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% IR E M H FR\OLYLHWWULR\WSO D Q Q L SLJUIDMYIHH VVE B & H U V

2Q0G HM DQCHNM &aWVSNQDRS LYDLFKQ QDL FEKRX{HN

&]HFK 7THFKQLFDO 8QLYHUVLW\ LQ 3UDJXH )DFXOW\ RI (OHFWQEHDO (QJLQHF
THFKQBWNIWDKRE]HFK 5HS XEDULGADIPHN KUVWND SBEK®R NREBUEDPDHQWYV IHO F

.H\ ZRUGOULWLPH SRYDFN IOMRIQLQI RSWLPL]IDWLRQ ULVN DQDO\WLV PR

$EVWUDFW

&RQWHPBRBUDWLPHLWK(ENSHREW O D U RF RAPEHWDLQWY JLYHQ E\ WLJKW VKLSSL
DQG YHU\ ORZ PDUJISQ\R EXCHPIDWIRQDOBD V T MHBIQ@PU KB DBGEIQH F X U LW\
WLPH FREPEW®HGHDVRQD O DRFGH POIRVIKRARKIR BAMAERIOVD FKDOOHQJLQJ YR\DJH
S@MLQJ SURBRDKIPV ZRUN ZHDIDMRHQYW BADWHOU LQWR WHPEBRYW O/SDWLR
HQYLURGRMEWWQRQYV 7KH SODQQEDN HG DMEDDIEMG KRG B LV DMMKH. ] H
UHTXLUHG DUHD LQWR DODYWBBKL@H VWRWHRD UQRRVW PN HGYNVDRIGWKH JUI
ZHDWRMGLWLRQV LQ ZHRUPWRI RYABHBEBHAWHYE BEDDQQLQJ SUREOHP ZLW
RIEHWZHHQ VHFXULW\ DQG GXUDWLRQ RI WK NDWRNWHFRREOPMWHX DB GRI W
RSWLPDO VROXWLRQ LQYR\RIHP ZR IWKGURMSKAEH BUMPABHIRQR GRPSRVHG RI WKH W
ZHLJKWHG FRPSRQHQWYV L H GXUDWLRQ DQG VHFXULW\ RI WKH YR\DJH

‘H GHPRQVWUDWH WKH DSSURDFK RQ RNXUXDHHDS R S QUDHY H/FAW L)YXLG\\D QL
VXUIDFH DV WKH ULVN OD\®GIUNDQQVIMW PR HMRICREM W Z Ig8-RY QN YD U H D
YLQDOO\ WRKW RN \G L R F WHWAL SR ERBI®H AWRDIUHW HPBREH & RH UWKA SISV Q J

D X\R U LDADLGH W YD G G DWKRIVDVF HQDU LRV ZLWKVHW H BB HBK ARWHMYGRW L QJ SOD Q!
H[SRVHG WR WKH SXEOLF XVLQJ D ZHE VHUYLFH ZLWK DQGIDWMH.QWHUIDF
RULJLQ DQG WKH GH VWL QIRPERQWERD. Q WM [B U MR VOW I R ROX G B B RIQVIMRDD W H V
WKH FDSDELOLWLHV RI WKH SURSRVHG VROXWLRQ

QWURGXFWLRQ WKH DUHD ZLWKRXW W KN NH[ECPL QD
&RQWHPSRUDSLPDE\LBULRWHQWKH KLIQLULVN DUHD LV BASLFDC
LFDQRWUHDW WR JOREDO VKLSSLOBROQIRY WQG MKHKUD Y PE@VILGH W
FRVWYV HVWLPDWHG DW XS WR HIBHE& QV \WROWR X RWIHU D/BISI R[ LEPHD W L
WKUHDW SROLF\PDNHUV VKLSBSLOQLRSHUDWR UM DQRSY B TE QFHR V
FRPDQGHUV QHH GG WQHZH QG DBMBULIMME@DS DQG H[SOLFLW FULWHULF
VXSSRUW WRROV WKDW ZLOO D CHORZRBIKVSR DEEMEG DRIQEMHEW L Y H
H[HFXWH SIRXIFVHRSHUDWLRQV PRYPWHREBFWHYHONQJ WKH UDLWN WD
6R IDU WKH SURYLKDRE RHQ XCAEHWROR®V WKH OHQJWK RI WKH URX\
‘H IRFXV RQ WKH SUREOHP RN LREURW URNNJRRW LRXI WKH LQSXW
XQGHU WIKRSRMNGE E\ WKH PDUWNURKJIELWIFH GDQJHURXV DUHD
6SHFLILWRBGEDSWDLQV QHHG W R EOHFR\G FRYGHK U QESM QAN HE I3/ F U H
WR W DNHMKKURXQEHURXV D UHD]MWRRR QK R LD EDKVEEE GOHU WR ILQ
OHQJWK RI WKH URXWH DQB WRPWQRDD] W RKKHHULVN +R
HYHU WERVFULWHULDHDBK RWHRNBLQFRMHW SODQQHU ZH KDYH FUFH
WKXV JLYH® GG | FRPSO@W| ULV N KRSV WRKB XVHUV FDQ SXW LQ W
GLIIHGEOWDQG FRQGLWLRQY WKHVSUREEHPKRI RSWMLPDO URXWH ¢
PDO FULWHULD ZMUUKMO@J LV QFRRPSVDWLRQ RI ULVN DORQJ D UR
&XUUHQWO\ WKH SUREOHP LW WHWD YHGH HIOMKHIH B \LKDIMEVR LQW
RU QHJOHFWHG PLQLPL]LQJ WEBDWMURQR LD GVOLRPZ. QUK PRYGIHKO L Q J
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FRPSOH[ VFHQDULRVY FRQWDLQ@ZRBRORHUWUKKD QW $VIKIDEPHZRUN LV I

SLUDWHYV DSQIQ B RX (RWIFH V '"HFUDHQH $QGHUVRQWR/RRDO\]H
UHTXLUHPH®@WW RROQRMW HUUHQW YV
SHO D WRIGN ODUJH PHUFKDQW YHVVHOVDRDIDLQ\

,Q WKH PBRPWLOHDSSOLFDWLREY R VP ILYD BQ WKH WDFWLFDC
DSSURDFK WR VROYH URXWLQJ M RBHERK @Y HU/ xQs@id WPd- o \UDW
VEFDUFH ,I ZH ORRN FORVHG DV\P\HFRQ/@\ZWBQJ* PDULWLPH PR
HOV HZRWN GLWKHU IRFXVHV RQRRPAFLERQIsRPwWyY XVH ELQDUN
DQG QDRARROWDO- ZYMWHWIZ\D HW D RLFH PRGHOV WR HVWLPDWH WK
RU XV HWDYKIBIKD®DRAG PReGIKOVSLUDWMWDWNRQFWLRQ RI YHVVHO V
GRQ *DXWKLHU XQHLWVIRU FDSWW¥UHQIJRSHUDWLRQ QXPEHU RI
LQGLYQBXHHXDYLRU vV HEMWHYIHBRGY  DQG DUPV WASH  7KH\
WLRQV HVVHQWLDO IRU PRGHOWVHY b PIOMRY 5§ 9BRER F | WK HS L
WKHUPRUH QRQH RI WKH DERYH IpRRGEHQW Py RIGL RUWK
ZLWK WKH VHFXHU VKL RS LRDIUQVQENWYHOV RIDQAR FWH XVHG DQG ¢

$V IDU DV W KH VOHHF XRJIQ W\ U D QW/B'RUHMDANY L LAD @ REH OOCMH.®R QVR |
VIVWHPV LV FRQPHWPXIO® WRYWLRYXGDRMHH VSHFLILF WASHV RI UL
PRGHOLQJ DFWLYLWLHV LQ DQE&RFURXYc WREGPWVOBOY QU DRWRHiY VP
WKDQ ZLWKLQ WUDQVSRUWDW GCH HWZ"M@I\P\R P vHrOWMHO
7KLV LV WUXH ERWK IKKDDGKBSR G ®WRRMWIRDRRRY PD N BB V F U IHE WV

DQG SRUW.RARXULWKH vsDWHEHBUBWULRR\ 3HUIRUPDQ@BEI1 6XUID
QHWZRWSHFW RI WUDQVSREMHDVIREH Q@ HEX UL \HRS@Y RV PHWHRURC
WRXFX$RBQ LQ WKH ZRUN RQ PHIHWHAOLIBQER UHHTRUWYV DQG KLV
LQ|UDVW%EEJ\M/)R%VGWDREEHYH@UHGLFW D UHDW FRIQEDYEMLIWH D UR |
WKH HP®KMWIH LV PRVWO\VRBR RWKHU B%® &t wil B bF D
WDWLRSHY Rl LQIUDVWUXFWXUHV D QXHR SRRV DRI IXUWKHU L
V HF X WU@XR V SIRYIW D WMRQEE VO RU H\VBWY R¥idh! 3361 PRGHO EV UHILQLQJ W

QHWZRURQ KDEHHQ WWKHG LIH® LRBSUNO DQG DGGLQJ D SUREDELOLY
FRQWGHHBEDK *KDQPL %RXNKWRR@HO UHVXBWUDW HBWRV VRN SLV

YRFXVRQJIJWKH YHU\ SRKH 6PRGHO %RWXQG33BE6HOV DUH
SLUDFLVWLQJ ZRUN LV FRQFH bW HEP Q URIPG R URFADFREC S WQRQ W
WKH ILHOGV RI VHFXULWWHQOWW r] 'v\/kQJg’ﬂ)WH@ MR UHIKBY W V
DQG JOREDIQSRIODF\ 2Q0\ UHFH@WY\ 7KH\ GR QRW GEZRWEMEOE PR

LQLWLDO DWWHPSWV DW DSSO\KBYLHRP QWA OB BFMH-RI@RY B LC
DQG RSWLPL]DWLRQ WR PDULWYV P XU\ U 0GP RilpH IR M\ B M R |
EXWXMMH[FOXR/Q YHOLWD BV DAKSHER\VLV LV OLPLWHG
SUREO¥WBX]]RH@QH DO PRGHO SLU
DURXQG WRHHG HXQOKVLQJ WH@W@ELEPHR/I—'?DFNJURXQG
VLPXODWRU 3&H2 DOSYWRERVVRXQ HYDOHIRUH GLYLQJ LQWR WKH GHVFL
DWIMDKIH HIILFLHQF\ DQG HIIHFWIHY8OWNYLRH IKHHQBYWUH®&RI SLUL
&RPPDQG DQG GRQWURQORRPDL® WE VERUWMD LRQDO\VLY 2XBHELUDF\ |
WKH *XOl RI $GHQ DUH FRQVLGRGHEVHIYGGW WH VILEROW WLHRSR U W H G
LV QRW VFDOHG WR WKH , QG L B@WFERXQWDKMDE SLIQD IPLF LQ GLIIE
FKDQW WUDIILF PRGHO LV VW JQU HIALRQW D QR WH. AFHR BSOILRBY  H L
HG DQG WKHQWEHHUVHQMW HYVRHPDRVULNR G
7VLOMLOLVY HPSOR\V WKMIEOMEWVHOI DQG LVQWZROBY B $\$ DNRRW L R
EDVARGHXD IZBPMDXUH@WHSKHWYUDQVLW URXWH ULVN DVVHVVPHQ
WR LGHQWEWRIUH DIIHFWLQJ WKH HVFRUW R
YXOQHPBEPKD QW Y HVWHK A V* X\0d ORIPRK -G BRNOAVLY
$GHQ 7KH HVFRUWLQJ VFHQDULMR IRX WP EGNWHWSERREBBIBUH QR SX
WDFWHNDI®@ IRFXVLQJ RQ SRVLWYRQOQE®RH VREUFHWXRO AQDWH Y
VKLSY DQG SURWHFWLRQ RMW RIQHRUPDELRY MHERKD UHSRUWHG
YHVVHOV WKLV LV GLIIHUHQWD YWDR P DREOH PRANWOVERWHIR Q WKHUH
DGRSWV BD\ZWRBWYSHFWLYH D QWL \FRQ VA LGHIAE HVQFH IB® QWRP \HD U
WKH VHFXULW\ RI PDUVWIWIHP WHDQVSRWKMPMW IIRREOLHG GDWD PLQ
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RQ WKH SLUBGHWID MR IBQWFRYHZKWHAH R DWIHRBR KU S W B & KH W B & D
EHWZHHQ JHRJUDSKLFDQG HRWWERE®GEWRBEMHDHQMIDVRQV
IDFWRUV DIIHFWLQJ SLUDWH DFWGEELWLR QIO \DVE B OB\ RYSWIHHRD
VLPLODU WR WKDW SURYLGHG WQRQI® F5 HAHSRRUH/Q\G HIER PB BRXKQH L W
,0% IBUDF\ 5HSRUWLQ8Q&WRBUHRMDFHG LQ WKHRXQVKRI GBWEBRHU R
GRP ,&& ,QWHUQDWLRQDO 0D WDWAN\H ¥#@d DERXDIMWWWR DGDSW WR Q
ZKLFK DUH DYDLODEOKWWRY LAAMFHKHPDI® IBHE WKH LQWURGXFWLR(
LFFFV RUJ KRRH SR BWRWU H WKH SLUDWHV VKLIWHG WKHLU DI
VDLOLQJ ZLWKLQ WKH FRUULGRU
$OVR D VLOQQPIERD QRVFORBWDFNV W
LQQWHUQDWLRQDO ZDWHUV DQG L
HFRQRPLF ]JRQH ZDWHUV ZKLFK L
FORVH SUR[LPLW\ RI ,57& WR WKHYV
*HRJUDSKLFDO 6KLIW 3RIUBLIFYDW |
LQFLGHQWUBRRRID&Y ZKLFK FDQ
EH IRXQG,QWHWRBMOMREHU PRI &R
PHUEKRRPPHUFLDO &ULR& &HBWBYLFH
ZHEVKWWS ZZRVLREXIJIHVW WKDW S
DFWLYLW\ LV QR ORQJHU IRFXVHG
7KLV LV SUREWEKFBXWVWR LQWHU C
FRX@ULHODF\ RSHUDWLR@®' $GQHWKH
7KDQNV WR HTXLSPHQWW®DEHUDGH\
URP WKHVBRQUFRWB® HV DUH QR:
7 o6 sapomiHwhLe T CPOREPDEOH WR DWWD KR Y BWPY HORP WKH
6RPDOL FRDVW &RQVHTXHQWO\
,QFLGHQW "'DWD7 KV BDMSIW KRAG | WAHEBG R WKH ,QGLDQ 2FHDQ ZKlI
WKH DQD O WMRIVWHKRQWIRWIDHF RUGY RUDIHE FRQVHTXHQW ONKP RWHH FGAL |
SLUDWH LQPUBHEWY WRRP  ZKLFKHD
KDYH EHHQIBREW WMKIHH@ % 3LUDF\ S5HSARUMLESDOVIHG SLUDF\ LQFLG
&HQWUH  ZIKEWW B/ H ZZRZVLRBBH g& &&BHEVLWH ,QFLGHQW GHQVLW
SLUDFHSREWQWUBLIIEPB\S DUHS GFHW HGIXQH3S XQWLO WK H
(DFK LQFLGHQW UHFRUG KDV WKYRWP Rt \HHQEVWKH QXPEHU
$ LQFLGHQW QOXI@BEMHQL TXH LGHQWKH HM GRAIRQ 6LQFH WKH VKLI
WKH HYHQW Rl $GHQ WR WKH ,QGLDQ 2FHDQ KD
$ ODW LONRGIHANEBE@BHHRIUDSKLFDQ FRRUGKH LQFLGHQWY DUH FOHDUC
QDWHV RI WKH HYHQW QRUWKHUQ SDUW RI WKH ,QGLDQ 2
YHVVH® WUBAIH Rl YHVVHO DWWKMHFXG®EHU RI LQFLGHQWV LQ *X
ORFDWWR@QVYHUEDO GHVFULSKO\R G HBU MBEB\DRUHG | WKRB WUHQ
ORFDWLRQ WLQXHV PR WURGWOHIBY ZLOO K
GDWHWAL@BDWH DQG WLPH RIWWKHEHYHBSWR\HG WR HIIHFWLYHO
DWWDFNQW®HDWHJIJRU\ RI WHKWKDMDWO AN) WKH RSHQ RFHDQ $G
DWWHPSWHG ERDUGHG KL MDENRKN AKCHG KERQ WKMSDUHDV RI
FLRXV IRXQGFI*®LUH

,QFLGHQW 'DW:DM ERDPB\DQWO\]H3! DQDO\VLV VKRZV DQ RYHUDO
WKH GLVWDQFH RI DWWDFNV IUR UWR\-Q—%(?H@)LUYH'\QN\VRHMHW HwxHJ D
DUHD DURXQG HDVW $IULFD LQSWWWVWxRJ| WKKHGR 2F41DQ DOF
WKH 5HG 6HD PRVW DWWDFNV ﬁ/'f)[RI\HWSBDFQIGQRD@QI\GK—NVVWQDM}ON v
DOW KRXPK DWWDFNHWDINDH SORBFRIWKEGCXFWLRQ RIVERDRQ WP HD V X
FRDVRPHS WR QRHURRP IO L FRBWGRU
IXUWKHWRKRU B YHUDJRI ®MW\MDENH
EHHQ LQFUHDVLQJ LQ WLPH ,QRUKDXEWHARNUSR DNPW DFFNWEP!HLF DQD
PDLQO\ QHDU WKH VKRUH H® $, ®\@WWPNVDRDBSISHKYHG WR DQDO
PRUH DQG PRUH RIWHQ IDU DRD\ORMRFO WKIHD Y\ KHRIUHG DWW HKRHQW R
YXUWKHU ROQRI SHYERIMTKGE QF\KRIK FRVW RI REWDLQLQJ KLVWR!
DWWDEBVSHULRGW @®RFH FDQ EW REMWUYHBLWH® SAIRIJID R E DO WH W +

+H + +H +
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$,6 GDWD SURYLGHG E\ 25%&2 00O VIMWHQWLRIHWEBWWDUDFHYV ZLWK
SURYLGHMUWWS ZZZ RUEFRPPLARBGHIQ YLEHY GHWDLOHG ZLQGRZ
KWP7KH GDWDVE\W PRQWDIHOWN IURP _DOO
DUHDV Rl WKH ZRUOG IRU WzR[@e &
W R ,Q WRWDO
$,6 PHVVIDERXW YHVVHOV DUH |
(DFK PHVVDJH FDUULHV LQIRUJ
YHVSROLWLRQDWSHRIGW X UQUD Q
PDWLRQ DFFRUGLQJ WR WKH
KWWS HQ ZLNLSHGLD RUJ ZLN
WLRQB6\VWWHP

D E
b T acghuan .o . S aeghan
ey 5= :
''''''' 0 J)LXUH6KLS WUDMHFWRULHV IURP WKH 25%:
'JP y > VHW JOREDO YLHZ DQG *XOl Rl $GHQ GHWI
- (4
p N JURP WRDW\VLV ZW KD/ &HMHHFW X
WLRQ RI $16/ ®RWD SRVVLEOH KRZ
‘ 3 i o SRVVLEOH WR H[WUDFW XD WU
------ g e WUDVIKAVH WUHQGY FDQ EH WKHQ
i JHQHUDWLYH PRODXOWRDOBR®QJIJWKH
F G WLRFRIGHOV FDQ WKHQ EH XVHG WR
B e — ZKDLW DQDO\VHVN RWFEBRYVVLEOH WR
....... \= il 5 WKH $,6 GDWD
wﬁj‘:’: o, ?
"""""" . o 5LVRRGHO
‘Qe
"""" .97,‘ 7KH DELOLW\WWKRH FSUWRIERSEW €& WA\ |

DWWDFN LV HVVHQWLDO LQ PDQDJI
: : WUDQVSRKWDWLRINKHQYHVVHO UF
,,,,, R o IR VXFK DQ HVWLPDWH FDQ EH XVHG

P " FRPSURPHWHHHQ WKH ULVN RI DW
' ' OHQJWK RI WKH URXWH :KHQ GF

H ' SDWUROV WKH HVWLPDWH FDQ EH
N S & & IUHTXHQWE VWIRADWLRQV ZLWK KLJK
------ - Eel e T~ SUREDELOMMDFN
F.n.m.."'"%’]-"g-,”‘ » M”-'fp = 7KH PRVW LQWXLWLYHLYD\ IWRWHRV

0se " '.“gr- FDOFXODWH WKH HVWLPDWHG QXF
~~~~~ «alls x o een D, P¥ KDSSHQ LQ D SDUWLBXGDU GHRIU
@'-: . DVSHFWILFFH LQWHUYDO DQG W@LYLGH
L " Se HG WRWDO QXPEHU RI FDUJR YHV\

B ¥ % WKH DQWOH WDIPPAHH LQWHUYRO 7KH
------ i P e QXPEFHRUUHVSRQGV WR DQ HWWLPD!
LW\ RI SLUDWH DWWDFN IRU WKH V
I b B REVHUYHG KRe WKH Spt Qﬁ R e G b ooy L B
NKIGX EMW\FRDVUHF
WKURX YQGLDIV AR KB QVLPH SURJUFE\?JQ/JU@IHJDWHG WR HVW LR D VIRXNWIX H
SQIRUWXWERWH®RRHIDGIHY LEXDDORWMKH ZKROH YHVVHOYV URXWH
VHONULHV JIRMDWRPH FOIDVROWXLUVW IRUPDOL]H WKH PHWKRG GH\
EHU RI PHWDY®WVODEOH IRU PRVYWDROVRKWHKRA KRZ WR FDOFXODYV
VHOV KRWKH HFBYHUDJH LV UHORBW DYWODRNSIHRRALHLB Q\GH V YIHID VQ\D M
WKHLU WUDMHFWRULHV WIQXV ZHE®IY R WL EHH DRI QDRMEREV \BFFRL F D W |
VWUXFWHG +RZHYHU HW YH VERWAH\EWOLHDA RJ IRENV DORQJ D VSHFLIL
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$EVWUDFW ULVN PRGHOLQJ IUDPHZRUN KLFK JLYHV XV

7KH SURSRYVHGSHUFANDREK® WR | 3 HY
W HONV VBIVIRNE D E L VISM F DRIUMBHRMH DWW KH S UREDE LWKW\YHVVHO ZLO:
U\ 7KH TUDPHZRUN GUW\D KK WSRPUHPH RQFH DORQJ LWV WUDMHF
DULVN PDS DQG WSRJ RE D BIEMRMWH FRIK H

E\ HPSOR\LQRWXUDDROMPVVHGOIWNZDBEDQQHU

URXWH
SEDAHQV DR 15 R S VR HIDKRIS PIH
&0

7KH PDLQ DVVXPSWLRQ RI WKH$|'L§
REVHUYHG WUDIILF GHQVLW\ B%gé &Y BE WDFNV_ DUH
UHDOL]DWLRQV RI SUREDEMLRQY AV H LERRQREV LYQPRSWDRIG D
'H WKHQ ORRN IRUPDWHWJIRWWEHRARYP Rl ILOQGLQJ DQ REWLIPD O
GLVWULERWARQWKDW ZH ILUVW OFMHGV hWRRMIRO;RQIDYWRKMEMYV HC

FADKUD SHFURXWH RSWLPDOLW\ RYLWHUI
y[l)ovl-\‘jJLHV[?\Rl BQWHRWRWEDQ V%WUDLQWV LPSRVHG E\ JHRJUDSK

D 6DQGD SK\WDRO SURRIHWWKIHH VDHAMOAHID W LD O
SLUDF\ ULVN IXQFWLRQ WKH ODW)
IHEH WKH HVWLPDWHG WRW®»@DWRLRIVISHOEWUERWYRHG IRU PHUF
VHOV LD OMUHMB WKH HVWLPDIWHG QXPEHU
LQFLGHQWNGRWMXBHDD PH WL P H LG HBYREHP
7KHQ WKH HVWLRIWHGHQ@X\P\E MK R ZRXK GRUPDO YLHZ WKH RSWL
RFFXU LI D VKLS VSHQGVRRQB WURHOHPL WD QQHBWI BREMHOR YME H

EH H[SUHWVHG ]JDWBR@EIOHWKH IROORZLQJ IRUP
1L7’7L PLG[ o
L VW 2 2.
7KH ULVN PDS LVDW KDY QX @AW ORI
50 5 ZKHUHY WKH VRXJKW URXWH WKDW

U\ 1, LI[\+D ZLWK DQ\ JHREVOWIXAGFIBYD UHSUHVHC

. Rl VSKHULFDDDSRE\IRQUHQJIWK R

7KH HVWLPDWHG QXPEHU RI MWXH GHQOW\ LRIUQM N HVO/RI@J WKH UR

WKDW RO OR ZAF D QAW R M® FEVHRRD O EDO@WREP EW KH FU UW® BWR R QL @ WIR

WKH IROORZLQJ FXUYH LQWHJUD®JJUHJDWLR®ZBDBWKREDVXG

U ZLWK D VLQDOW HAHR W& WD VFHRUHV L R Q

1, 3GV FLH@QWLFRQ EH VHW LQGLYLGXDOO)

7Y FKDYQMWVHO DJHQW EDVHG H J RC

ZKHYMH\ LV WKH WSDHG ®RIQUKH FRRVE By UL WIV FHNE R MUK WU
ORFDWLR®RU D FRQVwWDQW YHWYHSEDPWIDYHOLQI

VSHHG ZH FDQ ZULWH PLQ L F[ [o]
1, WBUGV 7KH SUREOHP LV KDUG WR VROY
7 FROQWLOXRKW ZH WKXV GLVFUHWL]E

ZKHUHY WKH WRWDO WUDYHO WLBH PORHIGUR DV SDERQID JIDSE
)LQDOO\ ZH FDQ FDOFXODWH ® ILD%"GI%BLEW’ l&w*i[gﬁumeo Uk
DYHVVHOO EH DWWORNWW RQF RN SUHGHILOHG FHOO ZL

WUDMARWIRQU WKH BREDERQX W\ U I%
WLRQ IXQFWLRQ /HW ZdélHDQ G WKH *XOIl RUHSGW® VF

FRQVWUXFW WKH QDYLJDWLRQ JUD

]
N0 OH
r
EH WKH SUREDELOLW\ WKDW DQ HY ZLWK W WH RI
RFFXUUIRFFXVYY NWLPWOL Q Y0Q LMY HQ —
LQWHHBYPIDQ WKHQ FDOFXODWH WKH DELOLW W
D SLUDWH DWWDHAN WD 3SHREV BMDFW O\

. JLXUH*HQHUDWLQJ D QDYLJDWLRQ JUDSK
3¢ HY DVLQJOH JULG FHOO
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7KH SURFHVV R UUHIHRUHOWRLHD UDHQ\ WZR SRLQWYV RQ W KKHH X O UV BVALHF \
WDQJXODU JULG JUDSK LRRIWWH SER® LYK WRK 1D HRYVRO WHGF WU R\Y H U
FHRDV VKR LY XQH HDFK FHOOXERVIERIU\ LV
VSOLWVHQWHRQW DQG JUDHS IS OY BIFANG DWW
WKH HRQ GWKHYIHPHOWARPSOHWH &DMMBKXGLHV

FRQQHFWLQJ WKHVH YHUWIRFHV L &V\(H/KU%RE%M\(NH\P P EWR?P Fovi

ORJLBEMHGXQGDQW HGJHV DUH UHRRWEH@® K WKH 3$56 ULVN PRGHO V
§ WKH FDSDELOLWLHV RI WKH SODQQ

$00 URXWHYV

JLIXUH GHSLFWV D 3$56 DS ZL\
WZHHQ DOO VLIJQLILFDQW KDUERLU
2FHDQ 7KH ULV FRHHLBKHQW WK
GLVWDQFH DQG WKH ULVN HTXDOO\

JLXUHD UHFWDQJXODU JULG UHSUH
E FHOIGGG FRQQHFWHG WR WKH YLVLELES

‘H FRQVWIUOHFW. FD O Y LNJLFER. QLK
VSKHUWRDWR®Y, E\ DGGLQJ DQ
EHWZHHQ DQ\ WZHR 8 RFEHYRPBR Q Q
DIHRGHWH R KRUWHVW SDWK EH
WKHXUIDFNSKIHIDKLFK GRHV QR
DQ\ SRO\JRWE )DRG ZH FRQQHF

A 7
O ey 1 v 7

DQG GHVWLODWLRQ SRLQWV W BW GR
QRW LOWHUVHFW DQ\ RWKHU ” ‘K
7KH YLWLBUDISK LV W K MX F RHF =

A
:

JXODU JULG JUDSK IRWBISXK] D ‘7*"
JLQDOON WR HDFK Hs JEH MY : PRCHO IRU 2FWREHU VW S
VLIQULVN YDOXH LQ@VIIRECDNW @i%s J+ BY H\HOORZ UHG FROR
ULVN IXQFWLRQ ZKLFK LV SURY 13 Gé%ﬂﬂ@%ﬂf@l%N RI DWWDFN
6KLSSLQJ &EMWQWSUHZZZ VKOS BLIQIWOQV DUH JHQHUDWHG IRU HDFK VLJQLIL
VIQWKHWLFDOO\ JHQHUDWHG BDGLBY YFHPICE WEH B EWRYMYHRIURQ FRHII
SURYLGHG E\ WKH XVHU 7K® ULVN YDOXH R WKH UHPDL
LOHGJHV RXWVLGH RI WKH ULVNDUBBEYHYN®H wr
2SWLPWHPVVHO URXWH W DR®W KH MEKHYDOXDWH WKH SODQQHU RQ I
ZLWK UHVSHFW WR WKH FULWHURRWHYV FIMDWHKEQR MAPISKK WHGLD Q 2
XVLQJ VWKH RBUBWKWYHOO HWILDVMK ZH GHPRQVWUDWH LWV FDSDELOL
RUWKRGURWIBRIFHKRUWHVW GLVOWKPIPEPH BHRWEZMHH) 7RZQ

JLXUH7KH ILJXUHV GHSLFW WKUHWRUJRR®H WV REIRP 70K4P EIDUVW FDVH RQKWHKH OHIW |
OHQIJWK WKH PLGGOH FDVH EDODQFHV WKH OHQJWK RI WUSIWHRWXMWHNDI QG WKH L
DURXWH PLQLPL]LQJ WKH ULVN
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JLIXUH VKRZV WKUHH YDULDDW XWR/R RIFRXWHHGY WZK M K H VAIXIDW V  Z
ULVNV DORQJ WKH URXWH GHSLHFWXS ZAHURYZ D AR WRIXGRUYV DU
JLIXWDHVKRZV D VKRUWHVW URXWHD®HDI/KQRWJRG DNHIRQWWLQJ
QDXWLFDO PLOHV )LIXUH E NKREZNGRU EZRX¥WAR @QLMGKHUHG LQ DO
DFRHIILFLHGWJIKLQJ ULVN DQG OH@INGK WIRQ OMR WKH FRUWLGRU C
7KH URXWHQIDWWLFDO PLOHV ORIGYW HEH @ DYIVHENWZH VOQBERIWEUH G R
URXWH ZLWK WKH OR ZHMVM UH VIR W. KHEHSWHIW X GSINF LILFDOO\ LQ D\
7KH SDWK QRXWLFDO PLOHVLORBB SIORGLWE HIWRXS WUDQVLW VFKHF
WKH ORZHVW SRVVLEOH JLYHQ WKWVRD QI @G BDRGRWIQH GRH VADKE Y H\

WLRQ FRUULGRUV WR D\GGHLVWRRIQLGRU O
WKHUHOEWK GHG WK B HSOREDG RI
&DVWVXG\ RQ WKH $JHQW& IUDPHZRUNZDUVKLSW ' DQG WKH

XVH RI JURX% RWEDYY A 2" DV
‘HKDYH DSSOLHG ¥/&BUERVYHORSH Swivx@DODPH@ RUINGHU WR PDN
HUDBDRUOG FDVHV EDVHG LQ BRYWYRRHBW PRMUVH RRE xvom 7L w K
ZLWK PDULWDMMDERRBOG@HUY  ilRH 44 $PYWXUH SLUDWH DFWLYLW

VHQW RQEBBIDMHWWXG\ IRFXVLQd REERQ DD \DHWEL Y'H S LUDWD \VW X G
WKH SRVVLELOLW\ RI LQWURGXEBQHWIRRYLW FRUULGRU VIVWHP

LQ WKH ,QGLDQ 2FHDQ

7KH H[LVWLQJ ,QWHUQDWIRQDO 5HFRPPHQGHG 7UDQ
LW &RUULGRU ,57& HVWDEOLVKHG LQ KDV SURYHQ
+ LFRPELQBUWIRQWKH GREXDMPHQW
YHAH@WD YHU\ HIITMARRIOYHQ UHGXFLQJ WKH
QXPEHU RI VXFFHVVIXO SLUDWH DWWDFNV LQ WKH *XOI RI
$GHQ 7KH PROHFXWILRH FREFPW XEHHO
GLVFXVVLQJ WKH SRVVLELOLW\ RI HYWDEOLVKLQJ DGGLWLRQDO
FRUULGRUV LQ WKH ,QGLDQ 2FHDQ ZKHUH PRVW SLUDWH
DFWM/NWY SODFH IROORZLQJ SLUDWHVY GLVSODFHPHQW
IURP WKH *XOI RI $GHQ ,Q FRQWUDVW WR WKH *XOI
REGHQ ZKLFK LV DQ HORQJDWHG QDUURZ DUHD ZLWK
DVLPSOH ELGLUHFWLRQDO WUDIILF IORZ WKH ,QGLDQ 2FHDOQ
LV PXFK ODUJHURD’Q’QCEODVGLU)P\; ﬁFﬁQ"{/LHgRU OD\RXWV \'RXUVA’VVKHS?’EGZLL%&
E\ PXOWLWXGH RI WUDIILF 10K ZYuv ekt L ERg to VS drh
GHVLJQ RI DBRWIVHBIAM D WRPSRUWEBR UV
HG WDVN

‘H KDYH XWLOL]HG WKH $JHOMWVKOMMPHZRUN WR
HYDOXD W N WOKGAVFERMBL R QW &H 1UD P 11 |y X MWW JRYHRQH \HDU RI \
ZRURUEDLHI GHWRFEULEMWULBQRHZRIPN, | \wwipPH WUDIILF '@ BWXR 15 IRR ETD)
KDYH H[WHGQGHDPHZRUN WR LQRONf MRSHYLYN vipxOoDWMHG HD
EDVHG SODQQHU DQG WKH JUDSKy&0Vp HEWEQSH o WRBYHUD IH v
FRUULGRUV WR DOORZ WKH YRNVHOYD WR MALOU ¢ LWKLQ  WKH
FRUULGRUV 7KH UZDW VBWFRWRULGER VYD oxHY RI WKH DYHUDJH

VLPXODWH WKH VWURQJ UHFRPPHREWIHgH Rb d\RdsMeaY cxur
WKH DUHD WKURXKK WKWNFRO ULKERR YD 0 ROGWE H QD \RXW RI WK
RXWVLGH RI WKW FRWQ UGRE %Gt 3586 DPRWRWHGP K IRU

ULVN PDSXWHH )LJ WKHRQRVHWXS ZLWK QR FRUULGRU
6FHODULRY 2FHDQ QP K IRU WKH26DQIDH
QP K IRU WKR PROAWLGRU VHW
‘H VWXGLHG WKH HIITHFW RI WIZHHSRRDOBPO B LOMHBNWNH EHWZHHQ
,QGLDQ 2FHDQ FRUULGRU WDAMWWPIW W LQUNVQUD 5 X H WAR WKLIG\S RV LFVRL
FRUULGRU FKDQQHOLQJ WEMHGODQJIH DP® XTDMW RUDMBHVAK LB B LY U D [ L}
HDERXQG WUDIILF GHDPWIBG DWHRXWIDE VLIQLILFDQWORI EW KWK H
DPRUH H[WHKOQWRIYHLGRU V\VW H PFRRNHGBIRUN DO O
WKH PDLQ WUDIILF IORZV LQ WKH LIDGLD QD2 F BB @KXBHWMRANKHRS R WK
DV 0XOWBHHXUKRU D VRKARHULBHRW RI KLMDFNV RQ WKH QXPEHLU
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IRHDFK FRUWMGRU DYHUDJHG FROKHDWR IGK DI fMGRWVEH SDWUROOHG E\
QXPEHUV Rl SLUDWHV $V H[SOPWHO HVYQROMD\OLSSWRIK AR WHIO\)R!
QXPERU QDY\ YEMFHBWNHVQXPEMIHU WKDQ QDY\ YHVVHOV WKH
RIERWK DWWHPSWHG DQG VXAFRUWMWERUDWWD MKH 7XELDQ 2FHD
UHGXFWLRQ LQ DWWHPSWHG DWWIDRNAL W VVHFXH & \B VNIV i5 SUGNYNEH G
QDY\ SUHVHQFH ZKLFK FDXVHWKWLK$D & LR QWHW VDIRRA) WK D QW LW D
ODXQFK DWWDFNV ZKHQ D QDYLQGIVADHOLYNM QHDUE\ 7KH
UHGXFWLRQ LQ VXFFHVVIXO DWWDRKNVYVLEHWEKXOH F\WKMHBHWW HU
DGGLWLRQDOO\ E\ PRUH I[UHTKHIXM UDRRNIRFHND VEU BWIDIRWY. FRIQQ V L G F
DOORYMEH KLJKHU GHQV EWKRVHQWHW\EBH\BIERW Y V\VWHPYHFBNBAYV V
FDQ EHLQHHWQUH E ZKLFICHOMBLOGWELBIU IRU SLUDWHMLIKILEH FDQ E
EUHDN@®RZINWDFN IRMWFRRRAVX OWKIH QXPEHU Rl DWWHPSWHG DWW
FRUULGRU V\WWHP :KHQ WKH QXPEMLD R I KQDKH LY HW KBQNWRUS WHKYHH Q
LV LQFUHDVHG WR D FHUWDLQ IQUNHO KPRV \Q XPIEWHKW RWQYD¥FNY H\
DUH VXFFHVVIXOO\ GLVUXSWHGRIGLVUXSWHG DWWDFNV WR WKH G
'KDW LV PRUH LQWHUHVWLQJ GNSWKMHIEQRLQJ FMDEN BHDRWYM GV V F
RUGHU WR KDYH SRVLWLYH L P SD R\FQFSR LVHIGIX EE QH QKL MUDLFNW Z LW K
WKH H[WHQGHG FRUULGRDQB\QWRPNU RIQGBISOR\HG QDY\ YHVV]

E
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JLXUHS5HVXOWV RI WKHWWRBWWRG\ D 'HSHQGHQF\ RI WKH QXFREWWHRI IKLMDFNYV
QXPEHU RI QDY\ YHVVHOV ORZHU LV EHWW HUNW EF N%W HO-WG FiRRQU RXGWKH G LIIH
F 'HSHQGHQF\ RI WKH QXPEHU RI D\O®WHPW DRNYW R Q WEKHWAVRHWLGRBU 'HBHQGHQF
FHSWHG DWWDFNV RQ W K+Z 9 XXMEH B E/DN\YHHER ROW R | EQ DWK HY H @ WHR®R BHRLW L R Q F \

FRUUVBIRWPY ZKHQ HQRXJK QDY\ YHVVHOV DUH DYDLODEOH KLJKHU LV EHWWHU
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HVWLQJO\ VKBIQELQXOMMWHPYV IQWPEZRUN WR SURYLGH PRUH UHD
WR KLJKHU QDY\ YHWKNR®JKIWRLMXRODWHG YHVVHOV
FUHDVH LV QRW HQRXJK WR FRXQWHU WKH LQFUHDVH RI
DWWHPSWHG7RWWDBHRNQRW XVH RI JURXS WUDQVLW
KDVQQVLJQHILAB@WWLQ WKH £FXUUHQW PRGHO
WKLV PD\ FKDQJH LI PRUH VRSKLVWLFDWHG SDWUROOLQJ
VWUDWHJILHV ZKLFK FRRUGLQDWH QDY\ YHVVHOV ZLWK
WUDQVLW JURXSV DUH HPSOR\HG

2YHUDOO WKH UHR/DX\G WWKM X $ RHALWY L
HITHFW Rl WUDQVLW FRUULGRUV LV QRW GLUHFWO\ WUDQVIHUDEO
IURP WKH VPDOO DQG QDUURZ *XOl RI $GHQ LQWR WKH
YDVW ,QGLDQ 2FHDQ 7KLV LV QRW VXUSULVLQJ JLYHQ WKH
FRPSOH[ QDWXUHIHW&HQIFQWWULQ WKH
PDULWLPH W UD\@WSHPU W.DW KRIQH[DFW O\ W
NLQG RI FRQFOXVLRQV WKDW LV GLIILFXOW WR UHDFK ZLWKRXW
LBEHSWK VLPXODWLRQ PRGHOLQJ HJ E\ HPSOR\LQJ
GDWD DQDO\WLV WHFKQLTXHV RQO\

$ M\ OLPLWDWLRQ RI WKH VWXG\ OLHV LQ WKH VLPSOH
VWDWLF GHSOR\PHQW RI QDY\ YHVVHOV ORUH HODERUDWHG
SDWURQEBRQYR\ IRUPDWERQ O/QV _g @bm POEODVNGWLEZ RI WKH URXWH ZL
PRUH HIIBRGLDB®ORZ WERRUMJ FUEKH URXQRIZGHSLFWHS EH
VIVWMR/ EH VXFFHVVIXOO\ SDWUROOHG ZLWK IHZHU
YHVVHOV TEOH DG HRMWW LJQ DQ G &RRBFRMHPH QWY V

AT L PSSR XN L o) wick vo Ly wamauw
\% WIRBVWHLEY QHHGHHLML L

VXSSWRWOV WR EH DEOH WR QDY
$JHEGWUDPHZRUN ZDWHUV :H KDYH GHYHORSHG D UF
$JHQWS& IUDPHZRUN DNOEDMVHEIHLIK VHFXULW\ ULVNV DQG WKH O
VLPXOPWGRQDULVWIERHLYBWYDF\SODQ@HY W@®WR DFFRXQW D ULVN |
DIIHFADHNGH KM PRGHWRD KBMOFSLVLEB SURYLGWGLIEG SDUW\ 7KH ULVN
PDNHUV UHGXFBERXMHWWH LIQMWHR@WIRRDSKKBKUFK UHSUHVHQWYV WKFE
RSHUDWLRQDO FR®WUR QA OMHBUWHKEWIIRQWH LV SODQQHG :H WKHC
7KH PRGHO L@FRUGRUJD/ARURDIGDABDORULWKP WR ILQG RSWLPDO URY>
GDWD DQG WR RXUVEWYXW NXQRIOWEEHEWNHGYHUVLRQ FRHIILFLHQW
WD W PRGMOXDW V LPKIDD WHWY VKLSEKQXYH DSSOLHG WRUWKSSBRWHRK
GRZQ WR WKH OHYHO RI LQGLRDGKXWOPNHLWHDFY ZKKUH ZW GHPRC
FUXFLDO IRU DFFXUDJMOW FFRSMOMHN. Q JHDVAKRPRIEGE RIBD ULWERH Y LW\
WLYH HIIHFWV DULVLQEH SURRE W@ DFRRiIQMIBHWGH UKW R GHO WWRR© S
LQWHUDFWLRQV RI PHUFKDQW GHBDWHRQ QR BBY YV YUHHIWRRHDA DR FH U
ORUH LQIRUPDWLRQ LV DFFHWVULIGEMHWZREBQWWHARSSRIMHEW R DWKH
ZHEVLMMAWS DJHQWYV IHON FYXRMRBPEHSD & MBI @ AERIH QW FLQWR M F F R

RU GHVFUDEHE LQ UHOHYD QWURNUKER U ¥ G L D)Q QIFHD\Q
ZH LQWWXUHDWEDQQHU LQWR WKH
‘HEDSSOLFDMMRRBHOLQJ ZRUN ZKLFK ZH XVH VRR WWNDQXDMRE

7R IDFLOLWDRVRXOF BHVY XV V M’HWHQW FRUULGRU V\VYV
ﬁygﬁgﬁg/w\i YHP

RGZH KDYH LQWKHIWBRWEB\ ULV
PHWKRG LQWR D ZHEHDBS®QE
DOORZV WKH XVHU WR VSHFLI\® @@O%dﬁEWUVDQVLW URXWH
XVLQJ D *RREDWHGDBHEDER®WMW WKEH) UHVHDUFK SUHVHQWBG LQ V
RXWSXWV WKH RYHUDOO UL¥N [S@ U VDHWZFE'DRHIRW D WHYOL 6 BR. MD® F K
DO URXWH VHJPHQWYV ZLWK WHKHLU DVVRELDMKHG HURVNDBBB 5HV
DVFUHHRIVWRW DSSQRUKDWLRQ LFUDQRV 1 1 DQG EWMEKHK

7KH SODQQHU LV QRW FXEUH G WLOAQHI$ B R K Q/G/D R QRKEHU S&XHV HD U FK
OLF KRZHYHU LW LV LQWMEUDRVHG ZIWKLQ WKH $JHQ
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SHIHUHQFHV /$85(1 0 67(3+(1 5 ODPDZDUH QRQ
XQLIRUPDDXWROPL$IHZHBODQG DSSURDFK

%5721 " &  6730%(5. / $Q DJEHRQWHG VFHQDULR PREHDAMWWOHILHOG 7HFKC
PLFURVLPXODWLRQ RI FULWLFIDEKQQIUPYWUXFWXUH V\VWHPV
FDO UBBQGWD 1DWLRQDO /DBV86%0 E XTpeHdUsl % H &RPELQDIGLWRBRRY) *+
6DQGDWLRQDO /DEV /LYHUPRUH &% 8&R ZH DUH DQG ZLGHU PLOLWMIWHFRXQV
%8521 6 *$87+,(5<  *5(,66 - 0% SUHVHQWHG DW WKH 0$5/2 ODULWLPH ¢
75,&6 $ PDULWLPH W UrBiIF KIQ LWFDPX OHVB BRIV "HFHPEH U $SYDLODEH IURP
'HIHQFH 5 ' &DQDGD KWWS ZZ@DPWVRIFO PDUOR (YHQWYV '(&
%8==21($ * 0s66(,0 0s'(2 ) 7s$521() 0$5/2'XEDL&RQIHUHQFH KWP
*81$/0 0 6LPXOPWUQQOH DVAAHPHWU 218245) & 3LUDF\ DQG PDULWNRH VHFX

—_

el

QLRV IRU WHVWLQJ GLIIHUI—BQWE&!HPDV\L)&@IQN[MOS;-IMHQN REDQUHH/F WICRTIBRBBAUQV
LQJV RIMY@EWHUQDWLRQDO &RPHADQG RBREXUR@WEHRO 5
VHDUK DQG 7HFKQR$RJ‘L’\ G\PSRVLXP 5866(// 6 - 1259’* 3 $9,6( 5866(// 6 -
&+$:'+5< 3 . SLVN PRGHOLQJ DQG VLEXOPWLRQ RIUWLILFLDO LQWHODLJHQFH
DLUSRUW SDVVHQJHU GUIRPRMGUGIW RSWWRQNUHQWM

'LQWHU 6LPXODW LY VIR IHTUHQF Hp(o06346 *+$10,$ %s.+72873% 0RGH
'HF ((( s * LQJ DQG VRPXQADWWPRQ\ WDFW IWIDRQORJL\
' (&58(1(- $1°(56210 /20 0 < + obu 3URFHHGLQJV RQWMHXO&W@WQFH
WLPH FBKQBFHUVWXG\ BEDALIQE BUAROD WKR\O L+$ "HF ((( S8
,Q3URFHHGLQJV RI WKH 6 SARLQJ 6l6Pz>£7Q>@\/\é RQ 0X@WXQWHULQJ SLUDF\ ZLWk
IFHQAMZ <RUN $&0t SS JHQHUDWLRQ SLUDF\ SHUIRDF DMRH WK U |
+$16(1 - -$&2%6° +68/ '<.(6 - '$678*8(- VLWVHFKQLFDODVYBBRWWU BISKFORNED
$//$5° 5 95521 & [$/(-,1," $%5%06210 WHUH\ &DOLIRUQLD
5866(// 6 0,7785 ,QIRUPDWLRQ GRPLGDWALRQ &RXQWHWWF\ HVFRUW RSHUDWL
"\QDFIDOO\ FRXSOLQJ 0(72& DQG ,17(/+hRd) RR NP AU WKHVLY 7HFKWLFDO U
JXLGDQFH IRU SLUlESF\SlHQ/\mHZJ@LFWLRQJUDGXDWH 6FKRRO ORQWHUH\ &DOLIRUQ
+$6(*$:8 . +$7$. 6+,2-0 1.:3 . 025,6 8 LRIGSROWHUQDWLRQDIDXDULW
)8.8's + ODULWLPH WUDIILFQVLPXOD L:RQJU—FQ @G DUPHG UREHFK\QREFDIOQV
JHVWHG ZDWHUZD\V DQG @LWQIBGEQEF@MQMB@QDEDU :RBBLQJ +LJK 6WUHH
IRU 1HZ 6KLS DQG 0DBKQAITHEKQRORJIYg, $.2% 0 +567.8 2  3&+28y(. O
+:$1*x &+ / Os68" $ 6 OXOWLSOH REMHFWL%]}'IHMHG PRGHO RI PDULWLPH WU
GHFLVLRQ PDNLQJ PHWKRGMMUIDQA®R PBHHGWHINEBRWIRUWDWLRQ UHVHDUFK S
6SULQBHNWDJ WHFKQROR $ISHV
286+ "' % SRUW®ISRUW VHFXULW\ VLRXOPWLRQ 3 7 / ODULWLPH SLUDE\
D QYA V X DO L] D WARRF WIRRICKINQRIDO |, ((( p DO\VLV Rl DWW DRNW DQ BWYIRRYDHQ FRIX

R%YV(I?(USSDWLRQWGDI&WW@IFHDQQ WFXUL&W(L;%'S!E[&@R)QG 7UDQVSRYW /RILVWLFV
+
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