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5DQGRP )RUHVW % DVHG 2SWLPDO
3DUWLDO '"LVFKDUJH 3DWWHUQ 51

s LECKHQJ ¢-LKX /L XQ :DQLLDQJ /H/L =KDRKXL /L $VKID1T &KFIH =t
'RQDOG 0 +HSEXUQ $OLVWDLU: H5HLIGHZ0DUWLQ ' -XGG

$EVWUDFW 2 2SWLPDO VHOHFWL R KD U MdKHMHH K RY H W QD DL'GHO\ DSSOQEBVMWQ BD
3' VLJQDOV UHFRUGHG IURP GHiBFWDHEMRQUWRROGDYNVWHPV LQ UHRKHUNKIHDE VI R L
ZLOO FRQWULEXWH QRW RQO\ WR WWKHURRSUIRGHBMAWL RDVELR® Rl GLIIHHARIQMNER
UHFRJQLWLRQ DFFXUDF\ DQG HIBOFUBRFWHEEWUDEYRVWB WBA/V WR L QF UHDVRHQ UDIS IWWE®I\

YLVXDOL]DWLRQ LQ +9 FDEOH FRIQIILQRIRW~E W‘WHBWJURQG WKHQ 10 XFQXIDQUIHW R/ C
7KLV SDSHU SUHVHQWY D QRYHO 5||}|@®/FKFV

DOIRULWKP LV DSSOLHG WR |HDWLADH ON ) Sy +39R'F 3' |HDW XWHOR DX LEQWH
LQWHUIHUHQFH VLJQDOV ZLWKSWK A0 PHD H V RI VL QJ QWK LED \RHI V3" V

IRU GDWD SURFHVVLQJ )LUVW(BVI'X\N‘K[HW—L[MMW\!S H(EM(AW[P@ IHDWXUHV, Q56 &IHW R
IHDWXUH H[WUDFWLRQ SURFHVVIQ\D ®W iZ HEQWH®& G RH GV KHVWH. JWUDGLWLRQDO RIHDW X!
FDSWXUHG IURP IDXOWYV FUHDWH®D Z @ 'DGEB/RD B LVOD WEWRQLIHDAW XUHV FDQ BMKIHPQMUIAD

WKHQ D VHW RI WUDQULHQW 3 WXSLADODRMLIR YW+ RIQF H WKH | HD W MUHU G LFRDQD/C
LQWHUIHUHQFH SXOVHV ZHUH H[V8U DHDWWGE HADBEASHRW 121K 1 DOO RI @IKHG HD VHIDRSK
\Z/szURHGLHFmVQUvDLFRVéHD% :ESW%UHV\\;KSSGggv'\?l”éft\/t'ﬂ@bwﬁl?%w *WlEﬁU\W/UDLQLQJ RIL QG FREQL
ZHUH JHQHUDWHG 7KH SDSHU WHHQFGED HOUHFRIQLVEL RAKHHITLF
WKH 5) DOJRULWKP )LQDOO\ 5)QERBM \z%'x V‘ﬁZHHQ WKH QXREHU F
LPSOHPHQWHG WR GHWHUPLQH WKBDR/\S\W DF\ FDQ BH ADJY EWWL

UHFRJQLWLRQ 7KH UHVXOWYV ZHJHLREW B/ H(%\BIH LPSRUWD®@FHHG HRWHI
%DFN 3URSDJDWLRQ 1HXUDO 1HWZ®HRW REDQL FB@&VBKEKNMW\/WR WKH UHFRJQLWLRQ H
ODFKLQH 690 5HVXOWYV VKRZ WKDMG WK PURIRIHGVIGH EQWULQVLF UMEDBMQERQV
PHWKRG LV HIITHFWLYH IRU 3" |HDEOHM M HDOBIRAMY BHROQ (RH\W 9 ITHDWXUH VHOHFWDRR! LWKHR
SRWHQWLDO IRU DSSOLFDWLRQ WBWXG L \Y HREXDG DB \VBRBIDY DISSOHO HY DQW R H DMK HV

,QGH[ 7HUPVZ JHDWXUH VHOHFWLRRQU WL DIBPRSRINDNHRETED T RBSOH[L W\ RI XWHH D

GLVFKDUJH UDQGRP IRUHVW VHOHFWLRQ PHWKRGV VXFK DV §HMIGHI 0
OLQLPL]JH 5HGXQGDQF\ P505 *HQHWLF ¢

175288721 5RXJK 6HW 56 HWF KDYH EHWQLDRSSIOQ H
HZ IHDWXUH FRQVWUXFWLRQ DQG LRS Q)G FF

ﬁﬁm#{ IHVRIQORHI F@ALIR
' U EDVIDRQGUL !
[)

VHOHFWLRQ IRU 3DUWLDO LVLFWDB(D . % HQWDB G HDQYV X DHE C

+9 FDEOHV DUH RI JUHDW LPSRKWDIJF} DVHG! IRQHDRHFVK

Ay
LGHQWLILFDWLRQ RI WKH W\SEVDG N YHQ FODVV DQG

O XD W HGH MIQFMH® W
V D SRSKHWEKR GHRW X

RQ DQG PDRAHHQH C
% é‘w QJ WKHXRRWUEBQBGW
LIL R FWLYHVHDIQW)LI—RQDI

HTXLYDOHQW WLPH OHQJWK 7 DQAHYT

VHOHFWLRQ RI VHYHUDO QHZ IIH-H\W)X(lUJ
SURSRVHG WR FKDUDFWHUL]H W®&MH\D ;‘

) (3

5D
IHDWXUHV > % RWK SKOLHI
O0DQXVFULSW UHFHLYHG 2FWREHUIXQGHG EK %
7HFKQRORJLFDO = 3URMHFW Rl *XDQJGLR@\NLR’% RQRQJ(%RH”LFLHQF\ BXWHO HEOWWR
.00 DQG 1DWLRQDO 1DWXWDMA REF LKHQEKEFRKYBF\ > *$ LV D PHWKRGPRD VHD
16)& ) , g o5 VROXWLRQ E\ VLPXODWLQJ WKH XHDPRO XW
"LDRVKHQJ 3HQJ )DQ <DQJ /HHKIDTX KDREKX}HG GO
ZLWK 6WDWH .H\ /DERUDWRU\ RIL$ GY@IQRHG U Q\é;\/\% G@ )HDWXUH VXEV QW W%\'
7HFKQRORJ\  6FKRRO RI (OHFWUWIRHHULIRIG A0 ¢ (% HG XVLQJ WKH | HD®@W XBH XMOD
8QLYHUVLW\ Rl 6FLHQFH DQG 7 HEKQRORJ\ :XKD®HW LV DWWULEXWH UHGXFWILEF® DO

*DQMXQ :DQJ DQG <LMLDQJ : X DUK ZESXK —WW@QQ@D‘@W IHDWXUHV FRXO GPEXWDBWRRBOG
N Ry boa RODO G 6 s e oL ouH E e HkLW\ ZKHQ D ODUJH QXPEHO HAWHS
EXLOW HQYLURQPHQW *ODVJRZD&DRHGR QU%HQ 8§L UVL \WOXUH VHOHFWLRQ PHWZXRGN ED?

$OLVWDLU - 5HLG LV ZLWK &MUG & D BGEIKRRER Ré&@Miu VXFK DV 3UREDELOLVWDEGIHXU
4XHHQTV %XLOGLQJV 7KH 3DUDGH &DUGLII &) 5|-$I$XBJUHQW 1IHXUDO 1HWZRUN H14L F IDHUIWC

SPIWLQ " - XGG LV 2LWK +LIK QG TRIQEHALR-IIBNKUHY IURP RULJILQDO | HDBW X GH H MRV
*ODVJRZ ~* % ;

.+ BLHZ LV ZLWK ° HSDUWPHQV\U[RFFD(@MQWLU@ﬁﬁLQ_LbQ WERWLVWLF RI EODFN ER[ PRGHOV
8QLYHUVLW\ RI 6WUDWKFO\GH *ODVJRZ * EQWHUSUHWDELOLW\ DQG QHIP3 SDPWSRVEDLN
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,Q UHFHQW \HDMU\D HFMD\RRUEDVHG RED QXKD FBADQBRR GHIHFWV RU H[BMWURQQ @G
JRUHVW 5) PHWKRGRORJ\ KDVHSO® RIEMKQ VPR EFRQQWF WRY PD\ RFFXUGRIZHRW W R
ILHOGV LQFOXGLQJ JHQH VHD®OPWLRQR ) L@ ¥\WR D WDV LGDQVID X0 WV R \@V U,HMAR B BE
IHDWXUH VHOHFWLRQ IRU L QW @X\DIQREQ DAY WE G W\ HRUP lVQDWIH IRQ s RI FDEOHV DO VR F
VSHFWUDO GDWD DQDO\VLV > @V 7RAH LPSRUWDQW OWDJ1___

5) EDVHG IHDWXUH VHOHFWL R®®UHDWXLRO,O R 7 rroc ="
VHOHFWLRQ LV FDUULHG RXW DBRWRPQWLEDROWQ

+
T

P505

SURFHVV 2ZLQJ WR WKH WUHRSOMPKRWIX U B IWH LS
5) EDVHG IHDWXUH VHOHFWLRQ@ ED® IMMAURGKy 35 FH T
KLJK DFFXUDF\ GXH WR WKH WZRR\DEKOWK &l BQG RN |
FRQVWUXFWLRQ SURFHVV ZKLFK DR$HOHMQGRP VHO HMY
DQG UDQGRP VHOHFWLRQ RI IHGWMDW XUXHEVHIW\FRQVEYXEWVAR RI QLIWHV(3BPFDEOH VDPSO!
VHOHFWLRQ FDQ SURYLGH | HO® XWHHUBIQMX@HV H
ZKLOH PRVW RWKHU PHWKRGV RHICHFBALRYQL GH
VXEVHWY 7 KHVH DGYDQWDJHYV GHRWHOFBNBIG W
5) EDVHG IHDWXUH VHOHFWLRQFRHWIRG IRU 3"{\/
7$%/( WASH W
8&203%$5,621 2) ',))(5(17 )($785( 6(/(&7,21 0(7+2'6
OHWKRG}){OSLDS/:;ESOH $GYDQWDJIHV ‘LVDGYDQWDJHV S ke
JHDWXUH | 5 HIILELHQF\ V K YREY LV QRW
s A s R b
+LJK HIILFLHQF 7
?JIID-I[(I)_SI\_(]DHQFRPSUHKHQVLYH FR\7K (g%ﬁi( E\DLY\ISRJW , N O
PLQLPLIH WKH UHOHYDQF\U% LgOWV RI DOQO IHQDWXUH:I-“\IISH \/:I-‘\ls
UHGXQGDQF\ UHGXQGDQF\
*HQHWLFV+LJK HITLFLHQF\ SURWW EH'FRPELQHG *H“
*$ HDU RSWLPDO VRO X\UMRQMWD® XUH o e
P'—”:KDQLVF’QZLGH VHDUFK VSBIFHDWO XDWLRQ PHWKRGV b F G
5RXJK $WWULEXMRRYHV UHGXQGDQ:L\I;(DUBDD?\H’}II;‘?V;UHV L HIHEW WASHY D WSH EYROSH.Q BQRXQXWI
6 HW UHGXFWLRQHDV\ WR LPSOHPHQ@WPSXWDWLRQD XvHU FRQGXFWRU F WISHG VWORBWLQUHRWUEW
FRPSOH[LW\ RQGXFWRU
RPRXV OHDUQRAU DEMOHWE\UHWD E
311 gvgfg;ysofgﬁﬁmunm QORED® 0DUIH Gowb VT W WVSH  VLPXODWHV D YRIQGI URPWK
SWLPL]DWLRQ FDSDELRMWWDOLQ  WKH RXWHU SDUW RI WKH FDEOB\RMRZ®VG
. éHH\;(VlZRUﬁXVV;/(IE(\?VIIQDFI)EROXHVIOREDVV&?iﬁg;WQMOEUL,js}UHHé\LD LWDWHG LQ )LJ D D KRRPHGLD FHMW B W
FrOQUFWLEGQHFWLRQ RI VHTXHQFR WDWDQ é'H|\t|'j|-|)€|2WD(\/QV(\BSVIXKHDQ \(gHVI\?\OSFHm %/IL\QQZ FBRV?II-?-IFIIDUWWW[
|_?WURQJ JHQHUDOL]PV\{] % "D\<X/\L 0 Q @
5) S;ggmg%% WR LPSOHPHQVJ’FSH(%E§$HE§%&\ $9PULOO ELW ZDV XVHG WR ERGXFDQR®KH
UDONLQJ UHVXOWV RI URGLPHQVLRQV VKRZQ LQ )LJ ERWQRG/)RD L
$ QRYHO 5) EDVHG PHWKRG IRU REWDEDL AP RSWLPROQWRIDW XL WK WIKH RRXGHL
VHOHFWLRQ IRU 3" SDWWHUQ VHRRIVH G | W3S Hp ¢4y RO XPLQXP DKPRULBEG
DQG YDOLGDWHG XVLQJ ODERUDWBWXGHEWD RHMWHYBIBDWIz AKH SURWQ X\OLRE) QR
DUH JHQHUDWHG DV RXWO L GG \CHIOMH W REIGRSQVHT Y W HE KyW K DO XPL QX R IDMWWR U L
SURSHUWLHV 7KH RSWLPDO QXOFHUVWRL V1 MD WK U AL RO DWHV D ERIGIGXRKWRU V
7KH UHVXOW VKRZV WKDW WKH 8URS HEPPRE P HWKAY |FUHDWH GUEND URIRRPY L
IRU 3' IHDWXUH VHOHFWLRQ LRWH®R WD BY KMREEM Tp V AL BRQGXFWRU  \WRN ARG F
H[WHQGHG IRU DSSOLFDWLRQ WR RWKHWHPBUsSRRRUWiKssBYHVRY HU VKHDWK DV VKF
'"HIHFW W\SH  FUHDWHV FRURQMDE®LH FKI

., :(3(5,0(17%/$7%$$8&48,6,7,%1" )($785( WHUPLQDWLRQ E\ H[SRVLQJ SDBHWHR WKH 2|
(;75%&7,21 DQG FRQQHFWLQJ LW WR WKH HDUWK DV V

$ ([SHULPHQWDO 6HWXS

$ FURVV VHFWLRQ VKRZLQJ WKH VWUXFWX
(WK\OHQH 3URS\OHQH 5XEEHU (35 FDEOH LV
7KH ILYH W\SHV Rl DUWL | L FALIDED B HIHA W KRZHD W
LQ )LJ DQG )LJ 7KHVH G RV HSWD QUBIF UHD
HQFRXQWHUHG LQ WKH ILHO GG EXWVE RRDWR X'\Q G H
FRQGLWLRQV > @ ,0 (35 LOWIOWMH RQ W
SHUR[LGH GHFRPSRVLWLRQ DUH HW\DM)NG PW Kl
KDYH VRPH VROXELOLW\ ZKLFKNVERQ WRHVXOW LQ W
YRLG GHIHFW GXULQJ DQG L PPHIDMHRP VDT R SE'W
FDEOH PDQXIDFWXUH > @ 3URWRZVQRWWRUIYFARCPHYREFW

VEHL Y FIKQDWH PQYRXQG HC

L QV S HF WHARQVR MK K
H RI GSHil HDWHNVTSHW

.S
cP
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GLIITHUHQW IURP WKH RWKHUH G\SHV H®¥ H BB\ EMMERRBUEHU RO DQG 3' 6LJQD
HOHFWULFDO ILHOG VW UXFWXVIH QDL U3H WEPEHUV RIWIKGMWUHRZ HL

MR VKb
WASH DQG WASH DUH TXLWH VEKH HRWHEM I RIE WIKRYHGRIURP WKH H[SHULRUBRWV
GHIHFWV DQG WKH VLJQDOV DQ@WHH\#/\%@)MWM%’ wRRVW IBR G R PDLIQI QBIOW HIF D\
+RZHYHU DV GHIHFW W\SH DQERW Y| RHMD O WKUHH NLQ@NU I BIIVQR H
RQ RXWHU FRQGXFWRU 3' VLJGBONFMWQGEPHG- QpWEHYHOMER L OWHUIHEHBF W LU
UHODWLYHO\ VLPLODU ZKLFKQWDGE v@ UL ARRVE R UH DO DS SHERS U DDAMHWA
VHOHFWLRQ DQG SDWWHUQ UHFRJIQLWISRQ\RI3HDWAI QRRY WKH LOWHUIHUBQFH
1H[W UDZ 3' GDWD IURP HDFK @BIXV¥WOWLHWL MUDREWBL RHWKRG EDVHQ RQG6\Q!
WZR LQGXVWU\ VWDQGDUG PHWKRGIM AHGEMRA ; ( IRUPBIWLR(B JXVLRQ 6UDYZ GDWIDS
XVLQJ D FRXSOLQJ FDSDFLWRUQIQES + U fk RHPS* HQYH S VL IQDOW S UBP LQWH!
JUHTXHQF\ &XUUHQW 7UDQVIRUPHWKH +)& v VdIR¥RUg> @ PEDVXUHPHQW DRG WKI
FRXSOLQJ FDSDFLWRU XVHG I\Q WORMHGEW\ RV HP “& UDQVLHOW 3' SXOWISY FDOG C
N9 DQG KDV D FDSDFLWDQFH RI T@HQF\.QW@WMWL&JQ]WSXOVHV ZHUH BI[WKDB W BG H
UHVSRQVH LV VKRZQ LQ )LJ TER EMQGLALME RIRBKEKH  GHIHFW &\ SO YBVW |
IURP  N+] WR 0+] ZLWK HDFK W\SH FRQWDLQLQJ 3' SXOVH)
)L  FRPSDUHV WKH 3KDVH 5HVQQ RHG 3
LGHQWLILHG 3' DQG LQWHUIHUNQBH VLJIQ
FDSWXUHG E\ +)&7 LQ WHUPV RI CDNBSR' F
Rl 3' SXOVHV DQG E 353" Rl HTKI3YDOHQ
SXOVHV 7KH 353" Rl GLVFKDUJH PDJQLW
FDSWXUHG E\ +)&7 IURP WKH ILQ H@GHIBFW

yLJ +)&7 ITUHTXHQF\ UHVSRQVH

3' GDWD ZDV DFTXLUHG XVLQJ D MHRQ R\ ;L *+] GLJL
RVFLOORVFRSH 7KH VDPSOLQJ WBDWNH Rl WKH RVFLOORVFRSH

06 V DQG WKH VDPSOLQJ ZLQGRZWK®M $ GLDJUDP RI
WHVW VHWXS LV VKRZQ LQ )LJ ) 7TLPH PV

9ROWDBYH $UWL

ROH
&DEOH VDPSOH
(DUWK VWUDS

E 7LPH PV
:LGH EDQG 3' RI 'HIHFW 7\sH I} ,QWHUIHUHQFH 6LJQD
DPSOLILHU )L ,GHQWLILHG 3' DQG CHMWHHFMWHWMSH H FLIWRONGR
D 353' Rl PD[LPXP YROWDJH Q&N EDRGRILBWL Y:DOH

)LJ 3' GHWHFWLRQ V\VWHP FR,RBLLQLQU\\D\N‘H‘DI&7&DQC§ H(E)WXUH ([WUDFWL RQ DQG &RQVWUX

,Q RUGHU WR JHQHUDWH GLITHUHQWH®&DVHGOROQ WIKMWHAWLWILH 3' VHUGIDGW DI
YROWDJH ZDV LQFUHDVHG LQ WWHSVKHRE'L NODONRREWEBRLQHG IURP WKGEHIHFMW W B MM
WHVWLQJ YROWDJH DQG WKH [ @XHEHUHRS NRIVZ(GHWEDEBWL NAYEHWLRQV  W\SLRIOD 3
W\SHV RI GHIHFWV DUH VKRZQ RRT XDEIGNH R @$ ¥ HWHKH FEEDWD DQG WKUHH XGAWHRYL R
WLPH OHQJWK LV PV DQG WKH MDPEOIDMIDNW EHDUMIL H@ 6RYX W

VHW LV DERXW 0 E\WHV 7KHUBH XN MMYHURRZ Y URQV¥DEQW W\ SV DF 8/ HIGH
ZLWKLQ HDFK VHW Rl GDWD HVSHFLDOIQRPRW KGFHUHDZWGWWEI  SRVL W L RRQPISDMAXXIGH
, 78%I1( IHDWXUHVY SHDN YROWDJH PHD@UHROWL
3' 7(67,1* 92/7$*( $1' 180%(5 2) 5$: '$73% 638 (6()287 7<3(VWDQGDUG GHYLDWLRQ DQG GLMBKDSXA \PD
"HIHFW 680 WLPH IHDWXUHV VLJQDO ZLGWK ULVH V
7\SH N9 N9 N9 N9 N9 N9 N9 N9 N9 ZDYHOHW |HDWXUHV (. (. (. ((D (. ($
(A (D (D (D (G (G (G (G (QUDQWNHZWH
7\st SXOVH NXUWRVLV Rl WUDQWBIQW. 8BRI/V$XQa
[ASL FUHVW IDFWRUV Rl WUDQVLHQW SXQVIHH

7\SH SXOVH WHVW YROWDJH DQG SRODULW\ RI
7\St
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7%%/,09
"(7$,/6 B,;7((1 :$9(/(7 )($785(6

JHDWXUH QDPH OHDQLQJ RI IHDWXUHV

e 5DWLR Rl GHWDLO HQHUJ\ IRWEBWYHO
¢ GHFRPSRVLWLRQ RYHU WKH HQHUJ\ Rl RU
5DWLR RI DSSUR[LPDWLRQ HQHUILQROHU WKI
($ VLJQDO DIWHU ZDYHOHW GHF RPFRMLIWQRQ RY
VLJIQDO
(D (b (D SPWLRRI DSSUR[LPDWLRQ HQHUIWKRU OHYH
(D (D HQHUJ\ Rl RULJLQDO VLJQDO FOQVRUH E DWKHD HV
HQHUJ\ RI RULJLQDO VLJQDO
(G (G (G'HWDLO HQHUJ\ IRU OHYHO PSRVIDMVRQ ZDY
(G (G RYHU WKH HQHUJ\ Rl RULJLQDO VLJQ

D 7\SH 7LPH PV

E 7\SH 7LPH PV

! ! % DVHG RQ WKH  W\SLFDO IHDOMXUHV GH
: 1 WZR GLPHQVLRQDO IHDWXUHV D@®WXUNKU
ZHUH FRQVWUXFWHG 7KHUH DUHXPWKUHH
WZR GLPHQVLRQDO IHDWXUHVWRRKHVISUNDKC
IHDWXUHV RI WKH VDPH W\SH WK WHRGVD
IHDWXUHV DFFRUGLQJ WR WKL VVPWWKKRED W
F_7\SH 7LPH PV Rl WZR DPSOLWXGH IHDWXUHV HSHDNKK RO
1 VHFRQG PHWKRG LV WKH VTXBIUW RRY D S HED!

QXPEHU EDVHG RQ WKLV PHWKRGXDUBQHI[C
SRVLWLRQ IHDWXUH SKDVH DQGOHVAWKH 7
SURGXFW Rl SRODULW\ DQG DRSOIH WX H

e R WKH WRWDO IHDWXUH QXPEHULCEDWHIPRQ HV |
G 7\SH 7LPH PV LV SRODULW\ SKDVH DQJOH 'R@MQ OMN DRN XH
‘ ‘ DUH VKRZQ LQ 7DEOH 9
73$%/9
8&2167588&7,21 2) 7,0016,21$B"' )($785(6
4XDQWLW\ )HDWXUH W\SH ([DPSOHV RI IF
UDWLR RI WZR DPSBDWX®OWDJH PHDQ
IHDWXUHV YROWDJH
, H 7\SH o TLPH PV UDWLR RI WZR WL RHJIQIDWXIUGWK 1DOO WL
yLJ 353' Rl GLVFKDUJH PDJRILWXGH GDONVYH W\SHV UDWLR RI WZR IHDWXUHY, IURP
7%/, 5DWLR RI ZDYHOHW IHDWXUH HX/
(;75%$87,21 2) 7<B&F($785(6 WZR UDWLR RI WZR IHDWX@EV(IDURP
YHDWXUH Wb YHDWXUHV IHDWXUHV ZDYHOHW IHDWXUH w
3RVLWLRQ IHDWXUH SKDVH DQJOH UDWLR RI VNHZQI—\}/’\YHggﬁVV NXUWRVLY
$PSOLWXGH IHDWW YROWDJH PHDQ YRO NXUWRVLV
DQGDUG GHYLDWLRQ GLVFKDUJH PDJQLWXBGMWLR Rl IRUP |IDFWIRUP QBFRURLY MUHVW
7LPH IHDWXUHV VLIQDO ZLGWK ULVH WLPH IDOO WLPH |DFWRU IDFWRU
DYHOHW IHDWXUH VHW (" (" (" (" (" ($ VTXDUH Rl SRVLWLRQ IHDWXUHV SKD
:DYHOHW IHDWXUH(\HWD (D (D (D (G (G (G (G (G VTXDUH Rl DPSOLWXGH DNDWWRAMB JHA
SWKHU THDWXUHY RUP IDFWRU FUHVW IDFWRU PDLQ IUHTXHQF\ \WRN¥WH RI WLPH IHDWXUHYV VLJIQD

YROWDJH SRODULWY VNHZLHRWNKUWRVYLYTxpUH RI ZDYHOHW IHDWXUHV (
7 : PDSSLQJ EDVHG RQ WKH |HDWXDJH”‘?DVB<6%V|HD\/\/V>U35FNPH:R'LV\D‘HZQHW&NXRL*J‘Z\A?RHQ/LVVAA
ZHOO NQRZQ PHWKRG WR DQDO\]HQ3' GDWD LQ W ﬁR‘r-‘z E%mRUHWWBWWRUA
PRQLWRULQJ ILHOG > @ 6L[WHRMEWDDQHGHW |IHDWXUHY, P Do,
EDVHG RQ WKH "LVFUHWH :DYHO HW¥ KD VTRUP 775 (R AE Rl SHDN YRO VBB DQG
ZDYHOHWV DUH FRPPRQO\ DSSOLIR® BVBYRRFWRWKHU ZBYFHOHW  YROWDIH SRODULW\
GDWD GHQRLVLQJ > @ %DW}ED(E.qszmgewmﬁ?ﬁ!((ﬁ;g2U JQDOUMAEXEW RI SKDVH.DQJ
ODERUDWRU\ D FRPSDULVRQ RI RAWHKHS % DOFH RISAM KL VR SRBVA'B355H sropuLy
ZDYHOHW EHWZHHQ GE WR GEZDY FK RDHRIQ ﬁg% Kﬁf
E

H H WKUHHVEZRQD @R
DV WKH PRWKHU ZDYHOHW DV IHWKEZ DK/ 'ﬁ"v’
HY Hy %v W KID VWOWMHMR RR | W
O QXPEHWUHV WKFH
V\V/ PHW KR GUIDWL R R D VHKD
S R'/S@K

F
FRUUHODWLRQ ZLWK WKH 3" VLFQDAV G K
UH
W ,
' (' KH FXEH RHF

7KH 3' VLJQDOV DQG LQWHUIHURQFG I/
W R WD OL MH B MAX KR
7KH WKLUG LV WKH SURGXEWPR D 8RR@OL

FRQVWUXFWHG IURP WKH FRHIIZBYHQW
VXE EDQGYV 7KH GHWDLOV RI WKW DU

ILYH VFDOHV EDVHG RQ ':7 6LIWHHQV
VKRZQ LQ 7DEOH ,9 F X & KIDR/IH SIRYLOH. |
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IHDWXUH LQFOXGLQJ WKH UDWHVR WK MIRREBBIPBQEG WXGH EHNW XHDW X U W S @L WKW KHX B
RI WZR ZDYHOHW IHDWXUHV VDK\HX Y i X QIBGEHRY DV STHAA X GIR Q HVWU HHV DUH WUDL QHG
WKH VTXDUH Rl ZDYHOHW | HIRW XRQW WUERFRWADY HD S NLUIE\QL QJ VHWYV

IHDWXUHV EDVHG RQ WKLV PHWKRG NN HdInBeNu 1w Sunn

YROWDJH PHDQ YROWDJH SRODUL -
WKUHH GLPHQVLRQDO IHDWXUHV DUH VI 50z vDPSOHY
7$%/9, BWHS % REOWGREDSPSOL QJ
8216758&7.21 2) 7+9((16.,21$8" )($785(6 WHFKQLTXH LV DSSOLHG WR JHQHUDWH N VH
WUDLQLQJ VDPSOHV DQG WHVWLQJ VDPSOH
4XDQWLW\ __ )HDWXUH W\SH ([DPSOH
UDWLR RI WKUHH DPSBT X EROMBI X ' ) ] i
5DWLR RI YROWDJH URRW PH ' 7UDLQLQJ| 22% WHVWL( 7UDLQLQJ 22% WHVWLQJ
WKUBH UDWLR Rl WKUHH WLPH IHDWXURV VHW 7 VHW VHW 7N VHW
IHDWxUHY ~ UDWMRKBHH IHDWXUF | ! | !
IHDWXUH VHW 6WHS 6WHS 6WHS 6WHS
5DQGRP | 3HUPXWDWH \ 5DQGRP | 3HUPXWDWH WKH
UDWLR RI WKUHH IHL o VHOHFWLRQ YDOXHV Rl | VHOHFWLRQ RYDO XHV RI
IHDWXUH VHW IHDWXUH JXE IHDWXUH : | IHDWXUH JXEVHD W X,U H
FXEH Rl SRVLWLRQ I[HDWXUHV N — } )
' (] ' (]
FXEH Rl DPSOLWXGH IHDWXUHV HELVLRO W Wiy os v HFLVLEDW Wiywi Qs vHw
&XEH RI FXEH Rl WLPH IHDWXUHV VL / IN
IHDWXUHV FXEH RI ZDYHOHW IHDWXUHV 1 B 1 1 [ —— '
FXEH RI VNHZQHVV RU NXUWRVLY ' gywiig AE SWHSN SWHEN
FU IDEWR!| FODVVLILFDWE®RVVLILFDW FODVVLILFDWLREVVLILFDWLRQ
FXEH RI IRUP IDFWRU R&ﬁgquz\%\/x HUURU UDWH RUURU UDWH RHUURU UBWHHRUURU UBWH RI
SURGXFW RI SRODSHWN DXGR® WDJH l l l l
WZR GLPHQVLRQDO DPS®RIOWIEH | ISRWE
SURGXFW RI SRODUL ,, , 6 WHS( ( ( 6WHS(N (N (N
3URGXFW RI THDWXUHV [URP zDYHOHW | FRERIH W} | |
WKUHH SURGXFW RI SRODUL
IHDWXUHV  THDWXUHV 1URP zDY HOHRw (oW b Y |

SURGXFW RI SRODULW\ DGGDAN XDUH F e
DPSOLWXGH IHDWKRBIWDJHA SRO BWHS)HDWMPSRUWDQFWVL(FRUH

SURGXFW RI SRODULWE'DAQ%ﬁlgé%EW\F

ZDYHOHW IHDWXUHV UDLQLQJ&ODVVLILFDWLRQ SERAHMAL ILFDWLRQ SURFH

URFH EHIRUH IHDWXUH ﬁIDIPWWDWIHBWXUH SHUPXWL

—}75
.y, $8'20)25(67 yLJ YORZFKDUW RI 5) EDVHG IHDWXUH VHOHFWLRQ

$ O5DQGRP )RUHVW EDVHG )HDWXUH 6HOWH® L RQHUPXRDWMK AV K HiL QDX G V2 R | WBIN
5) SURSRVHG E\ /HR %UHLPDQ IPEGOHVHEHWE NKMHSQWKIVMDOXHV RI RWKHWIRQBIW X
PDFKLQH OHDUQLQJ DOJRULWKMEDVHG R0 WHHUW H@ § WiRWis DU W LIFXODU IHDW XU
ZKLFK KDV VWURQJ JHQHUDO L |.mMLHUQ HRDEBHEHS O L V@\OBY N LD QWVIKH FRUUHVERQGL QJ 2
DELOLW\ GXH WR WZR EXLOW LQ WEAG&RFPQANVYWKPWKKDERWPKYVERR@HRAE F IHFXQ DR/
DOJRULWKP HUURU_UDWH ¢ N
7KH ILUVW UDQGRPQHVV PHFKDYHWPELN VoW BSHIL Q8 NMMIU\ WKH FRUUHVSRI@IGL QJ C
%UHLPDQ > @ ,Q RUGHU WR IRUPVR@H ERRWWMWWUDLSKY WHKHIFRUUHVSRQEA®J G
ERRWVWUDS UHVDPSOLQJ WHFK@FWHEDOEXNODIGD WHIGH LRI R WD WH (
VDPSOHV IURP WKH RULJLQDO VDPXROH MW S7 K& RRAXRDWHWKH GIRIHDA@RH LQ
VDPSOH VHW Rl HDFK WUHH PRIPAV/MW BRI WKH XQWHO HEW MWKH HUIMRU UDWHNGLIITH!
7KH VHFRQG UDQGRPQHVV PHFKDQ@IFWP BWH&H POg6 WK XEVWYURU URNWH GLKHUH
PHWKRG UHIHUUHG E\ 7LQ .DP +RVHW® K HRQG MOWIXDHHWP JH Y DO XH IRV VK DHRRX
UDQGRPO\ VHOHFWHG IURP DOHH | H BW X8R | MPRYXHB FEK WU
IHDWXUHV DPRQJ WKH VXEVHWUH WXKHBPEWHCEWH® o |HDBWXUHVWSHUPXWDWWRQG ¥ GG |
VSOLW WKH QRGH RI WKH WUHHV WKH NH\ WR WKH 5) EDVHG IHDWXUH V
%DVHG RQ WKHVH WZR UDQGRPQHVVLRNHKBIJUNWDOWE RE RO THRWXUH SHUPXWDWI
DSSOLHG WR IHDWXUH LPSRUWDQHRE HAWIRtD WRRRROO & DEBWIXIWG HDW XUS) LPSRUW
7KH IORZFKDUW Rl 5) EDVHG IHDWQUHIHORWMR\WDOROVLYRRYWDQFH ZKLWKRLV EL
DQG GLVFXVVHG EHORZ FRQWDLQV VW@BVVLILFDWLRQ HUURU UDW R HHNWWZBOG \
WKRVH. ZLWK SDUWLFXODU | HDWHR UPHH BWXIUPHX

6WHS =~ N ERRWVWUDS WUDLQ%QWH"*W\@J"L#S&UV\H&%N Rf Du WBHKIHF LY D BiX® BAWRHLH
VAWV HJ / DUH JHQHUDWHE IJERRWIHRINAERBY\EMWR UDQGRPO\ FKDQHHG
UHVDPSOLQJ WHFKQLTXH IHDWXUHM DBH :SHUPXWDWHG $Q H[DPSO!

6WHS )RU HDFK ERRWVW U D® UHHD L SdEXIoQHIH WL ©h LMW YRRZQ LQ )UDPSO8HD P DUH
)HDWXUH VXEVHWYV DUH UDQG KRBV \HO il G- W RAHBQ 03 ' HRW G poV 1URM GEI BBRW
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LQWHUIHUHQFH VLJQDO 7KH R&IL NIHE 7KH ILUVW VWDJH H[SHULPHQWDO GDWD DFTXI

WR VDPSOH RDDWHHWSHFWLYHO\ $1V DQG IHDWXUH H[WUDFWLRQ
SHUPXWDWLRQ WKIHHVDPCG&HYV RMR VDPS(
W\SHV Rl DUWLILELD 3' SXOVHV DQG LQWHUIHUHQFH
LQWRBDDUHVSHFWLYHO\ PDQXIDFWXUH DQG UD H[WUDFWLRQ
7KH RULJLQD 7KH YDO; V RI
"HIHEW W\SH YDOXI{£> DIWHU Wm IHDWX ¥
IHDWXUH)HDWXU$HUPXWDWLRQ D VHW RI W\SLFDO LQWHURHUHQWH B®®HYW Q@G SX WM
[W\ SH—[VDP S0+ D SHUPXWDW 5Q D VHW RI SXOVHV IRU HDFK W\SH
W\ §H—[VDP SO+ D] »[ D b !
1 = SEVLWLRG IHDWKUHY Ri' wkBERBRARUL R D0 oo wius
(W\ §+—>{VDP SO+ D »[ D ZDYHOHW IHDWXUHV RI WrKH BN N £ Q
[W\S§H—[VDP JO-H» D] »[ D] 1
‘ ot D Ny 7KH VHFRQG VWDJH 5) %DVHG RSWLPDO 3' |HD\
[(W\gH—>| VDPSOH :D :D QVHOHFWLR%} :
-V DP SO-H» D| » D]
[QRUVHYRESORA D) ]
yLJ YHDWXUH SHUPXWDWLRQ Rl IHDWXUH ; 1 1

7KH PRUH WKH FODVVLILFDWMRHY HHEL {{ySowy 18U 3 506 Law §KH HDWXUH LRSRUWDQFH UD
SHUPXWDWLRQ DQG WKH KL JKRUWIX®W | i
WKH PRUH LPSRUWDQW WKH IHDWXUH 7KH YDOLGDWLRQ ZLV 7k
5) KDV WKUHH NH\ SDUDPHWHUVL QVW UHFRIQLWLRQ 690 %  UHFRJQ
IHDWXUH W¥EWHW FRILWHULRQ WR VSOI | |
Rl WUHRHV,Q7WKLV SDSHU WKH UWUBIUF gryuHODWLRO DODOVVLY D
REWDLQHG EDVHG RQ WKH FRAQRXS® DWI
DQG WKH RSWL PR W DDLXGHRI R WUDY F |
PRVW FRPPRQO\ DSSOLHG FULWHDWH 6HYHUDO QHZ NH\ 3' IHDWXUHV
LQIRUPDWLRQ JDLQ DQG *LQL D@QAH)D(C
RI WKHVH WZR FULWHULD LV LKDGUHAHEI 7KH WKLUG VWDJH UHVXOWV HYDOXDWLRQ RI R
WKHVH WZR FULWHULD RQO\ VKRZOG MW IHDWXUH VHOHFEWLRQ
FDVHV %DVHG RQ WKHVH WKHRUHPRDWURUYUHVXAXUWY WKH FUDV
HITHFWV Rl WKHVH WZR FUL VDERUD \BR \HYIDOXORYE AP XW LR) J JOEDVHG RISRQ ARDY B DSDXUN
DQG WKH RSWLPDO VSOLWWL @J LAU RENAIITRHELN BEHWHUPL QHG
WKDW WUHHV DUH VXIILFLH@WLRR7 H HWK LW & HY WD Vvl LUAHV XO W VH BEWXO K D
UHTXLUHPHQW > @ DQG DQ H[FMOQGLXBIV@HEPHERW LRROV ZKHVKZRY GLYLGHHEWWR WKF
FRPSXWLQJ UHVRXUFHV +HUKN GHMHYBIOGHHHRUHV XOWYV HYDOXDWLRQFARQ EBWHG®GD
DFFRUGLQJ WR WKH 22% HUURU UDWH RQ 3' VLJQDOV DQG LQWHUIHWHIQFFSR U MIBYDR

% )YORZFKDUW RI 5) %DVHG ZSV\RLQPDOBE%EE%ijg\é)&Hgﬁx%g%\E%E:QD?agb]g?;E\BQIOSSIF:
RQ

7KH IORZFKDUW Rl WKH 5) EDVEERS 'WHRY BUK ¥EGV & RUS H Ol B WKQ HX
VKRZQ LQ )LJ LV GLYLGHG [SRWRPWQWDIDL\WPHEY RPBW  7ZR GLPHQVLRQD®I YL
GDWD DFTXLVLWLRQ DQG |HDWGWREWLBRREWHRQ| 1w @Y HWPVV! GHY H O RWHG GIQEBLRR
3' IHDWXUH VHOHFWLRQ DQGRIFR$WDPDIMWERBQsR QY HNPYRG WR UHFHLYK MO NH
IHDWXUH VHOHFWLRQ FKDUDFWHUL]H 3' SURSHUWLHV

7KH ILUVW VWDJH LV H[SHUL G QMIDOX CBWO, QRTVkY WY LRRDBRDWL R Q FRQ RBWHEE
H[WUDFWLRQ $V RXWOLQHG BERWDH G HiBFWWYSHY DRIV DWUMBRIL GHIHFW WOSBDQF A K|
ZHUH PDGH LQ N9 (35 FDEOH DQ@p¥WNIVAHGHVXKB WM &RU WKH 3W\SHMQDON DO
PHDVXUHPHQW VI\VWHP DQG DQ + &KHAHMGX UG D WRAREWEI R DQG %311 7THIYBSWLF
3' GDWD IURP ZKLFK WASL WDDQGQWH{ph Y HRE H B ShvwHUQ UHFR I e DR@ ED

WUDQVLHQW 3' SXOVHV ZHUH H[WDB$ Y H VW L QPRERE WR3L PSURYH WKH UHFRJQL
IRU HDFK FODVV LV $GGLWYRQBBUL® DWLRQ RQ WK

ZDV SXEOLVKHG LQ > @ $V GLWROUH/HG Sg%%thg
H[WUDFWLRQ DQG WZR GLPHQVLRODWXDAG W K4 HH
1 QG Y

K
H

g 6 "23'7",'633909($7856(/(&7,21

L8 Q1V7L(E*'8 Qes13/6

FRQVWUXFWLRQ ZHUH DSSOL HiG SR WHWH 3 L(%%NHUIH'LIJH

3' IHDWXUHV ZHUH H[WUDFWHG wz R E§0PHW L '95%30 OVHV DQG SANOVHX QW
H

WKUHH GLPHQVLRQDO IHDWXUHMOAHHDHRIIHBDWKE VPYHFw LW DWXUHRY DAWR/REFL [
SXOVH KDV LQ WRWDO 'HDWXUHY LQYHVWLIDWHG 7KH UHWHDHEFH DRGXHV
UHVSHFWLYHO\ EDVHG RQ WHKHKLED® FXO@W!

7KH VHFRQG VWDJH LV 5) EDVHIGFREWPEO QvRH IBEWBFHQW @ DO XHV FIURKHHGHIRIL
ZKLFK LV DQ 5) SURFHVV DQG D VXDMXUYWKHRSRYWDRF D WHRQ 7 KH RIHY XMW WX H IR
SURFHVV 7KH GHWDLOV RI WHRHQ \SWRIS S BRNH/V K RZRD OR ¥ HEWWKH W KHRQ HW @ DO KB
LQIOXHQFH Rl LQIRUPDWLRQ JBVQI DRIBWALK,
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DFFXUDF\ RI WKH 3' GDWD ZHUH DXDFRZUDBG >FR®PSDUHG

UHVXOWV VKRZ WKDW WKH *LQL HUGQGH{H FILRSVHUUBQNK®G M HEWWWH VHBHUGWFRH O |
FODVVLILFDWLRQ DFFXUDF\ %D@HGWRERWEY PIBDWKRERXS FRQWDL QLIQRXS\HDW
YDULDWLRQ RI 22% HUURU UDWW ZL Wikl DWOH QX PEHUHRESBOHMG WR WRHL WKW W
REWDLQHG E\ WUDYHUVDOV 7KKHUWVYR® RN KRWZ YWHODW ERW K HFRJQLWUBQNU BV XC
HITLFLHQF\ RI WKH 5) DO JRUIRQKPFFEMKHOMODRV E )L EDIWHG | HDW X IDHE \LPIS\RWIW [DQ

DUH WKH KLIJKHVW ZKHQ R&MLPDOXH RIVBWZQ LQ )LJ =
$ 7KH ,PSRUWDQFH 5DQNLQJ S5RWKOW ¥ RTE
3' DQG ,QWHUIHUHQFH 6LJQDOV u 4
o} o}
7KH UHVXOWV Rl RSWLPDO |HDRW®VHDQIGO B VLJ
LQWHUIHUHQFH VLJQDOV XVL@JVWREQXE) 5 ID
7DEOH 9 ,, Z Z
[a] [a]
7$%/9,, ° 600015001400 300 200 100 6001 5001 400 200+ 100, 100
581.(")(8785( 03257%1&( 6&253(l6$)2'5’Pls7éz)v(vSD(éi:_|6’*1$I6)Hgo\:vxagk: JT.?:?X?\\/BE\IQD\\;HQ(\E\RQ |Hm\;§z\awa<mm\»ﬂ>31\lag2;§|\v§la\®\MQ IHDWXUH U
s D E
SDQNLQJ )HDWXUH VFRUHV yLJ 3DWWHUQ UHFRJQL W LIRI® WHHYXD WVIRD @'VD QIS L
(D (G 690 EDVHG UHVXOWYV E %311 EDVHG UHVXOWYV
 ULVH WLPH 7 YURP )LJ WKH UHFRJQLWLRQ DEFXUDF
JDOO WLPH : VLIQDO ZLGWK LQFUHDVHV ZLWK WKH OHY HO URV DIIFGIN L7QKH
)DOO WLPH VLJQDO ZLGWK : UHFRJQLWLRQ DFFXUDF\ RI WKH MNQGHU IHI
(s (" C 690 DQG %311 LV DQG KRR1J WHKB W K
. 6LIQDO zLEWK T VL[WK JURXS UHVSHFW VY FHON D DU RK L
(D (& WKH 5) EDVHG IHDWXUH VHOHFWLZDQ RHRW K
: ULVH WLPH IDOO WLPH VHOHFW DSSURSULDWH IHDWXUBU VIRQ®Q
« « LQWHUIHUHQFH VLJQDOV IURP +9 FDEOHV
7 & O9LVXDOL]DWLRQ $QDO\VLV BBNHG RC
((G 5DQNLQJ 5HVXOWYV
VNHZQHVV & RUUHODWLRQ DQDO\VLV RI \WKRXW RSBQGH
N(XUWRVLV VSHFLILF IHDWXUHV ZLWK KLRE ERSRUHG DM
(D ZHUH VHOHFWHG IRU YLVXDO HYDOXDWLRQ

« PRIQLWXEH 7R DVVLVW ZLWK DQ HIIHFWL PB GRPSDIURQ

RI DOO WKH IHDWXUHV ZDV WEKHUWLBIGIRXR V

7KH UHVXOWYV VKRZ WKDW W KR HQLH EQAUDH WMWY UMR | RWRUH % HFIDW VY R QR E MVKCE H\
3' VLJQDOV DQG LQWHUIHUHQRH I'DVDAKWY DIHF ROGQOHDWKRY DQG WKHHDMWXUB |
ZKLFK FKDUDFWHUL]H WKH VLJQDG DHGMW BD® GDORWKEZKWRKUG IHDWXUZL GWR O \
WR ZDYHOHW IHDWXUHV Rl 3' SKOWHRN YIANH WHHOMFWH/GFKW YLV XDO LUBWARW RQ L
WKH VLJQDO ZLGWK PDLQO\ UHQ@DWH WRRHHOYOXGHVPOENHQY PHWKRG L&/HYKRDQ L
DQG IDOO WLPH (IIHFWLYH ZDWHBHWORRPEDQRWHORQHDVDXUHY VXFK MQEGNHZ QH\
SXOVHV LQFOXGH (D (G ($ (' (' DQ@ZWRHRROVR VHOHFWHG IRU FRPSIMULXRQ D

% 9DOLGDWLRQ ZLWK 3DWWHU/QXSH%@C%L[E\@E%QJ,MEP%QU)WFFDNHFW(FR\Z@I

 PSRUWDQFH SDQNLQJ SHVXOWV 7KH FRQFOXVLRQV WKDW FDQ BFHGWBBQ
690 DQG %311 EDVHG SDWWHUQ UHRRARBYWLRE PhMWKRGV ZHUH

DSSOLHG WR HYDOXDWH WKH Y®QHBWWUHIKh) DFREWPSK oS GHJUHH LR LQWHU
VHOHFWLRQ DFFRUGLQJ WR SDWWOIK®WIBFRIQEWLBQ DF FXURFEHWWHUGWKDQ WK
WKUHH NH\ SDUDPHWHUV NHUQH@ IXQGWLRE %%QPQWK{(EPEW\R'HV WKDWL J@D Q'
NHUQHO IXQFWLRQ SDUDPHWRAWWX@ LRMWWRA YOO LEGPWLR "  DUH PRUHEBHMNHOU
ZRUN 5DGLDO %DVLV )XQFWLRMNHYBIKP\GO FKRYEHQ IRV WKHRJIQLWLRQ RHUBNMRMUBI
IXQFWLRQ EDVHG RQ WKH TXDQY8XWD B UHOBWG RRVEL S RIJQDO ZLGWK DQG
DQG IHDWXUHV WKH *ULG 6 H D UHW KREG BHWR VY4 9D LDRDWHRQ HPDWXUHYV VOR/ ®IQIGH U
DSSOLHG WR WKH RSWLPL]DWLRD RVBGRRGUIAU@QFH ¢LFHDOV DQG WD UXSSUHV!
WKUHH OD\HUHG %311 LV DGRSWHKGWK® W{KkM BPHMHYIpHQ gR@(DQJH Rl 3" VLJQDC
QXPEHU RI QRGHV LQ WKH KLGGRQWIRWY bWoWKW -V W LPSDO ZL Q@MU 7VDRIGGH
SDUDPHWHU RI D %311 DV LW il FWNEWKiHK DF-f URRYRR@E DQDO\VL U HIE W HFHRI €
Rl %311 EDVHG SDWWHUQ UHFRDQDWQ BROY @ pWWHUHKLEYHRRUH ($ (' LDQBO )D
WKHRU\ RQ KRZ WKH QXPEHU RIHQRGKRXD@E WK H FKd;§GE-LQ ®PRO0LHG IRU PRRQWRUL G
EH FKRVHQ 7R FRPSHQVDWH |RUW @ KQXP EViY, WRWBEHRWRR® VI JQDOV

Rl QRGHV ZHUH FRPSDUHG WR @B XV HMH DM H R WDW)@WQ’LFVXDOL]DWLR@WHUI-RMF
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ZLWK KLJK UDQNLQJ UHVXOW\WHWWH U )YK®DWDJHGD QB UKWKE QXPEHU RHIGIEWN V\NVBH
WKRVH EDVHG RQ IHDWXUHV ZLWK )ORZHIHFOWM RD YWHY XHWVRI L 3' SWIDIHHVVZ KN @

H K 7KH ERXQGDULHV EHWZHHHGIBBQPHQDO® \DQB ) GHIHFWV KD YKHD WHKH F
VLJQDOV DUH FOHDU LQ )LJ RDV 81 ZKH\OM WRCWDQBLIADW N9 7KHURSAHUM DUH
VEJQDOV DQG LQWHUIHUHQF K MU D@S0 HUGFFWIL DI X LWV KDIKEMH [URP WKH RKH J MHDON \
LOGLFDWH WKH HIILFLHQF\ Rl \WRW )WEDWHI H)D QMDGXURI 17 DEOH 9, ROM@PGHF D)

WDOVHG RQ )LJ D F LW VWKRXYG HBIFISEFAY HEOMH MEBRKVHDQNL QJ DPR @GR Q@WOLO/ \WMHH
WKUHVKROG WR VHSDUDWH HIH¥FMULIHBIQBK WK DWW X0 RP REW DL QHGS SRKIWN DR K
VeJQbov YDOLGLW\ RI WKH 5) EDVHG PHYWH®RG-FVWILR R

7KH SKDVH DQJOH SRODUL VWA | HDDWXXWBH

FH 6LJ DOV FH sLioddU 3" VLIQDO LGHQWLILFDWLRAHGQ® MWKE
+ 3 6LIQDYV - * 3 6LJQDYV DQDO\VLYV RI 353" ,Q 7DEOH 9 DULWKDWH

VL

I
o ~
g N VHHQ DPRQJ WKH KLJK LPSRUWDQNHLQFRU®
o ZLWK HVWDEOLVKHG UHVHDUFXSBRVWYYWNVKI
o NS 5) EDVHG PHWKRG IRU IHDWXUH VHOHFWLR
o 7$%I9,,,
5$1.(' )($785( ,03257%1&( 6&23(66)25$/6 )520 ),9( '()(&7
D (D (G E (D (G 7<3(6
5DQNLQJ )HDWXUH *PVSFRF:JL‘J’\{R/QFH
(G (G (D
(G (D (D
= . (G (G (D
I;H 6L DOV 'i,H 6LJODOV (7GHV(V|¥) Y(IEOWDJH
F )DOO WLPH : VLJQLJU LLGWK G 7 3K(D(;/H(BQ(JDOH SRODULWA
[+ owRTRUEge giooov [+ @WHUTHUHGEH oL3QDoV - = =
o et 3 % 9DOLGDWLRQ RI 3DWWHUQ BHNRJIQLYV
- x ,PSRUWDQFH 5DQNLQJ 5HVXOWYV
&RQVLVWHQW ZL3VK WKH PHWKR® @ Q VHF
DQG %311 EDVHG $DWWHUQ UHFRJIDH®/ MR
HYDOXDWH WKH YBDOLGLW\ RI 5)UERDWH@JIH
H ( I 6NHZQHVYV UHVXOWYV IRU 3 \gLJQDOV | UR PXU A HRA W
SDWWHU UHFRJQEWLR UHVXOWYV DUH VKIF
O gy e L N
R [a) x E
- - 5 3
o o
T T
z z
z z
J O0DJQLWXGH K 6NHZQHVV & e
yLJ 5HVXOWYV RI YLVXDO ®NURQIGFD@MW RQIRU B Q K EMIe e 200200100 501-600401-50901-4090, 300, 2001100
JHDWXUH JURXSV EDVHG RQ | HDWXW KU QWRXEVUEDAKHOBVRQ |HDWXUH U
7KH 3' VLIJQDOV DQG LQWHUIHUHDFRHWLIQDOV XVHG LQ WKL E

ZHUH REWDLQHG XQGHU O DERURWR UZ DRI G BAM KRHIR UHERIRU L RORE H VGIDIWF WRW\ SHV L JT
IRFXV RQ RSWLPDO IHDWXUH WHWHW@@MH%UW ¥ EpB31t EDVHG UHVXOWY

DQG 3' VLJQDOV REWDLQHG IXDWURBWL FDURR QGAVWULDYD MR@ EH REVHUY M&HN KD

UHFRJQLWLRQ DFFXUDF\ FRLQFLDWXUHELW

9 ©68/7@)5) %6('237,08)($7856(/(&7,21 LPSRUWDQFH UDQNLQJ UHVXO VQFE H: RW K/ K@)

)25),9 (" ))(5(17<3(&) 3" 6,186 OHYHO RI UDQNLQJ RI IHDWXUHQG WRHWHKH

, QLWLRQ DFFXUDF\ Rl 690 DRG %31

$ )HDWXUH ,PSRUWDQFH SDWWO%%@&D' VYJR| WKH VL[WK IHDWXUH U URXS X

JLYH "HIHFW 7\SHV DQG ORZHU WKDQ WK®W RI WKH I

7KH 5) EDVHG RSWLPDO IHDWXUH VHOHFWLRS/ UHVXOWYV |IRU. 3 ‘
VLIQDOV IURP GHIHFW W\SHV DKH wus@x%@%\ &N K ,QSXW )HDWXUHV 'LPHQ\

VKRZ WKDW WKH ZDYHOHW FRPE QMR R Wk RQy Y803 VEHG Q) HDWXUXEYWNSR

KDYLQJ KLJKHU UDQNLQJ DURN WLIGIPWL L YobQDH DIYA) B3 1IRUEBYHG SDWWHUQ WHFRJQ

3' VLJQDOV IURP GLIIHUHQW GHIHFW WESKMFXODWHG E\ FKDQJLQJ WKHUGIV/PHIW L F
$FFRUGLQJ WR 7DEOH ,, WKH 3'QWRURERZA®Q QJHOIDWLQJ WKH
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,Q JHQHUDO WKHUH LV D FRRVH¥WRHQMWFEREQEVL@®R G KDHEGVLWR EH | XGWKHID YD
DFFXUDF\ Rl ERWK WKH %311 EDVHEIVPBWI{RG DQG MWXWMHB BIUHQFH VDPSOHYV
PHWKRG 7KH UHFRJQLWLRQ DF PXU B\ HLIQHF B DALH\D DUD\E IDEE\ L QW HUIHUSRSHUVL J
QXPEHU Rl LQSXW IHDWXUHV L QFQ PRV H UFRRPO DHURRN HEKHURP O DERUMRRDWRDRS
SODWHDXV LQ D VWDEOH VW DMGSE X$WI M BEREBHWK @ RREHQVRRIGHU WR Hi W MFG LRKID X
WKH UHFRJQLWLRQ DFF XUDF \Y HIUCFOX DWHIRAANHOH.Q R RXAQVEBKWH GRL Q WKH PRIQQ &/ RUKLUR
D VOLJKW GRZQZDUG WUHQG 7 KMHRJHVRUWMHPWR | X\@XXHHZ RSB\ IZR 00 Q QFSOMXIGRD OX
RSHUDWLRQ RI WKH SDWWHUQ SMARIEDIVORGH PHIVOKREGWL RW KED\RHG R @' WG BWEDO
IHDWXUH GLPHQVLRQ IRU SDW VEHWH UPREMILQHEOL VKRG BVRHIL DO DSSOLFDWLRQ
7KLV LPSURYHV HIILFLHQF\ Rl PMHLGHWHUPLQDWLRQ E\ UH
UHGXQGDQW IHDWXUHV VDYLQUFIREI WY RH P UHVRXUF BN (50HG &

DQG FRVW RI GDWD SURFHVVLQJJKDY gZHO® oRY¥YwHINXUE Rpviblear msspaenk swo so
UHFRJQLWLRQ DFFXUDF\ )LJ RQ WXIH HAHME RMIKDW H BBIVIWGQJ RI +9 FDEQWXD\VAHPV Y R (

3' VDPSOHV WKH RSWLPDO YIRMXHIRUQRDWSSUH GLSBHQV

/ OHDQV &OXVWHUK®@L QIQGRBL
GLITHUHQWLDWLQJ 3' VL JQDOUMR KQRP GI—@I—HSW MSWL}DQ\&JLE RLVL 6XSTUBVHRD (e ot

QR Ss 6HS

>@ % 4L & /L % *HQJ DQ@BJORYDR @B YSHUOMHNW AH

WKH 3DUWLDO 'LVFKDUJH 3URYWRNRG H 3 i RIWU X RIOR

*,6 ,QUXODWRU 6XUIDFH ~ ,((( YRADQV B®RZHU SHC
6HS

>@ * /XR ' =KDQJ < .RK . 1JLAMIGUHTMXHQF
(QWURS\ %DVHG 3DUWLDO 'LVFKDUJBIW UR{ WLUYCH W

-4 OHDVXUHPHQW ~ , 7UD@RO3RZHQPR' HO SS

=5 ROt o aowioLog % b

@ (),

W et >@ . )LUX]L 0O 9DNLOLDQ % ODFIEXUR DRBUWI
"LVFKDUJHV 3DWWHUQ 5HFRJQLWLORREG RO 7BY D@3 RU
+2* YHDWXUHV ~ ,((( 7UDQS 3RZHUW HO

>@ : - . 5D\PRQG + $ ,00LDV+DRGGRLYVHWRON!

7KH QXPEHU RI L IHDWXUH H[WUDFWLRQ IRU SPWULMRQDOQGLABRKBDER
yLJ 3' SDWWHUQ UHFRJQLWQRREBEFRIUDE S X\M U WENRMIIVYY “~ ,((( 7UDQV 'LHOHFWR (OSFW ,Q\00ow

$ FFXUDF\

9, 2&/86,21 "DUDEDG 9DNLOLDG® %6 ODFBIEXQD D®

7KLV SDSHU SURSRVHV D QRYHO H ga WKRG HR3) GRWDHPLRLC
GHWHUPLQLQJ WKH RSWLPDO IRDWKWHR% Ft%sf W%D G HEHEMAFARG HOOHEW( (
IURP IDXOWV LQ +9 FDEOHV 7KHQUH@XOWYLIRUH<WHVOHGs X\xpos * /Lx  DC
HISHULPHQWDO 3' GDWD |URP COMHENFWE BRI KG! VQOHIWLBE EDVHG GIREROF RLUBRVWRP
7KH FRQFOXVLRQV DUH VXPPDUL]HG DV, |@§Ed5>@ @; QG Q QS’%QWHZUBWNQN%
X $V GHPRQVWUDWHG E\ WKH % 31XCDRG 80 YrhQ &SIV Ry hei " vt - ((( SFFHoY

WKH 5) EDVHG IHDWXUH VHO HF W IZRQ WRWMXIRG LV DQ HIIHFWL

VHOHFW DSSURSULDWH IHDWXDIOW IRQYGD D@MQP_LIV) R/IR%JLI W/Qéi] LR _EQUBGIRO! PO

LQWHUIHUHQFH VLJQDOV IURP G\W L DR\

3" VLJQDOV IURP GLIIHUHQW GHIHFW W\ IR S IO s wwhuss sa0o” vro
X %DVHG RQ WKH SUHVHQWHG 5)HEXONEV IFEWeod H %WHF\/\WDRQHDI\RMLAMWWOH—W\MA—ILRQJE]—Q

3' VLIQDOV DQG LQWHU I HUHGHTHMXILIMMD DAYH QY KHRHRY PIRAYRY HQLO  SUL QFRLEEOJ HRPERR)!

WKH VLIQDO ZLGWK UHO DWH® HMDW XY HY BOE 2P H W A/H%VQ%G‘VW RAOSALIC

DQGRUHMEBQWH0JDRXS
ULVH WLPH VLJQDO ZLGWK (D (G ( R(IHD(NXUH VHOHFWLRQ DSSQO( Q¥ UBGYK MHRZ V!

X %DVHG RQ WKH SUHVHQWHG &)HE/[X‘@WV;\/IWNXUH \YH@ HFWRRQSS 2FW
3' VLIJQDOV IURP ILYH GHIHFW MOBWVR@KH 7 W PR *2SWL PR JRIDVUX UKD OH ©

IHDWXUHV RI 3' SXOVHV KLJK LD@HNK#VL"J"&b %5'35\’ 6%?/‘5%’(5W5/DWLRQRO(((7W’QVS$R

HITHFWLYH ITHDWXUHV IRU GLVWPPIXlgVKLQ@ENIWLM%I QDOVHQBRUIHUXPQBLBO )i8PW.
GLITHUHQW GHIHFW W\SHV 6HOHFWLRQ IRU &ODVVLILFDWQRWQ YRHFW 1RS&H

x $V WKH QXPEHU RI IHDWXUHV IDBGOLH
DOJRULWKP LQFUHDVHV WKH UQFHH@E/MQRT%EI%%L%@ %lgEIt':Pg FI,F'D\AV&’LSL?JBY@ROGW""%*FEE‘“”S'
UDSLGO\ WKHQ OHYHOV RIl EXWW®HGGEOY W RoG HRVBODYH 1WOVHU 60 BXEDG *)BIo@/ XU

QXPEHU RI IHDWXUHV DW ZKLIVKD\U\RB!QG@FLQNFW_L\RQD“WW-D?MQ'HG-FLQ@WWHFV\QJRC@WLQJ Y|

7KHUHIRUH EDVHG RQ WKHSBBMD ESWKLV
% P, 5 IDNVKFE ® DFKPRHD L
SURSRVHG GLPHQVLRQ IRU SDW\J\Q—DJCQ varle Q"Ig? +3DPO§/ FKW P:$ RIRIVSD DIOGR Q W
IURP GHIHFW W\SHV LV *LQL LPSRUWDQFH ZLWK VWDQGDRAG WKH PRHAHMML

X %DVHG RQ WKH SUHVHQWHG 5)Dlzm/H@H%BW)@QWO\@W@HF%LLFEQWLRQQRRUBBIW\NEJ%OYG
IHDWXUH YLVXDOL]DWLRQ DQDW)IARIQVRI R{: U, FRPELQD 0170 & xsRX &
' ) QG ' 0
($ ( DQG )DOO WLPH : VLIQDBUZL GWKe V. \o o 1uPDQ) 0% BBEYPKDVRB
SHUIRUPDQFH WKDQ WKH WUDGL WLIRQDO 7 : PDSSLQJ PHWKRG
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FKDUDFWHULVWLFV IURP LQVXIDEIORD SHHNFWWH® DW9 (35
WK ,QWTO 6\PSRV +LJK 9 ROWDJH (QJ

@ 0 %URZQ 3*3HUIRUPDQFH RIXEBRHUOHOWHX ODRE\ R QHY U
PHGLXP DQG KLJK YROWDJH SRZRZHWDEBSS ~ 6{YW7UDQV 3
YRO QR Ss YHE

@ +$% ,00LDV 0$ 7XQLR $W BQGDNDHHQG GRNKWQDO
GLVFKDUJH SKHQRPHQD ZLWKLQ B®MH DILQWXOPMD®QYRLG LQ FD
JHRPHWU\ H[SHULPHQWDO Y DQLGIWDRY D'QE O/MPWODWLRQ
(OHFWU ,QVXO YRO QR Ss 0oDU

@ 2 ( *RXGD $ $ (O)DUVNRRQG $ 5 JDVDQQDU

3 QYHVWLIDWLQJ WKH HITHFW RXPFPROWADYH]BRZIHWKLQ PHG
FDEOH RQ SDUWLDO GLVFKDUDM¥RKDLDYLRURO (7 *BQHU 7U

-X0

@ ; 3HQJ - :HQ = /L * <0QJ & +=HIEKUR DHL

-XGG DQG : + 6LHZ 36'0) EDVHGVLR@HMOGEUHQFH UHMH
LQWHUSUHWDWLRQ IRU VLPXODQRNNGFM FWY (LRUDRQ¥DEOH GL

"LHOHFWU (OHFW ,QVXO YHRD QR SS

@ ; OD & =KRX DQG , - .HAS®HVE WHRMPMWHRZDQG

WKUHVKROGLQJ IRU 3' GHWHFWIORQ' RO (( (QRFW SRVXO 0
0DU

@ ; =KRX & =KRX DQG , - .RHPSKRGROIRISUIRUHG

DSSOLFDWLRQ Rl ZDYHOHW W UMY \PHRDAPX WHPHEDW WL DO GLVFKDU
GHQRLVLQJ ,((( 7UDQV 'LHORGBWU Q®RHFWISS,QVX0O Y

6 HSW
@ / %UHLPDQ 35DQGRP IRUKVWY QRDFKSSHDUQ2FWR

@ + .DZDNXER DQG + < RVKHEWL®EDE H B IROXUBQGHRP

IRUHVWY IRU KLJK GLPHQVLRQDO® GIVRD ~ ([SESW 6\VW $SS
0DU

@ / ( 5DLOHDQX DQG . 6WMIUHYRO7KHREZHWQ ADIOHFIRR)L

LQGH[ DQG LQIRUPDWLRQ JDLWIFIULQWHDD YR®Q ODWRK $U

ss 0D\

@ /| +DRDQG 3 / /HZLQ 33DRMVIIVGULPERQRDWLRORNLQJ D

6XSSRUW 9 HFWRU ODFKLQH  ,((WW UMYXO'LHROFWU (OHF
QR SS YHE
@ . ; /DL % 7 3KXQJ DQGSOLFDWQRENAXGDWESBLQLQJ

RQ SDUWLDO GLVFKDUJH SDUWDV\GUHEDPMWRYH PRGHOOLQJ F
7UDQV 'LHOHFWU (OHFWU ,QVXO-X§RO QR Ss



