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Abstract

We report updated measurements of the branching ratio and the direct CP-violating asym-
metry in B® — K270 decay at Belle II. The flavour information of the decay is obtained
from the pair-produced neutral B partner Biag, and the direct CP asymmetry parame-
ter is determined with the time-integrated method. We analyse the 2019-2022 Belle 11
data from e*e collisions produced by the asymmetric-energy SuperKEKB collider at the
Y (4S5) resonance. The data analysed contain 387 million BB pairs and correspond to
an integrated luminosity of 362 fb 1. We obtain the branching fraction and the direct CP

asymmetry

B(B® — K°°) = (10.16 4 0.65 + 0.65) x 10 °,
A(B® — K°7%) = —0.06 & 0.15 £ 0.05,

where the first uncertainties are statistical and the second systematic. With other Belle II
B — K7 measurements of branching fractions and direct CP asymmetries, we compute

the K7 isospin sum rule to be
Ix =—-0.03£0.13 £ 0.05,
which is in agreement with the standard model prediction of zero.

Keywords: Belle II, B meson, B decay, quantum chromodynamics
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WDJ B/PGINR BYB°D ,QWHJIJUDWLRQRYHU WKHBWEDWWLRH LQ (

P@= L+ 24 oAl

ZKHYHYV WKH WLPBLRQWHIUSIMHDE HWH UA TKHEOL\O R WHW E\ WK |
WLPH LQWHIJUDWHGGIP L I4QRJ SUREDELOLW\

B! K2 9'HFD\

,B°! KO° GHFD\ BEPWBE GHFD\ WR V&RHL\IBIRKAVY KW HV D

JRRG DSSUR[LP®W L RIQ RH QMKMDWH RI WKH QHXWUDO NDRQ V\'
J’=0 QHJOHRBWLRODWLRQLQ QHXWUDO BPDRIGKIOYA] 6LQF
JP=0 DV ZHOO WHH GHED®@E! K2 °PXVW UHVXOW WD V@

WR FRQVHUYH DQJXODU PRPHQWXP 7KHRYHUDOO SDULW\ R

P(KS)=PK) P(D ( )=( ) ) )P=+1:

7KHIODYRXU ZDYHUYXQFWLRQ RI

% = p—(uu dd);

j

Sitg

ZKLFK PHDOKDIWKBDW D RG= 7KHUHIRUH
C(KS )= C(KJ) C()=( )+ )=

DQG ®F/WDWHRIWKHILQDO VWDWH LV
&8., )= &%.) &%) ( )= ) )N ) =

7KBP/B° ILUVW GHFD\V WR WK H?0 XY R OUBS L JK'QV W Q & WK H
QHXWUDO NDRQ HYROYHV DV D OLQHD UKRIPEE QDRNIFRKQ RI1 WK

WKHQ GKEDQXBV

,Q7/DEZHVXPPDULVHSUHYLRXVPHDVXUHPHQWY RIWKH E



&3DV\PPHWU\ E\ %D 9DIUXG % @O@H BV ZHOO DV WKH %HOOH ,, S
UHVXOW DW DQ LQW H2RIEW N & .OXPLQRR DWXIRAH LQ@VHJIJUDWH

7TDEOH %YHOOHDQG %D%DU PHDVXUHPHQWMRVYWKH EUDQ
PHWWBYRIK? ©

Bkoo 20° @ Ago o
%D%DWO1L 06 04 0:13 013 0:.03
%HOQOX8 046 050 014 0:13 0.06
%HOOMS5, 1.7 12 0:40 046 004

TKHVLV 2XWOLQH

,QWKLV VWXG\ ZH VLP XOW D @ BIRVX ¥ © H N\ WA LDDCFGVVW\KK-H EGULDUHAHWL
WLRE RIK® " E\ SHUIRUPLQE B WS®@GH ZKHVM/KH GLIIHUHQF!
EHWZHHQ WKH EHDB IR@N B O\ P@EMMW MVHHW UDQVIRUPHG RXW
VLILHURIWKHPXOWLYDULDWHDQDO\VLYVY 09% IRRWFRQWLQX
WRHSHFD\IODYRXU LQIRUPDWLRQ SURYLGHG®@\ WKHROB YR X
XQEOLQGLQJ WKHORULRQG /16 GDWDVHW ZHILUVW RSW|
ILWWLQJ VWUDWHI\ZLWK ORQWH &DUOR 0& VLPXODWLRQ

WHVWY DQG SDUWLDO XQEO&EDAMNE P MMR UNCDALGE B WIHQW K H @BIL I
PHDVXUHPHQWV DQG WR FKHFNIRU ELDV EHIRUH WKH IXOO X

7KHUHFRQVWUXFWLRQ DQG V H O MK LFRRRQMVLE®RFPPEDIAM H
VXSSUHVVLRWHKI KN UDFWLRIDR h MP-HHMGIL IDHOFGMW KH EUD Q FK L
WLRQ LQDZXG WKH GDWD VLPXODWLRQ GLVFUHSDQF\DQG FD
PRGHV LQBKH UHVXOW RIWKH P HD V X UHKPHHIDNZ VDR B 0L @FXK
WKHLVRVSLQ VXP UXOH ZLWK RBDWARPEHRMHQWV R QWG KH G QEFK E
WLRQV BI'RWKEBHFD\@®>,Q &KH VKRZ WKH HVWLPDWLRQ RI WK
XQFHUWDLQWLHV






&KDSWHAHOOH ,, ([SHULPH

%HOOH®, WKH | LBJ Y DVFWKBUIHWH[SHULPHQW LV GHVLJQHG WR PL
PHQWV RI ZHDNLQWHUDFWLRQ SDUDPHWHUV DQGILQG 1HZ 3
FOHSK\VLFV ,WLVORFDWHGDW 7VXNXED ,EDUDNL3UHIUHF
LQ DQG KDV UHDFKHG DQ L GEIHEY D /WEHSHO X ¥ RQRDIFWM\ RW V
LQVWDQWDQHRXV OXPLQRY¥TLWIO¥ AW\ ZRURGHIHFREBBMRI
SDUHG WR LWV SUHGHEHVVRU . (@ DVXG WK @ H Q,0G-HGHVE MR
XSJUDGHG LQWURGXFLQJQHZGHYLFHVWR SURYLGHEHWWH
PHDVXUHPHQWYV

6XSHU.(.% $FFHOHUDWRU

BXSHU.(.9@>LV WKH SDUWLFOH FROOLGHU IRU %HOOH ,, ,WF
KLJK HQHUJ\ULQJ IRUHOHFWURQ EHDP DQG WKH ORZ HQHUJ
7*H9 DQG SRIVHWURHDPV FROOLGH DV\PPH88BUBIZ0 KBW D Q
FHQWUH RI PDVV KIS UHNVR/QIDEBRHAE 7KH VPDOO PDVV GLIIF
HQFH EHW Z4HSY @ MAKRIQD QFH DQ G W BHPVHYARRMWKH QUZ RHV W K D
BPHVRQV DUH SURGXFHG DOPRVW DW UHVW LQ WKH FHQWUH
WLYH YHORFLW)\ D QBGPRHQ/GBOMI) HDQBREIHGW HWW KLV WKUHVKRO G
SURGXFBVPRQRQV LV FOHDQ DQG HIILFLHQW

7KH DV\PPHWULF EHDP HQHUJLHVY UHVXOW LQ D/RUHQW] I
GHWHUPLQHG E\WKHEHDP ZLWK KLJE HIGHRPAY I\ Q6/XNEHQ . (. % V
WDQHRXV OXPLQRVLW\ ZKLFKLVDERXW WLPHV ODUJHU W|
PDLQO\DULVHV IURP WKH " Q®@ QRKEHHIHD V¥ KHPIHVY>SUHG XFHG V
ZLWKDODUJH FURVVLQJDQJOH DW WKH FROOLVLRQ SRLQW
VFKHPH DOVR DOORZV IRUGHWHFWLRQ PXFK FORVHU WR WK
WKH KLIJK UDWH RI HOHFWURQ SRVLWURQ FROOLVLRQ SURY
GHWHFWRU LV DOVR QHFHVVDU\ 6FKHPDWLF GLDJUDPV RI \
%HOOH ,, GHWHFWRU DWGCVWVKRUIURVLHEWLYHO\



J)LIXUH 6FKHPDWLF GLDJUDP RIWKHG6XSHU.(.% DF

J)LIXUH 6FKHPDWLF GLDJUDP RI WKH %HOOH ,, G



OHUWH[ ' HWHFWRU

7KH %HOOH ,, YHU@H{REMWLN PWRRU WZR FRPSRQHQWYV WKH W
GHWHFWRU 3;' DQG WKH IRXU OD\HU VLOLFRQ YHUWH[ GHV
VL[ OD\HUV DURXQG WKH EHU\OOLXP EHDR S4ABR DQIGH 3;' LQ
r=22PP LPSOHPHQW '(3)(7 GHSOHWHG ILHOG HIIHFW WUD Q"
SURYLGH SUHFLVH FKDUJHG SDUWLFOH WUDMHFWRU\PHDYV X
38PP8OPP115PP DQGPP DUHHTXLSSHG ZLWK GRXEOH VLGHG VL
DUUDQJHG F\OLQGULFDOO\ ZLWKDQLQFOLQHG HQGFDSLQ\
3:'DQG WKH 69' DUH VKRZKHEHDP SLSHDQG WKH ILUVW WZ|
DUHFRQVLGHUDEO\FORVHU WR WKH ,3 WKDQ %YHOOH DQG W
UDQJH VLJQLILFDQWO\LPSURYLQJWKHYHUWH[UHVROXWL!
K°!' * GHFD\V ORVW RAWRHNWICGAIVOWWDQFH LV FRYHUHG

JLIXUH 6FKHPDWLF YLHZ RIWKH 3;' OHI@GV DQG 69" UL

&EHQWUDO 'ULIW &KDPEHU

7KH &HQWUDO 'ULIW &KDPEHU &'& SURYLGHV FKDUJHG WUD
PHDVXUHPHQW SDUWLFOHLGHQWLILFDWLRQ WKURXJK PHD
XPH DQG WULJJHU LQIRUPDWLRQ IRUFKDUJHG SDUWLFOHYV
FKDPEHUZLWK VPDOOGULIWFHOOV H[WHQGLQJWRDODUJH
FRQGHQVHG SDUWLFOHLGHQWLILFDWLRQ GHYLFHLQ WKHE
LQ HLWKHU D[LDO RUVWHUHR RULHQWDWLRQV ZKLFKDUH D
RUVNHZHG ZLWK UHVSHFW WR WKH D[LDO ZLUHV UHVSHFWL
DFRQILIXUDWLRQ DOORZV UHFRQVWUXFWLRQ RHks' KHOL[ WL
PLIWXUH



SDUWLFOH  GHQWLILFDWLRAQ

7TKH SDUWLFOH LGHQWLILFDWLRQ GHYLFHDW D %YHOOH ,, FR
SURSDJDWLRQ 723 FRXQWHU IRUWKHEDUUHO UHJLRQDQG
$5,&+ GHWHFWRU IRU WKH IRUHZDABEF BN DVRIDBLSURYLGHYV SDL
FDWLRQLQWKHEDUUHO UHJLRQ32ZWIRK KEROBQPMRYGHKH R RRH,
FROOHFWHG D28 ROQXCHQNG EDD JLYH WKH WLPLQJDQG WZR GL
IRUPDWLRQ RIWKH&KHUHQNRY ULQJLPDJH &KHUHQNRY SKF
E\GLIITIHUHQW SDUWLFOHV RIWKHVDPHPRPHQWXP UHVXOW
DGLIITIHUHQW WLPHV RI SURSDJDWLRQ IRUGLITHUHQW SDUW|
SKRWRQ WLPH UHVROXWLRQ RI DERXW SV WKURXJK FKI
PXOWLSOLHU WXEHV $@RRXIVEDRDYIMONVNR/HWKH ULQJ LPDJH DF
&EKHUHQNRY SKRWRQ ZDYHOHQJWK LVLQWURGXFHG WR PLQL
PDGH ZDYHIRUP VDPSOLQJ UHDG RXW HOHFWURQLFV LV XVF
DFKLHYLQJ D SUHI®ISWLIRQY RMIDHERWWUWLQJ WLPH

)RU FKDUJHG SDUWLFOH LGHQWLILFDWLRQ LQ WKH IRUZ]
SOR\HG ZLWK D SRODULD ZWI®H AMRSHEDUBHRY D JRRG VHSDUD)
RQVDQG NDRQV ZLWK PRFOHOMIX R BRIJZRUAKRRYHUV PRVW F
WKHLU VSHFWUXP DQG RIIHUV SLRQ PXRQ DQG HOHFWURQ
ORZHU WHAB Q$5,&+ FRPSUL\2HW RIDVEZBY RI DHURJHO UDGLDWR
UHIUDFWLYH LQGLFHY DW WKH IURQW IRU SUR[LPLW\ IRFXVL
WKH HQG 7KH VFKHPDWLF YLHZV RI WKH 723 FRXQWHU DQG
)LJ

JLIXUH /IHIW 6FKHPDWLF VLGH YLHZRI723FRXQWHUDQG
SKRWRQV 5LJKW 3UR[LPLV IRFXVLQJ $5,&+ >



(OHFWURPDJQHWLF &DORULPHWHU

7KH PDLQ SXUSRVH RI WKH (OHFWURPDJQHWLF &DORULPHW
SKRWRQY GHEP\V ZKLFK FRXOG UDQJH IURP D IHZ OH9 WR D |
OXWLRQLV UHTXLUHG LQ RUGHU WR VHSDUBWH W Z& SKRWR (
LV EXLOW RI KLJKO\ VHJPHQWHG DUUD\ RI WKDOOLXP GRSH«
FU\WWDOV DUUDQJHG LQ D SURMHFEWLYH JHRRERF U\ DQG FR"
7KH (&/ KDV EHHQ UHXVHG IURP %HOOH EXW ZLWK XSJUDGH
VWUXFWLRQ VRIWZDUH WR DFFRPPRGDWH WKH KLJK HYHQW
ZKLFK KDV D ORQJVFLQWLOODWLRQ GHFD\WLPH ZLOO EH U
IRUZDUG UHJLRQ WR FRSH ZLWK WKH KLJK EDFNJURXQG DQG
LVVKRZQLQ)LJ

J)LIXUH &RQILIXUDWLRQ RI % HOOH (&/ >

KODQG OXRQ 'HWHFWRU

7KK DQG PXRQ GHWHFWRU ./0 SURYDQBWIXKRDQPDUWEBF®HR G
PRPHQ¥W60POH9 7KH GHWHFWRU LV PDGHRIDOWHUQDWLQJ O
SODWHV ZKLFK VHUYHDV WKHPDJQHWLF IOX[UHWXUQ IRU
PHQWYVY EDVHG RQJODVYV HOHFWURGH UHVLVWLYH SODWH FK
YLGHURRRIRUHWKPY WR VKRZHU KDGURQLFDOO\ 7KH ./0 GHV
%HOOHDVZHOO ZLWKWKH53& UHSODFHG E\OD\HUV RI VFLQ
LQJILEUHVLQ WKHWZRLQQHUPRVW EDUUHO OD\HUV 7KLV |
LVQRWVXLWDEOHIRUWKHKLIJKEDFNJURXQG UDWHV H[SHF\
GXFHGLQHOHFWURPDJIJQHWLF VKRZHUYV






&8KDSWHWFRQVWUXFWLRQ
6HOHFWLRQV

'‘DWD 6DPSOHYV

,Q WKLV VWXG\ ZH VWXG\VLPXODWHG 0& GDWD RI VLJQDO R
RSWLPLVH WKH VHOHFWLRQV DQG ILWWLQJPRGHOV $ ODUJ
HUDWHG FHQWUDOO\IRUHDFKUHFRQVWUXFWHG GHFD\ FKD(
WUDOO\ SURGXFHG": UK Q * RGEIIHBHOLEHEWDP SOBB°WKDW LQF
B*B ut dd sS D@QGSURFHVVHV FRUUHVSRQGLQJWMBQ LQWHJU
DW WIKHUHVRQDQFH :HDQDO\WH WKH  ¢ee PROMANLRQDWI
SURGXFHG E\ WKH DV\PPHWULF HQH U4\Sp XS$INVR.QDQFRO GKEH
GDWD DQDO\VHG FREBADDIQV PQOGBGRRQUHVSRQG WR DQ LQWF
R3621E! :H XVH DOO JRBABQV Rl WKH ODWHVW RIILFLDO SURF
SURPSW SURFHVVLQJV 7KH /6 GDWDVH32KRVEDQQGWHJUD\
FRQVLVWYV R

£([S SURF
f([S SURF
f([S SURF
$([S SURF
f([S SURF
£([S SURF
f([S SURF
f([S SURF

$([S SURPSW



$([S SURPSW
$([S SURPSW

T([S SURPSW

$O0 FDQGLGDWHY PHHW WKH KLIJK OHYHO WULJJHU +/7 KD
UHTXLUHV PRUH WKDQ WUDFNV LQ WKHHYHQW DQG DEVHQ
WKHWRSRORJ\RID %KDEKD HYHQW 7KH +/7 SHUIRUPV D UR>
WKDW VDWLVI\ WKH +/7 FRQGLWLRQV LQWR FDWHJRULHV VX
FDWHJRULVDWLRQLVIRUTXLFNO\VHOHFWLQJDQGVHQGLQ.
FDOLEUDWLRQ FHQWUH

SHFRQVWUXFWHG ORGHYV

‘HUHFRQVWUXFW WKHIROORZLQJVLIQDODQG FRQWURO PR

$BO1 KOO

$B* 1 DO KO 9+

7KH VLJQDO RQO\ 0& FRQVLVWYV BRI RY PR Q G WVRIDRHPYLHOQDL R @
HYHQWBVIRDY(! K29 * 7KHVLIQBOIPREMLY XVHG WR VWXG\
WKH UHFRQVWUXFWLRQ VHOHFWLRQ FRQWLQXXP VXSSUH"
DQDO\VLV LV SHUIRUPHG RQ UHDO BDWMD°(tHKOVH*'WKH FRQW |
ZKLFK GHFD\V WR VLPLODU SDUWLFOHV DV WKH VLJQDO PRC
GDWD DQG VLPXODWLRQLQ FRQWLQXXP VXSSUHVVLRQ DQG
WKURXJKRXW WKLY GRFXPHQW XQOHVV RWKHUZLVHVWDWH (
DUHHVWLPDWHG LQ WKHFHQWUH RI PDVV IUDPH

ORQWH &DUOR G6LPXODWLRQ

‘HIHQHUDWH VLPXODWLRQ VDPSOHV LQ RUGHU WR FRPSDU
GHWHFWRU WRHQVXUH WKDW ZKDW ZH REVHUYH LV QRW VR
6LPXODWHGHYHQWYVY VKRXOGEHKDYHMXVWDV GHWHFWRUH
0& UDQGRP VDPSOLQ@DRURUPWRBPWLRQV

7KHVLPXODWLRQ SURFHGXUHFRQVLVWV RIWZR SDUWV V
VLPXODWLRQ ,Q WKHHYHQW JHQHUDWLRQ ZH JHQHUDWH W
FOHV UHVXOWLQJIURP WKH HO HFBVY QI SR ¥FRQYWRQ KRP & I ¥



Suh>A>3@ WR VLPXODWH KO@GURIK 1@/ D MWRRQVDRIXGODWH GHFD\
KDGURQV ,Q WKH GHWHFWRU VLPXODWUIRLhEH¥W@H WKH VL
WR PRGHO WKHGHWHFWRU UHVSRQVH ,QWHUDFWLRQ RI WK
,, GHWHFWRU UHVXOWYV LQ GHSRVLWHG HQHUJ\ DQG SDUWLI
VXEGHWHFWRUV 2XUVLPXODWLR@LQFOXGHY EHDP EDFNJU

,Q WKLV WKH DQDO\VLV WKH VLIJQDO RQO\VDPSOH LV VL
FKDQQHOV )RU WBOH \KI°JQ BVARSR GLHJ VW GREPALMK PL[LQJ
HQDEOHG WKH@WVK@&RHEYRQWIEHD ) YWRW K HU GHFQGV R
" DUH VLPXODWHG DFFRUGLQJWR WKHEUDQFKLQ@UDWLRYV
7KH QRQ BPLREBPDEHFD\V IROORZ WKH 3'* )RBFWKBP(FRQWURO P
KOO * WHKHS) ILUVW GB'BD\WWRQ WKH B'L BQ DPHVR®HGHFD\V
W * DO ZKHUH W KH R RUQWDGRHE FD ) WIRW K H U BHEQ BV R
" DUH WKH VDPH DV WKH VLJQD® FXHRDQHW O FFRW G RQJ WW.R QVKJ
7KHVLJQDO GHFD\ILOHV DUHJLYHQ LQ $SS

SHFRQVWUXFWLRQDQG %DVHOLQH 6H(

7KURXJKRXW WKLV DQDO\VLV ZH XVH W KH k& H\W R i) H, CCHDDV/GH \
HB;?i@kkRy@ /2BUMERWK VLIQDO DQG FRQWURO FKDQQHOV
# b7k# b7KIRU UHFRQVWUXFWLRQ RI 0& DQG GDWD VDPSOHV
DFURVV WEKRHERRQGDQGLGDWHY DUHUHFRQVWUXFWHG E\ DS
WLRQ FULWHULD DQG FRPELQLQJILQDO VWDWH SDUWLFOH |
HYHQWY FRQVLVW RI FRQW E'@XX RE 2 R NjULAR X @& HYWH DXD/U N R
uds RUDQGBBKHDFNJURXE)BHUR® GHFED\V 7KH GRPLQDQW EI
IRBf! KOO°LVWKHIRUPHU 6LJQDO RQO\DQG EDFNJURXQG 0&
RSWLPLVHWKHVHOHFWLRQV WRHNRBBDUHGHR\WY IGDIW Q D VD
DSSOLHG LQ WKLV DQDO\VLV

KOBHOHFWLRQV

K FDQGLGDWHY DUH UHMRERQY WD XRWHEG IJWRE @GHEUWRK>FRP

ELQHV WZR FKDUJH&WRDFGIVGDRVIHR /KB FKDUJHG WUDFNV D
KDYHRULJLQDWHG IURP WKH , X 7KMHQ®LYDMW B § WDRIDVA/LRM KALK)
ZLQAORA<m( )< 0550*HE DQGRYKH QGLGDWHY DUH UHTXLUH(
h 226Bi@ YHUWH[ILW KERWPQGYGBDWKN LY FRQVWUDLQHG WR
LQ WKHHUWH[ILW :HWKHQWLJKWHQ WKHVHOHFWLRQ E\DS
oya2H2+iQABGK#/ 02ifKH ODWWHU WZR DURIERWRREINS XWV RI



ZKLFK LV DQ 09% EDV KB \PHREGHKOMLIRY FRQVLVWLQJ RI WZR Vt
09% oya2H2HiIQWKH RXWSXW FODVVLILHURIDQHO$BMMUDLQHG
WLFOHV IURP VKRUW OLYHG IDNH RO BQ G BRIR®IN UG R PADKHL 3
LOSXW ZKHUWHD¥IQWKH RXWSXW FODVVLILHURIDQ 09$ WUDL
JURXQG IDRP\RQV ZLWK SURWRQ ," SLRQNLQHPDWLFV DQG

7KH FXWV RQ WKHVH YDULDEOHY DUH RSWLPLVHG E\ PDJ
VLIQDO HQKDQFHG UGLBIKR EGHIIOFH® EANKH VLIQLILFDQFH LV
ILQHS/ DSA B ZKHUBIGBGDUH WKH QXPEHU RI VLJQDO DQG EDEN
UHVSHFWLYHO\ :H FDOFXODWH WKH VLK Y DL DIEFGHAL VDK &I
WKH RSWLP LKHISEFMEWE Vh (R Y< 0:510*HAZ oya2H2+iQ2 DQG

G K#/ 02iQ06 7KH VLJQLILFDQFH LV LQFUHDVHG IURP W R
WLRQV )YKRZV WKH GL VK YIDEX\WD ERGW RII VLIQDO RQO\ DQG
0& ,Q 7DEZH OLKWUWHKEFHR QVWUXFWLRQ DQG VHOHFWLRQ FULW

D 6LJQDO 0&

EBB EDFNJURXQG 0&

F &RQWLQXXP EDFNJURXQG 0&

)LIXUH 'LVWKL ERWILREOKRL QWDW LD QW P® \K¥/Pd2G G O H
ULJEYWA2H2+iQ"



7TDEOHK? UHFRQVWUXFWLRQDQG VHOHFWLRQ FUL

SHFRQVWUXFWLRQ 6HOHFWLRQ
0:450<m( )< 0:550* HA2 | 0:480<m( )< 0:510* HA2
G K#/ o®idp> 0:06
oya2H26i®> 02

+ I+

O6HOHFWLRQV

FDQGLGDWHY DUH UHFERKKY WBXEWHSNIWREDWED U@ OLVW >
ZKLFK FRQVLVWV RI (& FOXVWHUV WK D267 K Z26080L Q WKH S|
>UDG@ DQG WKDW DUH QRW DVVRFLDWHQ@OLERSPHRURBEN 7KH F
FDQGLGDWHYV LQ WK HEI'R 020AHG URHU MRKQR \DHRIGQ WKH EDUUHO D¢
UHJLRQV FDZRGLGDWHYV DUH WKH® FROBLGB® W R: HRIURPPQD/ W U D
LQYDULDQW PPDQBLWBEWHY WR WKH QRPLQDO YDOXH WKUR}
XV LREB @

$IWHU WKH UHFRQV W UXVMQIRBWEZ R Q% BG \Y\W BIR D® | R U
\WWLV® ZKHUHPADIKQHLGDWHY H[KLELW VLPLODU NLQHPDWLE
BO! K2° :H GURSWIRHPHQWAWR+Qb>2HB+Biv M;H2DQ&2MimKYV
#bU/ m;?2i2 .B77QRASXBVYHPHQWY ZKLFKKDYHRBO\QHJOLJLE
00 pPDQDO\VLYV :HUHTXLUH WK H LFDYQDAULLADOMHPDR E R ZWW K L Q
ZLQA®RB<m( )< 0150*HI2 WKFHOXVWHUHQHUJ\ WOR*EH9JUHDWHU
WKH FOXVWHU W 2L\ RV RVEKHH ZKLDAUKELZD {H4-HW U 127 hHBYK BN P H
200QV WKH ZHLJKWV RIDOO FU\WWDOV ZLWKLIQDQ#BIEO XV W I
15 WKHDQJOH EHWZHHQ WKH WZR F® XWRNVEHU EHXO/RIG L Q> U B BF
/ m;?i2° McB2 DQG WKDW WRE iR BXW RUHDWHYUQVE K Qo
LV WUDBBIHGIRWR VXSSUHVV KDGURQLF LQWHUDFWLRQV DQ
VRXUFHV DQG WR GLVWLQJXLVK EHWZHHQ UHDO DQG PLV Ut
DEOH® >7KH VLJQLILFDQFH LV IXUWKHU LQFUHDVHG WR ;
VKRZV WKH GLVWUILEXMELRONVNRIVLIQDO RQO\DQ&EDFNJURX
OLVVY WHKFHRQVWUXFWLRQDQG VHOHFWLRQ FULWHULD

7DEOH° UHFRQVWUXFWLRQDQG VHOHFWLRQ FUL\

5 HFRQVWUXFWLRQ 6HOHFWLRQ
E()> 0:0225*H9 IRUZPDUG E()> 0:03*H9
E()> 0:0200*H9 EDUUMMHmMDbI2 hBKBNOQV
E()> 00200*rH9 EDFNEZDUG?QiIiQNMJ» 0:20
0:02967< ( )< 2:6180>UDG®@5<m( )< 0:150* HR?
+Hmbi2 L(>)BiMb5 /| m;?2i2° M;HJ204>UDG@




D 6LJQDO 0&

EBB EDFNJURXQG 0&

F &RQWLQXXP EDFNJURXQG 0&

YLIXUH 'LV W PLYEDXWLIDFEQDVAR/IQ D WL D QW P DHVQYH B1G ® Q HK W
T?QiQMJo

BO 6 HOHFWLRQV

JLODKID\QEFDQGLGDWHYV DUH BRPEQ G HEDMRHNR IRRQ ZKLFK ZH S
DYHUWH[ILW 7ZR LPSRUDVDMRWY B Y IDDEOWNH GLIIHUHQFH EI
HQHUJ\ BQRSHW R F D QG IDGDGMMKH EHDP F RVQ:Y \G H DL@HHGE IP\D V V

E =Eg Io§/2;

Mes  sl(4c’)  (pg/©)%

ZKHMH E DUH WKH WKUHH PRPHQBXPHY@® H Q FUKIA K H\@ WHU H
PDVV IUDRH. VDWIGH VTXDUH RI FHQWUH RI PDVV HQHUJ\ &KD
HQHUJ\ QHXWUDO SDUWLF O E\DKEYHDR/LE R &/\K FFFOUULHDE D\W M & D
HQHUJLHV Rl WKH QHXWUDO SDUWLFOHV DV LQSXW 7KH HQ
VKRZHU UHVXO W \ELIDMERE OWW QLEFFRWK.RQV ,Q RUGHU WR UHG:



ZH UHSOB PH W@ PR PB Qi X#Ppo LQ WKH FDOMXDDWH RQ R

q 0
Pe = Po+  (EenpprEkg)? M2 jgoj;

ZKHMHDQER: DUH WKH PRPHQWXP XY G BIQG IpG IRQVBY K H

DUH WRRPHQWXP DQG LWV QRR LQDW K E M DP @ BRIK\ >

PRPHQWXP LV VFDOHG E\ WKH GHGXFHG KDIHOXHHUINRPKLK K EH
DUH PRUH SUHFLVHO\PHDVXUHG HIIHFWLYDQGRLKX\I GWLQ.
FUHDVLQJ LWV FEUHQ DWLRQVHRZKWKH G L\WMA¥YUEEXQVWA RQV RI
PRGLMHE IRUWKHBBLEQPRJURXQG DQG FRQWLQXXP EDFN.
WLRQV :HZLOO XWhHWEWWPRGG IR HWEKHF VBV ROIDAR ZLQJ DQDC
JRUFRQYHQLHQFH ZH ZLOK 3BV i A RVURMK KIHUPHR/GVL RU FAEX LV G R F

7KHUHFR @Y WDQEWGIBWHY DUH UHTXLUHG WR7TPROO ZL WK L ¢
Meg< 5:288*HA2 ZKLFK FRUUHY SRQGRW R DR X Q GBWAKHNVRRPLQDO
PDVV DVVKRZQ:H®3ISO\D ORRVHUHTXLUHPHQW3RQ WKH HQH
E<03*H9 GXHWR WKH ODUJH UD GE IBW Y WH WX \® LLROQW. KQHGVHLFI
FRQWBLTKH YHUWH[RI WKH DFFRPIS DR QLMD WAHDU HFLRGH W U X F W
WKIBBDOJRULW KR WKMW#RRQVWUDLQW DQG ZHDSSO\WDJ WULC
PRVW UHFHQW UHFRPPHQGDWLRQ®& EXX\PPD T K\BKE & X DJADREX S >

7TDEOH TKHVWDQGDUG 7'&439 WDJ WUDFN VHOHI

dr< O5FP
jdzi< 2 FP
M* *>Bi D
Mao.>Bib
p 0.05*H

&RQWURO &KDQQHO 6HOHFWLRQV

‘HUHFRQVWUXFW WEH! FBRYQWYRD*FKQ RQEBU WR VWXG\ WKH G
DQF\EHWZHHQ GDWD DKYCD\DLEPRODPGALIGDQV HKKDYH WKH VDPH
DV WKRVH LQ WKHBYILIFO FKPERBOIJHG SLRQV DUH UHFRQV
WRIBY, BHVW ZKLOH URZXAME QG JW R TINMm 2M * . * > B> B0

dr< 05 FP Dj¥c< 2 FP 7RHFDQGLGDWHY DUH UHFR&YWUXFWH C
DQBEFDQGLGDWHY ZLWK D NLQHPDWLF ILW 2QO\FDQGLGDW|
3 ZLQGRZ DURXQ GDW R B\Q\85B £ QAIM@xJ1:876 * HE2 DUH NHSW :H
IROORZ WKH VDPH SURFHG XB ¥ HQRIQHB R QQWWKH WILIDQYDOKAK D
DSSO\ W DREHUHTXLUHPHQW YV



D 6LJQDO 0&

EBB EDFNJURXQG 0&

F &RQWLQXXP EDFNJURXQG 0&
J)LIXUH "+LVWERID@RY RR G LMIEH G



D 6LJQDO 0& EBB EDFNJURXQG 0&

F &RQWLQXXP EDFNJURXQG 0&
YLIXUH 'LVWULEXWERDRK/HREGRBENN.RIGLG OLQHVY GHQRWH W






EKDSWHWIROQWLQXXP 6 XSSUH

7KH GRPLQDQW BB F NKPUPRXHFIDL QV WKH FRQWLQXXP EDFNJUR.
IURPQRQ EH®VR@KXPWURQLFHYHQWY $ODUJHDPRXQWRIFR
HYHQWVYV VWLOO UHPDLQV DIWHU WKH EDVHOLQH VHOHFWLR
)%'7 DOJRUIGWKR WUDLQ D GLVFULPLQDWRU DV D PHDQV WF
IURP WKH SUHGRPLQDQW FRQWLQXXP EDFNJURXQG HYHQWV

,Q WKH FHQWUH RI PDVV IUDPH ILQDO VWDWH SDUWLFO
KDYHD MHW OLNHGLVWULEXWLRQDV WKHGHFD\WR OLJKW }
IRUWKHP WR EH FROOLPDWBIEYRQWKIDBWXKAUIRD®G\ GLVWU
WKH PDVV GLIITHUH QF$ BHWR € B Q AHKDIQ G BV R H W@ RD MUK IHV
VPDO® PKMRQV DUH SURGXFHG DOPRVW DW UHVW LQ WKH FF
VKDSH IRU FR @B LKOWXPW\QBUH GHSLFWHGM YKL IH YDULDEO
VFULELQJWKHRYHUDOOVKDSHRIWKHHYHQWDUHRIWHQ XV
FRQWLQXXP EDFNJURXQG 7KHVH YDULDEOHV WKHPVHOYHYV
HUV 7KHVLJQDO HIILFLHQF\ZRXOG EH UHGXFHG WRR JUHD\
WR WKHP

YJLIXUH (YHQW VKDSHBRI HFRIQQMDQ % XP DQG



)DVW%'7 $OJRULWKP

,QWKHPXOWLYDULDWHDQDO\VLVY WKH S SUREDELOLW\RIDQ
VHW RI FKDUDFWHULVLQJ YDULDEOHVDQGDFODVV ODEHO W

7TKHDQDO\WLVY SURFHHGVLQWZRVWHSVY WKHILWWLQJ SK
IRUPHU D GDWDVHW ZLWK NQRZQ ODEHOV LV XVHG DQGLQW
WR GDWDVHWY ZLWK XQNQRZQ ODEHOV

,Q WKLV DQDO\VLY ZHXVHWKH VWRFKD V@& LGFHNHDER $HH E
IRUWKH %HOOH ,, H{SHULPHQW OXOWLY DU LD WHIF@®VVLILF
WKH GHIDXOW PXOWLYDULDWHDOJRULWKP LV)DVW%'7 ZKLF
UREXVW IRU WUDLQLQJLQ DQ DXWRPDWHG HQYLURQPHQW
ZLWK D JRRG SHUIRUPDQFH :HEULHIO\LQWURGXFH WKH VW
WUHH DOJRULWKP LQ WKLV VHFWLRQ

$ GHFLVLR @VSBIWWHRUPYVY FODVVLILFDWLRQ ZLWK FRQVHF X\
ILWWLQJ SKDVHRQ WKH FKDUDFWHULVLQJ YDULDEOHYV 7KH
LVFDOOHG WKHGHSWK RI WKH GHFLVLRQ WUHH $W HDFK QF
IUDFWLRQ RIVLIQDO HYHQWYV LQ WKH QRGH RIDOO WUDLQLC
LW\ 2QO\HYHQWV WKDW SDVV WKH SUHFHGLQJ FXWV DUH F
KLVWRJUDP IRUHDFK YDULDEOH DW HDFK QRGH LV FDOFXOI
FKDUDFWHULVLQJ YDULDEOH DQG WKH FXW DW HDFK QRGH |
VHSDUDWLRQ JDLQ 7KH WUDLQLQJ UHVXOW RI D GHFLVLRQ
IOXFWXDWLRQLQ WKHWUDLQLQJGDWDVHW OHDGLQJWRRY
GDWDVHWYV

, QRUGHUWRDYRLGRYHU WUDLQLQJ DVWRFKDVWLFJUD
ORZ GHFLVLRQ WUHHV LQVWHDG RIDVLQJOH GHHS GHFLVLR
OLPLWHG 6LJQDODQG EDFNJURXQG DUHRQO\URXJKO\VHS!
VDPSOH LV UDQGRPO\GUDZQ IURP WKH WUDLQLQJ VDPSOH I
UDQGRPLVDWLRQ LQFUHDVHVY WKHUREXVWQHVV DJDLQVW R
ZRXOGEHDYHUDJHG RXW LQ W KHAHKMXE HRZ/HHLU R\ O QUUKDHFNU H D V T
HQFH RIHYHQWYV KDUG WR FODVVLI\ RIWHQ OR®DWKIK> QHDU
RXWSXW FODVVLILHULY FRQVWUXFWHG ZLWK PXOWLSOH WL
WHUPLQDO QRGH LV WKH RXWSXW RI HDFK GHFLVLRQ WUHH
VLIQDO LV WKH VLIJPRLG WUDQVIRUPHG VXP RI WKHERRVW ~Z



fUDLQLQJO9DULDEOHYV

‘H XV H FRUUHFWO\ UHFR QBMAB XN YHHD® GLW R B @ BIY H Q FVR/X Q
RIFRQWLQXXP EDFNJURXQG HYHQWV WKDW VXUYLYH WKH VH
$QRWKHUVHWRIHYHQWV RIWKHVDPHDPRXQW LV XVHGIRU \
‘H XVH WKH BBUQ I BDOHB M mDPANKWEKHMNQRZQ ODEHO DQG WKH L
XVHG IRUWUDLQLQJ WKHIGLMFH QR ¥R VSR LMFIOXEHHY D QG
DEOHV

tMegr PRGLILHG EHDP FRQVWUDLQHG PDVYV

+ Kk QRUPDOLVHG VHFRQG )R[ :ROIUDP PRPHQW

$+Qbh"hPRVLQH RI WKH DQJO HB BAMRAUZK/HQDY KWH IVQ GQDIOH U H V
52( WKUXVW D[LV

$+Qbh"ERVLQH RI WKH DQJO H BMRMZAMHND DN KBA[I ¥ GQVID KOH

¥.2Hi wWSDFLDO GLIITHUHQFH EHWBHIHF DL YHLOVD RQHKEVW.@JIV
EHDP GLUHFWLRQ

$.2Hi w1 HUUR2HR Iw
$i?2 'mbi tBb*QbhERVLQH RI WKH SRODU DQJOH FRPSRQHQW
$i?2 " mbiPRDJQLWXGH RIWKH 52( WKUXVW D[LV
$*Ja+Qbh?BRODU DQJOHBRI ZWHAKSY LUQPB
tdr WUDQVYHUVH GLVWDQFH ZLWK UHVSHFW WR WKH , 3
$+/+Qbh?2FRVLQH RI WKH SRODU DQJOH ZLWK UHVSHFW WR
$/T?BD]JLPXWKDO DQJOH ZLWK UHVSHFW WR WKH , 3
$Ea6go "B #HDNXQR 6XSHU )R[ :ROIUDP PRPHQWV
$*G1P*QM2*al&/PAFRQHV IRUUHVW RI HYHQW 52( SDUWLI
9DULDEOHV ZLWK D KIEJE FIR b JFHIDOBMIGRIQY RIRWKH LQ SXW VR
WKH WUDLQHG FRQWLQXXP VXSSUHVVLRQ &6 RXWSXW ZKI
YDULDEOHV IURP EHIEQJ7KR YV HQDEWHE WRWR PRGHO WKH G
WKH ILWWLQE DLW EE WWU D Q V| RUPLHNGKED \RXPVE XMW DSSURDF

DSSO\D WLNKNWEXW@RFOXGHLWDVDQLQSXWWUDLQLQJYDUL
VLRQ DV XVLQJLWDVDILW YDULDEOH GRHV QRW KHOS WR L



IUDFWLRBRV\WRHWU\ :HWHVW WKHILWWLQJ4DIELDEOHYV E\
RI'VLPXODWLRQMER PESOAHOGVW®RH &6 RXWSXW WUDQVIRUPHG
WUDQVIRUPDWLRQ GBQKUWEKH®RE 8MMHFDQVIRUPDWLRQ 7KH
VWDWLVWLFDO XQFHUWDLQWLHV IRU WKH SK\VLFV SDUDPHYV

‘HFRPSDUH WKH &6ERKMNSKKHWDWIEL QLQJ DQG WHVWLQJ VHW
WUDLQLQJRULIDSSO\LQJD FXW RQ W IGH RW W ISEKXWFLARIV \DIM VH
LQ)LJ :HREVHUYH QR VLJQLILFDQW RYHU WUDLQLQJRU VFX

J)LIXUH /HIW RYHU WUDLQLQJ FKHFN E\ FRPSDULQJ WUD
GOH UHFHLYHURSHUDWLQJFKDUDFWHULWBMLK?%2& RI WKH
REDLQHGRQWKHWHVWVDPSOH 7KH DUHE QGWU LFEXN IHRLQ:
VFDOHG WR WKHQXPEHURIHYHQWYVY FRUUHVSRQGLQJ WR Wi
DUHTXLUHPHQWRQ WKH &6 RXWSXW FODVVLILHU

'HUHTXLUH WKH &6 RXWSXWWREHJUHDWHU WKDAQ UHV
DQG VXSSUHVVHV PRUH WKDQ RI FRQWLQXXP EDFNJURXC
PLVHWKHVHQVLWLYLW\RIWKH EWGBRVKARHWUD AR®U R® IDRKGZ\
HVWLPDWH WKH ILWWLQJ XQFHUWDLQW\E\HYDOXDWLQJ OD
YDU\LQJ FXWV DURXQG WKH 3'*YDOXHV RI WKH SK\VLFV SDUL

7DEOH 6WDWLVWLFDO X486 HY WLIIPLQOND\VIALVRAQL P D VSHIEHZLWLIQ
"ILWWLQJIJWUWRVIRUPHG &6 RXWSXW DQG 'ILWWLQJ ZLWK O
7KH ORJ WUDQVIRUPDWI=RQKE CPHI@HHAG BYORJ

EC®° Mgr EC®° Mgr E ORJ
Bkoo XQFHUW > @
Ao o XQFHUW

7UDQVIRUPDWLRQ

$IWHU WKH FXW ZH WUDQV IR UPMJDK % BRRYPVD SR @ L R/ WK ¢
LQWHJUDO WUD@ VWRIPBWWRIQ PRGHO LWV GLVWULEXWLRQ
R(y) RI FODYVNMILHYHQ E\

z

y
R(y) = i Ps(y9dy 1



)LIXUH OHDQ XQBH U WOGQWRMWBRIU\LQJ FXWV RQ WKH &6 F
YDULDEOH HYDOXDWHGRQ VHWV RISVHXGR H[SHULPHQV

ZKHMM) LV WKH VLIQDO FODVVLILHU GLVWULEXWLRQ 7KLV W
WKH WUDQVIRUPHG RXW(SX WMV RBUYVWIQEXWMBQXWYIRUPO\ EH\
ZLWKLQ VWDWLVWLFDOIOXFWXDWLRQ ZKHUHDV FRQWLQXX
VLPSOH GHVFULSWLRQV RI WKH SUREDELOLW\ GHQVLW\ IXQ]
‘H SHUIRUPWMIMOHQVIRUPDWLRQ RI WKH &6 RXWSXW LQGHSHQG
TXDOLW\RXWSXWLQWHUYDO VXFKWKDW E\FRQVWUXFWLR:
IRUP GLVWULEXWLRQ IRUHDFKLQGLYLGXDOLQWHUYDO DV 2
RXWSXW DQG WKH WAl EGWRHIPG G RWW QMG VLPXODWLRQ DU
WKH FROQWBJRODRR®HR © * LQ )LJ 7KH GDWD 0& FRPSDULVRQ |
LQSXW YDULDEOHW LWL WK HQS$IS OLVWHG LQ RUGHU RI IHI
yLJ

J)LIXUH /IHIW FRPSDULVRQRIWKH &6 RXWSXBWIEHWZHHQ G
D! K29 * FRQWURO FKDQQHO IRB°WKH % '3 W K /L GH & WRIAL E X W
RI WKH WUDQVIRUPHG &6CRXWS X'\ HD QAMKHPE MK R IPRXWMP XODWHG
EHIRUHWKHFXWLV QRUPDOLVHG WR WKH WRWDO QXPEHU R/

6XPPDU\RI)LQDO 6HOHFWLRQV

,Q WKLV DQDO\WLV ZH GR QRW DSSO\D EHVW FDQGLGDWH VF
LVORZ DIWHUDOO WKHVHOHFWLRQ DQGLQJIJHQHUDO DSS



PLJKWLQWURGXFHELDVWRWKHUHVXOW :HDVVLJQ WKLV D\
LQ&K,Q WKHVLJQDO RQO\VLPXODWLRQVDPSOH WKHVLJIQD
HIILFLHQF\DUH GHILQHG DV

S B

=G DQG &&E)TB;

ZKHYHY WKH QXPEHU RI FRUUHFWO\ WBHhREB GNIWE X ¥ WHKG VLJIQL
WRWDO QXPEHU RI JHQH WD MWHWG KWH. QXPE HY ROMWDEAERQVWU
LQWKHVLIQDO RQO\0& VDPSOH :HVXPPDULVH W&E VHOHF)
WKH FXPXODWLYH VLIJQDO HIILFLHQFLHY GHWHUPLQHG IURF
VXEVHTXHQW VHOHFWLRQ VWHSV LQ 7DE

7TDEOH 6 XPPDU\RIVHOHFWLRQ UHTXLUHPHQV

0:480<m( )< 0:510* HR?
KQVHOHFWLRQG K#/ 02(ng>
oya2H2 Q>
0:115<m( )< 0:150* HR2
[ m;i?2° M;H2
+Hmbi2 L>Bih5
O VHOHFWLRQ | j+Hmbi2 hBIKRBK QV
VHOHFWLRB(V)> 003*H9
0:2967< () < 26180>UDG @
T?2QiQNJ» 0:20
5:272<M g < 5:288 * HR?
B° VHOHFWLRQ 03< E< 03
&6 FODW\VWIGILHU

7TDEOH 6LIQDO HIILFLHQFLHV DIWHU VXEVHTXHQW

2SHUDWLRQ K2 9
SHFRQVWUXFWLRQ
BHOHFWLRQ
Mer E
&6 FODVVLILHU




J)LIXUH 9DULDEOHV XVHG LQ %'7 WUDLQLQJ IRU WKH FRQ
IHDWXUH LPSRUWDQFH






&SKDSWHWUDFWLRQ RI 3K\\
SDUDPHWHUYV

JODYRXU 7DJJHU

7KHIODYRXU@GVIDUINMHG WR GHWHUPLBHWYXR QY D QRXUHRIVOW X L
D SDLU RIBOPIKWRUD @QKHUH RQH RI W&3HP. GH G B WDLVONY RVIK D W L\
B D@B® GHFD\ WR WKH VDPH ILQDO VWDWH DQG WKH RWKHU G
FKDQQHO 7KHHYHQW FDQ EH V BSTHMBMH GZIKQ W GWKFDY V. IR
D&3HLIJHQVWDWH BQTHWRE W BB LWFIKGIHY WKH UBMW7RHHYHQW
|ODY RBGYIRM GHWHUPLQHG DW WKH WLPH RI LWV GHFD\ ZLWK F
SRVVLEOH VLQFHPDQ\ GHFPNPRGWWBHQERWR)OW VSHFLILF

TKHUH DUH FDWHJRULHY GHYHORSHG IRU JURXSLQJ WK
VSHFLILF GHFD\V DV OKMWKGBUJXHMMIENKH ILQDO VWDWH SDUW
RIVBKFHVRQ 7KHIODYRXUWDJJHURSHUDWHVDWWKHHYHQWV
PXOWLYDULDWHPHWKRG @V FRMHFOREQJRYWEDTH@ LODYRXU
LQVSLUHG E\ WKH IODYRXU WD @ B G HoYD@OIRIBANGNVEN CoHHDWDIHI ML
WKH QB XCWBDOSURGXFWV DQG WKHQ GLVFHUQLQJLWV IODYF

$WWKHHYHQW OHYHO SDUWLFOHOLVWY DUHFUHDWHG I
WUDFNV LQFOXGLQJHOHFWURQV PXRQV NDRQV SLRQV D
ZLWKPDVV K\ SRWKHVHVY FRUUHVSRQGLQJWR WKHWDUJHW S
VLIOQDWXUH 9DULRXVIODYRXU WDJJLQJLQSXW YDULDEOHYV
\VLYV DUH FDOFXODWHG IRUHDFK WUDFN LPSOLFLWO\LQYR
FOXVWHUV )RU HDFK FDWB;ZRU\2 DD W Q DROQMEXINL WK WKH I
WDJJHULQSXWV WRJLYH WKH SUREDELOLW\RIWKHWUDFN E

$W WKH FRPELQHU OHYHO W KBH WU 2FE @ BIOX K WK M HQ HK MM
DVWKHWDUJHW IRUWKDW FDWHJRU\ 7KHLQSXW IRUWKH FR
_B;?i* i2;QUHVXOWLQJLQ LQSXWVDWIRUWKHFRPELQHU
SURGXEMVKH 1@ DIYRE W KH G L OrX W\. RV HIQFWRIB,,QHG IRU HDFK



7TDEOH JODYRXU WDJJHU FDWHJRULHV RIIODYRXU VSHFL

GHWHUPLQLQJ

WKHIODYRXU VLIQDWXUHV DUHPDUNHG LQ F

&DWHJRULHYV

'"HFD\V

(OHFWURQ

b! Xe

,QWHUPHGLDWH (®HMEWAER Q

O0XRQ

b! X

 QWHUPHGLD WHOXR® X *

LQ/HSWRQ

b! Xl

 QWHUPHGLDWH . XQUHSWRQ

.DRQ
.DRQ3LRQ
6ORZ3LRQ
)DVW+DGURQ
OD[LPXP3
)DVW6ORZ&RL

IDPEGD

b! XK
b! XD *! XD *1 XK *

b! XD *! XDO *

bt X* (K )

7KH SDUWLFOH ZLWK WKH KLJKHVW &06 PRPH

JUHODWHGD D@Q®REKISIRORPUHRRYXP SULPDU\ S

bl X ! X I Xp

6DPSOH &RPSRVLWLRQ

‘HLGHQWLI\ WKUHH ILWBFREBRRHORWQ G/ LIQBGBERQWLQXXP E
7KH VHOI FURVV IHHG HIILRL25Q F\HDIPQREXAVG\H WK 61&)H FDQ G L G
WKH VLIJQDO FRPSRQHQW IRU WKHE\ BV VN J0Q/D & KM WQWN SID\D Y
LQ )LJ )LJ VKRZV WKH GLVWULEXWLRQ RI GLIIHUHQW FRPS|
VDPSOH LQ WKH JH Q HE MR VD © & OADKMLRDRLGX FW R V& E WD JJH C
WKH GLOXWRRWKBA®RYRXU WDJJHU DV VKRZQLQ $SS

JLIXUH EFRAEOBGLVWULEXWLRQV RI FRUUHBWXIPQG PLV UH
VLIQDO FDQGLGDWHY VFDOHG WR WKH VDPH QXPEHU RI HYH
UHFRQVWUXFWHG25Y PQWVWPARQWWHBGR.Q WKH VLIQDO FRP



YLIXUH )LQDO VDPSOH ERPRBVR WHL'RRY RLPXODWLRQ VDP S
JLWWHU '"HWDLOV

‘H H{WUDFW WKH SK\VLFV SDUDPHWHUV WD EWPPORKULQJ |U
Agoo ZLWK DQ H{IWHQGHG WZR GLPHQVLRQDO XQELQQHG PD|
WULEXWLRQV Rl HEHUJGGKHWHQBNIRUPHG FRQWLQXXP VX!
C° ,QFOXWILRIQVRD ILW YDULDEOH FRPSOH[HV WKH ILWWLQJPD
WR PLVPRGHOOLQJZKLOH VKRZLQJQRLPSURYHPHQW LQ WK
H[FOMGH RP WKH ILWWLQJ YDULDEOHV DQG XVHLWDVDQLQS
DIWHU D \B27PK W FX 51288 * H:2

7R PHDVXUH WX BODMAVWR Q SDUDPHWHU D FDWB®JRU\ ED\
DOJRULWKP LV XVHG WR GHWHUPLQH WKH WKH WDJ VLGH I0TC
g=1qgq= 1 FRUUHVSRQGV W R M\KRIQWEHIL @ UBAHBI J HTK BV
IODYRXU WDJJLQJ DOJRULWKIRW HD BK BDELEDGNDIVRIY ZDKALWF R W \
WKH ZURQJ WADBEWWOFWLRTKH HYHQWY DUH FDWHERQVYVHG LC
DFFRUGLQJWR WKHIODYRXU WDJJHU RXWSXW TXDOLW\ $ VF
HDFKELQ

FSDUWLDO HIILFLHQF\

tGLIIHUHQFHRI SDUWLDB' WI@&F LHQFLHY EHWZHHQ



$+ZURQJ WDIJWUDFWLRQ

tGLIIHUHQFH RIZURQJ WBYD@ESFWLRQV EHWZHHQ

‘H HIWUDFW WKH EUDQ FKL&Q3IDIV\PPWMWRQ DURP ®LVIHFXO W D
ILW RYHU P EQQY\HYHWK WKH IODYRXU SDUDPHWHUV IL[HG W
B°' D *> @ 7KH\DUH*DXVVLDQ FRQVWUDLQHGLQ WKH ILQI
VSHFLILHG LDQ7® EDE :H JDLQ DGGLWLRQDO VWDWLVWLFEDO \
VHSDUDWLRQ LQ W&HVIWWLEXWFIHRWHKN GLITHUHQW IRU VLJQD
gr GLVWULEXWLRQ RIWKH JHQHULF 0RRWIBBRBMH-IN VRRDG LQ
FRPSRQHQW ZH XVH WKH VDPHIODYRXU SDUDPHWHUV DV IR
FRQWLQXXP EDFNJURXQG FRPSRQHQW WKH SDUWLDO HIILF
IURP VLPXODWLRQ

7TKHVLIQDO\LHOGFDQ EHFRPSXWHG IURP WKHEUDQFKLC
NS|g

= 5 00 0 0 o,
KQ o 2 NBB B « fKO! KQ KQ 0

ZKHNEB , LV WKH VL NP OM MHCHEQ X P E H LBB | SSDUBG/X EW & K H
EUDQFKLQJ IUDFWLR® «} LW SIKUDIRIDFMRLR Q RE o LV WKH
VLIQDO UHFRQVWUXFWLRQHIILFLHQF\ HVWLPDWHG IURP VL
RK! * DQG&! DUH DEFFRXQWHG IRULQ WKH VLIJQDO UHFI
oo TKHVLI@BEDRMIURXQG 3') VKDSHYV DUH IE LG IL WR/PALR) W |
GHGLFDWHG VLPXODWLRQ VDPSOHV DQG WKHIROORZLQJ SI
WKHUHDO GDWD

17KH GLABBNWPHWU\ RP ° SDUDPHWHU
17KH EUDQFKLQBNUREFWLRBRQ@BDPHWHU
F7TKHFRQWLQXXP EDFNJURXQG\LHOG SDUDPHWHU

t7KBB EDFNJURXQG \LHOG SDUDPHWHU

17KHFRQWLQXXP EDREGVURXHIHGSDUDPHWHUY SDUDPHWH

)LW 6 KDSHV

7KH 3') VKDSHY DQG WKH FRUUHODWLRQ FRHIILFLHQWY EHW
PDULVHG LQ6ADEFFH WKH FRUUHODWLRQV DUH VPDEB0O ZHDVV?
DA@EWR EH XQFRUUHODWHG DQG WKDW WKHWZR GLPHQVLR!



7TDEOH LQWHUYDO GHILRLOWWVD ARG BYNBFKDWHGJORM8Y BU SDUDP
7TKHSDUWLDOHIILFLHQFLHVIRUWKHFRQWLQXXP EDFNJURX
SOH

r ELQr LQWHUYDO , Wi Wi r rnag

+ + + + H+ H+ I+

7TDEOH LQWHUYDO GHILRQLOWDRQ RYMNBFKDWHG IODYRU SDUDP
GDWD

r ELQr LQWHUYDO : W, W, :

+ + + + + + H+

RQH GLPHQVLRQDO 3')V 7KH 3') VKDSH SDUDPHWHUV DUH RI
XVLQJIRXU PLOOLRQ VI EPFO RIRX\D®E HDEHQWY 7KH ILWYV
VLPXODWLRQ VDPSOHV IUHWKRE Y KRYHISDUDPHWHUV DUH C

'H GHULYH WKH IODYRXU 3') E\LQFRUSRUDWLQJ WKH IOD"
ZKLFKWKHQ EHFRPHYV

jotlgo
P Q)= "1 qw+a@ 20+[al 2w+ 1 g w)
A FRMng D+ S VIQ ] g

, QWHJUDWLQJ RYHU WKH GHFD\ WLPH ZH REWDLQ WKH WLP
VFULEHG E\

Pag@=511 g w+q. (1 W)+ 2fdl 2w)+ (1 g w)g A cocl
Pes(@=501 a w+a (L 20)+(@ 24gfa0 20)+ (1 g w)g A gl

qu(q):%(l qd A q);

ZKHYHYV WKH WLPBLRQAWHIUSMWHDEP HWHU 7KH EDANJURXQG D
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