Sheffield
Hallam
University

" # " #$1%& ()

#
#
s
n + #
I H$I%8()! " % #S) #
S #


http://shura.shu.ac.uk/information.html

Aggregation and Conformation of Alpha-Synuclein:
Effects of Ligand Binding and Phosphomimetics

Aimee Rebecca Paskins

A thesis submitted in partial fulfilment of the requirements of
Sheffield Hallam University for the Degree of Doctor of Philosophy

in collaboration with The University of Leeds

Faculty of Health and Wellbeing

September 2017



$FNQRZOHGJHPHQWYV

JLUVW DQG IRUHPRVW , ZRXOG OLNH WR H[WHQG P\ JUI
&DUROLQH 'DOWRQ DQG &DWKHULQH 'XFNHWW IRU VXSHUY
WR ZRUN ZLWK DQG OHDUQ IURP WKHP IRU WKH SDVW IRXU
3URIHVVRU 1LFROD :RRGURRIH IRU WKH RSSRUWXQLW\ WR
,QVWLWXWLRQ DQG , ZRXOG OLNH WR WKDQN 3URIHVVR
ODLWUH IRU WKHLU FRQWLQXHG VXSSRUW DQG JXLGDQFH
, ZRXOG DOVR OLNH WR WKDQN WKH RWKHU 3K' VWXGHQ
WKURXJKRXW WKH UHVHDUFK FHQWUH ZLWK SDUWLFEXOD
:ULJKW .DUO 1RUULV DQG ORRWD] 6DOPDQ , FRXOGQ-W
7KDQNV IRU DOO WKH HQFRXUDJHPHQW ODXJKV QLJKWV

ZKHQ LW ZDV QHHGHG PRVW <RX-UH DOO DZHVRPH DQG ,
DERXW RXU 3K' GD\V IRU \HDUV WR FRPH

, ZRXOG DOVR OLNH WR WKDQN P\ PXP 6XVDQ GDG $QG\ E
$YD IRU \RXU FRQWLQXHG ORYH VXSSRUW JXLGDQFH DQ
MRXUQH\ WKURXJK WKLY HQGHDYRXU 7KDQNV IRU KHOS
DOZD\V ZDQWHG WR EH

IXNH , FDQQRW WKDQN \RX HQRXJK IRU HYHU\WKLQJ \RX K
SURFHVV 7KDQN \RX IRU DOO WKH HQFRXUDJLQJ ZRUGV

PDNLQJ PH WDNH WLPH RIl ZKHQ , UHDOO\ QHHGHG WR <



DQG XQGHUVWDQGLQJ KDV NHSW PH DIORDW WKURXJK WHK
VR WKDQN \RX VR PXFK ZLWK DOO P\ KHDUW

, ZRXOG DOVR OLNH WR WKDQN DOO P\ IULHQGV IRU DOO V
EHHUV FRPLQJ WR P\ SXEOLF HQJDJHPHQW WDONV DQG P
P\ ZRUULHV RFFDVLRQDOO\ -RKQ 'XII\ .DW\ %DN[ DQG /R
WKURXJK LW ZLWK PH WKH ZKROH ZD\ WKDQN \RX VR P>
IRUZDUG WR VSHQGLQJ PRUH WLPH ZLWK \RX QRZ

7TKDQN \RX VR PXFK HYHU\RQH LW KDV EHHQ D ORQJ GLIIL

UHZDUGLQJ MRXUQH\ WKDQN \RX DOO IRU DFFRPSDQ\LQJ
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$SEVWUDFW

3DUNLQVRQ-V GLVHDVH 3' DIIHFWV LQ RI WKH 8. SRS
GLVHDVH DHWLRORJ\ LV WKH IRUPDWLRQ RI /HZ\ ERGLHYV

DOSKD VIQXFOHLQ bV\Q DV DP\ORLG LQFOXVLRQV ZLWKI
HVWDEOLVKHG WKDW PV\Q ZLWKLQ /%V KDV XQGHUJRQH

PRGLILFDWLRQV LQFOXGLQJ 6 SKRVSKRU\ODWLRQ DQG
PHWDOV VXFK DV FRSSHU W KDV KRZHYHU \HW W
SKRVSKRU\ODWLRQ RI PV\Q DQG PHWDO LRQV LQIOXHQFH
WKH IRUPDWLRQ RI /%V FDQ EH SUHYHQWHG E\ WKH XVH

(OHFWURVSUD\ LRQLVDWLRQ LRQ PRELOLW\ VSHFWURPHW
06 ZDV XVHG WR LQYHVWLJDWH WKH FRQIRUPDWLRQDO F
PVIQ NQRZQ WR EH OLQNHG WR DP\ORLG IRUPDWLRQ IR
PLPLEFNLQJ SKRVSKRU\ODWLRQ DW 6 DQG 6 LQ WKH SU
DJJUHJDWLRQ ZDV PRQLWRUHG E\ WKLRIODYLQ 7 DVVD\V

FRQIRUPDWLRQDO VWDWH RI PV\Q FDQ EH PRGXODWHG

FDXVLQJ DQ LQFUHDVH LQ WKH FRPSDFW VWDWH OHDG
DJJUHJDWLRQ 6 ' BbV\Q VKRZHG WKH KLJKHVW DIILQLW\
DJJUHJDWLRQ UDWHV RYHUDOO 6+ 6< < FHOO FXOWXUH P
LQWUDFHOOXODU DJJUHJDWLRQ DQG SKRVSKRU\ODWLRQ
,QFUHDVHG FRSSHU FRQFHQWUDWLRQ FRUUHODWHG ZI
XQPRGLILHG DQG SKRVSKRU\ODWHG LQWUDFHOOXODU

DSRSWRVLV DQG GHFUHDVHG FHOO YLDELOLW\ (6, ,06 06
LWV GHULYDWLYHV ZHUH DEOH WR GLVUXSW DP\ORLG

DXWRIUDJPHQWDWLRQ DQG GLVVRFLDWLRQ RI ORZ RUGHL
DJJUHJDWLRQ RI PV\Q ,Q 6+ 6< < PRGHO XVHG KRZHYHU

WR SUHYHQW WKH PHWDO LQGXFHG LQWUDFHOOXODU DJJ
VXSSRUW WKH K\SRWKHVLV WKDW SKRVSKRU\ODWLRQ KD
DQG GHPRQVWUDWHG WKDW PRGLILHG FXUFXPLQV PD\ EH
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$EEUHYLDWLRQV
' '"LPHU
! ZULPHU
! 7ZKUHH 'LPHQWLRQDO
7HWUDPHU
PV\Q ! $0SKD 6\QXFOHLQ
4! (PSLULFDO 3HUPLWWLYLW\ RI 9DFXXP
w0 ! OLFURPRODU
5 &ROOLVLRQDO &URVV 6HFWLRQ
5- ! 5HGXFHG &ROOLVLRQDO &URVV 6HFWLRQ
4! 6XUIDFH 7THQVLRQ
$ ! &RUUHFWLRQ )DEFWRU (OHFWULF )LHOG
$B ! $P\ORLG %HWD
$$ | SPPRQLXP $FHWDWH
DD ! $PLQR $FLG
$' ! $O]KHLPHU=V 'LVHDVH
$)0 ! $WRPLF )RUFH OLFURVFRS\
$5 ! $XWRVRPDO 5HFHVVLYH
$6' | $XWRVRPDO 'RPLQDQW
$65 | $XWRVRPDO 5HFHVVLYH
$7' ! $UULYDO 7LPH 'LVWULEXWLRQ

% | &RUUHFWLRQ )DFWRU 1RQ /LQHDU 7ULZDYH (IIHFWYV
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&," ! &ROOLVLRQ ,QGXFHG $VVRFLDWLRQ

&6' ! &KDUJH 6WDWH 'LVWULEXWLRQ

&6, ! &KDUJH 6WDWH ,RQ

'$3, | GLDPLGLQH SKHQ\OLQRGROH GLK\GURFKORULGH
'& ! 'LUHFW &XUUHQW

'/% | '"HPHQWLD ZLWK /HZ\ %RGLHYV

'0(0 ! 'XEHFFR-V ORGLILHG (DJOH OHGLD

'062 ! 'LPHWK\O 6XOIR[LGH

GW ! '"ULIW 7LPH

GW &RUUHFWHG 'ULIW 7LPH

H! &KDUJH Rl (OHFWURQ

(‘7% ! (WK\OHQHGLDPLQHWHWUD DFHWLE $FLG

(*&* ! &DWHFKLQ (SLOORJDOORFDWHFKLQ *DOODWH

(0! (OHFWURQ OLFURVFRS\

(6, ,06 06 ! (OHFWURVSUD\ ,RQLVDWLRQ ,RQ ORELOLW\ 6S
6SHEWURPHWU\

(6, 06 | (OHFWURVSUD\ ,RQLVDWLRQ ! ODVV 6SHFWURPHWU
)&6 | JRHWDO &DOI 6HUXP

KUV +RXUV

,$33 ! ,VOHW $P\ORLG 3UHFXUVRU 3URWHLQ

'3 !  QWULQVLFDOO\ 'LVRUGHUHG 3URWHLQ

,37* 1 ,VRSURS\O ' WKLRJDODFWRS\UDQRVLGH
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! RQ ORELOLW\ &RQVWDQW
! BHGXFHG ORELOLW\
! %YROW]PDQQ &RQVWDQW
N'D .LORGDOWRQ
/1 ITHQJIWK
/% | IHZ\ %RG\

IX% | /IXULD %URWK

/& 06 | /ILTXLG &KURPDWRJUDSK\ | ODVV 6SHFWURPHWU\

/[ '23% |/ GLK\GUR[\SKHQ\ODODQLQH

P! ODVV RI %XIIHU *DV

0! ORODU

0 O0DVV RI ,RQ

PLQV ! OLQXWHYV

P/ POV ! OLOOLOHWHUYV

PO ! OLOOLPRODU

PV | OLOOLVHFRQG

06% ! OXOWLSOH 6\WWHP $WURSK\
077 ! GLPHWK\OWKLD]LD]JRO \O
0: ! OROHFXODU :HLJKW

P ] ODVV WR &KDUJH 5DWLR

1! 1XPEHU 'HQVLW\ Rl %XIIHU *DV

1P, 1LWURJHQ 0ODVV
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1$& ! 1RQ $B &RPSRQHQW

Q(6, ,06 06 | 1DQR (OHFWURVSUD\ ,RQLVDWLRQ ! ,RQ OREL
O0DVV 6SHFWURPHWU\

105 ! 1XFOHDU O0DJQHWLF 5HVRQDQFH

S! %XIIHU *DV 3UHVVXUH

3%6 ! 3KRVSKDWH %XIIHUHG 6DOLQH

3' ! 3DUNLQVRQ-V 'LVHDVH

SP! 3URWHLQ 0DVV

306) | 3BKHQ\OPHWK\OVXOIRQ\O YJOXRULGH
4 72) ' 4XDGUXSROH 7LPH RI )OLJKW

5! 5DGLXV Rl '"URSOHW

U UHGXFHG PDVV

5) ! 5DGLR )UHTXHQF\

526 ! 5HDFWLYH 2[\JHQ 6SHFLHV

V VHFRQGYV

6' ! 6BWDQGDUG 'HYLDWLRQ

6'6 ! 6RGLXP 'RGHF\O 6XOIDWH

6( ! 6L]H ([FOXVLRQ

6(& ! 6L]H ([FOXVLRQ &KURPDWRJUDSK\
6138 6XEVWDQOWLD 1LJUD 3DUV &RPSDFWD
W ! 7LPH

7%6 | 7TULV % XIIHUHG 6DOLQH
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w’ '"ULIW 7LPH

7(0(" WHWUPHWK\OHWK\OHQGLDPLQH
7K7 ! 7TKLRIODYLQ 7

Y! 9HORFLW\

Y ! "ULIW 9HORFLW\

7} :LOG 7\SH

JH, $SEVROXWH &KDUJH

/51 &DOFXODWHG &KDUJH RI BURWHLQ
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&RQWHQWYV

,1752'8&7,21

3URWHLQ OLVIROGLQJ DQG 'LVHDVH
3URWHLQ 6WUXFWXUH DQG )XQFWLRQ
,QWULQVLFDOO\ 'LVRUGHUHG 3URWHLQYV
3URWHLQ OLVIROGLQJ

3URWHLQ OLVIROGLQJ 'LVHDVHYV
$P\ORLG $JJUHJDWLRQ

b 6\QXFOHLQ DQG 3DUNLQVRQ=-V 'LVHDVH
3DUNLQVRQ=-V 'LVHDVH
&HOOXODU 3DWKRORJ\ Rl 3DUNLQVRQ-V 'LVHDVH
2[LGDWLYH 6WUHVV DQG 3DUNLQVRQ-V 'LVHDVH
P 6\QXFOHLQ DQG 3DUNLQVRQ=-V 'LVHDVH
2WKHU 6\QXFOHLQRSDWKLHYV

b 6\QXFOHLQ 6WUXFWXUH DQG )XQFWLRQ
BWUXFWXUH RI b 6\QXFOHLQ
3K\WLRORJLFDO 5ROH RI P6\Q

3RVW WUDQVODWLRQDO ORGLILFDWLRQ RI 6\Q

3URPRWLRQ DQG 3UHYHQWLRQ RI P 6\QXFOHLQ $JJUHJC

%LQGLQJ

B3URPRWRUV RI $JJUHJDWLRQ

OHWDO ,RQV
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6SHUPLQH
BUHYHQWLRQ RI $JJUHJDWLRQ
3RO\VSKHQROLF &RPSRXQGV
'RSDPLQH
(6, ,06 06 $V D 7RRO IRU 8QGHUVWDQGLQJ 3URWHLQ &F
(6, ,06 06 DQG WKH $GYDQWDJHV RI ,RQ ORELOLW\
(6, ,06 06 ,QVWUXPHQWDWLRQ
3ULQFLSOHV RI (OHFWURVSUD\ ,RQLVDWLRQ
,RQ ORELOLW\ 6HSDUDWLRQ
'ULIW 7LPH ,06
7UDYHOOLQJ :DYH ,06
7LPH 21 )OLJKW 0DVV $QDO\VLV
&DOFXODWLRQ RI &&6 IURP ,RQ ORELOLW\ 'L
(6, ,06 06 DV D 7TRRO IRU 6WXG\LQJ $P\ORLG 3URWHL
3RWHQWLDO /LPLWDWLRQV RI (6, ,06 06
(6, ,06 06 RI P 6\QXFOHLQ
(6, ,06 06 Rl :7 b 6\QXFOHLQ
(6, ,06 06 RI P6\Q /LIDQG %LQGLQJ
$LPV DQG 2EMHFWLYHYV
&+$37(5 0$7(5,$/6 $1' 0(7+2'6
ODWHULDOV

%XITHUV DQG 6ROXWLRQV



OHWKRGV
BURWHLQ 3UHSDUDWLRQ
BURWHLQ 3URGXFWLRQ
SURWHLQ 3XULILFDWLRQ
&UXGH 3XULILEDWLRQ
$QLRQ ([FKDQJH &KURPDWURJUDSK\
6'6 3%*(
6L]H ([FOXVLRQ &KURPDWRJUDSK\
'HWHUPLQDWLRQ RI 3URWHLQ &RQFHQWUDV
'RW %ORWWLQJ
(6, ,06 06
&DOFXODWLRQ Rl &DOLEUDQW 3URWHLQ &&6
*DXVVLDQ )LWWLQJ IRU 'HWHUPLQDWLRQ R
(TXLOLEULXP
(6, ,06 06 IRU WKH 6WXG\ RI ORQRPHULF 3URWHL
ZLWK OHWDOV
(6, ,06 06 IRU WKH 6WXG\ RI ORQRPHULF P6\Q DQ
&RPSOH[HV ,QWHUDEWLRQ ZLWK &XUFXPLQYV
7KLRIODYLQ 7 $VVD\V IRU $JJUHJDWLRQ 6WXGLHYV
7KLRIODYLQ 7 WR $VVHVV OHWDO ,QGXFHG b¢
7KLRIODYLQ 7 WR $VVHVV WKH (IIHFW RI &XUFX

b 6\QXFOHLQ $JJUHJDWLRQ
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7KLRIODYLQ 7 WR $VVHVV WKH (IIHEW RI &X|
/A\VR]\PH $JJUHJDWLRQ
&HOO &XOWXUH
ODLQWHQDQFH RI FHOO OLQHV
,PPXQRF\WRFKHPLVWU\
$QWLERG\ 9DOLGDWLRQ
7U\SDQ %OXH 9LDELOLW\ $VVD\
$QDO\VLV Rl &HOO ,PDJHV IRU $JJUHJDWHYV
$QDO\VLV RI &HOO ,PDJHV IRU JOXRUHVFHQ
6WDWLVWLFDO $QDO\VLV
&+$37(5 ! 7+( ())(&7 2) 3+263+25</$7,21 0,0,&6 $1' 0(7$/
,216 21 ¢/3+$ 6<18&/(,1 &21)250%$7,21 $1' $**5(*$7,21
,QWURGXFWLRQ
3KRVSKRU\ODWLRQ RI PV\Q
3DWKRORJLFDO 5ROH RI P6\Q 3KRVSKRU\ODWLR(
3KRVSKRPLPHWLFV RI b6\Q
7KH 5ROH RI OHWDO ,RQV LQ 3DUNLQVRQ-V 'LVHDVH
+RPHRVWDVLY DQG WKH 3K\VLRORJLFDO 5ROH R
OHWDOV DQG 3DUNLQVRQ V (SLGHPLRORJ\ DQG 3
OHWDOV DQG b 6\QXFOHLQ
$LPV DQG 2EMHFWLYHYV

S5HVXOWYV
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P6\Q KDV DQ $OWHUHG &KDUJH 6WDWH 'LVWULEXWL!
&RQIRUPDWLRQDO (TXLOLEULXP %HWZHHQ (6, ,06 06 $FT.
6 'DQG 6 ' OXWDQW bP6\Q RFFXS\ WKH VDPH &RQIRL
)DPLOLHV DV :7 b6\Q
OLPLFNLQJ 3KRVSKRU\ODWLRQ DW 6HULQH RU 6H!
$OWHUDWLRQ WR WKH &6' Rl P6\Q
&RSSHU ,, %LQGLQJ WR P6\Q FDQ EH 2EVHUYHG E\ (
$GGLWLRQ RI (TXLPRODU &RSSHU ,QFHDVHG WKH &
DQG ,QFUHDVHV WKH ,QWHQVLW\ Rl WKH ([WHQGHG &KD
%LQGLQJ Rl &RSSHU &DXVHV DQG ,QFUHDVH LQ WK
&RPSDFW &RQIRUPDWLRQV DW (DFK &KDUJH 6WDWH ,RQ
9DULDQWV,QYHVWLJIJDWHG
OLPLENLQJ 3KRVSKRU\ODWLRQ DW 6HULQH EXW Q
,QFUHDVHV WKH &RSSHU %LQGLQJ $IILQLW\ RI PV\Q
OLPLFNLQJ 3KRVSKRU\ODWLRQ DW 6HULQH 60RZV
5DWH RI PVIQ LQ YLWUR
6 ' P6\Q $JIJUHIDWHV )DVWHVW RI $00 9DULDQWYV
RI OHWDOV
'LVFXVVLRQ
&RQFOXVLRQV
&+$37(5 ! 7+( ())(&76 2) &85&80,1 $1' ,76 '(5,9$7,9(6 21

i13+% 6<18&/(,1 $**5(*$7,21
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,QWURGXFWLRQ
&XUFXPLQ &KHPLVWU\
&XUFXPLQ %LRDYDLODELOLW\
&XUFXPLQ DV DQ ,QKLELWRU RI $P\ORLG $JJUHJIJDWL
3RWHQWLDO 3UREOHPV ZLWK &XUFXPLQ ([SHULPHQV
$LPV DQG 2EMHFWLYHYV
5HVXOWV
,QVWUXPHQW BHWWLQJY DQG &RQVLGHUDWLRQV
&XUFXPLQ DQG LWV 'HULYDWLYHV ,QKQEXMWVWARH $JJL
&XUFXPLQ 60RZV WKH 7LPH ,QGXFHG $XWRSURWHR
RI ORQRPHULF b6\Q
&XUFXPLQ 6HOHFWLYHO\ %LQGV WR 20LJRPHULF 6S|
&XUFXPLQ 'HULYDWLYHV 'LVSOD\LQJ $QWL $P\ORLG §
$OVR 'HPRQVWUDWH 'LVVRFLDWLRQ RI 20LJRPHUYV
&XUFXPLQ ELQGY WR WKH 1$& 5HJLRQ RI P6\Q
'LVFXVVLRQ
&RQFOXVLRQV
&+$37(5 &(//8/$5 5(63216(6 72 &8 ,, $1' &85&80,1
75($70(17
,QWURGXFWLRQ
OHWDO +RPHRVWDVLYV

P6\Q SKRVSKRU\ODWLRQ
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6+6< < IHXUREODVWRPD &HOOV DV D ORGHO IRU 1H
$LPV DQG 2EMHFWLYHYV
5HVXOWYV
,QFXEDWLRQ RI 6+6< < FHOOV ZLWK &X&0O &DXVHV L
JRUPDWLRQ RI ,QWUDFHOOXODU $JJUHJDWHYV
J QFXEDWLRQ RI 6+6< < FHOOV ZLWK &X&0O &DXVHV
$SRSWRVLV
,QFXEDWLRQ RI 6+ 6< < FHOOV ZLWK &X&0O &DXVH\
9LDELOLW\
J QFXEDWLRQ RI 6+6< < FHOOV ZLWK &X&O ,QGXFH)\
PV\Q 3KRVSKRU\ODWHG DW 6HULQH
,QFXEDWLRQ RI 6+6< < ZLWK &XUFXPLQ $SSHDUV W
JRUPDWLRQ RI &X&0 ,QGXFHG $JIJUHJDWHV RI b6\Q
'LVFXVVLRQ
&RQFOXVLRQV
&+$37(5 ! ),1%$/ ',6&866,21 $1' &21&/86,216
JQVLIJKWV LQWR WKH (IITHFW RI 3KRVSKRU\ODWLRQ RQ V
'LVWULEXWLRQ DQG $JJUHJDWLRQ RI P6\Q
,QVLIJKWV LQWR WKH (IITHFW RI 3KRVSKRU\ODWLRQ RQ "
ZLWK OHWDO ,RQV
,QVLIJKWV LQWR WKH (IITHFW Rl OHWDO ,RQV RQ ,QWUDF

SKRVSKRU\ODWLRQ RI P6\Q
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,QVLIJKWY LQWR WKH ,QWHUDFWLRQ Rl :7 P6\Q ORQRPH
7KH 3RO\SKHQROLF &RPSRXQG &XUFXPLQ DQG D 9DULHW\
$QDORJIXHV

,QVLIJKWY LQWR WKH (IITHFW RI &XUFXPLQ RQ OHWDO ,R
$JJUHJDWLRQ RI b6\Q

)LQDO &RQFOXVLRQV
&+$37(5 ! )8785( :25.

3KRVSKRU\ODWLRQ DQG OHWDO ,QWHUDFWLRQYV

3KRVSKRU\ODWLRQ RI P6\Q
3KRVSKRU\ODWLRQ DQG ¢HWDBBE\QWHUDFWLRQV RI
,QWHUDFWLRQV RI P6\Q DQG &XUFXPLQ
&RQILUPDWLRQ RI $QWL $JJUHJDWLRQ 3URSHQVLW\
,QFUHDVHG %LRDYDLODELOLW\ RI &XUFXPLQ OROHFX
)XUWKHU ,QYHVWLJDWLRQV LQWR WKH 3UHYHQWLR
$JIJUHIJDWLRQ E\ &XUFXPLQV
&RQILUPDWLRQ RI 3KRVSKRU\ODWLRQ 6WDWH
)XUWKHU ,QYHVWLJIJDWLRQ LQWR &XUFXPLQV (IIHFW
$JIJUHIDWHYV
5()(5(1&(6

$33(1',&(6

[YL



/ILVW RI 7DEOHYV

7DEOH$P\ORLG 3URWHLQV DQG 7KHLU 5HODWHG 'LVHDVH\

7DEOH &RPSDULVRQ RI :7 P6\Q &KDUJH 6WDWH 'LVWULEXW

7DEOH % XIIHU VROXWLRQV

7DEOH 6'6 3$*( *HO &RPSRQHQWYV

7DEOH /HWWHULQJ 6\VWHP IRU P6\Q &RQIRUPDWLRQDO )D

7DEOH:7 6 'DQG 6 ' b6\Q DQG &66 &RPSDULVRQ

7DEOH6WUXFWXUHV Rl 1DWXUDO &XUFXPLQ DQG &XUFXPL

7DEOH 6LJQLILFDQFH Rl &XUFXPLQ 'HULYDWLYHV $Q

$JJUHIJDWLRQ 3URSHQVLW)\ 2YHU P6\Q $ORQH RU 1DWXUDC

7DEOH 6LJQLILFDQFH Rl &XUFXPLQ 'HULYDWLYHV $Q

$JJUHJDWLRQ 3URSHQVLW\ 2YHU /\WR]\PH $ORQH F

&XUFXPLQ

7DEOH $7' DOWHUDWLRQV WH\Q &®, WKKH73UHVHQFH RI

&XUFXPLQV

7DEOH )UDJPHQW LRQV RI :7 bV\Q REVHUYHG E\ (6, ,06 0
KUV ,QFXEDWLRQ ZLWK &XUFXPLQV

7DEOH 3UHGLFWHG DQG 2EVHUMBGOBRRPHW\RIDQG

'LPHUV
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JLVW RI )LIXUHV

JLIXUH $P\ORLG $JJUHJDWLRQ 3DWKZD\
JLIXUH6LPSOLILHG 6WUXFWXUH DQG $PLQR $FLG 6HTXHQF
J)LIXUH B5HSUHVHQWDWLRQ RI ([WHQGHG DQG &RPSD
&RQIRUPDWLRQV

J)LIXUH 6EFKHPDWLF UHSUHVHQWDWLRQ Rl WKH 6\QDSW *
6SHFWURPHWHU
JLIXUHOHFKDQLVP RI (OHFWURVSUD\ ,RQLVDWLRQ
YLIXUH([DPSOH &DOLEUDWLRQ 'DWD 6HW

JLIXUH3KRV $QWLERG)\ 9DOLGDWLRQ 'RW %ORW

JLIXUH 6HFRQGDU\ $QWLERG\ IRU ,PPXQRF\WRFKHPLVWU\
JLIXUH ([DPSOH RI D &RSSHU ,QGXFHG &RQIRUPDWLRQDO
6\Q

YLIXUH7\SLFDO (6, 06 0ODVV 6SHFWUD RI :7 P6\Q
JLIXUH&RPSDULVRQ RI :7 P6\Q $7'V $FTXLUHG RQ 'LIIHUHC
JLIXUH&RPSDULVRQ RI :7 PV\Q VSHEWUD $FTXLUHG RQ 'LII
JLIXUH &RPSDULVRQ RI :7 b6\Q $7'V $FTXLUHG LQ D
7LPHIUDPH

JLIXUH:7 P6\Q $7'V

JLIXUH:7 P6\Q &RQIRUPDWLRQDO 'LVWULEXWLRQ

J)LIXUH $7$6 DQG &&6 RI :7 6 'DQG 6 ' b6\Q &6,V

WR
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JLIXUH $7% DQG &&6V RI :7 6 'DQG 6 ' b6\Q &6,V
WR
JLIXUH $&'V DQG &&6V RI :7 6 'DQG 6 ' P6\Q &6,V
WR
JLIXUH&6'V Rl :7 6 'DQG 6 ' P6\Q $FTXLUHG E\ (6, ,06
06
JLIXUH ([SDQGHG DQG &6,V Rl :7 P6\Q '"HPRQVWUDWL
%LQGLQJ Rl OHWDO ,RQV
JLIXUH (I$SHFW Rl ,QFUHRR@IHOXNEKDODWLRQ RQ WKH &6' R
27 6 'DQG 6 ' b6\Q
JLIXUH (I9HFW RI ,QFUHRR@IHONEDODWLRQ RQ WKH &6' R
:7 6 'DQG 6 ' b6\Q
J)LIXUH (IIHFW RI ,QFUHDVLQJ &RSSHU &RQFHQWUDWI
&RQIRUPDWLRQDO (TXLOLEULXP DW WKH &6, Rl :7 6
6\Q
JLIXUH (IIHFW Rl ,QFUHDVLQJ &RSSHU &RQFHQWUDW

&RQIRUPDWLRQDO (TXLOLEULXP DW WKH &6, RI :7 6

6\Q
JLIXUH &RSSHU %LQGLQJ $IILQLWLHV RI WKH &6, RI :7
6 ' P6\Q

JLIXUH &RSSHU %LQGLQJ $IILQLWLHV RI WKH &6, RI :7

6 ' P6\Q
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JLIXUH ([DPSOHDWG /H &DOFXODWLRQ IURP 7KLRIODYLQ 7
JLIXUH 7K7 $VVD\ &RPSDULQJ $JJUHJDWLRQ 5DWHV RI :7

6 ' P6\Q

JLIXUH 7K7 $VVD\ RI :7 b6\Q :LWK RWRLLYWHEGRXW &X&O
JLIXUH 7K7 $VVD\ RI 6 ' b6\Q :LWK RUWRLLWHKERXW &X&O
JLIXUH 7K7 $VVD\ RI 6 ' b6\Q :LWK RUWRILWHKERXW &X&O0
)LIXUH 3URSRVHG OHFKDQLVPV RI &X ,, DQG 6 ',QG
,QFUHDVH LQ $JJUHJDWLRQ

JLIXUH 1DWXUDO &XUFXPLQ 6WUXFWXUHYV

JLIXUH &XUFXPLQ '"HULYDWLYH 6FUHHQ IRU P6\Q $JJUHJDW
JLIXUH (6, ,06 06 6SHFWUD RI :7 PV\Q ZLWK 1DWXUDO &XU
'"HULYDWLYH DQG 'HULYDWLYH

JLIXUH $7'V Rl WKH &6, Rl P6\Q XSRQ ,PPHGLDWH $GG
&XUFXPLQV

JLIXUH (6, ,06 06 6SHFWUD RI :7 P6\Q DIWHU KU ,QFXEDWL

&XUFXPLQV
JLIXUH'ULIW 6FRSH 30RW RI w0 b6\Q 6KRZLQJ 20LJRPHU
3UHVHQW

JLIXUH 'ULIW 6FRSH RI w0 :7 b6\Q DQG (72+ :LWK DC
'LWKRXW &XUFXPLQ

)LIXUH ([WUDFWHG PRQRPHU DQG GLPWWU:YSHFWUD SHDN

6\Q LQ PO $PPRQLXP $FHWDWH ZLWK DQG ZLWKRXW &XL

[l



)LIXUH ([WUDFWHG (6, ,06 06 SHDNV RI w0 :7 P6\Q LQ |
DPPRQLXP DFHWDWH (W2+ ZLWK RU ZLWKRXW DGG
FXUFXPLQ

JLIXUH 'ULIW 6FRSH RI é0 PVIQ LQ PO $PPRQLXP $FH!
ZLWK (TXLPRODU &XUFXPLQ 'HPRQVWUDWLQJ D 5HGXFW
6SHFLHV

JLIXUH 'ULIW VFRSH SORWYV Rl :7 PV\Q DQG :7 PV\Q 'HUL"
JLIXUH 'ULIW VEFRSH SORWYV Rl :7 PV\Q DQG :7 PV\Q 'HUL"
JLIXUH 'ULIW VEFRSH SORWV Rl :7 PV\Q DQG :7 PV\Q 'HUL"
J)LIXUH &RPSDFW DQG ([WHQGHI6\®6:,MVKI RY&LWKRXW
&XUFXPLQV

JLIXUH 6SHFWUD VKRZLQJ VXSSUHVVLRQ RI H{IWHQGHG
JLIXUH 3URSRVHG OHFKDQLVP RI &XUFXPLQ $FWLRQ
JLIXUH ([DPSOH RI 3RVLWLYHO\ DQG 1HJDWLYHO\ $VVLJIQ
6WDLQLQJ LQ 6+6< < &HOOV

JLIXUH ([DPSOH RI D 6FRUHG 6+ 6< < 'DWDVHW

JLIXUH (IIHFW Rl ,QFUHBRIQFH@W&OWLRQ RQ $JJUHJIDW
&RXQWV LQ 6+ 6< < &HOOV 6WDLQHG ZLWK WKH 6\Q  $QW
JLIXUH ([DPSOH RI $JJUHJDWH )RUPDWLRQ XVLQJ [ 2EMH
JLIXUH3HUFHQWDJH RI 6+ 6< < &K@OQVS$&ROHN D MWH\Q J

BWDLQHG IRU 6\Q XSRQ &RFIUFHHIDWL QD V& XR.Q

[[L



JLIXUH 6LJQV RI DSRSWRVLV LQ 6+6< < &HOOV O9LVLEOH
6WDLQLQJ

J)LIXUH 3HUFHQWDJH RI &HOOV 6KRZLQJ 6LJQV RI $SRS
7UHDWPHQW ZLWK &X&O

JLIXUH&HOO 9LDELOLW)\ RI 6+ 6< < &HOOV $IWHU ,QFXEDW|
JLIXUH (IIHFW Rl ,QFUHD&RQBHEVEODWLRQ RQ $JJUHJIDW
&RXQWV LQ 6+ 6< < &HOOV 6WDLQHG ZLWK WKH 3KRV  $0Q
JLIXUH 3HUFHQWDJH RI 6+ 6< < &BH6)Q \$ &R D WHIVQ J
6WDLQHG IRU 3KRV X S R Q& RFRHPW UQ W& R QO

JLIXUH ,PDJH - $QDO\VLV Rl WKH JOXRUHVFHQFH ,QWHQVL
&HOOV B6WDLQHG ZLWK WKH 3KRV $QWLERG\ DW
&RQFHQWUDWLRQV

J)LIXUH &RPSDULVRQ Rl &HOO 3HUFHQWDJH &RQWDLQLQ.
6\Q DQG 3KRV 6WDLQHG $JIJUHJIDWHYV

JLIXUH (IIHEW RI ,QFUHDVLQJ &XUFXPLQ &RQFHQWUDWLR
&RXQWV LQ 6+ 6< < &HOO VW UBHEMDHGS BIMMKL QHG ZLWK
WKH 6\Q $QWLERG\

J)LIXUH 3HUFHQWDJH RI 6+ 6< < &HOOVIBRRQWDLLQJ 'LV\
$JJUHJDWHV 6WDLQHG ZLWK 6\Q DIWHU &R ,QFXEDWLR

&XUFXPLQ

[[LL



JLIXUH 6XPPDU\ RI &KDSWHU )LQGLQJV RQ WKH ,QW
&RSSHU 6HULQH 3KRVSKRU\ODWLRQ DQG &XUFXPLQ LQ
ORGHO

JLIXUH (IIHEW Rl &X ,, ELQGLQJ DQG BKRVSKRU\ODWLF
$JJUHJDWLRQ

JLIXUH 6XPPDU\ RI WKH ,QWHUDFWLRQ %HWZHHQ &X
3KRVSKRU\ODWLRQ DQG &XUFXPLQ LQ DQ 6+6< < ORGHO R

JLIXUH2YHUDOO 6XPPDU\ RI ODLQ 7KHVLV )LQGLQJV

[[LLL



' QWURGXFWLRQ

SURWHLQ OLVIROGLQJ DQG 'LVHDVH

3URWHLQ BWUXFWXUH DQG )XQFWLRQ
B3URWHLQV DUH ELRORJLFDO SRO\PHUV ZKLFK WHQG WR D
VWUXFWXUH XQGHU QDWLYH SK\VLRORJLFDO FRQGLW
GHWHUPLQHV WKH SURWHLQ-V QDWLYH IXQFWLRQ :ULJK
VKDSH LV GHWHUPLQHG E\ WKH SURWHLQ-V SULPDU\ DPL
GLIIHUHQW VLGH FKDLQV Rl WKH DPLQR DFLGV LQWHUDF
FRYDOHQW ERQGV VXFK DV K\GURJHQ ERQGV DQG LRQLF E
GHU :DDOV IRUFHV DQG K\GURSKRELF SDFNDJLQJ GHWHUP]|
RI WKH LQGLYLGXDO DPLQR DFLG UHVLGXHV DQG WKXV W
7KH SURWHLQ ZLOO IROG LQWR LWV PLQLPDO HQHUJ\ FRQI
RI IUHH HQHUJ\ DURXQG LWVHOI IRU H[DPSOH E\ VKLHOC
VLGH FKDLQV LQWHUQDOO\ ZLWKLQ WKH VWUXFWXUH

WKHUPRG\QDPLFV RI WKH SURWHLQ (LFKQHU DQG 5DGIRU

)DLOXUH Rl D SURWHLQ WR FRUUHFWO\ IRUP LWV QDWLYH
WKH SURWHLQ XQDEOH WR FDUU\ RXW LWV ELRORJLFDO U
LWV XVXDO ELQGLQJ HSLWRSHV 7KLV PLVIROGLQJ FDQ I
SDWKRJHQLF DQG KDV EHHQ DVVRFLDWHG ZLWK WKH IRU
FRPSOH[HV LQ D QXPEHU RI GLVHDVHV LQFOXGLQJ $0

SDUNLQVRQ-V GLVHDVH 3' DQAEUGDIEHWHK HM WPH \



"HWHUPLQLQJ WKH VWUXFWXUH DQG FRQIRUPDWLRC
DQG SURWHLQ FRPSOH[HV WKHUHIRUH LV HVVHQWLDO WR
ELRORJLFDO IXQFWLRQ DQG UROHV ZLWKLRUDOIDQJIJH RI GL

:DO]WKRHQL O

 QWULQVLFDOO\ 'LVRUGHUHG 3URWHLQV

0DQ\ SURWHLQV KDYH QR GHILQHG VHFRQGDU\ VWUXFWX!I
WHUPHG LQWULQVLFDOO\ GLVRUGHUHG SURWHLQV ,'3V
VIQXFOHLQ bPV\Q DP\ORLG R $RBR DQG S ZKLFK DUH KL
PXOWLSOH FRQIRUPDWLRQDO VWDWHV WR SHUIRUP D )\
JRUPDQ .D\ DQG OLWWDJ 7KLV LQWULQVLF GLVRUG
SURWHLQ RU UHJLRQV ZLWKLQ WKHP DQG DURXQG D WKL
QRZ EHHQ VKRZQ WR FRQWDLQ LQWULQVLEDOO\ GLVRUGH U

LQ OHQJWAWYPE X

3URWHLQ OLVIROGLQJ

BURWHLQV DUH NQRZQ WR RFFDVLRQDOO\ DGRSW SDU
FRQIRUPDWLRQV GXH WR FKDQJHV LQ WKHLU QDWLYH HC
RWKHU PROHFXOHY 6XFK LQWHUDFWLRQV FDQ OHDG W!|
IROGLQJ LQWHUPHGLDWHY DORQJVLGH WKH QDWLYH SURW

ZLOO EH DFWHG RQ E\ FHOOXODU TXDOLW\ FRQWURO F



FKDSHURQHV DQG GLUHFWHG WRZDUGYV GHJUDGDWLRQ RLU

*UHJHUANKWQD O 'HIUDGDWLRQ DQG UHPRYDO RI WK
FRQIRUPDWLRQV PXVW EH WLJKWO\ UHJXODWHG DV LQF
VRPH SURWHLQV FDQ UHVXOW LQ DJJUHJDWLRQ RI WKHYV
FHOOXODU WR[LFLW\ DQG GLVHDVH, QRPUBWV BQG \LKDARKY B Y
DIJHLQJ VWUHVV HQYLURQPHQWDO DOWHUDWLRQV RU JlI
FHOOXODU TXDOLW\ FRQWURO VKLIWLQJ WKH SURWHLQ-"
PLVIROGHG FRQIRUPDWLRQV LQFUHDVLQJ D SHUVRQ-V U

PLVIROGLQJ GLVHDAMMWIMODADWDOHOOR

SURWHLQ OLVIROGLQJ 'LVHDVHYV
2YHU ILIWN GLVHDVHY DUH NQRZQ WR UHVXOW IBRP WKH F
DO FROOHFWLYHO\ UHIHUUHG WR DV DP\ORLG GLVHD)\
IRUPDWLRQ RI VR FDOOHG DP\ORLG PDWHULDO RU DP\ORL
SURWHLQV KDYH EHHQ LGHQWLILHB DY @ P\ ERXVE RIHDLE 3
VPDOO QXPEHU RI WKHVH DUH NQRZQ WR FDXVH GLVHDVL!
DUH RXWOLQHG LQ WDEOH BVHD®ON\ 7KH DQRUBHIVWLRC
RI VRPH DP\ORLG SURWHLQV KRZHYHU KDV EHHQ LGHQWLI
DJJUHJDWHG IRUPV RI 3PHO SOD\ D UROH LQ WKH ELRV\Q
WKRXJK WKHVH IXQFWLRQDO DP\ORLGVY DUH PXFK PRUH FR

IXQJL )RZIGHWD +DPPAHY DO JRUPDWLRQ RI DP\ORLG P



PD\ FRQIHU D FHOOXODU ORVV RI IXQFWLRQ D WR[LF JDL
D PLIWXUH Rl WKH WZR GHSHQGHQW RQ WKWIBURONHLQ [
9DEXODV DQG +DUWO $P\ORLG PDWHULDO KDV E
RI RUJDQV DQG WLVVXH W\SHV DQG WKHVH LQFOXVLRQV
IRU WKHLU UHODWLYH GLVHDVHV 'HSRVLWLRQ FDQ EH ZL
DP\ORLGRVHV VXFK DV SULPDU\ VIVWHPLF DP\ORLGRVLYV
ORFDWLRQ VOXK/BAD QWKHD 1LJUD BDBY RARREBAMMDLQ LQ 3
7KH ORFDWLRQ RI WKH LQFOXVLRQV RIWHQ GHWHUPLQHYV
WKH FOLQLFDO PDQLIHVWDWLRQV RI DP\ORLGRVLV DUH
6RPH DP\ORLGRJHQLF SURWHLQV FDQ VSUHDG WKHLU WR]|
DQG WKHUHIRUH DP\ORLG IRUPDWLRQ PD\ EH DQ DFTXLUH
VSRQJLIRUP HQFHSKDORSDWKLHY 7KHVH GLVHDVH VWDW

D SURWHLQDFHRXV LQIHFWLRXV SDUWLFOH UHIHUUHG WHR



$P\ORLGRJHQLF 3URWHLQ SURWHLQ 6WUXFWXUH

3" '"LIIXVH /HZ\ %RG\
‘LVHDVH '/%*' OXOWLSOH
6\VWHP $WURSK\ 06$%
P 6\QXFOHLQ IDWLYHO\ 8QIROGHE®H@WLD ZLWK /HZ\ %RGLHYV
"% +DOOHUYRGHQ 6SDW]
GLVHDVH

 OLFURJOREXOLQ B VKHHW 'LDO\VLYVY UHODW

$' &DUGLRYDVFXODU
$P\ORLG R 1IDWLYHO\ 8QIROGHB®\ORLGRVLY &RQJRSKLOOLF
$QJLRSDWK\

$P\OLQ ,VOHW $P\QORMWAYHO\ 8QIROGHG ,'3 7\SH ,, 'LDEHWH
BRO\SHSWLGH ,$33

+XQWLQJIWLQ 8QIROGHG 5HIJLRQWXQWLQJWRQ-V 'LVHDVH

I\VR]\PH b KHOLFDO DQG R VIKWRIWPUHHER\VOQRL GRV LV

&UHXW]IHOW -DFRE GLVHDVH
*HUWVPDQQ 6WUDXVVOHU
3ULRQ 3URWHLQ b KHOLFDO & WHUPBRXHM. QHNHU 6\QGURPH
%RYLQH 6SRQJLIRUP
(QFHORSDWK\ %6( 6FUDSLH

7UDQVWK\UHWLQ B VKHHW )DPLOLDO $P\ORLGRWLF
3RO\QHXURSDWKN\
7TDEOH $P\ORLG B3URWHLQV DQG 7KHLU 5HODWHG 'LVHD

6HOHFWLRQ RI WKH FXUUHQWO\ LGHQWLILHG DP\ORLG IRU

GLVHDVHV $GDSWHG IURP 8YHUNM\DO DQG .QRZOHYV



$P\ORLG $JJUHJDWLRQ
$VVHPEO\ LQWR DP\ORLG ILEULOV LV LQLWLDWHG ZKHQ
GHVWDELOLVHG DQG XQIROGV RU LQ WKH FDVH RI LQ\
SURWHLQV VXFK DV PV\Q QDWXUDOO\ DGRSW D PRUH
FRQIRUPDWLRQ ZKLFK GXH WR H[SRVHG K\GURSKRELF S
DJJUHJDWLRQ -DKQ DQG 5DGIRUG 6HOI DVVHPEO\
QXFOHDWLRQ GHSHQGHQW HORQJDWLRQ PHFKDQLVP LQ
DJJUHJDWLRQ WKDW HYHQWXDOO\ OHDGV WR WKH IRUPD\
DUH LQVROXEOH QRQ EUDQFKLQJ KLJKO\ RUGHUHG VWU
W\SLFDOO\ QP LQ GLDPHWHU XQGHU HOHFWURQ PLFUR\

7KH\ DUH GHILQHG E\ WKHLU GLVWLQFW ; UD\ GLIIU
FKDUDFWHULVWLF FURVV B VWUXFWXUH ZLWK B VKHHWYV
D[LV (DQHV DQG *OHQQHU (LVHQEHUJ DQG -XFNHU
SURWHDVH UHVLVWDQW LQVROXEOH LQ LRQLF GHWHUJH
GLDJQRVWLF LQGLFDWRU G\H &RQJR 5HG :ROIH DQG &\U

1LOVVRQ

$00 DP\ORLG SURWHLQV DJJUHJDWH DORQJ D FRPPRQ SD
GHVSLWH WKHLU RIWHQ YDVW QDWLYH VWUXFWRUDO GLII
YLWSURRWHLQVY PD\ EH GLUHFWHG RQWR WKH DP\ORLG SDW
SK\WLRORJLFDO FRQGLWLRQV VXFK DV S+ H[WUHPHV KLJI

WKH SUHVHQFH RI PHWDO LRQV RU RUJDQLF FR VROYHQW\
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JLIXUH $P\ORLG $JJUHJDWLRQ 3DWKZD\

,Q WKH ODJ SKDVH WKH SURWHLQ XQIROGV LI QHFHVVD
DVVHPEO\ LQWR GLPHUV WULPHUV DQG RWKHU ORZ RU
HORQJDWLRQ SKDVH WKH ROLJRPHUV IRUP SURWRILEULO\)

LQ WKH VDWXUDWLRQ VWDJH

,Q WKH FDVH RI ,'3V VRPH PRQRPHULF FRQIRUPDWLRQV I
HTXLOLEULXP KDYH D KLJKHU SURSHQVLW\ IRU DJJUHJDWL
LV WULJJHUHG ZKHQ WKH HTXLOLEULXP LV VKLIWHG LQ II
I[URP WKHVH QRQ QDWLYH SDUWLDOO\ IROGHG VWUXFW X
RFFXUV YLD QXFOHDWHG SRO\PHULVDWLRQ ZLWK WKH II
GXULQJ WKH ODJ SKDVH RI DJJUHJDWLRQ ,QFUHDVLQJ

DP\ORLGRJHQLF HDUO\ ROLJRPHULF SURWHLQ IRUPV WR



ZLWK GLVHDVH DV RSSRVHG WR WKH PDWXUH ILEULOV \
7TKHVH ROLJRPHULF VSHFLHV WKHQ IXUWKHU DJJUHJDWH
GXULQJ WKH HORQJDWLRQ SKDVH IRUPLQJ SURWRILEULO"
-XFNHU 7TKHVH SURWRILEULOV WKHQ IXUWKHU HQW
ILEULOV ZKLFK KDYH EHHQ IRXQG GHSRVLWHG DV SODTXH
GLVHDVHV 7KH QXPEHU RI SURWRILEULOV UHTXLUHG WR
EHWZHHQ SURWHLQV DQG PD\ DOVR YDU\ LQ QXPEHU EH

SURWHLQ 5DPEDUDQ DQG 6HUSHOO

b 6\QXFOHLQ DQG 3DUNLQVRQ=-V 'LVHDVH

SDUNLQVRQ-V 'LVHDVH
3' ZDV ILUVW GHVFULEHG LQ ZLWK WKH SXEOLFDWLRQ
HQWLWOHG $Q HVVD\ RI WKH VKDNLQJ SDOV\ ZKHUH
VIPSWRPV RI VL[ SDWLHQWY DQG ODLG WKH JURXQGZF
WHUPLQRORJ\ RI WKH GLVHDVH 3DUNLQVRQ 7KLV G
FRPPRQ QHXURGHJHQHUDWLYH GLVRUGHU DIWHU $' DQG
SRSXODWLRQ RYHU WKH DJH RI ZLWK LQFLGHQW UDWHYV
RYHU WKH DJH RIHW DDUGBUH /HIX DO PDNLQJ DJH WKH
SUHGRPLQDQW ULVN IDFWRU IRU GLVHDVH 6SRUDGLF 3'
RI SDWLHQWYV LV WKH PRVW SUHYDOHQW IRUP RI WKH G|

KDYH EHHQ LGHQWLILHG LQ RI FDVHV ZKLFK UHVXOW



3'"LVDQ HIWUHPHO\ GHELOLWDWLQJ GLVRUGHU ZLWK FOL
OLPLWHG WR UHVWLQJ WUHPRUV RQ RQH RU ERWK VLG
VORZQHVV RI PRYHPHQW UHIHUUHG WR DV EUDG\NLQHVLD
SRVWXUDO FRPSOLFDWLRQV 7KHUH DUH DOVR QRQ PRWR

LQFOXGH FRJQLWLYH G\VIXQFWLRQ GHSUHVVLRQ DQG VO

&XUUHQWO\ WKHUH LV QR FXUH RU SUHYHQWDWLYH PHI
7TUHDWPHQWY VXFK DV /HYRGRSD D VIQWKHWLF YHUVLRQ
GRSDPLQH '$ DUH FXUUHQWO\ XWLOLVHG WR PDQDJH \
GLVHDVH EXW LQFUHDVLQJ RXU XQGHUVWDQGLQJ RI WK
QHXURQDO ORVYV DQG DP\ORLG ILEUH GHSRVLWLRQ LV H\

DQG SUHYHQWLRQ RI WKH GLVHDVH

&HOOXODU 3DWKRORJ\ RI 3DUNLQVRQ-V 'LVHDVH
7KH PDLQ SDWKRORJLFDO KDOOPDUNV RI 3" DUH WKH Gt
FRPSRVHG SULPDULO\ RI PV\Q LQ LQFOXVLRQV UHIHUUHCGC
WKH JUDGXDO DQG VHOHFWLYH GHIJIHQHUDWLR®RRI GRSDP
WKH EUDLQ DV GLVFXVVHG ODWHU LQ WKLV FKDSWHU
QHXURQDO FHOO GHDWK LQ 3' DUH QRW KRZHYHU IXOO0O\ X
IRUP ZLWKLQ WKH VXUYLYLQJ QHXURQV DV RSSRVHG WR
IXQFWLRQ HINXODOHOORDNDKDVKL DQG :DNDED\DVKL

EHOLHYHG WKDW ROLJRPHULF VSHFLHV IRUPHG GXULQJ



IRUPDWLRQ UDWKHU WKDQ PDWXUH DP\ORLG ILEULOV R
REVHUYHG FHOO GHDWK ,QJHOVVRQ 20LJRPHULF V
WKH FHOO PHPEUDQH DOORZLQJ IRU DEQRUPDO LQIOX][ R
WR DOWHUHG FHOOXODU KRPHRVWDVLY DQG DSRSWRVLYV
ROLJRPHULF VSHFLHV PD\ EH DEOH WR SDVV WKHLU SDWKF
OLNH PDQQHU OHDGLQJ WR IXUWKHU GLVHDVH SURJUHVYV
PVI\Q GHSRVLWV KDYH DOVR EHHQ REVHUYHG ZLWKLC
ROLIJIRGHQGURF\WHY DQG DVWURF\WHV RI 3" SDWLHQWYV
ZLWKLQ WKH GRUVRPH&GILIXODRKUWK R QURO X\PBHUYV KDYH EHE
WR LQFUHDVH ZLWK GLVHDVH SURJUHVVLRQ DV LV VHH
:DNDED\DVKL 7KH ORVV RI QHXURQDO IXQFWLRQ R
DERXW E\ WKHVH DEQRUPDO GHSRVLWY OHDGV WR XQUHJ.
UHVXOWLQJ LQ WKH PLVILULQJ RI QHXURQV UHVSRQVLEO

VI\IPSWRPV RI WKH GLVHDVH

2[LGDWLYH 6WUHVV DQG 3DUNLQVRQ=-V 'LVHDVH
3' LV DOVR NQRZQ WR EH UHODWHG WR R[LGDWLYH VW
SURGXFWLRQ RI UHDFWLYH R[\JHQ VSHFIHHX DE26 LQ WKF
ODQRKDMIFQY O 526 DUH FRQWLQXRXVO\ SURGXEHE E\ D
DQG KDYH D YDULHW\ Rl QRQ WR[LF IXQFWLRQV VXFK DV F

6FKLHEHU DQG &KDQGHO +RZHYHU ZKHQ WKH ED



SURGXFWLRQ DQG FHOOXODU DQWLR[LGDQW DFWLYLW\ LV
R[LGDWLYH VWUHVMN RBDQRREGBRWLYH VWUHVV LV NQRZQ

LPEDODQFH LQ '$ PHWDEROLVP IXUWKHU FRQWULEXWL¢
PHGLDWHG '1$ GDPDJH LV NQRZQ WR EH D SURPLQHQW
ODQRKDHIB @O 7KH SULPDU\ FDXVHV RI R[LGDWLYH VWI
LURQ DFFXPXODWLRQ HQKDQFHG '$ PHWDEROLVP PLWRF

WKH DFFXPXODWLRQ RI K\GUR[KWUDGLFDOV ODQRKDUDQ

b 6\QXFOHLQ DQG 3DUNLQVRQ-V 'LVHDVH

$V PHQWLRQHG LQ WKH SUHYLRXV VHFWLRQ RQH RI WKH K
RI LQWUDFHOOXODU LQFOXVLRQV /%V ZLWWKILELWKH GRSI
WKH EUDLQ AMWWIOHOMHHW DO  [%V ZHUH ILUVW GHVFULE

E\ )UHLGULFK +HQU\ /HZ\ DV DEQRUPDO LQWUDFHOOXO
ZHUH ODWHU GHPRQVWUDWHG WR EH FRPSRVHG RI DP\OR
KLJKO\ RUGHUHG DQG KLJKO\ KHWHUROWMQHRXV IBVKLRQ
IRUPDWLRQ RFFXUV DORQJVLGH WKH VHOHFWLYH ORVV RI
DIIHFWHG EUDLQ UHJWRRQO 1DWBWHD®R ,00H W WRMX

DQG ERWK LQFUHDVH DV GLVHDVH SURJUHVVHYV

'LWK WKH DGYDQFHPHQW LQ VFLHQWLILF WHFKQRORJ\ Vt
SRLOQWHG WR PV\QV DVVRFLDWLRQ ZLWK 3' VXFK DV WKH

$ 3 + 4 ( . DQG * ' LOIWKHMHQH HQFRGLQJ WKH SURWHI



LGHQWLILHG DV D FDXVH RI KHUHGLWDUNWRD®YV RI WKH
ODVRRW DO $ QXPEHU RI WKHVH PXWDWHG IRUPV RI PV
VKRZQ WR KDYH D KLJKHU SURSHQVLW\ IRU DJIJIUHIDWLRC
YLWANXRHUVN\ DQG (OLH]JHU 'XSOLFDWURGIBQE WULSO
KDYH DOVR EHHQ VKRZQ WR UHVXOW LQ HDUO\ RQVHW 3' L
SURPRWRU UHJLRQ KDYH EHHQ VKRZQ WR FDXVH DQ LQE
GLVHDVH GHYHORSPHQW ZLWKLQ VRPH ABPD@LHV /LOO

SDQNUWDW P O ODUADND O

3' PD\ DOVR EH FDXVHG LQ D VIQHUJLVWLF PDQQHU E\ JF
JHQHV VXBK.DVHQFRGLQJ WKH GD25GD UHQ SRIRVDHLD UNL Q
DQGB,Z. HQFRGLQJ 37(1 ,QGXFHG 3XWDWLYH .LQDVH  ZKt
IUDPHVKLIW PXWDWLRQV WUXQFDWLQJ PXWDWLRQV H[RC
GXSOLFDWLRQV RI WKH JHQHV KDYH DOO EHHQ REVHUYHI

SDQNUWHIMWDPO /LOO

2WKHU 6\QXFOHLQRSDWKLHYV
P6\Q-V GLVHDVH FDXVLQJ SURSHUWLHV DUH QRW OLPL
DFFXPXODWLRQ RI PV\Q DJJUHIJDWHYV FDQ DOVR UHVXOW |
'/% RU OXOWLSOH 6\VWHP $WURSK\ 06% DQG DOO WKUL
VIQXFOHLQRSDWKLHYVY 6SLOODQWLQL DQG *RGHUW

GLITHUHQW FHOO W\SHV DQG EUDLQ UHJLRQV EHWZHHQ Wk



VRPH VLPLODU V\PSWRPV WKH FOLQLFDO PDQLIHVWDWLR
<DQJ DQG <X $00 WKUHH VI\QXFOHLQRSDWKLHV PD

DIIHFW GLIIHUHQW FHOOV DQG UHJLRQV 6SLOODQWLQL D

3" VIPSWRPV DUH FRQFXUUHQW ZLWK WKH IRUPDWLRQ
GRSDPLQHUJLF QHX&RXEYV B6ESWKRIZHYHU UHVXOWYV ZKHQ
DFFXPXODWHY ZLWKLQ WKH JOLDO FHOOV LQ SDUWLFXC
UHVSRQVLEOH IRU PDNLQJ WKH P\HOLQ VKHDMIKVDOXUURX
6SRUDGLF GLVHDVH LV WKH PRVW FRPPRQ IRUP DV
IRUPV DVVRFLDWHG ZLWK SRHLI&N HXN DWKIFKQN VL Q VW KH

uv uv DQG UV KDYH DOVR EHH®WHERUWHG

6FKROW DO

'/% OLNH 3' UHVXOWV ZKHQ PV\Q DFFXPXIGEW'HY% LQWR /¢
SDWLHQWYV KRZHYHU VKRZ IHZHU 3' OLNH PRWRU V\PSV
LQFUHDVHG FRJQLWLYH GHFOLQH LQ FRPSDULVRQ WR WK#
DQG OLOOHU BSRUDGLF RQVHW '/% LV DJDLQ WKH
JHQHWLF IDFWRUV KDYH DOVR EHHQ LGHAUDREME VXFK D!
JHQHV HQFRGLQJ WKH SURWHLQV EHWD JOXFRFHUHEUR)

UHVSHFWLYHOAUWOIBOJIJRXZ



b 6\QXFOHLQ 6WUXFWXUH DQG )XQFWLRQ

6WUXFWXUH RI P 6\QXFOHLQ
P6\Q LV DQ LOQWULQVLFDOO\ GLVRUGHUHG N'D DPLQR
IRXQG ZLWKILZXERNVKWHKH EUDLQ ,W KDV QR GHILQHG RU SH
VWUXFWXUH H[LVWLQJ LQ DQ HTXLOLEULXP RI UDQGRPO\
GHJUHHV RI FRPSDFWQHVY DQG UHODWLYH FRQFHQWUDWI
SURWHLQ KDV WKUHH PDLQ GRPDLQV WKH 1 WHUPLQDO U
FRQVLVWLQJ RI LPSHUIHFW UHSHWLWLYH WDQGHP PRWLI
WR DGRSW DPSKLSDWKLF P KHOLFDO VWUXFWXUHV XSRQ
(OLH]HU SHAWY FIX@Q D 7KH FHQWUDO K\GURSKRELF GRPCLC
UHIHUUHG WR DV QRQ DP\ORLG B FRPSRQHQW 1$& 6WHIL
DVVRFLDWHG ZLWK SDWKRORJLFDO EUDLQ OHVLRQV LQGHX
IDVKXHD DO (O $IWIDO DQG KDV D QDWXUDO WHQGHC
B VWUXFWXUHV 7KLV UHJLRQ KDV DOVR EHHQ GHPRQVW
SURWHLQV DJIJUHIBWLRQ +tDVYWHRQDO 7KH & WHUPLQDO
UHJLRQ DD LV KLIJKO\ DFLGLF SUROLQH UHWMK DQG S
DO 6WHIDQLYV DQG H[LVWV LQ D GLVRUGHUHG FR((
ILEULOODU\ DQG PHPEUDQH ERXQG IRUPV RI WKHVSURWHL
DO 7KLV UHJLRQ LV NQRZQ WR EH LPSRUWDQW IRU D
LQFOXGLQJ LOWHUDFWLRQ ZLWK PHWDO LRQNW2XE&YV ODW I

'$ 2XHVODWL DQG RWKHU SURWHIL QWY VXFK DV 7/
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P6\Q LV NQRZQ WR H[LVW LQ D UDQJH RI FRQIRUPDWLRQ
LQWULQVLF GLVRUGHU DQG WKH FRQIRUPDWLRQDO HTXLC
EH DOWHUHG GHSHQGLQJ XSRQ WKW @Y L DFOQPVHBRW K O O H
DO (IWHQGHG FRQIRUPDWLRQV FRQVLVWHQW ZLWK
GRPLQDQW XQGHU SK\VWLRORJLFDO FRQGLWLRQV ZKHUHD
VWUXFWXUHV DVVRFLDWHG ZLWK LQFUHDVHG DJJUHJDV
IRUPDWLRQ DUH PRVW SUHYDOHQW XQGHU QRQ SK\VLROF
H[WUHPH S+ RU ZLWK WKH SUHVHQFH RI FR IDFWRUV VXF

GLVFXVVHG IXUWKHU LQ VHFWLRQV DQG FKDSWHU

(IWHQGHG FRQIRUPDWLRQV Rl SURWHLQV KDYH QR VHFRQ
ZRUP OLNH FKDLQ RI DPLQR DFLGV LQ D UDQJH RI KLJKO'
PRQRPHUV &RPSDFW FRQIRUPDWLRQV KRZHYHU KDYH E|
VPDOO DPRXQWV Rl VHFRQGDU\ VWUXFWXUH DQG UHSUH)\
SURWHLQ DUH VKRZQ LQ ILJXUH P +HOLFDO VWUXFEWX
WHUPLQDO UHJLRQ ZKHQ PV\Q LV ERXQG WR PHPEUDQHYV
FRQWDLQ D NLQN RU EUHDN LQ WKH VWUXFWXUH DW DD

G\QDPLFV VLPXODWLRQV FRXSOHG ZLWK 3URWHLQV ZLW
JUDLQHG (QYLURQPHQW 3$&( PRGHOOLQJ 7KHVH P KH
ZLWKLQ WKH FRPSDFW FRQIRUPDWLRQV RI PV\Q DORQJ ZL
RI DD HIK DO 7KHVH B KDLUSLQ IROGV KDYH EHHQ Vk
WR WKH DJJUHJDWLRQ RI WKH SURWHLQ DV PXWDQW IRUF

DJJUHIJDWLRQ SURSHQVLW\ VXFK DV WKH $ 3 DQG $ 7 °



KDLUSLQ VWUXFWXUHY PRUH TXLFNO\ WKDQ WKH :7 SURWI
KDLUSLQ KDV DOVR EHHQ GHPRQVWUDWHG WR LQWHUDEFW

SURWHLQ OHDGLQJ WR I XMW KU FRPSDFWLRQ <X

N C
NL/\W/
UHC p— ‘
eSS
Extended Conformations Compact Conformations
JLIXUH S5HSUHVHQWDWLRQ Rl (fWHQRRBE R DRGWIRRE\D FV

7KH 1 WHUPLQDO LV KLIKOLJKWHG LQ EOXH WKH 1$& UHJ

UHJLRQ LQ UHG $GDSWHG ZIWWKBGIUPLVVLRQ IURP <X

SK\WLRORJLRB@®@5ROH RI
&XUUHQWO\ WKH H[DFW SK\VLRORJLFDO UROH RI PV\Q |
HYLGHQFH LV PRXQWLQJ IRU LWV UROH LQ D QXPEHU RI F
VXJIJHVWHG WR KDYH D UROH LQ '$ VIQWKHVLV YLD ELQ
K\GUR[\ODVH ZKLFK LV D UDWH OLPLWLQJ LURQ GHSHQG
ELRV\QWKHVLANW 3BPI@H] W LV DOVR WKRXJKW WR KDYH
KRPHRVWDVLYVY DV LWV - SURPRWRU UHJLRQ LV NQRZQ
HOHPHQW ARJIBDWOWV 7KH SURWHLQ LWVHOI LV RIWHQ IR

PHPEUDQHV VXJJHVWLQJ WKHUH PD\ EH D UROH LQ HQC



HOHPHQW H®WDMRYL 6QHDG DQG (OLH]HU P6\Q LV DOV
KDYH IHUULUHGXFWDVH DFWLYLW\ DQG LW KDV EHHQ GH
WKH UHGR[ F\FOLQJ DELOLW\ Rl FRSSHU LRQV WR UHPRYH
LW WR )H ,, 7KLV IHUULUHGXFWDVH DEWLYLW\ GRHV QR
LRQV DQG D EXLOG XS RI )H ,,, KDV EHHQ QRWHG LQ WKH
D UHGXFWLRQ LQ FRSSHU LRQV KDV MW VROEHHY IREWHU Y H
HW DO 2WKHU VXJJHVWHG UROHV LQFOXGH PRGXODWLI
DQG PRGXODWLRQ RI QHXURWUDQVPLWWMIW YWRUDJH DQ
IXQGE®MGDO ,W LV DOVR WKRXJKW WR DFW DV D PROH
PROHFXOHVY VXFK DV WKH VROXEOH 1 HWK\OPDOHLPLGH

SURWHLQ UHFHSWRU 61$5W PULRWHLQV %XUU«

$WWHPSWV WR IXUWKHU HOXFLGDWH WKH IXQFWLRQV R
PRGHOV KDYH EHHQ DWWHPSWHG 6 RZHIMHIH NQ RFAINFRIX W
PRGHOV VKRZV OLWWOH SK\VLRORJLFDO HIIHFW ZLWK QR
YHVLFOH SRROV RU '$ XSWDNH DQG UHOHBMWMHOXRWHG LQ D

&KDQGWD DO

SRVW WUDQVODWLRQDO ORGLILFDWLRQ RI P 6\QXF

, W KDV EHHQ ZHOO GRFXPHQWHG WKDW PV\Q IRXQG ZLWK
XQGHUJRQH D YDULHW\ RI SRVW WUDQVODWLRQDO PRGLI

SKRVSKRU\ODWLRQ RI VHULQH DQG W\URVLQH UHVLGXHYV



DQG XELTXLWLQDWLRQ RI O\ WLQH UHVLGXHV MDD DWHWW D
2XHVODWL HWXNMIZ D BR S R/VID D O 6 FKUE DO
7KH PDMRULW\ RI 370 VLWHYV DUH DOVR NQRZQ WR EI
GLVRUGHUHG & WHUPLQDO UHJLRQ RI WKH SURWHLQ 7
SKRVSKRU\ODWLRQ VLWHV RQ PV\Q WZR ORFDWHG DW VH
IXUWKHU WKUHH ORFDWHG DW W\A\URVLQHV DQG

HW DO

SKRVSKRU\ODWLRQ DW WA\URVLQH UHVLGXHV DSSHDUV W|
ZLWK PHPEUDQH ELQGLQJ ZLWK SKRVSKRU\ODWLRQ DW
LPSRUWDQW UROH W LV VXJIJHVWHG WKDW WKLV PRGLII
ELRORJLFDO IXQFWLRQNMWWRIDB®V\Q '@FAMDHXWWHQWO\ VXJJIH\
SKRVSKRU\ODWLRQ DW 6 6 RU < SUHYHQWYV WKH ELQ!
PHPEUDQHVY W KDV DOVR EHHQ VXJIJHVWHG WKDW SKRYV
QHXURSURWHFWLYH UROH DQG SUHYHQWYV WKH IRUPDWLR

&KHRQW DO

3KRVSKRU\ODWLRQ DW VHULQH UHVLGXHV DQG LQ SDUWL
WR SOD\ D UROH LQ WKH SDWKRJHQLFLW\ RI WKH SURWH
IRXQG WR EH SKRVSKRU\ODWHG DW WKLV DPLQR DFLG Ut}
SKRVSKRU\ODWLRQ DW 6 KDV EHHQ VXJJHVWHG WR Kl
7THQUWUURO DQG LQ FHOOXODU FOHDUDQFH RI PV\Q YLD

&KDAAW DO ODFKAWMD DO



&XUUHQWO\ LW LV XQFOHDU H[DFWO\ ZKDW WKH UROH R
SDWKRJHQHVLYVY RI GLVHDVH DQG VWXGLHV KDYH \LHOGH
EXW LW LV FOHDU WKDW SKRVSKRU\ODWLRQ DW 6 SOD

VXEVWDQWLDO LQFUHDVH ZLWKLQ /%V LVRODWHG IURP 3

BURPRWLRQ DQG 3UHYHQWLRQ RI b 6\QXFOHLQ ¢
%LQGLQJ
,Q YLWIKA UDSLG IRUPDWLRQ RI VROXEOH ROLJRPHUV D
LQLWLDWHG E\ 370V PHWDO ELQGLQJ DQG DOWHUDWLRQV
DV VKLIWV LQ S+ RU WHPSHUDWXUH LQFXEDWLRQ ZLWK
GRGHF\O VXOSKDWH 6'6 DQG YLJRURXV DJLWDWLRQ
DJJUHJDWLRQ SURSHQVLW\ PD\ DOVR EH LQGXFHG YLD WK
PXWDWLRQV LQWR WKH SURWHLQ-V SULPDU\ VHTXHQFH
$ 7 $ 3 DQG ( . GLVFXVVHG HDUOLHU LQ WKH FKDSWHU
-DKQ DQG 5DGIRUG 8YHUVN\ DQG (OLH]JHU
FRQIRUPDWLRQDO GLVWULEXWLRQ LV VLJQLILFDQWO\ ¢
HQYLURQPHQW ZLWK DFLGLF FRQGLWLRQV UHVXOWLQJ LQ
VSHFLHVY DQG DQ REVHUYHG LQFUHDVHG LQAHDIJUMHIDWLF

ORUULYV DQG )LQNH 7KHVH FRPSDFW FRQIRUP

LQGXFHG E\ RWKHU H[WHUQDO IDFWRUV LQFOXGLQJ WHPS



SHVWLFLGHVY KHUELFLGHV KHSDULQ SRO\FDMWRXO/ PHW!

8YHUVN\ DQG (OLH]JHU %WURZQ

7KH ELQGLQJ RI OLIJDQGV VXFK DV PHWDO LRQV WR PV\Q
WR LQGXFH WKH IRUPDWLRQ RI PRUH FRPSDFW FRQIRUPD
LQ WKH DJJUHIJDWLRQ UDWHW RIDMKHB SHBWHADQ O0DWYRQ

FRQWUDVW RWKHU OLJDQGV KDYH EHHQ GHPRQVWUDWH
PV\QQ YLWXHK DV WKH SUHVHQFH RI WKH QDWXUDO SRC(
FXUFXPLQ DQG (SLIDOORFDWHFKLQJDOODWH (*&* Z|
GHPRQVWUDWHG WR LQFUHDVH WKH SUHVHQFH RI WKH H|
3DQGHWA\W DO [ILXHW DO 7TKHVH DJJUHJDWLRQ SURPR\

SUHYHQWLQJ OLJDQGYV ZLOO EH GLVFXVVHG LQGLYLGXDOC

SURPRWRUV RI $JJUHJDWLRQ
/ILIDQGYV GLVFXVVHG ZLWKLQ WKLV VHFWLRQ KDYH EHHQ
FRQIRUPDWLRQDO HTXLOLEULXP WRZDUGV WKH PRUH F

FRQIRUPDWLRQV RU LQFUHDVH WKH DJIUWHYDWURQ NLQHMW

OHWDO ,RQV
OHWDO LRQV ZHUH ILUVW LGHQWLILHG DV D SRWHQWLDOO
DV IDU EDEN DV ZKHQ GHSRVLWV RI LURQ ZHUH LGHQ\V

LQ WKH EUDLQV RI 3' SDAMUHIDONV /KKH PLWWHEHWZHHQ Kl



PHWDOV DQG 3' ZDV WKHQ IXUWKHU VROLGLILHG LQ WKH
LGHQWLILHG LQFUHDVHG OHYHOV RI LURQ DQG HMF LQ W
DO SLHGHWWHD O ,Q FRQWUDVW FRS&6&HWK CQHYHOV LQ
IRXQG WR EH UHGXFHG LQ FRPSDULWVR® MR FKQWHRHDUE UD I
KLIJK OHYHOV RI FRSSHU KDG DOVR UHFHQWO\ EHHQ LGHC
RI 3' SDWLH WX D®DOQQFUHDVHG OHYHOV RI DOO WKUHH |
EHHQ IRXQG LQ WKH /%V RI 3' SDWLHQWYV DQG KDYH DOVF
DURXQG DP\ORLG SODTXHV L& I'DIID WILLHOENMNID ORY HO O
6HYHUDO HSLGHPLRORJLFDO VWXGLHYVY DOVR QRWHG WKDYV
HISRVXUH WR KHDY\ PHWDOV LQFOXGLQJ FRSSHU LUF
DOXPLQLXP KDG DQ LQFUHDVHG LQFLGHQFH UDWH RI 3'
SRSXODWLRHW *MIRAWHOCKUHOD @O &RR@W DO OHDGLQJ WR
LQFUHDVHG LQWHUHVW LQ WKH UROH RI PHWDO KRPHR\

SURJUHVVLRQ RI 3' DQG RWKHU QHXURGHJHQHUDWLYH GL

7KH DELOLW\ RI PHWDO LRQV SDUWLFXODUO\ FRSSHU W
LQFUHDVH DP\ORLG ILEULO IRUPDWLRQ RI PV\QADYV EHHQ
DO 8YHUVN\ DQG (OLH]HU % URA DO 8YHUVN)
,QFXEDWLRQ ZLWK FRSSHU KDV DOVR GHPRQVWUDWHG D
PRUH FRPSDFW DJJUHJDWLRQ SURQH VWDWHYV RI PV\Q D
D QXPEHU RI WHFKQLTXHYV LQFOXGLQJ QXFOHDWWDJQHWIL

DO FLUFXODU GLFKURDWOP %UWLAHRFONURVSUD\ LRQLVDW



PRELOLW\ VSHFWURPHWU\ | PDVV VSHFWURIRHNMU\ (6, ,06

ODVRW DO DQG FDORULPHWULFHFWIDWUDWLRQV 'UHZ

P6\Q KDV EHHQ VKRZQ WR KDYH D KLJK DIILQLW\ IRU FRSS
KDYH DW OHDVW WKUHH VSHFLILF ELQGLQJ PRWLIV IRU W
$KPDHGV DO $ KLJK DIILQLW\ ELQGLQJ VLWH KDV EHH«
WHUPLQXV ZKHUH WKH IUHH QLWURJHQ RQ WKH DPLQR W
$ VHFRQG ORZHU DIILQLW\ VLWH KDV EHHQ REVHUYHG
LPLGD]ROH ULQJ Rl WKH DPLQR DFLG DQG D WKLUG ORZ L
& WHUPLQXV LQYROYLQJ WKH UHVLGXHVHW DD DQG (
ODVRW DO %L @/MRIO DO 7KH SURWHLQ KDV EHHQ GHPRC
ELQG FRSSHU LRQV PRUH UHDGLO\ WKDQ DQ\ RWKHU PHWI
HW DO (OHEFWURQ SDUDPDJQHWLE UHVRQDQFH (:
GHPRQVWUDWHG WKH KLJK DIILQLW\ ELQGLQJ VLWH ZLWK

SURWHLQ ZKHQ SUHVHQW LQ WKW I@DPRPROH UDQJH $KPL

,JURQ KDV DOVR EHHQ VKRZQ WR LQFUHDV@ WISMLGRDUHJDW
HW DO 8YHUMN\DO 'LYDOHQW LURQ KDV DOVR EHHQ IF
WKH & WHUPLQXV RI PV\Q YLD ' 105 VWXGLHV DQG WKLYV

XWLOLVLQJ' DV DQ DQFKRMWQOOJHBGH@UHD@BLQROIL

7KH LQWHUDFWLRQ RI PV\Q ZLWK PHWDO LRQV ZLOO EH Gl



6SHUPLQH

$QRWKHU H[WHQVLYHO\ VWXGLHG SURPRWRU RI PV\Q D
QDWXUDOO\ SUHVHQW SRO\DPLQH LQYROYHG LQ ERWK ¢
GLIIHUHQWLDWLRQ DQG LQ WKH PRGXODWLR® IRIDLARQ FKD

,W KDV WKH DELOLW\ WR FRPSOH[ ZLWK bPV\Q XQ
FRQGLWLRQV UHVXOWLQJ LQ HQKDQFHG UDWHV RI ILEU
VSHUPLQH ZKLFK LV NQRZQ WR RFFXU RQ WKH & WHUPLQ:
IDPLOLDO YDULDQWY XQGHUJR D VWUXFWXUDO FROODSV|

VHFWLRQDO DUHDHWUDE H Q POXCHHUW /'R WA ORUHW DO

SBUHYHQWLRQ RI $JJUHJDWLRQ
7TKH SUHYHQWLRQ RI ROLJRPHU DQG DP\ORLG DVVHPEO\
PROHFXOH LQKLELWRUV WKDW ELQG VSHFLILFDOO\ WR S
DQ LPSRUWDQW FKDOOHQJH 6PDOO PROHFXOHV FDQ SUFE
WR DQG VWDELOLVLQJ QRQ DP\ORLGRJHQLF VWDWHV 2 C
DJJUHIJDWLRQ LV WKHUHIRUH WR VKLIW WKH SRSXODWL
FRQIRUPDWLRQV WKURXJK VWDELOLVDWLRQ RI WKH XQI
LQKLELWRUV LV SUREOHPDWLF GXH WR WKH FRQIRUPDYV

SURWHLQV EXW VHYHUDO FRPSRXQG® KINRYMEHIIEF & MPKRD



DJJUHJDWLRQ RI PV\Q ZKLFK ZLOO EH GLVFXVVHG LQ WKF

FRXOG SURYLGH QRYHO GUXJ FDQGLGDWHY IRU WUHDWLQ

3RO\SKHQROLF &RPSRXQGYV
3RO\SKHQROLF FRPSRXQGV KDYH EHHQ SURYLQJ JRRG Q
DP\ORLG WKHUDSHXWLFV IRU VRPH WLPH 1DWXUDO FXUF
LW DSSHDUV WR KDYH D YDULHIN® RLR@® KD\Q BB HSU R &/H 0W

DV PHGLFLQH LQ HDVWHUQ FXOWXUHV IRU WKRXVDQGV RI

Q FXUFXPLQ ZDV GHPRQVWUDWHG E\ ERWK ZHVWHUQ
QHXUREODVWRPD FHOO PRGHO WR LQKLEAM W&EH DJJUHJD
7KH PROHEXOH LV DOVR NQRZQ WR KDYH DQWLR[LGDQW S
H[HUWV LWV HIIHFWV RQ DP\ORLG DJJUHJDWLRQ ,QFUHD"
EH LQLWLDWHG E\ RYHUH[SUHVVLRQ RI PV\Q DQG LV VXJJ
GHYHORSPHQW DQG SURJUHVVLRQ WKURXJK WKH SURGX
526 -HQQHU DQG 20DQRZHW DOH[WHBKHQROLF DQWLR[LG
LQFOXGLQJ FXUEXPLQ DFW DV K\GURJHQ GRQRUV LQKLE
UDGLFDO FKDLQ UHDFWLRQV DOHQNIWHVYRABUQM GXFLQJ |
GDPDJLQJ HIIHFW RI WKHVH VSHFELHV ,QKLELWLRQ RI IUH

EH D SRVVLEOH PHFKDQLVP IRU FXUFXPLQ WR SUHYHQW b

$OQRWKHU QDWXUDO SRO\SKHQRO NQRZQ WR LQWHUDFW Z

DQWLR[LGDQW IRXQG LQ JUHHQ WHD ZKLFK KDV EHHQ GH|I



IRUPDWQRQYWD AR XOWLSOH WHFKQLTXHV ,QFXEDWLRQ RI
(*&* SUHYHQWHG LWV DJJUHJDWLRQ LQWR DP\ORLG ILEULC
W 7K7 DVVD\ ZKHUH DJJUHJDWLRQ ZDV FRPSOHWHO\ KD
GHWHUPLQHG ELQGLQJ WR (&*& SUHYHQWHG WKH FRQIRI
FRPSDFW VWDWHY QRUPDOO\ REVHUYHG ZLWK $ 7 bV\Q

06 /LXW DO

7KH LQWHUDFWLRQ RI PV\Q ZLWK FXUFXPLQ ZLOO EH GLVF

'RSDPLQH
2QH RI PV\Q-V QDWXUDO DQG PRVW LPSRUWDQW OLJDQGYV
WR SUHYHQW WKH DJJUHJDWLRQ RI PV\Q XSRQ ELQGLQJ W
RI '$ bPV\Q \LHOGV D GLYHUVH UDQJH RI 6'6 UHVLVWDQV
IHRQIW DO ,W KDV EHHQ REVHUYHG WKDW WKH LQFUI
SXVKHV WKH HTXLOLEULXP RI PV\Q WRZDUGV WKH KLJK
EHFRPH IXOO\ SRSXODWHG XSRQ WKH ELQGLQJ Rl WKUHH
FRPSDFW VWDWHV PD\ QR ORQJHU EH REVHUYHG '$ EL(
H[SDQGHG FRQIRUPDWLRQV RI PVI\Q DV GHWHUPLQHG E\ (
WKH OLJDQG ELQGLQJ VLWH LQ WKLV LQVWDQFH UHTXLUH

TRWHKWV DO

7TKHVH REVHUYDWLRQV GHPRQVWUDWH WKDW PRGXODWLRC

E\ HLWKHU DOWHUDWLRQ WR WKH FR SRSXODWHG SUHFXL



DVVHPEO\ YLD WKH XVH RI LQKLELWRUYV LWK VXFFHVVIX
oLJbQGYV WDUJHWLQJ DJJUHJDWLRQ RI PV\Q YLD HLWKH
SURWHLQ RU ROLJRPHULF VSHFLHV SURGXFHG DORQJ WK
D SURPLVLQJ SRWHQWLDO WKHUDSHXWLF PHWKRG IRU 3'D

LQYHVWLIDWHG LQ FKDSWHU

(6, ,06 06 DV D 7TRRO IRU 8QGHUVWDQGLQJ 3URWHL
1DWLYH PDVV VSHFWURPHWU\ (6, 06 DOORZV IRU KLJKO
UDSLG LGHQWLILFDWLRQ RI SURWHLQV DQG SURWHLQ
DQDO\WVLQJ DOO VSHFLHV SUHVHQW ZLWKLQ D VDPSOH \
PDVV WR FKDUJR UDWLRDRQUSURYLGH LQIRUPDWLRQ RQ \
SURSHUWLHV RI DP\ORLG SURWHLQV E\ LGHQWLILFDWLRC
LQFOXGLQJ PRQRPHULF SURWHLQV ROLJRPHULF VSHFL

I UDJPHQWY ZKLOVW DOVR GHWHUPLQLQJ WKHLU UHODWL"

YXUWKHU VWUXFWXUDO LQIRUPDWLRQ RQ WKH FRQIRUPDW
VSHFLHV ZLWKLQ D VDPSOH FDQ EH GHWHUPLQHG XVLQJ
VHSDUDWH FR SRSXODWHG FRQIRPUPDWERDUY LODLUIWAL WKILHQ W
VDPH VSHFWUDO SHDN ZKLFK ZRXOG QRW EH GLVWLQJXL
QDWLYH (6, 06 %\ FDOFXODWLRQ RI WKH FROOLVLRQDO F
RI HDFK LRQ RYHUODSSLQJ VSHFLHV ZLWKLQ WKH VSHF

GLITHUHQW FRQIRUPDWLRQDO SURSHUWLHV FDQ EH GHW



WKHUHIRUH LQIRUPDWLRQ RQ WKH FRQIRUPDWLRQ RI F

GHWHUPLQHAW aPA W Ik X RW ROMRO

(6, ,06 06 DQG WKH $GYDQWDJHV RI ,RQ ORELOLW\
7KH DGGLWLRQ RI LRQ PRELOLW\ GULIW FHOOV WR QDWLY'l
KDV DOORZHG IRU WKH FKDUDFWHULVDWLRQ RI PRQRPI
FRQIRUPDWLRQV WKURXJK GHWHUPLQDWLRQ RI WKHLU
H[SHULPHQW WKH WLPH WDNHQ IRU DQ DQDO\WH RI LQV
PRELOLW\ FHOO RU GULIW WXEH FRQWDLQLQJ D QHXWUDO
ZHDN HOHFWULF ILHOG LV PHDVXUHG $V ZLOO EH IXUV
VHFWLRQ WKH PRELOLW\ RI DQ DQDO\WH WKURXJK WKH G
FRQIRUPDWLRQ DQG FKDUJH REWDLQHG GXULQJ LRQLVD
DQDO\WH WDNLQJ ORQJHU WR WUDQVYHUVH WKH GULIW F

FRQIRUPDWLRQ WUDYHEAWLOQO | D6/PNANMIK 20D V R Q

(6, ,06 06 ,QVWUXPHQWDWLRQ
$Q (6, ,06 06 LQVWUXPHQW VXFK DV WKH 6\QDSW * :DWHL
LQ WKLV SURMHFW FRQVLVWV RI D QDQR HOHFWURVSU
DXWRPDWHG VDPSOHU VXFK DV WKH 1DQRODWH $GYLRQ
WKH LQVWUXPHQW WR FRQGXFW DPELHQW LRQLVDWLRQ D'

LQ ILIJXUH WKLV VRXUFH LV PRXQWHG QHDU D VDPS!



FRQWLQXRXV EHDP RI LRQV LQWR WKH LQWHUQDO FRPSDL
DUH NHSW XQGHU YDFXXP ,RQV WKHQ WUDYHO WKURNX.
WKURXJK WKH TXDGUXSROH PDVV DQDO\WHU WR WKH LRQ |
WUDSSHG EHIRUH EHLQJIF$HO®VHA LRREROVLKMH YHSDUDWLRC
KDOWHG DJDLQ LQ WKH WUDQVIHU ,RQV WKHQ HQWHU WK
PDVV DQDO\VHU ZKLFK /A A\EHURPWLIY DY WKHHDIAJWLPH GLVWUL

DUH GHWHUPLQHG E\ WKH LRQ GHWHFWLRQ V\VWHP
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SULQFLSOHV RI (OHFWURVSUD\ ,RQLVDWLRQ

$W WKH EHJLQQLQJ RI DQ LRQ PRELOLW\ H[SHULPHQW |
HOHFWULFDO FXUUHQW LV DSSOLHG WR HLWKHU D JROG
VDPSOHU WLS LI XVLQJ DQ DXWRPDWHG VRXUFH VXFK DV
WKH DQDO\WH RI LQWHUHVW 7KLV SURGXFHV D 7D\ORU F
ILQH PLVW RI PXOWLSO\ FKDUJHG VROYHQW GURSOHWV FF
IURP WKH 7D\ORU FRQH DQG PDFKLQH SDUDPHWHUV VX
WHPSHUDWXUH DQG GLVWDQFH IURP WKH VRXUFH PXVW
VWDEOH HOHFWURVSUD\ IRU RSWLPDO DQDO\VLV :LOP

XWLOLVHG DQG ZLWK D VPDOO VDPSOH YROXPH RI DURXC

RI' YHU\ VPDOO DQG KLJKO\ FKDUJHG GURSOHWYV

Taylor Cone
Sample Needle/Tip L Raleigh Limit
® +
2 < e *
@ @ 620 s+, Solvent  +i*. Coulombic+®- b Analyte
« > QQgQ@Q + I _ﬁ + L+ o 9 ons
€« O “evaporation “* + explosion .
»C__ o sad : Q %
)
Multiply Charged Droplet
>
+ Electrical Current -
JLIXUH OHFKDQLVP RI (OHFWURVSUD\ ,RQLVDWLRAQ

'LDJUDP RXWOLQLQJ WKH PHFKDQLVP RI HOHFWURVSUD
SURGXFWLRQ RI D 7D\ORU FRQH VROYHQW HYDSRUDWLI

OHDGLQJ WR WKH SURGXFWLRQ RI PXOWLSO\ FKDUJHG DQ



KHQ FRXORPELF UHSXOVLRQ RI WKH FKDUJHV RQ WKH VXU
RYHUFRPHYVY WKH VXUIDFH WHQVLRQ RI WKH GURSOHW ILV'
VPDOOHU SURJHQ\ GURSOHWYVY DQG VRPH RI WKH VRC
HYDSRUDWLRQ 7KLV SRLQW RI ILVVLRQ DQG HYDSRUDWL
oLPLW DV KLIKOLJKWHG LQ ILJXUH 7KHVH VPDOOHU

IXUWKHU ILVVLRQ DQG HYDSRUDWLRQ XQWLO DOO WKH VI
FKDUJHG LRQV UHiIP DIOQ +ROP 7TKH QXPEHU RI FKDUJ
WKH LRQV GHSHQGVY RQ WKH VWUXFWXUH RI WKH PROHFX!
LV GHWHUPLQHG E\ WKH DFFHVVLEOH VXUIDFH DUHD DQG ¢

JURXSV RQ WKH PROHFXOH DQG ZLOO EH GLVFEFXVVHG IXU\

(6, LV UHIHUUHG WR DV D «VRIW LRQLVDWLRQ- WHFKQLTX
KLJK PROHFXODU ZHLJKWV WR EH REVHUYHG HDVLO\

FRQIRUPDWLRQ DQG DQ\ QRQ FRYDOHQW LQWHUDFWLR(
FRPSOH[HV %HWHRDQGJIH7KUHH PRGHOV H[LVW WR GHVFULE
LQ DQ HOHFWURVSUD\ VRXUFH WKH LRQ HYDSRUDWLRQ P

DQG WKH FKDLQ HMHFWLRQ PRGHO

7KH LRQ HYDSRUDWLRQ PRGHO LV XVXDOO\ XVHG WR GHV]
ZKHUH VKULQNDJH RI WKH GURSOHWY RFFXUV YLD HYDSRL
WKH VXUIDFH LV VR ODUJH WKDW LRQV DUH H[SHOOHG |

LRQLVDWLRQ LV KHDYLO\ LQIOXHQFHG E\ WKH FKHPLFDO ¢



RFFXUV ZKHQ WKH GURSOHW VL]H UHDFKHV DURMQG QP

DO :LOP

7KH FKDUJH UHVLGXH PRGHO LV DVVRFLDWHG ZLWK ODU.:
XVXDOO\ RFFXUV ZKHQ HDFK GURSOHW RQO\ FRQWDLQV RC
GHVROYDWHG EHIRUH JDLQLQJ FKDUJHV ZKLFK FDQ EH SR
RQ WKH PRGH RI DETXLVHWLRQ .R@PUPDQQ 7KLV PRGHO F
LRQLVDWLRQ SUHVHUYHV QRQ FRYDOHQW FRPSOH[HV DV
LRQV DUH QRW H[SHOOHG IURP ZLWKLQ WKH GURSOHW I
DURXQG WKHP DQG LV WKHUHIRUH OHVV GDPDJLQJ ,W

FRPSDFW SURWHLQV DUH LRQLVHG YLD WWHIF&EDUJIJH UHVL

7KH FKDLQ HMHFWLRQ PRGHO GHVFULEHV WKH LRQLVEL
ELRSRO\PHUV VXFK DV WKH HIWHQGHG FRQIRUPDWLRQV R
FKDLQ LV SDUWLDOO\ HMHFWHG IURP WKH VROYHQW GURS
H[SRVHG SRUWLRQ RI WKH LRQ 7KH LRQ LV WKHQ IXUW!
JDLQLQJ PRUH FKDUJHV XQWLO LW LV IXOO0\ HWYHFGNHG U

'RQRUW DO

7KH QXPEHU RI FKDUJHV D SURWHLQ ZLOO DFTXLUH XSRQ
FKDUJH VWDWH &6 LV GLFWDWHG E\ WKH QXPEHU RI E
DYDLODEOH RQ LWV VXUIDFHWRAQOLR QR WIOR Z KERKH\U

LV LWVHOI GLFWDWHG E\ WKH HOHFWURVWDWLF UHSXOVLF

WKXV ITRUPLQJ LWV WHUWLBIW VON U XFWRQLH/ DAL PWD\ E



SHUIRUPHG LQ HLWKHU SRVLWLYH RU QHJDWLYH PRGH V
SRVLWLYH RU QHJDWLYH FKDUJHV E\ DGGLWLRQ RU UHPR
LV LRQLVHG LW PD\ WKHQ EH UHIHUUHG WR DV D FKDUJH
FRQIRUPDWLRQ RI VDLG SURWHLQ ERXQG WR SRVLWLYH

WR DV WKH &6,

JROGHG SURWHLQV ZLWK D FRPSDFW &&6 JHQHUDOO\ RQO\
VR KDYH &6,V RI WR IRU HI[DPSOH GXH WR WKH OLPLW
RQ WKH VXUIDFH RI WKH SURWHLQ 8QIROGHG SURWHLCQC
FKDUJHV RQ LRQLVDWLRQ DV WKH\ KDYH D PRUH H[WHQ
QXPEHU RI LRQLVDWLRQ VLWHYV DUH DYDLODEOH +LJKFE
SURWHLQ FRQIRUPDWLRQV DUH BYdDIQQW ZIKWRNV® WRBOG
PRUH JOREXODU SURWHLQV SLFN XS IHZHU FKDRUJHV DQG I
UubQJH WKHUHIRUH DQ LQFUHDVH LQ FKDUJH VWDWH RIWI

LQ & &6 9 DHIIDNO

'XULQJ DFTXLVLWLRQ RI D SURWHLQ SDUWLFXODUO\ ZL\V
FKDUJH VWDWHY ZLOO EH REVHUYHG GXH WR WKH FRQIR
DV VRPH ZLOO KDYH PRUH H[SRVHG LRQLVDEOH VLWHYV DYI
RI WKHVH FKDUJHV LV UHIHUUHG WR DV WKH FKDUJH VWI
SURWHLQV ZLOO GLVSOD\ D QDUURZHU &6' GXH WR WKH O
RQ WKH VXUIDFH RI WKH SURWHLQ DQG OLPLWHG IOHJ[LE

&6' RI bDBURXQG WR GLIITHUHQW VSHFLHV ZLWKLQ WKH PD\



KRZHYHU GLVSOD\ D ZLGHU &6' GXH WR WKHLU LQFUHDV!
H[SRVHG EDVLF UHVLGXHV DQG ZLOO GLVSOD\ D ZLGHU

VSHFWUD

$ SURWHLQ V &6' FDQ EH VLJQLILFDQWO\ DOWHUHG E\ VRO
PXVW EH WDNHQ WR HQVXUH VDPSOLQJ LV SHUIRUPHG L
SURWHLQ LQ LWV QDWLYH VWDWH 7KLV LV D SDUWLEXOI
1RQ SK\VLRORJLFDO VROYHQW FRQGLWLRQV VXFK DV ORZ
FDQ VLJQLILFDQWO\ DOWHU WKH &6V ROD SURMMHLQ %HYt

VR FDUH PXVW EH WDNHQ WR NHHS VROXWLRQ FRQ

UHOHYDQW DV SRVVLEOH

,RQ ORELOLW\ 6HSDUDWLRQ
$IWHU LRQLVDWLRQ DQG LQMHFWLRQ LQWR WKH VDPSOL
VWDFNHG ULQJ LRQ JXLGH DQG TXDGUXSROH PDVV ILOWHL

WXEH ILOOHG ZLWK DQ LQHUW EXIIHU JDV LQ WKH FDVH F

‘ULIW 7LPH ,06
,Q GULIW WLPH LRQ PRELOLW\ VHSDUDWLRQ D ZHDN GLLU
DSSOLHG WR WKH GULIW FHOO DQG LRQV DUH GUDZQ WK
HOHFWULF ILHOG FROOLGLQJ ZLWK WKH EXIIHU JDV DV Wk

wubQvLw WLPH WKURXJK WKH GULIW FHOO LV GHWHUPLQ



QXPEHU RI FKDUJHYV JDLQHG GXULQJ LRQLVDWLRQ UHVXO\
LWV FRQIRUPDWLRQ ZLWK WKH PRUH FROOLVLRQV HQFR>

PROHFXOHY VSHHG RI WUDQVLWLRQ WR VORZ

7UDYHOOLQJ :DYH ,06
,Q D WUDYHOOLQJ ZDYH H[SHULPHQW WKH '& FXUUHQW D
OLQHDU EXW LQ D WUDQVLHQW ZDYH IRUP 7TKH GULIW
HOHFWURGH SODWHYVY PP DSDUW LQ ZKLFK D UDGLR ITUHT
WKH LRQV WUDQVLW $ FRQWLQXRXV VHULHV RI '& YROWI

JXLGH PRYLQJ WKH LRQV WKURXJK WKH GULIW FHOO

JROORZLQJ D JDWHG UHOHDVH IURP WKH WUDS LRQ JXLC
UHOHDVHG LQWR WKH GULIW FHOO DQG PDVV VSHFWU
SDFNHW RI LRQV DUH SXOVHG LOQWR WKH GULIW WXEH DQG
2WKHU VHWWLQJV PXVW EH DGHTXDWHO\ WXQHG WR HQVX
LQFOXGLQJ ZDYH KHLIJKWYVY DPSOLWXGHV DQG ZDYH YHOF
SUHVVXUH RI WKH EXIIHU JDV 7KDODVVLQRYV DQG 6FULY

6PLWK

$Q LRQ V VSHHG WKURXJK WKH GULIW FHOO DJDLQ LV U}
JURVV PRUSKRORJ\ DQG LWV LQWHUDFWLRQ ZLWK WKH EX

DV WKRVH ZLWK D VPDOO &&6 WUDYHO ZLWK WKH ZDYH D



IDVWHU /RZHU PRELOLW\ LRQV ZLWK DQ H[WHQGHG VWU)

RYHU WKH WRS RI WKH ZDYHV DQG DUH HMHFWHG IURP WHK

'XH WR WKH VWDFNHG ULQJ LRQ JXLGHV ZLWKLQ WKH 6\
I[UDJPHQWHG GXULQJ LRQ PRELOLW\ VHSDUDWLRQ HLWKH
ERWK LI UHTXLUHG 7KH KLJK VHQVLWLYLW\ RI WKH WUDY |

VWHUHRLVRPHUVY DQG FRQIRUPDWLRQDO LVRPHUV WR EH

7LPH 21 )OLJKW 0DVYV $QDO\VLYV

)LQDOO\ PDVV GDWD LV DFTXLUHG E\ XVH RI WLPH RI I¢
DOORPLQ¥WR EH GHWHUPLQHG E\ H[DPLQLQJ WKH IOLJKW
WKH 72) FRPSRQHQW RI WKH PDVV VSHFWURPHWHU 72) |
LRQV DFFRUGLQJ WR WKHLU YHORFLWLHV ZKLFK LV GHSH

OLJKWHU LRQV KDYLQJ VKRUWHU IOLJKW WLPHV WKDQ KH!

$Q LRQ LV DFFHOHUDWHG LQWR WKH 72) DQDO\VHU YLD
VWUHQJWK WKLV PHDQV LRQV ZLWK WKH VDPH FKDUJH ZL
7KH YHORFLW\ RI WKH LRQ ZLOO GHSHQG RQ LWV PDVYV

FKDUJH KDYLQJ D ORQJHU IOLJKW WLPH 7KH UHIOHFWUR
* XWLOLVHG IRU H[SHULPHQWY SUHVHQWHG LQ WKLYV
UHVROXWLRQ WKDQ D VWDQGDUG OLQHDU 72) GHWHFWR

PLUURUV RU UHIOHFWURQV D VWDFNHG VHULHV RI ULQJ



HOHFWULF ILHOG E\ ZD\ RI D OLQHDU YROWDJH JUDGLHQW

EHIRUH GHWHFWHRQD @D PY%URLHY O

7KH SULQFLSOH EHKLQG UHIOHFWURQ PRGH 72) LV WKDW
ZLOO SHQHWUDWH IXUWKHU LQWR WKH VWDFNHG HOHFWU
HQHUJ\ DOORZLQJ LRQV RI WKH VDPH P ] EXW GLIITHUHC

GHWHFWRU DW WKH VDPH WLPH %RHVO

&DOFXODWLRQ RI &&6 IURP ,RQ ORELOLW\ 'DWD

2QFH WKH GULIW WLPH RI DQ LRQ KDV EHHQ REWDLQHG W
FRPSDULVRQ WR SURWHLQV RI NQRZQ PDVV DQG VWUXF\
HOHEFWULF ILHOG ZLWKLQ D WUDYHOOLQJ ZDYH H[SHULPHC
SUHVVXUHV FDQ DOO DIIHFW WKH UHFRUGHG GULIW WLPH
WR DFFRXQW IRU WKHVH GLIIHUHQFHY ZKHQ FDOFXODWI
UHFRUGHG YDOXHV FDQ EH FRUUHFWHG XVLQJ WKH IROOF

IURP FDOLEUDQW SURWHLQV RI NQRZQ &&6

&&6 FDQ EH GHWHUPLQHG IURP D OLQHDU ,06 GHYLFH XVL
5 5
:se;6 et s6 yxr sk,

AL SX ., _g,l—\]p tyuad .

(TXDWLRQ &DOFXODWLRQ RI &&6 RQ D /LQHDU ,06 ,QVWUX
&DOFXODWLRQ RI &&6V WK IQXPEHU RI FKBWYHW KRQFKEH JIHR Q
RQ WKH HOHFWUR@ NAV WKH %ROW]PDQY ARHPBWDQWXUH R
WKH EXIIHU JDV w LV WXHVUMIGK FEXG! IR D \0W VVS WHWVEHEV LW\
RI WKH EXI{HW JDR/H HOHFWUWIM WIKHOGH QK RI WKH GULIW W



&RUUHFWLRQ IDFWRUV FDQ QRZ EH LQFRUSRUDWHG LQWR
WKH QRQ OLQHDU HIIHFWV Rl WKH WULZDYH ZKLFK UHVX
XQHYHQ WHPSHUDWXUHV DQG SUHVVXUH ZLWKLQ WKH V\
FDQ EH LQFRUSRUDWHG LQWR HTXDWLRQV DWFR UUWH WIKC
IDFWRU IRU WKH HOHFWU LM BOFR BONQPBWHRQY | DEVMERU |F

OLQHDU HIIHFWV RI WKH WULZDYH LQVWUXPHQW

A L—

(TXDWLRQ &DOFXODWLRQ RI &&6 O ZLWK ,QFRUSRUDW
7TULZDYH ,06
&DOFXODWLRQ RI &&6 LQFOXGLQJ FRUUHFWLRQ IDFWRUV

WULZDYH $ FRUUHFWV IRU WKH HOHFWULF ILHOG DQG %

5HGXFHG &&6 RU O- FDQ WKHQ EH FDOFXODWHG ZKLFI

LQGHSHQGHQW PHDVXUHPHQW XVLQJ HTXDWLRQ

'se; 6 s yxr S
S X

_g tyuad

(TXDWLRQ &DOFXODWLRQ RI UHGXFHG &&6 O-

‘'ULIW WLPH GDWD LV REWDLQHG IURP VWDQGDUGYV ZLWK N

FUHDWHG E\ SORWWLQJ UHGXFHG &&6 DJDLQVW GULIW WL



DQG % FRPSHQVDWLRQ YDOXHV UHTXLUHG IRU HTXDWLRQ

XWLOLVHG WR GHWHUPLQH WKH &&6 RI WKH SURWHLQ RI L

(6, ,06 06 DV D 7TRRO IRU 6WXG\LQJ $P\ORLG 3URWHLC
,RQ PRELOLW\ PDVV VSHFWURPHWU\ KDV SURYHQ XQSUHE}L
LQIRUPDWLRQ DERXW WKH VWUXFWXUDO DOWHUDWLRQV I
QXPEHU RI DP\ORLG GLVHDVH UHODWHG SURWHLQV 7KLV
RI IXQGDPHQWDO PHFKDQLVWLF GHWDLOV UHODWLQJ W
LQFOXGLQJ VWUXFWXUDO FKDQJHV NLQHWLEV G\QDPL!
GHJUHHV Rl KHWHURJHQHLW\ LQ SRSXODWLRQV IURP D
SURWHLQV LQFOXGLMMUWPD® %HUWMKRIE ,00HV 7RWK
HWO ODVRW DO DQG DP\ORLG B $O]KHLPHUHWGLVHDV

DO

7TKHVH SURWHLQV KDYH SUHYLRXVO\ EHHQ LQYHVWLJDW
ELRSK\VLFDO PHWKRGV VXFK DV )7,5 &' DQG 105 VSHF
HIWUDFWLQJ LQIRUPDWLRQ SHUWDLQLQJ WR WKH DJJUHJD
LV KLQGHUHG E\ WKH WUDQVLHQW QDWXUH RI ROLJRPHUYV
DQG WKH FR SRSXODWLRQ RI D UDQJH RI GLITHUHQW ROLJI

ZKLFK FDQQRW EH GLVWLQJXLVKHG IURP HDFK RWKHU E\ I

(6, ,06 06 E\ FRQWUDVW KDV D XQLTXH DGYDQWDJH WR DI

NLQHWLFV DQG FRQIRUPDWLRQDO G\QDPLFV GXH WR LWV "



DELOLW\ WR UHVROYH KHWHURJH@HRRV SRXQUWDMWRRQV ¢

% HYHUA W IBIO

3RWHQWLDO /LPLWDWLRQV RI (6, ,06 06
%HFDXVH RI WKHLU LQWULQVLF GLVRUGHU ,'3V GLVSOD\
WKH JDV SKDVH WKDW LV QRW REVHUYHG ZLWK IROGH
LOQYHVWLIJDWLRQV LQWR ,06 VXJJHVWHG WKDW ,'3V ZHUHI
VWUXFWXUDO IOH[LELOLW\ LQ WKH DEVHQFH RI VROYHQW
VXUYLYLQJ DQG EHLQJ UHFRUGHG LQ (6, ,06 06 H[SHULPHGQC
2WKHU IXQGDPHQWDO VWXGLHV KRZHYHU LQGLFDW!
UHWDLQ WKHLU QDWLYH OLNH VWDWHV LQ WKH JDV SKDVF
KDYH EHHQ VKRZQ WR EH FRQVLVWHQW ZAWKDWKHRUHWLF
6FDUAMW DO 6DLNMWNIDO WKRVH ZLWK OHVV VHERQGDU\ V
XQGHUJR XQIROGLQJ GXULQJ WUDQVIHU IURPYWKMHOVROYH
=LOFM DO DQG WKH XQIROGLQJ RI VXEXQLWYV RI JOR

(6, ,06 06 KDV DOVR EHHQ UW¥RDWHG 5XRWROR

ORUH UHFHQWO\ KRZHYHU LW KDV EHHQ VXJJHVWHG WKD
PD\ XQGHUJR FROODSVH LQ WKH DEVHQFH RI VROYHQW $
RI KRZ SURWHLQV HVFDSH HOHFWURVSUD\ GURSOHWYV I
GHVFULEHG HDUOLHU KDYH DOVR DGGHG WR FRQFHUQV F

VROXWLRQ DQG JDV SKDVH FRQIRUPDWLRQV RIABAMWRWHLQ\



DO 7UDQVLHQW HOHPHQWYV RI VHFRQGDU\ VWUXFW X
UHGXFH WKH K\GURG\QDPLF UDGLXV RI WKH SURWHLQ
FRQIRUPDWLRQV RI YDU\LQJ FRPSDFWQHVV GXULQJ (€
%YHYHUM®BIBO W LV QRZ XQGHUVWRRG WKDW ,'3 GRPIL
HORQJDWHG LQ WKH JDV SKDVH PXFK OLNH WKH WUXH H]J
SURWHLQV RU WKH\ PD\ XQGHUJR VWUXFWXUDO FROOD:
OHDGLQJ WR PRUH FRPSDFW IROGHW® VWDRBEWXKHYH IFRODH

FDUH PXVW EH WDNHQ ZKHQ LQWHUSUHWLQJ (6, ,06 06 GD

&RPELQLQJ (6, ,06 06 H[SHULPHQWYV ZLWK PHWKRGV VXFK
VFDWWHULQJ 6%$;6 RU E\ FRPSDULVRQ RI H[SHULPHQWDO
(6, ,06 06 ZLWK WKRVH GHWHUPLQHG YLD PROHFXODU G\
DOORZHG JDV SKDVH GHULYHG VWUXFWXUHY DQG WKRVH
FRPSDUHG DQG WKHVH KDYH \LHOGHG VRPH FRQFHUQ
FRPELQDWLRQ ZLWK JHQHWLF DOJRULWKP MXGJLQJ RSWL
IRU YDOLGDWLRQ FRQILUPHG WKHUH ZDV DQ DEVHQFH
VWUXFWXUHV [IRU D UDQJH RI ,'3V LQ VROXWLRQ ,' 3V ZF
IROG EURDGHU FRQIRUPDWLRQDO VSDFH LQ WKH JDV SKI
XQLPRGDO GLVWULEXWLRQ RI FRQIRUPDWLRQV ZDV REVHU
VXESRSXODWLRQV RI HIWHQGHG LQWHUPHGLDWH DQG
REVHUYHG E\ (6, ,06 O WWRA\VLN7 KLV VXIJIJHVWV WKDW W
SURFHVV LV JHQHUDWLQJ DGGLWLRQDO VXESRSXODWLRC

SURWHLQV REVHUYHG WR EHFRPH PRUH FRPSDFW LQ WKH



HW DO 6$;6 DOVR GHPRQVWUDWHG FRPSDFWLRQ RI W
ZKLFK KDV D UROH LQ KRPRORJRXV UHFRPELQDWLRQ
VWUXFWXUHYV ZHUH REVHUYHG WR EH PRUH FRPSDFW X
HW DO OROHFXODU G\QDPLFV VLPXODWLRQV FRQGXFWFE
RI' WKH S SURWHLQ DOVR GHWHUPLQHG UHJLRQV RI WKt
PRUH FRPSDFW FRQIRUPDWLRQV WKDQ WKRVH SUHGLFW

3DIWOV DO

$XWKRUV Rl WKHVH VWXGLHVY WKHUHIRUH VXJJHVW WKD'
WUDSSHG LQ (6, GURSOHWY GXULQJ WKH HOHFWURVSUD\ S
DNLQ WR JOREXODU SURWHLQV XQGHUJRLQJ VWUXFW
HYDSRUDWLRQ 7KH VXESRSXODWLRQV REVHUYHG YLD
UHSUHVHQW DQ DUUD\ Rl LRQLVDWLRQ WHFKQLTXHV DV
SUHVHQW LQ VROXW IDRQ GRUNMMEO 3D DO

&DUH PXVW WKHUHIRUH EH WDNHQ ZKHQ LQWHUSUHWLQJ
GHWHUPLQHG H[SHULPHQWDOO\ PD\ QRW QHFHVVDULO\

REVHUYHG LQ VROXWLRQ

(6, ,06 06 RI b 6\QXFOHLQ

(6, ,06 06 Rl :7 P 6\QXFOHLQ
'XH WR LWV LQWULQVLF GLVRUGHU (6, ,06 06 DFTXLVLWL

ZLWK DOWHUHG &6'-V DQG FRQIRUPDWLRQDO G\QDPLFV G



SDUDPHWHUV DQG WKH FRPSRVLWLRQ RI WKH EXIIHUV W|
GLITHUHQW UHSRUWY ,Q SRVLWLYH LRQ PRGH D YDULHW
WKH OLWHUDWXUH IRU WKH PRQRPHULF SURWHLQ ZKF
SK\WVLRORJLFDO VROXWLRQ FRQGLWLRQV G6HYHUDO RI WK

RI GLPHULF VSHFLHV ZLWK YDU\LQJ &6'V DQG DOO KDYH E

7KH FRQIRUPDWLRQDO G\QDPLFV DUH VOLJKWO\ GLIIHUHQ
UHSRUWV IRXU GLVWLQFW FRQIRUPDWLRQV VSDQQLQJ &6
WR DQG W R Pl YOHUU LGZKHUHDVY DQRWKHU UHSRUW\
RI WKUHH GLVWLQFW FRQIRUPDWLRQV ZLWK [DYGIUDJH &
+ GHWHFWHG HOIOBWY 7TRWRG DQRWKHU MXVW WZR FRQ
IDPLOLHV ZLWK DYHUDIHQ &&6 REDV UHSRUWHGH B6HHULGJt
ORUH UHFHQWO\ DV PDQ\ DV HLJKW GLVWLQFW F
LGHQWLILHG E\ WKH XVH RI *DXVVLDQ ILWWLQJ WR UHVR
WKHVH VKRZ D GLVWLQFW SDWWHUQ RI HWHQGHG FRQIF

EHIRUH GLVDSSHDULQJ LQ IDYRXU RI PRWHDERPSDFW VSHF

7KH &6' DQG FRQIRUPDWLRQDO GLVWULEXWLRQ RI 7 PV
FRQGLWLRQV VXFK DV DOWHUHG S+ $ QXPEHU RI VWXGL}
S+ \LHOGHG D UDQJH RI UHVXOWY LQFOXGL®W DONR D
DQG WR ZLWK GLPHUV RI HWNRO WNHRAUQGJIH
D QDUURZHG &6' DQG LQFUHDVHG SRSXODWLRQ RI PRUH

VSHFLHYV



ORQRPHU &6" 'LPHU &6 S+ SHIHUHQFH

W R % H YHIU D®J H
W R % H YHHA0 ID@J H
W R W R AKRLDOLSV
W R ,OQ4HN DBWK
W R % H Y40 ID@J H
W R W R , GIH P T RW K
W R 0 BYVIR Q O
W R W R H VD QD
7DEOH &RPSDWBVER GKDUIH 6WDWH 'LVWULEXWLRQV

&RPSDULVRQ RI SUHYLRXVO\ UHSRUWHGIPRORBHULF DQC
DFTXLUHG XVLQJ SRVLWLYH LRQ PRGH (6, ,06 06

1HIJDWLYH LRQ PRGH (6, KDV DOVR EHHQ XWLOLVHG WR LC
WR ZLWK GLPHUV RI WR ZKHQ DQDO\VHG DW S+

HW DO ZLWK DQ DYHUDJH 5 RI ¥

'"HFUHDVHG &6'-V IDYRXULQJ PRUH FRPSDFW FRQIRUPD
FRQGLWLRQV KDYH DOVR EHHQ REVHUYHG LQ QHJDWLYH L

FHQWUHG DWUWSRUWH®@W S+ DQG WKH DYHUDJH
GHPRQVWUDWHG WR G HFAHHOWWMHR R tw DSSHDUV WKHUH
WKDW WKHUH LV D ODUJH GHJUHH RI KHWHURJHQHLW\ LQ

PRGH RI DFTXLVLWLRQ LV FULWLFDO LQ GHWHUPLQLQJ WK



VWXGLHVY REVHUYHG SRSXODWLRQV RI HHIWHQGHG DQG FRF

06

(6, ,06 06 RI P6\Q /LIJIDQG %LQGLQJ
(6, ,06 06 LV SURYLQJ D XVHIXO WRRO WR DQDO\VH WKH L
PV\Q ZLWK D YDULHW\ Rl OLJDQGV VXFK DV PHWDO LRQV \

FRQIRUPDWLRQDO G\QDPLFV RI WKH SURWHLQV

,QYHVWLJDWLRQV XWLOLVLQJ (6, ,06 06 ZLWK PO DPPF
GHGXFHG WKDW WKH GRPLQDQW &6, Rl PV\Q VKLIWHG IUR
FRSSHU 7KLV DOVR FRLQFLGHG ZLWK DQ LQFUHDVH LQ W
DW WKH PDMRULW\ RI &6,V IRU H[DPSOH DW WKH &6, X
LQ FRQIRUPDWLRQV ZLWK RI WKH SURWHLQ SUHVHQW
FRQIRUPDWLRQV 8SRQ ELQGLQJ RI FRSSHU KRZHYHU W
WRWDO SURWHLQ DW AWK &6, OIFDWWHD OHBI®@®W O\ DQRWKH
XWLOLVLQJ (6, ,06 06 WR LQYHVWLJDWH FRSSHU ELQGL
LQFUHDVHG &6' IURP WR  WR WR DQG DQ LQFUHD
FRQIRUPDWLRQV ZLWKLQ &6,V XSRQ WKH ELQGLQJ RI RQF

HW DO

7KHVH REVHUYHG LQFUHDVHV LQ WKH FRPSDFW VWDWH |
DJJUHJDWLRQ UDWHV DQG GHPRQVWUDWH WKH LPSRUWI

DJJUHJDWLRQ



(6, ,06 06 KDV SURYHQ LWVHOI XQSUHFHGHQWHG LQ LW\
FRQIRUPDWLRQDO G\QDPLFV RI ,’3V VXFK DV pPV\Q DQG L

IRU LQYHVWLIJDWLQJ GLVHDVH UHOHYDQW SURWHLQV DQC

WDUJHWYV



$LPV DQG 2EMHFWLYHYV

7KH RYHUDOO K\SRWKHVLV RI WKH ZRUN LV WKDW pPV\Q DJ
DOWHULQJ WKH SRSXODWLRQ RI WKH FRPSDFW DJJUH.
WUDQVODWLRQDO PRGLILFDWLRQVY DQG OLJDQG ELQGLQJ
VSHFWURVFRS\ WHFKQLTXHV ZHUH XVHG WR LQYHVWLJDW
DQG DJIJUHIDWLRD NI FXOWXUH PRGHOV ZHUH XVHG

LOQWUDFHOOXODU DJJUHJDWLRQ

7R DFKLHYH WKHVH DLPV WKH IROORZLQJ REMHFWLYHYV Z

x TR GHWHUPLQH WKH HIIHFW RI SRVW WUDQVODWLRQL
SKRVSKRU\ODWLRQ PLPLFV RQ WKH PHWDO ELQGLQJ |
VXEVHTXHQW HIIHFWV RQ WKH FRQIRUPDWLRQ RI WK
GHWHUPLQHG E\ (6, ,06 06 DQG UHVXOWLQJ DJJUF
LQYHVWLIDWHG

X TR GHWHUPLQH LI DJJUHIJDWLRQ RI PV\Q FDQ EH LQKI
VPDOO PROHFXOH LQKLELWRUYV 7R WKLV HQG DOWHL
WKH SURWHLQ DQG WKH PRGHO RI OLJDQG LOQWHUDFW
,06 06 LQ WKH SUHVHQFH RI FXUFXPLQ GHULYDWLYHV

X TR GHWHUPLQH KRZ WKH SKRVSKRU\ODWLRQ VWDWH F
FRSSHU LQGXFHG LQWUDFHOOXODU DJJUHIJDWLRQ DQ

DJJUHIJDWLRQ FDQ EH LOQKLELWHG XVLQJ FXUFXPLQ GI



&KDSWHU ODWHULDOV DQG OHWKRGYV

ODWHULDOV

%XITHUV DQG 6ROXWLRQV

%XIITHU VROXWLRQV DUH VKRZQ LQ WDEOH

% XITHU &RPSRVLWLRQ

7% 6 PO 7ULV )LVKHU 6FLHQWLILF P
JLVKHU S+

7%6 7 PO 7ULV PO 1D&O 7ZHHQ JLVK

S+

$QLRQ ([FKDQJH %XIIHU $ PO 7ULV PO 1D&O S+

$QLRQ ([FKDQJH % XIIHU % PO 7ULV 0 1D&O S+

%ORFNLQJ %XIIHU 7% 6 GULHG PLON ODUYHO 7

%ORFNLQJ EXIIHU 7% 6 GULHG PLON ODUYHO

&RPSOHWH OHGLD '0(0 7KHUPR )LVKHU

SHQLFLOOLQ PJ PO VWUHSWRP\FLQ 7KHUP
)&6 7KHUPR

( FR&HOO /\VLV %XIIHU PO 7ULV wJ PO /\VR]\PH 6LJPD $
wJ PO 'IDVH 6LJPD '1 wJ PO 51DVH 6L.
51 B3URWHDVH ,QKLELWRU &RFNWDL:
65( 306) 7KHUPR S+

*HO 5XQQLQJ %XI PO 7ULV PO JO\FLQH )LVKHU 6'
DW S+

/A\VRIJHQ\ %URWK /\% J TUASWRQH 6LJPD 7 J <HDVW
/3 J 1D&O

6L]H ([FOXVLRQ 6( %XIIHU PO 7ULV PO 1D&O DW S+

7TDEOH %XIITHU VROXWLRQV



OHWKRGYV

SURWHLQ 3UHSDUDWLRQ
3URWHLQ 3URGXFWLRQ

$ S(7 D SODVPLG FRQWDLQLQJ WKH DSSURSULDWH bV\Q L
6 ' RUG6 ' ZDV FRPELQHG ZLWK %/ *ROBKHUERRBSH\WRQ I
( FRRHOOV $JLOHQW 7HFKQRORJLHYV LQ D FXOWXLU
Y Y DORQJVLGH D FRQWURO WXEH FRQWDLQLQJ QR SODYV
PLQV ZLWK RFFDVLRQDO PL[LQJ IROORZHG E\ KHDW VKF
IRU V IROORZHG E\ D IXUWKHU PLQV RQ LFH 6WHULOH
LQFXEDWLRQ ZLWK VKDNLQJ DW |& IRU PLQV 7KH VWDL
DW USP IRU PLQV LQ D 7KHUPR )LVKHU )UHVER F
VXSHUQDWDQW ZDV GLVFDUGHG DQG FHOOV ZHUH UHVXV
3HWUL GLVKHV ZHUH SUHSDUHG ZLWK /\% FRQWDLQLQJ D
6FLHQWLILF )/ RI WKH UHVXVSHQVLRQ FRQWD
DGGHG EHIRUH LQFXEDWLRQ RYHUQLJKW DW |& )ROOF
ZDV VHOHFWHG IURP WKH SODWH DQG DGGHG WR /% E
DPSLFLOOLQ EHIRUH LQFXEDWLRQ RYHUQLJKW DW |& Z
RUELWDO VKDNHU )LYH / FRQLFDO IODVNV FRQWDLQLQJ

WUDFH PHWDOV 7KHUPR . ZHUH ZDUPHG LQ DQ LQFXE

7KH IROORZLQJ GD\ PO RI LQFXEDWHG FXOWXUH ZDV D

ZKLFK ZHUH WKHQ IXUWKHU LQFXEDWHG ZLWK DW |& ZLW



&HOO SHOOHWYV ZHUH FROOHFWHG E\ FHQWULIXJDWLRQ
FHOQWULIXJH XVLQJ D ) [ [ < URWRU IRU PLQXWHYV
GLVFDUGHG , I SXULILFDWLRQ ZDV QRW WR EH SHUIRUF

I[URJHQ DQG VWRUHG DW | &

SURWHLQ 3XULILFDWLRQ

&UXGH 3XULILFDWLRQ

&HOO SHOOHWV ZHUH WKDZHG DW URRP WHPSHUDWXUH
UHVXVSHQVLRQAARMICF®D O\VLV EXIIHU WDEOH DQG LQ
WHPSHUDWXUH IRU PLQV 7KH FHOO O\WDWH ZDV SXW F
VRQLFDWLRQ DW IRU PLQXWH LQ SXOVHV RI V RQ IR
PDWHULDO ZDV UHPRYHG E\ FHQWULIXJDWLRQ DW US
FHQWULIXJH IRU PLQV EHIRUH DFLGLILFDWLRQ WR S+

$ 7KH O\WDWH ZDV FHQWULIXJHG DW USP IRU D
VDPH FHQWULIXJH WR UHPRYH DQ\ UHPDLQLQJ LQVR

QHXWUDOLVDWLRQ WR S+ ZLWK DGGLWLRQ 1D2+ )LVKH

$QLRQ ([FKDQJH &KURPDWRJUDSK\
$QLRQ H[FKDQJH FKURPDWRJUDSK\ ZDV SHUIRUPHG RQ
+HDOWKFDUH 8. OLTXLG FKURPDWRJUDSK\ PDFKLQH XVLQ

4 VHSKDURVH UHVLQ 6LJPD $OGULFK *( HTXLO



FROXPQ YROXPHV RI EXIIHU $ WDEOH DW |& 7KH !
WKH FROXPQ DW PO PLQ LQ EXIIHU $ DQG HOXWHG XVLQ
JUDGLHQW SURWRFRO RI PO PO DQG PO

FRQWDLQLQJ WKH KLJKHVW FRQFHQWUDWLRQ RI SURW
FKURPDWRJUDP DV VKRZQ LQ DSSHQGL[ $ DQG WKH SUH
E\ 6'6 3$*( HOHFWURSKRUHVLY )UDFWLRQV FRQWDLQLQJ
Rl SURWHLQ ZHUH VHOHFWHG IRU EXIIHU H[FKDQJH XVLG
7KHUPR 6FLHQWLILF IORDWHG LQ XQWDDWKUH GL
VWLUULQJ DW |& :DWHU ZDV UHSODFHG WLPHV RYHU |
UHPRYHG VQDS IURJHQ LQ OLTXLG QLWURJHQ WKHQ IUH

DQG O\RSKLOLVH WKH SURWHLQ

6'6 3%*(
30DWHV ZHUH VHW XS DV SHU PDQXIDFWXUHU-V LQVWUXF
EHWZHHQ WKH WZR DQG JHOV FDVW DV SHU WDEOH R

ZHOO FRPEV LQVHUWHG ZKLOVW VHWWLQJ WR FUHDWH VD

6DPSOHV ZHUH PL[HG ZLWK WULV JO\FLQH ORDGLQJ EXI
DORQJVLGH D SUH VWDLQHG EURDG UDQJH SURWHLQ
(OHFWURSKRUHVLV ZDV SHUIRUPHG XWLOLVLQJ WKH SU]I

EXIITHU 7DEOH DW 9 IRU KU EHIRUH VWDLQLQJ ZLW



,6% / IRU PLQXWHV *HOV ZHUH LPDJHG RQ D /L&RU VFL

6WXGLR VRIWZDUH ZLWK WKH FKDQQHO VHOHFWHG
SHDJHQW SHVROYLQJBEWOFNLQJ *HO
9ROXPH P/ 9ROXPH P/

OLOOL42GGH+
0 7ULV+&0O S+
0 7ULV+&0 S+

Z Z 6'6

DFU\ODPLGH ELVDFU\ODPLGH
Z Z $36 6LJPD $

7(0(" 6LJPD

7TDEOH 6'6 3$*( *HO &RPSRQHQWYV
&RPSRQHQWYV RI DQ 6'6 3%$*( JHO SHDJHQWYV ZHUH DGGH(

DERYH

6L]H ([FOXVLRQ &KURPDWRJUDSK\
SBUHYLRXVO\ I[IUHH]J]H GULHG SURWHLQ ZDV UHVXVSHQGHG

EHIRUH ORDGLQJ LQWR D PO LQMHFWLRQ ORRS XVLQJ



H[FOXVLRQ ZDV SHUIRUPHG XVLQJ D +L/RDG 6XSHUGH
+HDOWKFDUH 8. RQ DQ $.7$ SULPH PDFKLQH HTXLOLEUD
B3URWHLQ ZDV HOXWHG DW D IORZ UDWH RI PO PLQXWH DW
FRQWDLQLQJ WKH KLJKHVW SURWHLQ FRQFHQWUDWLR
FKURPDWRJUDP DV VKRZQ LQ DSSHQGL[ % DQG VXE!I
HOHFWURSKRUHVLYV DV GHVFULEHG LQ VHFWLRQ

KLJKHVW DQG SXUHVW SURWHLQ EDVHG RQ 6'6 3$*( UH)
GLDO\VLV LQ 6QDNH6NLQ GLDO\WLV WXELQJ 6LJPD

SHUIRUPHG XWLOLVLQJ WKH VDPH PHWKRG DV IROORZLQ

ZHUH VQDS IUR]JHQ LQ OLTXLG QLWURJHQ IUHH]H GULHG D

'HWHUPLQDWLRQ Rl 3URWHLQ &RQFHQWUDWLRQ
$ VPDOO DPRXQW RI SURWHLQ ZDV GLVVROYHG LQ WKH DS
WKH H[SHULPHQW SHUIRUPHG DQG LWV DEVRUEDQFH DF"
89 9LV VSHFWURSKRWRPHWHU -HQZD\ RU D 1DQR'URS
$EVRUEDQFH UHDGLQJY DQG WKH H[WLQFWPRQ@HW®RH{IILFLH

XVHER GHWHUPLQH WKH PRODU FRQFHQWUDWLRQ

'RW %ORWWLQJ

7 PVI\Q DQG SRWHQWLDOO\ SKRVSKRU\ODWHG PV\Q ZDV

PHPEUDQH ZLWK D PP SRUH VL]H 6LJPD *( EHIRU



EORFNLQJ EXIIHU WDEOH IRU KU ZLWK URFNLQJ DW L
ZHUH ZDVKHG ZLWK 7%6 7 WDEOH WKUHH WLPHV IRU P
UDEELW DQWLERG\ DQWL SKRWEKHRDVI@XHOHLQ SRWU

PRQRFORQDO PRXVH DQWL bPV\Q V\Q 6LIJPD 6 GLOX
7 ZLWK PLON ZDV DGGHG WR WKH PHPEUDQHV IRU KU
URFNLQJ 7KH PHPEUDQHV ZHUH ZDVKHG ZLWK [7%6 7 DQ
EHIRUH DGGLWLRQ RI WKH VHFRQGDU\ DQWLERG\ ,5 '\
LPPXQRJOREXOLQ ,J 7KHUPR DW LQ 7%6 7 Z|
DW URRP WHPSHUDWXUH ZLWK URFNLQJ 7KH PHPEUDQH
WLPHV ZLWK [7%6 7 EHIRUH LPDJLQJ XVLQJ D /L&RU VED

6WXGLR VRIWZDUH ZLWK WKH QP FKDQQHO

(6, ,06 06

$00 PDVV VSHFWUD DQG LRQ PRELOLW\ LQIRUPDWLRQ ZH
LRQLVDWLRQ WUDYHOOLQJ ZDYH LRQ PRELOLW\ PDVV V
6\QDSW * WUL ZDYH (6, ,06 06 :DWHUV ODQFKHVWHU 8.

XWLOLVLQJ KHOLXP +H JIDYGBWLWDRYHQSHFWURPHWU\ VH
FRQH YROWDJH VRXUFH WHPSHUDWXUH WUDS DQG WUDQ
,06 ZDYH VHWWLQJYV EDFNLQJ SUHVVXUHYVY DQG KHOLXP FF
IRU HDFK VHW RI PDVV VSHFWURPHWU\ H[SHULPHQWYV 71

WKH DSSURSULDWH FKDSWHUV 7KH 6\QDSW ZDV DWWD



1DQRODWH DXWRVDPSOHU RSHUDWHG ZLWK JDV SUHVVXU

N9

&DOFXODWLRQ RI &DOLEUDQW 3URWHLQ & &6

7KH 6\QDSW ZDV FDOLEUDWHG LQWHUQDOO\ WR ZLWKLQ L
VRGLXP LRGLGH 1D, :DWHUV SURWHLQV ZLWE
&&6 XELTXLWLQ IURP ERYLQH HU\WWKURF\WHV F\WRFKUR|
P\RJORELQ IURP HTXLQH KHDUW ZHUH GLVVROYHG LQ
WULIOXRURDFHWLF RFLINGYDYQGWR BDQA3tEQDO SURWHLQ FRQFI
w0 DQG GDWD DFTXLUHG XQGHU WKH DSSURSULDWH PL
GHSHQGHQW RQ WKH H[SHULPHQW EHLQJ SHUIRUPHG OC
XVLQJ WKH 0DVV/\QJ VRIWZDUH :DWHUV ODQFKHVWHU

&6,V RI WKH FDOLEUDQW SURWHLQV ZHUH H[WUDFWHG

7KH SHDN DUULYDO WLPH RU GULIW WLPH W' ZDV GHWtE

FRQYHUWHG WR FRUUHFWHG GULIW WLPHV W' XVLQJ HT:

—' L nF %%l V, srrr

(TXDWLRERROFXODWLRQ RI &RUUHFWHG 'ULIW 7LPHV DW D 6
&DOFXODWLRQ RI FRUUHFWHG GULIW WLPHV ZKHUH W-'L
PHDVXUHG GULIW WLPH 7KH & FRQVWDQW LV GHULYHG IU
VRIWZDUH DV WKH «-HQKDQFHG GXW\ F\FOH GHOD\ FRHIILF

GHSHQGHQW RQ WKH PDFKLQH XVHG



5HGXFHG &&6V 5- RI HDFK &6, IRU WKH FDOLEUDQW SUR!
XVLQJ HTXDWLRQ EHORZ

A" L Alsaxfp a4eN
(TXDWLRQ &DOFXODWLRQ RI FDOJ EVDMKAH IFHKK®XIB H GV W&eN

WKH LRQ@LVEKH UHGXFHG PDVYV

&RUUHFWHG W' ZHUH WKHQ SORWWHG DJDLQVW 5- DQG I
VKRZQ LQ ILJXUH WR GHWHUPLQH WKH $ DQG % YDOX

5 Rl WKH SURWHLQ FRQIRUPDWLRQ DV SHU HTXDWLRQ LCQ

d ..'h
o?
] "
L
i 1 @
i
W
L] | L A bin @ |
JLIXUH ([DPSOH &DOLEUDWLRQ 'DWD 6HW

([DPSOH FDOLEUDWLRQ GDWD VHW DFTXLUHG XWLOLVLQ

P\RJORELQ DQG XHIOXHWIK®RZY WKH UHJUHVVLRQ DQDO\VL



*DXVVLDQ )LWWLQJ IRU ' HWHUPLQDWLRQ RI &RQIRUP
*DXVVLDQ PRGHOV RI SUREDELOLW\ ZHUH XWLOLVHG WR G
RI WKH GLITHUHQW FRQIRUPDWLRQV SUHVHQW ZLWKLQ HD
GDWD REWDLQHG IURP WKH FKURPDWRJUDPYV JLWWLQJ
VTXDUH UHJUHVVLRQ PHWKRG WR ILW WKH PLQLPXP QXP!

XQGHU WKH FKURPDWRJUDP YLD PXOWLSOHV RI HTXDWLR

A =[(x=x )"
e 2w2

W=
w,m/2

(TXDWLRQ *DXVVLDQ HTXDWLRQ XWLOLVHG WR GHWHUP|
DW HDFK &6, ZKHUH $ LV WKH WRWDIY DMKHD PH@QGAHIUH WRK H/

SHDN DQG Z LV WKH ZLGWK Rl WKH SHDN DW KDOI KHLJKYV

(6, ,06 06 IRU WKH 6WXG\ RI ORQRPHULF 3URWHLQV ,
BURWHLQ ZDV UHVXVSHQGHG LQ PO DPPRQLXP DFHW
FRQFHQWUDWLRQ GHWHUPLQHG YLD 1DQR'URS EHIRUL
FRQFHQWUDWLRQ :KHUH DSSURSUIHRWHQ&MWDXD LRQV
0J&0O)H6 =Q6 0J6 DW DQG w0 GLOXWHG LQ WKH
ZHUH DGGHG DQG wO RI WKH VDPSOH ZDV LPPHGLDWH:

VSHFWURPHWHU XVLQJ WKH 1DQRODWH DXWRVDPSOHU D



WKH UDQJH P ] ,QVWUXPHQW SDUDPHWHUV XWLOLVHG IR

RXWOLQHG LQ FKDSWHU DQG

(6, ,06 06 IRU WKH 6WXG\ RI ORQRPHULF b6\Q L
&RPSOH[HV ,QWHUDEWLRQ ZLWK &XUFXPLQYV
W0 :7 PV\Q ZDV GLOXWHG LQ PO $$ DQG ZKHUH DSSURSU
RU WKH GHULYDWLYHV ZHUH DGGHG WR D ILQDO FRQFHQV
'062 FRQFHQWUDWLRQ RI RU HWKDQRO FRQFHQWUDWLI
DSSURSULDWH FRQFHQWUDWLRQ RI '062 DQG HWKDQRO ZD
VDPSOHV DV D FRQWURO wO RI HDFK VDPSOH ZDV WK
VSHFWURPHWHU XVLQJ D 1DQRODWH DXWRVDPSOHU ZLWK
RU PJ] :KHQ DSSURSULDWH VDPSOHV ZHUH WK
URRP WHPSHUDWXUH RU r& ZLWK RU ZLWKRXW DJLWDWL

IRU IXUWKHU DQDO\VLYV

, QVWUXPHQW SDUDPHWHUY DUH VSHFLILHG LQ FKDSWHU

7KLRIODYLQ 7 $vVD\V IRU $JJUHIJDWLRQ 6WXGLHYV

7KLRIODYLQ 7 WR $VV&YQ SBWMHI DQYERPHG
7 6 'DQG 6 ' PV\Q ZHUH DGGHG WR PO $$ DQG WKH

GHWHUPLQHG DV GHVFULEHG SUHYLRXWH@&C-Q6P0JRKWRFNYV |



DQG 0Q&KWWUH SUHSDUHG LQ PO $$ DQG GLOXWHG WR D
PO LQ WKH VDPH EXIIHU PO 7K7 ZDV SUHSDUHG LQ PO
DQG GLOXWHG WR €0 LQ WKH VDPH EXIIHU 6DPSOHV ZI
ZHOO SODWH 7KHUPR WR WKH IROORZLQJ ILQDO FF
WKLRIODYLQ 7 €0 DQG PHWDO 0 ZLWK WKH DGGLWL
DILWDWLRQ S3ODWHV ZHUH DQDO\VHG XVLQJ D &0DULRV!
ZLWK UHDGLQJYV WDNHQ KRXUO\ IRU GD\V ZLWK H[FLWD)

HPLVVLRQ RI QP

7KLRIODYLQ 7 WR $VVHVV WKH (IIHFW RI &XUFXPLQ
$JJUHJDWLRQ

7 PV\Q ZDV GLVVROYHG LQ PO DPPRQLXP DFHWDWH DC(

GHWHUPLQHG DV GHVFULEHG PO VWRFNV RI QDWXUDO
LWV GHULYDWLYHV ZHUH SUHSDUHG LQ ‘062 DQG GLOX
RI' PO DQG '062 LQ WKH VDPH EXIIHU PO 7K7 ZDV GL

DPPRQLXP DFHWDWH VWHULOH ILOWHUHG DQG GLOXWHC(
6DPSOHYVY ZHUH SUHSDUHG WR WKH IROORZLQJ ILQDO FRQI
€0 DQG FXUFXPLQV éeo 6DPSOHV ZHUH VKDNHQ FRQWL
|& IRU GD\V WKHQ WUDQVIHUUHG WR D EODFN ZHOO S
7K7 DQG DQDO\WHG XVLQJ D &ODULRVWDU SODWH UHDGH!

DQG HPLVVLRQ RI QP



7KLRIODYLQ 7 WR $VVHVV WKH (IIHFW RI &XUFXPLQV
/\VR]\PH ZDV SUHSDUHG DW D ILQDO FRQFBWWSHDWLRQ RI

w0 FXUFXPLQ DQG '062 ZHUH DGGHG WR WKH UHTXLUH
FRQWURO VDPSOHV FRQWDLQLQJ '062 RQO\ 6DPSOHV Z
GD\V EHIRUH EHLQJ WUDQVIHUUHG WR D EODFN ZHOO SO
LQ GBOW S+ DQG DQDO\WHG XVLQJ D &ODULRVWDU SOI

DW ZDYHOHQJWK QP DQG HPLVVLRQ RI QP

&HOO &XOWXUH

ODLQWHQDQFH RI FHOO OLQHV
6+6< < QHXUREODVWRPD FHOOV RI SDVVDJH QXPEHUYV
FHOO FXOWXUH IODVNV 6LJPD &/6 LQFXERWE®G DW
LQ '0(0 PHGLD FRQWDLQLQJ SKHQRO UHG DQG JOXWDPDJ[ |
BHUXP )&6 DQG 3HQ 6WUHS 7KHUPR D VROXW.
XQLWYV PO RI SHQLFLOOLQ DQG wJ PO VWUHSWRP\
DURXQG ZDV UHDFKHG FHOOV ZHUH ZDVKHG ZLWK  SK
3%6 7KHUPR DQG XQDGKHUHG XVLQJ WU\SVLQ 7
JROORZLQJ FHQWULIXJDWLRQ DW USP LQ D 6RUYD
UHVXVSHQVLRQ LQ POV PHGLD FHOOV ZHUH HLWKHU SEC
WKH\ UHDFKHG D FRQIOXHQFH RI RU FRXQWHG XVLQJ

DQG D &RXQWHVYVY FHOO FRXQWHU UHDG\ IRU H[SHL



,PPXQRF\WRFKHPLVWU\

&HOOV ZHUH SODWHG LQ FKDPEHU VOLGHV DW D FRQIOXH
RYHUQLJKW WR DGKHUH EHIRUH WUHDWPHQW ZDWK FRPS
DGGHG DW FRQFHQWUDWLRQV RI €0 60 60 60 D
ZHUH LQFXEDWHG IRU KRXUV EHIRUH EHLQJ ULQVHG ZL\

PHWKDQRO DW r& IRU PLQV )L[HG FHOOV ZHUH WK
%ODFN 6LJPD % IRU PLQXWHV EHIRUH EHLQJ ZDVKt
WZHHQ WKUHH WLPHV IRU PLQV ZLWK DJLWDWLRQ DW
7%6 SOXV SRZGHUHG PLON DQG URFNHG IRU KRXU DW
EHLQJ ZDVKHG ZLWK 3%6 DV SUHYLRXVO\ GHVFULEHG 3UL
PRXVH DQWL PV\Q 6LJPD 6 RU SRO\FORQDO UDEELW
S6HUDW ZHUH DGGHG LQ 7%6 7 SOXV  SRZGHUHG PI
KU DW URRP WHPSHUDWXUH 60LGHV ZHUH ZDVKHG IXUW|
Rl WKH DSSURSULDWH IOXRUHVFHQW VHFRQGDU\ DQWLER
7KHUPR 7 RU DQWL UDEELW 7KHUPR 7 DW L
SRZGHUHG PLON DQG URFNHG DW URRP WHPSHUDWXUH IR
ZDVKHG ZLWK 3%6 EHIRUH PRXQWLQJ ZLWK 9HFWDVKLHO
JLVKHU 1& DQG FRYHU VOLSSLQJ 6OLGHV ZHUH '
IOXRUHVFHQW PLFURVFRSH ZLWK [ DQG [ REMHFWLY}F

3UR VRIWZDUH WR DFTXLUH LPDJHV



$QWLERG\ 9DOLGDWLRQ
7R HQVXUH WKH SKRV  DQWLERG\ ZDV VSHFLILF WR SKF
SURWHLQ D VLPSOH GRW EORW FRQWURO ZDV SHUIRUPH
$V VKRZQ LQ ILJXUH EHORZ ZKHQ WKH SKRV DQWL
UHFRPELQDQW :7 PV\Q $ 1R ELQGLQJ ZDV REVHUYHG V>

XQDEOH WR ELQG WR WKH XQPRGLILHG IRUP RI WKH SURW

J)LIXUH 3KRV $QWLERG\ 9DOLGDWLRQ 'RW %ORW

'RW EORWYV RI :7 PV\Q SUREHG ZLWK SULPDU\ DQWLERG
SKRVSKRU\ODWHG DW VHULQH DQG % 6\Q VSHFLILF

DPLQR DFLGV

7R HQVXUH WKH IOXRUHVFHQW VHFRQGDU\ DQWLERGLH)
VSHFLILF WR WKH V\Q DQG SKRYV DOQWLERGLHV FRQW

LPPXQRF\WRFKHPLVWU\ H[SHULPHQWYV RQH ZHOO QHJDWI



SRVLWLYH IRU VHFRQGDU\ DQWLERG\ DQG DQRWKHU ZHC

DQG QHIJDWLYH IRU VHFRQGDU\ DQWLERG\ ([DPSOH LPDJt

J)LIXUH 6HFRQGDU\ $QWLERG\ IRU ,PPXQRF\WRFKHPLV'

,PPXQRF\WRFKHPLVWU\ ZDV SHUIRUPHG RQ 6+6< < FHOOV
$ S8QWUHDWHG FHOOV V\Q DQG 7H[DV UHG % 8
DQG 7H[DV UHG & 8QWUHDWHG FHOOV SKRV DQG 7HIIL

I SKRV DQG 7H[DV UHG



7U\SDQ %OXH 9LDELOLW\ $VVD\
&HOOV ZHUH WUDQVIHUUHG LQWR 7 FHOO FXOWXUH 10D
FRQIOXHQFH RI FHOOV IODVN DQG LQFXEDWHG RYH!
FRPSOHWH '0(0 PHGLD ZLWK WKH DGGLWLRQ Rl &X&0 DW
60 é0 60 DQG w0 DQG DQ XQWUHDWHG IODVN FR
'0(0 RQO\ $IWHU KUV FHOOV ZHUH XQDGKHUHG ZLWK
USP IRU PLQV LQ D 6RUYDO 57 FHQWULIXJH WR I
UHVXVSHQVLRQ LQ FRPSOHWH '0(0 wO RI FHOOV ZHUH
RI 7U\SDQ %OXH DQG WRWDO FHOO YLDELOLW\ ZDV GHV

FRXQWHU

$QDO\VLV RI &HOO ,PDJHV IRU $JJUHJDWHYV DQG $SF
JRXU ,PDIJHV ZHUH WDNHQ RI HDFK H[SHULPHQWDO FRQC
&DSWXUH 3UR VRIWZDUH WR HQVXUH DW OHDVW FHOO
GDWD VHW 'DWD VHWV ZHUH WKHQ EOLQGHG E\ D VHFRC
QDPLQJ V\VWHP FHOOV SHU GDWD VHW ZHUH WKHQ F
DJJUHIJDWHYV LQFOXVLRQV RU RQH RI WKH VLJQV RI DSRS
7KUHH UHSHDW H[SHULPHQWV ZHUH FRPSDUHG DQG SR

DYHUDJHG WR VIQWKHVLVH JUDSKV XVLQJ WKH 3UL]P VRI



$QDO\VLV RI &HOO ,PDJHV IRU )OXRUHVFHQFH ,QWH
JOXRUHVFHQFH LQWHQVLW\ RI FHOOV VWDLQHG IRU PV\Q
VRIWZDUH 7THQ FHOOV SHU FRQGLWLRQ ZHUH VHOHFWHG
VPDOO VHFWLRQ RI WKH EDFNJURXQG LPDJH IRU HDFK FH(
LQWHJUDWHG GHQVLW\ DQG PHDQ JUH\ YDOXH IRU HDFK
IOXRUHVFHQFH &7&) RI HDFK VHOHFWHG FHOO ZDV WKHQ
DUHD RI WKH FHOO E\ WKH PHDQ IOXRUHVFHQFH-/RM WKH EI
DO % XU FHWN \D O 9DOXHV IURP WKH FHOOV ZHUH W

DQG WKUHH UHSHDW H[SHULPHQWY ZHUH FRPSDUHG WR S

6WDWLVWLFDO $QDO\VLV

$O00 VWDWLVWLFDO DQDO\VLV IRU 7K7 DVVD\V DQG FHO
XWLOLVLQJ WKH QRQ SDUDPHWULF .UXVNDOO :DOOLV $1
VRIWZDUH 6WDWYV 'LUHFW /WG 8. 7KLV ZDV WKHQ SDLLI
WHVW WR FRPSDUH VLIQLILFDQFH EHWZHHQ DOO FRQGL

XVLQJ WKH 3ULVP VRIWZDUH



&KDSWHU ! 7KH (IIHFW RI 3KRVSKRU\ODWL
'RQV RQ b 6\QXFOHLQ &RQIRUPDWLRQ DQG

, QWURGXFWLRQ

,W KDV EHHQ ZHOO GRFXPHQWHG WKDW pPV\Q IRXQG LQ
XQGHUJRQH D YDULHW\ RI 370V LQFOXGLQJ SKRVSKRU\OD!'
DFHW\ODWLRQ DQG WUXQFDWLRQV %DUUHMWWODQG *UHHC
2XHVODWL HXMR2DUDR S RVID D O 6 FKMUE DO

7KH PDMRULW\ RI 370 VLWHYV DUH IRXQG ZLWKLQ WKH KLJK
RI WKH SURWHLQ LQFOXGLQJ WKH SKRVSKRU\ODWLRQ VL
2XHVODWL /%V DUH DOVR NQRZQ WR EH KLJKO\ PHW
HVWDEOLVKHG WKDW PHWDO LRQV VXFK DV FRSSHU FDQ
PV\QQ YLWNUHAR NN DO 7KH PHWDO ELQGLQJ GRPDLQV D
ORFDWHG ZLWKLQ WKH & WHUPLQDO UHJLRQ RI WKH SUF

HQFRPSDVVLQJ WKH SKRVSKRU\ODWLRQ VLWHV DV VKRZQ

7KH UHODWLRQVKLS EHWZHHQ SKRVSKRU\ODWLRQ DQG F
PV\Q DQG ZKHWKHU WKLV KDV FOLQLFDO UHOHYDQFH KDY
LQYHVWLIJDWLRQV WKXV IDU KDYH \LHOGHG FRQIOLFWLC
WHUPLQDO IUDJPHQWYV RI PV\Q RI UHVLGXHV LQGLFL
6 SKRVSKRU\ODWLRQ RQ WKH SURWHLQV LQWHUDFWLRQ

+RZHYHU D ODWHU VWXG\ XWLOLVLQJ WKH IUDJPHQ!

HQWLUH & WHUPLQDO UHJLRQ VXJJHVWHG 6 SKRVSKRU'



ELQGLQJ DIILQLWLHV IRU WKBEGRFOOHRIMNWPB@DOV &X
7TKHUH KDYH KRZHYHU EHHQ QR VWXGLHV XWLOLVLQJ WKFE
VWLOO WR EH IXOO\ GHWHUPLQHG ZKDW WKH UHODWLRQ

PHWDO LRQ ELQGLQJ LV LQ WHUPV RI 3' SDWKRORJ\

SKRVSKRU\ODWLRQ RI PV\Q

P6\Q KDV ILYH NQRZQ SKRVSKRU\ODWLRQ VLWHV WZR DW
DQG DQRWKHU WKUHH ORFDWHG DW W\URVLQHYV

3 D OHROARWRXO 7TKHVH SKRVSKRU\ODWLRQ VLWHYV DSSHI
WKURXJKRXW DOO V\QXFOHLQ VSHFLHMVLQOKXPDQV 3
SKRVSKRU\ODWLRQ DW WA\URVLQH UHVLGXHV DSSHDUV W|
ZLWK PHPEUDQH ELQGLQJ ZLWK SKRVSKRU\ODWLRQ DW
LPSRUWDQW UROMW 6FRUHXUVDWD FXUUHQWO\ VXJJHV\
SKRVSKRU\ODWLRQ DW 6 6 DQG < DOO SUHYHQW W
ELRORJLFDO PHPEUDQHY ,W KDV DOVR EHHQ VXJIJHVWHG
KDV D QHXURSURWHFWLYH UROH DQG SUHYHQWYV WKH IR

VSHFLHV K BDQ

7KH UROH Rl SKRVSKRU\ODWLRQ DW WKH VHULQH UHVLGX
SKRVSKRU\ODWLRQ DW 6 KDV EHHQ VXJIJHVWHG WR KDY
FHOOXODU FOHDUDQFH RI PV\Q YLD SURWMRODWKE\BGHJUDC

HW DO 7HQUAHWURO 8QGHU QRUPDO SK\WLRORJLFDO



DSSUR[LPDWHO\ RI PV\Q LV SKRVSKRU\ODWHG DW RQF

THQUWUWI D O ,Q /%V KRZHYHU RI PV\Q KDV EHHQ |
SKRVSKRU\ODWHG DW VHULQH VXIJIIHVWLQJ D SDWKROF
$SQGHUNIRQD O 7TKH TXHVWLRQV RI KRZ PVIQ SKRVSKRU\(

PVI\Q QRUPDO IXQFWLRQ DQG ZKDW UROH WKLV SKRVSKRL
RI WKH SURWHLQ ZKHWKHU LW EH VXSSUHVVLYH RU HQKD

WR EH I XOO\ GHWHUPLQHG

3DWKRORJLFDO 5ROH RI PV\Q 3KRVSKRU\ODWLRQ

$ YDULHW\ RI DQLPDO PRGHO VWXGLHV KDYH EHHQ FRQGX
6 SKRVSKRU\ODWLRQ RQ WKH SDWKRJHQHVLV RI 3' KRz
SURGXFHG FRQIOLFWLQJ UHV X O0NRW R 6 WIXGER. W ® B @R XF VWK
WUDQVJHQLF PXULQH PRGHOV ERWK VXJJHVWHG D SDWKR
&KHQ DQG )HDQ\ HWHLFKHOZKHUHDY D VWXG\ XWL
EDHQRUKDEGL WQHP BWRILH)ZRUPY VXJIJHVWHG D SURWHEW
SKRVSKRU\ODWLRQ YLD D UHGXFWLRQ LQWPBAPEUDQH ELQ
,QURVRSKIWHYHQWLQJ SKRVSKRU\ODWLRQ YLD DPLQR DFL
WR DODQLQH ERWK LQFUHDVHG DJJUHJDWH IRUPDWLRQ U
ORVV ZKLOVW PLPLFNLQJ SKRVSKRU\ODWLRQ ZLWK DPLQ
DFLG HQKDQFHG WKH WR[LELW\ Rl PV\Q 7KLV VXJJHVWV \

PD\ EH SURWHFWLYH ZKLOVW DOVR VXJJHVWLQJ D SDWKF



&KHQ DQG )HDQ\ 6LPLODUO\ LQ D WUDQVJHQLF PR
PV\Q ZDV RYHUH[SUHVVHG DOO SDWKRORJLFDOO\ UHOHYL
WKH PRXVH PRGHOV ZHUH IRXQG WR EH SKRVSKRU\ODW

SDWKRORJLF UROH IRU WKH/ FREBRILFDWLRQ )UHLFKHO

$ PRUH UHFHQW VWXG\ XWLANAERD UBXE EHQ IFHUBHQE VL D H
WKDW EORFNLQJ SKRVSKRU\ODWLRQ XVLQJ DQ DPLQR D
DODQLQH UHVXOWHG LQ D VORZHU FOHDUDQEH RI bV\Q
FHOOXODU PRGHO LQ UHODWLRQ WR :7 PV\Q ZKLFK LV LQ
WKHWRVRSKINXEEN DQG VXJIJHVWYV LW PD\ KDYH D MROH LQ C
DO 7KH VDPH VWXG\ FRQFOXGHG WKDW SKRVSKRU\C
HIITHFWV ZLWKLQ WKH 6+ 6< < FWQIDOP R GNO WKHYUWWXB LHV
D UDW PRGHOV FRQFOXGHG WKHUH ZDV QR GLIIHUHQFH |
QRQ SKRVSKRU\ODWHG IRUPV RI WKH SURWHLQ DQG VXJJ

WR EH QHLWKHU SURWHFWLYHARY BOWKRJBQE&BIQBD 6LOYF

&XUUHQWO\N LW LV XQFOHDU ZKDW UROH SKRVSKRU\ODWLEF
RI'3" ,W LV GLIILFXOW WR FRPH WR D GHILQLWLYH FRQFO}
FXUUHQWO\ DYDLODEOH GDWD EXW LW LV FOHDU WKDW S

LPSRUWDQW UROH LQ WKH DJJUHJDWLRQ RI PV\Q



SKRVSKRPLPHWLFV RI PV\Q

3KRVSKRU\ODWLRQ DW VHULQH UHVLGXHV FDQ EH PLPLFU!
DPLQR DFLG IRU DVSDUWLF DFLG ZKHUHDV JOXWDPLF D
SKRVSKRU\ODWLRQ DW D W\URVLQH RUHWKDBRQLQH UH\
OLPLFNLQJ SKRVSKRU\ODWLRQ RI D VHULQH UHVLGXH LQ W
FDUER[\O JURXS RQ DVSDUWLF DFLG ZKLFK SURYLGHV D \
WKDW RI SKRVSKRVHULQH WKXV WKH FRQIRUPDWLR
LOQWHUDFWLRQV ZLWK WKH SURWHLQ ZRXOG EH H[SHFWH(
7KLV SURFHVYV KDV EHHQ FRQILUPHG XVLQJ WKH WDX SUR
FHOOXODU VWXGLHVY FRQILUPHG WKDW VXEVWLWXWLQJ VE
UHVXOWHG LQ WKH VDPH FRQIRUPDWLRQDO FKDQJHV I
SURSHUWLHVY REVHUYHG ZLWK SKRVAKRW@DWHG WD X
SKRVSKRPLPLF PXWDQWYV DUH QRZ H[WHQVLYHO\ XVHG L
DSSOLFDWLRQV 'LVVPH\HU DQG 6FKQRAWWJIHLQF O X GLUDIN H
FRQIRUPDWLRQDOAVIWWRGLHWBNVVDVSHFWURPHM®WIW\DORYFHY

DQG VWXGLHV LQWR WKH HIITHFWV RI SKRVSKRU\ODWL

DQG )HDQ\ HK DO 2 X H VIOW WL.O SDOHRERI B



7KH 5ROH RI OHWDO ,RQV LQ 3DUNLQVRQ-V 'LVHDVH
,QFUHDVLQJ HYLGHQFH LV HPHUJLQJ IRU WKH UROH RI G\\
LQ WKH GHYHORSPHQW DQG SURJUHVVLRQ RI D QXPEHU R
&KHW DO &RQFHQWUDWLRQV Rl VHYHUDO WUDQVLWLR
DQG LURQ DUH NQRZQ WR EH LQRWHBMHBOLQ MDQ GQW KEHU D L (
OHYHOV Rl WKHVH PHWDOV DORQJ ZLWK JLQF DUH DOVR N
RI SDWLHQWYV ZLWK 3' DQG $' DQG DUH IRXQG LQ LQFUHD)
[%V RI 3' SDWLHQMW DB[WHLWH G HWUDHOU + LMW FR O

-HQQHU DQG 20DQRZHW DA@RYHOO

+RPHRVWDVLY DQG WKH 3K\WLRORJLFDO 5ROH RI OH
OHWDO LRQV SOD\ YLWDO UROHV LQ D QXPEHU RI SK\VLR(
QRW OLPLWHG WR FHOO VWUXFWXUH PDLQWHQDQFH

QHXURWUDQVPLVVLRQ DQG DQWLR[HHMDQWO UHVSRQVH
20LJRGHQGURF\WH GHYHORSPHQW DQG QHXURWUDQVP
SURFHVVHV ZKLFK KDYH DOVR EHHQ VKRZQ WR EH GHSHQC
HW DO )LW]SDWULFN WKHUHIRUH WKH\ DUH H[WUHP

RI QRUPDO SURFHVVHV RFFXUULQJ ZLWKLQ WKH KXPDQ EL

7TUDQVLWLRQ PHWDOV ZKLFK LQFOXGH FRSSHU LURQ ]LC
DUH HVVHQWLDO FR IDFWRUV IRU DOPRWWDOKDOI JRUDOO SL

HIDPSOH W\URVLQH K\GUR[\ODVH ZKLFK FDWDO\VHV WK



GRSDPLQH UHTXLUHV IHUURXV LURQ WR FRPSOHWH LWV |
HW DO &RUUHFW EUDLQ GHYHORSPHQW LQ LQIDQF\ L
RSWLPXP LURQ OHYHOV /R]RIl DQG *HRUJLHII DQG !
LPSRUWDQW IRU WKH UHJXODWLRQ RI FHOOXODU GHYHO
DQG WKH SURGXFWLRQ/RI PAHOLQUROFHHVSRQVH HOHPHQ
DOVR D NQRZQ IDFWRU LQ SRVW WUDQVFULSWLRQDO FRQ!
DUH FRPPRQO\ IRXQG LQ SURWHLQV LQYROYHG LQ LUR
3DQWRSRXORYV ,JURQ LV WKH PRVW DEXQGDQW WUDF
&DUERQL DQG /LQJRU DQG LQ WKH IRUP RI )H ,, KD
FDXVHG R[LGDWLYH GDPDJH ZLWKLQ FHOOV YLD SURPRW
R[\JHQ VSHFLHV 526 OHDGLQJ WR R[LGDWLYH VWUHVV

Rl K\GUR[\O IUHH UDGLEDOV YLD D )HQWRQ UHDEWLRQ Z

6DQWQHU DQG 8YHUVN\

, W KDV DOVR SUHYLRXVO\ EHHQ SURSRVHG WKDW pPV\Q PD)
DFWLYLW\ DQG FDWRUPOGXIEFBILMLQJ FRSSHU ERXQG WR WKH
EHWZHHQ R[LGL]J]HG DQG UHGXFHG IRUPV RI WKH PHWDO I
SURWHLQ KDV WKH DELOLW\ WRHELQG WKRKRIS SFHHINVID\WO ¥ O"\DR
D NQRZQ FRIDFWRU IRU VHYHUDO FHOOXODU SURWHLQYV
ZKLFK LV LQYROYHG LQ WKH PLWRFKRQGULDO SURGXFWLF

GLVPXWDVH 62' ZKLFK SOD\V D UROH LQ 526 GHWRJ[LILF



OHWDOV DQG 3DUNLQVRQ-V (SLGHPLRORJ\ DQG 3DW
,QLWLDO LQYHVWLJDWLRQV LQWR WKH UROH RI PHWDOV L
\HDUV DJR 'HVSLWH WKLV WKHUH KDV EHHQ QR SURJU
WKHUDSHXWLF WDUJHW WKXV IDU (OHYDWHG OHYHOV R
SDWLHQWY ZDV ILUVW UHSRUWHG E\ /KHUPLWWH DQG FRO(
GHSRVLWV Rl WKH PHWDO ZHUH REVHUYHG WR EH FR OR
3HDUO-V VWDLQK®I DIXKHUPIKWMWH. QN EHWZHHQ KHDY\ PHW
ZDV IXUWKHU VROLGLILHG LQ ZKHQ WZR VHSDUDWH
OHYHOV RI LURQ DQG JLQF LQ WKH EUDLQV RI 3' SDWLHQW!
'H[WHW DO 5LHGHWHRO 6RPH VWXGLHV KDYH DOVR GR
DQ LQFUHDVH LI WKWLRY LQ WKH EUDLQVHRI B'OSDWLHQW\
5L HG HAWM WD O ,Q FRQWUDVW FR 83547 HOUHY HROX/QIGQ WARK B H
UHGXFHG LQ FRPSDULVRQ WRHFR QW URKOREZWLYIHYVK LLH KWAHHIY H
RI FRSSHU KDG DOVR EHHQ LGHQWLILHG LQ WKH FHUHEUR"

WKDW WLAPIKY £BA O O

$ QXPEHU RI HSLGHPLRORJLFDO VWXGLHV DOVR QRWHG
LQGXVWULDO H[SRVXUH WR KHDY\ PHWDOV LQFOXGLQJ FR
DOXPLQLXP DPRQJVW RWKHUV KDG DQ LQFUHDVHG LQF
FRPSDUHG ZLWK WKH JHQHUB® PROSXORVHIE QO RUHOO

&RRAW DO 7KLV OHG WR PHWDO LRQV FRPLQJ WR WKH |
DQG PHWDO KRPHRVWDVLV EHLQJ LGHQWLILHG DV D SRW

DUHD



6LQFH WKHVH LQLWLDO REVHUYDWLRQV LQFUHDVLQJ HYL
DOWHUHG PHWDO KRPHRVWDVLVY WR WKH SURJUHVVLRQ

& K HQWO 0 RADIUCH V %DWRKDO =HRFAB DO

,Q DGGLWLRQ WR FRQFHQWUDWLRQV Rl PHWDOV VXFK DV
LQ QRUPDO DJLQJ FUDDQV ORKWHWDUH DOVR LQFUHDVHG L
Rl SDWLHQWV ZLWK QHXURGHJHQHUDWLYH GLVHDVHV +
LURQ DUH IRXQG LQ DQG DURXQG DP\ORUGWSODOTXHV LQ $
,QFUHDVHG OHYHOV RI )H ,,, DQG UHGXFHG OHYHOV RI Wk
ZHUH REVHUYHG LQ WKH EUDLQMIRID® SDWEMEGWVYHGH[WRQ
GHSRVLWVXAYWRA VDIIH MVJWRFLDWHG ZLWK PV\Q SRVLWLY
3' DQG QHXURGHJHQHUDWLRQ ZLWK EUDM® DWRQ DFFXP X

7TRIDWIW DO

6LPLODU DOWHUDWLRQV LQ PHWDO KRPHRVWDVLV ZHUH R
PRGHOV RI 3' $Q DFEXPXODWLRQ RI WIRWDIMRR B VOLUNMDG
PHWK\O SKHQ\O WHWUDK\GURS\ULGLQH 0373 WUH]
D UHVXOW RI WKH REVHUYHG XS UHJXODWLRQ RI WUDQVIF
XSWDNH .DHOWYHRGODQBWODO  $OWKRXJIJK WKHVH REVHU"
PD\ EH FRQVHTXHQFHV RI WKH GLVHDVH SURJUHVVLRQ F
JH&EAQMHFWHG GLWHEW®WD DRI BJWKM/ DHVXOWHG LQ D U
LQ VWULDWDO GRSDPLQH DQG DOWHUHG EHKDYLRXU VXS

GRSDPLQHUJLF QHXURQ GHJHQHUDMARQ LQ 3' <RXGLP



OHWDOV DQG P 6\QXFOHLQ
$ ODUJH ERG\ Rl UHVHDUFK LV DYDLODEOH WR GDWH UHJD
SRO\YDOHQW PHWDO LRQV VXFK DV FRSSHU LURQ PDQJD
EHHQ UHYLHZHG E\ 6DQWQHU DQG 8YHUVN\ DQG PRUH
/ILQJRU W ZDV FRQFOXGHG LQ WKHVH UHYLHZV WK
VRPH PHWDOV WULJJHU WKH DJJUHJDWLRQ RI PV\Q DQG FI
PHFKDQLVPV RI PHWDO LQGXFHG WR[LFLW\ KDYH EHHQ GH
RI PV\Q ZLWK PHWDO LRQV ZDUUDQWYV IXUWKHU LQYHV

GHYHORSPHQW RI PRUH VSHFLILF DQG LQQRYDWLYH GUXJ

"105 VSHFWURVFRS\ LV RQH PHWKRG ZKLFK KDV EHHQ XV
ELQGLQJ RI GLYDOHQW PHWDO LRQV WR PV\Q 6WXGLF
SUHGRPLQDQWO\ ELQG WR WKH & WHUPLQXV RI PV\Q DW V
DV VKRZQ LQ ILJXUH LQ FKDSWHU FRQWDLQLQJ $VS
ZKLFK DUH EHOLHYHG WR EH WKH DQFKRULQJ UHVLGXHV

DQG 1L ,, MW @ROIL

&RSSHU LV NQRZQ WR HQKDQFH WKH DJJUHIDWIRE DQG Il
DQ LQFUHDVHG SRSXODWLRQ RI WKH PRUH FRPSDFW DJJU
REVHUYHG LQ WKH SUHVHQFH RI WKLV PHWDO E\ 105 FLU
,06 06 DQG FDORULPHWULF WUWRDOWLRDERMAERWDOHOOR

BWLQRWIDO ODVRW DO %LQGLQJ RI PHWDO LRQV WR W

RI WKH SURWHLQ KDV EHHQ VXJIJHVWHG WR DOWHU WKH |



VWUXFWXUDO FROGDSYVE %HUXQDQWAR) DQG PROHFXODU G
VLPXODWLRQV DOVR LQGLFDWHG WKH ELQGLQJ RI FRSSHU
RI DKDLUSLQ ZLWKLQ WKH SURWHLQ DW DD WKXV DFF
HW DO S5RVH/W DO 2QH H[DPSOH RI WKLV FRSSHL

FRQIRUPDWLRQDO FKDQJH FDQ EH VHHQ LQ ILJXUH

J)LIXUH ([DPSOH RI D &RSSHU ,QGXFHG WRQIRUPDWLRQ

(IDPSOH RI D &RSSHU ,, ,QGXFHG &RIG\RU PYWLHRQDWPE QBIG
E\ PROHFXODU G\QDPLFV VLPXOIYWY RQ J KA SJ KSLERIX Y& H

UHVLGXH %RWWRP %LQGLQJ RUKBLUSMWRIROG HHDWKOWWVWW

8VHG ZLWK SHUPLVVARQIDJRP 5RVH



P6\Q KDV EHHQ VKRZQ WR KDYH D KLJK DIILQLW\ IRU FRS
VKRZQ WR ELQG WKH PHWDO DW WKUHH VSHFLILF VLWHYV
VLWHY KDYH EHHQ SURSRVHG LRWWEASB OL\WHUDW XU H Q% RK\P\
ELQGLQJ VLWH KDV EHHQ REVHUYHG DW WKH 1 WHUPLQXV
DPLQR WHUPLQDO DQFKRUV WKH PHWDO LRQ $ VHFRQG
REVHUYHG DW KLVWLGLQH DQFKRUHG E\ WKH LPLGD]RO
WKLUG ORZ DIILQLW\ VLWH DW WKH & WHUPLQXV LQYROYL
$VQ DQG *OX UHVLGXHY KDYH DOYWR/ EDHHQ LGHQW |
ODVRW DO %L @/MRIO DO 7KH SURWHLQ KDV EHHQ GHPRC
ELQG FRSSHU LRQV PRUH UHDGLO\ WKDQ DQ\ RWKHU PHWI

HW DO

,URQ KDV DOVR EHHQ VKRZQ WR LQFUHDVH WKH DJJUHIJ
OHDGLQJ WR IDVWHU DFFXPXODWLRQ RI SURWHIHW/DJJUHJI
DO 8YHUMKY O ‘'LYDOHQW LURQ KDV DOVR EHHQ GHP
WR WKH & WHUPLQXV RI PV\Q YLD ' 105 VWXGLHV DQG WK

XWLOLJLQJ $VS DV DQ DQFKRWLDMA UBMBBXBO%LQROIL



$LPV DQG 2EMHFWLYHYV
,Q WKLV FKDSWHU (6, ,06 06 DORQJ ZLWK 7K7 DVVD\V ZLO
WKH ELQGLQJ RI D YDULHW\ RI PHWDO LRQV WR UHFRPEL
IRUPV RI WKH SURWHLQ ZKHUH DPLQR DFLG VXEVWLWXW
KDV EHHQ XWLOL]HG WR PLPLF SKRVSKRU\ODWLRQ DW EF
ZLWKLQ WKH SURWHLQ 7KH FRQIRUPDWLRQ RI WKH SUI
LQYHVWLIDWHG WR HOXFLGDWH IXUWKHU GDWD DERXW '\
SKRVSKRU\ODWLRQ DQG PHWDO ELQGLQJ LQ WKH SURJUH\

RWKHU VIQXFOHLQRSDWKLHV

7KH PDLQ DLPV RI WKLV FKDSWHU ZHUH WR

X '"HWHUPLQH WKH UHODWLRQVKLS EHWZHHQ SKRVSKR
UHVLGXHV DQG WKH VXEVHTXHQW DOWHUDWLRQV
FRQIRUPDWLRQDO G\QDRIGFY/RVORKH SURWHLQ

X '"HWHUPLQH WKH UHODWLRQVKLS EHWZHHQ VHULQH
ELQGLQJ RI PHWDO LRQV DQG WKH VXEVHTXHQW HIIH
DJJUHJDWLRQ QR IYbNMADR

X '"HWHUPLQH WKH UHODWLYH FRQWULEXWLRQV RI HDFK

&6, IRU WKH WKUHH SURWHLQ YDULDQWYV ZLWK DQG Z



SHVXOWYV
$00 PDVV VSHFWURPHWU\ H[SHULPHQWY LQ WKLV FKDSW
IROORZLQJ FRQGLWLRQV RQ D 6\QDSW * 4 72) PDVV VSH

PRGH VRXUFH WHPSHUDWXUH Y& VDPSOLQJ FRQH 9 W

WUDQVIHU FROOLVLRQ HQHUJ\ 9 7UDS '& ELDV ,06 ZD
ZDYH KHLJKW 9 EDFNLQJ SUHVVXUH PEDU DQG Kl
H PEDU

$7'V ZHUH DQDO\WHG WR GHWHUPLQH ERWK WKH &&6 RI P
YDULDQWY DW HDFK FRQIRUPDWLRQ DQG WKH UHODWL)

FRQIRUPDWLRQV DW HDFK &6, XQGHU WKH GLIITHUHQW FR

P6\Q KDV DQ $OWHUHG &KDUJH 6WDWH 'LVWULEXW
(TXLOLEULXP %HWZHHQ (6, ,06 06 $SFTXLVLWLRQV
$V SUHYLRXVO\ GLVFXVVHG bPV\Q LV KLJKO\ KHWHURJH
GLVRUGHU DQG WKHUHIRUH H[LVWV LQ D UDQJH RI FRQIR!
RQ LWV HQYLURQPHQW 7KHVH FRQIRUPDWLRQV UDQ.
DJJUHJDWLRQ SURQH JOREXODU OLNH FRQIRUPDWLRQV D\
H[WHQGHG ZRUP OLNH VWUXFWXUHV DW &6,V WR D (

XVLQJ (6, ,06 06 DV VKRZQ LQ ILIJXUH
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%%
JLIXUH 7\SLFDO (6, 06 ODVV 6SHFWUD RI :7 P6\Q

7\SLFDO (6, ,06 06 PDVV VSHFWUD RI :7 PV\Q DFTXLUHG |
DFHWDWH LQ SRVLWLYH LRQ PRGH (IWHQGHGPHRQIRUPD!
UDQJH P ] DQG FRPSDFW FRQIRUPDWLRQV DUH REVHUYF

P ]

,'3V VXFK DV pPV\Q KDYH D KLJK GHJUHH RI SODVWLFLW\ DC
WR FRQIRUPDWLRQDO FKDQJHV GHSHQGLQJ RQ WKHLU \
SUHSDUDWLRQ WHPSHUDWXUH DQG VHYHUDO RWKHU YD
EDWFK WR EDWFK DQG GD\ WR GD\ YDULDELOLW\ LQ WKH

(6, ,06 06 GDWD ZDV FROOHFWHG GXULQJ WKUHH GLIIHU]

YJHEUXDU\ DQG 1RYHPEHU XVLQJ WZR GLITHUHQW E
SURWHLQ RQH GXULQJ 1RYHPEHU DQG )HEUXDU\
$XIXVW $7'V ZHUH HI[WUDFWHG IURP WKH LQGLYLGXD(

EDWFK WR EDWFK DQG H[SHULPHQW WR H[SHULPHQW YDUL



$V GHPRQVWUDWHG LQ ILIXUH VOLIJIKW GLITHUHQFHYV L
GLVWULEXWLRQV DUH REVHUYHG EHWZHHQ H[SHULPHQWYV
LV FRPSDUHG RU EHWZHHQ GLIITHUHQW DFTXLVLWLRQ SHU
7KHVH GLIITHUHQFHV UHVXOW LQ D FKDQJH LQ WKH UHOD
EHWZHHQ FRQIRUPDWLRQDO VWDWHY DW HDFK &6, RI 2
GLITHUHQW WLPHV 7KH DQG &6,V KDYH EHHQ GLVSOI
LV WKH PRVW DEXQGDQW H[WHQGHG LRQ LQ WKH PDMRULYV

LV WKH PRVW DEXQGDQW RI WKH FRPSDFW FRQIRUPDWLRC

SURWHLQV VWRUHG IRU HIWHQGHG SHULRGV RU SURWHL(
I[lUHH]H WKDZ F\FOHV PD\ DOVR UHVXOW LQ GLIIHUHQFHV
HIDPSOH LQ ILIJXUH WKH VDPH EDWFK RI UHFRPELQD

PO DPPRQLXP DFHWDWH XQGHU WKH VDPH FRQGLWLRQ
7KHUH DUH FOHDU GLIIHUHQFHYVY EHWZHHQ WKH WZR VSHF
RI' D WKLUG LQWHUPHGLDWH FRQIRUPDWLRQDO IDPLO\ JU
ZLWK WKH I[UHVK SURWHLQ RQO\ WZR IDPLOLHYV DUH VHHC
DQ ROGHU SURWHLQ EDWFK DOVR UHVXOWHG LQ D QDU
GRPLQDQW LRQV RI DQG 7R OLPLW WKLV YDULDELOL
SUHSDUDWLRQV RYHU ZHHNV ROG ZHUH QR ORQJHU VX
HISHULPHQWYV 7KLV GLVFUHSDQF\ LV VRPHWKLQJ WKDV

PXVW IXUWKHU DGGUHVYVY DQG FDUH PXVW EH WDNHQ ZKH
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5H DFTXLVLWLRQ RI VDPSOHV ZLWKLQ WKH VDPH GD\ KR:
)LIXUH GLVSOD\V GULIW WLPH FKURPDWRJUDPV RI WZ

PO DPPRQLXP DFHWDWH WDNHQ ZLWKLQ KRXUV RI HDF
GLITHUHQFHY DUH PXFK ORZHU WKDQ WKH VDPSOHV WDN

YDULDWLRQV RI LQ WKH FRQIRUPDWLRQDO SRSXODWLR

‘XH WR WKHVH GLVFUHSDQFLHYVY LQ WKH GDWDVHWY DFTXL
GHFLGHG WR DQDO\VH DQG FRPSDUH RQO\ GDWD DFTXLUH
SURWHLQV SURGXFHG ZLWKLQ WKH VDPH EDWFK %HFDXVI
EHWZHHQ WKH WKUHH GDWD VHWV SUHVHQWHG LQ ILJXU
FKDSWHU GDWD ZLWK GLITHUHQFHV RI RU OHVV ZDV QF

DOWHUDWLRQ WR WKH FRQIRUPDWLRQDO SRSXODWLRQ
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6 ' DQG 6 ' OXWDQW PV\Q RFFXS\ WKH VDPH FRQIR!I
DV :7 PV\Q
$7'V ZHUH DQDO\WVHG WR GHWHUPLQH WKH &&6 R1 6 ' DQG ¢
WKHQ SORWWHG DIJDLQVW WKH &6,V WR GHWHUPLQH WKH |

SURWHLQ

Y)LIXUH VKRZV WKH $7' Rl DOO &6,V Rl :7 bV\Q ZKHQ DF1
06 LQ SRVLWLYH LRQ PRGH LQ PO DPPRQLXP DFHWDWH
FRQFHQWUDWLRQ RI  wO 8QGHU WKHVH FRQGLWLRQV
UDQJLQJ LQ VL]H IURR #£DQ EH REVHUYHG WKURXJK
GLIIHUHQW &6,V 'LIIHUHQW FRQIRUPDWLRQDO VWDWHYV D
WKHVH FDQ EH REVHUYHG WR EHFRPH PRUH FRPSDFW
GHFUHDVHG &&6 DW WKH ORZHU &6,V 7KH SHDN FHQWUF
EHHQ SORWWHG LQ ILJXUH DQG WKH GULIW VFRSH S
FRQIRUPDWLRQDO GLVWULEXWLRQ FDQ EH REVHUYHG LQ |
RI WKH WKHVLVY FRQIRUPDWLRQDO VWDWHV ZLOO EH UH
RXWOLQHG LQ WDEOH RQ WKH IROORZLQJ SDJH

7KH UHODWLYH SRSXODWLRQ RI PRUH H[WHQGHG VSHFLH\
IDYRXU RI DQ LQFUHDVH LQ WKH PRUH FRPSDFW FRQIRUP
LRQ GHFUHDVHV )RU H[DPSOH ZLWKLQ WKH KLJKHU FKD
PRVW H[WHQGHG FRQIRUPHD FEBIRMRQWRGLVDSSHDU D\
FRPSDFW FRQIRUPQ& LROVHDVH LQ SURSRUWLRQ EHIRUF

UHGXFHG LQ IDYRXU RI WKH PRUH FRPSDFW VSHFLHV LQ



&RQIRUPDWLRQDO )DPLO\ &KURPDWRJUDP &RORXU & |

$ 3XUSOH W R
% WR
& 5HG WR
WR
( WR
) 'DUN % OXH WR
* WR
+ )XVFLD
7DEOH /IHWWHULGIGWRVHRURDWLRQDO )DPLOLHYV

/[HWWHULQJ V\VWHP IRU FRQIRUPDWLRQDO IDPLOLHV REV]

(6, ,06 06 RI w0 PV\Q DFTXLUHG LQ PO DPPRQLXP DFHWL

(6, ,06 06 GHPRQVWUDWHG WKDW ERWK 6 ' DQG 6 ' PV\Q
WKH VDPH HLJKW FRQIRUPDWLRQDO VWDWHV DV :7 pPV\Q
XWLOLVHG WR REWDLQ FRQIRUPDWLRQDO LQIRUPDWLRQ F
EH REVHUYHG LQ DSSHQGLFHV $ WR & DQG WKH $7'V IF
YLHZHG LQ DSSHQGLFHV ' DQG ) UHVSHFWLYHO\ *UDS

&&6 IRU WKH WZR PXWDQW SURWHLQV PD\ EH YLHZHG LQ L
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&&6V RI WKH DQG &6,V DUH QRW DOWHUHG VLJQLI
SKRVSKRU\ODWLRQ DW WKHVH UHVLGXHV DV VKRZQ LQ WL
WKDW WKLV PRGLILFDWLRQ GRHV QRW SURYLGH HQRXJK R

WR UHVXOW LQ VLJQLILFDQW FRQIRUPDWLRQDO FKDQJHV

&6, $ % &

6

7DEOH ‘7 6 'DQG66Q ' DQG &66 &RPSDULVRQ
&RPSDULVRQ Rl WKH &&6 BLWSOD\HGDRG f &6,V Rl WKH
SURWHLQ YDULDQWY DFTXLUHG LQ PO DPPRQLXP DFHWD

7KH FRQIRUPDWLRQDO GLVWULEXWLRQ DW HDFK &6, ZDV
ODUJH VFDOH DOWHUDWLRQV WR WKH FRQIRUPDWLRQDO H
VOLJKW DOWHUDWLRQV DW VRPH &6,V KRZHYHU ZKLFK KD
RQ ILJXUHV $ & :LWKLQ WKH H[WHQGHG &6,V VOLJKW D
DW &6,V DQG $W &61V\Q K-DG' DQ LQFUHDVH

SURSRUWLRQ RI FRQMRGPBWHRQH RI$RQ FRPBSDWLRRQ ZLW



ERWK WKH :7 DQG 6 ' YDULDQWYV $W WKH &6, 6 ' ZDV
DQ LQFUHDVHG SURSRUWL RODRD RRIGIRFRWDRVQL RQ WKH PRU!
FRQIRUPBWIRRPGDUHG WR WKH :7 DQG 6 ' SURWHLQV DQC
DOVR REVHUYHG ZLWK ERWK @ LQDERREPEDULVRQ WR WKH :7
7TKHVH DOWHUDWLRQV VXJIJHVW WKH SKRVSKRPLPLF

PRUH FRPSDFW VWUXFWXUH RYHUDOO DW WKHVH &6,V

6 ' DQG 6 (0vIQ GHPRQVWUDWHG DQ LQFUHDVHG SURSRU'
FRQIRUPBWQHF®RPSDULVRQ WR WKH :7 VXJIJHVWLQJ D PRUF
'LWKLQ WKH PRUH FRPSDFW &6,V REVHUYHG DOWHUDWLR
&6, *DXVVLDQ ILWWLQJ GVWWHWRLIQIHYGH6D GHFUHDVHG SUR
FRQIRUPDWLRQ ) YLD D VOLJKW LQFUHDVH LQ WKH PRUH
* VXJIJHVWLQJ D PRUH FRPSDFW DQG DP\ORLGRJHQLF V
YDULDQW +RZHYHU DW WKH &6, 6 ' GHPRQVWUDWHC
FRQIRUPDWLRQ * YLD D VOLJKW LQFUHDVH LQ WKH PRU
VXJIJHVWLQJ D OHVV DP\ORLGRJHQLF VWUXFWXUH IRU WK
REVHUYHG DJDLQ ZHUH VPDOO RYHUDOO DQG *DXVVLDQ
VXJIHVWYVY WKDW PLPLFNLQJ SKRVSKRU\ODWLRQ DW HLWKF
WKH RYHUDOO FRQIRUPDWLRQDO GLVWULEXWLRQ RU &&6
WKDW WKHVH WKUHH SURWHLQ YDULDQWY VKRXOG KDYH

6RPH VPDOO DOWHUDWLRQV ZHUH REVHUYHG KRZHYHU
FRQIRUPDWLRQW\W)I WR EH VOLIJKWO\ PRUH DP\ORLGRJHQLF

av\Q
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OLPLFNLQJ 3KRVSKRU\ODWLRQ DW 6HULQH RU 6H
$OWHUDWLRQ WR\/KH &6' RI
$V GHPRQVWUDWHG LQ ILJXUH VSHFWUD & :7 PV\Q KDV
GLVWLQFW FRQIRUPDWLRQDO IDPLO\ JURXSV FDQ EH GLU
DV D ZKROH H[WHQGHG FRQIRUPDWLRQV UDQJLQJ IURP &6
&6, EHLQJ WKH PRVW DEXQGDQW DQG PRUH FRPSDFW FR

ZLWK WKH &6, LQ KLIKHVW DEXQGDQFH

6 ' 0vV\Q DOVR GHPRQVWUDWHG WKKB VDKHQ&BF DXLIWFHG XQG
WKH VDPH FRQGLWLRQV ZLWK WZR FRQIRUPDWLRQDO ID
&6,V WR DQG WR DV VKRZQ LQ VSHFWUD % RQ IL.
ERWK SURWHLQV WR EH RFFXS\LQJ D VLPLODU UDQJH RI

LRQLVDWLRQ DELOLW\ DV WKH :7

6 'PV\Q VKRZQ LQ VSHFWUD $ KDV D VOLJKWO\ QDUURZ]
PD\ EH LQGLFDWLYH RI D PRUH FRPSDFW UDQJH RI FRQIRU
KLIJIKO\ FKDUJHG RI WKH &6,V RQ WKH :7 DQG 6 ' VSHF)
REVHUYHG DERYH WKH VLIJQDO WR QRLVH UDWLR 7TKH L¢
YHU\ ORZ LQ WKH :7 DQG 6 ' VSHFWUD DW DURXQG MXYV
FRPSDULVRQ WR WKH KLJKHVW LQWHQVLW\ SHDN &6,

IDPLOLHVY FDQ EH FOHDUO\ VHHQ RQ WKH PDVV VSHFWUD
IURP FKDUJH VWDWHYV WR DQG WKH PRUH FRPSDFW

WR



$ UHGXFWLRQ LQ LQWHQVLW\ RI WKH H[WHQGHG W R
WKH 6 ' VSHFWUD LQ FRPSDULVRQ WR WKH 6 ' DQG :7 Y|
JUH\ OLQHV RQ ILJXUH &6, KDV D UHODWLYH LQWH
:7 VSHEWUD DQG DURXQG LQ WKH 6 ' VSHEWUD ZKHU
DURXQG LQ WKH 6 ' VSHFWUD 7KH &6, KDV D UHOD\
LQ WKH :7 VSHFWUD LQ WKH 6 ' VSHFWUD DQG MX
VSHFWUD DQG WKH &6, KDV D UHODWLYH LQWHQVLW\ RI
LQ WKH 6 ' VSHFWUD DQG MXVW LQ WKH 6 ' VSHFW
6 ' GV\Q PD\ KDYH D KLJKHU SURSRUWLRQ RI B\RIQH H[WHQ
DQG 6 ' PD\ H[LVW LQ DQ HTXLOLEULXP FRQWDLQLQJ SL
PRUH H[WHQGHG FRQIRUPDWLRQV WKDQ ERWK WKH :7 C
GRPLQDQW &6, IRU :7 DQG 6 ' PV\Q LV WKH &6, ZKHUF
WK H DQG PRUH FRPSDFW &6,V DSSHDU GRPLQDQW
LQGLEFDWLQJ D VKLIW WR ORZHU &6,V 7KLV ORVV RI WKH
LRQ WR D VOLJKWO\ ORZHU FKDUJH VWDWH ZRXOG LQGLFI
FRQIRUPDWLRQ RI WKH SURWHLQ WRZDUGV PRUH FRPSDF

GRHVY QRW DSSHDU WR EH ODUJH RYHUDOO

'LPHULF VSHFLHV RI PVI\Q FDQ DOVR EH REVHUYHG LQ DO
JRU :7 DQG 6 ' PV\Q GLPHUV RI &6,V WR ZHUH REV
PRUH HIWHQGHG GLPHU &6,V RI WR ZHUH VHHQ ZLW
VXJIJIHVWLQJ DGGLWLRQDO GLPHUV DQG RI JUHDWHU FRQIF

SK\VLFDO VL]H DUH EHLQJ IRUPHG ZLWKLQ WKH 6 ' VDPS(
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&RSSHU ,, %LQGLQJ WR P6\Q FDQ EH 2EVHUYHG E\ (6
7R LQYHVWLIJDWH WKH FRQIRUPDWLRQDO FKDQJHV REVHL
ZDV H[SRVHG WR FRSSHU LURQ ]JLQF PDQJDQHVH DQG P|
ILIJXUH RQO\ WKH ELQGLQJ Rl FRSSHU LV REVHUYDEO*#
RWKHU PHWDOV EHLQJ NQRZQ WR ERWK DIIHFW WKH DJ.
B8YHUWNX DO DQG KDYLQJ EHHQ GHPRQVWUDWHG WR EL
RWKHU WHFEKQLTXHV VXFK DV 105 VSHFWURVFRS\ W\URVL
DQG (6, 06 *ROWY %LGMONRO 3HEAW DO [/LX DQG

)UDQ] $ UDQJH RI EXIIHUV DQG FRQFHQWUDWLRQYV
IXUWKHU LQYHVWLJDWH PHWDO ELQGLQJ LQFOXGLQJ

DFHWDWH PO DPPRQLXP ELFDUERQDWH PO PH
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ZLWKRXW PHWDO ELQGLQJ EHLQJ REVHUYHG 7KLV VXJJIH
XQVXLWDEOH IRU REVHUYDWLRQV RI PHWDO ELQGLQJ .V
LRQV DUH FRPSOH[LQJ ZLWK D FRPSRQHQW RI WKH EXIIHU

LQ WKH DPPRQLXP DFHWDWH EXIIHUV PDNLQJ WKH LRQ XQ
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%LQGLQJ Rl &RSSHU &DXVHV DQG ,QFUHDVH LQ WKH
&RPSDFW &RQIRUPDWLRQV DW (DFK &KDUJH 6WDWH ,RQ )F
,QYHVWLJIJDWHG
,Q VHFWLRQ WKH DGGLWLRQ RI FRSSHU LRQV WR WK
H[SDQGHG VWDWHV &6' WRZDUGV WKH ORZHU &6,V VXJJ}
PRUH FRPSDFW VWDWHY GHVSLWH WKH LQLWLDO ZLGHQ

DGGLWLRQ RI HTXLPRODU &X&O

$V SUHYLRXVO\ GHVFULEHG HDFK &6, RI PV\Q UHSUHVHQ\
WKH SURWHLQ RI VOLJKWO\ DOWHUHG GHJUHHV Rl FRF
LRQLVDWLRQ DELOLW\ ,Q WKLV VHFWLRQ WKH FRQIRUP
WKH WKUHH SURWHLQ YDULDQWYV DSR D005 HH) LMK H \SW HM}

YLD *DXVVLDQ ILWWLQJ RI WKH $7'V

JLIXUH VKRZV WKH UHODWLYH VKLIWV LQ FRQIRUPDWI
GRPLQDQW H[WHQGHG &6, RI DOO WKUHH SURWHLQV

FRSSHU FRQFHQWUDWLRQV 9HU\ OLWWOH DOWHUDWLR
REVHUYHG ZLWK HLWKHU SURWHLQ DW WKLV &6, RWKHU
FROQFHQWUDWLRQ RI w0 ZLWK wO PV\Q LV UHDFKHG ZKH
FRPSDFW FRQERUWUNRDREIMHYUYHG IURP DURXQG LQ WKH DS
DQG LQ WKH SUHVHQFH RI DQGSHRWLEK&®O +RZHYHU
DOWHUDWLRQ FDQ EH REVHUYHG RYHUDOO ZLWKLQ WKH

FRQIRUPDWLRQV DUH QRW GUDPDWLFDOO\ DIITHFWHG E\ W
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VXEVWDQWLDO LQFUHDVH LQ WKH PRVW FRPSDFW RI WKH
WKLV &6LV REVHUYHG XSRQ DGGLWLP®®IDERXIHP R G B/U D&X
HTXLPRODU SURWHLQ DQG FRSSHU FRQFHQWUDWLRQ DQ L
DSR WR RI WKH WRWDO SURWHLQ DW WKLV FKDUJH \
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FRPSOHWHO\ DEVHQW IURP WKH FKURPDWRJUDP RI :7 bV\
&X&0O 1RWDEO\ WKLV VWDWH LV FRPSOHWHO\ ORVW IRU 6

&X &0 7KLV GDWD LQGLFDWHY WKDW WKH FRPSDFW &6,V DQ
E\ WKH DGGLWLRQ RI FRSSHU LRQV ZKHUH D VKLIW LQ Wt

FROODSVHG FRQIRUPDWLRQV LV REVHUYHG

JRU WKH UHPDLQGHU RI WKLY VHFWLRQ ROQEVXXMVHIXDBI
EH GLVFXVVHG DV UHSUHVHQWDWLYH RI WKH DFWLRQ
FRQIRUPDWLRQDO VWDWHVY RI bV\Q DQG LWV YDULDQWYV
EH YLHZHG LQ DSSHQGLFHV / WR ; $V VKRZQ LQ DSSHQC
W R 6 ' PVIQ XQGHUJRHVY OLWWOH DOWHUDWLRQV WR
XSRQ WKH ELQGLQJ RI FRSSHU :7 DQG 6 ' bV\Q KRZHYH
FKDQJHV ZLWK D UHGXFWLRQ LQ WKH$PRQ HDH[RWUQ R IHE KH
PRUH FRPSDFW FRQIRSWDMKIRQ DQG &6,V WZR RI Wil
GRPLQDQW SHDNV ZLWKLQ WKH VSHFWUD QR VLJQLILFDQ
ELQGLQJ DV VKRZQ LQ DSSHQGLFHV 4 5 $W &6,
UHGXFWLRQ LQ ERPIREPBWYR® ZLWK WKH ELQGLQJ RI FR

XQH[SHFWHG DV LW LV WKH PRVW FRPSDFW FRQIRUPDWLR
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IXUWKHU GHFUHDVHV LQ IDYRXU Rl PRUH FRPSDFW VSHFLF
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ERXQG WR WZR LRQV

7TKH FRPSDFW FRQIRUPDWLRQV SRSXODWHG DW &6,V W
YDULDQWY KDYH D KLIJKHU FRSSHU ELQGLQJ DIILQLW\ WKI

LQ ILIXUH ZLWK WKH &6, DOO WKUHH SURWHLQV E
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7KH VDPH ELQGLQJ SDWWHUQ LV REVHUYHG DV ZLWK WKH
6 ' EHLQJ DOPRVW HTXDOO\ ERXQG WR RQH RU WZR FRSES
PRVWO\ ERXQG WR WZR LRQV DQG D PXFK VPDOOHU SUR
FRSSHUV $W D w0 FRQF&EIRQRQMUDWLRQ DOO WKUHH SUF
FRSSHU LRQV ZLWK WKH PDMRULW\ RI :7 DQG 6 ' ELQGL
GRPLQDQW SHDN IRU 6 'LV DOPRVW HTXDOO\ VKDUHG EH
RU WKUHH FRSSHU LRQV 'DWD SUHVHQWHG KHUH GHPRQ)

KLIKHU ELQGLQJ DIILQLW\ IRU FRSSHU WKDQ :7 RU 6
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OLPLFNLQJ 3KRVSKRU\ODWLRQ DW 6HULQH 6ORZV
PV\QQ YLWUR
7K7 DVVD\V ZHUH FRQGXFWHG LQ PO DPPRQLXP DFHWDW#
SOXV wO0O PHWDO LRQV DQG w0 7K7 +LJK SURWHLQ FRQ
WR DLG LQ WKH LQLWLDWLRQ RI DJJUHJDWLRQ ZKLFK zZD
ZDV QRUPDOL]HG WR WKH KLIJKHVW IOXRUHVFHQFH UHDGL

DV VKRZQ EHORZ
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J)LIXUH ([DMPSOH /W &DOFXODWLRQ IURP 7KLRIODYLQ 7
7K7 GDWD ZDV QRUPDOL]HG WR WKH KLJKHVW IOXRUHVFH
HDFK SURWHLQ WR UHDFK KDOI PIZLWY >XGH WIHKRRIHMFE QFHQV

PHWKRG ODEHOOHG $ 7KH ODJ HQG /H ZDV GHWHUPLQH

$V VKRZQ LQ ILJIJXUH WKH GDWD ZDV ILWWHG WR GHW
SURWHLQ WR DJJUHJDWH WR KDBCHHOAWOMHKGLURHVIWYBOXHDW

$ DQG WKH HQG RI W.KADWDG HSKBYPLQHG E\ SORWWLQJ D



IRU WKH ODJ SKDVH DQG WKH H[SRQHQWLDO JURZWK SKDV

RI WKH WZR ODEHOOHG PHWKR®WWEQQ WKH ILIXUH ODVRC

$V VKRZQ LQ ILIJXUH WKH 6 ' pPV\Q YDULDQW KDV D V
WKDQ :7 Ru6 '"RYHUDOO ZKHUHDV 6 ' KDV DQ LQFUHDYV
:7 SURWHLQ KDV DRDYHWYDJKW ZKHUHRY 6N K DWW
LQFUHDVHG WR s KUV DQG 6 ' RbDEBUWNRID DKRUW S8 VW UA
6LIJQLILFDQFH ZDV RQO\ GHWHUPLQHG EHWZHHQ WKH 6
KRZHYHU ZLWK 6 ' VKRZLQJ D VLJQLILFDQWO\ LQFUHD
S

7KH ODJ SKDVH RI :7 pPV\Q DJJUHIJDWLRQ ODVWY RQ DYHU

ODJ WLPHV IRU WKH SKRVSKRPLPLF PXWDQWYV 6 ' DQG 6

FRPSDULVRQ WR s DQG s UHVSHEWLYHO\ 7KH
VLIJQLILFDQWO\ VORZHU WKDQ :7 bV\Q S DQG WKH H
VLIJQLILFDQWO\ IDVWHU IRU 6 ' WKDQ 6 ' S $JDLQ
GHWHUPLQHG EHWZHHQ :7 DQG 6 ' PVIQ OLNHO\ GXH

DJJUHJDWLRQ UDWHV SDUWLFXODUO\ ZLWK WKH :7 VDPE

YbuLbDQw DJJUHJIJDWHY PRUH UDSLGO\ WKDQ WKH :7 RU WHK
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6 ' P6\Q $JJUHIDWHYV )DVWHVW Rl $00 9DULDQWV LG
$V VKRZQ LQ ILJXUH :7 PV\Q DJJUHJDWLRQ UDWHYV
SUHVHQFH RI HTXLPRODU FRSSHU $ VLJQLILFINRW UHGXF
DQ DYHUDJH s KUV WR s KUV DQG ODJ WLPH S

s  WR s KUV FDQ EH REVHUYHG GHPRQVWUDWLQ.
WKH DJJUHJDWLRQ UDWH RI :7 PV\Q 7KLV GDWD LV LC
SXEOLVKHG ILQGAWINO 0DSANRHUMN\DO % L Q/RIO DLO
DQG VXJJHVWV WKH SUHVHQFH RI FRSSHU LRQV DLG LQ
LQFUHDVLQJ WKH UDWH DW ZKLFK DP\ORLG ILEULOV DUH

SRSXODWLRQ RI WKH FROODSVHG PRQRPHULF FRQIRUPDW

,Q WKH SUHVHQFH RI HTXLPRODU LURQ KRZHYHU LQ DPP

VKRZQ LQ ILJXUH WKH DYHUDJH ODJ WLPH RI WKH :7 S
WKH SUHVHQFH RI LURQ DW S KUV FRPSDUHG ZLWK
VDPSOH KRZHYMDOXKIHLW GHFUHDVHG WR MXVW S KUV

KUV ZKLFK VXJJHVWV WKH HORQJDWLRQ UDWH LV IDVWHU
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JLIXUH 7K7 $VVUD\RILWK RU :LWKRXYWH&R&O

$ $YHUDJWBOWHY IRU :7 PV\Q DSR DQG LQ WKH SUHVHQFF
IURP WKUHH LQGHSHQGHQW 7K7 H[SHULPHQWV % $YHUD
7 PV\Q DSR DQG LQ WKH SUHVHQHRHR®P WEKXHMRODQEHSMHEE

7K7 H[SHULPIBQWYV



$V VKRZQ LQ ILJXUH 6 ' UHDFWV LQ D VLPLODU PDQQ!
RI PHWDOV EXW KDV D ORQJHU DJJUHJDWLRQ UDWH ,
FRSSHULWVLIJQLILFDQWO\ UHGXFHG S I[URP DQ DYH

S KUV DQG WKH ODJ SKDVH LV VLJQLILFDQWO\ U

s KUV WR s KUV LQ FRPSDULVRQ WR WKH XQWUI
DJJUHJDWLRQ UDWHY RYHUDOO DUH VORZHG LQ FRPSDUL\
VXJIJHVW WKDW WKH SURWHLQ LV OHVV DP\ORLGRJHQLF I
+RZHYHU OLNH WKH :7 SURWHLQ WKLV SURSHQVLW\ WR D

WKH DGGLWLRQ RI FRSSHU

7KH 6 ' PXWDQW DOVR DFWV LQ D VLPLODU PDQQHU WI
HTXLPRODU LURQ :LWK WKH 6 ' PV\Q YDULDQW KRZHYHU
LV REVHUYHG RI KUV WR KUV DQG WKH ODJ SKDVH L\
KUV ITURP KUV LQ EXIIHU DORQH 7KLV ZDV IRXQG WF
VLIQLILFDQFH WKDQ WKH LQFUHDVH GHPRQVWUDWHG X

GHPRQVWUDWLQJ WKH SUHVHQFH RI LURQ VORZV WKH DJJ
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JLIXUH 7K7 $vvOhe\W)l AWK RU :LWKRXYWH&R&O

$ $YHUDJH®GOXHV IRU 6 ' PV\Q DSR DQG LQ WKH SUHVH
&X&OIURP WKUHH LQGHSHQGHQW WKLRIODYLQ W H[SHULPF
YDOXHV IRU 6 ' PVIQ DSR DQG LQ WKH SURKWRHPQWHUHHHT X

LQGHSHQGHQW 7K7 M [fSHULSHQWYV



7TKH 6 ' PXWDQW KDV WKH IDVWHVW DJJUHJDWLRQ UDWH
DQG 6 ' DV VKRZQ LQ ILIJXUH , W DOVR DFWV LQ D VL
SUHVHQFH RI PHWDOV ZLWK DQ LQFUHDVHG DJJUHJDWLRQC

DQG GHFUHDVHG UDWH LQ WKH SUHVHQFH RI LURQ

$V VKRZQ LQ ILIJXUH ZKHQ GLOXWHG ZLWK HTXLPROD!
VLIQLILFDQWO\ GHFUHDVHG S ODJ WLPH IURP KUV
SURQRXQFHG UHGXFWLRQ REVHUYHBOMRK DV DOSARR WHIQQ VL

UHGXFHG S I[URP KUV WR KUV

,Q WKH SUHVHQFH RI HTXLPRODU LURQ ODJ WLPH LV VWI
S IURP KUV WR KIVV DQGRWVLIQLILFDQWO\ LC
S IURP KUV WR KUV 2QFH DJDLQ WKLV ZDV D PRL

WKDQ WKH LQFUHDVH LQ DJJUHIJDWLRQ REVHUYHG ZLWK F
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JLIXUH 7K7 $VVDUBRQG6ELWK RU :LWKRXYWH&R&O

$ $YHUDJWDOWHV IRU 6 ' PV\Q DSR DQG LQ WKH SUHVF
&X&®U )HUORP WKUHH LQGHSHQGHQW 7K7 H[SHULPHQWYV
HQG YDOXHV IRU 6 'bV\Q DSR DQG LQ WKHRIUMHRIDQFH RI

I[URP WKUHH LQGHSHQGHQWS7K7 HSHULPHQWYV



'LVFXVVLRQ
SHVXOWVY SUHVHQWHG LQ WKLV FKDSWHU VXSSRUW !
SKRVSKRU\ODWLRQ DW 6 KDV SDWKRORJLFDO VLJQLILFD

ZKHUHDV 6 SKRVSKRU\ODWLRQ DSSHDUV WR KDYH D SUR

'KHQ &6'V RI WKH WKUHH SURWHLQ YDULDQWYV ZHUH HIJI
H[SHULPHQWY 6 ' PV\Q DSSHDUHG WR KDYH D QDUURZ
FRPSDUHG ZLWK WR IRU WKH :7 DQG 6 ' YDULDQWYV
VXJIHVWV WKOWQ6KDV D QDUURZHU FRQIRUPDWLRQDO Gl
+RZHYHU DV GLVFXVVHG LQ FKDSWHU TXHVWLRQV DU
UHIOHEWLRQ (6, ,06 06 DQG JDV SKDVH FRQIRUPDWLRQV K
SUHVHQW ZLWKLQ WKH VROXWLRQ %RWK XQIROGLQJ DQ
DQG SURWHLQ VXEXQLWV RI ,'3V LQ WKH JDV SKDVH KDY
5XRWRORDO =LORKDO %RKUMWO 3DHMWD DO

%RU\WUK DO DQG LW DSSHDUV WKDW UDWKHU WKDQ
FRQGLWLRQV (6, ,06 06 FUHDWHY D EURDGHU FRQIRUPDW
ERWK VSHFLHV SUHVHQW LQ VROXWLRQ DQG WKRVH ZKLFI
SURFHVV OXOWLSOH UHSHDWV Rl WKH H[SHULPHQW ZHUH
REVHUYHG HDFK WLPH :H FDQ EH FRQILGHQW WKHUHIR
GLVSOD\V D &6' FRQVLVWHQW ZLWK D PRUH FRPSDFW FI
FDQQRW EH FRQILUPHG H[DFWO\ ZKLFK RI WKHVH VSHFL

SURWHLQVY DUH D WUXH UHIOHFWLRQ RI WKRVH SUHVHQW



KHQ WKH $7'V RI HDFK SURWHLQ ZHUH FRPSDUHG QR VLJ
FRQIRUPDWLRQDO GLVWULEXWLRQ RI WKH WZR SKRVSKF

FRPSDULVRQ WR WKH :7

(6, ,06 06 GDWD VKRZV WKDW WWR IMEQ LWRLARDONVR R @ XW&HDV X O
LQ DQ LQFUHDVH LQ WKH SURSRUWLRQ RI WKH PRVW FRPS
WKH FRPSDFW &6,V DQG IRU DOO WKUHH SURWHLQ

GHWHUPLQHG WR KDYH D KLJKHU ELQGLQJ DIILQLW\ IRU F
DINLQLW\ UHODWLYH WR WKH :7 SURWHLQ 6 ' ZDV DOVR
DQ LQFUHDVHG DJJUHIJDWLRQ UDWH LQ FRPSDULVRQ WR
DJJUHJDWLRQ UDWH WKDQ ERWK RWKHU YDULDQWYV 7K
SURWHLQV ZDV LQFUHDVHG XSRQ DQGEXEBWURDRDVBAGWKSR
LQFXEDWLRQ ZRWHUBI&@O WKHVH UHVXOWY LQGLFDWH WKD
UHVXOWY LQ D SURWHLQ WKDW LV PRUH DP\ORLGRJHQLF

KLIKHU DIILQLW\ IRU FRSSHU LRQV

&KDQJHV LQ WKH VSHFWUDO SURSHUWNKNY RDZ&OMN VIXURKK O
VHHQ ZLWKLQ WKLV FKDSWHU DQG KDYH EHHQ ZHOO GR
GLIIHUHQFHV PD\ EH DFFRXQWHG IRU E\ VHYHUDO IDEWRU
EDWFKHV PD\ EH SDUWLDOO\ DFFRXQWHG IRU E\ WKH SU
UHFRPELQDQW H[SUFRVEDRQKMQ DOWHUDWLRQV ZLWKLQ WK
DULVH GXULQJ VDPSOH KDQGOLQJ IRU H[DPSOH WKH EXI

GLDO\VLV WLPH VSHQW RQ WKH IUHH]H GULHU RU ZKHW|



EHWZHHQ JURZWRORE LWV LQLWLDO DQLRQ H[FKDQJH
SXULILFDWLRQ VWHS 'HVSLWH FDUH EHLQJ WDNHQ \
SUHSDUDWLRQV WKH SURFHVV KDV PDQ\ PDQXDO VWHSYV
VPDOO YDULDWLRQV WR RFFXU 5HVLGXDO VDOWV LQ WK
WKH VROXWLRQ FRQGLWLRQV DQG WKHUHIRUH WKH SURW

DQ LVVXH LI WKHUH LV YDULDWLRQ LQ WKH GLDO\VLV RU !

‘'LITHUHQFHYV LQ FRQIRUPDWLRQDO GLVWULEXWLRQ EHWZH
DSDUW SDUWLFXODUO\ GLITHUHQFHYV LQ GULIW WLPHV FL
IDFWRUV LQFOXGLQJ VHWWLQJV RQ WKH PDVV VSHFWUF
SUHVVXUH LQ WKH LRQ PRELOLW\ FHOO DWPRVSKHULF Sl
VRXUFH DQG FKDQJHV LQ WKH SRVLWLRQ RI WKH (6, VRXU
LI XVLQJ D GHWDFKDEOH DXWR VDPSOHU VXFK DV WK
VSHFWURPHWHU XVHG LQ WKHVH H[SHULPHQWY ZDV DOVR
HYHU\ IHZ ZHHNV EHWZHHQ (6, DQG 0%/', ZKLFK PD\ FDXVF
GLITHUHQFHYVY [IRU H[DPSOH ZLWK WKH 4 72) SUHVVXUH

VSHFWURPHWHU VKRXOG HOLPLQDWH D QXPEHU RI LVVXH
DWPRVSKHULF FKDQJHV H[WHUQDO WR WKH PDFKLQH D

HI[SHULPHQWDOO\

7TKHUH LV D JHQHUDO LVVXH ZLWKLQ WKH LRQ PRELOLW
GLITHUHQFHV LQ &&6V REVHUYHG EHWZHHQ UHVHDUFK JU

7KLV PD\ EH GXH WR D ODFN RI VWDQGDUGLVDWLRQ L



FRPSRVLWLRQ DQG PRODULW\ DQG SURWHLQ SURGXFWLF
VRPH UHVHDUFK JURXSV SXUFKDVH SUH PDGH SURWHLQV
WKHP E\ UHFRPELQDQW H[SUHVVLRQ 'LIITHUHQFHYVY EHWZH
UXQ XVLQJ WKH VDPH EXIIHU DQG VDPH PDFKLQH VHWWIL
UHSRUWHG LQ WKH OLWHUDWXUH IRU H[DPSOH WZR H[SH
GD\ ZIWR E\ WKH %YRZHUV- UHVHDUFK JURXS VKRZHG D &6
LQLWLDO VDPSOH ZLWK WKH VHFRQG VDPSOH IURP WKH V
SURGXFLQJ D &6' RI WR HW BaHYHWIKEMH GLVFUHSDOQFL
EHWZHHQ GDWD VHWV REVHUYHG ZLWKLQ (6, ,06 06 H[SH

FRQVHTXHQFH RI WKH SURGXFWLRQ RI DUWHIDFW VSHFLH

(/[ YLYYWWHULDO IURP GLIIHUHQW SDWLHQW DQG DQLPDO
WR JLYH FRQIOLFWLQJ UHVXOWV LQ (6, 06 H[SHULPHQ
HQGRJHQRXV PV\Q ZDV LVRODWHG GLUHFWO\ IURP PRXVH
WR PDVV VSHFWURPHWULF DQDO\VLV IRU WKH ILUVW W
XQVWUXFWXUHG PRQRPHU FRQWDLQLQJ VLJQLILFDQW SF
LQFOXGLQJ DFHW\ODWLRQ RI WKH 1 WHUPLQXV ZLWK D G
'D UDWKHU WKDQ WKH SUHGIHFWIBP® KRZHYWHXYUWKH HUU]
REVHUYHG ZLWKLQ WKHVH H[SHULPHQWYV LV H{WUHPHO\ OI
OHQG PXFK VXSSRUW WR WA DYRLGHPRQDWYBDWHG WK
LVRODWHG IURP KXPDQ HU\WKURF\WHV ZDV SUHGRPLQDQ'
PRQRPHU DOVR XVLQJ (6, 06 WR FRQILUP WKH PDVV D

HILVWHQFH RI WZR SURWHLQ VSHFLHV HDFK ZLWK D



PRGLILFDWLRQ WKH PDLQ VSHFLHV ZLWK D PDVV RI
VLQJOH DFHW\ODWLRQ RQ WKH SURWHLQ DQG D VHFRQG
VLQJOH PHWKLRQLQH DGGLWLRQ &6'-V Rl WKH SXULILHG
WKH\ GLG GHWHUPLQH WKH &6' Rl UHFRPELQDQW bV\Q DV
ERWK QDWLYH DQG GHQDWXULQJ SKULDEDWLR®AIBURWREFI
DODOVR UHSRUW WKDW ERWK 1 WHUPLQDO DFHW\ODWH
DFHW\ODWHG UHFRPELQDQW PV\Q XQGHU PLOG SK\VLR
SULPDULO\ DV D GLVRUGHUHG PRQRPHU E\ (6, ,06 06 ZLW,|
WR UHVSHFWIMA @O .DRQPG WKLV LV LQ NHHSLQJ Z
UHFHQWO\ UHSRUWHG GDWD RQ :7 YWYWDF®MW\TBW H® WPV
SUHVHQWHG LQ WKH OLWHUDWXUH RQ WKH FRQIRUPDWLR!
LW LV FOHDUO\ LQIOXHQFHG E\ WKH PRGHVY Rl SUHSDUDW

PDWHULDO EHLQJ DQDO\VHG

*LYHQ WKHVH YDULDWLRRQVY.ERWE ZHHKR ERMD QW SURWHLQ
REWDLQHG LQ WKLV FKDSWHU IRU :7 PV\Q DUH ODUJHO\ L
UHFRUGHG 5HFHQWO\ SXEOLVKHG GDWD IURP WKLV UHVHI
EH HLJKW GLVWLQFW FRQIRUPDWLRQV RI :7 PV\Q ZKHQ DF
DFHWDWH DW D FRQFHQWUDWLRQ RI w0 XVLQJ SRVLWLY!
WKH VDPH ILWWLQJ PHWKRGV DV WARVMOUHSRH Q/B\G LK HU H
SURSRUWLRQV Rl WKH FRQIRUPDWLRQV DW HDFK FKDUJH \
SUHVHQWHG KHUH DQG WKH VDPH SDWWHUQ RI HIWHQGH(

RI PRUH FRPSDFW VSHFLHV FDQ EH VHHQ +RZHYHU WKHL



&&6 FDOFXODWLRQ DW &&KRXFR WKLV VPDOO FKDQJH LV LC
GLITHUHQFHV LQ &&6 UHFRUGHG K@/ WIOH CGAMMHIEDMEXHH 31
DO 7KH ZLGHU &6" RI :7 pVIQ REVHUYHG LQ H[SHULF
VHFWLRQ KDV DOVR SUHYLRXVO\ EHHQ UHSRUWHG E\
DFTXLULQJ :7 PV\Q LQ PO DPPRQLXP DFHWDWH VKRZHG
7KLV GDWD ZDV KRZHYHU DFTXLUHG XVLQJ ERURVLOLFDMW
D 1DQRODWH LRQ VRXAIWHD QOOHY VRRALIODU GLVWULEXWLR(
ZDV DOVR QRWHG LQ WKLV VWXG\ ZLWK &6,V EHWZHHQ

,OOHVHIR\D R

2WKHU SUHYLRXVO\ UHSRUWHG VWXGLHV KDYH REVHUYHC
GHVSLWH REVHUYLQJ D ZLGHU &6' )RU H[DPSOH LQ SRVL
REVHUYHG WR SRSXODWH IRXU GLIITHUHQW FRQIRUPD

FKDUDFWHULVHG E\ WKHLU YDU\LQJ GHIUHHY®I FRPSDFW

7KH PRVW FRPSDFW FRQIRUPDWLRQ VSDQQHG &6,V \
LOQWHUPHGLDWH FRQIRUPHU VSDQQHG WKH WR &6,
LOQWHUPHGLDWH VSDQQHG WKH WR &6,V DQG WKH F

VSDQQHG &6,V WR HWBDOHULGEKHY DIJDLQ FDQ EH SXW
WR GLIITHUHQFHV LQ PDVV VSHFWURPHWU\ VHWWLQJV DQC
*LYHQ WKH LQKHUHQW YDULDELOLW\ REVHUYHG ZLWK :7 [
OLWHUDWXUH WKH GDWD SUHVHQWHG LQ WKLV FKDSWHU

UHVHDUFK JURXSYV



(6, ,06 06 VSHFWUD RU FRQIRUPDWLRQDO GLVWULEXWLRC
PV\Q YDULDQWY KDYH QRW SUHYLRXVO\ EHHQ UHSRUWHG
LQYHVWLIDWHG XWLOLVLQJ & WHUPLQDO IUDJPHQWYV RI V
ZKROH SURWHL®WH]jOVW 'DIWD SUHVHQWHG LQ WKLV FKDS
WKH 6 ' PXWDQW pPV\Q KDV D KLJKHU SURSHQVLW\ WR DJ.
EH WKH PRUH SDWKRJHQLF RI WKH YDULDQWY LQYHVWL.
FRPSDFW FRQIRUPDWLRQDO GLVWULEXWLRQ DV GHPRQVYV

WKH LQFUHDVHG &6' RI WKH GLPHULF VSHFLHV

OHWDO ELQGLQJ VWXGLHV VKRZHG UWKQW RQGE¥RS S HBOH
XQGHU 06 FRPSDWLEOH FRQGLWLRQV 7KH ELQGLQJ RI PD
KDV SUHYLRXVO\ EHHQ GHPRQVWUDWHG E\ 105 VSHFWURYV
TXHQFKLQJ DQG (64 W6DOROMNNGRONO 3HGW DO

7KH LURQ ELQGLQJ REVHUYHG ZLWKLQ (6, 06 H{SHULPHQW
DGGLWLRQ RI LURQ LQ WKH FRPSOIFHUYHRWUPHG RQ D OLQHD!
PDVV VSHEFWURPHWHU DQG ZDV DOVR FRQGXFWHG LQ
SK\WLRORJLFDOO\ UHOHYDQW DQG ZRXOG EH XQVXLWDE
FRQGXFWHG LQ WKLV FKDSWHU %LQGLQJ Rl PHWDO LRQV
SHSWLGHV KDV SUHYLRXVO\ EHHQ REVHUYHG XVLQJ (6, 06
+2 DQG E\ FKHPLOXPLQHVFHQFH /L¥W®® )UDKRIDLQ /X
WKHVH EXIITHUV DUH QRW SK\VLRORJLFDOO\ UHOHYDQW D¢
KHUH XVLQJ WKH ZKROH SURWHLQ ZHUH XQVXFFHVVIXO $

FROQFHQWUDWLRQV ZHUH LQYHVWLIJDWHG LQ WKLV FKDSW't



RI LURQ ]JLQF PDJQHVLXP DQG PDQJDQHVH LQFOXGLQJ

DPPRQLXP DFHWDWH PO DPPRQLXP ELFDUERQDWH PO

DQG ZDWHU $&1 OH2+ OHWDOV ZLWK RWKHU FRXQWHU LI
0Q6 ZHUH DOVR LQYHVWLJDWHG DQG D UDQJH RI PDV
SDUDPHWHUYV ZHUH DSSOLHG 2QH SRVVLEOH UHDVRQ WKI
LV WKDW WKH PHWDO LRQV DUH FRPSOH[LQJ ZLWK D FRPS
DFHWDWH LQ WKH DPPRQLXP DFHWDWH EXIIHUV (6, ,06 0
IRU REVHUYDWLRQV RI PHWDO ELQGLQJ GXH WR WKH DGG
DIILQLW\ Rl WKH LQWHUDFWLRQ DQG FROOLVLRQV ZLWK \
ELQGLQJ ,W LV SRVVLEOH WKLV LV ZKDW KDV RFFXUUHG

FKDSWHU DV WKH RWKHU PHWDO LRQV LQYHVWLJDWHG C
ELQGLQJ DIILQLW\ IRU PV\Q DQG WKHUHIRUH PD\ RQO\ EH
GLVVRFLDWHG 'HVSLWH WKH ODFN RI ELQGLQJ REVHUYH
)H ,, ZDV VWLOO IRXQG WR VORZ WKH DJJUHJDWQRQ UDW
LQO YLUMWRY OLNHO\ WKDW WKH ELQGLQJ ZDV GLVVRFLDWHF

PDVV VSHFWURPHWU\ HISHULPHQWYVY GXH WR LWV ORZ ELC

7KH DSSHDUDQFH RI IXUWKHU &6,V DQG DQ LQFUHDVH L
FRQIRUPDWLRQV XSRQ FRSSHU ELQGLQJ KDV KRZHYHU EH
ZLWK D ZLGHQLQJ RI &6"'" IURP WR LQFUHDVHG WR

DGGLWLRQ RI HTXDPR&MQWMBX&O 7KH PDMRULW\ RI RWKHU
LQYHVWLIJDWLQJ FRSSHU ELQGLQJ E\ (6, ,06 06 UHSRUW

FRSSHU LRQV WKRXJK VRPH VWXGLHYVY LQ WKH OLWHUDW



DEOH WR ELQG DV PDQ\ DV FARSB8AU LBQM $EPRELQJ (6,

,06 06 LQ QHJDWLYH LRQ PRGH DQG XWLOLVLQJ JO\FLQH
QRQ VSHFLILF ELQGLQJ Rl FRSSHU WR PV\Q IRXQG WKH S
LRQV DW D SURWHLQ WR FRSSHU UDWLR é0 PV\Q S¢
ZLWKRXW JO\FLQH WKH SURWHLQ ERXQG FRSSHU LRQV D
NHHSLQJ ZLWK WKH UHVXOWYV SHUIM\OHQ W HIGL X HAUWHX GL\D BMD\OR
GHPRQVWUDWHG DQ LQFUHDVH LQ WKH QXPEHU RI FRSSH
FRSSHU FRQFHQWUDWLRQ ZLWK RQH FRSSHU LRQ ELQGL
WKH SURWHLQ OHYHO DQG LQFUHDVLQJ WR WZR DIWHU V
WKH SURWHLEWIDWDOHQPRHDVHG FRSSHU FRQFHQWUDWL
LQFUHDVHG FRSSHU ELQGLQJ LV DOVR NQRZQ WR LQFUHD"
DV LQYHVWLIJDWHG E\ IDU 89 &' AHIQYHV WL BRPHROW 5 &P B¢

DV SUHYLRXVO\ PHQWLRQHG VXJJHVW WKHUH PD\ EH XS V
PHWDO LRQV WR :7 PV\Q VXJJHVWLQJ WKHUH FRXOG EH

WKLV ELQGLQJ LV PRVW OLNHO\ EURXJKW DERXW E\ QRQ

$KPDW DO

&XUUHQWO\ WKUHH FRSSHU ELQGLQJ VLWHV KDYH EHHQ
WHUPLQXV RQH DW + DQG D WKLUG LG/MKHO & WHUPLQI
,QLWLDO VWXGLHV VXJJHVWHG + WR EH WKH KLJK DIILQL
WKH FDVH IRU FRSSHU ELQGLQJ WR D ODUJH @WPEBU RI D

WKRXJK PRUH UHFHQW VWXGLHV VXJJHVW WKLV LV

WHUPLQDO WR EH WKH KLJKHVW DIILQLW\ ELQGLQJ VLWH .



DV ORZHU DIILQLW\ VLWHV DV FRSSHU GRHV QRW ELQG W
EHORZ EXW VWLOO UHDGLO\ ELQGYV FRSSHU LRQV DW S
KDYH WKH VDPH (35 VSHFWUD ZKHQ ERXQG WR FRSSHU

UHVLGXH LV LQ D GLIIHUHQW SRVLWLRQ DPLQR DFLG  L¢
VXJIHVWV WKLV LV QRW WKH KLJK DIILQLW\ RU VSHFLILF
VSHFWUD ZRXOG EH QRWDEOX BOIIHUHPRUSKBEBBHQW VW)
VXJIJHVWV + PD\ EH UHTXLUHG IRU 1 WHUPLQDO FRSSHU
UHOHYDQW 1 WHUPLQDO DFHW\ODWHG PV\Q DV + 4 PXWD
UHVLGXH KDV D JUHDWO\ LPSDLUHG FRSSHU ELQGLQJ DEL
DFHW\ODWHG XQPRGLIIHIG pO/\Q WHKIRMRIK QR GLIIHUHQEHYV

REVHUYHG EHWZHHQ XQPRGLILHG + 4 DQG :7 PV\Q

SBUHYLRXVO\ SXEOLVKHG GDWD DQDO\WVLQJ WKH®&@GRRI PV\C
UHYHDOV D GHFUHDVH LQ GLVRUGHUHG FRQIRUPHUYV DQG
FRPSDFW FRQIRUPDWLRQV 7KH ELQGLQJ RI FRSSHU LRQV
VWDEOH WXUQ OLNH VWUXFWXUH LQ WKH SURWHLQ DW W
RITHUV IDYRXUDEOH FRQGLWLRQV IRU B8 VKHHW QXFOHDWI
WR EHFRPH DGMDFHQW ZLWK LWVHOI +\GURJHQ ERQGV |
DFLG VLGH FKDLQV DQFKRULQJ DQG VWDELOL]JLQJ WKH VV
7KLV VHUYHV DV D WHPSODWH IRU IXUWKHU B VKHHW IRUP
SRVHW DO , W LV VWLOO XQFOHDU ZKHUH WKH SULPDU
ORFDWHG RQ WKH SURWHLQ KRZHYHU GDWD SUHVHQWHG

SULPDU\ VLWH EHLQJ + DV WKH LQWU RGWYF WHRQHRIFBI VW I



XSRQ &X ,, ELQ®WMQDOSRVERXOG FDXVH D VXLWDEOH FRF
WKH SURWHLQ WR SURGXFH WKH FRQIRUPDWLRQDO F
H[SHULPHQWYV $V QR IXUWKHU FRPSDFWLRQ ZDV REVH
PXOWLSOH FRSSHU VSHFLHV ZLWKLQ H[SHULPHQWYV SUHV
ELQGLQJ Rl WKH ILUVW FRSSHU LRQ RFFXUV DW + LQWU
DQG FDXVLQJ FRPSDFWLRQ DQG WKH ELQGLQJ RI IXUWKH

KDV OLWWOH HIITHFW RQ WKH FRQIRUPDWLRQ RI WKH SURYV

$V QR QRYHO FRQIRUPDWLRQV DSSHDU WR EH SURGXFHG .
VKLIW EHWZHHQ SUHYLRXVO\ HILVWLQJ FRQIRUPDWLRQV

VDPSOH WKLV FRSSHU LQGXFHG VKDSH ZLWKLQ LWV QRU
FRSSHU DFWV DV WKH DQFKRU IRU VHFXULQJ WKH HQWU
SDWKZD\ UDWKHU WKDQ LQGXFLQJ WKH DP\ORLG IRUPLC
DELOLW\ RI PHWDO LRQWR SDERWRRAXOROOIRPHULVDWLRQ DC
IRUPDWLRQ RI PV\Q KDV EHHQ SUHYLRXWOX 2800 HVWDE
8YHUWNV DO WKRXJK YHU\ OLWWOH GDWD WR GDWH HJI
NLQHWLFV RI WKH 6 ' RU 6 ' SKRVSKRPLPLF PXWDQWV R
WKLYV DJJUHJIJDWLRQ 6WXGLHVY LQWR WKH DJJUHJDWLRQ
KDYH VXJJHVWHG WKHUH LV QR GLIITHUHQFH LQ WKH DJJU
SURWHLQV W PXVW EH FRQVLGHUHG WKDW 7K7 H[SHUI
SHUIRUPHG LQ PO DPPRQLXP DFHWDWH UDWKHU WKDQ
EXIITHU LQ NHHSLQJ ZLWK WKH PDVV VSHFWURPHWU\ DQC

FKDQJHV LQ FRQGLWLRQV ZLOO KDYH DIIHFWHG WKH DJJU



&RQFOXVLRQV

$00 H[SHULPHQWVY RXWOLQHG LQ WKLV FKDSWHU VX
SKRVSKRU\ODWLRQ DW VHULQH SURPRWHV WKH SDWKRJ
KHUH VKRZV IDVWHU DJJUHJDWLRQ WLPHV DQG LQFUHDVH

D UHVXOW RI PLPLFNLQJ SKRVSKRU\ODWLRQ

7KH 6 ' SURWHLQ DJJUHJDWHYV IDVWHU WKDQ :7 RU 6 ' E
LQFUHDVHG LQ WKH SURKWRISQHH ELQ%&QJ WR DOO WKUHH ¢
LQYHVWLIDWHG LQGXFHV D VKLIW WR PRUH FRPSDFW V
IRUPDWLRQ RI QRYHO FRQIRUPDWLRQV , W DSSHDUV W
HTXLOLEULXP WRZDUGV WKH PRUH DP\ORLGRJHQLF FRQII
VDPSOHG E\ WKH SURWHLQ ZLWKLQ WKH HTXLOLEULXP DQ¢

FRPSDFW VWDWHYV UHVXOWLQJ LQ DQ LQFUHDVH LQ DJJUH

$ VXPPDU\ ILJXUH RXWOLQLQJ WKH UROH RI FRSSHU ,, EI
6 LQ LQFUHDVLQJ WKHVDQJEBIQDEH. REVHIUYHG LQ ILIXUH
DSSHDUV FRSSHU ELQGLQJ FDXVHV D VWIVEQ K5 URXHQ @ LN
ZKLFK FDXVHV D VKLIW WRZDUGV WKH PRUH FRPSDFW \
HTXLOLEULXP 7KHVH FRPSDFW VSHFLHV WKHQ IXUWKH
SURWRILEULOV DQG HYHQWXDOO\ WKH PDWXUH ILEU
3KRVSKRU\ODWLRQ DW 6 DOVR FDXVHV DQ LQFUHDVH L
SURWHLQ KRZHYHU WKH PRGLILFDWLRQ GRHV QRW FD>

FKDQJHV WR WKH SURWHLQ VR LW LV VWLOO DV \HW XQFC



DQ LQFUHDVH LQ WKH IRUPDWLRQ RI ROLJRPHULF VSHFLH'
WKH SURWHLQ FDXVHV LW WR PRUH UHDGLO\ VHOI DVVRI
IXUWKHU LQYHVWLIJDWLRQ ZLOO EH UHTXLUHG WR FRQILU
RI' 6 ' WR ELQG FRSSHU WKLV VWDELOLVDWLRQ RI WKH
VWDWHYV PD\ EH IXUWKHU HQKDQFHG E\ WKH SUHVHQFH

LOQWHUDFWLRQ ZLWK WKH + ELQGLQJ VLWH

7KH 6 ' SURWHLQ YDULDQW KDG WKH RSSRVLWH HIIH
VXJIJIHVWLRQV WKDW WKLV PRGLILFDWLRQ FRXOG EH SURW
WKH VDPSOHV GHVSLWH ELQGLQJ EHLQJ XQREVHUYDEOH
DOVR FDXVHG D GHOD\ LQ DJJUHJDWLRQ UDWHV W LV V
SDWKZD\V DUH IXQFWLRQLQJ EXW WKH VLWH RI SKRVSK

LPSRUWDQW LQ FRQWUROOLQJ WKH DJJUHJDWLRQ RI WKH

&DUH PXVW EH WDNHQ LQ LOQWHUSUHWLQJ GDWD IURP
GLVFUHSDQFLHV ZLWK (6, ,06 06 DQG WKH XVH RI SKRVSK
VKRXOG QRZ EH DFTXLUHG XVLQJ WKH IXO0O\ SKRVSKRL
DOWHUQDWLYH PHWKRGRORJLHV LQ FRQMXQFWLRQ ZLWK

PHWKRG RI 6 SKRVSKRU\ODWLRQ RQ WKH LQFUHDVHG D
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&KDSWHU i 7TKH (IITHFWV RI &XUFXPLQ DQG

b 6\QXFOHLQ $JJUHJDWLRQ

, QWURGXFWLRQ

&XUFXPLQ LV D SRO\SKHQROLF FRPSRXQG IRXQG LQ WKH
VWHPV BRXWRXPD GRODHW DQG D YRXLHWESAD QW KASIHFLHV
7KH \HOORZ\ RUDQJH FU\VWDOOLQH FRPSRXQG LV PRVW F
VSLFH WXUPHULF DQG LQ LWV QDWXUDO IRUP LW KDV EHF
SXUSRVHV LQ &KLQHVH DQG ,QGLDQ FXOWXUH IRU WKRX
H[WHQVLYH XVH IRU D ZLGH YDULHW\ RI DLOPHQWYVY DQG L
FXOLQDU\ GLVKHV FXUFXPLQ KDV EHHQ GXEEHG —,QGLDQ
XVHV LQFOXGH WKH WUHDWPHQW RI LQIODPPDWLRQ G
GLVRUGHUV :LWNLQ DQG /L
5SHFHQWO\ FXUFXPLQ KDV EHHQ SURYLQJ LWV SRWHQWLDC
GLVHDVHV LQFOXGLQJ PXOWLSOH W\SHV RWFDQFHUV 'DY
$OOHIWDDPO DQG QHXURORJLFDO GLVRUGHUV 3XEOLFDW
3XEOHG KDYH ULVHQ VWHDGLO\ VLQFH L DQG 6KHQ
TEFXUFXPLQ® \LHOGLQJ UHVXOWYV DW WKH WLPH RI ZUL!
&XUFXPLQ KDV VKRZQ QXPHURXV SKDUPDFRORJLED(
DQWLR[LGDQW DQWL LQIODPPDWRU\ DQWL EDFWHULDO
DQWL YLUDO IXQFWLRQV -L DQG 6KHQ B/RG DYL\D D Q

&XUFXPLQ KDV SURJUHVVHG LQWR FOLQLFDO WULDO



GLVRUGHUV LQFOXGLQJ FRORUMIFWDO® QHRISODNV DL RED L
IRSUHMWIDO 6DQPXNKB@O DQG $' 5L&WP DQ

%DXAW DO

&XUFXPLQ KDV EHHQ JDLQLQJ LQWHUHVW DV D SRWHQW
GLVHDVH GXH WR LWV DELOLW\ WR UHGXFH WKH DJJUHJI
RWKHU DP\ORLGRJH®@ YR WK/RVMHFDXGH $HNW<DQJ 775
JHUUWMW DO DQG 3U3 +DIQHMWHWDDOWNRMUY VXIJIHVWYV D
SRVVLEOH FRPPRQ PRGH RI DFWLRQ DQG LW FRXOG WKHU

D WKHUDSHXWLF IRU D QXPEHU RI UHODWHG DP\ORLG GLV

&XUFXPLQ &KHPLVWU\
7TKH VWUXFWXUH RI FXUFXPLQ ZDV HOXFLGDWHG LQ L
K\GUR[\ PHWKR[\SKHQ\O KHSWDGLHQH GLRQH D

GLIHUXOR\OPHWKDQH 7TKH PROHFXODPRZ IRDUPX QW KIDVXD F.

PROHFXODU ZHLJKW RI 'D IDWXUDO FXUFXPLQ ZK
VRXUFHV FRQWDLQV DURXQG RI WKH FRPSRXQG ZH W
UHODWHG FRPSRXQGV GHPHWKR[\FXUFXPLQ DQG EI

WKH VWUXFWXUHV RI ZKLFK DUH VKRZQ LQ ILJXUH
JURXS RI FRPSRXQGV NQRZQ DV GLDU\OKHSWDQRLGYV
FXUFXPLQ LQ WKLV FKDSWHU LV UHIHUULQJ WR WKH ILUV

&EXUFXPLQ LWVHOI LV LQVROXEOH LQ ZDWHU DW DFLGLF D



DQG QRQ SRODU RUJDQLF VROYHQWYV DQG LQ DONDOL RU

DFHWLF DFLG '062 RU HWKDQRO ORGDVL\D DQG 3DWHO

%

)LIXUH

HO. OH

\o/ \\o/

(0] OH
&XUFXPLQ
o
HO OH
(o] (0]

'"HPHWKR[\XUFEXPLG

(S

¢} o)

%LV GHPHWKR[\XUFXPLQ

HO OH

I1DWXUDO &XUFXPLQ 6WUXFWXUHYV

7KH VWUXFWXUHV RI $ FXUFXPLQ % GHPHWKRI[\FXL

GHPHWKR[\FXUFXPLQ $GD&HWHZOIURP 6DQGXU



&XUFXPLQ %LRDYDLODELOLW\

'"HVSLWH FXUFXPLQ-V SURPLVH DV D WKHUDSHXWLF IRU I
FOLQLFDO XVH KDV EHHQ KLQGHUHG E\ WKH PROHFXOH-V
Lv DOPRVW FRPSOHWHO\ LQVROXEOH LQ ZDWHU LV |
JDVWURLQWHVWLQDO WUDFW DQG XQGHUJRHV JOXFRURQ!
WKLV LW KDV GHPRQVWUDWHG LODGHTXDWHWAVLVVXH DE
XQGAW DO , W KDV KRZHYHU EHHQ GHPRQVWUDWHG WR
EDUULHU %% % LQ VHYHUDO PRXVH PRGHBN RIO$O]KHLPHL
XQGAW DO SLQIFDQD O *DUFLD B@ORPD OLVKUD DQG
3DODQLYHOX 6HYHUDO UHVHDUFK JURXSV KDYH D
DGMXYDQW WR LPSURYH FXUFXPLQ-V RUDO ELRDYDLODE
DQLPDO PRGHRAWKW [QQJIXDQMIKLD O 8 F LAVYW/ND O 6 KRED

HW DO ORUH UHFHQWO\ D VWXG\ XWLOLVLQJ SLSHULC
QDQRSDUWLFOHY JUHDWO\ LPSURLXPI &BERRM/AH PLRRDH® LD G L
GHPRQVWUDWHG WKDW WKH FRPELQDWLRQ FRX&®& VWLOO
DO SLSHULQH LV NQRZQ WR LQKLELW KHSDWLF JOXFR
RI' PHWDEROLVP HWMQI®DQ SLSHULQH DORQH KDV DO\
GHPRQVWUDWHG WR KDYH QHXURSURWHFWLYH HIIHFWV
DSRSWRWLF DQG DQWL R[LGDWLYH VWUHVV IXQFWLRQV E
ZLWK FXUFXPLQ HYHQ PRUH H[FLWLQJ DV D SRVNWEOH WU|

DO $0 % D IAIB DL



&XUEXPLQ DV DQ ,QKLELWRU RI $P\ORLG $JJUHJDWLR
7KH ILUVW UHSRUWHG VXFFHVV RI FXUFXPLQ DV D SRWHQW
LQ ZKHQ LW ZDV GHPRQVWUDWHG WKDW FXUFXPLQ FR>
D SURWHLQ FRPSOH[ LQYROYHG LQ '1$ WUDQVFULSWLR
DSRSWRVLV LQ KXPDQ 6. 1 0& FHOOV D QWYWREBODVWRPD |
$ IXUWKHU VWXG\ LQ DOVR FRQILUPHG WKDW FXUFXPI
ELV GHPHWKR[\FXUFXPLQ ZHUH DOO HIIHFWLYH DW
SKHRFKURPDF\WRPD 3& FHOOV DQG KXPDQ XPELOLFDO Y
$R LQGXFHG R[LGDWLWHW @IPDJH .LP
6LQFH WKHQ LQHYHMDED Y/M\WWXGLHV KDYH SURYHQ FXU
HIITHFWLYHQHVYV LQ UHGXFLQJ WKH DP\ORLG IRUPDWLRQ R
UHVHDUFK ZDV HQWLUHO\ IRFXVVHG RQ $R DQG $O]KHLPH!
FXUFXPLQ ZDV VKRZQ E\ ERWK ZHVWHUQ EORW DQG LQ [
LQKLELW WKH DJJUHJDW KHRIQ ZR? PV\QXBEXRAH)\ KDV DOVR E
GHPRQVWUDWHG WR UHGXFH WKH DJIQHYDMUM]Y RK W KH
DVVD\V ZKHUH DQ LQFUHDVHG ODJ WLPH DQG IROG UHG:
ZDV REVHUYHG ,Q WKH VDPH VWXG\ LW zZDV DOVR GHPR
FXUEXPLQ FRXOG HIIHEFWLYHO\ UHVEXH FHOOV IURP DSRS
DP\ORLG ILEULOAYMRD@AU3 /LQ
&XUFXPLQ LV DOVR NQRZQ WR KDYH DQWLR[LGDQW SURS
H[HUWV LWV HIIHFWV RQ DP\ORLG DJJUHJDWLRQ ,W KDV

WKDW LQFUHDVHG R[LGDWLYH VWUHVYVY FDXVHG E\ RYHUH



LQFUHDVHG OHYHOV RI PHWDGY3&50MK VDD NWR Q RIOH W R H?
GHYHORSPHQW DQG SURJUHVVLRQ 7KLV LV EHOLHYHG W
RI 526 -HQQHU DQG 20DQRAV DO 'H[WHKDV DOVR EHHQ VK
WKDW bPV\Q R[LGLVHG DW PHWKLRQLQH UHVLGXHV DJJU
XQPRGLILHG SURWHLQ YLD 7K7 VWXGLHV 7KLV LV VXJJHV
RI VWDEOH QRQ WR[LF ROLJRPHULF IRUPV ZKLFK KDO\
SUHYHQWLQJ WKH IRUPDWLRQ RI PEWXQ® D®YE RBA/M\ILEULO
DO =KRW DO 2[LGDWLRQ DW WKHVH UHVLGXHV KDV [
WR DOWHU WKH SURWHLQ-V PHPEUDQH ELQGLQJ SURS
PHPEUDQHV IURP R[LGDWLYH GAWDIE 6F K\ BGN QHREKHY HU
EHHQ GHPRQVWUDWHG WKDW FHUWDLQ PHWDOV PD\ LQG
GHVSLWH PHWKLRQLQHHRYLEDWLRELYDPLUIIHVWY WKHUH P
ERWK EHQHILFLDO DQG SDWKRJHQLF UROHV IRU R[LGLVHG
LQ GLIIHUHQW GLVHDWYWWND 6FKL OV NPQMEKMWWKH HIITHFW RI R
VWUHVV RQ WKH GRSDPLQHUJLF FHOOV DV RSSRVHG WR |
GULYLQJ WKH SURWHLQ DJJUHJDWLRQ DQG FHOO GHDWK L
3KHQROLF DQWLR[LGDQWYV VXFK DV FXUFXPLQ DFW DV K\G!
SURSDJDWLRQ RI IUHH UDGLFDO FKBA A DFWHRRNL QHQN
WKH GDPDJLQJ HIIHFW ,QKLELWLRQ Rl IUHH UDGLFDO
SRVVLEOH PHFKDQLVP IRU FXUFXPLQ-V SUHYHQWLRQ RI E
EHHQ VXJJHVWHG WKDW FXUFXPLQ H[HUWV DQWLR[LGDQW

F\FORR[\JHQDVH &2; OLSR[\JHQDVH /2; DQG LQGX



VIQWKDVH L126 HQJ\PHV ZKLFK DUH DOO LPSRUWDQW PH
UHVSRQVH OHQRQ DQG 6XGKHHU

&XUFXPLQ KDV SURPLVH LQ WKH WUHDWPHQW RI D YDULH\
WKH PROHFXOH LW VKRXOG EH SRVVLEOH WR FUHDWH D °
VROYH VHYHUDO PHGLFDO SUREOHPV IURP QHXURORJLFD
WR D YDULHW\ RI FDQFHUV 7KLV FKDSWHU ZLWK IRFXV F
7K7 DJIJUHJDWLRQ DVVD\V WR LQYHVWLJDWH WKH HIIHF
GHULYDWLYHV RI WKH QDWXUDO PROHFXOH RQ WKH DJJU|
SURYLGLQJ HYLGHQFH IRU LWV SRWHQWLDO XVH DV DQ

SDUNLQVRQ-V GLVHDVH

SRWHQWLDO 3UREOHPV ZLWK &XUFXPLQ ([SHULPHQW\
, W VKRXOG EH QRWHG WKDW H[SHULPHQWDOO\ FXUFXPLC
UHDGLQJV GXH WR WKH \HOORZ FRORXU DQG LQWULQVL
+XGVR@W DO EXW GHVSLWH WKLV WKH WHFKQLTXH LV V
ORQJ DV DSSURSULDWH FRQWURO PHDBMXWHWY DUMWWDNHQ
DO -LDHQW DO 3BV DO OLUKDVKHPL JOXRUHVF
RI FXUFXPLQ LV DOVR NQRZQ WR LQFUHDVH VOLJKWO\ XSR
VKLIW LQ éPDJ &DUH PXVW EH WDNHQ WKHUHIRUH WHF
IOXRUHVFHQFH ZKHQ VWXG\LQJ WKH DQWL DP\ORLG SURS

GHULYDWLYHV ZKHQ XVLQJ 7K7 DVVD\V



7R FRQWURO IRU WKH LQWULQVLF IOXRUHVFHQFH RI WK
EDVHOLQH IOXRUHVFHQFH UHDGLQJ ZDV WDNHQ D IHZ PL
WKHVH ZHUH VXEWUDFWHG IURP WKH HQG SRLQW UHDGLAQ.

RI HDFK GHULYDWLYH VFUHHQHG FDQ EH VHHQ LQ DSSHQC



$LPV DQG 2EMHFWLYHYV

,Q WKLV FKDSWHU (6, ,06 06 DORQJ ZLWK 7K7 DVVD\V ZLO
WKH DQWL DP\ORLG SURSHUWLHV RI QDWXUDO FXUFXPLQ

VFUHHQ IRU SRWHQWLDO DQWL DP\ORLG GUXJV RI WKH IX!

7KH PDLQ DLPV RI WKH FKDSWHU ZHUH WR
X ,QYHVWLIJDWH WKH DQWL DP\ORLG SURSHUWLHV RI QL
LQ KRXVH VIQWKHVLVHG FXUFXPLQ GHULYDWLYHV WR
DP\ORLG SURSHQVLW\ RI WKH PROHFXOH FRXOG EH LP
X ,QYHVWLIJDWH WKH PHFKDQLVP RI DQWL DP\ORLG DFW
GHWHUPLQH ZKLFK SURWHLQ VSHFLHV PRQRPHULF RL

ERXQG DQG DFWHG RQ E\ WKH FXUFXPLQV



SHVXOWYV

,QVWUXPHQW 6HWWLQJY DQG &RQVLGHUDWLRQV

,Q RUGHU WR REVHUYH WKH LQWHUDFWLRQ RI FXUFXPLQ
FRQGLWLRQV ZHUH RSWLPLVHG (DUO\ H[SHULPHQWV SUHl
WKH IROORZLQJ FRQGLWLRQV FRQH YROWDJH 9 VRXUF
%LDV EDFNLQJ SUHVVXUH PEDU WUDS 9 DQG W
H[SHULPHQWYVY IURP VHFWLRQ RQZDUGV ZHUH FRQGXF
WUDQVIHU VHWWLQJV RI 9 DQG 9 UHVSRFWLFHDU DQG E
+LJKHU WUDS DQG WUDQVIHU HQHUJLHV FDQ FDXVH IUDJP
GLVVRFLDWLRQ RI OLJDQGV GXULQJ (6, ,06 06 H[SHULPHQ\
GLVVRFLDWH ROLJRPHULF VSHFLHV ZLWKLQ D VDPSOH ¢
<RXQHW DO IDWHU H[SHULPHQWV ZLWK ORZHU WUDS

SUHVVXUH YDOXHV DOORZHG IRU FXUFXPLQ ELQGLQJ WR
YLVLEOH LQ WKH HDUOLHU H[SHULPHQWV VXJJHVWLQJ
H[SHULPHQWYV LQYROYLQJ PV\Q DQG FXUFXPLQ WKHVH VI

DYRLG WKH DSSDUHQW GLVVRFLDWLRQ RI WKH FXUFXPLQ

&XUFXPLQ DQG LWV "HULYDWLYHV ,QKQEXMWVWAKH $JJUF
IDWXUDO FXUFXPLQ ZDV SXUFKDVHG IURP 6LJPD $OGULF
WKLUWHHQ FXUFXPLQ GHULYDWLYHV ZDV NLQGO\ SURYLG
%LRPROHFXODU 6FLHQFHVY 5HVHDUFK &HQWUH DW 6KHIIL

VWUXFWXUHY DQG SUHGLFWHG PROHFXODU ZHLJKWYV RI ZI



&XUFXPLQ SBUHGLFWHG OROHFXODU :HLJKW 6WU>
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7TDEOH 6WUXFWXUHV RI 1DWXUDO &XUFXPLQ DQG &XUTF
6WUXFWXUHYV DQG SUHGLFWHG PROHFXODU ZHLJKW YDOC
WKLUWHHQ LQ KRXVH SUHSDUHG GHULYDWLYHV NLQGO\
6KHIILHOG +DOODP 8QLYHUVLW\



7R GHWHUPLQH WKH HIIHFWV Rl HDFK Rl WKHVH GHULYDW
DVVD\V ZHUH FRQGXFWHG LQ PO DPPRQLXP DFHWDWH EX
XWLOLVHG GXULQJ PDVV VSHFWURPHWU\ H[SHULPHQWYV
FRQFHQWUDWLRQ RI w0 WR LQGXFH DJJUHJDWLRQ  &XU
GLOXWHG DSSURSULDWHO\ VR WKH ILQDO FRQFHQWUDWL
WKH SURWHLQ DQG WKH ILQDO '062 YROXPH ZDV $\
FRQFHQWUDWLRQ RI '062 ZDV DOVR DGGHG WR WKH :7 bV\(
LQFXEDWHG IRU GD\V DW |& ZLWK FRQWLQXRXV VKDNL
WR LQGXFH WKH IRUPDWLRQ RI DP\ORLG ILEULC
IOXRUHVFHQFH UHDGLQJ ZDV REWDLQHG ([SHULPHQWYV .
DQG HUURU EDUV JHQHUDWHG IURP WKH VWDQGDUG GHYL
SUHVHQWHG DV D SHUFHQWDJH YDOXH RI WKH DJJUHJDWL
IOXRUHVFHQFH
SHVXOWVY VKRZQ LQ ILJXUH FOHDUO\ VKRZ GHFUHDYV
LQGLFDWLYH RI D ODFN RI DP\ORLG IRUPDWLRQ LQ WKH S
VHYHUDO GHULYDWLYHV VFUHHQHG 1DWXUDO FXUFXPLQ
FRQWDLQLQJ DJJUHJDWHV WRWHKHRXNEWDO IRXQG LQ WKH
DORQH VDPSOH ZLWK D UHGXFWLRQ LD |0XFRHLMMFHQFH
REVHUYHG ZLWK VLJQLILFDQFH RIS DV FDOFXODWHG
:DOOLVY DQG SRVW KRF &RQRYHU ,QPDQ WHVW 6LJQLILFD
LQ FRPSDULVRQIWR WKPSOH DQG WKH QDWXUDO FXUFXPL

VHHQ LQ WDEOH
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&EXUFXPLQ OROHFXOH
JLIXUH &EXUFXPLQ '"HULYDWLYH 6FUHHQ IRU P6\Q $JJUlI

(QG SRLQW IOXRUHVFHQFH UHDGLQJV IURP D 7K7 DVVD\ |

W QDWXUDO FXUFXPLQ RU FXUFXPLQ GHULYDWLYHV "
HTXLPRODU :7 pV\Q DIWHU VXEWUDFWLRQ RI WKH LQLV
5HVXOWV DUH VKRZQ DV D SHUFHQWDJH R8BI WKH PV\Q RQ

2Q0\ WKH VLJQLILFDQFH RI GHULYDWLYHV DQG DUH VKI



'"HULYDWLYHYV DQG DOO DOVR VLJ(
IOXRUHVFHQFH VLIQDO RI WKH VDPSOHV FRPSDUHG WR
S ZKHUHDV GHULYDWLYH FDXVHG D VLIQLILFDQW
VLIQDO S ZLWK DQ EQFUBBYRBJIJRREVHUYHG '"HULYDW
FDXVHG QR VLIJQLILFDQW DOWHUDWLRQV WR IOXRUHVFHQ
WKDW QRW DOO GHULYDWLYHV RI FXUFXPLQ ZRXOG EH \
WUHDWLQJ DP\ORLG DJJUHJDWLRQ DQG WKHUH LV VWUXF
RI DJJUHJDWLRQ +HQFH VSHFLILF IXQFWLRQDO JURXSYV |
LOQOWHUDFWLRQ DQG ZLOO EH GLVFXVVHG LQ JUHDWHU GH
7KUHH RI WKH GHULYDWLYHY VFUHHQHG QXPEHUV DQ
HITHFWLYH DW UHGXFLQJ SURWHLQ DJJUHIJDWLRQ WKDQ Q
LQ IOXRUHVFHQFH VLIQBO RI S S DQG
S S UHVSHFWLYHO\ EHLQJ REVHUYHG ,Q FRQ
DQG ZHUH DOO VLJQLILFDQWO\ OHVV HII
PROHFXOH ZLWK DQ LQFUHDVH LQ IOXRUHVFHQFH REVHU"®
DQG VKRZHG QR VLIJQLILFDQW FKDQJH VXJIJHVWLQJ W|

DV QDWXUDO FXUFXPLQ



&EXUFXPLQ 6LIJQLILFDQFH 2YHU P6\Q 2QO0O\ 6LIJQLILFD
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,QFUHDVHG 3

'"HULYDWLYH 3

7TDEOH 6LIQLILFDQFH Rl &XUFXPLQ 'HULYDWLYHV $
SURSHQVLW\QRYHHORQH RU 1DWXUDO &XUFXPLQ
3 YDOXHV ZHUH GHWHUPLQHG XVLQJ .UXVNDOO :DOOLV D

VWDWLVWLFDO DQDO\VLYVY 7DEOH FHOOV ZLWKRXW VWDW

7R DVVHVV ZKHWKHU WKH HQKDQFHG HIIHFW RI WKH GHUL
D VHFRQG DP\ORLGRJHQLF SURWHLQ ZDV DOVR LQYHVWL.

DV LW DVVHPEOHV DW S+HW Q@G D& EBRFH WKH DELOLW



GHULYDWLYHV WR ELQG WR DP\ORLG SURWHLQV FRXOG E
DVVHPEO\ FRQGLWLRQV  $JJUHJDWLRQ VWXGLHV ZHUH
VHEWLRQ DQG DQ LQLWLDO IOXRUHVFHQFH UHDG
VXEWUDFWHG IURP WKH HQG SRLQW UHVXOWV WR DFFRXC

WKH FXUFXPLQV
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JLIXUH &XUFXPLQ '"HULYDWLYH 6FUHHQ IRUA/\VR]\PH $.

(QG SRLQW IOXRUHVFHQFH UHDGLQJV IURP D 7K7 DVVD\ I

W QDWXUDO FXUFXPLQ RU GHULYDWLYHV 'YW RQ WKH
O\VR]\PH DIWHU VXEWUDFWLRQ RI WKH LQLWLDO W 10>
VKRZQ DV D SHUFHQWDJH RI WKH O\VRE]\PH RQO\ VDPSO|

S



$V VKRZQ LQ ILJXUH WKH DFWLRQ RI FXUFXPLQ DQG L
DJJUHJDWLRQ IROORZHG D VOLJKWO\ GLIIHUHQW SDWWH U
1IDWXUDO FXUFXPLQ ZDV DJDLQ KLJKO\ HIIHFWLYH DW
LQ FRPSDULVRQ WR O\VR]\PH DORQH ZLWK D UHGXFWLRQ
s EHLQJ REVHUYHG LQ FRPSDULVRQ WR WKH O\VR]\PH
VXFFHVVIXO UHSHDWV RI WKH QDWXUDO FXUFXPLQ VDP
H[SHULPHQW VR VWDWLVWLFV FRXOG QRW EH SHUIRUPHG
ZLWK WKH XQWUHDWHG RU GHULYDWLYH FRQWDLQLQJ VD
DIJDLQ KLJKO\ HIIHFWLYH DW UHGXFLQJ WKH DJJUHJDWL!
VDPSOH ZLWK D UHGXFWLRQsSLQ IOXRUHVFHQFH RI
S DQGs S REVHUYHG UHVSHFWLYHO\ 'HULY
ZHUH DOVR GHWHUPLQHG WR FDXVH D VLJQLILFDQW GHF
S DQG S UHVSHEWLYHO\ DQG LQWHUHVWLQJO
VLIJQLILFDQWO\ LQFUHDVHG Q'K DJJUKHDG WLKRHD RISRV LW H
RQ O\WR]\PH FDXVLQJ D VLJQLILFDQW S GHFUHDVH L
DP\ORLG SURWHLQ 7KH VLJQLILFDQFH RI DOO FXUFXPL
O\WR]\PH DJJUHJDWLRQ FDQ EH VHHQ FRPSDUDWLYHO\ LQ
*LYHQ WKDW ERWK bPV\Q DQG O\VR]J\PH DJJUHJDWLRQ EDQ
EXW WKHUH DUH GLIIHUHQFHV LQ WKH DQWL DP\ORLG SUR
WKH SURWHLQV WKLV ZRXOG VXJJHVW WKDW GLIIHUHQV
GLIIHULQJ HIILFDFLHY GHSHQGHQW RQ WKH SURWHLQ RI L

EH FDUHIXOO\ GHVLIJQHG DQG RSWLPLVHG IRU HDFK LQGL"®



&EXUFXPLQ 6LIJQLILFDGBRRQYYIHBDQFH 2YHU 1DWXU

IN\VRIJ\PH 2QO0O\ &XUFXPLQ

IDWXUDO &XUFXPLQ 1RW DYDLODEOH 1 $
'"HULYDWLYH 19
'"HULYDWLYH 19
'"HULYDWLYH 13
'"HULYDWLYH 3 13
'"HULYDWLYH 3 13
'"HULYDWLYH 189
'"HULYDWLYH 3 13
'"HULYDWLYH 3 13
'"HULYDWLYH 3 13
'"HULYDWLYH 13
'"HULYDWLYH 13
'"HULYDWLYH 3 13
'"HULYDWLYH 13

7DEOH 6LJQLILFDQFH RI &XUFXPLQ 'HULYDWLYHV $

SURSHQVLWVRMRSEORQH RU 1DWXUDO &XUFXPLQ

3 YDOXHV ZHUH GHWHUPLQHG XVLQJ .UXVNDOO :DOOLV D
VWDWLVWLFDO DQDO\VLYV 7TDEOH FHOOV ZLWKRXW VWDW
1$ LV VWDWHG ZKHUH VWDWLVWLFDO DQDO\VLV FRXOG

QXPEHUV



&XUEXPLQ 60RZV WKH 7LPH ,QGXFHG $XWRSURWHR
ORQRPHULF P6\Q
7R LQYHVWLIJDWH WKH PRGH RI DFWLRQ RI FXUFXPLQ DQG
DJJUHJDWLRQ D UDQJH RI PDVV VSHEWURPHWU\ H[SHULP
PV\Q ZDV GLVVROYHG LQ PO DPPRQLXP DFHWDWH ZLWK H
RU RQH Rl WKH GHULYDWLYHY GLVVROYHG LQ '062 ZLW|
DQG VXEMHFWHG WR SRVLWLYH LRQ PRGH (6, ,06 06 OC
VHFWLRQ ZDV SHUIRUPHG ZLWK D FRQH YROWDJH RI 9
7UDS '& %LDV EDFNLQJ SUHVVXUH H WUDS DQG
$V VKRZQ LQ ILIJXUH DIWHU LPPHGLDWH DGGLWLRQ RI
QR LPPHGLDWH PDVV VKLIW ZDV REVHUYHG DQG QR QHZ
SURWHLQ ERXQG WR RQH RU PRUH FXUFXPLQ PROHEXOHV .
RI ELQGLQJ ZDV REVHUYHG IRU DOO  GHULYDWLYHV WHYV
7KLV ZRXOG LQGLFDWH WKDW WKHVH FXUFXPLQ PROHFXO

WKH HIWHQGHG RU FRPSDFW PRQRPHULF PV\Q FRQIRUPDW



O\Ad 2: ., HATMAATINHSD O\Ad L: ® O1dXdnXd odanxXxmad O\Ad L: % O\Ad L: $ AO1IdXdnxd
M1Z 290. MMT1Z HMAMHEA dX10dddad 0d O1 O\Ad 2: OM |4 90 90° ‘9) HOYHdd OH1 HATMIANYE
ATNH, 90d HATMAATINH., O1dXdNX® O0ANXMAT XM1Z O\Ad L: 14 ANMdHS9 90 90 ‘9) HNX(



,RQ PRELOLW\ GDWD ZDV H[DPLQHG WR LQYHVWLJDWH LI C
RFFXUUHG WR WKH SURWHLQ GHVSLWH WKH DSSDUHQW
ZHUH VHOHFWHG IURP WKH GULIW VFRSH SORW DQG H[SR
DYRLG DQ\ RYHUODSSLQJ GULIW WLPHV IURP RWKHU &6,V
FRQIRUPDWLRQV RI WKH SURWHLQ ZLWKLQ WKH KLJKHU &
E\ DOWHUDWLRQV WR WKH SURWHLQ-V $7'V XSRQ LPPHG
FXUFXPLQ RU GHULYDWLYHYV DQG DV VKRZQ LQ DSSHQ
FRPSDFW VWDWHYV ZHUH H[DPLQHG D GHFUHDVH LQ WKH |
ZLWKLQ WKHVH &6,V ZDV REVHUYHG DV VKRZQ LQ ILJXUH

W KH &6,

7KLV GHFUHDVH LQ WKH FRPSDFW VWDWH VXJJHVWV FXUI
ELQGLQJ WR WKH PRQRPHULF SURWHLQ PD\ EH LQIOXH(C
FRQIRUPDWLRQV REVHUYHG ZLWKLQ WKH PRUH FRPSDFW &
LQ SHUFHQWDJH RI WKH PRVW FRPSDFW VSHFLHV IURP
&6, LQ WKH SUHVHQFH RI '062 DORQH LV PRVW SURQ
QXPEHU ZKHUH D UHGXFWLRQ WR MXVW LV REVHUYH
ZLWK QDWXUDO FXUFXPLQ

7R LQYHVWLJDWH DQ\ SRWHQWLDO GHOD\HG FKDQJHV WR
WKH SURWHLQ UHSHDW VSHFWUD ZHUH DFTXLUHG RYHU \
WHPSHUDWXUH IRU K IRU IXUWKHU LQYHVWLJDWLRQ E\
ZDV DJDLQ H[DPLQHG DQG QR QRWDEOH GLIIHUHQFHV L

ZHUH REVHUYHG IRU WKH H[WHQGHG &6,V WR DSSH



WKDW REVHUYHG DW WLPH JHUR 7KHUH ZHUH DOVR OLW
FRPSDFW &6,V LQ FRPSDULVRQ WR WKH WLPH JHUR ILQGL
DQG WDEOH DW WKH &6, WKH SURSRUWLR®Q RI WKH P
KDG LQFUHDVHG LQ WKH DSR VDPSOH DQG DJDLQ VDPS(
GHULYDWLYHV KDG D GHFUHDVHG SURSRUWLRQ RI WK
FRQIRUPDWLRQ

$W WKLV WLPH SRLQW GHULYDWLYH DSSHDUHG WR EH V
FRPSDFW VWDWHY $Q LQFUHDVH LQ WKHLVRRENARFSBFW

LQ WKH FXUFXPLQ IUHH VDPSOHYV ZLWK D SHUFHQWDJH RI

FRPSDULVRQ WR MXVW DW W ZKHUHDV LQ WKH SUHV
FRQIRUPDWLRQ LV UHGXFHG WR MXVW DQG ZLWK GH
DQG UHVSHFWLYHO\ 7KLV VXJIJHVWYV WKDW GHVSL)

SURWHLQ WKH DOWHUHG VROXWLRQ FRQGLWLRQV EURXJFE
WKH SURSRUWLRQ RI WKH PRUH DP\ORLGRJHQLF FRQIRUP
VKLIWLQJ WKH HTXLOLEULXP LQ IDYRXU RI WKH PRUH H[WF
1R DGGLWLRQDO DGGXFW SHDNV ZHUH REVHUYHG DW DQ\
ILIXUH DIWHU KUV RI LOFXEDWLRQ SHDNV FRUUHVSR
VWLOO DEVHQW IURP WKH VSHFWUD 1R RWKHU PDVV VKL
7KH FRQIRUPDWLRQDO DOWHUDWLRQV WR WKH &6, DW

WDEXODWHG IRU FRPSDULVRQ LQ WDEOH DIWHU WKH IL



J)LIXUH $7'V Rl WKB\Q X¥6RRI,PPHGLDWH $GGLWLRQ RI &

*DXVVLDQ ILWWLQJ ZDV SHUIRUPHG RQ WKH FKDUJH V

LPPHGLDWH DGGLWLRQ RI $ '062 % '062 HTXLPRODL

& '062 HTXLPRODU GHULYDWLYH DQG ' '062 HTXL

&RQIRUPDWIERQV



J)LIXUH $7'V RI WK#$\Q ®6WRU KUV ,QFXEDWLRQ ZLWK

*DXVVLDQ ILWWLQJ ZDV SHUIRUPHG RQ WKH FKDUJH VWL

LQFXEDWLRQ ZLWK $ '062 % '062 HTXLPRODU QDWXI

'062 HTXLPRODU GHULYDWLYH DQG ' '062 HTXLPR

&RQIRUPDWLRQV



W KUV w KUV

8QWUHDWHG
&XUFXPLQ
'HULYDWLYH

'"HULYDWLYH

7TDEOH $7' DOWHUDWLRIBVQWR) W&H, RUHYHQFH RI &XUF
$7'V DUH VKRZQ DV D SHUFHQWDJH RI HDFK FRQIRUPDWLR!
RI :70v\Q DIWHU LPPHGLDWH DGGLWLRQ DQG IROORZLQ

FXUFXPLQ RU GHULYDWLYHV "RU &RQIRUPDWLRQV

,W ZDV DOVR REVHUYHG GXULQJ WKHVH H[SHULPHQWV WK
LWV GHULYDWLYHY DSSHDU WR SUHYHQW WKH DXWRSURW
REVHUYHG DIWHU KUV LQ WKH DEVHQFH RI FXUEXPLQ DC
,Q WKH VDPSOH FRQWDLQLQJ '062 IUDJPHQW LRQV FDQ
XVXDO PRQRPHULF DQG GLPHULF SURWHLQ &BQG REVHU

7KHVH WZR IUDJPHQW LRQV DUH RI D KLJKHU LQ\
PRQRPHULF SHDNV LQ WKH SURWHLQ RQO\ VSHFWUD DW \

EHHQ KLIJKOLJKWHG LQ JUH\ ER[HV RQ ILJXUH RQ WKH



OHANHAZIY H3 Odd AHIYI \HNC O1 OHMICTOMNCIN AOH1 mOHdrani

d 2: ® 01dXdnXd oanxmad O\Ad 21 % O\Ad L: $ HNXMANHSAHM dddn ma d0d1ma3ax401
HYM MXEMMTZ Nd ¥MTZ 290, MMTZ HMAMHLA dX10ddda od O1 O\Ad Z: 0om |d 90 90" ‘'9)
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7KH PRVW LQWHQVH RI WKH IUDJPHQW /SHDNV ZLWK D
UHSUHVHQWY WKH &6, RI D IUDJPHQW FRPSULVHG RI DPI
WKH VHFRQG ZLWAK /RISUHGLRWISGHVHQWY WKH &6, RI W
SURWHLQ IUDJPHQW 7KLV UHJLRQ RI WKH SURWHLQ |
DFHW\ODWLRQ VLWH DQG RQH Rl WKH SURWHLQ-V FRSSH
,Q WKH VDPSOH FRQWDLQLQJ QDWXUDO FXUEXPLQ WKH L
WK H &6, Rl PV\Q LV JUHDWO\ UHGXFHG 7KH LQWHQVLYV
LV WKHQ IXUWKHU UHGXFHG LQ WKH VDPSOHVY FRQWDLQLC
WK H &6, ZLWK GHULYDWLYH DSSHDULQJ WR UHGXFH
LRQV PRUH WKDQ GHULYDWLYH 7KLV VXJIHVWV WKDW V

SURWHFWLQJ WKH PV\Q PRQRPHU IURP DXWRSURWHRO\WL

2ZWKHU DOWHUQDWLYH IUDJPHQW LRQV DUH DOVR REVHUY

ORZHU LQWHQVLW\ WKDQ DQ\ Rl WKH LQWDFW SURWHLQ S

'"HVSLWH D SHSWLGH IUDJPHQW RI DD EHLQJ REVHU
IUDJPHQW RI DD ZDV GHWHFWHG 7KLV PD\ EH GXH V
W KH I UDJPHQW LQWR VPDOOHU VHFWLRQV ZKLFK DU

RU IXUWKHU DJJUHJDWLRQ RI WKLV IUDJPHQW

IRZHU LQWHQVLW\ IUDJPHQW LRQV DUH VWLOO UHGXFHG

LQ WKH SUHVHQFH RI QDWXUDO FXUFXPLQ RU GHULYDWLY
I UDJPHQW LRQV ZLWK GHULYDWLYH DSSHDULQJ WR V

ELQGLQJ RI DQ\ RI WKH FXUFXPLQ GHULYDWLYHV ZDV REV

LRQV GHWHFWHG



2EVHUYHG ODYVHGLFWHG &@EKWVWWJIH 6WDWH ,RQ $PLQR $FLC

5DQJW J P ] SHVLGXHV

7TDEOH JUDJPHQW LRQV RI :7 PV\Q REVHUYHG E\ (6, ,
,QFXEDWLRQ ZLWK &XUFXPLQV
JUDJPHQW LRQV RI w0 :7 PV\Q REVHUYHG E\ (6, ,06 06 DIW

ZLWK RU ZLWKRXW QDWXUDO FXUFXPLQ RU GHULYDWLYH

&XUEXPLQ 6HOHFWLYHO\ %LQGYV WR 20LJRPHULF 6SH]
,QFUHDVLQJ HYLGHRBIRG® YR YWXGLHY VXJIHVW WKDW LW |
ROLJRPHULF VSHFLHV FDXVLQJ QHXURWR[LFLW\ LQ 3' UD\
ILEULOV WKHPVHOYHV *ODEH DQWV.DMG :LQQ@MHDWHLQDU
ODUWWUMQ PO 'DQJMW DO 'DQIHW DO WKHUHIRUH
FXUFXPLQ DQG WKH GHULYDWLYHV DFWLQJ XSRQ WKHYV

PRQRPHULF SURWHLQ FRXOG EH DGYDQWDJHRXV IRU LWV



SUHYHQWDWLYH WUHDWPHQW $V FXUFXPLQ DQG LWV GH
ELQG WR WKH PRQRPHULF SURWHLQ XQGHU PDVV VSHF)
K\SRWKHVLVHG WKDW LW PD\ EH H[HUWLQJ LWV HIIHFW R(
EHHQ VXJJHVWHG LQ SUHYHRXANOVWXGLHV 6LQJK
:7 PV\Q ZDV GLVVROYHG LQ PO DPPRQLXP DFHWDWH WR
w0 DQG FXUFXPLQ ZDV DGGHG LQ HWKDQRO WR D ILQDO
(W2+ $V VKRZQ LQ DSSHQGL[ ( WKHUH LV QR YLVLEOF
VFRSH PRELORJUDPV RU PDVV VSHFWUD RI :7 PV\Q DORC
DGGLWLRQ RI (W2+ LQGLFDWLQJ WKHUH DUH QR JURVV H
EURXJKW DERXW E\ WKH VROYHQW DQG QR DOWHUDWLRQ
$W WKLV UHODWLYHO\ KLJK SURWHLQ FRQFHQWUDWLRQ
GHVFULEHG HDUOLHU LQ WKH FKDSWHU :7 PV\Q PRQRPHU
&6,V /RZ RUGHU ROLJRPHULF VSHFLHV LQFOXGLQJ GLPH!
WULPHUV ZLWK D GLVWULEXWLRQ RI W R DQG D VLQJC
EH REVHUYHG L® WKHQKHYKHUKH DSSHDUDQFH RI ORZHU R
VSHFLHV LV OLNHO\ GXH WR WKH KLJKHU SURWHLQ FR
H[SHULPHQWYV ZKLFK ZHUH FKRVHQ EHFDXVH WKH\ FDQ L«
IRUPDWLRQ Rl ROPJRPHUM RAKWKH GULIW VFRSH PRELORJ
WKH PRVW GLVWLQJXLVKDE®H ROLJRRBV IFFHVRHIFLIDQ GHG
LQ ILIXUH ZKHUH PRQRPHULF DQG ROLJRPHULF VSHFL

QXPEHUV FRUUHVSRQGLQJ WR WKH QXPEHU RI PRQRPHUYV



J)LIXUH 'ULIW 6FRSIH63Q BRWRRZILQW®OLJRPHULF 6SHFLHV
(6, ,06 06 RI wO P6\Q LQ PO DPPRQLXP DFHWDWH VKRZV
I URP PRQRPHUV WR WHWUDPHUV ZLWKLQ WKH GULIW VFR

QXPEHU FRUUHVSRQGLQJ WR WKH QXPEHU RI PRQRPHUV Z

8SRQ LPPHGLDWH DGGLWLRQ RI HTXLPRODU FXUFXPLQ Q°fF
ZLWKLQ WKH GULIW VFRSH SORW QH[W WR WKH GLPHU SHI
DV VKRZQ LQ ILJXUH ZKHUH WKH\ KDYH EHHQ KLJKOLJK
SHDNV DOVR LQFOXGH WKH PRQRPHU SHDNV FRUUHVSRQG
WKH\ FR SRSXODWH ERWK PRQRPHUV DQG GLPHUYV 'LPH
ZHUH DOVR UHGXFHG LQ LQWHQVLW\ ZLWKLQ WKH GULIW
RI HTXLPRODU FXUFXPLQ DV VKRZQ LQ ILJXUH ZKL]I

SUHVHQW LQ WKH VDPSOH SULRU WR DGGLWLRQ RI FXUFX



JLIXUH 'ULIW 6FRSH RI w0 :7 bP6\Q DQG (72+ LW

&XUFXPLQ

$ woO0 :7 PV\Q (72+ % w0 :7 PV\Q (72+ w0 QDW

FXUFXPLQ 8SRQ DGGLWLRQ RI HTXLPRODU FXUFXPLQ QR

DUURZV FDQ EH GHWHFWHG QH[W WR WKH PRQRPHU GLPI
DQG WKH GLPHU SHDNV RI &6,V ZKLFK KDYH EHHC

UHFWDQJOHV DQG D UHGXFWLRQ LQ LQWHQVLW\ RI ROLJF



oObvv VSHFWUD ZHUH H[WUDFWHG IURP WKH GULIW VFR
FRUUHVSRQGLQJ WR ERXQG FXUFXPLQ ZHUH YLVLEOH DW

DQG WKH PRQRPHU GLPHU SHDNV RI DQG DV VKI

)LIXUH (IWUDFWHG PRQRPHU DQG GLPHUSMBEHBWUD St
PO $PPRQLXP $FHWDWH ZLWK DQG ZLWKRXW &XUEXPLQ
(IWUDFWHG VSHFWUD SHDNV RI WKH PRQRPHU GL
PRQRPHU GLPHU &6, GHPRQVWUDWLQJ D UHGXFWLRQ
GLPHULF VSHFLHV KLJKOLJKWHG ZLWK DUURZV RYHU WK
LPPHGLDWH DGGLWLRQ RI HTXLPRODU FXUFXPLQ DQG &

HTXLPRODU FXUFXPLQ 'RWWHG OLQHV KLJKOLJKW GLPHU



+ O1dXdNnXd

O1dx4nx4d ) NHd19 . NHd19 NHdYOdd ® NHd19 % NHd19 NHdYOHd
M O0TdXdNXd 1d cOT9073 HIM rOTMANMADEAHD ANAHS ANMAHSA 90 90' ‘9) o9HMmdanml])
0O1dXdnxd4 om |1y

HMAMH4A dX1048ddd 0od O7 0\9d 2: O0Mm |14 ANAHS 90 90" ‘9) oHM4daANnMm]) HAXCT(



7KH LVRWRSLF GLVWULEXWLRQ RI WKH ERXQG SURWHL
PRQRPHU GLPHU SHDNV FRQWDLQLQJ WKH DQG é
ZLWK D VSDFLQJ RI 'D DQG 'D UHVSHFWLYHO\ 7KH
FRUUHVSRQG WR DQG &6,V FRQILUPLQJ WKDW FXUFX
WR WKH GLPHULF VSHFLHV ZLWKLQ WKH VDPSOH DV RSSR

&6,V

ORQRPHU "'LBMWHGLFWHGIGLFWBHBGLFWBHBGLFWHBHUYHG
SHDN J obvv ODVYV ODVYV ODVYV oODVV
ORQR ORQR 'LPHU 'LPHU

EXUFXPL&XUFXPLXUFXPLXUFXPLQ

7DEOH B3UHGLFWHG DQG 2EVHOUREGRBPHIMVEQRILPHUV
3UHGLFWHG DQG REVHUYHG PDVVHV RI PRQRPHUV DQG GL

DQG L@ JMKHQ JH ERXQG WR RQH RU WZR PR
QDWXUDO FXUFXPLQ 3UHGLFWHG PDVVHV ZKLFK KDYH EHF

DUH KLIKOLJKWHG LQ JUHHQ



$V KLIJKOLJKWHG MKW PBMRULW\ RI WKH GLPHUV ERXQG
PROHFXOH ZKHUHDV WKH GLPHU XQGHU WKH PRQRP
WR ELQG WZR PROHFXOHV RI FXUFXPLQ 7KH SUHGLFWHG
ERXQG WR RQH FXUEXPLQ LV DQG WZR FXUFXPLQYV
FRPSDUHV WR LQ WKH REVHUYHG GDWD LQGLFDWL(
ERXQG WZR FXUFEXPLQ PROHFXOHV DQG WKLV ROLJRPHUL
ELQGLQJ DIILQLW\ IRU FXUFXPLQ 7KH SUHGLFWHG PDV\
ERXQG WR RQH FXUFXPLQ LV DQG WR WZR FXUFXPL
FRPSDUHV WR DQ REVHUYHG PDVV RI VXJIHVWLQJ V
RQO\ ERXQG WKH RQH PROHFXOH 7KLV GDWD LQGLFDWH
DEOH WR ELQG FXUFXPLQ DQG WKDW WKH GLIIHUHQW GL
DIILQLWLHYV

,RQ PRELOLW\ GDWD ZDV DOVR H[DPLQHG IRU FRQIRUPDW!I
GLPHUV LQ WKH SUHVHQFH Rl ERXQG FXUFXPLQ EXW
FRQIRUPDWLRQDO HTXLOLEULD RU &&6 ZHUH GHWHFWHG L
7R LQYHVWLIJDWH ZKHWKHU DQ\ IXUWKHU UHGXFWLRQ L
LQFUHDVH LQ FXUFXPLQ ELQGLQJ WR WKH ROLJRPHUV F
VDPSOHV ZHUH LQFXEDWHG DW Y& IRU KRXUV EHIRUH
,06 06 DQG WKH GULIW VFRSH SORW LV VKRZQ LQ ILJXUH

UHVXOWHG LQ IXUWKHU UHGXFWLRQ LQ WKH SHDNV DVVR|
REVHUYHG EHWZHHD®G 7KLV GHPRQVWUDWHV D WLP

HITHFW RI WKH FXUFXPLQ RQ WKH ROLJRPHUV



J)LIXUH 'ULIW 6FRSH RI é0 PV\Q LQ PO $PPRQLXE
(TXLPRODU &XUFXPLQ 'HPRQVWUDWLQJ D 5SHGXFWLRQ LQ
$IWHU KUV LQFXEDWLRQ RI €0 PV\Q ZLWK HTXLPRODU C
06 UHYHDOHG D IXUWKHU UHGXFWLRQ LQ ROLJRPHULF VSH
DV REVHUYHG IURP WKH GULIW VFRSH PRELORJUDP $ !

% wO0 :7 bV\Q (72+ w0 QDWXUDO FXUFXPLQ



,RQ PRELOLW\ GDWD ZDV H[DPLQHG WR LQYHVWLJDWH WKI
ROLJRPHUV XSRQ FXUFXPLQ ELQGLQJ DIWHU K 7KH SHDI
DQG GLPHUV ZHUH VHOHFWHG LQGLYLGXDOO\ IURP WK
FRQWDLQ RQO\ ERXQG GLPHULF VSHFLHV DQG WKHUH LV Q
DORQJ ZLWK WKRVH RI WKHLU FXUEXPLQ ERXQG FRXQWHU
QR DOWHUHG SHDN VKDSHV ZHUH GHWHFWHG LQ WKHYV

VXJIJHVWLQJ QR DOWHUDWLRQV WR WKH GLPHU FRQIRUPD'

,Q RUGHU WR GHWHUPLQH LI WKHUH LV GRVH GHSHQGHQF
H[SHULPHQW ZDV UHSHDWHG XVLQJ D ORZHU FXUFXPLQ F
wOo PVIQ $V VKRZQ LQ DSSHQGL[ ) WKH VDPH UHGX
LOQWHQVLWLHYV ZLWKLQ WKH GULIW VFRSH ZHUH REVHUY
FXUEXPLQ DQG LQ DSSHQGL[ * DIWHU KUV LQFXEDWLRQ
HIITHFWLYH HYHQ ZKHQ WKH PRODULW\ LV IROG ORZHU Wt

ZHUH QR DOWHUDWLRQV WR WKH ELQGLQJ SDWWHUQ RI F:

&XUFXPLQ '"HULYDWLYHV 'LVSOD\LQJ $QWL $P\ORLG $J
'"HPRQVWUDWH 'LVVRFLDWLRQ RI 20LJRPHUV
&XUFXPLQ LQ WKH SUHYLRXV VHFWLRQV KDV EHHQ VKRZC
ROLJRPHUV 7R LQYHVWLIJDWH LI WKLV PHFKDQLVP RI DF
FXUFXPLQ D VLPLODU H[SHULPHQW ZDV FRQGXFWHG XVLQ

IURP WKH GHULYDWLYH VFUHHQ GHULYDWLYHV DQG 5



DOVR H[DPLQHG WR HQVXUH WKDW WKLV ORVV RI VLJQD
LRQLVDWLRQ EURXJKW DERXW E\ WKH SUHVHQFH RI D VPCLC
7KLY FRPSRXQG GLVSOD\HG PRGHUDWH DQWIVRP\ORLC
GHPRQVWUDWHG E\ 7K7 EXW LW ZDV VLIJQLILFDQWO\ OHV\
JRU WKH VXFFHVVIXO GHULYDWLYHV VLPLODU UHVXOWYV
FXUFXPLQ PROHFXOH DV VKRZQ LQ ILIXUHV DQG ¢
RI HTXLPRODU FRQFHQWUDWLRQV RI GHULYDWLYH QXPEH!
DQG UHVSHFWLYHO\ GLPHULF VSHFLHV ZLWKLQ WKH R
LOQWHQVLW\ RU GLVDSSHDUHG HQWLUHO\ IURP WKH GUL
GHULYDWLYHVY DOVR KDYH WKH DELOLW\ WR GLVVRFLDWH .
KHQ WKH OHVV VXFFHVVIXO GHULYDWLYH QXPEHU ZLC
ILIXUH XSRQ LPPHGLDWH DGGLWLRQ WR WKH pPV\Q VD
WKH VLIJQDO RI WKH PRQRPHULF RU GLPHULF VSHFLHV LQ
GDWD ZRXOG LQGLFDWH WKDW WKH ORVV RI WKH ROLJR
GHULYDWLYHV DQG LV GXH WR ELQGLQJ RU LQWHUDFWI
DQ\ LRQ VXSSUHVVLRQ EURXJKW DERXW E\ WKH SUHVHQF

VROXWLRQ



)J)LIXUH 'ULIW VFRSH SORWYV RI :7 PV\Q DQG :7 PV\Q
'"ULIW VFRSH SORWYV RI $ :7 PV\Q (W2+ DQG % :7 bV
GHULYDWLYH VKRZLQJ D UHGXFWLRQ LQ GLPHULF VSHF

DIWHU LPPHGLDWH DGGLWLRQ RI WKH GHULYDWLYH



J)LIXUH 'ULIW VFRSH SORWYV RI :7 PV\Q DQG :7 PV\Q
'ULIW VFRSH SORWYV RI $ :7 PV\Q (W2+ DQG % :7 bV
GHULYDWLYH VKRZLQJ D UHGXFWLRQ LQ GLPHULF VSHF

DIWHU LPPHGLDWH DGGLWLRQ RI WKH GHULYDWLYH



J)LIXUH 'ULIW VFRSH SORWYV RI :7 PV\Q DQG :7 PV\Q
'"ULIW VFRSH SORWYV RI $ :7 PV\Q (W2+ DQG % :7 bV
GHULYDWLYH VKRZLQJ QR UHGXFWLRQ LQ GLPHULF VSH

DIWHU LPPHGLDWH DGGLWLRQ RI WKH GHULYDWLYH



&XUEXPLQ ELQGV WR WKH 1$& 5HJLRQ RI b6\Q
$V DQ DFFRPSDQ\LQJ H[SHULPHQW DQ PV\Q PXWDQW ZLWk
UHPRYHG ZDV DOVR DQDO\VHG E\ (6, ,06 06 ZLWK DQG Z
QDWXUDO FXUFXPLQ DQG GHULYDWLYHV QXPEHUYV DQ
VXJIJHVWHG WKDW FXUFXPLQ LQLWLDOO\ ELQGY WR WKH I
K\GURSKRELF 1$& UHJLRQ RI WKH SURWHLQ S$KIWDITODQG /L
*DXWBW DO $IWHU WKH LQLWLDO LQWHUDFWLRQ
WKDW WKH DURPDWLF ULQJ VWUXFWXUHV ZLWKLQ WKH F
QHDUE\ K\GURSKRELF UHVLGXHV $KPDG BRGDDSLGXV
7KLV PD\ OHDG WR D GHFUHDVHG K\GURSKRELF VXUIDFH D
SUHYLRXVO\ EHHQ VXJJHVWHG DV D PHEKDQLVP IRU EXUF
RQ ROLJRPHULF VWUXFWXUHYV LQ D SUHYURXWEO&WXG\ LQWE
w0 FXUFXPLQ RU GHULYDWLYH DQG ZHUH DGGHG WR
UHJLRQ GHOHWHG 1R ELQGLQJ ZDV REVHUYHG WR DQ\ RI
VKRZQ LQ ILIJXUH ZKHUH WKH PRVW DEXQGDQW SHDN
IURP KLJKHU LQ WKH VSHFWUD DQG VKRZQ LQ DSSHQGL]
ZKROH FDQ EH VHHQ
7KLV OHQGV IXUWKHU VXSSRUW WR SUHYLRXV UHSRUWYV \
PVIQ ZLWKLQ WKH 1$& UHJLRQ 7KLV UHJLRQ LV NQRZ(
DJJUHJDWLRQ RI WKH SURWHLQ ,W DOVR GHPRQVWUDW
LQWHUDFWLRQ EHWZHHQ PV\Q DQG WKH FXUFXPLQ PROHI

ELQGLQJ WR WKH PRQRPHU RU SURWHLQ ZLWK D UHJILF



UHPRYHG 7KLV VXJIJHVWYV WKDW WKH 1%$& UHJLRQ LV UH

DQG WKLV LQWHUDFWLRQ RQO\ RFFXUV ZLWK WKH GLPHUL

N=)

)LIXUH &RPSDFW DQG ([WHQGMG &8N RU LEAKRXW
&XUFXPLQV

([SDQGHG YLHZ Rl WKH PRVW DEXQGDQW DQG D PRUH ERF
PVIQ LQ WKH SUHVHQFH RI FXUFXPLQ $ PV\Q RQO\ % H
& HTXLPRODU GHULYDWLYH DQG ' HTXLPRODU GHUL

VKLIW DQG QR QRYHO SHDNV



'LVFXVVLRQ
5HVXOWVY SUHVHQWHG LQ WKLV FKDSWHU GHPRQVWUDW
FXUFXPLQ GHULYDWLYHV FDQ SUHY HQMD WKWHBRPLWHIDW LR
WKURXJK SUHYHQWLRQ RI DXWRSURWHRO\WLF I[UDJPHQWD
DSSHDUV WR RFEXU YLD GLVVRFLDWLRQ RI SUHIRUPHG
VSHFLHV VXFK DV GLPHUV DQG SUHYHQWLRQ RI IXUWKHL
VHEWLRQV DQG
7K7 DVVD\V ZHUH SHUIRUPHG WR GHWHUPLQH WKH DQWL
FXUFXPLQ DQG GHULYDWINY® VD QR ERWRRQ@G DP\ORLGR
SURWHLQ O\WR]J\PH 7KH SURSRVHG PHFKDQLVP RI DFWLR
VKHHW VWUXFWXUHV LQ DP\ORLG DJJUHJDWHV UHVXOWL
LQFUHDVH LQ IOXRUHVFHQFH VLJQDO LQWHQVLW\ &XUFEX!
WR H[KLELW LQWULQVLF IOXRUHVFHQFH WKHUHIRUH WK
TXHVWLRQHGHWXBXRQKRZHYHU WKH WHFKQLTXH LV VWLO
DQG UHOLDEOH SURYLGHG DSSURSULDWH FRQWURO |
<DQDJLVWMW DO [IHW DO -LDHQW DO 3D DO
OLUKDVKHPL 'XH WR WKH QDWXUH RI WKH H[SHULP
LQFUHDVH LQ VLJQDO UHVXOWLQJ IURP WKH FXUFXPLQ RU
ILEULOV ZRXOG UHVXOW LQ DEHUUDQWO\ KLJK VLJQDOV
DV RSSRVHG WR IDOVH ORZ UHDGLQJV RU IDOVH SRVLWLY
ZRXOG VWLOO LQGLFDWH WKDW DP\ORLG PDWHULDO KDC

GHULYDWLYH ZDV QRQ IXQFWLRQDO LQ LWV DELOLW\ WR S



SRWHQWLDO KLWV PD\ KDYH EHHQ PLVVHG YLD WKLV Pl
IOXRUHVFHQFH WKRVH ZKLFK DUH SURGXFLQJ ORZHU UH|
VXFFHVVIXO LQKLELWRUV Rl DJJUHJDWLRQ ,QLWLDO 10
WDNHQ DW W DQG VXEWUDFWHG IURP WKH HQG SRLQW
FXUEXPLQ-V LQWULQVLF IOXRUHVFHQFH

7KHVH DJJUHJDWLRQ VWXGLHV LQLWLDOO\ VXJJHVWHG W
GHULYDWLYHV RI WKH QDWXUDO PROHFXOH FDQ LQKLELW
DQG O\WRJPHLBURK YDU\LQJ GHJUHHV RI VXFFHVV GHS
VWUXFWXUH 1RW DOO FXUFXPLQ GHULYDWLYHV ZHUH VX
GHULYDWLYH LQ SDUWLEXODU FDXVHG D VLJQLILFDQW L
WR :7 PV\Q DORQH 7KH GHULYDWLYHV KDG GLIIHUHQW ST
SURWHLQV LQYHVWLIJDWHG VXJJHVWLQJ WKDW GLIIHUHQ
GLIIHUHQW HIILFDFLHY GHSHQGLQJ RQ WKH DP\ORLGRJHC
FDVH RI PV\Q PRVW GHULYDWLYHV VLIJQLILFDQWO\ UHG X
GHWHFWHG E\ IOXRUHVFHQFH UHDGLQJV LQ FRPSDULVRQ
ZKHUHDV GHULYDWLYH VLJQLILFDQWO\ LQFUHDVHG WKF
GHULYDWLYH FDXVHG QR VLJQLILEFDQW DOWHUDWLRQV H
VLIJQLILFDQWO\ UHGXFHG DJJUHJDWH IRUPDWLRQ LQ FRF
S S DQG S UHVSHFWLYHO\ LQGLFDWLQJ \
HIITHFWLYH DQWL DJJUiNJOQ WLKRBQ GUKKHVQIRUWXUDO PROHEXOF
BWUXFWXUDOO\ LW KDV EHHQ VXJJHVWHG WKDW WZR DURF

EDFNERQH DUH HVVHQWLDO IRU LQKLEAMW /R RIDPZIUHJIDYV



K\GURJHQDWLRQ DW FRQMXJDWHG GRXEOH ERQGV RI WKH
EDFNERQH KDV EHHQ GHPRQVWUDWHG WR EH LPSRUWDQ
SURSHUWLHV 7KH QDWXUDO PROHFXOH FRQWDLQV D SKI
RQ WKH DURPDWLF ULQJ VWUXFWXUHV DQG D PHWKR[\O
%RWK GHULYDWLYHV DQG DOVR FRQWDLQ WKH SKHQR
DURPDWLF ULQJV ZKHUHDV WKH OHVV VXFFHVVIXO PRGX
LQGLFDWLQJ WKDW WKLV PXVW EH D NH\ IHDWXUH IRU
LQKLELWLRQ 'HULYDWLYH QXPEHU DOVR FRQWDLQV DQ
RI D EHQJHQH ULQJ DW SRVLWLRQ DQG SRVLWLRQ RI W
JURXS ZKHUHDV GHULYDWLYH FRQWBLGRVLVOILRQWR ERA
WKHVH PRGLILFDWLRQV DOVR DSSHDU WR LQFUHDVH WK
SURSHQVLW\ 'HULYDWLYH QXPEHU KRZHYHU GRHV QRW
ULQJ JURXS EXW LQVWHDG FRQWDLQV D IXUDQ ULQJ RU S
DWRP DW SRVLWLRQ ZLWK D PHWK\O JURXS DW SRVLWLF
,QWHUHVWLQJO\ GHULYDWLYHV DQG DOO DOVR VLJQ
RI PV\Q LQ FRPSDULVRQ WR WKH SURWHLQ DORQH VDPSOH
R[\JHQ DWRP ERXQG WR SRVLWLRQ RI WKH DURPDWL
K\GURFDUERQ FKDLQ RI WR FDUERQ DWRPV LQFUHDVI
'HULYDWLYHV DQG KDYH D VLPLODU HIIHFW ZKHUHDV G
ODUJHVW UHGXFWLRQ LQ DJJUHJDWLRQ 'HULYDWLYH

VLIJQLILFDQW LQFUHDVH LQ DJJUHJDWLRQ KDV WKH VDPH

EXW WKH R[\JHQ LV RQ D K\GURFDUERQ FKDLQ RI FDU



WKH OHQJWK Rl WKLV FKDLQ PD\ DOVR EH LPSRUWDQW IF
ZKHQ WKH OHQJWK LV LQFUHDVHG RYHU FDUERQ DWRPYV
WKH LQWHUDFWLRQV ZLWK WKH SURWHLQ WR WDNH SOD
ORQJHU ILWV LQWR WKH VSDFH EHWZHHQ WKH B VKHHWV |
GRHV QRW DSSHDU WR EH WKH FDVH ZLWK O\WR]\PH KRZH)
GHFUHDVH LQ DJJUHJDWLRQ RI WKLV SURWHLQ

,Q WHUPV RI O\WR]\PH QR GHULYDWLYHV DSSHDUHG PRI
DJJUHJDWLRQ WKDQ QDWXUDO FXUFXPLQ DQG VLJQLILEDC
WR ORZ H[SHULPHQWDO UHSHDWV KRZHYHU GHULYDWLYH
HIITHFWLYH LQKLELWRUV VLJQLILFDQWO\ UHGXFLQJ WKH |
WR WKH SURWHLQ DORQH VDPSOH S S DQG S
DJDLQ LQGLFDWHVY WKDW VRPH PRGLILFDWLRQV RI WKH
VXFFHVVIXO DW LQKLELWLQJ DP\ORLG DJJUHJDWLRQ WKD(
WKH GHULYDWLYHV SUHVHQWHG KHUH VXJIJHVWV WKDW
GHULYDWLYHV VKRXOG DOORZ IRU PRUH VXFFHVVIXO LQK
GLIIHUHQW DP\ORLG SURWHLQV DQG GLIIHUHQW GHULYD
VXFFHVV GHSHQGHQW RQ WKH SURWHLQ RI LQWHUHVW
1IDWXUDO FXUFXPLQ KDV SUHYLRXVO\ EHHQ GHPRQVWUDMW
PV\Q Q YIWMMURI WKH 7K7 DVVD\ LQ D QXPEHU RI VWX
FRQFHQWUDWLRQV LQFOXGLQJ FXUAKAL@ WR SURWHLQ
FXUFXPLQ WR SURWHLQ UDWLR $KPDG DQG /DSLGXV

FRQFHQWUDWLR®WO +HUSBVBRQ DO ZKHUH D FXUFXPLQ



GHULYDWLYHWURSKHQ\DBYUDQRRHRXQG WR KDYH D VLPLO
DJJUHIJDWLR®WSRWDQL QLWURSKHQ\OS\UD]JROH KDV W2
DWRPV LQ SODFH RI WKH R[\JHQV RQ WKH SODQDU EDFN
ERQGHG WR D EHQ]JHQH ULQJ ZLWK D$QLIMQUR RJRPXI PXP ISE
DQDORJXHV KDYH DOVR EHHQ LQYHVWLJDWHG E\ DQRWKI
GHWHUPLQHG WKH UDWH RI DJJUHJDWLRQ WR LQFUHDVH L
HW DO 7KLV ZDV FRQFOXGHG E\ WKH DXWKRUV WR EH
FRQGLWLRQV XVHG EHWZHHQ GLIIHUHQW UHVHDUFK JURXS
DIIHEFWHG E\ LWV VROXWLRQ FRQGLWLRQV DV SUHYLRXVO!
FRPSOHWHG XQGHU GLIIHUHQW DVVD\ FRQGLWLRQV WKRX
S+ 7K7 ZDV DOVR DEVHQW IURP WKH VDPSOHNVWFRQ@WDLQL
VWXG\ VR WKLV PD\ KDYH KDG VRPH HIIHFW RQ WKH UHV>
WKH IOXRUHVFHQFH Rl WKH FXUFXPLQ PROHFXOH DORQH

DV RSSRVHG WR WKH B VKHHW GHWHFWLRQ RI 7K7 6LPLO
KDYH DOVR VXJJHVWHG FXUFXPLQ GRHV QRW LQKLELW WK
EXW LQFUHDVHV WKH IRUPDWLRQ RI "RIl SDWKZD\°> VROXE(
<DQHW DO DQG WKLV KDV DOVR EHHQ GHPRQVWUDWHG :
*RYLQGD DO 7KH PHFKDQLVP RI WKH HIIHFW RI FXU
FRQIRUPDWLRQ RI ,$33 PD\ DJDLQ KDYH EHHQ DIIHFWHG E\
LV DQ RQJRLQJ SUREOHP LQ UHVHDUFK LQWR LQWULQVLF
DUH KLJKO\ VHQVLWLYH WR VROXWLRQ FRQGLWLRQV DYV

SUHVHQWHG LQ WKLV FKDSWHU KRZHYHU OHQG VXSSRUW



PHQWLRQHG ZRWIWN DOQJ$SKPDG DQG /DSLGXVHW DBKVDQ
+HUWDV DO GHWHUPLQLQJ WKDW FXUFXPLQ VORZV )
PV\QQ YLWUR
$JJUHJDWLRQ RI O\VR]J\PH KDV DOVR SUHYLRXVO\ EHHQ
SUHVHQFH RI QDWXUDO FXUFXPLQ XVLQJ WKH 7K7 DVVD\
UDWLRV UDQJLQJ IURP W R GHPRQVWUDWHG LQFUF
LQFUHDVH LQ FXUFXPLQ FREWHDAWUDWDRQUBA FXYB XPLQ
DOVR EHHQ GHPRQVWUDWHG WR UHGXFH WKH QJYUMIBW LR
XVLQJ 7K7 DVVD\V ZKHUH LQ WKH SUHVHQFH RI FXUEXP
IOXRUHVFHQFH ZDV REVHUYW® ADIQH WK WUMNPNRYLDYV DOV
EHHQ REVHUYHG WR VORZ WKH DJJU@G IIMPLRQ X P BWKH RBIR ¢
VWXGLHVAWDDA 2QRWV DO  VXJIJHVWLQJ WKDW FXUFXPLC
DJJUHJDWLRQ SURSHUWLHV DJDLQVW D YDULHW\ RI DP\O
DUH FRQIOLFWLQJ UHVXOWYV IURP UHVHDUFK JURXSV KR:
LQWHUSUHWLQJ UHVXOWY DQG FDUHIXO H[SHULPHQWDO
VROXWLRQ FRQGLWLRQV DV FORVH WR SK\VWLRORJLFDOO\
ZKHQ LQYHVWLJIJDWLQJ QRYHO GUXJ FDQGLGDWHYV
5HVXOWY SUHVHQWHG LQ WKLV FKDSWHU GHPRQVWUDWH
DQG DSSHDU WR VORZ WKH DXWRSURWHRO\WLF IUDJPHQ
(6, ,06 06 DIWHU KRXUV ZKLFK PD\ EH RQH PHFKDQLVP E
LWV DQWL DP\ORLGRJHQLF SURSHUWLHV 7KH PRVW SUR

VDPSOH ZLWKRXW FXUFXPLQ ZHUH 1 WHUPLQDO WUXQFDYV



DPLQR DFLGV 7KLV IUDJPHQW GRHV QRW IRUP SDUW RI W/
XQOLNHO\ WR EH DEOH WR DJJUHJDWH LWVHOI W LV DO
LV NQRZQ QRW WR DJIMMIDAWNH 7VLIHOQ\
7KH FRXQWHUSDUW IUDJPHQW RI DD KRZHYHU GRHYV
DORQJ ZLWK WKH KLJKO\ GLVRUGHUHG & WHUPLQDO UHJLF
DQG VRPH PHWDO ELQGLQJ VLWHV DQG LV VXVFHSWLEOH
RI WKLV UHJLRQ RI WKH SURWHLQ PD\ EH HVVHQWLDO IRL
E\ WKH PXFK ORZHU LQWHQVLW\ RI WKLV IUDJPHQW ZLWK
WKDW WKLV UHJLRQ PD\ KDYH DJJUHJDWHG LQWR KLJKHU
DD IUDJPHQWY REVHUYHG ZLWKLQ WKHVH H[SHULPHQW\
WR DJJUHJDWH DV WKH\ DOVR GR QRW FRQWDLQ WKH 18$6
1 WHUPLQDO UHJLRQ PD\ KRZHYHU EH HVVHQWLDO IRU WK
WKH LPSRUWDQW 1%$& FRPSRQHQW WR EHJLQ WKH QXFC
DJJUHIJDWLRQ WR SURJUHVYV
$XWRSURWHRO\VLV RI pPVNQ KDV EHHQ VXJJHVWHG WR
ROLIJIRPHULVDWLRQ SURFHVV DQG VHYHUDO IUDJPHQWYV |
SURFHVV KDYH SUHYLRXVO\ EHHQ LGHQWLILHG XVLQJ
HOHFWURSKRUHVLV (6, ,06 06 B/QIGLOGH/', P8DIPIBQ@W DD

KDV SUHYLRXVO\ EHHQ REVHUYHGAHW IOZU (6WKREX0B 90D
LW zZzDV QRW GHWHUPLQHG WR EH RI LPSRUWDQFH WR DJ.
QRW H[DPLQHG IXUWKHU WKDQ LGHQWLILFDWLRQ YLD

LQYHVWLIJDWLRQVY GLG KRZHYHU GHHP IUDJPHQW DD



LPSRUWDQFH GHPRQVWUDWLQJ LQFUHDVHG DJJUHJDWLR
90DV DO JUDJPHQWYV RI PV\Q KDYH DOVR EHHQ GHPRC
WR EH LQWULQVLFDOO\ DP\ORLGRJHQLF 'DWD SUHVHQW
DQG LWV GHULYDWLYHV KDYH WKH DELOLMA\QVR GB& HYHQ'
DSSHDUV WR FRUUHODWH ZLWK WKHLU DELOLW\ WR SU}
GHULYDWLYHV DQG ZHUH DOVR GHPRQVWUDWHG WR SU|
IRUPDWLRQ RI DP\ORLG PDWHULDO DV GHPRQVWUDWHG E\
ROLJRPHUV DV VKRZQ E\ (6, ,06 06

7KHVH LQLWLDO (6, ,06 06 H{SHULPHQWY SUHVHQWHG LQ
DVVD\ GDWD SUHVHQWHG LQ VHFWLRQ ZHUH SHUIRUTF
LQ '062 '062 LV JHQHUDOO\ FRQVLGHUHG DQ XQVXLWDEO
LW FDQ DIIHFW WKH SURWHLQ-V FRQIRUPDWLRQDO
FRQFHQWUDWLRQV KDYH EHHQ VKRZQ WR GHQDWXUH D¢
O\WR]\PH DQG P\RJORELQ WKRXJK WKLV KDV EHHQ GRFXF
'062 FRQFHQWUDWLRQV WKDQ XMMG &HUDFSVRQDDR G
0DQWVEK ,W ZDV REVHUYHG WKDW WKH SUHVHQFH R
VDPSOHV ZDV VXSUHVVLQJ WKH PRVW H[WHQGHG &6,V RI
ILIXUH 6SHFLILFDOO\ &6,V W R DUH DEVHQW IU
DQG &6,V DQG DUH DW D PXFK ORZHU LQWHQVLW\
VDPSOH ZLWK D VKLIW RI WKH GRPLQDQW H[WHQGHG &6,
WKH GRPLQDQW FRPSDFW &6, IURP WR LQ WKH SUHVH

R '062



IX10ddda od O1 O\Ad 0l ANMAdHSA 90)0° 9)

290.\3 A'9% OHOOHMIH 1d OHTIAAHNSSXA COTZUMNA ANMIHS9 HAXCcT(



'XH WR WKLV VXSSUHVVLRQ DOO IXWXUH (6, ,06 06 VSHF
FXUFXPLQ GLVVROYHG LQ D ILQDO FRQFHQWUDWLRQ RI
(W2+ LV NQRZQ WR LQFUHDVH WKH UDWH RI DP\ORLG IF
SURWRFROV ZKHQ VI\QWKHVLVLQJ SDWKRJHQLF ROLJRPHU
TRWKV DO 'DQMW DO S5REHUWY DQG %URZQ 7TKHUF
LOQWHUIHUHQFH IURP (W2+ ZRXOG EH H[SHFWHG WR HQKL
RSSRVHG WR UHSUHVV WKHP

7KHVH ODWHU (6, ,06 06 H[SHULPHQWYV FRQFOXGHG WK
GHULYDWLYHYVY ZHUH QRW ELQGLQJ WR WKH PRQRPHULF SL
WKHLU HIITHFW RQ WKH ROLJRPHULF VSHFLHVY SUHVHQW ZL
%LQGLQJ RI RQH RU PRUH FXUFXPLQV FRXOG EH REVHUY!
WKH VDPSOH DQG WKLV OHG WR D GHFUHDVH LQ GLPHU D
ZLWKLQ WKH GULIW VFRSH PRELORJUDPYV

7KHUH LV D SRVVLELOLW\ WKDW WKH ROLJRPHULF VSHFL
FXUFXPLQ DV WKH\ DUH DJJUHJDWLQJ LQWR KLJKHU RUG
SURWHFWLYH PHFKDQLVP ZKLFK KDV EHHQ SUHYLRXVO\ V
GHDOLQJ ZLWK WKH SUHVHQFH RI PLVIROGHG DP\ORLG SL
FRUUHODWH ZLWK WKH UHVXOWY REWDLQHG E\ 7K7 DVVEL
LQGLFDWLYH RI D ODFN RI KLJKHU RUGHU DP\ORLG PDWH L
SUHYLRXVO\ UHSRUWHG WKDW FXUFXPLQV PD\ FDXVH DJ
WR[LF RIl SDWKZD\ ROLJRPHULF VSHFLHV AW BORWHFWLY

IHGXPSXOO\ *RVWLQGDQ-KDW DO +RZHYHU QR KLJKHU R



ROLJRPHULF VSHFLHV ZHUH REVHUYHG E\ (6, ,06 06 LQ
VXJIJHVWLQJ WKH PRVW OLNHO\ PHFKDQLVP RI DFWLRQ RE
Rl ROLJRPHUV DQG SUHYHQWLRQ RI IXUWKHU DVVHPEO\
KDOWLQJ DXWRSURWHRO\WLF IUDJPHQWDWLRQ
,W PXVW DOVR EH FRQVLGHUHG WKDW ERWK WKH JHQHUD
ROLJRPHULF VSHFLHV FRXOG EH D SURGXEFW RI WKH HOHF
LQWR WKH JDV SKDVH $V SUHYLRXVO\ GLVFXVVHG LC
FRQIRUPDWLRQ RIOVBY FBOKEBVDIIHFWHG LQ WKH JDV SKDV
JHQHUDWLRQ Rl SURWHLQ VSHFLHV QRW SUHWMM@W LQ VR
3DJWOV DO  6DLNANDDO +RZHYHU WKH PRUH IROG
JOREXODU D SURWHLQ WKH PRUH VWDEGW IDW LV LQ WK
6DLNXMWD PO WKHUHIRUH WKHVH VWUXFWXUHV ZRXOG EH
WKDQ PRQRPHULF VSHFLHV ([SHULPHQWY ZHUH DOVR Ul
ZLWK WKH VDPH UHVXOW REVHUYHG OHQGLQJ VXSSRUW \
SRVVLEOH KRZHYHU WKDW WKHVEQQBQ G JF R U PRRLRP I GF (
VXUYLYH WUDQVLWLRQ LQWR WKH JDV SKDVH DQG WKL
PRQRPHULF IRUP ZDV QRW REVHUYHG LQ WKHVH H[SHULP}
BUHYLRXV VWXGLHV IURP RWKHU UHVHDUFK JURXSV KDYH
RQO\ ELQGVY WR ROLJRPHULF IRUPV RI PVI\Q LQ NHHSLQJ
FKDSWHU HIWLBQKG K\GURJHQ GHXWHULXP H[FKDQJH WR Gt}
DVVRFLDWLRQ RI /0: N'D PV\Q ROLJRPHUV ZLWK F

DVVRFLDWLRQ ZLWK PRQRPHULF N'D SURWHLQ ZDV REVFH



REVHUYH DQ\ ELQGLQJ WR WKH PRQRPHU E\ $)0 6(& &KU
3$*( DQDO\VLV EXW GLG DJDLQ REVHUYH ELQGLQJ WR R
6LQHW DO 7KLV VWXG\ GLG QRW KRZHYHU UHSRUW DC
SUHIRUPHG VSHFELHV LQWR PRQRPHULF SURWHLQ 'DWD L
DQG /DSLGXV KRZHYHU UHSRUWHG WKDW EXUEXPLQ VWU
SURWHLQ GHWHFWHG E\ D YDULHW\ RI RSWLFDO DEVRUE
$KPDG DQG /DSLGXV 7KH DOWHUHG PRUSKRORJ\ RI
REVHUYHG ZLWKLQ WKHVH VWXGLHV FRUUHVSRQGV ZL\
H[SHULPHQWY UHSRUWHG LQ VHFWLRQ ZKHUH D GHFU
SURQH FRPSDFW &6,V ZDV REVHUYHG &XUFEXPLQ KDV
REVHUYHG WR ELQG WR ROLJRPHULF DQG ILEULOODU VSHF
HW DO 'XH WR WKH QDWXUH RI WKHVH SUHYLRXVO\ H[S
KLJK VSHFLILFLW\ RI PDVV VSHFWURPHWU\ LQ FRPSDUL\
FKDSWHU LQGLFDWHV WKDW FXUFXPLQ KDV D GLVDJJUH
WRZDUGV ORZHU RUGHU ROLJRPHULF VSHFLHYV

)LQDOO\ LW ZDV DOVR GHGXFHG WKDW EFXUFXPLQ FDQQR
UHJLRQ LV GHOHWHG LQGLFDWLQJ WKLV LV WKH ELQGLQ.
XQVXUSULVLQJ DV WKH PROHFXOHY GR QRW DSSHDU WR |
EXW OHQGV VXSSRUW WR SUHYLRXV UHSRUWV VXJJHVWLC
WKH ELQGLQJ RI FXUFXPLQ DQG HVVHQWLDO IRU WKH DJJ

HW DO $KPDG DQG /DSLGXV



&RQFOXVLRQV

&ROOHFWLYH HYLGHQFH SUHVHQWHG LQ WKLV FKDSWHU G
SURSHUWLHV RI FXUFXPLQV FDQ RSHUDWH ZLWK PXOWLSO
WKH SRO\SKHQROLF FRPSRXQG FRXOG WKHUHIRUH KROG
QXPEHU RI GLITIHUHQW EXW UHODWHG DP\ORLG GLVHDVHV
GHPRQVWUDWHY WKDW VRPH FXUFXPLQ GHULYDWLYHV L
KDYH LQFUHDVHG DQWL ILEULOODU\ HIITHFWV LQ FRPSDUL
REVHUYHG E\ WKH 7K7 DVVD\ VFUHHQ 7KHVH GHULYD
GHPRQVWUDWHG WR LQIOXHQFH DP\ORLG IRUPDWLRQ E\ E
IROORZ D VLPLODU EXW QRW LGHQWLFDO SDWWHUQ LQ Wi
FXUFXPLQ GHULYDWLYHV KDYH VLPLODU HIIHFWV RQ DJJ
WKHLU HIITHFWLYHQHVY EHWZHHQ GLITHUHQW SURWHLQV
WR WKHLU VWUXFWXUHY DQG ZLWKLQ WKHVH H[SHULPHQV
DJDLQVW PV\Q DOO FRQWDLQ DQ 2+ JURXS DWWDFKHG W]
VXJIJHVWLQJ WKLV WR EH LPSRUWDQW IRU LWV DQWL IL
OHDVW 7KH GHYHORSPHQW RI FXUFXPLQ GHULYDWLYHV D
JUHDWO\ KLQGHUHG E\ WKHLU SRRU ELRDYDLODELOLW\
FRPSRXQGV ZLWK LQFUHDVHG DFWLYLW\ DQG LQFUHDVHC
SRWHQWLDO YLDEOH PHWKRG IRU IXWXUH DP\ORLG WDUJF
7KH SURSRVHG PHFKDQLVPV RI LOQOWHUDEWOR® GEWRHAIHQ F
WKLV DIIHFWV WKH DP\ORLG DJJUHJDWLRQ RI WKH SURW

2YHUDOO GDWD SUHVHQWHG KHUH GHPRQVWUDWHY FXUFX



SUHYHQW WKH DJJUHQDWRIEFR RWPNSSOHDUV WKLV PHFKDQL\
WR ERWK UHGXFLQJ WKH IUDJPHQWDWLRQ RI WKH SURW
ROLJRPHULF VSHFLHV VXFK DV GLPHUV GLVVRFLDWLQJ W

SUHYHQWLQJ WKHLU IXUWKHU DJJUHIJDWLRQ LQWR DP\ORL



J)LIXUH SBURSRVHG OHFKDQLVP RI &XUFXPLQ $FWLRQ

3URSRVHG PHFKDQLVP RI FXUFXPLQ-V LQWHUDFWLRQ ZL
SDWKZD\ RAaVAD &RPSDFW FRQIRUPDWLRQV DJJUHJDWH
ROLJRPHULF VSHFLHVY LQFOXGLQJ GLPHUV &XWFXPLQ LV
VIQ ZLWKLQ WKH UHJLRQ KLIJKOLJKWHG LQ D GDVKHG EOXt
RI WKHVH GLPHULF VSHFLHV EDFN LQWR PRQRPHULF SURYV

IXUWKHU DJJUHJDWLRQ LQWR KLJKHU RUGHU ROLJRPHUV
ILEULOV



&KDSWHU &HOOXODU 5HVSRQVHV WR &

fUHDWPHQW

L OQWURGXFWLRQ
8QGHUVWDQGLQJ KRZ PV\Q LQWHUDFWV ZLWK OLJDQGV V|
LQ VROXWLRQ SURYLGHV D ZHDOWK RI XVHIXO LQIRUPDW
FRPSOH[HVY DQG DOWHUDWLRQV WR WKH SURWHLQ V DJJU
XQGHUVWDQG WKHVH LQWHUDFWLRQV IXO0\ DQG KRZ WK
RI GLVHDVHV VXFK DV 3" LW LV HVVHQWLDO WR LQYHVW

FHOOXODU OHYHO

, W KDV EHHQ HVWDEOLVKHG WKDW WKH DGGLWLRQ RI PH
PHGLD RI JURZLQJ 6+6< < FHOOV UHVXOWV LQ WKH IR
DJJUHJDWHV RI PANKQDODQJ ,W KDV KRZHYHU \HW WR EH H
ZKHWKHU WKHVH DJJUHJDWHV DUH SKRVSKRU\ODWHG D\

UHVLGXH RI 6 DV LV WKH FDVH IRU PV\Q IRXQG LQ PDW:

OHWDO +RPHRVWDVLYV
7TUDQVLWLRQ PHWDOV VXFK DV FRSSHU LURQ ]JLQF PDQJI
IRUD PXOWLWXGH RI UHJIXODWRU\ DQG FDWDO\WLF UROHYV

WKH PLFUR WR WKH PDFUR VFDOH +RZHYHU H[FHVVHV R



WKHUHIRUH LW LV HVVHQWLDO IRU RUJDQLVPV WR UHJXO

PHWDOV -DIEMKID@NDU

OHWDO LRQV SOD\ D YLWDO UROH LQ D QXPEHU RI FHOC
VWUXFWXUH PDLQWHQDQFH UHJXODWLRQ RI JHQH H[SU
UHOHDVHH®&KAI@® DQG WUDQVLWLRQ PHWDOV VXFK DV FR
EHHQ VKRZQ WR EH HVVHQWLDO FR IDFWRUV IRU DOPRVW
HW DO &RSSHU DQG LURQ DUH ERWK LQWULQVLEDOO\
EUDLQ LQ YDULHG FRQFHQWUDWLRQV GHSHQGHQW RQ WI

EHLQJ REVHUYHG6GIZKEWKILIKW KMHO

&RSSHU LV D NQRZQ FRIDFWRU IRU VHYHUDO FHOOXODU
R[LGDVH ZKLFK LV LQYROYHG LQ WKH PLWRFKRQGULDO
VXSHUR[LGH GLVPXWDVH 62 ZKLFK LV DQ DQWLR[LGDQ\
VFDYHQJLQJ O6DWKDVLYLDP DQG 6KDZ 7KH LPPXQH
XWLOLVH FRSSHU DV DQ DQWLPLFURELDO ZLWK DFWLYD\
OHYHO RI FRSSHU ZLWKLQ WKH SKDJRVRPHV XVHG WR F|
PLFUREHV )HVWD DQG 7KLHOH &HOOXODU OHYHOV Kk
E\ FRSSHU SXPSV WKH IDLOXUH RI ZKLFK OHDGV WR LQW

PHWDO DQG HYHQWXDOO\ WR[LFAW\OOXQG FHOO GHDWK $U

$OPRVW DOO FHOOV UHTXLUH LURQ IRU DFWLYLWLHV V.
PHWDEROLVP DQG '1$ VIQWKHVLV ,ZURQ LV HVVHQWLDO E

DFWLYLW\ KRZHYHU WKLV DFWLYLW\ FDQ EH SURQH WR Wtk



'XULQJ )HQWRQ UHDFWLRQV LUR Q GGFMINDEHIWNZ HHDH U\B W 1)
526 VXFK DV K\GUR[\O UDGLFDOV :DQJ DQG 3DQWRSRXOR'
Rl 526 OHDG WR R[LGDWLYH VWUHVV ZLWKLQ WKH FHOOV

DQG UHVXOWV LQ WR[LFLW\ WKHUHIRUH FHOOXODU LUR
JHUULWLQ DQG KDHP WUDQVSRUWHUV DUH SUHGRPLQDQW
OHYHOV DQG LQ SDUWLFXODU LURQ ERXQG WR IHUULWLC
ERG\ IRU XVH LQ D YDULHW\ RI FAID OX® D U: QR B\GV H V

SDQWRSRXORYV

P6\Q 3KRVSKRU\ODWLRQ

P6\Q KDV ILYH NQRZQ SKRVSKRU\ODWLRQ VLWHV 6 <

ZLWK WKHVH PRGLILFDWLRQV VXJJHVWHG WR SOD\ UROHYV
ELQGLQJ < DXWRSKDJ\ 6 DQG SURWHRO\WLF GHJU|
HW DO ODFKHW DO &KDBMWV DO SURXQG RI PV\Q IRXQ
ZLWKLQ WKH /%V RI 3" SDWLHQWYV LV IRXQG WR EH SKRVSt
KHDOWK\ LQGLYLGXDOV RQO\ DURXQG RI WKH SURWHLQ
DW DQ\ SRVVLEOH UHVLGXH VWURQJO\ VXJIJHVWLQJ D SD\
PRGLILFDWLRQHBQBAUVRMLADUD O 6WXGLHV DLPHG D
GHWHUPLQLQJ WKLV SDWKRORJLFDO UROH KDYH VR IDU \L
SURWHFWLYH DQG SDWKRJHQLF UROHV IRU 6 SKRVSKR

WKHUHIRUH XQFOHDU ZKDW WKH UROH RI WKLV PRGLILFDYV



JRXU RI WKH ILYH SKRVSKRU\ODWLRQ VLWHYV DUH IRXQG :
WHUPLQDO UHJLRQ RI WKH SURWHLQ 2XHVODWL ZK
PDMRULW\ RI PHWDO ELQGLQJ VLWHV DV VKRZQ LQ ILIJXUI
GHWHUPLQHG ZKDW WKH HIIHFW RI SKRVSKRU\ODWLRQ 1
ELQGLQJ RI PHWDOV WR PV\Q LV RQ FHOO YLDELOLW\ DQG
HQYLURQPHQW DQG ZKHWKHU WKH WZR HYHQWYV KDYH D

SDWKRJHQHVLV RI 3'

6+6< < IHXUREODVWRPD &HOOV DV D ORGHO IRU 1HX
7KH FHOO OLQH 6+6< < KDV EHHQ XVHG H[WHQVLYHO\ Lt
GRSDPLQHUJLF SURSHUWLHV 7KLV QHXUREODVWRPD FHO
OLQH 6. 1 6+ ZKLFK ZDV LVRODWHG LQ WKH V IURP D E
IRXU \HDU ROG IHPDOH ZLWK PHWDVWDWLF QHXUREODVW
URXQGV RI FORQDO VHOHFWLRQ WR BRKRAY H; LFRW SKHQRV
DO 7KH FHOOV DUH NQRZQ WR KDYH GRSDPLQH R K\
K\GUR[\ODVH DFWLYLW\ DQG KDYH EHHQ GHPRQVWUDW!
QRUHSLQH®KVLIBHRBWHLUO 5RVV DQG %LHGOWW DO ;LFR\

6 FK O D F KHHM N2 %HFDXVH RI WKHLU SKHQRW\SH Wk
EHHQ XWLOLVHG IRU PDQ\ \HDUV LQ VWXGLHV RI 3' IRU H
PV\Q DJJUHJDWLRQ DQG FDQGLGDWH GUXJ VFUHHQV DQG
'$ WR[LFLW\ +BWHDDZD&RODSWMOWR :DQAW DO

s LFERAYW DO



$LPV DQG 2EMHFWLYHYV

(I(SHULPHQWYVY FRQGXFWHG LQ WKLV FKDSWHU ZHUH GHVL
EHWZHHQ SKRVSKRU\ODWLRQ DQG FRSSHU LQGXFHG DJJ
FHOOXODU PRGHO 7KH PDLQ REMHFWLYHV ZHUH DV IROO
X TR PRQLWRU WKH LQGXFHG DJJUHJDWLRQ DQG F\WR
PHWDO WUHDWPHQW
X TR GHWHUPLQH LI PV\Q LV SKRVSKRU\ODWHG ZLWKLQ
IROORZLQJ WUHDWPHQW ZLWK FRSSHU
X TR LQYHVWLJDWH WKH SRVVLEOH LQKLELWRU\ HIIHFYV

IRUPDWLRQ RI PHWDO LQGXFHG DJJUHJDWHYV



5HVXOWYV
6+6< < QHXUREODVWRPD FHOOV ZHUH H[SRVHG WR D UDQJ
DQG é0 IRU KRXUV ,PPXQRF\WRFKHPLVWU\ XW
VSHFLILF WR PV\Q UHVLGXHYV 6\Q DQG WKH DQW
SKRVSKRU\ODWHG DW 6 SKRV ZDV SHUIRUPHG WR |
FRSSHU RQ WKH LQWUDFHOOXODU DJJUHJDWLRQ RI PV\Q
WKH SURWHLQ LQ WKHVH FRQGLWLRQV $SRSWRVLV DQC

DVVHVVHG XVLQJ '$3, VWDLQLQJ DQG WU\SDQ EOXH G\H

,QFXEDWLRQ RI 6+6< < FEORVHYLWR &XRWHDVH LQ
JRUPDWLRQ Rl ,QWUDFHOOXODU $JJUHJDWHYV
7KH QXPEHU Rl FHOOV FRQWDLQLQJ DJJUHJDWHV ZDV G
LPDJHV DQG FRXQWLQJ FHOOV SHU H[SHULPHQWDO
H[SHULPHQWYV ZHUH FRPSDUHG IRU VWDWLVWLFDO DQDO\
$JJUHJDWH QXPEHUV ZHUH DYHUDJHG DQG DUH SUHVHQW

WRWDO FHOO FRXQW LQ ILJXUH

([DPSOHV RI SRVLWLYHO\ DQG QHJDWLYHO\ DVVLIJQHG FH
DQG DQ H[DPSOH RI D VFRUHG GDWDVHW FDQ EH VHHQ

KDYH EHHQ LQFOXGHG ZLWKRXW WKH '$3, VWDLQLQJ RYHU



)LIXUH (I[DPSOH RI 3RVLWLYHO\ DQG 1HJDWLYHO\ $VV
LQ 6+6< < &HOOV
6+6< < FHOOV VWDLQHG ZLWK WKH VI\Q DQWLERG\ WR

[ REMHFWLYH $ 1HJDWLYH FHOO VKRZLQJ RQO\ F\WF

3RVLWLYH FHOO VKRZLQJ WKH SUHVHQFH RI LQWUDFHOO X!

J)LIXUH ([DPSOH RI D 6FRUHG 6+ 6< < 'DWDVHW

%OXH GRWV UHSUHVHQW FHOOV PDUNHG DV QHJDWLYH
UHSUHVHQW FHOOV PDUNHG DV SRVLWLYH IRU DJJUHJDW|

QRW LQ IRFXV ZHUH QRW VFRUHG DV VKRZQ DQG UHPRYF



$V VKRZQ LQ ILIXUH ZKHQ FHOOV ZHUH H[SRVHG WR L
DJJUHJDWHG IRUPV RI PV\Q DV KLIJKOLJKWHG RQ HDFK LF
EH REVHUYHG ZLWKLQ WKH FHOOV 7TKHVH FDQ EH VHH!

REMHFWLYH H[DPSOH LPDJH LQ ILJXUH

JLIXUH (I'THFW Rl ,QEHBBMRAWUOXERQ RQ $IJJUHIDWH &

6< < &HOOV 6WDLQHG ZLWK WKH 6\Q $QWLERG\

6+ 6< < FHOOV LQFXEDWHG ZLWK LQRUHDKUQJIDQBYHWOWN LRI
ZLWK WKH V\Q DQWLERG\ VSHFLILF WR PV\Q DD $
&X&0 & w0 &X&O w0 &X&OKLWH DUURZV SRLQW GLUI

DJJUHIJDWHYV ZLWKLQ VHOHFW FHOOV LQ HDFK LPDJH



YLIXUH ([DPSOH RI $JJUHJDWH )RUPDWLRQ XVLQJ [ :

6+ 6< < &HOOV WUHMBWE&GCEDRWK KUV VKRZ IRUPDWLRQ RI &

aviQ DJJUHIJDWHV :KLWH DUURZV SRLQW GLUHFWO\ WR

[ PDJQLILFDWLRQ

SRVLWLYH VWDLQLQJ IRU PV\Q ZLWKLQ WKH F\WRSODVP Z

LWV LQWULQVLF H[SUHVVLRQ ZLWK WKH KLJKHVW LQWHQ

WKH QXFOHXV DV VKRZQ LQ ILJXUH $ LQ WKH XQWUHDYV



Rl &HOOV

8QWUHDW G w0 w0
&X&0 &X&0O &X&O

JLIXUH 3HUFHQWDJH Rl 6+ 6<(6\@HIAQ V HRJIFOQWHIYL QWQL Q
IRU 6\Q XSRQ ,QF U RMROQFHIQEMNEIDN LR Q
3HUFHQWDJH RI FHOOV FRQWDLQLQJ GLVWLQFW LQWUDF

H[SRVXUH WR GLIIHUHQW FRQBHQWUDW2RQV RIQ&X&O

$V VKRZQ LQ ILJXUH BQ DRAHAMDAEBY LQ WKH XQWUHDW
FRQWDLQHG GLVWLQFW SXQFWDWH DJJUHJDWHV RI bV\Q
&X&QRU KUV D VLJQLILEDQW S LQFUHDVH LQ FHOC
DJJUHJDWHY WRZDV REVHUYHG 8SRQ LQFXEDWDRQ ZLWK
VLIQLILFDQW S! LQFUHDVHsLQ B FHIDIDWIHW RAER/HU Y H
DQG XSRQ LQFXEDWLRQ ZDWIKUWWKG U&XQBUSDVH WR

S ZDV VHHQ 7KLV VXJJHVWV WKLINWON EQHBKHQIHE

LQFUHDVHYV WKH DJJUHJDWH ORDG ZLWKLQ WKH FHOOV



'KHQ H[DPLQLQJ WKH VWDWLVWLFDO VLJQLILFDQFH EH
FRQFHQWUDWLRQV DOVR VKRZQ LQ ILJXUH D VLIQLILF
RI FHOOV FRQWDLQLQJ GLVWLQFW DJJUHJDWHV LV REVHU
w0 &X&DMQG FHOOV LQFXEDWHG 73 WK VB0 J&IXIZ O W H
QXPEHUV DOVR VLJQLILEFDQWO\ LQFUHDVH S LQ EHW
w0 &X&DQG w0 &X&QV GDWD ZRXOG DOVR LQGLFDWH V
WKH DJJUHJDWLRQ LV GRVH GHSHQGHQW RQ WKH DPRXQ\

FHOOV

7KH LQWHQVLW\ RI WKH PV\Q IOXRUHVFHQFH ZDV TXDQ\
DQDO\VLV VRIWZDUH DV GHVFULEHG LQ VHFWLRQ D
H[SUHVVLRQ OHYHOV $V GLVSOD\HG LQ ILJXUH D VLJ
WRWDO FHOO IOXRUHVFHQFH &7&) ZDV REVHUYHG EHWZ
WKRVH LQFXEDWHG ZL®K wDQ&XEXQWUHDWHG DQG FHOO!
ZLWK w0 &X&0 1R VLJQLILFDQFH LQFUHDVH LQ 10X
GHWHUPLQHG EHWZHHQ XQWUHDWHG FHOOV D@BLWKRVH '
VXJIJHVWY WKDW LQFXEDWLRQ ZLRMXXV HW0 IRV L Q K0 HSDAEHD L G
H[SUHVVLRQ Rl PV\Q DV GHWHUPLQHG EQXIRUFHMIDNGRAH LQ
,PDJH DQDO\VLVY DOVR LQGLFDWHY WKDW DW FRQFHQWUD
WKHUH LV QR IXUWKHU LQFUHDVH LQ PV\Q H[SUHVVLRQ
LGHQWLILDEOH DJJUHJDWHVY GRHV LQFUHDVH )XUWKHU H
WR GHWHUPLQH WKHVH DJJUHJDWLRQ FRXQWV DQG IOX]

REVHUYHG LQ DSSHQGL[ $



&78&)

8QWUHDWWG w0 wo
&X&0 &X&0O0 &X&O

J)LIXUH ,PDJH - $QDO\VLV RI WKH )OXRUHVFHQFH ,QW

6WDLQHG ZLWK WKH 6\Q $QWLER®KRQ MPHQWUIFMWMDRQQJ &X&

JOXRUHVFHQFH LQWHQVLW)\ RI 6+ 6< < FHOOV LQFXEDWHG
RI &X&WOWDLQHG ZLWK WKH 6\Q PVI\Q DQWLERG\ DV GHWI

RQ ,PDJH- LPDJH DQDO\SBLV VRQWZDUH

'DWD SUHVHQWHG KHUH VXJIJHVWV WKDW LQFXEDWLRQ RI
ZLWK LQFUHDVLQJ FRQFHOIWWXDWLM QY WKEBX&KUWPDWLRQ R
DJJUHJDWHV RI PVI\Q DQG WKH SHUFHQWDJH RI FHOOV ER
ZLWK LQFUHDVHG FRSSHU FRQFHQWUDWLRQ 'DWD DOVR \

H[SUHVVHG ZLWKLQ WKH FHOOV LQFUHDVHYV DIWHU LQFXE



GHWHUPLQHG E\ DQ LQFUHDVH LQ RYHUDOO IOXRUHVFH(

DJJUHJDWH IRUPDWLRQ LV LQ SDUW GXH WR DQ LQFUHD\

 QFXEDWLRQ RI 6+6< < BBGYMVZDWK GKEODVH LQ $SRS
7R GHWHUPLQH ZKHWKHU LQFXEDWLRQ ZLWK FRSSHU EDX\
H[DPLQHG IRU VLJQV RI DSRSWRVLV XRXKQ@ \WQ 6 X FPIHD VXY HEV
XWLOLVHG LQ VHFWLRQ ZHUH IROORZHG FRXQWLQJ
H[DPLQLQJ IRU VLJQV Rl DSRSWRVLV $SRSWRWLF FHOO)
ILIXUH E\ H{TSUHVVLRQ RI RQH RU PRUH RI WKUHH S
DSRSWRVLV YLVLEOH YLD '$3, VWDLQLQJ FKURPDWLQ FR
DQG QXFOHDU IUDJPHQWDWLRQ &HOOV FRQWDLQLQJ RQ
PDUNHG DV SRVLWLYH $SRSWRWLF FHOO FRXQWV DUH

SHUFHQWDJH RI WKH WRWDO FHOO FRXQW

J)LIXUH 6LJQV RI DSRSWRVLV LQ 6+6< < &HOOV 9LVLEC(
$ 1XFOHDU FRQGHQVDWLRQ % 1XFOHDU HORQJDWLRQ D

7TDNHQ XVLQJ D [ REMHFWLYH [ WLPHV PDJQLILFDWLF



$V VKRZQ LQ ILIJXUH PQ DRAHX@WW HDWHG FHOOV VKRZI
RI DSRSWRVLV 7KH SHUFHQWDJH RI DSRSWRWLF FHOOV
WR s XSRQ KUV LQFXEDWLRQ ZLWXRQ Ww@®RX®@IONLRQ ZL
w0 &X&® VLJQLILFDQW S 4 QFZBDWREWHRUYHG 1R
IXUWKHU LQFUHDVH LQ DSRSWRWLF FHOO QXPEHUV ZD\
LQFXEDWHG ZLWK ZlWOK&X&BHOOV VKRZLQJ RQH RU PRUH

DSRSWRVLYV

T
o3
>
0
x
7))
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x

S8QWUHDW K w0 w0

0&X&O &X&0 &X&O

JLIXUH SBHUFHQWDJH RI &HOOV 6KRZLQJ 6LJQV RI $SRS

&X&O0

3HUFHQWDJH RI FHOOV VKRZLQJ DW OHDVW RQH GLVWLQF
WR LQFUHDVLQJ FRQFHQWBDWLRQ® RI &X&8

Q



$V VKRZQ LQ ILJXUH WKHUH LV D VLIJQLILFDQW S
DSRSWRWLF FHOOV EHWZHHQ FHOOVDIXEF XEDW K& & WK
ZKHUHDV QR VLJQLILFDQW DOWHUDWLRQV ZHUH REVHUY

w0 &X&DQGwW0 &X&O

5HVXOWY KHUH GHPRQVWUDWH. YEROMHW [BERISWRWR & R &Or
FHOOV DIWHU KUV LQFXEDWLRQ DORQJVLGH WKH IRUPD
1RW DOO DSRSWRWLF FHOOV VKRZHG VLJQV RI DJJUHJDWH
FRQWDLQLQJ FHOOV VKRZHG VLJQV RI DSRSWRVLV ZKI

PHFKDQLVPV DUH LQGHSHQGHQW UHVSRQVHV WR WKH SUF

 QFXEDWLRQ RI 6+ 6< < &D)OVOHN ZDL WH GRXXFMOLRQ LQ &HOC
7U\SDQ EOXH G\H ZDV XVHG WR TXDQWLI\ WKH OHYHO RI
WUHDWPHQW IRU KRXUV 8QWUHDWHG FHOOV KDG DQ I
ZKLFK ZDV UHGXEHG WR XSRQ LQFXEDWLRQ ZLWK w0
DV VKRZQ LQ ILJXUH ,QFXEDWORR BHW KO WW®G&XED VWL
VLIQLILEDQW S UHGXFWLRQ LRQWGLDBEXEWWWRQ ZL

w0 &X&OHVXOWHG LQ D IXUWKHY GHBUHDVH WR MXVW

‘KHQ VWDWLVWLFDO DQDO\VLV ZDV SHUIRUPHG EHWZH
FRQFHQWUDWLRQ DV VKRZQ LQ ILJXUH D VLIQLILFDQV
ZDV REVHUYHG EHWZHHQ ERWK FHOOV LQFXEDWIBG ZLWK

EHWZHHQ DQG WX &XERWONLQJ FHOO YLDELOLW\ GHFUHD



WR LQFUHDVHBQ&K&LAWUDWLRQV 7KLV GDWD FRUUHODWE
DQDO\VLY GDWD DQG LQGLFDWHYVY WKDW LQFUHDVLQJ FRQI

GHDWK WKURXJK DQ DSRSWRWLF SDWKZD\

o3
o
8 QW U H D Wig WO WO
G &X&0O &X&0O &X&O
YLIXUH &HOO 9LDELOLW\ RI 6+ 6< < &HOOV $IWHU ,QFX|

&HOO YLDELOLW\ RI 6+ 6< < FHOOV LQFXEDWHG ZLWK LQFL

IRU KUV VKRZQ DV SHUFHQWDJH RI WRW®O FHOOV ZLWK

S Q



,QFXEDWLRQ RI 6+6< < FHDOM HVLWKJIKXIOWHY RI b
3KRVSKRU\ODWHG DW 6HULQH
7R LQYHVWLIJDWH WKH SKRVSKRU\ODWLRQ VWDWH RI ERW
DJJUHIJDWHY IRUPHG LQ WKH6$0H CHRHOGION| &A4X&HD WUHDWH
FRSSHU DQG VWDLQHG XWLOLVLQJ DQWLERG\ VSHFLILF W
$V VKRZQ LQ ILIJXUH WKHUH LV SRVLWLYH VWDLQLQJ
HI[SHULPHQWDO FRQGLWLRQV LQFOXGLQJ WKH FHOOV LQ
$ VKRZLQJ XQWUHDWHG FHOOV GHPRQVWUDWHYV D VL
VWDLQLQJ WR WKDW REVHUYHG ZLWK WKH FHOOV VWDLQH
EHHQ UHSRUWHG SUHYLRXVO\ WKDW DURXQG RI F\WRVF
6 LQ WKH KHDOWK\ KXAFWQOPUDLWR mPVPDOO SHUFHQWD
SKRVSKRU\ODWHG FHOOV ZRXOG EH H[SHFWHG +RZHYHU

KHUH VKRZHG D FRQVLGHUDEOH LQFUHDVH RYHU ZKDW ZD

JROORZLQJ WUHDWPHQW ZLWK FRSSHU PHDQ QXPEHUV Z
VDPH FRXQWLQJ V\VWHP HPSOR\HG LQ VHFWLRQ DV

UHSUHVHQWDWLYH LPDJHV DUH JLYHQ LQ DSSHQGLFHV (



J)LIXUH (IMTHFW RI1 , Q RWRMIFHIOON UDWIORQ RQ $JJUHJDWH

6+ 6< < &HOOV 6WDLQHG ZLWK WKH 3KRV $QWLERG\

6+ 6< < FHOOV LQFXEDWHG ZLWK GLIIHURQ@W KR®FHQ@® UD
VWDLQHG ZLWK WKH SKRV DQWLERG\ VSHFLILF WR PV\Q
$ 8QWUHDWHG % & w0 B&X&0 w0 &X&OKLWH DUURZYV

SRLQW GLUHFWO\ WR DJJUHJDWHV ZLWKLQ VHOHFW FHOO'



RI &F

8 QW UH D WWG ") )
&X&0 &X&0O &X&O

YLIXUH SHUFHQWDJH RI 6+ 6064 @K$0ODWVHER QYW D L6Q\ILIQ |
IRU 3KRV XSRQ ,QF USFDYRQ V&XBW LR Q
3HUFHQWDJH RI FHOOV FRQWDLQLQJ GLVWLQFW LQWUDFH

PV\Q DIWHU H[SRVXUH WR GLITHUHQWSFRQFHRWUDWLRQV ¥

Q

$V VKRZQ LQ ILIXUH sDQ BIYXQWUHDWHG FHOOV FRQWDL
DJJUHJDWHYV VWDLQHG ZLWK WKH SKRV DQWLERG\ 8S
&X&OD VWDWLVWLFDOO\ VLIJQLILFDQW LQFVWHDWYH S \
FHOOV GLVSOD\HG SKRVSKRU\ODWHG DJJUHJDWHYV RI PV\Q

&EX&OQUHVXOWHG LQ PHDQ FHOO FBRXQWWMOQRS s



S UHVSHFWLYHO\ $ VLIQLILFDQW LQFUHDVH LQ F!

XSRQ LQFUHDVHG FRSSHU FRQFHQWUDWLRQ ZDV DOVR QR

KHQ WKH DYHUDJH IOXRUHVFHQFH LOQWHQVLWLHV RI WK
,PDJH - LPDJH DQDO\VLV VRIWZDUH DV VKRZQ LQ ILJX
VLIQLILFDQW S LQFUHDVH LQ TOXRUHVFHQFH ZDV RE
FRQFHQWUDWLRQV EXW QR VLIQLILFDQFH ZDV REVHI
FRQFHQWUDWLRQV 7KLV DJDLQ VXJIJHVWYV WKDW WKHUH
ZLWKLQ WKH FHOOV PHDVXUHG YLD DQ LQFUHDVH LQ I10XF

LQFUHDVH LQ DJJUHJDWH IRUPDWLRQ

I
N~
o3
8QWUHDWRG WO WO
0&X&O &gX&O &X&O
JLIXUH ,PDJH - $QDO\VLV RI WKH JOXRUHVFHQFH ,QW

6WDLQHG ZLWK WKH 3KRV $QWLERRQFPBQWQBWHBRQNQJ &}

JOXRUHVFHQFH LQWHQVLW)\ RI 6+ 6< < FHOOV LQFXEDWHG
Rl &X&O/WDLQHG ZLWK WKH SKRV PVI\Q DQWLERG\

TXDQWLILFDWLRQ RQ ,PBJH- VRIWZDUH



"KHQ WKH DJJUHJIJDWH FRXQWV EHWZHHQ WKH V\Q
LPPXQRF\WRFKHPLVWU\ H[SHULPHQWY DUH GLUHFWO\ FR
WKHUH LV D VLIJQLILFDQW LQFUHDVH LQ WKH SHUF

SKRVSKRU\ODWHG LQFOXVLRQV FRPSDUHG ®M\WK WKRVH V

Rl &HOOV

J)LIXUH &RPSDULVRQ RI &HOO 3HUFHQWDJH &RQWDL(

DQG 3KRYV 6WDLQHG $JJUHJDWHYV

'LUHFW FRPSDULVRQ Rl WKH QXPEHU RI 6+ 6< < FHOOV
IROORZLQJ LQFXEDWLRQ ZLWK GLIIHUHGMW LKROFHHZWWY D)\
SHUIRUPHG ZLWK WKH DQWL VIQ RU DQWL SKRV  bV\Q

FHOOV FRQWDLQLQJ GLVWLQFW SDJJUHJDBVHV RI bV\Q

S Q



JROORZLQJ LQFXEDWLRQ ZLWKRI wBHXE&D VWDLQHG SRVL\
DJJUHJDWHV ZLWK WKH VIQ DQWLERG\ KRZHYHU ZLWK
ZDV VLJQLILFDQWO\ S EQFUH®NHEU WLRFXEDWLRQ Z

w0 &X&O0 RI FHOOV VWDLQHG SRVLWLYH IRU DJJUHJDYV
VLIQLILFDQWO\ S KLJKHUs SHUFMDQMWDPH® S|RVLWLYH .
SKRV $IWHU LQFXEDWLRQ WKWISHUFHQ@NMROH RI FHOOV
SRVLWLYH IRU DJJUHJDWHYV ZLWK WKH SKRY DQWLERG\ Z
KLJKHU WKDQ WKRVH VWDLQHG ZLWK WKH V§Q DQWLER

DQG s UHVSHFWLYHO\

,QFXEDWLRQ RI 6+6< < ZLWK &XUFXPLQ $SSHDUV W

JRUPDWLRQ RIGEF&I® $JIJUHIDWHV RI P6\Q

7R GHWHUPLQH LI WKH FRSSHU LQGXFHG DJJUHJDWLRQ ¥
W0 &X&®DV DGGHG WR WKH FHOO PHGLD WR LQGXFH D

WKUHH GLITHUHQW FRQFHQWUDWLRQV RI QDWXUDO FXUFX

ILIXUH GLVWLQFW DJJUHJDWHV FDQ VWLOO EH REVI

FRQGLWLRQV

&HOOV FRQWDLQLQJ DJJUHIJDWHYV ZHUH FRXQWHG HPSO
SUHYLRXV VHFWLRQV SHSUHVHQWDWLYH LPDJHV XVHG W

LQ DSSHQGLFHV , WR /



J)LIXUH (l1MTHFW Rl ,QFUHDVLQJ &XUFXPLQ &RQFHQWUD
LQ 6+ 6< < &HOOV 7UHDOWEXCEDLOWXK 6WDLQHG ZLWK WKH 6

$QWLERG\

6+ 6< < FHOOV FR LQFXEDWHG ZIRWK MRV DW® WWRQQHG ZL

VIQ DQWLERG\ VSHFLILF WR PV\Q DD RQO\ % wd &X&

&X&0 w0 &XUFXPLQ & WOWOHX&OUFXPLQ w0 &X&O
W0 &XUFXPLQ :KLWH DUURZV SRLQW GLUHFWO\ WR DJJL

HDFK LPDJH



RI &F

8QWUHDWHG wo W0 w0
&X&0 &XUF &XUF&XUF

JLIXUH 3HUFHQWDJH RI 6+ 6< < &HI6OIV$ER QMIDVOH D J *|

6WDLQHG ZLWK 6\Q DIWHU &R ,QFXEDWLRQ ZLWK &RSSF

3HUFHQWDJH RI FHOOV FRQWDLQLQJ GLVWLQFW LQWUDF
LQFXEDWLRQ ZLWKDQ®@0GENBOHQW FRQFHQWUDWLRQV RI
1R VLIQLILFDQW DOWHUDWLRQV ZHUH QRWHG EHWZHHQ W

FRSSHU DQG FXUFXPLQ

$V VKRZQ LQ ILJXUH DQG DNLQ WR UHVXOWV SUHVE
SUHVHQFH RI WOXXKO D VLIQLILFDQW LQFUHDVH S

RI FHOOV FRQWDLQLQJ GLVWLQFW DJJUHJDWHV RI PV\Q D
FHOOV GHPRQVWUDWHG DQ FOYAHOOW FRQWDLQLQJ DJJU
ZKHUHDV FHOOV WUHDWHR QWWKQHG®MDAXE&BIDWHY LQ DQ D

S RI FHOOV



8SRQ DGGLWLRQ RI w0 QDWXUDO FXUFoRL @ YDHOLRDQH L G H

s RI FHOOV ZHUH VWLOO IRXQG WR FRQWDLQ DJJUHJDW
FXUFXPLQ DW WKLY FRQFHQWUDWLRQ KDG QR HIIHFW RQ \
LQGXFHG E\ DGGLWQB@RIVAXBWLVWLEDOO\ VLIQLILFDQFH
ZDV WUXH IRU FR LQFXEDW LIR@GZHWWKKH WOWOXRO w0 FXUF
ZLWK SRVLWLYH FHOO HARX®WY RIUHVSHFWLYHO\ 7KLV G
GHPRQVWUDWHY WKDW LQ WKLV FHOO PRGHO RI 3' DGGL\
LQFXEDWLRQ ZRWK RYEOLG QRW SUHYHQW MXGHX FRIGP DW L

DJJUHJDWHYV RI PV\Q



'LVFXVVLRQ
SHVXOWV SUHVHQWHG LQ WKLV FKDSWHU GHPRQVWUDWH
FHOOV LQ WKH SUHVHQFH RI FRSSHU IRU KUV UHVXOWYV
DJJUHJDWHV RI PV\Q 7KHVH DJJUHJDWHYV ZHUH LGHQWLILI
VWDLQLQJ ZLWK WKH V\Q DQWLERG\ ZLWK WKH DGGLWL
WR WKH PHGLD UHVXOWLQJ LQ D VLIJQLILFDQW LQFUHDVH
UHVSHFWLYHO\ LQ WKH SHUFHQWDJH RI FHOOV FRQWDLQ
LQFUHDVHV S LQ DJJUHIJDWH SRVLWLYH FHOOV ZHUF
FRSSHU FRQFHQWUDWLRQ LQGLFDWLQJ D GRVH GHSHQC
LQFUHDVH LQ DJJUHIJDWH IRUPDWLRQ DOVR UHVXOWHG |
IOXRUHVFHQFH LQWHQVLW\ RI WKH FHOOV DV TXDQWLI
,QFXEDWLRQ ZLWK RERWWOUHNKOWHG LQ D VLJIQLILF
LQFUHDVH LQ IOXRUHVFHQFH LQWHQVLW\ 7KLV VXJJIJHVW
PD\ DOVR EH LQGXFLQJ DQ LQFUHDVH LQ PV\Q H[SUHVVLR

DQ LQFUHDVH LQ WKH IRUPDWLRQ RI LQWUDFHOOXODU LQ

,QFXEDWLRQ ZDWWR&XKBOXOWHG LQ D FRQFXUUHQW LQFU}
GHWHUPLQHG YLD '$3, VWDLQLQJ DQG WU\SDQ EOXH ,Q
FDXVHG D VLJQLILFDQW S LQFUHDVH LQ WKH SHUFHQ
RQH RU PRUH VLJQV RI DSRSWRVLV FRPSDUHG ZLWK W]
VLIJQLILFDQW LQFUHDVH S ZDV DJDLQ REVHUYHG LQ F
ZKHQ FHOOV ZHUH LQFXEDWHGRZYWIQL | WODXEQQFUHDVH :

ZKHQ &XRRDRFHQWUDWLRQ ZDV LQFUHDVHG IXUWKHU , Q



FRQWDLQLQJ DJJUHJDWHV VKRZHG VLJQV Rl DSRSWRVLYV

QRW WKH DJJUHJDWH ORDG LWVHOI LQGXFLQJ DQ DSRSV
DQRWKHU DFWLRQ RI WKH FRSSHU LRQV 3RVVLEOH FDX\
SUHVHQFH RI 526HI&DD@DEDYLHNV DO $V SUHYLRXVO\
GLVFXVVHG LQ FKDSWHU bPV\Q LV NQRZQ WR SRVVHVV IH
FRSSHU ERXQG WR WKH SURWHH® ID® WKH ISIMREHR Y F RO
UHVXOWYV LQ WKH SURGXFWLRQ RI 526 VSHFLHV ZKLFK D
VWUHVY DQG DSRSWRWLF UHVSRQVHN D 6+68K¥KHBHORUM &
WKLV LV D SODXVLEOH WKHRU\ DV WR KRZ FRSSHU LRQV L
KDV DOVR EHHQ SUHYLRXVO\ HVWDEOLVKHG WKDW 526 D
IDFWRUV LQ LURQ LQGXFHG PV\Q DJJUHJDWLRQ LQ 6+ 6<
FDVH IRU FRSSHU 526 KDYH DOVR EHHQ OLQNHG ZLWK W
PVIQ LQ DQ 6+ 6< < PRGHO VXJJHVWLQJ WKH DGGLWLRQ
LQFUHDVH LQ PV\Q SKRVSHKAWDD®WLRELYHILQAUWRVH LQ 6
SKRVSKRU\ODWLRQ ZDV DOVR GHPRQVWUDWHG E\ UHVXOV

SODXVLEOH WKDW WKLV SKRVSKRU\ODWLRQ FRXOG EH WK

7KLV LQFUHDVH LQ DSRSWRVLV ZDV DOVR FRXSOHG ZLWK
GHWHUPLQHG YLD WU\SDQ EOXH VWDLQLQJ OHDQ FHOO Y
UHGXFHG XSRQ LQFXEDWLRQDAQ®OKDV WDIJRXKKGEDQWO\ S
GHFUHDVHG IXUWKHU XSRQ LQFUHDVHG FRSSHRUFRQFHQ

W0 &X&OLQGLFDWLQJ WKHUH LV D GRVH UHVSRQVH &

SUHYLRXVO\ GHPRQVWUDWHG WR UHGXFH FHOO YLDELOL\



w0 IRU KRXUVHBUPODHODRG LQ DQRWKHU VWXG\ UHGXF
YLDELOLW\ ZDV VHHQ ZLWK HWOMAWHU[SKULPGDRWY LQ WI
FKDSWHU ZHUH SHUIRUPHG ZLWK LQ RQGHU WWOR &IX@E&FO
HISHULPHQWYV ZLWK ERWK ORZHU DQG KLJKHU FRSSHU
SUHYLRXVO\ UHSRUWHG DQG D VLPLODU UHGXFWLRQ LQ Y

DQG S UHVSHFWLYHO\ ZDV REVHUYHG

SBUHYLRXVO\ SXEOLVKHG GDWD VXJJHVWYV WKDW WKH H[WU
WKH LOQWHUDFWLRQ RI FRSSHU LRQV ZKLFK UHVXOWYV LQ
ROLJRPHU VXJIJHVWHG WR SRWHQWLDOO\ EH WKW/ WRJ[LF

DO 'XH WR WKH LQFUHDVHG FHOO WR[LFLW\ REVHUYH
DOVR SODXVLEOH WKDW WKHVH DUH WKH DJJUHJDWHV RE
WKHVH DJJUHJDWHYV WKHPVHOYHV DUH FDXVDWLYH RI W

GHFUHDVHG FHOO YLDELOLW\ REVHUYHG

,W KDV SUHYLRXVO\ EHHQ UHSRUWHG WKDW FRSSHU LRQV
IRUPDWLRQ DV GHFUHDVLQJ LQWULQVLF FRSSHU OHYHOV
FDXVHG D UHGXFWLRQ LQ WKH SHUFHQWDJH RI FHOOV FR

RI XQWUHDWHG FHOOV WR MXVW LQ WKH SUH\
,QFXEDWLRQ ZLWK WKH FKHOH[ DQG w0 FRSSHU ZDV DEC
FRXQWV WR WKRVH Rl WKH XQWUHDWHG FHOOV DQG DGG
DQ LQFUHDVH LQ FHOOV FRQWDLQL QXD DI HJD:WWKLWR

WKH :DQJ VWXG\ PV\Q ZLWKLQ WKH XQWUHDWHG DQG FHC



FRPSRXQG ZDV SUHGRPLQDQWO\ IRXQG ULQJHG DURXQG \
WKH UHVXOWY SUHVHQWHG LQ WKLV FKDSWHU 7TKH VW
YHUVLRQV RI PpV\Q DQG + $ PXWDQWV WR GHPRQVWUDWH
WKH SURWHLQ LV HVVHQWLDO IRU LWV DJJUHADWWREQ LQ W
$ VHSDUDWH VWXG\ bOVR GHWHUPLQHG FRSSHU WR [
RI WR[LF PV\Q DJJUHJDWHYV LQ DQ 6+ 6< < PRGHO SURGXI
RI SURWHLQ FRPSOH[ DQG GHGXFHG WKDW LURQ GLG QR
ROLJRPHUV &RSSHU ZDV DOVR VKRZQ WR LQFUHDVH
DJJUHJDWHG IRUPV RI WKMWSUORWHLWQLPLODKWVR WKH UF

SUHVHQWHG KHUH

SHVXOWYV LQ WKLV FKDSWHU DOVR GHPRQVWUDWH WKDW
DJJUHIJDWHYV IRUPHG ZLWKLQ 6+ 6< < FHOOV DUH SKRVSK
SDWKRJHQLF DPLQR DFLG UBVLGEGAHAHKQWUHEDWKG FHOOV VYV
SRVLWLYH 7KLV LOWULQVLF SKRVSKRU\ODWLRQ KDV EHH
FHOOV SRVLWLYHO\ VWDLQHG IRU :7 PV\Q DOVR VWDLQHG
SHUIHWW RO 7KLV PRGLILFDWLRQ LV NQRZQ WR EH LQYF
RI WKH SURWHLQ I[URP WKH F\WRVRO DQG PD\ PDUN WKHYV
KHQ FHOOV ZHUH LQFXEDWHG IRU K ZLWK WKH DGGLWLF
WR WKH PHGLD D VLJQLILFDQW LQFUHDVH WR RYHU S
UHVSHFWLYHO\ LQ WKH QXPEHU RI FHOOV VWDLQLQJ
F\WRSODVPLF LQFOXVLRQV RI PV\Q ZDV REVHUYHG IRU

GLIIHUHQFH ZDV QRWHG EHWZHHQ WKH FRQFHQWUDWLRC



FRPSDUHG WR WKRVH REWDLQHG ZLWK WKH V\Q DQWLI
VLIQLILFDQWO\ KLJKHU SHUFHQWDJH RI FHOOV VWDLQH
LQFOXVLRQV 1R GLIITHUHQFH LQ LQFOXVLRQ IRUPDWLR!
XQWUHDWHG VDPSOHYV 7KLV VXJJIHVWVUNMMOBOW W WD W F

VLIQLILFDQWO\ KLIJKHU QXPEHU RI FHOOV FRQWDLQLQJ St

,Q WKHVH H[SHULPHQWY LW FRXOG QRW EH GHWHUPLQHG
IRU VIQ ZHUH DOVR SKRVSKRU\ODWHG KRZHYHU LI WKI
VKRXOG EH OLWWOH GLIIHUHQFH LQ FRXQWY EHWZHHQ WK
GLIIHUHQW DQWLERGLHV ,W ZDV GHPRQVWUDWHG LQ FKEL
XWLOLVHG LQ WKHVH H[SHULPHQWY GRHV QRW KDYH WKH
ZRXOG JHQHUDOO\ EH H[SHFWHG WKDW WKH V\Q DQW
DJJUHJDWHY GHVSLWH SRVW WUDQVODWLRQDO PRGLILFD
LV QRW WKH EDVH ,W LV SRVVLEOH WKDW WKH SKRVSK
FRQIRUPDWLRQDO FKDQJH ZKLFK QR ORQJHU DOORZV WKH
DJJUHJDWH 7KLV PD\ UHVXOW DV WKH ELQGLQJ HSLWRSH
WHUPLQDO YHU\ FORVH WR WKLV SKRVSKRU\ODWLRQ SR\
FRXOG EHFRPH PDVNHG RQ SKRVSKRU\ODWLRQ DQG VXE\
HQYLURQPHQW RI WKH & WHUPLQDO GRPDLQ RI bV\Q LV D
DVVHPEO\ WDNHV SODFH ZLWK WKH DFFHVV WR WKLV UHJ
RQ ILEULO PDWXUDWLRQ VR LW LV SRVVLEOH DV WKH SUR

IXUWKHU VKLHOGLQJ WKH V\Q EAM) BIOQ J (KDSTAMRND B * X L O(



:KDW LV FOHDU KRZHYHU LV WKDW WUHDWPHQW ZLW|

RI SKRVSKRU\ODWHG LQWUDFHOOXODU LQFOXVLRQV

W LV XQNQRZQ IURP WKHVH UHVXOWV LI WKH FRSSF
SKRVSKRU\ODWLRQ RI WKH SURWHLQ ZKLFK LQ WXUQ L
DJJUHIJDWLRQ RI WKH SURWHLQ RFFXUUHG GXH WR ELQGL(
SURWHLQ ,W KDV EHHQ VKRZQ WKDW RYHUH[SUHVVLRQ F
VXIILFLHQW WR LQGXFH DJJUHJDWLRQ RI WKH SURWHLQ

IRXQG WR EH SKRVSKRU\ODAMWHEOG DW 6HQFHR QERVSKRU\ODW

LV QRW D SUHUHTXLVLWH IRU LQWUDFHOOXODU DJJUHJDW

*LYHQ WKDW PV\Q LV LQWULQVLFDOO\ SKRVSKRU\ODWHG
FRQWURO FHOOV WKH SUHVHQFH Rl FRSSHU FRXOG LQGXF
DJJUHJDWH LQWR WKH REVHUYHG LQFOXVLRQV ,W LV L[
ELQGLQJ DIILQLW\ RI 6 SKRVSKRU\ODWHG bV\Q KDV DQ
DJJUHJDWLRQ ,I WKH 6 SKRVSKRU\ODWHG PV\Q LV ELQ
WKDQ :7 ZLWKLQ WKH FHOOV WKLV FRXOG EH ZK\ D KLJK
DJJUHJDWHVY DUH REVHUYHG .| WKH FRSSHU ELQGYV
DJJUHJDWLRQ LQWR SKRVSKRU\ODWHG DJJUHJDWHV OR:

DYDLODEOH IRU WKH XQPRGLILHG PV\Q WR ELQG WKHUHIR

YXUWKHU LQYHVWLIJDWLRQ ZLOO KRZHYHU EH UHTXLUHG
SKRVSKRU\ODWLRQ LQ PHWDO LQGXFHG DJJUHJDWLRQ

GHSHQGHQW RQ RQH DQRWKHU 6XFK H[SHULPHQWV FRX



SKRVSKRU\ODWLRQ E\ NQRFNGRZQ RI NH\ NLQDVHV RU UHI
VLWH E\ &5,635 SHVXOWYVY SUHVHQWHG KHUH KRZHY
SKRVSKRU\ODWHG PV\Q LV PRUH OLNHO\ WR EH DVVRFL
HISRVXUH WR FRSSHU LRQV DQG DJJUHJDWHG PVIQ DS

SKRVSKRU\ODWHG WKDQ WKH QRQ DJJUHJDWHG IRUPV

,Q RUGHU WR LQYHVWLIJDWH ZKHWKHU WKH FRSSHU LQGXTF
SUHYHQWHG LQ WKLY FHOOXODU PRGHO FHOOQWKEZHKH FR L
ZDV GHPRQVWUDWHG WR LQGXFH D VLIJQLILFDQWO\ KLJK Q
D VHOHFWLRQ RI LQFUHDVLQJ FXUFXPLQ FRQFHQWUDWLRC(
SHUFHQWDJH RI FHOOV FRQWDLQLQJ GLVWLQFW DJJUHJIDV
FXUFXPLQ ZDV REVHUYHG VXJIJHVWLQJ WKDW LQ WKLV

XQDEOH WR SUHYHQW WKH FRSSHU LQGXFHG DJJUHJDWLR

3UHYLRXV VWXGLHV XWLOL]LQJ 6+ 6< < PRGHOV GHPRQVW
WR UHGXFH WKH WR[LFLW\ Rl SUH IRUPHG ROLJRPHUV ZKI
OLQH ZLWK WKH 06 GDWD LQ FKDSWHU 7UHDWPHQW ZL\
UHGXFWLRQ LQ FHOO YLDELOLW\ WR MXVW ZKHUHDV F
FXUEXPLQ LQFUHDVHG WKH YLUDELDOW\ WRRW KBIUQ YRV X G \
VKRZHG LQFXEDWLRQ ZLWK FXUFXPLQ UHGXFHG WKH WR
LQGXFHG E\ DGGLWLRQ RI HHWUDFHOOXODU bYW M@ G LQF

DQG D WKLUG VLPLODU VWXG\ VKRZHG QRYHO EXUEXP

FHOO YLDELOLW\ FRPSDUHG WR FHOR®KW WOHDWHG ZLWK P\



,W LV SRVVLEOH WKDW WKH DJJUHIJDWLRQ HQKDQFLQJ HII
LQKLELWRU\ HITHFW RI FXUFXPLQ RQ WKH ROLJRPHUYV E\ FI
SURQH FRPSDFW VWDWH DQG LQFUHDVLQJ WKH UDWH RI
SURGXFHG DUH WKH XQLTXH FRSSHU LQGXFHG ROLJRPHUV
HW DO WKLV VXJIJHVWYV WKH\ DUH WRR LQWULQVLFDOC(
&RSSHU LV DOVR NQRZQ WR KDYH DW OHDVW WKUHH ELQG
LW LV SRVVLEOH WKDW WKLV ELQGLQJ RI FRSSHU PDVNYV
WKHVH ROLJRPHUV HLWKHU WKURXJK FRQIRUPDWLRQDC
ELQGLQJ HSLWRSH 'DWD LQ WKLV WKHVLV VXJIJHVWV G
VSHFLHV LV SRVVLEOH EXW WKLV PD\ QRW EH WKH FDVH
LQ WKH SUHVHQFH RI FRSSHU ,W LV DOVR SODXVLEOH W
FXUFXPLQ PROHFXOHV RU WKH\ DUH QRW HQWHULQJ WKH
IHDVLEOH WKDW WKH FRQFHQWUDWLRQV XWLOLVHG LQ WK
DJJUHJDWHYV IRUPHG ZLWKLQ FHOOV 2YHUDOO GDWD ¢

FXUFXPLQ FDQQRW SUHYHQW WKH FRSSHU LQGXFHG DJJUI



&RQFOXVLRQV
$V VXPPDULVHG LQ ILJXUH UHVXOWY SUHVHQWHG LQ \
H[SRVXUH Rl 6+6< < FHOOV QDWXUDOO\ H[SUHVVLQJ PV\Q \
RI &X&@GXFHY LQWUDFHOOXODU DJJUHJDW HNORYLHNNE DN
DJJUHJDWLRQ REVHUYHG LQ HDUOLHU 7K7 DVVD\V 7KH S
GV\Q DJJUHJDWHV LV LQFUHDVHG VLJQLILFDQWO\ XSRQ H
FRQFHQWUDWLRQV LQGLFDWLQJ WKHUH LV D GRVH U

DJJUHJDWLRQ

6\Q SKRVSKRU\ODWHG DW 6 KDV EHHQ MKRZIRUMER DJJUI
UHVXOWY SUHVHQWHG KHUH LQGLFDWH WKDW WKH DJJUH
XSRQ H[SRVXUH WR &X ,, DUH DOVR SKRVSKRU\ODWHG DW
QXPEHU RI SKRVSKRU\ODWHG DJJUHJDWHV ZHUH GHWEF
SKRVSKRU\ODWHG ,W LV OLNHO\ WKDW WKHVH DJJUHJD
FRSSHU DUH WKH FRSSHU VSHFLILF ROLJRPHUV ZKLFK KD
WR[LF GLVHDVH FDXVLQJ FRQWRU®P DW LERHO/O MLIDJKMW LW\ L\
IRXQG WR EH GHFUHDVHG DQG DSRSWRVLV LQFUHDVHG Z
RI &§X&QQGLFDWLQJ WKHVH KLIJKHU FRQFHQWUDWLRQV KI

HITHFW

'"HVSLWH EHLQJ HITHFWaW\i) DWJISHE Y WORQQIVIRY FR
LQFXEDWLRQ RI 6+6< < FHOOV ZLWK QDW X WGIRMH\FXURAXPLQ

DSSHDU WR KDYH DQ\ SURWHFWLYH HIIHFW RQ HLWKHU



IRUPDWLRQ RI &X ,, LQGXFHG DJJUHJDWHYVY LQGLFDWLQJ

XQDEOH WR SUHYHQW WKH FRSSHU LQGXFHG DJJUHJDWLR

JLIXUH 6XPPDU\ RI &KDSWHU )LQGLQJV RQ WKH ,QWH
3KRVSKRU\ODWLRQ DQG &XUFXPLQ LQ DQ 6+6< < 3' ORGHO
%RWK FRSSHU DQG 6 SKRVSKRU\ODWLRQ LIQFQ@BDVH WKF
YLWURSRQ DGGLWLRQ RI FRSSHU WR 6+6< < (FRHQO PHGLE
DJJUHJDWLRQ DQG SKRVSKRU\ODWLRQ ZDV REVHUYHG
SUHYHQW WKH DIVUHQDWHRIARHU LQ WKLV FHOO PRGHO

RI FXUFXPLQ WR 6+6< < FHOOV ZDV XQDEOH WR SUHYHQW

WKH DGGLWLRQ RI FX ,,



&KDSWHU ! )LQDO 'LVFXVVLRQ DQG &RQFO

7KH RYHUDOO K\SRWKHVLV RI WKLV WKHVLV ZDV WKDW PV
E\ DOWHULQJ WKH SRSXODWLRQ RI WKH FRPSDFW DJJU
VWDWHYV SUHVHQW ZLWKLQ LWV QRUPDO HTXLOLEULXP
WUDQVODWLRQDO PRGLILFDWLRQ RU OLJDQG ELQGLQJ

HITHFWV RI SRVW WUDQVODWLRQDO PRGLILFDWLRQ RQ WI
PVI\Q WR GHWHUPLQH LI DJJUHIJDWLRQ FRXOG EH LQKLELW
LQKLELWRUV VSHFLILFDOO\ FXUFXPLQ DQG LWV GHUL)
UHODWLRQVKLS EHWZHHQ PHWDO LRQV DQG WKH SURWEF

FHOOXODU PRGHO RI 3

(6, ,06 06 ZDV HPSOR\HG WR LQYHVWLJDWH WKH FKDQJ
GLVWULEXWLRQ RI PV\Q &KDSWHU SUHVHQWY GDWD DF
LQ FRQIRUPDWLRQ EURXJKW DERXW E\ PXWDWLRQV PLPL]
QDPHO\ 6 'DQG 6 'PV\Q DQG FKDQJHV LQ FRQIRUPDWLR
LQ WKH SUHVHQFH RI FRSSHU ,Q WKLV FDVH WKH ELQ¢
UHODWLYH SURSRUWLRQV RI WKH FRPSDFW VWDWH DQG .
DJJUHJDWLRQ DV PRQLWRUHG E\ 7K7 DVVD\V 7KH NH\ ILQ
EH YLHZHG LQ ILJXUH DQG ZLOO EH GLVFXVVHG LQ VHF
SUHVHQWYV GDWD VKRZLQJ WKDW FXUFXPLQ GHULYDWLYF
PVIQ EXW QRW WKH PRQRPHULF SURWHLQ 7K7 DVVD\

GHPRQVWUDWH D UHGXFWLRQ LQ DJJUHJDWLRQ SURSHQV



DQG D UDQJH RI FXUFXPLQ GHULYDWLYHV 7KH PDLQ ILQ
YLHZHG LQ ILJXUH DQG ZLOO EH GLVFXVVHG LQ VHFW
GHPRQVWUDWHG WKDW H[SRVXUH RI D QHXURQDO FHOO O
DJJUHJDWHYV Rl ERWK XQPRGLILHG DQG SKRVSKRU\ODWH ¢
WKHVH DJJUHJDWHV FRXOG QRW EH SUHYHQWHG E\ WKH S|
ILQGLQJV ZLOO EH GLVFXVVHG LQ VHFWLRQV DQG D

EH YLHZHG LQ ILJXUH

,'3V VXFK DV PV\Q DUH KLJKO\ KHWHURJHQHRXV DQG FDC
FRQIRUPDWLRQDO GLVWULEXWLRQV EHWZHHQ PDVV VSHF\
EHHQ GLVFXVVHG LQ WKH @UWHODWRQB WHNYHIUGKQW IURT
ZLGH UDQJH RI &6'V DQG FRQIRUPDWLRQDO GHMNWUWLEXWLFE
ODVREQW DO ,O0HMWRDWK .D@W DO 7KLV YDULDWLR
LQ WKH GDWD ZDV DGGUHVVHG KHUH E\ DFTXLULQJ GDW]
IUDPH DV SRVVLEOH WR OLPLW WKH HQYLURQPHQWDO HII
DQG XWLOLVLQJ IUHVKO\ PDGH UHFRPELQDQW SURWHLQV
SUHVHQWHG LQ WKLV GREXPHQW :7 bV\Q KDG D &6' RI
UDQJH RI SUHYLRXVO\ SXEOLAKHEOG DWW RWHYBG UL G JIH
,OOHV ARWXO .DQ@IW DO DQG KDG WZR GLVWLQFW FRQ
JURXSV HYLGHQW IURP WKH VSHFWUD DV D ZKROH 7K
VSDQQLQJ FRQIRUPDWLRQV W R GRPLQDWHG E\ WKH
PRUH FRPSDFW IDPLO\ VSDQQLQJ FRQIRUPDWLRQV WR

7KLY ODWWHU PRUH FRPSDFW IDPLO\ LV OLQNHG ZLWK DJ



SXEOLVKHG GDWB W& HY HU LE&IMHD , OOMN DROW K

ODVRAW DO

,QVLIJKWV LQWR WKH (IITHFW RI 3KRVSKRU\ODWLRQ
'LVWULEXWLRQ DQG $JJUHJDWLRQ RI b6\Q
5HVXOWVY SUHVHQWHG LQ FKDSWHU GHPRQVWUDWHG W
GLVWLQFW VXE FRQIRUPDWLRQV SUHVHQW ZLWKLQ WK
FRQIRUPDWLRQV UDQJLQJ LQ WHRH IURPIDQG WIKHVH
FRQIRUPDWLRQV DUH SUHVHQW LQ YDU\LQJ SURSRUWLRQ"
*DXVVLDQ ILWWLQJ WHFKQLTXH ZDV XVHG LQ NHHSLQJ ZL)\
ODVRW DO WR LQYHVWLJDWH WKH FRQIRUPDWLRQDO F
PLPLFNLQJ VHULQH SKRVSKRU\ODWLRQ 6XEVWLWXWLRQ
DFLG FUHDWLQJ SURWHLQ YDULDQWV 6 'DQG 6 ' DQG
UHYHDOV WKHVH YDULDQWYV RFFXS\ WKH VDPH HLJKW FRQ
SURWHLQ LQ D VLPLODU FRQIRUPDWLRQDO HTXLOLEULXP
ZLGHU &6' RYHUDOO WKRXJK WKLV LV SRVVLEO\ DQ DUWH
KDV UHFHQWO\ EHHQ GLVFRYHUHG WR RYHU H[DJJHUDWH \
WUXH VROXWLRQ SURWHLQV FDXVLQJ FRPSDFWWRQ RI ,'3
DO 3DJHD DO DQG DOWHUHG &6'V KDYH EHHQ REVH
SURWHLQ VROXWLRQV DFTXLUHG DW GLIIHUH@W MALPHV R

WKHUHIRUH FDUH PXVW EH WDNHQ WR QRW RYHU LQW



DOWHUDWLRQV WR WKH &&6 RI WKH HLJKW FRQIRUPDWLR(
YDULDQWY KRZHYHU VXJJHVWLQJ WKH\ KDYH WKH VDPH

RYHUDOO DQG PLPLFNLQJ SKRVSKRU\ODWLRQ GLG QRW D

7KLV GDWD VXJJHVWV WKH WKUHH SURWHLQV VKRXOG
SURSHQVLW\ DV WKH\ FRQWDLQHG DOPRVW LGHQWLFDO
DQG DP\ORLGRJHQLF VWDWHVY 7KLV ZDV KRZHYHU QR\
GHWHUPLQHG WKDW 6 ' bV\Q KDV D VORZHU DJJUHJDWLRC
ZLWK DQ LQFURIDMVHIUBIMWLRQ DQG DQ LQFUHDVH LQ ODJ
,Q FRQWUDVW 6 ' bV\Q KDGQDFRRESDKWDVRG WR :7 bV\Q L
UHGXFWLRQ LQ ODJ SKDVH ZDV REVHUYHG 7KLV LV LQ Nt
ILQGLQJV XWLOLVLQJ & WHUPLQDO IUDJPHQWYV RI bPV\Q S
SKRVSKRPLPLF 6 ( ZKLFK DOVR VKRZHG DQ LQFUHDVHG
IXHW DO  1%E®WQ DO W LV LPSRUWDQW WR QRWH
SKRVSKRPLPLFV PD\ EHKDYH GLIIHUHQWO\ WR WUXO\ SKR
DQG WKHUH LV D ODUJH ERG\ Rl FRQWUDGLFWRU\ GLC
ERWK SKRVSKRPLPLFV DQG SKRV S KR YD W BIBO\R QR 2R X V C
HW DO  WKHUHIRUH LW LV UHFRPPHQGHG WKHVH H[SHUI
SKRVSKRU\ODWHG SURWHLQ EHIRUH DQ\ GHILQLWLYH FF

LPSOLFDWLRQV RI VHULQH SKRVSKRU\ODWLRQ RQ PV\Q DJ

'‘DWD SUHVHQWHG LQ WKLV WKHVLV KRZHYHU VXJJHVWYV

DP\ORLGRJHQLF WKDQ :7 PVI\Q DQG LWV 6 ' FRXQWHUSDL



WKH K\SRWKHVLV WKDW PV\Q SKRVSKRU\ODWHG DW 6 LV
ZKHUHDV 6 SKRVSKRU\ODWLRQ LV QRW DQG FRXOG SRV
HW DO $vV WKH FRQIRUPDWLRQDO GLVWULEXWLRQ I
SKRVSKRPLPLF SURWHLQV ZHUH UHODWLYHO\ XQFKDQJHC
WKLY LQGLFDWHYV WKHUH LV DQRWKHU UHDVRQ PLPLFNLC
DJJUHJDWLRQ UDWHV RWKHU WKDQ E\ LQFUHDVLQJ WKH
FRQIRUPDWLRQDO VSHFLHYV 7KLV OLPLWHG FKDQJH LQ
FRPSDFW VWDWH FRXOG LQGLFDWH WKDW WKLV LQFUHDYV
WKH DVVHPEO\ Rl KLJKHU RUGHU ROLJRPHUV UDWKHU Wtk

WKH PRQRPHU

, QVLIKWYV LQWR WKH (IITHFW Rl 3KRVSKRU\ODWLRC
ZLWK OHWDO ,RQV
OHWDOV DUH NQRZQ WR EH LQYROYHG LQ 3' DQG KDYH E
UDWH RI PV\Q DIDUNIDMERRD SWHU (6, ,06 06 ZDV XVF
GHWHUPLQH WKH HIIHFW RI PHWDO ELQGLQJ RQ WKH FRH
ELQGLQJ RI FRSSHU WR :7 PV\Q DQG LWV SKRVSKRPLPLF Y
ZLWK (6, ,06 06 DQG WKH ELQGLQJ RI RWKHU PHWDOV LQYH
WKH H[SHULPHQWDO FRQGLWLRQV DWWHPSWHG 7KLV LV
WKH PHWDO OLJDQGY GXH WR WKHLU ORZ ELQGLQJ DIILQ

SURFHVV RU LQ WKH LQWHULRU RI WKH PDVV VSHFWURF



LOQWHUIHUHQFH IURP EXIITHU FRPSRQHQWY KDV SUHYHQWF

EHLQJ REVHUYHG

IHYHUWKHOHVVY WKH HIIHFW Rl FRSSHU ELQGLQJ RQ bV
DGGLWLRQ RI HTXLPRODU FRSSHU WR WKH VDPSOHV RI [
FRUUHVSRQGLQJ WR WKH ERXQG SURWHLQV ZHUH HDVLO\
WKH DSSHDUDQFH RI D QRYHO PRUH H[WHQGHG &6, ZLW}
WKUHH SURWHLQV ZLGHQLQJ WKH &6' Rl :7 DQG 6 ' bV\Q

WR DQG WKH &6" RI 6 ' PV\Q IURP WR WR WR

7KLV ZLGHQLQJ RI WKH &6' LV DOVR DFFRPSDQLHG E\ DC
FRQIRUPDWLRQDO GLVWULEXWLRQ $W &6,V WR I
LQYHVWLIDWHG DQ LQFUHDVH LQ WKH PRUH FRPSDFW F
REVHUYHG XSRQ WKH ELQGLQJ RI RQH RU WZR FRSSHL
FRQIRUPDWLRQWQGREVHUYHG 7KLV LV LQ DJUHHPHQW Z
SXEOLVKHG ILQGLQJV IRU WHKIM DOSUPWBGLGHRPRYRYUDWHV
WKH ELQGLQJ RI FRSSHU LRQV WR WKH ORZHU &6,V UHSUI
VWUXFWXUHV FDXVHV DQ LQFUHDVH LQ WKH PRUH

FRQIRUPDWLRQV $V WKHVH FRQIRUPDWLRQV DUH PRUE
H[SHFWHG WR KDYH D KLJKHU SURSHQVLW\ IRU DJJUHJDW
%HUQWWHLQ ,OOH¥WRD/OK ODVRIQ DO $V WKLV LV WUX
IRU DOO SURWHLQ YDULDQWY DQG WKHUH LV OLWWOF

FRQIRUPDWLRQDO GLVWULEXWLRQV RI WKH WKUHH L



SKRVSKRU\ODWLRQ DW 6 RU 6 KDV OLWWOH HIITHFW RQ
VWDWHYV REVHUYHG XSRQ FRSSHU ELQGLQJ DQG VXJJH

YDULDQWY RFFXUV LQ WKH VDPH PDQQHU DV IRU WKH :7 S

$JJUHJDWLRQ UDWHV RI WKH WKUHH PV\Q YDULDQWYV LQ \
ZHUH LQYHVWLJDWHG XVLQJ 7K7 DVVD\V ZKLFK GHPRQVW
HTXLPRODUZI&XK®OO WKUHH SURWHLQ YDULDQWY UHVXOW
S LQFUHDVH LQ WKH UDWH RI DJJUBIQGWDRXHEGHWH U
7KLV LQGLEFDWHY WKDW WKH FRQIRUPDWLRQDO FKDQJHV L
REVHUYHG XSRQ FRSSHU ELQGLQJ LV FDXVLQJ DQ LQFUHLE

DOO WKUHH SURWHLQV

$00 WKUHH YDULDQWY GLVSOD\ D VKLIW WRZDUGV WKH P
ELQGLQJ UHVXOWLQJ LQ LQFUHDVHG DJJUHJDWLRQ UDW
YDULDQWY GLG KRZHYHU VKRZ GLIIHUHQFHYVY LQ WKHLU DIl
PVI\Q KDG WKH ORZHVW ELQGLQJ DIILQLW\ RYHUDOO ELQ
FRPSDFW &6,V DW D DQRG wO FRSSHU FRQFHQWUDWLRQ
UHDGLO\ ERXQG WKUHH $W KLIKHU FRQFHODDWUDBQRQV R
WR ELQG XS WR FRSSHU LRQV ZLWK WKH PDMRULW\ RI W
EHLQJ ERXQG WR WZR FRSSHU LRQV 7 DQG 6 ' ERXQG W
FRQFHOQOWUDWLRQ ZLWK PRVW RI WKH SURWHLQV ERXQG W
DOO IRXU SURWHLQV ERXQG IRXU FRSSHU LRQV EXW WK

VDPSOH ZDV QRZ ERXQG WR WKUHH LRQV 6 'DQG :7 SUH



LRQV DW WKLV FRQFHQWUDWLRQ 7KLV LQGLFDWHY WKDW
UHVXOWV LQ D KLJKHU ELQGLQJ DIILQLW\ RYHU :7 DQG

FRQFOXGHG WKDW SKRVSKRU\ODWLRQ RYHUDOO UHVXOW
FRSSHU 2¥HWODWLZKLOVW RWKHUV LQGLFDWHG DQ LQFU|
IXHW DO  WKRXJK WKHVH VWXGLHV XWLOLVHG & WHUPL
WKH ZKROH SURWHLQ 7KH GDWD GHPRQVWUDWHY WKDW

IRU FRSSHU LRQV WKDQ WKH :7 YHUVLRQ Rl WKH SURWHLC
LQ LQWUDFHOOXODW/LQYEGRYPPGWHWLLP® WKH SURWHLQ

SKRVSKRU\ODWHG DQG ULFK LQ PHWDO LRQV

W ZDV DOVR QRWHG LQ WKHVH LQYHVWLJDWLRQV WKDW
LRQ WR HLWKHU SURWHLQ YDULDQW FDXVHG D VLJQLI
FRQIRUPDWLRQ DV DVVHVVHG E\ *DXVVLDQ ILWWLQJ ,W |
WKDW WKH + FRSSHU ELQGLQJ VLWH LV WKH LQLWLDO KL
GHPRQVWUDWHG WKDW &X ,, ELQGLQJ WR WKLV GRPDLQ |
WKH FRQIRUPDWLRQ YLD 0WKIH US MWQ RIGUFWD WQWRMK B UH VL

DO

'XH WR WKH VLJQLILFDQW DOWHUDWLRQ REVHUYHG XSRQ
EXW QRW VXEVHTXHQW LRQV WKLV VXSSRUWV WKH K\SR\
ZKHUH WKH FRSSHU LRQV DUH LQLWLDOO\ ELQGLQJ DQG
LQ WKH FRQIRUPDWLRQDO FKDQJHV UHTXLUHG WR DOW

LQFUHDVHG DJJUHJDWLRQ UDWKHU WKDQ WKH ELQGLQJ V
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,QVLIJKWV LQWR WKH (IIHFW RI OHWDO ,RQV RQ ,Q
3KRVSKRU\ODWLRQ RI P6\Q
'DWD SUHVHQWHG ZLWKLQ FKDSWHU GHPRQVWUDWHYV WK
ZLWK FRSSHU IRU KRXUV EDXVHV D VLJQLILEDQW S
QXPEHU RI FHOOV FRQWDLQLQJ LQWUDFHOOXODU DJJUHJD
IXUWKHU LQFUHDVHV S ZLWK LQFUHDVLQJ FRSSHU ER
UHVSRQVH WR WUHDWPHQW ZLWK WKLV PHWDO 7KLV LQF!
ZLWK DQ LQFUHDVH LQ IOXRUHVFHQFH LQWHQVLW\ ZLWKLZ
LQFUHDVH LQ RYHUDOO PV\Q H[SUHVVLRQ OHYHOV XSRQ
W0 &X&O,W KDV SUHYLRXVO\ EHHQ VXJJHVWHG WKDW FR
LQWUDFHOOXODU DJJUHJDWLRQ :KHQ LQWULQVLF OHYHC
RI D FKHOH[ FRPSRXQG LQWUDFHOOXODU DJJUHJDWLRQ :
RI DJJUHJDWLRQ SURSHQVLW\ FRXOG EH ERWK UHFRYHUH

FHOOV YLD IXUWKHU FRFSHWDWODGGLWLRQ :DQJ

,QFXEDWLRQ ZLWK FRSSHU DOVR UHVXOWHG LQ DQ LQFUH
FHOOV FRQWDLQLQJ RQH RU PRUH VLJQV RI DSRSWRVLV [
DQG D GHFUHDVH LQ FHOO YLDELOLW\ DV GHWHUPLQHG E\
LQFUHDVHG VLJQLILFDQWO\ ZLWK LQFUHDVHG FRSSHU FR
NHHSLQJ ZLWK SUHYLRXVO\ SXEOLVKHG UHSRUWV WKDW

YLDELOLW\ WR HW BOFL HD@R/ DO



,QWHUHVWLQJO\ QRW DOO FHOOV FRQWDLQLQJ KLJK QXP|
ZKLFK VXJJHVWV LW LV QRW WKH DJJUHJDWH ORDG FDXVL
WKHVH FHOOV EXW SRWHQWLDOO\ DQRWKHU DFWLRQ RI
LQFUHDVHG R[LGDWLYH SUHVVXUH RU LQFUHDVHG SURGX
WR KROG VRPH IHUULUHGXFWDVH DFWLYLW\ XWLOLVLQJ
SURFHVV ZKLFK ZRXOG OHDG WR DQ LQFUHDVHG IRUPDW

I[UHH UDGLFDOV DQG LV D SRWHQWLDO PHFKDQLVP RI DF\

‘DWD SUHVHQWHG LQ FKDSWHU DOVR GHPRQVWUDWHG
SUHVHQFH RI FRSSHU FRQWDLQ DJJUHJDWHYV ZKLFK DUH S
VXJIJHVWY DGGLWLRQ RI FRSSHU DSSHDUV WR SURPRWH W
DJJUHJDWHV DQG WKLV PD\ ZHOO EH OLQNHG WR WKH
SKRVSKRU\ODWHG PV\Q $ ORZ OHYHO RI 6 SKRVSKRU\O
WKH FHOOV LQWULQVLFDOO\ DQG WKLV SRRO RI SURWHL
GXH WR LWV KLJKHU ELQGLQJ DIILQLW\ UHVXOWHG LQ W
NQRZQ RQFH ERXQG WR FRSSHU WKH SURWHLQ KDV D KLJK
, W LV VWLOO XQFOHDU DV WR ZKHWKHU WKH DGGLWLRQ
SKRVSKRU\ODWHG PV\Q ZLWKLQ WKH FHOOV DQG ZKHW

LQFUHDVHG IRUPDWLRQ RI DJJUHIJDWHY REVHUYHG



)LIXUH 6XPPDU\ Rl WKH ,QWHUDFWLRQ %HWZHHQ &X ,
DQG &XUFXPLQ LQ DQ 6+6< < ORGHO RI 3'

&KDSWHU GHPRQVWUDWHV WKDW ERWK FRSSHU DQG 6
DJJUHJDWLRQVU@WHYRWGQRFKDSWHU XSRQ DGGLWLRQ F
6+6< < FHOO PHGLD DQ LYKQHIVHHIDWERWE DQG SKRVSKF
ZDV REVHUYHG &XUFXPLQ ZDV VKRZQ LQ FKDSWHU WR
OV\Q Q YI[HRZRAYHU LQ FKDSWHU LQ WKLV 6+6< < FHOO P
FXUFXPLQ WR 6+6< < FHOOV ZDV XQDEOH WR SUHYHQW WK

DGGLWLRQ RI &X ,,



,QVLJKWV LQWR WKH ,QWHUDFWLRQ RI :7 b6\Q ORQ
WKH 3RO\SKHQROLF &RPSRXQG &XUFXPLQ DQG D ¢

$QDORJIXHV

2QH SRWHQWLDO WKHUDSHXWLF VWUDWHJ\ IRU WKH WUH
DJJUHJDWLRQ RI PV\Q YLD WKH XVH RI VPDOO PROHFXOH
FRPSRXQG FXUFXPLQ KDV SUHYLRXVO\ EHHQ GHPRQV
DJJUHIJDWLRQ RILQ7 YR¥DQRGHW DO 6LQHAKW DO

<DQDJLVDZ ® O TR GHWHUPLQH ZKHWKHU WKH FRPSRXQG
ELRDYDLODELOLW\ LQ LWV QDWXUDO IRUP FRXOG EH LP
DP\ORLG SURSHQVLW\ (6, ,06 06 H[SHULPHQWY DQG 7K7 D

XWLOLVLQJ D VHOHFWLRQ RI FXUFXPLQ GHULYDWLYHV

7K7 bvvVD\V GHPRQVWUDWHG WKDW QDWXUDO FXUFXPLQ V
WKH IRUPDWLRQ RI DP\ORLG DJJUHIJDWHV WR DURXQG |
PVI\Q DORQH VDPSOH LQ NHHSLQJ ZLMIK BOHYL1KRDIXY VWXGL
DO $SKVIDWYP DO 3DQEW\DO 6LGIMKK DO <DQDJLVDZD

HW DO 7KH PDMRULW\ RI GHULYDWLYHV VLJQLILFDQWC
VLIQDO RI WKH VDPSOHV FRPSDUHG WR WKH SURWHLQ D«
GHULYDWLYHYV DQG DOPRVW LQKLELWLQJ DJJUHJIJDWLR
FDXVHG D VLIJQLILFDQW LQFUHDVH LQ IOXRUHVFHQFH VL.
FDXVHG QR VLIJQLILFDQW DOWHUDWLRQV WR IOXRUHVFHQ

ZHUH ERWK IRXQG WR EH VLJQLILFDQWO\ S PRUH



FXUFXPLQ %RWK WKHVH GHULYDWLYHV VKDUH D SKHQR
QDWLYH DURPDWLF ULQJ WKDW DSSHDUV WR EH RI |
PRGLILFDWLRQV RI WKH PROHFXOH FRXOG SURYLGH D JRR

IRU 3

7KH GHULYDWLYHYV ZHUH DOVR LQYHVWLIJDWHG IRU WKHL
DOQRWKHU DP\ORLGRJHQLF SURWHLQ O\VR]\PH ZKRVH L
UHGXFHG E\ WKH SUHVHQFH RI QDWXUDO FXUFXPLQ 7KH
EXW QRW LGHQWLFDO SDWWHUQ RI LQKLELWLRQ WR ZLW|
ZHUH DJDLQ WKH PRVW HIIHFWLYH S DQG S L
LQGLFDWHYVY WKDW QRW DOO GHULYDWLYHV RI FXUFXPLQ .
RU WUHDWLQJ DP\ORLG DJJUHJDWLRQ VR VSHFLILF IXQF
PXVW EH NH\ WR WKLV LQWHUDFWLRQ ZLWK WKH GLIITHUHQ
GHVLJQ RI WKH PROHFXOHV LV QHHGHG WR FUHDWH VX

GLITHUHQW DP\ORLGRVLV

7R LQYHVWLIJDWH WKH DQWL DP\ORLG PHFKDQLVP RI FXUF
D QXPEHU RI (6, ,06 06 H[SHULPHQWY ZHUH SHUIRUPHG

PROHFXOH QRU WKH WZR GHULYDWLYHV ZHUH REVHUYHG
HYHQ DIWHU HIWHQGHG LQFXEDWLRQ WLPHV $IWHU WKL\
ZDV REVHUYHG WKDW WKH SUHVHQFH RI QDWXUDO FXUFXP
WKH DXWRSURWHRO\WLF IUDJPHQWDWLRQ REVHUYHG L

KRXUV )J)UDJPHQWDWLRQ RI PV\Q KDV SUHYLRXVO\ EHHC



VWHS LQ DJJUHIBWLRQ 9OWXKEAHUHIRUH WKH SUHYHQWLRQ
I[UDJPHQWDWLRQ FRXOG EH RQH RI WKH PHFKDQLVPV E\ Z

DQWL DJJUHJDWLRQ SURSHUWLHV RQ PV\Q

&XUUHQWO\ SXEOLVKHG OLWHUDWXUH LV FRQWUDGLFWRL
FODLPLQJ ERWK FXUFXPLQ ELQGY WR WKH PRQRPHULF V
IDSLGXV DQG VWDWLQJ LW RQO\ ELQGV WR ROLJRPH!
HW DO (6, ,06 06 GDWD SUHVHQWHG KHUH VWURQJO\ VX
FRXOG QRW ELQG WKH PRQRPHU ZKHUHDV ELQGLQJ ZDV
ROLJRPHULF IRUPV VXFK DV GLPHULF VSHFLHV VXSSRU'

FROOHDJXHYV

(6, ,06 06 DOVR LQGLFDWHG WKDW FXUFXPLQ DQG GHULYD
ELQG WR WKHVH GLPHUV EXW GLVVRFLDWH GLPHUV SUH
REVHUYHG YLD D UHGXFWLRQ LQ LQWHQVLW\ ZLWKLQ G
GLVVRFLDWLRQ ZDV QRW REVHUYHG ZLWK DQRWKHU FXU
ZKLFK KDG D ORZHU DQWL DJJUHJDWLRQ SURSHQVLW\ 7
WKH ORVV LQ VLIQDO LQWHQVLW\ LV QRW D UHVXOW RI V
HITHFWLQJ WKH LRQLVDWLRQ SURFHVV DQG LV VSHFLILF

DQG WKH FXUFXPLQ PROHFXOHYV

,W ZDV DOVR GHPRQVWUDWHG YLD (6, ,06 06 WKDW FXUFX
ZLWK WKH 1$& UHJLRQ GHOHWHG KRZHYHU WKLV LV PRVW

PV\Q YDULDQW WR GLPHULVH W DOVR VXSSRUWYV SUHYLF



EHLQJ FXUFXPLQV ELQGLQJ PRWLI $KPDG DQG /DSLGX)\
VXJIJHVWHG WKDW FXUFXPLQ ELQGV WR WKH 1%$& UHJ
UHFRQILIJXUDWLRQ UDWH RI PV\Q DV D PHFKDQLVP , W
EHFRPHV PRUH H[SRVHG XSRQ ROLJRPHU IRUPDWLRQ I
FXUFXPLQ ZKHUH WKLV UHJLRQ PD\ EH PRUH VKLHOGHG
SURWHLQ :RQJ DQG .UDLQF W LV WKHUHIRUH SRVYV
H[SRVHV WKH 1$& UHJLRQ DOORZLQJ WKH FXUFXPLQV WR
GLVVRFLDWLRQ RI WKH ROLJRPHUV LQWR PRQRPHULF VS

I UDJPHQWDWLRQ UDWH DQG WKHUHIRUH D UHGXFHG UDWFE

,OQVLIJKWY LQWR WKH (IIHFW RI &XUFXPLQ RQ OHWI
$JIJUHIJDWLRQ RI P6\Q
:KHQ 6+ 6< < FHOOV ZHUH FR LQFXE® VOOV ZUWVB BXE&PXP L
UHGXFWLRQ LQ DJJUHJDWH IRUPDWLRQ LQ FRPSDULVRQ
DORQH ZDV REVHUYHG VXJJHVWLQJ FXUFXPLQ KDG QR
DJJUHJDWH IRUPDWLRQ 3UHYLRXV VWXGLHV KDYH GHPRQ
YLDELOLW\ XSRQ LQFXEDWLRMWZ DWK FREWZ XORA Q VE Y6W Q J K
WKHUH LV QR SUHYLRXV GDWD DYDLODEOH RQ WKH LQFX
FXUEXPLQV ,W LV OLNHO\ WKDW WKH HIIHFW RI FRSSFH
RYHUULGGHQ E\ FXUFXPLQ HVSHFLDOO\ DV LW KDV D PXI

PV\Q WKDQ FRSSHU LRQV DV SUHYLRXVO\ GHPRQVWUDWH



WKH ROLJRPHULF VSHFLHV IRUPHG ZLWKLQ WKH FHOOV )
KLIKO\ RUGHUHG IRU WKH FXUFXPLQ WR LQWHUDFW ZLWK
ELQGLQJ VLWH ZLWKLQ WKH 1%$& UHJLRQ PD\ EH VKLHO
LQWUDFHOOXODU DJJUHJDWLRQ EURXJKW DERXW E\ WKH

LQKLELWHG E\ FXUFXPLQ RU LWV GHULYDWLYHV

)LQDO &RQFOXVLRQV
,Q VXPPDU\ WKLV WKHVLV KDV GHPRQVWUDWHG WKDW W}
FDQ EH PRGXODWHG E\ VPDOO PROHFXOH LQWHUDFWLRQ\
SRSXODWLRQ RI WKH FRPSDFW VWDWHV VXFK DV FRSSF
DJJUHJDWLRQ DQG PROHFXOHV VXFK DV FXUFXPLQ Z}
DVVHPEO\ SUHYHQW WKLV DJJUHJDWLRQ ORGLILFD\
SKRVSKRU\ODWLRQ PLPLFNHG KHUH ZLWK WKH H[FKDQJH
UHVXOWHG LQ LQFUHDVHG UDWHV RI DJJUHJDWLRQ LQ Yl
HQKDQFHG E\ WKH SUHVHQFH RI FRSSHU ,Q FHOO FXC
IRUPDWLRQ RI SKRVSKRU\ODWHG LQWUDFHOOXODU DJJL
SUHYHQWHG E\ FXUFXPLQ 7KHVH REVHUYDWLRQV V
SKRVSKRU\ODWLRQ RI PV\Q DW 6 KDV D GLUHFW UROH W
FDQ EH PRGXODWHG E\ H[SRVXUH WR FRSSHU $Q RYHUDO

ILQGLQJV FDQ EH VHHQ LQ ILJXUH



YLIXUH 2YHUDOO 6XPPDU\ RI ODLQ 7KHVLV )LQGLQJV

&RSSHU ELQGLQJ SDUWLFXODUO\ DW WKH + ELQGL
FRQIRUPDWLRQDO HTAROMERAXPGRI WKH FRPSDFW FRQI
LQFUHDVLQJ LWV DJJUHJDWLRQ 3KRVSKRUWDDWLRQ DW
DJJUHJDWLRQ WKURXJK DQ XQNQRZQ SDWKZDWY\Q&RSSHU
DJJUHJDWHV ZLWKLQ DQ 6+6< < 3' FHOO PRGHO ZKLFK DU
6 &XUFXPLQ LV SURSRVHAW® HEILOKMWR VEKRHBERFUHJILR!
SUHYHQW WKLV DJJUHJDWLRQ +RZHYHU FXUFXPLQ LV
FRSSHU LQGXFHG DJJUHJDWH IRUPDWLRQ ZLWKLQ WKH 6+



&KDSWHU I )XWXUH :RUN

S3KRVSKRU\ODWLRQ DQG OHWDO ,QWHUDFWLRQV

BKRVSKRU\ODWLRQ RI P6\Q
$V SKRVSKRU\ODWLRQ RI :7 PV\Q ZDV QRW VXFFHVVIXOO\ F
LW LV QRZ LPSRUWDQW WR FRQGXFW WKH VDPH H[SHULPI
EHHQ VXFFHVVIXOO\ SKRVSKRU\ODWHG WR ERWK GHWHUF
SKRVSKRU\ODWHG SURWHLQ DQG WKH SKRVSKRPLPLFV ZlI

LQ UHVHDUFK GXH WR WKHLU HDVH RI SURGXFWLRQ LQ FR

SKRVSKRU\ODWLRQ DQG AWDBGE\QWHUDFWLRQV RI
,W ZRXOG EH DOVR YHU\ LQMHYHNYRNQ QU RVPR3H [DIPW DHQ WV
(6, ,06 06 DQG LQYHVWLIJDWH ERWK WKH SKRVSKRU\ODWLF
FRQIRUPDWLRQDO GLVWULEXWLRQ )RU H[DPSOH PV\Q IU
SDWLHQWY FRXOG EH SXULILHG YLD DIILQLW\ SUHFLSLWDYV
YLD (6, ,06 06 WR GHWHUPLQH DQ\ PHWDO ELQGLQJ FRQI
PHWDO ELQGLQJ RU LQ FRPSDULVRQ WR UHFRPELQDQW SL

Hf YLFRWHULDO KDV DQ\ IXUWKHU SURSHQVL®@\YWIRUER QG F



,QWHUDFWLRQV RI P6\Q DQG &XUFXPLQ

&RQILUPDWLRQ RI $QWL $JJUHJDWLRQ 3URSHQVLW\

$V WKH 7K7 DVVD\ LV VXVFHSWLEOH WR LQWHUIHUHQFH |
VXFK DV WKH FXUFXPLQ PROHFXOHV LQYHVWLJDWHG LW
HIITHFW RQ DJJUHJDWLRQ RI PV\Q YLD DQRWKHU QRQ I0XIH
GDWD LV UHDG\ IRU SXEOLFDWLRQ ,QFXEDWLRQ ZLWK W
E\ LPDJLQJ YLD HOHFWURQ PLFURVFRS\ WR YLVXDOLVH WK
DOWHUQDWLYH WR LQYHVWLJDWH WKHLU HIIHFWV ZLWKF

WKHLU LQWULQVLF TOXRUHVFHQFH

,QFUHDVHG %LRDYDLODELOLW\ RI &XUFXPLQ OROHFXO
7TKRXJK FXUFXPLQ DSSHDUV WR EH D YLDEOH FDQGLGDWH
SUHVHQWHG LQ WKLV LQYHVWLIJDWLRQ DQG HOVHZKHUH

PXVW EH RYHUFRPH EHIRUH FXUFXPLQ FDQ SURJUHVV WR

6\QWKHVLVLQJ DOWHUQDWLYH FXUFXPLQ GHULYDWLYHV E
DQG RWKHUV ZLOO SURYLGH D JRRG EDVLV WR EHJLQ GHVI
ZLWK LQFUHDVHG ELRDYDLODELOLW\ DQG LQFUHDVH DQW

DQG RWKHU DP\ORLG GLVHDVHYV



)XUWKHU ,QYHVWLJDWLRQV LQWR WKH 3UHYHQWLRQ F

E\ &XUFXPLQV

7KH UHODWLRQVKLS EHWZHHQ FRSSHU LQGXFHG DJJUHJL
FRXOG EH XWLOLVHG WR SUHYHQW WKLV DJJUHJDWLRQ D
$ 7K7 DVVD\ FRQWDLQLQJ ERWK FRSSHU DQG FXUFXPLQV Z
ZKHWKHU FRSSHU LQGXFHG DJJUHIJDWLRQ FRXOG EH SUHY
RI LWV GHULYDWLYHV (6, ,06 06 ZDV DWWHPSWHG XWLOL)
DQG HDUO\ H[SHULPHQWY LQGLFDWHG WKDW FXUFXPLQ

LQGXFHG FRQIRUPDWLRQDO FKDQJHV REVHUYHG ZLWK WKI
SURWHLQ 7KLV ZDV QRW UHSHDWHG HQRXJK RU ZLWK D
DQG FXUFXPLQ FRQFHQWUDWLRQV WR GUDZ GHILQLWLYH

IXUWKHU H[DPLQHG

&HOOXODU 5HVSRQVHVY WR OHWDO ,RQV DQG &XUF

&RQILUPDWLRQ RI SBKRVSKRU\ODWLRQ 6WDWH

'XH WR WKH XQH[SHFWHG UHVXOWY REWDLQHG ZKHQ XVLQ
ZKLFK KDV XQGHUJRQH SKRVSKRU\ODWLRQ DW VHULQH
LQYHVWLIDWLRQ VKRXOG EH HPSOR\HG ,W LV SRVVLEO

DQRWKHU SURWHLQ ZLWKLQ WKH FHOOV ZKLFK FRXOG E



LQFOXVLRQV IRU HI[DPSOH VWUHVV ERGLHVY ORRN H[WUHP

WKH WUDQVFULSWLRQ SURWHLQ (,) B VR WKLV H[FOXVLYL

)XUWKHU ,QYHVWLJDWLRQ LQWR &XUFXPLQV (IIHFW R
,Q YLWUR (6, ,06 06 UHVXOWV DQG DJJUHJDWLRQ VWXGLH)\
EH SURWHFWLYH DJDLQVW WKH IRUPDWLRQ RI LQWUDFHOC
QRW WKH FDVH LQ FHOOXODU LQYHVWLJDWLRQV FRQGXFW
ZDV QRW WDNHQ XS E\ WKH FHOOV LQ WKH ILUVW SODFH V
DQG LQYHVWLIJDWLRQ EHIRUH GHILQLWLYH FRQFOXVLRQV
LOQWHUHVWLQJ WR H[DPLQH WKH HIIHFWV Rl FRSSHU DQG

WKH SKRV DOQOWLERG\ WR GHWHUPLQH LI WKHUH DUH DQ!

DJJUHJDWHYV



SHIHUHQFHYV

$KPDG HW DO «3HFXOLDULWLHV RI FRSSHU ELQGLQJ W
-RXUQDO RI ELRPROHFXODU VWUXFWXUH GIQDPLFV

$KPDG % DQG /DSLGXV [ - «&XUFEXPL®& SUHYHQW
VIQXFOHLQ E\ LQFUHDVLQJ URKRRQDAXRIDWLRQRUDAXD- &K

SS !

$KVDQ HAW DO «&XUFXPLQ 3\UD]JROH DQG LWV GHUL
ILWURSKHQ\OS\UD]JROH &XUFXPLQ LQKLELW DJJUHJDWLR
WR[LFLW\ Rl :LOG W\SH DQG6FXWQ W/ [bF 658 3R 0 WIQ -

$0 %DJKGDGHW20 M «,QKLELWLRQ RI PRQRDPLQH R[LGDVH
Rl SLSHULQH DQ DONDORLG IURP WKH SHSSHU SODQW 3l

3DUNLQVRQ-V%GBWRUDVO4LF DQG OHGLFLQDO &KHPI VWU /F

$0 &KDODHK DO «*HQHWLF YDULDQWY RI WKH DOSKD V\Q
DUH DVVRFLDWHG ZLWK PXONLAORQAVS HRP DWURSK\ -
$OOHJUD $ ,QQDR 9 5XVVR 6 *HUDFH ' $ORQFL $ 0 &

RI &XUFXPLQ DQG ,WV $QDORJXHV 3UHFO&ZQRQFBHO DQG
,QYHVWLIDWLR® |

$QGHUVRQ HW PO  «3KRVSKRU\ODWLRQ RI 6HU LV W
SDWKRORJLFDO PRGLILFDWLRQ RI b VIQXFOHLQ LQ IDPL
GLVHDWKXY QDO RI %LRORJILFDO &SHPLVWUI

$UDNDZD 7 .LWD < DQG 7LPDVKHII 6 1 «3URW



GHQDWXUDWLRQ E\ GLBHMKI/ NKOOREKERE VI !
$UFLHOOR 0 5RWLOLR * DQG 5RVVL / «&RSSHU G
6< < QHXUREODVWRPD FHOOV LQY RO YHNR PKMMRIFAKIRD ®PLAD
%LRSKIVLEFDO 5HVHDUFK &RPPXSLEDWLRQV

%DEX 0 HW DO «,QWULQVLFDOO\ GLVRUGHUHG SURWH
GLVHD&AUHQW 2SLOLRQ LQ 6¥BUXFWXUDO %LRORJI
%DNVL 6 7ULSDWKL $ . DQG 6LQJK 1 «$0SKD V\Q
LURQ KRPHRVWDVLV E\ IDFLOLWDWLQJ WKH XSWDNH RI WL
IRU YLVXDO PDQLIHVWDWLRQV RUHIDBRGQ¥RQ-%LBORID V.
OHGLFLQHSS !

%DUUHWW 3 - DQG 7LPRWK\ *UHHQDP\UH - «3RVW
R¥ VIQXFOHLQ LQ 3DUNLRVROQG\6 BUNPDOFE - |

%DXP HW DO «6L[ PRQWK UDQGRPL]HG SODFHER FRQWU
SLORW FOLQLFDO WULDO RI FXUEXPLQ LQRDAPDHQRN ZL
£OLQLFDO 3VIFKRSKDUP®ERORJI

%HUQVWHL@®W6D®  «b 6\QXFOHLQ 6WDEOH FRPSDFW D
PRQRPHULF VWUXFWXUHV DQG S+ GHSH@RXWQDH R/ GIARH
$PHULFDQ 6RFLHWI IRU 0D¥Y 6SHFWURPHWUI
%HYHULGJIMW 500 «0DVV VSHFWURPHWU\ PHWKRGV IRL
GLVRUGHUHG7RHRMPDIOJVIAH SS !

%HYHULGHW DO «5HODWLQJ JDV SKDVH WR VROXWLRC

/IHVVRQV IURP GLVRUGHWRHGIBRRAVHERV -~ |



%LHGOHUHW DO «0OXOWLSOH QHXURWUDQVPLWWHU V\C
QHXUREODVWRPD FHOO&LOIJFAN G/ ALODBREFKHY S S :

%LQROHW O «,QWHUDFWLRQ RI P VIQXFOHLQ ZLWK GLYD
NH\ GLIITHUHQFHY $ OLQN EHWZHHQ VWUXFWXUH ELQGI

HQKDQFHRRBWGEDO R/ WKH $PHULFDQ &KHPISSDO 6RFLHWI

%LQROHIW O «6LWH VSHFLILF LQWHWDFMAVRQXFRIHER ,, Z
%ULGJLQJ WKH PROHFXODU JDS EHWZHHQ FRAWDRD & IFYG L Q
WKH $PHULFDQ &KHPLFDO BBFLHWI

%LQROHW HO «%LRLQRUJDQLF FKHPLVWU\ RI 3DUNLQVRQ-
GHWHUPLQDQWY IRU WKH FRSSHU PHGLDWHG DP\ORLG Il
,OQRUJDQLF &KHPLVSA/I !

%LQROMW O «%LRLQRUJIDQLF FKHPLVWU\ RI FRSSHU FR
VIQXFOHLQ 5HOHYDQFH WR @BBNGQQR@4\R G LOKHDALW W U 5
SS !

%RHVO 8 «7LPH Rl IOLJKW PDVV VSHEWURPHWU\ ,Q
ODVV 6SHFWURPHWIR 5HYLHZV

%RKUHY DO %LRPROHFXOH DQDO\VLV E\ LREOORELOLW\
5HY $QDO &KBB

%RUDQD AW6DO «&XUFEXPLQ DQG NDHPSIHURO SUHYHQW
IRUPDWLRQ E\ PRGXODWLQJ DJJUHJDWLRGK NRLADN LHEW S

WLRSKIVLFD $FWD 3SURWHLQV DEB 3URWHRPLFYV



% RU\YIUN D O (QVHPEOH PHWKRGYVY HQDEOH D QHZ GHILQL\

WR JDV SKDVH WUDQVIHU RI LQWUL@WZFDOO\ GB$YRUGHUH

%URZQ ' 5 «,QWHUDFWLRQV EHWZHHQ PHWDOV DQG

RU DUWHIKHFEW%6 MRXUQDCSS !

%URZQ ' 5 «OHWDO ELQGLQJ WR DOSKD V\QXFO

FRQWULEXWLRBLWRAMRILLFDAWDQG %LRSKIVLFDO 5HVHDUFK
SS !

%BXUJHVWWS DO «/RVV RI KXPDQ *UHDWZDOO UHVXOWV L

PXOWLSOH PLWRWLF GHIHFWV GXH WR GHUHJXODWLRQ RI

SURFHHGLQJV RI WKH IDWLRQDO $FDGHP| RI 6FLHQFHYV

$PHULFD SS !

BWXUUHW DO «$OSKD VIQXFOHLQ SURPRWHYV 61$5( FRPSO

YLYR DQG LAFNH@IAFR 3HZ <RUN 1 < SS !

%BXUUMHW DO «3URSHUWLHV RI QDWLYBIEMDHQ b VIQXFOH

SS (i(

&DR $ +X ' DQG /DL [ «)RUPDWLRQ RI DP\ORLG ILE

KHQ HJJ ZKLWH GWRWPHO+VBLSIQF®ILFDWLRQ RI WKH 3URW.
SS !

&DUERQL ( DQG /LQJRU 3 «,QVLIKWY RQ WKH LQWHE

DQG PHWDOV LQ WKH SDWKRSK\VLRORIWRDBDRRLAW R Q

LOWHIJIUDWHG ELRPHW®® VFLHQFH



&DUGDFMHWGED O «5HDFWLYH R[\JHQ VSHFLHV PHGLDWH S
DSRSWRVLV LQGXFHG E\ VRGLXP QLWURSUWOHWAEGHD U Q ¢
SKDUPDFRIRJII |

&DUUROG/MB DO «3KDVH ,,D FOLQLFDO WULDO RI FXUFXPL

RI FRORUHFWD®DPHRISODVAD S$HV SKLOOKOHFWURQLF SS

&KDQGUBW6DO «'RXEOH NQREFNRXW PLFH IRU DOSKD DQG
HIITHEW RQ V\QD SWALFRIKHIFALRWRY WKH I1DWLRQDO $FDGH
RI WKH 80LWHG 6WDWHV R$FPHULFD

&KDX .H#W DO «5HODWLRQVKLS EHWZHHQ DOSKD V\QXFOl
SURWHDVRPDO LQKLELWLRQ DQG FHOO GHDWK 5HOHYI
SDWKRJIJHORXNWZHO RI IHXURFKHBISVWU I

&KDXGKXUL 7 . DQG 3DXO 6 «3URWHLQ PLVIR(
FKDSHURQH EDVHG WKHUD SMMW-ITX DSSORDEKHV -

&KHQ HW DO «7\URVLQH DQG VHULQH SKRVSKRU\ODWLRC
KDYH RSSRVLQJ HIIHFWV RQ QHXURWRI[LFLWARXQ® N® O XEC
Rl &O0LQLFDO ,QYHVWBEDWLRQ

&KHQ / DQG )HDQ\ 0 % «$0OSKD VIQXFOHLQ SKRV
QHXURWR[LFLW\ DQG LQFOXVLRQ IRUPDWLRQ LQ D 'UR)
GLVHDYBIUAXUH QHXURVFEBIQFH!

&KHQ 3 OLDK 0 5 DQG $VFKQHU 0 «OHWDOV DQG

) S5HVHDUFAKR SDJL ss !



&RODSLOMR DO «b 6\QXFOHLQ SURWHFWYV 6+ 6< < FHOOV

WR[LFBEWR+FKHPLFDO DQG %LRSKIVLFDO 5HVHDURK &RPPX(

&RRQ HOW DO «:KROH ERG\ OLIHWLPH RFFXSDWLRQDO OHI

RI 3DUNLQVRQ Y GLYR@RMAWDO +HDOWK 3HEYSHFWLYHV

'DQ]HU . HW DO «'LIIHUHQW VSHFLHV RI P VIQXFOHLQ R

FDOFLXP LQIOX[ DREWNHHGRQIHXURVEISFBOFH |

'DQ]HU .HO DO «6HHGLQJ LEWXGKBOE\LQ ROLJRPHUV SUI

HYLGHQFH IRU \WBVHDGOHL @1 SBDAXKRIDRA\R! IHXURFKHPL YV
SS !

'DYLHV 3 ORXDOOD ' DQG %URZQ ' 5 «$OSKD V\1

IHUULUH GXR\E DV IA -

'"HSKRXUHWWLDO «0DSSLQJ DQG DQDO\VLV RI SKRVSKRU\OD

JXLGH IRU FHO WEQRBRODNMAL RORJI| RISWKH FHOO

'"H[WHU HW DO «,QFUHDVHG QLJUDO LURQ FRQWHQW DQ

PHWDO LRQV RFEXUULQJ LQ EUDLRXLQPDURIL QXK QRW KGHALH
SS !

'LVVPH\HU 1 DQG 6FKQLWWJHU $ «8VH Rl SKRVSK

DQDO\][H WKH ELRORJLFDO UHOHYDQFH RI SKRVSKRU\O

QHWZROUMWAKRGYV LQ OROHFXOBE %LRORJII

'RQRU OHW DO «([WHQGHG 3URWHLQ ,RQV $UH )RUPHG



(MHFWLRQ ORGHO LQ &KHPLFDO 6XSHUFKD&Q@DQ IWMIOFDFON U |

EKHPLVWUI SS !

'"UHZ 6 H&W DO «&X ELQGLQJ PRGHV RI UHFRPELQDQW D

LQVLIJKWYV IURP (35 VSREWQRY FRRISWKH $PHULFDQ &KHPLF
S !

‘XFH - MW DO «3RVW WUDQVODWLRQDO FKDQJHV WR b \

DQG GRSDPLQH WUDIILFNLQJ D FRQFHSW IRU QHXURQ

GLVHDMHOHFXODU 1HXURGRIOHFKODWLROKURGHIHQHUDWLRE

(FUR\G + DQG &DUYHU - $ «8QUDYHOLQJ WKH P\V\
DQG PLVIRGGL@IAIE !

(LEKQHU 7 DQG 5DGIRUG 6 ( «$ 'LYHUVLW\ RI $VVH
*HQHULF $P\O RIKD HEXOHISEHO O

(LVHQEHUJ ' DQG -XENHU 0 «7KH DP\ORLG VWDWH
GLVHDYWOLS !

(O $JQDI 2 BAWS$DO «$JIJUHIJDWHV IURP PXWBRQW DQG :
VIQXFOHLQ SURWHLQV DQG 1$& SHSWLGH LQGXFH DSRS
QHXUREODVWRPD FHO@W KNHWRUPQ® LLRRQORILG) 0% BlH ILODP
/JHWWHUW  SS !

(O 7TXUM W DO «6WUXFWXUDO (IIHFWV Rl 7ZR &DPHOLG 1D

WR 'LVWLQFW & 7HUPLQDO (SUMREHWARLQY W (BBGXFOHLQ -



(ODKL ) 0O DQG OLOOHU % / «$ FOLQLFRSDWKRC
GLDJQRVLV RI GMF QW LDHX URCB S

(ULNVHQ - / 3U]JHGERUVNL 6 DQG 3HWUXFHOOL /
SDWKRJHQHVLV RI 3DUNUQNMR®LY G OROBNNODU OHGLFLQH
)DXYHWHW, DO & 6\QXFOHLQ LQ FHQWUDO QHUYRXV V\\
HU\WKURF\WHVY PDPPDOLDQ FHOOV DQG (VFKHULFKLD F

GLVRUGHUHG PRBRRPBHUO-R/ %LRORJLFDO &BHEPLVWUI

JHUUHLUD 1 6DUDLYD 0 - DQG $OPHLGD 0 5 «1DV
GLIIHUHQW VWHSV RI WKH SURFHVV RI WUDQVWK\UHWLQ
)(%6 /HWWHUV SS !

JHVWD 5 $ DQG 7KLHOH ' - «&RSSHU $Q HVVHQV
EXUUHQW %LRORSB

JLW]SDWULEN 3 ) «7KH PHWDO UHTXLUHPHQW RI |
%LRFKHPLFDO DQG %LRSKIVLFDO 5HVHDUFK &RPPXQOLFDW:
YRUPDQ .D\ - ' DQG OLWWDJ 7 «)URP VHTXHQFH DQ

IXQFWLRQ DQG HYROXWLRQ RI LOQOWOBWQXIFRESLOA GLVRUGH

JRZOHU HWMW DO «)XQFWLRQDO DP\ORLG IURR/EDBEWHULD
LQ WLRFKHPLFDSB8SFLHQFHYV
JUDVHU HW$DO «3KRVSKRPLPHWLF PXWDWLRQ RI WKH

0'0 HQKDQFHV WKH SRO\XELTXLWLQDWLRQ RI'S WKURXJEF



WKLRHVWHU KRGURODO KV OROHFXODU %3 RORYI
JUHLFKH& W &D O «$JH GHSHQGHQW FRJQLWLYH GHFOLQH!

SDWKRORJ\ LQ b V\QXFOHLQHWURENRORLIF R LEHSSI

)XMLZDUBW+DO «b 6\QXFOHLQ LV SKRVSKRU\ODWHG LQ

OHVLEQWXUH &HOO %LRORJII!

*DUFLD $OORW D® «&XUFXPLQ ODEHOV DP\ORLG SDWKI

GLVUXSWV H[LVWLQJ SODTXHV DQG SDUWLDOO\ UHVWRUH

PRXVH PRGRXWQDO R/ IHXURFKHRBISVWUI!

*DXWDP HB DO «3RO\SKHQROV LQ FRPELQDWLRQ ZLWK I

LQKLELW DQG GLVDJJUHJDWH P VIQXFOHLQ DP\ORLGV XQG

SURPLVLQJ WKHUDSHXMILAFOIPNAD QMW LBHRSKIVLFD $FW

SURWHLQV DQG 3URWHBBLFYV

*LDVVRQHW RO «$ +\GURSKRELF 6WUHWFK RI $PLQR $F

WKH OLG®OHQRFOHLQ ,V (VVHQWLDO IRU-RXODP@Q®R/ $V\

%LRORJLFDO &KHPLSWUI !

*ODEH & * DQG .D\HG 5 «&RPPRQ VWUXFWXUH D

DP\ORLG ROLJRPHUV LPSOLHV D FRPPRQ PIMRKDROLAHF RI S|
6XSSO SS 6 !6

*ODVHU BWWO «O0HWKLRQLQH R[LGDWLRQ P VIQXFOHLC

GLVHDWMRFKLPLFD HW %LRSKIVLFD $FWD SSURWHLQV DQG

*ROWV HIW DO «ODIJQHVLXP LQKLELWYV VSRQWDQHRXV LC



DJJUHIJDWLRQ RI PRXWQXFO@WRILFL RORILFDO SLSHPLVIWUI

*RUHOO MHWODO  «2FFXSDWLRQDO PHWDO H[SRVXUHV D
3DUNLQVRQ-VIBXVRBSHGHRISRORYI

*RUHOO HW ®O «O0OXOWLSOH ULVN IDFWRUV {RMUIIDUNLQVF
RI WKH 1HXURORJLFDO 6FIHQEHV

*UDEHQDXHAW QOO  «6SHUPLQH ELQGLQJ WR 3DUNLQVRC
VIQXFOHLQ DQG LWV GLVHDVH UHODWARU® DD DY G Al VI AIXC
EKHPLVWUI % SS !

*UHJHUVHAW DO «3URWHLQ PLVIROGLQJ DFQ®X$PDQ GLV
*HOQRPLFV +XP *H®$ W !

*XLOOLDPW DO «1DQRERGLHV UDLVHG DJDLQVW PRQRP}
GLVWLQJXLVK EHWZHHQ ILEULOV DWRXIUPHWHRWORDWKXYO )]
%LRORJI SS !

+DIQHU %UDMINOYL «&XUFXPLQ Ef GG IWR WKBWHUPHGLD)
WR WKH DP\ORLG IRUP RI SULRQ SURWHLQ $ QHZ PHFEKDQ
DEFFXPXODRXRQBO R/ IHXURFKHBISVWU I

+DPPHU 1HW DO «$P\ORLGV )ULH@XRYDYRRI-$OJKHLPHU
GLVHDVE SS !

+DUD HW DO «& WRNLQHVLVY UHJXODWRU (&7 FKDQJHYV

WKURXJK SKRVSKRU\ODWLRQ DW2DHWRJHQM *SS6 SKDVH -



+DVHIDZDHW DO «$FFHOHUDWHG DOSKD VIQXFOHLQ DJ

GLITHUHQWLDWLRQ RI 6+ 6< < CGHXUREOBVWREPESHOOV -

+HUYD O HW DO  «$QWL DP\ORLG &RPBRAMQENO HQIOLELW
$JJUHIJDWLRQ ,QGXFHG E\ 3URWHLQ OLVIROGLRXWUQFQLF $F
Rl %LRORJLFDO &KHPBBWUI !

+LUVFK HW&DO «,URQ DQG $OXPLQXP ,QFUHDVH LQ WKH 6
3DWLHQWYV ZLWK 3DUNLQVRQ-V 'LVHDVH-R¥QQODHPEBDR/OLF
IHXURFKHPLVWSIS !

+R & MW DO «(OHFWURVSUD\ ,RQLVDWLRQ O0DVV 6SHFWUF
&OLQLFDO $SEOLPRDWRAQNI-RFKHPLWIWUFKHYLHZDIS

+XGVRQ AWSDO «7KH WKLRIODYLQ 7 IOXRUHVFHQFH DVVI
GHWHFWLRQ FDQ EH ELDVHG E\ WKH SUHVHQBH RI H[RJ
-RXUQDO  SS !

,OOHV 7RAWK DO «'LVWLQFW KLJKHU RUGHU b VIQXFOHLQ
LQWUDFHO OXO DY LRFKHFIDADIOR QRX USD O !

,OOHV 7RWK ( 'DOWRQ & ) DQG 6PLWK ' 3 «%LQG|
VIQXFOHLQ LV PHGLDWHG E\ VSHF - REURROY RRU DAV BRBOL ¥
6RFLHWI IRU 0DVV 6SHFWISRPHWU I

-DFNVRQ 0 DQG ODQWVFK + + «%BHZBURFRIL BURMN H L (
HW %LRSKIVLFD $FWD %%$ 3URWHLQ 6 WUXFWXUH DQG OR

-DKQ 7 5 DQG 5DGIRUG 6 ( «)ROGLQJ YHUVXV DJJ



FRQIRUPDWLRQV RQ FRPSHWERLYBDWREZDMWRFKHPLVWU
WLRSKIWESFV |
-DLVKD@NDMDO 7TR[LFLW\ PHFKDQLVP DQG KHDOWK HIIHF

PHWD@QWHUGLVFLSOLQDU| IR/LFRORJI

"DQNRYLF - «3DUNLQVRQ-V GLVHDVH FGLQLFDO IHD
SS !
"HQQHU 3 DQG 20DQRZ & : «2[LGDWLYH VWUHVV D

3DUNLQVRQ-VIEXWURIV 6 XSSO SS 6 !6

"HQVHQ B&WADO &V\QXFOHLQ ELQGV WR WDX DQG VWLPX
NLQDVH $ FDWDO\]JHG WDX SKRVSKRU\ODW L R@RYQFH®LQH
Rl %LRORJLFDO &KHPBBWUI !

KD 1 AW DO «(IITHFW Rl FXUFXPLQ DQDORJV RQP V\QXF
DQG F\WRWELHFQWIHLF 58SRUWYV

‘L + ) DQG B6KHQ / «7KH PXOWLSOH SKDUPDFHXWLI

LQ 3DUNLQVRQ&I & LVHDNWHRORILFDO GLVRUGHUBSGUXJ Wi

-LDQJHW DO «,QKLELWRU\ HIITHFW RI FXUFXPLQ RQ WKH
DJJUHIJDWLRQ DQG QHXWRWRALPLWED LAWY WRIRKAI VL FD $FW D
wWDVLV RI 'LVHDVHSS :

-RYFHYVNEW %D O «3KRVSKRPLPLFV GHVWDELOL]H +VS

DVVHPEOLHY DQG HQKDQFH FKBRHWRQIHDIFGON %Y FBR-J |



.DQJ HW DO «1 WHUPLQDO BPHOXGDWLRQ ®RGXFHV LQFU
WUDQVLHQW KHOLFDO SURSHQVLW\ DQG GHFUHDVHG DJJI
GLVRUGHUHG PRRIRFHQ 6FLHOFS

.DUSLQDUHW ®O «3UH ILEULOODU DOSKD VI\QXFOHLQ YD
EHWD VWUXFWXUH LQFUHDVH QHXURWRI[LFLAMA (033D UNLQ\
MRXUQDO SS !

HHO 6HMW DO «$ KHPH H[SRUW SURWHLQ LV UHTXLUHG

GLITHUHQWLDWLRQ DQGEURQFKRHEHEVWIIMMLVE<S SS

.LP ' 6 3DUN 6 < DQG .LP - . «&XUEXPLQRLGV IU

/ =LQJLEHUDFHDH WKDW SURWHFW 3& UDW SKHREKURP

XPELOLFDO YHLQ HQGRWKHOLDO FH®®YVRURIPHEAM D05 W W i
ss !

.LP : 6 .8JHGDO . DQG +DOOLGD\ * 0 «$0OSKD V\

IHZ\ ERG\ GLVBOVKHM. BHU-V UHVHDUFKS WKHUDS I

.QRZOHV 7 3 - O9HQGUXVFROR 0 DQG 'REVRQ & O0

DQG LWV DVVRFLDWLRQ ZLWK SURMWHXQHPUM VR HGVQ I RAMNF

FHOO ELRORXBS !

.RQGR . 2ELWVX 6 DQG 7HVKLPD 5 «P 6\QXFOHI

WUDQVPLVVLRQ DUH HQKDQFHG E\ OHXFLQH ULFK UHS

QHXUREODVWRPD 6+%<RORHFDOO -~ SKDUPDFHXWEEDO EXO



.RQHUPDQ@®HWI DO «8QUDYHOLQJ WKH PHFKDQLVP RI |

LRQL]DWQRQHVLFDO &KHPBBWUI

.RQQR HW DO «$XWRVRPDO GRPLQDQW 3DUNLQVRQ-V G

618&$ GXSOLFRIMNWINR@WRQLVP DQG 5HODBEG6'LERUGHUYV

XQGX HW DO «'HOLYHU\ RI 'XDO 'UXJ /RDGHG /LSLG %DVF

DFURVV WKH %ORRG!%UDLQ %DUULHU ,PSDUW (QKDQFHG

,QGXFHG ORXVH ORGHO RI 3D WNIEQI¥RQANFDON HBNWR VFLHQ
SSs

. XQHU 3 6FKXEHQHO 5 DQG +HUWHO & «R DP\ORL

DFWLYDWHVY QI ¢ E LQ KXPDQ GQRXURPODWRW RIFDX URHGFQ M ¢

5HVHDUFK SS !

. XZDKDUDHW DO «3KRVSKRU\ODWLRQ RI b VIQXFOHLQ SL

UHGXFHV QHXURQDO G\VIXQFWLRQ E\ ORZHULQJ LWV PH

&DHQRUKDEGLWLNXHWQWBID BRY %L RORJILFDO &KEHPLVIWUI

IDVKXHO AW O «7KH PDQ\ IDFHV RI DOSKD VI\QXFOHLQ
DQG WR[LFLW\ WR WKBUWDSMX\WHK ONWDABIH W

GH /DX | BWIDO «(SLGHPLRORJ\ RI 3DUNZKRN RQGNKHIL YV HD
IHXURORJI SS :

IDXUHQW W DO «0XOWLSOH 6\VWHP $WURSKXU BMWDWH R
IHXURORJ|I DQG IHXURVFLHQFSS85HSRUWYV

JHH + - %DH ( - DQG /HH 6 - «([WUDFHOOXODU



DQG FUXFLDO IDFWRU LQ /HZWERR\UGHWW.HWEIVHY HXI/FRORJI

IHIJHU HW DO «&RQYHUVLRQ RI 6HULQH WR $VSDU
SKRVSKRU\ODWLRQ LQGXFHG &KDQJHV LQ WKH 6WUXFW XL

DVVRFLDWHG 3URMHLRXORDA R/ BWLRORJILFDO EXKHPLVW.

/IKHUPLWWH - .UDXV : 0 DQG OF$OSLQH «7TKH 2F
GHSRVLWYV RI LURQ LQ WKH EUDLQ LQ SDUNLQVRQLVP

ORFDOLVBWLRXYQDO R/ IHXURORJI DQXG SVIFEKRSOWKROHR

/LOO & O «*HQHWLFV RI 3DROHLHFKXROP-N [0GLE HDNAHG.
3URE B8 !

ILQ & HW DO «&XUFXPLQ UHGXFHV DP\ORLG ILEULOODWLI
GHFUHDVHV UHDFWLYH3DW&BWAF WSSV UHVYV -

/ILX [/ / DQG )UDQ] . - «3KRVSKRU\ODWLRQ GHSHQ
DOSKD VIQXFOHLQ SHSWULGH POD AP HQRWYRJILFDOI LOQRUJIDQ

-%, & D SXEOLFDWLRQ RI WKH 6RFLHWI| R/ %LRORSIEFDO ,Q}

ILX &#W DO «,RQ PRELOLW\ PDVV VSHFWURPHWU\ VWXGL
DOSKD VI\QXFOHLQ DP\ORLG ILEULO IRUPDWLRQ E\ H ¢
SXVWUDOLDQ -RXUQBS R/ &KHPLVWUI

IRSUHVWLH® OO «&XUFXPLQ DQG PDMRU GHSUHVVLRQ



GRXEOH EOLQG SODFHER FRQWUROOHG WULDO LQYHVWI
ELRPDUNHUV WR SUHGLFW WUHDWPHQW UHVSRQVH DQG
FKDQYWWRSHDQ IHXURSVIFKRSKDURP®FRPRJI

IRYHOO HW$O «&RSSHU LURQ DQG ]JLQF LQ $O]KHLPHU
SODTXHVUAHXURO 6F%

/R]IRIl % DQG *HRUJLHII 0 . «,URQ GHILFLHQF\ DQ¢
6HPLQ 3HGLDWU 1HX® RO !

IX <HW DO «3KRVSKRUXODWXKRQHRIQ DW < DQG 6 DOW
PHWDO ELQGLQJ SURSHUWLHY ,PSOLFDW LMRQXFIRWLRQIGH U
WKH SDWKRJHQHVLV RI 3DUNLQVRQ-V GAAHBNHPREGBOUHO |
IHXURVFLHQFHS !

IXQGEODG HW DO «,PSDLUHG QHXURWUDQVPLVVLRQ
RYHUH[SUHVVLRQ RI b VIQXFOHLQ LQ3QRFUBG [GIR/SD R L QK A

IDWLRQDO $FDGHPI RI 6FLHQFHV RI WKH 8QLIBHG 6WDWHYV

ODFKL\DHW DO «3KRVSKRUBODNVFEIOGLQ DW 6HU LV WDU.
WKH SURWHDVRPH SDWKZD\ LQ D XELTXRWUQOMGHSHQ
%LRORJLFDO &KHPLBBUI

ODP\ULQ #WS$DO «7KH PDVV UHIOHEWURQ D QHZ QRQPD

IOLJKW PDVV VSHFWURPHWH&ORZLWKIKLIKWBVE&® XWLRQ -

'HO ODUHW DO «6WUXFWXUH DQG SURSHUWLHYVY RI DOSKD



DP\ORLGYV GHWHUPLQHG DW WXHRPRPHGRQDVLR/ QUK d LW
$FDGHPI| Rl 6FLHQFHV RI WKH 8QLWHG 6D WHV 'RI $PHULF.
ODUGHWW DO «5LVN RI 3DUNLQVRQ-V GLVHDVH DPRQJ ILL
$ FRPPXQLW\ EDVHBXVYWREBYI- SS !

ODUWLQ H# PO k6\QXFOHLQ ROLJRPHUV RSSRVH ORQJ Wt
DQG LPSDLU PHPRU\ WKURXJK D FDOFLQHXULQ GHSHQGHC

KXPDQ VIQXFOHRSDW-KRXUGQGDOHRNHMXURFKHPAS WU |

ODUWLQ 9DEXODV 5 DQG 8OULFK +DUWO ) «$EHUU
DP\ORLG GIlOHDVBHFOH |

ODVRQ G5HW DO «&RSSHU %LQGLQJ DQG 6XEVHATXHQW $J
6\QXFOHLQ $UH ORGXODWHG E\ 1 7THUPLQDO $FHW\ODWLR
OLVVHQVH OXMDRFKR®AVWUISS

OF&OR\ 548 DO «3DUWLDO LQKLELWLRQ RI &GN LQ * Sk
6$& DQG GHFRXSOHV PAANFRONE FFAWISGWV - !
OF)DUODQGHW 5O «$0OSKD VIQXFOHLQ 6 SKRVSKRU\ODW
QRW DOWHU QLJURVWULDWDO WR[LFLW\ LRDOUQD®E RRGH
QHXURSDWKRORJ|I DQG H[SHULPH®WDO! QHXURORJI

OHQRQ 9 3 DQG 6XGKHHU $ 5 «$QWLR[LGDQW D

SURSHUWLHV REGXDERAVQLQ ([SHULPHQWDO O0RSLFLQH D

OHXYLVHW DO «7KH FRQIRUPDWLRQ DQG WKHIDJIJUHJIDW



VIQXFOHLQ GHSHQG RQ WKH SUROLQH U MALREFXHNP LI V
SS !

OLOOHUHW ®O «6\QFKURWURQ EDVHG LQIUDUHG DQG ; U
IRFDOL]HG DFFXPXODWLRQ RI &X BQ@®\O@LFER ®HRFDDLLWHG |

$O]KHLPHU-V -RXMINHR/ 6 WUXFWXUDIB %LRORJI

OLVKUD 6 DQG 3DODQLYHOX . «7KH HIIHEW RI F.

$O]KHLPHU-V GLVHDV HS$ QD RY HRIY LMZLDQ $FDGHPI RI 1H.

ss |

ORGDVL\D 0 . DQG 3DWHO 9 0 «6BWXGLHV RQ VR

,OWHUQDWLRQDO -RXUQDO Rl 3KDURBFI| /LIH 6FLHQFHYV

ORQWHW DO &RSSHU DQG FRSSHU SURWHLQV LQ 3DU
2[LGDWLYH OHGLFLQH DQG &HOBSRBU /RQJIHYLWI

ORUHH H& DO «6PDOO PROHFXOHV GHWHFWHG E\ V¢t

JHQHUDWLRQ PRGXODWH WKH FRQIRUPDWLRQ RI PRQRPHL
DJJUHJDWLRQARUXQY BBOQM-%LRORILFDO SBHPLVIWUI
ORULWAWSO «7KH HIITHFW RI DJLQJ RQ WKH PLQHUDO VWL
DQG 6$0%%4RO 7UDFH (OHP SBV !

ORUULVY $ 0 DQG )LQNH 5 * «b 6\QXFOHLQ DJJ

WHPSHUDWXUH DQG YDULDEOH S+ NLQHWLF GDWD $ UH D
VWHS PRGHO RI QXFOHDWLRQ D @G RISX\WRFIMPD &KW PE VI

I ss |

OXNKHUMWH/ 80 «7\SH GLDEHWHY DV D SURWHLQ PLVI



TUHQGV LQ OROHFX®®PU OHGLFLQH
IDWDOHGORD & «&RPSDFW FRQIKRUWRWERNVQRLQGXFHG I

DOFRKROV DQIURRFEIOV- 6 WUXFWXUH )XQFWLROSBQG %LR

1IHGXPSXOO\ *RYHQIGDQ 3«6WDELOL]LQJ 21l SDWKZD\ 20L.
3RO\SKHQRO 1DQRDVVHPEOLHV IRU ,$88L%0Q@ WH JDANERER K
IDWXUH 3XEOLVKLQJ *URXS S

1HPDQL 9HW DO «,QFUHDVHG ([SUHVVLRQ RI P 6\QXFO
1IHXURWUDQVPLWWHU 5HOHDVH E\ ,QKLELWLQJ 6\QDSWL
(QGRF\WRNKWRQ SS

1LOVVRQ 0 5 «7THEKQLTXHV WR VWXG\ DP\ORLG IL
OHWKRGV SS !

1%EOLQJHW ®O «ORGHOOLQJ 6HU SKRVSKRU\ODWLRQ L«
ELQGLQJ Rl SRUH IRUPLQJ DOSKDRAQXFOHHQ ROLJRPHUYV -
2QR HW DO «&XUFXPLQ +DV 3RWHQW $QWL $P\ORLGR.
$O]KHLRHMWPAIRLG )LEULORX QR BOWRIRFHXURVEFLHQFH 5HVHD.
SS !

2XHVODWL $ «,PSOLFDWLRQ RI $OSKD 6\QXFOHLQ 3
6\QXFOHLQRSDWKLHV :KDW +DYH :H /HDUQHH® QQOWR/MH /D
3DUNLQVRQ-VSRVHPVH

2XHVODWIW OO0 «OLPLEFNLQJ 3KRVSKRU\ODWLRQ DW 6HUL

$JJUHIJDWLRQ Rl +XPDQ 6\QXFOHLQ DQG 3URWHFWYV DJL



ORGHO RI SBDUNLQVRRXVQDVHRNHHXURVFEHFHQFH
3DJHRDW DO , QWULQVLFDOO\ GLVRUGHUHG S DQG LW\

FRPSDFW FRQIRUPDWLRQ V$ DY I KEK PV, @ WDAGH ( B0

3DLN 6 H® DO  «&RSSHU ,, LQGXFHG VHOI ROLJRPHUL]
VI\QXFOWRKE %LRFKHPLFDO BRXUQDO
3DO MW DO «&XUFXPLQ LQKLELWY WKH $0 DQG =Q LQGXF

RI @ ODFWRJOREX0L FEBHRYDLW BRFLHW\ RI &KHPLVWU\

3DOHRORJRXHW RO  «3KRVSKRU\ODWLRQ DW 6HU E >
SKRVSKRPLPLFV 6 (' LQKLELWX WX FIQBRQBO@DWLARQ R
%LRORJLFDO &KHPLBBUI |

3DOHRORJIJRKW .DQ@ «,QWHUDFWLRQV-~ SS !

3DO0 + HW DO «5%$,6(" &(5(%5263,1%$/ )/8," &233(5

&21&(175%$7,21 ,1 3$5.,1621-6 ', 61BH(ADOFHW SS

3DQDKLHW DO  «/LSLG PRGLI\LQJ HIIHFWV RI DGMXQFW
FXUFXPLQRLGY SLSHULQH FRPELQDWLRQ LQ SDWLHQWYV Z|
RI D UDQGRPL]HG FRERWSROEHG MDILIDDKHUDSLHYV LQ 0HGL
SS !

3DQGH\ HW DO «&XUEXPLQ LQKLELWVVDQIiBASBYARQ RI

IHXURSDWKRORJILSFD :



3DQNUDWI DO «*HQHWLFV RI 3DUNIYRIGLE WVIHD PHGLFLQ
RIILFLDO MRXUQDO RI WKH $PHULFDQ &ROOJHRI O0HGLFD
3DUNLQVRQ - «$Q HVVD\ RQ WKH A/MKDRXQD B OM\
QHXURSVIFKLDWU| DQG FOLQLFDD QHXURVFLHQFHV

3HQJ HW DO «%LQGLYUQRFOHLQ ZLWK )H ,,, DQG ZLWK
ELRORJLFDO LPSOLFDWLRQV RI WIRKUQHDOXGWD QR UFRE !
%LRFKHPLVWUISS !

SHUIHHIWW®O /LQNLQJ DOSKD VIQXFOHLQ SKRVSKRU\ODWI
VSHFLHV IRUPDWLRQ DQG PLWRFKRQGULD@R®\\VEXQBW LR
IHXURVFEISS

3HUH] 54W DO «$ UROH IRU DOSKD VIQXFOHLQ LQ WKH UF
ELRV\QWKHKWLMRXUQDO RI QHXKR VHLIHRIAMO MRXUQDO RI WK
IHXURVFLHQFHS !

SHUIHLWHRW DO «/LQNLQJ DOSKD VIQXFOHLQ SKRVSKRU\C
R[\JHQ VSHFLHV IRUPDWLRQ DQG PLWRFKRQGULDO G\VI
OROHFXODU DQG &HOOXODYSIHXURVFLHQFH
3KLOOLSNWSD® «&RQIRUPDWLRQDO G\QDPLFV RI b VIQXFC
PDVV VSHFWURPHMIDGI VW SS !

3RSRYD % .OHLQNQHFKW $ DQG %UDXV * +

PRGLILFDWLRQV DQG FOHDULQJ RI b V¥%QRPEROILE HA HWH JD W

SUXVLQHU 6 % «$ 8QLI\LQJ 5ROH IRU 3ULRQV L



'LVHDVBANEHQFH-XQH SS !

5DPEDUDQ 5 6HUSHOO / 3UBRQRLES)LEULOV
SHFFKLDH® DO «b 6\QXFOHLQ DQG 3DUNK®@VREG(% GLVHD
-RXUQDO SS !

SLHGHUWW B®O «7UDQVLWLRQ OHWDOV )HUULWLQ *OXWI
$FLG LQ 3DUNLQVRRXDQIOURLDONXURFKHPI VWU I

5LQJPDQ +#+HWD DO «$ SRWHQWLDO UROH RI WKH FXUU\ \
$O]KHLPHU-V SXVUHBQW $O0JKHLPHU ($BVHDWUFK

5REHUWV + DQG %URZQ «6HHNLQJ D OHFKDQLVF
20LJRPHULF b 6%QRPEAHEX O 313 !

5RIJHUV HW DO «7KH DOSKD VIQXFOHLQ -XQWUDQVODW
WUDQVODWLRQ EORENHUV DQWL DOSKD V\QXFOHLQ HIIL

3RVLSKHRXE QDO RI QHXUDO WUDQVRLVVLRQ 9LE®OD $XI

5RVH ) +RGDN 0 DQG %HUQKROF - «OHFKDQLVP |

PLVIROGLQJ RI 3DUNLQVR@FYHIAWHM¥H; B8 RWIH L Q -

5RVV 5 $ DQG %LHGOHU - / «3UHVHQFH DQG 5HJ

$FWLYLW\ LQ +XPDQ 1HXUREODVWRPD &HOO 9DULDQWV LQ

RI 7\URVLQDVH $FWLYLW\ LQ +XPDQ 1HXUREODVWRPD .
$35,/ SS !

5XRWRORHW OO «,RQ PRELOLW\ PDVV VSHFWURPHWU\ D

SURWHLQ FRPBOWIWHN SURWREROV |



6DQGXW 6 DO &XUFXPLQ GHPHWKR[\FXUFXPLQ ELVGHPF
WHWUDK\GURFXUFXPLQ DQG WXPHURQHV GLIIHUHQWLDOO
DQWL SUROLIHUDWLYH UHSRVQVHV WKURXJK D 526 L
EDUFLQORIHQHVBIB

6DQPXNKDMW 5O «(IILEDF\ DQG VDIHW\ RI FXUEXPLQ LQ P|

GLVRUGHU D UDQGRPL]HX IMRRIMNMKIHRQICSH &/ ASVH . DDS %

6DQWQHU $ DQG 8YHUVN\ 9 1 «OHWDOORSURWHRP
RI b V\QXFOHKRO-OARRIWMIUDWHG ELRPHWEBO VELHQFH
6FKHQDXHU 0 5 DQG /HDU\ - $ «$Q LRQ PRELOLW
LOQYHVWLIDWLRQ RI PRQRF\WH F K {pRR{DONMD WD FRQ D QW- RAXULR(
ODVV 6SHEFWURPHWUSS |
6DWKDVLYDP DQG 6KDZ $SRSWRVLV LQ DP\ORWURSK
LV WKH HYV/BGBBFRB"1IHXYRO
6FKLOGNQHFKW D® «2[LGDWLYH DQG QLWUDWLYH DC
PRGLILFDWLRQV DQG SURWHRVWDWLF VWUHVV ,PSOLFDW
LOWHUYHQWLRQV LQ VRQYXKDHL BRI BEWKRENHPL VWU
6FKODFKHW]JNL - & 0 6DOLED 6 : DQG GH 20LYHLUD
QHXURGHJHQHUDWLYH GLVHDSHAL VI [F XQAMNDX W B FPLRGH G N -3 V/
6833/ Y%
6FKPLG $HW DO «$0OSKD VIQXFOHLQ 3RVW WUDQVODWLR

SRWHQWLDO %LRPDUNHUV IRU 3DUNLQVRQ 'LVHDVH DQC



OROHEFXODU &HOOXODU 388WHRPLFV

6FKRO] W DO «61&% YDULDQWY DUH DVVRFLDWHG ZLWK
PXOWLSOH V\VWHROD WY BRI KNHX UR BB !

BFKUHXUWW6DO «,Q YLWUR SKRVSKRU\ODWLRQ GRHV C
DJJUHJDWLRQ NLOHWWFNF@®RHLY LQ FRQWUDVW WR LWV
PXWDQ@WWHUQDWLRQDO -RXUQDO R/ ORSBHFXODU 6FLHQFH |
6H\WHG OHKGL OLUKDVKHPL «(IlTHFW Rl WZR KHUEDO ¢
RQ KXPDQ DP\OLQ DP\ORLG IRUPDWLRQUORG RBMYIM®GEAIQN!
30DQWV 5HVHDUFK !

6KHOLPRY DQG -DUUROG &RQIRUPDWLRQV XQIRC
DSRP\RJORELQ LQ YDFXXP DQ DFWLYDWLRQ EDUULHU IRL
-$&6 SS

6KRED HW DO «,QIOXHQFH Rl SLSHULQH RQ WKH SKDUPDFI
LQ DQLPDOV DQG KXPD@DORIX QMGLHDE - !

BKULYDVWB/WD D® «$QWL DSRSWRWLF DQG $QWL LQIODF
3LSHULQH RQ 2+'$ LQGXFHG 3DUNRIVRD OV R3DINK P RIGIHOH
%LRFKHPLVWUSS !

6KYDUWVEXUJ $ $ DQG 6PLWK 5 «)XQGDPHQWDO
PRELOLW)\ VSHEQRRIMHLEDOC EKHPLYIWU| !

GD 6LOYHLHEY BO $ «3KRVSKRU\ODWLRQ GRHV QRW SURPSW
IRUPDWLRQ RI b VIQXFOHLQ WR[LF VSHFLHV LQ D UDW P

+XPDQ OROHFXODU *HQIBWVLFY



6LQJK 3HW DO «&XUFXPLQ PRGXODWHYV b VIQXFOHLQ D
WRI[LFRAAS\EKHPLFDO I1HXURVHARSIQFH

6LQJK 6 -DPZDO 6 DQG .XPDU 3 «3LSHULQH (QKD
(ITHFW RI  &XUFXPLQ $JDLQVW 13 ,QGXFHG 1HXUR

IHXURWUDQVPLWWHUV 0RGXXDW ER QPALHEXD QA WV REEEU F K

6PLWK 'HI®% DO «'HFLSKHULQJ GULIW WLPH PHDVXUHPHQ

ZDYH LRQ PRELOLW\ VSHEWURPHWU\ PONRS YW DIWFMARRP G \

PDVV VSHEWURPHS// |

6QHDG ' DQG (OLHJHU «$0OSKD VIQXFOHLQ IXQFW

FHOOXODU PHFEHOOQANQWDO QHXUREBRORJI

6RILF HW DO «,QFUHDVHG LURQ ,,, DQG WRWDO LURQ F

VXEVWDQWLD QLJUD RI SENNDQPORRLIBXEADILFEDQOVPLVVL

SS !

6SLOODQWLQL 0 * DQG *RHGHUW 0 7KH b 6\QXFO}

'LVHDVH 'HPHQWLD ZLWK /HZ\ %RGLHV DQGQQROWLB/OH 6

WKH 1HZ <RUN $FDGHPI| Rl 65BHQFHYV

6SLOODQWL®W DO* «$OSKD VIQXFOHLQ LQUOWZKWUAERGLH)
SS !

6SLQHOOHW. DO «&XUFXPLQ WUHDWPHQW LPS®RYHV PRW

VIQXFOHLQ WUDQVJHQLR6 PLEHA GRL

MRXUQDO SRQH



BWHIDQLYV /0 6\QXEOHLQ LQ 3DUNL Q@RG-S SGIL\HDYPLER

SHUVSHEWLYHV LQ OHGLFLQOH

6ZHHQH\H8 DO «3URWHLQ PLVIROGLQJ LQ QHXURGHJIHC

LPSOLFDWLRQV DQ@GDYWODWHRIOHN- IHXURGHIHQHUDWLRQ

7HQUHLURW 600 «3KRVSKRU\ODWLRQ ORGXODWHV &OHD

6\QXFOHLQ ,QFOXVLRQV LQ D <HDVW 0RGRO *RQBDULNLQV R

H

7KDODVVLQRV . DQG 6FULYHQV - + «$SSOLFDWLR

PRELOLW\ PDVV VSHMNFURPBHABHFWYV 7UDSSHG ,R@® 0DVV 6S,

SS !

7TRGRULFKW 9O «20LJRGHQGURF\WHYV DQG P\HOLQDWLRQ

“/,8 SS !

7R\DPD % + DQG :HLVVPDQ - 6 «$P\ORLG VWUXFV

GLYHUVLW\ DQG F REQ\OHXTDXH QFHWY HZ R/ ELBBKHPLVWUI

7VLIHOQ\ HW PO '"\QDPLFV Rl DOSKD V\QXFOHLQ DJJU

LQKLELWLRQ RI SRUH OLNH ROLJRPHU @GMNHORSPHQW E\ E

SS

8FLVLN AW+DO «&KDUDFWHUL]DWLRQ Rl &XUFX(PXOVRPHYV

IRU HQKDQFHG VROXELOLW)\ DOQABXGADDYRNYRY FXUFIXFER O
S

8YHUVN\ AWIDO «OHWKLRQLQH R[LGDWLRQ LQ&ELELWYV ILE

VIQXFOHLQ Y% 6V YMWIRHUYV  SS !



B8YHUVN\ 9 1 «$P\ORLGRJHQHVLV Rl Q&MUYHADW X QI F
$OJKHLPHU UHVHBBFK !
8YHUVN\ 9 1 DQG (OLH]JHU «%LRSK\VLFV RI 3C
VWUXFWXUH DQG DJJUHJIDW LERQU B HD WSKDRYKG K O HBIHE WL G
SS !
8YHUVN\ 9 1 /L - DQG )LQN $ / «OHWDO WL
WUDQVIRUPDWLRQV DJJUHJDWLRQ DQG ILEULOODWLRQ
SRVVLEOH PROHFXODU 1. EHWZHHQ 3DUNLQVRQ-V GLVHDV
7KH -RXUQDO RI ELRORJLFDBSKHPLYVWUI
9DUJDV HW DO «6\QXFOHLQV +DYH OXOWLSOH (IIHFWV
$UFKLW HEMXW B H SR U WIS !
9HQGUXVFROR 0 .QRZOHV 7 3 - DQG 'REVRQ & O
DQG SURWHLQ KRPHRVWDVLV $ JHQHULF YLH&ZR®IGSURWH
6SULQJ +DUERU 3HUVSHFWLYBV LQ %LRORJI
9HQNDWHVZDUOX 6 5DPDFKDQGUD 0 6 DQG 6XEEDUDM.
DQG ELRORJLFDO HYDOXDWLRQ RI%SRRAKYIGQR P F XRIHFXPAJ
FKHPLVWU| SS !
9HUJRXZ /-0 YDQ 6WHHQRYHQ , YDQ GH %HUJ :'- 7HXQLV
-& %RQLIDWL 9 /HPVWUD $: GH - ) «$Q XSGDWH
GHPHQWLD ZLWK [HZYNERBARYIVP 5HODWHSS 'L VRUGHUV
90DG MW DO  «$XWRSURWHRO\WLF IUDJPHQWYV DUH LQ

ROLJRPHUL]DWLRQ DJJUHJDWLRQ RI WKH 3DUNLQVRQ-V G



DV UHYHDOHG E\ LRQ PRELOLWAKFPBW%Y RESKHFANURBHWU\ -

:DOGURQ HW- DO «OHWDOORSURWHLQV DREGWVRUHM/ DO V
SS !

‘:DOJWKRH®W DO «0ODVV VSHEWURPHWU\ VXSSRUWHG Gt
SURWHLQ FRPSOHUNKVWAIXBWISUB4LRO LQ 6MBUXFWXUDO %L R
'DQJ - DQG 3DQWRSRXORV . «5HIJXODWLRQ RI FHC
%LRFKHP - SS !

'DQJ 0 BW DO «&XUFXPLQ UHGXFHV DOSKD VIQXFOHLQ L¢
LQ 3DUNLQVRQ-V GLVKWDYHI AINORVFREAOHSS !

:DQJ HW DO «&RSSHU ELQGLQJ UHJXODWHY LQWUDEHC

ORFDOLVDWLRQ DJJUHJIJDRXLURP D ®RE WRUREWNFPISY WU I

:LOP 0 «3ULQFLSOHV RI HOHBRQRASQMDY LREHPDW L
SURWHIRBEBV S 0

'LQNHOKAR¥HRDO 7KH WZR IDFHV Rl SURWHLQ PLVIROGLQJ
IXQFWLRQ LQ QHXURGHJHQ#BDWLYHSSLVHDVHYV
'LQQHUHW DO «,Q YLYR GHPRQVWUDWLRQ WKDW DOSKD V
WR[LFURFHHGLQJV RI WKH IDWLRQDO $FDGHPI| Rl 6FLHQFH
$PHULFD SS !

':LWNLQ - 0 DQG /L ; «&XUFXPLQ DQ $FWLYH &RQ

OHGLFLQDO +HUE &XUFXPD ORQJD / 6RPH 8VHV DQG W



%LRORJLFDO %DVLV RIEGEHG LEBROURIQRDIARO 'LVRUGHUV "U)
SS !

'ROIH . - DQG &\U ' 0 «$P\ORLG LQ QHXURGHJH!
JULHQG RUBHRHODUV LQ &HOO DQG 'HYBOBRSPHQWDO %LRO!
'RQJ < & DQG .UDLQF «P VIQXFOHLQ WRI[LELW\ |
PHEKDQLVP DQG WKH U D SIDWMWLUEH VOMGE WHS S H Vi -

‘ULJKW - D :DQJ ; DQG %URZQ ' 5 «8QLTXH FRSSH
PHGLDWH DOSKD V\QXRKE&HIS® (¥ RWIEBRBHMABOD O SXEOLFDWLRC

JHGHUDWLRQ R/ $PHULFDQ 6RFLHWLHV IRUSEFSHULPHQWD

'ULJKW 3 ( DQG '\VRQ + - «,QWULQVLFDOO\ XQV
DVVHVVLQJ WKH SURWHLQ VWUXRWNX®@H O ¥ FRRICRF BOD O &L
SS !

'LFR\ + :LHULQJD % DQG ODUWHQV * - 0 «7TKH 6
3DUNLQVRQ-V GLVHDVH UHVHDUFK DORUHANBBPDW LF
IHXURGHJIJHQRABRDWRER@DU 1HXURGHJHQHUDWLRQ S
<DPLQ #W DO «&HUWDLQ PHWDOV WULJJHU ILEULOODWLF
b VIQXFORXQODO RI %LRORJILFDO &SKHPLVIWUI
<DQDJLVDHDV DO «&XUFXPLQRLG %LQGV WR $P\ORLG EHW

DQG )LERXO@DO R/ $OJKHLPHUIS'LVHDWRL 'RL -DG

<DQDJLVDAHW DO «1RYHO FXUFXPLQ GHULYDWLYHV DV St



DP\ORIDG JUHJDMWLRAKHPLVWUI DOQG %LRSEBBV/LFW 5HSRUWV
<DQJ AW DO «&XUFXPLQ LQKLELWV IR ROLRLWRRIQUR I CDPGO
ILEULOV ELQGV SODTXHV DQG UHRBXFENODRIORLBORJL]
EKHPLVWUI SS !

<DQJ : DQG <X 6 «6\QXFOHLQRSDWKLHV FRPP

KLSSRFDPSDO PDQ&HOWONKIDWILRQYE OROHFXB8BU /LIH 6FLHC

<DVDPLQ 'DYDWJDU B/Q DIKLSEBROD\SKHQRO QDQRIRUPXOD\
FDQFHU WKHSBBLPHQWDO HYLGHQFH DQG FOLQLEDO SHUV
<RXQJ /H®W DO «,RQ PRELOLW\ VSHFWURPHWU\ PDVV VSt
WKH ROLJRPHULF LQWHUPHGLDWHY LQ DP\OLQ DP\ORLG IF
RI LQKLERWBROY® R/ WKH $PHULFDQ &KHMBISFDO!6RFLHWI
<RXQJ / 0 6DXQGHUV - & HDDRBRG« (B, 06 06 $
PHWKRG IRU UDSLG DQDO\VLV RI SURWHLQ DJJUHJDWLR
PROHFXOMWKREY |

<RXQJ / 0 6DXQGHUV - & HIWDKRRG «BFBHHQLQJ DQG
FODVVLI\LQJ VPDOO PROHFXOH LQKLELWRUV RI DP\ORLG
VSHFWURPHWU\ P DV VIDSHFOMURRAAR VBB | |

=KRX MW DO «OHWKLRQLQH R[LGDWLRQ VWDEf#OL]HV QR
VIQXFOHLQ WKURXJK VWUHQJWKHQLQJ WKH DXWR LQKLEI
LOQWHUDPWIRFQL RPLFD HW %LRSKIVLFD $FWD  OROHFXOD

SS !



=LOFW/ DO JROGLQJ DQG XQIROGLQJ RI KHOL[ WXUQ KF

SKDVH$P 6RF ODVV 6SHFWURSP



$SSHQGLFHV

$SSHQGL[ $

$SSHQGL[ $ $QLRQ H[FKDQJH FKURPDWRJUDSK RI P6\Q )
IRU 6'6 3$*( ZLWKLQ WKH UHJLRQ PDUNHG E\ WKH UHG GD\

$SSHQGL[ %

$SSHQGL[ % 6L]H H[FOXVLRQ FKURPDWRJUDSK RI P6\Q

IRU 6'6 3$*( ZLWKLQ WKH PDUNHG UHJLRQ



$SSHQGL[ $

s $$ :7 $32 UDZ

$SSHQGL[ $ 'ULIW VFRSH SORW RI :7 PV\Q DFTXLUHG LQ

XVLQJ (6, ,06 06 LQ SRVLWLYH LRQ PRGH

$SSHQGL[ %

u $$ 6 '$32 UDZ

$SSHQGL[ % 'ULIW VFRSH SORW RI 6 'PXWDQW PV\Q DFT)

DFHWDWH XVLQJ (6, ,06 06 LQ SRVLWLYH LRQ PRGH



$SSHQGL[ &

L $$6 '$32 UDZ

$SSHQGL[ & 'ULIW VFRSH SORW RI 6 ' PXWDQW bPV\Q

DPPRQLXP DFHWDWH XVLQJ (6, ,06 06 LQ SRVLWLYH LRQ P



$SSHQGL]

$SSHQGL[ ' $7' RI HDFK FKDUJH VWDWH LRQ RI 6 ' PXWLIL

(6, ,06 06 LQ PO DPPRQLXP DFHWDWH XQGHU SUHYLRXVO\



$SSHQGL[ (

$SSHQGL[ ( &RQIRUPDWLRQDO DUUDQJHPHQW RI 6 ' PX
PO DPPRQLXP DFHWDWH XVLQJ (6, ,06 06 LQ SRVLWLYH L

RFFXSLHV WKH VDPH GLVWLQFW FRQIRUPDWLRQDO IDPLC



$SSHQGL[ )

$SSHQGL[ ) $7' Rl HDFK FKDUJH VWDWH LRQ RI 6 ' PXW|

(6, ,06 06 LQ PO DPPRQLXP DFHWDWH XQGHU SUHYLRXVO\



$SSHQGL[ *

$SSHQGL[ * &RQIRUPDWLRQDO DUUDQJHPHQW RI 6 ' PX
PO DPPRQLXP DFHWDWH XVLQJ (6, ,06 06 LQ SRVLWLYH LI

RFFXSLHV WKH VDPH GLVWLQFW FRQIRUPDWLRQDO IDPLC



$SSHQGL[ +

$SSHQGL[ + 1RUPDOLVHG WKLRIODYLQ W IOXRUHVFHQF
UHSHDWV VKRZQ LQ JUH\ DQG PHDQ IOXRUHVFHQFH IURP \
LQ EODFN 6 ' UHSHDWV LQ OLJKW SLQN DQG PHDQ IOXRU
H[SHULPHQWY LQ GDUN SLQN DQG 6 ' UHSHDWV LQ ¢

IOXRUHVFHQFH IURP WKUHH VHSDUDWH H[SHULPHQWYV LQ



$SSHQGL[ ,

$SSHQGL[ , 1RUPDOLVHG WKLRIODYLQ W IOXRUHVFHQFH
VKRZQ LQ JUH\ DQG PHDQ IOXRUHVFHQFH IURP WKUHH
QRUPDOL]JHG LQ EODFN :7 PV\QHSHDW Y RQDWL&EKWOEOXH P
WKUHH LQGHSHQGHQW H[SHULPHQWYV LQ GDUNHU EOXH

UHSHDWV LQ \HOORZ PHDQ IURP WKUHH LQGHSHQGHQW H



$SSHQGL[ -

$SSHQGL[ - 1RUPDOLVHG WKLRIODYLQ W IOXRUHVFHQFH
VKRZQ LQ SLQN DQG PHDQ IOXRUHVFHQFH IURP WKUH
QRUPDOL]JHG LQ GDUNHU SLQN 6 ' BYW\SHDWVXLE® ROODWWE
PHDQ IURP WKH WKUHH LQGHSHQGHQW H[SHULPHQWYV LQ
HTXLPRODUHBEOWY LQ \HOORZ PHDQ IURP WKH WKUHH LQ

LQ RUDQJH



$SSHQGL]

$SSHQGL[ . 1RUPDOLVHG WKLRIODYLQ W IOXRUHVFHQFH |
VKRZQ LQ SXUSOH DQG PHDQ IOXRUHVFHQFH IURP WKU
QRUPDOL]HG LQ GDUNHU SXUSOH 6 UHSHQWWHTIRLERIKON E
PHDQ IURP WKH WKUHH LQGHSHQGHQW H[SHULPHQWYV LQ
HTXLPRODUHBEBOWY LQ \HOORZ PHDQ IURP WKH WKUHH LQ

LQ RUDQJH



$SSHQGL[ /

$SSHQGL[ [/ FKDUJH VWDWH LRQ RI :7 6 'DQG 6 ' LC
HTXLPRODUZEKW&EO*DXVVLDQ ILWWLQJ DSSOLHG WR VKRZ

FRQIRUP WAL RQV



$SSHQGL[ 0

$SSHQGL[ O FKDUJH VWDWH LRQ RI :7 6 '"DQG 6 ' LC
HTXLPRODUZEW&O*DXVVLDQ ILWWLQJ DSSOLHG WR VKRZ |

FRQIRUPIDIWL RQV

_H\ )LQGLQJV
1R QRWDEOH FKDQJHV REVHUYHG ZLWK 6 ' bPV\Q :7 DQG 6
DQ LQFUHDVH LQ FRODRUBBIWURDQVH LQ WKH PRVW H[WHQG

$ 6 ' KDG WKH KLIJIKHVW SURSRYRMLERQORW KR @ BR FSDMRMRH,



$SSHQGL[ 1

$SSHQGL[ 1 FKDUJH VWDWH LRQ RI :7 6 'DQG 6 ' L(
HTXLPRODUZEKW&EO*DXVVLDQ ILWWLQJ DSSOLHG WR VKRZ

FRQIRUP WL RQV

_H\ )LQGLQJV

1R QRWDEOH GLIIHUHQFHV LQ DSR VDPSOHV 1R QRWDEO}
XSRQ DGGLWLRQ7RI &X&D®JDLQ VKRZ DQ % QIFL WB\GKKEWLRQ
L@ 6 ' ZKHQ ERXQG WR RVZ\R EXER VKRZV QRWDEOH LQF

PRVW FRPSDFW FRQIRUPDWLRQ FRQIRUPDWLRQ



$SSHQGL[ 2

$SSHQGL[ 2 FKDUJH VWDWH LRQ RI :7 6 'DQG 6 " LC
HTXLPRODUZEW&O*DXVVLDQ ILWWLQJ DSSOLHG WR VKRZ |

FRQIRUP WL RQV

H\)LQGLQJV
6 ' KDV WKH KLJKHVW SURSRU®IRRQNVRH ARIR RUPHSDOLHRQ
SURWHLQ YDULDQWY VKRZ DQ LQYLIH DVUHIGCHE FRBRRUPD W L

PRVW SURQRXQFHG GLIITHUHQFH LV VHHQ ZLWK :7 PV\Q ER



$SSHQGL[ 3

$SSHQGL[ 3 FKDUJH VWDWH LRQ RI :7 6 'DQG 6 ' L
HTXLPRODUZEW&O*DXVVLDQ ILWWLQJ DSSOLHG WR VKRZ |

FRQIRUPIWL RQV

JH\ )LQGLQJV
1R UHDO DOWHUDWLRQV :7 DQG 6 ' bV\Q ERWK KDYH D¢

FRQIRUPDWQRMKH DSR VDPSOHYV



$SSHQGL[ 4

$SSHQGL[ 4 FKDUJH VWDWH LRQ RI :7 6 'DQG 6 " LC
HTXLPRODUZEW&O*DXVVLDQ ILWWLQJ DSSOLHG WR VKRZ |

FRQIRUP WL RQV

JH\ )LQGLQJV
1R QRWDEOH DOWHUDWLRQV WR :7 RU 6 6 ' VKRZ

FRQIRUPDWLIR® UHGEFWLRQ LQ



$SSHQGL[ 5

$SSHQGL[ 5 FKDUJH VWDWH LRQ RI :7 6 'DQG 6 ' L
HTXLPRODUZEW&O*DXVVLDQ ILWWLQJ DSSOLHG WR VKRZ |

FRQIRUP WL RQV

_H\ )LQGLQJV

1R 1IRWDEOH DOWHUDWLRQV WR 6 ' PV\Q 7 6 '"VKRZYV

FRPSDFW FRQIRR©DRVWIPEDQV LR Q



$SSHQGL[ 6

$SSHQGL[ 6 FKDUJH VWDWH LRQ RI :7 6 'DQG 6 ' L
HTXLPRODUZEW&O*DXVVLDQ ILWWLQJ DSSOLHG WR VKRZ |

FRQIRUPDBWALRQV

JH\ )LQGLQJV
$00 SURWHLQ YDULDQWYV VKRZ D@ LQNWB DD W HGXFRWQIRQY A

FRQIRUPDWERQV



$SSHQGL[ 7

$SSHQGL[ 7 FKDUJH VWDWH LRQ RI :7 6 'DQG 6 " L
HTXLPRODUZEW&O*DXVVLDQ ILWWLQJ DSSOLHG WR VKRZ |

FRQIRUPDMELRQV)

_H\ )LQGLQJV

$00 SURWHLQ YDULDQWY VKRZ DQ&LQRUHDVHNLDQDFRQIRI

UHGXFWLRQ LQ ®RQIRUPDWLRQ



$SSHQGL[ 8

$SSHQGL[ 8 FKDUJH VWDWH LRQ RI :7 6 ' DQG 6 ' LC(
HTXLPRODUZEW&O*DXVVLDQ ILWWLQJ DSSOLHG WR VKRZ |

FRQIRUPEWLRQV

H\ )LQGLQJV
$00 SURWHLQ YDULDQWYVY VKRZ DQ LQFUHDVE U8B GRWRRE

L@ DQG' RU



$SSHQGL[ 9

$SSHQGL[ 9 FKDUJH VWDWH LRQ RI :7 6 ' DQG 6 ' L(
HTXLPRODUZEW&O*DXVVLDQ ILWWLQJ DSSOLHG WR VKRZ |

FRQIRUPEWLRQ®V

CH\ )LQGLQJV
$00 SURWHLQ YDULDQWY GHPRQVWUDWH DQYLRFNHDVH

UHGXFWLRQ LQ FRRQIRUPDWLRQV



$SSHQGL]

$SSHQGL[ : FKDUJH VWDWH LRQ RI :7 6 'DQG 6 ' LQ
HTXLPRODUZRW&O*DXVVLDQ ILWWLQJ DSSOLHG WR VKRZ |

FRQIRUPDWLRQYV

H\ )LQGLQJV
$00 SURWHLQV VKRZ DQ LQFUWHIDVE UG GREWR BRDVOLRRQIR

)



$SSHQGL]

$SSHQGL[ ; FKDUJH VWDWH LRQ RI :7 6 'DQG 6 ' LQ
HTXLPRODUZRW&O*DXVVLDQ ILWWLQJ DSSOLHG WR VKRZ |

FRQIRUPDWLRQV

_H\ )LQGLQJV

1R QRWDEOH FKDQJHV REVHUYHG ZLWK DQ\ SURWHLQ YDU



$SSHQGL[ $

$SSHQGL[ $ ,QLWLDO 7K7 IOXRUHVFHQFH UHDGLQJV RI
WKH WKLUWHHQ GHULYDWLYHV XSRQ LPPHGLDWH DGGLWIL

DPPRQLXP DFHWDWH FRQWDLQLQJ wO0 WKLRIODYLQ 7 Q



$SSHQGL[ %

$SSHQGL[ % 1R ELQGLQJ ZDV REVHUYHG GXULQJ (6, ,06

DQ\ RI WKH FXUFXPLQ GHULYDWLYHV DIWHU LPPHGLDWH D



$SSHQGL[ &

$SSHQGL[ & *DXVVLDQ ILWWLQJ ZDV SHUIRUPHG RQ WKH
PV\Q DIWHU LPPHGLDWH DGGLWLRQ RI $ '062 % '062
FXUFXPLQ & '062 HTXLPRODU GHULYDWLYH DQG '

GHULYDWLYH 1R DOWHUDWLRQV WR WKH SURWHLQ FRQ



$SSHQGL]

$ %

& 1
$SSHQGL[ ' *DXVVLDQ ILWWLQJ ZDV SHUIRUPHG RQ WKH
PVIQ DIWHU KRXUV LQFXEDWLRQ ZLWK RI $  '062 %
QDWXUDO FXUFXPLQ &  '062 HTXLPRODU GHULYDWLYF
HTXLPRODU GHULYDWLYH &XUFXPLQ DQG WKH GHULY

SURSRUWLRQ RI WKH PRVW FRPSDFW FRQIRUPDWLRQ REV

LRQ



$SSHQGL[ (

L $32 7 UDZ

$

%

$SSHQGL[ ( $ 'ULIW VFRSH SORW RI w0 PV\Q LQ PO
DFTXLUHG E\ (6, ,06 06 % w0 PV\Q (W2+ DQG & &l

PDVV VSHFWUD RI w0 PV\Q (W2+



$SSHQGL[ )

L $32 7 UDZ

(W2+ '"HJ X0 &XUF | GULIW VFRSH DQG VSHFWUD

$SSHQGL[ ) 8SRQ LPPHGLDWH DGGLWLRQ RI w0 FXUFX
UHGXFWLRQ LQ ROLJRPHULF VSHFLHV LV REVHUYHG DNL

HTXLPRODU FXUFXPLQ



$SSHQGL[ *

$SSHQGL[ * $IWHU KUV LQFXEDWLRQ RI w0 FXUFXPLQ Z
UHGXFWLRQ LQ ROLJRPHULF VSHFLHV LV REVHUYHG DNL

HTXLPRODU FXUFXPLQ



$SSHQGL[ +

$SSHQGL[ + 1RQH RI WKH FXUFXPLQ GHULYDWLYHV LQY}

ELQG WR PV\Q ZLWK WKH 1$& UHIJLRQ UHPRYHG



$SSHQGL[ $

$SSHQGL[ $ ([DPSOH ,&& LPDJH RI 6+6< < FHOOV XWL(

DJJUHIJDWH FRXQWYV LQ FKDSWHU S8QWUHDWHG FHOOV \



$SSHQGL[ %

$SSHQGL[ % ([DPSOH ,&& LPDJH XWLOLVHG IRU JUDGLQ

FKDSWHU WOUSDANOP HQW RI 6+6< < FHOOV VWDLQHG IR



$SSHQGL[ &

$SSHQGL[ & ([DPSOH ,&& LPDJH RI 6+6< < FHOOV XWL(

DJJUHIJDWH FRXQWV LQ FKDSWHU 70 Q BWAHIDRIW) HGWR U

6\Q



$SSHQGL]

$SSHQGL[ ' ([DPSOH ,&& LPDJHRI 6+6< < FHOOV XWLO

DJJUHIJDWH FRXQWYV LQ FKDSWHU ESHOQWBMVMD URDBDW®W HBUZL

6\Q



$SSHQGL[ (

$SSHQGL[ ( ([DPSOH ,&& LPDJH RI 6+6< < FHOOV XWLC

DJJUHIJDWH FRXQWYV LQ FKBI®SWNUWDEQWIOBHBWRBE&ERYV



$SSHQGL[ )

$SSHQGL[ ) ([DPSOH ,&& LPDJH Rl 6+6< < FHOOV XWLC
DJJUHJDWH FRXQWV LQ FKDSWHU & H O/GAWD MQUHH®D WRHIEG 2

3KRYV



$SSHQGL[ *

$SSHQGL[ * ([DPSOH ,&& LPDJH Rl 6+6< < FHOOV XWLC
DJJUHJDWH FRXQWV LQ FKDSWHU & H O OVQZH VW DAL QHHIEW H

IRU 3KRV



$SSHQGL[ +

$SSHQGL[ + ([DPSOH ,&& LPDJH RI 6+6< < FHOOV XWLC(
DJJUHJDWH FRXQWV LQ FKDSWHU & H O OLVQZH VW DAL QHHIEW H

IRU 3KRV



$SSHQGL]

$SSHQGL[ , ([DPSOH ,&& LPDJH RI 6+6< < FHOOV XWL(
DJJUHJDWH FRXQWV LQ FKDSWHU &HO OB @& WM BVLUQHDGN H

IRU 6\Q



$SSHQGL[ -

$SSHQGL[ - ([DPSOH ,&& LPDJH RI 6+6< < FHOOV XWLC
DJJUHJDWH FRXQWV LQ FKDSWHU &HOOV ZWOH WUHDV

FXUFXPLQ DQG WKHQ VWDLQHG IRU 6\Q



$SSHQGL]

$SSHQGL[ . ([DPSOH ,&& LPDJH Rl 6+6< < FHOOV XWLC
DJJUHJDWH FRXQWV LQ FKDSWHU &HOOV ZWOH WUHDV

FXUFXPLQ DQG VWDLQHG IRU 6\Q



$SSHQGL[ /

$SSHQGL[ / ([DPSOH ,&& LPDJH RI 6+6< < FHOOV XWLC
DJJUHIJDWH FRXQWYV LQ FKDSWHU &HOOV ZHMOH WUHDW

FXUFXPLQ DQG VWDLQHG IRU 6\Q



$SSHQGL]

SXEOLFDWLRQV

ODVRQ 5- 3DVNLQV $5 'DOWRQ &) 6PLWK '3 & RS S
VXEVHTXHQW DJJUHJDWLRQ RI DOSKD VI\QXFOHLQ LV F
DFHW\ODWLRQ DQG LV DEODWHG E\ WK#LRFHHPLVWHAQVH

GRL DFV ELRFKHP E

SXEOLFDWLRQ LV LQFOXGHG DW WKH HQG RI WKH DSSHQG



$SSHQGL]

&RQIHUHQFH 'LVVHPLQDWLRQ
%066 $QQXDO OHHMWMERIXUQH 8. 2UDO
%058& 0(5, &KULVWPDV 3RKWHUHOGEQ& 3RVWHU
6KHIILHOG *OLD 66RBRVH®BE 8.
%066 ,0 06 6,* $QQXD O/ DHHWIRRO 8.

WK ,QWHUQDWLRQDO 6\PSRVLXP RQ &HUHE
OHWDEROLVP DQG )XQFWLRQ WK ,QWHUQDWLRQDO &R(
%UDLQ )XQFWLRIDRPEWKYH@B &DQDGD 3RVWHU
3DVNLEW DO «,QYHVWLIDWLQJ PHWDO ELQGLQJ D¢
FRQIRUPDWLRQDO FKDQJHV DQG DJJUHJDWLRQ RI PRQRPH

DQG D SKRVSKRU\OCEBWURQOPRPIEFHFUHEUDO %ORRG )J)ORZ D¢

%05& 0(5, &KULVWPDV 3RYXWHUHOGEQ& 3RVWHU
,06& *HQHYD 6ZLW]HUODQG 3RVWHU
%066 ,0 06 6,* $QQXDOODKHHFWHYWHU 8.
%066 $QQXDO OBBIQFIQIVWHU 8. 3RVWHU

%05& 0(5, &KULVWPDV 3FBKWHUHQOG QB8V. 3RVWH



$SSHQGL]

7THDFKLQJ DQG 3XEOLF (QJDJHPHQW

8QGHUJUDGXDWH /DERUDWRVAWHPRQVHWSUDWKBJIILHOG
+DOODP 8QLYHUVLW\
‘RUN H[SHULHQFH 6X88UYLVLRQ 6KHIILHOG +DOO|
8QLYHUVLW\
6FLHQFH DQG (QJLQHHULQDUFKHN (YHQW 6KHIILHOG
+DOODP 8QLYHUVLW\
)DPH/DE)HEUXDU\ 6KHIILHOG
3XE+' ODUFK 6KHIILHOG
7KH %LJ %DQJ <RUNVKLUHMRQFDVWHU
W*OHDGOHVV 6FRXWV$6BLIOQFH )®HMIILHOG
%LRWHFKQRORJ\ <(6 ZRPSEHMLWLR®6. 6WHYHQDJH
OLQXWH 7KHVLV &RBSHWLWAKRQILHOG +DOODP 8QLYHUVL

OXOWLGLVFLSOLQDUVWODSH¥HKHDUFKG6&BI&LHOG +DOODP 8QLYHL



$SSHQGL]

7UDLQLQJ &RXUVHYV

0DVV 6SHFWURPHWU\ ,PDJaKHI BARSRBVIBXP
5R\DO 6RFLHW\ Rl %LRORJ\ 6FLHQFH &RPPXQLF
IRQGRQ 8.
&RPPRQ 3XUSRVH /HD G HWKWHK LISH $ZD BG
%066 ,RQ ORELOLW\ ODVV 6SHFWURPHWU\ 6SHF
7UDLQLQJ SORQPKHVWHU 8.
%066 ,QWURGXFWLRQ WR 0DVV 6SHFWUF

ODQFKHVWHU 8.
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