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7KLV LV WKH ILQDO SURJUHVV URBBR®W RI WKKHUH
DXWKRUV ZRXOG OLNH WR H[SUHWXGW KW R U. \MDK DHENG\X
IRU 6FLHQFH DQG 7THFKQRORJ\ IRAKILX QZRUN ZNRKIO/GS(

EHHQ SRVVLEOH ZLWKRXW WKH$ZHQHURXYV DVVLVWD

'UV -RKQ 5RRERO DQG *KDOHE -BXOWDQWNH ZKRRN
JXLGDQFH DQG FRQWLQXLQJ DGYEGH PIKGH UNKLU COAF
GHYRWH WKHLU WLPH JUHDWO\QIRF LW KW DSNHRGA B
WKHP D GHHS GHEW RI JUDWLWXGHKD@NGY D*UDW
DFNQRZOHGJPHQW LV DOVR H[WHQSBIEHW R RUKW KDHQ|

VXIJIJHVWLRQV DQG FULWLFLVP BWSUHYLRXV SURJUF

)LQDOO\ DQG PRVW LPSRUWDQWX3G R2H 2AROQOFG WOH WM
(QIJILQHHU ORVWDID +H&HGDQGURWP .DPDO $EGXOUDI
.68 IRU SURYLGLQJ WKLV SURMHFGD VY DWKR W/&HF \M

SURFHVVLQJ
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9ROFDQLF TXDNHV RIWHQ JHQHBRZWHHI ¥HQ R\ \KH.UXP IDFRQ DY H
\LHOG FOXHV DV WR ZKHQ DQ HUWM WILRQD®L\ KDW HR RAWUH Q7 K
QDWXUH RI WKH HDUWK WKH\ SEUPHVWBRMXKEK EXWXDKHRI WK
HDUWKTXDNHV WKH\ ZHUH GHWBEQH G RVFNM R J KV WK HD B H DV W,
ORZ IUHTXHQF\ VHLVPLF ZDYHV GNWWHAWHEDGBXDWQ IX YEWH LU
VKRZ PDJPD IORZLQJ XQGHU WKHIBBDUXNHQ FZ KADDYH W K 19 GILEBW
Rl FU\WVWDOOLQH URFNV DV PDJPPHFUHSW WRZDUG WKH VXU
+DUUDW /XQD\LU LV D EDVDOVDKERQ@BEDELPE ILBIOIE IIORZV D
EDVDQLWLF LQ FRPSRVLWLRQ BQEOWHKGEL+RORYFIHDHH HDOREZ Y VD

YROFDQLF FRQHV WKDW ZHUH ERQDY UXRAWWG OFOYLHQH 3LRFF
D[LV +DUUDW /XQD\\LU LV RQH+RIOWRHQHWP DOYBEVWHRIGW KRH 6
LQGLYLGXDO IORZ OREHV UDGLEKWHFORWY H UG IRV WIDIQHF HAMD UU B
UHDFKHG WKH 5HG 6HD LQ WZR S®DKHM YHQ H UKISWKIG DRIGREXY
FHQWXU\ $' RU HDUOLHU 7KH ORNYORIRHYB UYL HY FOFE RXKWM W H |
FHQWHU XQGHU WKH 5HG 6HD 0PIDAD IFQ\WY RILVXFEORWQHIDW K H
2Q YKRl $suLO $' D VZDUP RI HDQ WWKKTHX BHINDNW HEBIQ DL ¢
&HQR]RLF ODYD ILHOG RI +DUUDWL QX QWD \\RIUWKHG WRZ QY KRH ¥
LPDJHULHVY DQG DHURPDJQHWLF [|NIDW>XOWDH\D R L HDG) WZHW H/ X
FRPSDULVRQ DQG LQWHJUDWLRQURPRF HILDRELRQ H\VD W BWDQ® H |
JHRORJLF DQG JHRJUDSKLF LQIRQARWWRRA ZDWHINSOR\MBE

YROFDQLF DUHD DQG ORFDO VH ISWRAHLWALDDVDXQGGHY R & DRV



+DUUDW /XQD\WLU ZDV SUHY LR X&DR DPRWHY RG H W GO IRF D MWL RYH F
WKH FRQWLQHQWDO ULIW QHRBPOWKH DEQVRFYHHWHHOQMWBZDR Il WV
WKH 5HG 6HD 3UH LOQWHUIHURR UDHPINR URIDWERQKRD GLFD!

VZDUP ZDV WRR VPDOO WR SURB®WHN &N WHENG D BB PR M €
-XQH PRUH WKDQ H D U W KIOTW D/N D \W MUU XZALNV KD U UH D U \
PDJQLWXGH RU JUHDWHU VWULRQQUDDW W.IKQH VZ® U®JVDSRID]
TXDNH WKDW IUDFWXUHG ZDOOVGLQ WKHHWREZR RY BOXBHWHD
UHJLR®Q $XJIXVW WKH VHLVPLF DBWVIYGWQ W X EAHGH G MMRG

WR WKHLU KRPHVY DQG GDLO\ OLYHV

$QDO\VLV Rl WKH VHLVPLFLW\ CHVURRMI @R Y MK @FRNGL B B ROLRN
LQGLFDWHY WKDW WKH VHLVPUFEH®DMWL R & DRJ O/RKEHDIQSL RHKGIWA
WKH PDMRU WHFEWRQLF IHDW XRRIY L7\K HL Q HIFFHICHV YOI LY RL WV B FJ
F\FOLF SDWWHUQ RI HYHQWV FR\VAKLVEKQB DR | UMHMSLUPLHFQ ML q
DFFXPXODWLRQ RI HQHUJ\ DQG VSHUNPHB VP DWIKRHD UK K B VIHE

FDQ EH DFFXPXODWHG WR FDXVWXQUMHUIJHU HYHQWYV LQ WKH I

+\SRFHQWUDO GLVWULEXWLRQ RIBH FRRIDDWGYMRLHY \DHHG
GHSWK LQWHUYDOV ZLWK GHHS MUK HDQ WSKTUXD NRH YV + DQ UWD MH
VKDOORZHU HDUWKTXDNHV LQ WRH QR UWPKLDL VR FOQAHRONVDQ
LQ GHSWK 6HLVPLF PRPHQW UHUEDUVP GYOOIFXD DWW H GH QUWRIPU
HDUWKTXDNH FDWDORJXHWM LVGDERXW DQG WKH VWUHVV G
DERXW % DUV

*HRORJLFDO REVHUYDWLRQV VKRGHGS HQIRGO RS JL Q X+SDAYXIDW K
ZLGHQHG WR NP ORQJ 6DWHOGQULMGH WK PR \L\N DA HNVHDX JIBI>

ZDV PDJPD LQWUXGLQJ XSZDUG RKHUKMH UNPLRREDO VWUHWWY
io



IURP WKH RULHQWDWLRQ Rl WKH(RES/HWMB 8 LKRION HZ K QFKL MW
E\ IRFDO PHFKDQLVP VROXWLRQ® ZKXOK ILQL ZEKH\EZQRRD
WUHQGV RI 1( 6: DQG 1: 6( 7KHVH QW HQ®\K DWKH FRSH/Q VW R
DQG ZLWK EURDG VFDOH WHFWRQ LFLV VRL QUKBIV$DIDE O DMV S$LQL.
ZLWK OLQHDU VXUIDFH FUDFNLH)G BEMBVYY BB UHR YWKH BIKHFV
5HG 6HD ULGJH VWUHVV ILHOG INRWPHW BN D MW VO BDDPMIVL Q WNRP W K
*HQHUDOO\ VSHDNLQJ VHLVPLF CDFMGLYDWLH VLRI 2FWUREWM U X C
EH WHUPHG D YROFDQR VHLVPLH BWHWLR X\DOD @/ DHBID B E
VHLVPLF DEWLYLW\ WKH VXGGHQ RR FDAFFQLFYH.RVH QDA RV K\DADAURP
ZLWK WKH SUHVHQFH RI IXPDURQHY EJF®LHF RW DYWL SRWYV L B
ODVW IRU D \HDU RU WZR D Q GHW K M K5\L FIDROX AR G\U MQDHUH) DY G )
WR IHOW HDUWKTXDINH\D WHREWEDD PDIJQLWXGH DUDCSWHRR
,Q DGGLWLRQ LW LV LPSRVVIUIEWHKHWRH VWL HD B\WM LLYQ MW HLOA
XSZHOOLQJ UDWKHU WKDQ MXWW DHOOMIORMI IR IDW H EW RQH B W
WKH SUHVHQW DFWLYLW)\ ZDV Q®LGRXEMN FEDWY A ® EY MPKHD WY
*HRFKHPLFDOO\ FU\VWDOOL]DW IORDF HR ID W KW HPPSHADDMW W R IRW |

WR DERXW f& %XW HUXSWLRII RURIR W KSHO [P DK PR/ WRON
ZLWK FOLQRS\UR[HQH DW DERXW UHQW®HJWRPHW K HVSIOR 'SYSR |
VL[ VDPSOHV &D ULFK SKDVHV S WG RRHLREIHWID VDX MAK H KKK
IHDWXUH LQ EDVDOWLF URFNVWRBON DX VERGELGH WL R QLW KD W
PD\ EH FRUUHODWHG ZLWK D UWRHBW B P SRMEHU HIEG XTKH RRJ
WKURXJKRXW WKHLU UHVSHFW IWHKHDZ HGWHSH PMDWOLIQQ & HL WHD
DJHV FDQ EH FRQVLGHUHG WR E RV SWHVPH Q/WDNY VDH S OTH\H

WKH FRPSRVLWLRQ RI SULPDU\ PDQEBDWKIH) FRBBPQ\WRUPWLRQ



HOHPHQWY 1L &U 7KHUHIRUH HPRXIWH BH GV KbiDIFORZR/QRDY F |
ROLYLQH DQG SODJLRFODVH WR JD HQWNW.¥ KGH QWH H. Q 7 WHK HV \L
HOHPHQWY LV D IXQFWLRQ RI OHREWUQGHR U BHP R Q %DMUHW\ R XU
FKDQJH RYHU WLPH DQG WKDW O®FNWVWVBU@HW BI'Q UL FKHPHLC
IXUWKHUHG E\ IUDFWLRQDWLRQRG@KELBURBPRY VXY G®D W D UL
K\SHUPDJPDWRSKLOH HOHPHQWYV WXSBE\R URMK\HPALED CD WDXRDE
IUDFWLRQDWLRQ UDWKHU WKIOL® G IPIHOWH@W GHJUHHV RI SDLU
3ULRU WR WKLV VWXG\ HVWLPDWPSORV WKW HD FHW HRG WX|
4AXDWHUQDU\ 7KLV ZRUN SODFHV WKRMJHY WKB GIXDAWDRS QB
$U $U DJH GHWHUPLQDWLRQ KDV BMX®\ FRU WLLH G/ FROMF W GV |
JHQHUDO DSSHDUDQFH DQG SK\WKFDWYDPISDWNFKIHYUH \EW HEV H
WKHQ VHOHFWHG SRUWLRQV IRW DHVR Z DO OLYIH J WIRIVOH G
ZKROH URFN IUDJPHQWY ZHUH FKRVSHUHFRVULRQUR G MWIKML R QH \
WKLV VWXG\ DUH OLPLWHG E\ WRK}H QPP OO JRRR KR WD B H G DV
DPRXQWYV RI QRQ UDGLRJHQLF RAD & DLRN EDRD@GV DR ZRK® MH L
7KH GLVFUHSDQFLHV LQ DJHV D@ ® UMV GIXW LWURD SKKLHF \BARI/Q §
DFFXPXODWHG DUJRQ RYHU WKHLRMGORMWWYFRB\ YHU\ VKRUW ¢
,Q JHQHUDO WKLV VWXG\ VKR Z HIBWWKIDUN DAVR O RQQ L\AL WD FAMLDYU

\HDUV 7KHUH PXVW KDYH E H HEH D 2HEY WIXKGIWQR B DH WWP X Q
SUHYLRXVO\ DVVLIJQHG D 7HUWLDUWKDM DIQ & QWRRXMIRUPL W

GHYHORSHG 7KH ODVW DFWLYLBW BPRERXGV KDY MHWODMNH@FRSODF



*HQHUDOO\ VSHDNLQJ D SHUPDQHR@W ZHW®& HM LK WLHW ZRKIL
QHWZRUN LV UHFRPPHQGHG LQ RQUWHI WHUL WHEWQW MGIR W
DQG WKXV SURYLGH SUHGLFWLAW RMHRSHMLLE FW B RKQQUL XH
JURXQG WHFKQLTXH XVLQJ VWURKQI BHW HOUNY DR’ DDA W E
YHU\ ORQJ EDVHOLQH UDGLR L QMKHJ BHOIREFDHON SR V @ Wi, R QIQE)

VKRXOG DOVR EH SRLQWHG RRWJIWKRWKQ® PR QR QW QR/Q BX R
EHWWHU HVWLPDWHV Rl WKH DOWGN B BXHDOH.IRMWU R Q B W R R QWHKL

ULVN DVVHVVPHQW
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/.67 2) 7$%/(6

d « W |
'HVFULSWLRQ E}X

E}X

IXi | )LOWHUV SDUDPHWHUV XVHG LEQADXG\ )XOOHO

ODMRU WUDFH DQG 5DUH (DUWK ROIPPMQWX

GHFRUU

MsPRG WKH

&67 DQ

WiigQDQH VR

3Xi 5
PLQHUDORJ\

_ | VKRZV WKH JHRJUDSKLF FRRUGLQDWHIW FRIE .§

nxI 111
VWDWLRQV DW +DUUDW /XQD\\LU

sxi] (DUWKTXDNH SDUDPHWHUV XVH® IRU IDXC

_ | &UXVWDO 9HORFLW\ PRGHO XVHGVRSD GRIMFHUIRU

nxiI 110

$0 $PUL HW DO
~vs 'LVWULEXWLRQ RI IHOW JURX® & PLRWDLR QKIQP,F
OXi Qb

6 XPPDU\ RI 7TKH $QDO\WLFBO RHWKRG XVL

QWLQJ VF

LWLHV I
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YLIXUH ' 3DJH

e HVFULSWLRQ e

i | /RFDWLRQ PDS Rl +DUUDW /XQD\\LU DQG 0[01 ®LQH

iXT | /I DQGVDW LPDJH 7KHPDWLF ODSSNBORD®D '

iXi | 7KH $GYDQFHG 6SDFH ERUQH 7KHUWDRQ(PLVVI'RQ DQG '
5DGLRPHWHU

iX6 | 7THFWRQLF PDS RI WKH $UDELDQ 30DWH ERXJEDULHV

iXi | *HRWHEWRQLF PDS RI WKH 1: SUDELDQ 6KLHJG

iXT | *HRORJLFDO PDSV RI KDUUDW /XEXOWILRIOVRRZDUHDO GI
YROFDQLF IORZV

IXi | 6XUIDFH IDXOW UXSWXUHV IRURH@L@KBUUDW /XQD\\L
HDUWKTXDNH VZDUP

X5 | $QDO\WLYV RI ,QWHUIHURJUDPV WQ6ss +mRulezdur DFwL
/XQD\\LU

iXi | 7RSRJUDSK\ PDS VKRZQ DHURPDJ@HWDF$SVX UYH\V RXWC
DUHD

iXT | $HURPDJQHWLF VXUYH\V EHIRUH®IHUWULQJ|DQE PLFUR C

iXi | $SHURPDJQHWLF VXUYH\V DIWHU ®@LAWQRV 8 MLH3I0OBU DQG
GDWDVHW VKRZQ VHDPOHVV PRVDLF JULG

iX6 | 5SHGXFHG WR SROH 573 DHURPDJQHWDRF\WRZLQ!I WKH V'
LQ FRORU VKDGHG UHOLHI LOORFOQDWWGRQRPIL U( ZL

iXA | 7LOW GHULYDWLYH RI WKH 70, O/ KRZAWXEWWDHOHG JHRO




JLIXUH ' 3DJH
— HVFULSWLRQ =
iX0 | 0DS VKRZV OLQHDPHQWYV Rl WKH DWXBI@MHD WUDFHG
sxi| 7LWDQR DXJLWH DQG ROLYLQH YRHRE®RFU\NRMDVG D JUR
ODWKY DQG WLWDQRDXJLWH DQG RSDTXHYV
sxi| GRPLQDQWO\ ODEUDGRULWH DRFUVRWVWIQURWLF ROLYL
FU\SWRFU\VWDOOLQH JURXQGPDVYV
sxi| 20LYLQH SKHQRFU\VWV LQ D JURQRBRIDMWVHRDGEG RZQL V|
SODJLRFODVH GLVSOD\LQJ VXE RSKLWLF WH[WXUHV
sx5| /DEUDGRULWH ROLYLQH DQG REKRBIRIMHQW EONNGR/P D JC
LQ D SODJLRFODVH FOLQRS\UR[HQH JURXQGPDVYV
XA U&U\WWDOOL]DWLRQ PRGHOLQJ XU QUKWKH |0 {96l VR MMBZ C
VDPSOHV +/ DQG +/ ZLWK PJ FWLDX®I®\ DQHVSH
+/ KLJKO\ GLIIHUHQWLDWHG PHOW ZLWK PJ
5xo| &ODVVLILFDWLRQ DQG WHFW REUDRIWBIRAWLQJ GLVFULPLC
8X6| YDULDWLRQ RI PDMRU DQG PLQRU W®&HPEDDMDBWM UV X V
8X6| 9DULDWLRQ RI VHOHFWHG W U D FHWHOHEBYROMHUV XV F
X8| & KRQGULWH QRUPDOL]HG 5(( SDWRHWQDAH G VSLGHUG
HOHPHQWY QRUPDOL]JHG WR SUHPWWIPWH® QWPN IRU W
sxii| 3URFHVV LGHQWLILFDWLRQ GLDJUDPW XRQGO\ PRGHU
LQFRPSDWLEOH HOHPHQWYV
sxii| 7TUDFH HOHPHQWV ELQDU\ SORWVWG RPRRSHQDWLQJ
VIVWHP IUDFWLRQDWLRQ RQ W KKiH FIKHWPH VW 0 J B WRIGX W L
URFNYV
sxii| $00 VDPSOHV RFFXUV LQ WKH EPR[D®W [FOWR s\ UDFK\ E
sxii| $00 VDPSOHV RFFXUV LQ WKH EQS DIOLWLWFOMRRWU|D FK\ E

WHSKULWH EDVDQLWH /IH %DV HW D

D




JLIXUH ' 3DJH
e HVFULSWLRQ e
ixi| /RFDWLRQ PDS RI .$&67 DQG .68 UHDWP LRQDYEWLRQ LQ
ixi| 5DWH RI GHFD\ IRU WKH DIWHUVKRFN VHTXHQFEH| 0 «
iXi | /DQGVDW FRORU FRPSRVLWH LPRBHLRI HDHFMHIQW /X QD\
VHLVPLFLW\ ZKLFK ZHUH ORFDWHG E\ WKH WKUHH QHW
ix3| $ GLDJUDP VKRZLQJ WKH UHFRUGHIGW RIYHW \ {RU WKH
WEEXIXVW ZLWK PDJQLWXGHV!
iXA| :DYHIRUP RI WKH PDLQ VKRFN 0Za i
ixo WDYHIRUPV RI WKH ODUJHVW HLJKW DIWHUVKRF NV
fiX6| $QDO\VLV RI IDXOW SODQH VRGEXNWHRIQVHNRHIQWIAH ODUJ!
fiXo| 2EVHUYHG EOXH DQG V\QWKHWLFKHSHGFDI®Y HIRUP\
PHFKDQLVP PRGHOLQJ Rl WKH 0D\ HDUWKTXDNH
AX6| 'LVWULEXWLRQ RI PD[LPXP LQW HQWAL Vi\D B IV\KHIt DRNQH W K +
DIIHFWHG WKH DUHD
AiXii| $HURPDJQHWLF PDS VKRZLQJ WKH 8 HROHDYWRIDOEHW Zt
GLVWULEXWLRQ WHFWRQLF IWRWXDKX® W QX IGRIFIHEL
IURP WKH RIIVHW RI PDJQHWLF
oxi| $USU LQFUHPHQWDO KHDWLQJ UH®HDBRG/SHEWUD IR
+/
0XT| $U$U LQFUHPHQWDO KHDWLQJ UHGHDVBIQ\WGSHFWUD IR
+/
0Xi| $U$U LQFUHPHQWDO KHDWLQJ UHGHDVBIQWGSIAFWUD IR
+/
0X3| ,VRFKURQ DJHV IRU DOO VDPSOHYV P8

el
bl



&+$37(5

,1752'8&7,21

7KH VWXG\ DUHD LV NQRZQ DV +REDWWG/XQ RA\LIO DOG L
0XQDZZDUDK QRUWK RI <DQEX DQ® L\Q\ VRK W KPIPWB ZRQWH %O
IDWLWXBHV R 1 DQG /RQIJLWXGHY ( RFFXS\LQJ D VXUIDFI
DERXW IR J W LV RULHQWHG QR URRUZS$IK/R\OR/ROFWT R @)

DUH JUHDW YDULDWLRQV LQ WIK®GDDMAWAXGW K UER-HW K HM IQHKID C

+DUUDW /XQD\WLU DUHD LV FKDUOFEBUP]HE REKQ GHRWIK!
WHPSHUDWXUHV XS WR GHJUHHVU&IBQ WQ JEBGIHO ZH U HE HPIt
HDUWKTXDNH VZDUP EHJDQ )DUPHWYVYDLUH BV KK SBWW DWW HX QD \
SODFHV RQ FROG ZLQWHU PRUQLQ OV HYKBIQXH RWERUWRNORD R
QRWHG E\ 6DXGL *HRORJLFDO 6XUDMA AXQDMLW LY WK#HUHIRL
KDYH EHHQ DFWLYH VLQFH DW ORBX@W RI| PHFURNMHLWYALB
VLIJQV Rl SUROLILF YROFDQLVPRERQN®DW BW DO 5RREBERO D

QHHGVY RYHUDOO GLJLWDO DMARKDIPHGW BHORW B GV WWRP Y

DQG WHFWRQLF DFWLYLWLHY LQ WKH UHJLRQ

2Q YRFWREHU $'“sDPDGDQ $+ D VZDUP RI HDUWE
ORFDWHG RQ WKH LPPHGLDWH HIDFV OBV I\ H®H R WRH WL R
WR WKH QRUWK RI <DQEX DQG WHKHM G QE® WX \ WRH. G 0D (Vv
WRZQ RI $0 $\V (SLFHQWUDO G MDW H QB \WQ K QWHWRZ \H VAR DX
7KLV GLUHFWLRQ FRUUHVSRQGVIRAWRP WRKOGIW HEW VR QQR | WK

RITZVHWWLQJ WKH PHGLDQ WUHWKHDIH&G WHIDHDGLQJ D[LV RI
Ti
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)LJ /IDQGVDW LPDJH 7KHPDWLFWDBSSHDN\IRU ¥BOBEDQLF



)L J 7KH $GYDQFHG 6SDFH ERUQH 7 WGP 501 | QPHLPWWILR
5DGLRPHWMHUZRQ 1$6 Y EEDWHOOLWH FDSWXUHG WKLV IDO
RI +DUUDW /XQD\WLU RQ 2FWREHU PDTGKH IURPIHD LV
FRPELQDWLRQ LQIUDUHG DQG YLVIRZ&VHDGSHON RO A WDWDHID
GDUN VWDLQV RQ DQ RWKHUZLVH OLJKWHFRORURHIG DOD R QM
VXUIDFH WKH ODYD KDV IRUPHG UDRZORIXWW IRQ DRPNGW K B A



7KH PDLQ FOXVWHU RI HSLFHQW WWH F RRIUKNVGAQ GRR MSR [H
BUHFDPEULDQ URFNV 7KH KLO@WREWWMRWKF EDWMHORMLW 2R %
WZR FKDLQV RI VFRULD FRQHV QMW WKRUQRRDW R E YRl RMRKHPV
WKUHH DQG ERWK DUH DOLJQHG (DVW#:HVW

2Q Y“KRI s$suULO DQ HDUWKTXDNH VZIDREFR HDAHRN IYDG KB
PD[LPXP R¥RI 0D\ ZKHUH WKH PDLQ VKREN ZDVKRFPOUQHWGK I
ZDV IROORZHG E\ JUHDW QXPEHU[RPXP VWHUQKRKXNMEGH ZOWK PU
RQ 0D\ DIWHU VRPH KRXUV IURPUWEFHHP DKAVRBREN @ FFEIXW K |

VZDUP ZDV YROFDQR WHFWRQLF GXH WW®RX WLKRQ F DLU@W W LW KG\

DQG )QDLV 7KLV HDUWKTXDNWR DIFRRWPIHY XWEZQ VFRPRXE LV
$\V WRZQ NP VRXWKHDVW RI WRHONSBEPKXGWHR Y HIFGRK G\
PRUH WKDQ SHRSOH 3DOCRA WHKW HWHFWHG UHJILRQ L

%DKU DORQJ WKH 5HG 6HD FRDVQWZDQ® KO ODGLQDK $0 OR

7KH UHVHDUFKHUV GLVFRYHUHG DUHRKD&OR S HFH G RQS X S
ZLGHQHG WR NP ORQJ GXULQJ WK®&DWRNOOD ISREHIO®O UT XBN
WKH PRVW OLNHO\ FDXVH RI WKEAMQUDXOX\DUBVRRNBIUPD LQWUJ
%DVHG RQ WKHVH ILQGLQJV RQD-XEXHUV IRUMAOH/WHD/HP RGH
D YROFDQLF HUXSWLRQ DQG D X®&®H SRBEBENHDONLMWUY RID B WKLY

PRQWKY IROORZLQJ

7KH SUHVHQW DFWLYLW\ FDQ EHF WHURHG DQYBQ FIDWHRDVEK M
WKHUH KDV EHHQ OLWWOH RU XQ®RGWBLY¥RPP HOFRMHPHQW RV K
DFWLYLW\ DW VKDOORZ GHSWK\R WDXPBDQ RZQMAK LVDIGH. FDUMIVWA q
F\FOH RI DFWLYLW\ 6XFK HY HQUNW ZFD Q Q0D WW H R UG D H\ HRIXW ~ {

FDQ FRQWLQXH DQG HVFDODWHH®HBGREDE\CR {3HRO WU H D WM K TV

[¢)



DQG UHVXOW LQ D EDVDOW LVF HEKIXSWR R BX VIUMLGD DB DR $\W k

$ $ + $W WKH +DZDLLD QD WROQKDMKIF SEVMDYH RI EL
KDV EHHQ IROORZHG DV LW ULVHV NPRRVGE$ WK\ VFPIRP B ROHQ
HUXSWLRQ FRPPHQFHV DURXQG W HN RKRW WKWV ODWAHH B R QDD
WV\SH Rl YROFDQLF DFWLYLW\ BIQWKGHRORRW KNV ODODDQGYR®
WRGD\ EH GLYHUWHG DzZD\ IURP VH\WWWKPER@NV EXVERLO]
+DUUDW /XQD\\LU LV WRGD\ XQGIHUFRLI1VDZKR 6 R DQ/RDV M HUR
LQ WKH 6DXGL $UDELDQ ODYD I|LW CDE RERP WKL \S R \D\ZIDEOHHD H
DFWLYLW\ LV YHU\ ORZ DPRQJ @MDRG AR FHDHODIYRNFHWY DX H 90D
NQRZQ 'XH WR WKH DIRUHPHQWLEQMR IKFOLADWA\Q 6B GVMWD @G
DQG YROFDQLF FKDUDFWHULVW ILFWV RU HDDMJIDRAD /WERDWKH B 8!

WKH 5HG 6HD

2EMHFWLYHV

7KH PDLQ REMHFWLYHV RI WKH SBUBRBBRWARK VWXG\ WKHUHIRL

™ *HOHUDWH DQG HVWDEOLVK D SHIMLOLHP IGTDVD L Q VWHRIQ/FDAD
LO WKH +DUUDW /XQDIILU ODYD H.NOG VAERRS RA/B.GH R HY
JHRORJLF DHURPDJQHWLF PDSV OBQIG RHR OFWBPERLIDWUD
RSHUDWLRQ RI D VXE QHWZRUN RI BRIMVZEOB V&EWQ
SURGXFWLRQ RI D JHRORJLFDO PDS RI WKH ODYD ILHOG

™ ERQGXFW SUHOLPLQDUI VWDWLWSWLWFDRO WMIXSER UDHU B DV (]
GHILQHG PLFUR HYHQWV ZKHQ VEMDEDHWEWHPOWYH UILQIO
DVVHVVPHQW DQDOIVLV

™ 7R FDUU| RXW JHRWKHUPDO PR@MRUWLQOUHED WEHS DD WU
IRU VXGGHQ UDSLG ULVH LQ JURNQBL ZIOW HLU HFHIRHSH W
YROFDQLF DFWLYLW]



™ (VWDEOLVK D JHRGHWLF QHWZRWNYRYBUHDKXVY U VEILIHA I
LQVWUXPHQWDWLRQ ZLWK WKH WREMHFIWUD® [RQ P RGIIMA
6XFK LQIODWLRQ RI WKH JURXQKE YRAOFBQHF OFEVAY WR |

™ SURGXFH D JHRORJLFDO PDS RIHVKH @06 ULDW LIKR@WL U (
DJH RI SDVW HUXSWLRQV DQG WHH HPURDGRIAFRIO DQG
FKDUDFWHULVWLFV RI WKH ODYDWLWKWY RD$SRXDJB VWK R
DFWLYLWLHV ZKLFK LV ZKHUH [IWWXRFFXXUWFW LYWK | VAK/A \
LOWHUSUHWDWLRQ FDQ EH PDGHLRP MK H YHHV Y QWP & RUK
FROFOXVLRQ

™ GHOQWLIl FDXVHV H J UHJLRW D/ RWH F WRRAAFQWRWIHNW R
HWF DQG HIIHFWV JURXQG PRRHMRHO WD RQ GWHCH. ®HD\Q GG V
IDXOW OLQHV HWF RI PLFURVHLVPLFLW]

™ 6XJIJHVW D PHFKDQLVP IRU DSSOHFRW®PRQ GD WIHRVX\O RV U

7KLV PHFKDQLVP LV EDVHG SULPRGIHD VRROEW B H QUG XDRA
DQG HDUWKTXDNH ILQGLQJV

ILWHUDWXUH 5HYLHZ

7KH $UDELDQ 3HQLQVXOD SUHVMNEIWWP RE R BHIULDD LUARHEWDH
ZHVW ULIWLQJ LQ WKH 5HG 6B BEKDLD @ S&ILW G O BEWH Y3HU W E |\
IRU WKH JHRPHWU\ RI WKH SODWH PDRIXIW ® ¥ HVQV WKRI B K MW
ULIWLQJ UXQQLQJ LQ D PRUH HIKVW KZHH ¥V YO G [RU HFFOMLRR ® DW KWUH
$UDELDQ 3HQLQVXOD IURP $IULFDH ,*XOWKRI GRDBKXKZHNRW |
VRXWKHUQPRVW FRQWLQXDWLRQ RI7KH H RHUD\K BHOQ IVQU® QY
ERXQGDULHV Rl WKH $UDELDQ 3HD@WMHO DRRIO D UVIDR/QR IZ EW & W

FROOLGLQJ ZLWK WKH 3HUVLDQ 30ODWH )LJ

7KH ZHVWHUQ SDUW RI WKH $UDELDQVKKHHOBD MR UP D
WHFWRQRVWUDWLJUDSKLF WHUUDRHNFR QWLWW LQUGEDKQDY G
PHWDPRUSKRVHG OD\HUHG YROFDGQR/VRIG IRROHEOHND 94D DWK/ H P

-HGGDK JURXSYV OD DQG \RXXQIBK -HBOGED BN $WXDUR XS\
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0D ROG H J ZLWK DUF UHODWRG LSVOHX WRQWR QWREG NW HR F RA
JHQHUDOO\ KDYH LQWUXVLYH Dg&DWIGR@WIQVED DN WK WKKIHD I IR
&DPS -RKQVRQ 7KH &HQRMIOLGWILR 6BNBQMWHEIG YV KL

$UDELD DUH UHVWLQJ GLUHFW3JHEQ MEKH. YR $DDBLHE) VB D E O

7KH 5HG 6HD LV D UHJLRQ RI MXUZKHUM WREWRQHP DB W Lo
UXSWXUH WR IRUP RFHDQLF OLWHKRS 8K B UHS LS QWLQH RU DVEK |
:KLOH PXFK ZRUN KDV EHHQ GRQH MWRDXEG VRO RD@GE/ BV RH W B
OLWWOH LV NQRZQ DERXW WKH VWQXFWSSHU RIPD®
7KH $UDELDQ 6KLHOG FRQVLVWEBURD @ W IDBDNQH M. Vi SDHEFW P
'XULQJ WKH ODWH 20LJRFHQH D QIEE LHDQ GK IOH & EHRBIV \8KWU
GHYHORSPHQW RI WKH 5HG 6HD DI)EG *XWORPRW KB HRL Q& DIVRV
SUHVHQW WKH UHJLRQ H[SHULRQFHKHYRS®E® DIGQL V) 6 YR XS]
DVVXPHG WR EH WKH UHVXOW R WRW XEXSR\D @W QPDEOH WLKTDOW
WKH EDVH Rl WKH OLWKRVSKHUH &RPISYBQ GG 5HRFERY DERX!
WKH XSSHU PDQWOH VXFK DV LW\RQWKHWRMIIONHD QG UHRRFE
7KH $UDELDQ 3HQLQVXOD FRQWDY QM LH@GN\Q RIL YOHE RKBRRJRL B .
RQH RI WKH ODUJHVW DONDOIREDGD JWHSS RNV BIBHAGLGRAY GNBKVH
6DXGL $SUDELD IURP <HPHQ LQ @ KK M RXRUKNVXS 8\DP S\DQDG I5RF
ZLWK WKH KLVWRULFDO UHFR$GFE UDVHRWY FD Q LFD BUKIS$ VI RROYV
LQGLFDWLRQ RI WKH IXWXUH RB®RMYQEE KIDYD REG W HBXW K HQZHY

.LQJGRP



)LJ 7HEFWRQLF PDS Rl WKH $UDEHMQVE®Z WM BRKKH) G D U
GLVWULEXWLRQ RI VHLVPLFLW\ DQBH®R OGIUHG FEQ WHO
UHVSHFWLYHO\



+LVWRULFDO UHFRUGV Rl VHLVPLB DIPIDRHU D Q G DADXK H
DFEFWLYLW\ VXJIJHVW WKDW ZLW KD \EEBWH YIRO FDHDLW\N K DN
$UDELDQ 3HQLQVXOD GXULQJ WKHW DWW LHOOFLOWK G& R SR Q
/IXQD\WLU DERXW \HDUV DJR 7&H DHIUWK\WMLIRROLEFLW\ RI 0D
$UDELD LV Rl SDUWLFXODU RBRWWDIQFHO DRYGW K W XODLYWDN LOFRL
RI WKH DQFLHQW FLW\ &DPS HWHBOZKLFK @RPH WRRXDKQR W I
RYHU WKH \HDUV EHFRPH DFWL Y& DEUIHD WRQW KW KHIY ¥iL 8 R QP
IRUHVHHDEOH XUEDQL]DWLRQ RUYIHDIUEQ DPRDV GKW K DREBEN H
DOVR KDSSHQ LQ WKH QRUWKHWY BQG W RUWDKH /XRDUWDW 6D
EDVLF SUHSDUDWLRQV DUH UHTXWWHW KWMRLESRERQH GVIRQ PH U
WKH IXWXUH SUREDEOH GLVDVRUULRXKWDHDIHFW® RIKWK IDWBBR
WKDW SUHFDXWLRQDU\ PHDVXUHVRDQW KED PLB LU HBEW URQV L

XQGHUWDNHQ DV HDUO\ DV SRVVLEOH

7KH RULJLQ RI WKH VHLVPLF ZDWHW VI UFR YER-D BPIMQRU DE
IXQGDPHQWDOO\ GLIITHUHQW VRMXUFWHY WHRE SQHVVXUMKNDULD
ZLWK WKH XQVWHDG\ IOXLG IORZIRQ RPDD WL QIQ GROFED RQWE ONH
VWUHVV FKDQJHV E\ VXGGHQ GLNVIHRFDWERQ \Z IRW R/AKH DMK M/ HJ
YROFDQRHYV FDXVLQJ YROFDQLFHARUW RHXHNHW VIR ® RDXGELLH &
DW OW 9HVXYLXV LQ ,WDOWXSWDREBAV RIW DBWRU+HOHQ\
,]X 2VKLPD -DSDQ OW (WQDB OW 3L\WD®X R 3KLO
VKRZQ WKDW YROFDQLF WUHPRUW VDK HD @O BD\WSWYVRFYR®WF
(DUWKTXDNHV DQG YROFDQLF DF@NRGV )KDBIY N HXQOZO\V YERRHHQ
DUH UHSRUWHG WR KDYH EHHQ SUWHFMIBH®R E\HDWWROQNDN

RFFXUULQJ LQ D IRFDO JRQH ZKLFKRQVIPY WXRH G5 WLRY IE(H) AR+



HDUWKTXDNHV DQG HUXSWLRQ EXWUBHOGR® DQJWRKWHY UHY
YROFDQRHVY DUH FOHDUO\ FRQQHRWHE VR GULYRO RLQ UFH @
VHLVPLIRFDO JRQHV +RZHYHU WWRWRKLRMHDW\PKHXQRWVY UL
LPPHGLDWH EHKDYLRXU RI YROEBQOF SRWHYMMVHKFD Q RE I$ K\
PLJKW EH FRPPRQ LQ WKH FUXVWXDQIBQRFBQRMOHD LRWUK WXMHHN R K
HUXSWLRQV %XW WKH SDWWHO®\RH WRHDVHROPDP ® DPWHY LY/

DPRQJ WKH VWURQJHVW FRQFRPXWH GIW X SRV LS'HH D AW WY DW G |

7KH DSSOLFDWLRQ Rl UHPRWH VHQVAmXGW RS WKEH. D KDY H_HiK
+DUUDW 5DKDW &DPS DQG 5RRERDU ,WKQ@DWDWE .KDE 5
&DPS D DQG +DUUDW .LVKE S5REERIRDXGKEDWXG\ KDV

PDGH RI +DUUDW /XQD\WLU DQG RXRHILHK DLV BRSGRIWDK IO HO® Y H

6DWHOOLWH LPDJHU\ PDSV RI KB X3@LY $UIL HIODS % D I QWAHWK\W B U
SDUW RI +DUUDW /XQD\WLU FDQLEHEE SRVVLIEOE WEG ROGIHKQY\WRO

GDWD FRXSOHG ZLWK H[LVWLQJIJLDHRORD WL RQ G @ HARK IU\D B K/IHD

7KH H[LVWHQFH Rl PDQWOH SOXPBIURHQHBPMWK WKBIEZ BQWSHLI)
ODGLQDK $0 0XQDZZDUDK UHJLRQ LIQUF GODG/L EH H@® UWHDRR J/XIC
ORXIWL DQG +DVKDG $0 'DPH.DK HWWW DODO %MQRLW H\
'DUDGLFK HW DO $ERXW NLFQ DR @ D | XIEN MK ODBW L Y H
OLQH FRQVLVWLQJ RI +DUUDW\Q BOXDIW \WKKDH E\DXUJ | DRKS H NSKU
SOXPH UHODWHG RFHDQ LVODQGHEDVDBWIWL %D QGROBDKD P
QRUWKZDUG SURSDJDWLQJ QDVFHERRERON V\VWHPH ©DF SV DN
YROFDQLF HUXSWLRQV FORVH WWR OWIQH ZADUDKI BOFXDG HED

$' DQG WKHQ DJDLQ DW $ ' PHIQQQW¥FWH KDYH QHWRYXGHG |UH



DEWLYLW\ ZLWKLQ DQG DURXQG OWKRX @F WD UDIK$ CH U B B E RID®C

HDUWKTXDNH VZDUPV 6*6 DRGPWWH RIQ RXQG DAH HW
7KH VLJQV RI JHRWKHUPDO DQRPDHPLHW MXF KD Q8 HXPHDYUIROHI
WHPSHUDWXUH ZLWKLQ WKH &L\DW O/XRIDNM WD @® \DRO V. R GRLE DA
UROH RI PDQWOH SOXPH RFFXUUDQWDBHQHRWEKR®REKRO+HBWUD!

+DUUDW /XQD\\LU

30XPH G\QDPLF EHQHDWK WKH ZHVWEH UQ IHWUEH® QV 510 D\W R O
VWUXFWXUDO JHRFKURQRORJLEDODWD] |IOBH®DIWILYOH & B DC
FRQH JHRPRUSKRORJ\ UDGLRPHWUIGDWSBEGU JHBRISKG/H W
SDOHRPDJQHWLVP VHLVPLF JUBWLW\ D®G HOIRFX HBIBFDHOR G L
HOHPHQWY DQG LVRWRSLF UDWLRWXRG L+ BU WKG YVRGFBE LF
$0 ODGLQDK DGMDFHQW UHPQDQWW RD Q«® ULDIW D,W K DXUID \ K
LQWHJUDWH DOO QHZ DQG H[LDVWLQHRFARORQ ROIRA L AMDDU XF
JHRFKHPLFDO GDWD DQG DSSO\ *, 61 MDH/GK P@PORH &\ FRIL
GDWDVHWY DQG PDSV UHSRUWYV IDSGXFBUGRXNP ISEAR AHYE

JHRKD]DUGY RQ WKH VXUIDFH L QRAOWRILFDQUMPXUUHQFH UDW

5HVXOWV RI +DQVHQ HW DO EVHQ®HBD WSO MWK\ WQ WV ISHD LR
UHVXOW RI D FRPSOH[ LQWH U DKV DR/®V RH PROQS/KGIK H O B B HLDQU \
DEVROXWH SODWH PRWLRQ ZKLFO\LV UGHDNMW RG @OFBBSW R [ D
PP \U PD\ DIIHFW WKH DOLJQPHQ#RRH YAHDQ WOH KDLV BO B R \E H
WKDW IORZ UDGLDWLQJ IURP WKID WP D g V& B BOMK® H] HEG QWD K
5LIW ZKLFK LV RULHQWHG DS SRR\ DIWNEP L QIZ\WKDWR WEH \
WKH SOXPH IORZ LV FRPSDUD E GRWWRQW WIK\M \ R2 HWVKRP §E DO MG \

RULHQWDWLRQV VLPLODU WRYWKHDQIKGFWRQMWMWD SSURDRKKVRJ LM
[ls)



UHVXOWDQW WKDW LV RULHQWH®ELWR QVIBA HWK V&R X WK DI
WKH PRWLRQ LV VOLJKWO\ PRUH IZMV\WEHUDDOBQG IDNGV 6GIC
DOLJQPHQW RI PDJPD ILOOHG F UDFON/U\WKR W KRU®GHBWWS H R E
GLUHFWLRQ UHVXOWLQJ LQ WRIQV GSLDAHFOVAHR®@ M D V WL 3 RRG-DFKIL

VXJIJHVWHG DV WKH GRPLQRDQW FWKWANKHDQLMRWIRRFWVEHQH

$0 $PUL HW DO VXJIJHVW WRIV'W ORE YKORRLVST BEDK I
$UDELDQ 6KLHOG DQG 5HG 6HD DWHs HS\WRW HEG O\RZ P D QWP O
VHDIORRU VSUHDGLQJ /RZ YHORHU®Q LSHM EHIDY BWKHWEHEEG RE
EH UHODWHG WR YROFDQLVP 7KiD W RZK Y HDR/MAL MUY Q HIDG\IXU R
6KLHOG DQG ZHVWHUQ HGJH RI VOKH EHU ELCODQV BIGD W RR B B QR

QHDU WKH LQWHUIDFH RI OLWNKRWSKHUH RI GLITHUHQW WKLF

7KH UHVXOWV IRU FUXVWDO VW UXRIMXBPRQ\$OVHPHQWH WL B S
ZKHUH DSSOLFDEOH 7KHLU UHWOQWHNVNRUNWEKW WIKWMKRYG WO
WKLQ DQG WKH /9= LV VLJQLILFX®WHQUDIW MXHLYHGFHL H Z
WKLENHQV DZD\ IURP WKH 5HG 6HBULQXW KK SUPEWU B QR X Q WH
WKH SUHVHQFH Rl SRODUL]DWRR ©KHQILWV¥RX\SSRIA PR QMKOH OL{
ZHOO DV IDUWKHU DZD\ I[URP WKBO5HG 6HDXJ X0V $RVULED HYK H
VRXWKHUQ SDUW RI WKH 5HG 6FDO ARQ YL \DWNGQW XKW KQ R KW
SDUW RI WKH 5HG 6HD DQG WKW PR G R/RBRQ@ODWOH BQ WW H IGR UQ
7KH ORKR DSSHDUV WR EH JUDGDWEKRBND@H VEX \B RWM K HQRWX \H
ZKLFK LV FRQVLYWBHQWOYMMV/K DYQG LQFRQVLVWHQW ZVWRUD
UHFHLYHU IXQFWLRQV ILWV RQ®WU H7 KR P\DLQANWGI ) W HAD RV W A

YDOXHV



ORUH UHFHQWO\ 3DOOLVWHU HWXMODFH IDERWXPNOWKGHDRI
FP Rl RIIVHW LQ +DUUDW /XQDWUUDBK G5 IR RRGJHPOMG FOY BA
LQWUXVLRQ RI D QRUWK ZHVW XWW H QMR IR G VN H MLK/PWF LXDD E
GXULQJ WKH HDUWKTXDNHV H[KLE DV GR XH UIO DI$IST ®H QWA UR R(
7KH\ DOVR LQWHUSUHWHG WKH O®¥ LUHTXKQFRGVRWRDURBL
IUHTXHQFLHYV WR UHSUHVHQWLQMD EWXHPE QR I WRKEN\FUSDWE B
EHLQJ DFFRPPRGDWHG HQWLUHO\UEYW RHL ¥ H QRWUHFOY B H G V6K
WKDW WKH EURDG GHIRUPDWLRQ \RE VIHUH® W B G+ BUKWDIW U/D
UHPDLQ DV DFWLYH VLWHV Rl H[QWHQKIHR Q@ \DRDRXV KR XD O
IRUHFDVW WKH OLNHOLKRRG BH DM DXWKT B CHUHX @ LR IQHRWHO D

WKH GHFLVLRQV PDGH E\ WKH 6DW& LUHWDXELD QV KR! Y HIYUAPXHHHW



&+$37(5

x(2/2*%, & 7(&721,& 6(77,1*

7KH ZHVWHUQ SDUW Rl WKH $UDELID@ KAKHH ORDMRUPD|
WHFWRQRVWUDWLJUDSKLF WHUUDRHFRQ@WLINV LG EDKQDY G
PHWDPRUSKRVHG OD\HUHG YROFDGQR/VRIG IRROHGHAD 98D DWK/ H P
-HGGDK JURXSYV 0D DQG \RXQIBIK -DIGED BI0Q $\WXDUR X S\
0D ROG HJ ZLWK DUF UHO DGLHR® LSAOHK WRQ WR QRE NW HR FR
JHQHUDOO\ KDYH LQWUXVLYH D88 DMICR®WQWEDDL WHI TKKH I IR

&DPS "-RKQVRQ

7KH JUHDW /DYD )LHOGV RU KX$SWHGEYRRI WEKRR B HEDWMDUOQN
WKH /DWH 20LJRFHQH DQG (DUO\ BLBRFHQHNBPWO RVKH RROPWM L @
YDOOH\ GHYHORSHG DORQJ WKH Q@3WXUH GHWE H6 HDUDNL¥LREXH Q
6HD RSHQHG DW D UDWH RI i PP RY H R HWQKMH ZIK UM RRQDVL Q +
VZDUPV RI RFHDQLF WKROHWLLNWLAFSGLWHW SODEER@L FD QB FNC

LOQWR WKH ULIW VHGLPHQWD U\ @HZ®D Y RROFIDHG. F R@W N @ HDQW I

*HRORJLFDOO\ +DUUDW /XQD\\LUWLKN WHYHRQ FRPGR WHR
1HRJHQH DQG 4XDWHUQDU\ EDVDIORVL B LAMHFIWO D @ @ HIANOR AL
1HRSURWHUR]JRLF URFNV RI WKH $UDELDDKHHKEBQGPHQ®RKQ
VXUURXQGLQJ +DUUDW /X QD\\L U CERADKRRQIWW R WULZR) [B3 K ILHFU K QY
ORFDWHG 1: DQG +LMD] WHUUDQH LFRPB$OHIKRIVIDKOW ERXQ
XOWUDPDILF WR PDILF RSKLROLWIAN IRSAN\R DILQRIZ D D\ E-D\E 2

WHUUDQHY DQG PDNH WKH <DQEX VXWXUH

i



7KH ROGHVW ODYDV RI +DUUDW3/XIQORHIQH P& VDM S UREDEO\ 7
4XDWHUQDU\ ODYDV DUH PXFK IQ6GWKRE BODFENH® \FROIPRE H
WKDW LV XQDIIHFWHG E\ HURV LRHU H7 KKXI$S WRDGQ G U LAY DW ¢
Rl YROFDQLF DFWLYLW\ 7KH ILUNWW W2R & VEDYHY BDROGXFHE&
WUDYHO ORQJ GLVWDQFHV PRUMNDWWDWKUHH VVERIBW MUOHS \
DQG PRUH IHOVLF ODYDV WKD® ZKXLH KO ERK\W H UD LR ERIORKIV VD (
IRXUWK HSLVRGH ZDV DVVRFLDWWIGY HZ LDVAW DYGLGA\W Z R QFKO  JHI

QXPHURXVY FLQGHU FRQHV IRUPHSBLWRP S\URFODVWLFV GHSI

7KH 3UHFDPEULDQ URFNV WKDW GYUHRBWRXNWW.IQR Q¥ K i) PAX®HRW

X 7KH )DUUL JURXS 7KLV XQLW DESISHDODQG MWRDP IS G \R X Iy
)DUUL JURXS LV FRPSULVHG RGDPHNOW VWG ORL®BIWWIRQ W

x $0 $\V JURXS RXW FURSV LQ WYW Q&R UDWKHDU QW5 I U VW ARR SRR
JOHLVVHV DQG VFKLVW

X +DMD FRPSOH[ 7KH URFNV R + DK DVKRP SR WDKHD MRAKHDUESC
WKH DUHD 7KH FRPSOH[ ZKLFKIL¥ BRIDAHWAG RN GOOQN WIH
OHQVHV S\UR[HQLWH OD\HUHG EJIDEE ZRWQ & XRO@®MHKHE

Xx 7TKH SRVW WHFWRQLF LQWUXVLYH URFNYV

7KH &HQR]JRLF WR 5HFHQW EDVINOWLF6DOFID §UBEBGCY DK
GLUHFWO\ RQ WKH VR FDOOHG ¢ WBEHM®G3 UrHDRIDJFDBEN L R Q DR ULDLE |
E\' 8HQR]JRLF IORRG EDVDOWLF |OREZYWERMAKG FD@QWRHGGIUH
PHWDPRUSKLVP DQG WHFWRQLVPF ZGXUK. QD U HNENOH W\QANKHDQW-
ZDV VXIIHUHG IURP VHULHV RI YRNRRDNQIG DHWUWXEB WR K ® W MOKIDV

FLQGHU FRQHV IRUPLQJ D JRQH RI10D 6PIMANGE A :08 YW M HIHDW K H ¢
6



VXUIDFH WKURXJK WKH SUHYDLOWLIQV GHHSY HF EDNBD \N QRS | QR X
WKURXJKRXW ZHVWHUQ 6DXGL $UD®GDHYWQRHG OWRFBIBRIX W L
LQODQG IURP WKH 5HG 6HD FRDVW

7HFWRQLFDOO\ +DUUDW /XQD\HSLVREHVI IRIFWHGEWR QLE
VIQFKURQL]HG ZLWK WKH 5HG 6HIK ISRIR U DASQ\H DIGR BOH QW KWL
*LUGOHU )XUWKHUPRUH HIDW LW \W R Q W URR O/OKIHE WHRI LIRIQ D «
WKH ZHVWHUQ $UDELDQ SODWH RULFRBHXYWB & SPIHORV WRK HW &
+DUUDW /XQD\WLU SUREDEO\ IDXWWH® s K HQYH &WIQHR XS P WHK
SDUDOOHO WR WKH 5HG 6HD FRBV3I0OLRAHMH /WWH DORMBHQHR
LQWR WKH +DUUDW /XQD\\LU S$FFRURBQHEG WRKWKH DHBR YGIL P

SUHYDLOLQJ WKH DUHD DQG RULHXRWHE 1()L6B: 11: 66( DQ



)LJ *HRWHFWRQLF PDS RI WKH 175UDFHEL® ¥ KKZWH GG I IHUH C
JHRORJLF XQLWYVY DORQJ ZLWK VWU XIS XAHIONO D@HOR HQWILVRQ

oi



'"HWDLOHG JHRORJLFDO LQYHVWLIIIDWMWRQ LVDMKRZQ RKH BUI
URFNV RFFXS\ WKH QRUWK DQG WAKHNKRWWHK ISDVUWNU®Y RIHUY
PDSSHG DUHD ,Q WKH FHQWUDO MRYHIMMKMH LBMRHOFDWHBGLDQ
YROFDQLF DFWLYLW\ HSLVRGHRUWK® WRION ZIDRI KWEK BQRKDE
EDVDOW IORZ ZHVWZDUGV 'HWHD E®OWVG QW YV HYMOLG DWR RUX R IL'G

IROORZLQJ VXFFHVVLRQ

+LVWRULF WR /DWH 3UHKLVWRULF ODYD IORZV
3UHKLVWRULF ODYD IORZV DQG VFRULD FRQH
1RQ HURGHG ODYD IORZV DQG VFRULD FRQH
(URGHG ODYD IORZV DQG VFRULD FRQHV
(URGHG ODYD IORZV
8QFRQIRUPLW\
7HUWLDU\ EDVDOW

/181$<<,5 675%7,*583+<
7KH GRPLQDQWO\ EDVDOWLF ODWH ¥ HRH Q- I5UW Y D @&/H /X R\ \Q D FKND
HURVLRQDO FKDUDFWHULVWLFV ROGHJ W AR WIDIMR UX R QWWH/ A
DQG D \RXQJHU 4XDWHUQDU\ XQLMH WKIP & EDMIKO BD WDNWD
7M LV QDPHG DIWHU D ODUJH PWHDOR HIMIG HGSTUHRPWQ B QW |
FRQH RI -DEDO $EX -DUDG ZKLFK ULVWWRSWRUDSKRF VKHHW
7KH ODTUDK EDVDOW VWUDWLXQUITPIHKEFD ARIBWH B PODL
AXDWHUQDU\ EDVDOW ZKLFK PDREHR WBHRKIQ/AWRULSE' HWDGS \
+DUUDW ODTUDK RQ WRSRJIUDSKDR LGKODHKHY 1$FEDU $0O
AXDWHUQDU\ ODTUDK EDVDOW KDIVY HHHQUDXHGUDISKHE YV X B/
4P IRUPLQJ WKH /RZHU ODTUDK EDVRGCGWAMQXRURBEPQJAWKD
ODTUDK EDVDOW 7KH FKDUDFWSKILK WIQAW R | DW KHV X RRIIDWL]

VWUDWLJUDSKLF RUGHU



48$7(51$5< 833(5 0$45%+ %$6%$/7 ODFNLQJ HURVLRQ

4P +LVWRULF WR ODWH SUHKLYMWRERG®H® D YK HORZEXDQGE ¥
SURGXFWYV RI IRXU HUXSWLRQHWL WIHVKRO EVD FS RZAVR D ILW |
PDQWOHYV RI EODFN DLU DO QQWVKWHHLSO R LIOFOWH.GIHY/JI FD @/1
BUHFDPEULDQ EDVHPHQW VWDQGL Q2 QMKRIRW KK WHK M LANDH
EHOLHYHG WR KDYH Hf 8 HMK® \L @ BROHW \HDUV DJR &
WKH $FWLYH 9ROFDQRHV RI WKBIQ® WOKH BQ®MD Q92BHWDE L
,QWHUQDWLRQDO $VVRFLDWLRRHRS URODHFQWRIQRO\G VWXG
WKLV LV PRVW OLNHO\ +DUUDW EOHD HUIDWKFE X WGF DV HD Q 8 HR3
QHDUE\ DUH PDQWOHG LQ DL UHIDROXQ DN YW 6 B QHR RHIL BK N

GLVWLQJXLVKHG E\ D ULQJ Rl O® EDV DBWQE HER FEW QR Q)

4P SUHKLVWRULF ODYD IORZV DHQWRVERQL B XRW HWR QODOF MR

GLDPHWHU 9HU\ EODFN FRORWRQ/DWHIOINA S KR\WRJIHY S
48$7(51$5< /2:(5 0$45$+ %$6$/7 ZLWK HURVLRQ

4P 1RQ HURGHG ODYD IORZV VERQKW J0O0ON GREQWREULR

GLDPHWHU

4P (URGHG ODYD IORZV DQG VFRWXDHWVRRAVIORXWVIVKHKV /WU
LQWDFW EXW HURVLRQDO ULDIXRHMWY BONFS GHVWQQYFW KR

SRQGV DUH XS WR P LQ GLDPHWHU

4P (URGHG ODYD IORZV VXUIDFH WVWHRRKF¥FMWX ENWH BRRVILRRY VE

IORZV DUH GLVWLQFW 6FRULDEXRQWYKH FH OMHIEIWOW UHBRGH G

of



81&21)250,7< ZLWK ODWHULWH VXUIDFH

7(57,$5< -$5%' %$6%$/7

7M '"HHSO\ HURGHG DQG VPRRWKHGORZYDQIR® RAQ JHUGEYVHXD
FRQHY DUH GHHSO\ HURGHG WR BUBGBWHRRW L Q G IOWH QLR R I LL

HURVLRQ

6(',0(176

4DO :DGL JUDYHOV

4H $HROLDQ VDQGV

4VEBDENDK GXVW SRQG

47X 4XDWHUQDU\ WR 7THUWLDU\ WBUBR¥AHGCEH YR VIWDY R O Y DX

35(&$0%5,$1 6+, (/"

3F 8SSHU 3URWHUR]RLF PHWDYRCREOLQICA UBBRYWLFG FB®XKWIR(
UXJJHG KLOOV DURXQG DQG WKURXDKIMWKH66RYDY RRQ@BV W
IRXQG RQ WKH WRSV RI JUDQLGMH KLQD W KEHWHK @HDW R || QKA K
FRORUHG JUDQLWH KLOOV FOHQWOHVKRIZEWRHANUEDNPQWQW [

WKH KLVWRULF WR ODWH SUHKLVWRULF HUXSWLRQV

ofi



yLJ *HRORJLFDO PDSV Rl KDUUDW DXQGL\.W UMIERZVDRIQ R
IORZV 3DUW ., DQG 7KH 3UHFDPFPEBL DMK RFRWVWK DQ
VRXWK SDUWV WRIJHWKHU ZLWK WKW KD P WSISUMGSHIWHBKHU\ R

00






)LJ 6XUIDFH IDXOW UXSWXUHMRUPHGAOQUEQU WKW HDU
VZDUP 7KH JURXQG GLVSODFHPHQWV WY MKW KWHR IRUWHE G RKXI
JUHDWHU WKDQ LQ EDVHPHQW URFNV RI WKH EDFNJURXQG

00



' Q6$5 2EVHUYDWLRQV LQ +DUUDW /XQD\\LU

$ QXPEHU RI VDWHOOLWH UDG DRI VW YR A UDRFW DYLW L, B8 $5D )
IRU WZR GLIIHUHQW SHULRGV WKMHWHOW WQRIQHH ZD VS DBBU R/
DQG WKH VHFRQG RQH ZLWKLQ DJIWHEBDRBFKLWHT B HZIPH/O K Y
FP 3UH LQWHUIHURJUDPV VKBEFDRVGOJRURDW WVRIQH LQ V:
VPDOO WR SURGXFH GHWHFWDE OH @RV HDDVWHEW KO &S50 D'V
ROG DQG QHZ VWUXFWXUDO WHRBWRIQPP\E\Y @ BRQUZWWKX QD Q.
ZLWK P UHVROXWLRQ ZHUH DQUBRN|G QU HHDYRZMWO BD BWOLSKE d
*HRORJLFDO 6XUYH\ DQG 86 *HRORJLEQ ® $XOYHI WIOR QVQR |
6570 RQ +DUUDW /XQD\WLU LV D$BSOIRBQH DPW 6*6 DQG LQ

,QWHUIHURJUDPV VSDQQLQJ WKRH DFWKIYEMN VQV$BQUIOGHDR U
H[WHQGV DFURVV D ODUJH NP [RYHP D PHIHWKREZLBOIL( H[
-RQVVRQ HW DO ,Q DGGLWOROQU WHKHQ®DRIDVXKRIFH
JUDEHQ OLNH VXEVLGHQFH LQ WKHDRH®DGDHVRI WWKHH JEHDIRHUC
H[FHHGLQJ FP ([WHQVLYH IDXRM LDHORD QD B/H OVHDH/QV LRYQWW |
VLGH RI WKH JUDEHQ VKRZLQJ QWRUPBIOWIBDX QW LR PRI DOPRH
DO 7KH\ EHOLHYH WKDW WHKHW®RHERUPDXYMHR® B\SES HIHD |
LQWUXVLRQ ZLWK D 1: 6( RULHOM® WHR QU LSWU DQGHW KM RL @\
RI WKH RUGHU RI FXELF NP XB®WLOUNRQWUULDEHQHRUPLQJ
7KH VKDOORZHVW SDUW R|I WKHF&HMGHZD WKL QURQWR KDNF RIH
ULJKW EHORZ ZKHUH WKH JUDE HQGLH WIQH DQUIMDU RIZ\W K W MXE

FRQHYV ITURP SUHYLRXV YHRROOGAFDIQEPOHREMHMYDWLRQV VKRZHG

UXSWXUH KDG RSHQHG XS LQ WKH DRMD BQG LALG WEH GV IVIRU P NDPF W

00



6DWHOOLWH UDGDU LPDJHV VXJVYHVRIHE KW K H IPROAMW ZDIWN ROV FFD X C

RYHU D NP ORQJ VWUHWFK

%DHU DQG +DPLHO FRPELQH KBWHI IESRBWWUHF 5B\&L
PHDVXUHPHQWY DQG HODVWLF PR GIHOO LFPO ZX KXW Y R QWP MF]
HYROXWLRQ RI VXUIDFH GHIRUPWDWLR QXD RAL DIKHD H LON. K F+
ORZ FRKHUHQFH OLQHDPHQWYV D UMLKY HRI WK H. ®IHLLQ WKERV IC
GXULQJ WKH YDULRXV GHIRUPDWLRQ IVFRD I BW QG WER-IUFDHPQ/C
HQWLUH SHULRG DUH LQYHUW HRG MOR. QH GR O WH LVE K MW VFOQ\E D
ERXQGLQJ QRUPDO IDXOWV DQG DVX®INH QHYGHFVEIOWH A
GLVSODFHPHQWY WKH\ FRPELQHQVWH®QENQLIQ DG KEUHR/JFUHERC
YHUWLFDO DQG ULIW SHUSHQGREXOXS R | R P WRLRR VXK LB
RI P DFURVV WKH ULIW DQG KNEDUGH®PK KBIHIR PP DWLRQ
WKH G\NH RSHQLQJ ZKHUHDV WKEBWYHDUHLRAGWGLVBODR
PRYHPHQWY DORQJ WKH IDXOWV WKKH UG HWRIOR DHWLHRIWG K\ .

M& NP ORQJ G\NH ZLWK PD[LPXP WXEA FMNARHYRWARDO PDXOOWV W

D ZHGJH VKDSHG JUDEHQ DERYH WKH G\NH

%DHU DQG +DPLHO EHOLHYH HYKDW +MUMRWHOXL@D\\LQ
ULIWLQJ LV VWLOO OLPLWHBHWR[W HQQURG Y RW ADIOL B RG DIC
VOLJKWO\ DWWHQXDWHG \HW WRE VHKDORLEZ |DHKROGHWWD D & R\P

SDUWLWLRQLQJ LQGLFDWH WKDWXWRRM BDRIDAHYVHNDWR EZHH®V



$QDO\WVLV RI ,QWHUIHURJUDPV DF#LY LRV I6QDHDRJUDW /

6*6

00



&+$37(5
352&(66,1* 2) $(520%*1(7,& '$79%

7KH VWXG\ DUHD LV FRYHUHG E\\W Z RKD N UFRKFCCBMD H W IGAH V K U IY
RI LQOWHJUDWLQJ WKH WZR VX UJXW \KLU®WRWD UWHMRI@¥WHERIQH UL

P DQG GHVFULEHV DOVR WKHRORO WORW.RQ RD NOKIW UK 1 Q
LWV WUDQVIRUPDWLRQ WR UHGKMMUD LR S ROWDSZBD R QW KW

RI WKH 573 IRU WKH SXUSRVH @U R MDEOMXBFW LRI IWKKIH$SW HR W B |

'‘DWD $FTXLVLWLRQ
$HURPDJQHWLF RI $O0 $\V DQG $UGDLQ VXUDYWW ZH UHHVGBRIE W

+XQWLQJ *HRORJ\ DQG *HRSK\VLFV\ /&RUS /RWIEZ RIRGG 6 X5*GI6
JOX[JDWH *XOl ODUN ODJQHWRPHWBU\WDUN L Q.JP)IDIHJ BIBWRIR H
DQDORJXH UHFRUGLQJ $0 $\V DQGOREZADZLWE UNKHNV VDHPWH
GLUHFWLRQ 1 f ( EXW DW GLIIHPHWHVY DEWR YW XGR Q@GS OH \
VXUYH\ ZHUH IORZQ DW PHWHUKME WYIR PR RO @ IOFH F R OH |

VWXG\ DQG WKH RXWOLQH RI WKKIRZQGLYLHGXDO VXUYH\V DU}

'‘DWD &RUUHFWLRQV

7KH 6DXGL $UDELDQ OLQLVWU\ RWBHWUHROIHX RV B UR WIVEXE G
EDVH RI IOLJKW OLQHV 7KH JHRRD XYPHW DWW IDRIG ARKIK HFLWXIUF
DSSOLHG WR WKH GDWD +RZHYHQPD® KR UFPDOWYDFNQWWKKHTXDR
DGYDQFHG FRPSXWHU SURFHVVLQQ HWHR VDRUWYHH \ W KKHD YDHH ERIA

XVLQJ YDULRXV PHWKRGV LQFONRIPGI 190G LMM QT LQYRYV F RN



FRPPRQ KHLJKW P DERYH JURXQXIMWMIYRIQ® W R QWHGXFIR C
OHYHOLQJ HUURUV 'DWD ZHUH SWRRRUGHGDMXH VHRH LHUSKQ FHE
$UDELD GDWXP *$LQ HO S$EG " FWINMDHIRU® \RWP H DWW Q B
SURFHVVLQJ WR UH SURMHFW WKH GOLWR IRV 8H Y VAHRORWLADLAD
ILOWHULQJ DSSOLFDWLRQV VXFKQGHGNFRAURXIWRLERO HO I5IK

VXUYH\ ZHUH YLVXDOL]HG DQG ERVUHPWRE® DXNWEQ J VRIIRWZAD WH

*ULGGLQJ

(DFK LQGLYLGXDO DHURPDJQHW L A DAXHUWW \1HD ¥ KBER>GHBMH GBUE G
LQFOXGHG LQ WKH ,QWUHSLG EH RRINZDUWR{LPDVMKH D\ F H ODQV
OLQH VSDFLQJ L H FHOO VLIHWMROQJHFHWIHRP *UPEWHWUH
IURP WKH WUDYHUVH OLQH GDWI HWHDUHMWW UXQQKBR U\ WQ
ZKLFK XVHV D PDWKHPDWLFDO RQWSHURSROD/WW R QF B [GFXDDHRAC
FHOOV ZLWKLQ WKH HGJH UHJLRHG/ JDBEE DQGRXAMHWKWZ RHOR
SRLQW SODQDU LQWHUSRODWLRRU WRD DH INKFORDRMLIRLGD PP HIW KL

IDSODFH FRQYROXWLRQ DQG OLQLPXP &XUYDWXUH ZHUH DS¢

7KH 1HDUHVW 1HLJKERUV JULGGDQ & KL QNG HAH HDN W DDA DROR
FRQGLWLRQHG REVHUYDWLRQV GREHMMW WRUHDKK IHDG HWR/
ZRUN SHUIHFWO\ DQG IRU VRPH BHWKREM XH WIUDUNH DY HX
URWDWHG WR QRUWK VRXWK RU,®WUWSZIEYWUGEGHGWLURQF!
QXPEHU RI SDVVHV WKURXJK WHKH JRZTV RV WRHNW D® R@H VE
DOWHUQDWHO\ DW WKH PRVW QRO MUKMH RRZWZ RBNXMWXKHVYR
QRUWK )RU EODQN FHOOV 1HDWRINVDW HNLQKDRIEY BULGIGQIDC

XVHV D WULDQJXODWLRQ SURFKINY MVR GRPHFWE VWHQHLOKHR |

i



FHOO LW UHFRUGV WKLV IRUWKBEDBEODYKUHFHOE WQHWVKH GL
JULGGLQJ VHDUFKHV IRU RULJLCPIPG GADWMH FHHIAIOKEWHKDW2D
SDVVHV LW VHDUFKHV IRU RUQJIXQAUDNK BD VDIZ DAHODAK RQLHP I/ H
FHOO 7KLV SURFHVV LV FDOKERYKHOOGG L QI HDHIHWAK HW LDJ
VKHOOV DURXQG HDFK FHOO :KBQGLQHDKBVWHHRUIGHREU W KU
RULJLQDO GDWD FHOOV IRU D\ E®REFOQMW HWH O®® OL WO DRMH G HD\W

ZLWKLQ WKH WULDQJOH IRUPHWLCES RIKHWWKUHH RULJLQDO G

1IHDUHVW 1HLJKERUV JULGGLQJD D@QWHHISRO 2 MWHK/L  D\V® K H VW ILRL
RI WKH FHOOV LQ WKH WULDQJOHLDKE BURFHMGHIL Q I HOWHHY
RULJLQDO GDWD SURFHVV |RULWKKVH\Q WHKHSREDXOL®R G RVLE
GDWD SRLQWYV UDWKHU WKDQ WKBIGY DRAVDIDI R GRH W KK K HRDI U
JULGGLQJ LV DYRLGLQJ DOLDVQQBIURKQAR LY DWW GBBGQWUR® !
RFFXUV ZKHQ WKH VDPSOH GHQWWWBORQW KMH. @HYH W IDF

HITHFWV VXFK DV HOOLSVRLGBOGEDHWWDZHHQ OLQHYV LQ JULGGH

'"HFRUUXJDWLRQ

(DFK LQGLYLGXDO VXUYH\ KDV E HHQ GELHAR WERXO D QH ® KMWRH Ok
DUH YLVLEOH DV OLQHDU DQRRWOQHYHYDVIDID QIHIO WR &R X
DPSOLWXGH FRPSRQHQW RI 10 LUGMQ D IL@H WXRL \DHH WRAPLDOI@ HW
DIWHU WLH OLQH OHYHOLQJ 7XHMH WHDIQGK I & BIDRIUQYI VRAR
WKH JULG LV YLVXDOL]HG DQG DMSIODAWEG Z LWKKQ PRADUGH R

FRPSXWDWLRQ RI GHULYDWLYHYV \EH FOR.RHHV RGJR. P IQQNDDNNHHEG EQ RAL

7TKHUHIRUH WKH JULGGHG GDW DWHGKX MK RRUO GHEPHR Y HOQ/RHQ@ H B R

FDXVHG E\ ORQJ ZDYHOHQJWK QRRWH /YRKQ F WK RY HROIUXH B

o
-_—



YHU\ FOHDU KRZHYHU LQ WKL\DWWMRKUWK R PRWVWRLPS R QWL
GDWD LV GXH WR OLQH WR O HQHKGWM | HRUWHKHH W RQU FOWV. QRII K
IURP LQDFFXUDF\ LQ WKH PHDVRWHLG SSRAQLWAL FRQ \D RT XFLU/R WL
.l DQ HUURU DULVHV KHUH LWFRDMHUQ®U RGXHH.RPQ WHKDRUH
VSDFLQJ LQ HDFK GLUHFWLRQ HKIHR G LPRIQD/GE RQK/H R HMKIHY EU
OLQH VHSDUDWLRQ E\ WZLFH VDR PG T $LWWLRQUOH QURVHE
LOQDGHTXDWH FRPSHQVDWLRQ |RUWW® B IRIRIF WK H FDILLUHFOUD UM \
RFFXUV LI WKH WLPH YDU\LQ JUH QR DT FDOXFWHXOWER Q V XD
VWDWLRQ WKXV DIIHFWLQJ SDUW QRI DWK HD FPTHOLWX WH RIQQ W
FRUUXJDWLRQ FDQ RFFXU ZKHQHDL®MVMPRE SRW WAL J & W KW QG |
WKH FRQWUDFWRU SHUIRUPHG VVWR@GQDOG FRESHEWRWQR QD

UXJJHG WHUUDLQ DQG ZLGHO\ GSHFMSOWWHH QIHPHRW B3O HRY HQ W

,Q WKLV VWXG\ PLFUR OHYHOLQJFRHABHQ®MULIRQ FRH GL XX G D D P
DQG WKH )XOOHU KDQQHG EDQGVEDWYVZRRQ YRIOX WILKRHQ VIS D RH
LPSOHPHQWHG E\ WKH ,QWUHS LG P VARII WHZTRUIHJ X JEW LARHF ED Q|
ILOWHUV LV WKDW DIWHU UHPRUYR®JWKKHI QRLKM O QEH VG D WH
LQGLYLGXDO DHURPDJQHWLF VKULYIHKW LG LU RWMKIHW [DQUIH WRKE
WR (: RU 16 GLUHFWLRQV DG@GRWSXIDWUR® MRRWKHLGH UR
GHFRUUXJDWHG XVLQJ ,QWUHSLG ®LFHKFRBUXJDBWMVRQQW® R\G
DQRPDOLHV LQ WKHVH FDVH HUWWQRIEY FRDWBRBFYHWEMNLAAY G
FRUUHFWLRQV IRU FRUUXJDWLR@®W7KHWPR YFHRUHRBWLRED OG
UHODWHG WR WKH JHRORJ\ VLQHMHUWRKN ZH[WK DK HJ HO\R .
ZDYHOHQJWK DORQJ WKH IOLJKMOBQQWK SHKIS WG UKD 2

WKH VPDOOHVW G\QDPLF UDQJH

nT



,Q WKLV VWXG\ WKH ILOWHU XDWRZPHN MKWH DS 5D W GO DQZAL @
RI DW OHDVW WZLFH WKH WLH OLWR WE&BFQDOW X4RZHMHUR
DHURPDJQHWLF VXUYH\V GDWD §WWWBG WRLVRWPW XD VW K HWZA
EXW QRW WR H[FHHG RI WKH UKJIJHVWKIGE WKIQRW\KE HAREQ (
ILOWHU SDUDPHWHUYV LV WKDW DIIRFRBQXHDWE R QY ZHHQV HDE Tt
VKRXOG KDYH D ZDYHOHQJWK RLQWZVSH AV IOH DESFRKUXIW/WRR
FDXVHG E\ HUURUV LQ WLH OLSRLOWYHEHWIdHHQF WRWVRLYPIR L
KDYH HUURUV WKHQ WKH WRWDQOPB\WH®W QG D/KHDRRDWY XWRY
RQ HDFK VLGH 7KXV WKH FRUUXWBEWERYHOHWWRYRIDDWHQ

WLH OLQH VSDFLQJ

7KLV GHFRUUXJDWLRQ PHWKRGVKW L OLKHYKWIZIRVW\BGI® RREILS
KLJK SDVV ILOWHU LV DSSOLHBGXSWUS HRG LFIXDHDW GALR) IAFFKVH.
SDVV ILOWHU LV DSSOLHG LQFWKRIQD FKHL \DIHVIRP® JOLHOML 6 LC
GHFRUUXJDWHG E\ DSSO\LQJ WKEBGIDREG\LOWH UL UVW\HRIOD
)XOOHU ILOWHU )UDVHU HW IV® ILOWHREU DMICH VPLRIRWSTH G )

SDVV ILOWHU DV LW ZLOO UHPRWHXBPIQ\FL @QWRURIB X AHHRR KU XK |

PHWKRG )LJ UHPRYHYV DOPRNGNSDBG X¥XRHM XBDW LRKWHID H
7TDEOH J)LOWHUYV SDUDPHWHUV XOHFRUQ XLIDVYGLRFOOHU
)OLJKWOLQLE)6WUHDN \SQDPLF UDQJH
SUHD QDI:)VSDFLQGWUH[ZLGu/\/OLQLP)\P OD[LPXP
P OHQJW P DGMXVWPHDGMXVWPHQW
P
$UHD
$O0 $\V




6XUYH\ OHUJLQJ

W LV QHFHVVDU\ IRU GDWD SURHHSVHYDWQRQUWR.RQDPSLDG
DHURPDJQHWLFE VXUYH\V RI WKH VQDOG) D HIR QMIROFUHIDBN H RD:
RI WKH DHURPDJQHWLF GDWD HYKUBDAS MWD WK R ZIQQ LV@ K)H. J
E\ PDQ\ IDFWRUV VXFK DV WLPH DROWLFAMXGMLWQRIKWM OQU® W
VSDFLQJ ,Q WKLV VWXG\ PHUJIWLG R WZ N WH \R PIGLH E \R,IQW/KIHH S L
WRROV ZKLFK HQDEOH UDSLGOWHNRPENK K LJIK G & B G LEGD WB W)
DQG VPRRWKLQJ WKH MRLQ EHWZHHFRRPKN LQLYGVLERHWEX
YLVXDOL]DWLRQ DQG JHRSK\VLEFROHDRIDDANQY WHRHE HDYHHIR PDH
LQWR RQH JULG VRPH VXUYH\V ZHWR GRPQZRIGZ PR GWLRXXWM
LQFUHDVHG VLJQDO DPSOLWXGH Q® RV KW KKIL SIRIZH U UHSTEKFHVQ &
GRZQZDUG FRQWLQXDWLRQ ZDV MSSEBPHE QX VILQW HWK H ULSH)F)
WKH ,QWUHSLG@E SDFNDJH ZKLFK BU® YLRIHNV L Q YDWDLERXH DO/R !

IDFWRU WKDW UROOV RII WKHDKQREK HID VYH% X MWAOFH. B X/ RXIVALKQ J L (

7KH SURFHGXUH DSSOLHG WR FGHRDAH DFKLIYBE ERVDUWFW
LQGLYLGXDO VXUYH\ GDWD GHFRIUHBREEWDRLY HE RIQW G QW BRW
JURXQG DQG ILQDOO\ DGMXVWLDORQXIUWHKH W RQ FMKLHR Q UZIGY
JULGY DQG FRUUHFWLQJ WKH GHWHUR QFHOHDDW B IJXDUILGH B C

JULGY PXVW KDYH WKH VDPH GDMWWXPY 5 RRRMHPW R QE B W@ HH O

'XULQJ VWLWFKLQJ RI WKH DHWR® B HGHIE L W R ULHG \D G WX/ YAHH
FRUUHFWLRQ WR WKH HQWLUH DQIGGQR KD WXY MH B 6 B QLI GWIKKH
ZDV GRQH E\ SHUIRUPLQJ OHDVVRPLIXD DK\R QLIWWKIH DG 5 R B UM
VDPSOH SRLQWV EHWZHHQ WKH YUWEW Q7K M G RVR @FEAVLYO\ONZ

7KH ILQDO VWLWFKLQJ VWDJH W KIBN HZ DVD SWKIHRIUPH G RADWR O
A A



ZKLFK LV D SURFHVV RI LWHUDWAWLHY © ®F OO /D$IOD WH FFRWY K R(

DQG VPRRWKLQJ WKH VHDP DUHD XVLQJ PLQLPXP FXUYDWXU

ODSV 3URGXFWLRQV

7KH ILQDO PHUJHG JULG ZDV FRX YRHW WHIGN WHRUSY EVIXQIRL JDW |
,Q RUGHU WR SURGXFH D VKDGHIBJQHWILHI JULADLE H DAWVK § UIRHF B R R
VRIWZDUH 6KDGLQJ WHFKQLTXH SURGXEHW K YIDQKH W KIDEH

E\ REWDLQLQJ DQ DUWLILFUDDMFHOD XPHOYBWPRRQLRU @ O/XXP
HDFK FHOO LQ JULG 7KLV LV RAWDLR@HGR &E\DWVHUWW QL L CBC
FDOFXODWLQJ WKH LOOXPLQDWULRQDWRLBRHWRIQHDFKERMHQQ.
VKDGHG UHOLHI LPDJH ZDV SURGXRPHDG QEH\WE6 DFULIQE RNKHHU D\

VKDGHG UHOLHI JULG WKHQ PDINGQVUUW RN DHURPWIQHWLF JL

2XWSXW VKDGHG PDS YHU\ HIIHFWLYG C5\DRLWK O IQI K'Y WWH HQ
DUH RULHQWHG SHUSHQGLFXODRLOMRNMRH GKHHYNDLRQGRU
DFFHQWXDWHY WKH VKRUWHU ZDY HO BQWDK DRRP SR IO IQQHD
FRQWDFWY IROGV DQG RWKHU M\RFDRL I/WRIG FAL YWKH K RW K TR/Q
SK\WLFDO SURSHUWLHV 7KLV LRU L\DKOIXG/MQ DUMIDE H L QD KWKRIP

LOOXPLQDWHG ZLWK DJLPXWK LUQDQ&BE DOWLWXGH U VHHQ

SHGXFWLRQ WR 3ROH 573

7KH XWLOLW\ RI PDJQHWLF GDWWLIRQY UWR®RPETFLEDRWHG SE\
XQOLNH JUDYLW\ DQRPDOLHV P XD@WW LFRIQBRBDWHG [BUK H
VRXUFHV 7KLV LV GXH WR WKH HLQQGXB HYGH P\D RUHTWL QW L R/Q [
JHRPDJQHWLF ILHOG UHVXOWHQIPIS® IDWXIGSR D 8 G L$HOIBV B K\RDA

7TKHUHIRUH D UHGXFWLRQ WR SRORHUPBGURQ@ MKKKDRDHEHEG H QY LSH



WR UHSRVLWLRQ WKH PDJQHW LM BKRP GHIMEH B UHF WR\X B
DQRPDOLHV DSSHDU WR EH GXHW WK IX® WWEPRQ HX RS R QD W

WKH LQWHUSUHWDWLRQ RI WKH GDWD )LJ

573 WUDQVIRUPV WKH WRWDO P DHBHW VHQWWHQ QW X GHEV B |

R LQFOLQDWLRQ 573 UHTXLUHV N ERHDMWG JHHRIG ERGK WR
PDJQHWL]DWLRQ GLUHFWLRQV DY XFENHLMR @ KWK D MP SVKIH \U Q 5
DUHD DUH DOO PDJQHWL]HG SDUHWDIOH OL MITRG W K @& GHKIFH\E KP D J
LV WUXH LQ WKH FDVH RI URFNV L7DWK RDQ RIQIMG X AKHRZ HPYDH
PDJQHWL]DWLRQ ZLOO QRW EKH- BUUHFWDR G RD ®\WLDHDKE H I L
GLUHFWLRQ RI WKH HDUWK V RABMBEMWLK UHPM® BV 3PRIERW L
LQ LQFOLQHG GLSRODU DQRPDIOQW\ IWHKO®OWSEGDBR W H B YR ON L
XQVWDEOH FORVH WR WKH POHBEWQABWTR@PWRKLY LV GXH W
WKH KRUL]JRQWDO PDJQHWLF IEBOG ¥ HFMMRIUF R Y HO GV X HFYAHRW
LQ 1 6 WUHQGLQJ VPHDULQJ RI WXHIU5 13WDIQRBRUVHEOMRER

WKDW SUHYHQWY WKLV DPSOLIDERRWDRQHR/I MKW IQHR G\ W IV R X\

7KH DHURPDJQHWLF JULG ZDV UHGISFEHE3I WRRBBOHR IXZDY 1 W

DSSO\LQJ ,*5) SDUDPHWHUV DKZDMRDORZLKYG IRUPXC

1D - — 1D )

LI
>VLQ LFRVFRV T @

'KHUH
, JHRPDJQHWLF LQFOLQDWLRQ
oLLQFOLQDWLRQ IRU DPSOLWXGBQFRUUHFWLRQ QHYHU OHVYV
' JHRPDJQHWLF GHFOLQDWLRQ
/ C'LUHFWLRQ RI WKH ZDYH QXPERUYWKFWRU LQ GHJUHHV D]

fi 6



7KH UHVXOWDQW 573 JULG UHYMBWX UMR/U B QX REGIRVWFHDJO FY
JHRORJLFDO PDSV DOVR LW DRI HDKN RDKIIW WWLKEH DRIRWPRIDLL W
7KLV FRQILUPV WKH UHVXOWV RAWLKBWSLIRAH/R P D UQ HMWGE FR X @
$QGUHDVHQ DQG .HOORJJ DQ®& HAHANPIHIQ WKDW TWKH
WKH WKHUPR UHPQDQW PDJQHWL]DWKLIR QD UNS & T \L VS B IRV G W\

UHYHUVH PDJQHWLF ILHOG

7LOW '"HULYDWLYH

+HUH LV D VLPSOH PHWKRG WR WHQHUD'WHZWKHK7ZDW IGHWYW
EXW XSGDWHG E\ 9HUGX]FR HWWX&\ WKH 7QOMKIG\HULYL

HITLFLHQW LQ PDSSLQJ ZHDN VXEWOH PDJQHWLF DQRPDOLH"

7KH VLPSOLILHG IRUPXOD RI WKH 7'5 Rl WKH 573 LV

7'5 WDQ;TI?E @

KHUH 9'5 DQG 7+'5 DUH WKH ILUNW D/QH®& WWRE\W D OG KR U ¥ TR/QLY
UHVSHFWLYHO\ RI WKH 573 :KLORW'Q@HIDW LEYHH S RAKIHW L ¥ 15
SRVLWLYH 7'5 WHQGV WR HTXD®WL R WKH CDPRSROD.OVWHE/H ZK X FK
DUFWDQ IXQFWLRQ UHVWULFW BBSOLWP®EV+W:R VHORHG GEH
DPSOLWXGHV RI WKH 9'5 RU 7+'5 D@RWKRA'G DG Y DWW DIEL

GLVFULPLQDWH EHWZHHQ VLJQD® BXQOLQRIOXHF DB UAK HQ RW

VLPLODU VSHFWUDO FRQWHQW WR WKH VLJQDO

o
(@)



$XWRPDWLF /LQHDPHQWY 'HWHFWLRQ

$XWRPDWLF OLQHDPHQWY H[WUDBWILGD GRG DWDL GZOHG STIRE R
DQG 6LPSVRQ 7KH URXWLQ R LARWRZA FEX HW DVLQLUGDD QG H
JULG SHDN PD[LPD YDOXHV IRUFDLWHWULRI GQ UM K I RQD)
OLQHDPHQWY ZHUH H[WUDFWHGRIURP WKK/H QN LBWVG JGHULLYD \R
VRIWZDUH )LJ 7KH UHVXODWH@IQDI1GIUWVG FWPHRIBWHDBQ G

FRQYHUWHG WR YHFWRU IRUPDW XNEQRY UG DIQUE/ LBRDQV M MK

E

o
(@}



)LJ 7RSRJUDSK\ PDS VKRZQ DHURPRXQHW QHV XU YSHO\ \$ \ V

oi



)LJ $HURPDJQHWLF VXUYH\V EHPRBUHRPBHYH®IODQ &



yLJ $HURPDJQHWLF VXUYH\V DIVDHG FPLHFWR. @H Y 8 & [RQV L
GDWDVHW VKRZQ VHDPOHVV PRVDLF JULG



yLJ 5HGXFHG WR SROH 573 DHURWPIOH QNVXIGA PDSRI VKR
FRORU VKDGHG UHOLHI LOOXPLQDWGOIGQDMPRD U0 ZLWH

o



)LJ 7LOW GHULYDWLYH RI WKHJHR O/RKRZAD G H/WVLJLXF A

00



)LJ ODS VKRZV OLQHDPHQWYV RWU DWHHS VDAKXNGR PIDUNHLEF VO (



&+$37(5
3(752*5$3+< *(2&+(0,675<

JRUW\ WKUHH URFN VDPSOHV KD YLH) RDH)D G B Q RUWIRI 1 F&K HIPE ¥ |
7KH DSSOLHG PHWKRGY DQG WKBLOLPEWYUDBH D/KR TH W H G R/:

GHVFULEHG LQ GHWDLOV LQ DSSHQGLFHV % DQG &

6DPSOH 3UHSDUDWLRQ 3URFHGXUHYV
x'U\LQJ
'U\LQJ DUH DSSOLHG RQO\ WR WBHBRS HHWWKQ W PH HR S QHRQLF
PDQDJHU 'U\LQJ RI H[FHVVLYHO\RZH\W W DPSOBLUQGEHVULDRQ IJOD YV
X&UXVKLQJ
6DPSOHV WKDW DUH WRR FRDUR/HD VOB LEJHH SXW YGILULHE®/JO P L
SDUWLFOH VL]IH QHHGV WR EH WH®RFWOGNH IR UH ZUHH D H B IDIEV
SXOYHUL]DWLRQ DUH FUXVKHGVXVEQIWKDDB F BX WKRHWNV F K&IRD |
W R QRPLQDO *# PP ILQH FUXYE LEULRIOURIFMNS PKL/S VDR Q
X6SOLWWLQJ
6RPH VDPSOHV PD\ UHTXLUH VSQYWWKXEJ VILGSER. MMASIURHS/OHHD K

ULIITOH VSOLWWHU 6SOLW WPEBWDVLYS WLWAOHWSOLWWHU

x3XOYHUL]LQJ

$00 SXOYHUL]LQJ SURFHGXUHV RDNH IX¥H RQGIOXIFQI WX EH
8QOHVV RWKHUZLVH LQGLFDW HG VDIX®D |$ X Q Wi bi L NLIQD WS URRUF HPE
DW OHDVW Rl WKH PDWHULDOPZED® EH SPOYHKU RY & MWRW |

VSOLW RU WRWDO VDPSOH RI XS WRFURD WR SDVVLQJ
00



*HRFKHPLFDO $QDO\WVHV 3URFHGXUHYV
$ :KROH 5RFN *HRFKHPLVWU\ *+ 0( ,&3 DQG 2% *5%
$QDO\WVLV RI PDMRU R[LGHV E\ ,&3 $(6

6DPSOH 'HFRPSRVLWLULRWKLXP OHWDERUDWH /LWKLXP 2HWUD
)XVLRQ )86 /,

$QDO\WLFDO OHWKRGQGXFWLYHO\ &RXSOHG 30DVPD + $WRP
6SHFWURVFRS\ ,&3 $(6

$ SUHSDUHG VDPSOH J LV DEBRUBWHRODQ MWWKK XX PWHIWU D E

J PL[HG ZHOO DQG IXVHG LQ DH YHYXPMWD®J P HRW 1K WKHC

GLVVROYHG LQ P/ RI QLWULF DFLG 7KLWUREERWURQ LV

E\ ,&3 $(6 DQG WKH UHVXOWYV DOHLBPRWHIHA®WHBHIQW VO WHHW UH

FRQFHQWUDWLRQ LV FDOFXODWH® \MDFOP PR IQH HEGWWHDMW L R @ @ ¢

UHSRUWHG LQ WKDW IRUPDW

IRZHU
(OHPHQW| 6\PERO8S8QLWYV 8SSHU /LPLW
/ILPLW

$OXPLQXP $Q

%DULXP %D 2

&DOFLXP &D?2

&KURPLXRP &2

L,URQ ) H2

ODJQHVLX|P 0J2

ODQJDQHVH 0Q2

00



IRZHU
(OHPHQW| 6\PERO8S8QLWYV 8SSHU /LPLW
/ILPLW

SKRVSKRUXV32

SRWDVVLXP .2

6LOLFRQ 6L2

6RGLXP 1D2

6WURQWLXP6U?2

7TLWDQLXP 7L2

1RWH )RU VDPSOHV WKDW D UHDKLVXEMW & XWXSKH ®GHYH ZRI[ PG F

WR REWDLQ EHWWHU UHVXOWYV

% )RXU $FLG 31HDU 7RWDO” 'LJHVWLRQ

AXDQWLWDWLYHO\ GLVVROYHV QHDWYOR IDDHOR 8 & HIPFHDON DIV H U
PRVW UHVLVWLYH PLQHUDOV VXFK DVVVRUOU¥RQWVRLIQH WEOV &
JRU VDPSOHV DQDO\VHV IRU HOeH PH Q¥ WRIDD WRIDE- H& OB H
UHTXLUHG WKH ,&3 $(6 YHUVLRQ RD WKUHIRXXR @ARIGF DG DR
XVLQJ ,&3 06 SDFNDJHV )RXU DFLG GIVHR/AOWLHR ®@ R \DNJ HP LDCEHOUHD
DOWKRXJK WKH WHUP 2QHDUWRWMOV DR/S®OWHBD WUISH @QRW) D 6

TXDQWLWDWLYHO\ HHWUDFWHG OLQLPXP VDPSOH J



(OHPHQWYV DQG 5DQJHV SSP

$V 0J
% D 0Q
% H OR
% L 1D
&D 1E
&G 1L
&H 3
&R 3E
: 8
< 9
=Q $J
=U

&U 5E
&V 5H
& X 6
)H 6 E
*D 6H
*H 6Q
+ 1 6U
, Q 7D +
. 7H
/D 7K
/L 7L

70 +

& *HRFKHPLFDO 3URFHG»UH

5(( $6G RQ SDFNDJH WR 0( 06

8OWUD 7UDFH /HYHO OHWKRG 8VLQJ ,&3 06 DQG ,&3 $(6

6DPSOH '"HFRPSRVLWER®12 +&02 DFLG GLJHVWLRQ +&0O OH

$QDO\WLFDO OHWKRGWQGXFWLYHO\ &RXSOHG 30DVPD

6SHFWURVFRS\ ,&3 $(6 $ SUHSDWHG
GLIHVWHG ZLWK SHUFKORULF QLWL
K\GURFKORULF DFLGV 7KH UHV L®XW H\
K\GURFKORULF DFLG DQG DQDO\HHX E!

SODVPD DWRPLF HPLVVLRQ VSHFWURP



127(

DQDO\VLY WKH UHVXOWYV DUH WBWLRDN

R

DQG GLOXWHG DFFRUGLQJO\

ELVPXWK

PHUF XU\

PRO\EGHQXP V|

6 DUPLSROCH V

DUH WKHQ DQDO\JHG E\ LQGXFWLYHO\

VSHFWURPHWU\

SHVXOWYV

DUH

FRUL

LQWHUHOHPHQW LQWHUIHUHQFHYV

JRXU DFLG GLJHVWLRQV DUPLRDEHOB OWR KRYMRBOUY HDRRVK

SQHDU WMRMWMHG GHSHQGLQJ RQ WKHIOBIPSIQM ¥ IMWHILT XQRW

HIWUDFWHG 5HVXOWYV IRU WKH BGQGW VWILLROM®D O HEMUWHWY HHQW WKK |

SRUWLRQ RI WKH UDUH HDUWK @ RWPHH WVHLQ GRLVLWYX/FKD ¢ BH

FKRQGULWH SORW

(OHPHQN6\PERO 8QLW\/RZHU /LP8SSHU /UL
6LOIYHU $J SSP
$OXPLRXP $O
$UVHQLF $V SSP
%DULXP %D SSP
%HU\QOLXP %|H SSP
%BWLVPXWK 9L SSP
&DOFILXP &D
&DGPLUXP &G SSP
&HULXP &H SSP
&REDOW &R SSP
&KURPLXP &U SSP
&HVLXP &V SSP
&RSSHU &KX SSP
LUROQ )H
*DOO|LXP *D SSP
*HUPDQILXP *H SSP
+DIQLUXP + SSP
,QGL|XP o) SSP
3SRWDV|VLXP .
IDQWKDQXP /D SSP
JLWKILXP /L SS8P
ODJQHVILXP 0J

Oi

PLW



:KROH 5REN *HREKHPAL(VWU\

(OHPHQ\6\PERO 8QLW\/RZHU /LP8SSHU /4yPLW
ODQJDQHVH 0Q SSPp
ORO\EGHOXP OR SSPp
6RGL|XP 1D
1LRELXP 1E SSPp
1LFNHO 1L SSPp
3KRVSKRURXV 3 Sgp
/HD|G 3E SSPp
5XELGILXP 5E SSPp
S5KHQLXP 5H SSPp
6XOSKXU 6§
$OWLRRQ\ 6E SSPp
6FDQGILXP 6F SSPp
6HOHQLXP 6H SSPp
7L10 6Q SSPp
6WURQWLXP6U SSp
7DQWDOXP 7D SSPp
7HOOXULXP7H SSPp
7KRULXP 7K SSPp
7LWDQLXP 7L
7KDOOLXP 70 SSp
8UDQLXP 8 sSSP
9DQDGLXP 9 sSSP
7XQJIJVWHQ SSPp
<WWULXP < sSgP
=LQF =Q SSPp
=LUFRQLXP =U SSPp
"\WSURVLXP '\ ssp
(UELKXP (U SSP
(XURSLXP (X SSPp
*DGROLUQLXP*G SSPp
+ROPLXP +R SSp
IXWHWLXP /X SSp
1HRG\PLXP 1G SSPp
SUDVHRG\PLXP 3U SSp
6DPDULXP 6P SSPp
7THUELXP 7E SSPp
7KXOLXP 7H SSPp
<WWHUELXP<E SSPp

6DPSOH "HFRPSRVLWLAQ + IL%2:(, *5%

$QDO\WLFDO OHWKSRDG )OXRUHVFHQFH 6SHFWURVFRS\

oi



$ FDOFLQHG RU LIJQLWHG VDPSORI /LWKLXPD®BHDBWWR)O X[
IL%2 = /L%2PL[HG ZHOO DQG IXVHG LQ DQ DXWR(fI& X{HODBEMW .

PROWHQ JODVYV GLVF LV SUHSDOWG 1KRWV GUKH UWNWXOMQ @I B |

IOXRUHVFHQFH VSHFWURPHWU\

IRZHU
\
(OHPHQW 6\PERC8QL\N/LPLWSSSHU IyPLW

$OXPLQXP 2[LGH $Q
%DULXP 2[LGH %D?2
&DOFLXP 2[LGH &D?2
&KURPLXP 2[LGH &
JHUULF 2[LGH )H2
3RWDVVLXP 2[[LGH. 2
ODJQHVLXP 2[UGHO0J2
ODQJDQHVH 2[LGH0Q?2
BRGLXP 2[LGH 1D2
3KRVSKRUXV 2[LGB2
6LOLFRQ 2[LGH 6L2
BWURQWLXP 2[LGKBU?2
7LWDQLXP 2[LGH 7L2
/IRVV 2Q ,JQLWLRQ?2,
7RWDO

1RWH 6LQFH VDPSOHV WKDW DDNWHWHHKRIAWDQWRKDQKEAGMHNVIR B A

FUXFLEOHV D 0( ,&3 ILQLVK PHMWMKRG PO HH QMHOIHFW P IBW K

_( 2%5% 0( *5$%

6DPSOH '"HFRPSRVLWIUKA@UPDO GHFRPSRVLWLRQ )XUQDFH R
0( *5%

$QDO\WWLFDO OHWKRGUDYLPHWULF

.l UHTXLUHG WKH WRWDO R[LGUHRPRQNH Q8 D\Q BG\WH. B PRRIFS

ORVV RQ ,JQLWLRQ /2, YDOXHVJ$ISWBODBHG VQPEBDRYHC

o1



IRU RQH KRXU FRROHG DQG WK DR \ZW IRIK H GQ 7WHRIH U¥ HQW F

GLIITHUHQFH LQ ZHLJKW

OHWKRG /RZHIJSSSl—lk/J
\
eRGH 3DUDPHWGE\PERMBQLW /' v""5
« /IRVV RQ ,JQL RQ
2% 5% )XUQDFH V2,
. /RVV RQ ,JDORILRWXUH
0( *5% g T

) *HRFKHPLFDO 3URFHGXUH = 0( 06 U

5(( $6G RQ SDFNDJH WR 0( 06 0SHOWKWRIS 7BVRIOH [BSHG DQG

6DPSOH 'HFRPSRVLWIERG12 +&02 DFLG GLJHVWLRQ +&0O OH
$QDO\WLFDO OHWKRGQGXFWLYHO\ &RXSOHG 30DVPD $WRP
6SHFWURVFRS\ ,&3 $(6
,QGXFWLYHO\ &RXSOHG 30DVPD 0DVV
,&3 06
$ SUHSDUHG VDPSOH J LV GLFH\DWWE LZA WKK GBUHRII PKKARR) L F
DFLGYV 7KH UHVLGXH LV WRSSHIRXBFZDWIKG GO DI XOGHEF K
FRXSOHG SODVPD DWRPLF HPLVVWRQWISIHFIWQRO LY\ WRE OF
UHYLHZHG IRU KLJK FRQFHQWUDWRRQW 8HEKPP ¥W®Y R H WDFXE
DQG GLOXWHG DFFRUGLQJO\ 6DPRQ@ HW R HHKHLGD D QVIXQ@ M HG [EW
FRXSOHG SODVPD PDVV VSHFWUR®WNHHVEUNR B MBXEW W DO HLBDRVWUH.

LQWHUIHUHQFHYV

6



127( )RXU DFLG GLJHVWLRQV DUPLRDEUD GWR KRYMRBUY HDRRWVK
SOHDU WRMWOMHG GHSHQGLQJ RQ WKHHOBIPSIQMN P IDWBILT XORW
H[WUDFWHG

5HVXOWY IRU WKH DGGLWLRQDWHS D H MH{DA WH H OF P 8 QQM\D ZK

WKH UDUH HDUWK HOHPHQWYV DQ GRVLODYVAKD @B QRRWGERH DX N K

(OHPH(6\PERO 8QLW/RZHU /LP8SSHU /JPLW
6LOYHU $. SSPp
$OXPLRXP $O
$UVHQLF $V SsSPp
%DULXP %D SsSPp
%HU\JOLXP %H SSPp
%WLVPXWK %L SsSPp
&DOF|LXP &D
&DGPLUXP &G SsSPp
&HULXP &H SSPp
&REDPDOW &R SsSPp
&KURPLXP &U SsSPp
&HVLXP &V SsSPp
&RSSHU &KX SsSPp
LUROQ ) H
*DOO|LXP *O SsSPp
*HUPDQ|LXP *H SSPp
+DIQLUXP  + SsSPp
,QGL[XP o) SSPp
3RWDV|VLXP .
IDQWKDQXP /D SsSPp
ILWKLLXP /L S§P
ODJQHVILXP 01J
O0DQJDQHVH 0Q SsSPp
ORO\EGHQXP OR SsSPp
BRGLXP 1D
1LRELXP 1E SSPp
1ILFNHO 1| SsSPp
3KRVSKRURXV 3 sSSP

60



- 6SHFLDOW\ $VVD\ BURFHGXUH = 2% *5% ORLVWXU

$QDO\WWLFDO OHWMKIRYALPHWULF

$ SUHSDUHG VDPSOH WR JDW GP&HBULOW @ RDXHWQ KR

ZHLIJKHG 7KH GLITHUHQFH LQ HE LWIEWRLY OWRRKHQYXADHODFXODW

(OHPHQWG6\PERO 8QLW/RZHU /LPLV8SSHU /UPLW

ORLVWXUH 1 $

+ $VVD\ BURFHGXUH = 2% ,5 2% ,5

(YDOXDWLRQ RI 2UHVY DQG +LJK *UDGH ODWHULDOYV

6DPSOH 'HFRPSRVLWLRBR )XUQDFH

$QDO\WLFDO OHWKRG,QIUDUHG 6SHFWURVFRS\

7KH VDPSOH LV DQDO\]HG IRU | RUME R IDRLOAWXIU H KHALIY L Q T
VDPSOH W R J LW LV KHDWEB®QG D | X QDEWHWDOHDVH F

DQG FU\VWDOOLQH ZDWHU UHVIRPWLKHOADPBOYHUW\WIPEBUXH:

LQIUDUHG GHWHFWLRQ V\VWHP

OHWKR|G IRZHU 8S S H
&RGH 3DUDPH\N6\PER08QLW\//LPLW/LPLW

2% ,5 ORLVWXUH2

-

2% ,5 &U\WWDOOLQH+DWHU




7KLQ 6HFWLRQV

5HSUHVHQWDWLYH WKLQ VHFWLRQWKOGYHGER 8 QX 8U®S D IHGB]
PLFURVFRSH ZLWK DQ DWWDFKH® IGH 1LLOWDH™ \F¥ D PIHW B G OVRD/AB @
YHVLFXODU DQG SRUSK\ULWLM PIFGOMGROIDAKOV M AR QBEOHY B
DQG GLVSOD\ D W\SLFDO DP\JGDQREGD/W W H[WX WER PTRID QS
ROLYLQH ZKLFK TXLWH RIWHQ KDVRNLRQHEGRED\®HAWR RIK
GLVHTXLOLEULXP ZLWK WKH PH®W D B® DIJOR RODXMMW 8 KHRPRPARQ
GLIIHUHQWLDWHG VDPSOHV DV HY IHs FQWQ RSRB R PRYH PUV G
WLWDQRDXJLWH ZLWK D SURQRXQARGPYLIKWKESBBPQLRROR)
VXERSKLWLF WH[WXUHV 2SDTXHWXXUbIGUDUH\KWQWQ W L RAK HLD
DQKHGUDO JUDQXOHV GLVSHUVHG VWLQEXWRM JRIRSQBGBDRNC
FOLQRS\UR[HQHV DQG UDUHO\ RORQG. @M KHW KD FIRHP\HV R S DAAL \
YHVLEXODU WH[WXUHV DUH WKH PRKMW \FRPPRIDV RO PRMIH
SKHQRFU\VWDO SKDVH FOLQRS\KHRQRGEH\VWW HWK i) DAULH | DV HS
ZLWK ORZ PJ KDYH SODJLRFODVHVVBPR&BJISKESBRTFXHWWDL
JUDQXODU EXW RFFDVLRQDOO\BRBFHU ZIHQ GRX RIRGU B DY HX E KN F
IRU PLQHUDOV WKHUPRG\QDPLFOARDWORQJRRIVRRH ¥DPSOD
DWWHPSWHG XVLQJ WKH ZLGHO\ XWUNWGSXUB®R WHR \ZEKDEK URUE

8QLYHUVLW\ RI &KLFDJR DQG FDQREXODREEQY VZHE PCGHWBI WK H

KWWS PHOWYV RIP UHVHDUFK RUGJ KBBEPOHW DSSOHWBGRZQOF

00



)L J 7LWDQR DXJLWH DQG ROL YL QURXQHIPROAUIA\SWOW LR FO L
DQG WLWDQRDXJLWH DQG RSDTXHV RSSHWY LR DY 1L QR XKIGHX
SODJLRFODVH S\UR[HQH DQG RSDTXHV ORZHU

00



)L J GRPLQDQWO\ ODEUDGRULWH YDQB SKUI\DWRIF U LW ¥
FU\SWRFU\WWDOOLQH JURXQGPDVV WHBBIHWL F \RROHO'H @Y 1D @ QRSU
SKHQRFU\VWV LQ D WUDFKRLGDO JURXQGPDVYV



)L J 20LYLQH SKHQRFU\WWV LQ DRZQRXK G/PDW B QRID K L
SODJLRFODVH GLVSOD\LQJ VXE RSKX{S\WHUW H{MXQHW D O3 R/O L
JURXQGPDVV Rl SODJLRFODVH RSDTRHYQBIQG3JUDRX®WU S\U



)LJ /IDEUDGRULWH ROLYLQH DPQGOHXKHGH POQFWRWRIQERR I
D SODJLRFODVH FOLQRS\UR[HQH JURXGQGGROVNYLQHESIQUD $RO
WLWDQDXJLWH +tRSDTXHV JURXQGPDVV ORZHU



)LJ D &U\WWDOOL]DWLRQ PRGHOVQIWALLWH BKHPRY DQ -
*KLRUVR IRU +/ KLJKO\ GLITMUEDWK PWHG PLHRGVH WKD
WHPSHUDWXUH LV PXOWLSOLHG E\ O SHRXQWLR I EFL\HY RQ
JUDP PHOW VR LW FDQ EH HTXDOO\ H{B UGMVHEHQWEZIW HG VI
+/ KDV D OLTXLGXV DW DERXW f&



)LJ E &U\WVWDOOL]DWLRQ PRGHOVYRIWX\DLUH IRKKHVDP SOH
DQG +/ 7KH OLTXLGXV IRU VDPSOHW BDURK@®&® +/ f& 7KH
ORZHVW VROLGXV LV DURXQG f& IRU VDPSOH +/

o
)



7KH VHTXHQFH RI FU\VWDOOL]DPWRRIQ R VWIK\H VFRRROAQN LRAUX MK
JLIXUH 6LQFH PRVW VDPSOHWWDWHVROHYEQBJERAQRWH
UDUHO\ S\UR[HQH WKH H[WUXVLRQ HRWWKHQP B OPEF HP XWHWMR Y
EHFDPH VDWXUDWHG ZLWK FOLQRSNVRIJHRWHL H D& W ARIS HRI

RI ROLYLQH IRU WKH PRVW SULPQWLWKHPSOWIERFOIDW KR $Q



7KH PDMRU WUDFH DQG UDUH HDWWRKVKB P B QWRUWRRIRW KDHL
OLVWHG LQ 7DEOH 7KH 6RIWZDUH ,JSHW YHUVLRQ

KWWS KRPH FRPFDVW QHW aFDUVUUHYWBIRDBR YGWHAV'BBOREGBOD

KDV EHHQ XVHG IRU WKH FRQVMDWXIFR\QL BQ DRIUPKRINP WFRID KD
&,3: QRUPV DQG SORWWLQJ RI BAKH. MFOMRDARQ FIXGI B LW B BWFRQ

GLDJUDPV ZKLOH &25(/'5%: ZDV XVBBUWRVHGLW WKHVH G

7KH LQYHVWLIJDWHG YROFDQLFRAXHWH FHY\8 OUD ¥ JPIVU WRKZD AT

ZW 6L2 ZW $0 2 ZW )H 2 ZW

00



&D?2 ZW 0J2 ZW 1D 2 zW . 2 ZW

7L2 ZW 0Q2 DQG ZWOB 2 LGDVKH $SSHQGL]

7KH 0J QXPEHUV  PRODU 0J2 0J2 )HH )HVVUDRLIR RI

ORZ DQG UDQJH EHWZHHQ DQG DW AKMAKHD W DRIV R Q G
UHSUHVHQW D SULPDU\ PDJPD $Q6 QRRSOMM YIHU H7 MEHSBH
$SSHQGL[ 7KH VDPSOHV H[FOX®QLWHO\KPZRWL WP WKPGEDYD |
ILHOGVY RQ WKH 7$6 GLDJUDP DIWHU /H %DUWHWDPRUH RQ
ILJXUH DOO VDPSOHV SORW KQQVK® D\WHOEDN R D WU NDDE & KM

VRGLF RQ ,UYLQH DQG %DUDJDU DRE BBEHYIG ISORW )LJ

7KH VLPLODULW\ RI WKH EDVDOWWQGRIFIBWHWY UWMRBW HE KWR G
UHPDLQHG FRQVWDQW LQ FRPSRWVWRR Q READLQLF DFQV WV
FU\WWDOOL]DWLRQ ZDV YHU\ VORYUWRWIRRGXF HV & H RIDARFNF |
EDVDOW IORZV 7KLV YDULDWLR® Q@DBIWXOWH3 WXHVKHR XYY LIQ
WUDFK\ EDVDOW WR HYHQ WHS KWLMFHH EHIVHPGHLQVHY ODIM RO R
DV DQ H[FHOOHQW LQGH[ IRU GLUIDHYHQWLPHN2RYLPLIDQG

LQFUHDVH ZLWK GHFUHDVLQJ PJRQ@ HZKIOWK &DLA | HBUHFQW D
GLIIHUHQWLDWLRQ UHIOHFWLQUQRISHUWRHISQ H CDVOIGR © CRD JE R WL
QR YDULDWLRQ ZLWK GLIIHUHGWRWWHRQKDQE $0O 22 QL QWU H
VWDJHV GXULQJ UHIOHFWLQJ RARQYDWHRDQBQS\ UER FHIQHID MHDF
EHLQJ D IUDFWLRQDWLQJ SKDVH 7DEOH

7KH OXQD\\LU EDVDOWYV IXUWKBU BRKIHE LW W/ FRPKS R-NOLMPLHRG/

5E 6U % D =QE < 9

&V 6 F &R & X +1D 7K 8

(@)
=1}



=U OR 6Q % H 6 3E ZW $V &G

6 E SSP UHVSHFWLYHO\ HORUO\KHQURF¥WH® WY FP6( 1E

BHOHFWHG WUDFH HOHPHQWY DUH SO RWWHBG YaW WH\R 2 DV
GHFUHDVH ZLWK GHFUHDVLQJ RI ROH GH PRMMWW QBIW UQ F WLKRQ
PRVW FRPPRQ SKHQRFU\VWDO SKDRHANM WEKH< LGYH\W L DINVG
LQFRPSDWLEOH HOHPHQWYV LQFUHDV IG LALMXH Q WEDMILRIQD J6 BV
RWKHU KDQG PLPLFV WKH WUHQG VRU H@G2 D W i DLDE\U N BADLIG
IUDFWLRQDWLRQ RI IHUURPDJQHBYVDQ JPWQHQISOR QDWW & HD REH/F
IUDFWLRQDWLRQ ORVW LQFRPSDB Y6IEWKR B @HO H QDWWL I ® FIOREL
PJ ZKLFK LQGLFDWHYV WKDW W K XWU UHG MDKVIRRXG KK DWDEMH.® q
Rl IHUURPDJQHVLDQ PLQHUDOV L AKRQ LM QM TR VB HER DHQ
ROLYLQH ZKLFK LV WKH GRPLQDQWNBRDUWVH@EWRBIHSKIDE]

$SSHQGL[ %



)LJ &ODVVLILFDWLRQ DQG WHIERMRMPWVFLRIOWANLIDQU GRV



)LJ YDULDWLRQ RI PDMRU DQG PX\WQRU HR WY RPAHKHNE DYHDD\

o
o



)LJ 9DULDWLRQ RI VHOHFWMBUWVNNMUVHAH HORPB HWN)KH ED

o
(@}



7KH /XQD\WLU %DVDOWY DUH HQULE®HBKHQUBDQ JH \RK

+/  ZLWK PJ W R SSP +/ D®BG VKRZ PRUH RU OH
5(( SDWWHUQV 7KH /5(( DUH PRGKHDVBK(O VB QX IOF KIDQ@ JRWH B
IRU KLJK PJ VDPSOHV WR PS$RPW OREKLRIJLQBDFDWH
YDULDWLRQ LQ WKH 5(( FRQWHQWOHG WK PADJUPBS\CLHVGLYIAE B
WKDQ GHJUHH RI SDUWLDO PH@®BMQ $D WXWHUIQH B P RAKH WMBK H +
DV D SKDVH LQ WKH VRXUFH UR DNV RO WK H7 K I YAHVONL L DIVD H
SDWWHUQV DUH DOVR SDUDOOHORXYGIQRBYFDWH UNHKCIDW A
FU\WWWDOOL]DWLRQ UDWKHU WKI/QDELIRHOMQWJG HEBIN WV PRLIO
RI 6W +HOHQD DONDOL EDVD@WGLIVYKHD PKHPILWEKEG ¥DHDNWO!
WKH\ DUH FRJHQHWLF 7KLV LV (D QRS VPOSG\R U \W B & PEQW/K W SE

)JXUWKHU WKH PDJPDV DUH QRW SHQWLOWHEXGN UDWKHU GLI

3URFHVV LGHQWLILFDWLRQ GLORRDPWLEDOH®\R @ UK
HOHPHQWY KDYH EHHQ VXJJHVWHG D QIE XVH® EW R D (D QDX W
&ODJXH DQG )UH\ 7KHVH GLDJUPODWLYH EDNKDYLRQ
LQFRPSDWLEOH K\SHUP DIP® WRSKIUDWHO\ LFRPSDWLEOH
HOHPHQWY 7KH UDWLR ZLOO UHWRDVYQLFRQOWIEWL®U A
IUDFWLRQDWLRQ EXW ZLOO GHFUWDDE PMOMKHKJIGHQEHH DR/
WKDW SDVV WKURXJK WKH JHURP HQ®WILRIWHUB E®W FKK B DWWV E
%D < YV < SORWV )LIXUH GIRURRIWQ 6 D&M | MCKHJ R BLK K[W O \
WKDW DUH LQ DJUHHPHQW ZLW KQ RSIHRF N VWM N P 71K ID\F WV V. ROQCDW
WKH ELQDU\ SORWV LQ )LIXUH |U XKW ER GRW IURHY KRR R®D MYR. Q

SODJLRFODVH DQG DFFXPXODWLRQ RI DSDWLWH 7DEOH



)L J &KRQGULWH QRUPDOL]JHG 5(( SDDQMHUC
VSLGHUGLDJUDPV RI WUDFH HOHPHQWVWQRMPPDQ M
ORZHU IRU WKH LQYHVWLJDWHG UR FINOU DYGCHH B OLHP R

RI LQFUHDVLQJ LQFRPSDWLELOLWRUBRP LJD¥KIVR QVR | @/H
DQG +DQVRQ



)LJ BURFHVV LGHQWLILFDWLRQG&UDWH®\VDXMLQJ
VWURQJO\ LQFRPSDWLEOH HOHPHQWYV

(@)}
—_—)



)LJ 7UDFH HOHPHQWY ELQDU\ SORWW GHPRQV
RSHQ V\VWHP IUDFWLRQDWLRQ RQ WKHRFKWRHFI
LQYHVWLIDWHG URFNYV



(YROXWLRQ RI PDJPD

3HWURJUDSK\ VWXGLHV RI WKLQORHFNWLRRIAH GU R/K D XWQ IV\K HUE
VHYHUDO SKHQRFU\VWV RI SO DIH RFIODQRIF D\YE \R QI Y S QUHR [ HD
FRPPRQ 7KHVH SKHQRFU\VWYV ZHUHR QR UPH GV KEHPRDUR DHB X B
VLPLODULW\ RI WKH EDVDOW RDVWHWHUKDW WMEBHYVRBHINQMQ
FRQVWDQW LQ FRPSRVLWLRQ GKDQQB DPWLWYHW{HYFH VM DREIWME
ZDV YHU\ VORZ WR SURGXFH SURQRKWE R IY V& IHD WX.IRFH ¥ QL Wt
7KLV YDULDWLRQ UHVXOWHG LRHWIOR 2AZ L QB PQHDYD\W WU W RR

HYHQ WHSKULWH EDVDQLWH

BUHYLRXV VWXGLHV Rl WKH QH kDR LRD\EDYD LWRQD\QLN®
HW DO VXJIJHVWHG D KHWHURJMQBRXN WHKBIHBR N FPD JE
FKDPEHU EHORZ /XQR\NLQ UHMKGIDMWDLRQ DPDLQNKRZBIGLIIHUHQW
Rl YROFDQLVP VOLJKW YDULDWXEGH\RQW HOXHIO/ BE M Y QR \M K

RI URFNV PRVWO\ RI EDVDOW WRWH EBKDBRDWMHO W) LDDYG HWH S K



& % 3

1D2 . 2

6L2

)LJ VKRZV DOO VDPSOHV RFARXUWR WUW KK\ EDWDOWL FR]

/IH%»DV HW DO
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3KRQROLWH

7UDFK\WH

i1b2 . 2 -
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6L2

)LJ VKRZV DOO VDPSOHV RFARXUWR WUW KK\ EDWDOWLDQG O
WHSKULWH EDVDQLWH /IH %DV HW DO

(@)}
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7TDEOH ODMRU WUDFH DQG 5DUGG DMKMKEOHRRQWNWDYH PLQHUDORJ\
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(DUWKTXDNH VZDUPV DUH JHQHUDWHGNHRFPROADEDWDRR R Y V
6\NHV 7DWKDP DQG 6DYLQR DOMLWKWQYHRORDICRFY 7KH\
ZLWK VRPH FRPELQDWLRQ RI VXUUMAVH \VGMHIRUWD WKRQ JH\R FD)OP
JURXQG FUDFNLQJ LQFUHDVHG KNBWHIGMREDQ QSR VNI FHVROLIPD
VDPH UHJLRQ )RU D JLYHQ VZDXWLRKXH RDX GYK ISOLD) R YR &I W Z
HLWKHU ERWK QRGDO SODQHV DG \R BB QTX H WHRD WK 8 JH3Q FHH@ \M
SDWWHUQ +LOO RU RQH ROPUBHVQRGWK \§& B QHHSL FRQ W U D
GHIRUPDWLRQ PRGHOLQJ VWXGLOYV 3 RIOIDVHI @ XD QBVWRDG KDKYW
HQ HFKHORQ ILVVXUHV UHVXOWVY QU RMPWVEHQEHGJEG LWKN EW U

VXUIDFH

6DXGL *HRORJLFDO 6XUYH\ 6*6 IRW QF SECKID DQGE ANWEKQRORJ)
.LQJ 6DXG 8QLYHUVLW\ .68 GHSED®G WQKIPERHF RIWHDWRIRGV DV
RQ $SULO LPPHGLDWHO\ DIWHNUHVIVDWIWL@L HRY HRUWKTX 7L
$SSHQGL[ ' .$&67 VHLVPLF QHW XKRWN FRHQMIRGN VLRIJOHVFRP SR
VHLVPLF VWDWLRQV DQG RQH RIHWUZRDGE ERPSRVZHKEGOH .68HQVPL
VKRUW SHULRG ZLWK WKH VDPH WRMWLRQWDWDRR RI VK&REFWV S
VWDWLRQV LQFOXGHV VKRUW SHJRG VHQIN@RWLGB GVHLW PR
ORJJHU %% LOHU *% KDUG GLVN IRUDVYWRUIKXQNRY UPIFRUGMBO
DQG 6RODU SDQHO IRU FRQWLQXRXEDEGKDYWMIWLRRNVOAH W R

N7



6WUHFNHLVHQ 676 VHLVPRPHWHWK7KEPSDW®J)DFOWHURG ZL63
EURDGEDQG DQG VKRUW SHULRGDNVFEDQOH GKHYHDVU & HHN ND QG
WKH SURFHVVLQJ FHQWHU DW .LQJIWE&BXG DS8DL YZHUWH WAH BVKUH BRY
ZRUNVWDWLRQ 7KH ZDYHIRUP GDWDIRIWWP DW VIRQ VWK H GG DW D6 (%
FRQWLQXRXV UDZ GDWD DV ZHOOP DU W KD DH® QRQH @' Z I KH | REJE
&HQWHU UHFHLYHV WKH UDZ ZD Y% RXCFG 8D VBB DA G LB KQAH RKKR C
$QWHORSH 6\WWHP 7KLV LV D VRPINDDUMHSDFWDBH WVRAL\PDLF QH'
SHUIRUPLQJ WKH EDVLF QHWZRUN RSWRBPMDRIQR/QRD Q3H W R F VWR
ZHOO DV GDWD DUFKLYDO $ VKRWWPWBYRUDYHUBIH WR CHRIHU.
UXQV FRQWLQXRXVO\ DQG GHWHRBWWHPKDWHW BRSWYDWR ORKBW

QXPEHU RI DUULYDOV DUH GHW HRWH GSE\FWIKH ® MIPRUN. @GR K



7TDEOH *HRIJUDSKLF FRRUGLQDWHVHUV.BREVIQB LRV DW -

/IXQD\\LU
§ 5]}v > §]5 [ >}vP]¢] o A &] dC% g
~E-o ~ ~Ue N vel >}PP (E
AdE TAXTf T6X6 (RER Ad Yiii
AAETT TAXioi§ TO6X06081T 1AfAod AN Yiii
AAETT TAXi6A] TOXO60TD 600 AN Yiii
A"dEid TAXTOo0] ToXo606i 00i AN Yiii
AdETR TAXioig TOXAAGO 107 AN Yiii
AdEiO TAXioig TO6XioTd oii AN Yiii
ANdEiO TAXAiiA ToOXO0oAi Oii AN Yiii
A"dEiO TAXT6TT T6Xoiof oili AN Yiii
NdEid T0X007T] T6X00690 Oii AN Yiii
ANAETT TAXIITI i6Xongi oii AN Yiii
ANAETT TAXT66¢ ToOXOinn oMo AN Yiii
ANAETT TAXT6I6§ TOXAOTO oii AN Yiii
ANAETT TAXiio61 TOXT0A| oii AN Yiii
NdEio TOX00611] TOXO6TTi oili AN Yiii
AdETR TAXTTiO T0OXi6AA oili AN Yiii
A"dEiO TAXATIT T6Xongi oii AN Yiii
<Ahii TAXTITO T6X6640 iifi AN Yiii
<~hif TAXTOTT T6X0170 o0no AN Yiii
<Ahii TAXTITI T6XO6TAR 6071 AN Yiii
<"hid TAXTAAR TOXOAQI fAni AN Yiii
<Ahii TﬁXi66$ T6X0064gi i AN Yiii
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.LVVOLQJHU VWDWHG WKDW KWHKHRE BXWUDQW HALWKKRLFEN \
KRXUV DIWHU WKH PDLQ VKREONXSWXLUQHVXWKBHFHHOHYBOQMO VW
ZRUOG GXULQJ WKH SDVW \HKXKH RAFAVUHDGH DWWE WIKDW HU V |
WKH PRGLILHG 2PRUL UHODWLR®H BHHGLWRFBW DVWOODWLRQ IRU
HVWLPDWLRQ KDV EHHQ VXJJHVWHXEY 2JRHRODWIBRQY X RPELQH Wk

DIWHUVKRFNVY Q W SHU XQLWQVYRRPAN DRGORHESE QHWHIQW PIGLE \
1 W . w

'KHUH DQEDUH FRQVWDQWY DQG VKRXOG ERMHVWLRDWHGOI DR F
DIWHUVKRFNVKDYH EHHQ XVHG LQ WKLV \UWMXYWG\ RMRGH¥ DL PRW HX
HDUWKTXDNH VZDUP 7KH F\FOIRF DV WIDYWDMWILRIF DRVHDB I W\HWYK LU
+HQFH ILUVW PRQWK RI DIWHU¥E¥KRG6N I IRHEMHUWDMWALIR@ ERWE GW K
ILUVW LQWHUYDO IURP OD\ WULRP® WRQH -WEH XKILIFFRH &' KH WK

-XQH )LJ (DFK RI WKHVIRZQWBWYDRNVN&HDADLWWKDW GLIIHLU

WZR DV IROORZYV

1 W W ZLWK 50 IRU WKH ILUVW WZR ZHHNYV
1 W W ZLWK 50 [/RU WKH WKLDGQGGZHHN
1 W ( W ZLWK 50 IRU WKH ODVW ZHHN

ZKHUH WEHLQJ WKH QXPEHU RIVHLYH@WH WLEBHD\WLQ GD\V DIWHU \
DB LV WKH FRUUHODWLRQ FRHIHMWKOW )WXHUHH D UIH) & IKRUDHWA

GHFD\ WKURXJK WKH ILUVW PRQWK DRW HREWKRFNDW RRQ0 IRU W

iih



QRWLFHDEOH IHDWXUH IRU /XQD\LVU WX W HIHVOKHRIFWL Y H TRAHBFM R
FXPXODWLYH VHLVPLF PRPHQW WKULW K RB LIQ UAKR FKNR X(J VOIXIG L
0D\ QR HYHQW ZLWK ORFDO PDVQUMPRIMBERYHULQJ Wk
UHFRUGLQJ
YLIXUH VKRZV WKH UHFRUGHG INRBBODA | RS WIH \WHULRZ W ¢
PDIJQLWXGH ! W LV FOHDUHG WWHKBIWWRRVOHO WVHKIHY J\ KOV EHHC
VPDOO HYHQWYV ZKLFK UHSUHVHQWY DRV LPISERHINOLOW WEVWHHY B
DQG WKHUH LV QR FKDQFH IRU R¥FXHPSRBEBOEYD BIYIHVQPMR Q7 KQ Q
ZLWK PDJQLWXGH UDQJHV FRXOG WW UOH/FRW OW KH OF PN ¥ RIEQ D VWRH

PDIJPDWLF LQWUXVLRQV

$ PRGHUDWH 0zZa HDUWKTXDNH VWUXFRNKSHOHMNORNQ 200X OD U J}
WR EH GHWHFWHG DQG ORFDWHWGHEHUOREMD G LYNWDZRRHNY DRAH WH
EHOLHYHG WR EH DVHLVPLF DQ® WH WIH WHDLUW ED X /NR NV VDKIHH 4R
VHUYHY DV D WHVW FDVH WR Q CGGO-MNMWUBDHF W KOH) G * 6 HOFRRFDWWALIRD
GRQH ZLWK EURDGEDQG ZDYHIRUR) GO MR LGRED G\ LQKRHUBDWGER
6 XUYH\ ORFDWHV WKLV HYHQWLQHBEOW WEW YWRDQA\RU $HVEK\BKDTD
RI WKLV HYHQW DQG ODUJHVWZHLIJKW RIFMFHUVKRFNY +DUWDW /X

WKH SHULRG IURP $SULO * -XQMUHV DUBQWKRZQ KQSHBWLYHO\



)LJ 5DWH RI GHFD\ IRU WKH DIWHWVKRFN VHTXHC



)DXOW SODQH VROXWLRQV LQGRMRW H/ WK R RWW K B O HVJHID GAZ R |P
DUH SUHYDLOLQJ DW /XQD\\LU DU LKRRRHBVULER HAO MIKHWOA GIHY L
RU 11: 66( 16 7KH SUHGRPLQDQW RHFIDX@MWIPQ J VE X¥R ULPVD

FRQWDPLQDWHG ZLWK VWULNH VOLS FRPSRQHQWINQGYHQWNI QR
DQG WDEOH KDYH QRUPDO IDXQWRQJVIMHAKNHXMPL Z LARP SR
HYHQWV QR DQG KDYH QRUPIXQWBXODMLIH \PMBEKBDI MPLS F
PDLQ WUHQG RI H[WHQVLRQIOOVVWYHW ISDBWVWBHUBFWLRQ ZKLO
FRPSUHVVLRQBO[VWUHWM.Q 1: 6( GLUHFWLRQ ORLYLMK PRKWM H

PHDVXUHPHQWY IRU WKH JURXQ ® FVDF INWVGDZULGN KL WWMKXHU R B LODF K K F

,Q JHQHUDO WKHVH GLUHFWLRQWLRRURIHW SR QG | RVRPW R X OGA
5HG 6HD DQG RIIVHWWLQJ WKH PHELD{LWBHQKKH BOG BE5DHDKH
RI HSLFHQWHUV FRUUHVSRQGWBRWH G RO BQWHRQRV BUB BN PERIR D (
ZHUH WKH VLWH Rl WZR SUHKLVDWRWIKAH UEHD VODUHV WZ R FX W Q R QR
VLWWLQJ RQ WRS RI WKHP 2QH G KDKI® KWK HU YW KRRIGIH U QRQ E R

(DVW=:HVW



)LJ /IDQGVDW FRORU FRPSRVLWXQLLPPLUW \RH RRAOLWDIDWHFH QW
VHLVPLFLW\ ZKLFK ZHUH ORFDWHG E\ AKKH RV KV HHR GHHUMRXR B RV
VXJIJHVWLQJ LW PD\ EH WKH VLWHLRQWKIH KLVADRJYL B HRU XSW



YLJ Yy $ GLDJUDP VKRZLQJ WKH UHPMRKIG IS8 UL R DR PR YX
$XIXVW ZLWK PDJQLWXGHV!



HDUWKTXDNH 0DLQ VKRFN 0

)LJ :DYHIRUP RI WKH PDLQ VKRFN O0Za



HDUWKTXDNH HDUWKTXDNH

(

HDUWKTXDNH HDUWKTXDNH

(

)LJ D :DYHIRUPV RI ODKIRHAHNNR XU DIWHAU



HDUWKTXDNH

HDUWKTXDNH 0

N

HDUWKTXDNH

0

HDUWKTXDNH

yLJ

E :DYHIRUPV BIWEBDVEKRARRXU 0z



‘H FRPELQHG ZDYHIRUP GDWD IURPVBISR® V6 ) LDAKRE YV WWB HYHQV
ORFDWLRQ DQG VWDWLRQV XVHEBXICQ RIKW KRV HHY HPOIWKDIQ LR P O/R :
VHDUFK SURFHGXUH GHVFULEHGWMKH :POWHULWWL@RVIHDGPLF PF
PHFKDQLVP DQG GHSWK IRU DO ® SAW.DWIHR QNORFLO\ W R B HDG RU W
6KLHOG DUHD $0 $PUL HW DOJK ZDYMR YHRXGZGY HD\RAHIWLHY ZHU

HVWLPDWH DYHUDJH RQH GLPHQRGR QDR WHIHY U B E'LHDAR & K WH QPG

JLHOG LQYHVWLIJDWLRQ DQG IRPYO PHFKHDE@HE WRDWWURID \P |
GXH WR D SULPDU\ FRVHLVPLF UXSWXUH &H RWH HOIWHIEG QIR\UP D C
7KH IDXOW KDV D GLVSODFHPHQW ®RI 6HPRRGOG WLBXBWXUHV W
6: WR (1( :6: KDYH OHVVHU GLVSODFYPHQWDUWKTRODNID V\PSD

DFWLYLW\ RFFXUUHG RQ 1 6 WUHQGLQJ IDXOWYV

iio



)LJ $QDO\VLYV RI IDXOW SODQHOVBOKWA RRXUWHHQPKHYHQW YV
30$1 SURJUDP 6XHWVXJX , W L QKW IH DDAUHHVY WWZIRD WDW R U VW L
WUHQGV RI 1( 6: DQG 1: 6( DUH SUHYDLDURD DW /XQD\\L



7TDEOH (DUWKTXDNH SDUDPHWBDW XK WHR® XRUL RIPXOW S

(YHQW| 1R 'DWH 2ULJLQ 7LPH IREDWLRQ 'HSWK 0D1J
W\ PP GG K PLQ \’HF/DV\Fl IRQK(




7TDEOH &UXVWDO 9HORFLW\ PRGHQJXWHHLG/ PR B LGVH W5HD WDLRH
$O0 $PUL HW DO

'"HSWK NP 7KLFENQHVV N9 NP V 9 NP V

,QWHQVLYH UXSWXUHV URFN IDYHD ¥ HHXG REVOIG YAHR® QO Q SW KN K S
WKH HDUWKTXDNH ,Q $0 $\V DUHBI! WRADJHQHW®IOF D3MK VY HBI
SUHGRPLQDQW LQWHQVLW)\ RI 9 IUIRIP WK+ RROQGHWKD MIYRIQW 0
FDXVHG OLJKW GDPDJH ORGLILH®,0HHTDFXKO X D,@X\HVQ RILWOL HV ' D
EXLOGLQJV LV H[SHFWHG WR EHK HD DJKMF \B WG WKHM R @ HKDNWOO R Z
DUHD DQG D ORZ OHYHO RI FXQOWWUEDQYHGWWHPRUH GDPD
H[SHFWHG WKDQ LQ FXOWLYDWBW® LRQ GHOXWU WO DY MDKH YRIXE
ORZ IRUWXQDWHO\ QRW PDQ\ SHRRSDRIZKIUMK HV W FWRE Q G HRR W

VSDUVHO\ SRSXODWHG DV VKRHQ LQ )LJ DQG LQ WDEO



)LJ 2EVHUYHG EOXH DQRG VI\QWKHRWPK IFHG WEXBIYHRF
PHFKDQLVP PRGHOLQJ RI WKH 0D\ H D/ KL N®IJ TRHDBHP H F |
LV DOVR VKRZQ LQ WKH ILIJXUH



7TDEOH 'LVWULEXWLRQ RI ITHOMLWURX @& RRYWER@ULQPD W /X

&L ORGLILHG OF SHPDL

JQWHQVLW\

$0 $\LV 9, 6WURQJ IHOW

8PP /DM JURP 9 WR OHVY WKDORGHUDWH IHOW

<DQEX DQG $O|:DMKRP ,9 WR OHVV WKDGC/LJKW IHOW

7TDEXN DQG $OPDQURPK,,, WR OHVV WKDC:HDN IHOW

:KLOH WKH WRWDO OHQJWK RI BGXGI XFSHWRKSWRUMHQBDV HPWR
ZLWK WKH PDLQ VKRFN $FFRUGPRPEQW KB WRNDD ACHLRPQ B W H
VWXG\ @V 7 G\QH FP XVLQJ WKH UHODWLRQ

©1 0 6

ZKHUH 6 LV WKH UXSWXUH DUHD WKDW ERQUEH/ HNMW WKHWGIH
VXUIDFH UXSWXUH +HQFH WKHVHGWRS D®H G FoUY MK R DAYV KR F

EDUV
(IDPLQDWLRQ RI WKH WRWDO LQWWDGVRWWRKBIJGH®/ LFHD QRP DO\
UHPRWH VHQVLQJ VKRZ WKDW VR PHRPIIVHYWH WQ FDD@RP\D R HB V VDRIU

RWKHUV DUH QRUPDO WR WKH KOV DFAR XNOUR X HK COXH) WIRWW R B W’ D7 C



RI WUDQVIRUP IDXOWV ZKLFK F DO/ B W\ XOUDEORDFCHVH R | TAKKHHY H
D QRUWKHDVWHUO\ GLUHFWLRQ GEXWW EGFB XIVHU RV W WH HV I6RI G\
SRVVLEOH WR DVFHUWDLQ WK HRUWBRH. PPON KW WLFF XOUIDRPDO\L KW F
PDSSHG ODUJH DPSOLWXGH ORQHWDF HOHRPINCKL DV MHOIRWY P MIKQH
QRUWKHUQ 5HG 6HD DQG LQWHUSUWLREGRW KRHM DIQL FW K H X M P8I
DOWHUQDWLQJ UHPQDQW SRODULGWLAD MHKMN CZAHUWH B PCRPDE
VXEVHTXHQWO\ EXULHG E\ OLRFHQH KHVGL DHXRP DO\ HB\H SR WIHVD\
FRDVWDO SODLQ DQG LQODQG DR IPIUWKHWIKHHIERZKE WD WKH'

ZLWK WKH GLDEDVH GLNH VZDUP



)LJ 'LVWULEXWLRQ RI PD[LPXP LQWWRNL®DUIBIWMG HDUW
DIIHFWHG WKH DUHD 3RSXODWLRQ GHIQL\RIQVL M. @ HUKHORR X D DK U
KLIJKHVW JURXQG PRWLRQV LV YHU\ VSDUVHO\ SRSXODWHG



,Q RUGHU WR LQYHVWLJDWH WK H FHQOOWDIOR @& LE/NWWZHE XX @/ LR R H [
IHDWXUHV WKH ORFDWLRQV RI WHKH RDXNGWY RIQRBUQH W LIFU DR
VXSHULPSRVHG XSRQ WKH VHLVPURIQPHPIS R)LHSLFHQWHUV DQ
WUHQGLQJ IDXOWYV QHDU ODWMMWK@&HKDW WKLVRXOGW GIGWAR GV
ODQG 7KH SURSRVHG H[WHQVLRKDR | QRK\H EHHIQN K_HHIDVGN F KOHFONWH
8PP /DM FRDVWDO SODLQV EHFDOXWHLRN VGKHS ROULMWAH QRA HX Q F

VHGLPHQWYV

7KH VFDWWHU RI VRPH HSLFHQWKXWH WORWKKIH VKR FM®GH PLWHDRIL V
DQG LQDFFXUDFLHYVY LQYROYHG HQLWHKE@WAHDWF EGIPWXRE RI WKH
FRYHUDJH RI WKH H[LVWLQJ VWMHINVRQNLWKHQRXDHERBYWDO S
WKH IDFW WKDW VRPH GHHS IDXOWH W [UD/MAMHNG L WHKRKX WA S\LX
FRQVLGHUHG RI OHVV ULVN WKDDXODN®E® HOR WHK WK NMHKWH RVK /B H
KLIK DWWHQXDWLRQ RI VHLVPLK Z\KHH W DWKHWH B LW JDW B UIRKV

PDWHULDO EHQHDWK WKH VHD



)LJ $HURPDJQHWLF PDS VKRZLQJ WKHHQ HWBM LR 8L FEHOM
GLVWULEXWLRQ WHFWRQLF IHDWWKUH VD XOUMEV OLRFIBIW UR G VI RR P
RI PDJQHWLF $OLJQPHQW RI HSLFHQWNW VDWHN GALIQH QIRUGWK
ODWLWXGHYV f 1 FRXOG LQGLFDWAKD GAK QW UWMKKLN/DNDOXDDW & R Q



&+$37(5

$U $U $*( '$7,1* 2) %$6%$/76

3ULRU WR WKLV VWXG\ QR DJHRXMWR Q J+RDV EW HR QID UL HG R ZH
PDSSLQJ WKH VDPH SK\VLFDO FXDWV DRWHBRQW VY FX/H R H VWKR/HH ® DV R
VWUDWLJUDSK\ DV ZHUH XVHG WLUQ DW HIDKODW H & DPBXBO R 15RR E R
VWUDWLJUDSKLF XQLWV DUH EHOLHYRGOWR EMHWI BRRERO\
FRPPXQLFDWLRQ $Q HVWLP DRH | RD GWMKIHQ VWHKIIDW P D QIS K L F
/XQD\WLU SULRU WR ODERUDWR&DBDWQGISIRRREROHQ EHORZ

48%7(51%$5< 0%45%+ %$6%$/7

4P +LVWRULF WR ODWH SUHKLAMWYBRVYLF /IHVV WKDQ
4P WR 0D

4P W R 0D
4P W R 0D
4P W R 0D
7(57,%$5< -$5%' %$6%$/7
7M W R 0D

'HWDLOHG JHRORJLFDO LQYHVWXUD®.LROKHZDNY URMDW UHBG RXW IC
SURMHFW DUHD FRYHUV WKH QRUWKEBVWBKQ FRNAWLQRDH-<
VRXWKZHVWHUQ SRUWLRQ RI :DGUH¥XD\W RXDNGKUD G HOD LDKHE Jt
VKRZQ RQ LQ SUHYLRXV VHFWLRDKRH 3DBWDPEUIDIN®G URFNV RFF)
DQG WKH VRXWK SDUWV WRJHWKHU\ZR WW KMK P DI [3W\S HUJWH B H UQ
JRQH WKH 3UHFDPEULDQ URFNVXLRDP MRROFDWHE DPWLWUW\ HSL

WKH 3UHFDPEULDQ URFN ZDV KLEKDWHRWK JIKO RVR 2\QEHIU FYX H

iTo



'HWDLOHG LQYHVWLJDWLRQ RGH\XWL ELLADDAOLVRY) &RH MGK W RRW R R ZLL ¢
VXFFHVVLRQ

+LVWRULF WR /DWH ZWHKLVWRULF ODYD IOR

3UHKLVWRULF ODYD I®RZV DQG VFRULD FRQ

1RQ HURGHG ODYD IORZV DQG VFRULD FRQH

(URGHG ODYD IORZV DQG VFRULD FRQHV

(URGHG ODYD IORZV

8QFRQIRUPLW\
7HUWLDU\ EDVDOW
7KH$U $U DJH GHWHUPLQDWLRQ KDV EHHID &ERPURQHER BS W HIR\WW K\
/IDERUDWRU\ 7RURQWR &DQDGD GDEKWKDPS®H VIDIP\E GHD EHXPHE +
JHQHUDO DSSHDUDQFH DQG SKWH.IFD/DFESOHD KD BILEMHG VHRD P L
VHOHFWHG SRUWLRQV IRU DUJRG BRDOWRQYV ZHMHY H R/ E F \F U
H[DPLQHG XQGHU WKH ELQRFXODWKRLEDR VF RSID WHRV LIEG® W/IR \V |
LUUDGLDWLRQ ORVW RI WKHVH ZWHUHWI IZ&IR Q H DULRAHNG | H Q RXHQ W
IRU LUUDGLDWLRQ $SSHQGL[ $
7KH VHOHFWHG URFN FKLSV ZHUHRSDFDNQ GH G RIDGE HD® X RLVWK PD

FDQLVWHU WRJHWKHU ZLWK D MXPEHUHRIWDQ GOV R I) TKBQAG W
VWDQGDUG DQG LUUDGLDWHG LOQFWRH OFDPY®\WHQLXEQWDU LRI
ZHUH LUUDGLDWHG IRU D WRWDSBRBR[ 0HIDZDW WQKWXHVU HD FW
FDQLVWHU ZDV UHWXUQHG WR 7 RURIG\DR GW KAH V B PS@MHAH B QLA \
DOXPLQXP GLVN DQG ORDGHG LQWRDWSEHXBKPE KUJ K L WIKAXQX
VSHFWURPHWHU LQOHW V\VWHP VHIMSHOH SSKPSALRHUGREQ JW K HH [\
ZHUH EDNHG IRU DW OHDVW K R XQRZDMU J R N& EV® R @N\F KOLHHYYH O V
UHSRUWHG KHUH ZHUH SHUIRUPWGEH @ DV V L\DS OFHWURPGMQIUR |

s

iThn



7KH ILUVW VWDJH LQ WKH DQDIOWHKN YWD Q\GD UXGWH LIQD B KV E
VWHS XVLQJ D /HH /DVHU 1G <$FUBIDXHQ R SHRIDEMOHQ Z LWR SURG
RI QP ZDYHOHQJWK 7KH HYROYHGIGDBA DIV 6WBHQY\SKU 7
JHWWHU KHOG DW f& WR UHPRXH D@EPDUDPW LYRE OBV HYV FR
OHW LQWR D 9* PDVV VSHFWURPHWRE UP KO WILSDH G WZ LK DQD
7KH PDVV VSHFWURPHWHU ZDV R SIHWRDOMDMAH G Q WRPDWKH BREHYV
DQDO\VLY $00 ILYH QDWXUDG DQER QUINDROMREMH @ RNI K RSN A H
PHDVXUHG LQ W R VXFFHVVLY R QM FORXW RSYHHUL PE R XKRAD OR Z H ¢
RXW RI WKH PDVV VSHFWURPHWG® ZKLFKRBE B G X\ OSKEOH[ENS WL W
ZHUH IROORZHG ZHUH SHUIRUPHG EFWMKRUH HNDPRVLIDQD O WIRL
PHDVXUHPHQWY ZHUH UHGXFHG XVLRSH®RLW ZORXV HKD Y KL S V1
FRUUHFWLRQ IRU DWPRVSKHULF WIRRQ\QDRMLRIW DRG IRV V. QG
UHDFWLRQV UHVXOWLQJ IURP W E 8 SIURSG DML R QY D BAL \2VW IORD O
LQFOXGLQJ D GHWDLOHG WUHDWHKEW RD G XK RHVYHRINDLIDMAR Y
$U SURGXFWLRQ@DVURMOFXODWHG IRU HDFK VW DQ GIDU GR UX WK
WHNWLWH VWDQGDUG 7KH - YWLGXQH LYDD WIKHHV FRLQWKD L WN US @ X U L
VWDQGDUGYV DUH GLVWULEXWHG RIDWRIDLIQ MK H (DHQXJ W R PBIO MV KIH
DVVLIJQHG DQ DSSURSULDWH - Y DEOHGH QRS QW KRIQL UW D GR DQV LRRQ
LUUDGLDWLRQ FRQWDLQHU JHG KEH B Q PLSCOHYWZAH DD BQREH G X U
XQNQRZQ VDPSOHV WKH JDV UHGHDRH KIDNVWERQH/ W@ SV VBV LG

VHFWLRQ EHORZ ,Q HDFK KHDWYXXHVBWHS BNKWIKWDOGBWOHUZDIH



VHFRQGV IROORZHG E\ WKH JDVLYXVWWHSD WVRRERYE DQ®OXFF

VWHSV WKH ODVHU SRZHU ZDV MWK XD® 6 O H QDM DWHGEE X@QWW R H

$ODO\WWLFDO 3URFHGXUHYV

,OWHJUDWHG 7RWDOKM DIWIREWDLQHG E\ PDWKHPDWEKHADOC
DUJRQ JDV IUDFWLRQV H[WUDFWB@DOGXWL\QJ DN VIWH I8 VRHHIMML@IO
WUDGLWLRQDO . $U DJH WKRXJKJHAEWKLRQ PEHEZKDAW H LMK HBAR BV
OLTXDWLQJ VWHS QHFHVVDU\ LGYVR $HV DIQOWLWDIO0O\ HW XIL\W DO H Q

DQDO\VISY $Q GDWLQJ ZKHUH DOO RI WKH{ & LS D H/ DQUIRD K N DI

3ODWHDX TKH{DJH REWDLQHG E\ FRPELQK®DWH®H WDH 8 X FLFH
KHDWLQJ DUJRQ DQDO\VLV  7KHPRPELHHA WH R/X\CHS L QMDD &6\ K
DUH LQGLVWLQJXLVKDEOH ZLWIKWXH K& GLYDG XDIOF B HIM RIUQYG
VLIJQLILFDQW IUDFWLRQ RI WKH GLRWDDPVRIPBE DHH YOW JIRXQP X2aD W L \
$U UHOHDVHG WKHVH VXFFHVVLYHDRR QFRRIGDQ Y WDIH \8 ®S\S H
QDPH  $JHV LQ WKLV W\SH RI GLPSXWR GD WD VXRUPD OO OF R/ L
PHDVXUHG LV GHULYHG IURP DWPRZSKHOEB VBKPHPNBUXURG KSR
SODWHDX LV JLYHQ E\ WKH JRREIGEHVY R IWR VK I$ D YRDAHDNVAEO O | LV
SODWHDX WKLV QXPEHU VKRXOGJEH IE6ORY W OWRORQ BIH Z KYLIDGHX M V

LW

, VRFKURQ@ DKH DJH REWDLQHG E\ SDVVLQJX DVNWHADDO KWX FORH
KHDWLQJ VWHSY DV SORWWHGWRQYWUGIWLD JUKH WAFFHVVLYH VWI

FRPELQHG VKRXOG ILW WKH OLQUHRUWKRIQWKKHLQRGDRDLWX BDOV



UHSUHVHQW D VLJQLILFDQW IWDBWIRQ R7KWKHQWRWBD@SWD RS QV
$U $U D[LV FRUUHVSRQGV WR DQ DUWK 2KKEK DWW LIQ W H W FAHISHV
$U $U UDWLR DW WKDW WLPH 7KH HIXOFEKRQ W K HDRMRRQHYHD W
VSHFWUXP ZKLFK LV EDVHG RQ WIKQH VBUMDUPS WRR IMK\D W KWDK\H R
DWPRVSKHUH IDLOV WR GHILQFDDISODMWHD X \VIRFK UR® VQKINH U W k
D QRQ DWPRWSKHUUBPWLR LW PD\ LQGLFDWH HWUKHVMRUQW 1
WKH QRQ DWPRVSKHULF LQLWDRPBLBQWR Q@ UURWLRRPLSRML W IKRIQ
ZLWK WKH SODWHDX D PHDVXUHGRBRRZW\H OLON WWKKIH PLHVERAKUIR Q
WKH JRRGQHVV RI ILW SDUDPHWHQ UHI)RWUB GZ MIRO KHWK HE 6V

QXPEHU VKRXOG EH FORVH WRCRIQMH HIKYD8XHV QQIGEEQWI\D SR
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+/ $ ZKROH URZN FKL®YXQ LQ VWHSV JLYHV DQ LQWMNDUDWH
ZLWK LQWHJUDWHG &D . UDWLR HRIUDWHG DJH7 KIW HMQM QW LD O
PHDVXUHG LQWHBWDOWHG " LV QRW VLJQLILPDQWDW GRUINMK
DWPRVSKHULF UDWLR RI 6 M/ HED @ HORMLHDQ WL R 1© OADPRSU R Y H
DUJRQ \LHOG L H JLYH®LSKHE HMADOXHVWKHH DWPRVSKHULF DU
ORRVHO\ ERXQG WR WKH PLQHUBOHYXQW EB ® oD Q- WEDIF Wi G W Q
VWHSV 7KLV KHDWLQJ FDQ UHVXDRVW IUQ FXR UHD B\WW GR R YHHD B WL
WHPSHUDWXUH VWHS¥%U $Q CMHGSWKHRUUHODWLRQ SORW VKRZ'
KHDWLQJ VXFFHVVIX0OO\ SURG XWHRG SIWDFIWHM/QY HDQ @HEBK RX W R
UDWLRV DV VKRZGE$SUKLYIKUHY WKH KLIKHVW WHPSWKDBW XU
KLIJIKHYW$U UDWLR 1RQHWKHOHVV LQ MIDIFW E R Q$UGSRDBIDRV L\R K
WKDW DUH VLJQLILFDQWO\ KLJKHUKMWKB@RW DOTKXS\RLIRKQWYV 11
XQFHUWDLQWLHY > @®@QG JLYH D < LQWHUFHB W UFRW WHWSLRRQ 8

“ LQ DJUHHPHQW ZLWK WKIF PRWHBQ BoWRRWEKHWILQH KDV
VORSH DQG SRRUOS$WFRQV\WWDHUFHGEW WKDW FRUUHVSROGV WR

ND VLJIQLI\LQJ WKH YHU\ UHRHQW RFRNVWDOOL]DWLRQ RI W

, QWHIJUDWHG 5HVXOWYV

$JH g N D W OHDQ $JH
N D
$U . z ( 7RW DO . 9RO (
FF173 J

7RWDO $U 9RO “ (
$U $U VDP ; 7RWD O $WP $U 9RO (

$U $U VDP “ &RU U UDWLRYV



$U $U VDP “ &RU U UDWLRYV

$U  $U VDP ‘ &RU U UDWLRYV
L : ‘ & 0 : “ (
CIEN ‘ &0 : “ (

+/ $ ZKROH URFN FKLEXQ LQ VWHSV JLYHV DQ LQWHIUDWH
ZLWK LQWHJUDWHG &D . UDWLRRYW WR +/ [MERRGWWKSUWQWH
UDWLR RI “ LV VOLJKW OE RENHW WKLH (LWLPFFOMBW B U IDF UD W L
FRQVHTXHQWO\ D SRVLWLYH DJH KRXJEHWRHPHDSKRHGQ LF$ OMW
IUDFWLRQV DUH VLJQLILFDQWPOS®HJIKHU WKIHY B/UKHR WHW LQOVDR 2
UDGLRJMOQLF $Q DJH VSHFWUXP IRU WKH \XPPR®JHWIK\D \W D\ KHE
UDGLRJHQLF $U LQ HD$W $W DUDWMLIRRY KDV VLPLODU WRHKRZ \
KDV EHHQ FDOFXODWHG $W WMWK FODHOYRHKAD RW HHE® WDLIAHKWP IDQW Y
VPDOO GHSDUWXUHV | URPS$ W KIHD WV R XPIH G 7KXV FDXWLRQ PX\
LQWHUSUHWDWLRQ Rl ERWK WK VQRVHIK B WHGF VIR QW0 G TKKIH X
HDFK DJH DUH UHODWLYHO\ ODUVRD®QJDRPRXEWWFRNLQDGWR &
+RZHYHU ZLWKLQ WKH XQFHUWDVQUQLLHR UR O IEDIHVV FHE W WXWPD Q

WKH &D . VSHFWUXP WKDW EHJGOQRODWED WHRWDL RLRIDO YDQXH RI

,Q FRQWUDVW WR WKH SODWH D XUDFWL R D ¥ FXQ@® WHG ILURP HW i BI
RI WKH GDWD$B@UWKWU $U FRUUHODWLRQ SORW PDNHV QR D
LVRWRSLF FRPSRVLWLRQ Rl WK QRRFEDRIQRIMQL PP IJWIRUH BRI

DQG UDGLRJHQLF DUJRQ VHH DERBYHIHN@E WK RWIP@Y BRH MJH FL

s s



QRQ UDGLRJHQLF VDPSOHYV 2Q WRMW SOWWD DOIOQ HR | ZWW KL G
XQFHUWDE @QWLHVY ® FRUUHVSRQGLQJ WR DQ LVRPKIRDBDLWKH DF
FDOFXODWH® $Q LWILWIOR R “ 7KLV F DIORF X @ DLVQIEGE VVQLLQVILX
IURP WKH PRGHUQ DWPRVSKHULEQUIDWLB 8HJUHH KFARHEGRP F
WR IL[ WKH LQLWLDO UDWLRXRQONKLY SORWLPWRUUHBERQGYV W
SORW DQG UHILW WKH SRLQWRLODUWD W WGE OWK LW Z\W K HW® HQ H
>6 Q @ DQG FRQVWUDLQ WKH DJMKWMROHYHOWMIRI $BGLRJIHQ
VLPLODUO\ ORZ LQ WKH UHPDLQDQ®& IRXH DEDROWHW GHH LHG

FRUUHODWLRQ SORW WR EH PRWWPD\SU R/KUWHL D WHY PRHDWKHWR MU

, QWHIJUDWHG 5HVXOWYV

$JH “ N D LW OHDQ $JH
ND
$U . “ ( 7TRW DO . 9RO (
FF173 J
7TRW DO $U 9RO “ (

$U  $U VDP “ 7RW DO $WP $U 9RO (
FF173 J

$U  $U VDP ‘ &RU U UDWLRYV

$U  $U VDP ‘ &RU U UDWLRYV

$U  $U VDP ‘ &RU U UDWLRYV
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+/ $ ZKROH URFN FKLEXQ LQ VWHSV JLYHV DQ LQWHIUDWH
ZLWK LQWHJUDWHG &D . UDWLR RSHFWUXP FOLPEMD JUDGXDOO\
IUDFWLRQ WR D PLG WHPSHUDWXUH SODWHWXRDYHUDVR QJ
FOLPELQJ VWHHSO\ WR D ILQDFWYRQXH RI28U WK H BUBU SORW

D IUHH ILW RI DOO Rl WKH SPLUGWRI \LHOGWDQ@&VRFARURQWK DC

DWPRVSKHULBULRL WLIDWLR R “ 7KH VDPH GHOWXHRU
DWPRVSKHUSE UDWLR RI \LHOG DQ LVREKBRQUMHVIRQGLQJ
DJH RI “ ND

, QWHIJUDWHG 5HVXOWYV

$JH “ N D LW OHDQ $JH
ND
$U . “ ( 7TRW DO . 9RO (
FF173 J
7TRW DO $U 9RO “ (

$U  $U VDP “ 7RW DO $WP $U 9RO (
FF173 J

$U  $U VDP ‘ &RU U UDWLRYV

$U  $U VDP ‘ &RU U UDWLRYV

$U  $U VDP ‘ &RU U UDWLRYV

L : ‘ & 0 : “ (

CIEN ‘ &0 : “ (

) ( ) (



)LJ $U $U LQFUHPHQWDO KHDWLQJ UHOHDWH VBRGWUD IRU VDPSO
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+/ $ ZKROH URBN FKL®XQ LQ VWHSV JLYHV DQ LQWHUNDWH
ZLWK LQWHJUDWHG &D . UDWLR SHFWUXP LV, WQLDRHPV H[FHSW
IUDFWLRQ WKDW \LHOGV D VQWQDRUH RQWOY ROIDHU TKIYDREG |
FRUUHODWHG ZLWK D VLIJQLILFDQWO\ YUDKWIRQVYDMKKHURKXJIK F
VSHFWUXP KDYH UHODWLYHO\ XQULIIRUPRQ WEK¥ISY ¥ YSHIUUI LS@IR W

D IUHH ILW Rl IUDFWLRQV \\WBH RLHOGV DNDQV&RFEURQZLWK DC

DWPRVSKHULFULQUL WMLDWLR RI “ 7KH VDPH GHOWDKHRU
DWPRVSKHUSE UDWLR RI \LHOG DQ LVREKBRQUMHVIRQGLQJ
DJH RI “ ND )UDFWLRQ JQWMHID EHMRZWEKQVILFRFKURQ

, QWHIJUDWHG 5HVXOWYV

$JIH “ N D LW OHDQ $JH
ND
$U . “ ( 7TRW DO . 9RO (
FF173 J
7TRW DO $U 9RO “ (

$U  $U VDP “ 7RW DO $WP $U 9RO (
FF173 J

$U  $U VDP “ &RU U UDWLRYV

$U  $U VDP ‘ &RU U UDWLRYV

$U  $U VDP ‘ &RU U UDWLRYV

L : ‘ & @ : “ (

sl ‘ &0 : “ )
( ) (



)LJ $U $U LQFUHPHQWDO KHDWLQJ UHOHDWH V®HFWUY/ID IRU VDPSO



+/ $ ZKROH URFN FKLEXQ LQ VWHSV JLYHV DQ LQWHIUDWH
ZLWK LQWHJUDWHG &D . UDWLR RI. SORW &R®Q WDWHLRY LQFUH
“ IUDFWLRQ  WR " LOQRW K H2 QL QMXKSUI YDFFUVS U SORW WK
SRLQWV ILW DQ LVRFKURQ ZLWHKW®D VERNQAH YSH U@P AR WDV SRE B L
DQ DJH RI “ ND ZLWK DQ DVSRRMWS KBWILR LRILWIZRS VDPH

GDWD IRUFHG WKURXJK SUK$IUD WRPRMRKRULF |ILHOG DQ LVRFK

@ FRUUHVSRQGLQJ WR DQ DJH RI “ ND

, QWHIJUDWHG 5HVXOWYV

$JH “ N D LW OHDQ $JH
ND
$U . “ ( 7TRW DO . 9RO (
FF173 J
7TRW DO $U 9RO “ (

$U  $U VDP “ 7RW DO $WP $U 9RO (
FF173 J

$U  $U VDP ‘ &RU U UDWLRYV

$U  $U VDP ‘ &RU U UDWLRYV

$U  $U VDP ‘ &RU U UDWLRYV

L : ‘ & 0 : " (

CIEN ‘ &0 : “ (



+/ $ ZKROH URBN FKL®XQ LQ VWHSV JLYHV DQ LQWNDUDW
ZLWK LQWHJUDWHG &D . UDWLR RSHFWUXP VWDUWL .DW D UDW
FOLPEV WR D SODWHDX DYHUDJYDRQJ WR EHIRWA WKH ILQD
2Q WK#HJ $U YWU $U SORW D IUHH ILW RI DOOLRRMKKIR G RLIHWR| )
“  ND6>0Q_ @ ZLWK DQ DWPRWSKHUUUPWQRWIUDO  * 7KH
GDWD IRUFHG WKURXJK $VWK#HU DWPWUYBKRHULF JLYH DQ LVRFKURQ
ND 7&H) YDOXH RI LQGLFDWHY W KWHO 5 R\ O/\V RKADW\SG H UR Y
XQFHUWDERM XHMHUWDLOWI RQ WKH FRUUHVSRQGNRJKDWREK M E

DGMXVWHG IRU WKH VOLJKW VFDWWHU RI WKH GDWD SRLQWYV

, QWHIJUDWHG 5HVXOWYV

$JIH “ N D LW OHDQ $JH
ND
$U . “ ( 7TRW DO . 9RO (
FF173 J
7TRW DO $U 9RO “ (

$U  $U VDP “ 7RW DO $WP $U 9RO (
FF173 J

$U  $U VDP “ &RU U UDWLRYV

$U  $U VDP “ &RU U UDWLRYV

$U  $U VDP ‘ &RU U UDWLRYV

L : ‘ & @ : “ (
sl " &0 : “ )

( ) (

*HQHUDOO\ VSHDNLQJ LW LV DISSDUMIDWIRG VX® BIORWD\P RO H

SUHGRPLQDWH DW WKH KLJKHYVW R\PHPRRIH UHDDAWOUUHHY L Q7 IEIDW DD WL F
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VDPSOH +/ LV WKHUH DQ LQGLFXWVRIQPWKEW PRKUIKORWHG Z
ROGHU DJH 7KH RWKHU VDPSOHV DUHOGNWXQRPRIKR DWW SWKHQU |
VSHFWUD LQ VSLWH RI WKH ZLGHKXWVYMMKHQDJKED FDOQVVEHRV¥RQV

UHSUHVHQWDWLYH

SULRU WR WKHVH DQDO\VHV HVKH PP HRM YWKWHH DRIIBWHRB I DV
4XDWHUQDU\ 7KLV ZRUN SODFASYOMKHI IDUMW\ RIQDW IOHVAXDN\WHU QD
DIJHV KDYH EHHQ VXPPDUL]HG LQ WHKHFILVXRIM WEWXH DJKM FDO
VWXG\ DUH OLPLWHG E\ WKH VPDOODJIJRBRKRRS\D BH G DAGR. RMKIHD 1O D L

QRQ UDGLRJHQLF RU EDFNJURXXQ/GLE ZXRD WASRFBO R QWEHDMD D Jt



)LJ $U $U LQFUHPHQWDO KHDWLQJ UHOHDWH V®HFNUY/D IRU VDP
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)LJ 6XPPDU\ ,VRFKURQ DJHV IRU DOO VDPSOF
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&21&/86,216 5(&200(1'$7,216

W FDQ EH FRQFOXGHG IURP WKPV R WK\G L YALK\DLW W H® HQ@W W/D
VZDUP W\SH DQG YROFDQLF UHODRVRG \DHIX HREFXV HD MKK B |
XS WR VHYHUDO PRQWKYV UHDFKLQJ SHDON FPOUQUMWXIGDE X!
WHFWRQLF VHIJPHQW RI WKH +DDBEWWY LAKHLQIGEF QW HWH DVP\L
HYHQWYV FRQVLVWLQJ RI VHLVPLNHQ®QLRBLXRIGAHKY PRI\ DJAHXF
HQHUJ\ DQG VHLVPLF PD[LPD ZKLBKHURSUHYHQW WHKIHW U
DFFXPXODWHG WR FDXVH ODUJHWD ANW GV QW HWIDH WX R/ @ UR
VWULNH VOLS IDXOWLQJ LQ WKH RIDUIDWP FRRXQGE HE\H DACH LU
DFFXPXODWLRQV $ FOXVWHULRH RD\VZOJIM \DW WDLY HE L VR GW.
VWUDLQ RU D FRQVWDQW VRXUFW KA. WKX O WSHIQMHG VOLS D
7KH SUHVHQW DFWLYLW\ FDQ EHVWHREPHG VRV D, Q FDO¥F YR
SUHYLRXVO\ WKHUH KDV EHHQ YRMN WW KHR U XGRS W/ LRVRPRLFEH R
VZDUPV Rl DFWLYLW\ DW VKDO ORI H\HEWKV RW DX PIQURIOMK/ \
SRVVLEOH QHZ F\FOH RI DFWLWMW\RWXRKUHFRQWNKVFDQ CO I
$OWHUQDWLYHO\ WKH\ FDQ FRQWVLR XHOMD G CHIWE B DXOIMNH D HDI
EDVDOWLF HUXSWLRQ %DVDOWLWKH XD WH\RY WDIH FEIRQR O
DQG GR QRW XVXDOO\ LQYROYBDWKHIORXYV RD @ MW R G GE W IG
IURP VHWWOHPHQWY E\ EXLOGIGR]HMDWWK EDQNV XVLQJ EX
J)LHOG LQYHVWLJDWLRQV DQG IRPYE PHNKDQIG WRDWWLRI
ZDV GXH WR D SULPDU\ FRVHLVPIER DXBWHRUH: HS RWVYHQW

ion



™

™

™

™

QRUPDO IDXOWLQJ 7KH IDXOW KPWQGGGVYSOMFHBHQWERFR
UXSWXUHV WUHQGLQJ 1( 6: WR (1Y S©®:D FHPYHQ WY V VHWL Gl
WK HDUWKTXDNH V\PSDWKHWLF DBEWWYHWQG IRFFXDX B
VHFRQGDU\ HITHFWV DVVRFLDWHGFROKD B\KHV BB QIR BN HD
$QDO\VLV RI WKH VHLVPLFLW\ GEODNRQ HWLFRIDMX QAWRORQLEL
LQGLFDWH WKDW WKH VHLVPLFUWODW L\RKD ®O RZK B QRS | WKKRH
GLVWULEXWLRQ ZLWK WKH PD® RWHGHFIOR QILFL WHD WK R G V +1
ORZ OHYHO RI VHLVPLFLW\ LQ WRH UKQBW GRDUHAIDNVE QW KSRV
EH GXH WR WKH FRPSOH[LW\ RIWDKQ WL QWP DD NH RH QENHWV E
LQDFFXUDWH DJLPXWKDO FRY H WD H RW W WWDQWM. R QVH WBWHIX F
GDWD DQG HDUWKTXDNH ORFDWLRQRY LRAHY KR UG HMFFE RRW B
RI WKH IDXOWLQJ UHJLPH IURP WW K HIRWWWZKHIGQ L SHAGR 6\W B HQ §

DQG +DUUDW

+DUUDW /XQD\\WLU EDVDOWY DHUEHDWESOWNMO D DDINDVOH. P@QIGY E
DUH W\SLFDOO\ SRUSK\ULWLF ZIWRK BEHQRAU\K WD) SAKKOF
VHFRQGHG E\ SODJLRFODVH LQWWHW GLIIHUHQWLDWHG YDU
7KH FU\WVWDOOL]DWLRQ RI WKH BBUTDNXWRR N G O\DKFHH WDAQ N
DERXW f& %XW HUXSWLRQ WRWKHSBPDFMHDF RMMO V EWDIRL
FOLQRS\UR[HQH DW DERXW GHJUHHYV

,W LV DSSDUHQW IURP WKH SQORWDPRIO&LN &IV KDLWKLOKDOE W
DW WKH KLIJIKHVW WHPSHUDWXUHXUH7KQVEDW DOWRP PBRRF Nt

VDPSOH +/ LV WKHUH DQ LQGLF®RPRDM PRK EW B RKULUK OHDV

ol
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™

™

™

UHOLFW RU ROGHU DJH 7KH RUPK B B S\DIAHSOM \D A HN OB K X R X
UHVSHFWLYH DJH VSHFWUD LQQVS&DVH IRDWULKRH ZLKXND\ W R \I

FRQVLGHUHG WR EH UHSUHVHQWDWLYH

7KH PRVW SULPLWLYH VDPSOHV NUW LZR® @ | ESAOLAPD WAKHDB R P
RI PJ DQG WKH FRQFHQWUDWLRQ Rl FRPSOWHBHEGHRHBHPRE
IORZV KDYH VXIIHUHG |UDFW LRIQYLA H D\ § & CSADADLI]LDRAF IOFDQY HR Wi
7KH ODWWHU LV QRW VXSSRUWKNG E\ D QHIJDWLYH (X DQRPEL
7KH VWURQJ HQULFKPHQW LQ WKH IIQFRPSWWRECH BAHEAH
SDUWLDO PHOWLQJ RI D PDQW GH H/ RX BIFH W R BIWD G GGWHKRW
DV D UHVLGXDO SKDVH WKH HQUHBKPWHIQW RDLVR BIDMQ ROU W K
7KH SURFHVV LGHQWLILFDWLRQ GLDB&UDRNG XWIS®LU PR P
HOHPHQWY VXSSRUWY WKH DVVXOESWLREQ MWKGMXH FW R PIIUDDFQV |
WKDQ GLIIHUHQW GHJUHHV Rl SDUWLDO PHOWLQJ

3ULRU WR WKHVH DQDO\VHV HKK VPP EMWR Z MUKH FOLMANGRD \
AXDWHUQDU\ 7KLV ZRUN SODFHW S\OKH/ DIHRP ORI LDO W KWL [4)
SHULRG 7KH SUHFLVLRQ RI WKW NWWXGF DQHX ODWINVGH GQE
DPRXQWY Rl UDGLRJHQLF DUJRQ BRREDWHGRW R RVX H DGR &.
EDFNJURXQG DUJRQ W\SLFDO LQNVKDRVDDOW L F7XKKRGHVEBAR D Q
DQG VWUDWLJUDSKLF SRVLWLRRQDW\H LGX B PR RPWRB W IR G CDOU
UHODWLYHO\ YHU\ VKRUW SHULRG RI WLPH

7KH YROFDQLF DFWLYLW\ DW +®XWDW /XQEDUV VAKBUW HX\

EHHQ D VXEVWDQWLDO WLPH EHWZHKHKDW KHFHU B RIZRIX/ N \X Q L

ioo



™

™

7HUWLDU\ DJH DQG 4 VR WKDW BQ ®8FRQRSHA WAKKD ® DB
FRXOG KDYH WDNHQ SODFH DW DERXW \HDUV DJR
*HRGHWLF PHDVXUHPHQWY DUH UBHRPAPHQGBG TQDRWGIHY W
QHRWHFWRQLF DFWLYLW\ DQG WHKXSHFBUWRYLGMXBHHIBY AW\
WHFKQLTXHV UDQJH IURP JURXQ® MMRKQLOQE RDNVOU WD QD
WR VSDFH WHFKQLTXH XVLQJ Y&WHORQIRPHWHOLQHHYDGQR
SRVLWLRQLQJ V\VWHP *36

W VKRXOG EH SRLQWHG RXW W KDWRXQ®EYROWIORW LR Y WRU X\P
UHJLRQ ZLOO OHDG WR EHWW KWL RIQY WIHRIDWH\R @ V KALKSH/ D\Q W H

VHLVPLF KD]DUG DVVHVVPHQW



5(0)(5(1&(6

$0 $PUL $ B5RGJIJHUNKDBOLDIXG 30 ,PSURYLQJILWKB]DH
3DUDPHWHUSIUDEDXBVLQJ (DUWKTXDNH /RFVWILHRQFHWDEL?
V

$0 $PUL $ 0 DQG )QDLV 0 6 DQLF PEYWRRVYROFLRQ RI HD
VZDUPV DW +DUUDW /XQD\\LU $VELEKEDDEKD :HOMHW®D 6RXU (DL
DQG (QJLQHHULQJ ,QGLD LQ SUHVV

$0 'DPHJK . 6DQGYRO ( DQG %WX\DWID@INVWIUXFWXUH Rl WKH $1
FRQVWUDLQWY IURP WKH DQDEW LYQEMWR QW VHDWRLE JGIFOHW
JHW W

$O 6KDQWL $ O 2ROLWLR LD R DPWH BB ERMW.INHHQ /HGGD
6DXGL $SUDELD 6DXGL $UDELDQVLWXO®K®Q YRQ 5HVRXUFH

$PEUDVH\V $ 6HLVPLFLW)\ RIGOMDFFHQSWDBEHD D QEGISRUW
,PSHULDO &ROO 6F 7HFK /RQGRQ 8 .

$VLPRY 3' *KLRUVR 06 $ 0 IRLROWK A [\W PRGLLQUFD(/76 WR FD
VROLGXV SKDVH UHODWLRQV $PLOLQHUDO +

%DHU * DQG +DPLHO < ) POP HPEG \RGRFAWARRWLQHQWDC
REVHUYDWLRQV DQG PRGHOOLQLRIUWKMLQJ HSNVWREH $HBREK\V
+ GRL M :

%DUD]DQJL O (YDOXDWLRQ@ \WK N HIHAPW A WQ \BND DWRRQ WKH $L
GLVFXVVLRQ DQG UHFRPPHQGDWLR@V $EXCXODJDF 8 QLYW K L6FG D |

%HQLWR % &HSHGD - 0 DQG ODUSQDIHYLMRI-WKH VSDWLDO
GLVWULEXWLRQ RI WKH HDUMXBSRUNHY L QURPFIMIDGRU /RSH
&DUU 0 - DQG ODMRU - - H®V(O1ODMDXYDIER KD JORMAOGHU &RORL
6RFLHW\ Rl $PHULFD 6SHFLDO SDSHU Ss

%HQRWL O + 1\EODGH -$&$ DOBDQ*XIFDROD + 8SSHUFR|
VWUXFWXUH DQG WUDQVLWLRQ $RQELWKRLEKIQHYY EHRBERWK MR/

%ODNHO\ 5 - DQG 6LPSVRQ 5 LQJ HGJIJHSBURRPDDAMH ERGL/
JUDYLW\ DQRPDOLHV *HRSK\VLFV

&DPS 9 ( DQG 5RRERO O - WKIHR G RDLRE] RDS /BIYD )LHOG RI +
.LQJGRP RI 6DXGL $UDELD 6DXG'HQUHDPIODRI'QUGRWRO BWVRXU

ioo



ODS - VFDOH WH[W

&DPS 9 ( DQG 5RRERO O - QRBBIZKIDOH EHQHMBWHK ZHVWHUQ
UHJLRQDO LPSOLFDWLRQV -RXU®DO *S$iRSK\VLFDO 5HVHDUFK

&DPS 9 ( +RRSHU 35 B5RRERO/ 0 - DDKH:BEDWHQDK HUXSWLRQ
$UDELD ODJPD PL[LQJ DQG VLPX®WD®H FEOW BIQWUX VERKPRFDO W
9ROFDQRORJ\ Y S

&DPS 9 ( 5RRERO 9 ( DQG +RREHUS$SWBDELDQ BREWLQH
SURYLQFH 3DUW , +DURDXWERK®DRMM .LQJGRP Rl 6DXBRGR
6RFLHW\ Rl $PHULFD Y S

&DPS 9 ( 5RRERO 0 - DQG +RRBUDSGDSWH DONDROLF YR
SURFHVVHY DORQJ WKH Y NP ORQE YRE RDEUFDGHYWK UDQ I X
*HQHUDO $VVHPEO\ Rl WKH ,QWHYRORILRRDORI D DDRSF KB WP I
,QWHULRU &RQWLQHQWDO 0DJP B R l%/PU $IDWWRJIDFVO\H V1 B D ®
%XOOHWLQ S

&DPS 9 ( 5RRERMDQ® +RRSHU 35 7KH $UDBINDD L
SURYLQFH 3DUW ,, (YROXWLRRQ®\NQ@DDQBWXUBD\EQUGRW
%XOOHWLQ *HRORJLFDO 6RFLHW\ RI $PHULFD Y S

&DPS 9 ( 5RRERO 0 - ®DOG +RRSHHKKW $UDELDQ FRQWL(
SURYLQFH 3DUW ,,, (YROXWLR®RRIRHDG&DOG .$VHKELD L Q4
6RFLHW\ Rl $PHULFD Y S

&R[ . * $ PRGHO IRU IORRG-EBRVBBWURRIRFDQAVP 3
'DUDGLFK $ OLWURYLFD - ; HBAWN®G\ZHFQG YRUWHO $ 0 0l

G\QDPLF WRSRJUDSK\ DQG ULRW 1BRQNGERFOISIRFV WR $UDELD

'UH\HU + DQG 1DXG\ + 1IRQYSQHEG WIRWHURPDJIQHWLF ¢
*HRSK\VLFDO 3URVSHFWLQJ

JUDVHU ' & )XOOHU % ' DQG6RPHW@XPHYLFDO WHFKQLT
PLQLQJ H[SORUDWLRQ *HRSK\VLFV

*HWWLQJV 0 ( DQG $QGUHDVH@HUSUHWDWILRQ RI WKH [

WKH /DNDWKDK OD\HUHG LQWUXWDWHG FBROPEHD . LOQLELR/RV B

OLQHUDO 5HVRXUFHV 'LUHFW R UDMMN UHQH U-BIG GD K0 L 8GDEER) 5 U L
S

*LUGOHU 5 7 IHIHHRG KWL FDO EDFNJURXQG ,Q HG
+RW EULQHV DQG UHFHQW KHD G BMID 06 SHISRVHW VIH@ WRKWNS5 S

ioo



+DOO 6 $ WRWDO LQW HQPVILGW\ FPIDSS RPIDW® H VB HFG QI DQG L
LQWHUSUHWDWLRQ 'LUHFWR URDX\W F HW Q-HHEIED R | ®D NG U 30 C5EHAD
S

+DQVHQ 6 6FKZDUW] 6 $0 $PUL $ D@BPHRGUHWBODWH PRWL
GHQVLW\ GULYHQ IORZ LQ WKH RBWEKHQRVS KH YHGHQFEHDIW R 6 IV K
VSOLWWLQJ DQG VHLVPLF DQLR/RWURS\ #*HRORJ\ 9 Q

 +DQVHQ 6 B5RGJHUV $ 6 $PUL $ ,PDJLQJ 5XSWXUHG /L
%HQHDWK WKH 5HG 6HD DQG $UDE 3@ @HQYDQVY XEOPL HO@ BNV KH BVQV H

+LOO ' 3 $ PRGHO IRU HDUWKRISHINH 5HD U PYS +
-RKQVRQ 3 5 7HFWRQLF PDS RIGODFEHIQIUDBHDWDYHSXW\ 0L
OLQHUDO 5HVRXUFHV 7THFKQLFDO 5HSRUW 86*6 75 .5
-RKQVRQ 3 5 BURWHUR]RLMEHBORIUBHOWXBRQ@HSWY DQG

&RQWULEXWLRQ WR D ZRUNVKR O RQ® @ BH QHRODRID R IWWKKPIHFHW L
6RFLHW\ IRU (DUWK 6FLHQFH 6BQQF$EBRQODHFKQWORRU 5L

.yQVVRQ 6 3DOOLVWHU - (OFSDEXV®DGG : DG ,QWUXVLR
$UUHVW LQ +DUUDW /XQD\\LU ZBWWEURODXGL*$HRBKLADLADO 5H
$EVWUDFWV 9RO (*8 S

-XOLD - $PPRQ & DQG +HUUPBEQHSVWUXFUMWXKRVEI WKH $UDE
WKH MRLQW LQYHUVLRQ RI UHFH ZD W IXRPVEL RO RIFQ @& MKW | D7 H

.HOORJJ . 6 DQG %HFNPDQQ *DJQHWLF L@FEMWRIDWLRQ RI X.
URFNV LQ WKH (DVWHUQ $UDELIQ GKDHEQG .BQBERPERILOMXS5HVH
$

.LQNDU $ 6KDZDOL $ $ %DQNKRHRO $0 -(D3RG (\QQ - & E
ODGLQDK +DUUDW 5DKDW Y RO FDRREFUR RUH.S/RRINL QID X GR MSHUFDVE LVDXG
OLQLVWU\ IRU OLQHUDO 5HVRXBBEHW&BRQILGHQWLDG 5HSRUW

.LVVOLQJHU & $IWHUVIBRRSWH DWW GHND X$0AN DRGHYV LQ *HRSHk

.OHLQ % 0 (FRQRPRX ( 1 RQIORDSDBRQVWDQQWRIIVH ,VRWI
DQG WKH [ 'THSHQGHQFH RI WKH 6RSH U R{ISXFW OQHE TAEBKOH. W
5HY /HWW 9RO 1R SS +

/JH %DV 0 - 5 : /H ODLWUH $ 6%IUHHFWWIL\DH GK BBIGFBO FO
RI YROFDQLF URFNV EDVHG R3L VKD W RW BBWILRNDOL VLOLFD

iood



ORXIWL 05+ DQG +DVKDG 0 + UGV DROFANYPFH EW]BRI 6DXGL $U
JHRFKHPLFDO DQG LVRWRSLF VRV XOFLVHLY R | O\DHNONHDAKW 19 B GDLWQHDIXV 1 D
YROFDQLF URFNV )LQDO 3URMBBSBEGHGRWN&LAVE\ IRU 6FLHQFH
5L\DGK 6DXGL $UDELD

3DOOLVWHU - 6 ([SDQER®RJILFRMDSEV RV RVWHK I3 G /LWK TXC
.LQJGRP RI 6DXGL $UDELD

3DOOLVWHU - OF&DXVODQG =DKYQPWRQ 06 (DX+BGLG\ 6 S$EX

6WHZDUW , /XQGJHUQ 3 :KLWH%3JRDBXDWERPPRGDWLRQ RI L

UHODWHG H[WHQVLRQ UHFRUGH BUGEND LODWWXYH RO RHEY R F
SXEOLVKHUV /LPLWHG S

3RLULHU - 3 DQG 7DKHU 0 I$VPLFLWA\VMORWKFDQHDH) DQG PLGC
$IULFD DQG 6SDLQ IURP $UYPELF, GRIDXWPHDW W6 X0,0 6HLV B6RF ¢

3ROODUG ' ' DQG +RO]JKDXVHQ * LFDO 2@ WHKH DFRWFIKRD® EHW ZH HC

IUDFWXUH DQG WKH 7HDFUWNRIO N KX U LB H

5RRERO 0 - DQG $0 5HKDLOL DOORQJ WHKR KODMNBK 0DGLQDK 1D

YROFDQLF OLQH 6DXGL $UDELQRUB G XMV RXYIFHWUAHRKQLEDO 5
S

S5RRERO 0 - %DQNKHU . DQG RIAOHOMKO ®@QRPD'GLHY DORQJ

YROFDQLF OLQH LQFOXGLQJ WIKQBPZWDHD KR DG DDG INPIKXKSHOO0 X N
6DXGL $UDELDQ 'HSXW\ OLQLVWURR QL G HQMULID® THIEARUWE A0 5 0 §
S

5RRERO O - DQG &DPS 9 ( DWKHR QR QIRARAIFS/RYD )LHOGV R
.KD\EDU ,WKQD\Q DQG .XUD .LQJGHPXRL 6BOEIL BQDEUBFWRUDW
OLQHUDO 5HVRXUFHVY *HRVFLHQFH OD3LWK WH[MDOBH

5RRERO 0 - DQG &DPS 9 ( EWKHIHRQRQIRFARPIFS/BYD )LHOG RI
.LQJGRP RI 6DXGL $UDELD 6DXGHG@HDEODR) "0LWHHWRA BMAHR X U F +
ODS *0 VFDOH ZLWK WH[W S

6*6 7THFKQLFDO ZRUN SURJUDIR RD QVEXIUMIHAX GE*BHRGRG GDK ¢
$UDELD S

6*6 J)LHOG 2EVHUYDWLRQV I18Q 8 XH0JWKW G XUHBRUWW 6DXGL
6XUYH\ 6*6 -HGGDK 6DXGL $UDELD S



6LOYHU 3 * DQG : ( +ROW RZ ILRAIOK FEH@WMO W KOZH VV
6FLHQFH

BWRHVHU ' % DQG &DPS 9 ( R S®DQV $ DEFNGWLRQ RI WKH $U
*HRO B6RF $PH

BXHWVXJIX 30$1 7KH SURJKD®LNRR) GRBDODPHELWK S ZDYt
GDWD XVLQJ WKH HTXDO DUHD SBRRWHH W XRI® E D, 6 ¢ D SHDFQV )SLSH
6XQ 6 DQG +DQVRQ * (YRW PW L RIDREK WKIHFBPO HYLGHQFFH
EDVDOW *HRORJ\ 9 3

6\NHV / 5 OHFKQLVP RI HDWYKT RDNBX DM O RQ WKH PL
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$ QXPEHU

RI DERXW VDPSOHVZAH WENHQROFDPR WVKHRENM GLIIHL

TXDWHUQDU\ YROFDQLF OD\HUNDDQI® RZRP WKIHF W HQIRWA.RQJ HOR 1 O |

OD\HU 7KH VDPSOHV WDNHQ DERX®RXED H ORFKXHDOQVG UWZHH FAUDHND F H v

VDPSOH QXPEHU

I[URP ORZHU WRUR®SW H UIVXDDVH WIDQJBU\ DQG |

OD\

6DPSOFL

4 TXDWHL

4

4

4

4

7 WHU

+DQG VSHFLPHQ GHVFULSWLRQ RI 6DPSOHYV

KDQG VSHFLPHQ GHVFULSWLRQ HRE KW@ B \M D PFDOH WKP R B Q LIJRIG D

/D\HU

6DPSOF '"HVFULS

VPDOO SDUWLDOV
RULHQWDWLRQ

*UH\ FRORU KLJKO\ YHVLF

URFNV ZLWK $P\JGDOHV VI
WR FP FDOFLWH LV VHHQ
VRPH FRSSHU PLQHUDOV DU

VRPH

LJH YDU\ IURP IL
ILOOLQJ WKH F
HIRXQG DV YHI
YLVFRXV VKRZ

ZLWK $P\JGDOHV

*UD\LVFN FRORU ORFDOO!

VL]H YD

J\ I[URP ILQH WR

i6o



ILOLQJ E\ JHROLWH
RULHQWDWLRQ ROLYLQH PI
JUDLQV ILJ

*UD\LVK EODFN FR'VRPH YL
VKRZ RULHQWDWLRQ ZLWK
IURP ILQH WR FP ILOLQJ H
FDOFLWH LV VHHQ ILOOLQJ
SODJLRFODVH PLQHUDO LV
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OHDVXUHPHQWY RI 5DGRQ &ROQF
7KHUPDO YDULDWLRQV LQ :DWH
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