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2SWLPL]DWLRQ RI '"HOD\ 7LPH\W GRXF 1B E G KRX@IG % C
O9LEUDWLRQ LQ WKH *ROJRKDU OLQH 8VLQJ WKH

ORHLQ %DKDBRIRPDG $PLUDOHRVRBIQ GBIW LJIKL

J)DFXOW\ Rl (QJLQHHULQJ S@QDHEWEDW\ RlI *RQDEDG
+HDG Rl OLQLQJ DQG *HRORJ\ 5HVHDUFK *ROJKDU 6LUMDQ OLQH 5HVHDUFK DQG 7HFKQRORJ\ 8Q
'"HSDUWPHQW RI ,QGXVWULDO HQJLQHHULQJ ,VODPLF $]DG 8QLYHUVLW\ .LVK ,UDQ

$UWLFOH ,QIR $EVWUDFW

SHEHLYHBHPEHU $V RSH®W PLQLQJ DGYDQFHV WKH GHFUHDVLQJ VHSDUD
SHEHLYHG LO 5HY0_I3/LHHGKIR\(J¥UIDFH VWUXFWXUHYV QHFHVVLWDWHYV ULJRURXV FRQW
PLWLIJDWH VWUXFWXUDO ULVNVKRBHVEOWXEHL QH RIRRWPDHIE |
$FFHSWIBGLO WKH *RODUR6LUMDQ ,URQ OLQH SURFHVVLQJ SODQW WR
3XEOLVKHG$BQDQQH VWUDWHJILHYV IRU SURWHFWLQJ WKH RQVLWH SURFHVVLQ.
HPSOR\HG WR UHFRRSRQH@YWWUBHBHWD VHWYV LQFOXGLQJ
PD[LPXP DPSOLWX)®HQW QWHERPQFLHY %\ VXSHULPSRVLQ.
GHOD\ WLPHV 2'7 IRU WKH EODVW KROHY ZHUH GHWHUPL

2, MP H RQ ZDYH IUHTXHQFLHV ZHUH DQDO\]HG $Q H[SHULPHQWD
.H\ZRUGV EDVHG RQ WKH GHULYHICP SIYFYWD R ® HIW RX@®® WKEUDWLRQ ZL
7KH UHVXOWV LQGLFDWHG D UHGXFWLRQ LQ YLEUDWL

%ODVWLQJ RSHUDWLRQWy | pHy )XUWKHUPRUH FRQVLGHULQJ WKH PLQLPXP GLV
*URXQG YLEUDWLRQ SURFHVVLQJ SODQW WR WKH ILQNOISWW \DRIBQ G G K IBU LLQV
HSWLPXP GHOD\ wipy UHFRPPHQGHG WKDW EODVW KROHV ZLWK D PD[LPXP GLDJ

D VDIHW\ IDFWRU RI JRU GLVWDQFHV H[FHHGLQJ PH'

GLDPHWHU DUH UHFRPPHQGHG WR PDLIGWD LUQ FSVURWG RFW L
6LJQDWXUH +ROH $QDO\VLV

6XSHULPSRVH ZDYHV

,QWURGXFWLRQ

'HVSLWH WHFKQRORJLFDO DGFRQWHMRODDE OB UEDBPBRHGWHILYJ ZRIUO |
DQG EODVWLQJ UHPDLQ HVVH@WEBREQW) QRUKRQHUBQ®W YDULDELOL\
FRQVWUXFW% REQSH[BORFMWRQ LV X HPGWE RO ODE O U RXFEMER YV EUDW LR Q
SK\WLFRFKHPLFDO SKHQRPHQRQSRWBINOMIQLILFQBWIFRPFHUQ GXH WR
OLJKW VRXQG ZDYHV DQG VKR FGDZPIME&M DBWBRX\F 3/XQHYG 3HDN 3DUWLF:
E\ KLIKHVVXUH WBBS KUDKW XUH JDAOH REWG HORSORWRG SUHGLFW JURXQ
SURGXFRIQVEODVWLQJ RSHUDWLRQVE UDQBIERDK/RXDKLRXY HPSLULFDO [
Rl WKH UHOHD VKU GNRWHE RFNQXPHULFDO KIDHWHKFEGWHQ OMRHORSHG
IUDJPHQWD WIL®QZ KL@GU MPKCH. Q GHHUVWLPDWH S8 8P BB R D FWZRU V
PDQLIHVWY DV XQGHVLUDEOH HIWHRD VL ¥ X PK FIR\B U IMID & D QEEK D Q G

DLU YLEUDMERQWY E®WEDWFN&KH GLVWDQFH EHWZHHIR DM KIEODVW
RXWFRREDD VW L QJ VOISR DIMERG PRQLWR ULTDRQSIRLKQHEGIMWLRQDO IDFWR
FRQWUROODEOH SDUDPHWHUV LEXOGIERORSDEDRW H KHROE DWLRQV
GLDPHWHU FKDUJH W\SH DQGEGMHOMD\ JWRP HW $\D R BHUERMINHL Q J
XQFRQWUROODEOH SDUDPHWHUGLWRFNLRDV VG B WRIDWNAIRE)D GROD\V [
SUR[LMRVVXUIDFH VWUXFW XUH VD | DHFGV>I3@RRXUHRZDAMFHUXE LIDO WR FRQVL
FRQGLWERRGWLPLHWKHVYV WK HY GEHWVRWQ R Q U Q HFTRQINDX Q BIMOL RIQ/ Z L W K
HQJLQHHU MRBVWLERWVOLIXUH WHKHWDHTXHQF\ OHYHOV WVFRHFALHMS RQGL

E &RUUHVSRQGERHIDXWEBRDGR U $#PB DG FRIP
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339 YDOXHVQPOMDVWHVWKWR QHIRUEWUHWXEHHKLILF PRGHOV WDLORUHG W

VWUXBWEXUHYV DQG WHFKQLFDO YDULDEOHYVY DV GHPE
'HOD\ WLPHV DVLGH3IIVURPDRIIHAWLG@PSLULFDO> FELMLMNK\DRNDLARGIHK
VLIQLILEQIOXBIQFH RWKRHUURKWEFREHNK DQG %DKDGRUL XWLOL]

EODVWXBK WKH VL]H GLVWULEXQHRQDRI QHRFRRUNV $11 ZLWK EDFNS
IUDJPHQWYV DLU EOBN®H MK DSRIFNLQHEXN AW JURXQG YLEUDWLRQV IURP E
PRYHPHQW DV EUMEGDNDVEEHBMENGH20\D 'DP DFKLHYLQJ KLJK DFFXUDF\ .
> @®FRPPRQ PHWKRG WR UHGXFHX ¥ UEBHUDWILRWDRILY DQG D FRUUHOD!
WR XGHOD\ WLPHV JUHDWHU WKDQ PKHENWZXEGNQ GHWHUPLQHG D |
FKDUJH GHS\RQEWIKROW YLEUDW LRIQWPIIWRAR.EOH H[SORVLYH FKDUJH RI
H D BH W R @FW LIREG H SWHKQ & HRKHWK\R GRRID §DIH EODVWLQJ RSHUDWLRQV HC
SUHYRRQYVWUXFWLYHDQ®WHKIUJIKKAHQKHWKH DOORZDEOH YLEUDWLRQ O
JURXQG YLEUPRVAHRYHOHYB®WW U I HIRLUQ KH DYQ GF R Q F UH V@D § WRIXEW B QI&V
VXSHUSRVLWLRQ RI VMDVWRLGEJ @DUIHAWLPDRW)DUVDQJL LQWURGX|
GLVWDQMPHOWEBUDWLRQ SDWWHUXS BXSRWRWWKE® PRGHOLQJ LQ 6DUF
GLITHUHDWWBIQ XDW LDRFQ RYBDYWHHV VIQWKHVL]LQJ VHLVPRJULMRZ WR RSW
IUHTXHQFLHV GXUIZDUBDRIMIDWHRMIKHMU! PV DQG UHGEPMDWILE UDWL
LQYHVWLWKXMLIRIQHFE®/V R1 ZDYH LD@QG UslHUMHQKENLR Q H[SDQGHG WKLV
JURXQG Y*EQDWLRQ PLQHV FRPELQLQJ JHQHWLF DOJR
$V PLQHWHOBUHDWHU GHGWKWHEOBVWLRQ WSRH BHILR BI3YLSWHH GLFWRL
EORPNRVLWAEGRRWIBUYXUIDFH VWUXFQMUHBKDKURRG &HPHQA &RPSC
QHFHVVHWRWE@BHG XUHV WR PLWLRIOMWP WGH HW DO LQWHJUDWH
GHVWUXFWLYH HIIHFWV RIR EO IFRW 56 W LRARHMBINVQEBQNVR ULWKPV ZLWK 7
SUHGLFW DQG FRQWURKBVEHDDVWIVRI RXGN ERHDWWLQJ SDWWHUQV LQ 6

KDYH HPSOR\HG D IHRIFOEL DN GREWBRHQWLINLQJ 3IDWWHUQ EXUGHQ |
@ODERUDWRU» H8HDWQ @ QXWNMUDRDORSWLPDO I[IRU PLQLPLJ@QJ YLEU
PRGHOLQW@&ROOHFWHYHOPHWKRBEGYYDVWDYD HW DO YDOLGD!'
SURYLBGAHXDEVH KWYXH PWRDIHPHQMWDRRLQJTYV HGIJH ZLWK UDQGRP IRUL
E O D QW8 XHIHIGF WV 690 RXWSHUIRUPLQJ OLQHDU UHJUH)
.DPDOL DQG $WDHL SEREBHPW@GRQIR HW DO DGGUHYV

FRPSDUDWLYH DQDO\VLV Rl VWDIBWHWQDPIO® ARPIHQ¥DWLRQGLVSXWH
DUWLILFLDO QHXUDO QHWZRUN $11VHIRPHEVPIRQLIFOULQI VI\VWHP D
SUHGLFWLRQ LQ WKH .DURXQ&LUFX®PU SURMHFMP SWDRH]LIWDHDO
GHPRQVWUDWLQJ $117V VXSHULRMHMILELRK H K LEQLHY L\DIEFOH YWQ R
FRUUHODWLRQ FRHIIHBUR@WY DQG @ADHPERUL HW DO LQYHVW
D IROXCBRZVWXG\ WKH VDPH DXPUKRRUDWLRIQ RXFEHBDVWRXQG YLEUDW
YDOLGDWHG HPSLULFDO PRGHOVROREKDDFWLEHO ®LOMIHDDQ DAKINMHV Y LE L
GHVSLWH $111V DFFXUDWVSHIFREKDXU]DEH VW[WBHQVLRQ WULJJHUHG SRZF
DGDSWHPE@OEWDQFHPHQWY LQ FRRRAMIVWLRDBODQW 8VLQJ 8'(& VRIW:
WHFKQLTXHV HPHUJHG ZLWK *KFDBRGHWH G O LG-DOND ED@E VELHW HU P L Q H
ZKR GHYHORSHGEDVBDBPGDQL ORMUAQFKHY H[FHHGLQJ P LQ OHQJWK
PRGHO IRU ,UDQYV B6DUFKHVKPRKIURPS S/AMU XFFWVHUHY FRXOG UHIOHF
RXWSHUIRUPLQJ FRQYHQWLRQIZOYHM JWHVYLRFD@WG\ UHGXFLQJ H
HPSLULFDO PEBALRRGBUO\ ORKDPDIGNMRKWG UHTXLULQJ VEJ@ ILFDQW W
HW DO DSSOLHG VXSSRUW 7XHFEWLR Q DRDAKH GIRVOH $QDO\VLV 6+
690 DQG JHQHUDO UHJUHVVLRKQD\EHAKUDI®G QBW Z R UDSYSRIFRIAKQ WR U
*511 WR WKHHRONIMD®R GDP UHWHIXDWLQJ EO BV W@sH DGR WALIR@MHD
690V KLJKHU SUHFLVLRQ 53 PHWKRGVDQRU SUHGCGRWHGJJERPY®
FRPSXWDWLRQD®O@$WDFLHROG .DALEVUIRWLRQ Q WIIHHAWHEWY RI GHOD\ W
IXUWKHU K\EULGL]HG PHWERGHL QUQWR IWDWIMNY GLIIHUHQW PL
DGDSWLYNH]QRHXUMRUHQFH V\VWHPYQBE®DYSD\G WHULHAS W H F K @ZLDTX H
ZLWK HPSLULFDO PRGHOV WR BQWGRMBREHDS HYQMRRISRNGHUFRPH WKL)\

.DURXQ ,,, SURMHFW EDODQFOQPLWPEXWREFUDZDG DQG OLVKUD SLR(
SUDFW I>F DaSMW\D H L XQGHUVPRUBSSWRBFK WKDW GHULYHG D VLP:

OLPLWDWLRQV RI XQLYHUVDO 339T KHDUPIXFOD® VU PRGY RFOMWLRUH KROH GDV
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DFFHOHUDWLQJ WKH VLPXODWGRQLERIUIEOWDVRAUHDIWIRQ RI GHVWU)
SURSDJPOWRRXJK EDVHG RQ WK PRYXEDWVRQZBIYHYV 7KLV UHILQHG D
OLQHDU VXSHUSRVLWIRIQL R | PHYWHRIBUPNG 339FDYERRVWOVR LQFUHDVI
DFKLHYBISSUR[LPDWROURYHPHQW LIEQ) DW L R Q@ H MWHKTHXGHHIEH UHADLHQUII \
SUHGLFWLRY BRFEMHDBHNHW UFK DZD\ IURP KD]DUSR®XRQEFQIWWHQW O\
DSSOLHG WK MR WHKRRIGIHTEHQFKDUPD HW DO LQYHVWLIDWHG
EODVWV LQ GUDJOLQH PLQLQJ % 'QWFR UGRODMWRIQ Y LYARIDHR X W R G H O
GHOD\ VHTXHQFHV DQG DVVXBHGUHDHRMINBKMOH EODVWLQJ 7KF
GLVWULEXWLRQ RI H[SORVLYH IERBUQHV L QIGRLFOMWBIGR WWKPR\Q @ GHOD
GHPRQVW U D WG MKID W KIH Q3HH O DV VKT HRIFGIW O\ GHFUHDVHG ERWK WK

FRXOG UHGXRHXS3%WR ZKREAXUUHQFH RI EBDFNEUHDN
HQKDQFLQJ SUHG:EF®WLRQ SUHFLVLMAEOSURYLGHYVY D FRQFLWHI VXPPDU\
JXUWKHU DGVRFERHEMHGWVZLWKVWXGLHYV GHWDLOLQJ WKHLU F

WKH DGYHQW RI HOHFWURQLF GHRRIXDOVWRVUM ZIKQFRERHIQBEOHBLWDWLR
S UHFIRHV U B O DRYWWH W LIPRIQQIMWIMBSY D& G NH\Y UHV XOWYV

7DEOHARPSDUDWLYH $QDO\VLV RI 6LIQDWXUH +RGHK FH® ® V\RXQ BHFIKELLITW H R C
SUHGLFWLRQ +LJKOLJKWLQJ OHWKRGRORJLHVY &RPSXWDWLRQPOWRJILF /LP

<HDL RPSXWL :HDNQHV
X W F OHWKRGRORJ% /RJ ILPLWE 6LPSOLILFDWLRQWHVXOWYV

'"HULYHG D VLPBOARHGGD O LQHRU

30D 7V QXVRLGDO WISIBDMERG WL ?_S\QVDFUDE\F?%;&YK\[D&WLQ YRYHG SUHGLEWLI
506 OLVKURPRP VLIQDWXDMHIRORV XV

\LEA
DWD WR VLPXPEOH E00X HKDYLRU RWEODMWE D Eé%gﬁp'ﬁ%\mm

ZDY PRC VLQXVRLGDO

$SSOLHG WKHBVHG GHOD\ VHTXHQFHV

4610k WHFKQLTXH VDR) O IUMXPHG 7 DGLWLRQDO HP XQ[S'HRG’X)FHGZif%'E\ XS

$3UD2zD0 DYRPOH EHQFKKRE®BYMYHRXVPHWKRGV PD\ OH gJ MHQFLQJ SUHGLEW
DJOLQH PLQIL‘QWLIEIAEXWLRLQQFGUHGLFWLQJ % gfl

OLVKUD 1 pSOR\LQJ YDIYSRRVLYH FKDEHAT WR YV VHTXH Y 506F(XUDF\ ZLWK ORZ
GHOD\ VH PRGHO Q

QFSIHDYRRQHV DGYDQFUIBFLVLRQ LRDEBD\DWYG LQFUHDV}

$JUiDezL§éKD%%th\c/)TEEHOUD I91<LSPHQW W KD W IPPDNQIRIMQEN LEUDWLRQ IUHTXHQI

OLVKUD GHVWUXEWLY JBADLODEOH LQ DSOHGHOWHG RNWFRRMNO\ VKLIWLG
LQWHUIHUHQE 9 339 PREGLWLRQV RI GHVWUXFWRQWUJ\ DZD\ IURP
EODVW LRQ IUHTXHQF\ LQWHUIHUHQKBIIDUGRXV UDQJHV

gPHSﬁgé%%ngH% GHVWUXFWLYH $VVXPHG KLIXHGXFHG 339 LQ PRVV

QYHVWLJIDW
HEW RIRZO \@Lw]HLGRIZQV\mUVLI(R]@HH PRGHQ PP

HG 5 \3 Eé\_FSHOD\
D\V WR U HIBRW H XEROK KF D SW ﬁ% L FDQW O\
HwisgDUPE\?['g;q;\ég\é"RQG WLRQV Q6 SWKIHLW LKROR }fGH? HDVHG YLEUDWL
b UHSUHVHO H FH EIODVWV IL[HG G @\PH 'D[(i%(EDFNEUHDN
D s oH LQKHUHQW OLPL REFXUUHQFHYV

7KH B+$WHFKQLHIXHOXDWHY @DWXWH RI JURYBGHUDEEDW VY RQQJ
SHUIRUPDQFH E\ DQDO\]LQJ W K H QBQDWINFWHI WIHRWPLFEM WRRHHZD Y H V
LQGLYLGXDO EODVW KROHV ,W DVVXP@WRODMW ZDKHY 6+$ ZDYHV
EHKDYH VLPLODUO\ DFURVYW GLQIHB{UHWAED®D Y WMRORQRPHWIULF HTXD
D W\SLFDO SURIGXEWRR@KIEWDNRXULHU H[SDQVLRQ WHKHRMHDO\VL)\
DVVXP SWUREWW XRI\DHSUHVHQWBRQWYIHG HUDE OR | RRRB WHHTXLULQJ XS V
EODVWS&RHGIL FW RLYGEHUORUPORQWWHUPVFRRSBAPDQ@OHDG WR H[WHQVLY
%\ UHFRUGLQJ JURXQG YLEUDWLIR® VR B REPBWVROW OFHDBOBNOWF X ODWLRQ\
KR OHL Q@G JW B WV B UIMADKVEL I THUH QW (B R D EIODA/XFHG FRPBH M/KHWH H
WLPHV WKH RSWLPDO GHOD\ WLPRPIRRQPMOMMLIEQD E&MWNHQWLDO D
LQGXFHG YLEUDWLRQV FDQ EH GBWHRIUWKQWGRZQ IUHTXHQF\ DQG DPS

1XPHURXV UH YV HDAEXKMWB 6B HERQVHT X WEWOWUHVXOWDQW YLEUDWLR
PHWKWB®DWKHPDWREBOOEODVW WZRHEODVW KROHV FEQWQRPSOEH FDOF
EHKDYLRU 7KHVH PRGHOV DSSUR[A®DWHRWHHI WIFFRSSERIEEDON Y R1 HDF |
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ZDYH ,QVWHDG WKH FDOFXODWHWIOR GROXKLWUWHY WKH
DOJHEUDLF VXPPDWLRQ RI WKH*HRRORRUHNVNBB FRGLWLRQV ORFDWL
FRPSROQMAWNFK ZDYH VRXUFH LQRW\KIHVV\M[RI—NVKH *ROJRKDU 6LUMDQ ,U

GRPDLQ FRQVLGHULQ JLRYWWD QFH H|§|)D\k Wﬁvx'm LV
WHUV VRXW
QDWHV RI
H FHQWHU R
mwmv RI

WKH YHUWLFDO FRPSRQHQW RI}_E\}/
\%gé\%/PR]JDQ HDDFXW. H® D Q

VXPPAGWMKH YHUWLFDO FRPSRQ
H GLVWDQFHFRYV WNRLORP

ZDYH DFFRXQWLQJ IRU WKHLU
\LHOMKH UHVXOWDQW YHUWLF
Lg 56 KIIMBIRID &
\EH D Q F KNHAO RPIHW H U
UDSSUR[LPDWHO\

SURFHIGKWHPLODUOW DS $ EQARE D
UDGLDO FRPGW QMHIAKHORY HUD OO
YLEUDWLRQ LV GHWRBM QH & N

phex; QWEB@WMos UHJILR
g IOW R B 16 DO@IEQ
B (0 B 'RPH

RI WKH VTXDUHV RI WKH WKUHH \EH é
&RQYHUVHO\ UHGXFLQJ RF%%S
WULIJRQRWHWBRBYQF WKH DQDO\V V P
VLIQLILFDQWO\ DITHFW WKH DFF li \
,Q WKLV VWXG\ OLFURVRIW
GLVFUHWHO\ SURFHVV WKH VL
VHLVPRIWHBKHEEOLQJ WKH HYIZb

ZDYH LQWHUIHUHQFH QHWHKO BKDUDFWHUUIHG E\ VR

H 7 P HWRDW R H SKD 6 HRRR NK/
SUHFLVLRQ ILFDQW PLQHU
$W WKH *ROJRKDU PLQH vLE U] UPDWLRQV LQ
EHHQ LQVWDO OWHSHWRREBRE L\WWRO H H PDJQHWLWH
SURFHVVLQJ SODQW HTXLSPH #;(DV@ 6;DF,SKLEROLV\/H
DXWRPDWLFDOO\ FXW RII SRZU ,l_—L8 %DVHG
YLEUDWLRQV H[FHHG WKH SHUP 0 \ léﬁéhw GHVEU]
PPV WR HQVXUH HTXLSPHQW K HZ VW W K Z H V W

100XDECH IROVEIUIERE P GGl ¢ uraaouios sURoxX iR Fo
DIV\LI-OCDLD:V‘Q PHWULF WRQV RI

ORWMWDQG ILQDQF LD @ RULPHEFOWHD W
PLQHV H[SDQG DQSSUREDRWVI PLOOLRQ PHWULF WBRV RI ZDVV

SO D Q VO NW &R KRIREG\D WILRIGY H Q Bl Looxmxg%mmeggbgi% UOSLFUD,\\ANDLSQU
VHOVRUV LOFUHDWDWR@sERSYLoAswYdY

PHDVXUHV WR PLOLPL]H SRWHOQWL DPDJ U
GLVUXSWLRQ RPoSPEPIBoBY wobvwLQs 2sH!

,Q UHVSRQVH WR WKHVH FKDOO &ﬁP\P QU 2 SUHVHQW
VWX G P SO RSYS WHFKQLTXH WR SUBIHWYWRORSBULVWREQYRPAOWRKDU
RSHUDWLRQDO VKXWGRIZ@G’XH:IBDG‘PIHGFEEWHE[O*EF\X\WM@QJ GULOOLQJ PDFKI
YLEUDWLRQV L7G¥R DRBMDIFKYWPDQXIDFWXQHEDEROUDQG $WODV&RS
ZDYH FKDUDFWHULVWLFKRWKURXWKR®HV N ROKLQHY DUH HTXLSSHG .
EODVWLQJ H[SHULPHQWVY GHWHUPYQHGRREMWPPY &HPOD\ PP
WLPHV 2'7 WR PLQLPL]JH YLEUDWRRDBQOBPS®PWXHEFHHQGLQJI RQ WKH U
ZKLOSRWHQWQRBPOQADY WKRIPLQDQWQG WKH SUHVHQFH RI GLVFRQWLQXL
IUHTXH@®MGSURBRY PDWKHPDWRFBODUUD®XOGVSEOWHNVHUQV LQFOXG
UHODWLRMKYPURDWLR® BLVWDBF® PT P PT P Pi P DQG
$GGLWLRQ@EOOVVBDQIWHUQ L\GHVLRIQ P ZLWKRPHUDOGHGWIKORLQJ P
UHFRPPHRIHOGEMDFRGW RFHVVLQUQFOXGLQJIGUIPO®XRLYV $HIPEOR\HG
SODFRQVLGHSHQPLVVLEOH YLEUDWIHJQ ROHPE QRZKYBPXOVLRQ LV XVHG
LQ WKH ',1 VWBQRORBHGKHWKRGRUL P DWR LIQ O ZHDGV HEDTLWWRKRO HV
RSWLPL]H EODVWLQJ RSHUDWLFGR HIBAW RRXOW F L Q REMRIVHIO BRI OWHKHV N
ZLWK FXUUHQW PLQLQJ SURFHVYHWRQGHGFUHBI®RFMROAVF BRIV WL
SURGXFWLRQ FRVWYV ZKLOH HQ WXV WP DIGERIBBWHIEER M QYU SRV VLEOF
ZLWKLQ DFFHSWDEOH OLPLWY 1RQHO GHWRQDWRUV ZLWK GHOD\ WL
PV PV DQG PV DMRH HQXID@HAH G
RSHUDWLRQDO VDIHW\

SRW H QW L DO BAFRDEIRQ WIYI HW\ P H 5} UHVHUYH RI DSSUR[LPDWHC
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JLIXUH/KH JHRJUDSKLFDO ORFDWLRQ DQG DFFHVV URXWHV WR WKH *
6HLVPLF VHQVRUV Rl WKH S U RFHYRWUPD G RYFEWEY R B WESRMYW [V PHFKE
&RQVLGHULQJ WKH VSHFLILF IRRR % ‘fb QW) W%LFHDOW K\[/)v'

WKH SHUIRUPDQFH RI WKH VHOQ RIEJ | PSR@H QW\
EODVWLQJ VHFWLRQ RI WKH *RoJJi%(g X D, I R/ N {JDW(L?R QV
S0 D QWU W LRXDODEIGEU DWIGRGH G Q

U H FDEHR@F H T X HD@W O \
E\ EODVWLQJ RIR@@MLQQ%%\&\E%W?\E@H o \RIQD © DY WG
WKGRFDWLRQ DQG VSHFLILFDW i% ER' G m%#ﬁ@@W HOWLILHG |

VHQVRWY LG WRKEHH V V \GHIY'SIQIDVGPWL F

VHQVRUV PDQXIDFWXUHG E\ %U- I\E/U %‘?ﬁ |5/ i Q\A\/RUV WB_BQ;I \(/QRV
D YLEUDWLRQ WKUHVKROG RI Q/ L L 5@ EXWQ UD\
FROQWLPRXMWORU WKH QRUPDO |5) &- (5 l‘h-,

F

PHFKDQLKRGPHOW ,Q WKH mmgcs%gmy\\/’wwxv RI
PDOIXQFWIZKOI'WLEUDWLRQV H[FHRG
SHUPLVVLEOH OLPLW WKHVH VHQV ] W
DXW R P DKQLG NORS HAIOMELLRE\D @ W 619 QDWXU T H RO VW
SURJU\DWPIDAMIKH SODQW 6LQFH WKH GULOOLQJ RI D VLQJOH
ORUHRY HUKRDYH G HH SWOWICFGIG [SORVLRQ LQFXU VLIQDRQGFPW FRVW
H[SDQVERBRPHYV QHRWKWDGLYVWDQWHUIHUH ZLWK UHJXODU PLQLQJ RS
EHWZHHQ WKH EODVWLQJ EORFNW B RMHXNOMWHU QW WK FW XRHWKRG W R
KDV GHEUHDVHG WKY X OKMUGEHRWVDERO\H EODVW ZDYHV |URWRLYLQJOH
OHYHOV LR)GEXFBIGWI UR X Q G LYQ.E U DDABISRURBVEREHD FIKUVW EODVWKROH LQ H
WKH FRQVWU®FWRIFGH DRDAIHY  ZKGHIQWR@BWHG ZLWK DO CROBARLYRHHH G G H
VWLPXOXV ZDYHWK LFHNHERE @S UHPDLQLQJ EADDH/UHER OHHYWKIUH QJ W K D
VXSSO\ WR WKH FLUBXMXOW LIOOWHIBWKEWRGY FDQ EH VHSDUDWH
RSHUD®KRW G\REDW DLGXFIXWL R QD OL OBWEM QG HQW O\
IRU WKH PLQLQJ IDFLOLW\ 7R GHWHUPIZQB QVKELWLDO GHOD\ R|
J)LJWM LOOXVWHKIID WHEUDWLRQ FPRZDDW KYR@GH Y MO MX VU IMVIH G
VHQVRUV LQVWDOOHG RQ WKH \WHKDWHWHQ DY JI BBIODHGN VRR WRKLHYH S
*ROJRKDU 6LVEBBL AIFPH O\ VKR EHWZWHA IWKH ZDYHV JHQHUDWHG E\
PRXIQQMRQ WKH EDOO PLOO D QGD@KKRW RMIGKFWREODVWKROHY LQ W
VWUXFW XUH &R QV H T YOH DXEY\H T X H QI¥FRHOM G H U H G
%DVHG RQ WKH ILHOG LQIRUP DWHRRI\IURNEHMEEWMQ WEH H[SORVLRQ
WKH SURFHVVLQJ DQGWOH FWUUIRDVE EDDVWKROH DQG) M KHHRWKHUV
EUHDNHU BMWQWRULDY VERI VAR Q H\VBR W K& MOSIMR G OFEGRSHU VHSDUDWLRQ
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JHQHUDW HBQ WHKHHWIKRIM GHOD\ EDOX¥MLQJ VLIQBWXLSHERBHEQ ZRV
ZDV XVHG LQ VXEVHTXHQW EODVWJINMHRAREZRLQRYOLTHBRZMRIGEQE DQ

7R DQDO\H WKH VHLVPLF ZBFIRQHQRR DO FEHHR® SURSRVHG
H[SORVLRQ LQ EODVWLQJ EORSNMGWHWM JURKIBEWNDUWIBMNMIRE | U R P
ZLWK DPVGHOD\ ZDV FRQQHFWH &/ MR QWK E QUMD/EHRR Y BO XHV R DQG
WKH FLOURKYW RQ|HQWBWKIDRY WKH UHVSHFMRIWBIBA\ WKH SRZHU IXQ
UHFRUGHG ZDYH IURP WKH ILUVIK IERKDKBAK RE H Q VALIGHA XMHG LQ SUH
KROH LV ZHOO VHSDUDWHG IURF WHKGILED/LIQV BB GXKRGHG ORZHU FRI
WKH UHPDLQLQJ FLUFX)LWXISHRGPXHMDRIHE&RGBWD FRPSDUHG WR WK
VKRZV WKH VHOHFWHG ORFDWLR®RE RN LRIQH FODN@/IL\QRUEGR BNV PD\ EH
XVHREU UHFRUGLQJ WKH B[LSWKR\OLRRZMUEDEWRBWLRQZDDMWHURP WKH E
WKH PLQHIBEWSUHVHQWY WKH LQLRUPHWERRVW KROH FRPSDUHG WR T
REWDLQWG&HIWRI®G H[SHULPHQW VORIPHLURYOW XUHDVW KROHV WKDW H
EODVWKROH DWWHQXDWLRQ

%DVHG RQ WKHLMWIRBWD RIQ & K H
EODVWKR @ADMKD DIWHWHQXDWLRQ FXUYH RI WKH

E
JLIXUHOHFKDQLFDO YLEUDWLRQ PRQLWRULQJ VHQVRUV IURP %UH@O .M U 9LE
HOHFWURPRWRU DQG E 1DQ

—- ———— 00,

Tan i A M _ap D

{ 1 I ]
& " P % —

YLIXUH7KH HIIHFW RI GHOD\ WLPH RQ WKH ZDYH VHSDUDWLRQ EKWZHHQ VLJC
WKH GHOD\ WLPH RI PV OHIW DQG PV ULJKW
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JLIXUHRFDWLRQV RI FRQGXFWHG 6+$% WHVW LQ WKH *ROJRKDU P

7TDEOBHLVPRJUDSKLF LQIRUPDWLRQ DQG WKN LRIQWHBRGVHM ICRIGH HEL A HR Q
FRQJORPHUDWH URFN PDVV RI *ROJRKDU 6LUMDQ PLQH
&KDUJH 'LVWDQFH W&RFDOHG 9
5RZ %ORFN 1XPSRFN PDVVHLIJKWPHDVXULQJ OIEFF.D’W[DR}(%%I
N P
&RQJORPHUDWH
&RQJORPHUDWH
&RQJORPHUDWH
&RQJORPHUDWH
&RQJORPHUDWH
&RQJORPHUDWH
&RQJORPHUDWH
&RQJORPHUDWH
&RQJORPHUDWH
&RQJORPHUDWH
&RQJORPHUDWH
&RQJORPHUDWH
&RQJORPHUDWH
&RQJORPHUDWH
&RQJORPHUDWH
&RQJORPHUDWH
&RQJORPHUDWH
&RQJORPHUDWH

339 u 6’ 5
339 UHI[S ue6' 5

6FDOHG GLVWDQFH 6' LV GHILQKHE BWWKIHFHFOWRR® RLQGWE 8 6
WKH GLVWDQFH IURP WKH ZD Y} RMXXG IV H EIHIMDIWRNYE WURI TX HQ F\ RI WK
EODVWKROH WR WKH PHDVXUH PHQWH 8 B WOME FRISDNGEHLDERLSAA MV X G H
VTXDUH URRW RI WKH PD[LPXP FIK® BDK \ZH GIKPD JSHIKHQ WKH IUHTXH
GHOD\ 7KH PD[LPXP FKDUJH ZIOIKMIK/EHQDGHKWMO |IUHDKBQEN UDQJ}
UHIHUV WR WH( @RRXQHNVGRIW R Q VW/HIG F2VEINQUTHAR KHH | U HFTKKOHUQDFRW HU LV W L F
DQxPV GHOD\ LQWHUYDO 0DW KRHE DWBADRADK\O \V LW®& DW X.WH WEKOIHVHNV K R O H
H[SUHVE@H® DV FRPSROBRQYILWXGLQDO WUDQVYHUVF
FRPSRQHQWVY UHFRUGHG E\ WKH VHL
HYDOXDWHG XVLQJ WKH IDVW )RXULHL
PHWHKRIGLFURMRHPLIXUMKRZV WKH
JUHTXHQF\ DQDO\VLV RI WKH GRFQ@PMIMW HU E CRM RM\BRPISRVH Q W
KROHV
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VLIQ@®RWKH VLIQDWXUH EODVWKRQBD WX UHOKROH QUH T XHDEPWHHY DUH S
EORFN QXPEHU IRWDBEVKH GXUDWLRQ RI WKH ZDYHV
'XH WREVWYDWIDMLRQV LQ W K MWRPEKROBWLY HO\ UPRQ V QW HRW

IDHTXHREVHUQHWKLY VWXG\ D YUSSIXR{QFDWRORYV ZKMOGRPLQDQW
ZHLIKDHEU@BHWKRGHEBURWRS |UH T X HIQURIPH RKEBOW MDD ULHG EHWZHHQ
GHULYH DIQ RTVHWDERW KH JHQHUDW HER KHUW]

ZPYHV 7KH ZHLJKWHG DYHUDJH YDOXHV RI WKH

e 'DWD —— ([SRQ 'DWD
4 3RZHU 'DWD

——7UDQV

9HUW

2FFXUDQFH

/RQJ

3HDN 3DUWLFOH 9HOR

[ I Mﬂw« _

JUHTX HQF\

6FDOHG 'LVWDQFH P NJ/
JLIXUHODWKHPDWLFDO HTXDWLRQ)LRX ZH ¥ WW WRKXKHQ XD WLRIMDQVIRUP DQG GHW

RI WKH VLIQDWXUH EODVW KROHRIL®RFRMIRKXD U UH. THRHRER. QN QW URW U L
VLIQDWXUH EODVW KROH LQ SDWWHUQ C

7DEOHADOFXODWLQJ WKH ZHLJKWHG DYHUDJH Rl WKH GRPLQDQW IUHTXHQ
FRPSROHQWYV DX YHFWRU

% O R E-N HLJKWHG DYHUDJH RI GRPLODQW IUHTXHQFLHV IRU VLIQDWXUH E(

5RZ 1XP 7TUDQVYHUVBHUWLFDORQJIJLWXGLOBHEWRU VXPYH GXUDWLRQ
+] +] +] +] PV

'"HWHUPLQLQJ WKH RSWLPDO E®HDYDIWKRNIER YW RERD/RWNPBOHYSORVLYH
PLQLPL]JH WKH HQHUJ\ RI EODVWPIZWHRV BI{EREMBEEPOYH WKH SURSDJDWHG
DGMDFHQW EODVW KROHYV I[URP WXGILYEGDKDWKRBE&HWLOBYVH

,Q JHQHUDO WKH SURSDJDWLR ! m.‘;%%g@%\%%\\?yv WESEQLTW
LV JRYHUQHEGKE\ FEIR)NUIDF\MAE—DYMW HH.Q EFSIOQA DG PR G H O
VRXUFH DQG WKH PHFKDQLFDO SU A.T-’,i =an e HOD\ EHW?Z
6LQFH JHRORJLFDO DQG JHRWHFK _V. RPN el A UHOQF

EODVWLQJ BOWRBERPD@MH DO DQG
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DGMDFHQW EODVWKROHV DQG WG&H OPN DAVLIRHMEPM\YBRENKW D WLWQLPSOLHV W
$GGLWLRQDOO\ DQ LPSRVWDIRMUFRBRVLEWILRWVRRY ZNKH EURDRSW MR O H V
GLIIHUHO@RHRSDJIJDWLRQ PHGLXP EHDAZXMP MKW SRLQW DUH DSSUR[LPDW
ILUVW EODVWKR O HRIQES MAKLH LV DB\CH) RUHMOK VW U D W ) ¥ 81X S 16U § B ®BVV
WKH ZDYHV IURP W MH DIYH\OVDVEKQURKIERVRLGDO ZDYH ZLWK B] IUHTXHQF)
HODVWLF PHGMKRVRKLW®KH VXEVHVYXK@WEWKLY ZDYH UHSUHVHQWY RQH |
EODVWKROHY SURSDJDWDH\ K®YH FHEUBRPRRDW QWY UDGLDO WDQJHQWL
H[SHULHSP®EWLF RU LUUHY HUMLE®OWHDWHKIG B R VDK\RIGHI @B D EODVWLC
GHIRUPDWLRQV GXH WR WKH S U H SIDRAXWHAX®H WSKHRRGNEIRQ G HY MORR SH G

,Q WKLVRYWRB\WKH FRPSOH[ QDM[PPIKERE MKEGDD\ WLPHINGFWE® HLWKHU
GHIRUPDWLRQ HIIHFW\GAWRQDGVERAUWVYWRKWOHH RU FRQVMWUMARWYYH LQ
LW LV DVVXPHG WKDW WKH SUR S DJIDD/MNGHDDY HW LR FRV/KE ZRY RO
HODVWLF PRAGHRPHYHMKH VLIQLILEBQNYWI®RP DQGPWQ LQFUHPHQWYV RI
GLVWDQFH EHWZHHQ WKH PHDVXBW PV ¥R DWHNRSE OB EIIVKKH DPSOLW
EODVWKROHY ZLWKLQ D EODVWURH ERRENWDWYWHZDOWIHP HWKH FRPELQH
GLIIHVHQFHYH DUULYDO DW WK HK R GEEMPOLHPXHODW H G
VWDWLRQV FDQ EH OMSRUI\WEBWWOYHW UGH G

JLIXUAKH HIITHFW RI GHOD\ WL PWHRURD) W.RIS OYHH "W QR KWRLRB VO EPYH ELWK D

PV

[

GPV DQG PW
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JLIXUHOOXVWUDWHY WKH YDULDMMBPYYHQDPYYKWHGHWR EH JHQHUDW
UHVXOWLQJ IURP WKH VXSHUSRWYRWHRIQQ MMZ R BR USIHFQ®IDAXODU GLUHF W
VLQXVRLGD® ZRPAWWRVWHRGKBAD\ LWXSHULPSRDRGLEHWKRLFDO ZDYH EXW
I LJXUWOHG IVAWVCKIDMY LPH GHEBBURIGXFHWDU\LQJ GHOD\ WLPHV GLIITHUHQW RXWI
WKH PBVRQRXQANWUXFWLYH LQWHWKBYWQFKODWKH PWQRIOFFXP GHVWUXF
EHWZHHQ WKH $WI\RK RODNKH DWPKSIOH LQWHUIHUHQFH RFEXUWBDW D GHOD\ WL
UHSUHVHQWYV D VLPSIPHRNG RROY/O RIMKHQRPHQRQ EHFRPHV HYHQ PRUF

SURSDJDWLRQ
FRPSRQHQWV RI
EHKDYH LGHQWLFDOO\

WLPH WKDW HIIHFWLYHRQ HDARAW H QXDYWH VZ IRWQK ERRF OI
HI[DPSOHPV )LQXUHPD\ VLPXOWDQHWRIXQONFDQWO\

LW LV LPSRUWDQIK MR HYRW @ G KD WWMHHEHDARIQDIH/R @ DD R
JURXQG YLEUDWERQHGERZ IQRKV WXHAHY GRLVIWARQFW FRPSRQ
&RQVHTXH QWQNH WIE R IWKHPDXOSEHORVLWLRQ RI \

DW YDULRXV GHC
G LIZH WKIQ WAP RAMAW X O WV

DPSORRWKHMHVVE@EFHVHUPLQLQJ WEKHV®HEBWLY R FIFEXWH QB UGHXOAH WLPH RI

WLPH WKDW PLQLPL]JHV WKH UHVX®GWDQW DPSOLWXGH RI

WKUHH FRPSRQH Q B/ M RIBHHNWKLHU MWWZ R

DOO

PRUH FRPSOH[ FDOFXODWLRQV D{(
DSSURDFK

"KHQ FRQVLGHULQJ WZR ZDYH
GLITHUHQW DPSOLWXGHWFBEQGLQ
VLPXOWDQHRRH OWXSHUSRVLWLRQ
FRPSRQHQWYV ZLWK YDHO@RWHROUL

FRPSOH]

EHKQWKRHJ UHVXOWDQW

&RQVHTXHQWO\

WKH RSWLPXP GH

2.3

2

1.5

1

S
i

Amplitude of the resultant
superposition

WKH PRVW GHVWUXFWLYH LQWHU
FROQGLRERQWYHG XQGHU V)IRBOH
HIDPSOH XUIB DQBE LOOX\DWWIZWH

0

0

50

100
Delay Time

150

200

GLPHQVLRQDO VLQERXRUGPBWWHDDW
DPSOLWXGHV RI DQG
+]

DQGGIUHT X HIXKIURDBEDWLRQV RI PD[LPXP YLEUDW
UHVSHFIVQRE@DWVWIKHVXOWDQW ZDYHPSOLWXGH YHUVXV GHOD\ WLPH

wavel-compl wavel-comp2 —— Wavel-total = 5
&
3 = 4
7N
2 238
\ L =3
2 1 \ / £
E= L~ /\ - > %2
) "/ : 2 &
L V—/\\ =
= 1
) =
<
-3 0
0 50 100. 150 200 250 0 50 100 150 200
Time (ms) Delay Time
C E
wavel-compl —— wavel-comp2 - 6
3 —wavel-comp3 Wavel-total = 5
2
2 2354
o =
) =%
= 1 o 9
£, s’
?é‘ 2 = 2
< -1 E@
2 g 1
<
-3 0
5 5
0 %0 ‘°T°, ( 1)0 000 250 0 50 100 150 200
ime (ms o
Delay Time

F

JLIXUHBXSHULPSRVLQJ 'DQG

GHOMLMPHYV

C

" VD R KMRIFRY W AAHVHVUWRWLYH UHVXOWYV ZLWK




% DK D 8 RULO -RXUQDO RI OLQLQJ9RQYLURRPHQW

,Q UHDO EODVWLRW RSHUDQHRIO DKLFKUBSUHVHQWY WKH PDJQLWX
DVVXPHG WKDW WKH ZDYHV JHQHWDX\®MW® EW HD FEHKD VD WRIGWH-RP S\RQH Q W
KROH DUH ZIGMIQWLFABOHQFHY LQVWRHIMEDDWHEHQ®Y 39 DQG 39
DW WKH PHDVXUHPHQW VWRMW L R® SSUH \PHQWOW IGK H URK Q GQY WEKUHD W L R Q
WLPH GEOWDRODXWIBEBHO D\ UHOD\V Y4AWRMHGEDO ORQJLWXGLQDO DQG WU
RQ WKLV DVVXPSWLRQ WKH LQWH Y SHRRXRHYEO XBIYRIVHPE® FRPSRQHQ
YDU\ VLJQLILFDQWO\ DV WKH WRPH EGIDDNLBHWZKHHY KDV RFFXUUHG
DGMDFHQW EODVWWK R 6 H¥H GLEFFD Q. JHWH IBWIVOFROD FXODWHG DV IROORZV
WLPHWWKH PD[LPXP DQG PLQLPXP %Pswwgé HV RI
HDFK YLEUDWLRQ FRPSRQHQWS3p §WW@J||§UH
GHVWUXFRAZNHOY WKH RSWLPDO3GH®D\3WLRH 3
RIWHDQULHYV DIFHEMEUWAFRERRQHQW
$V D UHVXOW GHWHUPLQLQJ \/\)ék% VWhnad Werl wkpw

PLQLPL]HV WKH UHVXOWDQW YLBYPiMsRi@ R 8 maaiYuPW EoODVW KRC
RSWLPL]DWLRQ DSSURDFK LOGHWR GHORMIWHFROG BO@IBVW KRO

6LQFH JURXQG YLEUDWLRQV D g Uibl Ry Gien CEOA RN P OM DG K R O 1
E\  VHLVPRJUDSKV HJ WKH i SRR MV PP SMIAMMDIQ QMW DW WKH YDOXH
VHLVPRJUDSK UHFRUGV GDWD DW | DHBRWHSRiysH ﬁLI%éUUU‘RLPEUDWLRQ
FRUUHVSRQGLQJ YLEUDWLRQ Y RpXH W/ Prdio B SME v HilkkoMto WR L w v
‘KHQ WZR EODVW KROHV GHWRQRWHyHAMIK @c DHIFEBEXWLPY wKH 1LU Vv
GHOD\  VKIMIHU SMUSHQGLFXODW WL EY fREUH WKH YLEUDWLROQ ¥

FRP SR QHORB\VDUIQ VDO O GBEWHBWLRWYFRO G EDDY \E HK RO HR O B8 7V
PRPHQW DIWHU WKH VWDUW RI EODVWLQJ WKH YDOXH RI HDFK

YLEUDWLRQ FRPSRQHQW LV HTXDIQWR WIB® YWFWRU VXP RI
WZR FRQWULWKWLREWDWLRQ FRAGRQQW R
WKH ILUVW E MMV VP RCFEMHE\D WH W K /
FRUUHVSRQGLQJ YDOXH IURP WKRBRY¥DWMWH EIPDWWV KROH DIWHU
WKH WLPH GHOD\ EHWZHHQ WKH WZR EODVW KROHV LRE G
YRU H[DPSOH VXSSRVH WKH ORF%DJ’P%EWW'L@%%%N“ @
RD VLQJOH EODVW KROH DW WK H P QW W REY Ly
PP V DARMURP WKH VEACDUMD RGIVK4lg W ge W, 39
LWV YLEUPWNRO®MW ,| WZR EODVW 'KROH
GHWRQODWH XQGHU LGHQWLFDO PRoWLwWERoW zB38Kk D GHOD\
WLPH RV WKH ORQJLWXGLQDWO FR QHQWOD Wy, 39
ZRXOG EH H[SHFWHG WR KDYH D YDOXH' RI PP V
7KLV SULQFLSOH DSSOLHV WR DCOYWRKUH IS LYHUSIMGG QIEMOOUH RI WKH
YLEUDWLRQ FRPSRQHQWVFOKBRQ\HETIMHOWVRQ FRPSRQHQW WKH YDOXH
UHODWERQ\BH. § VEWHDVE DHN @ HGL P HF@ A6 B0 DW KIG- HIOQ XML QJ WKH 9/22.83
DQG WKH GHVWUXFWLYH LQWH U IIX QF QR ® | YZDMH/QL W HFWRULDOO\ DG
W LV LPSRUWDQW WR QRWH 3WKWW BXG VWY QU IXYHG WR FDOFX
YLEUDWHRROHQFLHYV LQ GLIIHUHONK H UG WOQMW WIKEHUDWLRQ PDJQLW
LOQWHUIHUHQFH SDWWHUQV RILP SKFHWDENMGER 6 CER@OBKH UHVXOWDC
FRPSRQHQWY DUH QRW QHFEOH DIWIRX QLGS HOWEUMDOL RKQRIFEH  BWE BV WWAR]
JRU LQVWDQFH ZKLOH GHVWGXRWIMKEELRIHPUH HWKRQWH PLQLPL]HV
PLJKW RFFXU IRU ORQJLWXG LQDRDZIDFR/ DWE D&M BV WIMP B Q RSWLPL]
RI PVDV LQ WKH H[DPSOH DERYH7 KWK R $ & WHLU DWIHRIF EDV SHUIRUPHG
LQ RWKHU GLUHFWLRQV PD\ EH PRRR® UXPFAHB HDQBSORULBMTEK VLQJC
WKH UHVXOWDQW7 K HUHEIRIM L RIONE H U L WHRBBMW LP DO WLPH YDOXH ZDV |
FRPSUHKHQVLYH DQDMRVEMWNUGHMEBWYBRIUQLPLIHY WKH UHVXOWDQW JU
WKH GH®EBDW PLRKRLYHFWRU VXP )RIBQOYLIKUHOOXVWUDWHY WKH YD
YLEUDWLRQ FROFDOFEIWEWHG XVQQWKHKH/ XP RI WKH UHVXOWDQW F

IROORZLQJ HTXDWLRQ FKDQJHV LQ WKH WLPH GHOD\ $V |
PD[LPXP YL EUDWIORDLYWDKI\WKH WLPH
39 W VTUW 39, W 39 GHOD\ DQG WK H WIHMXROWORQWN LQJ LV

SORWWHG DV D IXQFWLRQ RI WKH WL
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WKHVH REVHRVY DBMIRRFQWRFEFDWHG XVLQJ WKH IROORZIZ®LVHHEXBNDWRAQ
PHWHUV DZD\ IURP WKH VHLVP R JWUHDFSKQ \DWW DRIHHEOMP DR BLAR MUEGHE H
PVPLQLPL]JHV WKH PDQLEPXFH GOHDWDOWDQW FRPSRQHQW LQFUHDVHYV

ZDYHV PRLEK LV HYHQ ORZHWD DAKW X RVOKHY WKH REWDLQHG 2'7 YD«
YLEUDPRR@LWXGH JHQHUDWHG YEEUDWYRQYOHHPDLQV YDOLG HYHQ |
EORKR @H RRWDEO\ WKW KML@EODVW KROHYV
GHOD\ UDQJH EHWZHHQ PV DQG PV WKH UHVXOWDQW
YLEUDW MRKH IRMFRRH E DD VR Q@ LV W $
ORZHU WKKD/QVIURER EEHD D V W IKQ Y
UDQJH LV FDOOHG WKH $SSURSL
ZLWWKH RSWLPL]HGP@HOBURBHG V
WKH 2SWLPDO 'HOD\ 7LPH 2'7

W LV LPSRUWDQW WR QRWH W
WKH WKUHH SHUSHQGLFXODU FF
VLPXOWDQHRXVO\ DW $HWVILQLIFODH SHUW
WKH PLQLPXP YDOXHV DUH REV} ~ L RO
ORQJLWXGLQDO FRPSRQHQW LT
FRPSRQHQW DQG PV IRU WKH TRWDP

7KLV SURPHWWHWEKKWEHVBRQG "HOD\ WLPH ERWHEQV
EODVW KROHV DQG WKH LPSDFW JUMWRQPAXERRODRIROKNW RHOD\ WLPHV R

UHVXOWDQW EODVV\ZDZID)QIEOF]FR{FGSM’(?IR@WQEHOQRV\éNR|lSODVWLQJ WZR DGMDF

7UDQV
9HUW
/IRQJ

7TRWDO

339PPV

7UDQY

39, W 39 W,39 W GW 39 W, GW
39, W 39 W, 39 W ,GW 39 W, GW
39, W 39 W,39 W GW 39 W, GW

)XUWKHUPRUH WR H[DPLQH W K S biHN\N-WRMWRF MNOFEX@EHRWHBD DK EODVW KRO
WLPH GHOD\ RQ WKH IUHTXHQF\ R)LJIXQ HUDOWGND YD QUKHLQ WKH ZHLJ
VXP RI WKH YLHWXORPEB@WYHQWYV |RUY MUKDUH GRPLQDQW IUHRRBBA MG IRU \
WZIRROH EODVWLQJ DW 2'7WACRVN A RPERRUHGE EZABWKWLQJ XVLQULWRWH RSWLPD
IURWKH VKROBWRSWKNXGKH ZHLIJKWHDGF K SDWWRWW F DAHFOHWIIMNE G H O D\
DYHUDJH RI WKH GR RZIDQMD/@TK LVH TYH QX OBWRGS LIQ FROWARRL QD QW IUHTXHQF!
PHW KFD® F XD® WHW U D JH LIQ HZIKHERR P S D U H GV MR OMKKIRIB MILRZT X H QF L H V
HDFK GRPLQDQW IUHTXHQF\ LV ZHLH QWU G OIDR FZRQEUHR B WKERIIKWK H QF L HV
FRUUHVSRQGLQJ DPSOLWXGH HRBEHFHQIHWKHEGE PRGLILFDWLRQ FDXVHV D
DVVLIQURDWIBRUWDQFH WR |UHTEHQWIUHE XIWLMREX RH E ZDYW HQHUJ\ DFUR
KLJKHU DPBQBWRGH®LQJ D PRUHIDAFXHRWHVSHFWUXPWKQVVRBRDBHWUHV
UHSUHVHQWDWLRQ RI WKH RYH U DG OV WLLES EDNWLAREGN K/DI K FOXY . XRGDIHDL R/ MR |
V\VWHRRJ H[DPIROHEORFNWK 2RI KD]DUGRXV | DH E X KDBFRLANHY K\GL @ U

PV WKH ZHLJKWHG DYHUDJH GR®PH/Q DRW H [LHPTOH FUGWKH YHUWLFDO |
IRU WKH ORQJLWXGLQDO WUDQMYHUWHG DWRHUDYHUSWIFORPLQDQW IUH

FRPSRQHQWY FKDQJHG IURP RXW RI WKIDPG®QIJHURXV JRROG Q SDWWHI
+] LQ WKKRWIFBIQWHE LR +] VLPLODU VKLIW LV REVHUYHG LQ WKH W
+] DQG +] LOKRVIRRIQW.ZRUDWLR® SDWWHUQV 1R DQG

UHVSHF®QOHWKHVH DUH RXQFLIHEIE OMKHR X JK ZWRBPKWHG DYHUDJH GRPL

KD]D U WB®DXMHH QAODMWXUDO ITUHTXHQHIEKHGRIR ZVQ MKRD 1D UG RRWH H
VXUIDFH VWHKFN XYW EVFDRRO\ WRQ JIJREVHBKBQUXIMIWYYBW2RT RU DW OHDVW
+] 7D AVVYWHSHDWHKGHR Y DEUBWLROQHGXFH WWHK@AP RO YLEUDWLRQV

FRPSRQHQWYV WKHHKHBS OLPLW SRWHQWLDO GDPDJHYV
$FFRUGLQJ WR WRWKRYWHKE QM V

$'7 YDOXHWY\ IRU GLITHUHDVE EDDVW KROHYV
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7TDEOHIIHFWY Rl 2'7 RQ ZHLJKWHG DYHUDJH RFRAKSRQGRPMODQ® YHHRWRIQ VX R
EODVWLQJ WZR DGMDFHQW EODVW KROHV

‘7 $'7 P 7UDQVYHUWWHWLFRQJILWXGBDGBWRU
PV I[URP WR +] +] +] VX P+]

5RZ %ORFN QX

BE7RWDO @L7QRMOBIO 'XDO B/RQJ 6L@JERJ 'XDO

E

D

E9HUW 6BQBOMN 'XDO E7UDQV 6u@UORV 'XDO

F C
JLIXUH&KDQJLQJ WKH ZHLJKWHG DYHUDJH GRPDLQ IUHTXHQF\ IURP VLIJQDWX
EODVW KROHV QDWXUDO IUHTXHQFLHV RI VXUIDFH VWUXFWXUHV D

‘HLIJKWHG $YHUDJH 3UHGRPLQDQW )UHTXHQRKWHG $YHUDJH 3UHGRPLQDQW )UHTKHQF\ |+]
‘HLJKWHG $YHUDJH 3UHGRPLQDQW )UHTXHRBEIKWHG $YHUDJH 3UHGRPLQDQW )UHTXHQF\ [+]

7KH SURSDJDWLRQ RI EODVW ZDBXPYH Y HORBIRMLADHEUHVHQWY WKF
PDWHULDOV LV VLIJQLILFDQWOLQIGQNDGKPFHGZIEYH WRBWHVYWNQRU VL
GLVSHUVLYH QDWXUH RI WKH (DRPR\PKS R OAFHBOAX P WRIBDYQIOQ IWKURXJIK WK
WKDW WKH YHORFLW\ RI ZDYH SGERSDHDWLRD NEXFRMERV(IBRMWK TV FUXV!
I[UHTXHQF\ 7KLV GEXPHODVMWHUE[BD@EAHBHTXHQF\ ZDYHV ORQJHU ZDYI
HIDPLQLGBKERWKHORFLW\ DQG JWRHAFDYBORBIWMSDIDWH IDVWHU EHFD
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GHHSHU ODMRDMEHEEQFAYHUVHRN WKH ZDYSUSROGNMHOWR GLIIHUHQFHYV
KLJKHHTXHQF\ ZDYHV VKRUWHUJEBXBSOHQORKMW \DDBG B\Q HKWIK GLVVL.
PRUH VHQVLWLYH WR VXUIDFH SWHRTSHLUNFL H\D YDHRGRQIRHM DIXGA RBRIX J K
W UDPRHUG! VORZO\ VFDWWHULQJ DQG DEVRUSWLRQ
*URXS YHORFLW\ RQ WKH RWKH B LQFG GV KH NHHUYR W IRWWNRHHSADGIVS UR S |
VSHHG DW ZKLFK WKH HQHUJ\ R URIQIRTUPHAEFBR Q \VAREHVUDR QQHGKDW EODV
ZLWKLQ D ZDYH SDF N 8USBRSCHUBRQNRINVAKU VRMXM XHQF\ FRASRQNQWV
SDUWLFXODUO\ FULWLFDO LQ ED[SWHWWADY M KD GLWEK DY LIQFUHDVH |
JRYHUQV KRZ WKH EXON $IQHVNGWHKRPZD YS-ODANRWUFH WKH YLEUDWLRQ
WKURXJK WKH (DUWHKUWTXOHDQRUDYHYLZIKOO EH G IOVRQWHBXWUHIEQRMHU L
FRPSRQHOWMUKO®H VORZHU ODHDGN®IVHSDUDWLRQ RI ZDYH I[UHT)
YHORFLWLHV OHDGLQJ WR W K H R\GHVAHSTRAHIBON QRS WHL W IEF R UGUIIR B XEH Q D \
ZDYH SXDVSHRHQRPHQRQ NQRZQY DEU MW RQMRIEH D IXQFWLRQ RI GL\
GLVSHUVLRQ JLIXUH OO X WWKUBWBIWLRQVKLS EHWZHF
$IWHU DQ\RESHOMDMEBIRDG VSHFRSWKIPP DO WD P8 KGHNOWDWY FH EHWZHHQ
Rl IUHTXH@FLHQHUBRMHGTXHQFPHDVXUHPHQW VWDMWIQRQVRMG W KH
FRPSRQHEKAWPK FDQ GHHHOSWH/BW B VGO H V SV RVINHW D W L VW L PR IOHVE D W IV HUUHLYQHID «
SURSDJDWH ZKBHWWBUJIKNHTXHQFD®VFHQWUEBIW KIHLVWDQFH EHWZHHQ
FRPSRQHQWY DUH DWWHQXDW HE® DRREOHR FND SIQGO\WBRBGVHQVLWLYH V
UHPDAMUJARQILQHG WXR | IFHD W D\PIWYVXUHPHQQ@FBROWK# RSWLPDO WLP
SURSDJDWLQJ DW ORZHU YHOR FLHNOLDHIY X [7 WUHHES XFRHT WHKGIFUD QJH RI YLE
GHSHQGHQW EHKDYLRU UHVXOWNON@RFMHPSRYDO VWUHWFKLQJ
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JLIXUH &KDQJHV LQ WKH GHOD\ WLPH WR REWDLQ WKH KWRKQIVW. EBDW LR
LQ *ROJKDU PLQH

,Q WKH QH[W VWHS WR LPSUR ¥ WKWDY BEOUHHIDWVYWELRKEB *ROJRKI
OLQH DQG EHWWHU XQGHUVWDQBGKWHKH IBEGWBEWQRYVKHSVEHWHPIW QV X FK
GHOD\ WLPHV DQG GLVWDQFH VANWHPY XPXV W KRV XWKE8 KLOH WKH
RSWLPDO WLPH GHOD\ FDQ YDU\RILWKVY® WKEH'UDWQDAJIRI GHOD\ WLPHV
IRWDEQV WDQJEBRAMKIWQ OMKH 33DBCRD WKH GHVLUHG YDOXHV ,Q HDFK
WKH RRZRH EODVWLQWERKRRWSYDKH G YWRODEOH GHOD\ WLPH VKRXOG
VLQEE®EPDVWINVQUKRYUQGXWHAKHQ 6SHFLILFDWION URTXEHMWZHHQ WZR
WKH $V7 XVMAG/KH DOORZDEOH GHPOD \EW VWVROHY LKHOHVYVY WKDQ WKH DY
WZR KROHFRHIWKHHQW RI &HWHWAR) R QRAHAVYWKH 1RQHO VI\VWHP
LQFUHDVHYV IURP 1H[WV\RWKLQHGFOR DNDWG BBEMNOMXHR X & FEVHH Q
FXUYH LV XNWGE DIVRID VR GHW HU P L)Q M WKKHHU W RIWH MY BMWROWHLLDOOR RN W K H
WLPH GHOD\ LYKWYXHQWXWH G DV DSHUWPLNYVLRQHNVRLEUD W LRIQOMLYFDLQWY G H
GHWHWHKHRSWLPDO GHOD\ EHWMPHYG DMERWEHOONRLWVDBGHWLRRBBOHG
KROHW SUR@REZHGHOD\ WLPH IRHDWREFKY VKR X\IRG SEH YWHIRNVH @G DPDJH
GLVWDQFH ITURP WKH EODVW EWRBNDEZH W N WUKH \WRH-OWMUHEF IO EXK\GHH
DFFXUDF\ UHGXFLQJ WKH KROH GLDPHWHU X\

+RZHYBI®SO\LQJ WKLV UHTIXIQUHHCWHXEKRIR RSHW®B OD\RXW WR HQVXUH
DFFHVV WR HOHFWD RWQ\WVW HRH VORBR@D WRRHQW RI ZDYH LQWHUIHUHQFH |
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EODVWLQJ RU GLDOIRYWKH ZDWYHDEIKY RO DM HQAD Y HVE \WPKLAV WIHIB DW XUH

SURSD HDMWKRQ KROH WKH ILUVW KROH LQ HDFK SD
GHWRQDWHG ZLWK D PLOOLVHFRQC

O9HULILFDWLRQ RI WKH UHVMXWRWWKKVRQHRAHMEBO HWVKLY GHOD\ ZD\
H[SHULPHQW DSSQIWIGH FXUIHWHEIMWW $V D UHVXOW L\

RV W RKELQE®XD O
7R LQYHVWLJDWH WKH LPSDF | ﬁ%ﬁﬁuﬁb%@?mWKE@HVV

SOV 59, M T i AR Y e

iRasonrhubia bar ooy d ) R Ko ey

WHVW WZRODNXV HD® K EILIVKH 1/ H

RI LOFKIHFRQDMIELQLQJ DQ DYH gé;h_l': LIYHQHVV RI WKH SURSRVHG |
L5,

v
NLORJUDPV RI H[SORVLYH PDW '%_CE) H

HDFK KREHR QW UR QVKEHG) 2BMUXFN FJQLWLRQ LQ WKH I)EORVM OB WHUQ -

F GHSUHWSHFWIKYHG\RVLWLRQ RI W
PRQLWRUL QIKV.RKWEHEPS ILRJHRP DW Y
R"Q Q VHLVPRIJUDSK UHODWLYH WR WKH EOD

W LV LPSRUWDOWGWRFQREHGR HQY Rl WKH IUDIPHQWHG UR
HDUOLHU WHVWYV DZIPHHG VIHE DLP Wi R 2 BOVIKiEe BHQD L WPy

| VZHUH XWLOLJHG LQ WKLV H[S

/

Legend

%ODVWLQJ 3SIDWWHUQ

E F
JLIXUH7KH ILHOG H[SHULPHQW RI URFN EODVWLQJ

$FFRUGLQJ WR WKH O®HULYGCHEWBREZH R I PHWHUVY EHWZHHQ W
UHODWLRQRVKUSEWKH SUHGLFWH® KH RXIQF RUVORFD D/RRWY HE V
YLEUDWMWRQ.V EPR¥NGPRQLBXP ZKHQ NLORJUDPV Rl HI{D>QURIVKVH@EDWH
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SHRODVW KROH +RZHYHU WKH VHULRPRUVIDGK YJEGPRWGWIGWH WR EH f
D YDOXH RAP VHIOHFWLQJ DQ D SREIRDILRMNMESIUWRL RMKWH BQD®AMHYHQW
UHGXFWLRQ LQ JUWGRXHOOWKHLEGDYWRQPEHEH XVHG WER.MFRWWWEBLVK D
DSSOLFDWKRQSERSRVHG GHOD\FWDhBHHN ZHWIKYW S8MWMRBEGXXDY OLPLW
LPSRUWDQW W RH@QRMRHGMKKID@D\RXYIRUPV WKH EFEOIDWWWIRAHRGLDPHWH!L
XVLWQBANWKREB XRYHD OV KB KRG QWAKIDW L P MWHH GHWKHQEROODVW SDWWHUQ E
FKD@IL®®p WKH EHKDYLRU RI IUDMRHGWRGRVBEBGVEODVW KROH GLDPHW!
PRYHPHQW DQG WKH ILQDEL GRVLWIRR @ &G WHWHVP XWHN.IVP S WV DBIWR. LW LV
DWKHVH FDWWRUWYL FD QWKCH OR®PBRGBHIWHUPLQH WKH ILQDO SLW SRVLW
DQG KDXOLQJ HIILFLHQF\ RI WKHSBREHVVLQJ SODBRWIR EPML@VH
FDOFXODMLVRYWWHS DOORZV IRU WKH G
'"LVFXVVLRQ VSHFIRQBEVWKLQ WKH PLQH E\ GHWHUF

WKH VWUXFWXU|
g FORWQHVW

SURFHVVLQ.
H

%DVHG RQ ZKDW ZDV SUHVHQ 'bQ\'ﬁ'g{'Tﬁ Wi
WZRULQFLSDO PLWLIDWLRQ VW UPDH 7 \k}é
WR UHGXFH JURXQG YLEUDWLR %’b \
RSHUDWDRRXYW PRGLILFDWLROQ J?< VLE@LLD\/V\\?/D Iﬁﬁf’ WHROV'JLYRHWHUV 7

GLDPHWHU $GIG LW WE GIRMOALGH U QG WKH SHUPLVVLE

WKH FRQVHUYBMDIQGDUG ZKLFK vm%%g\%ﬁgpmwxp FKDUJH ZHLJKW

PD[LPXP DOORZDEOH SDUWLFOY" Y WBRR QPP EODVWLQJI RS

YLIXUH 7KH ORFDWLRQ RI WKH IDFWRU\ LV QH[W WR WXWDOQFBORSELW RI *R(

%DVHG RQ WKH FORVHVW GLWMDH PR QRIL W R® IHWBW XEH QY LDVEODVW K
EHWZHHQ WKH SURFHVVLQJ SO DIS/8 URJGP MW HPO \EES@VEIOM SRURSRVHG
PLQMWVKH PD[LPXP DOORZDEOH FEDVHHDIHALHROWDSHIRQ HTXDWLRQ WK
GHQAMDOFXODWHG WR BEFFRUBLQRBUEDPWLRQ | U KPR VEKL I EFRORW W
WWKH DFFXUDF\ Rl WKH PDWKHPDRHFIDD, EI0RYWER@W\ IDFWR U
&RQVHT X HQUMW@R P P HDRS KX® H PP ,Q H[WHQVLYH PLQLQJ RBMUDWLRQ
EODVW KREFBRVRVWELVWDQFH ZR0DORKDGK MUKLICH \DHP HRW IO EXD VW KR C
WR WKH PRIBRIXWDWLRQM) SWRISRHMBEUDOO\ S GH VAURIGHEBMKRWD)
UHVHDUFK PHWHUV EHWZHHQ WKH SURFHVVLQJ ¢

&RQVLGHUL QE OMKMOWMBRMEBIO RI BVKRIFWKH XVH RI PP EODVW KROH

PHWBQ@BVWHPPLQJ OHQJWK RIIHD VAMRQHHARMEND UJBWIDQBW\ IDFWRU R
UHVXOWLQJ LQ D FKBPKHWH WDHQ WKKHWRKHHFWLY H X/ EGRDVW KROHV FDQ
DSSUR[LPDWH FRQVXPSWLRQ RIHHVSQRHLG WP BWWWDREHY JUHDWHU \
SHU E O DWW RKROG N LJQ R HUOD PAK D W
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W LV ZRUWK QRWLQJ WKDW HNVKH LHIQENW DIWVIRUR MAKY HBBWLPDWHO\
UHFRUGWKG BBWRFH\WDAL @HBODOWOMAIIEVXOWY ZLWK DGYDQFHG QXPHULFD
WKHVRYH VHQVRBWHG/ WALKI® GHUWRHEAFLDO QHXKP®GVQHWZRUNWFD Q)
SHUPLVVLROHWPF YROX HOWELP HIIHBWRPLVH IRU HITHFWLYHO\ PLWLJDWLG
RIWKHWIHEUDWQR@MWH SHUIRUPDREB HWAKDQFLQJ RYHUDOO SUHGLFWL)
RSHUDWWRK® RBIURG XFWH RIQD @ILRNMY V
FRPSRQWOMQRWKHU LPSRUWDQW BROFOWWIRRW QHHGV

WR EH LQYHRKNWL JDMDHRIDDH W KH %WURODQQXFE&DVWRXQG YLEUDWIL

shvv\\/’%w R'DZ';T;(?S\%"E'?,{%WUHD M DO FKD®PDBIOHSR BE B0 QU QH
Q HOLY LHEW LEXBAKM GLVWDQFH EHWZHHQ EC

7KLV WLPH VIKRWDGRIOM EU D W L gGMDFHQWM@WW\BX‘R@\JRKDU

YDULDWLRQV RI WKEH I IRWKIE X\ &
UHFHQW RYHURBRKIO IV IIH/O\V L EUDWLRQ PRQLWRULQJ ViVW
KHOSDOKIOWHIHY LQ YLEUDWLR%E

%FQ—@%YM QXIS RRS HEPWHRWY Q J

WXRROVWKLY PHDV)
\@? BD@ DI HFRY WIR
B W'L 0 F O DWRERX FH G

W RV S B H WHIQ W
D JAWHHFRUGLQJ
"?P S %VWQG GHYH(
B HVV ZDYH
Vﬂ; L@% QSN R PLODU VvV
¢

BRPSWLRQV WKLV UHV

HDFK RYHUKDXO VWDJ®RD®BO
RSHUDWRWRYHNVLQJ WKH LPSDF
YLEUDWLRQV VXFK$ED\WEBK>J/KNW@
YLEUDWLRQV RFFXU DOPRVW
RFFDVLRQDOO\ FDXVHG SRZHUYL
FRQFHQWUDWLRQ SODQW ILHO R
DVVHVVPHQWY LQGLFDWH WKD
VLIQLILFDQWO\ LPSDFV\DQ/\FIHHRLIJ
SURGXFWLRQ HTXLSPHQW

'Q VXPPWHKH SURSRMGBGLOLWD /A O JURXQGJYLEUDWLRSD%[\)WLDQZng\J’:
ERWMKH SUHGLFWLRQ DQG RSW E I DIV RO
UHVXOMWYLWLRQDO PDWKHPDWLF P W Q,‘G\L XKWL
WKH HIIHFW RI GHOD\ WLPHV ZK

XQFHUWDLQ DQG VFQWRRHUMEGD FHG SHDN  SDI

\/ DYH LQWHU
PR IR A émmm oy LSy
SURYLGHSWHRMXYHWAFRPHY FKDUDFW

ORZHU VFDWGEXRAHEGERQG HRYMUH’FW UHODWLRQ\

| W}%é? (B EHHASANR G wicH
HVSLWH LWV ZLGHVSUHDG DS Xb% Q WKH

EORDQYWXFHG JURXQGWKHBESDW R/GMXVWPHQW GHOD\

H
)
DFFXUDRWDE®\ UHOLHV RQ V 85 Hich £ r owivumio wy k)
27v ZHUH YBURBRVHG IF

DVVXPSWLRQV WHKDSW Z@RQWW QI X
VD LRQ LQ 33¢
OLORGHRTFBY

LOWHUDFWLRQY EHWZHHQ EOD
Ewmm%m i eo

I UDFWXUHYV DQG JHRPI—W‘KD(CHLD:YD
SURFHVVLQJ SODQW ZDV GH

GHSHQGHQFH RQ HPSLULFDO G §V
VRUUH\XAERQI;ORQJLWXGLQDO E (

NH\ SDUDPHRKHDW URFN W\EB® Q
IXUWKHU FRPSWRGLFWLRQ
$GGLWLRQDWOSLFOGO\ FRMWVLG
VL \ RI2Y RO VW XG\ KLIJKOLJIK'
GLPHQWARQDOURSDIDWLRQ ZKH m'g\ka@ N S H e w
VHLVPLF ZDYHV SUR SQLPHQN LRD A EGOD | LWy R
HQYLURQPHQW LQIOXHQFHG = E QE PH@(E/ %MLPL]HV VLPSOL
WRSRJUDS K L7KBI0. QRFDBMRONQJ R SW)L)R\/@X/UH UHVHDUFK A
QFHG Q
QLTX
OLPLWDWLRQV LOFOXGH WKH H[ DF\ .
IDFWRINHR XQGZDWHU FRQGLWL Q
IUDFWXUHV DV ZHOO DV UHGXF HGLFWLQJ
YLEUDWLRQV DW JUHDWHU GLV ﬁ‘DR
0DQ\ RAHWH OLPLWPBRPLFRRIDY WD Qd:'%\(':w RI LQWHUHVW
WUDGLWLRQDO EO DVIW YSHUH/GH IF /M RQHP B YW RBYV GHFODUH WKDW WKH\
WKH 6+% WHFKQLTXH UHPDLQV RIPRUWMHLHVAWDWH DQG

GHOMDMOVR IDO®WXQKRIUMFWHG
VXSHUSRVLWLRQ PD\ DOWHU YL
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S5HIHUHQFHV VWUXFWXUHV LQ *RWYDQG 20\D GDP XVLQJ

*HRWHFK%LFDO DQRG *HRORJLFDO (QJLQHHULQ.
> @RGUtJXH] 5 *DUFtD GH 0DULQD / %DVFRP 0

/IRPEDUGtD & '"HWHUPLQDWLRQ R1 WVARKUDRXQ G(YLEUDML '"HWHUPLQ
DWWHQXDWLRQ ODZ IURP D VLQJOH EODMWW KIEHDIMUYEKESD W@ RLI’WLUH@FE(\ XVLQJ I
EODVWRXUQDO RI 5RFN OHFKDQLFV D¥®¢LHARWMAGPEpRXUQDO RI 6FLHQFH

(QJLQHHULQJ > @QJ : %DKDGRUL 0O +DVDQLSDQDK 0
> @LPHQR & / -LPHQR ( / &DUFHGR - ¢ S3HHGLFWLQJ WKH URFN IUDJPHQW
5DPLUR < 9'ULOOLQJ DQG %O®6MVLQJ *?elr RENWLQI RSWLPL]JHG UDGLDO EDVLV IXQ
&56 3UHVV IRUZDUG QHXUDO QHWRRMKNKDRRGNOWQG
(QJLQHHUL J
> @XVWUXOLG %ODVWLQJ 3ULQFLSOHV IRU 2SHQ 3LW
OLQLBGRWWHUGDP 1HWKHUODQGV $$ %D O@PHP&) 6KL ; *DR 4 =KDQJ ; :DQJ )
5HV DUFK RQ WKH HYROXWLRQ ODZ RI WKH VH
> @ubL ' $JUDZDO + OLVKUD $ .R |$['35 VLYH W)RJ)RLQWLH;LDWDWWHUWK
RI RULHQWDWLRQ RI EODVW L-GRXW QDL R LR@ XQG YLEUD
RI 5RFN OHFKDQLFV DQG *HRWHFKQLFDO (%JL%
> @LD <DQ.J 5 =KDR = <RX 6 +H 6
< %ODVWLQJ GDPDJH FRQWURO RI VOL
> @DLZR % 2 <HZXKDODVKHW ) 201 FQdUbLFVZ R%$GYDQFHG ODWHULDOV DQG 6\
%DEDWX\L 9 $ 2NREH ( , 2UKX ( +
VORSH VWDELOLW\ DVVHVVPHQW PHWKRGV ZLWK EODVW LQGXFHG HIIHFW
PRQLWRULQJ LQ $NRNRHRWRFKQLUMHMQ BD @GH QJ 4 ::DQJ + :DQJ 3 4X < =KDQJ
*HRORJLFDO (QJLQHHULQJ = DQJ + =KDQJ : $Q RSWLPL]HG
EODVWLQJ GHVLJQ IRU KDUG URRI GXULQJ HDL
> @KDQJ ; <DQ 3 /X : &KHQJ < G6XARXENRWKX¥KQLFDO DQG *HRORJLFDO (QJLQE
*XR &KHQJ ; JUHTXHQF\ WMSHFWUXP

FKDUDFWHULVVWIGXFHRG FOBYVWWLRQ ZLWK HOHFWUROQL

GHWRQDWRUV L JLRROUDD OE CRO V WiXQ.D G }URY 6 6 8ULQRY 6 5 7XNKWDVKH
(QJLQSHULQJ ° %RU YNRY < $ IDERUDWRU\ VWXG\ RI

ROQWRXU EODVWLQJ LQ WKH IRUPDWLRQ RI V(

> @ROWRRDPPDGL 6 %DNKVKDQGHK ﬁBQWiI{EJKQLFDo VELHOQFH DQG LQQRYDWLRQ
%DKDGRUL 0 BUHGLFWLQJ JURXQG YLEUDWLRQ FDXVHG

EODVWLQJ RSHUDWLRQV LQ 6DUFKHVKPHKIFERKESSROLP YO H PR @G/I-RQ_ SRQJH %

WKH FKDUJH W\SH E)X§D D RWHLYHQFHX BRAPERUDWRU\ VWXG\ RQ UHGX LQJ WKH TXDQ
$1),6$3UFKLYHV RI OLQLQJ 6FLHQFHV IDLOXUH DSSOLFDWLRQ WRY%“WXOFNHRBEQRQVRMLQJ |

(Q LQHHULQJ *HRORJ\ DQG WKH (QYLURQPHQW
> @LVNLQG ' ( 6WUDFKXUD 9 - 6WDJJ 0 S

.RSS -
BWUXFWXUH 5HVSRQVH $QG 'DPD J@\@UR EXFHENMRY & 2 &RPSDUDWLYF

$LUEODVW )URP 6%6 I'DISHD 0 WPLHIQW R | W@@%WWHN@UHWDWLRQ RI WKH FRQYHQWLRQC
%XUHDX RI OLQHYV EODVW YLEUDWHRHBRDQQL¥MVDQG (QJLQHHUI

> @6ROWDQDOLQHMDG 6 ORRPLYDQG +
'HYHORSPHQW RI D QRYHO HPSLULFD® @SSURDEK<wWRDRRQWURKWRX 0 +X @ =KDQ
RYHUEUHDN VXUIDFH TXDOLW\ DQG VOREBH DQJOH RPFVWVHOFI®RRQy F\FOLF EODVWLQ
IROORZLQJIH@DEW DQJIJ*HRWHFKQLFDO FEKLD@QF@WHULVWLFV DQG FXPXODWLYH GDPDJH

URFN PDVV XQGHWX QURMLIMMWLIL QJ )DLOXUH
LV
> @RRPLYDQG + 6ROWDQDOLQHMDG $Q DUZDQVDUD
0 $VVHVVPHQW RI WKH RSWLPLTH(@Q/R?VH)PPE@@bH’gJW@(QJ & <DQJ 3 LRQJ
FRQVLGHULQJ URFN IUDJPHQWDWLRQ DPRUVEDSH RIBPPY ¥HXIHURFWNHGDPDJIH FRQWU
XVLQJ DFW)¥DO® 0 BHMXOWYV LQ (QJLQHHYRMY EURNHQ URDGZD\ H[FDYDWLRQ XVLQJ L
EODVWKROMXERWWRE Rl (QJLQHHULQJ *HROR.
SYLURQPHQW
> @RKOROL % (ITHFWV RI WKH J I?ﬂobRJLF/DL\% SDUELPXHW7HU%/KD < <pQy oR
RQ URFN EODVWLQJ XVLQJ, @WH UHRSW LY VisollW EDU -
-RXUQDO RI 5RFN OHFKDQLFV DQG OLQL?J 6FLHYDHEHHYFDO VWXG\ RQ IUDFWXUH FRQWUR
H DWHU FRKKR®PHEKDQLFV DQG *HRSK\VLFV IR
(QHUJ\ D%;GWRRUFHV
> @HQ 6 2QHGHUUD |, %LOJLQ GHOOLQJ
WKH VL]H RI WKH FUXVKHG, [RQH- DBIRK G@)HEGDVWﬁd'hQ) <L & /X : <DQ 3
OHFK O0LQ 6FL XDQWLWDWLYH vwxe\ Rl WKH DFWLRQ RQ UR!
VKREN ZDYH DQG JDV SUHV®WHW QQVELHRIFAKOE O
> @YHUVRQ 6 5 +XVWUXOLG : $ -RKQYBE R1 *BRPHFKDQLFV
$NEDU]DGHK < <HDU 7KH H[WHQW RI EODVW GDPDJH IURP D
IXOO\ FRXSOHG H[SGRWREWUH GIKPIVIHR I VK RPDRWROL 0 $SWDHL 0 BUHGLFWLRC
,OQWHUQDWLRQDO 6\PSRVLXP RQ 5RFN )UB%KrWw DWER® VELRLOD VY MFIH VWUXFWXUHYV |
)UDJEOD*\MJWQDGD 6SDLQ - 6DQFKLGULPRGEGRRUQDL KI 9LEUDWLRQ DQG &RQWURO
SUHVV 7D\ORU DQG JUDQFLV *URXS > @DPDOL 0  $WDHL 0 BUHGLFWLRQG
> @b®DKDGRUL 0 '"HVLIQLQJ WKRGY¥KODEDEWRPQ@E YLEUDWLRQV LQ .DURXQ ,,, ¢

XQGHUJURXQG EODVWLQJ RSHUDWLRQV WR DYRLG GDPDJH WR FRQFUHWH
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D QHXUDO -@MNWZBONRI WKH 6RXWK $IUBFDQJLQXPHWOFWB RBEGBOL®] $QDO\WLFDO T
PLQLQJ DQG PHWDOOXUJ\ 6%,00 1XPHULFDO OHWKRGV LQ OLQLQJ (QJLQHHULQ

> @KDVHPL ( $WDHL 0 +DVKHPROKRVVHLQL +
'"HYHORSPHQW RI D IX]]\ PRGHO IRU SUHGL@WWUDR2DI® R X QG O/LLVEULDW LR Q. $Q LQQF
FDXVHG E\ URFN EODVWLQ R XU DX URMAHHF KPQIQIXQH R1 VLPSOLILHG VLIJQDWXUH KROH
9LEUDWLRQ DQG &RQWURO RI EQRVWFHG JURXQG YKROMNWIRRG RF WPLXROQW L

> @RKDPDGQHMDG 0 *KRODPL 5 $I§/\PDDHVLWODQHPSLUWRW@@QD@DMGW

&RPSDULVRQ Rl LQWHOOLJHQFH VFLHQFH@XARBK®ISTHKHW DQG$WRBLWBLFDOKD $
PHWKRGV IRU SUHGLFW LRX®0 EFOONWL )G FDE EDWILEG EPHET W P SDFIY SHHIGLE VRILR Q
8QGHUJURXQG 6SDFH 7THFKQRORJ\ PDFKLQH OHDUQLOQLREBSONMFDWLRQV

> @WDHL 0 .DPDOL 0 3UHGLFWBR@IRI £0BDVVIUDZDO + OLVKUD $ .
LQGXFHG YLEUDWLRIX]G\ DGIHIMIQFH YHNWWRPXHQF\ FKDQQHOLQJ D FRQFHSW WR LQFUH
.DURXQ SRZHU SOBRXRWQDQGRGDBPEUDWIRRONDRG WKH.O@BXRHEODRWQG YLEUDWLRQ Z

&RQWURO PXOWRIOH EODVW LQ BXVOWWES RLEBILQHHUL
> @WDHL 0 (vypoxpwLrQ Rl 0BV RORFRE I KYLRIEVRQPHQW
YLEUDWLRQV IURP XQGHUJURXQG H[FDYD@LLQ®RXX D& 3DURN®ZDMUHD OLVKUD $ .
OLQLQJ 7THFKQRORJ\ VWXG\ RQ LQIOXHIGXFIRG BORXWG YLEUDWLR

> @DNKVKDQGHK $PQLHK + %DKDGR%\%QOLQH IEHﬁR%FgK EOSVWLQJ AVDELDQ@JIQDWXU

YLEUDWLRQV RI VSLOOLQJ EDVLQ H[SOR QY W YEIQFb 58\b ‘pp-

XVLQJ DUWLILFLD®UBKXUH\O RYHOL DR QN @FL@!IQIFLIHPVD 0 &KRXGKDU\ % 6 .XPDU +
2SWLPL]DWLRQ RI GHODRZVHTXHQFLQ

X,H C
> @DQVRXUL + (EUDKLPL )DUVDQJL 'i)g%(\\//w X\’\V”\;ﬁ(ig' WRJIOH K,ﬂRUVQ%%ERS'WZiTJ?_E'F\'/
YLEUDWLRQ PRGHOLQJ XVLQJ-RXUKDW V Ry P?R/\?H?E
RI OLQLQJ DQG (QYLURQPHQW > @DQJ 5 3UDWW =KDR * $ FDVFH

> @WDHL 0 6HUHVKNL ) PSU QWDWL&/?R%S\I’DVF'{-E'Q]ODV‘S'WR%
EORQWXFHG YLEUDWLRQV LQ OLPHVW %

$OJRULRMWKPQDO RI OLQLQJ DQG (QYLURQ REN (QJLQHHULQJ

> @RKDPPDGL ' OLNDHLO 5 $EGRQ {6 KD U $ VLPSOH QI

,QYHVWLJIDWLQJ DQG 5DQNLQJ %O E QH(“E)H:\H_'G RQ ZDYH S
*URXQG 9LEUDWLRQ XVLQJ 6RIW &RPS Y< WK 8 6 B\PSRV
0&'0 7HFKQLRXW QDO RI 0LQLQJ DQG ( Weeo06 7H[DV

> @ULYDVWDYD $ &KRXGKDU\ % XHoOoL W Z7:<RHURL\;VHKV|V4LSFBHOG?_';\LAJ,"LQ
$ &RPSDUDWLYH 6WXG\ RI ODFKLQH @ fm«g&%ﬁ@v DOG 5REN (QJLOQHHU
3UHGLFWLRQQCR)KF%GDM]/‘RXQGRXUE}LDEDNR
OLQLQJ DQG (QYLURQPHQW

+xze =KDQK = :X
> @R + 3KDP 7 |/ +XQJ 1
DQ 2QOLQH 9LEUDWLRQ OHDVXUHPHQW d\%nge%g\éﬂD#DFWH LVF\&‘I'R:‘S/DME,&%V}
&DXVHG E\ %ODVWLQJ IRBXULQDQ JRL® L9 GRL
DQG (QYLURQPHQW

* (FHYLWRJOX % 1D
> @DKDGRUL 0 %HPDQL 0 $WLJKL % VV IHRD DY
0 2SWLPL]DWLRQ RI 7UHQFK L%ﬁ%ﬁgsé %%-%W: YREEX R@v

%ODYWXFHG *URXQG 9LIRUDW LRLQ MDQ*
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