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SHGBEWRSDIRWLERKROHUD 7R[LQULERBYODW
IDFVERRURVRPRHHG LDVWUDE VIHU

&ULVWLD QD @DIQBIRV WHEOEBNVYDD §REEUBBHQIMDD 3DOWWUBPR)HFFKL
=DLUD %R XO0/D/DIADL & DODRIQABR)DRFRL3IDVIRUQD /XLVIDQE.DRVYVLPR
6DUJLDFRPR

'"HSDUWPHQW RI 2QFRORJ\ DQG OROHFXODU9HD®LUF BRBLQDWL

(OHQD 5RPH ,WDO\
'"HSDUWHARHMQIWRRIFLHQFHY | VWLWXWR 6XSHULRUH GIR@BIQLW,|
, WD O\

IDWLRQDO &HQWHU IRU *OREDO +HDOWK ,VWLWXWR 6XSHU
5RPH ,WDO\

&RUH )DE&ONRRAHWUN 8QLW ,VWLWXWR 6XSHULRUH GL 6DQLYV
5RPH ,WDO\

IDWLRQDEHOWANMW LW XWR 6XSHULRUH GL 6DQLWj 9LDOH 5HJL

(ODLGVLVWLDQD ]EQHINW OALQIVDIQN H O B #4\ COKARHRMIFEREBU L #L V'V LW
$) VRILD SDULVL #JPDRQ® ERP #HKRWPBODW ILIWHHFFE KW
]JDLUD ERXVVEGHhPBUVY FWUROD@RRRVVRLW OFKLD#LVV LW
OXFD SDVTXLQLRDVWDE@NV OLW) PDVVLPR VDUJLDFRPR#LVV LW

&RUUHVSRPOQEGHQFIHD @DAIMMWMWPRWDUJLDFR®R#LVV LW

5XQQLQJ WLWOH &KROHUD WR[LQ VSUHDG YLD H[RVRPHYV

,o—"f.+HAUH ZH ILUV WK B B 8 R DSWRIRTE X&JI$WW KH EDFWHULDO HQ]
UHVSR@Y IFEH®HD VLJQD O L QD BNHPDWRSIDW KZDQ VSUHDG H[WU
DQG EH WUDQVPLWW H{GI L QVIW FHODW®R REBEIBUVIPRYVLRQ RI &7 W
YLD H[WUDFHOOXODU Y¥H &R OFVRIBN/BRE IWMDW Q B 5H QWRZOWIE \U F
H[RVRPHFUHWLRQRSWHG [IDSWR/ FIRBM BWWYHVLFXODU ERG\ 0
H[RVRPHV LQ WUDFHDEW&7 |\ X FRBM\HFBHQUAX PBRWRHODQRPD FH
KLIJKO\ H[SUHVVLQ@D ¥ DR OZ 6 XWH GS WRDIQG FKDHIDKWHHUYFHQ
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<
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H[RVRPHW UHVXOWYV FOHDUO\ VKR R \DRWRFL\D WH\S ZAENGS.H [ R MK
PDUNMQ® YRH DQGPROHFWEHWHTXLUH®G PHPERDWHRW EH OH P H |
WR WKH FWRRSFOMD/P PLFUR GER&F W RRYWHIOXRDH V FHODN WIFRRU
&+ 2F H OFOX/S P H GV PIRWIS KR OR J L F DFOK B O © W D IQWU\RDLRFU R R& BIUHAPWL R
DVVHVVPHQW RI F$03 ONWH®\DW R G0 HR Q\RBROVEKRZHG DQ HIIL
LOQGXFWERQLRIFBHDVH FRPSDUDE®RP RWWKK @W \D ORH) B DRD QQ I H U
H[SORLW FAHGLWDRMHHG FHOO FRPPXQLFDW BRW KWK BKWLRIHRN LEFQ
WKURXJKRXW FHOO WLVVXHV

H\ZRUGKROHUHRRRP®OGRF\WLF&OYWRPRQIDQJOLRVLGH

 QWURGXFWLRQ

'HVSLWH EHLQJ LQ WKH VW FHQWXU\ FKROHUD UHPDLQV DC
WKH ZRUOG ,W LV PDLQO\ FDXVHG E\ |8IZEWH B REWIROMWDRID R/ & |
WKH VPDOO LQWHVWLQH ZLWK WKH VXEVHTX®I QMW LY URISGHF W BF
WZR PDMRU VXEX@L WKPWQGA PLODU WR RWKHU PHPEHUV RI
RQFH VHFUHWHIGQ EW EWRAGYILDRQRRQRWR[LQ HQWHU KRVW
HQGRJHQRXV WUDNKENNFXOPWEZWW LQ WKH LQGXFWLRQ RI
RI WKHLU VSHELTKF WNXEXWYW &7$ UHSUHVHQWY WKH HQ]\F
DQG LV FRPSRVHG RI D JXURBEXXDLEK$ S RARMHBVWHER VI\ODWLQJ DF
DQWISH GRPRLZG WKDW V\EDERQIE]RYD O MWEW EROGBW QPP HUXEX QLW \
&7% &7% VXEXQLWVNIRWRVDXFMXNUH WKDW ELQG H[FOXVLYH
ORFDWLRQ LQ SODVPD PHPEUDQH DUH W\S LFA-DORE FRQ MH/QOWLS
UDIW \FIDYHR OBHRFDOL]DWLRQ RI FKROHUD WR[LQ ZLWKLQ FD
WKHVH VLWHY PD\ FRQVW LWMX\MH \F OSNWHURIFQIOIEH SHIP R QY W LF
&7 HQWHUV FHOOV VSHFLILFDOO\ WKURXJK WKH FDYHRODH S
*0 DQG &DYHRDYQ®[SUHVVLRQ OHYHOV DEBYVRO®BWSEHYBE HOQ WV
HQ G R F RIF\RIOH UDQWMRR X H WR WKKD*ROJL FRPSOH]
([RVRPHMOUHHVLFOHWP LQ VL]H DQG DU ZPQBUDXWGHAE QJ R H
PHPEURMWHKHUZLP KGR OYOHGA F 3% UZKR 5 K HRXOMRLIROVR P HE@

$Q LQFUHDVLQJ QXPEHU RI PROHFXOHV KDYH EHHQ GHVFULE
VXJIJHVWLQJ D FHQW UD ONYR @ RIRYD Q/& HRKH XA MR GRHMH@IO BV V
IRU WKH GHOLYHU\ Rl PROH FXFO-H2® R ¥ B UR BB HEMZ ¥ WIQGGIIR UH PRIQ

t
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WKH PHWDEROLF VW @WRIZR YSMKH I EFRDWLRQ DQG ILR$IX DD VA RK
UHPDLG¥XDOOH @ H

YHZ VWXGLHYUKDGH H[DPLQHG WKH LQYROYHPHQW RI H[R LQ
%DFLOOXV MQWKRIDFKWYH VKRZQ WKDW W RH VOKMMOK VARHBIDF WIR |
DQWKYDFXUHQFH IDFWRU LV WUDQVORFDWHG LQWR WKH OX|
SHUVLVWY LQ WKHP IRU GD\V DQG FD Q> E® 7W UBKQRAPL QAMKLED W
SODQW WR[LQ LV LQFRUSRUDW HG9 QNG L QW W B & R P\LIQUDH WHH
ZLWK H[RVRPHV XSRQ IXVLRQ R IPWKEUDIE QLW KLW KSHD SIOD VP B
HYLGHQFHV WKDW SDRIQ\FHRIO&D PR®HFK OBV RQ WIKUWNHSOD N 6 DWH
09%DQG HBHHWHG DV H[RVRPHV 7R IROORZ WKH 09% H[RVRPI
PHWKRGRORJ\ EDVHG RQ WKH IOXRUHVFHQW OD E i O@WKDIWR |
HQDEOH® XIWFW/RD@QW LI\ H{RVRPHV VHFUHWLRQ )XUWKHUPRU
H[RVRPHV DUH WUDQVIHUUHG WR UHFLSLHQW FHOOV DQG D
FKDQJHV W\SLFDO RI &7 LQWR[LFDWLRQ

5HVXOWYV

(IWUDFHOIWXBOOHYV LVRODWHG IURP &+2 DQG OH FHOOV XS
VXEXQLWYV
‘H SUHYLRXVO\ UHSR DWH®& WHLDQN VE8DIYXFW XUDOO\ UHODWHG \
H[SUHXQ® KXPDQ PHWDVWDWLF PHODQRPD LWHRO®® WH.® HIWJ DIFQU
HIWUDFHOOXODU@BL\QFDADPYHRODH FRQVWLWXWH UHQRZQHG
WR *0 ZH K\SRWKIDNW RIDIG &7 PLIKW VKRGRFVWHFVSPWKZD\ W
(9V VHFUHWLRQ :H ILUVW HYDOXDWHG. @ HGIDW PY @R P V¥ HR
&+2 FHOOXWHVKRZV WKDW ERWK FHOO W\SHV HJ}SQFHWNBIGH WL
OH FHOOV
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“control

EV:CT 24 h

JLIXUK[SUHVVLRQ RQG@DY LQ &+2 DQG OHPRUBKE CKD@BOV LQ
&+2 FHOOV LQGRHGVEYB&D® $ :HVWHUQ EORW D QD®GV'RWIEOR
DQDO\VLV IRU *0 RI &+2 DQG OH3$*FHOQJ QL EHD BNYVEBHER/

IRU 'RW %ORWKH-SUBRMQFH RI *0 ZDV DVVHVVHG XVLQJ KR
FROQMX&DWSFGVLQ LV VKRZQ |RA( DR ERO OHPOMH®R QU ReP+ ¥ YOSHI Q D

\
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OH FHOOV WUHDWHG ZLWK3%7 2HOHLQ XWH B X FRIQ& ' 6FHRE B0 R
DQDANVWYK D SRO\FORRRDY DQW®IFR/KRZQAIKW PLFURVFRS\ DQI
&+2 FHOOV XSRQ DGGLWLRQ RI H[VOUR®B HYO-CPEF BIVIYEHE L FD H M U
FROOHFWHG DW GLIIHUHQW WLPHV IURP FHOO FRQGLWLF
XOWUDFHQ®MWIHNXIDWRIORIDV LR Q (9 & UM K GF-REPRMIFOA/VRXW HG D
SRVLWLY i$ VF RMOKWUIRIQEGF R E BWORY ZH U BLW@RDKMW GLFURVFRSH

7R GHWHUPLQH ZKHWKHU &7 ZDV VHFUHWHG IURP FHOOV DV
VDPH QXPEHURI &7 WUHDWHG OH DQG &+2 FHOOV ZHUH
FHQWULIXJDWLRQV VWHSV DQG YHVLFOH SHOOHWY DQDO\]H
JLIXUWH &7%$ DQG &7% VXEXQLWYV ZHUH SUHVHQW LQ (K®HOH\
PRUH DEXQGDQW LQ OH FHOOV )LQDOO\ WR GHWHUPLQH L
PRUSKRORJLFDO FKDQJHV LQ &+2 FHOOV DNV AFOESDLWHG & L& E
PRUSKRORJBEF®@QRMVWDA SXULILFDWLRQ FRQGLWLRQHG PHGLX

Q0 &7 IRU K ZDV FROOHFWHG DW K $IWHU UHPRYDO RI
DGGHG WZLFH IRK O&GLWK PQEBD(9 K DQG XVHG IRU )OMBSKULI
& VKRZV WKBRWIUHVKO\ WU\SVLQL]HG &+2 FHOOV WUHDWHG |
FOHDUO\ EHFDPH ELSRODU DQG HORQJDWHG FRPSDEBBPON W
ZHUH URXQG HYHQ DIWHU RYHUQLJKW FXOWXUH 1RWDEO\ (
FKDOOHQJH ZLWK &7 ZHUH DOVR DEOH WR LQGXFH D PRUSKRC
&7 LV VWLOO WUDQVSRUWHG E\ (9V

4XDQWRIQ EENGLU D FW R UQ XIRW HHY B ¥ RAVRIQ W D L G HP R @ YWD W H
VXEX@PVD XVLRQ
([WUDFHOOX O DWHVYHBIUVBNRURGHY LFOHYV LQFOXGLQJ WKRVH VWL
DQG SURSHUO\ GWTRQEKWW R VB® H. GBIV MEIRH ULH UD/PR QW R VLR L
WV\SHV RIHIVSSOLHG D PHWKR G ELH/ H &/YRHQ G i) RBMRAHMHIEER O L F D (
ODEHI@XRE HVFHBWR>HESFFRUGLBJODEHDOHEHARY ZKWK WKH
SKRVSKROLSLER SIHFXUWRU3<4 IROOMRIHERWKH DRSIG LWLR Q
&71RU DRG LQFXEDWHG IRU DGG LWLR[@DHISK WKL ELGIGIUI HIV K H DG
FHQW U LIX¥RPWALRQG LW DRYXBOG CHIEBR 6VVKR ZQLUR SHE R WK[R
DQBH[R:7 DS SHDINGDVF BRWWO ERHHWIHIQOPBRRKRMUDEOH IRU VL
IOXRUHVFHQFH LQWHQVLW\
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JLIXURKDUDFWBQGBBWYRQ@LEXWLRQ RQHIR R7[3EROIIHB A URE
FHO®\$&6 DQDO\W[R BIMHIR) &7 GHULYLQJ IUR® FOHE D WRHEO @ VW
ZLWKRXW Q0 &7 7R[BHM.IRYIWHEBRYH LQVWUXPHQW EDFNJ
DFXLUHG 1RWH WKDW QR HYHQW Wb ZH\W HIUHY IEVO/R MV BRO DL@GI K
) H[R &7 SUREHG ZLWK DQWLERGLHV7PYDL®QVWDH[® \&R FFTH HP D U N|
) H[R &7 VDPSOH ZDV ORDGHG DW WKH. GRRMWVRE HRQ VDY \LRWEGL
VXEMHFWHG WR XOWUDFHQWULIXJDWLRDLWHKU L QKU H B M LQH VXK
DQDO\]HG IRU YHVLFOHV QXPEHU E\ )$&6 DQ@G6I'R UDWIGHS$S,UH V F

>
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E\ :HVWHUQ EORWRH@W SHBINIGXRSBD\V D G HWQR/ L W)\UDEF@ILR)Q)

ZHUH SRROHG 7&$% 5QBPERHBHDNH & ORWG D I
UXQQLQJ3B*F'BQ UHGXFLQJ FRQGLWLRRQVIREXQYKN 9BRKVHIYRMHH E
HTXDO YROXPH RI HDFK VDPSOH ZDV DQDO\]HG

6DPH QXPBHYRHIH FKDUDFWHUL]JHG E\ :HVWHU @ IEW R3AJRDJD O
PDUNHUV DV WHWBRYBD®QGRXRRIPMER) FRPSOH[HV SRHIWLUF
FRPSRQHQWMYKRZV WKDW WKHVH PDUNHUV) BUBIQBRK®D O\ SU
SUHSDUDWLRQV WKXV VKRZLQJ WKDW &7 GEBHRIDRN/XD®WHU
FKDUDPWHH[SR S XODVWRPDGHE®R )&7 R QDVRBQORMLQXRXV LRGL[DQF
DOORZ RSWLPDO VHSDUDWLRQ RI VXEW\SHV RI (9V ZLWK GLII
ZLWK LQFUHDVAQUHGBQVNOWHIBVIRU YHVLFOHXUPXPEHRTE\ )$&
VHSDUDWHG LQNDRGGHQUMWH SBQJP®Y PHDVXUHG E\ UBIIUDF
DFFRUGD QF H HSLRGHVGWELW \ R SHARNRWHW Q E ORI M@&IHRWLW RF
VKRZHGHRRRWD O P®*UNBIQE $OL[ FRORFDOL]JHG ZLWK WKH 10
IUDFWLRVWKXV IXUWKHU LQBLSRNQDWLRIWFREBHVSRQGV WR
,Q RUGHU WR DVVH V&/7DAML R A FXQ]Y PIDYH FR PIRS b RV SLEI® MAKMHH G

SRR OHIGF W L RIRRP X Q REEQIRAAMBDYKP R 6 O D@MCLER Q¥ TW5HVXOWV VKR
WKDW ZO% SUHVHQW LQ IUDFWLRH)YR FEXYRUN PR DIMOIHWR W K H

QWUDFHOOXORU&QMWUEERWVRQ

7R YLV XDKOH. [HQ W OBF 6 OO XYGRW U DR I LEKH QLU VWO 15 X O F HALOWK
%2',3< & RU K WR PHWDEROLFDXERPS D B WEXHPGMEMHINGEHD \ ZH U H
WUHDWHG ZLWK PQR@AWRUOORZ ELQGLQJ WR WIMH S ROVP
LQFXEDMO®WY ZAUH ZDQWHBK PHGLXP ZDVWIGKRHDG JROARZLQJ
IL[DWLRQ FHOOV ZRIQIHR I® CUMGRERRIX W PMW &7FOHDUO\
ODEHOHG RQORHPEN DSENRDIEBEOR FR2 DWKO WQRGUQDO PHPEUDQH
FRXOG EH REVH OYISSEHGUIRWBEIMXRUHVFHQFH ZDV QRW SUHVH
$IWHUK &7 ZDWGLIIXVHG LQ WKH DAHQZ6 OFRIBMRGEOBIWAH VSRWYV S
FRUUHVSRQGLQJ WR 9% BWRPSBHQBPHRRD\O Z&H OH IR KR ODRFDOQE|
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JLIXUHQWUDFHOOXODU GLVWRHHERW LOREERO,@ B.G @ I0W K

$ &RQIRFDO PLFURVFRS\ DQDO\VLV RI OH 9% 2 308/ P RWUBIDR\H
ZLWKQO &/RU PLQ RQ LFH DQG WKHEH ®@RAGEXW HRUZ P DKKHDST
ZHUH WDNHQ DW 7 DQG 7 K%2aW3i WKH HSIPRYDQWHGZEQ JU
UHG &HOOV LPPXQRODEHOHG IRU %03 RU 7®Z FRXURIADD LDD\G

N}
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ERWK ZLWK &7 DV NWYLOGHQFHSESUHYHQ@QWMW —P )RU DOO LPDJI
IRU QXFOHDU ORFDOL]DWLRQ

7R EHWWHU FKDUDFWHUL]H WKHAHVSEB HHOUPHID BRQRRBDQ] B WAL
XVLIRQWLERGLHY DIJDLQVW %03 WSGIFL L IGFZKIRY Bl WVRHOAQUENRR/GREHD !
PHPEUDQH WUDPNRQ@MIQ@EODWHKZBRPSRQHQW RI1 (6&57 WKKD WDIXQ\
VWDJH RI 09%>RUG®DLWABIPKRZVEWKDOWRHFGDWK ERWK7®%03 DQG
LOQOVHMRYLGLQJ DGGLWLRQDO SURRI RI &7 LQWHUVHFWLRQ ZL
WuUDLO

&7 DF WL XYEHXYLWHW QLBEVMBFLDWLEDOWHE I HEBHF WLWRHQH VLYV
LWK WIRH WUR) FHNRQ&7 ELRJHQH VL VZHYXAV FH PIBYDABW &I R U
KLQ RUGBPRMARD PREHPOLQJ R PHPE U D QOIFOXESE RIOVPHADRIY H
FKDVL®GIUHVKRRHGKD PHGLD ZDV UHPRYHG IRU H[R SXSLW.RDW
KWR GHWHURH@WRR2HWRH H[W WPHELXPXOSH

JLIXUKW[RVRPH ELRJHQHVLYV DQG DQDO\VLV RSl Q) W UD[ R-M RIRJHD
ELRJHQHVLY &HOOV ZHUH SXOVHG ZLWK %2',3< & IRU K I

{
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PHGLXP ZDV DGGHG &HOO FRQGLWLRQHG PHGLXP ZDV KDUY
UHFRYHU\ DQG TXDQWIPIRKDW LRICHER SR FH® OHYW N K Q 2990 R
DQDO\YHVRRIUHFRYHUHG DW K DQG K VXEWKID M\D B @ X REK
[ RIH[R RHW[R &HUH UX@RRQUB 6%RBIS®J JHO DQG LPPXQREOI
&7%$ DQG &7% VXEXQLW V& #868W HDOE BO,R WHDR DGR R )
UXQ LQUHGEFLQJ FRQGLWLRQV WR VKRZ WKH SUHVHQFH RI «
PRQRFORQDO RBQ¥ UHR/GSIUDMWHGIFH R EDWKQW WHBH XEX QLW V
QJ RI7 BUXVHG DV SRVLWLYH—BRRWH[RO&7 ZHUH LQFXEMIWHC
FK\PRWU\SVLQ LQ WKH DEVHQEMRR U 6DPH\OHYFBEHRIH WKHQ ORI
3$*( JHQ UHGXFLQJ FRRDI\LWHRQ \E € R VRRIRIIRF\O R Q XV LBYBW LER G

S5HVXOWV VKRZ WKDW DV HDUO\ DV K FHJRWWKBDRMUIFWE BHC
FRXQWHG (TXDO QRIFHRERY O i FWHGGDWKXEW UDFW MA RH WRHQ V
VD P SOHHUKRX 6'F$* (D QP P X Q R EDIRMWKWIHGW LE R.G$ HDWQ B B XE X WL W V
,Q DGGLWLRQ WKH EORWV ZH#638 S DREBRGY HRQ W KWXSR HVH Q MR
SURWHIKPW RV EBWQ VKRZQ WR EHIRBHFE LLFQUHW XIDUEHAORED W F
WR WKHRA\WRMRM®ER GRRGLQ)LIXWHVKRZV WKDW &7$ BEDR SUH
WKURXJKRXW WKH H[R ELRJHQHVLV D®G DMV KR D H OH YE K&FHIW
&7UHVHUYRLU ZDV VORZO\ ,®@MAUHDW[PDOBRHERWWHDH QHG WK
FKDSH4UGBQBQX, LQGLFDW L @H MWARD AR BIRD UWR WK D U § R W M QAMLHDRO
DEOMR VSUHD® OMRRFHW\WKH H[WUDFHOOXODU HQYLWRRPHQ
GLVVRFLDWH WKH DFWLY HZ&7W KIHURHPI REIGHR\BRPEIGBR[Q @ 6'6
3%*( JHQ QRHBXFLQJ FRIQBKWALRWMDE B VXEXQIVOWNWVHQW LQ
YHVUFOIK BHVKRZV BRKMMAMHN'D&7$ &% & D& EDYGHVXOWHG
YLVLEQ®WBVVHVV WKH OR$ I EH.[DRYLHR[@E RWRKARRU\SVLQ GLJIHV
ZLWK RU ZLWKRX\WVMXPLRQ WKDWHQF PROHG XZAMAKLQ H[R OX
SURWHFWHG IURBXUJBUROWHWQ EORW DQDO\VLV ZLWK DQ DQ\
VKRZHG QVRBEWHQFH RK\®MRUAIBY LQ®WHJIUDGHG D ODUJH SDUW R
ZKLPRIPSOHWH FRXO& BEEMRINQ H® HVHQFK\RRIBBWIKQ DQG 7ULWR
7KHVH UHOWREXWW VRPH SRUWLRQ RI &7$% LQ W KDWDY DRLYBIU
VXEXQLW DIRXQ®HLQV VWHDGLO\ SUHVHQW LQVLGH WKH YHV
FK\PRU\SVLQ

)XQFWLRQDO DFWLYDWLRQ RI) BE&IQUBDPW W E\FQWDNH K R GFRIZ

S|
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([RVRPHV SOD\ D FHOWHMRP ROH DY LRQ E\ LQWHURFMOLGRF AL
D IXQFWLRQDO PRGLILFPWORYHR QW KHHIAHA\DIDMBJ ULVH WF
> @H[R FRQWDR QLW JIGIVW EH HQGRF\WRVHG E\ UHFLSH[RQW F

ZH LQFXEDWHG &+2 DQG OH H [ZRRVXWOR RRYH UARUONG RHAY FRD \j
HYDOXDWHG E\ FRQ)RFDWHPLFURVFRS\

J)LIXUH H[R WUDQVIHQGWRHNHD@MUHDVH RI&RHORKDO U OPSRE H \
PLFURVFRS\ )L PDRHYQRR) &ZUDQVIHU RQ &+2 DQG I00HX R UHVEF®\Q
H[RVRPHV ZHUH LQFX&EDMWDIGGZOLWK EFHOOV IRU K DW f& 7K
DQG DQDW)¥&EG DQDOVHIR RIHMER) &7 WUDQVIHU R Q FMIDWDNA \B HFUH
LQFXEDWHG 2LWR RH[BR &7 IRU K DW f& $W WKH HQG RI W
)$8& DQDO\VHG 7KH LQFUH DA/HP RQ \ARFORAPEHX/RW R TFRECRER®E
DVVDAHRI FHOOV W UHDWHG FHOMWXY ZHUH LQHXE)DM RG [R WK
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RU QJ PORYY K DWKHf&IDSK VKRZV WKH LQWUDFHOOXODU F.
9DOXHV DUH PHDQV “ 6 ' Q

'KHQ &+2 FHOOV ZHUH W UHBWQRG PRWSK R R R WURE® HRKDHG HOWH ¥
YLVLEOH IOXRUHVFHQFH XSWDNHR, @7FRMGXFBINGWVW KWH F R B/UPHIFN
VKDSH )LJ $ XSSHU SDQHR® FRXYD®\VEHURRYVHUYHG EROWMR ELNQ

FRQIRFDO PLFURVFRS\ )IE\G § UHEM D \BDHNAMP HRQUW R IOXRUH VI
DQDOMWINUH)LQDWBYVVEVYHRWPWDRRWDODWLRQ Rl DGHQ\ODWH
FHOOV ZH WUHDWH GH FRI OOV RW7 A RDQWBHRO YUHG F$O0B\OH Y|
XVLQJ D F$03 D®V/VD\ NLWPOH[RQ&Y )KDG FRPS DGBDERW KH LIGIFWH [
F$03 OHYHO ZKLI[R BRGWARRD DIIHFW FHOOXODU F$03 WKXV G
H[RVRPHV UHWDLQV LWV ELRORJLFDO DFWLYLW\

'LVFXVVLRQ

&KROHUD WR[LQ FHOO HQWU\ DQG LQWUDFHRBUY B DLW \I ULR PLF
FRQVHQVXV WKDW *0 &ZDVHR OFLRZH® ERUHWURJUDGH YHVLF
SODVPD PHPEUDQH WKURXJK HIRUDJ\L HDQBWRRH \VH Q/GIRS G D D PV
EHIRUH WKH DFWLYH &7$ VXERXQGW. W MDERBD\WE&H RKHIWIR O BWY
FUXFLDO VWHSV DSSHDU WKR VW TRHOG D B MHHVU/IRFAUN LSRURW LY K
DQG WKHIBOBMWHLEHOSHU HQJ\PH 3', ZKLFK PDNH SRVVLEOF
XQIRBFHGRPDLQ @2QFH LQ WK’ F\WRVRWEHIWLYH FRQIRUP
UHTXLRJIHGV KK ISERV\ODW LR @V RH L WK BAKMUIHW I WKH KHWHURW L
>  @VKDFWLYDWHY WKH DGHQ\ODWH F\FODVWH O GXYOMLF $0¢H

F$03> @,W LV ZHOO NQRZQ WKDW L&INL @1 RGLQYHD OG PERW¥X
SURPRWH WKH IXQFWLRQ RI OLLSQ GDREINM Q8O WHKRH LIQ[ SWUUHD/VILF
FKROHVWHUR @ 7FHDG BAMPRH@YR ZHYHU KRZ *0 RQGHHOABLNG V

WUDIILFRX®Y QRW EHHQ FRPSOV/SWWE\ BB QN \DWEBGEMW URIJ & D C
WUDIILFNLQJ IURP 30 WR (5 KDYH EHHQ HOXFLGDWHG ZKHQ L
FDYHROLQ FODWKULQ LRK ISELUWE QIGEFOHIWU WEXFWLRQ RI W
ZKHUHE\ RQH RU PRUH XQM ERIZH® KD SR@ERWHKRYE U D VIWGU D F
RI &7 LQW RIHRAODMBEIQADIGZAD\V FDUULHG RXW XVLQJ D VXEVHW R
XQVDW XUDW HXD E-DCRHEHFAHQWLGH FKD L QWRDAMREZ B MGK POV &7 B
IURP WKH XQVDWXUDWHG FRESUOBVIRDMH B Q8 FROULRHF WRIBS WU
WKH 09% FR QW D L QD KHINRWREED V \( 5 FIDONV4RZ@XLF F R U AV KD\V
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EHHQ UHSROWH® WKBREBBV]H LQ WKH PHPE@DRWIIRHCH[BRVRFI
VWXGLHV VKRZHG WKDW FDYHRODH DQG OLSLG UMGBDYVREL
HI[RVRRHR VHPUHWLRQQ WKLYHWWMNSRUWHG IRU WKH ILUVW
SURSDJDWW® YLELRORJLFDOO\ RF\8HYN LW P RQEGHIVWBW W UH I
WKH WRIERU G HYLBEROIOHFWHG XR Q\RD LK ¥MRARI&E A D O U\ UHFOML
GLIITHUHQW W\SHV Rl PLFURYHVLFOHV QRW DWKDRV & QUEHRF &\
IURP WKH SODVPIRRFRPEWIMHIXLVK DPRQJ GLITHUHQW W\SHYV
PHWKRGRORJ\ IRU WKH PHWDEROLF ODEHO® @%2'R3<4[R WKDW
|OXRUWVFKRRY SKROLSLG SUHFXUVRU LV HIILFLHQWO\ LQFRUS
WKH (5 WDNHV WKH HQGRVRPDO 09% URXWH WR EHFRPH L
JOXRUHVFHQW H[R DUH WKHQ VHFUHWHG LQ B\ B QG WARDXFHNDH
VKRZ KHUH WKDW &7$ LV DVVRFLDWHG ZLWK D GLVFUHWH SR
H[R PDUNHMUH )XUWKHUPRUH WKLV PHWKRGRORJ\ FRQVHQV
PHPEUDQHY FRPSDUWPH QXY QHIXWSHL QS\HHFUW VIHFDAD @V IM) WKH H
FRPSDUWPHQW DV VKRZQ E\ FRORFDOL]DWLRQJRUA 7 7ZIWK C(
ILQGULRQIIHVWY WKDW H[RVRPHV LQ DGGLWLRQ RI EHLQJ D PH
UHSRV ILWRUQ 2W oK 0 8% VQ JSAMRWR FBMHG IURP L QW U IDFOHORZA QD L
IRU ORIQUP DFW R IBARIHQHVLYV VW X GRAYLEMRYHHFQ W WE RIOW RW R
KLJKOLDMIIUGA UHOHDWHR DFWR Q VK DR YL QI WHHIK& 7 ZDV VWLOO SU
LQH[EXW LQ ORZHU D PRKIDPMH/ BXKRN IRQ J&ZLBANKMFUBWHDBVHG D
LQLWLDO VWDJHV D, QWHHIU MARVKUHD BEBLNOVE LRHIO O F KEDEBHNUIRE)GHL W16 §
H[RV RPDWDNHED QG S KRAMDIISHQY HQ]\PHER3W,KZF@HDUO\ SUHVHQW W
ELRJHQHVLYLWR J&WKKMEMKWHYXUWKHUPRUH &7$% ZDV SUHVHQW
DFWLYH UHGXFHG NROUFU ®X¥$SWKH GLVXOILGH OLOWBGREP$ DC
&K\PRWU\SVLQ GHJR\WPROR\DROLQJ &7 UHYHDOHG WKDW WKH
RXWVLGH DQG LQWAMBWHRIRQRRIRPHWVXOWY DQ DSSHDOLQJ VS
ZLWK H[R PD\ GHULYH IURP WZRR\GHYW 2 Q AW Q ® WMDD FSHWER @& DX)
&7 PROHFXOHV PD\ IROORZ WKH ORQJ E&XWDHQOXPDWEUDWRIGJI*H

WKDW OHDGV W R MJKH & 7VIRRIOR\QR [WR WKH ODWH HQGRVRPD
VHFUHMHHBWEKHU QDPHRURJIISQDWHG IURP WKH FDQRQLFDO (5
E\ WKH DFWLRQ RI +63 DQG 3', LV WWDINGNQORS DB G RVQRENRK H
LQWUDGSKRLBDBYV
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,Q ILQDO H[SHI[RLEHQWWXVYHG WR GHPRQVW U DWKHH W K B O/X\ODLUF \X
&7 FRQWH[RPKQW LQ &+2 FHOOV ZDV KLJKOLJKWHGEWOMKH PR
E\ GLUHFW L Q FUU B3/ I HRY HF®I\D O X O

,Q FRQFOXVLRQ VWDUWLQJ IURP WKH PRUH JHQHUDO K\SRW!|
WKDW UXOH FHOO KRPHRVWDVLV ZH IRXQG WKDW &7 FRXOG |
IURP D VLQJOH FHORSWR IDWL K QMDUG\ FKODHSWY DQ LPSRUWD
FKROHUD SDWKRJHQHVLY DQG RQ WKH G\QDPLF RI LQIHFWLR
WR SUHVHUYH SURWHFW DQG WUDQVIHU WKH WR[LQ IURP FH

ODWHULDOV DQG OHWKRGV

&HOO FXOWXUH
7KHXPDQ PHODQRPD FHOO OWNWDBIHOL]HGOHIRP VXUJLFDO VSH
PHWDVWDMWF, QWY IWMRXQVR 1D]LR QD ®KE&F*P RUKIL QH\CGD R D PW IVGIU F
OLQH FRPPHUFLDOO\ DYDLR®DEBFFRANURREULRIZIOG LDIOHTV P
(XUR&ORQH VXSSOHPHQWHG ZL9%LIR OR JHMIDID PRRNIIKN DIPY @ A
SHQLFLOOLQ XQLWYV PO JIPGBNV WAEHISQV R PK K PQ B WIR RIS K HL2H

,VROD{QUIR@RMRI&+2 DQG OH FHOO FXOWXUH VXSHUQDWDQV
JRU LVRODWVLREFRD(OXHQW PRQROD\HUW R IHES R QHGEHD 68 FUIR
LQFXEDWHG LQ '0(0 VXSSQ®hBHQWYKGR DL VKA KRNI RGO F& O W X U
ILOWRBDMWEHRE &KROHBWDWHURW\SH ,QDED O¥ \BHK RU L8E7H® LEHD W P
FRQWURO DQG WUHDWHG FHOOV ZHUH ZDVKHG LQ 3%6KDQG I:
EHIRUH FROOHFWLRQ RI PHGLXP IRU (9V LVRODWLRQ (9V ZH
WUHDWHG DQG XQWUHDWHG FHOOV E\ VHTXHEQW GDLON KH\DR\PUHL
PRGLILFDWLRQV %ULHIO\ FXOWXUH VP¥SRW Q DML IVWZ DA& AMR
FHOOV GHEULV 6XSHUQDMWD @MY IVHKEH W DR GV FHHWDWHGL | X JH G
%HFNPDQ DWRU PLR&DWQG ILQDOO\ XOW U DB HRQUW3H OXOHME VL
ZHUH ZDVKHG LQ 3%6 DQG XOWUDFHQWULIXJHG DW WKH VDP}

ORUSKRORJLREG 2D EDD@DVWWH D @3 &GO WUHDWPHQW
([SRQHQWLDOO\ JURZLQJ &+2 FBU O T HIGHMIDIICY BIWHNWEV [[ZH® €
'0(0 VXSSOHPHQWHYR@ILADK DGGHG ZLWK RU ZLWKRXW&7 Q0 &
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SUHSDUHG DF¥RGHVF ¥ KEHGF DEPMO®RWQ ZHUH LOQVSHFWHG PLFUR
WKH PRUSKRORJLFDO FKDQJHV

'RW EORW DQG :HVWHUQ EORW DQDO\VLV

&HOBODHWHY O\WHG LQ PO 7ULV S+ . PO 1DED$ ZLMWK WR
D 3URWHDVH ,QKLELWRU &RFNWDLO 5RFHKE DWRU PLDIRQ LFI
3HOOHW ZDV GLVFDUGHG DQG VXSHUQDWDQW ZDV NHSW IR
PHDVXUHG 6 HPYNVDKHUPR 6 FZHKEWSIUHFHQFH RI *0 JDQJOLRVL
ZDV DVVHVVHG E\ GRW EORW DVVD\ X\FIRGUMK B DWHKEX® L WK DSP
UHYHDIOBIQ (&/ GHWHFWLRQ NLW 3+HUFZAH U B HEORL @NGD VIV V S
QLW UR F HHORBUDRMH FPO R F Bold®R W WILQRIQPWBDWBLHO ) L G ZH46Q 7% 6 7
EXIIHU O 7WPE& O S+ 0 1DR.O 7ZHHQ IRBRPPLBPSWUD)
57IROORZHG E\ LQF X EDWoL B QVHIROK HG3LQ 7% 6 7 KE BBMWHTK H
UHDFVWDYLHMWHFWHG XVLQJ DQ (&/ GHWHFWLRQ MRV BRI UF
SUHSDUDWLRQV ZHUH O\VHGEIRQ) OBISPPQG BRMSEMHCERXQJH O
XQGUHHIGXFLQURGXGRQJ FRGROLMLIRQYHUH EORWWHG RQWR D
EORFNHG XVLQJ @R@®WWELQMPD@®BHHQ 7%67 EXIFHUWE O P
S+ 0 PD&O 7ZHHQ JRIROKRDMWG E\ LQFXEDWLRQ
DQWLERGLHVQJYISW UIRDORBOWLERBXWN SR MU H/GR[LQ $ &OR
,PPXQRORJ\ &RQVXOWDQWY /DERSRWWF®R GERB OH UD DWRY LD B
$OGULFK UDEELWDDPBRQ@LQ 6DQWD &UX] %LRWHBREROW L\
3URWHLQ 'LVXOILGH ,VRPHUDVH 3RO\FORBEPIG\DYWERG\ 6WU
6DQWD &UX] %LRWHE KQRROGIMBZHEQ 7%67 IRAX | IKI DMR 8V H
DQMOL[$ 7KHUPR VFLHQWLIIDFRQ&L 6%UDEELW PRX&H DQWL

PRXVHODQWLHQHT7HI GLVVROORMEWLMRIPWD GH\ PLOI
LQ 7%67 RYHUQLJKW DW f& $IWHU ZDVKLQJ ZLWK 7%67 Il
KRUVHUDG LV KF RSMM)RID &/BINGH DIQRRIWRIFD G IR U K [DWG57

LPPXQRUHDHFUWHWYHWOHG E\ XVLQJ DQ (& GHWHFWLRQ NLW 3L

*HQHUDWLRQ DQG) M{BQWLILFDWLRQ RI
) HIRHUNKUL IDBG TXDQWLILHG DV SU® Y4 RXA/HIDDEHRPIU EEHID® V
[ ZHUH LQFXEDWWHT, ZEWK& —LIOXRGRPHWEKROD BLD]D
VLQGDFKBHGHFDQRIF ,DRLG /LIH 7HFK QR R JK HDWL QO (&
VXSSOHPHQ®MHDBQG WKHQ H[FHVV SUREH ZDV UHPRYHG E\ ZDV

S 1
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ZHUH LQFXEDWHG ZLWK RU ZLWKRXW QO &7 IRU K DW f&
H[FHVV RHER DPIGR) &KX ULILEDW SRIQ R BRHHX LRXVO\ GHVFULEHG
XOWUDFHQWULIXJDWLRQV 7KH UHVXOWLQJ SHOOHW ZDV TXE
.DOX]D 6RIWHABNPDQ &RXOWHU 7R VHW WKH LQVWUXPHQW

UDQJLQJ LQ VR|H HURPHUH DQDO\]HG )ORZ FRXQW IOXRURVS
QXPEHU ZHUH UHVXVSH{JGHEMEQ) 3% D RIGVKKH LQVWUXPHQW
VWRSSLQJ JDWH RQ IORZ FRXQW IOXRURV@®KRUHMR )RU
ELRIJHQHVL\HMRVEG ZHW H) FR O B 8 MWW ICP E/G ISLLO\MKET LQF X EDW LR

,RGL[DQRG°285WGBHBA®Y VHSDUDWLRQ
$ GLVFRQWLQXRXV LRGL[DQRO JUDGLHQW ZDV XVHG IRO IXUW
DXWKEKR@®$ROXWLRQV RDQG LRGL[DQRO ZSUHPRDIGHR P$ISIW H
DPRXQWV RI KRPRJHQL]DW LR QO0EYRURPGH]'YR O W LRI &/
S+ DQG DQ LRGL[DQRO ZRUNLQJ VROXWLRQ 7KLV ZRUNL!
ZRUNLQJ VROXWLRQYXPURMH PO (PD$7U+LE/ $ DQG D VWR!
VROXWLRQ Rl 2SIVY3DHSHRXV LRGL[DQRO VROXWLRQ 7KH JU
PO RI ZLWRO VDP SR PO DQ®BO RI VROXWLRQV R
PO RSHQ WRS 8RBND OCHFNHPD Q &RXOWHU 7KH JUDGDWQW Z
JDWf& 6: 7L URWRU %HFNPDQ &RXOWHO ZHWHGERQWHI
IURP WKH WRS RI WKH JUDGLHQW DQG DQDOWHRQNMEHRE IRH |
6'63%*( JHO IRU :HVWHUQ EORWWLQJ DQDO\VLV XVLQJ DQWL
76* DQG $O0&TGHRWHFWLRQ JUDGLHQW IUDF3MILB QNFWIHUHH LTRG
HDFK IUDFWLRQ ZDV DVVHVVHG \ADW KOH UHH O D AV R R HAAHHQLY L&D
XVLWBEH QUHMHDVULRQVKLS EHW Z HH@G UM KIHD G W YHWL\Q G H [

&K\PRWU\SVLQ WUHDWPHQW RI H[R
7R DQDO\]H WK I®RFRDOUPBEM[MWRUR &7 —J ZHUH LQFXEDWHG ZL
FK\PRWULBVWEH DEVHQFH RUW SUWREQBW/fRIIRU KRXU DW S
'LIJHVWLRQ ZPY VAHRBMDBIEHQ\OPHWKDQHVXOI|RSASOBX R Y UGHW
PL[HG ZLWK EERHPROIKHDWHG DW DD OEMHE BETY DMEG ZHVWH L
EORWWLQJ

F$03 $VVD\
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JUHVKO\ WU\SVLQL]HG FHQ@E 0 Q 5D WHIWMEOID G UHG WMEODWHG R
DWf& LQ '0(0 ZLWK )&6 WR D O OREDAMHIO\O ZHW\N DNFIKI? @ @MIHY K H
'0(0 DQGPAI )&6 '0(0 FRQWDLQLIRHWKLEREXW\O[DQBMLUIP® ,%0
ZDV DGRWHG PEQ FRQWURO ,%0;: WUHBIWHI AHFXE M URIQX V H GG
RUVIBHFLILF QXKPEWWH[R DQGR) &7 ZHUH DGGHG DQG SODWHYV :
f& IRK &HOOV ZHUH ERBIGHG DLAUG LF$03 DVVD\ ZDV SHUIRUPI
PDQXIDFWXUHUYV LQVWUXFWLRQV &\FOLF $03 ;3 $VVD\ NLW

&RQIRFDO OLFURVFRS\
7R DQDO\]H WKH LQW UD F&TZQ WEKDK[ K R OR F FOIEHDMAL RXQORVX U H G
ZHOO SODWHY FRQWDLQL®J FRYQHUXOQEY XO®QY ZHUHR UQFXE
ZLWKRX®R',3<& IRW Q0 &7 ZDV D®PERWGRIRUFH 7 DQG FHO
LQFXEDWHG DW 7 f& BRHODOV ZHUHSIDHDGRALADE) 6 HKUGH PLQ DW
57 DQG SHUPHDELOLWIS® QLW K3ULPD NV BD® VZ HDRRIMY ORW D O
&KROHUDGWRFDGULFK PR&KVH DEQWH7H[ PR%SSH0ODWL
(FKHORQ S$OHARDMORIDWHG DQGRQMMIIDWRE JRDW DQWL PR
/JLIH THFKQRORJLHV ZDV XVHG DV VHFRQGDU\ DQWLERSH &
VOLGH ZLWK 9HFWDVKLHOG DQWLIDGH PRXQWLQJ PHGLXP
%XUOLQJDPHDJ&Y ZHUH WDNHQ E\ D )9 FRQIRFDO PLFURVF
XVLQJ D 20\PSXV SODQDSR REMHAWDWMEZR § RRIEYW® LIQMBUE\ T
'DSL QP IRU T™Q,$UJRQ ,RQ /DVHU QP IRU ),7& $OH[D

QP IRU $OHI[D '$3, HPLVVLRQ ZDV UHFRUGHG IURP
UHFRUGHG IURP W R QP DWE $O0QMIHV IURPRUGHG KDYH
WKLFNQHVV RI PP

JH[R DQGR) &7 WUDQVIHU
7R HYDOXDWH WKH WY BQRHHY RQFXEDWVG Zitt @VE B O W ILQ [5
LQPO '0(0 ZLWK &6 DQG N HS VW R W& LIQF X E DMGRLX POZKIWMOP R Y H G
DQEBHOOV 3%6 ZDVKHG GHWDFKHG DQG VXEMHEFWRIG FARR )R ED (
PLFURVFR$HQOV ZHUH VHHGHG RQ D VWHULOL]HGIFRRRHUVOL
H[R &YUK DW L& (ZLWK )&6 $W WKH HQG RI LQFXEDWLRQ P
FHOOV ZHUH 3%6 ZDVKHG DQG IL[HG ZLWK 3)$ IRU WKH DQD

$FNQRZOHGJPHQWYV
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7KLV ZRUN ZDV VXSSRUWHG E\ D JUDQORW HFR\P Q5L FIRURAD W K& D
OLQLVWU\ RI +HD 6 \WKD QWWDW M R O R \P WIX\DR) KRRV WIDOS I X O/ GLVF.
DQYED O XDEWDIHFH

$XWKRU &ERQWULEXWLRQV
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