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DIILOLpH j Of8QLYHUVLWp GH ORQWUpPDO

$XWRPDWHG DQDO\VLV RI UHWLQDO DQG |

287 DQG 2&7$%$ LPDJHV LQ $0°

&+$5/(6%e/$1*(5 1=$.,081$

, Y W IGM X DHL R PIpfsD O

OpPRUH SUPVHQWDp HQ YXH GH MafrREW stionaek Rppliq@eesG LS O {P +
*DQLH ELRPpPGLFDO

$YULO

<« &KDUOHV %pODQJHU 1]DNLPXHQD
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DILOLpH j O 18D RYHINWILMD G

&H PpPRWUWM XQp

$XWRPDWHG DQDO\VLY RI UHWLQDO DQG F

287 DQG 2&7$%$ LPDJHV LQ $0°

SUPVH QWP GBY %e/$1=%. ,08(1$
HQ YXH GH OfREWH Q4itiise 6 Bi¥nd@d Oigrees G H

D pWp GEPHQWBRBEN SWH [@EHW KR GH

-XOL&G (1 $'$" SPpVLGHQW

)DULGD &+(5,(7 RWPEWUUEH FWHFLKRHU F K H

6MMDJR &267$17,12 PHPEUH HW FRGLUHFWHXU GH UHFKHUFKI
5HQDXG '8 ®$H P
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To Kari-Ann and Justin, and to my parents, Jocelyne and Jérome.
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, ZRXOG OLNH WR WKDQWN BU R HWADRERE\DIZD) WR BBIHRAY RDUL GD
&KHULHW |IRU WKH SULYLOHJH RISHDYUVILRD D SURNBGEW F QS K

WHP H P E DW¥ER ARD E WRRWHE 05 % L RS KR VDREW KR X W R SR X MRNG *WR K S
/1,9 " IDE IRU WKHLU FRQWLQXHG HQWRXGY WIKWHR UVWKHILI Bl WKWHIORSQ >
FRXUVH RI WKH UHVHDUFK SURMHFW

7KDQN \RX WR P\ |DFIRON KMXE SVE K BVR XB KR XG7LK-DVORY W W/ K H

3R \WHF KL K WIS H FAKNOWY RP HS PD®HQ QRRHUX.GD QBMK URXJKR X W
P\ D F D G HFRDEU DKID QRXV RH P BWRU MIVKH F K Q@ RFDBED \ & R UWRAKRW K H U
VWXGHQWY Rl 3BRO\WHFKQLTXH WKH 8QL®WHDBWRKIRIO RDHDU T
KRRU Rl OHDUQLQJ DORQJVLGH WKHP
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-H WLHQV j UHPHUFLHU PHV GLUHFeMDHXNND GRI &JRINFK B Q AKLH RO HW
)DULGD &KHULHW SRXU OH SULYLOWXNSHGHMLFHQBU -XIQWI UHRINH|
UHPHUFLHU OHV PHPEUHV HW FROODERWRWYWIHXAH GHX GfGE!
ODLVRQQHXYH 5RVHPRRXNNVFRGESKRXORASHYY G % FOOE R U W RHLQMIK/R X
FRQWLQX HW OHX YW BSRIRIPRNHLEMARQWEHHNE M\H B RMUB KHSUR M HW

OHUFL j PD IDPLOOHR YW OFHHXW DIFRXYWS H QP MAR YW X0OH O RQH G HP |
SHUVRQQHO GH 3RO\WHFKQLTXH HW RSpFYB Y HROOM LOPH WIF
GH PRQ FKHPLQHPHQW F.FD&[p PHPEH HO/MGIHF KODL WRHF L3RADA & R U W
DXWUHV pWXGLDQWY GH 3RO\WHFKQHLWXGH ®H +® S8 GLDY®! LD\WDLLW
SRVHPRQW SRXU GINW QI WD OQ 6 WIRRIIDHIXW G M{S\WPWH Q G U H
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/D GpJpQPUHVFHQFHK ®XBMODL/$H HOWWE HFRK ®DIOWDHG ISURJUHV VL
PDQLIHVWH SULQFLIO GHPE DR W DXLQEYKRWRWOH HW SBHR®MHW C
YLVH j GpPWHUPLQWHBRBWHHWHPHVSOUHWLU G LPDJHV GH WRPRJL
2&7 HW G DQJLRJUDSKSHXY&DW2& WU HGXWIRNWQHY ®HL@R X\
LQIRUPDWLRQV VXU GHV ELRPDUTXHXUV GH OD '0/$ DLQVL T3
PDODGLH - FHWWH ILQ XQ DSSD U HLDp SHW PO MWILCSRM VO R &1 H ¥
'0/$ SUPFRFHV HW LQWHUPpPGLDLUHV RBW JXKD W IXRIQI W Y O [ R\F
OTDSSDUHLO 2&7LWKRQXGH XWFFXKOVIRXUQLW XQ YROXPH GH GRC
LPDJHY WUDQVYHUVDOHV DSSHOpPHVY GHVFDE X6 AV R WNDI©W G HD\
'0/$ SUpFRFH HW LQWHUPpPGLDLUH 'OLP DPRW DVFRDQLBMW XQ
GH VXMHWV kJpV GH SOXV GH DQV GH VWO\DHWY %JW¥DIH AR/
DQV LPDJHV % VFDQ RQW pWp FOERMH®XQHE H &LDQUD P W K R G\
UHSURGXLWHY RX GpYHORSSpHV DILQ GH GpWHUPLQHU VL GF
SRXYDLHQW rWUH REXMMWYHD WVOMLEGHARD HBWM LEQ W ISURFGLDLUH
WpPRLQV GTkJH VLPLODLUH *UKFH @ ®HYWEHMWDE QR @ X3-D GBIE
FRQQXHV G HIWUDFWLRQ GH ELRPDUT¥FHXGHW BHIQDOOGH OB QDI
DX QLYHDX GH OD FKRULRFDSLOODLUB HYWGX @M HRYp WKRRAGX IG\
PHVXUHV TXL PRQWBHQWLGRAYIGEDWUWHY HQWUH OHV JURXSH
IDORQ XQLIRUPH j WUDYHUV OH S$OpVQpl YR RKNDLONG HG B WLO H U G5
HW GH JpQpUHU XQ PRGQOH GH FODVEQHLEDWphRQX G H O3S0+
DXWRPDWLTXH DX QL YHWD X SGHHW % HWF 3 B WWDpONX HBHF B W UD Q VIR
UDSLGH GH VpULHWVVSBWRBOXWVH G pRRHY BULHEPWmMHH/Q WRORPL Y H V
ELRPDUTXHXUV RQW W ipOREWHD FRPPW SRXDARPPHUWLT FOD
W\ASH IRUrW D O pDWI RILHXHU H3AH XD\ FHD DR DA VAHIJ R (R EBRSRVD QW H \
3&$ D pWp XWLOLVPD SRRHQVLERRIQBEDGEM\ BHU DMWY BDYWLT
SHUIRUPDQFH GH\S RBW ®QHW IB\M VO SLLEY®LIFX\HIX/U VERBGIWQ BW Y H O O
D pWp FRQOXH TXIRQMWRKWWREREDALHBK\WN YOX@WLRQ TXDQWLYV
VWUXFWXUH GHV VILQ®D X3 HA& %D IHWW HDD XTHYXW HYLHBSUPMHQ W I
GUXVHQ HW GH ODREMRPWRFRWILOQOWEMYRGREHVFUQ@MWH GSUpWD
FODVVLILFDWLRQ GH OD '0/$ SUp F FOPH SHMW YLIAWHHUFR B RRQIGU D O &
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DXJPHQWH HW TXH&DHVHDISISQQHQON SWRVSOKVSRQODREGHYRPE
SHUVRQQHV KDXWHPHQW TXDOLILEHW HQWR Q pBRWM\RIQL\W R pSSROEWD
OHV VRLQV FOLQLTXHV DSSURSULQVYHDXQ®D\WY WM. W & 8 DO/
GHV H[SHUWV SDU OH ELDLV G LPDJIX VZE P SAR Q W V¥ RPERNGH)O[H W
SRXUUDLHQW VH WYL G g VDK FWRIPFOQV GVRIQY T B/ OHP HH\OW DV\P S W
VLIQDOHU j XQ RSKWDOPRORJXH MDD VOB HYY IARD GHWRWQY B Y O
GH SHUWHV JUDYHV GH OD YLVLRQ VRQW RIGq®HV X\RQ &HWRE
FODVVLILFDW LR QOjHS DRI HU WA WY BTHOF Q @Y  JA) RXWLP X \WRP D
SRXUUDLW pJD O HPH@DW GMAM M LXWKIDOMLVRQY Re VHXOHV GHV GRC
GLVSRQLEOHV RX ORUVTXH O DFFqW\DX[OWLRYWRXUFHV GH VRL
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$JH UHODWHG PDFXODU GHJHQHUDWHRYH $DKLENK P DSULRH YV WWV:
DW WKH RXWHU UHWLQD DQG FKRURLG 7KH UHVHDUFK SURMtE
IURP RSWLFDO FRKHQHEDQFHBQGRPKT DM KR UPDK\HV2 &ERXOG EH
WR SURYLGH QRYH Q@@L JKLVR OGN B Q HDWIOR QG P MMWIK\RKG G H\WR W K
28&7 DQG 2&7%$ HQDEOHG GHYLFH ZDV XVHREQWR R® D J H$ $/0 WAKXE
GHYLFH VFDQ VL]H HDFK VEDQ RI RQH H\H JDWKHUHG XVLQJ
ZKLFK LV FRQVWUXPAMMIF®/ IRRQD @ WR I V , ¥ MAUFPW 30% \WADIQ V' R |
VXEMHFWYV ZLWK HDUO\ DQG LQWH U FPHEL DWHD $B' R Q HR YWDRDRX
H\HV IURP VXEMHFWV RYHU WKH® LIRRIHV\HDQ® RAGHV |UBRP
XQGHU WKH DJH RI \HDUV ROG HGb VFIDYH LIFDIHX/U HZ HHY ¥
PHWKRGY ZHUH HLWKHU UHSURGXF G R U \GH QH OLEDHGV LAL R G
EH REVHUYHG EH\@BHHDVN K R H®LLDON HFFROQ WX RDHFXEW B OW YV DW
7KURXJK QRQ SDUDP NWWL¥DWE BV WK IQGE IR NMZWR KSOW UD FW L R ¢
FKRULRFDSLOODULYV IORZ YRLGV DPBWKRG BQE@DXEHEVAHD V}
VKRZHG VLJQLILF BOWEZ HGHQIHURRSW VIEY®R XKQLAR ZRQ\HUM S UH V H C
WKH IURQWDO SODQH RI WKH H\H ,W ZDV WKHQ GHVLUHG W
OHYHO LQWHUSUHWDEOH PDFKLQH PROGHMQLQIUEIXHG® F30V FHD
UHVXOWLQJ IURP WKH IDVW )R XU LHU K\GJ DQR/P RRIPIVV R U M $ DEMLA
UHSUHVHQWDWLYH RI WKH WZR E L RPDUMNHWHN Z\W R HVRBWOQ L) K
DQG D GHHS IRUHVW FODVVLILHU 3V HGFWSD 0HEREIR G HPMQ B
WKH IHDWXUH VSDFH DQG PRGHO SHH IRUPDDR¥WHYYGE G U B GLHZ
ZDV GHYLVHG ZKLFK DOORZV DXWRP DWDMG Y 'HUHHFRQXYDWILXEW RR
VLIQDO SDWWHUQRI NEI® LQB DGRHLFWRDOWIHF X QNS X BN HQ WD WL Y |
FKRULRFDSLOODULY ZHUH OHYHUDURG WKRH FRIGIDWWH. | L © BAM U Q
LOQWHUPHGLDWH $0' $V WKH ZRUOGZLGH SUHYDOHQFH RI
EHFRPLQJ PRUH DYDLODEOH D JUHDWHUQB®PIEWH @ HRH GH.G KWW R
PHGLFDO LQIRUPDWWRK® DS §RRSYLLGPRMH W OQRQPDR ® F@A H
$0' WKURXJK 2&7 LPDJHV DUH H[SHQVL R BQG SWLAPHR FRIGVKPX !
WR DXWRPDWH $0' GHWHFWLRQ HYHQQDIOHQ R W Q \R HR/WKIDVORPRR
QHHG WR PRQLWRRQIEQ® WRWDH B M RAUKHHWWHKYHH REF FY)XLWIXHD@F B RRY V
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DUH WUDQVSDUHQW I IDRDAV SRI@ VIURK FRIDR@BIOF URNVIVHVH 7KHU |
DXWRPDWHG GLDJQRR/ IBH WRRIG ERXOQIBNBIDWILIROWLDIOHPHGLFD
DYDLODEOH RULPKWUWIG WKRAHWVLW® RHYOWK FDUH UHVR
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&+$37(5 5(9,(: 2) /,7(5%$785(
5HOHYDQW H\H DQDWRP\ DQG SK\VLRORJ\

%YUXFKYV PHPEUDQH %0 UHWLQDO SLU@BQW LMSIIHANRKK
LOQWHUIDFH 59,

5SHWLQDO FDS\OGEB\ BQB[RKRURLG
&KRULRFDSLOODULV &&

$JH UHODWHG PDFXODU GHJHQHUDWLRQ $0°

'"UXVHQ

$JH UHODWHG PDRXO30' GFOHQHRIDOWVEODVVLILFDWLRQ

2SWLFDO FRKHUHQFH WRPRJUDSK\ 2&74 DR3IMRIADIS KR
2&7%
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2SWLFDO FRKHUHQFH WRPRJUDSK\ 2&7
2SWLFDO FRKHUHQFH WRPRJUDSK\ DQJLRJUDSK\ 2&7$%
2&7 DQG 2&7$% LP BIJHWIHDMXKLRQ PHWKRGV
5HWLQDO FDSHOOB&IHYHWMAHRKNW JUDSK
&KRULRFDSLO®BUWLR/L G\& DRDO\VLV
'UXVHQ VHIPHQWDWLRQ PHWKRGV
&ODVVLILFDWOR@ HG PDRXDODU GHIJH®ROQUDWLRQ $0' GHYV
'HWDLOHG UHVHDUFK SURMHFW REMHFWLYHV
&+$37(5 0(7+2'2/2*<
([SHULPHQWDO GHVLJQ
6WXG\ VDPSOH
6HOHFWLRQ FULWHULD
,PDJLQJ SURWRFROV DQG VRIWZDUH
JURQWDO SODQH VXEILHOGY VHSDUDWLRQ
/D\HUV VHJPH QHWLVDLDRQ WDIKQLG- IQH VY P DS
SHWLQDO FDSLOODULHV SOH[XV 5&3 QHWZRUN JUDSK
5HIJLRQ RI LQWHUHVW H[WUDFWLRQ
)ORZ SURM HDFML\R BRVWWEMW LR Q
9HVVHOV VHIJPHQWDWLRQ
' TXDQWLILFDWLRQ
&KRULRFDSLODYRLG V&ERXDQR/LILFDWLRQ
'"UXVHQ VHIPHQWDWLRQ 53(E %0 DQG HQ IDFH PHWKRGYV
6SHFWUDO DQDO\VLV

&ODVVLILFDWLRQ
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3ULQFLSDO FRP SR&¥H GW PHONVQRQNOBW\ UHGXFWLRQ
5DQGRP IRUHVW 5)
'HHS IRUHVW )
ORGHOV SHUIRUPDQFH HYDOXDWLRQ
&+$37(5 5(68/76
SHWLQDO WKLFNQHVV PDS
5HWLQDO FDSLOODULHV SOH[XV 5&3 QHWZRUN JUDSK
&KRULRFDSLO®RBUWLR/L G\&DRQRDO\VLV
53(E %0 GUXVHQ VHIJPHQWDWLRQ PHWKRG
(Q IDFH GUXVHQ VHIJPHQWDWLRQ PHWKRG
6SHFWUDO DQD®LRIQWD D QW \GLHPGFWLRQ
&ODVVLILEDWLRQ
&+$37(5 ',6&866,21
&+$37(5 &21&/86,21 $1' 5(&200(1'$7,216
%,%/,2*5$3+<

$33(1',&(6
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7TDEOH &EKDUDFWHWNVVIKLRE\S RUWNMNBUIBSHDAWVWH G LQ WKH S

7DEOH 3H U IR U RIQIFRH HASINGHNEUSK [P UBDIY HDURGH G LAIDOADH/ DI L FD W L F
'Yy WKUHH IROG FU®S V5 Y IGIIQG CR/OLER ©DIR M V DYJHOS 16 D MR IUP® Q F H
DQG OHDYH RQEHWXEMHBWURRWPDQFH

7TDEOH SHUIRUPDQFH HYDOXDWLR®@HRSWEWR GU' BFID\DHVG/ HID B O
WKUHH IROG FURVY YDOLGDWLRQ BQBJ5H) S HUQRIRPIQ B RR/H
OHDYH RQH VXEWNHFSWHBXRW BBIQFH
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J)LIXUH (\H SODQHV DQG GLUHFWDRWRPDRIGWKH HURVD V'HPW
QRPHQFODWXUH RIHVKRI SOKDHQ KX PIDQGHREP PR@GLILEHG 2&7 FL
VHFWLRQDO LPDJH QW RPHVIDI®W DMDHV X U HV

J)LIXUH 9ROXPH UHQGHULQJ RI VWEXEKWX BRD WREB7TURWHQLD D¢

JLIXUH 2&7 W\SHV RI VFDQV )URB QO HROWRHUWUBIQVE HY IVF D ¢
PRGLILHG IURP > @

J)LIXUH $ VFKHPDWDRO R3IHMVEHA FWALL R Q ORI/ W KF WLR@D P RGLI
> @

J)LIXUH 2&7% W\SHWRRIOHAFDQWR YVYFROW $REPDH BWHQGHULQJ
LPDJH

J)LIXUH 6LPSOLILHNKMFKHPEDMWILFFKRSURMHFW ZRUNIOR

J)LIXUH )XO O (7'SBEHOGHLHW®&CODHEESW X E2I0HO\ VXEILHOGYV HQ!
ZLWKLQ WKH SHULH KQW G DWKURXJI KRMHDWVUWKH SRMMAQW DH
ZLWK ODEHOOHG GXIHIRACGW PREKPDODEE UMY GDIMMWG VXEILHC

J)LIXUH SURMHBWRRVYVYHRRWOMOHSMW QG WKHLU RXWFRP

JLIXUH S5HWLQDO 2&7$ DQG LPSOHPRQWHDGV LRQ RO INRKIH. VB K F
UHQGHUHG HQ IDFH YRHHQWEMIRRIM [EPSOHUNQBEH UEKS RVIHG
LPSOHPHQWDWLRQ F ,Q VLWX IORZ VDDRZO VEHQ®®H DU
LPSOHPHQWDWLRQ

J)LIXUH S5HWLQDO 2&7%$ DQG LPSOHPRQWDA LFRQ BO WRKH VB KT
UHQGHUHG HQ IDFH PHAWDODDNWRIQY DRSOBQCBWHRBQVLEH 'YLH.
LPSOHPHQWDWLRQ DQG GLODWLRQORZ)OIRIAQVDIQD/OHD I WKW
DUWLIDFW UHPRYDO

YJLIXUH (Q IDFH YLHZ Rl WKH VWH®WVFRUWWKKPSDRIBHEMWRE
UHSUHVHQWDWLRQ LDQD@ [DRHH UOREZSWKIP HSQURDM ERQ RRY U
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DOJRULWKP D@EG GHIPHVOWRIWLRQ D GHS SELRMHAWL\W DRQHRR ¢
GLODWHG YHVRE®D\WWERG@NRHIOMKMH YHVVHOV

J)LIXUH ‘'LDJUDP RI WKH PRGLILHGPH® KRIGHSEBMKOHQH/ HIP HC
)LIXUH 7\S LIFFPBONEB®RQVO/LZRUNIORZ

J)LIXUH 3% FXPXDOHDAWY DK IHIQEB IDVHD XHQFWIDRG RIEI%0 WKL
PDS IUHTXHQF\ GDRDWHWLRE 1&& BSUHQF\ GDWDVHW

YJLIXUH +LHUDUFKLFDO WUHH UHS WDHVHRGD W/ILR VG B E WKL
UHSUHVHQWDWLR®QUHE BHSKBRIDDWDWLRQ

)LIXUH $ IJHOHWHWVWWPRGR® IRDWRGLQHG WWRHHY R

JLIXUH ') FDVFDGH VWUXFWXUH UMKSURRBEO®HAGDVOXBEWD F
UHSUHVHQWHG LQ JUH\

JLIXUH % VFDQ 59, VHIPHQWDWLRQ D QG G & K\RHIHP HHQ M/ DWKIL|
PDS IRU D FRQWURQ G/ PEMHF W XERBEFWF RRWRIR® LPDJH $
VHIPHQWDWLRQ OLWKH. 39W DOH G BERP® NG BPHQWDWEHG [
%0 E G 7KLFNQHVV PDS )RU DO® DRAFOWNCLRQQIVWIROR @ H W
VFDOH SLQN LQGHWDQBHY DSDUFHHD BMHGUBOKLH D G B B D R

JLIXUH D 5HWGQDW UN E XFMNRHWMYRIQW XR/U( B'G'6 DUDHE) FRQW U R (
E 5HWLQDO YROXNH GYXWULE%WLRB DGRORY WRIR O$ ¥ X M H
&RPSDULVRQ RI S YDOXHV IURP 0D Q QRN IQIHWV @ HD BGWHRVOMNK P R
EHWZHHQ $0' DQG FRQWURO GLVWULEXWLRQV

JLIXUH 9HVVHOV QHWZRUN JUDS KR FRDNGV ¥ WM ERWX IV BV SV .
DQG LVRODWLRQ RH WBH UHWQ Q B OR\GS BIQ DAW WKQGWHLFIQDO Y
'HFRUUHODWLRQ VU JIQPCSM K RIOYW B VDILRE RIHWR 8 YSHGR B 6 FRU |
GLODWLRQ F 3URMHFWLRQ UHVROFHDBQE®HEVEDUVL]RWDR
6NHOHWRQL]DWLR® ERIQWKHN WHI\G A M QWOR/UQ H UD S K

JLIXUH D 1HWZRUN JUDSK OLQNW GLRQWI LE X V$IOR @D & HLR/
VXEMHFWV E 1HWBGRVMNWUUDSW LRRGHYRIQW XR U B 6'6 DUHE QR U
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VXEMHFWV F &RPORHVVIRERMRDBSOQQ +: KLQHMAX BUNHVM SR OL
QRGHV DQG EHWZHHD® $0 \DWGLBRWLRQV

JLIXUH D $0' QBIWROQWMGIHR® ULMKORYLGRILOAXBMHBDWHWHU'
VWHSVY HQ IDFH && VODE PD[LPXP S WRKMWHFKRRG DG FK DA
VKRZLQJ QXPEHU RI IORZ YRLGV ELQQHRZ LYQRL B \D @ H\W KV UJHHV
DUHD VL]H IROOREXWLBRZHU/GUVO\RIREGRVEIRQQARBZDV D IX(
DUHD WUHQGOLQRVEB QG BOXDRHEHIUW RRRPDUNHUV D

Y)LIXUH D 60RSH P LQWHUFHSWKB®QG V}IIPDO YRLG\
GLVWULEXWLRQV IRAXBNHFYE QR GPEOR IUWKK H Y RBVFIHOE DQ D U
E &RPSDULVRQ RDBQ@OKHWQWRBUNHMVMORISH DQG )9 \
EHWZHHQ $0' DQG QRUPDO GLVWULEXWLRQV

Y)LIXUH D WRSXUDOFDEY VWU XEBXHOHD O Y6513 ( VHIPHQWDWL
D IHPDOH $0' VXEMHFW D ERWWRP @3B N\PHERNUIDFMRHG PIDY
%0 EOXH DQG 53( SDOH EOXH VHJPHIRAWHGLRIRP & DFEVE N
VHIPHQWDWLRQ PDVNQ ¥HLHXDVUD V& IR P D\FN H @ HIFSHH U L Q
GUXVHQ PDS DQG (7'56 UHJLRQ

YJLIXUH D 'UXWHR®D DR 05 DWQMBULE X WERQWURO YXEDNGGEWYV D (
WRWDO DUHD RI VLRB JHQ IP F&RPISPUHWR U RP ® DXQ@=+:KLWQF
WHVW IRU GUXVH® Q® HEM \D QIGHORHX PIQGE ERWYMWRIRO GLV

Y)LIXUH D 6FKHPRWLFSHRIDEWGXWRKHLQY WRHSRRWRILHHWLQ
IURP > @ E OHI®UXMBD\QHZPW®WEIRW QRE® U RIPH U WDWDHEV H Q
OLQHV DQG RXWHU VODE ERXQGDUILIKW USSRNHNHI WIHW KOHY |
FRUUHV SR Q GKLQN HWIR) MBHY B QV KD J H

JLIXUH D 'UXVHQ DUHD GLVWUDEMWHROW DRG $ROY HIQ & KEHR !
WKH HQ IDFH ELQPSDIURNRD RE KRDOXKHWQHRB WHYQ. IRU C
DUHD EHWZHHQ $ROD®RIG/ WRQBXWLRQV

YJLIXUH WRS QH&WFPQRHWRKS ULREWL&RDWOPB[LOXP SURN
PLGGOH %LRPDUNHU UHSUHVHQWDW LQYH UMDY HD U B3 Y QolC
LQGLYLGXDO VSDWLDO VHULHV FRUNGIRKGR QX IDWW NMBBR
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ERWWRP 7KH )RXUHBBKMUDQWVIL R OPGREH HRW HVL REMV/DERQ Y H
VFDOH IRU FFREXBPQLNQWLRQ

JLIXUH WRS )HDWXUH VSDFH IRWLRQN RS DWKIHD DS H WLLHWP
VHULHV IURP WKH GUXVHQ WKLFNQHLMD P S EIRQVGN RIPR Z3 Y IRQ
FRPSRQHQW DQDO\DLW ZIIVF X VVHSSH PR UER DLW R SUHQIEQ W D W
ZLWK WKH JROL@ RHPDIDRIQIHG YDULDQFH

)LIXUH W GLVBWOEKXK QMG JKWRE KH RE HVGSAHFQM U XWP ¥ 1 HSUH V H
ELRPDUNHUV EHORQRIQQVURR $URXSGEGWE D UNRW VD QG \OIHRW L
J)RU VHULHV IURP WKH 53(E %0 WKLFW®&HV&E&PDSRIMHEWXR D !
JUHHQ

JLIXUH 53(E %0 WRIQFN Q& VO PD SR LLG\D SH RIGHBWBPRESD W LD C
VHULHY DQG 3&$% RSWLPL]HG EDQGV GD®DXH WD QG SIUHM
UHVSHFWLYHO\ D F $YHUDJH VSHPRORRNV DRIUG WIRH WXURI
FRORU GDWDVHWRKLDIGVKXCRIQUDB @R XQMHVHGE G %DQGV GL
IRU WKH IXO0 $0' DQG FRQWURO GDWDVHWYV

J)LIXUH SUHG L AHWIRW LRPCBHR URVD@E) RIIRW Y HY DVAHLGG DRMOLGR ® TR U ER
EDVHG DQG EDQGVLRRVHGVEQDGYL BB OWK W NSQGKIEYY PDS TUH
VSHFWUXP SUHGLFWRU LPSRUWDQFH 3&$ WRSWW,LECE BOOQ
SUHGLFWRU LPSRUWWDREHYREG O EHIWRNH KW DRDRQ LPHDEW U XP S|
LPSRUWDQFH E VYRLIOVN SRKIERMHFANLRQLI]HRD BHD Q@&Y RBIMWIGR
LPSRUWDQFH

JLIXUH 5) KLHUDUFKLFDO UHSUH\VWHQWDYWRIGVI UR W K3 HREW
FODVVLILFDWLRQ

J)LIXUH 5) KLHUVHRKWIF'WDRQNMS BHW KIDQR U B W@ G RIWHRWPWE D Q C
FODVVLILFDWLRQ
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$0° $JH UHODWHG PDFXODU GHJHQHUDWLRQ

% 0 %UXFKYJV PHPEUDQH

&& &KRULRFDSLOODULYV

&19 &KRURLGDO QHRYDVFXODUL]DWLRQ

&11 &RQYROXWLRQDO QHXUDO QHWZRUN

") '"HHS IRUHVW

y 'HHS OHDUQLQJ

H$O' (DUO\ DJH DFXO®MHGHIHQHUDWLRQ

(7'56 (DUO\ WUHBWPH QWWILL@ESDWK\ VWX G\

& (7'56 JULG FHQWUDO PP VXEILHOG

, (7'56 JULG LUEBQHRULQXEILHOG

1 (7'56 JULG LQQHU QDVDO VXEILHOG

6 (7'56 JULG LQQHU VXSHULRU VXEILHOG

7 (7'56 JULG LPBE@RWD WMXEILHOG

(7 (IWUHPHO\ UDQGRPL]HG WUHHV

)9 JORZ VLJQDUHDRIHGNWKD Q —P

)& 1 )XOO\ FRQYROXWLRQDO QHWZRUN

L$0" ,QWHUPHGLDWH DJH UHODWHG PDFXODU GHJHQHUDW
N 11 N QHDUHVW QHLJKERXUV

0/ ODFKLQH OHDUQLQJ

28&7 2SWLFDO FRKHUHQFH WRPRJUDSK\

2&87$% 2SWLFDO FRKHUHQFH WRPRJUDSK\ DQJLRJUDSK\
3&$ 3ULQFLSDO FRPSRQHQW DQDO\VLV

5) 5DQGRP IRUHVW

5&3 5HWLQDO FDSLOODU\ SOH[XVHYV

53( 5HWLQDO SLJPHQWHG HSLWKHOLXP

53(E 5HWLQDO SLJPHQWHG HSLWKHOLXP ERWWRP
59, 5HWLQDO YLWUHRXV LQWHUIDFH

' TKUHH GLPHQVLRQDO
' 7ZR GLPHQVLRQDO
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$JH UHODWHG PDFXODU GHJHQHUDWQRROWBRQ ZV WKGHDHQH B D §
ORFDOL]HG LQ FHQWUDO UHJLRQW ® IYWXKXDIOX B B XOLWH WRYN L§H
FRPPRQO\ ZLWK W KPHR \@QHH PYCDADFRXFCHDAU | RURPQRITHY W LARQJGWWH D
JURZWK Rl QHZ YHVVNOIWR BHKOGHDMWKLROG VSDFH > @

$V LWV QDPH LQGLFDWHV DJH LVLRGHYRIGWERBWDRKR GHYMN ORS\
DUH W\SLFDOO\ DJHG \HDUV RU BERFMY 2 KH\BKHHKROVR R & LY\L
LV DOVR GLVSURSRUWLRQDOO\ SUHXDWHQWURSERPNQ BQGUOQF
DV D FDXVH Rl VHYHUH LUUHYHUVLHEOR SHIG/LZRQY QG SDLW R HL
SRSXODWLRQV > @ QHQ® WIDRFQ CUIDD KH WKW URD WOR BB ®/OD QG
UHIUDFWLYH HUURU > @ $GGLQJ B® UWEKH FIWILONHY WRL DW V] G
SUHYDOHQFH RI $0' LQ WKH S8QLWHG 6RSIDWIDE OHD W E HM QD &/|
FRPELQDWLRQ RIAHUY LR B VRR biHF DREPIPR @/ 2 KEBIQP RAJHK HFL P H U 1\
> @ 8QOLNH $0' FDWDUDFW DQG XRARK UXT G\ HVBURKEHDG DVE G @
VXJIHVW WKDW ZK ISGIR WWRKH DX PHEFHWIEGIRE HE N UDE MRLYUHH IF WBR U D Q C
EHHQ LQ GHFOLQHSRWHER® |URWDU UMRDOHQWFKHRS PDFXODU GF
DVVRFLDWHG YLVLRQ ORVV KDV LQEHRD®HGD3R@ LW DLW W\D\WM
DQQXDOO\ LQ &DQDGBZWACH X RE HARRI QBIAY R VFADXADHGSQRQ H|
$0' UHDFKHG > @ 7KH LQFLGHQRHWKHNVEHV® B R ¥ DIMF X0
HVWLPDWHG DW QHZ FDVHV DQW XPODEW RVWEHVTWHK®G L
WKRVH ZLWK $0' WKH FRQGLWLRQ XV EBGOIRY BS SUR [ER DWN S|
LQ ORVVHV WR WKM &DKID GQ B QG H DGR OFGMNDYAH/GOIRJ OLQHI
DIJH > @ $V WKH DJHLQJ SRSXODWDRGV WKW KIR\GWMY YR KIF G Dz
DUH H[SHFWHBGHMR) LRFRISRUWLRQ > @

$0' WUHDWPHQW R SVMKLHR GV RFEIDUMH W\DLRRZS OR 1D IQEWSHWRHIGAHD WK R U V
SUHYHQWLRQ IURP WKH DEQRUPDO JUWRWRHRI ©R B LWHR/WYIHDN
GHWHFWLRQ OHDGV WR D EHWW HE DYXQ \DAVD/AH RXRMHRW R | $WV R/ IKA
2SWLFDO &RKHUHQFH 7RPRJUDSK\ 2&7 QZKRFW KR LNDHIQDRU R
GHWDLOHG FURVV VHFWLRQDO LPDDNXWRHWWHKH BBRNMF\D KWHV H
OLJKW DQG 2&7 EHDP EHKDYLRU L\HDDIKWERQWRQ R P B H W LUGHFO



PHWKRG FDOOHG 2&&T3QIROBRSKXL XD OQARDWILRQDR WRP W
UHWLQDO YDVFX@RDW X UKHD®ISYW & R FKHRQRH R K 8 GIVIDIRIME K O H Y H
DQG WKH LPSOHPWE& RAOYMRARRI RLW KERQLRDQIVHWWLQJIV L

7KH VHYHULW\ RI DGYHUVH HIITHFWV\DMVRFMWLQHE GVEDWKVSKH 8
SHUVRQV DW ULVRQWLBPSH PWRHIGL WRUEGZDGB GD QIBQ W KZH QHH G
WUHDWPHQW RSWLRQV ZLWK HIIHHVELYRUBNMYRPWILR® G H WHKIRKS
GLDJQRVWLF PHWKRIGVIHDWRYHO HEWWHMFWER Q VI QIG FGMMHRID F
DOJRULWKPV FRXOG IXUWKHU DV\RWWL F CLURFH D\D VDXW B P DW
SURFHVV DQG SURYLGH QHZ LQVLJKW LQWR WKH FRQGLWLRQ

*LYHQ SUHYLRXVO\ GHYHORSHG VRIWZ3DHUQDEWKIG BHYILGEBEDC
GLUHFWLRQ RI RQJRDQD IUAD/H D'\$SKDDIHRK BV R WHKFHWUBDW LQLWL
RYHUDOO JRDO RILHEILHHWHXWL QY HBARPSDYRHQLMHMDH ® QG DGY
Rl WKH GLVHDVH ,W ZDV DOVR L QWJDOMRIGY WK LFKYZHHWDH H RR\
UHSUHVHQWHG DFURVV WKH IURQ\MD@& SSPFOHIDQH RRII DV R HWHK R GV RK
HIITHFWLYH DQG NVYWIH B B WH W Q BRI HWKEHDE DI\VY M D/QVD 1w

$V VWDWHG LQ WKH RYHUDOO JRD ® DW® H WHIRMH FAK HZ DIVUNRWP 8
RI H[WUDFWLQJ \HDWUDHV MSRW LDOWIL@ DD &YQ D BKRURERG $

GHWHUPLQLQJ ZKLFK RI WKHP VKREZHG HQ¥W EW W2M HRD D GWU RIX.
VXEMHEWY DQG D JUFDXBOF PRIR VB ®/ HRE B H G WD/W Hi $500° D/XG L$0
UHVSHEWLYHO\ 7KH VHFRQG VWHSIHRQXUMWHGRRI URHEW/LDQ M)
FKRURLGDO 2&7%$ GDWD ZKLFK ZHUH X{Q. IRQ 8 OD SISHS UGV MKW |
FURVV VHFWLRQDOWEKPYD JHHY B MAW P PRILIRLQH U WWXIDQWH BULQ G H V|
\LHOGHG SURRLVEDW LFRO®H BDQIR PPFEUQKE/OARGAO LQWHUSUHYV

7KH SUHVHQW GRFXPHQW EHJLQV ZLDWKXDHUMXUNHA\RQ WERKRQW
DGYDQFHV XSRQ ZK&BRNMHAHNUAHDANH B BRKGHMAHUNLEBE G £tPSRUWD C
DQG DGYDQFHV WKH UHYLHZ RI OQWHH BWWHKH B8QRBMHHAW R DM
WKH PHWKRGRORJ\ XVHG LV SURYLGHGEGHRWRRKWLPBPK QRH GV K AKGIHM\
LV IROORZHG E\ WHBFHWHV/IX\® MWH KN WMAKHSWRWMHBWHG $W W
GRFEFXPHQW WKH WHNWWWGOWYGCDD HF QN RVIHRRI KLEKOIURWMFW |V
DQG DYDLODEW HXWXHUHXHNVIRD U F K



&+$37(5 5(9,(: 2) /,7(5%$785(

6HYHUDO FRUH FROFHB®YDBFG \MEBORQUIHAWLRQ IRU WKH UH\
$V SDUW Rl WKH UHYLHZ Rl OLWHQRWRDB DDRGVH0'DDEVRIFL IR
DQDWRP\ DQG SK\VL7RKGIRJI\ LG HVFHQ8MAHRWQ DRIGVK R REH/ ZKLFK
WKH SURMHFW RU DUH FORVHO\ UHO DWHG ZY WX WKWKV RIWEKBH
RI WKH GHYLFHV DQQFNBABV EHKXLIFGBIRIL QDG PR SURYLGHG I
D VXUYH\ RI VRIWXDURQIFFWRDF KV RVWKHVGHWDLOHG REMHF

J)RU H\H SODQHV W&B BRQMHA®WR GV \VYMH GRW WHREKE@ R @MWQW D Q
D PRGLILHG GLDJUDP RI WKH QRPHQF CSIQNV2X&MHFIR V K RZHF WQ R D
ZLWK GHVLJQDWHGJ DY DWRKFRDD LG HEEWH. RQEO QDPLQJ FR
SHUWDLQLQJ WR DERUPIHE BIRIQHIOQS WHIHF\R&R QG 28&7

Horizontal Plane

Naso-
Temporal Axis

choroid

5mm
—

YLIXUH (\H S O DWHRQIVQIBQGL M&F F IDRWVR/PY HRAWMKRH) BOHD QD 'L L
DQG QRPHQFODWXQE R[HW KR SWKHQKX/PEEQI BIRP PRGLIE 2&7 Fl
VHFWLRQDO LPDWHZ IDQOWRRLEQD IHDWXUHYV



SHOHYDQW H\B @D BWWRRRORJ\

%UXFKIV PHPEUDQHS1%90@ H QW WISQ WK HOLX®D63( [
YLWUHRXV LQWHUIDFH 509,

%UXFKJV PHPEUDQH %0 LV D ILQH OML\® FKQ QK F\§LFROWDVW.
ORFDWHG EHWZHHQ WKH FDSLOODU\ &&JLRQGRW KK RWHRW GQ DC(
HSLWKHOLXP 53( 7KH %0 LV LQYRODU ®LIQ VKR G DK YZHDWD LIR
GLIIXVLRQ Rl PROHFXOHV VHUXP FROQRWLWXHQWAMDQO BQEH
VXFK PROHFXOH LV WKH YDVFXODU HE&RWKWOEDOWH®R Z \| DAFK
RUGHU WR PDLQW DHHR &&DISKW FH DU WR SIXKQ IDWU BB IZRQHIGH WKH 53
RU VHYHUHO\ DWWHQXDWHG > @ ,Q RMUDSKMHDDWG RBKY R&F
GLUHFWO\ XQGHU BEHDVHRXEGDRESOULEH®DP@® LBELRARHKWHY WK
YLWUHRXV LQWHWHRMH WK H ERXDH/DILQ E DWW & HWM QHWKLFW U H R X V
WKH JHO WKDW REGXSASDF W EHVWRKIHU W KH H\HEDOO

5SHWLQDO FDSLOODU\ SOH[XVHV 5&3 DQG FKRUR

%ORRG VXSSO\ UHVRQYHLECH RUVMIE MEBNYHMWI® BOPFHOOV LV
E\ WKH FHQW U D O UHWWLGIDID YCHL\@HHIDODHOEON R/ AMRWDI U RP OD U JH U
WR WKH UHW L Q DJ URHR® W/HRF DAL YWKK HUEIRIQRLUED ©® CRJWHUN DQG FH |
EUDQFK RXW LQWR UK B DUHW VORI ENEGR & KYHH WXISEBVIEBDD O D (
FDSLOODU\ SOH[XVHV > @ 7KH FRK®H R/IRXVYFN\RH EWORR B WXSHS
UHJLRQV RI WKH UHWLQD ODFNLQJ ENDRRGVRHVWKBY WXIFHK
DSSUR[LPDWHWLQD®IE®ORRRG VXSSO\ > @

&KRULRFDSLOODULV &&

7KH FKRULRFDSLOODULYV && LV DUNSWHEILLIEW HO®D WR W K M PO
FKRURLG 7KH OD\HU LV UHSRUWHGJVER & & HHRF PFMURGDI)G D G+
WR WKH %0 LQ WKH D[LDO GLUHFWLRQ J [EGIGV IMRHORVVBYE D W
LOQWR WKH FKRURILHKV >R [& HQWD @ & SF#OW B ER D QWMHWKWRRWLQD D
UHSUHVHQWY WKH RQO\ VRXUFH RI| PHDWDERO®DE HRED QJHIWT
ZLWKLQ WKH && OD\HU GHFUHDVHV ZLW®RDUFAD® @KDORUM R



DVVRFLDWHG ZLWK D YDULHW\ RI UHWH QD @ G LL\QHADI I HLSQHRQDGKH
WKH && DQG WKH 53( DQG GDPDJHYHWR WHDLWIKRIQ RIQW KZH. @ @ KIHH
NQRZQ WR PDQLIHVW DW DUHDV RI WRE FKIRURLEPQVEGRRE GC
&& ORVV

7KH )LIXUH VKRZV D YROXPH UHQGHRRIY RLUV2XD WHMG V21 §
OD\HU EHORZ WKH UHWLQD 7KH 2&WO\ORYLVHIQDQ@ WKH EDOQW
GLUHFWLRQ DQGSRQGXRW XWR W K R UERINA DV K E/HY WWMHXE IV WIXO | D
'"HQVH UHJLRQV RI 2&7% VLJQDO FRUNGIVER Q & LDBEIS WRUWEKHO REF
DOVR LQ EOXH

OCTA strg%yl_ral drusen fovea  parafovea  opticnerve  choroid retina

J)LIXUH 9ROXPH UHQGHULQJ RI VWEXEFKWMX BRD WRE7URWHQIDD

$JH UHODWHG PDFXODU GHJHQHUDWLRQ $0°

$JH UHODWHG PDFXODU GHJHQHUDWHRWH ¥K L EKE DRRENWXIS ' D!
WR WKH H\H DQG LV WKH PRVW LPSRRMND) WRKDXWH. RV EEOL QC
FKDUDFWHUL]HG E\GHEHGRUPO D\HWMIROXEKLH U MMKHQ®D3I L DQG WK
WKH FKRURLG 7TKHVH DEQRUPDOLWILMKH QF® XGID MHGH 0sW RV



DEQRUPDO SUROLMHMWIORQZKIL EK RWSEDEG WKRH DISHS\W DQDXRQ G S
VSUHDG LQWR D QES0ZV SVMIKAHKD 3W K H @XXHWWHIQRIQW D IODER. \LIQFEDK G H 5
K\SR DVVRFLDWHG ZLWK FHOO ORV® DIRGDK\GRUBDOPHQRGIA
EORRG YHVVHOV FV @ KRIUBHGDOU B @RBRDF XD Q LUWWIGR. WLDOO
WKH FKRURLG OHYHO DQG UHWLQDW DO 3$HPRDWRWYYWKHR OHI
6LPLODUO\ DV ZLWK GUXVHQ &19V GEY&BORSQ G @ WHH FELHRAM\H RH
LQ RUGHU WR FRPSHQVDWH IRU UH@RFR D QL& HEMRR/GL RQWFRD |
GLIIHUHQWWRDOIW HABK WIKUK Bl W MUMVE XANGE B RY BWDXA@GDWLYH RU GU\
FKDUDFWHUL]JHG E\ D GHFUHDVH LQL®DW R XODUP GHRX\. WQ VEIC
YHVVHOV 7KH VHFRQG W\SH LV FDOOMGGHGX GIBIW V YIH ARRRJ QD KIHR
WKURXJK WKH SUHVHQFH DQG JURZWK RI &19 IURP WKH FKRU

&XUUHQW GLDJQRVWOQF ADSE HRMFIXIHY RKUH GAMOUVDHYFHDIRRXY G\H YV
IOXRUHVFHLQ DQG LQGRF\DQLQH JURBQ WRX®YDWX D DYV FXQRW R
VWHUHRVFRSLF YLHZLRUPDW X R 8GR EJNCH MG XIHQW \FRYV RI D
QDWXUH > @ &RQWUDVW DJHQWWHBGHWRLEWR RRIO\FRIQMAD XY
RI QRQ LQYDVLYH PHMKR GV FIKVDHWU SIWRRK Q @/ RU BLWIGR LV I1XU
E\ WKH ULVNV DQG VLGH HIIHFWVFROQWRFLDW HDG HQW K % KD RR):
SDWKRJHQHVLV PR GHO GRIVHD VH. NRW YR U WBWH\GF O HUDG UHV X O
DFFXPXODWLRQ RI DWKHURVFOHURW LKL BHOHDUN XUH. J L SRR UZRDQUC
UHVLVWDQFH W RDEOR B GHYHFEW ODRQIRE® GEKRUADGB O WHRP UHG
SHUIXVLRQ IROORZWFKIBYJKYRFERYDRPRLGCIUWKHQI DRTBWED P D JF
QHXUDO UHWLQD > @

(YLGHQFH VXSSRUWV WKBQWIHRAWEP BQBAMUWDRLDY DPEHDQV R
WKH SURJUHVVLRQ IURP L$0' WR DGYDQBKGDSI DxQ @H G $WW IV K
FRQGLWLRQ WKH PRVW VXFFHVVIXO RHIZQY HR/IVRDQDLQ QR OW
LQWUDYLWUHDOYDYRKEGWURD BRWRWQLDP JURZOK WKW LQMH
DQWL 9(*) DIJHQWYV K\DWDEHH VGR! BRIGMVAD BM PXBRMEOLQRBQHU
RI WZR \HDUV > @W 0D LGRWV W UIHQ P\R XRVWALIWIG \$ OR IZ&HBK R<D Y H
PRQLWRUHG IRU PRIV WKOED VHYH QQWLWRYWLROVORIVDUHLQIR
LPSRUWDQFH R H DRIDOQ DGJH\WHOWLIRQY [HHG ORIWDW WKH



'"UXVHQ

'UXVHQ DUH D GHILQLQJ FOLQLFDO I®IRWXUSIURD $HYV DIORQ R FR
ORFDOLVHG OLSLGL®LRRHUDDLDQGHSHBRWIND\F H& DXIO DU HG IRXQ G
%0 DQG WKH EDVDO ODPLQD RI WKH 5@GDWSI3RD RI GUXVHQ@KH O
ZLWK D SURJUHVVLYH GHFOLQH LQ ©0JHR8GKBOWLDQ VEH >U K DI
PDFXODU UHODWH®& ®\WVIBQE WRIRIXW VRO VIV) FRIQRWI FR QWL V X
VSDWLRWHPSRUDO VHQVLWLYLW\ > @GLQUXWRQWKBHQ UE B RFQ
PRUSKRORJ\ DQG VWFXODUQNBX\E HDBBBKDXYBUG W@ GUXVHC
> @+DUG DQG FXWLFXODU GUXVHQHDYWKMVKEQORZP 1
GLDPHWHU DQG FDQ EH GLVWLQJXEVK®IG U R PQ&\DAFIXOROW® K R EE
QHLWKHU W\SH LN ARQWRGHRH G B YIRORGIL\DH DAOH RIY ROXWLRQ \
RI $0' ,Q JUHDW QXPEHUV KRZHYHU LWKUYGLGXXY HHR DV H @ \$
GUXVHQ DUH W\SLFDOO\ ODUJHU O/ NHRODYE DIHWK GR® WBAXE H Q
ZKLFK DUH IRXQG DPWWNKRH MWKPHE3 INMBHLWKHSORQUHVVLRQ W
VWDJH $0' > @

$JH UHODWHG PDFXOB0' GHOHQHRCDONEGRVVLILFDV

$0' LV FRPPRQO\ FRBWYLIQRIG HRVEDWIDWLYRU DHIR Y BEXOD U
RQ LQGLFDWRUV RI GLVHDVH SURJEHWD\R Q H Y+LIVOWHRE DWKIORO E
GU\ $0' GLDJQRVLNVG X\WKMHLURQ LIVQDF ¥ RALRV\GIDDMG Y HVWHKDOGBHQP L Q D
ZKLFK PD\ RFFXU ODWHU LQ WKH GLEHDWHH VDISESHIOIU@H F HV R
RULJLQDWLQJ IURP WKHFRKRD\RSE GRID W KURMNIK XWIGHWBRDV ZHC
WKH 53( DQG WKH EURDGHU UHWLQDDULYBFH R B RPLYY LIEQMORC
RU VDQJXLQHRXV GIBW REKEH® WO \&KJH3H QWH PEIZSHIBR B[ X G D W L
> @

$ FRPPLWWHH RI $0' H[SHUWYV IRUP H & WDR¥Y®GE HRUWHDE G D\DR/LV
GHWHUPLQHG WKDW IWHHN ER® PRIQ $SBODLVW LR GUAN BGIG E D Q

LQFRQVLVWHQFLHV F RBHRALW.IF B MG HIWKE G VWK VORI GU\ $0°
EH UHVWULFWHQ DMRYOCRVHGLERQILIBVYWWWIHR QRXIO$®D 'EH XVHG V
WKH SUHVHQFH RI JHRJUDSKLF DWORWXKLILBRGEHR D MFKHHPG DM



UHFRPPHQGHG WKDW GDVEHILBE W BDIR WD DQ\G [ODWHIBBIG 7K+t
VWDJH UHIHUV WR MH\GIVXXKIQUH PHGLX Y P BIDRBWH YLHZ
LGHQWLILHG DQG $ Q) WHKGWIDEM HIDFFRRW Bl G LAV MHKY SOV VRKH L$0"
UHIHUV WR H\HV LQ ZKLFK ODUJH GBROH®LRYV Z¥XWRFLBMWHGE G
PHGLXP GUXVHQ DUH IRXQG /DWH $6G RWBI9 OHMUIRQW B HAH

> @

2SWLFDO FRKRRIH@PBHKY WRE&7 RSWLFDO F
WRPRJUD SRKAUDGKL) 2&7%

2SWLFDO FRKHUHQFH WRPRJUDSK\ 2&7

2&7 LV D QRQ LQYDVKEHTXRDZKQBKWHEFEORZ VL Q ¥ LEIRS WIKF DR V
YLVXDOLVDWLRQ Rl UHWLQDO DQG FKRHRILFEHD @R SHILDIMKHY XA
FRKHUHQFH OLJKW > @ DQG DOGRZYQNVKBFRNB B WWHPH Q Q/V
WKH DQWHUR SRVWHULRU D[LV RI DK & HYH PV GRIQVE DYALNFY DD W W H?
LV UHIHUUHG WR DV DQ $ VFDQ D@F® QAK H QW R X5 EQR RV Y VWL
WKH UHWLQD DQGGFWRURLG KV VFDIGMINH RQ7IDWKHUV D VHUI
FRUUHVSRQGLQJ WRFIN YRR QWPHH LFPIDWK® HI\H EHKGIRZ VKRZV WKH
W\V\SHV Rl 2&7 VFDQV

v \AAAAAAAAAAAA %%%Vvﬁvvvv l _—/7/a
I .
.

320
340
360
380

J)LIXUH 2&7 W\SHMRRIOHBMQW R U LKKW YSROKPHH UWVHQGCGHULQJ I
PRGLILHG IURP > @

=

SSD
FSD




2SWLFDO FRKHUHKQ PH W.RRRIDSIXKS 2&7$

7KURXJK 2&7 LPDJIFDVRWRSWLF DORVPE MABIL HEVXH@D UHKRQ LQ\
ZLWK PRYLQJ UHG EORRG FHOOV WMHH RSS/MDIWIDIDO VILQ ROUP 2 WILR
WLPH > @ 2&7$% GHVLJQDWHV D VHW RRIHEHWRQEZDTHGHN LA/HRLIFIK
YDULDWLRQ LQ WKH 2&7 VLIJQDO URIRG O'WM N H OWR P7KGIWA VB BQ
WKURXJK 2&7$ DUH PRWHR @ 6 B QUADDIEW/R (YD W)RIVOKAHD WAH\R L Q D O
FKRURLGDO YDVFXWRWRUHOMWHIHDHWROXWLRQ > @

,Q FRPSDULVRQ ZL@/X ROXRSKW FB LG) HKE DE HW WIS WREKDOL]D!
EORRG YHVVHO FRQVEBIHDL QH DU WUDE KO L@ L WDWWILRHIMVR | 287§
VPDOOHU ILHOG RI YLHZ WKH IDFW W®&0 W KHW HQ GHHIFN D R
DIIHFWHG E\ PRYHPHQW @UWIHBERQYV XRRG VORZHWXFK D\
PLFURDQHXU\VPV RDUHEQRW LG-H&VIHRMWK] G HIJDUG@WR: 1&& LPDJLC
DQDO\VLV LV W\SLFDOO\ SHUIRUPHBDYWLY J@D UKISQH ED Y WD Wl
DFKLHYHG EHWZHHQ && W BDYMNG HPHLON &G BIYWRKH @ LHITFXULEGW 2
HQDEOLQJ DOJRULWKPY WKH PHDWKUYHYKRQWLW DWH RXR R/ & & DLG
VSDFHV LV DOVR OLPLWHG > @ 7KPSOQLIXKHE VFIEHPRELFURIYL
28&7% VLIQDO GHWWREWERQF® D PRBQNRDMWKH BHORD W&W W\SH
VFDQV



\ H Detected A-scan Signals
.. \ |
° A, \/\/WM OCTA Signals

t=t

J)LIXUH $ VFKHPDWLIFORG RWHNW L R F P@Q\GWARX/FVWMIRI@ DROR G L | L
> @

J)LIXUH 2&7% W\SHMRRIOW HWQWR YVFIOW ¥RERPH WHQGHULQ
IDFH LPDJH



2&7 DQG 2&7% LPBUHHVHMNMDUW FWLRQ PHWKRG!

SHWLQDO FDSIMMHODUBKBY GEOWMEIRUN JUDSK

6HYHUDO DSSUR D AKHWWRQWRIH2 & X SLO® VD GOV WOHRZQW KDYH EF
> @ &KX HWDIV G WEK M WIVOIXRARIE IYIWLHOGS B LAWK DWKH ' VH JF
YHVVHOV DQG WKHLU VNHOHWRQL]DWIQR (D FHRP&RP S [LLPXPHYD O/
HW DO > @ KDYH GHVFULEHG WHFKQWFKX¥H Y DAK LLFKQ Bl O ORHZW L C
QHWZRUN XVLQJ 2&7$% &19V KDYH EHHQ LPODGWLILHG @QD Q!
DVVRFLDWLRQV KD ¥ @ HPHIQ IRXEE2 IERWACKWR HDWPHQW EXUG

&KRULRFDSLOODULY && IORZ YRLGY DQDO\VLYV

7KH PD[LPXP WUDQVYHUVH UHVROXWLRQY RF H\P RENWD LLORHFG 2\& K
VLQJOH DFTXLVLWLRQ LV VLWXDWHIHDW —@ ZQWRPSDULN
GLDPHWHU PHDVXUHPHQWY DUH UHSRQWHS ®R UKH DG PILMWH @/
UHVROXWLRQ Rl 2&7$LRQRDHHYV FID@® PS DHWIHRQQN R | YIL & DVILLGX D O
FDSLOODULHV IURP WKH && OD\HU HHQRWW KR Y HAD UVJRDWD @G B
DEVHQW IORZ VLJQB®HYXDEK G3RU B RRVWRW & BRWXQUHW RPIQ EH RE
KDYH EHHQ WHUPHG IORZ YRLGV WKIHWADMOLW H QR\I HWIDHD X R VWK B &

PHDVXUHV DVVRFLDWHG ZLWK IORZ YRLIQDY® SURG®FHBGKH\ &
VSRWWHG D IHZ PLFURPHWHUV SR\W\DMWULIRRURW R W K® WKW X OL
> @ $ UHSUHVHQWDWLYH LPDJH PIPYEHQYRL @& WID@ EH VR
VWDUWLQJ DW ORFDWLRQV W R —1RJIG RS WKHN B HW KFHH F
7KUHVKROGLQJ LV WKHQ SHUIRUPHG RWQ KH RE L\PXPESD @ G HFR/
TXDQWLILHG DV DUHDV JUHDWHUQVWEQVRRDITXDL VOR D WRILOGH
VL]H DQG QXPEHU LQVKHRDYWK BHHQ AEQNM VADLVI CEW MG DR Q H G
GLVWULEXWLRQ RIZWKRH ®WX FYEHHLY XXM GRH RRO OMKZHV YRLS R ZH U

ORJDULWKPLFDOO\ SORWWHG WKHQGDWDH®R®OIRZHDSDUQHRBYVY
REWDLQHG > @

1RWDEO\ WKH GLIIKH KHBQNMW & HBKZNHHER WURH DWIL Bl Q DV K YR G —
JUHDWHU WKD{»® DR )9 UHV S HRAHOWY BU\WBEHG®ZHHQHQ |
WKH GLVWULEXWLRQGRW KK H QVMOMBHHIBEAND LE) HRKDWKHHEHHQ LGH



PHDQV Rl GLVFULPLQDWLQJ EHWZHH@® K HMO WKLY QWA FSH. VB G D |
WKUHVKROGLQJ WRRJPRAWEKIPQ®WERREQVIOHY DQG WKH JHQ
ORJ ORJ SORW DUHO SN DIRE PWHCH PISBHCRD FKR PRIXQGV EHQ HD X WR |
7KH SUHVHQFH RI ODUJH GUXVHQ LJGQ+PLEQ KWDOLE WRVDFFBWMUMBIGY )
&& UHJLRQ RI LQWHUHVW > @

'KLOH WKH UHVROXO\QRDL @ VRRJIOW IF&/7 H HFFDIIXQY LAMLIPR. W H G
VXJIJHVWYV WKDW D YHU DJE® P BHRNARBUWHRECREWDLQHG IURP VH
VODEV SURYLGHV VXSHULRU UHVROWKROR@LF)SDVDWH Y 8 QVKDE
PHVKZRUN SDWWHRD ¥FEBQERQ/ XEFNMRQA®O O LDWWDEREW GLIIF
IORZ YRLGV PHDVXQEPOHQW VS DQBP MW HD W B U W KRIE \DH BIUHDG L
SHUIRUPHG > @

'‘UXVHQ VHIPHQWDWLRQ PHWKRGYV

2ZLQJ WR WKHLU FARDWIDFOV H R OH WQNRIKIRY \R K B OHDWHYHUDO D
WR WKH VHIJPHQWDWLRQ RI GUXVHQ IURP7X&Y YDFSDSQW R HODFYKHH |
FDWHJRUL]HG LQWR OD\HUV EDVHG DG Q/ IEWD VBEHF RPH R PS R ¥\
GHULYH FOLQLFDOOWPMDLY HQRHDW X B®XQEH DFXGPMDUH @ RW OLPL
WKLENQHVVY RU KHLJKW DUHD DQ®H@R&XBAHQWDWLR @ /PER
UHIHUHQFHG ZLWK RDWKBDUPMH R KR &GVVIEKG QW VHFWLR

53(E %0 GUXVHQ VHIPHQWDWLRQ

$V GUXVHQ OLH ZLWKLQ WKH VSDFH EMWZG HQ XWHIHD %6 JIPOI®
FRPPRQO\ GHSHQGY RQ DFFXUDWH VHIP HEQ@W B VWELRRX® & D WIKHV IR
OD\HU 2QFH WKH %0 DIQ\G K63 Y H FEEXGI®DHAMOD EDQ WKLHPG OG EH G
WKH VSDFH EHWZHHQ WKHP $ SR WHIIPWIQDADD @/ R DEIDVE N VRV @ [
%0 DQG HVSHFLDOO\ 53( VHIPHQWDWLRQ HUVWRWR QW RLXVRIX D
DQWHULRU WR WKH 53( FDQ PDNH WP DEL IHAAXOW @& R WKiH FOHLQIV
HUURUV PD\ LQFUHDVH ZLWK $0' GLVHIFH HD\RUIQYHOAVEG R QR ULPH
SUHVHQFH Rl GUXVHQ > @ :KHQ FRPSDVH®OZDWK B3Q EDW
VHIPHQWDWLRQ WHQGV WR RYHUORRMNHGWQDHR ZUXWKH QREZGH G

@



(Q IDFH GUXVHQ VHIJPHQWDWLRQ

$ OD\HUV EDVHG PHWKRG ZKLFK FLUKRORIQW B 3MHIPWY QW B WQ ¥
LQWURGXFHG > @ WKHPNW®RBWKRQMWN/RYV VEOLDBEM- WO\ QH[W
WR WKH %0 DQG WKH VHFRQG VOIQKWOQ D QYWH WiAR DWER WK H L
WKH VODEV KDYH EHHQ VHOHFWHG WKURDFHYD XIHWKHY RD DK |
ILOWHULQJ SURFKBWVLQR ODWVWHRQ VRRAVEHVHGD XN BQY FRXHULPDJH ¢
UHVXOWY LQ DQ DFFXUDWH HQ IDFBIOYHRIDRIQID WHEBY RILSHXVKH
HDUO\ VPDOOHU GUXVHQ ZKLFK GO QRW AFFHDXE/WHDYHHUVY V& DQ DIW |
%0 DV ZHOO DV WXFEWLGIWHQR VLY XIHIWRKS DREISWRH DOQWQWUYW 53 ( E

&ODVVLILFDWLRQ IPODFBEOHDUHGBWHEHUDWLEF
GHWHFWLRQ

ODFKLQH OHDUQLQJ 0/ UHJURXSV D 9QDEHHXWHBI DR JIRFK WK
SURFHVVLQJ JRDOV 7KH FKRLFH RIGWYHUBGJRXNWWRPH.V TALL
YDULHW\ DQG FRPSOH[LW\ RI WKH Y DWLKRK V0D OXR B UWIPYDLQ
GHVFULSWLRQV RUVDDJIEQLQH BR XWIKW DRSIHE VXL EYBISB G LLIFQ WKH S
ZLOO EH SURYLGH GFHYR®UUHPMWK QHEHE HPEFAUH SWMMWRQD  $ IUHT
0/ DOJRULWKP GHVLJQ LV FODVVLILUFPVOUR Q/ W 3IWH WK HFOB DY
DOJRULWKPV DUH ARQWWUKFWH®PXDWERWVRIZREXHWIPK REV
EHORQJLQJ WR D FODVV 2QFH WKH HW¥HDUWRPL @J KHDAO W DQWQ
REVHUYDWLRQ RI PDQOXWKBQZE AOBMDYVIRQSWWPVR KKK ZLOO
D SUHGLFWHG FODVV ,Q WKH FRQMW HR[EW RU ¥RW® & R OW U DQ GEHHC
KXPDQ ERG\ RUJDQ VXFK DV H\H LPDXHW EGORMV L Q7K W RHD @ X |
FODVVLILFDWLRQ FDQ FRQVLVW RI XDEBHDWY RRVW @RPQWH®
H[WUDFWHG IURP D PHGLFDO LPDJH ODIQRED DHD V RO /WRKOD 8 V/ [H IORL
VXSHUYLVHG DQG FODVVHV RU ODEHKONV BHORQH@W W\RH FEE\D
VHYHULW\ RI DQ H\H FRQGLWLRQ K BWRH REEHWVHQ G BDIW/IHRIPY. @ HGR ¢
WDNHV SODFH

$V WKHLU XVH KDV EHHQ DVVRFLDWHR® ZBHUKRUEGPQHBYV B Q G
DGYDQWDJHV HVSHFLDOO\ ZLWK UHJDUWXRER W PDJARPS K AHM



GLDJQRVWLFV DSSQWF BWHBS QY H DRSO KRR Bl WKIRGN '/ 'HHRQ VW L
VXEVHW RI PDFKLQ@& DBDBWDZR W*SHPWNVRFR @OQYRIGUWIWKQD O QH XL
&11V DQG IXO00\ FRARYRY X NALIR/Q DV ASMDIDWL X XWB G ARU FRP S X
WDVNV > @ $ VWUHQJWK RI &1ZXLF®® QIRDOH HWD Q & WWH D
LQWR XVHIXO UHSUHVHQWDWLRQVWH XAKHHG UDH\E BHYLY FRCRIMKDIL ILLREQ@W
RU DV D VWDRWDGGBWLRQD M RSB 8ALMIVWRIMADHVLRQ RI WDUJHYV
UHVSHFWLYHO\ ,Q FRQWUDVWH\VZLMMEK L'VKHDTK Q/F RODV \
PHWKRGV FDQ EHRQNHQUWHRBEQWR DN BIQ G R Q YWWHKQLW L\RRKIHP 0/ FOD'
PHWKRGV LQFOXGH VXSSRUW YHFWRIWPBDHKMQHRURIDQ & PLKK
LQ WKH LQSXW IHDWXUH VSDFH ZKLR®VHEHGRQYHD) WRSHD DK
7KH\ DOVR LQFOXGH QRQ OD\HUHG W UHRUHEDWH G5)P H WHKIRFKV DU
HQVHPEOH RI GHFLVLRQ WUHHV O HHWHHDN LROUH WM WDWMHIL BV G |
FRQYHQWLRQDO 0/ AFBWHKRG [DNOMRKUERWKIZ KNFK DVVLJIQV REVHL
WR FODVVHV EDVHG RQ WKH FDO FKK BB\ HR QZ IR IV YK UK § DI M/ B (

7KH GHWHFWLRQ RI $0' XVLQJ 0/ KDV ZR{ HPDI U QR DAR®D GGLRPILIQ\L
IXQGXV LPDJLQJ DQG 2&7 0/ DSSURDFKHV2WRS $.0P DG H W HFW\
FXUUHQWO\ ODFNLQBRQWXQGXW RPDISKRE@R W ISH RMARILLUID REWD I
FDPHUD $V VXFK LW SUHFHGHV 2&7 DV ® @ HPOWE®V WD G HOD U
LOQWHUYHQWLRQV LQ R®KWEKYD ZRRWKR 2€AVDRIG FDVY. BUFDO LQWH
ELRPDUNHUV RI GLNOWYH H® QVEUR XG K FMKLHR @ DRQ XIDXA) GOQW I F
%LRPDUNHU ILQGLQOV RWMXIRMOADAFERNOIG WR WKH RWKHU  $\
FDVH RI GUXVHQ ZKLEFXHDYXH. X DHQ MNKIHEH PR 8 DIXLIWH MWV W K D W
DJUHH RQO\ SDUWLDOO\ > @

W FDQ EH XVHIX@ WR VKUWBHKNHAH B (RAMIZHRVERIRDSS ERWHKHY WR W
R1 0/ PRGHOV DVVRFLDWHG ZLWK WK H Q@ HB/MHFWQHRWD RVIHED 'P R W/k
DV SDUW RI D ORWRD PISBUBRPWKUVLRDM/ LRZQVWRK SXSHDYHVLRQ |
LVRODWLRQ RI FOLRLRPDONHWWHWY Q@ LH@ | KDOR A DLUWNRFODWFD Q WKHC
DVVHVV WKH FRQGLWLRQ RI WKH HORE®H ¢ HDFSEQR ERKR /R FDKIME
0/ PRGHOV DVVRFLDWHG ZLWK WKH GWWHFWRBE BLYVAFW \FCR
RI LPDJHV ZLWKRXW WWKH SL R WHHWPUDEVIDMIDLIQB OXM@ ERRGOUNHU YV
FODVVLILFDWLRQ RIHLEBSHW\WXHQW®W RWPRIAYW GRQVYWHAVKXWH DQ



WKH JOREDO DSSURDFK $ 0/ PRGHO EXUOEDRW W WHO@GAN I\
PDQDJHPHQW > @ ZR/HGIG!I LFRIQ WIK\HW F REDY VILQIGF R WA RQQ RW HD G
DGYDQFHG $0' DW VWDJHV ZKHUH PR\ SWRIWBY R UHP WP
&RQVLGHUDWLRQ WV\RU I/\W H\J \ SLUVH DH WA BIGLIO WBW LRUHRH@ SSOLF
PHWKRGV WR $0' R HWQHGPWLBQG 2R 7 LPDJHV

,Q WKH FDVH RI IXQGXV LPDJHV LKAH Y VWRH $ &'UB/H\EG H/FKDLR @ PF
DLPHG DW WKH LENYWQIEF@VLROHRDMP AMVKRWKHV@QHHG WR S
SURJUHVVLRQ WR WKH DGYDQFHG WUDDK ® W $HUXBHYLBQH HU
DSSOLFDWLRQ RI 0/ WR IXQGXV LPDJFODBVYXVIHE WG HQYGE FOL QR X
DQDO\VLYV WR FODVVLI\ SL[HOV |URWK AR ORWX MHIG XM XSKIRWHR WRI
VSRWV > @ )R O GRIZLMDH FIW R UR L DSBLDLY bBiF K H WEIHRV K GBNRWL W F D W
RI WDUJHWHG IXQ6G XV 1@ D JH HD GHIYMFOR SHBYRLGHRD IWHIPHQWD V
UHG OHVLRQV KDHPRUUKDJHV DQG ?LRKDRDTQMXE \WRNMV B QGG P\
DQG FRWWRQ ZRROWISHR\D YW FOREBID' REHIWHRDF KRIY MRYH LQY |
JHQHUDWLRQ RI LPDJH UHSUHVHQW DHWER®IW \RK &R XVK>& @1 \Z kL
FRPELQHG ZLWK WKH VWDQGDUG | X\OL®R\QF R QQRIV¥MWA\GUG D\THW HI®
KDYH XWLOL]JHG &1VVRD QG IWQUBABEDMW WK FREGHYWHR @DLO P
OHDUQLQJ DOJRULWKPV LQVWHDGHRI WRKHRPODNY GILEG WX B Q\ LR
> @ DQG 5) > @ UBRSWIEH HORH SSRERQ WRSRWRHAK DUFKLW
&11 LPDJH UHSUHVHQWDWLRQV ZLWW D G & LLVQLSKGD &/ RO R Q5 )Y EDX
6WDWH RI WKH DUW JOREDO DSSURISPKIEWHWWERL RQQB XY \% L'PDk
DVVHVVPHQW GHPW®BgRMUDIWLIQ IVKRQRIBWORIUPRYLR® UL

,Q WKH FDVH RI 2&7 LPDJHV DQG LQ DQQRIUZMKKR \D XORFDIOV WIS
DQG PRGLILHG &11 DUFKLWHFW XU H\& K BYHK \DHF @ LVHHYIHP G Y W D W IHR
$ GLIIHUHQW ORFI® @ S$VSKUHR B P ULDGAVRIRQU RV WUHRW YOU AIDIQ X D O O
FKRURLG UHJLRQ RQ % VFDQ LPDJH&907KMH DBBWODUH W DHHXH) DV
FRQYHQWLRQDO 0/ PRGHOV WR FODWB&D\' % V@& D @W \I W IQRIUP [5Q
LQ FRPSXWHU DLGHG GLDJQRVWLFV PBPRDW LFRRP RU H/K HQYR @ ¥
HQVHPEOH RI )&1V DRK KIOWN FWIX BIE RKDVYIHWRGXPHIM RQWR VH
WLVVXH PDSV > @ (DFK RXWSXW P O5SRIURRWHHQ YALGDADWCH Y&
GUXVHQRLG SLJPHQDF KBH®YWHDQ & PNGAR BBI(WRKB IHBPWMKH VHJ



PDSV DV LQSXW IHDWXUHV WR DQ HQMMHWPELOHFBWER®QV |IRKHP
FOLQLFDOO\ DSSOLFDEOH FODVVDIVL¥DUHLRQUDMEXMBOYIHQYWORQ
ODEHOV LQFOXGLQJ QRUPDO DQG GUXVHY SDOD/URMREBHOVIEBREHC
WR WKH GHWHFWLRQ RI $0' XVLQJ 2&SUHYOLRIW O\ GV F YEEKR G
$0' GHWHFWLRQ VWUDWHJ\ ELRPDUNHBVYRXLHAKXVRDEBR BVBRF LV
QHRYDVFXODU VWWIHLH G@D ¥ HSDHJ WARIQLD F WX G\ SH@WV ODEHOC(
QRQ H[XGDWLYH $0' EDVHG RQ WKH B HFRHIQ At SRR UHH WD K IF W KX Sl
GUXVHQ RU VXEUHWLQDO GUXVHQRIZGVGFHHOREHW®H G7 EEN % K\HF
QRUPDO LQ WKH DEVHQFH RI WKH VDPHUHFELRHFWXHIHY ZD¥ W\
FODVVLILFDWLRQ

$ GUDZEDFN RI JOREDO DSSURDFKHV WRWDWNYI L&/1 WK HR G LS (
DVVRFLDWHG ZLW K WDWKLRG RIQI LY MIEMHSU>Q & N FRQWH[W RI
OLWHUDWXUH VXJJHVWV WKDW ORFDWI \PRGIHOHQ DIZ D SSNRIDE
JRRG LQWHUSUHWD HM IGMU LYK IRRP VKR Y/ BLRPON N W U H
FRQYHQWLRQDO 0/ PRGHOV VXFK DV 59 URHRNKIDE HHD QIGHRH GXD\
HDVLO\ RSHUDWHG WK EQ VIHEX UDRH W RRG Y J WRUWRBVH DGYDQ
RWKHUV PHWKRGV IGDWR ERRBOLEHY VRERISIHND Q Q WRHY WP HUHG
'Y PRGHO > @ 7KH UHVXOWLQJIPWRRQVFRP¥H QTHMICR & VAL
GHHS OHDUQLQJ P® ®HG\L WLR QAW R, LKQH RQ WLHIID R&7SH W X JJH V!
UHPDLQ RSSRUSORUHVWKW WRQVWUREWURBY RO )G PIRGIHOAL R\Q

‘HWDLOHG UHVHDUFK SURMHFW REMHFWLYH

6HYHUDO NH\ VWHNBY Z2HUG GHME B IUGRDAWROENDHHFSWE N @R ZD U H
L J)URQWDO SODQH VXEILHOGY VHSDUDWLRQ

J)LUVW WKH GHYHORSPHQW RI DQ DA&JRWKHMNEDBFANKRF KNVKHJIKHWHI D
DUHDV DFFRUGLQJ WR WKH (7'56 (DUWK\YBWDIWP HQMW G LDEWH W
7KH JULG ZDV LOQWURGXFHG E\ WKH (7PI6F JORXISQ¥ ROV E O K6 ¢
EDVHG DQDO\VLVY FDQ DOORZ WK HDIOGCH QWIMIWVRDWWRIG RKUVRE M
SUHVHQW LQ H\H FRQGLWLRQV > @ 7KR (G'56L6WH.LGCHWLRDBPF
PHDVXUHPHQWY DQG KDV EHHQ H[SOBEK B G L Q@W K$O PR BNWHK W



GHYHORSHG IXVERRKH.HOG RI YLHHA JS\ ® LHHDWORKEN VRGO PR V
DQG VHFRQG FLUPOHMIRG WHKGPFRESDHQ'GYJ ILYH VXEI

LL /D\HUV VHIPHQWDWLRQ DQG UHWLQDO WKLFNQHVYV PDS

7KH UHVHDUFK SURMHFW DOVR UHTXISHGG VERHWERA D D BL @JO G5
VHIPHQWDWLRQ RI UHWLQDO OD\H 8V DRY GWEKRIWHN R FQ DEBKD \ RV KW
DQG WKH 59, 7KH VHURHQDWD W LIRZQ KDWKR QG HNRFORBPFHQW |
PHWKRGV EHFRPHV SRWWRE ®H U K$WIRPH® WIKQB®QHRWOXPA EHWZ
DQG QRQ H[XGDWLYH $0' VXEMHFWYV LV SURYLGHG

LLL5HWLQDO FDSLOODULHY SOH[XV 5&3 QHWZRUN JUDSK

7KH QHRYDVFXODUURVSRRIVEE O | RV HAVKIH 1 - RWLUAD\OR Y LV X D
> @ 7KHUHIRUH LW ZDV GHVLUHG VBRVGH EOVH WK R HIWKKNRFGP
UHFRQVWU X FOMLIRMDD WQ G HF XI¥ DO X DWH.® @ IRW QEDE D O RYQGL GQ U B |
LQGLUHFWO\ RIVENO®DYXO H LEVRYD Z8NY Z RAKN BUDIS KD UHSUHV
VHIPHQWHG UHWLWDGIUQRZ WKHQ@XOPEHBQ N/ I Q/®& XQRRGHYWDD UH F
TXDQWLW\ RI OLQNV DQG WKH TXDH WIL WD \RA X@ROGHW H WV B HAFR\Q
LOQWHUVHFWLRQV PSBVSMRW LRIHW K H$ BRFE R GH\O EGIWZHHQ FF
QRQ H[XGDWLYH $0' VXEMHFWV LV SUFRHFGRHBY/ W, WD BIHV WDKCH/ RS
PHWKRGYV UHSHDWQWELOIFPPWRAG WIKEVREQWLILQROFOQHEZ YDVFXO
WKH FDVH RI D ODWH $0' H[XGDWLYH VXEMHFW

LY &KRULRFDSLOOGDYRVGE & XIDRWLILFDWLRQ

5HVHDUFK ILQGLQJV VXJJHVW WKDW HS$ ¢'KD\WQ DA RVFR. DVKHHG V 21D\
ORFDWHG MXVW EHORZ WKH UHWLQ,N XDEF RO/QHHW LW ROLPGE
DXWRPDWLRQ RI &&LIORZWIRRLG VURED QRLIHV 2RES DIQHGHWHG |
FRQVLVWHG RI SDUDPHWHUYV IURP DEWWHRG RUQPRZHYRYEHE G/ L]
DV WKH IUDFWLRQ RI IORZ YRI6GGAD WIIPAVAIGAD)AD WHVWVYPZHUH SH!
PRVW UREXVW GLVFULPLQDWRU

Y 'UXVHQ VHIPHQWDWLRQ PHWKRGYV

'UXVHQ DUH D GHIL®QQJ 1KBWXUH O RPFODOD DV & PXE@RVULRQV R
IRXQG EHWZHHQ WKE @#DPDL@Q® WKW EBD®B (7KH(E W\SH DQG TXI



XVHG FOLQLFDOO\ WR HYDOXDWH $0'KRUERI RH \GULR\GH Q7 ¥ R JLH [HW
SXUVXHG 7KH ILUVQWDWH\R @/ IRH WRHPW KW LHQBIO G DWHKWW NQH V
GLIIHUHQFH EHWZHHQ WKH 53(E O DHUGD®WGEX WHE £A0 ®HDI\LHIH GV
ZKLFK H[FHHG D VSHFLILHG HOHY DWILHRG R H¥ & R/GIG P HTKMD W
IURP 2&7 FURVV VHFWLRQDO LPDJHV DUWDZD® G/ R RIDK\P HVR | HGy
FRPSDULVRQ ZLWK ¥RQMWGIROH MDD WR QN D DJ N HD PHIQQADW L R
FRPPRQ VHJPHOQWDMIL@EHSHHWULFV

YL 6SHFWUDO DQDO\VLV

7KH SURMHFW DLPHQGWRBW LW IQHRI PC5@ MARDLFKD WRHQRUPD® DQG
H$0' DQG L$0' VWD JH F3OND WWLH LFDRW\R \UEKARMW ORI I @HHY B D W
53(E %0 WKLFNQHVV PDS DQG D ELQDELIGIRBZLPRUEVUHAIBUH LG
DV PHDVXUHV ZKLFK SURYLGHG VLJQEHWIHHO GMLKH R Q MWHM
HIXGDWLYH $0' JURXSV ,Q ERWK LQVW DG BHW MWXMH XA OWRBEH
DFURVV WKH ZKROH IURQWDO SODDRFH D WH® \WKHD W $&HWXKFK QI
IHDWXUHV IURP W RANHD XZADPSW RHFHAWLIVEHOG-RGH R WU IRFQU RW WWDKQHV 2 & 7 D Q
PHDVXUHYVY GHULYH® NJRIPFW KOHQ 63&E& % 6 YADO/ I\ORRXZJI K WJ Q D

YLL&ODVVLILFDWLRQ

,W ZDV LQWHQGHG WR EXLOG D 5) EODHW L 19)HIWUVDI G/ P R MN\KFRRDGG A
EH XVHG WR EXLOG FODVVLILFDWLRQ BREHO\WRQ ,WUKWNVDO G
VWUDWHILHY GHVLIJQHG WR PD[LPLVH WP PRGHDFEY DE LBD WA
> @ $Q DGYDQWDJH RI 5) PRGHOV L\OWKHDLVFDGWHU BRI
PXOWLSOH 5) PRGHOV DQG D VLPLOIDHUVPRIG BO \IHQY ¥ DLUIPD ROWHAH
SHUIRUPDQFH > @ 7TKH SURMHFW WRKXD RWP MRV & H MAH (GRHLLUQH E
53(E %0 VSDFH DQG && OHYHO IORZ VIQHD ®0F EX & 8 DHHN KM VY HLG) \
7KH REMHFWLYH ZDV DOVR WR DWWHEDYHXKR QY VEBWLDN RIHAG
DV D GLVHDVH GHBWFFKWPDPOWPHWKREH SURMHFW ZRHOARQ@RZ LV
$ PRUH FRPSOHWH GLDJUDP LV SURYLGHG LQ $SSHQGL]J[ $



J)LIXUH 6LPSOLILHNKMHAFKHHPHDMWIFFKERSURMHFEFW ZRUNIC



&+$37(5 0(7+2'2/2*%<

7KH PHWKRGV ZKLFK ZHUH XVHG WRDIHRSKXRMLBGG D QIDIOVYH W
RI WKH H[SHULPHQWDO GHVLJQ XS \RRRIWYGDIQ®EF ¥R GLRDD UWMKIHV
7KHQ DV ODLG RXW LQ WKH LQWURGK®R/ILRIQV DALY )G HGU HQ W
REMHEWLYHV

([SHULPHQWDO GHVLJQ

6WXG\ VDPSOH

7KH LQIRUPHG FRQNHSDM\RV \ZRN BERW QRWE® D Q\ARQWUROV H
L$0' QRQ H[XGDWLY®P ADNEHMRFWWRY JBEBEDWLY BOVXEMHFEW ZHL
XVLQJ D 6ZHSW 6RXUFH 2&7 GHYLFH Q FRI IRWPM WFK \Z LADK \WE H
WKH 'HFODUDWLRQ RI +HOVLQNL QG WWW®\OSD UMAHRL S B QW W

DQG \HDUV RI DJH B6XEMHFWV ZL&HKRQW ® @ % 0F RBQ IV IRV
DJH WR $0' VXEMHFWYV LI WKH\ ZHWPHBQHIRQWKHD DIB RAH 2AHDK \
EHWZHHQ VLPLODU DJH FRQWUROV DGGHN'IVRE WHPW®D U EFIDH
ZLWK DQ DYHUDJH DJH RI \HDUVHR O G R P7 QRR\QD\OL\PR. @ QB ODXIG
FRQWUROV ZLWK DQ DYHUDJH DJH RIXLWHIIBUVQR @/G CDOQOG8 ZRUW FI
WKH GLIITHUHQW PHWKRGYV ,Q DG &KHVER Q/ ARIRQW K FHOXGBIW L ¥k
VXEMHEWY ZLWK H$RRDAHW H$GLDZQRVHG YH WE' QR QE R IXIG BIWH V
KDYH KDG DW OHDYWMHFHW DR L QMK H FRIQ W H O ODWCH UMD VXE
KDG DQ DYHUDJH DJH RI \HDUV FOOBK DDA ADOVMQG \G RP RY
L$0' VXEMHFWYV DQBEMME W \F DQ\W URONVPHORSLG LQ 7DEOH



7TDEOH &KDUDFWRWNVNVIKLR\S RUW MRIMGHDAMWHG LQ WKH

6HOHFWLRQ FULWHULD

7KH H[FOXVLRQDU\ FULWHULD ZH SH N HIORMAWERRSUSIULIRBNLQJY E®
TXDQWLILFDWLRQ B\ @QF @XGHG K URNN ZH HF R RFTHP HUGIW XOW L 1
DUWLIDFW LQ 2&7 LPDJHV > @ HOVR V QFQGEGHIGY MRUHL RF
KDYH D VHYHUH LPSDFW RQ VFDQ TX\DHOULWWR BVK DK IHF KJ HARX@®
RYHUVKDGRZ ELRPDUNHUV RI $0' $V RQGLWDRWHG DL@G >K L@/ W\F
FHQWUDO VHURXYV UFK\R UQ R O HRAVL B BISHOGMRX W REXOWDU DDVHU SKI
RU SKRWRG\QDPLF WKHWDGD OSYBWERXF H QR\FHF D X QLYR® VL@ J J |
DWURSK\ 6XEMHFWYVY ZHUH UHTXLWHAGRW FD KDY IHWY XWIR A L HEMWM-
IROORZ WKH LPDJLQJ GHYLFH RSHWDWRENQ W @QWWH XAHOICR BN QC
ZLWK ODUJH GUXVHQ ZHUH LQFO X G HIXF HGYIXWZA QGH V S EWPH GVLKODP(
WKH && DV FDQ EH VHHQ LQ )LJXWH QJW IDR IWKHD 8 XVFHWLPDQ D
WKH DEFXUDWH UWHBSUWHHW H@MMMD WILRWRRDVEXODW X UH

,PDIJLQJ SURWRFROV DQG VRIWZDUH

$00 VFDQV ZHUH FRQGXFWHG DW WKHVYBDVRK GHXOWHUFR V AIRIR
RI DOO SDUWLFLSDQWY ZDV SHUIRWUWPHBIRYLD F WaEH3/(; (6BWHI



6ZHSW 6RXUFH LPDJLQJ GHYLFH 3/(; (BLWH 'XEQDQO&$HLVY
LPDJLQJ GHYLFH IHDWXUHYVY D 6ZHSW@GWNXNDBHZODMMB H ZIWKK BH

QP QP DQG ZLWK D VFDQQLQJ UDWHI \RH OHF W HGV ALIH®D\G \R |
SURFHVVHG LQGLRIYGEBO $ R EHEW B WZI[WKHD R O X W-LRR Q —P
S[ 7KH VDPH 1 YIPHEZLROG R/ $QFDH W YD Q/L 7KH GHYL

VSHFLILHG WUDQV®R QY HVK H VHRG X WDEIR REWMAFRODD[HV RI

GRHV QRW GLUHFWRHN \GUDWYDQDBW HFREHMRRG BF XKML@M.RQ SL
LPDJHV ZHUH UHVL$KEWRD BHS WR X R BWRDH DR/LZIKQD B @WHUR SRV
UHVROXWLRQ ZLWK FRQVLGHUDWLRDPRILDBQ WHD AWRRISX M[DWUIDR
YROXPHV ZHUH UHVL]HG WR i S] GHE®V K US{VRIDXWH R Q HVE
,PDJH SURFHVVLQJ ZDW KH WRUBWGFRPSXWRW 1BQY DU RTKH

ODWK:RUNV ,QF 1DWLFN 0$ 86$% 7 K HD 25 B VEBIED WRRQ ISIURWR
UHQGHUHG LPDJHXUB Y & NUN HFWHD WMGQD QG REW DQOXGW UD W F

JURQWDO SODQH VXEILHOGY VHSDUDWLRQ

7KH (7'56 JULG GLY IREQHVWKKHI BIRK) \I D OL B0 VY H | DRGGVQ WRKH )L
EHORZ VKRZV WKH IX00 (7'56 JULG ZIEWIKHO B &H O7CRHGHMHU PE@ |
RI WKH JULG DQ DOJRULWKP ILQGD WK ARZ WKW LRYWHLDGDD O HW
T PP LPDJHVGHQRPDWKH 2&7 GHYLF N B HWKHPVBIEZDAY W KIHHE INRQ
SRLQW LV VHDUFKHG ZLWKLQ D FLWAHXWBU LR IS [OHGF WG JD W QN2
WKH LPDJH LWVHOQH ORZRSR LW KWHIQL &K 8 WIH L HREQZ MWK H PHGLE
\ FRRUGLQDWHY RI DOO LGHQWLILEBVFV®E LEHDAWHNVUL V 7AEW.IDUL
WKHQ FRQVLVW RI WZR FRQFHQWUHW LFQ DG OMKLF N Q WWW HD®R D
UDGLDO OLQHV VSDQQLQJ IURP WHKH L7&O HUPGL/DND VOR Q\HAWH HY W\A

f f DQG f PHULGLDQV DQG WHKLIHJE QB W IKIDRAHWGD Q 8 HRAKH
DQG PP UHVSHFWLYHO\ ,Q FRPSDULSRQDMNXHDXPBR WRYHH
FRQFHQWULF FIGJPOHWDWYUBJIGGHIDEBHWHRR RI PP PP PP DQG
PP UHVSHFWLYHO\ > @ 7R FDSWXHH PHEH®\XUGEPHQMY DQ H'
YROXPHV ZKLFK UHSUHVHQW WKH S DFOVRMQAIWWL R RQ WHKHRR SR VIV
WKH H\H



J)LIXUH )XOO (7'56HAIBGZDYW & OEBWCHW LRYE\GVWOERLIHO GV
HQFRPSDVVHG ZLWKID® WKRJIJISHHUHAHVIABGHWKQRXUKRKIVUWK S
)XOO JULG ZLWK OPRGAOHHIG VMY RIRGO GNVG EL WHODE B/AXHEYILH O G\

/ID\HUV VHIJPHQWDWLRQ DQG UHWLQDO WKLI

7KH LVRODWLRQ RMWMKHWWROXRA RIRKLHYHGDWDL QDY BHULHV F
VHIPHQWDWLRQ DQRRXWION KIPHN BV LE b6 RIQIGP DB B © HIMHW B @&/ H G
GLIIHUHQW GHYLFH > @ 7KH ILUVSW H R/GIN PG W RW LIR F DRAL
JUDGLHQWY DQG DQ LPSOHPHQWDWRRQWKIP'>M MV WIUDGV SVIRR



ORFDWLRQ RI WKH %YUXFK V PHPEUDQHG DAUL HWRH WKHKUHWMNWIE Q
HSLWKHOLXP 53( DQG WKH LQWHUYDWH HERDXWZ IERG\WEKH, UHW
VHIPHQWDWLRQ LV OHVV FRPSOH[ DQBKORVWKHRNEXWRQ® LRR
DSSURDFK LV D UHILQHPHQW RI1 WKR WK VHHIW Y @W D R/U IRV KIFP QG
/L HW DO > @ 7KR UMK EXVED \DHDB PRHRWVYSH ROV \WUDLQWYV
LPSURYHG VHIPHQWDWLRQ UHVXOWYV

SHWLQDO FDSXVW OBLHWMW®QARUN JUDSK

6 XSHUILFLDO DQG GHHS UHWLQDO YWNV®R O DAQD SHOUH XWHHMP H W/
SURMHFWLRQ DUWYHNAMMO VFRBIUHRRQWBRQV LRID SIXQ ® O RWIZWK P
LPSOHPHQWHG RYHU D 1 PP ILHOGRRIWXKIHH U BQ G QCOFQ RAS\D WWH
YHVVHOV TRK@ @WDMEFOMWL. ZHUH HIWHQGHG WR

5HIJLRQ RI LQWHUHVW H[WUDFWLRQ

7HFKQLTXHV KDYH EHHQ GHYHORSHG®WIRXEWRODWH EKRBRIB
FRQWUDVW ZLWK 2WTUX EWXUDO VRRA BMRER DG DMGWKH && RI K
DUH UHJLRQV RI KLJKOIRQX@BOUERGWUWQJILRJIUBBK\QGDWD QH
UHPRYDO RI WKH XQGHUO\LQJ KLJK VIKH DY R®HDQWLIRD\ K K RUKRIL
LQWHUHVW IURP WKRD G&7$ R/IVWBOZHD VRA UR XRKLBDVHUVYHYP HQV
DOJRULWKPV GHVFULREMRH UQ LMHIF WAKRHV M VPIDBD O WK LF

JORZ SURMHFWLRQ DUWLIDFWV FRUUHFWLRQ

6KDGRZJUDSKLF IOWZ |58 RMHFS\SLHROQU CRIQV2 & QP Q PIDYW M @V LW\ Z
LQ WKH DQWH URUSFEWWIRQL R U ROP[ LM @/L@QIDIDS HHIV WO Y R@V 7K
SUHYHQW RU LPSINHW &K iH DHEL OY IDW W XORDAJO QI WRBINIH Q H U D W L
YROXPH UHQGHULQJIWUKRXBK WHIXOWRWVZKHHSEPRWMHHFRLRG VXV L
FRPELQDWLRQ RI DQ DSSURDFK GH V RISKEROIR EL FIK® @5 MWD V@ F
HW DO KDYH IRXQ GHEKPWR WHHWQ R QPD@WQ VDK Y H&IYRIUHV VL
LOQWHQVLWLHY WKDQ LQ VLWX VLJQBGVE\7KH \SWHRRRIEQRQ W
GHFRUUHODWLRQ VLJQDO YDOXH ELMDOH YB OXKLRK WRM BWLR
UHODWLRQVKLS ZLWK WKH UHI|OHFFDLFFH BQ VDK LLW D DG FARLQA



WR WKH YDOXH Rl WKH VWUXFWXUOAWR7 VIXDWORWR SUBYQIBQ
VKRZ KRZ WKH SURMHFWHG IORZ GBOR)H&H DD ®WILRIEG LYQDIOW KN P
DPSOLWXGH 2&7 VULQBEOHG6 N7HN PO DOCCHGCRZURBRVYWLRRW WR |
E\ ]JHUR DQG FRUUHVSRQGV WR D |IZDWWWKLRQVKIHWKWHUKXEMW R X P Q
96

R
( i>p

G L rl «8g;

, W LV WKHQ SRVVLEOH WR HOLPLXDLWK MOHRXDBP®EUPH® LV]IHX
YDOXH IRU HDFK & VODHOTXDWDR@RH FHDARMW, QPBIOHPHQWDW
DOJRULWKP D IDFWRU WR DFFRXQWHM WL QRLV® ZDV QRW- U QH
HTXDWLRQ L DQ@QGHQHY HBURYHOQWLYHQ $ VEFDQ
%L\&aaEFﬁ-f(g E'J F s
ra KPDANSEOA
SURMHFWLRQ UHPRBNODQGRWH VY UQR RWBAVR PMHK/HDY M F\DKQR D HY H C
EHORZ DQG DW WXMHW WIED Q HDYQHD QLEYD) LLIIXKUHH EHORZ

J)LIXUH SURMHBWRRVYVYHRRWOMOHSMW QG WKHLU RXW



JLIXUH SHWLQDO REQ$VDQY¥GRP RO KV R B YSHUR MIEF VDIOR® WLHN K P
UHQGHUHG HQ IDFH YLHZ EHIRUH LPISOMHPHQMABOHREG QB DWUR
F ,Q VLWX |0 R ZP\BSIOJHMHQ BHDI\R URIQLI V& H Y OLRPZS @ HPQHIDOW D W L R

O9HVVHOV VHIPHQWDWLRQ

JROORZLQJ LVRORW LARRQ R/IDWEIHQU HBHW K B DFAR Y I W OR' QDR | VK I
IORZ SURMHFW L RHY/ DR OAL \D R WR'V BOKYHH, W IZWDH \GHHW H QRMHGH G W K
LPSOHPHQWDWLR®SBIUSVRMRAF VP DR Q WDIIQD\O W KW KIHQ UHMDL Q L G
VSDUVH DQG GR QRW OHQG WKHPVHQYH VWV R HOHF RWRH UX W\K K HOUS
UHWLQDO YHVVHGMOW K WH PRIUSKRID®RLDLFRAUG L@UOMR WKH N
SK\WLFDO GLPHQVLRQV RI UHWLQDOGYBDWHIY % V&D @B LPRURR



F EHORZ $V FDJQY BAHK N H%@® DO RLIJIXKMHFWLRQWWUH QRW F
UHPRYHG XVLQJ WKH FRUUHFWLRQ@®HWHKWEGQD,Q@ YWWH HQW HWHK
ZDV UDLVHG DY & HD®DRYZ DWVZHDAHWFURSSHG

JLIXUH SHWLQDO RIEQ% DQWGRP RO M R B YSHUR M35F VDIORI@ WLHN K P
UHQGHUHG HQ IDFH YLHZ DIWHU LPSBEBHQWOWLEB®G [ QIBZGD
LPSOHPHQWDWLRQ P G J&LDAD IVIMRKO AL JADR/MIDRQ DBV HU R X W H

DUWLIDFW UHPRYDO

$Q RSHQ VRXUFH DOJRULWKP IRU WKHWHICW QWRRNV LR@QGRNV Wk
SURYLGHG E\ &4R\H > @ DQG LV EDV@G RXQQIGNNDULIMVINM. /KW H/
HQ IDFH 2&7 DQG 2&7R3IWDBHY® H@GOFH Q&ESH UPQIHHMWMHG Wk



PD[LPXP YDOXH SURMHFWLRQ > @ 7K H DX Q@QGDS WIS MV R DIV®
YHVVHOV VHIPHQWDWLRQ RI HQ IDFHW&PHS$ LPBSKR D KR DU U F
YROXPH VHJPHQW DML P IR WKMS K'H & D@ P W& W VGRSV B O J R
DSSOLHG LWHUDM E¥HSQO DAQRH H D 6 R §.18 WIKRHU DOFNMM URIFSARMS UH JLF
LOQWHUHVW  $GGLMDLOR @36 UPDRVISKK@®ROHRIDE EH G D U UIDQVERQLQ J |
YDVFXODWXUH $V SDUW RI WKH DH JRHARWORO RIIREMWERY
VHOHFWHG WKUH VKR 8DRFK LVSH DYWL R QRDORDW HUK IR U DLV

JLIXUH (Q IDFH WSV ZR R WW K HS ¥ R/MDHOFMVR IUR. @ KM \DROAGBY B BW Z R L

UHSUHVHQWIDWHRIQ REZ VQLES O HA WRWBWILRRMRFWLRQ UHVROY

DQG GLODWLRQ BG6HU@BQWDWLR® BIHW R B YSAUERAD § BWY HD/
6NHOHWRQL]DWLRQ RI WKH YHVVHOV

"TXDQWLILFDWLRQ

$Q DQJLRJUDSK\ TXDQWLILFDWLRQ BE®UREER DLQ\YRRHDOVW K D
D QHWZRUN JUDSK GHVFULEHG E\ QR/G HO\ QHNYGRRRIBHF VOH. @ NWR
> @ 7KH DSSURDFK LQ > @ ZD W HD\S\SHDA. W GRW RH VKK 2/8N\7HS O\
WKH WRWDO QXPEBQ®&REQBGHFKH\D ZB MWK R EYWHW.ZRHEN | DRD S K V

&KRULRFDSLOOMDUYRVGY & XIDRWLILFDWLRQ

7R REWDLQ PHDVXUHV IURP WKH && DV IEHPAWKMNODY HGBGFWYW
GHHS LQWR WKH FKRURLG SRVWHULHFWMMRWRBJIJHORID® & HD VI
REWDLQHG (YHQ WKRXJK LW KDV EHHWKWH& & RFODEGBIW WRHBE



XVLQJ D GLIIHUHRWOGRY HEH V MOKHHF W Bl GL FSIHISW K Z R LIFHK WGV XD O
FORVHO\ PDWFKHG && HQ IDFH LPDJHV ®KYLEPDXWMH® O 3\QJHEQ
FDSDEOH RI DSSO\LQJ D 3KDQV DO NDIW D@MEWVRIQY H. O WHDIO>W Ka |
PD[LPXP SURMHFWLRQLQPWXH IURFS$SHLWRYLGRYRERBHGEDV 7K
0$7/$% 3KDQVDONDU IXQFWLRQ ZDV DGDSWBW LIR@ AR W\K K HO $ D/
ELQDUL]DWLRQ PHWKRBOD @GRFDIEHVEHE VRROG ZL\Q @EYAD R D
VL]H XVLQJ HTXDWLRQ EHORZ ZKHUWEKH[VWDLYOGDKK FGHDYQ L
SL[HO LQWHQVLWLHV ZLWK [ DQG \ ON EPIDVJMWKRRROGLORR W V
GHYLDWLRQ ZLWXARZD DQBHWM &V D FRQVWDQW

6:TaW | :T4au ;%;éé‘)h'EFGs@

(TXDWLRQ E H O RZL QVWKK/H G KD R \REEBW BU O@R MOKH VBKBINV QW LP
WKH WKUHVKROG R \Z EFREBX\DI$SS URR[HRPWBHOHU WEKPKVWKH HQ
FRQVLVWHQW ZLWK WKH OLWHUDXH 3 KD @/ D ONDWULNFOWKH X
> @ ZKLFK IHDWZXUGIGRZ FWEKHXSDHY H @ W QO/S A LS %L DMSHOH GHUL Y +
6DXYROD ILOWHUQGREZY D7 K/H XCDGUGH BLMWWHH W \BL DQIEGTWKH UH F |
YDOXHV RI DQG QGHW B H FRVRIQANH/OD QY H\G WK XH FRRPPH > @

6:TaW | :TauU: : "B'&RE @}z@"é/‘b\: EscC

/JLNH 3KDQVDONDWRGBSNRYGLQRF AR DV LWKPQFY RLGQMIJHV D
QXPEHU YHUVXV ORUHVSEUR SORRPMIGQ G TASYIF WDKK H. QWDFEWLRQ R
YRLGV JUHDWHU WERDQFDOFX©PWHG 7KH IUDFWLRQ RI VLJQI
—PZDV QRW XVHG DV LW ZDV IRXQG W IGIDW IPYRYV WO IR E W BLG\
H[FHHG WKDW VL]H 7KH VORSH P LREG WHKHP WORNHH WRHHSNG OF (
QXPEHU YHUVXV ORH WLKH DSBWD UDIQRR XM PRYWHPORQMIP HQW
UHDOLVHG DQG D YW WDKHQSRRI\L B UOWW U RW IVRAQXVG ALROUHD®U H F L
FRQVLGHUDEOH QXPEHU RI VFDQV DWH XE HEBKWRHREMLIQ V
UHPRYLQJ LQIRUPDWLRQ 2ZLQJ WRQWKHIDRIZEU QBD YHEQXOR BV

VFDQV SHU VXEMHFW LQ D FOLRQFBOWBMWMWM\QZILWIQ G HNH VUG
HQ IDFH PD[LPXP SURWMEN WRQIUP P HYRIL @ WHM WIVRKQU DY HUD J
FDUULHG



'"UXVHQ VHIJPHQWDWLRQ 53(E %0 DQG HQ ID]

$V DQ LPSOHPHQWBD WIORRURNVWERH/ B3 P HQ WIKWERQ PHWKERS ZD V |
DV WKH GLIIHUHQFH EHWZHHQ WKH RD HIFX WIOH BAEW R K M/
' DUUD\ ZDV FRPSDUHG ZLWK D WKUHKHKRGG LYWLGRXH RARDQ HD

WKUHVKROG RI —P DQG KDOI WKHN VWDIGGXCHMS G DIQD /R ROW
WKH VSDFH EHWZHHQ WKH 53( ERWWRRHIVQIG[ FAHKHHG P® WHKHHIUW K
ZHUH JLYHQ D YDOXH RI DQRG LQ WKHWY 2AD\VDN YR U XRPHWRLLF

YROXPHWULF SUQBUGH® VAW XVHQ YROXBPH. PXD \SURHMHQUYW R Q$
YROXPHWULF ELQDPDNFDVADVQWR ® WR DBIUHRDY PE B \GUMXAVRH QW V

7KH HQ IDFH GUXVHQ VHIJPHQWDWLRQPHW®&REHX XL QB \R Q& \HWD
RI VHYHUDO LPDJH SWRBFHW LES$VMAHRHVDWH R G IRVAWLEHG L
DUH DYDLODEOH WQHR@WH QLQ W RBHKGEDBF DIUGGW HURIQAODDQW\ F
FRPSXWDWLRQ $ RSG&DILWHIP SRISWRHOBRZY SURYLGHG E



J)LIXUH ‘'LDIJUDP RI WKH PRGLILHGPH® KRFGHSGE B8 KOH Q HV H .

2ZLQJ WR WKH JUHDWHU UHVROXW LR QUDNDDALIDW EXOXHP EZH W IR IWEK N
DYHUDJHG WKDQPHWNWRGE FARGHOPDOAWNHWE VDMK RITXQ )
DERYH 2WVX WKUHVKROGLQJ UHVROMG GVR QF REDAWUHR © RIVRLID
ELQDUL]DWLRQ WKUHVKROG DLPH® @WURIODLP DPLHM Z D @ \FHK B RN
2WVX ELQDUL]DWLRQRS HR DS RQRJ Z B G LLDOWHROD ®GW B UL EL QD U
EHIRUH WKH ORJLF DLOD %HD QG JPHVBHBUHWR SURYYBWIDYA VHJIPH
DUHD FRYHUDJH



SHUIRUPDQFH PHWULFV ZHUH XVHG W& VYD OLIGOWWH W 8 H UMW JRJE

QDPHO\ WKH -DFFDUG LQGH[ - DQG' W KHX B MW HRQ\H QRUL FHK HF R
DUH SURYLGHG EHOMAUHZEHQBUS DPOR th\W HYIDODXWDIWH G |
,:#é$;—2;|%
& #HAS: L%

0> »

6SHFWUDO DQDO\VLYV

$V WKH H\H OHY HXDOKRPDHREQWWDREZRE WEH SDFH DQG && IORZ
VKRZHG VLJQLILFDQFH ZLWK UHJD U$0 WHR\ Ko\ DA Z IHQHWUL IS URH
PRVW HYHQO\ DFURVV WKH IURQWW® SOWQBFR WIXAELNOHDFOWP H THA
VFDQ OHYHO ZDV VRXJKW )RXULNUZWV G\EIHRLEDWLE& ® HRW R SV
WKH ELRPDUNHUV RI LQWHUHVW 6LOPJOR @@LQHUVEEQWLD O
UHSUHVHQWDWLYH RI WKH 53(E %0 VSBFWKHQG &&HZMNHKFW &
HTXLYDOHQW )RU WKH 53(E %0 VSDRR WK MKLBNQHWSPW3
JRU && VLQJOH OLQH VSDWLDO VHWRIHWKHKH RO WK IS WPHDYLRXK G
VHH VHFWLRQ ZHUH XVHG

7KH IDVW )RXULHU WUDQVIRUP ))7 RRPB®WHI RUKIW KR VAKILHA
WUDQVIRUP ")7 > W@ [BQ® @DWLRW RRIPIRKURB UL WSBDRYLGHG L
% $ 0$7/$% LPSOHPHQWDWLRQ RI ))7 ZIRWKXVWHGYYRWR B® D\L
UHSUHVHQWDWLYOHR®J WIKH GB (D LoRH WEGFARHVV PDS

,Q DGGLWLRQ WR VPDOOHU GUXVHQ KDVYE\ HHH® LCHVFURE
GHPRQVWUDWLQJ PHGLXP GUXVHQ ZLWKVZNVEWK VLRI ZDM D QW
WKDW IRU D JLYHQ % VFDQ G U XV HRQQ ZRIXIOLG KD DIMS/OL W X ®H/F
LQ WKH ORZHU IUHTXHQF\ UDQJH RIHWKHIF WSHHGF WK RW D/EQR QP
DV IORZ YRLGV ZKLFK YDU\ JUHDW®FU®R WM J]H EZROGG! EHTXH S
WKH VSHFWUXWRLYHSRIHWK G W &



&ODVVLILFDWLRQ

&ODVVLILFDWLRQ 0/ SUREOHPV FDQ HHWD®HARUHIORY WRBSR
,QLWLDOO\ REVHQYDWUR QYRR VBOLBRH REHH@WHDWMNMWUHG |
REVHUYDWLRQ KDV EHHQ ODEHOOHG CoH/ FEOHIDRGHIM. Q J, QV RV IRHD
REVHUYDWLRQV DUH LQGLYLGXDO % WKBIQM URW HREZK RF OTD/E
2EVHUYDWLRQV IURP HDUO\ DQG LQWFW P¥IEQ D OB E$00 OH GFD\)
REVHUYDWLRQV |URPHQRHU ROOIE #h OVF B VDY VF R R BVHUDR/OF R QIVKWAL
WU X WK

JHDWXUHV DUH HQJLQHHUHG IURP WK R QR BAKHHU YD DVELIRIQLW D @GR
EHWZHHQ FODVVHYQIRWMDW P W H FKH PUHIWKRGY DWRIMH W ) F
53(E %0 VSDFH DQG && VSHFWUDO G W D REW D P ZHH® KX FIRPE L
MRLQW IHDWXUH VSDFH 2QFH |HNMWHIHRQK DY H \E R HDQ APHDADHOF W
REVHUYDWLRQV DUHPDHW LDV LBBIM R RV LRI FRE\GH QY DERW K F C
GDWDVHW DUH IHG WR D 0/ DOJRULWK® HDUQDGN B GF O DRV L YIDRDLW
JHQHUDWHG PRGH®UHG MWK G OONNGHY RIDRIP Q B DWRX WKW K PD OO+
REVHUYDWLRQV WKDW ZDV SUHYLRRQ®\ DAHW VWDRH @ H R PTKHWHIG
JURXQG WUXWK FODVR WWKFARWLAH K& Y BUPDRMEHRWD R IXRHW ULFV

FODVVLILFDWLRY VKRRQUNIQREZJIXUH EHORZ

J)LIXUH 7\S LIFFPBONEB®RQVO/LZRUNIORZ

3ULQFLSDO FRPSRI¥HQ WG LIPHMOAVRYDOLW\ UHGXFW

$ ORZ QXPEHU RI IHDWXUHV EHORQJU®MJIHUPB BHDH KV R EDLY KW ¥ B W
IHDWXUHYVY S5HGXFLQJ WKH QXPEHWRR IDINADRAFXLDMAM 6 DAY W K OXS/ IS



RI IHDWXUHV ZKLWKFRD[GHHGWX B FUB RPN QRRH GRO MARZKHQRPF
@ 7KH FULWLFDQ SR HQW REH LRPEHHEKWHRY RIAF EB QIKH Q W K H
IHDWXUHV LV JUHRWPEHW KRDQRE D B U BEKWSLIDRIQA R 17 BEXWH SD U D W H
0/ ZRUNIORZ WR EH HYDOXDWHG V SWH TWUHQF \GHDDG XHX\HL Q O @
DQDO\VLV RI H[SODLQHG YDULDQFHOMMG DNKOQ¥F WIORW KRH LQN T
GUXVHQ DQG && UHSUHVHQWDWLYH V®H/EWYBRE VD QFkH GILHW B
IUHTXHQF\ LQFUHDVHVY 30RWV RI| MXPXDDMLIRYH RH [ SUDHDTDQHHEGF Y

LQ )LIXUH EHORZ

JLIXUH 38% FXPXIO@MA YD WLB QF H DT BRHQEB\F VDL G (E1% 0
WKLFNQHVV PDS U HE X&& 5\UG BIWBPW MRV HMM TXHQF\ GD

$ VWUDWHI\ ZDV GHYHORSHG WR KHOS$ PWH® ILJMH HHD F & DELBYHGS DY
WKDW WKH\ FROOHFWLYHO\ DFFRXMARUQMHW OBDVWQFHSHURFR
HTXDWLRQV SURYLGHG LQ $SSHQGIHP&ZKD V¥ KK DID® BKD S\CHMWVWRKI
D SURJUHVVLYHO\ JUHDWHU QXPEHU IRH TXHTOFN QRIIAHM D WR [
VSHFWUXP

5DQGRP IRUHVW 5)

7KH ELRPDUNHU VS WRVWEB WHG (EQR® G R ENHIRK XWUHEEL Q VQLUQHB)XFO D
PRGHOV 5) GHVLJQD W®O®IVR D LWWKH KL FKFKHEFROGEERHMW VRIQ WUHI
HQVHPEOH PRGHO > @ 7KH WUHRWDUHRFRDQNWUXIFWKB B
DELOLW\ WR JHQHUDOLVH IURP WUH@GEWDJUD PV JRIY @ FE U WK



UHSUHVHQWDWLRQVDUHWYXKRZH IKDDVYXWHKH EWERJIRUDV )
UHSUHVHQWDWLRQ EKRXQDLW\BH RHNWUDFW D@ YKRFK FDQ EH >
YLVXDOLVLQJ KLHUDUFKLHV > @

J)LIXUH +LHUD SEBKIVAODON Y WHR QW BDLWRAHYGILRNDEMN HIVV L R C
UHSUHVHQWDW DRQW UBEH H3 WHISVJHRMH QWDWLRQ

$V VKRZQ LQ )LIXUBH WURH WWVDOQGWERR GYWP BCEWHGKH QWL QJ
IHDWXUH VSDFH FQ WREMHSR@GLIRIQWERIVIVKK-H PFROMID\ QRVEG Hi D FK
WUHH WKH IHDWXUH VSDFH LV VXEME&E %WHGK W\R KIH W X\OKH HH D\
VDWLVI\ WKH UXOBWHKWRD®G LR W WK H) B LW WHYAHO BQG HLWK
VXEVHTXHQW QRGHVDOWWR LED D Q HX BHPRBEHGQRIGHG DVFODVV LV

5XOHV DUH GHWHUPLQHG DW WUHH WRRB VRDWMHREWLRQ REG XRHE\VQX-
DVVXPLQJ D VPDOO IUDFWLRQ KDVREEHRQWWHW PW L N UQ WOYHDW
QRGH SRVVLEOH UXOHV WR VSOLW R BWHUUYDWH & X\Q WQ @ B WXR
PD[LPLIJHV D PHDVXUH RI LPSXULW\ JDLWLRQ@@Q WKH G$05RO WP
PHDVXUH LV *LQLYTW GUIYXHDUWILRW\Q LQEHPRZ GHILQHV *LQLYV GL
SSUHSUHVHQWYV WKH I UDFWLRQ RI HWHRY & FEOHXOM/GT ¥ L WKK¥DIC
VPDOO YWIDUXKHQHBU |HIFDWUQRQAHR A QBEXULW\

Ya
ELsFI 3B FDsatada%
Y@5



,PSXULW\ WDEQOXQDWHG DV
A+ LEZEE Bae

7KH W DRMSDIUH WKH YDOXHV RR U LMK M VOIHQ \EDHR[ & 6 VU LLUHKWAS A K IV ¢
7KH WHUP 1 LV WKH WRWDO QXPEHGHRD R 6 @& WIMUHVWY R 6 VQ XE® B
RI REVHUYDWLRQV LQ HDFK FKLOG GIPGH QRIGH RUFRFHVYHIQV
UHPDLQLQJ REVHUYDWLRQV DUH SXSHHF DN HGGH IR.ID[H © XEP\ Wi/ W H HL
UHDFKHG 7KH 3\WKDJRUDV WUHHDYLWRIKRZ W U HHAR DUGIHNVRIC
VTXDUHV DURXQG HDFK QRGH IRUP LIR @WK IDWRK®HWU DRWEPLESM H W
ULJKW WULDQJOBQJMEMmHLMNV V28 WIRRDMRER Q1 V8 WLIQDIRDHDQ WU
WKH FRXUVH ZKLFWX DQ\PRMWH @ ILNDHIGR X\IK XWRGBQ WMRMHORIGH 2 Q
SUREDELOLW)\ SDW KRIGH GILLIZ\Q WRIDHAER LIRKMB@® BEDULVR Q

,Q DGGLWLRQ WR DJJUHJDWLQJ WUBDBYQRIHP@QVHQVKF ESOUHH
OHYHUDJHV WRROV ZKLFK KHOS SURQNQWWRYRUMMPEOQ D P D
REVHUYDWLRQV WR FRQVWUXFW MWBEKUWWRHHRQ/ WGEGEEWLR O M
D VXEVHW RI IHDWXUHYV LV VHOHFREMHWRDG/HWEWV DLV HH BELRK @ F
5) PRGHO VWUZXGWRUH PDVWWKR EHORZ

)LIXUH $ IJHOHWHWVWPRGR® IRDWRGLQHG WWRHHY



$ K\SHUSDUDPHWHU WHID PIRGK © YIEGXRIHWKDRGH® WHMDLQLQJ
GHIDXOW WKH 0$7/$® VW) R@® SOREMQAH HE. RXUWPH & M YIH@®G DDWAHU -
VSOLWWLQJ LV SSRIKLELMEH G$Z0Q X PEREWVRV SHWIUHHG IRU HDFK |
ZDV GHWHUPLQHG WKDW DGGLWLRQBOWLRQHSHIRROBDQRW D
> @ 8QOLNH PDQ\ RWKHU 0/ DSSURD¥KHM R5l) PURHEGHLAFW & U RLYF
DQG SORWV RI SQHRB LIFW R U XLPFVR IUREDIRIHITUXHTQXFH\QEFD @®Y ZHUH .

$Q LPSOHPHQWDWLRQ RI DQ DOJRULWKP GDBDHUW\RLQHQKH I
FRPSXWLQJ HQYLURQPHQW ZDV DOVRWGEMMB BB BIGY TWKKH 33 WKKD
UHSUHVHQWDWLRQQOREGW IRPHDD \D RFIRGMMWSODXIUG RVKSH OHDUQ
> @

'HHS IRUHVW ")

,Q DQ HIIRUW WR IPBPVPLREY) FHNRUPD QFPR®HKO FDVFD@ ZD
LPSOHPHQWHG LQ 0$7/$% DQGLMWER® YWHRRWKIDO VLASGHRBRWBHVW |
ZHUH GHVLJQHG WR OHYHUDJH FKDUBNFWG®DRM®\LF?DRH UGE\H
SURFHVVLQJ LQ PRIGGH® DML\R R UMHQW UARP ED®ILIQW\WRBRGH FKDU
ZLWK IRUHVW PRGHOV $ VFKHPDWLFKREDANKHP S GBRNHAD B/ & W\
JLIXUH EHORZHHXY IFQ QVEH M J X U8B W\N KB DWHWX FRAUHWHW V L Q
D VHULHV RI OD\HUV 7KH EDVFDGPRRIGD® ¥ HPHIDER WR\GG PRLG HI
WUHHV (7 > @ (7LRRIGHO WK DQRKQMRPEUHVRKWHWKHU GH
+RZHYHU XQOLNH 5V DG KEWEUWBRWIURR K HH Bl QK MWREEHHE XOV SR L
RI FDQGLGDWH IHDWXUHV DW HDF K DRGRIPDS GEHVRILH VH O KO W H
ZKLFK PD[LPL]HV WKH PHDVXUH RI LPSXWISW(\7YDZBUH)RURW®
VSHFLILHG SDUHD P HWHUHN P3HG) P RIGIMG RPN VBOHFWHG DW HDI
VKRZQ LQ )LIXUH WKH ') FDVFDGWHNVDW UDQLSXH/G B R |H BIBK. ¢
ILUVW OD\HU ,®! WX EWHKHXFQDW DX\ \DW U DE X WR R GH BKKV SR U H V \
ZKLFK ZRXOG QRUPDOO\ EH XVHG W R RGH\U WHRLDOMH & KZAH. \R K VWS
IHDWXUHV DQG IHG DV LQSXW )ROQRENVGWWWHRE DDNWDOH®H®
DUUD\ LV REWQGQMGGINR® VXE PR G HXOPRXWSIGM® HEKBIOP\D LLP W
DYHUDJHG FODVW GVVXWHGE OW LR REDWL@MO FQ@ DWKH. ISUHVHQW L
WKUHH OHYHOV 1 ZHUH XVHG



)LIXUH ') FDVFDGHKMWRGHDOXIHD WKXKYBNVERWKIG)LQ EODFN
UHSUHVHQWHG LQ JUH\

ORGHOV SHUIRUPDQFH HYDOXDWLRQ

SHUIRUPDQFH PHWULFV ZHUH XVHG WRBRBF¥FRBXDWH MCKHV HQLI
VSHFLILFLW\ SUHFLVLRQ DFFXUDHUIRQ@EDQWHRARRHWULKN OGUMH!
WKH QXPEHU RI WUWH YIHY/G DEEVYH YSEDWWEE W LYGIG®\)3IDQ G WU X
QHIJDWLYHV DEEUHYLDWHG 71 DQG )1 UHVSHFWLYHO\
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7KH PHWULFVY ZHUH HYDOXDWHG RQ GIDIMWRVHW V7KRIUIWKHY SR QB
IROGV RI D NIROG FURVV YDOLGDWLKRUHMHARKDKGH IRUH'Q ITROIG W



FURVV YDOLGDWLR@LRQVRZHREV IGBYWHD® GQWBWU D QIGRH QW H U |
WHVWLQJ 7KH WBW DVAWKVWIKAH R A FRREBNDR QG IGWHE \RIQNVZHHAD W L Y |
% VFDQV EHORQJLRPI WRLFAQ WXHEW HFW DQ BXVPEHQWHRXW R
WUDLQLQJ GDWDYHW KB QPR W/HKOQ REBDWNRVH VDPH % V



&+$37(5 5(68/76

,Q WKLV VHFWLRQ WKH UHVXOW ¥ WRNVNRIXW @&/IHFHWGRIL QV Y H FWH\RH
, Q WKH ILUVW SDUW UHVXOMWWHOD LRU BDLDNKS RID WKE ID
HIWUDFWLRQ PHWKRGV (\H OHYH Q WRIY X®IW\Z HDRHUGI WRKGHOHR[ANHLGD
IRU HDUO\ DQG LQWHEMPH®LVDWID BEQWW FRRW BIREG K XH M WKW H
DUH XVHG WR FRPSDUH WKH WZR JUBDXGQY KLWIQ HH\L N\WVHDW RS
DERYH WKH GDWDY®PRXHWVWWOML ¢IviwgpP S "S 7 S

> @ 7KH VWULS FKDUWYV DUH BREFFRFXPRDHG]HYV DNV H\EW UJE
(7'56 VXEILHOGYV 7KH VHFRQG SDUWDIOAVARQP BB QHKG ZW\WR KP
UHSUHVHQWDWLYH @R ZGYRNVE Q DG 04JR ¥ WHIGW K B WHWIWH V 7KH
PRGHOV DQG WRHHUDIHHUGRHWYFEULEHG

SHWLQDO WKLFNQHVYV PDS

SHVXOWV IURP WKH 50W D\W GR® 0l Kb IIDRFEQ IVQ B 0" WXXENHHFFWY D Ut
LQ )LIXUH EHORZKRZX M6 VFOWDH Z IOV LDHHM. B QR @HEWWRD S Z LV
SLQN LQGLFDWLQJIHD UHWDLYDYHOIDIFMMRW 8 OB OXHUD RZHU UHW
H\H OHYHO GLVWLQFWLRQV FDQ EM HRFEW HUDYGH @/ KEHH W @'HWQE W K A
1IRWDEO\ WKH FRQWURO VXEMHFW \HW KQ BNIQOHR/YJ PRISHV X H WH. ¥
DQG DQ RYHUDOO IODWWHU UHWLQRUL @ R\HK B0 F IV\KHE MRH PMK HW K
VOLJKWO\ ORZHW TXDIOHFWHRIGLER MFKHRURWKIK WESHRDQBQV PD
DQG WKH SUHVHQHH Sl U\DWD OBIL0) KWMRHIMYQH RMDRZ VEDQ GL

7KH VWULS FKDUWNV KWK R QHNWIV ULHWEDGEDYVE I\ DHHROWERH &/ ZR JUF
LQ )LIXUH JRU WKH SUHVHQW LG DMDOVAHHWZ DAWVK LAEXN@QE \DW KW
VXEILHOG DQG YRQKXIRHDKQBEHKHADY VRXIQISO DWK B KHOW H BS”
KLWQH\ 8 WHVW &HQWUDO PHDVXUBNWUKBSBM WWU® DBW XU
DVVRFLDWHG ZLWK $0' VXFK DV WK i XSW HQYH CAHYRRIGE WHE @W
PHDVXUHYV



JLIXUH % VFDQ 59, VOIGPH@ WD WPLHRQ I CD/QLER @ KIRWD HP BIFH OV K L F
PDS IRU D FRQWURQGV R DMHOFFMX BR®Y WIR P% VFDQ LPDJH $ Sl

VHIPHQWDWLR QRILIQW KL 59U DRHEG DIREY ® H QH 1 ¥ FMQWIDAMIG DOR
E G 7KLFNQHVV PDVE R QRUDDERQ ORAKWHGE QD GHR DWQIGHDIFD Q JH R
SLQN LQGLFDWHW BDIFHH D QG LE O KM)D@PWEDREHU UHWL



JLIXUH D 5HWGQDW® UNKE XFNLROWLYRIQW XRU( B'G'6 DUHI FRQW |
VXEMHFWY E 5HWLEDWLROXPHUKM 7$66 PG LRRQMW URO VX
F &RPSDULVRQ RIOBQ@OKHWQHRRB W WWKWFINRQHWY NWLE®D @R O XF

EHWZHHQ $0' DQG FRQWURO GLVWULEXWLRQV



SHWLQDO FDSXWORBLHWMHBARUN JUDSK

$ VHW RI ' UHQGHUHG LPDJHV FRUURZ YR QGRQJ WKRD G BR S
SURMHFWLRQ DUWDIDFMWYN YAHRUWMHTAE VRIDR & B W R Q/ILJDQV DRXQ IR U
FRQWURO VXEMHFW DUH VKRZQ LQ RHWERUN DU®G S K SJHNQHINVDWY
VDPH H\H DUH VKRZQ LQ )LJXUH HHQ I$RPH\HI®OBNHO ELW/ KD ®
VPDOOHU UHWLQDO YHVVHOV DUH QBISEHP OOREVRORM IGF MK
FRUUHFWLRQ $V VHHQ LQ )LIJXUH FE DRQBVNOOR VG HH QDWFBb
VXJIJHVW WKDW WKH LVRODWLRQVR I ¥HQW WINYHHIH VORDQLIHDW ¥ R §
$V )LIXUH G DG RIVE WM HQBW RIHDWHRBQAPWSKRORILFDO
WKH SURMHFWLRQQWHV RO YQHFON | BIRR XLG DR/D RSHWNVRMIQHV SHF
UHJDUG WR ODUJHU YHVVHOV  7KD® OV HR/LXIXKW H GV N & OHWHRDY
GXSOLFDWLRQ RI VNHOHWRQV DORGK @ RQU)LHWY UHH V V HHO W X F7KH
VKRZV QRGHV DWQSRQGQRY WRUWKH VNHOHWRQ

7KH VWULS FKDUWV VKRZLQJ QRGHRX3ZY OUPNVKKRZ W D @ B MIZHH
WKH GDWDVHW WKH QXPEHU RI QR-G IOW YDH)IEV ZIHUNA YIHQUG WLHPA
VXEILHOGY 1RWD E® E | WHKMG\WHKMRSZRIUGE B QFHH VAW \VELRGE QR G H V
" DQG S UHVSHFWLYHO\ ODHMQWV LKLMD® HE HBQWYHH\UWP H D
OLQNV DQG QRGHV UHSUHVHQW D VRPHO D UDVDW FXCW K UJ@RI\M L
LQYHVWLIJDWLRQ IRXGG!IGR HQE B LI [EFDRMNRKIHO PHIDDAKRNHP H Q W V
LQWHUPHGLDWH $0' QWKERIH HWINVDX G @R ZIKEF K DERFHRQYRVWH Q)
FHQWUDO VXEILHOG UHVXOWV

7R WHVW UHSHDWDELOLW\ Rl WKH RNVWAHREH IRESHDMWHIGS MBR G
ZLWK D SULRU R FXHWUQDXU G IH W DIFRKIR H @V & QR W K H UZLLNKW Q R U P
RQH H\H IURP D VXEMHFW ZLWK QHR YIDQJF QARBWH 000G OWQNY |
UHSHDWHG VFDQWRD QWKW KR @QWMB R DHKORBE 50 LIQSSSHQGL[
WKLFNQHVV DQG YROXPH GDWD DV ZHGO QMW EIRUEN2&TPH FHQV |
FRQWUROTV OHIWHAXD DQ G OW KNHQBWY DOVR SURYLGH



YJLIXUH 9HVVHOVFARWERXKRW URG R/S\RH/ING 2\OWKXFGEQUY.R O X P
DQG LVRODWLRQFRI WX H ' UHQLGHDRHIEISHI) DML MRQGHRE QDO YRC
'HFRUUHODWLRQ WUJDPDO R E QMDD DURRD URH WRIOH 56 FONDH RW L WA

GLODWLRQ F 3GRWHWWHIRQ BB 0RE DEYGVELUE®BQWDWLRQ
BNHOHWRQL]DWLR® RIQWKMN WHIG ¥ MQMOR/UGQ H UD S K



JLIXUH D 1HWQZRWV N UVW 8K EXIW L RHIV RGN VRY $2'5BQG QR U

VXEMHFEWY E 1HWZRWN DU B X W IORBHRQUN KRU ($ 05 6DQKEI QR U P

VXEMHFWV F &R FOSCHL VUIRRP RIDS) @ B: KW VPO MAZR WNH VWDIRK OLQ
QRGHV DQG EH@QT HHRQ BDODGLVWULEXWLRQYV



&KRULRFDSLOODULY && IORZ YRLGV DQDO

5HVXOWY IURP WKH LVRODWLRQ RI DL& JHODGE G LWR/HPBR URXP
SKDQVDONDU DGDSWLYH ORFDO WKWHN KFRROQGAL QR CE VY E M\HF /VE
VXEMHFW LQ )LIXUXWDU DQ & HIORIZO R WEKOGIRQUAP EHHVWKIUILGR Z YRL
DUHD VL]H IRU WKH VDPH VXEMHFWO/QGBGUH IXQAHR VKR ZQ H\MWE HLRV
VKRZQ LQ )LIJXUH D ORFDOLVHWGLEOHNHQWHRE \D WHIHV VIXWH DUF|
&& VODE PD[LPXP SURMARWILIRQLNVRIDI ALMCKI M K ALNRIZWWH OO D U .
YRLGY DV UHSUHVHODWHG U\ ZBEHWHGCH WEVHEPGHRQQWKAHL $0°

SKDQVDONDU ELQDU\N PDVN ZKHQ FRPSEDHGSDRWK/ WKBJHRQW
GLVWULEXWLRQ IRU ERWK VXEMHHWHDYVY D QM IHFAVS DWKHIGU HTOUDH
WKH QXPEHU RI IORZ YRLGV FRUUHKIS FQFHQR | WRK H CHOK  HD\UHH D
QXPEHU RI VPDOO YRLGYV DQG D JU HNDW MU \Q X\PRE B UWRJ HQmsUOILH)
WKDW LV OHVVHUWWHSE QBQE @H ARAWHUFHSW

7KH VWULS FKDUWV VKRZLQJ WUHQGRIL QIR Z QWRH. GFHIS W H M G RC
—P )9 RYHU W K HUVDREW D@ UH HH HAK E W& R QLLRXISW FO WHKIW KR Z Q
D EHORZ 7KH Q )EDXNUHORWEL SURYDLG HA DEGILFMDQFH YDO.
UHPDLQLQJ VXEILHOGY $V WKH NRZHG ¥KDQUWIVFDIQRZ G LDE O H
WKH WZR JURXSV S’ 0DQQ :KLWIQHQY B WODH VRW P Q Q DHSGJLHAVLE
WKH IURQWDO SODQH RI WKH H\HUWXH ' \WRHUIDEBEWPDQGVFDW
GLIIHUHQFHV DFURVVXRRWKH YV X/EILHOMY MWQJ LW B VWR&KE PHW KR G\
FDQGLGDWH IRU % VEDQ OHYHO |HIRWEV HI XID\W WD FVEDRVQ R G K/
KDG EHHQ GHPRQVWUDWHG LQ OLWHUDXWKPHQWY FRDBKVDI
GLVFULPLQDWLRQ EHWZHHQ GLVHDVHG DQG KHDOWK\ H\HV



YLIXUH D $0' DOHAVWRQWHRO UV JIOW2VY&HG V XSEDMHDAPM W H U \
VWHSVY HQ IDFH &&SVEANEPWILRRXPQ®WEKBYKBROSDQJORED®D!
VKRZLQJ QXPEHU RIH® RD W RHLEEWMEBLI IDXRFZE ¥R L B V SH AWK WR DUt
VL]H IROORZV D 8RZHU (RUVOWRILERWE IRQQBRZDYRLGXQFWLRQ
WUHQGOLQHV DQG ®XDMAHINBIY \E MR BINHHYUD/ DUH VKF



YJLIXUH D 60RSH P DRGWHUBHEKDRL GV J)BHD W H U
GLVWULEXWLRQV |RUXEMHFQE DRIBPERRRD®KHIHQ IDFH ELQDU
E &RPSDULVRQ RI SQOQBOKIHWVQW\RRWBWWMORISH DQG )9 D
EHWZHHQ $0' DQG QRUPDO GLVWULEXWLRQV



53(E %0 GUXVHQ VHIPHQWDWLRQ PHWKRG

7KH )LIXUH D EHORZ VKRZV D VW% XFWXXID ODIRT 33 (V FLOD A
VHIPHQWDWLRQ OLQHV IRU DQ $0' RINAVK,H) GUIVH VHEP HI) \W
RI WKH VSDFH UHXE®/W DG W LIRR)P RW AN 5 B8R P RWKMRRB 000 D\H U L\
J)LQDOO\ D ' UHQGHULQJ RI WKH GHEV(H® ® VS B Q6O KBIUG DWH
YJLIXUH F 7KH FORVHXS Rl WKH BLWRH\JEPMR $3JIHWW
WKUHVKROGLQJ VWUDWHJ\ DOORZHG NHHRW\WRPRQDV WDHEILRW
HOHYDWHG 7KH GIUXS SIQDRINVSWR) FERIOMH HDSHRIMBFRWRRY KXW K OR Z
ERXQGDU\ RI WKH VXSHULPSRVHG VW UXFWXUD @& K/H JXDD B VR D ¢
FDQ EH VHHQ RQ WKH % VFDQ LQ )RMW WH OO 5 HIGQX\GHRQQAWL R E
OLQHV GR QRWYPMDWLRK W KIHDIF@/ O\

7KH VWULS FKDUW B UKR DIQZE) GRIOCVROHR YH U | BVRH/ MMRORQJILQJ
WKH WZR JURXSV DHH VIOPRZEHQRZ)LIJXRMW L EDUJISOH E SUF
DGGLWLRQDO VLJQWHKHFDUHADYQDYXNMMMRUMDICSY FKEMUWYV LQGLF
VKRZHG VLJQLILFDQW GLIIHUHQFHV EHWDZHH QKWW I N Z&R \WUHR/X)
ZLWK IORZ YRLG VWIK4D Q VE DIl FDO/RMARRQQ BR WEWDHM IV KO Y RO X P H
UHPDLQV ORZ DFURMVOGEP RXWJI B QMY MOGEWKDHD WKMW KIRG LV D J
IRU % VFDQ OHYHO IHDWXUH H[WUDFWLRQ



YLIXUH D WRS % VFDQ VWUXFW DOBOED&MH WH JPGIRQM DD/

D IHPDOH $0' VXEMHFW D ERWWRP Q3YHMHEQWDWWRIE RD R |

%0 EOXH DQG 53( SDOH EOXH VHJPHIPMWHVEL RIRP FO(EVE XS

VHIPHQWDWLRQ PXVNMQ B HBRBQWD®WY¥RKAZP DF N 'HOHI@PEHULQJ
GUXVHQ PDS DQG (7'56 UHJLRQ



YJLIXUH D 'UXWH® ORMH B IDVMU L E X WWRRDWVUIRQ $REMEBEWYV DG
WRWDO DUHD RI WKH HQ IDFH ELQDUW LIRRFH 0 DE) Q&R RIS\W Q HY B
IRU GUXVHQ DUH DEB @G HHR® $ P HDIEG ARIQRQUR O GLVWUL!



(Q IDFH GUXVHQ VHIJPHQWDWLRQ PHWKRG

$ GLDJUDP VKRZLQJ GLITHUHQW W\SHV RI BHIXRH QS8 DG WHKRHA DV
YJLIXUH E D % VFDQ EHORQJLQJ WR P3O ULO RIQ\H ZLW K/ KGRU
VHIPHQWDWLRQ LQQHU VODE ERXQ@GDRX\WW W N 8D VERXQIE® DLV}
DV UHG OLQHV KI$ ERRY &B IS VEIRGRLDKLWR WKIR H EQ QVIKHD JH L
DOVR SURYLGHG

7KH VWULS FKDUW N@REZYXGUHXV H QWM B \RIYWIUWKAH WRU H\HV
WKH WZR JURXSV 7KH ' EDU SORW WQRQDXUWLJQ LEL FIURFH. &
UHPDLQLQJ VXEILHO GV WIN Y G LSDMSIDRW DQIBY X EWY VXJIIHV
DUHD PHDVXUHPHQWY LQ $0' H\HV REWDHIPHR WDWXRKQ \BKH \
QRW VLJQLILFDQWO\ GLITHUHQW |UHRP W K RS EW b UM K/I$ RAQUEH @G
ZDV IRXQG LQ WKH QDVDO VXEILHOG /®FEN Rl VRQQLIKEWQW\G
EHWZHHQ JURXSV IRU WKH PHWKRG WKBW W WUWEXQMHEXWR W
VXVFHSWLEOH WR VHJPHQWLQJ YHVVIPOVLPBJIJWKH\ ,RSWKBUDE
IXUWKHU SURFHVVRERD WLHRQ/HOWY\ ZHIROW & H LEQUPOWHEH ® UHD PHE
,Q DGGLWLRQ WR YHVVHOV VOLJKWODQ® FRM §ROL B GHU REFFE
FURVVHG LQQHU WG IDEOYIRPZ WR/QD Q GLAMA/IHQG Bl G HLDQ PN X U H P H G
RI ORZHU SHUIRUPDQFH OLNHO\ FDX¥BIGLQMD ISD B EQ &/ BIWV VHH\D Vv
GUXVHQ VHIJPHQWDW LIR® LPFHWHK RREUZW R HAWHHPE3 (E %0 P

$ ILJXUH VKRZLQJ VBOYP\HOQW DI\WLIPE H) B VI DUD EROHV BV RY LGLQJ V
SHUIRUPDQFH IRU ERWK GUXVHQ VHJPMWQWRDMBRQW HWRRGS
VHIPHQWDWLRQV LV SURYLGHG LQ $G6 H\QIEEX @ D R/W G LLIHKWX ©V \
%0 GUXVHQ VHIJPHQWDWLRQ PHWKRG DRXQIZOWR XSVUR LIP®H & V
LGHQWLILHG GUXVHQ RQ & VFDQV VR/R X\WHWXUQQH2E D Q6 DRIXW |
HDFK RI WKH HLJKW $0' H\HV



YLIXUH D 6FKHPDWLFV RI GUXVHQLY\WHKY B®® MUK HHW PRI

IURP > @ E OHIW % VFDQ ZLWK GERXQH@® VIHHP HIGVE DWY R QW

OLQHVY DQG RXWHU VODE ERXQGDULKW USHBRNHHNHSQ R/IHG KDHV ELF
FRUUHVSRQGLQU MR WRHWKH WHVFDQ LPDJH



)LIXUH D 'UXVUHBXDWRDM G LRW $X'ENMHE WR QWEROYWU WKH |
WKH HQ IDFH ELQDU\ LPDJH E &RPSRUWOMO R WS YW AR VGIWA
EHWZHHQ $0' DQG FRQWURO GLVWULEXWLRQV



6SHFWUDO DQDO\VLY DQG GLPHQVLRQDOLW

BWHSV IRU VSOLWWLLXVMWEHVEIFEN®EVWO®DBE DORZ WKHQ®& PD
SURMHFWLRQ IURP D@G$0r LIEVHD DQWSD SR QG®LQH ULRHBRK WH VF D
DORQJ WKH IDVW VFDQ GLUHFWLRQ$D UAD § KIRZWRLBH) VHHIH EH
VSDWLDO VHULHV EHORQJLQJ WR H D RKK I L)ARPXUL K K UWIHDSQUMH R &
VHULHV LV REWDNLORGY EMMIWE W\RH Q RH QAF DYQN X R O LFFDQWL R Q

7KH FRPELQDWLRQ RARWHWHVSRHFN QA PMME LEHRWIKQ VWSRMW UBIOW XU
LOOXVWUDWHG IRU RQH % VFDQ RI VRKHFRORF/H \$\W'HK\H\ ZQ WIKI WU
UHVROXWLRQ RI WRKHWXHY XS5 HRU OHQ EWVEBIHFWWHXBWT20V VHW !
8QGHU WKH FRPELQH LHR WREE \E D 883 V YWAXW LERODQGRP DYHU|
SURJUHVVLYHO\ JUdBWAHR RIXHP\E DY RIHV/TRBR RV LWIKK HWBEHF W U X
VKRZQ 6SHFWUXPV IURP WKH && VOBER KIRZHVQRQ2BO P P §ICPNP
WKRVH IURP WKH 53(E %0 GUXVHQ WKLMNKQH VIY PPSDGSL W, QGER W
HOHPHQW RI WKH WSHORDWUXYAH OU K DWKIK RW R UWIKIDAAT RHQ F\ W
UHIOHFWLRQ RI WKHMHUHPURKLIFKTE RRWSQRW X¥DW@® ZLWK

7KH )LIXUH VKRZYJ S GIREM ARG LW KMHK\W UWIHQNIKRW PY RU HV H Q W D
DQG && IRU ERWK BKH FRXOSWURBWDIL@HA BEXWEE W VGR VKDV WL
HPEHGGLQJ $V WKH QDPH LPSOLHERW HRE/MGGIEXIWIENG D/ W/R W A
ZKLFK DOORZV WKHKY I K X®LOPLH/@W. IRRQDREZIEWD V& D PIHONVRRI DO V'S
DYHUDJH RI DOO VSHRKWMH®PW KILUR\Q BBEOI PR E VW BDRGVDOWR MHF W L
RI $0' DQG FRQWUROV DUH VKRZQ LQP LJXHWS HE VBRWHIDG L)1IN
DYHUDJH VSHFWUXPV EHORQJLQJ WRHRERBRQRWD VDRGHDE HUDA |
EHORQJLQJ WR $0' H\HV DUH LQ D GD@NW®R FRKCR LL U YIWP DWQ\G PV
DUH DOVR VKRZQ DV ERXQGHG OLQHWRU BMKHAOROO\FEQWGRO
GDWDVHWY DUH VKRZQ VHSDUDWH®\QI®R JLARBK JURGS OL\WD YL RX
> @ ZLWK D FRQVLVWHQW FRORU VFKHPH

$V DQWLFLSDWHG VSHFWUXPV UHSUWHYH QWD WLSYSH R U WWRH GoL3'
WKH ORZ IUHTXHQ F QAR RHEE V HIKY. B EEQYHWZKKGHH QL BRWSIHZLED QG V G
EHWZHHQ WKH $0' JQRNR O Q& RHKSHV,FBRRI DWKHIDJH VSHFWUXPV

F GLIIHUHQFH YV SHAWAHHY U KHDQIBVRRURIWLFHO@EOWSUHD G



IUHTXHQF\ UDQJH ZKLFK LV OLNHO\IDRZHVRHBW LRIQYBRIUWRKXYV S\
VOLJKWO\ PRUH DBISDWHWWHGQRAHURE & & XHQFY HMHXQIW D WLY H
DQG EDQGV LV OWNOH @\ DAW R E8 WVVRW SRYKHWHW KWK B & RovD \@1 U

YJLIXUH WRS OHIWFDQ@Q HW RS (U IRZK WL J&8D @ O LUPXP SURM |
PLGGOH %LRPDUMHIUPDHIISVHYHEWOONLY EOXK® BEBH VSOLW

LQGLYLGXDO VSBWROQGLWOHUWR VHBR KEBR\DFHID\Y KHRIDML REDQ G

ERWWRP 7KH )RXULHDFW WBSQOW RLBPGYBHLRHWHLVWREWBRQ Y H U
VFDOH IRU FRQYHQLHQW YLVXDOLVDWLRQ



)LIXUH WRS )HDWXUH VSDFH IRWLROYM RS DM HDDS W WLUXWP

VHULHV IURP WKHMVGRIXY HD@ GOKD BSRUGHPHEWLEQWWRP 3ULQFL

FRPSRQHQW DQDO\VLYV ZDV XVHG WRLGXOIOWUHB BK WISQ W\ WX K
WKH JRDO RI ®PBQPLRAKAE YDULDQFH



YJLIXUH W GLVOIWONEKVW HIBEREIH REBISHFWUXPY UHSUHVH
ELRPDUNHUV EHORQRIQWUWRR $U'RXSSWE D UNRMVD QG \CEHRW LY F
VHULHV IURP WKH HKBVEPHS WG LFODQH @& G UR MIWRWLWRHLPDJH L

)LIXUH 53(E %OPWRLFQQ HKEVIORZ YREOYHSVUKRNWAFW{LRQ |UF

VSDWLDO VHULHYV GDERIX S&/$JAHSBWBLVYH W\ RYWLR@EOXH DQG JU

UHVSHFWLYHO\ DUXPWYRUDNKHVBHFWRGR'U CDhQGORRKKWHRBR FRO

GDWDVHWYV ZLW®% Kl XIDUMWYL OIDPG WKIRIADED \G ERPQGHNWGCOQVY YHV EXWL|
$0' DQG FRQWURO GDWDVHWYV



&ODVVLILFDWLRQ

7KH 7DEOH DQG 7DEOH EHORZ URRLGO $ODNMLA DRIFM LH
RQ IUHTXHQF\ VSHEWUXPV DQG ED @G HU'H WSKHFHH. YRIOG DTKGH 5
FURVV YDOLGDWLRQ DYHUDJH SHUIRHPWQEXWP BMWW LHF\H SO |
PHWULFV 7KH $0' FODVVLILFDWLRQ PRGRP W ZRIUGMHD UHRHU F\R
ODEHOOHG * RYHRUNKHOQGHSRDQOWRYBHRPWHRDIH RI Ol
IRU 5) 5HVXOWYV IURP VSHFWUXP D@G' EIHQ&X \E IV A GOPQD Y VH
VXJIJHVW WKDW JRRG % VFDQ OHYHOPIHUPREPDRIAFH BBV RIFKL
IRU VSHFWUXP EWVRI@G FQGVVLILFIRUOPIVYGM EDWHRBQF ,Q ERW
DQG EDQGY EDVHG FODVVLILFDWLRQ) SHWIRVEPREBU D REFRQVY
RQH RXW YDOL®%®\WERRU P\ IRA

)XOO 5) EDQGYV E DR/GI ® WD DN \RQ HF D XIEINRHF W HRXX\O WD ODBIZHO O
GUXVHQ VHJPHQWDWLR Y RRIEW KRGD QWG| LIBD VEDR @ QG WXL.EWO D U
FRQWUROV DUH SURYLGHG LQ $SSHXEMHFW RN QD O IWGWWH R
FORVHO\ WHKWKHHSH\HW RKS DEE WR R REKH FRQEVOBYMLRLNG E\
% VFDQ DFFXUDF\ URXQGLQJ WR ZKROKVWHKED @ HE PGIIWN DRDLERKY
YRLGV TXDQWLILF DWW RDK DWVWE& W \WLVXEGB WY IHIQ WGV EHW\S HV
JURXS 7KH WKUHH PLVFODVVLILHG GIREMWVW GUOHY B@Q DURKPS
GUXVHQ ZKHQ FRPSDUHG WR RWKHU $i0HM\HY W K KHY WRZLRO P UVB
JURXS VKRZ WKH KLJKHVW 1UDFWLR-QFRIKIO® F RRS B HHE[ FHRI G
FRQWURO H\HV ZKLFK DOO VKRZ UFIOSIDMLHG OY HKDVRZO MWD FWR R
DQG EDQGV EDVHG $00 IYWWIMX ¥ DAVRIQRDDR B \R X Q GG D QBKHRFD W H W K
WKH PRGHOV FRXOWL®DXKEM WY \WhX DD GRILLIDQ GVIR\ HD FEKH ORR X S

3ORWV Rl SUHGLFIV RUQE®S R QR D QUHHDRHRIQEEF RIRW RIQ WHQ IROG FU
IRU ERWK VSHFWUXFEBDNE G ORGVEDEBWHLRRRZQVLQJI)BIXUH
FRXOG KDYH EHHQ H[SHFWHG EDVHBURIQ WK MW ER XSQUGIHEE FOLR Y |
SORWYV IRU WKH GUXVHQ WKLFNQHVVLPBS ADWHXW&BDWVYSREWW
HVSHFLDOO\ LQUNRHBH ZWBH WKH PRVW LPSRUWDLQMWF BWHBQFV
BUHGLFWRU LPSRUWRRGY SRR MEFAWRREY IHPHWHXB HDIXHEGD QG V
LPSRUWDQFH LV W®ON DE DFOWRWWHYSHFWUXP



+LHUDUFKLFDO UMXWHHYVEQBWBRV LRQMAW PREWHOQ GREDQYSY DUH
J)LIXUH DQG )LIJXUH UHVSHFGVLQHWKH $VIRDE® VEHGY R WRI
UHIOHFWHG LQ WUKH PRHBRRID ROIRANLD SAW RIEW EBLOBALKVIXKRHG KIL J K
GLPHQVLRQDO WUHHN QAVM MK B QRW KGH ®DHQWLIRXHD OR W WH HV
GHS@RI WKH KLJK GLAHQUHRWBO WK DB®WWERHVWKH BRIHRSWSP LV
GLPHQVLRQDO WUHHYV

7TDEOH 3HUIR U RDQIRU H/YSINGHEUAK P Ul HDURAH G LADONDH/ WDILFD W L F
') WKUHH IROG FUQR®& V5 )Y DVHL(G DRMOLAR @ DR M Y DYIIHOE BOMRIURPP@ QFH P
OHDYH RQH VXEW\HFSWHBXRW BBIQFH



7DEOH SHUIRUPDQFH HYDOXDWLR@HRUWEWR GU' BFIDVDHVG/ IHID B O
WKUHH IROG FURVY YDOLGDWLRQ DRGD3SH VBHQ I RIP® GRJHR \PVH W
OHDYH RQH VXEHWNHFSHBXRW BBIQFH



YLIXUH 3UHGLFWRIUR®PIS RRW/G® @RIUHANAK\H YDHOQ GRWE FFQ IRU ER)
EDVHG DQG EDQGVLRRVHG/EQDBY L %P MM MW- NBKE Y PDS IUHT)
VSHFWUXP SUHGLPBW RU JIKPS REBWD Q6FOHVE & B FRNSMHALVAL PHDGB ED Q G \
SUHGLFWRU LPS@HWD QRHIORZ Y R LIGH BXHRMAH PXNSLHRFQV UXIPJ S U t

LPSRUWDQFH E YRUGW S&& MOIR RV L RQ| H 6 CEIHQ TS RUBNGLLAE W
LPSRUWDQFH



J)LIXUH 5) KLHUDUFKLFDO UHSUHVHQWODWWHBNVWSRBRPKEPDR U |
FODVVLILFDWLRQ



J)LIXUH 5) KLHUDH@ WIDADICR QN S B8 HAMIKIBHRWIHW G RURRVED Q G
FODVVLILFDWLRQ



&+$37(5 ',6&866,21

7KH JHQHUDWHG UHWLQDO WKLFNQHWQPRSNQAHW KHXVKDXQ V
VHIPHQWDWLRQ RI HDFK H\H LQ WKHRXB3W DDHHM Q'RW HOM @ E B
ZLWK 53(E %0 GUXVHQXCHIWHQWDWLRBRXDGGK DN GWKHDWGEL QD LP
PHDVXUHPHQWYV :KHI)VERBFAS8HEQMWY] FPHW Z HIHWD 3DH B& G WUWR DOV X
WKH WKLFNQHVV 0D @QJLINW DM BHWENMWKKLSIHKWHMRN MX BMLHO G Z
WKLFNQHVV RI —P IRU $0' VXEM HFR\OV WHEMHFEWY S—2P |IRU
VLIJQLILFDQFH IRU VR/OKX® MW K B VWKHHLPIEKRKDD RHKEQLMRGXREZH R
IRU $0' VXEMHFWYV YHRWXFRQW URRO VXEMMFWVHBP WR LQGLF
$0' H\HV DUH 10D WWG E\ PR BIY VA Q® BHQWE DONWKERWGIHVV Pl
PHDQV RI —P DQG ' DQGPFIRQUWHOR O D @G WBKILFQMLHYWB G0’ SHUL
DQQXOXV WKLFNQHVV PHDVXUHYV

,Q WKH FDVH RI 5&3 QHWZRUNHVWW BKYHDO B X
VLIQLILFDQFH EHWZHHQ $0' DQG FRQVHOROXL WIKQIN \P BIVQWRI H V
IRU $0' VXEMHFWYV [RUGFRQWUIRINVXNEMHEWWHSW VLIQLILFDQF
IRXQG LQ WKH WHPK® FIR® S/IXEL QK O8§® ' ZKR GHVR DMWMKR OVPHD Q RI|
QRGHV IRU $0' VXEMBRBWVWORU FRQWURO VXBEMBFWWLIQLILF
GLIIHUHQFHV EHWZHHQ JURXSV ZHUK BHYDBIWUG MGR RAKKIHOPHMWQ K R
JRU H[DPSOH LW LV SRVVLEOH W KW U HEPYOW 8 GQW R/ HDO B UWH
QXPEHU RI OLQNV DQG QRGHV REV HID¥FMG W IQDER WRKUBKRRCOSR/J L FH
VKRZHG VRPH VXFFHNW LG FWH ®X FASITIR WKW X QWK H\QDWH JP H QW L
(YHQ LI WKHUH UHPDLQ VKRUWFRP LQVUW P MIK\HX B RIPSIMWLY RQ FRR ¢
QHRYDVFXODU $0' PHDVXUHPHQWY VXJJBVVRUNEDW RUK H HRAH\
DQJLRPDWRXV SURIOADNULRAL R Q6 A M DQDMWNIHV | W &RP W RK IFKIRUR L G
WKH %0 WR FURS UHPDLQLQJ 35 D GURUWIHOKP DY \R B VDAFMAO HVWE
GHWHFWLRQ

SEHVXOWV VXJIJHVW WKDW WKH 53(E %K RSDIPH X3AHA X B Q RTX Q W
EHWZHHQ KHDOWK)\ DQG QRQ H[XGDVRI WWHK$O0 5 H(\H %6 0 MSHD BH WWR
YDOXHV IRU $0' DQG FRQWURO VXEMWG WS LZHUH QRX Q4L WIR [E H
RI PPRU $0' VXEMHFWYV IRUGFRQWRPRO VXEMRARW\GLYWULE X\



RI WKH 53(E %0 VSDFH WRWDO YROXPEMHFOWHYHBH BO VIRQGL B
GLIIHUHQW ZLWK D PHDRP YROD¥KH'RMXEMHFWYV PRIRU FRQWURO
VXEMHEWV S ” :KLOH QRW DNVXDRQMLILFD\QMR R & WQRD Bl
WKH GLITHUHQFHVVREVSIWH DG ZRUH HD OB R QW D B URVIVQW KR | W K H
UHIOHFWHG LQ WKH )¥  7RHDSDVWMMHEXRW.BQ VORI W YDOXHV |

DQG FRQWURO VXERDHPMOA BH UHUHY@DMDA WK D PHRQ $0' VXEMH
IRU FRQWURO VXEMHFWV S "

8VLQJ VSHFWUDO FRXQWHUSDUWY W R ONRKH Y\RS.[BW LDHD ¥ X(EEHP Bl
% VFDQ EDVHG FODVVLILFDWLRQ PRGHWVRRIIBYVBE VPHSURD F
EXLOGLQJ DSSUR D& K DK PH R PWH\DIW $DL W R M[KIG F\WQYWJUDODW
FDQ EH GLVFULPLQDWHG IURP % VFDQED VUR PRX PGIDD/IQRMH G/
EHOLHYHG WR EH UHSUHVHQWDWL®H )RR FEGNE D \NH | B DRSP DUWRIHW |
UHVXOWY DUH SURPLVLQJ DOWKRXUER RKDHY DOFWHH O LYWW OK\VS S U
LQGLYLGXDO H\HV ,Q SDUWLFXODUQ @ KH@ LFADIDW/ WLI N L DR QBN
DFFXUDFLHY ZHUH REWDLQHG IRU ERGUX \b$ HOFWGU XYPR'RG K B V) XF
GHPRQVWUDWHG WKH EHVW FODVVEURDWY R QLSHW R R © DOFFFHK U

$W WKH FXUUHQW UHSUHVHQWDWUR®Y WIKBW W DI@G PV V\F E |
DEVHQFH RI&GUNO\REZQYRU GAX JUH V WOWBRAON WK FAFPRIG LQ VHSDUD
ODEHOOHG FODVVHYV

S5HVXOWY DOVR VRJIIRGY MW WWKEDM FOMPW Bl LIQY. RX WHRM MIKG D VLJIQ
RQ WKH PRGHO V DELOLW\ WR S UHEBGIFY\L GAKKDERY) FH WEDWQ YHH\ H
QHRYDVFXODU $0' LWDW KH H RQW WKARX\BE IDHG/ RN\EN ERYK QRQ
$0' /HDYLQJ RQH VXEMHFW{IV H\HV RX\W R L MK HL ROUPW QLLRBID
PRGHO V DELOLWKHVURVBUG GLFHW /UWKX Q8 DDHRFMHGLYH $0'
DFFXUDF\ ZDV ORZHXW RAD O H®LY\W LARR@HZR MK D FR OR[IL P X P Q E
LQVWDQFHYV ORRNHQEORWHQKN VX-OWHD GWREH WHOD W URS/ ZKLFK .
PLVFODVVLILHG KDG ORZ GUXVHQ DUBD FHRIR'S DLWOH & KWR FRWY WH.
ZKLFK ZHUH PLVAORVVDFWHR QK RIGH®RRJY RLGNRASFHUHG WR
RWKHU FRQWURO H\HV VHH UHVX&WMVOWDNMLRQ@H VXOEMH BBY/SR:
WKHUHIRUH VXJJNNW Y KUK R VW F-R WV B/O LAWK @RIQQH[KYDVFXODU
FRQWUDODWHUDO H\H VKRZ 53(E %0 VSDGHIIRW QW B %S 0 RIDEX



KDYH EHHQ WR ODEHO % VFDQV EDVH®BORQUXK/RIQHVIHY 6 H QMG
&& IORZ YRLGV TXQQWKDW BDN.RQYHUY R UEFHHIF RRPDH KRQVLVWFH
SUHVHQFH RI 53(E %0 VSDFH RU && OHWKI® MREWWH WRIEQ MNJLDHM
H[SHFWLQJ DEQRUPKRIOAKNERW[LQWH ZHW KR Q) R} RYPFBWQDBU $0°
FRQWUDODWHUDO H\H 7KH UHVXOOWLGHVRRGHG \D YR5B80E % 0 YIg
&& DEQRUPDOLWLHY \& KNG Y RW\Q GB & D \G 8 RO FM/REVW L Y

.HHSLQJ H[DFWO\ WKH VDPH DSSURNHOWNU LYXP @ WU FRIS B Wi/
DGGHG WR WKH WQDVWQLLIQF DMDLVRDV EROGSG BEHY HQF BH DWRW X U F
UHIOHFWHG LQ ZKRW FRF@WYVRAYV UPMHRHHIQWKDW MXRMWHL SXDO H
$V VXFK DQG LQ DLWLPDQ RE \ZIDV DHBKIHQ SWKN FQWHPRGHOV LW
WKDW D PRGHO WUDLQHG RQ D ODURBB QVGDQMMDV LZRIO GR 6 O\
DEQRUPDO 53(E %0 VSDFH DQG && OH X HXD OH R W PWRNW Z¥0L' FHK D
EHORQJLQJ WR DQ H\H GLDJQRVHG ZLWKYQRBEXOXEGFWLYE S
FRQWUDODWHUDO H\H

,Q VXPPDU\ % VFDQ ® QB HL@GDYIVGXLFDW LHR[G HE MKDGY LVRR UE H
SURJUHVVLYHO\ OHYWLE HG KRG HHQMWIEGD V. Q]IHQR | GADKWWDGIDW DV H W
WKH UHVXOWYV VXSSRUW DQG DV PD\YKIDYHX ¥H®R DD FIOLH K W® \
DSSURDFK WKH PRGHOV VWLOO EHKDBYB ¥ ¥ &6OHYDHID MDHEYQ-R
GHWHFWRUV ,QGLYLGXDO H\HV FIDQQOMEH IO DBVWLI IR BIFED @RHG FAKR
DQG LQWHUSWHKMW RE WKR @& U BIHIUKIRSUMHAS S WRD FW KHR % VFDQ FO
DOORZV JUDGLQJ HWAVVHYHDEWR QRN KR QRO\ FRHD WXUHH ¥ DEHO L H
UHSUHVHQWDWL YR & BORA/ MR LEXW DRINOW KRHH WXIRGW L ILFDWLR
YRLGVY KDYH EHHQ SURSRVHG > @ XDOHNGIRWK B HWIHMHQGV \B
VFDQ OHYHO @ RLQMOD VWD WIE® WLR Q



&+$37(5 &21&/86,21 $1' 5(&200(1'$7,216

6HYHUDO |HDWXUR G YWZHDUFRY ISKQ VPHVE R OHUP HZ KORHOHH ®I\HD S LS H
FRQVWUXFWHG ZKLFK DOORZV WKH (RISBHWILGDEDDEG MRKRR QRL
LQ KHDOWK DQG GLVHDVH 5HVXOWAHUREBHEGVEKRMWF O MRV R DV PL
" UHFRQVWUXFW ZRQL RO G \§ DQYMMCHUIRR | DO @ LLQBAQ PHFWRYDVF
2&7% LPDJHV IROORZHG E\ WKHLU TXWQRVG VGBHI\R R QN VY DWW K B W
DSSOLFDWLRQ RI D RHWZARPUW R SV EBWLRDIH M VAROKFD Q Ut
$GGLWLRQDOO\ WKH DXWRPDWHG DQOOWRLE R L]53\ET %D QWS
2&7 DQG 2&7% VFDQV ZHUH LPSOHPHQWHG Q® W/HHIU BI$ T A% % Dt
DJUHHPHQW RI PHDEXUMKBQWR QAL \R EMBIHLAIM @ &N GRIY IGAHN 6
IHDWXUHV GHULYHG IURP PHDVXUHVLFNQUNWHRMNSD VQ @ H & | Z\N |
WR DFKLHYH DXWRPDWHG VSHFWUDM\DROQG\Y QW BQRH EQ D WWL
UHVXOWLQJ FODVD UH AMWLRES B R GBHE@MHWL Y 8 08 URWYR B QJ QI
$0' % VFDQ OHYADWLRI)VSHUIRUPDQFH

$ OLPLWDWLRQ RI WKH UHVHDUFK IS HR I HFEIWY L M 2WKID W KRIQLOR DWY
ZDV H[SORLWHG |7KOORRAZYLxXSH WRVHA BT YIIRHFPZILAKOH OD\HUV VHJ
DOJRULWKPV GHVFULEHG LQ VHFWLRQRU W KHFRWHKIHIY HIEDBWX
PHWKRGV ZHUH RSWL PPV HG]I ORU RW KHDMVA. RQR GALRLWKH GHVLJQ
VHIPHQWDWLRQ DOQRUEHWKP V\ZIRXUOIGP Wl H PMPHSDMWOLW DRIMORS VS HF
HIWUDFWLRQ PHWKRGYV WR JUHDWHIWGIEHQE8M WI IVIRHPZL P BKOHH Bk
D JUHDWHU QXPEHU RI VXEMHFWYHDW HRZDW BEQ WWIOEEOHG QXR BJHHU
ZLWKLQ WKH WLPHLODHEH B QA& WARKKH DHSDJW I I R /G X FVL WK HP R L
UHVRXUFHY DYDLODEOH WKH VDPSOMWD]WVY WW TXLLDE G SVRRZ
SHUIRUPHG VKRXOG *UHBGWMWWHUVPPGBE VLIHV ZRXO0OG L@RUHDVH
WKH ULVN RI FRPRIIWRWNQWRI®H GVPIMRAHRGFHQWELIRPDWNRUYV R
GLVHDVH SURJUHVWVRLRHU Rl BIDHDW.HMRSERW S ARXYXGH OHSHDW
HISORUHG PHWKRGV 7KH VDPSOH VEV\HUOEBKWWMWAIRQRARX UK
WKH VWXG\

&RQFHUQLQJ WKH 5&3 QHWZRUN JUDSKLPKHWKRGY KDYH EMILF
FRUUHFWLRQ RI IOR@ S B8NMQFWLRK WHHGOSHEFRNDIFFWM LIRD) UHVRC



28&7% DOJRULWKP WKH LQ VLWX |ORZHWVL POD Q WDN. @GHHGH DHIG PP
SURMHFWLRQ DUWEID@WVYV , WU B RXIOFBR WIRGSHQHRUPLD QW HQV LW\
UHJLVWUDWLRQ RI| WRED UORZ DARCHAPYHANQ J UM & H DS DHEQ GOLMW \ R |
YHVVHOV DQG WKHLU VNHOHWR Q IS]DRILLRHAY LR Q GR W R DEVHFW @/ Bi W
WKH UHWLQDO VSDFH :KLOH WKH 53GESYBRYGHXXNE IXBJIJP® KW
VLIJQLILFDQW GLIIHUHQFHV EHWZHHQ \ UWRXI\H SBV IOFDO H UW RE D ¥/
HUURU 7KH DSSURBRHK R/IP\DIDAV B (RYMHU® DQG GUXVHQ WKDW J
RI WKH 53( 7KHO®MAUWEWYRG\G B VARX VE JPH YWOWHE XVLC
WKH DUW 2&7 GUXVHQ VHIJPHQWDWLRQ EDNG & HRWQKRG V' FR2QW!
VHIPHQWDWLRQ LQPDXG B WK GQHMIX QFRRRBHEY WXFEQNVYJI +R
FODVVLILFDWLRQ RI WDUJHWHG LPDRH WRGIOA RBNRWLI\QE Y M
HOHYDWLRQ RI WKH 53(E GXH WR RWHRQ RD X'DKY GV DONK GINK W
VHIPHQWDWLRQ ZDV FRPSOHWHG LQ HWDWAWPKH \G RS WK VIFID\DR/O L
PLQLPL]H VHIPHQWDWLRQ HUURUV WBHBW VR G KP HMKKR 3 S VR GXFX
YLVLEOH WUDQVLWLRQ V5 HEWXN\WMW G FEODBNGFUEHS X PISQR Y\HHGH VL]H
VHIPHQWDWLRQ LQPDQLPULADQY WVKKHH UBHENXR QEIG BRF8XWFHYV %
IHDWXUHV H[WUDFWLRQ DQG FODVVVISHEPWUR QU B R XIORD BHV L|
WUDQVIRUP DQGQR®XK R HVGKHRHEY OLHDZROKIMYI QHXUDO QHW

7KH UHVHDUFK SURMHFFWXQISTX LVWHEDE@H DY RI1 VHLYHQWDILF VW
DSSOLFDWLRQ RI HURKPENUQI @GXHYD O\VWYK WXFWQLDHG GH
2&7 WHFKQRORJLHMFRPH QRNFHEDWR EO\RIFBIDEDEOH DQG @ ||
LPSURYHG UHVROXWLRQ > @ DQGI\RHHU@OLYH DFGXWVYRWGLER
IRU DVVLVWLQJ FOLQLFLDQV DV SDUWKRI RHIWK BG'YVGIDRORVI
DXWRPDWH DQG SURW MGRH LIQNPHRW\SHU BDWFNEHEVO/HP H QY KIHD® W IR Q L W R
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& - e@QD[HXYH 5HODWHG ODFRQ DBWHHHHQHG D3VWID FWLFH
Ophthalmology,Y R O QR SS 3 3

5 5 @#RXUKMHXVHY RI YLVAIRGHORVY ZRUD G \VOMMPYWLF L
The lancet global healthy R O QR SS H H

/ 3HQQOLQJWRQ $RQKEODV 0 (SHGHPLRO®RDW HREG FPIDH X C
GHJHQHUDWLRQ $0'ZLB\KVRPUBWRRQVARBMUISBYVEHQEBHOS
| D F WIR/E ahd visionY R O QR s

0 0 %URZQ * & %URZQ - ' 6VWHL@QG 5RWKWHD&XDPR!
$JH UHODWHG PDFXODU GHIJHQHUDW\VR®@ PHIFGRL.@ R @ HF DEXDOUA
Canadian journal of ophthalmologyy R O QR SS

$ 5 5XGALFNPFLGHQFH RI OOWWHGN B D XIDIHJUGBHJIJHQ|
$PHULFDQ ZKLWHYV VI\VWHPDWLF Aréfican Zjoung Gof PHWD |
ophthalmology,Y R O QR SS H

+ & +RZODQG DQG 0 +RZODQG WKMWDQODODGXREPPQ
Y HU W H E U\DisigrHrebearth)Y R O QR SSs

" J)HUUDUD 1 . :DKHHG DQGKHG6FKRNHR F D, SLYCHY/DULLID W
YDVFXODWXUH ZLWK QHZ RSWLFDO FRé&gresshhQdtmhl s& PR JU D
eye researchY RO SS

$ 3 6FKDFKDW & 3 :LONLQVR@QG S +LEBYRBD BQ5 6
Retina E-Book (OVHYLHU +HDOWK 6FLHQFHYV

5 ) 6SDLGH &KRULRFDSLOODQKWWILWODBOGYREGWHYQ B
DQG LQ SVHXGR[DQWRHMRPIREODVO@RFXP SS

$ + .@¥KDIBWLFDO WRRRUHVRSK\ DQIJLRIJUDSKALIBDZFRPSL
RI FXUUHQW PHWKRGV D @@gesS inQdtifabrd epeI&entcRDRMDL R Q V
SS

- . XU ( $ 1HzZPDQ DQG 7 &KDQLRIORIJLFHOHO ®KERDAQ!
XQGHUO\LQJ EORRG WXRHZ UHW XQD B DQFREQN IKGDUHEOGdsDH IO V H
in retinal and eye researchy R O QR SS

$ 5HLQHU 0 ( )LW]JJHUDOG 10'HEBQ@QWURO @I BRKRUR LI
| O R Brogress in retinal and eye researci,R O SS

-/ /IDXHUPDQQ 1 (WHU DQG W RIFORW H D S K2 SILIAIRQ LFIRK!
QHZ LQVLJKWV LQWR FKRQphtRMDBIH@FIROLYV SHIRXVLREOS

- 5 GH 20&YaHLUDDW)DODWDO KLVWRU\ RI VXEFOLQLFDO
QRQH[XGDWLYH DJH UHQBWHEL R Q FXOHQD&W HMHG IV RZRMXOEK \
Ophthalmology,Y R O QR SS

) [/ )HetWLV &OQOLQLFDO FODVVLILFDWLRQ RI DJH UHOL
Ophthalmology,Y R O QR SS
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/I $ <DHQRX]ILHWLQDO DQJLRPDWRXV SUROLIHUDWLR
G HJHQH B&ikd LYRRQD SS

. $PEDWL % . $PEDWL 6 + <RE&DBLYDOQFKXOHDDWHE
GHJHQHUDWLRQ HWLRORIG \§ B WKRSHRWOEdphthshwbyy,H J L H
YRO QR SS

3 - 5RVHQIHOG 2SWLFDO FRKHORSFHQWMRRR DUDSEIKD @
WKHUDSLHV LQ QHRYDVFXODU D Jivetligh@b tpMMaINDFEFXO DU G

visual scienceY R O QR SS 2&7 2&7
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Q@
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@

Q@
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@
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1 0 %UdVVVOWULPDWHG FDYGQQHRIVOHIO O EXOXDGH®SDLU
XVLQJ UDQLEL]XPIOE RRWD VKRORU GID@& LZRKQ WRIRER -ELNOTDVDLLR (
8QLWHG 6WDWHV ZLWK DJH U AGCHY¥Y bf GpRHIaImMA@N B GHIHQHU I
QR SS

6 5S5RIDIJKD 5 % %KLVLWNXO =K®Q®RDHAG 6 § 6D GUER
6HYHQ \HDU RXWFRPHV LQ UDQLEL]XPDBSW D VWHK)E& SDV
+25,=21 D PXOWLMHYWKG\ F R K®fhtBé8mology,Y R O QR
SS

0O * 1LWWDOD + 5XL] *DUFLDDQP®@ W@HBSBREXEGDBL OLMAXR
GUXVHQ VHJIJPHQWDWLR®@ QHR UDNW X2 e O DM WGHIDBIVW H G DRA
Investigative ophthalmology & visual sciencéR O QR SS

$ &talD@DOFLILHG QRGXOHV LQ UHW L QIDVH GUXRK® \DVULH
LQ DIJH UHODWHG P D Bdende traritidhhOnretdidng RRQ QR S
HDDW

5 etkDR$XWRPDWHG GUXGHEQ BHWUHHODL R  GLIVDIEXQ EV G
PXOWLSOH GHSSNIK DB QF RXAHU R QFidinadicalPoRtitdeB8ds¥ R O
QR SS

& %DODWDA QAN WUPPODU GYKWORWEFDHD LFQ® QDW XU
GHILQHG XWWALRG DRX O @&mithal@dogy,Y R O QR Ss

3 + 7RPOLQV DQG 5 . :DQJ 7KISRUFD@WHROURBP RS
FRKHUHQFH WJRWPrRIOH Bhgsics D: Applied Physic¥,R O QR S

+¥RIQJ 2SWLFDO FRKHUHSiérde, WR® RJUDGQR\ SS

0 ) etADXWRWLRQ FRUUHFW®RKRQH@FR SWRFERDUD SK\UYRO
$ VFDQ EDVLV XVLQJ R UWBORAdca DElicseRXMeRy RIDW W HURV S S

& /| &KHQ DQG 5 . :DQJ 2SWLFDO/HR KHUH®BH DWR
Biomedical optics expres¥, R O QR SS

7 ('H &DUOR $ 5RPDQR 1 . $DKHWICH DRIGR-SW L PONOH P
WRPRJUDSK\ DQJL R Jitein&gtidnal &b of retina and vitreous! R O QR
S
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&KDODP DQG .SVWDPEBDFRKRUHQRHRWRP KU LYK U DY

G L V H Douial of ophthalnu & vision research,Y R O QR S

@ = ekHIX 4XDQWLWDWLYH HDVWHMNW\NQFCHID W L R U BAYROSAK X PIDAV X
FRKHUHQFH WRPRJU DMHnhal OQhldnRlihl DEiks| Y R O QR S

@ 6 * eétRIGGAXDQWLILFDWLRW\RIQYHMWH Q 050 @ERPIRFILO® $ R\K
DQJLRJUDSK\ LOBFIBY XV DG W hestigativeHoRhthalmQlogy & visual
science,Y RO QR SS

@ 6 @tatDRAXDQWLILFDWLRQ YR VARFEODRLLG D @ XR QY HR/SAM IOF D

@

Q@

@

@

FRKHUHQFH WRPRJUDIP#hal OQhldnlithl DEiES| Y R O QR S

0 $ODP ' 7HPSD &DR /DQG ; <IDMRLY HXPKDUIDFEWHULVW L
FHOO UHWLQRSDWXREH @R B RILFD DK FDIQEHER i Sxpless,
YRO QR SS

& /HDK\ + 5DGKDNULVKQDQ * 9HLQGWLQLY DVM®G E GIMS
WKH " FRQQHFWLYLW\ RI WKH UDWVILQ@QHKL U BWIDDI ¥ B
Investigative ophthalmology & visual sciencéR O QR SS

) &RMFDY¥XDQWLWDWLYH RSWLFDO FRKHUHRHAHWIRRRJL
QHRYDVFXODU DJH GHO B Q/HGD WL RPOD e YHRFOL V V L RO

5 ) 6SDLGH DGK\RUQREDHDWXHUB O DEFO®IRZWIJ ISRYW L R Q
IRU FKDUDFWHUL]DWIPKRQ RD QG VAHDRKHAGRLCRN {ptnaV bfkR Q

ophthalmology,Y R O SS

@

Q@
Q@

Q@

$ 8ML 6 %DODVXEUDPDQLDQ -6KHLNK %RIKGDWYD BT
&KRULRFDSLOODULWXORDUSQHR KQLQDF K FRSWIRFRY UPBPBKE
DQJLRJUDSK\ LPDJAMAODOHKADDIDEY Y R O QR SS

5 ) 6SDLGH ,VLQJ PRGH ®ReRa, FIRROULRFDPRSLO GBULYV I0R:

4 @&RHQ$XWRPDWHG GUXVIHQGVHIPRQWIDWLDWRRKPVLQ 6' -
Medical image analysisY R O QR SS

+ %BREXQRYLDFKLQH OHDUQHYY LR QWKIH LRWRIWPHHGE L D W
PDFXODU GHJHQHUDWLRQ BiivastgativR Qohth&dlodyPSD\Idug) J

science,Y RO QR SS %,2 %,2

Q@

= <HERWVKXRPSDULVRQ Rl GUXVHQ DUHD GHWHFWHG
FRKHUHQFH WRPRJUDSK)\ D Q RvasR@irphth&nkyy & AddlL Q J

science,Y RO QR SS

Q@

@

1 etBILQ4XDQWLWDWLYH FRPSDULVRQ RI GUXFHRWHIP K
GHOLQHDWHG RQ FROR Wvdsti@ii dphS &R GRMsTaBICENnce,
YRO QR SS

< /H&XQ < %HQJLR DQG * natw@ WR®@ 'HH)ROHDUBEQJ
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, *RRGIHO@RR D QP6 $DeReathvig OOHSUHV V

/ 9 8WNLQ $ $ OHOGR DQG $UHMVVWRQVWDQWP®RRUNHI
FODVV Rl PDFKLQH Qaliihtl Gtiedck ReRiGMR U QR Ss

< *XR < /LX $ 2HUOHPDQV 6 /DRH6 OXDDQGQW IRUF
XQGHUVWD QG LNgUrochmpuHinglYHRD SsS

6 6HQJXSWD $ 6LQJK + $ /HRIFPQQDUDARQDWL ZIBXE
'LDIJQRVLYV 8VLQJ 'HHS /HDUQLQJ ZLWK D MQARKNal ,PDIHYV
Intelligence in Medicine S

1 &ULVWLDQLQL BrQroductdd BbAtppodedrRidchines and other
kernel-based learning methods&« DPEULGJH XQLYHUVLW\ SUHVYV

7 . +R 5DQGRP G HFaceddR@> dfR3kd hiéivationalLc@nference on
document analysis and recognition YRO SS , (((

7 . +R 7KH UDQGRP VXEVSDFH PWHWRIQR GREEFEY WWR Q V)
transactions on pattern analysed machine intelligenceY R O QR SS

/| %UHLPDQ 5DiglimRRarfigMR®Y QR SsS
5 2 'XGD 3 ( +DUWatt@r@ssificatiod WRK® :LOH\ 6RQV

5 %HVHQF]L - 7yWK DQG $ +DOMX®DO\VH VU HMYH HKQR @ XIHX/
IXQ G XV SKR@ompuelichil \And structurabiotechnology journal,Y R O SS

* *BRHIRWWKDQJH LQ GUXVH®RPYHDHREY XIVLY 1L HRBAW.UFDO
FRKHUHQFH WRPRJUDSK)\ D Q @vastRairelbphth&nmokyy & AddlL Q J
science,Y RO QR SS

& 30D\RXW 5 'XYDO DQG ) &KHWLIHINP XD @R WH N HDIINF
UHWLQDO OHVLRQV VHJPH QBED VdnsRaQorR Gn médicd Xnaging D JH V
YRO QR Ss

0 %UDRYLU ' %RAaL0U aWXOLU RIQGPDIHWESRRHPMYQ J$DL
OHDUQLQJ EDVHG MDHVMWHER GQ DR UV DXORRRRLGX W D 2P HW L QL0
3rd International Conference on Smartd Sustainable Technologies (SpliTech) SS

 (((

0O 1LHPHLMHU % YDQ *LQQHNH®FKXGWHDIQVVIH®G® 00" 6% Bl
$XWRPDW H GD Q & WE LH \WHIRHDQGNUDOWHIOR R X EBWMAR QDZRRO VS
GLJLWDO FRORU [|IXQREXVG ISKERWW\RLUJ DRV L @ReStDawk\ GLDJ
ophthalmology & visual sciencey R O QR SS

& 30D\RXW 5 'XYDO DQG ) &KHIUAKLW HBWPXXCHNVIIRMWD V IN
VHIPHQWDWLRQ RIHMLIRIEW LIQ IX QIEe@atierRRIDChrfafence an
Medical Image Computing and @puter-Assisted Intervention SS
6SULQJHU
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3 0 %XUOLQD 1 -RVKL 0 3HNDHXDG DQIDEKHFRoUH
$XWRPDWHG JUDGLQJ RI DJH UHODWRHG | RQBX®DULP BHIW |
GHHS FRQYROXWLR Q DAMAQEHHAIDI@og@ R\ R U N \Q R SS

3 %XUOLQD . ' 3DFKHFR 1 0CR¥KHVVQHUWHERES DI
DQG GHHS OHDUQR@JJVDGIRYP BQFH NVPXEHUY DXV IGHHS |t
DQG WUDQVIHU OHDUQLQJ | RConmpXteVsRrPioWgy Gndsroedibir@D O\ V L\
YRO SS

$ *RYLQGDLDK 0 $ +XVVDLQ 5 'HHS$ PAHRNK RIDXGV BR QXC
QHWZRUN EDVHG VVVUPHQWQRI IQJE D WO Q/HIED AMDLRXQO DUR B |
L P D J H Y018 IEEE 15th Internationé&ymposium on Biomedical Imaging (ISBI 2018)

SS  (((
- +et@dDQ$%$IJH UHODWHG PIVERQ@D G HGHIAVDIHRUDX XWLLRIQID G H H
QHXUDO @uunelrndidtion Computer SystenYsR O SS

$ *RYLQGDLDRBRQB ¥ BRXWHWQ PRHHECDRIBWKREG IRU DX\
VFUHHQLQJ RI DJHGHIGIOW H G WIDRFX X8 QUHXQDIOP BW AR |
2018 40th Annual International Conferencetbé IEEE Engineering in Medicine and
Biology Society (EMBC) SS , (((

3 %XUOLQQD ' ( )UHXQG 1 -R¥%WKHVYOHWIVRWHDPYGE R
UHODWHG PDFXODU GHJHQHUD2ISRIEEEY13D I@dirtat®naD HD U QL
Symposium on Biomedical Imaging (ISBI) SS , (((

) *UDASIPD®R GHHS OHDUQLQJ DOJRULWKP | RW\SHIHVAE FW
VWXG\ VHYHULW\ WHISOMDIFRAD D VTHGHRBQ R U BXXERE®KR/I U R B K\
Ophthalmology,Y R O QR SS

$ etRUWP K\EULG DSSURDFK IRU LQFRUSRVIDGH. 8 K BEHAHHSC
LQIRUPDWLRQ ZLWK DSSOLFDWORQMNth WVEEE Drife@hatiGrialWV HF W L |
Conference on Machine Leang and Applications (ICMLA) SS , (((

6 * etRIGHK11V HQDEOH DFFXUDWH DQG IDVWDWMHIPHQ
FRKHUHQFH WRPdepg Udar@ikg in NMedical lage Analysis and Multimodal
Learning for Clinical Decision Support 6 SULQJH U SS

/| YDQJ & :DQJ 6 /L + S5DEED@GWWHRMHA QDWK G H YLLK
DZDUH FRQYROXWLRQDO QHXUDO QHWVZNRRINRIBDSHKHMHWPQ!
F O DV V L I IEEDtrns&ons on medical imaginy,R O QR SS

- éHaJ $IJH UHODWGEIKBIRRHXOMLRQ GHW HFFDMWLER Q Q& MY
FKRURLGDO R HMerriatobDal Bohferdn€@ on Image Analysis and Recognition
SS 6SULQJHU

- 'He)8BlXZ&OLQLFDOO\ DSBQLRDHAH GHBISO@®NIDY DK LWDOH
G L V HReWke medicineY RO QR SS

6 6DKD 0 1DVVLVL 0 :DQJ 6 =/LQGHKQE#+HXUNRBDOHEGGH
DQG FODVVLILFDWLR® RUNHUM X ¥ DQ Beiertifid 82ports PRQ L Q J
QR SS
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& 6 /HH ' 0 %DXJKPDQ DQG $V +IVHFHWLYH $ROHPQM
QRUPDO YHUVXV DIH WGHIB\G H G CPVD BRb@al®bgy Rebidad R O
QR SS

0 7UHGHU - DQ6GXHUWMHQYPQ $XWRBDRNHGEXGEGDMWHFW DJH
PDFXODU GHJHQH UD VBIRPD LY RSSMIEFADIOD BB KH XWQ PH  &IRIF
O H D U Qria&dels Archive for Clinicadnd Experimental Ophthalmology, R O QR
SS

) 'RVKL 9HOH] DQG % .LP 7TRZDUQGWHL SUHWODERW I
O H D U @Xi@pleprint arXiv:1702.08608,

= 4+ =KRX DQG - )HXY pregim &XiR1U02 08835,

< *XR 6 /LX = /L DQG ; 6KDQ@J D Y%RDXRUIKBWHWMS O RARRA
WRzZDUGV WKH FODVVLILFDWLRQ RI FDKQWVHLR BMEDMNDHYV
bioinformatics,Y R O QR S

5 6X ; /LX / :HL DQG 4 =RX HSHHRY BMWSP)RGHE W R$ SG
FDQFHU GUXMethbdg, SRQV H SS

< %RXDOOHJ ,0 5)DIIDKDKDQ&EHPRWRAHVARAQUN@LIVFDWLR
FRQYROXWLRQDO IHDWXUHMEBEGgostiENdeSandRREMMANSeRSIND VV L I L
Letters, YRO QR SS

( 5 *URXS R&KLKWPBIVELDEFHDWLF UGIX\RUHRSTHLR\ DQRPRJIJUDP\
UHSRUW

0 5|KOLJ - 6We<ZH & 6FKPLGW BQG BUDRDDXPDPFPQQ 6\
EDVHG H[SORUDWLRYQ ®D\%&7RW K QRANUDRBhE ¢ttinigQdD e BH\H U V
International Joint Confeance on Computer Vision, Imaging and Computer Graphics
Theory and Applications YRO SS

0O 0 ODXtV#KLWRSRJUDSK\ RI UHRBXUDISKLFIBDWHODWHG
G H J H Q H hiz®idaiv® ophthalmology visual science,Y R O QR SS

0 %HFN 0 5 OXQN $ (EQHWH QDA H® O I5HVOLA O 06 * B=qQ 0)a
/D\HU &KDQJH LQ 3D WULWHKQ WY WILHDW AX OUDRIZ \WEKG RONFKHRAL D
1HRYDVFXODUOPIX OB O DMIHE¢Etitad jautrnRl©f ophthalmology! R O

Ss

- 6DUNV 6 6DDUNWIMQBUWK 1TWROXWHRQLQIDURI UHOD\
G HJHQH By2W RROQ QR SS

* -DPHV ' LWWHQ 7 + DANWIdduciib@tG sttistichlHeaibd) D Q L
6SULQJHU

- &KKDEODQL 7 .ULVKQDQ 9 BWWKIQ BRBS@®LFD®]BRI
W R P R J USagdkJdournal of Ophthalmology, R O QR SS

6 5LFFR 0 &KHQ + ,VKLNDZDD® RROVWHWQRQDORWLR|
LQ UHWLQDO VSHRMNMUPBKERPDRIEE RSV UBSKY WU DWILRD
International Conferenceon Medical Image Compuiy and Computer-Assisted
Intervention SS 6SULQJHU
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' (YLQ $ +DGDG $ 6RODQR DG RN XNRILRRZIZHFKQHTR
$SSOLFDWLRQ WR 30HQR S Wdufal BIIPhy$is: Gorfexedce FeriesL Q
YRO QR S ,23 3XEOLVKLQJ

- OD]]DIHUUL / %HDWRQ * +RXRMM DQWL QD \DXS HIXQ X
DOJRULWKP IRU DXWRPDWLF FKRURL® WWUXB&AMEWMANLRQ R
reports, Y RO S

* *DOOR DQG 6 3DOORWWLANRals & KRidtidhd ke¥éasMRAX D O JR
QR SsS
/L : X ' = &KHQ DQG 0 6RIQNTHQ WDHWILLARIO L\DX ¥ RO

LPDJHV D JUDSK WK HHED tianWshdtios D6 paRdDrFatalysis and machine
intelligence,Y RO QR SS

/ =KDQJ . /HH 0 1LHPHLMHUQG 0 '0XGODP@WRII0 6RQYRP
VHIPHQWDWLRQ RI WKH FK R UrRésGgativeRophtRanodyrRDidud ' 2 & 7
science,Y RO QR SS

0 =&DQJ 3URMHFWLRQ UHRWRHUMHEG HR SWRIFFDJQW BFSKLF DC
Biomedical optics expres¥, R O QR SS

7 &laP SHWLQDO YHVVHOUKNRMHWWXMLH JP NIBSWHWD DO G
FRKHUHQFH WH& RBRODSK\QR S

7 &R\H $ QRPRRG WHHW V@ DOV B WPHQ VRIVWI IRR@GEDXO JR U L
HG

7 5LGOHU DQGF&E X&IHOWBUGE V RRFHOUDVPLUIYXIVY § GBBEENVIL R Q P
trans syst Man Cyberny R O QR SS

7 7 +RUPHO %DDROQHWEDIB) ' +XIMIBW < -LD OD[LPXP Y|
SURMHFWLRQ SURGXFHV EHWWHU HQ IDXHH SAERM B RWILRJX
Biomedical Optics Expressy R O QR SS

0 .HUVEEHMQLIWIMNLWHFWXUH RI WKH RVWHRF\DWHHQH DA R |
T X D OJowvhal of bone and mineral researchi,R O QR SS

< &KHQ D Qiéuréphotdnids ldriel Brain Mapping&5& 3UHVV

@ 1 3KDQVDONDU 6 ORUH $ 6BDEDRHD @ Y& WHVRKRIOIGL QG I

RI QXFOHL LQ GLYHUVLW\ VW2D11Qrte@attond RanfreikEhce BrD JHV

Communications and Signal Processing SS , (((
@ - 6DXYROD DQG 0 3LHWLNILQHQ LQPAD FIrEMefRIQ GRF XF
recognition, Y RO QR SS
@ - : &RROH\ DQG - : 7XNH\ $QQ B ORRWHEXVKIPWILRRIQ WRK HF
) R X U L H U Matddunatit¥ of computatiorY R O QR SS

@ * 9 7UXQN $CERPIRQOHRQPRIO L W\ OHBEEE A @usattihER S

pattern analysis and machine intelligend@,R SS

@ 6 7KHRGRULGLYV DRatern recoyMitiviBRataB Dtvo $SFDGHPLF 3UHV\

,QF
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@ - ) +DLU : & %ODFN % - 9%DHLQDMKDMaGMIVRQ D
analysis QR 3UH QIBIHAH 60D B 5LYHU 1-

@ $ %RVPDQ +HW ZRQGHUH RQGHUNKIQNGHQ JXWHBG 7l
'RQGURXV ([SORUDWLRH *“HRIPHW RI@3O0k _ dl@h $eOucH P VK m(]
% RV P Br€da: NV Uitgeversmaatschappij Parcivé, S

@ ) %HFN 0 %XUFK 7 0XQ] / '"'RSLOYHYWWIROLLOAAG 3\WK
WUHHYV [IRU YLVXDOL]20Q4 Inktndtional Eakfishicd on LUrformation
Visualization Theory and Applications (IVAPP) SS , (((

@ $ &KDNXRahdom forest regression Along with implementation in Python
$YDLODEOKWWSY WRZDUGVIZDARPVH WHDO\VFW BRB WRMY LPS
FHG I

@ 7 0 2VKLUR 3 6 3HUH] DQG Q\ W WTHM D@ XV NDQ G RR
L @iternational workshop on neaine learning and data ming in pattern recognition
SS 6SULQJHU

@ 3 * 3ROLPDUG WBHYWDIIR U MMWRKDLONO BEMMRLNODR UHJUHV I
8QLYHU]D Y /IMXEOMDOQL

@ 6 + /\X |/ <DQJ DQG = + =KRXWUBEXMWLRAEGGQDOIVYDV'L
5HSUHVHQWDW L Rdyaridé®Dib) Qelu@lInfomatign Processing Systems
SS

@ 3 *HXUwV ' (UQVW DQG / :HHKHQ WHRACHING[I®akiHg HO\ UD
YRO QR SS

@ ) 7 /LX . 0 7LQJ < <X DQGI=DUIEHKERXH WBbB@mRIR P X\PUR |
of Artificial Intelligence Researchy R O SS

@ $ +DUW 0DQQ :KLWQH\ WHVW GV QR QMPEMV LD WSV WL
LP SR UBAM) §RO QR Ss

@ - 0 +RHP 7RH VYW 5 RULWWQ F DVOF VH QWL ILLBEn@draphlc®D O V
Research,Y R O SS

@ 0 7ULQK O DRGORQLDMWMR/Q 6PIGWRQIHDNVNERODDWHUPHGL
5HODWHG ODFXODU DHQMWIQHHOWRWRIQ J4AX2SWRFPIROAUKBKMHU F
$ QJL R JUTD&Klational vision science & technology,R O QR SS

@ 5 %RIKdaQddtals of digitamaging in medicine 6 SULQJHU 6FLHQFH % .
OHGLD

@ - |/ +LQW]JH DQG 5 ' 1HOVRQGHII\RION\Q WSLTRAWER/ V \[D HEUR]Y
American Statisticiany R O QR SS

@ ( &etaHWRWHFWLQJ WKH LPSDFW R1 VXENMMNMEFQLRBRK DBLDHAWW
GLDJQRVWLF NRESQitaFeuicinRYR/O QR SS

@ - @a)J 5HIOHFWDQFH EDVHG SURMHFWLRQUIDBWKROYHOC
D QJL R J Bb@dical optics expres¥, R O QR SS

@ * 6tRIQJ)LUVW FOLQLFDO DSS O IfamsMtibrayisibh Diehce BRRVW 2 &
technology,Y RO QR SS
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@ & 9LMNODQGRQRPLF KDQGKHIXG SERBH RRVUBLYHE IRU
DQG VXSL Q Hidnedichl @tics expresy, R O QR SS

Q@

/

*eBQ HURQLWHUDW L WHL B QJ E RDIOH B WH. BEPOWRLLR @ HUDHDAXICC

RSWLFDO FRKHUHQFHOpRE RRODSKQRQ YBSBR

Q@

3etaROELYH YLGHR UDWH YROXPHWULF 2&/WULPOYILQJ F

$ VFDQ Blashel RO QR

@ 0 &R USigRam kKsyskems, transforms, andit@il signal processing with MATLAB
&5& 3UHVYV

Q@

&RROH\ 3 $ /HZLV DQG 3 ULHUOWKDQM RUIMD\DV

D S S O L F [ERELTRa@s¥ctions on Educatiory, R O QR SS



$33(1',; $ + '(7$,/(' 352-(&7 :25.)/2:

JLIXUH $ 'HWDLOHWKWFKHRPERDAWKRBURIORZ
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7KH J)LIXUH WKEAORWXH WHBSQ HRV HQ MDY MORPINVHVE RIKSW R HQ W V
WKH IUHTXHQF\ GRPDLQ

JLIXUH % 6SDWLD® CGR PMDHIQ WRIWUW HWHRIHIAL QQ VRKM ULHHTXHQF

$V LOOXVWUDWHG DERYH ILQLWH BBPSWHWIVRGQG RQ WHWUWL RRALA F
WULIJRQRPHWULF VFRIMYRWV RIUQBRWPISQHKQ HYWIRQNQ WRIDWLHU VHL
7KH VSDWLDO SHULRG ; FRUUHVSRQGWQ W HER WL WD RIDI RKALR/AWL
LOQYHUWHG WR ILOGWARID [ GHRIPOH@QRVZ | DV VKRZQ EHO

8 &
$ PDWKHPDWLFDO WRRQ@VIWKADWXK BEQHRIYRHPRYW BRRA/ MWEKH VSD

WR WKH I[UHTXHQFYIGRRPADXQ WLR@ R)RMKHHAR YWDQXRXKWP )7 L'
EHORZ

(:f; L‘|,_,ﬂﬂ B:T?A¢@T

,Q WKH HTXDWLRIQ DERY®D & IKFASBEEQA\[ LLV WKH VSDWLDO VH
RI VSDWLDO ORFDWLRQ [ WR EH IGHRR Q QB WXRYHVG 7@ W R XVQK
WKH )RXULHU WUDQVIRUP RI | [ )RUVBUYRVHWKH 6B QILULRR
QHHGHG DQG WKH GLVFUHWH )RXU[(FXDWURQVIRURKN &VWEBU
WUDQVIRUP ")7 IRD® VHYHAW ID@EH @RIH SAKRYVSB®LDO VHU
YDOXHV LQ WKH UDQJHLY WKH SULQBIESDXQLWK URR
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7KH IDVW )RXULHU WUDQMWVIRURUDWKRREZEXWK W WKIHGQV > @
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7KH VHW RI HTXDWLRQV EHORZ ZHUH. XK HD® ORFHSHIMHV RIKBIQD D
SURJUHVVLYHO\ JUHDANBXH QFAPMHEH UQRIRH FODHFEAFE DL QG UB\DVHYV D
VSHFWUXP )LIXUH V& K HPWDRWYLLFS KB\H \DFWH. BXWH @REA ED QVKWH RSWLI
SURFHVV
A o« LUy
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,Q WKH VHW RI HTXDBWIVR @WK HWXMS OMIMW¥PGH DVVLIQHG WR H
FRUUHVSRQGLQJ WHRT WIKYD D QW BRR QABK HV DLRJS/OR W\EI 8 A B/ GW F W U )
DUUD\ Y eRI7TKIHE YZLWKLQ WKH LD@BHEYQG BAWTIHMRGHY FRU
WKH PHDQ SRZHU GHVd&hQD WHG £\ B WMPRTYVY-SVSHEFWUXP
DUUD\ Y 7KFRWHHFPSRQGY WR WKH QHDUHYVWGL QUDH JWHLLR Q RRX QX
VLIHRYM WKH DUUD\ Y :LWK HDFK EDQBHIUWRIUBDDVIE® K& WNHR) YU
0%LV DXJPHQWHG E\ WKH QHDUHVW LGWUHDRW LLRRX:GFG MIBKIHY Q X-
VSHFWUXP DUUD\ Y% LV KMHG GONG HWMR Q™ (rY.ofs T3... I TWKH ODVW
EDQG LV DVVLIJQHG WKH PHDQ SBZHU "GHMUEIODVWHGSEKIHFKHYL
VSHFWUXP DUUD\ Y
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JLIXUHU ' D 1HVQANRWGE LMIDSKERWLREOVYLRWVIRW (B'HHPSHDWHG

ERWK H\HV IURP D QRUPDO VXEMHMBWQ HRYRWFRXQOG WG HW NV XEN\H

GRWYV E 1HWZRUWWMUWIIESKNQRGW W BQUYW XRU VG WBIWIEHRS VFDQ'

H\HV IURP DXERHFI/O OLIJKW DQG GDIDN RXGID G R W W XEMH PWQ +
GRWYV



JLIXUH ' 5HWLQDORWKPFHNRHNWXDE 6 HQXRUN Q® BRR [(RU D FR
VXEMHEW D 1XPEHUIDG V' DEBGVXELG RYHE WEKHANQBDOVWKLFN
YROXPH PHDVXUH KXHEQWHD GRD QHD RK HKIDFIND H ¥V PDIDHG W &7 $

IDFH LPDJH H $QJOHG 5&3 QHWZRUR3IQBSKRWUN (Q DBKH



JLIXUH ' 5HWLQDORWKPFHNRHNWXD @ 6 HQXIRW N Q® BKR (R D
QHRYDVFXODU $0' VKIEWHGEW' 755 UXPILRDBY W KRGFNOQHYYV PDS
5SHWLQDO WKLFNQHVV DQG YROXPH PRDNWUDEPH QAW \$ QRO HLD A4
PDS G 2&7% HQ IDFH LPDJH H $QJQRG BRI QHIZZRU&BUQIS K

JUDSK
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JLIXUH ( &RPSDULWBRBHRIWOWKIVRHED PDWRIX/JI B HD KK DDV WE FADKV H G

VHIPHQWDWLRQ PHWHKRIS V53X B UWN JUGIG \DAIEE M [BHWWRGHJIPHQV

OLJKW JUH\ IUDPH H[SHUW DQG WHGHEWFDIQURPRXJJG HNU
VHIPHQWDWLRQV



7DEOH ( 3HUIRURMQIR HBDD ¥dDWILQ G M B JIIHGWDUWKLMR® P HW KR

7TDEOH ( 53(E %0 GOWDMQ VI PFHHW KRG RUBBEQWH WAV %8 WIV

LG VHQVLV VSHFLII MDFFD GLFH

7DEOH ( 53(E %0 GOQWDMQ R FAHHVKRG RA[BEQWH BBV X8 WIV

LG VHQVLYVY VSHFLII MDFFD GLFH
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7TDEOH ) 5) EDQ R FODHDIVWH. IR @ BIVRXOWYDOLGDWLRQ UHVX

LG ‘ VHQVL\ VSHFLI SUHFL' DFFXU

SHU H)H




7DEOH ) 53(E %0 GUDWHRQVAMHWHKEA® $0' DUHD UHVXOWV

LG WRWD' UHJLR UHJLR UHJLR UHJLR UHJILR

7TDEOH ) &KRULRFIRBLCGUDBWOLVYIIO UHVXOWYV

LG )9 UHJLR UHJLR UHJLR UHJLR UHJILR




7TDEOH ) 53(E %0 GUWWHRQVHIBKA® PR WHV XO

LG WRWD' UHJLR UHJLR UHJLR UHJLR UHJILR

7TDEOH ) &KRULRFIBLCUIDARRIQWORO )9 UHVXOWYV

LG )9 UHJLR UHJLR UHJLR UHJLR UHJILR






