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SEVWUDFW

7TKH ZLGH VSUHDG XVH RI SRZHU HOHFWURQLF HTXLSPHQ
KDUPRQLFY LQ HOHFWULFDO SRZHU GLVWULEXWLRQ V\VW
HOHFWULFDO SRZHU GLVWULEXWLRQ V\VWHP ZRXOG FDXVH
RI RYHUFXUUHQW SURWHFWLRQ GHYLFHVY 9ROWDJH GLVWR
HOHFWULFDO SRZHU GLVWULEXWLRQ V\VWHP LPSDLUV WKH
7KH KDUPRQLF GLVWRUWLRQ RI WKH FXUUHQW DQG YRO
VXE KDUPRQLFV LQWHJHU KDUPRQLFVY DQG LQWHU KDUPRQ
DUH SUHGRPLQDWHO\ FDXVHG E\ LQWHJHU KDUPRQLFV :L
WHFKQRORJ\ WKH DPRXQW RI VXE KDUPRQLFV DQG LQWI
SUREOHPV QRW H[SHULHQFHG EHIRUH

,Q RUGHU WR LPSURYH WKH HOHFWULFDO SRZHU TXDOLW\ I
SRZHU GLVWULEXWLRQ V\VWHP HVSHFLDOO\ XQGHU WKH G
KDUPRQLFV PXVW EH LGHQWLILHG VR WKDW WKH FDXVHV
VWXGLHG ORUHRYHU FRUUHFWLYH PHDVXUHVY FDQQRW EH |
FKDUDFWHULVWLFV RI WKH KDUPRQLFV H[LVWLQJ LQ WKH H

3RZHU KDUPRQLF DQDO\VLV LQ HOHFWULFDO SRZHU GLVWU
WRSLF RI ZDYHIRUP GLVWRUWLRQ DQDO\VLV FRPPRQO\ |
':DYHIRUP GLVWRUWLRQ DQDO\VLVY UHODWHV WR WKH LGHC
LQFOXGLQJ VXE KDUPRQLFV LQWHJHU KDUPRQLFV DQG LQ\
FRQVLVWVY RI LGHQWLI\LQJ KDUPRQLF IUHTXHQFLHV DPS(
FODVVLFDO VLJQDO SURFHVVLQJ ZDYHIRUPV DUH FODVYV
ZDYHIRUPV DQG QRQ VWDWLRQDU\ WLPH YDULDQW ZDYHI
WLPH LQIRUPDWLRQ LV DOVR UHTXLUHG



$SEVWUDFW LLL

7UDGLWLRQDOO\ 'LVFUHWH )RXULHU 7UDQVIRUP ')7 LPSOH
))7 LV XVHG WR DQDO\]|H VWDWLRQDU\ ZDYHIRUP GLVWRU
QRW VXLWDEOH IRU DQDO\]LQJ ZDYHIRUP GLVWRUWLRQ
LQWHU KDUPRQLFVY 6KRUW WLPH )RXULHU 7UDQVIRUP 67)7
DUH ZLQGRZHG YHUVLRQ RI ")7 ZHUH GHYHORSHG IRU WKH
7TKHVH PHWKRGYV KDYH WKHLU RZQ XVDJHVY DQG OLPLWDWLI
IUHTXHQF\ UHVROXWLRQ ZLWK WLPH UHVROXWLRQ RU YLF
VHOHFWLQJ WKH ULJKW WLPH DQG IUHTXHQF\ SDUDPHWHUYV
SULRU NQRZOHGJH RI WKH ZDYHIRUP FKDUDFWHULVWLFV

7KLV WKHVLV UHSRUWY RQ WKH GHYHORSPHQW RI D QHZ D
DEOH WR DQDO\]JH GLVWRUWHG ZDYHIRUPV FRQWDLQLQJ \
LQWHU KDUPRQLFV E\ LGHQWLI\LQJ WKHLU UHVSHFWLYH K
LQVWDQWDQHRXV SKDVHV :DYHOHW 7UDQVIRUP :7 LV XV
FRPSDUDWLYHO\ QHZ PDWKHPDWLFDO WRRO RULJLQDOO\ G
IRXQG DSSOLFDWLRQV LQ PDQ\ DUHDV RI VFLHQFH DQG HQ
ZKLFK LV DQ RVFLOODWLQJ ZDYHIRUP RI VKRUW GXUDWLR
JHUR DW ERWK HQGV :7 LV SHUIRUPHG E\ VKLIWLQJ DQG G
PRWKHU ZDYHOHW YDULHV WKH IUHTXHQF\ RI RVFLOODWLR:
WKH WLPH GXUDWLRQ RI ')7 LV IL[HG 6KLIWLQJ WKH GLODMW
WKH ZDYHIRUP :LWK WKHVH SURSHUWLHV WKH :7 LV PRV
SDUWLFXODU &RQWLQXRXV :DYHOHW 7UDQVIRUP &:7 LV X
LWV DELOLW\ WR LGHQWLI\ KDUPRQLF IUHTXHQFLHV DFEXUI

7KH VLPSOLILHG &RPSOH[ ORUOHW :DYHOHW &0: LV VH(
LOQWURGXFHG LQ WKLV WKHVLV &0: LV EDVLFDOO\ D VLQX)
KDUPRQLF OLNH VKDSH DQG VPRRWK GHFD\LQJ PDJQLW.
FRPSURPLVH EHWZHHQ WLPH DQG IUHTXHQF\ ORFDOL]DWLR
LQIRUPDWLRQ DQG WLPH LQIRUPDWLRQ UHDVRQDEO\ DFFXL
WKLV WKHVLV ZKLFK LV EHWWHU VXLWHG IRU KDUPRQLFV D

$ :7 EDVHG KDUPRQLF DQDO\VLY DOJRULWKP LV GHYHORSH
GHWDLOHG VWXG\ RQ VHWWLQJV RI WKH PRGLILHG &0: SD
IUHTXHQFLHY GHWHUPLQLQJ PLQLPXP VDPSOLQJ IUHTXHQC



$SEVWUDFW .9

GXUDWLRQ 7KH SURSRVHG :7 EDVHG KDUPRQLF DQDO\VLV
ZDYHIRUPV DQG ILHOG KDUPRQLF ZDYHIRUPV YLJRURXVO\
IURP ")7 LPSOHPHQWHG ZLWK ))7 DUH XVHG WR FRPSDUH Z
SURSRVHG :7 EDVHG DOJRULWKP

2YHUDOO WKH SURSRVHG DOJRULWKP LV DEOH WR LGHQV
LQWHJHU QRQ LQWHJHU DQG VXE KDUPRQLFV &RPSDULQJ
DFKLHYHV H[DFW HVWLPDWLRQ RI WKH KDUPRQLF IUHTXHQF
FRPSRQHQWY LQ SRZHU KDUPRQLF VLJQDOV 7KH SRZHU KD
SURSRVHG DOJRULWKP LV PXFK VKRUWHU WKDQ WKH ')7 ED

7KH WKHVLVY DOVR UHSRUWY RQ WKH GHYHORSPHQW R
UHFRQVWUXFWLRQ DOJRULWKP ZKLFK LV DEOH WR LGHOQ\
FRPSRQHQWYVY RI WKH GLVWRUWHG ZDYHIRUP LQ WKH H[DP
:7 EDVHG ZDYHIRUP UHFRQVWUXFWLRQ DOJRULWKP LV FRF
'LVFUHWH :DYHIRUP 7UDQVIRUP EDVHG WHFKQLTXHV ZKL
IXQGDPHQWDO IUHTXHQF\ FRPSRQHQW RQO\ ,W LV IRXQG
DFFXUDWH LQ UHFRQVWUXFWLQJ WKH ZDYHIRUP RI WKH 1X(
EH XVHG WR UHFRQVWUXFW ZDYHIRUPV RI DQ\ KDUPRQLF F



6)PPDU\ RI 2ULJLQDO &RQWULEXWL

7KH IROORZLQJ VXPPDUL]J]HV WKH RULJLQDO FRQWULEXWLR

'"HYHORSPHQW RI D :DYHOHW 7UDQVIRUP EDVHG KDUPR
ILOWHU EDQNV JHQHUDWHG IURP PRGLILHG &RPSOH[ |
&RPSOH[ &RQWLQXRXV :DYHOHW 7UDQVIRUP 7KH :7 ED
LGHQWLI\LQJ VXE KDUPRQLFV LQWHU KDUPRQLFV DQG L

ORGLILFDWLRQ RI WKH &RPSOH[ ORUOHW :DYHOHW IRU \
VPDOO DPSOLWXGHYV 7KH ILOWHU EDQNV JHQHUDWHG E
ORUOHW :DYHOHW KDYH HTXDO OREH KHLJKW LQ WKH IU

7KH DGRSWLRQ RI WKH ZDYHOHW ULGJHV IRU HVWL
DPSOLWXGHYVY EDVHG RQ WKH PRGLILHG &RPSOH[ ORUOH"

"HWHUPLQDWLRQ RI WKH FHQWUH IUHTXHQF\ DQG EDC
&RPSOH[ ORUOHW :DYHOHW ZLWK UHVSHFW WR WKH PLQ
DGMDFHQW KDUPRQLF IUHTXHQFLHVY &KDSWHU

'"HWHUPLQDWLRQ RI WKH PLQLPXP VDPSOLQJ IUHTXHC
KDUPRQLFVY DQDO\VLY DOJRULWKP WR DYRLG DOLDVLQJ

'"HWHUPLQDWLRQ RI WKH PLQLPXP KDUPRQLF VLIQDO (
KDUPRQLFY DQDO\VLY DOJRULWKP IRU DFFXUDWH KDUPI

'"HYHORSPHQW RI FRPSXWDWLRQDO IRUPXODH IRU WKF
KDUPRQLFYVY DQG WKH SKDVH GLIITHUHQFH EHWZHHQ VL
ZDYHOHW FRHIILFLHQWY &KDSWHU

'"HYHORSPHQW RI D FRPSXWDWLRQDO DOJRULWKP IRU
LPSOHPHQWHG ZLWK ))7 7KH PLQLPXP VFDOH RI WKH G



6RPDU\ RI 2ULJLQDO &RQWULEXWLRQV YL

WKH PLQLPXP VDPSOLQJ IUHTXHQF\ 7KH PD[LPXP VF
GHWHUPLQHG E\ WKH OHQJWK RI WKH VLJQDO VXIILFLH
HITHFWV DW GDWD HQGV 7KH GLODWLRQ VWHS LV GH\
KDUPRQLF IUHTXHQF\ HVWLPDWLRQ &KDSWHU

7HVWLQJ Rl WKH SURSRVHG :7 EDVHG KDUPRQLF DOJR
VLIJQDOV DQG ILHOG KDUPRQLF VLJQDOV 7KH ILHOG KD
ZDYHIRUP WR 96' DQG LQSXW SKDVH FXUUHQW ZDYHIF
FRQWDLQLQJ QRQOLQHDU ORDGV &KDSWHU

'"HYHORSPHQW RI D :7 EDVHG G\QDPLF ZDYHIRUP UHI
UHFRQVWUXFWLRQ RI WLPH YDULDQW KDUPRQLFV ZDYH
VKRZLQJ WKH YDULDWLRQ RI DPSOLWXGHV RI KDUPR!
UHFRQVWUXFWLRQ DOJRULWKP ZDV WHVWHG ZLWK V\C
KDUPRQLF VLIQDOV &KDSWHU

/ILVW RI 3XEOLVKHG 3DSHUV

1RUPDQ & ) 3UDRAWLEFDO DSSOLFDWLRQ RI ZDYHOHW WR
B3URFHHGLQJV RI WKH ((( 3BRZHU (QJLQHHULQJ 6RFLI
&DWDORJXH 1XPEHU &+ & -XQH &' 520

1RUPDQ & ) 7VH DQGDYHOHMDIEDVHG DOJRULWKP IRU GH

IOXFWXDWHRQVK ,QWHUQDWLRQDO &RQIHUHQFH RQ $GYDQ

2SHUDWLRQ DQG ODQDJHPHQW ,(7 +RQJ .RQJ $36&20 2F
$36&20

1RUPDQ & ) 7VH DOBYHOHWEDVHG DOJRULWK®58BU3VLIQD
-RXUQDO RQ $GYDQFHV LQ 6LJQDO 3URFHVVLQJ YRO s

1RUPDQ & )DYWWHW %DVHG $OJRULWKP IRUDBREABW HIG D/DR.
SXEOLVKHG LQ WKH ,((( 3BRZHU (QJLQHHULQJ 6RFLHW\
3DSHU *0



SEFNQRZOHGJPHQWYV

J)LUVW RI DOO , ZRXOG OLNH WR H[SUHVV P\ VLQFHUH JUDV
[/ /DL '6F ),((( :LWKRXW 3URIHVVRU /DL P\ 3K' VWXG\ LV
ODQ\ WLPHV ZKHQ P\ UHVHDUFK ZDV VWXFN E\ GLIILFXOW F
UHVXOWYVY RU XQFOHDU zZD\ IRUZDUG 3URIHVVRU /DLYV H¢
RIWHQ FDPH MXVW LQ WLPH DQG KHOSHG WR UDLVH P\ DVS
DP LQGHEWHG WR 3URIHVVRU /DL IRU KLV YDOXDEOH WLPH

O\ UHVHDUFK WRSLF RQ SRZHU KDUPRQLFV DQDO\VLV E\ z
3URIHVVRU /DL 7KH WRSLF ZDV FHUWDLQO\ D WLPHO\ L
ZRUOGZLGH LQ UHFHQW \HDUV 7KURXJK \HDUV RI VWXG\
DFDGHPLF DQG SURIHVVLRQDO SDSHUV , KDYH DFTXDL
DFDGHPLFDOO\ DQG WHFKQLFDOO\ $Q H[WUD EHQHILW , K!
WUDQVIRUP IRU PDWKHPDWLFDO DQG FRPSXWDWLRQDO DQ
PHDQW IRU DWWHQGLQJ D TXDOLILFDWLRQ EXW DOVR D
B3URIHVVRU /DL KDV LQGHHG LQVSLUHG PH WR H[SORUH LQ
FRQWLQXH DIWHU P\ 3K'" GHJUHH DWWDLQPHQW

'XULQJ WKH FULWLFDO SHULRG RI P\ UHVHDUFK VWXG\ , K
BURIHVVRU /DLYV KRXVH , ZDV XQGHU D URXQG WKH FORF
WLPH DQG ZDV VHUYHG ZLWK ZDUP UHFHSWLRQ RI KLV ILC
ouv /DL 7KDW UHDOO\ DGGHG FRORXU WDVWH DQG JRRG
H[SHULHQFH XQIRUJHWWDEOH

, PXVW DOVR WKDQN P\ ORFDO 3K' VXSHUYLVRU 'U $OEF
HTXLSPHQW , QHHGHG WR FRQGXFW WHVWLQJ DQG IXUQL
DQDO\VLV )LH KDV DOVR JLYHQ PH LQVSLUDWLRQV DQG HC



$SFNQRZOHGJPHQWYV YLLL

O\ KHDUWIHOW WKDQN JRHV WR P\ ZLIH 5SHEHFFD , UHDOO)
SDWLHQFH VDFULILFH XQGHUVWDQGLQJ DQG SUD\HU , RZ
LQ P\ UHVHDUFK VWXG\ LQ RIILFH LQ WKH SDVW VL[ \HDUV
SHEHFFDYV FRQVHQW , VLPSO\ GLG QRW KDYH WKH OX[XU\
3K'" GHJUHH VWXG\

, DP VXUH WKDW P\ WZR ORYHO\ GDXJKWHUV /RQJ /LQJ I
FHOHEUDWLQJ WKH HQG RI D VWDJH RI DFDGHPLF GHYHOF
QHZ SKDVH LQ OLIH , KDYH SURPLVHG WKHP D ORQJ YDFDV

3)RU , NQRZ WKH SODQV , KDYH IRU\RX GHFODUHV WKH /.
\RX DQG QRW WR KDUP \RX SODQV WR JLYH \RX KRSH

-HUHPLDK
7KH +RO\ %LEOH
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, JUDQW SRZHUV Rl GLVFUHWLRQ WR WKH 8QLYHUVLW\ /
'(9(/230(17 2) $ &203/(; &217,18286 :$9(/(7 75$16)250 %$6(
+$5021,& $1%$/<6,6 $1' '<1$0,& :$9()250 5(&216758&7,21
$/*25,7+06 WR EH FRSLHG LQ ZKROH RU LQ SDUW ZLWKRX
FRYHUV RQO\ VLQJOH FRSLHV PDGH IRU VWXG\ SXUSRVH

DFNQRZOHGJHPHQW

7VH &KXQJ )DL 1RUPDQ

+RQJ .RQJ -XQH



7DEOH RlI &RQWHQWV

$SEVWUDFW LL
6XPPDU\ RI 2ULJLQDO &RQWULEXWLRQV Y
$FNQRZOHGJHPHQWYV YLL
&R S\ULIJKW "HFODUDWLRQ L[
*ORVVDU\ [y

$SEEUHYLDWLRQV
ODWKHPDWLFDO 1RWDWLRQV
"HILQLWLRQ RI &RPPRQ 7THUPYV
/LVW Rl )LIXUHV DQG 7TDEOHYV [L[

&KDSWHU

,QWURGXFWLRQ
ORWLYDWLRQ IRU WKH 5HVHDUFK
3RZHU +DUPRQLFV $QDO\VLV
2EMHFWLYHV RI WKH 6WXG\
2UJDQLVDWLRQ RI WKH 7KHVLYV

& K DVGH U
3RZHU 6\WWHP +DUPRQLFV 3UREOHP
,QWURGXFWLRQ
'"HILQLWLRQV RI +DUPRQLFV
6RXUFHV RI +DUPRQLFV
(IIHFWV Rl +DUPRQLF 'LVWRUWLRQ
3RZHU +DUPRQLFV OLWLJDWLRQ OHDVXUHV

&XUUHQW 3RZHU +DUPRQLFV $QDO\VLY OHWKRGV
&RQFOXVLRQ



/DEOH RI &RQWHQWYV [L

&KDSWHU
7KH '"HYHORSPHQWY RI :DYHOHW 7UDQVIRUP
,QWURGXFWLRQ
7KH '"HYHORSPHQWYV RI :DYHOHW 7UDQVIRUP
'DYHOHW %DVLFV
'HILQLWLRQV RI :DYHOHW 7UDQVIRUP
7KH &RQWLQXRXV :DYHOHW 7UDQVIRUP &:7
7KH 'LVFUHWH :DYHOHW 7UDQVIRUP ':7
7\SHV Rl :DYHOHWV
$SSOLFDWLRQV RI :DYHOHW 7UDQVIRUP LQ 3RZHU (QJL
3RZHU 'LVWXUEDQFH 'HWHFWLRQ DQG /RFDOL]DWL
3RZHU 'LVWXUEDQFH 'DWD &RPSUHVVLRQ DQG 6WR!
3RZHU 'LVWXUEDQFH ,GHQWLILFDWLRQ DQG &ODV\
3RZHU 'HYLFHV 3URWHFWLRQ
3RZHU 'LVWXUEDQFH 1HWZRUN 6\WWHP $QDO\VLV
$SSOLFDWLRQV RI :DYHOHW 7UDQVIRUP IRU +DUPRQLF
&RQFOXVLRQ

& K DVH U
'LVFUHWH )RXULHU 7UDQVIRUP DQG /LPLWDWLRQV
,QWURGXFWLRQ
JRXULHU 7UDQVIRUPV )7
$SHULRGLF &RQWLQXRXV 6LJQDOV )RXULHU 7UDQ
3HULRGLF &RQWLQXRXV 6LJQDOV )RXULHU BHULH\
$SHULRGLF 'LVFUHWH 6LJQDOV 'LVFUHWH 7LPH )R
3HULRGLF 'LVFUHWH 6LJQDOV 'LVFUHWH )RXULHU
,QYHUVH 'LVFUHWH )RXULHU 7UDQVIRUP
7KH 6DPSOLQJ J)UHTXHQF\
7LPH 5HVROXWLRQ DQG JUHTXHQF\ 5HVROXWLRQ
JUHTXHQF\ /HDNDJHV
'LQGRZLQJ
3LENHW )HQFH (IIHFW
$GMXVWPHQW RI1))7 1XPEHU IRU %HWWHU J)UHTXHQF\ 5



7DEOH Rl &RQWHQWYV [LL

 QVWDQWDQHRXV 3KDVH (VWLPDWLRQ
&RQFOXVLRQ

&KDSWHU

&RQWLQXRXV :DYHOHW 7UDQVIRUP DQG +DUPRQLFV $QDO\\
,QWURGXFWLRQ
JLPLWDWLRQV RI ')7 IRU +DUPRQLFV $QDO\VLV
+DUPRQLF ,GHQWLILFDWLRQ XVLQJ &RQWLQXRXV :DYHO
7KH 6HOHFWLRQ RI :DYHOHWYV IRU +DUPRQLF $QDO\VLV
3URSHUWLHV RI WKH &RPSOH[ ORUOHW :DYHOHW
J)LOWHU %DQNV
7KH +HLVHQEHUJ 8QFHUWDLQW)\ 3ULQFLSOH
+HLVHQEHUJ %R[ Rl WKH &RPSOH[ ORUOHW :DYHOHW
+HLVHQEHUJ %R[HV Rl WKH &RPSOH[ ORUOHW :DYHOHW
RQ WKH 7LPH )UHTXHQF\ 30DQH
ORGLILHG &RPSOH[ ORUOHW :DYHOHW ZLWK &RQVWDQW

JUHTXHQF\ DQG $PSOLWXGH (VWLPDWLRQ E\ :DYHOHW
&RQFOXVLRQ

&KDSWHU
7KH 8VH RI ORGLILHG &RPSOH[ ORUOHW :DYHOHW IRU +DUP
,QWURGXFWLRQ
4 )DFWRU DQG WKH 6KDSH RI WKH ORGLILHG &RPSOH[ 0
'LVFULPLQDWLRQ RI $GMDFHQW )UHTXHQFLHYV
7KH 6DPSOLQJ JUHTXHQF\
7LPH :LQGRZ
3KDVH (VWLPDWLRQ
&RQFOXVLRQ



7TEOH RI &RQWHQWYV [LLL

&KDSWHU
':DYHOHW %DVHG $OJRULWKP IRU +DUPRQLFV $QDO\VLV
,QWURGXFWLRQ
&RPSOH[ &:7 ,PSOHPHQWDWLRQ E\ ))7
$GDSWLYH 6HWWLQJV RI ORGLILHG &O0:
&RPSXWDWLRQDO 6HWWLQJV
6FDOH 3RSXODWLRQ
OLQLPXP 6FDOH
OD[LPXP 6FDOH
'LODWLRQ 6WHSYV
$VVLIQPHQW RI J)UHTXHQF\ %DQGYV
(IWUDFWLRQ RI )UHTXHQF\ ,QIRUPDWLRQ E\ :DYHOHW 5
(GJH %RXQGDU\ (IIHFW
&RQFOXVLRQ

&KDSWHU
$SSOLFDWLRQ 6WXGLHV
L QWURGXFWLRQ
6\QWKHVL]HG +DUPRQLF 6LJQDO $QDO\VLV
BWDWLRQDU\ +DUPRQLF 6LJQDO ZLWK 6XE KDUPRQ
BWDWLRQDU\ +DUPRQLF 6LJQDO ZLWK ,QWHU KDUP]
BWDWLRQDU\ +DUPRQLF 6LJQDO ZLWK (YHQ +DUPR
J)LHOG +DUPRQLF 6LJQDO $QDO\VLV
,QSXW &XUUHQW WR D 7KUHH 3KDVH 6L[ 3XOVH 9D
6LQJOH 3KDVH 1RQ OLQHDU /RDGYV
&RQFOXVLRQ

&KDSWHU

7KH :DYHOHW %DVHG '\QDPLF :DYHIRUP 5HFRQVWUXFWLRQ
,QWURGXFWLRQ
%DVLF 7KHRU\
'DYHIRUP 5HFRQVWUXFWLRQ $OJRULWKP



/DEOH RI &RQWHQWYV [LY

:DYHIRUP 5HFRQVWUXFWLRQ RI 6\QWKHVL]HG :DYHIRUP
6\QWKHVL]HG :DYHIRUP ZLWK 2QH &\FOH RI 6DJ
6\QWKHVL]HG :DYHIRUP ZLWK 60RZO\ 9DU\LQJ $PSC
6\QWKHVL]HG +DUPRQLFV :DYHIRUPV

':7 %DVHG :DYHIRUP 5HFRQVWUXFWLRQ
6\QWKHVL]HG :DYHIRUP ZLWK 2QH &\FOH RI 6DJ
6\QWKHVL]HG :DYHIRUP ZLWK 60RZO\ 9DU\LQJ $PSO
6\QWKHVL]HG +DUPRQLF :DYHIRUP

':DYHIRUP 5HFRQVWUXFWLRQ RI )LHOG +DUPRQLF :DYHI
,QSXW &XUUHQW WR D 7KUHH 3KDVH 6L[ 3XOVH 9D
6LQJOH 3KDVH 1RQ OLQHDU /RDGYV

&RQFOXVLRQ

& K DVH U
&RQFOXVLRQV
2YHUDOO &RQFOXVLRQV
$UHDV IRU )XUWKHU 5HVHDUFK

5HIHUHQFHV



*ORVVDU\

$SEEUHYLDWLRQV

$11 $UWLILFLDO 1HXUDO 1HWZRUN

&0: &RPSOH[ ORUOHW :DYHOHW

&:7 &RQWLQXRXV :DYHOHW 7UDQVIRUP

L& T 'LVFUHWLVHG &RQWLQXRXV :DYHOHW 7UDQVIRUP
"7 'LVFUHWH )RXULHU 7UDQVIRUP

'63 'LJLWDO 6LJQDO 3URFHVVLQJ

'7)7 'LVFUHWH 7LPH )RXULHU 7UDQVIRUP

7 'LVFUHWH :DYHOHW 7UDQVIRPL

))7 )DVW )RXULHU 7UDQVIRUP

)6 JRXULHU 6HULHV

+) +LJK 3DVV

)7 ,QYHUVH 'LVFUHWH )RXULHU 7UDQVIRUP
/) /IRZ 3DVV

194 /HDUQLQJ 9HFWRU 4XDQWL]DWLRQ

0&0: ORGLILHG &RPSOH[ ORUOHW :DYHOHW
1)7 1 3RLQW 'LVFUHWH )RXULHU 7UDQVIRUP
40) 4XDGUDWXUH OLUURU )LOWHU

67)7 6KRUW 7LPH )RXULHU 7UDQVIRUP

96' 9DULDEOH 6SHHG 'ULYH

%7 $ :DYHOHW %DVHG 7UDQVLHQW $QDO\VLV

7 DYHOHW 7UDQVIRUP



*ORD U\

[YL

ODWKHPDWLFDO 1RWDWLRQV

$FR
S W

O3wWO
2 |

~N X

00
,P>@
[>L@
>N@

JUHTXHQF\ ORFDOL]DWLRQ RU DQJXODU IUHTXHQF\
':DYHOHW IXQFWLRQ

(QHUJ\ RI D IXQFWLRQ

$EVROXWH YDOXH RI D ZDYHOHW IXQFWLRQ
JRXULHU WUDQVIRUP RI D ZDYHOHW IXQFWLRQ
JRXULHU WUDQVIRUP RI D IXQFWLRQ
$GPLVVLELOLW\ FRQVWDQW

&RPSOH[ FRQMXJDWH RI WKH ZDYHOHW IXQFWLRQ
'LODWLRQ RU VFDOH

/IRFDWLRQ SDUDPHWHU

7LPH SHULRG

7KH VHW RI SRVLWLYH LQWHJHUYV

'LVFUHWH ZDYHOHW FRHIILFLHQWY DW P Q
1XPEHU RI GDWD SRLQWYV LQ D ZDYHOHW RU VLJQD
5HDO SDUW RI D FRPSOH[ IXQFWLRQ

,PDJLQDU\ SDUW RI D FRPSOH[ IXQFWLRQ
'LVFUHWH WLPH GRPDLQ VHULHV

'LVFUHWH IUHTXHQF\ GRPDLQ VHULHV

JUHTXHQF\ UHVROXWLRQ

6DPSOLQJ IUHTXHQF\

7LPH IXQFWLRQ

7LPH VSUHDG

JODPPLQJ ZLQGRZ IXQFWLRQ

:DYHOHW WUDQVIRUP RI D IXQFWLRQ | DW ORFDWL
(QHUJ\ IXQFWLRQ DOVR FDOOHG VFDORJUDP IRU Z
(UURU WHUP

&RPSOH[ ORUOHW :DYHOHW EDQGZLGWK SDUDPHWHE
&RPSOH[ ORUOHW :DYHOHW FHQWUH IUHTXHQF\
&RPSOH[ ORUOHW :DYHOHW DQJXODU FHQWUH [UHT
IDWXUDO ORJDULWKP



*ORD U\ i9,,

FR $QJIXODU IUHTXHQF\

$ s w $PSOLWXGH $PSOLWXGH IXQFWLRQ

FM  M!'W 3KDVH 3KDVH IXQFWLRQ

1Q +LIJKHVW IUHTXHQF\

LI JRZHVW IUHTXHQF\

Y YW 9ROWDJH O9ROWDJH VLJQDO IXQFWLRQ
L LW &XUUHQW &XUUHQW VLJQDO IXQFWLRQ

,QLWLDO SKDVH DQJOH
,QVWDQWDQHRXY SKDVH DQJOH

Q QWK GDWD LQ D GLVFUHWH WLPH VHULHYV
IVHS JUHTXHQF\ VHSDUDWLRQ EHWZHHQ WZR DGM DFF
DPLQ OLQLPXP VFDOH

&RQYROXWLRQ RI WKH IXQFWLRQV



*ORVVDU\ [MLLL

'HILQLWLRQ RI &RPPRQ 7HUPV

+DUPRQ@UFY VLIQDO DUH WKH IUHTXHQF\ FRPSRQHQWYV RI W

6XE KDUPRDDFVYLIJQDO DUH IUHTXHQF\ FRPSRQHQWYV RI WKH
WKH IXQGDPHQWDO IUHTXHQF\

,QWHU KDWARR VEVQDO DUH IUHTXHQF\ FRPSRQHQWYVY RI WK
LQWHIJHU PXOWLSOHV RI WKH IXQGDPHQWDO IUHTXHQF\

,QWHJHU KDRUPBRQURWDO DUH IUHTXHQF\ FRPSRQHQWYV R \
HTXDO WR LQWHJHU PXOWLSOHYV RI WKH IXQGDPHQWDO IUF

6WDWLRQDU\ RU WLPHM@YDULOQW IRWIQABOFK WKH VLJIJQDC
DPSOLWXGH DQG IUHTXHQF\ GR QRW YDU\ ZLWK WLPH

1RQ VWDWLRQDU\ RU WULW B WYRUQDQWRWLZIEDPK WKH VLJQD(
DPSOLWXGH DQG IUHTXHQF\ YDU\ ZLWK WLPH

%HDW IUHOXHOFADO WR WKH DEVROXWH YDOXH RI WKH G
ZDYHIRUPYV

+LJK SDVMVYLDWHWHU WKDW DOORZV DOO VLIQDOV DERYH
/IRZ SDVV UIVODNHOWHU WKDW DOORZV RQO\ IUHTXHQFLHV E|

%DQGSDVVVIDOMBWHU WKDW DOORZV D JLYHQ EDQG RI IUH
DOO RWKHUV

4 IDFWRU RVIGBWKWHG DV WKH UDWLR RI WKH SHDN IUHTXH
ODLQOREHLKNHWKKIWSHDN PDIJQLWXGH RI D ZLQGRZ IXQFWLRC

S9ROWDJHY MDQ 506 UHGXFWLRQ LQ WKH DF YROWDJH DW Wtk
IURP D KDOI F\FOH WR D IHZ VHFRQGYV



/ILVW RI )LIXUHY DQG 7DEOHYV

/ILVW RI1 )LIXUHYV

JUHTXHQF\ VSHFWUXP E\ ))7

JUHTXHQF\ VSHFWUXP E\ ))7 ZLWK FRDUVH $ |
JUHTXHQF\ VSHFWUXP E\ ))7 ZLWK ILQH $ |

JUHTXHQF\ VSHFWUXP E\ ))7 XVLQJ +DPPLQJ ZLQGRZ
JUHTXHQF\ VSHFWUXP E\ ))7 IIW QR ! 1

JUHTXHQF\ VSHFWUXP E\ ))7 IIW QR ! 1 XVLQJ +DPPL:
3KDVH VSHFWUXP E\ ))7 IIW QR ! 1

3KDVH VSHFWUXP E\ ))7 IIW QR ! 1 XVLQJ +DPPLQJ Z
3KDVH VSHFWUXP E\ ))7 IIW QR 1 XVLQJ +DPPLQJ Z
5HDO SDUW RI &0: IRU YDULRXVY VFDOHYV

)LOWHU EDQNV E\ &0:

+HLVHQEHUJ ER[HV RI WKH &0:

+HLVHQEHUJ ER[HV RI WKH &0: IRU GLIITHUHQW FHQWUF
)LOWHU EDQNV RI WKH PRGLILHG &0:

ORGLILHG &0: ZLWK IE IF 9

ORGLILHG &0: ZLWK IE IF

ORGLILHG &0: ILOWHUN ZLWK IF IL |

:DYHOHW ULGJHV SORW IRU +] DQG +] IF9IE



/ILVW RI1)LIXUHV DQG 7DEOHV [
:DYHOHW ULGJHV SORW IRU +] DQG +] IF9IE
:DYHOHW ULGJHV SORW IRU +] DQG +] IF9IE

:DYHOHW ULGJHV SORW IRU +] DQG +] IF9IE

:DYHOHW ULGJHV SORW I|IRU +] DQG +] 1V +]
:DYHOHW ULGJHV SORW IRU +] DQG +] IV +]
ORGLILHG &0: ZLWK $W \%

6LPXODWHG VLIQDO KDUPRQLFV DW +] +]
:DYHOHW ULGJHV SORW IRU +] DQG +] 1V +] 7
:DYHOHW ULGJHV SORW IRU +] DQG +] 1V +] 7
:DYHOHW ULGJHV SORW IRU +] DQG +] IV +] 7
:DYHOHW ULGJHV SORW IRU +] DQG +] 1V +] 7

3KDVH SORWV IRU +] DQG +]

:DYHOHW ULGJHV SORW Rl YROWDJH DQG FXUUHQW ZD
)ORZ FKDUW IRU WKH FRPSXWDWLRQ RI ZDYHOHW FRHI
5HODWLRQVKLS EHWZHHQ VLJQDO OHQJWK DQG IUHTXt
)ORZ FKDUW VKRZLQJ :7 GHFRPSRVLWLRQ VHWWLQJV
)ORZ FKDUW IRU HVWLPDWLQJ IUHTXHQF\ DPSOLWXGH
':DYHOHW ULGJHV SORW IRU +] DQG +]

$PSOLWXGHV SORW IRU +] DQG +]

'DYHIRUP RI VIQWKHVL]HG VXE KDUPRQLFV VLJQDO
'DYHOHW ULGJHV SORW RI VIQWKHVL]HG VXE KDUPRQL
$PSOLWXGHV SORW RI VXE KDUPRQLF FRPSRQHQWYV
3KDVH SORWV RI VXE KDUPRQLF FRPSRQHQWYV
JUHTXHQF\ VSHFWUXP E\ ))7 Rl VIQWKHVL]HG VXE KDUP

3KDVH SORWYV E\ ))7 RI VIQWKHVL]HG VXE KDUPRQLFV \



/LVW R1)LIJXUHBBBGBBBBBGBBBBBBBEBBEBBBBBEBBBBBBBBBBBE
'DYHIRUP RI VIQWKHVL]HG LQWHU KDUPRQLFV VLJQDO
':DYHOHW ULGJHV SORW Rl VIQWKHVL]HG LQWHWRDUPR
JUHTXHQF\ VSHFWUXP E\ ))7 Rl VIQWKHVL]HG LQWHU KD
':DYHIRUP RI VIQWKHVL]HG KDUPRQLFV VLJQDO
'DYHIRUP RI 96' LQSXW FXUUHQW 7 Vv
'DYHIRUP RI WZR F\FOHV RI 96' LQSXW FXUUHQW
'DYHIRUP RI VLQJOH SKDVH LQSXW FXUUHQW 7 Vv
'DYHIRUP RI IRXU F\FOHV Rl VLQJOH SKDVH LQSXW FXU
)ORZ FKDUW Rl :7 EDVHG G\QDPLF ZDYHIRUP UHFRQVW!
:DYHIRUP Rl VIQWKHVL]HG VLJQDO ZLWK RQH F\FOH RI
6\QWKHVL]HG ZDYHIRUP YV UHFRQVWUXFWHG ZDYHIRU
:DYHIRUP Rl VIQWKHVL]HG VLJQDO ZLWK VORZO\ YDU\L
6\QWKHVL]HG ZDYHIRUP YV UHFRQVWUXFWHG ZDYHIRUI
6\QWKHVL]HG KDUPRQLFV ZLWK VORZO\ YDU\LQJ DPSOI

6\QWKHVL]HG ZDYHIRUP YV UHFRQVWUXFWHG IXQGDPF
VORZO\ YDU\LQJ DPSOLWXGHYV

5HFRQVWUXFWHG ZDYHIRUP DW WKH DSSUR[LPDWLRQ
5 HFRQVWUXFWHG ZDYHIRUP DW WKH DSSUR[LPDWLRQ

5HFRQVWUXFWHG IXQGDPHQWDO ZDYHIRUP DW WKH DS
VORZO\ YDU\LQJDPSOLWXGHYV

JLHOG KDUPRQLF VLIQDO YV UHFRQVWUXFWHG ZDYHIR

JLHOG KDUPRQLF VLIQDO YV UHFRQVWUXFWHG IXQGDF

JLHOG KDUPRQLF VLIQDO YV UHFRQVWUXFWHG IXQGDF



/ILVW RI1)LIXUHYV DQG 7DEOHYV [[LL

/LVW RI 7DEOHYV

7DEOH &RPSDULVRQ RI SKDVHV HVWLPDWHG E\ ))7

7TDEOH 7LPH ZLQGRZ OHQJWK DQG PHDQ YDOXH RI PRGL

7TDEOH &RPSDULVRQ RI HVWLPDWHG SKDVHY DQG VLPXO

7TDEOH (VWLPDWHG SKDVH GLIITHUHQFH EHWZHHQ YROWL

7TDEOH $VVLIQPHQW RI IUHTXHQF\ EDQGYV

7TDEOH 6 XE KDUPRQLFV LQ VIQWKHVL]HG VLJQDO

7TDEOH 6 XE KDUPRQLFV HVWLPDWHG E\ :7 EDVHG DOJRU

7DEOH ,QWHU KDUPRQLFV LQ VIQWKHVL]HG VLJQDO

7TDEOH ,QWHU KDUPRQLFVY HVWLPDWHG E\ :7 EDVHG DOJ

7TDEOH +DUPRQLFV LQ VIQWKHVL]JHG VLJQDO

7TDEOH (YHQ KDUPRQLFVY HVWLPDWHG E\ :7 EDVHG DOJR

7TDEOH +DUPRQLFV HVWLPDWHG E\ :7 EDVHG DOJRULWKI
IRU 96" LQSXW FXUUHQW RXWSXW IUHTXHQF\ +1]

7TDEOH +DUPRQLFVY HVWLPDWHG E\ :7 EDVHG DOJRULWKF
IRU 96" LQSXW FXUUHQW RXWSXW IUHTXHQF\ +]

7TDEOH +DUPRQLFV HVWLPDWHG E\ :7 EDVHG DOJRULWKEF

7TDEOH

7TDEOH

7TDEOH

7TDEOH

7DEOH

IRU VLQJOH SKDVH LQSXW FXUUHQW

&RPSDULVRQ RI ZDYHIRUP UHFRQVWUXFWLRQ
E\":7 DQG WKH SURSRVHG DOJRULWKP

JUHTXHQF\ EDQGYV DW HDFK VFDOH

(VWLPDWHG IXQGDPHQWDO FRPSRQHQW RI
ILHOG KDUPRQLF ZDYHIRUP G6HFWLRQ

(VWLPDWHG WK KDUPRQLFV RI ILHOG KDUPRQLF

(VWLPDWHG IXQGDPHQWDO
ILHOG KDUPRQLF VLIJQDO

WK KDUPRQLFV

R I 6HFWLRQ



&KDSWHU

QWURGXFWLRQ

ORWLYDWLRQ IRU WKH 5HVHDUFK

3RZHU TXDOLW\ > @ KDV EHFRPH D PDMRU FRQFHUQ IRL
HQJLQHHUV LQ UHFHQW \HDUV ,QWHUQDWLRQDO DV ZHOO
DGGUHVV WKH SRZHU TXDOLW\ LVVXHV > @ 7R WKH IDFL
FRPSODLQWVY E\ WHQDQWY FXVWRPHUV RQ RFFDVLRQDO
FRPPXQLFDWLRQ HTXLSPHQW DQG WKH HQHUJ\ LQHIILFLH
VIVWHP DUH RQ WKH PDQDJHPHQWYV DJHQGD +DUPRQLF F
ZRXOG FDXVH H[WUD FRSSHU ORVV LQ WKH GLVWULEXWL
LQFUHDVH WKH HQHUJ\ FRVW DQG RQ WKH RWKHU KDQG ZR
7KH EHQHILWV RI XVLQJ SRZHU HOHFWURQLF GHYLFHV LQ \
VXFK DV VZLWFK PRGH SRZHU VXSSOLHV YDULDEOH VSHH
VRPHWLPHV RIIVHW E\ WKH LQFUHDVHG HQHUJ\ ORVV LQ
KDUPRQLFV DQG WKH FRVW RI UHPHGLDO PHDVXUHV UHT:
KDUPRQLF YROWDJH GURSV LQ WKH GLVWULEXWLRQ FDEO
YROWDJH VHQVLWLYH HTXLSPHQW DV ZHOO

$OWKRXIK WKH GLVWRUWLQJ IUHTXHQF\ FRPSRQHQWYV DUF
WKH DPRXQW RI VXE KDUPRQLFY DQG LQWHU KDUPRQLFV D
LVVXH 2WKHU SRZHU TXDOLW\ LVVXHV VXFK DV WUDQVLH
GLVWRUWLRQ SRZHU IUHTXHQF\ YDULDWLRQV HWF DU
I[UHTXHQWO\



&KDSWHU ,QWURGXFWLRQ

,Q RUGHU WR LPSURYH HOHFWULF SRZHU TXDOLW)\ DQG HQH
PXVW EH LGHQWLILHG DQG VWXGLHG EHIRUH DSSURSULDW
FDQ EH WDNHQ

3RZHU +DUPRQLFV $QDO\VLV

3RZHU KDUPRQLFV DQDO\VLYVY LQ HOHFWULFDO SRZHU V\VWI
ZDYHIRUP GLVWRUWLRQ DQDO\WLV FRPPRQO\ HQFRXQWHU
GLVWRUWLRQ DQDO\WLY UHODWHV WR WKH LGHQWLILFDWL
VXE KDUPRQLFV LQWHJIJHU KDUPRQLFV DQG LQWHU KDUPRC
FKDUDFWHULVHG E\ WKHLU IUHTXHQFLHYV DPSOLWXGHYV
LQIRUPDWLRQ LV UHTXLUHG IRU QRQ VWDWLRQDU\ WLPH Y

$ WUDGLWLRQDO DSSURDFK LV WR XVH 'LVFUHWH )RXULHU
FROQWHQWY RI D SRZHU VLIJQDO 7KH ")7 ZKLFK LV LPSOHPF
IHDWXUHV 7KDW WKHRU\ RI1 ))7 KDV EHHQ IXOO\ GHYHORS
HQJLQHHUV DUH IDPLOLDU ZLWK WKH FRPSXWDWLRQ SURF
PDQ\ VWDQGDUG FRPSXWDWLRQ WRROV DUH UHDGLO\ DYL
67)7 DQG *DERU 7UDQVIRUP *) ZHUH GHYHORSHG IRU HV
LQIRUPDWLRQ 7KHVH PHWKRGY KDYH FHUWDLQ OLPLWDWL
&KDSWHU

2EMHFWLYHV RI WKH 6WXG\

7KH ILUVW REMHFWLYH LV WR GHYHORS D UREXVW UHOLI
GLVWRUWLRQ DQDO\VLV ZKLFK VKRXOG EH DEOH WR RYHU
'LVFUHWH )RXULHU 7UDQVIRUP LPSOHPHQWHG ZLWK )DVW
VKRXOG EH DEOH WR LGHQWLI\ WKH IUHTXHQFLHV DPSO
GLVWRUWLRQ KDUPRQLF FRPSRQHQWV LQFOXGLQJ LQWHE
LQWHU KDUPRQLFV ,W VKRXOG DOVR EH VXLWDEOH IRU D¢
ZDYHIRUPV

7TKH QHZ ZDYHIRUP GLVWRUWLRQ DQDO\VLV PHWKRG LV G
:DYHOHW WUDQVIRUP LV D QHZO\ GHYHORSHG VLJQDO DQC



&K DSWHU L QWURGXFWLRQ

SUDFWLFDO DSSOLFDWLRQV LQ VFLHQFH HQJLQHHULQJ D
8QOLNH WKH )RXULHU 7UDQVIRUP ZLWK VLQXVRLGDO ZDY
RVFLOODWLQJ ZDYHIRUPV RI VKRUW GXUDWLRQ ZLWK IDV
7UDQVIRUP D VR FDOOHG PRWKHU ZDYHOHW LV GLODWHG
GXUDWLRQ $ GLODWHG ZDYHOHW LV VKLIWHG DORQJ DQG
XQGHU DQDO\VLV WR JHQHUDWH WKH WUDQVIRUP FRHIIL
SURFHVVHV DUH LPSRUWDQW IHDWXUHV IRU DQDO\]LQJ QR
FRQWDLQLQJ KDUPRQLF IUHTXHQFLHVY QRW UHODWHG E\ LQ

$OWKRXIK ZDYHOHWY DUH IDVW GHFD\LQJ DQG RVFLOODW
ILQLWH DQG D ILQLWH OHQJWK RI GLVWRUWLRQ ZDYHIRUP
7KH OHQIJWK RI WKH GLVWRUWLRQ ZDYHIRUP WR EH XVHG 1
DGMDFHQW IUHTXHQFLHVY DQG WKH IUHTXHQF\ UHVROXWLF
GHWDLO LQ &KDSWHU

7TKH VHFRQG REMHFWLYH RI WKH VWXG\ LV WR GHYHORS D
UHFRQVWUXFW DOO WKH KDUPRQLF FRPSRQHQWY RI WKH G
KDUPRQLF FRPSRQHQW ZDYHIRUP UHFRQVWUXFWLRQ LV X
ZDYHIRUP DPSOLWXGHV ZLWKLQ WKH SHULRG RI DQDO\VLYV
EH DGRSWHG IRU WKH DQDO\VLV RI WLPH YDULDQW ZDYHIR

2UJDQLVDWLRQ RI WKH 7KHVLV

7KLV WKHVLV VXPPDUL]J]HV WKH UHVHDUFK VWXG\ ILQGLQJV
REMHFWLYHY 7KH WKHVLV FRQVLVWY RI WKH IROORZLQJ F

&KDSWHU GHVFULEHV EDFNJURXQGYV RQ SRZHU V\VWHP Z
FRPPRQ GHILQLWLRQV RI SRZHU KDUPRQLFV LVVXHV 7KH I
ZDYHIRUP GLVWRUWLRQV DUH GLVFXVVHG DQG WKH HIIHFW

&KDSWHU GHVFULEHV WKH KLVWRU\ RI :DYHOHW 7UDQV
7TUDQVIRUP LV D FRPSDUDWLYHO\ QHZ WRRO IRU SRZHU V
GHVFULEHV WKH RULJLQ RI LQYHQWLRQ DQG WKH GHILQLYV
DSSOLFDWLRQV RI :7 LQ SRZHU HQJLQHHULQJ DUH DOVR Gl



&KDSWHU , QWURGXFWLRQ

&KDSWHU LOQWURGXFHV WKH )RXULHU 7UDQVIRUP )RXULI
DQDO\WWLFDO WRRO VSHFLILFDOO\ XVHIXO IRU VWDWLRQD
'LVFUHWH )RXULHU 7UDQVIRUP LPSOHPHQWHG ZLWK )DVW
WKRURXJKO\ EHFDXVH RI LWV IDVW DQG HIILFLHQW FRPSXV
7KH XQGHUO\LQJ SULQFLSOHYV DVVXPSWLRQYV DQG WKH
7UDQVIRUP DUH DOVR SUHVHQWHG

&KDSWHU GHVFULEHVY D QHZ DSSURDFK IRU KDUPRQLF D
ERQWLQXRXY :DYHOHW 7UDQVIRUP ZKLFK GRHV QRW KD
7TUDQVIRUP EDVHG KDUPRQLF DQDO\WLV 7KH &RQWLQXRX
WUDQVIRUP D WLPH VLIQDO LQWR D WLPH IUHTXHQF\ UHSL
IUHTXHQF\ LQIRUPDWLRQ DUH FRQWDLQHG LQ WKH ZDYHOH

7KH VLPSOLILHG &RPSOH[ ORUOHW :DYHOHW LV FKRVHQ
7TUDQVIRUP IRU KDUPRQLF DQDO\WLV 7KH VLPSOLILHG &
VLOQXVRLG PRGXODWHG *DXVVLDQ IXQFWLRQ ZLWK D VPRR\
VXLWHG IRU KDUPRQLF DQDO\VLV

:DYHOHW ULGJHV DUH XVHG WR H[WUDFW IUHTXHQF\ LQIF
FRHIILFLHQWY 7KH DPSOLWXGHV RI KDUPRQLFV DUH UH
JHQHUDWLQJ WKH VFDORJUDP

&KDSWHU IXUWKHU LQWURGXFHV D PRGLILHG &RPSOH]
KDUPRQLF DQDO\VLY DQG GLVFXVVHV WKH DSSOLFDWLRQ R
I[lURP WKH SHUVSHFWLYH RI ILOWHU EDQNV IRU KDUPRQLF
JHQHUDWHG E\ WKH PRGLILHG &RPSOH[ ORUOHW :DYHOHW
IRU UHSUHVHQWLQJ WKH KDUPRQLF VLIJQDO LV HVWLPDWHC(

7KH VKRUWHVW WLPH ZLGWK RI WKH PRGLILHG &RPSOH]
KDUPRQLF VLIQDO OHQJIJWK UHTXLUHG IRU KDUPRQLF DQD(
FHQWUH IUHTXHQF\ DQG EDQGZLGWK RI WKH PRGLILHG &RF
RI WKH ORZHVW KDUPRQLF IUHTXHQF\ LQ WKH VLJIJQDO 7K
FKRVHQ VXFK WKDW WKH PHDQ YDOXH RI WKH &0: VKRXOG



&KDSWHU L, QWURGXFWLRQ

7KLY FKDSWHU DOVR GHILQHYV LQLWLDO SKDVH LQVWDQWD
SHUVSHFWLYH RI ZDYHOHW EDVHG KDUPRQLF DQDO\VLV

REWDLQHG IURP &RQWLQXRXY :DYHOHW 7UDQVIRUP EDVHC
DYHOHW FRQWDLQV WKH LQVWDQWDQHRXV SKDVH LQIRUI
LQIRUPDWLRQ WKH LQLWLDO SKDVHV RI WKH KDUPRQLFV 1
7KH SKDVH GLIITHUHQFH EHWZHHQ DQ\ WZR KDUPRQLFV |
FDOFXODWHG IURP WKH ZDYHOHW FRHIILFLHQWY DV ZHOO

7KH SURSRVHG ZDYHOHW EDVHG KDUPRQLF DQDO\VLV PH
IUHTXHQF\ FRPSRQHQWV LQ D VLJQDO LQFOXGLQJ VXE
LQWHU KDUPRQLFV

&KDSWHU GLVFXVVHV SUDFWLFDO LVVXHV UHODWHG WF
ZDYHOHW EDVHG KDUPRQLF DQDO\VLV DOJRULWKP $ FRPS
WKH PLQLPXP VDPSOLQJ IUHTXHQF\ ZLWKRXW DOLDVLQJ L\
GHWHUPLQHG PDWKHPDWLFDOO\ E\ FRQVLGHULQJ WKH OF
VHSDUDWLRQ EHWZHHQ DGMDFHQW KDUPRQLF IUHTXHQFLH

7KH DFFXUDF\ LQ KDUPRQLFV DPSOLWXGHV HVWLPDWLRQ |
ZLGWK RI WKH PRGLILHG &RPSOH[ ORUOHW :DYHOHW DQG
XVHG LQ WKH KDUPRQLF DQDO\VLV 7KH VHWWLQJ RI WKH
&0: LV GHSHQGHQW RQ WKH KDUPRQLF IUHTXHQFLHV LQ Wi
EHWZHHQ DGMDFHQW KDUPRQLF IUHTXHQFLHYV

7KH GHWHFWLRQ RI WKH LQLWLDO SKDVHV RI KDUPRQLFV
XVHG LQ WKH :7 EDVHG HVWLPDWLRQ DOJRULWKP VKRXOG

7TKH PLQLPXP DQG PD[LPXP GLODWLRQ VFDOHV WR EH XVt
GLVFEFXVVHG DQG HVWLPDWHG W LV VXIJIHVWHG WKDW
LQFUHPHQWLQJ VFDOHV LW ZRXOG EH PRUH FRQYHQLHQW
VFDOHV E\ WKH IUHTXHQF\ UDQJH DQG IUHTXHQF\ UHVROX\

&KDSWHU SUHVHQWY WKH DSSOLFDWLRQ VWXGLHV E\ XVL
ZDYHIRUP GLVWRUWLRQ DQDO\WLV 7KH UREXVWQHVV RI \



&KDSWHU L, QWURGXFWLRQ

GLVWRUWHG V\QWKHVL]HG ZDYHIRUPV FRQWDLQLQJ VXE
LQWHU KDUPRQLFV 7KH VHQVLWLYLW\ RI WKH :7 EDVHG DO
DPSOLWXGHYV LV DOVR HVWLPDWHG 7KH DOJRULWKP LV W
VLIQDOV 7KH ILUVW ILHOG KDUPRQLF VLJQDO LV REWDLQF
YDULDEOH VSHHG GULYH DQG WKH VHFRQG ILHOG KDUPR
FXUUHQW LQSXW WR D JURXS RI VLQJOH SKDVH ORDGYV

&KDSWHU GLVFXVVHV WKH GHYHORSPHQW RI D :7 EDVHG
IRU UHFRQVWUXFWLQJ WKH KDUPRQLF ZDYHIRUPV ITURP WK
XVHIXO IRU LGHQWLI\LQJ WKH DPSOLWXGH YDULDWLRQV
HVWLPDWLRQ WLPH SHULRG

7KH :7 EDVHG UHFRQVWUXFWLRQ DOJRULWKP LV WHVWHG
KDUPRQLF ZDYHIRUPV 7KH WHVWY UHYHDOHG WKDW WEK
UHFRQVWUXFWLRQ DOJRULWKP LV DEOH WR UHFRQVWUXFW
UHFRQVWUXFWLRQ DFFXUDF\ LV KLIJIKHU WKDQ WKDW SUR
7 7KH UHFRQVWUXFWLRQ DOJRULWKP LV DEOH WR GLV!
VKRUW 7KH :7 EDVHG UHFRQVWUXFWLRQ DOJRULWKP LV W
SUHVHUYH WKH SKDVH LQIRUPDWLRQ RI WKH KDUPRQLF ZD

&KDSWHU VXPPDULVHV WKH ZRUN GRQH LQ WKH UHVHDU
GHYHORSPHQWY DUHDV DUH VXJIJHVWHG



&KDSWHU

3RZHU 6\VWHP +DUPRQLFV 3UREOH

, QWURGXFWLRQ

'"HILQLQJ WKH QDWXUH DQG FKDUDFWHULVWLFV RI D SUREC
SURFHVV 7KLV &KDSWHU JLYHV D UHYLHZ RI WKH SRZHU
HYDOXDWLRQ RI KDUPRQLF GLVWRUWLRQ LV EHFRPLQJ LC
UHDVRQV $Q LQFUHDVLQJ SHUFHQWDJH RI EXLOGLQJ OR
VXSSOLHG E\ VZLWFKHG PRGH SRZHU VXSSOLHV 7KHVH SR
ZLWK YHU\ KLJK KDUPRQLF FRQWHQW 1HZ KLJK HIILFLF
HOHFWURQLF EDOODVWY DQG FDQ KDYH KLIJKHU KDUPRQL
OXPLQDULHV XVLQJ PDIJQHWLF EDOODVWY O0OXFK RI WKH
FRQWUROOHG E\ YDULDEOH VSHHG GULYHV LQ RUGHU WR
WRIJHWKHU ZLWK WKH GULYHV IRU HOHFWULF WUDFWLRQ
FXUUHQWYV

7KH RYHUDOO KDUPRQLF OHYHOV GHSHQG RQ KRZ WKH L
FRPELQH WRJHWKHU > @ ,Q IDFW WKHUH LV XVXDOO\

FRPPHUFLDO IDFLOLWLHV GXH WR WKH YDULHW\ RI ORD(
ORFDOL]HG WR ORZ YROWDJH V\VWHPV WKDW VXSSO\ D

HOHFWURQLF ORDG 7KH KDUPRQLF FXUUHQW OLPLWYV VSHI
IDFLOLW\ DUH XVXDOO\ QRW H[FHHGHG

7KH YROWDJH GLVWRUWLRQ OHYHOV GHSHQG RQ WKH FLL
JHQHUDWLRQ FKDUDFWHULVWLFV 7KH FLUFXLW LPSHGDQF



&KDSWHU 3RZHU 6\VWHP +DUPRQLFV 3UREOHP

WWORVIRUPHUY DQG FRQGXFWRU LPSHGDQFHYVY 7KH FXUUHQV
ZLWK SRZHU IDFWRU FRUUHFWLRQ FDSDFLWRUYVY UHVXOWLQ

'"HILQLWLRQV RI +DUPRQLFV

(OHFWULFLW\ VXSSO\ LV UHSUHVHQWHG LQ WKH IRUP RI1 Y
FXUUHQW DUH VLQXVRLGDO ZDYHIRUPV LI WKH SRZHU VXS:¢
FROOHFWLYHO\ UHSUHVHQWHG DV UHVLVWRUV LQGXFWRL
VXSSO\ DQDO\VLYV HOHFWULFDO TXDQWLWLHVY DUH GHYV
URRW PHDQ VTXDUH 506 YDOXH LV FRQYHQLHQWO\ XVHG
UHSUHVHQWDWLRQ DQG WKH 506 YDOXH DUH YDOLG DV O
VWULFWO\ VLQXVRLGDO ZLWK D FRQVWDQW VXSSO\ IUHTXH
WKH FRXQWU\ RI XVH +RZHYHU LI WKH ORDGV DUH QRQO
QRQ VLQXVRLGDO HYHQ WKRXJK WKH VXSSO\ YROWDJH LV '

%\ WUDGLWLRQDO )RXULHU 7UDQVIRUP DQDO\VLV DQ\ SHL
WKH VXP RI VLQXVRLGYVY RI KLIJIKHU IUHTXHQFLHYVY ZKLFK DU
E\ LOWHJHU PXOWLSOHYV 7KH LQGLYLGXDO IUHTXHQF\ FRP
EH GHVFULEHG LQ WHUPV RI WKH KDUPRQLF RUGHU PDJQL

"LVWRUWHG YROWDJH RU FXUUHQW ZDYHIRUPV FRQWDLQL
QDWXUH WKDW DUH QRW LQWHJIJHU PXOWLSOHV RI WKH I
LOQWHU KDUPRQLFV

JOLFNHU LV D WHUP XVHG WR GHVFULEH WKH YLVXDO HIIH
OLJKWLQJ HTXLSPHQW 7KH IUHTXHQF\ UDQJH RI GLVWXU
ZKLFK DUH GHWHFWDEOH E\ WKH KXPDQ H\H LV O +]
VXE KDUPRQLFV

,Q VWHDG\ VWDWH FRQGLWLRQ WKH SHULRGLF QRQ VL
KDUPRQLFY ZRXOG KDYH D FRQVWDQW PDJQLWXGH 7KH
FKDQJH GXH WR FKDQJHV LQ VI\VWHP FRQILIXUDWLRQ RU O



&KDSWHU3RZHU 6\VWHP +DUPRQLFYVY 3UREOHP

6RXUFHV RI +DUPRQLFV

+DUPRQLF FXUUHQW LV SURGXFHG E\ QRQOLQHDU FLUFX
SURGXFHG E\ WKH KDUPRQLF FXUUHQW IORZ WKURXJK |
GLVWULEXWLRQ V\VWHP 3RZHU VXSSO\ FRPSRQHQWYV DUH
&XUUHQW KDUPRQLFVY DUH SURGXFHG E\ SDUDOOHO HOHPH
ORDGYV 9ROWDJH KDUPRQLFV DUH SURGXFHG E\ KDUPRQLF
DQG DUH DWWULEXWHG WR FDEOHV DQG SRZHU GLVWULE
WUDQVIRUPHUV > @

6ZLWFKHG PRGH HOHFWURQLF SRZHU VXSSOLHV FRPPRQO
UHFWLILHU LQYHUWHU EULGJHV IRU FRQWUROOLQJ '& RU !
SHDN FKDUJLQJ FXUUHQW IRU WKH ODUJH VPRRWKLQJ FDS
KDUPRQLF FRQWHQW

'LWK WKH LQFUHDVLQJ XVH RI RIILFH HTXLSPHQW VXFK D\
DQRG RWKHU HOHFWURQLF GHYLFHV FXUUHQW KDUPRQLEF
(OHFWURQLF EDOODVWY QHZO\ GHYHORSHG WR UHSODFF
OXPLQDULHY DUH PDLQ VRXUFHV RI KDUPRQLFV LQ FRPPHL

O9DULDEOH VSHHG GULYHV DUH XVHG H[WHQVLYHO\ LQ
DLU FRQGLWLRQLQJ V\VWHPV DQG HOHFWULF WUDFWLRQ
WKUHH SKDVH SRZHU FRQYHUWHUV FRQVLVWLQJ RI VL[ S
SURGXFHV KDUPRQLFV WKDW FDXVH VHULRXV SUREOHPV
ORDGV WRIJHWKHU DFFRXQW IRU RI WRWDO HOHFWULFCLC
SRZHU KDUPRQLFV DUH QR ZRQGHU FRPPRQ FRQFHUQV K
GHVLJQHUV > @

6DWXUDWLRQ HIIHFWV LQ WUDQVIRUPHU DQG VKXQW UHD
VWHDG\ VWDWH KDUPRQLFVY DV ZHOO DV WUDQVLHQW K
ODIJQHWL]DWLRQ FXUUHQW RI D WUDQVIRUPHU FRQWDLQV I
EHORZ WKH ILIWK DQG WKH VHYHQWK KDUPRQLFV

'LVFKDUJH ODPSV SURGXFH WKLUG KDUPRQLF FXUUHQW \
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IXQGDPHQWDO DQG DGG XS WR LQ WKH QHXWUDO ZLUH
F\FOH ZKHQ WKH DSSOLHG $& YROWDJH UHDFKHV WKH UHT
WKH ODPS H[KLELWYV D QHJDWLYH UHVLVWLYH FKDUDFWHUL
LQ VHULHY ZLWK WKH ODPS WR OLPLW WKH FXUUHQW

$UFV LQ IXUQDFHV DUH VLJQLILFDQW VRXUFHV RI D ZLGI
SDUWLFXODU IHDWXUH RI WKH RSHUDWLRQ RI HOHFWULF
VKRUW FLUFXLWYV EHWZHHQ WKH HOHFWURGHY DQG WKH V
VFUDS PHWDO GURSV DZD\ IURP DQ HOHFWURGH WKH DUF .
'XULQJ WKH PHOW GRZQ SHULRG WKHUH ZLOO WKXV EH UD
SKDVHV VKRUW FLUFXLWHG RU RQH SKDVH RQ RSHQ FLUF;
FLUFXLW SURGXFHV YLROHQW FXUUHQW IOXFWXDWLRQV 7
LPSUHVVHG RQ WKH VXSSO\ YROWDJH

(INTHFWV RI +DUPRQLF 'LVWRUWLRQ

,Q PRVW FDVHV WKH SUHVHQFH RI KDUPRQLFV PD\ OHDG
GDPDJHV WR HOHFWULFDO DSSDUDWXV > @

&RQGXFWRU RYHUKHDWLQJ FDQ EH FDXVHG E\ KDUPRQLF
IXQGDPHQWDO PDIJQLWXGH D FRPPRQ FDVH LV RYHUORDGL
+DUPRQLFVY RUGHUV WKDW DUH RGG PXOWLSOHV RI WKUHH
DUH DGGLWLYH LQ WKH QHXWUDO 7KH QHXWUDO FXUUL
FRPSRQHQWY IURP VLQJOH SKDVH HOHFWURQLF ORDGYV

(OHFWULFDO HTXLSPHQW FDQ EH RYHUKHDWHG E\ GLVWRL
FXUUHQW ORVVHV LQVLGH WKH HTXLSPHQW $W WKH IUHT
DQRG SUR[LPLW\ HIIHFW FDXVH KDUPRQLF FXUUHQW WR I(
FURVV VHFWLRQDO DUHD RI WKH ZLQGLQJ FRQGXFWRU RI V
WKH WUXH 506 YDOXH FXUUHQW DV ZHOO DV WKH D F UHVI
LQFUHDVHG EHFDXVH RI WKH FLUFXODWLQJ FXUUHQW LQ W

7TUDQVIRUPHU ORVVHV LQFOXGH '& DQG $& UHVLVWDQFH |
ZLQGLQJV DQG FRUH DQG K\VWHUHVLV ORVVHV LQ WKH FR
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$Q HGG\ FXUUHQW LV SURGXFHG E\ WKH YROWDJH LQGXFH
HDFK ZLQGLQJ FRQGXFWRU DQG DOO RWKHU PHWDOOLF PD
FXUUHQWYVY PXVW EH GLVVLSDWHG DV KHDW E\ WKH ZLQGLC
LV NQRZQ WKDW HGG\ FXUUHQW ORVVHVY DUH SURSRUWLRQ

9LEUDWLRQV DQG SHULRGLF UDVSLQJ VRXQGV IURP LQGXF\
+DUPRQLF WRUTXH LV SURGXFHG KDYLQJ ERWK SRVLWLYH
VXPPHG WKHVH DOPRVW FDQFHO HDFK RWKHU OHDYLQJ WK
, QWHUDFWLRQ RI KDUPRQLF FXUUHQWY ZLWK WKH IXQGDP}
SXOVDWLQJ KDUPRQLF WRUTXH FRPSRQHQWYV

7KH LOWHUDFWLRQ EHWZHHQ FDSDFLWLYH DQG LQGXFWL"®
FDXVHV XQH[SHFWHG ODUJH FLUFXODWLQJ FXUUHQW LQ VI
DQG H[FHVVLYH FXUUHQW OHDG WR IDLOXUH RI FDSDFLWR
ZLWK FDEOH RU DSSDUDWXV LQGXFWDQFH PD\ VHW XS |
UHVRQDQW ORRS FXUUHQW SDWKV PD\ UDLVH ORFDO FRQG

+DUPRQLF FXUUHQWY DQG YROWDJHV LQ SRZHU V\VWHP
HTXLSPHQW FDQ LPSDLU WKH SHUIRUPDQFH RI WHOHFRPP
SUR[LPLW\ H[SRVXUH DQG VXVFHSWLEO\ WR WKH GLVW.
LOWHUIHUHQFH LV GXH WR WKH HOHFWURVWDWLF LQGXFW
EHWZHHQ WKH VXSSO\ DQG FRPPXQLFDWLRQ FLUFXLWYV
HOHFWURPDIJQHWLF LQGXFWLRQ DSSOLHV

0DQ\ HOHFWULFDO PHDVXULQJ PHWHUV DUH GHVLJQHG WR
UDWKHU WKDQ WUXH 506 YDOXH )RU VLQXVRLGDO ZDYHI
DYHUDJH RU SHDN DQG 506 YDOXHV 7KH PHWHU FDQ WI
YDOXH :LWK WKH SUHVHQFH RI KDUPRQLFV WKH UDWLF
FDOLEUDWLRQ WR DQ XQNQRZQ H[WHQW ,Q WKH FDVH RI
QRW EH DEOH WR UHVSRQG WR KLJK IUHTXHQF\ FRPSRQHQ
FDVHV

6ROLG VWDWH HOHFWURQLF UHOD\V XVHG WR SURWHFW ¥
GLVWRUWLRQ ,Q WKH FDVH RI RYHUFXUUHQW UHOD\ WKH
LQFUHDVHG 7KH VWDWLF XQGHU IUHTXHQF\ UHOD\ LV YHU
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WKHUHIRUH VXFK KDUPRQLFV VKRXOG EH OLPLWHG )RU
PLQLDWXUH FLUFXLW EUHDNHU FROQWDLQLQJ D WKHUPDO W
UDSLGO\ DW KLJK KDUPRQLF ITUHTXHQF\ WKDQ DW WKH IXQ(
FKHDWHG E\ RSHQLQJ DW DQ RYHUDOO FXUUHQW ZHOO XQCc
EUHDNHUV RSHUDWLRQ GHSHQGV XSRQ HOHFWURPDJQHWL
Rl SHDN FXUUHQW > @ +HQFH D KLJK WKLUG KDUPRQLF
SHDN FRXOG RSHQ WKH EUHDNHU DW DQ RYHU DPSHUH YD
/IDUJH KDUPRQLF FRPSRQHQWY LQ WKH FXUUHQW ZDYHIRUF
RI WKH VZLWFKJHDU 7KH SUHVHQFH RI KDUPRQLFV DIIHF
UHFRYHU\ YROWDJH DFURVV WKH EUHDN DQG WKH YROWD
GLHOHFWULF IDLOXUH

7KH GHILQLWLRQ IRU DFWLYH UHDFWLYH DQG DSSDUHQW
VLQXVRLGDO TXDQWLWLHV ZLWK FRQVWDQW IUHTXHQF\ ¢
UHGHILQHG IRU GLVWRUWHG YROWDJH DQG FXUUHQW ZDY!
IRU WKH OHDVXUHPHQW RI (OHFWULF 3RZHU 4XDQWLWLH
%DODQFHG RU 8QEDODQFHG &RQGLWLRQVY > @ KDV D Gt
GHILQLWLRQV WDNLQJ LQWR DFFRXQW GLVWRUWHG YROWD

3RZHU +DUPRQLFYV OLWLIJDWLRQ OHDVXUHYV

7TKHUH DUH D QXPEHU RI ZD\V WR RYHUFRPH WKH SUREOHF
ZD\ LV WR GHVLJQ DQG EXLOG HTXLSPHQW WKDW ZRXOG \
PHDVXUHV DUH RYHU VL]LQJ WKH SRZHU VXSSO\ FDEOH D
7TUDQVIRUPHU RYHUKHDWLQJ ZRXOG EH UHGXFHG E\ HPSOR

7TKH PXWXDO FRXSOLQJ EHWZHHQ SRZHU FLUFXLWV DQG F
E\ HDUWKHG VKLHOGLQJ +DUPRQLFV FDQ DOVR EH UHGXF
FRQQHFWLRQYVY $ VHSDUDWH GHOWD FRQQHFWHG WHUWLD !
WUDQVIRUPHUV WR SURYLGH D SDWK IRU FLUFXODWLQJ W
LQFUHDVH EHFDXVH RI FLUFXODWLQJ FXUUHQW LQ WKH GH

3RZHU KDUPRQLFV ILOWHUY DUH GHYHORSHG WR PLWLJDW
GLVWULEXWLRQ V\VWHP +DUPRQLF ILOWHUV FDQ EH SDV\
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VHULHVY RU VKXQW 7KH SXUSRVH RI LQVWDOOLQJ VKXQW S
SRZHU HOHFWURQLF HTXLSPHQW WR WKH SRZHU V\VWHP
JHQHUDWHG E\ WKH HTXLSPHQW IURP HQWHULQJ WKH SR
FDSDFLWRUV ZRXOG EH XVHG WR LPSURYH WKH SRZHU IDI
UHDFWRUV OLPLW KDQQRQLF FXUUHQW IORZ DQG GR VR L
RXWSXW YROWDJH RI WKH OLQH UHDFWRU ZLOO VKRZ GL
YROWDJH ZLOO RIWHQ EH OLPLWHG $FWLYH ILOWHUV VH
JHQHUDWH RIITVHWWLQJ KDUPRQLFV WR FDQFHO RXW WKH

&XUUHQW 3RZHU +DUPRQLFV $QDO\VLV OHWKRGYV

%HIRUH DQ\ SRZHU KDUPRQLFV PLWLIJDWLRQ PHDVXUHV F
FKDUDFWHULVWLFV RI WKH GLVWRUWHG ZDYHIRUPV VKR
KDUPRQLF DQDO\VLY PDNHV XVH Rl )RXULHU VHULHYV DQG '
DVVXPHY WKDW WKH KDUPRQLFVY DUH LQWHJHU PXOWLSO|I
KDUPRQLFVY DUH GHDOW ZLWK E\ XVLQJ PXOWLSOH SHULR:
PDIJQLWXGHYV

7TKHUH DUH SUDFWLFDO FDVHV LQ ZKLFK WKH "')7 FDQQRW
KDUPRQLF FRPSRQHQWY 7KHUH DUH VXE KDUPRQLFV DQG
WKH GLVWRUWHG ZDYHIRUP OHQJWK ZRXOG DOVR UHVXO
GHWHFWHG IXQGDPHQWDO IUHTXHQF\ GHYLDWHYV IURP WKH

,Q SUDFWLFDO DSSOLFDWLRQV WKH GLVWRUWHG ZDYHIR
VIVWHP FRQILIJXUDWLRQ RU ORDG GHPDQG :LQGRZHG GL\
JRXULHU 7UDQVIRUP DQG *DERU WUDQVIRUP DUH FRPPRC
KDUPRQLFV 7KH HIIHFWLYHQHVV Rl WKHVH PHWKRGV KH
ZLQGRZ OHQJWK

7KH ')7 LV OLDEOH WR HUURUV FDXVHG E\ DOLDVLQJ VSF
7TKHUH DUH PHDVXUHV SURSRVHG E\ HQJLQHHUYV DQG DFDC(
'Y7 6RPH RI WKH PHDVXUHYV DUH XVLQJ D QRQ UHFWDQJXO!
DQRG WR LQFUHDVH WKH IIW QR LQ WKH ))7 WR DFKLHYF
SDUWLFXODU ZLQGRZ ZLGWK &KDSWHU ZLOO GLVFXVV )\
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PHWKRGV WR LPSURYH LWV DFFXUDF\ 7KH LPSURYHPHQ
GLVDGYDQWDJHV 7KH VHDUFK IRU EHWWHU PHWKRGV FR
H[SORULQJ

&RQFOXVLRQ

7KLY &KDSWHU JLYHV DQ RYHUYLHZ RI WKH PDQ\ LVVXHV
SUREOHPYV '"HILQLWLRQV RI LQWHJHU KDUPRQLFY VXE KDL
7KH FRPPRQ VRXUFHV RI SRZHU KDUPRQLFV WKH HIIHFWV
PHDVXUHV DUH LQYHVWLJDWHG /LPLWDWLRQV RI H[LVWLC
QHZ WHFKQLTXHV RI KDUPRQLF DQDO\VLY DUH SUHVHQWHG



&KDSWHU

/KH "HYHORSPHQWY RI :DYHOHW 71

L QWURGXFWLRQ

DYHOHW WUDQVIRUP :7 LV D QHZ PDWKHPDWLFDO WRR(
HVSHFLDOO\ LQ GHDOLQJ ZLWK LPDJH SURFHVVLQJ GDW
&KDSWHU SUHVHQWY D EULHI WKHRUHWLFDO EDFNJURXQG
GHYHORSPHQW RI D :7 EDVHG DOJRULWKP IRU KDUPRQLF D
WUDQVIRUP |IROORZV D SDWK RI FRLQFLGHQFHYV DQG \
HPHUJHQFH RI ZDYHOHW WUDQVIRUP LQ PDQ\ ILHOGV RI VI
KLVWRU\ RI ZDYHOHW WUDQVIRUP GHYHORSPHQW GRHV SU

7KH "HYHORSPHQWY RI :DYHOHW 7UDQVIRUP > @

7TKH ZULWWHQ UHFRUG RI ZDYHOHWY OLQNHG WR D PDQ
PHOQWLRQHG LQ WKH DSSHQGL[ RI D WKHVLV KH KDG ZULW
ZDV ERP RQ 2FWREHU LQ %WXGDSHVW +XQJDU\ ,Q
*RWWLQJIJHQ *HUPDQ\ XQGHU +LOEHUW +DDUYV VWXG\ D
VIVWHPV RI IXQFWLRQV +DDUYV FRQWULEXWLRQ WR ZDYH
IDPLO\ QDPHG DIWHU KLP 7KH +DDU ZDYHOHWY DUH NQR2z
IDPLOLHY 7KH FRQFHSW RI D ZDYHOHW IDPLO\ LV HDV\ W
VFDOLQJ IXQFWLRQ FDOOHG WKH IDWKHU ZDYHOHW 7KUR?
ROQH REWDLQV WKH PRWKHU ZDYHOHW GDXJKWHUV VRQV

$ ORQJ JDS RI WLPH HODSVHG DIWHU +DDUYV FRQWULEXW.L
KDYH EHHQ PDGH RQ ZDYHOHW PDWKHPDWLFVY XQWLO D |
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ERP RQ 6HSWHPEHU LQ 3DULV )UDQFH +H KDV D
PDWKHPDWLFV +LV JUDQGIDWKHU ZDV D PDWKHPDWLFV ¢
SDSHUV IRU (FROH 3RO\WHFKQLTXH ZKLFK LV D VFKRRO RI
LQ 3DULV )UDQFH +RZHYHU /HY\ GLG QRW RQO\ ZLQ DZD
DOVR LQ WKH ILHOGV RI FKHPLVWU\ DQG SK\VLFV +H DW!
3RO\WHFKQLTXH WKHUH KH DOVR WDXJKW ODWHU LQ O
PDWKHPDWLFV WR FDUU\ RXW KLV UHVHDUFK LQ %URZQLDC
EDVLV IXQFWLRQV FUHDWHG E\ +DDU L H +DDU ZDYHOHW
EDVLV IXQFWLRQV 8QOLNH WKH +DDU EDVLV IXQFWLRQ z
LQWHUYDOV VXFK DV WKH LQWHUYD ®LL@EWRWR W RH MK LL
EDVLV IXQFWLRQV KDYH RQO\ RQH LQWHUYDO 7KHUHIRU
SUHFLVHO\ PRGHO D IXQFWLRQ /HY\ WKHUHIRUH XVHG W
GHWDLOV LQ %URZQLDQ PRWLRQ

$IWHU /HY\ WKHUH ZHUH VOLJKW DGYDQFHV LQ WKH ILHOG
7KH QH[W PDMRU DGYDQFHPHQWY ZHUH VWDUWHG E\ -HDC
ZDV WKH ILUVW UHVHDUFKHU WR XVH WKH WHUP ®ZDYHOH
PDQ\ UHVHDUFKHUV KDG FRQVLGHUHG WKH LGHD RI :LQGR
QDPHG 'HQQLV *DERU 7KLV FRQFHSW DOORZHG UHVHDUF
RI ERWK WLPH DQG IUHTXHQF\ :LQGRZHG )RXULHU $QDO\V
RI D VLJQDO SLHFH E\ SLHFH RU ZLQGRZ E\ ZLQGRZ 7Kl
WLPH YDULDEOH GLVFUHWH RU IL[HG 'LIIHUHQW RVFLOOD)
WKHUHIRUH EH ORRNHG DW LQ WKHVH ZLQGRZV ORUOHW
H[SORUHG ZLWK WKH :LQGRZHG )RXULHU $QDO\VLV ZKLC
&XVWRPDULO\ XQGHUJURXQG RLO IDUP ZDV H[SORUHG E\ \
DQDO\]LQJ WKHLU HFKRHV :LWK VXLWDEOH DQDO\WLFDO \
OD\HU RI XQGHUJURXQG RLO ZRXOG EH )RXULHU $QDO\VL\
XVHG WR DQDO\]H WKHVH HFKRHV ,W ZDV ODWHU IRXQG
FRQVXPLQJ IRU WKLV SXUSRVH ORUOHW EHJDQ WR ORRN
ZRUNHG ZLWK :LQGRZHG )RXULHU $QDO\VLV KH GLVFRYHU*
QRW WKH ULJKW DSSURDFK DQG VR KH WXUQHG WR WKH
IXQFWLRQ QXPEHU RI RVFLOODWLRQV FRQVWDQW DQG FI
WKDW VWUHWFKLQJ WKH ZLQGRZ VWUHWFKHG WKH IXQFW
WKH IXQFWLRQ ,Q IDFW D FORVH UHVHPEODQFH FRXOG E
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JRXULHU $QDO\VLY DQG WKH ORUOHW ZDYHOHWYV ,Q 0
*URVVPDQ ORUOHW DQG *URVVPDQ ZRUNHG RQ DQ LGHI
HI[SHULPHQWLQJ RQ D EDVLF FDOFXODWRU 7KH LGHD ZDV
ZDYHOHW IRUP DQG WKHQ WUDQVIRUPHG EDFN LQWR WKH
EHLQJ ORVW 7KLV SURFHVYV LV WKXV ORVVOHVV ORUOHW
ZHUH D FRPSOHWH VXFFHVV 6LQFH ZDYHOHWY GHDO ZLWK
GRXEOH LQWHJUDO ZRXOG EH QHHGHG WR WUDQVIRUP ZD
VLIQDO +RZHYHU LQ *URVVPDQ IRXQG WKDW D VLQJC
7KH\ DOVR GLVFRYHUHG DQRWKHU LQWHUHVWLQJ WKLQJ
RQO\ FDXVHV D VPDOO FKDQJH LQ WKH RULJLQDO VLJQDO
ZDYHOHWY ,Q GDWD FRPSUHVVLRQ VPDOO ZDYHOHW FRHI
D KLJKHU FRPSUHVVLRQ DQG ZKHQ WKH VLIQDO LV UHFRF
GLITHUHQW IURP WKH RULJLQDO :LWKRXW WKLV SURSHU\
PXFK PRUH GLIILFXOW WDVN

7TKH QH[W WZR LPSRUWDQW FRQWULEXWRUV WR WKH ILH
6WHSKDQH ODOODW $OWKRXJK OH\HU LV D PDWKHPDWLF
oboobw zbVv D JUDGXDWH RI (FROH 3RO\WHFKQLTXH ZKHUI
WKH 8QLWHG 6WDWHV LQ ODOODW ZDV YHU\ LQWULJX!
KLYV RUWKRJRQDO ZDYHOHWY 7KH\ VSHQW WKUHH GD\V UF
PDQ\ DSSOLHG ILHOGY DQG HYHQWXDOO\ FUHDWHG WKH
OXOWL UHVROXWLRQ DQDO\VLV zZDV D ELJ VWHS LQ WKH
SHUVSHFWLYH WKDW WKH VFDOLQJ IXQFWLRQ RI ZDYHOHYV
UHVHDUFKHUY DQG PDWKHPDWLFLDQV WR FRQVWPFW WKH]

ORUH LPSRUWDQWO\ PXOWL UHVROXWLRQ DQDO\VLV OH(
DOJRULWKP WR FRPSXWH WKH ZDYHOHW GHFRPSRVLWLR
DSSUR[LPDWLRQ 7KH XVH RI ILOWHUV LQ ZDYHOHW GHFRP
ILOWHULQJ RI HOHFWULFDO HQJLQHHULQJ DQG ZDYHOHW F

(OHFWULFDO HQJLQHHUV KDYH EHHQ DFFXVWRPHG WR WKI
EDQGY ZLWK D ZLGWK SURSRUWLRQDO WR WKH DYHUDJH
FROQVWDQW UHODWLYH EDQGZLGWK RU FRQVWDQW 4 ILOWE
ZRUN LWHUDWLYHO\ )LUVWO\ WKH IXO0 UDQJH RI IUHTXHC
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KLJK SDVV +) RQH ORZ SDVV /) 7KH ORZHU IUHTXHQF\ K
VR IRUWK 'LITHUHQW VHFWLRQV WKDW UHVXOW IURP WKLYV
FRUUHVSRQG WR GLIITHUHQW 1\TXLVW VDPSOLQJ UDWH $Q
YHUVLRQV RI DOO WKH FRPSRQHQWYV LV WR UHWDLQ RQO\
VWHS 6XFK VWHSV ZRXOG DOVR SURGXFH DOLDVLQJ GX&F
V $ *URLVLHU DQG KLV FROOHDJXHV GLVFRYHUHG D
TXDGUDWXUH PLUURU ILOWHU 40) LQ WKH GHFRPSRVLWL
7HQ \HDUV ODWHU LQ 0 6PLWK DQG 7 %DUQZHOO
GLVFRYHUHG 40) OLNH SDLUV WKDW ZHUH FDSDEOH RI H[D
SDLUV ZHUH H[DFWO\ WKH W\SHV RI ILOWHU SDLUV WKDW L
EDVHV ZRXOG GLVFRYHU ODWHU IURP D FRPSOHWHO\ GLIIH

7KH ODWHVW ZDYHOHW UHVHDUFKHU ZRUWK PHQWLRQLQJ
SURIHVVRU DW 3ULQFHWRQ 8QLYHUVLW\ 6KH ZDV ERP LQ
3K'" LQ 3K\VLFV LQ SURXQG 'DXEHFKLHYVY PDGH XVH
DQDO\VLV WR FUHDWH KHU RZQ IDPLO\ RI ZDYHOHWYV 7k
'DXEHFKLHY :DYHOHWY 'DXEHFKLHV ZDYHOHW IDPLO\ VDW
7KH\ KDYH FRPSDFW VXSSRUW RUWKRJRQDOLW\ UHJXOD
RUWKRJRQDOLW\ LV VDWLVILHG EHFDXVH WKH LQQHU SURC(
'DXEHFKLHY ZDYHOHWY DUH JHUR 7KH UHJXODULW\ SURSF
ZDYHOHWY FDQ UHSURGXFH OLQHDU IXQFWLRQV )LQDOC
EHFDXVH WKH 'DXEHFKLHVY ZDYHOHW IXQFWLRQV DUH FRQ
VPRRWK DQG QRW GLIIHUHQWLDEOH HYHU\ZKHUH

:DYHOHW %DVLFV

7KH EDFNJURXQG WKHRU\ Rl :7 FDQ EH IRXQG LQ > @
WR LQGRZHG )RXULHU 7UDQVIRUP 7KH 6KRUW 7LPH )RXL
VHFWLRQ WKH VLIQDO LQWR SRUWLRQV WKDW FDQ EH DVV
HDFK VHFWLRQ $ FKRLFH RI ZLQGRZ IXQFWLRQ KDV WR E
FRQVWDQW IRU WKH GXUDWLRQ RI WKH DQDO\VLV WKLV
VWDWLRQDU\ VLIQDOV



&KDSWHU 7KH '"HYHORSPHQWY RI :DYHOHW 7UDQVIRUP

7KH *DERU WUDQVIRUP LV D ZLQGRZHG )RXULHU 7UDQVIR
ZLQGRZ ZLGWK EHLQJ FRQVWDQW $V EHIRUH WKH WUDQV
OHDVW RQH FRPSOHWH F\FOH RI WKH IUHTXHQF\ RI LQWHU/|

7KH *DXVVLDQ ZLQGRZ GHWHUPLQHY WKH ORFDOL]DWLRQ S
WKH ZLGWK RI WKH ZLQGRZ UHPDLQV FRQVWDQW IRU DOC
ORFDOL]DWLRQ ZLOO EH WKH VDPH IRU DOO IUHTXHQFLHYV
WKH IUHTXHQF\ ORFDOL]DWLRQ ZLOO DOVR EH WKH VDPH

WKHUHIRUH KDV FRQVWDQW VL]H ORFDOL]DWLRQ FHOOV

DFFXUDF\ Rl IUHTXHQF\ ORFDOL]DWLRQ $FR LV OLPLWHC
ZLQGRZ

7KH :LJQHU 9LOOH GLVWULEXWLRQ JLYHV H[FHOOHQW ||
FRPSRQHQW VLIQDOV LWV TXDGUDWLF QDWXUH SURGXFH
WHUPV DUH RVFLOODWRU\ DQG PD\ KDYH PDJQLWXGHV L
FRPSRQHQW DOVR WKH WUDQVIRUP RXWSXW LV QRW QHF
> @

'"HILQLWLRQV RI :DYHOHW 7UDQVIRUP
7KH :DYHOHW 7UDQVIRUP LV D PHWKRG RI FRQYHUWLQJ D
VLIQDO WKH :7 LV DEOH WR FRQYHUW WKH IXQFWLRQ LQ

QHHGHG WR SHUIRUP WKH :7 7KH ZDYHOHW VKRXOG EH OR

,Q RUGHU WR EH FDOOHG D ZDYHOHW D IXQFWLRQ PXVW V
DUH

$ ZDYHOHW PXVW KDYH ILQLWH HQHUJ\



&K DSWHU 7KH '"HYHORSPHQWY RI :DYHOHW 7UDQVIRUP

*LYHQ WKH )7 RI?WISM IXQFWLRQ

RR

S | ?2FSWHL Pl uGw
7KHQ WKH IROORZLQJ FRQGLWLRQ PXVW KROG
R -

7KLY LPSOLHVY WKDW WKH ZDYHOHW KDV QRQ JHUR IUH

RU WKH ZDYHOHW PXVW KDYH D JHUR PHDQ LV NQ
DQG &J LV FDOOHG WKH DGPLVVLELOLW\ FRQVWDQW 7
ZDYHOHW

$Q DGGLWLRQDO FULWHULRQ WKDW PXVW KROG IRU F
ZDYHOHW PXVW EH UHDO DQG EH YDQLVKHG IRU QHJDYV

:DYHOHWYV VDWLVI\LQJ WKH DGPLVVLELOLW\ FRQGLWLR

7TKH &RQWLQXRXYVY :DYHOHW 7UDQVIRUP &:7

7KH &RQWLQXRXYVY :DYHOHW 7UDQVIRUP RI D FRQWLQXRXV \

OHQIJWK WKHQ LWV VFDOHG YHUVLRQ DOVR KDV D XQLW O



&KDSWHU 7TKH '"HYHORSPHQWYV RI :DYHOHW 7UDQVIRUP

$W D O DQG X O WKH ZDYHOHW LV FDOOHG WKH DQDO\]LC
SURGXFHG E\ RWKHU YDOXHV RI D DQG X DUH FDOOHG EDE
PRWKHU ZDYHOHW

$V FDQ EH VHHQ LQ ZDYHOHWY DUH IDPLOLHV RI X!
IXQFWLRQ FDOOHG DQ DQDO\]LQJ ZDYHOHW RU PRWKHU
WUDQVODWLQJ RSHUDWLRQV 7KH VFDOLQJ RSHUDWLRQ LV
DQG MFRPSUHVVLQJY RSHUDWLRQV RQ WKH PRWKHU ZDYHC
WKH GLIITHUHQW IUHTXHQF\ LQIRUPDWLRQ RI WKH IXQFWLR!
LV XVHG WR VDWLVI\ WKH KLJK IUHTXHQF\ QHHGV DQG W
IUHTXHQF\ UHTXLUHPHQWY 7KHQ WKH WUDQVODWHG YHU\
RI WKH IXQFWLRQ WR EH DQDO\]HG ,Q WKLV ZD\ D IDPLO
FUHDWHG DQG VHUYHV DV WKH EDVHV WKH EXLOGLQJ EO
DQDO\]HG

7TKH ZDYHOHW FRHIILFLHQWYV WKXV JHQHUDWHG E\ WKH
FRUUHODWLRQ EHWZHHQ WKH VLIJQDO DQG HDFK ZDYHOHW

$V ZLWK LWV )RXULHU FRXQWHUSDUW WKHUH LV DQ LQYHL

7KLY DOORZV WKH RULJLQDO VLIJQDO WR EH UHFRYHUHG |
RYHU DOO VFDOHVY DQG ORFDWLRQV 7KH H[LVWHQFH RI W
WKLV PHDQV WKDW WKH IXQFWLRQ FDQ EH XQLTXHO\ UHFR
2WKHUZLVH RQH IXQFWLRQ FDQ KDYH PRUH WKDQ RQH VHYV
WKH LQYHUWDELOLW\ RI WKH &:7 FDQ EH IRXQG LQ > @

7KH PDLQ DGYDQWDJH RIl :7 DV FRPSDUHG ZLWK 67)7 LV WK
LV QRW FRQVWDQW LW YDULHV LQ LQYHUVH SURSRUWLRC
FDQQRW VLPXOWDQHRXVO\ DFKLHYH JRRG ORFDOL]DWLRQ
WKH QDPH RI WKH JDPH LQ WLPH IUHTXHQF\ DQDO\VLV LV \



&KDSWHU 7KH '"HYHORSPHQWYV RI :DYHOHW 7UDQVIRUP

RWKHU 2WKHU FRQYHQWLRQDO WLPH IUHTXHQF\ PHWKRGV
VKRUW GXUDWLRQ VLIJQDOV :7 FDQ RIIHU D EHWWHU FRPS!

7KH 'LVFUHWH :DYHOHW 7UDQVIRUP ":7

,QVWHDG Rl FRQWLQXRXV GLODWLRQ DQG WUDQVODWLRQ
WUDQVODWHG GLVAUHMEQE EXRDEEOHFWIZXKHUH D DQG X D

YDOXHV ZLWK D ! DQG X ! P Q N .. = DQG = LV WKH
7TKHQ WKH GLVFUHWL]HG PRWKHU ZDYHOHW EHFRPHV

WKH FRUUHVSRQGLQJ GLVFUHWH ZDYHOHW WUDQVIRUP LV

'":7-LP Q ' PA 21 N7 SPA W GW

"'7 SURYLGHY D GHFRPSRVLWLRQ RI D VLIQDO LQWR VXE E
OLQHDUO\ ZLWK ITUHTXHQF\ ,Q WKH FDVH RI G\DGLF WUD!
EDQG LV DSSUR[LPDWHO\ RQH RFWDYH VLGH ,Q WKLV IRUF
RI VSHFWUDO DQDO\]HU

, W LV SRVVLEOH WR REWDLQ D VLIJQDO | WKURXJK ZDYHOH

DQG

7KH VDPH DV ')7 LPSOHPHQWHG ZLWK WKH ))7 IRU IDVW D
FDQ EH LPSOHPHQWHG HIILFLHQWO\ DQG IDVW E\ WKH G|



&KDSWHU 7TKH '"HYHORSPHQWYVY RI :DYHOHW 7UDQVIRUP

+RZHYHU WKH ZDYHOHWY XVHG IRU ":7 PXVW EH UHDO ZDY
VXLWDEOH IRU SKDVH HVWLPDWLRQ

7\SHV RI :DYHOHWYV

:DYHOHWYV FRPH LQ PDQ\ VKDSHV DQG VL]JHV 7KH\ PXVW VI
DQG KDYH JHUR GF FRPSRQHQW > @ $V ORQJ DV WKHVH
EH XVHG DV ZDYHOHWYVY %URDGO\ VSHDNLQJ ZDYHOHWYV F
PDWKHPDWLFDO SURSHUWLHY DV IROORZV

FRPSDFWO\ VXSSRUW RU QRW

VI\IPPHWULFDO RU DV\PPHWULFDO

UHDO YDOXHG RU FRPSOH[ YDOXHG

FDQ EH XVHG IRU &RQWLQXRXYVY :DYHOHW 7UDQVIRUP DQUC

1HDUO\ DOO ZDYHOHWYV FDQ RIIHU WKH H[DFW UHFRQV\
DSSUR[LPDWLRQ RI OH\HU ZDYHOHW DQG ORUOHW ZDYHOHW
ZDYHOHW KDV WKH H[DFW UHFRQVWUXFWLRQ SURSHUW\ &F
EH LPSOHPHQWHG ZLWK FRPSOH[ YDOXHG ZDYHOHWYV

+DDU ZDYHOHW LV FRPSDFWO\ VXSSRUWHG LQ WLPH GRPDI
XVHG IRU &:7 DQG ':7 5HDO YDOXHG ORUOHW ZDYHOHW L'
VI\PPHWULFDO VKDSH DQG FDQ RQO\ EH XVHG IRU &:7 &RPS(
vVDPH SURSHUWLHY DV WKH UHDO YDOXHG YHUVLRQ DQG
ZDYHOHW WUDQVIRUP O6KDQQRQ ZDYHOHWY DUH QRW FRPS
DQRG DUH FRPSOH[ YDOXHG ZKLFK FDQ EH XVHG IRU FRPSH
RQO\ 'DXEHFKLHV ZDYHOHWY DUH FRPSDFWO\ VXSSRUWHG
XVHG IRU &:7 DQG ':7 +RZHYHU WKH ZDYHOHWYVY XVHG IRU "':

$SSOLFDWLRQV RI :DYHOHW 7UDQVIRUP LQ 3RZHU (QJLQ

7KH DSSOLFDWLRQV RI WKH :7 LQ SRZHU HQJLQHHULQJ DUH
DQG FRYHU WKH IROORZLQJ PDMRU DUHDYV > @



&KDSWHU 7KH '"HYHORSPHQWY RI :DYHOHW 7UDQVIRUP

3RZHU 'LVWXUEDQFH '"HWHFWLRQ DQG /RFDOL]J]DWLRQ

3RZHU GLVWXUEDQFHYVY LQFOXGH IDVW YROWDJH IOXFWXCLC
YDULDWLRQYVY DQG KDUPRQLF GLVWRUWLRQ > @ 7KH\
VZLWFKLQJ FDSDFLWRU VZLWFKLQJ OLJKWQLQJ VWULNHYV
+DUPRQLF GLVWRUWLRQ LV PRVWO\ FDXVHG E\ QRQOLQHDL
WKHVH GLVWXUEDQFHYV

3RZHU 'LVWXUEDQFH 'DWD &RPSUHVVLRQ DQG 6WRUD/

3RZHU GLVWXUEDQFH SKHQRPHQD FRYHU D EURDG IUH
PRQLWRULQJ GHYLFHV XVXDOO\ DUH VHW DW YHU\ KLJK VI
PDQ\ LQIRUPDWLRQ DV SRVVLEOH UHVXOWLQJ LQ KXJH DP
EHLQJ XVHG WR FRPSUHVV SRZHU GLVWXUEDQFH VLJQ
GHFRPSRVLWLRQ DQG UHFRQVWUXFWLRQ 7KH PDJQLWXGH
DUH LQVSHFWHG WKRVH EHORZ D FHUWDLQ WKUHVKROG
FRPSUHVVLRQ UDWLR RI WR WLPHV FDQ EH DFKLHYHG

3RZHU "LVWXUEDQFH ,GHQWLILFDWLRQ DQG &ODVVLIL

8VLQJ WKH SURSHUWLHV RI :7 DQG WKH IHDWXUHV RI WKt
VSHFLDO W\SH RI $UWLILFLDO 1HXUDO 1HWZRUN $11 FDC
/194 QHWZRUN LW LV SRVVLEOH WR H[WUDFW LPSRUWDQ
DQRG GHWHUPLQH ZKDW W\SH RI GLVWXUEDQFH KDV FDXVH

@

3RZHU '"HYLFHV B3URWHFWLRQ

7 KDV EHHQ XVLQJ LQ WKH GHWHFWLRQ RI WUDQVIRUPH
YROWDJH ZDYHIRUP GXULQJ VZLWFKLQJ VXUJHV LQ UHDO \
GHVLJQ RI D IDVW UHOD\ DOJRULWKP



&K DSWHU 7KH '"HYHORSPHQWYV RI :DYHOHW 7UDQVIRUP

3RZHU 'LVWXUEDQFH 1HWZRUN 6\VWHP $QDO\VLV

$ PHWKRG FDOOHG :DYHOHW %DVHG 7UDQVLHQW $QDO\VL
SRZHU GLVWXUEDQFH DQDO\VLV EDVHG RQ ZDYHOHW GF
FRPSRQHQWY VXFK DV UHVLVWRUV LQGXFWRUV DQG FD
VI\VWHPDWLF ZD\ WR DQDO\]H SRZHU V\VWHP GLVWXUEDQF

$SSOLFDWLRQV RI :DYHOHW 7UDQVIRUP IRU +DUPRQLFYV

2Q WKH UHVHDUFK DUHD RI SRZHU GLVWXUEDQFH GHWHF
KDYH EHHQ GRQH RQ WUDQVLHQW DQDO\VLV $V PHQWLRQ
LV EDVHG RQ WKH )7 ZKLFK LV DEOH WR SURYLGH IUHTX}
SRVVLELOLW\ RI WLPH IUHTXHQF\ DQDO\VLY RSHQLQJ D Q
DQG ORFDOL]DWLRQ ORUHRYHU ':7 LPSOHPHQWHG ZLWK '
EDQN LV D IDVW DQG HIILFLHQW DOJRULWKP VLPLODU WR
WKLV DUHD $V GLVFXVVHG LQ 6HFWLRQ WKH FRPSU
IUHTXHQF\ LQ D VKRUWHU ZLQGRZ ZKLOH WKH VWUHWEFK
ODUJHU ZLQGRZ 7KLV EHVW VXLWV SRZHU GLVWXUEDQFH
VKRUW GXUDWLRQ DW KLJK IUHTXHQF\ DQG KDUPRQLFV
IUHTXHQF\ DW D ORQJHU GXUDWLRQ 7KH WLPH IUHTXHQF
XVHIXO IRU VORZ YROWDJH IOXFWXDWLRQ DQDO\VLV +RZ}
RQ KDUPRQLF DQDO\VLV > @ ,W PD\ EH WKDW KDUPR
D IUHTXHQF\ GRPDLQ DQDO\VLVY DQG ))7 KDV RIIHUHG D |
ZLWK WKH SUREOHP

'LWK WKH DGYDQFHV LQ WKH DSSOLFDWLRQ RI SRZHU HOF
DQDO\VLV LV QR ORQJHU FRQILQLQJ WR LGHQWLILFDWLR
KDUPRQLFV DQG VXE KDUPRQLFV DV ZHOO DV QRQ VWDW
VIVWHPV :7 LV PRUH VXLWDEOH IRU KDUPRQLF DQDO\VL)
WUDGLWLRQDO )7 EDVHG PHWKRGYV

7KH ZDYHOHW WUDQVIRUP LV DQ LQQHU SURGXFW EHWZHI
DQG WKH VLIQDO XQGHU DQDO\WVLVY WKH ZDYHOHW FRHIILI
VLIQDO DQG WKH ZDYHOHW 7KH FKRLFH RI WKH WUDQ\



&KDSWHU 7KH " HYHORSPHQWY RI :DYHOHW 7UDQVIRUP

DSSURSULDWH ZDYHOHW LV WKXV DQ LPSRUWDQW LVVXH
RQH ZDQW WR H[WUDFW IURP WKH VLJQDO )RU DQDO\]L
WUDQVIRUP LV EHWWHU VXLWHG EHFDXVH LWV UHGXQGD:
LQIRUPDWLRQ FRQWHQW )RU FRPSUHVVLRQ RU PRGHOL:
WUDQVIRUP RU WKH QHZO\ GHYHORSHG ZDYHOHW SDFNH)
GHFRPSRVH WKH VLJQDO LQWR D PLQLPDO QXPEHU RI LQG

'LWK WKH GLVFUHWH ZDYHOHW WUDQVIRUP RQH KDV ORV\
RI WKH FRQWLQXRXV ZDYHOHW WUDQVIRUP DQG WKH UHG
SURSHUWLHY FDQ EH YHU\ XVHIXO IRU VLIJQDO DQDO\VLV D

&RQFOXVLRQ

7KH GHYHORSPHQW RI ZDYHOHW WUDQVIRUP KDV EHHQ E
ZDYHOHW WUDQVIRUP DQG WKH UHODWHG ZDYHOHW DQDC
ZDV GHYHORSHG RULJLQDOO\ IRU VROYLQJ HQJLQHHULQJ
WKHRULHY FDQ EH VHHQ DV FRQFHUWHG FRQWULEXWLR
HQJLQHHULQJ 7KH LGHD RI D IDVW DQG HIILFLHQW DOJRU
LQVSLUHG E\ WKH ILOWHU WKHRULHYV %DVHG RQ WKH SLUL
PDWKHPDWLFV ZDV GHYHORSHG DQG WKH PDWKHPDWLFD
HVWDEOLVKHG DQG WKHRUL]J]HG 5HVHDUFKHUV DUH HYHQ
GHVLUDEOH SURSHUWLHYV

7KH UHFHQW DSSOLFDWLRQV RI 7 LQ SRZHU HQJLQHHL
ORUHRYHU ZDYHOHW WUDQVIRUP KDV EHHQ XVHG LQ |
HQJLQHHULQJ IRU H[DPSOH VWUXFWXUDO YLEUDWLRQ
DQDO\WVLYVY PDFKLQH YLEUDWLRQ DQDO\WLV DFRXVWLFDO
> @ :LWK WKH SRSXODULW\ RI ZDYHOHW DQDO\VLV DQC(
LPSOHPHQWDWLRQ LW LV YHU\ WHPSWLQJ WR XVH VWDQG
ILW LW WR D SUREOHP 2Q WKH FRQWUDU\ RQH VKRXOG \
FKDUDFWHULVWLFV RI WKH SUREOHP DQG WKH H[SHFWHG
ZDYHOHW DQDO\WLV WRRO IRU WKH DSSOLFDWLRQ ,Q RWK
VKRXOG EH SUREOHP GULYHQ ) XUWKHUPRUH WKH FKRI
GHWHUPLQLVWLF HIIHFW RQ WKH RXWFRPHYV



&KDSWHU 7KH '"HYHORSPHQWY RI :DYHOHW 7UDQVIRUP

W FDQ EH VHHQ WKDW &:7 LV PRVW VXLWDEOH IRU KDUPF
GHWDLO WKH XQGHUO\LQJ WKHRULHV RI WKH ZDYHOHW
ZDYHOHW DQG WKH RWKHU FRQVLGHUDWLRQV



&KDSWHU

'LVFUHWH )RXULHU 7UDQVIRUP DQ¢

,QWURGXFWLRQ

JRXULHU 7UDQVIRUP KDV EHHQ WKH PDMRU DQDO\WLFDO
JRXULHU 7UDQVIRUP LPSOHPHQWHG ZLWK )DVW )RXULHU
DOJRULWKP IRU KDUPRQLF DQDO\VLVY %DVLFDOO\ )RXULFE
DQDO\WLV WRRO 7KH IROORZLQJ VHFWLRQV JLYH DQ LQ
XQGHUO\LQJ SULQFLSOHV DVVXPSWLRQV DQG WKH OLPLW

JRXULHU 7UDQVIRUPV )7

$ VLIQDO FD Q@ FEGWHLFMRHKAF UHWGH LW F D G HEWHL RREDMSRHHUW R G L F
7KH FRPELQDWLRQ RI WKHVH WZR IHDWXUHYV JHQHUDWHV \
> @

$SHULRGLF &RQWLQXRXV 6LJQDOV )RXULHU 7UDQV
7KLV LQFOXGHV IRU H[DPSOH GHFD\LQJ H[SRQHQWLDOV I
HIWHQG WR ERWK SRVLWLYH DQG QHJDWLYH LQILQLW\ ZL\
WKH VLJQDO LV FRQWLQXRXV DQG DSHULRGLF 7KH )RXUL
VLPSO\ FDIORXHG MK RAUDQVIRUP

SHULRGLF &RQWLQXRXV 6LJQDOV )RXULHU 6HULHV )

+HUH WKH H[DPSOHV LQFOXGH VLQH ZDYHV VTXDUH ZDY



&KDSWHU 'LVFUHWH )RXULHU 7UDQVIRUP DQG /LPLWDW

LWVHOI LQ D UHJXODU SDWWHUQ IURP QHJDWLYH WR SRV
DQG SHULRGLF 7KLV YHUVLRQ RI WKHRMRXIHWH B HHWLILHYV IR U F

$SHULRGLF "'LVFUHWH 6LJQDOV 'LVFUHWH 7LPH )RXU

7KHVH vLJQDOV DUH RQO\ GHILQHG DW GLVFUHWH SRLQW
DQG GR QRW UHSHDW WKHPVHOYHV LQ D SHULRGLF IDV
DSHULRGLF 7KLV W\SH RI )RXULHULVYVBDRWIR UM Pl )RXU
7TUDQVIRUP

S3HULRGLF 'LVFUHWH 6LJQDOV 'LVFUHWH )RXULHU 7U

7KHVH DUH GLVFUHWH VLIQDOV WKDW UHSHDW WKHPVHO)
SRVLWLYH LQILQLW\ L H WKH VLIQDO LV GLVFUHWH DQG
LV VRPHWLPHY FDOOHG WKH 'LVFUHWH )RXULHW FRWHUWHYV
JRXULHU 7UDQVIRUP

7KHVH IRXU FODVVHV RI VLIQDOV DOO H[WHQG WR SRVLW
VLQH DQG FRVLQH ZDYHV ZKLFK DUH H[WHQGLQJ IURP QHJ
FDQQRW XVH D JURXS RI LQILQLWHO\ ORQJ VLJQDOV WR V
ZD\ DURXQG WKLV GLOHPPD LV WR PDNH WKH ILQLWH GDW
LV GRQH E\ LPDJLQLQJ WKDW WKH VLJQDO KDV DQ LQILQ
ULJKW RI WKH DFWXDO SRLQWYVY ,1 DOO WKHVH *LPDJLQHG
ORRNV GLVFUHWH DQG DSHULRGLF DQG WKH 'LVFUHWH
PHWKRG LV OLNH DSSO\LQJ D UHFWDQJXODU ZLQGRZ WR \
UHFWDQJXODU ZLQGRZ KDV XQLW\ DPSOLWXGH

$vV DQ DOWHUQDWLYH WKH LPDJLQHG VDPSOHV FDQ EH D
FDVH WKH VLIQDO ORRNV GLVFUHWH DQG SHULRGLF ZL
DFWXDO SRLQWV 7KLV FDOOV IRU WKH '"LVFUHWH )RXULHL
LQILQLWH QXPEHU RI VLQXVRLGY DUH UHTXLUHG WR V\Q\
PDNHV LW LPSRVVLEOH WR FDOFXODWH WKH 'LVFUHWH 7
DOJRULWKP %\ HOLPLQDWLRQ WKH RQO\ W\SH RI )RXULH
WKH )7 ,Q RWKHU ZRUGV GLJLWDO FRPSXWHUV FDQ R



&KDSWHU 'LVFUHWH )RXULHU 7UDQVIRUP DQG /LPLWDW

GLVFUHWH DQG ILQLWH LQ OHQJWK 7KH NH\ SRLQW WR XQ
LQ RUGHU WR XVH D PDWKHPDWLFDO WRRO L H WKH ")7
ZKHUH WKH VLJQDO RULJLQDWHG RU KRZ LW ZDV DFTXLUHC

7KH VLQH DQG FRVLQH ZDYHV XVHG LQ WKH ")7 DUH FRPPR
,Q RWKHU ZRUGYV WKH RXWSXW RI WKH ")7 LV D VHW R Q>
EDVLV IXQFWLRQY DUH D VHW RI VLQH DQG FRVLQH ZDYHYV

/IHW ;>N@ LV WKH IUHTXHQF\ GRPDLQ UHSUHVHQWDWLRQ R
FRPSOH[ ")7 QRWDWLRQ ;>N@ KDV UHDO SDUW DQG LPDJ
,P;> N@ UHVSHFWLYHO\ 7KH ")7 EDVLV IXQFWLRQV DUH JHQ

FN>L @ FRV P21V

VN>L @ '\{/LQ P 2 1V

ZKHUH L WR 1 O DQG N WR 1 ZKLFK GHWHUPLQHV WKH

7KH FN> @ LV WKH FRVLQH ZDYH IRU WKH DPSOLWXGH KHO
VLQH ZDYH IRU WKH DPSOLWXGH KHOG LQ WKH LPDJLQDU\

,QYHUVH 'LVFUHWH )RXULHU 7UDQVIRUP

7KH VIQWKHVLVY HTXDWLRQV IRU FRQGXFWLQJ WKH ,")7 DUF}

1 1
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&KDSWHU 'LVFUHWH )RXULHU 7UDQVIRUP DQG /LPLWDW

7KLV LV FDOOHG D UHFWDQJXODU QRWDWLRQ $OWHUQI
H[SUHVVHG LQ SRODU IRUP 7KH PDJQLWXGH DQG SKDVH C
UHDO DQG LPDJLQDU\N SDUWV ,Q RWKHU ZRUGV ')7 FDQ E&
DPSOLWXGHY DQG SKDVH DQJOHYV

+RZHYHU WKH SKDVH FDOFXODWHG E\ ')7 FDQ EH HUURQHR

GLYLGH E\ |JHURYV

LQFRUUHFW DUFWDQ
SKDVH RI YHU\ VPDOO PDJQLWXGHV DQG

H +H+ +H+ +H

VSLNHV BIBWBHHDQ

7KH ')7 FDQ EH FDOFXODWHG LQ WKUHH FRPSOHWHO\ GLI
XVLQJ D VHW RI VLPXOWDQHRXYVY HTXDWLRQV 7KLV PHWKR
7KH VHFRQG PHWKRG LV FRUUHODWLRQ 7KLV LV EDVHG
DORWKHU VLIQDO 7KH WKLUG PHWKRG FDOOHG WKH )DVW
DOJRULWKP WKDW GHFRPSRVHV D '")7 ZLWK 1 SRLQWV LQW
DFWXDO SUDFWLFH FRUUHODWLRQ LV WKH SUHIHUUHG WI
SRLQWYVY RWKHUZLVH WKH ))7 LV XVHG

7KH ))7 DVVXPHV SHULRGLFLW\ LQ DOO FDVHV 7KH ))7 L
UHSHDWYV ZLWK D SHULRG HTXDO WR WKH ZLQGRZ WLPH 7
HIWHQGLQJ WR HLWKHU VLGH RI WKH SK\VLFDO ZLQGRZ
SK\WVLFDO RQH

7KH 6DPSOLQJ )UHTXHQF\

$ FODVVLFDO VDPSOLQJ WKHRUHP LV WKDW D FRQWLQXRX
GLVFUHWH IRUP SURYLGHG WKH QXPEHU RI VDPSOHV SHU
RWKHU ZRUGV WKH VDPSOLQJ IUHTXHQF\ VKRXOG EH DW
FRQWDLQHG LQ WKH VLIQDO ,Q SUDFWLFH DQ DEVROXV
DFKLHYHG $ VDPSOLQJ IUHTXHQF\ WKUHH RU PRUH WLPH\
GHVLUDEOH



&KDSWHU 'LVFUHWH )RXULHU 7UDQVIRUP DQG /LPLWDW

7LPH S5 HVROXWLRQ DQG )UHTXHQF\ 5HVROXWLRQ

*LYHQ WKDW D VvLIJQDO LV VDPSOHG DW IV DQG ZLWK D 1
JLYHQ E\ > @

7KH QXPEHU RI GDWD SRLQWYV LV HTXDO WR WKH QXPEHU I
7KH WLPH ZLQGRZ 7 LV

$V VHHQ IURP WKH DERYH H[SUHVVLRQV IUHTXHQF\ UHVR
WLPH UHVROXWLRQ 7KLV LV DQ LQKHUHQW SURSHUW\ R
SULQFLSOHV RI ") 7 WKH EDVLV IXQFWLRQV DUH H[WHQGL
LQiLQeQrwy 7KHUHIRUH SHULRGLFLW\ LV DVVXPHG LQ ")7 L
WKHUHIRUH RQO\ VXLWDEOH IRU DQDO\]LQJ VWDWLRQDU\
PXVW EH XVHG WR DFKLHYH D KLJK ITUHTXHQF\ UHVROXWLR

&RQVLGHU D VLPXODWHG VLIQDO UHSUHVHQWHG DV
I W FRV Uu W FRYV Uuo W FRYV uo W FRYV U V
7KH VLPXODWHG VLIJQDO LV VDPSOHG DW IV 0222),] ZLWK

LV VHW DV WR DFKLHYH D IUHTXHQF\ UHVROXWLRQ R
VSHFWUXP SURGXFHG E\ ))7



&KDSWHU 'LVFUHWH )RXULHU 7UDQVIRUP DQG /LPLWDW

)LJ JUHTXHQF\ VSHFWUXP E\ ))7

7KH ))7 LV DEOH WR HVWLPDWH WKH IUHTXHQFLHYV DQG DP
DFFXUDWHO\

&RQVLGHU WKH VLJQDO
I W FRV 7U W FRV 7WO W FRV [O W FRYV U W

7KH KDUPRQLFYVY DUH VWLOO DQ LQWHJHU PXOWLSOHV RI
VDPSOHG DW 1V +] ZLWK D VLIQDO OHQJWK 7 RI \Y
IUHTXHQF\ UHVROXWLRQ RI +] )LJ VKRZV WKH IUHTXH



&KDSWHU 'LVFUHWH )RXULHU 7UDQVIRUP DQG /LPLWDW

JUHTXHQF\ 6SHFWUXP RI WKH 6LPXODWHG 6LJQDO
L L 2U 2 PP U 7

)LJ JUHTXHQF\ VSHFWUXP E\ ))7 ZLWK FRDUVI

, W FDQ EH VHHQ WKDW WKH IUHTXHQF\ UHVROXWLRQ LV
IUHTXHQFLHY $OVR WKHUH DUH OHDNDJHV VHHQ DURXQ
UHDVRQ WR EH GLVFXVVHG LQ 6HFWLRQ > @

7R DFKLHYH DFFXUDWH IUHTXHQF\ GHWHFWLRQ WKH IUHT
+] LWK IV +] WKH VLIJQDO OHQJWK 7 VKRXOG EH DW
7KH IITW QR LV WKHUHIRUH VHW DV ZKLFK LV HTXDO W
VKRZV WKH IUHTXHQF\ VSHFWUXP SURGXFHG E\ ))7



&KDSWHU 'LVFUHWH )RXULHU 7UDQVIRUP DQG /LPLWDW

)LJ JUHTXHQF\ VSHFWUXP E\ ))7 ZLWK ILQH

'LWK WKH IIW QR DQG QR RI GDWD SRLQWYV LQFUHDVHG
IUHTXHQFLHY DQG DPSOLWXGHYV RI WKH KDUPRQLFV LQ WK

JUHTXHQF\ /HDNDJHYV

7KH WHUP pOHDNDJHY UHIHUV WR WKH DSSDUHQW VSUHD!
DGMDFHQW RQHV > @ ,W DULVHV GXH WR WKH WUXQF
IUDFWLRQ RI D F\FOH H[LVWV LQ WKH ZDYHIRUP WKDW LV
EHFDXVH WKH ))7 DVVXPHV WKDW WKH WUXQFDWHG ZLQGH
WR SRVLWLYH LQILQLW\ I DQ LQFRPSOHWH F\FOH RI WKH
GLVFRQWLQXLWLHY DUH SURGXFHG DW WKH GDWD ZLQGR
YLRODWLQJ WKH DVVXPSWLRQ WKDW WKH VLIJQDO LV SHUL

/IHDNDJH LV QRW D XQLYHUVDO SUREOHP W GRHV QRW
WUDQVLHQW LV IXO0O\ FRQWDLQHG LQ WKH ZLQGRZ /HDND
HVWLPDWH WKH GLVFUHWH OLQH VSHFWUD DVVRFLDWHG



&KDSWHU 'LVFUHWH )RXULHU 7UDQVIRUP DQG /LPLWDW

$OPRVW SHULRGLF VLJQDOV KDYH OLQH VSHFWUD EXW
UHODWHG 7KH DFWXDO VRXUFH RI OHDNDJH LV WKH ZLQG
DPRXQW RI OHDNDJH GHSHQGV XSRQ WKH ZLQGRZ VKDSH
ZLQGRZ

, I WKH UHFWDQJXODU DFTXLVLWLRQ ZLQGRZ H[DFWO\ FR
OHDNDJH ZLOO QRW RFFXU +RZHYHU WKHUH DUH WRR PD(
REWDLQ H[DFWO\ DQ LOQWHJHU QXPEHU RI F\FOHV LQ D ZLC
LQ SUDFWLFH

W FDQ EH VHHQ WKDW ZLWK D WLPH ZLQGRZ RI 7 WKH
+HLVHQEHUJ 8QFHUWDLQW\ 3ULQFLSOH VWDWHYVY WKDW > (

SW[$SFR ! 2
7KH +HLVHQEHUJ ER[ IRU ")7 LV
$W[$FR[72[N N

2QH FDQ VHH WKDW WKH "'")7 KDV D +HLVHQEHUJ ER[ RI D L
WR SURYLGH D KLJK DFFXUDF\ LQ IUHTXHQF\ UHVROXWLR
SRRU ,W FDQ EH VDLG WKDW ")7 LV RQO\ XVHIXO IRU DQDO

LQGRZLQJ

7R UHGXFH WKH HIIHFW RI OHDNDJH ZKLFK KDSSHQV LQ SU
DW WKH ZLQGRZ HGJHV DQG WKXV UHGXFH OHDNDJH W
UHFWDQJXODU ZLQGRZ > @ ,Q VKRUW WKLV LV WR J
WKHP IDOO RIl VPRRWKO\ WR JHUR 2QH FDQ GR WKLV E\

ZLQGRZ IXQFWLRQ



&KDSWHU 'LVFUHWH )RXULHU 7UDQVIRUP DQG /LPLWDW

'LQGRZ IXQFWLRQV H[KLELW YDULRXV PDLQOREH ZLGWKYV
WKH ORZHU WKH VLGHOREHV WKH OHVV OHDNDJH RU VNLI
ZLQGRZHG GDWD +RZHYHU ORZHULQJ WKH VLGHOREHV I
FRQFHQWUDWHG LQ ZLGHQLQJ WKH PDLQOREH J/RZHULQ
EDQGZLGWK 7KH H[FHSWLRQ WR WKLV LV WKH KDPPLQJ
QDUURZ PDLQOREH IRU LWV VLGHOREH OHYHO

,Q WHUPV RI OLQH VSHFWUD WKH JUHDWHU WKH ZLQGR
SURYLGHV ,Q RWKHU ZRUGV HTXDO DPSOLWXGH DQG DGMI
WR GLVWLQJXLVK 2Q WKH RWKHU KDQG DV WKH VLGHOR
PHDQV RQH KDV LQFUHDVHG DELOLW\ WR GLVWLQJXLVK DC
DPSOLWXGHV 7KH XVH RI ZLQGRZLQJ DQG WKH FKRLFH
NQRZOHGJH RI WKH VLIQDO WR EH ZLQGRZHG

&RQVLGHU WKH VLIQDO UHSUHVHQWHG LQ D KDPPLC(
EHIRUH FRQGXFWLQJ ))7 7KH KDPPLQJ ZLQGRZ LV UHSUHYV

MUW
W FRV 2

6LQFH WKH KDPPLQJ ZLQGRZ KDV D PDLQOREH KHLJKW R
))7 VKRXOG EH VFDOHG E\ )LJ VKRZV WKH IUHTXH
, W FDQ EH VHHQ WKDW OHDNDJHV DUH JUHDWO\ UHGXFHG



&KDSWHU 'LVFUHWH )RXULHU 7UDQVIRUP DQG /LPLWDW

JUHTXHQF\ 6SHFWUXP RI WKH 6LPXODWHG 6LJQDO

)LJ JUHTXHQF\ VSHFWUXP E\ ))7 XVLQJ +DPPLQ

BLFNHW )HQFH (IIHFW

, I WKH DQDO\]JHG ZDYHIRUP KDV IUHTXHQFLHV ZKLFK DUF
ZLQGRZ OHQJWK 7 WKH ))7 ZLOO \LHOG WKH DSSURSUL
IUHTXHQFLHY DQG JHUR DW RWKHUV 7KH SLFNHW IHQFH
LQFOXGHYV D IUHTXHQF\ ZKLFK LV QRW RQH RI WKH LQW
> @ $ IUHTXHQF\ O\LQJ EHWZHHQ WKH DGMDFHQW
WKH PDIJIQLWXGHYVY RI WKH WZR DGMDFHQW IUHTXHQFLHV D
KDUPRQLFV 7KLV IUHTXHQF\ FDQ FDXVH OHDNDJH ZKLFK L

$GMXVWPHQW RI ))7 1XPEHU IRU % HWWHU )UHTXHQF\ 5

JURP WKH XQGHUO\LQJ SULQFLSOHV RI WKH ))7 EDVHG ")7
HTXDO WR WKH QXPEHU RI GDWD SRLQWYV IRU D FRUUHFW
DQG DPSOLWXGHYVY 7KDW UHTXLUHPHQW LPSOLHV WKDW |
KLIKHU IUHTXHQF\ UHVROXWLRQ +RZHYHU LW KDV EHHQ |



&KDSWHU 'LVFUHWH )RXULHU 7UDQVIRUP DQG /LPLWDW

ODUJHU WKDQ WKH QXPEHU RI GDWD LQ WKH VLIJQDO WR E
WKH ))7 ZRXOG QHHG WR EH VFDOHG E\ WKH UDWLR R I\
VLIQDO > @

8VvVLQJ WKH VLPXODWHG VLIJQDO LQ WKH TUHTXHQF\
VHWWLQJ WKH IIW QR WR 7KH QXPEHU RI VDPSOHG G
IDFWRU IRU WKH DPSOLWXGH LV )LJ VKRZV WKH

))7

JUHTXHQF\ 6SHFWUXP RI WKH 6LPXODWHG 6LJQDL

)LJ JUHTXHQF\ VSHFWUXP E\ ))7 IIW QR ! 1

7TKH KDPPLQJ ZLQGRZ LQ LV IXUWKHU DSSOLHG WR \
VLPXODWHG VLIJQDO )LJ VKRZV WKH IUHTXHQF\ VSHFW



&KDSWHU 'LVFUHWH )RXULHU 7UDQVIRUP DQG /LPLWDW

JUHTXHQF\ 6SHFWUXP RI WKH 6LPXODWHG 6LJQDO

)LJ JUHTXHQF\ VSHFWUXP E\ ))7 IIW QR ! 1 XVLQ.

W FDQ EH VHHQ WKDW WKH FRPELQDWLRQ RI XVLQJ D
KDUPRQLF VLIQDO DQG FRQGXFWLQJ WKH ))7 E\ XVLQJ D
VDWLVIDFWRU\ KDUPRQLF DQDO\VLYVY UHVXOWYV

, QVWDQWDQHRXYVY 3KDVH (VWLPDWLRQ

‘Y7 LV DEOH WR SUHVHUYH WKH SKDVH LQIRUPDWLRQ RI D
VLIQDO LQ ZLWK SKDVH DQJOH LQWURGXFHG DV IROOF

| WERWLW FRV L W f FRV U W f FRV W
FRV U W f

7KH IV LV VHW DV 0222)0] WKH VLIJQDO OHQJWK LV V D
,Q RUGHU WR KDYH D IUHTXHQF\ UHVROXWLRQ RI +] WK
VFDOLQJ IDFWRU IRU WKH DPSOLWXGH LV )LJ V k



&KDSWHU 'LVFUHWH )RXULHU 7UDQVIRUP DQG /LPLWDW

3KDVH 6SHFWUXP RI WKH 6LPXODWHG 6LJQDO

)L J 3KDVH VSHFWUXP E\ ))7 1IW QR ! 1

, W FDQ EH VHHQ WKDW WKH SKDVH HVWLPDWLRQ LV QRW
WKH KDPPLQJ ZLQGRZ LQ DSSOLHG )LJ VKRZV WKI

)LJ 3KDVH VSHFWUXP E\ ))7 1IW QR ! 1 XVLQJ +|



&KDSWHU 'LVFUHWH )RXULHU 7UDQVIRUP DQG /LPLWDW

, W FDQ EH VHHQ WKDW WKH SKDVHV HVWLPDWHG DUH EHW

DFKLHYH D EHWWHU SKDVH HVWLPDWLRQ WKH I1IW QR X\

SRLQWYV XVHG LV WKHUHIRUH HTXDO WR DQG WKH PLQI
VKRZV WKH SKDVH VSHFWUXP E\ ))7

3KDVH 6SHFWUXP RI WKH 6LPXODWHG 6LJQDO

)LJ 3KDVH VSHFWUXP E\ ))7 I1IW QR 1 XVLQJ +1

7TDEOH VKRZVY WKH FRPSDULVRQ RI WKH SKDVH HVWLP
GLITHUHQW VLIJQDO GDWD QR DQG ZLWK RU ZLWKRXW KDP

7DEOH &RPSDULVRQ RI SKDVHV HVWLPDWHG
(VWLPDWHG 3KD(/\{-|W(I-]_|I?|\|]DWHG 3KD\(UW|E;|;||§WHG 3KDVH G H.
6 HW 6 HW 7 Vv 7 v
)Ui‘lTXHQ3FK\DVH $QJ.%|‘\|ND IHQJIWK IDV7VD I/QHQJWK "DWD /HQJIWK
] GHJ ))7 QR N7 Q ))7 QR

+DPPLQJ ZLQGRZ



&KDSWHU 'LVFUHWH )RXULHU 7UDQVIRUP DQG /LPLWDW

, W FDQ EH VHHQ IURP 7DEOH WKDW ZLWK D VXIILFLHQ
QXPEHU RI GDWD SRLQWYV LV HTXDO WR WKH UHTXLUHG 11V
WKH SKDVHV HVWLPDWHG E\ ))7 LV YHU\ DFFXUDWH 2Q WI
ZLQGRZ DQG XVLQJ D ODUJHU IIW QR ZRXOG LPSURYH WK
WKH SKDVHVY HVWLPDWHG DUH VWLOO HUURQHRXYV

&RQFOXVLRQ

SHULRGLFLW\ RI WKH VLIJQDO LV DVVXPHG ZKHQ LPSOHPI
VXLWDEOH IRU DQDO\ILQJ VWDWLRQDU\ VLIQDOV )XUWKH!
DFKLHYH D KLJK ITUHTXHQF\ UHVROXWLRQ 7KH IUHTXHQF
QXPEHU RI SRLQWYV LQ WKH ")7 ZKLFK LQ WXUQ LV WR EH
7KH ")7 QXPEHU FDQ EH VHW WR D GHVLUDEOH YDOXH WR
LQ UHIJDUGOHVYV RI WKH QXPEHU RI VLIQDO GDWD 7KH D
ZRXOG QHHG WR EH VFDOHG E\ WKH UDWLR RI WKH ")7 QX
WKH DPSOLWXGHY RI WKH KDUPRQLFV HVWLPDWHG DUH QF
KDUPRQLFV HVWLPDWHG E\ WKLV PHWKRG ZRXOG H[KLELW

) XUWKHUPRUH WKH '")7 DVVXPHV WKDW WKH SHULRG RI W
ZLQGRZ ,I WKH WLPH ZLQGRZ FRQWDLQV D IUDFWLRQ RI F
GLVFRQWLQXLWLHY DW ZLQGRZ HGJHV ZRXOG UHVXOW LQ
EH XVHG WR JHW ULG RI WKH DEUXSW HGJHV E\ PDNLQJ W
XVH RI ZLQGRZLQJ DQG WKH FKRLFH RI ZLQGRZV UHTXLUH
WR EH ZLQGRZHG ,I WKH FKRVHQ IUHTXHQF\ UHVROXWLRQ
WKH KDUPRQLFV LQ WKH VLIQDO SLFNHW IHQFH HIIHFW 2
KDUPRQLF IUHTXHQFLHV HVWLPDWHG ZRXOG EH DIIHFWHG



&KDSWHU

&RQWLQXRXV :DYHOHW 7UDQVIRUP
$QDO\VLV

 QWURGXFWLRQ

7KLY &KDSWHU GHVFULEHY D QHZ DSSURDFK IRU KDUPRQI
ERQWLQXRXY :DYHOHW 7UDQVIRUP &:7 ZKLFK GRHV QRW
KDUPRQLF DQDO\VLV 7KH &:7 LV XVHG WR WUDQVIRU
WLPH IUHTXHQF\ UHSUHVHQWDWLRQ %RWK WLPH LQIRUF
FROQOWDLQHG LQ WKH ZDYHOHW FRHIILFLHQWYV

ILPLWDWLRQV RI '")7 IRU +DUPRQLFV $QDO\VLV

')7 DVVXPHV WKDW WKH VLJQDO LV LQILQLWHO\ ORQJ DQ
VLIJQDO H[LVWV LQ UHDO OLIH )RU D UHDO WLPH VLJQDO
KDUPRQLF DQDO\VLV 7KHUHIRUH ZLQGRZLQJ LV QRUPDOC
7LPH )RXULHU 7UDQVIRUP :LWK WKH ZLQGRZLQJ DSSURDF
SHULRG RI WKH VLJQDO ZRXOG UHSHDW LWVHOI RXWVLGH
DQG SRVLWLYH LQILQLW\

7R GLVWLQJIJXLVK WZR VLQXVRMGWHRIHBWLXHQFLM\KH 2DLQQA
PXVW QRW EH OHVV WKDQ RQH F\FOH RI WKH EHDW IUHTXH

B BB
B V

7KH TUHTXHQF\ UHVROXWLRQ RI WKH ")7 LQ GHWHFWLQJ



&KDSWHU ERQWLQXRXYV :DYHOHW 7UDQVIRUP DQG +DUP

UHODWHG WR ')7 QXPEHU ZKLFK LV EH GHWHUPLQHG E\ W
VLIQDO DV JLYHQ LQ L H

1 701V

7TKHUHIRUH WKH ITUHTXHQF\ UHVROXWLRQ LV JLYHQ E\

Vv

7[1V7

JRU H[DPSOH ZLWK 7 V WKH IUHTXHQF\ UHVROXWLRQ L\
VWHS VL]H RI +] RQO\

2QH RI WKH WHFKQLTXHYV WR LQFUHDVH WKH IUHTXHQF\ UH
PXOWLSOH RI WKH '")7 QXPEHU FDOFXODWHG IURP 7 DQG 1V
EH VFDOHG DFFRUGLQJO\ 7KDW ZRXOG LQFUHDVH WKH 11U
WKH DPSOLWXGH ZRXOG QRW EH LPSURYHG PXFK $ ODUJEG
WR DFKLHYH KLJK TUHTXHQF\ UHVROXWLRQ

7KH SRZHU VXSSO\ DXWKRULW\ GHFODUHYV WKDW WKH QRPI
YDULDWLRQ * L H IURP +] WR +] IRU VRPH FRXQWUL
+] WKH IUHTXHQF\ UHVROXWLRQ UHTXLUHV D PLQLPXP

%YHFDXVH Rl SHULRGLFLW\ UHTXLUHPHQW RI WKH '")7 IUH
IUHTXHQFLHV LV XQDYRLGDEOH 7KH XVH RI D WLPH ZLQC
ZRXOG UHGXFH WKH HGJLQJ HIIHFW <HW WKH FKRLFH R
SURSHUWLHYV RI WKH WLPH VLIJIQDO WR EH DQDO\]JHG

, W FDQ EH VHHQ WKDW WKH VHOHFWLRQ RI ")7 QXPEHU R
DQG D SURSHU ZLQGRZ VKDSHV ZRXOG KDYH SURIRXQG |
FDQQRW EH GRQH DSSURSULDWHO\ ZLWKRXW D SULRU NQR



&KDSWHU &RQWLQXRXV :DYHOHW 7UDQVIRUP DQG +DUP

+DUPRQLF ,GHQWLILFDWLRQ XVLQJ &RQWLQXRXV :DYHC

7TKH ZDYHOHW WUDQVIRUP RI D FRQWLQXRXV VLIQDO | W

1 X D | SA ?1 WGW S
, D D
7TKH M LQ LV WKH QRUPDOL]DWLRQ IDFARASRW IRV W KHQ Z\R

I D
OHQIJWK WKHQ LWV VFDOHG YHUVLRQ DOVR KDV D XQLW O

7KHUH DUH IRXU ZD\V WR YLHZ WKH LQWHJUDO RSHUDWLRC

LW FRPSXWHV WKH LQQHU SURGXFW RU WKH FURV\

FSD2 laDW VvVXLDW WKHUHIRUH FRPSXWHV WKH pVLPLC

FSD2 IIRU WKH FRPSRQHQW RI IV\SDZ\NKDI\N LV pFRPPRQY

LW LV WKH RXWSXW RI D EDQGSH;\%I\D/Z ILOMIRMULRIS XRVS XK @V

WKH LQ¥YWWDQW

LW DOVR FRPSXWHV WKH LQQHU SURGXFW RU WKH FUR

IDFS WW WK IDIMMN G

LW IROORZV WKDW WKH &:7 LV DOVR WKH RXWSXW RI

IDFS RM LQSXW I DW XOVW WKH LQVWDQW

7KH PDLQ GLVWLQFWLRQ LV WKDW LQ RQH FDVH WKH FUR
ZDYHOHWY DQG LV HTXLYDOHQW WR ILQGLQJ WKH RXWSX)

UHVSRQXDHVIDDQG LQSXW | W ,Q WKH RWKHU VXFFHVVL)Y



&KDSWHU &ERQWLQXRXY :DYHOHW 7UDQVIRUP DQG +DUF

SDVVHG WKURXJK LGHQWLFDO EDQGSDVY ILOWHUV WR JLY
LPSOHPHQW LI WKHUH LV D VLPSOH ZD\ WR VFDOH I W

%DVHG RQ WKLV WKH GLODWLRQ RSHUDWLRQ DQG WKH W
VLPLODULWLHY EHWZHHQ WKH ZDYHOHWY IRU YDULRXV IU
IUHTXHQF\ RI WKH ZDYHOHW DQG DW YDULRXV LQVWDQWYV
DQG WLPH GHSHQGHQW RFFXUUHQFHYVY FDQ EH PHDVXUHG
GLODWLRQV RI WKH UHDO SDUW RI WKH &RPSOH[ ORUOHW .

7LPH VHFRQGV 7LPH VHFRQGYV

)LJ SHDO SDUW R1 &0: IRU YDULRXV VFDO

W FDQ EH VHHQ WKDW XQOLNH 67)7 ZKHUH FKDQJLQJ WKF
RVFLOODWLRQV LQ WKH ZLQGRZ GLODWLRQ RI WKH ZDYH(
WKH QR RI RVFLOODWLRQYVY LQ WKH WLPH ZLQGRZ UHPDLQ
KRZHYHU FKDQJHG DFFRUGLQJO\



&KDSWHU ERQWLQXRXV :DYHOHW 7UDQVIRUP DQG +DUP

ORUHRYHU DW KLJKHU VFDOH D ZKLFK UHSUHVHQWY ORZHI
7TKHUHIRUH WKH KLIJKHU WKH IUHTXHQF\ WKH EHWWHU ZRX

7KH 6HOHFWLRQ RI :DYHOHWV IRU +DUPRQLFV $QDO\VL'

JRU KDUPRQLF DQDO\VLV RQ SRZHU VLIJQDOV WKH PDLQ S|
IUHTXHQFLHYV WKHLU DPSOLWXGHY DQG SKDVH DQJOHYV
PXVW EH XVHG IRU SKDVH GHWHFWLRQ 7KLV LV RQH RI WK
IRU KDUPRQLF DQDO\VLY 7KH VLPSOLILHG &RPSOH[ ORUC
KDUPRQLF DQDO\VLV > @ &0: LV VPRRWK ZLWK KD
UHSUHVHQWHG DV

eeeBREB KRM™ p

7TKH &0: LQ LV HVVHQWLDOO\ D VLQXVRLG PRGXODWH(
DQDO\WLF QDWXUH &0O0: LV DEOH WR VHSDUDWH DPSOLWXG

SURSHUWLHYV RI WKH &RPSOH[ ORUOHW :DYHOHW

6WULFWO\ VSHDNLQJ WKH PHDQ RI WKH VLPSOLILHG &0
LOOXVWUDWHG LQ

+RZHYHU WKH PHDQ RI WKH &0: FDQ EH PDGH DUELWUD!
SDUDPHWHUYV ODUJH HQRXJK > @ )RU H[DPSOH WKH PHL
D O LV [O ZKLFK LV SUDFWLFDOO\ HTXDO WR ]JHUR

PLOQLPXP VHWWLQJ VKRXOG QRW EH VPDOOHU WKDQ IE I F

7KH )7 RI WKH &0: LV JLYHQ DV

S D \IDH IE DI IF



&KDSWHU ERQWLQXRXV :DYHOHW 7UDQVIRUP DQG +DUP

6XEVWLWXWH | LQWR JLYHYV

IDHADMN

$JDLQ WKH )7 RI WKH ZDYHOHW DW QHJDWLYH IUHTXHQF
HIDPSOH ZLWK I D I E DQG IF O JLYHYV

2 O 90H B [O

+RZHYHU SUDFWLFDOO\ VSHDNLQJ WKH &0: LV TXDOLILHG

JLOWHU %DQNYV

)LJ VKRZV WKH ILOWHU EDQNV SURGXFHG IRU WKH &O0:
)LJ JLOWHU EDQNYV E\ &O0:
W FDQ EH VHHQ IURP )LJ WKDW WKH ILOWHU KDV YH

IUHTXHQFLHY 7KH IUHTXHQF\ ORFDOL]DWLRQ LV SRRUHU L



&KDSWHU ERQWLQXRXYV :DYHOHW 7UDQVIRUP DQG +DUP

, Q WKH ZDYHOHW FHQWUH IUHTXHQF\ DW VFDOH D FDQC

7KH +HLVHQEHUJ 8QFHUWDLQW\ 3ULQFLSOH

7KH +HLVHQEHUJ XQFHUWDLQW\ SULQFLSOH DGGUHVVH\
ORFDOL]DWLRQ LQ WLPH DQG IUHTXHQF\ WKDW FDQ EH D\
ORUH SUHFLVHO\ WKH +HLVHQEHUJ XQFHUWDLQW\ SULQF
IXQFWLRQ | W VXFK WKDW

WKH SURGXFW RI WKH VSUHDG LQ WLPH DQG WKH VSUHDG
L H

SW[$FR! 2

, I $W LV WKH VLGH RI D UHFWDQJOH DQG $FR LV WKH RWKH
WKH DUHD RI WKH UHFWDQJOH 7KH UHFWDQJXODU ER]
+HLVHQEHUJ %R[ 7KH +HLVHQEHUJ XQFHUWDLQW\ SULQF
FDQQRW EH FRQFHQWUDWHG VLPXOWDQHRXVO\ LQ WLPH
FDQ EH DFKLHYHG VKRXOG EH DW OHDVW HTXDO WR

WLPH IUHTXHQF\ WUDQVIRUPV LQ VLIJQDO SURFHVVLQJ 7Kl

7KH ILUVW PRPHQW LQ WLPH SURYLGHV D PHDVXUH RI ZK
WLPH D[LV DQG LV GHILQHG DV > @



&KDSWHU ERQWLQXRXV :DYHOHW 7UDQVIRUP DQG +DUP

7KH ILUVW PRPHQW LQ IUHTXHQF\ SURYLGHYV D PHDVXUH
IUHTXHQF\ D[LV DQG LV GHILQHG DV > @

AFR? FR ? G FR

MM[!? GFR
$ PHDVXUH RI WKH GXUDWLRQ RI WKH ZDYHOHW RU WKH VS

M W &S WMIGW
$W 22 I

? SW ? GW

7KLV LV FDOOHG URRW PHDQ VTXDUH UPV GXUDWLRQ RU

7KH UPV EDQGZLGWK LV VLPLODUO\ GHILQHG DV > @

? FR FRR ? FR 2?2 GW
$FR A A
M@FR?GW

+HLVHQEHUJ %R[ RI WKH &RPSOH[ ORUOHW :DYHOHW

JURP WKH ILUVW PRPHQW LQ WLPH RI WKH &0: LV FDC

DQG

RR



&KDSWHU ERQWLQXRXYVY :DYHOHW 7UDQVIRUP DQG +DUP

TKHUHIRUH W 7KH &0: LV FHQWUHG DW JHUR RQ WKH W

7KH VHFRQG PRPHQW LQ WLPH GRPDLQ RI WKH &0: LV FDOF

D AKIE
7KHUHIRUH IURP
D IE
z DI E
A WIE

7KH VSUHDG LQ WLPH LV HTXDO WR

1RZ FRQVLGHU WKH ILUVW PRPHQW LQ IUHTXHQF\ RI WKH &

®?# DFR ? GFR
FR

DQG

?FR? DD ? GD a
FR 9A E



&KDSWHU ERQWLQXRXV :DYHOHW 7UDQVIRUP DQG +DUP

7TKHUHIRUH IURP

7KH &0: KDV D FHQWUH IUHTXHQF\ RI <FD RQ WKH IUHTXHQ

JRU WKH VHFRQG PRPHQW LQ IUHTXHQF\ RI WKH &RPSOH[ O

U 42y DFR D!- WY
?D D! H GFR22 =
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JURP WKHQ
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7TKHUHIRUH WKH VSUHDG LQ IUHTXHQF\ LV JLYHQ DV

[OW X
D E

JURP DQG

| E B
:D- E

$W[$FR

UHYHDOV WKDW WKH &0: KDV WKH VPDOOHVW +HLVEF
Y7 &:7 ZLWK &0: ZRXOG JLYH WKH EHVW WLPH IUHTXHQF\



&KDSWHU ERQWLQXRXV :DYHOHW 7UDQVIRUP DQG +DUP

JURP

°R DA<E PF PFA-E

$ SURSHUW\ RI WKH ZDYHOHW WUDQVIRUP GHVFULEHG E
IUHTXHQF\ $FR LV GHSHQGHQW RQ WKH VFDOH WKH UHC
IUHTXHQF\ UHPDLQV FRQVWDQW IRU D JLYHQ FRF DQG | E
FRQVWDQW 4 IGWHU ,QFUHDVLQJ HLWKHU IE RU FDF LPSI
ZDYHOHW WUDQVIRUP

4 IDFWRU LV GHILQHG DV WKH UDWLR RI WKH FHQWUH IUHT

7KH 4 IDFWRU Rl &0: LV WKHUHIRUH GHWHUPLQHG E\ WK
FHQWUH IUHTXHQF\ IF 7KH 4 IDFWRU KDV D VLJQLILFDQW
ORFDOL]DWLRQ 7KH KLJKHU WKH 4 IDFWRU WKH EHWWHU
SRRUHU WKH WLPH ORFDOL]DWLRQ DQG YLFH YHUVD )UF
QHFHVVDU\ IRU D JHUR PHDQ RI WKH &0: ZKLFK UHTXLUHYV
DGMXVWLQJ WKH 4 IDFWRU DQG WKHUHIRUH WKH | DQG
IUHTXHQF\ ORFDOL]DWLRQ DQG WLPH ORFDOL]DWLRQ DFFR

+HLVHQEHUJ %R[HV RI WKH &RPSOH[ ORUOHW :DYHOHW

JURP WKH ITUHTXHQF\ « RI D VLQXVRLGDO VLJQDO LV
IUHTXHQF\ RI WKH PRWXHLUWXBODYWLWXWH LQWR DQ
U

$P



&KDSWHU &RQWLQXRXV :DYHOHW 7UDQVIRUP DQG +DUP

s W fF-7e FR . 1B
FR FR

JRU D JLYHQ &0: ZLWK D EDQGZLGWK SDUDPHWHU IE DQGC
&0: ODUJH D ZRXOG LQFUHDVH WKH VSUHDG LQ WLPH D
ZKLOH FRPSUHVVLQJ WKH &0: VPDOO D ZRXOG GHFUHDVF
VSUHDG LQ IUHTXHQF\ )LJ VKRZV WKH )OHLVHQEHUJ E

> @

)LJ +HLVHQEHUJ ER[HV RI WKH &O0:

&0: KDV KLJK IUHTXHQF\ ORFDOL]DWLRQ DW ORZ IUHTXHQTF
WKH WLPH ORFDOL]DWLRQ LV FRPSDUDWLYHO\ SRRUHU $
&0: KDV SRRUHU IUHTXHQF\ ORFDOL]DWLRQ DQG D EHWWH
ZDYHOHW LV YHU\ VXLWDEOH IRU SRZHU GLVWXUEDQFH
IUHTXHQF\ DQG D YHU\ VKRUW GXUDWLRQ ZKLOH SRZHU k
ORQJHU

JURP ZLWK D IL[HG EDQGZLGWK $FR IRU DOO IUHTXHC
& ?

$FR R FRQVWDQW
?DIFR7HE



&KDSWHU &RQWLQXRXY :DYHOHW 7UDQVIRUP DQG +DUP

ZKLFK UHTXLUHYV WKDW
2 FRQVWDQW D
FR Q Q
JURP D IL[HG EDQGZLGWK $FR ZRXOG JLYH D FRQVWD!
$W FRQVWDQW
$R ° Q

7KH FHQWUH IUHTXHQF\ FRF RI WKH &0: FDQ EH DGMXVYV
IUHTXHQF\ FR IRU KDUPRQLF IUHTXHQF\ GHWHFWLRQ VR W
KDV D FRQVWDQW VSUHDG LQ WLPH DQG IUHTXHQF\ )LJ
&0: DW YDULRXV FHQWUH IUHTXHQFLHV > @

)LJ +HLVHQEHUJ ER[HV RI WKH &0: IRU GLITHUHQ
ORGLILHG &RPSOH[ ORUOHW :DYHOHW ZLWK &RQVWDOQ\
$V VKRZQ LQ DQG )LJ WKH EDQGSDVYV ILOWHUYV

WKH &RPSOH[ ORUOHW :DYHOHW ZRXOG KDYH LQFUHDVLQJ
DFFRUGDQFH ZLWX7KMKWHLMO QWRRUD GHVLUDEOH IHDWXUH IF



&KDSWHU &ERQWLQXRXV :DYHOHW 7UDQVIRUP DQG +DUP

SRZHU KDUPRQLFV IRXQG LQ HOHFWULFDO SRZHU V\VWHF
KLIKHU IUHTXHQFLHV I WKH EDQGSDVYV ILOWHUV XVHG K
IUHTXHQFLHY WKH VPDOO PDJQLWXGHV RI KLIJK TUHTXHQF
WKH PDIJQLWXGHYV RI WKH EDQGSDVYV ILOWHUYV PDNLQJ WK
GLIILFXOW DQG HUURQHRXV W ZRXOG EH GHVLUDEOH WR
WKH ZDYHOHW 7KLV FDQ EH DFKLHYHG E\ PRGLI\LQJ WKH

VOLIJKWO\ ZLWK WKH VFDOLQJ IDFWRU YD FKDQJHG WR

3 H D H D
5 b ulE
7KH )RXULHU WUDQVIRUP RI LV WKHUHIRUH HTXDO WR

$IDI H aO IK DlalF

7KH LPSRUWDQFH RI WKH PRGLILFDWLRQ WR WKH &0: LV V
GLODWLRQV RI WKH PRGLILHG PRWKHU &0: ZRXOG KDYH W
IUHTXHQFLHV )LJ VKRZV WKH ILOWHU EDQNYV JHQHUDW

)LJ J)LOWHU EDQNV RI WKH PRGLILHG &O0:



&KDSWHU &RQWLQXRXV :DYHOHW 7UDQVIRUP DQG +DUP

7KH WLPH VSUHDG DQG IUHTXHQF\ VSUHDG RI WKH PRGLILI
RULJLQDO &O0: LV DGRSWHG IRU WKH VXEVHTXHQW KD

JUHTXHQF\ DQG $PSOLWXGH (VWLPDWLRQ E\ :DYHOHW

*LYHQ D VLIQDO I W UHSUHVHQWHG DV

7TKH ZDYHOHW IXQFWLRQ LQ FDQ EH UHSUHVHQWHG DV

3w J"WOFH

7KH GLODWHG DQG WUDQVODWHG ZDYHOHW IDPLOLHV DUH

& W XH DXJD X- W
3 X-W GD93 D )
ZKHUHFR J %0- W VY‘[FW
D 9 D

7KH ZDYHOHW WUDQVIRUP RI WKH VLIQDO IXQFWLRQ I W L
:$X D A$ "X A~rX?J D>P I"X ° H" & FR °

ZKHUR UHSUHVHQWY WKH )RXULHU 7UDQVIRUP RI WKH IXQ

7KH HUURU WHUP V X !' LQ LV QHJOLJLEOH LI $ W

$FR
YDULDWLRQV RYHU WKH VXSSRUW RI \?L D LQ DQG 1

RQO\ D VLQJOH IUHTXHQF\ WKH FRUUHFWLYH WHUP FDQ E
VLIQDO FRQWDLQLQJ KDUPRQLFV IURP ORZ IUHTXHQF\ W/



&KDSWHU &RQWLQXRXV :DYHOHW 7UDQVIRUP DQG +DUP

FROWULEXWH WR WKH ZDYHOHW FRHIILFLHQWYV PDNLCQ
VWUDLIJKWIRUZDUG

7KH LQVWDQWDQHRXV ITUHTXHQF\ LV PHDVXUHG IURP ZDY
WUDQVIRUP 7KH QRUPDOLVHG VFDORJUDP GHILQHG E\

?Z1 X D
3721 X R al

LVDEOFXODWHG ZLWK

o) WX
3ZI X FR $ XLJ &7%5@ V X FR
D F &

6LQFH _JFR LQ LV PD[LPXP DW FR LI RQH QHJ

WKH VFDORJUDP LV PD[LPXP DW

&4U
2A
D X

FR X X YW [

7KH FRUUHVSRQGLQJ SRLQWV X <« X FDOFXODWHG E\

&0: J W LQ LV D *DXVVLDQ IXQFWLRQ 6LQFH WKH )7
*DXVVLDQ IXQFWLRQ WKH ZDYHOHW ULGJH SORW H[KLELW

2Q0FH WKH KDUPRQLF IUHTXHQFLHYVY FRQWDLQHG LQ WKH |
ZDYHOHW ULGJHV WKH FRUUHVSRQGLQJ KDUPRQLFV DPSO

1 X D 2
Ma3Zl X & ol X D
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&KDSWHU ERQWLQXRXV :DYHOHW 7UDQVIRUP DQG +DUP

7KH YDOXHV RI LQ DUH SURGXFHG LQ WKH SURTF
D
LWK WKH 0&0: VXJJHVWHG LQ ZKHUH WKH GLODWHG
/1L IME.IG
. H 10 H D
D DAWIE

WKH DPSOLWXGH FDQ EH FDOFXODWHG GLUHFWO\ DV

$ X ?Z1 X D ?

7KLY LV DQRWKHU UHDVRQ IRU DGRSWLQJ WKH 0&O0:

7KH ZDYHOHW ULGJHV SORW LV FXVWRPDULO\ SURGXFHG |
HVWLPDWLRQ LW ZRXOG EH PRUH FRQYHQLHQW WR JHQH
IUHTXHQF\ 7KLV ZLOO EH GLVFXVVHG LQ &KDSWHU

&RQFOXVLRQ

7KH VLPSOLILHG &RPSOH[ ORUOHW :DYHOHW LV FKRVHQ IR
IRU KDUPRQLF DQDO\VLYV , W LV DEOH WR H[WUDFW U]
LQIRUPDWLRQ IURP WKH VLIQDO 7KH VLPSOLILHG &
VLQXVRLG PRGXODWHG *DXVVLDQ IXQFWLRQ ZLWK D VPRF
VXLWHG IRU KDUPRQLF DQDO\VLVY $V ORQJ DV WKH 4 IDFW
I F! 4! WKH 6LPSOLILHG &RPSOH[ ORUOHW :DYHOHW
SUDFWLFDO VHQVH

7KH VLPSOLILHG &RPSOH[ ORUOHW :DYHOHW KDV WKH VPI
DEOH WR DFKLHYH WKH EHVW WLPH IUHTXHQF\ ORFDOL]DW
ZDYHOHW FDQ EH FRQWUROOHG E\ WKH 4 IDFWRU ZKLFK 1
SDUDPHWHU DQG WKH FHQWUH IUHTXHQF\ RI WKH VLPS
KDUPRQLF VLIJQDOV DUH QRUPDOO\ RI HTXDO IUHTXHQF\



&KDSWHU ERQWLQXRXYV :DYHOHW 7UDQVIRUP DQG +DUPF

QRUPDOO\ XVHG IRU KDUPRQLF DQDO\WLVY D FRQVWDQW V
DOVR EH FRQVWUXFWHG E\ DSSURSULDWHO\ YDU\LQJ WK
DFFRUGDQFH ZLWK WKH KDUPRQLF IUHTXHQF\ WR EH GHWH

7KH VLPSOLILHG &RPSOH[ ORUOHW :DYHOHW LV IXUWKHU |
IRU DOO GLODWLRQV VR WKDW WKH HUURUV LQ GHWHFWLC
UHGXFHG

:DYHOHW ULGJHV DUH XVHG WR H[WUDFW IUHTXHQF\ LQ!
FRHIILFLHQWYV > @ 7KH DPSOLWXGHV RI KDUPRQLFV DI
JHOQHUDWLQJ WKH VFDORJUDP



&KDSWHU

7KH 8VH RI ORGLILHG &RPSOH[ ORL
IRU +DUPRQLFV $QDO\VLYV

 QWURGXFWLRQ

$V GLVFXVVHG LQ 6HFWLRQ D VHW RI IUHTXHQF\ ILOV
GLODWLRQV RI WKH 0&0: 7KH ILOWHU EDQNY DUH *DXVVLD
GRPDLQ 'HSHQGHQW RQ WKH ILOWHU SDUDPHWHUV DGML
LQ IUHTXHQF\ GRPDLQ (UURUV ZRXOG EH SURGXFHG LQ V
VLIQDOV FRQWDLQ IUHTXHQFLHV LQ FORVH SUR[LPLW\ 7KI
RI WKH 0&0: ITURP WKH SHUVSHFWLYH RI ILOWHU EDQNYV IR

4 )DFWRU DQG WKH 6KDSH RI WKH ORGLILHG &RPSOH[ O

7KH WLPH ZLGWK RI WKH 0&0: LV GHSHQGHQW RQ WKH 4 II
GLITHUHQW VHWWLQJYVY RI FHQWUH IUHTXHQF\ IFDQG EDQG
KDYH WKH VvVDPH VKDSH VDPH RVFLOODWLRQ DQG WLPH Z]
GLITHUHQW I DQG IF YDOXHV )LJ D LV D 0&0: ZLWK
0&0: ZLWK IE IF 9 7KH IF9IE ZKLFK vi VLW THXTLXY DM MRW 9 W IR(
0&0:V $V VHHQ IURP )LJ WKH\ KDYH WKH VDPH WLPH Z



&KDSWHU 7KH 8VH RI ORGLILHG &RPSOH[ ORUOHW :DYHOF

&0 1EIF &OME IF2 L
DIE IF E IEIF O 9
)LJ ORGLILHG EBEDIFZLWK 9
)LJ VKRZV DQRWKHU WERF0&O :VOBUWK UHVSHFWLYHO\

IFONEDOXHV LQ ERWK 0&0:V DUH WKH VDPH DQG DUH HTXD
0&0:V DUH HIDFWO\ WKH VDPH

D IE IF E IEIF
)LJ ORGLILHG &0: ZLWK IE IF
&RPSDULQJ )LJ DQG LW FDQ EH VHHQ WKDW D ODU.

ORQJHU GXUDWLRQ $V HVWLPDWHG LQ 6HFWLRQ WKH



&KDSWHU 7KH 8VH RI ORGLILHG &RPSOH[ ORUOHW :DYHO

'LVFULPLQDWLRQ RI $GMDFHQW )UHTXHQFLHYV

7KH 0&0: LV GHILQHG DV
{QIH,

7KH )7 RI WKH 0&0: IXQFWLRQ LV

7KH ZDYHOHW ILOWHUVY SURGXFHG E\ GLODWLRQV DOO

FRHIILFLHQWY SURGXFHG IRU KLJK ITUHTXHQF\ VLJQDO Z
PDLQOREH KHLJKW )LJ VKRZV WKH SORW RI )RXULHU
ZLWK FHQWUH I UHTXHQFLHV RI IFDL DQG IFD UHVSHFWLY

$VVXPH WKDW I DQG | UHSUHVHQW WKH IUHTXHQFLHV RI
HDFK RWKHU 7KH I DQG | DUH UHSUHVHQWHG LQ )LJ

WR GLVFULPLQDWH WKH WZR KDUPRQLF IUHTXHQFLHV WK
DSDUW VXIILFLHQWO\ > @

=
Q:

JUHTXHQF\ +]

)LJ ORGLILHG &0: ILOWHUV ZLWK IF | I



&KDSWHU 7KH 8VH RIORGLILHG &RPSOH[ ORUOHW :DYHOF

/IHW [ EH WKH LQWHUVHFWLRQ RI WKH WZR ILOWHUV IRU WK

&RQVLGHU WKH IUHTXHQF\ IL ILUVW E\

D21 [ H |F

VR WKDW IURP

6LPLODUO\ IRU IUHTXHQF\ I E\
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&KDSWHU 7KH 8VH RI ORGLILHG &RPSOH[ ORUOHW :DYHO

6XEVWLWXWLQJ IRU DL DQG D

" 8 M + I /¢ $
JURP 4M0"... t, "
6XEVWLWXWLQJ LOQWR JLYHYV

4 UIF-1T W I S Q [ ~ 11

7KHUHIRUH IRU WKH ILOWHU EDQNV WR EH DEOH WR GLVF
Rl WKH PRGLILHG &0: VKRXOG VDWLVI\ WKH FRQGLWLRQ |
VPDOO DV SRVVLEOH IRU DFFXUDWH KDUPRQLF IUHTXHQF
GHSHQG RQ

WKH UHODWLYH DPSOLWXGHV RI WKH KDUPRQLFV
WKH DFFXUDF\ UHTXLUHG LQ WKH DPSOLWXGH HVWLPD\

$ KLIJK 4 IDFWRU UHTXLUHV D ORQJ WLPH VLJQDO IRU |
VHOHFWLRQ RI WKH [ YDOXH ZRX0OG WKHUHIRUH QHHG WR
EH XVHG IRU DQDO\VLV W LV IRXQG WKDW | LV VX
DPSOLWXGH GHWHFWLRQ LI WKH DPSOLWXGHYVY RI DGMDFH

MOQ 2 O
IURP HDFK RWKHU ZKLFK JLYHV



&KDSWHU 7KH 8VH RI ORGLILHG &RPSOH[ ORUOHW :DYHO

&RQVLGHU D VLIJQDO ZLWK IUHTXHQF\ FRPSRQHQWYV RI +
DPSOLWXGH )URP

ZKLFK UHTXLUHV WKDW IE DQG IF

%\ XVLQJ WKH ZDYHOHW ULGJHV SORW GLVFXVVHG LQ 6H

ULGJHVY SORW 7KH GHWHFWHG IUHTXHQFLHY DUH H[DFWO\

DPSOLWXGH HVWLPDWHG IRU +] LV HIDFW WKH DPSOLW:
ZKLFK LV QHJOLJLEO\ VPDOO

)LJ 'DYHOHW ULGJHV SORW IRU +] DQG +] IF
LWK WKH IF9IE = | F ZKLFK LV VPDOC
ULGJHV SORW LV VKRZQ LQ )LJ 7KH ITUHTXHQF\ HVWLI

DPSOLWXGH HVWLPDWHG IRU +] LQFUHDVHV WR



&KDSWHU 7KH 8VH RI ORGLILHG &RPSOH[ ORUOHW :DYHO}

5LGJHVY 30RW 6KRZLQJ "HWHFWHG J)UHTXHQFLHYV

)LJ :DYHOHW ULGJHV SORW IRU +] DQG +]

)LJ DQG )LJ VKRZ WKH ZDYHOHW ULGJHVY SORW IRU
I F IFOIE UHVSHFWLYHO\ %RWK WKH IUHT?
HIKLELW ODUJH HUURUV ,Q )LJ D VLQJOH IUHTXHQF\ L

DYHUDJH RI WKH WZR KDUPRQLF IUHTXHQFLHY LQ WKH VLJ

cc%ote Z'— "' f-F..-<o% "I —Fe.cte

yLJ 'DYHOHW ULGJHV SORW IRU +] DQG +] |



&KDSWHU 7KH 8VH RIORGLILHG &RPSOH[ ORUOHW :DYHOI

)LJ ‘DYHOHW ULGJHV SORW IRU +] DQG +] |

W FDQ EH VHHQ WKDW WKH YDOXH RI [ VHOHFWHG KDV
DPSOLWXGH DQG IUHTXHQF\ HVWLPDWLRQV

7KH 6DPSOLQJ J)UHTXHQF\

,Q DFFRUGDQFH ZLWK WKH FODVVLFDO VLIJIQDO SURFHVVL
WZLFH WKH KLIKHVW IUHTXHQF\ FRPSRQHQW LQ WKH VLJQ
GHILQHG DV HTXDO WR KDOI RI WKH VDPSOLQJ IUHTXHQF\

$V FDQ EH VHHQ IURP )LJ WKH ILOWHUV SURGXFHG E\
ZKLFK PD\ FDXVH DOLDVLQJ LI WKH VDPSOLQJ IUHTXHQF\
GLODWHG 0&0: )URP

I B 1 F 9L

D D L7



&KDSWHU 7KH 8VH RI ORGLILHG &RPSOH[ ORUOHW :DYHOF

/IHW WKH KLJKHVW IUHTXHQF\ 1Q WKDW WKH ILOWHU SUR(
JLYHQ DV

T D D L
0 !
LWK 2 2 LQ E\ VHWWLQJ I+ DV WKH I\TXLVW IUHTXHG
D I'F
/!
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[ 2
v |
w IF LIE
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SURYLGHYVY DQ HVWLPDWLRQ RI WKH PLQLPXP VDPSOL
GHSHQGHQW RQ WKH 4 IDFWRU RI WKH 0&0: 7KH KLJKHU W
PLQLPXP VDPSOLQJ IUHTXHQF\ $V GLVFXVVHG LQ 6HFWLF

WHUP IF9IE VKRXOG QRW EH VPDOOHU VC\S(%DQ DQQ URLPN K F

IF9IE ! DV GLVFXVVHG LQ 6HFWLRQ IURP

7TKHUHIRUH ZLWK FRPSOH[ &:7 WKH VDPSOLQJ IUHTXHQF
KLIKHVW KDUPRQLF IUHTXHQF\ LQ WKH KDUPRQLF VLJQDO
IF9IE WKH ORZHU ZRXOG EH WKH PLQLPXP VDPSOLQJ IUHTX

&RQVLGHU | +] [ lE IF WKH PLQLPXP VDPSOLC(



&KDSWHU 7KH 8VH RI ORGLILHG &RPSOH[ ORUOHW :DYHO

"KHQ IE IF WKH ILOWHU EDQGZLGWK LV PXFK QDUUF
PLQLPXP VDPSOLQJ IUHTXHQF\ IURP LV

AE?0Q O
| V1 E +]
Q L -RR

7TKHUHIRUH WKH ILOWHU KDV D PXFK QDUURZHU IUHTXHQF\

&RQVLGHU D VLIQDO FRQWDLQLQJ +] ZLWK DPSOLWXGH
HTXDO WR WKH PLQLPXP VDPSOLQJ IUHTXHQF\ LV GHWHU

I V! E +] ZKHUH IE IF

7KH DFWXDO VDPSOLQJ IUHTXHQF\ XVHG LV +] 7KH ILU
+] 7KH ZDYHOHW ULGJHV SORW LV VKRZQ LQ )LJ
FRPSRQHQW LV DFFXUDWH 7KH GHWHFWLRQ RI WKH +] V

)LJ :DYHOHW ULGJHV SORW IRU +] DQG +] |



&KDSWHU 7KH 8VH RIORGLILHG &RPSOH[ ORUOHW :DYHO

LWK WKH VDPSOLQJ IUHTXHQF\ LQFUHDVHG WR +] WK
+] 7KH ZDYHOHW ULGJH SORW LV VKRZQ LQ )LJ W
DPSOLWXGHYV RI +] DQG +] HVWLPDWHG DUH YHU\ DFFXI

yLJ 'DYHOHW ULGJHV SORW IRU +] DQG +]

7LPH :LQGRZ

, W LV D FRPPRQ XQGHUVWDQGLQJ WKDW WKH ODUJHU WHK
XQGHU DQDO\WLV WKH EHWWHU ZRXOG EH WKH HVWLPDW
KDUPRQLFV 2Q WKH RWKHU KDQG IRU WLPH HYHQW ORFD
EHWWHU ZRXOG EH WKH ORFDOL]DWLRQ RI WKH WLPH HYH!

7KH PLQLPXP WLPH ZLQGRZ OHQJWK LV FRQWUROOHG E\ V
WR DFKLHYH D PHDQ J]HUR YDOXH $V HVWLPDWHG LQ 6HF
OHVV WKDQ LQ RUGHU WKDW WKH 0&0: VKRXOG KDYH S

JURP WKH VSUHDG LQ WLPH BWWKH 0&0: LV JLYHQ D\



&KDSWHU 7KH 8VH RI ORGLILHG &RPSOH[ ORUOHW :DYHOF

6LQFH IURM /
|

$W K8 x /B

&RQVLGHU IE IF | +] ZKLFK JLYHV $W Vo )LJ
LPDJLQDU\ SDUW RI WKH 0&0: ,W FDQ EH VHHQ WKDW ZLW
FRQWDLQHG LQ WKH *DXVVLDQ IXQFWLRQ ZRXOG QRW GHF(

D UHDO SDUW E LPDJLQDU\ SDUW
)LJ ORGLILHG &0: ZLWK $W Vv
JURP WKH PHDQ YDOXH RI WKH PRGLILHG &0: LQ
a~a 0O | E M -F a | |1
2H D H D GW:2H K F
p DiE
0 WKH LQWHJUDO LV H[WHQGLQJ WR QHJDWLYH DQG

IRU D SHULRG RI $W RQO\ VKRZV WKDW



&KDSWHU 7KH 8VH RI ORGLILHG &RPSOH[ ORUOHW :DYHO
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7KH PHDQ YDOXH RI WKH 0&0: IRU WKH GXUDWLRQ RI $W 1
EH VHHQ WKDW WKH UHTXLUHPHQW RI JHUR PHDQ YDOXH L
WLPH VSUHDG RI WKH 0&0: LV KHQFH QRW VXIILFLHQW D
WKDW WKH PHDQ YDOXH RI WKH 0&0: LV FORVH WR JHUR

JURP OHW

ZKHUH E LV D IDFWRU XVHG WR DGMXVW WKH WLPH VSUHD

7TDEOH VKRZV WKH WLPH ZLQGRZ ZLGWK DQG WKH PHDC
YDOXHV
7TDEOH 7LPH ZLQGRZ OHQJWK DQG PHDQ YDOXH F
E 7LPH :LQGRZ /HQJWK WHFARQGVOXH RI 0&0:
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&KDSWHU 7KH 8VH RIORGLILHG &RPSOH[ ORUOHW :DYHOF

W FDQ EH VHHQ IURP 7DEOH WKDW DW E WKH 0&0:
7TKHUHIRUH WKH WLPH ZLGWK 7 RI WKH 0&0: LV GHWHUPLC

IF- I E

, W VKRXOG EH QRWHG WKDW ZKHQ YHU\ DFFXUDWH HVWLP
UHTXLUHG D ODUJHU YDOXH RI E LV WR EH XVHG $ ORQJF
EH XVHG ZKLFK LQ WXUQ UHTXLUHYV D ORQJ WLPH VLJQDO
WKHUHIRUH ORQJHU

:LWK D VKRUWHU WLPH OHQJWK RI WKH PRGLILHG &0: KI
HVWLPDWHG DFFXUDWHO\ +RZHYHU WKH DPSOLWXGHYV HVV

&RQVLGHU WKH KDUPRQLF VLIQDO VKRZQ LQ )LJ KDY
DQG +] UHVSHFWLYHO\ ERWK DUH RI XQLW DPSOLWXGH

)LJ 6LPXODWHG VLIQDO KDUPRQLFV DW +]



&KDSWHU 7KH 8VH RIORGLILHG &RPSOH[ ORUOHW :DYHOL

,Q RUGHU WR GLVFULPLQDWH WKH WZR KDUPRQLF IUHTXHQ

I 7 1L

7KH SDUDPHWHUV RI WKH 0&0: DUH FKRVHQ DV IE IF
0&0: LV SUDFWLFDOO\ |JHUR 7KH IDFWRU IF9IE LV HTXDO WEF

7KH VDPSOLQJ IUHTXHQF\ LV GHWHUPLQHG DV IURP

v E o o +]
$ VDPSOLQJ IUHTXHQF\ Rl  +] LV FKRVHQ 7KH PLQLPXP V
IURP
71 A+
yLJ VKRZV WKH ZDYHOHW ULGJHV SORW RI WKH VLJ

DPSOLWXGHY HVWLPDWHG DUH H[DFWO\ HTXDO WR WKH VL

)LJ :DYHOHW ULGJHVY SORW IRU +] DQG +] IV






&KDSWHU 7KH 8VH RI ORGLILHG &RPSOH[ ORUOHW :DYHO

yLJ ‘:DYHOHW ULGJHV SORW IRU +] DQG +] 1V

3KDVH (VWLPDWLRQ

7KH 0&0: JLYHQ LWV DQDO\WLF QDWXUH FDQ SUHVHUYH
FROQOWLQXRXYV ZDYHOHW WUDQVIRUP ZRXOG SURGXFH FRP
FRPSOH[ ZDYHOHW FRHIILFLHQWY DUH SUHVHQWHG LQ
FRHIILFLHQW KDV D SKDVH DQJOH 7KH SKDVH LQIRUPDWL
LV WHUPHG pLQVWDQWDQHRXV SKDVHY (DFK VDPSOHG GD
FRHIILFLHQW UHODWHG WR LW

JRU D KDUPRQLF VLIQDO ZKLFK FRQWDLQV KDUPRQLF IUH
EHWZHHQ DQ\ WZR KDUPRQLFV FKDQJHV RYHU WLPH &RQV

Y $, FRV FRI
Y $RVFRI

7KHLU SKDVH GLIIHUHQFH DW DQ\ WLPH W LV

=Y =Y R W M FRIWR W



&KDSWHU 7KH 8VH RIORGLILHG &RPSOH[ ORUOHW :DYHOF

, Q WKH SKDVH GLIIHUHQFH KDV WZR WHUPV 7KH IL
GLITHUHQFH EHWZHHQ WKH WZR VLQXVRLGY DQG LV D IXC
SKDVH GLIITHUHQFH DW WLPH W DQG LV D FRQVWDQW SK

SKDVH GLIITHUHQFHT

7KH PDLQ SXUSRVH LV WR HVWLPDWH WKH pLQLWLDO SKD'
EDVHG RQ 0&0: 7KLV LV DFWXDOO\ WKH SKDVHV RI WKH K
DW WKH ZDYHOHW FRHIILFLHQW IRU WKH ILUVW GDWD RI
VLIQDO RI IUHTXHQF\ FR DQG DQ LQLWLDO SKDVH DQJOH
REWDLQHG IURP WKH ZDYHOHW FRHIILFLHQW DW WLPH W
WR E\

Z FRW
Z PW

$OVR WKH WLPH W LV UHODWHG WR WKH GDWD VDPSOH Q E

7TKBHIRUH IURP DQG

Za?

9 IV -

7KH LQLWLDO SKDVH DQJOH L H WKH SKDVH DQJOH RI
LV

4 ul 2
‘3iTM

7KH LQLWLDO SKDVH DQJOH RI WKH KDUPRQLF VLIQDO L\



&KDSWHU 7KH 8VH RIORGLILHG &RPSOH[ ORUOHW :DYHO'

ZDYHOHW FRHIILFLHQW DW Q w W LV WKHUHIRUH
ZDYHOHW FRHIILFLHQW JHQHUDWHG IURP WKH &:7 WR HVW
KDUPRQLFV LQ WKH VLIQDO

+RZHYHU DV ZLOO EH GLVFXVVHG LQ 6HFWLRQ WKH H
FRHIILFLHQWY DW WKH ERXQGDULHV RI WKH VDPSOHG VLJC
QRW UHSUHVHQWDWLYH RI WKH KDUPRQLFVY FRQWDLQHG L
ZKLFK DUH VXIILFLHQWO\ DzZzD\ IURP WKH HGJHV RI WKH VI
SKDVH HVWLPDWLRQ

JURP WKH LQLWLDO SKDVH GLIITHUHQFH EHWZHHQ DQ\

7TKHUHIRUH WKH LQLWLDO SKDVH GLIIHUHQFH FDQ EH HYV
FRHIILFLHQWY DW DQ\ SRVLWLRQ Q DV ORQJ DV Q LV VX
VXIJIJHVWHG WKDW WKH ZDYHOHW FRHIILFLHQW JHQHUDWH
VLIQDO VKRXOG EH XVHG IRU WKH SKDVH HVWLPDWLRQ

W VKRXOG EH QRWHG WKDW WKH LQLWLDO SKDVH GLIIHU
ZKHWKHU WKH KDUPRQLF VLIJIQDO LV UHSUHVHQWHG DV D F

&RQVLGHU WKH KDUPRQLF VLIJQDOV

|l WFRV Q \W f D

| VN W f E

D UHSUHVHQWY D KDUPRQLF VLJQDO DV D FRVLQH IXQ
VLIJQDO DV D VLQH IXQFWLRQ

J)RU D E\ XVLQJ &:7 EDVHG RQ WKH PRGLILHG &0: W
XVLQJ LV f 6LPLODUO\ IRU E WKH LQLWLDO SKI



&KDSWHU 7KH 8VH RI ORGLILHG &RPSOH[ ORUOHW :DYHOF

, W FDQ HDVLO\ EH VHHQ WKDW
VLQ WIFRV> FRW?
f @
7TKHUHIRUH IRU f

VLQ : f  FRVAIW f f > FRV ..\W f

7KH &:7 KDV D SUHVXPSWLRQ WKDW WKH KDUPRQLF VLJQELC
7KLV H[SODLQV ZK\ WKH LQLWLDO SKDVH HVWLPDWHG E\

1RZ FRQVLGHU D VLIJQDO WKDW LV UHSUHVHQWHG DV

I W FRV Uu L f FRV Uuo L f
7KH VvLIJQDO LV VDPSOHG DW IV +] ZLWK D VDPSOHG V
RI WKH 0&0: LV IE IF )LJ VKRZV WKH ZDYHOHW ULC

EDVHG RQ 0&0:



&KDSWHU 7KH 8VH RIORGLILHG &RPSOH[ ORUOHW :DYHOF

)LJ :DYHOHW ULGJHV SORW IRU +] DQG +] 1V
7TKH LQVWDQWDQHRXY SKDVHVY HVWLPDWHG DW +] DQG
E UHVSHFWLYHO\ 7KH HVWLPDWHG SKDVHV REWDLQF}
EHWZHHQ “W W FDQ EH VHHQ LQ )LJ WKDW WKHUH D
DQG WKH HQG RI WKH SKDVH SORWYV 7KLV LV GXH WR WKl
GLVFXVVHG LQ 6HFWLRQ

D +] E +]
yLJ 3KDVH SORWV IRU +] DQG +]
7DEOH FRPSDUHV WKH HVWLPDWHG LQLWLDO SKDVHYV

VLPXODWHG VLIQDO W FDQ EH VHHQ WKDW WKH LQLWLEL
0&0: DUH H[IDFWO\ HTXDO WR WKH LQLWLDO SKDVHV RI WKF

7TDEOH &RPSDULVRQ RI HVWLPDWHG SKDVHV DQC
JUHTXHO®HW o LWRHNDRWDRHRY, 35 RY M
+ ] 3KDVH &RHIILFLHQW WW&DO 3KDVH
UDG UDG UDG
f f f
UDG UbDG UDG

f f f



&KDSWHU 7KH 8VH RIORGLILHG &RPSOH[ ORUOHW :DYHO

1RZ FRQVLGHU D YROWDJH ZDYHIRUP DQG D FXUUHQW ZI
UHVSHFWLYHO\

Y FRV A W f D

LMW FRV Uu L f E

%RWK ZDYHIRUPV KDYH WKH VDPH IUHTXHQF\ 7KH VLJQDC

VDPSOHG VLJQDO OHQJWK R V 7KH SDUDPHWHUV RI WK
)LJ VKRZV WKH ZDYHOHW ULGJHV SORW IRU WKH WZR 7
D YROWDJH E FXUUHQW

)LJ :DYHOHW ULGJHV SORW RI YROWDJH DQG F
7TDEOH FRPSDUHV WKH HVWLPDWHG SKDVH GLIITHUHQFH

DQG FXUUHQW VLIJQDOV W FDQ EH VHHQ WKDW WKH SKI
DOJRULWKP LV YHU\ DFFXUDWH

7DEOH (VWLPDWHG SKDVH GLIITHUHQFH EHWZHHQ YF
S9ROWDJH &XPUHQW 3KDVH 'LITHUHQFH
6HW ,QLWLDO 3KDVH fGHJ f f

(VWLPDWHG ,QVWDQWDQHRXV ¢ ¢
3KDVH GHJ

JRU KDUPRQLF DQDO\VLVY LW LV QRW SDUWLFXODUO\ XVHI






&KDSWHU 7KH 8VH RI ORGLILHG &RPSOH[ ORUOHW :DYHO

VXIILFLHQWO\ IDU DZD\ IURP WKH VLIJIQDO HGJHV VKRXOG
KDUPRQLFY 7KH SKDVH GLIITHUHQFH EHWZHHQ DQ\ WZR KD
FDOFXODWHG HDVLO\ IURP DQ\ ZDYHOHW FRHIILFLHQWYV D?
HITHFW

JURP WKH XQGHUO\LQJ SULQFLSOHV RI WKH FRPSOH[ &:7 D
LW FDQ EH VHHQ WKDW WKH VXJJHVWHG KDUPRQLF DQDC
IUHTXHQF\ FRPSRQHQWY LQ D VLIJQDO LQFOXGLQJ VXE KD



&KDSWHU

:DYHOHW %DVHG $OJRULWKP IRU +

, QWURGXFWLRQ

$V ZLWK PDWKHPDWLFDO WRROV XVHG WR LQYHVWLJDWH ¢
LVVXHVY PXVW EH WDNHQ LQWR FRQVLGHUDWLRQ ZKHQ
DOJRULWKP 7KHUH LV QR H[FHSWLRQ ZLWK WKH FDVH RI
WUDQVIRUP 7KH UHVXOWY REWDLQHG PXVW EH YLHZHG
DQDO\WLV PHWKRG XVHG 7KHVH OLPLWDWLRQV VWHP IUF
GLVFUHWH QDWXUH RI WKH GDWD WKH ILQLWH UHVROXWL

ZDYHOHW XVHG WKH GLVFUHWL]DWLRQ DQG QXPHULFDO F
&RPSOH[ &:7 ,PSOHPHQWDWLRQ E\ ))7

7KH FRPSXWDWLRQ RI WKH &:7 FDQ VLPSO\ EH SHUIRUPH
WUDQVIRUP LQWHJUDO %HFDXVH RI WKH VKLIWLQJ SURSH
DW D JLYHQ VFDOH LV D FRQYROXWLRQ LQWHJUDO EHWZH
IXQFWLRQ DW WKH JLYHQ VFDOH 7KHUHIRUH WKH EDVLF C
FRQYROXWLRQ LQWHJUDOV SDUDPHWULVHG E\ WKH VFDOF
VORZ EHFDXVH RI ODUJH QXPEHU RI PXOWLSOLFDWLRQV
'KHQ WKH FRQYROXWLRQ DOJRULWKP LV FRQGXFWHG E\ |
YHU\ VORZ $V FRQYROXWLRQ LQ WLPH GRPDLQ EHFRPHV |
LV FRPSXWDWLRQDOO\ HFRQRPLFDO WR UHSODFH RQH FRQC
DQG DQ ,')7 E\ XVLQJ WKH ))7 7KH SURSRVHG :7 EDVHG
WKHUHIRUH LPSOHPHQWHG E\ ))7 ZLWK LQ WKH ODWODE VF



&KDSWHU:DYHOHW %DVHG $OJRULWKP )RU +DUPRQLFV $QDC

)LJ VKRZV WKH IORZ FKDUW RI WKH FRPSXWDWLRQD ¢
FRHIILFLHQWYV E\ ))7 > @

)LJ JORZ FKDUW IRU WKH FRPSXWDWLRQ RI ZDYH(

$GDSWLYH 6HWWLQJV RI ORGLILHG &O:

$V GLVFXVVHG LQ 6HFWLRQ WKH GHWHFWLRQ RI KDUPR
EH HIITHFWHG E\ GLODWLQJ D 0&0: RI D JLYHQ FHQWUH IUF
IMTE 7KH GLVDGYDQWDJHYV ZLWK WKLV DSSURDFK DUH ILUVYV
IRU ORZ KDUPRQLF IUHTXHQF\ ZKLFK UHTXLUHV D YHU\ OF
WLPH LV DOVR YHU\ ORQJ 6HFRQGO\ WKH ZDYHOHW FRHII
VXEMHFW WR FRPSXWDWLRQ HUURUV 7KLUGO\ WKH IUHTX
KDUPRQLF ITUHTXHQF\ LV SRRU )RU KDUPRQLF DQDO\VL
PDLQWDLQ DSSUR[LPDWHO\ FRQVWDQW IUHTXHQF\ UHVRO
IUHTXHQFLHV 7KLV LV DFKLHYHG E\ DGDSWLQJ WKH FHQ
KDUPRQLF IUHTXHQF\ WR EH DQDO\JHG ZLWK WKH EDQGZ
YDOXH RI WKH FHQWUH ITUHTXHQF\ IF LV JRYHUQHG E\ WKF
DGMDFHQW IUHTXHQFLHY DQG WKH KDUPRQLF ITUHTXHQF\
EHORZ



&KDSWHUDYHOHW %DVHG $OJRULWKP )RU +DUPRQLFV $QDC

&RPSXWDWLRQDO 6HWWLQJV

$V GLVFXVVHG LQ 6HFWLRQ WKH VHWWLQJV RI WKH |
VHSDUDWLRQ IUHTXHQF\ EHWZHHQ DGMDFHQW IUHTXHQFLH

ZKHUH IL DQG I DUH WKH IUHTXHQFLHY RI WZR DGMDFHQ\

7KH SDUDPHWHUV I DQG IF RI WKH 0&0: ZRXOG GHSHQG R
IUHTXHQFLHV LQ WKH KDUPRQLF VLIQDO /HW WKH VHS
IUHTXHQFLHYV LV UHSUHVHQWHG DV IVHS DQG WKH KLJKH

VLIQDO LV UHSUHVHQWHG DV IQ /HW IL I+ WKHQ | | +
) A | + - ++ | -V WH S
a vHb
?
| + IVHS
| F-7E\
I WH3
IFYLIEI IQ\ A
HS \
BA?0O
ZKHUH QI
%\ SXWWLQJ | LQ WKHQ \ a DQG EHFR
I F LIE !
? VHs

LV YDOLG RQO\ ZKHQ I+ ! IVHS 7KLV UHTXLUHPHQW L\
IUHTXHQF\ GHWHFWLRQ ZKHUH WKH KDUPRQLF IUHTXHQF
IUHTXHQF\ 7KH IXQGDPHQWDO IUHTXHQF\ LV HLWKHU



&KDSWHU:DYHOHW %DVHG $OJRULWKP )RU +DUPRQLFV $QD!

LQWHU KDUPRQLF UHTXLUHY D VPDOOHU IVHS VR WKDW V
VXE KDUPRQLFV GHWHFWLRQ WKH H[SHFWHG VHSDUDWLRC(

WKH UHTXLUHPHQW LQ LY DOVR IXOILOOHG
8VLQJ IE WKHQ EHFRPHYV
I H I
? - VHS
JURP WKH PLQLPXP VDPSOLQJ IUHTXHQF\ WR DYRLG D
=\
(Y 6 I D E
I F\>1E
6XEVWLWXWLQJ LQWR
| 08
(Y, I A
9.K+alV\A-Hs
a
|
1V
I D I H 3
$W KLIJIK KDUPRQLF IUHTXHQFLHV IQ!! IVHS EHFRPHYV
1V I+

ZKLFK DJUHHV ZLWK WKH FODVVLFDO VDPSOLQJ WKHRUHP

JURP WKH PLQLPXP WLPH ZLQGRZ OHQJWK RI WKH 0¢
DPSOLWXGH GHWHFWLRQ LV HVWLPDWHG E\

7 MBD

ZKHUH I/ LV WKH ORZHVW KDUPRQLF IUHTXHQF\ LQ WKH KD



&KDSWHU DYHOHW %DVHG $OJRULWKP )RU +DUPRQL

, QI
JURP ©9 | 'L TEKHUHUP
Y $a 2
/HW IM  NIDQGVHS DQG \ LQ WKHQ EHFRPHV
I O I W VHBV
| 0
I VHS
?
I IO IVHS
(0] )
9 1wms
I F MI E A I
?1VHS
6XEVWLWXWLQJ LQWR
21 61F-.

.IVHS3 |

, W LV ORJLFDO WKDW WKH PLQLPXP VLIQDO WLPH OHQJV
IUHTXHQF\ LQ WKH KDUPRQLF VLIJQDO )URP WKH PLQL
GHSHQGHQW RQ WKH VHSDUDWLRQ IUHTXHQF\ EHWZHHQ L
ZLWK WKH FRPPRQ XQGHUVWDQGLQJ > @ WKDW WKH FC
I[UHTXHQFLHYV WKH ORQJHU WKH VLIQDO OHQJWK LV UHTXIL

) XUWKHUPRUH FRQVLGHU LI IVHS © I/RU I/ RR LQ

| R@ 2 02\ ZLWK \

9 vus \VIVHS

WHOOV WKDW ZKHQ WKH VHSDUDWLRQ IUHTXHQF\ EH



&KDSWHUDYHOHW %DVHG $OJRULWKP )RU +DUPRQLFV $QDO

ZKHQ WKH KDUPRQLF IUHTXHQFLHYV DUH YHU\ KLJK WKH W
RQO\

&RQVLGHU WZR DGMDFHQW KDUPRQLF IUHTXHQFLHV RI
VHSDUDWHG DSDUW E\ +] JLYHYV

7TKHUH WLPH ZLQGRZ OHQJWK LV SUDFWLFDOO\ GHSHQGHQ'

&RQVLGHU D KDUPRQLF VLJQDO FRQWDLQLQJ KDUPRQLFV

IUHTXHQF\ VHW DV +] )LJ VKRZV WKH PLQLPXP WLF
IUHTXHQFLHYVY DW D VHSDUDWLRQ IUHTXHQFLHV IVHS RI
UHVSHFWLYHO\ ,Q \ LV VHW DV W LV HYLGHQW \

PLQLPXP WLPH VLIQDO OHQJWK LV PDLQO\ GHWHUPLQHG E

JUHTXHQF\ +]

)LJ 5 HODWLRQVKLS EHWZHHQ VLIQDO OHQJWK D



&KDSWHU :DYHOHW %DVHG $OJRULWKP )RU +DUPRQLFV

JRU KDUPRQLF VLJQDOV FRQWDLQLQJ RQO\ LQWHJHU KDUJ
IUHTXHQFLHYV ZRXOG EH VHW DV +] $ WLPH VLJQDO OHQJ

GHWHFWLQJ KDUPRQLF IUHTXHQFLHV KLJKHU WKDQ +]
VXIILFLHQW )URP ZLWK \ LQ
7 IRUI/! +]
Yl VHS

, I D KDUPRQLF VLIQDO FRQWDLQV LQWHU KDUPRQLFV LW
IUHTXHQF\ WR +] )J)RU VXE KDUPRQLFV GHWHFWLRQ LW

Ia VHS

$ IXUWKHU FRQVLGHUDWLRQ IRU WKH VHWWLQJ RI WKH PL
OHQJWK LV WKDW IRU DFFXUDWH LQLWLDO SKDVH HVWLP
VIPPHWU\ RI WKH 0&0: WKH QXPEHU RI GDWD XVHG LQ W
QXPEHU ,Q RWKHU ZRUGV WKH SURGXFW RI WKH WLPH St
EH DQ HYHQ QXPEHU DQG LQFOXGLQJ WKH GDWD DW W
DQ RGG QXPEHU

6FDOH 3RSXODWLRQ
ODWKHPDWLFDOO\ WKH &:7 LQFOXGHYV DOO VFDOHV RYHU
SRLOQW RI YLHZ WKH FRPSXWHG VFDOHVY VKRXOG LQFOXGHI
+RZHYHU WKHUH LV DOVR D SUDFWLFDO XSSHU DQG ORZ
KLIKHVW I UHTXHQF\ WKDW FDQ EH DQDO\]HG DQG WKH QXTI
EH DQDO\]HG > @

OLQLPXP 6FDOH

JROORZLQJ WKH SURRI LQ



&KDSWHUDYHOHW %DVHG $OJRULWKP )RU +DUPRQLFV $QDC

JURP

DQG WDNH WKH VDPSOLQJ IUHTXHQF\ LQWR DFFRXQW

7KH PLQLPXP VFDOH DSSHDUV ZKHQ WKH VLIJQDO IUHTXHQ|

D PLQ Lmer U ¢

7TKHUHIRUH

a1\
DPLQ FF

0
| F\
DPLQ a =ID
IFLIE
\
D PLQ al D

7KLV LV WKH VPDOOHVW VFDOH WKDW FDQ EH XVHG ZLWKR

8VLQJ IE DQG \ EHFRPHYV

[

TPL® IF

DPLQ A 2IF



&KDSWHUDYHOHW %DVHG $OJRULWKP )RU +DUPRQLFV $QDC

6LQFH IURP ZLWK VDPSOLQJ IUHTXHQF\ WDNHQ LQWR L
D 2 | Vv
|
6XEVWLWXWLQJ LQWR
NoE 1 aE
| -&
| V R <
9 LE

7TKHUHIRUH DV ORQJ DV WKH UHTXLUHPHQW IRU PLQLPXF
PLQLPXP VFDOH IRU DYRLGLQJ DOLDVLQJ FRXOG EH VDWLYV

OD[LPXP 6FDOH

&RQVLGHU WKH SURFHVV RI GLVFUHWH FRQYROXWLRQ ZlI
QXPEHU RI SRLQWY :KHQ D FRQYROXWLRQ DW D VDPSOH
FHQWHUHG DW WKDW VDPSOH DQG WKH YDOXH RI WKH FR(
SRLOQWYV EHIRUH DQG DIWHU WKH VDPSOH SRLQW W LV FO
WKH WUXH GLVFUHWH FRQYROXWLRQ EHWZHHQ WKH VLJQ
XVLQJ WKH ))7 WR SHUIRUP FRQYROXWLRQ WKH FRQYF
FROQOWULEXWLRQV WKDW DUH ORFDWHG DW WKH RSSRVLW
MZUDS DURXQGY SRLQWV )XUWKHUPRUH DV WKH VFDOH L
WR HDFK VLGH RI WKH ZDYHOHW FHQWUH DOVR LQFUHDVH
LQFUHDVHY ZLWK WKH VFDOH 7KHVH SRLQWYVY GR QRW UF
VKRXOG QRW EH XVHG LQ VXEVHTXHQW DQDO\VLV :LWK C
ZDYHOHW FRHIILFLHQWY DUH ZUDS DURXQG SRLQWYV

$ VXIILFLHQW ORQJ WLPH ZLQGRZ OHQJWK RI WKH ZDYHO

FHQWUDO SRUWLRQ RI ZDYHOHW FRHIILFLHQWY QRW FRQV

XVHIXO LQIRUPDWLRQ 7KH PLQLPXP WLPH ZLQGRZ OHQJ\
DV



&KDSWHUDYHOHW %DVHG $OJRULWKP )RU +DUPRQLFV $QDOC

IF- 1T E
K

7

JURP D 2 DQG IURP
| L

GHWHUPLQHV WKH PD[LPXP VFDOH WKDW FDQ EH XVH
HITHFWYV

'LODWLRQ 6WHSYV

$V GLVFXVVHG LQ 6HFWLRQ WKH &:7 LV WKH SURFHVV |
WKH KDUPRQLF VLIQDO ZLWK ZDYHOHWYVY SURGXFHG E\ W
ZDYHOHW $V WKH FRPSXWDWLRQ SURFHVV LV FRQGXFWHC
DQG WKH KDUPRQLF VLIJQDOV DUH GLJLWL]JHG DQG WKH F
7KH &:7 VKRXO0OG EH WHUPHG P LVFUHWLVHG &:791 DEEUHY
E\ VFDOH GLODWLRQ RQFH WKH PLQLPXP VFDOH DQG PL
IN\TXLVW IUHTXHQF\ DQG WKH WLPH ZLQGRZ OHQJWK UHVSE
FRQGXFWHG LQ DFFRUGDQFH ZLWK WKH GLODWLRQ VWHS \

7KH GLODWLRQ VWHS VL]H RI WKH VFDOHV IRU WKH ' &:
IUHTXHQF\ GHWHFWLRQ 7KH VPDOOHU WKH GLODWLRQ VW
IUHTXHQF\ GHWHFWLRQ +RZHYHU ZLWK D YHU\ ILQH GLO
ZRXOG EH YHU\ ORQJ DQG WKH ZDYHOHW FRHIILFLHQWYV
6LOQFH WKH UHODWLRQVKLS EHWZHHQ WKH VFDOH DQG WK

JLYHQ 1V +1 +] DQG IF WKHQ D



&KDSWHUDYHOHW %DVHG $OJRULWKP )RU +DUPRQLFV $QDO

,Q RWKHU ZRUGY WKH VFDOH GLODWLRQ VKRXOG KDYH D
+] ,1 WKH DFWXDO GLODWLRQ VL]H LV WKH KDUPRQLF
D DQG WKH KDUPRQLF IUHTXHQF\ LV HVWLPDWHG DV +]

7R RYHUFRPH WKLV SUREOHP IRU KDUPRQLF ITUHTXHQF\
GHWHUPLQH WKH UHTXLUHG ITUHTXHQF\ UHVROXWLRQ WK
DFFRUGLQJO\ E\ IRU WKH UHTXLUHG IF

%\ WKLV GLODWLRQ DSSURDFK WKH IUHTXHQF\ UHVROXYV
IUHTXHQF\ UDQJHV W LV GHVLUDEOH WR KDYH D ILQH IUF
D FRPSDUDWLYHO\ PRUH FRDUVH IUHTXHQF\ UHVROXWLRQ

$VVLIQPHQW RI )UHTXHQF\ %DQGYV

$V LW LV GHVLUDEOH WR KDYH D ILQH ITUHTXHQF\ UHYV
FRPSDUDWLYHO\ PRUH FRDUVH IUHTXHQF\ UHVROXWLRQ I/
FDQ EH GLYLGHG LQWR IUHTXHQF\ EDQGV )RU HDFK ITUHT X
WKH ITUHTXHQFLHV FRQWDLQHG LQ WKH IUHTXHQF\ EDQG
UHVROXWLRQ 7KH IE LV ILIHG DQG VHW DV 7KH FRU
UHDGLO\ IRU HDFK IF JHQHUDWHG IURP HDFK IUHTXHQF\ LC
UHVSHFWLYHO\

| O 2 2lyys >l vus |

7KLY DSSURDFK DOVR DOORZV D SDUWLFXODU IUHTXHQF\
EH XVHG IRU HDFK I[UHTXHQF\ EDQG +RZHYHU WKH IUHTXH
WR DYRLG KDYLQJ KDUPRQLF ITUHTXHQFLHV IDOO EHWZHI
IUHTXHQF\ UHVROXWLRQ DQG IUHTXHQF\ VHSDUDWLRQ EI
DSSOLHG WR DOO KDUPRQLF IUHTXHQFLHY DVVLIQPHQW F

VKRZV WKH IORZFKDUW RI WKH GHFRPSRVLWLRQ DFFR
VKRZV WKH VXJJHVWHG DVVLIQPHQW RI IUHTXHQF\ EDQGYV



&KDSWHU :DYHOHW %DVHG $OJRULWKP )RU +DUPRQLFYV

)LJ JORZ FKDUW VKRZLQJ :7 GHFRPSRVLWLRQ
7TDEOH $VVLIQPHQW RI IUHTXHQF\ EDQGYV

%DQG +] +]

%DQG +] +]

»DQG +] +]

»DQG +] +]

% DQG +]

%DQG +1] +1]

(IWUDFWLRQ RI )UHTXHQF\ ,QIRUPDWLRQ E\ :DYHOHW 5

$V GLVFXVVHG LQ 6HFWLRQ WKH IUHTXHQF\ LQIRUPDYV
E\ ZDYHOHW ULGJHV SORW FDOFXODWHG IURP WKH FRPS(
FRPSOH[ :7 2QFH WKH KDUPRQLF IUHTXHQFLHV RI WKH VL,
DPSOLWXGHY DQG LQLWLDO SKDVH DQJOHV ZRXOG EH FRP
RI WKH HVWLPDWLRQ RI KDUPRQLF IUHTXHQFLHY DPSOLW.



&KDSWHUDYHOHW %DVHG $OJRULWKP )RU +DUPRQLFV $QDC

)LJ JORZ FKDUW IRU HVWLPDWLQJ IUHTXHQF\ DPS

(GJH %RXQGDU\ (IIHFW

7KHRUHWLFDOO\ WKH :7 LQWHJUDO H[WHQGV IURP QHJDW
LQ ,Q SUDFWLFH H[SHULPHQWDO GDWD VHWYV DUH ILC
ZDYHOHW DQDO\VLV RI D ILQLWH GDWD VHW LV WKDW DV
SDUWV RI LW EHJLQ pVSLOO RYHUY WKH HGJH 7KLV FUHD
FORVH WR WKH ERXQGDU\ RI WKH VLJQDO DUH WDLQWHG
HGJH 7KH DIIHFWHG UHJLRQ LQFUHDVHV LQ H[WHQW DV
LQFUHDVHY /DUJH ZDYHOHW FRHIILFLHQWY DUH UHDOL]H
ZKLFK LQFUHDVHV LQ H[WHQW DV WKH VFDOH D LQFUHDVH
NQRZQ DV WKH H&RQH RI ,QIOXHQFHTY > @ 7KH H[WHQV
WKH VFDOH D LH LW LV SURSRUWLRQDO WR WKH WHPSF
FRQH ERXQGDULHV DW HLWKHU HQGV RI WKH VLJQDO G
LQIOXHQFHG E\ WKH VLJQDO HGJHV ,I| WKH VLJQDO OHQJ
LQIOXHQFH ZRXOG QRW DIIHFW DOO WKH ZDYHOHW FRHIIL
IRXQG DW WKH FHQWUH SRUWLRQ RI WKH ZDYHOHW FRHIIL

&RQVLGHU D KDUPRQLF VLJQDO FRQWDLQLQJ D IXQGDPH
HTXDO WR DQG D KDUPRQLF IUHTXHQF\ DW +] DQG RI
SDUDPHWHU LV FKRVHQ DV IE IF 7KH VDPSOLQJ IUHT
VKRZV WKH ZDYHOHW ULGJHV SORW DQG )LJ VKRZV Wk
IUHTXHQFLHYV



&KDSWHU:DYHOHW %DVHG $OJRULWKP )RU +DUPRQLFV $QDC

f 1Z2t- <t%te 2'-

)LJ :DYHOHW ULGJHV SORW IRU +] DQG

)LJ $PSOLWXGHV SORW IRU +] DQG +]

W FDQ EH VHHQ WKDW DW +] ZKHUH WKH VFDOH D XVHC
HITHFWYVY DUH PRUH HYLGHQW 7KLV LV XQGHUVWDQGDEOFE
ORQJHU WLPH ZLGWK RXWVLGH WKH VLIJQDO ZLQGRZ W
FRPSXWLQJ WKH VFDORJUDP RQO\ ZDYHOHW FRHIILFLHQ\



&KDSWHU:DYHOHW %DVHG $OJRULWKP )RU +DUPRQLFV $QD¢

ODUJH ZDYHOHW FRHIILFLHQWY DW WKH HGJHV ZRXOG QRW

(YHQ ZLWK WKH ERXQGDU\ HIITHFW WKH DPSOLWXGH HVWLF
VLIQLILFDQW I WKH WLPH VLIQDO XVHG LV QRW VXIILFLH
HYVWLPDWHG DPSOLWXGH DW WKH FHQWUH SRUWLRQ RI WK

&RQFOXVLRQ

,Q WKLV &KDSWHU D SUDFWLFDO FRPSXWDWLRQ DOJRUL
EDVHG RQ FRPSOH[ &:7 7KH SURSRVHG UDQJH RI KDUPRQ
GLYLGHG LQWR IUHTXHQF\ EDQGYVY 7KH DGYDQWDJHV DUH
EHWZHHQ DGMDFHQW I|UHTXHQFLHV GLITHUHQW GLODWL
IUHTXHQF\ EDQG VR WKDW FRPSXWDWLRQ WLPH ZRXOG EH

W LV SURYHG WKDW ERWK WKH KDUPRQLF ITUHTXHQFLHYV
EHWZHHQ DGMDFHQW KDUPRQLF ITUHTXHQFLHYVY ZRXOG DI
VDPSOLQJ IUHTXHQF\ $ FRPSXWDWLRQ IRUPXOD IRU WKH
IUHTXHQF\ ZLWKRXW DOLDVLQJ LV SURSRVHG 7TKH VL
PDWKHPDWLFDOO\ E\ FRQVLGHULQJ WKH ORZHVW KDUPF
IUHTXHQF\ EHWZHHQ DGMDFHQW KDUPRQLF IUHTXHQFLHV
IUHTXHQFLHV KLJKHU WKDQ +] WKH PLQLPXP VLIJQDO W
E\ WKH VHSDUDWLRQ IUHTXHQF\ EHWZHHQ DGMDFHQW IUHT

JXUWKHUPRUH WKH DFFXUDF\ LQ KDUPRQLFV DPSOLWXGH
VLIQDO OHQJWK XVHG LQ WKH KDUPRQLF DQDO\VLV $ Ol
ORQJHU FRPSXWHU WLPH D FRPSURPLVH VKRXOG EH UHD
WKH KDUPRQLFVY DPSOLWXGHV HVWLPDWLRQ DQG WKH FR
SDUDPHWHUYV RI WKH 0&0: VKRXOG DOVR EH EDVHG RQ WK
DQG WKH UHTXLUHG IUHTXHQF\ VHSDUDWLRQ EHWZHHQ DG

7KH GHWHFWLRQ RI WKH LQLWLDO SKDVHV RI KDUPRQLFV
XVHG LQ WKH :7 EDVHG HVWLPDWLRQ DOJRULWKP VKRXOG
SURGXFW RI WKH WLPH SHULRG DQG WKH VDPSOLQJ IUHTX



&KDSWHUDYHOHW %DVHG $OJRULWKP )RU +DUPRQLFV $QDC

2Q WKH VHWWLQJ RI GLODWLRQ VFDOHV WKH PLQLPXP VF
VDPSOLQJ IUHTXHQF\ 7KH PD[LPXP VFDOH WR EH VHW LV
VXJIJHVWHG WKDW LQVWHDG RI GLODWLQJ WKH 0&0: E\ LQI
FRQYHQLHQW DQG DFFXUDWH IRU KDUPRQLFVY DQDO\VLV V
GLODWLRQ IURP WKH UHTXLUHG IUHTXHQF\ UHVROXWLRQ

7R DYRLG WKH HGJH HIIHFW IURP EOXUULQJ WKH XVHIXO L
LV VXJIJHVWHG LQ ERWK IUHTXHQF\ LQIRUPDWLRQ H[WUDF
GbDwb bW WKH FHQWUH SRUWLRQ RI WKH ZDYHOHW FRHIILF



&KDSWHU

$SSOLFDWLRQ 6WXGLHV

 QWURGXFWLRQ

7KH GHYHORSPHQWY LQ &KDSWHU DQG DUH LQWHJUL
KDUPRQLF DQDO\VLYVY LQ &KDSWHU ,Q WKLV &KDSWHU W
DQDO\VLV RI VIQWKHVL]J]HG KDUPRQLF VLJQDOV IRU YDOL
DQDO\VLV RI ILHOG KDUPRQLF VLIQDOV 7KH ILUVW WZR |
FXUUHQWY WR D WKUHH SKDVH YDULDEOH VSHHG GULYH
+] DQG +] UHVSHFWLYHO\ 7KH WKLUG ILHOG KDUPRQLF
D VLQJOH SKDVH FLUFXLW ZKLFK LV VXSSO\LQJ SRZHU WI
EXOE IOXRUHVFHQW OXPLQDULHV FRPSOHWH ZLWK HOH
FRPSUHVVRU PRWRU ')7 EDVHG DOJRULWKP LPSOHPHQWH
WHVWYV IRU VIQWKHVL]HG KDUPRQLF VLIJQDOV DQG ILHOG K

,Q bOO WKH WHVWYVY WR EH SUHVHQWHG EHORZ WKH GHFI
EDQGY DQG WKH VDPH IUHTXHQF\ UHVROXWLRQ LV EHLQJ

6\QWKHVL]HG +DUPRQLF 6LJQDO $QDO\VLYV

7KUHH WHVWYV IRU VIQWKHVL]HG KDUPRQLF VLIQDO DQDC
:7 EDVHG DOJRULWKP LV EHLQJ WHVWHG ZLWK D V\QWE
VXE KDUPRQLFYV ,Q WKH VHFRQG WHVW WKH :7 EDVHG
VIQWKHVL]HG KDUPRQLF VLIQDO FRQWDLQLQJ LQWHU KDL
:7 EDVHG DOJRULWKP ZLWK D VIQWKHVL]HG KDUPRQLF VI
YHU\ VPDOO DPSOLWXGH 7KH UHVXOWYV REWDLQHG IURP



&KDSWHU $SSOLFDWLRQ 6WXGLHYV

WKH UHVXOWYV IURP '")7 EDVHG DOJRULWKP

6WDWLRQDU\ +DUPRQLF VLIQDO ZLWK 6XE KDUPRQLF'

7KH KDUPRQLF VLIQDO FRQWDLQV WKH VXE KDUPRQLF FRP

7DEOH 6 XE KDUPRQLFV LQ VIQWKHVL]HG VL
+DUPRQLF oo o o 3KDVH $QJOH
JUHTXHQF\ +] GHJ

7KH ZDYHIRUP RI WKH VIQWKHVL]J]HG KDUPRQLF VLIJQDO LV

)LJ :DYHIRUP RI VIQWKHVL]HG VXE KDUPRQLI



&KDSWHU $SSOLFDWLRQ 6WXGLHV

JURP 7DEOH WKH KLIJIKHVW KDUPRQLF ITUHTXHQF\ LV
IUHTXHQF\ IVHS LV VHW DV +] 7KH PLQLPXP VDPSOLQJ |
OHQJWK DUH GHWHUPLQHG DV IROORZV )URP WKH

HVYWLPDWHG DV

| A [

+]
I A vulsV I

7KH VDPSOLQJ IUHTXHQF\ LV VHOHFWHG DV +] )J)URP
LV HVWLPDWHG DV

IBOB ?

7KH PLQLPXP VLIQDO WLPH OHQJWK LV VHOHFWHG DV \
UHSUHVHQW WKH KDUPRQLF VLIQDO LQFOXGLQJ WKH GDW

11V 7 V[ +]
)LJ VKRZV WKH ZDYHOHW ULGJHV SORW RI WKH KDU
DPSOLWXGHY SORW DQG )LJ VKRZV WKH SKDVH SORWYV

)LJ :DYHOHW ULGJHV SORW RI VIQWKHVL]HG VX



&KHOWHU $SSOLFDWLRQ 6WXGLHV

SPSOLWXGH 30RW KDUPRQLF IUHTXHQF\a +] $PSOLWXGH 30RW KDUPRQLF IUHTXHQF\$S +]
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‘DWD 3RP ‘DWD 3RLQW

H +] I +]

)LJ $PSOLWXGHYV SORW RI VXE KDUPRQLF FR



&KDSWHU $SSOLFDWLRQ 6WXGLHV

D +] E +]

3KDVH 3LR KDUPRQLF WUHTXHQF\© +] 3KDVH 30RW KDUPRQLF IUHTXHQF\© +]
3KDVH 30RW KDUPRQLF IUHTXRQF\  +] 3KDVH 30RW KDUPRQLF -WHTXHQF\ — +]

)LJ 3KDVH SORWYV RI VXE KDUPRQLF FRPSR



&KDSWHU $SSOLFDWLRQ 6WXGLHV

$V VHHQ LQ )LJ WKH HGJH HIIHFWV DUH YHU\ REYLRX
SRLQWYV DW ORFDWLRQ ZKLFK LV WKH PLGGOH SRLQW R
LOQLWLDO SKDVHV RI WKH KDUPRQLF IUHTXHQFLHV E\

'Y7 EDVHG DOJRULWKP LPSOHPHQWHG ZLWK ))7 LV DOVR X
VDPH KDUPRQLF VLIQDO 7KH IIW QR XVHG LV ZKLF
IUHTXHQF\ UHVROXWLRQ RI +]

,Q RUGHU WR UHGXFH WKH HIIHFW RI GLVFRQWLQXLWLH
KDPPLQJ ZLQGRZ LV DSSOLHG 7KH +DPPLQJ ZLQGRZ LV FD

+ W F%V\\//

6LQFH WKH IIW QR EHLQJ XVHG LV GLITHUHQW IURP WKH Q

EHFDXVH KDPPLQJ ZLQGRZ LV DSSOLHG WKH DPSOLWXGH)
IRU WKH KDPPLQJ ZLQGRZ DQG E\ WKH UDWLR RI IIW Q

IUHTXHQF\ VSHFWUXP SURGXAHK®REY WKHD @&DYHYV SORW

JUHTXHQF\ 6SHFWUXP RI WKH +DUPRQLF 6LJQDO E\ ))7

yLJ JUHTXHQF\ VSHFEWUXP E\ ))7 Rl VIQWKHVL]HG \



&KDSWHU $SSOLFDWLRQ 6WXGLHV

)LINaz3KDVH SORWYV E\ ))7 RI VIQWKHVL]HG VXE KDU

7KH VXE KDUPRQLFV LQ WKH VIQWKHVL]J]HG VLJQDO HVWLF
DQG WKH '")7 EDVHG DOJRULWKP DUH WDEXODWHG LQ 7DE
'Y7 EDVHG DOJRULWKP DQG :7 EDVHG DOJRULWKP DUH YH
ZRXOG KDYH VPDOO IUHTXHQF\ GHWHFWLRQ HUURU ZKH!
FRPSDUDWLYHO\ VPDOO 2Q DPSOLWXGHV DQG LQLWLDO
DFFXUDWH WKDQ ')7 EDVHG DOJRULWKP

7TDEOH 6XE KDUPRQLFY HVWLPDWHG E\ :7 EDVHG DOJF

6\QWKHVL]JHG :DYHIRUP ,QIRUPDWEBQHG DOJRULWKP 'Y7 EDVHG DOJRULWKP

JUHTXHQ , WLDO 3KBVYKHQ WLDO BKBVXHQ WLDO 3KDVH
] EI\—’SOLWXC:QI-ITG ] fI}’SOLWX8 HJ +] é:ISSOLWX8 HJ



&KDSWHU $SSOLFDWLRQ 6WXGLHYV

6WDWLRQDU\ +DUPRQLF 6LJQDO ZLWK ,QWHU KDUPRQ

7KH KDUPRQLF VLIQDO FRQWDLQYVY LQWHJHU KDUPRQLFV D

LQ 7DEOH 7KH ZDYHIRUP RI WKH VIQWKHVL]HG KDUPRQL
7DEOH ,QWHU KDUPRQLFV LQ VIQWKHVL]HG
)UHTXHQF%PSOLWXG(%_'LWLDO 3KDUHTXHQE}3SOLWX,GQHLWLDO 3KDVH

+] GHJ +] GHJ

+DUPRQLF VLJQDO
7LPH 3HULRG V 6DPSOLQJ )UHTXHQF\ +1]

)LJ :DYHIRUP RI VIQWKHVL]J]HG LQWHU KDUPR(



&KDSWHU $SSOLFDWLRQ 6WXGLHV

*HQHUDOO\ WKH SRZHU VXSSO\ DXWKRULW\ VSHFLILHV WEk
YDULDWLRQ RI * LH “O+] 7KH ORZHVW KDUPRQLF ITUHT
KDUPRQLF VLIJQDO LV WKHUHIRUH +] 7KH :7 EDVHG DOJF
KDUPRQLFV 7KH VW KDUPRQLF PD\ KDYH WKH KLJKHVW
IXQGDPHQWDO IUHTXHQF\ LV +] 7KH PLQLPXP ITUHTXHQF
:7 EDVHG DOJRULWKP LV WKHUHIRUH IURP +] WR +]

7KH PLQLPXP VHSDUDWLRQ IUHTXHQF\ IVHS LV VHW DV +]
DQG WKH PLQLPXP VLIQDO OHQJWK DUH GHWHUPLQHG E\

+] +]

7KH VDPSOLQJ IUHTXHQF\ XVHG VKRXOG QRW EH OHVV WKL

7KH PLQLPXP VLIQDO WLPH OHQJIJWK LV FKRVHQ DV \Y,

,Q RUGHU WKDW WKH QXPEHU RI GDWD UHSUHVHQWLQJ W
VDPSOLQJ IUHTXHQF\ LV FKRVHQ DV +] 7KH QXPEHU
KDUPRQLF VLIQDO LQFOXGLQJ WKH GDWD DW W LV HTXEL

JRU KDUPRQLF IUHTXHQFLHV KLJKHU WKDQ +] WKH VLJ
FRPSXWDWLRQ WLPH 7KH QXPEHU RI GDWD XVHG LV

yLJ\va\ VKRZV WKH ZDYHOHW ULGJHV SORW RI WKH VLJQD
GHWHFWLRQ UHVXOWY RI KDUPRQLF IUHTXHQFLHY DQG Wk
DQJOHY DUH SUHVHQWHG LQ 7DEOH



&KDSWHU $SSOLFDWLRQ 6WXGLHYV

J)LNa\V:DYHOHW ULGJHV SORW RI VIQWKHVL]J]HG LQWH

'Y7 EDVHG DOJRULWKP LPSOHPHQWHG ZLWK ))7 LV DOVR X
VIQWKHVL]HG VLIJQDO UHSUHVHQWHG LQ 7DEOH DQG )LJ
QHFHVVDU\ IRU DFKLHYLQJ D IUHTXHQF\ UHVROXWLRQ R
XVHG WR UHGXFH HGJH HIIHFWYV DQG OHDNDJHV 7KH DPS
IRU WKH KDPPLQJ ZLQGRZ DQG E\ WKH UDWLR RI IIW Q

)LJ VKRZV WKH ITUHTXHQF\ VSHFWUXP RI WKH KDUPRC(

KDUPRQLF ITUHTXHQFLHYV WKHLU UHVSHFWLYH DPSOLWXGH
7TDEOH



&KDSWHU $SSOLFDWLRQ 6WXGLHV

JUHTXHQF\ 6SHFWUXP RI WKH +DUPRQLF 6LJQDO E\ ))7

yLJ JUHTXHQF\ VSHFWUXP E\ ))7 RI VIQWKHVL]HG L
7TDEOH ,QWHU KDUPRQLFV HVWLPDWHG E\ :7 EDVHG DC
6\QWKHVL]HG :DYHIRUP ,QIRUP:OWHMRMHG DOJRULWKP ')7 EDVHG DOJRULWKP
)UHTXHQ&},SOwaghWLDO BLKIH)T/XHHQ&;SOLWX&)II_EWLDO SKBIVTEKHQF, PSOLWXGQI-|'WLDO 3KDVF
+] +] GHJ

(UURUV DUH VKRZQ EROG DQG LWDOLF



&KDSWHU $SSOLFDWLRQ 6WXGLHYV

7KH KDUPRQLF IUHTXHQFLHVY HVWLPDWHG E\ :7 EDVHG DO.
7KH KLIJIKHVW DPSOLWXGH GHWHFWLRQ HUURU IRXQG LV
GHWHFWLRQ HUURU LV

7KH KDUPRQLF IUHTXHQFLHVY HVWLPDWHG E\ ')7 EDVHG DO
+RZHYHU WKH DPSOLWXGHV DQG LQLWLDO SKDVH DQJOH'
HUURQHRXV )RU DPSOLWXGHV GHWHFWLRQ WKH KLJKHV\
SKDVH GHWHFWLRQ HUURU LV DV KLJK DV 7KH HUURL
KDUPRQLFV ZLWK VPDOO DPSOLWXGHY DUH YHU\ VLJQLILFI
7TDEOH WKDW ")7 EDVHG DOJRULWKP LV TXLWH JRRG DW
DV ")7 LV D IUHTXHQF\ GRPDLQ DQDO\VLV WRRO $V :7 L
GRPDLQ DQDO\VLV WRRO LW FDQ EH XVHG WR HVWLPDWH
DFFXUDF\

6WDWLRQDU\ +DUPRQLF 6LJQDO ZLWK (YHQ +DUPRQL/
7KH SXUSRVH RI WKH WHVW LV WR LQYHVWLIJDWH ZKHWKH!
WKH KDUPRQLFV RI YHU\ VPDOO DPSOLWXGH FRPSDUHG \

VLIQDO FRQWDLQV D VXP RI KDUPRQLF FRPSRQHQWYV DV V

7DEOH +DUPRQLFV LQ VIQWKHVL]HG VLJQ]

JUHTXHQF\ +BPPSOLWXGHLWLDO 3KDVH GHJ

7KH ZDYHIRUP RI WKH VIQWKHVL]J]HG KDUPRQLF VLIJQDO LV



&KDSWHU $SSOLFDWLRQ 6WXGLHYV

+DUPRQLF 6LJQDO
7LPH 3HULRG V 6DPSOLQJ )UHTXHQF\ +1]

)LJ :DYHIRUP RI VIQWKHVL]J]HG KDUPRQLFV \

7KH PLQLPXP VHSDUDWLRQ IUHTXHQF\ IVHS LV VHW DV +]
LV GHWHUPLQHG E\ DV IROORZV

+] +]

7KH PLQLPXP VDPSOLQJ IUHTXHQF\ LV FKRVHQ DV +]

JURP ' a

JRU GHWHFWLRQ RI DGMDFHQW IUHTXHQFLHV ZLWK ODUJ
UHTXLUHG 7KH YDOXH RI \ ZRXOG WKHQ EH FDOFXODWHG
DITHFW WKH WLPH OHQJWK UHTXLUHG RI WKH KDUPRQLF VL



&KDSWHU $SSOLFDWLRQ 6WXGLHYV

7KH PLQLPXP VLIQDO WLPH OHQJWK IRU [ E\ DQG
7! va Vv
. I VHS Al /] M [
7KH PLQLPXP VLIQDO WLPH OHQJWK IRU [ E\ DQG
7! \Y,
.1 VHS3 1/ M [

7KH SURSRVHG :7 EDVHG DOJRULWKP LV XVHG WR DQDO\
OHQJIJWKYV RI 7 V DQG V UHVSHFWLYHO\

7KH GHWHFWLRQ UHVXOWY RI KDUPRQLF IUHTXHQFLHV WK
DQJOHV E\ WKH :7 EDVHG DOJRULWKP DUH SUHVHQWHG LQ

'Y7 EDVHG DOJRULWKP LPSOHPHQWHG ZLWK ))7 LV DOVR >
RUGHU WR DFKLHYH D IUHTXHQF\ UHVROXWLRQ R +] W
KDPPLQJ ZLQGRZ UHSUHVHQWHG E\ LV DSSOLHG WR U
WKH ZLQGRZ HGJHY DQG WKH OHDNDJHYV

7KH DPSOLWXGHYVY HVWLPDWHG E\ ))7 DUH VFDOHG E\ I
UDWLR RI IIW QR WR GDWD QXPEHU IRU FRUUHFWLRQ WR V

7KH KDUPRQLF IUHTXHQFLHYVY WKHLU UHVSHFWLYH DPSOL
E\ WKH ))7 DUH SUHVHQWHG LQ 7DEOH



&KDSWHU $SSOLFDWLRQ 6WXGLHV

7TDEGRGRA(YHQ KDUPRQLFV HVWLPDWHG E\ :7 EDVHG DOJRUL!

7LPH 3HULRG v
‘)7 EDVHG DOJRULWKP :7 EDVHG DOJRULWKP
JUHT 3KDVH JUHT 3KDVH
IUHT (USPS (U 3KDVH $PS IUHT (USPS (UB3KDVH (U
+] $PS GHy (U8 ( (%1 GHJ ( ( (
7LPH 3HULRG v
‘)7 EDVHG DOJRULWKP 7 EDVHG DOJRULWKP
JUHT 3KDVH UHT 3KDVH | UhT (USPS (U3KDVH (U
ST ses 3ERTMiunT (uses (U skDVH (b+] sps 30 (USPS ( (

W FDQ EH VHHQ WKDW WKH HVWLPDWLRQ UHVXOWV E\ ")7
WKH VLIJQDO OHQJWK 7KH '")7 EDVHG DOJRULWKP UHTXL!
DFFXUDWH HVWLPDWLRQV ,Q ERWK FDVHV RI 7 V DQC
IUHTXHQF\ GHWHFWLRQ E\ ')7 EDVHG DOJRULWKP DUH VPD
DPSOLWXGH GHWHFWLRQ DUH TXLWH VLIJQLILFDQW DW V|
OHQIJWKV WKH SKDVH DQJOHV HVWLPDWHG E\ '")7 EDVH
XQGHUVWDQGDEOH DV SKDVH DQJOH GHWHFWLRQ LV GF
GHWHFWLRQ DQG DPSOLWXGH GHWHFWLRQ

2Q WKH RWKHU KDQG WKH HVWLPDWLRQ UHVXOWY LQ IUH"
SURGXFHG E\ WKH SURSRVHG :7 EDVHG KDUPRQLF GHWHF\
VIQWKHVL]HG VLIJQDO IRU ERWK 7 V DQG 7 V. $ IUHT
IRXQG DW D KDUPRQLF IUHTXHQF\ RI +] ZLWK VLIJQDO
LOQLWLDO SKDVH GHWHFWLRQ HUURU LV



&KDSWHU $SSOLFDWLRQ 6WXGLHV

$V WKH DPSOLWXGH RI WKH +] KDUPRQLF LV ZKLFI
DPSOLWXGH RI WKH DGMDFHQW +] KDUPRQLF DPSOLW

+] KDUPRQLF DPSOLWXGH WKH UDWLR LV W |
WKH +] KDUPRQLF ZRXOG EH GLVWRUWHG VOLJKWO\ E\ V

%DVHG RQ WKH DERYH DQDO\VLV LW FDQ EH VHHQ WKDW |
D VKRUWHU VLIJQDO IRU KDUPRQLF DQDO\VLV ZLWK PRL
'Y7 EDVHG DOJRULWKP 7TKH :7 EDVHG DOJRULWKP LV DC(
IUHTXHQFLHVY RI YHU\ VPDOO DPSOLWXGHYV

JLHOG +DUPRQLF 6LJQDO $QDO\VLYV

7TKUHH WHVWY DUH FRQGXFWHG 7KH ILUVW WZR WHVWYV (
REWDLQHG IURP WKH UHG SKDVH LQSXW FXUUHQW WR D W
VXEPHUVLEOH ZDWHU SXPS 7KH ZDYHIRUP RI WKH LQSXMW
IUHTXHQF\ DW +] DQG +] UHVSHFWLYHO\ DUH EHLQJ DQL
WKH FXUUHQW RI D VLQJOH SKDVH ILQDO FLUFXLW VXSS
LOFOXGLQJ DQ HOHFWURQLF GLPPHU FRQWUROOHG ODPS |
HOHFWURQLF EDOODVWY D KDLUGU\HU DQG DQ DLU FRPSU

, QS XW &XUUHQW WR D 7KUHH 3KDVH 6L[ 3XOVH 9DULTCL

7KH ILHOG KDUPRQLF VLIQDO XVHG LV REWDLQHG IURF
WKUHH SKDVH YDULDEOH VSHHG GULYH VXSSO\LQJ D VXE
WKH RXWSXW YROWDJH RI WKH YDULDEOH VSHHG GULYH L)\
WKUHH SKDVH 96' WKH LQSXW FXUUHQW ZRXOG FRQWDL
KDUPRQLFV 7KH LQSXW FXUUHQW ZDYHIRUP LV VDPSOHC
FXWRII IUHTXHQF\ RI N+] LV DSSOLHG %\ FKHFNLQJ ]JHUR
IUHTXHQF\ RI WKH KDUPRQLF VLJQDO IRU D WLPH SHUI
IXQGDPHQWDO IUHTXHQF\ LV +] 7KH ZKROH WLPH SH!
VKRZQ LQ )LJ )LJ VKRZV WZR F\FOHV RI WKH ILHO



&KDSWHU $SSOLFDWLRQ 6WXGLHYV

+DUPRQLF 6LJQDO

)LJ :DYHIRUP RI196" LQSXW FXUUHQW 7
+DUPRQLF 6LJQDO
7LPH 3HULRG V 6DPSOLQJ JUHTXHQF\ +]

)LJ :DYHIRUP RI WZR F\FOHV RI96'" LQSXW F:



&KDSWHU $SSOLFDWLRQ 6WXGLHYV

'XH WR ZDYHIRUP YDULDWLRQV HYHQ KDUPRQLFV RIl VP
KDUPRQLF VLIQDO WKHUHIRUH WKH VHSDUDWLRQ EHWZHL
WR +] 7KH PLQLPXP VLIQDO WLPH OHQJWK LV FDOFXODW

U U u U
71 2Z2Y

_IVH3V¢ 9 [ =

$ ILHOG VLIQDO ZLWK WKH WLPH OHQJWK 7 V LV XVH
DOJRULWKP DQG '")7 EDVHG DOJRULWKP 7KH IUHTXHQF\ UH

7KH KDUPRQLFV HVWLPDWLRQ UHVXOWY RI WKH LQSXW FX
DQG WKH ')7 EDVHG DOJRULWKP DUH WDEXODWHG LQ 7DEO

7TDEOH +DUPRQLFV HVWLPDWHG E\ :7 EDVHG DOJRULWK

BBBBEBBBBBBBBBBBXBBBEBBBIHQW RXWSEEABBBEXBEEBBEBBBB
+DFURQL)S:[SHFWHG :7 EDVHG DOJRULWKP 'Y7 EDVHG DOJRULWKP

1R UT]TXHQLFI-VTXHQ?UUQBSOLV\Q)J_GéI:/ﬂ_JD(DU:B-IKFD(\,H—QFGUEBBSOLV\%J_gm_Do 3KDV

QRWH EDVHG RQ D IXQGDPHQWDO IUHTXHQF\ RI +]

%HVLGHV WKH FKDUDFWHULVWLF KDUPRQLFV RI D VL[ SXC
FRQWDLQV WULSOHQ KDUPRQLFV DQG HYHQ KDUPRQLFV 7
WKH VLQJOH SKDVH FRQWURO FLUFXLW 7KH HYHQ KDUPR
PD\ EH GXH WR ZDYHIRUP DV\PPHWU\ SURGXFHG E\ ORDG |
RU HUURUV LQWURGXFHG GXULQJ PHDVXUHPHQWYV

&RPSDULQJ WKH RGG KDUPRQLFV ERWK WKH '")7 EDVHG D
JLYH QHDUO\ LGHQWLFDO HVWLPDWHG KDUPRQLF ITUHTXHC



&KDSWHU $SSOLFDWLRQ 6WXGLHYV

SKDVH DQJOHV E\ ERWK ')7 EDVHG DOJRULWKP DQG :7 EDVI

7KH DERYH WHVW LV UHSHDWHG ZLWK WKH 96" RXWSXW IU
JHUR FURVVLQJ WKH DYHUDJH IXQGDPHQWDO IUHTXHQF\ F
R I V L H F\FOHV RI WKH IXQGDPHQWDO IUHTXHQF\ LV

7KH UHVXOWY DUH\VKRZGFOQ EREMHHQ WKDW WKH DFFXUD
ERWK :7 EDVHG DOJRULWKP DQG ')7 EDVHG DOJRULWKP DU

7TDE@GMH+DUPRQLFYVY HVWLPDWHG E\ :7 EDVHG DOJRULWKP '
BBBBBBBBBBBEBB@BS XW FXUUHQW RXWS>3BBBBBEXBEEBBBBBB

(ISHFWHG  :7 EDVHG DOJRULWKP ')7 EDVHG DOJRULWKP
F PR OLD H T X H@RT X H unmmm LDO 3KDVH
1R o o AUumesoLugit DB Uurse s oL wkgh,
QRWH EDVHG RQ D IXQGDPHQWDO IUHTXHQF\ R ]

6LQJOH 3KDVH 1RQ OLQHDU /RDGV

)LJ DQG )LJ VKRZ UHVSHFWLYHO\ WKH FRPSOHWt
IRXU F\FOHV RI WKH FXUUHQW WDNHQ IURPVDYRD@JIOH SKI
+] ¢ DQRG LV VXSSO\LQJ SRZHU WR DQ HOHFWURQLF

IOXRUHVFHQW OXPLQDULHVY FRPSOHWH ZLWK HOHFWURQLF
PRWRU



&KDSWHU $SSOLFDWLRQ 6WXGLHV

+DUPRQLF 6LJQDO
7LPH 3HULRG V 6DPSOLQJ )UHTXHQF\ +1]

)LJ :DYHIRUP RI VLQJOH SKDVH LQSXW FXUUH

+DUPRQLF 6LJQDO
7LPH B3HULRG V 6DPSOLQJ )UHTXHQF\ +1]

)LJ :DYHIRUP RI IRXU F\FOHV RI VLQJOH SKDV}



&KDSWHU $SSOLFDWLRQ 6WXGLHV

7KH IVHS XVHG DQG WKH VLIQDO WLPH OHQJWK DUH VHW W
VDPH DV LQ 6HFWLRQ %\ FKHFNLQJ JHUR FURVVLQJ W
WKH KDUPRQLF VLIJQDO IRU D WLPH SHULRG R V L H

+] 7KH HVWLPDWLRQ UHVXOWY E\ ERWK :7 EDVHG DO
DUH WDEXODWHG LQ 7DEOH

7TDEOH +DUPRQLFV HVWLPDWHG E\ :7 EDVHG DOJRULYV
IRU VLQJOH SKDVH LQSXW FXUUHQW
[SHFWHG :7 EDVHG DOJRULWKP ')7 EDVHG DOJRULWKP
+DUPR)§JL’_|J:{F

XHQFHTXHQFQURBSOLMQXLC?N”_DDUBMD(\HHQ( URBSOL\APXIE LDO 3KDVH

QRWH EDVHG RQ D IXQGDPHQWDO IUHTXHQF\ R +]

, W FDQ EH VHHQ WKDW WKH KDUPRQLF VLIJQDO FRQWDLQV
HYHQ KDUPRQLFV DUH RI VPDOO DPSOLWXGHV ZKLFK PD
SURGXFHG E\ ORDG FKDQJHV DQG VZLWFKHG PRGH SR:
LOQWURGXFHG GXULQJ PHDVXUHPHQWYV

%RWK :7 EDVHG DOJRULWKP DQG ')7 EDVHG DOJRULWKP I
IUHTXHQFLHY DFFXUDWHO\ DV FRPSDUHG WR WKH H[SHF)
KDUPRQLF VLIJIQDO ZLWK DQ DYHUDJH IXQGDPHQWDO IUHT?
:7 EDVHG DOJRULWKP LV VOLIKWO\ EHWWHU EXW WKH GLI
WKH KDUPRQLFVY HVWLPDWHG E\ ERWK :7 EDVHG DOJRUL
FRPSDUDEOH +RZHYHU WKHUH DUH ODUJH GHYLDWLRQV L¢



&KDSWHU $SSOLFDWLRQ 6WXGLHV

&RQFOXVLRQ

7KH SURSRVHG :7 EDVHG DOJRULWKP LV WHVWHG YLJRUF
vVLIQDOV DQG ILHOG KDUPRQLF VLIQDOV W LV REVHUYH!
7 EDVHG DOJRULWKP LV EHWWHU WKDQ "'")7 EDVHG DOJRUL
KDUPRQLF VLIQDO FRQWDLQV KDUPRQLF ITUHTXHQFLHV Zt
IXQGDPHQWDO IUHTXHQF\ 2Q DPSOLWXGH DQG LQLWLDC
DOJRULWKP LV REYLRXVO\ EHWWHU WKDQ ')7 EDVHG DO
:7 EDVHG DOJRULWKP UHTXLUHYVY D VKRUWHU VLIQDO OHQJ
IRU KDUPRQLF DQDO\VLYVY ZLWK UHDVRQDEOH DFFXUDF\



&KDSWHU

/7KH :-DYHOHW %DVHG '\QDPLF :DYH
5HFRQVWUXFWLRQ $OJRULWKP

 QWURGXFWLRQ

,Q &KDSWHKWH SURSRVHG :7 EDVHG DOJRULWKP LV WHVWHG
DQG ILHOG KDUPRQLF VLIQDOV 7KH UHVXOWY VKRZHG WE
DEOH WR HVWLPDWH WKH DPSOLWXGHY [IUHTXHQFLHV DC
DFFXUDWHO\ 7KH SURSRVHG :7 EDVHG DOJRULWKP UHTXI
VLIQDO IRU WKH HVWLPDWLRQ DQG WKLV LV LQHYLWDEOH
Y7 7KH YDULDWLRQ LQ DPSOLWXGHV RI DQ\ KDUPRQLF

DEDO\VLVY SHULRG ZLOO EH DYHUDJHG LQ WKH HVWLPDW
KDUPRQLF VLIQDO UHTXLUHG IRU WKH DQDO\VLV LV YHU\
YDU\LQJ YHU\ VOLJKWO\ WKH DPSOLWXGHV HVWLPDWHG

DPSOLWXGHY RI WKH KDUPRQLFV 2WKHUZLVH WKH DPSO|I
> @ 7KLV &KDSWHU ZLOO JR RQ GHYHORSLQJ D :7 EDVHC
DOJRULWKP WR UHFRQVWUXFW WKH KDUPRQLF ZDYHIRUP
7KLV LV XVHIXO IRU LGHQWLI\LQJ WKH DPSOLWXGH YDULD\
SHULRG > @

%DVLF 7KHRU\

7TKH :7 RI D FRQWLQXRXV VLIQDO | W LV GHILQHG LQ



&KDSWHU 7KH :DYHOHW %DVHG '\QDPLF :DYHIRUP 5HFRC(

JURP WKH PRGLILHG &0: LV UHSUHVHQWHG DV

$ a IE @ IF
3%  podkt D H

7TKH FRPSOH[ FRQWLQXRXV ZDYHOHW WUDQVIRUP E\ XVLQJ

127 2
‘IXD | SXDLMI w aﬂicﬁw

7KH UHDO SDUW DQG LPDJLQDU\N SDUW RI WKH FRPSOH[ ZD
UHSUHVHQWHG DV

f | |
5H>:I0O0X G 2 ?I"W JFRV> ©

, D ,|IE D
B XK
,P>K\ 0-DL®@ Y D VLQ>A | zZ ~
L DA IE D

*LYHQ D KDUPRQLF VLIQDO UHSUHVHQWHG DV

I W $FRV FRW

WKH UHDO SDUW RI WKH FRPSOH[ &:7 FRHIILFLHQW IRU

U 7 R
5H>:1 X D @ ?>$FRB/AFI—RA}VD@ FEV>2 W X @GW
D

LA 7
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&KDSWHU 7KH :DYHOHW %DVHG '"\QDPLF :DYHIRUP 5HFR:

JHW [ W X WKHQ W [ X DQG GW G[ B6XEVWLWXWLQJ WKI

|2
5H>:1 X D %/L?UZ(HE 'ERV> ER @ PRV GI

Ex [R
5HSODFH [ E\ W DJDLQ LQ EHFRPHYV
E ag | W
5H> X D @ ?HAD FRVI FRW X @ FRV 2 W GW
w D

7KH ZDYHOHW FRHIILFLHQW ZLOO EH WKH ODUJHVW ZKHQ

FR
HTXDO WR WKH ZDYHOHW FHQWUH IUHTXHQF\ DAR D? JLYH

IURP LQWR
D FM IE
5H>:1 X D @a?2 £ FRV> D! W X @ FRV FRW GW
W
$ Il < 3
M H >FRV FR X FRYV FRW VLQ FRX VLQ FRW FF
0]
JURP WKH LPDJLQDUN SDUW RI WKH FRPSOH[ &:7 FRHII
8 Wa8? |IE
P> X D @GBFRV FRWH 3 VLQ>2 W X @GW
W D G7IE D
$ et | E
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FRHIILFLHQW DQIGRVDXE]\LWIHWXWLQJ

P> 1 XD -2 MH BE FRVSFRW X @ VLQ FRW
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&KDSWHU 7KH :DYHOHW %DVHG '\QDPLF :DYHIRUP 5HFR

6KLIWLQJ WKH LPDJLQDU\ SDUW RI WKH FRPSOH[ &:7 FRF
EHFRPHV

P>t xRz p @iz | aIFFRV>|:R%;@X/LQ FRW GW

FR D\ 8E
A Rf BIIE
2w >SFRV RX VLQ D!W VLQ DI!X VLQ D!W FRV
+UIE W
$GGLQJ DQG SURGXFHYV
SH>:1 X DP@® | X2 D @ FRV RX GW

22

2 & 6 8 DAQIE

$FRV FRX

YHULILHY PDWKHPDWLFDOO\ WKDW IRU DQ\ VLQXVRLG
XVLQJ WKH PRGLILHG &0: IRU WKH FRPSOH[ &:7 WKH ZDYl
E\ DGGLQJ WKH UHDO SDUW RI WKH FRUUHVSRQGLQJ FRP.
SDUW RI WKH FRUUHVSRQGLQJ FRPSOH[ &:7 FRHIILFLHQWYV

DOVR YHULILHY WKDW WKH UHFRQVWUXFWLRQ LV WLF
KDUPRQLF FRPSRQHQW LV SUHVHUYHG LQ WKH UHFRQVWU:

:DYHIRUP 5 HFRQVWUXFWLRQ $OJRULWKP

JURP WKH SURRI LQ 6HFWLRQ LW FDQ EH VHHQ WKD\
KDUPRQLFV FRPSRQHQW LQ D KDUPRQLF VLJQDO FDQ EH
WKH KDUPRQLFV ZRXOG EH UHFRQVWUXFWHG HDVLO\ IURH

VKRZV WKH IORZFKDUW Rl WKH :7 EDVHG G\QDPLF ZDYH



&KDSWHU 7KH :DYHOHW %DVHG '\QDPLF :DYHIRUP 5HFR

)LJ JORZ FKDUW RI WKH :7 EDVHG G\QDPLF ZDYHIRU
:DYHIRUP 5SHFRQVWUXFWLRQ RI 6\QWKHVL]HG :DYHIRUF

7TKUHH WHVWYV DUH FRQGXFWHG WR YHULI\ WKH HIIHFWL
UHFRQVWUXFWLRQ DOJRULWKP ,Q WKH ILUVW WHVW WKH
LV EHLQJ WHVWHG ZLWK D VIQWKHVL]JHG ZDYHIRUP RI1 WHC
2QH RI WKH F\FOHV LV D VDJ > @ ZLWK DQ DPSOLWXGH R
EHLQJ WHVWHG ZLWK D VIQWKHVL]J]HG ZDYHIRUP FRQWDLQ
VORZO\ YDU\LQJ DPSOLWXGHV 7KH WKLUG WHVW LV FRQG
RI WKH ZDYHIRUP LQ WKH VHFRQG WHVW WRIJHWKHU ZLWK



&KDSWHU 7KH :DYHOHW %DVHG '\QDPLF :DYHIRUP 5HFR

6\QWKHVL]HG :DYHIRUP ZLWK 2QH &\FOH RI1 6DJ

&RQVLGHU D VIQWKHVL]HG ZDYHIRUP RI XQLW\ DPSOLWXG'H
DV
I W FRV U W f

7TKH ZDYHIRUP KDV F\FOHV L H WLPH SHULRG \Y |
ZDYHIRUP LQ LV UHSODFHG E\ D VDJ ZLWK DQ DPSOLYV
VDPSOHG DW +]

)LJ :DYHIRUP RI VIQWKHVL]JHG VLIJQDO ZLWK RC

%\ XVLQJ WKH :7 EDVHG UHFRQVWUXFWLRQ DOJRULWKP G
ZDYHIRUP LV UHFRQVWUXFWHG IURP WKH FRPSOH[ ZDYH
FRPSDULVRQ EHWZHHQ WKH VIQWKHVL]HG ZDYHIRUP DQG \



&KDSWHU 7KH :DYHOHW %DVHG '\QDPLF :DYHIRUP 5HFR

&RPSDULVRQ RI WKH +DUPRQLF 6LJQDO DQG WKH 5HFRQVWUXFW
7LPH 3HULRG V 6DPSOLQJ JUHTHXQF\ +]
)LJ 6\QWKHVL]HG ZDYHIRUP YV UHFRQVWUXFWI

ORVW SDUW RI WKH UHFRQVWUXFWHG ZDYHIRUP FRLQFLGF
WKH ILQLWH VXSSRUW RI|I WKH PRGLILHG &0: DQG WKH DE
ZDYHIRUP LQ D VKRUW GXUDWLRQ WKH UHFRQVWUXFWHG
WKH QHJDWLYH SHDN RI WKH VDJ )URP WKLV WHVW LW
UHFRQVWUXFWLRQ DOJRULWKP LV DEOH WR UHSURGXFH L
YDULDWLRQ DV VKRUW DV RQH F\FOH

6\QWKHVL]HG :DYHIRUP ZLWK 60ORZO\ 9DU\LQJ $PSOL)

&RQVLGHU DJDLQ WKH ZDYHIRUP VLPXODWHG E\ 7 KH
VXFK WKDW WKH DPSOLWXGHV RI WKH F\FOHV RI WKH ZDY}



&K DSWHU 7KH :DYHOHW %DVHG '"\QDPLF :DYHIRUP 5HFR

+DUPRQLF 6LJQDO ZLWK 60RZO\ 9DU\LQJ $PSOLWXGHYV
7LPH 3HULRG V 6DPSOLQJ )UHTXHQF\ +]

)LJ :DYHIRUP RI VIQWKHVL]HG VLIQDO ZLWK VORZ

%\ XVLQJ WKH :7 EDVHG UHFRQVWUXFWLRQ DOJRULWKP
ZDYHIRUP LV UHFRQVWUXFWHG IURP WKH FRPSOH[ ZDYH
FRPSDULVRQ EHWZHHQ WKH VIQWKHVL]HG ZDYHIRUP DQG \

&RPSDULVRQ RI +DUPRQLF 6LJQDO DQG WKH 5HFRQVWUXFWHG 6LJQI
7LPH 3HULRG V 6DPSOLQJ JUHTXHQF\ +]

)LJ 6\QWKHVL]HG ZDYHIRUP YV UHFRQVWUXF!
VORZO\ YDU\LQJ DPSOLWXGHYV



&KDSWHU 7KH :DYHOHW %DVHG '\QDPLF :DYHIRUP 5HFR

W FDQ EH VHHQ WKDW ZLWK D ZDYHIRUP R

VORZO\ YDU\L
UHFRQVWUXFWLRQ DOJRULWKP

Lv DEOH WR UHSURGXFH
DOJRULWKP FDQ HVWLPDWH DQG UHSURGXFH YDULDWLRQV

6\QWKHVL]I]HG +DUPRQLF :DYHIRUP

7KH VIQWKHVL]HG ZDYHIRUP ZLWK VORZO\ YDU\LQJ DPSOL
KDUPRQLFV VI\QWKHVL]JHG DV

FRV LO W FRV W W f FRV U wW

7KH VIQWKHVL]HG KDUPRQLF ZDYHIRUP LV VDPSOHG DW

)LJ VKRZV WKH VIQWKHVL]HG KDUPRQLF ZDYHIRUP

+DURRGLIQDO zLWK )xbepBHowbo
70 HULRG )

JUHTXHQF\ Rl 9DU\LQJ $PSOLW:
PH 3 LR V 6DPSOLQJ H +]

UHTXHQF\

)LJ 6\QWKHVL]I]HG KDUPRQLFV ZLWK VORZO\ YD

)LJ VKRZVY WKH FRPSDULVRQ RI

WKH UHFRQVWUXFWHC
DQG WKH VIQWKHVL]HG

IXQGDPHQWDO IUHTXHQF\ ZDYHIRU



&KDSWHU 7KH :DYHOHW %DVHG '\QDPLF :DYHIRUP 5HFR
&RPSDULVRQ Rl WKH +DUPRQLF 6LJQDO DQG

)LJ 6\QWKHVL]I]HG ZDYHIRUP YV UHFRQVWUXFWHG
VORZO\ YDU\LQJ DPSOLWXGHYV

7KH UHFRQVWUXFWLRQ DOJRULWKP LV QRW DIIHFWHG E\ W
DQG LV QHDUO\ HIDFW IRU PRVW SDUW RI WKH ZDYHIRUP

7TDEOH VXPPDUL]J]HV WKH ZDYHIRUPV UHFRQVWUXFWLR
ZDYHIRUPV

"7 %DVHG :DYHIRUP 5HFRQVWUXFWLRQ

'LVFUHWH ZDYHOHW WUDQVIRUP ':7 KDV EHHQ XVLQJ IRU
PDQ\ UHVHDUFKHUV DQG KDV YHU\ SURPLQHQW DSSOLFDYV
7KH WKUHH VIQWKHVL]HG ZDYHIRUPV LQ 6HFWLRQ DUH
D FRPSDULVRQ WR WKH SURSRVHG :7 EDVHG G\QDPLF ZI
7TDEOH VKRZV WKH FRPSDULVRQ RI UHFRQVWUXFWLRQV
G\QDPLF ZDYHIRUP UHFRQVWUXFWLRQ DOJRULWKP



&KDSWHU 7KH :DYHOHW %DVHG '"\QDPLF :DYHIRUP 5HFR

7TDEOH
&RPSDULVRQ RI ZDYHIRUP UHFRQVWUXFWLR
E\ ":7 DQG WKH SURSRVHG DOJRULWKP

6\QWKHVL]HG 6LIQDODO%DVHG 5HFRQVWUXFWLR&®:7 %DVHG 5HFRQVWUXFWLRQ
6HW $PSOLWX®HPDWHG $PSOLWXRH (VWLPDWHG $PSOLWWXGRU
SHDN SHDN SHDN SHDN SHDN SHDN SHDN SHDN SHDN SHDN
$ 6\QWKHVL]HG ZDYHIRUP ZLWK D VDJ DW WK F\FOH
WK F\FOH
% 6\QWKHVL]JHG ZDYHIRUP RI VORZO\ YDU\LQJ DPSOLWXGHYV
UG F\FOH
WK F\FOH
WK F\FOH
WK F\FOH
WK F\FOH
WK F\OH
WK F\FOH
& 6\QWKHVL]HG ZDYHIRUP RI VORZO\ YDU\LQJ DPSOLWXGHYVY DQG PL[HG ZLWK KDUPR
UG F\FOH
WK F\FOH
WK F\FOH
WK F\FOH
WK F\FOH
WK F\OH

WK F\FOH

7KH VDPSOLQJ IUHTXHQF\ RI WKH VI\QWKHVL]HG VvVLIJQDO D
ZLWK D VLIJQDO OHQJWK Rl a&\W\3HKHZ DDY$¥EHFW LAHADN "EKRVHQ
ZDYHOHW 7KH V\QWKHVL]HG VLIJIQDOV ZHUH GHFRPSRVHG
EDQGY DW HDFK VFDOH DUH VKRZQ LQ 7DEOH 7TKH VLJ
WKLUG DSSUR[LPDWLRQ FRHIILFLHQWY DUH VKRZQ LQ HDF

7TDEOH
JUHTXHQF\ EDQGYVY DW HDFK VFDOH

6FDOH JUHTXHQF\ %DQG

GO +]
G +]
G +1]

D +1]



&KDSWHU 7KH :DYHOHW %DVHG '"\QDPLF :DYHIRUP 5HFR

6\QWKHVL]J]HG :DYHIRUP ZLWK 2QH &\FOH RI1 6DJ

)LJ VKRZV WKH GHWDLOHG ZDYHOHW DQDO\VLV UHVXC
ZDYHIRUP LV VKRZQ DW WKH WKLUG DSSUR[LPDWLRQ

'"HFRPSRVLWLRQ DW OHYHO \% D G G G

)LJ 5S5SHFRQVWUXFWHG ZDYHIRUP DW WKH DSSURIJLP

6\QWKHVL]HG :DYHIRUP ZLWK 60ORZO\ 9DU\LQJ $PSOLV

)LJ VKRZV WKH GHWDLOHG ZDYHOHW DQDO\VLV UHYVXC
ZDYHIRUP LV VKRZQ DW WKH WKLUG DSSUR[LPDWLRQ



&KDSWHU 7KH :DYHOHW %DVHG '\QDPLF :DYHIRUP 5HFR

)LJ SHFRQVWUXFWHG ZDYHIRUP DW WKH DSSUR[LPDW

6\QWKHVL]J]HG +DUPRQLFV :DYHIRUP

)LJ VKRZV WKH GHWDLOHG ZDYHOHW DQDO\VLV UHVX(
ZDYHIRUP RI WKH IXQGDPHQWDO FRPSRQHQW LV VKRZQ
UHFRQVWUXFWHG ZDYHIRUP LV VHHQ WR EH GLVWRUWHG



&KDSWHU 7KH :DYHOHW %DVHG '"\QDPLF :DYHIRUP 5HFRC(

'"HFRPSRVLWLRQ DW OHYHO Vv D G G G

)LJ 5HFRQVWUXFWHG IXQGDPHQWDO ZDYHIRUP |
VORZO\ YDU\LQJ DPSOLWXGHYV

, W FDQ EH VHHQ IURP 7DEOH WKDW ZKHQ WKH ZDYH
FRPSRQHQW RQO\ '":7 LV DEOH WR UHFRQVWUXFW WKH YI
DFFXUDWHO\ 7KH SURSRVHG :7 EDVHG ZDYHIRUP UHFRQ\
RYHU WKH ':7 RQ SRVLWLYH SHDNV HVWLPDWLRQ EXW L
SHDNV UHFRQVWUXFWLRQ

'KHQ WKH ZDYHIRUP FRQWDLQV IXQGDPHQWDO FRPSRQHQ
VRPH KDUPRQLF IUHTXHQFLHVY WKH ZDYHIRUP RI WKH |
UHFRQVWUXFWHG E\ ':7 LV HUURQHRXV ZKLOH WKH

UHFRQVWUXFWLRQ DOJRULWKP LV DEOH WR UHFRQVWU
GLVDGYDQWDJH RI WKH ':7 LV WKDW LW ZRXOG EH GLIIL
KDUPRQLFV E\ ':7 EXW WKH SURSRVHG :7 EDVHG ZDYHIRU|
WR UHFRQVWUXFW DQ\ KDUPRQLF FRPSRQHQWY HDVLO\ DC



&KDSWHU 7KH :DYHOHW %DVHG '"\QDPLF :DYHIRUP 5HFR

DYHIRUP 5 HFRQVWUXFWLRQ RI )LHOG +DUPRQLF :DYHI

7ZR WHVWY DUH FRQGXFWHG 7KH ILUVW WHVW GHDOW
ZDYHIRUP GLVFXVVHG LQ 6HFWLRQ 7KH VHFRQG WHYV
ZDYHIRUP GLVFXVVHG LQ 6HFWLRQ

,QSXW &XUUHQW WR D 7KUHH 3KDVH 6L[ 3XOVH 9DULCL

JURP 7DEOH Rl 6HFWLRQ WKH ILHOG KDUPRQLF V|

LOQSXW FXUUHQW WR D WKUHH SKDVH 96' GULYH ZLWK F
IXQGDPHQWDO FRPSRQHQW ZLWK WKH FKDUDFWHULVWLFV

7DEOH (VWLPDWHG IXQGDPHQWDO FRPSRQHQW RI
6HFWLRQ
6DPSOLQJ JUHTXHQF\ +]
7LPH 3HULRG v
YUHTXHQF\ +]
$PSOLWXGH $
,QLWLDO 3KDVH f

%9 XVLQJ WKH :7 EDVHG UHFRQVWUXFWLRQ DOJRULWKP LC
IUHTXHQF\ LV UHFRQVWUXFWHG WR VKRZ WKH YDULDWLRQ
SHULRG RI V 7KH UHFRQVWUXFWLRQ ZDYHIRUP LV VKRZ
KDUPRQLF ZDYHIRUP IRU FRPSDULVRQ



&KDSWHU 7KH :DYHOHW %DVHG '"\QDPLF :DYHIRUP 5HFR

)LJ JLHOG KDUPRQLF VLIJQDO YV UHFRQVWUX

W FDQ EH VHHQ IURP )LJ WKDW WKH UHFRQVWUXFW
IUHTXHQF\ FRLQFLGHV H[DFWO\ ZLWK WKH ILHOG KDUPRQ
IUHTXHQF\ RI RVFLOODWLRQ 7KH UHFRQVWUXFWLRQ DO
YDULDWLRQV LQ DPSOLWXGH RI WKH FXUUHQW ZDYHIRUF
UHFRQVWUXFWLRQ DOJRULWKP FDQ DOVR EH XVHG WR Ut
KDUPRQLF IUHTXHQFLHYV

JURP 7DEOH RI 6HFWLRQ WKH PDMRU KDUPRQLFV
RXWSXW IUHTXHQF\ )O] LV WKH WK KDUPRQLFV ZLWK \
EHORZ
7TDEOH (VWLPDWHG WK KDUPRQLFV RI ILHOG K
6HFWLRQ

6DPSOLQJ JUHTXHQF\ +]

7LPH 3HULRG Y

WK +DUPRQLFV +]

$PSOLWXGH

,QLWLDO 3KDVH f

)LJ VKRZV WKH UHFRQVWUXFWHG IXQGDPHQWDO FRPS



&KDSWHU 7KH :DYHOHW %DVHG '\QDPLF :DYHIRUP 5HFR

WRIJHWKHU ZLWK WKH ILHOG KDUPRQLF ZDYHIRUP

S HFRQVWUXFWHG VW DQG WK +DUPRQLF :DYHIRUPV
DQG WKH )LHOG +DUPRQLF :DYHIRUP

)LJ JLHOG KDUPRQLF VLIQDO YV UHFRQVWUXI
WK KDUPRQLF ZDYHIRUP

,W FDQ EH VHHQ IURP )LJ WKDW WKH UHFRQVWUXFWH
WKH SHDNV RI WKH ILHOG KDUPRQLF ZDYHIRUP 7TKH Ul
UHSUHVHQW WKH YDULDWLRQV LQ DPSOLWXGH RI WKH WK

6LQJOH 3KDVH 1RQ OLQHDU /RDGV

JURP 6HFWLRQ WKH LQSXW FXUUHQW RI D VLQJOH Sk
ORDGY FRQWDLQHG WKH IXQGDPHQWDO FXUUHQW DQG UG

7TDEOH (VWLPDWHG IXQGDPHQWDO WK KDUPRQLEF
6HFWLRQ
)XQGDPHQWDO &XUUHUGN+DUPRQLF &XUUHQW
JUHTXHQF\ +] +]
$PSOLWXGH $ $

,QLWLDO 3KDVH f f



&KDSWHU 7KH :DYHOHW %DVHG '\QDPLF :DYHIRUP 5HFR

)LJ VKRZV WKH UHFRQVWUXFWHG FXUUHQW ZDYHIRUP
KDUPRQLFYV FXUUHQW ZDYHIRUP WRIJHWKHU ZLWK WKH |LH(

7LPH VHFRQGYV

)LJ JLHOG KDUPRQLF VLJQDO YV UHFRQVWUXFWHG IX

W FDQ EH VHHQ IURP )LJ WKDW WKH UHFRQVWUXFWH
IUHTXHQF\ FRLQFLGHYV H[DFWO\ ZLWK WKH ILHOG KDUPRQ
IUHTXHQF\ RI RVFLOODWLRQ 7KH UHFRQVWUXFWLRQ DOJR
DPSOLWXGH RI WKH IXQGDPHQWDO IUHTXHQF\ ZDYHIRUP D

&RQFOXVLRQ

$ :7 EDVHG G\QDPLF ZDYHIRUP UHFRQVWUXFWLRQ DOJRUI
KDUPRQLF ZDYHIRUPV IURP WKH FRPSOH[ &:7 FRHIILFLHQW
DPSOLWXGH YDULDWLRQV RI WKH KDUPRQLF ITUHTXHQF\ R

UHFRQVWUXFWLRQ DOJRULWKP LV WLPH LQYDULDQW DQG



&KDSWHU 7KH :DYHOHW %DVHG '"\QDPLF :DYHIRUP 5HFRC

SKDVH LQIRUPDWLRQ RI WKH KDUPRQLF ZDYHIRUP 7KH
UHFRQVWUXFWLRQ DOJRULWKP LV WHVWHG YLJRURXVO\ E
KDUPRQLF ZDYHIRUPYV '":7 LV DOVR XVHG WR UHFRQVWUXF
ZDV IRXQG WKDW WKH SURSRVHG DOJRULWKP LV EHWWHU
7KH WHVWY UHYHDOHG WKDW WKH DOJRULWKP LV DEOH
DFFXUDWHO\ 'XH WR WKH SURSHUWLHV RI WKH PRGLILHG
QHIJDWLYH SHDNV 7KH :7 EDVHG UHFRQVWUXFWLRQ DOJR

YDULDWLRQV RI RQH F\FOH VKRUW



&KDSWHU

&RQFOXVLRQV

2YHUDOO &RQFOXVLRQV

'LWK WKH DGYDQFH RI SRZHU HOHFWURQLFV WHFKQROR
HTXLSPHQW EHLQJ VXSSOLHG E\ SRZHU HOHFWURQLF GH)
HYHU PRUH DWWHQWLRQV IURP HQJLQHHUV DQG UHVHDUFK
LOQWHJHU KDUPRQLFV VXE KDUPRQLFVY DQG LQWHU KDUP
KDUPRQLFY LQFOXGHY WKH HVWLPDWLRQ RI IUHTXHQFLHV
DUH WLPH LQYDULDQW LI WKH HOHFWULFDO SRZHU V\VWHF
WKH FRQILIJXUDWLRQ RI WKH HOHFWULFDO SRZHU V\VWHP
WKHUHIRUH SRZHU KDUPRQLFV DQDO\VLV LQYROYHV WLF
KDUPRQLFV $ QHZ SRZHU KDUPRQLFY DQDO\VLVY QHHGV WI
WR LGHQWLI\ KDUPRQLF IUHTXHQFLHY DPSOLWXGHV DQG
KDUPRQLFYVY DUH LQWHJHU KDUPRQLFVY VXE KDUPRQLFV

KDUPRQLF VLIJQDO OHQJWK UHTXLUHG IRU WKH DQDO\VL"
DQDO\WLY UHVXOWYV ZRXOG QRW EH IRROHG E\ YDULDWLR
G\QDPLF ORDG FKDQJHVY DQG RWKHU SRZHU VA\VWHP FRQIL.

+DYLQJ LGHQWLILHG WKH OLPLWDWLRQV RI WKH H[LVWLQJ
DSSOLFDWLRQY D QHZ PHWKRG EDVHG RQ ZDYHOHW WUI
DQDO\VLYVY *LYHQ WKH SURSHUWLHYV RI ZDYHOHW WUDQVI
VLIQDO LQ WKH WLPH IUHTXHQF\ SODQH LW LV PRVW VXL\
WKH FRPSOH[ FRQWLQXRXV ZDYHOHW WUDQVIRUP &:7 ZI
SUHVHUYH SKDVH LQIRUPDWLRQ



&KDSWHU &RQFOXVLRQV

,Q ZDYHOHW WUDQVIRUP WKH ZDYHOHW VKRXOG EH FKRYV
HISORUHG 7KH FKRLFH RI D ULJKW PRWKHU ZDYHOHW LV
LQIRUPDWLRQ IURP D VLIQDO ,Q &KDSWHU WKH VLPSOL
ZDV FKRVHQ IRU KDUPRQLF DQDO\VLY 7KH VKDSH RI WKH
7KH &0: KDV WKH VPDOOHVW +HLVHQEHUJ ER[ DUHD ZKLFK
WLPH IUHTXHQF\ ORFDOL]DWLRQ 7KH &0: WKHUHIRUH LV D
RI D KDUPRQLF VLIQDO ZLWK WKH VKRUWHVW VLIQDO OHQ
&0: FDQ EH DOWHUHG E\ WKH 4 IDFWRU RI WKH ZDYHOHW
FHQWUH IUHTXHQF\ DQG EDQGZLGWK SDUDPHWHU 7KH QR
PRGLILHG IRU GHWHFWLQJ KDUPRQLFV RI YHU\ VPDOO |
HPSOR\HG WR H[WUDFW IUHTXHQF\ DQG DPSOLWXGH LQIRL
KDUPRQLF VLIJQDO )RU D JLYHQ VHWWLQJ RI WKH PRGLILH
ORFDOL]DWLRQ DW ORZ IUHTXHQF\ DQG ORZ IUHTXHQF\ Ol
QRW D GHVLUDEOH IHDWXUH IRU KDUPRQLF DQDO\VLV W Z
IUHTXHQF\ RI WKH &0: ZRXOG EH DGDSWHG WR WKH KDUPR
WKDW WKH VDPH IUHTXHQF\ ORFDOL]DWLRQ ZRXOG EH PDL:

7KH ILOWHU EDQNV JHQHUDWHG E\ GLODWLQJ WKH PRGLI
DYRLG DOLDVLQJ GXH WR RYHUODSSLQJ RI WKH ILOWHUYV 1
D QHFHVVDU\ FRQGLWLRQ IRU WKH GLVFULPLQDWLRQ RI1 DC
FKRRVLQJ WKH 4 IDFWRU RI WKH PRGLILHG &0: :LWK WKH
WKH PLQLPXP VDPSOLQJ IUHTXHQF\ UHTXLUHG ZLWKRXW D
RI WKH PRGLILHG &0: ZKLFK OLHV LQ WKH UDQJH RI W F
IUHTXHQF\ XQGHU LQYHVWLIJDWLRQ 7KH PLQLPXP VLJIQDC
DQDO\VLV ZDV WKHQ GHWHUPLQHG EDVHG RQ WKH VXSSF
&O0: 7KH SURFHGXUHV RI HVWLPDWLQJ LQLWLDO SKDVH
FRHIILFLHQWY ZHUH SUHVHQWHG

$ :7 EDVHG KDUPRQLF DQDO\VLYVY DOJRULWKP ZDV GHYHOI
DOJRULWKP LV LPSOHPHQWHG ZLWK ))7 IRU IDVW DQG HI
IRUPXODH IRU HVWLPDWLQJ WKH FHQWUH IUHTXHQF\ RI W
DGMDFHQW IUHTXHQFLHYVY PLQLPXP VDPSOLQJ IUHTXHQF\
PD[LPXP VFDOH DQG PLQLPXP VFDOH ZHUH SUHVHQWHG
KDUPRQLF TIUHTXHQF\ HVWLPDWLRQ WR GHWHUPLQH VFDO!



&KDSWHU &RQFOXVLRQV

IUHTXHQF\ UHVROXWLRQ 3UDFWLFDO LVVXHV RI FRPSXWD\
HGJH HIIHFW DQG VLIJQDO GDWD QXPEHU UHTXLUHG IRU SK
LQ GHULYLQJ WKH FRPSXWDWLRQ DOJRULWKP

,Q &KDSWHU WKH :7 EDVHG KDUPRQLF DQDO\VLV DOJR
VIQWKHVL]HG KDUPRQLF VLIJQDOV DQG ILHOG KDUPRQLF V1
WKH VI\QWKHVL]HG KDUPRQLF VLIJIQDO WHVWYV WKH SURS
LGHQWLI\ HIDFWO\ WKH ITUHTXHQFLHVY DPSOLWXGHV DQG

ZLWK D YHU\ VKRUW VLIJIQDO OHQJWK 7KH UREXVWQHVV D
DQDO\VLYVY DOJRULWKP ZDV YHULILHG E\ WKH ILHOG KDUPR
ZDV DOVR XVHG IRU WKH WHVWY LQ &KDSWHU IRU FRPSDL

$ :7 EDVHG G\QDPLF ZDYHIRUP UHFRQVWUXFWLRQ DOJRUL\
ZKLFK LV DEOH WR UHFRQVWUXFW WKH DPSOLWXGH YDUL
KDUPRQLF VLIJQDO ZLWK YHU\ KLJK DFFXUDF\ 7KH SURS
VIQWKHVL]HG ZDYHIRUPYV DQG ILHOG KDUPRQLF ZDYHIRUP
WKH VIQWKHVL]HG KDUPRQLF ZDYHIRUP WHVWV WKH SURS
WKH KDUPRQLF ZDYHIRUP DPSOLWXGH YDULDWLRQV ZLWK
FDVH 7KH UREXVWQHVV DQG UHOLDELOLW\ RI WKH SURSR
ZDV YHULILHG E\ WKH ILHOG KDUPRQLF VLJQDO WHVWYV
DOJRULWKP ZDV DOVR XVHG IRU WKH WHVWY LQ &KDSWHU
WKH IXQGDPHQWDO ZDYHIRUP

2YHUDOO WKH :7 EDVHG KDUPRQLF DQDO\WLV DOJRUL
UHFRQVWUXFWLRQ DOJRULWKP DUH YHU\ HIIHFWLYH DQG
SUHVHQWHG LQ WKLV WKHVLVY 7KH RQO\ GUDZEDFN RI WI
UHTXLUHG 7KH SURSRVHG DOJRULWKPV ZHUH LPSOHPHQ
'LQGRZV SODWIRUP 7KH FRPSXWDWLRQ WLPH ZRXOG EH F
WKH FRPSXWDWLRQ DOJRULWKP LQ & ODQJXDJH



&KDSWHU &RQFOXVLRQV

$UHDV IRU )XUWKHU 5HVHDUFK

ObDQ\ UHVHDUFKHYVY FDQ EH GHYHORSHG EDVHG RQ WKH VWX

8SRQ VROYLQJ WKH SUREOHP RQ FRPSXWDWLRQ WLPH
PHDVXUHPHQW GHYLFH ZRXOG EH GHYHORSHG EDVHG RQ W
UHDO WLPH SRZHU KDUPRQLFV PRQLWRULQJ

,Q >@ WKH WULDO ,((( 6WG SURSRVHV QHZ GHILC
HOHFWULF SRZHU TXDQWLWLHV XQGHU VLQXVRLGDO QF
FRQGLWLRQV 7KH QHZ VWDQGDUG JLYHV GXH FRQVLGHUD
ORDGV DQG DGGUHVVHV WKHLU HIIHFWV RQ WKH HOHFWL
PHDVXUHPHQW LQVWUXPHQWY 1HZ GHILQLWLRQV RI SRZH
VWDQGDUG IRU DSSURSULDWH LQVWUXPHQWDWLRQ GHVLJ
ZDYHIRUP UHFRQVWPFWLRQ DOJRULWKPV SURSRVHG LQ W
DQG WLPH LQIRUPDWLRQ IURP WKH KDUPRQLF VLJQDO WK
LQVWDQWDQHRXV SRZHUV XQGHU VLQXVRLGDO DQG QRQVL
VXJIJHVWHG LQ WKH WULDO VWDQGDUG ZRXOG EH IXUWKHU

$OWKRXIK WKH PDLQ REMHFWLYH RI WKH WKHVLV LV WR C
DOJRULWKP EDVHG RQ ZDYHOHW WUDQVIRUP WKH DOJRUL
WKDW FDQ EH IXUWKHU GHYHORSHG IRU WKH DQDO\VLV RI
FDXVHG E\ OLQH VZLWFKLQJ FDSDFLWRU VZLWFKLQJ DQG
ZRXOG DOVR EH GHYHORSHG EDVHG RQ WKH :7 EDVHG K
UHFRQVWUXFWLRQ DOJRULWKPV VXJIJHVWHG LQ WKLV WK
DQDO\WVLY DOJRULWKP IRU FRPSUHKHQVLYH SRZHU TXDOLW



SHIHUHQFHYV

-RKQ BWRQHV DQG $3RIZP ERIDREWRQQJIJLQHHULQJ -RXL
Ss $SULO

,((( 5HFRPPHQGHG 3UDFWLFH IRU ORQLWRUKQ BWGHF W
,((( 7ULDO 8VH 6WDQGDUG 'HILQLWLRQV IRU WKH OH
4XDQWLWLHY XQGHU 6LQXVRLGDO 1RQVLQXVRLGDO %

((( 6WG

9ROWDJH &KDUDFWHULVWLFV RI (OHFWULFLW\ 6XSSO!
%6 (1

((( 5SHFRPPHQGHG 3UDFWLFHV DQG 5HTXLUHPHQWYV
(OHFWULFDO 3RZKUG6NGWHP V

&DUERQH 5 7HVWD $ OHQQLWL ' ORUULVRQ 5 ( D¢
LQWHU KDUPRQLF GLVWRUWLRQ LQ FXUUHQW VRXUFH \
'"HOLYHU\ 9RL 1R SS -X 0\

/IHRQ 0 7ROEHUW +DUROG ' +ROOIMWDORDWIIHRY/ RQ KDY
VXSSUHVVLRQ,(GHYLFHMGXVWU\ $SSOLFDWLRQV 6RFLF
SS 2FW

LK 6KHQJ /DL DQG {IHKRPWYYHQHVV RI KDUPRQLF PLW
IRU FRPPHUFLDO RIL(FH EXLQGLDMWU\ $SSOLFDWLRQV
PHHWLQJ SS 2FW

SREHUW / $®PEBRRGLFV DW WKH XWLOLW\ LQGXVWUL
H[DPSOQOH( 7UDQV ,QG $SSOL 9RO 1R 1RY



S5HIHUHQFHYV

&RQUR\3RZHU PRQLWRULQJ DQG KDUPRQLF SUREOHPV
3RZHU (QJLQHHULQJ -RXUQDO ,(( $SULO

$UULOODJD - %UDGOH\ 3IRZBHUWREGWHLP RRIBO R Q DFV
DQG 6RQV

JHVIHN 6 &]DPHFNL DQG 7DBRHEXVW]V 6ZQ HWRIL\FINQXVRLGD
WKHLU LQWHUSUHWDWLRQ D Q@O \MLIVQD Q GQF WIJ\KX USHPG:
9RO 1R Ss $SULO

9 ( :DIQHWHFWYVY RI KDUPRQLFV RQ HTXLSPHQW UHSRI
WKH HIITHFWV RI|I KDUPRQ,EV 7TRI@® VT XR®PBRXZWHU 'HOLYH
1R $SULO

,((( 7TDVN )RUFH RQ WKH (IIHFWV RI {DHPRQULRV +PQ R RX
RQ (TXLSPHQW7UDQV 3RZHU 'HOLYHU\ 9RO 1R

$OH[DQGHU ( (PDQXHO -RKQ $ 2UU 'DYLG &\JDQVNL
$ VXUYH\ Rl KDUPRQLF YROWDJHV DQG FXUUHDWQWY DV
3RZHU '"HOLYHU\ 9RO 1R SS -DQXDU\

*X\ /JHPLHXRZHU V\VWHP KDUPRQLF UHVRQDQ,KH( D G
7UDQV ,QGXVWU\ $SSOLFDWLRQV 9RO 1R SS

%UR]JHN 7-KH (IIHFWV RI +DUPRQLFV 2Q 2YHUFXUWUHQW
7UDQV ,$6 SS

'RXJODV 6 'RUU 7KRPDV 0 *UX]V 0 %UHQW +XJK
*XUFKDP 'DQJ DQG -RKQ QWBRSWHMWMHJ UHFHQW SRZH
WR GHILQH WKH HOHFWUW(LFDO H@QGX\RWYPHGHNSOLFDWL
DQQXDO PHHWLQJ SS 2FW

‘HRQ .L <RRQ DQG OLFKD¥HDFWIIHYMWDORYZHU PHDVXUHPI
ZDYHOHW WUDRQVIRDPRYV ,QVWUXPHQW OHDVXUHPHQV
$SULO



SHIHUHQFHV

/IDUU\ * 'XUDQWH DQG 3UDYPWMYIH SRZKRWVWKPHDVXUF
QRQVLOQXVRLGDO HOQYIURPQFH®BWZHU 6\VWHPV 9RO
$XJ

((( ZRUNLQJ JURXS RQ QRQVBOR¥RILEDO & HWLXPIWLLRRID
LQ VIVWHPV ZLWK QRQVLQVRLGDO ZDYHIRUPV ,D(@G XQF
7UDQV 3RZHU 'HOLYHU\ 9RO 1R O SS -DQ

7KRPDV 6 .H\ DQG -LK&RNMQ@JDQG EHQHILWV RI KDL
UHGXFWLRQ IRU VZLWFK PRGH SRZHU VXSSOLHY(LQ D
7UDQV ,QGXVWU\ $SSOLFDWLRQV 9RO 1R SS

%DUKDUD % H#XHEDR®GOG DFFRUGLQS$ WR3HADH WO HWG
:HOOHVOH\ 083%

< OH\HYVQGHOHWWY RQGHOHWWVVHW HUSPHHDUDNHXUYV
6WpSKDQH WDOGHKWW WRXU R I \$IFDQEDHP 5§ P BRHHWWL Q J

&KDQ <:DiYHOHW ERMALEGEWLOLWDU\ &ROOHJH RI &DQDGI
3XEOLVKHUYV

*LOEHUW 6WUDQJ DQG 7:D¥ROQHWYJIXDHXG )LOWHU
‘HOOHVOH\ &DPEULGJH 3UHVV :HOOHVOH\ 0$ -DQXDU

THROLERBSXWDWLRQDO VLIQDO SURIFHWKWLXQVMHALWK ZD
'DXEHFKIZH® OHFWXUHYV 6R$0 ZDKIHIOCHGMMVO SKLD 3HQQ\OY |

$PDUD *UDSNURGXFWLRQ WR(ZORPAOXKWI¥WLRQDO 6FL

(QILQHHULQJ Ss
85 / ,LW\WQ FLV XGHO HGX aDLQHU &,6& (((ZDYHOHW

SREL 3ROKNMDWWRU\ RI ADYKOHWY DQG ORGHP 7RSLFV
DQG (OHFWULFDO (QJLQHHULQJ HG 1 ODVWRUDNLYV

(QJ 3UHVV
85/ KWWS HQJLQHHULQH URZDQ HGX HSRKOMNDU :$9(,



SBHIHUHQFHYV

oOLvLWL O OLVLWL < 'RBPBERWHLRROER[IRU XAKH ZLWI
ODWKZRUNV ,QF ODUFK SS

6LPRQRYVNL DQG DKHARRWHDNQG YDULDQFHV RI1 WKH
JHQHUDO KDUPRQLF ZDYRXWHQW OXRFWRRQ® DQG 9LEUD
3UHVV (OVHYLHU 6FLHQFH /WG 9RO SS

&KULVWRSKHU 7RUUHQFH DQ% SUDEWUWDG J&XRBSR WI
DQDO\WVAXOOHWLQ RI WKH $PHULFDQ OHWHRURORJLFD!

-DQ

&KLHQ +VLQJ /HH <DZ -XHQ :DQJ D& ® L MW® UDMXKIU M X\DXG
ZDYHOHWYV LQ SRZHU HQJLQURKLDDWCS S ORIFDARRQ@N 52
1R Ss

&KXO +ZDQ .LP DQG 5DIMMBOHMW AMUD QVIRUPV LQ SRZHU
JHQHUDO LQWURGXFWLRQ WR3WEKH UZ DY HMHWM UL QD Q- RIR
Ss $SULO

&KXO +ZDQ .LP DQG 5DOWKBOHMW MUDQVIRUPV LQ SRZHU
HIDPSOHV RI| DSSOLFDWLRQ WR DFWZXRDHER ZGIL QHHAW
-RXUQDO ,(( Ss $XIXVW

6K\K -LHU +XDQJ &KH®SSIMIRFDWLRR RI FRQWLQRXV Z
IRU VWXG\ RI YROWDJH IOLFNHU( JHQMHUWD WSHHEURVLIQ D
(OHFWURQLF 6\WWHPV 9RO 1R SS -X 0\

=KDQJ & < +XDQJ ; OD : /X$DQWKWZ*DSBQRDFK WR
WUDQVIRUPHU LQUXVK FXUUHQW E\ TXSSO\LQQWBYBOW
&RQIHUHQFH RQ 3RZHU 6\WVWHP 7HFKQRORJ\ SS

SDQGH\ 6 . DQGOXOOMMIBWKROXWLRQ VLIQDO GHFRPSI
IDXOW GHWHFWLRQ LQ SRZHU WUDQV(IRUPHQYV GRBBEZG
"HOLYHU\ SS

7HUZLHVFK 3 6 OHQWK QDG\\6L6RKPUGWQVLHQWYV LQ
QHWZRUNV XVLQJI(ZOUDQWWVQGXVWULDO (OHFWURQLF



SBHIHUHQFHYV

&KXQJ - DQG ( HODIRDHEWWH UDWH SRZHU GLVWXUEDQF
XVLQJ HPEHGGHG |JHURWUHHKBADYHQH\W 3W& D QYWRHJP O HH
1HZ <RUN 1< 868$%

6DQWRVR 6 ( - 3RZHUV : *UDBGBYHW G XD 0DV K QWW
ZDYHIRUP UHFRJQLWLRQ XVLQJ ZDYHOHW EDVHG QHX
IRXQGDWKRQ ((( 3(6 :LQWHU OHHWLQJ 1HZ <RUN 1<
6DQWRVR 6 ( - 3RZHUV : *UBRZXHW G XPD 0310 VR IQWW
ZDYHIRUP UHFRJQLWLRQ XVLQJ ZDYHOHW EDVHG QHX!I
7KH ((( 3(6 :LQWHU OHHWLQJ 1HZ <RUN 1< 86%
BDQWRVR 6 ( - 3RZHUV DIRZHU OT XDUWOILGM\ GLVWXUE
FRPSUHVVLRQ XVLQJ ZDYHOHW((WUDJD\WQR U B RZHW K RHO\
Ss

6XU\D 6 © ODFN *UDG\ ( - 3RZHUV - [DPRUH
&KDUDFWHUL]DWLRQ RI GLVWULEXWLRQ SRZHU TXDO
WUDQVIRMPVYUDQV 3RZHU 'HOLYHU\ 9RO 1R SS
BDQWRVR 6 ( - 3RZHUV DQG : 0 *IDTHUDDGDGLYV

DVVHVVPHQW YLD ZDYHOHW((WUDRYM WBRDIPW ONDILY HU\

$QJULVDQL / 3 'DSRQWH 0 ' $SKHWRKRGGEBVHE VRAD |
QHWZRUNV IRU WKH GHWHFWLRQ DQ,G(FO@VWUIXFBQYWR
OHDVXUHPHQW 7HFKQRORJ\ &RQIHUHQFH SS 6 W\

/ $QJULVDQL 3 'DSRQWH 0 ' $S$XPIRDERGH® HQMV WE
EDVHG RQ WKH ZDYHOHW WUDQVIRUP((R @ UDRZH U3 RXID
'HOLYHU\ 9RO 1R SS 2FW

/ / /IDL : / &KDQ & 7 7VH DSHD ® MALPGRIPHTXHQF\ DQ
HYDOXDWLRQ XVLQJ DUWLILKFLDQ DX URQ BRIIHIR UMNWL
1R -DQXDU\ Ss



SHIHUHQFHV

/| &KDQ $ 7 3 6R DQGDUPRRILFY ORDG VLIQDWXUH
ZDYHOHWV WWBNR¥VFHRUEFNMIIYV RI WKH ,QWHUQDWLRQDO
gswLOLW\ "HUHJXODWLRQ S5HVWUXFWXULQJ DQG 3RZH
&DWDORJ 1XPEHU (; $SULO SS

&KDDUL 2 0 OHXQLHU D:@E HOHMWMXD\BHZ WRRO IRU
JURXQGHG SRZHU GLVWULEXWIRQ VQWWBRY HUIHCHDOLQHA U
Ss

,VODP 0G 6 $ + 6DPUD IDYGOHWQWUDRYIRUP DQDO
YROWDJH LQ VXUJH PRMHRU SURWHEFRWMRIQHUQ % ULQJLC
(GXFDWLRQ 6FLHQFH DQG 7THFKQRORJ\ SS 7DP:

*RPHY ORUJDQWH O DQG ' & ZDIYAFROOHOMHWHEDVHG GLI
WUDQVIRUPHU SURWHFWLR®B(6 :LQWHU OHHWLQJ 1HZ
86%

/IHH & + - 6 /HH - 2 .LP PpHDGONEUH YBFWRU H[WUDTF
DXWRPDWLF FODVVLILFDWLRQ RI SRZKHHJ TXDQKW\ (
, QWHUQDWLRQDO 6\PSRVLXP RQ &LUFXLWV DQG 6\VW
35&

*DOOL $$QDO\VLV RI HOHFWULFDO WUDQVLHQWYV LQ SI
UHFXUVLYH ZKKHWKHRGHUWDWLRQ 3XUGXH 8QLYHUVLW\

OHOLRSRXORV $ 3 6 DBRGEH& GLVWMUEDQFH DQDO\V
GRPDLQ HTXLMMHOHQWYWHUQDWLRQDO &RQIHUHQFH RQ
RI 3RZHU SS $WKHQV *UHHFH

'HRQ .L <RRQ DQG OLFKDHROZHU PHDYKWUHPHQW XVLQJ
WUDQVIRWP7UDQV ,QVWUXPHQW OHDVXUHPHQW 9RL
2FW

-RKDQ / - 'ULHVHQ DQG 5RQQLHYHOBW %BOR®G QY
TXDQWLILFDWLRQ(DSBUBRQ¥KHYVWUXPHQW OHDVXUHP
Ss $XJ



S5HIHUHQFHYV

9 |/ 3KDP DQG . 3DYRI@QHW WUDQVIRUP EDVHG DOJRU
DQEDO\VLV RI SRZHU V\VWHBURFYHIRHRWMU 7UDQVP 'L
1R 0D\

3DXO0 6 $G/KHVRIQOXVWUDWHG :DYHOHWQYWLOANX W H PR+ 3G
3XEOLVKLQJ /WG %ULVWRO DQG 3KLODGHOSKLD

BWHYHQ : '6PLWBO VLJQDO SURFHVVLQJ D SUDFWLFD
VFLHQWH X @V

SREHUW : S5DKPHLUHIXQGDPHQWDOV D@ICOARRKRAE SMOML |1V
UHQWLFH +DOO

;LH OLQJ DQG 'LGRUDGFWLRQV IRU IUHTXHQF\ DPSOL
IDVW )RXULHU WUDQVIRUP R0 HF KKKDQLFFO@L B\ V WIHQIVO D C
SURFHVVLQJ SS

$GO\ $ *LBIBVKDQWLWDWLYH 6WXG\ RI1 J(LWIDUWDAW LQ
$HURVSDFH (OHFWURQLF 6\VWHPV 9RO $(6 1R

2SSHQKHP $ 9 DQG 6FKMDAHHWEH WLPH VLJIQDBA @®WIRFAH
+DOO ,QF (QJOHZRRG &OLIIV 1HZ -HUVH\

= | 4LX DQG $ $ PHWKRG WR REWDLQ H[DFW IUHTXH"
KDUPRQLF VOHFBROQLFDO 6\VWHPV DQG 6LJQDO 3URFF

' .DQJ ; OLQJ DQG 3KDVMRGHUIHUHQFH FRUUHFWLRQ
DQG IUHTXHQF\ LQ VSKEAWKD®LBPM® B\WMWHPYV DQG 6LJ
SS

6K\K -LHU +XDQJ &KHQJ 7DR +VLHK$BQOLEOMOIRAQ HRQ P
ZDYHOHWYV WR VXSHUYLVH SRZHU M\ QW P2@L ¥RVZXHIE DHXC
9RO 1R -DQ

1 * . LQJVEBRRWPSOH[ ZDYHOHWYV IRU VKLIW LQYDULDQ)
VLIQD-®RXKUQDO RI $SSOLHG DQG &RPSXWDWLRQDO +DU



SBHIHUHQFHYV

Ss
1RUPDQ & ) 7VH DQ®YHOHMDIEDVHG DOJRULWKP IRU
(85$6,3 -RXUQDO RQ $GYDQFHV LQ 6LJQDO 3URFHVVLQJ

-RKQ 6DGRAAVMMHVWLIDWLRQ RI VLIQDO FKDUDFWHULYV
ZDYHOHW WUBRGQYMURSNLQV $3/ 7THFKQLFDO 'LJHVW

5HQp $ &DUPRQD :HQ / +ZDQJ D@EDWDXY HARUYDWVE
VLIQDOV E\ WKH ULGJHV RI WKHLKU7ZDQNO HWJILO® GYIR
9RO 1R SS 2FW

' ( 1HZODK®JH DQG SKDVH LGHQWLILFDWLRQ LQ W
WUDQVLHQW VLJQDOV E\-RPRUGBQLFLEDPMWQRWVDQG $FR
9RO Ss $SULO

+HQJ /LX $OH[DQGHU 1 &DUWZULJIKRNLUMHQ GQAHRIDBU®
SKDVH HWUDFWLRQ D ULGJH GHWHFWLRQ DOJRULWKEF
$SSOLHG 2SWLFV 9RO 1R SS JHE

5 &DUPRQD :/ +ZDQJ DQ&KBUDRWHRVDPIWLRQ RI1 VL
ULGJHV RI WKHLU ZDMHOHW YWDRQYIBRUFFQDO 3URFHVVLC

1RUPDQ & )3UDHWEFDO DSSOLFDWLRQ RI ZDYHOHW W
SURFHHGLQJV RI WKH ,((( 3BRZHU (QJLQHHULQJ 6RF
&DWDORJXH 1XPEHU &+ & -XQH &' 520

' -RUGDQ 5 : OLNVDG DQ@®PSOHPBWHWLRQ RI WKH
ZDYHOHW WUDQVIRUP IRU GLJLWHY WARFH VHWHXPD
SS ODUFK

5HQH $ &DUPRQD :HQ / +ZDQJ DX W UXIQ®RI A RGHW N B\
WLPH IUHTXHQF\ UHFR QVWMPQXFVWRIQRBGLIQDO 3URFHVVLQ.
YHE
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&RQWURO 2SHUDWLRQ DQG ODQDJHPHQW ,(7 +RQJ .l
3DSHU $36&20

9 / 3KDP DQG . S$QWI@WLVWRUWLRQ PHWKRG IRU ZD
EDQNV DQG QRQVWDWLRQDU\ SRZHU V\VW,KP 3UR¥FH IR U

*HQHU 7UDQVP 'LVWULE 9RL 1R 0DUFK
ODWK + - 9%OFRIDOMIUH VDJV HIIHFWV PLWL3RWHRQ
(QILQHHULQJ -RXUQDO ,(( SS -XQH

.DUHQ / %XWOHU 3XUU\ DQG OXVWDID %DJUL\DQLN °
WUDQVIRUPHUV XVLQJ GLVFUHWH ZDYHOHW WUDQVIRL
1R SS 0D\



