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6RPHQIOXHQFHV RI WKH
SKRWRJUDSKLF 3URFHVV RQ WKH $FFXUDF\
&ORVH 5DQJH 3KRWRDUDPPHWUY ZLWK D 1RQ OH

$XWKRU 6WXDUW 5REVRQ %6F

4 XDOLILFDWLR/KLY WKHVLV LV VXEPLWWHG IRU WKH GHJUHH

'"RFWRU RI 3KLORVRSK\

6 XEPLWWHG &LW\ 8QLYHUVLW\

'HSDUWPHQW RI &LYLO (QJLQHHULQJ

YHEUXDU\



7DE®RH &RQWHQWYV
$FNQRZOHGJHPHQWYV
$EVWUDFW

,QWURGXFWLRQ
5HDVRQV IRU FDUU\LQJ RXW UHVHDUFK LQ WKLV DUHD

6 XPPDU\ RI SUHYLRXV ZRUN UHODWLQJ WR WKH GHIRUF
PDWHULDOYV

2XWOLQH RI LQWHQWLRQV IRU WKH UHVHDUFK SURMHEFYV
7TKHVLVY VWUXFWXUH

3KRWRJUDPPHWULF DSSOLFDWLRQV Rl SKRWRJUDSKLF WKHR
&RQVWLWXHQWY RI SKRWRJUDSKLF PDWHULDO&
(PXOVLRQ FRQVWLWXHQWYV
6LOYHU KDOLGHV

*HODWLQ
&ROORLGDO SURSHUWLHYV &
Y)LOP EDVH PDWHULDOV &

&HOOXORVH
3RO\VHVWHU
3KRWRJUDSKLF FKHPLVWU\
BHQVLWLYLW\ WR OLJKW DQG WKH VLOYHE KDOLGH
'HYHORSHUV DQG GHYHORSPHQW
JLIDWLRQ
':DVKLQJ DQG GU\LQJ &
,PDJH TXDOLW\ IDFWRUYV
%DVLF VHQVLWRPHWU\
7RQH UHSURGXFWLRQ &
,QIRUPDWLRQ FDSDFLW\ DQG UHVROXWLRQ
*UDQXODULW\
7XUELGLW\ &
ORGXODWLRQ 7UDQVIHU )XQFWLRQ &
)DEFWRUV FRQWULEXWLQJ WR LQ SODQH GHIRUPDWLRQ
+XPLGLW\ FKDQJHYV
7KHUPDO FKDQJHV
'LPHQVLRQDO FKDQJHV GXH WR SURFHVWLQJ
JLOP EXUO
$JLQJ
)DFWRUV FRQWULEXWLQJ WR RXW Rl SODQH GHIRUPDWL



&KDSWHU VXPPDU\ &

3KRWRJUDPPHWULF 7KHRU\
*HRPHWULFDO RSWLFV DQG FRQVLGHUDWLRQV OHDGLQJ
SURMHFWLRQ
*HRPHWULF SURSHUWLHY RI WKH FRPSRXQG OHKQV
5DGLDO OHQV GLVWRUWLRQ
'"HFHQWULQJ GLVWRUWLRQ
)LOP GHIRUPDWLRQ PRGHOOLQJ
(ISOLFLW ILOP GHIRUPDWLRQ FRUUHFWLRQV
ORGHOV EDVHG RK SRO\QRPLDOV DSSOLH
GHIRUPDWLRQV DW NQRZQ VLWHV &
/ILQHDU OHDVW VTXDUHV LQWHUSRODWLRQ
ORGHOV EDVHG RQ SUHYLRXV UHVHDX
PHDVXUHPHQWYV &
8VH RI DGGLWLRQDO SRO\QRPLDO WHUPV GXULQJ
DGMXVWPHQW
7KH VHOI FDOLEUDWLQJ EXQGOH DGMXVWPHQW
7KH IXQFWLRQDO PRGHO
7KH VWRFKDVWLF PRGHO
'DWXP GHILQLWLRQ &
2SWLPLVDWLRQ RI QHWZRUN JHRPHWU\ &
$GMXVWPHQW TXDOLW\
&KDSWHU VXPPDU\

,QLWLDO LQYHVWLJIJDWLRQYV
,QYHVWLJDWLRQ RI ILOP GHIRUPDWLRQ XVLQJ & 5ROOHL
OHWKRGRORJ\
$QDO\VLV RI GDWD
(ISHULPHQWDO UHVXOWYV
(ISRVXUHV PDGH RQ 70%; ILOPV GXULQJ $HULD

(ISRVXUHV PDGH RQ 7THFKQLFDO 3DQ DQG (N
ILOPV
(ISRVXUHV PDGH RQ )3 DQG 1&OPV
5HVHDX SODWH XQIODWQHVV WHVWV &

&RUUHFWLRQ PHWKRGY DSSOLHG WR WKH UHVHDX GDWD
*OREDOO\ $SSOLHG 7UDQVIRUPDWLRQV
/IRFDO %LOLQHDU &RUUHFWLRQ
/ILQHDU /HDVW 6TXDUHV ,QWHUSRODWLRQ

6XPPDU\ RI LQLWLDO LQYHVWLIJDWLRQV



,QYHVWLIJDWLRQ RI LQ SODQH GHIRUPDWLRQ
(IDPLQDWLRQ PHWKRGV &
ODVWHU JULG SUHSDUDWLRQ
&RQWDFW UHVHDX H[SHULPHQWDWLRQ
9DULDEOHV FRQWULEXWLQJ WR SKRWRJUDPPHWUL
JLOP W\SHV
BWRUDJH SULRU WR H[SRVXUH &
(ISRVXUH
6WRUDJH SULRU WR SURFHVVLQJ &
BURFHVVLQJ FRQGLWLRQV
6WRUDJH SULRU WR PHDVXUHPHQW
,PDJH PHDVXUHPHQW &
(ISHULPHQWY FRQGXFWHG DQG DQDO\VLV Rl BGHVXOWYV
7KH UHODWLRQVKLS EHWZHHQ WKH UHODWLYH
PHDVXUHPHQW HQYLURQPHQW DQG VFDOH FKDQUJH |
LQYHVWLIJDWHG &
+RPRJHQHRXV FKDQJHV &
,QKRPRJHQHRXV FKDQJHYV
6XPPDU\ Rl WKH PHDVXUHPHQW UHODWLYH ¥
VFDOH FKDQJH UHODWLRQVKLS
6WRUDJH RI ILOP SULRU WR DQG DW H[S®&VXUH
6FDOH FKDQJHYV
/IREFDO UHVLGXDOV
6XPPDU\ Rl SUH H[SRVXUH VWRUDJH LQYHVWL
(ISRVXUH OHYHO DQG XQLIRUPLW\ &
+RPRJHQHRXV FKDQJHV &
,QKRPRJHQHRXV FKDQJHYV
6XPPDU\ Rl H[SRVXUH XQLIRUPLW\ K[SHULPHQ
BURFHVVLQJ FRQGLWLRQV &
9DULDWLRQ RI GHYHORSHU IRUPXOBWLRQ
+RPRJHQHRXV GHIRUPDW&RQYV
,QKRPRJHQHRXV GHIRUPD&WLRQV
9DULDWLRQ RI IL[LQJ EDWK IRUPXO®WLRQ
+RPRJHQRXV FKDQJHV &
,QKRPRJHQHRXV GHIRUPD&LRQYV
'U\LQJ WHPSHUDWXUH DQG UHODWL&H KXPLGL
6\WWHPDWLF YDULDWLRQ¥
/IRFDO GHIRUPDWLRQYV &
6XPPDU\ RI GHIRUPDWLRQV GXH WR FKDQJHYV
IRUPXODWLRQ



&KDQJHV RFFXUULQJ ZLWK VWRUDJH LQRBOXGLQJ K
+RPRJHQHRXV YDULDWLRQV ZLWK V& RUDJH
&KDQJHV LQ ORFDO GHIRUPDWLRQV&ZLWK VW]I
6XPPDU\ RI LQYHVWLJDWLRQV LQWR WKH
K\WWWHUHVLV &
6XPPDU\ RI LQ SODQH H[SHULPHQWDWLRQ

,QYHVWLIJDWLRQV LQFOXGLQJ RXW RI SODQH GHIRURDWLRQ
,Q FDPHUD H[SRVXUH PHWKRG
ORGLILFDWLRQ RI WKH +DVVHOEODG 6:& RDPHUD
,Q FDPHUD ODERUDWRU\ H[SRVXUH PHWKRG
5HVXOWV DQG DQDO\VLV RI H[SHULPHQWV LQFO:
GHIRUPDWLRQ
+RORWHVW ( ILOP H[SRVHG LQ +6&
.RGDN 7HFKQLFDO 3DQ LQ +6 &
,OIRUG )3 &
6XPPDU\ RI LQ FDPHUD GHIRUPDWLRQV
3UDFWLFDO WHVW ILHOG HYDOXDWLRQ &
7HVW ILHOG GHVLJQ DQG VXUYH\
=HUR 2UGHU GHVLJQ 'DWXP
JLUVW 2UGHU GHVLJQ &RQILIXUDWLRQ
BHFRQG 2UGHU GHVLJQ OHDVXUHPRBQW
7KLUG 2UGHU GHVLJQ 'HQVLILFDWIERQ
3KRWRJUDSK\ Rl WKH WHVW ILHOG &
3URFHVVLQJ Rl WKH SKRWRJUDPPHWULF GDWD
7KH *OREDO %XQGOH $GMXVWPHQW
$QDO\VLV Rl FDOLEUDWLRQ UHVXOWV &
$QDO\VLV RI WKH 80. DQG +6 DGMX&WPHQW U
$QDO\VLY Rl WKH 3 DGMXVWPHQW &HVXOWYV
ORGLILHG +DVVHOEODG 6:& +6 H[RRVXUHYV
+DVVHOEODG 1RQ OHWULF H[SRVXUG&V
6XPPDU\
)LOP EDFN SHUPXWDWLRQV ZLWK +6 &
,PDJH FRRUGLQDWH UHILQHPHQW DQG GRWXP GHIL
$QDO\VLV RI 5HVXOWV
&KDQJHV LQ HVWLPDWHG SDUDPHWHUYV
'LIIHUHQFHVY EHWZHHQ WKH SKRWR FRRUGLQD
'LIIHUHQFHY EHWZHHQ WKH HVWLPDWHG R
FRRUGLQDWHYV
6XPPDU\ RI FDPHUD EDFN DQG ILOP W\SH YDULDWL



7KH HIIHFW Rl WKH H[SOLFLW ILOP GHIRUPDWLRQ FRUL
SUHFLVLRQ REWDLQDEOH GXULQJ D W\SLFDO WXUYH\
SKRWRJUDPPHWULF SURFHVVLQJ
$QDO\WLV RI UHVXOWYV &
$QDO\WVLV RI HVWLPDWHG SDUDPHW&UYV
$QDO\WLV RI SKRWR FRRUGLQDWH UHVLGXDOV
$QDO\WLV RI REMHFW FRRUGLQDWH GLVFUHSE
6XPPDU\ RI UHVXOWY IURP WKH SVHXGR VXUYH\
&KDSWHU VXPPDU\

&RQFOXVLRQV
,Q SODQH GHIRUPDWLRQYV
,Q FDPHUD GHIRUPDWLRQV
7HVW ILHOG SKRWRJUDSK\
6XJJHVWLRQV IRU FDUU\LQJ RXW SKRWRJUDSK\ IRU
DQDO\VLV
6XJIJHVWLRQV IRU IXUWKHU ZRUN

$SSHQGL[ $ D VHOHFWLRQ RI YHFWRU SORWY RI ILOP GHIRUPISELRQ IUF
$SEHQGL] % D VHOHFWLRQ RI YHFWRU SORWV RI ILOP GHIRUBB®%RQ IUR

S5SHIHQFHY DQG ELEOLRJUDSK\



7TDEOHYV

&KDSWHU
3K\ WVLFDO FKDUDFWHULVWLFV RI EDVH PDWHUL&OYV

&RQVWLWXHQWY RI D W\SLFDO GHYHORSHU VROXWLRQ

&KDSWHULIR 7DEOHV

&KDSWHU
J)LOP W\SHV VHOHFWHG IRU LQLWLDO LQYHVWL&DWLRQ

([SRVXUHV PDGH XVLQJ WKH 5ROOHL OHWULF FDPHUL
6XPPDU\ RI )3 H[SHULPHQWDO SDUDPHWHUYV

&RUUHODWLRQ FRHIILFLHQWY IRU WKH HVWLPDWHG SDU
WKLUG RUGHU SRO\QRPLDO DIWHU UHMHFWLR®& RI LQVLJ

&KDSWHU
J)LOP WASHV VHOHFWHG IRU LQYHVWLIJDWLRQ &

3URFHVVLQJ FKHPLFDOV
(ISRVXUHV SURFHVVHV DQG PHDVXUHPHQWY PDGH
5HJUHVVLRQ OLQH JUDGLHQWYVY IRU WKH VFDOH FKDQJH
KXPLGLW\ UHODWLRQVKLS

OHDQ 506 UHVLGXDOV IRU DOO ILOP W\SH LQYHVWLJDWH
3UH H[SRVXUH FRQGLWLRQLQJ WUHDWPHQWV

506 UHVLGXDOV IURP SUH H[SRVXUH FRQGLWL&QLQJ WU
(ISRVXUH OHYHO DQG XQLIRUPLW\ YDULDWLRQV

506 UHVLGXDOV IURP H[SRVXUH YDULDWLRQ WUHDWPHQV
9DULDWLRQV Rl GHYHORSHU IRUPXODWLRQV

506 UHVLGXDOV IURP GHYHORSHU YDULDWLRQV
9DULDWLRQ RI IL[LQJ EDWK IRUPXODWLRQ &

OHDQ 506 UHVLGXDO GHIRUPDWLRQV IURP KDUGHQLQJ DJ
9DULDWLRQ RI GU\LQJ HQYLURQPHQW

'U\LQJ HQYLURQPHQW 506 UHVLGXDO GHIRUPD&LRQV
OHDVXUHPHQW WLPHVY DQG HQYLURQPHQWDO FRQGLWLRE
506 UHVLGXDOV IRU LQGLYLGXDO JULG LPDJHW

&KDSWHU
5HVHDX VSHFLILFDWLRQV &
6WDQGDUG GHYLDWLRQV RI FDOLEUDWHG UHVHDX SRVLYV



&KDSWHU

,OOXVWUDWLRQV

*HQHUDOLVHG FURVV VHFWLRQ WKURXJK D SKRWRJUDSK
'LVVRFLDWLRQ RI VLOYHU KDOLGH

,RQLVDWLRQ DQG VROXELOLW\ Rl JHODWLQ &
&HOOXORVH

6FKHPDWLF GLDJUDP RI D PDFKLQH IRU WKH VROYHQW F
3ROVHVWHU

6FKHPDWLF GLDJUDP RI D PDFKLQH IRU WKH PHOW FDVW
RULHQWDWLRQ RI SRO\HVWHU EDVH

6FKHPDWLF GLDJUDP RI WKH H[SRVHG DQG GHYHORSHG
J)LQH JUDLQ GHYHORSPHQW

$FXWDQFH GHYHORSPHQW

IRZ FRQWUDVW

+LJK FRQWUDVW

(IWUHPH FRQWUDVW

4XDGUDQW WRQH UHSURGXFWLRQ GLDJUDP &
4XDGUDQW GLDJUDP GHPRQVWUDWLQJ FKDQJHV LQ WKH
UHSURGXFWLRQ FXUYH GXH WR FKDQJHV LQ GBYHORSPH
OLFURGHQVLWRPHWHU WUDFH RI D XQLIRUPO\ H[SRVHG |
ILOP VDPSOH DQG LWV IUHTXHQF\ GLVWULEXW&RQ
*UDQXODULW\ DV D IXQFWLRQ RI GHQVLW\ OHYHO IRU D
/JLQH VSUHDG DQG SRLQW VSUHDG IXQFWLRQV
OLFURGHQVLWRPHWHU WUDFH RI NQLIH HGJH &P DJHV
7KH FRQFHSW RI PRGXODWLRQ WUDQVIHU

ORGXODWLRQ WUDQVIHU IXQFWLRQV IRU .RGDN 70$; ILOF
ORGXODWLRQ WUDQVIHU IXQFWLRQV IRU ,0lRUG )3 $HUL
$YLSKRW 3( ILOPV

ORGXODWLRQ WUDQVIHU IXQFWLRQV IRU .RGDN 7HFKQLF
GHPRQVWUDWLQJ WKH HIIHFW Rl YDULDWLRQ Rl GHYHORS
ORLVWXUH FDSDFLW\

(IIHFW RI1 JHO EDVH UDWLR RQ KXPLGLW\ FRH&ILFLHQW
5DWH RI PRLVWXUH FRQGLWLRQLQJ IRU VLQJCH VKHHWYV
3HUFHQW VL]H FKDQJH ZLWK UHODWLYH KXPL&LW\
3RVLWLRQ RI ILOP LQ PDJDJLQH VKRZLQJ SUHVHQW DQG
/HDGLQJ DQG WUDLOLQJ HGJH HIIHFWV &

7\SLFDO K\VWHUHVLV ORRS Rl XQSURFHVVHG & GDN 30X\
(IIHFW RI WHPSHUDWXUH RQ PRLVWXUH ORVYV

&KDQJHV LQ ORFDWLRQ RI SRLQWV RYHU D &HULRG RI



&KDSWHU

&KDSWHU

3RVVLEOH SURFHVVLQJ GLPHQVLRQDO FKDQJHV
+\WWWHUHVLV ORRS IRU SURFHVVHG DQG XQSURFHVVHG
WLP SRO\HVWHU EDVH
$YHUDJH SURFHVVLQJ GLPHQVLRQDO FKDQJH&
8QLIRUPLW\ Rl SURFHVVLQJ GLPHQVLRQDO FK& QJH
ORLUp SDWWHUQ RI D ZDWHU VSRW
5DGLDO GLVWRUWLRQ HIIHFWV RI XQIODWQHVYV
,QWHUIHURJUDP RI ILOP IODWQHVYV ,Q D =HLVW DHULDO |
,QWHUIHURJUDP IURP D VPRRWK IDFHG SUHVV&UH SDG
&RQWRXU PDS RI ILOP GHIRUPDWLRQ DQ D P& FDPHUD
7KLFNQHVV SURILOHV RI .RGDN 'RXEOH ; ILOP & 3RO\H
7KLENQHVV IULQJHV IURP WULDFHWDWH ILOP EDVH
7KLENQHVV IULQJHV IURP SRO\HVWHU ILOP EDVH

7KH FHQWUDO SHUVSHFWLYH SURMHFWLRQ

,PDJH IRUPDWLRQ E\ D OHQV

5DGLDO OHQV GLVWRUWLRQ FXUYHV IRU WZR =2HLVV OHC
9DULDWLRQ RI SULQFLSDO GLVWDQFH ZLWK IRFXV VHWYV
2EVHUYHG FKDQJH RI UDGLDO GLVWRUWLRQ ZLWK REMH
*6, 1V EDFN SURMHFWHG UHVHDX V\VWHP &

506 LPDJH UHVLGXDOV IRU ,PDJH SRLQWYVY REWDLQHG
FRUUHFWLRQ PHWKRGY DSSOLHG WR WKH VDPH LPDJH P
7ZR UHVHDX GHIRUPDWLRQ SDWWHUQV IURP LPDJHV RQ
7KH FRYDULDQFH IXQFWLRQ DQG *DXVVLDQ HBXDWLRQ

7KH JHRPHWULF EDVLV RI PXOWL VWDWLRQ FRROQOYHUJHQYV

5ROOHL OHWULF

=HLVV -HQD 6WHFRPHWHU

,QWHUJUDSK ,QWHUPDS $QDO\WLF &
7UDQVIRUPDWLRQ ZLWK RULJLQ DW FHQWUH
7UDQVIRUPDWLRQ ZLWK RULJLQ DW WRS ULJK&

$1ILQH VFDOH SDUDPHWHUYV IRU WKH WZR PHDVXUHPHQW
OHDQ UHVLGXDO GLVFUHSDQFLHV IRU WKH WZR PHDVXU}
.RGDN 70< 5RO0 $ H[DPSOHV IURP HSRFKV DRG

$I1ILQH VFDOH SDUDPHWHUV IRU IUDPHV IURP 78< 5ROO0V
OHDQ UHVLGXDO GLVFUHSDQFLHV IRU IUDPHV IURP 70< 5
([IDPSOHV RI UHVLGXDO YHFWRUV IURP 70< ILOPV % &
DW UHODWLYH KXPLGLW\



$1ILQH VFDOH FKDQJHV DVVRFLDWHG ZLWK
(3' DQG 7&3 PHDQ GLVFUHSDQFLHV DIWHU VFROH FKDQ.

(IDPSOHV RI 7THFKQLFDO 3DQ UHVLGXDO YHFWRU S OF
(IDPSOHV RI .RGDN (NWDFKURPH UHVLGXDO YHFWRU
)3 DQG DIILQH VFDOH FKDQJH SDUDPHWHUYV

)3 DQG PHDQ UHVLGXDO GLVFUHSDQFLHV DIWHU

DIILQH WUDQVIRUPDWLRQ &

(IDPSOHV RI UHVLGXDO YHFWRU SORWV RQ )3& DQG
5HVHDX VKDUSQHVV QXPEHUV IRU )3 ILOP & IUDPHYV
6FKHPDWLF GLDJUDP RI WKH =\JR ON ,,, SKDVH PHDVXUL
8QIODWQHVV RI WKH UHDU VXUIDFH RI WKH 3 UHVHDX
6FKHPDWLF GLDJUDP RI WKH )L]JHDX LQWHUIHURPHWHU
,QWHUIHURPHWHU SDWWHUQ IRU WKH 5ROOHL & HWULF
8QIODWQHVV Rl UHVHDX SODWH UHDU VXUIDFH 5ROOHL
1R
5HVLGXDO YHFWRUV DIWHU JOREDO WUDQVIRUDWLRQYV
5HVLGXDO YHFWRUV DIWHU JOREDO WUDQVIRU®DWLRQV
OHDQ 506 UHVLGXDOV IRU WUDQVIRUPDWLRQV DSSOLHG
ILOPV $ DQG & DQGDQGILOPV
5HVXOWV Rl W WHVWV WR GHWHUPLQH WKH VLJQLILFDQF
HVWLPDWHG IRU )3 IUDPH $ [ GLUHFWLRQ
5HVXOWV Rl W WHVWV WR GHWHUPLQH WKH VLJQLILFDQF
HVWLPDWHG IRU )3 IUDPH $ \ GLUHFWLRQ
&RPSXWDWLRQ Rl WKH GHIRUPDWLRQ DW SVHXGR UHVHE
5HVLGXDO GHIRUPDWLRQV DIWHU ORFDO ELOLQHDU WUD
FLUFOHG UHVHDX SRLQWV &
&RYDULDQFH DQG FURVV FRYDULDQFH IXQFWLRQV IRU ):
&RYDULDQFH DQG FURVV FRYDULDQFH IXQFWLRQV IRU )3
)3 $ *DXVVLDQ ILW WR &A A DQG & G \\
)3 % *DXVVLDQ ILW WR &LG A DQG & G \\
5HVLGXDO GHIRUPDWLRQV IRU )3 IUDPHVY $ DQG % DI\
VIXDUHV LQWHUSRODWLRQ EDVHG RQ D YDULH&\ RI VLW
506 UHVLGXDOV DIWHU LOQWHUSRODWLRQ XVLQJ *DXVVLD
UDQJH RI VLWH FRQILIJXUDWLRQV

&KDSWHU
ODVWHU JULG OD\RXW &
7KH FRQWDFW H[SRVLQJ VLWXDWLRQ
7KH 13/ PRGLILHG =.0 PHDVXULQJ PLFURVFRSH



*UDSK RI VFDOH FKDQJH DJDLQVW PHDVXUHPHQW HQYLL
KXPLGLW\ IRU ,0lRUG 3DQ ) UROO ILOP &

7KH UHODWLRQVKLS EHWZHHQ VFDOH FKDQJH DQG PHDYV
UHODWLYH KXPLGLW\ IRU .RGDN 7HFKQLFDO 3DQ UROC
7KH UHODWLRQVKLS EHWZHHQ VFDOH FKDQJH DQG PHDYV
UHODWLYH KXPLGLW\ IRU ,0lIRUG )3 UROO ILOP

7KH UHODWLRQVKLS EHWZHHQ VFDOH FKDQJH DQG PHDYV
UHODWLYH KXPLGLW\ IRU .RGDN 70; 70< DQG 7&, ; URC
*UDSK Rl VFDOH FKDQJH DJDLQVW PHDVXUHPHQW HQYLL
KXPLGLW\ IRU ,0IRUG )3 DQG $JID ( PP ILGSPV
BHOHFWLRQ RI FRQWDFW JULG H[SRVXUHV PDGH RQWR
.RGDN 7HFKQLFDO 3DQ ILOPV DW PP DQG PP JULG
BHOHFWLRQ RI FRQWDFW JULG H[SRVXUHV PDGH RQWR
70< 75, ; ,OIRUG )3 PP DQG $JID JORORWHVW

( PP ILOPV

7KH HIIHFW RI LQFUHDVLQJ SUH H[SRVXUH FRQGLWLRQL
UHODWLRQVKLS EHWZHHQ VFDOH FKDQJH DQG &HODWLYH
6RPH FRQWDFW JULG H[SRVXUHV PDGH RQWR .RGDN 7HF
ZLWK YDU\LQJ SUH H[SRVXUH FRQGLWLRQLQJ WLPH

7KH HIIHFW RI YDULDWLRQ RI H[SRVXUH OHYHO RQ WKH
PHDVXUHPHQW UHODWLYH KXPLGLW\ UHODWLRQVKLS
9DULDWLRQ RI LQ SODQH GHIRUPDWLRQ ZLWK &PDJH GHC
7KH HIIHFW RI YDULDWLRQ Rl GHYHORSHU IRUPXODWLRQ
FKDQJH UHODWLYH KXPLGLW\ UHODWLRQVKLS 3%$1 )
7KH HIIHFW Rl YDULDWLRQ Rl GHYHORSHU IRUPXODWLRQ
FKDQJH UHODWLYH KXPLGLW\ UHODWLRQVKLS 7&3
6RPH FRQWDFW H[SRVXUHV PDGH RQWR .RGDN 7HFKQLFL
ILOP ZLWK GHYHORSPHQW LQ ,0IRUG ,' RU SHUFHSWRO
7KH HIIHFW RI XVLQJ KDUGHQLQJ DQG QRQ KDUGHQLQJ |
UHODWLRQVKLS EHWZHHQ VFDOH FKDQJH DQG UHODWLYH
)3 7&3

7KH HIIHFW RI XVLQJ KDUGHQLQJ DQG QRQ KDUGHQLQJ I
UHODWLRQVKLS EHWZHHQ VFDOH FKDQJH DQG UHODWLYH
7KH HIIHFW RI XVLQJ KDUGHQLQJ DQG QRQ KDUGHQLQJ |
UHODWLRQVKLS EHWZHHQ VFDOH FKDQJH DQG UHODWLYH
3DQ )

7KH HIIHFW RI XVLQJ KDUGHQLQJ DQG QRQ KDUGHQLQJ |
UHODWLRQVKLS EHWZHHQ VFDOH FKDQJH DQG UHODWLYH
783



&KDSWHU

6HOHFWLRQ RI FRQWDFW JULG H[SRVXUHV PDGH RQWR |,
.RGDN 7&3 ILOPV GXULQJ WKH VHFRQG VHW &1 KDUGH(
&RQGLWLRQLQJ WLPH DIWHU SURFHVVLQJ ,OIRUG )3
JUDPHV DQG
&RQGLWLRQLQJ WLPH DIWHU SURFHVVLQJ ,OIRUG )3 P
JUDPHV DQG
(QYLURQPHQWDO YDULDWLRQ RI 13/ =.0 PHDVXUHPHQW U
WK -XO\ WR QG $XJIXVW
6FDOH FKDQJH DJDLQVW PHDVXUHPHQW HQYLURQPHQW L
UHSHDWHG PHDVXUHPHQWY RI WZR JULG ,PDJHV )3
6FDOH FKDQJH DJDLQVW PHDVXUHPHQW HQYLURQPHQW U
UHSHDWHG PHDVXUHPHQWYV RI WZR JULG LPDJHV 3DQ )
6FDOH FKDQJH DJDLQVW PHDVXUHPHQW HQYLURQPHQW U
UHSHDWHG PHDVXUHPHQWV RI WZR JULG LPDJHV 7&3
&RQWDFW JULG H[SRVXUHV PDGH RQWR .RGDN 7HFKQLFD
ZLWK PHDVXUHPHQW LQ WKH =.0 RYHU ILYH HS®&FKV
7KH HIIHFW Rl PHDVXUHPHQW HQYLURQPHQW UHODWLYH
506 UHVLGXDOV IRU WZR ,PDJHV RQ .RGDN 7HFKQLFDO 3D

5HVHDX SODWH SDUDOOHOLVP DQG XQIODWQKBVV EHIRU
$ VFDQQHG LPDJH RI D UHVROXWLRQ WHVW WDUJHW
([SRVXUHV PDGH XVLQJ WKH PRGLILHG +DVVHOEODG 6:&

RQWR $JID +RORWHVW ( PP ILOP

506 UHVLGXDOV DIWHU DIILQH WUDQVIRUPDWLRQ DW UHV
IRU $JID ( PP ILOP H[SRVHG LQ +6

([SRVXUHV PDGH XVLQJ WKH PRGLILHG +DVVHOEODG 6:&
.RGDN 7HFKQLFDO 3DQ ILOP

506 UHVLGXDOV DIWHU DIILQH WUDQVIRUPDWLRQ DW UHV
DOO UROOV RI .RGDN 7HFKQLFDO 3DQ ILOP BR[SRVHG L(
506 UHVLGXDOV DIWHU DIILQH WUDQVIRUPDWLRQ DW UHV
DOO UROOV RI .RGDN 7THFKQLFDO 3DQ ILOP BR[SRVHG L(

(ISRVXUHV PDGH XVLQJ WKH PRGLILHG +DVVHOEODG 6:&
,OIRUG )3 DQG ILOPV
506 UHVLGXDOV DIWHU DIILQH WUDQVIRUPDWLRQ DW UHV

DOO UROOV RI ,0IRUG )3 ILOP H[SRVHG ,Q %DFN $
506 UHVLGXDOV DIWHU DIILQH WUDQVIRUPDWLRQ DW UHV
DOO UROOV RI ,0IRUG )3 ILOP H[SRVHG LQ WKH % D |

6FKHPDWLF GLDJUDP RI WKH QHWZRUN JHRPHWU\
ID\RXW Rl RQH RI WKH SLQQHG WDUJHWYV &



6KRULQJ SURGXFWV VXUYH\ WDUJHW &

7KH FRQFUHWH WRZHU VKRZLQJ SLQQHG WDUXHW DUUD
OHDQ 506 SKRWR FRRUGLQDWH UHVLGXDOV IRU HDFK FI
ILOP SHUPXWDWLRQ

OHDQ 506 SKRWR FRRUGLQDWH UHVLGXDOV IRU 80. DQG

EXQGOH DGMXVWPHQW &

7\SLFDO SKRWR FRRUGLQDWH UHVLGXDO YHFWRU SORW

+RORWHVW PP ILOP LQ WKH +6 FDPHUD

$ W\SLFDO SKRWR FRRUGLQDWH UHVLGXDO YHFWRU SO

RQ +RORWHVW SODWHV ,Q WKH 80. FDPHUD

OHDQ 506 SKRWR FRRUGLQDWH UHVLGXDOV IRU WKH :LC

EXQGOH DGMXVWPHQW

7\SLFDO SKRWR FRRUGLQDWH UHVLGXDOV IRU&WKH 3
*UDSK Rl UDGLDO OHQV GLVWRUWLRQ IRU HDFK RI WKH

FRPELQDWLRQV H[SRVHG LQ WKH PRGLILHG +D&VHOEOD
OHDQ 506 SKRWR FRRUGLQDWH UHVLGXDOV IRU +6 ,PDJ

DGMXVWPHQW

3KRWR FRRUGLQDWH UHVLGXDOV IRU GLIIHUHQW SHUP X

FDPHUD EDFN H[SRVHG LQ WKH +6 FDPHUD

OHDQ 506 SKRWR FRRUGLQDWH UHVLGXDOV IRU WKH QR

FDPHUD DIWHU EXQGOH DGMXVWPHQW

3KRWR FRRUGLQDWH UHVLGXDOV FRPSXWHG GXULQJ Wk

IRU WZR LPDJHV H[SRVHG LQ WKH +DVVHOEOD& & FDP
'LIIHUHQFHY EHWZHHQ FDPHUD FDOLEUDWLRQ SDUDPHW

%XQGOH $GMXVWPHQW DQG WKRVH HVWLPDWHG GXULQJ

DGMXVWPHQWYV 7&3 % &
'LIIHUHQFHVY EHWZHHQ FDPHUD FDOLEUDWLRQ SDUDPHW

%XQGOH $GMXVWPHQW DQG WKRVH HVWLPDWHG GXULQJ

DGMXVWPHQWYV )3 &

*UDSK Rl UDGLDO OHQV GLVWRUWLRQ IRU HDFK RI WKH

FRPELQDWLRQV H[SRVHG LQ WKH PRGLILHG +D& VHOEOD(
3KRWR FRRUGLQDWH UHVLGXDOV IRU 7THFKQLFDO 3DQ

&DPHUD VWDWLRQ

OHDQ 506 SKRWR FRRUGLQDWH UHVLGXDOV IRU WKH FDI

ILOP FRPELQDWLRQV H[SRVHG LQ WKH +6 FDPHUD

OHDQ 506 REMHFW VSDFH FRRUGLQDWH GLVFUHSDQFLH\

EDFN ILOP FRUUHFWLRQ SHUPXWDWLRQV &

2EMHFW VSDFH GLVFUHSDQF\ YHFWRUV IRU WKH 7HFKQL

GDWD VHW IURQW YLHZ



2EMHFW VSDFH GLVFUHSDQF\ YHFWRUV IRU WKH 7HFKQL
GDWD VHW WRS YLHZ

'LIIHUHQFHY EHWZHHQ FDPHUD FDOLEUDWLRQ SDUDPHW
%XQGOH DQG WKRVH HVWLPDWHG GXULQJ WKH&3VHXGR
5DGLDO OHQV GLVWRUWLRQ IURP *OREDO $GMXVWPHQW
GLVWRUWLRQ FRPSXWHG GXULQJ WKH 3VHXGR& XUYH\
OHDQ 506 SKRWR FRRUGLQDWH UHVLGXDOV IRU WKH PRC
+DVVHOEODG FDPHUD

3KRWR FRRUGLQDWH UHVLGXDOV DIWHU DGMXVWPHQW >
FRQWURO SRLQWV

2EMHFW VSDFH GLVFUHSDQF\ YHFWRUV IRU WKH 3VHXGF
2EMHFW VSDFH GLVFUHSDQF\ YHFWRUV IRU WKH 3VHXGF



$FNQRZOHGJIJPHQWV

, ZRXOG OLNH WR WKDQN WKH IROORZLQJ SHRSOH IRU WKHLU FRQW
UHVHDUFK SURMHFW

BURIHVVRU 0 $ 5 DRRBVSHU( -DFREPARWZR VXSHUYLVRUV IRU WKHLU
JXLGDQFH DQG FRQVWUXFWLYH FULWLFLVP PDGH GXULQJ WKH FR
&RRSHU IRU KLV DGYLFH DQG ORJLFDO WKRXJKW RQ DOO WKLQJV D
IRU KLV NQRZOHGJH Rl SKRWRJUDSKLF FKHPLVWU\ , ZRXOG OLNH
WR 3URIHVVRU &RRSHU IRU DUUDQJLQJ IXQGLQJ WR DOORZ P\ FRCQ
GXULQJ WKH ODVW IHZ PRQWKYV

'U & JRUQR 0OU 6 20GILHOG OU 6DAQURZ® .HDURKHWEXM 1DWLRQDO 3K\
/IDERUDWRU\ 7HGGLQJWRQ ZKR QRW RQO\ DOORZHG PH DFFHVV
PLFURVFRSH EXW DOVR FRQWULEXWHG DGYLFH ZLWKLQ D FRQ
PHDVXUHPHQW $OVR Rl LPSRUWDQFH ZDV WKHLU VWULYDQFH WR
PHDVXUHPHQW WHFKQLTXHV ZKLFK KDV FRQVLGHUDEO\ ZLGHQHG P
RSWLFDO PHDVXUHPHQW WHFKQLTXHV

0\ FROOHDJXHV DW &LW\ 8QLYHUVLW\

OU -1 +RRRMHUKLV KHOS LQ WKH FRQVWUXFWLRQ RI DQG SKRWRJU|
OU - &OMMKNRHUHVSRQGHG UDSLGO\ WR P\ UHTXHVWV IRU DGGLWLRQ\
DGMXVWPHQW SURJUDP *$3

'U -+ &KDQGOHU O0U 1 ( /LQGVHDQ@Q®US5' /WWIRIZRIKWKU KHOS DQG
HVSHFLDOO\ RQ SUREOHPV DVVRFLDWHG ZLWK GDWD DFTXLVLWLRQ

OU 6 ) 5PNWKH 3RO\WHFKQLF Rl &HQWUDO /RQGRQ ZKR QRW RQO\ V
IRU UHVHDUFK LQYHVWLJDWHG GXULQJ WKLV WKHVLV EXW DOVR LQ
DW &LW\ 8QLYHUVLW\

BURIHVVRU -RIDVHWHUVLW\ &ROOHJH ZKR PDGH PDQ\ XVHIXO DQG F
WKH LQYHVWLIJDWLYH DSSURDFK DQG PHDVXUHPHQW WHFKQLTXHYV

7KH 6FLHQFH DQG (QJLQHHULQJ ZHWRHBWRK LERIAQAL® ,QVWDQW D?Z
VXSSRUWHG PH ILQDQFLDOO\ IRU WKH ILUVW WKUHH \HDUV RI WKL\

'"HFODUDWLRQ
3, JUDQW SRZHUV RI GLVFUHWLRQ WR WKH 8QLYHUVLW\ /LEUDULDQ
RU ,Q SDUW ZLWKRXW IXUWKHU UHIHUHQFH WR PH 7KLV SHUPLVVL
VWXG\ SXUSRVHV VXEMHFW WR QRUPDO FRQGLWLRQV RI DFNQRZO



$EVWUDFW

7KH SK\WLFDO SURSHUWLHV RI SKRWRJUDSKLF UROO ILOP L
GHVLJQ RI VPDOO IRUPDW FDPHUDV DUH JHQHUDOO\ RSWLP
DQG UHOLDELOLW\ GXULQJ SLFWRULDO SKRWRJUDSK\ 6X]
JUHDWO\ WR WKH SUREOHPV DVVRFLDWHG ZLWK WKH DF
FDOLEUDWLRQ DQG DQDO\WLFDO GDWD UHGXFWLRQ RI QRC
IRUPDW LPDJHU\

7KH UHVXOWV RI H[SHULPHQWDWLRQ LQWR ERWK LQ SODQH
GHIRUPDWLRQ XVLQJ D YDULHW\ RI FRPPHUFLDOO\ DYDLC
VPDOO IRUPDW ILOP VWRFNV DUH SUHVHQWHG 3K\VL
,QYHVWLIJDWHG LQFOXGH HQYLURQPHQWDO FRQGLWLRQV LF
UHJLPH PHDVXUHPHQW DQG ILOP EDFN YDULDWLRQV s
SKRWRJUDSKLF SURFHVV LV DUULYHG DW VXFK WKDW LQ S
PLQLPLVHG 7KH SURFHGXUH SHUPLWV PRGLILFDWLRQ E\ YI
W\SH DQG GHYHORSPHQW WR PDWFK WKH UHFRUGLQJ FKEC
SKRWRJUDSKLF PDWHULDO ZLWK WKH VXEMHFW DUHDV RI L

,Q WKH OLJKW RI UHVXOWV REWDLQHG IURP WKH PHDVXUHF
SURGXFHG IURP DQ LQ KRXVH PRGLILHG +DVVHOEODG 6:&
GHIRUPDWLRQV RFFXUULQJ LQ FDPHUD DUH IRXQG WR [
PDJQLWXGH ODUJHU WKDQ LQ SODQH GHIRUPDWLRQV ,Q F
DUH DWWULEXWHG WR XQIODWQHVV DW H[SRVXUH DQG WH(
RQ ERWK RI ZKLFK DUH IXQFWLRQV RI FDPHUD GHVLJQ

5HVXOWV IURP WKH FORVH UDQJH FDOLEUDWLRQ RI YDULHW
DQG QRQ PHWULF FDPHUDV DUH GLVFXVVHG LQ WKH OLJ
H[SHULPHQWY 7KH DFFXUDFLHV RI GHULYHG FRRUGLQDWH"'
VKRZ WKDW WKH VPDOO IRUPDW FDPHUD FDQ EH FRQVL
SKRWRJUDPPHWULF LPSRUWDQFH 7UDQVIRUPDWLRQ PHWKI
WKH XVH RI UHVHDX SKRWRJUDSK\ WR FRUUHFW IRU LPDJ
LQYHVWLIDWHG DQG WKHLU VXLWDELOLW\ FRPSDUHG LQ V
PRGHO WKH VSHFLILF SUREOHPYV DVVRFLDWHG ZLWK VHPL F

"KLOVW QHWZRUN JHRPHWU\ LV VKRZQ WR SURYLGH WK
LQIOXHQFLQJ WKH GHWHUPLQDWLRQ RI SKRWRJUDPPHWUL
VKRZQ WKDW JLYHQ JRRG FDPHUD GHVLJQ DQDO\WLFDO SKI
VPDOO IRUPDW LPDJHV FDQ EH OLPLWHG E\ WKH LPDJH TX|
WKH OHQV DQG ILOP FRPELQDWLRQ



QWURGXFWLRQ

SKRWRJUDPPHWU\ LQFRUSRUDWHY WHFKQLTXHYV ZKLFK DUH RIWHC
DSSOLHG SKRWRJUDSK\ DQG VXUYH\LQJ

BHUKDSV WKH PRVW UHFHQW GHILQLWLRQ RI SKRWRJUDPPHWU\ LV

SKRWRJUDPPHWU\ LV WKH DUW VFLHQFH DQG WHFKQRORJ)\
TXDQWLWDWLYH LQIRUPDWLRQ DERXW SK\WLFDO REMHFW)
WKURXJK WKH SURFHVV RI UHFRUGLQJ PHDVXULQJ D¢
SKRWRJUDSKLF LPDJHV DQG SDWWHUQV RI UDGLDQW LPL
VHQVRU V\VWHPV

7KH WHUP DSSOLHG SKRWRJUDSK\ FRYHUV WKH XVH RI SKRWRJUI
YDOXH LQ WKH VWXG\ XQGHUVWDQGLQJ DQG FRQWURO RI EDVLF
LQGXVWU\ DQG HGXFDWLRQ $UQROG HW DO 7KLV VHFRQG YL
VSHFLDOLVDWLRQ XQGHU WKH JHQHUDO XPEUHOOD RI DSSOLHG Sk

$QDO\WLFDO SKRWRJUDPPHWU\ LV WKH VLPXOWDQHRXVY GHWHUPLQI
HI WHULRU RULHQWDWLRQ SDUDPHWHUY DQG WKH FRRUGLQDWHV R
WKH SKRWRJUDSKLF YLHZSRLQW LV SHUWLQHQW ZKHQ LW LV F
SKRWRJUDPPHWULF SURMHFW HVSHFLDOO\ RQH GHPDQGLQJ KLJK
TXDOLW\ FRQWHQW DQG GLPHQVLRQV RI WKH LPDJHV SURGXFHG

7KLY WKHVLV VHWV RXW WR VWUHVV WKH LPSRUWDQFH RI SKR)
SHUVSHFWLYH VRPH RI WKH SKRWRJUDSKLF HOHPHQWY FRQFHQW
ZKLFK FRQWULEXWH WR WKH GHWHUPLQDWLRQ RI SKRWRJUDPI
SKRWRJUDPPHWU\

5HDVRQV IRU FDUU\LQJ RXW UHVHDUFK LQ WKLV DUHD

7HUUHVWULDO SKRWRJUDPPHWU\ ZDV WUDGLWLRQDOO\ FDUULHG R
GLVWRUWLRQ IUHH HPSOR\HG QRWLRQDOO\ IODW JODVV SODWH EI
LQFRUSRUDWHG DQ LQWHUQDOO\ GHILQHG DQG VWDEOH LPDJH FI
FDPHUDV PHDQW WKDW WKH UHODWLRQVKLS EHWZHHQ WKH REMHFV
EH PRGHOOHG XVLQJ VLPSOH PDWKHPDWLFDO DVVXPSWLRQV

&XUUHQWO\ WKHUH LV D WUHQG IRU VPDOOHU VHPL PHWULF FDPHU
IRU SLFWRULDO SKRWRJUDSK\ EXW PRGLILHG IRU SKRWRJUDPPHW
OHQV IRFXV VHWWLQJV DQG RIWHQ D UHVHDX JULG SODWH 7KH
GLVWRUWLRQV ZKLFK PXVW EH LQFOXGHG LQ WKH PDWKHPDWLFDO
QR ORQJHU EH DVVXPHG WR EH GLVWRUWLRQ IUHH 7R H[SORLW IXC

&



W LV QHFHVVDU\ WR LQYHVWLIJDWH WKH VLJQLILFDQFH RI DQG GHYI
GHIRUPDWLRQV

2SWLFDO OHQV TXDOLWLHVY GHPDQGHG E\ SLFWRULDO SKRWRJUDSK
PDQXIDFWXUHG WR SUHFLVH WROHUDQFHY 7KH VWDEOH QDWXUH R
JHRPHWULF OHQV GLVWRUWLRQV FDQ EH VWDELOLVHG E\ VHPL PHW
EH PRGHOOHG PDWKHPDWLFDOO\ &RQVHTXHQWO\ WKH ODUJHVW S
OLPLWLQJ WKH SKRWRJUDPPHWULF DSSOLFDWLRQ RI VHPL PHWULF

&RQVLGHUDEOH ZRUN KDV EHHQ FDUULHG RXW WR DVVHVV SK\VLI
GHIRUPDWLRQ LQ FDPHUDY DQG SKRWRJUDSKLF ILOPV LQWHQGHG
DVVHVVPHQW KDV EHHQ PDGH FRQFHUQLQJ WKH XVH RI ILOPV DC
SKRWRJUDSK\

6 XPPDU\ RI SUHYLRXV ZRUN UHODWLQJ WR WKH GHIRUPDWLRC

ODQ\ HYDOXDWLRQV Rl ILOP GHIRUPDWLRQ KDYH EHHQ PDGH SUH:
VWLPXOXV FDPH IURP LQDFFXUDFLHY RFFXUULQJ LQ DHULDO WULD

,QLWLDOO\ ZRUN ZDV FDUULHG RXW WR GHWHUPLQH WKH H[WHQW
VTXDUH LPDJHV W\SLFDO Rl WKH ODUJH IRUPDW PDSSLQJ FDPHUDYV

$GHOVWHLQ DQG /HLVWHU BXEVHTXHQWO\ VLPSOH VKULC
GLVSDULW\ EHWZHHQ WKH FDOLEUDWHG DQG LPDJHG SRVLWLRQV
HYROYHG /DPSWRQ DQG 8PEDFK %HQGHU =LHPDQQ D

OHDVXUHPHQW PHWKRGYVY HPSOR\HG WR DQDO\]H ILOP GHIRUPDWLRQ
PHDVXUHPHQW RI FDOLEUDWHG FRQWDFW JULG H[SRVXUHV L
&DOKRXQ HW DO $GHOVWHLQ HW DO

5HVHDUFK FRQWLQXHG XVLQJ ERWK ODERUDWRU\ WHFKQLTXHV DQC
DOORZLQJ ILOP GHIRUPDWLRQV RYHU WKH HQWLUH IRUPDW DUHD W
SUDFWLFDO FRQGLWLRQV &DUPDQ DQG ODUWLQ =LHPDQQ F
ZLWK NQRZQ ILOP GHIRUPDWLRQ SHUPLWWHG WKH HPHUJHQFH RI
PRGHOV EDVHG RQ WKH GLIIHUHQFHV EHWZHHQ FDOLEUDWHG UHYV
IDPSWRQ DQG 8PEDFK =LHPDQQ E DQG D

'LUHFW PHDVXUHPHQW RI ILOP XQIODWQHVV ZLWKLQ WKH VXUYH\
LOQWHUIHURPHWULF WHFKQLTXHY &ODUN OHLHU $W DERX
ZRUNLQJ IRU (DVWPDQ .RGDN LQYHVWLJIJDWHG WKLFNQHVY YDULDW
XQIODWQHVYV LQ PP FDPHUDYVY ZDV DOVR LQYHVWLIJDWHG XVLQJ LQ

&



3KRWRJUDSKLF ILOP GHIRUPDWLRQ DQG LWV SK\VLFDOO\ EDVHG F|
KDV EHHQ QHDWO\ VXPPDULVHG E\ =LHPDQQ

7KH JHRPHWU\ RI D SKRWRJUDSKLF LPDJH FKDQJHV WKURX
7KHVH FKDQJHV FDQ EH QHJOLJLEO\ VPDOO RU VLJQLILFDQV
HQWLUH IRUPDW DUHD RU RQO\ VPDOO SDUWV RI LW 7KH L
EH UHFRJQLVHG LI UHIHUHQFH SRLQWVY DUH DYDLODEOH
UHFRJQLWLRQ GHSHQGV QRW RQO\ RQ WKH QXPEHU RI UH
DOVR RQ WKHLU GLVWULEXWLRQ ([DPSOHVY GHPRQVWUDWH
SURMHFWHG UHVHDX H[SRVHG VLPXOWDQHRXVO\ ZLWK WKF
WKH RQO\ VROXWLRQ WKDW SHUPLWY FKHFENLQJ RI LPDJH G
GXULQJ WKH UHFRUGLQJ SURFHVV $ UHVHDX FDQ DOVR EFt
DQ\ GHIRUPDWLRQ RI WKH LPDJH WR DQ H[WHQW OLPLWHG
DQDO\WLFDO SURFHGXUHV DUH XVHG

$OWKRXJIK PDGH LQ WKHVH REVHUYDWLRQV DUH SUREDEO\ VW
FROQVWLWXHQWY RI SKRWRJUDSKLF ILOP KDYH DOWHUHG OLWWOH

6XUSULVLQJO\ OLWWOH VLIQLILFDQW ZRUN DSSHDUV WR KDYH EHHC
WKH SK\WLFDO FDXVHV RI ILOP GHIRUPDWLRQ DOWKRXJK DQ ,QWH
,63 ZRUNLQJ JURXS RQ LPDJH JHRPHWU\ ZDV DFWLYH GXULQJ WK
UDQJH ODUJH IRUPDW FDPHUD V\VWHPVY KDYH KRZHYHU HYROYHG ¢
LOQFRUSRUDWLQJ YDULRXV QHZ GHVLJQ DQG UHVHDX WHFKQRORJLH

,PSRUWDQWO\ IRU WKH UHVWLWXWLRQ Rl QRQ PHWULF LPDJHU\
SURFHVVLQJ SRZHU KDV GLUHFWHG UHVHDUFK WRZDUGV WKH SUR
PRGHOV VXFK DV WKH EXQGOH DGMXVWPHQW %URZQ (EQHU
7KHVH WHFKQLTXHV KDYH EHHQ IXUWKHU H[WHQGHG WR LQFOXGH*
LPDJHU\ )DLJ YUDVHU D E E )U\HU 'HVWHU (EELQJ}
PHWKRGV E\ ZKLFK VXFK FDPHUDV FRXOG EH XVHG IRU KLJK SUHFL

J)LOP HPXOVLRQ WHFKQRORJ\ KDV DOVR DGYDQFHG ZLWK WKH LQ
PRUSKRORJLHV FRQIHUULQJ KLJK VSHHG ZLWK OHVV JUDQXODULW\
DO .RGDN D ,O0IRUG E $OVR VSHFLDOLVW ILOPV VXFK DV
LOQWURGXFHG ZKLFK RIITHU WKH VFLHQWLILF SKRWRJUDSKHU D ZL(
.RGDN E

6HYHUDO VPDOO IRUPDW FDPHUD V\VWHPV PRGLILHG IRU SKRWRJU
DYDLODEOH 5ROOHL OHWULF DQG /HLFD (OFRYLVLRQ 3HQWI
DQG O0.: 7KHVH FDPHUDV XVH KLJK TXDOLW\ RSWLFV DQG JHQHUDO
EDFN IRU WKH FRQWURO RI ILOP GHIRUPDWLRQ 6HYHUDO UHVHDU|]
QRQ DQG VHPL PHWULF FDPHUDV SURGXFLQJ SKRWRJUDPPHWULF V

&



WDQ PHWULF FDPHUDV PDGH VSHFLILFDOO\ IRU SKRWRJUDPPHWU\
JUDVHU YU\HU

W VKRXOG EH PHQWLRQHG WKDW WKH GLUHFWLRQ RI PRVW FXUU
GLUHFWLRQ EHLQJ SURYLGHG E\ WKH DYDLODELOLW\ Rl ORZ FRVW
7KHVH LQ WKH ORQJ WHUP PD\ UHSODFH ILOP DV DQ LPDJLQJ VXI
VI\VWHPV DUH OLPLWHG E\ SL[HO VL]H DQG WKH DELOLW\ WR SUR
H[DPSOH WKH VWDWH RI WKH DUW LQ ORZ FRVW &&' FDPHUDV LV S
OHJDSOXV FDPHUD 7KLV FDPHUD FDSDEOH RI SURGXFLQJ XSWR VH
DQ DUUD\ RI E\ SL[HOV LQ D PP E\ PP DUHD HDFK SL[HO
.RGDN E ,Q YHU\ DSSUR[LPDWH WHUPV WKLV DUUD\ FDQ EH F|
ILOP FDPHUD IRUPDW RI PP E\ PP LQFRUSRUDWLQJ D PHDQ VLC
ERWK FDVHV HDFK DUUD\ HOHPHQW KDV WKH DELOLW\ WR SURGXF
Rl GDWD VWRUHG RQ D VLQJOH ILOP IUDPH LV PDQ\ WLPHV JUHDW!
*UXQ $UQROG HW DO

2XWOLQH RI LQWHQWLRQV IRU WKH UHVHDUFK SURMHFW

7TKH LQWHQWLRQV RI WKLV UHVHDUFK SURMHFW ZHUH WR HYDOXD\)\
DYDLODEOH VPDOO IRUPDW ILOP SURGXFWY DQG WR DVVHVV VRPH
PHDVXUHPHQW ZLWK VPDOO IRUPDW FDPHUD V\VWHPV

([SHULPHQWDO ZRUN KDV EHHQ FDUULHG RXW WR GHWHUPLQH Wt
GHIRUPDWLRQ RFFXUULQJ RXW RI FDPHUD ,QYHVWLIJDWLRQV L«
FKDQJHV FDXVHG IRU H[DPSOH E\ HQYLURQPHQWDO IOXFWXDWLR
FKDQJHY DWWULEXWDEOH IRU HIDPSOH WR FKHPLFDO SURFHVVLQJ

%DVHG RQ WKH ODERUDWRU\ UHVXOWYV LQ FDPHUD UHVHDX JULG H
ZHUH GLUHFWHG DW DVVHVVLQJ WKH PDJQLWXGH DQG GHIRUPDWL]I
FRPPHUFLDOO\ DYDLODEOH DQG PP PRQRFKURPH ILOP VW
IRUPDW UHVHDX FDPHUD

)LQDOO\ ERWK PHWULF VHPL PHWULF DQG QRQ PHWULF FDPHUD
SKRWRJUDPPHWULF VXUYH\ RI D WDUJHW DUUD\ ,Q WKLV ZD\ VRP
SKRWRJUDPPHWULF PRGHOOLQJ SUREOHPVY DVVRFLDWHG ZLWK WKH
DVVHVVHG

7TKHVLV 6WUXFWXUH

7KLV WKHVLV LV FRPSRVHG RI VHYHQ PDLQ FKDSWHUV WZR DSSHQC



&KDSWHU FRQVLVWY RI D EULHI LQWURGXFWLRQ WR EDVLF SKRYV
GHWDLOHG VXPPDU\ RI KLVWRULFDO H[SHULPHQWDO ZRUN FDUULH(

&KDSWHU LV GLUHFWHG SULPDULO\ DW WKH QRQ SKRWRJUDPPH
WKHRUHWLFDO SULQFLSOHV DQG PDWKHPDWLFDO PRGHOV ZKLFK
WHFKQLTXHV XVHG GXULQJ WKH FRXUVH RI WKLV WKHVLYV ,W DOV
DSSOLHG WR PRGHO ILOP GHIRUPDWLRQ LQ VPDOO IRUPDW FDPHUL

&KDSWIBHVFULEHY DQ LQLWLDO LQYHVWLIJDWLRQ FRQGXFWHG WR D
Rl1 ILOP GHIRUPDWLRQ LQ D VPDOO IRUPDW VHPO PHWULF FDPHUD

&KDSWHUYHYV UHVXOWY IURP WKH ILOP GHIRUPDWLRQ LQYHVWLJDW
ZKLFK LQGLYLGXDO FRQVWLWXHQWY RI WKH SKRWRJUDSKLF SURF}
GHIRUPDWLRQ DVVHVVHG

&KDSWHBRPSULVHYVY WKH LQ FDPHUD ILOP GHIRUPDWLRQ H[SHULPHQ
WKH SUDFWLFDO VWXG\ EDVHG RQ WKH SKRWRJUDSK\ RI D WDUJHW

&KDSWHYDOXDWHY WKH WKHVLY DQG VXPPDULVHV WKH FRQFOXVLF
FRXUVH RI WKH UHVHDUFK SURMHFW

$SSHQGLFHYVY PDBA®NVHQGHG IRU UHIHUHQFH DQG FRQVLVW RI D VH
WKH ILOP GHIRUPDWLRQV DVVRFLDWHG ZLWK WKH H[SHULPHQWD (
UHVSHFWLYHO\



SKRWRJUDPPHWULF DSSOLFDWLRQV RI SKRWRJUDSKLF WKH]

7KH DLP RI WKLV FKDSWHU LV WR SUHVHQW D VXFFLQFW IUDPHZRU!
SKRWRJUDSKLF SURFHVVY UHOHYDQW WR WKH XVH RI SKRWRJUDSK
TKURXJKRXW WKH FKDSWHU UHVXOWY IURP RWKHU ZRUNHUV DQG L
SKRWRJUDPPHWULF SURFHVYV DUH GUDZQ 7KH VLJQLILFDQFH RI WK
VRPH GLUHFWLRQV IRU WKH SK\WWLFDO DQDO\VLV RI ILOP GHIRUPL
FRQVWLWXWHY WKH EXON RI WKH UHVHDUFK ZRUN GHVFULEHG LQ '
LW PXVW EH ERUQH LQ PLQG WKDW ZKLOVW DQDO\WLFDO SKRWRJL
DGDSWHG WR PRGHO GHIRUPDWLRQV RFFXUULQJ GXULQJ WKH SKEF
SUHIHUDEOH WR IRUPXODWH FRUUHFWLRQV EDVHG RQ WKH DFWXD(

7KH SK\WLFDO DQG FKHPLFDO SURSHUWLHV Rl SKRWRJUDSKLF PDW
FRQVWLWXHQWY $ WKRURXJK XQGHUVWDQGLQJ RI WKH QDWXUH R
DQG FRQWURO RI WKH SKRWRJUDSKLF LPDJH FDQ RQO\ EH JDLQHC
LQWHUDFWLRQ RI WKH LQGLYLGXDO SKRWRJUDSKLF ILOP FRPSRQH

&ERQVWLWXHQWY RI SKRWRJUDSKLF PDWHULDOV

&ERQYHQWLRQDO SKRWRJUDSKLF ILOP FRQVLVWY RI D VDQGZLFK RI
HPXOVLRQ OD\HUV VXSSRUWHG E\ D EDVH PDWHULDO FRPPRQO\ FR
RU SRO\HWK\OHQH WHUHSKWKDODWH 7KH SURSHUWLHYV RI WKH OL
VSHFLILF VSHHG JUDLQ DQG VSHFWUDO VHQVLWLYLW\ FKDUDFWHU

(PXOVLRQ FRQVWLWXHQWYV

7KH SULPDU\ FRQVWLWXHQWY RI D
6XSHUFRDW

FRQYHQWLRQDO SKRWRJUDSKLF HPXOVLRQ (PXOVLROQ

DUH JHODWLQ DQG VLOYHU KDOLGH 2WKHU 6XEELQ.J

FRPSRXQGV DUH DGGHG GXULQJ

PDQXIDFWXUH IRU H[DPSOH VHQVLWLVLQJ

G\HV WR FRQIHU WKH GHVLUHG VSHFWUDO JLOP %DVH

VHQVLWLYLW\

6LOYHU KDOLGHYV 6XEELQJ
$QWLFXUO DQG
$QWL KD ORWL R

7KH VLOYHU KDOLGHV DUH OLJKW VHQVLWLYH EDFNLQJ

VDOWV IRUPHG E\ WKH RREHQDWLRQHRIHUDOLVHG FURVV VHFWL
VLOYHU QLWUDWH ZLWK TPPRRIUPSKBDIIERP -DFREVRQ HW DO

+DOLGHY DUH PHPEHUV RI WKH JURXS



RIRHOHPHQWY NQRZQ DV WKH KDORJHQV EURPLQH FKORULQH DQG
PDWHULDOV ,Q WKH IRUP RI D VXVSHQVLRQ RI PLQXWH FU\WWDOV
KDOLGH VXVSHQVLRQV DUH DV GHVFULEHG EHORZ ,QKHUHQWO\ )
ELQGLQJ DJHQW

*HODWLQ

*HODWLQ SURYLGHV WKH ELQGLQJ DJHQW ,Q ZKLFK WKH VLOYHU
PRYHPHQWYV RI WKH H[SRVHG VLOYHU KDOLGH RU SURFHVVHG VL(
ULVH WR GLPHQVLRQDO GLIIHUHQFHYVY EHWZHHQ WKH DHULDO LPD
SKRWRJUDSKLF LPDJH ZKLFK ZH DFWXDOO\ PHDVXUH 7TKH SRVLWL
WR PHDVXUH ZLOO FRQVHTXHQWO\ GLIIHU IURP WKRVH WKDW DU
PRGHOV EDVHG RQ WKH OHQV VA\VWHP DORQH &KDSWHU 7k
DFFRUGLQJO\ FRQVWLWXWHY WKH SK\WVLFDO URRW RI WKH GLPHQVI

*HODWLQ LV GHULYHG IURP FROODJHQ D SRO\SHSWLGH IRXQG LQ
FRPSOH[ RUJDQLF PDFUR PROHFXOH KDYLQJ WKUHH VWUXFWXUDO
GLPHQVLRQDO DQG FKHPLFDO VWDELOLW\ RI WKH HPXOVLRQ OD\
SDUWLFXODUO\ LPSRUWDQW WKH SUHVHQFH RI LPSXULWLHYV KDYL
RI WKH SKRWRJUDSKLF HPXOVLRQ 'XIILQ

B3ULPDU\ VWUXFWAWHFRQVWLWXWHY WKH EDVLF PROHFXODU VWUXF
ZLWK WKH RUGHU DQG VHTXHQFH RI WKH VLGH JUR

5 57 5 59 DUH VLGH JURXSVY DSSUR[LPDWHO\ RI ZKLFK DUH N

6HFRQGDU\ VWUXHWSREB\SHSWLGH LV QRW OLQHDU EXW FKDLQV D
KHOLFDO RU VSULQJ OLNH VWUXFWXUH

7THUWLDU\ VWUXHORUWM.Q LQ FRPPRQ ZLWK PRVW SRO\SHSWLGHV L
OHQJWK EXW WKH FKDLQV DUH FRPSDFWHG ZLWK
KHOG WRJHWKHU E\ K\GURJHQ RU K\GURSKRELF E
ERQGV ZKLFK IXUQLVK JHODWLQ ZLWK WKH FROO
SURYLGH LWV EDVLF PRLVWXUH DEVRUEWLRQ SURS



&ROORLGDO SURSHUWLHYV

*HODWLQ DQG VLOYHU KDOLGH ERWK EHORQJ WR WKH JURXS RI VXE
LQ D SKRWRJUDSKLF HPXOVLRQ WKH JUHDWHU VWDELOLW\ RI Wk
DPDOJDPDWLRQ DV GHVFULEHG EHORZ 7KH DVVRFLDWHG FROO
FRQVLGHULQJ WKH IDFWRUV LQIOXHQFLQJ WKH GLPHQVLRQDO VWL
JHODWLQ VLOYHU KDOLGH PL[WXUH FROORLGDO FKDUDFWHULVWLE\
FRPSRQHQWY JHODWLQ DQG VLOYHU KDOLGH FRQVWLWXWH WKH G|
RU VROYHQW ORYLQJ ZKLOVW VLOYHU KDOLGH LV O\RSKRELF 6KHS
7KHVH ZDWHU EDVHG SURSHUWLHVY IRUP WKH EDVLV RI WKH
ZKLFK KDYH EHHQ GHPRQVWUDWHG WR RFFXU LQ SUDFWLFDO DQDO
&DUPDQ DQG ODUWLQ &ROWRQ DQG :LHJDQG

/I\RSKRELF FROORLGY DUH GLVSHUVLRQV
RI VROXEOH VXEVWDQFHV ZLWK D $KDVH ;

ERXQGDU\ EHWZHHQ WRH: %¥PDOO $J3; $35 5
SDUWLFOHYV DQG WKH GLVSHUVLQJ PHGLXP$

7KHLU VWDELOLW\ LV ORZ DQG UHODWHG WR'LVVRFLDWLRQ

WKH FKDUJH FDUULHG E\ WKH

FRQVWLWXHQW SDUWLFOHV WKLV FKDUJIH

EHLQJ DFTXLUHG E\ DGVRXWHWLRQLWWRFLDWLRQ RI VLOYHU KDOLG

GLVVROXWLRQ

1+ 1+ 1+

+a +
JHOBBBJHOY JH O

FR FR

aYH QHXWUDDO Y H
KLJK S+ S + ORZ S+
Y)LIXUH ,RQLVDWLRQ DQG VROXELOLW\ Rl JHODWLQ 'XIILQ

7KH VWDELOLW\ RI O\RSKLOLF FROORLGYVY KDV EHHQ DWWULEXWHG

JRU JHODWLQ WKH VWDELOLVLQJ FKDUJH ,V IURP LRQLVDWLRQ
VZHOO RFFXUV DW WKH LVRLRQLF SRLQW FRUUHVSRQGLQJ WR D S
Rl1 D S+ RI DURXQG GXULQJ DOO SURFHVVLQJ VWDJHV LI SUDFWLFI



PD EH LPSRUWDQW IRU WKH PLQLPLVLQJ RI GLPHQVLRQDO FKDQ.
SURFHVVLQJ 6XFK VWUHVVHV DUH WKRXJKW WR EH UHVSRQVLEOH
REVHUYHG LQ WKH WKLQ EDVHG .RGDN 7HFKQLFDO 3DQ ILOP 6F

7KH DWWULEXWHV RI JHODWLQ KDYH UHOHYDQFH QRW RQO\ WR GL
WKH SURFHVVHV RI PDQXIDFWXUH DQG LPDJH IRUPDWLRQ )RU H[DP
FRDWHG OD\HUV DUH UHDGLO\ SHUPHDWHG E\ DTXHRXV VROXWLRQV
DOVR DFWV DV D KDORJHQ DFFHSWRU HQKDQFLQJ DQG VWDELOLVL

J)LQDOO\ IROORZLQJ SURFHVVLQJ VLOYHU LPDJHV DUH RI DUFKLYDC
DGYDQWDJHV RI SKRWRJUDPPHWU\ DV D PHDVXUHPHQW WHFKQLTXH
DW D ODWHU GDWH $UFKLYDO SHUPDQHQFH LV RQH RI WKH NH\ D(
RSSRVHG WR GLJLWDO LPDJHV ZKLFK DUH PXFK FRVWO\ WR VWRUH
WR PLQLPLVH GLPHQVLRQDO FKDQJHV VKRXOG VWLOO SURYLGH LP

)LOP EDVH PDWHULDOV

7KH HPXOVLRQ OD\HUV DUH VRIW DQG PXVW EH FRDWHG RQWR D VX
RI VPDOO IRUPDW SKRWRJUDSK\ LV JHQHUDOO\ D ILOP EDVH 7KH
VXSSRUW QHFHVVDU\ WR FRXQWHUDFW WKH H[SDQVLRQV DQG FRQV
OLFKHQHU $Q DVVRUWPHQW RI ILOP EDVH PDWHULDOV DUH DY
VLQFH WKLV ZRUN LV SULPDULO\ FRQFHUQHG ZLWK FDPHUD VSHHG
ILOP FDPHUDV ZH ZLOO ORRN LQ GHSWK RQO\ DW WKH WZR FRPPR
YROXPH DUH FRDWHG RQWR HLWKHU FHOOXORVH WUL RU GL
WHUHSKWKDODWH ZKLFK LV DOVR NQRZQ E\ EUDQG QDPHV VXFK D
PDQXIDFWXULQJ GLIIHUHQFHV EHWZHHQ WKHVH WZR ILOP EDVHV F
FKDQJHV GRFXPHQWHG ODWHU LQ WKLV FKDSWHU

&HOOXORVH

7KH FHOOXORVH DFHWDWHY DUH IRUPHG E\ WKH DFHW\ODWLRQ RI F
UDWLR EHWZHHQ FHOOXORVH DQG DFHW\O JURXSYV

&HOOXORVH DFHWDWH ILOP EDVH LV PDGH XVLQJ WKH WHFKQLTXH
FRQFHQWUDWHG VROXWLRQ RI GL RU WUL DFHWDWH LQ VROYHQW

RQ ZKLFK WKH VROYHQW LV HYDSRUDWHG WR OHDYH WR UHVLG)>
IURP WKH GUXP 6LOQFH WKH EDVH LV QRW VWDEOH SODVWLFLVH
SHUPDQHQFH 7KH HYDSRUDWLRQ RI WKHVH SODVWLFLVHUV ZLWK W
FDXVH IRU GLPHQVLRQDO FKDQJHV RFFXUULQJ LQ WULDFHWDWH EI



FK RK

)LIXUH &HOOXORVH -DFREVRQ

$ WKLQ OD\HU RI JHODWLQ LV HDVLO\ DWWDFKHG WR WKH EDVH L
JRRG DGKHVLRQ EHWZHHQ WKH EDVH DQG HPXOVLRQ OD\HUV 5HJI
SURSHUWLHYV RI WKH EDVH DUH ZLWKRXW JRRG DGKHVLRQ WKH\ -
GLPHQVLRQ RI WKH HPXOVLRQ OD\HUV

&XULQJ JROQH

JLIXUH 6FKHPDWLF GLDJUDP RI D PDFKLQH IRU WKH VROYHQ

SRO\HVWHU

SRO\HVWHU LV LQVROXEOH LQ PRVW VROYHQWYV WKHUHIRUH D PDQ
LV XVHG )LJ 1R SODVWLFLVHU RU VROYHQWY DUH XVHG GXUL(
EXW DW WKH H[SHQVH RI LQFUHDVHG FRVW )RU UHDVRQV RI HFRQ
EH FRDWHG RQWR WKH FKHDSHU FHOOXORVH EDVHV XQOHVV D VSH
DQG VWDELOLW\ RI D SRO\HVWHU EDVH

,Q PDQXIDFWXUH WKH PDWHULDO LV SK\VLFDOO\ VWUHWFKHG RU H|

&



Q &+ %2+

Q

JLIXUH 3RO\HVWHU -DFREVRQ
RQ WKH ILQDO GLPHQVLRQDO SURSHUWLHYV RI WKH PDWHULDO 7KH (

WKDW WKH ILQLVKHG VXSSRUW LV PDQXIDFWXUHG ZLWK DV KLJK D

$ SUREOHP ZLWK WKH PDWHULDO LV WKDW LW LV K\GURSKRELF D
GLVFKDUJH PXVW WKHUHIRUH EH XVHG WR SURYLGH D VXLWDEO\ UF

+HDW ruiLQl
EDWK GLVSHUVLRQ
JLIXUH 6FKHPDWLF GLDJUDP RI D PDFKLQH IRU WKH PHOW FD
SRO\HVWHU EDVH -DFREVRQ HW DO
:KLOVW WDEOH GHPRQVWUDWHY VRPH GLPHQVLRQDO GHVLUDEL!

WULDFHWDWH LW FRQWDLQV RQO\ LQIRUPDWLRQ RQ JOREDO VFDO
'KHUH SKRWRJUDPPHWULF PHDVXUHPHQW LV FRQFHUQHG LW LV HDV
FKDQJHV EXW DVVHVVLQJ ORFDOLVHG FKDQJHV UHTXLUHV D VSHF
OLWHUDWXUH VHDUFK KDV QRW SURYLGHG DQ\ GDWD FRQFHUQHG
PDWHULDOV VXFK WKDW WKH PRVW DGYDQWDJHRXV ILOP EDVH IRU S
D NH\ TXHVWLRQ WR EH DQVZHUHG E\ WKH SUDFWLFDO ZRUN FRQGX



WXH ZKHQ LW LV FRQVLGHUHG WKDW D JUHDW YDULHW\ RI ILO
SKRWRJUDSK\ bUH UHDGLO\ DYDLODEOH RQ FHOOXORVH WULDFHW

7TDEOH 3K\ WVLFDO FKDUDFWHULVWLFV RI EDVH PDW
SDUDPHWHU *ODVV 3DSHU 7UL DFHWDWRO\HVWHU
7TKLFNQHVV PP WR WR WR

7KHUPDO FRHIILFLHQW RI !
H[SDQVLRQ SHU f&

+XPLGLW\ FRHIILFLHQW RI W R WR WR
H[SDQVLRQ SHU 5+

‘DWHU DEVRUEWLRQ DW
5+ DQG &

7THQVLOH VWUHQJWK DW
EUHDNLQJ NJ FP

BURFHVVLQJ VL]H FKDQJH WR !
'"DWD FRQWDLQHG LQ WDEOH REWDLQHG IURP .RGDN

SKRWRJUDSKLF FKHPLVWU\

7KH DLP RI WKLV VHFWLRQ LV WR VXPPDULVH WKH HOHPHQWYV RI S
EDVLV RI WKH FRQWURO RI WRQH UHSURGXFWLRQ 6XFK D NQRZC
SRVVLEOH GXULQJ WKH SKRWRJUDSKLF SURFHVV FDQ SURYLGH Wtk
DQ\ JLYHQ SKRWRJUDPPHWULF SURMHFW

6HQVLWLYLW\ WR OLJKW DQG WKH VLOYHU KDOLGH HPXOVLR

7R SURGXFH SKRWRJUDSKV ZH PXVW HPSOR\ D PDWHULDO ZKLFK
XQGHUJRHV VRPH FKHPLFDO RU SK\WLFDO FKDQJH ZKHQ OLJKW I
VHQVLWLYH VXEVWDQFHV UDQJLQJ IURP GLD]JRQLXP VDOWV WKI
FRXSOHG GHYLFHYV ,Q WKLV LQYHVWLIJDWLRQ KRZHYHU RQO\ FR
EDVHG HPXOVLRQV KDYH EHHQ XVHG VLQFH WKHVH FRQVWLWXWH
FDPHUD VSHHG SKRWRJUDSKLF SURGXFWV LQWHQGHG IRU VPDOO

7KHUH DUH WKUHH VLOYHU KDOLGHV LQ GHVFHQGLQJ RUGHU RI1 VFE
D SULPLWLYH HPXOVLRQ VWDWH DV D SUHFLSLWDWLRQ LQ D JH
VHQVLWLYLW\ DQG DUH RI YHU\ KLJK FRQWUDVW SURGXFLQJ HVV
KDOLGHYV DUH VHQVLWLYH RQO\ WR WKH EOXH HQG RI WKH VSHFW!

7R LQFUHDVH HPXOVLRQ VSHHG DQG ORZHU FRQWUDVW WKH HPX
HVVHQWLDOO\ D KHDW WUHDWPHQW SURFHVV ZKHUHE\ ODUJHU JL

&



JDLQ VL]HV ZLWK GLIIHULQJ OLJKW WUDSSLQJ DELOLWLHV 7KH D
VSHHG DQG FRQWUDVW H[SODLQV ZK\ IDVW HPXOVLRQV RIWHQ JLY
ILQH JUDLQHG HPXOVLRQV DUH VORZ DQG Rl KLJKHU FRQWUDVW

$IWHU ZDVKLQJ D VHFRQG KHDW WUHDWPHQW SURFHVV LV XVHG L
JHODWLQ IRUP VHQVLWLYLW\ VSHFNV RQ WKH FU\WWDO VXUIDFH
HIWHQGHG VSHFWUDO VHQVLWLYLW\ LQWR WKH JUHHQ UHG DQG ¢
WUDFH TXDQWLWLHYV RI G\H DUH DGGHG 7DPXUD DQG +DGD

W |V WKLV VHULHVY Rl SURFHGXUHV ZKLFK GHWHUPLQH WKH FKDUI
HPXOVLRQ *UDLQV RI VPDOO VL]H EXW XQLIRUP GLVWULEXWLRQ
ZKLOVW DQ HPXOVLRQ ZLWK D GLVWULEXWLRQ RI JUDLQ VL]HV ZLOC
DW WKH H[SHQVH RI UHVROXWLRQ

2Q H[SRVXUH WR OLJKW HQHUJ\ LQ WKH IRUP RI TXDQWD DUH W
HOHFWURQLF FKDUJH WR WKH JUDLQ VHQVLWLYLW\ VSHENV 7KH P
LV WHUPHG WKH ODWHQW LPDJH 7KH WKUHVKROG OHYHO RU PLQL
GHYHORSDEOH LPDJH KDV EHHQ VKRZQ WR EH IRXU TXDQWD )DUQ

SHFHQWO\ GLIIHULQJ JUDLQ VWUXFWXUHV KDYH EHHQ SURGXFHG
JODWWHQHG JUDLQV NQRZQ DV 7 JUDLQV DUH VWLOO VXEMHFW W
EXW EHFDXVH RI WKHLU ODUJHU VXUIDFH DUHD DUH DEOH WR WUD
JLYHQ H[SRVXUH 2Q FRQWUROOHG GHYHORSPHQW D UHODWLYHO\
WR WKH JUDLQ DUHD LV SURGXFHG -DFREVRQ HW DO 7KLV D
ZKLOVW PDLQWDLQLQJ LPDJH TXDOLW\ XVHIXO IRU H[DPSOH GXUL
PDGH IURP D PRYLQJ SODWIRUP XVLQJ DPELHQW OLJKW

'"HYHORSHUVY DQG GHYHORSPHQW

TXDQWR

XQH[SRVHG HISRVHG
VHQVLWLYLW\ VSHFNYV ODWHQW LPDJH
Y)LIXUH 6FKHPDWLF GLDJUDP Rl WKH H[SRVHG DQG GHYHORSHG

7R SURGXFH D PHDVXUDEOH LPDJH WKH ODWHQW LPDJH PXVW E



UBXFLQJ DJHQW ZKLFK LV VHOHFWLYH LQ WKDW LW RQO\ DFWV RQ
'"HYHORSPHQW LV D UHGXFWLRQ UHDFWLRQ LQYROYLQJ HOHFWURQ
H[SRVHG VLOYHU KDOLGH W LV VHOHFWLYH LQ WKDW LW DFWV

FDWDO\WHG E\ WKH PHWDOOLF VLOYHU SURGXFHG

'"HYHORSHU IRUPXODWLRQVY DUH EDVHG RQ YDULDWLRQ RI WKUHH P
DFFHOHUDWRU DQG WKH TXDQWLW\ RI VROYHQW XVXDOO\ ZDWHU

7KH JHQHUDO GHYHORSPHQW UHDFWLRQ LV VKRZQ EHORZ

([SRVHG VLOYHU KDOLG '"HYHORSHU DJHQW
$J%U '+
6LOYHU 2[LGLVHG GHYHORSLQJ DJHQW %WURPL
$J ' % Up +
7TDEOH &RQVWLWXHQWYV RI D W\SLFDO GHYHORSHU

&RQVWLWXHQW ([DPSOHYV

'HYHORSLQJ DJHQGWRTXLQRQH SKHQ\OS\UDJROLGRQH 3KHQLGR
DPLQRSKHQRO OHWRO

$ONDOL RU DFFERGILVOPNRDUERQDWH ERUD[ VRGLXP K\GUR[LGH
SUHVHUYDWLYHG6RGLXP VXOSKLWH

SHVWUDLQHU SRWDVVLXP EURPLGH DQG RU RUJDQLF DQWL IRJJ
L'DWD IURP -DFRE¥RRVRQF

"HYHORSLQJ DJHQWY ORVH SURWRQV EHFRPLQJ PRUH DFWLYH U
GHYHORSLQJ DJHQW LV LQFUHDVHG 7KH W\SH RI DONDOL XVHG FD
GHYHORSHU DFWLYLW\ DQG WKH UHVXOWDQW PLFUR VWUXFWXUH
YDULDWLRQVY DSSOLFDEOH WR PRVW VLWXDWLRQV ZKHUH WKH FR(
LPDJH DUH GHVFULEHG LQ WKH IROORZLQJ VHFWLRQ

oObQ\ HOHFWURFKHPLFDO WKHRULHYV KDYH EHHQ GHULYHG WR GHVF
VLOYHU LPDJH LV EXLOW XS GXULQJ WKH GHYHORSPHQW SURFHVYV
WKHRU\ WKH FDWDO\WLF WKHRU\ DQG WKH HOHFWURGH DSSURDF
2]l LQWHUHVW WR SKRWRJUDPPHWULVWY DQG FRQVHTXHQWO\ WKL
PHWDOOLF VLOYHU LPDJH JURZWK ZKLFK KDYH EHHQ GHULYHG IUR

D &KHPLFDO GHYHQRWPIHQSBWURFHVY WKH VLOYHU LRQV ZKLFK IRUP
REWDLQHG IURP WKH VLOYHU KDOLGH FU\WWDO 7KLV JLYHV ULVH V



UBKXOWDQW GHYHORSHG JUDLQ LV PRUH OLJKW VFDWWHULQJ RU W

E 3K\WLFDO GHYHQRWRHQWQVWDQFH WKH GHYHORSLQJ DJHQW LV
D VLOYHU KDOLGH VROYHQW 6LOYHU ,RQV IURP WKH VROXWLRQ I
PRUH FRPSDFW VWUXFWXUH

2EYLRXVO\ LI WKH KLIJIKHVW UHVROXWLRQ LV GHVLUHG SK\VLFDO ¢
SUDFWLFDO GHYHORSHU ZKLFK LV H[FOXVLYHO\ Rl RQH W\SH 7KH
GHYHORSLQJ VROXWLRQV LV FRQVHTXHQWO\ DFFRUGLQJ WR IXQFW
FRQWUDVW VSHHG JUDLQLQHVV WUDGH RIl  ,W VKRXOG EH P
GHYHORSHU VROXWLRQ FDQ RQO\ SURYLGH D ILQH WXQLQJ RI WKH
GRPLQDWLQJ WKH ILQDO LPDJH FKDUDFWHULVWLFV

D )LQH JUDLQ 7KHVH GHYHORSLQJ DJHQWY HPSOR\ PHWRO
SKHQLGRQH K\GURTXOQRQH DV WKH DFWLYH DJHQW
WR JLYH D S+ Rl WR 6RGLXP VXOSKLWH DW D FF
JUDPPHV SHU OLWUH LV SUHVHQW DV D VLOYHU KDO
GHYHORSPHQW )LJ 7KLV W\SH RI DJHQW L\
GHYHORSHU IRU PRVW SKRWRJUDPPHWULF VLWXDW|I
JUDLQV ZLWKRXW FRPSURPLVLQJ ILOP VSHHG KDO
VSHHG EHLQJ W\SLFDO

E $SFXWDQF\ (VVHQWLDOO\ GLOXWHG ILQH JUDLQ GHYHORSHUV Z|
E\ GLITHULQJ H[SRVXUH OHYHOV LQ DGMDFHQW DUH
OHVV H[SRVHG DUHDV FDUULHV RYHU WR DGMDFH
GHYHORSHU GHJUDGDWLRQ SURGXFWYV PLJUDWH WKt
Rl WKH GHYHORSPHQW UHDFWLRQ 7KH PDJQLWXGH
PLFUR FRQWUDVW DQG DSSDUHQW LPDJH FRQWUDVW
DIJLWDWLRQ )LJ ,QFUHDVHYV LQ PLFUR LPDJH I
YLVXDO DVVHVVPHQW PD\ QRW EH VR XVHIXO
PHDVXUHPHQW EHFDXVH XQGHU KLJK PDJQLILFDWLR
RU SRLQW WR EH PHDVXUHG PD\ FKDQJH

F /IRZ FRQWUDVW UHFRUG H[WUHPH VXEMHFW EULJKWQHVYV UDQJH\
VXFK DV 327%$ FDQ EH XVHG 7KLY HPSOR\V D OR
GHYHORSLQJ DIJHQW XVXDOO\ SKHQLGRQH RU PHWR(
DONDOL )LJ BURYLGLQJ VRPH VSHHG ORVV
GHYHORSHU FDQ EH XVHIXO ZKHUH UHFRUGLQJ RI GF
UDQJH RI VXEMHFW WRQHV )RU H[DPSOH WR UHFRU(
DQG GLUHFW VXQOLJKW PLJKW EH LPSRUWDQW



G +LJFRQWUDVWVHIXO LQ DHULDO SKRWRJUDSK\ ZKHUH WKH VXE
FRQWUDVW DUH GHYHORSHUV VXFK DV &RPPR
FRQFHQWUDWLRQ RI K\GURTXOQRQH PHWRO GHYHC
DQ DONDOL VXFK DV VRGLXP FDUERQDWH SURGXF]I
&KDUDFWHULVWLFV DUH LQFUHDVHG HPXOVLRQ VSF

H ([WUHPH FRQWOIODRMHVYV NQRZQ DV LQIHFWLRXVY GHYHORSPHQW L
ZLWK VSHFLDO HPXOVLRQV WR SURGXFH DQ H\
'"HYHORSHUIRUPXODWLRQVLQFRUSRUDWHK\GURTXLC
7KH SDUD IRUPDOGHK\GH FRPELQHV ZLWK VXOSKL\
ELVXOSKDWH FRPSRXQG WKHUHE\ NHHSLQJ WK
FRQFHQWUDWLRQ $ ORZ OHYHO RI VXOSKLWH LV H
OLWK GHYHORSHUV EHFDXVH KLJK OHYHOV RI VXO
GHYHORSPHQW HIIHFW /[LWK GHYHORSHUV DUH X'
OLWKRJUDSKLF HPXOVLRQ ZKLFK FRQWDLQV YHU\ IL(
JUDLQV 7KH JUDLQV DUH RI WKH FKORUR EURPLG|



JLIXUH /IRZ FRQWUDVW

'DWD IURP -DFREVRQ DQG -DFREVRQ

JLIDWLRQ

7KH PDLQ SXUSRVH RI WKH IL[LQJ EDWK LV WR UHQGHU WKH SKRWR

UHPDLQLQJ XQH[SRVHG VLOYHU KDOLGHVY WR ZDWHU VROXEOH FRPES
EDWK DQG WKH IROORZLQJ ZDVK VWHS 7KH VLOYHU KDOLGH VROY|



DPPRQLXP WKLRVXOSKDWH ZKLFK UHDFWV ZLWK WKH VLOYHU KDO
ZDWHU VROXEOH FRPSOH[ PRQRDUJHQWR GLWKLRVXOSKDWH

7KH UDWH RI IL[DWLRQ LV JRYHUQHG E\ WKH FRQFHQWUDWLRQ RI \
XQWLO WKHVH LQKLELW VZHOOLQJ RI WKH JHODWLQ HPXOVLRQ DOQf
VZHOO FDQ EH FRQWUROOHG E\ WKH DGGLWLRQ RI VDOWV VXFK I
UHVXOWDQW VRIWHQHG JHODWLQ FDQ HDVLO\ EH GDPDJHG

*HODWLQ KDV DV GHVFULEHG LQ VHFWLRQ D VWUXFWXUH Q
SHQHWUDWLRQ FDXVLQJ WKH VWUXFWXUH WR H[SDQG ,Q DGGL
PDQXIDFWXUH DJHQWYV ZKLFK SURPRWH WKH FURVV OLQNLQJ RI Jt
GLPHQVLRQDO VWDELOLW\ PD\ EH DGGHG WR WKH IL[LQJ EDWK 7K

D ,QRUJM@EK DV DOXPLQLXP SRWDVVLXP VXOSKDWH DQG FKURPLX
DUH WKRXJKW WR DFW E\ WKH IRUPDWLRQ RI FRPSOH[ LRQV $O
SRO\SHSWLGH FKDLQVY DFWLYH LRQLF JURXSYV SUHVHQW LQ JHODW
KDUGHQHUV PD\ DOVR EH LQFRUSRUDWHG GXULQJ HPXOVLRQ PDQX
HPXOVLRQV .RGDN E FRQIHUULQJ GHFUHDVHG GLPHQVLRQDO F
LPSURYHG PHFKDQLFDO UHVLVWDQFH 7KH GLPHQVLRQDO HIIHFWYV F
LQYHVWLIJDWHG GXULQJ WKH H[SHULPHQWDO ZRUN 6HFWLRQ

E 2UJDQLF KDUBH®HDNSOH IRUPDOGHK\GH IRUP FRYDOHQW ERQGV
FKDLQY DQG WKH KDUGHQHU ,WRK HW DO 7KH IRUPDWLRQ F
RFFXU VORZO\ RIWHQ WDNLQJ VHYHUDO ZHHNV WR DWWDLQ PDJ[LI
VXLWDEOH IRU SKRWRJUDPPHWU\ VLQFH LW LV RIWHQ QHFHVVDU
SURFHVVLQJ DV SUDFWLFDEOH ZKHQ ZLWK WKLV DJHQW WKH KDUG

'DVKLQJ DQG GU\LQJ

:DVKLQJ LV FDUULHG RXW WR UHPRYH UHVLGXDO VLOYHU WKLRVXO!
ZKLFK ZRXOG RWKHUZLVH VORZO\ GHFRPSRVH LQ WKH HPXOVLRQ
VWDLQLQJ .RSSHUO HW DO 6LQFH WKH UDWH RI UHPRYDO
HI[SRQHQWLDOO\ ZLWK WLPH :DOOV RSWLPXP ZDVKLQJ UHTXLL
WKH ZDWHU PXVW EH DV ORZ DV SRVVLEOH 7KH EHVW ZD\ RI DFKI
ZDWHU 7KH PLQLPXP ZDVK WLPH LQ UXQQLQJ ZDWHU JHQHUDOO\ U
SHUPDQHQFH GHVLUDEOH IRU SKRWRJUDPPHWULF LPDJHV LV DER)
FHQWLJUDGH

2] SULPDU\ LPSRUWDQFH IRU WKH FRQWURO RI GLPHQVLRQDO FKDQ
VZHOO ZKLFK DV VKRZQ LQ ILJXUH LV OLQNHG WR S+ $V PHQ\



DDHQWY PD\ EH DGGHG WR LQFUHDVH JHODWLQ FURVV OLQNLQJ $
WKHVH DUH XVXDOO\ FKHPLFDOO\ ,QHUW VDOWYV VXFK DV VRGLXP
ZDWHU WHQGVY WR GLIIXVH RXW RI D JHO ,QWR DQ DGMDFHQW FRQ

2QH Rl WKH PDLQ IDFWRUV DIIHFWLQJ GLPHQVLRQDO FKDQJH RI ¢
SURFHVV ZKHUHE\ H[FHVV ZDWHU ,Q WKH JHODWLQ HPXOVLRQ DOQ
UHPRYHG $ GLVFXVVLRQ RI WKLV SURFHVV DQG VRPH UHVXOWV F
VHFWLRQ

,PDJH TXDOLW\ IDFWRUYV

7R REWDLQ RSWLPXP SHUIRUPDQFH IURP SKRWRJUDSKLF PDWHULL
Rl VRPH SDUDPHWHUV GHILQLQJ WKHLU UHVSRQVH DUH GHVLUDEOI

,PDJH TXDOLW\ IDFWRUV FDQQRW EH DSSOLHG ULJRURXVO\ WR
LPSUHVVLRQ JLYHQ E\ DQ LPDJH DOVR GHSHQGV RQ SV\FKRORJLFCLC
JRU SKRWRJUDPPHWU\ WKH UHFRUGLQJ RI ,PDJH GHWDLO IRU R
,PSRUWDOQFH 7KH PHDVXUHPHQW SURFHVV RIWHQ LQYROYHV K
PLFURVWUXFWXUH DQG FRQWUDVW RI VPDOO UHJLRQV RI LPDJH GH
LQ ZKLFK SK\VLFDO ,PDJH TXDOLW\ IDFWRUV DUH PRVW UHOHYDQW

%DVLF VHQVLWRPHWUY

6HQVLWRPHWU\ ,V WKH REMHFWLYH VWXG\ RI WKH UHVSRQVH RI SK
WZR IRUPV RI VHRDEVRAERPHWHAUH WKH H[SRVXUH JLYHQ WR WKH ILOP L
WKLV EHLQJ XVHG IRU DEVROXWH ILE®RP/SSHHGYIGMMWHH WL QD W XRIQ F ID
WKH H[SRVXUH WR EH FRQVWDQW IURP WHVW WR WHVW

BHQVLWRPHWU\ ,V SULPDULO\ FRQFHUQHG ZLWK WZR SDUDPHWHUV

,Q OX[ VHFRQGV LQ WKH FDVH Rl DEVROXWH VHQVLWRPHWU\ DQG W
RI WKH UHVXOWDQW LPDJH $EVROXWH H[SRVXUH ,V GHWHUPLQHG

RI NQRZQ OXPLQRXV ,QWHQVLW\ DQG VSHFWUDO HPLVVLRQ ZKLOVW
IURP UHIOHFWDQFH UHDGLQJV Rl VXEMHFW HOHPHQWYV

,PDJH RU RSWLFDO GHQVLW)\ ,V GHILQHG DV WKH ORJDULWKP RI WK
WR WKH OLJKW WUDQVPLWWHG 7KH ORJDULWKPLF XQLW ,V XVHG
LV DSSUR[LPDWHO\ ORJDULWKPLF BK\WLFDO PHDVXUHPHQWYV RI LF
UHIOHFWLRQ DQG VFDWWHULQJ RI OLIJKW VXFK WKDW GLIIHUHQW
WR GLIIHULQJ GHQVLWLHV ,.Q WKH SKRWRJUDPPHWULF VLWXDW|
PHDVXUHG ZLWK SDUDOOHO ,O0XPLQDWLRQ DQG QRUPDO HPHUJHCQ

&



GHQVLW\ DQG DFFRUGLQJO\ VSHFXODU GHQVLW\ PHDVXUHPHQW DL

7KH VWDQGDUG UHSUHVHQWDWLRQ IRU VHQVLWRPHWULF PHDVX
FRQYHQWLRQDOO\ KDYLQJ FRPPRQ D[LV VFDOHV ZLWK GHQVLW\
DEVROXWH RU ORJ UHODWLYH H[SRVXUH FRPSDUDWLYH DV WKH

JRU VLPSOH HYDOXDWLRQV WKH WKUHH PRVW LPSRUWDQW SDL
FKDUDFWHULVWLF FXUYH DUH WKH WKUHVKROG OHYHO EDVH I
KDYLQJ DQ DYHUDJH JUDGLHQW JDPPD \ DQG WKH PD[LPXP GHQ\
RI FKDUDFWHULVWLF FXUYHVY FRUUHVSRQGLQJ WR FKDQJHV LQ GHY
$Q H[DPSOH RI WKH XVH RI D FKDUDFWHULVWLF FXUYH LV LQ Wt
DFFRUGLQJ WR WKH ,62 VWDQGDUG ,62 6SHFLILHG SDUDPH
FKDUDFWHULVWLF FXUYH GHULYHG IURP DEVROXWH H[SRVXUH DQG

7TRQH UHSURGXFWLRQ

$ VXEMHFW FRQVLVWYV RI D UDQJH RI GLIIHUHQW OXPLQDQFH GXH
H[KLELWHG E\ GLVSDUDWH DUHDV 7TKHVH FKDUDFWHULVWLFV DUH
YDULDWLRQ LQ WKH LOOXPLQDWLRQ WKDW WKH\ UHFHLYH 7TRQH
UHODWLRQVKLS EHWZHHQ WKH WRQDO FKDUDFWHULVWLFV RI D VFI

7KH TXDGUDQW GLDJUDP )LJ GHPRQVWUDWHY WKDW WKH ILQ
SKRWRJUDPPHWULF SXUSRVHV ZLOO GHSHQG RQ IRXU IDFWRUYV

D 7KH RULJLQDO VXEMHFW OXPLQRVLW\ UDQJH WKLV LV D FKD
OLIJKWLQJ FRQGLWLRQV ORGLILFDWLRQ E\ XVH RI DUWLILFLD(
WR UHGXFH WKH UDQJH E\ LQFUHDVLQJ OXPLQRVLW\ LQ VKI
WHFKQLTXH

E &DPHUD OHQV IODUH FDXVHG E\ OLJKW VFDWWHU DW OHQV
IHDWXUHV 7KLV VFDWWHUHG OLJKW ZLOO JHQHUDOO\ IDOO H°
XQLIRUP GHIJUDGDWLRQ RI WKH LPDJH VKDGRZ DUHDV

F 7KH QHJDWLYH PDWHULDO FKDUDFWHULVWLF FXUYH VKDSH
HPXOVLRQ ZLWK VRPH PRGLILFDWLRQ SRVVLEOH E\ YDULDWLR(
GLVFXVVHG LQ VHFWLRQV DQG

G 9LHZLQJ IODUH FDXVHG E\ OLJKW VFDWWHU ZLWKLQ WKH RSV
PDFKLQH UHVXOWLQJ LQ D XQLIRUP GHJUDGDWLRQ RI WKH L
QHIJDWLYH LPDJH LV YLHZHG IRU PHDVXUHPHQW FRQVHTXHQW

&



JLXUH 4XDGUDQW WRQH UHSURGXFWLRQ GLDJUDP $UQROG H

EH RI JUHDWHVW RSWLFDO GHQVLW\ DQG WKHUHIRUH WKH PR
OLJKW &XPXODWLYHO\ IODUH HIIHFWV UHVXOW LQ D GHFUH
UHGXFWLRQ RI PLG WRQH FRQWUDVW

7KH PDMRU FRQWUROODEOH YDULDEOH LQIOXHQFLQJ WRQH UHSUR
LV WKH FKDUDFWHULVWLF FXUYH RI WKH QHJDWLYH PDWHULDO

PDWFKLQJ Rl VHQVLWRPHWULFDOO\ GHULYHG GDWD IRU ILOP GHY
OXPLQDQFH UDQJH RU SDUW WKHUHRI WKDW LV WR EH UHFRUGHC

$Q H[DPSOH RI WKH XVH RI WKLV LPDJH GHVLJQ LV GHVFULEHG EH(
FXUYH VKDSH LV PRGLILHG E\ GHYHORSPHQW 7KH LQLWLDO VLWX
UDQJH RI VXEMHFW WRQHV ZLWK KLJK FRQWUDVW FDQ EH XVHIXO
HIDPSOH WKLQ FUDFNV RQ VLPLODUO\ LOOXPLQDWHG JUH\ FRQFUHMW
VKDSH SURYLGLQJ UHFRUGLQJ RI DOO VXEMHFW WRQHV ZLWK UHG



ZLWK D ODUJH WRQDO UDQJH IRU H[DPSOH ZKHUH PHDVXUHPHQW
KLIKOLJKW DQG VKDGRZ GHWDLOV LV UHTXLUHG

YJLIXUH 4XDGUDQW GLDJUDP GHPRQVWUDWLQJ FKDQJHV LQ RYH
FKDQJHY LQ GHYHORSPHQW SDUDPHWHUV 'HULYHG IURP .RGDN

JLIXUH GHPRQVWUDWHY KRZ FKDQJLQJ WKH GHYHORSPHQW SDU
PDWHULDO FKDUDFWHULVWLF FXUYH VKDSH IRU .RGDN 7THFKQLFDO 3
FXUYH BURFHVVLQJ LQ .RGDN ' KDV SURGXFHG D FKDUDFWHULVYV
WKDW WKH FRQWUDVW LQ WKH RYHUDOO UHSURGXFWLRQ LQ WKH P
VKDGRZ DQG KLIJKOLJKW UHJLRQV ZKLFK KDYH EHHQ FRPSUHVVHG
H[SRVXUH JLYHQ ZLOO UHVXOW LQ D PRYHPHQW RI WKH FXUYH DC
HQDEOLQJ WKH FRQWUDVW LQFUHDVH WR EH SURGXFHG RYHU DQ\ V
GHYHORSHU KDV UHVXOWHG LQ D WRQH UHSURGXFWLRQ FXUYH RI

VXEMHFW EXW DOO VXEMHFW WRQHVY KDYH EHHQ UHFRUGHG ZLWKF

7KH DERYH H[DPSOH SUREDEO\ UHSUHVHQWY WKH PD[LPXP GHJUHH

&



GHYHORSPHQW &RQYHQWLRQDOO\ FKDQJHV LQ HPXOVLRQ W\SH Z
WKDW LI WKH HIITHFWV RI FKDQJHV LQ WKH SKRWRJUDSKLF SURFHV\
DUH NQRZQ WKHQ WKH V\VWHP FDQ EH WDLORUHG WR SURGXFH WK
VLWXDWLRQ )RU H[DPSOH WKH ORFDWLRQ RI JUH\ ULYHWV RQ D

KLJKOLJKW DQG VKDGRZ DUHDYV

SLFWRULDO SKRWRJUDSK\ JHQHUDOO\ UHVXOWY LQ D SRVLWLYH LP
D VHFRQG SDSHU EDVHG PDWHULDO WR SURGXFH D SULQW 7KH S
SULQWLQJ WKH QHJDWLYH RQWR D GLDSRVLWLYH PDWHULDO WR

7KLY H[WUD VWHS LQ WKH SKRWRJUDSKLF SURFHVV FDQ VLPSO\ EH
SRVVLEOH YDULDWLRQ LQ WRQH UHSURGXFWLRQ PRQLWRUHG

,QIRUPDWLRQ FDSDFLW\ DQG UHVROXWLRQ

7KH TXDOLW\ DVSHFWV Rl SKRWRJUDSKLF LPDJHY DUH DOO UHODW
WKH VHQVLWLYH OD\HU 7KH VLOYHU JUuDLQV RI WKH LPDJH RFF>
RULJLQDO VLOYHU KDOLGH JUDLQV IURP ZKLFK WKH\ ZHUH IRUPHG
UDUHO\ UHWDLQ WKH VDPH VKDSH 7KLV VLQJOH IDFWRU FRXOG >
SKRWRJUDPPHWULF PHDVXUHPHQWY PDGH XVLQJ FRQYHQWLRQDO F

7KH DELOLW\ RI D SKRWRJUDSKLF PDWHULDO WR UHFRUG VPDOO
SURSHUWWDIKYQWKODQ BMWUELGLW\

*UDQXODULW\

*UDQXODULW\ LV GHILQHG DV WKH REMHFWLYH PHDVXUH RI WKH LQ
SURFHVVHG SKRWRJUDSKLF LPDJH *UDQXODULW\ FDQ EH HYDOX
VFDQQLQJ PLFURVFRSH ZLWK ZKLFK WKH RSWLFDO GHQVLW\ IOXFW
PHDVXUHG

'LWK UHIHUHQFH WR ILIXUH 6WXUJH D PLFURGHQVLWRPH)
YDULDWLRQV LQ GHQVLW\ DERXW D PHDQ GHQVLW\ OHYHO GHYL
HYDOXDWHG DQG SORWWHG DV D GHQVLW\ IXQFWLRQ 7KLV IXQFW
D QRUPDO RU *DXVVLDQ GLVWULEXWLRQ VXFK WKDW LWV VWDQGD!!
RI JUDQXODULW\

0ODQ\ PRGHOV KDYH EHHQ GHULYHG WR UHODWH JUDQXODULW\ W
6HOZ\Q DQDO\]JHG PLFURGHQVLWRPHWHU WUDFHV RI VHYHUDO
$VVXPLQJ WKDW WKH VSDWLDO GLVWULEXWLRQ RI JUDLQV LQ WKH
WKH JUuDLQV ZDV VPDOO LQ UHODWLRQ WR WKH DUHD RI WKH VFL

&



BHOZ\Q JUDQXODULW)\ * IRU D JLYHQ ILOP VDPSOH ZDV
GHSHQGHR WQRQWKH BUMXH VFDQQLQJ
DSHUWXUH

9DULRXV IDFWRUV KDYH EHHQ LGHQWLILHG ZKLFK DIIHFW
WKH PDJQLWXGH RI JUDQXODULW\ )LJ

D ORVW LPSRUWDQW LV WKH HPXOVLRQ DYHUDJH
JubLQ VL]H D ODUJH DYHUDJH JUDLQ VL]H
FRUUHVSRQGLQJ WR KLJK JUDQXODULW\

E JLQH JUDLQ GHYHORSHUV XWLOLVLQJ SK\VLFDO
GHYHORSPHQW JLYH ULVH WR LPDJHV ZLWK
UHGXFHG JUDQXODULW\ KRZHYHU WKH
DVVRFLDWHG GHFUHDVH LQ VSHHG FDQ PHDQ
WKDW EHWWHU UHVXOWYVY ZLOO EH REWDLQHG E\
XVLQJ D VORZHU HPXOVLRQ

LIRUPO\ H RVHG DQG SURFHVVH
FKDQJHV LQ LPDJH GHQVIOW LWKHIUWHRYHQF\ GLVWULEXWLR(

LQFUHDVHG GHYHORSPHQW SURGXFLQJ KLJKHU

F *UDQXODULW\ LV WKH UHygéwHRlVPé?BUBBﬁQVLWRPHWHU

FROQWUDVW LPDJHV ZLOO DOVR UHVXOW LQ JUHDWHU JUDQXOD

G )LQDOO\ LW KDV EHHQ GHPRQVWUDWHG WKDW JUDQXODULW\
WKDW RYHUH[SRVXUH VKRXOG EH DYRLGHG

JLIXUH *UDQXODULW\ DV D IXQFWLRQ RI GHQVLW\ OHYHO
-DFREVRQ HW DO



7TXUELGLW\

7XUELGLW\ LV WKH FDSDELOLW\ RI D SKRWRJUDSKLF HPXOVLRQ W
UHIOHFWLRQ UHIUDFWLRQ GLIIUDFWLRQ DQG VFDWWHULQJ W L
WKH VLOYHU KDOLGH FU\VWDOV WKH HPXOVLRQ WKLFNQHVV DQG

OLJKW
3RLQW 6SUHDG )XQFWLRQ /ILQH 6SUHDG )
Y)LIXUH /LQH VSUHDG DQG 3RLQW VSUHDG IXQFWLRQV 6WXUJt

0 D YHU\ ILQH SHQFLO RI OLJKW ,V LQFLGHQW RQ WKH ILOP DV LV
VSDWLDO GLVWULEXWLRQ RI OLJKW NQRZQ DV WKH RSWLFDO SRLC
SHQFLOV Rl OLJKW DUH LQFLGHQW RQ WKH ILOP D VSUHDG IXQF\
VSUHDG IXQFWLRQ

.QLIH HGJH LPDJHLIH HGJH LPDJH
QR DGMDFHQEF\ ZLWK DGMDFHOQEF\

'"'LVWDOQFH ¢P

JLIXUH OLFURGHQVLWRPHWHU WUDFHV RI NQLIH HGJH LPDJHV



Q SUDFWLFDO WHUPV GXH WR WKH DGGLWLRQDO HIIHFWV RI JUDQ
ZLWK FROOLPDWHG OLJKW ZLOO SURGXFH D GHQVLW\ WUDFH DV V
DGMDFHQF\ HITHFWV GXULQJ GHYHORSPHQW HVSHFLDOO\ LI HQKDQ'

ZLOO JLYH ULVH WR WKH VHFRQG WUDFH :KHUH SKRWRJUDPF
LQFUHDVHG HGJH PLFUR FRQWUDVW PD\ QRW EH GHVLUDEOH EHFD
PRYH

7KH SRLQW VSUHDG IXQFWLRQ 36) RI DQ HPXOVLRQ VKRZV WKH V
SRLQW LW LV WKHUHIRUH WKH IXQGDPHQWDO EXLOGLQJ EORFN R
PDJQLWXGH LV H[SUHVVHG E\ WKH ZLGWK RI WKH VSUHDG IXQFWLF

ORGXODWLRQ 7UDQVIHU )XQFWLRQ

7KH UHVROXWLRQ DELOLW\ RI WKH SKRWRJUDSKLF SURFHVV FDQ
*HQHUDOO\ LW LV WKRXJKW RI LQ WHUPV RI WKH QXPEHU RI OLQHV
$ EDVLF DVVHVVPHQW FDQ EH PDGH E\ SKRWRJUDSKLQJ DW VSHF
WDUJHWV RI VWDQGDUG FRQWUDVW WKHQ YLVXDOO\ DVVHVVLQJ W
6HFWLRQ 6XFK WHVWY DUH SUDFWLFDO DV D UXOH RI
VWDQGDUGLVDWLRQ %URFN SURYLGH GDWD XVHIXO RQO\ IRU
XQGHU VLPLODU FRQGLWLRQV $ PDMRU SUREOHP ZLWK WKH H[SU
GLUHFW ZD\ LQ ZKLFK NQRZQ UHVROXWLRQ YDOXHV RI VIVWHP FRF
UHOLDEOH WRWDO V\WVWHP UHVSRQVH 7KH WRWDO VA\WWHP UHVSHF
SKRWRJUDPPHWULF VXUYH\ EHFDXVH LW DOORZV WKH VHOHFWLRC
UHFRUG WKH DSSURSULDWH OHYHO RI VXEMHFW GHWDLO

$ EHWWHU PHWKRG RI H[SUHVVLQJ UHVSRQVH UHJDUGV WKH SKRW
RI DQ LQILQLWH QXPEHU RI SRLQW VSUHDG IXQFWLRQV HDFK FR
GLVWULEXWLRQ 7KLV )RXULHU DSSURDFK WR LPDJH IRUPDWLRQ L
VLQXVRLGDO H[SRVXUH GLVWULEXWLRQV RI YDU\LQJ VSDWLDO IUHT

7KH GHJUDGDWLRQ RI WKH RULJLQDO LPDJH GLVWULEXWLRQ GXULQ
DV D UHGXFWLRQ LQ FRQWUDVW )LJ WKH PDJQLWXGH RI WKLV
ZLWK VSDWLDO IUHTXHQF\ 7TKH PRGXODWLRQ WUDQVIHU IXQFWLR
GHJUHH WR ZKLFK WKH LPDJH FRQWUDVW GHFUHDVHVY DV VSDWLDO

7KH 07) IRU D SDUWLFXODU ILOP W\SH LV VLPSO\ WKH )RXULHU WUD
I URP PLFURGHQVLWRPHWHU DQDO\VLYVY RI NQLIH HGJH H[SRVXUHV *
DQG SRVVLEO\ VTXDUH ZDYH WDUJHWYV PD\ DOVR EH XVHG :HOFK

LQFOXGH WKH FRQWULEXWLRQ IURP WKH OHQV 6LQFH WKH )RXULI

&



6L ZRYH WHVW SRWWHURQ

IUHT XHQF\ IUHT XHQF\

5 HSURGXFHG LPDJH

YLIXUH 7KH FRQFHSW RI PRGXODWLRQ WUDQVIHU WKH ORZ
PRGXODWLRQ RI WKH RULJLQDO EXW WKH KLJK IUHTXHQF\ SDWW
PRGXODWLRQ $UQROG HW DO

D VTXDUH ZDYH WDUJHW ZLOO JLYH ULVH WR HUURUV JHQHUDOO\ L
DGGHG FRQWULEXWLRQV RI KLIJKHU IUHTXHQF\ LQIRUPDWLRQ WR
DSSDUHQW ,QFUHDVHG PRGXODWLRQ GXH WR DGMDFHQF\ HIIHFWYV
07)V VXFK WKDW WKH PRGXODWLRQ PD\ HIFHHG XQLW\ DW VRPH Il
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6 SDWLDO ITUHTXHQOQF\ F\FOHV PP

JLIXUH ORGXODWLRQ WUDQVIHU IXQFWLRQV IRU .RGDN 7 ODJ[ Il
GXH WR DGMDFHQF\ HIITHFWYV .RGDN D
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6SDWLDO ITUHTXHQEF\ F\FOHV PP

JLIXUH ORGXODWLRQ WUDQVIHU IXQFWLRQV IRU ,O0IRUG )3 DHU
,OIRUG $JID

BBBBB 7THFKQLFDO 3DQ
7HFKPGRO /&
PLOXWHYV DW &

7HEKQLFDO 3DQ
7HFKPGRO /LTXLG
PLOXWHYV DW &

BBBBHFKQLFDO 3DQ
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PLOQXWHYVY DW &

6 SDWLDO ITUHTXHQEF\ F\FOHV PP

JLIXUH 07) FXUYHV IRU .RGDN 7HFKQLFDO 3DQ ILOP GHPRQVW
GHYHORSPHQW SDUDPHWHUYV IURP .RGDN E

$ SULPDU\ DGYDQWDJH RI 07) FXUYHV LV WKDW WKH HIIHFW RI HD
FRPELQHG 7KLV LV DFKLHYHG E\ PXOWLSO\LQJ WKH UHVSRQVHV R
PRWLRQ FXUYHV IRU H[DPSOH IUHTXHQF\ E\ IUHTXHQF\ LQ D SUR

WR JLYH D WRWDO V\VWHP UHVSRQVH $OWHUQDWLYHO\ ZLWK
VI\IVWHP UHVSRQVHV DUH NQRZQ WKH 07) DVVRFLDWHG ZLWK LPDJ

JLIXUHYV DQG GHPRQVWUDWH D UDQJH RI 07) FXUYHV S
GDWD IRU D YDULHW\ RI FRPPRQ ILOP W\SHV 7TKH XVH RI 1L
SKRWRJUDPPHWULF QHWZRUN GHVLJQ 6HFWLRQ FRXOG HQDEOH

&



J)DFWRUV FRQWULEXWLQJ WR LQ SODQH GHIRUPDWLRQ

J)LOP GHIRUPDWLRQV RFFXUULQJ LQ SKRWRJUDSKLF VI\VWHPV FDQ I
LQ SODQH DQG RXW RI SODQH 7KH SXUSRVH RI WKLV VHFWLRQ LV
FDXVHG E\ HISDQVLRQ DQG FRQWUDFWLRQ RI WKH SKRWRJUDSKLF |
EDVHG RQ WKH IDFW WKDW WKH SK\VLFDO FKDUDFWHULVWLFV RI S
HPXOVLRQ DQG VXSSRUW FRPELQDWLRQ 7KH SK\WVLFDO FKDUDFW
VHFRQGDU\ LPSRUWDQFH LQ UHODWLRQ WR LWV VHQVLWRPHWULF
WKH UHTXLUHG SK\WLFDO SURSHUWLHV

'LPHQVLRQDO FKDQJH EHWZHHQ H[SRVXUH DQG PHDVXUHPHQW IRU
EHHQ VKRZQ WR GHSHQG RQ WKH FKHPLFDO FRPSRVLWLRQ DQG WK
WUHDWPHQW UHFHLYHG LQ LWV PDQXIDFWXUH H[SRVXUH DQG SURI
ZKLFK WKH ILOP LV PHDVXUHG DQG VWRUHG

+XPLGLW\ FKDQJHV

6LQFH ZDWHU LV WKH GLVSHUVLQJ PHGLXP IRU WKH
FROORLGDO HPXOVLRQ PDQ\ RI WKH LPSRUWDQW SK\VLFDO
FKDUDFWHULVWLFV RI ILOP DUH UHODWHG WR WKH KLJK
PRLVWXUH DEVRUEWLRQ RI WKH HPXOVLRQ DQG WKH ORZ
PRLVWXUH DEVRUEWLRQ RI WKH VXSSRUW

7KH ZDWHU FRQWHQW RI DLU LV H[SUHVVHG LQ WHUPV RI

UHODWLYH KXPLGLW\ :KHQ D JDV FRQWDLQV WKH JLIXUH
PD[LPXP DPRXQW RI ZDWHU YDSRXU LW FDQ KROG DW

LWV SUHVHQW WHPSHUDWXUH LW LV GHVFULEHG DV VDWXUDWHG
SRLQW EHLQJ WKH VDWXUDWHG YDSRXU SUHVVXUH 5HODWLYH KX
DV D SHUFHQWDJH RI WKH DFWXDO YDSRXU SUHVVXUH WR WKH V

WHPSHUDWXUH

7KH PRLVWXUH FRQWHQW RI WKH ILOP DV D ZKROH KDV EHHQ VKRZ
FRQVWDQW IRU D JLYHQ HQYLURQPHQWDO FRQGLWLRQ DQG LV D IX
DWPRVSKHUH ZLWK ZKLFK WKH ILOP LV LQ HTXLOLEULXP DQG RI W}

KHQ WKH UHODWLYH KXPLGLW\ RI VXUURXQGLQJ DLU LV UDLVHG WEK
LQ VLIH DQG YLFH YHUVD &KDQJHV RI WKLV QDWXUH DUH ODUJHO\
RQ WKH UHODWLYH KXPLGLW\ RI WKH VXUURXQGLQJ FRQGLWLRQ
ODJQLWXGH RI FKDQJH LV H[SUHVVHG LQ WHUPV RI D KXPLGLW\ FR
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*HO EDVH UDWLR U

JLIXUH (I 'THFW RI JHO EDVH UDWLR RQ KXPLGLW\ FRHIILFLHQW $

7KH KXPLGLW\ FRHIILFLHQW KDV EHHQ VKRZQ WR EH GHSHQGHQW R
DQG ILOP EDVH XVHG DQG RQ DQ\ DQWL FXUO EDFNLQJ SUHVHQW

JLIXUH 5DWH RI PRLVWXUH FRQGLWLRQLQJ IRU D VLQJOH VKHEF



BBBBRGROLWK )LOP SP
SRRIVWHU EDVH
VWDELOLVHG JHO

BBBERRGDOLWK )LOP SP

SRRWIVWHU EDVH
VWDELOLVHG JHO

BBBGDOLWK 2UWKR )LOP
W\SH
SLP SRO\HVWHU EDVH

JLIXUH SHUFHQW VL]H FKDQJH ZLWK UHODWLYH KXPLGLW\ .RG

ORLVWXUH LQWHUFKDQJH EHWZHHQ WKH ILOP DQG VXUURXQGLQJ
EDVHG SURFHVV WKH UDWH RI FKDQJH LV D IXQFWLRQ RI DLU Y]
WHPSHUDWXUH DQG WKH SK\WLFDO IRUP RI WKH ILOP IRU H[DPSC
TXLFNHU WKDQ ILOP VWRUHG LQ UROO IRUP $GHOVWHLQ

7R NHBXS VSRRO 6 XSSO\ VSRRO
YLIXUH 3RVLWLRQ RI ILOP LQ PDJD]LQH VKRZLQJ SUHVHQW DQG
ODUWLQ



$QLQWHUHVWLQJ KXPLGLW\ HIIHFW LV WKH FKDQJH LQ GLPHQVLRQ
7KLV HIIHFW LV SDUWLFXODUO\ SURQRXQFHG LQ DHULDO VXUYH\
EHWZHHQ FDELQ DQG H[WHUQDO FRQGLWLRQV FDQ UHVXOW LQ

FRPSDUWPHQW

JLIXUH /HDGLQJ DQG WUDLOLQJ HGJH HIIHFWV &DUPDQ DQG O

,QYHVWLIJDWLRQV ZHUH FDUULHG RXW &DUPDQ DQG ODUWLQ
PDGH DIWHU YDU\LQJ ZDLWLQJ SHULRGYV VKRZHG DQ LQFUHDVH LQ
WR ILOP VKULQNDJH RFFXUULQJ SULRU WR H[SRVXUH DQG LQ SURSE
LQ WKH PDJD]JLQH UHDFKHG DQG GULHG WKH ILOP LQ WKH SRVLWLI
KXPLGLW\ GLIITHUHQWLDO ZDV EHWZHHQ WKH GU\ DLU 5+ DQG WK
WR 5+ UHVXOWY DUH GHPRQVWUDWHG LQ ILIXUHYV DQG



$VPHQWLRQHG WKH WLPH WR UHDFK HTXLOLEULXP LV JUHDWO\ LQI
FDPHUD ZKHUH WKH DUHD RI ILOP GLUHFWO\ H[SRVHG WR WKH HQY
RQ WKH UROO  )LJ KXPLGLW\ HIIHFWV NQRZQ DV OHDGLQJ I
GHPRQVWUDWHG ,GHDOO\ WKHUHIRUH KXPLGLW\ FRQWURO VKRXC

YJLIXUH 7\SLFDO K\WVWHUHVLV ORRS Rl XQSURFHVVHG .RGDN
‘LHJDQG

J)LOP GLPHQVLRQV DUH QRW RQO\ GHSHQGHQW RQ DPELHQW UHOD
IURP ZKLFK WKLV KXPLGLW\ LV DSSURDFKHG $W D JLYHQ UHODWL
H[DPSOH ZLOO EH ODUJHU ZKHQ SUHYLRXVO\ FRQGLWLRQHG WR |
FRQGLWLRQHG WR D KLJKHU KXPLGLW\ :LWK UHIHUHQFH WR IL
QHFHVVDULO\ FKDQJH OLQHDUO\ ZLWK UHODWLYH KXPLGLW\ VLQF
FRPSUHVVLYH IRUFH RQWR WKH VXSSRUW DW ORZ UHODWLYH KXPL

7HQVLRQ GXH WR WKH ILOP WUDQVSRUW PHFKDQLVP ZLOO DOVR K
GLIILFXOW WR DWWULEXWH FDXVHV WR D JLYHQ VHW Rl UHVXOWV
LI WUDQVSRUW RI DQ\ NLQG LV XVHG VHFWLRQ

7TKHUPDO FKDQJHV

J)LOP VL]H FKDQJHV ZLWK WHPSHUDWXUH DW KLJKHU WHPSHUDW
UHYHUVLEOH DQG QRQ SHUPDQHQW FKDQJH +HQFH WHPSHUDWXUH
DQG IRU PHQVXUDWLRQ RU SULQWLQJ &KDQJH H[SUHVVHG LQ WH!I
D SURSHUW\ RI WKH VXSSRUW ZLWK EDVH WKLEFNQHVVHV DQG HP X

&



JLXUH (l1'THFW RI WHPSHUDWXUH RQ PRLVWXUH ORVV .RGDN

WKH GLPHQVLRQDO HIIHFW 7KH FRHIILFLHQW RI WKHUPDO H[SDQV
LV DSSUR[LPDWHO\ WKUHH WLPHVY WKDW RI SRO\HVWHU EDVHG ILO

7HPSHUDWXUH DQG KXPLGLW\ DUH VWURQJO\ FRUUHODWHG DQ LOQ
D GHFUHDVH LQ UHODWLYH KXPLGLW\ 2IWHQ WKH GHFUHDVH LQ VI
RQO\ FRPSHQVDWH IRU WKH GLPHQVLRQDO LQFUHDVH GXH WR WKH
FDQ SURGXFH D QHW VKULQNDJH ,Q IDFW QRW RQO\ WKH DPRXC
PRLVWXUH ORVV LV DOVR OLQNHG WR WHPSHUDWXUH )LJ )|
PHDVXUHPHQW DQG VWRUDJH URRP LQ ZKLFK HQYLURQPHQWDO FR
FRQWUROOHG ZRXOG VHHP WR EH GHVLUDEOH :KLOVW KXPLGLW
H[DPLQHG IRU WKH FDVH Rl SXUSRVH EXLOW DHULDO FDPHUDV 1RU
UHTXLUHG LV QRW VXLWDEOH IRU LQWHJUDWLRQ LQWR WKH VPDOC

$ ODERUDWRU\ LQYHVWLIJDWLRQ LQWR WKH HIIHFWV Rl WHPSHUD

=LHPDQQ LQYROYHG PHDVXULQJ D WZHQW\ WKUHH FHQWLPH\
LQWHUYDOV RYHU DQ HLJKWHHQ KRXU SHULRG 7KH ILOP W\SH LQ"
GXSOLFDWLQJ ILOP RQ LP SRO\HVWHU EDVH :LWK UHIHUHQFH W

ZHUH IRXQG WR KDYH WDNHQ SODFH
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JLIXUH &KDQJHV LQ ORFDWLRQ RI SRLQWY RYHU D SHULRG

'LPHQVLRQDO FKDQJHV GXH WR SURFHVVLQJ

'LPHQVLRQDO FKDQJHV GXULQJ SURFHVVLQJ DUH DVVXPHG WR EH
WKH ILOP WR FKDQJHV LQ PRLVWXUH






JLXUH 3RVVLEOH SURFHVVLQJ GLPHQVLRQDO JLIXUH +\VV
FKDQJHV .RGDN E XQSURFHVVHG 30XV ; ILOP RQ AP
EDVH &DOKRXQ HW DO

JLIXUH GHPRQVWUDWHY WKH SRVVLEOH SURFHVVLQJ GLPHQVLF
DILOP LQLWLDOO\ H[SRVHG DW 5+ LV SURFHVVHG BURFHVVLQJ F
WKH ILOP WR 5+ RQ WKH GRWWHG FXUYH .| WKH ILOP LV WKH
HTXLOLEUDWH WR WKH SRVLWLRQ VKRZQ E\ WKH VTXDUH +RZHYH!
DW HOHYDWHG WHPSHUDWXUHY DQG WKHUHIRUH DW ORZ UHODWLY'
ZRXOG DVVXPH WKH VLIH UHSUHVHQWHG E\ WKH WULDQJOH

YLIXUH $YHUDJH SURFHVVLQJ GLPHQVLRQDO  )LJXUH
FKDQJH $GHOVWHLQ HW DO GLPHQVLRQDO FKDQJH $GHOVWHLQ

,W KDV EHHQ GHPRQVWUDWHG $GHOVWHLQ HW DO WKDW WKH (
D JUHDW H[WHQW WKH SURFHVVLQJ GLPHQVLRQDO FKDQJH 2YHU
UHFRQGLWLRQLQJ ZKLOVW VORZO\ GULHG ILOP ZLOO WHQG WR
FRPSDULVRQ EHWZHHQ VL[ GLIITHUHQW SURFHVVLQJ ODERUDWRULH

&



FKDQJH DQG XQLIRUPLW\ DORQJ WKH OHQJWK RI D UROO )LQGLQJ\
WR PLQLPLVH VL]H YDULDWLRQV DQG QRQ XQLIRUPLW\ H[FHVVLY}
BHFRQGO\ GU\LQJ FDSDFLW\ KDG WR EH FDUHIXOO\ PRQLWRUHG
EHFDXVH YDU\LQJ PRLVWXUH UHWHQWLRQ E\ WKH ILOP EDVH FDX
KXPLGLW\ FRQGLWLRQLQJ EHIRUH PHDVXUHPHQW ,Q WKH H[SHUL
FRXUVH Rl WKLV WKHVLVY PDQXDOO\ ORDGHG VSLUDO WDQNV ZH!I
H[FHVVLYH WHQVLRQ FRXOG EH DYRLGHG 7KH H[SHULPHQWDWLRQ
RI WKH LQIOXHQFH RI GU\LQJ FRQGLWLRQV

2WKHU FRQWULEXWRU\ IDFWRUV LQFOXGH DOWHUDWLRQV LQ WKH
DQG WKH UHPRYDO RI XQH[SRVHG VLOYHU KDOLGH E\ WKH IL[LQJ D
RI WKH SURFHVVHG ILOP WR FKDQJH )LJ W LV FKDUDFWHULV
WR VKRZ VKULQNDJH GXH WR WKH UHPRYDO RI UHVLGXDO VROYHQ

ORVW RI WKH FKDQJHV UHIHUUHG WR DERYH DUH
QHW FKDQJHV DQG KHQFH ZKLOVW WKHUH PD\ EH
QR QHW FKDQJH LW GRHV QRW QHFHVVDULO\
IROORZ WKDW WKHUH ZLOO EH QR ORFDO
GLPHQVLRQDO FKDQJH $ JRRG H[DPSOH RI D
FDXVH RI ORFDO GHIRUPDWLRQV LV ZDWHU
GURSOHWV OHIW RQ WKH ILOP GXBLQJ GU\LQJ
7KHVH KDYH EHHQ IRXQG WR FDXVH LVRODWHG
GLVWRUWLRQV GXH WR ORFDOLVHG VZHOOLQJ DQG
GU\LQJ RI WKH HPXOVLROQ 7\SLFDO
PDJQLWXGHV RQ ERWK ILOP DQG JODVV EDVHG
PDWHULDOV IRXQG E\ D YDUKYUW\ Rl ZBHNHUVSDWWHUQ RI D Z|
%XUQNDP DQG -RVHSKVRQ P$CHRNYHER
_.HOOHU DQG 1HZHOO DUH Rl WKH RUGHU RI
WR ALP )LJXUH VKRZV D W\SLFDO ZDWHU VSRW GHIRUPDWL
ZKHUH GLIIHUHQFHV LQ VSDFLQJ EHWZHHQ FDQFHOODWLRQV UHOD
JODVV PDVWHU JULG DQG LWV H[SRVHG DQG SURFHVVHG LPDJH 'L\
SDUWLFXODU LPDJH DUH DERXW PP

/RFDO GLPHQVLRQDO RI WKH W\SH VKRZQ LQ ILJXUH FDQ EH H
SUDFWLFH XQOHVV D GHQVH UHVHDX JULG LV H[SRVHG RQWR WKH |
EHHQ VKRZQ WR EH UHGXFHG E\ GHFUHDVLQJ WKH WKLFNQHVV RI
WKLFNQHVV RI WKH EDVH $GHOVWHLQ VXFK WKDW LW PD\ Et
DYRLG VXFK HIIHFWV $QRWKHU SRVVLELOLW\ WR UHGXFH GHIRUP
D PLOG GHWHUJHQW NQRZQ DV D ZHWWLQJ DJHQW LQ WKH ILQDO :



)LOP FXUO

7KH FXUO RI SKRWRJUDSKLF ILOP LV FDXVHG E\ WKH GLIIHUHQFH
HPXOVLRQ OD\HUV DQG WKH EDVH $ EDFNLQJ LV RIWHQ XVHG
VWUXFWXUH ZKLFK KHOSV WR FRXQWHUDFW DQ\ XQHTXDO IRUFHYV

)LOP FXUO FDQ DOVR EH LQIOXHQFHG E\ IORZ RI WKH SODVWLF IL
EHLQJ NQRZQ DV FRUH VHW )RU WKLV UHDVRQ WKHUH LV D GLIII
ZLQGLQJ ILOP HPXOVLRQ LQ DQG HPXOVLRQ RXW &RUH VHW KDV |
ZLWK VWRUDJH WLPH RQ WKH UROO 7KH HIIHFW PD\ SURYLGH DQ
LUUHJXODULW\ RI ILOP XQIODWQHVV GXULQJ H[SRVXUH LQ FDPHUD

$ILQJ

$ VLIH FKDQJH ZLOO RFFXU IURP DJLQJ RI ILOP GXULQJ VWRUDJH
WKLV LV PDLQO\ GXH WR VROYHQW ORVV 2WKHU IDFWRUV JLYLQJ
WKH EDVH PDWHULDO JHQHUDOO\ UHVXOWLQJ LQ VKULQNDJH DV
HPXOVLRQ OD\HU $V H[SHFWHG WKH PDJQLWXGH RI WKH FKDQJH \
EDVH UDWLR DQG WKH VWRUDJH WHPSHUDWXUH DQG KXPLGLW\

$OVR RI LPSRUWDQFH GXULQJ VWRUDJH LV WKH VXUIDFH DUHD RI W
WKLV ZLOO ,QIOXHQFH WKH UDWH DW ZKLFK WKH ILOP HTXLOLEUDMW
WKLY UHDVRQ DOO H[SRVHG ILOPV NHSW LQ WKH PHDVXUHPHQW |
SURMHFW KDYH EHHQ VWRUHG DV FXWV RI WKUHH IUDPHVY UDWKH
ZRXOG HTXLOLEULDWH ZLWK LWV VXUURXQGLQJV LQ KRXUV UDWKH
UROO IRUP .RGDN

,Q WKH FDVH Rl SRO\HWK\OHQH WHUHSKWKDODWH EDVH WKH UHOH]
BHFWLRQ PD\ EH VLJQLILFDQW =LHPDQQ G

J)DFWRUV FRQWULEXWLQJ WR RXW RI SODQH GHIRUPDWLRQ

2XW Rl SODQH GHIRUPDWLRQ LV WKH WHUP JLYHQ WR GHSDUWXUH
SODQH DVVXPHG E\ WKH FROOLQHDULW\ HTXDWLRQV %URZQ )L
WKH PRGHO IRU LPDJLQJ JHRPHWU\ &KDSWHU PHDQ WKDW RXW |
E\ UDGLDO GLVWRUWLRQV DERXW WKH LQWHUVHFWLRQ EHWZHHQ W
SRLQW ,Q ILIJXUH WKH OLJKW UD\ IURP DQ REMHFW LQVWHDG
WKH ILOP VXUIDFH DW FDXVLQJ D UDGLDO GHIRUPDWLRQ



9DULRXV ZRUNHUV KDYH LQYHVWLIDPWHG WKEHSK\WAEFBR r1 .pDJH

FDXVHV DQG PDJQLWXGHV RI \K/RF{V@%S%\UWFLPI—P §|H5DUWXUH RIT
GHDO ,PDJH 30DQH

LPDJLQJ VXUIDFHV IURP DQ DVVXPHG SODQH

6WXGLHY XQGHUWDNHQ KDYH JHQHUDOO\ XWLOLVLQJ

LQWHUIHUHQFH IULQJH PHWKRGV DQG KDYH EHHQ

FDUULHG RXW SULPDULO\ RQ LQFK VTXDUH DHULDO

VXUYH\ HTXLSPHQW

OHLHU GHVFULEHV WKH VRXUFHV RI RXW RI
SODQH GHIRUPDWLRQ LQ DHULDO VXUYH\ FDPHUDV DV
EHLQJ FDXVHG E\ WKUHH IDFWRUV ODFN RI

SODQHQHVV RI WKH SUHVVXUH SODWH ODFN RI FRQWDFW )LIXUH
EHWZHHQ WKH EDFN RI WKH ILOP DQG WKH SUHVVXUH 5REVRQ

SODWH DQG YDULDWLRQV LQ WKH WKLFNQHVV RI ILOP ,W VKRXOG
WR EH VLJQLILFDQW WR WKH PDJQLWXGH RI RXW RI SODQH ILOP
FDPHUD GHVLJQV 6HFWLRQV DQG

JLIXUH LV DQ LQWHUIHURJUDP GHULYHG IURP D =HLVV YDFXXP
3(ILoP ,Q JHQHUDO ODUJH DUHD GHYLDWLRQV RI SP WR SP ZHL
Rl SP WR SP

=HLVV DHULDO FDPHUD OHLHU

'"HYLDWLRQV ZHUH IRXQG WR RFFXU LUUHJXODUO\ WKHUH DSSHDUL
DQG WKH SDWWHUQ RI KROHV LQ WKH YDFXXP EDFN +RZHYHU &OL
UHJLRQV LQ D YDFXXP VA\WVWHP ZHUH LQ FORVH SUR[LPLW\ WR WKI
FRXOG VHDO WKH KROHV EHIRUH HYDFXDWLRQ RI DLU ZDV FRPSOH

,Q WKH VDPH SDSHU OHLHU DOVR LQYHVWLJDWHG D VPDOO IRUPDW
D PHFKDQLFDO SUHVVXUH SODWH V\VWHP ,Q WKLV FDVH ODUJH DU

&



8QIRUWXQDWHO\ QR FRPPHQWY FRQFHUQLQJ WKH VKDSH DQG W\S|

&ODUN H[DPLQHG WKH XQIODWQHVV RFFXUULQJ LQ VXUYH\ FDPHUD\
VIVWHP )LQGLQJV GHPRQVWUDWHG WKDW D ZHOO PDLQWDLQHG Sl
IODWQHVV SDWWHUQV DOWKRXJK ZLWK H[WUHPHV RI WKH RUGHU F

ZKHUH WKH FRQWRXU LQWHUYDO LV DERXW SP $ PDMRU O
VI\VWHP ZDV WKDW LW ZDV LQFDSDEOH RI UDSLG IODWWHQLQJ G:
EHWZHHQ WKH ILOP DQG JODVV UHJLVWHU SODWH ,QYHVWLJDWLRQ
IODWWHQLQJ VI\VWHP ZKLFK ZLWK PRGLILFDWLRQ ZDV DEOH WR IC

)LOP GHIRUPDWLRQ LQ D PP FDPHUD V\VWHP

ZDV LQYHVWLJDWHG E\ 7VXUXWD ,WRK DQG $Q]DL
XVLQJ D PRLUp WHFKQLTXH ZKHUHE\

LOQWHUIHUHQFH IULQJHV ZHUH SURGXFHG E\

FRPELQHG LQ SODQH DQG RXW RI SODQH

GHIRUPDWLRQV  )LJXUH VKRZV D W\SLFDO

FRQWRXU PDS REWDLQHG TURB, DQDOWLM RN pDs IRU ILOP G
IULQJHV SURGXFHG D PP FDPHUD V\WVWHP 7VXUXWD DW

$ VXUYH\ RI WKH ILOP XQIODWQHVV SUHVHQW LQ I[UDPHV IURP
E\ %UDQFK &ODUN DQG OLOWRQ LQ 7KH VXUYH\ GHPRQVWUDW
VHDWHG SURSHUO\ LQ WKH FDPHUD WKH ILOP VXUIDFH GLG QRMW
DVVXPHG SODQH 7KH XQIODWQHVYV ZDV VDWLVIDFWRU\ JLYHQ WKD
FRXOG WROHUDWH RXW Rl SODQH GHYLDWLRQV RI XS WR SP

&RPSWHO® ILUQ

(PXOVLRQ UHPRYHG
FP

&RPSOHWH ILOP

v2SM
o3M
(P8VLRQ UHPRYHG
3 FP
JLXUH 7KLFNQHVY SURILOHV RI .RGDN 'RXEOH ; )LOP :

OLFKHQHU

9DULDWLRQV LQ WKH WKLFNQHVYV RI ILOP ZHUH VWXGLHG E\ OLFK
SUHVHQWHG UHVXOWYV IURP D VHULHV RI WKLFNQHVV XQLIRUPLW\
SRO\HVWHU EDVHG ILOPV XVLQJ DQ HOHFWUR PHFKDQLFDO JDXJH

&



VHQVLWLYLW\ RI SP %RWK ILOP ZLWK DQG WKHQ VWULSSHG RI
LQGLFDWLQJ WKDW FKDQJHV LQ ILOP WKLFNQHVVY DUH SULPDULO
7TKLFNQHVY YDULDWLRQV UDQJHG IURP SP WR SP RYHU D FP G
GHPRQVWUDWHG WKDW WKLFNQHVY YDULDWLRQV DFURVYV WKH ZLG
HTXDO GLVWDQFH DORQJ WKH OHQJWK WKLY FDQ EH DWWULEXWHC

ILOP EDVH &ODUN ILOP EDVH &ODUN

&ODUN DOVR LQYHVWLIJDWHG ILOP WKLFNQHVYV YDULDWLRQ X\
7R DOORZ WKH SDUWLDO UHIOHFWLRQ QHFHVVDU\ IRU WKH WHFKQL"
ZLWK D WKLQ OD\HU RI DOXPLQLXP L, QWHUIHUHQFH SDWWHUQV IR
EDVHG ILOPVY DUH VKRZQ LQ ILIJXUHV DQG 7KH JUHDWHVW !
VDPSOHV RI ERWK EDVH W\SHV ZDV SP SHU FHQWLPHWUH

&KDSWHU VXPPDU\

7KLV FKDSWHU KDV VKRZQ WKDW WKH EHKDYLRXU RI ILOP PDWHUL
PDMRU LQIOXHQFH WKURXJKRXW WKH SKRWRJUDSKLF SURFHVV
GHSHQGHQF\ EHWZHHQ WKH JHODWLQ DQG ILOP EDVHV 6XFK GH
KXPLGLW\ DQG WHPSHUDWXUH ZLOO KDYH WR EH PRQLWRUHG W
PHDQLQJIXO UHVXOWV DUH WR EH REWDLQHG

$ PDMRU JRDO RI WKLV SURMHFW PXVW EH WKH GHYHORSPHQW RI [
ZLOO NHHS DQ\ LQ SODQH GHIRUPDWLRQV WR D PLQLPXP +RZHYHL
DFFRXQW WKH WRQH UHSURGXFWLRQ DQG LPDJH TXDOLW\ DVSH
SKRWRJUDPPHWULF SXUSRVHYV

6LQFH WKH ODUJHVW RXW RI SODQH GHIRUPDWLRQV DSSHDU WR El
IRU PHWULF VXUYH\ HTXLSPHQW SRVVLELOLWLHYV IRU PLQLPLVLQJ



FDOPHUD HTXLSPHQW DYDLODEOH 7KH DQDO\WLFDO PRGHOOLQJ WF
VLPSOH VFDOH FKDQJHV WR EH HDVLO\ UHPRYHG ZLWK IHZ UHIHUI
VXFK DV WKRVH H[KLELWHG LQ ILIXUHV DQG DQG SUR!
SUHVHQW D PRUH GLIILFXOW SUREOHP || ORFDOLVHG SDWWHUQV |
EHWZHHQ IUDPHV H[SRVHG XQGHU WKH VDPH VLWXDWLRQ WKHQ P
VLPSOLILHG )RU H[DPSOH D WUDQVIRUPDWLRQ ZKLFK UHSUHVHQW

FRXOG EH DSSOLHG 6HFWLRQ 7KH LGHQWLILFDWLRQ RI VLP
LQ GLIIHUHQW FDPHUD EDFNV DQG RQ GLIIHUHQW ILOP W\SHV ZLO:
ZRUN XQGHUWDNHQ 6HFWLRQV DQG



L SKRWRTUDPPHWULF 7KHRU\

7TKH LOWHQWLRQ RI WKLV FKDSWHU LV WR SURYLGH WKH QRQ SKRY
WKH WKHRUHWLFDO SULQFLSOHV DQG GDWD KDQGOLQJ WHFEk
SKRWRJUDPPHWU\ 7KH WHUP DQDO\WLFDO LV XVHG WR GHQRW
SKRWRJUDSKLF LPDJHV DOOLHG ZLWK GLJLWDO GDWD KDQGOLQJ
LQ ZKLFK DQDORJXH LPDJHVY DUH SURFHVVHG E\ RSWR PHFKDQLFEC
SKRWRJUDPPHWU\ LV LQFUHDVLQJO\ FDUULHG RXW LQ D SXUHO\ G
HOHFWURQLF LPDJHU\ LV DOOLHG ZLWK GLJLWDO GDWD KDQGOLQJ

7KH DQDO\WLFDO DSSURDFK LV DEOH WR IUHH WKH SKRWRJUDSK\
XSRQ LW E\ DQDORJXH PHWKRGV 7KHVH UHVWULFWLRQV DUH PDL(
XVHG DQG WKH JHRPHWULFDO UHODWLRQVKLSY EHWZHHQ WKH FDP
GHVFULEHG LQ WKLV WKHVLY DQDO\WLFDO WHFKQLTXHY DOORZ FD
SKRWRJUDPPHWULFDOO\ 7KLY FKDSWHU LQLWLDOO\ RXWOLQHV W
PRGHO DQG WKHQ GLVFXVVHV VRPH RI WKH FXUUHQW H[WHQVLRQV
Rl WKH SK\VLFDO FKDUDFWHULVWLFV RI SUDFWLFDO FDPHUDYV

*HRPHWULFDO RSWLFV DQG FRQVLGHUDWLRQV OHDGLQJ WR W

7R UHODWH GLPHQVLRQV RQ WKH SKRWRJUDSKLF LPDJH WR WKH F
LPDJH LV JHQHUDOO\ FRQVLGHUHG DV D PDWKHPDWLFDO PRGHO V
WKUHH GLPHQVLRQDO REMHFW RQWR D SODQH )LJ

,Q RUGHU IRU WKLV PRGHO WR EH YDOLG WKH OHQV PXVW DFW D
GHYLDWH WKH JHRPHWULFDO UD\V RI OLJKW DV WKH\ WUDYHO LQ
.UHLOLQJ 60DPD

7KH PDLQ IHDWXUHV Rl WKBUP®BLED D BBHMWIHE DV WKH EDVH
SHUSHQGLFXODSHUWRSPHPWKH H FHRWWKH LPDJH SODMH SWE&HGLVWDQF
EHLQJ WKH OHQJWK Rl WKLV BEWSHARG LCFX®DB2DQG WKH

$JDLQ FRQVLGHULQRU LDAMKEWHQGHE DW\ RIlI D[LV R EMMFG® DSRLQV
D[LDO REMHFW SRLQW 3 ZKRVH LPDJH FRLQFLGHV ZLWK WKH SULQ

ZULWWHQ ZKHUH U LV WKH GLVWDQFH EHWZHHQ WKH LPDJHV LQ W
W R

JURP WKH FHQWUDO SURMHFWLRQ LWS$MDQBEKLFHKHQHWKOW WQ RF RLE
LPDJH\D BWW QHFHVVDULO\ OLH RQ D VWUDLJKW OLQH S$P6WLQJ WK
7KLV FRQGLWLRQ LV NQRZQ DV FROOLQHDULW\

&



JLXUH 7KH FHQWUDO SHUVSHFWLYH SURMHFWLRQ

&ROOLQHDULW\ DQG WKH HTXDWLRQV H[SUHVVLQJ WKLV FRQGLW
SKRWRJUDPPHWU\ LQ ZKLFK WKH JHRPHWULFDO UHODWLRQVKLSV E
SHUVSHFWLYH FHQWUH DQG WKH LPDJH DUH GHWHUPLQHG 0DQ\
FROOLQHDULW\ HTXDWLRQV H[LVW LQ VWDQGDUG WH[WV :ROI
ZRUNLQJ GHVFULSWLRQ RI WKHLU SDUDPHWHUV ZLOO EH JLYHQ

A I O © L K]3% 1]j O
3 KL ;$ ;- 9 F-K] =$ =-

| > UUN ~;$HID2\\DUUNZEAS B-
PQ9 $ ;N UQA<W <P-=$ =A

ZKHUH WKH PYV DUH IXQFWLRQV RI WKH FDPHUD D[LV URWDWLRQV
FRRUGLQDWH VA\VWHP

PW FRVYFRY

P VLOQVLOFRY FRWVLR
P FRP2VLQ - FRWLR VLR
P L FRV VLQ |



P VLQ © VLQ - VXEFRV [FRV

p FRV 3 VQ !'VLQ [ VLQ ZFRV |
P VLQ !

P VLQ Z FRV !

P FRV °~ FRV A

[D LV WKH [ FRRUGLQDWH SRIQWKKH SRBRWRRIRRUGLQDWH V\V\

\D LV WKH \ FRRUGLQDWH $RIQWKKH SRBWHR RAIRRUGLQDWH V\V\

LV WKH [ FRRUGLQDWH RISWEHVEHLYKRMROFKRIUGW QD WH

'3 LV WKH \ FRRUGLQDWH RISWEHVEHLRKRSMIROFKRIUGW QD WH

[$\D]D DUH WKH FRRUGLQDWH YV $RIQUWKKHREEMFRMWSREQMH FRRUGL

ST\ ] DUH WKH FRRUGLQDWHY Rl WKH SHUVSHFWLYH FHQWUH
V\VWHP

7KH SDUDPHWHUYVY GHILQLQJ WKH FDPHUD FDQ EH UHJDUGHG LQ WZ

D (IWHULRU RUGHQWDRQYILRMDKH SRVLWLRQ Rl WKH FDPHUD SHUVS
D[LV LQ WKH REMHFW WSDFH ; < =J
E ,QWHULRU RBRRGWDWIRQWKH JHRPHWULF SDUDPHWS U\ RI WK

7KH FHQWUDO SHUVSHFWLYH PRGHO LV DQ LGHDO FDVH DQG DOW
XQREWDLQDEOH ZKHQ UHDO OHQVHV DUH XVHG LQ SUDFWLFH +RZH
WKH 80. &KDSWHU KDYH EHHQ GHVLJQHG WR DSSUR[LPDWH !
SUHFLVLRQ ZRUN 7KH FRVW DQG OLPLWHG DSSOLFDWLRQ RI VXFK
HVSHFLDOO\ ZLWK WKH DSSHDUDQFH RI WKH ODWHVW JHQHUDWLRQ
KLJK SUHFLVLRQ SKRWRJUDPPHWULF FDPHUDV ZKLFK UHO\ RQ DQDO
GHSDUWXUHYV IURP WKH FHQWUDO SHUVSHFWLYH PRGHO

7KH PRVW ZLGHO\ DFFHSWHG H[WHQVLRQV WR WKH FHQWUDO SHUV:E
JHRPHWU\ RI LPDJH IRUPDWLRQ E\ SUDFWLFDO OHQVHVY DQG FDPHUI
6XFK SULQFLSOHV DUH DOVR EHJLQQLQJ WR EH HYDOXDWHG H[SH
FRPSDUDWRUV FDSDEOH RI PHDVXULQJ PDQ\ LPDJHV SRVLWLRQV SH

*HRPHWULF SURSHUWLHYVY RI WKH FRPSRXQG OHQV
$ WKHRUHWLFDO WKLQ OHQV KDV DQ RSWLFDO FHQWUH WKURXJK Zk

7R ILW WKH FHOQOWUDO SHUVSHFWLYH SURMHFWLRQ WR D SUDFWLFDC
GLYLGHG LQWR WZR SRLQWV WKH IURQW DQG UHDU SHUVSHFWLYH



7"H FDPHUD OHQV JHQHUDOO\ FRQVLVWY RI D IURQW DQG UHDU H
WKHP 7KH VWRS LV QHFHVVDU\ IRU OLJKW FRQWURO DQG PDLQW

GHSWK RI ILHOG

JRU D OHQV IRFXVHG DW LQILQLW\ WZR FDUGLQDO SRLQWV RI XQL
QRGDO SRLQWV FDQ EH UHJDUGHG DV DQDORJRXV WR WKH SHUV
GHILQHG E\ D XQLTXH UD\ WKH FKLHI RU SULQFLSDO UD\ ZKLFK
IURQW QRGH SDVVHV WKURXJK WKH FHQWUH RI WKH LULV WKHQ
GLUHFWLRQ

JLIXUH ,PDJH IRUPDWLRQ E\ D OHQV 6FRWW

YLIXUH LOOXVWUDWHY WKLV FRQF HDSWLQKQUMW \DBRUR BWHEGWD O RIL
ZLWIKDQGIUHSUHVHQWLQJ WKH IURQW DQG UHDU QRGHV UHVSHFW
SURFHVV LV LOOXVWUDWHG E\ WKH GRWWHG OLQHV UH SEHMHQWL
OLPLWHG E\ WKH $ SHKUMDXIRH XAWHRGS W R D GG IWKIHI 1$ GIRQ B VR IDAK LFK LQ
FRLQFLGHV ZLWK WKH ILOP SODQH RI WKH S5EDPHUR D QGV H¥ RFR® NRXE
SRLQWORVHU WR WKH OHQV ZLOO XQGHUJR D VLPLODU SURFHGXL
SODQH DKH UHVXOWLQJ ,PDJH DW WKH SLFWXUH SODQH ZLOO LGHD
RI( FHOQOWUHGWRIQ PHG WKH EOXU FLUFOH WKH GLDPHWHU RI ZKLF
FRQIXVLRQ E\ GHFUHDVLQJ WKH GLDPHWHU RI WKH DSHUWXUH VW

'KLOVW QR XQLTXH SHUVSHFWLYH FHQWUH H[LVWV DQ DQDORJ\ F
QRGDO IPIABYYY WKH IURQW DQG UHDU OHQV SHUVSHFWLD/NL 85 QW |
DQ DQJOH L ZLWK WKH D[L&DRU BDALWWDQFIHP DJHURP WKH SULQFLSE
193 ARW L



5DGLDO OHQV GLVWRUWLRQ

.|l WKH OHQV SURGXFHV DQ LPDJH
VXFK WKDW | LV D FRQVWDQW IRU
DOO SRVVLEOH YDOXHV RI DQJOH L
WKHQ WKH UHVXOWDQW ,PDJH DW
WKH ILOP SODQH ZLOO EH
JHRPHWULFDOO\ WKH VDPH DV
WKDW SURGXFHG E\ D FHQWUDO
SURMHFWLRQ WKLV FRQGLWLRQ
EHLQJ NQRZQ DV RUWKRVFRSLF
+RZHYHU IRU SUDFWLFDO OHQVHYV
IRFXVHG DW ,QILQLW\ WKH
SRVLWLRQ RI WKH IURQW DQG UHDU

OHQV SHUVSHFWLYH FHQWUHYV YDU\
O OHQV GLVWRUWLRQ FXUYH)

ZLWK DQJOH L 7KLU‘ fi%t‘\)(,\lﬂqﬁé'Q‘GLD+DVVHoEODG

WR GHSDUWXUHYV IURP WKH FHQWUDO
SHUVSHFWLYH SURMHFWLRQ NQRZQ DV UDGLDO OHQV GLVWRUWLR
RQ UDGLDO GLVWDQFH U IURP WKH RSWLFDO D[LV 7KRPSVRQ

$Q H[DPSOH RI UDGLDO GLVWRUWLRQ GHULYHG E\ SUDFWLFDO FDO
WZR UDGLDO GLVWRUWLRQ FXUYHV IRU DQG PP =HLVV OHQVHYV
GLVWRUWLRQ IRU WKHVH OHQVHY DUH ODUJH ZKHQ FRPSDUHG ZLW
GHVLIJQHG IRU PHWULF FDPHUDV EXW ERWK WKHVH OHQVHV DUH
SURGXFHG DQG FRQVHTXHQWO\ FRQVLGHUDEO\ FKHDSHU

7KH PDJQLWXGH RI UDGLDO OHQV GLVWRUWLRQ $U IRU D OHQV IR
SRO\QRPLDO VHULHV RI HYHQ SRZHUHG WHUPV $EGHO $]L] Zk
FRHIILFLHQWY RI UDGLDO GLVWRUWLRQ 7KLV SDUWLFXODU UDGLDC
&LW\ 8QLYHUVLW\ JHQHUDO DGMXVWPHQW SURJUDP *$3 WKH IHDW

$U NAU N N

"KLOVW VXFK IRUPXODH KDYH EHHQ VXFFHVVIXOO\ DSSOLHG WR D L
&KDQGOHU DQG &RRSHU &KDQGOHU HW DO E LW LV VKRZQ
QRW LQGHSHQGHQW RI REMHFW GLVWDQFH

6 FRWW GHPRQVWUDWHY WKDW DW UHGXFHG REMHFW GLVWDQF
QRW ZLWK WKH VWDWLF UHDU QRGH EXW ZLWK WKH H[LW SXSLO
VHHQ IURP WKH LPDJH VSDFH

&



JLXUH O9DULDWLRQ RI SULQFLSDO GLVWDQFH ZLWK IRFXV VHWW

:KHQ WKH FDPHUD OHQV LV PRYHG DZD\ IURP WKH |IHGPR SIOB QGILBADI
WKH IRFXVLQJ Rl D FORVH REMHFW WKH SULQFLSDB EXIW WD RHEX L
DQ H[WUD LQFUHPHQW ZKLFK ZLOO YDU\ ZLWK UDGLDO GLVWDQFH (
H[LW SXSLO )LJ

7KH YDULDWLRQ RI SULQFLSDO GLVWDQFH ZLWK IRFXV VHWWLQJ PX
FDOLEUDWLRQ RI WKH FDPHUD VLQFH WKH H[LW SXSLO SRVLWLRQ

:KHQ REMHFW GLVWDQFHYVY DUH UHGXFHG WR ZLWKLQ D IHZ WHQV
PDJQLWXGH RI UDGLDO GLVWRUWLRQ FRUUHFWLRQ KDV EHHQ VKR
FDXVHG E\ WKH SRVLWLRQ RI WKH RXWHU SHUVSHFWLYH FHQWUH I
UubGLDO OHQV GLVWRUWLRQ FXUYH GHULYHG IURP REMHFWY DW I
WKURXJKRXW WKH LPDJHG REMHFW GLVWDQFH UDQJH )LJ

0DJLOO DQG %URZQ KDYH GHULYHG IRUPXODH ZKLFK FF
GLVWRUWLRQ ZLWK REMHFW GLVWDQFH JLYHQ WKDW WKH PDJQLWX
WKDW LQ HTXDWLRQ DW WZR REMHFW GLVWDQFHV VSDQQLQJ Wi

KDV EHHQ IXUWKHU H[WHQGHG E\ DSSOLFDWLRQ WR UHVXOWYV IURP
Rl GLIITHUHQW PHWULF FDPHUD VA\VWHPV )UDVHU DQG 6KRUWLYV



5DGLDO GLVWDOQFH PP

JLIXUH 2EVHUYHG FKDQJH RI UDGLDO GLVWRUWLRQ ZLWK REM!

'"HFHQWULQT GLVWRUWLRQ

(DFK HOHPHQW RI D OHQV KDV LWV RZQ XQLTXH D[LV ZKLFK LV GHI
FXUYDWXUH RI IURQW DQG EDFN VXUIDFHYV '"HFHQWULQJ GLVWRUYV
WKH RSWLFDO D[LV RI WKH FRPSRXQG OHQV LV FDXVHG E\ PDQXID
LQGLYLGXDO SURSHUW\ /[HQV HOHPHQWY FDQ HLWKHU EH DOLJQ}
SDUDOOHO WR WKH WKHRUHWLFDO D[LV RU LQVHUWHG DW DQ LQ

(TXDWLRQV KDYH EHHQ GHYHORSHG E\ &RQUDG\ DQG 0D
PDIJQLWXGH RI GHFHQWULQJ GLVWRUWLRQ DW RQH IRFXVHG GLVW

W 3L U [ [S S asS \'\sS @
$\G > 3 A \ ' \'S S [ [®@ \\S
ZKHUH S DQG S DUH WKH SDUDPHWHUV RI GHFHQWULQJ GL\

$[G DQG $\G DUH WKH FRPSRQHQWY Rl GHFHQWULQJ GLV

W LV ZRUWK QRWLQJ WKDW %URZQ DQG )U\HU DQG %URZQ
WR DFFRXQW IRU YDULDELOLW\ RI REMHFW GLVWDQFH ZLWKLQ WK

7KH KLJK SUHFLVLRQ VXUYH\V DW YDU\LQJ REMHFW GLVWDQFHYV
WDQJHQWLDO GLVWRUWLRQ PRGHOV KDYH EHHQ PDGH XVLQJ WDUJ
WDUJHWYV $GGLWLRQDOO\ LPDJH VFDQQLQJ WHFKQLTXHV %URZQ

&



PHDVXUHPHQW 7KH WHVW ILHOG H[SHULPHQWDO ZRUN FRQGXFWH
KDV EHHQ FRQFHUQHG ZLWK VHPL PHWULF FDPHUDV DQG XVHC
PHDVXUHPHQW B6HFWLRQ FRQVHTXHQWO\ WKH ZRUN KDV EF
SURGXFHG IRU QRPLQDOO\ RQH REMHFW GLVWDQFH 7KH QHWZRL
HVWLPDWLQJ WKH OHQV GLVWRUWLRQ REMHFW GLVWDQFH H[WHC
(TXDWLRQV DQG KDYH EHHQ XVHG

7KHVH RSWLFDO FRQVLGHUDWLRQV DUH VLPSO\ DGGHG WR WKF
SDUDPHWHUYV WKHUHE\ PRGLI\LQJ WKH FROOLQHDULW\ IXQFWLRQ|

:OHQV $7 $:G

$< HQV v $\

ZKHUH $;_HQDQF $9LHQV DUH WLH WRWD FRUUHFWLRQV WR EH |
PHDVXUHPHQWYV

)LOP GHIRUPDWLRQ PRGHOOLQJ

7KH SKRWRJUDPPHWULF PDWKHPDWLFDO PRGHO DVVXPHV WKDW
QHFHVVLWDWLQJ WKDW WKH ILOP LQ WKH ,PDJH SODQH PXVW EH
UHTXLUHV WKDW WKHUH VKRXOG EH QR FKDQJH RI WKH LQ SODQH
DQG PHDVXUHPHQW

JURP VHFWLRQV DQG LW LV FOHDU WKDW LQ SUDFWLFDO FI
VLIQLILFDQW V\WWHPDWLF DQG LUUHJXODU GHSDUWXUHV IURP
SKRWRJUDSKLF ILOP LV XVHG DV WKH LPDJLQJ VXUIDFH 7R FR
PDWKHPDWLFDO PRGHO PXVW EH GHYHORSHG ZKLFK FDQ EH DSSOLI
7KH UHOLDELOLW\ RI VXLWDEOH DOJRULWKPY DQG WKH HVWLPDWLF
WKH LOQIRUPDWLRQ DYDLODEOH DERXW WKH PDIJQLWXGHYV SDWWHU
Rl SODQH GHIRUPDWLRQVY 7RUOHJDUG

7KHUH DUH WZR FODVVHV RI WHFKQLTXH IRU WKH PDWKHPDWLFDO

D ([SOLFLW FRUUHFWLRQV LQ ZKLFK WKH ILOP GHIRUPDWLRC
DFFRUGLQJ WR VRPH SK\VLFDO PRGHO DUH XVHG WR FRUUHF
EHIRUH WKH FRPSXWDWLRQ RI WKH FROOLQHDULW\ HTXDWLRC
LPDJH UHILQHPHQW



E $ VHFRQG DSSURDFK LV WKH XVH RI DGGLWLRQDO SDUDPHWH
LV DQDORJRXV WR WKH PHWKRGV XVHG IRU WKH FRUUHFW
GLVWRUWLRQ EXW XWLOLVLQJ D VHW RI HTXDWLRQV ZKLFK F
RU PRUH XVXDOO\ WR VWDWLVWLFDO GDWD %URZQ 7KLV
WKDQ H[SOLFLWO\ DSSOLHG FRUUHFWLRQV VLQFH LW FDQ LQ
SURFHGXUH DQG FRXOG DOVR PRGHO RWKHU GHSDUWXUHYV 1U
XQZDQWHG FRUUHODWLRQV EHWZHHQ DGGLWLRQDO SDUDPHWI
ZKHUH D UHVHDX LV QRW SUHVHQW WKLV WHFKQLTXH DSSOL
DSSURDFK )UDVHU E

([SOLFLW ILOP GHIRUPDWLRQ FRUUHFWLRQV

7TUDGLWLRQDO SKRWRJUDPPHWULF FDPHUDYVY GHVLIJQHG IRU XVH ZLV
FDOLEUDWHG UHJLVWHU RU ILGXFLDO PDUNV DW WKH HGJHV RI W
VA\VWHP 'LITHUHQFHV EHWZHHQ WKH LPDJHG SRVLWLRQV RI WKHVH
FDQ EH XVHG IRU LPDJH GHIRUPDWLRQ FRUUHFWLRQ 8QIRUWXQDW
FDPHUDVY WKH SHULSKHUDO SRVLWLRQV RI WKH UHIHUHQFH PDUN\
FRUUHFWLRQV DW WKH FHQWUH RI WKH IRUPDW HVSHFLDOO\ LI R>

$ PRUH ULJRURXV PHWKRG RI GHWHUPLQLQJ WKH SK\VLFDO PDJQL
DUHD LV WR LQWURGXFH D FDOLEUDWHG UHVHDX JULG LQWR WKH |
WR WKH IRFDO SODQH HQDEOLQJ HLWKHU DQ DFWLYH RU SDVVLY
VKDUSO\ RQWR WKH ILOP OHDVXUHPHQW DQG DQDO\VLV RI VXFK D
PDJQLWXGH RI ILOP GHIRUPDWLRQV SURGXFHG IURP WKH LQVWDQ
FRPSDUDWRU 6XFK JULGY DUH RIWHQ XVHG WR PRGLI\ SLEFWRULLE
8QIRUWXQDWHO\ IRU WKLV DQDO\VLVY GLIIHUHQFHV LQ ORFDWLRQ
UHVHDX FURVVHV DQG WKHLU LPDJHG SRVLWLRQV FDQ RQO\ EH DV
RXW RI SODQH DQG PHDVXUHPHQW GHIRUPDWLRQV QRW LQGLYLGX

$Q LQQRYDWLYH UHVHDX DUUD\ GHYHORSHG DW *HRGHWLF
BHUYLFHV ,QF IRU XVH LQ WKHLU &5& DQG &5& FDPHUDYV
HQDEOHV D GLVWLQFWLRQ WR EH PDGH EHWZHHQ LQ SODQH DQG
RXW Rl SODQH GHIRUPDWLRQV (DFK UHVHDX LPDJH LV
SURGXFHG E\ DQ DQQXODU EDFN SURMHFWLRQ V\WWHP )LJ

WKH UHVXOWDQW DQQXODU UHVHDX LPDJHV EHLQJ LQWHQGHG
IRU DXWRPDWHG LPDJH PHDVXUHPHQW %URZQ 7KH
FHQWURLG RI WKH FRQFHQWULF UHVHDX LPDJH LV XVHG WR
ORFDWH WKH SRVLWLRQ ZKLOVW WKH GLDPHWHU RI WKH RXWVLG
DQQXOXV SURYLGHV D GLUHFW PHD&/WHHW W%GH'ﬂXVQF(E)SVw/QSHUVRVMB\IIZVW

H[SRVXUH



ORGHOV EDVHG RQ SRO\QRPLDOV DSSOLHG WR WKH GH

7KH HIITHFWLYHQHVVY RI PRGHOV EDVHG RQ WKH GHIRUPDWLRQ DW
UHODWHG WR UHVHDX JULG GHQVLW\ DQG WR WKH PHWKRG RI FR
E

&RUUHFWLRQ PHWKRGYVY FDQ EH JOREDO LQ QDWXUH VXFK WKDW LC
LPDJH SRLQWYV RQ WKH SKRWRJUDSK $OWHUQDWLYHO\ WKH FRUU
WUDQVIRUPDWLRQV EDVHG RQO\ RQ VLWHV VXUURXQGLQJ WKH LPD

,Q HDFK FDVH WKH SDUDPHWHUV RI WKH WUDQVIRUPDWLRQ FDQ
VTXDUHV Rl WKH UHVLGXDO GHIRUPDWLRQV DW DOO NQRZQ UHVH
VXEVHTXHQWO\ GLVSODFHPHQWY LQ \ 7KH [ DQG \ FRUUHFWLRQV W
WKHQ EH FRPSXWHG E\ VXEVWLWXWLQJ LWV [ DQG \ FRRUGLQDWH\

=LHPDQQ E XVHG ODUJH IRUPDW LPDJHU\ WR LQYHVWLJDWH D Ul
Rl NQRZQ VLWH FRQILIJXUDWLRQV +H FRQFOXGHG WKDW WKH VWL
DIWHU DGMXVWPHQW FRXOG EH PLQLPLVHG LI ORFDO FRUUHFWL
VXUURXQGLQJ WKH LPDJH SRLQW WR EH FRUUHFWHG ZHUH DSSOI
PHWKRGV RI FRUUHFWLRQ LQWR WZR PDLQ W\SHV

D 'LITHUHQW PDWKHPDWLFDO WUHDWPHQW DSSOLHG WR

L DOO LPDJH PDUNV DW WKH VDPH WLPH D VLQJOH WUL
SKRWRJUDSK

LL D VHOHFWHG QXPEHU RI GLIITIHUHQW LPDJH PDUNYV IRU |

E 'LITHUHQW ORFDWLRQV RI UHIHUHQFH PDUNYV

L RQO\ LPDJH PDUNV DORQJ WKH IUDPH HGJH IRU H[DPSOF
PHWULF FDPHUD

LL LPDJH PDUNV HTXDOO\ GLVWULEXWHG RYHU WKH HQWL!

6RPH SRVVLEOH WUDQVIRUPDWLRQV IRU WKH H[SOLFLW FRUUHFWI
VXPPDULVHG E\ =LHPDQQ E



/LQHDU FRQIRUPDO WUDQVIRUPDWLRQ &
[ D D[ E \
\ ER E[ D\

/LQHDU $I1ILQH WUDQVIRUPDWLRQ $
[ D D A D\
\ E E[ E\

SURMHFWLYH WUDQVIRUPDWLRQ 3
[ D D[ D\ F[ F\
\ E E[ E\ FA[ F\

%LOLQHDU WUDQVIRUPDWLRQ %
[ D D[ D\ DI\
\ E EA E\ EJ\

6HFRQG RUGHU SRO\QRPLDO 6
[ D DA D\ D[\ DA DJ\
\E E[ E\ EI[\ E]J EJ\

,QFRPSOHWH WKLUG RUGHU SRO\QRPLDO 70
[ D D[ D\ DI\ D[ DA D[\ DI\
\E EA E\ E]J[\ E[ EJ\ EJ[\ E [\

7KLUG RUGHU SRO\QRPLDO 7
[ D DA D\ DI\ D[ DJ[\ DI\ DJ[ D J\
\ E EA E\ E[\ E [ EJ\  EJ[\ E[\ EJ[ E\

7TKHVH WUDQVIRUPDWLRQV ZHUH DSSOLHG WR D GLVWULEXWLRQ RI
UHVHDX LPDJHYV &RPSDULVRQV RI UHVXOWY GHPRQVWUDWHG WK
ORFDOLVHG FRUUHFWLRQ WR HDFK LPDJH SRLQW \LHOGHG D PRUH
WKDQ WKH VLPXOWDQHRXYVY FRUUHFWLRQ RI DOO LPDJH SRLQWV )LJ
FRUUHFWLRQ ZDV IRXQG WR LQFUHDVH ZLWK WKH LUUHJXODULW\ F
WR ILIXUH WKH PDUJLQ EHWZHHQ WKH JOREDO DQG ORFDOLVH
ZRXOG SUREDEO\ EH JUHDWHU LQ WKH FDVH RI UHVHDX % ZKLF
GHIRUPDWLRQV

$JDLQ DV ZLWK WKH DGGLWLRQDO SDUDPHWHUVY LQFOXGHG ZLWKLC
WUDQVIRUPDWLRQV WHQG WR EH GHULYHG DFFRUGLQJ WR VWDWL
QRW SK\VLFDO ILOP GHIRUPDWLRQV 7KLV H[SODLQV ZK\ WKH |

&



EHLQJ ILWWHG WR IRXU UHVHDX FURVVHV DW D WLPH ZLWK YHU\ |
SK\VLFDOO\ GHULYHG UHVHDX GDWD WKHUHE\ SURGXFLQJ VPDOOH

*OREDO IRFDO
7TUDQVIRUPDWLRQYVY 7UDQVIRUPDWLRQ

JLIXUH 506 LPDJH UHVLGXDOV IRU LPDJH SRLQWV REWDLQHG
DSSOLHG WR WKH VDPH LPDJH PDUNYV =LHPDQQ E

SHVHDX %
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/ILQHDU OHDVW VTXDUHV LQWHUSRODWLRQ

$ GLVDGYDQWDJH Rl WKH WUDQVIRUPDWLRQVY DSSOLHG E\ =LHPDQ
IRU H[DPSOH UDQGRP UHVHDX PHDVXUHPHQW HUURUV FDQ EH GLUH
FRRUGLQDWHY $ PRUH UHFHQW DSSURDFK OLQHDU OHDVW VTXDU
VWDWLVWLFDO FRQFHSWY WR D PXFK JUHDWHU GHJUHH 7KH PHWK
FRYDULDQFH IXQFWLRQV WR PRGHO WKH UHODWLRQVKLS EHWZHH
SRLQWYV 7KLYV PHWKRG RI LQWHUSRODWLRQ LV EDVHG RQ WKH
GHYLVHG E\ <DJORP

7KH LQIRUPDWLRQ DW HDFK UHVHDX SRLQW LV FRQVLGHUHG WR E
YDULDEOHVY QDPHO\ FRUUHODWHG VWRFKDVWLF YDULDEOHV ZKLF!
DQG REVHUYDWLRQDO HUURUV $OWKRXJK WKH WKHRU\ KDV EHHQ
DVVXPSWLRQ WKDW WKH GHIRUPDWLRQV LQ [ DQG \ DUH PXWXDOC
FRPSXWDWLRQ 6 FKXW .XELN DQG %RWPDQ +DUG\

7TKH PHWKRG LQYROYHV IRXU PDLQ VWHSV WUHQG UHPRYDO FR
PRGHOOLQJ RI WKH GHULYHG FRYDULDQFH IXQFWLRQV DQG FRUU

D ,QLWLDOO\ WR PHHW WKHRUHWLFDO FRQVLGHUDWLRQV .UDXV
LQ WKH GDWD PXVW EH UHPRYHG )RU H[DPSOH WKH UHPRYDO RI
LQ HQYLURQPHQWDO FRQGLWLRQV FDQ EH DFFRPSOLVKHG E\ FRQI

E 6HFRQGO\ WKH FRYDULDQFH IXQFWLRQ PXVW EH FRPSXWHG 7
LQGHSHQGHQWO\ IRU ERWK [ DQG \ GLVSODFHPHQWY IURP WKH NQ
SRLQW E\ FRPSXWLQJ WKH FRYDULDQFH EHWZHHQ SDLUV RI SRLQ\
FRYDULDQFH FRQWDLQV RQO\ WKH V\VWHPDWLF SDUW RI WKH YHF
EHHQ ILOWHUHG RXW

7KH 9DULDQFH f O Q C LI !
7KH FRYDULDQFH & o,
QLM 1
:KHUH D SLV WKH YDULDQFH DW DQ\ SRLQW
& GLV WKH FRYDULDQFH IXQFWLRQ EHWZHHQ WZR SRLQW
G

Q LV WKH QXPEHU RI UHSHDWHG PHDVXUHPHQWYV
,M OM DUH WKH PHDVXUHG PDJQLWXGHV RI WKH UHVHD X

&



7ZKHRUHWLFDOO\ WKH FRYDULDQFH GHSHQGV RQO\ RQ GLVWDQFH
DSSURDFKLQJ JHUR DV G ,QFUHDVHV ,QGHILQLWHO\ KRZHYHU ERPS
GXULQJ WKH LQLWLDO ,QYHVWLJDWLRQV B6HFWLRQ ZRXOG

GLIIHUHQFHYV

F (DFK FRYDULDQFH IXQFWLRQ FDQ EH PRGHOOHG E\ IRU H[DPS
D 7KH FRHIILFLHQWYV & DQG N FDQ EH HYDOXDWHG E\ D OHI
IXQFWLRQ GDWD & UHSUHVHQWYV WKH FRYDULDQFH RI SDLUV
FRPSRVHG HQWLUHO\ RI FRUUHODWHG VWRFKDVWLF YDULDEOHYV
UHSUHVHQWY WKH RSHUDWLRQDO PHDVXUHPHQW HUURU

JLIXUH 7KH FRYDULDQFH IXQFWLRQ DQG JDXVVLDQ HTXDWLRQ

G &RUUHFWLRQV WR HDFK LPDJH SRLQW FDQ WKHQ EH GHULYHG
,QWHUSRODWLRQ XVLQJ WKH PLQLPXP YDULDQFH HVWLPDWH IRU W
WKDW WKH YDULDQFHV RI WKH FRUUHFWLRQV DUH PLQLPLVHG &RF

7KH PHWKRG ,V EHVW GHVFULEHG E\ FRQVLGHULQJ*WKH YHFWRU
Y

ZKHUH XLV D YHFWRU RI NQRZQWYD SR HEVWW
Y,V D YHFWRU RI YDOXHV W®RDBHD SRLORDWHG DW

DQG DVVXPLQJ WKDW WKH DVVRFLDWHG FRYDULDQFH PDWUL[ & RI

&X X &XY
&YX & Z

7KH UHTXLUHPHQWKMUWHR* IKRGG ,V DQ\ OLQH DY WHR/RV MPLDDAH/ IRRIUP D W
RIXWKURXJK



.0 g GHQRWHYV WKH HUURU RN WKK WKQWDW KH/@RXPIYWEHH FKRVHQ WR
WKH PLQLPXP YDULDOQFHN KW LPOWHK RLQLPLVHV JWKW FDOLW®HAKVE
VKRZQ &RRSHU DQG &URVYV WKDW WKH PLQLPXP YDULDQFH H'

Y &XY X0 wX

ZKLFK LQ IXO0 FDQ EH ZULWWHQ
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7KH HVWLPDWLRQ SURFHGXUH WKHUHIRUH XWLOLVHV WKH FRYDI
FRUUHFWHG DQG HDFK UHVHDX SRLQW DV FRPSXWHG XVLQJ WKH
EHWZHHQ SRLQWV LV NQRZQ 7KH PDMRU DGYDQWDJH RI WKH P
REVHUYDWLRQDO HUURUV DUH QRW WUDQVIHUUHG WR WKH FRPSX

7KH DSSOLFDWLRQ RI WKLY PHWKRG DQG ERWK WKH ORFDO DQG J¢
UHDO GDWD DUH HYDOXDWHG LQ FKDSWHU

ORGHOV EDVHG RQ SUHYLRXV UHVHDX LPDJH PHDVXUHP

$QRWKHU DSSURDFK ZKLFK KDV EHHQ DSSOLHG WR ODUJH IRUPDW
FDXVHV RI LQGLYLGXDO GHIRUPDWLRQ IDFWRUY DQG WR PRGHO WK
$ JRRG WKHRUHWLFDO H[DPSOH LV WKDW GXH WR 7HPSIOL DQ
DQG H[LVWLQJ UHVHDX SKRWRJUDSK\ WR GHULYH UHSUHVHQWD)
SDUDPHWHUYV

7KH GHYHORSHG PRGHOV ZHUH EDVHG RQ GHWHUPLQLVWLF IXQFWL
ZLWK DGGLWLRQDO VWRFKDVWLF IXQFWLRQV WR HYDOXDWH UDQGHF
E\ WKH GDWD DYDLODEOH WKLV EHLQJ WDNHQ IURP UHVHDX LPDJH
LPDJHVY SURGXFHG GXULQJ RSHUDWLRQDO XVH 7HPSIOL FRQFOXGH
IRU GHIRUPDWLRQV WKDW FRXOG EH UHDVRQDEO\ H[SHFWHGY ,QV
Rl WKH ILOP GHIRUPDWLRQV IRXQG EHWZHHQ GLIIHULQJ VXE DUHD
DQDO\WLFDO H[SUHVVLRQV IRU WKH EDVLF GLVWRUWLRQ SDWWHU(



7KH EDVLV RI 7THPSIOLYV WHFKQLTXH LV XVHG LQ FKDSWHU ZKHUL
XVLQJ PHDQ UHVHDX LPDJH PHDVXUHPHQWY FRPSXWHG IURP DOO \
IURP WKH VSHFLILF LPDJH EHLQJ PRGHOOHG G6HFWLRQ

8VH Rl DGGLWLRQDO SRO\QRPLDO WHUPV GXULQJ SKRWRDUL

$V H[SODLQHG LQ VHFWLRQ SURYLGHG WKH V\WWHP FRQILJXU
DGGLWLRQDO SDUDPHWHU PRGHOV FDQ EH LQFOXGHG LQ WKH VHO
FDQ QRW RQO\ EH LQFOXGHG WR PRGHO OHQV GLVWRUWLRQV
WHFKQLTXH ZLOO DOVR PRGHO ILOP GHIRUPDWLRQV

$ YDULHW\ Rl SDUDPHWHU VHWV KDYH EHHQ SURSRVHG .LOSHOD
SDUDPHWHU VHWV HPSOR\HG DUH JHQHUDOO\ VHOHFWHG E\ VWDWL
LQ VHFWLRQ DQG DV VXFK DUH XQOLQNHG WR DQ\ VSHFLILF Sk
VTXDUHY DGMXVWPHQW SURFHVV PHDQV WKDW SDUDPHWHUV VLPS
WKH FROOLQHDULW\ DVVXPSWLRQV QRW VSHFLILF HUURU VRXUF
HIITHFWLYHQHVV Rl VXFK WUHDWPHQWY ZLOO EH D IXQFWLRQ RI Wt}

JRU H[DPSOH D SDUDPHWHU VHW SURSRVHG E\ %URZQ
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6HYHUDO DGGLWLRQDO SDUDPHWHU PRGHOV KDYH EHHQ GHYHOR
FRQFHUQLQJ WKH HIIHFWV RI ILOP GHIRUPDWLRQ *U-*Q (O +DN
$ WA\SLFDO H[DPSOH LV WKH PRGHOOLQJ RI ILOP XQIODWQHVV Z
FRRUGLQDWHY DUH UHSUHVHQWHG E\ $[A DQG $\">DW VXFK WKDW



$; MDI 3 Q .
ZKHUH $] ... A [A\
D\ O AD ] 0!

+RZHYHU VLQFH WKH PHDVXUHPHQWY XVHG WR PRGHO $= DUH RUW
HITHFWLYH HVWLPDWLRQ UHTXLUHV D VWURQJ QHWZRUN

'"HVSLWH WKHVH GLVDGYDQWDJHYVY DGGLWLRQDO SDUDPHWHUV FDC
DSSOLHG ,QGLYLGXDOO\ WR HDFK VLQJOH ,PDJH SKRWR LQYDULD!
JRU H[DPSOH NQRZQ RSWLFDO GLVWRUWLRQV DVVRFLDWHG ZLWK
E\ DSSO\LQJ ,GHQWLFDO SDUDPHWHUV WR DOO LQVWDQFHV RI WKI
DSSURDEFK ,QGHHG WKH WHFKQLTXH ZKHUHE\ SDUDPHWHUV HVWI
E\ WKHLU HVWLPDWHG VWDQGDUG GHYLDWLRQV KDYH EHHQ XVHG \
SHUPLWYV NQRZQ JHRPHWULFDO GLVWRUWLRQV WR EH DSSOLHG ,
WR ZHDN SKRWRJUDPPHWUOF QHWZRUNV ZKLFK DUH QRW VXLWDE

7KH VHOI FDOLEUDWLQJ EXQGOH DGMXVWPHQW

,Q DQDO\WWLFDO SKRWRJUDPPHWU\ WKH EDVLF FRPSXWDWLRQDO
WKH REMHFW SDVV WKURXJK WKH H[SRVXUH VWDWLRQ DQG DUH Sl
,QYROYHV VLPXOWDQHRXYVY OHDVW VTXDUHY DGMXVWPHQW RI DOO
PHDVXUHG LPDJH SRLQWYV )RU VHOI FDOLEUDWLRQ WKH XQNQRZQ
PRGHO PD\ EH VLPXOWDQHRXVO\ HVYWLPDWHG GXULQJ WKLV SURF}

7KH HVWLPDWLRQ SURFHGXUH XWLOLVHG LQ WKH EXQGOH DGMXV
VWRFKDVWLF PRGHO ODWKHPDWLFDO PRGHOV FDQ EH HQYLVDJHG
WKLYV FDVH WKH IXQFWLRQDO RU GHWHUPLQLVWLF SDUW EHLQJ L
PRUH SK\VLFDOO\ DSSURSULDWH WKH IXQFWLRQDO PRGHO LV PDGHI
ZLOO EH VXFK WKDW WKH WZR PRGHOV DUH ,QWHU UHODWHG

7KH IXQFWLRQDO PRGHO

7KH IXQFWLRQDO PRGHO KDV EHHQ H[WHQGHG LQ WKH DERYH VH
SDUDPHWHUYV FKRVHQ WR UHSUHVHQW SK\WLFDO FDXVHV RI GHSDU\
LQ SUDFWLFDO FDPHUDYV 7KLY VHFWLRQ VXPPDULVHV WKH OHD
IXQFWLRQDO PRGHO DQG VRPH DVSHFWV RI WKH PDWUL[ PDQLSXO



J)LIXUH 7KH JHRPHWULF EDVLY RI PXOWL VWDWLRQ FRQYHUJH

7KH QRQ OLQHDU IXd OMQURPD@® PR AWHSUHVHQWHG
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ZKHUH IRU VHOI FDOLEUDWLRQ

[ LV WKH YHFWRU RI SDUDPHWHUV WR EH HVW4POWHG WXRAK L
WKUHH LQQHU RULHQWDWLRQ SDUDPHWHUV LI XQNQRZQ [S

, LV WKH YHFWRU RI HOHPHQWY ZKLFK KDYH EHHQ PHDVXUHG
F LV WKH YHFWRU RI HOHPHQWYVY ZKRVH YDOXHV DUH NQRZQ
*HQHUDOO\ IRU VHOI FDOLEUDWLRQ FRQVWDQW HOHPHQWV
JHRPHWU\ SUHFOXGHV WKHLU HVWLPDWLRQ

$; HQV DQG $\_HQV DUH WKH OHQV GLVWRUWLRQ FRUUHFWLR!

7TKHVH IXQFWLRQV PXVW EH OLQHDULVHG XVLQJ 7D\ORUVY H[SDQV



WKH HTXDWLRQV ZLWK UHVSHFW WR HDFK Rl WKHVH YDULDEOHV
IXQFWLRQ FDQ EH ZULWWHQ H[SOLFLWO\ LQ HDFK PHDVXUHPHQW
FRQQHFWLQJ HDFK REMHFW SRLQW DQG LWV FRUUHVSRQGLQJ LP
REVHUYDWLRQ HTXDWLRQV PD\ WKHQ EH UHSUHVHQWHG LQ PDWUL

$ [ E YZLWK DVVRFLDWHG ZHLJKW PDWUL][

ZKHUH $ FRPSULVHVY WKH SDUWLDO GLIITHUHQWLDOV RI WKH H[W
UHVSHFW WR WKH SDUDPHWHUVY WR EH HVWLPDWHG
YLV WKH YHFWRU RI SKRWR FRRUGLQDWH UHVLGXDOV
[LV WKH YHFWRU RI OHDVW VTXDUHV FRUUHFWLRQV WR
ELV WKH YHFWRU RI WKH REVHUYHG PLQXV FRPSXWHG
GHQRWHYVY WKH ZHLJKW PDWUL[ DVVRFLDWHG ZLWK DOC

$Q LWHUDWLYH VROXWLRQ LV WKHQ XVHG WR HVWLPDWH WKH XQN!
VTXDUHV RI WKH UHVLGXDOV IRU DOO WKH HTXDWLRQYV

7KH REVHUYDWLRQ PD\ WKHQ EH ZULWWHQ
$ % $ : E
DQG WKH OHDVW VTXDUHV HVWUPDUMHY RI WKH SDUDPHWHUYV
[ $ : $ $ : E
,Q RUGHU IRU WKH VROXWLRQ WR H[LVW DQG EH FRPSXWDEOH FHU'

D $ GDWXP PXVW EH GHILQHG VLQFH WKH SDUDPHWHUYV
PHDVXUHPHQWY DORQH
E 7KHUH PXVW EH DW OHDVW DV PDQ\ HTXDWLRQV DV

HVWLPDWHG
F 7KH JHRPHWULF FRQILIJXUDWLRQ RI WKH FDPHUD SRV
VXLWDEOH

7KHVH WKHRUHWLFDO FULWHULD DUH GLVFXVVHG PRUH IXOO\ LQ V
DSSOLFDWLRQ WR QHWZRUN GHVLJQ LV FRQVLGHUHG LQ FKDSWHU

7KH VWRFKDVWLF PRGHO

6WDWLVWLFDO PRGHOV DUH XVXDOO\ EDVHG RQ WKH DVVXPSWLRC
VWRFKDVWLF YDULDEOHYVY KDYLQJ WKH VDPH YDULDQFH DQG WKDW
LV DVVXPHG WR EH QRUPDO +DOOHUW 7KLY ODVW FRQGLWLR
6TXDUHYV



TKWWRFKDVWLF PRGHO FDQ WDNH D YDULHW\ RI IRUPV EXW XVXDO
ERWK WKH SKRWR FRRUGLQDWHY DQG WKH FRRUGLQDWHY RI REMH
PRGHO DVVXPHV WKH IRUP RI D GLDJRQDO ZHLJKW PDWUL[ : (TXD\
VWDQGDUG HUURUV ZKLFK DUH DVVXPHG WR EH QRUPDOO\ GLVWUL
FR IDFWRU PDWUL[ RI WKH PHDVXUHPHQWYV

7KH HUURU WHUPVY DUH DOORZHG WR SURSDJDWH WKURXJK WKH I
PDWUL[ 4] UHSUHVHQWLQJ WKH VWRFKDVWLF SURSHUWLHV RI WKH

4L $4 $
ZKHUH 4 LV WKH FRIDFWRU PDWUL[ RI WKH HVWLPDWHG SDUDPF
4_ LV WKH FRIDFWRU PDWUL[ RI WKH PHDVXUHPHQWYV LI G

PDWUL]

$OVR RI LPSRUWDQFH LV WKH DVVRFLDWHG YDULDQFH IDFWRU WK
ZHLIKW JRU WKH ZRUN FDUULHG RXW GXULQJ WKLV WKHVLV WKH
EHLQJ RQH $VVXPLQJ WKH UHPRYDO RI DOO JURVV HUURUV LI V
HVYWLPDWHG E\ WKH DGMXVWPHQW LV VLIJQLILFDQWO\ JUHDWHU W
DVVLIJQHG D SULRUL LV HUURQHRXV RI EHUWDLQ V\VWHPDWLF HUU

7DNLQJ WKH DVVXPSWLRQ WKDW WKH WRWDO SKRWRJUDPPHWULF |
DUH LQGLYLGXDOO\ LQGHSHQGHQW 7RUOHJDUG DPRQJ RWKH
FRIDFWRU PDWUL[ ZHLJKW PRGHO 8VLQJ WKH QRWDWLRQ SRUWU
GHSDUWXUHV IURP WKH FROOLQHDULW\ PRGHO WKH VWRFKDVWLF
FRUUHVSRQGLQJ FRYDULDQFH IXQFWLRQV WR DUULYH DW D YDULLI

,PSRUWDQW FRQFOXVLRQV FOHDUO\ GHPRQVWUDWHG E\ WKH YDU!
REVHUYDWLRQV DUH QRW LQGHSHQGHQW DQG VHFRQGO\ WKDW Wk
DUH FRUUHODWHG

$ YDULDQFH FRYDULDQFH PDWUL[ PD\ EH GHULYHG LQ ZKLFK WKH RI
EXW DUH HTXDO WR WKH FRYDULD®OKH WV RIID®WWR UR PWOMUMD WOLMRMRWF L D
DGMXVWPHQW LV VLPSO\ WKH LQYHUVH RI WKH YDULDQFH FRYDULD
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ZKHUH R[DD\DDI[EDQG R \E DUH WKH YDULDQFHV RI WKH L¢
& [D\D & [E \D DUH WKH FRYDULDQFHV DVVRFLDWHG



JRU LQFOXVLRQ LQ WKH DGMXVWPHQW WKHVH FRYDULDQFHYV PXVW
H[DPSOH IURP DQDO\VLV RI WKH LQGLYLGXDO HUURU VRXUFHV RU
FDQ EH HVWLPDWHG DV SDUW RI WKH DGMXVWPHQW SURFHGXUH
NQRZOHGJH RI WKH FRYDULDQFHYV LV GLIILFXOW WR GHWHUPLQH L
FRIDFWRU PDWUL[ LV UDUHO\ XVHG LQ SKRWRJUDPPHWU\ 6XFK LV
LQ FKDSWHU

7KH XVH RI D SULRUL RII GLDJRQDO WHUPV LQVWHDG RI D GLDJ
HVWLPDWLRQ RI WKH YDULDQFH IDFWRU 7KLV LV UHIOHFWHG LC
VWDQGDUG GHYLDWLRQV FRPSXWHG IURP WKH WKUHH URXQGV RI
PXOWLSOLHG E\ D IDFWRU RI WKUHH LI WKH D SRVWHULRUL YDULD

'DWXP GHILQLWLRQ

,Q VHFWLRQ VRPH RI WKH FULWHULD IRU WKH VROXWLRQ RI C
GHILQLWLRQ RI D GDWXP DULVHV EHFDXVH WKH WKUHH GLPHQVLR
XVXDOO\ FDUWHVLDQ LV DUELWUDU\ DQG QHHGV WR EH ORFDW
PDWKHPDWLFDO PRGHO (TXDWLRQ E\ WKH QRWP.BOEHI®@DWLR
VLQJXODU ZLWK D UDQN GHIHFW RI VHYHQ /RFDWLRQ RI WKH FRRI
VLWXDWLRQ LV WKHUHIRUH IDFLOLWDWHG E\ WKH GHILQLWLRQ RI
WUDQVODWLRQVY DQG D VFDOH IDFWRU &RRSHU DQG &URVYV |
IRU WKLV ZRUN VLQFH DQDO\VLV RI WKH HIIHFW RI ILOP GHIRUPDW

UHTXLUHG WKDW DOO DGMXVWPHQWY ZHUH FDUULHG RXW XVLQJ

7TKHUH DUH YDULRXV PHWKRGYV RI GHILQLQJ D GDWXP ,Q WUDGLWL
FRRUGLQDWHY DUH XVHG WKH PLQLPXP UHTXLUHPHQW EHLQJ WZR
FRRUGLQDWH IL[HG LQ RQH RI WKH FRRUGLQDWH D[HV $EGHO $]L]

JRU WKH SXUSRVHV RI FORVH UDQJH VHOI FDOLEUDWLRQ WKLV PH\
LQ GHILQLQJ DQG VXUYH\LQJ FRQWURO SRLQW SRVLWLRQV WR KLJ
LQ FRQWURO GHILQLWLRQ ZLOO GLUHFWO\ OHDG WR GLVWRUWLRQ\

'HYHORSPHQW RI WKH EXQGOH DGMXVWPHQW )DLJ VSHFLILFDO
SKRWRJUDSK\ KDV LQFUHDVHG WKH DELOLW\ WR GHWHUPLQH WKH
,PSRUWDQWO\ IRU WKLV ZRUN FRQYHUJHQW PXOWL VWDWLRQ SKRYV
LQ D VR FDOOHG IUHH DGMXVWPHQW 7KH ITUHH DGMXVWPHQW DS
FROQVWUDLQWY WR GHILQH WKH GDWXP DQG WKXV WR SURYLGH D \
FRQVWUDLQWY DUH XVXDOO\ DSSOLHG WR WKH VSDWLDO FRRUGL
FDPHUD DQG DGGLWLRQDO SDUDPHWHUV W\SLFDOO\ VXFK WKDW W
REMHFW FRRUGLQDWH VWDUWLQJ YDOXHY 7KH PHWKRG LV DSSOL!

&



D GDWXP ZKLFK GRHV QRW LQWURGXFH VKDSH FRQVWUDLQWYV V
FRRUGLQDWHY LV RQH RI WKH PHDQV FKRVHQ WR DVVHVV ILOP GH&H

2SWLPLVDWLRQ RI QHWZRUN JHRPHWU\

*LYHQ WKH H[WHQGHG FROOLQHDULW\ HTXDWLRQV DV D IXQFWLRQI
QXPEHU DQG ORFDWLRQ RI FDPHUD SRVLWLRQV DQG WKH SUHFLVL
PHDVXUHG )RU D VWURQJ HVWLPDWH Rl WKH FDPHUD FDOLEUDWLTF
LQFUHDVHG UHGXQGDQF\ LQ WKH IRUP RI DGGLWLRQDO SKRWRJL
JHRPHWULF FRQILIJXUDWLRQ EHWZHHQ WKH SKRWRJUDSKV DQG Wtk

*DUDIDUHQG DQG )UDVHU D KDYH VXPPDULVHG WKH SUREC
LQ WHUPV RI IRXU LQWHUFRQQHFWHG VWDJHV

=HUR 2UGHU GHMUWN LQYROYHV WKH FKRLFH RI WKH GDWXP GHILQL
'DWXP DVVRFLDWHG ZLWK WKH SURMHFW DUH PHW JRU H
FRQVWUDLQWY VXFK WKDW WKH GDWXP LQWURGXF
HVWLPDWHG EXQGOHV RI UD\V ,Q JHQHUDO WHUPV
DQ RSWLPXP FR IDBWRU RPIDWKH[HVWLPDWHG SDUDP

JLUVW 2UGHU &SHRQBRUQ KHUH LV IRU DQ RSWLPLVHG QHWZRUN JHF

&RQILIXUDWLRMQR VRPH RSWLPLVHGP DRAUPL R | (WXMHW LR Q RIWHQ
GHVLJQ PDWUL[ ,Q WKH FDVH RI FDOLEUDWLRQ
LPDJLQJ JHRPHWU\ KDV EHHQ VKRZQ WR EH GHVL!
JUDVHU

6HFRQG 2UGHU & HMIZH DUH LOQWHUHVWHG LQ PD[LPLVLQJ WKH SU|
OHDVXUHPHQWPHDVXUHPHQW VXFK WKDW WKH HOHPHQWYVY RI WKH
LGHQWLW\ PDWUL] SRWHQWLDO IRU RSWLPLVDW
FRPSDUDWRU VHOHFWLRQ DUH WKH XVH RI PXOWL
SRLQW DQG WKH WDNLQJ RI PXOWLSOH H[SRVXUHYV

7KLUG 2UGHU GHMWMBEW SRLQW SUHFLVLRQ LV ODUJHO\ LQGHSHQG!
'"HQVLILFDWLR@XOWL FRQYHUJHQW LPDJLQJ JHRPHWULHV 7KLUG
ZLWK WKH HQKDQFHPHQW RI SUHFLVLRQ E\ WKH D
WKHUHIRUH QRW DV LPSRUWDQW IRU RSWLPLVDWLR

7KH SRWHQWLDO IRU QHWZRUN GHVLJQ KDV EHHQ LOOXVWUDWHG
SUHFLVLRQ PRQLWRULQJ RI DQWHQQDH



$GCGMXVWPHQW TXDOLW\

:KLOVW WKH EXQGOH DGMXVWPHQW PHWKRG HQDEOHV WKH HVWL
SDUDPHWHUV LW LV GRQH LQ VXFK D ZzD\ DV WR EH VWDWLVWLFD
UHVXOWY FDQ EH DVVHVVHG ZLWK UHVSHFW WR JURVV UDQGRP D!

FRQVLGHU WKH TXDOLW\ RI WKH OHDVW VTXDUHV HVWLPDWL
SUHFLVLRQ UHOLDELOLW\ DQG DFFXUDF\

SUHFLVLR@HVFULEHVY WKH TXDOLW\ RI WKH GDWD VHW ZLWK UHV
PD\ EH DVVHVVHG XVLQJ WKH FR IDFWRU PDWUL[ RI WI
6XFK PHDVXUHY LQFOXGH WKH YDULDQFHV RI WKH HVWL
HLIJHQ YDOXHVY DQG FULWHULRQ PDWULFHV

SHOLDELOULW\FRQFHUQHG ZLWK WKH HDVH ZLWK ZKLFK JURVV HUU
7KLY DVVHVVPHQW PD\ EH GLYLGHG LQWR H[WHUQDO DC
UHOLDELOLW\ LV D PHDVXUH RI WKH HIIHFW RI DQ XQGH
RQ WKH HVYWLPDWHG SDUDPHWHUV ZKLOVW LQWHUQDO L
RI WKH PDUJLQDOO\ GHWHFWDEOH JURVV HUURU %DDUG

VKRZQ 3HO]HU WKDW LI LQWHUQDO UHOLDELOLW\ L
ZLOO DOVR UHVXOW SDUDPHWHUYV IRU WKH DVVHVVPH
&URVYV DQG &RRSHU

$FFXUDF\ GHVFULEHV WKH TXDOLW\ ZLWK UHVSHFW WR V\VWHPDW
PRGHO DVVRFLDWHG ZLWK ZHOO FDOLEUDWHG LQVWUX
VI\VWHPDWLF HUURUYV +RZHYHU ZKHUH ILOP GHIRUPI
PDWKHPDWLFDO PRGHO FDQ EH LQFRPSOHWH VXFK Wk
VLIQLILFDQW $QDO\WVLV RI WKH DFFXUDF\ RI WKH DGM X\
RI 4MM &RRSHU DQG &URVYV

2QH LPSRUWDQW IDFWRU FRQFHUQLQJ DGMXVWPHQW TXDOLW\ ZKI
LQFOXVLRQ RI DGGLWLRQDO SDUDPHWHUV LQ WKH EXQGOH DGMXV
RI DGGLWLRQDO SDUDPHWHUV QRW RQO\ UHTXLUHV VXIILFLHQW
HVWLPDWLRQ EXW DOVR WKHLU VWDWLVWLFDO VLJQLILFDQFH DQG
RULHQWDWLRQ SDUDPHWHUV PXVW EH GHWHUPLQHG )UDVHU D

6WDWLVWLFDO WHVWY LQYROYHG LQ WKH UHMHFWLRQ RI XQQHI
FRUUHODWLRQ FRHIILFLHQW DQG WRWDO FRUUHODWLRQ ZKLFK UF
SDUDPHWHUVY DQG HDFK SDUDPHWHU DQG WKH UHVW RI WKH VHW
WHVW D PHDVXUH RI SUHFLVLRQ ZKLFK FDQ EH XVHG WR FRPSES
SDUDPHWHU ZLWK LWV VWDQGDUG GHYLDWLRQ -DFREVHQ

&



6WURQJ QHWZRUN GHVLJQ WKH XVH RI QXPEHUHG WDUJHWYVY DQ
SURFHGXUHV HPSOR\HG IRU WKH DGMXVWPHQWY LQ FKDSWHU k
PHDVXUHPHQW HUURUV LQ WKH DGMXVWPHQWY FRPSXWHG GXULQ
UHOLDELOLW\ KDV QRW EHHQ LQYHVWLJDWHG $GMXVWPHQW SUH
ZLWK WKH DSSOLFDWLRQ RI W WHVWV WR HYDOXDWH WKH VLJQL
YDULRXV DGMXVWPHQWYV

2EMHFW FRRUGLQDWHY DQG SDUDPHWHUY HVWLPDWHG E\ WKH DG
FRQMXQFWLRQ ZLWK WKH PRVW FRPSOHWH SK\VLFDO PRGHOV ©6HF
,Q WKLV zZD\ GLIIHUHQFHY EHWZHHQ WKHVH UHIHUHQFH GDWD |
SDUDPHWHUV HVWLPDWHG E\ DGMXVWPHQWY LQFRUSRUDWLQJ GLI
RQ WKH VDPH GDWXP FRXOG EH FRPSDUHG LQ DQ DVVHVVPHQW R

&KDSWHU 6XPPDU\

,Q WKLV FKDSWHU LV KDV EHHQ VKRZQ WKDW WKH EXQGOH DGMXV
DQRG JHRPHWULF UHODWLRQVKLSY EHWZHHQ WKH SKRWRJUDSKYV DC
WKHUHIRUH EH PDGH ULJRURXYV 6LQFH WKH SDUDPHWHUV WR EH
FRQVWDQW FDQ EH YDULHG WKH DQDO\WLFDO EXQGOH DGMXVW
WHFKQLTXHV RI UHVWLWXWLRQ

3K\ WLFDOO\ GHULYHG FRUUHFWLRQV IRU JHRPHWULF GHIRUPDWLRQ
FRRUGLQDWHY SURYLGH WKH PRVW SUHIHUDEOH PHWKRG RI PRGH
IURP WKH FHQWUDO SURMHFWLRQ PRGHO +RZHYHU VLQFH SK\VLI
XQVWDEOH DV LV FRPPRQO\ WUXH IRU WKH ILOP VXUIDFH DW H[SRK
LQFRUSRUDWHG LQ WKH EXQGOH DGMXVWPHQW FDQ HQDEOH WK
SDUWLFXODUO\ XVHIXO WHFKQLTXH LV WKH WUDQVIHU RI SDUDPH
UHSUHVHQWLQJ VWDEOH FDPHUD VSHFLILF GHIRUPDWLRQV WR ZH
FRQILIXUDWLRQ KDV EHHQ XVHG



,QLWLDO LQYHVWLJDWLRQV

7KH VXUYH\ RI WKH FXUUHQW OLWHUDWXUH &KDSWHUV DQG KDV
WKH XVH Rl ILOP EDVHG SURGXFWV IRU SKRWRJUDPPHWULF VXU
GLUHFWLRQV IRU UHVHDUFK ZHUH GHFLGHG XSRQ LW ZDV QHFHVVLEL
GHIRUPDWLRQV RFFXUULQJ XQGHU SUDFWLFDO VPDOO IRUPDW VXU
SUHOLPLQDU\ VWXG\ ZDV WR JDLQ DQ LPSUHVVLRQ RI WKH PDJQLW)
WKH FRPSOHWH LPDJLQJ SURFHVVY WKDW LV IURP WDNLQJ WKH DF\
$OVR WR EH LQYHVWLIJDWHG ZHUH VRPH PHWKRGV RI UHSUHVHQWL

L, QYHVWLIDWLRQ RI ILOP GHRROWADIWALRW UXVFLQJ D

5HVHDUFK FXUUHQW DW WKH WLPH &KDQGOHU LOQYROYHG WK
5HVHDX 1R NLQGO\ ORDQHG WR WKH 8QLYHUVLW\ E\ OU 0O .DIHW
LQFRUSRUDWHG D FDOLEUDWHG OHQV DQG PRUH LPSRUWDQWO\ IRL
ZKLFK ZHUH HWFKHG FURVVHVY DW LQWHUYDOV RI PP ,PDJHV SL
XVHG LQ DQ DVVHVVPHQW RI LPDJH GHIRUPDWLRQ E\ VLPSO\ FRPES
FURVVHV WR WKHLU FDOLEUDWHG SRVLWLRQV

OHWKRGRORJ\

5HVHDX SKRWRJUDSKV RQ .RGDN 70$;

DQG ILOPV WDNHQ E\ &KDQGOHU &KDQGOHU HW
DO E GXULQJ D JHRPRUSKRORJLFDO VXUYH\
RI D ODQG VOLS SURYLGHG D YHU\ XVHIXO VRXUFH
RI ILOP GHIRUPDWLRQ GDWD REWDLQHG XQGHU
SUDFWLFDO FRQGLWLRQV 7R SURYLGH D XVHIXO
DGGLWLRQ WR WKHVH GDWD VHWV RI FRQWUROOHG
H[SHULPHQWY ZHUH FRQGXFWHG LQ WKH
ODERUDWRU\ XVLQJ WKH FDPHUD VLPSO\ DV D
PHDQV RI LPDJLQJ LWV UHVHDX JULG RQWR

DQG UROO ILOPV

7KH SKRWRJUDSKV RI D ODQGVOLS QHDU ([HWHU
ZHUH WDNHQ IURP D OLJKW DLUFUDIW RQ WZR
VHSDUDWH RFFDVLRQV 7KH IUDPHV XVHG IRU WKLV
LQYHVWLIJDWLRQ ZHUH VHOHFWHG IURP ERWK VXUYH\
IOLJKWV FDUULHG RXW RQ WK RI -DQXDU\

DQRG WK RI -XQH 7TKH XQVIKUHD ELO3RO OFHL OHWULF
WKHVH SKRWRJUDSKV IRU XVH LQ WKLV DQDO\VLV

&



ZD/ OLPLWHG WR WZR IDFWRUV WKH HQYLURQPHQWDO FRQGLWLR
UDQJH RI WRQHY SUHVHQW LQ WKH QHJDWLYHV QRW DOO UHVHDX

7TKHVH SUREOHPV FRXOG EH UHGXFHG LQ WKH PRUH VWDEOH FR
PHWKRG H[SRVXUH ZDV PDGH WR D XQLIRUP WRQH E\ SODFLQJ W
7KLY HQVXUHG QRW RQO\ WKDW DOO UHVHDX FURVVHV ZRXOG E
FRQWULEXWLRQ Rl LPDJH GHQVLW\ YDULDWLRQV WR GLPHQVLRQ
KDQGOLQJ zDV VWDQGDUGLVHG [ILOPV EHLQJ ORDGHG LPPHGLDW
ILWWHG LQWR WKH RU FDPHUD EDFNV G6HTXHQWLDO H[SRVXI
ILOP ZLQG RQ UDWH RI WZR IUDPHV HYHU\ WKUHH VHFRQGV WR
WUHDWPHQW ZLWKLQ WKH FDPHUD

J)LOP WA\SHV VHOHFWHG IRU H[SHULPHQWDWLRQ DUH GHILQHG LQ \
WR DFKLHYH D UDQJH RI HPXOVLRQ W\SHV ZLWKLQ WKH OLPLWDYV

DYDLODEOH .RGDN ,OIRUG F
7TDEOH JLOP W\SHV VHOHFWHG IRU ,QLWLDO ,QYHV
ODQXIDFWXUHU )LOP JRUPDW %DVH 7\SH %DVH &XUUHQW
7TKLFNQHVV3XEOLFDWLRQ
.RGDN 708$; 70< 7ULDFHWDWH PP .RGDN D
.RGDN 7HFKQLFDO 3DQ 7&3 7ULDFHWDWH PP .RGDN E
.RGDN (NWDFKURPH (3 7ULDFHWDWH PP .RGDN
,OIRUG )3 7ULDFHWDWHRW SXEOLVKHGRUG D
,OIRUG )3 7ULDFHWDWHRW SXEOLVKHGRUG D

7R SURYLGH VRPH PHDVXUH Rl HQYLURQPHQWDO FRQVLVWHQF\ DF

FRQGXFWHG LQ WKH ODERUDWRU\ ZHUH PHDVXUHG XVLQJ D 75$&(
VXPPDULVHV QRW RQO\ WKH SURFHVVHV XVHG EXW DOVR JLYH\

IRXQG LQ HDFK HQYLURQPHQW RQ WKH GD\ RI WKH LQYHVWLJDWLF

$00 PRQRFKURPH ILOPV ZHUH SURFHVVHG LQ VPDOO VSLUDO WL
UHFRPPHQGHG E\ WKH PDQXIDFWXUHUV IRU SLFWRULDO SKRWRJUI
DQG DE $JID '"HYHORSPHQW ZDV FDUULHG RXW E\ WKH
-DFREVRQ DQG -DFREVRQ XVLQJ WKH DJHQWV GHWDLOHG
GHYHORSPHQW D VWRS EDWK ZDV XVHG IRU WKLUW\ VHFRQGV D
,QGLFDWRU 6WRS %DWK DW D GLOXWLRQ RI RQH SDUW FRQFHQWUD
EDWK HPSOR\HG ZDV ,0IRUG +\SDP IL[HU IRU ILYH PLQXWHV DW
5DSLG +DUGHQHU ,OIRUG 5DSLG +DUGHQHU LV RI WKH LQRU

&



6XEVHTXHQW ZDVKLQJ ZDV FDUULHG RXW IRU WKLUW\ PLQX
UHFRPPHQGHG IRU DUFKLYDO SHUPDQHQFH $ ZHWWLQJ DJHQW ZD
WKH IRUPDWLRQ RI ZDWHU VSRWYV ZKLFK FRXOG KDYH FDXVHG ORF

7DEOH ([SRVXUHV PDGH XVLQJ WKH 5ROOHL OHWULTF
([SRVXUH BURFHVVLQJ OHDVXUHPHQW
JLOP
7\SH 'DWH 5+ f& 'DWH 'HYHORSPHQW\ 'DWH V 5+ f&
5+ 38&
$ 70< 1RW -DQ ) &DELQHW
.QRZQ f &
% 70< 1RW -DQ ! &DELQHW
.QRZQ f &
& 70< 1RW 70%; 6WRFBPELHQW
.QRZQ f&
70< 1RW 70$; 6WRFSPELHQW
.QRZQ f&
$ 7&3 1RW +& $PELHQW
.QRZQ "'LOXWLRQ )
f&
$ (3 1RW -DQ 3&/1 ( $PELHQW
.QRZQ
$ )3 ! 1RW
f& .QRZQ
% )3 ! 1RW
fé& .QRZQ
& )3 ! 1RW
f& .QRZQ
)3 ! 1RW
f& .QRZQ

$00 H[SRVHG DQG SURFHVVHG ILOPV ZHUH FXW LQWR VWULSV RI I
HQYLURQPHQW LQ QHJDWLYH EDJV ,Q WKLV ZD\ WKH SK\VLFDO FR(
FRQGLWLRQLQJ HIIHFWV GHVFULEHG LQ FKDSWHU &DUPDQ O0DU
EH DYRLGHG

,QLWLDOO\ WKH UHVHDX JULG LPDJHV SURGXFHG ZHUH PHDVXUHC
LOQVWUXPHQW ZDV HTXLSSHG ZLWK GLJLWLVHUY DQG DEOH WR SUR



Q FRQMXQFWLRQ ZLWK D PHDVXULQJ PDUN GLDPHWHU RI

SLP +RZHYHU ZLWK QR EDFN GULYLQJ RI WKH VWDJH
SODWHV WR DSSUR[LPDWH LPDJH SRVLWLRQV LW ZDV VORZ WR
XVH UHTXLULQJ IRU H[DPSOH DERXW WKLUW\ PLQXWHV WR PDNH
WZR LQGHSHQGHQW URXQGV RI SRLQWLQJV WR HDFK RI WKH
UHVHDX FURVV LPDJHV 7KLV PHDVXUHPHQW WLPH DVVXPHV
FRUUHFW LGHQWLILFDWLRQ RI LPDJH SRLQWY D WHGLRXV WDVN
VLQFH QR QXPEHULQJ LV SUHVHQW RQ WKH UHVHDX JULG

,Q $SULO WKH 'HSDUWPHQWfV ,OWHUJUDSK ,QWHUPDS
JLIXUH =HLVV -HQOD G6WHFF
$QDO\VWLF ,08% DQ DQDO\WLFDO VWHUHR SORWWHU EHFDPH
DYDLODEOH IRU XVH 7KLV LOQVWUXPHQW SURYLGHG EDFN GULYLQ.
UHVHDX PHDVXUHPHQW WLPH ZDV KDOYHG UHVXOWLQJ LQ D VLJQLI

ZDV WKH DELOLW\ WR YDU\ FRQWLQXRXVO\ WKH GLDPHWHU RI WKH

D PD[LPXP PDJQLILFDWLRQ RI ; DOORZHG PRUH SUHFLVH SRLQW|
PDMRU DGYDQWDJH KRZHYHU ZDV WKDW WKH IDFLOLW\ SURYLGHG D
DW f& “ f& DQG 5+ “ 5+ ZKLFK ZDV HVVHQWLDO IRU WKH P

IDFWRUV DQG WKH ORQJ WHUP VWRUDJH RI ILOP

JLIXUH ,QWHUJUDSK ,QWHUPDS $QDO\WLF

$QDO\VLV RI GDWD

7KH EDVLF PHWKRG FKRVHQ WR DQDO\]H WKH GDWD ZDV ZLWK WKH
GHIRUPDWLRQV DW HDFK RI WKH NQRZQ VLWHV G6HFWLRQ 7K
WKH LPDJH FRRUGLQDWHY PHDVXUHG ,Q WKH FRPSDUDWRU FRRUGL(
FRRUGLQDWH VA\VWHP DV WKH UHVHDX FDOLEUDWLRQ GDWD $ VXLW






.RGDN 70< YLOP $ ([SRVHG LQ 5ROOHL3OHWULF

6FDOH &KDQJH 3DUDPHWHUV IURP $I1ILQH 7UDQVIRUPDWL

U
LV
Q
R
R
R
, &KDQJH &KDQJH \
K
OHDVXUHPHQW 6HW -DQ OHDVXUHPHQW 6HW -XQ
JUDPH 1XPEHU
JLIXUH $I1ILQH 6FDOH FKDQJH SDUDPHWHUV IRU WKH WZR PHD\
_.RGDN 70< )LOP $ ([SRVHG LQ 5ROOHL30OHWULF
OHDQ UHVLGXDO GLVFUHSDQFLHYVY DIWHU $IILQH 7UDQVI
OHDVXUHPHQW 6HW -DQ OHDVXUHPHQW 6HW -XQ
JUDPH 1XPEHU
J)LIXUH OHDQ UHVLGXDO GLVFUHSDQFLHV IRU WKH WZR PHDVXI

VWRUDJH SHULRG 'XULQJ WKLV WLPH WKH QHJDWLYHV ZHUH VWR
VSHFLDO DWWHQWLRQ EHLQJ SDLG WR HQYLURQPHQWDO FRQGLWL
LQ WKH VWRUDJH HQYLURQPHQW PDNHV LW GLIILFXOW WR DVVR
GLVFUHSDQFLHV VHHQ +RZHYHU IURP FKDSWHU WKH PRVW SU



FKDQJHV VHHQ DUH WHPSHUDWXUH DQG KXPLGLW\ IOXFWXDWLRQV
D PD[LPXP RI SP SHU PP SUHFOXGHV WKH VFDOH YDULDWLR
PDFKLQH GLIIHUHQFHY VLQFH ERWK PDFKLQHY KDYH EHHQ UHOLDE
SURMHFWY DQG KROG PDQXIDFWXUHUV FDOLEUDWLRQ FHUWLILFD\

$QDO\WLV RI WKH PHDQ UHVLGXDO GLVFUHSDQFLHVY DQG WKH DVV
GHPRQVWUDWH WKDW WKH RYHUDOO GHIRUPDWLRQ SDWWHUQ DQ
RYHU WKH WKUHH PRQWK VWRUDJH SHULRG $V VXFK LW LV UHEL
SDWWHUQV UHVXOW IURP FKDQJHV RFFXUULQJ EHWZHHQ H[SRVX
SURFHVVLQJ VHTXHQFH

7KH VPDOOHU QRQ XQLIRUP GLVFUHSDQFLHV EHWZHHQ WKH YHI
PHDVXUHPHQW HSRFK DQG WKRVH RI WKH VHFRQG FDQ SUREDEO\

D 9DULDWLRQ LQ WKH ORFDOLVHG SK\VLFDO SURSHUWLHV RI
FRUUHVSRQG GLIIHUHQWO\ WR FKDQJHV LQ HQYLURQPHQWDO

E JRFDOLVHG YDULDWLRQ RI HQYLURQPHQWDO FRQGLWLRQV G
DQG
F '"LIHUHQFHY EHWZHHQ WKH UHVROXWLRQV Rl WKH WZR PHDV;

LQFUHDVHG YLHZLQJ PDJQLILFDWLRQ DYDLODEOH ZLWK WKH

'‘XH WR LWV JUHDWHU PDJQLILFDWLRQ DQG HDVH RI XVH WKH ,09
PHDVXUHPHQWY FDUULHG RXW LQ WKLV LQLWLDO LQYHVWLJIJDWLRQ

YXUWKHU PHDVXUHPHQWY ZHUH PDGH RI IUDPHV IURP%WRQIKBH PRUH
WR HQDEOH DQ DVVHVVPHQW Rl WKH YDULDEL®BIZDNY EHHS\RAHHD GHROA
WKH VDPH VXUYH\ IOLJKW -DIQGEDWEXVVHBGVHDROOKUD QAKZEVW URQ
H[SRVHG GXULQJ D VHFRQG VLPLODU VXUYH\ FRQGXFWHG LQ -XQH

DIILQH WUDQVIRUPDWLRQV FDUULHG RXW RQ LPDJH PHDVXUHPHQW
JUDPHY DQG%IURP HDFK RIDQBOPRUUHVSRQG WR WKH WZR PHDVXU
GHWDLOHG LQ WDEOH ZLWK WKH UHVW Rl WKH UHVHDX LPDJH P
PDGH ZLWK $ RQ

$ FRPSDULVRQ RI WKH VFDOH FKDQJHV UHTXLUHG WR ILW WKH LPD.
IRU IRUFH G &%IPHH®MXORG DW 5+ DQG WKH DP&DHQGWHDBXYXUHG DWW |

5+ KDV EHHQ PDGH JURP ILIJXUH LW FDQ EH VHHQ WKDW W
SDUDPHWHUV IRU WKH GLITHUHQW WUHDWPHQWY DUH QRW VLJQLIL
UR@M®WG ZKLFK KDYH XQGHUJRQH WKH VDPH WUHDWPHQW 7KLV U}

&






.RGDN 70< J)LOPV ([SRVHG LQ 5ROOHL OHWULTF
6FDOH &KDQJH 3DUDPHWHUV IURP $IILQH 7UDQV

U
&Q
& &KDQJH |
V]
2
M G
2
&KDQJH \
$ % $ %
5RO0 % 5R0O00 & 5RO0
JUDPH 1XPEHU
YLIXUH $IILQH VFDOH SDUDPHWHUV IRU IUDPHV IURP 70< UROO
.RGDN 70< JLOPV % & DQG ' ([SRVHG LQ 5ROOHLSOHWULF
OHDQ UHVLGXDO GLVFUHSDQFLHV DIWHU $IILQH 7UDQVIR
$ $
YLOP % YJLOP & YLOP
JUDPH 1XPEHU
YLIXUH OHDQ UHVLGXDO GLVFUHSDQFLHV IRU IUDPHV IURP 70<
YJLIXUHV DQG VKRZ YLVXDO FRUUHODWLRQ RI ERWK WKH PDJC

GHIRUPDWLRQV EHWZHHQ IUDPHV IURP RQH UROO WR WKH QH[W
GLITHUHQFHYVY EHWZHHQ WKH VFDOH FKDQJH SDUDPHWHUV UHTXLL
FDOLEUDWLRQ GDWD 7TKH SUHGRPLQDQW GHIRUPDWLRQ SDWWHUC
VRPH VA\VWHPDWLF HIIHFW RFFXUULQJ GXULQJ WKH LPDJH UHFRUG
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7TKKDOLQN EHWZHHQ WKH GHIRUPDWLRQ SDWWHUQV IRU IUDPHV DW V
SUHVHQFH RI DQ DGGLWLRQDO PLQRU VA\VWHPDWLF HIIHFW RU HIIH
7KHVH HIITHFWV PXVW KDYH D SK\VLFDO FDXVH DQG DUH SRVVLEO\
ILOP ZLQG RQ LQ WKH FDPHUD FDXVHG E\ FKDQJHV LQ GLDPHWHU
RQWR LW $ PRUH GHWDLOHG NQRZOHGJH RI WKLV HIIHFW LV UHT
EH PRGLILHG WR PLQLPLVH WKH HIITHFW RQ SKRWRJUDPPHWULFDO

([SRVXUHV PDGH RQ 7THFKQLFDO 3DQ DQG (NWDFKURI

7KLV VHW RI H[SHULPHQWY ZHUH FRQGXFWHG XVLQJ WZR .RGDN
JUDLQ PRQRFKURPH QHJDWLYH HPXOVLRQ FRDWHG RQWR D WKLQ

.RGDN (NWDFKURPH (3" D FRQYHQWLRQDO ( SURFHVV FRORXU
D PP FHOOXORVH WULDFHWDWH EDVH .RGDN
8QLIRUP WRQH H[SRVXUHV ZHUH PDGH DV LQ VHFWLRQ UDWLC

WKLY VSHHG FRUUHVSRQGLQJ WR LWV GHYHORSPHQW LQ .RGDN +&
7KH THFKQLFDO 3DQ ILOP ZDV IRUFH GULHG LQ D GU\LQJ FDELQHMW
ILOPYV UDWHG DW ,62 ZDV SURFHVVHG DW 7KH 3RO\WHFKQLF RI
ZKLFK ZDV PDLQWDLQHG ZLWKLQ WKH VSHFLILHG FRQWURO OLPLW

.RGDN 7HFKQLFDO 3DQ DQG (NWDFKURPH "'D\OLJKW YLOPV

(ISRVHG LQ 5ROOHL OHWULF RQ

6FDOH &KDQJH 3DUDPHWHUV IURP $IILQH 7UDQVIRUPDWLRQ

&KDQJo
4 &KDQJH \
7HFKQLFDO 3DQ (NWDFKURPH

JUDPH 1XPEHU
YJLIXUH 7&3 DQG (3 $1ILQH VFDOH FKDQJH SDUDPHWHUYV



7TKEKQLIRUP FKDQJHY DVVRFLDWHG ZLWK WKHVH WZR ILOPVY DUH OD
H[SHULPHQWY GHVSLWH LQFUHDVHG FRQWURO RI WKH SKRWRJL
H[SRVXUH 7KH PXFK JUHDWHU VFDOH FKDQJH LQ \ UHTXLUHG IR
VLPLODU WR WKH [ \ GLITHUHQFHYV IRXQG IRU 70< UROOV & DQG

7KH GDWD GLVSOD\HG LQ ILIXUHV DQG GHPRQVWUDWH

FRQVWUXFWLRQ DQG SURFHVV UHTXLUHPHQWY ERWK ILOPV W\SH
GHIRUPDWLRQV SDWWHUQV *LYHQ WKH VLPLODULW\ RI WKH HDUO
PDMRULW\ RI WKH GHIRUPDWLRQV DUH EHLQJ SURGXFHG DW D FF
SURFHVV SUREDEO\ LQ WKH 5ROOHL OHWULF

.RGDN 7HFKQLFDO 3DQ DQG (NWDFKURPH '‘D\O
([SRVHG LQ 5ROOHL OHWULF RQ

OHDQ UHVLGXDO GLVFUHSDQFLHV DIWHU $I1ILQH

OHDQ [

ZLDéO
OHDQ \

g
D
6
THFKQLFDO 3DQ (NWDFKURPH
JUDPH 1XPEHU
JLIXUH 7&3 DQG (3 OHDQ GLVFUHSDQFLHY DIWHU DIILQH
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JLIXUH ([DPSOHV RI THFKQLFDO 3DQ UHVLGXDO YHFWRU SC
(NWDFKURPH 5RO0 $ )UDPH (NWDFKURPH 5RO0 $ )UDPH
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JLIXUH ([DPSOHV RI .RGDN (NWDFKURPH UHVLGXDO YHFWRI
([SRVXUHV PDGH RQ )3 DQG ILOPYV
JRU WKLV VHULHYVY RI WHVWYV ,0OIRUG )3 DQG UROO ILOPV ZHUL
ILOP EDFNV ,Q WKH 5ROOHL OHWULF ,Q WKLV ZD\ DQ LQGLFDWI

RI WKH V\VWHPDWLF GHIRUPDWLRQV VLQFH YDU\LQJ WKH ,Q FDPH
JLYH DQ ,QGLFDWLRQ RI DQ\ JURVV XQIODWQHVV RFFXUULQJ DW W
IXUWKHU PRQLWRU H[SRVXUH WKH DPELHQW FRQGLWLRQV RI WKF
7KH YDULRXV SDUDPHWHUV UHFRUGHG DQG WKH VSHFLILF SURFHYV



7DEOH 6XPPDU\ RI )3 H[SHULPHQWDO SDUDPHWHLU
&DPHUD %DFN QXPEHUV
JLOP %DWFK QXPEHU)\B % ; , JHE
)3 % ; , )HE
([SRVXUH FRQGLWLRQV
YLOP 7\SH 5+ f& 7LPH YUDPH UDWH
$ IUDPH VHFRQGV
% IUDPH VHFRQGV
& IUDPH VHFRQGYV
IUDPH 6HFRQGYV
S3URHVVLQJ FRQGLWLRQV >'HHS WDQN DQG VSL
J)LOP '"HYHORSPHQWWRS YL :DVK "U\LQJ HQYLURQPHQW
UDQJH
$ . PLQXWHPLQXWHV PLQXWHV KRXU DW f &
PLQXWHVDWWW f &DW f & DW f & 5+ WR f &
f & 5+
% ! PLQXWH PLQ DW PLQXWHV KRXU DW f &
PLQXWHVDRW [ & f & DW f & 5+ WR f &
f & 5+
& . PLQXWHPLQXWHV PLQXWHV KRXUV DW f &
PLQXWHVD®YW f &DW f & DW f & 5+ WR f&

f &

PLQXWHPLQXWHV PLQXWHYV
f&DW f &

PLQXWHVDBW
f &

f &W

5+

KRXUV DW f &
5+ WR f&
5+

$00 ILOPV WR EH XVHG IRU WKLV H[SHULPHQW ZHUH VWRUHG LQ V

UHPRYHG KDOI DQ KRXU EHIRUH H[SRVXUH
UROO ZDV QRW UHPRYHG XQWLO LPPHGLDWHO\ SULRU ORDGLQJ W|
PDNLQJ WKH JULG H[SRVXUHV FRXOG EH VWDQGDUGLVHG DV IDU C

,Q DOO FDVHV WKH PR



,OIRUG )3 DQG )LOPV ([SRVHG LQ 5ROOHL?30
6FDOH &KDQJH 3DUDPHWHUV IURP $IILQH 7UDQ’

&KDQJIH |

&KDQJH \

)3 YUDPH
JLIXUH )3 DQG $I1ILQH VFDOH FKDQJH SDUDPHWHUYV
,OIRUG )3 DQG JLOPV ([SRVHG LQ 5ROOHLX

OHDQ UHVLGXDO GLVFUHSDQFLHV DIWHU $IILQH

$ $ S % % % & &
)3 YUDPHV
Y)LIXUH )3 DQG OHDQ UHVLGXDO GLVFUHSDQFLHV DIWHU



J)LOWZHUH SURFHVVHG VLPXOWDQHRXVO\ LQ D ODUJH VSLUDO WDQ
,Q WDEOH SULRU WR WKHLU VWRUDJH LQ WKH ,0$ PHDVXUHPHGQ

,PDJH PHDVXUHPHQWY ZHUH PDGH RQ IRU WKH IRUFH GUL!
DPELHQWO\ GULHG ILOPV & DQG ' ZHUH PHDVXUHG RQ

7KH DIILQH VFDOH FKDQJH SDUDPHWHUV VKRZQ LQ ILJXUH GHP
FKDQJHV LQ [ IRU WKH UHVSHFWLYH UROO ILOP W\SHV JRU
RFFXUULQJ LW LV QHFHVVDU\ WR FRQVLGHU WKHVH GLIITHUHQFHV M
ILIXUHV DQG

7KH UROO ILOPV H[KLELW WKH ODUJHVW PHDQ UHVLGXDO GLVI
GHIRUPDWLRQ SDWWHUQYV DV VKRZQ E\ WKH YHFWRU SORWV |
GHPRQVWUDWH WKH VPDOOHVW GLVFUHSDQFLHV \HW REVHUYHG F
LQ ERWK [ DQG \ +RZHYHU WKH VFDOH FKDQJHV UHTXLUHG WR ILW
DUH ODUJHU HVSHFLDOO\ LQ WKH [ GLUHFWLRQ DFURVV WKH ZLG\

$ FOXH WR WKH FDXVH RI WKHVH FKDQJHV LV SURYLGHG E\ D

PHDVXUHPHQW RI WKHVH LPDJHV 7KH UHVHDX FURVV LPDJHV RQ W
ZKLOVW WKRVH RQ WKH IRUPDW YDULHG IURP YHU\ VKDUS WR Y}
EH DVVRFLDWHG ZLWK D ODFN RI FRQWDFW EHWZHHQ WKH UHVHDX
Rl H[SRVXUH 7KLV XQIODWQHVV LV IXUWKHU KLQWHG DW E\ WKH O
I UDPHVY WR WKH FDOLEUDWLRQ GDWD VLQFH ERWK DQG ILOP\

7TKHVH FRQFOXVLRQV ZHUH IXUWKHU FRQILUPHG E\ YLVXDOO\ JUDC
LPDJHV RQ WKH ILOPV 6KDUSQHVY ZDV DVVHVVHG XVLQJ D Y
UHSUHVHQWHG D VKDUS FURVV DQG UHSUHVHQWHG D YHU\ EOXUL
WKH ,0$ LQ UHVHDX PHDVXUHPHQW PRGH ZLWK WKH PDJQLILFDWL!
FDOOHG RXW WR D FROOHDJXH VXFK WKDW WKH RSHUDWRU ZDV C
KDYH EHHQ EXLOGLQJ XS LQ WKH GDWD

SHVXOWV RI WKLV JUDGLMJIGI& DUMDPUHWHQWHG LQ ILIXUH LQ F
WKHLU DVVRFLDWHG UHVLGXDO YHFWRU SORWV 7KH SORWV FOH
SDWWHUQ LV VWURQJO\ OLQNHG WR ILOP XQIODWQHVV LQ WKH 5R






JLXUH 5HVHDX VKDUSQHVV QXPEHUV IRU )3 JLOP & IUDPHV

,WV LV XQFOHDU ZK\ WKH I UDPHV H[KLELW OLWWOH GHIRUPDWLF
DQRG WKH UHVHDX JODVY PHDQV WKDW WKH ILOP LV EHLQJ KHOG I
ZLQG RQ 7KHUH DUH WZR REYLRXV IDFWRUV ZKLFK FRXOG EH FR(

D 7KH ILOP XQOLNH WKH WV\SH XVHV QR EDFNLQJ SDSHU
SUHVVXUH SODWH ILOP JODVV VDQGZLFK LQ ZKLFK DLU F
GHIRUPDWLRQV &ODUN

E $IWHU WKH H[SHULPHQW $9 'LVWULEXWRUV LQIRUPHG XV WKD
SODWH DQG ILOP SODQH LQ WKH EDFN ZDV QRW VHW XS IR
ZRXOG DOPRVW FHUWDLQO\ KDYH FRQWULEXWHG WR WKH OD!I
ILOP VXUIDFH IRXQG

7KH VPDOO VL]H RI WKH GDWD VDPSOH FRXSOHG ZLWK WKH GLIIHL
DPELHQW IRUFH GULHG ILOP WUHDWPHQWY KDV PHDQW WKDW QR
HITHFWV RI IRUFH GU\LQJ WKH ILOP +RZHYHU WKH FRQVLVWHQW P/
GHIRUPDWLRQV DSSHDUV WR VXJJHVW WKDW DQ\ GU\LQJ HIIHFWV
FKDQJHV UHTXLUHG 7KLV LV DQ LPSRUWDQW SRVVLELOLW\ HVSHF|
UHTXLUHG IURP D SKRWRJUDPPHWULF VXUYH\ FRQGXFWHG XVLQJ |

5HVHDX SODWH XQIODWQHVYV WHVWYV

7KH UHVXOWY REWDLQHG XVLQJ WKH DQG ILOP WASHV H[SRVH

WKDW WKHUH ZHUH SUREOHPV DVVRFLDWHG ZLWK WKH FRQWDFW
LQ WKLV FDPHUD ,Q FRQMXQFWLRQ ZLWK WKH 1DWLRQDO 3K\VLF]



GHFLGHG WR PHDVXUH WKH XQIODWQHVY RI WKH UHDU VXUIDFH RI
&LW\ B8QLYHUVLW\TV :LOG 3 FDPHUD OHDVXUHPHQW RI WKH PL
REWDLQHG XVLQJ LOQWHUIHURPHWULF WHFKQLTXHV "\WVRQ V
L QWHUIHURPHWHU

SHIHUHQFH
ZFU HIURQI
2EMHFW

7THVW ZDYHIURQW

JLIXUH 6FKHPDWLF GLDJUDP RI WKH =\JR 0.,,, SKDVH PHDVXU

7KLV XQLW )LJ SURMHFWY D SODQH ZDYHIURQW RI FRKHUHQV
VXUIDFH SURGXFHY DQ LQWHUIHUHQFH SDWWHUQ ZKLFK LV UHFRU(
ZDYHOHQJWK RI WKH ODVHU OLJKW XVHG LYV QP VXFK WKDW R
GHSDUWXUH IURP WKH SODQH RI SP OHDVXUHPHQWY RI WKH U
ZHUH PDGH XVLQJ WKLV VI\VWHP DQG D FRQWRXU SORW GHULYHG
LV VKRZQ LQ ILIJXUH

'XH WR WKH PDJQLWXGH RI XQIODWQHVV SUHVHQW
LQ WKH 5ROOHL OHWULF UHVHORX I QR ITARN VQewR I UHDU VXU

SRVVLEOH WR SURGXFH D UHi:leg’DéOH SHVHDX 3O0DWH

LOQWHUIHUHQFH IULQJH SDWWHUQ XVLQJ WKH =\JR

LQWHUIHURPHWHU WKH LQVWUXPHQW ZDV WRR

VHQVLWLYH ,QVWHDG D )L]JHDX LQWHUIHURPHWHU

)LJ LQFRUSRUDWLQJ D PHUFXU\ VRXUFH

SURGXFLQJ LQWHUIHUHQFH IULQJHY UHSUHVHQWLQJ
SP GHSDUWXUHV ZDV XVHG

JLIXUH LV SURGXFHG IURP D

SKRWRJUDSK RI WKH LQWHUIIEBHQDFES%DRW[WHUQQWHUYDO

SURGXFHG XVLQJ WKH ILVHDX V\VWHP 7KH
J)LIXUH 8QIODWQHVY RI WKH UHDU

LQWHUIHUHQFH LPDJH SURYH&HY XLOOBDWAP WLRQ
DERXW WKH HQWLUH UHVHDX SODWH DUHD EXW LV

ZHGJH VKDSHG GXH WR WKH PLUURU V\VWHP XVHG WR UHFRUG DQ¢



F@ EH LGHQWLILHG VHOI IULQJHYV ZKLBE]%LQH%UFH
FDXVHG E\ LQWHUIHUHQFH EHWZHHQ OLJKW
UHIOHFWHG E\ WKH IURQW DQG UHDU VXUIDFHV RI
WKH SODWH DQG VXUIDFH IULQJHV FDXVHG E\
LQWHUIHUHQFH EHWZHHQ WKH OLJKW UHIOHFWHG E\
WKH UHDU VXUIDFH WKH ILOP FRQWDFW VLGH
QHDUHVW WR WKH PHUFXU\ VRXUFH DQG WKH
UHIHUHQFH EHDP

7KH VHOI IULQJHV VKRZ WKH RXW RI SDUDOOHO
QDWXUH RI WKH JODVV SODWH HDFK ITULQJH
UHSUHVHQWLQJ D GHSDUWXUH IURP SDUDOOHOLVP
R SP 7KH VXUIDFH IULQJHV SURYLGH D
PHDVXUH RI WKH GHSDUWXUHY IURP IODWQHVV RI

WKH UHDU VXUIDFH RI WKH UHVHDX SFEKWRADWRP GLDXUBP RI WK
,QWHUIHURPHWHU
)LIXUH ,QWHUIHURPHWHU SDWWHUQ IRU 5ROOHL OHWULF Ul
WKH UHIHUHQFH SODQH GHILQHG E\ WKH SODQH ZDYHIURQW UL
FRQWRXU SORW )LJ GHULYHG IURP WKH LQWHUIHURJUDP UHS
WKH UHVHDX SODWH ZLWK LWV GHSDUWXUH IURP IODWQHVV RI XS
7KH WR SP RXW RI SDUDOOHOLVP RI WKH 5ROOHL OHWULF U
IULQJHV LQ )LJ ZDV LQWURGXFHG GXULQJ LWV PDQXIDFWXUH



81)/$71(66 2) 5(6($8 3/$7( 5($5 685)$&(KWH EHHQ PLQLPLVHG E\ PDNLQJ
52//( 0(75,& &$0(5% 1 -; . IURP D ODUJH VDPSOH RI JODVYV
HWFKLQJ WKH UHVHDX JULG $Q F

WHFKQLTXH LV SURYLGHG E\ (DVWF

VHOHFW JODVYV SODWHV IRU FRDW

YDULRXV IODW DQG PLFUR 101

VSHFLILFDWLRQV .RGDN

6HYHUDO LQIHUHQFHV DV WR WKF
VDGGOH VKDSH RI WKH JULG SOD
PDGH WKH PRVW OLNHO\ EHLQJ VW
WKH JODVV EHFDXVH RI WKH PHW
PRXQWLQJ WKH SODWH LQ WKH FDI
&217285 ,17(59%/ -80
,&0 $3352;
JLIXUH 7KH 5ROOHL OHWULF XQGHU W
PRXQWLQJ V\WVWHP ZKHUHE\ WKH |
ZDV JULSSHG WLJKWO\ DW WRS DQG ERWWRP E\ D PHWDO PRXQWL(
KDYH EHHQ FDXVHG ZKHQ WKH JODVV SODWH ZDV FOLSSHG RQWR
SUREDEOH WKDW WKLV PHWKRG KDV QRW DOORZHG WKH JODVV F
GLIIHUHQWLDO WKHUPDO H[SDQVLRQ UDWHV B5ROOHL QRZ VD\ WK
WKH\ DUH QRZ JOXLQJ WKH SODWH WR WKH FDPHUD ERG\ XVLQJ D

$QRWKHU ZD\ Rl PLQLPLVLQJ SUREOHPY DVVRFLDWHG ZLWK FDPHUTI
WKLFNHU )RU H[DPSOH WKH SODWH XVHG LQ WKH 5ROOHL OHWUL|
WR DERXW PP IRU WKDW LQ WKH :LOG 3 8QIRUWXQDWHO\ WKLV I
WKH JODVV SODWH KDYLQJ WR EH FRQVLGHUHG DV SDUW RI WKH C
EH DYRLGHG 7KH FDPHUD OHQV XVHG PXVW WKHUHIRUH EH UH GH
HITHFWV Rl WKH UHVHDX JODVV UHVXOWLQJ LQ LQFUHDVHG FDPHULI
FRVW DQG OHQV IOH[LELOLW\ FRQIHUUHG E\ VPDOO IRUPDW FDPH
DSSHDUV WR DVVXPH WKDW ZLWK WKLQQHU PP JODVV SODWHYV LW
D VWDQGDUG SURGXFWLRQ EDWFK ZLWKRXW FRPSURPLVLQJ LPDJF
=XULFK

,Q WKH OLJKW RI WKH ODUJH XQIODWQHVV SUHVHQW ZLWK WK}
PDQXIDFWXUHUYY UHVHDX FDOLEUDWLRQ IRU WKLV FDPHUD JDY
PHDVXUHPHQWY RI WKH JULG SRVLWLRQV FRUUHVSRQGHG WR WK
VHSDUDWLRQ 7KLV LPSOLHV WKDW WKH FDOLEUDWLRQ ZDV FDUUL|
FDPHUD DQG WKHUHIRUH EHIRUH WKH VWUHVVHV KDG EHHQ SURGX
WKLY FDOLEUDWLRQ PD\ EH PLQLPDO LI WKH ILOP LV LQ FRQWDFW
FDQQRW WKHQ FRUUHFW IRU DQ\ GHSDUWXUHYVY RI WKH LPDJH VXUI

&



'"HVSLWH WKHVH XQIRUWXQDWH GHVLJQ DQG SURGXFWLRQ VKRUW
ODQGVOLS DQDO\WLVY SURGXFHG YHU\ HQFRXUDJLQJ UHVXOWYV 7K
D VLIQLILFDQW LPSURYHPHQW RYHU WKH VDPH DGMXVWPHQW FDUU
&KDQGOHU HW DO

&RUUHFWLRQ PHWKRGY DSSOLHG WR WKH UHVHDX GDWD

,Q FKDSWHU LW ZDV GHVFULEHG KRZ WKH SKRWRJUDPPHWULF P
WR LQFOXGH H[SOLFLW FRUUHFWLRQV IRU ERWK LQ SODQH DQG R
DVVXPHG LPDJH SODQH 7KH DLP RI WKLV VHFWLRQ LV WR LQYHVW
ORFDOO\ DSSOLHG WUDQVIRUPDWLRQV GHWDLOHG E\ =LHPDQQ 6H
LQWHUSRODWLRQ DSSURDFK GHVFULEHG E\ 6FKXW 6HFWLRQ

$QDO\WLYVY RI WKH PHWKRGYV ZDV PDGH XVLQJ WKH )3 DQG UH\
VHFWLRQ FRPSDULQJ WKH DELOLW\ RI HDFK PHWKRG WR F
GHIRUPDWLRQV ,Q WKH FDVH RI WKH ORFDOLVHG ELOLQHDU DQG
DSSOLHG XVLQJ VRPH RI WKH UHVHDX FURVVHV DV LPDJH SRLQWYV
HVWLPDWHG $ VHFRQGDU\ REMHFWLYH RI WKHVH VWXGLHV ZDV
GHIRUPDWLRQ FRUUHFWLRQ VRIWZDUH ZULWWHQ LQ )RUWUDQ

*OREDOO\ DSSOLHG WUDQVIRUPDWLRQV

=LHPDQQ E VXJJHVWHG VHYHUDO WUDQVIRUPDWLRQV FRYHULQ
EH JOREDOO\ DSSOLHG WR WKH UHVHDX LPDJH GDWD 7KRVH OL\
VIXDUHV HVWLPDWLRQ SURJUDP /64$%$/* 5REVRQ ZULWWHQ WHR
LPDJH GHIRUPDWLRQ EHIRUH DGMXVWPHQW XVLQJ &LW\ 8QLYHUVL
E\ &KDQGOHU DQG ODWHU *$3 ZULWWHQ E\ &O0DUNH 7KH QXPEHL
HTXDWLRQV GHWDLOHG LQ VHFWLRQ

/LQHDU &RQIRUPDO 7UDQWIRUPDWLRQ
/LQHDU $I1ILQH 7UDQVIRUPDWLRQ
%LOLQHDU 7UDQVIRUPDW YR Q

6HFRQG 2UGHU 3RO\QRPL®O
,QFRPSOHWH 7KLUG 2UGHU 3RO\QRPLDO
7KLUG 2UGHU 3RO\QRPLDO®

JRU WKLV VHULHV RI WHVWV WKH WUDQVIRUPDWLRQV ZHUH DSSOl
GHPRQVWUDWHY UHVLGXDO YHFWRUV GHULYHG E\ DSSOLFDWLRQ R
IURP I£$O/KLY LPDJH ZDV XVHG DV LW LV KLIJIKO\ GHIRUPHG GXH WR >









W LV XVHIXO DW WKLV VWDJH WR EHFRPH IDPLOLDU ZLWK WKH YH
JRU H[DPSOH IURP WKH SORWV LW FDQ EH VHHQ WKDW DOO WUDQ\
DQG \ FRUUHFWLRQVY DUH DEOH WR UHPRYH WKH GLITHUHQWLDO VF|
UHVLGXDO GHIRUPDWLRQ SDWWHUQV UHPDLQLQJ DIWHU WKH DIILC
LPDJH DUHD SUREDEO\ EHFDXVH RI WKH KDUPRQLRXV QDWXUH RI '
WKH SRO\QRPLDO FRUUHVSRQGLQJ WR WKH QXPEHU RI SRVVLEOH

JLIXUH GHPRQVWUDWHY WKH DSSOLFDWLRQ RI WKH WUDQVIR
GHIRUPHG IUDPH % )3 UROO % ,Q WKLV FDVH YLVXDO DVVHYV
,V OHVV LQIRUPDWLYH VLQFH IHZ UHJLRQV RI VI\VWHPDWLF GHIRUP

7R SURYLGH DQ JOREDO DVVHVVPHQW RI WKH WUDQVIRUPDWLRQV
$ % & DQG ' ZHUH SURFHVVHG XVLQJ HDFK RI WKH WUDQVIRUPDWLR
FRXOG WKHQ EH FRPSXWHG IRU HDFK ILOP W\SH WUDQVIRUPDWLRC
WKH FDOLEUDWLRQ GDWD ZLWK WKH WUDQVIRUPHG LPDJH GDWD
WKH PLQLPDO LPSURYHPHQW REWDLQHG E\ LQFUHDVLQJ WKH QXPE
DQG ' ZKLFK H[KLELW IHZ ORFDOLVHG V\VWHPDWLF HIIHFWYV

506 S HVLGXDOV IRU WKH UHVHDX LPDJH PHDV)>
REWDLQHG ZLWK GLIITHUHQW FRUUHFWLRQ
DSSOLHG VLPXOWDQHRXVO\ WR DOO UHVE

7UDQVIRUPDWLRQ

)LIXUH OHDQ 506 UHVLGXDOV IRU WUDQVIRUPDWLRQV DSSOLHC
$ DQG & DQG ILOPV % DQG



$ PRUH ULJRURXV DQDO\VLV LV UHTXLUHG WR DVVHVV WKH GLIIH!

UHVLGXDOV IRU WKH LPDJHV RQ ILOP 7KH OHDVW VTXDUHV HV

PDWUL[ 6HFWLRQ ZKLFK RQ LWV OHDGLQJ GLDJRQDO FRQW

SDUDPHWHUV 7KHVH YDULDQFHV PD\ EH LQFRUSRUDWHG ,Q D V!

GHWHUPLQH LI WKH SDUDPHWHU VKRXOG EH LQFOXGHG LQ WKH WL

7KH W WHVW PDNHV D VWDWLVWLFDO H[DPLQDWLRQ RI WKH WZR S
D WKH QXOO K\SRWKHVLV

+R 3R
E WKH DOWHUQDWLYH K\SRWKHVLV

+R 3R

,Q WKLY SDUWLFXODU FDVH XVLQJ D WZR WDLOHG WHVW LI WKH Y
OLHV RXWVLGH WKH UDQJH RI LWV YDOXH IURP VWDWLVWLFDO
WKHQ WKH QXOO K\SRWKHVLV LV UHMHFWHG DQG WKH YDOXH RI WK

HVWLPDWHG YDOXH RI SDUDPHWHU
FDOF

ZKHUH WFD_& LV WKH FDOFXODWHG YDOXH RI WKH WHVW VWDWLV!
RS LV WKH YDULDQFH RI WKH HVWLPDWHG SDUDPHWHU REWI

JRU WKLV VHW RI WHVWYV WKH W VWDWLVWLF IURP WDEOHV ZLWK

ZDV ,Q ILIXUHV DQG VRPH W WHVW UHVXOWYVY IRU WKH
RI WKH WUDQVIRUPDWLRQV FDUULHG RXW RQ IUDPH RI UROO $ DI
WFD_&YDOXHV EHORZ WKH VLJQLILFDQFH OHYHO DUH UHMHFWHG DC
PRGLILHG HTXDWLRQ $GGLWLRQDOO\ WR HQDEOH WKH WHVW WR E
Rl XQLW ZHLJKW DV HVWLPDWHG E\ WKH DGMXVWPHQW PXVW EH >
PXOWLSOLHG E\ WKH YDULDQFH IDFWRU EHIRUH WKH WHVW VWDWL

7KH UHPDLQLQJ VLJQLILFDQW SDUDPHWHUV GHPRQVWUDWH WKDW 11
\ GLUHFWLRQV UHTXLUH GLIIHUHQW SRO\QRPLDO VWUXFWXUHV H\
FRQFHUQHG ,W FDQ DOVR EH VHHQ WKDW WKH VTXDUH DQG FXELT
SRO\QRPLDOV FDQ EH YHU\ VLIJQLILFDQW LQ FRUUHFWLQJ WKH GHI

5HVXOWY LQIHU WKDW WKH LQFOXVLRQ RI LQFUHDVLQJO\ KLJKHU |
UHVLGXDOV DIWHU DSSOLFDWLRQ RI WKH JOREDO WUDQVIRUPDWLR
VWDELOLW\ LQ VLPSO\ LQFUHDVLQJ WKH QXPEHU RI SRO\QRPLDO W
RYHU SDUDPHWHULVHG BUHYHQWLRQ RI RYHU SDUDPHWLVDWLRQ



5HXOwWV RI W WHVWV WR GHWHUPLQH WKH VLIQLILFDQFH RI
SDUDPHWHUVY HVWLPDWHG IRU )3 JUDPH $
[ GLUHFWLRAQ
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WK VROXWLRQ DFFRUGLQJ WR UHVXOWV Rl VLIQLILFDQFH WHVW\
GLVFXVVHG LQ VHFWLRQ &RPSXWDWLRQ RI WKHVH FRHIILFLH
SURJUDP 7KH FRHIILFLHQWY IRU WKH LQFRPSOHWH WKLUG RU(
LQVLIQLILFDQW SDUDPHWHUV DUH SUHVHQWHG LQ WDEOH ZKH

7TDEOH &RUUHODWLRQ FRHIILFLHQWY IRU WKH HVWLPDWHG SC
RUGHU SRO\QRPLDO DIWHU UHMHFWLRQ RI LQVLJQLILFD!

D D B |BBBBBBB E E E E E
-,
1]
D ER
D E

7H VWDUUHG FRUUHODWLRQ FRHIILFLHQWY GHPRQVWUDWH WKDW
SDUDPHWHUV FDQ EHFRPH KLJKO\ FRUUHODWHG

7KH PDMRU FRQFOXVLRQ WR EH GUDZQ IURP WKLV VHULHV RI WHV
WUDQVIRUPDWLRQ GHULYHG DFFRUGLQJ WR SK\VLFDO SDUDPHWHU
HVWLPDWHG SDUDPHWHU VHWV FDQ EH VWDWLVWLFDOO\ XQUHOLDE
WUDQVIRUPDWLRQ HIIHFWLYHQHVV LV KLJKO\ GHSHQGHQW RQ V
GLVDGYDQWDJH ZKHUH D YDULHW\ RI IUDPHV PXVW EH URXWLQHO\

/IRFDO %LOLQHDU &RUUHFWLRQ

7KH VHFRQG WUDQVIRUPDWLRQ VXJJHVWHG E\ =LHPDQQ E LV L
LPDJH SRLQW LQ WXUQ EDVHG RQ WKH NQRZQ GHIRUPDWLRQV DW \
WV\SH RI VROXWLRQ DOWKRXJK FRPSXWDWLRQDOO\ VLPSOHU WKDQ
WKH GLVDGYDQWDJH WKDW DQ\ UHVHDX PHDVXUHPHQW HUURUV DU
$ VHFRQG GLIILFXOW\ LV WKDW DQ\ LPDJH SRLQWV O\LQJ MXVW R.
VLPSO\ FRUUHFWHG WKLV SUREOHP EHLQJ HVSHFLDOO\ GLIILFXOV

7ZR DSSURDFKHY FDQ EH WDNHQ WR DOORZ IRU ,PDJH SRLQW SRV
D 2XWO\LQJ SRLQWYV FDQ EH UHMHFWHG DV XQUHOLDEOH UHI
$GHOVWHLQ HW DO &ODUN =LHPDQQ D KDYH GHPRC(

Rl LPDJH GHIRUPDWLRQ DW WKH IRUPDW HGJHV

E 7KH GHIRUPDWLRQVY PHDVXUHG DW UHVHDX LPDJH SRLQWYV Q



DUHD RI LQWHUHVW FDQ EH XVHG WR H[WUDSRODWH SVHXGR

,Q GHYHORSLQJ VRIWZDUH WR FRPSXWH D ORFDO ELOLQHDU FRUU|
DSSURDFKHV E\ H{TWUDSRODWLQJ SVHXGR SRLQWYV EXW IODJJLQJ

Q DQG S )LJ VR WKDW WKH\ FRXOG EH UHMHFWHG LI GHVLU}
VWDJH
D 'E ;G
R '[D [ [
2
Q > "\D "\'L "\
, 5
&
R
) [G [ [
"\G "\ "\
5HVHDX 3RL Q ZKHUH '[A "\A [ DUH WKH PH

GHIRUPDWLRQV
[ 3VHXGR UHVHDX SRLQW

R ,PDJH SRV L W L RQQG 'ID '\D '[G DUH WKH GHII
DW WKH SVHXGR UHVHDX SRL
)LIXUH &RPSXWDWLRQ RI WKH GHIRUPDWLRQ DW

SVHXGR UHVHDX SRLQWYV

7KH FRUUHFWLRQ SURJUDP %,/,1 5REVRQ ZDV ZULWWHQ XVLQ
WKURXJK WKH PHDVXUHG UHVHDX GDWD WR ILQG WKH IRXU UHVHD
EH FRUUHFWHG I D SVHXGR UHVHDX SRLQW ZDV UHTXLUHG VXEUR
HI WUDSRODWLRQV LQ HTXDWLRQV DQG ZHUH FDOOHG 7KH DS
FDVH DFFRUGLQJ WR WKH FRUQHU RU HGJH QHDUHVW WR WKH LP]I

7KH HVWLPDWLRQ RI WKH SDUDPHWHUV IRU WKH ELOLQHDU HTXDW
\ IRU LPDJH SRLQW P LQ ILJXUH SURFHHGYVY DV IROORZV 7KH ¢
D DQG D DUH FRPSXWHG XVLQJ D OHDVW VTXDUHV VROXWLRQ WHRK
HTXDWLRQV EHORZ

'L D DA D\ D[W\L E E | E\ EA\
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ZKHUH [ '[ '\ '\ DUH WKH PHDVXUHG FRUUHFWLRQV DW HDFK F
SRLQWY NQRZQ VLWHV
[ [\ DUH WKH PHDVXUHG [ DQG \ FRRUGLQDWHV RI WKH

&






LW FDQ EH VHHQ WKDW HYHQ ZLWK D UHGXFHG QXPEHU RI UH
DUH FRPSDUDEOH LQ PDIJQLWXGH WR WKRVH UHVLGXDOV ZKHQ XVL

7TDEOH SUHVHQWYVY WKH 506 UHVLGXDO GHIRUPDWLRQV FRPSXWH
NQRZQ GHIRUPDWLRQV DQG WKRVH SURGXFHG E\ WKH ORFDO ELOL
VPDOOHU WKHQ WKRVH GHULYHG IURP DQ\ RI WKH SUHYLRXV JORE|

7TDEOH 506 UHVLGXDO GHIRUPDWLRQV DIWHU ELOLQHD

)3 )LOPV 506 UHVLGXDO [ SP6 UHVLGXDO \ SP

1 $1 $1 &1 &

1 %1 %1 '1

$ IXUWKHU DGYDQWDJH RI WKH ORFDO ELOLQHDU PHWKRG LV Wl
GHIRUPDWLRQV LV GHWHUPLQHG VROHO\ E\ WKH UHVHDX VSDFLQJ I
Rl UHVHDX SRLQWYV XQOLNH WKH YDULRXV JOREDO PHWKRGV )RU J
FRUUHFWLRQ LV OLQNHG WR ERWK WKH VHSDUDWLRQ DQG WKH QXP
FURVVHV ZLOO QRW SURYLGH PXFK LPSURYHPHQW WR WKH GHJUHE

7R PLQLPLVH WKH GLUHFW WUDQVIHU RI PHDVXUHPHQW HUURUV LG
H[DPSOH QLQH VXUURXQGLQJ UHVHDX SRLQWYV DQG D KLJKHU RUG
FRUUHFWLRQ DFKLHYHG DW WKLV VWDJH ZLWK WKH VLPSOH ORFDO
KDYH QRW EHHQ LQYHVWLJDWHG $QRWKHU VLPSOH SRVVLELOLW\ L
PHDVXUHPHQW LQ WKH OHDVW VTXDUHV SURFHVV DFFRUGLQJ WR L

/LQHDU /HDVW 6TXDUHV ,QWHUSRODWLRQ

$ PHWKRG ZKLFK GRHV FRQVLGHU WKH VXUURXQGLQJ SRLQWV XVL
OLQHDU OHDVW VTXDUHV LQWHUSRODWLRQ 7KH WKHRUHWLFDO EL
VHFWLRQ ZKHUH WKH IRXU PDLQ VWHSV ZHUH GHWDLOHG W
FRYDULDQFH IXQFWLRQ PRGHOOLQJ RI WKH IXQFWLRQ DQG FRUUH

7KLV VHEWLRQ DSSOLHV WKLV WKHRU\ XVLQJ WKH SURJUDP ,17(532
IUDPHY % GDWD VHW HPSOR\HG HDUOLHU 7UHQG UHPRYDO KDV EH
PDQQHU UHFRPPHQGHG E\ .UDXV DQG OLNKDLO E\ XVLQJ

WUDQVIRUPDWLRQ WR FRUUHFW DOO WKH PHDVXUHPHQW GDWD )R
D VHFRQG DVVXPSWLRQ LV PDGH QDPHO\ WKDW WKH [ DQG \ PHD
DOORZLQJ WKH FRYDULDQFH IXQFWLRQV WR EH WUHDWHG DV RQH G
EH FKHFNHG VLQFH LI WUXH WKH FURVV FRYDULDQFHV & G YX D
HTXDWLRQV DQG ZKLFK DUH H[WHQVLRQV Rl HTXDWLRQ Y
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ZKHUH OL[ OM[ OL\ DQG ,M\ DUH WKH PHDVXUHG [ DQG \ PI
GHIRUPDWLRQ
Q LV WKH QXPEHU Rl UHSHDWHG PHDVXUHPHQWYV
& G [[ DQG & G \\ DUH WKH FRYDULDQFHV LQ [ DQG \
& G <9 DQG & G 8< DUH WKH FURVV FRYDULDQFHV

JLIXUHYV DQG VKRZ WKH FRYDULDQFH DQG FURVV FRYDULDC
WZR IUDPHV XVLQJ D PP VHS®URM PPQ QIOFXERHHRQWKH FRYDULDQFE
IRU ERWK IUDPHVY HDVLO\ H[SODLQHG ZKHQ WKH GLIIHUHQFHV EH
FRQVLGHUHG )LJV DQG 7KH FRPSXWDWLRUI RI WKH FRYDU
E\ FRQVLGHUDWLRQ RI WKH YDULDQFH IDFWRUV ZKLFK DUH VLPSO
DIILQH WUDQVIRUPDWLRQ

7KH FRYDULDQFH DQG FURVY FRYDULDQFH IXQFWLRQV DSSHDU WR
WKH VHSDUDWLRQ EHWZHHQ SRLQWY UHDFKHV DERXW PP %H\R
UHJLRQV IRU ERWK IUDPHYV

D $ JRQH EHIJLQQLQJ DW PP ZKHUH WKH FURVYV FRYDULDQFH I
WKH FRYDULDQFH IXQFWLRQV DUH QHJDWLYH 7KH QHDU ]JHUF
DQG \ GbWD DUH LQGHSHQGHQW WR WKH RUGHU RI PHDVXL
FRYDULDQFHY LQGLFDWH WKDW WKHUH DUH VPDOO SHULRGLFL
VHSDUDWLRQV RI WR PP LQ ERWK WKH [ DQG \ GLUHFWLR(

E $SSURDFKLQJ VHSDUDWLRQV DERYH PP ERWK WKH FRYDUL

FURVV FRYDULDQFHV EHFRPH VLJQLILFDQW 2Q FRQVLGHULQ

WKLV LV QRW VXUSULVLQJ VLQFH WKHUH DUH QRWDEOH Gt

RI WKH IRUPDW ,W VKRXOG EH QRWHG WKDW WKH VHSDUDWLF

PP KDYH EHHQ RPLWWHG VLQFH WKHVH DUH GHULYHG IURP R
UHVSHFWLYHO\



)3 JUDPH $ &RYDULDQFH )XQFWLRQV

JLIXUH &RYDULDQFH DQG FURVY FRYDULDQFH IXQFWLRQV IRU
)3 JUDPH $ &RYDULDQFH )XQFWLRQV
JLIXUH &RYDULDQFH DQG FURVV FRYDULDQFH IXQFWLRQV IRU

&



W ZRXOG DSSHDU WKDW WKH WUDQVIRUPHG GDWD KDV IDLOHG WR
DQ\ WUHQGY VKRXOG KDYH EHHQ UHPRYHG &RQVLGHUDWLRQV KD
WR UHPRYH WKHVH WUHQGV LQ WKH GDWD

D $ KLJK GHJUHH SRO\QRPLDO FRXOG EH XVHG EXW WKLV Q
PHWKRG VLQFH LW ZLOO LPSRVH IDOVH FRQVWUDLQWY RQ W

E D SK\VLFDOO\ GHULYHG FRUUHFWLRQ UHSUHVHQWLQJ WKH
WKH GDWD , bQ\ SK\VLFDOO\ FRQVLVWHQW SDWWHUQV HPH
SRVVLEO\ EH XVHG DV D IRUP RI WUHQG UHPRYDO

*LYHQ WKH SUHOLPLQDU\ QDWXUH RI WKHVH GDWD WKH DSSURD
FRYDULDQFH IXQFWLRQ EH\RQG D PP VHSDUDWLRQ ZKHUH LW VK
DQG WR ILW *DXVVLDQ FXUYHV WR WKH UHPDLQLQJ GDWD 8VLQJ V
WKH PHWKRG FRXOG EH HYDOXDWHG DQG GHFLVLRQV PDGH DV W
UHSUHVHQWHG D IXWXUH GLUHFWLRQ IRU WKLY UHVHDUFK SURMHF

7TKH *DXVVLDQ FXUYHV GHULYHG IURP WKH GDWD XVLQJ D OHDVW \

DQG 7KH PDMRU DQRPDO\ ,Q WKH ILWWHG FXUYHV LV WKDW
\ D[LV IRU ERWK WKH JURVVO\ GHIRUPHG IUDPH $ *DXVVLDQ FX
GHULYHG IURP WKH GDWD

7KH YDULDQFH LV QRW XVHG LQ WKH GHWHUPLQDWLRQ RI WKH J
UHSUHVHQWY WKH V\VWHPDWLF DQG LUUHJXODU FRPSRQHQWV RI
IXQFWLRQ UHSUHVHQWY RQO\ WKH V\VWHPDWLF SDUW .UDXV

DQG FRYDULDQFH IRU WZR LQILQLWHO\ FORVH SRLQWV VKRXOG
FRPSRQHQWYVY RI WKH PHDVXUHG GDWD EHLQJ VLIJQLILFDQWO\ FRF
GLVFUHSDQF\ VHHQ LV FDXVHG E\ WKH VWHHS JUDGLHQW DQG OD|I
IXQFWLRQ LQ WKH WR PP VHSDUDWLRQ UHJLRQ $V EHIRUH PRU
DERXW ILOP GHIRUPDWLRQ WUHQGY LV UHTXLUHG EHIRUH ILUP FR(



)3 JUDPH $ *DXVVLDQ ILW WR &[[ DQG &

)LIXUH

)3 JUDPH % *DXVVLDQ ILW WR &[[ DQG &

Y)LIXUH



7K GHULYHG *DXVVLDQ FXUYHV ZHUH WKHQ XVHG WR SURGXFH WKH
IRU WKH PLQLPXP YDULDQFH HVWLPDWH FRRUGLQDWH FRUUHFWLRGC

E\ NQRZQ UHVHDX VLWH FRQILJXUDWLRQ HPSOR\HG IRU WKH OF
KHUH HQDEOLQJ D GLUHFW FRPSDULVRQ RI WKH PHWKRGV WR EH P
VLWH FRQILIXUDWLRQV RI E\ VLWHV DQG E\  VLWHV )LJ
WKDQ WKH RYHU LDUJH HVWLPDWHG YDOXHV RI & ZHUH XVHG IR
(TXDWLRQ

7KH UHVXOWV DUH HQFRXUDJLQJ GHVSLWH WKH GHSDUWXUHV IUI
GHULYDWLRQ RI WKH PHWKRG &RUUHFWLRQV EDVHG RQ WKH VLW
ZKLFK DSSHDU UDQGRP ZKLOVW WKH FRUUHFWLRQ EDVHG RQ VL
)LJ Rl WKH VDPH RUGHU DV WKRVH IURP WKH ORFDOO\ DSSOLI
EDVHG RQ RQO\ VLWHV KDV SURYHG OHVV VDWLVIDFWRU\ ZKHUH
LQ IUDPH $

506 5SHVLGXDOV DIWHU LQWHUSRODWLRQ .
*DXVVLDQ IXQFWLRQ EDVHG RQ D UDQJH RI VLW

e

XL
3L

1XPEHU RI 5HVHDX 6LWHYV

JLIXUH 506 UHVLGXDOV DIWHU LQWHUSRODWLRQ IRU WKH YDUL






6XPPDU\ RI LQLWLDO LQYHVWLJIJDWLRQV

JLOP XQIODWQHVY KDV EHHQ WKH PDMRU FDXVH RI GHIRUPDWLRQC
I[URP JULG ,PDJHV H[SRVHG ,Q WKH 5ROOHO OHWUOF &DPHUD )F
PHDQ GLVFUHSDQFLHY DIWHU DIILQH UHILQHPHQW Rl UDZ SKRWR

SP

7KH XVH RI UROO ILOP LQ WKH 5ROOHL OHWULF \LHOGHG
RUGHU RI SP DIWHU DIILQH UHILQHPHQW LW FDQ EH DVVXPHG WK
DWWULEXWHG WR WKH ODFN RI D EDFNLQJ VKHHW ZLWK UROO |

PD\ EH WUDSSHG DQG WKXV UHGXFLQJ XQIODWQHVYV RU LW FRXOG
SODWH ,Q WKLV VLWXDWLRQ ODFN RI FRQWDFW EHWZHHQ ILOP DQ
ZKLFK DUH GLIILFXOW WR PHDVXUH DFFXUDWHO\

, QWHUIHURPHWULF PHDVXUHPHQWY RI WKH XQIODWQHVYV RI GLII
GHSDUWXUHV IURP WKH DVVXPHG LPDJH SODQH RI EHWZHHQ SP

SP IRU D 5ROOHL OHWULF 5HVHDX '"HSDUWXUHYVY IURP SDUD(
VXUIDFHVY Rl WKH PHDVXUHG UHVHDX SODWHV KDYH DOVR EHHQ
EHWZHHQ SP WR DW OHDVW SP

7KUHH H[SOLFLW ILOP GHIRUPDWLRQ FRUUHFWLRQ PHWKRGV Kl
UHVHDX GDWD *OREDO FRUUHFWLRQV EDVHG RQ WKH VLPXOWDQH
DOO UHVHDX SRLQWV KDYH SURYHG WKH OHDVW VXFFHVVIXO HVS
DUH SUHVHQW $ EHWWHU PHWKRG KDV EHHQ IRXQG LQ WKH DSSO!
WKH IRXU UHVHDX SRLQWV VXUURXQGLQJ WKH LPDJH SRLQW WR
LOQWHUSRODWLRQ WHFKQLTXH KDV EHHQ LQYHVWLJDWHG DQG D
GHSDUWXUHV IURP LWV VWDWLVWLFDO EDVLV DUH SUHVHQW VSHF
,Q WKH GDWD EHIRUH FRPSXWDWLRQ RI WKH FRYDULDQFH IXQFWL
PRUH DV D UHVHDUFK WRRO WKDQ D YDOLG FRUUHFWLRQ PHWKRG
SRVVLEOH WR XVH FKDQJHV LQ VKDSH RI WKH GHULYHG FRYDULDOG
DQDO\]LQJ FKDQJHV LQ WKH ILOP GHIRUPDWLRQV SUHVHQW



' QYHVWLJDWLRQ RI LQ SODQH GHIRUPDWLRQ

.| SKRWRJUDSKLF ILOP LV WR EH UHOLDEO\ XVHG IRU SKRWRJUD
GHWHUPLQH QRW RQO\ WKH H[WHQW DQG UHSHDWDELOLW\ RI DQ\ |
DUH LQIOXHQFHG E\ YDULDWLRQ RI WKH SKRWRJUDSKLF SURFHVYV

7R LQYHVWLIJDWH WKH SURFHVVHV FRQWULEXWLQJ WR LQ SODQH Il
RU DW OHDVW PLQLPLVH DQ\ ILOP XQIODWQHVV RFFXUULQJ DW H[SR
WKH FRQWULEXWLRQ IURP DQ\ LQ SODQH GHIRUPDWLRQ ZDV LQF
FRPSXWHG DW HDFK 5ROOHL OHWULF UHVHDX FURVV EXW LWV PDJ
SODQH GHIRUPDWLRQ 6HFWLRQV DQG $ ILOP PHDVXUHPH
RI D FDPHUD ZKLOVW PDLQWDLQLQJ WKH DELOLW\ WR LQYHVWLJDW
SURFHVV PXVW FRQVHTXHQWO\ EH HPSOR\HG

([DPLQDWLRQ PHWKRGYV

+LVWRULFDOO\ H[DPLQDWLRQV RI LQ SODQH GHIRUPDWLRQ KDYH
SURGXFWV LQWHQGHG IRU DHULDO VXUYH\ RU DW WKH FKDQJHV R
WKH UH UHJLVWUDWLRQ RI LPDJHV LV LPSRUWDQW 'RFXPHQWHG HJ:
E\ WKH PDQXIDFWXUHUV $GHOVWHLQ HW DO %XUQKDP OLF
VXLWDELOLW\ RI WKHLU SURGXFWV EXW DOVR E\ WKH HQG XVHU
RFFXUULQJ GXULQJ WKH PHDVXUHPHQW SURFHVV 7RSLFV LQYHV
GLPHQVLRQDO FKDQJHV GXH WR SURFHVVLQJ $GHOVWHLQ HW DO
GXULQJ VWRUDJH $GHOVWHLQ <RXQJ DQG =LHPDQQ DQG WI
W\SHV &DOKRXQ HW DO -DNVLF .RGDN E

7TKUHH PDLQ PHWKRGV KDYH EHHQ XVHG WR PHDVXUH WKH ILOP G
PHDVXUHPHQWYV %\HU JULG H[SRVXUHV /DPSWRQ DQG PF
&DOKRXQ HW DO %XUQKDP ,Q WKH UHVHDUFK ZRUN FRQ
GHIRUPDWLRQ FRQVWLWXWHG RQO\ RQH LQYHVWLJIJDWLYH GLUHFWL
RQ D VLQJOH SUDFWLFDO PHWKRG ZKLFK FRXOG EH XVHG WR LQYHYV
YDULDEOHYV OLQLPXP UHTXLUHPHQWY RI WKH VHOHFWHG PHWKRG C
OLWHUDU\N UHYLHZ ZHUH WR PHDVXUH ERWK KRPRJHQHRXV DQG QRQ
RYHU D VL[ FHQWLPHWUH VTXDUH IRUPDW ZLWK D UHVROXWLRQ RI

7KH PHFKDQLFDO SLQ UHJLVWHU PHWKRG DOWKRXJK TXLFN DQG I
H[SRVHG ILOP VDPSOHV KDV WZR PDMRU VKRUW FRPLQJV LW LV I

SP LQ PP EHLQJ W\SLFDO %\HU DQG PRUH UHVWULFWL:
ZRUN WKH PHWKRG FDQ RQO\ SURYLGH LQIRUPDWLRQ FRQFHUQLQJ



$ FKRLFH EHWZHHQ WKH JULG DQG PRLUp PHWKRGV LV PRUH GL
DFFXUDF\ SP SHU PP DQG EHWWHU DQG DOVR JLYH VLPXOWDQ!
DUHD 7ZR GLVWLQFW PRLUp PHWKRGV KDYH EHHQ GHYLVHG WKH
D VLQJOH GRW SHU LQFK KDOI WRQH SDWWHUQ ZKLFK ZDV FRQ
UH UHJLVWHUHG DIWHU SURFHVVLQJ 7KLV WHFKQLTXH SULPDULO
RI WKH KDOI WRQH FDQFHOODWLRQY Z7ZDV DEOH WR GHWHFW ORI
PHWKRG ZDV FRQVHTXHQWO\ QRW VHQVLWLYH HQRXJK WR GHWHFW
WKH ILOP VWRFENV RI WKH GD\ EXW ZDV ZHOO VXLWHG WR GHWHF
VSRWV ZKLFK FRXOG UDQJH LQ GLDPHWHU IURP D PLOOLPHWUH W

7KH VHFRQG PRUH SUHFLVH PRLUp PHWKRG %XUQKDP UHT XL
SUHFLVHO\ UXOHG JODVYV PDVWHU LPDJHV ,Q %WXUQKDPYV ZRUN W
D OLQH SHU PLOOLPHWUH JULG IUHTXHQF\ DQG ZDV H[SRVHG LQ
XQGHU WHVW 7KH VHFRQG JULG HPSOR\HG D IUHTXHQF\ RI EHW?Z
ORZHU WKDQ WKDW RI WKH H[SRVXUH PDVWHU VXFK WKDW RQ UHJ
ILOP VDPSOH D PRLUp LQWHUIHUHQFH SDWWHUQ ZDV SURGXFHG (
JULGY ZHUH SUHFLVHO\ NQRZQ WKH PHWULF FKDQJHV Rl WKH SKR)
UHJLVWUDWLRQ FRXOG EH FDOFXODWHG %XUQKDP V DQDO\VLV Gt
HQDEOHG WKH GHWHFWLRQ RI SP GHIRUPDWLRQV DW WKH
PP VTXDUH LPDJH

:KLOVW WKH PRLUp FDQFHOODWLRQ PHWKRG FDQ \LHOG WKH KLJK |

WR WKH SRLQWYV ZKHUH FDQFHOODWLRQV DUH SURGXFHG JRU

FDQFHOODWLRQV SHU XQLW DUHD LV LQYHUVHO\ OLQNHG WR WKH C

WR EH HIIHFWLYH WKH IUHTXHQFLHV RI WKH UXOHG JULGV PXVW

WKHLU SURGXFWLRQ DQ H[SHQVLYH SURFHVV HVSHFLDOO\ LI WKH
PP VL]H LV FRQVLGHUHG IRU LQYHVWLJDWLRQ

7KH JULG H[SRVXUH WHFKQLTXH XWLOLVHVY D FDOLEUDWHG PDVWH L
ILOP XQGHU WHVW $VVXPLQJ JRRG FRQWDFW ZKLFK LV QHFHVVI
LQYHVWLIDWHG H[FOXVLYHO\ WKH JULG PHWKRG LV OLPLWHG E\ \

D WKH VHSDUDWLRQ EHWZHHQ WKH FDOLEUDWHG JULG SRVL)
LQKRPRJHQHLW\ WKDW WKH JULG DUUD\ ZLOO GHWHFW DQG

E WKH JULG OLQH ZLGWK ZKLFK ZLOO LQIOXHQFH WKH DFFXUD
WRR WKLQ D OLQH ZLOO QRW EH LPDJHG E\ DOO ILOP W\SHV
PHDVXUHPHQW SRLQWLQJ DFFXUDF\ ZLOO EH UHGXFHG



$ PDMRU SURGXFWLRQ DGYDQWDJH LV WKDW WKH SRVLWLRQ RI WK}
DIWHU PDQXIDFWXUH DQG FRQVHTXHQWO\ GR QRW QHHG WR FROQIR
HQWLUH JULG DUHD 7KH PHWKRG KDV IXUWKHU DGYDQWDJHV FRQF
SURFHGXUHV IRU PHDVXUHPHQW RI WKH [ \ FRRUGLQDWHYV RI D JULC
RI SKRWRJUDPPHWULF LPDJHV DQG DV VXFK LQFOXGH DOO PHDVXU
7KHVH IDFWRUV FRXSOHG ZLWK WKH VLPSOLFLW\ WKDW RQH GHQV
FLUFXPVWDQFHV UDWKHU WKDQ D YDULHW\ RI FRQWDFW H[SRVXUF}
DGRSWLRQ Rl WKH JULG PHWKRG IRU WKLV LQYHVWLJDWLRQ

ODVWHU JULG SUHSDUDWLRQ

,Q GHWHUPLQLQJ D XVHIXO JULG VSDFLQJ WR EDODQFH PHDVXUHF
KRPRIJHQHLWLHY WKH YHFWRU SORWY GHULYHG IURP WKH 5ROO0OHL
LQYHVWLIJDWLRQ ZHUH UHYLHZHG ,Q WKH FHQWUDO DUHDV RI
GHIRUPDWLRQ DW DGMDFHQW UHVHDX SRLQWYV ZDV KLJK VXJJHVWI
XVHG zZDV FORVH HQRXJK WR GHWHFW PRVW LQKSPRJHQHLWLHYV
FRUUHODWLRQV ZHUH ORZHU LQGLFDWLQJ WKDW WKH SHULRG RI W
VSDFLQJ &RQFOXVLRQVY DV WR WKH RSWLPXP JULG VSDFLQJ DUL
VXIITHUHG IURP ODUJH RXW RI SODQH GHIRUPDWLRQV EXW LW L\
GHIRUPDWLRQ RYHU WKH ZKROH IRUPDW DUHD WKH JULG GHQVLW
EHWZHHQ PHDVXUHPHQW WLPH DQG JULG GHQVLW\ LV SUREDEO\ WK
SURFHVYVY YDULDEOHY DUH WR EH LQYHVWLJDWHG

'HWHUPLQDWLRQ RI DQ RSWLPXP PDVWHU JULG OLQH ZLGWK ZDV F
GHYHORSPHQW HIIHFWV &KDSWHU FDXVHG WKH OLQH ZLGWK RI
FURVVHV WR YDU\ ZLWK LPDJH GHQVLW\ 7ZR OLPLWLQJ IDFWRUV Kk
VDPH PDVWHU JULG FRXOG EH XVHG IRU DOO WHVWV )LUVWO\ WKH
ILOPV XQGHU WHVW 75, ; )3 DQG 70$; QHHGHG WR EH NQRZQ
PDFKLQH OLJKW VSRW GLDPHWHU DQG PDJQLILFDWLRQ KDG WR EH
UHVHDX RQ 708%; ILOP GHPRQVWUDWHG WKDW LWV LPDJHG OLQH
RYHU D UDQJH RI LPDJH GHQVLWLHYV ODQXIDFWXUHUVY GDWD IRU \
ILOPV TXRWH UHVROXWLRQ ILIJXUHV IRU D KLJK FRQWUDVW
PP IRU ERWK ILOP W\SHV :KHQ FRQYHUWHG WR PLFURPHWHU OL
OLQH FRUUHVSRQGY WR RQH DQG D KDOI OLQH SDLUV D PLQLPXP
REWDLQHG

7KH PHDVXULQJ PDUN RQ WKH ,0$ FDQ EH UHGXFHG WR SP LQ GL
PD[LPXP PDJQLILFDWLRQ RI ;7 SURYLGHV D YLHZ RI WKH UHVHDX
WKH JUDLQLQHVY EHLQJ UHDGLO\ DSSDUHQW WKH GRW VL]H FDQ V
XVH RI WKH SP PHDVXULQJ PDUN UHTXLUHV D VOLJKWO\ ZLGHU OLC

&



WH PHDVXULQJ PDUN FDQ EH PRUH HDVLO\ FHQWUHG LI LW LV DI
GLDPHWHU 7KLY DJUHHV YHU\ ZHOO ZLWK WKH SP UHVROXWLRQ

7KH ODUJHVW ILOP IRUPDW ZKLFK PLJKW XVHIXOO\ EH ,QYHVWLJDW
-HQD 80. DQG FDPHUDYV ,W ZDV DFFRUGLQJO\ GHFLC
FRQVLVW RI DQ RYHUDOO DUHD RI PP E\ PP ZLWK D VHSDUDW
FHQWUDO PP E\ PP UHJLRQ FRQWDLQLQJ D JULG ZLWK D PP
ZRXOG FRYHU WKH ; DQG ; IRUPDWV RI PRVW {VPDOO IRUPDW
8QLYHUVLW\TV :,/" 3 FDPHUD ,Q WKLV ZD\ RQH VLQJOH PDVWHU J
H[SHULPHQWY VLPSO\ E\ VHOHFWLQJ ZKLFK JULG QRGHV ZHUH WR

JLIXUH ODVWHU JULG OD\RXW

ODQXIDFWXUH RI WKH JULG ZDV FDUULHG RXW E\ OU 6WHYHQ %URZ(
BURFHGXUHYVY LQYROYHG WKH XVH RI D FRPSXWHU GULYHQ PHDVXU
REMHFWLYH VFDQQLQJ D OLJKW VSRW RYHU D VKHHW RI PP WKLFN
HPXOVLRQ 7KH SODWH zZzDV VXEVHTXHQWO\ GHYHORSHG LQ .RGDN
JULG LPDJH RQ D FOHDU EDFNJURXQG 7KH PHDVXULQJ PDFKLQH X
D SP ZREEOH DORQJ LWV D[LV QHFHVVLWDWLQJ FDOLEUDWLRQ F
PLFURVFRSH ZDV HPSOR\HG IRU WKLV SXUSRVH PDNLQJ WKUHH

REVHUYDWLRQV DW WKH PD[LPXP LPDJH PDJQLILFDWLRQ RI ;



&RQWDFW UHVHDX H[SHULPHQWDWLRQ

7KH GHSWK RI WKLV LQYHVWLJDWLRQ GHSHQGV RQ WKH DELOLW\
SURFHVVHVY WR PHDVXUH WKH UHVXOWDQW LPDJHV DQG ILQDOO\
SKRWRJUDSKLF VIVWHP DFFRUGLQJ WR WKH FRQFOXVLRQV GUDZQ
WR LQYHVWLJDWH PDQ\ SDUDPHWHUV ZDV WKH PHDVXUHPHQW WL
OHDVXUHPHQW RI WKH SRLQW JULG DUUD\ FKRVHQ IRU PRVW HJS
RQ WKH ,0$ RU DERXW PLOQXWHY RQ WKH 13/ =.0 PHDVXULQJ PLF

7R DUULYH DW D SUDFWLFDO VA\VWHP IRU WKH SURFHVVLQJ RI SKR
WZR PDLQ REMHFWLYHV ZHUH GHFLGHG XSRQ

D WR GHWHUPLQH WKH PDJQLWXGH RI GLPHQVLRQDO FKDQJH IF
LWV YDULDWLRQ ZLWK PHDVXUHPHQW HQYLURQPHQW DQG

E WR PLQLPLVH WKH GHIRUPDWLRQ SDWWHUQV VHHQ ZKLOVW
SHUPDQHQFH

,QLWLDO H[SHULPHQWDWLRQ LQYROYHG WKH XVH RI D VWDQGDUG
LPDJHV ZKLOVW RIIHULQJ VFRSH IRU YDULDWLRQ RI FKDUDFWHUL
HQYLURQPHQWY WR ZKLFK WKH ILOP ZDV VXEMHFWHG DQ DOPRVW
H[LVWLQJ IDFLOLWLHY 6WDQGDUGLVDWLRQ RI WKH SURFHVV FR
HQYLURQPHQWDO IOXFWXDWLRQV FRQIHUULQJ WKH DGYDQWDJH W
LQ SUDFWLFDO DSSOLFDWLRQV

9DULDEOHV FRQWULEXWLQJ WR SKRWRDUDPPHWULF ILOP GHI

7KH IDFWRUV FRQFHLYDEO\ LQIOXHQFLQJ WKH PDJQLWXGH RI LQ S
ORRNLQJ DW WKH VHTXHQWLDO VWHSV RI WKH SKRWRJUDSKLF SUR

J)LOP W\SH® %DVH W\SH DQG WKLFNQHVV
E 1XPEHU DQG WKLFNQHVV RI HPXOVLRQ OD\HUV
F *HODWLQ WR EDVH UDWLR
G 3K\WLFDO IRUP UROO RU VKHHW
H *UDLQ VL]H DQG W\SH

ODQXIDFWXUHU

%DWFK WR EDWFK YDULDWLRQV

K 8VHIXOQHVV LQ SKRWRJUDPPHWU\

o -

6WRUDJH RI ILOP SULRU WR H[SRVXUH
D 5HODWLYH KXPLGLW\ DW ZKLFK WKH ILOP KDV EHHQ V
E S5HODWLYH KXPLGLW\ DQG WHPSHUDWXUH RI WKH HQY

&



F 5DWH DQG QRQ XQLIRUPLW\ RI FRQGLWLRQLQJ
5RO0 DQG VKHHW IRUPV
(ISRVXUH D 5HODWLYH KXPLGLW\ DQG WHPSHUDWXUH DW H[SRVXL
E $Q\ XQ IODWQHVV SUHVHQW
F ([SRVXUH OHYHO DQG XQLIRUPLW\
G 30DWHQ SUHVVXUH
H )ODWQHVV RI UHJLVWHU JODVV
| 3UHVHQFH RI GXVW

BWRUDJH SULRU WR SURFHVVLQJ
D 5HODWLYH KXPLGLW\ DQG WHPSHUDWXUH GXULQJ VWI
E 5DWH DQG QRQ XQLIRUPLW\ RI FRQGLWLRQLQJ
F B6KHHW RU UROO IRUP

3URFHVVLQJ FRQGLWWRRAPHVVRU W\SH WHQVLRQ DQG DJLWDWLRQ

L 'HYHORSPHQW 'HYHORSHU W\SH
E 7LPH DQG WHPSHUDWXUH
F $ONDOLQLW\
G 'LOXWLRQ
LL6WRS EDWK 7HPSHUDWXUH DQG GXUDWLRQ
E J)RUPXODWLRQ

O

+L )L[LQJ EDWK p 7THPSHUDWXUH DQG GXUDWLRQ
JRUPXODWLRQ

m

7THPSHUDWXUH

:DVK UDWH

'"XUDWLRQ

JRUP RI WKH ILOP ,Q WKH ZDVK

LY:DVKLQJ

O MmO

7THPSHUDWXUH DQG UHODWLYH KXPLGLW\
'"XUDWLRQ
8VH RI D GU\LQJ FDELQHW

9 'U\LQJ

m m O

6WRUDJH SULRU WR PHDVXUHPHQW
D 5HODWLYH KXPLGLW\ DQG WHPSHUDWXUH GXULQJ VWF
E 5DWH DQG QRQ XQLIRUPLW\ RI FRQGLWLRQLQJ
F 6XUIDFH DUHD

OHDVXUHPBQWPSHUDWXUH DQG UHODWLYH KXPLGLW\
E 'XUDWLRQ
F ODFKLQH
G 2SHUDWRU



)LOP W\SHYV

$ VHOHFWLRQ RI PRQRFKURPH ILOP W\SHV IURP WKH PDMRU PDQX|
LQFOXGH D UDQJH RI EDVH W\SH EDVH WKLFENQHVV HPXOVLRQ W\SF
ILOP VLJH 6RPH UHOHYDQW FKDUDFWHULVWLFV IRU HDFK ILOP W\S
$OVR RI LQWHUHVW DUH PDQXIDFWXUHUVY 07) GDWD ZKLFK ZKHUH
yLIV DQG

7DEOH J)LOP W\SHV VHOHFWHG IRU LQYHVWLJDWLI
ODQXIDFWXUHUYLOP &RGH )RUPDW %DVH W\SH %DVH &XUUHQW
WKLFNQHVVSXEOLFDWLRQ

.RGDN 708%; 70; 7ULDFHWDWH PP .RGDN D

.RGDN 70%; 70< 7ULDFHWDWH PP .RGDN D

.RGDN 75, ; 75; 7ULDFHWDWH PP .RGDN F

.RGDN THFKQLFDO 3DQ 7&3 7TULDFHWDWH PP .RGDN E

,OIRUG 3$1 ) 31) 7ULDFHWDWH®RW SXEOLVKH@WRUG F

,OIRUG )3 7ULDFHWDWHRW SXEOLVKHG@GRUG D

,OIRUG )3 7ULDFHWDWHRW SXEOLVKH@RUG

,OIRUG )3 PP 3RO\HVWHU PP ,OIRUG

$JID +RORWHVW ( + PP 3RO\VHVWHU PP $JID

$JID +RORWHVW ( + PP 3RO\VHVWHU PP $JID

6WRUDJH SULRU WR H[SRVXUH

6WRUDJH ZDV VWDQGDUGLVHG XVLQJ WKH UHFRPPHQGHG PHWKRG
VWRFENV QDPHO\ NHHSLQJ WKH ILOPV LQ D IUHH]JHU ZLWK WKH PDC
ZHUH UHPRYHG IURP WKH IUHH]JHU DSSUR[LPDWHO\ KDOI DQ KRXU
ZDUP XS VXIILFLHQWO\ WR SUHYHQW WKH IRUPDWLRQ RI FRQGHQV
LPPHGLDWHO\ EHIRUH H[SRVXUH ([FHSWLRQV WR WKLV SURFHGX
FROQGLWLRQLQJ ZzDV WKH YDULDEOH WR EH LQYHVWLJDWHG ,Q WKL
RQWR SURFHVVLQJ WDQN VSLUDOV IRU YDU\LQJ SHULRGV RI VWRL
FRQVLVWHQWO\ HPSOR\LQJ WKHVH PHWKRGVY LW ZDV DVVXPHG WK
PRQLWRUHG E\ D GLJLWDO SUREH YDULHG H[SHULPHQWDO EDWFK
XVLQJ D SURFHGXUH SRVVLEOH LQ PRVW SUDFWLFDO VLWXDWLRQV

([SRVXUH

$00 ILOPV ZHUH FRQWDFW H[SRVHG XVLQJ WKH 13/ JODVV PDVWH
VRXUFH )RFDO OHQJWK Rl WKH HQODUJHU OHQV ZDV PP DQG Wi
$OWKRXJK QR HQYLURQPHQWDO FRQWUROV ZHUH SUHVHQW LQ WKH
WHPSHUDWXUH ZHUH PHDVXUHG EHIRUH DQG DIWHU H[SRVXUH 7KH
D ORZ DQJOH f RI GLYHUJHQFH RYHU WKH H[SRVXUH DUHD

LOOXPLQDWLRQ PLQLPLVHG WKH SRVVLEOH FRQWULEXWLRQ IURP

&



PHDVXUHPHQW VWDQGDUG HUURU DQ XQIODWQHVV
R WLP SURGXFLQJ D XUQ GLVWRUWLRQ LQ WKH
ZRUVW FDVH IRU D JULG SRLQW DW WKH HGJH RI
WKH PP IRUPDW

(ISRVXUHV ZHUH PDGH XVLQJ PP
FDVVHWWHY WR UHFHLYH WKH H[SRVHG ILOP DQG
D +DVVHOEODG ,QVHUW ZDV XVHG WR KROG
WKH XQH[SRVHG UROO WLJKW 7KLV HQDEOHG
WKUHH JULG H[SRVXUHV WR EH PDGH RQ D UROO
RI ILOP ZKLOVW PLQLPLVLQJ WKH KDQGOLQJ

RI WKH ILOP (DFK H[SRVXUH LQYROYHG WKH
SRVLWLRQLQJ RI WKH ILOP RYHU D JODVV SODWH
ORFDWLQJ WKH FDOLEUDWHG JULG DQG WKHQ
SODFLQJ WKUHH WKLFN JODVV VKHHWVY RQ WRS WR
SURYLGH D WUDQVSDUHQW IODWWHQLQJ ZHLJKW

)L® IRUPDW PP
7KH H[SRVXUH UHTXLUHG ZDV DVVYHVVHG E\

7KH XQIODWQHVV HITHFW RQ ,Q SODQH
PDNLQJ D VHULHV RI WHVW gHREFWXAOH Y o VRIS zRUVW FDVH
WKHQ XVLQJ ,62 VSHHG UDWLQJV WR GHULYH DQ
HI[SRVXUH GXUDWLRQ IRU HDFK ILOP W\SH JLIXUH 7TKH FRQ
:KHUH YDULDWLRQ RI H[SRVXUH OHYHO RYHU WKH
DUHD RI D IUDPH zZzDV WR EH DVVHVVHG YDULRXV QHXWUDO GHQVL'

Rl WKH JODVV PDVWHU JULG

6WRUDJH SULRU WR SURFHVVLQJ

7KH HOHPHQWDU\ ZzD\ WR PLQLPLVH WKLV VHW RI YDULDEOHV ZD\
H[SRVXUH DV SUDFWLFDEOH ,Q JHQHUDO WKH ILOPV ZHUH XQGHU.
Rl EHLQJ H[SRVHG

3URFHVVLQJ FRQGLWLRQV

7KH LQLWLDO VWDQGDUG UHJLPH LQYROYHG SURFHVVLQJ WKH ILO
LQYHUVLRQ HYHU\ WKLUW\ VHFRQGY 7KH GHYHORSHU XVHG zZDV ,0Ol
IRU GLOXWLRQ LPPHGLDWHO\ SULRU WR XVH VR WKDW FRQVLYV
'"HYHORSPHQW WLPH ZDV FDOFXODWHG XVLQJ PDQXIDFWXUHUVY C
WHPSHUDWXUH PHWKRG WKH IRUPXODWLRQ RI ,OIRUG ' LV HT
SXUSRVHYV ,Q DOO SURFHVVHV .RGDN ,QGLFDWRU VWRS EDWK ZD
EHLQJ LPPHUVHG IRU WKLUW\ VHFRQGV 7KH IL[LQJ VROXWLRQ ZI
DGGLWLRQ RI DQ LQRUJDQLF KDUGHQHU WR WKH VDPH IL[HU VROX\

&



KDUGHQLQJ WKH HPXOVLRQ OD\HUV FRXOG EH DVVHVVHG :DVKLQJ
PLQXWHV LQ ILOWHUHG UXQQLQJ ZDWHU WKH PLQLPXP JHQHUDOO\
SHUPDQHQFH 'XULQJ WKH ODVW IHZ PLQXWHV Rl WKH ZDVK .RGD
GHWHUJHQW DFWLRQ KHOSHG WR SUHYHQW XQHYHQ GU\LQJ FDXV

'U\LQJ ZDV FDUULHG RXW LQLWLDOO\ E\ KDQJLQJ WKH ILOPV LQ D C
EHHQ VKRZQ WR SURGXFH RYHUVL]H LPDJHV RQ PHDVXUHPHQW $¢
5DWKHU WKDQ GXSOLFDWH WKHVH DOUHDG\ ZHOO GRFXPHQWHG GL
KXQJ XS LQ WKH PHDVXUHPHQW HQYLURQPHQW GU\LQJ EHLQJ UHJ
WR PHDVXUHPHQW

7DEOH VKRZV WKH UDQJH RI SURFHVVLQJ FKHPLFDOV XVHG GX|
GHYHORSLQJ VROXWLRQV KDYH EHHQ FKRVHQ DFFRUGLQJ WR PDQX
PDQ\ ILOP W\SHV DV SRVVLEOH FDQ EH GLUHFWO\ FRPSDUHG ZLWK
SDUDPHWHUV 7KH VHOHFWLRQ DOORZV PDQ\ PRGLILFDWLRQV RI Q
EH PDGH HQDEOLQJ DQ\ GLPHQVLRQDO FRQVHTXHQFHV RI WRQH UH

7DEOH 3URFHVVLQJ FKHPLFDOV
ODQXIDFWXUHU7\SH 'LOXWLRQ 3KRWRJUDSKLF XVH
'HYHORSLQJ VROXWLRQ
,OIRUG ! J)LQH JUDLQ
,OIRUG 3HUFHSWRO 6WRFN )LQH JUDLQ
.RGDN ' 6WRFN +LJK FRQWUDVW
BWRS VROXWLRQ
.RGDN ,QGLFDWRU VWRS 1IHXWUDOLVHV GHYHORSHU
JLILQJ VROXWLRQ
,OIRUG +\SDP JLOP IL[HU
JOIRUG 5DSLG KDUGHQHU ,Q RUJDQLF
+DUGHQLQJ DJHQW
5LQVH DLG
.RGDN 3KRWR )OR 5LQVH DLG

6WRUDJH SULRU WR PHDVXUHPHQW

JLOPV ZHUH FXW XS LQWR VWULSV Rl WKUHH IUDPHV DQG VWRUHG
NQRZQ QRQ XQLIRUP UROO FRQGLWLRQLQJ HIIHFWV GRFXPHQWHG
PHDVXUHPHQWY ZHUH PDGH XVLQJ WKH ,QWHUJUDSK ,03 6HFWLRQ
FRQGLWLRQHG HQYLURQPHQW 7KH UHODWLYH KXPLGLW\ RI WKLV
UDSLGO\ DOWKRXJK UHSHDWHG PHDVXUHPHQWY RYHU WKH SHULI
FRQGLWLRQV ZHUH 5+ R DQG f & D



$ PDMRU DGYDQWDJH ZDV SURYLGHG E\ WKH PHDVXUHPHQW HQYLU
ZDV FRQWUROOHG WR D PXFK WLJKWHU WROHUDQFH “ f& XVL¢
(QYLURQPHQWDO FRQGLWLRQV Rl WKLY URRP ZHUH FRQWLQXRXVO)
D PRUH ULJRURXV LQYHVWLJDWLRQ RI K\WWHUHVLV HIIHFWV WR EF}

,PDJH PHDVXUHPHQW

7KH PHDVXUHPHQW HQYLURQPHQWVYV KDYH EHHQ GHWDLOHG DER
PHDVXUHPHQW URRP XVHG IRU PRVW Rl WKH H[SHULPHQWV VLQFH
HQYLURQPHQWDO FRQWURO

OHDVXUHPHQWY FRQGXFWHG XVLQJ WKH ,0$ ZHUH PDGH XVLQJ WKH
RULHQWDWLRQV VRIWZDUH SDFNDJH $OWKRXIK GHVLIQHG WR SU
EDVHG RQ WKH JOREDO ILW RI VHFRQG RUGHU SRO\QRPLDOV WK
FRRUGLQDWHY ZKLFK KDG EHHQ UHILQHG DFFRUGLQJ WR VWDJH S¢

7KH 13/ =.0 PHDVXULQJ PLFURVFRSH FRQVLVWHG RI D =HLVV -HQD
LQFOXVLRQ RI OLQHDU PRWRUV OLQNHG WR D ,%0 FRPSDWLEOH 3&
E\ DQ LQSXW ILOH VXFK DV WKH JULG FDOLEUDWLRQ GDWD 7KH V!
DQG D YLGLFRQ FDPHUD ZKLFK SURGXFHG PDJQLILFDWLRQV UDQJL(
PRQLWRU 7KH PHDVXULQJ PDUN FRQVLVWHG RI D JUDWLFXOH VLW
Rl ZKLFK ZDV OLQHG XS RQ WKH JULG FHQWUH XVLQJ D MR\VWLFN Z
Rl WKH OLQHDU PRWRUV 2QFH DOLJQPHQW EHWZHHQ WKH JUDWLF
GDWD EXWWRQ ZDV SUHVVHG DQG WKH [ DQG \ SRVLWLRQV RI WK
FRRUGLQDWH V\VWHP ZHUH SDVVHG WR WKH 3& IRU VWRUDJH 7K
VRIWZDUH SDFNDJH ZULWWHQ LQ %%$6,& E\ 20GILHOG DW 13/

7KH PRGLILHG =.0 PHDVXULQJ PLFURVFRSH ZDV FDSDEOH RI DFKLH
SP RYHU D PP E\ PP LPDJH DUHD 20GILHOG 7KH ODWH:
VRIWZDUH ZDV DEOH WR EDFNGULYH WKH PLFURVFRSH DFFRUGLQJ
ILOH 7KLV DELOLW\ FRXSOHG ZLWK LWV HDVH RI XVH HQDEOHG D
PHDVXUHG LQ WHQ WR ILIWHHQ PLQXWHV )RU DOO JULG PHDVXU
SRLQWLQJV ZHUH PDGH ZKLOVW WKH SRVLWLRQ RI WKH LPDJH LQ
PDLQWDLQHG FRQVWDQW 2Q FRPSXWLQJ PHDQV DQG VWDQGDUG G
PHDVXUHPHQWYV LW ZDV IRXQG WKDW VWDQGDUG HUURUV ZHUH DO
RSSRVHG WR WKH RQH WR WZR PLFURPHWHUV W\SLFDO RI WKH ,0$%



P O
LOOLOOL

JLIXUH 7KH 13/ PRGLILHG =.0 PHDVXULQJ PLFURVFRSH

([SHULPHQWY FRQGXFWHG DQG DQDO\WLV RI UHVXOWYV

7TKH LOWHQWLRQ RI WKLV VHFWLRQ LV WR DVVHVV WKH FRQWULEXW
SURFHVV WR ILOP GHIRUPDWLRQ 6SHFLILFDOO\ LQYHVWLJDWHG D
SUHYLRXV ILOP GHIRUPDWLRQ LQYHVWLIJDWLRQV G6HFWLRQ DQG

DQG FDQ EH H[SHFWHG WR SURYLGH WKH PDMRU LQIOXH
UHVXOWY LQWHQGHG IRU SKRWRJUDPPHWU\

7KH H[SHULPHQWYVY LQ WKLV LQYHVWLIJDWLRQ ZHUH FDUULHG RXW
DFKLHYLQJ GLVWLQFW JRDOV EDVHG RQ WKH FRQFOXVLRQV GUDZ
HIDPLQDWLRQV ZHUH FDUULHG RXW LQLWLDOO\ WR SURYLGH D VI
VXEVHTXHQWO\ WR PLQLPLVH DQ\ GHIRUPDWLRQV IRXQG $ EULHI
WUHDWPHQWY LV JLYHQ EHORZ



([SHULPHQW 5RO0V DQG FRQVLGHUHG FRQWULEXWLRQV IURP
,PDJHV ZHUH SURGXFHG RQ ,0IRUG )3 DQG )3 PP ILOP W\SHV D
WR DQDO\]H GLPHQVLRQDO FKDQJHV FDXVHG E\ FRQGLWLRQLQJ WL

([SHULPHQIROODQG ZDV FDUULHG RXW LQ D VLPLODU PDQQHU W
KDUGHQLQJ IL[LQJ EDWK ZDV XVHG

(ISHULPHQ®ROOWQG LQYHVWLIJDWHG WKH GLPHQVLRQDO TXDOLWLH\
)3 3%$1 ) DQG 7HFKQLFDO 3DQ ILOPV  7KH SUHVHQFH RI DQ\
GHIRUPDWLRQV RQ UH PHDVXUHPHQW ZHUH DOVR HYDOXDWHG

([SHULPHQW 5RO0V 7TRRDRGQ\ YDULDEOHYVY FDXVHG E\ SURFHV
EDWFKHV ZHUH SUHVHQW LQ HDUOLHU H[SHULPHQWYV WR GHWHUPLQ
FDXVHG E\ GLIIHUHQW IL[HU IRUPXODWLRQV ,Q WKLV FDVH D UHG
LQYHVWLIDWH WKH FRQWULEXWLRQV IURP WKH XVH RI KDUGHQLQ.
THFKQLFDO 3DQ DQG ,0IRUG )3 ILOPV GLIITHUHQFHVY EHWZHH(
DVVHVVHG

(ISHULPHQW 5RO0V 7KHDHBBUOLHU UHVXOWYVY LQGLFDWHG
DFKLHYDEOH ZLWK SRLQWLQJV SHU UHVHDX FURVV LPDJH RQ WKH
PDJQLWXGH WR PRVW RI WKH ORFDO ILOP GHIRUPDWLRQV RFFXUUL
WKHUHIRUH FDUULHG RXW RQ WKH 13/ =.0 VWDUWLQJ ZLWK WKLV VI
Rl KDUGHQLQJ IL[HU RQ )3 3$1 ) DQG 7HFKQLFDO 3DQ ILOP

(ISHULPHQW 5ROO0V ,Q WIKQ® VHTXHQFH DQ\ GLPHQVLRQDO Gl
E\ XVLQJ GLIIHUHQW GHYHORSHU VROXWLRQV ZHUH LQYHVWLJDWHG
DQG ,0IRUG 3DQ ) ILOPV VLQFH WKHVH SURYLGHG WKH EHVW UH
SRLQWLQJ WR UHVHDX FURVV LPDJHV GXULQJ LPDJH PHDVXUHPHQW

([SHULPHQW 5RO0V 7ZR VHWV Rl SDUDPHWHUV ZHUH LQYHVW
GHIRUPDWLRQDO HIIHFW RI H[SRVXUH YDULDWLRQ RYHU HDFK IUDPH
WKH GHIRUPDWLRQV RFFXUULQJ RQ LPDJHV PDGH XVLQJ 70; 70< D¢
XVLQJ WKH VWDQGDUG UHJLPH

(ISHULPHQW 5RO0OV 6LQBABGNKH UHVXOWY RI WKH H[SRVXUH YDU
VIVWHPDWLF GHIRUPDWLRQ SDWWHUQV ZKLFK GLG QRW DJUHH ZL!
H[SHULPHQW ZDV UHSHDWHG 7R SURYLGH D PRUH FRPSUHKHQVLYH
YDULHG DQG LPDJHV ZHUH PDGH RQWR ERWK 3DQ ) DQG 7HFKQLFDO

(ISHULPHQSR OOV SURYLGHG DGGLWLRQDO VFDOH FKDQJH DQG

&



RQ VHYHUDO ILOPV )3 70; 70< DQG 75, ; IRU ZKLFK GDWD .
XQLIRUPO\ H[SRVHG WKHQ GHYHORSHG LQ ,0lIRUG 3HUFHSWRO

(ISHULPHQW 5ROOVDQDO\HG WKH GLPHQVLRQDO FRQWULEXWL
H[SRVXUH FRQGLWLRQLQJ WLPH .RGDN 7HFKQLFDO 3DQ UROO

WR WKH H[SRVLQJ HQYLURQPHQW DW GD\V DQG DW KRXU EHII
LGHQWLFDOO\ DW DQG DIWHU H[SRVXUH WKH FRQWULEXWLRQV F

DVVHVVHG

(ISHULPHQW 5ROOV ZDV FRQGXFWHG LQ D VLPLODU PDQQHU
SURYLGLQJ VOLJKWO\ GLIIHUHQW SUH H[SRVXUH WUHDWPHQWYV DG

(ISHULPHQW 5SRO0V ,QYHWV@GJDWLRQV ZHUH PDGH XVLQJ $JID +
ILOP ZKLFK ZLWK LWV WKLQ SP HPXOVLRQ YHU\ KLJK UHVROXV
XVHG WR DVVHVV ERWK UHOLDELOLW\ DQG UHSHDWDELOLW\ Rl WK
DQG SURFHVVHV ZHUH PDGH DQG LPDJHV UHSHDWHGO\ PHDVXU
PHDVXUHPHQW HUURUV LQ WKH H[SHULPHQWDO SURFHGXUH

7TDEOH GHWDLOV WKH SURFHVVHV FRQQHFWHG ZLWK HDFK RI W
WKH ILQDO FROXPQ LQ WKH WDEOH GHVFULEHV WKH SULPDU\ WUH

7DEOH (ISRVXUHV SURFHVVHV DQG PHDVXUHPHQWYV
5RO0 )LOP ! '"HYHORSHW[HU OHDVXUHPHQW GODMMHVPHQW

)3 ()u . + ) ,0% "U\LQJ

)3 $ )u +) ,0$ 'U\LQJ

PP
)3 ) U ! 1+) ,0$ YL[HU

)3 % U 1+) ,0% YL[HU

PP
)3 ()u . + ) ,0$ JLOP
31) $ )u +) ,0$ )LOP
7&3 % U +) ,0$ )LOP
)3 * )U V! 1+) ,0% YL[HU
)3 + U V! +) ,0% YL[HU
7&3 & Yu +) ,0$ YL[HU
7&3 " )U ! 1+) ,0% JL[HU
)3 , U ! 1+) =.0 YL[HU



5RO0 )LOP ! '"HYHORSHWU[HU OHDVXUHPHQW WIHDAVP HQ W

)3 - )u . +) =.0 JL[HU
31) % YU ' +) =.0 JL[HU
31) & )U ! 1+) =.0 J)L[HU
7&3 ( )u . + ) =.0 JL[HU
7&3 ) )U . 1+) =.0 JL[HU
31) " )u ' 1+) =.0 'HYHORSHU
31) ( )u . 1+) =.0 '"HYHORSHU
31) ) )U SBHUFHSWR® ) =.0 '"HYHORSHU
7&3 + U . 1+) =.0 '"HYHORSHU
7&3 , Ju BHUFHSWR® ) =.0 '"HYHORSHU
31) * U . 1+) =.0 ([SRVXUH
31) + U ! 1+) =.0 ([SRVXUH
70; $ )U . +) =.0 J)LOP
70< ( )u . + ) =.0 J)LOP
75; $ )U . +) =.0 JLOP
31) , )U . +) =.0 ([SRVXUH
31) - )u . + ) =.0 ([SRVXUH
7&3 - )u . +) =.0 ([SRVXUH
)3 ) )U BHUFHSWRO =.0 JLOP 'HY
70; % )U 3HUFHSWRO =.0 JLOP 'HY
70< ) )U BHUFHSWRO =.0 JLOP 'HY
75; % )J)U 3HUFHSWRO =.0 JLOP 'HY
7&3 . )u ' + ) =.0 &RQG L+ U
7&3 / )U ' + ) =.0 &RQG +U
7&3 0 )u ' +) =.0 &RQG '
7&3 1 )u + ) =.0 &RQG "\
7&3 2 )U 1+) =.0 &RQG "\
7&3 3 )U 1+) =.0 &RQG "\
7&3 4 U ' 1+) =.0 &RQG ,+U
7&3 5 )U 1+) =.0 &RQG ,+U

;U 1+) =.0 J)LOP

$ )U : + ) =.0 J)LOP

% )U ' 1 +) =.0 J)LOP

7HH UHVXOWYV IURP HDFK RI WKH H[SHULPHQWDO WHVWYV FRQWDLQ

QXPEHU RI FRQWULEXWRU\ IDFWRUV &RQVHTXHQWO\ WKH PHWEK
GLVFXVVLRQ ZDV WR ZRUN VA\VWHPDWLFDOO\ WKURXJK WKH FRPSRI
WKLV ZD\ DOO H[SHULPHQWDO UHVXOWY FRXOG EH GUDZQ XSRQ WR
FROWULEXWLRQ RI HDFK VWHS WR WKH SURFHVV RI SKRWRJUDPPH\
IURP HDFK VWDJH Rl WKH SKRWRJUDSKLF SURFHVYVY DUH GLVFXVVHG
EHLQJ ORJLFDOO\ VHSDUDWHG LQWR KRPRJHQHRXV DQG LQKRPR



SXUSRVHV LQKRPRJHQHRXV FKDQJHV DUH XQGHUVWRRG DV WKRVH
RI WKH KRPRJHQHRXV FKDQJHV DV DFFRPSOLVKHG E\ WKH XVH
WUDQVIRUPDWLRQ (TXDWLRQ

7KH UHODWLRQVKLS EHWZHHQ WKH UHODWLYH KXPLGLW\ RI W|
VFDOH FKDQJH IRU WKH ILOP W\SHV LQYHVWLJDWHG

'XULQJ WKH FRXUVH Rl WKH LQYHVWLJDWLRQ D UHODWLRQVKLS EH
WKH PHDVXUHPHQW HQYLURQPHQW ZDV IRXQG $OWKRXJK RXW RI V
WUHQGVY ZLOO VLPSOLI\ H[SODQDWLRQ RI WKH GHIRUPDWLRQ HIIHF
SKRWRJUDSKLF SURFHVV 7KH GDWD XVHG LQ WKLV VHFWLRQ Zt
LOQYHVWLIJDWLRQV DQG WKHUHIRUH D JHQHUDOLVHG DVVHVVPHOQ\
GLPHQVLRQDO FKDQJH FDQ EH PDGH LQ WKLV VHFWLRQ

+RPRIJHQHRXV FKDQJHV

7KH IROORZLQJ JUDSKV )LJV WR VKRZ SHUFHQWDJH VFDOl
VTXDUHV ILW RI WKH LPDJH PHDVXUHPHQWY WR WKH JODVV PD
WUDQVIRUPDWLRQ 7KHVH VFDOH FKDQJHY DUH SORWWHG DJDLQVW
DW WKH WLPH RI PHDVXUHPHQW XVLQJ WKH GLJLWDO WKHUPR K\JUR
,09 bQG WKH PRUH SUHFLVHO\ FRQWUROOHG 13/ =.0 PHDVXUHPHC
IOXFWXDWH DFFRUGLQJ WR WKH HIWHUQDO ZHDWKHU FRQGLWLRQV
ZHUH PDGH WR PHDVXUH HDFK ILOP W\SH RYHU WKH HQWLUH UHODW
XQ UHOLDELOLW\ RI ZHDWKHU SUHGLFWLRQ WKLV ZDV QRW DOZD\\
FRYHUDJH RI WKH JUDSKYV

JLIXUHYV DQG UHSUHVHQW DOO PHDVXUHPHQWY PDGH XVLQJ W
,OIRUG 3DQ ) DQG .RGDN 7HFKQLFDO 3DQ ILOPV 7KH UHVXOWYV G
WKH UDQJH RI WUHDWPHQWY JLYHQ $VVXPLQJ OLQHDULW\ GHSI
DWWULEXWHG WR WZR FDXVHV ILUVW WKH ,QGLYLGXDO H[SHULPH
FKDQJHY DQG VHFRQGO\ WKH UHODWLYH KXPLGLW\ DV PHDVXUHG E\
D GLUHFW UHDGLQJ RI WKH PRLVWXUH FRQWHQW RI WKH ILOP PLC
PHDVXUHG E\ WKH SUREH ZLWK LWV XQFHUWDLQW\ FRXOG UHIOH
WKH ILOP HYHQ LQ VLQJOH VKHHWY ZDV QRW IXOO\ FRQGLWLRQHG

$OVR RI LPSRUWDQFH ZLWK WKHVH WZR ILOP W\SHV 7&3 DQG 3DQ
GLUHFWLRQ DFURVV WKH UROO ZLGWK LV DOZD\V OHVV WKDQ WK
WKHVH GLIIHUHQFHYV FRXOG EH D IXQFWLRQ RI WKH VWUHVVHV EHW?Z
DWWDFKHG HPXOVLRQ OD\HUV +RZHYHU H[SHULPHQWDO ZRUN FRC
UHSHDWDELOLW\ RI WKH =.0 LV EHWWHU LQ WKH [ GLUHFWLRQ WKD

&



*UBPK RI VFDOH FKDQJH DJDLQV\
PHDVXUHPHQW HQYLURQPHQW UHOD

IRU ,OIRUG 3%1 ) UROO ILOP
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7TKHUHODWLRQVKLS

EHWZHHDOQ

VFDOH FKDQJH DQG UHODWLYH KXPLG
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YLXUH GHPRQVWUDWHY WZR VLPLODU VHWVY RI PHDVXUHPHQWYV I
,Q WKH FDVH Rl WKH PHDVXUHPHQW VHW PDGH XVLQJ WKH ,0$ WKH
ZKLOVW WKRVH SURGXFHG XVLQJ WKH =.0 GHPRQVWUDWH JRRG

YDULDWLRQV VHHQ LQ WKH ,0$ GDWD ,V WKH SUHVHQFH RI ERWI
IOXFWXDWLRQV LQ WKLY HQYLURQPHQW $ VLJQLILFDQW IHDWXUH |
PDGH RQ 7HFKQLFDO 3DQ DQG 3DQ ) ILOPV DUH WKH QRQ SDUDOO|
UHODWLYH PDJQLWXGHV RI WKH VFDOH FKDQJHV LQ [ DQG \ DUH
KXPLGLW\ 7DEOH VKRZVY WKDW WKH UHODWLYH VFDOH FKDQJHYV
WKH WULDFHWDWH EDVHG ILOPV LQYHVWLJDWHG

7DEOH 5HJUHVVLRQ OLQH JUDGLHQWYV IRU WKH VFDOH FKDQJH
)LOP *UDGLHQW [ *UDGLHQW \
VFDOH FKDQJH 5MFDOH FKDQJH 5+
,OIRUG 3DQ ) Fw

.RGDN 7THFKQLFDO 3DQ FU

,OIRUG )3 ,0%
,OIRUG )3 =.0
.RGDN 708%;
_.RGDN 708%;
_.RGDN 7UL ;

,OIRUG )3 PP
$JID +RORWHVW (

PP
)LXUH GHPRQVWUDWHY WKH UDQJH RI UHVXOWV REWDLQHG IUR!
70, 70< DQG 75, ; ILOPV XVLQJ WKH =.0 PHDVXULQJ PLFURVFRSH

SUHVHQW 7KH PHDVXUHPHQW HSRFKV DUH VHSDUDWHG DORQJ WKH
QXPEHU RI PHDVXUHPHQW VHWVY PDGH LQ WKH 13/ HQYLURQPHQW
PDQXIDFWXUHG RQ FHOOXORVH WULDFHWDWH EDVHV DQG LQWHU
GLIIHUHQFHV IRXQG SUHYLRXVO\ ZLWK WKH 3DQ ) DQG 7HFKQLFDO

7KH VLPLODU JUDGLHQWYV 7DEOH EXW GLVVLPLODU SRVLWLRQL
DQG 75, ; GDWD DUH SRVVLEO\ LQGLFDWLYH RI WKH GLIIHUHQW EDYV
PDWHULDO 7KH JUDGLHQWY FRPSXWHG IRU HDFK ILOP W\SH FRPSI
8QIRUWXQDWHO\ IXUWKHU FRQFOXVLRQV FRQFHUQLQJ WKH
FDQQRW EH GUDZQ EHFDXVH .RGDN GR QRW UHOHDVH JHODWLQ WK

7KH I1LQDO JUDSK LQ WKLV VHULHV )LJ GHVFULEHV WKH YL
PHDVXUHPHQW UHODWLYH KXPLGLW\ IRU ,0lRUG )3 DQG $JID (



ZKHQ FRPSDULQJ WKHVH UHVXOWY ZLWK WKRVH DOUHDG\ SUHVHQW
.RGDN JUHDWHU GLPHQVLRQDO VWDELOLW\ RI SRO\HVWHU E
DSSUR[LPDWHO\ DQ RUGHU RI PDJQLWXGH VPDOOHU WKDQ WKRVH I
PDWHULDOV 3RO\HVWHU SP SHU 5+ FKDQJH 7ULDFHWDWH SP

:KLOVW WKH UHVSRQVH RI WKH ,0IRUG )3 ILOP LV DSSUR[LPDWHO\
DOPRVW LQGHSHQGHQW RI UHODWLYH KXPLGLW\ DOWKRXJK WKH V
GHILQLWH FRQFOXVLRQV IURP EHLQJ GUDZQ 7KH FDXVH RI WKLV D
GLIITIHUHQW HPXOVLRQ WKLFNQHVYVY XVHG IRU WKH WZR ILOPV VLQFH
$QRWKHU LQWHUHVWLQJ SRLQW LV WKDW IRU WKH )3 ILOP WKH VK
VLIQLILFDQWO\ JUHDWHU WKDQ WKDW DFURVYV WKH ZLGWK WKLV PI
GXULQJ PDQXIDFWXUH RI LWV SRO\HVWHU ILOP EDVH G6HFWLRQ

 QKRPRJHQHRXV FKDQJHV

$ VHOHFWLRQ Rl W\SLFDO ORFDO FKDQJHV DVVRFLDWHG ZLWK HDFK
13/ DUH GHPRQVWUDWHG LQ ILIXUHV DQG YLIXUH UHSUHYV
DQG WZR LPDJHV RQ 3DQ ) PHDVXUHG RYHU D WZR PRQWK SHULR
FRUUHVSRQGLQJ WR PP DQG PP VHSDUDWLRQV KDYH EHHQ XV
GHIRUPDWLRQV DUH RI VLPLODU PDJQLWXGH DQG SDWWHUQ LQGL!
SHULRG GHVSLWH FKDQJHV LQ HQYLURQPHQW OLWWOH ,QKRPRJHQ
LI WKH VDPSOLQJ RI WKH KLJKHU GHQVLW\ JULG LV GHFUHDVHG WR
WR WKH VIVWHPDWLF WUHQGY LQ WKH GDWD ZLOO EH ORVW 7KHV}
LQ SODQH JULG PHDVXUHPHQWY DW D PP VHSDUDWLRQ SRLQWYV
WLPH DQG FRQVHTXHQWO\ WKH DELOLW\ WR LQYHVWLJDWH D JUHD\

$Q LPSRUWDQW SRLQW LV WKDW WKH ORFDOLVHG GHIRUPDWLRQV DE¢
KXPLGLW\ DQG WHPSHUDWXUH FKDQJHVY LQ WKH PHDVXUHPHQW HQ
PXVW EH FDXVHG DW DQ HDUOLHU VWDJH LQ WKH SKRWRJUDSKLF S

7KLYV VHFWLRQ PXVW EH UHVWULFWHG WR JHQHUDOLVHG FRPPHQW\
WKH YHFWRU SORWY SUHVHQWHG KHUH KDYH EHHQ SURGXFHG IURP
WUHDWPHQWYV

%RWK LPDJHV PDGH RQ ,O0IRUG 3DQ ) ILOP GHVSLWH H[KLELWLQ.
GHIRUPDWLRQ XS WR DERXW SP DUH VXUSULVLQJO\ KRPRJHQRX
LPDJHV [ \' DQG [ \' SP DSSURDFK WKH PHDVXUHPH
PHDVXULQJ PLFURVFRSH DSSUR[LPDWHO\ SP 506 7TKH YHFWRU ¢
THFKQLFDO 3DQ ILOP H[KLELWYV D FOHDU VA\VWHPDWLF SDWWHUQ Z
DQG \ SP , I WKH YHFWRU SORWYV |URP LPDJHV PDGH RQWR 7H



$SSHQGL[ $ LQ PDQ\ FDVHV VLPLODU FRQILIJXUDWLRQV FDQ EH V
WUHDWPHQWY 7KHUH VHHP WR EH WZR SRVVLEOH FDXVHV IRU W
H[SRVXUH DQG RU DQ LQDELOLW\ RI WKH SP WULDFHWDWH EDV}
WKH HPXOVLRQ OD\HUV GXULQJ WKH SKRWRJUDSKLF SURFHVYV

Y)LIXUH VKRZYV D YHFWRU SORW IURP HDFK RI WKH 70$; 70$;

LQYHVWLIJDWHG ,W FDQ EH VHHQ WKDW WKHVH SORWV FRQWDLQ U
RQ )3 DQG 3%$1 ) ILOPV 7KH LPDJH RQ 70< IUDPH ( LOOXV
VIVWHPDWLF HIIHFW ,1 WKH YHFWRU SORWY DVVRFLDWHG ZLWK VI
H[DPLQHG LW FDQ EH VHHQ WKDW RQH RWKHU LPDJH WZR RXW RI
YHFWRU ILHOG 7KH FDXVH RI WKHVH HIIHFWV LV QRW FOHDU EXW
WKH PDVWHU JULG DW H[SRVXUH KDQGOLQJ GXULQJ H[SRVXUH RU

7KH IUDPH RQ $JID +RORWHVW ( ILOP KDV 506 UHVLGXDOV LQ [
UHVSHFWLYHO\ $00 JULG H[SRVXUHV PDGH RQ WR WKLV PDWHUL
SUREDEO\ UHSUHVHQW WKH QRLVH OHYHO RI WKH H[SHULPHQWDO S
IURP H[SRVXUHV PDGH RQWR )3 DHULDO ILOP DOVR ZLWK D SP
LWV ORZHU UHVROYLQJ SRZHU , PP DV RSSRVHG WR , PP
DELOLW\ WR SRLQW DFFXUDWHO\ WR JULG LPDJH QRGHV ZLWK WKt

7TDEOH OHDQ 506 UHVLGXDOV IRU DOO ILOP W\SHV LQY
J)LOP W\SH 506 UHVLGXDO [ S#6 UHVLGXDO \ SP
,OIRUG 3DQ ) D D
.RGDN 7HFKQLFDO 3DQ D D
,OIRUG )3 FW D
.RGDN 708%; D D
.RGDN 708%; D
.RGDN 7UL ; D D
,OIRUG )3 PP D
$JID +RORWHVW ( PP D D

7" PHDQ 506 UHVLGXDOV IRU HDFK ILOP W\SH DQG WKHLU DVVRFLI
WDEOH 7TKHUH LV D EURDG OLQN ZLWK UHVROYLQJ SRZHU DQG 5
KLIJK UHVROYLQJ SRZHU VXFK DV 7THFKQLFDO 3DQ DQG +RORWHVW
ZKLOVW WKRVH IRU WKH IDVW ILOPV 70< )3 DQG 75, ; DUH KLJKHL
LQGLFDWLRQ DV WR WKH YDULDELOLW\ EHWZHHQ WKH IUDPHV LQ
7THFKQLFDO 3DQ KDYH WKH KLJKHVW YDULDELOLW\ UHVXOWLQJ IURP
RI LPDJHV RQ )3 ILOP FDQ EH OLQNHG WR WKH PHDVXUHPHQWYV






6HOHFWLRQ RI FRQWDFW JULG H[SRVXUHV PDGH RQWR .RGEL

75, ,OIRUG )3 PP DQG $JID +RORWHVW ( PP ILC
)3 JUDPH , OHDVXUHPHQW 70; )UDPH ' OHDVXUHPHQW
70< )UDPH ( OHDVXUHPHQW 75; )UDPH $ OHDVXUHPHQW
)3 )UDPH $ OHDVXUHPHQW +7 )JUDPH $ OHDVXUHPHQW

)LIXUH



6XPPDU\ RI WKH PHDVXUHPHQW UHODWLYH KXPLGLI
UHODWLRQVKLS

$ VXPPDU\ Rl WKH YDULDWLRQV EHWZHHQ ILOP W\SHV LV GLIILEXO
IDFWRUV RSHUDWLQJ 7KH PDLQ SRLQWYV DULVLQJ DUH WKDW WKF
UHODWLRQVKLS DOEHLW ZLWK VPDOO YDULDWLRQV ZKLFK PD\ EH
ORFDO GHIRUPDWLRQ SDWWHUQV IRU WKH LPDJHV GLVFXVVHG
PHDVXUHPHQW HQYLURQPHQW FKDQJHV RYHU WKH WR 5+ UDQ
WKLV VHFRQG IDFWRU FRXOG EH XVHG WR DGYDQWDJH IRU
PHDVXUHPHQW VLWXDWLRQV VLQFH D UHVHDX LPDJH RQ D JLYHQ |
FDQ WKHQ EH DVVRFLDWHG ZLWK WKDW IUDPH IRU VXEVHTXHQW P

%DVHG RQ UHVXOWVY DW WZR JULG GHQVLWLHVY PHDVXUHPHQW R
VSDFLQJ RI PP JLYLQJ PHDVXUHPHQW SRLQWY RYHU WKH PP
RI WKH LQIRUPDWLRQ IURP WKH PP VSDFLQJ FDQ VWLOO EH I
TXDUWHUHG DOORZLQJ D JUHDWHU UDQJH RI IDFWRUV WR EH LQY

7KH SP SRO\HVWHU EDVH DQG WKLQ SP HPXOVLRQ RI $JID +FR
VPDOOHVW FKDQJHV ZLWK UHODWLYH KXPLGLW\ ,W VKRXOG EH
SRVVHVVLQJ H[FHOOHQW GLPHQVLRQDO TXDOLWLHV LV FRQILQHG 1
VSHFLILF UDQJH RI WDVNV $ ELQDU\ LPDJH OLPLWHG RQO\ E\ WKt
LV SURGXFHG EXW DW WKH H[SHQVH Rl HPXOVLRQ VSHHG )URP
GXULQJ WKH FRXUVH RI WKHVH LQYHVWLJDWLRQV WKH VSHHG RI $
HTXLYDOHQW WR DERXW ,62 $SSOLFDWLRQV DUH WKHUHIRUH UH\
VXEMHFWYV RU IODVK H[SRVXUH VLWXDWLRQV IRU H[DPSOH LQ KLJk
&RRSHU DQG 5REVRQ

&KDQJHV ZLWK WHPSHUDWXUH KDYH QRW EHHQ VSHFLILFDOO\
PHDVXUHPHQW HQYLURQPHQWY UHODWLYH KXPLGLW\ FRXOG QR
WHPSHUDWXUH WR EH WKH RQO\ YDULDEOH

6WRUDJH RI ILOP SULRU WR DQG DW H[SRVXUH

6LQFH SKRWRJUDSKLF HTXLSPHQW JHQHUDOO\ KDV WR EH WDNHQ
DUH FRQGXFWHG XQGHU D YHU\ ZLGH UDQJH RI SUDFWLFDO FRQ
WR EH DSSOLHG WR SUDFWLFDO ZRUN LW LV QHFHVVDU\ WR LQ"
LQ WKH ILOPTV SUH H[SRVXUH HQYLURQPHQWDO KLVWRU\ 7KH IF
FRQGXFWHG ZLWK D YLHZ WR SURGXFLQJ D VWDQGDUG SURFH
GHIRUPDWLRQV EXW ZKLFK FDQ EH DSSOLHG LQ SUDFWLFDO VLW



+LVWRULFDOO\ %\HU DPRQJ RWKHUV 6HFWLRQ KDV ORRNHG
GHULYLQJ GLIIHULQJ K\WWHUHVLV FXUYHV IRU SURFHVVHG DQG
PHDVXUHPHQW 2EYLRXVO\ XQ SURFHVVHG ILOP FDQQRW EH H[DPLC
LQVWHDG WKH HIIHFW Rl GLIIHULQJ SUH H[SRVXUH FRQGLWLRQ]
SKRWRJUDSKLF SURFHVV ZDV LQYHVWLJDWHG 7KH VSHFLILF DLP
GHWHUPLQH LI SUH H[SRVXUH FRQGLWLRQLQJ LQIOXHQFHG WKH PD

,Q WKLV H[SHULPHQW RQH SDLU RI 7THFKQLFDO 3DQ ILOPV
SDFNDJLQJ WKH VWDQGDUG IRU DOO H[SHULPHQWY DQG D VHFRC
SURFHVVLQJ VSLUDOV LQ WKH PHDVXUHPHQW HQYLURQPHQW IRU W
ILOP ZDV WUDQVIHUUHG IURP WKH IUHH]JHU WR WKH PHDVXUHPHQW
$IWHU H[SRVXUH WKH ILOPV ZHUH SURFHVVHG LQ WKH VDPH EDWFK
7KH H[SHULPHQW ZDV UHSHDWHG RQH ZHHN ODWHU XQGHU D VOLJk
DQG ZLWK D QRQ KDUGHQLQJ IL[LQJ EDWK

7DEOH 3UH H[SRVXUH FRQGLWLRQLQJ WUHDWPHQ
7UHDWPHQW  ([SHULPHQW (ISHULPHQW
5RO0V 5ROO0V
)LOP 7\SH 7&3 ./ 7&3 0 1 78&3 2 3 7&3 4 5
3UH ([SRVXUH +RXU 'D\V +RXU 'D\V
(ISRVXUH 5+ f & 5+ f &
6PDOO 7DQN PLQ D8WRFN 6ROXWLRQ PLQ DW
BURFHVVLQJ f& fa&
+DUGHQLQJ )L[ PLQ DWRQ fDUGHQLQJ )L[ PLQ DW
fé&
'DVK LQ UXQQLQJ ZDWHVK IR UXQQLQJ ZDWHU IRU [
PLQ DW f& DW f&
'U\LQJ 0% 5+ fa& ,0$ 5+ fa&
OHDVXUHPHQMW8/ DQG 13/ DQG

6FDOH FKDQJHV

JLIXUH GHWDLOV WKH XQLIRUP VFDOH FKDQJHYVY DVVRFLDWHG ZL
OLQHV ZLWK WKHLU FRQILGHQFH LQWHUYDOV VKRZ WKDW WKH
GLITHUHQFHV LQ LPDJH VL]H :LWKLQ HDFK GDWD VHW SUH H[SRVXU
WKDW WKHVH GLIIHUHQFHYV ZKLFK DUH VLPLODU LQ ERWK [ DQG \
LQ ILOP VL]H DW H[SRVXUH 7KH LQVLJQLILFDQW YDULDWLRQV L
GLITHUHQFHYV LQ LPDJH VL]H DUH GXH WR WKH SUH H[SRVXUH FRQC



7TKHHIIHFW RI LQFUHDVLQJ SUH2H[SRVXUH FRQGLWL

RQ WKH UHODWLRQVKLS EHWZHHQ VFDOH FKDQJH DQ
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$ FRPSDULVRQ EHWZHHQ WKH WZR GDWD VHWV VKRZV WKDW ZKL¢
FRQGLWLRQHG ILOPV DUH VLPLODU DSSUR[LPDWHO\ DW 5+
GHPRQVWUDWH GLIIHULQJ VFDOH FKDQJHV IRU D JLYHQ UHODWLYH

54 FRXOG HDVLO\ EH GXH WR WKH S5HODWLYH +XPLGLW\ GLVSI
DUH WZR IXUWKHU GLIITHUHQFHYV LQ WKH SURFHVVHV )LUVWO\ GDWD
VHFRQGO\ WKHUH LV D 5+ GLIIHUHQFH LQ WKH SRVW ZDVK GU\LQ
FRQWULEXWHG WR WKH FKDQJH 7KH FRQWULEXWLRQV IURP ERWK
,Q VHFWLRQV DQG UHVSHEWLYHO\

/IRFDO UHVLGXDOV

7KH RQO\ YDOLG FRQFOXVLRQV FRQFHUQLQJ WKH HIIHFW RI SUH H[
RI ORFDO GHIRUPDWLRQV DUH WKRVH WKDW FDQ EH GUDZQ E\ FR
XQGHUJRQH H[DFWO\ WKH VDPH SURFHVYV

7TDEOH 506 UHVLGXDOV IURP SUH H[SRVXUH FRQGLWLRQL!
7TUHDWPHQW 506 UHVLGXDO [ _LP506 UHVLGXDO \ MLP
6HW 7&3 ./ +RXU D FU
6HW 7&3 0 1 'D\V D D
6HW 7&3 2 3 +R XU D D
6HW 7&3 4 5 'D\V D
7TDEOH GHPRQVWUDWHY 506 UHVLGXDOV DIWHU DIILQH WUDQVIRUI

GHYLDWLRQV IRU ERWK VHWV RI SUH H[SRVXUH PHDVXUHPHQW GD

FDUULHG RXW RQ WKH GDWD WR GHWHUPLQH ZKHWKHU WKH PHDQV F

RU XQHTXDO DOWHUQDWLYH K\SRWKHVLV KDYH EHHQ PDGH ,Q DOO

VKRZLQJ WKDW WKHUH DUH QR VLJQLILFDQW GLIIHUHQFH EHWZHHQ
FRQILGHQFH

7KH 506 UHVLGXDOV DUH D JOREDO PHDVXUH Rl WKH ORFDO GHIRUPL
IRU HDFK GDWD VHW $V VXFK WKH\ FDQQRW EH XVHG WR GHWHFW
IUDPHV 7R LQYHVWLJDWH VXFK SDWWHUQV IRU H[DPSOH WR G
FRQGLWLRQLQJ WKH LQGLYLGXDO YHFWRU SORWVY PXVW EH DQDO\
WKHVH GDWD KDYH EHHQ LQFOXGHG LQ DSSHQGL[ $ EXW IRXU UHS
SRLQW )LJ IRU VSHFLILF PHQWLRQ

7KH WRS WZR SORWYVY LQ WKH ILJXUH DUH IURP IUDPHV ZKLFK KDYH
SURFHGXUH ZKLOVW WKH ORZHU WZR KDYH EHHQ FRQGLWLRQHG
GHPRQVWUDWH WKDW V\VWHPDWLF GHIRUPDWLRQV DUH SUHVHQW .



SP 6LQFH ERWK GHIRUPHG DQG QRPLQDOO\ XQ GHIRUPHG IUDPHYV
VHWV LW PXVW EH FRQFOXGHG WKDW WKH PDMRU SDWWHUQV VHH
LQ SUH H[SRVXUH FRQGLWLRQLQJ

$GGLWLRQDOO\ WKHUH DUH LPDJHYV HJ IUDPH 5 ZKLFK H[KLELW
WKH RUGHU RI WR SP $JDLQ WKHVH LPDJHV DUH QRW FRQILQHG
YHU\ KRPRJHQHRXV LPDJHV ZHUH REWDLQHG RQ SRO\HVWHU EDVH!
YHULINLQJ WKH H[SHULPHQWDO PHWKRG WKH LQIHUHQFH LV WKDW V
RI VWDELOLW\ ZKLFK FDQ EH H[SHFWHG IURP ILOPV RQ WKLQ FHOGC

6RPH FRQWDFW JULG H[SRVXUHVY PDGH RQWR .RGDN 7HFKQLFDO
SUH H[SRVXUH FRQGLWLRQLQJ WLPH

7&3 JUDPH . OHDVXUHPHQW 7&3 JUDPH / OHDVXUHPHQW
'D\ &RQGLWLRQLQJ 'D\ &RQGLWLRQLQJ
7&3 JUDPH 0 OHDVXUHPHQW 7&3 JUDPH 5 OHDVXUHPHQW
+RXU &RQGLWLRQLQJ +RXU &RQGLWLRQLQJ
)LIXUH






6 XPPDU\ RI SUH H[SRVXUH VWRUDJH LQYHVWLJDWLRQ

$OWKRXIK SUH H[SRVXUH FRQGLWLRQLQJ FRQWUROV GR QRW DSES
VWULFWO\ QHFHVVDU\ IRU FRQWURO RI ORFDO GHIRUPDWLRQV L
LQGLYLGXDO LPDJHV 7KHVH VFDOH FKDQJHV FDQ EH UHPRYHG E\ >
LV EHWWHU WR HQVXUH WKDW DOO IUDPHV IURP D VXUYH\ UHFHLYH
HI[SRVXUH WUHDWPHQW ZRXOG EH HVSHFLDOO\ VLIJQLILFDQW LI PHI
EDVHG RQ UHIHUHQFH PDUN SRVLWLRQVY DUH PDGH WR WKH LPDJH

7KH KDQGOLQJ RI WKH UROO ILOP SDFNDJLQJ VHHPV SDUWLFEXODUO
EHFDXVH WKH IRLO SDFNDJHV XVHG SURYLGH VRPH PHDVXUH RI F
.RGDN $ SURFHGXUH VKRXOG WKHUHIRUH DWWHPSW WR SUHV
ILOP ZDV VHDOHG E\ PDLQWDLQLQJ WKH PDQXIDFWXUHUVY IRLO SDI
H[SRVXUH *LYHQ WKH KLJK FRUUHODWLRQ EHWZHHQ WKH KRXU
DGYDQWDJHRXV WR NHHS ILOP FKLOOHG XQWLO VKRUWO\ EHIRUH X
FKLOO ER[ RQ VLWH

([SRVXUH OHYHO DQG XQLIRUPLW\

,Q WKLV VHFWLRQ WKH UHVXOWV IURP H[SHULPHQWV DQG DQ L
LPDJH GHQVLWLHY RQ ORFDO GLPHQVLRQDO FKDQJHV DUH SUHVHQ\
RI GLIIHULQJ GHQVLW\ FRXOG KDYH D VLJQLILFDQW HIIHFW RQ VXU
)RU H[DPSOH LQ PRVW VLWXDWLRQV WKH LPDJH Rl WKH REMHFW E
GHQVLW\ ZKLOVW WKH VWDWLF FRQWURO V\VWHP RXWVLGH WKLV I
GLIIHUHQW LPDJH GHQVLW\

/ILWHUDWXUH VHDUFKHV FRQGXFWHG E\ WKH DXWKRU KDYH QRW \
LQYHVWLIJDWLQJ WKH GLPHQVLRQDO HIIHFWV RI FKDQJHV LQ WKH S|
OD\HUV FDXVHG E\ WKH GHYHORSPHQW SURFHVV ,Q DUHDV RI KLJK
ILODPHQWDU\ VLOYHU LV SURGXFHG 6HFWLRQ DQG LQ UHJLRQ)
LV UHPRYHG E\ WKH IL[LQJ VROXWLRQ 6HFWLRQ .l DUHDV RI
WKH LPDJH WKHQ LW LV UHDVRQDEOH WR FRQFOXGH WKDW DQ\ FK
PDQLIHVW DORQJ GLYLGLQJ OLQHV EHWZHHQ VXFK UHJLRQV 7K
FRQGXFWHG WR WHVW WKH DVVXPSWLRQ WKDW FKDQJHV LQ HPXOV
LQ SK\VLFDO SURSHUWLHV ZKLFK DOWHU WKH ORFDO GHIRUPDWLRC

8VLQJ WKH JULG FRQWDFW PHWKRG FKDQJHV LQ H[SRVXUH FDQ HD"
1' ILOWHUV WR WKH UHYHUVH VLGH Rl WKH JODVV PDVWHU JULG
FRQILIXUDWLRQV PDGH RQWR 3DQ ) DQG 7HFKQLFDO 3DQ ILOPV






7TDEOH ([SRVXUH OHYHO DQG XQLIRUPLW\ YDULD

7UHDWPHQW ([SHULPHQW ([SHULPHQW
5RO0V 5RO0V
)LOP 3%1) 3$1 ) 7&3 3%1 ) 3%1 )
5RO0 * B5RO0 + 5ROO - 5RO0 , 5ROO -
(ISRVXUH 5+ f &
1XPEHU RI JUDPH ' )UDPH 'JUDPH 'YUDPH
H[SRVXUH )UDPH ')UDPH ')UDPH ')UDPH ')UDPH
GHQVLWLHV JUDPH ')UDPH  ')UDPH YUDPH
3URFHVVLQJ' PLQ DW f& ! PLQ DW f&

1RQ +DUGHQLQJ )L[HUDUGHQLQJ )L[HU PLQ DW f ¢
PLQ DW f &

'DVK PLQ DW f & :DVK PLQ DW f &
'U\LQJ 0% 0% 5+ fé&
OHDVXUHPHQWS3/ 13/ DQG
: KHUH D XQLIRUP ' FRQWURO H[SRVXUH ZDV PDGH WKH VWDQGD
XVHG ,Q WKH GXDO GHQVLW\ FDVH ' D 1 ' ILOWHU VWRS ZD)

RI WKH JODVV PDVWHU %\ IL[LQJ WKH ILOWHU WR WKH JODVV PDV\
WKH VDPH JULG SRVLWLRQV IRU HDFK H[SRVXUH HQDEOLQJ GLUH|
PDGH 7R SURYLGH WKUHH GLITHUHQW GHQVLWLHV D 1" VWR
EHLQJ WDSHG GLDJRQDOO\ VR DV WR GLYLGH WKH IRUPDW LQWR W
ZHUH FRQGXFWHG VR WKDW WKH VDPH WLPH H[SRVXUH FRXOG EH
H[SHULPHQWY ZHUH UHSHDWHG WR GHWHUPLQH ZHWKHU WKH UHYVX

+4JL3I0OHQ6486 FKDQJHV

'XH WR WKH VPDOO QXPEHU RI UHSHDW LPDJH PHDVXUHPHQWYVY PDG
DVVHVV WKH HIIHFW RI LPDJH GHQVLW\ RQ WKH UHODWLRQVKLS E}
HQYLURQPHQW UHODWLYH KXPLGLW\ 5HVXOWY DUH LOOXVWUDWHG
UDQJH RI VFDOH FKDQJH IRU DOO WUHDWPHQWY LV DERXW 7k
IRXQG IRU DOO PHDVXUHPHQWY PDGH RQ WKHVH ILOP W\SHV RYHU V
FRQVHTXHQWO\ QR D W\SLFDO VFDOH FKDQJHV FDQ EH LGHQWLILH¢
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“ 6FDOH [ WZR H[SRVXUH OHYHOMDOHWZR H[SRVXUH OHYHOV
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,QKRPRJHQHRXV FKDQJHV

JLIXUH VKRZV VRPH RI WKH YHFWRU ILHOGY DQG WKHLU DVVRFL
WKH WHVWYV FDUULHG RXW :KLOVW DUHDV RI VIVWHPDWLF GHIRUPL
DUH QR FOHDU YLVXDO VLPLODULWLHV EHWZHHQ WKHVH SDWWHUC
FRUUHODWLRQ LV HVSHFLDOO\ REYLRXV ZKHQ WKH XQLIRUPO\ H[SR
SURFHVVHG LQ WKH VDPH EDWEFK

7KH PHDQV RI WKH 506 SODWH UHVLGXDOV 7DEOH ZHUH FRPSDU
JRU DOO H[SRVXUH WUHDWPHQW VHWYV WKH PHDQV LQ [ RU LQ \ ZHL
XVHG LQGLFDWLQJ WKDW WKHUH ZHUH QR VLJQLILFDQW ORFDO Gl
FRPSDULVRQV FRQGXFWHG EHWZHHQ WKH IUDPHV RQ 7THFKQLFDO 3|
VDPH GDWD VHW GHPRQVWUDWHG WKDW WKH 506 UHVLGXDOV RQ
VPDOOHU SRVVLEO\ GXH WR LWV LQFUHDVHG UHVROYLQJ SRZHU 6

7TDEOH 506 UHVLGXDOV IURP H[SRVXUH YDULDWLRQ WL

7UHDWPHQW 506 UHVLGXDO [ 56 UHVLGXDO \ SP

([ 31) * + D D
(I 31) - D R
(I 31) , D R
(I 31) O - D R
([ 783 - D D

7 WHVWYV FRQGXFWHG ZLWK WKH SDLUHG [ \ GDWD IURP HDFK WU
PHDQV ZHUH QRW HTXDO DW $00 506 UHVLGXDOV LQ WKH \ GLUH
DUH VLJQLILFDQW GLIITHUHQFHV EHWZHHQ WKH [ DQG \ ORFDO G
GLVFUHSDQF\ LV SRVVLEO\ D SK\VLFDO ILOP GHIRUPDWLRQ HIIHFW
Rl WKH =.0 PHDVXULQJ HTXLSPHQW DW 13/ KDYH VKRZQ WKDW LWV
EHWWHU WKDQ WKDW LQ WKH \ GLUHFWLRQ 20GILHOG

6 XPPDU\ RI HISRVXUH XQLIRUPLW\ H[SHULPHQWYV

7KLV VHULHV RI H[SHULPHQWY KDV VKRZQ WKDW IRU WKH JULG GH
ORFDO GHIRUPDWLRQV FDXVHG E\ FKDQJHV LQ H[SRVXUH OHYHO FF
KDV KRZHYHU SRLQWHG WR VHYHUDO RSSRUWXQLWLHYV IRU IXUWKH !
WR DOORZ D OLQN WR EH PDGH EHWZHHQ PLFUR LPDJH GHQVLW\ YL
WDUJHW UHFRJQLWLRQ $ ORFDOLVHG DQDO\VLV XVLQJ PRLUp PH
SUHVHQFH RI GXVW WR EH HYDOXDWHG SRVVLEO\ SURYLGLQJ D S
UDQGRP GHIRUPDWLRQ YHFWRUV VHHQ LQ VRPH RI WKH YHFWRU S



B3URFHVVLQJ FRQGLWLRQV

$V PHQWLRQHG LQ VHFWLRQV DQG WKH HOHPHQWYV RI WKH
DV SRVVLEOH KHOG FRQVWDQW WR SURYLGH PDQXIDFWXUHUV U
SKRWRJUDSK\ 7KH IROORZLQJ YDULDWLRQV WKRVH H[SHFWHG W
GLPHQVLRQDO FKDQJH &KDSWHUV DQG ZHUH LQYHVWLJDWHG

D 'HYHORSHU YDULDWLRQ

7KH YDULDWLRQ RI GHYHORSPHQW IRU WRQDO FRQWURO HQ
PDWHULDO FKDUDFWHULVWLF FXUYH WR WKH VXEMHFW OXPLQI
LQ WKH GHYHORSHU VROXWLRQ GR QRW FDXVH DGYHUVH GLP
HITHFWYV RI YDU\LQJ GHYHORSHU IRUPXODWLRQ IRU 7HFKQLE
LQYHVWLIJDWHG IRU D UDQJH RI GHYHORSHUV ZKLFK PLJ
SKRWRJUDPPHWULF VXUYH\ SKRWRJUDSK\

E )L[HU IRUPXODWLRQ

7KHRUHWLFDOO\ 6HFWLRQ WKH DGGLWLRQ RI D KDUGHQL
LQFUHDVH WKH VWDELOLW\ RI WKH JHODWLQ HPXOVLRQ O
HQYLURQPHQWDO SDUDPHWHUV 7KH FRQWULEXWLRQ RI DQ LQ
LQ WKLV VHFWLRQ XVLQJ D UDQJH RI FHOOXORVH WULDFHWDW

F 'U\LQJ WHPSHUDWXUH

$FFRUGLQJ WR .RGDN E RYHUGU\LQJ SURGXFHV RQ UHFRC
7KH XVH RI D GU\LQJ FDELQHW DV RSSRVHG WR GU\LQJ WKH IL
LV LQYHVWLIJDWHG &RQGLWLRQLQJ WLPH DIWHU ZDVKLQJ LV D¢
FRQVLGHUDWLRQ ZKHQ PHDVXUHPHQW WXUQ DURXQG WLPH LV

9DULDWLRQ RI GHYHORSHU IRUPXODWLRQ

,Q FKDSWHU LW ZDV GHVFULEHG KRZ GHYHORSHU IRUPXODWLRQYV
VKDSH RI WKH QHJDWLYH PDWHULDO FKDUDFWHULVWLF FXUYH WR
RSWLPLVHG SKRWRJUDPPHWULF UHFRUGLQJ ,Q WKLV VHFWLRQ UF
LQ ZKLFK VRPH GLIIHUHQW GHYHORSLQJ VROXWLRQV ZHUH XVHG
SDUDPHWHUY DSSOLHG WR XQLIRUP JULG H[SRVXUHV PDGH RQWR 3



7TKUHH GHYHORSHU IRUPXODWLRQV ZHUH FKRVHQ IRU LQYHVWLJDW

D .RGDN ' D KLJK FRQWUDVW GHYHORSHU
E ,OIRUG ' D JHQHUDO SXUSRVH GHYHORSHU
F ,OlIRUG 3HUFHSWRO D ILQH JUDLQ GHYHORSHU

7DEOH 9DULDWLRQ Rl GHYHORSHU IRUPXODWLRC
7UHDWPHQW ([SHULPHQW 5ROO0V DQG
JLOP 31) 5RO0OV ' ( DQG ) 7&3 5RO0V + DQG ,
([SRVXUH 5+ 72
6WRFN' BHUFHSWRD SHUFHSWRO
PLQ DWPLQ DWE6WRFN PL®LQ DW6WRFN PLQ
SBURFHVVLQJ f & S & DW f & S & DW S &

1RQ +DUGHQLQJ )L[HU PLQ DW f &
‘DVK PLQ DW f &
"U\LQJ 0% 5+ DQG f &

OHDVXUHPHQW 13/

7HH UROOV RI 7THFKQLFDO 3DQ DQG 3DQ ) ILOPV ZHUH H[SRVHG ZLW
LQ WDEOH WKHQ SURFHVVHG VLPXOWDQHRXVO\ LQ VPDOO WD
PHWKRG 6LPXOWDQHRXV SURFHVVLQJ HQDEOHG SURFHVV IOXFWXD
WKH RQO\ YDULDEOH SDUDPHWHU 7KH VOLJKWO\ HOHYDWHG WHP!
WHPSHUDWXUH RI WKH 8QLYHUVLW\ FROG ZDWHU VXSSO\ GHYHC
UHGXFHG DFFRUGLQJ WR PDQXIDFWXUHUVY GDWD WDEOHV ,OIRUG

+RPRIJHQHRXVY GHIRUPDWLRQV

7KH KRPRIJHQHRXV VFDOH FKDQJHV FRPSXWHG IURP WKH PHDVXUHP

IRU 3DQ ) ILOP DQG ILIJXUH IRU 7THFKQLFDO 3DQ ILOP ,Q HDFK IL
FRQILGHQFH LQWHUYDOV DVVRFLDWHG ZLWK WKH VROLG OLQHI
, SHUFHSWRO DQG 3HUFHSWRO ' LQWHUYDOV RYHUODS D VPDOC
SRVLWLRQ RI WKH ' DQG ' UHJUHVVLRQ OLQHV DW KLJK UHODW
PDUJLQDO HIIHFW PD\ SRVVLEO\ EH DWWULEXWHG WR WKH SK\VLFD
IURP VHFWLRQ LW FRXOG EH H[SHFWHG WKDW D JUHDWHU SUR
RFFEXU ZLWK WKH ' IRUPXODWLRQ +RZHYHU WKH HIIHFW FRXOG

DFWXDO PRLVWXUH FRQWHQW RI WKH ILOP DQG WKH DPELHQW UHC
SUREH
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,QKRPRIJHQHRXYVY GHIRUPDWLRQV

OHDQ 506 UHVLGXDO GHIRUPDWLRQV IRU WKH VHWV RI PHDVXUHPH(¢
DJUHHPHQW ZLWK WKH LQYHVWLJDWLRQ FRPSDULQJ GHYHORSHU
GLIIHUHQFHV EHWZHHQ WKH VDPSOH PHDQV LI WKH [ DQG \ GLUHFW
SUREDEO\ GXH WR WKH PHDVXULQJ PDFKLQH D[LV SUHFLVLRQ GLVS
WKDQ WKRVH LQ PHDVXUHG LQ |

7TDEOH 506 UHVLGXDO GHIRUPDWLRQV IURP GYHORSHU
J)LOP '"HYHORSHWBO6 [ _LP 506 \ SP
31) ' D D
31) L D D
31) SHUFHSWRO D D
7 & 3 D D
7 & 3 BHUFHSWRO D M

$QDQRPDO\ 506 [ LV JUHDWHU WKDQ 506 \ LV SUHVHQW LQ WKH 5¢
3DQ ILOP SURFHVVHG LQ 3HUFHSWRO 7KLV GLVFUHSDQF\ FDQ KR
VRPH Rl WKH YHFWRU SORWYVY GHULYHG IURP FRQWULEXWRU\ LPDJH
LQ ILIJXUH H[KLELWV QRPLQDOO\ UDQGRP GHIRUPDWLRQV H[FF
GHIRUPDWLRQ SDWWHUQV ZHUH REVHUYHG DQG GLVFXVVHG LQ Vi
DWWULEXWHG WR FKDQJHV RI GHYHORSLQJ DJHQW

6 9DULDWLRQ RI IL[LQJ EDWK IRUPXODWLRQ

,Q FRPPRQ ZLWK GHYHORSHU IRUPXODWLRQ YDULDWLRQ RI IL[HU
GLVFXVVHG E\ SKRWRJUDPPHWULF ZRUNHUV LQYHVWLJDWLQJ ILOP
FRQGXFWHG RQ WKH DVVXPSWLRQ WKDW HQKDQFHPHQW RI PROHFX
UHGXFH LWV DELOLW\ WR DEVRUE ZDWHU DQG FRQVHTXHQWO\ UH\
'XI11LQ ,QFUHDVHG VWDELOLW\ FRXOG DOVR UHGXFH WKH PD.
WKH\ ZHUH FDXVHG E\ ORFDOLVHG IRUFHV ZLWKLQ WKH HPXOVLRQ

7ZR VHWV RI H[SHULPHQWY ZHUH FRQGXFWHG LQ WKLV LQYHVWLJL
WKH SKRWRJUDSKLF SURFHVYV ZDV PDLQWDLQHG E\ SURFHVVLQJ DO
ZHUH YDULHG E\ PL[LQJ XS WZR LGHQWLFDO VROXWLRQV EDVHG RC
+DUGHQHU WR RQH RI WKH EDWKYVY ,Q FRPPRQ ZLWK DOO H[SHULPHC(
HDFK WHVW WR HQVXUH WKDW VROXWLRQ DFWLYLW\ ZDV DW LWV F



6RPH FRQWDFW JULG H[SRVXUHV PDGH RQWR .RGDN 7HFKQLFDO 3D(

LQ ,OIRUG ,' RU 3HUFHSWRO
7&3 JUDPH + OHDVXUHPHQW 7&3 JUDPH + OHDVXUHPHQW
7&3 JUDPH OHDVXUHPHQW 7&3 JUDPH , OHDVXUHPHQW
SHUFHSWRO SHUFHSWRO

YLIXUH



7TDEOH GHWDLOV WKH SDUDPHWHUV DVVRFLDWHG ZLWK WKH S
WASHV XVHG

7DEOH 9DULDWLRQ RI IL[LQJ EDWK IRUPXODWL
7JUHDWPHQW ([SHULPHQW ([SHULPHQW
5RO0V DQG 5RO0V DQG
JLOP )3 5RO0 )3 5R00)3 5RO0 )3 5RO0 , 7&3
DQG 7&3 + DQG 7&37&3 5RO0 ) 5R00 ( DQG 31)
5RO0 & 5RO0 ' DQG 31) 5RO0 & G5R0O0 %
(ISRVXUH 5+ f& 5+ f &
, PLQ DW f& ! PLQ DW f&
BURFHVVLQJ
1RQ +DUGHQLQJLIRQ +DUGHQLODUGHQLQJ )L]
+DUGHQLQJ )LPLQ DW )L[ PLQ DW PLQ DW f &
PLQ DW f & f & f&
"U\LQJ 0% 5+ f& 0% 5+ f&
'D\V 'D\V
OHDVXUHPH QW 13/

+RPRIJHQRXV FKDQJHV

+RPRIJHQHRXYV VFDOH FKDQJHYVY GHULYHG IURP UHSHDWHG PHDVXUH!
RI WHVWY DUH VKRZQ LQ ILJXUH 7KLV VHULHYV RI LPDJHV RQ .|
)3 ILOPV ZHUH PHDVXUHG XVLQJ WKH &LW\ 8QLYHUVLW\ ,0$ LQ |
JULG DUUD\ (YDOXDWLQJ WKH UHVXOWY LW FDQ EH VHHQ WKDW Z
FKDQJH ZLWK UHODWLYH KXPLGLW\ UHODWLRQVKLS WKHUH DUH SR
7KHVH GHSDUWXUHV FDQ EH H[SODLQHG E\ WKH YDULDWLRQV LQ WK
RFFXUULQJ RYHU WKH SHULRG RI PHDVXUHPHQW D UDQJH RI w
EH QR GLUHFW OLQN ZLWK WHPSHUDWXUH WKH PHDVXUHPHQW HQY
f& RYHU D KRXU SHULRG VXFK WKDW WKH ILOP VDPSOHV PD\ QR
HQYLURQPHQWDO FRQGLWLRQV DV PHDVXUHG E\ WKH GLJLWDO SUF
IOXFWXDWLRQV ZRXOG EH HQKDQFHG E\ WKH PRLVWXUH DEVRUEWL
ILOP EDVH ZKLFK ,V NQRZQ WR FRQGLWLRQ PXFK PRUH VORZO\ WK

7KH SKRWRJUDSKLF ,PDJHV FRQVWLWXWLQJ WKH VHFRQG GDWD VHYV
VWDEOH 13/ PHDVXUHPHQW HQYLURQPHQW ,PPHGLDWHO\ DSSDUHQV
FKDQJH DJDLQVW PHDVXUHPHQW HQYLURQPHQW UHODWLYH KXPLGL\
OLQHDU QDWXUH RI WKH GDWD 'HSDUWXUHV GR H[LVW HVSHFLDOO
EXW LQ WKLV FDVH WKH GLVFUHSDQFLHY DUH ZLWKLQ WKH ubDQ
EHWZHHQ IUDPHVY DORQJ WKH OHQJWK RI WKH ILOP UROO +\VWHL
FROQOWULEXWH WR WKLV UDQJH +\WVWHUHVLYV LV VSHFLILFDOO\ GL
FROWULEXWH PLQRU FKDQJHV WR VFDOH SDUDPHWHUYV GHULYHG 11U
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,OIRUG )3 KDUGHQH@RUKDUGHQHU UROO *
6FDOH FKDQJH | 6FDOH FKDQJH \
T
(o4
(]
¥
LL
I
(@]
(a]
LL
©
BHODWLYH KXPLGLW\
.RGDN 7HFKQLFDO 3DQ KDUGHQHU ' QR KDUGHQ!
6FDOH FKDQJH 6FDOH FKDQJH \
T
lavl
(o4
(a]
X
LL
T
(@]
o
L
©
5HODWLYH KXPLGLW)\ 5HODWLYH KXPLGLW\
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6FDOH FKDQJH [ QR KDUGHRQHWHEDOH FKDQOHR KDUGHQHU
5HJUHVVLRQ OLQHV VWRIQLIGGHQFH GRWWHG
JLIXUH



HNXc(

7K HIIHFW RI XVLQJ KDUGHQLQJ DQG QRQ KDUGHQLQ
RQ WKH UHODWLRQVKLS EHWZHHQ VFDOH FKDQJH DQG
,OIRUG )3 KDUGHQHU UROO - QR KDUGHQHU
6FDOH FKDQJH | 6FDOH FKDQJH \
SHODWLYH KXPLGLW)\ SHODWLYH KXPLGLW)\
z 6FDOH FKDQJH | KDUGHQHWFDOH FXKD®DWGHQHU
‘* 6FDOH FKDQJH [ QR KDUBHGFHOH FKDQRHKDUGHQHU

5HIJUHVVLRQ OLQHV FRRAOLGHQFH

GRWWHG
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6FDOH

7KH HIIHFW RI XVLQJ
RQ WKH UHODWLRQVKLS

KDUGHQLQJ DQG QRAQ

EHWZHHQ VFDOH

,OIRUG 3DQ ) ILOP KDUGHQHU UROO
z 6FDOH FKDQJH [ KDUGWQGFRDOH FKDQJH
* 6FDOH FKDQJH [ QR KDUGHQHU R

SHJUHVVLRQ OLQHV VROLG

FKDQJH

DQG

2KkDUGHQLQJ I
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% QR KDUGHOQHU

\ KDUGHQHU
6FDOH FKDQJH \ (

FRQILGHOQFH

GRWW



HNXc1(

7KH HIIHFW RI XVLQJ KDUGHQLQJ DQG
UHODWLRQVKLS EHWZHHQ VFDOH
7HFKQLFDO 3DQ ILOP

QRQ KDUGHQLQJ IL[LQJ
FKDQJH DQG PHDVXUHPHQW UF
KDUGHQHU UROO ( QR KDUGHOQHU

SHODWLYH KXPLGLW)\ 5HODWLYH KXPLGLW\

z 6FDOH FKDXDHJGHQHU D 6FDOH FXD®®&DHIGHQHU

‘ 6FDOH FKDQJH [ QR KDRGHRHMAMH FKDQJH \ 1R KDUGHOQHU

SHIJUHVVLRQ OLQHVFRQIQIGGHQFH GRWWHG



YRWK ,0lRUG SURGXFWV GHPRQVWUDWH VLJQLILFDQW GLIIHUHQFHYV
WKH KDUGHQLQJ IL[ EDWK SURYLGLQJ WKH PLQLPXP VFDOH FKDQJH
FRQILGHQFH LQWHUYDO WKHUH DUH QR VLJQLILFDQW GLIIHUHQFH\
OLQHV 7KLV LQGLFDWHY WKDW WKH KDUGHQLQJ DFWLRQ LV LQIOXH
EXW QRW LWV VXEVHTXHQW UHVSRQVH WR FKDQJHV LQ WKH UHODW|

5HVXOWV RQ .RGDN 7THFKQLFDO 3DQ ILOP GHPRQVWUDWH WKDW WKH
D VLIQLILFDQW GLIIHUHQFH WR WKH VL]H RI LPDJHVY RQ WKLV ILOP
KDV EHHQ KDUGHQHG GXULQJ PDQXIDFWXUH WR D KLJKHU GHJUHH V
WKDW LW LQFRUSRUDWHY D VWDELOLVHG JHO HPXOVLRQ D WHUP
JUDSKLF DUWV SURGXFWYVY .RGDN D

,QKRPRJHQHRXV GHIRUPDWLRQYV

7KH PHDQ 506 UHVLGXDOV DQG WKHLU DVVRFLDWHG VWDQGDUG GH
PHDVXUHG GXULQJ WKHVH WZR H[SHULPHQWY DUH SUHVHQWHG LQ V
GUDZQ FRQFHUQLQJ WKH ,QIOXHQFH Rl WKH KDUGHQLQJ DJHQW IRL
,0$ WKH 506 UHVLGXDOV EHLQJ RI D VLPLODU RUGHU WR WKH SP
LQVWUXPHQW

$QDO\WLV RI WKH YHFWRU SORWY GHULYHG IURP WKHVH LPDJHV GR
HITHFWV DUH RFFXUULQJ HVSHFLDOO\ ZLWK WKH LPDJHV RQ 7HFKQ
DUH VKRZQ LQ ILJXUH +RZHYHU WKH PP JULG VSDFLQJ RC
PHDVXUHPHQW VHW DQ DWWHPSW WR LQFUHDVH WKH QXPEHU RI J
D JLYHQ WLPH KDV UHVXOWHG LQ D ORVV RI LQIRUPDWLRQ DQG
LQKRPRIJHQHRXVY GHIRUPDWLRQV W VKRXOG EH PHQWLRQHG WKDW
WR EH PDGH RQ WKH ,0$ WKH PDFKLQH EHLQJ UHMHFWHG LQ IDYRX
ZKLFK IRU WKLV ZRUN ZDV IDVWHU PRUH SUHFLVH DQG HDVLHU WR

3DLUHG W WHVWV ZHUH FDUULHG RXW RQ WKH PHDQ 506 GDWD IURTF
GHWHUPLQH LI WKH PDJQLWXGHV Rl WKH PHDQ GHIRUPDWLRQV RF
GLUHFWLRQV ZHUH VLJQLILFDQWO\ GLIIHUHQW :KLOVW WKH GLIIHUF
UROO , DQG WKH 7HFKQLFDO 3DQ ILOPV ZHUH LQVLJQLILFDQW
GHIRUPDWLRQV LQ [ ZKLFK ZHUH VLJQLILFDQWO\ VPDOOHU WKDQ
DWWULEXWHG WR WKH GLIIHUHQFHV EHWZHHQ WKH [ DQG \ UHSHDW
ZKHUH WKH YDULDWLRQ EHWZHHQ IUDPHV LV VPDOO ,Q WKH FDVH R
WKH 7HFKQLFDO 3DQ ILOPV WKH ODUJH VSUHDG FDXVHG E\ WKH
VLIQLILFDQWO\ JUHDWHU WKDQ WKH FRQWULEXWLRQ IURP WKH =.0



7TDEOH OHDQ 506 UHVLGXDO GHIRUPDWLRQV IURP KDUGH

YLOP JLILQJ EDWKO6 [ QP 506 \ SP
)3 * 1R +DUGHQHU D
)3 + +DUGHQHU D D
7&3 & 1R +DUGHQHU D D
7&3 ' +DUGHQHU D
)3 , 1R +DUGHQHU D
)3 - +DUGHQHU D R
31) & 1R +DUGHQHU D
31) % +DUGHQHU D D
7&3 ) 1R +DUGHQHU D R
7&3 ( +DUGHQHU D

7KH ORFDO GHIRUPDWLRQ SDWWHUQV VHHQ RQ VRPH RI WKH 7HFKH
PHQWLRQHG LQ HDUOLHU GLVFXVVLRQV 7KH JURVV LPDJH GHIRUI
FRQILQHG WR RQH IUDPH ZKLFK ZDV PHDVXUHG WZLFH )LJ

GHIRUPDWLRQV RQ VRPH RI WKH )3 JULG LPDJHV ZKLFK DUH VI
PDJQLWXGH WR WKRVH RQ 7THFKQLFDO 3DQ H[DPSOHV DUH , DQG
QRWH WKDW WKH PDMRULW\ RI LPDJHY GHPRQVWUDWLQJ ORFDO V!
VHW DUH WKH XQKDUGHQHG IUDPHV RQ )3 DQG 7HFKQLFDO 3DQ IL

7R SURYLGH D ODUJHU GDWD VHW WKH GDWD IURP DOO LPDJH PHE
WR VHH LI WKHUH ZDV DQ\ GLIIHUHQFH EHWZHHQ WKH LQVWDQFH
KDUGHQHG DQG QRQ KDUGHQHG LPDJHV 7KH HYDOXDWLRQ ZDV PDC
SORWVY DVVRFLDWHG ZLWK LPDJHV RQ 7HFKQLFDO 3DQ 3DQ ) DQG

RXW RI RI WKH KDUGHQHG LPDJHV H[KLELWHG FOHDUO\ L
GHIRUPDWLRQ ZKLOVW LQ WKH FDVH RI WKH QRQ KDUGHQHG LPD
GHIRUPDWLRQV $ KDUGHQLQJ IL[LQJ VROXWLRQ GRHVQIW WKHUHI!I

7 WHVWVY FRPSDULQJ WKH PHDQ 506 GHIRUPDWLRQV EHWZHHQ WKH
LQ [ DQG VXEVHTXHQWO\ LQ \ VKRZ VLJQLILFDQW GLIIHUHQFHV 1
FRQFOXGHG WKDW ORFDOLVHG GHIRUPDWLRQV DUH PDUJLQDOO\ O
ILIDWLRQ






$J 'U\LQJ WHPSHUDWXUH DQG UHODWLYH KXPLGLW)\

7KH RYHUVL]HG QDWXUH RI QHJDWLYHV FDXVHG E\ RYHUGU\LQJ D
$GHOVWHOQ HW DO .RGDN E 7KH SXUSRVH RI WKLV LQ
GHIRUPDWLRQ WHVW FRQGXFWHG ZDV WR HYDOXDWH WKH HIIHFW
VFDOH FKDQJHVY DQG ORFDO GHIRUPDWLRQV $OVR LQYHVWLIDWH
EHWZHHQ SURFHVVLQJ DQG PHDVXUHPHQW WR GHWHUPLQH ,I WKH!
WKH DFTXLVLWLRQ RI GDWD ,PPHGLDWHO\ DIWHU SURFHVVLQJ

7ZR ILOP W\ASHV ZHUH LQYHVWLJDWHG ,OIRUG )3 PP ILOP RQ SR
FHOOXORVH WULDFHWDWH ILOP EDVH &RQWDFW JULG LPDJHV ZHU
LQ WDEOH 7R DOORZ GU\LQJ YDULDWLRQ DQG WR HOLPLQDWH Y
UROO ZDV FXW LQWR WZR VWULSV RI WKUHH IUDPHV DIWHU ZDVK
PHDVXUHPHQW URRP RU LQ D WKHUPRVWDWLFDOO\ FRQWUROOHG ¢
EHIRUH PHDVXUHPHQW ZDV FRQGXFWHG 7KH DPELHQW FRQGLWI
PHDVXUHG ZLWK WKH GLJLWDO WKHUPR K\ JURPHWHU 7KH H[SHU

SURFHVV HQYLURQPHQWDO GLIIHUHQFH RI 5+ DQG f &
7DEOH 9DULDWLRQ RI GU\LQJ HQYLURQPHQW
7UHDWPHQW (ISHULPHQW 5RO0V DQG
JLOP )3 5RO0 ( )3 PP 5RO0 $
([SRVXUH 5+ f&
BURFHVVLQJ . PLQ f&

+DUGHQLQJ )L[ PLQ DW f &

:DVK PLQ DW f &

"U\LQJ YUDPHYV JUDPHV YJUDPHV JUDPHYV
0% 5+ 'U\LQJ &DELQEBW 5+ 'U\LQJ &DELQHW

f & 5+ f & 5+

KRXUV f & KRXUV f &

OHDVXUHPHQW ,0$ DQG

6\VWHPDWLF YDULDWLRQV

7KH UHVXOWY IURP WKH PHDVXUHPHQW VHTXHQFHY DUH SUHVHQW|
ILIXUH IRU WKH SRO\HVWHU EDVHG )3 ILOP ,Q ERWK FDVHV IU
LQ WKH PHDVXUHPHQW HQYLURQPHQW ZKLOVW IUDPH KDV EHHQ
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7ZR KRXUV DIWHU ZDVKLQJ IUDPH ZDV IRXQG WR EH ODUJHU WKI
GLIIHUHQWLDO ZDV WR EH H[SHFWHG EHFDXVH IUDPH KDV EHHQ FR
DQG ZLOO FRQVHTXHQWO\ FRQWDLQ PRUH PRLVWXUH 7KH UHODWL
WKH FRQGLWLRQLQJ WLPH LQ WKH PHDVXUHPHQW HQYLURQPHQW L

. WKH OLQHDULW)\ Rl SUHYLRXV UHVXOWV PDGH XQGHU VLPLODU F
WKH PD[LPXP IUDPH WR IUDPH VFDOH FKDQJH IOXFWXDWLRQV D
WHPSHUDWXUH DUH RI WKH RUGHU RI IRU WULDFHWDWH EDVHG
LQ WKH ,0$ HQYLURQPHQW GLG QRW IOXFWXDWH E\ PRUH WKDQ ]
RQ )3 GHPRQVWUDWH FOHDU GHSDUWXUHVY IURP OLQHDULW\ DW K
DIWHU ZDVKLQJ 7KH VLJQLILFDQFH RI WKHVH GHSDUWXUHV ZKLFK
GHJUHH E\ YDULDWLRQ RI WKH GU\LQJ HQYLURQPHQW LV WKDW FH
HTXLOLEUDWHG ZLWK WKH PHDVXUHPHQW HQYLURQPHQW XQWLO D\

7KH HIIHFW RI FKDQJLQJ WR D SRO\HVWHU EDVH LV VHHQ LQ ILJ
SDUDPHWHUVY DQG SRVW SURFHVV KRPRJHQHRXV GLPHQVLRQDO F
PDJQLWXGH VPDOOHU $JDLQ WKHVH UHVXOWY DUH SUHGLFWDEOH
RI WKH WZR EDVH PDWHULDOV DUH WDNHQ LQWR DFFRXQW G6HFWLE

/IRFDO GHIRUPDWLRQV

7KHVH JULG LPDJH PHDVXUHPHQWY IRUPLQJ WKLY GDWD VHW ZHUH F
ORFDO GHIRUPDWLRQ SDWWHUQY DUH OLNHO\ WR EH RI WKH RUGH!

DQG
7DEOH 'U\LQJ HQYLURQPHQW 506 UHVLGXDO GHIRUPTL
JLOP 'U\LQJ 506 [ SP 506 \ SP
)3 0% D D
)3 &DELQHW D D
)3 PP ,0% D D
)3 PP &DELQHW D D

7KH VWDQGDUG GHYLDWLRQV RI WKH PHDQ 506 UHVLGXDOV LQGLFD'
WKRVH SURGXFHG LQ VHFWLRQ DUH SUHVHQW *LYHQ WKH Ol
DQ DQDO\VLV Rl WKH YHFWRU SORWV SURGXFHG $SSHQGL[ $ FDQ
FKDQJHV RFFXUULQJ ZKLOVW WKH ILOP FRQGLWLRQV LPPHGLDWHO\
WKH PDJQLWXGH RI WKH JOREDO GLPHQVLRQDO FKDQJHV RFFXUULQ
SUREDEOH WKDW DQ\ PHDVXUHPHQWY FDUULHG RXW RQ FHOOXOR



WIILFLHQWO\ GULHG ZLOO UHVXOW LQ LQFUHDVHG ORFDO GLPHQV
PHDVXUHPHQW

6LQFH H[SRVXUH DQG SURFHVVLQJ RI WKH ILOPV XVHG LQ WKLV DQI
LW zZzDV LPSUDFWLFDO WR FDUU\ RXW D PRUH H[KDXVWLYH SRVYV
PHDVXUHPHQW HTXLSPHQW EDVHG DW 13/

6 XPPDU\ RI GHIRUPDWLRQV GXH WR FKDQJHV LQ SURFH

7KH YDULDWLRQ RI GHYHORSHU IRUPXODWLRQ KDV QRW JLYHQ UL\
SODQH GHIRUPDWLRQV SURGXFHG WKHUHIRUH GHYHORSPHQW WR(
PDWFK WKH QHJDWLYH PDWHULDO FKDUDFWHULVWLF FXUYH WR WK

7KH DGGLWLRQ RI LQRUJDQLF KDUGHQLQJ DJHQW KDV UHVXOWHG L
,OIRUG )3 DQG 3DQ ) ILOPV ,Q WKH FDVH Rl .RGDN 7HFKQLFDO 3
SUREDEO\ LQGLFDWLQJ WKDW WKLV ILOP LV KDUGHQHG GXULQJ P
,OIRUG SURGXFWV $ PDUJLQDO GHFUHDVH LQ WKH PDJQLWXGH R
KDUGHQHG LPDJHV EXW WKH XVH RI LQRUJDQLF KDUGHQHU GRH:
VIVWHPDWLF GHIRUPDWLRQV IRXQG LQ VRPH LPDJHV RQ FHOOXOR)

:KLOVW WKH EHQHILWY RI D KDUGHQLQJ IL[LQJ DJHQW DUH PDUJLQ
VR LW FDQ EH FRQVLGHUHG DV D VWDQGDUG FRQVWLWXHQW IRU
SKRWRJUDPPHWU\

OXFK PRUH VLJQLILFDQW LV WKH FRQGLWLRQLQJ WLPH EHWZHHQ F
ILOPV RQ FHOOXORVH WULDFHWDWH EDVH UHTXLULQJ DW OHDVW R
HQYLURQPHQW 7KH HIIHFW LV OHVV SURQRXQFHG IRU ILOPV RQ S
PRLVWXUH DEVRUEWLRQ RI WKH EDVH PDWHULDO 6HFWLRQ
SKRWRJUDPPHWULF VXUYH\V ZKLFK UHTXLUH PHDVXUHPHQW RI L
SKRWRJUDSK\ SRO\HVWHU EDVHG ILOPV VKRXOG EH XVHG ,W PXV\
LQ WKH VHOHFWLRQ RI D VXLWDEOH SRO\HVWHU EDVHG ILOP LV W
EDVH PDWHULDO LQ VPDOO IRUPDW VL]HV

&KDQJHV RFFXUULQJ ZLWK VWRUDJH LQFOXGLQJ K\WVWHUHVL

7KH DLP RI WKLV LQYHVWLJDWLRQ ZDV WR DVVHVV WKH PDJQLWXGH
LQ WKH 13/ PHDVXUHPHQW HQYLURQPHQW 7KLV W\SH RI DQDO\VL
WHPSHUDWXUH FDUHIXOO\ FRQWUROOHG EXW WKH WHPSHUDWXUH |
FRQWLQXRXVO\ PRQLWRUHG E\ D FKDUW UHFRUGHU



7K H[SHULPHQW LQYROYHG FRQWLQXLQJ WR UH PHDVXUH VRPH RI |
VHFRQG KDUGHQLQJ IL[ LOYHVWLJDWLRQ 6HFWLRQ RYHU D¢
UHODWLYH KXPLGLW\ Rl WKH HQYLURQPHQW IOXFWXDWHG

7TDEOH OHDVXUHPHQW WLPHY DQG HQYLURQPHQWDO

(SRFK 'DWH OHDQ 5+ OHDQ f&

+RPRIJHQHRXV YDULDWLRQV ZLWK VWRUDJH

J)LIXUH LV GHULYHG IURP WKH FKDUW UHFRUGHU GDWD 6HYHUL
UHFRUGHG GDWD DQG WKH SUREH UHDGLQJY PDGH DW WKH WLPH
WUDQVIRUPHG DV GHVFULEHG EHORZ WR DOORZ IRU WKH YDULRXYV

5HODWLYH KXRHGEMDUW UHFRUGHU UHVSRQVH ZDV IRXQG WR EH V(<
RI UHODWLYH KXPLGLW\ ZKHQ FRPSDUHG ZLWK RXWSXW IURP WKH
EHHQ FRUUHFWHG RQ WKH JUDSK VLQFH DOO LPDJH PHDVXUHPHQ\
UDQJH DQG WKH FKDUW RXWSXW ZLOO RQO\ EH XVHG WR DVVHVV W
RI KXPLGLW\ FKDQJH 7KH VHFWLRQ RI WKH WUDFH VLWXDWHG EHW
WK -XO\ DW DERXW UHSUHVHQWY UHODWLYH KXPLGLW\ UHDGL:
UDQJH

THPSHUDWXUWHDPELHQW WHPSHUDWXUH WUDFH KDV EHHQ VKLIWHG )
ZLWK WKH GLJLWDO SUREH UHDGLQJV $JDLQ WKLV GRHV QRW LQI
FKDQJHY DUH LQYROYHG 7KH VHFWLRQ RI WUDFH RQ VW -XO\ DQC
RI WKH WHPSHUDWXUH FRQWURO VA\VWHP DQG WKH FKDUW KDV JRC

$00 VL[ IUDPHV XVHG LQ WKLV LQYHVWLJIJDWLRQ KDYH XQGHUJRQH
RI WKH DGGLWLRQ RI KDUGHQLQJ DJHQW 2Q HDFK JUDSK )LJV
OLQHV GRWWHG IRU WKH \ D[LV KDYH EHHQ FRPSXWHG DQG GUDZ(
WKDW LQ DLO FDVHV PHDVXUHPHQW ILYH KDV EHHQ H[FOXGHG IURP
ZKLOVW WKH WHPSHUDWXUH ZDV XQFRQWUROOHG D f& ULVH



( QYLURQPHQWDO YDULDWLRQ RI 13/
PHDVXUHPHQW URRP
WK -XO\ WR QG $XJIXVW

$PELHQW UHODWLYH KXPLGLW\

$PELHQW WHPSHUDWXUH

Y)LIXUH
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6FDOH FKDQJH

6FDOH

) 3

z

BROLG OLQH

FKDQJH DJDLQVW PHDVXUHPHQW HQYLURQPHQW
IRU UHSHDWHG PHDVXUHPHQWY RI WZR JULG ,P
yUD P H ) 3 YUDPH -
1R2KDUGHQHU +DUGHQHU
6FDOH FKDQJH [ * B6FDOH FKDQJH \

UHJUHVVRMRWYH G OLQH UHJUHVVLRQ \



HNXc(

6FOH FKDQJH DJDLQVW PHDVXUHPHQW HQYLURQPHQW

IRU UHSHDWHG PHDVXUHPHQWY RI WZR JULG

3$1 ) JUDPH & 3$1 ) JUDPH %
1R2KDUGHQHU +DUGHQHU

SHODWLYH KXPLGLW\

z 6FDOH FKIDQJH ‘* 6FDOH FKDQJH

6ROLG OLQH

UHJUHVWRMRWHGE OLQH UHJUHVVLRQ \

L F



HNXc1(

6FDOH FKDQJH DJDLQVW PHDVXUHPHQW HQYLURQPHQW

IRU UHSHDWHG PHDVXUHPHQWYVY RI WZR JULG ,P

7THFKQLFDO 3DQ JUDPHHEFEKQLFDO 3DQ

JUDPH (
1R 2KDUGHQHU

+DUGHQHU

z 6FDOH FKDQJH [ ‘* 6FDOH FKDQJH

6ROLG OLQH UHJUHVRWRVH G OLQH UHJUHVVLRQ \



6LQFH WKH GDWD DUH YHU\ UHJXODU LW LV SRVVLEOH WR VXPPDUL
DOO FDVHV ZKLOVW WHPSHUDWXUH ZDV FRQWUROOHG WKH UHVXC
,QGLFDWLYH RI WKH PDJQLWXGH RI DQ\ K\ VWHUHVLYV HIIHFW LV WK
HSRFKYV DQG 2YHU WKLV SHULRG WKH UHODWLYH KXPLGLW\ KD
EDFN GRZQ WR DQG WKHQ EDFN WR DURXQG WKH W ZDV RUL
FKDQJHVY WKH GLIITHUHQFHY EHWZHHQ VFDOH FKDQJHV GHULYHG IU
UHPDUNDEO\ VPDOO LQ PRVW FDVHV )LJV DQG ,Q IDFW
PDJQLWXGH DV WKRVH SURGXFHG GXULQJ H[SHULPHQWYV FRQGXFW
EDVHG JUDSKLF DUWYV ILOPV .RGDN E 60LIJKWO\ ODUJHU GLVFU
yLJ 7KHVH GLIIHUHQFHYVY FDQ SUREDEO\ EH DWWULEXWHG WR
IUDPHVY ZHUH PDGH ZLWKLQ KDOI DQ KRXU RI VZLWFKLQJ RQ WKH =
IRXQG WKDW WKH GLJLWDO SUREH DSSHDUHG WR UHTXLUH DERXW \
RQ DQG WKHUHIRUH ZDV QRW ,PPHGLDWHO\ UHSUHVHQWDWLYH RI V

ORUH FRQIXVLQJ , VvV WKDW PHDVXUHPHQW PDGH DW LQFUHDVHG WH
,Q VL]H IDU JUHDWHU WKDQ WKDW H[SHFWHG IURP WKH GURS ,Q UH
LQFUHDVH ,Q WHPSHUDWXUH ZRXOG EH H[SHFWHG WR FRQWULEXWF
OLNHO\ FDXVH RI WKHVH FRQVLVWHQW UHVXOWV ,V WKDW WKH P
WHPSHUDWXUH VHQVLWLYH WR WKH RUGHU RI SHU f&

&KDQJHV LQ ORFDO GHIRUPDWLRQV ZLWK VWRUDJH

7TDEOH GHWDLOV WKH 506 UHVLGXDO GHIRUPDWLRQ IRU HDFK IUD
VKRZQ LV WKH VWDQGDUG HUURU DVVRFLDWHG ZLWK HDFK VHW RI !
UHVLGXDO YDULDELOLW\

7DEOH 506 UHVLGXDOV SP IRU LQGLYLGXDO JULG L

YLOP JLIHU 506 D
)3 1R [SP
+DUGHQHIEG P
)3 - +DUGHQHSP
\SP
31) % +DUGHQHBSP
\SP
31) & 1R [SP

+DUGHQHUSP

783 ( +DUGHQHBSP
\SP

7&3 ) 1R [SP
+DUGHQHUSP



&RQWDFW JULG H[SRVXUHV PDGH RQWR .RGDN 7HFKQLFDO 3DQ
WKH =.0 RYHU ILYH HSRFKYV

JUDPH ) OHDVXUHPHQW JUDPH ) OHDVXUHPHQW

JUDPH ) OHDVXUHPHQW JUDPH ) OHDVXUHPHQW

JUDPH ) OHDVXUHPHQW

YLIXUH



fTKHHIITHFW RI PHDVXUHPHQW HQYL
UHODWLYH KXPLGLW\ RQ WKH PHDQ

IRU WZR ,PDJHV RQ .RGDN 7HFKQLFI

506 UHVLGWOPD O

SHODWLYH KXPLGLW\

)LIXUH



W FDQ EH VHHQ WKDW IRU HDFK IUDPH DW DOO HSRFKV WKH VWD
JHQHUDOO\ RI WKH RUGHU R SP 7KH H[FHSWLRQ LV 7THFKQLFDO
ORFDO GHIRUPDWLRQ SDWWHUQV )LJXUH VKRZV WKH ILYH YHF'
VHW 7KH SORWV VKRZ WKDW ZKLOVW WKH GLUHFWLRQ RI WUHQGYV
RFFXU DV WKH UHODWLYH KXPLGLW\ RI WKH PHDVXUHPHQW HQYLU

, WKH PHDQ 506 UHVLGXDOV IURP WKH 7&3 ) LPDJH GDWD DUH SC
FOHDU WUHQG FDQ EH VHHQ LQ WKH [ GLUHFWLRQ )LJ 7TKH PL
LQ WKH [ GLUHFWLRQ LQFUHDVHYVY ZLWK UHODWLYH KXPLGLW\ 7KH
KRPRIJHQHRXVO\ GHIRUPHG LPDJHV SUREDEO\ EHFDXVH LQ WKHVH
GLITHUHQFHY EHWZHHQ UHVLGXDOV DUH GXH WR PHDVXUHPHQW HU

6XPPDU\ RI LQYHVWLIJDWLRQV LQWR WKH SUHVHQFH RI |

:KLOVW VOLJKW FKDQJHV GR RFFXU ZLWK YDULDWLRQV LQ WKH P
SUHVHQWHG HYLGHQFH FRQILUPYVY WKH SUHVHQFH RI K\VWHUHVLV H
RFFXUULQJ ZKLOVW VLPLODU LQ PDJQLWXGH WR WKRVH UHSRUWH
LQVLIQLILFDQW ZKHQ WKH WRWDO VL]H FKDQJH ZLWK UHODWLYH
FRQVLGHUHG

,Q WKH SKRWRJUDPPHWULF VLWXDWLRQ LW PXVW EH UHPHPEHUHG
FRUUHFWHG SURYLGLQJ GHIRUPDWLRQV DUH KRPRJHQHRXV E\ W
FDOLEUDWHG FDPHUD UHIHUHQFH PDUNV 7KLV PHDQV WKDW ZKLC
LPSRUWDQW WKH\ FDQ HDVLO\ EH UHPRYHG

,W DSSHDUV WKDW IRU LPDJHV H[KLELWLQJ IHZ VIVWHPDWLF ORFDO
506 PHDVXUHPHQW OLPLW LPSRVHG E\ WKH ILOP LPDJH TXDOLW\

PHDVXUHPHQW HQYLURQPHQW UHODWLYH KXPLGLW\ JLYHQ FRQVW
VLIQLILFDQW EHFDXVH LW PHDQV WKDW IRU DOO EXW WKH KLJKHVW
PHDVXUHG RQFH DQG LWV FRUUHFWLRQ FDQ WKHQ EH DSSOLHG DI
PHDVXUHPHQWY PDGH RQ WKDW LPDJH

6XPPDU\ Rl LQ SODQH H[SHULPHQWDWLRQ

7KH PRVW VWULNLQJ FRQFOXVLRQV IURP WKLV DQDO\VLY DUH WKH
VPDOO IRUPDW ILOP SURGXFWV HVSHFLDOO\ ZKHQ LW LV FRQVLGH
SLFWRULDO SKRWRJUDSK\ QRW GLPHQVLRQDO VWDELOLW\ O0DQ\ FI
8QLYHUVLW\ ,0$ DQG 13/ =.0 PHDVXUHPHQW PDFKLQHVY DQG HQ)
GXULQJ WKH FRXUVH RI WKLV GLVEFXVVLRQ $QDO\VLV Rl WKH LQ S
WKH ,0$ DQG LWV ORRVHO\ FRQWUROOHG HQYLURQPHQW DUH QR\
SRVVLEOH SUHFLVLRQ RXW Rl VPDOO IRUPDW ILOP SURGXFWV 7



PHDVXUHPHQW HVSHFLDOO\ RQ FHOOXORVH WULDFHWDWH EDVHV
PHDVXUHPHQW

7KH ,Q SODQH H[SHULPHQWY FRQGXFWHG XVLQJ WKH =.0 KDYH VKF
WKH SUHFLVLRQ ZLWK ZKLFK WKH PHDVXULQJ PDUN LV SODFHG RC
WKH KLJK PDJQLILFDWLRQV DYDLODEOH ZLWK WKH =.0 VIVWHP SR
RQ LPDJH TXDOLW\ DVSHFWV DQG ,Q FDPHUD ,PDJH PDJQLILFDWLR

'XULQJ WKH HYDOXDWLRQ RI WKH RSHUDWLRQDO IDFWRUV VHYHU
EHHQ GLVWLQJXLVKHG )RUHPRVW LV WKDW GLPHQVLRQDO VWDEL
SURFHVVLQJ UHJLPH XVHG DV ORQJ DV PDQXIDFWXUHUV JXLGHOL
UHSURGXFWLRQ FRQWURO FDQ EH IXOO\ H[SORLWHG ZLWKRXW ULV
FROQWURO ZKLFK FDQ SURGXFH D SRVLWLYH HIITHFW RQ WKH SRLQV
WKH SUHFLVLRQ RI WKH SKRWRJUDPPHWUOF VXUYH\

+DQGOLQJ Rl WKH ILOP PDWHULDO ,V SUREDEO\ WKH PDMRU FDXVH
EXW WKLV LV HDVLHU WR DYRLG ,Q SUDFWLFH E\ D VWDQGDUGLVD\
JULG VLWXDWLRQ WKH ILOP KDG WR EH KDQGOHG IUDPH E\ IUDPH
PDWHULDO QHHG EH WRXFKHG ZKHQ ORDGLQJ WKH ILOP *HQHUDC
DQG ILOP DQG FKHPLFDO EDWFKHV WKURXJKRXW WKH SKRWRJUDF
DYRLGLQJ LQFRQVLVWHQW DQG LQKRPRJHQHRXV GLPHQVLRQDO Fl

7KH FRQGLWLRQLQJ ,QWHUYDO EHWZHHQ SURFHVVLQJ DQG PHDVXU
WR HQVXUH GHIRUPDWLRQDO FRQVLVWHQF\ IRU ILOPV RQ FHOO}
QHFHVVDU\ IRU ILOPV RQ SRO\HVWHU EDVH +RZHYHU WKH OLPLWH}
WKLV EDVH PHDQV WKDW PRVW VPDOO IRUPDW VXUYH\V ZLOO XVH



QYHVWLIDWLRQV LQFOXGLQJ RXW RI SODQH GHIRUPDWLRQ

7KLY FKDSWHU VHWV RXW WR LQYHVWLIJDWH WKH PDJQLWXGHV DQC
WKUHH SULPDU\ DLPV

D 7R H[DPLQH WKH SUHVHQFH RI RXW Rl SODQH GHIRUPDWLRQ\
W\SHVY WDNLQJ LQWR DFFRXQW WKH H[WHQW RI LQ SODQH GH

E 7R LQYHVWLIJDWH WKH HIIHFWLYHQHVYVY RI WKH UHVHDX FRUU
LQ WHUPV RI WKHLU HIITHFW RQ WKH REMHFW VSDFH FRRU

F 7R LQYHVWLIJDWH WKH HIIHFWV RI ILOP GHIRUPDWLRQ E\ VLP

7KH ILUVW DLP FDQ EH DFKLHYHG E\ H[SRVLQJ GLIIHUHQW ILOPV L
GHIRUPDWLRQV FRPSXWHG E\ FRPSDULQJ WKH PHDVXUHPHQWYV RI
FDOLEUDWLRQ YDOXHV FDQ WKHQ EH H[DPLQHG

7KH HIIHFWLYHQHVV RI ILOP GHIRUPD WLRQ FRUUHFWLRQ PHWKRGV
SKRWRJUDPPHWULF VXUYH\ RI DQ DUUD\ Rl WDUJHWV ZLWK NQRZQ ;
SRVLWLRQV DV HVWLPDWHG E\ WKH SKRWRJUDPPHWULF DGMXVWP
NQRZQ SRVLWLRQV DOORZLQJ DQ\ GLIIHUHQFHV LQ SRVLWLRQ LQW
WR EH DVVHVVHG 7KH NH\ SUREOHP DVVRFLDWHG ZLWK WKLV PH\
FRRUGLQDWHY DW D JUHDWHU OHYHO RI SUHFLVLRQ WKDQ WKRVH
DGMXVWPHQW IHDWXULQJ ILOP GHIRUPDWLRQ FRUUHFWLRQV 7KLV
LQ VHFWLRQ

$VVHVVPHQW RI WKH FRQWULEXWLRQV PDGH E\ ILOP GHIRUPDWL
SKRWRJUDPPHWULF VXUYH\ DSSOLFDWLRQ UHTXLUHV FRQWURO SRL(
DQG FKHFEN SRLQWYV IRU ZKLFK WKH ; <= REMHFW VSDFH FRRUGLQL
VXFK LQ WKH SKRWRJUDPPHWULF DGMXVWPHQW 7KH WKLUG REMHF
E\ XVLQJ D VXEVHW RI WKH LPDJH PHDVXUHPHQWY PDGH RI WKH
H[SHULPHQW EXW DGRSWLQJ GLIITHUHQW SURFHVVLQJ SURFHGXUH\
DQDO\WVLV RI WKH SRWHQWLDO RI WKH HQYLVDJHG ILOP GHIRUPDWLR
VXUYH\V FRXOG EH PDGH

,Q FDPHUD H[SRVXUH PHWKRG

*LYHQ PLQLPDO LQ SODQH GHIRUPDWLRQ RXW RI SODQH GHIRUPDW!I
JRRG VRXUFH RI GDWD FDQ EH SURYLGHG E\ UHVHDX LPDJHV SURG
FRQGLWLRQV DQG SURFHVVHG XVLQJ WKH VWDQGDUG UHJLPH GHYH

&



([SHULPHQWY ZHUH FDUULHG RXW XVLQJ D UDQJH RI DQG ILOI
FDPHUD OHQV FRQH 7KH LQYHVWLJDWLRQ DLP EHLQJ WR H[DPLQH "
LQ WKH GHIRUPDWLRQV RFFXUULQJ EHWZHHQ LQGLYLGXDO IUDPHYV

ORGLILFDWLRQ RI WKH +DVVHOEODG 6:& FDPHUD

$YDLODELOLW\ RI D VXLWDEOH UHVHDX HTXLSSHG FDPHUD IRU WKI

XVHG LQ WKH LQLWLDO LQYHVWLIJDWLRQ FRXOG EH KLUHG EXW
ERG\ 6HFWLRQ PHDQW WKDW DQ\ ILOP XQIODWQHVV FRXOG (
PHDVXUHPHQW $ UHVHDX HTXLSSHG FDPHUD FRXOG KDYH EHHQ K
PDQXIDFWXUHUV EXW VLQFH WKHUH ZDV D FRPPHUFLDO UHTXLUHP|
VXUYH\ FDPHUD LW ZDV GHFLGHG WR PRGLI\ DQ H[LVWLQJ QRQ PH\

7KH FDPHUD FKRVHQ IRU PRGLILFDWLRQ zZzDV D +DVVHOEODG 6:& Wi
FDPHUD LQFRUSRUDWHG WKH H[FHOOHQW =HLVV PP %LRJRQ OHQ
SURYLGHG QRW RQO\ HIFHOOHQW RSWLFDO TXDOLW\ EXW DOVR WK
GLDJRQDO QHFHVVDU\ IRU WKH FORVH UDQJH SURMHFWY HQYLVDJ}
DQG 5REVRQ LQFOXGHG WKH DGGLWLRQ RI D SRLQW UHVHDX J
KHOLFRLG RI WKH PP %LRJRQ OHQV DW D PHWHU IRFXV VHWWLQ

7ZR UHVHDX SODWHVY ZHUH RUGHUHG IURP *UDWLEXOHV /LPLWHG
VSHFLILFDWLRQ EDVHG RQ WKH FRQFOXVLRQV FRQFHUQLQJ WKH 5
LQ FKDSWHU

7DEOH 5HVHDX VSHFLILFDWLRQ

6 XEVWUDWH
*ODVV %
PP E\' PP E\ PP

3DWWHUQ
&RRUGLQDWH FURVVHV
. < SLWFK PP PP

/LQH OHQJWK PP
/ILQH ZLGWK WR PP

%HIRUH FDOLEUDWLRQ XVLQJ WKH =.0 WKH IODWQHVV DQG SDUDO!
FKHFENHG XVLQJ WKH =\JR LQWHUIHURPHWHU DW 13/ (DFK UHVHDX S
FRUQHUV WR HQDEOH LW WR EH ILWWHG RQWR D IUDPH ZKLFK KDG |
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JLIXUH 5HVHDX SODWH SDUDOOHOLVP DQG XQIODWQHVV EHIR

&DOLEUDWLRQ PHDVXUHPHQWY ZHUH FDUULHG RXW E\ PDNLQJ WKUH
WR HDFK RI WKH UHVHDX FURVV ORFDWLRQV DW D ; PDJQLILF
SURFHVVHG XVLQJ SURJUDP 67(& D SODQH FRRUGLQDWH WUDQVIRUF
IRXU FRUQHU UHVHDX FURVVHVY 7KH VWDQGDUG GHYLDWLRQV DVVRI
DOVR FRPSXWHG DW WKLV WLPH ,Q FRPPRQ ZLWK WKH PHDVXUHPH
PLFURVFRSH WKURXJKRXW FKDSWHU WKH UHSHDWDELOLW\ LQ [ Z

7TDEOH 6WDQGDUG GHYLDWLRQV RI FDOLEUDWHG UHVH
3O0ODWH 506 D[SP 506 D\SP
SHVHDX
SHVHDX

ORXQWLQJ RI D SODWH LQWR WKH FDPHUD ZDV FDUULHG RXW E\ GDE
SODWH FRUQHUV WKH SODWH WKHQ EHLQJ ILWWHG LQWR WKH FDPH
XVLQJ DQ DXWRFROOLPDWRU 2QFH WKH UHVLQ KDG VHW PRUH UH
WKH JODVVY DQG WKH PHWDO IUDPH WR SURYLGH D VWURQJ EXW IC
IOH[LEOH ERQG ZRXOG SUHYHQW VRPH RI WKH GLVWRUWLRQV WKDW
UHVHDX 7KH UHVHDX PRGLILFDWLRQ ZDV FRPSOHWHG E\ FOHDQLQJ
WKHQ E\ SDLQWLQJ WKH PHWDO IUDPH DWWDFKHG WR WKH FDPHUD

2QFH ILWWLQJ ZDV FRPSOHWH WKH IODWQHVY RI WKH UHDU VXUIDFH
XVLQJ WKH =\JR LQWHUIHURPHWHU )LJ $vV FDQ EH VHHQ IURP \
WKH XQIODWQHVYVY RI UHVHDX SODWH RQH EHIRUH DQG DIWHU PRXQ\

$GGLQJ WKH UHVHDX JODVV WR WKH RSWLFDO V\VWHP LQYDOLGDWH
IRU WKH %LRJRQ OHQV 7R VHOHFW D SUDFWLFDO VHWWLQJ IRU WKI



DQ@UUD\ RI UHVROXWLRQ WHVW WDUJHWYV )LJ ZHUH VHW XS DC
3DQ ILOP 7KH WDUJHW DUUD\ ZDV DUUDQJHG VXFK WKDW HDFK |
OLQH SDLUV ZKLFK ZRXOG EH LPDJHG E\ WKH PP OHQV DW QRPLQD
OLQH SDLU $V VXFK LW FRYHUHG PRVW RI WKH WKHRUHWLFDO GH
%LRIJRQ OHQV ZKHQ IRFXVHG DW P DQG VHW DW LWV PLQLPXP DSt
FRQIXVLRQ SP LQ GLDPHWHU ([SRVXUHV ZHUH PDGH DW IRFXV

PHWHUV XVLQJ HDFK DYDLODEOH OHQV DSHUWXUH 7KH SURFHVVHG
EH YLVXDOO\ DVVHVVHG XQGHU WKH ; PDIJQLILFDWLRQ DYDLODEC
DVVHVVPHQW RI WKH OLQH EORFN FRUUHVSRQGLQJ WR , PP FR
GHILQHG DV GLVWLQFW LI DOO OLQHV LQ WKH EORFN FRXOG EH VHF
XVDEOH REMHFW GLVWDQFH LV SUHVHQWHG LQ WDEOH

7TDEOH 5HVROXWLRQ WHVW UHVXOWYV

JRFXVHGQ 1R 1HDUHWWUWKHVW
GLVWDQFH GLVWL@GHAWWLQFW
WDUJHWDUJHW

| P P
P
W I P P
I
I P P
P
W I P P
I P P
I P P
P
[W I P P
I P ! P
I P P
P !
W ! P ' P J)LXUH $ VFDQQHG LPDJH RI D U
I = | P WHVW WDUJHW

7DNLQJ LQWR DFFRXQW WKDW PRVW REMHFWY IRU SKRWRJUDPPL!
SKRWRJUDSKHG ZLWKLQ WKH VXEMHFW GLVWDQFH UDQJH RI P WE
DIRFXV VHWWLQJ FRUUHVSRQGLQJ WR D VXEMHFW GLVWDQFH RI P
EH XVHG WR GHWHUPLQH WKH PD[LPXP XVDEOH DSHUWXUH IRU DQ\

7KH GHVLJQ DQG VXEVHTXHQW PRGLILFDWLRQV WR WKLV FDPHUD
ZKLFK FRXOG EH DGGHG WKH YDULDEOHV RI ILOP W\SH ILOP EDFN D
WLPH WKH ILQDO FDOLEUDWHG FDPHUD ZRXOG SURYLGH D V\VWHP

&



SKRWRJUDPPHWULF VXUYH\V

,Q FDPHUD ODERUDWRU\ H[SRVXUH PHWKRG

,Q FKDSWHU ILOP SURFHVVLQJ ZDV VWDQGDUGLVHG WR PLQLPLVE

UHVXOWY LQWR DFFRXQW WKH ODERUDWRU\ PHWKRG ZDV GHVLJQF
SURFHVVHG UROOV RI UHVHDX LPDJHV ZKLFK FRXOG WKHQ EH HI[D

6LQFH &LW\ 8QLYHUVLW\ RZQHG RQO\ RQH ROG +DVVHOEODG FDPHI
D FDPHUD EDFN ZHUH KLUHG IURP /HHGV 3KRWR +LUH 7KHV
REVHUYDWLRQV WR EH PDGH FRQFHUQLQJ QRW RQO\ DQG IL o
EHWZHHQ WKH WZR EDFNV

7KH XVH Rl VHYHUDO GLIIHUHQW ILOP EDFNV FDXVHG SUREOHPV E}
GHVLJQ RI WKH FDPHUD ZDV RI DQ ROG GHVLJQ SURYLGLQJ DQ XQX
SODWH VHSDUDWLRQ 7KH ILUVW VHW RI GDWD FDSWXUHG B6HFWLRC
+DVVHOEODG FDPHUD +6 ZKLOVW VXEVHTXHQW WHVWV LQFOXGHF
XVHG WKH VHFRQG PRGLILFDWLRQ +6 7KH VHFRQG PRGLILFDWLR
ZKLOVW XVLQJ ILOP EDFN % FDXVHG WKH ILUVW UHVHDX SODWH
PRXQWLQJ D QHZ UHVHDX SODWH XVLQJ OHVV UHVLQ EHWZHHQ WK
LQFUHDVLQJ WKH VHSDUDWLRQ EHWZHHQ WKH SUHVVXUH SODWH Dt

$FFRUGLQJ WR WKH VWDQGDUG SURFHGXUHYV GHYLVHG LQ FKDSWH!I
DQG ILOPVY WR EH HYDOXDWHG ZHUH UHPRYHG IURP WKH IUHH]H
UHVSHFWLYH FDPHUD EDFNV )JURP WKLV SRLQW WKH DPELHQW ODE
PRQLWRUHG XVLQJ WKH 7UDFH L WKHUPR K\ JURPHWHU

7KH LQ SODQH H[SHULPHQWV &KDSWHU ZHUH LQFRQFOXVLYH DV
GHIRUPDWLRQ 6WDQGDUGLVHG H[SRVXUH ZDV WKHUHIRUH QHFHVVI
RQ GHIRUPDWLRQV FDXVHG E\ RXW RI SODQH GHIRUPDWLRQ 7R D
IRUPDW DUHD DQG FRQVHTXHQWO\ FRQVLVWHQW UHVHDX LPDJHV H
REMHFWLYH SODFHG RQ D OLJKW WDEOH ([SRVXUH ZDV FDUULEF
FRPELQDWLRQ DW D WLPH XVLQJ D VHTXHQFH ZKHUHE\ WKH ILOP Z
DQ H[SRVXUH PDGH WKH ILOP ZRXQG RQ DQG VR RQ XQWLO WKH U
ZDV DVVXPHG WKDW WKLV FRQVLVWHQW F\FOH ZRXOG VWDQGDUGLV
HIITHFWV RFFXUULQJ EHWZHHQ IUDPHV &DUPDQ DQG ODUWLQ

$V VRRQ DIWHU H[SRVXUH DV SUDFWLFDEOH WKH ILOPV ZHUH SURFI
WDQNVY DFFRUGLQJ WR WKH UHJLPH GHYHORSHG IURP WKH LQ
PHDVXUHPHQWY ZHUH WKHQ PDGH XVLQJ WKH =.0 PHDVXULQJ PLFUR
WKH WDEOH



7TDEOH ([SHULPHQWDO SDUDPHWHUV IRU ILOPV H[SRVHG

)LOP &DPHUD ([SRVHG BURFHVVHG OHDVXUHG
%DFN
5+ & 7LPH 'DWH 5+ &
783 $ $ '"HYHORSHU
PLQ DW &
783 % $
7&3 % % 6WRS
.RGDN ,QGLFDWRU
7&3 % % 6WRS VHF
)3 $ YL[HU
,OIRUG +\SDP ZLWK
,OIRUG 5DSLG
)3 +DUGHQHU PLQ
)3 :DVK PLQ

5HVXOWVY DQG DQDO\VLV RI H[SHULPHQWYV LQFOXGLQJ RXW R

$00 UHVHDX LPDJH PHDVXUHPHQWYVY ZHUH SURFHVVHG XVLQJ WKH
FRPPRQ WR DOO ,Q SODQH H[SHULPHQWY $ UHSUHVHQWDWLYH V
DVVRFLDWHG ZLWK HDFK Rl WKH ILOP FDPHUD EDFN FRPELQDWL
VLPSOLFLW\ WKH UHVXOWYV ZLOO EH GLVFXVVHG LQ WZR JURXSV G
GLVFXVVLRQ DUH ILOPV H[SRVHG LQ WKH VDPH FDPHUD IOOP EDF
SKRWRJUDSK\ 7DEOH

+RORWHVW ( PP ILOP H[SRVHG LQ +6

7KH ILUVW UROO RI ILOP H[SRVHG ,Q WKH PRGLILHG +DVVHOEODG |
( ILOP XVHG GXULQJ WKH WHVW ILHOG SKRWRJUDSK\ 7DEOH
WR EH XVHG DV RSSRVHG WR WKH IDVWHU ( XVHG IRU WKH ,Q S
W\SH DYDLODEOH ZKLFK KDG WKH HGJH SHUIRUDWLRQV UHTXLUHG
ZDV H[SRVHG LQ WKH ILUVW PRGLILFDWLRQ RI WKH FDPHUD +6

7DEOH 506 UHVLGXDOV IRU $JID +RORWHVW ( PP )
JLOP 506 [ QP 506 \ QP
5RO 0 D R
7EOH VKRZV WKH PHDQ 506 YDOXHVY DQG WKHLU DVVRFLDWHG VW

RQ WKH VWULS RI ILOP 9HFWRU SORWV GLVSOD\LQJ W\SLFDO GHI



$00 FRQWDFW JULG ,PDJHV SURGXFHG RQ +RORWHVW ILOP H[KLELYV
SP 506 VR LW PXVW EH FRQFOXGHG WKDW PRVW RI WKH GHIRUP
GHIRUPDWLRQV SUHVHQW DW H[SRVXUH

([SRVXUHV PDGH XVLQJ WKH PRGLILHG +DVVHOEODG 6:& &

RQWR $JID +RORWHVW ( PP )LOP
PP %DFN B5ROO0O JUDPH PP %DFN B5ROO JUDPH
B ? ? 7 2 9 ;; )
20 LW A ?2 7?2 7?7
A ? 7?2 2?2 Z A ? 7 7 ?
A A ?2 w U A ? 1le
21t W u
L ? 6 a 1 B - A 6 kb
B No 9 ? A Vv I Y a
A O 9 7?2 1 v , O 7?2 72
\ I A Z ?
YLXUH

506 5SHVLGXDOV DIWHU $IILQH 7UDQVIRUPDWLRQ DW 5HVHDX |}

IRU $JID +RORWHVW ( PP ILOP H[SRVHG LQ +6
506 SHVLGXDOV ;FFP 506 5HVLGXROW
7 U
g B,
.H &
32 ovlig
é 4
TEG
Q" 3
]
FG FG
4 Z
&G FG
MBEBEBBBBBBBBBBBB
JUDPH 1XPEHU YJUDPH 1XPEHU
"~ $*)$ +RORWHVW PP ILOP ([SRVHG DW 7HVW )LHOG
YLIXUH



W ZDV PHQWLRQHG LQ VHFWLRQ WKDW WKH UHVHDX JODVV
FRQVLVWHQW RYHU WKH IRUPDW DUHD JLYLQJ ULVH WR LQFUHDVH
PRGLILFDWLRQ 7KLV SK\VWLFDO HIIHFW ZRXOG DJUHH QRW RQO\ Z
GLUHFWLRQ )LJ EXW DOVR ZLWK WKH GHIRUPDWLRQ SDWWHUQ
YHFWRUVY HVSHFLDOO\ WKRVH LQ WKH ERWWRP OHIW KDQG FRUQH
VXUIDFHY DQG WKH UHJLVWHU JODVYVY DQG SUHVVXUH SODWH

:KLOVW WKHUH DUH VRPH YDULDWLRQV LQ WKH 506 UHVLGXDOV EHW
WKH SULPDU\ LPDJH GHIRUPDWLRQ SDWWHUQV REVHUYHG DORQJ W
W\SLFDO ZLWK WKH H[DPSOHV SUHVHQWHG LQ ILJXUH 'XH WR W
HDV\ WR GUDZ DQ\ FRQFOXVLRQV FRQFHUQLQJ WKH SK\VLFDO FDXYV
XQIODWQHVYV GLIIHUHQFHV DUH D SRVVLEOH FDXVH

.RGDN 7HFKQLFDO 3DQ LQ +6

7KLV GLVFXVVLRQ GUDZV XSRQ UHVXOWV IURP WKH WZR UROOV R
LQ WKH ODERUDWRU\ LQ HDFK RI WKH FDPHUD EDFNV 7DEOH D
ILOP H[SRVHG GXULQJ WKH WHVW ILHOG SKRWRJUDSK\ 7DEOH
GHIRUPDWLRQ SDWWHUQV DIWHU DIILQH WUDQVIRUPDWLRQ HQFR>
LV SUHVHQWHG LQ WKH XSSHU IRXU YHFWRU SORWV RI ILIXUH I
DUH VKRZQ LQ $SSHQGL[ % ,Q DGGLWLRQ 7DEOH VKRZV WKH 51
VWDQGDUG GHYLDWLRQV FRPSXWHG IURP GLIIHUHQFHV EHWZHHQ
FURVVHV DIWHU DIILQH WUDQVIRUPDWLRQ DQG WKHLU FDOLEUDWHG

7DEOH 506 UHVLGXDOV IRU 7THFKQLFDO 3DQ UROOV DQG L
%DFN $ %DFN %
)LOP
506 [ SP 506 \ QP 506 [ MLP 506 \ MLP
5R0O0 R R R
5R0OO0 R R R
5R0O0 R R R R
5R0OO0 R R

LQFOXGHYVY UROO %DFN $ IUDPH
JURP WKHVH GDWD LW FDQ EH VHHQ WKDW WKHUH DUH GLVWLQFW (
PDIJQLWXGH RI WKH GHIRUPDWLRQV DVVRFLDWHG ZLWK HDFK FDPHUI
E\ FRQVLGHULQJ WKH SK\VLFDO GLIIHUHQFHYV EHWZHHQ WKH FDP
ZDV RI DQ ROGHU GHVLJQ KDYLQJ D WKLQQHU SUHVVXUH SODWH WK
EH FRQFOXGHG WKDW WKH GLIITHUHQFHY LQ WKH GHIRUPDWLRQ SDYV
VHSDUDWLRQ EHWZHHQ WKH UHVHDX SODWH DQG ILOP IODWWHQLQJ



([SRVXUHV PDGH XVLQJ WKH PRGLILHG +DVVHOEODG 6:&

RQWR .RGDN 7HFKQLFDO 3DQ YLOP
WFN $ 5ROO YUDPH %DFN $ 5ROO YUDPH
%DFN % 5ROO YUDPH %DFN % 5ROO YUDPH



$ VPDOOHU FOHDUDQFH EHWZHHQ SUHVVXUH SODWH DQG UHVHDX
JUHDWHU IODWWHQLQJ IRUFH :KLOVW IODWWHQLQJ SUHVVXUH L)\
GHVLJQ RI WKH +DVVHOEODG SUHVVXUH SODWH PHDQV WKDW WKLYV
RQ FDXVLQJ H[FHVV IULFWLRQ ZKLFK PD\ KDYH JLYHQ ULVH WR Wt
DOO IUDPHV H[SRVHG LQ FDPHUD EDFN % 7KH SUREOHP KDV EHHC
PRGLILFDWLRQ EHFDXVH DOWKRXJK WKH SODWH ZDV DOLJQHG SDL
EH RUWKRJRQDO WR WKH RSWLFDO D[LV WKH ILOP GLG WHQG WR F
SODWH LQGLFDWLQJ WKDW LW ZDV VOLJKWO\ RXW RI DOLJQPHQW .

.| VLPLODU GHIRUPDWLRQ SDWWHUQV DUH IRXQG WR EH SUHVHQ\
FRUUHFWLRQV FRXOG SRWHQWLDOO\ EH DSSOLHG JOREDOO\ WR DC
,W KDV DOUHDG\ EHHQ VKRZQ WKDW YLVXDO UHVHPEODQFHV H[LVW
LQ WKH VDPH FDPHUD EDFN EXW WKH VWDQGDUG GHYLDWLRQV D
FRPSOHWH VHW RI IUDPHV 7DEOH GR QRW SURYLGH D FRPSUHK
WUHQGVY LW LV QHFHVVDU\ WR FRQVLGHU WKH 506 UHVLGXDOV D\
FROQMXQFWLRQ ZLWK WKH IUDPHV SRVLWLRQ DORQJ WKH OHQJWK

&RQVLGHULQJ ILIXUHV DQG WZR IUDPHV H[KLELW DW\SLFDO
HI[SRVHG LQ EDFN $ DQG IUDPH IURP ILOP H[SRVHG LQ EDFN
DVVRFLDWHG ZLWK WKHVH WZR IUDPHVY DUH VKRZQ LQ WKH ERWW
IUDPH IURP EDFN $ H[SRVHG GXULQJ WKH WHVW ILHOG SKRWRJUDS|
EHFDXVH WKH FOLSV DWWDFKLQJ WKH ILOP EDFN WR WKH FDP
SKRWRJUDSK\ 7KH GHIRUPDWLRQV H[KLELWHG E\ WKH IUDPH H[SR
ZRUN ZHUH KRZHYHU XQH[SHFWHG 7KH RQO\ SODXVLEOH H[SODC
FDWFKHVY HVSHFLDOO\ DV WKH YHFWRU SDWWHUQV ZHUH VLPLODU
ZRXOG KDYH EHHQ UHFWLILHG GXULQJ ILOP ZLQG RQ EHFDXVH Wi
FDPHUD EDFN GRZQ RQWR WKH OLJKW WDEOH GXULQJ WKLV SURFHC
WR ZHDU Rl WKH FOLSV RQ WKH FDPHUD ERG\ DQG FRQVHTXHQWO\

2QFH WKHVH DQRPDORXV IUDPHVY DUH GLVUHJDUGHG WKH 506 UHVL!
THFKQLFDO 3DQ ILOP GR QRW DSSHDU WR VKRZ DQ\ PDMRU V\VYV
UROO 7KH UROOV H[SRVHG GXULQJ WKH WHVW ILHOG SKRWRJUD
VA\VWHPDWLF WUHQGY EHWZHHQ JURXSV Rl IUDPHV VLQFH WKH\ .
SURYLGLQJ GLIIHULQJ SUH H[SRVXUH FRQGLWLRQLQJ WLPHV 1R V¢
DOWKRXJK LW FRXOG EH DUJXHG WKDW WKH FKDQJHV IURP IUDPH
OHQJWK RI WKH UROOV RI| ILOP H[SRVHG DW WKH WHVW ILHOG 6 XF
WHPSHUDWXUH DQG KLJK KXPLGLW\ SUHVHQW GXULQJ WKH WHVW IL
WKDW H[SRVXUHV ZHUH QRW PDGH DW UHJXODU LQWHUYDOYV



506 5HVLGXDOV $LWHU $IILQH 7UDQVIRUPDWLRQ DW 5HVHDX ,PLC
IRU DOO 5RO0V RI .RGDN 7HFKQLFDO 3DQ JLOP ([SRVHG LQ

506 SHVLGXDOV < P
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7HFKQLFDO 3DQ )([BRV$G DW 7HVW )LHOG

)LIXUH

506 5SHVLGXDOV $IWHU $IILQH 7UDQVIRUPDWLRQ DW 5HVHDX ,PD

IRU DOO 5R0O0V RI .RGDN 7HFKQLFDO 3DQ YLOP ([SRVHG LQ

506 5HVLGXDO®V 506 SHVLG XDV

JUDPH 1XPEHU JUDPH 1XPEHU

, THFKQLFDO 3DQ )LOP ,% ([SRVHG LQ /DERUDWRU\
L 7HFKQLFDO 3DQ )LOP % ([SRVHG LQ /DERUDWRU\
7HFKQLFDO 3DQ )LOP % ([SRVHG DW 7HVW )LHOG
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,OIRUG )3

8VLQJ EDFN $ IURP VHFWLRQ DQG DQ DGGLWLRQDO ILOF
IRU ,OIRUG )3 DQG ILOPV ZHUH FRPSDUHG :LWK WKH H[FHS\
OHIW SORWV WKH YHFWRU SORWV LQ ILIJXUH UHSUHVHQW W\SL

GLIIHUHQW ILOP EDFNV DQG WKLFNQHVV RI ILOP KDYH EHHQ XVHG \
GHPRQVWUDWH VLJQLILFDQW UHJLRQV RI VLPLODU SDWWHUQ 7KLYV
GHSHQGDQW RQ WKH WKLFNQHVV RI WKH ILOP DQG EDFNLQJ SDSHU
EHWZHHQ HDFK ILOP EDFN SUHVVXUH SODWH DQG WKH UHVHDX JOI

7DEOH 506 UHVLGXDOV IRU )3 DQG UROOV DQ
%DFN $ %DF N
506 [ MLP 506 \ QP 506 [ MLP 506 \ QP
5R0OO0 R R R R
5R00 R R
5R0OO0 R R

'LWK WKH H[FHSWLRQ RI IUDPH URLO WKH LPDJHV RQ ,0IRUG )
IOXFWXDWLRQV EHWZHHQ IUDPHY DORQJ WKH OHQJWK RI WKH UROC(
DW\SLFDO IUDPH FRXOG EH GXH WR ORRVH FDWFKHV EXW WKLV OL
GHIRUPDWLRQ SDWWHUQ LV GLIITHUHQW IURP WKRVH REVHUYHG HD!
WKH H[SHULPHQW

7KH LPDJHV RQ ,0IRUG )3 ILOP SURGXFH 506 UHVLGXDOV RI D VL
JLYHQ E\ WKH LPDJHV RQ )3 ILOP +RZHYHU VLJQLILFDQW WUHQ{
UROO RI ILOP H[SRVHG GXULQJ WKH WHVW ILHOG SKRWRJUDSK\
YDOXHV IURP IUDPH RQZDUGY HVSHFLDOO\ LQ WKH [ GLUHFWLF
SK\WLFDO SURFHVV XVLQJ WKH DYDLODEOH GDWD 3RVVLEOH FDX\
FRQQHFWHG WR WKH ORZ WHPSHUDWXUH DQG KLJK UHODWLYH K:
DEVHQFH RI D EDFNLQJ SDSHU ZLWK ILOP PD\ EH D SULPDU\ IDFW
HQRXJK FRQGLWLRQLQJ WR RFFXU WR VLJQLILFDQWO\ FKDQJH W
VHFRQGO\ IRUFHY SURGXFHG GXULQJ ILOP ZLQG RQ ZLOO EH FDUU

6\WWHPDWLF IOXFWXDWLRQV LQ WKH 506 GDWD FDQ EH LGHQWLIL
H[SRVHG ILOPV 3DWWHUQV DUH SUHGRPLQDQW LQ WKH \ GLUHFWLR
$JDLQ WKH GDWD GR QRW DOORZ DQ\ FRQWULEXWRU\ IDFWRUV WR
GDWD FRXOG QRW EH DQDO\]HG LQ WKLV ZD\ WKHUH RQO\ EHLQJ \
WKDW WKLV W\SH RI WUHQG LV JUHDWHVW ,Q WKH )3 DQG $JID +|
DJJUDYDWHG E\ WKHVH FDPHUD EDFNV RU WKDW WKH DEVHQFH RI

&



([SRVXUHV PDGH XVLQJ WKH PRGLILHG +DVVHOEODG 6:&
RQWR ,0IRUG )3 DQG JLOPV

)3 %DFN $ B5RLO JUDPH )3 %DFN $ 5ROO YUDPH



506 5HVLGXDOV $IWHU $1ILQH 7UDQVIRUPDWLRQ DW 5HVHDX

IRU DOO 5ROO0OV RI ,0IRUG )3 JLOP ([SRVHG LQ % D F N
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506 5HVLGXDOV $IWHU $IILQH 7UDQVIRUPDWLRQ DW 5HVHDX ,PDJH
IRU DOO 5ROOV RI ,/)RUG )3 JLOP ([SRVHG LQ WKH %DFN
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YLIXUH



6XPPDU\ RI LQ FDPHUD GHIRUPDWLRQV

7KH PDLQ FRQFOXVLRQ ZKLFK FDQ EH GUDZQ IURP WKLV H[HUFLVH
SDUWLFXODU FDPHUD DUH DOPRVW DQ RUGHU RI PDJQLWXGH JUFL
IDFWRUV

'LVWLQFW GLIITHUHQFHY KDYH EHHQ IRXQG EHWZHHQ GLIIHUHQW FD|
WR WKH FRQFOXVLRQ WKDW WKH JDS EHWZHHQ WKH SUHVVXUH SOI
VHOHFWHG DFFRUGLQJ WR WKH ILOP DQG EDFNLQJ SDSHU WKLFNQ
RQO\ EH VWDWHG IRU WKH +DVVHOEODG VW\OH RI FDPHUD EDFN GH
SODWH DV RSSRVHG WR WKH UHWUDFWDEOH SODWH XVHG LQ FDP

6LQFH WKH JDS EHWZHHQ SUHVVXUH SODWH DQG UHJLVWHU JODV\
UHWUDFWDEOH SODWH ZRXOG SURYLGH VLIJQLILFDQW DGYDQWDJHYV
RQ DQG LW ZRXOG SHUPLW D YDULHW\ RI ILOP WKLFNQHVVHV WR
7KH HQYLVDJHG LPSURYHPHQW LV QRW VHHQ LQ WKH 5ROOHL OHWU
WKLV VI\VWHP SUREDEO\ EHFDXVH WKH XQIODW UHVHDX RI WKH ¢
DGYDQWDJHV $QRWKHU PRUH FRVWO\ DOWHUQDWLYH LV WKH YDF>
3%$06 9/ FDPHUD ZKLFK KDV EHHQ XVHG WR SURGXFH VRPH H[FHO

JXUWKHU FRPPHQWY FRQFHUQLQJ LQ FDPHUD GHIRUPDWLRQV PXVYV
+DVVHOEODG FDPHUD GHVLJQ DQG WKH PRGLILFDWLRQV FDUULHG F
GHIRUPDWLRQ SDWWHUQV SURGXFHG XVLQJ GLITHUHQW ILOP W\SH)
Rl1 D ILOP GHIRUPDWLRQ FRUUHFWLRQ SURFHGXUH EDVHG RQ PHDQ
WR HDFK FDPHUD DQG ILOP FRPELQDWLRQ 7KH HIIHFWLYHQHVV RI
YDULDWLRQ RFFXUULQJ EHWZHHQ LPDJHV PHDVXUHG RQ DQ\ JLYHC
WUHQGYVY LQ WKH PDJQLWXGH RI ILOP GHIRUPDWLRQ DORQJ WKH O
SUHVHQW WRR OLPLWHG WR GHWHUPLQH WKH SK\VWLFDO FDXVHV D¢

$ ILQDO FRPPHQW DW WKLV VWDJH FRQFHUQV WKH HQJLQHHULQJ S
FDPHUD PRGLILFDWLRQV VRPH Rl ZKLFK KDYH FOHDUO\ LQWURGXI
FRXOG EH DYRLGHG E\ PRXQWLQJ WKH UHVHDX SODWH SDUDOOHO
DFFRUGDQFH ZLWK WKH IURQW ILOWHU PRXQW ,Q D QHZ FDPHUD W
PRXQW VKRXOG EH SDUDOOHO EXW LQ WKLV FDVH WKH GLIIHUHQFF
FRQGLWLRQ RI WKH PRGLILHG FDPHUD +RZHYHU IRU WKH SULFH
H[SHFW LGHDO SHUIRUPDQFH LQ IDFW WKH WR QP 506 GHIRUPD'
ORZ



SUDFWLFDO WHVW ILHOG HYDOXDWLRQ

7KH REMHFWLYHV RI WKLV VHFWLRQ DUH WKUHHIROG WR ORRN DW
WR HYDOXDWH WKH H[SOLFLW ILOP GHIRUPDWLRQ PRGHOOLQJ PHW
WKH SKRWRJUDPPHWULF SRVVLELOLWLHVY RI PHWULF VHPL PHWUL!

7KH EDVLV Rl WKH H[SHULPHQWDO PHWKRG ZDV WR SKRWRJUDSK D
SURGXFHG DQG WKHQ WR UHODWH WKH PHDVXUHG LPDJH SRVLWLI
FDOLEUDWLQJ EXQGOH DGMXVWPHQW 6HFWLRQ *LYHQ WKH LF
PRGHO 6HFWLRQ FRXOG EH YDULHG WR LQFOXGH DGGLWL
GHIRUPDWLRQ FRUUHFWLRQV ZLWK WKH REMHFW RI HQKDQFLQJ V
5HVXOWY RI WKH YDULRXY DGMXVWPHQWY FRXOG WKHQ EH DVVHVVFH
PRGHO 6HFWLRQ ,Q WKLV ZD\ HPSOR\LQJ FDUHIXO GHVLJQ
VDPH GDWD FRXOG EH XVHG WR HYDOXDWH QRW RQO\ WKH DERYH V
PRGLILHG +DVVHOEODG FDPHUD IRU YDULRXV SKRWRJUDPPHWULF
VXUYH\V GHIRUPDWLRQ PRQLWRULQJ DQG HQJLQHHULQJ SURMHFW

7THVW ILHOG GHVLJQ DQG VXUYH\

%HIRUH GHVLJQLQJ DQ\ SKRWRJUDPPHWULF QHWZRUN LW LV C
VSHFLILFDWLRQV ZKLFK GHVFULEH QRW RQO\ WKH SUHFLVLRQ RI W
EXW DOVR WKH SUHFLVLRQ RI WKH SDUDPHWHUV WR EH HVWLPDWH
WR DSSDUHQW VKDSH FKDQJHV LQ WKH REMHFW VSDFH ZKLOVW
HVWLPDWLRQ RI WKH SDUDPHWHUYV GHVFULELQJ WKH JHRPHWULF S

$Q LQLWLDO ZRUNLQJ YDOXH WR EH DWWDLQHG E\ WKH VWDQGDUG
FRRUGLQDWHY ZDV VHW DW PP VLQFH WKLV UHSUHVHQWHG D UH
ZDV EH\RQG WKH WR PP ZKLFK FRXOG EH DFKLHYHG RYHU D VPL
BUHOLPLQDU\ VWDQGDUG GHYLDWLRQV RI VRPH RI WKH LQWHULRI
LQFOXGHG LQ WKH DGMXVWPHQW WR PRGHO OHQV GLVWRUWLRQ
GHYLDWLRQ TXRWHG E\ WKH PDMRU PDQXIDFWXUHUV LQ WKHLU FDO

'"HVLJQ RI WKH WHVW ILHOG DUUD\ FDQ EH ORJLFDOO\ FDUULHG RYX
UHTXLUHPHQWY RI WKH H[SHULPHQW JURXSHG DFFRUGLQJ WR WKH

GLVFXVVHG LQ 6HFWLRQ $OWKRXJK HDFK VWDJH FDQ EH «

LQ WKLV FDVH GXH WR WKH DEVHQFH RI DQ\ LQWHJUDWHG QF
HYDOXDWHG DQG ZLOO EH GLVFXVVHG LQ JHQHUDO WHUPV RXWOLQ
FRQVLGHUDWLRQV FDQ WKHQ WDNHQ LQWR DFFRXQW GXULQJ WKH
EHIRUH D EXQGOH DGMXVWPHQW XVLQJ SVHXGR GDWD EDVHG RQ W

&



REMHFW VSDFH DQG FDPHUD V\VWHPV LV FRPSXWHG

=HUR 2UGHU GHVLJQ 'DWXP

7KLY GHVLJQ IDFWRU LV FRQFHUQHG ZLWK WKH ZD\ LQ ZKLFK WKH
&KDQJHV LQ VKDSH FDQ EH XVHG DV D PHDVXUH RI WKH HIIHFWYV

JUVHU FRQVHTXHQWO\ WKH PDMRU FRQVLGHUDWLRQ IRU WKLYV .
QRW LQWURGXFH DQ\ VKDSH GLVWRUWLRQ LQWR WKH DGMXVWPH(
DGMXVWPHQWY 6HFWLRQ FDQ EH XVHG WR SURYLGH D GDWXP

PHDVXUHPHQWY 7KH PHWKRG SHUPLWVY FRQYHUJHQW PXOWL VWD
FRQWURO SRLQWV WKH GDWXP LQ WKLV LQVWDQFH EHLQJ GHILQH
VWDUWLQJ YDOXHV XVHG LQ WKH LWHUDWLYH OHDVW VTXDUHV SUR
SDUDPHWHU HVWLPDWLRQ SUHFLVLRQ EHFDXVH WKH LQKHUHQW
PHDVXUHPHQW GDWD DUH QRW OLPLWHG E\ WKH SUHFLVLRQ ZLWK
VSDFH E\ FRQYHQWLRQDO VXUYH\ PHWKRGYV 6HFWLRQ

JLUVW 2UGHU GHVLJQ &RQILIXUDWLRQ

7KH fIUHH DGMXVWPHQWY UHTXLUHPHQW IRU D PXOWL VWDWLRQ FR
EDVLV RI WKH ILUVW RUGHU GHVLJQ LV DOUHDG\ GHILQHG )LJ
JHRPHWU\ WR VDWLVI\ DFFXUDF\ DQG SUHFLVLRQ UHTXLUHPHQW
FRQVLGHUDWLRQV VXFK DV SUDFWLFDO WHVW ILHOG ORFDWLRQ
SDUDPHWHUVY DUH WR EH HVWLPDWHG DQG WKH SK\WLFDO OLPLW
FDOLEUDWHG

7R HQDEOH D YDULHW\ RI FDPHUDV WR EH FDOLEUDWHG DQG GLIIH
ILHOG VLWH KDG WR PHHW VHYHUDO UHTXLUHPHQWY WKH DUUD\ KI
IRUPDW DUHD RI DOO FDPHUDV WR EH HYDOXDWHG DW OHDVW VL
UHTXLUHG DGGLWLRQDOO\ WKHUH KDG WR EH HQRXJK URRP LQ W
FDPHUD VXEMHFW GLVWDQFHYV

'LPHQVLRQDO VWDELOLW\ DQG GXUDELOLW\ ZHUH LPSRUWDQW EHF|
FKHFN WKDW WKH HVWLPDWHG SDUDPHWHUYV ZHUH UHFRYHUDEOH Z1
WKH GHVLJQ SURFHVV ORUH LPSRUWDQW IRU GXUDELOLW\ WKH ZK
WR EH YHU\ XQSUHGLFWDEOH VR WKDW DQ\ URRP DOWKRXJK LQLWL
REVWUXFWHG

$Q DSSUR[LPDWH PLQLPXP WHVW ILHOG VL]H FRXOG EH GHWHU
PDJQLILFDWLRQ $ PLQLPXP SUDFWLFDO WDUJHW FHQWUH a PP
SKRWRJUDSKHG E\ WKH +DVVHOEODG 6:& FDPHUD DW WKH , PP



6HFWLRQ ZRXOG SURGXFHYVY PLQLPXP PDJQLILFDWLRQ P RI

EH OLQNHG ZLWK WKH IRFDO OHQJWK | RI HDFK FDPHUD OHQV E
PD[LPXP VXEMHFW GLVWDQFH X IRU HDFK FDPHUD OHQV 7KH DQJ
Rl HDFK FDPHUD FRXOG WKHQ EH XVHG WR GHWHUPLQH WKH PLQL

LWV LPDJH IRUPDW

7TDEOH GHVFULEHVY WKH FDPHUD V\VWHPV WR EH HPSOR\HG WRJ}
WHVW ILHOG VLI]H JURP WKH WDEOH LW FDQ EH VHHQ WKDW WKH ¢
ILHOG GLPHQVLRQ LV WKH :LOG 3 ZLWK LWV FORVHVW IRFXV UH

7TDEOH &DPHUD HTXLSPHQW VHOHFWHG IRU WHVW ILHOC
&DPHUD /HQV W\SH ,PDJH $QJOH T7HVW JLGXFLDO$SYDLODEOH
IRFXVLQJ JRUPDW RI JLHOG 6\VWHP % DFNV
DUUDQJHPHQW DQG 9LHZ 6L]H DW
PLQLPXP GLVWDQFH GHJ P
OHWULF =HLVV =HLVV )RFXV PP P E\ YRXU *ODVV
-HQD /IDPHJRQ E\ E\ P LOOXPLQDWBOWHY RU
80. PP FOLFN PP X P PDUNV yLOP
1 I VWR SV P
P
:LOG 3 PP JLIHG PP P E\' )LYH UHVHDXODVV
I YRFXV E\ P FURVVHVY 30DWHV RU
P PP X P yLOP
6HPL ORGLILHG =HLVV )L[HG PP P E\ UHVHDX *ODVV
OHWULF+DVVHOEODW%LRIRQ )RFXV E\ P FURVVHY 30DWHV RU
6:8& PP P PP X P yLOP
I
1RQ +DVVHOEODGHLVV  )UHH PP P E\ JRUPDW  *ODVV
OHWULF & ‘LVWDJ RQRFXV E\ P HGJHV  30DWHV RU
PP P PP X P yLoOP
I
'"DWD LQ WDEOH IURP PDQXIDFWXUHUVY GDWD =HLVYV :LOG

7KH PRVW VXLWDEOH SODFH IRU D WDUJHW DUUD\ ZDV D VLWH RQ \

P E\ P VRXWK IDFLQJ FRQFUHWH OLIW WRZHU DQG D P E\ P I
VXUYH\ VWDWLRQV DQG DQ\ DGGLWLRQDO WDUJHWV FRXOG EH SRV
FRQIHUUHG WKH DGYDQWDJH WKDW DPELHQW OLJKW FRXOG EH XVEt
WKDW WDUJHW GHVLJQ KDG WR WDNH LQWR DFFRXQW QRW RQO\ SR

$OWKRXIK WKH YHUWLFDO FRQFUHWH WRZHU VXUIDFH RQO\ SURYL
VWURQJO\ FRQYHUJHQW SKRWR JHRPHWU\ HQYLVDJHG ZRXOG VLPXC
WKH UHFRYHU\ RI IRFDO OHQJWK %URZQ

7KH WDUJHW DUUD\ KDG WR FRQVLVW RI HQRXJK WDUJHWV WR FRYH
GHQVLW\ WR WKH UHVHDX DUUD\ XVHG GXULQJ WKH LQ SODQH HI[S
GHIRUPDWLRQ DQG OHQV GLVWRUWLRQ FRXOG EH DVVHVVHG % DO



ZDV WKH PHDVXUHPHQW WLPH LQYROYHG EHDULQJ LQ PLQG WKDW
SRLQWLQJV WR HDFK WDUJHW LPDJH ZRXOG VLJQLILFDQWO\ LQFU
UHTXLUHG

JLIXUH 6FKHPDWLF GLDJUDP RI WKH QHWZRUN JHRPHWU\

$V DQ LQLWLDO WHVW GHVLJQ D SODQDU DUUD\ FRQVLVWLQJ RI
DQ DGGLWLRQDO I[UHH VWDQGLQJ WDUJHWYV ZHUH GHFLGHG XSRQ
VHOHFWHG WR EH DW WKH FRPHUV RI D VTXDUH EDVHG S\UDPLG V
FHQWUH RI WKH WHVW ILHOG DUUD\ 7KH FROOLQHDULW\ HTXDWLRQ
FDOOHG 1, % &KDQGOHU WR FRPSXWH DSSURSULDWH SKRWR F
LGHDO SKRWR FRRUGLQDWHY ZHUH WKHQ UDQGRPLVHG EDVHG RQ D
D VWDQGDUG GHYLDWLRQ RI \P XVLQJ D VHFRQG SURJUDP 5%1' &C
ZDV VXEVHTXHQWO\ HHIWHQGHG WR LQFOXGH DQ H[WUD FDPHUD LQ
DQG WKHQ ZLWK IRXU H[WUD FDPHUDV LQ LGHQWLFDO SRVLWLRQV
URWDWHG DERXW WKH RSWLFDO D[LV



5HVXGWVRQVWUDWH WKDW WKH HQYLVDJHG JHRPHWU\ FDQ H[FHHG
$G6GLQJ PRUH FDPHUD SRVLWLRQV KDV QRW RQO\ VWUHQJIJWKHQHG
PRUH UHSUHVHQWDWLYH VDPSOH RI GHIRUPHG LPDJHV 7TKH LQ
VLIQLILFDQWO\ LQFUHDVHG WKH SUHFLVLRQ ZLWK ZKLFK WKH FDF
VSDFH FRRUGLQDWHY FDQ EH HVWLPDWHG 7KLV HIIHFW LV XQGHU\
LQFUHDVHG QXPEHU RI SKRWRJUDSKYVY EXW WKH FDPHUD FDOLEUDYV
GLITHUHQW WHVW ILHOG DWWLWXGHY WKHUHE\ KHOSLQJ WR GHFUHI
FDPHUD SRVLWLRQ

7TDEOH $ SULRUL VWDQGDUG GHYLDWLRQV RI WKH REMHFW VS
FDOLEUDWLRQ SDUDPHWHUV HVWLPDWHG GXULQJ WKH QH

1XPEHU 506 VWDQGDUG6WDQGDUG GHYLBWDR@GWUG GHYLDWLRQV RI HVWLPDWHG ¢
R GHYLDWLRQV RRI HVWLPDWHG ,QQHU 3DUDPHWHUYV
&DPHUDV HVWLPDWHG REMHRWLHQWDWLRQ
VSDFH FRRUGLQDWKWUDPHWHUV 5DGLDO GLVWRUWLRRQJHQWLDO
PP PLFURPHWHUV GLVWRUWLRQ
< = I 3: S\ N N N 3 3

6HFRQG 2UGHU GHVLJQ OHDVXUHPHQW

7TKH QHWZRUN GHVLJQ FDUULHG RXW VR IDU KDV DVVXPHG UDQGF
VWDQGDUG GHYLDWLRQ RI SP 6HFRQG RUGHU GHVLJQ LV FRQFHU
LPDJH FRRUGLQDWH PHDVXUHPHQW VXFK WKDW WKH HOHPHQWYV RI
PDWUL[ )UDVHU D 7TKHUH DUH WKUHH IDFWRUV ZKLFK PXVW
PHDVXUHPHQW RI WDUJHW LPDJHV SRVLWLRQV DUH WR EH RSWLPL\
DFFXUDF\ DQG PHDVXUHPHQW SRLQWLQJ DELOLW\

D 7DUJHW GHKHMI®YDUJHWY KDG WR EH GHVLIJQHG WR UHFRUG RQ
PDWHULDOV DQG WR DGKHUH ULJLGO\ WR WKH FRQFUHWH IDFLQ
DVVXPSWLRQV PDGH FRQFHUQLQJ WKH QHWZRUN GHVLJQ ZDV WKD
RUGHU RI PP LQ GLDPHWHU $ VXLWDEOH DGKHVLYH EDFNHG DO:
6KRULQJ B3URGXFWY EXW UHTXLUHG VRPH ZHDWKHUSURRI PHWKRG |
IDFH WR PHHW DOO WKH UHTXLUHPHQWYV

9DULRXV JOXHV DQG UHVLQV ZHUH XVHG WR DWWDFK SLHFHV RI
FRQFUHWH VXUIDFHV RQ WKH 8QLYHUVLW\ URRI RYHU WKH ZLQWHU
WR EH WKDW WKH UHVLQ JOXHV ZHUH LQLWLDOO\ WRR OLTXLG VXEK



WHK UHVLQ GULHG 7KLV SUREOHP ZDV RYHUFRPH E\ SLQQLQJ WKH \
KROH ZzDV GULOOHG WKURXJK WKH FHQWUH RI HDFK WDUJHW DQG
DQG VXUURXQGLQJ DUHD ZHUH WKHQ FRDWHG ZLWK UHVLQ VR WK
LQVHUWHG WKURXJK WKH JOXHG WDUJHW DQG ,QWR WKH ZDOO

7R DVVLVW LGHQWLILFDWLRQ HDFK WDUJHW ZDV QXPEHUHG ZLWHKk
EHLQJ VSUD\HG ZLWK PDWW YDUQLVK 7KH UHVXOWDQW WDUJHW
LWV UHFRUGLQJ RQ D ZLGH UDQJH RI QHJDWLYH PDWHULDOV +RZ
ZKLFK FRXOG UHGXFH FRQWUDVW XQGHU YHU\ VXQQ\ FRQGLWLRQV
E\ 6KRULQJ 3URGXFWV ZKLFK EHLQJ OHVV UREXVW ZDV VLPSO\ J
HDFK SKRWRJUDSKLF VHVVLRQ

)LIXUH /ID\RXW RI RQH RI JLIXUH 6KRULQJ 3URGXFWYV
WKH SLQQHG WDUJHWV

E OHDVXULQJ PDFKLQH7IDHF FXUAKAMQH FKRVHQ IRU WKHVH VWXGLHYV
PHDVXULQJ PLFURVFRSH 6HFWLRQ 7KH IHDWXUHV RI WKLV |
LQ SODQH H[SHULPHQWDWLRQ DQG UHVHDX SODWH FDOLEUDWLRQ
DVVRFLDWHG ZLWK WKH LQVWUXPHQW ZHUH Rl WKH RUGHU RI 1
SP 506 YDOXHV TXRWHG EXW RIWHQ GLVSXWHG IRU PRVW SKRWRJ
DQG .LOSHOD

F OHDVXUHPHQW SRLQWH GJODEURYWGHG D UDQJH RI KLJK PDJQLILFI
Rl GLIIHUHQW PHDVXUHPHQW JUDWLFXOHV HQDEOLQJ WKH VA\VWHP
LPDJHV WR EH PHDVXUHG $QRWKHU LPSRUWDQW DVSHFW RI WKLYV
WKH FDPHUD ZKLFK UHFRUGHG WKH PLFURVFRSH LPDJH FRXOG EH
PRQLWRU VHWWLQJVY WR HQKDQFH RU UHGXFH WKH ,PDJH FRQWUDV\
H[SRVHG LPDJHV LW GLG SHUPLW RSWLPLVDWLRQ RI WKH VA\VWHP W
DOO WDUJHW DQG ILGXFLDO LPDJH WKUHH WLPHV D PHDQ FRPSDUI
VWDQGDUG GHYLDWLRQV FRXOG EH FRPSXWHG IRU HDFK LPDJH SRL
EH LQFOXGHG LQ WKH ZHLJKW PDWUL[ (TXDWLRQ XVHG LQ WK

&



8VWUQWKHVH IDFLOLWLHY LPDJH TXDOLW\ DQG LPDJH PHDVXUHPHQW
OHYHO Rl SRLQWLQJ SUHFLVLRQ WKDQ WKRVH FRQYHQWLRQDOO\ D\
VXUYH\V 7KH OLPLWDWLRQV RI VPDOO IRUPDW FDPHUDV DQG ILOP

7KLUG 2UGHU GHVLJQ 'HQVLILFDWLRQ

2EMHFW SRLQW SUHFLVLRQ LV ODUJHO\ LQGHSHQGHQW RI WDUJHW
JHRPHWULHV )UDVHU KRZHYHU IRU WKH SXUSRVHV RI WKLV H
HQDEOH DQ DVVHVVPHQW RI WKH HIIHFWLYHQHVVY RI WKH HQYL\
FRPSHQVDWH IRU ORFDOLVHG ILOP GHIRUPDWLRQV ,Q GHVLJQLQJ
EHWZHHQ WDUJHW GHQVLW\ DQG LPDJH PHDVXUHPHQW WLPH ZDV |
GHWHFWLQJ YHU\ ORFDOLVHG ILOP GHIRUPDWLRQV LW ZDV GHFLGHC(
Rl WKH W\SH VKRZQ LQ ILIJXUH ZKLFK FRXOG EH VLPSO\ VWXFI
SKRWRJUDSKYV EHLQJ WDNHQ

7R VXPPDULVH WKH ILQTO DUUD\
FRQVLVWHG RI IRUW\ WZR WDUJHWYV
SLQQHG WR WKH FRQFUHWH ZDOO VL]
WDUJHWYV VXSSRUWHG RQ SROHV DZD\
IURP WKH SODQH RI WKH ZDOO DQG
WKUHH ORFDO FOXVWHUV RI WDUJHWYV
JOXHG WR WKH ZDOO )LJ

7KH SLQQHG WDUJHWV ZHUH
VXUYH\HG DV SDUW RI D VWXGHQW
SURMHFW *RGIUH\ WKHUHE\
SURYLGLQJ ; <= VWDUWLQJ YDOXHYV
IRU XVH LQ WKH SKRWRJUDPPHWULF
DGMXVWPHQW OHDQV DQG VWDQGDUG
GHYLDWLRQV RI WKH WDUJHW
FRRUGLQDWHY GHULYHG IURP WKLYV
VXUYH\ DUH SUHVHQWHG LQ DSSHQGL]
%

SKRWRJUDSK\ RI WKH WHVW
18 /

JLIXUH 7TKH FRQFUHWH WRZHU VKRZLQJ S
SKRWRJUDSK\ ZDV FDUULHG RXW RQ

WZR RFFDVLRQV XVLQJ WKH VHOHFWLRQ RI FDPHUDV VKRZQ LQ WDE
FDOLEUDWLRQ ZHUH PDGH XVLQJ WKH 80. DQG WKH PRGLILHG

&



ZLWK $JID KRORWHVW HPXOVLRQV $00 SKRWRJUDSKY ZHUH PDGH
PRXQWHG WR D WULSRG VFDIIROGLQJ EHLQJ XVHG WR SURYLGH
SRVLWLRQV %\ ,QFOXGLQJ ERWK PHWULF DQG VHPO PHWULF FDPF
VTXDUHV HVWLPDWLRQ FRXOG EH XVHG WR FKHFN WKDW WKH PHW
SUHFLVLRQ

,Q WKH VHFRQG VHW RI SKRWRJUDSK\ D :LOG 3 SURYLGHG WKH P
ILOP FDPHUD EDFN FRPELQDWLRQV ZHUH H[SRVHG LQ WKH PRGLIL
XQPRGLILHG +DVVHOEODG & FDPHUD ZDV XVHG ZLWK ERWK )3

7KH QRQ PHWUOF +DVVHOEODG & FDPHUD ZDV LQFOXGHG VR WK
EHWZHHQ WKH DELOLW\ RI WKH PDWKHPDWLFDO PRGHO WR FRUUFE}
FODVVHV RI FDPHUD V\VWHP %\ XVLQJ WKH VDPH ILOP DQG 1L
FDPHUDV W ZDV HQYLVDJHG WKDW VRPH LQIHUHQFHV FRXOG EH G
HITHFWV Rl ILOP GHIRUPDWLRQ ,Q WKH QRQ PHWULF FDPHUD

7KH SKRWRJUDSKLF LPDJHVY SURGXFHG ZHUH SURFHVVHG RQ WKH
WR WKH UHJLPH GHYHORSHG IURP WKH LQ SODQH ZRUN

7TDEOH ([SRVXUH SURFHVVLQJ DQG PHDVXUHPHQW RI WKH W

3KRWR 6HMDPHUD )LOP DQG([SRVXUH 3URFHVVLQGHDVXUHPHQW

% DFN 13/ =.0
6HW 80. (
+ &
+6 ( PLQ DW
& &
6HW 3 )3

)3 30DWH

+6 7&3 $
7& 3 %
)3 $ PLQ DW
)3 & &

)3 30DWH
+6 )3 $
)3 30DWH



URFHVVLQJ RI WKH SKRWRDUDPPHWULF GDWD

$00 WDUJHW LPDJHV ZHUH PHDVXUHG WKUHH WLPHV XVLQJ WKH 13/
I UDPH WKH WDUJHW DUUD\ DQG UHVHDX LPDJHV ZHUH GULYHQ DURX
PDUN RQ HDFK SRLQW 7KH FRPSDUDWRU FRRUGLQDWHY SURGXFH
WR WKH UHIHUHQFH PDUN VA\VWHP DYDLODEOH LQ HDFK FDPHUD

JRU WKH PHWULF FDPHUDVY SKRWR FRRUGLQDWHY ZHUH FRPSXWHC
RQ WKH PHDVXUHG SRVLWLRQV RI WKH ILGXFLDO FRRUGLQDWHYV
PDUNV ZHUH QRW XVHG VLQFH LQ ERWK FDVHV WKH\ ZHUH RQO\ NQ
FDOLEUDWLRQ FHUWLILFDWHYV

,Q WKH FDVH RI WKH UHVHDX HTXLSSHG FDPHUD SKRWR FRRUGLQD
FRRUGLQDWH VA\VWHP XVLQJ DQ DIILQH WUDQVIRUPDWLRQ EDVHG |
UHVHDX LPDJH SRVLWLRQV WR WKHLU FRUUHVSRQGLQJ FDOLEUDWH
UHILQHG XVLQJ ELOLQHDU FRUUHFWLRQV EDVHG RQ WKH GHIRU
VXUURXQGLQJ WKH LPDJH SRVLWLRQ &RUUHFWLRQV LQ WKLV FD
PHDVXUHPHQWY VSHFLILF WR HDFK LQGLYLGXDO LPDJH WKLV PHWK
FRUUHFWLRQ PHWKRG IRU WKLV FDPHUD V\VWHP

7KH QRQ PHWULF FDPHUD KDYLQJ QR UHIHUHQFH PDUNV UHTXLUHG
RULHQWDWLRQ E\ HGJHV 7HQ LPDJH SRLQWY DORQJ HDFK IUDPH F
FRXOG EH ILWWHG WR WKH SRLQWY DORQJ HDFK HGJH E\ WKH PHW
Rl WKH OLQHV GHILQHG LQ WKLV ZD\ IRU DOO IRUPDW HGJHV ZHUH
HQDEOLQJ WKH SODQH FRRUGLQDWH WUDQVIRUPDWLRQ SURJUDP ¢
WKLV PHWKRG ZDV HQKDQFHG E\ WKH DELOLW\ Rl WKH =.0 WR GUL
HQDEOLQJ DSSUR[LPDWHO\ WKH VDPH SRLQW WR EH PHDVXUHG IUR

7KH *OREDO %XQGOH $GMXVWPHQW

7KH ILUVW VHOI FDOLEUDWLQJ EXQGOH DGMXVWPHQW LQFRUSRUDW
FDPHUD VWDWLRQV LQ ERWK SKRWRJUDSKLF HSRFKV 7KH GDWXP
FRQVWUDLQWY 2QO0\ WKH SLQQHG WDUJHWV ZHUH VHFXUHO\ IL[I
WKHUHIRUH WKH QRUPDO HTXDWLRQ FRHIILFLHQW PDWUL[ ZDV ERU
YDOXHV FRUUHVSRQGLQJ WR SLQQHG WDUJHWV FRQWULEXWHG WR

&RRUGLQDWH VWDUWLQJ YDOXHV ZHUH REWDLQHG IURP WKH \

*RGIUH\ , W VKRXOG EH PHQWLRQHG WKDW QRQH RI WKH VXUY
WKH SKRWRJUDPPHWULF GDWD LQ WKH EXQGOH DGMXVWPHQW VLQF
VSDFH VKDSH G6HFWLRQ 6LQFH ERWK VHWV RI SKRWRJUDSK\

GDWXP DOO GDWD FRXOG EH SURFHVVHG VLPXOWDQHRXVO\ DQG F

&



$QDO\WLYV RI FDOLEUDWLRQ UHVXOWYV

$QDO\WVLV RI WKH FDPHUD FDOLEUDWLRQ UHVXOWY ZDV PDGH DFFRL
DQG 1RQ OHWULF DQG WKH WZR GDWHV RQ ZKLFK WKH SKRWRJUL
WKH VDOLHQW SRLQWY IURP WDEOH ZLOO KRZHYHU EH PDGH E
EDVHG RQ WKH VDPH GDWXP

:KLOVW WDUJHW LPDJHV ZHUH FRQVLVWHQWO\ SRLQWHG WR DV LQ
VWDQGDUG GHYLDWLRQV ZKHQ D GLDJRQDO ZHLJKW PDWUL[ 6HF)\
ZDV XVHG LQ WKH DGMXVWPHQW WKH D SRVWHULRUL YDULDQFH 1
JUHDWHU WKDQ RQH 7KLY LQGLFDWHV DVVXPLQJ WKH UHPRYD(
VWRFKDVWLF PRGHO DVVLIJQHG D SULRUL ZDV HUURQHRXV RU WKD
FRPSHQVDWHG

7DEOH 6RPH SDUDPHWHUYV IURP WKH *OREDO %XQGOH
'"HIUHHV RI? 506 SKRWR FRRUGBEQ® REMHFW VSDFH
JUHHGRP UHVLGXDOV FRRUGLQDWH VWDQGDUG
GHYLDWLRQV
[ SP ; SP
\ SP < SP
= SP

JURP SUHYLRXV VXUYH\V FRQGXFWHG XVLQJ PHWULF FDPHUDV SK
FRPSXWHG IURP PXOWLSOH URXQGV Rl LPDJH PHDVXUHPHQWYV LC
HVWLPDWHG E\ WKH EXQGOH DGMXVWPHQW SURFHGXUH 7KHVH GL
WR RQH PDMRU VRXUFH QDPHO\ WKDW DOO SKRWR FRRUGLQDW
XQFRUUHODWHG 6HFWLRQ $OVR RI VLIQLILFDQFH HVSHFLD(
VXFK DV WKH =.0 LV LQ XVH WKH LPDJH SRVLWLRQ EHLQJ UHSHI
QHFHVVDULO\ FRLQFLGH ZLWK WKH SK\WWLFDO FHQWUH RI WKH WDU

$ IXOO WUHDWPHQW RI WKHVH UHODWLRQVKLSY UHTXLUHYV DQ HVWI
3HUVVRQ 7TRUOHJDUG "KLOVW H[LVWLQJ VRIWZDUH FRXO
FRIDFWRU PDWUL[ GHWHUPLQDWLRQ RI WKH FRYDULDQFHYV EHWZHF
DFFXUDWHO\ LQ SUDFWLFH $ VLPLODU SUREOHP ZDV HQFRXQWHU
FRYDULDQFH IXQFWLRQ IRU WKH OLQHDU OHDVW VTXDUHV LQWHUSF
6HFWLRQ ,Q WKLV SDUWLFXODU FDVH WKH SUDFWLFDO FI
LQYDOLGDWHG DVVXPSWLRQV PDGH LQ WKH WKHRUHWLFDO GHULYI

7TKH LQFRPSOHWH VWRFKDVWLF PRGHO PHDQW WKDW WKH D SULRLU

&



HTXWXH D SRVWHULRUL YDULDQFH IDFWRU FRQVHTXHQWO\ DQ DO
VWDWLVWLFDO SURSHUWLHV RI WKH SDUDPHWHUYV HVWLPDWHG IURI
$Q DVVXPSWLRQ WKDW WDUJHW GHVLJQ DQG VHPL DXWRPDWLF L
SUHYHQWHG DQ\ JURVV HUURUV ZDV PDGH VXFK WKDW WKH SKI
FRPSXWHG IURP WKH WKUHH URXQGV RI FRPSDUDWRU PHDVXUHPHDQ
WKH D SRVWHULRUL YDULDQFH IDFWRU DSSURDFKHG RQH

7KH YDULDQFH IDFWRU SURGXFHG 7DEOH ZDV VWLOO VLJQLILF
7 WHVW DW FRQVHTXHQWO\ DOO HVWLPDWHG SDUDPHWHU VWDQ

OHDQ 506 3KRWR FRRUGLQDWH UHVLGXDOV
IRU HDFK FDPHUD EDFN ILOP SHUPXWDWLRQ

9=? 0OHDQ 506
SKRWR FRRUGLQDWH
UHVLGXDO ;
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YLIXUH
JURP WDEOH LW FDQ EH VHHQ WKDW WKH PHDQ 506 SKRWR FRR

Rl WKH RUGHU RI sP $JDLQ WKH JUHDWHU HUURU LQ WKH \ GLUHF
RI WKH =.0 PHDVXULQJ PLFURVFRSH ,Q WKLV GLUHFWLRQ HVSHFL
PRQRVFRSLFDOO\ VR WKDW WKH GLIILFXOWLHY RI UHPRYLQJ \ SDU|



JLXUH VKRZV WKH PHDQ 506 UHVLGXDOV IRU DOO IUDPHV DFFRUC
W\SH YDULDWLRQV $V H[SHFWHG WKH QRQ PHWULF FDPHUD SHUPL
IRU ILOP GHIRUPDWLRQ KDV SURGXFHG WKH KLJKHVW 506 SKRWR F
EHWZHHQ WKH 80. DQG +6 FDPHUD UHVXOWY DUH YHU\ HQFRXUDJLQ.
LV WDUJHW SRLQWLQJ SUHFLVLRQ +RZHYHU E\ YLUWXH RI LWV (
PDJQLILFDWLRQ WKH 80. VAIVWHP ZLOO IRU D JLYHQ QHWZRUN VWL
FRRUGLQDWH SUHFLVLRQ ,PDJH UHVLGXDOV IRU WKH 3 FDPHUD D
ODFN RI FRUUHFWLRQ IRU ILOP GHIRUPDWLRQ VLQFH WKH UHVLGXD!
UHVXOWYVY RQ JODVV SODWHV DUH DOVR UHODWLYHO\ ODUJH WKH V
SUHFLVH ZLWK WKLV FDPHUD 7KLY LPSRUWDQW DQRPDO\ LV GLVEF)

7KH 506 REMHFW FRRUGLQDWH VWDQGDUG GHYLDWLRQV DUH YHU\
GLDPHWHU RI PP 7KHVH UHVXOWY DUH GXH WR WKH VWUHQJWK R
WDUJHW KDV EHHQ LPDJHG RQ DOPRVW DOO RI WKH FRQYHUJHQW SK
PDQ\ WLPHYV 7KH GLIIHUHQW SUHFLVLRQ LQ GLIIHUHQW REMHFW V¢
FDPHUD VWDWLRQ JHRPHWU\ *UDQVKDZ

2EMHFW VSDFH SUHFLVLRQ FDQ EH H[SUHVVHG LQ WHUPV RI WKH
PHWKRG FRPPRQO\ DGRSWHG IRU KLJK SUHFLVLRQ SKRWRJUDPPH\

7TDEOH 2EMHFW VSDFH SUHFLVLRQ

'LUHFWLRQRQJHVW2EMHFW VSDFH SUHFLVLRQ
GLPHQVLRQ

P

< P

= P

(QFRXUDJLQJO\ REMHFW VSDFH SUHFLVLRQ OLHV EHWZHHQ WKH
JHRPHWULHYV LQFRUSRUDWLQJ QRQ DQG VHPO PHWULF FDPHUDV )U
IRU KLJK SUHFLVLRQ PHWULF &5& DQG &5& FDPHUDV %URZQ )

7TKHVH KLJK SUHFLVLRQ REMHFW FRRUGLQDWHY FDQ EH XVHG DV D
GLIITHULQJ FDPHUDY DQG FRQILIJXUDWLRQV WR EH HYDOXDWHG 7KH
RXW RI SODQH DQDO\VWLY PHWKRGRORJ\ LV FRQVHTXHQWO\ VROYHG

$QDO\WLYV RI WKH 80. DQG +6 DGMXVWPHQW UHVXOWYV

SKRWRJUDSKV PDGH XVLQJ WKH 80. DQRG WKH PRGLILHG +DVV
LQLWLDO VHW RI WHVW GDWD ,Q WKLV FDVH D PP ILOP EDFN ZDV



WKH +DVVHOEODG FDPHUD ZKLOVW $JID ( +RORWHVW 30DWHYV

LPDJHV FRUUHVSRQGLQJ WR WKH +DVVHOEODG SKRWRJUDSKV WDI
VHFWLRQ W VKRXOG EH QRWHG WKDW WKH JHRPHWULHYV EHV
VLQFH RQO\ RQH URWDWHG SKRWRJUDSK ZDV WDNHQ ZLWK WK

OHDQ 506 SKRWR FRRUGLQDWH UHVLGXDOV IRU 80.
DQG +60 FDPHUDV DIWHU %XQGOH $GMXVWPHQW

5HVXOWY DUH JURXSHG DORQJ WKH ; D[LV DFFRUGLQ
VLPLODU RULHQWDWLRQ LQ WKH 2EMHFW 6SDFH

&DPHUD 6WDWLRQ

9 ; BKRWR FRRUGLQDWH UHVLGXDO ; 80.
.66+ 3IKRWR*FRRUGLQDWH UHVLGXDO < 80.

3KRWR FRRUGLQDWH UHVLGXDO ; +60
0, 3KRWR FRRUGLQDWH UHVLGXDO < +60

Y)LIXUH

J)LIXUH GHPRQVWUDWHG WKDW WKH PHDQ 506 SKRWR FRRUGLQI
RI WKH RUGHU RI SP WKHUHE\ SURYLGLQJ D EHWWHU ILW WR WKH
SURGXFHG LQ WKH VHFRQG SKRWRJUDSKLF HSRFK $ SUREDEOH
+RORWHVW HPXOVLRQV KDYH UHVROYLQJ SRZHUV LQ H[FHVV RI
TXDOLW\ LV OLPLWHG E\ WKH UHVROYLQJ SRZHU RI WKH FDPHUD C
OHQV DQG ILOP IRU WKH VHFRQG VHW RI SKRWRJUDSKN\



7" 506 SKRWR FRRUGLQDWH UHVLGXDOV VHSDUDWHG DFFRUGLQJ \
WKH +DVVHOEODG LPDJHV JHQHUDOO\ H[KLELW ODUJHU UHVLGXDO (
\ GLUHFWLRQ ,I WKH YHFWRU SORWY GHULYHG IURP WKH +6
FRQVLGHUHG )LJ LW FDQ EH VHHQ WKDW WKHUH DUH VLJQLI
HVSHFLDOO\ DW WKH HGJHV Rl WKH IRUPDW 7KH ODFN RI VAVWHP
FRRUGLQDWH UHVLGXDOV FRPSXWHG IRU VXFK GHIRUPHG LPDJHV
ELOLQHDU FRUUHFWLRQ WR PRGHO PRVW RI WKH ILOP GHIRUPDWL

6LIQLILFDQWO\ WKHUH DUH WZR UHJLRQV ZKHUH ILOP GHIRUPDWL
OLQNHG RI FRXUVH WR WKH UHVHDX GHQVLW\ 7KH FKDQJH LQ GHI
ObVW WZR URZV RI HDFK UHVHDX LPDJH )LJ FRUUHVSRQGV V
ERWWRP WZR WDUJHW LPDJH SRVLWLRQV )LJ 7KH PRVW OLNI
LQDELOLW\ RI WKH ORFDO ELOLQHDU FRUUHFWLRQ WR PRGHO SK\
$ VHFRQG VHW RI VA\VWHPDWLF SDWWHUQV DUH VHHQ DW VRPH RI \
FOXVWHU IDOO ZLWKLQ WKH VDPH VHW RI UHVHDX FURVVHV VXFK
DWWULEXWHG WR YHU\ ORFDOLVHG XQIODWQHVYV 7KH VLJQLILFDQF
FRRUGLQDWH UHVLGXDOV FRPSXWHG IRU WKH 80. LPDJHV ZKLFK GF
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7TDEOH VKRZV WKDW WKH LQQHU RULHQWDWLRQ SDUDPHWHUYV
GHYLDWLRQV ZKLFK DUH VPDOOHU WKDQ WKRVH DVVXPHG IURP WI
VPDOOHU WKDQ WKRVH SUHVHQWHG E\ FDPHUD PDQXIDFWXUHUV LQ
LQ SDUW WR WKH YHU\ ODUJH QXPEHU RI GHJUHHV RI IUHHGRP SU

$GGLWLRQDO SDUDPHWHUV LQFOXGHG LQ WKH DGMXVWPHQW DUH
GHYLDWLRQV IRU WKH 80. FDPHUD 7KLV LV WR EH H[SHFWHG EHFL
OHQV DUH ZHOO NQRZQ IRU WKHLU PHWULF TXDOLWLHYVY *DWHV HW
WKH GLVWRUWLRQV SUHVHQW LQ WKH %LRJRQ OHQV DUH PXFK PR
OHQV KDV EHHQ GHVLJQHG SULPDULO\ IRU SLFWRULDO XVH DQG |
SUREDEO\ PRGHO VRPH RI WKH ILOP GHIRUPDWLRQV VWLOO SUHVF

7KH ODUJH SULQFLSDO SRLQW RIIVHWY S[ DQG S\ SUHVHQW LQ W
UHIOHFW WKH SRVLWLRQ RI WKH FHQWUH RI WKH UHVHDX JULG
DGMXVWPHQW 3URYLGHG WKHVH YDOXHV GRQIW FKDQJH LQIHL
PDJQLWXGH GRHVQIW SUHVHQW DQ\ FDXVH IRU FRQFHUQ

$QDO\VLV RI WKH 3 DGMXVWPHQW UHVXOWYV

%RWK ,0IRUG )3 JODVV SODWHV DQG )3 UROO ILOP ZHUH H[SR
WKHRUHWLFDO PLQLPXP FDPHUD WR VXEMHFW GLVWDQFH IRU WKL
I WKHUHIRUH D OHVV REOLTXH VKRUWHU EDVH VTXDUH EDVH S
WR EH DGRSWHG YXUWKHU JHRPHWULFDO GLIIHUHQFHYV ZHUH SUR
PDGH SHU ILOP W\SH ERWK IDFWRUV FRQWULEXWLQJ WR D OHVV Sl
SDUDPHWHUV WKDQ WKRVH GHULYHG SUHYLRXVO\

7TDEOH &DPHUD FDOLEUDWLRQ SDUDPHWHUV DQG WKHLU DVVI
HVWLPDWHG E\ WKH *OREDO %XQGOH $GMXVWPHQW 3 ZLWK )3

(VWLPDWHG $GGLWLRQDO SDUDPHWHU
(VWLPDWHG ,QQHU 2ULHQWDWLRQ
&DPHUD SDUDPHWHUYV 5DGLDO GLVWRUWLRQ@DQJHQWLDO
GLVWRUWLRQ

3[ 3Y N N N 3L 3
3
)3 1RW 6LJ 1RW 6LJ 1RW 6LJ
3
*ODVV 1RW 6LJ1IRW 6LJ 1RW 6LJ1IRW 6LJ1IRW 6LJ 1RW 6LJ1IRW 6LJ

30DWH
I1XPEHUV LQ EUDFNHWY DUH WKH VWDQGDUG GHYLDWLRQV RI WKH HVWLPDWHG SDUDPHW

7KH IDFW WKDW QRQH RI WKH HVWLPDWHG SDUDPHWHUV LV VLJQ
HQFRXUDJLQJ VLQFH LW FRQIRUPV WR WKH PDQXIDFWXUHUVY FDO!



LQHSHQGHQW FKHFN RQ WKH DGMXVWPHQW SURFHGXUH $V WKH F
SODWHV DQG ILOP EDVHG LPDJHV ZHUH H[SRVHG ZLWKRXW UHVLWL
LW FDQ EH FRQFOXGHG WKDW WKH VLJQLILFDQW DGGLWLRQDO

GHIRUPDWLRQ QRW GHSDUWXUHV RI WKH RSWLFDO V\VWHP IURP WK

OHDQ 506 SKRWR3:¥FRRUGLQDWH UHVLGXDOV IRU WKH
:LOG 3 FDPHUD DIWHU %XQGOH $GMXVWPHQW

5HVXOWY DUH JURXSHG DORQJ WKH ; D[LV DFFRUGLQJ W
VLPLODU RULHQWDWLRQ LQ WKH 2EMHFW 6SDFH

&DPHUD 6WDWLRQ

< E 3KRWR3RRUGLQDWH UHVLGXDO ; 3 )3
.16+ 3KRWR FRRUGLQDWH UHVLGXDO < 3 )3
3KRWR FRRUGLQDWH UHVLGXDO ; 3 )3 30DWH
v v+ 3KRWR FRRUGLQDWH UHVLGXDO < 3 )3 30DWH

)LIXUH

506 LPDJH UHVLGXDOV DIWHU DGMXVWPHQW IRU HDFK RI WKH PHD)
$V H[SHFWHG ZKHQ XVLQJ QRPLQDOO\ LGHQWLFDO JHRPHWULH
VWDELOLW\ DQG IODWQHVYV RI WKH JODVV SODWH EDVHG PDWHULL
UHVLGXDOV 7KH GLIITHUHQFHYV EHWZHHQ WKH JODVV DQG ILOP EDVH
SDUWO\ EHFDXVH RI WKH DELOLW\ RI WKH DGGLWLRQDO SDUDPHWH!
+RZHYHU WKH PDMRU UHDVRQ IRU WKH VPDOO GLIIHUHQFH DQG DO\
UHVLGXDOV LQ FRPSDULVRQ WR WKH RWKHU FDPHUDV XVHG 6HFWL
7KH GHSWK RI ILHOG IRU WKH 3 FDPHUD LV JLYHQ DV P DW I
6FKOLHQJHU EHFDXVH RI WKH KLJK PDJQLILFDWLRQ XVHG GXU
GLDPHWHU LV WRR ODUJH UHVXOWLQJ LQ LPDJHV ZKLFK DUH XQVKD!
WKH GHSWK RI ILHOG WHVWYV FRQGXFWHG XVLQJ WKH +DVVHOEODG

R SP
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YLIXUH 7\SLFDO SKRWR FRRUGLQDWH UHVLGXDOV IRU WKH 3
JURP ILJXUH LW FDQ EH VHHQ WKDW PRUH V\VWHPDWLF SDWW]

FRRUGLQDWH UHVLGXDOV GHULYHG IURP WKH LPDJHV PDGH RQ )3
SODWHYVY ,Q WKH OLJKW RI WKH ILOP GHIRUPDWLRQV VHHQ LQ WKH
LV WR EH H[SHFWHG EHFDXVH ULJRURXV H[SOLFLW ILOP GHIRUPDWL
3 FDPHUD LPDJHV GXH WR WKH VSDUVHQHVV RI WKH FDOLEUDWLR«



ORGLILHG +DVVHOEODG 6:& +6 HI[SRVXUHV

([SRVXUHV PDGH LQ WKH +6 FDPHUD FRQVWLWXWHG WKH PDMRU
SURYLGH WKH GDWD XVHG LQ WKH VXEVHTXHQW VHFWLRQV 'HWDL
RI ILOP EDFN DQG ILOP W\SH H[SRVHG WUHDWLQJ WKH +6 FDPHUI
HISRVXUHVY FDUULHG RXW XVLQJ WKH YDULRXV ILOP EDFNV ZHUH P
WKDW GHVFULEHG LQ ILIJXUH $Q H[FHSWLRQ ZDV PDGH IRU WK
WKHVH SODWHV ZHUH OLPLWHG

$00 WKH PHDVXUHG LPDJH FRRUGLQDWHY ZHUH WUDQVIRUPHG XV
WKH FDOLEUDWHG UHVHDX SRVLWLRQV WR SURGXFH SKRWR FRRL
WR WDNH LOQWR DFFRXQW WKH NQRZQ ILOP GHIRUPDWLRQV 7KL
EHWZHHQ HDFK FDPHUD EDFN DQG ILOP SHUPXWDWLRQ FRXOG EH
EHWZHHQ HDFK DVVRFLDWHG VHW RI HVWLPDWHG VHOI FDOLEUDWL
HDFK FDPHUD VWDWLRQ

7DEOH OHDQ 506 UHVHDX LPDJH UHVLGXDOV IRU H[SRVXUHYV
DQG LQFOXGHG LQ WKH *OREDO %XQGOH $GMXVWPH

J)LOP FDPHUD EDFN 506 [ _LP 506 \ SP

7&3 %%$&. $ IURP 5R0OO0

7&3 %%$&. $ IURP 5R0OO0
7&3 %$&. % IURP 5R0OO0

A XU X1 X

D
R
D
)3 %DFN $ IURP 5R0O0 R

)3 I[URP 5R0OO0

)3 *ODVV 30DWHYV R R
LORULQJ JURVVO\ GHIRUPHG IUDPH

JRU UHIHUHQFH WKH PHDQ 506 LPDJH UHVLGXDOV EHWZHHQ WKH F
LPDJH SRVLWLRQV IRU WKH IUDPHV XVHG LQ WKH DGMXVWPHQW DU
LV WKH LQFOXVLRQ LQ WKH GDWD VHW RI WKH JURVVO\ GHIRUPHC
LPDJH GHVFULEHG LQ ILIXUH , W VKRXOG DOVR EH QRWHG WKDYV

VHW RI H[SRVXUHV ZDV LQ HUURU QRW PHDVXUHG FRQVHTXHQ\
)3 GDWD VHW LQFOXGHV RQO\ HLJKW IUDPHV LQVWHDG RI QLQF

7KH HVWLPDWHG FDPHUD FDOLEUDWLRQ SDUDPHWHUV VLPXOWDQH
EDFN DQG ILOP SHUPXWDWLRQV DUH VKRZQ LQ WDEOH ,QFOXC
LOQWHUHVWLQJ WR QRWH WKDW WKHUH DUH VLJQLILFDQW GLIIHUH
EHWZHHQ WKH +6 DQG +6 FDPHUD PRGLILFDWLRQV ZKLOVW WKH
FDOLEUDWLRQ SDUDPHWHUY DUH RI WKH VDPH PDJQLWXGH 7KH GL

&



W WKH IDFW WKDW WKH UHPRXQWHG UHVHDX GHILQLQJ WKH SKRYV
TXLWH WKH VDPH SODFH ZLWK UHVSHFW WR WKH RSWLFDO DJ[LV
SDUDPHWHU LV DOVR VLIJQLILFDQWO\ GLITHUHQW LQIHUULQJ HLWKH
WKH VDPH ILOP SODQH RU WKDW WKH PP EDFN KDG GLIIHUHQW F
EDFNV XVHG
7TDEOH &DPHUD FDOLEUDWLRQ SDUDPHWHUY DQG WKHLU DVV]
HVYWLPDWHG E\ WKH *OREDO %XQGOH $GMXVWPHQW +6 ZLWK YDU

(VWLPDWHG $GGLWLRQDO SDUDPHWHUV

(VWLPDWHG ,QQHU

&DPHUD 2ULHQWDWLRQ SDUDPHWRG¥DO GLVWRUWLRQDQJHQWLDO
GLVWRUWLRQ

: 3N SY N N N 3L 3

+6
7&3
%DFN $

+6
7&3
%DFN %
+6
)3
%DFN $

+6
)3
+6
)3
*ODVV 30DWH
XPEHUV LQ VBMWD PUH WKH WWDRRWDRWMWEGRHVWLPDWHG SDUDPHWHUYV

: KLOVW WKH HVWLPDWHG LQQHU RULHQWDWLRQ DQG DGGLWLRQI
PDJQLWXGH IRU WKH GLIIHUHQW ILOP DQG FDPHUD EDFN FRPELQ
VWDWLVWLFDOO\ EDVHG FRPSDULVRQ LV WR EH PDGH LW LV QHFHV\
GHYLDWLRQV 7KH VWDQGDUG GHYLDWLRQV RI WKH HVWLPDWHG SD
PDGH RQ ILOP EDVHG SURGXFWV GHVSLWH RQO\ HLJKW IUDPHV FR
+RZHYHU WKH OLPLWHG JHRPHWU\ WKUHH VWDWLRQV XVHG IRU W
JLYHQ ULVH WR VLJQLILFDQWO\ ODUJHU VWDQGDUG GHYLDWLRQV L

7KH UHVXOWYVY RI W WHVWYV EHWZHHQ WKH PHDQV RI HDFK RI WKH SH
LQ WDEOH 7KH SDLUHG W WHVWYV ZHUH FRQGXFWHG XVLQJ D
EHLQJ FDOFXODWHG HPSOR\LQJ WKH QXPEHU RI GHJUHHV RI IUHHG

&RPELQDWLRQV RI WKH S[ S\ SW DQG S SDUDPHWHUVY DUH GLIIHUH
WKDW WKHVH DUH PRGHOOLQJ DQ\ VPDOO GLIIHUHQFHV LQ ILOP Gt
FRUUHFWLRQ 7KH PDLQ DQRPDO\ ,V SURYLGHG E\ WKH HVWLPDWHG
$ SRVVLEOH FDXVH EHLQJ WKDW WKH FDPHUD JHRPHWU\ ZDV GHILF]
WKH )3 JODVV SODWH EDVHG H[SRVXUHV XVHG DQ HQWLUHO\ GLI



*UBK RI 5DGLDO /HQV 'LVWRUW

IRU HDFK RI WKH FDPHUD EDFN ILOP
HISRVHG LQ WKH PRGLILHG +DVVH

(al
<
<
(of
@
-
=
D
@
=
>
-
>
(o
I
o
()]
-
o
0O
Lo
5DGLDO 'LVWDQFH PP
&DPHUD EDFN I-O/RHFKQLFDO 3DQ %DFN $
FRPELOQDWLROQWVHFKQLFDO 3DQ %DFN %
D )3 %DFN $
D )3 % DFN

D )3 *ODVV 30DWHYV

Y)LIXUH



HVWLPDWHG SDUDPHWHUV ZKLFK ZHUH LQVLJQLILFDQWO\ GLIIHUHQ
)3 DQG 7HFKQLFDO 3DQ GDWD

JURP ILIJXUH LW FDQ EH VHHQ KRZ WKH SORWYVY RI UDGLDO O
HVWLPDWHG SRO\QRPLDO FRHIILFLHQWY GLIIHU 6LQFH WKH FDPH
WHVWY DQ\ SK\VLFDO FDXVHV RI VXFK GLIIHUHQFHYVY PXVW OLH ZLW
WKH FXUYH GHULYHG IURP WKH )3 LPDJHVY KDV EHHQ VKRZQ

GLIITIHUHQW IURP WKH RWKHU GHULYDWLRQV JLIXUH KDV EH
FRPSDULVRQ RI WKHVH JOREDOO\ HVWLPDWHG OHQV SDUDPHWHU
GHIRUPDWLRQ WHVWYVY 6HFWLRQ , W FRXOG EH DUJXHG WKDW
FXUYHVY OLH DW WKH H[WUHPHV RI WKH IRUPDW DQG DUH WKHUHI
WKHUHIRUH WKDW WKH GLIIHUHQFHYV EHWZHHQ SRO\QRPLDOV DUH

7TDEOH 6WDWLVWLFDOO\ GLIITHUHQW HVWLPDWHG FDPHUD
IRU WKH GLITHUHQW FDPHUD DQG ILOP EDFN SHUPXWD

yLOP &DPHUD EDFN DQG ILOP SHUPXWDWLRQV
&DPHUD EDFN
783 $ 783 % )3 $ )3

783 % 3[13 7

)3 $ ! 3[ 3U

)3 3] 3\N N N 3033[ N N N gs[g3' 3l N N NS

)3 30DWH 3\ 30 3" 3\ 3" 3y 30 3" SYN s
Q VHFWLRQ LW ZDV FRQFOXGHG WKDW ORFDOLVHG ILOP GHIR

FDQQRW EH PRGHOOHG E\ WKH ORFDO ELOLQHDU FRUUHFWLRQ DW
GHIRUPDWLRQ GHULYHG IURP UHVHDX LPDJH PHDVXUHPHQWYV RI WI
FRQVLGHUHG LW FDQ EH VHHQ WKDW QRW RQO\ DUH WKH\ PXFK PR
LQ WKH +6 +RORWHVW H[SRVXUHV EXW WKH\ H[KLELW OHVV GHIRI!

3DQ HISRVXUHV LQ %DFN % +RZHYHU IURP VHFWLRQ LW
SDUWLFXODU UROO RI )3 ILOP 5ROO H[KLELWHG ODUJHO\ XQ
OHQJWK )LJ 7KH SUHVHQFH RI ORFDO HIIHFWVY DUH DOVR VXS

VHHQ WKDW VRPH WUHQGV LQ WKH SKRWR FRRUGLQDWH UHVLGXDO\
GR VXJJHVW WKDW VRPH SK\VLFDO ILOP GHIRUPDWLRQ HIIHFW LV
WKH )3 UHVXOWYV

&RPSDULQJ WKH 506 SKRWR FRRUGLQDWH UHVLGXDOV IRU WKH YDU
WKH UHVLGXDOV IURP WKH LPDJH RQ WKH 7THFKQLFDO 3DQ ILOPV D
I[IUDPHV RQ ERWK ,0lIRUG )3 ILOPV $ SUREDEOH FDXVH RI WKLV GL
RI WKH 7THFKQLFDO 3DQ ILOPVY PDGH SRLQWLQJ WR WDUJHW FHQWUF
ILIJIXUH LV WKDW WKH ELOLQHDU FRUUHFWLRQ FDUULHG RXW RQ W

&



IDPH FDPHUD VWDWLRQ KDV EHHQ FRUUHFWHG WR SURGXFH 50
VDPH RUGHU DV WKRVH IURP WKH RWKHU IUDPHV RQ WKLV UROO
OHIW SORW LQ ILJXUH +RZHYHU LW VKRXOG DOVR EH PHQWLRC
WKH SKRWR FRRUGLQDWH UHVLGXDOV IURP LPDJHV RQ 7THFKQLFDO
DSSHDU WR H[KLELW PDQ\ ORFDO V\VWHPDWLF HIIHFWV GHVSLWH V
SORWYV

OHDQ 506 3KRWR FRRUGLQDWH UHVLGXDOV IRU +6 LPDJHV I

; 'LUHFWLRQ

< 'LUHFWLRQ

7HFEKQLFDO 3DQ LQ %DFN $ 0 )3 LQ %DEN $
666,7HFKQLFDO 3DL@®@ %DEN %,,, )3

)LIXUH



3KRWR FRRUGLQDWH UHVLGXDOV IRU GLITHUHQW SHU!
RlI ILOP DQG FDPHUD EDFN H[SRVHG LQ WKH +6 FDPH!I
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+DVVHOEODG 1RQ OHWULF H[SRVXUHYV

7KH QRQ PHWULF +DVVHOEODG & FDPHUD ZDV ,QFOXGHG VR WKL
EHWZHHQ WKH DELOLW\ RI WKH PDWKHPDWLFDO PRGHO WR FRUUHF
ZKLFK WKHUH ZDV QR VWDEOH ,QWHULRU RULHQWDWLRQ $V PHQW!|
UHIHUHQFH VA\VWHP ZDV GHYLVHG E\ PHDVXULQJ SRLQWY DORQJ WKt
WR FRPSXWH SVHXGR ILGXFLDO PHDVXUHPHQWY ZKLFK FRXOG EH X
W,V WKH UHSHDWDELOLW\ RI WKLV D[LV GHILQLWLRQ ZKLFK ZlI
SKRWRJUDPPHWULF SRWHQWLDO RI WKLV QRQ PHWUOF V\VWHP ZKH
,V DGRSWHG )DLJ 7DEOH VKRZV WKH PHDQ DQG VWDQGDUC
,QGHSHQGHQWO\ FRPSXWHG SVHXGR ILGXFLDO FRRUGLQDWHYV IRU

,Q WKH +6 FDPHUD

7TDEOH OHDQ SVHXGR ILGXFLDO FRRUGLQDWHY DQG WKHLU D\

SRLQW)LGXFLDO FRRUGIWD@WIDMUG GHYLDWLRQV

QXPEHU
[ PP \ PP [ SP \ sP

2Q0,QLWLDO FRPSXWDWLRQ RI WKH JOREDO EXQGOH DGMXVWPHQW
IRXQG WR EH SUHVHQW RQ PDQ\ RI WKH +6 ILOP LPDJHV G6XEVHTXI
IRFXVLQJ KHOLFRLG KDG PRYHG GXULQJ WKH WHVW ILHOG SKRWRJI
EH WUHDWHG DV DQ ,QGLYLGXDO FDPHUD IRU WKH SXUSRVHV RI WK

7TDEOH VKRZV WKH VLIJQLILFDQW SDUDPHWHUV HVWLPDWHG E\ W
WKDW WKH LQQHU RULHQWDWLRQ KDV YDULHG EHWZHHQ H[SRVXUHYV
YDULHG IDU PRUH WKDQ WKH VWDQGDUG GHYLDWLRQV RI WKH ILG
YDULDWLRQV RI WKH SULQFLSDO SRLQW SRVLWLRQ DUH FRQVLVWHQ
DV WKH KHOLFRLG ,V URWDWHG WKH OHQV ZLOO PRYH QRW RQO\ OR

7KH HVWLPDWHG SDUDPHWHUY DUH GLIILFEXOW WR DQDO\]H IRU WKH
,Q WHVW ILHOG ,PDJH FRYHUDJH ZLOO VWUHVV FHUWDLQ DUHDV RI \
506 SKRWR FRRUGLQDWH UHVLGXDOV GHULYHG IURP WKH )3 ILO
VHHQ WKDW GHVSLWH ,QGLYLGXDO DGGLWLRQDO SDUDPHWHUV EHL
WZLFH WKH VL]H RI DQ\ FRPSXWHG IRU +6 FDPHUD LPDJHV 7KH F
EHFRPHVY FOHDU ZKHQ WKH JODVV SODWH LPDJHV H[SRVHG LQ WKH V
UHVLGXDOV IRU WKHVH IUDPHV DUH YHU\ VLPLODU WR WKRVH FRP

&



LQLFDWLQJ WKDW ILOP XQIODWQHVYV LV WKH PDMRU VRXUFH RI HUI

7TDEOH &DPHUD FDOLEUDWLRQ SDUDPHWHUY DQG WKHLU DVV
HVWLPDWHG E\ WKH *OREDO %XQGOH $GMXVWPHQW +6 )3 WUl
DQG +6 ZLWK )3 JODVV SODWHV

(VWLPDWHG $GGLWLRQDO SDUDPHWHUYV

(VWLPDWHG ,QQHU

&DPHUD 2ULHQWDWLRQ SDUDPHWHBRGLDO GLVWRUWLRQ 7DQJHQWLDO
GLVWRUWLRQ

! 3 3y N N 3L 3
+6
)3 1RW 6LJ1IRW 6017
+6
)3 1RW 60J1RW 60J1RW 601J
+6
)3 1RW 6017 1RW 6LJ1IRW 6LJ1IRW 60J1RW 6017
+6
)3 1RW 60J1RW 60J1RW 60J1RW 6017
+6
)3 1RW 601J 1RW 6LJIRW 60J1RW 60J1RW 601
+6
)3 1RW 601 1RW 6LJ1IRW 60J1RW 60J1RW 6LJ
+6
)3 1RW 6017 1RW 60J1RW 6LJ1IRW 60J1RW 6LJ
+6
)3 1RW 601J

*ODVV 30DWH
OXPEHUV LQNHWUHDUH VWDQ BRQWGRG WKBDWVWLPDWHG SDUDPHWHUYV

7KLYV FRQFOXVLRQ LV IXUWKHU FRQILUPHG E\ FRQVLGHULQJ GLUHFW

PHWULF FDPHUDV 7VXUXWD HW DO .AIPPHUHU ZKLFK VKRZ W
VXUIDFH RU WZR FRQYH[ VXUIDFHV WRZDUGV WKH OHQV 3KRWRJ
JUDVHU E )U\HU GHVFULEH VLPLODU WUHQGYV $OWKRXJIK W

W\SLFDO IRU DOO FDPHUDV RU HYHQ IRU IUDPHV H[SRVHG LQ D JLYF
ZLWK WKH SUHGRPLQDQWO\ UDGLDO SKRWR FRRUGLQDWH UHVLGX
LPDJHU\ )LJ 6LIQLILFDQWO\ WKH SKRWR FRRUGLQDWH UHV|
EDVHG )3 LPDJHV DUH PRUH UDQGRP LQ QDWXUH



OHDQ 506 SKRWR FRRUGLQDWH UHVLGXDOV IRU 1RQ OHWULF
+DVVOHEODG FDPHUD DIWHU EXQGOH DGMXVWPHQW

5HVXOWY DUH JURXSHG DORQJ WKH ; D[LV DFFRUGLQJ WR
VLPLODU RULHQWDWLRQ LQ WKH 2EMHFW 6SDFH

&DPHUD 6WDWLRQ

9 » 3KRWR FRRUGLQDWH UHVLGXDO ; +6 )3 $

5V16 3BKRWR3FRRUGLQDWH UHVLGXDO < +6 )3 $

5;+ 3BKRWR FRRUGLQDWH UHVLGXDO ; +6 )3 30DWH
.y, » SBKRWRSFRRUGLQDWH UHVLGXDO < +6 )3 30DWH

JLIXUH
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JLIXUH 3KRWR FRRUGLQDWH UHVLGXDOV FRPSXWHG GXULQJ W

H[SRVHG LQ WKH +DVVHOEODG & FDPHUD +6



6 XPPDU\

7KH JOREDO DGMXVWPHQW KDV HQDEOHG WKH VXFFHVVIXO SURG>
FRRUGLQDWHY DQG HVWLPDWHG SDUDPHWHUV IRU DOO FDPHUD W\
VSDFH FRRUGLQDWHY SURGXFHG H[KLELW D SUHFLVLRQ ZKLFK LV
UHIHUHQFH VHW IRU WKH H[SHULPHQWY WR IROORZ

7KH 80. DQG 3 PHWULF FDPHUDV JHQHUDOO\ SHUIRUPHG ZHOO ZKH
OLPLWHG LQ DSSOLFDWLRQ E\ IRU H[DPSOH WKH ODUJH VL]H Rl WKF
RI WKH 3 W ,V LOWHUHVWLQJ WKDW ERWK FDPHUDV RQO\ KDYH

SRVVLEO\ LQDGHTXDWH ERWK LQWHUPV RI QXPEHU DQG ORFDWLRQ
FRQFHUQHG &RQVHTXHQWO\ XQOHVV ILOP IODWWHQLQJ LV ZHOO FF
TXDOLWLHV DUH VHULRXVO\ LPSDLUHG LI LPDJHY DUH PDGH RQ ILOP
KDYH QRZ GHVLJQHG KLJK SUHFLVLRQ ILOP FDPHUDV ZKLFK WU\ W
EDFN GHVLJQ ([DPSOHV LQFOXGH YDFXXP IODWWHQLQJ ZKLFK ,V L
JHQHUDWLRQ RI FDPHUDV LQFRUSRUDWLQJ YDULRXV FRPELQDWLR
%URZQ 3LHSH 'ROG

7KH +6 +6 UHVXOWY JLYH DQ ,GHD RI WKH SKRWRJUDPPHWUOF TXI
PHWULF FDPHUD ZKLFK GHVSLWH LWV VKRUWFRPLQJV LV DEOH WR
,PDJH TXDOLW\ DWWDLQDEOH E\ LWV OHQV ILOP FRPELQDWLRQV X
DOWKRXJK ORFDOLVHG XQIODWQHVYVY FRXOG EH LPSURYHG 7KH HVYV
FDPHUD EDFN ILOP FRPELQDWLRQ XVHG UHSUHVHQW GHSDUWXUHYV
ZHUH VWDEOH OHQV GLVWRUWLRQ DQG DOVR UHVLGXDO ILOP GHIF
I UDPHV PHDVXUHG &RQVHTXHQWO\ WKHVH SDUDPHWHUYV DQG WKHL
EH WUHDWHG DV FDOLEUDWLRQ GDWD GXULQJ VXEVHTXHQW SUDFW

7KH QRQ PHWULF +DVVHOEODG FDPHUD +6 VKRZV D SRWHQWLEL
HQKDQFHG LI WKH OHQV ZDV IL[HG E\ IRFXVLQJ FOLFN VWRSV 7KH |
E\ HGJHV PHWKRG LQ GHILQLQJ D SKRWR FRRUGLQDWH UHIHUHQFH V
FRXOG EH SURYLGHG E\ ILWWLQJ HGJH UHIHUHQFH PDUNV ,Q FRQ
DOzD\V EH OLPLWHG E\ XQ IODWQHVY DQG WKH DELOLW\ RI WKH QH
3RVVLEOH PDWKHPDWLFDO WUHDWPHQWY )UDVHU F )UDVHU D
Rl FDPHUD LQYDULDQW SDUDPHWHUY DQG LPDJH YDULDQW DGGLWLR
+RZHYHU FDUH KDV WR EH WDNHQ WR HQVXUH WKDW WKH SDUDPHW
QRW KLJKO\ FRUUHODWHG WR DYRLG DQ RYHU SDUDPDWLVHG VROX



J)LOP DQG FDPHUD EDFN SHUPXWDWLRQV ZLWK WKH +6 FDP

7TKH LQLWLDO RXWOLQH IRU WKLV FKDSWHU SURSRVHG DQ LQYHV\
UHVHDX FRUUHFWLRQ PHWKRGV GLVFXVVHG LQ VHFWLRQ $QI
Rl WKH YDULRXV ILOP GHIRUPDWLRQ FRUUHFWLRQ PHWKRGV UHTX
WKH VXFFHVV RI WKH WUDQVIRUPDWLRQ 6LQFH WKH ; < = REMHF
WDUJHWYV KDG EHHQ GHWHUPLQHG ZLWK KLJK SUHFLVLRQ E\ WKH G
DGMXVWPHQW WKHVH FRXOG SURYLGH D UHIHUHQFH VHW RI FRUU
LOQOFRUSRUDWLQJ SKRWR FRRUGLQDWH UHILQHPHQWY ZHUH EDVHG |
DQG VKDSH RI WKH HVWLPDWHG REMHFW VSDFH FRRUGLQDWH ILHC(

7KH LPDJHV WR EH XVHG ,Q WKLV DQDO\VLVY ZHUH VLPSO\ WDNHQ |
ILOP LQ WKH +6 FDPHUD GXULQJ WKH VHFRQG VHW RI WHVW ILHOG
IURP HDFK VHW ZHUH HPSOR\HG WR SURYLGH QRPLQDOO\ WKH VI
([SOLFLW ILOP GHIRUPDWLRQ WUDQVIRUPDWLRQV FRXOG WKHQ EH
SHUPXWDWLRQV IURP VHFWLRQ

,PDFIH FRRUGLQDWH UHILQHPHQW DQG GDWXP GHILQLWI

JRU WKLV VHULHV RI DGMXVWPHQWY SKRWR FRRUGLQDWHYV ZHUH

PHDVXUHPHQWY XVLQJ WKH EHVW D[LV ILW SURJUDP 67(& WUHDW
ILGXFLDO PDUNV 7KHVH UDZ SODWH FRRUGLQDWHYV FRXOG WKHQ I
RXWOLQHG EHORZ

D*OREDO $IILQH WUDENVVHEGP RWLWKH OHDVW VTXDUHV ILW RI |
LPDJH SRVLWLRQV WR WKHLU FRUUHVSRQGLQJ FDOLEUDWHG

E OHDQ %LOLQHDU ERUWKHAWHERWLY WKDW ILOP W\SH DQG FDP
LGHQWLILHG E\ YLVXDO DQDO\VLY RI WKH GHIRUPDWLRQ SDW\
SURGXFHG LW ZDV GHFLGHG WR DGRSW D PHWKRG RI FRI
VLPLODULWLHY $ PHDQ GHIRUPDWLRQ SDWWHUQ ZDV FRPSX!
SURGXFHG LQ HDFK Rl WKH FDPHUD EDFN ILOP SHUPXWDWLRQ
FRXOG WKHQ EH DSSOLHG EDVHG RQ WKH PHDQ GHIRUPDWL
VXUURXQGLQJ WKH LPDJH SRVLWLRQ FRPSXWHG XVLQJ WKH
DSSURSULDWH FDPHUD EDFN ILOP FRPELQDWLRQ 7KLV PHWKF
VSHFLILF FRUUHFWLRQ ZLWK DOO WKH DGYDQWDJHV RI WKH X
PHDVXUH HYHU\ UHVHDX JULG

F /IRFDO %LOLQHDWKRWPHMKIRRYZDY LGHQWLFDO WR WKDW XV
LQFRUSRUDWHG LQ WKH JOREDO EXQGOH DGMXVWPHQW

&



W PXVW EH PHQWLRQHG WKDW WKH OHDVW VTXDUHV OLQHDU ,QV
SXUSRVHV RI WKLY DQDO\VLY DV EHLQJ WRR FRPSXWDWLRQDOO\ ¢
WHFKQLTXH

7KH UHVXOWDQW UDZ DQG UHILQHG SKRWR FRRUGLQDWHYV ZHUH SU
FRQVWUDLQHG EXQGOH DGMXVWPHQW 7R SUHYHQW VKDSH GLVW
GDWXP zZzDV DJDLQ GHILQHG E\ ERUGHULQJ WKH GHVLJQ PDWUL[ VXF
FRUUHVSRQGLQJ WR SLQQHG WDUJHWV FRQWULEXWHG WR WKH GL
WKHUHIRUH LGHQWLFDO WR WKDW XVHG GXULQJ WKH JOREDO DGM.:
WKH VDPH IRU HDFK FDPHUD EDFN IOOP VHW DQG QRPLQDOO\ WKH
EHWZHHQ WKH UHVXOWV SURGXFHG ZRXOG EH GXH WR FDPHUD E
FRUUHFWLRQ PHWKRG

5HVXOWV IURP WKH JOREDO DGMXVWPHQW VKRZHG WKDW WKH SDU
WKH LQWHQWLRQ RI PRGHOOLQJ OHQV GLVWRUWLRQ DOVR PRGHOOF
FRQGLWLRQ FDXVHG E\ ILOP GHIRUPDWLRQ +RZHYHU LQ WKH FDV}
HVWLPDWHG SDUDPHWHUV RQO\ PRGHOOHG V\WVWHPDWLF GHIRUPDW
RIWHQ NQRZQ DV EORFN LQYDULDQW 7KHVH YDOXHV FRQVWUDLQH
XVHG DV VWDUWLQJ YDOXHV IRU WKH SDUDPHWHUV WR EH HVWLPD
FRQGXFWHG ,Q WKLV VHFWLRQ 7KLV PHWKRG FRQIHUUHG IXUWK!
DQDO\VLV VLQFH SK\WLFDOO\ GHULYHG FRQVWUDLQWY ZHUH SODFH

$QDO\WVLV RI 5HVXOWYV

*HQHUDOO\ ZKHQ FRQVLVWHQW SKRWR JHRPHWU\ LV XVHG FRPSD
PDGH XVLQJ WKH D SRVWHULRUL YDULDQFH IDFWRU DV D FUXGH!
FRPSHQVDWHG VI\VWHPDWLF HUURUV &KDQGOHU HW DO E +RZH
SDUDPHWHUV LQFOXGHG LQ WKH VHOI FDOLEUDWLQJ EXQGOH DGM
PRGHOOHG VRPH RI WKH ILOP GHIRUPDWLRQ 7KH YDULDQFH IDFW
HIITHFWLYHQHVV Rl WKH H[SOLFLW ILOP GHIRUPDWLRQ FRUUHFWL
RULHQWDWLRQ DQG DGGLWLRQDO SDUDPHWHUV ,QFOXGHG LQ WKH
DVVXPSWLRQV PDGH E\ WKH FROOLQHDULW\ HTXDWLRQV

JURP 7DEOH LW FDQ EH VHHQ WKDW WKH YDULDQFH IDFWRUV L
QHFHVVDULO\ GHFUHDVH ZLWK LQFUHDVLQJ LPDJH GHIRUPDWLRQ FF
ZKLFK FRQVLVWHQWO\ SURYLGHVY WKH ORZHVW YDULDQFH IDFWRU
H[SODLQHG VLPSO\ E\ WKH IDFW WKDW ,W XVHV PRUH RI WKH DYDL
WKH RWKHU PHWKRGV 7KH LQFRQVLVWHQF\ RI WKH PHDQ ELO|
GLVDSSRLQWLQJ EXW WR GUDZ DQ\ UHOLDEOH FRQFOXVLRQV LW L
FRUUHFWLRQV RQ WKH REMHFW FRRUGLQDWHYV SKRWR FRRUGLQ

&



SWDPHWHUYV
7TDEOH 9DULDQFH IDFWRUV GHULYHG IURP HDFK DGM

J)LOP 9DULDQFH IDFWRU

&DPHUD EDFN
5DZ 30DWH*OREDO $I1ILOHDQ %LOLQRBDO %LOLQHDU

7&3
%DFN $

7&3
%DFN %

)3
%DFN $

)3
%DFN

&KDQJHV LQ HVWLPDWHG SDUDPHWHUYV

JRU WKLV VHW RI DGMXVWPHQWY FDOLEUDWLRQ SDUDPHWHUV ZHUF
RI WKH JOREDO DGMXVWPHQW DFFRUGLQJ WR WKH FDPHUD EDFN |
LV SRVVLEOH WR DVVHV FKDQJHV E\ FRPSDULQJ WKH GLIIHUHQFHYV
DQG WKH YDOXHV RI WKH SDUDPHWHUVY HVWLPDWHG GXULQJ HDFK

JLIXUHV DQG VKRZ WKH GLIITHUHQFHYVY EHWZHHQ WKH FDPHUD
E\ WKH JOREDO DGMXVWPHQW DQG WKRVH HVWLPDWHG E\ HDFK
GLITHUHQFHY DUH VHHQ LQ WKH SDUDPHWHUV HVWLPDWHG IRU 7HFFk
$ 7KH PDLQ UHDVRQ IRU WKHVH YDULDWLRQV DUH WKDW WKH JUR
LQFOXGHG WKH KLJKO\ GHIRUPHG IUDPH IURP UROO )LJ $
FRUUHFWLRQ IRU WKLV VHW Rl IUDPHV UHTXLUHYV D VSHFLILF NQRZ
LPDJH ,Q IDFW WKH GHIRUPDWLRQVY DUH VR ODUJH WKDW LQ WKH
SUREDEO\ KDYH EHHQ UHMHFWHG 7KH GHJUHH WR ZKLFK WKLV |
UHVLGXDOV LV FOHDUO\ VHHQ LQ WKH YDULDQFH IDFWRUV 7DEOH
&OHDUO\ WKH FRUUHFWLRQ PHWKRGY DUH LQHIIHFWXDO XQWLO WK
RQ LQIRUPDWLRQ VSHFLILF WR WKLV IUDPH

JRU WKH RWKHU WKUHH FDPHUD EDFN ILOP FRPELQDWLRQV VHYHUD
LQVLJQLILFDQFH RI WKH FKDQJHV LQ WKH WDQJHQWLDO GLVWRUWL
FRQWULEXWH YHU\ OLWWOH WR WKH PRGHOOLQJ RI ILOP GHIRUPDW
QRW FRQWULEXWHG PXFK WR WKH UHGXFWLRQ Rl WKH YDULDQFH
HVWLPDWHG SDUDPHWHUV WR OHVV WKDQ RU RI WKH VDPH RUGHU
HVWLPDWHG E\ WKH JOREDO DGMXVWPHQW



'LIHUHQFHY EHWZHHQ FDPHUD FDOLEUDWLRQ SDUDPHWHUV [U|
DGMXVWPHQW DQG WKRVH HVWLPDWHG GXULQJ WKH LQGLYL

6WDQGDUG GHYLDWLRQV IURP WKH JOREDO FDOLEUDWLRQ XVHG W
HVWLPDWLRQ LQ WKLV FDVH DUH VKRZQ DV D PHDVXUH Rl VLJQL

.RGDN 7HFKQLFDO 3DQ JLOP LQ EDFN $
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'LIHUHQFHYVY EHWZHHQ FDPHUD FDOLEUDWLRQ SDUDPHW
DGMXVWPHQW DQG WKRVH HVWLPDWHG GXULQJ WKH L
6WDQGDUG GHYLDWLRQV IURP WKH JOREDO FDOLEUDWLRQ XVHG
HVWLPDWLRQ LQ WKLV FDVH DUH VKRZQ DV D PHDVXUH RI VLJ¢
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(VWLPDWHG 3DUDPHWHU

,PDJH WUDQVIRUPDWIR® w5 HBOoDWH,0 OHDQ %LOLQHDU&DOLEUDWLRQ
Y610 $I1LQH U URPDO %LOLQHDU 6WDQGDUG 'HYLDW

Y)LIXUH



*UDSK RI 5DGLDO /HQV 'LVWRUWLRQ
IRU HDFK RI WKH FDPHUD EDFN ILOP FRPEI

HI[SRVHG LQ WKH PRGLILHG +DVVHOEODG

7HFKQLFDO 3DQ %DFN $ 7HEKQLFDO 3DQ %DFN %
)3 %DFEN $ )3 %DFN
5HVHDX FRUUHFWLRQ PHWKRGV 7, OHD@WH OLQHDU

b *OREDO $IILOH/RFDO %LOLQHDU

YLIXUH

JRFDO OHQJWK DSSHDUV WR EH DFWLQJ YHU\ VLIQLILFDQWO\ WR F
FRRUGLQDWH PHDVXUHPHQWY RQ ERWK )3 DQG ILOPV 7KH S
PXVW EH FRUUHODWHG ZLWK PHDVXUHPHQW HQYLURQPHQW UHODW
JOREDO DIILQH WUDQVIRUPDWLRQ UHVWRUHV WKH IRFDO OHQJWK
GHULYHG IURP WKH JOREDO DGMXVWPHQW W LV XQFOHDU ZK\ DQ
3DQ LPDJHV H[SRVHG ,Q %DFN % DFWXDOO\ ,QFUHDVHV WKH IRFDC
EHWZHHQ ILOP GHIRUPDWLRQ DW WKH IRUPDW HGJHVY DQG WDUJHW



&KDQJHV LQ WKH UDGLDO OHQV SDUDPHWHUV FDQ EH HYDOXDWHG
DQG WKRVH UHSUHVHQWLQJ WKH SDUDPHWHUVY HVWLPDWHG GXULQ
LPPHGLDWHO\ DSSDUHQW WKDW WKH ORFDO ELOLQHDU FRUUHFWLR
DOO WKH FDPHUD EDFN ILOP FRPELQDWLRQV

7KH VKDSH DQG PDJQLWXGH RI WKH UDGLDO OHQV GLVWRUWLRQ F>
GLVWDQFH RI PP VXJJHVWLQJ WKDW UDGLDO OHQV GLVWRUWLRC
UDGLDO GLVWDQFH )URP WKLV SRLQW RQ XQFRUUHFWHG ILOP GH
HGJHV RI WKH IRUPDW EHFRPHV LQFUHDVLQJO\ PRGHOOHG E\ WK
H[FHSWLRQ WR WKHVH WUHQGV DUH VHHQ LQ WKH UDZ SKRWR EDV}
GHPRQVWUDWH VPDOO GHSDUWXUHVY EHIRUH WKH PP UDGLDO G
SRO\QRPLDO KDV VRPH PDWKHPDWLFDO UHOHYDQFH WR WKH GLVW
RQ )3 ILOP

$ EULHI bQDO\VLV RI VRPH RI WKH FKDQJHVY WR WKH HVWLPDWHG F
GHILQLQJ HDFK FDPHUD VWDWLRQ SHUVSHFWLYH FHQWUH ZHUH PDG
VSDFH FRRUGLQDWHY ZHUH RI WKH RUGHU RI PP LQ DOO REMHFW
FRRUGLQDWHY DJUHHG WR ZLWKLQ PP 7KH RQO\ HI[FHSWLRQ WR
VLIQLILFDQW IRFDO OHQJWK FKDQJHV LQ DGMXVWPHQWY HPSOR\I
H[DPSOH GLIIHUHQFHY PLJKW LQFUHDVH XS WR PP 7KLV LQGLFD
,V RSHUDWLQJ ZKHUHE\ LPDJH VFDOH YDULDWLRQV DUH UHIOHFWH(
IRFDO OHQJWK EXW DOVR E\ WUDQVODWLRQVY DQG URWDWLRQV RI

"LITHUHQFHYVY EHWZHHQ WKH SKRWR FRRUGLQDWH UHVLG:

7KH PRVW REYLRXV UHGXFWLRQ RI SKRWR FRRUGLQDWH UHVLGXDO\
E\ WKH GHIRUPHG IUDPH RQ 7HFKQLFDO 3DQ ILOP )LJ JRU DO
WKH ORFDO ELOLQHDU WKH GDWD DUH FOHDUO\ LQIOXHQFHG E\ WK
LQ WKH GHIRUPDWLRQ SORW GHULYHG IURP WKH UHVHDX LPDJH PH
FRRUGLQDWH UHVLGXDOV FRPSXWHG IURP WKH ILUVW WKUHH WUDQ\
7KH ORFDO ELOLQHDU FRUUHFWLRQ LV DEOH WR UHPRYH PRVW RI1 V
VWLOO EH LGHQWLILHG DW RQH RI WKH ORFDO WDUJHW FOXVWHU
UHVHDX JULG GHQVLW\

&KDQJHV LQ PDIJQLWXGH RI WKH SKRWR FRRUGLQDWH UHVLGXDOV Z
DUH SUHVHQWHG LQ ILJXUH 5HVXOWY DJDLQ GHPRQVWUDWH WK
FRQVLVWHQWO\ UHGXFH WKH PDJQLWXGH RI WKH SKRWR FRRUGLQ
LPDJHVY RQ 7THFKQLFDO 3DQ ILOP KDYH SURGXFHG WKH VPDOOHVW ¢
ELOLQHDU FRUUHFWLRQ LQIHUULQJ WKDW WKH JUHDWHU UHVROYLC



3KRWR FRRUGLQDWH UHVLGXDOV IRU THFKQLFDO 3DQ
%DFN % FDPHUD VWDWLRQ

6WDWLRQ 5DZ 30DWH 6WDWLRQ *OREDO $IILQH

6WDWLRQ OHDQ %LOLQHBWDWLRQ /IRFDL %LOLQHDU

~

)LIXUH



OHOR 506 SKRWR FRRUGLQDWH UHVLGXDOV

IRU WKH FDPHUD EDFN DQG ILOP FRPELQDWLRQV
H[SRVHG LQ WKH +6 FDPHUD
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"LITHUHQFHY EHWZHHQ WKH HVWLPDWHG REMHFW VSDFI

SKRWRJUDPPHWU\ VHWV RXW WR PHDVXUH GLPHQVLRQV DQG SRVL
UHIHUHQFH VA\VWHP RU GDWXP 7KHUHIRUH RI SULPDU\ LPSRUWDQF
ILOP GHIRUPDWLRQ DQG LWV FRUUHFWLRQ RQ REMHFW VSDFH FRR

WKH JOREDO EXQGOH DGMXVWPHQW SURYLGHG DQ REMHFW V!
ZKLFK WKH FRRUGLQDWHYVY GHULYHG IURP WKLV VHULHV RI DGMXVW

JLIXUH VKRZV WKH 506 REMHFW VSDFH FRRUGLQDWH GLVFUE
VXEWUDFWLQJ HDFK FRPSXWHG FRRUGLQDWH IURP LWV FRUUHVSRQ
EH QRWHG WKDW WKH FRRUGLQDWH D[LV GLUHFWLRQV GHILQHG GXL
ZHUH QRW RULHQWDWHG ZLWK UHVSHFW WR WKH WDUJHW DUUD\ V.
= D[LV UHSUHVHQWYV WKH KHLJKW RI WKH WHVW ILHOG GHSWK DQG
Rl ; DQG < GLUHFWLRQV

7KH DGMXVWPHQWY PDGH XVLQJ WKH ,0IRUG )3 ILOPV JHQHUDOO
FRRUGLQDWH GLVFUHSDQF\ DV WKH FRPSOH[LW\ RI WKH LPDJH GI
+RZHYHU DOO WKH UHGXFWLRQ V LQ FRRUGLQDWH GLVFUHSDQF\ DL
HVWLPDWHG FRRUGLQDWH VWDQGDUG GHYLDWLRQV MLP ; _LP
WKH DSSOLFDELOLW\ RI WKHVH FRUUHFWLRQV IRU DOO EXW WKH K|

'LIIHUHQFHVY EHWZHHQ WKH GLVFUHSDQFLHV GHULYHG IURP WKH LP
ILOP DW ILUVW JODQFH VKRZ QR JUDGXDO GHFUHDVH LQ GLVFUHS
GHIRUPHG IUDPH LQ WKH 7HFKQLFDO 3DQ %DFN $ GDWD VHW KI
DFWXDOO\ ZRUVHQHG E\ XVLQJ WKH DIILQH DQG PHDQ ELOLQHDU FI
WKLV DQRPDO\ LV WKDW ERWK FRUUHFWLRQV DUH VSUHDGLQJ WKH J
RI IUDPH RYHU WKH IRUPDW DUHD DQG DUH FRQVHTXHQWO\ GHIRUI
UHJLRQV ZKHUH PRVW RI WKH WDUJHWV DUH VLWXDWHG

7THFKQLFDO 3DQ ILOP H[SRVHG LQ EDFN % SURGXFHG UHVHDX GHIRUF
YHU\ UDGLDO ,Q QDWXUH &RQVHTXHQWO\ SDUDPHWHUV VXFK DV |
FRHIILFLHQWY ,QFOXGHG LQ WKH DGMXVWPHQW DUH KLJKO\ FRUUH
PRVW RI WKH ILOP GHIRUPDWLRQV )LJV DQG

&RPPHQWYV FRQFHUQLQJ REMHFW FRRUGLQDWH GLVFUHSDQFLHV PD
ZLWK 506 REMHFW FRRUGLQDWH GLVFUHSDQFLHY GLVUHJDUGLQJ D
RYHU WKH WHVW ILHOG DUHD JLIXUHV DQG DUH SORWYV R
DGMXVWPHQWY PDGH XVLQJ WKH 7THFKQLFDO 3DQ $ GDWD VHW Y
WHVW ILHOG UHVSHFWLYHO\ 'LWK WKH H[FHSWLRQ RI VA\VWHPDW
GLVFUHSDQFLHY DSSHDU UHPDUNDEO\ UDQGRP

&



OHm® 506 REMHFW VSDFH FRRUGLQDWH GLVFUHSDQ

IRU WKH YDULRXY FDPHUD EDFN ILOP FRUUHFWLRQ SHL
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PHOQOWLRQHG HDUOLHU FDQ SUREDEO\ EH DWWULEXWHG DV WKH FD>
SUHVHQW DIWHU ORFDO ELOLQHDU FRUUHFWLRQ

5RZ 30DWH *OREDO $IILQH
A (0XO) 9 A A L © . v
pp X1
OHDQ %LOLQHDU IRFDO %LOLQHDU
., A 9 A U I N 2
L3 6
PP PP
JLIXUH 2EMHFW VSDFH GLVFUHSHQF\ YHFWRUV IURP WKH 7HFKQ

9LHZ

)LOQDOO\ REMHFW VSDFH SUHFLVLRQ FDQ EH FRPSXWHG IRU H[DPS
GDWD XVLQJ WKH WHVW ILHOG GLPHQVLRQV LQ WDEOH

7TDEOH BUHFLVLRQ LQ WKH REMHFW VSDFH IRU WKH 7HFKQLFDC

OHDQ 506 REMHF@®D[LPXP
'LUHFWLR®RUGLQDWH VWEMTFWS VSBRHFLVLRQ
GHYLDWLRQ GLPHQVLRQ

; SP P
< SP P
= SP P

6XPPDU\ RI FDPHUD EDFN DQG ILOP W\SH YDULDWLRQV

3HUKDSV WKH PRVW REYLRXV FRQFOXVLRQ ZKLFK FDQ EH GUDZQ IL
QDWXUH RI WKH OHDVW VTXDUHV SURFHVV WKH PDWKHPDWLFDO F
G\QDPLF VA\VWHP 8QFRUUHFWHG ILOP GHIRUPDWLRQV DUH VSUHDG
PDWKHPDWLFDO DSSOLFDELOLW\ RI WKH YDULRXV HVWLPDWHG SDUI



HWZRUN KDV PHDQW WKDW DQ\ FRQVLVWHQW GHIRUPDWLRQV KDY
VRPH GHJUHH EHIRUH EHLQJ H[SUHVVHG ,Q ERWK WKH REMHFW FF
FRRUGLQDWH UHVLGXDOV 7KLV KDV UHVXOWHG ,Q DQ DSSDUHQWO

$Q H[FHSWLRQ WR WKLV SULQFLSOH RFFXUV ZKHUH FOXVWHUV RI
HIWUHPHO\ ORFDOLVHG ZLWKLQ WKH IRUPDW DUHD WKH\ DUH QRW D
QXPEHU RI SKRWRJUDSKY LQYROYHG LQ HDFK DGMXVWPHQW 7KH S
ORFDO FOXVWHUY HYHQ DIWHU WKH ELOLQHDU FRUUHFWLRQ LPSOLE
WR HQDEOH DOO WKH ,Q FDPHUD GHIRUPDWLRQV WR EH H[SOLFLWO

$GMXVWPHQWY XVLQJ WKH ORFDO ELOLQHDU FRUUHFWLRQ FDQ EH |
FRUUHFWLRQ DYDLODEOH IRU WKLV UHVHDX FDPHUD V\VWHP (QFRX
ZLWK HDFK VHW Rl SKRWR FRRUGLQDWHY UHILQHG XVLQJ WKH ORFD
WKH WDUJHW SRLQWLQJ DELOLW\ DVVRFLDWHG ZLWK WKH ,PDJH
FRPELQDWLRQ EHJLQ WR OLPLW WKH VROXWLRQ

5HVXOWV FRQILUP WKH FRQFOXVLRQV GHULYHG IURP WKH JOREDO
HIITHFWLYH ORFDOLVHG FRUUHFWLRQ KDV EHHQ DSSOLHG XQOHVV C
ILOP GHIRUPDWLRQV WKH FDPHUD SDUDPHWHUV LQFOXGHG LQ Wk
LQGHSHQGHQW RI WKH ILOP EDFN DQG ILOP XVHG

*LYHQ D VWURQJO\ FRQYHUJHQW QHWZRUN JHRPHWU\ LW ,V DUJ>
FRUUHFWLRQV QHHG WR EH DSSOLHG IRU WKLV W\SH RI FDPHUD LI
RQO\ DUHD Rl ,QWHUHVW

JRU ,QFUHDVHG REMHFW VSDFH DFFXUDF\ WKH DGYDQWDJH EHWZHH(
ELOLQHDU FRUUHFWLRQV FDQ SUREDEO\ EH UHJDUGHG DV ,QVLJQL
ZRUWKZKLOH SK\WLFDOO\ EDVHG UHILQHPHQW ,V WKH ORFDO ELOLQF
IRU H[DPSOH KDV KDG VRPH VXFFHVV E\ LQFOXGLQJ DUELWUD!
VHWY LQ WKH DGMXVWPHQW WR PRGHO WKH ILOP VXUIDFH +RZHYH!
FDVH ZKHUH SUDFWLFDO VXUYH\V DUH FRQFHUQHG WKH HIIHFWLYH
DGGLWLRQDO SDUDPHWHUV FDQ RIWHQ EH LQDSSURSULDWH

JURP WKHVH GDWD WKHUH DSSHDUV WR EH QR UHDVRQ WR DVVXPH
SURYLGH D PRUH DFFXUDWH EXQGOH VROXWLRQ WR WKDW SURYLGH
SKRWR FRRUGLQDWHYV



7KH HIIHFW RI WKH H[SOLFLW ILOP GHIRUPDWLRQ FRUUHFW
REWDLQDEOH GXULQJ D WASLFDO VXUYH\

,Q WKH SUHYLRXV DQDO\VLVY DQ XQXVXDOO\ VWURQJ QHWZRUN LQ
IRU SKRWRJUDPPHWU\ XVLQJ VPDOO IRUPDW FDPHUDV ZDV HPSOR\
WR GHWHUPLQH WKH HIIHFW Rl WKH WKUHH H[SOLFLW ILOP GHIRUPI
FRRUGLQDWH ILHOG ZKHQ VXUYH\HG E\ D PRUH FRQYHQWLRQDO W,

JRU WKLY DQDO\VLV D VXEVHW RI WKH JOREDO GDWD FRXOG DJDLQ
WKH SUHFLVH WDUJHW FRRUGLQDWH DUUD\ 1HZ HVWLPDWHV RI W
FRPSXWHG IRU WKH QHZ QHWZRUN DJDLQ XVLQJ D VHOI FDOLEUDW

SKRWRDUDPPHWULF SURFHVVLQJ

7KH GDWXP IRU WKLY DGMXVWPHQW ZDV GHILQHG DORQJ PRUH FRQ
FRUQHUVY DQG FHQWUH RI WKH WDUJHW DUUD\ ZHUH VHOHFWHG IRL
ZHUH FRQVWUDLQHG DFFRUGLQJ WR WKHLU VWDQGDUG GHYLDWLRC
IUDPHVY VWDWLRQ QXPEHUV DQG ZHUH VHOHFWHG IURP WKH 7HF
D SbDLU RI FDPHUD VWDWLRQV ZLWK FRQYHUJHQW RSWLFDO D[LV 7}
DQG WKH ubz SODWH FRRUGLQDWHY DVVRFLDWHG ZLWK WKHVH FDP
VHO|l FDOLEUDWLQJ EXQGOH DGMXVWPHQWYV $V LQ VHFWLRQ WK
GXULQJ WKH JOREDO DGMXVWPHQW ZHUH LQFOXGHG DV VWDUWLC(
GHYLDWLRQV

,Q WKLV zZzD\ DQ DGMXVWPHQW ZDV FDUULHG RXW ZKLFK DOWKRXJ
SKRWRJUDPPHWULF VXUYH\ OLQHV IDFLOLWDWHG WKH DQDO\VLV R

$QDO\VLV RI UHVXOWYV

$JDLQ WKLV DQDO\WLYV FDQ EH VSOLW XS LOQWR WKUHH VHFWLRQV
UHVLGXDOV DQG REMHFW VSDFH FRRUGLQDWH GLVFUHSDQFLHV

$QDO\VLV RI HYWLPDWHG SDUDPHWHUV

"LITHUHQFHYVY EHWZHHQ WKH HVWLPDWHG FDPHUD FDOLEUDWLRQ SDI
DGMXVWPHQWY DQG WKRVH IURP WKH JOREDO DGMXVWPHQW DUH V
VHHQ DW RQFH WKDW LQ PRVW FDVHV WKH VWDQGDUG GHYLDWLRQV
DGMXVWPHQWY DUH ODUJHU WKDQ WKH SDUDPHWHU GLIITHUHQFHYV
EHWZHHQ WKH S SDUDPHWHU FRQQHFWHG ZLWK WKH PHDQ ELOLQ
JHQHUDO LQVLJQLILFDQFH RI WKH GLIITHUHQFHY DUH GXH HQWLUHO

&



"LITHUHQFHYVY EHWZHHQ FDPHUD

FDOLEUDWLRQ SDUDPHW
JOREDO EXQGOH DQG WKRVH

HVWLPDWHG GXULQJ WKH SVH

6WDQGDUG GHYLDWLRQV RI WKH HVWLPDWHG SDUDPHWHUV FRP

WKH DGMXVWPHQW DUH VKRZQ DV D PHDVXUH RI VLJQLILFD

,PDJH WUDQVIRUPDWLRGMW\SDDWH M OHDQ %LOLQHEWOLEUDWLRQ

566 $I1ILQH ., . /IREDO %LOLMPYGDUG 'HYLDWLRQ
YLIXUH

5DGLDO OHQV GLVWRUWLRQ IURP JOREDO DGMXVWPHDQ
PLQXY UDGLDO OHQV GLVWRUWLRQ
FRPSXWHG GXULQJ WKH SVHXGR VXUYH\

5HVHDX FRUUHFWLRQ PHWKRGV

5DZ 30DWH , OHDQ %LOLQHDU
L *OREDO $IILQH /IRFDO %LOLQHDU

YLIXUH



IDFW WKDW FRQVWUDLQHG VWDUWLQJ YDOXHV ZHUH XVHG

7KH UDGLDO GLVWRUWLRQ FXUYHV IURP WKLV VHULHV RI DGMXVWP|
HVWLPDWHY XQWLO WKH HGJH RI WKH IRUPDW ZLWK LWV FRUUF
DSSURDFKHG

,Q DIJUHHPHQW ZLWK WKH DGMXVWPHQWY FDUULHG RXW WR DVVHYV
D GHQVH QHWZRUN WKH FDPHUD H[WHULRU RULHQWDWLRQ SDUL
FRPSHQVDWLRQ IRU VRPH RI WKH ILOP GHIRUPDWLRQV SUHVHQW 7
,Q WKH UDZ SODWH JOREDO DIILQH DQG PHDQ ELOLQHDU FRUUHFW

7TDEOH 5SRWDWLRQ DQG WUDQVODWLRQ GLVFUHSDQFLHY EHWZ/
LQ WKH *OREDO $GMXVWPHQW DQG WKRVH HVWLPDWHG GXULC(

7TUHDWPHQW 7UDQVODWLRQV P 5RWDWLRQV

BWDWLRQ
; < ] :

5DZ 3KRWIRRW 6LIRW 6LJ 1RW 6LJ

9L

5DZ 3KRWR 1RW
6LJ

*OREDO 1RW 6LIRW 6LJ
$IILQH

*OREDO 1RW 6LJ 1RW 6LJ
$IILQH

OHDQ
%LOLQHDU

OHDQ 1RW 6LJ 1RW 6L1RW 6LIRW 6LJ
%LOLQHDU

/IRFDO 1RW 6L1IRW 6LIRW 6LIRW 6LIRW 6LJ1IRW
%LOLQHDU 6LJ

/IRFDO 1RW 6LIRW 6LJ 1RW 6LIRW 6LJIRW
%LOLQHDU 6LJ

6W 'HY

6W 'HY
EH

PXOWLSOLHG E\ WKH VTXDUH URRW RI WKH DSSURSULDWH YDULDQF

$QDO\WLV RI SKRWR FRRUGLQDWH UHVLGXDOYV

JLIXUH VKRZV WKH PHDQ 506 SKRWR FRRUGLQDWH UHVLGXDOV
FRPELQDWLRQ :KLOVW OLWWOH FKDQJH ZLWK WUHDWPHQW W\SH ,V
LQ WKH \ GLUHFWLRQ VKRZ VRPH LPSURYHPHQW IRU IUDPH

&



OHDQ 506 3IKRWR FRRUGLQDWH UHVLG

IRU WKH PRGLILHG +DVVHOEODG FDP
SHVXOWYV DUH JURXSHG DORQJ WKH ; D[LY

JUDPH QXPEHU DQG ,PDJH S5HILQHPH

G

58
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&DPHUD 6WDWLRQ

\'$ 3KRWR FRRUGLQDWH UHVLGXDO
SKRWR FRRUGLQDWH UHVLGXDO =«

)LIXUH
Y)LIXUH GHPRQVWUDWHY WKHVH LPSURYHPHQWY DQG WKH SUH

WHUPV RI D YHFWRU ILHOG W FDQ EH VHHQ WKDW WKH ORFDO ELC(
V\VWHPDWLF HIIHFWV DW ZKLFK RFFXU DW WKH WRS OHIW DQG ER\

W FDQ RQO\ EH DVVXPHG WKDW WKH UHPDLQLQJ SKRWR FRRUGLQD'
LQ IUDPH DUH GXH WR ORFDOLVHG XQIODWQHVYV DQG WDUJHW SF
Rl WKH ODUJHU YHFWRUV DUH DW WKH ERWWRP RI WKH LPDJHV .
RULHQWDWLRQV PHDQW WKDW WKH WDUJHWV DW WKH ERWWRP RI
FDPHUD



3KRWR FRRUGLQDWH UHVLGXDOV DIWHU
DGMXVWPHQW XVLQJ ILYH FRQVWUDLQHG FRQWURO

YUDPH 5DZ 30DWH JUDPH 5DZ 30DWH
Y L
W
T
L t v
w
2 | I 9 s
E W i

9 ? \
XQL .2 XP
JUDPH /IRFDO %LOLQHDU JUDPH /IRFDO %LOLQHDU
w
L [ t Y
$
I
$ U
o L
Y w !
L 7

O 2 YLP

JLIXUH



$QDO\VLVY RI REMHFW FRRUGLQDWH GLVFUHSDQFLHV

'LVFUHSDQFLHV LQ WKH REMHFW VSDFH DUH WKH PDLQ FRQFHUQ IR
FRPSXWHG VLPSO\ E\ VXEWUDFWLQJ WKH VHW RI FRRUGLQDWHYV HV
JOREDO DGMXVWPHQW UHIHUHQFH VHW

JURP ILIJXUH W FDQ EH VHHQ WKDW WKHUH DUH ODUJH V\VWHF
FRRUGLQDWH GDWD $OVR D GLVWLQFW URWDWLRQ LV LOQWURGXFF
ORFDO ELOLQHDU FRUUHFWLRQ LV DSSOLHG )LJ

'HVSLWH WKH ODUJH PP GLVFUHSDQF\ LQ RQH RI WKH OHIW KDQG
FRUUHFWLRQ DSSHDUV WR KDYH UHPRYHG PRVW RI WKH V\VWHPDI
VLIJQLILFDQW SDWWHUQ LV LGHQWLILDEOH LQ WKH = GLUHFWLRQ D
)LJ 7KH FDXVH Rl WKLV LV XQFOHDU EXW D FOXH LV SURY
FRRUGLQDWH UHVLGXDOV DUH YHU\ VPDOO LQ WKH FRUUHVSRQGLQ
WKH OHDVW VTXDUHV SURFHVV LQ PLQLPLVLQJ WKH VXP RI VTXDL
UHPDLQLQJ LPDJH GHIRUPDWLRQV IRU H[DPSOH WKH WDUJHW FOXV
ILHOG DUHD 7KLV DQDO\VLV LV FRQILUPHG ZKHQ LW LV FRQVLGHUH
OLQHV GHILQLQJ DQ\ JLYHQ WDUJHW FRRUGLQDWH

7KH VA\VWHPDWLF SDWWHUQV VHHQ LQ WKH WDUJHW ILHOG DUH WKH
DQG DOVR GXH WR WKH SRLQWLQJ LQDFFXUDF\ WR WDUJHW LPDJH
WHVW ILHOG IXUWKHVW I[URP WKH FDPHUDYV

$ VWDWHPHQW DV WR WKH DFFXUDF\ RI DWWDLQHG GXULQJ WKLV
LQFOXGHVY WKH 506 REMHFW GLVFUHSDQFLHVY DV RSSRVHG WR WHK
GHYLDWLRQV

7TDEOH OHDQ 506 REMHFW FRRUGLQDWH GLVFUHSDQFLHYV DQ

506 REMHFW FRRUGLQDWH GLVFUHSDQFLHV P/
&RUUHFWLRQ DQG FRPSXWHG DFFXUDF\
PHWKRG

< =
5Dz 3O0ODWH
*OREDO $I1ILQH

OHDQ %LOLQHDU

/IRFDO %LOLQHDU






J)LIXUH 2EMHFW VSDFH GLVFUHSHQF\ YHFWRUV IURP WKH SVHX

6XPPDU\ RI UHVXOWYV IURP WKH SVHXGR VXUYH\

7KH SVHXGR SKRWRJUDPPHWULF VXUYH\ ZDV OLPLWHG DV LQWH:
+RZHYHU DV VKRZQ E\ WKH WDEOH RI 506 REMHFW FRRUGLQDWH G
VWLOO FDSDEOH RI D UHVSHFWDEOH SDUW LQ W R RI WK
WDNHQ H[SOLFLWO\ ,QWR DFFRXQW
Y

7KH 506 REMHFW FRRUGLQDWH GLVFUHSDQFLHY DOVR VKRZ WKDW W
LQFUHDVHG REMHFW FRRUGLQDWH SUHFLVLRQ EXW ZLOO QRW QHF
WKH URWDWLRQ VHHQ LQ WKH HVWLPDWHG REMHFW VSDFH FRRUGLC
EHORZ SDUW LQ LW FDQ EH FRQFOXGHG WKDW WKH H[WUD FR
RXW LPDJH UHILQHPHQW LV XQMXVWLILHG

7KH XVH RI FRQVWUDLQHG LQQHU RULHQWDWLRQ DQG DGGLWLRQDC
DOORZHG ZHOO GHILQHG FDPHUD FDOLEUDWLRQ SDUDPHWHUV W]
DVVRFLDWHG ZLWK VHO| FDOLEUDWLRQ DQG ZHDN QHWZRUN JHRPH



&KDSWHU VXPPDU\

:KLOVW WKH GHIRUPDWLRQV RFFXUULQJ LQ WKH PRGLILHG +DVVHOI
JUHDWHU WKDQ WKH LQ SODQH GHIRUPDWLRQV VXPPDULVHG LQ FK
FDXVHG E\ SK\VLFDO SUREOHPV ZLWKLQ WKH FDPHUD ZKLFK FRXOG
7KH PDLQ DUHDV IRU UH HYDOXDWLRQ DUH GHVLJQLQJ WKH JDS EHW
SODWH WR VXLW WKH ILOP WKLFNQHVYV DQG D PHWKRG RI UHPRY
VXUIDFHVY GXULQJ ILOP DGYDQFH , I VXFK UH GHVLJQ ZHUH FDUULH
WKH PDJQLWXGH RI LQ FDPHUD ILOP GHIRUPDWLRQ ZRXOG DSSURDI

$GMXVWPHQW UHVXOWYV PDGH ZLWK WKH 80. DQG 3 PHWULF FDPHU
JODVV SODWH EDVHG HPXOVLRQV WKHVH FDPHUDYVY DUH FDSDEOH R
OLPLWHG E\ QHWZRUN GHVLJQ DQG WKH DELOLW\ WR SRLQW DFFXUL
3 FDPHUD ZKLFK zZDV WHVWHG ZLWK D ILOP EDVHG SURGXFW WKFE
WKH GHSWK RI ILHOG RIIHUHG E\ WKH IL[HG OHQV DQG WKH LQDELGC
GHIRUPDWLRQ 7KLV HIIHFW LV ERUQH RXW E\ WKH QRQ PHWULF +
GHPRQVWUDWHG FRQVLGHUDEO\ VPDOOHU LPDJH UHVLGXDOV ZKHQ .

$LO WKH DGMXVWPHQWYV FDUULHG RXW XVLQJ WKH PRGLILHG +D
VXUSULVLQJO\ JRRG UHVXOWYV ZKLFK FRXOG EH REWDLQHG IURP P
SURGXFWLRQ FDPHUD 2QO\ WKH ORFDO ELOLQHDU FRUUHFWLRQ D¢
PHWKRGY LQYHVWLIJDWHG WKLV PHWKRG SURYLQJ WR EH OLPLWHG
FDPHUD GHVLJQ PD\ DOOHYLDWH WKLV SUREOHP VLQFH WKH GHIRUF
VXJIHVW WKDW LW VKRXOG EH SRVVLEOH WR UHPRYH PRVW RI WKH
WKH RUGHU RI WKH MLP WR MLP 506 WDUJHW LPDJH SKRWR FRRUG
FDPHUD GHVLJQV QHWZRUN GHVLJQ FDQ XVHIXOO\ LQFRUSRUD
FRQVLGHUDWLRQV VXFK DV WKRVH GLVFXVVHG WKHRUHWLFDOO\ LQ

7KLV ZRUN ZDV SULPDULO\ FRQFHUQHG ZLWK UHVHDX SKRWRJUDS
DGGLWLRQDO SDUDPHWHUVY HLWKHU LQ EORFN RU SKRWR LQYDULD
WKH DGMXVWPHQW KDYH QRW EHHQ LQYHVWLJIJDWHG +RZHYHU LW
DGGLWLRQDO SDUDPHWHU VHWY UHTXLUHV D VWURQJ QHWZRUN JHR
JUDVHU 6SHFLILFDOO\ KLJK FRUUHODWLRQV FDQ H[LVW EHWZHI
RULHQWDWLRQ HOHPHQWY LI RYHU SDUDPHWLVDWLRQ RFFXUYV

$Q LOWHUHVWLQJ DOWHUQDWLYH DSSURDFK ZKLFK ZDV IRXQG WRR
DSSOLFDWLRQ RI WKH ILQLWH HOHPHQW PHWKRG WR EXQGOH DGMX
7KH ILQLWH HOHPHQW WHFKQLTXH RI SURFHVVLQJ WKH LPDJH LQ \
DVVXPSWLRQV PDGH DERXW GHIRUPDWLRQV ZKHQ ILWWLQJ DGGLWLR
IRUPDW DUHD



&RQFOXVLRQV

7KLY WKHVLV KDV EHHQ SULPDULO\ GLUHFWHG DW HYDOXDWLQJ W|
GHIRUPDWLRQ ZKLFK FDQ EH H[SHFWHG ZKHQ XVLQJ FRPPHUFLDOO\
SURGXFWY $OVR LQYHVWLIJDWHG DUH VRPH SK\WLFDOO\ GHULYHG
RI SKRWR FRRUGLQDWH PHDVXUHPHQWY PDGH IURP LPDJHV SURGX

2EVHUYDWLRQV DQG FRQFOXVLRQV FDQ EH VXPPDULVHG XQGHU V
GHVFULEH VRPH Rl WKH UHVXOWYV IURP FKDSWHUYV DQG QDPH
GHIRUPDWLRQV DQG PRGHOOLQJ RI GHIRUPHG LPDJHV

,Q SODQH GHIRUPDWLRQV

7KH VPDOO IRUPDW ILOP SURGXFWYV H[DPLQHG JHQHUDOO\ GHPRQV)
WR LQ SODQH GLPHQVLRQDO VWDELOLW\ +RZHYHU VHYHUDO FRUUH
GXULQJ WKH FRXUVH RI WKLV LQYHVWLJDWLRQ

7KH DSSUR[LPDWHO\ OLQHDU GHSHQGHQFH RI [\ LPDJH VFDOHV RQ
KXPLGLW\ VKRZV WKH GHVLUDELOLW\ IRU D FRQWUROOHG PHDYV.
DYDLODEOH DW 13/ 20GILHOG LI WKH XOWLPDWH LV WR EH F
+RZHYHU LW ZDV VKRZQ LQ VHFWLRQ WKDW JOREDO VFDOH

PHDVXUHPHQW HQYLURQPHQW FDQ EH URXWLQHO\ FRUUHFWHG E
WUDQVIRUPDWLRQ WHFKQLTXHV DOORZLQJ LPDJH PHDVXUHPHQW W
JURP D SKRWRJUDPPHWULF YLHZSRLQW LW LV WKH LQKRPRJHQHR:
WKH IRUPDW DUHD ZKLFK FRQVWLWXWH WKH PDMRU LQ SODQH SURE
WR EH XQFRUUHODWHG ZLWK WKH PHDVXUHPHQW HQYLURQPHQW Ul
EXW DUH DOVR GLIILFXOW WR GHVFULEH PDWKHPDWLFDOO\ 6HFWL

'XULQJ WKH FDUHIXOO\ FRQWUROOHG FRQGLWLRQV RI WKH LQ S
GHIRUPDWLRQV UHSUHVHQWHG E\ 506 LPDJH UHVHDX FRRUGLQDWH
ZHUH NHSW WR DW RU EHORZ SP %HDULQJ LQ PLQG WKDW WKH (
SURYLGH a SP 506 DFFRUGLQJ WR PDQXIDFWXUHUVY GDWD LQ SO
DW WKH WUDGLWLRQDO SKRWRJUDPPHWULF HUURU EXGJHW OHYH

,QKRPRJHQHRXV LQ SODQH GHIRUPDWLRQV ZHUH H[SHULPHQWDOO\ \
GU\LQJ RI WKH ILOP 1R GLUHFW SK\VLFDO FDXVHV KDYH EHHQ LG
RI SKRWRJUDSKLF SURFHVV SDUDPHWHUV EXW WKH ODUJHVW V\VW
RQ 7HFKQLFDO 3DQ ILOP ZKLFK XVHG WKH WKLQQHVW FHOOXO
LQYHVWLIJDWHG 7ZR SRVVLEOH FDXVHV Rl WKH GHIRUPDWLRQV F
PRLVWXUH FKDQJHV GXULQJ KDQGOLQJ RI WKH SKRWRJUDSKLF PD

&



HSRVXUH SURFHGXUH DQG VWUHVVHV EHWZHHQ WKH HPXOVLRQ OD!
WKH ILOP GXULQJ WKH SURFHVVLQJ SURFHGXUH

SUDFWLFDO SURFHGXUHV WR UHGXFH VXFK GHIRUPDWLRQV PXVW |
VWDEOH HVSHFLDOO\ SRO\HVWHU EDVHG ILOP SURGXFWV DQG RQ
Rl ILOP PDWHULDOV GXULQJ DOO VWDJHV LQ WKH SKRWRJUDPPH)
VXJIJHVWLRQ JUHDWO\ OLPLWY WKH FKRLFH RI HPXOVLRQ W\SHV D
SURGXFW UDQJHYV +RZHYHU LI WKH VLJQLILFDQFH RI WDUJHW SRL!
UHVXOWY 6HFWLRQV DQG DUH FRQVLGHUHG VHOHFWLR
DFFRUGLQJ WR VHQVLWRPHWULF DELOLWLHYVY ZLWK D SUHIHUHQFH I

6LQFH QR ILOP KDQGOLQJ ,V UHTXLUHG DW H[SRVXUH GXULQJ FRQ)
FRXOG EH H[SHFWHG WKDW D UHGXFWLRQ RI LQKRPRJHQHRXV LQ SO
SUDFWLFDO FRQGLWLRQV SURYLGLQJ WKH VDPH SUDFWLFDO SURF}
DUH IROORZHG .RGDN D +RZHYHU IRUFHV H[HUWHG RQ WKH ILC
LQFUHDVH ,Q SODQH GHIRUPDWLRQV 6HFWLRQ

7KH XVH RI DQ LQRUJDQLF KDUGHQLQJ DJHQW LQ WKH IL[LQJ VROXMW
LQKRPRJHQHRXV ILOP GHIRUPDWLRQ DQG D VOLJKW FKDQJH LQ I
LQYHVWLIJDWHG 6HFWLRQV DQG 7KLV UHVXOW FDQ EH

EDVLV RI LQ SODQH GHIRUPDWLRQ QDPHO\ WKH GLIITHUHQW PRLVWX
RI WKH ILOP EDVH DQG HPXOVLRQ OD\HUV B6HFWLRQ 7KH KDUG
RI FKHPLFDO FURVVOLQNV ZLWKLQ WKH JHODWLQ DQG WKHUHIF
&RQVHTXHQWO\ GLIIHUHQFHV EHWZHHQ WKH PRLVWXUH DEVRUEWLR
OD\HUV ZLOO EH UHGXFHG

:KLOVW VRPH PRGHUQ HPXOVLRQV DUH VWDELOLVHG GXULQJ PDQXI
ZRUWKZKLOH WR XVH DQ LQRUJDQLF KDUGHQLQJ DJHQW GXULQJ W
SKRWRJUDPPHWULF SXUSRVHV 'LIIHUHQFHV ZLOO SUREDEO\ EH PD
BHFWLRQ EXW FHUWDLQO\ QR GHWULPHQW ZLOO UHVXOW [U]

,Q FRPPRQ ZLWK UHVHDUFK FRQGXFWHG RQ DHULDO ILOP SURGXFWYV
DQG ODUWLQ =LHPDQQ E KRPRJHQHRXV LQ SODQH ILOP GHI
PXFK UHGXFHG IRU SURGXFWV RQ SRO\HVWHU EDVH +RZHYHU GXH

HPXOVLRQ W\SHV RQ VXFK EDVHV WKHLU VHOHFWLRQ IRU SKRWRJU
,QGHHG WKH WDUJHW SRLQWLQJ DELOLW\ FRQIHUUHG E\ KLJK UHVRC
HVSHFLDOO\ ZKHQ LW ,V FRQVLGHUHG WKDW PRVW RI WKH GHIRUPD
IRXQG WR EH RI D XQLIRUP QDWXUH DQG WKHUHIRUH HDVLO\ FRUU
ZDV FRQFOXGHG WKDW WKH LPDJH TXDOLWLHV RI .RGDN 7HFKQLFDO
WKLV SURGXFW LQ IRUP LV FRDWHG RQ FHOOXORVH WULDFHWDW

&



7K HITHFWLYHQHVY RI D SKRWRJUDPPHWULF VXUYH\ FDQ EH WKH GX
PHDVXUHPHQW JRU GLIJLWDO LPDJHV WKH OLPLWDWLRQV DUH SUL|
WDUJHW UHFRJQLWLRQ DQG PHDVXUHPHQW SRWHQWLDOO\ RFFXUUI

KLOVW UHVXOWY DUH VRPHWLPHYVY UHTXLUHG TXLFENO\ LI LPDJH UH
DUH LPSRUWDQW JLYHQ FXUUHQW WHFKQRORJLHVY SKRWRJUDPPFE
PHDVXUHG DV VRRQ DV SRVVLEOH DIWHU SURFHVVLQJ 5HVXOWYV |U
D RQH WR WZR GD\ PLQLPXP WLPH GHOD\ FDQ EH UHTXLUHG EH
SKRWRJUDSKLF ILOP ZLOO KDYH VXLWDEO\ HTXLOLEUDWHG ZLWK
LPSRUWDQFH RI VXFK FKDQJHY ZLOO GHSHQG RQ WKH SXUSRVH RI
LPDJH PHDVXUHPHQW EXW IRU FULWLFDO DSSOLFDWLRQV LW LV U
EDVHG HPXOVLRQV DUH XVHG

"LITHUHQFHY EHWZHHQ WKH LQ SODQH GHIRUPDWLRQV REWDLQHG IU
DQG PP SURGXFWV VXJIJHVW WKDW PRVW GLPHQVLRQDO SURSHUW
WKH ODUJH IRUPDW ILOP SURGXFWY LQYHVWLIJDWHG LQ WKH ODWH

LPSRUWDQW GLIIHUHQFH LQ WKDW DQ\ DW\SLFDO GHIRUPDWLRQV F|
IRUPDW KDYH D JUHDWHU LQIOXHQFH VLPSO\ EHFDXVH RI WKH VPDC

7R VXPPDULVH WKLV VHFWLRQ WKHVH REVHUYDWLRQV FRXSOHG ZL\
HPXOVLRQ VSHHG JUDLQLQHVV WUDGH RIl -DFREVRQ HW DO F
SLFWRULDO SXUSRVHV FDQ SURYLGH D UHFRUGLQJ V\VWHP ZKLFK
QHHGV

ORVW LPSRUWDQWO\ YDULDWLRQ RI ILOP W\SH DQG VXEVHTXHQW Il
YDULDWLRQ RI GHYHORSPHQW SDUDPHWHUV LV SRVVLEOH ZLWKRXYV
HITHFWYV &RQVHTXHQWO\ ILOP VHQVLWRPHWU\ VSHHG DQG UHVROX
HQG XVH WKDW D SURMHFW PD\ UHTXLUH

JRU H[DPSOH ZKHQ XVLQJ UHWUR WDUJHW PHWKRGV IRU KLJK SUHF
RI SDUDPRXQW LPSRUWDQFH ZKLOVW IODVK RXWSXW FDQ EH LQF
HPXOVLRQ VSHHG *DWHV &RRSHU DQG 5REVRQ $GGLWLRQ
FDQ EH FKRVHQ WR SURPRWH WKH IRUPDWLRQ RI WKH ELQDU\ L
UHFRJQLWLRQ $ FRQWUDU\ H[DPSOH LV SURYLGHG E\ KDQG KHOG V
LPDJH PRWLRQ DQG FDPHUD YLEUDWLRQ PXVW EH PLQLPLVHG WR D
&KDQGOHU HW DO ,Q WKLV FDVH KLJK HPXOVLRQ UHVROYLQJ SF
VSHHG $JDLQ GHYHORSPHQW FDQ EH ILQH WXQHG ZLWKLQ WKH OLP
LPDJH FRQWUDVW OHYHOV QHFHVVDU\ IRU SKRWRJUDPPHWULF SORW
7XJZRRG



,Q FDPHUD GHIRUPDWLRQV

7KH VLPLODU SDWWHUQV VHHQ EHWZHHQ YHFWRU SORWY RI UHVLGX
HI[SRVHG XVLQJ D YDULHW\ RI ILOP DQG FDPHUD EDFN FRPELC
HQFRXUDJLQJ ,Q IDFW W FDQ EH FRQFOXGHG WKDW WKH UHVHDX
+6 FDPHUD DUH GLUHFWO\ OLQNHG WR WKH FDPHUD EDFN DQG ILC
FRQILUP WKDW ,W LV FDPHUD GHVLJQ DOOLHG ZLWK WKH WKLFNQI
FROQOWULEXWHYV WKH PDMRU ,QIOXHQFH RQ ILOP GHIRUPDWLRQV RF|

,QKRPRIJHQHRXYVY GHIRUPDWLRQV H[LVW ZLWKLQ WKH JHQHUDOLVHG
,GHQWLI\ GHIRUPDWLRQV QRW WKHLU FDXVH LW ,V QRW SRVVLEO
WKH GLITHUHQFHY RFFXUULQJ EHWZHHQ IUDPHVY 7KH PRVW LQWHUL
ILOP H[SRVHG GXULQJ WKH SUDFWLFDO VXUYH\ 6HFWLRQ

IUDPHVY DORQJ ,WV OHQJWK )LJ PXVW EH OLQNHG WR WKH DE\
W\SH SRVVLEO\ FRPELQHG ZLWK WKH IHDWXUHV RI WKH )3 EDF?

7KH DGGLWLRQ RI D EDFNLQJ SDSHU ,Q WKH UHVHDX IOOP SUHVV
HITHFWV ILUVW WKH SDSHU FRXOG OLPLW WKH ILOPTV UHVSRQVH
VRPH RI WKH VWUHVVHY H[HUWHG RQ WKH ILOP GXULQJ ZLQG RQ D
DQG HYHQQHVY ZLWK ZKLFK WKH ILOP ,V SUHVVHG DJDLQVW WKH U

W .V LOWHUHVWLQJ WR QRWH WKDW GLIITHUHQFHY EHWZHHQ WKH LF

DQG ILOPV ZHUH DOVR IRXQG GXULQJ WKH ,QLWLDO ZRUN ZLWK
WKLV FDVH XQIODWQHVV RI WKH SUHVVXUH SODWH SUHYHQWHG |
DOWKRXJK ILOP SURGXFHG PXFK UHGXFHG GHIRUPDWLRQ

$00 LQ FDPHUD UHVHDX H[SRVXUHV KDYH VKRZQ WKDW ,Q FDPHU
XQIODWQHVV ,V UHVSRQVLEOH IRU GHIRUPDWLRQV RI DW OHDVW DC
GHIRUPDWLRQ 5HVXOWY DSSHDU WR GHPRQVWUDWH WKDW ZKHQ W
DQG UHVHDX ,V PDWFKHG WR WKH WKLFNQHVV RI WKH ILOP W\SF
GHIRUPDWLRQ ,V SURGXFHG ,Q FDPHUD GHIRUPDWLRQ LV FRQVHT
WUDQVSRUW GHVLJQ

8QIRUWXQDWHO\ SKRWRJUDPPHWUOF WHFKQLTXHV DUH QRW VXLV
XQIODWQHVVY SULQFLSDOO\ EHFDXVH XQIODWQHVV LV RFFXUULQ
PHDVXUHPHQW SODQH 'LUHFW ,Q FDPHUD PHDVXUHPHQW RI ILOP >
D YDULHW\ RI LQWHUIHURPHWULF WHFKQLTXHV &ODUN OHLHU
UHPRYDO RI WKH OHQV FRQVHTXHQWO\ WKLV W\SH RI DSSURDFK
+DVVHOEODG FDPHUD



$QDO\VLV Rl WKH GHVLJQ RI ERWK WKH 5ROOHO OHWULF DQG
FRQFOXVLRQV FRQFHUQLQJ FDPHUD GHVLJQ $Q DGYDQWDJH PD\ Et
D SUHVVXUH SODWH WKDW UHWUDFWVY GXULQJ ILOP DGYDQFH VLQF
IULFWLRQ FDXVLQJ SUREOHPV GXULQJ ILOP ZLQG RQ $OWKRXJIK VX
FDPHUD EDFN GHVLJQ UHVHDX SODWH XQIODWQHVV ,Q WKH SDUWLI
QHJDWHG DQ\ DGYDQWDJHY SURYLGHG E\ VXFK D V\VWHP

6LQFH WKH FRPSOHWLRQ RI WKH SUDFWLFDO ZRUN WZR QHZ VPDOC(
EDFNV UDWKHU WKDQ WKH FRQYHQWLRQDO SUHVVXUH SODWH V\VWH
3%06 9/ HPSOR\LQJ D FP E\ FP IRUPDW KDV SURYHQ DELOLW\
ZKLOVW WKH &RQWDJ[ 576 ,,, SUHVHQWHG DW 3KRWRNLQD DO
SLFWRULDO SKRWRJUDSK\ PDUNHW KDV SRWHQWLDO IRU VLPSOH PF
SKRWR FRRUGLQDWH UHIHUHQFH V\VWHP 6XFK ,QQRYDWLYH VPDOC(
RSSRUWXQLWLHYV E\ YLUWXH RI KLJKHU DFFXUDF\ FRVW UDWLRV

/L 7THVW ILHOG SKRWRJUDSK\

7KH WHVW ILHOG SKRWRJUDSK\ H[HUFLVH ZDV FRQGXFWHG ,Q F
SKRWRJUDPPHWULF FKDUDFWHULVWLFV RI GLITHUHQW FDPHUD V\V\
HQDEOH WKH SKRWRJUDPPHWULF FRQVHTXHQFHV RI ILOP GHIRUP
FRUUHFWLRQ WHFKQLTXHV WR EH HYDOXDWHG

7KH 80. DQG 3 FDPHUDV UHSUHVHQWLQJ WKH WUDGLWLRQDO FOR
FDSDEOH Rl SURGXFLQJ UHVXOWYV OLPLWHG RQO\ E\ QHWZRUN GHVI
WKH FDVH Rl WKH 80. FDPHUD XVHG ZLWK +RORWHVW ( HPXOVLRQ
JLYHQ WKH IDFW WKDW FRQYHQWLRQDO WDUJHWVY UDWKHU WKDQ UF
VHYHUHO\ OLPLWHG E\ WKH GHSWK RI ILHOG RI LWV IL[HG OHQV DW
HUURUV H[SODLQ ZK\ OLWWOH GLIIHUHQFH ZDV IRXQG EHWZHHQ H[S
SODWHY DQG ILOP SURGXFWV ZLWK QR GHIRUPDWLRQ FRUUHFWI
GLVDGYDQWDJH VXFK WKDW WKH PHWULF TXDOLWLHV Rl WKH FDP
REMHFWYV ZLWKLQ LWV GHVLJQ UDQJH 7KLV OLPLWDWLRQ LQ FR
FRQVWLWXWH WKH PDMRU OLPLWDWLRQV RI PHWULF FDPHUDV DV
GHVLJQHG WR FRPELQH HDVH DQG IOH[LELOLW\ RI XVH

%RWK PHWULF FDPHUDV GHSHQG RQ GHVLJQ WR PLQLPLVH LQ FDPH
ILGXFLDO PDUNV DQG DQ DGGLWLRQDO FHQWUDO PDUN ,Q WKH FDVI
EHFDXVH RI D KLVWRU\ RI SUDFWLFDO IDLOXUH WKH 80. YDFXXP Il
ZHUH QRW WHVWHG WR FKHFN ZHWKHU WKH ILOP IODWWHQLQJ GHV
HIFHOOHQW RSWLFDO TXDOLWLHV RI WKH 80. FDPHUD *DWHV HW DC



$ XVHIXO FRPSDULVRQ FDQ EH PDGH EHWZHHQ WKH SDUDPHWHUV t
I[URP LPDJHV PDGH RQWR )3 JODVV SODWHV DQG )3 ILOP LQ W
RULHQWDWLRQ DQG DGGLWLRQDO SDUDPHWHUV LQFOXGHG LQ WKH
LQVLJQLILFDQW ZKHUH JODVV SODWHY DUH FRQFHUQHG PXVW KDYF
GHIRUPDWLRQV SUHVHQW LQ WKH )3 LPDJHU\

5HVXOWY IURP WKH DGMXVWPHQWY FDUULHG RXW XVLQJ WKH PRGLI
WKDW LI HVWLPDWHG SDUDPHWHUYV DUH WR UHSUHVHQW WKH SK\VLI
ILOP GHIRUPDWLRQ VKRXOG EH UHPRYHG H[SOLFLWO\ DV LV WKH F

'LWKRXW H[SOLFLW ILOP GHIRUPDWLRQ FRUUHFWLRQV LI QHWZR
FRRUGLQDWH HUURUYV DUH FRQILQHG WR WKH SKRWR FRRUGLQDWH
ILOP GHIRUPDWLRQV FDQ EH WUDQVIHUUHG WR WKH HVWLPDWHG RE
LV HVSHFLDOO\ LQWHUHVWLQJ WR QRWH WKDW WKH SK\VLFDOO\ EDV
UHGXFHG 506 REMHFW GLVFUHSDQFLHVY GLG QRW UHPRYH V\VWHPI
REMHFW FRRUGLQDWHY 6HFWLRQ

W FDQ EH VHHQ IURP WKH UHVXOWYV RI DOO WKUHH W\SHV RI DGM
FDPHUD WKDW RQO\ WKH ORFDO ELOLQHDU FRUUHFWLRQ SURYLGHYV
WKH LPDJH GHIRUPDWLRQ SDWWHUQV 7KLV HIIHFW LV HVSHFLDOO\
LQ LQGLYLGXDO LPDJHV

/IRFDOLVHG GHIRUPDWLRQV RI KLJKHU IUHTXHQF\ WKDQ WKRVH GH
FOHDUO\ LGHQWLILHG E\ WKH KLJK FRUUHODWLRQ EHWZHHQ SKRW
ORFDO WDUJHW FOXVWHUV 6XFK ORFDOLVHG HIIHFWV FOHDUO\ Vk
WKH ORFDO ELOLQHDU FRUUHFWLRQ EXW ZLWK FXUUHQW FDPHUD
ZKLFK WKHVH GHIRUPDWLRQV UHSUHVHQW DUH SUREDEO\ LQVLJ
DSSOLFDWLRQV

7KH XVH RI DGGLWLRQDO SDUDPHWHU VHWYVY 6HFWLRQ RIWHQ LQ
VXFK DV ILOP GHIRUPDWLRQ KDYH QRW EHHQ LQYHVWLJDWHG GXUL
EDVHG RQ VWDWLVWLFDO VLJQLILFDQFH RI SDUDPHWHUV )UDVHU
SK\VLFDO GHIRUPDWLRQV &RQVHTXHQWO\ WKHLU HIITHFWLYHQHVV L
LV QRW QHFHVVDULO\ VWURQJ LQ VPDOO IRUPDW SKRWRJUDSK\ ([
JHRPHWU\ EHLQJ DSSOLHG SULRU WR DGMXVWPHQW FRQVHTXHQW(
SK\VLFDO FKDUDFWHULVWLFV DUH NQRZQ

7KH XVH RI WKH QRQ PHWULF +DVVHOEODG FDPHUD KDV VKRZQ HQF
FRRUGLQDWH UHIHUHQFH VA\VWHP DQG WKH DEVHQFH RI DQ\ FRQV\
LQFRUSRUDWLQJ WKH QRQ PHWULF +DVVHOEODG FDPHUD KDYH EF

&



ZKLFK LQFOXGHG PHWULF FDPHUDV $V D FRQVHTXHQFH UHVXOWYV F
HVWLPDWHG SDUDPHWHUVY WR PRGHO GLVWRUWLRQV RFFXUULQJ L
RI WKH FDPHUD )JURP WKH UHVXOWY KRZHYHU LW LV FOHDU WKDW
GHVLJQ DOOLHG WR ILOP IODWWHQLQJ ZKLFK ZLOO FRQWURO WKH
URXWLQHO\ HPSOR\HG IRU SKRWRJUDPPHWULF SXUSRVHV

$v DQ DVLGH LW LV LQWHUHVWLQJ WR QRWH WKDW WZR IDFWRUV k
UHVHDUFK LQWR WKH SKRWRJUDPPHWULF SRWHQWLDO RI WKH QF
FROWUDVW ZLWK PHWULF FDPHUDVY DOWKRXJK WKLV IDFWRU LV QF
RI UHODWLYHO\ FKHDS VHPL PHWULF FDPHUDV SURGXFHG

QRQ PHWULF FDPHUDYV 7KH VHFRQG IDFWRU LV WKH GHVLUDELO
SURGXFHG XVLQJ SLFWRULDO FDPHUDV )RU H[DPSOH VXUYH\ SURM
RI'lRUP ZLWK WLPH XVLQJ DUFKLYDO SKRWRJUDSK\ ZKLFK KDG EHH

'LWK WKH LQFUHDVLQJ SRWHQWLDO DQG FRQVHTXHQWO\ UHVHDU
DFTXLVLWLRQ VPDOO IRUPDW ILOP FDPHUD GHVLJQ PXVW EH UHILQ
DGYDQWDJHV RIIHUHG E\ ILOP SURGXFWV RYHU WKH ODWHVW JHQ
.RGDN OHJDSOXV V\VWHP .RGDN E DUH WR EH PDLQWDLQHG

6XJJHVWLRQV IRU FDUU\LQJ RXW SKRWRJUDSK\ IRU SKRWRTUI

:KLOVW QHWZRUN GHVLIJQ SURYLGHV WKH PDMRU FRQWULEXWLF
SKRWRJUDPPHWU\ UHVXOWY KDYH VKRZQ WKDW WKH SRWHQWLDO L
EH UHDOLVHG LQ SUDFWLFH RQO\ E\ IROORZLQJ VWULFW SKRWRJ
DSSURSULDWH WR VXPPDULVH WKH ILQGLQJV RI WKLV WKHVLV UHC
PHWULF DQG VHPL PHWULF FDPHUDV E\ WKH IROORZLQJ

SKRWRJUDSKLF WHFKQLTXH FDQ VLIJQLILFDQWO\ DIIHFW WKH GLPHQ'
UHVXOWYVY RI WKLV WKHVLV KDYH VKRZQ WKDW SURYLGLQJ WKH ¢
DFFRUGLQJ WR PDQXIDFWXUHUVY SURGXFW JXLGHOLQHVY EXW VWL
FRQWURO E\ YDULDWLRQ RI GHYHORSPHQW LPDJHV ZKLFK DUH GLP|
JRU SKRWRJUDPPHWULF SXUSRVHV LW LV WKH GHVLJQ RI WKH VPDO
ILOP IODWQHVYV DW H[SRVXUH ZKLFK SURYLGHV WKH PDMRU FDXVH F
IODWWHQLQJ DELOLW\ RI SLFWRULDO FDPHUD GHVLJQV LV EHLQJ

PRGHOV VRPH RI ZKLFK KDYH EHHQ PRGLILHG IRU SKRWRJUDPPHWU
IURP YDULRXYV PDQXIDFWXUHUYV

JRU D JLYHQ QHWZRUN GHVLJQ WKH OLPLWLQJ IDFWRU LQIOXHQFLC
PHWULF UHVHDX FDPHUDV FDQ EH WKH DELOLW\ WR EH DEOH WR 1

&



LBJIJHV SURGXFHG 7KH TXDOLW\ RI WKH SKRWRJUDSKLF LPDJHV S
LPSRUWDQFH 7KLY WKHVLV KDV FRQVHTXHQWO\ SURYHQ WKDW V
FRPELQDWLRQ IRU D SDUWLFXODU VXUYH\ VKRXOG EH EDVHG RQ L
PD[LPXP FRQWUDVW DOO WKH VXEMHFW GHWDLOV RI LQWHUHVW :}
DW RSWLPLVLQJ LPDJH VKDUSQHVY DVVXPH DQ HYHQ JUHDWHU OHYH
E\ WKH UHVXOWYV IURP WKH 3 FDPHUD XQVKDUS LPDJHV FDQ VLJ
RITHUHG HYHQ E\ PHWULF FDPHUD GHVLJQYV

)LQDOO\ WXQLQJ RI WKH SKRWRJUDSKLF SURFHVV E\ YDULDWLRQ |
WKLFNHU EDVHG ILOPV DQG PRUH VXEWO\ E\ GHYHORSPHQW EDVHG
RSWLPDO LPDJH TXDOLW\ ZLWKRXW LQFUHDVLQJ WKH PDJQLWXGH R

6XJIJHVWLRQV IRU IXUWKHU ZRUN

$Q REYLRXV GLUHFWLRQ IRU IXUWKHU UHVHDUFK LV WR LQWHJUDWH
ZLWK SKRWRJUDPPHWULF QHWZRUN GHVLJQ :KLOVW WKLV KDV EHH
WDUJHW LPDJHU\ E\ IRU H[DPSOH %URZQ WKH DXWKRU FDQ |
LQFRUSRUDWLQJ FRQYHQWLRQDO SKRWRJUDSKLF LPDJHU\ ZLWK S|
UHDVRQ IRU WKLV LV WKH GLYHUVLW\ RI VXEMHFWYV ZKLFK FDQ EH V)
KRZHYHU FHUWDLQ EDVLF FRQVLGHUDWLRQV VXFK DV OHQV DQG ILO|
FRXOG EH LQFOXGHG E\ PHDQV RI ORRN XS WDEOHV UHODWLQJ WR
WDUJHW SRLQWLQJ SUHFLVLRQ GXH WR WKH PRUSKRORJ\ RI WKH
FRQVWLWXWH SDUW LI WKLV ZRUN

$ VHFRQG GLUHFWLRQ LV WR DQDO\]H ILOP XQIODWQHVV LQ FDPHUD
ZRXOG EH HVSHFLDOO\ XVHIXO IRU WKH ODWHVW JHQHUDWLRQ RI Sl
PRUH UHSURGXFLEOH ILOP VXUIDFHV 6XFK SK\VLFDOO\ GHULYHG
H[SOLFLWO\ LQ D VLPLODU ZD\ WR PHDVXUHPHQWYV RI SODWH XQIO
KDYH EHHQ XVHG LQ PHWULF JODVV SODWH FDPHUDV %URZQ )R

7TKLUG ORFDOLVHG LQ FDPHUD ILOP GHIRUPDWLRQV UHTXLUH IXUWKHF
DUH WR UHPDLQ DW WKH PP VSDFLQJ XVHG WKURXJKRXW WKLV ZRU
VLPSOH FRPSXWDWLRQDOO\ FDQQRW FRUUHFW IRU ORFDOLVHG GHIR!
VTXDUH $ SRVVLEOH VROXWLRQ FRXOG EH SURYLGHG E\ H[SOLFL\
WHFKQLTXH EDVHG RQ D VWDWLVWLFDO DQDO\VLV RI SK\VLFDO ILOP

D WUHDWPHQW ZRXOG FXUUHQWO\ EH FRPSXWDWLRQDOO\ SURKLEL
UHGXFLQJ FRVW SHUIRUPDQFH UDWLR RI FRPSXWHU V\VWHPV PD\ VR
DOWHUQDWLYH PHWKRG LV D EXQGOH DGMXVWPHQW ZKLFK LQFRUSR
WKH IRUPDW LQWR LQGLYLGXDO UHJLRQV 5DLGK DQG 0XQM\ D

DGYDQWDJH RI EHLQJ DEOH WR PRGHO GHIRUPDWLRQV ZLWKRXW PD

&



DV LV WKH FDVH ZKHQ DGGLWLRQDO SDUDPHWHUY DUH XVHG

)LQDOO\ ZLWK WKH DGYHQW RI PDQ\ FKHDS VPDOO IRUPDW EDVH
SDFNDJHV /XKPDQQ DQG 3HLSH IHLW] MRLQW UHVHDUFK E|
DQG FDPHUD PDQXIDFWXUHUV FRXOG SURGXFH VRPH YLDEOH FDPHI
WKLV UDSLGO\ H[SDQGLQJ PHDVXUHPHQW ILHOG (VSHFLDOO\ SURP
EH D QHWZRUN GHVLJQ SDFNDJH EDVHG RQ DQ DOOLDQFH EHWZHHQ |
DQG SKRWRJUDSKLF LPDJLQJ OLPLWDWLRQV FRUUHVSRQGLQJ W]
LQFRUSRUDWLQJ D WDUJHW VFDQQLQJ PHDVXUHPHQW SDFNDJH VXF
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$ VHOHFWLRQ RI ,Q SODQH GHIRUPDWLRQ SORWV IURP (
$GGLWLRQ RI LQRUJDQLF KDUGHQHU WR WKH IL[LQJ

)3 5R0OO0 JUDPH , 1R )3 5R0O0 JUDPH , 1R
)3 5R0O0 JUDPH - 1R
31) 5R0O0 JUDPH % 1R 31) 5R0O0 JUDPH % 1R
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$ VHOHFWLRQ RI LQ SODQH GHIRUPDWLRQ SORWYV IURP (
9DULDWLRQ RI ILOP W\SH

70< 5ROO0 JUDPH ) 1R 70< 5ROO JUDPH ) 1R
70< 5R0O0 JUDPH ) 1R 70< 5R0OO0 JUDPH ) 1R
75; 5ROO0 JUDPH % 1R 75; 5ROO0 JUDPH % 1R

$SS$









$ VHOHFWLRQ RI LQ SODQH GHIRUPDWLRQ SORWYV IURP (
5HSHDW RI SUH H[SRVXUH FRQGLWLRQLQJ YDULDWL

7&3 5ROO0 JUDPH 1R 7&3 5R0OO0 JUDPH 1R
7&3 5ROO0 JUDPH 3 1R 7&3 5ROO0 JUDPH 3 1R
7&3 5ROO0 JUDPH 3 1R 7&3 5R0OO0 JUDPH 3 1R

9
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$ VHOHFWLRQ RI LQ SODQH GHIRUPDWLRQ SORWV IURP ([SH
5HSHDW RI SUH H[SRVXUH FRQGLWLRQLQJ YDULDWL

7&3 5R0O0 JUDPH 4 1R 7&3 5R0OO0 JUDPH 4 1R
7&3 5R0OO0 JUDPH 4 1R 7&3 5R0O0 JUDPH 5 1R
7&3 5R0O0 JUDPH 5 1R 7&3 5R0O0 JUDPH 5 1R

$SS$
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([SRVXUHV PDGH XVLQJ ORGLILHG +DVVHOEODG 6:& &DPHU

RQWR .RGDN 7HFKQLFDO 3DQ J)LOP 5RLO % &DPHUD %
JUDPH JUDPH
JUDPH YUDPH

$SS%



([SRVXUHVY PDGH XVLQJ ORGLILHG +DVVHOEODG 6:& &DPHU
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([SRVXUHV PDGH XVLQJ ORGLILHG +DVVHOEODG 6:& &DPH

RQWR .RGDN 7HFKQLFDO 3DQ JLOP 5RO0O & &DPHUD @
YUDPH %XQGOH
JUDPH %XQGOH JUDPH %XQGOH
YUDPH

$SS%



([SRVXUHV PDGH XVLQJ ORGLILHG +DVVHOEODG 6:& &DPHL

RQWR .RGDN 7HFKQLFDO 3DQ J)LOP 5RO00 $ &DPHUD %
JUDPH YUDPH

YUDPH

YUDPH

$SS%



([SRVXUHV PDGH XVLQJ ORGLILHG +DVVHOEODG 6:& &DPH!

RQWR .RGDN 7HFKQLFDO 3DQ J)LOP 5RO0 $ &DPHUD ¥
JUDPH JUDPH
JUDPH

$SS%
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JUDPH
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([SRVXUHV PDGH XVLQJ ORGLILHG +DVVHOEODG 6:& &DPH
RQWR ,0IRUG )3 JLOP $

JUDPH JUDPH
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([SRVXUHV PDGH XVLQJ ORGLILHG +DVVHOEODG 6:& &DPHI

RQWR ,0IRUG )3 JLOP %
YUDPH %XQGOH JUDPH %XQGOH
JUDPH %XQGOH YUDPH

$SS%






6RPH H[SRVXUHV PDGH XVLQJ WKH PRGLILHG +DVVHOEODG 6
RQWR ,0IRUG )3 JLOP $

YUDPH YUDPH

$SS%



6RPH H[SRVXUHV PDGH XVLQJ WKH PRGLILHG +DVVHOEODG 6:
RQWR ,0IRUG )3 YLOP %

YUDPH YUDPH
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([SRVXUHV PDGH XVLQJ ORGLILHG +DVVHOEODG 6:& &DPH

RQWR ,0IRUG )3 JLOP &
YUDPH % XQGOH JUDPH %XQGOH
JUDPH %XQGOH
JUDPH %XQGOH

$SS%



([SRVXUHV PDGH XVLQJ ORGLILHG +DVVHOEODG 6:& &DPHL

RQWR ,0IRUG )3 JLOP &
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2EMHFW VSDFH FRRUGLQDWHY DQG WKHLU DVVRFLDWHG V
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5HIHUHQFHY DQG %LEOLRJUDSK\

$%'(/ $=,= < O ([SHFWHG $FFXUDF\ DQG &RQYHUJHQW 3KRWHF
(QJLQHHULQJ DQG 5HPRWH B6HQVLQJ

$%'(/ $=,= < O JLOP 'LVWRUWLRQ LQ 1RQ OHWULF &DPHUDV 3KF
5HPRWH 6HQVLQJ

$%'(/ $=,= < O $Q $SSOLFDWLRQ RI 3KRWRJUDPPHWULF 7HFKQL
3KRWRTUDPPHWULF (QJLQHHULQJ DQG 5HPRWH 6HQVLQJ

$%'(/ $=,= < O 7KH 8VH RI 1RQ OHWULF &DPHUDV LQ 6KRUW
3+272*5%$00(75,$

$%'(/ $=,= < O $FFXUDF\ RI WKH 1RUPDO &DVH RI &ORVH 5DQJ
3KRWRTUDPPHWULF (QJLQHHULQJ DQG 5HPRWH 6HQVLQJ

$%'(/ $=,= < O 7KH $FFXUDF\ RI &RQWURO 3RLQWV IRU &OR\
, QWHUQDWLRQDO $UFKLYHV RI 3KRWRRUDPPHWU\ DQG 5HPRWH 6HQ"

$'$06 /3 7KH 8VH RI 1RQ OHWULF &DPHUDV LQ 6KRUW 5D
,QWHUQDWLRQDO $UFKLYHV RI 3KRWRRUDPPHWUY DQG 5HPRWH 6HQ

$'(/67(,1 3= DQG /(,67(5 '$ 1RQXQLIRUP 'LPHQVLRQDO &KDQ
$HULDO )LOPV 3KRWRTUDPPHWULF (QJLQHHULQJ

$'(/67(,1 3= -26(3+621 35 DQG /(,67(5 '$ 1RQXQLIRUP )LOP
&KDQJHV 3KRWRRUDPPHWULF (QJLQHHULQJ

$'(/67(,1 3 = 'LPHQVLRQDO B6WDELOLW\ RI (VWDU %DVHG
(QJLQHHULQJ

$'(/67(,1 3= DQG OF&5($ - / 6WDELOLW\ Rl 3URFHVVHG 3RO\H
J)LOPV $SSOLHG 3KRWRJUDSKLF (QJLQHHULQJ

$/%(57= - DQG .5(,/,1* - 3KRWRJUDPPHWULF *XLGH .DUOVU
9HUODJ SsS

$*)$ $JID $YLSKRW 3DQ 3(ILOP 7HFKQLFDO ,QIRUPDWLRQ 3X
%BHOJLXP

$*)$ $JID +RORWHVW ODWHULDOV $JID *HYDHUW 3XEOLFDWLF
%HOJLXP

$5-$129 (3 $Q ,QYHVWLJDWLRQ RI )LOP )ODWWHQLQJ
3KRWRRUDPPHWU\ DQG 5HPRWH 6HQVLQJ S

$512/' &5 52//6 3 - DQG 67(:$57 - & - $SSOLHG 3KRWRJUDSK
3UHVYV Ss

%$$5'$ 5SHOLDELOLW\ DQG 3UHFLVLRQ RI 1HWZRUNV 3UHVHC

&RXUVH IRU (QJLQHHULQJ 6XUYH\V RI +LJK 3UHFLVLRQ 'RUP 6WDGW

%$,1(6 + DQG %20%$&. (6 7KH 6FLHQFH RI 3KRWRJUDSK\
JRXQWDLQ 3UHVV SS
%$8(5 + DQG 08//(5 - +HLJKW DFFXUDF\ Rl EORFNV DQG E|

DGGLWLRQDO SDUDPHWHUYV SBUHVHQWHG SDSHU DW WKH ;00WK &F
SKRWRJUDPPHWU\ 2WWDZD

%LE



%W1'(5 /8 J)LOP '"HIRUPDWLRQ ,QYHVWLIJDWLRQ 3KRWRDUDPPI
%2%(5* $ $ 6XUYH\ RI $HULDO ,PDJH 4XDOLW\ $VVHVVPHQW O0OF
Rl SBKRWRDUDPPHWUY DQG 5HPRWH 6HQVLQJ

%233 + DQG .5$866 + $Q 2ULHQWDWLRQ DQG &DOLEUDWLRQ
$SSOLFDWLRQV 3KRWRDUDPPHWULF (QJLQHHULQJ DQG 5HPRWH 6H

%2<'- ( 'LJLWDO ,PDJH )LOP *HQHUDWLRQ JURP WKH 3KRWR
3KRWRJUDSKLF (QJLQHHULQJ J

%5$1&+ 3 : &/$5. (5 DQG 0,/721 5 * $ 6XUYH\ RI )LOP )OD
&DUWULGJHVY 3KRWRJUDSKLF 6FLHQFH DQG (QJLQHHULQJ

%52&. * & 7KH /LPLWDWLRQV RI 5HVROYLQJ 3RZHU DV D OHDV
BKRWRJUDSK\ 3KRWRRUDPPHWULF 5HFRUG

%52&. * & ,PDJH (YDOXDWLRQ IRU $HULDO 3KRWRJUDSK\ )RF
%52&. 5 + OHWKRGV IRU 6WXG\LQJ )LOP '"HIRUPDWLRQ 3KRW
%52:1 ' & $ 6ROXWLRQ WR WKH &HQWUDO 3UREOHP RI 0XOV

WULDQJXODWLRQ 5&6 75 SDWULFN $LUIRUFH %DVH )/25,'$

%52:1 ' & '"HFHQWULQJ 'LVWRUWLRQ RI /HQVHV 3KRWRRUDPF

%52:1 ' & &ORVH 5DQJH &DPHUD &DOLEUDWLRQ 3KRWRJUDPPF

BHQVLQJ =

%52:1 ' & &DOLEUDWLRQ RI &ORVH 5DQJH &DPHUDV ,Q

3KRWRRUDPPHWUY SS

%52:1 ' & (YROXWLRQ $SSOLFDWLRQ DQG 3RWHQWLDO

3KRWRJUDPPHWULF 7ULDQJXODWLRQ ,QWHUQDWLRQDO $UFKLYHV |
SsS

%52:1 ' & 7KH %XQGOH $GMXVWPHQW 3URJUHVV DQG 3URVSH

SKRWRRUDPPHWU\

%52:1 ' & $SSOLFDWLRQ RI &0ORVH 5DQJH 3KRWRJUDPPHWU\ W
LQ 2UELW *HRGHWLF 6HUYLFHV ,QF )ORULGD SS
%52:1 "' & 67$56 D 7XUQNH\ 6\VWHP IRU &0ORVH 5DQJH 3KRWRJ
$UFKLYHV RI 3BKRWRRUDPPHWU\ DQG 5HPRWH 6HQVLQJ
%52:1 ' & $ /DUJH )RUPDW OLFURSURFHVVRU &RQWUROOHG
,QGXVWULDO 3KRWRJUDPPHWU\ ,QWHUQDWLRQDO $UFKLYHV RI 3KF
SS
%52:1 ' & 8QIODWQHVYV RI 30ODWHYV DV D 6\VWHPDWLF (UURU L

SKRWRRUDPPHWULD

%8-%.,(:,&= % 7KH &RUUHFWLRQ RI /HQV 'LVWRUWLRQ ZLWK
6 XUYH\RU

%LE



%851+$0- 0 DQG -26(3+621 35 &RORXU 30DWH OHWULF 6WDEL
(QJILQHHULQJ

%85&+ -0 DQG )2512 & BUHOLPLQDU\ $VVHVVPHQW RI D 1HZ
,QWHUQDWLRQDO $UFKLYHV Rl SKRWRRUDPPHWUY DQG 5HPRWH 6HQ
%85&+ -0 DQG )2512 & +LJK 5 HVROXWLRQ ORLUH 3KRWRJUD
%<(5 5 - 'LPHQVLRQDO 6WDELOLW\ OHDVXUHPHQW RI 3KRWRJU

(QJILQHHULQJ

&$/+281 -0 .(/I(5 /( DQG 1(:(/l 5) $ PHWKRG IRU VWXG\LQ
GLVWRUWLRQV LQ DHULDO ILOPV 3KRWRJUDPPHWULF (QJLQHHULQJ

&$50%1 3 'LPHQVLRQDO &KDQJHV LQ 6DIHW\ 7RSRJUDSKLF
6HUYLFH &RQGLWLRQV &DQDGLDQ -RXUQDO RI 5HVHDUFK

&$50%$1 3 ' DQG 0%57,1 - ) &DXVHV RI 'LPHQVLRQDO &KDQJHV L
XQGHU 6LPXODWHG 6HUYLFH &RQGLWLRQV 7TKH &DQDGLDQ 6XUYH\F

&$50%1 3 ' DQG -2+1621 6 ) (IITHFWV RI $PELHQW &RQGLWLRQ
7KH &DQDGLDQ 6XUYH\RU

&$50%1 3 D 6HQVLWRPHWU\ LQ &DQDGLDQ $HULDO 6XUYH\ 3KR
SHPRWH 6HQVLQJ

&$50%1 3 E $HULDO &DPHUD 9LEUDWLRQ 3KRWRJUDPPHWUL
BHQVLQJ

&$552// % + ,JULGLXP 6HQVLWLVDWLRQ $ /LWHUDWXUH 5HYL
(QJILQHHULQJ Ss

&+$1'/(5 -+ DQG &223(5 0$ 5 $QDO\WLFDO 3KRWRJUDPPHWU

BORSH ORUSKRORJ\ 3KRWRRUDPPHWULF 5HFRUG

&+$1'/(5 - + &223(5 0$ 5 ORQLWRULQJ WKH 'HYHORSPHQW
$UFKLYDO 3KRWRJUDSK\ DQG $QDO\WLFDO 3KRWRJUDPPHWU\ /DQG
&+$1'/(5 - + &223(5 0 $ 5D 7KH ([WUDFWLRQ RI 3RVLWLRQDO 'DW
3KRWRJUDSKV DQG WKHLU $SSOLFDWLRQ LQ *HRPRUSK®&ORJ\ 3KR

&+$1'/(5 - + &223(5 09%$5 52%621E @QDO\WLFDO $VSHFWYV RI 6PD
6XUYH\V XVLQJ 2EOLTXH $HULDO 6XUYH\V -RXUQDO RI 3KRWRJUD ¢

&+$1'/(5 - + 7KH ([WUDFWLRQ RI 6SDWLDO 'DWD IURP $UFKL)
$SSOLFDWLRQ WR *HRPRUSKRORJ\ 3K' 7KHVLV &LW\ 8QLYHUVLW\ /
&+$7),(/" & 7KH $QDO\VLV RI 7LPH 6HULHV 7KHRU\ DQG 3UDF
SS

&+()),16 2 : JXUWKHU 3KRWRJUDPPHWULF OHDVXUHPHQWYV RI

SKRWRJUDPPHWULF 5HFRUG

&+(1 < 4 .$9285%6 0 DQG &+5=%$12:6., $ $ 6WUDWHJ\ IRU "HW|
2EVHUYDWLRQV LQ OHDVXUHPHQWY RI +LJK 3UHFLVLRQ 7KH &DQDGI

%LE



&$5. ( 5 7ZR OHWKRGV IRU OHDVXULQJ 3KRWRJUDSKLF )LOP
6FLHQFH DQG (QJLQHHULQJ

&/$5. - 07 JLOP )ODWQHVYV LQ 6XWYH\ &DPHUDV SKRWRJUDPF

&2/721 (. DQG :,(*$1' ( - ORLVWXUH LQ 3KRWRJUDSKLF )LOP |
3KRWRJUDSKLF 6FLHQFH DQG (QJLQHHULQJ

&215%'< $ '"HFHQWUHG /HQV 6\WWHPV ORQWKO\ 1RWLFHV RI
BRFLHW\

&217$; &RQWD[ 576 ,,, WKH QHZ SURIHVVLRQDO VWDQGDUG LQ
3UHVV UHOHDVH 3KRWRNLQD Ss

&223(5 0$ 5 $Q ,QWURGXFWLRQ WR 3KRWRJUDPPHWU\ ) X
PRGHOOLQJ 1HOH] SsS

&223(5 0$ 5 'HIRUPDWLRQ OHDVXUHPHQW E\ 3KRWRJUDPPH\
SHFRUG +

&223(5 0$ 5 &RQWURO VXUYH\V LQ FLYLO HQJLQHHULQJ /RQC
&223(5 0 $ 5 'HJUHHV RI IUHHGRP RI $QDO\WLFDO 3KRWRJUDPP

SUHVHQWHG DW ,QVWLWXWLRQ RI &LYLO (QJLQHHULQJ 6XUYH\RUV &F
8QLYHUVLW\ RI 5HDGLQJ WK WR WK ODUFK

&223(5 0$5 DQG &5266 3% 6WDWLVWLFDO &RQFHSWV DQ
SKRWRJUDPPHWU\ DQG 6XUYH\LQJ 3KRWRJUDPPHWULF 5HFRUG

&223(5 0%$5 DQG &5266 3% 6WDWLVWLFDO &RQFHSWV DQ!
SKRWRJUDPPHWU\N DQG 6XUYH\LQJ FRQWLQXHG SKRWRJUDPPHWULF

&223(5 0%$5 DQG 52%621 6 OHWKRGV IRU +LJK 3UHFLVLRC(
ORQLWRULQJ RI WKH "HIRUPDWLRQ RI D 6WHHO %ULGJH 7KH 3KRWRJ

&2:; 5 - 3KRWRJUDSKLF *HODWLQ $FDGHPLF 3UHVV SS
'$,17< - & DQG 6+$: 5 ,PDJH 6FLHQFH $FDGHPLF 3UHVV /RQG
'$875,&+ ' *5%$1=(5 ) DQG 02,6(5 ( (OHFWURQ OLFURVFRSH ,Q

(ITHFWV RI "\QDPLF 3UHVVXUH RQ 3KRWRJUDSKLF (PXOVLRQV 3KRWR

2/ - $ /DUJH )RUPDW )LOP &DPHUD IRU +LJK 3UHFLVLRQ 2EMHI
$UFKLYHV RI 3BKRWRRUDPPHWUY

'8)),1 *) 3KRWRJUDSKLF (PXOVLRQ &KHPLVWU\ )RFDO 3UHVV /I

'<621 - ,QWHUIHURPHWU\ DV D OHDVXULQJ 7RRO 7KH ODFKLQH
Ss

(%1(5 + 6HO| &DOLEUDWLQJ %ORFN $GMXVWPHQW %LOGPHVV X

(/ +$.,0 6) DQG )$,* &RPSHQVDWLRQ RI 6\VWHPDWLF ,PDJH (

+DUPRQLFYVY ,QWHUQDWLRQDO $UFKLYHV RI 3KRWRRUDPPHWUY

%LE



(/ +$.,0 6) DQG )$,* &RPELQHG *HRGHWLF DQG 3KRWRJUDP
'"HQVLILFDWLRQ RI &RQWURO 1HWZRUNV 3URFHHGLQJV RI $PHULFD
$QQXDO OHHWLQJ :DVKLQJWRQ

(/ +$.,0 6 ) DQG =,(0$11 + $ 6WHS E\ 6WHS 6WUDWHJI\ IRU *
3KRWRDUDPPHWULF (QJLQHHULQJ DQG 5HPRWH B6HQVLQJ

(/ +$.,0 6) 3KRWRJUDPPHWULF OHDVXUHPHQW RI OLFURZDYH $
(QJLQHHULQJ DQG 5HPRWH 6HQVLQJ

(/ +$.,0 6) 7KH "HWHFWLRQ RI *URVVY DQG 6\VWHPDWLF (UURUYV
RI 7THUUHVWULDO DQG 3KRWRJUDPPHWULF 'DWD 3KRWRDUDPPHWUL]I

(/ +$.,0 6 ) 5HDO 7LPH ,PDJH OHWURORJ\ ZLWK &&' &DPHUL
(QJLQHHULQJ DQG 5HPRWH 6HQVLQJ

)$(/ (16 3 - 7KH OHFKDQLVP RI WKH 3KRWRJUDSKLF 3UHVVXUH
/IDWHQW ,PDJH )RUPDWLRQ 3KRWRJUDSKLF 6FLHQFH

)$/+%86+ + 9HUEDO FRPPXQLFDWLRQ DW $9 GLVWULEXWRUV

)6, * &DOLEUDWLRQ RI &ORVH 5DQJH 3KRWRJUDPPHWULF
(QJLQHHULQJ DQG 5HPRWH 6HQVLQJ

)$,* A 3KRWRJUDPPHWULF 3RWHQWLDOV RI 1RQ OHWULF ¢
(QJLQHHULQJ DQG 5HPRWH 6HQVLQJ

)$,* : DQG (/ +%$.,0 6) 7KH 8VH RI 'LVWDQFHY DV 2EMHFW 6S
5DQJH 3KRWRJUDPPHWU\ ,QWHUQDWLRQDO $UFKLYHV RI 3KRWRDUD

)8, 1RQ OHWULF DQG 6HPL OHWULF &DPHUDV 'DWD 5HGXFWLRQC
Rl 1RQ 7TRSRJUDSKLF 3KRWRJUDPPHWU\ QG (GLWLRQ 3XE $PHULFD
5HPRWH 6HQVLQJ )DOOV &KXUFK 86%

)$51(// * & DQG &+$17(5 - % 7TKH 4XDQWXP 6HQVLWLYLW\ RI 3
*UDLQV 3KRWRJUDSKLF 6FLHQFH

)$51(// * & )/,17 5% DQG &2'/,1* $ - % (IHIHFWV RI '"HIRUPDWLF
RI (PXOVLRQ *UDLQV 3KRWRJUDSKLF 6FLHQFH

)2512 & J)LOP &KDUDFWHULVWLFV LQ +LJK 5HVROXWLRQ 0
(QJLQHHULQJ

)2512 & DQG .($51(< $ 7KH (IITHFWV Rl +XPLGLW\ RQ WKH 3L
30DWHV 'LYLVLRQ RI OHFKDQLFDO DQG 2SWLFDO OHWURORJ\ 1DWLI
SS

)25671(5 7KH 7TKHRUHWLFDO 5HOLDELOLW\ RI 3BKRWRJUDPPHW
$UFKLYHV RI 3KRWRDUDPPHWUY DQG 5HPRWH 6HQVLQJ

)25671(5 7KH 5HOLDELOLW\ Rl %ORFN 7ULDQJXODWLRQ 3KRYV
SHPRWH 6HQVLQJ

)5%$6(5 & 6 OXOWLSOH )RFDO 6HWWLQJ 6HOI &DOLEUDWLRQ RI
&DPHUDYV VHSW

%LE



)5$6(5 & 6 D )LOP 8QIODWQHVV (IIHFWV ,Q $QDO\WLFDO 1RC
 QWHUQDWLRQDO $UFKLYHV Rl 3KRWRDUDPPHWUY DQG 5HPRWH B6HQ)

)5$6(5 & 6 E 2Q WKH XVH RI 1RQ OHWULF &DPHUDV LQ &ORVH
&DQDGLDQ 6XUYH\RU

)5$6(5 & 6 D 1HWZRUN 'HVLJQ IRU &ORVH 5DQJH 3KRWRJUDPP
(QDLQHHULQQ DQG 5HPRWH B6HQVLQJ

)5%$6(5 & 6 E OXOWLSOH ([SRVXUHV LQ 1RQ OHWULF &DPHUD §
$UFKLYHV RI 3BKRWRDUDPPHWUY DQG 5HPRWH 6HQVLQJ

)5$6(5 & 6 F 7KH $QDO\VLV RI 3KRWRJUDPPHWULF 'HIRUPDWLR
ORXQWDLQ 3KRWRDUDPPHWULF (QJLQHHULQJ DQG 5HPRWH 6HQVLQJ

)5%$6(5 & 6 SKRWRJUDPPHWULF OHDVXUHPHQW RI 7TKHUPDO 'HIRI
&RPSUHVVRU 3KRWRDUDPPHWULF (QJLQHHULQJ DQG 5HPRWH 6HQVL

)5%$6(5 & 6 D 6WDWH RI WKH $UW LQ ,QGXVWULDO 3KRWRJUDPP!
SKRWRDUDPPHWUY DQG 5HPRWH 6HQVLQJ

)5$6(5 & 6 E OLFURZDYH $QWHQQD OHDVXUHPHQW 3KRWRDUDI
SHPRWH 6HQVLQJ

)5$6(5 & 6 2SWLPLVDWLRQ RI 1HWZRUNV LQ 1RQ 7RSRJUDSKLF
LQ WKH +DQGERRN RI 1RQ 7RSRJUDSKLF 3KRWRJUDPPHWU\ HG .DU
SKRWRJUDPPHWU\ DQG 5HPRWH 6HQVLQJ )DOOV &KXUFK 86%

)5%6(5 & 6 9HUEDO FRPPXQLFDWLRQ DW &ORVH 5DQJH 3KRWR
9LVLRQ =XULFK

)5$6(5 & 6 DQG %52:1 ' & ,QGXVWULDO 3KRWRJUDPPHWU\ 11
5HFHQW $SSOLFDWLRQV 3KRWRDUDPPHWULF 5HFRUG

)5$6(5 & 6 DQG 6+257,6 O $ &RUUHFWLRQ ORGHO IRU 9DULDWL
SKRWRJUDSKLF )LHOG ,QWHUQDWLRQDO $UFKLYHV RI 3KRWRDUDPPFE
)5<(5 - DQG %52:1 /HQV 'LVWRUWLRQ IRU &0RVH 5DQJH 3KRW|

$UFKLYHV Rl 3KRWRDUDPPHWUY DQG 5HPRWH 6HQVLQJ

)5<(5 - /HQV "'LVWRUWLRQ 7KH )RUJRWWHQ &RPSRQHQW RI "LIJLW
DW '"HSDUWPHQW &LYLO (QJLQHHULQJ 8QLYHUVLW\ RI 1HZFDVWOH $X

)5<(5 - /HQV 'LVWRUWLRQ DQG )LOP )ODWWHQLQJ WKHLL
3KRWRJUDPPHWU\ ,QWHUQDWLRQDO $UFKLYHV RI 3KRWRDUDPPHWU)

*$5$)$5(1' (: DQG 6&+5%$))5,1 % 8QELDVHG )UHH 1HW $GMX
S5HYLHZ
*$7(6 - : & 2/'),(/' 6A )2512 & 6&277 3 - DQG .</( 6 $ )DFWR

BUHFLVLRQ LQ &0ORVH 5DQJH 3KRWRJUDPPHWU\ ,QWHUQDWLRQDO $UF
BHQVLQJ

*(5(1&6(5 0 & OLFURGHQVLW\ DQG 07) &RPSDUDWLYH 07) WH\
3KRWRJUDPPHWULF 6\WWHP LQ %ODFN DQG :KLWH DQG &RORXU 3UH
RI 3KRWRDUDPPHWUY SS

%LE



*+26+ 6 . DQG 0$578&&, [/ O ,PDJH 4XDOLW)\ (IIHFWV RQ ,PDJH *
$UFKLYHV RI 3IKRWRDUDPPHWUY , 6 33

*+26+ 6 . 5%$+,0, 0 DQG 6+, = &DOLEUDWLRQ RI DQ $PDWHXU
'LVWDQFHV S, QWHUQDWLRQDO $UFKLYHV RI SKRWRDUDPPHWUY DQG

*29)5(< & &RQVWUXFWLRQ RI D 7HVW )LHOG IRU ,QYHVWLJDWLQ
<HDU %6F 3URMHFW &LW\ 8QLYHUVLW\ SS

*5$16+%: 6 O %XQGOH $GMXVWPHQW OHWKRGV LQ (QJLQF
3KRWRDUDPPHWULF 5HFRUG 4

*5$16+$: 6 O BUHFLVLRQ DQG WKH OXOWLVWDWLRQ %XQG
BUHFRQFHSWLRQV ,QWHUQDWLRQDO $UFKLYHV RI 3KRWRDUDPPHWL

*5h1 % $FFXUDF\ 5HOLDELOLW\ DQG 6WDWLVWLFV LQ &0ORVH 5D
$UFKLYHV RI 3KRWRDUDPPHWUY DQG 5HPRWH 6HQVLQJ 6WRFNKROP

*5h1 $ 7KH $FFXUDF\ 3RWHQWLDO RI WKH ORGHUQ %XQGOH
S3KRWRJUDPPHWU\ 3KRWRDUDPPHWULF (QJLQHHULQJ DQG 5HPRWH ¢

*5h1l $ 'LJLWDO SKRWRJUDPPHWULF SURFHVVLQJ VA\VWHPYV
,QWHUQDWLRQDO $UFKLYHV RI 3KRWRDUDPPHWUY DQG 5HPRWH 6HQ

*867%$)621 3 & 7KH $SSOLFDWLRQ RI 5HDO 7LPH DQG 1HDU 5HD
,QGXVWU\ $ 7HVW RI $FFXUDF\ ,QWHUQDWLRQDO $UFKLYHV RI 3KR)
+$//1(57 'HWHUPLQDWLRQ RI WKH )ODWQHVV RI D 6XUIDFH ,Q &R
+$/21(1 56 DQG 6$92/$,1(1 $ 2Q WKH 'HIRUPDWLRQ RI 3R(
7HFKQLFDO 8QLYHUVLW\ RI +HOVLQNL 2WDQLHPL )LQODQG SS

+$..$5%,1(1 - DQG 6&+52('(5 0O 7KH (IITHFW Rl )RUZDUG ORWLF

)0& RQ 5HVROYLQJ 3RZHU RI $HULDO 3KRWRJUDSKY ,QWHUQDWLRQ
SHPRWH 6HQVLQJ

+$5'< 5/ /JHDVW VTXDUHV SUHGLFWLRQ 3KRWRDUDPPHWULF (
+$50%1  : (, 1HJDWLYH 4XDOLW\ 5HTXLUHG IRU 6WHUHR
3KRWRDUDPPHWULF (QJLQHHULQJ DQG 5HPRWH 6HQVLQJ

+$66(/%/$' +DVVHOEODG (QJLQHHULQJ 'RFXPHQWDWLRQ *RWHGQ
+$8* * $QDO\VLVY DQG 5HGXFWLRQ RI 6\VWHPDWLF ,PDJH DQG

$HULDO 7ULDQJXODWLRQ 7HVW 2EHUVFKZDEHQ 2((3( ,QWHUQDWLR
SHPRWH 6HQVLQJ SS

+(50$16 7 DQG 95,(/<1. O BWDWLF 3UHVVXUH (IIHFWV RQ 3KR\
3KRWRJUDSKLF 6FLHQFH 4

+(50816 7 DQG 95,(/<1&. + 6WDWLF 3UHVVXUH (IIHFWV RQ 3KR
3KRWRJUDSKLF 6FLHQFH

+,** 16 * & DQG 3(55,1 ) + ORGXODWLRQ 7UDQVIHU )XQFWLRQ

%LE



+251 -$ DQG 78*:22' -0 2SWLPLVLQJ ([SRVXUH DQG 3URF
SKRWRJUDSK\ ,7& -RXUQDO

+277,(5 3 + $FFXUDF\ Rl &0ORVH 5DQJH $QDO\WLFDO 5HVWLWXWL
BUHGLFWLRQ 3KRWRDUDPPHWULF (QJLQHHULQJ

,1)25" ,OIRUG )3 $HULDO )LOP 3XEOLVKHG E\ ,0lRUG /WG /RQG
,1)25" D ,OIRUG )3 30XV ,0IRUG /WG /RQGRQ

,1)25" E ,OIRUG '"HOWD ,O0IRUG /WG /RQGRQ

,1)25" F ,O0IRUG 3URGXFW ,QIRUPDWLRQ &DWDORJXH ,O0IRUG /WG
,17(5*5$3+ ,QWHUPDS $QDO\WLF 3KRWRJUDPPHWULF :RUNVWDWL
86$ SS

.62 6SHHG RI VHQVLWLVHG SKRWRJUDSKLF HPXOVLRQV ,QWHU
-$&2%6(1 . BHOHFWLRQ RI $GGLWLRQDO 3DUDPHWHUV E\ 3URJ

SKRWRDUDPPHWUY DQG 5HPRWH 6HQVLQJ

-$&2%621 ., DQG -$&2%621 5 ( 'HYHORSLQJ WK (GLWLRQ 1}
SsS
-$&2%621 5 ( 3KRWRJUDSKLF 6FLHQFH /HFWXUH 1RWHV %6F

&RXUVH 7KH 3RO\WHFKQLF Rl & HQWUDO /RQGRQ

-$&2%621 5 ( $:)25' 15 -21(6 ,$ DQG )25 $ ,PDJH 4XDOLW\
'HYHORSPHQW RI 7DEXODU *UDLQ DQG &RQYHQWLRQDO 3KRWRJU
6FLHQFH .. 3URFHHGLQJV ,VVXH

-$&2%621 5 ( 5%< 6 ) $775,'*( ** DQG $;)25' 1 % 7KH Ol

3KRWRJUDSK\ WK (GLWLRQ /RQGRQ )RFDO 3UHVV SsS

-$0(6 7 + 7KH 7KHRU\ Rl WKH 3KRWRJUDSKLF 3URFHVV WK (C
SsS

-$.6,& = '"HIRUPDWLRQV RI (VWDU %DVHG $HULDO )LOPV 3KRW

-, <21* :A DQG &+(1*/,1 = OXOWL 30DWH OXOWL ([SRVXUH D

2ULHQWDWLRQ 6WHOODU &DOLEUDWLRQ IRU OHWULF &DPHUD ,QWHU

-(5,( +* '"HYHORSPHQW RI D &RPSXWHU 6LPXODWLRQ 6\VWHP &
SKRWRJUDPPHWULF 2SHUDWLRQV ,7& -RXUQDO

.$5$5% + 0 $%'(/ $=,= < $FFXUDF\ $VSHFWV RI 1RQ OHYV
3KRWRDUDPPHWULF (QJLQHHULQJ DQG 5HPRWH 6HQVLQJ

.$5$5% + O &ORVH 5DQJH 3KRWRJUDPPHWU\ :KHUH :H DUH DQG
3KRWRDUDPPHWULF (QJLQHHULQJ DQG 5HPRWH 6HQVLQJ

.$5%$5% + 0 7KH +DQGERRN RI 1RQ 7RSRJUDSKLF BKRWRJUDPPHW
6RFLHW\ Rl SKRWRJUDPPHWU\ DQG 5HPRWH 6HQVLQJ )DOOV &KXUFK

%LE



.$55(1 5 - &DPHUD &DOLEUDWLRQ E\ WKH OXOWLFROOLPDWHF
(QJLQHHULQJ DQG 5HPRWH BHQVLQJ

($51(< $ DQG )2512 & 7KH OHFKDQLFDO 3URSHUWLHV RI
SKRWRJUDSKLF ORLUp 1DWLRQDO 3K\VLFDO /DERUDWRU\ 5HSRUW ,6

(10),&. -) 8OWUD 3UHFLVH $QDO\WLFV 3KRWRRUDPPHWULF
BHQVLQJ =
(1(),&. -) *<(5 06 +$53 % ) $QDO\WLFDO 6HOI &DOLEUDW

(QJLQHHULQJ DQG 5HPRWH B6HQVLQJ

L1301 ( &RPSHQVDWLRQ RI 6\VWHPDWLF (UURUV RI ,PDJH D
,QWHUQDWLRQDO $UFKLYHV RI 3KRWRRUDPPHWUY DQG 5HPRWH 6HQ

.,1* 5 DQG $6+/,1* ' OHFKDQLVPV RI BUHVVXUH 6HQVLWLYLW\
([FKDQJH -RXUQDO RI 3KRWRJUDSKLF 6FLHQFH

.2'$. D 'LPHQVLRQDO 6WDELOLW\ RI .RGDN $FHWDWH )LOPV IRU W
3XEOLFDWLRQ 4 5RFKHVWHU 1 <RUN SS

.2'$. E 'LPHQVLRQDO 6WDELOLW\ RI .RGDN (VWDU %DVHG )LOPV |
.RGDN 3XEOLFDWLRQ 4 SRFKHVWHU 1 <RUN SS

.2'S. 3K\ WLFDO 3URSHUWLHV RI .RGDN $HULDO )LOPV (DVWPD
SRFKHVWHU 1 <RUN SS

.2'$. 3K\ WVLFDO &KDUDFWHULVWLFV RI *ODVV IRU .RGDN 3KRWRJ
3XEOLFDWLRQ 4 5RFKHVWHU 1 <RUN

.2'S. &KDUDFWHULVWLFV RI .RGDN 30DWHV IRU 6FLHQWLILF DQG
.RGDN 3XEOLFDWLRQ 5RFKHVWHU 1 <RUN

2'$. .RGDN 3URIHVVLRQDO 'DWD *XLGH .RGDN /WG /RQGRQ ,6
2'$. D .RGDN 7 0$; 3URIHVVLRQDO )LOPV .RGDN /WG 3XEOLFDW]
2'$. E .RGDN 7HFKQLFDO 3DQ )LOPV .RGDN /WG 3XEOLFDWLRQ
2'$. F .RGDN 75, ; )LOP .RGDN /WG 3XEOLFDWLRQ ) + SS
2'$. D .RGDN +& 'HYHORSHU .RGDN 3XEOLFDWLRQ *+ + Ss
2'$. E O9LGHN OHJDSOXV FDPHUD 3UHVV UHOHDVH .RGDN /WG +H
Ss

2'$. WRUDJH DQG &DUH RI .RGDN )LOPV DQG 3DSHUV EHIRU
(DVWPDQ .RGDN 3XEOLFDWLRQ ( S5RFKHVWHU 1 <RUN SS

2'$. .RGDN 3URGXFW &DWDORJXH .RGDN /WG +DUURZ

.21'2 +A ,0$=(., + DQG 768587%$ 7 OHDVXUHPHQW RI ,PDJH %C

9LEUDWLRQ RI WKH &DPHUD %RG\ E\ $SSO\LQJ 6SHFNOH 3KRWRJ
(QJLQHHULQJ W R

.233(5/ ') *RHWWLQJ 55 DQG +XWWHPDQQ 7 - 8VH RI $UUKH

WKLRVXOSKDWH WROHUDQFH ,Q VLOYHU KDOLGH EODFN DQG ZKLWH F
6

%LE



.2:%/,6., 3 ([SHULPHQWY RQ WKH (IITHFWV RI )LOP .LQNLQJ 3KF

.587.< 9 ,PDJH 7TUDQVIRUPDWLRQV 3KRWRDUDPPHWULF (QJLQI

5$.7< 9 $QDO\WLFDO 2Q OLQH 6\WWHPV LQ &ORVH 5DQJH 3KRWF
(QJLQHHULQJ DQG 5HPRWH 6HQVLQJ

.5$86 . J)LOP '"HIRUPDWLRQ &RUUHFWLRQ ZLWK /HDVW 6TXDUHV ,
(QIJLQHHULQJ

5886 . DQG 0,.+$,/ (O /LQHDU /HDVW 6TXDUHV ,QWHUSROD
(QJLQHHULQJ DQG 5HPRWH 6HQVLQJ

8%,. . DQG %270%$1 $ * ,QWHUSRODWLRQ $FEXUDF\ IRU 7RS|
6XUIDFHV ,QWHUQDWLRQDO 6RFLHW\ IRU 3KRWRRUDPPHWU\ S

.83)(5 * 3DUWLDO &DOLEUDWLRQ RI 3BKRWRJUDPPHWULF 6\VWH
8VLQJ D IODW WHVW ILHOG DUHD ,QWHUQDWLRQDO $UFKLYHV RI 3KF

/$0% (576 5 / ORGXODWLRQ 7UDQVIHU )XQFWLRQ -RXUQDO RI 2
/$03721 % ) DQG 80%$&+ O - J)LOP 'LVWRUWLRQ &RPSHQVI
3KRWRJUDPPHWULF (QJLQHHULQJ

/$1*)25' O - %DVLF 3KRWRJUDSK\ WK (GLWLRQ /RQGRQ )RFI
/$1*)25" 0O - $GYDQFHG 3KRWRJUDSK\ WK (GLWLRQ /RQGRQ
/$,+2 $ DQG .,/3(/$ ( BWDELOLW\ 7THVWLQJ RI $QDO\WLFDO 30

Rl 3BKRWRRUDPPHWUY DQG 5HPRWH 6HQVLQJ

/$:5(1&( :) DQG 6&+0," + + BWHOODU &DOLEUDWLRQ RI \
3KRWRDUDPPHWULF (QJLQHHULQJ DQG 5HPRWH 6HQVLQJ

/,*7(5,1. * + )LOP *ODVV 'LIIHUHQFHY 3KRWRDUDPPHWULF (QJL
1(%(5/ ) 3KRWRJUDPPHWULF ,QWHUSRODWLRQ 3KRWRDUDPPH
BHQVLQJ

/8+0$11 7 DQG 3(,3( - 5HVHDX 6FDQQHU 5ROOHLPHWULF 56 &

, QWHUQDWLRQDO $UFKLYHV RI 3KRWRDUDPPHWUY DQG 5HPRWH 6HQ\
/8+0%$11 7 DQG :(67(5 (%%,1*+$86 5ROOHLPHWULF 56 D 1H.
BURFHVVLQJ 6\VWHP ,QWHUQDWLRQDO $UFKLYHV RI 3KRWRDUDPPHW

0$*,// O9DULDWLRQ LQ 'LVWRUWLRQ ZLWK ODJQLILFDWLRQ -RXL
%XUHDX RI 6WDQGDUGYV

0$621 /) $ 3KRWRJUDSKLF 3URFHVVLQJ &KHPLVWU\ /RQGRQ
0(,(5 + . )LOP YODWWHQLQJ LQ $HULDO &DPHUDV 3KRWRDUDPF
0(,(5 + . 7KH (IITHFWV Rl (QYLURQPHQWDO &RQGLWLRQV RQ WK

/JHQJWK DQG )RFXV RI $HULDO 6XUYH\ &DPHUDV ,QWHUQDWLRQDO
SHPRWH 6HQVLQJ Ss

%LE



0,8&+(1(5 % & 7KLENQHVV 8QLIRUPLW\ RI .RGDN $HULDO )L
(QJLQHHULQJ t1

0,.+$,/ (O 3DUDPHWHU &RQVWUDLQWYVY LQ /HDVW 6TXDUHV 3KR
SHPRWH 6HQVLQJ ftt

0,.+$%,/ (O 2EVHUYDWLRQV DQG /HDVW 6TXDUHV 1 <RUN O(3

0,7&+(// +/ DQG 3,/*5,0 [ - 6HOHFWLRQ RI DQ ,PDJH ODWFKLQJ
RI &LYLO (QJLQHHULQJ DQG 6XUYH\LQJ 8QLYHUVLW\ RI 1HZFDVWOH

085%, 6 0$7682.$ 5 DQG 2.8'$ 7 $ 6BWXG\ RQ $QDO\WLFDO &DO
&DPHUDV DQG WKH $FFXUDF\ Rl ' OHDVXUHPHQW ,QWHUQDWLRQDO
SHPRWH 6HQVLQJ  ..¢

081-< 5 $ + 6HOI &DOLEUDWLRQ XVLQJ D )LQLWH (OHPHQW
(QJLQHHULQJ DQG 5HPRWH 6HQVLQJ *

125721 & |/ ,PDJH 3URSHUWLHV ZLWK (QYLURQPHQWDO )DFWR!
, ,QWHUQDWLRQDO $UFKLYHV RI 3KRWRRUDPPHWUY DQG 5HPRWH

125721 & / E ,PDJH 3URSHUWLHV ZLWK (QYLURQPHQWDO )I
(QJLQHHULQJ DQG 5HPRWH 6HQVLQJ t

2/1'),(/" 6 SKRWRJUDPPHWULF 30DWH OHDVXULQJ )DFLOLWLHV I
Rl 3BKRWRRUDPPHWUY DQG 5HPRWH 6HQVLQJ T

2/1'),(/" 6 9HUEDO FRPPXQLFDWLRQ DW 13/ 7HGGLQJWRQ

3$32 + % JUHH 1HW $QDO\VLV LQ &ORVH 5DQJH 3KRWRJUDI
(QJLQHHULQJ DQG 5HPRWH 6HQVLQJ t

3$32 + % 'HIRUPDWLRQ $QDO\VLV E\ &ORVH 5DQJH 3KRWRJUL
(QJLQHHULQJ DQG 5HPRWH 6HQVLQJ *

3(/=(5 + &ULWHULD IRU WKH 5HOLDELOLW)\ RI *HRGHWLF 1HWZF
DQG &RPSXWDWLRQ RI &RQWURO 1HWZRUNV (G +DOPRV ) DQG
%XGDSHVW

3(56621 & * 2Q WKH (VWLPDWLRQ RI 9DULDQFH &RPSRQHQWYV L
BUREOHPV 7KHVLV 'HSW RI *HRGHV\ 5R\DO ,QVWLWXWH RI 7HFKQR

3,(3( - (LQH 1HXH =@ ; $XIQDKPHNDQPHU )XU GLH 1DKEHU
,QWHUQDWLRQDO $UFKLYHV RI 3KRWRRUDPPHWUY DQG 5HPRWH 6HQ

5$,'+ $ DQG 081-< + D 6HOI &DOLEUDWLRQ XVLQJ WKH )L
3KRWRJUDPPHWULF (QJLQHHULQJ DQG 5HPRWH 6HQVLQJ t

5$,'+ $ DQG 081-< + E &DOLEUDWLRQ RI 1RQ PHWULF &DPHUD
OHWKRG 3KRWRTUDPPHWULF (QJLQHHULQJ DQG 5HPRWH 6HQVLQJ t-
52% (576 $ DQG *5,6:2/' |/ SUDFWLFDO 3KRWRJUDPPHWU\ |
3KRWRJUDSK\ 3KRWRRUDPPHWULF (QJLQHHULQJ DQG 5HPRWH 6HQV
52%,1621 * 6 7KH 5HVHDX DV D PHDQV RI '"HWHFWLQJ *URVV /D
WKH ,QVWDQW RI ([SRVXUH 3KRWRTUDPPHWULF 5HFRUG WR
52%621 6 $ )XWXUH IRU )LOP LQ &0RVH 5DQJH 3KRWRJUDPPHW!
Lt ,Q SUHVYV

%LE



52% 21 6 7KH 3K\VLFDO (IIHFWV RI| )LOP 'HIRUPDWLRQ LQ 6PDOO
L, QWHUQDWLRQDO $UFKLYHV RI SBKRWRDUDPPHWUY DQG 5HPRWH 6HQ\

52/1(, 5ROOHL )RWRWHFKQLF &DPHUD &DOLEUDWLRQ &HUWLILFI

5226 0 7KH $XWRPDWHG 5HVHDX (TXLSPHQW $50( 3KRWRTUDP
SHPRWH 6HQVLQJ

526(1%58&+ .- &RQVLGHUDWLRQV UHJDUGLQJ LPDJH JHRPH)
,QWHUQDWLRQDO $UFKLYHV RI 3KRWRJUDPPHWU\ DQG 5HPRWH 6HQV

5806(< $ ,GHQWLILFDWLRQ 3UHVHUYDWLRQ DQG 6WRUDJH R
3KRWRJUDPPHWULF 6RFLHW\ 6\PSRVLXP RQ WKH 3KRWRJUDPPHWULF
/IRQGRQ ODUFK

6$/$0212:,&= 3 + 86*6 $HULDO 3KRWRJUDSKLF 5HVROXWLRQ 7D
(QJLQHHULQJ DQG 5HPRWH 6HQVLQJ

6&+/,(1*(5 5 'LOG &DPHUDV IRU 7HUUHVWULDO DQG &ORVH
,QWHUQDWLRQDO $UFKLYHV Rl 3KRWRRUDPPHWUY DQG 5HPRWH 6HQ\
6&+527+ 5 2Q WKH 6WRFKDVWLF 3URSHUWLHYV RI ,PDJH &RRUGI
Rl 3KRWRRUDPPHWUY DQG 5HPRWH 6HQVLQJ

6&+87 * + 7ZR ,QWHUSRODWLRQ OHWKRGV 3KRWRTUDPPHWUL
6&+87 * + BHOHFWLRQ RI $GGLWLRQDO 3DUDPHWHUV IRU %XQG
(QJLQHHULQJ DQG 5HPRWH 6HQVLQJ

6&277 3 - &0ORVH 5DQJH &DPHUD &DOLEUDWLRQ $ 1HZ OHW
SHFRUG

6&277 3 - 7KH 3XSLO LQ 3HUVSHFWLYH 3KRWRRUDPPHWULF 5H
6&277 3 - 6WUXFWXUDO 'HIRUPDWLRQ OHDVXUHPHQW RI D
3KRWRTUDPPHWULF 5HFRUG

6&277 3 - DQG *(25*232826 $ &DPHUD &DOLEUDWLRQ DW 9HU\
3KRWRRUDPPHWULF 5HFRUG

6(/:<1 (: + $ WKHRU\ Rl JUDLQLQHVV -RXUQD©O RI 3KRWRJUDS
6+(33%$5' 6 ( DQG (//,27 ) $ 3KRWRPHWULF OHWKRGV DQG $SSD

&ROORLGY -RXUQDO RI WKH $PHULFDQ &KHPLFDO 6RFLHW\

6+(33%$5' 6 ( DQG 6:((7 6 6 7KH (ODVWLF 3URSHUWLHV RI *HO
&KHPLFDO 6RFLHW\

6+257,6 05 &ORVH 5DQJH 3KRWRJUDPPHWULF OHDVXUHPHQWYV
'"HIRUPDWLRQ 6XUYH\V DQG (QJLQHHULQJ 6XUYHLOODQFH $XVWUDOLD
DQG 6XUYH\LQJ

6+257,6 05 7KH )HDVLELOLW\ Rl WKH $SSOLFDWLRQ RI 'LJLWDO
3KRWRJUDPPHWULF OHWURORJ\ 'HSDUWPHQW RI 6XUYH\LQJ DQG /
OHOERXUQH

6/$0% & & 7KH 0ODQXDO RI 3BKRWRJUDPPHWU\ WK (GLWLRQ )DO
Rl 3SKRWRJUDPPHWU\ SS

%LE



60,7+ $ * $VWURQRPLFDO 3KRWRJUDSK\ DW OLFURPHWH
(QIJLQHHULQJ

635%$&./,1* 07 7KH 'HIRUPDWLRQ RI D 3KRWRJUDSKLF )LOP -
6FLHQFH

67((/ : + ,QWHUIHURPHWU\ QG (GLWLRQ &DPEULGJH 8QLYHU
6785*( IHEOHWWHV +DQGERRN RI 3KRWRJUDSK\ DQG 5HSURJ
1IRVWUDG 1 <RUN SS

7$<0%$1 : 3 8VHU *XLGH IRU WKH 86*6 $HULDO &DPHUD 5H

3KRWRRUDPPHWULF (QJLQHHULQJ

7$<0$1 3 DQG =,(0%$11 + 3KRWRJUDPPHWULF &DPH
3KRWRRUDPPHWULD

7(03)/, . )LOP )ODWQHVV LQ $HULDO &DPHUDV $ ORGHO IRU L
-RXUQDO

7(03),/ . $QDO\VLV DQG 6LPXODWLRQ RI )LOP 'HIRUPDWLRQ ,
7(03)/, . DQG 0$.2529,& % 7UDQVIHU )XQFWLRQV RI ,QWHU
-RXUQDO

74203621 ( + 7KH *HRPHWULFDO 7KHRU\ RI WKH &DPHUD D

SKRWRJUDPPHWU\ 3KRWRJUDPPHWULF 5HFRUG

7+203621 ( + $ 1IRWH RQ 'LVWRUWLRQ 3KRWRJUDPPHWULF 5H
725/(*-~5" - 1HZ &KDOOHQJHV RI &ORVH 5DQJH 3KRWRJUDPPHW!
Rl 3KRWRRUDPPHWUY DQG 5HPRWH 6HQVLQJ

725/(*-~5" - 7KHRU\ Rl ,PDJH &RRUGLQDWH (UURUV &KDSWHU |
7RSRJUDSKLF 3KRWRJUDPPHWU\ HG .$5$5% QG (GLWLRQ $PHULED
DQG 5HPRWH 6HQVLQJ )DOOV &KXUFK 86% SsS

75,1'(5 - & 3RLQWLQJ $FFXUDFLHV WR %OXUUHG 6LJQDOV 3KR

SHPRWH 6HQVLQJ

75,1'(5 - & 7KH (IITHFWV RI 3KRWRJUDSKLF 1RLVH RQ 3RLQWLC
5HFRJQLWLRQ 3KRWRDUDPPHWULF (QJLQHHULQJ DQG 5HPRWH 6HQV

75,1'(5 - & 3RLQWLQJ 3UHFLVLRQV RQ $HULDO 3KRWRJUD
(QJLQHHULQJ DQG 5HPRWH 6HQVLQJ

75,7&+ &' .V <RXU &RQWDFW 3ULQWHU 5HDOO\ D T&RQWD
(QJLQHHULQJ DQG 5HPRWH 6HQVLQJ

768587$ 7A ,72+ < DQG $1=%, 6 ORLUp 7RSRJUDSK\ IRU WKH
)ODWQHVV $SSOLHG 2SWLFV

9(77(5 + * B3HUFHSWLRQ RI 4XDQWXP /LPLWHG ,PDJHV 3KRWRL
5HPRWH 6HQVLQJ

9,66(5 - /(%(5/ ) DQG .85( - 2EHUVFKZDEHQ 5HVHDX ,QYHVWL
-RXUQDO

%LE



9/(&. - 6\VWHPDWLF (UURUV RI ,PDJH &RRUGLQDWHYV 3KRWRD

9266 * <HDUV 80. 8QLYHUVDO OHDVXULQJ &DPHUD ,QV
3KRWRDUDPPHWUY DQG 5HPRWH 6HQVLQJ

:$//6 + - DQG $775,'*( * * %DVLF 3KRWR 6FLHQFH /RQGRQ )
(,66 '$ DQG 6+$/,7 + &KDUDFWHULVWLFV Rl WKH 6WUHVV 'H\

WKH 6LOYHU +DOLGH (PXOVLRQ 3KRWRJUDSKLF 6FLHQFH DQG (QJLC

(/)25 7 %XEEOH &KDPEHU 3KRWRJUDSK\ )LOP )ODWQHVV [/H
DQRG 2WKHUV 3KRWRRUDPPHWULF 5HFRUG

(/&+ 5 ORGXODWLRQ 7UDQVIHU )XQFWLRQV 3KRWRRUDPPHW
BHQVLQJ =

(/1&+ 5 4XDOLW\ DQG $SSOLFDWLRQV RI $HURVSDFH ,PDJHU\ 3
DQG 5HPRWH 6HQVLQJ

(/&+ 5 6/$7(5 31 7,=,$1, + DQG 75,1'(5 - & 7KH ,63 ,PDJH 4
*URXS 3KRWRRUDPPHWULF (QJLQHHULQJ DQG 5HPRWH 6HQVL
(67(5 (%%,1*+$86 : (LQ 3BKRWRJUDPPHWULVFKHV 6\WWHP IXU ¢

%LOGPHVVXQR XQG /XIWELOG :HVVHU

(67(5 (%9%,1*+$86 : $QDO\WLFDO &DPHUD &DOLEUDWLRQ . Q
SKRWRRUDPPHWU\ DQG 5HPRWH 6HQVLQJ

(67(5 (%%,1*+$86 $QDO\VWLFV LQ 1RQ 7RSRJUDSKLF 3KRWRJL
$UFKLYHVY RI 3KRWRRUDPPHWUY DQG 5HPRWH 6HQVLQJ

S (1(5 + ((WUDSRODWLRQ ,QWHUSRODWLRQ DQG 6PRRWKLQJ R
:HLO\

A &DPHUD &DOLEUDWLRQ &HUWLILFDWH IRU D 3 &DPHUD :L(
e :LOG 3 7THUUHVWULDO &DPHUD :LOG +HHUEUXJJ /WG 3XEO
:2/) 35 (OHPHQWYV RI 3KRWRJUDPPHWU\ IRQGRQ OF*UDZ +LC¢C
21* : 3URSHUJDWLRQ RI 9DULDQFH DQG &RYDULDQFH 3KRWR

SHPRWH 6HQVLQJ

125721 ) - $HULDO )LOP 3URFHVVLQJ E\ WKH 5HZLQG OHWKRG
125721 ) - DQG &+()),16 2 : $ 3BUDFWLFDO 3KRWRJUDPPHWULF 7
)LOP 3KRWRJUDPPHWULF 5HFRUG

<$*/20 $ O $Q LOQWURGXFWLRQ WR WKH WKHRU\ RI VWDWLRQD
3UHQWLFH +DOO Ss

<281* 0 ( DQG =,(0$11 + J)LOP 'LDSRVLWLYH 'HIRUPDWLRG

(QJLQHHULQJ DQG 5HPRWH 6HQVLQJ

=(,66 =.0 '"DQG =.0 " 7ZR &RRUGLQDWH OHDVXULQJ OLFU
=HLVV -HQD "'"5 B3XEOLFDWLRQ 1R $1J SS

%LE



=(,66 80. DQG 60. 9(% &DUO =HLVV -HQD ''5 $
=(,66 &DPHUD &DOLEUDWLRQ &HUWLILFDWH IRU WKH =HL\

=,(0%$11 + D ,V WKH UHTXHVW IRU (LJKW )LGXFLDO 0D
(QJILQHHULQJ =

=,(0%11 + E ,PDJH '"HIRUPDWLRQ DQG OHWKRGV IRU ,WY{V
=,(0%11 + F 6RXUFHV RI ,PDJH '"HIRUPDWLRQ 3KRWRJUDF
=,(0%11 + G ,PDJH "HIRUPDWLRQ $ 'LVFXVVLRQ RI 6HYH

&DQDGLDQ 6XUYH\RU

=,(0%11 + D (FRQRPLFV RI ,PDJH 'HIRUPDWLRQ &RUL
(QJLQHHULQJ

=,(0%11 + E ,PDJH *HRPHWU\ JDFWRUV &RQWULEXWLQ
$UFKLYHV RI 3BKRWRRUDPPHWUY DQG 5HPRWH 6HQVLQJ $

=,(0$11 + DQG <281* 0 (+ W F )LOP 'LDSRVLWLYH 'HIRL
(QIJLQHHULQJ

=,(0%11 + 5HPDUNV RQ 'U $ % XMDNOHZLF] 3DSHU TKH &F
SRO\QRPLDOV 7KH &DQDGLDQ 6XUYH\RU

=,(0%11 + 5HSHDWHG 3KRWRJUDSKLF /DERUDWRU\ &DOLE
SKRWRRUDPPHWULD

=,(0%11 + D +LJK $FFXUDF\ 3KRWRJUDPPHWULF "HWHUPLQ
&RUUHFWLRQ 7KH &DQD®LDQ 6XUYH\RU

=,(0%11 + E 7KH $FWLYLWLHV RI WKH :RUNLQJ *URXS RQ ,P
L, QWHUQDWLRQDO $UFKLYHV RI 3KRWRDUDPPHWUY DQG 5HI

=,(0$11 + DQG (/ +$.,0 6) 2Q WKH 'HILQLWLRQ RI /HQV 'L
2GG 3RZHU 3RO\QRPLDOV 7KH &DQDGLDQ 6XUYH\RU =

=,(0$11 + DQG (/ +$.,0 6) D 6\WWHP &DOLEUDWLRQ
3KRWRJUDPPHWULF (QJLQHHULQJ DQG 5HPRWH 6HQVLQJ

%LE



