI QULFDQWHQUFKP HQWRI VSHFULF
IXQJLLQ WKP RW &UWFD@ VKH SWHVHQFH RI IXQJDOK\ SKDH Z LVWKLQ WP RU QLFKHV Z DV GLUHFV
FRQILP HG E\ KLWRSDVWR@RJLFDOWDLQLQ) ,+& DQG * 06 7KHVH ILQGLQJV LREXWQ HWDE QVK
D WP RU WIHVLGHQWI XQJ DOFRP P XQLW

%XLABLQJ RQ VKLV GLVFRYHU Z H K\ SRWKHVL] H VKDWWKHVH LQWDWP RUDOIXQJL IRWP ELRILP V D
SIRWMFWHG P XONFHAX®U WDWH WKDW FRXG EH D IXQGDP HQWO P HFKDQLVP GUYLQJ VWKHLU
SHWLWHQFH DQG WKHWDSHXWF UWHVIWDQFH LQ WKH KDWK WKP RU P LFLRHQYLLRQP HQW 2 XU
SWRSRVHG WHVHDWFK DLP V WR GLIHFWD WHVW VKLY K\ SRWKHVLY : H Z LGD LVRO®WH VWKHVH LGHQWILHG
IXQJL DQG FKDWDFWHU] H WKHLU ELRIL® IRWP LQJ FDSDFIW XQGHU FRQGLWRQV P LP LFNLQJ VKH
WP RU QLFKH HJ K\SR[LD BXEVHTXHQWY ZH Z LD LQYHWLI DW VKH ELRIL® DWRFLDWHG
DQWP LFLRELDO DQG FKHP RUIHVIWDQFH SWRILHV DQG GLWHFW VWKH XQGHUWLQJ P RAFX®U
P HFKDQLVP V. WKWRXJK WDQVFUSVRP LF DQDAVLY 7KLV WXG\ EUGJHV VKH JDS EHW HHQ
P \ FRELRP H LGHQWILFDWRQ DQG |XQFWRQDO SDVKRJHQHVLY RITHUQJ QRYHO LQVLI KW LQWR KRZ
LQWDWKP RWDO IXQJL P D\ VKLH@G VKHP VHO'HV DQG FRQWIEXWH WR FDQFHU VWWHWDS\ |DLOXWH
7DW HWQJ VKHVH ELRIL® V FRXG5 WHSUHVHQWD J LRXQG EUHDNLQJ DGNKYDQWVWDWAJ \
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