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$%675$&7& RQIRUPHUV R®@ >PRPBOH[ KDYH EHHQ HQXHHUDWHG RQ W
FRPSXWDWLRQDO JURXS WKHRU\ ZKHUH 0 LVERK®&PQWUDO PHWDC
WKURXMDYHG RQ WKH FOR RIRFRPLHU X RIPREKIRUP HU VIKDYH EHHQ
IRXQFBU MWK $1% 8 FRPIROHBPKH DV VDRI@HGSWRQW JURXS

& & & & & DQG &

. (<:25'6 (QXPHUDRRQRRURFWDKHGUD GaR O SQ4&RPSXWJEWLRQD O
*URXS 7KHRU\

,1752'8&7,21

*URS WKHRU\ LV XVHIXO LQ HQXPHUDWLQJ FRQIRUPHUV RI |
WKH JDV SKDVH FRQIRUPHUV PD\ FRH[LYG L@ WXKEK BTKDOHE
LV LPSRUWDQW WR NQRZ\RYRWKWARGEI\R X B EKK\D\G ) EVRWDGHL \WWF
QDWXUH RI WKH FRPSRXQG EHWWHU (QXPHUDWLRQ E\ WKH
FROOHFWLYHO\ H[KDXVWLYH 7KHUHIRUH ZH FW®&HHIILFLH
FRQIRUPHUV LQ FRQIRUPDWLRQDO DQDO\VLYV

7KH FRQIRUPHU\HGU DIDQ >@FFOKS OH[ PROHFXOH )LJXUH
EHHQ HQXPHUDWHG > @ E\ WKH FRPSXWDWLRQDO JURXS \
WKH FHQWUDO PHWDO Rl WKH PROHFXOH DQG $% LV WKH (
ZH VD\ WKH PR 6 WEDKBIBHIPRDXVH WKH FRRUGLQDWLRQ JHRPHYV
PHWDO LRQ ZKLFK FRUUHVEROQWYV LWRRWW B KHEBIWDUWEHDRIP D\$
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WESRLQW JURXS KREPRYHW ERHQMQ @KHRPB ®W[ PROHFXOH FD
YDULRXV VVORQEIWEI NWRER & & & & DQGSRLQW JURXSV > @
WR WKH RULHQWDWLRQ Rl WKH OLJDQGV 7KH HQXPHUDWH
VWXGDIFRIWXWOXFWXUHY RI UHODWH G H{BWD\O PRRS\O B [RHLV
QLFNHG |FDWLR®1+ @ DQKH[DNPWWK\OIRUP DMRIEGIHO ,,
GLFDWLRQO® > @

JLIXUBWUXFWRWBYXARSWBR@ SKDWH[>0 @ D DQG & £% &

JLIXUHGJH GLUHFWLRQV D DQGURLPVBBRWHG [GRUBPWRRWDK HE

'HVSLWH WKH VXFFHVV LQ HQXPHUD\WL G R PEIOH [FRWKR L
HQXPHUDWLRQ IRU WKH@HPFRROQGHEG pOIJX%WR E KDV QRW
7KHUHIRUH LQ WKLV VWXG\ HQXPHUDWLRQ@ RD W@&& FRQIR
FRPSOH[ E\ &*7 PHWKRG 7KH REWDLQHG UHVXOW LV H[SHF
DQDO\VLYV RI UHODWHG PHWDO FRPSOH[HV :KHQ H[WHQGLQ
ERXQG DWRP % WKHUH DUH WZR W\BIGFEQVE EWHRN GRQMF
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JLIXUHQ RXU SUHYLRXW HWEBYB\FR@RWPHUV PHULGLRQDO

IRXQG WR EH UHODW H{EG ZH WR QVK BX DOWLIBRIQY RIKLY VW XG\

ELVHEFWHG VWUXFWXUHV DU P SROW HEREHBAQY H DRIBAG/XMHU B H W |
ZHUH H[DPLQHG

O(7+2'6

&RQIRUPHUV ZHUH REWDLQHG EDVHG RQ WKH FREBSXWDWLF
ZKLFK ZDV SHUIRUPHG XV@ QRIQ*$Q VBH® J&JDWPHEL. FRPSXWHU
7KUBHPHQVLRQEBURMRGHDYXQ E\ :LQPRVWDU VRIWZDUH > @
ZH W FHUBDWGRHGYRIWZDUH

5(68/76 $1" ,6&866,21

&RQIRURHYY $%& FRPBIOWH FRQVLGHUHSUHDVRXR B UDKHG
FRQIRUPHUUSY® FRPSDMHHQ ERQARWRIME $%@ FRPBOMH|
OLVWHG LQRMDHE MK DW ZH GHYVHAFIREH R VRUR HQD PG QM X U H

> >\ |@e>a \Pe[ @[ *@ @QCGLAMKWMLRULHQWDWLRQV RI VL[ $
N J@[|@QHWF LQ WKH RPEGHU QI WIKWHPA>][@Q WKLV VWXG\
EDVRG WK XQIHWMDFK OBIDZAPY H[WHQGHG IURP DWRP % WR
FRQ VL GHRIQ VWRKJPIHXO $%@& FRPS) W[ WKH H[WHQVLRQ RI & WKL
ZHUH FRQVLGHUHG ZIORWHE XL KHEBP D WL FRQIRUPHU
JDXFKH FRQIRUPBWXFROGERQIRUPHU 7KLV LV WKRXJKW W
SXUSRVH RI FRQIRUPDWLRQDO DQDO\VLV

J)LIXUBRQ H[DPSOH RI PRI BEGRYA\H W H P
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7TDEOWLVHFRVHRWPHUV R® >0 @%
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$V WKH UHVXOW RI &*7 FRPSXWDWLRQ IRU HEDPSOH L
SRLQW JURXS RIQUKWH 0 $RQIRUPH@VFRP SO I$pt &W R P%%

ZHUH GHULYHG DV OLVWHG LQ 7DEOH ,Q WKH OLVW W]
DQJQHRI VLY %& XQLWV LQ WKH RUGHU RI WKH QXP@HULQJ V
7KH  FRQIRUPHUMW WUXEXN\GHY B X B&VXW H X BAZ&RWIW U X FW X UH V
D& VW U X F V&EXVUMU X FMKXGHAR U X FMKXEHAY U X FDMXGLRHWW U X FW X U H V
DQG VRPH RIGWRHQWKRE B QN WHKRRZ\Y XIUGTYKIEDXKBIYH GLIIHUHQ
VWUXFWXUHV KBR%HRMUMWIKOHIHIWKH VDPH VWUXEWXUHV EH
SRLQW JURXS
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JLIXUHDPSOHV RI FRQIRUP KBRVNRHV ¥ L PIREL B/%UR |
VIPPHWU\

,Q WWOPH ZD\ WKH UHVW RI WSOH$ %RAE5 RRABRAHH]VZ R U VK F
FRQVLGHUHG EDVHBRREG WERRWMR % DQG WKH SRLQW JUI
REWDLQHG FRQIRUPHUV DUH VXPPDUL]HG LQ 7DEOH QW
WKH ELVHFWHG>B R4 BURPMHIVHRI ,Q 7DEOH  WKH FRQIRU
FDWHJRUL]HG EDVHG R@ W K'REHSAB GBW BQ8 QL& B BR L
([FHSW IRWWRHWOWO RI WKH LR\WFRRIDGR UPHUV R® >DMU$M &
WDEOHG LQ 7DEOH 6 LQ VXSSRUWLQJ LQIRUPDWLRQ 6RPH
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7DEO%LNWHRQ UPHUV RI @ORMWVE V VL QXIQIL WYR1P P HW U\
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JLIXUH[DPSOHV RI FRQIRUPKIWUV IRU >0 $%&

&21&/8',1*5(0%$5.6

,Q WKLV RQVRGP HEW RKHGIP® FRPSOH[ KDYH BHRIQ WRMNPHU
EDVLV RI FRPSXWDWLRQ DB G) RRXWHHVBIKRY P H WVSBI WKH
FRUH XQLAMRQIRUPHUV KDYRUEWK QRW&XBDRPERANVLGHULQJ WKI
DQWL DQG JDXFKH FRQIRUPDWLR QDN VIKIHDRE WMRL@MG NR X R F
s 6 &« & & & & DQG & 7KH UHVXOWV ZHU
VXPPDUL]JHG LQ WDEOHV ZKLFK LV XVHIXO LQ FRQIRUPDWL

FRPSOH[HV

$&.12:/('*0(17

7KLV ZRUN ZDV VXSSRUMWHGUBD\Q-W3BXBEHU . JLQDQFLDC
E\ <DPWDD8QLYHUVLW\ LV D/&EWHRGHFNHORSPHAIM R LQPRVWF
LQFOXGLQJ SRLQW JURAGURRDDRVENMDE BEMWQARD 1DIDVKLUR
JUDWIBIKNO@RZOHGJIHG
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6833257,1%1)250%$7,21 7TDEOH 6

50)(5(1&(6

+ 6DNL\DPD: DNI&RQIRUPDWLRQDO $Q DOGAWKVYORPL@H[D N

1LFNHO ,, &RPSOH[ RQ WKH %DVLV RI &RPSXWDWLRQ]
)XQFWLRQDZRRBRKMP -SQ +

+ 6DNL\DPDDN&RQIRUPDWLRQDO $QIDIHWIKYORR URDPNGW
1LFNHO ,, &RPSOH[ RQ WKH %DVLV RI &RPSXWDWLRQ]

)XQFWLRQDO &ZRMFUN &KW (6Q +
) +ROW +DQGERRN RI &RPSXWDWLRQBY *URKSHWH
ODWKHPDWLFV DQG LWV $SSOLFDWLRQV &KDSPDQ +D
6 )XMLWD 1 ®HYERDUDIXUDWLRQV RQ D 5HJXODU :
([KDXVWLYH (QXPHUDWLRQ DQG ([DPLQDWLRQ :LWK 5H
3RHOWRXS 6\RPNQWHUQHW (OHFWURQLF -RXUQDO RI ORO
+
5 6XGR <RVKLBNOLNXU+\®DNL\DBRDUXFWXUDO )HDWXUH R
'062 &REDOW ,, RRPSEHPPHW UB\DHX8,RHIRUPDWLRQ
UD\ 6WSXOFEWO L Q H +
5 6XGR <RVKLRNDRNXU+\@DNL\BBMDUXFWXUDO )HDWXUHV R
'062 1LFNHO ,, &RPSOBH[H XM QRBY W X6GRUR S HIONDH U
6 W U X F\WXDA HOMBIOXOE®YO L Q H +
7KH *$3 *URXSURS3YV $0JRQIGWXPRJUDPPLQJ 9HUVLRQ
KWWS ZZWWHP RUJ
1 6HQGD :LQPRVWDU 6RIWZDUH 9HUVLRQ KW



