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7TLWOHFWY Rl YHIHWDWLRQ UHVWRUDWVRQDRG R NDUWNEW QJ I8 L

VIQWKHVLV RI PXOWL VRXUFH GDWD

$XWKRUV DQG $IILOLDWLRQV

'LDR &RQJ 8KQJ *XR BIXQRVXNH 7DQWHRMR L <X 6KL

1. & KRQJTLQJ -LQIR ORXQWDLQ .DUVW (FRV\VWWHRI FLD \W§ WDQ\DLR Q E
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VRXWKZHVW &KLQD ZKLFK LV RQHVRUWKH EDWUR W GRIEIDO/OR | R

GLIITHUHQW LQIOXHQFHV DQG SRWHQWYVD®RUPHFIKO® LR/® VV RL OY HrI

VHTXHVWUDWLRQ LQ NDUVW DQG QRQ NDUVW UHJLRQV DUH VWLO

OHWKRBVHG RQ ILHOG LQYHVWLJIIVWLRRHVQE RXION P HAROOUFLHY B\

& VHTXHVWUDWLRQ ZHUH LQYHVWLWDWWGYWHLGHEWHV PRLIQHFW K& JP

VRLO & PBRDIGQUNRXWKZHVW &KLQD

SHVXXWWHVXOWY VKRZ VLIJQLILFDQWR G LHHNZHHG WD QVWR DO &

NDUVW UHJLRQV ZLWK IDVWHU D QUH OIRRQW VZ& MUIHS)SHNRWLLPIDWMHRA) |

KLIKHU WKDQ LQ QRQ NDUVW VRLOV $I@G WRP $ 9K DBDVWIHYI ARR

VHTXHVWUDWLRQ ZLWKRXW SUHFLSILWBWIDRQS RXKHWIRWDQ HRWKW

DQG QRQ NDUVW UHJILRQV

&RQFOXIHRWIKRUXYV ZDV WKH GRPLQDQW DIAWAR W HILRQWL Q © GV

WKHQ UHVXOWLQJ LQ OLPLWDWLRBDRNHGVW K R MVWRIIDWVE R/QV RAKIHI H |

WR LQWHQVLI\ XQHYHQ LQFUHDVHV RBXMHQYWR PRME FQRWRLWE R K D\

VRXWKZHVW &KLQD LQ IXWXUH

.H\ZRUGV

(FRORJLFDO 3URMHFW &DUERQUERTDXERMOALBD W HREX D Q UW WL X6/RW DH &I

,QWURGXFWLRQ

&KLQD KDV DSSUR[LPDWRIONDUVRLDOHRE NDFERXW RI DOO Wi

NDUVW DUHDV JOREDOO\ -LDQJ HW DMFDSHV DDHBVWHWERGRQRQH

GLVWULEXWHG ZLWK NDUVW UHJLRQWV FRP SKRIL WK B S\SRIMW DLAP DWW Q G\

VRXWKZHVW &KLQD 7KHVH DUHDV DU}HMHMHFWHG HY B CEGID MISRY VE!
2
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KXPDQ DFWLYLWLHY SULPDULOJURQWHONPRF HQDBUW PXE®W & U HU D DLUG

DUH DQ LPSRUWDQW WDUJHWUWVY YBOIWDMWDRQ UHVWRRMDRMLRD CH

SURMZAHFWY ODXQFKHG LQ VRXWHKZHWWKHUWDWKLQWK FHQWXU\ DQG

WR *UHHQ 3URMHFW WKH .DUVWWIiREN\3 UHRWHLRML | IDRIDGN MRKH  51HDWW\

SBURWHFWLRQ 3URMHFW %HQQHWW YH OBQJHHWDOH KX P D7r®& HHWHR ¢

UHVWRUDWLRQ SURMHFWY KDYH OH®&RWHUL ZB RAMWRD QWK A KE®HRJIUHD/G I

ODQGYV KDYLQJ EHHQ UHVWRUHG WR VKUXEODQGY DQG IRUHVWYV

6RLOV DUH WKH ODUJHVW FDUERRV &D @R RCH JHWWWU B B VUWHMW

JHQHUDOO\ HQKDQFHV VRLO & VHIIPAHV/WODW IDRQX. § WBOUH VW WLRL

FKDQJH LV FULWLFDO IRU PLWHIJBWREHVNODROBWAHR G B DY H Q W XMK D)

RUJDQLF FDUERQ 62& UHPDLQ X QROMHIDQW L+HRVZ HUHHPWD L QHY H UMUWOG K Q

VRLO & DFFXPXODWLRQ SURFHVVH@®JIDWKHLWNVIWRORWQRIQ IPIFWRI

NDUVW UHJLRQV &XUO /L HW DOO\ WVWKH DDWIHQRHW RDLAD & FKI

NDUVW UHJLRQV VWLOO UHPDLQV XQNRKQRYE QN KH HNDLVREXWR V WRIGQR HY

FDQ UDQJH IURP DSSURURDRVHOANKDRDRBZLQJ YHIHWDWLRQ UHV\

WHPSHUDWH UHJLRQV JOREDOO\ 'HQJ HW DO HW DO+X HW D@G

FDQ UHDFK DSSUR[LWRDWHWURSWIFRD DQG VXEWURSLFDO UHJLRQV

3RVW DQG .ZRQ 6HFRQGO\ LW DOVR WH ROHMD/WXGF &/HRDYDKR

HQYLURQPHQWDO IDFWRUV 6RPH VWXERLEOVSKRGH UWREZY Wb RGWFGQ

LQIOXHQFH SODQW JURZWK SDW WWWWIWK B @ GV WSKOHV @&/LHVUMWY/L ETKW Y RHY

FKDQJHV LQ WKH UDWLR RI WKH LQUIH] WWR WE&H RXWIDRAVRD O/ R

VXJIHVWHG WKDW VRLO & DQG QLWURDO® Ol IREQWRAHQN NE@BHY
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UHVWRUDWLRQ LQ D NDUVW D UHMPO X IGNHHSZ WAKHD W& KIID @ \HW [IDUWDH D V' K DR

DFFXPXODWLRQ UDWH WKDQ QRQ NDWHG DUWWKD1 DZIMEK AH UWWXIGN

REVHUYHG D PXWXDO IHHGEDFN UR®BWURQRLKL S ERISHAHMIOH VR IDQ (

JRU H[DPSOH VRLO FKHPLFDO SURSHIHWIHVRBQG WHRLEHERAN

LPSRUWDQW DW FRQWUROOLQJ VRQ OJRKVKMKROUDPIWIVRIROWBREZKOQB M M.

&RUUHVSRQGLQJO\ DQ LQFUHDVH LQG/RPCSUSR YNV RYDBIUHD &0 QV R H®G

.RUNDQoO ,Q WHUPV RI VRLO PLFURGHSBRLWRR QWD B W RKXIAL

UHFHQW VWXGLHV KDYH EHJXQ WR DQ¥WUISRIUHDMWH/ BDRW K LNCHI DWW

FDWFKPHQW &KHQ HW DO /L HW DIOHOHWY /WHKHVHD OYWXGEHYV

OLPULWMHRG-DO VDPSOLQJ H[SHULPHQW D QREOVLWIR R/ W36 H LGIDRVYDWR B

RQ WKH VRLO & DFFXPXODWLRQ D W HRSRIWDWS ¥ AOLMKDV G HIFHDJLHOAX (

2Q WKH RWKHU VLGH SUHYLRXV VW XG[ISHFO\R ¥ B YWHX D DDV ARH.® &+

ZHOO DV WR H[SORUH WKH PHFKVNRXKWKZ AROYWKRQO L @K BQF QD a

HW DO 7TRQJ HW DO +RZHYHU WKH ODHBHKQFORH NWXG\

FDOQQRW DFFXUDWHO\ UHWULHYH WKRLSKMV )LIFD®KROWV FIKIE® L3ADLRX S

ZKLFK PDNHV LQIHUHQFH UHJDUGLQY VRD® GNQDPQBV . UREFPODXFK

$OWKRXJIK VRPH VWXGLHY KDYH IRFXVHG @ Q| WMKWHVFBR Q@ SDQR.Y F

NDUVW UHJLRQV WKHVH VWXGLHV KDYH EXWIHRY LR RQ RVWUKIHEG WVAKR

JHRPRUSKRORJLHVY RYHU DQ HOQWLUH UHJLRQ /DEULqUH HW DO

2XU VWXG\ DLPV WR VIQWKHVL]H GDWD |URH \PXPSNOLLSIIHG\DRAKD) F

I[URP ILHOG LQYHVWLIJDWLRQ UHBRRIHUY IOQ WIHIUIDGDXW Bl BV B[ LWV RV

WR H[SORUH WKH LPSDFW RI YHJHW®W DMV XRWX DHHWW RKD QD R H KQSWRRWL
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WKDW VRLO & VHT XHWVDAWYWIWUR QLRWY O RV LQPRQ NDUVW UHJLRQV

WRQIOXHQFLQJ IDFWRUV DUH P RAWKD @H@DR/Q WIDYH WQUND UR'@V U AR HR

WKH VWXG\ ZHUH WR HVWLPDWHQDNISU VR/P B RQRGHQWRRL 8 D& \GWQ D F

LGHQWLI\ KRZ VRLO & DFFXPXODODV¥MWRY YV DRIGBGH¥FMHGR ED FSOURPDHNHY

YHIHWDWLRQ UHVWRUDWLRQ DQRYV RIFPORDLWLK WHKHXSERWHQWLBQ P

DQG QRQ NDUVW VRLOV

ODWHULDOV DQG PHWKRGRORJ\

11 6DPSOLQJ DQG ODERUDWRU\N DQDO\VLYV

$ FRPSUHKHQVLYH VHDUFK RI W&HRRQWWXNIDBOAN XHH RDWHLY Y WHFI

&KLQD .QRZOHGJH 5HVRXUFH ,QWHUOWWH GDSWDEDYH X&IHG NHR\ZF

FDUERQ ~ 3VRXQWKZBKIMEDIROORZLQJ IRXU FULWHULDFRKHUH XVHG W

H[SHULPHQWYV KDG WR EH FRQ GXF W6HLGF K QDR RVKRDHTWQEKERQ QD Q

DQG *XDQJ[L SURYHQEHMSHULPHQWY KDG WR KDYH EGIHWDFD U UL H (

XVHG LQ WKH SDSHUV ZHUH GHUWLYHG7IKIR P [\SRIUQ R HIOWG UHHBRIWG R K€

VLWH LQIRUPDWLRQ LQFOXGLQJ YHIRWBDWALRDWWSIHFLOHO |IQDWWYW

JUDVVODQG DQG FURSODQG VRLORGHOWK QDRUP VW PR Q LIDVWARPH

IRU HDFK VLWH 62& %' VRLO 1 VRLIHWRRVYLRIORWXFH 3V DWPEIOQ &

VDPSOLQJ GHSWK ODWLWXGH DQG O RNMHRSKGHW X BRNKUEEHNV R QGD Wi

DQQXDO SUHFLSLWDWLRQ 0%$3

,Q RUGHU WR DXJPHQW WKH VDPSUONBALYH VDKER @ BAXH Q\HLGY E HVX.

-XO\ DQG 6HSWHPEHU E\ VDPSOLQQ@DW KW HOLRX M) W R X WY KWZRH\ON

HIFDYDWHG WR FROOHFW VDPSOHV JKQIHDUBOMHN DXIQAMLVOWMW KIHD Q G FP

5



110

111

112

113

114

115

116

117

118

119

120

121

122

123

124

125

126

127

128

129

130

131

FDUHIXOO\ UHPRYHG IURP WKH JURKQ/® PS\O HOQ ¥ K/ RD® SHARQ JS WIK®!

XQGLVWXUEHG VRLO VDPSOHV ZHUHQHRIO QWHBRW HFEVWWLQJ I DPR/EODEIG

FPLQ YROXPH IRU EXON GHQVLW\ PHWOK XUEHPHQWYV :iD WDIRXU ©D\H!I

FP:H KDYH UHFRUGHG VDPSOLQJ GHSW K OO R ®BWLKRP IDRDPE PHLR/SHU

RI VRLO LQ WKH ODERUDWRU\ 7KH &REGHGHWSXED@W KH\GL PHUGN G BOWH

DQG GDWD IURP VDPSOLQJ VLWHV 7BREWHUYDWRRIQUE RL QBARWV KD &

NDUVW UHJLRQV REVHUYDWLRQ SRNQWYW YHFWRUDGID/ W H OBX\

IURP WKH .DUVW 6FLHQWLILF UDAWES BWQWHU KW WHSAWD WAARZQNW\ S H V

VWXG\ LQFOXGHG QDWXUDO VHFRREODQ GRUHDWY OLDJAOWGVLALQG FR

RUGHU WR LQFUHDVH WKH FRPSDUDWUME GWKXG\WVRQG &HW KHW RIRC

GLYLGHG LQWR GHSWKYV RI # * + DOQGYLHGHERQWRH IBHBR?

JURXSVY WR GHSLFW PRUH DSSDUHQW WURBGQGWKH+tW\SH RI ¥HIDWDL

XVHG IRU UHFRYHU\ ZDV GLYLGHGRSDMDR) GL WHR &LD WADUHIOV VHFARXBG/D

FURSODQG WR DUWLILFLDO IRUHVW F&RSTFLNRE OMDR) G UMD R WAKDUXE O

FURSODQG WR FURSODQG &é&

‘H XVHG D 3VSDVMERWIMWDAPMLRQ DSSURDFK LQ ZKIMVHKW DOO RI W

ZHUH GHVLJQHG XVLQJ D SDLUHG VLWH WKW KRG O: IH RPRQPGIHVWK @ VD |

SDLUHG VLWHYV ZHUH VLPLODU'BQLRW W® FKDQSRVYOA @& GERUNKVH

REWDLQHG IURP WKH NP VFDOH +DUPRQL]JHG:6:RUOG ©6RLC

(KWWSV ZZZ LLDVD DF DW ZKLFK RY® RISW K IF DXDHDNED\V IHP S PRSI HR

DFFXUDF\ RI WKH &KLQD 6RLO "DIVRXEDWHHUNR R®D UHGJIVWHRVVWDIOH SUH

VRLO SURSHUWLHY ZHUH REW DI HIR PUIRM 8 VWRKSW K HPH®I IOMHU D WEKQ
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0$3 GDWD ZHUH QRW IRXQG LQ WKH WDL2HQB OH BMDWWLF W R & UIRHRWF

3:RUOG&OLP *OREDOKAWWBDWHZIXWDOGFOLP RUJ

0$7 DQG 0$3 ZHUH WDNHQ IURP WKH :RHAEOR¥%BUPDG D WHIDAD % H UL

7KH DQQXDO DQG PRQWKO\ FOLPDNMRU BO RIDL FRDEOV © WG F

VRXWKZHVWHUQ &KLQD EHWZHHQ W R QL VEKLIMDL RGHW F

KwWwWS GDWD FPD FQ ‘H XV HGWNRH S, IQMUHU @ RVILWRDQPD O* #4-8R WK H

ODQG XVH LQ VRXWKZHVW &KLQD BWLBB MR HWHHNOWR GC ZHMMW GF -

JLQHU 5HVROXWLRQ 2EVHUYDWLRQ DQGQG) DRQLW R G D@JI E D Y& RADO

XVHG WR VXPPDUL]H WKHVH YDOXHV H®XWEQ 'KWWS O GDOMD I

PRGHOV '(0 ZHUH REWDLQHG IURP 12%$% V OQDDLR QD IR W&AHBRWLHRUV

1&¢(, KWWSV ZZZ QJGF QRDD JRY PJIWLDIOLBK\DROXIVYRIQORIEONT

7R H[SORUH WUHQGYV LQ YHJHWDXR G FRGRMHWK EW LW KW \ VRWHIA W

VSDWLDO GLVWULEXWLRQ DQG DGQRBAFY\DLWILDW L RB3 L @ QI& RVHAN S

SURGXFWLYLW\ 133 *ZH DK ® UL BRAVEFBHWDVHWY ZHUH UHILQHG IURI

02" $ UHVSHFWLYHO\ KWWS [ILOHV QWVJ XBW VWBKHWVY KE B85, 6

WKLV VWXG\ ZHUH LPSURYHG E\ =KDRLHW INA&RP XSV WRHWDHGLXE & XX

DUH DYDLODEOH DW D VSDWLDOQWHVWROXOW LIRIRAKIH BB RQIBEU DQQ’

133 GDWD ZHUH XVHG WR DQDOWH MXEVWRPWRUHD B B RQGDWSIWAIUD/C

SL[HO XQDU\ OLQHDU UHJUHVVLRQ PRGHO

12 'DWD DQDO\VLYV

,Q FDVHV ZKHUH 620 ZDV PHDVXUH® E XM @/RU ZDIV Q RX\D VD XFVRHUA
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FRQYHUW RUJDQLF PDWWHU LOQWRHWREQO0& 67Z& HDUWHO BWMWR RN K LBI
FDOFXODWHG XVLQJ WKH IROORZLQJ IRUPXODV *XR DQG *LIIRUG

51% L 51/ Hwa

51% H&H &
ST

% L
ZKHUH 62& LV VRLO RUJDQLF &2PRYFWRMURWIR@L FIENUWRLHU J NJ
RUJDQLF & VWRBN LVJEKOON GH@WIGN\ LY FPKH WKLFNQHVYV RI WKH \

,Q FDVHV ZKHUH VRLO %' ZDV QRW PHDVXWHIGW WH\RHPG WK R G VK1
ILUVW PHWKRG ZDV WKH XVH RI FXYWU®DLOD M D U LIDHE@BIW LVR IQIV\K L\SK R @
ZLWK DQRWKHU YDULDEOH 7KH RWYH®J ZDD/OX®W HU/IRAJ DIW B R € GRU
PDWFKLQJ PHWKRG EDVHG RQ WKH RE VO YL.HS XG\DDAWDL R¥RX ZHWW HD @ L
RXW E\ SRROLQJ WKH HVWLPDWHYV |URP&KISDH NBIBD UDHAHY IGDQV D V H!
LQ 5 (5 &RUH 7HDP 9LHQQD $XVWULD OTKBIOVQEM \KIVPHK® /R H3 | 8 E
VXSSOHPHQW DQ\ PLVVLQJ RUIBJt®DO REVHUYDWLRQ GDWD )LJ

6RLO VDPSOLQJ GHSWKV ZHUH QRW @D ZDN X GALRHQ/NV LAKXKN Q WQD R L
HQVXUH FRPSDUDELOLW\ DFURVV VWIGLW \D OZH D G R 3 WHHUBH WAKKHH PRIU
VRLO & GDWD ZHUH FRQYHUWHG WRQ6N& N WWRRFN Y DRIPX RV \RFELMOH X VI
GHSWK IXQFWLRQV GHYHORSHG E\ -REEiJ\ DQG -DFNVRQ

LsF U4

s F 844

sasl SE G e

JRU REVHUYDWLRQV ZKHUH RQO\ GDWRD ® &VRWRFWW T ZU W KO WX

WKH IROORZLQJ HTXDWLRQ ZDV XVHG

_ s FUO4
.X4LW4H 544
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ZKHYBHVFULEHVY WKH FXPXODWLYH SURSRD M. RURGGHRRLIO & VWRF
LV WKH UHODWLYH UDWH RI G HMHBHDK/IHV L\P KW K\HR I @ L& \BW\RW R FLND 2W
FPG LV WKH RULJLQDO VRLO GHSWR @XD L®DEKOH RWL I DGR @ L\GR
VWRFN 7KH JOREDO DYHUDJH G H 6 W\KR GAIVOEUREDXW/H R QLVQ | RIK KV BH L
HTXDWLRQV
7KH VRLO & VHTXHVWUDWLRQ D QG WRIB RAXIDWMW RE KR/ILQ B WKID C

HTXDWLRQV UHVSHFWLYHO\

¢ YL %is F %is

¢ Yo

49

ZKHUHy LV WKH VRLO & VHTXHYWWB\WURYHQWWDWKH VRLO & VW
H[SHULPHQW D:QsM WH\ VRGO & VW RF NARILW KAHK H HJ Bl W/ QREIHV RILWY HBV F
0J KDU DQG "$JH UHSUHVHQWY WKH WLPH VLQFH WKH FKDQJH L

1H[W ZH H[SORUHG WKH ELYDULDWOHEWOBWWRIQY KSLLER/SBEHWEZ H
YDULDEOHV DQG HOHYDWLRQ X\H@W 3DV BRI BRUIWAHOD W RRRH F
QRUPDOLW\ DVVXPSWLRQV SULRU WRWNXLP GIDEDWKH ¥ D VIDIPESM™HH A
ZDV WKHQ SHUIRUPHG WR DQDOQW GHMWHZHWHQFND UL\WQVVRQG & FR QI
2QH ZD\ $129% ZLWK /HDVW 6LJQLEAFDW W RE| FRPS@AH VRQV ZHUH W
H[DPLQH WKH VLJQLILFDQW GLIIHUHOQMH\RQQ VYRV D @ ® Y HJ HX\QIFWLLF

7KH VSHFLDO GLVWULEXWLRQ RI WIOH @HDEDMRLD FRXWH\ZSIR
JUDGLHQW LQ WKH FOLPDWH )LD HTEDWKRR FZRIGK\OH G (VW WRFXG
UHODWLRQVKLSY EHWZHHQ HOHYDWWRYY A@LRDWHBE MDR VERIWWH LDRQ

LPSRUWDQW YD WBIVDEEO HY DIQHHWIHRIVLRQ RI PXOWLSOWR HIJUHVVLI
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219

HYDOXDWH WKH GHSHQGHQFH R L FWDRIU HAD Y DIUEMHED H7 RB VW DIQGI
RI FOLPDWH DQG VRLO SURSHUWH H\WD REXORMHE& V& TWKN VWRGW DR C
ILW PRGHO LV LQGEBDIWHEEEYXDUH YDOXH GHJUHH ®| IUHHGRP
JRRGQHVV ILW LQGH[ &), FRPSDURWLNYGGIHW DQEH[), 1) Q FURIPRH
LQGH[ ! UHVSHFWOQYH®D\ ZKIDWBE 506($ URRW PHDQ VTXDUH HI
RI DSSUR[LPDWLR@DFH +RX HW DO 7R UHGXFH WKH UL'
LQFOXGLQJ VDPSOHV ZLWK PLVVLQW&DFWB D@VH IV Z1XEH GEDHADIHEDLVRHQ
WKH 6(MKH 5 SDFNDJH¥DVORYBOQWR FRQGXFW DVVXPSWLRQ FKHF

HTXDWLRQ PRGHOOLQJ

5HVXOWV

6RLO & G\QDPLFV XQGHU YHJHWDWLRQ UHVWRUDWLRQ

$ WRWDO RIKD RI ODQG KDV EHHQ UHVWRUHBG QDX VWXG\ D
i KD LV FRPSRVHG RI NDWKWWROBRQGNDQGBW ADQG )LJ 6 2XU U
WKDW VRLO & DFFXPXODWLRQ GLIWKN @R NHDGEAWE B QEHRHI/ ND U\
FRQWHQWYV ZHUH DQG KLJKHUUHD N D &RMD RUH DY) @& K CBQL Q R\
ZHUH KLJKHU FRPSDUHG ZLWK QRQ NDUVW UWEKLR Q\Q GDGHE& 3 WILLRA
ZHUH DQG ORZHU LQ NDUVW DUHBH/ IRKQQ WRQ VN NDWW VD W

KLJKHU UDWH RI VRLO & FKDQJH5WKINRBRQYWDQBWQRABIJNBQVW HH

KD \U DQG 0J KD \U LQ FP UHVSHRWVBSHEWLYORI RYHIBIR
W\SH ZLWK D PHDQ UDWH RI 0J KD \U U DQ&BKD OUKD 0J
\U LQ DQG FP UHVSHFWLR@ ®I YRLO [& LKW KH

NDUVW DUHDV ZDV DOZD\V KLJKHU WAKNQRL Q@ KLF®E NVRUOWO DHIUR
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221
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224

225

226

227

228

229

230

231

232

233

234

235

236

237

238

239

240

241

H[DPLQHG )LJ E 6SHFLILFDOO\ QWKHIG IR P RU NGB WERQRE O D RFER X

VRLO & VHTXHVWUDWLRQ LQRPKBQGR® DG PXRPIX®W BROQRRQLY KKLIKHU

LW LV LQ QRQ NDUVW WRSVRLO DW DQG FP GHSWKV

‘H IRXQG LPSRUWDYWVNRFQDMMHGEGQZLWK UHVWRUDMWLRQ DJH D(

JHQHUDOO\ LQFUHDVHG ZLWK UHVWR UDUWWRIE@ R bBIDEH SRWHNG K RW/H E

DFURVV WKH GLIIHUHQW VRLO ODWWREYHU YHG+ RZUH YWHKH WHKUVRZLE

\HDUV DQG QR GLIIHUHQFHV ZHBSH WRRGM MWHOBP LIFQU3 BXOHOWRMNKHU WL |

IURP NDUVW DQG QRQ NDUVW UHIJLRQWRWLPHURIG DW  + \HDUV

DQG OJUKDW D GHSWK RI +* DQ + FRAHVSHFWLYHO\ DQG + \H

DIWHU YHIJHWDWLRQ UHVWRUDWLR®QU LQ % + DG DQG®J KD

FPUHVSHFWLYHODADYLDOVR VLIQLIIEFRDQIHHQGNDHVWQONQ G QRQ

UHJLRQV IURP WKH VDPH YHJHWDWRIL R@ USHV VR G D&&L RIQUWHWMLLD @ HIL\|

KLIJIKHU LQ NDUVW UHJLRQV ZKLOWIRZUVONQ G HIE RZEYVH7KIH KHUKIHY \@

5VLQ WKH NDUVW DQG QRQ NDUVW UHIJLRQV ZHUH RENBIUYHG IRU

\U DW GHSWKV RI = * tUHVDBHGWAL. YHPR DQG &1

0J Kt DW GHSWKV RI # * YJYHVBRGEWLYHPBR )LJ

'ULYHUV RI VRLO & VHTXHVWUDWLRQ

7KH 6(0 DQDO\VLV5S5VHDY POIIGE DWKHDGVEN GLITHUHQW IDFWRUV LQ

UHJLRQV 7RIJHWKHU WKH SUHGLFWRU KB UWITBWIHVYOHYSPODDYH K Q

UHVSHFWLYHO\ )LJ 6 SHFL5SAWVZIDO®OS R WIKWAILM HHFNERIWK RND UV W L

UHJLRQV ZKLOH WKBMUWIIDNFQHRDWEYHR®QO\ LQ WKH QRQ NDUVW I

11



242

243

244

245

246

247

248

249

250

251

252

253

254

255

256

257

258

259

260

261

262

263

HITHFW RITOMWDRGBSRVLWLYH RQO\ LQ NDUVWDWHK BRHTKH IMNDMG DUR

S+ 0$3 1 DQ®VELL WRUVW ZHUH DQG GUHVSHFWL)

GLUHFW SDWK FRHIILFLHGWNVQIWRKH OGR@QABUIVWRIHILRQV ZHUH

UHVSHFWLYHO\ 2YHUDOO W KHY BVGRXEHILIEQ HWVIKIHF VWD LRVQN WKHH] IDREQY R G

IROORZLQJ IROSBHY 194'!'(0 ! 0$7!S+ DQG LQ WKH QRQ NDUVW

0$7!11'(0 ! %'! 3 10$3! S+ )LJ

,Q FRQWUDVW WR 0$3 0$3\3RVIWNKHYNDUCMYDFMALIREQ 0$3 DQG 3

SRVLWLYHOGVERWKWHGHFWO\ DQG LQGOHMPWOR@\ 0RF UDHDC/ 13Q0 010

LOGLUHFW SRVBWILYHVKHHFRY NOQUJVW UHIJLRQ WKURXJR WKHLU D

FRQWUDVW 0%$7 DQG %' KDG MXVWDDQ LRBISRY LWHKHHIGHEMFWLHE I HF\

1 LQ WKH VRLO ZDV SRVLWLYH HY DWKHR QB KM/B B/ i K RLQWY RHIOH F WK

WKH QDWXUDO FRQGLWLRQV DQ@ 5 UW S HUWHGIWR VDK MWARE W X

RWKHU YDULDEOHY ZHUH DOO VLJQLILFDQW

7KH GLUHFW HIIHFWV RI 0$3VGHF OL QHGGZBWWRQQFKHDVLQJ VRL

GLUHFW HITB¥Y®HRUHBDRMHG IURP WR DQG WKH &SLUHFW HIIH

ZHUH QRW VLJQLILFDQW LQ WKH 8&/ULN Q/GUIVRIERRY HIX\HH G LIWHRAPW H | ||

WR DQG WR UHVSHFWLYHO\ LQ WKH QRQ NDUVW UHJLF

5HODWLRQVKLS EHWZHHQ VRLO & G\QDPLFV DQG YHIJHWDWLRQ

7R H[SORUH WKH HIIHFWV Rl WKHH QY WHRI@RHQXW R @ VR QG \& L3 C

DQG SUHFLSLWDWLRQ IURP PHWUHRG RIDQRG LFRIOU M@ DWH B QX/L &K

SURGXFWLYLW\ $OWKRXJK WKHUH ZHUHS |Q RFWXIMW LIRF@WQ W QY DEI
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264

265

266

267

268

269

270

271

272

273

274

275

276

277

278

279

280

281

282

283

284

285

KRZHYHU 0$7 VLIJQLILFDQWO\ LQFUHDQHILEDQW®W YDH REWHRYH® Q

SURGXFWLYLW\ PHDVXUHG DV *33 DQG 1BRQEHWZHIBQ HNDUVW DQGC

'LVFXVVLRQ

6RLO & VHTXHVWUDWLRQ LQ NDUVW DQG QRQ NDUVW UHJLRQV

9HIHWDWLRQ UHVWRUDWLRQ LV GRONWDGH WHRGE D R QvH ®X MALWY H DA

VHTXHVWUDWLRQ SRWHQWLDO E\ LRFHWDWLRR & *GRULFBGUURB G

OLOHV DQG .DSRV ,QFUHDVHYV LQWRROO& SWWRRIUDHW DFMW RVY G

+ DQG * FP LQ GHSWK ZHUH RE\QRDY NG U\QVERMIK ROKH NDI

SUHYLRXV UHVHDUFK KDV GHPRQVVWVWRLDWE ¢ VDRVIDIGL | RFODORYE LIQQIF Y

UHVWRUDWLRQ &KDQJ HW2RBO® UHVXOWHWWFBQV LV WWIIRMEOY RIHY HD O H

& VHTXHVWUDWLRQ ULRPIIVY WHCGNEW BVAWRQHNDBQW UHJIJLRQV

$W D JOREDO VFDOH WKH DYHORZHQUDWYWHH HRW DAWR L B Q& UHW RARJI

IURP WR KDU 3RVW DQG .ZRQ 7KH DFFXPXODWLRQ UDWH
0J KIUXQGHU WKH p*YBURJWRMP*UBHXLQD 'HQJ HW DO D

'LDR HW DO D VKRZHG WKDMVWKG UD@XH B IIVRPOD& SAHR[X

WR 0MKDRQ WKH WRS OD\HUV Rl WKH VRLODQURFROYHWR/LRQ FI

LQ VRXWKZHVW &KWYPDJ LHGE HEHWHBAHHQ \WIQB WKHOXSSHUPRVW VR

OD\HU RYHU WKH HQWLUH VWXG\ UHIDRY R+BRAERHW HSUWKILR® XV DVRK

UDWHV RI EHWZHHQ \UDQWXH OJFRIMVR BANKRILORHVY 30DWHDX LQ

'HQJ HW DO E )HKBENREWBUYHG LQ RXU UHVXOW DUH DW WKH

REVHUYHG IURP D JOREDO VFDOHEVERRVWWRRKQVIRQVHQW VKI/\W DQ

LQFUHDVLQJ UDWHYV Rl VRLO & DFFXPSEDWWRIQFDKIPQ VWIRY VDR VXK
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287

288

289

290

291

292

293

294

295

296

297

298

299

300

301

302

303

304

305

306

307

UHJLRQV 7KH\ DOVR IRXQG WKDW XRWO RSLHD®. FRQHQY NOM BELERID

LQ WHPSHUDWHX IRIWMIWE&\ & VHTXHVWUDWLRQ LQ WKH = FP WRSV

PRUH WKDQ RI WKDW WKH WRIWDO 7KHVHPUWR/IX®W WROAHAPRYLGH H

WKH XSSHU VRLO OHYHOV VHTXHVWHIWDBRHE\& @/ IOLQHGAHS KBV R (

FRQGXFWHG RQ WKLV WRSLF -REEiJ\ DQG -DFNVRQ

*HQHUDOO\ VRLO & DFFXPXODWLRQHVRRERODREHQXODHIJI HWWNHDP\

UHVWRUDWLRQ 3HRZHWHMWUDOKH WHPSRUDO SDWWHWWOWIRDWRLO &

GXH WR WKH VSDWLDO KHWHURJWRHL WWIRUHUBRBBLROP\ DRI HOW D\

5HVHDUFK IURP WURSLFDO DQG VXEMARAHUFDRI WHRIIR @ WD § DWKIRY

OHYHOV \HDUV DIWHU DIIRUHVWDWLRQ /HPPDKRWGBO® HW D@DF|

&RQVLVWHQW ZLWK SUHYLRXV UHVBMVUKRZREW YW REWD D ¥ RULR/XQI

D JUDGXDO UHWXUQ RI VRLO &FWERHWH 2LMIKH W B WH W QWYLIRMX H M VAVRI

7KLV LQGLFDWLQJ WKDW WKH VPIQOG &JMIVRK NV YDLUCH. EQUHLDKUPO D INADHAUX

YHIHWDWLRQ UHVWRUDWLRQ DQG&L WROWKH IDQS RWM U B R VSSIRBRQ/\WM

HW DO 5VLQ NDUVW UHJLRQV KDV WKH DGGLWLRRD®DEHYHIRW RI |

& VHTXHVWUDWLRQ WKDQ WEWWRREK\R @ WHDWI/AO UKHIKRHQV LQ WKH

UHJLRQV WKDQ LQ WKH NDUVW UM LIRREQ W& K UG QI KD HID E O V WHRAR

5VZDV DOVR VLIJQLILFDQWO\ KLIKHWVYW NBEULVRWQ VY HIXRIQYI WWKKCH) L+

SRVW UHFRYFHMLQSWKHRNDUVW DQG QRQ NDUVWHQMILRQE ZHYE VL

&* FRPSDUHG ZLWK &1 DQG &% )LJ +LIKBIUR& W H YV XHLVNAHWDOD VDL B B

RI WKH JUHDWHU SODQW LQSXWNW @GIJRUOE XHOWVRRO BOHUD W R VHH/

ZHOO NQRZQ WKDW JUHDWHU VSHFLHMGXFWUYLWY\ LXKO E R NOH.Gl F\CR
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310
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312

313

314

315

316

317

318

319

320

321

322

323

324

325

326

327

328

329

LQ JUHDWHU VRLO & VHTXHVW, QDA RIQN BRIRPPUHDFHW @ ODQG VXUII

LQ WKH OLPHVWRQH GRPLQDWHG FDQFNRP VAMD UBRIQBOW WKSIIVF D

SULPDULO\ IURP WKH GLVVROXWLR® RMRZBW@RHW B IOAMUH PRAUHQGHU S |

VRLO WKURXJK WKH FUDFNV ZKLMFRPHOGWW B QG V5 BPRUWHY ARHAFXKO

DERYH DQG EHORZJURXQG FRPPXQLW\ VWUXFWXUH +DKP HW DO

‘H DOVR QRWLFHG D QHW LQFUHDVH YOQRXRLW ZKR \CHRDOBHYV ED Q&

5VRI && ZDV VLJQLILFDQWO\ KLJKHLUD LQR [ DNDXYWLW HUHKRMR/QW KD Q V

LQFUHDVH LQ VRLO & LV OLNHO\DGXH) WMWK MAKHH DS BLARLF\D WDL\R D HROIOF O

IHUWLOL]HU UHIJLPHMKMVFKHQR PHIKHRQ@ RHOLQFUHDVHY LQ VRLO & L

DFWLYLWLHV RI FURS VWUDZ D S5@G&PWWRRQWBI@ & QIHTUML BL W KHUS$

OLQLVWU\ RI &KLQD VLQFH WKH VWHUH QR SWUWIHOVOH Q@& D RUMIDWD MR

DGRSWHG PDQDJHPHQW V\VWHP +XDQRDPQPRVBEQYLRQ Z 0N WKKH S,

DIJULFXOWXUDO IDUPLQJ PHWKRGWHG G QL Q@ DAMXGH GUHHIILR@D ¥ KR DK GU

VRLO HURVLRQ UDWHYVY DQG VRLO & OREWFFRUBWQDONR 38U ULDR HY

WKH XVH RI 1 THUWLOL]JHU LQDNDNDON QUQIHWNLRQY RAIXKG WG XK

GXULQJ WKH SURFHVV RI VRLO (IWUWVIRIQ KWW R R QR | ZKDL B K ROGHDAGH/V WD

RI' & LOQOWR WKH VRLO 7RJHWKH) VYRLOH& RHEYWH WWKHDAV LW KHHU RQ P D IS

WR WKH GHFRPSRVLWLRQ RI FDUERQDWH URFNV

7KH LQIOXHQFH RI HQYLURQPHQWDO IREWRUWFRQH/ RLO & VHTX

&OLPDWH FKDQJH DQG VRLO SURSHOMW IWKURXQKLPKSDGWH W KIQ

DWPRVSKHUH FRXSOLQJ /DO HW DO FRQQGXWLRWXGD QR X\QRE @&/ S\

15



330

331
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342

343

344

345

346

347

348

349

350

351

FDQ DIIHFW VRLO & G\QDPLFV BWBHWRHVHUMWHBQYGE® WKHHQRG NEL

*HQHUDOO\ YHIJHWDWLRQ SURGXFWD¥WRWULLVGEMDIBED) 6KGOD W W KH

LGVDUH ODUJHO\ FRQVLVWHQW ZLWKXLYQWYUHOWHNW. @ @ HJHW D WIXR

E 0%$7 DQG 0%$3 DUH ERWK KLJKO\ LPSRUMWDQIWY HOHWDWH RI®

SURGXFWLYLW\ DQG ERWK Rl WKHWRBRUUDBS®H D W DWKHEHUHQ LARX)

5XVFR HW DSIUHYLRXVO\ IRXQG WKDW VRLO BWHG(XUWRBH $¥ BRRE L\

QHIJDWLYHO\ FRUUHODW WX H LHNIKH B%7 WM WO PDWH SDWWHUQV

IRXQG WBSEH FDEOH LQ VRXWKZHVW &KLQRQM) ®RHUKDWE X \G L, Q HFR

QHIJDWLYHSNIZKEWHR@Q$3 KDG OLWWOH HIIHFW |, QDRR Q W/IDWIVW HO $7

WUHQG LQ NBgUSyW$0 DI ® @¥3 OLNHO\ HIITHFW VRLO &INHAHEWWVWUDW

RQ YHIHWDWLRQ JURZWK DQG PLFURELDO BWFRPSRVLWLIR®G +R

H[FHVVLYHO\ KLJK OHYHOV RI 0$7 DQG 0$3BE WLLRXOW WHH [EAH¥ RVPLS/R'

VRLO HQJ\PHV BQGEOHGXFLQ@XU UHWXOW WHRSHNWO/WXUHY PD\ EH W

IDFWRU LQKLELWLQJ VRLO & VHIKADWNVIDMALISQ WDWILRIDQ KW X Q LRV

7TUXPERUH HWHVWLPDWHG WKDW LI WKH JORE®ROVWHOSHVIVWRRKNW L

ZRXOG GHFUHDVH E\ DSSUR[LPDWHO\ UHGNHWHEGHWKB®J HW LQE U

SUHFLSLWDWLRQ VKRXOG RIIVHW WRW>XQHID R QY HDRIIE R W HR 1 GU VX

JHQHUDO LQFUHDVHV LQ YHIJHWDWLR E I3BPBRXGUWH W L YALKAH D HEXGP XWARE

RI RUJDQLF PDWWHU LQ VRLOQY/GRBHGLMW BRSHRDXOWPKUWH KDV VKRZQ D

WUHQG RYHU WKH SDVW WZR GHFDIER®@Y Q)ERMNLK NBEDVWOBGQRGVAER

GHFUHDVH LQ %' WKURXJK HQKDQFHGUUWRKRWWH&®R G RFMLRODWMHQBR &

VSDFH 'LQJ HW DO
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353

354
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356

357

358

359

360

361

362

363

364

365

366

367

368

369

370

371

372

373

6RLO QXWULHQWYV FDQ DOVR DIIHAW ¥YRL@I & O/MHQ WH & WYUHDUN/LLRY

SURGXFWLYLW\ (OOVZRUWK HW DO GHRWWKRGEIKLBQUIQEB QW

EHWZHHQ VRLO & DQG 1 SDWKZD\VWAKNMWVRRORIHFVE RO KXHW VB

LGHQWLILHG /L HW DO &KHERWK BODQG 1 FRFEWIY MWE DKL

VLIQLILFDQWO\ KLJKHU LQ NDUVW @XH LARIWI WAEK\DW R @ LQ RHQJ NQ BR'W

PDWHULDO /L HW DO FKD @QIHWR LIR VREONEDAMUH GULYHQ E\ GLII

PDWHULDO IROORZLQJ DJULFXOW) PRX QEDY (RG R PHYGW1 LQ XWKKH |

IDUPODQG DQG JUDVVODQG RQ OLBHWKIR®D MW ZRVMH REYE UIYFB QRO

7KH UHVXOWV Rl RXU VWXG\ DS@R\LIGG L PB RHIWDKDW UIR GHIOL@QGVR L O

,Q RXU PRGHO WKH SURSRUWLR@ERRVZW KH WEBWW IOY 51DV LKW 0 KHUHLI®!

DQG QRQ ND@BY¥W UKHLRQNWNUHDVH RI 1 UHGXFHG WKHDMWIPRDWLRC

DQG FDXVHV QHJDWLYH HIITHFWV RQ HAERWLRWHEBKNQRWL RQ@ ZKHQ/I

DO %' FDQ SRWHQWLDOO\ LQIOXHQKFHDWKKD D FHXPX® MKHRDPRIX

RUJDQLF PDWWHU DQG WKURXJK WKH GHYHORSPHQW RI URRW V\\

7KH VRLO LQ WURSLFDO DQG VEBWDRGLF DOQPUMIHE® Qb QDU W IRUW

WR 3 OLPLWDWLRQ LQ WKH ORQJ WBIUW IB\NW SBRFIRVICRQIRWR BXOWYD

VIQWKHVLY WKH & 1 DQG 1 3 LQ NDWWW HIL\R GV JKKUVWLKEED LIV Q\

PLQHUDOL]DWLRQ LV ORZHU LQ WRD@WO RQ HND ZYWKDORDNUUH\OL®

SRWHQWLDO VRLO FDUERQ VHTXHYVWUIDWHICR Q0 RIARWID Z® L PM KIHQ & L3F L

WKH KLJKHU VRLO & VHTXHVWUDW LBRBRIQQV N Q WV W (@& MDKM OHRDL.GV K

DYDLODELOLW\ 3 PD\ DOVR EHWNVNNIFP\SDRWRWYHRQWKIIRW GIHFH Q BRR

3 DGGLWLRQ FDQ DOOHYLDWH DWKIHRQLEX W DWRLR ¢ IRW X RD @/ L&R QYH EXH
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374

375

376

377

378

379

380

381

382

383

384

385

386

387

388

389

390

391

392

393

394

395

&KHQ HW DO IRXQG WKDW 3 @QIRRQAWDWYRQRDNVRRU W KDYQ G Ql

EHFDXVH NDUVW UHJLRQV DUH 2PRUPRGIHH ¥ X ¥IHV XW/D W K GWZ IE\R R SIL

NDUVW BYLIQ R@QWVW UHJLRQV LV PRUH RIWH(@J35)0 ZRLWHGRBFD XVt

NDUVW UHJLRQV KDYH D UHODWIWKDHVERAUHBIRIDW BRR) RRDYWH L

UHJLRQV PD\ EH OHVV QHJDWL YIHRKPHIQMF WK B E WX BW LR HIQDL V'@ WJ

&RQFOXVLRQ

7KLV VWXG\ IRXQG D VLIQLILFDQW GRIQHBEHW EH HLD NMDKINV W ROL@G

NDUVW UHJLRQV ZLWK IDVWHU D QLG PNROUH WHWHN LIVRVMH QW L& YHJ & E

SULPDULO\ WR FOLPDWH JUDGHNEQYW Z QW RAFARMK KL B RERRBQW SIDIV 3/

RI VRLO & G\QDPLFV IROORZLQJ YUHIM \VDD\G LRRQUMY WARM VW § B R UVD |

FOLPDWH JUDGLHQWY DUH ODUJRQGERQRQMODAG WKIWRSRKHDLI

WHPSHUDWXUH WKDW KDV RFFXUWRXGWRYHUWHKK SIXVWDIHPDGKP U

OLPLW VRLO & VHTXHVWUDWLRQ LQ QRQ NDODPAWRUHILRIQOVLQQ W&B

RI1 LQ NDUVW UHJLRQV DQG WKH M VWVDSNEQD O0'F IDRDL WDMPIDR\CH R

IDFWRUV SOD\ DQ LPSRUWDQW NROWW G @D UERDMMHNG BRGFEO X\E HF

WKDW VRLO & VWRUDJH FRXOG EHVEMGGWH WQWHRPELQ DXMDIHRY®! Q

HQYLURQPHQW DQG FOLPDWH FKDQJH LQ VRXWKZHVW &KLQD LQ |

$FNQRZOHGJHPHQWYV

‘H ZRXOG OLNH WR WKDQINVODWH BQEKHBWEHWK HRU KLV DVVLVWDC

ODQJXDJH DQG JUDPPDWLFDO KIOAL WH ¥ Bl RU MKKZED RDIZ RGHWGE. EW 1D WL

6FLHQFH )RXQGDWLRQ RI &KLQD 1RV DQG

S5HIHUHQFHYV
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397

398

399

400

401

402

403

404

405

406

407

408

409

410

411

412

413

414

415

416

417

$OYDUH] &ODUH 6 ODFN 0& %URRNV BHQ DQ® SKRWSEWRW NV W LRA LW

QHW SULPDU\ SURGXFWLYLW\ LQ D (BR2QDQG WURSLFDO Zt

KWWSV GRL RUJ

%HQQHWW 07 &KLQD V VORSLQJ OD QG LERRRVYHDUWWLRQ BW EXVD |

DV XVXDO" (FRO (FR®WSV GRL RUJ M HFROHFRQ

%HUJHU 7: 1HXEDXHU & *ODW]HO *RLO FPLERRUDQFR QWW BRDH Q.

SXUH VWDQGV RI 1RUZD\ VSUXFH 3MWBQG®ELRBVSXD/YO PD[HE& WS

obQDJ KWWSV GRL RUJ 6

%UDKLP 1 %ODYHW ' *DOODOL 7 %HWXERXUDO HT %5 ®QRKDAREBO

DVVHVVLQJ UHODWLRQVKLSV EHW 2MHHV R MV E PE FDWE R B @LOWGH

UHJLRQ ,QW - (QYLURQ 6FL 7H KWWSV GRL RUJ
&KDQJ 5 )X % /LX * /LX 6 6RLOVARQWER® VR U HVERINIHIARILR QU S R
LQ /RHVV 30DWHDX &KLQD (QYKWRMBYDQ®RIH RUJ Vv
&KHQ + *XUPHVD *$ =KDQJ : =KX ; =KHQJ 0 ODRWAJRIKQQJ 7 (

VDWXUDWLRQ LQ KXPLG WURSLFDG Q RRVHEF WS\K Fov 8WHRMUJ X W\ HIDGJG/L

K\SRWKHVLV WHVWLQJ KWWV FR®ORL RUJ

&KHQ + /L' ;LDR . :DQJ . 6RLO RIHNUREWDH GLURR-AMHD/YW HR (D QG

QRQ(NDUVW IRUHVWYV )X®MWBERNROGRL RUJ

&KHQ + =KDQJ : :DQJ . +RX < 6 RAL R WRDUG DQQ MFURRD) Bl DRIV DODIGH F W

XVH WA\SHV LQ NDUVW DQG QRQ(NDUMW- BBHDRRRG SRMUWKZHVW *

KWWSV GRL RUJ MVID
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418

419

420

421

422

423

424

425

426

427

428

429

430

431

432

433

434

435

436

437

438

439

&XUO 5/ &DUERQ VKLIWHG EXW QRW VHTXHVWHUH

KWWSV GRL RUJ VFLHQFH D

'"HQJ / /LX *E 6KDQJJXDQ =S D /DQG(XVH FROYNWVQRE DQG F

KLQD V H*UDLQ(IRU(*UHHQYT3URJUDP DRM®\QWKHVLV *OREDO

KWWSV GRL RUJ JFE

'"HQJ / 6KDQJJXDQ =S 6ZHHQH\ 6 "GUEYHQ DD® RYVHIFKQQJIJH DQ

VHTXHVWUDWLRQ RQ WKH /RHVV 30DWHDX &KYQHBHSG6FL 5HS

'HQJ ; &KHQ ; OD : 5HQ = =KDQJ 0 *ULHQHQWHQ@YO/ /RQJ : 1L =

%DVHOLQH PDS RI RUJDQLF FDUERQ VR/RF$(HRY/IDWP@QIXYQGBRR S

KWWSV GRL RUJ M DJHH

'LQJ - &KHQ / -L & +XJHOLXV * /L <QAOLX //L4LQ 6 =HKPQAD® ¥BLO

FDUERQ DFFXPXODWLRQ DFURVV 7LEHWRWODKL SHUPDIURVW UH

KWWSV GRL RUJ 1*(2

'RQ $ 6FKXPDFKHU - )UHLEDXHU ®DQG (XN$DFK\DRUIN BRSULEID® RUJL

VWRFNVD PHWD(DQDO\VLYV *OREDO &KIDRUH %LROM

(OOVZRUWK '6 $QGHUVRQ ,& &URXV .< I&RRRHQR '"UDNBFGREHNHOUOG t
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