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2ULJLQDO 5HVHDUFK

,QILWURDFWLYLWLHV RI (( WUDFWV IURP 7TRPDW

$\D -DPDO'HGDBVYPBHOH GBROBRAG BRXOMIBOHXORQQR ** +DGGD
&KDNHU (O .DGDNPRRGLMDKP D QK50 HUDK

1/DERUDWRLUH GH &KLPLH $JUR ,QGXVWULHOOH /&% 8QLYHUVLWpP GH 7RXORXVH ,15%( 7RXOR)
2/DERUDWRLUH GH *pQLH &KLPLTXH 8QLYHUVLWpP GH 7TRXORXVH &156 836 7TRXORXVH,13 7R
38QLWp PL[WH 3URFHVVXV LQIHFWLHX[HQ PLOLHX LQVXODLUH 8QLYHUVLWp GH /D5pXQLRQ ,16/(
6DLQWH &ORWLOGH /D 5pXQLRQ )UDQFH

435$6( 8QLYHUVLWp/LEDQDLVH +DGDWK %HLUXW /HEDQRQ

5 pSDUWHPHQW *pQLH %LRORJLTXH 8QLYHUVLWpPp GH 7RXORXVH 836 ,87 $ $XFK JUDQFH
&RUUHVSRRGHEORHH P HUDK2W RRDQHHOW U DK

$FDGHPLF (GLWRU ODUFHOOR ,ULWL

6XEPLWWHG  -XQH SHYLVHG  $XJXVW $FFHSWHG  $XJXVW 3XEOLVKHG  6HS\

$EVWUDFW

%DFNJURMRP®WR SRPDFH 73 LVD FRSURGXFW JHQHUDWHG E\ WKH H{WUDFWLRQ RIV
PROHFXOHV ,Q WKLV VWXG\ ZHLVRODWHG VHYHUDO IUDFWOLRWHULURP VIQ@GID HWKRX
ZDV WUHDWHG E\ PDFHUDWLRQ DW URRP WHPSHUDWXUH ZLWK JUHHQ VROYHQWYV HW
VXSHUFULVBRF®D RH H{TWUDFWV ZHUH DQDO\]HG E\ +3/& '$* WR GHWHUPLQH WKHLU FR
ZDV DVVHVVHG 7KH SRWHQWLDO WKHUDSHXWLF HPIMEBWWMYROMWKEGHYWOIDWB G IRPDEG MHAX
FKURPDWRJUDSK\ SURILOHYVY ZKLFKUHYHDOHG DQ DEXQGDQFH LQ SKHQROLFDFLGV
OHFWLYLW\DFFRUGLQJWR WKHVROYHQWDQG SUHWUHDWPHQW XVHG 7KH KLJKHVW
FRUUHVSRQGLQJ WR WKH HWKDQRO RUHWKDQRO ZDWHU HIWUDFWV ZLWK WKH KLJK't
FUHDVHG E\FKHPLFDO SUHWUHDWPHRDRWRWR@H WBDW®& \OHYFHOVIRWH HHWUDFW 7KLV OH
DQWL LQIODPPDWRUYHRIHFWW/ZLQVW HDWP&RI DQWL GLDEHWLB GXIFHRAWW. G DIVAKIKDESA L Y L
ZHUH EHVW LQKLELWHG E\ H{TWUDFWLRQ LQ DQ HWKDQRO WR ZDWHU PL[WXUH
HIWUDFWV LQKLELWLRQ DQGIRUHWKDQROH[WUDFWV REWDLQHG DIWHU WKH HQ
KDG GRVH GHSHQGHQW D F\& RYQLAVOVOUHRGMONF WLLNRIDYIREWDLQHG IURP 73 ZLWK HFRFRP S
GLWLRQVDUHULFKLQ ELRDFWLYHPROHFXOHV $FRPSDULVRQ RI WKHFKURPDWRJUL
NH\PROHFXOHV ZLWK WKHUDSHXWLF SURSHUWLHY 7KHFKHPLFDO SUHWUHDWPHQW
RIHWK\O DFHWDWH IUDFWLRQV ZKHUHDV HQ]J\PDWLF SUHWUHDWPHQW FDQLQFUHDV|
F\WRWR[LFLW\RI HWKDQRQAQUDB MX RRQ\R Q’'W B 1I6@H&2D VPDOOHU QXPEHU RIPHWDEROLYV
OHYHOV RI F\WRWR[LFLW\DQG DQWLR[LGDQW DFWLYLW\ )LQDOO\ WKHIUDFWLRQV R
WKHELRORJLFDODFWLYLWLHVY VWXGLHG

.H\ZRU®B\NRPDWR SRPDFH JUHHQ H{IWUDFWLRQ ELRORJLFDODFWLYLW\ +3/& '$"

, QWURGXFWLRAQ FKDULGHV IRUPLQJILEHUV WKDW ZHUH F

JUHVKDQG SURFHVVHG WRPDWRHMW A& x 6% k%%@W#éWL@QgKHVH ELRSR
UHSUHVHQW D PDMRU PDUNHW LQ (XBRYAH bRUBRRHYKB QRP SURGXFWLRQ
EHU RI WKH FRPSRXQGV SUHVHQW L& SWRb B WRRRLI V(%H-é?uﬁ'ﬁH9VDQGDVP[
QL]JHG WR KDYH EHQHILFLDO r@mxw‘v‘%@R&WBé%ﬁ% WKEHU RIGLITHUHQW P
LQJ WKH SURFHVVLQJ RITUHVK WRPYRREWVRVR udERVWVH- R KB Q@WBEQV D FXW
ODUJH DPRXQWV RI D FRSURGXFW FDROHY WREBY WR WhRpPRQ G73RO\WDFFKDU
DUH JHQHUDWHG 7KLV FRSURGXFWYFRRYX STV G MGH P UH ULFK LQ
IUHVK PDVV Rl WRPDWRHV DQG D zRUBVIrRY E%%FPQ'T—QPOV\A?RD VRXUFH RI
OW® 7KHYDORUL]DWLRQ RI WRPBWRUSKPHER WIRBRMNRRORVPDFH KDV
DWHFKQLFDO HFRQRPLF DQG HQYLQﬁ'%EH Y Fl RIGFDP RWHQRL
SURYLQJFURS FRPSHWLWLYHQHVV WKURK of é@ﬁ%'ﬁQROLFFR
QHZ SURGXFWLRQ FKDLQV ,QGHHG JWRLT %B‘%‘PWKFLQFU IDRG FDITHL
RV Y PSHF KRR QROV

B
XDO ELRPDVV SURYLGHV DQ RSSRUWRE LW CWER
HURO DQGIODYDQROV PDL:

RILOWHUHVW DQG WR PHHW PDUNH
73 FRQVLVWV SULQFLSDOO\ Rl sA'%PD W5 %R RGOS PEX,ER DOW R @ RVQW T

@V

&RS\ULIKW 7KH $XWKRU V 3XEOLVKHGE\,053UHVV
7TKLVLVDQRSHQ DFFHWY DoKW L QR XQGH U WK H

3XEOLVKHUD% BRWWYV VWD\V QHXWUDO ZLWK UHJDUG WR MXULVGLFWLRQDO FODLPV LQ SXEOLVKI
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PROHFXOHV IURP RWKHU IDPLOLHV L\DXAK SOUWDR OXQ QY FPDIMWHIRLQ R | FRP SR X
JOXFRVLGH GHULYDWLYHV WKH FREPHRWURWLEYRRBISRO\SKBERBYEURP 73
RQ HQYLURQPH Qaw D6GR PIHFRMRVWK/HY H FRPSRWRGW VW XG\ ZH DVVHVVHG WKH YD
SDUWLFXODUO\O\FRSHQH WKH SULREWDPRQABURBWRP Q& LU @ WHR PQ W/KH1VI L H C
DQGFDURWHQH DE@) ® OXNWHER® $Q L]HGC@OWWYDFRIGIWREDOV 2XU PHWKRGRORJ)\ Z
WLR[LGDQWYV /\FRSHQH KDV DQ D E L @ULVR\QVFRI LHOARL ERW S E BVQ. I 5 LRRFFHW VH V |
RIR[\JHQ WR FRPEDW R[LGDWLYH VWDH\HDDHQIW QFMHHD WILHDIWHRE MM DQOV R P
WKDWWRRFRSKHUWFRSHQH FRQWHQW MM HKEWOR IGZKIH® FRXOG UHVXOWLQ LQW
GHQW RQ SODQW YDULHW\DQG PRQWK RILKNVU VKWW [ITHFWV RI SUHWUHDWPHQ

&DURWHQRLGV KDYH DOUHDG\ EHIRY HMRDODPARYGH MPERBWLRR SDUWLFXO
SHEFWLQRO\WLFDQG FHOOXORO\W L KEPJHERHW O H W PRIGHVE FRIRORYZGXE AW H G
HIWUDFWLRQ ZLWK VROYHQW 7KH RK®YREWIHY PHE D WHE S\UY HQFH RI Nt
J\PHWUHDWPHQWY OHDGV WR D EUHBREREQRR PYYH ¥ ¥ Pk v W IREL G D Q)Y
>@ ,Q WKHVHFRQGLWLRQV PJOREWSROH DOMIP b RIFOPHVRWRU\VDFWLYLW
FDQ EH H{WUDFWHG ZL@K BQRWX BEHAWKENK > DQWL SUROLIHUDWLYH HITHFW
> @VKRZHG WKDW O\FRSHQH FDQ EHYHERY HRIQ\E H G L P EHMA 6 \SRAE RWH DQ GL
WRPDWR VNLQ E\ WUHDWPHQW ZLWK éQ:)#eﬁD%\UQCDQ/\)/L"h@QﬁP@]W\JLUDO DFWLY
DQG D VXUIDFWDQW 6SDQ ZKLFK ZDV UHWDLQHG LQ WKH
QDO IRUPXODWLRQ QWKHDEVHQFHRQMWUHQWNHQWM$W%£@V
PDFH KDV EHHQ SODFHG LQ FRQWDFW Z)IW KGHHV B Q HE Bl W HWRRWWWU P WHJI\ XVHG
WXUH DW URRP WHPSHUDWXUH @R UDIWRR B U +DURWHQRRBPWR SRPDFH VDP
(IWUDFWLRQV KDYHDOVR EHHQ SHUFRUPHBLE® RR QI DPRDLVRIOF 8 H§HWUHDWPHQ
RUZLWK PLFURZDYHV 0$( WR JHQ HUKBIVR KV KHUF WOLRRSOVHAL IHUBIQV UHDW H G G L L
WLR[LGDQW S@RSROWEBWERQ ZDV RIUFOQHE WROFH QW RUY SBIDFW®RUQ DQ 6&
GLD FRQWDLQLQJHWK®BQRRQIPRZMUQREADQWLWDWLYH VSHFWURSKRWRPHW
PLQ : ® RUQ KH[DQH DFHWRQ® WDWIPLKQDODO\VHV +3/& '$' DQDO\VHYV Z
OLFUR ZDYHYV © ZHUH XVHG ZLWK HZ/MOW RO WKH PODWRHURULHV RIPHWDERO|
WKH H{IWUDFWLRQ RI VHYHU B FKWDEROLWHYV IURP 73 >
WZRPRGHVRIDFWLYDWLRQPDGHLW SRDWHWHDW K 8 A BEHIHV H 8 RYW D FW
WLPHVDQG WKHDPRXQW RIVROYHQW X¥yd& VPRIV Kk M POLFFLD0AW R WHHE WHKWH R |
GLIIXVLRQ RI VROYHQWYV LQWR WKHRUIBROOP HW RFOMZRHMMNDWRZDFHWLF DFL
HYHU WKHVHFRQGLWLRQV OHG WR 8 QX R PIdDYW H @ MUKHT WA PFRKHOWVHVBXIWHR P 9
RI WKH HIWUDFWLRQ PHGLXP ZKLFK BD\ BRXWWW WIKHVEHHYRGD \0 @ GLSKFH
WLRQRIVRPHPROHFXOHV DQG D OR ZH g WHOHF WL WO Ry S HFTMVD-BQ VW D Q ¢
ORUHRYHU LW ZDV QRW SRVVLEOH VR XOFOXOVHEKR IPREMORMUALMWDWRLRQ DQG
FKDQJHVWR WKHFKHPLFDO VWU XFWXWHH RGN D RPHBWIFFRPSESREQRIGK>D QG ([WUD\

&DURWHQRLGV ZHUH DOVR H[W U D F WH® Q)RPDV R P DMK WR QD W HD P\OOVSR [\
RUWRPDWR VNLOERWK ®E&S&HVVXUHRIG JEORRNLGDVH ZHUH REWDLQHG IUF
DQG DW WHPSHUDWXUHV EHWEZHRRH) DM@GFH f&SFHWRQLWULOH $&1 'XOEHI
IUDFWLRQV REWDLQHG ZHUH SDUW LFXOTYURH GLXR LQ(O\FREPRIKDW KXQOWXO IR[LC
DQ H{WUDFWLRQ \LHOG RI XS WR SRNEAMPA CRDGN WHRRWLIORQ, QVWLWXWH PH
VWLWXWHDQLQWHUHVWLQJ DOW HURDMLYHHER B R B ¥ HHRDL RQ®WLHF KV YD F Q/f K
IRUUHFRYHULQJ VXEVWDQFHV Z IQREEDSKHAQSROBULEW\OKPGUD]\O '33+ DOXI
WR[LF RU IODPPDEOH DQG LWV VROYBVBEIUR[SRZHU WHWORBBYWHKEO FKURPD
DERYH LWV FULWLFDO SRLQW 1HY HUQGK HORHO/R/[ ZMKIHHVRIEFVRIDIG WG RIGRWP $19 1D $
TXLUHLQYHVWPHQW LQ VDIHHTXLSPHQW OHWDEROLWHV IURP 73
KDYH IUHTXHQWO\ EHHQ UHSRUWHG WRHRREYRMILRE PRG3R RWYHRWPHQW F
/\FRSHQH IRU H[DPSOH KDV EHHQ UH S)RIHW K GV\R R DMK SRPDHE WVEBYV VXSSOLH
ULVNVRIGHYHORSLQJFKURQLF GLVE&RWRD HXFKARRSHMHYDHULE bl KDWMD Q G H
GLVHDWWHV&DURWHQRLGY H{IWUDFWRBAHRP\SRVYISQ HCWRPE® DR & GXULQJ K
VNLQV LQ DQ DFHWRQH KH[DQH PL[WRXPBWHRDAMHEHH Q7VKRED WHRVLGXDO PRL
KDYHDQWLWXPRUHIIHEWYV DJDL@VWWYZWPLIRXM FE DE BUVEHO G 0 LUL@HVZD V % H
7KH SKHQROLF FRPSRXQG FRQWHQW R | DDPHIWKRX@HKE H[WMKDB QY ROHFWULFE JULQG
KDV EHHQ VKRZQ WR KDYH DQ®& L PoX WIDHWQEARWEMHYLWQG PP LQ GLDPHWHU
ORJLFDO SURSHUWLHY KDYH JHQHUPD® PERHRWAVRSEG LAHIE) QELRVE-RDVMPEETDNY Z H
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)LJ 6WUDWHJI\IRUWKH SUHSDUDWLRQ RIH[WUDFWV IURP GULHG WRPDWR ZDVWH

VXEMHFWHG WR D SUHWUHDWPHQW EHLBKW WKE PLZHQB RDWKKODWHG DV IRC
ZLWKDVROYHQW 7KHSUHWUHDWPHQW ZDV GHVLJQHG WR K\GURO\]H
SRO\HVWHUVDQG SRO\VDFFKDULGHV WP RloL WEWHW R HHI W OHDW H
RIPHWDEROLWHVGXULQJH[WUDFWLF(R[Q PWERe VROLG ZHLJKW RIWRPDWR S
YRUFKHPLFDO SUHWUHDWPHQW ZH XVHG WKH R[LGL]JLQJ VR
OXWLRQ GHVFULEMGDER* UBN\DA®RG I\ UDFWLRQ,ZLWK 6& &2
'7:WR D PL[WXUHRI P/R[DODWHDPPRQLXP VROXWLRQ
J/ DQG P/R[DOLFDFLGVROXWLRQUIWYDRWHRQ¢RYWHUIRUPHG LQ D VXS
LQJPL[WXUH ZDVVWLUUHGDW f&IRY® PERRYE B EMALY LW B Wik € H (&
WKURXJKD %+FKQHUIXQQHO 7KH ILEWMWNWHREDY uHWBI\WHBRWLRREHVVHO
VHTXHQW SHFWLQ H{WUDFWLRQ 7KRYROPBYHVEERA ZDYEGYERMKIHYBRVWD
RYHQ DW f&IRU KRXUVEHIRUH H[WRDEW ISP LPHQW  JIJURXQG WRPDWR
3UHWUHDWPHQWE\HQ]J\PDWLF FDW IR\ ¥ RVEAPRPENHRUARYE BRDGHG LQWR
DPHWKRG DGDSWHG IURPWEGW RH &RR REKYPWH ZDV VHWWR J PLQDWD S|
SUHSDUHG P/EXIIHUVROXWLRQ ’HhREBIWBRFWMLRGQERY VWRSSHG ZKHQ WK
JDFHWLF DFLG DQG J VRG L X PFRERBIT W il Gz YR W SR Y PYYRU EHFDPH V
IRU PLQXWHV :HGLVVROYHG PJRIHQJ]\PH PJRIFHOOX
ODVHRU PJRID PL[WXUHR|SHFWWQPWBBQ%WW&MRDFWLYH$
P/RIEXIIHUVROXWLRQ ZLWK VWLUULSYPRY P Lo 7KHHO]\PH
SUHSDUDWLRQ ZDV WKHQ DGGHG WR J'7RYWBE BRHRROWHERRWHQW 73&

PLOQXWHV DW HLWKHU  f& IRU FHOOX©IP WHR\WRY0 FRIRIKWEHRO FRQWHQW F
FHOOXODVH SHFWLQDVHPL[WXUH pPKihMBILGRDWHUEDN REY OVPMHYHSIHQ
ZLWK D %+*FKQHU IXQQHO ZDVKHG DQEGRxMr HWKR S URRVRFRBDVEINWE GBL EHG E\ 31
f& SODFHG P/GU\H[WUDFW PJ P/HWKDQF

IROORZHG E\ P/RI ZY )ROLQ &LRFI

(IWUDFWLRQ E\&ROG ODFHUDWLRL \j WwXEH ZDV JHQWO\ VKDNHQ IRU PLG

7KHPDWHULDO ZLWK RU ZLWKRXMWGRIHP LFP ORI UHVYRGHXWRBQWRQDWH VR
ZDV SODFHG LQ P/VROYHQW HWKWXDHHABHEW W LHHWKBPR@Q XD OO0\ DQG LQFX
FRPELQDWLRQ RI HWK\O DFHWDWH IWHP BEWKDWROHRIRD FALQWWHN 7KH UHD
RI HWKDQRO DQG ZDWHU DQG VWLULPHG DWLGOR RPKW MAXEHWDVXDJFHRIRE EDWK |

KRXUV 7KHVROLG PDWHULDO ZD VZAROSOUH S\BUHE\ LIQODWVWIDPY ORPQ PO® QHU E
WKHVROYHQW ZDVHYDSRUDWHG RIBX@QEHG 2 YWKXXXWKDQRO $EVRUEDQFH Z|

ODWHULDO WKDW KDG EHHQ VXEKIHWFWBBWR HYSAPWURSKRIWRPHWHU 6
WUHDWPHQW ZDV SODFHG LQ P/ VRGDHQ W* DHOVOK \FO DIFRHBWIDW KRG DV D VW
HWKDQRO DQG VWLUUHG DW URRP WHPRNSLHRUD RVIXJ FD B UE UDRWURQ EXHYH ZLW]
VROLG PDWHULDO ZDV UHFRYHUHG E\ | L0OOAU D W I R Q IKGIGVARIOVHMIGR P &1 JDO O
WKHVROYHQW ZDV HYDSRUDWHG RIHQWGHRIQIFMQRMX)XPWLRQV ZHUH PL[HG ZLW!|

(IWUDFWLRQ \LHOGV H[SUHVVHDBQIBVVXEMHEWRIGGVWR WKH SURWRFRO GH"
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H[WUDFWV 7KHUHVXOWYV DUH H[SUMNVRADBQ\Q BHIDFHMVF DFK GELTKILRQ ZDV FD
DOHQW *$( SHUJUDP RIH[WUDFW PJ*$( JH[WUDFW

A
, QKL EL WIR 1 —
7TRWDO )ODYRQRLG &RQWHQW 7)& Q ( © Ao

7TKHIODYRQRLG FRQWHQW R H[WXOHFWHV$A DM LR LQ WKH SUF
FRUGLQJ WR D PRGLILHG YHUVLRQ B W KK R @ERIRUSRVERQRY WadH VRO XW LR
PHWKRG GHVFULEHG iEWAXG&W VAHLSHQD 'FHHpdH X3 3 + VROXWLRQRILAMWKK D QRO
P/ RI GLOXWHG H[WUDFW PJ P/LQ HWKDQRO RU P/ RI
DVWDQGDUG VROXWLRQ RIUXWLQ LQ D$QMN_|“$LWEI-Z\K1LFP$FW/LR'ILW\
VROXWLRQRIDOXPLQXP FKORULGH LSQ H\Eﬁ_% W&P

7KH FRQWHQWYV RI WKH IODVN ZHUH Pl HZGDQ/QrR/ P%RAPW@B%LB%V/E%EF&%H%T

GDUN IRU KRXU DW URRP WHPSHUR)IY: lﬂEHé'ﬁEHI-BDF I§\R—I \}_'H%SQLWURSKI-
VDPSOHV DW QP ZDV PHDVXUHG ZL\ﬁ/ %%\UD 13* DVWKHVXEVYV

WURSKRWRPHWHU 6KLPDG]X \RW%H DQDUL'_I? \é CI-'-'QOE)( LRQVRIWKHH[WL
RI' VROYHQW HWKDQRO ZLWK P/R Q/{ Xf

LQ PHWKDQRO DV WKH EODQN IRU VDEP af P%ﬁ'kﬁ’ <S MLPD%%‘&?FQMWLPHWW

FXUYHZDVSUHSDUHGZLWKUXWLQ[&\bWIﬁ LRQ

WLRQV RI WR J/ $OLTXRWYV bl>J( \L WV\@ WHEKRNMU S+
PLIHG ZLWK DOXPLQXP FKORULGH V I9E>)( 9”% G 6H SURWR IQ|PL[WXUH
GHVFULEHG DERYH ZDV IROORZHG ) EL NR\QSWQ %% (gbVVRQ PO
H U]

H[SUHVVHG LQ PLOOLJUDPV RI UXWL kg&\y oo B TEUIEDR T 6 oy
RIH[WUDFW PJS5( JH[WUDFW '062 ZKLFK ZDV WKHQ LQFXEDWHG IR

f& $EVRUEDQFH DW QP ZDV PHDVXI
7RWDO &DURWHQRLG &RQWHQWpPp{&HRSODWHYV ZLWK D 7KHUPR YEVKHU 61

$ 89 VSHFWURSKRWRPHWHU "@RLFYESODVRHWRSHFWURSKRWRPHWHU
-DSDQ ZDV XVHG WR HVWLPDWH WRWBBPFHURWADRE & HRIGWRB & WHKURH Wi
PHDVXULQJ DEVRUEDQFH DW QP HLEF PWRAPB R @RV AL wRY XVHG DV D Si
D SDWK OHQJWK RI FP $ ZDYHOHONWRHUFHQYLLLKEELWLRQ  UHIOHFWYV
XVHG IRUO\FRSHQH GHWHUPLQDW L KRG @l K WY IL@M\Gh RikVRL Y LWN DQG ZDV
QP ZDV XVHGDRBWHQH GHWHUPLQM®WERQV 'ULHG HJ
WUDFW J ZDV GLVVROYHGLQ P/HWKDQRO DQG XOWUDYRQ ,
LFDWHG IRU PLQXWH 7ZR FDOLEUDWE@@M@WWQ@@W%F?
IURP WKH DEVRUEDQFHV PHDVXUHG DW DQG QP IRU WKH
VROXWLRQV SUHSDUHG ZLWK FRQFH& WWghR-\MMHK/HRD EV R UER Q FH QP RI WK
J P/ FDURWHQH DQG O\FRSHQH LQ SWHHOROWERWIPRYHYPWKRVSKDWH EXII
WDO FDURWHQRLG FRQWHQW ZHUH G HOWHUPRPLLEGHG HEbP RI\EXDEYB WEDQFH
VRUEDQFH DW QP DQG LV HBURWWEH® SV HY RRFH RI WKH H{WUDFW
HTXLYDOHQW SHU JUDP RIH[WUDFW  ,QKLELWRU\DFWLYLW\&V B[BUHVVHG

FRUUHVSRQGLQJ WR WKH FRQFHQWUDYV

'"HWHUPLQDWLRQ RI WKH %LRORJLVEDRKD #RMPYIWNR K GLIREBRNMAYGEVH  RI W
'"HWHUPLQDWLRQ RI$QWLR[LGD8W‘¥E§/?$E\?/¥C§E\ﬁku‘%95VLGHVXEVWUDW
KH DELOLW\ RT H[W UDFR\G D WHR DLRQKLL ¥EL
7KH DQWLR[LGDQW DFWLYLW)\ RZDVKHVWLWDOWHGVEYDWPG&LILHG YHUVLR(
VHVVHG E\GHWHUPLQLQJWKHLU IUHIHYFGLE D@ ¥ Bl HEA QK WFWDLFW ED V G L\
DJDLQVW GLSKHQ\O SLFU\OGUD\VWLQRPXP DY YW WRIEMHER DQG GLOXWHCG
E\%UDQG :LO@LMHPGLVVROYHG PJ 'B3DWOH EXIIHU 0 S+ 7KH FRQFHQW
P/ HWKDQRO WR REWDLQ DQ DEVRUERQWVKHRRL BB X DMWGLGO®RW H[FHH/G 'LO
EHWZHHQ DQG ([ WUDFWV ZHURI®L OX W/MHGL DY W WKD IR AVRD P\® W RH
REWDLQ FRQFHQWUB/WIHRDEEHG/D VROXWLRQ PJ P/RIWKHVDPHEXIIHU
DOLTXRW RI HDFK H[RIUDFW/DQ®%T+ LQFXEDWHG IRU PLQXWHY\DWD UF& \DROGBX W
HWKDQRO WR WKH ZHOOVRID ZHOO RIFERISOD WD VWKKEQ@DEEHE®VIKH PL[W
NHSWLQ WKHGDUNIRU PLQXWHV DMWNK P&[IIRQU ERUERWIOWDR® ZDV/WKHQ P
WLRQHYHU\ PLQXWHV $EVRUEDQFH ZBVQHWGHOWD O LFRQILMVIKALG '16 VROXW
VSHFWURSKRWRPHWHU 6SHFWURVW®WDW S% D*F/HDE WG BKE R UMWMHIEZHDWHU EDWK |
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WKHQ FRROHG WR URRP WHPSHUDWEKDW HEHIRWH WRKUD/GOAL W If RQ7KIH WHV W F
P/ VRGLXP SKRVSKDWHEXIIHU $EVRYHEQQRE IRV PHDODYRJIGBHIILDWWHG WR REWL
QPLQWULSOLFDWHLQ ZHO O S O'D %vHNRZQ MHOQDVAKIHWI IPRRQ IEVHKOHRYZ 7TKH PLF
6FLHQWLILFO%ROWEVRBQDWH 6SHFWAXEDRRMERPWW Hflg IR U KRXUV 7KH VXS
9DQWDD )LQODQG $FDUERVH PHPRY BGRIQKNLELRGUWRIRQ ZDV DGGHG W
DP\ODVH ZDV XVHG DV D SRVLWLYB ®K8 QMU R® DMH\SHHEFH QY/FXEDWHG IRU [
KLELWLRQDPWIDVH ZDV FDOFXODWHIZ DVYHPOBRWVZDV UHPRYHGID/AQISG GHG WR
GLVVROYH WKHIRUPD]DQ FU\WVWDOV $E\

DP\ODVH LQKLELYL80Q BERANWEPEsOH DW QP ZLWK D PLFURSODWH2UHDGHU ¢

AFRQWURO 7KHUPR )LVKHU 6FLHQWLILF 9DQWC
ZKHUHSKLORWKH DEVRUEDQFH opr BXWHRBHRWY GROEPHUIRUPHG WKUHH WL
SDUHG ZLWERWDVVLXP SKRVSKDWH EXRWMYR RMHG DV D SRVLWLYH FF
DP\ODYWi#sl$ WKH DEVRUEDQFH BUFS QW QHHFLWLRQ RIFHOOXODU DFV
HQFHRIWKHH[WUDFW 7KHFRQFHQWBBWLRQRIWKHFRPSRXQG SUR
YLGLQJ LOKEEL@ILRQ ZBY FDOFXODWHG E\ Acobolyorson
SORWWLQJ SHUFHQW LQKLELWLRQ DJDLQQWL\E(:LW\SIMQF%Q%&%A&QBWLRQV

$QWL ,QIODPPDWRU\$FWLYLW\ $cookN WKH DEVRUEDQFH RIWKH FHOO
7KHDQWL LQIODPPDWRU\ DFWLYWW HRHI[M[WLFDWFWY ZDV GHWHU
PLQHG ZLWK OLSR[\JHQDVH /2; DV GHVFULEHG E\
. KHOHW.Da®@ EXW ZLWK VRPH PRGLILFDWPORGE\WREPHWH\ $VVD\
/| HIWUDFW P/ ZDV PL[HG ZLWRGLXP )RU IORZ F\WRPHWU\ WKH$ FHOOV
SKRVSKDWH EXIIHU /S+OLSR[\JHQDVHZHD® SODWHYV DQG '3 | HEWHKG BLUMK/ HQ
/| OLQROHLF DFLG PO DV D VXEWRWWEWHQFHURN KHVEWDRMY IRU KRXUV I
WKH VXEVWUDWH ZDV/ EXSIGINF HHK AQWWWHRQ 02, RI 7KHFHOOV ZHUH WKHQ
PL[WXUH ZDV LQFXEDWHG DW & IRQWG |IHHGXWHYFXEBGWERQ ZLWK 3)$ IR
VRUEDQFH DW QP ZDV PHDVXUHG RO OYHBO B WAUIRB OOBMWMHHVFWHG WR D IOR
ZLWK D 7KHUPR )LVKHU 6FLHQUL ILE\WROWH VNDEKLQH %HFNPDQ ,QGLDQDS
FURSODWH 6SHFWURSKRWRPHWHU 7XHQWD/X OWYZBQE D @BIOVMGHE LWK F\WH
PHQWV ZHUH SHUIRUPHG WKUHH WLPHV 1RUGLK\GURJXDLDUHWLF
DFLG 1'*$ DW D FRQFHQWUDWLRQ RI _*LPK PHFRWRPIQEH /LTXLG &KURPDWR
DV D SRVLWLYH FRQWURO 7KH IROORZISQPHTXDWLRQ ZDV XVHG WR
FDOFXODWH WKH SHUFHQW LQKLELWLR@/&DQDO\WVHV ZHUH SHUIRUPHG ZLWEK
6FLHQWLILF6SHFWUD 6\VWHP 3 ;5 SXP!
AFrRQowUR®GDPSOH 'LRGH $UUD\ ' HWHFWRU :DWHUV ODVVDF
ArrowuRrO DUDWLRQ ZDV DFKLHYHG RQ DQ 53& UH
B3KHQRPHQH[ /H3HFT )UD@PHL@®VLIFP
ZKHU ok oVKH DEVRUEDQFH QPZIRWNBHHUHWEWOR@XWLRIQ ZDV SHUIRUP
PLIWXUH ZKHQ WKH H[WUDFW LV UHSOREHDOMWKISRWPYYOXESWRY PRELOH
SKDWH EXIVHASMMEKIH DEVRUEDQFH R| AL & 1Q WHEHZDWHU DW S+ VROYHQW
SUHVHQFH RI WKH H[WUDFW WHU DFHWRQLWULOH Y Y VROYHQ
HOXWHG ZLWK WKH IROORZLQJ OLQHDU ¢
7KLV WHVW LV EDVHG RQ WKH UHGXFYWWRD RHUVLR ®RHORMIRZXWHYV [URP 0
ZDWHU VROXEOH WHWUD]ROLXP VDOVSHEALWRIGHRE L\WR REK WO G DLPD GHXR OO\ 11U
GURJHQDVHRILQWDFW FHOOV WR JRPHUDWHGBXRGBH IRUQ K YWH) 7KKH H[WUD
DQWL SUROLIHUDWLRQ DFWLYLW)\ RFRXAHIQWWDW WR/QDR D LIRIJVRV tQ DFHWRQLV
FHOOV DKXPDQ FRORQFDQFHU FHOW OO®H +ZDR/ HR/WH\P DWWHIQZIHW KDWHU 6L,
PRGLILHG YHUVLRQ RI WKH S URWRIF® D LGHV FRX EV GOE V\DRXWL 86/$R | :HOLRKMH F\
> @ 7KHFHOOV ZHUH SXUFKDVHG IVRP 3D&R ODWR WKEWRONBQ DQG GHWHFW
LQ 530, PHGLXP DW f& LQ D KXRIPGIMKHGERBDEREQGY ZHUH LGHQWLILHG |
WRU 7KHUPR )LVFKHU 6FLHQWLILF UBYNQWILKR QUDLFPHY %@ GIHUGD\SHFWUDO
DWPRVSKHUH FROWDHIK Q2 &2HOOVWBQE8DUGYV
GLVSHQVHGLQD ZHOOPLFHRSUDMWMID ZLWK
LQ /RIDSSURSULDWH FXOWXUH PHGLXP DQG ZHUH LQFX

I ( )=100
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)LJ ((IWUDFWLRQ\LHOGV IRUWKH YDULRXV 73 H[WUDFWV PDFHWDWERP@DBW ERURU
&37 FKHPLFDO SUHWUHDWPHQW (37 HQJ\PDWLF SUHWUHDWPHQW ZLWK FHOOXODYV
DFHWDWH %OXH KLVWRJUDPV FRUUHVSRQG WR HIWUDFWV REWDLQHG DIWHU SUHW
SUHWUHDWPHQW HDFKYDOXHLVDPHDQRIILYHUHSOLFDWHY FROXPQV ZLWK WKH \

6WDWLVWLFDO $QDO\VLV SOHPHQWDWLRQ ([WUDFWV ZHWH DOVR

'DWD DUH H[SUHVVHGMDQWE W & Pt iR WKDW XVXDOO\ HITLFLHQWO\
6WDWLVWLFDO DQDO\VLV ZDV SHUIRREPY EWp B R OADR HRIH0 WLRKR Y FDURWH
YDULDQFH $129% ZLWK 'XQFDQTV EXGIFLIKIP VREIMHIW WM HRYDWLRQ VWH!
FRPSDUHPHDQV GLVSOD\LQ& VLIJQLILFD[@W ¥VPWLBW L RDGIH GLIJUR P WR

6WDWLVWLFDO WHVWV IRUDQWLSLUD@DRWLY ZWY RE WHDU D B\S B LRVKMBLER & 2
ZLWK 3ULVP VRIWZDUH YHUVLRQ XWHYSKIZH[GVURFVZICRDNDAWD HIPUWD &QFUH|
-ROD &$ 86$% LQJ WKH SUHVVXUH WR EDUV GLG QR!

‘H WKHUHIRUH NHSW WKH SUHVVXUH DW

BHVXOWV DQG 'LVFXVVLRQ ILQHUJULQGI<Q# SPUGMGQRW LPSURYH F

(IWUDFWLRQ OHWKRGYV WLRQ \LHOG SUREDEO\ GXH WR WKH IRU

6HYHUDO IUDFWLRQV ZHUH LVRV \§(/ E%H ? X H Y&%FHUDHV\(/;LESS?LDHQOZ\A
VFULEHG LQKHDELOLW\ RI SUHWUH }?

H[WUDFW LQ PHWDEROLWHYV ZDV D H ﬁiﬂ%\lﬁ GKLVEE(';
FRQWDFW EHWZHHQ WKH '7: DQG H Q
PHGLXP %XW WKLV SUHOLPLQDU\ R

H

|—|

7KH FKHPLFDO SUHWUHDWPHQW

P
DWPHQV
OHDG WR D GHJUDGDWLRQ RU ORVYV ) EQ wwﬂ&(v‘é’@éHUDWLF
%ﬁ%ﬁ* i ot

w

LQ DQ R[DOLF DFLG VRGLXP RHVODWYH, E VY| |_ RP WKH V
> @ DSSOLHG WKLV SUHWUHDWPHQW WR 7 Wﬂz% WLRW R |
WKH SHFWLQV LQ WKH ILOWUDWH ELBGHL I¢ 58@@ ,}LQ, RI HW
VROYHQWY HWKDQRO HWK\O DFH H *io WIRS | V}s B\V\{(FL K qLHOG
HWKDQRO HWK\O DFHWDWH PL[WXUH |H lkld{(%ﬁ/l WX VvHG

XVHG WR SUHSDUH VHYHUDO H[WUDFWVE DFHUDWLRQ 7K VH
ELREDVHG VROYHQWY ZHUH VHOHFWH \%\ﬁgﬁ}%?é§§ %E@ﬁ?@g} F%% LG &R
WKHLU ORZ WR[LFLWLHVY EXW DOVR I L l|:| LO %
SRLE&WVf& WR OLPLW WKH HQHUJ\ UH7I'K>(H_WI~RGVD:CUIUB$BQRLG FRQWHQWYV 7
UDWLRQ E\ GLVWLOODWLRQ &DURWRQWRIHGQWKDI& 2 HKUBKHWVHIUIPQIOWMG IRU V
IRUOLSRSKLOLF VROYHQWY ZKHUHBDRWROMWMEBKMB FRQ WHIP BNWWWHH KLJIKHVW
WUDFWHG LQ SURWLF SRODU VROYHQWWJIBNKIHWODRW ZO® HU PDOSIKQ H[WU
GXFH WKHVZHOOLQJRIFHOOXORVHWZKHPK P RW WXHRH\M RDKHROHZDWHU PL[W

OHDVH RI PHWDEROLWHY :H FKRVH WRJISYSYIRUHFBARRWLDWHEQV 7KH H[WUD
DW URRP WHPSHUDWXUH WR VDYH 622D Y @P® YRUUHBYXH QISKIHQROLF FRPS
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yLJ 7TRWDO IODYRQRLG FRQWHQW LQ 73 H{IWUDFWV REWDLQHG EY PDVHUYRWLR® DW

J &2 PLQ([IWUDFWYVY ZHUH WHVWHG DW PJ P/ &37 FKHPLFDO SUH WUHDWPHQW (37
HQJ\PDWLF SUHWUHDWPHQW ZLWK SHFWLQDVH (W$F HWK\O DFHWDWH %OXH KLVW
KLVWRJUDPV FRUUHVSRQG WR H[WUDFWV REWDLQHG ZLWKRXW SUHWUHEBDWPHQW FRC

)LJ 7TRWDO SRO\SKHQRO FRQWHQW LQ 73 HIWUDFWV REWDLQHGEDWDFAYID®ERQ DW
EDUY[WUDFWYVY ZHUH WHVWHG DW D FRQFHQWUDWLRQRI PJ P/ &37 FKHPLFDO SUHW
(37 HQJ\PDWLF SUHWUHDWPHQW ZLWK SHFWLQDVH (W$F HWK\ODFHWDWH %OXH K
5HG KLVWRJUDPV FRUUHVSRQG WR HIWUDFWV REWDLQHG ZLWKRXW SUHWUSDWPHQW

*$(J EXWKDGDORZHUIODYRQRLG EROWB Q3VWDWKD Q W K H$H [W UDEG @&/ PJ5( J
REWDLQHG ZLWK HWKDQRO PJ 5(KRZLDQUWKDWHWWRERO DSSHDUV WR EI
WDLQHG ZLWK HWK\O DFHWDWH HQ]WDLVQLW ISHHAVW AR WP W & YWRLUQ FHWHRDI WHHGV D E
WKHFRQWHQW RIERWK SRO\SKHQROV XS WR PJ*$(J DQG

IODYRQRLGV PJ5(J UHODWLYH W RRWOHOHS WWROW W QRRELVEDSLRYWH Q W

ZLWK HWK\O DFHWDWH LQ WKH DEWHQFHKRIGRWWE HDWRHWRWRLEBXROQWHQW C
DO @ IRXQG PJ*$( JSRPDFHDQG WIPRSKRWRPHWU\ LV S U HVUHDMHG SOH)ED
PDFH ZLWK DQ HIWUDFWLRQ LQ PHWKDEIRMHYPWH KB QOFIPWIKkRLRDAIRWDWH DIw
WKHPDFHUDWLRQV SHUIRUPHG LQ HWKP QRE MK AN @FWR AW B GFORIRXWHMO R L



yLJ 7RWDO FDURWHQRLG FRQWHQW RI 73 H{WUDFWV REWDLQHG EDRDF & D\WWGRQ [

EDU%37 FKHPLFDO SUHWUHDWPHQW (37 HQ]J\PDWLF SUHWUHDWPHQW ZLWK FHO
(W$F HWK\O DFHWDWH %OXHKLVWRJUDPV FRUUHVSRQG WR H[WUDFWV REWDLQHG Z
ZLWKRXW SUHWUHDWPHQW FROXPQV ZLWK WKB>VDPH OHWWHUV DUH QRW VLJQLILFD

yLJ 7RWEDQRWHQH FRQWHQW RI 73 H{(WUDFWV REWDLQHG E\PDEHWWERKQQ® [& I
EDU%37 FKHPLFDO SUHWUHDWPHQW (37 HQ]\PDWLF SUHWUHDWPHQW ZLWK FHOOXC
HWK\O DFHWDWH %OXHKLVWRJUDPVFRUUHVSRQG WRH[WUDFWV REWDLQHG ZLWK S
SUHWUHDWPHQW FROXPQV ZLWK WKH VDP3$ OHWWHUV DUH QRW VLJQLILFDQWO\GLII

HVW FRQWHQWYV RI O\FRSHQH PJ JPAIJWUHDWW FRW UHYGSC RQBEL QPR WHQ PJ .
WR PJJ'7: DRIGURWHQH PJ 1MW IBMWDFW ZHUH JUHDWHU WKDQ WK
)LIV SUHVVXUHV WHVIWHCE /HIQKFWILYH H[WL

7KHH[WUDFWLRQ\LHOG RIO\FRSMGRRY¥ WD QdiMKXW o iy I RiG DW PRGH L
GLWLRQV ZDV JUHDWHU WKDQ WKDWMXVWhIYLQ@J WKHVHWHEWLRQ RI WKLV SU
6LONW DG DQG GHWHER® IRUDQ HIWUBFWWR& RWR ZDVWBELRUHILQHU\ >
73 ZLWK D PL[WXUH Rl HWK\O DFHWDWH DQG HWK\O ODFWDWH DFWL
YDWHG E\ XOWUDVRXQG f& P/ J 5,'6C§-GF(99/\¢LFFPdHand]L\QJ $FWLYLWA
PDWLF SUHWUHDWPHQWDSSOLHG SULRWKW R B®KEO O FVH\D B M/®IJR IR HIUDMLLYR. @V \
ZDV PRUH HIITHFWLYH WR UHOHDVH ONFRGHWD\HH G D ¥ D JSHHWAHIMPAMD D KIH. R IKLKE L W |
FRPSDUHG WRWKHFDVHZKHQ LW ZD M V¥R XCSIDWIGRWLRGHDWY KD AR IL ¥ LAVDLEH V D
HUDWLRQ PJO\FRSHQH JH[WUDRWUH G WHI\WWW & || @ UFIR[SHWQMHF WV REW DL Q



yLJ 7RWDO O\FRSHQH FRQWHQW RI 73 H{IWUDFWYV REWDLQHG EY'PDWHJBRWIQRQ DW

EDU¥37 FKHPLFDO SUHWUHDWPHQW (37 HQ]J\PDWLF SUHWUHDWPHQW ZLWK FHOO XC
HWK\ODFHWDWH %OXHKLVWRJUDPVFRUUHVSRQGWRH[WUDFWV REWDLQHG ZLWK SU
I[URP WKH GULHG WRADWKRZXZWMWHHWUHDWPHQW FROXPQV ZLWKDW VWKHVDPH OHWWF

)LJ '33+ UDGLFDO VFDYHQJLQJ DFWLYLW\RI 73 HI WUDFWV WHVWHG DW PJ P/ RE)
ZLWK 6& BW f& DQG &BDUNWKHPLFDO SUHWUHDWPHQW (37 HQ]J]\PDWLF SUHWUHDW
SUHWUHDWPHQW ZLWK SHFWLQDVH (W$F HWK\O DFHWDWH %OXH KLVWRJUDPV FRU
FRUUHVSRQG WR HIWUDFWV REWDLQHG ZLWKRXW SUHWUHDWPH@Y FROXPQV ZLWK W

HWKDQRO VDPSOHV ZKLFK FRUUHVSRQG WIR $/QKOHO WAHYKHVW FRQ

WHQWV LQ SRO\SKHQROV DQG FDURWHR@RKL B p/d\W HIMGWHR/FW SEHIS BER $H VKR
ZLWK 68 DBRVR VKRZHG LQWHUHVWLQJ POWLRILGRIR W[SUDFHWL RO FRQGLWLR
WLHV ZKLFK FDQ EH DWWULEXWHG W/ bW Vv RRQHVBIIRAMME XD S R DG EHRR RE WD L
DQG O\FRSHQH 7KHFRQWULEXW LR QGRIARHWKPRQRO sSRIGBKWERD IHBE 10DYROQ
IUHVK WRPDWRHV WR WKH WRWDO DpWHRIEG R QWY PhHW b MW £ON TR HPI W K H
KLIJKHU FRPSDUHG WR WKDW RI OLSRRHWHEWIDEMERR Y RRNWPBRHGB@H 1UD
KH[DQH DFFRUG LHW @&/ BURPRLY LQIPRWIRLI RI DQWLR[LGDQW DFWILYHW\ 6X
LGDQW SURSHUWLHV DURXQG  PJ iy k DIFR 3 D 1a PR FO DFHWDWH JHQH
IRXQG IURP HWKDQROLF IUDFWLRQ RIJ &b Y R R W RCEMW b W KADVOLPEK LQ O
LQDWLRQ RI QRQ SRODU FR®P SKXWB BRI BRAFZRLFK DOVR FRQWULEXWHG W
HWB@ VXJIJHVWHG WKDW WKH DQWLR[LGPO WD HWb VLW RIZAMKDRRHG WR Gk
OLFH[WUDFWV ZDV GXHWRHITHFWLYR¥BERYH @1 RQIR I KFEHUR WO B WMy RWH S L
VXSHUR[LGHDQLRQUDGLFDOV LQVWDQFHWR GHWHFW DVFRUELFDFLGT



7TDEOH ,GHQWLILFDWLRQ RIPROHFXOHVLQ H{WUDFWV IURP WRPDWR SRPDFHE\ +3/& '$’

‘LWK SUHWUHDWPHQW DUHD LQ $8 ‘LWKRXW SUHWUHDWPHQW DUHD LQ $8
(37 HWKDQRO (37 (37 HWKDQRO &37 (W$F (WKDQRO (WKDQRO ZDWHU(WKDQR:

1R 57 PLQ &RPSRXQG

DPLQR K\GUR[\EHQ]RLFDFLG
DVFRUELF DFLG
JDOOLF DFLG m
KDPDPHOLWDQQLQ
FKORURJHQLF DFLG
HSLFDWHFKLQ IODYRQRO
FDIIHLF DFLG
GLK\GUR[\FLQQDPLF DFLG
K\GUR[\FRXPDULQH
GLK\GUR[\EHQ]RLF DFLG PHWK\O HVWHU
K\GUR[\FRXPDULQ FDUER[\OLFDFLG
IHUXOLF DFLG
FRXPDULF DFLG
UXWLQ K\GUDWH
VLQDSLF DFLG
LVRTXHUFLWULQ IODYRQRLG JOXFRVLGH
WULK\GUR[\HWK\OUXWLQ
VDOYLDQROLFDFLG %
GLK\GUR[\IODYRQH
GLK\GUR[\ SURS\OFRXPDULQ WDQQLQ
WULK\GUR[\IODYRQH EDLFDOHLQ
QDULQJHQLQ IODYDQRQH
NDHPSIHURO IODYRQRO
FLQQDP\O GIFKDRWRALQQDPDWH WDQQLQ
GLPHWKR[\IODYRQH
« GLPHWKR[\IODYRQH
K\GUR[\IODYRQH
E FDURWHQH
O\FRSHQH
OXWHLQ

I+




)LJ $QWOXFRVLGDVHDFWLYLW\RI 73JHRPW REMWDY. QUEVBNRCPHW DWLRQ DW  f& IRU |
&2 DW f&DQG &BDWKHPLFDO SUHWUHDWPHQW (37 HQJ\PDWLF SUHWUHDWPHQW
ZLWK SHFWLQDVH (W$F HWK\O DFHWDWH %OXH KLVWRJUDPVY FRUUHVSRQG WR H[W
HIWUDFWV REWDLQHG ZLWKRXW SUHWUHDWPHQW FROXP®Y ZLWK DW WKH VDPH OHW

+3/& RQ WKH HWK\O DFHWDWH H[W UDWFIW R ERQWQPREG DDUBK JRRK/MHIRU DQWL
LFDO SUHWUHDWPHQW UHYHDOHG W& KFRWH \GHIYFHD BWGH DWWQ K\ FUBW HIHV S H
NDHPSIHURO WDQQLQSK) GG FNBHOP®ALS XY WR VIQHUJ\ EHWZHHQ WKH YDUL
DFLG WRJHWKHU ZLWK KLJK OHYHOVNQRWRBUHRWHRRWEY (Q]J\PDWLF

SUHWUHDWPHQW ZLWK D PL[WXUH RI WZRHQMWRIH\E W R & WAKHIHW KH WK WK H F
HWKDQROLF IUDFWLRQ LQ WDQQLQ\b | PWHREHHQ H ol BWMDIOHEE- R LN ® Q G

VSHFLILF SKHQRODFLGV VLQDSLF DALG/ HWHDIFMPER 6 w DIVOUDIOWMYRQ HV PR
LQDQ HWKDQRO HWK\O DFHWDWH PLHW& S H G KOQ WHEL IS Kb RIGHHE ROMHP OV D g
RI'WDQQLQV DQG SKHQROLF DFLGV WRWHOH H H/XQ WG QIERHIWY IUD BWW KD @\ 7
ZHUH REWDLQHG ZLWK HWKDQRO DOBRHAGIMRIRU WERSANYKRQR B AN HROHF X C
PLIWXUH RYHUDOO FRPSRVLWLRQ gRY L3 8 P W WR WIKHPMWK BRWEW KI) LQ Y H V)
HWKDQRO H[WUDFW ZLWK VLPLODUWHYE MY vid B W WRK HE D QW PIFMVAR WD L G
EXW D ORZHU FDURWHQRLG FRQWHQ@ >, @ \8 KN HWHENGROKH DIOMHRRA BEHWLF
WDLQHG DIWHU PDFHUDWLRQ LQ HWKHE B k BWHIWVID B R B 16\ W WG B O Wl Qv K
K\GUDWH DQG WULK\GUR[\HWK\OUXWh@ P V<kihR @Y @OYRAILOROWHG DO LQ
QDOO\ WKHH[WUDFW,RRERQINMIHHG JRPWSE 2 D IDPQ@BWH IRU O\FRSHQH H[W

QROV LQFOXGLQJ SKHQROLF DFLGCwWRPHWW NNRE®W & FRREFHYWLWD WLRQ
SDUWLFXODU DQG WULK\GUR[\HWK\OUXWLQ DIODYRQRLG DQG WDQ

QLQ DFLQQDPLFDFLGHVWHU (YDOXDWLRQRI$QWL ,QIODPPDWRU\
%LRORJLEDO $FWLYLWLHV 1RUGLK\GURJXDLDUHWLFDFLG 1'*$ Z
LWLYH FR WURO LQ WKH OLSR[\JHQDV
7KHELRORJLFDODFWLYLWLHV RIZN, WK HeBEOW R1 WK E

HVW ELRDFWLYH PROHFXOH FRQWHQ[\/\\/\)\{JélﬁW \élj %HJ@FR/PWL%@/%QGLFDW
O\]JHG QLQH H[WUDFWYV E\ +3/& 7DEOHG ) FOHDUDFWLYLW\DJDLQVW OLSRI\.
YHQW XVHG IRU H{WUDFWLRQ 7KH H[WU
$QWLGLDEHWLF $SFWLYLW)\ DFHWDWH DIWHU FKHPLEDO SUHWUHDWF
‘HXVHG WRMFRVLGDWNDIMH HQ]\Pg W WRXHV UHFRUGHG PSIHURO PROHFX
DVVHVV DQWLGLDEHWLF DG WER WG CNAPQERNH D G LK\BURFLQQDPDWH PROH
KLELWRU SUHVFULEHG IRUWKH WUHD@/®HEW IRQ ®AGEBWHVPRDWHKXBE DV DUH
DSRVLWLYH FROQWURO ,WR/DRDQKWKHY ELRDFWLYLW\ DV DOO WKHVH PRO
WZR HQJ\PHV 7KH SHUF H@DX ERKLEG DMHER)BVHG WR KDYH DQWL L Q I\ DRD W R
DP\ODVH DFKLHYHG ZLWK WKH Y D WL RXA/HN/[FULLE F\B WIKH PHHFK D QWWRY R | D F W
LQ)LJV 7KHVHH[WUDFWV FOHDUO\ RN WBRWDRE VKK MK BRPW PROHFXOH L



yLJ $QWP\ODVHDFWLYLW\RI 73 HI WUDFREWWHYWGE E\CPMDFHUDWLRQ DW f& IRU k
&2 DW f&DQG &BDWKHPLFDO SUHWUHDWPHQW (37 HQJ\PDWLF SUHWUHDWPHQW 2
ZLWK SHFWLQDVH (W$F HWK\O DFHWDWH %OXH KLVWRJUDPV FRUUHVSRQG WR H[WL
HIWUDFWV REWDLQHG ZLWKRXW SUHWUHDWPHQW FROXPQV ZLWK WKHVDPH OHWWH

yLJ $QWL LQIODPPDWRU\DFWLYLW\RIFB BpWUQF¥WWKHVWHSMWHQDVHHQ]J\PH D

f& IRU KRXUVRUZDWK 68 &G &BDOURMKHPLFDO SUHWUHDWPHQW (37 HQJ\PDWLF:
(37 HQJ]\PDWLF SUHWUHDWPHQW ZLWK SHFWLQDVH (W$F HWK\O DFHWDWH %OXH K
5HG KLVWRJUDPV FRUUHVSRQG WR H[WUDFWV REWDLQHG ZLWKRXW SUHWUSDWPHQW

KLELWRURI /2 WKOIMWYLYRIIHFWLYHPR[LIHQHO XVHG DV D SRVLWLYH FRQW !
%DVHG RQ UH FH.@W G\BXES L bR WDIAUHRNEIWK LQKLELWLRHQWUORHAWE RE D FOHL
DO> @ KLIKOLJKWHG WKH SRVVLELOFWQWKDW BGHAWUMQMI CXRBODVVLKKLELW
RITODYRQRLGV LQFOXGLQJUXWLQ MVGVHWMM LRLEMWK PRRB R XIDVBHDGRRGHUD W F
IHUHQW VWDJHV RI LQIODPPDWLRQ L @QKHULMELRSDDODVWOIWEHWRZEHQ DQG
LQ GLVHDVHV VXFK DV GLDEHWHYV BDWWDERMD/ KD G GURXDW R WO®DMUSRIOASWKQR O
HDVHV DQG FDQFHU )LQDOO\ WKH SKH®& ROOHLYHIDAVL 8 V BKUIHR/BRMA QQFWIKFHL G PR
HWKDQRO EDVHG H[WUDFWV KDYH DODR RO HQ .IGHVRFRRREQ G7IKW SBR WHWMY LW L
LQKLELWRUV RI OL®R[\JHQDVH> HUDOPROHFXOHV SUHYLRXVO\UHSRUWH
HUWLHV 7ULK\GUR[HWK\OUXWLQ PROH
E\WRWR[LFLW\DJDLQVW 7XPRU &MDQ/H QKIYVY EHHQ VKRZQ WR EH DQ HIIH

7KH F\WRWR[LFLW\JRPH [ZADULDHFYWDWO XORZWK RI +&7  @F KWWY RIHQLF DFLG t
DJDLQVW D YDULDQW +&7 WXFRU IWRFPGHEOH HULQDWHG FRIITHH EHDQV ZDV



yLJ &E\WRWR[LFDFWLYLW\RI 73JHPWWDDPWYVWHEWHGHDQFHU FHOO OLQHYV DIWHU F

KRXUV RU ZLWBW& &2 DQG &BDWKHPLFDO SUHWUHDWPHQW (37 HQJ\PDWLF SUHV
HQJ\PDWLF SUHWUHDWPHQW ZLWK SHFWLQDVH (W$F HWK\O DFHWDWH %OXH KLVW|
KLVWRJUDPV FRUUHVSRQG WR H[WUDFWV REWDLQHG ZLWKRXW SUHWUEBBDWPHQW FRC

LQ WKH 077 WHVW RQ +&7 FD@FHU FHQPN RILGAKXD @ &G L W &R QKIRAHIGE W KD
RI PJ P/®@ /\FRSHQH PROHFXOHVKHLPREVUWIMVHGE.YH H[WUDFWYV DQG
WKHLQKLELWLRQRI +&7 FHOO JURZWAKLEDW R FHCHIDOYBY DO@ VKRZHG WKD'
DW D FRQFHQWUDM/LR® ROIRUHRYHUDQ HWKDQRO H{WUDFW RJW RIPDKALE SWWRA G|
WULK\GUR[LIGIEPRRBOHLQ PROHEFX®WLD QG LVQUORMWRI® $ + 1 YLUXV E\ 7K
I[URP WKH IJXRWWXP! L QAAIGHK®P\ XVHG PROHAXOH GHWHFWHG LQ H{WUDFWV
GLWLRQDO &KLQHVH KHUEDO PHGLFW®&H LRUY LW B &\ KIDQ IKODDYPLRDIWRQUA LY L U C
SURSHUWLHV LQKLELWHG WKH JURDWKLRIVAW = LINDDYOLMWEKY %DWFDOLQ D WULH
FRQFHQWUDWLRQV®! )OWRFR®HY¥ IURP W RPBKRDY DOVR GHWHFWHG LQ HWKD
VNLQ KDYH DOVR EHHQ UHSRUWHG WHRSRD YWH GQKR E3LRZRUNHD K\U DYRW3Y.R UHS
DIJDLQVW 6&& KXPDQ RUD@ FDQFHUTPHOURLWULQ TXHUFHWLQ 2 JOXFRVLG
ZDV GHWHFWHG LQ H{WUDFWV DQG |
(YDOXDWLRQRI$SQWLYLUDRQ $FWIL B RWWHDIW LQKWELWRU RI =,.9 LQ YDULRX
9LWUR RULJLQ DVWKLVPROHFXOHSUHYHQW Wk

7KHSRWHQWLDODQWLYLUDO DFWHRVWRQ B RPW KA XY RQMHEYFPY SIUBHH HQ L
SDUHG ZLWKRXW 73 SUHWUHDW P H QR M-UFL N® YH W V iR Wb HY vAR G VH®
=LND YLUXV =,.9 DPRVTXLWR ERUBHH MR EHEH@MURPUBHEDPDPH
I[URP WKIMY LYH@XY WKDW FRQVWLWXNRQRvIR®bIN ¥ O k HpODMIWUDFWY DQG KL
EXUGHQ GXH WR WKH GLYHUVH X PRRWHHOWWDION ED&®) §RDIHERWKSLELWRU EDV
YRUWKLV DVVD\ KXPDQ$ FHOOV ZHOHUGOBWAHYZ FWRYVHV RI PROHFXOHV
FDUU\LQJD UHSRUWHU JHQH HQFR G WKHIRFHHHY OXR D QWHH & WEQ R W LHLWLH
)3 >@ IRU KRXUVLQ WKH SUHVHGFHRIKDESHBERRY YRBRUW LQ VIQHUJ\ DV V
LRXV QRQWRI[LF FRQFHQWUDWLRQVWI RXREWWULURHHDIWRH FPROEYBWLRQ LQ
WUDWLRQV LQKLELWLQJLQIHFWLRQP\YH ZRQHASHWWHPYPH © MK HRHWUDFW LQ
UHVXOWV RIDQWLYLUDO DFWLYLW\ WYWRHEW D uHPSUPK ARDWEHLAR D& WY LWLHYV

&HOOXODU PLWRFKRQGULDO DFWLY.L V ZHUH. SUHVHUYHG EH
ORZ J P/ )LJ$ SERYHWKLV FRQFHQWU‘%%@E&%M&%QN

DELOLW\ZDV FRQVHUYHG IRU H[WUDFW®D FHWRBZQRQVDORIG 3 HWWR B RE OHF W H
DQG ZDWHU ZLWK YDOXHVFRIUHODBENHEDFWLRQY ERWEK W L&DV OHG WR Wk
WR YHKLFOH WUHDWHG FRQWURO F RO OWD F @ DRGAL ¥ ROMDD BWQ Y IR FNVWIDLO V
H[WUDFWV DQG SUHSDUHG ZLWR/EBWKQDORVDL \HMEK-DIORIO LHVEK\ P ROHF X O |
DFHWDWH B QEHE/& REWLYHO\ L QKLBELWHGVY, . BQROKBLQJ K\GUR[\ PHWKR[\IO
WLRQLQD GRVH GHSHQGHQW PDQQ HDDRWRQRHQW D Q& VRDYDERN BV WKH P
J P/ )LJ% $WDFRQFHQWUBPWWREWRROHFXOHV 2XUDQDO\VHYV FRQILUPHG \
WKUHH H[WUDFWV LQKLELW =,.9 LQ I ¥R Q/\WFDQIGQSKHHRDUDHHOROAVOXAS GAHRV H U P L Q H



yLJ (IWUDFWV GLVSOD\DQWLYLWD® DFHIOQWI BDUHBL@QFWEDWHG ZLWK WZR IROG Vi
J P/ RISODQW H[WUDFWV IRU KRXUV &HOOXODU PLWRFKRQGULDO DFWLYLW\ ZDV
ZLWK 23®W DQ 02, RI LQ WKH SUHVHQFH RI GLIITHUHQW FRQFHQWUDWLRQV RI H[WUL
ZDV SHUIRUPHG KRXUV SRVW LQIHFWLRQ & 6FKHPDWLFUHSUHVHQWDWLRQ RI WL
DFWLYLW\RIH[WUDFWR/ D®WBRZ F\WRPHWU\DQDO\VLV RI*)3H[SUHVVLRQRWD $ FHO
KRXUVDWDQO02,RI XQGHU WKH YDULRXV H[SHULPHQWDO FR Q G&'\RIL RRVUIKRZQIHQ & F
H[SHULPHQWY SHUIRUPHG LQ WULSOLFDWH DQG DUHH[SUHVVHG UHODWLYH WR YHKL
$129$ IROORZHG E\'XQQHWW IV WHVW IRU P XFORMLVI.GEHH B RIBES\DLU IQVLR IQRDZLW K

WUDFWLRQ SURFHVV 7RWDO SRO\SXH®QRD HD@VWE U OIDYNWR B RIKGH FIKFRQWHRHOWD ) X L
VKRZHG D VLJQLILFDQW FRQWULEXWRRQ Y RPRKH VYEWHRNIGD-QM\WWURSEWLRQ
HUWLHV RI WKH IUDFWLRQV ZLWK M@K WKWLURPBYI/G RIDCARRRSKLOLF PROH
7KH XWLOLW\ RI SUHWUHDWPHQW GMZE8QWEE RQ R/E®\ HP[R\GUHILFDWAL IR € MRROCR J L F D
YHQW XVHG DQG WKH SURSHUWLHV WRJUIHWWHAGW R D WWWKHHDMW FPHDQ WH. V\R KV J\ E
WLILHG LQ WKH IROORZLQJ FDVHV DROHSRWODBWRRAVFXQHWKL@ DB O\ WKH I
HWDWH WKH FKHPLFDO SUHWUHDW® HEMWVR E\8 HIQXHD® IFHRP W\ARP D QYR ISRPDFH
LQIODPPDWRU\ DFWJ RLW\JZR/WKIDBFRQGLWLRQV KDYH SRWHQWLDO EHQHIL\
OLJKWLQJ WKH UROH RI FDURWH QR LGIVFMWQ R @ ¥ XX®RX\W GEHWK/H G @ LODKPR X W | X
PDWRU\ SURFHVV )RU WKH VDPH HIWXOPWLRQWRD\SKP SPBHRHIHDIW DOV QXV
PHQW ZDV DGDSWHG WR LQFUHDVH DRWPLRIDGDL.RW\D FWDVHBW\RQRPKHVH ILQG
WR LQKLELWLRQ )RUHWKDQRO HPWQBRMWKHHQRE®D \RL WEBHVDWLOW OLSLGV
PHQW WHQGHG WR HQKDQFH FI\IWRWRRGHRX OF WUMVWUF DMLIRQV 6ROBHRYHU
FHOOV UDWKHU WKDQ LQKLUEQWHBRVW RZHMHWMUBP\FWLRQV IURP IUHV
WRWR[LFLW\ ZDV KLJKHIVWURBW/ KR B¥UUHARQRWO\ GHVLIQLQJ HFR PDWHULDO\
LQKLELWLRQ ZDV UHFRUGHG ,Q WHOMPWD RIHUQW OG UR P MKIH 78R
WHQWLDO WKHHWKDQRO ZDDWPHNODNMWUDFW LQKLELWHG ERWK
DQGIJOXFRVLGDVH DEOWD‘O_)QN-IWR/IZLW@%S\NKRU EROWULEXWLROV
J P/ UHVSHFWLYHO\ $W QRQ F\WRWR[LF FRQFHQWUDWLRQV WKH
HWKDQRO IUDFWLRQ RI 73 H{IWUDFW VK R'ZH 8 0WPHEKbH KRQ HD 8 G PIQDHGH VL IC
HIIHFW DIJDLQVW 5, PIZLWR/DQKERYV IUDAPQG 3'& SHUIRUPHG WKH H[SHULPHQW\

WLRQ DFWV RQ WKH HDUO\ VWDJHV FRIX@MH YD QB @ RAMOH W KHAPRUPNLIQQH -% VX
DVVD\VDQG +3/& DQDO\VHV &(.DQG -*+



DQWLYLUDO DVVD\V 3( 3'&4 DQG 20 UH¥YHYHRQGKH MDLOW ERQGL/QRQYV DVVLVWHG F
DQDO\]|HG WKH GDWD $00 WKH DXWKRQQ\@ QR® GRROGVE S PFRPREGUWKHVD %LRFK

ILQDO YHUVLRQ > @RXUQ 3DQDLWH 7' 5RSRWDO0 7XUFX5 7UDQ

(WKLFV $SSURYDO DQG &RQVHQWWR T DV ML FdobWkks o3y

1RWDSSOLEDEOH > @RRMDU\OO 3DVVDPRQWL 3 2SWLPL]DWLRQ
SXULWALDDDQWRSHQH IURP WRPDWR SXOS ZDVYV
LVWU\ +
$FNQRZOHG‘JPHQW > @WUDWL ,) 2UHRSRXORX 9 5HFRYHU\ RI FDUI
I1RWDSSOLFDEOH SURFHVVLQJE\ SURGXFWV +DUHYLHZ )RRG!
+
)XQGLQJ > @HQJINKDPSDUQ1 3KRQNHUG 1 3KHQROLF &F

IURP ,QGXVWULDO 7RPDWR :DVWH E\ 80WUD\
7KLV 3K'"ZRUN ZDV VXSSRUWHG E\ WKHRP UW QKRIMVMELEFHX6HULHY O0ODWHULDOV

EHUW &XULHQ 3+& &('5(3URJUDP JUDQW 1R 5¢(
> @DKLPL 6 OLNDQL O /\FRSHQH JUHHQ XOWUD
&RQlOLFW R | QWHUHVW WUDFWLRQ XVLQJ HGLEOH RLO DFFRPSDQ\

PHWKRGRORJ\ 560 RSWLPL]DWLRQ SHUIRUP
TKHDXWKRUVGHFODUHQRFRQIOLFWRIDMRNEHEHMWLE O EYWMHWYOLFURFKHPL

LQJDVRQHRI WKH (GLWRULDO %RDUG PHPEHUV RI WKLY MRXUQDO
‘HGHFODUH WKDW 20 KDG QR LQYROYH PUX $ 5kSHDQ

RIWKLVDUWLFOHDQG KDV QRDFFHVV HHE@H??gEﬁM%@%,;@?}%%‘Eﬁ Fjj é/IIL?I—\HFﬂF
SHHUUHYLHZ )XOOUHVSRQVLELOLW\ E&WKMHIﬁQﬂ%%%h QG |
WKLY DUWLFOH ZDV GHOHJDWHG WR 0, RI)RRG (QJLQHHULQJ
> @DVXQRQ 3 3KRQNHUG 1 7THWWDZRQJ 3 6HQJ
SHIHUHQFHYV RIPLFURZDYH DVVLVWHG H{WUDFWLRQ RQ E|
QGXVWULDO WRPDWR ZDVWH DQG LWV DQW
> @OL 0< 6LQD $$, .KDQGNHU 66 1HHVD / 7Q,Q,)5LUL,5ko 'DELU
$ HWDRWULWLRQDO &RPSRVLWLRQ DQG %g8DEM X Ha%6RERBYREMMVD + 3RUWXIDO , 6L«
7TRPDWRHV DQG 7KHLU ,PSDFW RQ +XPDQ +#|DWM’#<DQ/\QRGUHY/M@XHV$E\VXSHUFULWLFDO|c
5HYLHZ )RRGV +
> @X= :DQJ- *DR5 <H) =KDR~* GXVWDLQDE@UH@WGN%WL@&BULD 'LQDUGL 6 6DVDN
WRPDWR SRPDFH D FRPSUHKHQVLYH UHYLyghfx pRARFIHER SRRE MTWUDFWLRQ IURP WRF
HQFH 7HFKQRORJ\ % SURGXFW FRQWDLQLQJWRPDWR VHHG XVLQJ
> @GHQXFFL 06 'XUDQWHO $QQDO 'DOHVVDQEGHR *_@*M6603FB|\6RRG QJLQHHULQJ
VLEOH8VHRIWKH &DUERK\GUDWHV 3UHVHQW |8 7RPDWRBERRIH ® Q€ X UD 6 =DPPHO
N\SURGXFWV RI WKH 6XSHUFULWLFDO &D UpR @ g Ol SHRUSPIURWIUIFDO &2 H[WUDFWLH
WUDFWLRQ 3URFHVV DV %LRPDVV IRU %LRHWEKSRRFE WL RE WK KFDURHGMPBQGL FKHG R
RISJULFXOWXUDO DQG )RRG &KHPLVWU\ |yRp WR/EBDRSRHUVLFXP HVSHNBBQ®EXBURGXFW
> @]DERX 6 /RXDWL, %HQ 7DKHXU ) 1DVUL 9xBiiGKboKLoG XRwu\ )RRG DQG %LRSURGXFV
ZDUGV VXVWDLQDEOH PDQDJHPHQW RI WRPQRWR SRPDFH WKURXJK WK
UHFRYHU\ RI YDOXDEOH FRPSRXQGV DQG@HﬁéUQWE@@J&UIgﬁéF<Wj_|8l_Q|_ﬁ|HFW RIWHFKQ|
ORZ FRVW ELRVRUEHQW (QYLURQPHQWDQ)ﬁFFFkS*@de RRUDPFALRY LR HUFULWLFDO
VHDUFK GULHG WRPDWR SRPDFH SHHOVDQG VHHGV
> @XUDQWH 0 0RQWHIXVFR$ ODUUHVH 33 6REDYRER 3DVWRUH 4
3LURH*'W PBHGV RI SRPHJUDQDWH WRP@WI@@@Q%QU@J%I-UQMGX@ROH RI SOWLR[LGDQW /\i
GHUHVWLPDWHG VRXUFH RI QDWXUDO ELRB@WLF]({%BWOWQ(WH/ DRACURDDWIRR MW KH $PHULF
GDQWV IURP DJUL IRRG E\ SURGXFWV -RXUQDO RI)RRG &RPSRVLWLRQ
DQG $QDO\VLV + > @DPSHVWULQL /+ OHOR 36 3HUHV /(3 &DOKF
> @ UFDUO $& 6RFDFL 6% OLFKLX ' %LULUGG 7R&P5Q$ q@EBM\/BO $ QHZ YDULHW)\ RI SXUSOH
ZDVWH DV D VRXUFH RI ELRORJLFDOO\ DFWgk¥HFRRSEORDFW A KFEDUE WU QRLGY DQG L\
8$690 )RRG 6FLHQFH DQG 7THFKQRORJ\ +HOIARQ H
> @RUDLV 0 (KUHW '/ 3DSDGRSBRROBYXRB OARGHMN®EH] 0RUDOHV 0 (VSLQRVD $ORQVR /* (V:
FRSHUVKAEBWK FRPSRQHQWYV IURP WKH ViihG MRRWIHUAB QY XA b *RGR\ 6 3KHQROL
SK\WRFKHPLVWU\ SHYLHZYV t WLR[LGDQW DQG $QWLPXWDJHQLF $FWLYLWI
> @URPELQR 6 &DVVDQR 5 3URFRSLR ' *LRlPsly BBRBRPWY -RXUQDO RI $JULFXOWXU
9DORUL]DWLRQ Rl 7RPDWR :DVWH DV D 6RXUFH RI;&DURWHQRLGV
OROHFXOIHV > @UDVVLQRS$1 %UQpPLUO 9LNLG 7RSLiU' 5RFD6
> @yUHFEND ' :DZUJ\QLDN $ - GUXVHN *ROL VD § oW HMRRQG DVVLVWHG HIWUDFWLRQ DQ
+DPXaND - aXINDB\PRSHQH LQ WRPDWRHV @@@PWFDD’Y/\RR ZDVWH )RRG &KHPLVWU\
SURGXFWV 2SHQ &KHPLVWU\ @KRXGKDUL 60 $QDQWKDQDUD\DQ / (Q]J\PH D

- GOWDONDID* .DKYHFL' 2SWLPLIDWLRO Réwléﬁb H YR N WR® B R W Ly XHY )RAG &KH
WUDFWLRQ RI O\FRSHQH IURP LQGXVWULDO WRPDWR ZDVWH 6HSDUDWLRQ

DQG 3XULILFDWLRQ 7HFKQRORJ\ S @P
> @DSDLRDQQRX(+ .DUDEHODV $- /\FRSHQH HERYW

\L/JIY U'R%WIngJDll\RIRBULVWLMRQR 3 *ROG



6 FDUOHWMW®KDQFLQJ WKH WRWDO SKHQROOP ARSMWIW@W DQG D@ ODPPDWLRQ )URP FKH
WLR[LGDQWV RI OHPRQ SRPDFH DTXHRXV HI WNIDFMWARB\RNI O §H 8 Bl &U F K +
LUUDGLDWLRQ WR WKH GULHG SRZGHU »R®EBVJROD & #D]]DU % 5RVVL$ %XHKULQJS8 /
@XHWWLHU '"HOHX & *UHVVLHU % 9DVVHXUHW IBIDHD DFURQH W ILBKR/EMWRRFLQQDPDWH LV D 3
FN[OHW BORHQROLF FRPSRXQGV DQG DQWLRQKEEQWRF RILYAVBRANM RQDVH -RXUQDO RI 3k
EXFNZKHDW )DJRS\UXP HVFXOHQWXP 0 R HMRK. PKIQONDD/ODKG U XX W L F V +
-RXUQDO RI (WKQRSKDUPDFRORJ\ > @DOHNL 6- &UHVSR -) &DEDQLOODV % $QWL
@ UDQG :LOOLDPV: &XYHOLHU O( %HUVHWRI ISQMHYRI@RIUG\H YRRE RKXGI P LV WU\
PHWKRGWRHYDOXDWHDQWLR[LGDQW BF\@E¥ELDV\L /3D YRIPE 6FA HOAHWIQH $GDQL ) 3HSp
7HFKQRORJ\ + ODFH 3 6FDWMMB@WILR[LGDQW DQG DQWL LQ
@XHVODWL O+ *XHWDW $ %RXDMLOW® - $O]DKWL QLWL HAMRIKWKH FUXGH HIWUDFWV RI UD;:
YHUUD WRWWXR&DURP 6DXGL $UDELD DV DPO@HH DRYGUWKHLU FRUUHODWLRQV ZLWK DJO\
RIPDUPLQ DQG IXUDQRFRXP DUQRNRIH GIDMBEDIQWVAY ZLWK  +
DQWLEDFWHULDO DQG F\WRWR[LF DFWEY I@MUHY 8B OWRDXG .( 'LXOOR' 3DXOVHQ %6 1
@DLGL, ODQDFKRXO0 =QDWLO %RXDMLOD JHQQWHWG % B\ORDENMIVH SRO\SKHQROV LQ
RI QHZ KDORJHQDWHG 10D Y RQRLIYPERV HG WKR IVJRIDGMVLRQDO XVH DPRQJODOLDQ KHDC
VLOHL¥ROXDWLRQBVHLQKLELWRU\SRWHQWDBRORE$5 DQDO\ +
VLVDQG')7VWXGLHV -RXUQDORIOROHEX@BNWWDRFMXQGUD . 6XGHHS +9 9HQNDWH VK
+ . &KORURJHQLF DFLG FRPSOH|[ &*$ VWDC
@KHOLIL, +D\RXQL( &D]DX[6 .VRXUL5 % RMNIRWLIDDHHQ BRXBWERQQV H[HUWYV DQWLFDGC
RLQ YEWRBGRJLFDO DFWLYLWLHV DQWLR[MDWQHG OXQRDLQ FERIOP@ PDYRWY +&7 FHOOV )
DQWL FKROLQHVWHUDVH DQWL [DQWKLQPIRJLBOORHVYWL VXSHWR[LGH GLV
PXWDVH JOXWRVLGDVH DQG F\WRWR[LF RBKPHLRKSDERQRPG =$ 6DOHP 6+ $O\ +) 1DV
&HOOXODUDQG OROHFXODU %LRORJ\ $ERX (OHHOMDERSHQH QDQRSDUWLFOHY DPH!
@DZUDO (O5D\HVV < (O %H\URXWK\0 1HKPMLR [IOGDIJWB DQWLPLFURELDO DQG DQWLFD
7DLOODG®LBMRBORIJLFDO DFWLYLWLHV D QRBEDFKH PLSMWOLBRD BB QDO RI &KHPLVWU\
WHUL]DWLRQ RI WKH /H B D QHYMXPQEHAHFEEEIQW IDNDKDUD . 7KDODQJ 91 7UDNRRQWL
%RLVV )ODYRXUDQG )UDJUDQFH -RXUQDOQDND 0 ,VRWHI@DLFDOHLQ DIODYRQRLG H[W
@LOYD < )HUUHLUD 7 &HOOL *% %URRNVPGON RS QR © LFDHA WRI® FRWGRBK. EEKIPW VYV SUROLIHUD
O\FRSHQH H[WUDFWLRQ IURP WRPDWR S U R FID\QFLHQUIIEZD/BVEN BBIGXF WERQ RI DSRSWRVL)
IULHQGO\HWK\O ODFWDWH+HWK\O DFHWDWH VROYHQW D JUHHQ YDORUL]DWLRQ
DSSURDFK :DVWH DQG %LRPDVV 9DORUL]@WORM®UQDKRU 6 $UWDQWL 1 $QWLR[LGDQW
OHGLFDO -RXUQDO RI ,QGRQHVLD +
@®]DER. 7THOHN\% ( 5DQJD) 5RPDQ, .KDR)XORQ -%REGD\PADQJ ' -R * (RMW BHEHIOBR
HW RODURWHQRLG UHFRYHU\ IURP WRPDWRVBIURFWR/IVID EEWIHRQXWFAWUIXFWXUHV RI K\GU
WKURXJK JUHHQ FKHPLVWU\ OROHFXOHV WLR[LGDWLYH HIIHFWV %LRRUJDQLF OHGLEF
@HQXFFL 06 &DFFLRSSROD $ 'XUDQWHO 6HUURQH /+ /HRQDUGR
5 3LURW R®WLPLVDWLRQ RI ELRORJLF DO DBYIBASIKQWIRFD G BDWMPHHQGHV / *XHGHV GH 20
WHUV IRU O\FR S H QHH/[X\SHHUFRWILRVQ. FIDFOPERU GIL®ID U DDAHE$ AW PGDYOR QRLGY DV PROHFXOH V
KLIJK(SLJPHQW WRPDWR FXOWLYDUV -RXUQDNO FLAMKQLY B W) HQRQRIDIRRGLQ OLFURELROF
DQG $JULFXOWXUH + > @DGHD* %RV 6 .UHMELFK 7URWRW 3 &0DLQ (
@®FDJOLD % '1,QFHFFR 3 6TXLOODFH 3 'HODGDPWRQN B RIEWYV S PHWKRG IRUWKH UDSL
3HOOHJWW@®YHORSPHQW RID WRPDWR SRRIHARPIER QBDIQ @WHUND YLUXV H[SUHVVLQJ WKH
EDVHG RQ D &2 VXSHUFULWLFDO H[WUDFWLRQ SURFHVW¥IRU WKH SURGXF
WLRQRIDKLJK YDOXH O\FRSHQH SURGXFWDPLRHY @8 UYV BIQG @L BDODPW H$ %DIDWR2 C
-RXUQDO RI &0HDQHU 3URGXFWLRQ DQWLYLUDO DQWLPLFURELDO DQG DQWLR]
@HQXFFL 06 &DGLQX ' 7DXULQR 0 3LUR * 7®ROMMWR BREDRH ,QWHUQDWLRQDO -RXUQDC
$QWLR[LGQW FRPSRVLWLRQ LQ FKHUU\ DQB®EHBK SQEPHOMWMNRPIOWR FXO =
WLYDUV -RXUQDO RI $JULFXOWXUDO DQGE#HRRG &KHPARMKHWWL * &KDGKD 6 =HQJLQ *
+ $ HW BO\WRFKHPLFDOV IURP SODQW IRRGV D\
@DYDWRYLU 6 GHWNRYLU * yDQDGDQRYLDQ@WLXYQKW O DIMIQMWW BQ RYHUYLHZ 3KDUPD
7RPDWR ZDVWH D SRWHQWLDO VRXUFH R2R\E TRIRKLD I FEDPWISR P BOQWE$ =DQGL . %
,QWHUQDWLRQDO -RXUQDO RI )RRG 6FLHQEB Y PIGELDXPMUEMWNIR@LUXV LQKLELWRUV $UF
+ +
@HWNRYLF* 6DYDWRYLF6 &DQDGDQR ¥LF®%HXEQHW % RM 60 DVWBD QOQERNHQ : 5RFKH 0 .U}
- 0ODQGHFRMBMORULVDWLRQRISKHQROLF FRPSRMHW LI DIDVIRRIRLG LVRTXHUFLWULQ S
GDQWDQG FHOOJURZWKDFWLYLWLHV RI WRIP-LWR XDV WW , QRIRBVEIKRIP LQWKNEPDQ FHOOV
+ OROHFXODUG6FLHQFHYV
@DKPDQL5 %RXDMLOD- -RXDLGLO 'HERXBDOLSQULFDGEXBWDURBLVKL $& 6LQLJIJDJOLD |
%UDVVLFD WRXWERKIRFHWRILQXWULHQW YV D Y6 (QRMEDIFHHIRNLSEEQ R O WBMLKOHR[WQDE WD M R
SURSHUWLHV -RXUQDORI)RRG 6FLHQFH ULWLID@XRQGHPLF PHGLFLQDO SODQW IURP E
@KDOLG $0 ,VKDT5 $ERWDOHE O .XEDWNDKLELMR/ .WHKHNBOEWWDJIHV RI GHQJXHDQG =
YODYRQRLGV DQG WKHLU DQWL GLDEHWQB W LIRIG IV - FHODX® R IUORIDHEX ODU 6 FLHQFH
QLVPVDQG HIIHFWV WR LPSURYH EORRG V&EDWWDHYHOV 5% BRPARQPEIDHVLGHQWLILFDW
DQGURVPDULQLFDFLGDV &29," LQKLELWRL
@HYL.3 0DODU'6 1DEDYL6) 6XUHGDHS ;LDRG-RENEQYLBWWHUV LQ 'UXJ'HVLIQ 'LVFRYHL
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