N

N

>v/"Q/vM KB+b Q7 ; b@HB[mB/ /BbT2 bBQM
amHx2 bi iB+ KBt2 b aJs hJ
J +Qa+ H -GBQM2H : K2i-GQmBb@J B2 J H#?2

hQ +Bi2 i?Bb p2 ' bBQM,

J +Qa+ H-GBQM2H: K2i-GOmBb@J 'B2J H#2+->m B@w?B GBX >v/
BMi> MbT "2Mi amHx2" bi iB+ KBt2 b aJs hJX *?2KB+ H1M;BM22 BM;
RYyXRyRefDX+2bXkyRNXRR8jN3 X ? H@yk99d88]j

> G A/, 2 H®yk99d88]
2iiTh,ff? H@B7TX +?2Bp2b@Qmp2i2bX7°f?2 H@\
am#KBii2/ QM kR C M kyky

> G Bb KmHiB@/Bb+BTHBM v GOT24WB p2 Dmbp2 "i2 THm B/BbBIBTHBN
"+?Bp2 7Q i?72 /2TQbBi M/ /Bbb2KIBEBMBR MNQ@T™+B2® " H /BzmbBQM /2 /
2MiB}+ "2b2 "+?2 /Q+mK2Mib- r?2i?@+B2MMiB}2mM2b#/@ MBp2 m "2+?22 +?22- T
HBb?2/ Q° MQiX h?2 /IQ+mK2Mib MK VW+RK2Z2EF IQKHBbb2K2Mib /62Mb2B;M
i2 +?BM; M/ "2b2 "+? BMbiBimiBQWER BM?8 7M#M2I @b Qm (i~ M;2 b- /2b H
#Q /-Q 7 QK Tm#HB+ Q T ' Bp i2T2HRAB+B @2MT2BIpXib X


https://hal-ifp.archives-ouvertes.fr/hal-02447553
https://hal.archives-ouvertes.fr

+\GURG\QDPLFV RI VYBWUMIRQGLEGLWUDQVSD

VWDWLF PLPHUV 60;

ODUFR 6FORMHO *DR¥MW ODULH #RDEHRL /L

)3(1 5RQG SRLQW GH OfpFKDQJHXU GH 6R@MDIJFH %3
ODUFR VFDOD#LISHQ IU FRUUHVSRQGLQJ DXWKRU

)3(1 5RQG SRLQW GH OfpFKDQJHXU GH 6R@MDIJFH %3
IJLRQHO JDPHW#LIS U

)3(1 HW DYHQXH GH %RLV 3UpDX [ )UBRRHO OBXORD
PDULH PDOEHF#LIS U

/5*3 &156 UXH *UDQGYLOOH %3 FH +XMDIQ EK I& HIGAKQ ) ¢

ORUUDLQH IU
$SEVWUDFW

7KH JDV OLTXLG K\GURG\QDPLMVWDMWL M FBIYE]HEZDAOW ;LQYHVW
SUHVHQW ZRUN WKURXJK WZR GLIIHWHGKND GRFSAN UMK W H IF K
%67 DQG 3DUWLFOH ,PDJH 9HORFLPHMWY ZHUH 'PBQXQHIH
XVLQJ WUDQVSDGHQYWWROPYVRWMIFG HERSWRBPOMRAISWDQH ZD'
WKH FRQWLQXRXVH®IL GX LIG SHQWHO BN G VI IRHIIUPMLGWUIMD VHR X
IORZ UDWHV ZHUH LQYHVWLJIJDWHG 7AHN KGRRXAV S\B MW A U[Q QIQ
ZDV XVHG DV D UHIHUHQFH %XEE O® OGIW MH/GH B XGULO/WW) LRE
PL[HU ZHUH HYDOXDWHG 7KH YHORHLWXDRQWDIGEW G Q¥ & H DV

ZDV DOVR H[DPLQHG 7KHVH RULJLQDKOHUHVXOWY WD @WRLZF



SHUIRUPDQFH DQG WKXV WR RSHQ QR4 1RGXOLWXL G A RSSO

VWULSLQJ DQRBISXWINLEMVWENRDRJIDV

/ILVW Rl VIPEROV

6\PERO 8QLWYV "HVFULSWLRQ

da2 P 6DXWHU GLDPHWHU

do P %XEEOH GLDPHWHU

de P &ROXPQ GLDPHWHU

de P (TXLYDOHQW EXEEOH GLDPHWH!
dn P 1R]JOH GLDPHWHU

E $VSHFW UDWLR

h P JLTXLG OHYHO

Qo P K RU/ K *DV SKDVH YROXPHWULF IOR:
Re 5H\QROGV QXPEHU

8 PV OHDQ YHORFLW\ YHFWRUV

\f PV %XEEOH WHUPLQDO YHORFLW!
\ PV RU PP V LEXGHDM FHORFLW\

) *DV KROG XS

N NJ P JLTXLG GHQVLW\

1 1P 6XUIDFH WHQVLRQ

/ILVW RI DEEUHYLDWLRQV

$SEEUHYLDWLRQ '"HVFULSWLRQ




' 7ZR GLPHQVLRQDO

' TKUHH GLPHQVLRQDO

%67 %DFN /LIJKW 6KDGRZJUDSK

&$' &RPSXWHU $LGHG 'HVLJQ

3,9 SDUWLFOH ,PDJH 9HORFLPHWU\

60; .LQG RI 6XO]J]HU VWDWLF PL[HU
.H\ZRUGYV

+\GURG\QDPLFV 6XO]HU°VWOOW ESKID[WH I0RZ * / GLVSHU"

LQWHQVLILFDMVPDRE Y3HDWRAFILFPGIW U\ 3,9

 QWURGXFWLRQ

,Q FKHPLFDO LQGXVWULDO SURFHVVXLM VWKH PLHIR® P RIQ C
ZLGHO\ XVHG RSHUDWLRQ 2QH RI WKNH.L?PDAR REMHFDWLHY MAK |
DUHD EHWZHHQ WKH SKDVHV WR LPGHR YHR PIDW Y (LA\GD WHHD K\H
FKHPLEDO UHDFWLRQV 6WLUUHG WD@MNXWLQG]EGEE®DHM Bl
DFKLHYH WKH PL[LQJ DQG EOHQGLQJ V&BWMAD L& QEFKYH GBR 8 P
VWXGLHV LQ PL[LQJ KDYH UHYHDOHGHWH®GW \VKFLQD D QWM
GHYLFHV VXFK DV VWDWLF PL[HUV PZKHWWX UFRHQW DOV R| D N
HOHPHQWY (DFK RI WKHP LV GHVLJQR®Z WR\RX3QL W \B Q30 U |
2YHU WKH ODVW WZR GHFDGHV WKHUHEBWEB G FIKQ R/GI LVHWDW [

LQFUHDVLQJ GHPDQG IRU HIILFLHQWRPYDOQH G NMWR FVHAWL U Q HAG



VWDWLF PL[HUV GR QRW KDYH DQ\ MREIOHI BDRIQBR GRIUAB V
HQHUJ\ FRQVXPSWLRQ 7KDNXU HW DHQW O R 2 XRIDN KQMUHPRLIG]
DQG HDV\ LQVWDOODWLRQ ODGKXUDQWKDNDP HW DO E
,Q UHFHQW GHFDGHV WKH JURZLQJ @XPERU RIRVWXTLE
JHRPHWULHV WR FRYHU D ZLGH UDQHHDRO GAEXYOWI RDV\BE
DUH DYDLODEOH QRZDGD\V $ FODWWLUXFOWKLRY REDW KB RV
DOORZV XV WR DVVHPEOH WKHP LQWRQIL2HV R DKWL F D & HQ
RSHQ GHVLJQ FRQWDLQLQJ EODGH\DDRKXDWGE ULHQVDRIBVEO®
LQ ZKLFK WKH HOH PRI WO DKIHY M KKOHBOHIME DIKDN X U HW D
OXFK RI WKH FXUUHQW OLWHUDWXWR W& H W[DW LD PW LRV F
FDSDFLW\ Rl OLTXRG\O DQXG GJ 6@ B $/HIEV DISS\OL BRQWHR QWY HUL
KDYH HVWLPDWHG WKH PL[LQJ SHUIRWPHDWQ EH V Q RH PMHLYG B |
E\ LQMHFWLQJ G\H IOXLGV E\ SHUIRURLQJ RDV HAL P QWX
JOXRUHVFHQFH WHRKEGLPKHHULQ WRKODH®G O0XVBOKONQH H\V
/JHPHQDQG HW DO HW DOHLMH 'DV HKAD @P HW DO
ORQWDQWH HW DOKRUV LXAKIR/KNHDIONDBNGL K VALIQJ WKH 3,9 PDI
VLQJOH SKDVH RU OLTXLG OLTXLG |OFRORN LIMQ G HFGIHD L\ H [
$OHNVHHY HW DO 7R WKH EHWMW R HQA B QREZDWH ®HY H\
HPSOR\HG LQ JDV OLTXLG IORZV LQ SUHYLRXV ZRUNV
$ FRQVLGHUDEOH QXPEHU RI VWXGLHWXWYWHXVEREOM &
FRQIRUPDWLRQ IRU HDFK LQGXVWULDO D% SUDG I DDMILR @D Z R
5DXOLQH HW DO 8JZX HW D®HLMHBHIWHUOHW DD
DQG ORQWDQWH 3D NHWWOR O X L @D G LR/SHIQY VHR@WW U\ ZL W
LV XVXDOO\ UHFRPPHQGHG DQG HP S OROKMG DNKCIDPN X W DWW D O

UHFHQW GHFDGHV QWIKQHWH DK\WL\Q E HHAEHODW GR V WU X' & HWD \R®  J|



GLVSHUVLRQV XVLQJ VWDWLF PL[HUV &KQVABZHHD MW DO
JUDGHWWH HW DO _HVKDY HW DO D 7 0]DRKXUDQGV KR [
,Q YLHZ RI DOO WKDW KDV EH XS SRVHWW R DWEWERHIBW |
VWDWLF PL[HU LVRKLWKKQV DGLD/SW BPE [IRTD) & HYEFAHWKL W WU XF'
REOLTXH RSHQ EODGHV 7KH SUHVHEWWAMX®\ WMEZRPG QH M UMK
RI D JDV OLTXLG GLVSHUVLRQ DQG WKH /6OFEDDQ WX UEDXROLH
SHUWXUEDWLRQV FDQQRW EH H[FOXGHG
$V D VWDUWLQJ SRILQDWRIR®Y K M K IQNRHSID @ MFD QILTRQIBU L \D Q G
LV LQGXFHG E\ JDWENREOKI VL WLSPDO LFIXLGYERQRW DBPWRUV
SKDVH LV XVXDOO\ VWDJQDQW LQ EKHBOWWPRQRPAW RZK LRCR
VWUXFWXUHG SDENLQJV (QJHO HWW®DO 'L J & HH WWIDAV L F
DUH TXLWH VLPLODU WR SDFNLQJV |K¥MWQ YIH OW KHR @WITKH G HI
ZRUN WKH QHJOLJLEOH HIIHFW FRRSD WHRG | RFRX D R DU @
VWDJQDQW OLTXL®WLYKHRPDWKRY R RMKEWVWRDIWIHSOPMWKRG\
WKH EHKDYLR(U BXO KK &OWDWLF PL[HU LQ WKHVH FIR@QW L WL
OLTXLG DOORZHG HLWKHU WR SHUIRUPWRKWHDQBODVLY @HW
IXUWKHU R@YHBMWK IDWIRZLQJ OLTXLG
7KH LQLWLDO RBAMHFAWLWIR BIGE KWW W MM QH DWW BMAIE PL[H
DSSOLFDWLRQV LQ FKHPLFDO HQJLRWHRUQYUBDMWHHRW QRUT
UHVXOWY JDLQHG LQ WKLV VWXG\ RS @O PR HOURIK H U IKDW B
H[FKDQJH LQ°WKHD]600J VWDWLF PL[HU DV ZHOO DVHD EXEE(
PRGHO 7KH SUHVHQW SDSHU FKDUDFWH HBL XYWL K W KRCGRIRVES
PHWKRGY WKH 3DUWLFOH ,PDJH 9HORKDRGRZUUDS,R 7HIE & QU
%67 7KH DERYH WHFKQLTXHV ZHUH FRP RRKQHO K \KBRISRIGR QHIEP |

PXOWLSKDVH IORZV &KHQ DQG )DQ LM HANMOQRLM HWHHX H



D 'HHQ HW DO E %R\HU HW DOHHQ HWDD®RED HW LBDMD H
DO 6DWKH HW DO 6RELHV]XN HW\DWL HW BDWKEF
IDXSVLHQ HW DO ORVW RI W KR SSWLHYLR YWWH K KXIGTDHHW X ¥
EXEEOH FROXPQV PLFURUHDFWRUVGINQGRIDVQAWXQGEH/ REH

LQWURGXFHG ISQUORYWRFLHAAY B QUL W HEF K DL & HV IRRU S\KK DV H
:LOOHPV HW DO XVHG 3,9 LQ RURXUE DOGFHLVIDDQ DXIGE
,Q WKH SUHVHQW WW RGO DPHWHFKDILIGKH WRZTEDWYWHUQ L
60; VWDWLF PL[HU 7KH PDLQ REMHFWQYHQRR WXWYYZRH NS H\
LQYHVWLIJDWLRQ RILDDW IOH TWMBWBPRPH[HWK H XWX BG Y D QW
GUDZEDFNV Rl WKH %DFNOLJKW 6KDGRZIH SKDIHFKHDQ R K HP
3,9 ZHUH UHSRUWH®BS TKH GID VH K R GBW WRLSRHQAD WY. @O FRQH V W L
LV DQ LPSRUWDQW SDUDPHWHU DWDVEHW ZUHH@D W K& S\KRD WH\
RI WKH 60; PL[LQJ HOHPHREWW \RQRZKIHHBOG LV TXDQWL

$V PHQWLRQHG DERYH H[SHULPHQWRXZQWHKU G-LXTIXULIGQ AL D
FXUUHQW ZHUH QHYHUWKHOHVV FDURIL HG VROOW W R7 R/ U LK
KLJKOLJKWHG QR UHOHYDQW GLIIHUWHPLH 2K HH WHH OQ DRH

/L HW DO 7KH EXEEOHV GLFWWHBEXWLER® W HPOHRIFQ VELXH
DOPRVW XQFKDQJHG DWH &Y JREWVMU BHER RI DW DR VKV I©DW VZ H U
WKDQ :LWK UHVSHFW WR EXEEO\ I\W@RWIHQY Q@ DEXE ED M VFRY
D FROXPQ RSHQV QRY DS Y¥OQEDWIGR QWRIEN\H P\ G PROWHR KD O
LVVXHV DV SDENLQVLRSWREDW® KRE 8 VORI¥IUA FEKHQ/IW XNHQ R7ZR0 H G J H
QR ZRUN UHSRUWHG \HW LQ WKH O\IWHRIDW X UM KDIQMWR/L @ FD

WHFKQLTXH RI " SULQWLQJ



([SHULPHQWDO VHWXS

JOXLGYV XVHG LQ WKH H[SHULPHQWYV

JRU WKH SUHVHQW UHVHDUFK WKH IQRURPYXVO SKHSAMD @ K LX/D
FRPSRXQG UHSUHVHQWY DQ RSWLPDO FORP SWRBSIHMHN EHW AW
LQGXVWULDO IHHG/ WDYRK LRE G |'RDH HOWD ELR/DMM R ULLGI W ) X U W |
Q KHSWDQHYTV FKHPLFDO LQHUWQHXW HQVKWHAH QWM UR 8 U
SKDVH QLWURJHQ ZDV VHOHFWHG WR EW DVRR @ UHDHFWMHG
FRPSRXQG 7DNHQ WRBYHWKHID QE\RMHKG IFDI XKIIHI B VHX/P RH UV K H
VROXWLRQ 7KH Q KHSWDQH KOOQ/G DD GHQYVFIRW L \RBIDRY NTKM
VXUIDFH WHQWRB GHWURHOQ DQG WK Q7KHS W DBQHI HVHQW
UDWHV ZHUH H[DPL®HIQG / KK 7KH FRXSHWSRFA®IOQYHORFL

PP V PP V DQG PP V

6HW XS

7KH LQYHVWLIJDWLRQ PHWKRGRORJLHKQ IQMDAH CIHIL R LD GD\
RSWLFDO DFFHVV WR WKH V\VWHP HAKWVPBRMHELBDWN G 7XH W
FROXPQ PDGH RI JODVV ZDV SODFHR® LQ@VRGB HU BRR RIHGK
GLVWRUWLRQ 7KLV H[WHUQDO MDFMNOW ZDR/D QN MR AV KH
VWUDWHJ\ RSWLFBRPGSOWWRIOW LLRYR ZBYGL PDKIH GH YWUWHRHU W L |
FKHFNHG E\ LQVHUWLQJ D UXOHU LQWKGEHFWEHEBRWXRQ EG
UHDO VL]HV DRXGOWERKWHG]E\WWWKH FDPHUD OHQV

7KH EHKDYLRU RI WKH EXEEOH FROXPRXWDWKB\6W;KHA L HHPL

LQVLGH ZDV DQDO\]HG DV ZHOO 'DW JDHAKIHDWHHE W R PE W KX



D FRPSDULVRQ ZLWK 60; VWDWLF PL[RUV 7RP B R GXPQVKDWI
LV PP 7KH 6X0]HU JHRPHWU\ ZDV HPSOR\HG LQ DOO W
SHUIRUPHG 7KH VWDWLF PL[HUV D UG®ILWR Q\AX D\W ®W A B OB\ HIB
ZKLFK LV UHSH D WRI@®J DA LPROW QR WH GV P @ KHHU GHXCPHERHHUQRV Y G H S
WKH DSSOLFDWLRQ RI WKH GHYLFH 1BRHE&W®RYHBK DAWDH VDKWL
GHYLFH DQG KDV @ CROVEIG ROD EWWHBHBOYLRU 6LQJK

)LJ GHSLFWV RQH RIXWHKW RY HH3J G/XWWQBWH KM & HSYH. B HP U 19 S
KDV  PL[LQJ HOHPHQWYV OL[HUV ZLWIQHG @G/ ZHD®I P$NQ W W'
LQL) HDFK HOHPHQW GWJURMWNWHG E\UMVBKYWR QR WKBIH KUY
WKH HOHPHQWY DUH PDGH E\ D VHHHMNVI IRR AL @KL Q LG/ EDIOHG
60; 6XO]HU SUHVHQWW¥ ¥RPKNWUHBPOWW WX B VDIVR WR HWX®IL W

OHQJWK RYHU LWV GLDPHWHU

)L 'HWDLOV RI WKH VWODOWPH@WMNB0;7KPIPOHQJWK XQl

7KH DQG HOHPHQWY PL[LQJ GHYHBMNNV ZLRIUNH Z WU HD R
WKURXJK ' SULQW IL@J $FFIF X §'DI I&DHND U 8 X Bl EN R DWVRI WLKDLO/ W H F
ZDV SRVVLEOH WR PDNH IXOO\ WUDQVSHDRXLDW &HGIDVWXH
UHIUDFWLYH LQGHWKBW RIZKHKHBWHBQHD OXHV SURMMG WR
HQRXJK WR HQVXU KN SIDUMIQA D FRWR WE® IURDSMWLEID O FY ZXH V H

PLIHUV SUHVHQW WKH VDPH HOHRHQWKGLPHGWEKRQWYV DBV WKI



RI D VLQJOH FURVVEDU LV PP UDIRIWHEFRI DKHHDHHEPH/QR
PP 7KH UDWLR EHWZHHQ GLDPHWHU D QaX LOFKKQB R/G I RW FDVQ WA
VWDQGDUG 60; GHOL@LWLROLQGIX HWH O HOHPHQWYV Gt
KDYH DQ RYHUDOO OHQJWK RI ®IQWDQPR BHWIHFWLW
WKH JDV LQMHFWRU DQG WKH PL[HUQZDNONH B\ HF RIGIWWIVQ ¥
ZDV ODUJHO\ HQRXJRHAR WEKE B OHQHWYBAOWRFEDWH ULVL

7KH QLWURJHQ IORRQOMG I RVRXRIGWIQFRQBHWWRGLW R/ D
UHJXODWRU 7KH IORZ FRQWUROOHU &RS@R\RIGO U RIRN D F,R
WKH PD[LPXP SRWHQWLDO HUURU GNUW®D @ KH MKRZ HIH B ¥ @\
GLIIHUHQW QR]]OHD GROPHGH QWO P PIKHD @EWURJIHQ L

SUHVVXUH ZDV VHIWMWMWGGHY R Q & DRDAGHAIXQIDDV R U HWD/OKNUHH

OHDVXUHPHQW WHFKQLTXHV

7KH PHDVXUHPHQW PHWKRGV DGRSWHGT7HRKBRLWXH %BHFN
DQG WKH SDUWLFOH LPDJH YHORFLAMWUPD 8 WHKHH JDE/MHKIRE
EXEEOHVY VL]HV MKD/IHM YSHOWRPAVIVIEN LIFQFIL[GH WKKH OLTX
ILHOGV ZHUH TXD QWKXI1LK GV PN KHIXOWBAMHRED ¥/, WIRHHIDV KR
VHULHV RI LPDJHV ZDV FROOHFWHG\ ZLWWK 7K H HIUYVOR ZUILMHHA >
VHULHYV ZDV DFTXLUHG ZLWKRXW JD®LWKD IV WDW HUDIPW KPH
7TKHQ E\ LOQOMHFWLQJ WKH JDV LPDHUNM BDHWRUXG KGJKHKUWH GWUT
QLWURJHQ EXEEOHW ZA21QFKIIHD WVHK/H WKNMWRIOKHBBOOKQVUTXR® >
GLITHUHQFH ZDV HVWLPDWHG E\ FRRWKWUWIUYJ WKHH V RUW WD URHC

ZDV HPSOR\HG WR PDNH WKH FDOLERQ@W IFR QVE® GO WIRX HE VOLHP



7TKIDUWLFOH ,PDJH 9HORFLPHWU\

3DUWLFOH ,PDJH 9HORFLPHWU\ 3,9H [P\HW®& RRGSRIDLRFD OV R QRS
LQVWDQWDQHRXV IORZ YHORFLWLHVLVLEDWH® RQ LPDJH7&U
RI WZR FRQVHFXWLYH IUDPHV DFTXLMJKK HDW DON QR ZQ7WH P3
FRPPRQO\ HPSOR\HG WR H[DPLQH OLTXKIGE HOWP®RU JDWHIHTD
UHODWLYHO\ KLJK JDV KROGXS 'HHRYHMWW OHON DOE /LX HQWRI
PHDVXUHPHQWY D PHWKRG VLPLODU W R DWKD )X GIN¥RUDBH G
/L ZDV XVHG ,Q PXOWLSKDVH I@RPZW DVKLHR @)\ \BORIZNO FH
)XQIVFKLOOLQJ DQG /L $PRQJ WRHARX@M(HUPBMRQY \WKE
ZHUH WKH VHGLPHQWDWLRQ RI WKH W HHGLIQNHSD BW 6P O HD\
EXEEOHV /DVWO\DRWKIR@LRRWWEHIISKBDYH HR@ GG DRUR KOVX P
UHTXLUHG WKH XVH RI D VSHFLILF XRWUUD\S B U\W L7IX®IO D EJRIWH
HPSOR\LQJ VXLWDE QB J GORWH\FFOHQBWMHHA @ HM GAQHIGSDUH 10
ODEHOOHG SRO\V38\PIIQRE IS G U W KFHO V@ CSFHRF HIR'W PIDHQH UD W H
SDUWLFOHV ZLWK RSWLPDO SURSHUWSKNUYRBR D¥DISHK E
IOXRUHVFHQFH DQG PLQLPL]JHG G\H OBDRRLQ@XHDN R SKKHK
SDUWLFOHV KDYH D GLDPHWHU RI Rl P ZLPVKVB MW DRHEDW
J FPDQG WKHLU UHIUDFWLYH LQGH[ LW SUR SKWW\KWRPRE
WKH ODVHU OLJKW ZLWK D ZDYHOH®QJIMKYRDHQ DWKDRIG WR R
VSHFLILF SURSHUW\ DOORZHG XV KM KNI HDF WIDGV D@ GV R FIDK
OLJKW IURP WK H VAVRIDW P EHP R KHBE MKIXO WK UVDOORZHG RQO\ W
ZDYHOHQJWK EHWZHHQ QP DQG QPK WV A ELRAYCHE K/ WWLKDHW
LPSURYHG WKH TXDOLW\ RI WKH L QWRIWV VGLLIMAEIDEN \RLU JW K ILL\F

LWV VHGLPHQWDWLRQ YHORFLW\ RH R® RNHYV OLPZV *H\6 W RN



7KLV YDOXH ZDV FRQILUPHG E\ WKH SSR® ®IHYX 6 WR NIHW Z HGIC
WLPH LV  —V IRU WKHVH VHHGLQJ \SXDLUMDLEF®MH W @RYGI K D R U
VFDOH GXULQJ WKH 3,9 H[SHULPHQWYV

7KH VHGLPHQWDW LARRRY 16 URKHH \XR/OW W LRRED DIWR\W KW K H QFSR @ K
H[SHULPHQW 7KH QR OXKH BQ PR QFANBDAMY E G VL @ KOH Q HFR. GO W H ¢
VIVWHP WKDW HQVXUHG LWV KRPRJHQHQWDEOKLYHDXOWF
UHSHDWDELOLW)\ RIBH§SHRDBHEWAH UMIHD BT KILIKH\GS MHKGJ R Q G
UHVROXWLRQ FDPHUD QDPHO\ WKH )$6UR®IH DO X IDNKHV EC
RI [ SL[HOV 7KLV FDPHUD LO/L HKW L\BHS®I\GLWILW K DPII
PRQRFKURPH ,62 7KH KLJK SRZHUHGLEDOW BRBOREGH GG
WKH 3,9 LQYHVWLIJDWLRQ 7KLV LVYKDUGHSBIO RW ERQ ODWRU [KG
SRZHU RI : 7ZR GXHOBHBW ZHUH X \GHDGV IV B FSTEKW MLWPL R C
LQVWDQWDQHRXV IORZ YHORFLWLHY WHPH SXDXHUBWBQDWG |
WR PV IURP +] WR +] ZLWK DPYDIOH B LW B CCDARKHAHHY GIVWW
SDUWLFOHV EHWZHWOQYW KHDPHR KRETHRBK\G\ | R QUK HERP S X W I
ODVHU DQG WKH FDPHUD ZHUH FRQQHFIVHGLJKLDBIT7FLHQS
VIQFKURQL]JHU 7KH ODVHU HPLWV KEZLKVKQH ZDY HPRIRIFKK F
QP )RU HDFK FRQILJXUDWLRQ QD PH®DY BOWK LG H/U HPQ Y\H U D
GLDPHWHU RI WKH LQMHFWRU WID® D QLG G G R FZHMIMH G PW b
DYHUDJHG IORZ ILHOGV 7KHUH F RIQ OGHLA WHHUGH @WK URDSIHKW L W L R ¢
FRUUHVSRQGLQJ WR IORZ |LHORRQ VR WU GHIRK WAKHHY WH HAGK.
ZDV UHPRYHG IURP WKH UFFR® XRQ MGG MRANHWU HXIVGIX W H V

7KH SXOVHG OLJKW ZDV FRQYHUWHGLHEWR PXOBWBUPVYKH
OHQVHV 7KH ODVHU VKHHW ZDV IRAKX\FR® XFQ WB 6 RRLIG &/@& |

GLUHFWLRQ DQGQVKSDOWIH\OHEG OVBREDWHG HR QY KHIKQL \D ISTOXL U



FDPHUD 7KH ODVHU VKHHW FDQ EH FRQRILGWWYH® YR \GKP |
WKH RUWKRJRQDODGHUSRWLRIQR  KDHR &/GN K L 5N HR/IV W.IKQH EM D |
FKHENHG GDLO\ D QX Hl HFHW LAERIDWIAL IE@WY B/ i H QG W\K\M DFIDFR-H U D
WKH FROXPQ DQG WEKRIQURIODRWLK HBRYEHE DWUHHPRQWR LQ
TXDOLW\ DQG WK HT XIHWRMODKR/DMR QWR H BSFDQ WY [BHV f HODP L Q K
JURXSV RI ILYH 7KLV GHFLVLRQ UHSUHIQVH®OIW OXDOUW\RP
QXPEHU Rl HOHPHQWY YLVXDOL]HG R HDG KD QPDJHH G DAV D D:
/IDO9LVLRQS VRIWZDUH 7KHVH 3,9 LPDJH\QWHUHRUORAIRQ GH
7KH VHHGLQJ SDUWLFOHVY GLVSODFHPHOWXUZHWKEQ PURN
FRUUHODWLRQ RI WZR FRQVHFXWLY HF DUDRHOD WHKG NUHRGPR Bl
LQWHUYDO EHWZHHMQW KMKH PRIBWXUHG GLVSODFHPHQW 71
ZDV VHOHFWHG LQ RUGHU WR DFKEZKMH WKW LVXDWD RGMW LR Q
WR GHFUHDVH SURJUHVVLYHO\ WKH Q®RH \U\WQUHELRIRZLQ ¢
SL[HOV WR [ SL[HOV 7KH QRLVH XDV DG PRODKMEHE\ DRSO\
WUHDWPHQW DOJRULWKP DQG LPDJHVAUWLWHQ DL DD OWEKHG

ZHUH FRPSOHWHO\ UHMRZYHRED EM W KHWKSG B UMKBGIREDVHU SC

7KH VKDGRZJUDSK

,Q DGGLWLRQ WR WKH 3,9 DSSOLHG WWRH WKID GFRRZQW DS K R
LPSOHPHQWHG WR DFKLHYH DQ DFF XU@®GV M HORNILMOLWM VR DV R
WHEKQLTXH IRU WWH BGK NS HPUHWWHICR S KIBITX & D BINORL X P WB VW LJ D
GLVSHUVHG V\WWHPV FKDUDFWHUL]H® VE\V K LEHKWRROIHYU D V W
LPDJHV DETXLVLWLRQ VHWXS XVHG LR WWdH RHQSHGHRF QLA
IDXSVLHQ HW DO 7KH WHFK Q UTHCHWING BD VE-XE RQHW KUHL \

VWDJQDQW Q KHSWDQH $ ()),/8; /(' SDQHRROXP\D FAR/X QWHIG



VRXUFH 7KH GLVWDQFH EHWZHHQ WKH7KEB QHRD RPRIGU RVKH /R
SDQHO HQVXUHG D KRPRJHQHRXV OLJQDMALR® QGEH GYIRW YL C

OP 3DUWLFXODU FDUH ZDV JLYHGWLP LWWHKGE WR STUHYG (
VKDGRZLQJ DQG UHIOHFWLRQ SKHQRPHQHDD WHGOER XWMKHL @ K
7KH UHFRUGLQJ RI WKHVH VKDGRZV ZDUWD RERFDVOHEG LEQ DURL
FROXPQ 7KH VDPH FDPHUD DV IRU WKHD\3, 8 KDIQJ HE® SD R CH ¢
ILOWHULQJ VIVWHP UHPRYHG $V SURDA AEROXP BHRWMREGQAHG
HITHFW WRWDO@\ WKG®IFWOOWHREX R B WQIOWTEK 2 UW KMQ RNHBMW D Q H
QRWLQJ WKDW WKH UHIUDFWLYH LDQ/GALLEFH W CRW HKWHLSDAOD R H WK
FORVH WR HOHF KR IRWKHWR & WKH FROXPIQV DEBIHMKRP R RRAL\G
ER|

3KRWURQ )$67&$0S HQDEOHG IXO0 FRQWNRIO RV WKH FOB
DFTXLVLWLRQ UDWH WKH LPDJH UHVRB8 XMWLTRQ U B G GL RADKIHH \f
UHVROXWLRQ RI [ SL[HOV FRUUBDIEBRWGLQJIJSWRO PH
$OWKRXJK WKH FDP HWDD HPGH RIHBFZ RRUQQ L XS WR FRQHSHU
D IUHTXHQF\ RI ISV ZDV FRQV LG HBKGLOYIHVIVEOBEWRR QN K ¢
DFTXLVLWLRQ IUHTXHQF\ SHUPLWW HG G R SOD¥BIPY QW RISW]
FRQVHFXWLYH IUDPHV FRUUHVSRQGLIQUSWRFHPHQW \P EHOR
UDQJH UHTXLUHV D KLJKHU DFETXLVAWHIRH | B H TWKHQ B\P ROXHDDN
UHFRUGHG DQG LW FRPSOLFDWHYV SHRWW/V STHRUFH \ARLQGE X FrW HKC
WR WKH VDPH UHVXOWYV

$V IRU WKH 3,9 H[SHULPHQWY WKH VKDB8REZREQDSEWHIEV
VSOLWWLQJ WKH HOHPHQWYV LQWRD QURS®V PRDIOI LLYPHD HHO W PIN @
LQFUHDVH WKH UHOLDELOLW\ RI WKKQ BTX B Q6D KDIG[BHIULPS

UHSHDWHG ILYH WLPHYVY ZLWK DODYRULLPMKPXIWUHH WKEP



WUHDWPHQW RI WKH LPDJHV ZDV LPSOWWHGWHGVK® SROMR
WKH EDFNJURXQG RI WKH LPDJHV ZDV IWNRPGDVOG WRB BRI
EHWZHHQ WKH OLTXLG DQG JDVHRXV$SWRVYHVARO G USMIUP E W
LVRODWH WKH EXEEOHV $ UHJLRQ QXWPEBNEYBYVXBQWAQLH
+DOFRQSTRSHUDWRDYV HROKGRVSINDL FBRD [H VW 1 P\DLWHI DWKE EREIEWDL
RSHUDWRU HOOLSWLFRDDI®GH Y& VPO R VKMIQINODIVG BB RD Y\L Q
VDPH DVSHFW UDWLR RI WKH LQSXW DNJRRLD Z KKV RSWLF
DOJRULWKP ZDV HPSOR\HG WR FRPSX\WPB MWKH %R$R[LANODI® R
7KLV RSWLFDO IORZ UHSUHVHQWY WKH PR HPV QY E DU DRHE
HVWLPDWLRQ RI WKH EXEEOHVY YHOREDWLWR &KW H{DROLERQ

YHORFLWLHYVY IRUPDWLRQ IUHTXHQF\ SRVLWLRQ DQG VKDS|

SHVXOWY DQG GLVFXVVLRQ

*DV KROG XS

7KH JDV KROG XS H[SHULPHQWV ZHUHFFRIQCPLAWHG XY GQW
HPSW\ EXEEOH FROXPQ ,QFUHPHQWYV R/IXWHKG RQKHSYD\QH
EXEEOHV ZHUH JHQHUDWHG LQ WKHi VO\QMH KAKH[SRQWHDBC
OHYHO DIWHUhJ W UB WHPWXRGOG E\ DQDO\]LQJ WKHWPDJH V
LQ ORFDWLQJ WKH OLTXLG KHDG FDQRRWXE W LRUIH Y,HQ VIDHF &/
EXUVW DW WKH KHSWDQH VXUIDFH QQBWH GRXUF MK RV F LOHOD,
VHYHUDO LPDJHV ZHUH DFTXLUHG @HRUDW R UDJWHWYX HJ ®QTRE
KROG XS UHSHDW G F IRULFEH® WRR RERIDAL QRWFSOHH DWW R PP

LPDIJHV ZHUH DYHUDJHG WR HVWLP®VOHH YHKOH PKIDV\Q QIQHFE



IUDPHV ZDV FRQVLGHUHG DFFHSWDEKWWH RN RVKWUWRLIPDIN G DXL
KROG XS YDOXH UHYHDOHG LQ IDAWHVNRXPHE KWWY RKDQYDRAEVET
([SHULPHQWY ZHUH UHSHDWHG IRXUYWORKHY RI WD WK PH[GBIU
ZHUH REWDLQHG ZLWK WKH IROORZHQUOQNWLXHWIMR QZ PR/ OXKPHD (

PHDVXUHG DQG DQQRWDWHG EHIRUNM WRHRKOWHMW YR ®RXEHH Y

Y, L L
% & E 8

@Ié@p

J)LJ *DV KROG XS YDORRV ORIUWW IOH) G PPHULQKWF\W RV

)LJ LOOXVWUDWHY WKH PDLQ ILQGLQ DO XHWH ZALR\PKS DQIGV R G
VWDWLF PL[HU VKRZV D VXEVWDQWHDRI MXH HPD VH F BOHNG
LOQWHUHVWLQJ W RNGRWHH. JKK\CHWH Q6 ;D \DHBVHRIK. RVGKGWYKH LV LQF U+
UHVSHFW WR WKH VLPSOH EXEEOH HWROGPYLDIWLRQ \E DG \G
YDULDELOLW)\ DPRQJSMUKLHP IS® WM UPKHEHEH VIXROCUN WV BIFHK LHH F S W
PDWFK WKRVH H[$HVFRIHIGR O& HX $ DB0HW PIE VQIRG] ORIUV KH VW W K
VPDOOHU LQMHFWRU OHDGV WR VFHBORHRUWLXVE GKH V K MK K@ \

DQRG WKHQ D KLJKHU KROG XS RI QLWURJHHSW KRWY Z\DKH IR



VXSHUILFLDO JDXQWRPRRIQVE HKIDIW. RURL P WRJIDQOALBXIRQ RI W
IRUPDWLRQ UHJLPH WRZDUGV D MHW UHJLPH

'LIIHUHQW FRQVLGHUDWLRQV FDQ EG E\HHXFOWRH GQIL RVK MV K
PL[HUV 7KH KROG XS YDOXHV UHVXOWLQJPRPRP QGKB RZMD/G
VXSHUILFLDOVWDV YRARPORFDWSHDU WR EH DOPRVW FRQVWDQ!
IRU WKLV SHFXOLDU EHKDYLRU PLJKWVBUER®GIUWRIPRGXE F®
EXEEOHV JHQHUDWHG FDQ SRWHQWWDO OX LW KRIXMQ WERWM K 1D
HDFK RWKHU H[FHSW LQ WKH ILUVW OHVHPIQGW VD QG VEK
SKHQRPHQD DUH UHH FMUFAXPAWAD Q6 HWKKINRRWL RH LD WDD E® H[DF
QRWLFH WKDW WKH JDV KROGXS L QW UHIDN KD 7 1 WK QRJHO®IXG
DSSHDUV WR LQF® KB3VWLWXH LFDQ UG L DROU JDYOY)MORHE LW L H V
%HVLGHY WKH HIIHEW Rl WKH QR]]JOW ¥H]HQ RIO MAKWH GD W Y
HPSOR\LQJ HOHPHQWY 1HYHUWKHOBWYFDQFH TXQGLEUH
SKHQRPHQD FDQQRW EH H[FOXGHG SDRIWWKXO PUCHU L Q KW

REVHUYDWLRQ VFDVWMHGX U RAHKH LW [W VHFWLRQ

SDUWLFOH ,PDJH 9HORFLPHWU\ UHVXOWYV

7KH 3,9 WHFKQLTXH ZDN[DHRR®R\WKBH WRLTHKDG VY HQR MLAR
FRQILIXUDWLRQV VDKHE HWPKSHV F R B KO QZ LIWHKS RVKW HED ;L G VHFV
OHDVXUHPHQW WHFKQLTXHYV IUDRH \D EFXBDBF RXLWKIE U
7KH GDWD REWDLQHG IURP WKH HPSWORRO XK OHO RER WA

FROOHFWHG DUH ZKO6 0ORZOZMW 5N K BVHGH § HDLW WVOKIHW K U



VWDJQDQW Q KHSWDQH ZKLOH D GRZQXPImRZDADON PHENVXL
FRQILUPHG E\ ERWK WKH LQVWD QW M®HR/X V LIDAGK ¥ WHILDDW H &

YHORFLW\ ILHOGV3 RESVDULIRHEG HEFG WEKHW KW MROHXB@; ZL W

)L 3,9 UHVXOWYV LQ WKIH VWESIHOMDRRHERRIMQWYHE W RY HOIRG GW
PDIJQLWXGH O KV RWA B U WEKWHYRW IR G RO XPQ SHYV

REWDLQIHG EPWMG PP V

7KH OHIW SLFWXUH GLVSOD\V WKH SRUKLIFKQERMWWKMH F I
LQVWDQWDQHRX® G MAKRIF EWE HDH®GREQ & I H/ IQRQ H,GV WKD W V
DQG WKH OLTXLG YHORFLW\ JODRZ% XH8 GHNYUW KDWH DUBISSR W |
ODVHU SODQH GR QRW SHUWXUE WKW 3\ KPHH DAZRU BR EROH V,
ERWWRP ZHUH ORFDWHG EHKLQG WWHW B B \ZADY SORF@HV HAK HE k
ERWWRP Rl WKLV LPDJH 2Q WKH WHIKWP K KH JDRIQUIDVI H 0O KX}
DYHUDJHG)UIHOBSREWY D FKDUDFWHULVWLF EHKQELWR RI
SDVV WKURXJK W K H7 KEIRO XY XFHQ W FHRIQ DLGJRPPAHI® DES K WK HF K Q |
WUDQVODWHY LQWR D PHDQ XS IORKXK D@ GVKHJ AH QR QU0 LR

FROXPQ ZDOO VKRZ D PHDQ GRZQ IORZO\7&HI I3 9 HOQHANW XZB\W Q



60; PL[HUV DUH XVHGLJ)RUQBJDPSOKVWUDWH DQ LQVWDQWD

PHDVXUHG LQVLGH WKH 60;

)LJ 5DZ 3,9 LPDJH DQG IGRWVIDE® 6 QKHRWYH QMWJIVWRGRUHG

D[LDO FRPSRQHQ@W RI FPVOQRFLWR V

7KH PRWLRQ RI WKH OLTXLG SKDVH GXHQWRILMH&XEEORR
VEFUXSXORXVO\ DW WKH )S0F WX HR QKWK IE XEABEEMVRIVKDSHYV
ZHOO )RU LQVWDQFH DQ XS IORZ ZDW KRIEMN-H UY BIGWIP® SV R
6RPH YHORFLW)\ ILHOGV KRZHYHU PYW W R®J PSDOMRXKH VBIOKV WH
D EXEEOH DV LQ WKH FDVH RI W KHWXHHI WIPFRW W EXWEWKN F7X4
)LJ LV VKLIWHG DORQJ WKH WKLUG GHWH PWGE RRKH @ UWWH K QILHM/A
)ORZ SDWWHUQV E HFIRW H GP R/IRHL BRWPHBLOIWXIS\H UR UF O DO JYHIO R F L
WKH SUHVHQFH RI QXPGHHHRX V WEKKHE EIORDBY VY XOHREFILW L HP S O
QDPHO\ PPV DOORZHG WR LVROIDGNH) RKH ZHEHE @HR\F D T\KH
JRQH RI EXEEOHVY SDVVDJH 8S |10R ZKHZEXEE OMY 1§ UDUR]L R
IURQW RI D EXEEOH DQG LQ LWV ZDNH QZKSQDQRRRIL QXK HQ
'RZQ IORZV ZHUH XVXDOO\ HQFRXQWHEE® HQTWSKHN @ B W:HHU R |

D UHGXFWLRQ RI WKH YHORFLWLHVYQGKXGHWRKE RZLIHY UE XEKEHD



YHORFLWLHYV DUH DSSUR[LPDWHO\ [HRW 7 KH BHY WH\DXOGOMW
WKDW WKH EXEEOHV ULVH LQ WKH ZINNBEH®BD MW REA MPKSHO LSHU
SUHIHUHQWLDO SDWKV LQ WKH 60;LQW DMWKIDVRILDH Ul O,RVZ LI HZ.E
LV TXLWH VFDUFH LQ WKH XSSHU % UWMR RV KWK S UWW B Q/ER F
EXEEOHV LQ WKLV JRQH O K V 7 IOH \J DOWH DOLH KW GWLKHW®I D VIR
WUDFNLQJ Rl VHHGLQJ SDUWLFOHYV GLIILEXOW

7KH KLJK DF HXXHMWLRIOBR AR ® WR SOGOS KHQRPEHEDH GHIRL
DQG EUHDN XS 2Q WKH RWKHU KD Q ®XBEWHIF W. Q\GR. . RWP 1 QO WM
JLUVWO\ WKH 3,9 WHFKQLTXH LV RRW\QR\E CBRYNVUWU E PXHU W R HR
LQ WKH UHJLRQV FHIDRMH Q\R WY KE-D 8§ @;\D BIGD U@ FVYKHHUWU HIG RE\ K L
RI ORFDO KROG XS ,Q IDFW WKH ZX\WR LMK HR DBRIXQMV R D BXI
SUHVHQFH RI EXEEOHV FUHDWHYV EQBBN |RYHXDN QR WK Q GFIR:
WR PHDVXUH WKH IORZ ILHOG 7KLV L3/9DP BB YR UMHPRIIQ &
PXOWLSKDVH IORZNQGX QI VFKLOXIHQID PSSV VROWZDRIH SHUPLW
SUHSURFHVVLQJ Rl WKH UDZ 3,9 LPDJHV ERWHEOHUW®GFHHI
HQKDQFH WKH OLJKW HPLWWHG E\ WK SIRUNPDROAHNQ JQ VK k
LOQWHQVLW\ 7KLV DSSURDFK DOORZWG PXW HOD VEDE WALR OO

LQFUHPHQW RI WKH JDV KROG XS



)L 5DZ 3,9 DFTXLVLWUILRHO® PHIOHWM R IGWKHFH H® KPHQ W §
FRUUHVSRQGLQJ LRW WLIHD/GED RRHREY IYGHBEWKYGIHD RUF IKWMX P D5H V.

REWDLQIHG ZBW K PP.V

7KH UHVXOWY IURP WKH HPSW\ FROXRRQFR@GS DVUKIHG 6.0Q RIU[G
UHYHDO WKH HIIHFW RI WKH PL[LQHFERYLEQW R W3BR IF\R PSR
WKH KRUMX]RDAMOL XSZDU®y YEBUWHFWDRQV LQ RUGHU WR VLP
GLVFXVVLRQV MHDKRU Y]RWODWIDHDIALG YHORFLWLHVY SUREDI
IRXQGHIRU PP V DUH URKHISRWDWOH:G LQKH SRVVLEOH LQWHUIHL
SDUWLFOHVY VHGLPHQWDWLRQ YHOWRFEWUY ZPW LWHPW X H G/ HWGH

YHORFLW\ [ URP WKH WAUWLFDO FRPSRQHQWYV



)L /LTXLG YHORFLWPHYD \GLWIG LDXWKR ¥DOUM\FRB ©RQHD |

FRPSRQHQW ULJKW LQ W#H FROXEQ ZLWHKRXW 60;

7KH YHUWLFDO GBHFXULKED Y H G REILVQLLA I/ FKIRQUW R QMDDID WD R F L
60; PL[HU 7KH PD[LPXP PDJQLWXGH RW M/ H QDLLTGH GN K H ORVEL
ZHUH EHWZHHQ, FPRVV DQG VsFP VPPV +RZHYHU W
SHUFHQWDJHV RI KLJK YHORFLWLHV XHXWHBX®WHK DDR ZIQU DIXK
EXEEOH FROXPQ $WIHYySHFWHG WKHORPQWAHEXE ERMQ G RW R
LQKHUHQWO\ UHODWKNGQW RY MVOKRIF IEVY EREN Bl S & WK [ LPFDO WAHDO \ |
9HORFLWLHV KLJKHU WKDQ PV D®GOGRIHG WKDZHY HU
UHSUHVHQW OHVV WKDQ WKH QHVS IRU WKH HPS\

7KH KLVWRJUDP RLWWHEWRSRQHDMO RRU W K\HS WH D IGWWIK\D @
KRULJRQWDO FRPSRAKHGW \P HDQW RA K DW KRB IK\WMU FRPBSRQH QW
ZHUH REWDLQHG [¥W SIUFREDIER @ RE PASKRHMA @ R/L MR IQNYV B8 OFR F LV
LV IXO0\ VIRRHWHBEFWY WKH GLVWULEXWLRQ RI OLTXLG
HOHPHQWYV PL[HU :H QRWHG VHYHUD®WG LAROXPOF HAK IFR E S
H[SODLQHG SDUWO\ E\ WKH SDUWLFXCEDW \J HRIPHHUWW R/K W K

SDWKV WKXV FDXVLQJ FKDQJHV IMHWKH YHORFLWLHV RI Wk



)LJ /LTXLG YHORFLWPHD \GLYMG EE XWVKIHRB \B RRB RVGAHQWD O

DQG \ D[LV FRPSRQHQW ULJKWN LQ WKNs FRORPQ/ZLWK 60

7KH GLVWULEXWLRQV SUHVHQW D PD[LWKFA DWRXQO0 Q\WUC
RSHUDWLQJ FRQGLWLRBRN ZKWMK FRP SIRM/BJIJWKDW WKH D[LD
ZDV PRUH DIIHFWHG E\ WKH SUHVHQ FHDRVL\RIQHF R D[®LH & KN
IRU WKH KRULJRQWDO FRPSRQHQWYV RI WRHY WHGE RFH WW KAV
WKXV EH VWDWHG WKDW WKH SUHVHQF®HRWWKH BOKHGMHA
KRZHYHU LQ DQ XQHTXDO PHDVXQHF RKSX WRIGX B ¥ VAT XD \NQ.R2

QX000 LQ VHYHUDO FURVV VHFWLRQV RI WKH FROXPQ

BRLu k8 B0 @5
1

6KDGRZJUDSK UHVXOWYV

7KH UHODWLYHO\ ORZ VXUIDFH WHQVLR®QKHEHWKDHFRY JW R E
LOQYHVWLIDWLRQ PRUH LQWHUHVWLORIREBHNXWIQ FRH WWEGE KL
HYHQWYV 7R DVVHVMW WKH Y\HKDDRSAH. W \Q &/ IKUA KEHD FENKE IEJXXW VKD G
WHFKQLTXH ZDV HPSOR\HG 7KH QXPHHJHE| H¥YRQWM FBRPH

WR ZDV FRQVLGHUHG ODUJH HG@ERXIMWLWR RIIVW K P DWW



DQG $ORSDHXYV 7KH EXEEOH GLDRHWMKHZRNS RIW WH P D\
EXEEOHV DUH VKD SH& @G/ HW LGB VR NGY/IHWRQG ( %RXDLIL
.D]DNLV HW DO %DVHG RQOMQW DXEK® IS VWELLIDE H B

HVWLPDWHG 7KLV GLDPHWHU LV GWHLDKREY B VW RIGXPE LID\P HiVW
WR WKH HOOLSVRL@DIG BXEE QS YRIOKRIRWKHKLY ZDV ODWH!
7KH DPRXQW RI JDV FRQWDLQHG WK U RXM RXMD WIKH P MW
UHFRPSXWHG E\ VXRPLRHVXBS| IO YWRK H B IE EBHW H G KHIV®IX H
IRXQG FRPSDUDEOH ZLWK WKH H[SHWEWHR® DO ¥DW®XHRWO G HG
PD[LPDO GHYLDWLRQ REVHUYHG LV ORRZXQGWEKD Q@ WW U KE X W
HOOLSVRLGDO DVVXPSWLRQ PDGH D RRXW EXEEDHAR @ KD\
WKHVH WZR GLIIHUHRQW KMH W RKRGWD B\HRR DMK W UHPDWRW QW D
LPSOH P HiQuWoH®& [L@aiab® 7KH +DOFRQS WUHDWPHQW KDV SUR
HIILELHQW DV LWHZEDW DRAOHWKD GH RI WKH EXEEOHV

$ ILUVW VHW R L RMIB MAR ZH) D AFLRQCHD WKW FEIK D XJBDEOHW LORVZ L Q
HPSW\ FROXPQ :KHB EREEDHV®JINWEKSHYD DWKH HPGRA LMRGIX/P
WKH RQHVY GHWHFWHG EHIRUH WKH 6GHQW LVLBGL KDWY WXG !
WKH PL[HU GRHV QRW DIIHFW WKH EXBEOH HXD IH IR
REVHUYDWLRQ UHPDLQV YDOLG LQ UKWILRIHW WK DIQ RPZR KR
GLDPHMBUSURYLGHY WKH GHRMWIWU LEXREREX\GC RIVPMIAFH B XIRE
FHUWDLQ RSHUDWLQJ FRQGLWLRQVLRQ WHWULYHPBQE BROWR /|
WKH 60;

JURP WKH ILUVW SYRW DL QO ¥ Q DEMHRG HIHQY WMKLIEW WELIR Q R
XVLQJ WKH ELJJHU QRJJOH LV TXLW W HW UTLKRZ OLRKDLE XWK IHF
| U Rd? PP DG PP V SUHVHQWY D GLIIHUHQW WUHQG

FRUUHVSRQGLQJ WBRe DERXW EXEEPHV7KLV LV H[SODLQHG



GHWDFKPHQW UHJLPH IRU WKH EXEEW HAXERMORABY BRI BRW }
WKH KLJKHU JDV RLDVS\HG XH VDR RHHDWRKIDSW RU HEHEEWD HHW W L P
GLDPHWHU

7KH HTXLYDOHQW EXEEOH GLDPHWHWOBAWURI DAOKHR \PWDW X
$V VKR2QJIJLQWKH EXEEOH GLVWRIQEM\EHR@E GK D QJ W& W KH. [ +
WKUHH GHYLFHV 2KB QDFRRBDRMHJ RO GLVWULEXWLRQV DL
SHUFHQWDJHV RId&/PDORP EREEDHOIO DV d®@DU PP EXKEEQHYVG
PDUNHGO\ 7KH PRVW VWULNLQJ FKDQJHYRFBUHH REV NP DD
EXEEOHV JHQHUDWHG EdnWKHPWP DMHHBHOHRMR HZKBIQ SDVV
WKURXJK WKH PL[HU 7KH EUHDNXS SX MXRIHQPL B R X PVIMROQY
IUHTXHQF\ GLVWULEXWLRQ KLVWRJUDR SIRHMKXHGE IMKR FWR P W
D VLIQLILFDQW SULPDF\ Rl FRDOHVFG® /KHR SKG EHP QD HE S
GLVWULEXWLRQ IDNMWBGSHRNSUR[GRMVWVHRIVPD@®® EXEHE OHV
JHQHUDWHG PDLQO\ GXULQJ WKH LPSQFM FAL W\ KW KEX &E&;0H
ELJJHU GLDPHWHUV EHIRMH H@PWPHWDIQ®B KHCGH P LKHUKHU YHOH
WUDQVODWHY WR EILIK U HDMNH XD % WRIEBFGLHDE HDWH WK HG H[ L)\
HOHPHQWY DUH FOHDUO\ DIIHRAWHG BURWKH H\Q MHFPW B X EEl
GLVWULEXWLRQV PHDVXUHG DW WKHN SUSDYHRXW ORWH TFHHD\G
ERWK QR]J]JOHV ZKH X F RREDILHRK \Z [RWQE MR UKW KK VW RPIRI D R]] O
PRUH VSUHDG ZKLFHK RWUH QEXIEHEW HVK EWRNHJIXS D-ORZRYHU
FRQFHUQLQJ WKH PP QR]]JOH KLVWRRMDP %W¥HGFK/D QV KN
GLDPHWHUV DUH DOPRVW LGHQWLFEDO

7KH GDMD L®VKRZ WKH HTXLYDWHQ®XELBPNWREN BUYHG
HOHPHQWY GHYLFH 7KH VL]H GLVWBLERMWQRQ\D URUQREHVLP

HDFK RWKHU 7KHVH UHVXOWYV WH@E@GLWR BV RYHD MKKDGN LD \GA



HOHPHQWYV VWDWLEFLPUIKP UHKWVX A LIFRRAPS MW HWE RYD EIH W Z
FRDOHVFHQFH DQG EUHDN XS SKHQRPHEHRWHIW GROVYH®W HWQV W

PXFK OHVV RQ WKWHPHDYEH HDIXEE WKHPDWHO\ PP



(037<
&2/801

D

60;

60:;

60;:

)L (TXLYDOHQW GLERRHWWHHDBXKVWGE LEQUGRW IGJIIAREGGQGUWWVRE
HPSW\ FROXPQ E RXOWOHQ@YZWY WKREKWORHQ WYV WEKHRXWOHW

HOHPWQWVPP V



=LJ]DJ DQG RU VSLUDO EXEEOH SDWE&MUZIRPHIDVRVW i QV W DW
DQDO\VLV RI WKH. QG RECEREMHW WHRR XIKR 3 WUWKHP W/ W\ DQ
WKH LQVWDQWDQHRGW \L. REMDL QKE VRIERWWH6 6RONPBDAHG \
SUREDELOLW\ RI ILQGLQJ D EXE E GKH JIKH W KK B & QQMWDH) R KVIAK
UHVXOWYV DUH FRQVLVWHQW ZLWK WERVHVRHRWIOHU VW/X®L
BHUNLQWQ LGHQWLFDO DIRVPWEMVMRDWEH WVDEDPG HOHPH

6LQFH RWKHU 60; OHQJWKM D HKR ZWVRRWOLP\LWBYH G DMOH P H C
&RPSDUHG WR WKH EXEEOH FROXPQ RLOH WQMW RQ WDXEH R
LQVLGH WKH PL[LIXHGHYKFHHVIMDH KELPLU[ MK i VE EEHEOHY YHOF
LV WKHUHIRUH LQFUHDVLQJ WKHL®RQ HH\PLHEH @ FHI WRP KV K$Q RH
)LJ WKH EXEEOHV WH\WHQQRZKBJI68UHTKHWE V8 UMOHSBI\GMAL D
DUH PDLQO\ FORVH WR WKH PL[HU LDAOK @HGXBU 8 U REDW K €
WKDQ RI ILQGLQ.E H XEROHMW PO KHG AW HO RIZ\ LRH U

FRQILUPHG LQ WKHVH JRQHV E\ WKH 3,9 WHFKQLTXH



)L 6KDGRZJUDSK D FHXIS\HAWLIRYGHY EXEG QIHE R 6 E YW LGHQFHHF SVHR

HOHPHQWYV @0; IHGPE\ OHdIW PRGULJIKW

'LVFXVVLRQ DRG RDREWDMWDO PHWKRGYV

%RWK WKH 3,9 DQG WKH VKDGRZJUD SK RUR~NVKIED W ZRU KL
SDWWHUQ LQVLGH WKH YWIDWWK R LIHUILVGNVNBRZ@DLWFK WKR
WKH VKDGRZJUDSKRBSHORZEG FQ WKL JK\S BRR EXEIE®OHV\ SRYVD.
WKH RWKHU KDQG BRRQGIIHR A\WQ ZHRJ24D SU R K B EILQMW IBDOHP H Q
VWDWLF PL[HU ZDV FRQVLGHUHG DS SURFRDLDWHH RV RL VP NG

PHDVXUHPHQW HUURUV



)LJ 'HWDLOHG YLHMev RIOWRH Q R/ PPV )J)URP OHIW WR

D ,QVWDQWDQHRXV EXEEOH LPDJH EQ BXEEG®K PHDWQ RIAFC

OHDQ YHUWLRD GWRIQ® H

7KH PHDQ IORZ YHORFLW\ RI EXEEOHWHLBV[IHAH LWKBPIQH P B 8t
SDUDPHWHU VLQFH WRIRNV\D MVAKH HRYIDIWK BWY RQHRIFW KWHLP H 7K
YHORFLWLHYVY ZHUH WKB OXXIDVWRAE JW R BDR XLV XOWN EXBEDOHV
LQ WLPH )RU H[DPSOH WKH KLVWRJUDPXWLRRZIRQ IJWWKHY
YHORFLW\ FWRPIRQYEKKOWLQJ IURP WKH HPSW\ FROXPQ DQG
UHSRUWHG Y ZHOO DV WKH PHDQ D[LDO YHORKMNBO;DOXH

WKH SUREDELOLWO RBAWW W EYXMWDLR GLRWULEXWLRQ

)L 9HUWLFDO YHORNF WA LARWPEIREXHMIVRYY LQ WKH VLPSOH

DQG LQ WKH HOHPIHQWYVE0; LRI KW



9HORFLWLHY ZHUH REWDLQHG E\ WWRNLQ X WKKH \E KRN
LQWHUYDO ZDV UHTXLUHG LQ RUGHWPW®WO SRIRFHNVWYU RTKWH
GLVWULEXWLRQ PD\ EH GXH WR ERWRQWKW UFDWFH DWW R WAL R Q
]JLJJDJ DQG VSLUDO ULVLQJ FDXVHV VRD®H EG IRV D,WL R §
GRFXPHQWHG WKDW WKH FRQWLQXR XM LFIOmWIGIY DR I HW WHWEK
YHORFLW\ 6DIIPDQ ORXJLQ DQG ODAQDXGHWKH EXEEBDS
YHORFLWLHY HYROYKBQFRBWLGHUIZPY\ HREOWRUWDRPKRI W
IUHTXHQF\ GLVWULE XWHLORREF IRW\Y FRREIAEW &YV DLOYWHUE DV
)L U K V

7KH LQVWDQWD QHRXVHEXEGDH/H W MEHRIFHLH B YIHUH WHEHD W D ¢
FPV %XEEOH RYHUODS SKHQRPHQD LQ WWKHPIBQW PHHLR]
HVSHFELDOO\ IRU WKKH HWHADLRPADLWVLLRIYX B 9 G IHL B LKOLO) KY EDR FLW L H
D[LDO YHORFLW\ GHWHFWHG LQWULGH PWPKH 60; PP DERXW
VLPLODU YDOXH ZDV IRXQG IRU WKHRRKRWL]IRRWOO RR MSRD
IDFLQJ WKH FDPHUD 7KH PHDQ YH®RWVLWY UG DKL MHOAWK H
WKH RWKHUV )XUWKHUPRUH QR UHMRMLQW EKDB JRIEVRUE!
WKH PL[HU DIWHU WKH WKLUG HOHPHQW

$ FRQVLGHUDEOH DPRRRQW QRHJIDXEEDMNWHYQERPOLWD OXKIH .
PDLQO\ GHWHFWHG LQ SUR[LPLW\ WR HWKH 69R VAULRE\OWE B /O
IRU WKLV EHKDYLRU )LUVWO\ W KmMD.DD0SH B HWKZIHG! @V KVHK HE YEEDAL
DFWLQJ WKHUHIRUH DV DQ REVWD FIDH GHAUMIPDNBIRRIUG VW RH
UHJLRQV VXFK DV WKRVH DW WKH FRQQBOFWFHRGW E HKHZ HH
UHTXLUHG IRU WKHVERBDEWVHIL (G RPN FD WH AWV W K H

$ FRPSDULVRQ EHWZHHQ WKH PHDVXWKHRG H HHYRALPDWRIIG W

HPSLULFDO FRUUMODWRRQY ZBRYUGRQ@HN.NVRQY YRIOD EXIEWONKQ GH



RSHUDWLQJ FRQGLWLRQV DUH DYDLODERDHGIHD WKH OLW: DL
7TRPL\DPD HW DO 5D\PRQG DQG 5RVDOQWL\DPD7RF
SURSRVHG D BRUDBOORWY RWQKW K DWHX © DQVDL.®& QY HRO RFK \

GLVWRUWSHIGHRROGW® XEEOH
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,Q WKLV FRUUHO RW LARE [RIQID \V SR B DO LIGNVO BASWMY B Y PRQ Wt
EXEEOH GJLDWKMWHOXLG SURSHUWEHWHDQGVWK® D VIKHF /VISH ¥
GHILQHG DV WKH UDWLR Rl WKH SROKHJ EXHEGDMKY RS HTFXD
HVWLPDWHG LQ RUGHU WR HYDOXBWHLWKEWWH IKIHQ BRVYH 6
RI WKH VKDGRZJUDSYXHDPFG WRDLYR QWK WD PXE RH @R BION\ L ¢
FROXPQ LV DERXW FP V ZKHQ WKH HPIPV QRJRVH M/RXVHG
HVWLPDWHG E\ W RLFDKH ARLRMHO B RS RWK H Z L VE KLR) JWIKUHR P
QR]]JOH WKH EXEEOHV PHDQ D[LDO YJHHOMRN MM H®N FRCHDMH @/ F
IURP WKH FRUUHODWLRQ RI 7RPL\DPD

$V DIRUHPHQWLRQHG WKH ULVLQJ WAOPBIWLRRI FEIX WEKGIH
UHVLGHQFH WLPH 7KH PLQLPXP GLVWBDRWXUW G DEAHD\OHEP [EC
SDVVDJH RQ WKH VKRUWHVW SDWK ®RYKNWESHBW K CDROHFOQ JPW
GLUHFWLRQ 7KH EXDBREDMKH Y QR NMILEPO MM BV GO KKQ/J WKR G +
PHDQ UHVLGHQFH WLPH XQGHU YDUGRRYVVRSKLIHWMQ W KB NG
HQKDQFHV DW OHDVW WZLFH WKH AHHBDXHQ\FL GRH EXE BQIRW Z
FDOFXODWHG E\ UHFRUGLQJ WKH QRWXH DEBLIHOY KHK RR GI®& U

EH QRWHG WKDW WKH SUHVHQFH RQ VGRHH W \WRWL B | PHLF MU LK



IRUPDWLRQ ITUHTXHQF\ 7KH IRUPDWLRQORYHTDNH\SRU FELXE
HVWLPDWLRQ RI WKH EXEEOHVY PHD(MH G LEDPMKHH BEXE ERH \CIL U

DUH UHSRUWHG QQ7WHKH DOWVWXFFBEXEIVDLRQ LV OHVV

TDEOHMAXEEOHYV FKDUDRHWG HU LW WH IB\R R WWRUDHEIRY PH QR SK R |
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1R]]JOH 6XSHUILFLDOHTXHQF\ & DOFXODWH&KDGRZYV
GLDPHWHDY YHORFLMYPDWLRQGLDPHWHUWVWLPDWHG

>PP@ >PP V@ >SEXEEOHV V@PP@ GLDPHWHUV >PP @

&RQFOXVLROQ

7KH PDLQ JRDO RI WKH SUHVHQW ZRKMNVEDK\GURR 6 KQLMLF
6XO]JHU'%0/WDWLF PL[HUV RUWK VG L7 KHU HQS\H WOBAVHAIQRDD @ DIVQ
SHUIRUPHG E\ EXEEOLQJ QLWURJHQ HOQX ¥ &BUQDIMUA RXVT RLC
FRQGLWLRQV GLIIHUHQW VXSHUIHEL DG QDNVKYHDRE LWZ R \Q R
7KH EXEEOHVY VL]HV VKDSHV YHORELWIGHVS$® QLGP ISRV SR
SURFHVVLQJ ZDV LPSOHPHQWHG WR HMWLRD VEN EVEIOH \P HDIQ L
RXWOHW RI WKH 60; PL[HUV 7KH ABSD BLKCH WK DVGRH 8 LDHIGA. WM

EXEEOHV ZDV YHULILHG E\ FRQGXFWLQLRACHY IHFBD O HWPS DRQ



UHSRUWHG LQ WKH OLWHUDWXUH ERHW®HT X |96 WHHFCKRQALLTWK IHH
ILUVW WLPH RQNGD WRQWKH SWUDWLQJ

7KH REWDLQHG UHWVKI®VEY; UWHEN/DND @QM\DBUE OADIVQK R B BVHS D
UHVLGHQFH WLPH RI EXEEOHV $Q LXQF SHBIQHR RH IR O M VIFE\V
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WUDQVIHU WK U R X XKRNXKAH WRKRHU & H WLKELFW KYDWAX GM K\HX J JH QWP H Q V
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EXEEOHV IORZLQJ WKURXJK WKH G HY LYALHD E DKH HV VHIFWILFY HPQ H
UHGLVWULEXWLRQ RI EXEEOH VL]HV DRAGH $ R \BIOMKRRXI KS L
FRDOHVFHQFH SKHQRPHQD LQ WKH PER{WEGKQUOEDG WRUGE
VPDOO VFDOH EXPHOMH\H UGWKBW HUPWY , QZ DXYWX KW HFQWHIE W L J
PLJIKW EH SRVVLE QH PHR WD \WEB UHEBAK KV VSTRIVK QW HRGJ G H L

IXUWKHU GDWD IRFXVLQJ RQ EXEEOHQEBUHDNXS DQG FRDOH
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