$*+ 8QLYHUVLW\ RI 6FLHQFH DQG 7THFKQRORJ\

J)DFEXOW\ RI (OHFWULFDO (QJLQHHULQJ $
&RPSXWHU 6FLHQFH DQG (OHFWURQLF

ODUHN * 6,25

,PSURYLQJ )J)UHTXHQF\ 5]
RI 'LVFUHWH O6SHFW

$ GRFWRUDO GLVVHUWDWLRQ GRQH XQGH
3URIHVVRU 0DULXV] =,7a.2

.UDNyZ
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$NDGHPLD *YUQLF]R +XWQLF]D Z .UDNRZ

'\G]LD4 (OHNWURWHFKQLNL $XWRPDW\NL
L (OHNWURQLNL

ODUHN * 6,25

3RSUDZD UR]G]JLHOF]F
F] VWRWOLZR FLRZH
ZLGP G\WNUHWOQ\FK

SR]SUDZD GRNWRUVND Z\NRQDQD SRG NLF
SURI GUD KDE LQ* ODULXV]D =,Ta.2

.UDNyZ
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/R P\ 3DUHQV

ORLP S5RG]JLFF

$FNQRZOHGJHPHQW \Bx B

, ZRXOG OLNH WR WKDQN DOO WKRVH ZKR LQIOXHQFHG WKLV
B3URIHVVRU 0ODULXV] =LyaNR ZKR DOVR WULJJHUHG P\ LQWHUH
PDVWHUVKLS VWXGLHV P\ &(51 FROOHDJXHV HVSHFLDOO\ -HU
ZKRVH H[SHULHQFH , SURILWHG VR PXFK , DP DOVR LQGHEWH
-RQHV IRU VXSSRUWLQJ WKHVH VWXGLHV
6HSDUDWHO\ , ZRXOG OLNH WR WKDQN P\ ZLIH $JDWD IRU

ZLWKRXW ZKLFK WKLV ZRUN ZRX0OG QHYHU KDYH EHHQ GRQH D
HGXFDWLRQ 7R WKHP , GHGLFDWH WKLV GRFWRUDO GLVVHUWL

3RG]L NRZDQLD it

3UDJQ SRG]L NRZDi ZV]\VWNLP NWyU]\ PLHOL ZSa\Z QD NV]WD
WR 3URPRWRU 3DQ SURIHVRU ODULXV] =LyaNR NWyU\ WDN*H |
SUJHWZDU]DQLHP V\JQDAayZ MHV]F]H Z F]JDVLH VWXGLyZ PDJLV
ZV]\WVWNLP -HURHQ %HOOHPDQ L -RVp /XLV *RQJ]iOH] ] NWyU\F]
3DQRZLH -HDQ 3LHUUH 3RWLHU 8OL 5DLFK RUD] 5KRGUL -RQH
EDUG]R ZG]L F]Q\

2VREQH SRG]L NRZDQLD VN&4DGDP PRMHM *RQLH $JDFLH
SR ZL FHQLH EH] NWyU\FK WD SUDFD QLJG\ E\ QLH SRZVWDAaD
Z\NV]WDAFHQLH ,P GHG\NXM W UR]SUDZ GRNWRUVN

ODUHN * WISRURYLQJ IUHTXHQF\ UHVROXWLRQ RI GLYWFUHWH V¢S
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(YHU\WKLQJ VKRXOG EH PDG "VI\WWWNR SRZLQQR E\0 URELR
EXW QRW VLPSOHU SOEHUW DOH QLH SUR FLH

$EVWUDFW ==

'LVFUHWH VSHFWUD FDQ EH XVHG WR PHDVXUH IUHTXHQFLHV RI VLJ
GLJLWL]LQJ WKH LQSXW VLJQDO SHUIRUPLQJ ZLQGRZLQJ RI WKH VL.
VSHFWUXP XVXDOO\ E\ PHDQV RI WKH )DVW )RXULHU 7UDQVIRUP DOJ
EH HYDOXDWHG IURP WKHLU ORFDWLRQV LQ WKH GLVFUHWH VSHFWU >
SURFHVVHG VDPSOHV ZKLFK LV XVXDOO\ OLPLWHG E\ WKH WLPH UHT:
GLVVHUWDWLRQ LV LQWHUSRODWLRQ DOJRULWKPV RI GLVFUHWH )RX
RI VXFK PHDVXUHPHQWYV E\ D IHZ RUGHUV RI PDJQLWXGH GHSHQGLQ.
XVHG DQG QRLVH SUHVHQW LQ WKH VSHFWUXP 7KH DXWKRU IRFXVH'
LQWHUSRODWLQJ FXUYH XSRQ WKH WKUHH ODUJHVW FRQVHFXWLYH \
RI WKH LQSXW VLJQDO 7KH DEVFLVVD RI WKH FXUYH PD[LPXP GHWH
UHVROXWLRQ 7KH LQWHUSRODWLRQ PHWKRGYV FRQVLVW LQ ILWWLQ
GLVVHUWDWLRQ DQ H[SRQHQWLDO SDUDEROD DQG IRU FRPPRQO\ XV
E\ RQH WZR DQG IRXU RUGHUV RI PDJQLWXGH UHVSHFWLYHO\ ,W L
GXULQJ WKH VLJQDO VDPSOLQJ DQG WKDW WKH FRUUHVSRQGLQJ VSF
SDSHU LQFOXGHV D GHVFULSWLRQ Rl WKH GHSHQGHQFH RI WKH DO.
QRLVH SUHVHQW LQ WKH VSHFWUXP LQWHUIHUHQFH IURP XQGHVLUD
LQSXW VLJQDO $ GLUHFW DSSOLFDWLRQ Rl WKH LQWHUSRODWLRQ L
RVFLOODWLRQV RI KLJK HQHUJ\ SDUWLFOH EHDPV 7KH\ DUH XVHG SU
IRU 3DUWLFOH 3K\VLFV &(51 *HQHYD 6ZLW]JHUODQG ,W VHHPV WK
PD\ EH DOVR XVHG LQ ODERUDWRU\ DQG LQGXVWULDO V\VWHPV IR
SHULRGLFLW\ HYHU\ZKHUH ZKHUH UHDO WLPH KLJK UHVROXWLRQ PH

6WUHV]F]HQLH i

'LGPD G\WVNUHWQH PRJ VaX*\i GR SRPLDUX F] VWRWOLZR FL VN4ADGR?Z
VIJQDA&X ZHM FLRZHJR QD SRVWDiU F\IURZ SRGGDQLX SUYEHN V\JQD¢
LFK IRXULHURZVNLHJR ZLGPD G\WNUHWQHJR QDMF] FLHM ]D SRPRF
&] VWRWOLZR FL SRV]F]JHJYyOQ\FK VNADGRZ\FK V\JQD&X PRJ E\i RNU}
UR]JG]JLHOF]R FL ]DOH*Q RG OLF]E\ SUYEHN Z]L W\FK GR MHJR Z\]QDF
SRWU]JHEQ\P QD REOLF]JHQLH ZLGPD 7HPDWHP QLQLHMV]HM UR]SUD
ZLGP G\WNUHWQ\FK XPR*OLZLDM FH SRSUDZ UR]G]JLHOF]R FL F] VWR\
ZLHONR FL ]DOH*QLH SUJHGH ZV]\VWNLP RG X*\WHM PHWRG\ LQWHUS
LQWHUSRORZDQ\P ZLGPLH $XWRU VNXSLD VL QD WU]JHFK PHWRGDFI
LQWHUSRODF\MQHM QD SRGVWDZLH WU]JHFK Z JayZ Z\]QDF]JRQ\FK SU
RGSRZLDGDM FH PLHU]JRQHPX VNA4ADGQLNRZL V\JQD&aX ZHM FLRZHJIR
F] VWRWOLZR it GDQHM VN&4DGRZHM V\JQD&aX ] SRSUDZLRQ UR]JG]JLHC
GRSDVRZDQLX SDUDEROL NUJ\ZHM JDXVVRZVNLHM RUD] WDN ]JZDQHM
X*\ZDQ\FK RNLHQ XPR*OLZLDM SRSUDZ UR]JG]JLHOF]R FL RGSRZLHGQL
=DN4DGD VL *H PLHU]JRQD F] VWRWOLZR i MHVW VWD&4D SRGF]DV SUy
PR*H E\i ]JQDOH]LRQ\ Z ZLGPLH G\VNUHWQ\P 3UDFD ]DZLHUD RSLV
X*\WHJR RNQD V]XPX REHFQHJR Z ZLGPLH LQWHUIHUHQFML RG OQ
ZHM FLRZHJR RUD] Z\N4DGQLF]JHJR WAXPLHQLD WHJR V\JQD&X %}k
DOJRU\WPyZ V V\VWHP\ GR SRPLDUX F] VWRWOLZR FL RVF\ODFML E
ZLHONLFK HQHUJLL 2EHFQLH V RQH X*\ZDQH Z WDNLFK V\VWHPDFK
&(51 Z *HQHZLH :\GDMH VL *H RSLVDQH Z UR]SUDZLH DOJRU\WP\
VIVWHPDFK RUD] WHFKQLNDFK GR ODERUDWRU\MQHJR L SU]JHP\Va
RJUDQLF]RQHM RNUHVRZR FL ZV] GJLH WDP JG]JLH Z\PDJD VL SRP
UR]G]JLHOF]R FL L QD SRGVWDZLH QLHZLHONLHM LOR FL SUYEHN

ODUHN * WISRURYLQJ IUHTXHQF\ UHVROXWLRQ RI GQYFUHWH V&
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7DEOH RI FRQWHQWV

JLVW Rl WKH PRVW LPSRUWDQW V\PEROV DQG DEEUHYLDWLRQV
 QWURGXFWLRQ WKHVHV DVVXPSWLRQV
JURP DQ DQDORJXH VLJQDO WR LWV GLVFUHWH VSHFWUXP
$QDORJXH WR GLIJLWDO FRQYHUVLRQ
JRXULHU DQG 'LVFUHWH )RXULHU 7UDQVIRUPYV
6DPSOH ZLQGRZLQJ
7KUHH QRGH LQWHUSRODWLRQV RI GLVFUHWH VSHFWUD
ODLQ OREH VKDSHV RI ZLQGRZ VSHFWUD
3DUDEROLF LQWHUSRODWLRQ 3,
*DXVVLDQ LQWHUSRODWLRQ *,
([SRQHQWLDO SDUDEROLF LQWHUSRODWLRQ (3,
7KH LQWHUSRODWLRQV RQ SHUWXUEHG VSHFWUD
,QIOXHQFH RI QRLVH RQ WKH LQWHUSRODWLRQ PHWKRGYV
7KH LQWHUSRODWLRQV RQ D SHDN GLVWRUWHG E\ D QHD
7KH LQWHUSRODWLRQV RQ VSHFWUD RI HISRQHQWLDOO\
$SSOLFDWLRQ H[DPSOHYV
OHDVXULQJ WKH EHWDWURQ WXQH RI DQ DFFHOHUDWRU
$ PHDVXUHPHQW RQ WKH 636 DFFHOHUDWRU
$ PHDVXUHPHQW RQ WKH /(,5 DFFHOHUDWRU
&RQFOXVLRQV
SHIHUHQFHYV

ODUHN * WISRURYLQJ IUHTXHQF\ UHVROXWLRQ RI GLVFUHWH V¢



9HUVLRQ RI

&KDQJHV ZLWK UHVSHFW WR WKH RULJLQDO VXEPLWWHG WKHVLV

TXLWH D IHZ W\SR FRUUWFPMLGR®R/Z'H J 33ZLGRZ’
VRPH ODQJXDJH LPSURYHPHQWYV
QR FKDQJHV ZKDWVRHYHU LQ PDWK DQG ILIXUHV

$00 FRUUHFWLRQV GLG QRW FKDQJH RULJLQDO SDJH QXPEHULQJ
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/ILVW RI WKH PRVW LPSRUWDQW V\PE

WL
| IUHT)>
M i1 QRUPDOL]JHG IUHTXHQF\
7 : SKDVH
! iFRQWLQX
€l em : FRQWLQXRXV PDIJQLWXGMW VSHFWUXP RI D VLJQDO
i m : FRPSOH[ YDOXHG FRQWLQXXYV VSHFWUXP RI D VL
z iFRQWLQXRXYV ZI
S I 7 : ZLQGRZ PDIJQLWXGH VSHFWUXP
N1 N ™ : FRPSOH[ YDOXHG ZLQGRZ VSHFWUXP
Vi ( iVHTXHQFH
€1 :GLVFUHWH PD.P RI D VH"(
il :FRPSYDOXHG GLVFUHWH V.'«(
Z( :GLVFUHWH ZL
A i FRPSOH[ YDOXHG TXDQWLW\
¢2 : PHDQ YDOXH
Noud :UFPH VTXDUI
Ny iVWDQGDU
_ :DEVROX
DU iDUJXPHQW RI D F
PD|[ pc 1 PD[LPXP
UR X! :URXQGF
N :HQF
OcC 1iQDWXUDC
0J :GHFLPDO
i i +HDYLVLGH V XQLW VWHS IXQFWLRQ
I :LQWH WK ERXIDCE FORVHG R
a2 i LQWHUYDO ZIDDKEERXEGQDRQL HERWK VLGHV
I 2 i LQWHUYDO ZIDIDKEER K QKOO WILKB\H RSHQ
Y, i SURSRUWLRQDOLW\ VLJQ
PN :RSHL;
)N :)RXLUDQ\
)N i QYH)RXLUDQ\
Y7 i(LVF)RXLUDOQ\
) i QYH(LVF)RXLUDOQ\

LSXW IUHTXHQF\

FHDVXUHG IUHTXHQF\ UHVXOW RI
LQGH[ RJHVW VSHFWUXP ELE
'DPSOLQJ I

I1\VXLVW IL

'DPSOLQ.

—
[ O T I E I H
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(XPEHU RI (XPEHU RI GLVFUH
ZLQCHQJHQ RI WKH DQDO\]H!

GLVFUHWH VSHFWUXP ELQ VSDFLQJ IUHTXHQF\ GRPD
LQWHUSRODWLRQ FRUUHFWLRQ

LQWHULD

b
3
b
b
3
H : UHVROXWLRQ RI D GLVFUHWH VSHFWUXP
( :ITUHTXHQF\ PHDVXUU!L
(pc s ITUHTXHQF\ PFPCLPXP |
| S IJUHTXHQF\ PHDVXUU
(: : \WVWHPDWLF IUHTXHQF\ HUUR
( :(RLVH UDQGRP IUHTXHQF\ HUU
E, :UHVROXWLRQ LQ ELWV IRQY}F
E, :1IIIHFWLYH UHVROXWLRQ LQ ERQY}
Ve :YROWDJH FRUUHVS /6¢
' < (RLVH Y
o S XDQWL(RLVH Y
F : QRLVH HUURU FUHVW IDFWRU PD[LPXP WR WKH 506 Y
7, : VSHFWUDO HQHUJ\ QRLVH GHQVLW\
/ : VLJQDO UHODWLYH GHFD\ IDFWRU
€1¢ :'LJQL(RL DWLR SO61 :D V\PER(:DQ DEEU
61, :'LJQL(RL DWLR LQ WKH QRUMGRP
(1% s ITXLYI(RLID(ZLC

$EEUHYLDWLRQV

3DUDEROLF
*DXVVLDQ ,C

[ W E W'

(3 ([SRQHQWLDO 3DUD
61! 16LJQDO WR 1RLVH 5DW:DQ DEEUI61 :D V\P
$'& 1$QDORJXH WR 'L.

)) :)DVW )RXULH

/6¢ s/HDVW 6LJC

SF iSDUW St

50¢ :5RRW OHD

(1%: +(TXLYDOHQW 1R
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&KDSWHU

, QWURGXFWLRQ WKHVHV DVV]

JUHTXHQF\ FDQ EH PHDVXUHG ZLWK UHVROXWLRQ GLUHFWO)
H[SUHVVHG LQ WLPH VSHQW RQ ZDLWLQJ IRU WKH UHVXOW 7K
PHWKRG EDVHG RQ FRXQWLQJ SHULRGV RI WKH PHDVXUHG VLJ
WKH PHWKRG WR PHDVXUH IUHTXHQF\ RI D VLJQDO RI N+] ZL
LW LV QHHGHG/WR FG®XSHWLRGY DZDLWLQJ WKH UHVXOW IRU
HIWHQGLQJ WKH PHDVXUHPHQW WLPH WR FRXQW PRUH SHULRG
$ PHWURORJLVW ZKR FDQQRW ZDLW VR ORQJ PD\ HYDOXDMW
GXUDWLRQ RI RQH VLJQDO SHULRG 7KH WLPH FDQ EH PHDVXU
IUHTXHQF\ ,Q WKLV FDVH WKH PHDVXUHPHQW UHVROXWLRQ C
SHULRGV RFFXUULQJ ZLWKLQ WKH PHDVXUHG LQWHUYDO VR L
UDWLR $VVXPLQJ FRQGLWLRQV AVVSBIEHRRE RV RD P HDNXJUHQW X W
UHVROXWLRQ RI SSP LW ZRXOG EH QHHGHG D IDQWDVWLF UHI
7KH LPSDWLHQW PHWURORJLVW FDQ UDWLRQDOL]H WKH U}
PHWKRG ZKHUH RQH FRXQWVY UHIHUHQFH IUHTXHQF\ SHULRGV
RQH GHFLGHV WR FRXQW UHIHUHQFH IUHTXHQF\ SHULRGV ZLW!|
PV LW LV HQRXJK WR XVH WKH IUHTXHQF\ RI 0+] WR DFKLF
JURP WKH DERYH H[DPSOHV LW FDQ EH FRQFOXGHG WKDW V
GHSHQGYV RQ WKH YDOXH RI WKH PHDVXUHG VLJQDO IUHTXHQF
VLIJQDO LV DVVXPHG WR EH Rl FRQVWDQW IUHTXHQF\ IRU D PL(
QRW IXOILOOHG PHDVXUHPHQWYV \LHOG D VRUW RI DYHUDJHG
VLIQDOV Rl FRQVWDQW IUHTXHQF\ RWKHUZLVH WKH PHDQ IUH"
$00 WKH PHWKRGV DVVXPH WKH PHDVXUHG VLJQDO WR FR(
IUHTXHQF\ LV WR EH PHDVXUHG ,I WKLV LV QRW WKH FDVH
FRPSRQHQW KDV WR EH ILOWHUHG RXW 7KHRUHWLFDOO\ LW F
EXW RIWHQ LW PD\ EH LQHIILFLHQW XQHFRQRPLFDO RU MXVW
WKH LQWHUHVWLQJ FRPSRQHQW FRQVWLWXWHY RQO\ D VPDOO
RWKHU XQGHVLUDEOH VWURQJ FRPSRQHQWY DUH ORFDWHG ¢
VSHFWUXP IUHTXHQF\ PHDVXUHPHQW FRQVLVWLQJ LQ FRQYHL
DQG WR FDOFXODWH WKHLU GLVFUHWH )RXULHU VSHFWUXP 7K
ILOWHU FKDQQHO SHU GLVFUHWH VSHFWUXP ELQ \LHOGV D V
H[DPLQHG WR ILQG WKH FRPSRQHQW RI LQWHUHVW )UHTXHQF
SRVLWLRQ LQ WKH VSHFWUXP ZLWK WKH UHVROXWLRQ VHW E\ "
WKH VDPSOH WRWDO WDNHQ IRU WKH VSHFWUXP FDOFXODWLR(
IRU PDQ\ DSSOLFDWLRQV WKH DIIRUGDEOH YDOXH LV OLPLWH
VSHFWUXP IUHTXHQF\ UHVROXWLRQ D FRXSOH RI RUGHUV RI P
IRU WKH FRXQWLQJ PHWKRGV ,W LV WKH FDVH LQ WXQH PHDV:
HQHUJ\ SDUWLFOH EHDPV ZKHUH IUHTXHQF\ Rl EHDP EHWDWU
ZLWK UHVROXWLRQ EHWZHHQ W\SLFDOO\ DQG GHSH
RSHUDWLRQ 6XFK PHDVXUHPHQWY ZKLFK DUH Rl SDUDPRXQW
EH XVXDOO\ EDVHG RQ VRPH WKRXVDQG VDPSOHV GXH WR WKF
7KH JRDO RI WKLV GLVVHUWDWLRQ LV WR SURYLGH VWXG\
LPSURYH IUHTXHQF\ UHVROXWLRQ Rl GLVFUHWH VSHFWUD 7K
SRVVLEOH WR DOORZ DSSOLFDWLRQV LQ UHDO WLPH V\VWHPF
VLPSOH 7KLV ZRUN ZDV LQVSLUHG E\ D PHWKRG Rl SDUDEROL
VSHFWUD DOUHDG\ NQRZQ DQG XVHG LQ WXQH PHDVXUHPH
>&KDSPDQ +DWFKHWW &KRKDRO\GR $P\LMRKH DXWKRU >*DVLRU
'HVSLWH LWV SRSXODULW\ WR WKH DXWKRU V NQRZOHGJH LW

>$VVpR @ >%DUWROLQL @ >%DUWROLQL @ >*RQJiOH] -RKQVWRQ

ODUHN * WISRURYLQJ IUHTXHQF\ UHVROXWLRQ RI GLVFUHWH V¢S



L, QWURGXFWLRQ WKHVHV DVVXPSWLRQV

ZKR HYDOXDWHG WKH PHWKRG LQWHUSRODWLRQ JDLQ >*DVLRU
SDSHUV WKH DXWKRUV SURSRVHG WKH *DXVVLD®Y DQ WLHUIS RVGKIHW |
SRWHQWLDO LQWHUSRODWLRQ JDLQ WR WZR RUGHUV RI PDJQLW X
IRU WKH SDUDEROLF PHWKRG +HUH DIWHU UHFDSLWXODWLRQ
DQDO\WLFDOO\ VWXGLHG ZKHQ LQWHUSRODWHG GLVFUHWH VSHFW
VWURQJ FRPSRQHQWY DQG DQ H[SRQHQWLDO GHFD\ Rl WKH DQDO\
7KH PDLQ FRQWULEXWLRQ RI WKLV GLVVHUWDWLRQ LV WKH H[S
PHWKRG ZKLFK DOORZV LPSURYLQJ WKH IUHTXHQF\ UHVROXWLRQ
RI PDJQLWXGH $V IRU WKH SUHYLRXV WZR DOJRULWKPV WKH GH
LPSURYHPHQW RI WKH (3, PHWKRG XSRQ WKH VSHFWUXP SHUWXUE
,Q WKH OLWHUDWXUH RQH FDQ ILQG TXLWH D IHZ PHWKRGV EDV
JRXULHU VSHFWUD +RZHYHU WKHVH PHWKRGVY DUH HLWKHU OLP

>$VVpR @ >%DUWROLQL HW DO @ >%LEO @ >'RQ
"-RKQVWRQ 6FKXOWH @ >*UDQGNH @ >+LNDZD -DLQ @ >
ZLQGRZ >*RWR @ >6FKHSSDFK @ RU DUH PRUH FRPSOLFDW
GLVVHUWDWLRQ >$OWKRII .HLOHU =|O]HU @ >$QGULD 6DYLQF
&KHQ @ >)XVKHQJ =KDQJ =KRQJ[LQJ *HQJ :HL <XDQ @ >.HI
=|O]HU @ >2IIHOOL 3HWUL @ >3DQ :HQ 4LDQ <X 6KRX =KR
+DPPH @ 7KHUH DUH DOVR PHWKRGV QRW EDVHG RQ LQWHUSR
>%RUNRZVNL @ >-LDQJXR +XDQJ .D\ @ >.D\ @ >5RWHI

@ 7KH DOJRULWKPV VWXGLHG LQ WKLV GLVVHUWDWLRQ LQ F
DERYHPHQWLRQHG SXEOLFDWLRQV DUH YHU\ VLPSOH FDQ EH XVH
RQH DQG FDQ FRPSHWH LQ WHUPV RI IUHTXHQF\ UHVROXWLRQ D
VSHFWUD

7KH VXEMHFW DQG WKH JRDOV RI WKLV ZRUN FDQ EH RXWOLQF
LQWXLWLYHO\ GLVVHUWDWLRQ EDVLF LGHDV TXDQWLWLHV DQG
LQWHQWLRQDOO\ OLPLWHG WR WKH PRVW LPSRUWDQW LVVXHV IX
WKH UHVW RI WKLV FKDSWHU LV WR IDPLOLDUL]H WKH 5HDGHU ZL\
LWV FRQWHQW

%HJLQQLQJ DQ H[DPSOH LW LV JLYHQ D K\SRWKHWLFDO VLJQDO

VW VW ;W § YL@ W & ,VL Q@ W

RI XQLWDU\ DPSOLWXGH FR@EWRPSR QO D W\ZRRN DIQDEV RRQEXU@GHVLUDE
VW FRQVLGHUHG DV D EDFNJURXQG UHGXF¥d® MR RRQH HgRABRRQH Q'

RI N+] DQG IRVHRTXWRHA\EDFNJURXQ GPLS\WO LW 03 RI WKH
FRPSRQHQWYV DUH DQG:DYHURIWSWRW MWHKIKOWVLIQDO DQG LWV FRP
LQLJ

,Q WKH H[DPSOH LW LV DVVXPHG W¢DWOWRHUFRIRSEBE QWR RD VL ¢
FRPSRQHQW LV WR EH VHSDUDWHG IURP LWWHOMWUHG WRFNYURKB
IUHTXHQF\ LV LPDJLQHG DV XQNQRZQ DQIGLMW XWR G HR @6I'D WXRUHGD (
PHDVXUHPHQW HUURUV

$ YHU\ SRZHUIXO ZD\ WR VHSDUDWH WKH LQSXW FRPSRQHQW
FRQVLGHUHG VLJQDO E\ PHDQV RI DQ $QDORJXH WR 'LILWDO &RC
DQDO\VLV RI WKH VJLJQDWKWDWIRIIMW KRZQ DORQJ ZLWK GRWV PDU
IXOO VFDOH VLJQDO %D P SELMW R L RIBIMRDGVWRQEH WDNHQ ZLWK WK
IUHTXKRF\ 0+]

.HLOHU DQG ODUFKDQG GHVFULEHG D VLPLODU PHWKRG EXW WKH\ FDOOH
DXWKRU DOUHDG\ DIWHU SXEOLVKLQJ WKH SDSHUV >*DVLRU *RQJ]iOH] D
LOWHUSRODWLRQ HUURU ZDV GHULYHG WR WKH DXWKRUTVY NQRZOHGJH IRU WKH

THUWRQXVRLGDOLNRPSRERMHE WR PHDQ LQ WKLV ZRUN D VLIJQDO GHVFULEHG E\
+HQFH D FRVLQH ZDYHIRUP LV FRQVLGHUHG KHUH DOVR DV D VLQXVRLGDO FRPSF

1XPEHUV IRU WKH H[DPSOHV ZHUH DUELWUDULO\ FKRVHQ WR UHYHDO DV PDQ\ L

,Q WKH H[DPSOH WKH DPSOLWXGH UDWLR LV WR HQVXUH UHDGDEOH SORWYV
ODUJHU



L (QWURGXFWLRQ WKHVHV DVVXPSWLRQYV

,,,,,,,, N+ )L  6LJQYWOEODFN VROLG OLQHKs RI XQL\
e N+ FRQWDLQV WZR VLQXVRLGDO FF¥
r vxe 1 LQWHWWVWHG GDVKHG OLQH ZK

:/“\:“‘ﬁ‘ﬂ“\l\“:(‘\“\Jf“‘r\ﬁ‘\J
- I

, PHDVXUHG DQG DQ XQGHAWUEEOH FRP
RRREY {0 dasphllll,1 GDVKHG OLQH FRQVLGHUHG D

L ] AR &RPSRQHQW IUHTXHQFLHW+]DUH

AL TR AL B B TR TROA T LR I 3 N+] WKHLU @ S O LDARGG H V

$PSOLWXGH

7LPHP > V@

7KH OHIW YHUWlLFDQ/ VRENORIG LQ QXPEHUV FRUUHVSRQGLQJ
$'& DQG WKH ULJKW YHUWLFDO D[LV KDV WKH XVXDO DQDORJ
VHTXRQFHRI LQWHIHU QXPEHUV OLQNHG ZLVWKDWKH VDPSOHG F
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1

ZKHUH URXM®QV WKH URXPRGHIG YWRNHFRQY HUWH Ui WV RIGKW L
VDPSOLQJ SH ULGB&Y WKH DPWOLWXGH RI

7KH DERYH HTXDWLRQ GHVFULEHV WKH LGHDO VLJQDO VDP
ZLWK WKH TXDQWL]DWLRQ QRLVH WDNHQ LQWR DFFRXQW 7KH
LW LV D IXQFWLRQ RBWKH $'& UHVROXWLRQ

'LVFUHWH VSHFW\®P RR DILQIQDXOG YD P\SIOH FDIT EH QRRBW DL QHG E
WKH 'LVFUHWH )RXULHU 7UDQVIRUP ')7 DQG

1
6>N@ |
1

Q@i [ & M@N.
o

7KH PDJQLWXGH VSHFWUXP R)LWKHL VY DFE-OHIYWHGE QR RLQ
1 WKH RWKHU KDOI LV PLUURU V\PPHWULF WR WKH SDUW \

,Q WKH VSHEWUXRQRIGRHVY QRW VHH WZR QDUURZ SHDNV U
FRPSRQHOWAXRIWR WKH VSHFWUDO OHDNDJH 7KH SKHQRPHQR
WUDQVIRUP LQ DVVXPHWRVEH DQSHUIL RGUDDROQAWLRQ RI Sk
WKH OHQJWK RI WKH WUDQVIRUP LQSXW ,I WKLV IXQFWLRQ LV
LHWRWDQE WKH VLIQDO DQG LWV WLPH GHULYDWLYHV DUH PX
LV GLVWRUWHG E\ FRPSRQHQWY UHODWHG WR WKH DEUXSW ER
H[DPSOH EXW RQO\ NRW WKMOFRVP,$R YH@WHY DQ LQWHJIRU PXOW
7KH OHDNDJH HIIHFW UHYHD QN LQDW KMKWLS 8 5 8 WBHIE VRU X\PKR | S
WEBMW ELDVL@WBSOYR ZKLFK LV QDUURZ DV QRW GLUHFWO\ DIIH

$ UHPHG\ IRU WKH VSHFWUDO OHDNDJH LV D WHFKQLTXH FDC
LWV FRUUHVSRQGLQJ VHTXHQFH LQ WKH FDVH RI VDPSOHG VLJ
V@ FORVH WR LWV ERXQGDULHV WR PDNH WKHP ILW HDFK RV
VDPSOH LV PXOWLSOLHG E\ WKH FRUUHVSRQGLQJ ZLQGRZ YDO}

6TXDUH EUDFNHWY > @ DUH XVHG WR HQFORVH DQ LQGHSHQGHQW YDULEL
FRQWLQXRXV YDULDEOH IXQFWLRQV

6HH 6HFWICRDODRJXH WR GLJLRADGHWRYBYVLRQ

6HH 6HFWL@ROMORJXH WR GLIJLRMDGHWDYBVYVLRQ

6LQFH LQ WKLV GLVVHUWDWLRQ DOPRVW DOZD\V PDJQLWXGH VSHFWUD DU}
RPLWWHG WR VLPSOLI\ WKH QRWDWLRQ &RPSOH[ YDOXHG TXDQWLWLHYV DUH
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$IWHU ZLQGRZLQJ WKH GLVFUHWH VSHFWUXP LV FDOFXODWHG LQ

7LPHP > V@

! i"l"l”ﬂl

JUHTXHQF\ >N+]@

’N| NHNH} ”\l\\‘

IN!MI

"me
HIH\

Fix
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6DPSOH QXPEHU %LQ QXPEHU

’\b Nl 4\\“

'LJLWDO DPSOLWXGH
>
ODJQLWXGH VSHFWUXP

‘\“{ i

$CLFOLIPS
IFIPL JECPLICOCENSEEDP (9

)LJ  'LIJLWL]DWLRQ RI WKH H[DPS )LJ 7KH PDJQLWXGH1VSHFPNVDPSESE RI
PDUN WKH VDPSOHV WDNHQ ZBWK WKKH FIR@P!S0OW HUL UGIVE OXMEARDO & L) L J 7KH
ELWV DQG WKHWDPS®@uQJS$SERWW SHDN FRUUHVSRQGY WR WKH EQBXW FRPSRQF
SHULRGV RI WKHRASIR@WQWQ ®XW WKH EDFNJURXQG RQH 7KH LQSX
VLIQDO HQYHORSH UHVXOWYV [URPWKHDWS 8 FWUDWKE HDNDXW BLQBFWKH
EDFNJURXQG FRPSRQHQWV QDUURZ DQG ELDVHG RQO\ E\ WK
FRPSRQHQW 7KH ULJKW YHUWL¥DO D[LV LV
UHV WWKH KLJK

,Q WKLV FKDSWHU D IRXU WHUP ZLQGRZ ZLWK FRQWLQXRXYV ILU\
DV WKHZEQGRZ >1XWWDOO @ 7KH ZLQGRZ LV GHILQHG DV

2@ F FFR%LCEL' FFR*SAVLG%_' FFR%E_' L 1 1
©1 1t ©1 1t ©1 1

ZLWK FRHFILFLHQWV F F DOQEHLQJ WKH QXPEHU
RI ZLQGRZHGLVDPS@HWOO H[DPSOHV Rl WKLV FKDSWHU

7KH ZLQGRZHGYQ® TRHYKM GLVFXVVHG H[DPSWRJHWYXKRZDL WE W
7 ZLQGRZ VKDSH 7KH VHTXHQFH ERXQGDULHV ILW HDFK RWKH
JUDGXDOO\ WR JHUR DWWHQXDWHG E\ WKH ZLQGRZ

7KH PDJQLW X GHNE® SRIFW KK FZ L Q G RZGEG LWH S ¥ HRLAR WX-BGW.R) EL Q
1 W ORRNV FRPSOHWHO\ GLINHUHGQW WKHD @ RVX H L\DSHRFAMIEX I DU
QRWH WKH VDPH ULJKW G% VFDOHV ,W FDQ EH VHHQ HYHQ WKH |
WKH FRQYHUVLRQ RI WKH LQSXW VLJQDO VDPSOHV LQWR GLJI
FRUUHVSRQGLQJ WR ERWK FRPSRQHQWY KDYH YHU\ VLPLODU VKD
DQ\ PRUH RQ WKH UHODWLRQVKLS EHWZHHQ WKH VDPSOLQJ ERXQ
LW ZDV WKH FDVH ZLWKRXW ZLQGRZLQJ

7KH VSDFLQJ RI VSHFWUDO ELQV FRUUHVSRQGV WR WKH IUHTXH

7 VWDQGV IRU WHUPGHWK PRQWH QXRXV
6HH 6HFWILRREOH ZLQIRRZGRWDLOV 2WKHU ZLQGRZV DUH DOVR GHVFULEHG WKH
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ZKHUHY WKH OHQJWK RI WKH WUDQVIRUR DLQGEHW H)RKRW KB @/RV
" H[DFWO\ RI N+]

7LPHP > V@ JUHTXHQF\ >N+]@

'LIJLWDO DPSOLWXGH

|

ODJQLWXGH VSHFWUXP

SCLFDOEIPS DCH

TFIPL JHCPLISCDHCHNSEHEDP (9

E———"
6DPSOH QXPEHU %LQ QXPEHU

)LJ 'LIJLWL]DWLRQ DQG ZLQGRZLl )LJ 7KH PDJQLWXGH VSHFWUXP
VLIQDO 7KH BGRWVZPRGRZHG VD RI )LJ 7KH VPDOOHU VSHEWUDO
ZLWK UHBROXWLWY 7KH UHG HHOOLQISXSHGEGRPIRQGHQW DQG WKH MHWFRQG WI
7 ZLQGRZ ZLQGRZLQJ WKH VKDSHV RI ERBMK FRPSR
WKH\ DUH QRW ELDVHG E\ WKH \
QRLVH IORRU SUHYLRXVO\ FRP¢
OHDNDKMH ULJKW YHUWLFDO G% C
)L ZLWK WUXP H QIZLQGRZ!

$VVXPLQJ WKDW WKH VSHFWUXP SHDN FRYPRYSWOQWXQHW R
PD[LPXP ZLWKLQ D JLYHQ UDQJH KHUH UHIHUUHG WR DV WKH
LQ FRQVHTXHQF ADQVWEH ULEZEE DQGFDMXEH BERBXROWHG IURP WK
PD[LPXP LQ WKH GLVFUHWH PDJQLWXGH VSHFWUXP DV

ILd 1o O N
ZLWK WKH ODUJHVW HUURU

-
H POlp o — G 4% 7
\%

IRU WKH LQSXW IUHTXHQF\ O\LQJ H[DFWO\ EHWZHHQ WZR VS
FRQVLGHUHG DV WKH IUHTXHQF\ UHVROXWLRQ RI GLVFUHWH V
UHVROXWLRQ

YJRU WKH PDJQLWXGH W.SHFWKKMNMWRREZQ UBIVK®RWLQNERZLWK
WKH DEVROXWH HUURU

( b lo
R N+] DQG WKH UHODWLYH HUURU
b lo
H
Lo

R

6 XEVFR USIWWU W R PMPDN XIREE . P X P
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$FFRUGLQJ WR IUHTXHQF\ UHVROXWLRQ RI D GLVFUHWH V
PHDVXUHPHQW EDVHG RQ LW GHSHQGY RQ WKH OHQJWK RI WK
REVHUYDWLRQ LV UHODWHG WR D PRUH JHQHUDO UXOH FDOOHG
H[SODLQLQJ LQ GHWDLO KRZ RQH FDQ LPSURYH IUHTXHQF\ UHVRO
WR FRQYLQFH WKH 5HDGHU WKDW WKLV LV QRW DJDLQVW WKLV Wk

1RWH WKDW WKH WKHRUHP GHDOV ZLWK WKH VLJQDO EDQGZLG
WKDW LI D VLJQDO UHFRUG LV WRR VKRUW WKHQ VLJQDO FRP
GLVWLQJXLVKHG LQ WKH IUHTXHQF\ GRPDLQ VLQFH WKH FRUUH
SURSRVHG LQ WKLV GLVVHUWDWLRQ DVVXPH WKDW WKH VLJQDO F
GRPDLQ DQG RQO\ WKH FRPSRQHQW IUHTXHQFLHV WKHUHIRUH W
SHDNV FDQ EH NQRZQ ZLWK UHVROXWLRQ RUGHUV RI PDJQLWXGH
UHVROXWLRQ

$V LW ZLOO EH H[SODLQHG GLVFUHWH VSHFWUD FDQ EH FRQ
HTXLYDOHQWYV 7KH JRDO RI WKH LQWHUSRODWLRQ PHWKRGV SUR
RI VLIQDO FRPSRQHQWYV ZKHQ WKH FRUUHVSRQGLQJ SHDNV LQ W
EHWZHHQ WKH GLVFUHWH ELQV

1RWLFH WKDW LI IUHTXHQF\ RI D VLQXVRLGDO FRPSRQHQW LV
VSHFWUXP ELQ WKH FRUUHVSRQGLQJ SHDN LQ WKH PDJQLWXGH
VSHFWUXP ZDV FDOFXODWHG RQ RQO\ IHZ VLIQDO VDPSOHV VHH \
ORRNLQJ DV GLVSURYLQJ WKH XQFHUWDLQW\ WKHRUHP FDQ EH
7KH WUDQVIRUP LPSOLHV WKDW WKH VDPSOHG VLJQDWRLMVSHWLRG
DV WKH DQDO\]HG VDPSOH VHW L H WKH REVHUYDWLRQ SHULTF
LQILQLWHVLPDO FRPSRQHQW EDQGZLGWK 8QIRUWXQDWHO\ WKH
FRQWDLQV QRW QHFHVVDULO\ DQ LQWHJHU QXPEHU RI SHULRGV D
'Y7 FDQ FRQWDLQ DEUXSW SDUWV PDNLQJ WKH FRPSRQHQW QRW
PLQLPL]HG E\ SHUIRUPLQJ ZLQGRZLQJ DWWHQXDWLQJ WKH VDF
ERXQGDULHV WR PDNH WKHP ILW HDFK RWKHU $IWHU ZLQGRZLQ
VPRRWK DV VHHQ E\ WKH ")7 7KLV LV GRQH DW WKH H[SHQVH RI
VLQFH ZLQGRZLQJ FDQ EH FRQVLGHUHG DV DQ DPSOLWXGH PRGXC
LQ GHWDLO WKLV PRGXODWLRQ LV QHFHVVDU\ WR PDNH WKH VSH
WKUHH GLVFUHWH VSHFWUXP ELQV :LWKRXW H[SOLFLW ZLQGRZLQ
WR HYDOXDWH LWV FHQWHU IURP WKUHH GLVFUHWH VSHFWUXP VD

7KH SUHVHQWHG H[DPSOHV DQG GLVFXVVLRQ LOOXVWUDWH WKH

7 JUHTXIL@F\D VLQXVRLGD/QWARRPE FRIPSWX V8 ADLQJ Q D

EH REWDLQHG IURP WKH GLVFEGNAWRIPDKALWXIXGBO/FBPWOMRK

wQ@ RW ZLWK UHVROXWLRQ LPSURYHG E\ PDNLQJ DQ LQW

DSSURSULDWH ELQV Rl WKH VSHFWUXP DQG WDNLQJ WKH 1

DEVFUVDYY D EHWWHU DSSUR[LPDWLRQoRIKWKH \LPSXW IUHT

SRVVLEOH XQGHU WKH IROORZLQJ FRQGLWLRQV

D 7KH VLY@ID®V SURSHUO\ VDPSOHG L H ZLWK KH VDPSC
UHVSHFWHG DQ&@Q® KD YD@PBSOMMLFLHQW VLIJQDOJWR QRLVH

E 7KH VLJQDO VDPSOHV DUH SURSHUO\ ZLQGRZHG

F 7KH VLJQDO PRWEPYHQWWKH GLVFUHWHR®@ JIDLWXGH VSHFV
FRUUHVSRQGLQJ REVHUYDEOH SHDN FRQVWLWXWLQJ D VS
DW D ELQ RIDIQQGGM[KH SHDN LV VSUHDG DW OHDIVW RQ WK
VSHFWUXP ELQN RINLQGNB[HV

3O0HDVH QRWH WKDW WKH FRQGLWLRQ 7 F LPSOLHV WKH GLVFU
RI ELQV VXIILFLHQW WR UHVROYH WKH SHDN RI LQWHUHVW IURP

6HH 6HFWRRQLHU DQG 'LVFUHWH IRXWGHWDLWD/QVIRUPYV
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KDYLQJ VXIILFLHQW UHVROXWLRQ RI WKH VSHFWUXP 7KLV UH\
UHVROXWLRQ PHDQW EHIRUH DQG FDQ EH FRQVLGHUHG DV WKF
UHVROXWLRQ WR ZKLFK WKH XQFHUWDLQW)\ WXHRW b R P UIHIHTX!
UHVROXWDRQ B HUVWRRG DV WKH ODUJHVW HUURU ZLWK ZKLFk
FRPSRQHQW LQ FRQASHBWWXW RUBARKGORHURKYG DV D VSHFWUXP
LQGLYLGXDO FRPSRQHQWY $FFRUGLQJ W AV KWHNVTHX 8 8 F\ QLAWLRA
VSHFWUXP FDQ EH LPSURYHG LI WKH VSHFWUXP LWVHOI KDV V)

7KHVLV 7 DQG LWV FRQGLWLRQV DUH LOOXVWUDWHG E\ WKE
LQ VLPLODU FRQGLWLRQV WR WKRVH DOUHDG\ SUHVHQWHG
FKDSWHUV

6SHFWUDO SHDN VKDSHV FRUUHVSRQGLQJ WR FRPSRQHQW!
WUDQVIRUP RI WKH ZLQGRZ IXQFWLRQ DSSOLHG WR WKH VLJQ
VXFK SHDN VKDSHV FDQ EH H[SUHVVHG LQ WKH PD[LPXP YLFLQ
7KH VLPSOHVW SRO\QRPLDO ZKLFK FDQ EH HIILFLHQWO\ XVHC
IUHTXHQF\ PHDVXUHPHQW HUURU FDQ EH UHGXFHG E\ XVLQJ D
ZRUNLQJ UDQNH MDPNMEO\ DV VKRIZQ LDQG WDNLQJ WKH SDUDE
DEVFRYDND D EHWWHU DISSUR[LPDWLRQ RI

7KH SDUDEROD IRUP LV

6s 1 Dl lps K

DQG WKH ILW LV GRQH WKURXJKIQV K W KJJ HH, QRGHYV 'ZDW& DEV
RUGLQBMWHEN @6l 6M@ 6l 68 @ UHVSHFWLYHO\ 6ROYLQ
HTXDWLURQMKOWY LQ WKH SDUDEROD PD[LPXP DEVFLVVD

| 0§N> 6 Q6N @
" e N@6N @60 @

7DNLQJ WKH PDJQLWXGH VSHFWUXP)RJ ZIDQQ@ERDISSOADOIOHYV
WKH ELQV RI LQGH[HV DQG UHVKOWYV LQ TKKH | EWWDRLEBR
LOOXVWUDW H®H QUHTXANQFS SUR[ IR DMMIG VEK IR IHUWJRYR WKH UHV
KDV EHHQ LPSURYHG E\ D IDFWRU RI ZMWK UHVSHEW WR WKF

JUHTXHQF\ >N+]@ yLJ SDUDEROLF LQWHRGQRWPRM IER Q

DQG Rl WKH PDJQLWXGH VBHFWUXP
r ] LQWHUSRODWNVRQG+HUURU T RRC
UHODWLYH DIPRXRWY WR7KH SD
LQWHUSRODWLRQ GHFUHDRH® KWHKH HUUR

L 4 HVwWLPDWHEA D IDFWRU RI 7K
SDUDEROD Ips DUH D
Ks

$PSOLWXGH

%LQ QXPEHU

7KSIVXEVFULSWV UISHIDWROWKH ZRUG
6HH 6 HFWIDRUWEROLF LQMKUGHRWDWLR Q
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7KH LGHD RI WKH GLVFUHWH VSHFWUD LQWHUSRODWLRQ FDC
LQWHUSRODWLRQ HUURU GHSHQGHQFH RQ LQSXIWW |UHKHUMF\ FKD(
WKH ELQV FRQFHUQHG DUH SUHVHQWHG DORQJ ZLWK LQWHUSROD
Lo N+]o N+J]o N+] DQG N+] 2WKHU FRQGLWLRQV VX
SUHVHQFH Rl WKH EDFNJURXQG FRPSRQHQW WKH VLJQDO DPSOLYV
SUHYLRXV H[DPSOHV

1RUPDOLJHG IUHTXHQF\ )LJ SDUDEROLF LQWHUISRODWLHRQ IRU
Lo N+]o N+] DREG N+)DR
i 1 1LoO\LQJ H[DFWO\ RQ ELQ ELQV DQG
KHLIKWYV VR WKH FRUUHVSRIRRGLQJ LQWHUSI
T 4. ] ORFDWHG RQ ELQ 'KHQ WKH L
< L ] JHWV VPDOOHU DQG KLIKF
E SDUDEROD PD[LPXP VKLIWV LQ WKH SRVLWLYF
o) %LQ UHPDLQV WKH ODWJHMW XQWLO WKH
2 + . ORFDWHG H[DFWO\ EHWZHHQ.ZIKQ V DQG
1 WKH\ KDYH WKH VDPH KHLJKWYV
LQFUHDVHG IXUWKHU ELQ EH
3 8 DV WKH KLIKHVW RQHLqORNHD LQHWKH FDVH RI
LQ®WX IUHTXHQF\ WKH DQDO\VLV
[ V\PPHWULFDO FDVHV ,QWHU®RODWLRQ U
r’ . ] FRUUHVSRQGLQJ HUURUYV DUH OLVWHG LQ 7DE

JUHTXHQF\ >N+]@

JRU WKH LQSXW IUNFKIOQIFQJ H[DFWO\ RQ WKH ELQ RI LQGH]
DQG KDYH HTXDO KHLJKWV VR WKH SDUDEROD PD[LPXP OLHV
LQWHUSRODWLRQ JLYHV QR HUURU :KHQ WKH IUHTXHQF\ LQFUHD\
WKH DEVFLVVD Rl WKH SDUDEROD PD[LPXP IMKLIWW4]JQL®W KMKSRV L\
ILJXUH %LQ UHPDLQV WKH ODUJRVW XQNW]O LWHK HL WU 8 RX B QVFH\GU H
EHWZHHQ ELQV DQG ,Q WKLV FDVH WKH ELQV KDYH HTXDO
H[DFWO\ EHWZHHQ WKH ELQV DQG WKH LQWHUSRODWLRQ ZRUNYV
VLPSOHVW IUHTXMQIR\YHWWLWDWKHF K SRLQWY W KdH G LWKH WHIBWVXR Y C
IUHTXHQF\ LV LQFUHDVHG IXUWKHU ELQ EHFRPHV WKH LQWHU
o N+] LQ WKH ILIXUH )RU WKH LQSXW IUHTXHQF\ GHFUHDV
UHVXOWLQJ LQ VIPPHWULFDO FDVHV 1XPEHUV UHQDWHGMWR WKH
OLVWHHE Q8

7DEOH QWHUSRODWLRQ UHVXOWY HUURUV DQG SDUDEROD FRHIILFLHQWYV IRU WEK

LOQSXW IUHTXH@MHUSRODWLREVRIOXOW |[HBUUWDEROD FRHIILFLHQWYV
lLo> N + @ s >N + @ > R @ >NH]@np K

7KH XSSHU KRUL]JRQWD)QJD[UW RAFVE&HGS OB/R REIVV LHD® HGHT X H QF
7KLV FRQWLQXRXV TXDQWLW)\ A5 HQRPW® BWHI® QQQW IRH 8D S HQ DM |
DGMXVWHG WR WKH VFDOH RI LQGH[HV RI GLVFUHWH VSHFWUXP EL

YL 17,1 /1

U, ly
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1RUPDOL]HG MULNTXHQPHQVLRQOHVV HTXLYDOHQW RIHR U®LQHDILF
YDOXWAFRUUHVSRQG H[DFWO\ WR ELQ LQGH[HV 7KH TXDQWLW\
PDNLQJ LW SRVVLEOH WR WHKBODHHA XHSBH VV LRRAD &/IHNGDIRIEO | Z D

" VLPS@A E\ W FDQ KHOS HYHQ PRUH L®@ WKH FDVH RI IRU |

7ZR ILUVW FROICBCPHFR ROG KDYH EHHQ XVHIBs PAR [5 UR@EMHRI) RA
LW KDG RQO\ LQFOXGHG PRUH URZV)LBXFK RN IW&AWLRRX WV | $
FKDQJLQJ IURP N+] WR N+] ,Q WKH LGHDO FDVH WKH LG
IUHTXHQ®Rs RQGKH SUHVHQWHG FXUYH KDV D GHYLDWLRQ IUR
LQWHUSRODWLRQ HUURUV VHHQ DOUHDG\ EHIRUH LQ WKH SUH

7KH LQWHUSRODWLQJ SDUDEROD VKDSH GHSHQGY RQO\ RQ V
UHVSHFW WR WKH LN WHUSROQWHRSRRHOWHKU VKDSHV DQG LC
VDPH DURXQG HDFK ELQ 7KLV FDQ EH GHUVMGHR®DL\QVWROPQDMN |
LQGHSHQGHQW RI

Ips Ny @6N, @
Ms 5 ™ EN@6Ng @6N, @

N s

7KH PD[LPXP WENWVILDVVEP RI WKH PD[LPXP ELQ LQGH[ DQG D FRL

& 6Ny @6N, @
S eN@6N, @6N, @

ZLWK YDOXHV UDQJER® I6hNRP @ WRREMNEBRBNY @ 6LQFH WKH PHD
QRUPDOL]HG WMYHWIXARO\ EH DW PRVW DSDUW IURW WRH LC
LQYHVWLIJDWH V\VWHPDWLF HUURUV RI WKH LQWHUSRODWLRQ
IUHTXWQ#) IURP +  WR DURXQGNIDBIBO0 FERKR W VEK VKLIWH
UHVMOMW 7KLV ZDV GRQH WRZIWRRKGXFB®EFKDQJLQJ IURP W R
7KH VKLIWHG FRRUGLQDWHY DUH XVHG WR VFDOH WKH ULJKW I

7KH LQWHUSRODWLRF®WHUHMIRQGLQJ)WR VLFXDDORMLIREE RQ
7KH HUURU LV JLYHQ DV D IXQFW LR QMRiNWDKIHG VHK[LSIWHGY B8 DL\QX M §
,Q WKLV ZD\ WKH SUHVHQWHG VKDSH FKDUDFWHUL]HV WKH LQ
DQG LW GRHV QRW GHSHQG RKHWKHN RORPSEEHHQXREHIRU DOO SF
WKHVH WKUHH SDUDPHWHUV FDQ EH FDOFXODWHG LI WKH VKE
LQWHUSRODWLRQ HUURUV LQ WKLV GLVVHUWDWLRQ

7KH KDOYHV RI WKHIJHUNRW FWYHPHWULF ZUWK PRGXOH R
RI' IR Woth 7K H(pb(FODRUEH FRQVLGHUHG DV WKH PD[LPXP |
HUURU RI WKH PHWKRG 7KXV WKH SDUDEROLF LQWHUSRDDWL
" E\ D IDFWRU

H
(po; (pppll @

ZKLFK LV UHIHUUHG WR DV WKH(LWRIWHHI[SRIGNWH B QWIOH Q LWK/MRI E
LV MXVW D KDOI RI WKH HUURU UHFLSURFDO )RU WKH SDUDET
WKH JDLQ FDOFXODWHG LQ WKLV ZD\ DPRXQWV WR

$ KLIKHU LQWHUSRODWLRQ JDLQ FDQ EH DFKLHYHG LI WKH
UHSURGXFHG IURP WKH FRUUHVSRQGLQJ GLVFUHWH VSHFWUXF
KDYH EHHQ RI IRXUWK RUGHU UHTXLULQJ XVLQJ ILYH GLVFUH\
ZRXOG KDYH UHTXLUHG VSHFWUXP SHDNV DW OHDVW VL[ ELQV
VR ZLGH SHDNV 6XFK ZLQGRZLQJ ZRXOG KDYH GHFUHDVHG WHEK
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QRLVH SHUIRMURIOEQARH PD[LPXP RI D IRXU RUGHU SRO\QRPLDO ZRXO
FRPSOLFDWHG WKDQ IRU WKH SDUDEROD DOJRULWKP DQG LW Pl
LWHUDWLYH SURFHGXUH )RU DOO WKHVH UHDVRQV DOJRULWKPYV E

®
T
z ,QSXW QRUPDOL]JHG IUHTXHQF\ ,QSXW IUHTXHQF\ >SN+]@
i
O [ ] | -
I
> _ ®
[ - L 4
T L N b
o) = -
2 e = ]
9] o —
T L i = Ak 1 *
2 —
3 g - 1
o L 1 <
I ; L J
L 1 E F ]
,QSXW IUHTXHQF\ >N+]@ Qo N
)LJ JUHTXHQFVYRP WKH SDUDER )LJ (UURU Rl WKH SDUDEROLF

DV D IXQFWLRQ RI WKHKHQSXW LQHTKH GRRW RQ WM BLIHQNDVKH HUURU
ULJKW H[HV DUH VFDOHG ZMWKKRUVRDIWHG IQRUPHDQE|HGMJIHR SXWHIUHTXHQF\
D[LV RULJLQ LW RQ WEKH EL @'KH FRUUHVSRQGY GLUHFWO\ WR WKH GHYLDWLRC
FHQWHU 7KH GHYLDWLRRs ILRF WXKHUWRUD LMWWDQURW OLQH 7KH W QPUJHVW HUUF
LQWHUSRODWLRQ HUURUYV Mo _ UHVXOWLQJ LQ WKHRQWHUSRODW

,Q WKLV ZRUN RQO\ WKUHH QRGH PHWKRGV DUH FRQVLGHUHG ¢
LQWHUSRODWLRQ LPSURYHPHQWY WKDW LQ UHDOLW\ LW LV DOPR
DV QRLVH DQG LQWHUIHUHQFH ZKLFK OLPLWV WKH PHWKRG SHUI
LQYHQWLQJ PRUH FRPSOLFDWHG DOJRULWKPV LI VLPSOHU RQHYV
OLPLWDWLRQV RI JHQHUDO QDWXUH

$V LW LV H[SODLQ 0 LIQY CRENV VRQ SHV R \ZHLISHRZ RISHFWARY VSH
LQ WKH PD[LPXP YLFLQLW\ UHVHPEOH WR D ODUJH H[WHQW D *D>
*DXVVLDQ LQWHUSRODWLRQ DOJRULWKP RIIHULQJ W\SLFDOO\ DQ
WKDQ WKH SDUDEROLF PHWKRG

7KH PHWKRG FRQVLVWYV LQ ILWWLQJ WKH *DXVVLDQ VKDSH

6 M HI[® M M, K

WKURXJK WKH QRGHY¥ BiEWHK DEWFLWVDIHQG RUGL® DN @
&M 6MN@&GAM 68 @ UHVSHFWLYHO\ 7DNLQJ ORJDULWKP RI ER
H[SUHVVLRQ RQH \LHOGYV

cg M D MM, K

DOORZLQJ WR UHGXFH WKH *DXVVLDQ LQWHUSRODWLRQ W
WKH PDJQLWXGH VSHFWEBXP OGNDPB WIRM) O@N@ DQG

O OGN @ 7KXV WKH VKDSH PD[LPXP DEVFLVVD FDQ EH RE!
UHSODFLQJ PDJQLWXGH VSHFWUXP YDOXHV E\ WKHLU ORJDULWKP)

6HH 6HFWIDRPGOH ZLQIRRIZGEWDLOV

ORVW Rl WKH PHWKRGV GHVFULEHG LQ WKH UHIHUHQFHVY DOUHDG\ PHQWLRQHG
WKH LQWHUSRODWLRQ QRGHYV

7KHVXEVFULSWV UMDV WLR QVKH ZRUG
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$Q H[DPSOH RI XVLQJ WKH *DXVV)IDR L QWHNUSR@B®MWILIRRR VVFRK
WKH SDUDEROLF LQWH U SRROW W MRKH FBIMHHRHQW D[LV VFDOHV IR
IUHTXHQF\ RI N+] JLYHV WKH *DXVVLDQ VKDSH SHDN DW
HUURU RI +] L H SSP WKDW LV WLPHV OHVV WKDQ V
WLPHV OHVV WKDQ WHKH VLPSOHVW HVWLPDWH

7KH ZD\ XVHG WR YLVXDOL]H WKH LQWHUSRODWLR QZHDWURUV
UHSHDWHG IRU WKH *DXVVLDQ LQWH US RO BWIRHV VZHKG! ' lUG WK )XQQ W
VKRZQLUQ DV D IXQFWLRQ RI WKH YKtN WHKGH LHQUBUXRW [IU\H WRHDQ@O\H
RI WKH SDUDEROLF LQWHUSRODWLRQ VR WKH ILJXUH VFDOHYV
LV VOLJKWO\ LQIOXHQFHG E\ QRLVH RULJLQDWLQJ LQ WKH TXEC
DIIHFWV WKH DPSOLWXGHV RI WKH ELQV FRQFHUQHG DQG LQ
FRQYHUWHG LQWR D IUHTXHQF\ MLWWHU YLVLEOH LQ WKH ILJ
WKH QRLVH FRQWULEXWLRSLV7KH PRIRMGEN HUURU7KH *DXVVLD
LQWHUSRODWLRGDOERODWHG ZLWK WKH ZRUVW FDVH HUURU L

My N

JUHTXHQF\ >N+]@ ,QSXW IUHTXHQF\ >N+]@
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)LJ 7KH *DXVVLDQ LQWRQSRIODWL)RD 7KH HUURU WKH *DXVVLD
DQG Rl WKH PDJQLWXGH VWSHFWUXBVRD )XQFWLRQ RI WKH MEMWHG LQ:¢
LQWHUSRODWVRQ MUURH ‘1 DQRI 7KH ODUJHVW HUU RRId¢% RHV
UHODWLYH DHPRXRWY WR *SSF TKHWKH LQWHUSRODWLRQ JDLHI RI
LQWHUSRODWLRQ GHFUHRVHEBKWKHFRQWRIWERIWHY WR WKH LQWHUSH
HVWLRPBVEN D IDFWRU RI 7KH *DXMMWLB QQRKDBRLVH WKH WKHRUHV
FRHIILFLHQW Y DUH D D LQWHUSRODWLRQ PHWKRG ZLWK
K WKLV H[DPSOH WKH LQIOXHQFH RI WKH Q
QRW YHU\

$V VHHRIXKQHWQG WKH LQWHUSRODWLRQ HUURUV IRU WKH
DUH Rl RSSRVLWH VLJQV 7KLV ZDV D KLQW IRU WKH DXWKRU \
JLYLQJ D VPDOOHU LQWHUSRODWLRQ HUURU WKDQ HLWKHU I
H[SRQHQWLDO SDUDEROLF LQWHUSRODWLRQ (3, WKH DXWKR!
QXPEHU SRZHU 7KH (3, IXQFWLRQ LV

6uM DuM My K S

TKHVXEVFULSWYV UHISB QHR WKBIOZRUG
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JRLQJ WKURXJK QRGHYV NLWK BEWFNVVDAG RU 6UQ DN @

6./ EN@6:M 6N @ UHVSHFWLYHOS LYKFKRVSRQRNEWK DV WR PLQL
LQWHUSRODWLRQ HUURU DQG VLQFH WKH HUURU GHSHQGV RQ Wt
ZLQGRZ IXQFWLRQ 5LVLQJ ERWK SUGHNVRI WR WKH SRZHU RI

6 M° DM My K

DOORZLQJ WR UHGXFH WKH (3, PHWKRG WR WKH SDUDEROLF LQWH
1M S 6N 6N S BN@DGBGM 5 6 @ 7KXV WKH VKDSH PD[LPXP DEV
EH REWDLQHG GLUHFWO\ IURP UHSODFLQJ PDJQLWXGH VSHFV

e @ 6N @
NG 6 @ 60y @

Mu N

$Q H[DPSOH RI XVLQJ WKH (3,)IDIOJRUWNVKPROWG MWWRRQVLRBRUUHVS
SDUDEROLF LQWHUSRODWAL RMKHFDDHKVILDQ LQWHU SR OIIRMLLRFFGI SUHV
WKH GLITHUHQW VFDOHV RI WKH ILIJXUHV )RU WKH 7S IALQGRZLQ

7TKH LQSXW IUHTXHQF\ RI N+] JLYHV WKH (3, VKDSH SHDN D
LOQOWHUSRODPRILR@P HUWRK UHIROWLY I3 U WU WLPHY OHVV WKDQ
LOWHUSRODWLRQ PHWKRG WLPHV OHVV WKDQ WKH SDUDEROLI

WKDQ WKH ')7 VLRBOH HVWLPDWH

7KH (3, DOJRULWKP DOORZHG REWDLQLQJ WKH IUHTXHQF\ UH
IUHTXHQF\ PHDVXUHPHQW PHWKRGYV GHVFULEHG LQ WKH EHJLQQL
JRRG PHWKRG RI PHDVXULQJ WKH IUHTXHQF\ RI N+] RI D VLJQD
UHIHUHQFH IUHTXHQF\ SHULRGV RI 0+] ZLWKLQ D WKRXVDQG R

PV WR DFKLHYH WKH UHVROXWLRQ RIUHSSPUHKHD HTXPSODWLRRQ
VDPSOHV L H VRPH VLIJQDO SHULRGV ODVWLQJ PV :LWK DV
QHFHVVDU\ FRP SVKWMDWILLARH)RI WKH IUHTXHQF\ PHDVXUHPHQW E\ WK
LOQWHUSRODWLRQ FDQ EH VKRUWHU DQG WKH UHVROXWLRQ KLJKH!I
ZLWK WKH DGYDQWDJH WKDW LW FDQ EH XVHG WR PHDVXUH IUHTX

7KH LQWHUSROPDIWLRI (8 PRHMWKRG ZLWK WKH 7 JLOGRZLQJ FR
DQ&J ZLWK 3, DQG *, UHVSHFMILY HIDX DL VX\DHRENR QRW KLV FDVH
WKH HUURU LV FRPSOHWHO\ GHWHUPLQHG E\ QRLVH UHODWHG W

7KH PD[LPXPrHUWRS SP 'RIRMoN 7KH (3, LQWHUSRODWLRQ JDL:
ZLWK WKH ZRUVW FDVH HUURU LV W LV OHNY WKWDLQ@Q BH KLHY H
)LJ  FRQWDLQV VLPXODWRRMWURPKOWAR WKH SUREDELOLW)\ R

HUURUV LV FRUUHVSRQGLQJO\ LQFUHDVHG

W FDQ EH FRQFOXGHG WHIRW WIEHWYV&XYHBGRARUWNWKEO SUHVHQWH
VXIILFLHQW WR JHW WKH PRVW |URP WKH (3, PHWKRG 1RWH DOV
RQO\ RI WKH WRWDO VLJQDO DPSOLWXGHB; LWRRWRKN HIEHWW L \DH)
WKH UHPDLQLQJ WZR ELWY DUH XVHG WR VHSDUDWH WKH FRPSRQFt

7KH H[DP$OH RLV UHSHDWHG ZLWK WKHLRRQWBVWE UWRBRH V REQXWW
HITHFWLYH B HRVROXWWRQIRU WKH FRPSRQHQW RI LRDWHUHVW 7KH
'LWK WKH UHVROXWLRQ LQFUHDVHG LW FDQ EH VHHQ DOVR WKH
QRLVH VXSHULPSRVHG 7Kdl PD[EBRPRHUMHU LV $V LW LV VKRZQ
RQ WKH ULJKW YHUWLFDO D[LV RI WKH SORW WKH PD[LPXP HI
PHDVXUHPHQW RI WKH LQSXW IUHTXHQF\ RI N+] ZLWK WKH

BHFWLRBRQHQWLDO SDUDERF®RIQWDQWW USRIODMWHR EHULYDWLRQV DQG H[SRQHQ
PHWKRGYV

,W KDV WR EH SHUIRUPHG ZLQGRZLQJ Rl WKH VDPSOHV ))7 VSHFWUXP PRGXO
LQWHUSRODWLRQ LWVHOI 7R FRPSXWH DOO WKH VWHSV D IUDFWLRQ RI D PLOOL
KDUGZDUH
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FRUUHVSRQGLQJ LQWHUSRODWLRQ JDLQ LV VWLOO W
GHULYHG LQ 6 SRWHRWLDO SDUDERWEKH MXHHRWSR\OLIF\D DRIQQ W H U
(3, PHWKRG ZLWK WKH 7 ZLQGRZLQJ LV VWLOO KLJKHU QDPHC
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)LJ 7KH H[SRQHQWLDO SDUDERODEJLQWHKIIS RRODMRUIRIQWKH H[SRQH(
ELQV DQG Rl WKH PDIJQLWXGHNHIIBSRWDYRVRM)UXQFWLRQ RI

7KH LQWHUSRODWLRR*HUWURU W BEPIBHTXHQEY 7KH HUURU LV FRPSEOHWHO\
WKH UHODMWOPRIX @ WWREMR 7KH LQ' QRLVH FRUUHVSRQGLQ& WRVWRN'HIIHFWL

GHFUHDVHG WKH HUURU RI TN ERI BALKAHV VLPR B H GIVWILHADW ISESPU RRJ TEV

D IDFWRU RI 7KH H[SRQHQWHbLHNO SDUDHARROWLQJ LQ WKH LRWHUSRO
FRHIILFLH&QWY DUH D Ke 7TKHVH DUH WKH ZRUVW YDOXHV IUR
DC¢ UH\V'ITHCQ WKH

7KH HUURU MKRZ@FDRQ EH GLYLGHG LQWR WZR FRPSRQHQW\
V\VWHPDWLFQUWRH Q& DV RILMHRUQIOXHQFH IRU WKH LQWHUSR
LQWHUSRODWIRQ MMSRUSRVLWLRQ RI WKH WZR 6XFK D GLV!
VA\VWHPDWLEHBHQRY RQ WKH LQOWHUSRODWLRQ DQG ZWQ®RZLQ
GHWHUPLQHG E\ QRLVH SUHVHQWHUG IRKH V&LUQB0HQSM FR QXRU L
HUURU FDQ EH DQDO\]HG VHSDUDWHO\

6\WWHPDWLF LQWHUSRODWLRQ HUURUV DUH DIXRG\W LFR®HD
LQWHUSRODWLRQV RaKGIWMF DO HWKIHHHWVIUPW HUSRODWLRQ PHW|
GHSHQG RQ WKH LQWHUSRODWLRQ PHWKRG DQG ZLQGRZLQJ X
XVHG ZLQGRZ IXQFWLRQV LQWURGXTHE0W & IGQAVREXNVYHG LQ 6F

7KUHH SHUWXUEDWLRQV WR WKH LQWHUSRGRW LLRQQVE UR R D\
RQ SHUWXUEHEGDPSBOFWRLVH LQWHUIHUHQFH DQG H[SRQHQWL!
QRLVH SHUWXUEDWLRQ LV RI VWRFKDVWLF QDWXUH ZKLOH WK

LQSXW IUHTXHQF\ >N+l@  )LJ 7KH HUURWI WKH H[SRQH(
LQWHUSRODWLRQ DV D DQEFWMLRQ Rl WKI
MotN 7KH HUURU LV FRPSRVHG R
VXSHULPSRVHG QRLVH SDUWIIHFRUUHVSR
L ] UHVROXWLRQ RI  ELWV 78SPOPRUIJHVW H
Mo+ UHVXOWLQJ LQ WKH LRQWHUSRC
7KHVH DUMWWNKBOXRIY IURP
i 1 UHVXOWV VHHQ LQ WKH SORW

@

>SSP RI
P+]

(

Qo N

6SHFWUDO QRLVH GHSHQGV DOVR RQ WK H6DRB®RZ ZQQIRRIZGIRGD XKOMG VHH 6
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7KH JRDO RI WKH SUHYLRXV H[DPSOHKHADM WK LL\D G X V WRJUDWVHWAL R

7 .| WKH FRQGLWLRQV RI WKHVLV 7 DUKRIDWLV|LHG WKH:!
VLQXVRLGDO \FRFRS R A RS R X QW8 A\DLY EHOHVWLPDWHG IURP
WKH GLVFUHWH PDJENGWRXGW KH VEWQYXE QP SOWKR HTXHQFEH
UHVROXWLRQ LPSURYHG E\ SHUIRUPLQJ DQ LOQWHJSRODWLR(
LQGHRMEY N DQR ZKHNHLY WKH LQGH[ RI WKH [PDUJHVW
FRUUHVSRQGLQJ WRVWKH KAFR DER/GHQWD RI WKH JQWHUSROI
FXUYH PD[LPXP LV WKH LPSURYHG HVWLPOWVWKRY WKH LQSX\
GLVVHUWDWLRQ WKUHH PHWKRGV DUH VWXGLHG [DQG FKDU!
H[SUHVVLRQV IRU WKH FRPSRQHQW IUHTXHQF\ HVWLPDWH

SDUDEROLF LOWHUSRODWLRQ 3,
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*DXVVLDO LOWHUSRODWLRQ *,
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([SROHOWLDO SDUDEROLF LQWHUSRODWLRQ (3,
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ZKHUH SRXYHWSHFLILF IRU HDFK ZLQGRZLQJ PHWKRP

7KH LQWHUSRODWLRQ JDLQ IRU HDFK PHWKRG GHBHQGV RQ
VSHFWUDO OHYHO(WIZERKSREMOMFW WR QRLVH PQG LQWH!
ELDVLQJ WKH FRQFHUQHG ELQV )RU FRPPRQO\ |XVHG ZLQ
SRWHQWLDO JDLQV DUH LQ WKH RUGHU RI WHQ |RQH KXQC
WKRXVDQG IRU 3, *, DQG (3, PHWKRGV UHVSHFWLYHO\




&KDSWHU

JURP DQ DQDORJXH VLIQDO WR LWV

,Q WKLV FKDSWHU WKHUH DUH EULHIO\ GHVFULEHG DOO LPSR
JRXULHU VSHFWUXP RI DQ DQDORJXH VLJQDO ZKLFK LV VXLWEL
' QWURGXFWLRQ DQG GHYHORSHG IXUWKHU LQ WKH QH[W FKI
VNHWFKHG WKHQ WKH )RXULHU DQG GLVFUHWH )RXULHU WUDQ
DUH ZHOO NQRZQ DQG WKH PDLQ WDVN RI WKLV FKDSWHU LV
VSHFLILF WR WKLV GLVVHUWDWLRQ LQ SD W QRX\HDOUG ZR WK KXY
IUHTXHQ%\ WKLY FRQYHQWLRQ WKH DXWKRU LQWURGXFHV D ¢
VSHFWUD ZKLFK LQ WXUQ VLPSOLILHVY DQG PDNHV PRUH FRKF
FKDSWHUV

$QDORJXH WR GLJLWDO FRQYHUVLRQ

7KH DQDORJXH WR GLJLWDO FRQYHUVLRQ FRQVLVWV RI WZR
SUDFWLFH ERWK RSHUDWLRQV DUH GRQH E\ D KDUGZDUH EOF
ZKLFK LV XVXDOO\ UHDOL]HG DV DQ LQWHJUDWHG FLUFXLW

,Q WKH VDPSOLQJ SURFHW LIV FRQW HQ YWRIG/ LI\ @ BIBILWH D ROH Q F
LQWHJHU QXPEHU ,Q WKLV ZRUN RQO\ WKH XQO/WR®@LBMDO VD

Q@ VQry

,Q WKLV GLVVHUWDWLR G DWIOHE LV@KHH WPPCG O L QJNS HW tR & KIHQ G
VDPSOLQJ IUHTXHQF\

,Q WKH GLJLWL]DWLRQ SURFHVV VDPSOH YDOXHV DUH FRQY!
DPSOLWXGH EHLQJ D PXOWLSOH RI D YDOXH FKDUDFWHUL]JLQJ
5 ELWV DQG D VLJGDOORIVDIRGWLWNGHLWY LQSXW G\QDPLF UD
VDPSOHV FDQ EH GHVFULEHG DV

§ 5FY )
V Q@ UR X 16 %\tQ@
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ZKHUH PRXRMDQV WKH URXY Q@GMaG LWDWXH RPSOLWXGH FRUUHVS!
VLIQLILFDQW ELW /6% RI WKH $'& 7KH GLILWOQWPSEHYKGH U
QHFHVVDU\ WKH GLJLWDO XQLWDU\ DPSOLWXGH ZLOO EH GHQF

'XULQJ WKH GLJLWL]DWLRQ SURFHVV VLJQDO VDPSOHV ZL\
DSSUR[LPDWHG E\ LQWHJHU YDOXHV 7KLV PDNHV WKH DQDOF
GLIIHUHQFH FDQ EH LQWHUSUHWHG DV QRLVH FDOOHG WKH 1
GLVFXVVHG LQ WKH OLWHUDWXUH KHUH WKHUH DUH SURYLGH(
IXUWKHU GHULYDWLRQV HV SHPLCHRHWRA HYRIL R H VRHF W IKRIQL Q W H

7KH TXDQWL]DWLRQ QRLVH RI D VLIQDO VHTXHQFH KDV WK}
/6% SURYLGLQJ WKDW WKH DPSOLWXGH Rl WKH6,VIRSIOHG
URRW PHDQ VTXDUH 506 DPSOLWXGH RI WKH TXDQWL]DWLRQ

AYQ%UPVf /6%

URXQG URXQG URXQG

ODUHN * WISRURYLQJ IUHTXHQF\ UHVROXWLRQ RI GLVFUHWH V¢S



$QDORJXH WR GLIJLWDO FRQYHUVLRQ

,Q WKH IUHTXHQF\ GRPDLQ WKLV QRLVH LV LQ SUDFWLFH XQLIF
EDQGZLGWK L H EHWZHHQ '« DQG KDOI RI WKH VDPSOLQJ IUHT

, 1 D VLQXVRLGDO VLJQDO ILOOV IXOO0O\ WKH LQSXVE GLOWDWPLF UDC
LH WKH ZKROH FRQYHUWHU QRLVH M/ RADOEMH G KEN WKHO DRODWR/ LQE
615 RI WKH GLJLWL]HG VLJQDO LV

% 16 %
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,Q WKH OLWHUDWXUH WKH DERYH H[SUHVVLRQ LV RIWHQ JLYHQ LQ
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I WKH LQSXW VLJQDO LWVHOI FRQWDLQVWGLY-R R VRMKU IQRLIVH DV
LQWURGXFHG E\ WKH UHDO ZRUOG $'& FRQYHUWHU LQ DGGLWLR
615 Rl WKH GLJLWL]HG VLJQDO LV
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615 AYV UPV \/7
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JRU D JLYHQ 615 RI WKH GLJLWL]HG VLIJQDO RQH FDQ FDOFXC
K\SRWKHWLFDO $'& ZKLFK ZRXOG \LHOG WKH REVHUYHG 615 ZLW
K\SRWKHWLFDO UHVROXWLRQ FDQ EH FDOFXODWHG E\ UHDUUDQJ
UHIHUUHG WR DV WKH5HADIGIG WVYBHUHYR® XOWLRQ

5 OR%£615 SELWV@
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7KH HIIHFWLYH UHVROXWLRQ LV D FRQYHQLHQW PHDVXUH RI 615
FDOFRXWMB VRPH LQSXWLVLDQPR QRYREYHG DQG
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6ROYLQYWRYLILYHV

,Q WKH OLWHUDWXUH B VXPYDOWNQWM MEAFEWY IBDBWW® ,W LV UHVHUYHG WR FKD
$'& ,Q WKH GLVVHUWBRMYRQHWKBINRIG XIWDVWRRD DFFRXQW ERWK WKH $'& DQG LQSXW \
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JURP WKLV RQH FDQ FDOFXODWH WKDW WKH HIITHFWLYH UHVRO
5¢ + 5y ZKHQ WKH 506 Rl WKH LQSXWYeVLIQBRMQREVH 71KV K D O
LQIRUPDWLRQ LV XVOI®XAEHFWRLRRLVH RQ WKH LQWHUSRODWI

0 WKH $'& LOQSXW VLJQD Y6 RMUK/HQLW K IKIDWWU MKDQ  FDQ E|
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JRXULHU DQG 'LVFUHWH )RXULHU 7UDQVIRUPV

JRXULHU DQG 'LVFUHWH )RXULHU 7UDQVIRUPV

,Q WKLV ZRUN WKH )RXAILH®RI7DDRRQRUP X RAXW IWLBHIVQHTD DLWK W
QRWDWLRQ XVHG LQ WKLV SDSHU DV

f
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6LPLODUO\ WKH 'LVFUHWH )RXULHU 7UDQVIRUP ")7 LV GHILQHG D
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JRU WKLV GLVVHUWDWLRQ LWRILVWHYA ERPYREN VKW XWKWWRDQRV [
XQLIRUP VDPSOLQJ RI WKH )7 DW IUHTXHQFLHYVY EHLQJ LQWHJHU PX
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ZKHUH WKH ")7 LQSXW GDWD DUH VDPSOHY' RWWKHGQFBRYWLIQEK R XQ\E X/
WKH )7 >=LHOL VNL @ 7KH TXDQWLW\

LV WKH GLVFUHWH VS HNHAWWIPQHE LNV SINHLITXHQF\ UHVROXWLRQ
1RWH WKDW VLQFH LQ SUDFWLFH RQH KDV WR GHDO ZLWK VLJ
DOZD\V LQYROYHG LQ WKLV ")7 )7 UHODWLRQVKLS ,Q WKH VLPS
UHFWDQJXODU ZLQGRZ ZKLFK FXWV RXW WKH SDUW RI WKH FRQW
VDPSOH VHW IRU WKH ")7 7KH DLP RI XVLQJ RWKHU PRUH VRSKI
HITHFWV RI WKH SHULRGLF QDWXUH RI WKH ")7 L H WR FRSH ZLW!
RI WKH WUDQVIRUP LQSXW LQ JHQHUDO GRHV QRW ILW WR WKH LC
| LV FRQVLGHUHG DV D WUDQVIRUP RMQODILQLWHO\ ORQJ V

f
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WKHQ WKH LQILQLWH VXPPDWLRQ FDQ EH GLYLGHG LQAWRVDQ LQILC

&RPSOH[ YDOXHG VSHFWUDADURUZ HQRWHKIHG FZAWAIHK R3 DQRKWR/DOL]HG IUBVXHQF\ DQC
ZHOGMVLY UHVHUYHG IRU PDIJQLWXGH VSHFWUD PXFK PRUH RIWHQ XVHG LQ WKH

7KH DXWKRU XVHV V\VWIH® DAS DL QIN\QW WH QW HWLWP WKH IDFW WKDW DV GLVFXVV
VSHFWUD FDQ EH WKRXJKW RI DV VDPSOHV RI WKHLU FRUUHVSRQGLQJ FRQWLQXR
ZLWK +RZHYHU LQ WKH OLWHUDWXUH RIWHQ GLVFUHWH VSHPRWVWXB LBNHOA DUH
RULJLQDWLQJ LQ XQGHUVWDQGLQJ GLVFUHWH VSHFWUD DV EDQNV RI ILOWHUYV
VSHFEWUXP ELQ" FRXOG KDYH EHHQ UHSODFHG E\ 3GLVFUHWH VSHFWUXP OLQH" W
VSHFEWUD ,W ZDV QRW GRQH VR WR VWD\ FRPSDWLEOH ZLWK WKH OLWHUDWXUH
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ZKLFK LV WKNDFFS®IHV RI LQILQLWHO\ ORQJ VHTXHQFH
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7KLV LQILQLWHO\ ORQJ VHTXHQFHGHP 8V MRIEILW LLIWW KD KH WEHIH
WKH LQSXW VDPSOH VHTXHQFH WR EH SHULRGLFDOO\ UHSOLF
OHQJWK RI WKH WUDQVIRUP LQSXW 7KLV LV FRPSDWLEOH ZLW
FDQ EH FRQVLGHUHG DV D WUDDRIRD® [RQ IRQHWSHALA R QR LAX}SXJ
7KLV FRQFOXVLRQ H[SODLQV WKH QHFHVVLW\ Rl ZLQGRZLQJ
PDNH D VPRRWK ILW EHWZHHQ WKH DGMDFHQW SHULRGV Rl WK

,Q WKLV GLVVHUWDWLRQ RQH GHDOV ZLWK LQWHUSRODWLR
WKH )7 7R LQYHVWLJDWH LQWHUSRODWLRQ HIILFLHQFLHV LW
ELQV VR WR NQRZ FRQWLQXRXV VSHFWUD $V LW ZDV DOUHD
WKRXJKW RI DV D VDPSOHG YHUVLRQ RI WKH )7 RI D VLIJQDO VL
RI D ')7 VSHFWUD LQWHUSRODWLRQ LV LQYHVWLJDWHG RQ HT:
GLIIHUHQW DEVFLVVDH L H WKH ')7 DUIXPH@QE WKHEQ7L QGBIXR
MXVW RUGLQDU\ IUHTXHQF\ LW LV FRQYHQLHQW WR VFDOH WK
WKH RWKHU ,W ZDV GHFLGHG MRR WHKIHO W7 VEK HJ XSG D BL QUH I WHE
TXDQWLW\ &BQBWHGHEAUHG WR DV WKH QRUPDOL]JHG IUHTXHQF
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7KHUHIRUH )7 MRUVYWHHDEOGLQDU\ )7 EXW ZLWK QRUPDOL]HG F
R/ + WKH REVHUYDWLRQ LQWHUYDO RI WKH LQSXW VLJQDO DQ
FDOFXODWLRQ

8VLQJ DQ DQDORJXHMLIQDO RI IUHTXHQF\

2IWHQ LQ WKH O LQWRHIFID/OX. PHIGWM YO B WMKHBORR U IW K HLFXORWAMHIQW @ DQG LV XVXDC
) 7KH QRUPDOL]MBVI XWF)CHRE\WKLV GLVIVWUWDW RQIIHL) WKHUHIRUH



JRXULHU DQG 'LVFUHWH )RXULHU 7UDQVIRUPV

VoW $VL@E W

FDQ EH ZULWWHQ DV

VW SVLQE W T $VLQﬂMqW T

FRQILUPLQJ WKH DERYH FRQFOXVLRQ IRU WKH WLPH GRPDLQ
.l WKH VLJQDO LV XQLIRUPO\ VIPDRSDEG/DWSWKW DDM KV BN H
WKHQ WKH HQG RI WKH V4@QDW VDPSOH VHTXHQFH

VS @Vol? $SVL@ Gl i $SVL@ o

ZKHWHL ZDV VXEVWIAW OWHABUIRILQJ WR $V VHHQ LQ QRL
MoFDQ EH FRQVLGHUHG DV WK HV@WX REHUQRJ HSHHUULRG VRR IDVVIQRUR L C
RI D FRPSRXQG VLJQDO IDOOLQJ I7Q W RH WIK®IVWHTS®D RQ WIDQNW 8 U WD
XQLW SHULR/G 7RMH QWDHNIHHW SDUW LV WS H WDRREH UD B IQ TROW GEWIRY
WKH IpBHWKH FRUUHVSRQGLQJ GLVFUHWH VSHFWUXP ELQ 7KH JR
LQ WKLV GLVVHUW D Wi RID E W VRR) BIY DSDXIDIM BVWRHGH MSIRAIQEBI] WR W
SHULRG IUDFWLRQDO SDHWNWW RRPIKSIDHZWROQH WR FHNQMDEQL R WHHW DRQ
QHJOHFWHG ZKHQ XVLQJ GLVFUHWH VSHFWUD IRU 3FODVVLFDO" IU

6LQVMLQ LV WDNHQ IRU WKH WUDQVIRY RVR QWD \UHIODK\LIR @ K
EH UHZULWWHQ DV

/
M  3VWH [% M—— ?M;G W

VRWLY FRQVLGHUHG WR EH D SHULRGLF UHSOL2FDI/NRQINRIQGMY 1UD
DV WKH LQWHJHU WUXQW¥DW ZRI@ GR DV H\DXOZNTREEVOINDIR
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JURP WKLV RQH FDQ FRQFOXGH WKDW WKH ")7 FDQ EH WKF

Rl YDVMLDEIGFKK LV VDPSOHG DW LQWHJHU YDOXHV 7KLV LV !
TXDQMDWWKH FRPPRQ YDULDEOH IRU FRQWLQXRXV DQG GLVFUHWF
, I WKH ")7 LV FDOFXODWHG DFFRUGLQJ WR WKHQ WKH F
FRPSOH[ PXOWLSOAFPMNAHRQNGHBQWLRQV ,Q SUDFWLFH WKH ')7 LV
DFFRUGLQJ WR D YHUVLRQ RI WKH )DVW )RXULHU 7UDQVIRUP ))7
WR WKH RUGHU RI

))7ERPSXRMRADNOR 1

FRPSOH[ PXOWLSOREPFPWRERRBRQM[DDBEGLWLRQV LQ WKH FDVH RI WKH 'F
UDGL[ YHUVLRQ RI WKH ))7 DOJRULWKP
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5HODWLRQ LV DQ HVWLPDWLRQ RQO\ DV WKH DFWXD
YHUVLRQ RI WKH ))7 DOJRULWKP LWV LPSOHPHQWDWLRQ DQG
UHDO VHTXHQFH >=LHOL VNL @ )RU VLPSOLFLW\ LQ WKLY

HVWLPDWHG XVLQJ IRUPXOD
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6DPSOH ZLQGRZLQJ

,Q WKH SUHYLRXV VHFWLRQ LW ZDV VKRZQ WKDW WKH ')7 3FRQVL
WKH SHULRG HTXDO WR WKH OHQJWK RI WKH WUDQVIRUP LQSXW 7
K\SRWKHWLFDO SHULRGLF VHTXHQFH FRQVWUXFWHG IURP WKH D
ZKROH WLPH D[LV $OPRVW DOZD\V WKH ERXQGDULHV RI WKH SH
HQFORVH DQ LQWHJHU QXPEHU Rl DQDO\]JHG FRPSRQHQW SHULRG
UHSOLFDWHG SHULRG GR QRW ILW HDFK RWKHU DQG LQ WKH K\SR!
WKH IUHTXHQF\ GRPDLQ VXFK DUWLIDFWV DSSHDU DV VR FDOOHG

@

7KH HIIHFW FDQ)LEH VKDSWE U SDJH ZKHUH WKH VPDOC
FRUUHVSRQGLQJ WR D VLQXVRLGDO FRPSRQHQW LV XQXVXDOO\ Z
7KH H[SODQDWLRQWW FDQVKRZRXRQPGVD® SOHV Rl WKH FRUUHVSRQGLC
VLIQDO FRQWDLQV WZR VLQXVRLIGDO FRPMJR@RQWOHRI DP S DX MWL
le s N+] ODUJHU DPSOLWXGHKVDPS@OHG 7IX\W WKPISODQH ZRIQGRZ
GXUDWLRY WKHUHIRUH WKH FRRSRQWQMWDRWOUHTXIGE\LRGV ZLV
VDPSOLQJ ZLQGRZ DQG DV VXFK LV QRW GlLXWRUWISEBULZRB\F ROERR
TXDUWHU DV VHHQ RQ WKH HQYHORSH EHL&QIKWKH E HBEW WXH SUERHG)
SHDN FRUUHVSRQGLQJ WR WKH VPDOOHU FRPSRQHQW LV DIIHFWI
GRPDLQ LW LV DV WKH HQHUJ\ IURP WKH FRPSRQHQW ELQ ZDV OH
WKH SKHQRPHQRQ QDPH

$QRWKHU H[DPSOH RI WKH VSHFWUDO OHDNDJH HIIHFW DQG Wt

EHORZ IXOO VFDOH ELW VDPSOHV RI D VLJQDO FRQWDLQLQ
IUHTXH®FLH\D QG KDYLQJ PXFK GLVSDUDWH DPSOLWXGHYV
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V Q@ V>Q@ VQ@ VL©QCEB/F11 V"©QW11 Q

®
DUH VKRED LQVRIJHWKHU ZLWKQH KHHSBLRBWHK® DV VHHQ E\ WKH '

FRPSRQHQW KDV DQG D KDOI SHULRGV VR LW LV VHHQ WKDW W

UHVXOWLQJ LQ DEUXSW LUUQJXODULWLHV EHWZHHQ DGMDFHQW

VSHFWUDO OHDNDJH LQ WKHSFRUUHVSRQGLQRHP VPQOWXIG®HFREISRW |

LV QRW VHHQ DW DOO GURZ@HG E\ WKH OHDNDJH IURP WKH VWUR
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6DPSOH QXPEHU %LQ QXPEHU

)L 6DPSOH VHTXHBEBIFN GRWV )LJ ODJQLWXGH VSHFWUXP RI W
OLQH DQG LWV UHSOLFDV GDVKHGV&R@B LUQ HMIQH B\ RWHR GE\RRKHOFAW W LV V
OHDNDJH GXH WR WKH IDFW WKD
VHTXHQFH GR QRW ILW RQ WKH
LUUHJX



JURP DQ DQDORJXH VLJQDO WR LWV GLVFUHWH VSHFW

,QLJ VHTXM@®HLV VKRZQg EXW QRZ ZLQGRZHG XVLQJ 7 ZI
DWWHQXDWHYV WKH VHTXHQFH JUDGXDOO\ WR JHUR DW WKH EF
VPRRWK FXUYH EXLOW IURR @ SOKADVSRFWUQB REHIDLWXGH |
VHTXHQFH MKRZBRIQWDLQV WZR SHDNV FR UWHD@BERSUHMHQWRL BR\
LQSXW VHTXHQFH 7KH VPDO®HU SHDN LV QLFHO\ YLVLEOH GH\
VPDOOHU WKDQ WKH ELJJHU RQH
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6DPSOH QXPEHU %LQ QXPEHU

)LJ 6DPSOH VHTXHBGBFN GRWV )LJ ODJQLWXGH VSHFWUXP RI W

OLQH ZLQGRZHG ZLWK WKHDQ@G ZLQIGRZQ WG WKHHKORW RQ WKH C

UHSOUBBWQ OLQH IRU WKH VHTXF VSHFWUDO OHDNDJH HIIHFW VHH

WKH ZLQGRZ yLJ SQROWMH VDPH VFDOHV )\
FRPSRQHQ@SKRWWKHTKHQFH DV ZH
LQ WKH TXDQWL]DWLR

'LQGRZV DQG WKHLU SURSHUWLHY DUH D YDVW VXEMHFW Z]
ZRUN >*HFNLQOL <DYX] @ >.XONDUQL @ >.XONDUC

@ >=LHOL VNL @ $Q H[KDXVWLYH GHVFULSWLRQ RI WKLV
> @ ,Q WKLV GLVVHUWDWLRQ VRPH RI WKH ZLQGRZV GHVFUL
FDOFXODWHG WKH FRUUHVSRQGLQJ VSHFWUD DQG RWKHU SDU
VRPH EDVLF H[SODQDWLRQ LV DOVR JLYHQ QHFHVVDU\ IRU F1
DQDO\VHV LQ WKLV VHFWLRQ DUH GRQH RQ FRQWLQXRXV WLP
WKHLU FRUUHVSRQGLQJ GLVFUHWH HTXLYDOHQWYV

.1 D FRVLQH QRUPDOL]JHG VLJQDO

W FRwS w7 HIMEWNT HISMEWT

LV ZLQGRZHG AW Z WRIKIR@ WKH VSHFWUXP RI WKH ZLQGRZHG V

f
@ I )7"ZWWVW 3ZWWVWH[S MAWGW
f

HISM®& | I T g, HISMT @I lo 7 g,

Lo Lo

, ] WKH WZR VSHFWUDO SHDNV RI GR QRW LQIOXHQFH H
WKHLU VLGHOREHY GHFD\ RQH FDQ FRQVLGHU WKH PRGXOH RI
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6, | |HISM®@ I I T ¢, IL%? S

7KH PDJQLWXGH VSHFWUXP RI D ZLQGRZHG VLQXVRLGDO FRP
PDJQLWXGH VSHFWUXP Rl WKH ZLQGRZ VKLIWHG WR WKH IUHTXH{
VSHFWUDO VKDSHV RI WKH ZLQGRZV DUH FUXFLDO IRU VSHFWUD
SDUWLFXODU WKH LQWHUSRODWLRQ HIILFLHQF\ 6KDSHV RI PDJQ
ZLQGRZ WLPH SRVLWLRQ VR WKH SRVLWLRQ FDQ EH IUHHO\ FK
PDJQLWXGH VSHFWUXP RI D ZLQGRZHG VLQXVRLGDO FRPSRQHQW L

7KH FRHIILFLHQW LQ LV WKH FRQVHTXHQFH RI WKH IDF
WKH IUHTXHQF\ GRPDLQ E\ WZR SHDNV 7KH FRHIILFLHQW FDQ EH
WKHRUHP IRU D \WRVWRQHVIVGEHQBG DV WKH EDM FIRHQW LBEGHE D\ GF
PRGXODWLRQ IXQFWLRQ

+DOYHV RI WKH ZLQGRZV XVHG LQ)WKLV$GOVSHBUDNPNWRQVDRIH
LQWHUSRODWLRQ PHWKRGY ZHUH FDOFXODWHG IRU HDFK ZLQGRZ
LQ WKLY FKDSWHU RQO\ IRU FRPSDULVRQ SXUSRVHV 7KH SURSR
QRGHYV GR QRW ZRUN ZHOO ZLWK WKLV ZLQGRZ 7KLV LV QRW FRQ
KDV YHU\ ODUJH VORZO\ GHFD\LQJ VLGHOREHV DQG WKHUHIRUH
WKH LQWHUSRODWLRQ PHWKRGY DUH WDUJHWHG )RU WKH UHFWL
PD\ £H XVHIXO HJ WKRVH EDVHG RQ WKH XVH RI WZR GLVFUHWH
@ >'RQJKDL /L HW DO @ >*UDQGNH @ >+LNDZD

@

UHFWDQJXOD$,
WUlDQJXODU|’

*DXVVLDQ U
*DXVVLDQ U

o
_<
1RUPDOL]HG DPSOLWXGH

1RUPDOL]HG WLPH _ > @

)LJ 'LQGRZV FRQVLGHUHG LQ WKLV GLVVHUWDWLRQ 7KH\ DUH V\PPHWULF VR
GLITHUHQFHVY EHWZHHQ WKH ZLQGRZV 7KH IXUWKHU SDUDJUDSKV LQFOXGH ZLQ
FRUUHVSRQGLQJ PDJQLWXGH VSHFWUD

6LQFH SDUDPHWHUV RI WKH LQWHUSRODWLRQ DOJRULWKPV DUH
ZLQGRZ LQFOXGHG LQ WKH GLVVHUWDWLRQ UHTXLUHG ODERULRX



JURP DQ DQDORJXH VLJQDO WR LWV GLVFUHWH VSHFW

JRU WKLV UHDVRQ LW ZDV QHFHVVDU\ WR PDNH DQ DUELWUDU\
)LQDOO\ WKHUH ZHUH LQFOXGHG D IHZ S\WH[WERRN" ZLQGRZV
DUH XVHG LQ SUDFWLFH ZLWK WKH VWXGLHG LQWHUSRODWLRC
PD\ EH XVHG WR FDOFXODWH SDUDPHWHUV Rl WKH LQWHUSROD

'LQGRZ VSHFWUDO DQG QRLVH SURSHUWLHVY DUH GHVFULEF
7DEOH 7R VLPSOLI\ ZLQGRZ FRPSDULVRQV PRVW RI WKH FROXF
SORWMIRUHWQG ([SUHVVLRQV IRU ZLQGRZ IXQFWLRQV DQG WK
VHFWLRQ ZLWK WKH QRWDWLRQ VSHFLILF WR WKH GLVVHUWDW

7KH UHFWDQJXODU ZLQGRZ LV PHQWLRQHG KHUH RQO\ DV D
IRU WKH IDFW WKDW LW LV SUREDEO\ WKH VLPSOHVW ZLQGRZ
DUH HIILFLHQW DV ZHOO DV IRU FRPSDULVRQ SXUSRVHV *DXV
PRUH D WKHRUHWLFDO WKDQ D SUDFWLFDO PHDQLQJ LQ W]
FRPSDULVRQV DQG IRU WKH IDFW WKDW WKH *, PHWKRG KDV W
ZLQGRZV

7KH ZLQGRZV ZKLFK DUH FRQVLGHUHG E\ WKH DXWKRU DV W
WXQH PHDVXUHPHQW V\VWHPV RI SDUWLFOH DFFHOHUDWRUV
XVHG LQ WKLV GLVVHUWDWLRQ IRU WKHLU YHU\ JRRG VSHFWU
VLPSOH IXQFWLRQV ZKLFK FDQ EH HDVLO\ JHQHUDWHG LQ SUD
ZLGH FKRLFH Rl WUDGH RIIV EHWZHHQ WKH PRVW LPSRUWDQYV
ZLGWK WKH KLJKHVW VLGHOREH DQG WKH VLGHOREH GHFD\
VIVWHPDWLFDOO\ XVHG LQ H[DPSOHV

,Q SUDFWLFH WKH DXWKRU XVHV HLWKHU +DQQLQJ 7 RU
XQGHVLUDEOH EDFNJURXQG DQG LWV GLVWDQFH WR WKH DQDC
ZLQGRZ LQ DOO DVSHFWV DQG WKH FKRLFH RI WKH RSWLPD
UHTXLUHPHQWY RI WKH SDUWLFXODU DSSOLFDWLRQ 2IWHQ |
VHOHFWLRQ UHOD[LQJ WKH LPSRUWDQFH Rl WKH ZLQGRZ FKRL

SHFWDQJXODU ZLQGRZ

7KH UHFWDQJXODU ZIUNQJGRWRIOWWNMHEILWK RWKHU ZLQGRZ\
GLVVHUWDWLRQ DV

S8y,
7 _ 33wt
u w4 o0 1

Syl
© 1
ZKHUWLY WKH +HDYLVLGH V XQLW VWHS IXQFWLRQ)WZKH ZLQGF

LV

VL&V
SM

Suwl

7KH ZLQGRZ DPSOLWXGH QW QBHB DR |MIEHSRVKH ZLQGRZ HQHU.
ZLQGRZHG VLJQDO HQHUJ\ LV LQGHSHQGHQW RI WKH ZLQGRZ O
FRQVLGHUHG LQ WKLV GLVVHUWDWLRQ

JRU WKH VSHFWUDO DQDO\VLYV LQ UHDO V\VWHPV WKH LQSXV
FXWWLQJ RXW DQ LQSXW VLIJQDO LQWHUYDO FDQ EH PRGHOHG
LV ZK\ WKH UHFWDQJXODU ZLQGRZ FDQ EH FRQVLGHUHG DV EH

$V VHHQJLQ WKH UHFWDQJXODU ZLQGRZ VSHFWUXP K
DGGLWLRQ GHFD\ YHU\ VORZQWLWwH®QM\ 7IG% PHDRYHWKIFH OC
OHDNDJH LV DVVRFLDWHG ZLWK WKH UHFWDQJXODU ZLQGRZL
IUHTXHQF\ RI D VLQXVRLGDO FRPSRQHQW LV
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ZKHUHY WKH WLPH LQWHUYDO RLLWKDBIQVIS®I\WWUKE MMKHID WL K HD BRSP S
WKH VWURQJHVW OHDNDJH DQG LQ WKLV FDVH LWV VSHFWUXP KDV
7KH VSHFWUXP PDJQLWXGH RI WKH UHFWDQJXODU ZLQGRZ KDV
LW LV H[SODLQHG LQ WKH QH[W FKDSWHU FDQQRW EH XVHG IRU
ZLQGRZLQJ LV FRQVLGHUHG LQ WKH SDSHU RQO\ IRU FRPSDULVF
7DEOH WRJHWKHU ZLWK SURSHUWLHV Rl RWKHU ZLQGRZV XVHG LQ

7ULDQJXODU ZLQGRZ

7KH WULDQJXODU ZLDGRIZV GKRZQHIGQLQ WKLV SDSHU DV

ZKHEUWW LY WKH UHFWDQJXODU ZLQGRZ 7KH WULDQJXODU ZL¢
§ .
Vv 2Qsm
. o 1
'WUM T
— SM

DQRG LV SOPIRIWWHEGEVLBDLQ OREH KDV ZLGWK RI IRXU ELQV DQG DV
LOQOWHUSRODWLRQV 7KLV LV SUREDEO\ WKH VLPSOHVW ZLQGRZ IR
ZRUN HIILFLHQWO\ 3VEOXPWBEHLWHAEADQIJXODU ZLQGRZ GRHV QRW KI
SURSHUWLHYVY 1HYHUWKHOHVYV LW LV FRQVLGHUHG KHUH IRU FRPE
EH SUHIHUUHG LQ VRPH V\VWHPV LQ SDUWLFXODU WKRVH EDVHG |

*DXVVLDQ ZLQGR2ZYV

*DXVVLDQ ZLQGRZV LQ WKLV ZRUN DUH GHILQHG DV

§ W 8§ WU -
ZipxW ZywWHI[S—. ZywWH[S—.
© V1 © [ 1

ZKHUH WKH XVXDO VWDQGDUWKG/CHYLIEDWUIRY WYX H 23 OQHBWRH G HIQWWK L
RI WKH VWDQGMUGQGHYLWKWURKY *DXVVLDQ ZLQGRZV DMUH SORW)\
U LH *DXVVLDQ VKDSH rv KEDQMWBUXRADMH®IDWXKGH VSHFWUX
*DXVVLDQ ZLQGRZ WKH DXWKRU FDOFXODWHG WR EH

§S/l/l ‘8§ 8 M// SM/-
: H S - -H 55
JDX/W u\/7 [ 1© © © \/7U »

,Q WKH OLWHUDWXUH WKWWKZEQWREGV*DXNWVDLOQRZERGARG
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ZKHUH HUI LV WKH HUURU IXQFWLRQ JHQHUDOL]JHG IRU D FF
S ORW W H B UIHY DQG IRU WKH ZIRIGRZWRIG UHVSHFWLYHO\ ]
RI WKH VSHFWUD DUH TXLWH ODUJH DQG WKH VLGHOREHV GR
WKLV GLVVHUWDWLRQ WKH *DXVVLDQ ZLQGRZV KDYH PRUH D
FRQVLGHUHG KHUH DOVR [FOEGROEBDWNVVRORSKUSRHVVRI WKH *I
WR I DQG

"HLIKWHG FRVLQH ZLQGR2ZV

7KH ZHLJKWHG FRVLQH ZLQGRZV DUH FRQVLGHUHG KHUH
DSSOLFDWLRQV LQ WXQH PHDVXUHPHQW V\VWHPV EDVHG RQ |
VLPSOH DQG RIIHU D ZLGH FKRLFH RI WUDGH RIIV EHWZHHQ W
GLVVHUWDWLRQ WKHUH DUH XVHG ZHLJKWHG FRVLQH ZLQGRZ
VLGHOREH DV\PSWRWLF IDOO RIIl DW OHDVW RI G% RFWDYH
7TKH ZLQGRZV KDYH WKH IRUP RI

8 .
Zze W ZywW] F FRS/ELV}/
L

ZLWK WZR WKUHH RU IRXU WHUPV 7KHLU PDJQLWXGH VSHFWU

L

I

M L
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7KH QDPHY DQG FRHIILFLHQWY RI WKH ZLQGRDE XN MW H.IQU W K
VKDSHVY DUHLVKRBQA ¢ SHFWUDPLBHBHLVFWR G JRU WKH ZLQGRZV G
E\ IXWWDO > @ WKH DXWKRU XVHV D WKUHH FKDUDFWHU QD
WKH QXPEHU RI QRQJHUR WHUPV LQ ZKLFK LV IROORZH(
GLIJLW LV WKH QXPEHU RI ZLQGRZ FRQWLQXRXV GHULYDWLYHYV
FDQ GHGXFH LPPHGLDWHO\ JHQHUDO ZLQGRZ SURSHUWLHV V
DV\PSWRWLF VLGHOREH GHFD\

$00 WKH ZLQGRZV ZLWK FRQWLQXRXV ILUVW GHULYDWLYH
G% RFWDYH WKRVH ZLWK FROQWLQXRXV WKLUG GHULYDWLYH K|

G% RFWDYH DQG WKH ZLQGRZ ZLWK FRQWLQXRXV ILIWK GHI
VHHQ WKDW WKH PDLQ OREH JHWV ZLGHU DQG VLGHOREHV VP
ZLWK IDVWHU DV\PSWRWLF IDOO RIl KDYH ODUJHU ILUVW VLG
UDSLGO\ GHFD\LQJ ZLQGRZV DUH JRRG IRU DSSOLFDWLRQV ZL'
EDQG RI LOQWHUHVW 6LPLODUO\ ZLQGRZV ZLWK VPDOO VLG
LOQWHUIHUHQFHY ORFDWBGEORPRMHRD 1R WWHK M/ KDV JIHVW VLGHOF
M D QW5 $W WKHVH GLVWDQFHV IURP WKH PDLQ OREH FHQWHI
\HW WKH DV\PSWRWLF GHFD\ VR WKH GLIIHUHQFH EHWZHHQ W
GHFD\ WKHUH 1XPEHUVDEOPDUWFRYXPRONVORIHGLBRRUEDNQEORWYV L
KHOSLQJ LQ FRPSDULQJ SDUDPHWHUV RI WKH ZLQGRZV

'LQGRZ QRLVH SURSHUWLHYV

$V ZLQGRZ IXQFWLRQV JHW VWHHSHU WKH PDLQ OREHV RI \
DQG LQ FRQVHTXHQFH QRLVH SRZHU FROOHFWHG E\ WKH OR
H[SOLFLW ZLQGRZLQJ WKDW LV H[FHSW WKH UHFWDQJXODU R
QRLVH UDWLR DV FRPSDUHG WR WKH UHFWDQJXODU ZLQGRZLQ
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GHJUDGDWLRQ E\ D ZLQGRZ LV VR FDOOHG HTXLYDOHQW QRLVH E
XVHG LQ WKH7®GEWOHOUWWBWWLIRQV YDOXH IRU DOO GHVFULEHG ZLQGHF
WKH VSHFWUDO ZLGWK LQ ELQV RI D K\SRWKHWLFDO UHFWDQJOH
ZLQGRZ ZKLFK ZRXOG LQWURGXFH WKH VDPH DPRXQW RI QRLVH

QR IS\RZ HWW KEH\UWEIH) GR Z
Z L Q GRRZK H UHLOWV

(1%:

$V WKH (1%: IRU WKH UHFWDQJXODU ZLQGRZ LV WKH TXDQWL
GHWHULRUDWLRQ IDFWRU™ ZLWK UHVSHFW WR WKH UHFWDQJXODU
(PSOR\LQJ WKH 3DUVHYDO V WKHRUHP WKH QRLVH HQHUJ\ FROC

/
QR IMHUDW KE\UWZH) GRZ 3Z W GN
/

ZKHWHYVY WKH QRLVH HQHUJ\ GHQVLW\ KHUH FRQVLGHUHG DV D FR(
7KH ZLQGRZ FRKHUHQW JDLQ FDQ EH H[SUHVVHG DV

§f . §/ .
Z L Q GHRRZK H UHLGX/BZ \WON/ 37 \WGaN
©f 1 ©/ 1

VR WKH (1%: QRUPDOL]HG WR WKH QRLVH HQHUJ\ SHU XQLW EDQG?Z

/ §/ .
(1%: 3ZW GW 3Z WaV
/ ©1/ 1

$V OLVIWOHE®O HQVKH (1%: YDULHV IURP WR IRU WKH ZLGHVW

SURSHUWLHV FDQ EH GHWHULRUDWHG VLJQLILFDQWO\ 7KLV LV Wk
LV GRQH E\ LQ IDFW DWWHQXDWLQJ WKH VLJQDO
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&KDSWHU

fKUHH QRGH LQWHUSRODWLRQV R/

7KLV FKDSWHU FRQWDLQV D GHWDLOHG GHVFULSWLRQ RI WK
GLVFUHWH )RXULHU VSHFWUD )LUVW VHFWLRQ GHDOV ZLWK V|
LQWHUSRODWLRQ SURFHVV WDNHV SODFH 7KH IROORZLQJ WK
H[SRQHQWLDO SDUDEROLF LQWHUSRODWLRQ PHWKRGYV )RU D¢
DQG FRUUHVSRQGLQJ JDLQV DUH FDOFXODWHG ,Q WKLV FKDS\
QRLVH LQWHUIHUHQFH RU RWKHU GHIHFWV DQG WKHLU VKDS
VSHFWUD FDOFXODWLRQ ,QIOXHQFH RI VSHFWUXP SHUWXUED
QH[W FKDSWHU

$V DOUHDG\ VNHWFKHG LQ WKH ,QWURGXFWLRQ WKH LQWHL
LPSURYH IUHTXHQF\ UHVROXWLRQ RI GLVFUHWH VSHFWUD E\ D
QRW FRPSDWLEOH ZLWK WKH XQFHUWDLQW\ WKHRUHP VLQFH
REVHUYLQJ DQDO\]HG VLJQDOV IRU UHODWLYHO\ VKRUW WLF
IUHTXHQF\ PHDVXUHPHQWY LW LV QHHGHG WR NQRZ WKH IX0O0
WKH VLJQDO KLVWRU\ LV VRPHWKLQJ GLIIHUHQW WKDQ REVI
SDUWLFXODU IRU D VLQXVRLGDO VLJQDO ZLWK WKH FRQVWD(
REVHUYDWLRQ FDQ \LHOG LQIRUPDWLRQ DERXW WKH VLJQDO
FKDQJH 7KHUHIRUH LQ VXFK D FDVH WKH VLJQDO H[DFW IUH
XQFHUWDLQW\ WKHRUHP ,Q RWKHU ZRUGV IRU WKH LQWHUSI
DVVXPHG D PRGHO L H DQDO\]HG FRPSRQHQWY DUH VLQXVRL(
WKLV PRGHO L H IUHTXHQF\ 6XPPDUL]JLQJ ODUJH IUHTXHQF
VWXGLHG LQWHUSRODWLRQ PHWKRGY FRQFHUQ RQO\ VLQXVRI
FRQVLGHUHG DV FRQVWDQW GXULQJ WKH DFTXLVLWLRQ

7KH GLVFXVVHG DOJRULWKPV DUH EDVHG RQ WKH XVH RI Gl
HDFK LQWHUSRODWHG SHDN LV UHVROYHG LQ WKH DQDO\]HG
HVWLPDWLQJ VLIQDO VSHFWUD VXFK DV PD[LPXP OLNHOLKRR
ODLOKHV 'MXULF @ >&KRL @ >*X @ >.D\ ODUSOH

@ >5LIH %RRUVW\Q @ >9LOODOED :DONHU @ >=LH
EHWWHU IUHTXHQF\ UHVROXWLRQ VSHFWUDO UHVROXWLRQ X
DQG EHWWHU SHUIRUPDQFH LQ SUHVHQFH Rl QRLVH WKDQ WK
SUDFWLFDO DSSOLFDWLRQV WKHVH PHWKRGV DUH WRR FRPSO
WKH )RXULHU DQDO\VLV LQ PRVW FDVHV GRQH WKURXJK WKH
VLPSOH LQWHUSRODWLRQ DOJRULWKPV VWXGLHG LQ WKLV GLV

ODLQ OREH VKDSHV RI ZLQGRZ VSHFWUD

$V LW ZDV GHVFULEBDGPISQ 6 A\ GR@IGRZLQJ DSSOLHG WR D VL
VLQXVRLGDO FRPSRQHQW FDQ EH WKRXJKW RI DV D PRGXC
FRUUHVSRQGLQJ WR WKH FRPSRQHQW WR WKH VKDSH RI WKF
IUHTXHQF\ :KHQ XVLQJ GLVFUHWH VSHFWUD IRU IUHTXHQF\ PH
PD[LPXP DEVFLVVD IURP D IHZ VKDSH VDPSOHV )XUWKHUPRU
OLPLWHG E\ WKH IDFW WKDW WKH IXUWKHU WKH VDPSOH IURP
WKH VPDOOHU VLJQDO WR QRLVH UDWLR )RU WKLV UHDVRQ L
WKUHH ELQV DUH FRQVLGHUHG $V LW ZLOO EH VKRZQ WKH V\
LV VPDOO HQRXJK WR LPSURYH GLVFUHWH VSHFWUD UHVROX\
SUDFWLFH WKH QRLVH DQG RWKHU VSHFWUD SHUWXUEDWLRQ\

$Vv IDU DV WKH DXWKRU FDQ VHH WKLV DVVXPSWLRQ KDV WR EH YDOLG IRL
DV WKH UHVXOW 2WKHUZLVH ZKDW LW LV PHDVXUHG LV D VRUW RI DQ DYHU

ODUHN * WISRURYLQJ IUHTXHQF\ UHVROXWLRQ RI GLVFUHWH V¢S



ODLQ OREH VKDSHV RI ZLQGRZ VSHFWUD

OLPLW WKH LQWHUSRODWLRQ JDLQ DFKLHYDEOH LQ SUDFWLFH +F
VIVWHPDWLF HUURU DW WKH H[SHQVH RI FRPSOLFDWLQJ QHFHVVD

'KHQ XVLQJ RQO\ WKUHH GLVFUHWH VSHFWUXP ELQV WR ILQG W
FRQWLQXRXV VSHFWUXP WKLV SHDN KDV WR KPMH IAMLGWRXRUB®/
UHVROYH WKH FDVH ZLWK WKH PHDVXUHG IUHTXHQF\ ORFDWHG H|
VXFK VLWXDWLRQ GHSLFWHG LBDOW K HO LWMMUFB®KWKMRE ERUUHVSRC
FRQWLQXRXV SHDN KDV WKUHH GLVFUHWH, VKR WK 5 HDINP B D[H. VP %I
DEVFLVVD 6LQFH WKH SHDN LV VIPPHWULF WKLV SXWVYKWYH ORZH
LV ZK\ DSDUW RI UHDVRQV 60BSOH@H® ®RZEIFIWMRIQ JXODU ZLQGR
PD OREH RI'"ZVEWXORE QRW EH XVHG IRU GLVFUHWH VSHFWUD IL
QRW EH FRQVLGHUHG LQ WKLV FKDSWHU

H JRDO RI WKH LQWHUSRODWLRQV LV WR HYDOXDWH WKH

FREPEUHVSRQGLQJ WR WKH VLJQDO FRPSRQHQW ZKRVH IUHTXHQF\
WKWHH SHDN VDPSOHV 7KH VSHFWUDO SHDN VKDSH FRUUHVSRQ
DSTOLHG WR WKH VLJQDO VDPSOHV VR WKH LQWHUSRODWLRQ SLU
VXENWLWXWH WKH SHDN VKDSH E\ WKH LQWHUSRODWLQJ FXUYH ¢
RQSWKUHH VSHFWUDO ELQV DQG RQO\ ZLWKLQ WKLV EDQG WKHLU
LPSHUIHFWLRQV DUH QRW WDNHQ LQWR DFFRXQW 6SHFLDO FDV}
LQE&LYLGXDO VHFWLRQV RI WKH QH[W FKDSWHU

EKDSHV Rl WKH PDLQ OREHV Rl WKH ZLQGRZV PRQVLIBGHWHG LQ V
FRMKIILFLHQWY RI WKHLU ODFODXULQ SRYHWH VAWK W KHS PRN LR BIVH
QREPDOL]HG W R/ WHKH R/EB SHBRQUH HYHQ IXQFWLR®V Rl WKH QRUP|
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1RUPDOL]HG ITUHTXHQF\

)LJ ODLQ OREHV RI ZLQGRZ PDJQLWXGH WEKH VBDD WVEKRIZEX XS/ WRSRUWDQW IRU
PHWKRGVY VWXGLHG LQ WKLV GLVVHUWDWLRQ

I1RWH WKDW WKH ZLGHU WKH SHDN WKH VPDOOHU FRQWHQW R|
7KH LQWHUSRODWLRQ DOJRULWKPY WDNH LQWR DFFRXQW D OLPLYV
EH H[SHFWHG WKDW WKH ZLQGRZV JLYLQJ ZLGHU SHDNV DUH EH



7TKUHH QRGH LQWHUSRODWLRQV RI GLVFUHWH VSHFW

)XUWKHUPRUH DV LW ZLOO EH VKRZQ LQWHUSRODWLRQ HIILF
SHDNV XVLQJ QRQOLQHDU WUDQVIRUPDWLRQV 7KLV UHVXOWYV
LQ WKH VSHFWUXP SHDNV DQG DOORZV EHWWHU UHFRQVWUX
VDPSOHYV

7TDEOH &RHIILFLHQWY RI ODFODXULQ SRZHU VHULHV H[SDQVLRQV RI WKH F
FRQVLGHUHG LQ WKLY GLVVHUWDWIUIRQ WKH FRHIILFLHQWY DUH QRUPDOL]HG
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SDUDEROLF LOWHUSRODWLRQ 3,

SDUDEROLF LQWHUSRODWLRQ 3,

ODJQLWXGH:VBHAWUXEQWRZ DQ HYHQ IXQFWLRQ DQG FDQ EH H[SDC

SRZHU VHULHV 7KH H[SDQNLRR LWV GRRRQF MWEX QMKH VSHFWUXP P
FRHIILFLHQWYV RI VXFK DQ H[SDQVLRQ

M D M DM DM DM DM

QRUPDOL]JHG WR MV PH HR QH\DIBR®& IRY ZLQGRZV XVHG LQ WKH GLVV
QRUPDOL]DWLRQ FDQ KHOS WR TXDQWLI\LQJ WR ZKDW H[WHQW RQ
PDJQLWXGH RI VDKAD BREHIXMHGQBN D PHDVXUH RI WKLY UHVHPEODQC
FORVHU WKH ZLQGRZ VKDSH WR D WHLPR Q & RXWG WK UFEK YWWHR HH.H KI\D FV
WKDQQGLFDWHYV D SRVVLELOLW\ WR DSSUR[LPDWH VSHFWUXP SHD
WKURXJKRXW WKLV VHFWLRQ

W LV DVVXPHG WKDW D: B4 W EIDQWHADNG R BHK DSIS UR[LPDWHG
VHFRQG RUGHU IXQFWLRQ

6sM DM Ms Fs

ZKHUH WKH DSSUR[LPDWLRQ SH D R DI QX B BRERMMWRIRIUGIL Q RRMNG | F
DV DQ DSSURMoPDWLRQ RI

| GLVFUHWIBN® SHRWWHKKWPSRQGYV WR FPRQWLENORBXY WEHBWW K A
DSSUR[LPDWLRQ FDQ EH EDVHG RQ WKUHH GNYFOBMNMW® VSHFWUX
N 6N@ DRG 6 @ ZKWMUW WKH LQGH[ RI WKH ODUJHVW GLVF
FRUUHVSRQGLQJ WR WKH LQSXW Mé FEKBIOFRRRSRQHQWJIRHVUMRKXR &
QRGHV IRU

He N e e G @ D
Dy — 6h@6N @6 @ E
6% @ 6;:?\& Gﬁ 6”}';@ Gﬁ o F
DQG KDV D PD[LPXP LI
BN @6 @ 6N@
7KH PD[LPXP DEVFLVVD D FDQ EH UHZULWWHQ DV

Ms N Gs

ZKHUH WKH TXDQWLW\

a N @6 @
PS 6BN@60N @64 @

LV WKH FRUUHFWL RQROLWH @QISBERFLRWVWHG FRQWLQXRXV VSHFWU
WKH ODUJHVW ELQ LQ WKH FRUUHVSRQGLQJ GLVFUHWH VSHFWUXP



7TKUHH QRGH LQWHUSRODWLRQV RI GLVFUHWH VSHFW

7KH GLVFUHWH VSHFWEBRBEVWLOWRWHY GH [ O BREGNDEL FRAWP X C
eh@6h @ ,Q WKHVH FDVHV GXH WR VI\PPHWU\ WKH DSSURJ[
EHWZHHQ WZR GLVFUHWHWSHFRWXP BLHQWS HWHRNLYHO\

JRU UHDO WLPH FDOFXODWLRQ WKH FRUUHFWLRQ FDC
PXOWLSOLFDWLRQ E\

o BN@6N @
s BN@6N, @64 @

RU LQ WKH V\PPHWULFDO ZD\

. BN@6N @ B
S oA @6 @

7KH UHVXOWY FRQWDLQ RQO\ DGGLWLRQV GM@EWW BB @ERQD W
6@ 6@ 3OHDVH QRWH WKBW@IEN: @ WEHER HNW D@H V DQG
JLYH WKH H[SHFWHG YDOXHV + DQG
,Q SUDFWLFHRsIBROUXNHEBRQGLQJ WR WKH M3 S5 U R[K P DGWH/G UL

PDJQLWXGH VSHFWUXP SHDN FDQ EH FDOFXODWHG IURP F
[ L/§N) BNhQ@EN @ _ D
PS 1o 6Np@6N@6N @64y @ i
[ L/§N) @6 @ - E
PS 1o 6Nh@6N@6N @60 @ i

7KH DERYH IRUPXODH FDQ EH FRPELQHG IRU VKRUWHG QRWDWI

| L/§N:++ BN @6Nr @ r— =
PS 1o "6h@6N@6°N @63 @ i
'XH WR LWV V\PPHWU\ WKH H[SUHVVLRQ LV XVHG IRU

PRUH FRPSXWDWLRQDOO\ HIILFLHQW H[SUHVVLRQV DUH XVHG
FRPSXWHG LQ UHDO V\VWHPYV

$Q H[DPSOH RI WKH SDUDEROLF)LOQWHUSRURWLE F XV YHUFHR Y|
WKH FRQWLQXRXV QRUPDOGJHRI ADYQ L YXG HF RKRGWBWQIX®J D VLQ}
QRUPDOL]HG MY WHXHQBHG WR DV WKH LQSXW FRPSRQHQW 7K
ZLQGRXW KDYLQJ VSHFWUXK PIXKH)IWSXEMW UDO SHDN FRUUHVSF
FRPSRQHQW KDV WKHUHIRUH WKH VKDSH RI WKH ZUMWGRZHVSHF
EOXH YHUWLFDO OLQHV UHSUHVHQW WK&N@H ERQVLRIHGHGFKHUY
VDPSOHV Rl WKH FROWLDEERAYNV IHLFQVE KR DG M KH ODUJHVW RC
FRUUHVSRQGV WR WKH LQSXW FRPSRQHQW 63WeK L VKHEL Q HRR GDW
FXUYH LV WKH LQWHUSRODWLRQ Nt 6M+WaKURSM@ WRBG QR
N 6% @ 7KH DEBVELWKM LQWHUSRODWLQJ SDUDEROD PD[LP
DQM@ MotNh LV WKH GLVSODFHPHQW/RURKKM KB SKWWUB T XH@AVH U

7R JDLQ FDOFXODWLRQ WLPH D FRPPRQ SURJUDPPLQJ SUDFWLFH LV W]
PXOWLSOLFDWLRQ E\ LWV UHFLSURFDO



SDUDEROLF LOWHUSRODWLRQ 3,

)LJ $Q H[DPSOH Rl WKH SDUDEROLF LQWHUST

6M + FRQWLQXRXV PDIJQLWXGH VSHFWUXP VR
6N@ + GLVFUHWH VSHFWUXP ELQV EOXH OLQH
6sM + LQWHUSRODWLQJ SDUDEROD GDVKHG O]
M+t SDUDEROD PD[LPXP GLVSODFHPHQW IURP
‘ps* FRUUHFWLRQ IURP WKH SDUDEROD ILW

Ms+ SDUDEROD PD[LPXP DEVFLVVD WKH LQWH

,Q WKH LGHDO FDVH WK M¥s@®EWTOL@MH 8 GEYUHKKH@FPYHUSRODWLRQ
Mo WKH DFWXDO IUHTXHQF\ RI WKH VLJQDO FRPSRQHQW RI LQWH
PHDVXUHPHQWYVY LV WKHUHIRUH

(vss Ms Mo N Gs Mg Ubs M
$V VHHQILQWKH VSHFW U D R@ GIDWRXEH H[SUHVVHG DV
6N @: M DM D

VLQFH WKH VSHFWUDO SHDN KDV WKH VKDSHMD @/ H VP 0LIVQ DAR H M Hi
IXQFWLRQ 6LPLODUO\

N@: g E
N @: M F
,QVHUWLQJ DV ZHOO DV HTXDWLRQV D E DQG F L
- M - M
(vt 7y ey veni

7KLV IRUPXOD DOORZV FDOFXODWLQJ WKH LQWHUSRODWLRQ V\VW
QR LQWHUIHUHQFH QR QRLVH QR G l4/DVRYW \RDRQ W WH i IHQGJRAL QY F
XVHG VLQFH WKH VSHFWUXP SHDN VKDSHV GHSHQG RQO\ RQ WKH

1RWH WKDW HTXDWLRQ LV JLYHQ LQ WKH 3PHDVXUHPHQW
ELQ RI BQWKH LQWHUSRODWLRQ FHQWHU FRQVWLWXWHV WKH V\V
VKDSH LV JLYHQ LQ WKH FRRUGLQDWH VWJN & PWALHNR UW KIHQ S H BINVPL
UHDVRQ IRU QHJDWLYH VLJQV LQ JRU XQSHUWXUEHG VSHFV
GLVFUHWH VSHFWUXP ELQ L H LV SHULRGLF ZLWK WKH SHULRG R

$V DQ H[DPSOH WKH MW\WWIHPDVWREIS LERWURU ZLQGRZLQJ FDOFXC
E\ LQVHUWLQJ LQWR WV, PRI P X P 7KIHOKRIUILMH VS R RG L G
LQWHUSRODWLRQ JDLQ LV ,QWHUSRODWLRQ HUURUV IRU R
FKDUDFWHUL]HG E\ Wd6HPHDYWRE PDREXPVV DEVFI/E/@MH DKHOLVWHG
FRUUHVSRQGLQJ LQWHUSRODWLRQ JDLQV DUH DERXW RQH RUGHU

/IDERUDWRU\ PHDVXUHPHQWYV Rl WKH 3, VIVWHPDWLF HUURUV F
EH IRXQG LQ >*DVLRU *RQJiOH] D E@



7TKUHH QRGH LQWHUSRODWLRQV RI GLVFUHWH VSHFW
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IRU 7 ZLQGRZLQJ ,WV PD[LPXPFYDOXH I
s WKH FRUUHVSRQGLQJ LQV
HUURUV IRU RWKHU ZLQGRZV KD
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I BN ENIEN

W LV WR EH SRLQWHG RXW WKDW

F H[SUHVVLQJ WKH D

EH XVHG DV DQ HVWLPDWH RI WKH WUXH DPSOLWXGH RI WKH D



*DXVVLDQ LQWHUSRODWLRQ *,

FWUXP

T*DXVVLDQ LQWHUSRODWLRQ *,

ODMLWXGH VSHFWUD RI WKH ZLQORZ IXREWLHRGD MEHGLEMS\ WK R ZQ
yLJ W LV VHHQ WKDW WKHLU PDLQ OREHV DUH VPRRWK EHOO V
VKESH LV DOVR D *DXVVLDQ WKH PDJQLWXGH VSHFWUD RI *DXVVL
WKB8W WKH PDLQ OREHV RI RWKHU ZLQGRZ VSHFWUD DUH QRW PXF
JRUKWKLV UHDVRQ WKH DXWKRU YHULILHG D K\SRWKHVLV WKDW
*DX/VLDQ VKDSHV ,W ZDV IRXQG WKDW DV VKRZQ LQ WKLV VHFWL

WULDQJXODU|
*DXVVLDQ U |
- *DXVVLDQ U
~ *DXVVLDQ U]
+DQQLQJI .
%ODFNPDQ -

‘LQGRZ QRUPDOL]HG PDJQL

1RUPDOL]JHG ITUHTXHQF\ _

)LJ 'LQGRZ PDIJQLWXGH VS HWEWUIRWHKRZKD WSDWR ZLQGRZ VSHFWUD PDLQ OREHV
FXUYHV UHVHPEOLQJ WKH *DXVVLDQ VKDSH

,W LV DVVXPHG WKDW D:VEBHEW BB QVEHPDHRORD WHKIDSSSUR[LPDWHG
*DXVVLDQ FXUYH

6M HI® MM, K

ZKHUH WKH DSSUR[LPDWLRQ SHDMN,;RMD$ P >ORQ G DIVEWARIRMNEHQQ W H V

ORRNHG IRU DV DQ MBS SURINVFDWWRIE/FREWHYXBRQGY WR FRQWLQXI

6M L6EN@6N WKHQ WKH DSSUR[LPDWLRQ FDQ EH EDVHG RQ WKL

FRRUGLMDVEHNY @ N 6N@ DRG 68 @ ZKWHUW WKH LQGH[ RI WKH O

GLVFUHWH VSHFWUXP ELQ FRUUHVSRQGLQJ MR WKH LQSXW VLJQD
7DNLQJ ORJDULWKPV RI ERWK VLGHV RI \LHOGV

CRM DMM, F§K



7TKUHH QRGH LQWHUSRODWLRQV RI GLVFUHWH VSHFW

UHGXFLQJ WKH *DXVVLDQ FXUYH WR D SDUDEROD LQ WKF
LOQOWHUSRODWLRQ UHGXFHV WR WKH SDUDEROLF LQWHUSRODWI

My N Oy
ZKHUH WKH FRUUHFWLRQ KDV PDIJQLWXGH VSHFWUD UHSC

ORN Q@ORN @
J ORNQORN @ON @

>

7KH *DXVVLDQ LOQOWHUSRODWLRQ VI\VWHPDWLF HUURU FDQ EF

0Q M 0Q M
0Q M OQM 0Q M

(vaMe M

$V DQ H[DPSOH WKH (M@ HPDMBE®, HRURTY ZLQGRZLQJ FEDO
E\ LQVHUWLQJ LQWR 7KH HUURUIPW[LPXP7KHOXH
FRUUHVSRQGLQJ LQWHUSRODWLRQ JDLQ LV + DQ RUGH
LQWHUSRODWLRQ HUURUV IRU RWKHU ZLQGRZV KDYH VLPLOD
PD[LPX#® PD[(wM _DQG LWV DEVFLVVDDE®HFKK B UK \®HVWR G DML
DUH DERXW WZR RUGHUV RI PDJQLWXGH H[FHSW *DXVVLDQ ZL
H[SODLQHG E\ WKH IDFW WKDW LQFUHDVLQJ ZLQGRZ VWHHSQH
WUXQFDWLRQV ZKLFK RFFXU DW VPDOOHU UHVLGXDO DPSOLW
WR WKH *DXVVLDQ RQH

IDERUDWRU\ PHDVXUHPHQWYV RI WKH *, VIVWHPDWLF HUURUV
EH IRXQG LQ >*DVLRU *RQJ]iOH] D E@

L 4 )LJI 7KH VAVWHPDW I*P XXMMLDW RIC WKH
r IRU 7 ZLQGRZLQJ ,WV PD[LPXRPFYDOXH L

0 1 WKH FRUUHVSRQGLQJ LQV
_ ot 1 HUURUV IRLQBRVAHWKDZYH VLPLOD!
x| | FKDUDFWHUL]HG E\ Wb PDWRA PD[LPXP
| DQG LWV DEVFLVVDH 7KH\ DUH OLVWHG L
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$V VHHOH®@H WKH *DXVVLDQ ZLQGRZV JLYH H[FHOOHQW JDLQ
VKRZQ LQ 6HFMPLISFOH ZLQ G®WRZH\QKDYH UDWKHU SRRU VSHFWUDO !
VLGHOREH GHFD\ )RU WKLV UHDVRQ WKH LQWHUSRODWLRQ ZF
IUHH IURP GLVWRUWLRQV FDXVHG E\ QHDUE\ LQWHUIHAKHQFH
LQWHUSRODWLRQV RQ D SHDN GLVWRUWHG E\ D QHDUE\ LQWH L

7KH ORJDULWKPV LQ DOORZLQJ WR FDOFXODWH WKH FI
D QRQOLQHDU WUDQVIRUPDWLRQ DSSOLHG WR PDJQLWXGH VSF
RUGHU FXUYHV ,QGHWG L8P @GLRRO®EULQ SRZHU VHULHV HJ
QRUPDOL]HG WR/WKH RQH XSRQ
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UHVXOWV LQ FRHTDLEQHQWRW I WKDHDLRIPIGL MKHQRWKHUV DUH PXF
WKDQ WIOH\OH LQGLFDWL Q0 WKQWHBHWWHU DSSUR[LPEWHG E\ D S

,Q SUDFWLFHE;IBROUX¥YHEBRQGLQJ WR WKH M SRSIUR/K P DOVLHN/E UBIEWH
PDJQLWXGH VSHFWUXP SHDN FDQ EH FDOFXODWHG DV

7KLY LV WKH *DXVVLDQ LQWHUSRODWLRQ IRUPXOD FRUUHVSRQG
F ZLWK JURXSHG ORJDULWKPV RI
3OHDVH QRWH WKDW WKH QDWXUDO ORJDULWKP IXQFWLRQV LQ
RWKHU EDVH VLQFH
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7KLV IHDWXUH FDQ EH XVHG IRU RSWLPL]JLQJ WKH WLPH RI FDOFXO

7DEOH OD[LPD RI *DXVVLDQ LQWHUSRODWLRQ V\VWHPDWLF HUURUV FRUUHVSRQC
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7KH *, PHWKRG VLPLODUO\ WR WKH 3, DOJRULWKP PD\ EH XVH
DQERDO\]JHG VSHFWUXP SHDN ,W FDQ EH GRQH VR E\ DGDSWLQJ WKt
PHWKRG UHVXOWLQJ LQ
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([ISRQHQWLDO SDUDEROLF LQWHUSRODWLRQ (3,

([SRQHQWLDO SDUDEROLF LQWHUSRODWLRQ (3,

1RWH WKDW WKH V\VWHPDWLF LQWHUSRODW)IRIXUHHWDRGY RI WKH

DUH RI RSSRVLWH VLJQV IRU WKH VDPH 7 ZLQGRZLQJ 7KLV ZD
LQWHUSRODWLRQ PHWKRG VKRXOG KDYH H[LVWHG JLYLQJ HUURU
$V VXFK D PHWKRG UHIHUUHG WR DV WKH H[SRQHQWLDO SDUDEF
XVLQJ D SDUDEROLF VKDSH UDLVHG WR D UHDO QXPEHU SRZHU 7K

6y M DuM My K S

ZKHUH WKHSHMRQHD® QXPEHU

| GLVFUHWHN@SFRWUNFSRQGY WR FRQWLENOBXY WEHBDWWKH
DSSUR[LPDWLRQ FDQ EH EDVHG RQ WKUHH GEVENHWHNYSHFWUXP
6N@ DWG 6N @ ZKHUHWKH LQGH[ RI WKH ODUJHVW GLVFUHWH \
WR WKH LQSXW VLJQDO HRPSRQHQW RI IUHTXHQF\

%\ ULVLQJ ERWK VLGHV RI WKH BERYH HTXDWLRQ WR WKH SRZH!L

6y M° DM My K,

RQH UHGXFHV WKH (3, IXQFWLRQSH[SRQHD N LDIMNBERD@®I L\QR WW K H
H[SRQHQWLDO LQWHUSRODWLRQ UHGXFHV WR WKH SDUDEROLF LQ
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7KH SDUBPWSWHRLILF IRU HDFK ZLQGRZLQJ PHWKRG LV FKRVHQ
VA\VWHPD\WWw# HUURUS$Y DQ H[DPSOH WKH HUBRUWIKWH VRKRZRQQIGRZL Q]
FDOFXODWHG E\ LQVHUWLQJ LQWR " IRM/V PDDQRXP YDO >
7KH FRUUHVSRQGLQJ LQWHUSRODWLRQ JDLQ LV YHU\ ODL
HUURUV IRU RWKHU ZLQGRZV KDYH VLPLODU VKDSHV DQG FDQ |
(pof PD[(vuM _ DQG LWV DEVFLVVDB E OKHAKMHUHQ@WHWSHR® DWLRQ JDLQ
WKUHH WR PRUH WKDQ ILYH RUGHUV RI PDJQLWXGH
7KH H[SEB@DYWIRXQG IRU HDFK ZLQGRZLQJ PHWKRS VEKHPLQLPL]
PD[LPXP YDOX¥_ RI _ ZLWK UMVBKHLAWFW& EH UHGXFHG WR Pl
PDf_ MS_ ZKHUH X% WVYRQ

7KLV LV VXSSRVHG WR EH D MXVWLILFDWLRQ RI WKH PHWKRG QDPH



7TKUHH QRGH LQWHUSRODWLRQV RI GLVFUHWH VSHFW

® I ] )LJ 7KH V\VWHPDW LH[ HRIQHRQWRI WKH
r ] LOQWHUSRODWLRQ IRU 7 ZLQGRZ
_ I 1 SSP RiIl IRUE _ DQG WKRQERUUHVS
o : : LOQWHUSRODWLRQ JDLQ LV i
o | 1 KDYH VLPLODW RIX® EH FIK® UDFW
o T 1 PD[LPXPo; PD[(wA_ DQG LWV DEV
Ao ] OLVWHG LQ 7DEOH WRIJHWIKHR ZLWK |
T — — HDFK ZLQGRZLQJ PHWKRG
QLQN
7TDEOH 2SWLPDO H[SRQHQWV IRU WKH LQWHUSRODWLRQ FRUUHFWLRQ D
FRUUHVSRQGLQJ LQWHUSRODWLRQ JDLQVY DQG DEVFLVVDH RI WKH HUU
) (v * Mo N_| Mo N_
LQGRZ S >SSP'R u IRG; | 1R
7ULDQJXOD|U
*DXVVUD Q
*DXVVUD Q
*DXVVUD Q
fDOQLQJ
%ODFNPDQ
7
7
7
7
7
S
MS M M
5. M S m S
©

6LQFW S LQFOXGHV ZLQGRZ VSHFWUD ZKLFK FDQ BHQBW IFRR® ¢
RI D FRPSOH[ DUJXPHQW LQ WKH FDVH RI WISH RXOGYQRWY ZAH G
,QVWHDG WKH IROORZLQJ LWHUDWLYH SURF}
IRXQG E\ LWHUDWLQJ LWV YDOXHV LQ VPDOO V'

DOJHEUDLFDOO\

xS M DQW ZH

UH

FRQGLWLRQV

[

7 KHH U URQF WHRIQ —— 3H[S [

N

LWV K@ W IRIWE 6 X V VA IDWQVRIQ E X W L



([ISRQHQWLDO SDUDEROLF LQWHUSRODWLRQ (3,

AD.> D

/Léo) 2 E

M M F

M S DQGM S ! G
RU

M S! DQGM S H

WKDW LV WKIHSIXQFWEZRY FKDQJLQJ VLXQ ZAWKLQ WKH UDQJH
XS ZDV IRXQG E\ VROYLQJ QXPHULFDOO\ WKH HTXDWLRQ
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LQ DQ DWWHPSW WR PDNH WKM HHWNEPHYZ KRIFW KK [KKTQAW DR QW \
PDf_ MS_

X1HZ YDOXWI\D®® ZHUH FDOFXOBWHG WRH QHYF| VW DH RIQ®ED[_
PDf_ M S_ UHVSHFWLYHO\

Xx (TXDWLRQ ZDV DJDLQ VROY HGHWRUJWWHDVRIFR QY® @ WHH BD W L R
VPDOOHU YDOWS_RI PD[_

Xx7KH SURFHGXUH ZDV:RADK ULWMIGURBMWRXDUEKEBUH IRXQG VXFK WK
HTXDWLRQ ZDV IXOILOOHG ZLWK DQ DWKXWDIFY BW HO PD MW DL
PLQLPD MBS ZHUH HTXDO 7KLV LV BSTMHYXOMQWJWR IWEELPUQLPD
PDf M S_ )RU HDFK ZLQGRZLQJ PHWKRG WKH QHFHVVDU\ QXPEH
WKDQ

7KH H[SRQHQW LQ DOORZLQJ FDOFXODWLRQ RI WKH FRUU}

DV D QRQOLQHDU WUDQVIRUPDWLRQ DSSOLHG WR PDJQLWXGH VS

VHFRQG RUGHU FXUYHV: /®GBWR DBI[BDPGRRULQ SRZHU VHULHV
FRHIILFLHQWY QRUPD@L]HG WR WKH RQH XSRQ
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UHVXOWV LQ FRHTDLEQHQWRW I WKDHDARPIGL MKHQRWKHUV DUH PXF
WKDQ WKMHEMHLRU WKH *, PHWKRG ,Q D@GDWGR®DWRHDRRHIILFLHQ
DOZD\V RI RSSRVLWH VLJIQV

,Q SUDFWLFHBRyBROXNHEBRQGLQJ WR WKH M) SRSUR/KIP DOLH/G UDIEWH
PDJQLWXGH VSHFWUXP SHDN FDQ EH FDOFXODWHG DV

S, ohOeNrd
lg 6N@ 6N @ 6y @

lp 1

7KH DERYH IRUPXOD LV WKH H[SRQHQWLDO SDUDEROLF LQWHUSR
LQWHUSRODWLRQ

7KH H[SRQHQWV' RIQWKH W\BHH XVXDOO\ LQ SUDRW IZKHVFRP SXW
IRUPXOD ZDV D VXJJHVWLRQ IRU WKH DXWKRU WKDW ULVLQJ W
WUDQVIRUPDWLRQ JLYLQJ LQWHUSRODWLRQ HUURUV EHWZHHQ WK
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([ISRQHQWLDO SDUDEROLF LQWHUSRODWLRQ (3,



&KDSWHU

7KH LQWHUSRODWLRQV RQ SHUYV

6\WWHPDWLF HUURUV RI WKH 3, *, DQG (3, PHWKRGV ZHUH GH!I
VSHFWUD QRW SHUWXUEHG E\ DQ\ GLVWRUWLRQ 7KLV DOORZ
IUHTXHQF\ UHVROXWLRQ LPSURYHPHQW +RZHYHU LQ UHDO ZF
OHYHO Rl SHUWXUEDWLRQ RI WKH LQWHUSRODWHG VSHFWUD D

7KH PRVW LPSRUWDQW VSHFWUXP SHUWXUEDWLRQ LV QRLV
VSHFWUD (YHQ LI WKH DQDO\]HG LQSXW VLJQDO DQG WKH $'&
GLVFUHWH VSHFWUXP LV QRW QRLVHOHVV GXH WR WKH TXDQ\
VLJQDO LV DIIHFWHG E\ QRLVH DQG WKH $'& KDV DOVR VRPH
YROWDJH DPSOLILHUV VDPSOLQJ FLUFXLWU\ DQG SKDVH MLW!
LQIOXHQFH RI VSHFWUDO QRLVH RQ EHKDYLRU RI WKH LQWHU S
DOO WLPH GRPDLQ QRLVH FRQWULEXWLRQV DUH LQGHSHQGHQ
DV VXFK \LHOG ZKLWH QRLVH LQ WKH IUHTXHQF\ GRPDLQ 7KL
GLVWLQJXLVKLQJ LWV VRXUFHV ,Q WKLV FDVH WKH RQO\ SDU
GHQVLW\ RU LWV HTXLYDOHQWV RI WKH DQDO\]JHG VSHFWUX]|
QRLVH LQIOXHQFH DQDO\VHV LV WKH UXOH RI WKXPE A
QRLVH FDQ EH HVWLPDWHG DV WKH UHFLSURFDO RI WKH 615 LC

.l D VLIJQDO FRQWDLQV PRUH WKDQ RQH VLQXVRLGDO FR
PHDVXUHPHQW DUH GHGLFDWHG IRU VXFK FDVHV WKHQ LQ W
'XH WR ILQLWH HIILFLHQF\ Rl ZLQGRZLQJ HDFK SHDN KDV VL
LQWHUIHUHQFH ELDVHV WKH DQDO\]JHG SHDN DQG FDXVHV WK
VIVWHPDWLF HUURU 6XFK HUURUV DUH VWXGLHG LQ BHFWLR
ZLQGRZ RQH FDQ PLQLPL]H HIIHFWV RI LQWHUIHUHQFH IRU WKF

7KH SULPDU\ DSSOLFDWLRQ Rl WKH LQWHUSRODWLRQ PH
PHDVXUHPHQW V\WWHPV ZKHUH PHDVXUHG VLJQDOV RIWHQ HJI
EH H[SRQHQWLDO DQG WKH LQIOXHQFH RI VXFK D SHUWXUEDW
LQ 6HFWLRQ

,QIOXHQFH Rl QRLVH RQ WKH LQWHUSRODWLR!

$Q H[DPSOH RI QRLVH LQIOXHQFH RQ WKH LIGQW HVUISR @B WRLHRW |
ZLWK 7 ZLQGRZLQJ DQG ELW HIIHFWLYH UHVROXWLRQ RI W]|
IUHTXHQF\ RI WKH FRPSRQHQW ZDV VZHSW LQ D VLPXODWLRQ
VSHFWUDO SHDN DURXQG ELQ RI WKH SRLQW PDJQLWXGH

7KH VLPXODWHG HUURU FDQ EH GLYLGHG LQWR WZR BO® WV
WKH QRLMHDHQRIRWH LQIOXHQFH IRU WKH LQWHUSRODWLRQ SUR
JLIXUHWQG 7KH QRLVH SDUW ZDV VXFFHVVIXOO\ VHSDUDWH
VXEWUDFWLQJ WKH WKHRUHWLFDO HUURU RISRUXHQ {/8l. DFOH \8 R R C
LQWHUSRODWLRQ

7KH LQWHUSRODWLRQ@ VQVB/H FEWUP FHVUHWRIY HG BAPEVRY PD[LP X
SSP RIVHWWLQJ WKH OLPLW RI IRU WKH LQWHUSRODWLRQ
7KH QRLV(4 \WUSHULP SR VFID® EO® FKDUDFWHUL]JHG Ed oWV PD[LP X
PHDIQ? u VWDQGDUQoGWkYLDWORKQ YHQ DDQSSPLRNDDL]IBG LQ
D KLVWRJUDP QRWH WKDW WKH HUURU KLVWRJUDP UHVHPEO
FRQWULEXWLRQ WR WKH LQWHUSRODWLRQ HUURU LV VWXGLHC
EDVHV DQG LV H[SUHVVHG HLWKHU E\ LWV 506 RU PD[LPXP YDO

ODUHN * WISRURYLQJ IUHTXHQF\ UHVROXWLRQ RI GLVFUHWH V¢S



,QIOXHQFH RI QRLVH RQ WKH LQWHUSRODWLRQ PHWKRGV

YDOXH DVVXPLQJ WKH *DXVVLDQ GLVWULEXWLRQ RI WKH HUURU
FRUUHVSRQGLQJ WR D JLYHQ FRQILGHQFH OHYHO XVXDOO\
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UHVROXWLRQ RI POV DRIE V\VWH
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ODUJHVW HUURU'ILMRWMq N5SP RIDV MXWHUSRODW(RQ] RDRLVKHUBRU]F

ZRUNDWH IURP VLPXODWLRQV V\PPHWULFDO ZLWK UHVSHFW WRB ZLWK WKH
QRLVH HUURU LV DQ LWRRWWHD @WR FRQWISEXOWVLRWEH H[WUHPHV 7KH
LQ )LJ RFFXUUHQFH QXPEHUV IRU
VWDQGDUG GHYLDWLR® QYD O X$i¥F DRIH
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JHWG 0pvEH WKH 506 YROWD J¥WRS UZHKMAMQHW QIR VERR @ MOMIDL QJ DOVR
VLQXVRLGDOVHMRRISRIHTIXWQE\R1 506 YROWDJIH »
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,Q WKLV VHFWLRQ 506 YDOXHV RI QRLVH UHODWHG TXDQWLWLHYV DUH RIWHQ
VWDQGDUG GHYLDWLRQV DV WKH PHDQ RI QRLVH LV JHUR 506 YDOXHV DUH FRQ
TXDQWLI\ ERWK GHWHUPLQLVWLF DQG UDQGRP VLJQDOV DQG LQ WKLV FKDSWHU



7KH LQWHUSRODWLRQV RQ SHUWXUEHG VSHFWUD

7KH VIMMQIDWLPDJLQHG WR IEWD®ISOAMM HOW KQDMRLGHDO $'& ZLWK
h 77 DQG TXDQWL]DWYsRQLWWMISHY@BWIDNK R1 WKH/DQOYKHE VLJ
LOQS%WQG VDRSOHDIHQFLHY VDWLVI\ WKH ViR BSOIEGRIUWRKW RUH P
FRQWDLQV QRLMWHDQHOWWH QRIRVY LV HYHQO\ GLVWULEXWHG
IUHTXHQFLHY DQG DXJPHQWHG E\ WKH $'& TXDQWL]DWLRQ QRL"
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,QIOXHQFH RI QRLVH RQ WKH LQWHUSRODWLRQ PHWKRGV

'KHQ SULRU WR FDOFXODWLQJ WKH ')7 WKH $'& ZYMWPBOHV DUH
VSHFWUWKPWKHQ LQ WKH IUHTXHQF\ GRPDLQ WKHUH DUH WZR V\
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ZKHUH LW ZDV DVVXPHG WKDW WKH ZLQGRZ VSHFWUXP VLGHOREH
1 LH WKHUH LV QR DOLDVLQJ DV WKH VDPSOLQJ WKHRUHP LV |
RWKAWUM LV WKH VSHFWUXP HQHUJ\ RI WKH QRUPDOL]JHG VSHFWU

DPSOLWXGH 7KH FRHIILFLHQW LQ UHVXOWYV IURP WKLV F
VIPPHWULFDO VSHRWUYUP ® BSIONWXGH LV DOVR UHIHUUHG WR WKH X
%\ FRPELQLQJ DQG RQH JHWYV
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$V GHVFULEHG 6@ BEEWIZRQ OWRH §SHFWUDO QRLVH RQ HDFK ELQ
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ZKHuaﬂlsnggUp/v\/AYQ‘Upv\qG%Lv WKH WLPH GRPDLQ VLJQDO WR QRL

TXDQWL]DWLRQ QRLVH WDNHQ LQWR DFFRXQW

1RWH WKDW WKH VLJQDO WR QRBY§ LWIFW HR L)Y WKMHU HM-BTHFHD MY F
WKH VLIQDO WIRLIR WKH UDWPHRGRPDLQ 7KLV LPSURYHRHGHW LV RIV
SURFHVVLQJ JDLQ

7KH UHFL SAULMFPMQREH FRQVLGHUHG DV D <J ZOWW LYWV BFRBEWLWR G
VSHFWUDO FRQWHQW UHODWHG WR WKH VLQXVRLGDO FRPSRQHQW
HIDFWO\MRQKEH® WKH SHDN LV QRW FHQWHUHG RQ WKH ELQ WKH
FKDQJHV FRUUHVSRQGLQJO\ WR WKH SHDN VKDSH DQG

$ VLPLODU FRQFOXVLRQ FDQ EH GUDZQ IURP
7KH WHUP DSSHDUV LQ WKHSQIRFHYBWXUHDDRQVR DV WKH
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1 LQ RUGHU WR JHW D EHWWHU LQSXW IUHTXHQF\ HVWLPDW
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QRLVH(#MWDRUD IXQFWLRQ RI WKH VSHFWUDO SHDN SRVLWLRQ
LV SORMWHERUQ3, *, DQG (3, LQWHUSRODWLRQ PHWKRGV ZKHQ
ZLQGRZV )RU RWKHU ZLQGRZV WKH IXQFWLRQ VKDSHV DUH VL
IR Wq N D QM ¥ DV OLMWEKDG KRR HIILGILNOQMMOVR WDEXODWHG
506 YDOXWRY FDOFXODWHG DURXQG DQ\ VSHFWUXP@ELQ ZLWKI
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GRPDLQ VLJQDO &ME D@QFEL\HDFXDWXBYH FRUUHVSRQGY WR RQH YDC
SDUDPHWHUV XVHG DUH WKH ZLQGRZLQJ1 PG KRIGH \YRHVHXPEHUWR |

7KH HTXLYDOHQWL®QRLVH EDQ®ZSBWKPHWHU VHW E\ WKH ZL
XVHG DQG WKH *RR[LPDO GBIS®IQGY RQ ERWK WKH LQWHUSRODWLR
(DFK SORW VKRZV FXUYHV IRU RQH SDUDPHWHU FKDQJLQJ DW WK}
sSVWDQGDUG YDOXHV' 7KH VWDQGDUG ZLQGRZ LYQFWLR@GLWKRA V
QRLVH FUHUW IDPOWMRDBY4RU RWKHU SDUDPHWHU FRPELQDWLRQV F
VHWWLQJ WKH SORWY DJDLQVW WKH RWKHUYV

+RZpoRI WKH (3, PHWKR&LFIKD QERY @ LVWWKU WKH ZLQGRZV FRQVLG
WKLV GLVVHUWDWLRQ 1RWH WKDW WKH XSSHU KRUL]JRQWDO D[
FDOFXODWHG DFFRUGLQJ WR 7KH FXUYHV KDYH WZR UHJLRC
HUURU DQG WKH IODW WRS GHWHUPLQHG E\ WkH QQWHUSR

W LV VHIBOQ5 UK DERXOWLOG% WKHUH LV OLWWOH GLIITHUHC
RITHUHG E\ WKH FRQVLGHUMS DLEGWREG E\LQRHVH 6PDOO GLIIHU
GLIIHUMQWDOXHV IRU HDFK ZLQGRZ VWHHSHU ZLQGRZV DUH ZRU
615LQFUHDVHY WKH QRLVH FRQWULEXWLRQ EHFRPHV VPDOOHU V
JDLQ GRHVY QRW LQFUHDVH DQ\PRUH HYHQ WKDW QRLVH JHWV VPLC

1RWH WKDW WKH FXUYHV FRUUHVSRQGLQJ WR WKH ZHLJKWHG
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SHUIRUPDQFH DV WKH\ KDYH VLPLODU PDLQ OREH ZLGWKV *HQH
SHUIRUPDQFH FRUUHVSRQGLQJ WR D ZLQGRZ DUH GHWHUPLQHG
ZLQGRZ FXUYH RQ WKH SORW GHSHQGVYV RQ LWV PDLQ OREH ZLGW
FXUYHV FRUUHVSRQGLQJ WR WKH WKUHH *DXVVLDQ ZLQGRZV

&XUYHV IRU ZLQGRZV RIIHULQJ WKH VPDOOHVW V\VWHPDWLF LQ
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7LPH GRPDLQ 615 Rl WKH DQDO\]HG FRPSRQHQOW HG®EPLQ 615 RI WKH DQDO\JHG FRPSRQH

)LJ 7KHQWHUSRODWLRQ JDLQ | )LJ 7KHQWHUSRODWLRQ JDLQ
IXQFWLRQ RI WKH QRRIVH BWNXW IDFQRVWLRQ RI WKH QRRNVH BWHWXW IDFWRL
ZLQGRZLQJ SRLQW ZLQGRZLQJ SRLQW



,QIOXHQFH RI QRLVH RQ WKH LQWHUSRODWLRQ PHWKRGV

%\ LQVHUWLQJ LQWR RQH JHWYV
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615 NOF(1%:

ZKLFK LV LQGHSHQRBWEWVRDW WKH SURS R UANDRGEDER VWM X B WWWR KIHE
UDWHsRs15 7KLV LPSRUWDQW TXDQWLW\ VHWV WKH VORSHV RI WKF
YLIXUHWR

$V D QXPHULF B 6P P\5 OH VIVEGHLRU DOO ZLQGRZV FRQVLGHUHG
IRU WKHL XVXD®RA SOHDVH ORWHEWKDMPGHSHQGHQW RI WKH LQ
PHWKRG 7KH TXDQWLW)\ L*pOsLI\EVDIY@& %D:0O RQ OV HESHUBNVWKG LQ G% 6|
TXDQWLWEKMWHRQH H[SUHWYHBDIQQEG%T XLFNO\ REWDLQHG IURP
SWKH HQJLQHHULQJ IRUP”
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7DEOH 1RLVH SDUDPHWHUV H[SUHVVHG LQ GHFLEHOV DOORZLQJ*B.gTXLFN FDOF
DQG 1 IRDQSG
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1RWH WEDWVXPPDUL]HV QRLVH SHUIRUPDQFH RI WKH LQWHUSRC
7KH QXPEHUV DWH JLDPRA IREXWoFDQ EH HDVLO\ FDOFXODWHG IRL
YDOXHV ,Q SDUWLFXODUp GLRFFRUHDIMHVWERR G% IRU BDFKOGRXEOL
FRUUHFWLRQ FP®LEIH GHR@WM WRKD Q

$V VHHQ LQ BMEHRWDEKM 3, PHWKRG LV IURP WR G% IRU DC
7KHUHIRUH LQ WKH YLFLQLWXWRYHVKWW B UVD & OMMKMIXW 7L VDV GHS
H[SODLQV DJDLQ ZK\ WKH 3, DOJRULWKP VKRXOG EH XVHG RQO\
FRPSXWLQJ FRVW RI WKH PRUH SRZHUIXO PHWKRGV LV YHU\ LPSRL

615 IRU WKH *, DQG (3, PHWKRGV LV IURP W R G% DQG IURF
JHQHBUBQYV VPDOOHENYR®XHV VS L6 LB BRIOXWEH7KLY LV EHWZHHC

DQG G% ZKLFK VHWV D UXOBI1BIWMR®SPE IRU DVVHVVLQJ WKH



7KH LQWHUSRODWLRQV RQ SHUWXUEHG VSHFWUD

/KH LQWHUSRODWLRQVY RQ D SHDN GLVWRUWH

‘KHQ DQ LQWHUSRODWLRQ PHWKRG LV XVHG WR LPSURYH UH)\
DQDO\]LQJ GLJLWDO VSHFWUD LQ SUHVHQFH RI VRPH VWURQJ
LQWHUIHUHQFH VSHFWUDO SHDN PD\ LQIOXHQFH WKH SHDN RC
WKH LQWHUSRODWHG SHDN UHVXOWLQJ LQ DQ DGGLWLRQDO
GHSHQGY RQ WKH GLVWDQFH WR WKH LQWHUIHUHQFH DQG W
LQWHUSRODWHG SHDN LV SURSRUWLRQDO WR WKH LQWHUIHUHI
QRUPDOL]JHG HTXDO WR WKH LQWHUSRODWHG SHDN DPSOL)\
LQWHUIHUHQFH VKLIWHG IURP WKH DQDO\]HG SHDN E\ D 3GLVS
YDULDEOH

$V JLYHQ E\ WKH VIVWHPDWLF HUURU Rl WKH SDUDER
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(vsM M

ZKHWHMgE N MoLV WKH QRUPDOL]JHG IUHTXHQF\ Rk WYX MV R R PLSGREHH[C
WKH ODUJHVW VSHFWUXP ELQ FRUUHVSRQGLQJ WR WKH FRPS
GLVFUHWH PDJQLWXGH VSHFWUXP WKHUH LV DQRWKHU SHDN
VLQXVRLGDO FRPSRHHEDW ILVUHASRQWDQW IRU WKH SHUWXUE
GLVWDQFH EHW ZMJD@QUWBUGH XR\Y AIGH &\

M. Mq M

,Q WKH SUHVHQFH RI WKH LQWHUIHUHQFH WKH M\D® & PHDWLREU
FDQ EH UHZULWWHQ DV
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(vslé M. M

ZKHUH WKHWWKD8H WKH ELDVHG PDJQLWXGH VSHFWUXP SHDN L)\
te M My |0 Ong M|

1RWH (WHKDW DOQEM M. DUH IXQFWLRQV R I+ WZKRHY®IMD BN) ANQ\G R W |
M+ WKH GLVWDQFH WR WKH M QW HUDIBGH QAR RILQUHTXHQR GR
VSHFWUD SULRU WR FDOFXODWLQJ WKH PDJQLWXGH

$Q H[DPSOH H[SODLQLQJ WKH DERYH ,\\HDV R/GILHIY WY H/ ISRIDQ L
FRPSRQHQW RI LQWHUHVW ZLWK 7 ZLQGRZLQJ SHUWXUEHG E
HTXDO DPSOLWXGH

7KH LQWHUSRODWHBISHEZNWHKLQKRZROQIGDULHY LPSRUWDQW I
VHHQ WKDW IRU 7 ZLQGRZLQJ WKH SHDN SHUWXUEDWLRQ LV
ORFDWHGELRRHI URP WKH LQWHUSRODWHG SHDN

7KH LQWHUIHUHQFH LQGXFHG V\VWHPDWLF HUURU R
ZLQGRZLQJ LV VKRZQ)R® WKHHUIDRW IUHVHQWHG WKH HUURU
UHDGDELOLW\ 1RWH WKDW WKH HUURU G HAEH RGIMKHV FOQ ROKMG!
7KHUHIRUH LI WKH LQWHUIHUHQFH LV QRW FORVHU WKDQ W
LQIOXHQFH RQ WKH LQWHUSRODWLRQ HUURU 7KH HUURU GHS
WKH FRPSRQHQW RI LQWHUHVW EHWZHHQ WKH ELQV RI WKH
H[SODLQHG L QK&KMHSWRIGH LQWHUSRODWRB Q\Q BH GWXRIEH\G HV 8 5 F



7KH LQWHUSRODWLRQV RQ D SHDN GLVWRUWHG E\ D QHDUE\ |

, QWHUSRODWLRQ HUURUV GXH WR D QHDUE\ LQWHUIHUHQFH I
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IRU XQSHUWXUEHG VSHFWUD 7KH HUURUV IRU WKH *, DQG (3, DOJ!
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&QWHUSRODWLRQ JDLQ WKH *, PHWKRG UHPDLQV VOLJKWO\ ORQ.
OJRULWKP 7KH HIIHFW LV BLJDU P/RKRHELSQUIRWR KQBH G WQR U
A7 ZLQGRZLQJ ,Q WKLV FDVH WKH HQRUPRXV LQWHUSRODWLRQ J
SURFHVV YHU\ VHQVLWLYH H¥HQ IRU VPDOO SHDN VKDSH SHUWX
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JLJ 7KH OHMWDIGH$FHDN RI W )LJ 6KDSHV RI WKHKHQWXUIEHGHQ FH

VSHFW.WXEBODFN VXSSRVHG WR E IRU 7 ZLQGRZLQJ ,Q WKH SORW WKUHH LQW
RQH RI WKH PHWKRGYV VWXGLHQIL@OWKIFRGVLVGFHUW®WLRQ@QEY SHBW

E\ D QHDUE\ LQWHUIHUHQFH VL FRPSRQHQW RI LQWHUHVW 7KH V
FRPSRQHQW JLYLQJ WKHVUKDK'W SHIFNQ 1RH BHRW¥WSDULVRQ VROLG EODFN FXUY
DPSOLWXGHV DV WKH LQWHUIHU}

RI WKH FRPSRQ

7KH IDFW WKDW WKH LQWHUIHUHQFH LQIOXHQFH RQ WKH LQW
YDULDEOHV LV QRW YHU\ FRQYHQLHQW IRU LWV FOHDU TXDQWLIL
VHFWLRQ LV LQ IDFW WKH PD[LPXP HUURU LQWURGXFHG E\ WKH L
FRPSRQHQW IUHTXHQF\ ORFDWLRQ EHWZHHQ GLVWEUKXWHH VSHFWUXF

DQG FDQ EH UHPRYHG E\ WDNLQJ WKH HUURU PD[LPXP ZLWK UH
LV XVHG LQ WKH GLVVHUWDWLRQ

7KH PD[LPXP V\VWHPDWLF LQWHUSRODWLR®GHYEBRUGEKHQWER DY W



7KH LQWHUSRODWLRQV RQ SHUWXUEHG VSHFWUD

yLJ 7KH LQWHROQROWWHPDWLF )LJ 7KHQOWHUSRODWLRQ V\VWH
PHWKRG ZLWK WKH 7 ZLQGRZ D\ PHWKRG ZLWK WKH 7 ZLQGRWDY D IXQFV
WKH LQWR RHUMRQHDPH DPSOLVW WKH LQWHWARHUMRAHDPH DPSOLW
FRPSRQHQW DQG WKH SRVLWLR FRPSRQHQW DQG WKH SRVLWLR

M Mg lo M Mdllo

yLJ 7KH LQWHUSRODWLRQ V\VWHPDWLF HZURGRRI DWKB (XEQPWWK®G ZLWK \
LQWHU WMHURIQWKH VDPH DPSOLWXGH DV WKH DQDO\]HG FRP SR QM QM6+NBQG WKH
1RWH WKDW WKH LQWHUSRODWLRQ HUURU PCF



7KH LQWHUSRODWLRQV RQ D SHDN GLVWRUWHG E\ D QHDUE\ |
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IRU WKH 3, PHWKRG )RU WKH *ystHUAW K8, DOJRUVWKHSOWKHG E\ V
(vaL oG UHVSHFWLYHO\

7KH PD[LPDO HUURU IRU WKHLI, PHRHRA QGRVKNRERQVQGHUHG
GLVVHUWDWLRQ ,W LV VHHQ WKDW IRU WKH LQWHUIHUHQFH ORF
EHILQQOQLQJ WKH LQWHUSRODWLRQ HUURU LV DOUHDG\ DOPRVW F
VSHFWUDO SHDNV WKH WULDQJXODU DQG +DQQLQJ ZLQGRZV 2Q
KDYLQJ ZLGHVW VSHFWUDO SHDNV WKH LQWHUSRODWLRQ GRHV (C
DUH FORVH WR)RU WKHVH ZLQGRZV WKH LQWHUSRODWLRQ HUURU
VWDWH” YDOXH IRU WKH LOWHUIHUHQFH IRXU ILYH ELQV DZD\ IUR
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7 ZLQGRZ KDYLQJ D IDVW VLGH

UHIHUHQFH DQG D OLQN WRLWSCH SORW RQ WKH ULJKW

HUURU IRU WKH ZLQGRZV RIWK K IDVW VLGHOREH IDOO
SORWYV KDYH



7KH LQWHUSRODWLRQV RQ SHUWXUEHG VSHFWUD

7KH PD[LPDO V\VWHPDWLF HUURU GXH WR D QHDUE\ LQWH
)LJ ,Q WKLV FDVH WKH HUURUV ZLWKRXW SHUWXUEDWLRQ [
LQWHUIHUHQFH FDQ LQIOXHQFH WKH *, PHWKRG IURP ORQJHU
JLYLQJ VORZO\ GHFD\LQJ VLGHOREHV WKH HUURU LV QRW FR(
SDWWHUQ ,Q WKLV FDVH WKH 3VWHDG\ VWDWH" HUURU LV DFK
DXWKRU FRQVLGHUV ZLQGRZV ZLWK VORZ VLGHOREH GHFD\ D
IDOO RII DW OHDVW IRU WKH DSSOLFDWLRQV IRU ZKLFK WKEF
GHYHORSHG

7KH VLGHOREH GHFD\ LV HYHQ PRUH LPSRUWDQMI VPW & KH (

E GXH WR LWV YHU\ VPDOO LQWHUSRODWLRQ HUURUV )RL
VLGHOREH GHFD\V DUH SUBMMRWHGZLQGRZ DV D UHIHUHQFH
VLGHOREHY DUH LPSRUWDQW HYHQ IRU LQWHUIHUHQFH ORFDW
SHDN OXFK EHWWHU UHVXOWYV DUH JLYHQ E\ ZDRBGRZVERUWK II
DSSOLFDWLRQV ZKHUH RQH FDQ H[SHFW ODUJH LQWHUIHUHQFF
ZDV DOUHDG\ VWDWISGPIS@Q Hs HRA\Q GRR@LYXFK DSSOLFDWLRQV W
*DXVVLDQ ZLQGRZV DUH QRW DGHTXDWH 7KHVH ZLQGRZV DL
FRPSDULVRQ SXUSRVHYV
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7KH LQWHUSRODWLRQV RQ SHUWXUEHG VSHFWUD

7KH LQWHUSRODWLRQV RQ VSHFWUD RI H[SRQ

7KH SULPDU\ DSSOLFDWLRQ RI WKH LQWHUSRODWLRQ PHWKRG
VI\VWHPV RI KLJK HQHUJ\ SDUWLFOH DFFHOHUDWRUYV ,Q VXFK
D NLFNHU FDXVLQJ WKH EHDP WR RVFLOODWH LQ WKH WUDQ’
EHDP SRVLWLRQ PRQLWRU ZKRVH VLJQDOV DUH XVHG E\ D W.
V\VWHP LV WR PHDVXUH WKH IUHTXHQF\ RI WKHVH RVFLOODWL
FLUFXODU DFFHOHUDWRU WKH RVFLOODWLRQV DV VHHQ E\ \
LQYHVWLIDWHG KRZ VXFK GHFD\ LQIOXHQFHV WKH V\VWHPDW
PHWKRGV RI LQWHUSRODWLQJ GLVFUHWH )RXULHU VSHFWUD D
ZKLFK LV D JRRG DSSUR[LPDWLRQ RI UHDO PDFKLQHV ZLWK C
PHDVXUHPHQW V\VWHPV LV GHVFULEHG LQ PRUH GHWDLO LQ
HIDPSOHV DUH SUHVHQWHG

3OHDVH QRWH WKDW DQ H[SRQHQWLDO GHFD\ RI D VLJQDO
WKH XVH RI RQH RI WKH LQWHUSRODWLRQ PHWKRGYV VWXGLHG
RI WKH ZLQGRZ IXQFWLRQ XVHG WR FXW RXW WKHG6MDPBOHHG
ZLQGRZLWKH IDFW WKDW LQ UHDO V\VWHPV WKH LQSXW VLJ(
UHFWDQJXODU ZLQGRZ WR EH DOZD\V SUHVHQW LQ DOO ZLQGF
RI' D VLIQDO FDQ EH PRGHOHG E\ PRGLI\LQJ WKH UHFWDQJXOD
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ZKHPHV WKH GHFD\ IDFWRU UHIHUU® GVMR/AM2RWEKRHQ B LA @QHRQGW
DOO/IRZsW H DW WKH HQG RI WKH ZZAVD GIR D WL Kt QHOBAZ HQ
GHFD\ IXQFWLRQ J)LILVIBORDVNMAEZGY DRRKHH WV [BIRQHQWLDO IXQFW
EV WR VWDUW DW WKH EHJLOQLQJ RI WKH UHFWDOQWXOD®@ ZLQ
WKLV ZD\ WKH GDPSLQJ HIIHFW LV PD[LPL]HG DQG VXFK FRQGL)

$V DQ H[DPSOH WKH HIIHFW RI FRPELQLQJ WKH GIHHFD\ IXQFW
IRU D IHZ YODOXHVFRIUYHY DUH FDOEBXWOLWHG E\ZUBNSODFLQJ
1RUPDOL]JHG YHUVLRQV RI WKB FXGODHDVIHU K RS/ODHR WMKB @&/ IWDKH
IXQFWLRQV EHFRPH DV\PPHWULF IRU ODUJHU

7R FDOFXODWH WKH HIIHFW RI WKH H[SRQHQWLDO GHFD\ F
PHWKRGY RQH FDQ UHSHDW SURFHBGXDHER GGLHY EQ WEHIEX R QDBVQFRA
LQWHUSRIDD KRSRQHQWLDO SDUDERIKRLF WRM HU S RO MWIGR @3, P
UHVSHFWLYHO\ ZLWK WKH ZLQGRZ IXQFWLRQV PRGLILHG E\ W
UHVXOWYV DUHMKHRZQ LMQG IRU WKH 3, *, DQG (3, DOJRULWKP
ZLWK 7 ZLQGRZLQJ 7KHUH DUH VKRZQ LQWHUSRODWLRQ HU
GHFD\ W FDQ EH VHHQ WKDW WKH H[SRQHQWLDO GHFD\ KDV
LQWHUSRODWLRQ V\VWHPDWLF HUWPRODLDYV NOHFRWIOX VABQORU |
WKH HUURU GHFUHDVHY PRUIHFHIWKHRKBQMONKRG RIITHUV P XFK
JDLQV LW LV DOVR PRUH VHQVLWLYH WR WKH ZLQGRZS\LIODSH

LV VSHFLILF IRU HDFK Z/L Q G\RZH QD WHOFS\RLARIV )RT V\VW HF

E\ VRPH WZR RUGHUV RI PDJQLWXGH

JLIXUHYV DQG VKRZ LQ GHWDLO WKH HIIHFWV Rl WKH
LQWHUSRODWLRQ PHWKRGV IRU WKH 7 ZLQGRZ )RU RWKHU
VLPLODU 7R VLPSOLI\ FRPSDULVRQV EHWZHHQ WKH ZLQGRZV
DV IXQFWLRQV RI WKHUGHFDOARGWWRHG 1H[W I[IURP WKHVH HU
FRUUHVSRQGLQJ PLQLPDO LQWHUSRODWLRQ JDLQV UHIHUUH
VKRZQLU®UHYV DQG IRU WKH 3, *, DQG (3, DOJRULWKPV UH)
7 ZLQGRZ LV DOVR FRQVLGHUHG RQ WKH SORWY DV WKH UHIH



7KH LQWHUSRODWLRQV RQ VSHFWUD Rl HISRQHQWLDOO\ GHFE
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7KH LQWHUSRODWLRQV RQ SHUWXUEHG VSHFWUD

W LV VHHQ MXDW WKH LQWHUSRODWLRQ JDLQV Rl WKH 3, Pt
WKH GHFP\1RAWRUQV EHFRPH HYHQ VOLJKWO\ ELJJHU IRU ODU

$V LW KDV EHHQ DOUHDG\ VKRZQ RQ WKH H[DPSOH RI WKH
VHQVLWLYH IRU WKH H[SRQHQWLDO GHFD\ VLQFH LW RIIHUV O
LQLJ WKDW IRU PRVW Rl WKH ZLQGRZV QDPHO\ %ODFNPD
LQWHUSRODWLRQ JDLQV EHKDYH DV WKRVH IRU WKH/3VPHWK
LQFUHDVLQJ )RU WKH WULDQJXODU DQG +DQQLQJ ZLQGRZV Wi
DQG WKHQ WKH\ GHFUHDVH 7KH *DXVVLDQ ZLQGRZV DUH H[FH:
VPDOOHU IRY LQFUHDVLQJ

$V SUHVHQWHG WRH LQWHUSRODWLRQ JDLQV RI WKH (3, PHW
ZLQGRZV ,W LV VRPH RQH/RUGBHG RDRUBHQWW XGCARIRYGHUV RI P

$Q H[SRQHQWLDO GHFD\ RI WKH DQDO\]JHG VLJQDO DSDUW
HUURUV DOVR GHFUHDVHV WKH VLJQDO DPSOLWXGH 6LQFH Q
WKH VLJQDO WR QRLVH UDWLR LV PRGLILHG E\ WKH GHFD\ 7KL
LQIOXHQFH RI ZLQGRZLQJ IRU WKH 605 S G \ZR QLERAN KRHD H5TFDELW IDF
QRLVH EDQOZLGMKLQHG LQ 1RZ WKH (1%: KDV WR EH
PRGLILHG E\ WKH H[SRQHQWLDO GHFD\

7R FDOFXODWH WKH AWPRGEIDLHERDQ H[SRQHQRWLDO GHFELC
FDQ EH UH ZULWWHQ DV
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(1%: FKDQJHV OHVV MEKDNZ HHQIRW Q G 7KH FKDQJH LV SDUWLI
ZLQGRZV
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&KDSWHU

$SSOLFDWLRQ H[DPSOHYV

7KH SULPDU\ DSSOLFDWLRQ RI WKH PHWKRGV RI LQWHUSROL
GLVVHUWDWLRQ LV WXQH PHDVXUHPHQW V\VWHPV RI KLJK HQ
PRUH GHWDLO LQ WKLV FKDSWHU VXFK V\VWHPV VKRXOG PHD
ZLWK ODUJH UHVROXWLRQ LQ UHDO WLPH WKHUHIRUH FRVW [
HODERUDWHG LQ WKLY ZRUN PDNH LW SRVVLEOH WR LPSURYH
IHZ RUGHUV RI PDJQLWXGH DW QHJOLJLEOH FRPSXWLQJ HIIRL
PHWKRGY DUH SUHVHQWHG LQ WKLV FKDSWHU 7KH\ DUH EDVH!¢
PHDVXUHPHQW V\VWHPV RQ WKH &(51 6XSHU 3URWRQ 6\QFKU
/(,5 DFFHOHUDWRUV WKH V\VWHPV ZHUH GHVLJQHG DQG EXL(
IUHTXHQFLHY DUH GHULYHG IURP GLVFUHWH VSHFWUD ZLWK
LOWHUSRODWLRQ PHWKRGY ,Q RUGHU WR HVWLPDWH LQWHU S
I[UHTXHQFLHYVY REWDLQHG IURP KLJK UHVROXWLRQ GLVFUHWH V
vLJQDOV )RU WKH /(,5 PHDVXUHPHQW WKHUH DUH FDOFXODW
EHWDWURQ SHDNV SUHVHQW LQ WKH VLIQDO VSHFWUXP DQ
SUHVHQWHG

OHDVXULQJ WKH EHWDWURQ WXQH RI DQ DFFH

$ SDUWLFOH EHDP LV JXLGHG LQ D FLUFXODU DFFHOHUDWF
PDJQHW ODWWLFH 7KH PRVW LPSRUWDQW FRPSRQHQWV RI WK
JR DURXQG WKH PDFKLQH DQG TXDGUXSROHVY DOWHUQDWHO\
WUDQVYHUVH VL]H DURXQG WKH PDFKLQH FLUFXPIHUHQFH 7KF
LQ WKH WUDQVYHUVH SODQH DURXQG DQ LGHDO WUDMHFWRU)\
WKHVH RVFLOODWLRQV SHU PDFKLQH UHYROXWLRQ LV FDOOHC
GHQRWHG #\LV WKH EHWDWURQ ZDYHQXPEHU ,WV IUDIFWYRQD
RQH RI WKH PRVW LPSRUWDQW DFFHOHUDWRU SDUDPHWHUV XS
JTLV D TXRWLHQW RI VPDOO LQWHJHUV WKHQ HYHU\ D IHZ WX
LQ D JLYHQ PDFKLQH SRLQW ,Q VXFK FRQGLWLRQV EHWDWURZC
WRR ODUJH WR ILW LQWR WKH EHDP YDFXXP SLSH DQG WKH EH

$Q H[DPSOH RI VXFK D PDYH URURNHWFKH®HW IRXU WXUQYV
RVFLOODWLRQV ZRXOG VXSHULPSRVH RQ WKHPVHOYHV LQ SKD
H[DPSOH.VLLQFUHDVHG WR WKHQ WKH EHWDWURQ RVFLOO
ORFDWLRQ RQO\ DIWHU WXUQV VLQFH LV D SULPH QXPE
GLIILFXOW WR PDLQWDLQ DV EHWDWURQ RVFLOODWLRQV KDY
WKH EXLOG XS UDWH LV FRUUHVSRQGLQJO\ VPDOOHU 'XH WR
LQWURGXFLQJ D QDWXUDO GDPSLQJ RI EHWDWURQ RVFLOODWL
WKH EXLOG XS WKH EHDP FDQ EH FRQWUROOHG DQG NHSW LQ

7KH VNHWFKIRM YHU\ VLPSOLVWLF DV LQ UHDO PDFKLQHV EF
DPSOLWXGH DURXQG WKH PDFKLQH FLUFXPIHUHQFH EXW FKDC
GHILQHG E\ WKH PDJQHW ODWWLFH %HWDWURQ RVFLOODWLR(
YHUWLFDO PDFKLQH SODQHVY DQG WKH RVFLOODWLRQV PD\ EH

'XH WR LWV FUXFLDO UROH IRU EHDP VWDELOLW\ WKH EH
DFFXUDF\ ,WV YDOXHV DUH PHDVXUHG LQ ERWK KRUL]JRQWD
FRXSOLQJ IDFWRU EHWZHHQ WKH WZR SODQHV %HWDWURQ V
LPSRUWDQW SDUDPHWHUV RI DFFHOHUDWRUV RU WKHLU FRPSF
SDUDPHWHUV LV RIWHQ GHWHUPLQHG E\ WKH IUHTXHQF\ UHV
PHDVXUHPHQWY KDYH WR EH GRQH LQ UHDO WLPH DQG LQ VXFI
PXVW EH PLQLPL]HG 7KLV LV ZK\ WKH DXWKRU ZKR LV UHVSRC

ODUHN * WISRURYLQJ IUHTXHQF\ UHVROXWLRQ RI GLVFUHWH V¢S



OHDVXULQJ WKH EHWDWURQ WXQH RI DQ DFFHOHUDWRU

&(51 DFFHOHUDWRUV KDV VWDUWHG VWXG\LQJ PHWKRGV IRU LP
VSHFWUD

WXUYORNXUQ YLJ 7KH FRQFHSW RI WKH

DFFHOHUDWRU DQG EHWDWURQ UHVRQDQF
LV WKHEHYXRI EHWDWURQ RV

PDFKLQH UHYRDXWWRQI DIFAVLR QDO SDUW
TXRWLHQW RI WPRIO® HQRUHIB UV
EHWDWURQ RVFLOODWLRQV K

PDFKLQH SRLQW DQG LQ VXFK FRQGLWLRC
XS XQWLO WKH EHDP LV ORVW 2Q WKH Vi
HYHU\ IRXU WXUQV WKH EHWWBWURQ RVFLC
RQ WKHPVHOYHV DQG WKH |

JURZ

FORVHG RUEKW
—— W DH W\ ’

7R DYRLG EHDP UHVRQDQFHV WKH WXQH YDOXHV PXVW EH NHS
YDOXHYVY ,Q JHQHUDO WKH GHVLJQ WXQH LV QRW MXVW D FRQVW
F\FOH WLPH $ WXQH YDOXH GLIIHUHQW IURP WKH GHVLJQ YDOXH
EHDP UHVRQDQFH GXULQJ ZKLFK WKH ZKROH EHDP FDQ EH ORVW
ZLWK DFFXUDF\ EBIQWPAMNDWKDERG ZLWK DQ RUGHU RI PDIJQLWXGH K
IUHTXHQF\ UHVROXWLRQV PD\ EH QHHGHG IRU ODUJH PDFKLQHYV

7KH WDVN RI NHHSLQJ WKH WXQHV FORVH WR WKH GHVLUHG YL
IHHGEDFN V\VWHPV >*DVLRU HW DO D D@ ,Q VXFK FDVHV V
VWHHU WKH PDJQHW V\VWHP LQ RUGHU WR NHHS WKH DFFHOHUL
IXQFWLRQ )RU WKHVH DSSOLFDWLRQV WKH WXQH PHDVXUHPHQW

7R DQDO\]H EHDP UHVRQDQFHV RIWHQ VSHFLDO WHFKQLTXHV DU
>1IDGROVNL /DVNDU @ >3DSDSKLOLSSRX @ >3DSDSKLOLSSR
%RODQG /H%ODOQF @ ,W VHHPV WKDW WKH LQWHUSRODWLRQ I
EH XVHG WR VLPSOLI\ VXFK WHFKQLTXHYVY DV WKH\ FDQ JLYH SUHF
JRXULHU VSHFWUD

$ VLPSOLILHG EORFN GLDJUDP RI D W\SLFDOQLWXQRWPRQWXUHPF
PDFKLQH SODQH 7KH SDUWLFOH EHDP LV H[FLWHG E\ D VR FDO(
RVFLOODWLRQV 7KH RVFLOODWLRQV DUH WKHQ REVHUYHG RQ D
SRVLWLRQ VLIJQDO IURP WKH SLFN XS LV WKHQ XVXDOO\ GLJLWL
FDOFXODWHG ,Q WKLV VSHFWUXP WKH SHDN FRUUHVSRQGLQJ WR
VXFK PHDVXUHPHQWY LQGHSHQGHQW RI WKH UHYROXWLRQ IUHTXF
WKH VDPSOLQJ IUHTXHQF\ LV XVXDOO\ D PXOWLSOH RI WKH UHYRC
UDGLR ITUHTXHQF\ V\VWHP ,Q WKLV ZD\ WKH SRVLWLRQ RI WKH
VSHFWUXP LV UHIHUUHG WR WKH UHYROXWLRQ IUHTXHQF\ >*DVLRL

6LQFH WKH SLFN XS REVHUYHV WKH EHDP RQO\ DW RQH ORFDWL
LV PHDVXUHG 'XH WR OLPLWHG WLPH IRU FDOFXODWLQJ GLVFUH'

WR VDPSOHV DUH W\SLFDOO\ WDNHQ IRU UHDO WLPH WXQH
UHVROXWLRQ RI WR SRLQW GLVFUHWH VSHFWUD LV QRW VX



$SSOLFDWLRQ H[DPSOHV

PRUH UHVROXWLRQ PD\ EH UHTXLUHG IRU VSHFLDO PHDVXUHP
SUHVHQWHG LQ WKLV GLVVHUWDWLRQ DUH XVHG

EHDP UHVSRQVH

imin

WXUQV W X

)LJ $ VLPSOLILHG EORFN GLDJUDP RI D WXQH PHDVKH ISPRIOQMW. AOMWHP IRU
E\ WKH NLFNHU WR SHUIRUP FRKHUHQW EHWDWURQ RVFLOODWKRBQV 7KH R
VI\VWHP PHDVXUHV WKH IUHTXHQF\ RI EHWDWQRQWRYRDAWLWQRIUTDQG UHIH
YDOXH 'XH WR YDULRXV GDPSWLOW W\SLFDOO\ IRU D SHULRG LQ



$ PHDVXUHPHQW RQ WKH 636 DFFHOHUDWRU

$ PHDVXUHPHQW RQ WKH 636 DFFHOHUDWRU

7KH PHDVXUHPHQW WR EH GLVFXVVHG ZDV SHUIRUPHG E\ WKH
6\QFKURWURQ 636 PDFKLQH >%HQHGL