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SURGXFWLRQ RI' D SUHVHOHFWHG SUHVFULSRQRWRDRIVVWRXOW S [SKROW FIWAKAEW ZHUH JLYHQ WKH SRV VI
DLPHG WR DVVHVV WKH SHUIRUPDQFH RI W IGLWVXRR/QW¥ R SWKW KR BRK X © WK\HUHIWWHRIFH DQG RI DGDSWLQJ U
RXW RIUDQJH GRVH WKH ORZHU EHLQJ WKMHLRWWIHUGLFDWLRQV GRVH WR WKH ORFDO SURWRFROV

0(7+2'6 7KHSLORW VWXG\
LQ%OH %HgQHRQDWDO ZDUG 1,&8 LQWHUPHGLDWH
opLeQ FKDUDFWHULVWLFVRl\NKHQHRQDW%@?R&Q \%/ESO HGLFLQH XVHG WKLY QHRQDWDO & 3 2 ( &

7KLV QHRQDWDO & 3 2 ( & '6 VI\VWHP SURRULG AV 5UARPRERUILISWH RBQUWHRI DOO KRVSLWDOL]HG QHZERUQV
HOHFWHG GUXJ SUHVFULSWLRQ 7DEOH BKIW ERE SODUDAKLRQWR GEBD®WWPHEWD UH
LQGLFDWHG IRUQXUVHV RUSKDUPDFLVWYV ZXWK®RHH DWERQWWR WWWURGEGDRMXMWHD GDWD ZDUHKRXVH
WKH GHWDLOLQJ RIWKH GLOXWLRQ SURFHVK|BRRHQVA/X 8 Y LISIDWLGRIGIDXP/MEIVRIEN\OB UHEY GHYV /LEHUW
UHTXLUHG WKH YROXPH RI ULQVLQJ DQ Gl WW HRQROMX'DAVRISERWIKFNWWRRQ DQG 3ULYDF\ &RPPLVVLRQ
WXELQJ WREHDGGHG WR WKH WRWDO GUXBFRRXEHQJ WR D (XURSHDXQQBOBKQWKA DRG RII

(DFK LWHP RIWKH SUHYVFGHSWI\RDKAD QUEHDPBEBEHG U XJV ZHUH GUHH/G EF WIKHHOVHGRI D GUXJ QRW
DQG WKH & 32 ( VIVWHP LPPHGLDWHO\ UHFDYOHXIO® EHY PO R W\W HHODIQBED W W R KLV B WRIL BDQG U X J
LWHPV $V DQ H[DPSOH D VFUHHQVKRW R D @GREDE\L QRIYHWHINGEF EL SDVRRQNNWLQJ DXWKRUL]JDWLRQ EXW

VKRZQ LQ )LJ XQDSSURYHG ZzD\ UHODWHG WR DJH LQGLFDWLRQ GUXJ (
$OHUWY ZDUQ WKH SUHVFULEHU ZKHQ DRRMWHHX §DWRH\LEG RKXW RRWDEHQJ DQG PDLQWHQDQFH GRYV
UHFRPPHQGHG UDQJH 7DEOH EHWZHHQ VXFFHVVLYH DGPLQLVWUDWLRQV

:DUQLQJV FDQ EHRYHUORRNHG E\WKH SUBQFRXWHU H[FO SWEZKXIHUGHCER ¥ K @ W KG HQUW N FULEHU
VKH LY DVNHG IRUD GLOXWLRQ VROXWH ZKLEKQRWLYPPRPG DWHBEOKH EWKWHIOHHFWHG & 3 2 ( GRVH DQG
GUXJ 0ODLQ FOLQLFDO FKDUDFWHULVWLF\GRQKE OO RWWRN BD Q UM BRIRLSRWIHREQQ E\ WKH IRUPXODU\ UH|
OLQHVDUH VWRUHG LQ D GDWD ZDUHKRXVE& RWHK X\DF PNDLQMWDK I R G WIQWL D IDJIIRWG E\ WKH SUHVFULEHU L
WKLV VWXG\DYDLODEOH H[SOLFLW DODUP

ODLQ FKDUDFWHULVWLFV RIWKH GUXJ IRUPAXDWUVWHRDUMHDBRW O\VLYV

7KH EXLOGLQJ X& RIHRQ®MALO GUXJ IRUPGOINM OWHIBHHEBSHHVHQWHG LQ PHDQ 6' IRUFRQWLQXRXV Y
ZDV EDVHGORWMKH )UHQRRDWSLHIRFLY ZKHQ DSYHDULEHDEWHJH IRU GLVFRQWLQXRXY YDULDEOHYV

DJHQFH SUG DQVP VDQWH IU SEWKHFREGE] LQGH[ SKS

DWULF DQG 1HRQDWDO 'RVDJH +DQGERRN.RIWKH $SPHULFDQ 3KDUPD

FLVWV $VVRFLDW LRIV KH[H[ERWEQJ PHG LFDD DL UDWXUHRQ

WKHVXEMHFW +RZHYHU LW ZDV FRQG/QCEEHCGHQVI/XQEULDG WA ® NDWH VQKIZERUQV ZHUH LQFOXGHG %
GHFLVLRQ IRU GUXJ SURWRFROV WR HDFID QG&8$ 7ZKHU @R F DI DUHAEIL U@ B HNYV JHVWDWLRQDO

7TDEOH ODLQ IXQFWLRQDO FKDUDFWHULVWLFVRID& 3 2 ( &' 6 VIVWHP LQWHQGHG IRUD FRPSOHW

JXQFWLRQDO FKDUDFWHULVWLFV SURYLGHG E\WKH & 3 2 ( &' 6 NWYMHRI WKH SUHVFULEHU

[FlJuxJ GRVH LQWHUQDWLRQDO XQLW XQLW GRVH .J RUHLUJHVWBWLGFR}/D-IODJEDQG GDWH RI ELL
ORDGLQJDQG PDLQWHQDQFH GRVH ZKHQ UHTXLUHG [S{LYHV WKH ERG\ ZHLJKW RQFH D GD\
EORGDOLW\RIDGPLQLVWUDWLRQ RUDO ,9 LOKDOHG UERWMBRVHWMKH GUXJ DQG LWV LOQGLFDWLRQ
ENUHTXHQF\RIGRVHDGPLQLVWUDWLRQ LQ | % QUDRIQVIRIDW Ml LIEBRGHR) R HGRURFQD DV § R & \RE WLSHV LR Q
HQG RIWUHDWPHQW GXUDWLRQ RI WUHDWPHQW DIWHU D ZDUQLQJ
E3UHSDUDWLRQ PRGDOLWLHV IRUQXUVHV DQG SKDUPDFLVWV UHFRQVWLWXWLRQ VROXWH GHWDLOV
GLOXWLRQ SURFHVV LQFOXGLQJPXOWLSOHGLOXWLRQV YROXPHRIULQVLQJDQG YROXPH RI
SHUIXVLRQ WXELQJWR EHDGGHG WR WKH WRWDO GUXJ YROXPH
[l300 FDOFXODWLRQV
[(l400 SUHVFULSWLRG@EWHFEY D/ BRENVFULEHU DQG DQ\ FKDQJH LV DVVRFLDWHG
ZLWK LPPHGLDWH UHFDOFXODWLRQ RIDOO LWHPV DV UHTXLUHG
[B4ROOHFWLRQ RIDOOKLGGHQ LQWDNHV RI ZDWHU VRGLXP SRWDVVLXP SKRVSKRUXVDQG JOXFRVH
DVVRFLDWHG ZLWK GUXJ SUHSDUDWLRQ WKH SUHVFULEHU ZLOO KDYH WR FRQVLGHU ZKHQ KH
SUHVFULEHV WKH QXWULWLRQ
DUQLQJV /RZDQG KLJK ERXQGDULHVDUHDYDLODEOHIRU GDLO\ERG\ZHLJKW D FKDQJH E\
DVFRPSDUHG WR WKH SUHYLRXV YDOXH XQLW GRVH GRVHSHU GD\ IUHTXHQF\ LQIXVLRQ
UDWH FRQFHQVWQDWIMRORKMLREY IRUELGGHQ VROXWH XQOLFHQVHG RURXW RIOLFHQVH
GUXJ UHGXQGDQW SUHVFULSWLRQV GUXJV RIVLPLODU ,11 LQWHUDFWLRQVDQG LQFRPSDWLEOH
GUXJV UHQHZDO RIWKH ORDGLQJ GRVH




)LJ $ VFUHHQVKRW RID GRSDPLQH SUHVHOHFWHG SUHVFULSWLRQ LQ D JEDE\ WKHRULJLQDO ZC

-k
Z.DVPHGLDQ ZHHNVKHoVH[ UDWLR RIPDOH|%<¥V8R6E:|EPOHV
OLQHV RI SUHVFULSWLRQV ZHUH DQ@ OMKHG DGHGWVWWXBEX WHIGH GUXJ SUHVFULSWLRQ LQ RC
DPRQJ HGLWHG DQG VLIQHG RUGHU VRRBWWHG RYHU PRQWKV DIWHULPSOHPHQWDWLRQ RID &
6L[VBWYH GLITHUHQW GUXJV ZHUH SUHVFUDMMW® KPX W K@IWDKAYRZWWGEGWKH SUHVHOHFWLRQ RI WKH FRPSC
2XW RIODEHO SUHVFULSWLRQV 7KHVWXG\ZDVPDGHSRVVLEOHEHFDXVHRIWKHFRPSXWHU"
ERX@ RI WKH GUXJ SUHVFULSWLRDWHPAWRI RO®OERK®BY RI SUHVFULSWLRQ 7KHPDLQ UHVXOW 7
2/ 7KH 2/ SUHVFULSWLRQ UDWH LQ W K HRIX, &R ILLODADH B FGHIELLOD \8 R W BHUS-6 RWR F D B BUHL Q WK H
DQG PHGLFDO QHRQEWDE »QdE zZOWVSHF 2YHUDOO & 3 2 ( & ' 6 VIVWHPVKDYHEHHQ GHHPHG WR L

WLYHO\ WKH VDIHW\ RI GUXJ7KHHVPUMLI WLR®Z UHFRPPHQGHG
ERX@ RI WKH RUGHU VKHHWYV LQF O XE\ HE@ KCHVSPHWVLWIRQ RO GHP\ RI BHGLDWULFV ERWK LQ 1,&8
GUXJ SUHVFULSWLRQ SDHGLDWULF+EDHGWU DVVHVVPHQW RI & 32 ( &' 6

[$ERXW RIQHRQDWHY KDG DW OHDVW RQH2YBHHRY S$QHVEBY KWVREHHQ OLPLWHG WR VRPH IUHTXHQWO
([SRVXUHWR 2/ SUHVFULSWLRQ Z 0% RORVGOX V\HBD WRGWIRDASW ZH PDGH WKH FKRLFH RI D FRPSOI
W K H SUHWHUP LQIDQWYV HEWRQ WWH 0o SUHVFULSWLRQ SURFHVV L @LOKNFK WHIQW SR @ VZFIL\LE HU V
SUHWHUP LQdDQ@WVQaK RI WKH  WHUP LQLPQWNG WR WKH VHOHFWLRQ RIWKH GUXJDQG LWV LQGLFI
DW a* WKLV PRGHRISUHVFULSWLRQ ZDV DJRRG VROXWLRQ WR DY

[E$ERXM RIWKHSUHVFULEHG GUXJV ZHUH PRQR AUMVAIBCGE ZDW IO HDBW3 2 ( SUHVFULSWLRQ VXFK DV W
RQH 2/ SUHVFULBRS. RIQQ GKIKJV ZHUH DV IRDQREXODWLRQ RI D GIRIMD VRO RWQRQ FRQFHQWUDWLRQ
IDFWREDFLOOXV UKDPQRVXV /FU /FU 5HBMWDWGEW DRG RW DIJXBREL®ROMMLAG WR DQ KLJK UDWH RI DOD
DJHQW RI 2/ SUHVFULSWLRQV LQWUDYHQRXRQ)WLE M UHGWIMQLRSRUWDQW QRW WR OLPLW WKH GUXJ

L 9DFHWDPLERSEHQ RUDO 32 DFHWDPHTRSXWQ\ SUHVFULEHG GUXJV LQ 1,&8V EHFDXVH LW KDV
,9 UDQLWIEBLQ® HVRPHSUBE RO WKDW SUHVFULELQJ HUURUV SHUVLVW ZKHQ KDQGZULWWFE
PRUSKLUEIH QDOEXSKLQHEHWDPHWHKDVRQRFFDVLRQDOO\SHUIRUPHG LQ D PIMKIE BMWMRILSWLRQ V\VW
DQG FGR RFIED HUURU LQ PDQXDO SUHVFULSWLRQ RI D UDUHO\ XVHG GUXJ

[(2QH SHU EHQ®MI WKH GDLO\ GRVHV ZHUH REXOHWMIBWHGK H Y D O X H
UDQJH SURSRVHG E\ WKH GUXJ UHIHUHQFR WRKIPVX\0B G \FKKIFRWHNHFULSWLRQV ZHUH 2/ ,W LV ZRUW
VSRQGLQJUDWHV RIKLIJKHU DQGBIOREEU GPWOQ & RAKHDIWHWKH SUHVFULEHU ZDV DZDUH RI WKH 2/ VWI
UHVSHFWLYHO\ 'UXJV PRUH IUHTX QW ©F WBLEHWLFRIQ DIV H LWKKHGHK DG I/ (R PE DBV V LD @ DHOF L
RYHUGRVH RU XQGHUGRVH DUH UHSRUWR GGLHU 7\DKEFDHW KA H 0 G R LIMPI G K H 2/ SUHVFULSWLRQ OLQHYV
XQGHUGRVHBIHFH HG RI WKH VWX G\ SRZDVODYMHRWQVHO\ UHODWHG WR *$ DV SUHYLRXVO\ REVHUY|
UHVSHFWLYHO\ VWXGDBW ZDV KLIKHULQ WKH 1,&8 WKDQ LQ RWKHU QHRQDW



7TDEOH 7TKLUWN VL[ GUXJV ZLWK WKH KLIKBVW(UDWMWWHRYV RZXKMLRK ZBIQHHD OGO IPUXYWHG WR VRPH VSHI
GDLO\ GRVH LQ D SRSXODWLRQ RI QHZERDWOWIRUHNMVFULEHG GUXJV

RYHUDOO )LQDOO\ D UHFHQW WKHVLV IURP 8WUHFKW 8QLYHUVLW\
ODQGV GHVFULEHG DQ H[SHULPHQWDEKY & 3 2 ( VIVWHP SUR

oxw GHIDSOMVFULSWLRQ DRHVDKNVEKRRQVKE X LOW D VAVWHP WKDW
SUMFULSWLROV RIUDQJZ DV VLPLODU WR RXU SUHVHOHFWHG SUHVFULSWLRQ DQ
11 OXPEHU 2YHUGRE¥BGHUGRVARVH SURYLGH VOGALBIQ® WIXSSRUW IRU D QXPEHU RI WHVW VFHQ
IURP 1,48V DQG SDHGLDWULF LQWHQVLYH FDUH XQLWV

7KHPDLQ OLPLW RIWKLV SLORW VWXG\LV WKH ODFN RID F

0DJQHVLXP DV&32( &'6 VIVWHP DVVHVVPHQW KDV EHHQ VRPHWLP
VXOSKDWH RQ D EHIRUH DIWHU GHVLJQ :HIHHO WKDW VXFK D GHVLJC
‘(&U”\'VEV’ESF;;’\FLQ SRVVLEOH ZKHQ D OLPLWHG QXPEHUKRIQGUXJV DUH VWXG LF
O\FDPLQH WKHVWXG\GHVLIQ LQFOXGHY DOO SUHVFULEHG GUXJV LQ L
SWUDFEXULXP WKH& 32 ( &'6 LPSOHPHQWDWHR®ISGRAR®QGO\ PRGL
%HV\ODW H DQG QXUVLQJ SUDFWLFHV RUJDQL]DWLRQ DQG WKLQNLQJ
"R[DSUDP & & QRWHG WKDW WKH UDWH RI RXW RI UDQJH GDLO\ GRVH LQ V
+HSDULQ & ] R KDQGZULWWHQ SUHVFULSWLRQV EHIRUH LPSOHPHQW
%HWDPHWKDVRQH [ & 32 ( &'6 VDWQMGHP DIWHUZDUGYV

OLGD]RODP H

)SE%RL\\;VHLPGLL%Z &218&/86,21 21 3(563(&7,9(6

$PLNDFLQ (] 7KLV VWXG\ VKRZV WKDW SUHVHOHFWHG SUHVFULSWLRQ L
SKRVSKRUXYV GUXJV LQ 1,&8V 7KLV VKRXOG DYRLG RU OLPLW WKH KHWH!
'Etés\?\;;wm SURWRFROV LQ 1,88V DV LW ZDV UHFHQWO\ REVHUYHG IRU |
JOXERQD]ROH JUDQFHKH VXUURXQGLQJ DUFKLWHFWXUH RI WKH & 3 2 (
1RUHSLQHSKULQH @ @ VIVWHP FDQ DOVR DOORZ WKHEXLOGLQJ XS RIGUXJXVH GD\
SE\FORYLU & & LV SRWHQWLDOO\ XVHIXO IRU ERWK EHQFKPDUNLQJ DQG ¢
3KHQREDUELWDO [ GHPLRORJLFDO VWXGLHV

$OJLQDWH 1D

%LFDUE 1D $87+25&2175,%87,216

6XIHQWDQ\O [ | [E]

&LSERRDFLQ (] %* GHVLIJQHG WKH WHFKQLFD®FDQWGRIQQFWRB8EDO VSHFL
LEXSURIHQ & FULWLFDO GHVLJQ GHFLVLRQV SDUWLFLSDWHG LQ DQG RYH
+\GURFRUWLVRQH 0] GHSOR\PHQW DQG GUDIWHG WKH PDQXVFULSW 6, JDYH PD
;&QH\TI;(\(/)VLD?LPH % RSLQLRQVDQG WGHYOLGIPBG XWMKRULSW (6 DV WKH SUHVLGHQW |
9DQFRP\FLOQ WKH )UHQFK 6RFLHW\ RI 1THRQDWRORJ\ JDYH PDQ\ UHOHYDC
3RUDFWDOW DOSKD o @ DQG UHYLHRW® WRAXVFULSW &4 JDYHUHOHYDQW RSLQLRQ
6SLURQRODFWRQH | & UHYLHZHG WKH PDQXVFULSW $3 FUHDWHG WKH SURJUDI
3K\WRPHQDGLRQH | | HI[WUDFWLRQ DQG WUHDWPHQW IURP WKH GDWDEDVH (-$ S
6DOEXWDPRO ,9 UHOHYDQW RSLQLRQV ®G@BOUHDQKY AGLB/WH-%* FRQ
1DOEXSKLQH FHLYHG WKH UHVHDUFK SURMHFW DQG SDUWLFLSDWHG L
$FHWDPLQRSKHQ Gl 5 PDQXVFULSW $OO0ODXWKRUV KDYHUHDG DQG DSSURYHG Wt
$OEXPLQ | |

&DIIHLQH FLWUDWH [l [®] [] )

$PR[LFLOOLQ & $&.12:/("*(0(176

*HQWDPLFLQ [

7KH DXWKRUV DUH SOHDVHG WR DFNQRZOHGJH WKH KDUC

GHGLFDWLRQ RIWKH 3HULQDWDO 5HVHDUFK &HQWHU RI 5HX
,11 LQWHUQDWLRQDO QRQ SURSULHWDU\ QDPH RIGUBSWHWFLDO WKDQNV WR OVV 1 )RXUHW VWDWLVWLFV
SDUWLFLSDWLRQ LQ WKH HODERUDWLRQ RI WKH VDIHW\ SU

RUPDWWLQJ WKH PDQXVFULSW & OF1LJKW SURRIUHDG

BUHYLRXV VWXGLHV KDYH VKRZQ VLPLODH)B\ENHUVDG’WWRQ)QN&EWKWNHOORZLQJ IRU LQYDOXDEOH
FXUUHQW UDWHRI82/UDQJLWIZIWRP EWBRRH QG RUDGYLFH 'US5 *LQLJHU 0U & &DQQ 'U) %RQVDQWH D

¥ LQ WKLV VWXG\ ZKLFK ZDV VLPLODU WRJyw|FP#MH WUHYG BKHOd% 351 UHVHDUFK SURJUDP
REVHUYHG ZLWK KDQGZULWWHQ SUHVFULSWLRQ LQ WKH VDPH QHRQDWDO

ZDUGKHUHIRUH WKHUH LV D PDQGDWRU\I%PSI—{I_? \ngéJHBgl(\%tie:?—{ WKH GRVH
UXOHVRI82/LQ QHRQDWDO IR U R/X RSN VW Fed BV B v

2/GUXJVLQ WKLV VWXG\LQFOXGHG KLJK ULRK D BW K BRW GRFHKED R RIGY DVO-IHNALWVW R G HFOD U H
DQWLVHFUHWRU\ JDVWULF GUXJV VWHURLGYV DQG DTXLQRORQH 7DEOH

$SSUR[LPDWHO\ RIWKHSWN\M—FCGJIZE[—H(DCG)%#Y(I

IRUPXODU\UHIHUHQFHIRUGDLO\ GRVH 7K R WRIUDQJHGDLO\GRVH

ZDV PXFK ORZHU WKDQ WKH YDOXHV RI 7WR % 3R1 GRVHDHUFKRUM JUDP ZDV VXSSRUWHG E\ D (XURSH
UHSRUWHG ZLWK PDQXDO BKIH VMW VRLRI@)JIIB JUDQW QR WKH 8QLYHU VAW LRRYSLWDO RI /D 5
GRVHLVDOVRORZHURUVLPLODU WR UDW HVQMHFR DEEE DEBQLROV ZLWK RWKHU



5()(5(1&(6

.DXVKDO5 %DUNHU .1 %DWHV ':5tRX FED@ODLVDQW ) ODXFRUWRMBROFEYDQFHG GRVLQJ PRGHO %0& OHG
LRUPDWLRQ WHFKQRORJ\ LPSUBVYWDBBRWE&BRQRWLY 2 1JX\HQ .$ 8@IRBRQNFLE ODN

VDIHW\ DQG UHGXFH PHGLFDWDR®@ RUUFIBEHQ@UXJ XVH D SURVBSGVK LY HDQWXEGIDQ &3 $GDPV :* HW DO

FKLOW WKH® OWK FDUH" $UFK 3HG LLDW)WU SQFBHY &8 $FWD 3DHGLDWWIHFW RI FRPSXWHU RUGHU HQWU\ RQ SUHYHQ
0HG o H o WLRQ RI VHULRXV PHGLFDWLRQ HUURUV LQ KRVS
6QLMGHUV & YDQ /LQJHQ 5% .OL8SROQ URWBWIHUQW\UH - 7KH XVH RMXOQAABQ VARKLOGUHQ 3HGLDWULFV

3 YDQ GHU 6FKDDI 7: OROHQGDR®RS RH#l ODEHO PHGLFLQHV LQ HNKiH QHRQDWH

1(26%)( VWXG\ JURXS 6SHFLDOGHPERQVH®DO 1HRQDWD® 0HG DJHPL$ (OOHQLXV - 3RXKDVJIKDU ) 7R
YROXQWDU\ LQFLGHQW UHSRUWREDVRQQMWRMHKWDQQ &8 WKH &R$QOHBIRY $PDQDWL$ )RUV 8* 7KH HIIHFW
LQWHQVLYH FDUH GHVFULSWLRQOULQLFRDQFIGWRQWDWLRQ 7HFKQRFRASRWMWKIHHG SK\WLFLDQ RUGHU HQWU\ DQG
UHSRUWY S$UFK 'LV &KLOG )HW D®P HWREDW BE6DGHP\ RI 3HGLDW U LFNF(OHRWURQIFRUW VI\VWHP RQ PHGLFDWLRQ

) » SUHVFULELQJ LQ SHGLDWULFV WBEZRUWG VQIMWWKIB@HRQDWDO ZDUG H[SHULHQFH
&DPSLQR 9LO G@#RIMV+$H UWUHUD 08 RUH HIIHFWLYH PHGLFDWLRQ IBRPR MM RHURWLDQ WHDFKLQJ KRVSLWDO - OHG
*DIEF)UDQFR O /RSH] GH +HUHGLBH®LDWULFV o 6\VW o

9DOOV ,6ROHU $ OHGLFDWLRQ S UKWVRNRIGBWLRQPOLAVK 6SDQJIJOHU & ODPUWWR QHEREOOHQ &: YDQ 9XJIKW $- (JEHUWYV
WUDQVFULSWLRQ HUURUV LQ D RWRX@D WB E XQIHFWIQY HQHVV RI| T/RREPCWMRDNHMEG &0 ,PSDFW RI FRPSXWHU
SHGLDWU %DUF LQ 6SDPQLVK RUGHU HQWU\DW UHGXFLQJ SUHYHQGVWKEVIHDOY RWBHU HQWU\ &32( RQ 3,&8
+RUUL - &UDQVDF $ 4XDQWLQ GWW BIHQUWY DQG PHGLFDWLR@BHVWRWMELQIKRWURUYV ,QWHQVLYH &DUH OHG
TXHQF\ RI GRVDJH SUHVFULELQSLWHD®LFBWWRQJIJYV D VIVWHPDWLFUHYLKWZ DQG PHWD

HUURUV DVVRFLDWHG ZLWK PDQRQ DG\WH YV FE\WSAWIHRYQ V IHXEHUW $ :RQJ ,& %RQLID]JL $ HW DO
IRU YHU\ SUHWHUP LQIDQWYV - &@IRUBKDURP/7TKXHKQ / . XPDU 55 OHGEMQD RII ODEHO DQG XQOLFHQVHG XVH RI

o +6 ,PSDFW RI FRPSXWHUL]JHG PHIGVEIFQEY IRU FKLOGUHQ UHVXOWYV RI D '"HOSKIL
+LFNV 5: %HFNHU 6& &KXR - $ VRKRPEBWHQWU\RQ FOLQLFDO SUD MW UFHH L Q3K QUARZIERRDQ5 HV [¢]
RI1'1,&8 IDWHPXOVLRQ PHGLFDW LRQVHHQUR YW IFQGH XQLW - 3HULQIDADRV % 2SWLBL]DWLRQ RI HOHFWURQLF SUHVFULE
QXUVLQJ VHUYLFHVY GDWD IURP 0('0%$5; LQ SHGLDWULF SDWLHQWYV KWWSV
$GY 1HRQDWDO &DUH [¢] 7D\ORU -$ /RDQ /$ .DPDUD - %ODQENEXRRI®OH FRP VHDUFK"T RSWLPL]DWLRQ

6RUUHQWLQR ( $OHJLDQL & OHGKEWWHRQ BIWGRRDWLRQ DGPLQLRWHDWEWQRQUAR SUHVFULELQJ %DUEDUD 0DDW
LQ WKHQHRQDWH -0DWHUQ )HWDQFH\NR@BWIOUHOBQG DIWHU LPSQHPX@WDRHRQEHRIE YHUL

o FRPSXWHUL]JHG SK\VLFLDQ RUGHWRRWE\=KQEENR L% X[ 3 30DG\V
7DNHWRPR &. +RGGLQJ -+ .UDXWRQ@DWDO LQWHQVLYH FDUH XQaDOLBBGQLDWRIIFY¥LIJUDLQ ( JUHQFK 6RFL
3HGLDWULF DQG QHRQDWDO GRVDJH KDQGERRN QG HW\ RI 1THRQDWRORJ\ 7KHUDSHXWLF JXLGHOLQH\
HGQ +XGVRQ 2+ /[H[L FRPS OHUUDQWL -0 +RUYDWK 00 -DQVRQ -SEHFWHOLELQJ DQWLELRWLFV LQ QHRQDWH

*RX\RQ -% &UDQVDF$ 6JUR & 0MEIOFHVUUIRQ@Y 3 %URZQ 7 'HS5LHWKRX®&G EH HYLGHQFH EDVHG D )UHQFK QDWLR
HUURUV LQ QHRQDWDO PHGLFLQ#KRDREP$S BHUIVFUDSFRPSXWHUL]JHQ@DSOJ RVWXLWGYHHL  $UFK 'LV &KLOG
WLRQ WRDGPLQLVWUDWLRQ $URKSBHALMHQWU\ VIVWHP WR PHHW oVKH XQLTXH

[¢] LQ J)UHQFK SUHVFULELQJ QHHGV RI FKLOGUHQ GHVFULSWLRQ





