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YHVWLJIJDWLRQV LQ

XQGHUO\LQJ FHOOXOD!

RI WKH DOFRKRO HO
RFXORJUDP

3DX0O $OH[DQGHU &RQVWDE
3K' 7TKHVLV

6XEPLWWHG WR &LW\ 8QLYHUVLW\
'HSDUWPHQW RI 2SWRPHWU\ DQG 9LVXD
'HOOFRPH ODERUDWRULHYV IRU 9LVXDO 6
/IRQGRQ 8.

7KH :ROIVRQ &HOWUH IRU $JH 5HODWHC
&ROOHJH /RQGRQ /RQGRQ 8.
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7DEOH RI &RQWHQWYV

, J)LIJXUH /LVWBBBBBBBBBBBBBBBBEBBBBBBBBBBBBBBBBBBBBBBBBBBE
., (DEOH /LVWBBBBBBBBBBBBBBBBBBBBBBBB \

., SEVWUDFWBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
9 $SEEUHYLDWLRQVBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBI

,QWURGXFWLRQBBBBBBBBBBBBBBBEBBEBBBEBEBBBBBBBBBBBBBBBBE
(PEU\RBBBBBBBBBBBBBBBBBBBBBBBEBBBBBEBBBBBBBBBBBBBBB

6WUXBBBBBBBBEBBBBEBBBBBBBBBBBBBBBBBBBEBBBBBBBBBBBBB
&\WRVNBEEBBBBEBBBBEBBBBBBBBBBBBBEBBBBBBBBBBBBBBBBB

-XQFWLRQDOEBBBBEBEREBBBBBBEBBBBBBBBBEBBBEBEBBBBBBBBBBI

6LJQDO 7UDKB/EBEBRBEBEBBBBBBBB
*3URWHLQY BBBBBBBBBBBBBBBBBBBBBBEBBEBEBBBBBBBBBBB
SURWHLQ 7\URBBEBBBEGBBBEBBBEBBBBBEBBBBBBBBEBBBBBBBB

OHPEUDQH BBGWBHEBBBBBBBBBBBBBBBBBEBBBBEBBBBBBBBBBBBE
7UDQV (SLWKHOLDO 3RWBRBBBEBEB BREBBB?2BBEBREBBBBBBBBB

9ROWDJH *DWHBEB BREBPBEBSBBBEBBBBBBBBEBEBBEBBBBBBBBBBBBE
7TKH 2FXODU 6WDQERBEBBEBE BB HBB BBBBBBBBBBBBBBBBBI

,RQLF &KDQQHOV $VVRFBBWBIEBABBEBBBBBEBBBBBBBBBBBBBBE
&KORULGH &KDQQHOV RI WKH 53(BBBBBBBBBEBBBBBBBBBBB
&\WVWLF )LEURVLY 7UDQVPHPEUDQH &RBBEBBHBEBB-H 5HJX
5ROH RI &)75 L@BBIRBIBB-BSEBBBBBBBBBBBBBBBBBBBBBBBB
&DOFLXP $FWLYDWHG &KO RBBEEHBREBRRBEB BBBBB BBBBBBB
%HVW I BRBBEHEBBBBB
&, & &KORULGH &KDQQHOVBBBBBBEBBBBEBBBBEBBBBBBBBBBBB

&DOFLXP &KDQQHGBRBEHBBBRBEBEBBBBBEBBBBBBEBEBBEBBBBBBBBBE
1D9&D ([FKDQJHU DQG WKH &D $73DVH 3XPS
9ROWDJH *DWHG &D &KEBB@BGBZBBBBBEBBBBEBBBBBBBBBBBB

(OHFWURSK\VLROBBBEBBWEBBBBBBBBEBBBBBBBEBBBBBBBBBBI
7KH )DVW &RPSRQHQB\B\BRBBBSHB EBBEBBBBBEBBBBBBBBBBBBBE
7KH (5* )DVW &RPSRQHQW\BBHBBHHBB&R B B BIE)BAEMBEHE B B B

7KH 60RZ &RPSRIHOWYXWB BB'BEBBBBBBBBBBBBBBBBBBBBBBBB

OHFKDQLVP RI WKBBBRBE\BBEB2BBBBBBBBBBBBBBBBBBBBBBBB
7KH (OXVLYH /LJKW BBBBBBEENBHBEBBHBBEBBBBBEBBBBBBBBBBE

7KH )DVW 2\BEB BBBBWBRBBBBEBBBBBBBBBEBBEBBEBBBBBBBBBBBBE
1RQ 3KRWLF (2*VvBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

7KH $OFRKRO (2*BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBE
7KH $OFRKRO (2* DQG 5HWRBRB®B B-BIBBEBBBBBBRBBBBBBBBBE

$QLPDO ,QYHVWLJIJDWLRQV BEBR/BMB BBBH 5 BERIKBERBEB BB'BBBBBBBB
3RVVLEOH (WKDQRO 5HFHSWRU V BBBBBBBBBBBBBBBBBBBB

6XPPCBBBBBBBBBBBBB

,Q YLORWGRHOOLQJ RI WKH 53(BBBBBEBBBBBBBBBBBEBBBBBBBBBBBBB
,QWURGRBBWBRRBBBEBBBBBBBBBBEBBBBBBBBBBBBBBBBBBBBBBBI

(SLWKHOLDGEABB®BERBGBEBBBBBBBBEBBBBEBBBBBBBBBBBBBBBBE
$53( BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBE
' BBBEBBBBBBBEBBBBEBBBBEBBBBEBBBBEBBBBEBBBBBBBBBBBBBBI
(&9 BBEBBBBEBBBBEBBBBEBBBBBBBBEBBBBBBBBBBBBBBBBBBBE



*OLDO &HOO /LQHV B&BBBB@BBBBRHBBBBEBBBBBBBBBBBBBBBBBBE

7UDQV (SLWKHOLDO 5HVIB\B\E BB HBBBEG BRBE/BIBGRWEBBBBBBBBBE
7(5 LQ $53( BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBE

&R &XOWXUH DQG 6SHFEBBRBR Y BEBBHBGIBXBFBBBBBBBBBBBBBBBBE
&\WRNLQHV *URZWK )DFWRUV 6XBBDBBPBRBBB BREBBRBBR
(SLGHUPDO *URRBMBHBEBBEBHEBBBBBBEBBEBBBBBEBBBBBBBBBE
JLEUREODVW *RREBEB BBBWRBBBBEBBBBBBBBEBBBBBBBBB
,QVE®BRE)BBBBBBBBBBBBEBBBBBBBBBBBBBBBBBBBBBBBBE
$GGLWLRQDO +RUPRQHBBEBB®B BXBEBHBHEEBBBEZBBBBBBBB

$00 7UDQV 5iB\BBGRBBEBE-BEES-BBBBBBBBBBBBBBBBBBBBBE

OHWKBBERBBBBBBBBBBBEBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
&XOWXULQJ RI &HOO /LQHVY BBBBBBBBBBBBBBBBBBBBBBBI
&HOO &XOWXUH 'HQVLW\BBBBBBBBBBBBBBBBBBBBBBBBBB
&HOO &XOWXUH )LOWHUVBBBBBBBBBBBBBBBBBBBBBBBBBI

/IDPLQLQ 8SBBBRBRREBBBBBEBBBBBBBEBBBBEBBBBBBBEBBBBB
&R &XOWXUH ZLB\BB BBBBG XBBBBBBBBBBBBBEBBBBBBBBBBB
&ROQGLWLR@BGBBBEBBBBEBBBBEBBBEBBBBBBBBBB

6SHFLDOLVBIESB6B6BEGEEBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
OHDVXULQJ WKH 7UDQV (SBEBHEBBEBBEBBBHEBEBBWBRREFBBBBBBBBBE
/IRQJ THUP 6WRUDJHBBRBREBDB®BRB®BBBBBEBBBBBEBBBBBBBBBBBBE

'DWD $QB6BHBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

S5 HV)BBWSBBBBBBBBBEBBBBEBBBBBBBBBBBBEBBBBEBBBBBBBBBBB
' DQG $538BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

&R &XCBBBBEBBBBBBBBBEBBBBEBBBBBBBBEBBBEBBBBBBBBBBB
$53( DQGBRBBBBEBBBBBBBBBBBBBBEBBBBBBBBBBBBBBBBB
$53( DQG 0,2,BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBE
(&9 &R &XOWXUH DEEBE®ERBPEB&EBEDBOBRBBBBBBB

*OLDO &HOO &RQGBWRBRBIEBBBEBKBBBBEBBBBEBBBBBBBBBBB
$53( BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
(&9 BBEBEBBBBBBBBBBBBBBBBEBBBBBBBBBBBBBBBBBBBBBB

ORGLILFDWLRQ RI OHGLXPBBBBEEBBB5BBBBEBBBBEBBBBBBBBBBI
60 BBBBBBBBBBBBBBBBBBEBBBBBBBBBBBBBBBBBBBBBBBBB

'LVFXVEBRRHBBBBBBBBBBBBBBBEBBBBBBBBEBBBBBBBBBBBBBB
6XPPDU\BBBBBEBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

8VVLQJ &KDPEBRBBBBBBBBBBEBBBBBBBBBBEBBBBBBBBBBBBBBBBB

, QWURGRSBWEBERRBBBBBBBBEBBBEBEBBBBBBEBBBEBEBBBBBBBBBBBBB
7KH 8VVLQJ 4KDPEHUBBBBBBBBBBEBBBBBBBBBBBBBBBBBBB

OHWKRGBBBBBBBBBBBEBEBBBBBBBBBBBBBBEBEBBBBBBBBBBBBBBE
%RYLQHBBBBBBBBBBBBEBBBBEBBBBBBBBEBBBBEBBBBBBBBBBBE
8VVLQJ &KDPEHU BEBBBBEBBBBBBBBEBBBBEBBBBBBBBBB
8VVLQJ &KDPEHU BBEBBBBBBBBBBBBBBBBBBBBBBBBBB
5DQDBBBBBBBBBBBBBEBBBBEBBBBEBBBBEBBBBEBBBBBBBBBBBBE
$53( BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

%XITHUV DQG 'UXJIBBBHBSBEBBRBEREBBEBBBBEBBBBEBBBBEBBBBBBBB
(WKDQROBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBI
(SLQHSKULQH DQG 2XDEDLQBBBBBBBBBBBBBBBBBBBBBBBE

'DWD DQBPBBBBBBBBBBBBBBBBBBBBBEBBBBBBBEBBBBBBBBBBBBB

5HVXOWEBBBBBBEBBBBEBBBBEBBBBEBBBBEBBBBBBBBEBBBBBBBBBBB
%RYLQH 8VVLQJBSKBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
%RYLQH 8VVLQJBSKRBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
53( DQG 5HWLQDBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBE
(SLQHSKULQH DQG 2XDEDLQBBBBBBBBBBBBBBBBBBBBBBBB
5DQDBBBBBBBBBBBBEBBBBBBBBBEBBBBBEBBBBBBBBBBBBBBBI



z

$53( LQ 8VVLQIBBIBBBBBBBBBBBBEBBBBBBBBBBBBBBBBBB

'LVFXVEBRB®)BBBBBBBBBEBBBBEBBBBBEBBBBBEBBBBBEBBBBBBBBBBB
6XPPBBBBBBBBEBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

&D 6LJQDOOLQJ BB REBRWKEHEFBBBBEBBBBBEBBBBBEBBBBIBBRBBBBB

, QWURGRBWEBBRBBBBEBBBBBBBBBEBBBBBEBBBBEBBBBBEBBBBBBBB!
JOXR $0BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBE
$Q $SSURSULDW®BBSBBEBBEEBBBBBBBBBBBBBBBBBBBBBBBBB

OHWKERREBBBBBBBBBBBBBBBBBBBBBBBEBBBBEBBBBBBBBBBBBBBB]
&HOO &XOWXUHBBBBBBBBBEBBBBEBBBBBBEBEBBBBBBBBBBBBBI
,PPXQRF\WRFKHPLVWU\BBBBBBBBBBBBBBBBBBBBBBBBBBB
,QWUDFHOOXODU &D BBBBBBBBBBBBBBBBBBBBBBBBBBBBB
BUHSDUDWLRQ RI "URB\B BDERB BWEBHHFBBBBEBBBBBEBBBBBBBE

(WKBEB®BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
&DOFLP\FLQ $ BBEBBBBBBBBBBBBBBBBEBBBBBBBBBBB
(SLQHSKULQH DQG 1LIHGLSLQHBBBBBBBBBBBBBBBBBBB
(VWLPDWLRQ RI >&4D @LQBBBBBBBBBBBBBBBBBBBBBBBBBB

'DWD $QPEBRBEBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

SHV BBWEBBBBBBEBBBBEBBBBEBBBEBBBBBBBBEBBBBBBBEBBBBBBBB
,PPXQRF\WRFKHPLVWU\ BBEBBBBBBBBBBBBBBBBBBBBBBBBE
&DOFLP\FLQ $ DOGBEBEBBSEBREBBBBEBBBBBBBBBBBBBB
(WKDQRO 5HVSRQVHBBBERBBBEBBBBBBBBBBBBBBBBBBBBBBI

(VWLPDWLROBRBEBEBB@BBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

'LVFXV\BBBEBBBBBBBEBBBBBBBBBBBEBBBBEBBBBEBBBBBBBBBBBBBBI
6XPPBBBBBBBBBBBBBEBBBBBBBBBBBBBBBBBBBBBBBBBBBB

7KH (OHFWUR 2FXORJUDP LEBEBB/MBIBE BBBBMBBB\BBBBEBBBBBBBBBB

,QWURGEKEBBMREBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
(OHFWUR RFXORJUDPBBBBBBBBBBBBBBBBBBBBBBBBBBBBE
&)75 ,QWHUDFWLRQV ZLWK ,RQLF &KDQQHOV

OHWKBBERBBBBBBBBBBBEBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBI
(OHFWURSK\WLRORJ\BBBBBBBBBBBBBBBBBBBBBBBBBBBBBI
'DWD &ROOHFWLRBBEEBEBS8QBBBBBBBBBBBBBBBBBBBBBBBB

&DOFXODWLRQ RI (2BBEHEBHEBBBEBBEBEBEBBBBBBBBBBBBBBB
&DOFXODWLRQ RI )2 3DUDPHWHUVBBBBBBBBBBBBBBBBB
'DWD $QBPEBBEBEBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBI

5 HVXOVBBBBBBBBBBBBBBBBEBBBBBEBBBBBBEBBBBBBBBBBBBBBBE
&\WVWLF )LEURVLYV $OFRKBREBBB@BBBBB\WBRBBBBBBBBBBBBE
)DVW 2VFBBGB B/RRKB/B B B BEBEBEBEEEEEB BBBBB

'LVFXVEELRREBBBBBBBBBBBBBBBBBBBBBBBEBBBBBBBBBBBBBBBB

(OHFWUR RFXORJUDPBBBBBBBBBBBBEBBEBBBBBBBBBBBBBBE

)DVW 2VFLOODWLRQVBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

6XPPDU\BBBBBBBBBBBBBBBBBBBBBBBBBEBBBBBBBBBBBBBB
&RQFOXVEBBEBBBBBBBBBBBBEBBBBBBEBBBBBBEBBBBBBBBBBBBBB

7KH $OFRKRO DQG /LJKW BE6GHBBWRBBRBEKBRB BBRPRBBB BB B
7KH )DVW 2VFLOODWLRQVBBBBEBBBBBBBBBBBBBBBBBBBBB

)XWXUH 'LBBBEBRBEREBBBBBBEBBBBBEBBBBBBBBBBBBEBBBBBBBBBB

$SSHQGL[ 3UHSDUDWLBGBBBBBBBRWRRRAXYBBBBBBBBBBBBBBBBBE
&HOO &XOWXUH $GGLWLYHV BPREB6ERBBGRWRRBBBBBBBBBBERBRBBE

6SHFLDOLVHG OHGL®EBEBBB8SBBEBPBH BB B\BBBBBBBBBBBBBBBBBBB
60 DQG60 BBBBBEBBBBBBBBBBBBBBBBEBBBBEBBBBBBBBBBBBI
60 BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB



\ /LVW RI 3XEOLFDWLRQV
S5HIHUHQFHV

UT 3XEOLFDWLRQV
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YJLIXUH
YJLIXUH
YLIXUH
YJLIXUH
YJLIXUH

, J)LIXUH /LVW

7TKH 53( %DEBB BEBBBEBBBBHEBEBBEBB

(OHFWULFDO &LUFXLW ORGHO RI WKH 53(BBBBBBBBBBBB
9ROWDJH GHSHQGHQW / W\SHBSBB&BEBBEB S B/B/BBG BBIBH BE3
7KH (OHFWUR 2FXORJUDPBBBBBBBBBBBBBBBBBBBBBBBBE
/[LIKW (YRNHG 5HVSRQVHV RI WKH (\H BBBBBBBBBBBBBB
B3URFHVVHV RI WKH (5* BBBBBBBBBBBBBBBBBBBBBBBBBB
(5* 5SHFRUGLQJBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
(2* DQG )2V LQ %HVWIV 'LVHDVH BBBBBBBBBBBBBBBBBB
3RVVLEOH ,RQLF OHFKDQLVPVBREBBB B6 B/BIBEB B/KBIB 828 BHBC
(2* 6XPPDWLRQ RI /LJKW DQG $OFRKROBBBBBBBBBBBBB
(ITHFWV RI D %DFNJUR>2B BBBIBBRBBB BRBBBBBHBIHMBEBBBBBBI
3RVVLEOH $OFRKRO (2* OHFKDQLVPBBBBBBBBBBBBBBBB
$OFRKRO DQG /LJKW (2* LQ 53 BBBBBBBBBBBBBBBBBBBE
$OFRKRO (2* LQ $50'BBBBBBBBBBBBBBBBBBBBBBBBBBBB
$53( &HOOV LQ &XOWXUHBBBBEBBBBBBBBBBEBBBBBBBB
' &HOOV LQ &XOWXUHBBBBBBBBBEBBBBBBBBBBBBBBBBBE
(&9 &HOOV LQ &XOWXUHBBBEBBBBBBBEBBBEBBBBBBBBBB
& DQG 0,2 0 &HOOV LQ &XOWXUHBBBBBBBBBBBBBBBBBB
5HWLQDO )DFWRUV DQG WKH 53( BBBBBBBBBBBBBBBBBB!
(QG2+0E& &KDPEHUBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
(QG2+0E& &KDPEHU DQGBBBBBBBB@®EBBEBBHBBRBBBBBBBBB
7(5 RI $53( DQG ' RQ )LOWHUVBBBBBBBBBBBBBBBBBI
$53( DQG & &R &XOWXUHBBBBBBBBBBBBBBBBBBBBBBB
$53( DQG 0,2 0 &R &XOWXUHBBBBBBBBBBBBBBBBBBBE
(&9 DQG *OLDO &HOO &R &XOWXUHBBBBBBBBBBBBBBB
$53( DQG *OLDO &HOO EBBGEBWBBRBEBBBEGBRBBBBBBBB
$53( DQG (&9 ZLWK 0,2 0 &RBEB®BBBBB@EHBG BE-BBBEH B

$53( DQG 6SHFLDOLVHG 0OHGLDBBBBBBBBBBBBBBBBBB
$53( DQG 5L]]JROR 6SHFLDOIBBBB BBEGREBB BREE B BB KBIB
8VVLQJ &KDPEHU BEBBBBEBBBBEBBBBBBBBBBBBBBBBBBBE
8VvVVLQJ &KDPEHU BBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
(\H &XS &&KIWTEMB BRBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
%RYLQH 7(3 LQ 8\B\B BB BERERBBEBBBBBBBBBBBBBBBBBBBBB
%RYLQH 53( LQ 8VVLQJ &KBBBIBBBBEBEBBBEFBBBBBBBBBE
%RYLQH 53( DQG 5HWLEBBBBAHAERB&S&KBBEBBBBBEBBBBBBBE
(SLQHSKULQH SO0 DQOEBHREBRBBBBBBEBBBEBBBBBBBBBBB
2XDEDLQ S0 DQGC BRBEBEBRBBBXBRBBBBBBBBBBBBBBBBB



YJLIXUH
JLIXUH
YJLIXUH
YJLIXUH
YJLIXUH
YJLIXUH
)LIXUH
YJLIXUH
YJLIXUH
YJLIXUH
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YJLIXUH
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YJLIXUH
YLIXUH
JLIXUH
JLIXUH
YJLIXUH
YJLIXUH
YJLIXUH
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YJLIXUH

5DQD (\H &XS 5HVSRQVH WR (WKDQR @B BERRBBKBBEQH DQ
7(3 Rl $533BBABBRB\BBBBEBBBBBBBBBBBBBEBBEBBBBBBBBBE
$53( /RDGHG ZB\SRBEBEBBRBBBBBBBBBBBBBBBBBBBBBI
3JS LPPXQRF\WRFKHPLVWU\BBBBBBBBBBBBBBBBBBBBBE
1HIJDWLYH &RQWURO IRU BBESB BREFBEEMHM\B\EREEE-BFELB/R\BB\B B
$ 5HVSRQVH BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBE
SO (SLQHSKULQH 5HVSRQVH BBBBBBBBBBBBBBBBBBBB
PO (WKDQROBBBBBBBBBBBBEBBBBBEBBBBBEBBBBBBBBBBI
,QWUDFHOOXODU &D 7UDQVLHBBRBBGH5BEBBBBGEEBE
(WKDQRO PO BEBBEBBBBBBBBBBBBBBBBBBBBBBBBB
PO (WKDQRO 5HSEBBRBIEBBEBBREBBBBEBBEBBEBBBBBBBBB
&D )UHH 5HVSRQVHVBBBBPBBEBEBEGREBEBBEBBEBBBBBBBBB
1LIHGLSLQH DQG (B\EKHEBBE® BBIR/EREHB/BB/EBEBEBBBBBBBBI
5DZ %L 7THPSRUDO 7UDFHBBBBBBBBBBBBBBEBBBBBBBBBBI
7UDQVIRUPHG 'DWBBIRRBSGBRRRPBEEBBBBBBBBBBBBBBB
(OHFWUR 2FXORBBBBBBBEBBBBEBBBBBEEBBBBEBBBBBBBBB
)DVW 2VFLOODWLRBBBBBEGREREEEEBRBPEBBBBBBBBBBBB
$OFRKRO (2* L(BBRBBEBBOBBBREBBBBEBBBEBBBBBBBBBBBBE
/LIKW (2* LQ &\B/B\BLEB BIBBBB\BIBBBEBBBEBBBBBEBBBBBBBBBBB
D )DVW 2V F L OB B/BIBB® B BI5RBFPAEBBBBBBBBBBBBBBBBBBBBI
/LQHDU 5HJUHVVLRQ RBBBBBBERBRBBGBEBBBEBBBBBBBBBB
ORGHO RI $OFRKRO (2*BBBBBBBBBBBBBBBBBBBBBBBBBBI
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7TDEOH
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7TDEOH
7TDEOH
7TDEOH

., (DEOH /LVW

,RQLF &KDQQHOV DQG 7UDQ\RBBB\WEBEBEEBBBBBBEDBBS
7(3 DQG 7(5 LQ $QLPDO 53(BBBBBBBBBBBBBBBBBBBBBBBE
7(3 DQG 7(5 ,Q +XPDQ DREBBREG WKRBEBBEB3BBBBBBBBBBBB
3XEOLVKHG 7(5 IFBBBBB(EBBBB-BBEBBEBBEBBEBBEBBBEBBBBBBB
6XPPDU\ Rl 3XEOLVKHG 6SBBBBGBWBBG BB-BREBBABBBGB BB
6WDQGDUG &HOO &XOWXUH 0H BIBB BDRES B-EE\BLE/R BH\B BB B BS
6SHFLDOLVHG OHGL X B RAREHERB/ABAREE SBEBBGBEBBBBBBBB
%XIIHU &RPSRVLWLRQBIRRB8BBBEBE EEBPEBRBBBEBBEBBBBB]
7(3 DQG 7(5 LQ %RYLQB5BBEZREBWXKBEEBRBBREOBBBBBBBBBBB
6XPPDU\ Rl %RYLQH 53( BBB\EENB ABWEBEBEEBRHBBBBBBE
6XPPDU\ Rl 3XEOLVKHG (\BEBEBG REBEHBHBEG B BDBBIBBGB B B |
JUHTXHQF\ Rl 5HVSRQVHV LQBBBBBBBBBBBBBBBBBBBBBB
6XPPDU\ RI (WKDRREBBHEBBRBYBRBBEBBEBBBBBBBBBBBBBBE
,QWUDFHOOXO DB B:B&BB KB BBHOFXEBEBRGEBBBBBBBBBBBB
3XEOLVKHGB'BB/BBBB®WRERAEBBBBBBBEBBBBEBBBEBBBBBBBBBB
60 &RQNBABRBBEGEWEBBEBBBBEBEBBEBBEBBEBBBEBBBBBBBBBBBBB



$FNQRZOHGJHPHQWYV

, ZRXOG OLNH WR WKDQN WKH IROORZLQJ LQGLYLC
HQFRXUDJHPHQW WKURXJKRXW WKH SUHSDUDW|

3URI *HRIIUH\ $UGHQ

3URI -RKQ /DZUHQVRQ
'U 'LDQD 'ROPDQ
3URI -RDQ $EERWW
'U $OL +XVVDLQ

'U -RDQQH &XQQLQJKDP

)RU
+HOOH OLOHV OXP DQG ODP

)XQGLQJ IRU WKLV ZRUN ZDV SURYLGHG E\

7KH %ULWLVK 5HWLQLWLY 3LIJPHQWRVD 6RFLHW\
7KH &ROOHJH RI 2SWRPHWULVWYV 8.
7KH 6RXWK 'HYRQ DQG &RUQZDOO ,QVWLWXWH IRU WK

, JUDQW SRZHUV RI GLVFUHWLRQ WR WKH 8QLYHUVLW\ /LEUDULDC
RU LQ SDUW ZLWKRXW IXUWKHU UHIHUHQFH WR PH 7KLV SHUPLV
VWXG\ SXUSRVHV VXEMHFW WR QRUPDO FRQGLWLRQV RI



00 $EVWUDFW

7KH DLP RI WKLV VWXG\ ZzDV WR GHWHUPLQH WKH XQGHUO\LQJ

DOWHUV WKH VWDQGLQJ SRWHQWLDO RI WKH KXPDQ H\H WKH HW
HISHULPHQWYV XVLQJ DQLPDO H[SODQWV RI UHWLQDO SLJPHPHQ
FXOWXUHG UHWLQDO SLIJPHQW HSLWKHOLDO FHOOV JURZQ RQ I/
ZKHWKHU WKH UHWLQDO SLJPHQW HSLWKHOLXP ZDV WKH WDUJH
HSLWKHOLDO FHOO OLQH $53( ZDV XVHG WR LQYHVWLJDWHF
FRQFHQWUDWLRQ LQ UHVSRQVH WR HWKDQRO +XPDQ VWXGLHV L
SHUIRUPHG WR GHWHUPLQH WKH OLNHO\ LRQLF FKDQQHO LQYROY

5HVXOWY LQGLFDWHG WKDW HWKDQRO ZDV FDSDEOH RI HOHYDW
WKDW WKH VRXUFH zZDV IURP WKH H[WUDFHOOXODU SRROV 7KH O
HYRNHG HOHFWUR RFXORJUDP LV WKH / W\SH FDOFLXP FKDQQHO
WKURXJK ZKLFK HWKDQRO PHGLDWHV WKH FDOFLXP VLIJQDO EDVE
HWKDQRO HYRNHG HOHFWUR RFXORJUDP ZDV QRW GHSHQGHQW
DITHFWHG LQ F\WVWLF ILEURVLY DQG UHJXODWHG E\ F\FOLF DGHQF
NLQDVH $ 7KLV ILQGLQJ VXSSRUWV WKH UROH RI D FDOFLXP JD\
UHVSRQVLEOH IRU WKH HWKDQRO HOHFWUR RFXORJUDP 7KH IDVYV
DOVR VKRZHG KLJKHU RU QRUPDO UHVSRQVHV ZKLFK DUH VXSSRI
PRGHO RI WKLY FRQGLWLRQ

7KH ILQGLQJV RI WKLV VWXG\ LOQGLFDWH WKDW WKH HWKDQRO HO
vVLIQDOOLQJ 7KH HDUOLHU FOLQLFDO VWXGLHV KDYH DOVR VKR
DIIHFWHG PRUH WKDQ WKH OLJKW HOHFWUR RFXORJUDP LQ HDU
UHVXOWY SUHVHQWHG ZRXOG VXJIJHVW WKDW FDOFLXP VLJQI
GHIJHQHUDWLRQV
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QWURGXFWLRQ

7KH 53( ZDV GHVFULEHG DV D SLJPHQWHG PHPEUDQH HFRPSRV]
DQDORJRXV WR JOREXOHVY ORQGLQL $V WKH VSHFLILFDWLR(
KH[DJRQDO FHOOV FRQWDLQLQJ PHODQLQ JUDQXOHV FRXOG EH RI
WKH 53( ZDV WKRXJKW WR EH WKH DQDORJXH RI D FDPHUDYV EODF
LV QRZ UHFRJQLVHG WKDW WKH 53( SHUIRUPV D YDVW DUUD\ RI |
VXUYLYDO )RU UHYLHZ VHH BWUDXVV 7KH VWUXFWXUH RI
GLIIHUHQW IXQFWLRQV 7KH DSLFDO VXUIDFH RI WKH 53( LV FRPSF
WKH RXWHU VHIJPHQWYV RI WKH SKRWRUHFHSWRUV 7KH 53( IRUPV \
D EDUULHU EHWZHHQ WKH RXWHU UHWLQD DQG WKH XQGHUO\LC
EDVHPHQW PHPEUDQH RI WKH 53( LV FRQWLQXRXV ZLWK %UXFK{V
PHODQRVRPHV RI WKH 53( DEVRUEV OLJKW WR UHGXFH W\WDIW H U
2QH RI WKH LPSRUWDQW UROHV RI WKH 53( LV WKH SKDJRF
VHIPHQWYVY <RXQJ DQG %RN 7KH SURFHVV RI SKDJRF\WRVLYV
DQG FRQH RXWHU VHJPQHQWY DQG WKHLU LQJHVWLRQ DQG GHJUL
VHYHUDO VWHSV 7KH VKHG SKRWRUHFHSWRUV ELQG WR LQWHJUL
RI WKH 53( )LQBWUPWQ®OLQ DQG &OHJJ ZKLFK WKHQ OHDGV WHF
W\URVLQH NLQDVH VLJQDOOLQJ SDWKZD\ IRU LQWWWQDOLVDWLRQ

7KH 53( DOVR SDUWLFLSDWHV LQ WKH WUDQVSRUW RI HVVHQW
UHVSRQVLEOH IRU WKH LVRPHULVDWLRQ RI DOO IUDQV UHWLQI
SKRWRUHFHSWRUV LQ SKRWRWUDQVGXFWLRQ HOMLOWHU DOQG 6WHL

7KH 53( DOVR SURYLGHV SURWHFWLRQ IURP UHDFWLYH RJ[\
JOXWDWKLRQH PLWRFKRQGULDO VXSHUR[LGH GLVPXWDVHV DQG
$WDiOW bW .DVDKBPWDDW 6HDXMOM DW :DQHW DW 7KH 53( DOVR
FRQWDLQV DW WKH DSLFDO DQG EDVDO PHPEUDQHV QXPHURXYV
WUDQVSRUWHUV WKDW UHJXODWH S+ IOXLG WUDQVSRUW DQG WK
+XJKHW DW OLOOHU DQG )DUEHU OLOOHU DQGIWGHWPDQ
*DOOHPRUH DQG 6WHLQEHUJ 7KH LRQLF FXUUHQWYVY WKDW
PHPEUDQHV WKURXJK WKH LRQ FKDQQHOV SXPSV DQG FR WUDQVS
DW HDFK PHPEUDQH 7KLV SRWHQWLDO LV WHUPHG WKH WUDQV HS
RFXODU VWDQGLQJ SRWHQWHMDNODMN WKH H\H 6WHLQEHUJ

7KLV VWXG\ LV SULPDULO\ FRQFHUQHG ZLWK WKH VORZ YROWDJH
UHVSRQVH WR OLJKW DQG HWKDQRO 7TKHUH LV FXUUHQWO\

HOHFWURSK\WVLRORJLFDO WHVW WR DVVHVV WKH SK\WLRORJ\ RI WK
WUDQVGXFWLRQ IURP WKH URGY WR WKH 53( DQG WKHUHIRUH LW

6WHLQEHUJ &OLQLFDO WHVWV LQYROYLQJ IOXRUHVFHLQ

SKRWRJUDSK\ SURYLGH LQIRUPDWLRQ DERXW WKH LQWHJULW\ RI \
PHDQV RI DVVHVVLQJ WKH SK\VWLRORJ\ RI WKH 53(



7KH FOLQLFDO UHOHYDQFH RI WKH OLJKW (2* KDV EHHQ TXHVWLR!
KDV EHHQ VXJJHVWHG WKDW WKH OLJKW DQG DOFRKRO (2*V DUH

ODUPRU ODUPRU DQG :X +RZHYHU WKH OLJKW (2* FRQ
UHOLDEOH PHDVXUH RI WKH LQWHUDFWLRQ EHWZHHQ WKH SKRWR
VHQVLWLYH WHVW IRU %HVWYV GLVHDVH :HOHEHU DV ZHC

GHWHFWLRQ DQG PRQLWRULQJ RI GUXJ WR[LFLW\ DV LQ WKH FDV}
HwW DW +DUGHWJDW DQG ODPRWULHWQBW $UDKHN (2* LV D VHQVLW
PHDVXUH Rl YLVXDO IXQFWLRQ IRU SDWLHQWY SUHVFULEHG GH
UHSHDWHG EORRG WUBDQVDWLROPG+LEDMIXWHIXO VFUHHQLQJ WRR
wuLDOV WR DVFHUWDLQ ZKHWKHU DH@WROWO GKNJOLVKMWMWR[RF LV¥KWD A
EH DEQRUPDO LQ VHDVRQDO DHWI MDMHGDQGVRV GHKXFILD® LQ WKH G
DFXWH J]RQDO RXWHU UHWLQWSDWK\LVWIRODQFFRXUVH DEQRUPDO LQ |
GHIHQHUDWLRQV EXW LQ VXFK GLVRUGHUV WKH HOHFWUR UHWI
WHVW

7KH ILUVW FRPSOHWH GHVFULSWLRQ RI WKH KXPDQ OLJKW GDU
+RZHYHU WKH FOLQLFDO XWLOLW\ ZDV HVWDEOLVKHG E\ $UGHQC
UHGXFHG ZKHQ WKHUH ZDV JURVV UHWLQDO GHJHQHUDWLRQ DQ
DQG 53( $UGHQ $UGHQ DQG %BWUDW®D $UGH Q@ UBH® .HOVH\

$UGHQ DQG .ROE 7KH OLJKW (2* UHFRUGV WKH FKDQJH LQ W
WLPH ,Q WKH LQLWLDO GDUN SKDVH WKHUH LV D IDOO LQ WKH
GDUN DGDSWV RYHU D SHULRG RI WR PLQXWHV :KHQ WKH U
SRWHQWLDO ULVHV ZLWK D SHDN YROWDJH RFFXUULQJ DSSURJ[LPE
UDWLR RI WKLV SHDN YROWDJH WR WKH GDUN DGDSWHG WURXJK
UDWLR 7KH SHDN YROWDJH LQ WKH OLJKW LV GHSHQGHQW XSRQC
DQG SKRWRUHFHSWRUV )RU UHYLHZ VHH $UGHQ DQG &RQVWDEO}

(WKDQRO DOVR SURGXFHV D YROWDJH FKDQJH DFURVWWNRWM/ GDU

$UGHQ DQG :ROI E DQGHWKHIHWMS WIKDWHLPLFV WKH VORZ Ol
YROWDJH FKDQJH 7KH FOLQLFDO XWLOLW\ RI WKH DOFRKRO (2* K
UHODWHG PDFXOD GHJHQHUDWLRQ $50' DQG UHWLQLWLYV SLJPH

$UGH® DW ,Q DOO RI WKH FRQGLWLRQVY WKH DOFRKRO (2*
(2* 7KHUHIRUH WKH DOFRKRO (2* PD\ SURYLGH JUHDWHU VHQVL
WHVW Rl 53( IXQFWLRQ WKDQ WKH OLJKW (2* &RQVHTXHQWO\ W
HWKDQRO LQWHUDFWY ZLWK WKH 53( PD\ SURYLGH YDOXDEOH LQ
GHIHQHUDWLRQV



(PEU\RORJ\

7KH GHYHORSPHQW RI WKH 53( UHWLQD %UXFKfV PHPEUDQH DQG
DQG LQWHJUDWHG SURFHVYV +ROO\MLHOG DQG :LWNRYNW\ DO S|

5DKQHW DO OLWVHN@WDDO ,Q PDQ WKH RSWLF FXS GHYHO
QHXURHFWURGHUP GXULQJ WKH IRXUWK ZHHN RI JHVWDWLRQ DC(
RXWHUPRVW OD\HU RI FROXPQDU HSLWKHOLDO FHOOV GHYHORSYV
LQWR WKH QHXUDO UHWLQD 7KLV GHFLVLRQ LV UHJXODWHG E\ D
WKH GHYHORSLQJ HW BRS BXMHQWDWLRQ RI WKH 53( LV GHWHF
ZHHNV JHVWDWLRQ +ROOHQEHUJ DQG 6SLUD $W VHYHQ ZI
PLFURYLOOL DUH SUHVHQW DQG WKH WLJKW WMXQFOVLR®D & KSHURW
HLIKWK ZHHN WKH 53( KDV GHYHORSHG JDS DQG JRQXOD DGKHU

'"HYHORSPHQWYV RI WKH LQQHU VHIPHQWY RI WKH SKRWRUHFH
JHVWDWLRQ DQG WKH RXWHUVHJPHQWY DUH SUHVHQW DW ZHHN

6WUXFWXUH

7KH DSLFDO PHPEUDQH RI WKH 53( IDFHV WKH SKRWRUHFHSWRU
DVVRFLDWLRQ WKURXJK DSLFDO PLFURYLOOL 7KH EDVDO SODV
LQIROGLQJVY WKDW LQFUHDVH WKH VXUIDFH DUHD IRU HIILFLHQ
QXWULHQWY LQWR DQG IURP WKH XQGHUO\LQJ FKRURLGDO FLUF
SKRVSKDWH $73 JHQHUDWLQJ PLWRFKRQGULD PHODQLQ FRQWD
SKDJRVRPHV IRU WKH GLIHVWLRQ RI VKHG SKRWRUHFHSWRU GLVN

&S\WRVNHOHWRQ

7KH 53(fV VWUXFWXUH LV PDLQWDLQHG E\ D F\ WRVNHOHWRQ ZLWI|
DSH[ 7KH F\WRVNHOHWRQ SURYLGHV D IUDPHZRUN WR ZKLFK WKt
DOVR SURYLGHV D IOH[LEOH DQG VWURQJ VFDIIROG VR WKDW WKIl
VWUXFWXUDO LQWMIWDULW\ 2ZDULEHKH DSLFDO SURFHVVHV DOVR
ILODPHQWY DQG LQ FKLFN WKHVH H[HUW WHQVLRQ RQ WKH UHWL
VWUXFWXUHYVY 3KLOS DQG 1DFKPLDV 7KH F\WRVNHOHWRQ LV
PLFURILODPHQWY LQWHUPHGLDWH ILODPHQWY DQG PLFURWXEXC(
ZLWKLQ WKH FRUWH[ RI WKH FHOO DQG DUH FRPSRVHG RI DFWLC
DFWLQLQ %XUQVLGH DQG %RVW 8VLQJHU ,Q FKLFN 53( WKH
PLFURYLOOL +RZHYHU LQ PDQ WKHVH PLFURWXEXOHV DUH DE\
LQVWHDG HXWBWHQ $ QHWZRUN RI PLFURWXEXOHV XVH WKH K\GU
SKRVSKDWH *73 WR SHUIRUP UHRUJDQLVDWLRQ RI LQWUDFHOOX:
PRWLOLW\ &DPSRFKLDUR DQG *ODVHU DQG FROYWMILEXWH WK
7KH PLFURWXEXOHY JLYH VWUXFWXUDO LQWHJULW\ WR WKH 53( D
DQG \ WXEXOLQ 5L]]JROR DQG -RWWLDW S PWOOPPXGCQWWB ILODPHQ
GLDPHWHU EHWZHHQ WKDW Rl WKH PLFURILODPHQWY DQG WKH PL



DQG EDVLF F\WRNHUDWLQV ZKLFK SURYLGH VWUXFWXUDO VXSSRU
IRXQG LQ KXPDQ 53( HW.BPKQ2HDUIHEBMH DO )XFKW DW 7KH

HISUHVVLRQ RI F\AWRNHUDWLQV DQG LV DVVRIFALDWHG@ QGWK 52
WKH GLIIHUHQFH LQ H[SUHVVLRQ SURILOHV RI F\WRNHUDWLQV
SKHQRW\SLFDOO\ GLVWLQFW 53( FHOOV LQ FXOWXUH HW.DODQG

“XQFWLRQDO 3URWHLQV

7KH EDUULHU SURSHUWLHV RI WKH 53( DUH FUHDWHG LQ SDUW E
FUHDWH D VHDO ZLWK ORZ SHUPHDELOLW\ EHWZHHQ WKH 53( FH(
WKH FHOOV SURYLGHV RQH URXWH IRU LRQV DQG ZDWHU WR S
FKRURLG 7KHUH LV DOVR D WUDQVFHOOXODU URXWH IRU WKH
WKURXJK WKH LRQLF FKDQQHOV RI WKH 53(fV SODVPD PHPEUDQH\

7TKH LOWHUFHOOXODU MXQFWLRQV DUH DVVHPEOHG IURP VF
WRIJHWKHU DQG GHWHUPLQH WKH EDUULHU SURSHUWLHV RI Wk
RFFOXGHQV =2 HW HDYOHQMR® VFDIIROGLQJ SURWHLQ WKDW OLQ
RFFOXGLQV WR WKH DFWLQ F\AWRVNHOHWRQ RQ WKH LQQHU IDFH
SURWHLQV FODXGLQV WKDW LQWHUOLQN ZLWK FRPSOLPHQWDU!
DGMRLQLQJ FHOM DOFKRIGBW. DO <D QD JLHKW WD LQ FKLFN 53( L
LV WKH H[SUHVVLRQ OHYHOV RI FODXGLQV DQG QRW =2 WKDW G
EDUULHU %DQ DQG 5L]]JRGIRV DOE BSBBHKJIHW DO 7TKHUH DUH
DSSUR[LPDWHO\ IDPLOLHY RI YHUWHEUDWH FODXGLQ SURWHL(
GHYHORSPHQW RI WKH WLJKW MXIQWWILAR Q /WG DAL V HOO/HX G BRIV PU |
VHOHFWLYHO\ SHUPHDEOH WR LRQV KRZHYHU BWODSHUPLW WKH
JRU UHYLHZ VHH 9DQ ,WDOOLH DQG $QGHUVRQ 7KH JRQXO!
SRLQWV RI FRQWDFW DURXQG WKH 53( DQG GHYHORS MXVW SULR
IRUPLQJ WKH DGKHUHQV MXQFWLRQV DUH FRPSRVHG RI &D GHSH
ZLWK WKH DFWLQ FLUFXPIHUHQWLDO EDQG OL\DJXFKL , Q
DGKHUHQV MXQFWLRQ DQG WKLV SURWHLQ LV DWWDFKHG WR WK
FDWHQLQWW DWwU V

*DS MXQFWLRQV DUH IRUPHG LQ WKH ODWHUDO SODVPD PHPEUDC
WKH VKDULQJ RI VPDOO PROHFXOHW \DXOFK 3BI\D $MB/QBDOPSHQV

7KH JDS MXQFWLRQ LV IRUPHG E\ VL[ FRQQH[LQ SURWHLQV *RRGH
FRQILIXUDWLRQ UHIJXODWLQJ LOQOWHUFHOOXODU FRPPXQLFDWLRQ

7KH 53(fV EDVHPHQW PHPEUDQH LV IRUPHG IURP YLWURQHFWL

ILEURQHFWLQ DQG ODPLQLQ ZLWK W KIHQ 58 { WKHRMHIQ@RQJ WKHVH SU
&DPSRFKHWURO +R DQG 'HO 3ULRUH HW D/XNDKDPW® DO
/IDPLQLQ LV WKH PDLQ FRPSRQHQW DVVRFLDWHG ZLWK DW

PHPEUDQH &UDZIRUG DQG 9LHONLQG $ WUDQVPHPEUDQH C



EDVHPHQW PHPEUDQH WR WKH LQWUDFHOOXODU F\WRVNHOHWDO
WKH 53( WR %UXFK{YV PHPEUDQH 3KLOS DWW DMDFKRKBIV53(TV 3K
EDVHPHQW PHPEUDQH LV FRQWLQXRXV ZLWK %UXFKYV PHPEUD
FROODJHQRXV OD\HU HODVWLQ OD\HU RXWHU FROODJHQRXV O
FKRULRFDSLOODULY +ROOHQEHUJ DQG %XUW 'LWK DJH WK
DQG WKH DFFXPXODWLRQ RI EDVDO ODPLQDU GHSRVLWY DQG FR(
RI WKH XQGHUO\LQJ PHPEUB®HDW D @ WoDHIUWWBEDK D | WL J X U H RYHUO}
VKRZV D VFKHPDWLF UHSUHVHQWDWLRQ RI D PDPPDOLDQ 53( FHO
F\WRVNHOHWDO SURWHLQVY DQG FRPSOH[HV SUHVHQW



JLIXUH 7TKH 53( %DVLF 6 WUXFWXUH

6FKHPDWLF VKRZLQJ DQ 53( FKLFN FHOO ZLWK WKH DSLFDO
SKRWRUHFHSWRU RXWHU VHIPHQWY 7KH LQQHU VHFWLRQ RI W
DEVRUE VWUD\ OLJKW 3KDJRF\WRVLV RI VKHG SKRWRUHFHSW
3KDJRVRPHV 3K ZKLFK WKHQ IXVH ZLWK /\VRVRPHV /\ WR IXUW
VHIPHQWY 7KH 53( KDV PLWRFKRQGULD OL DQ HQGRSODVPLF
LQWUDFHOOXODU UHVHUYRLU RI &D DQG SURWHLQ VIQWKHVLYV I
SRODULVHG E\ YLUWXH RI WKH WLJKW MXQFWLRQDO SURWHLQV
FLUFXPIHUHQWLDO EHOW FRPSRVHG PDLQO\ RI DFWLQ ILODPHC(
DVVRFLDWHG ZLWK JRQXOD DGKHUHQV SURWHLQV =% DQG IRUP
FDGKHULQV WKDW DUH OLQNHG WR WKH SODVPD PHPEUDQH RI D¢
=2 MXQFWLRQV DUH DVVRFLDWHG ZLWK FODXGLQV DQG RFFOX(
SDUDFHOOXODU SDWKzD\ 7KH DSLFDO PLFURYLOOL FRQWDLQ D
FRQWULEXWH WR WKH SKDJRF\WRVLVY RI URG RXWHU VHIJPHQWYV
LQWHUFHOOXODU FRPPXQLFDWLRQ DQG DUH IRUPHG E\ FRQQHJ[LC
LV FRQWLQXRXV ZLWK %UXFKIV OHPEUDQH %O 7TKH WUDQVPHF
IRUPY DWWDFKPHQWY WR WKH ODPLQLQ FROODJHQ DQG ILEURQI
WKH 53( Vv F\IWRVNHOHWRQ %0 LV FRQWLQXRXV ZLWK WKH FKRUL



6LJQDO 7UDQVGXFWLRQ

$ FHOO PXVW EH DEOH WR DGDSW WR FKDQJHV LQ WKH LPPHGLD\
DQG VLIQDOOLQJ SURWHLQV DQG VHFRQG PHVVHQJHUV DUH SL
DGDSWDELOLW\ W LV DVVXPHG WKDW WKH OLJKW ULVH RI WKH
UHOHDVHG IURP WKH URGV WKDW ELQGV WR DQ 53( DSLFDO PHP
UHOHDVH RI D VHFRQG PHVVHQJHU ZLWKLQ WKH 53( WKDW WKH
FKORULGH FRQGXFWDKQQWHDODOOKPRSBWKZD\V IRU VLIQDO WUDC
DPSOLILFDWLRQ ZLWKLQ D FHOO DUH QXPHURXV EXW WZR NH\ LQ
DGHQRVLQH PRQRSKRVSKDWH F$03 DQG &D %RWK RI WKHVH \
LPSOLFDWHG LQ DOWHULQJ WKH EDVDO PHPEUDQH FRQGXFWDC
SRWHQWLDOO\ FRQWULEXWH WR WKH DOFRKRO (2*

* 3URWHLQV

2QH OLNHO\ SDWKzD\ WKDW HLWKHU HWKDQRO RU WKH OLJKW
FRQGXFWDQFH LV E\ WKH DFWLYDWLRQ RI D * SURWHLQ FRXSOHG
VLIQDO WUDQVGXFWLRQ RI HIWUDFHOOXODU OLJDQGY WKDW YDU\
QXFOHRWLGHV RGRXUV RU OLJKW DV VHHQ LQ WKH SKRSWRLVRP
VHH :DWHW VDO DQG 1DVK DQG 2VERUQH +HWHURWULPF
FRPSRVHG RI WKUHH VXEXQLWY D S DQG \ DQG VSDQ WKH FHOC
FRXSOHG WR DQ H[WUDFHOOXODU UHFHSWRU WKDW ZKHQ ERXQ
LQWUFHOOXODU VLIJQDOOLQJ FDVFDGHV WKDW PD\ HLWKHU EH LC
VXEXQLW GHILQHV WKH * SURWHLQ IDPLO\ DQG VR WKH *VIDPLO\ C

2QH UHFHSWRU DVVRFLDWHG ZLWK WKH *V SURWHLQ LV WKH S DG
DV VXEXQLW ELQGV JXDQRVLQH GL SKRVSKDWH *'3 JROORZLQJ
UHFHSWRU WKH *V SURWHLQ XQGHUJRHV D FRQIRUPDWLRQDO FKDC
UDSLGO\ UHSODFHG E\ JXDQRVLQH WUL SKRVSKDWH *73 RZLQJ W
7KH *D VXEXQLW WKHQ GLVVRFLDWHV IURP *3Y DQG XVHV WKH K
IRUPDWLRQ RI F$03 E\ WKH PHPEUDQH ERXQG SURWHIHW DGHQ\O

7KH JHQHUDWLRQ RI F$03 LV DEOH WR FDWDO\VH WKH DFWLY
3.$ WKDW LQ LWV DFWLYH VWDWH FDQ SKRVSKRU\ODWH VSHFLILF
IXQFWLRQ ,W LV DOVR SRVVLEOH IRU WKH *3YDQG *D VXEXQLWV W
VDPH RU GLITHUHQW WDUJHW SURWHLQV WR UHJXODWH LQWUDFHC(
K\GURO\WHG LQWR *'3 WKH * SURWHLQ UHDVVHPEOHYV

7KH JHQHUDWLRQ RI 3.$ E\ WKH 53( LV LPSRUWDQW DV RQH RI Wl
UHJXODWHG E\ 3.$HWQDBGI FVRQEKLYVY FKDQQHO WKH F\WWWLF ILEURV
FRQGXFWDQFH UHJXODWRU &)75 PD\ SOD\ DQ LPSRUWDQW UROH
RI WKH 53( PAODRKJ 5HLIJDGD DQG OLWFKHOO



7KH JHQHUDWLRQ RI D &D UHVSRQVH E\ * SURWHLQV LQYROYHYV
WKH *T IDPLO\ ,Q RQH H[DPSOH DQ DJRQLVW ELQGV WR WKH UH
OHDGV WR WKH DFWLYDWLRQ RI WKH HQJ\PH SKRVSKROLSDVH &
PHPEUDQH ERXQG SKRVSKROLSLG SKRVSKDWLG\OLQRNWWRO E

LQWR WZR NH\ VLIQDOOLQJ PROHFXOHV 2QH LV ,QRVLWRO
GLDF\JO\FHURO '$* ZKLFK DFW DV VHFRQG PHVVHQJHUV WR UDL
>&D @LQ E\ WZR VHSDUDWH SDWKZD\V

, 3 &b UHOHDVHG IURP WKH LQWUDFHOOXODU VWRUHV RI
GHSHQGHQW XSRQ WKH ,3 UHFHSWRU ,3 5 WKDW IRUW DQ LQW
, 3 FDQ PRYH LQ WKH F\WRVRO WR WKH (5 ZKHUH LW ELQGV
+RZHYHU WKHUH LV D QHIJIDWLYH IHHGEDFN ORRS DQG LQFUHDVLQ
, 3 5 WR HQVXUH F\WRVROLF &D OHYHOV GR QRW UHPDUEQDOGIOHYL

5H XSWDNH RI &D LQWR WKH (5 LV DOVR UHJXODWHG E\ WKH (5 F
SXPS LV LQKLELWHG E\ WKHI/'SVOJDDQIQRU\WWRRSLD]RQHW DBOLG 6

7KH XVH RI WKHVH GUXJV LV FRPPRQO\ XVHG WR GHPRQVWU
VWRUHV E\ LQKLELWLQJ UH XSWDNH RI &D 3K\ WVLRORJLFDOO\ (5&

XQSKRVSKRU\ODWHG VWDWH 7DGD DQG .DGRPD 3KRVSKRL
YDULRXVY NLQDVHV DFWHG XSRQ E\ VHFRQG PHVVHQJHUV H[HUWYV I
E\ LQFUHDVLQJ UH XSWDNH RI &D 7DGD DQG ,QXL 20Q0H IXU

&D LV FDOPRGXOLQ WKDW DFWV DV D &D UHFHSWRU DQG RQFH
WKURXJK SURWHLQ SKRVSKRU\ODWLRQ VXFK DV FHOOXODU PLJUI
.LVKW DO 6PLWK 7KRP DO

'$* 7ZR VHSDUDWH VLIJQDOOLQJ SDWKzZD\V DUH LQIOXHQF
JLUVWO\ DV D PRGXODWRU RI &D VLJIJQDOOLQJ LW DFWLYDWHV WK
& 3.& WKDW DOVR UHTXLUHV HOHYDWLRQ RI LQWUDFHOOXODU
PHPEUDQH IRU DFWLYDWLRQ E\ '$* 2QFH DFWLYH 3.& WKHQ SKR)
WKHLU IXQFWLRQ OLWFKHOO D E 7TKH VHFRQG LQWHUDF
SRO\XQVDWXUDWHG IDWW\ DFLG DUDFKLGRQLF DFLG $$ IURP WK
PHWDEROLVHG LQWR SRWHQW DXWRFULQH DQG SDUDFULQH VLIQ
LQIODPPDWLRQ DQG SDLQ UHIJXODWLRQ )RU UHYLHZ VHH 6LJDO

7KH HOHYDWLRQ RI >&D @LQ E\ DQ H[WHUQDO DJRQLVW LV LPS
LQFUHDVLQJ WKH EDVRODWHUDO PHPEUDQH FKORULGH FXUUHQW\
&DOFLXP $FWLYDWHG &KORULGH &KDQQHO &D&& WKDW KDYH ER\
OLJKW ULVH RI WKH (AW ®DU PRRWHMHINQ DO



3URWHLQ 7\URVLQH .LQDVHYV

3URWHLQ W\URVLQH NLQDVHV 37.V DUH PHPEUDQH ERXQG SURW!
SKRVSKRU\ODWLQJ W\URVLQH UHVLGXHV LQ LQWUDFHOOXODU WD
JURZWK IDFWRUV VXFK DV HSLGHUPDO JURZWK IDFWRU (*) LOQ\
SODWHOHW GHULYHG JURZWK IDFWRU 3'*) *OHQQH\ -U 61
,QWHJUDWLRQ RI 37.V DQG * SURWHLQ VLJQDOOLQJ SDWKZD\V SU
* SURWHLQ DFWLYDWLRQ DQG VLJQDOOLQJ SDWKZD\V FDQ LQWHU
JRU UHYLHZ VHHW :D®&HUYI LPSRUWDQFH WR WKH 53( LV WKH UHJXC
/ W\SH &D FKDQQHO 7KLV LRQ FKDQQHOYV JDWLQJ LV GHWHUPLQ
DOVR SKRVSKRU\ODWLRQ E\ 37. DQG 3.& 7KH 37. DVVRFLDWHG :
EHORQJV WR WKH QRQ UHFHSWRU W\URVLQH NLQDVH IDPLO\ WKD\
UHWDLQ WKH LQWUDFHOOXODU W\URVLQMWNDQD V H URPWIXO | WE W RG
UHJXODWLRQ RI 37.V SURYLGHV D PHDQV RI UHJXODWLQJ >&D @ L«
&D FKDQQHOV HRWHWOWKDRH / W\SH &D FKDQQHO LV QRZ VHHQ
FKDQQHO UHVSRQVLEOH IRU WKH JHQHUDWLRQ RI WKH &D VLJQ
(2* 0DUPRUWWHR\@

OHPEUDQH 9ROWDJH

7KH FKDQJHV LQ PHPEUDQH YROWDJH 90 DUH GHWHUPLQHG E\ W
FHOO PHPEUDQHYVY 7KH UHVWLQJ 90 UHVXOWYV IURP WKH GLIIHUHC
SObvPD PHPEUDQH DQG WKH UHODWLYH SHUPHDELOLW\ RI WKH
F\WRVRO DQG WKH H[WUDFHOOXODU VSDFHV $OWHUDWLRQV LQ
PHPEUDQH WR WKH LRQV E\ WKH JDWLQJ RI LRQLF FKDQQHOV OHI
Ssbvv DFURVV WKH PHPEUDQH

6LQFH LRQV DUH HOHFWULFDOO\ FKDUJHG WKHLU PRYHPHQW WK
WKH FKDUJH DFURVV WKH OLSLG ELOD\HU )RU H[DPSOH DV SRVL
RI D FHOO WKH LQWHULRU EHFRPHV QHJDWLYHO\ FKDUJHG ZLV
K\SHUSRODULVHV 7KLV FKDQJH LQ YROWDJH HYHQWXDOO\ RSSR!
HTXLOLEULXP LV HVWDEOLVKHG DSSUR[LPDWLQJ WR WKH 1HUQVW
HTXDWLRQ £

([ >5[7 I1[) @[ ,Q >, @RXW >;@0Q 2

"KHUH

([ (TXLOLEULXP SRWHQWLDO 9ROWV RI LRQ

> @RERQFHQWUDWRKWRLAHRGEHOO PO

> @LORQFHQWUDWLRYLBHLR®H FHOO PO

5 7KH *DV &RQVWDQW - . PRI
7 $EVROXWH WHPSHUDWXUH

) )DUDGD\TV FRQVWDQW & PR)
]

9DOHQFH RI LRQ RU FKDUJH H J &) &D



7KH 53( GHYHORSY DQ HOHFWULFDO SRWHQWLDO WKDW LV GHSHQ
HTXLOLEULXP RU 1HUQVW SRWHQWLDO 7KH LRQLF FKDQQHOV SX
WKH HOHFWURFKHPLFDO JUDGLHQWY VR WKDW DQ HOHFWULFDO !
FKDQQHOV HQDEOHV FHUWDLQ LRQV WR PRYH WRZDUGV WKHLU H
DQG D FKDQJH LQ 90 ,W LV WKHVH FKDQJHV LQ LRQLF FXUUHQW
RFXODU VWDQGLQJ SRWHQWLDO UHFRUGHG ZLWK WKH (2* 7KH IR
LV WKH WUDQV HSLWKHOLDO SRWHQWLDO 7(3 RI WKH 53( WKDW |
PHPEUDQH YROWDJHV

7UDQV (SLWKHOLDO 3RWHQWLDO DQG

%YHFDXVH WKHUH LV D GLITHUHQW SRSXODWLRQ RI LRQLF FKDQQ'
WKH8( D7(3 LV HVWDEOLVKHG® (DAUHRMY IWKBIOVR D WUDQV HEEWKHOL|
WKDW LV HVWDEOLVKHG LQ SDUW E\ WKH WLJKW MXQFWLRQV 7
SDWKZD\ WKURXJK ZKLFK LRQVS5RFRDKHI IPRQ GX FOMDQRWHREI WKH DSLF
PHPEUDQHVY WR LRQV DOVR F 5 $5hWDH\G5 BDVHVY. & MVAVYQLFHH@G\L V7 K H

GHILQHGS5BOQDNKWKH GLIITIHUHQFH EHWZHHQ WKH ®DBBD G WHMED BIQRD

PHPEUDQH YR®&SWHMH HTXDWLRQ LL RQ IROORZLQJ SDJH

6WHLQEHUJ PRGHOOHG WKH 53( RQ DQ HOHFWULFDO FLUFXLW
HOHFWULFDOO\ FRXSOHG WR WKH EDVDO PHPEUDQH ILJXUH RY
UHSUHVHQWHG E\ D EDWWHU\ ($ LQ VHULHV ZLWK D UHVLVWDQFH
WKH DSLFDO 1D.$73DVH SXPS 7KH EDWWHU\ UHSUHVHQWYVY WKH
PHPEUDQH 6LPLODUO\ WKH EDVDO PHPEUDQH LV UHSUHVHQWHG
EDWWHU\ (% 7KH DSLFDO DQG EDVDO PHPEUDQHV DUH HOHFWU]I
UHVLVWDQFH WKDW PD\ EH DVVXPHG WR EH FRQVWDQW %HFDXVFE
WKH PHPEUDQH YROWDJH DW HLWKHU WKH DSLFDO RU EDVDO PHP
VR WKDW WKHUH LV D GHOD\HG DQG VPDOOHU FKDQJH LQ WKH 9¢(
6WHLQEHUJ *DOOHPRUH DQG 6WHLQEHUJ



J)LIXUH (OHFWULFDO &LUFXLW ORGHO RI WK}

7(3 y

$SLFDO %DVRODWHUDO
UHWLQDO IDFLQJ e FKRURLGDO IDFLQJ

$ :9
7TKHHTXLYDOHQW HOHFWULFDO FLUFXLW RI WKH 53( DV PRGHOOH
DSLFDO DQG EDVDO PHPEUDQH YROWDJHY DUH UHSUHVHQWHG E\
DSLFDO PHPEUDQH KDV DQRWKHU FXUUHQW VRXUFH WKH 1D.$7:
SXPS 7KH DSLFDO DQG EDVDO PHPEUDQHY DUH HOHFWULFDOO\ FF
ILQLWH DQG QHDU FRQVWDQW UHVLVWDQFH 7KLY HOHFWULFDC
PHPEUDQH SRWHQWLDO DW RQH PHPEUDQH UHVXOWY LQ D FKDQ.
VLIQ EXW VPDOOHU PDJQLWXGH

7KH 53(fV DSLFDO PHPEUDQH LV K\SHUSRODULVHG ZLWK UHVSHFW
GLITHUHQFHYV LQ WKH EDWWHULHV LRQ FKDQQHOV LQ WKH DSL
GHILQHG DV WKH GLIITHUHQFH EHWZHHQ WKH EDVDO DQG DSLFDO
SRVLWLYH IRU WKH 53( HTXDWLRQ LL 7KLV SRVLWLYH 7(3 DOV
WR DSLFDO PHPEUDQH OV WKDW IORZV WKURXJK WKH SDUDFHC
GHULYHG IURP WKH HTXLYDOHQW HOHFWULFDO FLUFXLW DQG L
6WHLQEHUJ JRU UHYLHXVMHM *DOOHPRUH

9 %DVD_ 29ASLFDO 2.0

7(5 2>5V ; 5$SLFDO | A%SMADD @ A%DVDO 5V 0Of



S9ROWDJH *DWHG &KDQQHOV

7TKH 53( FROQWDLQV QXPHURXY LRQLF FKDQQHOV SXPSV DQG FR W
MEDWWHU\YT DW WKH DSLFDO DQG EDVDO PHPEUDQHYV 7KH RSHQLC
XSRQ D QXPEHU RI GLIITHUHQW IDFWRUV VXFK DV DQ H[WHUQDO (
WKH PHPEUDQH YROWDJH 9ROWDJH JDWHG LRQ FKDQQHOV ZHUH
+RGJIJNLQ DQG +X[OH\ ZKHUH LW ZDV VKRZQ WKDW WKH FRQGXFW|
IXQFWLRQ RI 90 +RGJNLQ DQG +X[OH\ D F 7TKH LQYHVWLJIDWRK
DW D KROGLQJ SRWHQWLDO DQG UHFRUG WKH FXUUHQW 8VLQJ W
ZLWK YROWDJH ZDV GUDzZQ ZLWK WKH VORSH RI WKH FXUYH UHSUF

+RGJIJNLQ DQG +X[OH\ LQWURGXFHG WKH WHUP pUHFWLILFDWLRQ
UHODWLRQVKLS ZDV QRQ OLQHDU DV ZDV IRXQG ZLWK WKH YROW
D[RQ 7KH FRQGXFWDQFH RU RSHQ SUREDELOLW\ RI WKH FKDQQHC
PHPEUDQHYV

6RPH RI WKH 53(fV LRQLF FKDQQHOV DOVR GLVSOD\ UHFWLILFDWL
IXQFWLRQ RI 90 &KDQQHQXDBRW®BX WZHMHEMELILHUYV GHSHQGLQJ XSR
FRQGXFWDQFH FKDQJHV LQ UHODWLRQ WR K\SHUSRODULVDWLRQ |
LQFUHDVHV FRQGXFWDQFH LQ UHVSRQVH WR K\SHUSRODULVDWLR(
FRQGXFWDQFH LQ UHVSRQVH WR D GHSRODULVDWLRQ RI 90

,RQ FKDQQHOV PD\ QRW GLVSOD\ UHFWLILFDWLRQ EXW VWLOO E
H[DPSOH LV WKH / W\SH &D FKDQQHO ZKHUH WKH LQZDUG &D FX
GHSRODULVHV )RU WKLV YROWDJH GHSHQGHQW LRQLF FKDQQHC(
UHGXFWLRQ RI FXUUHQW DV WKH PHPEUDQH GHSRODULVHV IXUWKH!

[/ W\SH &D FKDQQHO LV D YROWDJH GHSHQGHQW &D FKDQQHO Z|
VXVWDLQHG &D FXUUHQWY LQWR WKH FHOO



J)LIXUH 9ROWDJH GHSHQGHQW / W\SH &D &XUUHQ

7KH 9 FXUYH RI WKH YROWDJH GHSHQGHQW / W\SH &D FXUUHQ)
LQZDUG FXUUHQW LQFUHDVHV DV WKH PHPEUDQH YROWDJH GHSF
DQG WKHQ IDOOV DV WKH PHPEUDQH YROWDJH LV IXUWKHU GHSR
DV ZHOO DV &D LRQV EHFDXVH WKH / W\SH &D FKDQQHO KDV D
&D VR WKH LQZDUG FXUUHQW ZDV JUHDWHU DQG HDVLHU WR U
SHUPHDEOH WKURXJK WKH / W\SH &D FKDQQHO SRUH DQG VR HJ}
DQG 6WHLQEHUJ

/KH 2FXODU 6WDQGLQJ 3RWHQWLDO

7KH *HUPDQ QHXURSK\VLRORJLVW 'X %RLV 5H\PRQG GHPRQVW
SRWHQWLDOV RI WKH IURJ WKHUH ZDV D SRWHQWLDO DFURVV WK
WR WKH SRVWHULRU JOREH 'X %RLV 5H\PRQG 7KH (2* LV D(
7(3 RI WKH 53( WKDW LV WKH PDLQ FRQWULEXWRU WRHWKBWFXO

7KH RFXODU VWDQGLQJ SRWHQWLDO LV UHFRUGHG ZLWK HO
FDQWKXV RI HDFK H\H RU DW WKH RXWHU FDQWKL RI ERWK H\HV
VXLWDEOH ORFDWLRQ EHWZHHQ WKH DFWLYH HOHFWURGHV H\HE
JHQHUDWHG E\ WKH 53( LV QRUPDO WR WKH VXUIDFH RI WKH JOR
OLHVY QRUPDO WR WKH RSWLF D[LV DQG DV WKH H\HV H[HFXWH KR
VWDQGLQJ SRWHQWLDO LV UHFRUGHG 7KH VL]H RI WKH SRWHQW
JLIXUH VKRZV WKH RFXODU VWDQGLQJ SRWHQWLDO DQG KRZ W



QIJKW 7KH UDWLR RI WKH SHDN YROWDJH LQ WKH OLJKW SKDVH \
UHSUHVHQWY WKH $UGHQ UDWLR DQG LV UHGXFHG ZKHQ HLWKHU

JLIXUH 7KH (OHFWUR 2FXORJUDP

7KH RFXODU VWDQGLQJ SRWHQWLDO LV UHFRU GMGKEHNIHAHPMRY W\ZR
OHIW DQG ULIJKW WKH SRWHQWLDO FKDQJHV ,Q WKH GDUN WKH
WKH (2* DQG LQ OLJKW WKH DPSOLWXGH ULVHVY JHQHUDWLQJ WK]
VTXDUH ZDYHV DUH WKH YROWDJHVY UHFRUGHG IURP WKH HOHFV
VDFFDGHVY ,Q WKH GDUN WKLV SRWHQWLDO IDOOV VR WKDW V
GHFUHDVHV ,Q OLIJIKW WKH RFXODU VWDQGLQJ SRWHQWLDO LQFL
DPSOLWXGH RI WKH VTXDUH ZDYHV DW WKH OLJKW ULVH SHDN
UHSUHVHQWYVY WKH $UGHQ UDWLR DQG LV W\SLFDOO\ ! 7TKH V
LOQVWDQFH XVLQJ S9 GHJ ZKLFK LV WKH DFWXDO SRWHQWLDO Gl
ZKLFK HDFK VDFFDGH ZDV SHUIRUPHG JURP $UGHQ

7KH PHFKDQLVP RI WKH (2* GHSHQGV XSRQ FKDQJHV LQ WKH PHP
WKLV LV GHWHUPLQHG E\ WKH LRQLF FKDQQHOV DQG VLJQDOOLC
FKDQJH LQ WKH 53(1TV PHPEUDQH YROWDJHY DOVR FRQWULEXWHYV
OLJKW 2QH LV WKH F ZDYH WKDW RFFXUV a VHFRQGV DIWHU Ol
WKH DSLFDO PHPEUDQH RI WKH 53( K\SHUSRODULVLQJ ZKLFK SUR
6 W H L QHEW LDJO 7KH VHFRQG OLJKW LQGXFHG HIIHFW RQ WKH VWD!
EH VHHQ E\ DOWHUQDWLQJ EHWZHHQ OLJKW DQG GDUN F\FOHV DV
WKH VWDQGLQJ SRWHQWLDO LQFUHDVHV DQG LQ WKH OLJKW SKD)
RVFLOODWLRQ )2 WKDW KDV D SHULRG RI VHFRQGV 7KH
GHFUHDVH LQ 2) WUDQVSRWVDE &)75 %ODXJ



J RQLF &KDQQHOV $VVRFLDWHG ZLWK

7TKH SULQFLSDO LRQLF FKDQQHOV RI WKH 53( WKDW DUH NQRZQ V
PHPEUDQH YROWDJH DVVRFLDWHG ZLWK WKH F ZDYH WKH )2V D
$W WKH DSLFDO PHPEUDQH WKHUH LV WKH
1D.$73DVH SXPS DQG &)75 $W WKH EDVDO
FKDQQHO &,&

WDEOH RYHUOHDI
&, FRWUDQVSRUWHU
ZHOO DV EHVWURSKLQ &D&& DQG WKH / W\SH &D
LGHQWLILHG LQ D IRHWDO KXPDQ 53( FHOO OLQH EXW WKHLU ORF



7DEOH ,RQLF &KDQQHOV DQG 7UDQVSRUWHUV LQ

&KDQQHO®DWLQJ 5SHIXORMOLRIQVDVOLR XU Y(2* 5HIHUHQFH V
+XJKHV DQG

,QZDUG F
LU HSHUSRODUSﬁ@WD@Q%D&Eo 7DNDKLUD
S5HFWLILADY H
'LOEW DO
)2 " %ODXJ
&)75 $73 DQG 3.$$SLFDO %DWID@HDU DQG HW DO
(2* " 5HLJDGD DQG
OLWFKHOO
8HGD DQG
BWHLQEHUJ
&D&& &DOFLXP %DVDO /LQHDU (2*
IRHZHOW DO
ODUPRUWMHLQ
/LQHDU oo
%HVWURSKLQDOFLXP ,QZDUG DQG
%DVDO 2% " )LVFKPHLVWHU
K% HVW &HOO VZHOOLQJ 2XWZDU

DQG +DUW]HOO
SHFWLILHUV

OHUJ®BIMWUDO

%HVWURSKLQ BWUDXVV

9ROWDJH
/ W\SH &D 'HSRODULVDW &0 DO (2* HW DL

GHSHQGHQW

37. 3.& 5RVHQWWDO

DL
0LOG
3.$ . :LO®W DL
&, & $SLFDO %DRRWZDUG

&HOO VZHOOLQJ
UHFWLILFDWLRQ"

OD &RIXWDL
1D . &, &HOO 9ROXPHSSLFDO 2 )2

OLOEMUD L
1D.$73DVH $73 $SLFDO 2

6XPDU\ RI SULQFLSDO FKDQQHOV LQYROYHG LQ DOWHUDWLR
HOHFWURSK\VLRORJLFDO UHVSRQVHYVY DVVRFLDWHG ZLWK PDPPDO



&KORULGH &KDQQHOV RI WKH 53(

&KORULGH FKDQQHOV KDYH EHHQ VKRZQ WR EH UHVSRQVLEOH IR
DVVRFLDWHG ZLWK WKH OLJKW ULVH RI WKH (2* *DOOHPRUH DQG
RI WKHVH FKDQQHOV DQG WKHLU LQYROYHPHQW LQ WKH GHSRODL
WR WKH OLJKW ULVH KDV \HW WR EH IXOO\ HOXFLGDWHG 7KLV L\
FKORULGH FKDQQHO EORFNHUV EXW DOVR WKH PDQ\ RWKHU UHJX
UHYLHZV VHH 1LOLXV DQG 'URRJPDQV DQG (JJHUPRQW

PDLQ FKORULGH FKDQQHOV H[SUHVVHG WKDW FRXOG EH LPSOLFDYV

&\VWLF )LEURVLY 7UDQVPHPEUDQH &RQGXFWDQFH !

&\VWLF ILEURVLYVY &) LV DQ DXWRVRPDO UHFHVVLYH GLVRUGHU
HOFRGLQJ IRU &% D®LFK7KH JHQH UHVSRQVLEOH IRU &)75 HQFRG
FKDQQHO WKDW EHORQJV WR WKH $73 % HWGDQJ &BPPHWWH ODPLO

'HDQ DQG $OOLNPHWYV 7TKH LOWUDFHOOXODU SRUWLRQ |
ELQGLQJ GRPDLQV 1%' DQG 1%’ VHSDUDWHG E\ D ODUJH SRODU
SKRVSKRU\VODWLRQ E\ 3.%$ DHWG 3BO& ZBHRYVGDRWHLQ LV H[SUHVVHG
DGXOW KXPDQ 53( HWMWOO® :BQIXZHOO DV LQ WKH WUDQVIHFWHG KX
OLQH HMD @D\O ,W KDV EHHQ ORFDOLVHG WR WKH EDVDO DQG D¢
KXPDQ IRHWDO 53( H[SODQWV ZKHUH LW DSSHDUV WR ORFDOLYV
PHPEUDQH HM DXJ

7KH SUHGRPLQDQW PXWDWLRQ LQ &DXFDVLDQ &) LV D GHOHWLRC
1%' DQG LV WHUPHG WKH $ HWWDWLURQQBXW®LQIKLY PXWDWLRC
UHVXOWV LQ &)75 EHLQJ XQDEOH WR UHDFK WWHDSODV®G PWPEU
GHJUDGHG LQ WKHW(5DO<DQYDWLQJ RI &)75 GHSHQGV XSRQ WKH S
FKDQQHO ZLWK 3.$ DW WKH LQWUDFHOOXODU UHJXODWRU\ GRPDI
K\GURO\VLV RI $73HDWDI®6' 9HUJBWLDO )RU UHYLHZV VHH 5LRUGDQ
DQG /LQVGHOO &)75 FXUUHQWY DUH QRQ UHFWLI\LQJ ZKHQ
DFURVV WKH PHPEUDHM D®QG HU V.RGWQBIO

5ROH RI &)75 LQ WKH 53¢

&)75 LV WKRXJKW WR SOD\ D UROH LQ IOXLG UHJXODWLRQ E\ WKH
HW DO +RZHYHU LI &)75 ZDV VLJIJQLILFDQWO\ LQYROYHG LQ 10X
HISHFWHG WKDW &) LQGLYLGXDOV ZRXOG EH SURQH WR UHWLQDO
DO +RZHYHU &)75 FRXOG SURGXFH FXUUHQW DQG YROWDJH
WUDQVSRUW PROHFXOHV WKURXJK WKH PHPEUDQH ZKLFK FRXOG
SRWHQWLDOO\ SOD\LQJ D UROH LQ WKH UHJXODWLRQ RI LQWUDF!
UHJXODWLQJ S+ RI WKHWIBRW .RGE OPKHH) OXQJ ZKHUH &)75 DSSDUHQ
GLUHFW +& a FRQGXFWDMHBPH &&RENBKI\DFFRXQWY IRU WKH DFLGLF



DLUZD\ PXFRVD LQ &) VXIIHUHUV :KHWKHU &)75 SOD\V D UROH LQ L

LV XQNQRZQ &)75 LV LPSOLFDWHG LQ DOWHULQJ WKH FRQGXFWDQ

2QH LV WKH LQKLELWLRQ RI WKH HSLWKHO LW V& G IDXFG FIKQZDQHO

UHFWLI\LQJ . FKDQQHOV HWUJDO/RX¥RRXDHID &)75 DOVR LV LPSO

DFWLYDWLQJ RXWZDUG UHFWLI\LQJ FKORUWMGBCOFKBRAWHEWRRO& &
%UDXQMWHL@ )RU UHYLHZ VHH .XQ]HOPDQQ

+RZHYHU WKH WUDQVSRUW RI $73 E\ &)75 LV RI PRUH LQWHUHV
ERYLQH 53( DQG D KXPDQ 53( FHOO OLQH DOVR VXJJHVW WKDW &)°

VSDFH IROORZLQJ DFWLYDWLRQ 5HLJDGD DQG OLWFKHOO , W
Rl $73 FRXOG FRQWULEXWH WR WKH OLJKW ULVH RI WKHHW®* E\ V)
DO SHLIMHGW DO S5HLJDGD DQG OLWFKHOO

&DOFLXP $FWLYDWHG &KORULGH &KDQQHO

7KH &D&& LV D FKORULGH FKDQQHO WKDW LV UHJXODWHG E\ DQ L
ZHUH ILUVW LEGHIRSRREGVHY ZKHUH D ULVH LQ >&D @LQ IROORZL
GHSRODULVDWLRQ Rl WKH RRF\WHV WKDW SUHYHQWHG IXUWKHU |
&D&&V DUH EHOLHYHG WR EH UHVSRQVLEOH IRU IOXLG UHJXODW
FRXSOHG UHJXODWMRQO3IHWHWBYRBW DO $ SDUWLDOO\ LQKLELWE
FXUUHQW E\ GLLVRWKLRF\DQRVWLOEHQH 9§ GLVXOSKRQLF DFI
UDW 53( 8HGD DQG B6WHLQEHUJ +RZHYHU WKHVH FXUUHQ
UHVSRQGHG WR QRQ SK\VLRORJLFDO UDQJHV RI >&D @LQ ,Q FDQI
EDVDO PHPEUDQH DQG FRQWULEXWH WR IOXLG VHFUHWLRQ WR
FKORULGH FKDQQHWODO/RHBIEE FKDQQHOV KDYH DOVR EHHQ GHPRQ
IRHWDO HAXLIQ) DQG ERYLQH 53( ZLWK VWLPXODWLR® DOVK HSLQF
RU $73 3HWMUBRQ

YWHVWURSKLQ

%HVWIV YLWHOOLIRUP PDFXODU G\WWWURSK\ 90’ %HVW LV
GLVHDVH ZLWK D YDULDEOH DJH RI RQVHW |IURPVNFEKQOGKWRIGY WR
FKDUDFWHULVHG E\ D FHQWUDO pHJJ \RONY YLWHOOLIRUP OHVLRQ
D GLVFLIRUP VFDU LPSDLULQJ YLVLRQ 7KX}'JHIQHV UBHMER QGIHKDML |
JRUVPPW DO 3HWUXNKD® ODUFKDQWO W FRGHV IRU WKH EHV
SURWHLQ ZKLFK LV VSHFLILFDOO\ H[SUHVVHG DW WKH EDVDO PHF
53( ODUPRUNWHL®@ 7KHUH DUH IRXU KXPDQ KRPRORJXHV RI KXPD
ZLWK GLIITHULQJ O 9 UHOBWLR®MVKLSYV 7VXQHQDUL

6HYHUDO PXWOHOWLRMHWXAW LQ %HVWIV GLVHDVH WKDW DUH SK&
GHFUHDVHG OLJKW ULVH DQG PHAMX®ODU OHRAHRYHW OWKHRKEQW D U



QRUPDO OLJKW ULVHV LQ LQGLYLGXDOV ZLMWK %KNVMKY Y @G NVHDWVHYVD
EHVWURSKLQ PD\ QRW EH HVVHQWLDO IRU WKHH&HFWORSPHQW RI

%HVWURSKLQ ZDV SUHGLFWHG WR IRUP DQ LRQLF FKDQQHO EDVH
HW D 7KH ILUVW HYLGHQFH WKDW EHVWURSKLQ ZDV D FKORUI
GHPRQVWUDWHG ZKHQ K%HVWO DQG K%HVW ZHUH WUDQVIHFWF
+(. 'KROH FHOO UHFRUGLQJV LGHQWLILHG D &3 FRQGXFWDQ
6XQHW DW )XUWKHUPRUH WKHHOQBSEWVWR@SKILQ [%HVW D WK
KRPRORJ\ WR K%HVW LQWR +(. FHOOV DOVR VKRZHG &D DF\
PXWDEWRSXV EHVWURSKLQV ZHUH H[SUHVVHG WKHUH ZDV D OR!
DFWLYDWHG FKORULGH FXUUHQW GHSMQGWQJ XSR@KWKRMRENW 2R
PRXVH EHVWURSKLQ P%HVW ZDV H[SUHVVHG LQWR WKUHH GLI
DFWLYDWHG FKORULGH FKDQQHO ZDV SUHVHQW ZKRVH SHUPHDEL
PXWDWLRQW DM 4X DQG +DUW]HOO ,Q D SDWFK FODPS VWX
LQFUHDVH WKH FKORULGH FXUUHQW LQ K%HVW EXW WKH DFWLYD
YHU\ VORZ DQG WKHUHIRUH RWKHU VLJQDOOLQJ PHFKDQLVPV ZHU
WKH RSHQLQJ DQG FORVLQJ RI WKH DFMKD QTKHYH7VWXEQBYLDOO
VXJIJHVWHG WKDW EHVWURSKLQ ZDV WKH &D JDWHG FKORULGH
+RZHYHU WKLV PRGHO KDV EHFRPH PRUH FRPSOLFDWHG ZLWK LU
%HVWYV

0D U PR U VWA LBV WUDQVIHFWHG UDW 53( ZLWK ZLOG W\SH LVRIF
KWHVW RU WZR PXWDQW YDULDWLRQV : & DQG 5 & S5HFRUG]
(2* FRPSRQHQWY 7KH DXWKRUV IRXQG WKDW LQ UDWV RYHU H
DPSOLWXGH RI WKH OLJKW ULVH ZDV UHGXFHG ZKLFK ZRXOG QF
FKORULGH FKDQQHO UHVSRQVLEOH IRU WKLY UHVSRQVH +RZHYHL
W\SH WUDQVIHFWHG JURXS 7KH DXWKRUV FRQFOXGHG WKDW EH'
EXW VHUYHV DV DQ LQWHUPHGLDU\ LQ WKLV UHVSRQVH DQG PD\ |
WKH WZR PXWDQW EHVWURSKLQV WKH : & UHGXFHG WKH OLJKW
+RZHYHU LQ WKH : & PXWDQW WKH OLJKW ULVH UHVSRQVH ZDV
UbWwWvVvV EXW WKH § & PXWDQW GLG QRW DOWHU VWHW DWWPLQJ RI WK

7KH TXHVWLRQ RI ZKHWKHU EHVWURSKLQ LV RU LV QRW D &D&& K
EHVWURSKLQ LQFUHDVHV WKH UDWH RI HQWU\ RI &D WKURXJK
5RVHQWWDDW %YHVWURSKLQ QRZ DSSHDUV QRW WR EH D FKORUL
&D LQIOX[ 7KH LQLWLDO VLJQDO IURP WKH SKRWRUHFHSWRUV W
XQNQRZQ EXW LW KDV EHHQ VXJIJHVWHG WKDW $73 PW\DBM#H OLJIKW
5HLJDGD DQG OLWFKHOO HW DWDUPKWHWWHELD @LQ ZDV LQFUHDVHG
53( ZLWK $73 WKH FKDQJH LQ >&D @RREZDRYXADYPFPLAO BRRISITKHUG LW R
ZKLFK LV WKH RQO\ GLUHFW H[SHULPHQWDO HYLGHQFH IRU $
ODUPRUWWHD®/ %YHVWURSKLQ LV QRZ VHHQ DV D UHJXODWRU R



XSWDNH RI &D E\ WKH (5 %HVWURSKLQ GRHV QRW VHHP WR FRQ
& FRQGXFWDQFH WKDW JHQHUDWHV WKH OLJKW ULVH

%HVWURSKLQ PD\ DOVR SOD\ D UROH LQ YROXPH UHJXODWLRQ

FHOOV H[SUHVVLQJ KXPDQ RU PRXVH EHVWURSKLQV K%HVWO RU
FXUUHQW ZKHQ WKH H[WUDFHOOXODU VROXWLRQ ZDV K\SHURVPR(
ZKHQ WKH H[WUDFHOOXODU VROXWLRQ ZDV K\SR RVPRWLF )LVFKEF

&,& &KORULGH &KDQQHOV

7KHVH FKDQQHOV DUH GLVWULEXWHG WKURXJKRXW WKH ERG\ LQ
&, & FKORULGH FKDQQHOV ZHUH ILUVW LGHARVISIHERB L:® LWKH DHGEH
OLOOHU 1LQH W\ASHV RI &,& FKDQQHOV KDYH EHHQ LGHQWLIL
VORZO\ DW K\SHUSRODULVLQJ PHPEUDQH YROWDJHYVY DQG KDV D O
7KH GLYHUVLW\ RI &,& GLVWULEXWLRQ LPSOLHV WKDW LW KDV
HSLWKHOLDO FHOOV 7KH HOHFWURSK\VLRORJ\ RI WKH GLITHUHQW
KDV VOLJKW LQZDUG UHFWLILFDWLRQ LQ WKH UDQJH IURP P9
E\ K\SHUSRODULVDWLRQ H[WUDFHOOXODU DHWGDWFDRULBY 3BQ D
-HQWVFK HWZ DWL &, & FKDQQHOV DUH W\SLFDOO\ FORVHG I
SRWHQWLDO 7KHLU PDLQ UROH VHHPV WR EHW @®@W HBXNODDADMEI) FH
DW )XUXNBWDDW ;LR@W DW

& & LV IRXQG LQ WKH 53( DQG LQ D &,& NQRFNRXW PRXVH UH
DWURSK\ ZHUH WKH RQI®\ BW | HFVWKHM VW W LV KLIJKO\ OLNHO\ W
LQ WKH 53( SOD\V D YLWDO UROH LQ HLWKHU WKH UHJXODWLRQ R
GRHV LQ RWKHU HSLWMKHDWD 0®XIRIWWIL &,& &,& &,& DQG
&)75 DUH FR H[SUHVVHG LQ D KXPDQ IRMWDW® 5&()7BHDQGO&@H DO
ERWK DFWLYDWHGI VE\DWS$ 7&LZIHW. DW 7KHUHIRUH &,& PD\ SURY
DOWHUQDWLYH &3 FRQGXFWDQFH ZKHQ KW/ DWV G BIEREWEDWT K L H
% O D L N & HOID/D

&DOFLXP &KDQQHOV RI WKH 53(

,Q FXOWXUHV RI KXPDQ 53( D YDULHW\ Rl SHSWLGHV JURZWK IDF
EHHQ VKRZQ WR HOHYDWH >&D @LQ YHW ,BWJHQH U PMOLGRRD Q. XWQED
5DQGROSK HWPDVU 4XLEBY DW ,Q DGGLWLRQ &D LV UHTXLUEL
DQG LQJHVWLRQ RI URG RXWHU VHIJPHQWY LQ FXOWXUHG UDW 53¢
LQ LQKLELWLQJ SKBWRPWRVLY +DOB®HVWLQJ F\WRVROLF IUHH >&D
FHOO FXOWXUHV LV HVYWLPDWHG WR EH DESUR\ P DMK OMWYD DW QO

ZKLFK LV VLJQLILFDQWO\ ORZHU WKDQ WKH PLOOLPRODU
WKHUH LV D IDYRXUDEOH HOHFWURFKHPLFDO JUDGLHQW IRU &D |



DUH D QXPEHU RI DFWLYH SXPSV DQG WUDQVSRUWHUV WKDW RSHL
PDLQWDLQ >&D @LQ ORZ

1D &D ([FKDQJHU DQG WKH &D $73DVH 3>

(110X[ Rl &D IURP WKH F\WRVRO LV LQ SDUW DFFRPSOLVKHG
H[WUDFHOOXODU 1D FRQFHQWUDWLRQ PDLQWDLQHG E\ WKH 1D
H[FKDQJHU 1&; ZDV ILUVW LGHQWLILHG LQ KHDUW PXVFOH B5HXW
WKLV IDPLO\ KDYH EHHQ LGHQWLILHG 1&; LV H[SUHVVHG XELTXL
RXW LQ H[FKDQJH IRU RQH &D LRQ LQWR WKH F\WRVRO 7KH RW
OLPLWHG WR EUDLQ DQG VNHOHWDO PXVFOH $ 1&; ZDV LGHQWL
ERYLQH DQG ILVK 53( FMWODY ) MPVMZDFDUGLDF 1&; SURWHLQ LV
UHWLQD DQG 53WODQJLRHIIOHU DQG 0DQJLQL 7KLV H[FKDQ
IDVW DQG LQ WKH 53( LW ZRXOG DFW WR UDSLGO\ UHJXODWH >&D
E\ HIWUXGLQJ &D IURP WKH F\WRVRO

$QRWKHU PHFKDQLVP WKDW PRYHV FDOFLXP DFURVV WKH SOD\V
$73DVH SXPS 30&% .HQQHG\ DQG 0DQJLQL 30&$ XVHV WKH |
WR DFWLYHO\ WUDQVSRUW &D DJDLQVW LWV FRQFHQWUDWLRQ
F\WRVRO .HQQHG\ DQG 0DQJLQL

9ROWDJH *DWHG &D &KDQQHOV [ W\SH

7KH 1&; DQG WKH 30&% SURYLGH D URXWH IRU &D H[LW WKH 53¢
UHTXLUHG 9ROWDJH JDWHG &D FKDQQHOV DUH IRXQG LQ VNHOHYV
7KH YROWDJH GHSHQGHQW / W\SH &D FXUUHQWY ZHUH ILUVW |
1LHGHUJHUNH ,Q WKH KHDUW WZR W\SHV RI YROWDJH JDWH
ORZ YROWDJH DFWLYDWHG /9% RU pWUDQVLHQWYT 7 W\SH FKD
GHSRODULVDWLRQV DQG DUH UDSLGO\ GHDFWLYDWHG 7KH VHFR!
FKDQQHO WKDW DFWLYDWHG ZLWK ODUJH GHSRODULVDWLRQV DQC(
WHUPHG WKH / W\SH IRU pOR®W DEWLYDWLRQ 1RZ\FN\

/ W\SH &D FKDQQHOV DUH IRUPHG E\ SURWHLQ VXEXQLWYV DA
IRUPLQJ WKH SRUH YROWDJH VHQVRU DQG ELQGLQJ VLWH IRU GU
GLVXOSKLGH ERQG DQG DQFKRU WKH FKDQQHO WR WKH SODVPD |
VLWHY IRU SKRVSKRU\ODWLRQ E\ NLQDVHV 7KH / W\SH &D FKDQ
QLIHGLSLQH SKHQODONODPLQHY YHUDSDPLO DQBVWEBQ]RWKLD]I
5DQHW DO *DUMHMD DO JRU IXUWKHU UHYLHZ VHH 'ROSKLQ

7KH JDWLQJ RI / W\SH &D FXUUHQWYV GHSHQGV XSRQ 90 ZLWK D
RSHQLQJ DV WKH PHPEUDQH GHSRODULVHYV [/ W\SH YROWDJH JDW&F
IUHVK DQG FXOWXUHG 53( FHOOV IURP UDW 8HGD DQG 6WHLQEHU



/| W\SH &D FKDQQHOV LQ WKH 53( DUH RI WKH QHXURHQGRFULQH
QHXURHQGRFULQH FHOOV KHDUW DQG SDQFUHDWLF LVOHW FHOC
VXEXQLW DQG DUH UHJXODWHG E\ ERWK 3.& DQG 37. 7KLV LPSRLU
W\SH &D FKDQQHOV ZRXOG SURYLGH D PHDQV E\ ZKLFK JURZWK
UHVXOW LQ DQ LQFUHDVH LQ >&D @LQ 3RVVLEOH JURZWK IDFWF
OHUJ®IMU DW RU SODWHOHW GHULYHG JURZWK IDWWRAKRYH) +t
UHFHSWRUV DUH H[SUHVVHGHR DMK HAFRINW <RW KL G D

7KH LQFUHDVHG &D FRQGXFWDQFH IRXQG LQ G\WWURSKLF UDWYV
+DEW DW / W\SH &D FXUUHQWYVY LQ FXOWXUHG KXPDQ DQG UDW
E\ 37. DQG 3.& ZLWK WKH OHYHO RI 3.& DFWLYDWLRQ GHWHUPI
GHFUHDVHV WKH / W\SH &DHWXOWJHQW 6WUDXVV

/| W\SH &D FKDQQHOV KDYH EHHQ UHFHQWO\ VKRZQ WR EH LQYRO?
VLIQDO IRU WKH OLJKW ULVHHWQDWLFH7KGD BIRRBIWAHRYQRI WKLV F
LQFUHDVHG E\ EHVWURSKLQ ZKLFK LQFUHDVHV WKHDWWH RI &
JXUWKHUPRUH PLFH ODFNLQJ WKH / W\SH &D FKDQQHOTYV VXEX
ULVH DQG DOVR UHGXFWLRQV LQ WKH F ZDYH DQG )2V 7KHUHIRUF
VXEXQLW LV UHTXLUHG WR JHQHUDWH PWRWPDO OLJKW ULVH O0DU



(OHFWURSK\VLRORJ\ RI WKH 53(

7KH OLJKW HYRNHG UHVSRQVHV RI WKH H\H PD\ EH VHSDUDWHG L
(2* EHLQJ WKH VORZHVW HOHFWULFDO FKDQJH WR EH PDQLIHVYV
FRPPRQO\ UHFRUGHG HOHFWURSK\VLRORJLFDO PHDVXUHV LQ UHC
WKH SULPDULO\ FRQFHUQ LV WKH HIIHFW RI HWKDQRO RQ WKH R
HOHFWULFDO VLJQDOV DUH DVVRFLDWHG ZLWK OLJKW VWLPXOL
FRPSRQHQWYV WKDW RFFXU LQ VHFRQG IRUP WKH (5* DQG WKl
RYHU VHFRQGV WR PLQXWHY DQG DUH WKH F ZDYH WKH )
FRPSRQHQWYV GHULYH IURP FKDQJHYVY LQ WKH PHPEUDQH SRWHQWL

JLIXUH /ILIKW (YRNHG 5HVSRQVHV RI WKH (\F

7KH WLPH FRXUVH RI YDULRXVY UHVSRQVHY JHQHUDWHG E\ OLJKW
SKRWRUHFHSWRUV DQG QHXUDO UHWLQD ZKLFK JHQHUDWH WKH
FROQWULEXWHYV WR WKH JHQHUDWLRQ RI WKH F ZDYH )2V DQG WK
ODUPRU DQG /XULH

7KH )DVW &RPSRQHQWV RI WKH (5*

7KH FRPSRQHQWV RI WKH (5* ZHUH RULJLQDOO\ UHFRUGHG IUR
DFFRUGLQJ WR WKHLU ODWHQF\ 7KH LQLWLDO QHJDWLYH FKDQJ
VHFRQG SRVLWLYH FKDQJH WKH E ZDYH DQG WKH WKLUG VOR
(LQWKRYHQ DQG -ROO\ (LQWKRYHQ DQG -ROO\ ZHUH WKH IL!
SURGXFW RI VHSDUDWH XQGHUO\LQJ SURFHVVHV WKDW DURVH
XQGHUO\LQJ ZDYHIRUPV SURFHVVHV WKDW FRQWULEXWHG WR W
H[SHULPHQWYVY XVLQJ HWKHU 7KH WKUHH SURFHVVHV 3, 300 DQG
WR DEROLWLRQ E\ DQDHVWKHVLD 3 WKH ILUVW ZDV WKH PRVW V|
WR WKH F ZDYH 300 FRUUHVSRQGHG WR WKH E ZDYH DQG 3LOO F
*UDQLW 6HH ILIXUH RYHUOHDI



J)LIXUH BURFHVVHV RI WKH (5*

7KH WKUHH pSURFHVVHVY RULJLQDOO\ GHVFULEHG E\ *UDQLW

ZDV WKH PRVW VHQVLWLYH WR DQDHVWKHVLD DQG ZDV UHVSRQV
300 WKH VHFRQG SURFHVV ZDV UHVSRQVLEOH IRU WKH E ZDY
DOQDHVWKBWHNSRQVLEOH IRU WKH D ZDYH DQG FRQWULEXWHG WR
LOWHUVSHFLHYV GLIITHUHQFHY LQ WKHLU UHVSRQVH WR HWKHU ZL\
3, ZDV LQLWLDOO\ UHPRYHG ZLWK HWKHU 7KH GDUN EDU UHSULI

JLIXUH VKRZV DQ HDUO\ (5* WUDFH IURP IURJ ZLWK WKH QHJDW
E ZDYH DQG VORZHU GHYHORSLQJ F ZzDYH $W OLJKW RIIVHW WKH
WUDFH WKH G ZDYH 7KH VXPPDWLRQ RI 3, 300 DQG 3LOO JLYH

JLIXUH (5* SHFRUGLQJ

D

(5* UHFRUGLQJ IURP WKH IURJ ZLWK OLJKW VWLPXOXV LQGLFDWH
UHFRUGLQJV ZHUH VWRSSHG DW WKH VPXGJH LQ WKH WUDFH WR L
7TKH D DQG E ZDYHV GHYWHRRQG®Y 7KH F ZDYH LV SUHVHQW !
5HSURGXFHG IURP *UDQLW

7KH DQDO\WLV RI WKH FHOOXODU FRQWULEXWLRQ WR HDFK RI W
‘HUQHU 1RHOO +H XVHG D FRPELQDWLRQ RI F\WRWR[LQV WKDW
SKRWRUHFHSWRUV %\ VHOHFWLYHO\ LOMHFWLQJ WKHVH SRLVRQ\
3, FRPSRQHQW WR WKH 53( OD\HU 1RHOO



: 7KH (5* )DVW &RPSRQHQWY ,RQLF &XUUH

7KH HDUO\ LQYHVWLJDWRUV RI WKH (5* UHDOLVHG WKDW WKH (5
IURP WKH QHXUDO FHOOV DQG WKH 53( ZKRVH UHVSRQVHV RYH
$OWHUDWLRQV LQ WKH LRQLF FXUUHQWY DFURVY WKH PHPEUDQH\
FHOOV DQG WKH 53( DOO FRQWULEXWH WR WKH ILQDO FKDQJHV LC

7KH OHDGLQJ QHJDWLYH HGJH RI WKH (5* D ZDYH 3LOO LV D Sk
GHSWK UHFRUGLQJV LQ FDW ORFDOLVHG WKH D ZDYH UHVSRQVH
ZDYH ZDV VHHQ DV D FXUUHQW VLQN LQ WKH LQQHU QXFOHDU O

%URZQ DQG :LHVHO D E B5HFRUGLQJV RI ORFDO PHPEUD
WKH URGV VKRZHG WKDW WKH FXUUHQW UHVSRQVLEOH IRU WKH D
VHIJPHQWVY 3HQQ DQG +DJLQV ,Q WKH GDUN D pPUHVWLQJY C

OLPE RI WKH URG WR WKH RXWHU VHIJPHQW ZKHUH LW UHWXUQV |
+DJLRAW DO 7KH ILUVW VWHS LV WKH SKRWR LVRPHULVDWLRQ R
WKDW SHUPLWV WKH DFWLYDWLRQ RI RSVLQ IURP 5K WR DFWLYH
ELQGYV WR WKH * SURWHLQ WUDQVGXFLQ ZKLFK XSRQ GLVVRF
JXDQRVLQH PRQRSKRVSKDWH F*03 SKRVSKRGLHVWHUBWHDWKDW

UHVXOWLQJ LQ GHFUHDVHG F\WRVROLF F*03 FRQFHQWUDWLR
F*03 WKHQ UHVXOWY LQ WKH GLVVRFLDWLRQ RI F*03 IURP WKH
FKDQQHOV FDXVLQJ WKHP WR FORVH DQG WKH RXWHU VHJPHQ
DFFXPXODWH RXWVLGH WKH PHPEUDQH DQG WKLV LV UHFRUGHG
%DGHW DO . XUNLQ DQG )HVHQNR HW DARRGUXOHHU DQG /DXJKOLQ
=LPPHUMDMQ DO )HVHG®NRDO

7KH LQQHU VHIJPHQWY FRQWDLQ WZR PDLQ VRXUFHV IRU . UHJXOL
[ WKDW PDLQWDLQ WKH RXWZDUG . IOX[ LQ WKH GDUN <DQ DQ

7R FRXQWHU WKH ODUJH LQIOX[ RI 1D LQ WKH GDUN WKH
1D.$73DVH SXPS 6WLUOLQJ DQG /HH $W OLJKW RQVHW WKH
QRW DIIHFWHG E\ FKDQJHV LQ WKH PHPEUDQH YROWDJH DQG \
H[WUDFHOOXODU . DV WKH SXPS FRQWLQXHV WR H[FKDQJH LQWU]|
ODWVXXW DO )XMLPRWR DQG 7RPLWDW DO 2BKOPD]DNL DQG 2DNC
. 7KH UDWH RI WKH SXPS VORZV RYHU WLPH DV OHYHOV
LPPHGLDWH UHVXOW LV WKDW WKHUH LV D IDOO LQ VXE UHWLQI
GHFUHDVH LQ VXE UHWLQDO >. @ KDV LPSOLFDWLRQV IRU WKH JH
DQG *UHHQ

7TKH E ZDYH RI WKH (5* 300 LV QRW UHODWHG WR WKH 53( DQG L
IURP WKH 0eOOHU FHOOV 7KH VSDWLDO EXIIHULQJ RI . E\ 0eOOHU
WKH E ZDYH %URZQ DQG :LHVHO E OLOOHU DQG 'RZOLQJ

.OLGINV DO 1HZPDQ +RZHYHU LQ WKH VFRWRSLF PDPPDOLDQ



WRKXJKW WR EH GXH WR GHSRODULVDWLRQ RI WKH 21 ELSRODU F
DQG :X

7KH 53( DQG 0XOOHU FHOOV GLUHFWO\ LQIOXHQFH WKH F ZDYH
RZLQJ WR WKH FORVLQJ RI WKH GDUN FXUUHQW LQ WKH URGV |
PHPEUDQH DQG WKH 0XOOHU FHOOV 7KH F ZDYH LV WKH QHW UH\
K\SHUSRODULVLQJ UHVXOWLQJ LQ DQ LQFUHDVHG 7(3 VHHQ DV C
VHFRQG QHJDWLYH FRPSRQHQW LV GXH WR WKH K\SHUSRODULVD:
WKDW JHQHUDWH D VORZ FRUQHDO QHJDWLYH UHVSRQVH 3LOC
3URHQ]D 1HZPDQ 7KH IDOO LQ VXE UHWLQDO . UHVXOW
IRU . LQ WKH 53( DQG LQZDUG UHFWLI\LQJ .LU FKDQQHOV RSHQ L
FRUQHDO SRVLWLYH FKDQJH LQ SRWHQWLDO 2DNOH\ ,, DQG *UF
+XJKHV DQG 7DNDKLUD 7KH QHW UHVXOW RI WKH 0+OOH
DQG DSLFDO PHPEUDQH RI WKH 53( K\SHUSRODULVLQJ VR WKDW
FKDQJH DQG FRQWULEXWHV WR WKH FRUQHD SRVLWLYH F ZDYH

/KH 60RZ &RPSRQHQWYV 7KH /LIKW (

7ZR GLVWLQFW FKDQJHV LQ WKH VWDQGLQJ SRWHQWLDO KDYH W
FRQGXFWDQFH :KHQ OLJKW GDUN F\FOHV DUH DSSOLHG DW DSSU
DIDOO LQ WKH VWDQGLQJ SRWHQWLDO LQ OLJKW DQG D ULVH LQ
)2V RI WKH (2* :KHQ WKH H\H LV GDUN DGDSWHG RYHU D PL
WKH VWDQGLQJ SRWHQWLDO WKH GDUN WURXJK KHQ WKH H\H |
LQFUHDVHY VORZO\ DQG UHDFKHV D PD[LPDO YDOXH DW DSSURJ[LP
OLJKW ULVH 7KLV SURFHVV XQGHUOLHV WKH OLJKW (2*

*ULIl DQG 6WHLQEHUJ /ILQVHQPHLHU DQG 6WHLQEHUJ
XVHG D FRPELQDWLRQ RI LQWUD UHWLQDO PLFURHOHFWURGHV F
WKH VXE UHWLQDO VSDFH RU UHWUR RFXODUO\ WR SURYH WKDW
QRWHG WKDW WKH FKDQJH LQ WKH 53( ZDV GHSHQGHQW RQ VWLP
7TKH FRQFOXVLRQ zZDV WKDW VRPH pOLJKW ULVH VXEVWDOQF|
GLIIXVHG IURP WKH URGV WR WKH 53( WKH FRQFHQWUDWLRQ GHS
ZKHWKHU WKH VXEVWDQFH FRXOG GLIIXVH DzZD\ LQWR WKH XQ L
VSDFH *DOPWPRRQWH VKRZHG WKDW ZKHQ SRVW SKRWRUHFHSWRU V
OLJKW ULVH zZzDV XQDIIHFWHG WKHUHE\ GHPRQVWUDWLQJ WKDW
JHQHUDWHG ZDV UHOHDVHG E\ WKH URGYV

(YLGHQFH WKDW WKH OLJKW ULVH zZDV PHGLDWHG E\ DQ LQFUHD
VKRZQ ZKHQ IRXU &) FKDQQHO EORFNHUV DOO DEROLVKHG WKH
6WHLQEHUJ JXUWKHUPRUH &) VHQVLWLYH PLFURHOHFWURGI
GHFUHDVH LQ WKH LQWUDFHOOXODU &) DFWLYLW\ WKDW PDWEFKFE

$QRWKHU LVVXH LV WKH UROH RI FDOFLXP LQ UHJXODWLQJ \



WK OLJKW ULVH ,Q FDW +RIPDQQ DQG 1LHPH\HU VKRZHG Wl
LQFUHDVH RI >&D @RXW DQG VR &D ZDV SUHVXPHG WR SOD\ VRPH |

,Q RUGHU WR TXDQWLI\ WKH FRQWULEXWLRQ RI WKH DSLFDO DQG
WKH UROH RI WKH QHXUDO UHWLQD LQ WKH JHQHUDWLRQ RI WKH
ZHUH PRXQWHG LQ PRGLILHG 8VVLQJ FKDPEHUV %\ LQWURGXFLQ
ZDV SRVVLEOH WR UHFRUG 9%D6DL DQG 9$SLFDL GLIIHUHQWLDOO\ E\
WKH EDVDO DQG DSLFDO EDWK HOHFWURGHVY UHVSHFWLYHO\ *ULI
6WHLQEHUJ SDVVHG FXUUHQW SXOVHV EHWZHHQ DSLFDO DQ
WKH PHPEUDQH YROWDJH FKDQJHV FDXVHG DFURVV HDFK PHPEUD
WKH LQMHFWHG FXUUHQW SDVVHV YLD WKH SDUDFHOOXODU SDWK
DEVROXWH YDOXHV RI WKH UHVLVWDQFH RI DSLFDO 5$SL&L DQG
GHWHUPLQHG ,QVWHDG WKH UDWLR RI WKH UHVLVWDQFHYV WKH L

S.1 ™“S)1&%WDVD_ 5 $SA%DBDO W,

KHQ WKH D YDOXH zZDV DQDO\VHG ZLWK WKH FKDQJHVY LQ WRWDO
WR GHWHUPLQH DW ZKLFK PHPEUDQH WKH JUHDWHVW FKDQJH LQ |
6WHLQEHUJ FDW /LQVHQPHLHU DQG 6WHLQBHWJIDW DQG |
*DOOHPRUH DQG 6WHLQEHUJ 9%b6DL GHSRODULVHG LQ UH
YDORRG D IDOO LQ WKH WRWDO WLVVXH UHVLVWDQFH 7KLV GHPR
SRWHQWLDO ZDV GXH WR 9% DVDL GHSRODULVLQJ DW D IDVWHU UDYV
JUHDWHU DFURVVY WKH EDVDO PHPEUDQH DV WKH D YDOXH LQFUHD

OHFKDQLVP RI WKH /LIJKW 5LVH

7KH EDVLF PRGHO RI WKH OLJKW ULVH LV WKDW OLJKW UHOHDVHV
FKDQJH LQ WKH EDVRODWHUDO PHPEUDQH FKORULGH FRQGXFWD(
PD\ RU PD\ QRW ELQG WR DQG XOWLPDWHO\ ZKDW VHFRQG PHVVH
WKH EDVRODWHUDO FKORULGH FKDQQHO UHVSRQVLEOH DUH QRZ E

7KH FOLQLFDO HYLGHQFH KDV LPSOLFDWHG EHVWURSKLQ LQ WKH
%HVWIV GLVHDVH WKH OLJKW ULVH LV UHGXFHG &URVV DQG %DU
SLQFNHWVDW ODUPRUNW HIV KDYH UHFHQWO\ SURSRVHG D QHZ
UROH RI EHVWURSKLQ EDVHG XSRQ WZR ILQGLQJV LQ PRXVH 53( W
EHVWURSKLQ ZDV VKRZQ WR GHFUHDVH >&D @LQ IROORZLQJ HOHYI
PD\ KDYH EHHQ WKH UHVXOW RI EHVWURSKLQ HLWKHU LQKLELWLC
&D E\ WKH (5 $OWHUQDWLYHO\ EHVWURSKLQ FRXOG KDYH EHHQ
WKURXJK WKH / W\SH &D FKDQQHO 6HFRQGO\ WKH ZKROH FHOO 53
EHWZHHQ EHVWURSKLQ GHILFLHQW DQG FRQWURO PLFH 7KLV V)
FKORULGH FKDQQHO UHVSRQVLEOH IRU WKH OLJKW ULVH EXW ZDV



$Q DOWHUQDWLYH PRGHO SODFHV &)75 DW WKH FHQWUH IRU WKH
DFWLYH WUDQVSRUWHU RI PDQ\ VXEVWUDWHY DQG $73 LV EHOLHY
WKH DSLFDO PHPEUDQH RI WKH 53( 7KHUHIRUH LQ WKLV SURSRVI
WKH 53( LOQWR WKH VXE UHWLQDO VSDFH $W WKH DSLFDO PHPEL
UHFHSWRUV 6830 0HW @W IRU $73 DQG LWV K\GURO\WHG SURG.
GLSKRVSKDWH $'3 6WLPXODWLRQ RI WKH SXULQHUJLF UHFHSWR
WKLV FRXOG SURYLGH WKH VLIQDBWRMW WKHLODBZHXONDQRE GHWFBRED O
,Q FRQIOLFW ZLWK WKLV K\SRWKHVLVY DUH WZR DEVWUDFWYVY WKD
ZKLFK ZRXOG VXJJHVW WKDW &)75 LV QRW GLUHFWON DWVSRQVLE
/IDUBW D

7KH (OXVLYH /LIJKW 5LVH 6XEVWDQFH

7TKH LGHQWLW\ RI WKH OLJKW ULVH VXEVWDQFH DQG UHFHSWRL
GLVFRYHU\ 7KH DSLFDO PHPEUDQH RI WKH 53( KDV YDULRXV U
PHGLDWH WKH OLJKW ULVH 'RSDPLQH ZDV FRQVLGHUHG D SRV
VXEVWDQFH EHFDXVH GRSDPLQH OHYHOV LQFUHDVH LQ WKH VX|
.UDPHU JXUWKHUPRUH WKH OLJKW ULVH ZDV UHGXFHG LQ
GHSUHVVLYHV (FRQRPRX DQG 6WHIDQLV VXIIHVWLQJ D ¢
GRSDPLQH OHYHOV DQG WKH QY MMXGILWYN KRZHYHHQ XQDEOH FR
GHPRQVWUDWH WKDW GRSDPLQH LV WKH OLJKW ULVH VXEHWVDQFH
DwW *DOOHPRUH DQG 6WHLQEHUJ S5XGROI DQG :LRODQG

(YLGHQFH IRU WKH SUHVHQFH RI IXQFWLRQDO DGUHQHUJILF PXV
UHFHSWRUV KDYH EHHQ LGHQWLILHG DW WKH DSLFDO PHPEUDQt
JUDPEDHW DO &URRMN DW SHWHUVRQ DQG OLOOHW DW $PPDU
OLWFKHOO HWA4ABMQQ5\PHHW DW &R O CHW RBQWV +RZHYHU QR OLJD!
IRU WKHVH UHFHSWRUV KDV EHHQ VKRZQ WR EH WKH OLJKW UL
UHJDUGHG DV D SRVVLEOH FOHQMGD®DWH ODUPRUVWHLQ



7KH )DVW 2VFLOODWLRAQ

7KH )2 KDV UHFHLYHG OHVV DWWHQWLRQ WKDQ WKH OLJKW (2* DC
VHWWLQJ +RZHYHU WKH )2V KDYH D GLIIHUHQW RULJLQ IURP WKI
GLVHDVHV RI WKH H\H 7KH PDLQ GLIITHUHQFHYV DUH LQ %HVWTYV I
%HVWIV ZLWK DQ DEQRUPDO OLJKW ULVH DQG LQ 53 WKH )2V DUH
DVVRFLDWHG ZLWK WKH DGYDQFHG VWDJHV RI WKH GHJHQHUL
%HDXPRQW JLIXUH VKRZV WKH )2V UHPDLQLQJ QRUPI

ULVH LQ %HVWYIV GLVHDVH

JLIXUH (2* DQG )2V LQ %HVWYIV 'LVHDVH

..
NGO

UNA

7KH 8JKW (2* bQG )DVW RVFLOODWLRQV LQ %HVWITV GLVHDVH 8S
EHORZ DQ LQGLYLGXDO ZLWK %HVW{V GLVHDVH 7KH )2V DUH UHI
DUH UHSUHVHQWHG E\ WKH GDUN DUURZV 7KH )2V DUH SUHVHUYFL
RSHQ DUURZ LV DEVHQW LQ %HVWITV 7KH VWLPXOXV OLJKW RQ
EHORZ WKH ORZHU ILJXUH 'XULQJ WKH )2V WKH VWDQGLQJ SRV
VWLPXOXV LV RII ,Q FRQWUDVW WKH OLJKW (2* IDOOV GXULQJ S
SHDNV DW DSSUR[LPDWHO\ PLOQXWHY RQFH WKH OLJKW LV UHWX

JRU WKH )2V WKH ILUVW VWHS LV WKH SKRWRUHFHSWRU LQGXFF
VSDFH 7KH DFWLYLW\ RI WKH 1D . &, GHFUHDVHV DV >. @RXW LV
%HFDXVH QRZ WKH LQZDUG 1D? . DQG &0 IOX[ GULYHQ E\ WKI



UBXFHG WKH LQWUDFHOOXODU FKORULGH FRQFHQWUDWLRQ GH
&RQVHTXHQWO\ WKH &)75 WUDQVSRUW RI FKORULGH DFURVV WK
FDXVHV D K\SHUSRPlIQ/DWLIRD@ RILQ WKH 7(3 LPPHGLDWHO\ IROC
GHFUHDVH LQ WKH 7(3 LV UHFRUGHG DV WKH OLJKW WURXJK RI Wl

,Q PLFH WKDW DUH KRPR]J\WJRXV IRU $ WKH )2V DUH UHGXFHG E
WKDW &)75 LV QRW VROHO\ UHVSRQVLEOH IRU WKH )2 DPSOLWXGH
WKH DPSOLWXGH RI WKH OLJKW ULVH zZDV UHGXFHG PRUH LQ $ |
LV QRW WKH FDVH LQ PDQ 7KH DXWKRUV VXJIJHVW WKDW WKHVH
&)75 ZLWK RWKHU LRQHRNFBEWQQHOV :X

7TKH FXUUHQW PRGHO SURSRVHV WKDW WKH OLJKW ULVH LV GHS
EHVWURSKLQ PRGXODWLQJ / W\SH &D FXUUHQWY DQG SRVVLEO\ I
)2V DUH GHSHQGHQW LQ SDUW XSRQ &)75

JLIXUH ZLWK FDSWLRQ RQ WKH IROORZLQJ SDJH DQG ILIJXUH IR
FXUUHQWY LQ WKH 53( GXULQJ D FKDQJH IURP GDUNQHVV WR OL.
VRPH RI WKH SRVVLEOH PHFKDQLVPV IRU WKH OLJKW ULVH



&DSWLRQ WR )LIJXUH

$ ,Q WKH GDUN WKH VXE UHWLQDO >N3@ LV PDLQWDLQHG E\ WK
H[WUDFHOOXODU DSLFDO 1D FRQFHQWUDWLRQ LV XVHG WR FR\
FRQFHQWUDWLRQ JUDGLHQWY LQWR WKH 53( 1& LV UHF\FOHG DW
JDWHG +3 FKDQQHO

% 5SHSUHVHQWDWLRQ RI WKH FKDQJHV LQ WKH 7(3 GXULQJ WKH C
IROORZLQJ OLJKW RQVHW WKH GDUN FXUUHQG@W OL/V U H& XFRIG ARYG
GRZQ LWV HOHFWURFKHPLFDO JUDGLHQBF RDKURKAK DPBAR DWKHRDXA
VSDFH VR WKDW 9$SLFDL K\SHUSRODULVHY DQG FRQWULEXWHYV WR
UHWINGDOVR VORZV WKH WUDQVSRUW RI 1D DQG &3 E\ WKH D¢
&ERQVHTXHQWO\ LQWUDFHOOXODU >&3@ GHFUHDVHV ZKLFK UHVXC(
WKH F\VWLF ILEURVLV WUDQVPHPEUDQH FRQGXFWDQFH UHJXODYV
K\SHUSRODULVHY DQG WKHUH LV D IDOO LQ WKH 7(3 7KLV LV VHH

AYTKH SXWDWLYH OLJKW ULVH UHFHSWRU /55 LV VLWXDWHG RQ W
/55 LV SXULQHUJLF DQG &)75 DFWLYDWHV WKLV UHFHSWRU WKU
DFWXDO DJRQLVW LV VWLOO WR EH GHWHUPLQHG DOWKRXJK $73 L
3 < UHFHSWRU LQLWLDWHY WKH ULVH LQ >&D @ Q DQG WKLV LV
LOQYROYHG LQ WKH OLJKW ULVH 7KH VRXUFH RI &D PD\ GHULYH |
JHQHUDWLRQ RI LQRVLWRO WULSKRVSKDWH ,3 WKDW ELQGV WR
&D&& DQG WKLV LV WKH PRVW OLNHO\ VRXUFH RI WKH &3 FXUL
GHSRODULVDWLRQ WKDW UHVXOWYVY LQ WKH OLJKW ULVH 7KH H[DF
VWLOO XQGHU LQYHVWLJDWLRQ +RZHYHU UHFHQW ILQGLQJV KD®
UDWH RI &D HQWU\ WKURXJK WKH / W\SH &D FKDQQHO DQG DO
PHGLDWHG VWRUH UHOHDVH EXW WKH PHFKDQLVP LV XQNQRZQ



JLIXUH S3RVVLEOH ,RQLF OHFKDQLVPV WKDW $0OWl

,Q WKH GDUN DW EDVHOLQH WKH >. @RXWa PO

w " JLJKW ULVH FKDQQHOV 1
UHFHSWRUYV $SLFDO
TLIKW
-XQFWLRQ
" (2* &0 FKDQQHOBBEBBB $
aw&D&& a&AHVWURSKLQ 2 A/AWYSH & DA!
% BDO
&0
7KH IDVW RVFLOODWLRQ OLJKW WURXJK VHFRQGYV DIWHU

$SLFDO

(QGRSODVPLF
SHWLFXOXP [LSA
&D VWRUH 1

%DVDO



1RQ 3KRWLF (2*V

7KH ODFN RI VSHFLILFLW\ ZLWK WKH OLJKW (2* LQ LWV LQDELOLW:!
53( GHIHFWV KDV OHG WR WKH VHDUFK IRU RWKHU QRQ SKRWLF
DOWHUQDWLYH PHDQV RI LQYHVWLJDWLQJ WKH 53( GLUHFWO\ 7KI
LQFUHDVLQJ EORRG S+ K\SHUFDSQNDOLQ D WD QL QWKHD BHIERW DV H
VWDQGLQJ SRWHQWLDO LQ UHVSRQVH WRWK\B®[LD, QW UDOWHRQ R MM
LQIXVLRQ RI D VROXWLRQ RI 1D+& GHFUHDVHV WKH VWDQGLC
UHGXFHG LQ GLVHDVHV DIIHFWLQJ WKH 53( VXFK DV 53 6HJDZD

VRGLXP ELFDUERQDWH (2*V KDYH QRW EHFRPH SUDFWLFDO FOLQLI

$Q LQFUHDVH LQ RVPRODULW\ DOVR GHFUHDVHV WKH RFX@WDU VW
DO 7KLV K\SHURVPRODU UHVSRQVH LV UHGXFHG HY ®ODEHW
EXW QRW LQ FHQWUDO VHURXV UHWLQRSDWK\ RU H[WUDPDFX
$FHWD]RODPLGH 'LDPR[ DOVR UHGXFHV WKH RFXWDRO VWDC
EXW WKLV ILQGLQJ KDV QRW SURYHQ WR EH D VHQVLWLYH P
ODUPRU

,GHDOO\ D QRQ SKRWLF VWLPXOXV WKDW ZRXOG DOWHU WKH VWI
DGPLQLVWHU WR D ZLGH UDQJH RI SDWLHQWY DQG EH DEOH WR Gt

7KH $OFRKRO (2*

(WKDQRO LV D ZHOO NQRZQ FRPSRXQG WKDW DOWHUV KXPDQ SK!
FHOQWUDO QHUYRXV VA\VWHP &16 ZHOO GRFXPHQWHG 7KH HOHFW
WKH (5* LQ KXPDQ VKRZ WKDW WKH E DQG F ZDYHV LQFUHDVH EX\V
ZDYH ,NHGD 6NRRJ HW DENRRJIKHVH ILQGLQJV VXJIIHVW WKI
FKDQQHOV RI WKH URGY DUH QRW LQYROYHG LQ JHQHUDWLQJ WKH

7KH ILUVW VWXG\ WR VKRZ WKDW HWKDQRO LQFUHDVHG WKH VWDC
6NRRJ +H IRXQG WKDW LQ PDQ IROORZLQJ PJ NJ RI RU
DGDSWDWLRQ WKH RFXODU VWDQGLQJ SRWHQWLDO LQFUHDVHG
SRWHQWLDO FOLQLFDO UHOHYDQFH RI WKH DOFRKRO (2* ,Q WKH
SURSRVHG IRU WKH LQWHUDFWLRQ EHWZHHQ OLJKW DOFRKRO DQ
WKH\ QRWHG WKDW YHU\ VPDOO TXDQWLWLHV RI DOFRKRO ZHUH
VWDQGLQJ SRWHQWLDO RI WKH H\H ZLWK PJ NJ EHLQJ VXIILFLH
VWDQGLQJ SRWHQWLDO ZLWK VDWXUDWLRQ RFFXUULQJ DW PJ N

7KH\ DOVR QRWHG WKDW WKH FKDQJH LQ WKH VWDQGLQJ SRWHQ
VDPH WLPH FRXUVH DQG RVFLOODWLRQV WKDW DUH SUHVHQW LQ
(2* WR WKH OLJKW (2* LPSOLHG WKDW DW OHDVW D SDUW RI WKH F



PRGHO WKH\ LQYHVWLIJDWHG WKH LQWHUDFWLRQ RI OLJKW DQG
VXEMHFWY 7KH SULQFLSDO ILQGLQJV ZHUH

KHQ WKH LQGLYLGXDO UHVSRQVHV WR D ORZ RUDO GRVH
ZHUH VXPPHG WKH UHVXOWLQJ (2* ZzDV H[DFWO\ HTXDO WR WKH |
RI WKHVH DIJHQWY ZHUH WDNHQ WRJHWKHU 7KDW LV ORZ DOFREK
DOFRKRO DQG ORZ OLJKW WRJHWKHU [/ $ KHQ WKH OHYHOV RI
OHYHOV RI PD[LPDO UHVSRQVHV WKHQ WKHUH ZDV QR VXPPDW
FROQGLWLRQV WKH FKDQJH LQ WKH VWDQGLQJ SRWHQWLDO ZDV \
VKDUHG WKH VDPH ILQDO SDWKZD\ 6HH ILIXUH

JLIXUH (2* 6XPPDWLRQ RI /LJKW DQG $OFRKR

7LPH IURP VWLPXOXV PLQXWHYV

7TKH VXPPDWLRQ RI WRZ OHYHOV RI DOFRKRO PJ NJ DQG OL.
UHVSRQVH DPSOLWXGH ZKHQ WKH WZR VWLPXODQWY DUH WDNHQ
7TURODQGV RI OLJKW 7KLV ILQGLQJ VXJIJHVWYV WKDW ERWK OLJKW
SDWKZzZD\ )URP $UGHQ DQG :ROI E

KHQ OLJKW RU DOFRKRO ZDV JLYHQ RYHU D EDFNJURXQG
LQWHUDFWLRQV ZHUH GLIIHUHQW /RZ OHYHOV RI OLJKW RU DOEFR
WKH ULVH LQ WKH VWDQGLQJ SRWHQWLDO ZKHQ IXUWKHU OLJKW
EDFNJURXQG RI OLIJKW UHGXFHV WKH OLJKW UHVSRQVH DQG D ED
UHVSRQVH +RZHYHU ZKHQ OLJKW ZDV JLYHQ RYHU D EDFNJURXQC
RYHU D EDFNJURXQG RI ORZ OLJKW WKHQ WKHUH ZDV QR UHGXFWL
DQG DOFRKRO GLG QRW VKDUH WKH VDPH LQLWLDO UHFHSWRU DQ
ILIXUH RYHUOHDI



J)LIXUH (MHFWV RI D %DFNJURXQG RI /LIKW RU

*RZ EDFNJURXQG OLJKW LQWHUDFWV ZLWJ&Q?%’B%%\I%SRXQG DOFRKRO LQWHUDFWYV Z

v DOFRKRO LQ GDUNQHVV ¥ OLJKW RQ DOFRKRO EDFNJURXQG
f DOFRKRO RQ OLJKW EDFNJURXQG v OLJKW EXW QR DOFRKRO

B/ BLB & BOB

7LPH IURP DOFRKRO PLQXWHYV 7LPH IURP OLJKW RQVHW PLQXWHYV

7TKH XSSHU WZR ILIJXUHV VKRZ WKDW D EDFNJURXQG RI HLWKHU
VWLPXODWLRQ ZLWK HLWKHU OLJKW RU DOFRKRO UHVSHFWLYHO\
DUH VHPL VDWXUDWHG DQG VR VXEVHTXHQW VWLPXODWLRQ E\ W
UHVSRQVH ,Q FROQWUDVW ZKHQ HLWKHU OLJKW RU DOFRKRO LV ¢
WKHQ WKHUH LV QR LQWHUIHUHQFH ZKHQ DOFRKRO RU OLJKW LV .
WKH HWKDQRO DQG OLJKW UHFHSWRU DUH GLIITHUHQW )URP $UGH

$ UHSUHVHQWDWLRQ Rl WKH PRGHO SURGXFHG E\ $UGHQ DQG :R(
RYHUOHDI 7KH DOFRKRO (2* LV EHOLHYHG WR UHVXOW IURP H\
FKORULGH FRQGXFWDQFH WKDW JHQHUDWHY WKH OLJKW ULVH 7t
EDVHG XSRQ WKH PRGHO WKH WZR UHFHSWRUV IRU OLJKW DQG
GHWHUPLQH WKH PHFKDQLVP E\ ZKLFK HWKDQRO DFWV DV
HOHFWURSK\VLRORJLFDO PHDQV RI DVVHVVLQJ RQH DVSHFW RI 5:
SKRWRUHFHSWRU FRQWULEXWLRQ 7KLV LV EHFDXVH WKH DOFRKR
ZRXOG EH D VSHFLILF WHVW IRU WKH 53¢



J)LIXUH B3RVVLEOH $OFRKRO (2* OHFKDQLVI

6FKHPDWLF UHSUHVHQWDWLRQ RI HWKDQROYV SRVVLEOH LQWHL
VWDQGLQJ SRWHQWLDO RI WKH H\H DV SURSRVHG E\ $UGHQ DQ¢
UHOHDVH D OLJKW ULVH VXEVWDQFH IURP WKH URGV WKDW ELQG
UHOHDVHV D VHFRQG PHVVHQJHU WKDW LQWHUDFWV ZLWK DQ
DQRWKHU PHVVHQJHU WKDW XOWLPDWHO\ UHVXOWYV LQ DQ LC
FRQGXFWDQFH WR &3 (WKDQRO FRXOG DFW RQ HLWKHU DQ DSLF
WKURXJK WKH SODVPD PHPEUDQH WR DFW GLUHFWO\ RQ WKH
PHVVHQJHU ,W LV LPSRUWDQW WR QRWH WKDW OLJKW DQG H\
FRQYHUJH WR LQFUHDVH EDVRODWHUDO &7 FRQGXFWDQFH Kt
PHVVHQJHU V\VWHP LV XQNQRZQ

7KH $OFRKRO (2* DQG 5HWLQDO 'HIJHQHUD

7KH VLIQLILFDQFH RI WKH HWKDQRO LQGXFHG UHVSRQVH RQ W
LOQYHVWLIJDWHG LQ D VHULHV RI SDWLHQWYV ZLWK 53 DQG FRPSDU
‘ROI D $HOHOW ,Q WKLV VHULHV RI SDWLHQWYV WKH DOFR
UHGXFHG PRUH WKDQ WKH VPDOO OLJKW ULVHV REVHUYHG VHH
WKDW WKH DOFRKRO (2* ZzDV UHYHDOLQJ D GLIIHUHQW DQG SHU
IXQFWLRQ WKDQ OLJKWYV LOQWHUDFWLRQ ZLWKHWIKWH URGY $UGHQ



J)LIXUH $OFRKRO DQG /LIJKW (2* LQ 53

WLPH IURP VWLPXOXV PLQ
7KH OLJKW (2* LV NQRzZzQ WR EH DEVHQW ZKHQ WKHUH LV PDUI

GHPRQVWUDWHG LQ WKH DERYH ILIJXUH ZLWK DQ DEVHQW OL
UHGXFHG PRUH WKDQ WKH OLJKW HYRNHG UHVSRQVH LQ 53 P 7K
(2* UHVSRQVH )URP $UGHQ DQG :ROI D

$ FRPSDULVRQ EHWZHHQ WKH OLJKW DQG DOFRKRO (2*V LQ SDW
IURP PLOG WR VHYHUH VKRZHG LPSRUWDQW GLIITHUHQFHVY ,Q WK
WKDW WKH DOFRKRO ULVHV ZHUH DOVR UHGXFHG FRPSDUHG WR
PRUH PDUNHG WKDQ LQ WKH OLJKW ULVH RI WKH (2* VHH ILJXUL
KDYH EHHQ DWWULEXWDEOH WR WKH WKLFNHQLQJ RI %UXFK V PFH
WKH ILQDO FRQFHQWUDWLRQ RI HWKDQRO UHDFKLQJ WKH 53( $O
53 WKH DOFRKRO (2* LV UHYHDOLQJ DQ XQGHUO\LQJ FKDQJH LQ W
ZLWK WKH OLJKW (2* $UGHQ DQG :ROI



YLIXUH $OFRKRO (2* LQ $50°

7KH DERYH ILIJXUH FRPSDUHV WKH OLJKW (2* WR WKH DOFRKRO (2
7KH DOFRKRO (2* ¥ LV DIIHFWHG PRUH WKDQ WKH OLJKW (2* I
UHGXFHG ZKHQ FRPSDUHG WR WKH DJH PDWFKHG FRQWUROV )URF

7KH VLIQLILFDQFH RI WKHVH ILQGLQJV LQ PDQ LV WKDW WKH DOF
SDWKzZzD\ WKDW LV DOWHUHG LQ VRPH zZD\ WKDW GLIIHUV IRU WKH
DEQRUPDOLW\ RQ WKH DOFRKRO (2* ZRXOG VXJIJHVW WKDW WKHUF
SDWKZD\ RU PHFKDQLVP E\ ZKLFK HWKDQRO DOWHUV WKH VWDQGL

$QLPDO ,QYHVWLJDWLRQV LQWR WKH

2QH VWXG\ VKRZHG WKDW HWKDQRO DSSOLHG WR WKH DSLFDO V)
DQG WKYfDAXQGLFDWLQJ WKDW HWKDQRO ZDV LQFUHDVLQJ WKH EL
%LDEBMNDO 7KLV ILQGLQJ ZRXOG ILW ZLWK WKH FOLQLFDO SLF
HWKDQRO DFWV GLUHFWO\ XSRQ DQ 53( UHFHSWRU WR LQFUHDVH

3DXWOHU SHUIRUPHG PRUH H[WHQVLYH H[SHULPHQWV WR
DOFRKRO ULVH LQ ERYLQH 53( 7KLV VWXG\ DOVR VKRZHG WKDW H
WR WKH DSLFDO DQG EDVDO EDWKV RI ERYLQH 53( WLVVXH PRXQW
XQH[SHFWHG ILQGLQJ ZDV WKDW HWKDQRO GLG QRW SURGXFH Wtk
DGDSWHG DQG WKDW WKH UHVSRQVH zZDV PD[LPDO LQ JUHHQ OLJ
PD\ EH DFWLQJ RQ D SULPLWLYH * SURWHLQ FRXSOHG pJUHHQ OL
WKH VHFRQG PHVVHQJHU 3DXWOHU



7KH HIIHFWV Rl HWKDQRO RQ WKH VWDQGLQJ SRWHQWLDO RI WKH
VLPLODU WR WKRVH IRK@G LQ P D/! [ WMERNDHOV

SRVVLEOH (WKDQRO 5HFHSWRU V

(WKDQRO KDV EHHQ VWXGLHG SULQFLSDOO\ FRQFHUQLQJ LWV DQI
FKURQLF HWKDQRO FRQVXPSWLRQ :LWK UHODWLRQ WR WKH H\H
FDXVHV UHGXFWLRQV LQ WKH UDW (5* Rl WKH RIIVSULQJ .DW] DQ
WKH DFWLRQ RI HWKDQRO RQ WKH 53( ZRXOG EH HLWKHU D * SUR\
FKDQQHO

ORGXODWLRQ RI WKH DGUHQHUJLF UHFHSWRUV E\ HWKDQRO DQG |
DUH W\SLFDOO\ DVVRFLDWHG ZLWK FKURQLF HWKDQRO H[SRVXUH
RI SURWHLQV ORPK@O5RYRIQGHRWY DO 6LPRQVWWR@O OLOHW DO

3DQGH\ $W KLJK GRVHV ! PO DGHQ\ODWH F\FODVH{V F
6DLWW DO DGUHQHUJLF UHFHSWRUV DUH DOVR D VLWH RI DF
EHWZHHQ HWKDQRO DQG LVRSURWHQ HWR ®OG H BREHW D Q & HR O 8 R E

(OHYDWLRQ RI F$03 LQ KHSDWRF\WHV RFFXUV DIWHU FKURC
H[SRVXUH GHFUHDVHV F$0W OBYH®V\ DAE&OH6LOYD

,Q WKH OLPLWHG VWXGLHV ZKHUH HWKDQRO KDV EHHQ HPSOR\HC
DFXWH H[SRVXUH WKHUH LV HYLGHQFH WR VKRZ WKDW LQ WKF
SRWHQWLDWHY 3.& VLIQDOOLQJ YLD * SURWHLQV LQ WKH KLSSRFI
,Q WKH SDQFUHDV ORZ GRVHV RI HWKDQRO PO DOVR LQFU
E\ PRELOLVLQJ LQWUDFHOOXODU BRW DIQG HN$GBQ<DROPRWR SUHGL
WKH DFWXDO FRQFHQWUDWLRQ RI HWKDQRO WR HOLFLW WKH DOF|
D QRYHO DFWLRQ RI HWKDQRO DW ORZ FRQFHQWUDWLRQV :ROI D(

(WKDQRO LV NQRZQ WR PRGXODWH &D FXUUHQWV RI WKH / W\SH
LW HLWKHU LQFUHDVHV RU GHFUHDVHV WKHVH FXUUHQW GHS
FRQFHQWUDWLRQ ,Q UDW SLQHDORF\WHV HWKDQRO PO LQKLE
HW DO +RZHYHU DW fORZY GRVHV PO HWKDQRO LQFUHDVH
LQKLELWY WKHP DW FRQFHQWUDWLRQV ! HWODDQ D QHXURQDO FH



6 XPPDU\

7KH OLJKW (2* LV D XVHIXO FOLQLFDO WRRO IRU DVVHVVLQJ W
FRPSOH[ +RZHYHU LWV ODFN RI VSHFLILFLW\ IRU HLWKHU WKH 5
IRU QRQ SKRWLF PHGLDWRUV WKDW FDQ DOWHU WKH RFXODU VW
$OFRKRO SURPLVHV WR EH RQH VXFK VXEVWDQFH ZKLFK PLPLFV
DQG LV UHGXFHG LQ WR D JUHDWHU H[WHQW WKDQ WKH OLJKW (2
VWXG\ LV WR GHWHUPLQH KRZ HWKDQRO LQWHUDFWYVY ZLWK WKH F



,Q YLWAUURGHOOLQJ RI WKH =



QWURGXFWLRQ

,Q RUGHU WR LQYHVWLJDWH WKH XQGHUO\LQJ PHFKDQLVP RI W
HVWDEOLVK IDQVKIPWOBROHRI WKH 53( 2QH DSSURDFK ZDV WR XVH F
KXPDQ 53( WKDW HLWKHU KDYH DQ LQKHUHQW DELOLW\ WR XQGH!I
WKDW KDYH EHHQ WUDQVIHFWHG ZLWK D YLUDO YHFWRU WKDW FI
XVHG LQ WKLV VWXG\ HW3DW 'HQQ 'DHWVDW WKDW DUH ERMW
GHULYHG IURP DGXOW KXPDQ GRQRUV $53( KDV EHHQ WKH PR
KXPDQ 83Q YLAWURWHUHVW ZDV ZKHWKHU WKURXJK WKH PDQLSXO
WKH 7(5 RI $53( FRXOG EH PDLOQWDLQHG DW D OHYHO WKDW ZR>
OLQH LQ WKH LQYHVWLJDWLRQ RI WKH DOFRKRO (2*

,Q WKH GHYHORSLQJ 53( VHFUHWHG UHWLQDO IDFWRUV LQIOXHQF
DQG /L %DQ DQG 5L]]ROR HW DWD ®#OH GHYHORSPHQW RI
MXQFWLRQV LQ WKH 53( KDV EHHQ PRVW H[WHQVLYHO\ VWXGLHG L
+LV JURXS KDV GHWHUPLQHG WKDW WKDW FXOWXUH FRQGLWLRQV
IURP ZKHUH WKH VHFUHWHG IDFWRUV ZHUH LVRODWHG DOO GH
SHUPHDELOLW\ RI WKH PRQROD\HU

7TKHVH VHFUHWHG IDFWRUV GLIIHU RYHU WLPH ZLWK WKH PRUH I
IDFWRUV LQFUHDVLQJ WKH 7(5 RI FKLFN 53( FHOOV WR D JUHDWI
PHGLXP 5L]]JROR DQG /L JXUWKHU LQYHVWLIJDWLRQ RI WKH
( UHWLQD D VPDOO N'D SURWHDVH UHVLVWDQW JURZWK IDFWHR
VPDOO IDFWRU ZDV DEVHQW EXW D ODUJHU DQG PRUH SRWHQW SU
D PDVV RI N'D %DQ DQG 5L]IROR E 7KH IDFWRUV GHULYH IU
LV QRW NQRZQ IURP ZKLFK FHOO W\SH RU W\SHV WKH\ RULJLQDWH
RYHU WLPH LPSOLHG WKDW WKH IDFWRUV ZHUH DOWHULQJ JHQH H
ILEUREODVW FRQGLWLRQHG PHGLXP WR WKH EDVDO FRPSDUWPHQ
DSLFDO FKDPEHU LQFUHDVHG WKH 7(5 LQ ( FKHWNDMB( WR a 4 F

7KH GHSHQGHQFH RQ WLJKW MXQFWLRQ IRUPDWLRQ DQG VHFUHW!
FHOO OLQHV PD\ DOVR EH VHQVLWLYH WR VLPLODU IDFWRUV *LY}
PRVW OLNHO\ VRXUFH RI WKHVH IDFWRUV ZRXOG EH WKH SKRWRL
IDFWRUV RU IURP WKH 0:O0HU FHOOV JOLDO FHOOV $ OHVV OL
DVWURF\WHV WKDW DUH IRXQG LQ WKH LQQHU UHWLQD ZKHUH \
PDLQWHQDQFH RI WKH LQQHU EORRN DIM W-LKIDQ@I AU BWR QHD U G Q H L

,Q WKLV VHFWLRQ GLIITHUHQW PHWKRGYV ZHUH XVHG WR WU\ DQG

2QH zZzDV WR PRGLI\ ERWK WKH FHOO FXOWXUH VXEVWUDWH DQ
WKDW UHSOLFDWHG VRPH RI WKH OLNHO\ |IDRWRVNYYWWK R WU RKWBHS5.
$53( ZHUH JURZQ LQ FR FXOWXUH ZLWK JOLDO FHOOV ZKRVH VH
WKH UHWLQDO IDFWRUV LGHQWLILHG DV EHLQJ LPSRUWDQW LQ WL



(SLWKHOLDO &HOO /LQHV

&HOO OLQHV DUH GHULYHG IURP VXE FXOWXUHV RI QDWLYH FHO(
EHKDYLRXU RI WKH SDUHQW FHOO +RZHYHU WKH SURFHVV RI VX
WKH VLPLODULW\ EHWZHHQ WKH SDUHQW DQG GDXJKWHU FHOOV

EH WKH ODFN RI SDUWLFXO D U Q DFIBMRQUWH TKHDOQW DU H FSIOHV BQ@HY W
D XVHIXO PRGHO GR QRW H[DFWO\ UHSOLFDWH WKH SDUHQW F
JHQHWLF SURILOH RI $53( FHOOV WR SULPDU\ FXOWXUHG KXPD(
WKUHH HOGHUO\ GRQRUV GLVSOD\ YDULDWLRQ +RZHYHU WKH P
VSHFLILF IRU 53( JHQH H[SUHVVLRQ EXW FRQVLVWHG RI DQ DUUD
SURILOH EHWZHHQ $53( DQG QDWLYH KXPDQ 53( FHOOV ZDV FC
ZHUH JURZQ RQ ODPLQLQ FROODMID,9 RU ILEURQHFWLQ 7LDQ

JRHWDO KXPDQ 53( KDV EHHQ VKRZQ WR UHWDLQ LWV SKHQRW\SH
+X DQG %RN 7KH 53( ZLWK DJH EHFRPHV VHQHVFHQW DQG G
WKH 53(V SKHQRW\SH &XOWXUHG KXPDQ 53( FHOOV W\SLFDOO\
HISUHVVLRQ RI LRQLF FKDQQHOV GLIIHUV WR WKDW RI QDWLYH 5:
RI DGXOW GRQRU 53( ZHUH DWWHPSWHG EXW WKH UDWH RI JURZ!
ZDV FRQWDPLQDWHG ZLWK QRQ HSLWKHOLDO FHOOV WKDW TXLF!
SRVW PRUWHP GHOD\ IRU DGXOW 53( ZzDV DW EHVW KRXUV
FRPSURPLVHG WKH FHOOYfV LQWHJULW\

$53(

$53( FHOOV DUH D VSRQWDQHRXVO\ DULVLQJ FHOO OLQH GHULY
FHOOV ZHUH LVRODWHG E\ VHOHFWLYH WU\SVLQLVDWLRQ WR SUR
FREEOHVWRQH PRUSKRORJ\ RHWODWLYHKIB(PSX®QRU WZR VSHFLIL
SURWHLQVY FHOOXODU UHWLQDOGHK\GH ELQGLQJ SURWHLQ &5%$/%
EORWYV DQG WKH SURWHLQ LGHQWLILHG XVLQJ :HVWHUQ EORWY D(
ZDV JURZQ LQ UHGXFHG VHUXP RQ ODPLQLQ FRDWHG SHUPHDEO!
FHOOV FP WKH 7(5 REWDLQHG ZDV 4 FP +RZHYHU WKH 7(5 ZDV
WKH FHOOV ZHUH JURZQ LQ D VEHMFDMOLGHGL@PHGLIRRI BRMDQ 53(
FKURPRVRPHV RI WKLV FHOO OLQH VKRZHG D GHOHWLRQ RI WKH
DGGLWLRQ WR WKH ORQJ DUP RWFBORPRVRPH 'XQQ

$53( FHOOV KDYH EHHQ XVHG WR PRGHO QXPHURXV DVSHFWYV
SDWKRSK\WLRORJ\ VXFK DV $73 WUDQVSRUW YLD &)75 5HLJDGD
PHFKDQLVP RI $50' HW.JJQQV.LAFHW DO $PLQW DO ODUWWQDO
&KHQW DO OLFHOL DQG -D]JZLQVNL 7KH\ KDYH DOVR EHI
EORRG EUDLQ DQG EORRG UHMWRQDO XBNXIRNIHD® $ERILPH®DDO
$53( FHOOV KDYH EHHQ XVHG WR PRGHO IOXLG WUDQVSR
%ULGHMNV DO E (O 6KHUBMQ@DO WKH SKDJRF\WRVLV RI URG RXW



JLOQQHPB®QDO &KRZHWV DW FHOO SRODHMWWOW'XRQG R[LGDWLYF

VWUHVYV $OWDGHK:HLIJHW DW *DUJ DQG &KDQJ HW 9%V O H\
6 WU XQ QHWN RDN\D 7KLY FHOO OLQH KDV DOVR EHHQ VKRZQ WR

IROORZLQJ VXE UHWLQDO WUDQVSODQWDWLRQ LQWR WKH 5R\DO

UHWLQDO GHIJHQHUDWLRQ ZKHUH WKH\ UHWWRDG G :DRRIHVYRUY XD O
6DX¥YHHW DO

$53( FHOOV ZHUH VXSSOLHG E\ WKH (XURSHDQ &ROOHFWLRQ F
6DOLVEXU\ 8. DW SDVVDJH J)LIXUH EHORZ VKRZV $53( FH
$00 FHOO LPDJHV LQ WKLY VHFWLRQ ZHUH DFTXLUHG RQ D 1LNRQ
PLFURVFRSH 1LNRQ .LQJVWRQ 8. ZLWK D [ REMHFWLYH QXPH
ZLWK D GLJLWDO FDPHUD 6SRW 'LDIQRVWLF ,QVWUXPHQWYV

DFTXLUHG XVLQJ 6SRW VRIWZDUH YHUVLRQ 'LDIJQRVWLF ,QVW|
KDUG GULYH

JLIXUH $53( &HOOV LQ &XOWXUH

$53( FHOOV JURZQ XQGHU VWDQGDUG FXOWXUH FRQGLWLRQV
PRUSKRORJ\ 6FDOH EDU ORZHU ULJKW LV SP

' LV DOVR D VSRQWDQHRXVO\ DULVLQJ FHOO OLQH GHULYHG 1U
VXE FXOWXUH HVWDEOLVKHG E\ VHOHFWLYH WU\SVLQLVDWLRQ :KlI
MXQFWLRQV DQG VRPH DSLFDO PLFURYLOOL &5%$/%3 ZDV LGHQWLIL
' FHOO OLQH UHWDLQHG WKH DELOLW\ WR SKDJRF\WRVH URG RX}

3DVVDJH QXPEHU 7KH SDVVDJH QXPEHU LV DQ LQGLFDWLRQ RI WKH QXPEHU R
PLWRVLV



ZLWK HDUO\ SDVVDJH QXPEHUV KDYLQJ “ FKURPRVRPHY :LWK
EH\RQG WKH QXPEHU RI FKURPRVRPHY LGHQWLIHWGDDDV “ |

' KDV VLPLODUO\ EHHQ XVHG WR PRGHO KXPDQ 53( EHKDY|
0D QQHU VMWW RO SDWKRJHQHVLYV RI $30'DGKDRQPG GUXJ GHOLYI
SLWNDMHQHQO ' KDV QRW EHHQ DV H[WHQVLYHO\ VWXGLHG DV $
JHQH SURILOH

7TKH ' FHOOV ZHUH D JHQHURXYV JLIW RI 3URI 5LFKDUG +XQW ¢
86%$ DQG ZHUH VXSSOLHG DW SDVVDJH JLIXUH VKRZV ' FHO!
JLIXUH ' &HOOV LQ &XOWXUH

' FHOOV H[KLELW DQ HSLWKHOLDO PRUSKRORJ\ ZKHQ JURZQ LQ
SP

(&9

(&9 ZDV RULJLQDOO\ LVRODWHG IURP KXPDQ XPELOLFDO YHLQ D
KXPDQ HQGRWKHOLDO HWWODY 7BRDKDNWBL LW ZDV VXEVHTXHQWO
(&9 KDG EHHQ LQFRUUHFWO\ GHSRVLWHG DQG ZDV DFWXDOO\ W
KXPDQ EODGGHU FDUFLABRPDOFH®ORZWLDRY 7DBW DO 'UH[OHU
HW DO (&9 ZDV XVHG DV D SRVLWLYH FRQWURO WR FRPSDUH \
ZLWK DQRWKHU HSLWKHOLDO FHOO ZKRVH LQFUHDVHG 7(5 KDYH
WKH & DVWURJOLDGIWHD® O(&PH HOINWHHQ XVHG WR PRGHO WKF
WLIKW MXQFWLRQV LBWERE 53 HIWA AXDG



(&9 FHOOV ZHUH JHQHURXVO\ SURYLGHG E\ 3URI -RDQ S$EERW

SDVVDJH &HOOV ZHUH RULJLQDOO\ VRXUFHG IURP (&$&& )LIXU
JLIXUH (&9 &HOOV LQ &XOWXUH
© q P

w 1
(&9 FHOOV FORVHO\ UHVHPEOH WKH HSLWKHOLDO FREEOHVWRC
SP

*OLDO &HOO /LQHV & DQG 0, O

7KH & FHOO OLQH ZDV GHULYHG IURP D UDW JOLDO WXPRXU WKD
1 QLWURVRPHWK\GXW BDD %&QGW QRW RI UHWLQDO RULJLQ EXW L\
DVWURF\WHV LQ WKH EORRG EMWLQDOEDUKHHHIRBBHAY FHDQV ZHUI
VLPXODWH WKH DVWURF\WHV LQ WKH UHWLQD DV WKH SRWHQWLD

7TKH LPPRUWDOLVHG KXPDQ 0OOHU FHOO OLQH GHVLJQDWHG 0,2 (
VHFUHWHG UHWLQDO IDFWRUV )DFWRUV IURP WKH 53( FEBY LQFU
DO -D\QHV DQG 7XUQHU 0-OOHU FHOOV FDQ LQFUHDVH W
HQGRWKHOLDO FHWODO 7UHRVZIHDAHU ZKHWKHU WKHUH LV D SRWH
GHULYHG IDFWRUV WR XS UHJXODWH WLIJKW MXQFWLRQDO SURWH]I

0,20 ZHUH GHULYHG IURP D \HDU ROG IHPDOH GRQRU DQG |
H[SUHVVHG 0-OOHU FHB® BPDUNB2VO /EA®BOV ZHUH D JHQHURXYV JLI
/ILPE TIURP WKH ,QVWLWXWH RI 2SKWKDOPRORJ\ DQG VXSSOLHG DW
SURYLGHG E\ 3URI -RDQ $EERWW DW .LQJV &ROOHJIJH /RQGRQ D
RULJLQDOO\ IURP (&$%$& 6HH ILIXUHYV $ & FHOOV DQG % O,
LQ FXOWXUH



J)LIXUH & DQG 0, 0 &HOOV LQ &XOWXUH

& FHOOV DUH LQ WKH XSSHU SDQHO $ DQG 0,2 0 FHOOV DUH RC
H[KLELW D JOLDO OLNH PRUSKRORJ\ ZLWK HI[WHQGHG FHOO ERGLH



7UDQV (SLWKHOLDO 5HVLVWDQFH DQ

7KH SRODULVDWLRQ RI LRQLF FKDQQHOV LQ WKH DSLFDO DQG E
LQWHUFHOOXODU WLJKW MXQFWLRQV ZKLFK HVWDEOLVKHV WKH
UHSRUWHG YDOXHV RI WKH 7(3 DQG 7(5 LQ SULPDU\ H[SODQWYV R
JLYHV WKHVH YDOXHV IRU KXPDQ 53( LQ FXOWXUH DQG SULPDU\
DQLPDO SUHSDUDWLRQV H[KLELW D 7(5 RI ! 4 FP DQG KXPDQ 5
IURP 4 FP

7KH PHDVXUHPHQWYVY RI WKH 7(5V DUH QRW DOZD\V FRPSDUDEO
UHFRUGLQJ WHFKQLTXHV DIIHFWLQJ WKH UHVXOW )RU H[DPSOH |
ZLOO JLYH KLJKHU YDOXHV WKDQ WKRVH REWDLQHG LQ DQ 8VVLQJ
WKH 7(5 ZLWK D ORZ WHPSHUDWXUH DVVRFLDWHG ZLWK D KLJKHU
WKH FHOOV WR UHVW RXWVLGH RI WKH LQFXEDWRU DW URRP WHP
ODULWRFB ®DW [/XRWD

7DEOH 7(3 DQG 7(5 LQ $QLPDO 53(

6SHFLHV(5 4 FP 7(3 P9 S5HIHUHQFH

%RYLQH (GHOPDQ DQG OLOOHU
%RYLQH “ “ -RVHSK DQG OLOOHU
%RYLQH “ “ OLOOHU DQG (GHOPDQ
PRYLQH “ “ $UQBW DL

3RUFLQH “ “

&KLFN « “ *D O O H RRWHO

&KLFN “ « . XQWW DO

&KLFN 2 *DOOHPRUH DQG 6WHLQEHUJ
% X 1R “ “ *ULII

5DQD “ " OD &RXU

&DQLQH « «

4XLQQ DQG OLOOHU
YHOLQH WR WR

7DEOH Rl WKH HOHFWULFDO SDUDPHWHUV RI WKH 53( LQ DQLPDO
WKH 7(3V DUH ! P9 7 GHQRWHV WUDQV WLVVXH UHVLVWDQFH

&HOO FXOWXUHV GHULYHG IURP KXPDQ WLVVXH DOVR GLVSOD\ YI
UHSRUWHG GHSHQGLQJ XSRQ WKH DJH RI WKH 53( bQG WKH FXOW
UHSRUWHG WR REWDLQ D 7(5 RI 4 FP WKDW FDQ EH HQKDQFHG

DGXOW KXPDQ 53( LV UHSRUWHG WR EH P9 DQG WKH 7(5 UD!



7DEOH 7(3 DQG 7(5 LQ +XPDQ DQG &XOWXUHG

, +XPDOQ 7(5 4 FP 7(3 P9 5HIHUHQFH
JRHWDO . “

\HDUV ‘ z +XHW DO

\HDUV « «

\HDUV 2 W R

JRHWDO ) wr 4XLQQ DQG 0LOOHU
$GXOW &HOO &XOWXUH “ +HUQDQIGHP L
$GXOW &HOO &XOWXUH 2 5DMDVHMIWDQ
JRHWDO &HOO &XOWXUH 2 +X DQG %RN

7DEOH RI WKH HOHFWULFDO SDUDPHWHUYV RI WKH 53( LQ KXPDQ
7(5vV DUH JHQHUDOO\ ! &0 FP DQG WKH 7(3V YDU\ IURP WR

7(5 LQ $53(

7KH PDMRULW\ RI VWXGLHY UHSRUW D 7(5 RI $53( LQ WKH UHJL
UHGXFHG VHUXP WDEOH RYHUOHDI +LJK UHVLVWDQFHV KDYH
DOWHUHG WR SRUFLQH OHQV FDSVXOH ZKLFK LQGXFHG SRODULVEL
EDVHPHQW PHPEUDQH SURWHIL@V 7TKHIRAHABRUW HRWV BOLGIHWK D

7(5 RI 4 FP LV HI[FHSWLRQDO JLYHQ WKH VWDQGDUG FRQGLWLTF
ORVW UHFHQWO\ WKH YDULDELOLW\ LQ WKH 7(5V UHSRUWHG IRU
WKHVH FHOOV KDYH D PL[HG SKHQRW\SH GHSHQGLQJ XSRQ WKH
SHUFHQWDJH RI FHOOV UHWDLQLQJ FRPSOHWHO\ GLIIHHWH @WLDW|



7TDEOH 3XEOLVKHG 7(5 IRU $53¢ &HOOV

7(5 4 FP &RQGLWLRQ $XWKRU
'0(0 %6 RQ ODPLQLQ
(0) ) 'XQ@W DO
6SHFLDOLVHG OHGLXP RQ ODPLQLQ
'0(0 DQG %6 RQ W\SHV , DQG ,,,
(0) ) $EHWD
FROODJHQ

'0(0 ) )&6 XQFRDWHG 7UDQVZHOO ¢
TXURZNWLDO

'0(0 ) 3RUFLQH OHQV FDSVXOH
'0(0 ) )%6 RQ ODPLQLQ *HLJHW DO

'0(0 ) )&6 RQ ODWULJHOE +ROWNDPDO
'0(0 ) )%6 RQ ODPLQLQ % ULGHWVDO

'0(0 ) )%6 RQ ODPLQLQ

IXRHW DO
6SHFLDOLVHG PHGLXP GHILQHG IRU FKLFN

ILVMVRW UHSRUWHG 7(5V IRU $53( FHOOV JURZQ RQ SHUPHDEOH LQ
R 2 FP @ FXOWXUH PHGLXP GHILQHG E\ % RN HW D

&R &XOWXUH DQG 6SHFLDOLVHG OHGL

&R FXOWXULQJ RI FHOOV WKDW H[LVW LQ FORVH DVVRFLDWLRQ K
PLFURHQY L UG QRMQMWU H RYHUOHDI VKRZV D VFKHPDWLF RI WK
FHOOV WKDW FRXOG VHFUHWH IDFWRUV IURP WKH QHXUDO UHWLQ
H[WHQVLYH XVH RI JOLDO FHOOV WR HQKDQFH WKH WLJKW MXQFW
FHOO W\SHWW DWW VWDPVRKR\H DQG )ULW] HW DWKLMNKMPO FHOOV Zt
HPSOR\HG ZLWK WKH 53( FHOOV LQ FXOWXUH 7ZR FHOO OLQHV ZH
2QH ZDV GHULYHG IURP KXPDQ 0.OOHU FHOOV DQG WKH RWKHU GF
DVWURF\WHV LQ WKH LQQHU UHWLQD 7KH SRWHQWLDO IRU VHFU
DOVR SRVVLEOH EXW WKLV FRQGLWLRQ ZDV QRW WHVWHG GH
SKRWRUHFHSWRU VXHEW D®W XJLK HODWIKH HYLGHQFH IRU JOLDO FH(
MXQFWLRQYV



J)LIXUH SHWLQDO )DFWRUV DQG WKH 53(

6FKHPDWLF UHSUHVHQWLQJ WKH SRVVLEOH VRXUFHV RI VHFUHWE
LQQHU UHWLQD 0eOOHU FHOOV 0" WKDW H[WHQG IURP WKH
PHPEUDQH RU SKRWRUHFHSWRUV 3" ZKRVH RXWHU VHIPHQWYV
Rl WKH 53(

*OLDO FHOO OLQHV ZKHQ JURZQ LQ FR FXOWXUH ZLWK HSLWKHOL
WKH 7(5 1RWDEO\ WKH FR FXOWXUH RI DVWURJOLDO FHOOV &
LQGXFHV D KLJK 7(5 +XUVW DQEBWWLW]&KLVKWBEEQOH &RQGLWLRQHC
PHGLXP IURP & DOVR LQFUHDVHV WKH 7(5 LQ ODGLQ 'DUE\ &DQLQF

DQG HQGRWKHOLDO FHOOV 7RQWVFK DQG %DXHU SDXE
,Q WKH EUDLQ DVWURF\WHV VHUYH D VLPLODU IXQFWLRQ WR WKH
RI' . LQ WKH EUDLQ %XWW DQG .DOVL $VWURF\WHV DOVR ¢

MXQFWLRQV RI HQGRWKHWD IDODO E B IO@AAY UIBD UD V KL

,Q WKH FR FXOWXUH PRGHO LQYROYLQJ & DQG (KW DO+XWYXW DQG
VHFUHWHG IDFWRUV IURP & FHOOV DUH QRW EHOLHYHG WR EH S
5DPVRKR\H DQG )ULW] 7KH IDFWRUV DFW E\ XS UHJXODWLQ.
'REEIHHW DO 7KH UHSRUWHG 7(5V RI WKLV FR FXOWXUH PRGHO
(&9 FHOOV JURZQ ZLWKRXW & LQGXFWLRQ REWDLQLQJ D 7(5 R
FXOWXUH ZLWK & WKH 7(5 LV LQFUHDVHG WR EHWZBBAQ DQG
5DPVRKR\H DQG )ULW] HW DOREELH

0-OOHU FHOOV DUH DOVR LPSRUWDQW WR WKH GHYHORSPHQW D¢
EDUULHU WKDW LV GHILQHG E\ WKH UHWLKQWODO®DVFKBDHIRQK R I\
DGGLWLRQ WR & FHOOV ZH XVHG D KXPDQ 0 OOHU FHOO OLQH WR
WKLY FHOO OLQH ZRXOG LQFUHDVH WKH 7(5 RI WKH 53( FHOO OLQ}



7KH ILUVW DLP RI WKLV VWXG\ ZDV WR GHWHUPLQH ZKHWKHU VHF
0O WR UHSOLFDWH WKH 0+OOHU FHOOV RI WKH UHWLQD RU & FHC
EORRG UHWLQDO EDUULHU FRXOG LQGXFH DQ LQFUHDVH LQ WKH 7

7KH VHFRQG DLP zZDV WR PRGI\ WKH FXOWXUH PHGLXP E\ DGGLQJ
WKDW KDYH EHHQ VKRZQ WR PDLQWDLQ WKH 53( SKHQRW\SH LQ FX
XVHG WR HQKDQFH WKH GLIITHUHQWLDWLRQ DQG WLIJKW MXQFWLRC
KXPDQ DQG FKHMWNDQ@NDUDPEBMKDO 5L]]JROR DQG /L HWS5DPIROR

7THJHL DQG 'HO 3ULRUH +X DQEWORP® $OGDKIQWKH GHIL!
PHGLD LQ RQH ZD\ RU DQRWKHU DWWHPSW WR QXUWXUH WKH 53¢
UHVHPEOHYV WKDWeIRIXIVHKH 6 XFK DGGLWLRQV SURPRWH WKH GLIIHUI
UHSOLFDWLQJ WR VRPH HIWHQW WKH OLNHO\ LIFWRBRUNKSWKDWLKNRN
Rl VSHFLDOLVHG PHGLD 60 XVHG LQ WKLV VWXG\ 60 60 DQG 60

&E\WRNLQHV *URZWK )DFWRUV 6XSSOHPHC

7TKH VWLPXOL WKDW PDLQWDLQ WKH 53( SKHQRW\SH GHULYH IURF
53( ZLWK LWVHOI DQG WKH RXWHU UHWLQD DV ZHOO DV WKH FLUF:
EDVDO PHPEUDQH RI WKH 53( YLD WKH FKRURLG 7KH PDLQWHQDQ
XSRQ PLPLFENLQJ WKLV HQYLURQPHQW DV FORVHO\ DV SRVVLEOI
IDFWRUV DQG KRUPRQHYVY KDYH EHHQ LGHQWLILHG DQG IRUP WKH
WKLV VWXG\

*URZWK IDFWRUV RU F\WRNLQHV DUH H[WUDFHOOXODU SURWHLQ
PLWRVLY DQG DUH VDLG WR EH PLWRJHQLF 7KH UHFHSWRUV IRLU
NLQDVH IDPLO\ DQG DUH FHOO VXUIDFH UHFHSWRUV 2QFH DFWLYI
NLQDVH GRPDLQ SKRVSKRUO\DWHV LQWUDFHOOXODU SURWHLQV
SDWKzD\V RU DOWHU JHQH WUDQVFULSWIL®Q@ )RU UHYLHZ VHH OXN

(SLGHUPDO *URZWK )DFWRU

(*) VWLPXODWHY HSLWKHOLDO JURZWK &RKHQ DQG ZDV WKH
OLJDQG IRU FHOO VXUIDFH WA\URVLQH VSHWLDG® SURWHHRHSWRDWH
DUH IRXQG RQ WKHHM(DORFDRE WKH DGGLWLRQ RI (*) SURPRWHYV
LQWUDFHOOXODU VLIJIQDOOLQJ SDWKzD\V 'HIRH DQG *ULQGVWDII
KLIJKHU ZLWK E)*) UDWKHU WKDQ (*) 6RQJ DQG /XL

JLEUREODVW *URZWK )DFWRU

7KHUH DUH WZR DQDORJXHV RI )*)V WKH EUDLQ GHULYHG DFLGLF
E)*) (VFHKV DO E)*) UHFHSWRUV DUH H[SUHVVHBW QWKBQB( 6W
LQ SDUWLFXODU WKH QXFOHXV BWGDG\WRISHWDN PE)* )V RPIRIGRRODW HV .



HSUHVVLRQ DQG LQFUHDVHV SUROLIHUDWLRQ +RZHYHU WKLV HI
FHOO OLQH ' BAKDWIOHDY HW DW  %RYLQH SLWXLWDU\ H[WUDF
ULFK VRXUFH RI E)*) DQG HKWRUPRQBWQG(XPK EHHQ XVHG LQ 53( FXO
3HQHW DW

,QVXOLQ

7KH LQWHUDFWLRQ EHWZHHQ LQVXOLQ DQG WKH LQVXOLQ OLNH
PHFKDQLVPV DUH FHQWUDO WR FHOOXODU PHWDEROLVP JURZWK
.LPXWM DW ,QVXOLQ ELQGV WR ,*) D UHFHSWRU W\URVLQH N
OHDGV WR WKH SKRVSKRU\ODWLRQ RI LQVXOLQ UHFHSWRU VXEV
,QVXOLQ LV D PRUH SRWHQW PLWRJHQ LQ HSLWKHOLD WKDQ |
5HGGDQ DQG :LOVRQ 'JLHG]LF 7KH LQVXOLQ OLNH JURZ
IRXQG RQ WKH 53HW 2FWDQ@WHUH LW LV UHTXLUHG WR PDLQWDLQ
(GZDUBW DW +RZHYHU LQVXOLQ DQG ,*)V DOVR LQFUHDVHV YL
IDFWRU 9(*) SURGXFWLRQ LQ WKH 53( DQG PD\ WKHUHHRW BWFW
IXHW DW 7UHH®VDW

$GGLWLRQDO +RUPRQHYVY DQG 6XSSOHPHQWYV

JHUULF )H LRQV DUH UHTXLUHG IRU FHOOXODU PHWDEROLVP
DFURVV WKH SODVPD PHPEUDQH 7UDQVIHUULQ LV SURGXFHG E\ V
DOVR SUHVHQW LQGLFDWLQJ D UROH IRU WKH 53( LQ LURQ WUDQ\
<HILPRYD DW

6RGLXP VHOHQLWH LV D WUDFH HOHPHQW QRUPDOO\ SURYLGHG L
VHUXP zZzDV RPLWWHG +\GURFRUWLVRQH FRUWLVRO LV SURGXF
ZRXOG EH SUHVHQW LQ WKH V\VWHPLF FLUFXODWLRQ +\GURFRUW
$QGHUNWQDW DQRG GHFUHDVHV WKH SURGXFWLRQ RI LQIODPPD!
&KLHDWD

3XWUHVFLQH LV D SRO\DPLGH WKDW LQFUHDVHV FHOO PLJUDWL
PDLQWHQDQFH RI WKH DFWLQ FNWRDWM H ORKNRARQOMQ DJLK D UD

/ILQROHLF DFLG LV DQ HVVHQWLDO IDWW\ DFLG WKDW LV SUHVHC
SURGXFW RI OLQROHLF DFLG LV F\WRWRIJ[LFLDQQG.PMINRNVRIQW ULEXWH
20HLF DFLG LV D IDWW\ DFLG DOVR SUHVHQW LQ WKH 53( SODVPD

$00 7UDQV 5HWLQRLF $FLG

S$OWUNPHWLQRLF DFLG LV HVVHQWLDO IRU WKH IRUPDWLRQ RI YLV
LIJJHBIW DW 7KH 53( SOD\V D UROH LQ WKH WUDQVSRUW RI D(
SKRWRUHFHSWRUV %RN $W KLIK FRQFHQWUDWLRQV ¢YO



SKHQRW\SH LQ FXOWXUMW BOPSRREXHDPHBR UHWLQRLF DFLG LV UHSR
UDWH RI GLIITHUHQWLDWLRQ Rl $53(HWFBPI@OV LQ FXOWXUH -DQVVFE

7TDEOH EHORZ JLYHV WKH FRPSRVLWLRQ RI FXOWXUH PHGLD
VKRZLQJ WKH PDMRU DGGLWLRQV WR WKH EDVH PHGLXP $00 FRQ
VWDWHG

7DEOH 6XPPDU\ RI 3XEOLVKHG 6SHFLDOLVHG OH

$GGLWLYH +X DQG %RN 7HIHO DQG "AOIIROR DQG /L
3ULRUH

%DVH OHGLXP 0(0 I '0(0 ) '0(0
6HOHQLRXV DFLG QJ QJ SJ
+\GURFRUWLVRQH QJ QO QJ
)&6 ’ i
ILQROHLF DFLG SJ SJ B
20HLF DFLG 2 2 SJ
,QVXOLQ SJ SJ SJ
7UDQVIHUULQ SJ SJ SJ
3XWUHVFLQH SJ SJ 2
7UL LRGRWK\URQLQH BJ QO 2
(*) 2 QJ 2
%6% 2
)6+ 2 P8 2
E)*) 2 QJ 2
$00 IUDQV UHWLQRLR DFLG QJ 2
3URJHVWHURQH 2 2 QJ
%3 ( 2 2 SJ

&RPSRVLWLRQ RI PHGLD XVHG LQ WKUHH VWXGLHY WR LQFUHDVH
@ 0(O0 (DJOH V OLQLPXP (VVHQWLDO OHGLXP %3( %RYLQH 3L
6HUXP $OEXPLQ )6+ JROOLFXODU 6WLPXODWLQJ +RUPRQH ,Q DC

UHWLQDO H[WDWGEWHG E\ +X DQG %RN WR WKHLU 60 DQG UH
ZDV DGGHG WR WKH PHGLXP RI 5L]]ROR DQG /L



OHWKRGYV

&XOWXULQJ RI &HOO /LQHV

$00 FHOOV ZHUH PDLQWDLQHG ZLWK & DLU PL[ DW f& LQ
DQG LQ WDEOH &XOWXUH IODVNV ZLWK D SP YHQWHG FDS 7
FP 7 ZHUH XVHG &RUQLQJ 6FKLSKRO 5LMN 7KH 1HWKHUOD
VXSSOLHG E\ 6LJPD 3RROH 8. XQOHVV RWKHUZLVH VWDWHG OHG
GD\V GHSHQGLQJ RQ WKH FHOO OLQH DQG WKH FHOOV ZHUH VS
6SOLWWLQJ RI FHOOV ZDV SHUIRUPHG E\ DVSLUDWLQJ WKH PHGL
&D IUHH +DQN V %DODQFHG 6DOW 6ROXWLRQ &)+%66 WR D 7 I
PLOQXWHV DW URRP WHPSHUDWXUH 7LJKW MXQFWLRQV UHTXLUH
DGGLQJ &)+%66 WKHVH WLJKW MXQFWLRQV DUH ZHDNHQHG &KX |
ZDV WKHQ UHPRYHG E\ DVSLUDWLRQ DQG SL 7 RU PO 7
J PO HWK\OHQHGLDPLQHWHWUDDFHWLF DFLG (‘7% LQ +%66 ZDV L
3& XQWLO WKH FHOOV GLVVRFLDWHG 7KH FHOOV ZHUH WKHQ
WUDQVIHUUHG WR QHZ IODVNV DQG UHWXUQHG WR WKH LQFXEDWHF

5RXWLQH FXOWXUH RI FHOOV ZDV SHUIRUPHG XVLQJ WKH IROOR.

FHOOV WKH\ ZHUH JURZQ LQ D PL[WXUH RI 'XOEHFFR V ORGLI!
QXWULHQW PL[WXUH +DPfV ) ZLWK PO 1 K\GUR[\OSLSHUD]
+(3(6 EXIIHU DQG VXSSOHPHQWHG ZLWK YRO YRO KHDW LQDI
PO / JOXWDPLQH SJ PO VWUHSWRP\FLQ DQG 8 PO SHQLFLO
JURZQ URXWLQHO\ LQ VXSSOHPHQWHG PHGLXP 0 ZLWK P
SJ PO VWUHSWRP\FLQ DQG 8 PO SHQLFLOOLQ ' FHOOV ZHL
ZLWK J O JOXFRVH )&6 PO / JOXWDPLQH SJ PO VWU
SHQLFLOOLQ 0,20 FHOOV ZHUH JURZQ LQ QXWULHQW PL[WXUH
+(3(6 )&6 8 PO SHQLFLOOLQ SJ PO VWUHSWRP\FLQ S

PO / JOXWDPLQH )RU DOO H[SHULPHQWV XQGHU VWDQGDUG FRC
PHGLXP FRQGLWLRQV :KLOVW UHGXFHG VHUXP UHIHUV WR D U
LQJUHGLHQWY UHPDLQLQJ XQFKDQJHG

$OSHUFHQWDJH FRQFHQWUDWLRQV DUH YRO YRO XQOHVV RWKHUZLV}



&HOO &XOWXUH '"HQVLW\

&HOO GHQVLW\ FDOFXODWLRQV ZHUH SHUIRUPHG E\ FHQWULIXJLQ
DW JIRU WHQ PLOXWHYVY DQG UH VXVSHQGLQJ WKH SHOOHW LQ
DOLTXRW RI WKH VXVSHQVLRQ ZDV WKHQ WUDQVIHUUHG WR D JO
FHOOV LQ WKH FHQWUDO VTXDUH ZHUH FRXQWHG 7KH TXRWHG G
PHDQ FHOO FRXQW 7KH FHOO GHQVLW\ PO LV JLYHQ E\ HTXDWLR

&HOO GHQVLW\ PO PHDQ FHOO FRXQW [ 2 L

7KH FHOO GHQVLW\ UHTXLUHG IRU SODWLQJ ZDV WKHQ GHWHUP
$GGLWLRQDO FXOWXUH PHGLXP ZDV WKHQ DGGHG WR WKH ZHOO V
PO &HOODJDQGE

7DEOH EHORZ VKRZV WKH PHGLXP XVHG DQG WKH VHHGLQJ G
H[SHULPHQWY XQOHVV RWKHUZLVH VWDWHG 7KH UDQJH RI SDVVD.
QRWHG

7DEOH 6WDQGDUG &HOO &XOWXUH OHGLD DQG 'HQV
&HOO /LQH OHGLXP 6HHGLQJ '"HQVBWVVDJH
FHOOV FP 1XPEHUV
$53(  '0(0) )&6
' '0(0 ZLWK J O ' *OXFRVH )&6
(&9 0 ZLWK )&6
& 0 ZLWK )&6
0,20 )ODPTV ) ZLWK )&6

&EXOWXUH PHGLD IRU WKH FHOO OLQHV XVHG LQ WKH PRGHOOLQ
UHVSHFWLYH VHHGLQJ GHQVLWLHY $00 PHGLD IRU $53( '

VXSSOHPHQWHG ZLWK SJ PO VWUHSWRP\FLQ 8 PO SHQLFLOC
FXOWXUH PHGLXP ZDV VXSSOHPHQWHG ZLWK DQ DQWLELRWLF I
FRQFHOQWUDWLRQ RI 8 PO 3HQLFLOOLQ SJ PO VWUHSWRP\F

DQG PO / JOXWDPLQH )&6 LV KHDW LQDFWLYDWHG )RHWDO &DOI
IRU WKH FHOO OLQHV WKDW ZHUH XVHG LQ WKLV VWXG\

&HOO &XOWXUH )LOWHUYV

$ YDULHW\ RI FHOO FXOWXUH LQVHUWY DQG FRDWLQJV DUH DYD
MXQFWLRQ IRUPDWLRQ RI HSLWKHOLDO FHOOV &RPPHUFLDO SUHS
SUHGRPLQDQWO\ ODPLQLQ DQG FROODJHQ ,9 DUH DYDLODEOH DV



&HOODJDQE& RU 7UDQVZHOOE WKDW FDQ EH FRDWHG WR PRGLI\ W|
VXEVWUDWH LV FULWLFDO IRU WKH GHYHORSRWQMO RI $B3U IFRDOW V
VXEVWUDWHY KDYH EHHQ XVHG WR PRGHO WKH LOQWHUDFWLRQ EI
LQFOXGLQJ WKH VHFUHWHG H[WUDFHOOXODU PDWUL[ IURP FRUQC
+DFNHWW SRUFLQH OHAW AHDGBSVXRHRZAMAROOL. QL' HVFHPHWTTV
PHPEUDQH 7KKWID@Q ELRGHJUDGDEOH VIQWKHWHW \D)XCEVR/Q®WHV
DPQLRWLF PHPEUDRW RD®SHRPQR O0DHYW OO 6WDGWMDO

7ZR W\SHV RI FHOO FXOWXUH LQVHUW ZHUH XVHG WR JURZ FHOO)
WKDW IRUPVY D SHUPHDEOH SRO\HVWHU PHPEUDQH ZLWK SP SR
7KH VHFRQG W\SH zZzDV &HOODJDQE 03 %LRPHGLFDOV 2[IRUGVK
EDVHG ZLWK D JURZWK DUHD RI FP 7KH SRUH VL]H LV QRW V¢
7TUDQVZHOOE LQVHUWY FRQWDLQHG PO RI FXOWXUH PHGLXP LC
EDVDO FKDPEHU ZLWK VL[ LQVHUWY SHU ZHOO 7KH &HOODJDQE&E L
ZHOO SODWH 1XQF 5RVNLOGH 'HQPDUN ZLWK PO RI FXOWXU!
PO LQ WKH DSLFDO FKDPEHU

IDPLQLQ &RDWLQJ

/IDPLQLQ GHULYHG IURP DQ (QJHOEUHWK +ROP 6ZDUP PXULQH VI
VROXWLRQ RI PJ PO LQ PO 7ULV +&, S+ 6LJPD /DPLQLQ ZDV
VWRFN VROXWLRQ ZDV GLOXWHG ZLWK PO RI LFH FROG 3%6 VXFI
SJ Rl ODPLQLQ (DFK RI WKH VL[ 7UDQVZHOOE ILOWHUV ZDV FRDW
ILOWHU KDG a SJ ODPLQLQ FP ,Q DGGLWLRQ WR WKH ODPLQLQ
HQVXUH DQ HYHQ GLVWULEXWLRQ RI ODPLQLQ E\ JHQWOH URFNL¢
LQFXEDWRU IRU WKLUW\ PLQXWHV 3ULRU WR WKH DGGLWLRQ RI F
FHOOV SODWHG DW WKH GHQVLWLHV OLVWHG LQ WDEOH $OL
UHTXLUHG

&R &XOWXUH ZLWK *OLDO &HOOV

OHWKRG RI JOLDO FR FXOWXUH LV EDVHG XSRQ WKDW RULJLQDC

$53( DQG (&9 FHOOV ZHUH JURZQ DV GHVFULEHG LQ V
DFFRUGLQJ WR WKH GHQVLWLHYVY LQ WDEOH ROQWR WKHLU UHVSH
HLWKHU & RU 0,20 FHOOV WKDW ZHUH VHHGHG WZR GD\V HDUOL
LQLWLDO GHQVLW\ RI [ FHOOV FP RU [ FHOOV FP UHVSHF
$53( ZDV '0(0) ZLWK )&6 DQG DQWLELRWLFV (&9 DQG &
0 ZLWK )&6 DQG DQWLELRWLFY DQG 0,2 0 ZHUH PDLQWDLQHG
DQG DQWLELRWLF DQWLP\FRWLF VROXWLRQ 6HH VHFWLRQ

7ZR H[SHULPHQWDO FRQILIJXUDWLRQV ZHUH XVHG LQ RUGHU WR PF
FHOOV & DQG 0,20 ZHUH XVHG DV D SRWHQWLDO VRXUFH RI I



M¥LRQDO SURWHLQV 7KH JOLDO FHOOV ZHUH SODWHG LQ WKH
LQVHUW SODFHG ZLWKLQ WKH ZHOO FRQWDLQLQJ HLWKHU (&9
+RZHYHU DV DQ\ UHWLQDO IDFWRUV ZRXOG SUHVXPDEIO) DEWXXSR
WR UHSOLFDWH WKLV VLWXDWLRQ WKH FRQGLWLRQHG PHGLXP IL
ZDV DGGHG WR WKH DSLFDO VLGH RI WKH FHOO FXOWXUH LQVHL
UHODWLRQVKLS EHWZHHQ WKH UHWLQD DQG DQ\ VHFUHWHG IDFYV
ILOWHUYV ZHUH XVHG IRU (&9 DV WKHVH ILOWHUYV KDYH EHHQ VK
FR FXOWXUH PRGHO ZLWK WKLV FHOO OIHYH DWXUVIPDQGQ)BRW/WW H (
7TUDQVZHOOE ILOWHUV IRU $53( FHOOV ZHUH XVHG JLYHQ WKDW
IRU $53( HISHULPHQWYV SHW YRLW X Y ORI W X0Q\Q

JLIXUH VKRZV WKH H[SHULPHQWDO GHVLJQ IRU WKH FR FXOW
JURZQ LQ WKH EDVDO FKDPEHU $Q\ VHFUHWHG IDFWRUV ZRXOG
ZKHUH WKH\ ZRXOG LQGXFH D FKDQJH LQ WKH EDUULHU SURSHUWIL

JLIXUH &R &XOWXUH ([SHULPHQWDO &RQILJIXU
U &R &XOWXUH &RQILIXUDWLRQ U
v 7UDQVZHOOE ILOWHU

$SLFDO %DWK ZLWK 53¢
FHOOV RQ SHUPHDEOH ILOWHU

¥ ¥

*OLDO &HOOV LQ %DVDO :HOO

,Q FR FXOWXUH H[SHULPHQWY JOLDO FHOOV ZHUH VHHGHG LQWR
DQG HLWKHU $53(¢( RU (&9 FHOOV ZHUH VHHGHG RQWR D SHLI
FRDWHG ZLWK ODPLQURVEBHY RMHIOAHMAD GKH ILOWHU ZDV UHPRYHG IL
DQG WKH 7(5 PHDVXUHG WR DVVHVV WKH EDUULHU SURSHUWLHV R

&RQGLWLRQHG OHGLD

OHGLD IURP FRQIOXHQW 7 IODVNV RI WZR WR WKUHH GD\ ROG &

PO SLSHWWH DQG DGGHG WR D PO FHOQWULIXJH WXEH &RUQL(
WR UHPRYH FHOOV DW 0222JIRU PLQXWHY 7KH VXSUDQDWH ZD
DQG XVHG RQ WKH VDPH GD\ ,Q WKH LQLWLDO H[SHULPHQWY ZKH(
WKH $53( FHOO OLQH WKHUH ZDV D PDUNHG DFLGLILFDWLRQ RI
7TKHUHIRUH D GLOXWLRQ RI FRQGLWLRQHG PHGLXP ZDV XVHG
DQWLELRWLFV IRU $53( FHOOV :LWK WKLV PRGLILFDWLRQ WKH
PHGLXP ZDV FROOHFWHG IURP & FHOOV DW SDVVDJHYV DQG



$53( DQG (&9 FHOOV JURZQ RQ 7UDQVZHOOE DQG &HOODJ
WKH 7(5 PHDVXUHG RYHU WLPH

6SHFLDOLVHG OHGLD

'"HILQHG PHGLD XVHG IRU $53¢( FHOOV ZDV EDVHG RQ IRUPXODWI
E\ 7THIHO DQG 'HO 3ULRUH DQG IRHWDO 53( E\ )UDPEDFK HW
ZDV SUHSDUHG DFFRUGLQJ WR WDEOH 6WRFN PO ERWWOH)

QXWULHQWY OLQROHLF DFLG SXWUHVFLQH DQG VHOHQLXP VD
DQWLELRWLFV DQG PO / JOXWDPLQH ZHUH DGGHG )UHVK VROX'
60 60 DQG 60 ZHUH SUHSDUHG HDFK GD\ DFFRUGLQJ WR WKH P
$00 FRQFHQWUDWLRQV DUH SHU PO RI EDVH PHGLXP XQOHVV RWI
EXW ZLWK QJ PO RI DOO I1UDQV UHWLQRLF DFLG DGGHG DQG

UHPRYHG 'HWDLOV RI WKH SUHSDUDWLRQ RI WKH 60 FDQ EH IRXQ

60 LV EDVHG XSRQ WKDW RI 5L]]JROR DQG /L &HOOV ZHUH
WDEOH RYHUOHDI RU ZLWK WZR YDULDWLRQV RI 60 7TKH QI
ZDV XVHG LQ WKH DSLFDO DQG EDVDO FKDPEHUV 7TKH ILUVW PRC
(*) DQG XVH WKLV PHGLXP LQ WKH DSLFDO DQG EDVDO FKDPEHUYV
PRGLILFDWLRQ ZDV WR DGG SJ PO RI ERYLQH SLWXLWDU\ H[WUL
EDVDO FKDPEHU ZLWK 60 LQ WKH DSLFDO FKDPEHU 60 60 % 3
3HQBW DO



7TDEOH 6SHFLDOLVHG OHGLXP &RPSRVLWLRQ S

QIUHGLHOW 6WRFN 60 60 60
6ROXWLRQO(0 ) '0(0 ) '0(0
,QVXOLQ PJ Al SJ SJ
7UDQVIHUULQ PJ SJ 3 SJ
6HOHQLXP SJ QJV QJV SJu
(*) SJ QJ QJ ,
E)*) SJ QJ QJ
+\GURFRUWLVRQH SO QO Qo0 QO
SURJHVWHURQH SJ 2 2 QJ
3XWUHVFLQH PJ SJ SJ 2
/ILQROHLF DFLG sJ SJ SJ QJ
20HLF DFLG SJ 2 2 QJ
$00 IUDQV UHWLQRLF
DELG AUN] 2 QJ 2
%6$ ZW YRO ZW YRO ZW YRO SJ
7 SJ QJ 2 2
+(3(6 0 PO PO PO

$G&HILYHVY WR WKH EDVH PHGLD WR PDNH PO RI VSHFLDOLVHG
LQGLFDWHY FRPSRQHQWY DGGHG DV SUH GHILQHG VXSSOHPHQV
'0(0) ZLWK DGGHG QXWULHQWM.RGRLY WK\URQERH VESHRB LD OIW L
IXUWKHU GHWDLOV

$ FRQWURO JURXS RI $53¢( FHOOV LQ UHGXFHG VHUXP ZDV DO.
LQGHSHQGHQW FRQWURO WULDOV ZLWK VDPSOHV SHU WULDO Wk
FRPSDUH WKH H[SHULPHQWDO FRQGLWLRQV DJDLQVW $00 7(5V
VXEVWUDWH FR FXOWXUH FROQGLWLRQHG PHGLXP DQG VSHFLD
FRPSDUHG WR WKLV VXE VHW 7KH DLP RI WKH PDQLSXODWLRQV L
EHVW 7(5 REWDLQDEOH ZLWK UHGXFHG VHUXP E\ DW OHDVW WZR |

OHDVXULQJ WKH 7UDQV (SLWKHOLDO

7KH 7(5 LV D VHQVLWLYH PHDVXUH RI WKH SDUDFHOOXODU SHUP
SURWHLQV 6FKQHHEHUJHU DQG /\QFK $GGLWLRQDOO\ WKH
SHUPLWY D UDSLG VLPSOH DQG QRQ GHVWUXFWLYH PHWKRG IR
SURSHUWLHY GXULQJ FXOWXUH $ KLJK 7(5 ZzDV WDNHQ DV D PHD
7(5 WDNHQ WR LQGLFDWH ORZ EDUULHU LQWHJULW\



7KH HOHFWULFDO UHVLVWDQFH RI WKH FXOWXUHV ZDV PHDVX
(QG2+0E :RUOG 3UHFLVLRQ ,QVWUXPHQWYV ,QF :3, $VWRQ 8. :
(QGRKP 3, IRU &HOODJDQERU (QGRKP 3, IRU 7UDQVZHO
FKDPEHU DQ LVRODWHG VTXDUH ZDY H$DIW HU Q BW L QIR EX UEHMVDZ
FRQFHQWULF RSSRVLQJ SDLUV RI FLUFXODU HOHFWURGHV DER)

DQG RYHUOHDI 7KH HOHFWURGHV FRQVLVW RI D YROV
FKORULGH SHOOHW LQ WKH FHQWUH VXUURXQGHG E\ DQ DQQX
FKORULGH FKDPEHU DQG VWDLQOHVV VWHHO FDS

7KH 7(5 zDV GHWHUPLQHG E\ WKH GLIITHUHQFH RI WKH UHVLVWLEL
5QLWHU WUHDWHG DQG PDLQWDLQHG LQ LGHQWLFDO FXOWXUH F
FHLOV 7KH UHVXOW ZDV WKHQ PXOWLSOLHG E\ WKH DUHD RI W
HTXDWLRQ LL

7(5 s )iwufroov)own) DUHD RI ILOWHU 2 LL

7KH (QG2+0E& FKDPEHU ZDV VWHULOLVHG ZLWK HWKDQRO SULR
EDVDO FKDPEHU FRQWDLQHG PO RI SKRVSKDWH EXIIHUHG VDC
FLUFXLW IRU 7UDQVZHOOE RU PO IRU &HOODJDQE ILOWHUV 7K
ZDV a PP TURP WKH FHOO PRQROD\HU ZKHQ PHDVXUHPHQWYV ZH
WDNHQ ZLWKLQ PLQXWHV RI UHPRYLQJ WKH FHOOV IURP WK
(QG2+0E& FKDPEHU ZLWK HOHFWURGHY DQG ILIJXUH RYHUOHDI

J)LIXUH (QG2+0E& &KDPEHU

7KH (QG2+0E& FKDPEHU FRQVLVWY RI DQ DSLFDO DQG EDVDO YRO!
WKH FRQFHQWULF ULQJY RQ WKH OLG DQG EDVDO FKDPEHU LQW
EODQN LQVHUW ZDV SODFHG ZLWK 3%6 LQ WKH ORZHU FKDPEHU



YLIXUH (QG2+0E &KDPEHU DQG &HOODJDQE |«

&HOODJDQE
LQVHUW

3%6

5HFRUGLQJ FRQILIXUDWLRQ ZLWK &HOODJDQE LQVHUW PRXQWH
ORZHU FKDPEHU

/IRQJ 7THUP 6WRUDJH RI &HOO /LQHYV

&HOOV ZHUH JURZQ WR FRQIOXHQFH DQG FXOWXUH PHGLXP UHS
ZHUH WU\SVLQOVHG DV GHVFULEHG VHFWLRQ DQG VXVSHQC
TXHQFK WKH WU\SVLQ 7KH FHOO VXVSHQVLRQ ZDV WKHQ FHQW
VXSUDQDWH ZDV DVSLUDWHG DQG WKH FHOO SHOOHW UH VXVSH(
FP RI WKH RULJLQDO FHOO SRSXODWLRQ )UHH]LQJ PHGLXP F
VXOSKR[LGH '062 &HOO VXVSHQVLRQV ZHUH WUDQVIHUUHG W
LQ D 1DOJHQH FU\R | & IUHH]LQJ FRQWDLQHU 1DOJH 7KRUQ 8.
IRXU KRXUV EHIRUH EHLQJ VWRUHG LQ WKH YDSRXU SKDVH RI OL
VXVSHQVLRQV ZHUH WKDZHG E\ UHPRYLQJ WKH YLDOV IURP WKl
URRP WHPSHUDWXUH IRU RQH PLQXWH EHIRUH UDSLG WKDZLQJ
VXVSHQVLRQV ZHUH WUDQVIHUUHG WR D 7 FXOWXUH IODVN DQ
ZDV VORZO\ PL[HG ZLWK WKH VXVSHQVLRQ 7KH FXOWXUH IODVI
IXUWKHU WHQ PLOQXWHV EHIRUH PO RI FXOWXUH PHGLXP ZDV D
UHWXUQHG WR WKH LQFXEDWRU &XOWXUH PHGLXP ZDV UHSODFH
FHOOV KDG EHJXQ WR VHWWOH RQ WKH IODVN

'DWD $QDO\VLYV

7KH UHVXOWY DUH H[SUHVVHG DV PHDQ “ VWDQGDUG GHYLDWLRQ
XQSDLUHG WZR WDLOHG W WHVWV ZHUH XVHG WR GHWHUPLQH '
ZKHUH S ZDV WDNHQ DV VWDWLVWLFDOO\ VLIJQLILFDQW 6\
OLFURVRIW ([FHOE



SHVXOWYV

' DQG $53(¢
7KH UHVXOWV LQ ILIXUH RYHUOHDI VKRZ WKH 7(5 RI' ' DQG §
ODPLQLQ FRDWHG DQG XQFRDWHG 7UDQVZHOOGE ILOWHUV 7KH
LQFUHDVHG RQ GD\ S RU GD\ S ZKHQ ODPLQLQ Z

1 FRPSDUHG WR WKH XQFRDWHG 7UDQVZHOOE LQVHUWYV 1
FRDWLQJ 1 VLIQLILFDQWO\ LQFUHDVHG WKH PHDQ 7(5 IRU $5:

LQVHUWYVY 1 RQ GD\V WR S +RZHYHU E\ GD\ WKH
OHVV DSSDUHQW S ZLWK WKH $53( FHOOV JURZQ RQ OD
7(5 RI “ 4 FP FRPSDUHG WR “ 4 FP IRU WKH $53( FHOOV J

1RWH WKDW WKH JURXS LV FRPSDUHG WR WKH VHOHFWHG VXE VH
UHSUHVHQW WKH XSSHU OLPLW RI WKH 7(5V REWDLQHG XQGHU VW

7KH 7(5V RI $53¢( ZHUH KLJKHU WKDQ WKH ' FHOO OLQH DQG
ZHUH QRW SXUVXHG DQ\ IXUWKHU ZLWK UHVSHFW WR WKHLU EDUU



YL XUH 7(5 RI $53( DQG ' RQ )LOWHUV

7(5 7TUDQVZHOO $53( DQG '

7TKH 7(5V RYHU WLPH RI $53( DQG JURZQ RQ 7UDQVZHOOGC
ODPLQLQ B5HVXOWY VKRZ WKDW WKH 7(5 ZzDV JUHDWHU IRU WKH ¥
7TUDQVZHOOE ILOWHUV WKDQ WKH XQFRDWHG 7UDQVZHOOE ILOWF

S 2Q GD\ WKH 7(5 ZzZDV VWLOO VLJQLILFDQWO\ KLJKHU ¢
IRU ODPLQLQ FRDWHG RU XQFRDWHG 1 VKRZHG QR GLIIHUHQFI

SHDN 7(5 RI “ 4 FP

&R &XOWXUH

$53( DQG &

JLIXUH RYHUOHDI VKRZV WKH 7(5 RI $53( FHOOV JURZQ L
ODPLQLQ FRDWHG 7UDQVZHOOE ILOWHUV IURP WKUHH LQGHSHQGI
UHVSHFWLYHO\ 7KH\ DUH FRPSDUHG WR WKH EHVW VXE VHW RI $
RQ ODPLQLQ FRDWHG 7UDQVZHOOE ILOWHUV &R FXOWXUH ZLW
GHFUHDVHG WKH 7(5V ZLWK WKH PHDQ *“ 6" SHDN 7(5 RQ GD\ IRU

“ 4 FP ZKLFK LV VLJQLILFDQWO\ ORZHU S WKDQ DW G
JURZQ ZLWKRXW & FHOOV “ 4 FP $ VLPLODU GLIIHUHQFH ZzD
WKH 7(5 RI FRQWURO $53( FHOOV EHLQJ “ DQG “ 4 FP UH

4 FP DW WKH VDPH WLPH SRLQWV ZLWK $53( JURZQ ZLWK & FHO



J)LIXUH $53( DQG & &R &XOWXUH

$53( &R &XOWXUH &

$53( FHOOV JURZQ LQ ORZ VHUXP RQ ODPLQLQ FRDWHG 7UDQV
EDVDO FRPSDUWPHQW 7KH 7(5 RI $53¢( FHOOV JURZQ ZLWKRXW
ZHUH VLJQLILFDQWO\ KLJKHU WKDQ WKH FR FXOWXUH PRGHO {
$53( & FR FXOWXUH SORW UHSUHVHQWY WKH PHDQ “ 6' Rl WKUH
1 ZHOOV FRPSDUHG WR 1 FRQWURO RI WKH PD[LPXP 7(5V UH

$53( DQG 0,2 0

JLIXUH RYHUOHDI VKRZV WKH 7(5 RYHU WLPH RI $53( FHOO"
0 LQ WKH EDVDO FKDPEHU RI 7UDQVZHOOE ILOWHUV SUH FRDWHC
7TKHUH zZzDV D VLJQLILFDQW GHFUHDVH LQ WKH 7(5 IURP WKHVH
PD[LPDO 7(5 EHLQJ “ 4 FP RQ GD\ ZKLFK ZDV VLJQLILFDQWO

“ 4 FP REWDLQHG DW WKH VDPH WLPH SRLQW ZKHQ $53( FHO
0 FR FXOWXUH SORW UHSUHVHQWY WKH PHDQ “ 6' RI WKUHH LQC
VDPSOHVY LQ WKH WULDOV UHVSHFWLYHO\



J)LIXUH $53( DQG 0,2 0 &R &XOWXUH

$53( &R &XOWXUH 0,2 0

7TKH 7(5 RI1 $53( FHOOV JURZQ LQ FR FXOWXUH ZLWK 0,2 0 FHOO)

FXOWXUH UHSUHVHQWY WKH PHDQ “ 6" RI WKUHH LQGHSHQGHQW

JURZQ ZLWKRXW 0,2 0 ZDV VLIQLILFDQWO\ KLJKHU WKDQ $53( J
GD\V LQ FXOWXUH S

(&9 &R &XOWXUH DQG *OLDO &HOOV

$V D SRVLWLYH FRQWURO (&9 FHOOV ZHUH JURZQ LQ FR FXOWX
RI (&9 ZDV VLJQLILFDQWO\ KLJKHU WKDQ FRQWURO (&9 FHOOV
XQGHU WKHVH FRQGLWLRQV

$Q LQGXFWLRQ RI WKH 7(5 E\ & DQG 0,20 FHOOV ZDV HYLGHQW
LQFUHDVH GHPRQVWUDWHG LQ WKH ILUVW WZR ZHHNV RI FXOW?

GHFUHDVHG DIWHU GD\ EXW zZDV VWLOO VLJQLILFDQWO\ KLJKF
S 7KH 0,2 0 FR FXOWXUH JURXS UHSUHVHQWYV 1 LQVHUW
7(5 RI “ 4 FP RQ GD\ 7TKH & FR FXOWXUHG (&9 FHOOV UHI

“ 4 FP RQ GD\ 1 I[URP RQH WULDO ,Q FRQWUDVW WKH FRQWU
“ 4 FP RQ GD\ ZKLFK UHSUHVHQWY WKH 7(5 RI WZR LQGHSHQG
HDFK WULDO 7KH 0,2 0 FR FXOWXUH JURXS KDG D FRQVLVWHQWO\



D\V S 7TKH & FR FXOWXUH JURXSTV 7(5 ZDV VLJQLIL
S S S DQG S RI FXOWXUH 6HH |

JLIXUH (&9 DQG *OLDO &HOO &R &XOWXUH

(&9 &R &XOWXUH *OLDO &HOOV

(&9 FHOOV JURZQ RQ &HOODJDQE ILOWHUV ZLWK & RU 0,2 0 FH
D ULVH LQ WKH 7(5 FRPSDUHG WR (&9 FHOOV JURZQ DORQH RQ

ZDV JUHDWHU ZLWK 0,2 0 FHOOV UHDFKLQJ D 7(5 RI “ &0 FP
SRLQW WKH (&9 FHOOV JURZQ ZLWK & FHOOV KDG D 7(5 RI “
(&9 FHOOV ) 4 FP RQ GD\ 6' HUURU EDUV DUH VKRZQ ZL\

DVWHULVNY UHSUHVHQW WKH S YDOXHYVY DV EHLQJ VLJQLILFDQW

*OLDO &HOO &RQGLWLRQHG OHGLXP

$53(

& RU 0,20 FRQGLWLRQHG PHGLXP GLG QRW VLJQLILFDQWO\ LQF
ZKHQ JURZQ RQ ODPLQLQ FRDWHG 7UDQVZHOOE LQVHUWY FRPSDL
VKRZV WKH 7(5 ITURP WZR LQGHSHQGHQW WULDOV ZLWK 1 ILOW
FROQGLWLRQHG PHGLXP LQ WKH DSLFDO FKDPEHU FRPSDUHG WR W
7KH SHDN 7(5 RI WKH & FRQGLWLRQHG PHGLXP JURXS ZDV “

VLIQLILFDQWO\ S OHVV WKDQ WKH FRQWURO JURXS RQ C



FRQWLQXHG RQ GD\V DQG ZLWK QR LQFUHDVH LQ WKH 7(5 RE

PHGLXP ZDV DOVR VLJQLILFDQWO\ S ORZHU RQ GD\ EHLQ.
WKH 7(5 ZzDV REVHUYHG RQ GD\ FRPSDUHG WR WKH FRQWURO
FRQGLWLRQHG PHGLXP JURXS “ 4 FP DQG & FRQGLWLRQHG
ZHUH ERWK VLJQLILFDQWO\ ORZHU S WKDQ WKH FRQWURO J

JLIXUH $53( DQG *OLDO &HOO &RQGLWLRQHG

*OLDO &RQGLWLRQHG OHGLXP $SLFDO $53(

7(5 PHDVXUHPHQWY RI $53( FHOOV ZLWK & RU 0,2 0 FRQGLWL
FKDPEHU RI D ODPLQLQ FRDWHG 7UDQVZHOOE ILOWHUV 7KH 7(5
DQG S 2Q GD\ WKHUH ZDV QR VLJQLILFDQW GLIIHUHQ!|
FRQGLWLRQHG PHGLXP DQG D VLJQLILFDQWO\N ORZHU 7(5 S

&RQGLWLRQHG PHGLXP SORWY UHSUHVHQW WKH PHDQ “ 6' RI WZR
LQ HDFK WULDO &RQWURO $53( SORW LV VKRZQ IRU FRPSDULVR

FODULW\

(&9

7TKH 7(5 RI (&9 FHOOV ZzDV QRW DOWHUHG VLJQLILFDQWO\ LQ WK
0,20 FRQGLWLRQHG PHGLXP FRPSDUHG WR WKH FRQWURO JURXS
JURZQ RQ &HOODJDQE ILOWHUYV DV SUHYLRXVO\ GHVFULEHG 7KH
WKH PHDQ *“ 6' RI WZR LQGHSHQGHQW WULDOV ZLWK 1 DQG 1 ILC
FROQGLWLRQHG PHGLXP SORW UHSUHVHQWV WZR LQGHSHQGHQW
UHVSHFWLYHO\ 7KH FRQWURO JURXS LV IURP WZR WULDOV ZLWK



ZDV QR VLJQLILFDQW GLIIHUHQFH LQ WKH 7(5 EHWZHHQ WKH JURX
& FRQGLWLRQHG PHGLXP “ 4 FP IRU 0,2 0 FRQGLWLRQHG PH
WKH FRQWURO JURXS +RZHYHU E\ GD\ WKH 7(5V KDG IDOOHQ

PHGLXP JURXSV DQG ZHUH VLJQLILFDQWO\ UHGXFHG ,Q WKH & F

ZHUH “ 4 FP S DQRG IRU WKH 0,2 0 FRQGLWLRQHG PHGL:
“ 4 FP S FRPSDUHG ZLWK WKH FRQWURO JURXSTYTV 7(5 DW
JLIXUH $53( DQG (&9 ZLWK 0,2 0 &RQGLWLRQH

7KH HIIHFWV RQ WKH 7(5 RI (&9 JURZQ RQ &HOODJDQE ILOWE
FRQGLWLRQHG PHGLXP &0 LQ WKH DSLFDO FKDPEHU FRPSDUH
VLIQLILFDQW GLIITHUHQFH LQ WKH 7(5 ZzDV DSSDUHQW XQWLO GD
PHGLXP JURXSV IHOO S 7KH 6' HUURU EDUV DUH WUXQFDWH

ORGLILFDWLRQ RI OHGLXP 60 DQG 6(

S5HVXOWYV Rl $53( FHOOV JURZQ RQ ODPLQLQ FRDWHG 7UDQVZHC
RYHUOHDI +LJK UHVLVWDQFHV ZHUH REWDLQHG ZLWK 60 PHGL;
7KH PD[LPDO 7(5 UHFRUGHG ZDV “ 4 FP DIWHU GD\V LQ FX
LQFUHDVH LQ WKH 7(5 zZzDV REVHUYHG DIWHU WZR ZHHNV RI FXO

S 7KH 60 JURXS UHSUHVHQWY WKH PHDQ “ 6' RI RQH WUL]
60 JURXS LQ WKH PHDQ “ 6' RI WZR LQGHSHQGHQW WULDOV ZLWK
JURXS VKRZV $53( FHOOV 1 7KH SHDN 7(5 LQ 60 ZDV “ 4 FP
“ 4 FP RFFXUULQJ RQ GD\ ZKHQ WKH 7(5 RI WKH FRQWURO Jl



PHGLXP SURGXFHG D VLJQLILFDQWO\ S KLIKHU PD[LPDO 7(

VHUXP RQ GD\ “ 4 FP +RZHYHU RQ GD\ WKH 7(5 RI 60 PHG
“ 4 FP ZDV VLIJQLILFDQWO\ ORZHU S WKDQ WKH FRQWUR
JLIXUH $53( DQG 6SHFLDOLVHG OHGLD

$53( LQ 6SHFLDOLVHG OHGLD

$53( LQ VSHFLDOLVHG PHGLD VKRZHG DQ LQFUHDVH LQ WKH 7(5
WKH JUHDWHVW HIIHFW 7KH 7(5V DUH VLJQLILFDQWO\ S KL.
JURZQ LQ UHGXFHG VHUXP DIWHU WZR ZHHNV LQ FXOWXUH 7KH SH
GD\ DQG IRU 60 LW ZDV “ &0 FP RQ GD\ ,Q FRPSDULVRQ VW
RQ GD\ ZDV “ 4 FP

60

JLIXUH RYHUOHDI VKRZV WKH UHVXOWYV RI 60 PHGLXP DQG F
$53( FHOOV JURZQ RQ ODPLQLQ FRDWHG 7UDQVZHOOE ILOWHU
UHGXFHG VHUXP 2Q GD\ DOO RI WKH WKUHH PRGLILFDWLRQV KD

WKDQ WKH FRQWURO JURXS JURZQ LQ UHGXFHG )&6 S5HVLVWDQ

“ 60 60 “ 80 60 %3( DQG * 60 (*) E)*) 2Q GD\
7(5V ZHUH FRQWURO “ 4 FP 60 60 “ 4 FP S 60 6
“ 4 FP s DQG 60 (*) E)*) “ 4 FP S 2Q GD\
7(5 Rl 60 ZLWK (*) DQG E)*) JURXS KDG D VLJQLILFDQWO\ KLJKHL
FRQWUROV RI “ 4 FP FRPSDUHG WR “ 4 FP 7KH 60 60 JUF

ORZHU S 7(5 RQ GD\ FRPSDUHG WR WKH FRQWUROYV



JLIXUH $53( DQG 5L]]JROR 6SHFLDOLVHG OHGLXP

$53( LQ 60 9DULDQWYV

'D\V LQ &XOWXUH

ORGLILFDWLRQV RI 60 ZLWK DGGLWLRQ RI (*) DQG E)*) VLJQLILFD!
7KH DGGLWLRQ RI %3( WR 60 LQ WKH EDVDO FK

FXOWXUH S
S ‘KHQ 60 ZDV QRW PRGLILHG

ILUVW GD\V RI FXOWXUH
WKH 7(5 FRPSDUHG WR WKH FRQWURO ORZ VHUXP JURXS RQ GD\

1 ILOWHUV IURP HDFK FXOWXUH FRQGLWLRQ



'LVFXVVLRQ

(DUO\ DWWHPSWV DW JURZLQJ SULPDU\ KXPDQ 53( FHOOV ZHUH Kl
FKDUDFWHULVWLF FREEOHVWRQH PRUSKHRWRIW DIWMUL\D QRZ ZHB?
HVWDEOLVKHG WKDW FHOOV LQ FXOWXUH GH GLIIHUHQWLDWH DQ
XQOHVV PDLQWDLQHG XQGHU FRQQG LWHIRQW REKTHD W H SO LFP D W\H5®/(K |
ORVH WKHLU SRODULVHG GLVWULEXWLRQ RI LRQ FKDQQHOV 5L
HSLWKHOLDO FHOOV .RGDPD DQG (JXFKL DQG H[SUHVV QHXU
FXOWXUH %RWFKNLQ DQG ODWWKHZV 3ULPDU\ FXOWXUHV RI
DWWHPSWHG LQ WKLV VWXG\ EXW WKH UHVXOWYV ZHUH QRW VDWL)
WR FRQWDPLQDWLRQ RI WKH SULPDU\ FXOWXUH ZLWK QRQ 53( FH
DGXOWKRRBW .BWWBQG WKHUHIRUH WKH VXE FXOWXULQJ RI DGXOV
PRGLILFDWLRQV WR WKH FXOWXUH PHGLXP DQG VXEVWUDWH LQ R
PDLQ REMHFWLYH ZDV WR XWLOLVH H[LVWLQJ KXPDQ FHOO OL
FKDUDFWHULVWLFV E\ PRGLI\LQJ WKH FXOWXUH FRQGLWLRQV D¢
REWDLQLQJ ODUJH TXDQWLWLHV RI IUHVK KXPDQ GRQRU 53(

,QLWLDO H[SHULPHQWYV VKRZHG WKDW $53( FHOOV GHYHORSHG |
VHUXP PHGLXP RQ ODPLQLQ FRPSDUHG ZLWK XQFRDWHG 7UDQVZL
UHSUHVHQWHG ZHUH WKH PHDQ “ 6' RI WKH KLJKHVW 7(5V IURP |
JURXS V 7(5 zDV VLPLODU WR WHKWWOWHSRUWISSUR\([LRRQWHO\ 4 1
+RZHYHU QRW DOO ILOWHUV DWWDLQHG WKLV 7(5 DQG LQ WKH FI
WKH 7(5 RI UHGXFHG VHUXP $53( FHOOV zZDV DSSURI[LPDWHO\
WUXH UHIOHFWLRQ RI WKH YDULDELOLW\ RI WKLV FHOO OLQH LQ F
HW DW

JURP WKH FRQWURO JURXSV D VXEVHW RI ILOWHUV ZDV XVHG DV L
WKH HIITHFWV Rl WKH YDULRXV FXOWXUH FRQGLWLRQV RQ ,Q SUDEF
WKH KLJKHVW 7(5 ZRXOG KDYH EHHQ VHOHFWHG DV WKH KLJK 7(5
MXQFWLRQV DQG SRODULW\ 7KHUHIRUH WDNLQJ WKLV OHYHO D!
PDMRULW\ RI ILOWHUV ZLWK $53( FHOOV JURZQ LQ UHGXFHG VHI
4 FP 1RQHWKHOHVV WKH UHVXOWY RI WKH PRGLILFDWLRQV WR
LPSURYH XSRQ WKH 7(5 LQ WKLY FHOO OLQH

*LYHQ WKH LPSRUWDQFH RI WKH VIXE W\ X WHR QE HRRE HODPLL@L QWHKRH
DSSOLHG LQ DOO VXEVHTXHQW H[SHULPHQWYV /DPLQLQ FRDWLQJ C
JHQHV LQ $53( WKDW DUH DOVR IRXQG LQ KXPDQ 53( FHOOV FRP
JHQHUDOO\ XVHG IRU WMMLDWHO/XKFOZQH RTI1$SBA( JURZQ LQ UHGXFH
ZDV VWLOO VLJQLILFDQWO\ ORZHU WKDQ WKH 7(5 Rl QDWLYH KXPD
' FHOOV KDG DQ HYHQ ORZHU 7(5 WKDQ WKH $53( FHOOV DQG
HIITHFW RQ WKLV SDUDPHWHU 7KHUH DUH QR UHSRUWHG 7(5V IRU
Rl WKLV FHOO OLQH WR IRUP D WLJKW EDUULHU



(&9 FHOOV ZKHQ JURZQ LQ FR FXOWXUH ZLWK & JOLRPD FHOOV
SUHYLRXVO\ UHSHRW WIKDG 'REEBHYW DO (&9 DOVR VKRZHG DQ LQG
E\ 0,2 0 ZKLFK VXJJHVWV WKDW WKLV FHOO OLQH UHVSRQGV WR LC

7KH OLNHO\ H[SODQDWLRQ IRU WKH ODFN RI LQGXFWLRQ E\ $53(
GXH WR WKH FXOWXUH PHGLXP O LQ ZKLFK WKH & FHOOV ZHI
'0(0 ) PHGLXP LQ ZKLFK $53¢( FHOOV DUH QRUPDOO\ JURZQ O
JP O DV RSSRVHG WR JP O LQ '0(0 ) ZKLFK PD\ DFFRXQW IRU
SXUH FRQGLWLRQHG & PHGLXP ZDV DGGHG WR WKH DSLFDO FKD]I
EHHQ WKDW WKH JOXFRVH LQ O ZDV XWLOLVHG E\ WKH & FHOC
KDYH GHSULYHG WKH $53( FHOOV RI VXIILFLHQW QXWULHQWYV W
WKH KLJK VHUXP LQ ZKLFK WKH & FHOOV ZHUH JURZQ ZRXOG
IRUPDWLRQHVERDQJ

53( FHOO SUROLIHUDWLRQ LV LQFUHDVHG LQ WKH SUHVHQFH RI J
WR WKH IRUPDWLRQ RI HSLUHWLQDO PHPEUDOQHW DWXUNAKH QG )I
IDFWRUV VHFUHWHG E\ WKH JOLDO FHOO OLQHV PD\ KDYH LQFUH|
DQG GHFUHDVHG WKH 7(5 RZLQJ WR WKH ODFN RI WLJKW MXQFWL
ZDV WKH VXEVWUDWH RQ ZKLFK (&9 DQG $53¢( ZHUH JURZQ 71
FHOOV KDYH D PDVV RI 'D EXW PD\ QRW SHUPHDWH WKH ODP
UHDGLO\ DV WKH &HOODJDQE ILOWHUV

JXUWKHUPRUH WKH $53( FHOO OLQH LV GHULYHG IURP DQ DGHX
MXQFWLRQV KDV EHHQ VKRZQ WR EH VHQVLWLYH WR WKH WLPLQJ
REWDLQHG LQ IRHWDO DQG HPEU\RQLF FKLFN 53( FHOOV EXW Q
5L]]ROR D +X DQG %RN JRU LQVWDQFH HPEU\RQLF ( FKIL
7(5 WKDQ ( 53( FHOOV JURZQ XQGHU WKHWIRH FRIQIGLWRRQUL @D H
WKH GHYHORSPHQW RI WKH WLJKW MXQFWLRQV WR WKH GHYHORS
ODFN RI LQFUHDVHG 7(5 LQ WKH DGXOW GHULYHG $53( FHOOV

7KH 0,20 FHOO OHWHDOLPEOVR IDLOHG WR LQGXFH DQ LQFUHDVI
$53( FHOO OLQHV ZKHQ JURZQ LQ FR FXOWXUH RU ZKHQ FRQGLYV
WKH 7(5V ZHUH QRW DV ORZ DV ZLWK WKH & FHOO OLQH 7KH FR
UHGXFHG JOXFRVH J O EXW WKH UDWH RI JURZWK RI WKH 00O
JOLRPD GHULYHG & FHOO OLQH DQG VR WKH PHWDEROLF GHPDQG
ORZHU

0,20 FHOOV VHFUHWH KHSDWRF\WH JURZWK IDFWRU +*) LQ WKH
DOVR FDXVHV VHFUHWLRQ RI 9(*)HBA D2 0 7TKHRG®ERHMRBUHWHY +*) D
DOVR KDV WKH +* PHWKBEMKRUY SURSRVHG WR SOD\ D UROH LQ WKF
VHHQ LQ SDWLHQWYV ZKHUH WKH 53( GLIIHUHQWLDWHV DDAQWR D PH



IDVKNBDWLDO %ULRW DW +*) LQFUHDVHV (&9 SUROLIHUDWLRQ YL
RI VSKLQJRVLQH NLQDVH WKDW UHJXODWHV D YDULHW\ RI FHOO |
DQRG DQJLRIHQHWUWMOOXDQW LV WKHUHIRUH SRVVLEOH WKDW WKH V|
0 LQGXFHG WKH 53( FHOOV WR GHYHORS D PRUH PHVHQFK\PDO D!
ORVV RI WLIJKW MXQFWLRQV DQG WKH HSLWKHOLDO SKHQRW\SH 9¢(
WKH EDUULHU SURSHUWLHV RI WKH $53( FHOOV DV 9(*) KDV EHHC
ERYLQH 53( H+DWWOQHWW

,Q WKH RULJLQDO GHVFULSWLRQ $53( FHOOV ZHUH JURHAHWLQ D V
DO ZLWK WKH $53( FHOOV DFKLHYLQJHW7DRO RU7KH FPHFKXQID
IRUPXODWLRQ RI WKH VSHFLDOLVHG PHGLXP ZDV QRW VSHFLILHG |
+X DQG %RN 2ZWKHU DXWKRUV KDYH DOVR SXEOLVKHG VSHFLI
DQG KXPDQ 53( FHOOV WKDW YDU\ LQ FRPSBWVIQVL BR]]R/GIR IMDPE OH

7HIJHO DQG 'HO 3ULRUH +X DQG %RN 7TKH FRQFHQWU
YDULHV EHWZHHQ DXWKRUV VXBKP ®VWWQDLNXDIHMMILRO DQG WKH DGGL
RI FHUWDLQ JURZWK IDFWRUV YLWDPLQV DQG KRUPRQHV (*) E)*)
DFLG JXUWKHU PRGLILFDWLRQV KDYH DOVR EHHQ PDGH E\ DGGLQ
ZLWK HLWKHU ERYLQH RU HPEU\RQLF FKLFN UHWLQDV

7KUHH PRGLILFDWLRQV RI WKH GHILQHG PHGLD GHVFULEHG E\ +>
ULRUH DQG 5L]IROR DQG /L ZHUH XWLOLVHG LQ WKLV V
60 YDULHG LQ WKH DGGLWLRQ RI DOO IUDQV UHWLQRLF DFLG DQG
VRGLXP VDOW 7 7KH UHPRYDO RI 7 ZDV EDWW DGSRQZWHKH ILQCGC
IRXQG QR LQFUHDVH LQ WKH 7(5 RI HPEU\RQLF FKLFN 53( FXOWX
RULJLQDOO FRQVLGHULQJ WKLV KRUPRQH ZDV WKDW 7 HQKDQFH)\
&KDGHW DO DQG IRHWDO 53( FHOOV KDYH 7 UHFHSWRUV DQG WKH&F
GHYHORSLQJ 53dWXM® D Q

$00 I1UDQV UHWLQRLF DFLG LQGXFHV D JHQH LQ $53( WKDW DSSt
.XWMW DO $WO LYHWLQRLF DFLG KDV EHHQ VKRZQ WR GHFUHDVH !
GH GLIIHUHQWLDWLRQ LQHWOMOXUHRZBPSBFKODRAH UHSRUW WKDW
GRVHE£O Rl UHWLQRLF DFLG D GHOD\ LQ GLIIHUHQWLDWLREGWRI $53(

DO $W S0 DOO WUDQV UHWLQRLF DFLG LQFUHDVHV HBW) VHFU
DO ZKLFK LV VLPLODU WR WKH IWQDNNWWRQRHRWBED® XR/G R IL Q O}
VWXG\ QJ PO ¢YO ,Q FRQWUDVW DOO I1UDQV UHWLQRLF DF

UHJXODWHYV 3(') DQG WKH EDVHPHQW PHPEUDQH SURWHLQV ILEUR
PRXVH 53( 8MHW ®D 7KH HIIHFW RI DOO IUDQV UHWLQRLF DFLG ZL
WR LQFUHDVH WKH 7(5 LQ WKH $53( FHOOV LQ WKLV VWXG\ GHYV
SURGXFWLRQ RI 9(*) bV KDV EHMWQDOHSRQWHES@GEBEAOWLRQ PD\ EH W
VWXG\ RIHVHD LV WKDW WKH $53( FHOOV ZHUH JURZQ LQ IODYV
*LYHQ WKDW VXEVWUDWH WLPH LQ FXOWXUH DQG FHOO FXOWXU
$53( FHOOV WKH MIUHDBEMWAW LRIRDG MFLG PD\ GLIIHU GHSHQGLQJ XSR(



7KH DGGLWLRQ RI WKH DERYH FRPSRXQGVY KDG VRPH HIIHFW RQ W
WR WKH FHOOV JURZQ XQGHU UHGXFHG VHUXP FRQGLWLRQV $OWl
WKH UHVXOWY LQGLFDWH WKH LPSRUWDQFH RI WKH FXOWXUH FR(
OLQH 7KHUH ZDV QR DGYDQWDJH LQ XVLQJ 60 PHGLXP IRU JURZLC
7(5 zDV KLJKHU DW WKH HQG RI GD\V WKH FRQWURO FHOOV KI
DGGLWLRQ RI DOO IUDQV UHWLQRLF DFLG LQ 60 GLG LQFUHDVH V
WKDW ZDV UHSRWWHOGWE\ 'XQIQQRJ D PRUH FRPSOH[ IRUPXODWLRQ A
ZDV VWLOO ORZHU WKDQ WKDW UHSRUWHG IRU FXOWXUHG KXPDQ
7KH H[SHULPHQWYV LQ 60 DQG 60 ZHUH QRW FDUULHG RQ EH\RQ
HVWDEOLVK D KLJK 7(5 LQ D UHODWLYHO\ VKRUW SHULRG RI WLPH
DOVR UHYHDOHG WKDW WKH\ ZHUH FOXPSLQJ DQG IRUPLQJ VPDOC
KLJK SUROLIHUDWLRQ UDWH DQG WKH FHOOV FRXOG QRW EH FRQV\
DFFRXQWHG IRU WKH VKDUS ULVH LQ WKH 7(5 VHHQ LQ WKH 60 J
SHULRG

YXUWKHU WULDOV ZHUH SHUIRUPHG ZLWK WKH PHGLD GHILQHG E\
WULDO WKH HIIHFWV RI (*) DQG E)*) ZHUH DGGHG WR 60 DQG WKL
LQFUHDVH LQ WKH 7(5 FRPSDUHG WR FRQWUROV DIWHU  GD\V +F
SURGXFHG DQ HQKDQFHG 7(5 LQ $53( FHOOV 7KHVH UHVXOWV I
HPEU\RQLF FKLFN 53( FHMWWDWHYV 5BA®QWO\ 5L]]JROR KDV SHUIRUP
H[SHULPHQW DQG REWDLQHG D 7(5 RI 4 FP ZLWK 60 ZKLFK
ILQGLQJWWIA

7KH LPSRUWDQW DGMXQFW WR HVWDEOLVKLQJ D WLJKW EDUULHU
PHPEUDQH VXFK DV DPQLRWLF PHPEUDQH DQG WKH DGGLWLRQ R
PHGLD IRUPXODWLRQV 60 DQG 60 GLG HQKDQFH WKH 7(5 LQ WKH
GLG QRW H[FHHG 4 FP RU DSSURDFK WKH KLJKHU 7(5V UHSRUW
GHYHORSPHQW RI WLJKW MXQFWLRQV LQ HPEU\RQLF FKLFN 53( L\
53( FHOOV DUH KDUYHVWHG 7KH 7(5 Rl ( FKLFN 53( FHOOV LV OHV
ZKHQ JURZQ LQ UHWLQDO FRQEMWVDWQHEGRBBLEB( BHQWXUHV GR (
WKH VDPH KLJK 7(5 DV IRHWDO 53( DQG WKLV PD\ EH WKDW WKHYV
ORQJHU UHVSRQVLYH WR VLJQDOV WKDW ZRXOG HQFRXUDJH WLJk
GHULYHG IURP DQ DGXOW DQG PD\ WKHUHIRUH EH OHVV SUHGLVSR
IURP D \RXQJHU GRQRU

IXRHW DW KDV UHFHQWO\ SHUIRUPHG D GHWDLOHG DQDO\VLV RI
RI WLJKW MXQFWWMRHRWDLQ FRQFOXVLRQ ZDV WKDW $53( H[SUH
MXQFWLRQDO SURWHLQV EXW WKDW WKH H[SUHVVLRQ OHYHOV YL
HSLWKHOLDO EDUULHU IRUPLQJ ,Q SDUWLFXODU $53( FHOOV J
GRHV QDWLYH KXPDQ 53( EXW VRPH DOVR H[SUHVVHG F\WRNHUDW
WKH 53( )XUWKHUPRUH WKH DFWLQ ILODPHQWY GLG QRW IRUP FlI



VXIDFH RI WKH FHOOV XQGHU VWDQGDUG FRQGLWLRQV 2QO\ DIW
DQ DSSDUHQW UH RUJDQLVDWLRQ RI WKH DFWLQ ILODPHQWYV ZLW
SURWHLQV &ODXGLQ H[SUHVVLRQ DOVR YDULHG LQ W\SH GLVWU
FHOO SRSXODWLRQV %HFDXVH WKH FODXGLQV IRUP WKH LQWHU
ZRXOG DFFRXQW IRU WKH LQDELOLW\ RI WKLY FHOO OLQH WR IRU
DQ DVVRFLDWHG ULVH LQ WKH 7(5

6 XPPDU\

7KH LPSRUWDQFH RI WKH FXOWXUH FRQGLWLRQV RQ WKH 7(5 RI $!
UHVSRQVHV REWDLQHG ZLWK 60 PHGLXP 7KH JOLDO LQGXFWLRQ
GHVSLWH DQ LQFUHDVH LQ WKH 7(5 RI (&9 FHOOV 7KH XS UH.
$53( PD\ EH WKH OLPLWHG RZLQJ WR WKHLU DGXOW RULJLQ C
MXQFWLRQDO SURWHLQV WKDW YDU\ ZLWK FXOWXUH FRQGLWLRQV



8VVLQJ &KDPEHUYV



QWURGXFWLRQ

(VWDEOLVKLQL® YREWBEBOH) ZKLFK WR H[SORUH WKH DOFRKRO (2*
RI WKH VWXG\ 3UHYLRXV ZRUN KDV HVWDEOLVKHG WKDW ERYLQH
WKH DSLFDO DQG EDVDO VXUIDFHW DBOXW)XHW KHU® BollNAWERKIGIL H V
LQYROYLQJ VKHHIW DQDYBIQG DOELQR UDEBELW VDO7H [KMIRMUH XD/OV R
GHPRQVWUDWHG D UHVSRQVH VLPLODU WR WKH DOFRKRO (2* LQ PL

7KH VLWH RI DFWLRQ IRU HWKDQRO LV XQNQRZQ DQG PD\ LQYR
PHPEUDQHV RI WKH 53( RU PD\ KDYH DQ LQWUDFHOOXODU WDUJHW
VLWHV 7KH PRVW OLNHO\ RI WKHVH KRZHYHU ZRXOG EH WKDW H\
JLYHQ WKDW WKH RUDO GRVH ZRXOG UHDFK WKLV VXUIDFH LQLWL

3DXWOHU DGGHG HWKDQRO WR ERWK WKH DSLFDO DQG EDVDC
ORFDWLRQ RI WKH HWKDQRO UHFHSWRU FRXOG KDYH EHHHWRQ HLV
DO DGGHG HWKDQRO RQO\ WR WKH DSLFDO VLGH DQG GHPRQ\

VXJIHVWY WKDW DQ HWKDQRO UHFHSWRU LV ORFDOLVHG WR WKl
QDWXUH RI HWKDQRO ZRXOG QRW H[FOXGH LW IURP WUDYHUVL
LQWHUDFWLQJ ZLWK DQ DSLFDO RU LOWUDFHOOXODU UHFHSWRU
DSLFDO RU EDVDO VXUIDFH RU ZKHQ WKH UHWLQD ZDV LQ SODFF
SRWHQWLDO WDUJHWYV IRU HWKDQRO JLYHQ WKH GLIITHUHQW GLVWI
DSLFDO DQG EDVDO SODVPD PHPEUDQHV RI WKH 53(

%RYLQH 53( KDV VRPH DGYDQWDJHY DQG VRPH GLVDGYDQWDJHV IF
WKDW ERYLQH H\HV DUH UHDGLO\ REWDLQDEOH DQG DQ HWKDQRO
VSHFLHYVY 7KH QXPEHU RI VWXGLHV XWLOLVLQJ ERYLQH SUHSDUDW
LRQLF FKDQQHOV WUDQVSRUWHUV DV ZHOO DV WKH LQWUDFHO!

VSHFLHV )J)UBWEDGK OLOOHU DQG (GHOPDQ -RVHSK D@® OLOOH
DO 5\PHUW DO
7KH VWXG\ RI 3DXWOHU LOQWR HWKDQROYV LQWHUDFWLRQ ZL

ZDV LQWHUDFWLQJ ZLWK D SULPLWLYH OLJKW VHQVLWLYH * SURW
GLG QRW GHWHFW DQ\ DOWHUDWLRQV LQ WKH LQWUDFHOOXODU >&
HWKDQRO ZKLFK LPSOLHG WKDW &D ZDV QRW WKH LQWUDFHOOXOTL
LV EHOLHYHG WR EH FHQWUDO WR WKH OLJKW (2* LV DOVR SUREDE
VLPLODULWLHVY EHWZHHQ WKH UHVSRQVHV $UGHWWDRG :ROI
5RVHQWMDDO 7KLV VXJJHVWV WKDW WKH ERYLQH DOFRKRO UH
)XUWKHUPRUH WKH REVHUYDWLRQ RI 3DXWOHU WKDW WKH DOFRK
GLIIHUV WR PDQ ZKHUH WKH DOFRKRO (2* LV SHUIRHRWHBORQ WKH G
6NRRUW DO $UGHQ DQG :ROI E

%LDOGIMNDO IRXQG WKDW HWKDQRO LQFUHDVHG WKH EDVRODWHUL
WKLV VWXG\ WKH EDVDO PHPEUDQH GHSRODULVHG DQG WKH 7(3



DGGHG WR WKH DSLFDO EDWK 1R IXUWKHU LQYHVWLIJDWLRQ ZDV >
UHFHSWRU RU PHFKDQLVP WKDW OHG WR WKHVH FKDQJHYV

5DQBEDYH VLPLODUO\ EHHQ XVHG WR LQYHVWLJDWH WKH SURSHUW
2DNOHW,DO OLOOHU DQG )DUEHW DW <+*XNIKHW DO OD &RXU

20H DGYDQWDJH RI XVLQJ IURJ ZDV WKDW WKLV SUHSDUDWLR
DQG WKH GHOD\ LQ SRVW PRUWHP WLPH FRXOG EH PLQLPLVHG 1R
WKH HOHFWURSK\VLRORJLFDO HIIHBWEDRR ZHHW KD Q RX HRWQH WOKUHH 5030 \RF
VSHFLHY GLIIHUHQFHVY EHWZHHQ PDQ DQG DPSKLELDQ ZLWK UHYV
EDVRODWHUDO FKORULGH FKDQQHOV

$53( FHOOV ZHUH DOVR XVHG LQ DQ 8VVLQJ FKDPEHU WR LQYHVW

/KH 8VVLQJ &KDPEHU

7KH DGYDQWDJHV RI XVLQJ DQ 8VVLQJ FKDPEHU DUH WKDW WKH 5
WKH LQWHUDFWLRQV EHWZHHQ WKH 53( DQG WKH UHWLQD PD\ EH I
DQG 8VVLQJ $ W\SLFDO 8VVLQJ FKDPEHU FRQVLVWYV RI WZR FK
HSLWKHOLXP $ YROWDJH DQG FXUUHQW HOHFWURGH DUH SODFHC
FKDQJHV LQ YROWDJH DQG FXUUHQW DUH UHFRUGHG GLIIHUHQWLD
DOORZV IRU UDSLG FKDQJHV RI EDWK VROXWLRQ DV ZHOO DV WK
LQYHVWLIJDWH WKHLU HIIHFWVY RQ WKH 7(3 DQG 7(HWODOOHU DQG
5\PHHW DO

,Q WKLV VWXG\ WKH 8VVLQJ FKDPEHU SURYLGHV DQ LGHDO PHDQ\
ZKLFK HWKDQRO DFWV XSRQ HLWKHU WKH UHWLQD RU WKH 53( %\
7(5 RYHU WLPH IROORZLQJ WKH DGGLWLRQ RI HWKDQRO WKHUH VK
WR WKH DOFRKRO ULVH RI WKH DOFRKRO (2* DQG D IDOO LQ WKH
FKDQQHO RSHQV ,QKLELWLRQ RI WKH UHVSRQVH ZLWK GUXJV ZR:
UHVSRQVLEOH IRU WKH DOFRKRO (2*

$V GLVFXVVHG WKH 7(3 LV GHILQHG LQ WKH 53( DV WKH GLIIHUHC(
PHPEUDQH YROWDJHV 7(3 9%DVDL 9$SLFDL ,Q WKH 53( WKH 7(3 I
K\SHUSRODULVHG SRWHQWLDO WKDQ 9%Db6DL DW UHVW 7R UHFRUG )\
VHFRQG SXOVH RI P9 ZzDV DSSOLHG DFURVV WKH WLVVXH 7
UHFRUGHG DQG 2KPfV ODZ DSSOLHG WR JLYH WKH 7(5 ZKLFK LV \
WLVVXH WR JLYH WKH 7(5 LQ 4 FP ,Q WKH VLPSOHVW FDVH WKDW
HISORUH WKH DOFRKRO (2* LQ ERYLQH 53( WKH 7(3 LQFUHDVHG IRO
PRUH DGYDQFHG FRQILIXUDWLRQ DQ LOQWUDFHOOXODU HOHFWURG
WKH FKDQJHV LQ 90 FRXOG DOWVWRVHEXO UHFRUGHG %LDOHN



OHWKRGYV

%RYLQH

%RYLQH H\HV IURP KHUGV PRQWKY ROG ZHUH REWDLQHG IURP
WR WKH ODERUDWRU\ DSSUR[LPDWHO\ WZR WR IRXU KRXUV SRVW
WULPPHG $ VPDOO a PP LQFLVLRQ ZDV LQLWLDOO\ PDGH ZLWK D
HIWHQGHG WR VHSDUDWH WKH DQWHULRU DQG SRVWHULRU FKDPE
ZHUH UHPRYHG DQG WKH H\H FXS ILOOHG ZLWK EXIIHU DW URRP
GLVSRVDEOH ELRSV\ SXQFK :3, $VWRQ 8. ZDV XVHG WR FXW RXW
DQG UHWLQD IURP WKH QRQ WDSHWDO PLG SHULSKHU\ RI WKH SRV
EXITHU ZKHUH WKH 53( FKRURLG ZDV JHQWO\ UHPRYHG IURP WKH
UHWLQD IORDWHG RIl LQ VRPH FDVKVVIMUX WKHAVIHPOPHDD ? HONNV D I & F
FKRURLG ZDV WKHQ WUDQVIHUUHG WR D SLHFH RI WULPPHG KDUG
ZLWK EM SRUHV 6LJPD $OGULFK DQG KHOG EHWZHHQ WZR FLU
DSHUWXUH GLDPHWHU RI PP 7KH SODWHYVY DQG WLVVXH ZHUH VH
ZHUH WLJKWHQHG JHQWO\ WR DYRLG GDPDJLQJ WKH WLVVXH 7KLV

8VVLQJ &KDPEHU

$ PRGLILHG 8VVLQJ FKDPEHU :3, ZDV XVHG ZLWK PO RI EXIIHU V
KHPL FKDPEHUV (DFK KDOI FKDPEHU ZDV GHVLJQHG ZLWK UHFHVYV
PRXQWHG WLVVXH ZKHUH LW ZDV FODPSHG EHWZHHQ WKH WZR KDO
DFWHG DV WKH EDUULHU EHWZHHQ WKH WZR FRPSDUWPHQWYV %XI|

SDJH ZDV FLUFXODWHG JHQWO\ WKURXJK WKH V\VWHP E\ EXEEO
LOQWR WKH EXIIHU 7KH EXIIHUYV S+ ZDV DGMXVWHG WR “ EHII
DQG 7KH EXIITHUYY WHPSHUDWXUH ZDV FRQWUROOHG E\ FLUF

RXWHU JODVVY MDFNHW WKDW VXUURXQGHG WKH EXIIHU DV LW FL
WHPSHUDWXUH RI WKH EXIIHU LQVLGH WKH 8VVLQJ FKDPEHU ZDV P
DW WKH RSHQLQJ RI WKH 8VVLQJ FKDPEHU V IOXLG LQOHW G6WRFN
ZDWHU EDWK DW & XQWLO EHLQJ DGGHG WR WKH FKDPEHU ZKHQ

$Q (&9 DPSOLILHU DQG SUH DPSOLILHU :3, ZDV XVHG WR UHFI
LQVHUW ZDV SODFHG LQ WKH 8VVLQJ FKDPEHU FRQWDLQLQJ D SLHF
PO RI KHDWHG EXIIHU DGGHG WR WKH DSLFDO DQG EDVDO EDWKYV
HOHFWURGH RIIVHW ZDV JHURHG DIWHU WHQ PLQXWHV ZLWK WKH
(OHFWURGHV ZHUH PRQLWRUHG WR HQVXUH QR GULIW ZDV SUHV]
RSHQHG DQG WKH LQVHUW FRQWDLQLQJ WKH SUHSDUDWLRQ DGGH
FRQVLGHUHG YLDEOH IRU DOO RI WKH ERYLQH H[SHULPHQWYV 0LO
DOVR UHFRUGHG WKH 7(5 EXW WKH VHQVLWLYLW\ ZDV WRR ORZ IRL



DQG DUH QRW VKRZQ 7KH PDLQ UHDVRQ ZDV WKDW WKH $PPHWHU
QRW SHUPLW FKDQJHV LQ WKH 7(5 Rl a HMFP DV UWRRBRN HE VER O IH

WKH VWXG\ RI SBDXWOHU WKH 7(5V ZHUH QRW UHSRUWHG

5HFRUGLQJV RI WKH 7(3 ZHUH PDGH LQLWLDOO\ DW ILYH PLQXWH |
SUHSDUDWLRQ WR VWDELOLVH DQG WKHQ DW RQH WR WZR PLQXW
DSLFDO EDWK (WKDQRO PO RI YRO YRO ZDV DGGHG WR WKH
RI' EXITHU WR JLYH D ILQDO FRQFHQWUDWLRQ RI HWKDQRO LQ W

(OHFWURGHYV :3, ZHUH $J $J&, SHOOHWYV ZLWK DQ $JDU VDOW EUL
JUDPV RI DJDURVH LQ PO RI EXIITHU DQG LQMHFWLQJ WKH KHDWI
$J $J&, SHOOHW DQG DOORZLQJ WKH DJDU WR VHW )LJXUH VKF
FKDPEHU VA\VWHP ZLWK SUH DPSOLILHU

JLIXUH 8VVLQJ &KDPEHU

8VVLQJ FKDPEHU ZLWK JODVV ZDWHU MDFNHW KHDWHG E\ FLUFXOL
EXEEOLQJ RI WKH VROXWLRQ ZLWK KXPLGLILHG JDV &

DUURZYV %DVHOEZQN W WHRQWUMROE\ SODFLQJ D EODQN LQVHUW LQW
JHURLQJ WKH SRWHQWLDO GLIITHUHQFH ZLWK WKH SRWHQWLRPHWH
ZDV UHPRYHG DQG WKH RQH FRQWDLQLQJ WKH ERYLQH 53( WLV
FKDPEHU 7KH EODFN EDU WKDW VHSDUDWHY WKH DSLFDO DQG EDV



8VVLQJ &KDPEHU

7/KH VHFRQG FKDPEHU FRQVLVWHG RI D PO JODVV UHVHUYRLU
FDUULHU WKDW KHOG WKH ERYLQH SUHSDUDWLRQ ZLWK DQ DSHU
WZR PO KDOI FKDPEHUVY LQWR HDFK RI ZKLFK D YROWDJH DQG F
7TKH SUHSDUDWLRQ RI WKH WLVVXH ZDV LGHQWLFDO WR WKDW GH\
FDUULHU ZzZzDV D GLIIHUHQW GHVLIJQ WKDW HQDEOHG WKH WLVYV
LQWHUORFNLQJ /XFLWH SODWHV ZLWK YDFXXP JUHDVH 'RZ &RUQ
SHULSKHU\ RI WKH WLVVXH HGJH 7KH SUHVVXUH WR VHDO WKH W.
WKDQ WKDW LQ 8VVLQJ FKDPEHU ZKHUH WKH WLVVXH ZDV FODP
WLIKWHQLQJ WKUHH VFUHZV ,Q WKLV VHULHYV PO JOXWDWKLRQH
JDV VZLWFKHG WR & DQG IRZHUHG S DQG JOXWLEL
LQFUHDVH WKH ORQJHYLW\ RI WKH WLVVXH :LQNOHU DQG *LEOLQ
ZDV DGMXVWHG WR “ EHIRUH XVH ZLWK & DQG 1 )
WDEOH SDJH 7KH LRQLF FRPSRVLWLRQ RI WKH EXIIHU ZDV
PO DQG LQFUHDVH WKH >&D @ WR PO DQG "' JOWFRWH WR PO OC

5HFRUGLQJV RI LQVWDQWDQHRXV YROWDJH DQG FXUUHQW ZHUH
.HLWKOH\ 0OXOWLPHWHU HLWKOH\ LQVWUXPHQWY 2KLR 86%
VSUHDGVKHHW XVLQJ ([FH/LQ[E .HLWKOH\ IRU ODWHU DQDO\VLV
WKH 7(3 ZLWK WKH LQVWDQWDQHRXV FXUUHQW DQG PXOWLSO\L!
FKDPEHU DSHUWXUH FP $EVROXWH HWKDQRO ZDV DGGHG Wi
JLYH D ILQDO FRQFHQWUDWLRQ RI RU HWKDQRO DIWHU WKH
GHWHUPLQH LI HWKDQRO PD\ EH DFWLQJ GLUHFWO\ XSRQ WKH UHW
EDWK LQ SUHSDUDWLRQV ZLWK WKH UHWLQD LQ SODFH 7KH HOHF
8VVLQJ FKDPEHU JLIXUH RYHUOHDI LV D VFKHPDWLF RI WKH V

7KH PHDQ RI WKH YROWDJH DQG FXUUHQW RIIVHW IRU WKH SUHFH
ZDV DGGHG WR WKH FKDPEHU ZDV VXEWUDFWHG IURP WKH VXEVF
SODFH



JLIXUH 8VVLQJ &KDPEHU

7(5 >7(3 O%DVDO OS$SLFDO @ [ $UHD &O FP

6FKHPDWLF UHSUHVHQWDWLRQ RI WKH VHFRQG 8VVLQJ FKDPEHU
8VvVVLQJ FKDPEHU ZDV SODFHG LQ D ZDWHU EDWK PDLQWDLQHG DW
DSLFDO DQG EDVDO EDWKY 9ROWDJH DQG FXUUHQW HOHFWURGH\
DQG WKH GLITHUHQWLDO LQVWDQWDQHRXY YROWDJH DQG FXUUHOQ
WKH .HLWKOH\ PXOWLPHWHU 7KH YDOXHV ZHUH VWRUHG RQ D

5DQD

$00 DQLPDO SURFHGXUHV ZHUH SHUIRUPHG LQ DFFRUGDQFH ZLWHK
DQG 2SKWKDOWRWRPHQW IRU WKH 8VH RI $QLPDOV LQ 2SKWKDOPLF

5DQD 7THPSRUBWWLBLWKHG EHIRUH GHFDSLWDWLRQ DQG WKH H\HV F
DQG SODFHG LQ EXIIHU VROXWLRQ VHH WDEOH SDJH DW UR
JDVVHG ZLWK KXPLGLILHG & DQG 1 WR JLYH D S+ RI

ELVHFWHG DW WKH HTXDWRU ZLWK D UD]JRU EODGH DQG WKH DQ\
ZDV UHPRYHG ZLWK DEVRUEHQW WLVVXH SDSHU DQG WKH H\H FX
8VVLQJ FKDPEHU )RU WKLV H[SHULPHQW RQH RI WKH KDOI FKDPEF



ZLWK WKH H\H FXS PRXQWHG LQ WKH FHQWUDO DSHUWXUH DQG \
LOQWR WKH OXHU ILWWLQJV

(OHFWURGHV ZHUH ZY DJDURVH GEDQBRION HGSLG [WHULEKQ WY
DSLFDO HOHFWURGH FRQWDLQHG D VLQJOH VXUJLFDO VLON WKU
,QWL %UXVVHOV %HOJLXP WKDW ZDV PRLVWHQHG ZLWK EXIIHU
ZLWK D PLFURPDQLSXODWRU :3, DQG ORZHUHG VR WKDW WLS RI
WKH PHQLVFXV RI EXIIHU WKDW ILOOHG WKH H\H FXS $GGLWLRQ
UHTXLUHG ZKLFK ZDV W\SLFDOO\ DW ILYH WR WHQ PLQXWH LQWH!
EXIIHU ZDV DGGHG WR WKH UHWLQDO VXUIDFH ZLWK D 3DVWHXU
PLQXWHV 7KH EDVHOLQH ZDV HVWDEOLVKHG SULRU WR WKH DGG
WKH DSLFDO HOHFWURGH LQWR WKH EDVDO EDWK DQG ZDLWLQJ
SRWHQWLDO GLIIHUHQFH WR VWDELOLVH 7KLV SRWHQWLDO ZDV
ZKHQ WKH H\H FXS ZDV DGGHG 5HFRUGLQJV RI WKH GLIITHUHQWLD
LQWHUYDOV XVLQJ WKH .HLWKOH\ PXOWLPHWHU DQG VWRUHG
([FH/LQ[E .HLWKOH\

,Q RUGHU WR HVWDEOLVK WKDW WKH 53( UHWLQD ZHUH VWLOO IX

FXS 7KH OLJKW VRXUFH IRU WKH (2* ZzDV D : LQFDQGHVFHQW (
FXS %DFNJURXQG URRP OXPLQDQFH ZDV FG P DQG LQ GDUNQH
VZLWFKHG RQ WKH OXPLQDQFH ZDV FG P OLQROWD &KURPD F

RYHUOHDI VKRZVY WKH VFKHPDWLF GLDJUDP RI WKH 8VVLQJ FKDPE



J)LIXUH (\H &XS &KDFE}DU IRU

6FKHPDWLF UHSUHVHQWDWLRQ RI WKH PRGLILHG 8VVLQJ FKDF
H[SHULPHQWY 7KH H\H FXS ZDV SODFHG LQ D F\OLQGHU ZLWK W
EXIITHU 7KLV ZDV RQH RI WKH KDOI FKDPEHUV |URP 8VVLQJ FK
FRQWDLQHG D VLON WKUHDG ZKLFK zZDV JHQWO\ ORZHUHG RQWR
DQG GUXJV ZHUH DGGHG SHULRGLFDOO\ ZLWK D 3DVWHXU SLSHW

GLUHFWO\ ZLWK WKH .HLWKOH\ PXOWLPHWHU DQG ZDV WDNH
0$SLFDOvV

$53(
$53( FHOOV ZHUH JURZQ XQGHU VWDQGDUG FXOWXUH FRQGLWL

FRDWHG 7UDQVZHOOE ILOWHUYV DV GHVFULEHG LQ VHFWLRQV
)&6 DQG WKH 7(5 PRQLWRUHG RYHU WLPH ZLWK WKH (QG2+0C

VHFWLRQ &RQVWLWXHQWY RI WKH $53( EXIITHU DUH GHWLEL
EXITHU ZDV SUHSDUHG DQG JDVVHG ZLWK & DQG 1
DOLTXRWYV ZHUH WKHQ ILOWHUHG WKURXJK D SO0 Q\ORQ SRUH

EDWK



7KH LQVHUWYV ZHUH WKHQ PRXQWHG LQ DQ 8VVLQJ FKDPEHU GH
LQVHUWV :3, FRQWDLQLQJ PO RI VROXWLRQ LQ WKH DSLFDO D¢
LQ 8VVLQJ FKDPEHU 9ROWDJH HOHFWURGHV ZHUH FRQQHFWHG \
DQG YROWDJH GLIIHUHQFHV ZHUH UHFRUGHG DW WKLUW\ VHFRC
VSUHDGVKHHW XVLQJ ([FH/LQ[E .HLWKOH\ $SSUR[LPDWHO\ ILY]
VWDELOLVH WKH SRWHQWLDO GLIIHUHQFH EHWZHHQ WKH HOHFWU

%XINTHUV DQG 'UXJ 3UHSDUDWLRAQ

$00 VROXWLRQV ZHUH SUHSDUHG RQ WKH GD\ RI WKH H[SHULPHQ!
DQDO\WLFDO JUDGH FKHPLFDOV 6LJPD $OGULFK 7KH FRPSRVLW

7DEOH %XIIHU &RPSRVLWLRQ IRU 8VVLQJ &KDI

6ROXWH WRYLQH 8VVL@RYLQH 8VVLBDQD $53(
PO PO PO PO

1D&,

&,

0J6

&D&,

N KSR

1D+&

' *OXFRVH

*OXWDWKLRQH 2 , ,

%6$ Z Y ) )

S+

ILVWWKH LRQLF FRPSRVLWLRQ RI EXITHUV XVHG LQ WKH 8VVLQJ FlI

(WKDQRO

8VVLQJ FKDPEHWROXWH HWKDQRO ZDV GLOXWHG WR D YRO YF
S?HWKDQRO $QDO\WLFDO *UDGH PO RI EXIIHU PO RI WKH D¢
UHSODFHG ZLWK PO RI HWKDQRO VROXWLRQ JLYLQJ D ILQDC
DSLFDO EDWK

8VVLQJ FKDPHNMWK D ODUJHU YROXPH LQ WKH DSLFDO DQG EDVDO
WR DGG DEVROXWH HWKDQRO WR WKH EBWHRKV&DQRBWADYV REGGHG I

YRO YROG?RI HWKDQRO ZDV DGGHG WR HDFK EDWK ZLWK DQ HT!:
SULRU WR WKH DGGLWLRQ RI HWKDQRO

5DQEDRU WRRB\H FXS HWKDQRO DQG ZDV SUHSDUHG LQ
DGGHG WR WKH H\H FXS DV UHTXLUHG



(SLQHSKULQH DQG 2XDEDLQ

(SLQHSKULQH K\GURFKORULGH O0: DQG RXDEDLQ RFWDK\GUDW
PO RI EXIITHU WR SUHSDUH D ZRUNLQJ FRQFHQWUDWLRQ RI PC
UHVSHFWLMWMRO\WKHVH VWRFN VROXWLRQV ZHUH DGGHG WR WKH L
ZLWK DQ HTXDO YROXPH UHPRYHG RI FLUFXODWLQJ EXIIHU GLOX
DQG SURWHFWHG IURP WKH OLJKW XQWLO XVH

(SLQHSKULQH DQG RXDEDLQ ZHUH XVHG WR WHVW WKH YLDELOL
GUXJV ZHUH UHDFKLQJ WKH DSHUWXUH LQ WKH 8VVLQJ FKDPEHU
REVHUYHG E\ DGGLQJ VRGLXP IOXRUHVFHLQ WR WKH EDWKYV ZLWK

'‘DWD DQDO\VLYV

7KH UHVXOwWY DUH H[SUHVVHG DV PHDQ “ 6' XQOHVV RWKHUZLV]
WDLOHG W WHVWY ZHUH XVHG WR GHWHUPLQH WKH VLIJQLILFDQW
ZDV WDNHQ DV VWDWLVWLFDOO\ VLIJQLILFDQW G6WDWLVWLFDO FD



SHVXOWYV

%RYLQH 8VVLQJ &KDPEHU

JURP ILYH RXW RI VL[ VDPSOHV H[SRVHG WR HWKDQRO LQ WK
LQFUHDVH LQ WKH 7(3 RYHU WLPH )LJXUH VKRZV WKH PHDQ *“ €
WKHVH RQO\ RQH VKRZHG D ULVH LQ WKH 7(3 RI ! P9 DQG LV ODE

1R VLIJQLILFDQW DOWHUDWLRQ LQ WKH 7(3 ZzDV REVHUYHG DW W
ZKHQ HWKDQRO zZzDV DGGHG WR WKH DSLFDO EDWK 7KH PHDQ * 6'

P9 DQG DW W PLQXWHY SRVW HWKDQRO WKH 7(3V ZHUFG
UHVSRQGLQJ VDPSOH ZDV QRW LQFOXGHG LQ WKLY DQDO\WLV 7Kt
DQG DW W PLOQXWHY WKH 7(3 ZDV P9 UHSUHVHQWLQJ D FKDQJ

YLIXUH %RYLQH 7(3 LQ 8VVLQJ &KDPEHU
%RYLQH 7(3 (WKDQRO $SLFDO
22R

|

(

. .

I8 E

7LPH OLQXWHYV

7KH 7(3 RYHU WLPH UHFRUGHG IURP VL[ ERYLQH 53( SUHSDUDWLF
KHQ HWKDQRO ZDV SUHVHQW LQ WKH DSLFDO EDWK DUURZ

REVHUYHG H[FHSW IURR RQH )YVORSHGHN MKIRZHWKH PHDQ *“ 6(0 RI |
VDPSOHV WKDW GLG QRW VKRZ DQ\ UHVSRQVH



%RYLQH 8VVLQJ &KDPEHU

,Q 8VVLQJ FKDPEHU WKH SUHSDUDWLRQV FRXOG EH PDLQWDLQH(
WKH 7(3 DQG WKH FXUUHQW DW WKLUW\ VHFRQG LQWHUYDOV RYHL
W\SLFDO UHFRUGLQJ RYHU WZR KRXUV LQ ZKLFK WKH HOHFWULT
SUHSDUDWLRQ DEVROXWH HWKDQRO ZDV DGGHG WR WKH DSLFDO
RI RU $W WKH WLPH SRLQWY LQGLFDWHG E\ pZDVK RXWT
UDSLGO\ HI[FKDQJHG IRU I[UHVK FRQWURO EXIIHU E\ DVSLUDWLRQ
WKH WUDFH 7KH EDWK LQ ZKLFK HWKDQRO KDG EHHQ DGGHG ZD
WUDFH EHORZ WKH VDPSOH ZDV DGGHG DW W PLOQXWHYV

JLIXUH %RYLQH 53( LQ 8VVLQJ &KDPEHU 7(3 DQ

%RYLQH 53( PDLQWDLQHG LQ 8VVLQJ FKDPEHU DQG HWKDQRO DS
DQG 7KHRIDDNG 7(5 + GLG QRW FKDQJH :DVK RXW LQGL
HLWKHU WKH DSLFDO RU EDVDO EDWK GHSHQGLQJ XSRQ ZKLFK VL

,Q WDEOH RYHUOHDI WKH PHDQ * 6' RI WKH 7(3 DQG 7(5 DUH
LQGLYLGXDO 53( H[SODQWV ZLWK DQG HWKDQRO LQ WKH D¢
WKH EDVDO EDWK 1 1R FKDQJHV LQ HLWKHU 7(3 RU WKH 7(5 ZH!
SRVW HWKDQRO GRVH



7DEOH 7(3 DQG 7(5 LQ %RYLQH 53( ZLWK (WKD

(WKDQRO (WKDQRO (WKDQRO

7LPH $SLFDO 53( 1 $SLFDO 53( 1 %DVDO 53( 1
oLQ  7(3 7(5 7(3 7(5 7(3 7(5
P9 2 FP P9 4 FP P9 4 FP

ddaaaasaaasaaaaaaaaaaaaa

“ “ “ “ “ “

“ “ “ “ “ “

&RPELQH XOWV IURP WKH VHFRQG 8VVLQJ FKDPEHU ZLWK HWKD (
VLGH RI OLJKW DGDSWHG ERYLQH 53( 1R DOWHUDWLRQV LQ 7(3

RU LQ WKH DSLFDO EDWK RU HWKDQRO LQ WKH EDVI
DUH PHDQ “ 6'

53( DQG 5HWLQD

‘KHQ WKH UHWLQD ZDV UHWDLQHG LQ WKH SUHSDUDWLRQ DQG
QR DOWHUDWLRQ LQ WKH 7(3 RU 7(5 ZzDV REVHUYHG DW W R
HWKDQRO 6HH WDEOH

7TDEOH 6XPPDU\ RI %RYLQH 53( UHWLQD ZLWK (

2 2

(WKDQRO $SLFDO %DWK ZLWK %RYLQH 53( 5HWLQD

7LPH 7(3 7(5
PLQ P9 4 FP

7KH 7(3 DQG 7(5 RYHU WLPH ZLWK WKH 53( UHWLQD LQWDFW DQG
FKDQJHV LQ WKH 7(3 RU WKH 7(5 ZHUH REVHUYHG RYHU WKLV WLP|



JLIXUH VKRZV D WUDFH RI %RYLQHQ59R RXQ/W HEK HQUSHWWIL@QD VWD E
DQRG FKDOOHQJHG ZLWK HWKDQRO IURP WKH DSLFDO VLGH 7
PLQXWHYV

JLIXUH %RYLQH 53( DQG 5HWLQD 8VVLQJ &KDPI

%RYLQH 53( DQG 5HWLQD

6

‘&

/8

7LPH OLQXWHYV
7KH 7(& DQG WKH 7(5 P GLG QRW VKRZ DQ\ UHVSRQVH WR HW I
UHVSRQVH ZDV REVHUYHG ZKHQ HWKDQRO ZDV LQ WKH EDVDO |
(SLOQHSKULQH DQG 2XDEDLQ

7KH UHVXOW VKRZQ ILJXUH RYHUOHDI LV IURBP IRQH RFDHPG CEH 72
DQ LQWHUYDO RI VL[W\ PLQXWHV LQ ZKLFK WKH DSLFDO DQG EDVEL
EHIRUH UHSODFLQJ WKH DSLFDO EDWK ZLWK RXDEDLQ SO (SLC
IURP P9 DW W WR P9 DW W PLQXWHYV DQG WKH 7(5 IHOO

4 FP DW W PLOQXWHY 7KHVH UHVXOWY DUH FRQVLVWHQW ZL)\
PHPEUDQH FRQGXFWDQFH FDXVHG E\ HSLQHSKULQH IURP 1 VDPS(

7KH DGGLWLRQ RI RXDEDLQ [ILJXUH RYHUOHDI DOVR OHG 'V
SDUDPHWHUV ZLWK D VOLJKW IDOO LQ WKH 7(3 IURP P9 DW W
7KH 7(5 LQFUHDVHG IURP 4 FP DW W WR 4 FP DW W PL(

LQFUHDVHG WLVVXH UHVLVWDQFH FDXVHG E\ WKH EORFNDGH RI W



YLIXUH (SLQHSKULIQHG %RYLQH 53( 1

7LPH OLQXWHYV

(SLQHSKULQH SO ILQDO FRQFHQWUDWLRQ LQ PO RI EXIIHU Z
EXIIHU DW W PLQXWHV (SL 7KHUH LV D VOLJKW LQFEUHDVH LQ V

JLIXUH 2XDEDLQ ¢ 0 DQG %RYLQH 53( 1

2XDEDLQEXO $SLFDO

7LPH OLQXWHYV

2XDEDLQ S0 2XD DGGHG WR WKH DSLFDO EDWK DIWHU RQH K
IROORZLQJ WKH LQLWLDO WULDO ZLWK HSLQHSKULQH 7KH 7(3 1
ULVHV VOLJKWO\ ZKHQ RXDEDLQ zZDV DGGHG DUURZ 1



5DQD

,Q WKH SUHSDUDWLRQ VKRZQ LQ ILJXUH WKH H\H FXS SRWHQW
DGGLWLRQ RI HWKDQRO DV ZHOO DV D FKDQJH LQ OXPLQDQFH WR
H\H FXS SRWHQWLDO RI P9 RFFXUUHG DSSUR[LPDWHO\ PLQXW
WKH PRGLILHG 8VVLQJ FKDPEHU GS5HSHDWHG DSSOLFDWLRQ RI

FXS SRWHQWLDO +RZHYHU ZKHQ WKH EDFNJURXQG OXPLQDQFH
PLOQXWHV WKHUH zZzDV D VKDUS GHFUHDVH LQ WKH H\H FXS SRWHQ
WKH (2* LQ PDQ 8SRQ UH LOOXPLQDWLRQ WR FG P WKH H\H I
SHDNHG PLOXWHY DIWHU OLJKW RQVHW 7KLV UHVSRQVH FRUUH
GHPRQVWUDWHY D IXQFWLRQDO 53( UHWLQD GHVSLWH WKH H\H F
VWDUW RI WKH H[SHULPHQWY +RZHYHU WKHUH ZDV VWLOO QR UF

JLIXUH 5DQD (\H &XS 5HVSRQVH WR (WKDQRO (SLQHS]

5DQD(\H &XS 5HVSRQVH WR (WKDQRO DQG /LJKYV

7LPH OLQXWHYV

5DQD H\H FXS SRWHQWLDO LQ UHVSRQVH WR DQG VROXWL
LQ WKH SRWHQWLDO +RZHYHU D GLVWLQFW GDUN WURXJK DQG C
53( UHWLQD FRPSOH[ 7KH VPDOO GHIOHFWLRQV LQ WKH WUDFH C
WLPH SRLQWYV ZKHQ IUHVK EXIIHU ZDV DGGHG 7KH H\H FXS ZDV
HOHFWURGHYVY ZHUH VWDEOH 5HFRUGLQJ IURP 1 H\H FXS



$53( LQ 8VVLQJ &KDPEHU

JLIXUH VKRZV WKH PHDQ “ 6(0 RI $53¢( FHOOV PRXQWHG R
PHDQ *“ 6" 7(5 RI “ 4 FP DIWHU RQH ZHHN LQ FXOWXUH 7KH 7(3
P9 ZKLFK ZHUH WRR ORZ WR SHUIRUP UHOLDEOH H[SHULPHQWYV
PLQXWHYV DIWHU LQVHUWLRQ ZDV “ P9 1
)LIXUH 7(3 Rl $53( FHOOV
$53( )&6 &RQWURO

$53( FHOOV PRXQWHG LQ DQ 8VVLQJ FKDPEHU IDLOHG WR HVWDI
6(0 RI VL[ ILOWHUV ZLWK WKH 7(3 UHFRUGHG DW ILIWHHQ VHFRQG



'LVFXVVLRQ

7KH OLJKW (2* KDV EHHQ GHPRQVWUDWHG LQ QXPHURXV VSHFLHV
DQG 6WHLQEHUJ FKHMN DWW OOGBORHWRRUH DQG B6WHLQEHUJ

/LQVHQPHLHU DQG 6WHLQEHUJ DQG PRQNH\ 9DOHWRQ DQG
(2* KDV EHHQ GHPRQVWUDWHG LQ PD@QWDRW LEXWKHMSDEQBIW LQ
$UGHQ SHUVRQDO FRPPXQLFDWLRQ 6WXGLHV XVLQJ DQLPDO !
JUHDWO\ WR RXU XQGHUVWDQGLQJ RI WKH 53(fV SK\VLRORJ\ DQ
UHVSRQVHV JHQHUDWHG DFURVV WKH 53( VXFK DV MWKHDWLJIKW UL

*ULIl DQG 6WHLQEHUJ

7TKH 7(3 DQG 7(5V UHFRUGHG ZLWK WKH 8VVLQJ FKDPEHUV ZHU
SXEOLVKHG ZRUN %RYLQH 53( WASLFDOO\ KDV D 7(3 RI P9 D
OLOOHU DQG (GHOPDQ (GHOPDQ DQG OLOOHU HW-PWHSK I

5\PHHW DW ODPLQLWVKANDW +LOOHGMDBP® D 7KH UHVSRQVH V
HWKDQRO LQ ERYLQH 53( SUHSDUDWLRQV KDV EHHQ SUHYLRXVO\
HWKDQRO RQ WKH 7(3 DQG 7(5 ZHUH DVVHVVHG LQ FRQWUR
SKDUPDFRORJLFDO VWXG\ HRW WWH 58YLQUJLDQMNDFHOOXODU UHFRL
FHOOV H\HV WKH DXWKRUV UHSRUWHG WKDW ZKHQ HWKDQRO
LQFUHDVHG E\ : P9 ZLWK D GHSRODULVDWLRQ RI 9%DVDL RI

“ 4 FP 7KHVH ILQGLQJYVY DUH FRQVLVWHQW ZLWK DQ DFWLRC
PHPEUDQH GXH WR DQ LQFUHDVH LQ EDVRODWHUDO FRQGXFWDQ
UHVLVWDQFH

,Q D VHFRQG VWXG\ XVLQJ ERYLQH 53( 3DXWOHU VKRZHG V

PD[LPDO LQ JUHHQ OLJKW $ QP DQG RQO\ ZKHQ WKH 53( ZzDV

IRU D GRVH RI HWKDQRO ZKHQ DSSOLHG VLPXOWDQHRXVO\ WR

OLJKW WKH 7(3 URVH E\ “ P9 3DXWOHU 3DXWOHU V [L(

QRW IXOO\ FRPSOHWHG DQG ZRXOG FRQWUDGLFW WKH ILQGLQJV |

GDUN FOHDUO\ FDXVHV D ULVH LQ WKH RMXOD $UWEKG LOIGCS RVDH C
E

7KH UHVXOWY IURP WKH ILUVW 8VVLQJ FKDPEHU GLG VKRZ D ULV
ZLWK D VLPLODU FKDQJH LQ WKH 7(3 DV SUHYLRXVO\ UHSRUWHG

XVHG ZKLFK ZDV ORZHU WKDQ WKH GRVH XVHG E\ 3DXWOHU 7KLV
HYWLPDWHG FRQFHQWUDWLRQ RI HWKDQRO UHDFKLQJ WKH 53( LV
7KH KLJKHU GRVHV XVHG E\ 3DXWOHU PD\ H[SODLQ WKH PRUH FRQ)\

7KLY ORZ QXPEHU RI VXFFHVVIXO WULDOV ZLWK 8VVLQJ FKDPEH
FRPSRVLWLRQ WKH JDV DQG WKH 8VVLQJ FKDPEHU GHVLJQ LQ C
UHVXOWY 7KH PRGLILFDWLRQV WR WKH EXIIHU DQG JDV ZHUH LQ
7TKH DGGLWLRQ RI JOXWDWKLRQH WRIJHWKHU ZLWK D UHGXFWLRQ



WEXH 7KH VHFRQG 8VVLQJ FKDPEHU GHVLJQ PD\ KDYH EHHQ EHW
FLUFXODWLQJ EXIIHU DQG WKH WLVVXH ZDV VHDOHG PRUH JHQWO\
ZKLFK PD\ KDYH UHGXFHG WKH WLVVXHYV HGJH GDPDJH $IWHU RQ

WKH 7(3V KDG IDOOHQ E\ DSSUR[LPDWHO\ ,Q WKH VHFRQG FKI
KRXUV ZLWK QR UHGXFWLRQ LQ WKH HOHFWULFDO SDUDPHWHUYV
DQRG WKH UHFRUGLQJV RI FXUUHQW WR * S$ HQDEOHG WKH 7

DFFXUDF\ 8VVLQJ FKDPEHU KDG EHHQ XVHG IRU D SUHYLRXV VW
DFURVV WKH 53( DQG VR LW LV XQOLNHO\ WKDW HWKDQRO ZDV QRYV
HW DO D E

KHQ WKH ORZ HWKDQRO GRVH RI ZDV XVHG LQ WKH DSLFDO FI
WKH 7(3 RU 7(5 &RQVHTXHQWO\ WKH GRVH ZDV LQFUHDVHG WR
VWLOO QR UHVSRQVHV ZHUH DSSDUHQW ZKHQ DGGHG WR HLWKHU
WKH UHWLQD zZzDV UHWDLQHG RQ WKH 53( WKHUH ZDV VLPLODUO\
HWKDQRO

7R WHVW WKH YLDELOLW\ RI WKH WLVVXH WZR GUXJV ZHUH XVHC
SDUDPHWHUV RI ERYLQH 53( LQ RQH VDPSOH (SLQHSKULQH DW !

7(3 RI ERYLQH 53( RI DSSUR[LPDWHO\ P9 ZLWK D IDOO LQ WKH 7
,Q WKH WULDO HSLQHSKULQH DW D FRQFHQWUDWLRQ RI SO0 GLG
P9 DQG D IDOO LQ WKH 7(5 RI 4 FP RYHU D WKLUW\ PLQXWH L

WKH GUXJ ZDV UHDFKLQJ WKH WLVVXH EXW WKDW HLWKHU WKH
SDWKzD\ zDV LPSDLUHG GXH WR WKH SRVW PRUWHP GHOD\ (SLQHS
WKH * SURWHLQ FRXSOHG FT DGUHQHUJLF UHFHSWRU UHVXOWLQJ
EDVRODWHUDO &0 FRQGXFWDQFH (GHOWID® DQG OLOOHU 5\PH

2XDEDLQ PO LQKLELWY WKH DSLFDO 1D.$73DVH SXPS DQG LQ E
LQ QHW 1D WUDQVSRUW DFURVV 9$SLFDL ZKLFK GHSRODULVHV WKL
7(3 7KH UHVXOWYV LQ WKH SUHSDUDWLRQ DOVR VKRZHG D VPDOO |
RI RXDEDLQ DW WKH DSLFDO PHPEUDQH EXW QRW RI WKH VDPH PD.
ZKR IRXQG WKDW 9$SLFDL GHSRODULVHG DW D UDWH RI a P9 PLQ -

7TKH XQUHVSRQVLYHQHVYV RI WKH ERYLQH SUHSDUDWLRQV LQ WKH
FKDQJHV LQ WKH ILUVW FKDPEHU FRXOG EH WKH UHVXOW RI VH)
PHPEUDQH ZDV GDPDJHG GXULQJ WKH UHPRYDO RI WKH UHWLQD

LPSDLUHG 6HFRQGO\ WKH GHOD\ RI DSSUR[LPDWHO\ KRXUV [UI
WKH WLVVXHV LQ WKH 8VVLQJ FKDPEHUV ZDV ORQJHU WKDQ WK}
-RVHSK DQG OLOOHWHW DOS\PHKBHH ERYLQH H\HV ZHUH WUDQVSRUWHC
WKH ODERUDWRU\ ZKLFK PDLQWDLQHG WKHP DW FORVH WR 3& EHIF
H[SHULPHQWV ZHUH SHUIRUPHG RYHU DQ KRXU SHULRG DQG

ZRXOG KDYH EHHQ LQ VRPH FDVHV JUHDWHU WKDQ KRXUV



20H VWXG\ LQWR WKH YLDELOLW\ RI 53( I[URP SRUFLQH UHFRPPHC
LPPHGLDWHO\ IROORZLQJ VODXJKWHU DQGIWKHNVWLVKEKNWUDISLGRP |
VODXJKWHU WR WKH UHPRYDO RI WKH H\HV DQG SDFNDJLQJ LC
SHUFHQWDJH RI YLDEOH FHOOV LQ SRUFLQH 53( LI VWRUHG DW
WKHUHIRUH WKH QXPEHU RI YLDEOH FHOOV LQ WKH 53( RI WKH ER
FRPSURPLVHG E\ WKH GHOD\ LQ UHFHLYLQJ WKH WLVVXH 7KHYV
HOHFWULFDO SDUDPHWHUV RI WKH SUHSDUDWLRQV PD\ KDYH FRQ
HWKDQRO DQG WKH VPDOOHU FKDQJHV LQ WKH 7(3 REVHUYHG ZLV
EHHQ SUHYLRXVO\ UHSRUWHG

7TKHUHIRUH LQ RUGHU WR GHFUHDWD W KR SSTOMNONDE UHW WR W MWARHHG | (
WKLV ZDV WR H[FOXGH D UROH RI WKH UHWLQD LQ JHQHUDWLQJ V
DOQRWKHU VSHFLHV JLYHQ WKH ODFN RI FRQVLVWHQW UHVSRQVHYV
ZRUNLQJ DW URRP WHPSHUDWXUH ZDV VHHQ DV DQRWKHU DGYDQ
SUHSDUHG ZLWK D 7(3 FORVH WR WKH UDQJH IRQ B3 HSMLHRXYOD W IHRB®!
W\SLFDOOPH9 OLeEwWHDW OLOOHU DQG )DUEHU

JURP WKH SUHSDUDWLRQ QR DOWHUDWLRQ LQ WKH H\H FXS SRWH
VWLOO UHWDLQHG FORVH UHWLQD 53( FRQWDFW DQG ZDV QRW FRF
OLJKW ULVH WKDW ZHUH SUHVHQW 7KH UHVSRQVH WKDW UHSOLFD
WKH LQWUDFHOOXODU VLIJQDOOLQJ SDWKzZD\ DQG FHOO VXUIDFH |
VWLOO IXQFWLRQDO

7KH DGGLWLRQ RI HWKDQRO WR WKH DSLFDO UHWLQDO VXUIDFH ¢
ZRXOG LPSO\ WKDW HLWKHU HWKDQRO GRHVY QRW OLEHUDWH D VXI
SRWHQWLDO LQ IURJ ,Q PDQ WKH EXON RI WKH HWKDQRO GRVH Z
53( RZLQJ WR WKH ODUJH FKRURLGDO VXSSO\ UHODWLYH WR Wl
DGPLQLVWUDWLRQ RI HWKDQRO LQ WKLY PRGHO ZRXOG EH WKH OF
RI HWKDQRO RQ WKH URG RXWHU VHIJPHQW FXUUHQWY LV XQOLN
LQFUHDVHVY WKH E ZDYH VOLJKWO\ EXW GRHVY QRW DOWHU WKH D 7
DQ\ UHWLQDO LQWHUDFWLRQVY DUH GLVWDO WR WKH 53( )XUWKHU]I
VKRZQ D GLUHFW DFWLRQ RI HWKDQRO RQ WKH 53( DQG VR WKH
HWKDQROYfY DFWLRQ LQ JHQHUDWLQJ WKH DOFRKRO (2*

2QH GLIILFXOW\ LQ XVLQJ QRQ KXPDQ DQLPDO VSHFLHV LV WKDW
DUH NQRZQ WR H[LVW EHWZHHED O HD @I FE RDIMRLU IBQGIHUHQFHV L
LQ WKH DFWLRQ RI LQKLELWRUV RQ WKH F$03 JDWHG FKORULGH
F$03 ','6 LQKLELWV IURJ DQG ERYLQH F$03 DFWLYDWHG FKORUL
LQHIIHFWLYH DW EORFNLQJ WKH F$03 FXUUHQW ZKHQ DSSOLHG HJ!
$QGHUVRQ DQG :HOVKIW DW )XMWIKHV DQG 6HJDZD %LDOHN D



,QVUDFHOOXODU VLJQDOOLQJ LV DOVR GLIIHUHQW LQ ERYLQH DQG
E\ VHFRQG PHVVHQJHUV DW WKH OHYHO RI WKH (5 6HH BHFWLRC
EDVRODWHUDO &3 FRQGXFWD QF H %b@uRDMV VQIGQ GEHRSYR-@MHU E 043V K\S H U
0 %»0vhiQGLFDWLQJ D GLIIHUHQFH EHWZHHQ WKHVH VSHFLHV LQ WKH
FRQWUROOHG DW WKH (5 DV WKLV UHVSRQVH LV QRW VHHQ ZKH
$73DVH (5&$ SXPS LV LQKLHEWWHG HVARLD/R Q

$53( FHOOV KDYH QRW EHHQ VWXGLHG LQ DQ\ 8VVLQJ FKDPEHU |
GXH WR WKH ORZ 7(3 DQG 7(5 GHYHORSHG ZKHQ FRPSDUHG WR DQ
XVHG IRU WUDQVSRUW VWXGLHV XVLQJ WKH VDPH 8VVLQJ FKDPEH
ZHUH UHSRUWHW DEXDQJdKH ORZ 7(5V RI WKH $53( FHOOV QRZ VHH
UHVXOW RI WKH KHWHURJHQHLW\ RI WKLV FHOO OLQH ZLWK UHVSI
HISUHVVHEW/ DR

2QH DGGLWLRQDO GLIILFEXOW\ ZLWK PRXQWLQJ WKH 7UDQVZHOOE L
WR VHSDUDWH WKH WZR KDOI FKDPEHUV DIWHU VWDELOLVLQJ WK
SRWHQWLDO GULIW HQFRXQWHUHG ZLWK WKH QHZ EXIIHU DOWKR X.
RUGHU RI * P9 ZKLFK LQWURGXFHG D ODUJH YDULDEOH HUURU L
WKHUH ZDV SRWHQWLDOO\ GDPDJH WR WKH $53( PRQROD\HU DW
ZDV QRW FODPSHG LQWR D KROGHU DV LQ WKH ERYLQH H[SHULPHQ
UHGXFHG 7(3 ,W ZDV KRSHG WKDW D PHWKRG IRU LQFUHDVLQJ WK
FXOWXUH RU E\ PRGLILFDWLRQV RI WKH FXOWXUH PHGLXP ZRXOG
LQFUHDVHG WKH OLNHOLKRRG RI REWDLQLQJ UHVXOWY LQ DQ 8V
DQG WKH DQLPDO H[SODQWYV RI 53( WLVVXH IDLOHG WR SURYLGH D
WKH DOFRKRO (2* LQ PDQ

6 XPPDU\

7KH LQLWLDO 8VVLQJ FKDPEHU H[SHULPHQWYV ZLWK %RYLQH 53(
HWKDQRO zZzDVY DGGHG DW D FRQFHQWUDWLRQ VLPLODU WR WKRVH
PRGLILFDWLRQ WR WKH FKDPEHU DQG EXIIHU GLG QRW SURGXF
HSLQHSKULQH DQG RXDEDLQ WR DOWHU WKH 7(3 DQG 7(5 VLJQLII
ZHUH QRW VXIILFLHQWO\ YLDEOH WR SURGXFH DRDBKDEOR® UHVS
WKH ODFN RI DQ HWKDQRO UHVSRQVH PD\ UHIOHFW WKH VSHFLH'
UHOHDVH D VXEVWDQFH 5I@®Br KHK AX OMMKIUGID RL Q6 5 3 ( FHOOV GLG Q
VXLWDEOH 7(3 ZLWK ZKLFK WR JDXJH DFFXUDWHO\ WKH HIIHFWV
WKHVH FRQGLWLRQV



&D 6LJQDOOLQJ DQG (WKI



QWURGXFWLRQ

7KH 53(fVv EDVDO PHPEUDQH KDV WZR W\SHV RI FKORULGH FKDQQF
DOFRKRO (2* 2QH LV JDWHG E\ F$03 DQG WKH RWKHU LV JDWHG E'
JDWHG FKORULGH FKDQQHO LV OLNHO\ WR EH &)75 DQG WKH &D
EHVWURSKLQ LVRIRUPVY K%HVW RU D &D&& S5HLJDIBW DQG OL!

.| HWKDQRO FDQ FDXVH D ULVH LQ >&D @LQ E\ D GLUHFW LQW
IDYRXU WKH PRGHO LQ ZKLFK D &D JDWHG FKORULGH FKDQQHO .
2QH PHWKRG WR GHWHUPLQH FKDQJHV LQ >&D @LQ LV WR XVH D IC
IUHH &D

&D KDV ORQJ EHHQ VXVSHFWHG WR EH LQYROYHG LQ WKH GHYHO
1LHPH\HU SHWHDY RQ7KH VWDQGDUG PRGHO ZDV WKDW OLJKW
VXEVWDQFH WKDW LQFUHDVHG LQWUDFHOOXODU &D WKDW WKHQ
WR EH WKH EDVRODWHUDO FKORULGH FKDQQHO ILQDOO\ UHVSRC(
ILQGLQJV QRZ VXJIJHVW WKDW WKLV SURFHVYV LV PRUH FRPSOH[ DQ
EDVRODWHUDO FKORULGH FKDQQHO UHVSRQVLEOH IRU WKH OLJ¥
VLIQDO WKDW HYRNHV WKH HOWN JKXAV WIRWH QNNMIIP@ UVWHL Q

OXWDWLRQV LQ WKH JHQH HQFRGLQJ EHVWURSKISQ' PLWHHOOL I |
UHVSRQVLEOH IRU VHYHUDO PDFXORSDWKLHVHMQBOXGHWU%N KIWQV
HW DO 7\SLFDOO\ %HVWY{V GLVHDVH KDV DQ HDUO\ DJH RI RQVHW
WKH OLJKW ULVH 7KRUEXUQ DQG 1RUGVWURW DO FHROHEBMIL F

DO ZKLFK KDV LPSOLFDWHG EHVWURSKLQ LQ WKH JHQHUDWLRQ
EHHQ D UHSRUW RI QRUPDO OLJKW ULWKHAYV VEJIJHDWILQJ 2N WIKWP K WD\
PD\ QRW EH LQYROYHG LQ WHW WGEURFKHVWKRBEPRODENDGXOW RQVH
PDFXODU G\WWURSK\ LV DOVR BDXVEXGWEWRMNWOIOWKWQYWLYR LV SUHVI
HW DO

7KH OLQN EHWZHHQ EHVWURSKLQ &D DQG WKH OLJKW ULVH ZDV
+(. FHOOV UHVXOWHG LQ D &D DFWLWHMDWBG FKQRUQOH HRXQUGIHX
ZHUH REVHUYHG ZKHQ EHQW®RASHHWIH) DORR H[SUHVVHG H® H0O 4

7KH FKORULGH FXUUHQWYV ZHUH DOO UHGXFHG ZKHQ PXWDWH
DUH IRXU KXPDQ KRPRORJXHV RI KXPDQ EHVWURSKLQ K%HVWO
UHFWLILFDWLROQWV DWOXQRQWKH KRPRORJXHV PXWDWLRQV LQ K%HVYV
WKH FOLQLFDO FDVHV RI %HVW V GLVHDVH DQG FRQVHTXHQWO\ W
OLJKW ULVH KDV EHHQ FORVHO\ H[DPLQHG

7KH ILUVW SLHFH RI HYLGHQFH WKDW EHVWURSKLQ PD\ QRW EH W
OLJKW ULVH ZDV WKDW ZKHQ EHVWURSKLQ K%HVW ZDV RYHU HJ:
WKH OLJKW ULVH DPSOLWXGH DQG LW ZHDW DQVWHD® KHH & X P H GY WXQ
WKH DXWKRUV DOVR IRXQG WKDW ZKHQ PXWDQW EHVWURSKLQ JHC



ZHUH UHGXFHG EXW QRW DEROLVKHG DV ZRXOG EH SUHGLFWHG
FKDQQHO UHVSRQVLEOH IRU WKH EDVRODWHUDMHWHPEUDQH GHSRC

7KH VHFRQG LPSRUWDQW ILQGLQJ ZDV WKDW WKH K%HVWO LVRIR
&D FKDQQHO VR WKDW WKH UDWH RI &D HQWU\ ZDV JUHDWHU %F
WKH / W\SH &D FKDQQHO VR WKDW WKH PHPEUDQH YROWDJH DW Z
WR WKH UHVWLQJ PHPEUDQH SRWHQWLDO 7KLV LPSOLHG WKDW E
WLPLQJ DQG WKH SUREDELOLW\ RI DQ / W\SHW.IDOFKDQQHO RSHQLQ

)LOQDOO\ WKH PRVW UHFHQW VWXG\HXWDQJ PZEWKEGDDRERWEWWHLQ
WKDW WKH\ H[SUHVVHG QR IXQFWLRQDO EHVWURSKLQ DQG FRPSDI
9PG EHVWURSKLQ H[SUHVVLQJ VWUDLQ 7KH DXWKRUV IRXQG WKEDE
QLIHGLSLQH UHGXFHG WKH OLJKW ULVH E\ 7KLV ILQGLQJ VXSSH
LQ JHQHUDWLQJ DW OHDVW D SDUW RI WKH &D VLJQDO UHTXLUHG
SRVVLEOH OLJKW ULVH VXEVWDQFH $73 ZDV XVHG WR BRGUHDVH >
QXOO PLFH WKH $73 VWLPXODWHG >&D @LQ ZDWY AR GFWHRQEH 53(Y F
FHOOV WKDQ WKH FRQWURO FHOOV H[SUHVVLQJ EHVWURSKLQ 7KL
>&D @MQ WKURXJK PRGXODWLRQ RI WKH / W\SH &D FKDQQHO $
ZKROH FHOO FKORULGH FXUUHQWRGZGXGIOQRIW HJIFE RBEB G HIG) WMK H R C
OLJKW ULVHV RI WKH PLFH ZLWK D GHIHFW LQ WKH VXEXQLW R
FRPSDUHG WR FRQWUROV W QRZ DSSHDUV WKDW EHVWURSKLQ
UHVSRQVLEOH IRU WKH DOWHUDWLRQV LQ EDVHPHQW PHPEUDQH FI

(YLGHQFH IURP $UGHQ DQG :ROI D E VXJJHVWV WKDW ERWK
VKDUH WKH VDPH ILQDO FRPPRQ SDWKZD\ EXW VLJQDOOLQJ VWDU'
SUHGLFWV WKDW OLJKW DQG DOFRKRO DFW RQ D GLIIHUHQW LQl
SDWKZD\ DFWLYDWHG LV WKH VDPH DQG LV VDWXUDEOH $UGHQ
K\SRWKHVLV LV WKDW WKH VHFRQG PHVVHQJHU V\VWHP LQ ERWK
FKORULGH FKDQQHO UHVSRQVLEOH IRU WKH OLJKW ULVH 7KH PR\
&D DQG VR WKH ILUVW VWHS ZDV WR GHWHUPLQH ZKHWKHU HWK
53(

$V GLVFXVVHG LQ WKH LQWURGXFWRU\ VHFWLRQV DQG
ORZ DQG LV PDLQWDLQHG E\ PHPEUDQH ERXQG &D FKDQQHOV DQG
LV VWRUHG LQ WKH (5 DQG PHOD @RVRBBVKBM KRDQ ,I >&D @LQ
JHQHUDWHV WKH DOFRKRO ULVH WKHQ LW PD\ HQWHU WKH F\W
H[WUDFHOOXODU PHGLXP 5HOHDVH RI &D IURP LQWUDFHOOXODU
ELQGLQJ WR D * SURWHLQ FRXSOHG UHFHSWRU WR PHGLDWH WKH
&D FRXOG EH HQWHULQJ WKH FHOO IURP WKH H[WUDFHOOXODU VL
'LHQULFK 5RWHRQ® KD O



7TKHUH LV HYLGHQFH IRU HWKDQRO WR LQFUHDVH >&D @LQ WKUR
VWRUHV RU E\ SHUPLWWLQJ HQWU\ IURP WKH H[WUDFHOOXODU SF
>&D @LQ YLD / W\SH &D FKDQQHOV LQ FXOWXUHV RHWDD®M IRHWDO
DV ZHOO DV E\ * SURWHLQ FRXSOHG UHFHSWRU DFWLYDWLRQ RI C

+RHWNW DO RU RWKHU UHFHSWRUV FRXSOHG WR WKH JHQHUDW

+RZHYHU HWKDQRO DOVR LQKLELWYV / W\SH &D FXUUHQWYV
.LOSDWULFN DQG 7UHLVWPDQ DGXOW HWWOKLSBRED BB XYW
SLQHDORF\WNW D@KLNKNKH H[SHULPHQWY ZHUH GHVLJQHG WR GHWHU
GLUHFWO\ XSRQ D VXLWDEOH 53( FHOO OLQH DQG HYRNH D ULVH
VRXUFH RI WKH &D

7KH PDMRULW\ RI VWXGLHV LQWR HWKDQRO KDYH EHHQ XQGHUW
FRQVXPSWLRQ LV GHWULPHQWDO QRWDEO\ WKH &16 OLYHU PXVF
FRQFHOQWUDWLRQV XVHG LQ VHYHUDO VWXGLHV LQYHVWLJDWLQJ
IURP PO WR PO ZKLFK DUH KLJKHU WKDQ WKH FDOFXODWHC(
HVYWLPDWHG WR FDXVH WKH DOFRKRO (2* LQ PDQ :ROI DQG $UGHQ



7TDEOH 6 XPPDU\ RI 3 XEOLVKHG (WKDQRO &RQFH

(WKDQRO
7LVVXH
&RQFHQWUDWLR@D (IIHFW 5HIHUHQFH
$QLPDO QFHRQ @b Q
PO
6PRRWK PXVFOH 2SHQV YROWDJH JDWHG &D
<DQHW DO D
GRJ FKDQQHO
6NHOHWDO PXVFOH ,QKLELWV YROWDJH GHSHSGHQMI
2] HW D
UDEELW &D HIIOX]

'RUVDO URRW
2SHQV ODUJH . GHSHQGHQW
JDQJOLD Q *UgﬂﬂwQ

&D FKDQQHOV

UDW
+LSSRFDPSXV 2SHQV ODUJH . GHSHQGHQW
"RSLARV DO
UDW &D FKDQQHOV
6NHOHWDO PXVFOH /QKLELWV YROWDJIH GHSHQGHQW
&R1DHQW DO
PRXVH &D FKDQQHO
$VWURF\WHYV $OOD%NWR@O
Ubw ,QFUHDVHV >&D @LQ IURP (5

%DVLODU DUWHU\

,QFUHDVH >&D @LQ YLD SURWHLQ
PXVFOH <DOHW DO E
WV\URVLQH NLQDVHV
GRJ
+HSDWRF\WHYV '"HFUHDVHV ,3 PHGEBWHGG 5RIR\QH\
UuDW UHOHDVH RI &D DO

&ERRHQWUDWLRQV RI HWKDQRO XVHG LQ VWXGLHV LQYHVWLJIJDWLQJ
ZKLFK HQFRPSDVVHV WKRVH XVHG LQ WKLV VWXG\ PO

JOXR $0

7TKHUH DUH D QXPEHU RI &D LQGLFDWRUV DYDLODEOH IRU WKH
DVVRFLDWHG ZLWK LQWUDFHOOK®WDD VLIRDO WO H[HOWRBRWLRIPHSHDI
QP DQG LV FRXSOHG WR DQ DFHWR[\PHWK\O $0 HVWHU WKDW SH
PHPEUDQH :LWKLQ WKH FHOO F\WRSODVP WKHUH DUH HVWHUDVI
WKHUHE\ HQDEOLQJ WKH K\GURSKLOLF IOXRUHVFHQW LQGLFDWRU
LQGLFDWRUYV WKH IOXRUHVFHQFH LQFUHDVHV ZLWK LQFUHDV
SUREHV D SRZHUIXO WRRO LQ GHWHFWHWJIJDBG6KDQKH® MXHE & XARLQ
FKURPRSKRUH ELQGV WR &D WKHUH LV DQ LQFUHDVHG IOXRUHVF
VKRZV $53( FHOOV ZHUH ORDGHG ZLWK IOXR $0 GLVSOD\LQJ V
F\WRVROLF IUHH &D 2WKHU LQGLFDWRUYV DUH DYDLODEOH VXFK D\
HIFLWDWLRQ ZDYHOHQJWKV GHSHQGLQJ XSRQ ZKHWKHU &D LV ER



LBOWLFDO HPLVVLRQ IRU WKHVH WZR VWDWHV %\ DOWHUQDWLC
DQG PHDVXULQJ WKH HPLVVLRQ LW LV SRVVLEOH WR FRPSHQVDW
GHWHUPLQH WKH >&D HOM @ O*U\QNLHZLF]

JLIXUH $53( IRDGHG ZLWK )OXR $0

$53( FHOOV ORDGHG ZLWK IOXR $0 JURZQ WR FRQIOXHQFH LQ
IOXR LQGLFDWRU FDQ EH VHHQ LQ WKH FHOO F\WRSODVP ERXQC

$Q $SSURSULDWH &HOO /LQH

7KH KXPDQ 53( FHOO OLQHVY DYDLODEOH IRU WKLV VWXG\ $53(
FKDUDFWHULVHG LQ WHUPV RI WKHLU H[SUHVNIMRDORI 'XQEWSHFLI
D .DQXBDV DO 2QH LVVXH LV WKDW $53¢( DQG GR QRW
EHVWURSKLQ OPDWPRQWVWHYRQ WKDW EHVWURSKLQ SOD\V D UROF
WKH DEVHQFH RI WKLV FKDQQHO LQ WKH FHOW DA QHW LMRBR O3 FEH
DUJXHG WKDW D FKDQJH RI >&D @LQ LQ D FHOO OLQH ZLWKRXW
EHVWURSKLQ ZDV XQOLNHO\ WR EH WKH WDUJHW $53{ DOH[SUHV\

5HLIJDGD DQG OLWFKHOO ZKHUHDV WKH H[SUHVVLRQ LV XQNC
$53( DQG KDYH EHHQ XVHG WR PRQLWRU FKDQJHV LQ LQW
5HLIJIDGD DQG OLWFKHOO DQG IOXR 7TRLPHOD DQG 7DKWL

EHHQ VKRZQ WKDW D GUXJ WUDQVSRUWHU 3 JO\FRSURWHLQ 3 J
FKDUJHG $0 HVWHU Rl &D LQ{GALFOIDVRONH ARPR®\IRI +RPRO\D LGH
WKH XSWDNH RI VHYHUDO $0 FKURPRSKRUHV LQFOXGLQJ IOXR

OLQH 7KH XSWDNH ZDV LPSURYHG ZKHQ WKH 3 JS FRPSHWLWLYH
H[SUHVVHG LQ KXPDQ 53( FXOWXUHV RQ WKIH DALMIRQHBY G E® \



0DQJLQL DQG SUHGRPLQDQWO\ RQ WKH EDVDOHWHPWUDQH RI
W ZDV SRVVLEOH WKDW WKH KXPDQ 53( FHOO OLQHV ZRXOG DOVF
UHGXFHG WKH ORDGLQJ RI WKH FKURPSKRUH LQWR WKH FHOOV -
WKH FHOO OLQHV ZRXOG QRW QHFHVVDULO\ H[FOXGH WKH FHOO
3 JS FRXOG EH LQKLELWHG ZLWK YHUDSDPLO WR HQKDQFH G\H XS
&D FKDQQHO LQKIHWVDRWU .X\WBIMDWW DQG JLYHQ WKH LQYROYHPHC
&D LQ WKH JHQHUDWLRQ RI WKHNVORWKW KHQ 3RKH QWKDBLWLRQ RI

PD\ KDYH PDVNHG DQ\ HIITHFW RI HWKDQRO LI WKH / W\SH &D FKDC

7KH ILUVW VWHS ZDV WR GHWHUPLQH LI D SDUWLFXODU KXPDQ F
ZKHWKHU LW H[SUHVVHG 3JS 7KH QH[W TXHVWLRQ ZDV WR GHMW
>&D @LQ LQ WKLV FKRVHQ FHOO OLQH )LQDOO\ WR GHWHUPLQH Z
WKH LOQWUDFHOOXODU RU HIWUDFHOOXODU SRROV



OHWKRGYV

&HOO &XOWXUH

7TKUHH KXPDQ 53( FHOO OLQHV ZHUH VWXGLHG WR GHWHUPLQH ZKL
$53( KDYH EHHQ GHVFULEHG LQ VHFWLRQV DQG ,Q DGC
DULVLQJ KXPDQ 53( FHOO OLQHV $53( DQG ' RQH DGGLWLRQDO
FHOO OLQH K 53( KDV UHFHQWO\ EHHQ GHYHORSHG DQG LV WKH
IHPDOH KXPDQ GRQRU V 53( ZLWK VLPLDQ YLUXV 69 ODUJH 7 DQ\
RULJLQDOO\ GHVFULEHG WKHVH FHOOV H[SUHVVHG DSLFDO PLFU
ODFNHG SLIJIPHQWDWLRQ 7KH FHOOV H[SUHVVHG P51% IRU 53( D C
VXFFHVVIXOO\ WR UHVWRUH YLVXDOHMW @OW L D@ XHHYWXH 5&B8HIJDW /]
SUHVHQFH RI EHVWURSKLQ KDV QRW EHHQ GHWHUPLQHG 7KH K 5
3URI -RKQ *UHHQZRRG 8QLYHUVLW\ &ROOHJH /RQGRQ DQG VXSSOL

$V D SRVLWLYH FRQWURO WKH ODGLQ 'DUEHWDDRQQH HD®QELQH &V K
KDV EHHQ VWDEO\ WUDQVIHFWHG ZLWK WKH PXOWL GUXJ UHVL
IXQFWLRQDO 3 JS DFWLYLWWZDY XVOIG GIHDRWHG 0'&. 0'5 7TKHVH
ZHUH D JHQHURXV JLIW RI' 5 OHODUDQJH *OD[R6PLWK.OLQH :DUH
'0(0 ZLWK KLJK JO JOXFRVH VXSSOHPHQWHG ZLWK KHDW
SHQLFLOOLQ SJ PO VWUHSWRP\FLQ DQG PO / JOXWDPLQH WKH
UHFHLSW $53( DQG ' FHOOV ZHUH JURZQ XQGHU VWDQGDUG F|

K 53( FHOOV ZHUH JURZQ LQ +DPTV ) PHGLXP VXSSOHPHQWI
SHQLFLOOLQ SJ PO VWUHSWRP\FLQ ¢tMJ PO DPSKRWHULFLQ

,PPXQRF\WRFKHPLVWU\

7R HQKDQFH DWWDFKPHQW DQG JURZWK RI WKH FHOO OLQHV JOI
SUH FRDWHG ZYWKP" RI PRXVH FROODJHQ W\SH VROXWLRQ DQG ¢S
I1XQF 5RVNLOGH 'HQPDUN RYHUQLJKW DW & ([FHVV FROODJHC
GD\ EHIRUH FHOOV ZHUH VHHGHG DW DQ LQLWLDO GHQVLW\ FHOO

DQG | IRU 0'&. 0'&. DQG K 53( UHVSHFWLYHO\ &HOOV ZHUH JU
VWDQGDUG FRQGLWLRQV $00 SURFHGXUHV ZHUH FDUULHG RXW
RWKHUZLVH &RYHU VOLSV ZHUH ZDVKHG WZLFH LQ 3%6 IRU ILYH P
bDw & IRU WHQ PLOQXWHV WR SHUPHDEDOLVH WKH FHOO PHPEUDQI

3%6 DQG EORFNHG LQ 3%6 FRQWDLQLQJ ZW YRO %6% DQG  PF
EHIRUH ZDVKLQJ WKH FRYHU VOLSV DJDLQ WKUHH WLPHV IRU ILYH
& ,' IDEV *ODVJRZ 8. UHFRJQLVHV DQ LQWHUQDO HSBWWRSH RI

LW ZDV DGGHG DW D GLOXWLRQ RI LQ EORFNLQJ EXIIHU D

&RYHU VOLSVY ZHUH ZDVKHG WKUHH WLPHV IRU ILYH PLQXWHV LQ



), 7& FRQMXJDWHG JRDW DQWL PRXVH 'DNR *ORVWUXS 'HQPDUN
EORFNLQJ EXIITHU DQG LQFXEDWHG LQ WKH GDUN IRU RQH KRXU &
3%6 DQG QXFOHL FRXQWHUVWDLQHG ZLWK SURSLGLXP LRGLGH |
ZDVKLQJ DJDLQ WKUHH WLPHV LQ 3%6 &HOOV ZHUH LPDJHG ZLWK
FRQIRFDO PLFURVFRSH &DUO =HLVV -HQD *HUPDQ\ ZLWK GXDO
7TKH\ ZHUH YLHZHG ZLWK D [ RLO LPPHUVLRQ OHQV 1% ,PDJ
VWRUHG RQ FRPSXWHU KDUG GULYH DQG YLHZHG ZLWK $[LRYLVL
1HIDWLYH FRQWUROV ZHUH LQFXEDWHG ZLWK WKH VHFRQGDU\ DQW

, QWUDFHOOXODU &D

$00 SUHSDUDWLRQ DQG UHFRUGLQJV ZHUH FDUULHG RXW DW URF
7TKH SURWRFRO IRU LQWUDFHOOXODU &D PHDVXUHPHQWWHMW D PRC
DO $53( FHOOV ZHUH JURZQ LQ VWDQGDUG FXOWXUH FRQGL)
LQ WKHVH H[SHULPHQWV &HOOV ZHUH JURZQ DW DQ LQLWLDO G
FRYHUVOLSVY WKDW ZHUH SUH FRDWS$R3 YKHDGD\ EMHORZIZH & WWRK GU\ F
.DQXJHWN DO &RYHU VOLSV ZHUH SODFHG LQ WKH ZHOOV RI ZHOC
WKH JURZWK PHGLXP ZDV UHGXFHG WR )&6 7TKH PHGLXP ZDV FKD
FRYHUVOLSY ZHUH XVHG DIWHU WZR WR VL[ ZHHNV LQ FXOWXUF
SRODULVDWLRQ RIWMWKBCO-HOIONFKKQQ

&RYHUVOLSYV ZHUH ULQVHG LQ EXIIHU FRQWDLQLQJ LQ PO 1D &,

.+ 3 +(3(6 DQG JOXFRVH JRU QRPLQDOO\ &D IUHH HI.
RPLWWHG DQG PO (WK\OHQH ELV R[\HWK\OHQHQLWULOR WHWUDD
DGMXVWHG WR ZLWK 1D23, /RDGLQJ EXIIHU ZDV SUHSDUHG E\

VROXWLRQ RI )OXR $0 LQ '062 OROHFXODU 3UREHYROQY LMESRIHQ
WR PO RI &D FRQWDLQLQJ EXIIHU VROXWLRQ )LQDO FRQFHQWU|

JOXR $0 '062 DQG %6% PO RI ORDGLQJ EXIIHU ZDV DGG
GDUN IRU VL[W\ PLQXWHYVY &HOOV ZHUH WKHQ ULQVHG WZLFH ZLV
LOQFXEDWHG LQ PO RI &4D FRQWDLQLQJ EXIIHU DW & ZLWK &

DOORZ HQGRJHQRXY SURWHDVHVY WR FOHDYH WKH $0 HVWHU IURP V

7KH FRYHU VvOLSV ZHUH WKHQ WUDQVIHUUHG LQ WKH GDUN WR D SI
D YROXPH RI DSSUR[LPDWHO\ PO DQG PRXQWHG RQWR WKH VW
ODVHU VFDQQLQJ PLFURVFRSH =HLVV 7KH ODVHU HQDEOHG VLQJ
7KH FHOO PRQROD\HU zZDV LPDJHG ZLWK D [ RLO LPPHUVLRQ OHQ
ZDV WUDQVIHUUHG YLD D EURDG EDQG SDVV ILOWHU $! QP DQ(
FKDUJH FRXSOHG GHYLFH FDPHUD DW VHFRQG LQWHUYDOV ,PDJH
KDUG GULYH &\WRSODVPLF DUHDV ZHUH DQDO\VHG ZLWK D[LRYLHZ

$IWHU ILIWHHQ WR WKLUW\ VHFRQGY WKH EXIIHU ZDV UHPRYHG ZLYV
ZLWK &D&, DQG HWKDQRO LQ WKH IROORZLQJ FRQFHQWUDWLRQYV



PO 1 WULDOV ZLWK VDPSOHG FHOOV PO 1 WULDOV ZLYV
1 WULDOV ZLWK VDPSOHG FHOOV RU PO 1 ZLWK VDPS
FHOOV ZHUH FKDOOHQJHG ZLWK PO HWKDQRO 1 WULDOV ZLV
EXIITHU WR GHWHUPLQH ZKHWKHU DQ\ UHVSRQVHV ZHUH SUHVHQW |
DOO wUuLDOV EHWZHHQ WKLUW\ DQG ILIW\ FHOOV ZHUH YLVLEOH L
JOXRUHVFHQW UHFRUGLQJV FRQWLQXHG IRU XS WR ILYH PLQXWHYV

7KH UDWLR 5 RI FKDQJH DERYH EDVHOLQH ZDV FDOFXODWHG XV
IOXRUHVFHQFH WDNHQ DV WKH PHDQ IOXRUHVFHQFH IRU WKH IL
HWKDQRO GRVH ZLWK ) EHLQJ WKH IOXRUHVFHQFH DIWHU WKH GR)
QRUPDOLVHG IOXRUHVFHQFH &HOOV ZHUH FRQVLGHUHG WR UHVS
IOXRUHVFHQFH RI ! 5 HJ JUHDWHU WKDQ FKDQJH LQ IOXRUH
HTXDWLRQ L

5 ) ) ) 2L

"KHUH

5 G5DWLR RI IOXRUHVFHQW FKDQJH

) )J)OXRUHVFHQFH LQWHQVLW\ GXULQJ UHFRUGLQJV DW D
) OHDQ EDVHOLQH IOXRUHVFHQFH HPLVVLRQ RI WKH W
UHFRUGLQJV

/ILPLWDWLRQV RI WKH H[SHULPHQWDO VHW XS SUHYHQWHG WKH D
VXUIDFH RI WKH 53( DV WKH FHOOV ZHUH JURZQ RQ JODVV FRYHU
PLFURVFRSH

BUHSDUDWLRQ RI 'UXJV DQG (WKDQRO

(WKDQRO

&RQFHQWUDWLRQV LQ WKLV VHFWLRQ DUH UHSRUWHG LQ PO ZKLF
$EVROXWH HWKDQRO ZDV GLOXWHG WR SURGXFH D PO VWRFN V

WR JLYH PO VROXWLRQ WR JLYH PO VROXWLRQ DQ
VROXWLRQ 7DNLQJ PO O RI DPEVROXWH HWKDQRO DV ORODU WKH
DGGLQJ PO RI HWKDQRO WR PO RI &4D IUHH RU &D FRQWDL!

&DOFLP\FLQ $

&DOFLP\FLQ $ OROHFXODU :HLJKW 0: LV D &D LRQRSKRU
FHOO PHPEUDQH HQDEOLQJ &D WR HQWHU WKH F\WRVRO $
'062 JLYLQJ D VWRFN VROXWLRQ RI SJ SO SL DOLTXRWV ZHUH

DOLTXRW ZDV WKHQ DGGHG WR PO RI &D FRQWDLQLQJ EXIIHU W
SJ PO DQG '062 6DOFHGD DQG 6DQFKH] &KDYH]



(SLQHSKULQH DQG 1LIHGLSLQH

UHSDUDWLRQ RI D PO VWRFN HSLQHSKULQH VROXWLRQ LQ &D F

LQ VHFWLRQ ,Q WKHVH H[SHULPHQWYV WKH PO HSLQHSKULQH
DILQDO FRQFHQWUDWLRQ RI SO 1LIHGLSLQH O: KDV EHHQ
FRQFHQWUDWLRQ RI SO WR LQKLELW / W\SH &D FXUUHQWYV L(

OHUJBMUDO 5 RV H QMM DODO ILIHGLSLQH PJ ZDV GLVVROY
'062 WR JLYH D ZRUNLQJ FRQFHQWUDWLRQ RI PO 7KLV VROXWL
ILQDO FRQFHQWUDWLRQ RI '062 ZDV NHSW ORZ ,QLWLDOO\ SL |
ZDV GLOXWHG ZLWK PO RI &D FRQWDLQLQJ EXIIHU DQG \
GLOXWHG D IXUWKHU LQ &D FRQWDLQLQJ EXIIHU WR JLYH D |
DQG '062 DQG VWRUHG LQ WKH GDUN DW f& XQWLO XVH

(VWLPDWLRQ RI >&D @LQ

7KH 5 YDOXH LV QRW OLQHDUO\ UHODWHG WR WKH >&D @LQEXW LC
WLPH %HFDXVH WKHUH LV QR VSHFWUDO VKLIW ZLWK MWHOOXR L

D UDWLRPHWULF DSSURDFK LV LPSUDFWLFDO ZLWKRXW WKH (
IOXR UHGHWOIRGW R

+RZHYHU WKH 5 YDOXH XVHG KHUH RI WKH QRUPDOLVHG IOXRUH
WKH FKDQJH LQ >&D @LQ RYHU WLPH FRPSDUHG WR WKH EDVHOLQH

$Q DSSUR[LPDWLRQ WR WKH FKDQJH LQ >&D @ DIWHU WKH DSSOL
XSRQ WKH IOXRUHVFHQFH HPLVVLRQ 7KH VWDQGDUG SURWRFRO
LQGLFDWRUV LV WR XVH WKH UDWLR RI IOXRUHVFHQFH EDVHG XSR
DQG ZKHQ LW LV VDWXUDWHG LQ KLJK &D SVLQIHMTROWLRQ LL G

>&D @ .G [5PLQ" 5PD$ @ [4 1
"KHUH

>&D @ &RQFHQWUDWLRQ RI F\WRVROLF &D QO

.G GLVVRFLDWLRQ FRQVWDQW RI WKH IOXRUHVFHQW LQGLFD\
5PLQ 5DWLR RI IOXRUHVFHQW HPLVVLRQ DW WKH WZR H[FLWD
5PD[ 5DWLR RI IOXRUHVFHQW HPLVVLRQ DW WKH WZR H[FLWDW
VDWXUDWLQJ >&D @

5 5DWLR RI IOXRUHVFHQW HPLVVLRQ DW WKH WZR H[FLWD\
WKH H[SHULPHQW

4 5DWLR RI IOXRUHVFHQFH PLQLPXP WR IOXRUHVFHQFH PDJ[L
ZDYHOHQJWK IRU WKH 10XUD LQGLFDWRU



+RZHYHU I10XR LQGLFDWRUV GR QRW OHQG WKHPVHOYHV WR D |
>&D @LQ 2QH PHWKRG RI GHWHUPLQLQJ WKH FKDQJH LQ IOXRUHV
DVVXPH WKDW WKH EDVHOLQH IOXRUHVFHQFH UHSUHVHQWV WKH
FKDQJH LQ IOXRUHVFHQFH FDQ EH HVWLPDWHG IURP WKLV EDV
GHULYDWLRQ LV WHRDWORI ZEKRQKWHIG |I0XR WR UHFRUG DOWHUD
FDUGLDF P\RF\WHV EDVHG XSRQ W KHJHBXRHYWHWRH\Q FFK R QO X RE$M V F H
HTXDWLRQ LL FDQ EH UHZULWWHQ WR EHWRPFP® HTXDWLRQ LLL =

>&D@LQ .G [ >) )PLQ )PD[ ) @ LLL

KHUH

>&D @LQ ,QWUDFHOOXODU &D FRQFHQWUDWLRQ
.G 'LVVRFLDWLRQ FRQVWDQW

) )J)OXRUHVFHQFH GXULQJ WKH UHFRUGLQJ

JPLQ )OXRUHVFHQFH LQ JHUR &D

)PD[ )OXRUHVFHQFH LQ VDWXUDWLQJ &D

$VVXPLQJ WKDW )PLQHTXDOV JHUR IRU IOXR VR WKDW )PD[ FDQ EH

53( FHOOV 7KLV LV DVVXPHG WR EH “ Q0 UDQJH QO

IURP VXE FXOWXUHG KXPDQ IRHWMODEB( FHKMHQVV XEVMIDWBWLQJ )PL(

OHWWLQJ ) JUHVW EDVHOLQH DQG VROYLQJ IRU )PD[WKHQ HTXDWI
YPD[ )JUMWW.G > &D @ UBVW L9

7KHFKDQJH LQ >&D @LQ EDVHG XSRQ WKH IOXRUHVFHQFH LQFUHDV!I
E\ GLYLGLQJ HTXDWLRQ LLL E\ JUHVW DQG VXEVWLWXWLQJ HTXDW
LQ >&D @LQ HTXDWLRQ Y

>&D @LQ .G [ 5 .G >&D @UHVW 5 Y

.G LV WKH GLVVRFLDWLRQ FRQVWDQW IRU IOXR ZKLFK LV Q0 D
EDVHOLQH IOXRUHVFHQFH FRPSDUHG WR WKH IOXRUHVFHQFH PDJ[LI

$IWHU VXEVWLWXWLRQ HTXDWLRQ Y UHGXFHV WR HTXDWLRQ YL

>&D @LQ [ 5 5 2 YL

7KHVH DVVXPSWLRQV DUH YDOLG SURYLGHG WKDW WKHUH LV PLQL
7KLV ZDV DFKLHYHG E\ XVLQJ ORZ ODVHU SRZHU RI DQG XVLOQ.
ILUVW WZR PLQXWHV )URP ILIXUH EHORZ WKH IDOO LQ IOXRUF
PLQXWHV 7KH LQGLFDWRU FRQFHQWUDWLRQ ZDV FRQVWDQW RZL
FRQIRFDO PLFURVFRSH SURYLGHV D XQLIRUP SDWK OHQJWK DQG V
EH RI XQLIRUP WKLFMWHW &DQQHOO



'DWD $QDO\VLV

JLVKHUYV H[DFW WHVW ZDV XVHG WR GHWHUPLQH WKH VLJIQLIL
EHWZHHQ WKH &D IUHH DQG &D FRQWDLQLQJ EXIITHUV UHVSRQV
ZLWK D S WDNHQ DV WKH SRLQW SUREDELOLW\ DW ZKLFK WKFE

GLIITHU &DOFXODWLRQV ZHUGLBSHOUHR UPHMIBGU BV MWQI M KM B WILW W LORD C
KWWS KRPH FODUD QHW VLVD LQGH[ KWP



SHVXOWYV

,PPXQRF\WRFKHPLVWU\

6WDLQLQJ ZLWK WKH 3 JS VSHFLILF DQWLERG\ & UHYHDOHG VW

FHOOV 30DVPD PHPEUDQH VWDLQLQJ ZDV HYLGHQW ILJXUH $

JS ILIJXUH ' +RZHYHU K 53( DQG VKRZHG ZHDN LPPXQRUH
& UHVSHFWLYHO\

,Q DGGLWLRQ WR LPPXQRF\WRFKHPLVWU\ UHYHUVH WUDQVFULS\V

DQG D IXQFWLRQDO DVVD\ ZHUH SHUIRUPHG WKDW DOVR FRQILUF
H[SUHVVLRQ 6HHH®RQVWDEOH

J)LIXUH 3JS LPPXQRF\WRFKHPLVWU\

$ %

VW7 U -m A

5HVXOWY RI LPPXQRF\WRFKHPLVWU\ VKRZ VWURQJ VWDLQLQJ LC
$ $53(¢( FHOOV ' ZHUH QHJDWLYH ZKLOVW ZHDN VWDLQLQJ Z
FHOO % DQG & UHVSHFWLYHO\ I1XFOHL DUH FRXQWHU VWDLQHG



: KHQ WKH SULPDU\ DQWLERG\ ZDV RPLWWHG WKHUH ZDV QR LPP)

JLIXUH 1HIJDWLYH &RQWURO IRU 3 JS ,PPXQRF\W

1HIJDWLYH FRQWUROV LQ ZKLFK WKH SULPDU\ DQWLERG\ ZDV RPL

VHFRQGDU\ DQWLERG\ GLG QRW FURVV UHDFW ZLWK DQ\ HSLWR

0'5 % K 53¢( & DQG ' $53( I1XFOHL DUH FRXQWHU V\

LRGLGH 6FDOH EDUV SP



&DOFLP\FLQ $ DQG (SLQHSKULQH

$ ZDV HIIHFWLYH DW LQFUHDVLQJ WKH >&D @LQ ZLWK D SHDI
PLOXWHV DQG DQ LQFUHDVH RI WKH 5 YDOXH E\ D IDFWRU ZKLFE
UHVSRQVH 7KHVH H[SHULPHQWV FRQILUPHG WKDW WKH ERWK WHK

YLVXDOLVLQJ FKDQJHV LQ >&D]@LQ 6HH ILIXUH

YJLIXUH $ 5HVSRQVH

FHOO ZKHQ WKH EXIIHU FRQWDLQLQJ
$ SHUPHDEDOLVHV WKH
"KHQ WKLV RFFXUV 'V

5HVSRQVH IURP DQ $53(
&D&, ZDV DGGHG DW W PLQXWHYV
HIWUDFHOOXODU &D L WR HQWHU WKH FHOO
&D ELQGV WR WKH IOXR SUREH



"KHQ ¢00 HSLQHSKULQH ZDV DGGHG WR &D FRQWDLQLQJ EXIII
VKDUS HOHYDWLRQV LQ >&D @LQ WKURXJK WKH UHOHDVH RI &D IL
WKH PHDQ * 6(0 5 YDOXHV RI $53( FHOOV UHVSRQGLQJ WR
FRQWDLQLQJ EXIIHU

,QFUHDVH LQ EDVHOLQH IOXRUHVFHQFH ZKHQ $53( FHOOV DUH I
(SL DW WKH DUURZ 7KH PHDQ LQFUHDVH LQ WKH EDVHOLQH 10X
PHDQ “ 6(0 RI WHQ VDPSOHG FHOOV



(WKDQRO 5HVSRQVHV LQ $53(

YLIXUH VKRZV WUDQVLHQWY REVHUYHG LQ D JURXS RI FHOOV L
FRQWDLQLQJ EXIIHU 7KH RQVHW Rl HDFKVWBRQ®S VHZL\W K DV UTHW BH
5 YDOXHV IURP WR OHDQ UHVSRQVHV IURP WKH FHOOV DUH

DGGHG DW WKH DUURZ

J)LIXUH PO (WKDQRO

$53( PO (WKDQRO 5HVSRQVHV

7TUDQVLHQWY REVHUYHG LQ D JURXS RI FHOOV LQ UHVSRQVH WR

VROXWLRQ DGPLQLVWHUHG DW W VHFRQGY ( DQG DUURZ 7KH
RI WKH VHYHQ FHOOV ZKRVH LQGLYLGXDO WUDFHYVY DUH VKRZQ LQ '



JLIXUH EHORZ VKRZV WKH FKDQJHV LQ IOXRUHVFHQFH DIWHU
EXIIHU ZDV DGGHG WR WKH $53( FHOOV (WKDQRO ZDV DGGHG
VHFRQGY 7KH ORZHU KDOI RI WKH ILHOG VKRZV DQ LQFUHDVH LC
WKDW IDOOV EDFN WR EDVHOLQH LQ WKH ILIWK URZ 7KH UHVSRQ

YLIXUH ,QWUDFHOOXODU &D 7UDQVLHQWV LQ $53(

$ WLPH VHULHV RI1 $53( FHOOV UHVSRQGLQJ WR PO HWKDQR
ZDV DGGHG DW W VHFRQGYV (QG RI WKH ILUVW URZ ,Q WKH \
HDFK VOLGH DQ LQFUHDVHG IOXRUHVFHQW VLJQDO LV DSSDUHQW
VHFRQGY DQG. WQGVVBWRQGY ZKHQ WKH IOXRUHVFHQFH KDV UH
OHYHOV

,Q &D FRQWDLQLQJ EXIIHU ZLWK HWKDQRO DW GRVHV RI

ZHUH SUHVHQW LQ D WRWDO RI UDQJH FHOOV WKD
ZLWKLQ ILIWHHQ WR QLQHW\ VHFRQGYV IROORZLQJ HWKDQRO HI[SR
WKDQ VL[W\ VHFRQGV )LJXUH RYHUOHDI VKRZV LVRODWHG FI

PO HWKDQRO 7KH WUDQVLHQWV DUH VPDOO DQG QRW DV VKDU
HOHYDWLRQV ZHUH REVHUYHG DW WKH KLJKHU GRVHV 7KH RQVH
LV SUREDEO\ DQ DUWHIDFW RI WKH WLPH IRU WKH HWKDQRO \
REVHUYHG ZKHQ EXIIHU FRQWDLQLQJ PO HWKDQRO ZDV XVHG
LQGHSHQGHQW WULDOV



YLIXUH (WKDQRO PO

7LPH G6HFRQGYV

,QGLYLGXDO FHOO UHVSRQVHV WR HWKDQRO ( LQ &D FRQWDLQL
HDFK UHVSRQVH YDULHVY DQG LV SUREDEO\ D UHVXOW RI WKH WLPFL
WKDQ DQ\ SK\VLRORJLFDO HIIHFW 5HVSRQVHV ODVWHG QR PRUH W
WKH PHDQ UHVSRQVH RI FHOOV WKUHH LQGHSHQGHQW WULDOV
VHFRQGY ZKHQ WKH HWKDQRO FRQFHQWUDWLRQ ZDV PO

JLIXUH RYHUOHDI VKRZV WKH PHDQ “ 6(0 UHVSRQVHV RI FHC
&D FRQWDLQLQJ EXIIHU WKDW ZzZDV UHSHDWDEOH ( IROORZLQ.
FROQWDLQLQJ EXIIHU % ZKLFK GHPRQVWUDWLQJ WKDW WKHVH L
PDQLSXODWLRQ 7KH 5 YDOXH LQFUHDVHYV UDQJHG IURP WR

IRU WKH VHFRQG SHDN



J)LIXUH PO (WKDQRO 5HSHDWHG 5HVSRQV|

$53( DQG (WKDQRO PO 5SHSHDWHG

‘"KHQ HWKDQRO PO LQ &D FRQWDLQLQJ EXIIHU WR $53( =
LQWUDFHOOXODU &D i ZDV REVHUYHG EHIRUH UHWXUQLQJ WRZDUG
ZDVK RXW DW % ZLWK &D FRQWDLQLQJ EXIIHU D VHFRQG GRVI
FRQWDLQLQJ EXIIHU DW ( D VHFRQG ZHDNHU WUDQVLHQW ZDV DO\
RI ILYH VDPSOHG FHOOV

‘KHQ &D IUHH EXIIHU ZDV XVHG ZLWK WKH PD[LPDO GRVH RI PO
VHHQ LQ DQ\ RI WKH FHOOV VDPSOHG IURP LOQGHSHQGHQW \
HISRQHQWLDO IDOO LQ IOXRUHVFHQFH LV FRQVLVWHQW ZLWK EOHD



J)LIXUH &D )J)UHH 5HVSRQVHYV PO (WKDQRC

:KHQ &D ZzZDV UHPRYHG IURP WKH H[WUDFHOOXODU EXIIHU DQG
WKHQ QR &D WUDQVLHQWYV ZHUH REVHUYHG IURP 1 LOQGHSHQGH(
WKH 5 YDOXH LV VKRZQ

7R DVVHVV ZKHWKHU WKLV GLIIHUHQFH EHWZHHQ WKH QXPEHU RI
&D FRQWDLQLQJ EXIIHU LV VLIQLILFDQW IRU PO HWKDQRO D IUF
8vLQJ )LVKHUTV HIDFW WHVW WKH SUREDELOLW\ WKDW JHUR UHVS
EXITHU ZLWK PO HWKDQRO FRPSDUHG ZLWK UHVSRQVHV IUR
FROQWDLQLQJ EXIIHU ZLWK PO ZDV S DQRG VR WKH REVHUY
EXIITHU DUH VLJQLILFDQWO\ GLIITHUHQW WR WKH H[SHFWHG REVHU

7DEOH JUHTXHQF\ Rl 5HVSRQVHV LQ
&D )UHH DQG &D &RQWDLQLQJ %XIIHU

5HVSRQVHV1IR 5HVSRQVHV7IRWDO

&D IUHH
&D] FRQWDLQLQJ
7RWDO

JUHTXHQF\ RI UHVSRQVHV LQ &D IUHH DQG &D FRQWDLQLQJ EXIIH



7R FDOFXODWH WKH FRQILGHQFH LQWHUYDO WKDW WKH UHVSR
RXWVLGH WKH JHUR UHVSRQVHV REVHUYHG LQ WKH &D IUHH H[SF
SURSRUWLRQV S IRU &D FRQWDLQLQJ DQG S IRU
GHWHUPLQHG DQG LV JLYHQ E\ HTXDWLRQ YLL

6WDQGDUG HUURU S s 9 3L2 SL A S S Q
"KHUH

3L SURSRUWLRQ RI UHVSRQGLQJ FHOOV LQ &D FRQWDI|
S SURSRUWLRQ RI UHVSRQGLQJ FHOOV LQ &D IUHH

Q SRSXODWLRQ VL]H LQ &D IUHH

Q SRSXODWLRQ VL]H LQ &D FRQWDLQLQJ

6ROYLQJ HTXDWLRQ YLL JLYHV D VWDQGDUG HUURU RI
SURSRUWLRQV LV S S

7KH FRQILGHQFH LQWHUYDO LV JLYHQ E\ HTXDWLRQ YLLL
3L 3 [ VWDQGDUG HUURU WR S S [ VWDQGDUG +
KLFK JLYHV D FRQILGHQFH LQWHUYDO RI WR RU WKDW

&D FRQWDLQLQJ UHVSRQVHV IDOO EHWZHHQ DQG DQG WKHL
IURP WKH &D IUHH H[SHULPHQWYV WKHQ WKH SURSRUWLRQ RI UH
UDQJH S 7KH JHUR SHUFHQWDJH Rl UHVSRQVHV LQ WKH &D

FRQILGHQFH UDQJH RI WKLV REVHUYDWLRQ RFFXUULQJ E\ FKDQFH

7DEOH RYHUOHDI OLVWYV WKH QXPEHU RI WULDOV DQG WKH Sl
IURP WKH QXPEHU RI VDPSOHG FHOOV LQ D ILHOG (DFK ILHOG KD
ILYH WR WHQ ZHUH VDPSOHG 1RWH LQ WKH &D IUHH H[SHULPH

VDPSOHYV



7TDEOH 6 XPPDU\ RI (WKDQRO 5HVSRQVHYV

(WKDQRO 1XPEHU RI 5HVSRQGLBDPSOH®HDQ 5 “ 6(0
&RQFHQWUDWLRQ/URD OV &HOOV &HOOV B5HVSRQVH
&D] IUHH

ZLWK &D]

ZLWK &D] «
ZLVWID W «
Z L WD “
Z L WKD «

6XPDU\ Rl >&D @LQ H[SHULPHQWV ZLWK $53( FHOOV 7KH WD
LQGHSHQGHQW WULDOV DQG SHUFHQWDJH Rl FHOOV UHVSRQGLQJ
! IURP WKH WRWDO Rl FHOOV VDPSOHG OHDQ “ 6(0 Rl WKH UHVS
FHOOV UHVSRQGLQJ LQ &D FRQWDLQLQJ EXIIHU FRPSDUHG ZLW
VLIJQLILFDQW S

JLIXUH RYHUOHDI VKRZV WKH PHDQ “ 6(0 RI WKUHH UHVSRQG
WKH HIIHFWV RI A0 QLIHGLSLQH $00 VROXWLRQV DUH LQ &D FF
DGGHG DW ILIWHHQ VHFRQGV ( $ ULVH LQ WKH EDVHOLQH IOXR
RI WKDW ODVWHG IRU VL[W\ VHFRQGY )ROORZLQJ WKLV WKH &
IRU WKLUW\ VHFRQGV WKIQ EXIHIiEWU SHRAHWALVOKL Q J '062 Z®W DGGHG
IRU WKLUW\ VHFRQGYV EHIRUH EHLQJ UHSODFHG ZLWK FRQWURO E>
D IXUWKHU WKLUW\ VHFRQGVY WKH FHOOV ZHUH FKDOOHQJHG ZLWEk
ZHUH HYLGHQW ,Q FRQWUDVW ILJXUH VKRZHG WKDW UHSHDWH
D ZDVK RXW GLG QRW DEROLVK WKH UHVSRQVH LQ WKH DEVHQFH R



YLIXUH 1LIHGLSLQH DQG (WKDQRO 5HVSRQ\

7LPH 6HFRQGYV

(WKDQRO UHVSRQVH WR PO ( HWKDQRO IROORZLQJ SUH WUHI
S0 DEROLVKHG WKH SUHYLRXV UHVSRQVHV REWDLQHG ZLWK PO I
6(0 Rl WKUHH FHOOVY UHVSRQVHV ZLWK ZDVKHV LQGLFDWHG ZKHU}
% DQG % DQG UHSODFHG ZLWK &D FRQWDLQLQJ EXIIHU



(VWLPDWLRQ RI >&D @LQ

7DEOH EHORZ JLYHV WKH HVWLPDWHG FKDQJH LQ >&D @LQ DER
7KH YDOXHV UDQJH IURP Q0 WR Q0 DQG DUH HVWLPDWHG IUR
FRQFHQWUDWLRQ XVHG

7TDEOH ,QWUDFHOOXODU >&D @ &DOFXODWL

>&D_ @ PD[LPXP QO
&RQFHQWUDWLRQ RI (WKDQRO P
>&D @ UHH [ 5] 5

(SLQHSKULQH SO0 PHDQ RI 1 FHOOV

(WLPDWLRQ RI >&D @LQ LQ WKH F\WRVRO IROORZLQJ HWKDQRO [
FHOOV )LJXUHV EDVHG XSRQ WKH DVVXPSWLRQ WKDW UHVWLQJ >&
Q0 &DOFXODWLRQV EDVHG RQ WKH GHULYHG 5RUPXOD >&D @ OUHH



'LVFEFXVVLRQ

7KH PDLQ SXUSRVH RI WKH LQLWLDO VWXG\ LQWR 3 JS H[SUHVVLI
ZRXOG EH OHDVW DSSURSULDWH IRU ZRUN ZLWK LQWUDFHOOXODU
DQLRQLF QDWXUH RI WKH $0 HVWHU PDNHV WKHVHHSWPRBHV D VXEV
$53( ZzbV GHHPHG WR EH WKH PRVW DSSURSULDWH FHOO OLQH V
HISUHVVLRQ RI 3 J8IW&RQ¥WDEOH

$53( H[KLELWHG D ULVH LQ >&D @MQ LQ UHVSRQVH WR HWKDQRC
WKH VXJJHVWLRQ WKDW WKH DOFRKRO (2* DV ZLWK WKH OLJKW (2
$Q XQH[SHFWHG ILQGLQJ ZDV WKDW DOFRKRO DSSDUHQWO\ DFWV |
WKLV LV FRQVLVWHQW ZLWK UHFHQW ILQGLQJV UHJDUGLQJ WKH F
JHQHUDWHG E\ WKH / W\SH &D FKDQQHOV 6WUDXWW WG 5RVHQWK

,QLWLDO UHVXOWV ZLWK WKH &D LRQRSKRUH $ LQGLFDWHG \
FDSDEOH RI GHWHFWLQJ FKDQJHV LQ >&D @LQ (SLQHSKULQH KDV E
53( PHPEUDQH YROWDJH DQG IOXLG WUDQVSRUW LQ ERYLQH DQG

AXLGHW DO 5\PHWHW DO ,Q ERYLQH 53( PRXQWHG LQ 8VVLQJ
ORDGHG ZLWK |OS0UBMSLQBSKULQH FDXVHG D LQFUHDVH LQ EDVHO
VLPLODU WR WKH UHVXOWYV REWDLQHG HALWK SK6B L Q H FIHD® QWK IDWQ & W
ZRXOG LQGLFDWH WKDW WKH FHOOV JURZQ XQGHU WKH FRQGLWLR
UHFHSWRUV DQG WKH * SURWHLQ FRXSOHG VLJQDOOLQJ SDWKZD\ U

7KH FKDQJHV LQ >&D @LQ IROORZLQJ HWKDQRO LQ &D FRQWDLQL
ZKLFK DUH LQ WKH UDQJH RI RWKHU PRGXODWRUV RI >&D @LQ SU
VWLPXODWLRQ RI FXOWXUHG KXPDQ 53( FHOOV LGIFMUBDVHV >&D @
QHXURSHSWLGHV E\ @IV DQJL\IDRDG WKH VIQWKHWLF SXULQHU
16 E\ Q0 LQ ERYLQH 53( OLWFKHOO 7KH FDOFXODWHC
Q0 ZLWKo HSLQHSKULQH LV DOVR FRQVLVWHQW ZLWK WKRVH UHSRL

Q0 S5\RHW DO 7KHVH YDOXHV LQGLFDWH WKDW WKH FKDQ
WKH SK\WLRORJLFDO UDQJH DQG QRW WKH UHVXOW RI HWKDQRO
SURGXFHG D EURDGHU UHVSRQVH ZLWK D VOREWUDOHFRYHU\ WR ED

7KH ODFN RI D KLIJK QXPEHU RI UHVSRQGLQJ FHOOV LV QRW XQFRPI
VLPLODU LQYHVWLIJDWLRQV LQWR WKH DFXWH DFWLRQ RI HWKDQR
VRPH YDULDELOLW\ LQ UHVSRQVHV ,Q UDW KXOSRWHKISGRWRLHGF WEO!

UHVSRQVHYV ZHUH SUHVHQW LQ RI FHOOV ZLWK PO HWKDQR
$OODQMWRDO IRXQG VLJIQLILFDQWO\ IHZHU UHVSRQGLQJ FHOOV 7
PO PO PO DQG PO ZKLFK DUH VLPLODU WR WHK

UHVSRQGLQJ FHOOV LQ WKLV VWXG\



W LV OLNHO\ WKDW RQO\ D VXEVHW RI FHOOV LQ WKH FXOWXUH Z
7TKH FXOWXUH FRQGLWLRQV IRU $53¢( DUH LPSRUWDQW LQ GHWHU
LQ FXOWXUH PHGLXP DQG WKH FHOO OLQHTVY SDUWLFXODU KLVWR!
7LDHQW DW  /XRIW DW 7KHVH IDFWRUV PD\ KDYH FRQWULEXWHG WR
FHOOV WKDW UHVSRQGHG 7KH DELOLW\ RI $53( WR IRUP D FRQIO
MXQFWLRQV LV GLIILFXOW WR HVWDEOLVK RZLQJ WR WKH GLYHUVI
FHOOV HWXRPW W LV PRUH OLNHO\ WKDW WKH FHOOV LQ FXOWXL
WKHUHIRUH WKH GLVWULEXWLRQ RI WKH HWKDQRO UHFHSWRU P
SODVPD PHPEUDQH VR WKDW LQ RQO\ VRPH FDVHV D UHVSRQVH Z
XVHG ZDV GHVLJQHG WR LPSURYH WKH EDUULHU SURSHUWLHV RI §
SRODULVHG PRQRQOWDDW 5XQ@ODGD DQG OLWFKHOO +RZHYHU W
RI /XHRW DW ZRXOG VXJIJHVW WKDW D ZHOO HVWDEOLVKHG PRQROD
FHOO OLQH

2QH IXUWKHU OLPLWDWLRQ ZDV LPSRVHG E\ WKH GHVLJQ RI WKH
RQO\ EH DGGHG WR WKH DSLFDO VXUIDFH EHFDXVH WKH $53( FHC
SUHGLFWLRQ ZRXOG EH GHVSLWH WKH OLSRSKLOOLF QDWXUH RI
ZRXOG EH RQ WKH EDVRODWHUDO VXUIDFH RI WKH 53( JLYHQ WKH
WKLV UHVSRQVH LQ PDQ $UGHQ DQG :ROI E :ROI DQG $UGHQ
WHPSHUDWXUH PD\ KDYH DOVR UHGXFHG WKH QXPEHU RI UHVS

SK\WLRORJLFDOO\ +RZHYHU D UHGXFHG ZRUNLQJ WHPSHUDWXUH :
ORVYV RI IOXR $0 E\ RUJDQLF DQLRAWFDMUDQVSRUWHUYV 0DQJLQL

7KH DOFRKRO (2* SHDNV EHIRUH PD[LPDO EUHDWK DOFRKRO DQG
UHVSRQVH $UGHQ DQG :ROI E ODUPRU DQG :X ‘ROl DQG $
EORRG VHUXP FRQFHQWUDWLRQV EDVHG XSRQ D WZR FRPSDUWPHQ
VWXGLHG LQ IDVWLQJ DQG QR QHNVIWL Q J7 KK PHDTQAD W HR@VY. GGHULYHG |
WKH EORRG DOFRKRO FRQFHQWUDWLRQV LQ WKH UDQJH RI PO
IDVWLQJ VXEMHFWV RI PJ NJ WR PJ NJ 7KHUHIRUH WKH GRVH
FRQVLGHUDEO\ KLJKHU WKDQ WKRVH WKDW ZRXOG EH H[SHFWHG

'ROI DQG $UGHQ

+RZHYHU HWKDQRO FRQFHOQWUDWLRQV UHTXLUHG WR DOWHU >&D
LOQYHVWLIDWHG LQ D QXPEHU RI GLITHUHQW SUHSDUDWLRQV ZLWK |
UDQJH ,Q ERYLQH SUHSDUDWLRQV PDLQWDLQHG DW & WKH FRQF
WKH 7(3 zDV DOVR VLJQLILFDQWO\ KLJKHU WKDQ LQ PDQ 3DXWOHL
WKH DSLFDO VLGHW DWW 9%IMH3IEH N DQG VR WKH LQFUHDVHG GRVH U
PDLOQWDLQHG DW URRP WHPSHUDWXUH LV QRW XQH[SHFWHG 7KH F
ZLWK $53¢( ZHUH FRQVLVWHQW ZLWK VLPLODU LQYHVWLIJDWLRQV
VLIQDOOLQJ 6HH WDEOH



7TKH SULQFLSDO ILQGLQJ WKDW WKH &D WUDQVLHQWY ZHUH RQO
SUHVHQW H[FOXGHV WKH LQWUDFHOOXODU VWRUHY DV WKH VRXUF
&D zZDV UHPRYHG IURP WKH H[WUDFHOOXODU EXIIHU VR WKLV PH!
&D HQWU\ LV WKURXJK D YROWDJH JDWHG &D FKDQQHO 7KH PRV
W\A\SH &D FKDQQHO JLYHQ LWV UROH LQ JHQHWDWWQJ WKH OLJKW (

$ SRVVLEOH VFHQDULR WR GHVFULEH WKH ZD\ LQ ZKLFK WKH OLJ}
LQYROYH D SRVLWLYH IHHGEDFN EHWZHHQ LQWUDFHOOXODU &D D
LV WKH OLJKW ULVH VXEVWDQFH DQG ZKHWKHU WKH VRXUFH LV IU
WKLV SRLQW +RZHYHU WKH ELQGLQJ RI $73 WR WKH DSLFDO SX
LQFUHDVH LQ >&D @MQ IURP WKH (5 7KLV ULVH LQ F\WRVROLF U
EDVRODWHUDO &D&& ZKLFK LQFUHDVHV EDVRODWHUWHGIKIE FRQG X
VWLPXODWHG LQFUHDVH LQ >&D @LQ LV UHGXFHG E\ WKH 1&; DQG
DQG EHVWURSKLQ .HQQHG\ DQG HWWQIWQLDUPRUN®IIGY 7KH
GHSRODULVDWIR® RILQFUHDVH WKH RSHQ SUREDELOLW\ RI WKH / V
D VXVWDLQHG VORZ HQWU\ RI &D LQWR WKH 53( 7KLV JUDGXDO °
GULYHV DQ LQFUHDVLQJ EDVRODWHUDO &3 FRQGXFWDQFH DV WK
FKDQQHO LQFUHDVHV ZLWK LQFUHDVLQJ PHPEUDQH GHSRODULVDW
WKH EDVDO PHPEUDQH GHSRODULVHV WR D SRLQW WR WKDW WK
GHFUHDVHV DJDLQ ,W FDQ EH VHHQ WKDW WKH O 9 FXUYH Rl WKH
WKDW RI WKH (2* ZLW& ¢DHEO-DDMLRKRPEHS WKDW LV VLPLODU WR WKH
ILIXUH LQ VHFWLRQ 7KH UROH RI EHVWURSKLQ K%HVWO |
K%HVW KDV QRW EHHQ IXOO\ GHWHUPLQHG DQG VR KRZ EHVWUR
XQNQRZQ ODURRUNWHLDKH DEVHQFH RI EHVWURSKLQ K%HVWO Ul
RI >&D @LQ IROORZLQJ $73 VWLPXODWLRQ DQG LW PD\ EH WKDW E|
/ W\SH &D FKDQQHO DFWLYDWLRQ NLQHWLFV DOVR GHFUHDVHV HL!
LQKLELWY WKH 1&; RU 30&$ SXPS WR VORZ WKH H[WUXVLRQ RI &D

2QH SRVVLEOH URXWH E\ ZKLFK HWKDQRO FRXOG EH HOHYDWLQJ
FKDQQHO WKDW WKHQ GHSRODULVHV WKH PHPEUDQH VR WKDW WKL
W\SH &D FKDQQHO 7KH PRVW OLNHO\ FKDQQHO ZRXOG EH WKH &D
53( 8HGD DQG 6WHLQEHUWW DW 4X%REEYHU HWKDQRO DW PO K
VKRZQ WR LQKLELW WKH HQGRJHIFRORREDWEHF X BDHDAWRQLOQG :RRC

&)75 FRXOG DOVR EH D WDUJHW EXW SDWFK D SDWFK FODPS V
QRW LQFUHDVH &)75 FKORULGHHRMR @®XF NWHQ PHR VWD OENWO\ FDQGLC
WKHUHIRUH WKH / W\SH &D FKDQQHO RQ ZKLFK HWKDQRO DFWV
PHPEUDQH GHSRODULVDWLRQ WKURXJK WKH &D&& UDWKHU WKD
VXEVWDQFH $73 WR GR VR WKURXJK UHOHDVH RI &D IURP WKH (5

/| W\SH &D FKDQQHOV DUH IRXQG LQ UDW I|IUHVKO\ LVRODWHG PRQ
VKRZ VORZ LQZDUG &D FXUUHQWY DV WKH PHPEUDQH GHSRODULVH
6WUDXVV DQG :LHQULFK +RZHYHU WKH WUDQVLHQW QDWXUF



WKLV VWXG\ GR QRW UHVHPEOH WKH ORQJ VORZ VXVWDLQHG LQIOX
FKDQQHOV HWWWOWXVYXHW DW ODUPRUMWHRW 6HYHUDO IDFWRUV K
EHHQ LGHQWLILHG WKDW PRGXODWH WKH H[SUHVVLRQ RI / W\SH &L
VXEVWUDWH RI FXOWXUHG UDW 53( FHOOV DOWHUV WKH W\SH RI
JURZQ RQ ODPLQLQ RU FROODJHQ W\SH ,9 H[SUHVV WKH KLJK YRO
YROWDJH DFWLYDWHG /9% 7 W\SH &D FXUUHQWY 6WUDXVV DQG

FXUUHQW WKURXJK WKH / W\SH &D FKDQQHO LV YROWDJH GHSHQC
&D PD\ KDYH EHHQ GXH WR D ODFN RI DGHTXDWH GHSRODULVDW
LQzDUG &D I10X[ 7KH GHSHQGHQFH RI PHPEUDQH GHSRODULVDWIL
SURYLGH WKH RXWZDUG GHSRODULVLQJ FKORULGH FXUUHQW 7KH

WKDW WKH PHPEUDQH zZDV XQDEOH WR GHSRODULVH VXIILFLHQWO\

)XUWKHUPRUH GLIIHUHQFHV LQ WKH H[SUHVVLRQ RI WKH / W\SH
UHSRUWHG 7KH / W\SH &D FKDQQHOV DUH FRPSRVHG RI WKH D VXE
DFFHVVRU\ SURWHLQ VXEXQLWVY WKH S DQG D VXEXQLWV WKDW
VXEXQLW WR WKH SODVPD PHPEUDQH 2QH UHSRUW KDV LGHQWLIL
WKH D FRPSOH[ DQG WKH VDPH S VXEXQLW DV KXPDQ 53( ZKLFK P
WKH FKDQQHO IRUPLQJ D VXEXQLW SRUH LQ WKH PHPEUDQH 7KH |
FXOWXUHG 53( FHOOV DOVR GLHWUMG VDHUKVWO\ EHPIPRSRUWDQW D\
VXEXQLW LV UHVSRQVLEOH IRU WKH ELQGLQJ RI LQKLELWRUV DQG
PD\ DOWHU WKH DFWLYDWLRQ DQG LQDFWLMBDWRWRQ SNV DG Rl W
7DQDEH

7TKH PDLQWHQDQFH RI WKH VXVWDLQHG &D FXUUHQW IURP / W\SH
SKRVSKRU\ODWLRQ RI WKH DU VXEXQLW ,Q W\SLFDO ZKROH FHOO

&D FXUUHQW WKH SLSHWWH VROXWLRQ LV VXSSOHPHQWHG ZLWK §$
6WHLQEHUJ HBWDWXVWKH $53( FHOOV KDYLQJ EHHQ PDLQWD
VROXWLRQ DW URRP WHPSHUDWXUH IRU RQH KRXU DQG WKHQ LQF
KDYH EHHQ GHSOHWHG RI $73 DQG WKHUHIRUH WKH UHJXODWLRCG
GLIITIHUHG WR WKRVH UHFRUGHG XQGHU PRUH SK\WLRORJLFDO FRQGI

/| W\SH &D FKDQQHOV DUH DOVR UHJXODWHG E\ SURWHLQ WV\URVLQ
Ubw 53( FHOOWWSWWD XVYV 7\URVLQH NLQDVHV UHJXODWH / W\SH
WKURXJK SKRVSKRU\ODWLRQ DQG DUH UHJXODWHG E\HWBRXWK IDF

,W LV SRVVLEOH WKDW HWKDQRO FRXOG DFWLYDWH W\URVLQH
HISUHVVLRQ DQG OHYHOV RI JURZWK IDFWRUV (WKDQRO LQKLELW
GRVHV DQG PD\ SOD\ D UROH LQ HWKDQROfV UHSRUWHG SURWHFV
VPRRWK PXVFOH FHOO JURZWRV LBRQND UBMHPUW IOHDW SKIRWHHOFONLYH PHGLD\
HWKDQRO DUH DVFULEHG WR LWV UROH LQ XS UHJXODWWQJ 9(*) LQ
5HFHSWRUV IRU RWKHU JURZWK IDFWRUV VXFK DV E)*) DQG 3'*) FR
HWKDQRO .XWLDMWD +RZHYHU WKHVH FKDQJHV ZHUH GXH WR WKH J
UHOHDVH RI &D IURP LQWUDFHOOXODU VWRUHY DQG WKHUHIRUH W



R DFWLRQ RI HWKDQRO JLYHQ WKH &D VLIQDO ZDV DEVHQW ZKHC(
HIWUDFHOOXODU EXIIHU

7KHUH LV HYLGHQFH WKDW HWKDQRO DOWHUV WKH SURSHUWLH\
HVSHFLDOO\ IROORZLQJ FKURQLF H[SRVXUH / W\SH &D FKDQQHOV
IRU EUDG\FDUGLD DVVRFLDWHG ZLWK DOFRKRO ZLWKGUDZDO .DKI
&D FKDQQHOV DUH XS UHJXODWHG LQ WKH 3& FHOO OLQH ZLWK S
WKDW LQYROYHV DQ LQFUHDVHG HW\DMY L VD\ORM MBUBW *HTMWHVEQ -U

FHOO OLQH LV D QHXURQDO PRGHO WKDW ZDV GHULYHG IURP D UI
DQG 7LVFKOHU W LV EHOLHYHG WKDW HWKDQRO LQFUHDVHV
JHQH WUDQVFULSWLRQ IRU WKH / W\SH &D FKDQQHO DU VXEXQLW \
&D FKDQQHOV LQ UHVSRQVH WR FKURQLF HWKDQRO FRQVXPSWLRQ

/ W\SH &D FKDQQHO FXUUHQWY FDQ EH HLWKHU LQFUHDVHG RU LQ
FHOO W\SH DQG FRQFHQWUDWLRQ RI HWKDQRO XVHG $FXWH HWKD
LQ QHXURQWMW:D®J DQG 3& FHOOV OXOOLNLQ .LOSDWULFN DQG 7U
HWKDQRO DOVR LQKLELWV / W\SH &D FXUUHQWW D@ FDWE&LR YHL
SLQHDORF\WNMWDWKLN

+RZHYHU HWKDQRO FDQ DOVR LQFUHDVH / W\SH &D FXUUHQWYV |
DFXWH H[SRVXUH WR HWKDQRO DW D BRVBHWRI 7KLV WW X6\ PIMO/\WR IR
WKDW WKH PDMRULW\ RI WKH UHVSRQVHY ZHUH SUHVHQW RQO\ ZKl
EXITHU 7KH DXWKRUV DOVR VKRZHG WKDW HWKDQRO FRXOG LQFU
YROWDJH IJDWHG &D FKDQQHOV 3 4 7 DQG 1 7TKH GXDO DFWLRC
GHFUHDVH / W\SH &D FXUUHQWYV KDV DOVR EHHQ GHPRQVWUDWHG

>&D @LQ UHSRUWHG DW GRVHV OHVV WKDQ PO DQG DQ LQKLELW
UDQJH RI POHWHDAD (WKDQRO DW YHU\ KLJK GRVH PO KI
VKRZQ WR HOHYDWH >&D @LQ E\ Q0 ZLWK PO HWKDQRO KDYLC

FHOOV 5DEH DQG :HLJKW

W VHHPV OLNHO\ WKDW HWKDQRO FDQ LQFUHDVH DQG GHFUHDVH
FKDQQHOV DQG H[HUWV D GXDO UHJXODWLRQ RYHU WKHVH FKDC
6LPDVHW DW +RZHYHU LQ WKLV VWXG\ LW ZDV QRW SRVVLEOH \
WKDW HWKDQRO ZDV PRGXODWLQJ D YROWDJH JDWHG &D FKDQQHC
UHVWV ZLWK WKH ILQGLQJ WKDW QR &D WUDQVLHQWYV ZHUH REVH
HIFOXGH WKH VRXUFH RI &D IURP WKH LQWUDFHOOXODU VWRUHV
&D FKDQQHO ZLWK SUHVXPDEO\ EHVWURSKLQ LQ WKH EDVDO PHPI
VXLWHG DV D OLJDQG IRU HWKDQRO ,W VKRXOG EH UHPHPEHUHG W
LQKLELWY WKH / W\SH &D FXUUHQWY DUH PXFK KLJKHU WKDQ WHK
HYRNH WKH DOFRKRO (2* LQ PDQ ,W FRXOG WKHUHIRUH EH WKDW
DQ DIJRQLVW DQG DW KLJK FKURQLF OHYHOV HWKDQRO LV DQ DQW



HVXOW VKRZLQJ WKDW QLIHGLSLQH DEROLVKHG WKH DFWLRQ RI
VXSSRUW WR WKLV FRQFOXVLRQ DOWKRXJK IXUWKHU VWXGLHYVY DUH

,W LV SRVVLEOH WKDW DQ DOWHUQDWLYH SDWKZzZD\ IRU &D H[LVW
&D FXUUHQWYV LQ WKH 53( LV OLPLWHG DQG PDLQO\ FRQVLVWYV R
&D IURP WKH F\WRVRO VXFK DV WKH 1&; DQG 30&% .HGQHOWDQG (

+RZHYHU HWKDQRO DW KLJK DQG FKURQLF OHYHOV FDQ LQKL
DOVR WUXH DW DFXWH OHYHOV PD\ UHVXOW LQ DQ HOHYDWLRQ R
GHFUHDVHV G6BMWKMMWHOLYV

6 XPPDU\
7TKHQ YIGWDWRD SUHVHQWHG LQ WKLV VHFWLRQ VKRZHG WKDW HWKDQ
>&D @LQ LQ $53(¢ DQG WKDW WKH VRXUFH RI &D ZDV H[WUDFH

UHSHDWDEOH DQG FRQVLVWHQWO\ UHWXUQHG WR EDVHOLQH OHYH
QRW LQ WKH SK\VLRORJLFDOO\ UDQJH WKRXJKW WR JHQHUDWH WK
HWKDQRO FDQ DFW GLUHFWO\ XSRQ DQ DGXOW GHULYHG KXPDQ 53
7KH SURSRVDO LV WKDW WKLV LV E\ DFWLYDWLRQ RI WKH / W\SH
LQYROYHPHQW LQ JHQHUDWLQJ WKH OLJKW (2* DQG WKH VLPLODUL\



/KH (OHFWUR 2FXORJUDP L
JLEURVLYV



, QWURGXFWLRQ

7KH PDLQ DLP RI WKLV VWXG\ ZzDV WR GHWHUPLQH ZKHWKHU &)75
DOFRKRO (2* &) LV DQ DXWRVRPDO UHFHVVLYH LQKHULWHG GLVHD
DITHFWHG 7KH JHQH LQYROYHG &)75 HQFRGHV IRU WKH F\VWLF IL
UHIJXODWRU FKORUMGBCOFKBIORQUHEW L0 5RPPHRW DO 7KH PRVW
SUHYDOHQW &DXFDVLDQ PXWDWLRQ UHVXOWY LQ WKH GHOHWLRQ F
WKHUHE\ UHQGHUYV &)75 LQFDSDEOH RI UHDFKIHQ\ DMKH53BDGEDDm PHP
HwW DO /HPQDW DO *UHJRIW DO 3XFKHIQWBO +HWHUR]J\JRWHYV IR
$ DUH DOVR DIIHFWHG WKRXJK WASLFDOO\ PLOGO\ +RZHYHU WKI
WKH VHYHULW\ RI WKH SKHQRMWSEO 6 HBREZIQW UB KGIHDX WDUULYV
JDWLQJ UHTXLUHV $73 ELQGLQJ DQG K\GURO\VLVY DQG LV DOVR U
SKRVSKRU\ODWWRRQO 5ISRXGHWIHWR @O D E :HOVK DQG 6PLWK &)7
QRW IJDWHG E\ FKDQJHV LQ >&D @LQ DQG WKHUHIRUH LI DV WKH U
DV WKH VHFRQG PHVVHQJHU WKHQ LQGLYLGXDOV ZLWK &) VKRXOG

&)75 KDV EHHQ LGHQWLILHG LQ ERWK WKH DSLFDO DQG EDVDO PHF
HW DO DQG WKH FRUUHVSRQGLQJ P51% LQ DGXOWWXPO®Q 53( DQG
&)75 LV DOVR SUHVHQW LQ FXONWXWHDG S5B(LFRIGDW QG PLWFKHOO

LQ FDQLQH 53( HRHBBQ $53( FHOOV GLVSOD\ &)75 DFWLYLW\

PHPEUDQH OS5HLJDGD DQG OLWFKHOO EXW LPPXQRF\WRFKHPLFI
VKHHWY VKRZHG D SUHGRPLQDQWO\ EBWRDOWHUDO ORFDOLVDWLRQ

&)75 LV QRW WKH RQO\ F$03 JDWHG FKORULGH FKDQQHO H[SUHVYV
YROWDJH JDWHG HW& DOHQRMK\OFRKULGH IDPLO\ RI FKDQQHOV KDYH DOV
SDUWLFXODU &,& &, & DQG &,& P51%$ KDYH EHHQ LGHQWLILH
,PPXQRF\WRFKHPLVWU\ ORFDOLVHG &,& DQG &,& WR WKH DSLF
FRPSDUWPHQWY ZLWK QR ORFDOLVDWIHRA BEHWHORAHWHXD IRU &,&

7KHLU OLNHO\ DSLFDO ORFDOLVDWLRQ PD\ H[SODLQ WKH ORVV RI
GHILFLHQW PHWHDGRWWREUDXZDDO 7KH SRVVLEOH UHODWLRQVKL
FKORULGH FKDQQHOV WR WKH (2* ZRXOG GHSHQG XSRQ WKHP EHLC
DV LW LV DQ LQFUHDVH LQ EDVRODWHUDO FKORULGH FXUUHQW Wk
6WHLQEHUJ DQG SUHVXPDEO\ WKH DOFRKRO ULVH DV ZHOO $U

(OHFWUR RFXORJUDP

,Q WKH VWDQGDUG PRGHO RI WKH OLJKW (2* DQG )2 JHQHUDWLRQ
JDWHG FKORULGH FKDQQHO UHVSRQVLEOH IRU WKH OLJKW ULVH
UHVSRQVLEOH IRU WKH )2 DPSOLWXGHV +RZHYHU WZR LPSRUWDQW
DQG PRUH FRPSOH[ JHQHUDWLRQ RI ERWK WKH )2V DQG WKH OLJKW

2QH LV WKDW EHVWURSKLQ LV UHVSRQVLEOH IRU PRGXODWLQJ &D
W\SH &D FKDQQHOV DV SUHYLRXVO\ GLVFXVVHBWL@OVHFWLRQ



JXUWKHUPRUH WKH K%HVWO LVRIRUP LQKLELWY WKH F\WRVROLF
ZHUH VWLPXODWHG ZLWKIW/BOODUPRUVWHLQ

7KH VHFRQG UHODWHV WR WKH JHQHUDWLRQ RI WKH )2V ,Q RQH V
KRPR]J\VORXV PLFH H[SUHVVLQJ WKH $ SKHQRW\SH ZHUH H[DPLQF
JHQHUDWRU RI WKH )2V WKHQ WKLV UHVSRQVH VKRXOG KDYH EHHC
RU DEVHQW LQ WKH $ VWUDLQ 7KH OLJKW (2*V VKRXOG KDYH EH
SUHYLRXVO\ UHSRUWHG LQ DEVWUDFW IRUP LQ PDQ WKDW WKH )2
QRUPDO LQ &WODOOHDUDN DO JORZHYHU WKH UHVXOWYV ZHUH QF
ZLWK UHGXFWLRQV LQ WKH OLJKW ULVH REVHUYHG )2V DQG F ZDY|
PRUH SURQRXQFHG ILQGLQJ ZzDV WKDW WKH )2V ZHUH VWLOO SUHV
PLFH ZKLFK LQGLFDWHG WKDW &)75 zZzDV QRW WKH VROH JHQHU]
H[SODQDWLRQ ZDV WKDW WKH ODFN RI &)75 LQ WKH 53( ZRXOG UH\
GHFUHDVH WKH OLJKW HYRNHG UHVSRQVHV 7KH DXWKRUV SURSR
JHQHUDWHG DFURVV WKH EDVDO PHPEUDQH DUH WKH UHVXOW F
EHVWURSKLQ / W\SH &D FKDQQHOV HRWMODQXKW&ZXO /RHZHQ

&)75 ,QWHUDFWLRQV ZLWK ,RQLF &KDQQHO\

&)75 KDV EHHQ LPSOLFDWHG LQ WKH UHJXODWLRQ RI RWKHU LRQL
$73 DQG UHJXODWLQJ S), $OWKRXJIK RXU XQGHUVWDQGLQJ RI WKH
VWLOO GHYHORWLRQO %&DXIGD DQG OLWFKHW OO JORZHYHU WKH
ZLGHVSUHDG H[SUHVVLRQ RI &)75 LQ VHFUHWRU\ HSLWKHOLD KDV U
UROHV LQ FRQMXQFWLRQ ZLWK FKORULGH WUDQVSRUW .XQJHOPDQ(

,QKLELWLRQ RI WKH DPLORULGH VHQVLWLYH HSLWKHOLDO V
LQWHUDFWLRQ RI &)75 (1D& KDV EHHQ LGHQWHWHBGOLQDERYLQH 5
KXPDQ FLOLDU\ HSIHWKBOLXR1D&O YM\SLFDOO\ DFWV WR DOORZ WKH S
LOWR WKH FHOO WKDW LV WKHQ SXPSHG RXW E\ WKH 1D.$73DVH SX
WKHUHE\ UHVXOWLQJ LQ DQ H[FHVV RI HIWUDFHOOXODU 1D 7KH HD
(1D& DQG UHVXOWHG LQ DQ LQFUHDVHG H[WUDFHOOXODU >1D @ WI
OXQJ PXFRVD WBWWRXFEHU &R H[SUHVVLRQ RI &)75 ZLWK (1D& LQKLE
FXUUHQWYV E\ HWMRPODLORY DLUZD\ HSLWKHOLD 7KH LQKLELWRU\ DI
GXH WR D GLUHFW LQWHUDFWLRQ EHWZHWQD®)75+B@BYHW&PRBKUH
UHFHQW PRGHOV DQG H[SUHWRSRY KDYHD&DLQHG WR GHPRQVWUDYV
DFWLRQ RI &)75 RQHWDRO 0ODBQHW DO +RULVEHUJHU HW ROJHO

$FWLYDWLRQ RI LQZDUG UHFWLI\LQJ . .LU FKDQQHOV KDV [
LQ WKH SUHVHQFH RI IXQFWLRQDDO&)7BKHR5VIRXWD DQODUJH SRSXOD
PLOG LQZDUG UHFWLI\LQJ . FKDQQHOV +XJKNW DDG 7QXDKGEUD
UHFWLI\LQJ FKDQQHOV W\SLFDOO\ PDLQWDLQ WKH PHPEUDQH SRWH



DG bUH WKHUHIRUH VXLWHG WR UHJXODWLQJ . KRPHRVWDVLV ,Q
UHWLQDO . GHFUHDVHYV UHVXOWLQJ LQ D K\SHUSRODULVMHWLRQ RI

DW +XJKHV DQG 6WHLQEHUJ 6HJDZD DQG +XJKHV 7KL
FRXQWHUHG LQ SDUW E\ WKH .LU FKDQQHO LQFUHDVH LQ ARRIQGXFWI
DW <DHW DW ,W PD\ EH SRVVLEOH WKDW WKH 53( RI &) VXIIF

DFWLYDWLRQ RI .LU DQG WKLV ZRXOG UHVXOW LQ D UHGXFHG FD
WKHUHIRUH UHVXOW LQ LPSDLUHG I0XLG UHJIJXODWLRQ DQG RH
GRFXPHQWHG

7KH UHJXODWLRQ RI DQ RXWZDUG UHFWLI\LQJ FKORULGH [
GRFXPHQWHG EXW WKH SUHFLVH PHFKDQLVP LV VWLOO QRW IXOO\
DQG GLVSOD\ LQFUHDVLQJ &0 FXUUHQW RXW RI WKH FHOO DV WKF
YROXPH LQFUHDVHW DO¥ & DRIUQUHHWD @ W 25&& FXUUHQWY DUH DEVHQW
DW UHVWLQJ PHPEUDQH SRWHQWLDOV 25&& FXUUHQWY KDYH EHHC
FHOOV EXW WKH\ ZHUH RQO\ SUHVHQW LQ a RI UHFRUGLQJV DQ(
UHVSRQG WR FHOO VZHOOLQJ RU DFWLYDWLRQ RI HQWDMDFHOOXOD L
7KH DXWKRUV GLG QRW VSHFLI\ ZKLFK LQWUDFHOOXODU VLJQDOOL
SUHVHQW WKH GDWD VKRZLQJ WKDW LQ K\SHURVPRWLF H[WUDFHO
7TKHVH ILQGLQJV GLIIHU WR WKH WUDGLWLRQDO UROH RI 25&& Wt
VZHOOLQJ VXFK DV WKRVH IRXQG LQHWKBPIWFLOLDU\ HSLWKHOLXP &K

&)75 ZDV VKRZQ WR FRUUHFW WKH 25&& ZKHQ LW ZDV H[SUHVVHG
ODFNHG &)75HWID® DQG 25&& FXUUHQWYV ZHUH DOVR GHIHFWLYH |
*DEUHMWO DW 7KH DFWLYDWLRQ RI WKH 25&& E\ 3.$ DQG $73 RQ
SUHVHQFH RI &)75 LQ ZKHQ WKHVH LRQ FKDQQHOV ZHUH FR H[SUHYV
HW DWD E $73 WUDQVSRUWHG E\ &)75 FDQ DOVR UHJXODWH 25&&
38 UHFHSWRU DQG WKLV PD\ EH WKH LQWHUDFWLRQ LQYROYHG LQ
HW DW $ ODFN RI &)75 ZRXOG WKHUHIRUH UHVXOW LQ D GHFUHD
UHGXFH WKH FDSDFLW\ RI WKH 53( WR UHJXODWH FHOO YROXPH +F
UHFRUGHG IURP WKH 53( ZHUH QRW DOZD\V SUHVHQW DQG GLG C
LOWUDFHOOXODU VLIJQDOOLQJ FDVFDGHV WKHQ WKH UHJXODWLRQ
DVVXPHG WR EH WUXH

,Q K\SRWRQLF VROXWLRQV &)75 UHOHDVHV $73 LQWR WKH F
FDQ WKHQ ELQG WR WKH SXULQHUJLF UHFHSWRU 3 < ZKLHW ZRXOG
DW 3upw DW 7D\GIRWDW :DOWVHRN DW %UDXQHWW IBMQ ,Q WXUQ
WKLV FKDQJH RI FDOFLXP ZRXOG LQFUHDWNW XD R ULGEH UIKDXHIDW H 6 F
IURP FHOOV KDV QRW EHHQ XQLYHUVDOO\HWXSIHRUWHGEEX DWO LQY
$EUDKHDW DW *U\JRUF]\N DQG +DQUDKDQ E ZLWK WKH SRVV
UHOHDVHG IURP WKH FHOO LV D UHVXOW RI PHFKDQLFDO GLVUXSWI
IRUPDWLRQ *U\JRUF]J\N DQG +DQUDKDQ D ,Q WUDQVIHFWHG FF



DPRXQW Rl $73 UHOHDVHG IURP &)75 LV QRW VXIILFLHQW WR VWL
3< UHFHSWRU DFWLYDWLRQ GRZMHWHWIJXODWHYV &)75 ODUFHW

7KH DLP LV WR GHWHUPLQH WKH HIIHFW Rl &) RQ WKH DOFRKRC
UHVXOWY LQ DQ DEQRUPDO DOFRKRO ULVH ,Q XVLQJ KXPDQ SDUW
JHQH ZH ZHUH DEOH WR DYRLG WKH SUREOHPVY LQKHUHQW LQ FHO

SHUIHFWO\ UHSOLFDWH PDQ



OHWKRGYV

$00 SDUWLFLSDQWY SURYLGHG ZULWWHQ LQIRUPHG FRQVHQW LQ
&LW\ 8QLYHUVLW\YY 6HQDWH 5HVHDUFK DQG (WKLFV &RPPLWWHH D
QG GHFODUDWLRQ RI +HOVLQNL 7KH PHDQ 8. OLIH H[SHFWDQF
DSSUR[LPDWHO\ \HDUV DQG GLDEHWHV PHOOLWXV LV D FRPPR
PHGLFDWLRQ DQG WKH &) SDUWLFLSDQWYV LQ WKH JURXS ZHUH LC
YLWDPLQ VXSSOHPHQWY SDQFUHDWLF HQJ\PHVY DQWLELRWLFV DQ
KDG UHFHLYHG D OXQJ WUDQVSODQW PRQWKY SUHYLRXVO\ DQ(

PHGLFDWLRQV LPPXQPRVXSSUHVVLYHV D]JRWKLRSULQH PJ [ C
GD\ DQWL K\SHUWHQVLYHVY UDPLSULO $&( LQKLELWRU PJ [
PJ [ GD\ 7KLV LQGLYLGXDO ZDV QRW LQFOXGHG LQ WKH VWDW|

LQWHUDFWLRQV RI WKH PHGLFDWLRQWWLIMWNK WBHZHI DWRSH] -LPHQ

+RZHYHU WKLV LQGLYLGXDOYV UHVSRQVHV DUH VKRZQ LQ WKH IL.

$QRWKHU RI WKH &) SDUWLFLSDQWY ZDV DQ LQVXOLQ GHSHQGHQW

PJ [ GD\ DQG ZDUIDULQ PJ [ GD\ (OHYDWHG EORRG JOXFRVH

LQFUHDVH WKH DPSOLWXGH RI WKH )2v DQG WKHUHIRUH WKLV SDU

MXVW EHIRUH SHUIRUPLQHWIKM )2VKBFEKQRIRE JOXFRVH OHYHOV ZH
PPRO O

BDUWLFLSDQWY ZHUH FRQWDFWHG YLD WKH 8QLWHG .LQJGRP &) V
&DXFDVLDQV DWWHQGLQJ VSHFLDOLVW &) FOLQLFV ZLWKLQ WKH
SK\WWLFLDQV 7KHLU JHQRW\SHV KDG EHHQ DVVHVVHG IRU WKH HJ[S
DVVRFLDWHG ZLWK &) 21 WKH VL[ &) SDUWLFLSDQWYV WKUHH ZHUH
KHWHUR]J\VJRXV IRU $ ZLWK RQH RWKHU XQLGHQWLILHG PXWDWLR
KRPRJ\JRWHV DJHV $ $ ZHUH DQG \HDUV 7KH PDOH $ I
SRVW OXQJ WUDQVSODQW ZzZDV H[FOXGHG EHFDXVH RI KLV PHGLFI
JURXS $ " WKH DJHV UDQJHG IURP \HDUV 7KH PHDQ DJH R
D 6' RI *© 1 7KH ROGHU DJH RI WKH KHWHUR]J\JURXV JURXS PD\
VHYHULW\ RI WKHVH WZR JHQRW\SHYV

$ FRQWURO JURXS RI QRUPDO SDUWLFLSDQWY ZDV UHFUXLWHG 7]
LGHQWLFDO ZLWK VRPH SDUWLFLSDQWY GHFOLQLQJ HLWKHU WR KI
DJH IRU WKH OLJKW (2* ZDV ZLWK D 6' RI * 1 DQG UDQJHG I
PDOHVY DQG RQH IHPDOH )RU WKH DOFRKRO (2* WKH PHDQ DJH ZD\
UDQJHG IURP \HDUV ZLWK IRXU PDOHV DQG WZR IHPDOHV )R
ZLWK D 6' RI * 1 DQG UDQJHG IURP \HDUV ZLWK VHYHQ PD
ZDV QR VLJIQLILFDQW GLIIHUHQFH LQ DJH EHWZHHQ JURXSV IRU
S DQG DOFRKRO (2* S %LQRFXODU PRWLOLW\ FRORXU
QRUPDO IRU DOO VXEMHFWY $00 WHVWV ZHUH SHUIRUPHG RQ WKH



(OHFWURSK\VLRORJ\

7KH SDUWLFLSDQWY ZHUH DVNHG WR IDVW RYHUQLJKW IRU DW O]
GLRGHV WKDW VXEWHQGHG WR WKH REVHUYHU ZHUH PRXQWHG
VLGH ZDOOV ZHUH DOVR LOOXPLQDWHG DQG WKLV SURYLGHG DSES
ZDV FOHDQHG DQG PP GLDPHWHU JROG HOHFWURGHV ZLWK FRQG
WKH RXWHU FDQWKL RI HDFK H\H DQG RQH UHIHUHQFH HOHFWUR(
ZDV N 4 (OHFWURGHY ZHUH FRQQHFWHG WR D GLJLWDO .HL
YROWPHWHU .HLWKOH\ DQG YROWDJHV ZHUH VDPSOHG HYHU\

KRULIRQWDO VDFFDGHV DW +] PDLQWDLQHG ZLWK WKH DLG RI D

JRU WKH DOFRKRO DQG OLJKW (2*V WKH VXEMHFWV SHUIRUPHG V
LOQOVWUXFWHG $ SHULRG RI PLOQXWHY ZDV DOORZHG IRU GDUN I
WKH OLJKW FG P ZDV WXUQHG RQ RU DOFRKRO ZDV GUXQN LC
DOFRKRO (2*V UHVSHFWLYHO\ 7KH DOFRKRO ZDV ZKLVN\ GLOXWH
RI PJ NJ ERG\ ZHLJKW O5HFRUGLQJYV ZHUH FRQWLQXHG IRU D I
GLODWHG ZLWK WURSLFDPLGH WR DW OHDVW PP GLDPHWHU |
)2V LOOXPLQDWLRQ zDV DOWHUQDWHG DW RQH PLQXWH LQWHUYD
PDGH FRQWLQXRXVO\ IRU WHQ PLQXWHYV

7KH UHFRUGLQJVY DQG PHDVXUHPHQWY RI WKH (2*V GHYLDWHG IUR
&OLQLFDO (OHFWURSK\WVLRORJ\ RI 9LVLRQ ,6&(9 VWDQGDUG 0L
IROORZLQJ zZzD\V 7KH SUH DGDSWDWLRQ WLPH ZDV ORQJHU WKDQ
WKDW D EDVHOLQH FRXOG EH HVWDEOLVKHGWSD®HQ $DGE QRDQ G

‘RO 7KH UHFRUGLQJ RI RQO\ IRXU RVFLOODWLRQV LQ WKF
VWDQGDUG UHFRPPHQGDWLRQV RI VL[ EXW IRXU KDV EHHQ UHSRU\
WKH WHVW WLPH O9DHJDQ DQG %HDXPRQW $ IXOO0 *DQ]JIHOG

UHFRUGLQJY ZHUH PDGH ELWHPSRUDOO\ UDWKHU WKDQ PRQRFXOD

'DWD &ROOHFWLRQ DQG $QDO\VLV

7TKH YROWPHWHU ZDV FRQQHFWHG YLD DQ LQWHUIDFH FDUG WHF

GLIITHUHQFH EHWZHHQ HDFK FDQWKDO HOHFWURGH UHFRUGHG LQ I

7KH PRGXOXV RI WKH YROWDJH GLIIHUHQFH YQ EHWZHHQ VXFFH)\
L

3RWHQWLDO _ YQ YQ2 _L
‘KHUH

3BRWHQWLDO EL WHPSRUDO VWDQGLQJ SRWHQWLDO
YQ ,QVWDQWDQHRXV Q WK EL WHPSRUDO YROWDJH
YQ ,QVWDQWDQHRXV Q KEL WHPSRUDO YROWDJH



ORVW RI WKHVH YROWDJH GLIIHUHQFHV ZHUH YHU\ VPDOO EHFDXV
H\HV GLG QRW PRYH +RZHYHU LQ VRPH LQVWDQFHVY WKH\ ZHUH OCL
EHWZHHQ WKH WZR VDPSOHV %\ WDNLQJ WKH PRGXOXV RI WKH Y
YROWDJH GLIIHUHQFHY ZHUH WUHDWHG LGHQWLFDOO\ VR WKDW WK
H\H PRYHPHQWY )LJXUH VKRZV WKH DFWXDO UHVXOWYV ZLWK

KRULJRQWDO H\H PRYHPHQWY 7KH SRUWLRQ RI WKH WUDFH LV IURF
OLJKW SKDVHV 7KH EL WHPSRUDO SRWHQWLDO DSSUR[LPDWHV V
UHSUHVHQWHG E\ WKH DPSOLWXGH RI WKH VTXDUH ZDYH PDUNHG

YROWDJH GULIW EHWZHHQ WKH HOHFWURGHV KRZHYHU ZH ZHUH
LOVWDQWDQHRXYVY GLIITHUHQFH EHWZHHQ WKH FDQWKDO HOHFWURG
LPPDWHULDO

J)LIXUH 5DZ %L 7THPSRUDO 7UDFH

7LPH 6HFRQGYV

7TUDFH RI WKH EL WHPSRUDO SRWHQWLDO RYHU WLPH GXULQJ D UH|
FDOFXODWH WKH DPSOLWXGH RI WKH VWDQGLQJ SRWHQWLDO WKH
GDWD SRLQWYV ZHUH FDOFXODWHG DQG UHSORWWHG

&DOFXODWLRQ RI (2* 3DUDPHWHUYV

7TKH WUDQVIRUPHG GDWD ZKHQ SORWWHG GHVFULEHV D FXUYH ZK
FKDQJH LQ WKH RFXODU VWDQGLQJ SRWHQWLDO RYHU WLPH LQ OL
J)LIXUH VKRZV WKH GDWD WKDW UHSUHVHQWY WKH DOFRKRO (2%

7KH (2* LV W\SLFDOO\ GHVFULEHG LQ WHUPV RI WKH $UGHQ UDWI
PD[LPXP WR WKH GDUN WURXJK PLQLPXP SUHFHGLQJ OLJKW RQVHW
DQG =UHQQHU ,Q WKLV VWXG\ WKH (2* YROWDJHV ZHUH V
FRPSRQHQWY RI WKH OLJKW DQG DOFRKRO (2*V ZHUH DQDO\VHG

GDWD IURP WKH EL WHPSRUDO YROWDJHV UHFRUGHG IRU WKH DOF!



WLPSRLQW DORQJ WKH XSSHU OLPLW RI WKH FXUYH ZHUH WDNHQ L
WLPH 7KH ILIJXUH VKRZV WKDW LQ GDUN WKH EL WHPSRUDO SRWH(¢
PLQXWHV WKHUH LV D ULVH LQ WKH SRWHQWLDO WKH DOFRKRO UL

JLIXUH 7TUDQVIRUPHG 'DWD IRU $OFRKRO (2*

$OFRKRO (2* 7TUDQVIRUPHG

—~b 5_11 '—;U fos)

7LPH OLQXWHYV

7KH ILIXUH VKRZV WKH WUDQVIRUPHG GDWD HTXDWLRQ L UHFRI

\HDU ROG PDOH FRQWURO LQJHVWLQJ PJ NJ RI DOFRKRO DW
GDUN WKH EL WHPSRUDO YROWDJH IDOOV WR D GDUN WURXJKSY PL
ULVH WKH DOFRKRO ULVH WKDW SHDNV DSSUR[LPDWHO\ WHQ PLQ
YROWDJH IDLOV WR D VHFRQG WURXJK PLQLPXP 7KH RXWOLQH RI
9DOXHVY ZHUH WDNHQ DW HDFK WLPH SRLQW DORQJ WKH XSSHU OL
YROWDJH

7KH (2* YROWDJHV ZHUH QRUPDOLVHG WR WKH WHQ PLQXWH SU
HTXDWLRQ LL WKH QRUPDOLVHG SRWHQWLDO ;1 ZDV HTXDO WR
GLYLGHG E\ WKH PHDQ RI WKH PHDVXUHPHQWY PDGH LQ WKH PL(

UHFRUGLQJY ZHUH PDGH DW 7 DQG PLQXWH"
GDUN SHULRG /LJKW RU DOFRKRO ZDV WKHQ JLYHQ DW PLQXWH!'
;Q W OHDQ UMVIVWWX YZ 2 LL
"KHUH

;1 1RUPDOLVHG YROWDJH DW WLPH 7

;7 EL WHPSRUDO YROWDJH DW WLPH 7

OHDQ ;7L OHDQ EDVHOLQH EL WHPSRUDO YROWDJH DW 7
WK WK WK WK WKDQG WKH K PLQXWH



6XEVHTXHQWO\ WKH QRUPDOLVHG YROWDJHYVY ZHUH VPRRWKHG IXU\
RI WKH SUHFHGLQJ DQG WKH IROORZLQJ QRUPDOLVHG YROWDJH H

6PRRWKHG 9ROWDJH >:1 [ ;A 07 [ ;1 @ [ 2
‘KHUH

1 WKH QRUPDOLVHG YROWDJH DW WLPH 7 IURP HTXDWL
1  WKH QRUPDOLVHG YROWDJH YDOXH DIWHU ;1

P WKH QRUPDOLVHG YROWDJH YDOXH SUHFHGLQJ ;1

7KH EDVHOLQH QRUPDOLVHG YROWDJHYV ZHUH QRW LGHQWLFDO EH
FRUUHFW IRU WKLV VR WKDW WKH DPSOLWXGHV RI WKH UHVSRQ
EDVHOLQH WKH IROORZLQJ FRUUHFWLRQ ZDV XVHG 7KH UDWLR RI
LQ WKH PLOXWH LQWHUYDO SUHFHGLQJ WKH VWLPXOXV IRU WK
FROWURO JURXS ZHUH WDNHQ

JRU WKH OLJKW (2* WKH YDOXHV ZHUH IRU &) DQG IRU Wi
FRUUHFWLRQ IDFWRU ZDV 7KLY FRUUHFWLRQ WR W
WKURXJK DOO WKH QRUPDOLVHG YROWDJHV IRU WKH FRQWURO JUI
IDFWRU IRU WKH DOFRKRO (2* ZDV
JLIXUH RYHUOHDI VKRZV D W\A\SLFDO OLJKW (2* DIWHU WUDQVIF
WHPSRUDO SRWHQWLDO 7KUHH SDUDPHWHUYV ZHUH WKHQ XVHG WF
FRQWURO JURXS

7KH WLPH WR SHDN RU LPSOLFLW WLPH RI WKH UHVSRQVH Il

7KH QRUPDOLVHG SHDN YROWDJH RU DPSOLWXGH RI WKH (2

7KH UDWLR RI WKH SHDN QRUPDOLVHG YROWDJH WR WKH VH



J)LIXUH (OHFWUR 2FXORJUDP 3DUDPHWHUYV

1RUPDOLVHG /LIJKW (2*

/DWHQF\
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7LPH OLQXWHYV

3DUDPHWHUYV UHFRUGHG IUR WKH (2*V LQFOXGHG WKH ODWHQF\
DOFRKRO WR WKH SHDN YROWDJH 7KH (2* DPSOLWXGH ZzZDV WK
QRUPDOLVHG EDVHOLQH YROWDJH DW W VWLPXOXV RQVHW 7K
SHDN YROWDJH WR WKH WURXJK PLQLPXP YROWDJH DIWHU WKH
WHUPHG WKH pVHFRQG WURXJK |

7KH WKUHH (2* SDUDPHWHUYVY UHFRUGHG ZHUH WKH DPSOLWXGH RI
EDVHOLQH 7KH ODWHQF\ RU LPSOLFLW WLPH ZDV WKH LQWHUYD
YROWDJH 7KH UDWLR RI WKH SHDN YROWDJH WR WKH VHFRQG WU
DERYH VKRZV D W\SLFDO OLJKW (2* UHFRUGLQJ IURP D FRQWURO S

&DOFXODWLRQ RI )2 SDUDPHWHUYV

,Q WKH )2 WKH SHDN YROWDJH RFFXUV ,Q WKH GDUN F\FOH DQG WI
WKH SHDN WR WURXJK UDWLR UHSUHVHQWYV WKH GDUN ULVH PDJLF
WLPHV IURP GDUN ULVH SHDN WR OLJKW WURXJK PLQLPXP ZHUH
UHVSRQVH 7KH PHWKRGV IRU DQDO\WLQJ WKH )2 SDUDPHWHUV YI
YDOXHV IRU WKH '5 /7 UDWLRVY DUH OLVWHG LQ WDEOH RYHUC
DSSURI[LPDWHO\ WR



7TDEOH 3XEOLVKHG '5 /7 UDWLRYV

6WLPXOXYV
'5 /7 5DWLR IXPLQDQFH
$XWKRU 1 "XUDWLRQ

OHDQ “ 6' FG P
6HFRQGYV

OHUJD HHUW “
oLoeawubDO “ 2
"HOHEHU “
6FKQHFWN DW “

5BHSRUWHG YDOXHV RI WKH '5 /7 UDWLR IRU WKH IDVW RVFLOODWLI

JLIXUH RYHUOHDI VKRZV WKH WUDQVIRUPHG GDWD HTXDWLRC
$ $ 7KH RXWOLQH RI WKH WUDQVIRUPHG GDWD UHSUHVHQWYV
EDUV DQG IDOO LQ WKH OLJKW LQWHUYDOV 5HFRUGLQJV ZHUH PL
OLJKW GDUN F\FOH ODVWLQJ WHQ PLQXWHV 9DOXHV WKDW OD\ D~
LQ WKH LOQOWHUYDOYV DQG VHFRQGV 7KHVH ZHUH HLYV
FDVH ZLWK WKH &) JURXS RFFDVLRQDO FRXJKLQJ $ FXUVRU zZDV S
WKH VXEVHTXHQW OLJKW WURXJK PLQLPXP DV VKRZQ LQ ILIJXUH

DW WKH GDUN ULVH PD[LPXP WR WKH OLJKW WURXJK PLQLPXP ZD\
WLPH LQWHUYDO EHWZHHQ WKH PD[LPXP DQG PLQLPXP YDOXHV ZD



JLIXUH )DVW 2VFLOODWLRQ 7UDQVIRUPHG 'D

7LPH 6HFRQGV

‘:KHQ WKH GLIITHUHQFHVY EHWZHHQ VXFFHVVLYH YROWDJH UHFRUGI
VWDQGLQJ SRWHQWLDO LV VHHQ WR DOWHUQDWH ZLWK OLJKW DQ
GLIITHUHQFHYVY DUH QHDU WR JHUR EHFDXVH WKH H\HV ZHUH VWDYV
)2* YROWDJH FKDQJH GXH WR WKH VDFFDGHV 7KH UDWLR RI WKH C
Y7/7 UHSUHVHQWHG E\ WKH DUURZ ODEHOOHG $ DQG WKH WLPH

DUURZ % ZHUH UHFRUGHG IRU HDFK LQGLYLGXDO )RXU PHDVXUHP
HDFK SDUDPHWHU 7KH JUH\ FURVVHV LQ WKLV ILJXUH DUH DSSUR
GDUN ULVH DQG OLJKW WURXJK PD[LPXPV DQG PLQLPXPV 7R JLY!
ZDYHIRUP D GDUN GRWWHG OLQH LV DOVR VKRZQ WKDW IROORZV W

'DWD $QDO\VLYV

7KH UHVXOWY DUH H[SUHVVHG DV PHDQ “ VWDQGDUG GHYLDWLRQ
HTXDO YDULDQFH ZDV XVHG ) WHVW IRU DOO SDUDPHWHUV ,Q WK
QRW KDYH HTXDO YDULDQFH XVLQJ WKH ) GLVWULEXWLRQ S

LQWR WKH KRPR]J\JRWH DQG KHWHUR]J\JURXV JURXSV DQG D RQH ZD
SHUIRUPHG ZLWK S DV VLIQLILFDQW XVLQJ OLQLWDEE YHU
UHPDLQLQJ GDWD ZHUH HYDOXDWHG IRU D VLIJQLILFDQW GLIIHUHQ
XQSDLUHG WZR WDLOHG W WHVW $ S YDOXH RI ZDV WDNHQ
VTXDUHV OLQHDU UHJUHVVLRQ DQDO\VLV ZDV SHUIRUPHG RQ WKF
OLQLWDEE® VRIWZDUH $00 RWKHU FDOFXODWLRQV ZHUH SHUIRUPH(



SHVXOWYV

&\VWWLF J)LEURVLV $OFRKRO DQG /LIJKW (2*\

7TKHUH ZDV QR GLIIHUHQFH LQ WKH DPSOLWXGH RI WKH DOFRKRO

FRQWUROV ILJXUH 7KH DPSOLWXGHV ZHUH “ 1 FRQW
WKH &) JURXS S 7KH WLPHVY WR SHDN ZHUH IRU WKH FRQWU
&) JURXS “ PLQXWHV S ZKLFK ZDV PLOQXWHV IDVWHU

DQ DEQRUPDO DOFRKRO UHVSRQVH ZDV UHFHLYLQJ LPPXQRVXSSUH
WKH GDWD ZHUH QRW LQFOXGHG LQ WKH VWDWLVWLFDO DQDO\VL)\
OXQJ WUDQVSODQWT

JLIXUH $OFRKRO (2* LQ &\VWLF )LEURVLYV
7KH DOFRKRO (2* UHVSRQVHV WR PJ NJ RI RUDO DOFRKRO DV
VLIJQLILFDQWO\N IDVWHU S EXW WKH DPSOLWXGHYV DUH VLPLO]I

OXQJ WUDQVSODQW VKRZHG DQ DEQRUPDO DOFRKRO UHVSRQVH
LQWHUDFWLRQ ZLWK KLV VA\VWHPLF PHGLFDWLRQV 3O0ORW VKRZV PH|

7KH DPSOLWXGH RI WKH OLJKW ULVH ZDV QRW VLJQLILFDQWO\ GLIII

1 DQG &) SDWLHQWYV : 1 +RZHYHU WKHUH LV D VLJ
WLPLQJ RI WKH UHVSRQVHY ZLWK WKH FRQWURO JURXS SHDNLQJ D\
wW “ PLOQXWHV ZKLFK LV PLOQXWHYV IDVWHU WKDQ LQ WKH F

RYHUOHDI 7TKH OXQJ WUDQVSODQW SDUWLFLSDQW KDG D QRUPDO
EXW KLV GDWD ZHUH QRW LQFOXGHG LQ DQ\ DQDO\VLV



J)LIXUH /ILIKW (2* LQ &\VWLF )LEURVLV

/I[LIKW (2* LQ &\VWLF )LEURVLYV

7KH OLJKW (2* LQ D VHULHV RI LQGLYLGXDOV ZLWK &) VKRZV WKD\
LVv WKH VDPH FRPSDUHG WR FRQWUROV WKH WLPH WR SHDN LV V
JURXS 30ORW VKRZV PHDQ “ 6(0 ZLWK OLJKW RQ DW W 7TKH LQGL)Y
VKRZQ ZLWK D QRUPDO OLJKW UHVSRQVH

7KH UDWLR RI WKH OLJKW SHDN WR WKH VHFRQG WURXJK QRUPDOL
ZHUH FRPSDUHG 7KH DOFRKRO (2* UDWLR IRU WKH &) JURXS ZDV

KLIKHU S WKDQ WKH FRQWURO JURXSTV UDWLR RI ,
VR VLIJQLILFDQWO\ S GLITHUHQW ZLWK WKH &) JURXSYV UDWL

JURXSYV UDWLR EHLQJ “



)DVW 2VFLOODWLRQV

8QOLNH WKH (2*V WKH )2V RI WKH $ KRPRJ\JRWHV DQG WKH
VLIQLILFDQWO\ GLITHUHQW ZLWK UHVSHFW WR WKH DPSOLWXGH\
UDWLR DQG WKH ODWHQF\ I[URP GDUN ULVH WR OLJKW WURXJK Ul
WR FRQWUROV DOO YDOXHVY DUH PHDQ “ 6' 7KH +HWHUR]J\JRWH

ZDV VLJIQLILFDQWO\ S JUHDWHU WKDQ WKH FRQWUROV ZLWK
WLPH IURP WKH GDUN ULVH WR OLJKW WURXJK ZDV VLIJQLILFDQWC
WLPH EHLQJ “ VHFRQGY DQG WKH FRQWUROV EHLQJ “
FRQWUROV ZHUH FRPSDUHG WR WKH $ KRPRJI\JRWHV WKHQ QR V
HLWKHU WKH '5 /7 UDWLR “ S RU WKH WLPLQJ “
WKH WZR &) JURXSV ZHUH FRPSDUHG WKHQ WKH KHWHURJ\JRWHYV
S EXW WKHUH ZDV QR GLIIHUHQFH LQ WKH WLPLQJ S

DUH VKRZQ LQ ILIXUHV DF RYHUOHDI 7UDFH D VKRZV D FF

F VKRZ D KRPR]J\JRWH DQG KHWHUR]J\JRWH &) VXIIHUHU IRU WKl
WUDFHV EHJDQ ZLWK D RQH PLOQXWH LQWHUYDO RI OLJKW EHIRUI
URVH 3RLQWYVY WKDW GHYLDWHG IURP WKH FXUYH ZHUH LJQRUHG






JLIXUH VKRZV WKH '5 /7 UDWLR SORWWHG DJDLQVW WKH ODWH
FROQWURO JURXS UHVXOWY DUH VKRZQ 7KH '5 /7 D[LV LV RQ WKH R
DEVHQFH RI )2 ,Q WKH &) JURXS WKH KHWHUR]J\JURXV JURXS KDG W
ZHUH DOVR VLJQLILFDQWO\ VORZHU WKDQ WKH FRQWURO JURXS R
UHSUHVHQWHG E\ ILOOHG EODFN GLDPRQGV f DQG ZHUH QR GLIIH
UDWLR RU WKH WLPLQJ RI WKH )2V 2QO0\ RQH RVEPQGOBRARE® EBIRI
FRQVLGHUHG DEQRUPDO 7KH OXQJ WUDQVSODQW SDUWLFLSDQW U
YDOXHV LQ WKH QRUPDO UDQJH DQG DQG WZR YDOXHV W

DQG 7KH FRQWUROV DUH UHSUHVHQWHG E\ FURVVHV ; LQ

/ILQHDU OHDVW VTXDUHV UHJUHVVLRQ SORW RI WKH '5 /7 UDWLRYV I
WURXJK IRU FRQWURO [ DQG WKH &) SDUWLFLSDQWY 7KH &) GDW
KRPRJ\JRWHV DUH LQGLFDWHG E\ D 7KH &) GG WKKHNGIX R J\ WRUADHW
LQGLYLGXDO E\ D 7TKHUH LV QR VWURQJ OLQHDU UHODWLRQVKL
WKH ODWHQF\ ITURP SHDN WR WURXJK 7KH &) JURXS KDG D JUHDYV
FRQWURO JURXS +RZHYHU RQO\ RQH YDOXH RI WKH '5 /7 UDWLR
WHQGHG WR KDYH D KLJKHU '5 /7 UDWLR WKDQ WKH KRPR]J\JRWHYV 1

(TXDWLRQV LY WR YL DUH WKH OHDVW VTXDUHV OLQHDU UHJUH
UDWLR DQG WKH ODWHQF\ IRU WKH FRQWURO DQG &) JURXSV 7KHL
WKH '5 /7 DPSOLWXGH DQG WKH WLPLQJ RI WKH )2V +RZHYHU WK}
WKLV FDVH WKH '5 /7 DPSOLWXGH GLG GHFUHDVH DV WKH ODWHQF\



&RQWURO '5 /7 UDWLR

$ $ '5 /7 UDWLR

$ " '5 /7 UDWLR
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'LVFEFXVVLRQ

7KH DOFRKRO DQG ,0JKW (2*V ,Q SDWLHQWV ZLWK &) DUH ERWK DC
%YRWK UHVSRQVHY DUH VKLIWHG WR WKH OHIW ZLWK WKH OLJKW UL
DOFRKRO ULVH +RZHYHU WKH DPSOLWXGHV DUH QRW GLIITHUHQW I
PDMRU FKORULGH FKDQQHO UHVSRQVLEOH IRU WKHVH UHVSRQVH)
KRPR]\JRWHV DQG KHWHURJ\JRWHV 7KLV FRPPRQ PXWDWLRQ UHQ
WKH SODVPD PHPEUDQH LQ DQ\ VXEVWDQWLDO DPRXQWV 7KH VLJQ
PXVwW UHODWH WR DQ LQWHUDFWLRQ EHWZHHQ &)75 DQG WKH LQ
UHVSRQVHYV W ZDV SRVVLEOH WKDW DOFRKRO DEVRUSWLRQ PLJ}t
ERWK WKH OLJKW DQG DOFRKRO (2*V KDYH IDVWHU RQVHWYV WKI
SURFHVVHV RFFXUULQJ ZLWKLQ WKH 53(

2XU FXUUHQW XQGHUVWDQGLQJ RI WKH RULJLQV RI WKH OLJKW UL\
VXEVWDQFH DQG LWV UHFHSWRU XQNQRZQ &)75 KDV QXPHURXV LQ
LQ HSLWKHOHW POHJEBKZLHEWUDW . XQJHOPDQQ DQG WKHUHI
VLPLODU IXQFWLRQ PD\ H[LVW LQ WKH 53( 7KLV KDV UHFHQWO\ EHI
IRU WKH SUHVHQFH RI WKH )2V HY &&XJ5 gKa8® PLEHHQRW\SH LV YDU
ZLWK LQGLYLGXDOV WKDW VKDUH WKH VDPH JHQRW\SH VKRZLQJ

+DUULV &HOOXODU VWXGLHV RQ &) OXQJ JHQH H[SUHVVLRQ

UHVXOWYV LQ DQ XSUHJXODWLRQ RI P51%$ WKDW PD\ ERWK LPSURYH
OHYHOV IRU SURWHLQV LQYROYHG LQ LQIODPPDWLRQ SURWH
FRPPXQLFDWLRQ DQG LRQ WUDQVSRUW DUH DOWHUHN D@ &)75 QXO
W LV WKHUHIRUH OLNHO\ WKDW WKHUH ZRXOG EH VRPH GLIIHUHQI
FRPSHQVDWH IRU D ODFN RI IXQFWLRQDO &)75

,QYHVWLIDWLRQV LQWR WKH UROH RI IXQFWLRQDO &)75 LQ WKH
WUDQVSRUW LQ IRHWDOHMXPDQ 5B8KH %WODXE\ RWYWAADXJLQ IRHWDO
53( UHYHDOHG E\ LPPXQRF\WRFKHPLVWU\ WKDW &)75 ZDV SUHVHQ
PHPEUDQHYV 7KH ORFDOLVDWLRQ RI &)75 LQ IRHWDO WLVVXH PD\ G
VWDLQLQJ DW WKH DSLFDO PHPEUDQH PD\ QRW LQGLFDWH WKH WU
DSLFDO SURFHVVHV PD\ UHGXFH WKH QXPEHU RI &)75 FKDQQHO)
SUHSDUDWLRQ RI WKH WLVVXH 5L]]JROR &)75 LV SUHVXPHG WI
XSRQ WKH LQFUHDVHG I0OXLG VHFUHWLRQ QRWHG ZKHQ OHYHOV RI
WKH )2V LQ &) KRPR]I\JRWHWHWHBSRUWHG OLOOHU

7KH VWXG\ RIWADOXWV¥KRZHG WKDW WKH )2V ZHUH LQFUHDVHG LQ Wk
WKDW IOXLG WUDQVSRUW DOVR LQFUHDVHG 7KHVH ILQGLQJV ZHUH
LQYROYHG LQ WKHVH SURFHVVHY +RZHYHU WKH LQYHVWLJDWRUYV
VR WKH LQFUHDVH LQ IOXLG WUDQVSRUW IROORZLQJ HOHYDWLRQ F
FKORULGH FKDQQHO VXFKWDNO&ES& 7HZRENMIRYD O ,Q DOQRWKHU VWXG\ \
FRPSDUHG WKH UHODWLYH FRQWULEXWLRQV RI &)75 DQG &D&& V



VWJIJHVWHG WKDW WKH FRQWULEXWLRQ RI &)75 WR 10XHW DWJXOD!

7KLV ILQGLQJ LV FRQVLVWHQW ZLWK WKH REVHUYDWLRQV WKI
PDFXORSDWK\ ZKLFK LV WKH FDVH ZLWK PXWDWLRQV LQ EHVWURSK
WKH DSLFDO DQG EDVDO PHPEUDQHV EHFDXVH RWKHU VWXGLHYV
GHPRQVWUDWHG IXQFWLRQDO DFWLYLW\ RI &)75 DW WKH DSLFDO P

7KH FORVHVW VWXG\ LOQYHVWLJIJDWLQJ LRQLF IOX[HV LQ RFXODU &)
FRUQHDO FRQMXQFWLYDO SUHSDUDWLRQVHWHDBWQ D QGWXHWNP WZ R
VWXGLHVY WKH WUubQV HSLWKHOLDO SRWHQWLDOV ZHUH KLJKHU L¢
DFWLRQ RI &)75 UHJXODWLQJ WKH (1D& VRGLXP FXUUHQWYV ZDV

8VVLQJ FKDPEHU H[SHULPHQWY XWLOLVLQJ KXPDQ $ $ 53( WLV
ZKDW HIIHFWV WKLV SKHQRW\SH ZRXOG KDYH RQ WKH LRQLF Fk
+RZHYHU LQ RWKHU WLVVXHV ODFNLQJ &)75 WKHUH KDYH EHHQ
LPSOLFDWLRQV RI D IXQFWLRQDO ORVV RI &)75 7\SLFDOO\ LQ DIIHI
VZHDW RU PXFRVD UHVSHFWLYHO\ DUH KLJK LQ 1D&WGHKE WR SRRL
%RXFKIMWUDW -RUHW DW

,/ WKHUH zZzDV D GLIIHUHQFH LQ WKH 7(3 LQ WKH &) SDUWLFLSDQ'
GLITHUHQFH LQ WKH DPSOLWXGHV RI WKH UHVSRQVHV ZRXOG KDY
(2*V 7KH YROWDJH FKDQJHV IRU WKH OLJKW (2* RFFXU DW WKH EI
&3 FRQGXFWDQFH *DOOHPRUH DQG 6WHLQEHUJ 7KH )2V DULV
DFURVV WKH VDPH PHPEUDQH IROORZLQJ K\SHUSRODULVDWLRQ
PHPEUDQHY DUH HOHFWULFDOO\ FRXSOHG WKHQ D GLIIHUHQFH LQ
JURXSV ZRXOG EH UHIOHFWHG LQ D GLIIHUHQFH LQ WKH DPSOLW
DOFRKRO (2*V KDG QR GLIIHUHQFH LQ DPSOLWXGH 7KLV VXJJHVW\
DILTHFW WKH PHPEUDQH FRQGXFWDQFH RU FRQWULEXWH WR WKH F
OLJKW DQG DOFRKRO ULVHV

+RZHYHU WKH )2V GLG GLVSOD\ D ODUJH YDULDQFH LQ WKH DPSOI
WKH $ KHWHURJ\OJRWHYV ZKLFK VXJJHVW WKDW WKHUH LV DQ LQV
JXUWKHUPRUH WKH GLIITHUHQFHYVY REVHUYHG LQ WKH )2 DPSOLWXG
(2* ULVHV VXSSRUWV WKH PRGHO LQ ZKLFK WKHVH WZR SURFHVVHYV
*DOOHPRUH DQG 6WHLQEHUJ "HOHEHU 7TKDW LV \
JHQHUDWHG E\ D EDVRODWHUDO GHSRODULVDWLRQ ZKHUHDV WKH
EDVRODWHUDO PHPEUDQH K\SHUSRODULVDWLRQ )URP WKLV VPDOC
ODUJHU )2 DPSOLWXGH '5/7 FRPSDUHG ZLWK WKH FRQWUROV DQ¢
ERWK JHQRW\SHV UHVXOW LQ PLQLPDO IXQFWLRQDO &)75 EHLQJ S
KHWHURJ\JRWHYV KDYLQJ RI QRUPDO FKORUHWHDWUDQKIBRUW ¢
YDULDELOLW\ RI WKH &) SKHQRW\SH DQG WKH DOWHUDWLRQV LQ R
&)75 PD\ DFFRXQW IRU WKH GLIITHUHQFHVY REVHUYHG EHWZHHQ WKI
DQG ZLOO EH GLVFXVVHG IXUWKHU EHORZ



$ GLUHFW LQWHUDFWLRQ RI HWKDQRO RQ &)75 FRQGXFWDQFH FDC
KDYH VKRZQ WKDW HWKDQRO GRHV QRW DOWHU &0 FXUUHQWYV I
ODUHRHW DW

(OHFWUR RFXORJUDP

7TKHUH ZHUH WZR SULQFLSOH GLIIHUHQFHY EHWZHHQ WKH (2*V RI
WKDW WKH &) JURXS SHDNHG HDUOLHU WKDQ WKH FRQWUROV 7KH
VHFRQG WURXJK zZDV JUHDWHU LQ WKH &) JURXS WKDQ FRQWURO)
JURXSV ZzDV WKDW WKH DPSOLWXGH RI WKH DOFRKRO DQG OLJKW |

7KH LQWHUDFWLRQV RI &)75 ZLWK 1D DQG . FKDQQHOV DUH XQOlL
DFURVV WKH 53( GXULQJ WKH (2* 7KLV LV EHFDXVH WKH PDLQ LR
ZDYHIRUP *DOOHPRUH DQG 6WHLQEHUJ *LYHQ WKDW WKH DO
LQ &) JURXS WKH OLNHO\ FKDQQHO UHVSRQVLEOH IRU WKLV FKDQ
UHVSRQVLEOH IRU WKH OLJKW (2* $OWHUQDWLYHV WR WKH &D&& I
WKHRU\ JHQHUDWH WKH DOFRKRO (2* LQ WKH DEVHQFH RI &)75

JORZHYHU WKHVH FKDQQHOV DUH XQOLNHO\ WR EH UHVSRQVLEOF
RQO\ H[SUHVVHG LQ D VPDOO a RI FXOWXUHGN PIRXVH&58( FHOC
FKORULGH FKDQQHOV DUH YROWDJH JDWHG FKDQQHOV ZLWK QL
H[SUHVVHG WKURXJKRXW WKH ERG\ ZKHUH WKH\ DUH LQYROY}
WUDQVHSLWKHOLDO WUDQVSRUW DQG WKH VWDELOLVDWLRQ RI PH
EH PRGXODWHG E\ FHOO VZHHOLQJ PHPEUDQH K\SHUSRODULVDWL
DQG >&D @LQH WHRQW VFK

7KH 53( FRQWDLQV &,& WKDW PD\ KDYH FRQWULEXWHG WR WKH |
&, & KDV QRW EHHQ GHWMUBPWQHGRZH®YBU LQ JXLQHD SLJ FRORQ V
FKDQQHO LV H[SUHVVHG LQ WKH SODVPD PHPEUDQH ZKHUH LW \V
FKORULGH FXUUHQWYV WKDW LQFUHDVH LQ UHVSRQWYIMW WR PHPEUDQ
+RZHYHU WKH YROWDJH GHSHQGHQFH RI &,& GRHV QRW VKRZ W
LOQDFWLYDWLRQ DV WKH / W\SH &D FKDQQHO WKDW ZRXOG EH UHT.
(2* ZDYHIRUP B8HGD DQG 6WHLQEHUJ

%RWK $53( DQG ERYLQH 53( GR WUDQVSRUW $73 DFURVV WKH DS|
LV LQKLELWHG E\ D &)75 VSHFLILF DQWDJRQLVW 5HLJDGD DQG OLW
LQ &) WKLV SDWKZzZD\ LV LPSDLUHG ,W KDV EHHQ SURSRVHG WKDW
SHWHUHAMR QDW SHLIJDGD DQG OLWFKHOO HW DWOUPRMWDWLEHHQ

VSHFXODWHG WKDW $73 PD\ GHULYH IURP WKH URGYV DQG QRW WKk
LQ WKH GDUN WKDW LV GUDPDWLFDOO\ UHGXFHG DW OLJKW RQV
SXULQHUJLF UHFHSWRUYV ZHUH XS UHJXODWHG RZLQJ WR WKH ORV)
UHVSRQVH RI WKH SXULQHUJLF UHFHSWRUV PD\ EH KHLIKWHQHG D
ULVH +RZHYHU WKLV WKHRU\ ZRXOG QRW H[SODLQ WKH IDVWHL



QYROYHG ,Q &) HSLWKHOLD WK#H BHFHOMRHOVZHRUHVRR &LIIHUHQV
S5LEHHWRDW ZKLFK DUJXHV DJDLQVW WKH XS UHJXODWLRQ RI WKF
IRU WKH ODFN RI &3 WUDQVSRUW LQ DIIHFWHG WLVVXHV 3< UHFH.
ERXQG WR SXULQHUJLF DJRQLVWYV VXFK DV $73 WKHQ D ULVH LQ L
JHQHUDWLRQ RI ,3 HOWMDPWQLVKNLYV

,W LV SRVVLEOH WKDW &)75 PD\ DOWHU WKH &D&& FXUUHQWYV WE
DOFRKRO (2* UHVSRQVHV $Q LQWHUDFWLRQ EHWZHHQ WKHVH WZR
QXPEHU Rl VSHFQRERWE\WHV H[SUHVVLRQ RI &)75 LQKLELWHG WKF
FXUUHQW . XQHWOPMMQQ 6LPLODUON &)75 LQKLELWYV WKH &D&& F
SXOPRQDU\ DUWHU\ EXW WKH $ &)7BEWXXWDQWKHUG IRBW DHORVYV
LOQKLELWLRQ RQ WKH &D&& ZRXOG UHVXOW LQ D ODUJHU FKORULGH
ZKLFK ZHUH QRW REVHUYHG

7TKHUH ZHUH WZR PDLQ GLIIHUHQFHYVY EHWZHHQ WKH (2*V Rl WKH &)
WLPH WR SHDN DQG WKH VHFRQG ZDV LQ WKH UDWLR RI WKH ULV
FRXOG EH H[SODLQHG E\ DQ LQWHUDFWLRQ ZLWK WKH / W\SH &D F
WKLY FKDQQHO LV DOVR UHJXODWHG E\ EHVWURSKLQ DQG LV FHQ

LQIOX[ UHTXLUHG IRU WKHH{2*DWDUPRVUNGMANW DQDDW W LV ZHOO
GRFXPHQWHG WKDW &)75 LOQWHUDFWYV ZLWK RWWHUNL RCRUFQHKLRY Q H C
3HUH] DQG $UUHROD 5HGG\ DQG 4XLQWRQ DQG WKHUHIF

&)75 DOVR PRGXODWHYV WKH FRQGXFWDQFH RI LRQLF FKDQQHOV LQ

7KH IDVWHU RQVHW RI WKH OLJKW DQG DOFRKRO (2*V FRXOG EH H
VKRZ K%HVWO LQFUHDVHV WKH NLQHWLFV RI LQZDUG &D 10X]

5RVHQWWDDW *LYHQ WKH ZLGHVSUHDG LQWHUDFWLRQV RI &)75 Z]
FRXOG EH WKDW &)75 DOVR PRGXODWHV WKH NLQHWLFV RI WKH /
H[SODQDWLRQ WKH DEVHQFH RI &)75 ZRXOG UHVXOW LQ D IDVWHU |
HQWU\ ZRXOG EH UHJXODWHG E\ EHVWURSKLQ ,W LV LPSRUWDQW
WKH WRWDO LQZDUG &D FXUUHQW WKDW LV PRGXODWHG E\ EH
XQDOWHUHG 7KH SURSRVDO LV WKDW &)75 LQKLELWY WKH DFWLRQ
W\SH &D FKDQQHO WR UHGXFH WKH UDWH RI &D HQWU\ ,Q WKH DE
VR WKDW WKH LQZDUG &D FXUUHQWYV LQFUHDVH IDVWHU DQG WKL)\
RI ERWK WKH OLJKW DQG DOFRKRO (2*V

7KH &) JURXS KDG KLJKHU UDWLRV IRU WKH SHDN WR VHFRQG WUR:
LQ WKH DOFRKRO (2* ,W KDV UHFHQWO\ EHHQ VXJJHVWHG WKDW W
QRW D VLPSOH GDPSHG RVFLOODWLRQ EXW D UHVXOWDQW RI WZR
GHOD\HG IDOO LQ WKH 7(3 7KH HYLGHQFH ZzZDV WKDW WKH UD\
V\VWHPDWLFDOO\ ZLWK WKH VWLPXOXV LQWHQVLW\ :ROI DQG $UC
SHDN WR VHFRQG WURXJK FRXOG EH GXH WR HLWKHU DQ LQFUHD\
LQFUHDVH LQ WKH QHJDWLYH K\SHUSRODULVLQJ FRPSRQHQW 7K



WKH QRUPDOLVHG VHFRQG QHIJDWLYH WURXJK IDOOV EHORZ WKH
JLYHQ WKDW WKH SHDN DPSOLWXGHYVY DUH WKH VDPH WKH OLNHO\ F
QHIJDWLYH K\SHUSRODULVLQJ FRPSRQHQW

7KH K\SHUSRODULVDWLRQ FRXOG UHVXOW IURP VHYHUDO GLIIHUHQ
DEVHQFH RI &)75 WKH EDVDO PHPEUDQH LV PRUH K\SHUSRODULYV
UHGXFHG &0 WUDQVSRUW +RZHYHdiwoaMRXWY G REGD & LUUKSIQ\ DAKD W/ KW
WKH DPSOLWXGHV RI WKH OLJKW DQG DOFRKRO (2*V VKRXOG EH
GHOD\HG QDWXUH RI WKH VHFRQG WURXJK ZRXOG VXJJHVW WKDW
7KH JUHDWHU IDOO IURP WKH SHDN RI WKH (2* UHVSRQVH WR WKH
WKH LOQODFWLYDWLRQ RI WKH LQZDUG &D FXUUHQW FRXOG EH LQFL
I WA\SH &D I WKLV ZHUH WKH FDVH WKHQ WKH LQZDUG &D FXUUF
WKH VLIQDO IRU WKH RXWZDUG &0 FXUUHQW WKURXJK WKH &D&&
K\SHUSRO®» B UHVXOW LV D ODUJHU GHFUHDVH LQ WKH 7(3 DV V
RI WKH SHDN WR VHFRQG WURXJK UDWLR LQ &)

7KH LQGLYLGXDO ZKR ZDV WDNLQJ LPPXQRVXSSUHVVLYHV IROOFR
DEQRUPDO DOFRKRO UHVSRQVH EXW QRUPDO OLJKW UHVSRQVHV II
KH ZDV WDNLQJ FRXOG KDYH LQWHUIHUHG ZLWK WKH DOFRKRO U
DQWDJRQLVW DQG LV D GHULYDHMWL.YMM RI WEKDM VUGG XPHW RFSWD G U
VWLPXODWHG UHOHDVH RI LQWUDFHOOXODU KW DI@RP, WIWHKH(®DLQ IF
UHFHSWRU ZDV WKH UHFHSWRU IRU HWKDQRO WKHQ WKLV ZRXOCG
GR[D]JRVLQ ZRXOG EORFN DQ\ DJRQLVWLF HIIHFW Rl HWKDQRO +RZ
&D VLJQDO LQ WKH DOFRKRO (2t QDYWL WXHR) SINDWLHGI W W KELPLODUO\

DFWV E\ VXSSUHVVLQJ DQJLRWHQVLQ ,, IRUPDWLRQ DQG DQJLRWH
53( :DJQHW DO +RZHYHU DFWLYDWLRQ Rl WKH DQJLRWHQVLQ UHI
&D IURP LQWUDFHOOXODU VWRUHV DQG QRW IURP WKH H[WUDFH:
DQJLRWHQVLQ UHFHSWRU EHLQJ D VLWHWRD®FWLRQ RI HWKDQRO &

7KH PRVW OLNHO\ H[SODQDWLRQ IRU D ODFN RI DQ DOFRKRO (:
LPPXQRVXSSUHVVLYH DJHQWY ZHUH DOWHULQJ WKH SK\WLRORJLFDC
$]RWKLRSULQHTVY PRGH RI DFWLRQ LV WR LQKLELW $73 VIQWKHVL)\
VIQWKHVLWW ILHGH ,Q UHODWLRQ WR WKH DOFRKRO (2* D UHGXFWL
KRPHRVWDVLV WKURXJK GHFUHDVLQJ WKH 30&% SXPS OHDGLQJ WR
WR WKH UHWLQD DQG WKH 53( ZLWK YLVXDO ORVV HWSBOWHG IURP
/IRSH] -LPHHDO ,W LV IHDVLEOH WKDW WKLYV GUXJ PD\ EH F\WRWF
DOFRKRO (2* LV GHWHFWLQJ WKHVH HDUO\ FKDQJHYVY EHIRUH WKH DC



)DVW 2VFLOODWLRQV

7KH FXUUHQW PRGHO RI WKH )2V LV WKDW WKH\ UHVXOW IURP WKF
UHWLQDO LOOXPLQDWLRQ 7KLV FDXVHV D GHFUHDVH LQ WKH DFWI
UHVXOWLQJ LQ D GHFUHDVH LQ >&0@LQ 2DNOH\ ,, DQG *UHHQ
*DOOHPRUH DQG 6WHLQEHUJ &RQVHTXHQWO\ WKH EDVDO PHP
OHVV EDVRODWHUDO &) IOX[ DQG VR WKH 7(3 IDOOV FDXVLQJ WKH O
LQ %HVW V EXW WKH OLJKW ULVH LV DEVHQW LQGLFDWLQJ WKDW L
)2V DQG WKH OLJKW ULVH :HOHEHU 7KH )2V KDYH EHHQ FODLF
&) OLODMWDW /DUDN DW DQG WKLV KDV EHHQ WDNHQ DV HYLGHQF
DW OHDVW SDUW RI WKH EDVDO FKORULGH FRQGXFWDQFH )ORZF
ZHUH KLJKHU LQ WKH &) $ KHWHUR]J\JRWHV DQG WKH\ ZHUH QRW U
7KH YDOXHV UHSRUWHG KHUH IRU WKH '5 /7 UDWLR LQ WKH FRQWUF
WKDW XVHG D VLPLODU DQDO\VLV

7KH ILQGLQJV LQ WKLV VWXG\ GLIIHU LQ SDUW WR WKRHNWM DWSRUWL

/DUPW DW LQ WKDW WKH &) JURXS ZDV QRW FRPSRVHG HQWL
$ +RZHYHU WKH WZR LQGLYLGXDOV WKDW ZHUH KRPR]J\JRXV KDG
RQH YDOXH 'LIITHUHQFHY EHWZHHQ WKH KHWHURJ\JRWHY DQG KRP]
GLITHUHQW WUDIILFNLQJ Rl &)75 SURWHLQ ,Q $ KRPR]J\JRWHV &)
PHPEUDQH ZKLOH LQ WKH KHWHUR]J\JRXV LVRIRUP PD\ VWLOO UHW
SDWLHQWY LQ ERWK KRPR]J\WJRXV IRU $ DQG KHWHUR]J\VIRXV IRU g
JHQRW\SH DQG SKHQRW\SH ZDV REVHUYHG 'XJXHSHURX[ DQG 'H %U|

7KH YDULDELOLW\ LQ WKH &) SKHQRW\SH KDV EHHQ DWWULEXWHG
RWKHU JHQHWLF IDFWRUV VXFK DV SURPRWHU JHQHV WKDW FRPSH
&)75 JHQH B5RZQWUHH DQG +DUULV 7KH ODUJHU '5 /7 DPSOL\
ODWHQF\ PD\ EH UHODWHG WR WKH DVVRFLDWLRQ RI FRPSOH[ DO
PXWDWLRQ LQ WKH JHQH SDUWLDOO\ FRPSHQVDWHYV IRU SULPDU\
DFFRPSDQ\LQJ PXWDWLRQ 5 4 FRQIHUV VWDELOLW\ WR WKH SUR'
LPSURYLQJ WKH IROGLQJ DQG WUDIILFNLQJ RI &W5DWR W®B 8ODVPL
WKH KHWHURJ\JRWHV ZHUH SDQFUHDWLF LQVXIILFLHQW ZLWK RQH
QRUPDOO\ EH FODVVLILHG DV pVHYHUHYT VXIIHUHUV B5RZQWUHH DQG

7KHUH LV VRPH HYLGHQFH WKDW &)75 FXUUHQW LV QRW UHMXFHG E
DwW ZKLFK ZRXOG PHDQ WKDW RXU FXUUHQW XQGHUVWDQGLQJ RI
WURXJK UHTXLUHV PRGLILFDWLRQ 7KLV ILQGLQJ LV VXSSRUWHG E\
&) XHW DW 7TKHUH DUH IHZ DOWHUQDWLYH &) SDWKzZD\V DW WKH
DFFRXQW IRU WKH )2V LI WKH\ DUH QRW FDXVHG E\ &)75 ,W KDV EH
FKDQQHOV FRXOG FRPSHQVDWH IRU WKH ODFN RI &)75 LQ WKH OXQ
JDWHG E\ 3.3 ,Q NQRFN RXW PRXVH PRGHOV RI &,& UHWLQDO GHJF



IRWKHVH FKDQQHOV LOQHWKBWS53(+RARMVWAHU LPPXQRORJLFDO VWDLQ
KXPDQ 53( FHOOV VKRZV H[SUHVVLRQ RI &,& DQG &,& DW WKH
VKRZLQJ ZHDN H[SUHVVLRQ EXW WKH DXWKRUV GLG QRW VWDWH Z
RU EDVDO VXUIDWHDWHQJKH DSLFDO ORFDOLVDWLRQ RI WKHVH FKI
WKDW WKH\ GR QRW SOD\ D UROH LQ WKH JHQHUDWLRQ RI W]
K\SHUSRODULVDWLRQ RI WKHHEWWWW PHPEUDQH %ODXJ

7KH UHFHQW ILQGLQJV LQ PRXVH SRLQW WR D GLITHUHQW PHFKDC
VROHO\ GHSHQGHQW MKNBRDW&)7BKHXDXWKRUV IRXQG WKDW WKH )2 D
QRW DEROLVKHG LQ HLWKHU $ &)75 H[SUHVVLQJ RU &)75 QXOO PL
UHGXFHG WR D JUHDWHU H[WHQW WKDQ WKH )2V ZKLFK ZDV XQHI[SI
WR EH LQYROYHG LQ WKH OLJKW (2*

7KH H[SODQDWLRQ IRU WKH ILQGLQUNVDWYV UXJIJWKDWHWSKENUK LV D F
LQWHUDFWLRQ EHWZHHQ WKH LRQLF FKDQQHOV DW WKH EDVDO P
&)75 PD\ OHDG WR GLVWXUEDQFHV LQ UHJXODWLRQ DQG WUDQVSRL
.XQ]HOPDQQ 7KH &)75 FXUUHQWYV DUH EHOLHYHG WR FRQWUL
FRQGXFWDQFH DQG VR WKH ODFN FRI%DAMDRY DF ® D U Bl W [ WBAQGWR W LDYGI\@ +
FRPSHQVDWRU\ PHFKDQLVPV PD\ EH LQ SODFH LQ WKH 53( JLYHQ W
IRHZHW DW

*LYHQ WKDW WKH RULJLQ RI WKH )2V UHOLHV XSRQ D IDOO LQ VX
WUDQVSRUW WKURXJK WKH DSLFDO 1D . &, FRWUDQVSRUWHU WKHQ
PXWDWLRQV DUH DIIHFWLQJ WKLV SDWKZD\ 2QH SRVVLEOH H[SC
UHJXODWLRQ RI WKH DSLFDO 1D . &, FRWUDQVSRUWHU ZDV DIIHF\
ODUJH '5 /7 UDWLRV RZLQJ WR D PRUH GUDPDWLF IDOO LQ >&)@LQ
EHHQ VKRZQ WR XS UHJXODWH 1D . &, 7KHUHIRUH LQ &) WKHUH
ZKLFK ZRXOG QRW H[SODLQ WKH REVHUYDWLRQV DV WKLV ZRXOG U
DQG D VORZHU DQG UHGXFHG )2V ZKLFK ZDV QRW IRXQG $ VLPLOL
UHJXODWLRQ LQ $ &)75 DQG FRQWURO FXOWXUHV RI KXPDQ DLI
VLIJQLILFDQW GLIIHUHQFHV LQ HM)HDW[SUHRZHYRHQY ZLDERMKHU VW X (
IRXQG DOWHUDWLRQV LQ WKH WUDQVFULSWLRQDO HSWPBXFWYV LQ P
)XUWKHUPRUH OHYHOV RI &D&& KRPRORJXHV DUH DOVR XSUHJXOD)
ZKLFK VXJJHVW WKDW VRPH DOWHUDWLRQV LQ WKH H[SUHVVLRQ
/HYHUNRHMWQDW  7KH FRPSHQVDWRU\ PHFKDQLVPV RI XSUHJXODW
PD\ SDUWO\ DFFRXQW IRU WKH ODUJH YDULDELOLW\ LQ WKH SK
5RZQWUHH DQG +DUULV

7TKHUH DUH QRW PDQ\ VWXGLHV LQYHVWLJIJDWLQJ WKH )2 DPSOLWX
XVHG GLIITHUHQW SDUDPHWHUV WR PHDVXUH WKH ZDYHIRUP 7KH

YDOXHV IURP RWKHU SXEOLFDWLRQV DUH OLVWHG LQ WDEOH 7k
LV VLPLODU WR HWK DW RID@QLE® OHOWHEHU ZLWK ODUJH 6'V UHSR



EORRG JOXFRVH OHYHOV KDYH EHHQ VKRZQ WR LQFUHBWHDWKH D
DQG WKHUH PD\ EH VRPH XQLGHQWLILHG PHWDEROLF GLIIHUH(
WKH KLJKHU )2V

1R UHODWLRQVKLS EHWZHHQ WKH '5 /7 UDWLR DQG WKH ODWHQF
PLQLPXP ZDV HYLGHQW 7KLV VXSSRUWV WKH ILQGLQJV WKDW &)7E
LI GHIHFWLYH &)75 ZDV UHVSRQVLEOH IRU WKH LQWHUYDO IURP St
WKDW WKRVH LQGLYLGXDOV WKDW PRUH VHYHUHO\ DIIHFWHG KRP
ODWHQF\ WKDQ WKH KHWHURJ\JRWHV ,QVWHDG WKHUH ZDV QR VYV
JURXS RU FRQWURO JURXS WR WKH DPSOLWXGH RI WKH )2 DQG \
GLIITHUHQFHV LQ WKH SHULRG RI WKH RVFLOODWLRQV IURP GDUN U
ILQGLQJ VXJIHVWY WKDW WKHUH DUH RWKHU IDFWRUV LQYROYHG

GLUHFWO\ UHVSRQVLEOH

6XPPDU\

7KH PDLQ ILQGLQJYVY DUH WKDW &)75 GRHV QRW FRQWULEXWH WR W
VXSSRUWY WKH ILQGLQJYV LQ WKH SUHYLRXV VHFWLRQ WKDW VKR
UHVSRQVLEOH IRU WKH DOFRKRO (2* 7KH UHVXOWY DOVR VKRZ WK
FKDQJHV LV IDVWHU LQ &) WKDQ LQ FRQWUROV 7KLV FRXOG EH H
WKH HIITHFW RI EHVWURSKLQ WKDW DFWV WR LQFUHDVH WKH NLQF
WKDW WKH DPSOLWXGHV ZHUH KLJKHU LQ WKH &) $ KHWHUR]\JR
GLG QRW KDYH DQ\ VLIJQLILFDQW UHGXFWLRQ LQ WKH DPSOLWXG
VXJIJHVW &)75 LV QRW VROHO\ UHVSRQVLEOH IRU WKLV UHVSRQVH



&RQFOXVLRQV

7KH LQLWLDO DLP RI WKLV VWG PIRGRVOR RH VWIOHE GIBY KWBEQW ZRXO
GHWDLOHG H[SORUDWLRQ RI WKH XQGHUO\LQJ FHOOXODU PHFKD
LPPRUWDOLVHG FHOO OLQHV KDV EHHQ HPSOR\HG E\ PDQ\ UHV
EHKDYLRXU 7KH 53( LQ PDQ IRUPV D WLJKW EDUULHU DQG RQH DLF
ZHOO FKDUDFWHULVHG KXPDQ 53( FHOO OLQH $53( $ YDULHW\ |
XVHG WR HQKDQFH WKH EDUULHU FKDUDFWHULVWLFV Rl WKHVH FI
WKH FXOWXUH PHGLXP YDU\LQJ WKH XQGHUO\LQJ VXEVWUDWH RU
RU JOLDO FRQGLWLRQHG PHGLD 7KLV ODWWHU DSSURDFK ZDV EI
JOLDO FHOOV FDQ LQGXFH EDUULHU WLJKWHQLQJ LQ D YDULHW\ R
KDV EHHQ VKRZQ WR VXEVWDQWLDOO\ LQFUHDVH WKH 7(5 LQ WK
+XUVW DQG )ULW]

'"HVSLWH UHSOLFDWLQJ WKHVH ILQGLQJV ZLWK (&9 QR VLPLOD
HYLGHQW ZLWK WKLV RU WKH 0-OOHU FHOO OLQH 0,2 0 $ SRVVLE
FHOOV ZHUH GLIIHUHQWLDWHG DQG QRW UHFHSWLYH WR VHFUHWH
FKLFEN 53( KDYH VKRZQ WKDW ERWK WKH DJH RI WKH UHWLQD DQ!
MXQFWLRQV ZLOO EH IXO®WGBHBQ HORBMN: DBL]]RDRQHM DW

6LQFH $53( FHOOV ZHUH GHULYHG IURP DQ DGXOW GRQRU WKH
UHGXFHG FRPSDUHG WR DQ HPEU\RQLF 53( FHOO DQG WKLV PD\ KD’
LQGXFWLRQ LQ WKLY FHOO OLQH )XUWKHUPRUH D UHFHQW VWXG\
SKHQRW\SLF KHWHURJHQHLW\ LQFOXGLQJ WKH RUJDQLVDWLRQ R
KHWHURJHQHLW\ FRXOG EH SDUWLDOO\ RYHUFRPH E\ SURORQJHC
$53( FHOO OLQH PD\ QRW KDYH WKH FDSDFLW\ W\R DRWUP D YHU\ WI

$ ULVH LQ WKH 7(5 RI WKH $53( FHOOV ZzDV REWDLQHG E\ PRGLILF
JURZWK IDFWRU DQG KRUPRQH VXSSOHPHQWY WR D OHYHO WKDW K
XVLQJ VSHFLDOO\ GHILQHW PB8GLXRKRH'KRRSRVLWLRQ RI WKH VSHFL
60 DQG 60 VLIQLILFDQWO\ LQFUHDVHG WKH 7(5 FRPSDUHG WR V
$53( FHOOV DUH JURZQ 7KH 4 FP 7(BWBDSRUWBEY EZLWKQDQ

RSWLPXP FHOO FXOWXUH PHGLXP DQG ZLWK FHOOV WKDW ZHUH R
HISHULPHQWWVWE\DWX ZLWK 60 GLG QRW DWWDLQ DV KLJK YDOXHYV |
'LVDSSRLQWLQJO\ ZKHQ WKH $53( FHOOV ZHUH PRXQWHG LQ DQ ¢
ORZ DQG XQVXLWDEOH IRU IXUWKHU GHWDLOHG ZRUN RQ WKH RULJ

%RYLQHSD@@®B3( KDYH EHHQ XVHG WR HOXFLGDWH WKH PHFKDQLVPYV
53( bV ZHOO DV WKH LRQLF FKDQQHOV DQG VLIQDOOLQJ SDWKZD\V
OLOOHU DQG (GHOPDQ %RYLQH 53( KDV EHHQ VKRZQ WR



%LDEBWNDW  3DXWOHU LPSOLFDWHG $$ DQG QRW &D DV WKI
ZKLFK LV FRQWUDU\ WR WKH ILQGLQJV UHSRUWHG KHUH XVLQJ WK
DQ\ VLPLODULWLHV ZLWK WKH KXPDQ DOFRKRO (2* +H VKRZHG WKL
ZDV DEVHQW LQ GDUNQHVV DQG PD[LPDO LQ JUHHQ OLJKW 7KLV LV
DUH VSHFLHV GLIIHUHQFHV EHWZHHQ KXPDQ ERYLQH DQG DPSK
UHJXODWLRQ RI LQWUDFHOOXODU VHFRQG PHVVHQJHUV ,Q KXPDQ
ERYLQH WKH UHYHUVHWL. Y)W U%B BIBNPBW ,Q DPSKLELDQ 53( WKH DG
RI H{(WUDFHOOXODU ','6 EORFNV WKH EDVRODWHUDO F$03 &( FXUUH
53( +XJKHV DQG 6HJDZD ILQVGHOO DQG +DQUDKDQ 7K}
WKRXJK LPSRUWDQW ZKHQ FRPSDULQJ WKH LQWUDFHOOXODU VLJ
IXQFWLRQV ZHUH QRW UHVSRQVLEOH IRU WKH OBBN RIHUFHYSRQVH
SUHSDUDWLRQV

7ZR SUHYLRXV VWXGLHV KDYH VKRZQ D GLUHFW HIIHFW RI HWKDQ
8vVvLQJ FKDPEHU H[SHULPHQWY DWWHPSWVY ZHUH PDGH WR REWDL
DQG ZLWKRXW WKH UHWLQD LQ SODFH DQG LQ WZR GLIIHUHQYV
PRGLILFDWLRQV WR WKH EXIIHUV 7KH ODFN RI DQ\ FRQVLVWHQW L
WR HSLQHSKULQH DQG RXDEDLQ LQGLFDWHG WKDW WKH 53( ZDV
H[SHULPHQWY GHVSLWH KDYLQJ VWDEOH HOHFWULFDO SDUDPHWHU
WR SRVW PRUWHP GHWHULRUDWLRQ LQ WKH WLVVXH REWDLQHG LQ

7KH H[SHULPHREDQMIHAUWKGHVLIQHG WR RYHUFRPH WKH GHOD\ LQ SF
SURYLGH VRPH LQVLIKW LQWR ZKHWKHU HWKDQRO ZDV DFWLQJ YL
53( 7KH UHVXOWYV IURP WKHVH H[SHULPHQWY LQGLFDWH WKDW H
PROHFXOH IURP WKH UHWLQD WR DOWHU WKH VWDQGLQJ SRWHQWL
53( FRPSOH[ ZzDV GHPRQVWUDWHG E\ HYRNLQJ D OLJKW (2* I[URP WK
(2* FRXOG EH FRQYLQFLQJO\ REVHUYHG $OWKRXJK LW LV SRVVL
GLITHUHQFH LQ WKH UHVSRQVH WR DOFRKRO D@ DIIVRIBBH@DWKWH H
DOFRKRO KDG WR EH DSSOLHG WR WKH LQQHU UHWLQDO VXUIDFH
HWKDQRO GRVH ZRXOG DUULYH YLD WKH FKRURLG ,I WKH UHFHS\
FKRURLG LW LV SRVVLEOH WKDW WKH FRQFHQWUDWLRQ RI DOFRK]
ORZ WR HYRNH D UHVSRQVH



7KH $OFRKRO DQG /LIJKW (OHFWUR RF

$ VHULHV RI H[SHULPHQWY ZHUH XQGHUWDNHQ EDVHG RQ WKH K\S
&D JHQHUDWHG WKH DOFRKRO (2* ULVH 7KLV ZDV GXH WR WKH
EHLQJ FUXFLDO WR WKH JHQHUDWLRQ RI WKH OLJKW ULVH RI WKH

$Q HOHYDWLRQ LQ >&D @LQ FDXVHG E\ HLWKHU DQ DSLFE
5HLJDGD DQG OLWFKHOO 7KLV ULVH LQ >&D @LQ ZRXOG
FKDQQHO

2U

%YHVWURSKLQ FDQ ERWK LQFUHDVH WKH UDWH RI &D WKUR
DOVR LQKLELW &D HQWU\ LI F\IWRVROLF >&D @£Q LV KLJK %H
FKORULGH FKDQQHO UHVSRQVLEOH IRU WKH OLJKW ULVH ZLW
WKH PRVW OLNHO\ FDQGH\W D/MH SROVUHRIWK Y@ L Q

7KH ILUVW K\SRWKHVLV SRVWXODWHV WKDW WKH VRXUFH RI W
WUDQVSRUWHG LQWR WKH VXE UHWLQDO VSDFH E\ &)75 ,I VR V
IXQFWLRQDO WKH DOFRKRO (2* ULVH VKRXOG EH DEVHQW RU PR
EDVRODWHUDO / W\SH FDOFLXP FKDQQHO LV JDWHG E\ DQ LQWHUL
VXVWDLQHG LQFUHDVH LQ >&D @MQ IROORZLQJ WKH SXWDWLYE
LOQOYROYHPHQW RI EHVWURSKLQ LQ WKH OLJKW ULVH KDV EHHQ DF
SDWKRJQRPLF RI %HVW V GLVHDVH &URVV DQG %DUG 7TKRUEX
+RZHYHU EHVWURSKLQ QRZ DSSHDUV WR EH D UHJXODWRU |
FKORULGH FKDQQHO DV RULJLQDOO\ XQGHUVWRRG %HVWURSKLQ
LQFUHDVHYVY WKH UDWH RI &D HQWU\ WKURXMXIIOOVKBEQGWYSHIFRXDGOBR
EHVWURSKLQ LQKLELWV WKH >&D @LQ RQFH HOHYDWHIGV IBOORZL!
$53( ZDV IRXQG WR EH D WKH PRVW VXLWDEOH FHOO OLQH
IOXRUHVFHQW FDOFLXP SUREHV JLYHQ LWV OGIDFNRIEIXGRWLRQD(
LGHQWLILFDWLRQ RI WKH PRVW VXLWDEOH FHOO OLQH ZDV QHFF
>&D @LQ PD\ KDYH EHHQ ORZ DQG VXVWDLQHG RYHU VHYHUDO PLQ
LW ZDV LPSRUWDQW WR PDLQWDLQ WKH OHYHOV RI IOXR ZLWKLQ V

7KH QDWXUH RI WKH OLJKW ULVH VXEVWDQFH UHPDLQV HOXVLYH |
UROH 5HLJDGD DQG OLWFKH®® DO ODXURRUWMH GDUN WKH URG)\
KLJK TXDQWLWLHV RI $73 WR PDLQWDLQ WKH GDUN FXUUHQW E\ W
VHIPHQW $W OLJKW RQVHW WKH QRQ VHOHFWLYH FKDQQHOV LQ \
WKH 1D.$73DVH H[FKDQJH SXPS FRQWLQXHV WR RSHUDWH DW KLJK
SRWDVVLXP GHSOHWLRQ LQ WKH VXE UHWLQDO VSDFH ,W LV SRVV



IRD VKRUW WLPH VR WKH LOQWUDFHOOXODU $73 FRQFHQWUDWLRQ R
UHWLQDO VSDHW DM KDBWHMH DOVR $UGHQ DQG &RQVWDEOH

$73 RU DV LW LV UDSLGO\ GHJUDGHG WR $'3 FRXOG SURYLGH WKH
&D IURP WKH LQWUDFHOOXOW UDWW FBBHHLVCH3BI\WWWU VRIQLIDGD DQG

OLWFKHOO 7KLY WUDQVLHQW ULVH LQ >&D @LQ LQLWLDWHG E
FDXVH DQ LQFUHDVH LQ EDVRODWHUDO &) FRQGXFWDQFH E\ WKH &I
9%DVDL ZKLFK ZRXOG WKHQ JDWH RSHQ WKH YROWDJH GHSHQGHOQ\
SURYLGH D VXVWDLQHG LQZDUG &D I0X[ UHVXOWLQJ LQ IXUWKI
GHSRODULY®WARWLRI WKH / W\SH &D FKDQ Q+bO HISRDMWIL Y BB HIX UDNVWK
7KLV PHFKDQLVP PD\ XQGHUOLH WKH SURFHVV LQYROYHG LQ JHQHU

7KH DOFRKRO (2* KRZHYHU PXVW KDYH D GLIITHUHQW RULJLQ EXW
EDVRODWHUDO SDWKZD\ RXWOLQHG IRU WKH OLJKW (2* ,QWUDFHO
LQFUHDVHG LQWUDFHOOXODU FDOFLXP EXW RQO\ E\ SHUPLWWLQ.
FROQFHQWUDWLRQV RI HWKDQRO XVHG ZHUH KLJKHU WKDQ WKH SK\\V
VWXGLHVY 7KH ORZ QXPEHU RI UHVSRQGLQJ FHOOV PD\ KDYH EHHC
ZLWKLQ WKH $53( FHO®G VO IDQ\H /XRIRHDW RU WR D OHVVHU H[WH
ORZHUHG ZRUNLQJ WHPSHUDWXUH DQG WKH H[SHULPHQWDO OLPLW
WKH DSLFDO VXUIDFH 7KH GHPRQVWUDWLRQ WKDW HWKDQRO FRXO
LQ D FHOO OLQH WKDW LV NQRZQ QRW WR H[SUHVV EHVWURSKLQ ZF
UHFHSWRU 7KH UHVSRQVHVY JHQHUDWHG VKRZHG FRQFHQWUDWLRC
RI WKH UHVSRQVHVY UHWXUQHG WR EDVHOLQH LQGLFDWLQJ WKDW V
WR FHOO PHPEUDQHYV

*LYHQ WKDW WKH / W\SH &D FKDQQHO KDV EHHQ GLUHFWO\ LPSOL
WKH VDPH FKDQQHO PHGLDWHV FDOFLXP HQWU\ LQ UHVSRQVH WR
DFWLYDWH / W\SH FKDQQHOWMW @W& +RZBITHU %WEBHEDTXHVWLRQ UHPI
ZKHWKHU HWKDQRO DFWV GLUHFWO\ XSRQ WKH FKDQQHO RU XSRQ
W\SH &D FKDQQHO FXUUHQWV 7ZR SRVVLEOH VHFRQG PHVVHQJHU\
FRQGXFWDQFH DQG UHVXOW LQ WKH DOFRKRO (2* ZDYHIRUP 2QH
VHFRQG LV WKH JHQHUDWLRQ RI F$03 GHSHQGHQW 3.%

7R KHOS GLVFULPLQDWH EHWZHHQ WKH WZR SRVVLEOH VLJIJQDOOLC
3. DQG WR DYRLG WKH SUREOHPV RI ZRUNLQJ ZLWK D FHOO OLQI
GLIITHUHQW LQ VRPH UHVSHFWV WR QDWLYH KXPDQ 53( D SDUDOO
LQGLYLGXDOV ZLWK &) 7KH SUHPLVH zZDV WKDW WKH DOFRKRO (2°
VLIQDOOLQJ LV LQYROYHG DQG DEQRUPDO LI F$03 ZHUH LQYROYHC
REVHUYHG WR LQFUHDVH EDVRODWHUDO &) FXUUHQW DVVRFLDWHG
&) ZKHUH &)75 LV DEVHQW RU ODUJHO\ GHIHFWLYH WKHQ WKHVH |
ZDV GHWHUPLQLQJ WKH DOFRKRO (2* YROWDJH FKDQJH WKHQ WKHYV
VLIQLILFDQWO\ UHGXFHG ,| WKH DOFRKRO (2*V ZHUH QRUPDO WKI



PHVVHQJHU DQG D &D JDWHG FKORULGH FKDQQHO WKH PRVW SUR
WKH DOFRKRO (2*

$OWKRXJK WKH PDJQLWXGH RI WKH OLJKW DQG DOFRKRO (2*V Lt
FRXUVH ZDV PRUH UDSLG WKDQ WKH FRQWURO JURXS &)75 LV NQR
LRQLF FKDQQHOV .XQ]JHOPDQQ HW DDQNHRHQWEISBYWHEOH H[SODQ
FRXOG EH WKDW &)75 GHFUHDVHV WKH DFWLYDWLRQ NLQHWLFV RI
D FRXQWHUEDODQFH WR WKH LQFUHDVHG DFWLYDWLRQ NLQHWLFV
WKH DEVHQFH RI &)75 WKH LQIOXHQFH RI EHVWURSKLQ ZRXOG EH
LQWR WKH F\AWRVRO ZRXOG EH IDVWHU 7KLV FRXOG DFFRXQW IRU
WKDW SHDNHG HDUOLHU LQ WKH &) JURXS WKDQ WKH FRQWURO J
UHVSRQVHV ZHUH DIIHFWHG LQ D VLPLODU ZD\ WKLV ZRXOG DOVR
&D FKDQQHO ZDV WKH FHQWUH SLHFH Rl ERWK RI WKHVH UHVSRQ\
FXUUHQW WKDW LV LQIOXHQFHG ZKLFK ZRXOG DOWHU WKH PDJQLW

,Q &) WKH UDWLRV RI WKH SHDN WR VHFRQG WURXJK ZHUH JUHDYV
WKDQ LQ FRQWUROV 7KH (2* ZDYHIRUP KDV EHHQ VXJJHVWHG W
K\SHUSRODULVLQJ DQG D EDVDO GHSRODULVLQJ FRPSRQHQW :ROI
OHQG VRPH VXSSRUW WR WKLV YLHZ 7KH ODFN RI &)75 LQ WKH E|
WKH NLQHWLFV RI WKH / W\SH &D FKDQQHO DQG DFWV WR EDOD
SURSRVDO LV WKDW DV EHVWURSKLQ LQFUHDVHYVY WKH UDWH RI &D
RI WKLV VORZ YROWDJH GHSHQGHQW FKDQQHO 7KLV ZRXOG PHD
LOQDFWLYDWLRQ RI WKH LQZDUG &D FXUUHQW LV IDVWHU DQG WKI
WKH WURXJK YROWDJH

$ SRVVLEOH PHFKDQLVP IRU ERWK WKH OLJKW DQG DOFRKRO (2*\
ILQGLQJV RI WKLV VWXG\ 7KH / W\SH &D FKDQQHO LV FHQWUDO W
SURYLGHV WKH VORZ YROWDJH GHSHQGHQW &D] LQIOX[ UHTXLUHC
&) FXUUHQW UHVSRQVLEOH IRU WKH OLJKW (2* W LV SUHVXPHG

DOFRKRO DQG OLJKW (2* WKDW &) LV DOVR WKH LRQ UHVSRQVLEO}

$ SURSRVDO IRU WKH DOFRKRO (2* ZRXOG EH WKDW HWKDQRO DFW
RI WKH WAURVLQH NLQDVH HIIHFWRUYVY (YLGHQFH KDV EHHQ VKRZQ
DOWHU WKH NLQHWLFV DQG DFWLYDWLRW BRK WKDPW WEBH UFKBQHK HDK
DFWLYDWLRQ E\ WKH F\AWRVROLF VXEW\SH W\URVLQH NLQDVH SS F
WKDW FRXOG DFWLYDWH / W\SH &D FKDQ®@WODBPXUUHQWY LQ WKH 5

7TKH DOWHUQDWLYH EDVRODWHUDO FKDQQHO WKURXJK ZKLFK HWKI
RI HWKDQRO RQ WKLV FKDQQHO DUH LQKLELWRU\ &OD\WRQ DQG :F
&D FKDQQHO LV FHOQWUDO WR WKH VXVWDLQHG &D VLJIQDO IRU J
SODXVLEOH JLYHQ WKH VLPLODU QDWXUH RI WKH DOFRKRO DQG O
VLWH RI HWKDQRO DFWLRQ ,| HWKDQRO DFWHG GLUHFWO\ XSRQ



>&D @LQ ZRXOG JDWH RSHQ WKH &D&& DQG %h@WVKILRBIWKH DWXHH B
FKORULGH FRQGXFWDQFH WKDW LQ WXUQ ZRXOG VXVWDLQ WKF
7KHUH LV VRPH HYLGHQFH IURP WKH WULDO XVLQJ QLIHGLSLQ
SUHVHQW

7KH DOWHUQDWLYH ZRXOG EH WKDW HWKDQRO PD\ DFW XSRQ
FKORULGH FRQGXFWDQFH WKDW DJDLQ GHSRODULVHV WKH /)
FKORULGH HIIOX[ PHPEUDQH GHSRODULVDWLR®®%o&BH IROMXIL VAK
WR VXFK D SRLQW WKDW WKH / W\SH &D FKDQQHO ZDV LQDFW|
DOFRKRO RU OLJKW ULVH +RZHYHU WKHUH DUH QR VWXGLHV Z
FXUUHQWY &OD\WRQ DQG :RRGZDUG

$ VXPPDU\ RI WKH SURSRVHG PRGHO IRU WKH DOFRKRO (2* LV V

JLIXUH ORGHO RI $OFRKRO (2*

$SLFDO

7KH PRGHO RI WKH DOFRKRO (2* FHQWUHY RQ WKH / W\SH &D
FKDQQHO E\ PRGXODWLRQ RI D F\WRVROLF WA\URVLQH NLQDVH V
LOQFUHDVH WKH LQZDUG &D FRQGXFWDQFH 7TKH LQFUHDVHG >
FKDQQHO PRVW OLNHO\ &D&& DV WKLV FKDQQHO LV SUHVXPHG
SRVVLEOH WKDW HWKDQRO JDWHV WKH &D&& GLUHFWO\ ZKLFK
LQFUHDVH LQZDUG &D FXUUHQWY WKURXJK WKH / W\SH &D FKD(
VXIIHVWY WKDW HWKDQRO LQKLELWYV WKH &D&& FXUUHQWYV EX\
IDVWHU (2*V REVHUYHG LQ WKH &) JURXS PD\ EH WKH UHVXOW R
WKH &D LQIOX[ 7KH DEVHQFH RI &)75 ZRXOG UHVXOW LQ D IDV)
GHSHQGHQW / W\SH &D FKDQQHO ,W LV DOVR SURSRVHG WKDW
&D FKDQQHO LV DOVR DOWHUHG VR WKDW WKH IDOO IURP SHDN
K\SHUSRODULVLQJ YROWDJH FKDQJH DFURVV WKH EDVDO PHPEUL



7KH )DVW 2VFLOODWLRQV

3UHYLRXV ZRUN KDV UHSRUWHG UHGXFWLRQV LQ WKH DPSOLWXGH
HW DW /DUBDW DW 7KH SUHVHQW VWXG\ KDV IRXQG WKDW WKFE
XQLYHUVDOO\ GHFUHDVHG 2QH UHDVRQ IRU WKLV GLVFUHSDQF\
LQGLYLGXDOV ZHUH KHWHURJ\JRWHV ZKLOH RWKHU ZRUNHUV
+HWHUR]J\JRWHV LQ RXU VDPSOH WHQGHG WR KDYH WKH KLJKHU )2
RXU FXUUHQW XQGHUVWDQGLQJ RI WKH )2V LV LQFRPSOHWH 7Kt¢t
EHWZHHQ WKH ')//7 DPSOLWXGH DQG WKH WLPLQJ RI WKH )2V VXJJt
UHVSRQVH 7KH PXOWLSOH LQWHUDFWLRQV RI &)75 ZLWK RWKHU L
LQ WKLV FRQGLWLRQ RZLQJ WR HQYLURQPHQWDO DQG JHQHWLF
GLIIHUHQFHV REVHUYHG EHWZHHQ WKHVH WZR JURXSV 5RZQWUH
UHVXOWYV GR LQGLFDWH WKDW LQ PDQ G\VIXQFWLRQDO &)75 GRH\
)2V 7KLV FRQFOXVLRQ ZDV DOVR IRXQG LQ D UHFHQW DQLPDO VW)
LQ &)75 QX000 RWFBW:X

YXWXUH 'LUHFWLRQV

7KH UHVXOWYVY SURYLGH HYLGHQFH IRU LOQWUDFHOOXODU >&D @ E
DOFRKRO (2* LQ PDQ ,Q UHODWLRQ WR HDUO\ UHWLQDO GHJHQHUD
ILQGLQJ VXJIJIJHVWYV WKDW LQ WKHVH GLVHDVHV &D VLIJQDOOLQJ L
FDSDEOH RI GHWHFWLQJ WKHVH HDUO\ DQRPDOLHV EHIRUH D VXEV\

)XUWKHU H[SHULPHQWY DUH UHTXLUHG WR VKRZ FRQFOXVLYHO\ W
W\SH 7KLV ZRXOG EH DFKLHYHG E\ IXUWKHU ZRUN XVLQJ QLIHGLS
VWRUHV WKDSVLJDUJLQ DQG F\FORSLD]RQLF DFLG 'HPRQVWUDYV
SUHVHQW LQ WKH PRQROD\HUV FRXOG EH SHUIRUPHG XVLQJ LPP
VXEXQLWV GHWHUPLQHG E\ 57 3&5 ,Q YLHZ RI WKH YDULHG KH\
SHUIRUPHG XVLQJ DQ DQLPDO PRGHO VXFK DV FKLFN 53( 7KH XVH
ORDGHG ZLWK IOXR $0 ZRXOG DOVR EH SRVVLEOH WR GHPRQVWI
HOHYDWLQJ >&D @LQ LQ DQ DQLPDO PRGHO

BHUIRUPLQJ WKH DOFRKRO (2* RQ LQGLYLGXDOV ZLWK %HVWT{V
EHVWURSKLQ ZDV UHTXLUHG WR JHQHUDWH WKH DOFRKRO (2* )Xl
ZRXOG DOVR KHOS FODULI\ WKH )2V DV WKHUH DSSHDUV WR EH D G
KHWHURJ\JRWHYVY DQG KRPR]J\VJURXV JURXSV W PD\ EH WKDW WKH )2
WHVW LQ WKHVH LQGLYLGXDOV

JXUWKHU ZRUN RQ DQLPDO PRGHOV LV UHTXLUHG DQG WKH PRVW
PRUWHP WLPH FDQ EH PLQLPLVHG &KLFN KDV EHHQ XVHG EHIRUH 1



UHRUGLQJVY WR HOXFLGDWH WKH EDVLF PHFKDQLVP RI WKH OL
WHFKQLTXH WKH HIITHFWV RQ EDVRODWHUDO FKORULGH FRQGXFWL

$GGLWLRQDO FOLQLFDO XVHV RI WKH DOFRKRO (2* FRXOG EH DVYV
WKHUH DUH DQ\ DEQRUPDOLWLHYVY WKDW PD\ LQGLFDWH LQGLYLG>
'UXJ WR[LFLW\ PD\ DOVR SURYLGH D XVH IRU WKH DOFRKRO (2* ZL\

'"HPRQVWUDWLQJ WKDW QLIHGLSLQH DOVR VXSSUHVVHV WKH OLJI
DQG DUUDQJHPHQWY DUH FXUUHQWO\ LQ SURJUHVY WR SHUIRUP W



$SSHQGL[ 3UHSDUDWLRQ R

&HOO &XOWXUH $GGLWLYHV DQG 6RO

7\SLFDOO\ PO RI VSHFLDOLVHG PHGLXP ZDV SUHSDUHG WR KDY
PO

3HQLFLOOLQ 6WUHSWRP\FLQ DQGWRPXWIPRLYROXWLRQ FRQWDLQ
JOXWDPLQH 8 PO SHQLFLOOLQ DQG PJ PO VWUHSWRP\FLQ

LQ FXOWXUH PHGLXP WR JLYH PO / JOXWDPLQH 8 PO
VWUHSWRP\FLQ

$QWLELRWLF $QWLP\FRWLFBEWRFXNWYRQXWLRQ FRQWDLQLQJ X
* PJ PO VWUHSWRP\FLQ VXOSKDWH DQG SJ PO DPSKRWHULTF
PHGLXP WR JLYH 8 PO SHQLFLOOLQ SJ PO VWUHSWRP\FLQ DC

,QVXOLQ 6XSSOLHG DV VWRFN PO VROXWLRQ RI PJ PO LQ +(3
'LOXWHG ZKHQ DGGHG WR EDVH PHGLXP WR JLYH ILQDO FRQFH

7TUDQVIHUULQG6XSSOLHG DV PJ KXPDQ WUDQVIHUULQ GLVVROYHG
SL DOLTXRWV VWRUHG DW f& ‘RUNLQJ FRQFHQWUDWLRQ F
RQ WKH GD\ RI XVH

(SLGHUPDO *URZWK )DFWRU (8J R( (*) LVRODWHG IURP PRXVH VX
JODQGV ZDV GLOXWHG LQ PO RI 3%6 ZLWK )&6 WR JLYH D ILC
SJ PO SL DOLTXRWV ZHUH VWRUHG DW f& SO PO zZDV DGG
DSSUR[LPDWHO\ SL WR JLYH QJ PO

7\URVLQH VRGLXP VDOW 7TULLRGR / WKA\URQLQHPINR®GWVWXP VD
GLVVROYHG LQ VWHULOH 1 1D2(O DQG WKHQ GLOXWHG ZLWK P
DOLTXRWYV DW & DW D ZRUNLQJ FRQFHQWUDWLRQ RI SJ PO

WR JLYH QJ PO

SIXWUHVFLQH ®J ZDV GLVVROYHG LQ PO RI VWHULOH 3%6 DQG V'
DW D ZRUNLQJ FRQFHQWUDWLRQ RI SJ PO SO PO ZDV DGGHG V

%DVLF ILEUREODVW JURZWK IDFWRWRI BOXPDQ E)*) ZDV GLVVROYHG
RI VWHULOH 3%6 SL DOLTXRWV ZHUH VWRUHG DW & ZLWK D
SJ PO SO PO ZDV DGGHG WR WKH VSHFLDOLVHG PHGLD RQ WKH
QJ PO



+\GURFRUWLVRQBXSSOLHGMDVWHULOH VROXWLRQ 6WRUHG DW 3&
PO RI EDVH PHGLXP WR JLYH D ILQDO FRQFHQWUDWLRQ RI Q0 LQ

Qo

/ILQROHLF DFLG PJ GLVVROYHG LQ PO DEVROXWH HWKDQRO JLY
1&« DQG SURWHFWHG IURP OLJKW LQ PO DOLTXRWYV MO PO D
FROQFHOQWUDWLRQ RI MJ PO

$00 I1UDQV UHWLQRLBUWIHSMmMUHEG:G LQ WKH GDUN $GG PO RI '062
WUDUHRWLQRLF DFLG JLYLQJ D ZRUNLQJ FRQFHQWUDWLRQ RI PJ
VWRFN E\ WDNLQJ XO RI ZRUNLQJ VROXWLRQ DQG DGGLQJ
FROQFHQWUDWLRQ QRZ MJ PO $GG MXO WR PO RI PHGLXP
QJ PO 5HWLQRLF DFLG ZDV DGGHG WR 60 RQO\

3URJHVWHURQH 3PJ ZDV GLVVROYHG LQ PO RI VWHULOH GG+

VWRUHG DW URRP WHPSHUDWXUH PO ZDV WKHQ GLOXWHG z

ILQDO ZRUNLQJ FRQFHQWUDWLRQ RI $M PO SO PO ZDV DGGHG
QJ PO

, 76 3UH IRUPXODWHG FHOO FXOWXUH DGGLWLYH FRQWDLQLQJ
VHOHQLXP %6$ PJ O OLQROHLF DFLG ¢J PO DQG ROHLF
FXOWXUH DGGLWLYH LQ 60 'LOXWHG ZLWK 60 EDVH PHGLD RQ

%RYLQH 6HUXP $OEXPLQZVW RO VROXWLRQ ZDV SUHSDUHG E\ DG
%6% WR PO RI '0(0 ) DQRG VWLUULQJ ZLWK D PDIQHWLF URWRU V
GLVVROYHG PO DGGHG WR 60 DQG 60 EDVH PHGLD DQG VWRUHG

%RYLQH 3LWXLWDU\ ([WUDFPRAWS®BBHG 3DV a PJ PO LQ 3%6 PO W
7KH %3( VROXWLRQ zZzDV DGGHG WR 60 EDVH PHGLXP PO WR JL°
SJ PO

6SHFLDOLVHG OHGLD 3UHSDUDWLRQV

60 DQG 60

'0(0 ) ZLWK DGGHG QXWULHQWYV ZDV XVHG DV EDVH PHGLXP P
RI 0 +(3(6 1 )O\GUR[\HWK\O SLSHUD]LQH 1 HWKDQHVXOSKRQL
SHQLFLOOLQ DQG VWUHSWRP\FLQ PO RI LQVXOLQ VROXWLRQ r
FRQFHQWUDWLRQV LQ WKH EDVH PHGLXP ZHUH PO +(3(6 ¢XJ
SHQLFLOOLQ AJ PO LQVXOLQ DQG PO/ JOXWDPLQH DQG  %6$



60

%DVH PHGLXP ZDV PDGH XVLQJ '0(0 PO VXSSOHPHQWHG ZLWK
SHQLFLOOLQ VWUHSWRP\FLQ / JOXWDPLQH VROXWLRQ PO RI ,76
ILQDO FRQFHQWUDWLRQ RI PO +(3(6 SJ PO VWUHSWRP\FLQ
LQVXOLQ SJ PO WUDQVIHUULQ SJ PO VHOHQLXP SJ PO %6
ROHLF DFLG QJ PO Q0 K\GURFRUWLVRQH DQG PO / JOXWDPLQF

)RU 60 WZR DGGLWLRQDO PRGLILFDWLRQV ZHUH PDGH 2QH ZDV W
FRQFHQWUDWLRQ RI QJ PO DQG QJ PO UHVSHFWLYHO\ $ VHFR
SLWXLWDU\ H[WUDFW %3( WR 60 WR JLYH D ILQDO FRQFHQWUDW
& DQG H[WUD VXSSOHPHQWY DGGHG IURP VWRFN VROXWLRQV D\
FRQFHQWUDWLRQV JLYHQ LQ WDEOH

7TDEOH 60 &RQVWLWXHQWYV

,QJUHGLHQW

'0(0
,QVXOLQ SJ PO
7UDQVIHUULQ SJ PO
6HOHQLXP SJ PO

+\GURFRUWLVRQHKO
SURJHVWHURQH QJ PO
ILQROHLF DFLG QJ PO

20HLF DFLG QJ PO
%6 $ SJ PO
+(3(6 PO
&RQVWLWXHQWYV RI 60 " 7KH DGGLWLRQ RI LQVXOLQ WUDQVIHUUI

%6% ZDV VXSSOLHG DV ,76 PHGLXP VXSSOHPHQW 6LJPD $GGLWLF
RU WR DGG %3( WR WKH 60 EDVH PL[WXUH



ILVW RI 3XEOLFDWLRQV

3XEOLFDWLRQV IRUP ZRUN LQ WKLV WKHVLYV

&RQVWDEOH 3 $ /DZUHQVRQ - * DQG $UGHQ * % 7KH HOHFWUF
2SKWKDOPRO

&RQVWDEOH 3 $ /DZUHQVRQ - * 'ROPDQ ' ( 0 $UGHQ * %
*O\FRSURWHLQ H[SUHVVLRQ LQ UHWLQDO SLJPHQW HSLWKHOI

$UGHQ * % DQG &RQVWDEOH 3 % 7KH HOHFWUR RFXORJUD

&RQIHUHQFH SUHVHQWDWLRQ
&RQVWDEOH 3 $ /DZUHQVRQ - * DQG $UGHQ * % 5R

WUDQVPHPEUDQH FRQGXFWDQFH UHJXODWRU LQ WKH HOHFW!I
8.

$EVWUDFWY DQG RWKHU SXEOLVKHG ZRUN

&RQVWDEOH 3 $ /DZUHQVRQ - * DQG $EERWW 1 - LQ SUHVYV
IXQFWLRQ LQ WKH UHWLQDO EDUULHUV 2FXODU 7UDQVSRUW
'"HOLYHU\ - 7RPEUDQ 7LQN DQG & %DUQVWDEOH ('V 7RWDZ]

+LOOHQNDPS - +XVVDLQ $ $ -DFNVRQ 7 / &RQVWDEOH 3
ODUVKDOO - &RPSDUWPHQWDO DQDO\VLV RI WDXULQH V
ERYLQH H\H ,QYHVW 2SKWKDOPRO 9LV 6FL

&RQVWDEOH 3 $ /DZUHQVRQ - * 7DUWWHOLQ ( ( 'RXJODV
&LUFDGLDQ UK\WKP LQ $53( ,62&% VW &DPEULGJH 8.
&RQVWDEOH 3 $ /DZUHQVRQ - * DQG $UGHQ * % 7KH HV

&D PHGLDWHG UHVSRQVH ,6&(9 UG *ODVJRZ 8.

&RQVWDEOH 3 $ J/DZUHQVRQ - * 'ROPDQ ' ( 0 $UGHQ * % |
*O\FRSURWHLQ H[SUHVVLRQ LQ UHWLQDO SLJPHQW HSLWKHO
JORULGD 86%



SHIHUHQFHYV

$EH 7 6XJDQR ( 6DLJR < DQG 7DPDL O ,QWHUOHXNLQ
UHWLQDO SLJPHQW HSLWKHOLDO FHOOV $53( DEHUUDQYV
PROHFXOHV ,QYHVW 2SKWKDOPRO 9LV 6FL

$EUDKDP ( + 2NXQLHII 3 6FDOD 6 9RV 3 2RVWHUYHOG 0 -
% *XLGRWWL * B5HGG\ 0 0 4XLQWRQ 3 0 +DZV & LG
7DEFKDUDQL - $ +DQUDKDQ - : *XQGHUVRQ . / .RSLW
5 &\WWLF ILEURVLV WUDQVPHPEUDQH FRQGXFWDQFH
WULSKRVSKDWH 6FLHQFH

$GDPV % DQG 7DQDEH 7 6WUXFWXUDO UHJLRQV RI WKH |
LQYROYHG LQ &D GHSHQGHQW ,QDFWLYDWLRQ - *HQ 3K\VLF
$NHR . OL\DPRWR + 2NLVDND 6 DQG +LUDPLWVX 7 (1t

JURZWK RI ERYLQH UHWLQDO LSL YRINEB/R BN MWE HZQ WKO OAHXRM\H
OLQROHLF DFLG K\GURSHUR[LGH 3LJPHQW &HOO 5HV

$OL]DGHK O :DGD O *HOIPDQ & O +DQGD - 7 DQG +MH(
'RZQUHJIXODWLRQ Rl GLIITHUHQWLDWLRQ VSHFLILF JHQH HI[
$53( FHOOV ,QYHVW 2SKWKDOPRO 9LV 6FL

$OODQVVRQ / .KDWLEL 6 20VVRQ 7 DQG +DQVVRQ ( $F
>&D @ WUDQVLHQWV FHOO VZHOOLQJ DQG WUDQVIRUPDWL
SULPDU\ FXOWXUHV - 1HXURFKHP

$OWPDQ ' * 3UDFWLFDO VWDWLVWLFV IRU PHGLFDO UHVHDU

$PLQ 6 &KRQJ 1 + 9 %DLOH\ 7 $ =KDQJ - .QXSS & &KHHYV
DQG /XWKHUW 3 - ORGXODWLRQ RLIVEBR \EBI(Q&HBRVE R

IRU DJH UHODWHG PDFXODU GHIJHQHUDWLRQ ,QYHVW 2SKWK

$PPDU ' $ +XJKHV % $ DQG 7KRPSVRQ ' $ IHXURSHSYV
SLIPHQW HSLWKHOLXP UHFHSWRU VXEW\SHV VLJQDOLQJ D
2SKWKDOPRO 9LV 6FL



$QGHUVHQ $ 3HGHUVHQ + %HQGW]HQ . DQG 5RSNH &
F\WRNLQH SURGXFWLRQ LQ VHUXP IUHH FXOWXUHV RI KXPD
,PPXQRO

$QGHUVRQ - © OROHFXODU VWUXFWXUH RI WLJKW MXQF
WUDQVSRUW 1HZV 3K\WLRO 6HL

$QGHUVRQ 0 3 %HUJHU + % 5LFK ' 3 *UHJRU\ 5 - 6PLW
D IXFOHRVLGH WULSKRVSKDWHY DUH UHTXLUHG WR RS
&HOO
$QGHUVRQ 0 3 *UHJRU\ 5 - 7KRPSVRQ 6 6RX]D ' : 3DXO
$ ( DQG :HOVK 0 - E '"HPRQVWUDWLRQ WKDW &)75 L

DOWHUDWLRQ RI LWV DQLRQ VHOHFWLYLW\ G6FLHQFH

$QGHUVRQ 0 3 5LFK ' 3 *UHJRU\ 5 - 6PLWK $ ( DQG :HOVE
Rl F$03 DFWLYDWHG FKORULGH FXUUHQWV E\ H[SUHVVLRQ R

$QGHUVRQ 0 3 DQG :HOVK 0 - &DOFLXP DQG F$03 DF\
FKDQQHOV LQ WKH DSLFDO PHPEUDQH RI QRUPDO DQG F\V\
$FDG 6HL 86 $

$QGR $NDWVXND < S$EGXOODHY , /HH ( 2NDGD < DQG 6DELUI
YROXPH VHQVLWLYH &0 FKDQQHOV E\ &)75 LV PHGLDWHG E\
GRPDLQ 310¢«JHUV $UFKLYH

$UGHQ * % $OWHUDWLRQV LQ WKH VWDQGLQJ SRWHQWLE
GLVHDVH 7UDQV 2SKWKDOPRO 6RF 8 .

$UGHQ * % DQG %DUUDGD $ $Q DQDO\VLV RI WKH HOHFWU
VXEMHFWV %ULW - 2SKWKDOPRO

$UGHQ * % %DUUDGD $ DQG .HOVH\ - ), $ QHZ FOLQLFD
XSRQ WKH VWDQGLQJ SRWHQWLDO RI WKH H\H %ULW - 2SK!

$UGHQ * % DQG &RQVWDEOH 3 $ 7KH HOHFWUR RFXORJUL

$UGHQ * % DQG .HOVH\ - ), &KDQJHV SURGXFHG E\ OLJK)

WKH KXPDQ H\H - 3K\VLRO IRQG



$UGHQ * % DQG .ROE + $QWLPDODULDO WKHUDS\ DQG HDU
UKHXPDWRLG DUWKULWLY %ULW OHG -

$UGHQ * % DQG :ROI - ( D 7KH HOHFWUR RFXORJUDSKLF U
D VHULHV RI SDWLHQWY ZLWK UHWLQLWLY SLIJPHQWRVD ,Q

$UGHQ * % DQG :ROI - ( E 7TKH KXPDQ HOHFWUR RFXORJI
DOFRKRO ,QYHVW 2SKWKDOPRO 9LV 6FL

$UGHQ * % DQG :ROI - ( "LITHUHQWLDO HIIHFWV RI OLJI
RFXORJUDSKLF UHVSRQVHVY RI SDWLHQWV ZLWK DJH UHOI
2SKWKDOPRO 9LV ©6FL

$UGHQ * % ‘ROI - ( 6LQJEDUWO ) %HUQLQJHU 7 ( 5XGRO
(I'THFW RI DOFRKRO DQG OLJKW RQ WKH UHWLQDO SLJPHQW
SDWLHQWYV ZLWK UHWLQDO G\WWWURSKLHV %ULW - 2SKWKDOC
$UQGW & ) 6DUL $ JHUUH 0 3DUUDW ( &RXUWDV ' 'H 6H]I

(OHFWURSK\VLRORJLFDO HIIHFWV RI FRUWLFRVWHUI
HSLWKHOLXP ,QYHVW 2SKWKDOPRO 9LV 6FL

$UQGW & ) +XVVRQ - '"HUDPEXUH 3 +DFKH - & 3$UQDXG %
5HWLQDO HOHFWURSK\VLRORJLFDO UHVXOWYV LQ S
PRQRWKHUDS\ (SLOHSVLD

$WDOOD / 5 6HYDQLDQ $ DQG 5DR 1 $ ,PPXQRKLVW
JOXWDWKLRQH SHUR[LGDVH LQ RFXODU WLVVXH &XUU (\H 51

%DGHU & 5 ODF/HLVK 3 5 DQG 6FKZDUW] ( $ 5HVSRQV
SKRWRUHFHSWRUV LVRODWHG IURP WLJHU VDODPDQGHU UHYV

%DLOH\ 7 $ .DQXJD 1 5RPHUR , $ *UHHQZRRG - IXWKHUW
2[LGDWLYH VWUHVV DIIHFWV WKH MXQFWLRQDO LQWH
FHOOV ,QYHVW 2SKWKDOPRO 9LV 6FL

%DQ < DQG 5L]IROR [/ - $ FXOWXUH PRGHO RI GHYHORSPHC
53( WLIKW MXQFWLRQV ORO 9LV

%DQ < DQG 5L]]JROR [ - D 'LITHUHQWLDO UHJXODWLRQ RI \
GHYHORSPHQW RI WKH UHWLQDO SLJPHQW HSLWKHOLXP $PH



WQ < DQG 5L]IROR [ - E SHIXODWLRQ RI JOXFRVH WUDQV
WKH UHWLQDO SLIJPHQW HSLWKHOLXP 'HY %UDLQ S5HV

%DQ < :LOW 6 ' DQG 5L]]JROR [ - 7ZR VHFUHWHG UHWL
VWDJHV RI GHYHORSPHQW RI WKH RXWHU EORRG UHWLQDO EI

%DULVK 0 ( $ WUDQVLHQW FDOFLXP GHSHQGHIO@REKYGRULGH
RRF\WH - 3K\WLRO /RQG
%DUULFNV 0 ( 9LWHOOLIRUP OHVLRQV GHYHORSLQJ LQ QRL

%HOLD 6 ODQQXFFL 5 /ILVFLDUHOOL O &DFFKLR 0 DQG )DQ
HWKDQRO RQ LOWUDFHOOXODU &D OHYHOV LQ XQGLIITHUHQW

%HQGD 3 /LIKWERG\ - 6DWR * /IHYLQH / DQG 6ZHHW
VWUDLQ LQ WLVVXH FXOWXUH 6FLHQFH

%HUULGJH 0 - %RRWPDQ 0 ' DQG 5RGHULEN + / &DOF
KRPHRVWDVLY DQG UHPRGHOOLQJ 1DWXUH 5HY ORO &HOO Y%

%HVW ) OLHEHU HLQH KHUHGLWDHUH ODFXODDIIHNWLRQ ¢
3ROODFN . .UHX] ) DQG 3LOOXQDW / ORUEXV %HVW
2SKWKDOPRORJH

%LDOHN 6 DQG OLOOHU 6 6 . DQG &0 WUDQVSRUW PH
HSLWKHOLXP WKDW FRXOG PRGXODWH VXEUHWLQDO VSDFH Y

IRQG
%LDOHN ©6 4XRQJ - 1 <X . DQG OLOOHU 6 ©6 IRQVWHURF
DOWHU FKORULGH DQG IOXLG WUDQVSRUW LQ ERYLQH UHWLQ

&
%ODLVGHOO & - (GPRQGV 5 :DQJ ;7 *XJJLQR 6 DQG =

UHJXODWHG FKORULGH VHFUHWLRQ LQ IHWDO OXQJ HSLWKF
/

%ODXJ 6 4XLQQ 5 4XRQJ - -DOLFNHH 6 DQG OLOOHU 6 6
IXQFWLRQ D UROH IRU &)75" 'RF 2SKWKDOPRO



YRGH ' & DQG OROLQRII 3 % LQ(IY IRQWW KRH 8l VDIGIUQIRAH UJLF UH
FRXSOHG DGHQ\ODWH F\FODVH V\VWHP - 3KDUPDFRO ([S 7K

%RN 5HWLQDO SKRWRUHFHSWRU SLIPHQW HSLWKHOLXP |
,QYHVW 2SKWKDOPRO 9LV 6FL

%RN ' 2'D\ : DQG 5RGULJXH] %RXODQ ( 3RODUL]HG EXGG
DQG LQIOXHQ]D YLUXV IURP FXOWXUHG KXPDQ DQG ERYLQH |
(\H 5HV

%ROOLPXQWKD 6 &RUQDW]HU ( DQG 6LQJK % % 30DVPI

IXQFWLRQ RI 753& LV GHSHQGHQW RQ LWV LOQOWHUDFWLRQ ZL
FHOOV 9LV 1HXURVFL

%RVO 0 5 6WHLQ 9 +XEQHU & =GHELN $ $ -RUGW 6 ( OXN|
6 +ROVWHLQ $) DQG -HQWVFK 7 - ODOH JHUP FHOO
GHSHQGHQW RQ FORVH FHOO FHOO LQWHUDFWLRQV GHJH
GLVUXSWLRQ (0%2 -

%RVW / 0 $RWDNL .HHQ $ ( DQG +MHOPHODQG / O &HOO:
JHQH H[SUHVVLRQ LQ KXPDQ UHWLQDO SLJPHQW HSLWKHOLDO

%RWFKNLQ / 0 DQG ODWWKHzZV * 9ROWDJH GHSHQGHQW VI
UHWLQDO SLIJPHQW HSLWKHOLXP FHOOV LQ FXOWXUH 3URF 1

%RXFKHU 5 & 6WXWWV 0 - .QRZOHV 0 5 &DQWOH\ / DQG *D!
LQ F\WVWLF ILEURVLYVY UHVSLUDWRU\ HSLWKHOLD $EQRUPDO E
F\FODVH DFWLYDWLRQ - &OLQ ,QYHVW

%UDXQVWHLQ * O =VHPEHU\ § 7TXFNHU 7 $ DQG 6FKZLHEHU
VLIQDOLQJ XQGHUOLHV &)75 FRQWURO RI KXPDQ DLUZD\ HS
JLEURVLYV

ULGJIJHV & & (O 6BKHUEHQ\ $ 20D 0 6 *DQDSDWK\ 9 DQ
7TUDQVFHOOXODU WUDQVIHU RI IRODWH DFURVV WKH UHWLQC

%ULGJIJHV & & .HNXGD 5 :DQJ  + 3ubvbG 3 OHKWD 3 +XD
*DQDSDWK\ 9 D 6WUXFWXUH IXQFWLRQ DQG UHJXODWL
WUDQVSRUWHU LQ UHWLQDO SLIJPHQW HSLWKHOLDO FHOOV



WLGIHV & & 20D 0 © 3ubvbG 3 (O 6KHUEHQ\ % *DQDS|
E 5HIXODWLRQ RI WDXULQH WUDQVSRUWHU H[SUHVVLRQ
SLIJPHQW HSLWKHOLDO FHOOV $PHU - 3K\VLRO &

%ULGJHV & ' $OYDUH] 5 $ )RQJ 6 / *RQ]DOH] )HUQDQGH] )
9LVXDO F\FOH LQ WKH PDPPDOLDQ H\H UHWLQRLG
GLVWULEXWLRQ RI  F V UHWLQRLGV 9LV 5HV

%ULJIV 0 & *ULHUVRQ , +LVFRWW 3 DQG +XQW - § $F
SUROLIHUDWLYH YLWUHRUHWLQDO GLVHDVH ,QYHVW 2SKWK

%URZQ - 5HDGLQJ 6 - -RQHV 6 JLWFKHWW & - +RZ0O0 -
OLFKHODQJHOL ) 'XEURYD < ( DQG %URZQ & %
(&9 DV D KXPDQ HQGRWKHOLDO FHOO PRGHO GHILQHG E\ JI
UHVSRQVHY D FRPSDULVRQ ZLWK WKH KXPDQ EODGGHU FD(

7 IDE ,QYHVW

%YURZQ . 7 DQG :LHVHO 7 1 , QWUDUHWLQDO UHFRUGLQJ Z
LQWDFW FDW H\H - 3K\VLRO IRQG

%URZQ . 7 DQG :LHVHO 7 1 D $QDO\WLV RI WKH LQWUDUH
LQWDFW FDW H\H - 3K\VLRO IRQG

%URZQ . 7 DQG :LHVHO 7 1 E /IRFDOL]DWLRQ RI WKH RUL

FRPSRQHQWYV E\ LQWUDUHWLQDO UHFRUGLQJ LQ WKH LQWDF\

%XUNH - 0 &DR ) ,UYLQJ 3 ( DQG 6NXPDW] & 0 % ([S
KXPDQ UHWLQDO SLJPHQW HSLWKHDOVYK®YEMW® DK W KDOPRAQ R
6HL

%XUNH - 0 DQG )RVWHU 6 - JQGXFWLRQ RI '1$ VIQWKHVL)

DQG SLIPHQW HSLWKHOLXP ,QYHVW 2SKWKDOPRO 9LV 6HL

%XUQVLGH % DQG %RVW 8VLQJHU / 7KH UHWLQDO SLJPH
5HWLQDO 3LJPHQW (SLWKHOLXP 0 ) ODUPRU DQG 7 - :ROI}F
%XVH ( (LFKPDQQ 7 GH*URRW + DQG /HNHU $ "LITHUHC

UHWLQDO SLJPHQ® WISWRROEKAIOHH RI SUHVXPSWLYH UHWLQD!
DQRQG KHDG PHVHQFK\PH $QDW (PEU\RO %HUO



WwWW $ 0 DQG .DOVL §$ ,QZDUGO\ UHFWLI\LQJ SRWDVVLXP
V\VWHP JOLD D VSHFLDO UROH IRU .LU LQ JOLDO IXQFWLRC

&DPSRFKLDUR 3 $ DQG *ODVHU % O OHFKDQLVPV LQYROYH
FHOO FKHPRWD[LY $UFK 2SKWKDOPRO

&DPSRFKLDUR 3 $ DQG +DFNHWW 6 ) &RUQHDO HQGRW
H[SUHVVLRQ Rl GLIIHUHQWLDWHG IHDWXUHV RI UHWLQDO SL.
ODPLQLQ DQG EDVLF ILEUREODVW JURZWK IDFWRU DV DFWL

&DPSRFKLDUR 3 $ +DFNHWW 6 ) DQG &RQZD\ % 3 5HWL
GHSHQGHQW JURZWK DUUHVW LQ KXPDQ UHWLQDO SLJPHQW
9LV 6FL

&DPSRFKLDUR 3 $ -HUGRQ - $ DQG *ODVHU % 0 7KH H[\
UHWLQDO SLJPHQW HSLWKHOLDO LFH ® QW YLIRY WL Y2RS5 KVMQIGD OW R O/ \
6FL

&DQQHOO 0 % &KHQJ + DQG /HGHUHU : - 6SDWLDO QRQ

HIFLWDWLRQ FRQWUDFWLRQ FRXSOLQJ LQ FDUGLDF P\RF\WHYV

&DSHDQV & SBLQHLUR % 3DUGR O 6 XHLUR /RSH] & %ODQFR
6DQFKH] 6DORULR O $PQLRWLF PHPEUDQH DV VXSSRUW
HSLWKHOLXP 53( FHOO JURZWK $FWD 2SKWKDOPRO 6FDQG

&DVDUROL ODUDQR 5 3 3DJDQ 5 DQG 9LODUR 6 (SLWKHC
SUROLIHUDWLYH YLWUHRUHWLQRSDWK\ LQWHUPHGLDWH IL
SLIJIPHQW HSLWKHOLDO FHOOV ,QYHVW 2SKWKDOPRO 9LV 6F

&DWDODQ 0 &RUQHMR , )LIJXHURD & ' 1LHPH\HU 0 , 6HSX
&,& LQ JXLQHD SLJ FRORQ P51%$ LPPXQRODEHOLQJ DC

VXUIDFH HSLWKHOLXP ORFDOL]DWLRQ $PHU - 3K\VLRO *
&KDQJ & : G5RTXH 5 6 'HIRH ' 0 DQG &DOGZHOO 5 % $

LVRODWLRQ DQG FXOWXUH RI SLIPHQW HSLWKHOLDO FHOOV

&KDQJ & : <H / 'HIRH ' 0 DQG &DOGZHOO 5 % 6HUXP
IRUPDWLRQ LQ FXOWXUHG SLJPHQW HSLWKHOLDO FHOOV ,Q



&KHQ - 7 ILDQJ - % &KRX &/ 6K\X 5 & DQG /X ': 5H
9(*) JHQH H[SUHVVLRQ LQ KXPDQ UHWLQDO SLIJPHQW HSLWKF
3KDUP 7KHU

&KHQ 6 :DQ ; / DQG 6HDUV O SO&QFDQ UHJXODWH VZH
HLWKHU OD\HU RI UDEELW FLOLDU\ HSLWKHOLXP %LRFKHP 9

&KHQ < & &KHQ 6% &KHQ <- 7DL &7 &KDQ 3 DQG /LQ & C
RQ WKH HOHFWURSK\VLRORJLFDO FKDUDFWHULVWLFV RI SXC
3KDUPDFRO

&KLED . ,QDGD . DQG 6DNDPRWR 6 +XPDQ FXOWXUHG UL
SURGXFH LOQWHUOHXNLQ 1LSSRQ *DQND *DNNDL =DVVKL

&KLN & /LX 4 *LUDUG 0 .DUSLQVNL ( DQG +R $ ,QKLE
W\SH &D FKDQQHOV DQG &D GHSHQGHQW JXDQRVLQ}
DFFXPXODWLRQ LQ UDW SLQHDORF\WHV (QGRFULQRORJ\

&KLVKW\ 0 S5HLFKHO $ %HJOH\ ' - DQG $EERWW 1 - *(
EDUULHU /LNH / VIVWHP DPLQR DFLG WUDQVSRUW LQ WKH (&€

&KRZHUV .LP < )DUNDV 5 *XQDWLODND 7 +DFNDP $ &DP
DQG =DFN ' &KDQJHV LQ UHWLQDO SLIJPHQW HSLWKHOL
URG RXWHU VHIJPHQW XSWDNH ,QYHVW 2SKWKDOPRO 9LV 6

&KX 3 * DQG *UXQZDOG * % ,GHQWLILFDWLRQ RI DQ DGKF
UHWLQDO SLIPHQW HSLWKHOLXP ,QYHVW 2SKWKDOPRO 9LV

&LG |/ ORQWURVH 5DIL]IDGHK & 6PLWK ' *XJIJLQR @ DQG &XW\
SXWDWLYH KXPDQ YROWDJH JDWHG FKORULGH FKDQQHO &,
KXPDQ WLVVXHV +XP ORO *HQHW

&OD\WRQ 5 DQG :RRGZDUG - - (IlHFWV RI HWKDQRO RQ W
FRQGXFWDQFHV HQURISHN RRHEXWHY 1HXURFKHP ,QW

&RDNOH\ 5 *UXEE % 5 3DUDGLVR $ O *DWI\V - 7 -RKQV
2 1HDO : . DQG %RXFKHU 5 & $EQRUPDO VXUIDFH C
FXOWXUHG F\WWLF ILEURVLY EURQFKLDO HSLWKHOLXP 3URF

&RIDQ O 1LFRODV - © JHUQDQGH] 6ROD - 5REHUW - 7TRELDV
DQG 8B8UEDQR ODUTXH] $ $FXWH HWKDQRO WUHDWPH(



FDFLXP LRQ WUDQVLHQWY LQ PRXVH IVQ QULYBFRNKIROH $WDFR RGO

&RKHQ 6 7KH VWLPXODWLRQ RI HSLGHUPDO SUROLIHUDWLR
%LRO

&ROHJIJLR 2 5 ,WDOOLH & 9 5DKQHU & DQG $QGHUVRQ - 0
GRPDLQV GHWHUPLQH SDUDFHOOXODU FKDUJH VHOHFWLYLW\
ILEULO DUFKLWHFWXUH $PHU - 3K\VLRO &

&ROHJIJLR 2 5 9DQ ,WDOOLH & O OF&UHD + - B5DKQHU & T
&ODXGLQV FUHDWH FKDUJH VHOHFWLYH FKDQQHOV LQ WKF
HSLWKHOLDO FHOOV $PHU - 3K\VLRO &

&ROOLVRQ ' - 7RYHOO 9 ( &RRPEHV / - 'XQFDQ * DQG 6DQG
Rl $73 LQGXFHG &D PRELOLVDWLRQ LQ KXPDQ UHWLQDO SL.
5HV

&RQVWDEOH 3 $ /DZUHQVRQ - * DQG $UGHQ * % D 7KH

ILEURVLV 'RF 2SKWKDOPRO

&RQVWDEOH 3 $ /DZUHQVRQ - * 'ROPDQ ' ( 0 $UGHQ * %
3 *O\FRSURWHLQ H[SUHVVLRQ LQ UHWLQDO SLJPHQW HSLWKEF

&RUQHMR 3HUH] 3 DQG $UUHROD - SHIXODWLRQ RI &D DF
F$03 DQG &)75 LQ SDURWLG DFLQDU FHOOV %LRFKHP %LRSK

&UDZIRUG % - DQG 9LHONLQG 8 /IRFDWLRQ DQG SRVVLEOH
LQ FORQHV RI FKLFN UHWLQDO ,QLIPBQPRHGCGIMSEM/ RBOLDO FHO

&URRN 5 % 6RQJ 0 . 7RQJ /| 3 <DEX - O BRODQVN\ - 5
6WLPXODWLRQ RI LQRVLWRO SKRVSKDWH IRUPDWLRQ LQ |
HSLWKHOLXP %UDLQ 5HV

&URVYV + ( DQG %DUG / (OHFWUR RFXORJUDSK\ LQ %HVW
2SKWKDOPRO

&XOOLQDQH $ % /HXQJ 3 6 2UWHJR - &RFD 3UDGRV 0 DQG
DQJLRWHQVLQ V\VWHP H[SUHVVLRQ DQG VHFUHWRU\ IXQFWLF
QRQ SLIPHQWHG HSLWKHOLXP %ULW - 2SKWKDOPRO



&EXSSROHWWL - %DNHU $ 0 DQG ODOLQRZVND ' + &0 FK

FHOO WKDW DUH DFWLYH DW ORZ S+ $PHU - 3K\VLRO &
&EXWWLQJ * 5 .DVFK / 0 B5RVHQVWHLQ % - =LHOHQVNL - 7V
.D]D]LDQ -U + + $ FOXVWHU RI F\VWLF ILEURVLV PXWL

ELQGLQJ IROG RI WKH F\VWLF ILEURVLVY FRQGXFWDQFH UHJXC

'‘DYLV $ $ HUQVWHLQ 3 6 %RN ' 7XUQHU - IDFKWLJDO
KXPDQ UHWLQDO SLJPHQW HSLWKHOLDO FHOO OLQH WKDW
SURORQJHG FXOWXUH ,QYHVW 2SKWKDOPRO 9LV 6FL

'DZLV 6 DQG 1LHPH\HU * 'RSDPLQH LQIOXHQFHV WKH OL
PDPPDOLDQ H\H ,QYHVW 2SKWKDOPRO 9LV 6FL

'HDQ 0 DQG $OOLNPHWV 5 &RPSOHWH FKDUDFWHUL]DWLRQ
%LRHQHUJ %LRPHPEU

'HIRH ' 0 DQG *ULQGVWDII 5 (SLGHUPDO JURZWK IDFWI
VXUYLYDO FRQWULEXWLRQ RI SKRVSKDWLG\OLQRVLWRO NI
NLQDVH SDWKZD\V ([S (\H 5HV

'LHKO $ © <DQJ 6 4 &RWH 3 DQG :DQG * 6 &KURQLF
GLVWXUEV * SURWHLQ H[SUHVVLRQ DQG LQKLELWV F\FOLF
UHJHQHUDWLQJ UDW OLYHU +HSDWRORJ\

'LUNV @ * ODF/HRG 5 $ DQG 'UH[OHU + * (&9 HQGRW
EODGGHU FDUFLQRPD FHOO OLQH FURVV FRQWDPLQDWLRQ
$QLP

'REELH 0 6 +XUvw 5 ' .OHLQ 1 - DQG 6XUWHHV 5 $ +

LOWHUFHOOXODU DGKHVLRQ PROHFXOH HI[SUHVVLRQ RQ KX
QHFURVLV IDFWRU PRIGRIOQRI WKH EORRG EUDLQ EDUULHU %!

'ROSKLQ $ & 7KH */ %URZQ 3UL]JH /HFWXUH 9ROWDJH GHSH
WKHLU PRGXODWLRQ E\ QHXURWUDQVPLWWHUY DQG * SURWHL

'RSLFR $ 0 $QDQWKDUDP 9 DQG 7UHLVWPDQ 6 1 (WKDQ
&D GHSHQGHPWORKDQQHOV IXQFWLRQDO LQWHUDFWLRQ ZL
3KDUPDFRO ([S 7KHU



"RUN 7 :XOEUDQG 8 S5LFKWHU 7 IHXPDQQ 7 :ROIHV + :XOI
% &\VWLF ILEURVLV ZLWK WKUHH PXWDWLRQV LQ WK
FRQGXFWDQFH UHJXODWRU JHQH +XP *HQHW

'"UH[OHU + % 4XHQWPHLHU + 'LUNV : * DQG ODF/HRG 5
FDUFLQRPD FHOO OLQH (&9 LV QRW D PRGHO V\VWHP IR
&HOOXODU 'HY

'X %RLV 5H\PRQG ( BOWHUVXFKXQTHQ XEHU GHL WKLHULYV
5HLPHU *HG &LWHG E\ $UGHQ * % DQG &RQVWDEOH 3
RFXORJUDP 3URJ 5HW (\H 5HV

'XDQ +) X &7 IX < :DQJ + /LX + - =KDQJ 4 : -LD /
/6 6SKLQJRVLQH NLQDVH DFWLYDWLRQ UHJXODWHV KH
PLJUDWLRQ RI HQGRWKHOLDO FHOOV ([S &HOO 5HYV

"XIXHSHURX[ , DQG 'H %UDHNHOHHU O *HQRW\ISH SKHQRW\S
PXWDWLRQV I[UHTXHQWO\ LGHQWLILHG LQ ZHVWHUQ )UDQFH

'XQFDQ . * %DLOH\N . 5 %D[WHU - ' DQG 6FKZDUW] " O
SLIJPHQW HSLWKHOLXP $ WDUJHW WLVVXH IRU WKA\URLG KRL

'XQQ . & $RWDNL .HHQ $ ( 3XWNH\ ) 5 DQG +MHOPHODQG
KXPDQ UHWLQDO SLJPHQW HSLWKHOLDO FHOO OLQH ZLWK Gl

'XQQ . & ODUPRUVWHLQ $ %RQLOKD 9 / 5RGULJXH] %RX
+MHOPHODQG [/ O 8VH RI WKH $53( FHOO OLQH DV I
EDVRODWHUDO VHFUHWLRQ RI )*) ,QYHVW 2SKWKDOPRO 9L

(FRQRPRX 6 * DQG 6WHIDQLYV & 1 (OHFWURRFXORJUDSKIL
GHSUHVVLYH LOOQHVV S$FWD 3V\FKLDWU 6FDQG

(GHOPDQ - / DQG OLOOHU 6 6 (SLQHSKULQH VWLPXODWH\
UHWLQDO SLIPHQW HSLWKHOLXP ,QYHVW 2SKWKDOPRO 9LV

(GZDUGV 5 % $GOHU $ - DQG &OD\FRPE 5 & SHTXLUHPHC
PDLQWHQDQFH RI UHWLQ\O HVWHU V\QWKHWDVH DFWLYLW\ E
FHOOV ([S (\H 5HV



(JDQ 0 )ORWWH 7 $ILRQH 6 ®6RORZ 5 =HLWOLQ 3 / &DUWH
'"HIHFWLYH UHJXODWLRQ RI RXWZDUGO\ UHFWLI\LQJ &0 FKD(
E\ LOVHUWLRQ RI &)75 1DWXUH

(JJHUPRQW - &DOFLXP DFWLYDWHG FKORULGH FKDQQHOV
7TKRUDF ©6RF

(LQWKRYHQ : DQG -ROO\ : 7KH IRUP DQG PDJQLWXGH RI W
H\H WR VWLPXODWLRQ E\ OLJKW DW YDULRXV LQWHQVLWLHYV
E\ $UGHQ * % DQG &RQVWDEOH 3 $ 7TKH HOHFWUR F
5HV

(O 6KHUEHQ\ $ 1DJJDU + OL\DXFKL 6 20D 0 6 ODGGR[ ' O
9 DQG 6PLWK 6 % 2VPRUHJXODWLRQ RI WDXULQH
HISUHVVLRQ LQ UHWLQDO SLJPHQW HSLWKHOLDO JDQJOLRQ
9LV 6FL

(OOLRWW + / OHUHGLWK 3 $ 6 XPQHU Yoo OF/HDQ . DQ
SKDUPDFRG\QDPLF DQG SKDUPDFRNLQHWLF DVVHVVPHQW R
DOQWDJRQLVW GRI[D]RVLQ 8. LQ QRUPRWHQVLYH VXEMHF

(VFK ) %DLUG $ /LQJ 1 B8HQR 1 +LOO ) 'HQRUR\ / .OHS
%RKOHQ 3 DQG *XLOOHPLQ 5 3ULPDU\ VWUXFWXUF
ILEUREODVW JURZWK IDFWRU )*) DQG FRPSDULVRQ ZLWK W
ERYLQH EUDLQ DFLGLF )*) 3URF 1DWO $FDG $FL 86 $

JHOGPDQ ( / DQG 5DQGROSK $ ( SHSWLGHY VWLPXODWH
KXPDQ UHWLQDO SLIPHQW HSLWKHOLXP ,QYHVW 2SKWKDOPI

JHOGPDQ ( / B5DQGROSK $ ( -RKQVWRQ * & 'HOORQWH 0 $
5HFHSWRU FRXSOHG SKRVSKRLQRVLWLGH K\GURO\VLV LQ KX
1IHXURFKHP

JHVHQNR ( ( .ROHVQLNRY 6 6 DQG /\XEDUVN\ $ / "LUHF
FRQGXFWDQFH RI UHWLQDO URG SODVPD PHPEUDQH %LRFKLI

)LMLVDZD . <H - DQG =DGXQDLVN\ - $ $ 1D &D HI[FKDQ
PHPEUDQH YHVLFOHV RI WKH UHWLQDO SLJPHQW HSLWKHOLX

JLQQHPDQQ 6 & %RQLOKD 9 / ODUPRUVWHLQ $ ' DQG 5R
3KDJRF\WRVLV Rl URG RXWHU VHJPHQWV E\ UHWLQDO SLJPH



L@HJULQ IRU ELQGLQJ EXW QRW IRU LQWHUQDOL]DWLRQ 3UF

JLVFKPHLVWHU 5 DQG +DUW]HOO + & 9ROXPH VHQVLWLY
FKORULGH FKDQQHOV - 3K\VLRO IRQG

JLVKHU 6 . DQG /LQEHUJ . $ ,(QWHUFHOOXODU MXQFWLRC
UHWLQD - 8OWUDVWUXFW ©5HV

JLVKPDQ 0 / 2EHUF 0 $ +HVV + + DQG (QJHO
GHPRQVWUDWLRQ RI FDOFLXP LQ UHWLQD UHWLQDO SLJPHQ
5HV

JORFNHUJL 9 2HNHQ + - +RIPDQQ ) 3HO]JHU ' &DYDOLH $
3XULILHG GLK\GURS\ULGLQH ELQGLQJ VLWH IURP VNHOHWDC
FDOFLXP FKDQQHO 1DWXUH

JORWR 5 $ ODKDXW 6PLWK 0 3 G6RPDVXQGDUDP % DQG $OOHQ
RVFLOODWLRQV LQ GLIITHUHQWLDWHG 8 FHOOV D VWXG\
PLFURVFRS\ DQG FR ORDGHG IOXR DQG IXUD UHG IOXRUHVF

JRUVPDQ . *UDII & l1RUGVWURP 6 -RKDQVVRQ . "HVWHU|
*XVWDYVRQ . + :DGHOLXV & DQG +ROPJUHQ * 7TKH J
G\WWURSK\ LV ORFDWHG DW T LQ D 6ZHGLVK IDPLO\ &OLQ

JUDPEDFK ' % )DLQ * / )DUEHU ' % DQG %RN ' %HWD I
FXOWXUHG KXPDQ UHWLQDO SLIJPHQW HSLWKHOLXP ,QYHVW

JUDPEDFK ' $ 9DOHQWLQH - / DQG :HLWHU - - JXURVHPL
ERYLQH UHWLQDO SLIJIPHQW HSLWKHOLXP ,QYHVW 2SKWKDOP

JUDQFLV 3 - ODULQHVFX $ )LWINH ) :A %LUG $ & DQG +ROGC
RFFXOW RXWHU UHWLQRSDWK\ WRZDUGV D VHW RI GLDJQRVW

JULHGODQGHU 0 / %HOO ' 5 /HDU\ - DQG 'DYH\ 5 % &R
DQDO\WLY DQG LPPXQRF\WRFKHPLFDO GHWHFWLRQ RI 3 JO\F
FHOOV - &OLQ 3DWKRO



)XFKV 8 .LYHOD 7 DQG 7DUNNDQHQ $ &E\WRVNHOHWRQ L
UHWLQDO SLIJPHQW HSLWKHOLDO FHOOV ,QYHVW 2SKWKDOPI

)XMLL 6 *DOOHPRUH 5 3 JOXIJKHV % $ DQG 6WHLQEHUJ 5 +
EDVRODWHUDO &0 FRQGXFWDQFH LQ WKH WRDG UHWLQDO
&

JXMLPRWR 0 DQG 7RPLWD 7 SHFRQVWUXFWLRQ RI WKH V(
,QYHVW 2SKWKDOPRO 9LV 6FL

JXNXRND < 6WUDLQLF O DQG OHGRI 0 ( 'LITHUHQWLDO F

UHWLQDO SLJPHQW HSLWKHOLDO FHOOV LQ UHVSRQVH WR V)

)IXQJ % . . DQG 6WU\HU / SKRWRO\]HG UKRGRSVLQ FDWDO\
ERXQG *3 LQ UHWLQDO URG RXWHU VHIJPHQWY 3URF 1DWC

)XUXNDzZD 7 2JXUD 7 .DWD\DPD < DQG )OLUDRND O &KD
FXUUHQW H[SURRGREA\Q'HY DQG LWV FRQWULEXWLRQ WR YRC
- 3K\VLRO &

*DEULHO 6 ( &ODUNH [ / %RXFKHU 5 & DQG 6WXWWV 0 -
UHFWLI\LQJ FKORULGH FKDQQHOV DUH GLVWLQFW SURWHLQV

*DLOODUG 3 - 9RRUZLQGHQ [/ + I1LHOVHQ - [/ ,YDQRY $ 3$W!
& GH %RHU $ * DQG %UHLPHU b (VWDEOLVKP
FKDUDFWHUL]D®/ LYRERRBR @ RI WKH EORRG EUDLQ EDUULHU FRHF
Rl EUDLQ FDSLOODU\ HQGRWKHOLDO FHOOV DQG DVWURF\WH\

*DOOHPRUH 5 3 *ULIl ( 5 DQG 6WHLQEHUJ 5 ), (YL
SKRWRUHFHSWRUDO RULJLQ IRU WKH OLJKW SHDN VXEVWDQ|

*DOOHPRUH &5 3 +HUQDQGH] ( 7TD\WWDQLSRXU 5 )XMLL 6 DQ
%DVRODWHUDO PHPEUDQH &0 DQG . FRQGXFWDQFHV RI Wl
SLIPHQW HSLWKHOLXP - 1HXURSK\VLRO

*DOOHPRUH 5 3 +XJKHV % $ DQG OLOOHU 6 6 /ILIKW LQC
SLIJPHQW HSLWKHOLXP 7KH UHWLQDO SLJPHQW HSLWKHOL?>
ODUPRU DQG 7 - :ROIHQVEHUJHU 2[IRUG 283



*DOOHPRUH 5 3 +XJKHV % $ DQG OLOOHU 6 6 S5HWLQD
PHFKDQLVPVY DQG WKHLU FRQWULEXWLRQV WR WKH HOHFWUF

*DOOHPRUH 5 3 DQG 6WHLQEHUJ 5 + (IMTHFWV RI ','6 RQ
HSLWKHOLXP ,, PHFKDQLVP RI WKH OLJKW SHDN DQG RWK
EDVDO PHPEUDQH - 1HXURVFL

*DOOHPRUH 5 3 DQG 6WHLQEHUJ 5 + (ITHFWV RI GRSDPLQ!
HSLWKHOLXP OHPEUDQH SRWHQWLDOV DQG OLJKW HYRNHG L
6HL

*DOOHPRUH 5 3 DQG 6WHLQEHUJ 5 + &REDOW LQFUHD\

UHVSRQVHV RI WKH FKLFN UHWLQDO SLJPHQW HSLWKHOLXP

*DOOHPRUH 5 3 DQG 6WHLQEHUJ 5 + /[LIKW HYRNHG |
PHPEUDQH &0 FRQGXFWDQFH LQ FKLFN UHWLQDO SLJPHQW
RVFLOODWLRQ - 1HXURSK\VLRO

*DUFLD 0 / .LQJ 9 ) 6KHYHOO - / 6ODXJKWHU 5 6 6 XDUH]
.DFIRURZVNL * - $PLORULGH DQDORJV LQKLELW [/ W\
GLVSOD\ FDOFLXP HQWU\ EORFNHU DFWLYLW\ - %LRO &KHP

*DUGQHU 7 ILHWK ( .KLQ 6 $ %DUEHU $ - %YRQVDOO '
%UHQQDQ D% -U $VWURF\WHY LQFUHDVH EDUULE

H[SUHVVLRQ LQ UHWLQDO YDVFXODU HQGRWKHOLDO FHOOV

*DUJ 7 . DQG &KDQJ - < 2[LGDWLYH VWUHVV FDXVHV (5.

GHDWK LQ FXOWXUHG UHWLQDO SLIJPHQW HSLWKHOLXP 3UH
GHR[\ GHOWD 3*- %0& 2SKWKDOPRO

*DUZHJ - "HIPDQQ %XUQV 0 DQG *ROGEOXP ' (ITHFW

PLWRP\FLQ & D]DWKLRSULQH DQG F\FORVSRULQ $ RQ KXPDQ
FRUQHDO HQGRWKHOLDO DQG FRQMXQFWLYDO FHOO OLQHV

*DXVK & 5 +DUG : / DQG 6PLWK 7 ) &KDUDFWHUL]DWLR
FDQLQH NLGQH\ FHOOV 0'&. 3URF 6RF ([S %LRO OHG



*HH . 5 %URZQ . $ &KHQ : 1 8 %LVKRS 6WHZDUW - *UD\
&KHPLFDO DQG SK\WLRORJLFDO FKDUDFWHUL]DWLRQ RI 10
&DOFLXP

*HLIJHU 5 & :DWHUV & O .DPS ' : DQG *OXFNVEHUJ 0 5
R[\JHQ PHGLDWHG GDPDJH LQ $53( FHOOV ,QYHVW 2SKWHK

*HUVWLQ -U ( + OFODKRQ 7 '‘DGJDU - DQG OHVVLQJ 5 2
PHGLDWHV HWKDQRO LQGXFHG XS UHJXODWLRQ RI / W\SH FI

*KLVHOOL * &KHQ - .DRX O +DOODN + DQG 5XELQ 5
JURZWK IDFWRU LQGXFHG SUROLIHUDWLRQ RI DRUWLF VPRRW
9DVH %LRO

*LOPDQ $ * * 3URWHLQVY WUDQVGXFHUV RI UHFHSWRU Jt
%LRFKHP
*OHQQH\ -U - 5 7\URVLQH SKRVSKRU\ODWHG SURWHLQV P

IURP WKH WAURVLQH NLQDVHV %LRFKHP %LRSK\V $FWD

*ROHVWDQHK 1 3LFDXG 6 DQG OLUVKDKL O 7TKH PLQHUD(
UHWLQD RQWRJHQ\ DQG PROHFXODU LGHQWLW\ ORO 9LV

*RPH] $ &HGDQR - 20LYD % B3LQRO - DQG 4XHURO ( 7
PDFXODU G\WWURSK\ %0' HQFRGHV D SXWDWLYH LRQ H[FKDQ

*RQ]JDOH] ODULVFDO [/ &KDYH] GH 5DPLUH] % DQG &HUHLMLGR (
RQ WKH RFFOXGLQJ MXQFWLRQV RI PRQROD\HUV RI HSLWKHC

*RRGHQRXJK ' $ %XON LVRODWLRQ RI PRXVH KHSDWRF\WH
RI WKH SULQFLSDO SURWHLQ FRQQH[LQ - &HOO %LRO
*RUGRQ $ 6 1DJ\ / ORFKO\ 5RVHQ ' DQG 'LDPRQG &K

KHWHURORJRXVY GHVHQVLWL]DWLRQ LV PHGLDWHG E\ FKD
%LRFKHP 6RF 6\PS

*UDQLW 5 7TKH FRPSRQHQWYV RI WKH UHWLQDO DFWLRQ SRWI
WR WKH GLVFKDUJH LQ WKH RSWLF QHUYH - 3K\VLRO IRQG



*UDQLW 5 7KH FRPSRQHQWYV RI WKH YHUWHEUDWH HOHFWUR
WKH UHWLQD * &XPEHUOHJH /RQGRQ 283

*UHHQH / $ DQG 7LVFKOHU $ 6 (VWDEOLVKPHQW RI D QF
DGUHQDO SKHRFKURPRF\WRPD FHOOV ZKLFK UHVSRQG WR Q
$FDG 6FL 86 $

*UHJHU 5 0DbOO © %OHOFK O (FNH :DUWK 5 S5LHGHPDQ
5HIXODWLRQ RI HSLWKHOLDO LRQ FKDQQHOV E\ WKH
FRQGXFWDQFH UHIJXODWRU - ORO OHG

*UHJRU\ 5 - 5LFK ' 3 &KHQJ 6 + 6RX]D ' : 3DXO 6 0DQDY
3 :HOVK 0 - DQG 6PLWK $ ( ODWXUDWLRQ DQG IX
WUDQVPHPEUDQH FRQGXFWDQFH UHJXODWRU YDULDQWYV E
QXFOHRWLGH ELQGLQJ GRPDLQV DQG ORO &HOO %LRO

*ULIl ( 5 5HVSRQVH SURSHUWLHV RI WKH WRDG UHWLQI
2SKWKDOPRO 9LV 6FL

*ULllr (5 6KLUDR < DQG 6WHLQEHUJ 5 + %D XQPDVNYV
SXPS LQ WKH IURJ UHWLQDO SLIJPHQW HSLWKHOLXP - *HQ
*ULIl ( 5 DQG 6WHLQEHUJ 5 + 2Q LY Vv R \MRKNHR QILHINKNWR SHD N

3K\ WLRO /RQG

*UXQGHU 6 7KLHPDQQ $ 3XVFK 0 DQG -HQWVFK 7 -
RSHQLQJ Rl &,& FKORULGH FKDQQHO E\ YROWDJH DQG FHOO

*UXVV 0 +HQULFK 0 .RQLJ 3 +HPSHOPDQQ * O9RJHO : DQG ¢
UHGXFHV H[FLWDELOLW\ LQ D VXEJURXS RI SULPDU\ VHQVRU
FKDQQHOV (XU - 1HXURVFL

*UMJRUF]\N 5 DQG +DQUDKDQ - : D &)75 LQGHSHQGHQW $73
FHOOV WULJJHUHG E\ PHFKDQLFDO VWLPXOL $PHU - 3K\VLR(

*U\JRUF]\N 5 DQG +DQUDKDQ - : E &\WWLF ILEURVLV WUD

UHIJXODWRU DQG DGHQRVLQH WULSKRVSKDWH 6FLHQFH

*U\QNLHZLF] * 3RHQLH 0 DQG 7VLHQ 5 $ QHZ JHQHUDWL
JUHDWO\ LPSURYHG IOXRUHVFHQFH SURSHUWLHV - %LRO &K



*Xo- (ODP - 6DUWLQ $ /L 5RDFK 5 DQG $GDLU 7 +
HWKDQRO LQGXFH H[SUHVVLRQ RI YDVFXODU HQGRWKHOL
DQJLRJHQHVLV $PHU - 3K\VLRO 5

*XOobsbooL 9 . 6XJLQR , . 9DQ 3DWWHQ < 6KDK 6 DQG =D
VXUYLYDO RQ DIJHG VXEPDFXODU KXPDQ %UXFK V PHPEUDQH

*XSWD / < DQG ODUPRU 0 ) 6HTXHQWLDO UHFRUGLQJ RI
RFXORJUDP UHVSRQVHV LQ SDWLHQWYV ZLWK H[WHQVLYH
2SKWKDOPRO

*XSWD / < DQG ODUPRU 0 ) (OHFWURSK\VLRORJ\ RI WKH
FHOQWUDO VHURXV FKRULRUHWLQRSDWK\ 'RF 2SKWKDOPRO

+DGORFN 7 6LQJK 6 9DFDQWL - 3 DQG OF/DXJKOLQ % -
FXOWXUHG RQ ELRGHJUDGDEOH VXEVWUDWHYV 7LVVXH (QJ

+DJLQV : % 3HQQ 5 ' DQG <RVKLNDPL 6 '‘DUN FXUUHQW
URGV - %LRSK\V
+bOO 0 2 $EUDPV 7 $ DQG OLWWDJ 7 : 526 LQJHVWLRQ

LQFUHDVHG SURWHLQ NLQDVH & DFWLYLW\ DQG E\ LQFUHDVI

+DOO 0 2 2ELQ 0 6 3ULHWR $ / %XUJHVV % / DQG $EUDPV
SKRWRUHFHSWRU RXWHU VHJPHQWY UHTXLUHV \ FDUER[\JOX
UHTXLUHG IRU 26 SKDJRF\W® WLYER5E (A0 0V

+DOO 0 2 3ULHWR $ / 2ELQ 0 6 $EUDPV 7 $ %XUJHVV %
- 2XWHU VHJPHQW SKDJRF\WRVLV E\ FXOWXUHG UHW
UHTXLUHV *DV  ([S (\H 5HV

+DUGLQJ * ) B5REHUWVRQ . 6SHQFHU ( / DQG +ROOLGD\ |,
HOHFWURSK\VLRORJ\ Rl YLVLRQ 'RF 2SKWKDOPRO

+DUWQHWW 0 ( /DSSDV % 'DUODQG ' OF&ROP - 5 [/RYHMR\
5HWLQDO SLIJPHQW HSLWKHOLXP DQG HQGRWKHOLDO FHOO
HSLWKHOLDO EDUULHU G\WIXQFWLRQ YLD D VROXEOH 9(*) C
5HV

+DUW]HOO + & DQG 4X = &KORULGHHRRBXHOW D DQ B EXRHQ
HSLWKHOLDO FHOOV - 3K\WLRO /RQG



+H 3 0 +H 6 *DUQHU - $ 5\DQ 6 - DQG +LQWRQ ' 5 5
FHOOV VHFUHWH DQG UHVSRQG WR KHSDWRF\WH JURZWK
&RPPXQ

+HOGLQ & + (UQOXQG $ B5RUVPDQ & DQG 5RQQVWUDQG /
SODWHOHW GHULYHG JURZWK IDFWRU UHFHSWRUV RFFXUV
DVVRFLDWHG ZLWK UHFHSWRU NLQDVH DFWLYDWLRQ - %LRO

+HQGULFVRQ $ : 7KRPDV 0 3 /LSSPDQQ 0 - DQG ORUULVHWW
/ W\SH YROWDJH JDWHG FDOFLXP FKDQQHO GHSHQGHQW V\
DQDO\VLV RI PLQLDWXUH V\QDSWLF FXUUHQWY DQG GHQGUL\
(IS 7KHU

+HUQDQGH] ( 9 +X - * )UDPEDFK ' $ DQG *DOOHPRUH 5
FRQGXFWDQFHYV LQ FXOWXUHG ERYLQH DQG KXPDQ UHWLQ
2SKWKDOPRO 9LV G6FL

+LGDMDW 5 5 OF/D\ - |/ *RRGH ' + DQG 6SHDULQJ 5 /
GHVIHUULR[DPLQH UHWLQDO WR[LFLW\ 'RF 2SKWKDOPRO

+LJILQV * 7 :DQJ - + 'RFENHU\ 3 &OHDU\ 3 ( DQG 5HGPRQG
DQJLRIJHQLF F\WRNLQH H[SUHVVLRQ LQ FXOWXUHG 53( E\ LQJ
RXWHU VHIPHQWY ,QYHVW 2SKWKDOPRO 9LV 6FL

+LOOHQNDPS - +XVVDLQ $ $ -DFNVRQ 7 / &RQVWDEOH 3
ODUVKDOO - D &RPSDUWPHQWDO DQDO\VLV RI WDXULQF
WKH ERYLQH H\H ,QYHVW 2SKWKDOPRO 9LV G6FL

+LOOHQNDPS - +XVVDLQ $ $ -DFNVRQ 7 / &XQQLQJKDP - ¢
7DXULQH XSWDNH E\ KXPDQ UHWLQDO SLJPHQW HSLWKHOLXP
VPDOO VROXWHV EHWZHHQ WKH FKRURLG DQG WKH RXWHU U

+LPSHQV % 6WDOPDQV 3 *RPH] 3 O0ODOIDLW O DQG 9HUHHI
LQWHUFHOOXODU &D VLJQDOLQJ LQ UHWLQDO SLJPHQW H
VWLPXODWLRQ )$6(% - 6

+R 7 & DQG 'HO 3ULRUH [ 9 SHDWWDFKPHQW RI FXOWX
HSLWKHOLXP WR H[WUDFHOOXODU PDWUL[ DQG KXPDQ %UXFk
9LV 6FL



+RGIJNLQ $ / DQG +X[OH\ $ ) D 7KH FRPSRQHQWYV RI PHPE
JLDQW DIRQLRR3K\VLRO /RQG

+RGIJNLQ $ / DQG +X[OH\ $ ) E &XUUHQWYV FDUULHG E\ \
WKURXJK WKH PHPEUDQH RROKIR IKD/QWOD [R R QR

+RGINLQ $ / DQG +X[OH\ $ ) F 7KH GXDO HIIHFW RI PHPE
FRQGXFWDQFH LQ WKROLUBGMAVILIR®Q RIRQG

+RHN - % DQG 5XELQ ( $OFRKRO DQG PHPEUDQH DVVRF
$OFRKRO $OFRKRO

+RHN - % 7DUDVFKL 7 ) +LJDVKL . 5XELQ ( DQG 7KRPDV $
DFWLYDWLRQ E\ HWKDQRO LQ UDW KHSDWRF\WHV LV XQDIIH
%LRFKHP

+RIPDQQ + DQG 1LHPH\HU * &DOFLXP EORFNV VHOHFWLY}

2SKWKDOPRO

+RJJ 3 $ *ULHUVRQ , DQG +LVFRWW 3 'LUHFW FRPSDULYV
WA\SHV LQYROYHG LQ HSLUHWLQDO PHPEUDQH IRUPDWLRQ

+ROOERUQ O .UDXVVH & ODQGLHY , <DIDL < THQFNKRII 6
/ILPE * $ ObSHLFKHQEDFK $ .RKHQ / :ROI 6 'LHGHPDQQ
*OLDO FHOO H[SUHVVLRQ RI KHSDWRF\WH JURZWK IDF!

GLVHDVH /DE ,QYHVW

+ROOHQEHUJ 0 ' DQG &XDWUHFDVDV 3 ,QVXOLQ DQG HSI
ILEUREODVW UHFHSWRUV UHODWHG WR GHR[\ULERQXFOHLF L
- %LRO &KHP

+ROOHQEHUJ 0 - DQG %Xuw : / 7KH ILQH VWUXFWXUH RI ¢
H\H &DQ - 2SKWKDOPRO
+ROOHQEHUJ 0 - DQG 6SLUD $ : (DUO\ GHYHORSPHQW R

2SKWKDOPRO

+ROO\VMLHOG - * DQG :LWNRYVN\ 3 3LIPHQWHG UHWLQD
SKRWRUHFHSWRU GHYHORSPHQW DQG IXQFWLRQ - ([S =RRO



+ROWNDPS * 0 9DQ 5RVVHP 0 GH 9RV $ ) :LOOHNHQV % 3H
3RODUL]HG VHFUHWLRQ RI ,/ DQG ,/ E\ KXPDQ UHWLQDO
(IS ,PPXQRO

+RPRO\D / +ROOR = *HUPDQQ 8 3bvwDQ , *RWWHVPDQ
JOXRUHVFHQW FHOOXODU LQGLFDWRUYV DUH H[WUXGHG E\ Wk
&KHP

+RULVEHUJHU - (1D& &)75 LOQOWHUDFWLRQV WKH UROH RI

H[SORUHG LQ DQ HSLWKHOLDO FHOO PRGHO 310«JHUV $UFK|

+X - DQG %RN $ FHOO FXOWXUH PHGLXP WKDW VXSSRU
UHWLQDO SLIJPHQW HSLWKHOLXP LQWR IXQFWLRQDOO\ SROD

+X - * *DOOHPRUH 5 3 %RN ' J/HH $ < DQG )UDPEDFK ' §
$73DVH RQ FXOWXUHG KXPDQ UHWLQDO SLIJPHQW HSLWKHOI

+XEEDUG 5 DQG :DOG * &LV WUDQV LVRPHUV RI YLWDPLQ :
VIVWHP - *HQ 3K\VLRO
+XJKHVY % $ $GRUDQWH - 6 OLOOHU 6 6 DQG /LQ + s

FRWUDQVSRUW $ PHFKDQLVP IRU +& DEVRUSWLRQ DFURVYV
- *HQ 3K\WVLRO

+XIKHV % $ OLOOHU 6 6 DQG ODFKHQ 7 ( (ITHFWV RI1 F\I
DQG LRQ WUDQVSRUW DFURVV IURJ UHWLQDO SLJPHQW HSL'
FLUFXLW VWDWH - *HQ 3K\VLRO

+XJKHV % $ DQG 6HJDZD < F$03 DFWLYDWHG FKORULGH |
SLIJPHQW HSLWKHOLDO FHOOV - 3K\VLRO IRQG

+XJKHV % $ DQG 6WHLQEHUJ 5 + 9ROWDJIJH GHSHQGHQW |
I[IURJ UHWLQDO SLJPHQW HSLWKHOLXP - 3K\VLRO /IRQG

+XJKHV % $ DQG 7DNDKLUD O ,QZDUGO\ UHFWLI\LQJ . FXU

SLIJIPHQW HSLWKHOLDO FHOOV ,QYHVW 2SKWKDOPRO 9LV 6

+XJKHV % $ DQG 7DNDKLUD O $73 GHSHQGHQW UHJIXODW
FXUUHQW LQ ERYLQH UHWLQDO SLIPHQW HSLWKHOLDO FHOO!



+XUVW 5 ' DQG )ULW] , % SURSHUWLHV RI DQ LPPRUWDC
FHOO FR FXOWXUH PRGHO RI WKH EORRG EUDLQ EDUULHU -

+XUVW 5 ' +HDOHV 6 - 5 'REELH 0 6 %DUNHU - ( DQG &O
HQGRWKHOLDO FHOO JOXWDWKLRQH DQG LQFUHDBYHKGWHQVI
EORRG EUDLQ EDUULHU PRGHO V\VWHP %UDLQ 5HYV

, JDUDVKL < 8WVXPL + &KLED + <DPDGD 6DVDPRUL < 7RELRI

.RNDL < 1DNDJDZD 7 ORUL O DQG 6DzZDGD 1 *

QHXURWURSKLF IDFWRU LQGXFHY EDUULHU IXQFWLRQ RI HQ
EDUULHU %LRFKHP %LRSK\V 5HV &RPPXQ

,NHGD + (lITHFWV Rl HWK\O DOFRKRO RQ WKH HYRNHG SRWH
,ZUVFKLFN ( 8 +DDV * *HLJHU O 6LQJHU SLWVFK ODUWH |
*IWWLQJHU : DQG +XHPHU + 3 BKDJRF\WRVLV RI K

HSLWKHOLDO FHOOV HYLGHQFH RI D GLXUQDO UK\WKP LQ
LOWHUIHUHQFH RI DQWLYLUDO GUXJV 2SKWKDOPLF 5HYV

,VKLIRRND + $RWDNL .HHQ $ ( DQG +MHOPHODQG / O 6 X
LQ KXPDQ UHWLQDO SLIPMOQWAJRSHWKNOLXP

,VPDLORY , , $ZD\GD 0 6 -RYRY % %HUGLHY % . )XOOHU .
$ DQG %HQRV ' - 5HIJXODWLRQ RI HSLWKHOLDO VRC
ILEURVLV WUDQVPHPEUDQH FRQGXFWDQFH UHJXODWRU - %

-DQVVHQ - - .XKOPDQQ ( ' YDQ 9XJW $ + :LQNHQV + - -DQ
DQG 'ULHVVHQ & $ 5HWLQRLF DFLG GHOD\V WUDQVFU!I

QHXURHSLWKHOLXP PDUNHU JHQHV LQ $53(¢( FHOOV 1HXURL

-D\QHV & 6KHHGOR + - $JDUZDO 1 2 5RXUNH . DQG ( 7X
UHWLQDO SLJPHQW HSLWKHOLDO 53( FHOO H[SUHVVLRQ
UHVSRQVH WR PHGLXP FRQGLWLRQHG E\ WKH 53( ORO %UDL

-D\QHV & ' DQG 7XUQHU - ( ,VRODWLRQ RI D UHWLQDO
IUDFWLRQ ZKLFK SURPRWHY 0¢OOHU FHOO SUROLIHUDWLRQ

-HQWVFK 7 - JULHGULFK 7 DQG 6FKULHYHU % &, & &K
&KDQQHOV 5 .R]JORZVNL 2[IRUG ,VLV OHGLFDO OHGLD /WG



-HQWVFK 7 - B6WHLQPH\HU . DQG 6FKZDU] ®RUSHGRUPBPDBRVYW
FKORULGH FKDQQHO LVRODWHEGHBREBERRMHWHM QLFWRQHQJ LQ

-RKQVRQ ' $ )LHOGV & )DOORQ $ )LW]JJHUDOG 0 ( 9LDU
3RO\DPLQH GHSHQGHQW PLJUDWLRQ RI UHWLQDO SLJPHQW |
9LV 6FL

-RQHV 7 I1RWLFH UHODWLYH WR WKH SLIPHQWXP QLJUXP

&LWHGREAMHQVEHUJHU 7 - 7KH +LVWRULFDO 'LVF

B3LIJPHQW (SLWKHOLXP 7KH UHWLQDO SLJPHQW HSLWKHOL?>
ODUPRU DQG 7 - ROIHQVEHUJHU 1HZ <RUN 283

-RUGW 6 ( DQG -HQWVFK 7 - OROHFXODU GLVVHFWLRQ |
FKDQQHO (0%2 -

-RULV [ 'DE , DQG 4XLQWRQ 3 O (OHPHQWDO FRPSRVLYV
IOXLG LQ KHDOWK\ DQG GLVHDVHG DLUZD\V $PHU 5HY b5HVSES

-RVHSK ' 3 DQG OLOOHU 6 6 $SLFDO DQG EDVDO PHPEUDQ
ERYLQH UHWLQDO SLJPHQW HSLWKHOLXP - 3K\VLRO IRQG
-RYRY % ,VPDLORY , , DQG %HQRV ' - D &\WVWLF ILEURVL

UHJXODWRU LV UHTXLUHG IRU SURWHLQ NLQDVH $ DFWLYD
FKDQQHO SXULILHG IURP ERYLQH WUDFKHDO HSLWKHOLD -

-RYRY % ,VPDLORY , , %HUGLHY % . )XOOHU & 0 6RUVFK
0 $ DQG %HQRV ' - E ,QWHUDFWLRQ EHWZHHQ F\VW
FRQGXFWDQFH UHJXODWRU DQG RXWZDUGO\ UHFWLILHG FKC

.DKNRQHQ 6 DQG %RQGDUHQNR % % /| W\SH &D FKDQQF
VIPSWRPV Rl DOFRKRO ZLWKGUDZDO LQ KXPDQV 3URJ 1HXU

.DQXJD 1 :LQWRQ ), / %HDXFKHQH / .RPDQ $ =HUELE $ +
.HHJDQ ' &RIIH\ 3 /XQG 5 ' $GDPVRQ 3 DQG *UHH
&KDUDFWHUL]DWLRQ RI JHQHWLFDOO\ PRGLILHG KXPDQ U
GHYHORSHG YRMDWBRWUDQVSODQWDWLRQ VWXGLHV ,QYHVW



.DUWQHU 1 +DQUDKDQ - : -HQVHQ 7 - 1DLVPLWK $ / 6XQ
() 7VXL /& B5RPPHQV - 0 DQG %HDU & ( ([SUHV
ILEURVLY JHQH LQ QRQ HSLWKHOLDO LQYHUWHEUDWH FH
FRQGXFWDQFH &HOO

.DUZRVNL & - DQG 3URHQ]D [/ O SHODWLRQVKLS EHWZHHQ
WUDQVUHWLQDO SRWHQWLDO DQG SRWDVVLXP IOX[ - 1HXUF
.DUZRVNL & - DQG ;X ; &EXUUHQW VRXUFH GHQVLW\ DQI

SRWHQWLDOV LQ UDEELW UHWLQD 9LV 1HXURVFL

.DVDKDUD ( /LQ [/ 5 +R <6 DQG 5HGG\ 9 1 62' SURWH
LQGXFHG DSRSWRVLVY LQ PRXVH UHWLQDO SLIJPHQW HSLWKH
PDFXODU GHIJIHQHUDWLRQ ,QYHVW 2SKWKDOPRO 9LV ©6HL

.DW] / 0 DQG )R[ ' % BUHQDWDO HWKDQRO H[SRVXUH DO
FRPSRQHQWY RI DGXOW UDW HOHFWURUHWLQRJUDPV ,QYHYV

.DYHQ & : 6SUDXO & : =DYD]DYD 1 . /DQJ * . DQG /DQJ
IDFWRU FRPELQDWLRQV PRGXODWH KXPDQ UHWLQDO SLJPHQ
(\H 5HV

.DZDVDNL . OXNRK 6 <RQHPXUD ' )XMLL 6 DQG 6HJDZD <

LQGXFHG FKDQJHV RI WKH PHPEUDQH SRWHQWLDOV RI WKH U
2SKWKDOPRO

.DZDVDNL . <RQHPXUD ' DQG ODGDFKL <DPDPRWR 6 +\SHI
RFXODU VWDQGLQJ SRWHQWLDO DV D FOLQLFDO WHVW IRU
GLDEHWLF UHWLQRSDWK\ 'RF 2SKWKDOPRO

.HQQHG\ % * DQG O0DQJLQL 1 - 30DVPD PHPEUDQH FDOF
KXPDQ UHWLQDO SLJPHQW HSLWKHOLXP ([S (\H 5HV

HQQHG\ % * DQG 0DQJLQL 1 - 3 JO\LFRSURWHLQ H[SUHVVL
HSLWKHOLXP ORO 9LV

.HUHP % 6 5RPPHQV - O %XFKDQDQ - $ ODUNLHZLF] &R
%XFKZDOG 0 DQG 7vXL [ & ,GHQWLILFDWLRQ RI WKH
DQDO\WLV G6FLHQFH



.LP 0 + &KXQJ - <DQJ - : &KXQJ 6 0 .zZDJ 1 + DQG <RR -
SHUR[LGH LQGXFHG FHOO GHDWK LQ D KXPDQ UHWLQDO SLJF
.RUHDQ - 2SKWKDOPRO

.LPXUD . ' 7LVVHQEDXP + $ J/LX < @G BRYNQYYXCGLQ UHFHSWR
JHQH WKDW UHJXODWHV OR QJIMHHQ R/ KEDEGS IGUORE HOQHE LQV

.LVKL + OLVKLPD + . DQG <DPDVKLWD 8 ,QYROYHPHQW R
LQ PHODQLQ VIQWKHVLYVY E\ FKLFN UHWLQDO SLJPHQW HSLWKF

.OLQH 5 3 5LSSV + DQG 'RZOLQJ - ( *HQHUDWLRQ RI E
UHWLQD 3URF 1DWO $FDG 6FL 86 $

.O\QH 0 $ DQG $O0L 0 $ OLFURWXEXOHV DQG QP ILODPE
HSLWKHOLXP GXULQJ WKH GLXUQDO OLJKW GDUN F\FOH &HOC

.QDYH % B3HUVVRQ + ( DQG 1LOVVRQ 6 ( * $ FRPSDUDW|
EDUELWXDWH DQG HWK\O DOFRKRO RQ WKH UHWLQDO IXQFW
ZDYH RI WKH HOHFWURUHWLQRJUDP DQG WKH VWDQGLQJ S¥
2SKWKDOPRO ©6FDQG

.QRZOHV 0 5 6WXWWYV 0 - 6SRFN $ JLVFKHU 1 *DWIV - 7
$EQRUPDO LRQ SHUPHDWLRQ WKURXJK F\WWLF ILEURVLYV UHYV

.RFLRN 1 +HSSHNDXVHQ + G6FKUDHUPH\HU 8 (VVHU 3 7KXP
+HLPDQQ . 7KH P51$% H[SUHVVLRQ RI F\WRNLQHV DQ
FXOWXUHG LULV SLJPHQW HSLWKHOLDO FHOOV D FRPSDULVR
(IS (\H 5HV

.RGDPD 5 DQG (JXFKL * 7KH ORVV RI JDS MXQFWLRQDO F|
FRXSOHG ZLWK GHGLIITHUHQWLDWLRQ RI UHWLQDO SLJPHQWI
WUDQVGLIITHUHQWLDWLRQ LQWR WKH OHQV ,QW - 'HY %LRO

.RMLPD 6 5DKQHU & 3HQJ 6 DQG 5L]JROR [ - &ODXGLQ
GXULQJ WKH GHYHORSPHQW RI WKH UHWLQDO SLJPHQW HSLW!|

.RQDUL . 6DZDGD 1 =KRQJ < ,ZVRPXUD + 1IDNDJDZD 7 I
'"HYHORSPHQW RI WKH EORRG YULNRWRIMDOL EQ URIL ML I KW MXQF
UHYHDOHG E\ RFFOXGLQ DQG =2 FRUUHODWHYV ZLWK WKH E
SLIJPHQW HSLWKHOLDO FHOOV ([S (\H 5HV



QLI - 6FKUHLEHU 5 0DOO 0 DQG .XQJHLPDQQ . 1R
(1D& WKURXJK &)75 PHGLDWHG UHOHDVH RI $73 %LRFKLP %

.RSHOPDQ + &RUH\ O *DVNLQ . 'XULH 3 :HL]JPDQ = DQG )R
FKORULGH VHFUHWLRQ DV ZHOO DV ELFDUERQDWH VHFUH
GHIHFW LQ WKH F\VWLF ILEURVLY SDQFUHDV *DVWURHQWHU

JUwH * ( 3HUOPDQ - , DQG 3ROODFN % 5HIHQHUDWLRQ
HSLWKHOLXP ,QW 5HY &\WRO

.UDPHU 6 * 'RSDPLQH $ UHWLQDO QHXURWUDQVPLWWHU
OLJKW VWLPXODWHG UHOHDVH RI + GRSDPLQH LQ YLYR ,QY

ULV & &RUQHR IXQGDO SRWHQWLDO YDULDWLRQV GXULQJ

.XJD 7 B6DGRVKLPD - 7RPRLNH + .DQDLGH + $NDLNH 1 T
$FWLRQV RI &D DQWDJRQLVWVY RQ WZR W\SHV RI &D FKDQQ
FHOOV LQ SULPDU\ FXOWXUH &LUF 5HV

XQW] & % &URRN 5 % 'PLWULHY $ DQG 6WHLQEHUJ 5 +
DGHQRVLQH PRQRSKRVSKDWH RI EDVRODWHUDO PHPEUDQH
UHWLQDO SLIJPHQW HSLWKHOLXP ,QYHVW 2SKWKDOPRO 9LV

.XQJHOPDQQ . &)75 LQWHUDFWLQJ ZLWK HYHU\WKLQJ" 1HZV

.XQJHOPDQQ . 0ODOO 0 %ULHO 0 +LSSHU % ILWVFKNH 5 51
7KH F\VWLF ILEURVLY WUDQVPHPEUDQH FRQGXFWDQFH UHJX
&D DFWLYDWHG &0 ;HRRGXNVNWORFRWHRY 310«JHUV $UFKLY

.XUL\DPD 6 2KXFKL 7 <RVKLPXUD 1 DQG +RQGD < *URZ
FDOFLXP LRQ WUDQVLHQWYV LQ FXOWXUHG KXPDQ UHWLQCL
2SKWKDOPRO 9LV G6HL

.XUL\DPD 6 <RVKLPXUD 1 2KXFKL 7 7TDQLKDUD + yWR €
IHXURSHSWLGH LQGXFHG F\WRVROLF &D WUDQVLHQWY DQ(
FXOWXUHG KXPDQ UHWLQDO SLIJPHQW HSLWKHOLDO FHOOV

XUNLQ 6 $ DQG )HVHQNR ( ( $FWLRQ RI F\FOLF QXFO
PHPEUDQH FRQGXFWDQFH RI WKH URG RXWHU VHJPHQW LQ
6665



. XWOD\ 6 6DYDV 6 <DOFLQ 3 $WDPDQ 6 DQG (UJLQ 6
WR[LFLW\ RI F\AFORVSRULQ $ WUHDWPHQW LQ UKHXPDWRLG C

XWWA 5 XWWLA 6DPXHO : 'XQFDQ 7 %ULGJIJHV & & (O
1 6PLWK 6 % DQG :LJJHUW % OROHFXODU FKDUDFW
H[SUHVVLRQ RI 1253(* D QRYHO JHQH LQGXFHG E\ UHWLQR

OD &RXU O S+ KRPHRVWDVLYV LQ WKH IURJ UHWLQD WKH UF
UHWLQDO SLIJPHQW HSLWKHOLXP $FWD 2SKWKDOPRO 6FDQ
OD &RXU O &0 WUDQVSRUW LQ IURJ UHWLQDO SLJPHQW HSL
OD &RXU O %DHNJDDUG $ DQG =HXWKHQ 7 $QWLERGLH"
SURWHLQ IURP (KUOLFK DVFLWHV WXPRXU FHOOV LQKLELW 1

SLIPHQW HSLWKHOLXP $FWD 2SKWKDOPRO 6FDQG

IDKQVWHLQHU ( DQG +HUPDQQ $ $FXWH DFWLRQ RI HWK
QHXURQV HIIHFWV RQ LQWUDFHOOXODU VLJQDOLQJ 1HXUR\

/IDP 5 %YHDWWLH & %XFKDQDQ $ 5HPLFEN 5 $ DQG
HOHFWURRFXORJUDSKLF UDWLRV LQ SDWLHQWY ZLWK VHL
3V\FKLDW

/IDUD : & -RUGDQ % [/ +RSH * O 'DZVRQ : JRVWHU 5 $
)DVW RVFLOODWLRQV RI WKH HOHFWUR RFXORJUDP ,Q F\VW
6FL $592 SEVWUDFW

IDVKNDUL . 5DKLPL 1 DQG .DJODXVNDV $ +HSDWRF\WH
KXPDQ 53( FHOOV LPSOLFDWLRQV LQ SUROLIHUDWLYH YLW
9LV ©6FL

IDZGHQ 0 & (NH 7 'HIJ & +DUGLQJ * ) $ DQG :LOG - O
DVVRFLDWHG ZLWK YLJDEDWULQ WKHUDS\ - 1HXURO 1HXUR

/IHPQD : . JHOGPDQ * / .HUHP % JHUQEDFK 6 =HYNRYLF
5LRUGDQ - 5 &ROOLQV ) 6 7VXL [/ & DQG %HDXGHW $

IRU KHWHUR]J\JRWH GHWHFWLRQ DQG WKH SUHQDWDO GLDJ
OHG



JHYHUNRHKQH , +ROOH + $QWRQ ) DQG *UXEHU $ "LITH
DFWLYDWHG FKORULGH FKDQQHOV &/&$ JHQH IDPLO\ PHPE
F\WWLF ILEURVLV PRXVH PRGHOV +LVWRFKHP &HOO %LRO

JHYLQ 0 + .LP - . +X - DQG 9HUNPDQ $ 6 3RWHQWLDC
RI RFXODU VXUIDFH 1D DEVRUSWLRQ DQDO\]JHG XVLQJ DQ
2SKWKDOPRO 9LV 6FL

/IHYLQ O + DQG 9HUNPDQ $ 6 &)75 UHIJXODWHG FKORULGH
LQ OLYLQJ PLFH PHDVXUHG E\ SRWHQWLDO GLIIHUHQFHV

L & 5DPMHHVLQJK 0 DQG %HDU & ( BXULILHG F\VWLI
FRQGXFWDQFH UHJXODWRU &)75 GRHV QRW IXQFWLRQ DV |

/L 0 OF&DQQ - ' ILHGWNHW & O 1DLUQ $ & *UHHQJDUG
&\FOLF $03 GHSHQGHQW SURWHLQ NLQDVH RSHQV FKORULGH
ILEURVLY DLUZD\ HSLWKHOLXP 1DWXUH

/LQ + DQG &OHJJ 2 ,QWHJULQ DOSKDYEHWD SDUWI
SKRWRUHFHSWRU URG RXWHU VHJPHQWYVY GXULQJ SKDJRF\W
SLIPHQW HSLWKHOLXP ,QYHVW 2SKWKDOPRO 9LV 6FL

/ILPE * $ 6bDOwW 7 ( OXQUR 3 0 * ORVV 6 ( , OQWELWKRZ :
FKDUDFWHUL]DWLRQ RI D VSRQWDQHRXVO\ LPPRUWDOL]HG
,QYHVW 2SKWKDOPRO 9LV 6FL

ILQVGHOO 3 OHFKDQLVP RI FKORULGH SHUPHDWLRQ LQ Wtk
FRQGXFWDQFH UHJXODWRU FKORULGH FKDQQHO ([S 3K\VLRC

ILQVGHOO 3 DQG +DQUDKDQ - : 'LVXOSKRQLF VWLOEH
WUDQVPHPEUDQH FRQGXFWDQFH UHJXODWRU &0 FKDQQHOV
OLQH DQG LWV UHJXODWLRQ E\ D FULWLFDO SRUH UHVLGXH

JLQVHQPHLHU 5 $ OLQHV $ DQG BWHLQEHUJ 5 + (1THF WV

RQ WKH OLJKW SHDN DQG HOHFWURUHWLQRJUDP RI WKH FDW

ILQVHQPHLHU 5 $ DQG 6WHLQEHUJ 5 + 2ULJLQ DQG VHOQ\
LQWDFW FDW H\H - 3K\WLRO /RQG



ILQHQPHLHU 5 $ DQG 6WHLQEHUJ 5 + $ OLIJKW HYRNHG L
PHPEUDQHYV RI UHWLQDO SLJPHQW HSLWKHOLXP F ZDYH DQC

ILQVHQPHLHU 5 $ DQG 6WHLQEHUJ 5 + '"HOD\HG EDVDO K
SLIJPHQW HSLWKHOLXP DQG LWV UHODWLRQ WR WKH IDVW RV
*HQ 3K\VLRO

/ILX ;' DQG .RXUHQQ\L " ( (lIMHFWV Rl WHWUDHWK\ODPPR
VLPXODWHG OLJKW UHVSRQVH LQ URG SKRWRUHFHSWRUV $Q

/JRHIIOHU . 8 DQG 0DQJLQL 1 - ,PPXQRKLVWRFKHPLFDC
H[FKDQJHU LQ KXPDQ UHWLQD DQG UHWLQDO SLJPHQW HSLYV
2SKWKDOPRO

IRHZHQ 0 ( 6PLWK 1 . +DPLOWRQ ' / *UDKQ % + DQG )RU
SURWHLQ DQG FKORULGH WUDQVSRUW LQ FDQLQH UHWLQDO

&
/ySH] -LPpQH] - 6iQFKH] $ )HUQIQGH] & 6 *XWLpUUH] & +HU

&\FORVSRULQH LQGXFHG UHWLQDO WR[LF EOLQGQHVYV

IRXVVRXDUQ * '"HPRORPEH 6 ORKDPPDG 3DQDK 5 (VFDQGH |
([SUHVVLRQ RI &)75 FRQWUROV F$03 GHSHQGHQW DFWLYDW
$PHU - 3K\WVLRO &

/IX . + 3DWWHUVRQ $ 3 :DQJ / ODUTXH] 5 7 $WNLQVRQ ( :
/] 5 B5RVHQ ' * J/LX - +HOOVWURP / 6PLWK ' +DUWP
%HUFKXFN $ 6FKPDQGW 5 :KLWDNHU 5 *HUVKHQVRQ '
5 & -U 6HOHFWLRQ Rl SRWHQWLDO PDUNHUV IRU HSL
H[SUHVVLRQ DUUD\V DQG UHFXUVLYH GHVFHQW SDUWLWLRC

IX 0 $PDQR 6A OL\DPRWR . *DUODQG 5 .HRXJK . 4LQ : DQ
,QVXOLQ LQGXFHG YDVFXODU HQGRWKHOLDO JURZWK IDFW
2SKWKDOPRO 9LV 6FL

/IXQG 5 $GDPVRQ 3 6DXYH < .HHJDQ ' - *LUPDQ 6 9
.DQXJD 1 .ZDQ $ 6 %HDXFKHQH / =HUELE % +HWKHULC
&RIIH\ 3 DQG *UHHQZRRG - 6XEUHWLQDO WUDQVS



PRGLILHG KXPDQ FHOO OLQHV DWWHQXDWHY ORVV RI YLVXD
1DWO $FDG 6FL 86 $

IXR < =KXR < )XNXKDUD 0 DQG 5L]]JROR / - (IITHFWV ¥
KHWHURJHQHLW\ DQG WKH DSLFDO MXQFWLRQDO FRPSOH[ |
2SKWKDOPRO 9LV 6FL

A\ WWRQ - :HVWOLQ 0 DQG +DQOH\ 0 7KDSVLJDUJLQ LG
HQGRSODVPLF UHWLFXOXP &D $73DVH IDPLO\ Rl FDOFLXP ¢

ODGDFKL <DPDPRWR 6 <RQHPXUD ' DQG .DZDVDNL . +\SHI
RFXODU VWDQGLQJ SRWHQWLDO DV D FOLQLFDO WHVW IRU
1RUPDWLYH GDWD 'RF 2SKWKDOPRO

ODOLQRZVND ' + XSHUW ( < %DKLQVNL $ 6KHUU\ $ 0 DQG
IXQFWLRQDO H[SUHVVLRQ DQG FKDUDFWHUL]DWLRQ RI D 3.
$PHU - 3K\VLRO &

0DbOO O +LSSHU $ *UHJHU 5 DQG .XQJHOPDQQ . :LOG W

LQKLELWY 1D FRQGXFWDQFH ;AIQHRG FRAMEHWVYHIE LWWHUV

ODPLQLVKNLY $ -DOLFNHH 6 %ODXJ 6 $ 5\PHU - <HU[D % 5
6 6 7KH 3 < UHFHSWRU DJRQLVW ,16 VWLRXODWHYV
YLWURG UHWLQDO UHDWWDFKPHQW LQ UDW ,QYHVW 2SKWKDC(

0DQJLQL 1 - +DXJK 6FKHLGW / 9DOOH - ( &UDJRH ( - -U
6RGLXP FDOFLXP H[FKDQJHU LQ FXOWXUHG KXPDQ UHWL
(\H 5HV

ODQQHUVWURP 0 ODHQSDD + 7RLPHOD 7A 6DOPLQHQ / DQ
SKDJRF\WRVLVY RI URG RXWHU VHIJPHQWY LV LQKLELWHG E\ V
HSLWKHOLDO FHOO FXOWXUHYVY 3KDUPDFRO 7R[LFRO

ODUFHW % %HFT ) 1RUH] & 'HOPDV 3 DQG 9HUULHU %
DQG UHODWHG FRPSRXQGYV DFWLYDWH ZLOG W\SH DQG GHO
%U - 3KDUPDFRO

ODUFHW % &KDSSH 9 'HOPDV 3 *ROD 0 DQG 9HUULHU %
&)75 DFWLYLW\ E\ HHWUDFHOOXODU $73 ,QYROYHV 3 < UHFHS\
FHOOV - OHPEU %LRO



ODUFKDQW ' *RIDW . WRXWERXO 6 SHTXLIJQRW O 6WHUQE

8WHI]D < +DFKH - & 3XHFK % 3XHFK 9 'XPXU 9 0OR Xl
6FKRUGHUHW ' ) ODUVDF & 'XILHU - / DQG $ELWERO
QRYHO 90" JHQH PXWDWLRQV LQ SDWLHQWYV ZLWK EHVW YL\
OXW

ODUPRU 0 DQG :X . $OFRKRO DQG OLJKW LQGXFHG HOH

YDULDELOLW\ DQG FOLQLFDO XWLOLW\ 'RF 2SKWKDOPRO

ODUPRU 0 ) &OLQLFDO HOHFWURSK\WLRORJ\ RI WKH UH)
2SKWKDOPRO

ODUPRU 0 ) 6WUXFWXUH IXQFWLRQ DQG GLVHDVH RI WKF
UHWLQDO SLJPHQW HSLWKHOLXP IXQFWLRQ DQG GLVHD\
"ROIHQVEHUJHU 1HZ <RUN 283

ODUPRU 0 ) 'RQRYDQ : - DQG *DED ' O (ITHFWV RI1 K\SRJL
KXPDQ VWDQGLQJ SRWHQWLDO 'RF 2SKWKDOPRO

ODUPRU 0 ) DQG /XULH O /ILIKW LQGXFHG UHVSRQVHV RI V
7KH UHWLQDO SLJPHQW HSLWKHOLXP . =LQQ DQG 0 ) 0DL
8QLYHUVLW\ 3UHVV

ODUPRU 0 ) DQG =UHQQHU ( 6WDQGDUG IRU FOLQLFDO H
VRFLHW\ IRU FOLQLFDO HOHFWURSK\VLRORJ\ RI YLVLRQ 'RF

ODUPRUVWHLQ $ ' ODUPRUVWHLQ [/ < 5D\ERUQ O :DQJ +R
%YHVWURSKLQ WKH SURGXFW RI WKH %HVW YLWHO
90" ORFDOL]HV WR WKH EDVRODWHUDO SODVPD PHPEU]

HSLWKHOLXP 3URF 1DWO $FDG 6FL 86 $

ODUPRUVWHLQ $ 6WDQWRQ - % <RFRP - %DNDOO % 6 F
ODUPRUVWHLQ / < DQG 3HDFKH\ 1 6 $ PRGHO RI E
G\WWWURSK\ LQ UDWV ,QYHVW 2SKWKDOPRO 9LV 6FL

ODUPRUVWHLQ [ < X - OF/DXJKOLQ 3 <RFRP - .DUO 0 2
6WDQWRQ - % *UHJJ &5 ~* 6WUDXVV 2 BHDFKH\ 1 6 I
7KH OLJKW SHDN RI WKH HOHFWURUHWLQRJUDP LV GHS
FKDQQHOV DQG DQWDJRQL]JHG E\ EHVWURSKLQ %HVW - YK



ODUTXDUGW $ 6WRKU + 3DVVPRUH / .UDPHU ) G5LYHUD $ D
LQ D QRYHOOJHQMFRGLQJ D SURWHLQ RI XQNQRZQ SURSHU
RQVHW YLWHOOLIRUP PDFXODU G\WVWURSK\ %HVW V GLVHDV}

obuuv - $ $QGHUVVRQ )LVRQH & -HRQJ 0 & &RKHQ *RXOG
5RGULJXH] %RXODQ ( DQG 1HOVRQ : - 3ODVWLFLW\
PRGXODWLRQ E\ H[SUHVVLRQ RI GLIITHUHQW FDGKHULQ FHOC

ODUWLQ * B6FKOXQFN * +DQVHQ / / DQG $JRVWLQL + 7
DQJLRUHJXODWRU\ IDFWRUV LQ QRUPDO DQG &19 GHULYHG |
*UDHIHV $UFK &OLQ ([S 2SKWKDOPRO

ODWVXXUD 7 OLOOHU : + DQG 7RPLWD 7 &RQH VSHFLILF
5HV

OF&DQQ - ' /L 0 DQG :HOVK 0 - ,GHQWLILFDWLRQ DQ
FKORULGH FXUUHQWYV LQ DLUZD\ HSLWKHOLXP - *HQ 3K\VLR

OF.D\ % 6 DQG %XUNH - 0 6HSDUDWLRQ RI SKHQRW\SLFD

FXOWXUHG KXPDQ UHWLQDO SLJPHQW HSLWKHOLDO FHOOV (

OF.HFKQLH 1 O %RXOWRQ O 5REH\ + / 6DYDJH ) - DQG
F\WRVNHOHWDO HOHPHQWYV RI KXPDQQUHWLID VLS R&PIOOQW HS
6FL 3w

OHUJDHUWYV ) 'DHPV ( 9DQ ODOGHUHQ / DQG 6SLOHHUV
RVFLOODWLRQV LQ WKH KXPDQ HOHFWUR RFXORJUDP 'RF 2E€

OHUJOHU 6 6WHLQKDXVHQ . :LHGHUKROW 0 DQG 6WUDXVV 2
FKDQQHOV E\ SURWHLQ NLQDVH & DQG SURWHLQ W\URVLQH N
LQ UHWLQDO GHJHQHUDWLRQ )$6(% -

OLFHOL 0 9 DQG -D]JZLQVNL 6 O 1XFOHDU JHQH H[SUI
PLWRFKRQGULDO G\VIXQFWLRQ LQ $53( FHOOV LPSOLFD
GHIJHQHUDWLRQ ,QYHVW 2SKWKDOPRO 9LV 6FL

OLFKDHOLV 0 / OLFKDHOLV ( . 1XQOH\ ( : DQG *DOWRQ 1
DOFRKRO DGPLQLVWUDWLRQ RQ VI\QDSWLF PHPEUDQH 1D & |



OLOHGL 5 $ FDOFLXP GHSHQGHQW WHOQRYX W QOMDRIXMIEAY UG F
3URF 1DWO $FDG 6FL 8 6 $

OLOHV 0 ) %DUKLWH 6 6JDQJD 0O DQG (OOLRWW O 3KR)
UHVSRQVLYH SRWHQWLDO PRGXODWRU RI JXDQLQH QXFOHR
1DWO $FDG 6FL 86 $

OLOOHU 5 ) DQG 'RZOLQJ - ( ,QWUDFHOOXODU UHVSRQ\

PXGSXSS\ UHWLQD WKHLU UHODWLRQ WR E ZDYH RI WKH H

OLOOHU 6 6 DQG )DUEHU &\FOLF $03 PRGXODWLRQ RI LF
SLIPHQW HSLWKHOLXP PHDVXUHPHQWY LQ WKH VKRUW FLUF

OLOOHU 6 6 DQG (GHOPDQ - |/ $FWLYH LRQ WUDQVSRUW
SLIJPHQW HSLWKHOLXP - 3K\WLRO /RQG

OLOOHU 6 6 G5DELQ - 6WURQJ 7 ODQQX]]L 0 & $GDPV $ -
DQG OF &UD\ -U 3 &\WWLF ILEURVLV &) JHQH SURGXFW

UHWLQDO SLIJPHQW HSLWKHOLXP ,QYHVW 2SKWKDOPRO 9LV

OLOOHU 6 6 DQG 6WHLQEHUJ 5 ), $FWLYH WUDQVSRUW R
HSLWKHOLXP ([S (\H 5HV

OLOOHU 6 6 DQG 6WHLQEHUJ 5 + SRWDVVLXP PRGXODWLR
IURJ UHWLQDO SLIJPHQW HSLWKHOLXP - *HQ 3K\VLRO

OLOOHU 6 6 6WHLQEHUJ 5 ), DQG 2DNOH\ ,, % 7KH HOH
IURJ UHWLQDO SLJPHQW HSLWKHOLXP - OHPEU %LRO

OLOOHU : + DQG /DXJKOLQ 6 % /ILIJKW PHGLDWHG F\FO
LPSRUWDQW DVSHFWV RI NLQHWLFV RI UHWLQDO URG YROWD

OLQWD $ .DR - DQG 7VLHQ 5 JOXRUHVFHQW LQGLFDWRU\
UKRGDPLQH DQG IOXRUHVFHLQ FKURPRSKRUHV - %LRO &KH
OLWFKHOO & + 5HOHDVH RI $73 E\ D KXPDQ UHWLQDO SLJP]

IRU DXWRFULQH VWLPXODWLRQ WKURXJK VXEUHWLQDO VSDFt



OLWFKHOO 5 + D ,QRVLWRO OLSLG PHWDEROLVP LQ GLYL

&DOFLXP
OLWFKHOO 5 + E 6WLPXODWHG LQRVLWRO OLSLG PHWDEROI
OLWVXGD 6 <RVKLL & ,NHIDPL < DQG $UDNL O 7TLVVXH L

SLIPHQW HSLWKHOLXP DQG WKH FKRURLG WULX\NQPRBWHWLQ|
S\UUKRJDNWH¥WLRO

OL\DJXFKL . BOWUDVWUXFWXUH RI WKH JRQXOD DGKHUHQV
HWFKLQJ - 6WUXFW %LRO
ORFKO\ 5RVHQ ' &KDQJ ) + &KHHYHU / .LP O 'LDPRQG , DC

&KURQLF HWKDQRO FDXVHV KHWHURORJRXV GHVHQVLWL]DWL
PHVVHQJHU 51%$ 1DWXUH

ORQGLQL & &RPPHQWDWLRQHV %RQRQLHQVHV &LWHG E\ :RO
+LVWRULFDO 'LVFRYHU\ Rl WKH 5HWLQDO 3LJPHQW (SLWKHOLX
IXQFWLRQ DQG GLVHDVH 0 ) ODUPRU DQG 7 - :ROIHQVEHUJH

OXNKHUMHH 6 7HVVHPD 0 DQG :DQGLQJHU 1HVV $ 9HVLFX(
NLQDVH UHFHSWRUV DQG DVVRFLDWHG SURWHLQV LQ WKH UHJ
IXQFWLRQ &LUF 5HV

OXOOLNLQ .LOSDWULFN ' DQG 7UHLVWPDQ ©6 1 (WKDQRO LG
3& FHOOV UROH RI SHUPHDQW LRQV (XU - 3KDUPDFRO
0XQG o0 / 5RGULJXHV 0 0 DQG )LQH % 6 /ILIJIKW DQG

REVHUYDWLRQV RQ WKH SLJPHQWHG OD\HUV RI WKH GHYH
2SKWKDOPRO

1DJHO * %DUEUN 3 &KDERW + %URFKLHUR ( +DUWXQJ . DQ
IDLOV WR LQKLELW WKH HSLWKHOLDO VRGIQ®RS ¥\K D@BRHYA V(1
RRF\WHV - 3K\VLRO IRQG

1DJ\ / ( DQG 'H6LOYD 6 ( (WKDQRO LQFUHDVHV UHFHSW

SURGXFWLRQ LQ FXOWXUHG KHSDWRF\WHV E\ GHFUHDVLQJ *l
3W



1IDVK 0 6 DQG 2VERUQH 1 1 &HOO VXUIDFH UHFHSWRUV
SLIJPHQW HSLWKHOLXP WKH DGQ\ODWH F\FODVH DQG SKRVSE
SDWKzD\V 3URJ 5HWLQ (\H 5HYV

1IHKUNH . $UUHROD - 1IJX\HQ + 9 3LODWR - 5LFKDUGVRQ /
* ( DQG OHOYLQ - ( /IRVV RI K\SHUSRODUL]DWLRQ I
VDOLYDU\ DFLQRO FFHQROPMN RIXRWY PLFH - %LRO &KHP

IHUQVW =XU .LQHWLN GHU LQ /|VXQJ EHILQGOLFKHQ .JUSHL
&KHP &LWHG E\,RQOFXD %QHQV RI HIFLWDEOH PHPEUDQH

(GLWLRQ B6LQDXHU $VVRFLDWHV ,QF 6XQGHUODQG 0%

1HZPDQ ( $ %ZDYH FXUUHQWYV LQ WKH IURJ UHWLQD 9LV 5HV

1HZPDQ ( $ SRWDVVLXP FRQGXFWDQFH EORFN E\ EDULXP LQ
5HV

I1LFROLQL - .LLOJDDUG - ) :LHQFNH $ . +HHJDDUG 6 6FKH
&RXU O 7TKH DQWHULRU OHQV FDSVXOH XVHG DV VXS

WUDQVSODQWDWLRQ $FWD 2SKWKDOPRO 6FDQG

1LOLXV % DQG 'URRJPDQV * $PD]LQJ FKORULGH FKDQQHOV
6FDQG
1RHOO : . 6WXGLHV RQ WKH HOHFWURSK\VLRORJ\ DQG PHWELC

5DQGROI ILHOG 7TH[DV 8 6 $) VFKRRO RI DYLDWLRQ PF

1RHOO : . (ISHULPHQWDOO\ LQGXFHG WR[LF HIIHFWV RQ VWL
DQG SLIPHQW HSLWKHOLXP $PHU - 2SKWKDOPRO
1RZ\FN\ 0 & )R[ $ 3 DQG 7VLHQ 5 : 7TKUHH W\ASHV RI QH>

ZLWK GLIIHUHQW FDOFLXP DJRQLVW VHQVLWLYLW\ 1DWXUH

2DNOH\ % SRWDVVLXP DQG WKH SKRWRUHFHSWRU GH
K\SHUSRODUL]DWLRQ - *HQ 3K\VLRO
2DNOH\ ,, % (I'THFWV RI PDLQWDLQHG LOOXPLQDWLRQ XSRQ :

LVRODWHG UHWLQD RI WKH WRDG 9LV 5HYV

2DNOH\ ,, % )ODPLQJ ' * DQG %URZQ . 7 (IMTHFWV RI WKH
UHWLQDO H[WUDFHOOXODU SRWDVVLXP FRQFHQWUDWLRQ - *



2DNOH\ ,, % DQG *UHHQ ' * &RUUHODWLRQ RI WKH OLJK
HIWUDFHOOXODU SRWDVVLXP FRQFHQWUDWLRQ ZLWK F zZD°
1IHXURSK\VLRO

2DNOH\ ,, % OLOOHU 6 6 DQG 6WHLQEHUJ 5 + (ITHFW RI1 L
HOHFWURJHQLF SXPS RI IURJ UHWLQDO SLJPHQW HSLWKHOLXI

2DNOH\ ,, % DQG 6WHLQEHUJ 5 + (ITHFWV Rl PDLQWDLQHG
VXEUHWLQDO VSDFH RI WKH IURJ UHWLQD 9LV 5HV

2FUDQW , 9DOHQWLQR . / .LQJ 0 * :LPS\ 7 + G5RVHQIHOG
JRFDOL]DWLRQ DQG VWUXFWXUDO FKDUDFWHUL]DWLR
UHFHSWRUV LQ PDPPDOLDQ UHWLQD (QGRFULQRORJ\

2KQR ODWVXL . ,FKLQRVH 6 IDNDKDPD . <RVKLGD 7 .RMLT
ORULWD , 7KH HIITHFWV RI DPQLRWLF PHPEUDQH RQ UF
GLITHUHQWLDWLRQ ORO 9LV

2ND 0 6 /DQGHUV 5 $ DQG %ULGJHV & $ VHUXP IUHH C
SLIJPHQW HSLWKHOLDO FHOOV ([S &HOO 5HV

2UNDQG 5 . DQG 1LHGHUJHUNH 5 +HDUW DFWLRQ SRWHQ
FDOFLXP DQG VRGLXP LRQV 6FLHQFH

2ZDULEH . .DUWHQEHFN - 5XQJJHU %UDQGOH ( DQG )UDQNH
UHWLQDO SLIJPHQW HSLWKHOLDO FHOOV LQWHUVSHFLHV GLII
LQGHSHQGHQFH RI FHOO IXQFWLRQ IURP WKH VSHFLILF FRPS
&HOO 7LVVXH 5HV

2ZDULEH . .RGDPD 5 DQG (JXFKL * '"HPRQVWUDWLRQ RI FR
DFWLQ EXQGOHV DQG LWV PRUSKRJHQHWLF VILQQWUMRERQFH LQ
LQ YLYR - &HOO %LRO

2ZDULEH . B6XJLQR + DQG ODVXGD + &KDUDFWHUL]DWLRQ

WKHLU VWUXFWXUDO RUJDQL]DWLRQ GXULQJ HSLWKHOLXP IRL
WKH UHQW YQIWHORO 7LVVXH 5HV

2] 0 7FKXJXQRYD < % DQG 'XQQ 6 0 - 'LUHFW LQKLELW
&D I10X[HV E\ HWKDQRO DQG KLJKHU DOFRKROV LQ UDEELW
3KDUPDFRO



3DQGH\ 6 & $FXWH DQG FKURQLF HWKDQRO FRQVXPSWLRQ |
*T QG VXEXQLW SURWHLQ DQG SKRVSKROLSDVH & LVR]\PHV |

3bvWDQ , *RWWHVPDQ O 8HGD . /IRYHODFH ( 5XWKHUIRUG
UHWURYLUXVY FDUU\LQJ DQ 0'5 F'l1$ FRQIHUV PXOWLGUXJ
HISUHVVLRQ RI 3 JO\FRSURWHLQ LQ 0'&. FHOOV 3URF 1DWC

3SDXWOHU ( [/ SKRWRVHQVLWLYLW\ RI WKH LVRODWHG SLJP
PHWDEROLVP SUHOLPLQDU\ UHVXOWYV &XUU (\H 5HV

3HDUVRQ 5 $ &DWVLFDV 0 %HFNHU ' / %D\OH\ 3 /XQHERUJ
&D VLJQDOOLQJ DQG JDS MXQFWLRQ FRXSOLQJ ZLWKLQ DQGC
QHXUDO UHWLQD LQ WKH GHYHORSLQJ FKLFN (XU - 1HXURYV
3HDUVRQ 5 $ 'DOH 1 /ODXGHW ( DQG OREEV 3 $73 U}

KHPLFKDQQHOV IURP WKH SLIPHQW HSLWKHOLXP UHJXOD
SUROLIHUDWLRQ 1HXURQ

3HQIROG 3 / :HQ / ODGLJDQ O & *LOOLHV 0 & .LQJ 1 - &
7ULDPFLQRORQH DFHWRQLGH PRGXODWHYV SHUPHDELOLW\ DQ
,&$0  H[SUHVVLRQ RI WKH (&9 FHOO OLQH LPSOLFDWLRC
&0LQ ([S ,PPXQRO

3HQJ 6 b5DKQHU & DQG 5L]]JROR [ - $SLFDO DQG EDVDO Ut
WKH UHWLQDO SLIJPHQW HSLWKHOLXP ,QYHVW 2SKWKDOPRO

3HQQ 5 ' DQG +DJLQV : $ 6LJQDO WUDQVPLVVLRQ DORQJ
WKH HOHFWURUHWLQRJUDSKLF D ZDYH 1DWXUH

3HWHUVRQ : 0 OHJJ\HV\ & <X . DQG OLOOHU 6 6 (W1
FDOFLXP VLJQDOLQJ LRQ DQG IOXLG WUDQVSRUW LQ UHWLQ

SHWHUVRQ : 0 DQG OLOOHU 6 6 ,GHQWLILFDWLRQ DQG IXC(
*$%$ WDXULQH WUDQVSRUWHU LQ WKH EXOOIURJ UHWLQDO

SHWHUVRQ : O 4XRQJ - 1 DQG OLOOHU 6 6 OHFKDQLVP
SLIPHOQW HSLWKHOLXP 7KH 7KLUG *UHDW %DVLQ 9LVXDO 6
5HVHDUFK 8WDK



3HWUXNKLQ . .RLVWL 0 - %DNDOO % /L : ;LH * ODUNQHOC
+ROPJUHQ * $QGUHDVVRQ 6 OXMLF 0 %HUJHQ $ $ OF*
' $XVWLQ & 3 OHW]JNHU O / &DVNH\ & 7 DQG :DGHOLXYV
RI WKH JHQH UHVSRQVLEOH IRU %HVW PDFXODU G\VWURSK\

3KLOS 1 - DQG 1DFKPODV 9 7 &RPSRQHQWYV RI WKH F!
SLIJIPHQWHG HSLWKHOLXP RI WKH FKLFN - &HOO %LRO
3KLOS 1 - DQG 1DFKPLDV 9 7 3RODUL]HG GLVWULEXWLR

UHWLQDO SLIPHQW HSLWKHOLXP ,QYHVW 2SKWKDOPRO 9LV

3KLOS 1 - <RRQ 0 < DQG +RFN 5 6 ,GHQWLILFDWLRQ D
UHWLQDO SLIJPHQW HSLWKHOLDO FHOOV ([S (\H 5HV

BLQFNHUV $ &X\SHUV 0 + DQG $DQGHNHUN $ / TKH (2%
GRPLQDQW F\VWRLG PDFXODU G\WWURSK\ '&0" 2SKWKDOPLF

3LWNDQHQ / B5XSRQHQ 0 1LHPLQHQ - DQG S8UWWL $ 9L
JHQH WUDQVIHU E\ FDWLRQLF OLSLGV DQG SRO\PHUV 3KDUP

3ROODFN . .UHX] ) DQG 3LOOXQDW / ORUEXV %HVW
2SKWKDOPRORJH

SRQMDYLF 9 (NVDQGK / $QGUHDVVRQ 6 6MRVWURP © % DNL
DQG (KLQJHU % &OLQLFDO H[SUHVVLRQ RI %HVW V YL
6ZHGLVK IDPLOLHV ZLWK PXWDWLRQV LQ WKH EHVWURSKLQ

3ubw $ * 5HLVLQ , / $XVLHOOR ' $ DQG &DQWLHOOR + )
F\WVWLF ILEURVLY WUDQVPHPEUDQH FRQGXFWDQFH UHJXODW

3XFKHOOH ( *DLOODUG 3ORWRQ +LQQUDVN\ - JXFKH\ &
'UH\HU ' 3DYLUDQL $ DQG 'DOHPDQV : 'LITHUHQWLDC
ILEURVLY WUDQVPHPEUDQH FRQGXFWDQFH UHJXODWRU LQ C
HSLWKHOLXP $PHU - B5HVSLU &HOO ORO %LRO

3XQJOLD 5 6 /X 0 +VX - .XURNL 0 7ROHQWLQR 0 - HRXJK
*ROGEHUJ 0 $ '$PDWR 5 - DQG $GDPLV $ 3 5HJ

HQGRWKHOLDO JURZWK IDFWRU H[SUHVVLRQ E\ LQVXOLQ OLN|



4X = )LVFKPHLVWHU 5 DQG +DUW]JHOO & ORXVH EHVWURSI|
LGHQWLILFDWLRQ RI D UHVLGXH LPSRUWDQW LQ DQLRQ ELQC

4X = DQG +DUW]HOO & '"HWHUPLQDQWYV RI DQLRQ SHUPHDW!I
GRPDLQ RI WKH PRXVH EHVWURSKLQ FKORULGH FKDQQHO -

4X = :HL 5 : 0DQQ : DQG 30DUW]HOO + & "HQ@R SEKMWV W UR S
ODHRRF\WHV H[SUHVV &D DFWLYDWHG &0 FXUUHQWV - %LR

4XLQQ 5 + DQG OLOOHU 6 6 ,RQ WUDQVSRUW PHFKDQLVPV
HSLWKHOLXP ,QYHVW 2SKWKDOPRO 9LV B6FL

4XLQQ 5 + 4XRQJ - 1 DQG OLOOHU 6 6 $GUHQHUJLF UHF
LQ KXPDQ IHWDO UHWLQDO SLJPHQW HSLWKHOLXP ,QYHVW 2

5DEH & 6 DQG :HLJKW ) ) (ITHFWV RI HWKDQRO RQ QHX

LOWUDFHOOXODU IUHH FDOFLXP LQ 3& FHOOV - 3KDUPDFROC

5DKQHU & )XNXKDUD O 3HQJ 6 .RMLPD 6 DQG 5L]IROR [ -
HQYLURQPHQWY RI WKH UHWLQDO SLIJPHQW HSLWKHOLXP |
MXQFWLRQV GXULQJ GHYHORSPHQW - &HOO 6FL

5DMDVHNDUDQ 6 $ +X - *RSDO - *DOOHPRUH 5 5\D]DQWVHY
$ . 1D . $73DVH LQKLELWLRQ DOWHUV WLIJKW MXQFWLR
KXPDQ UHWLQDO SLJPHQW HSLWKHOLDO FHOOV $PHU - 3K\V

5DPVRKR\H 3 9 DQG )ULW] , % BUHOLPLQDU\ FKDUDFWHUL
UHVSRQVLEOH IRU WKH LQGXFWLRQ RI KLJK HOHFWULFDO
PRQROD\HUV LQ D EORRG EUDLQ EDUULHU PRGHO 1HXURFKHF

5DQH 6 * +RO] WK * * DQG 'XQODS . 'LKA\GURS\ULGLQ'}
FDOFLXP FXUUHQW DQG VXEVWDQFH 3 UHOHDVH 310«JHUV $U|

5DXE 7 - 6LIQDO WUDQVGXFWLRQ DQG JOLDO FHOO PRGXO]I
HOQGRWKHOLDO FHOO WLJKW MXQFWLRQV $PHU - 3K\VLRO

5DX] 6 :DONHU ( % +XJKHV 6 9 &RFD 3UDGRV O +HZLVRQ
6WHZDUW 3 O 6HUXP DQG JOXFRFRUWLFRLG UHJXOD
HSLWKHOLDO VRGLXP FKDQQHO VXEXQLWV LQ KXPDQ RFX(
2SKWKDOPRO 9LV 6FL



5BHGGDQ - 5 DQG :LOVRQ ']JLHG]LF ,QVXOLQ JURZWK IDFWR
WULJIJHU PLWRVLY LQ OHQVHV FXOWXUHG LQ D VHUXP IUHH P

5HGG\ 0 0 DQG 4XLQWRQ 3 0 (1D& DFWLYLW\ UHTXLUH\
LQGHSHQGHQWO\ RI SKRVSKRU\ODWLRQ LQ VZHDW GXFW - Of
5HGG\ 0 0 4XLQWRQ 3 0 +DZV & :LQH - - *U\JRUF]\N 5
+DQUDKDQ - : *XQGHUVRQ . / DQG .RSLWR 5 5 )

ILEURVLY WUDQVPHPEUDQH FRQGXFWDQFH UHJXODWRU WR F

5HG]LF = % ,VDNRYLF $ - OLVLUOLF 'HQFLF 6 7 3RSDGLF
8QHYHQ GLVWULEXWLRQ RI QXFOHRVLGH WUDQVSRUWHUV DQ
SUHYHQW WUDQVSRUW RI LQWDFW > &@ DGHQRVLQH DFURVYV
DV D PRQROD\HU LQ SULPDU\ FXOWXUH &HUHEURVSLQDO )OX

5HLIJDGD ' [/X : =KDQJ ; JULHGPDQ & 3HQGUDN . OF*OLQQ
0 DQG OLWFKHOO & + '"HJUDGDWLRQ RI HITWUDFHOOXC
HSLWKHOLXP $PHU - 3K\VLRO &

5HLJDGD ' DQG OLWFKHOO & + 5HOHDVH RI $73 IURP UHW

LOQYROYHV ERWK &)75 DQG YHVLFXODU WUDQVSRUW $PHU -

5HLVLQ , 3UDW $ S$EUDKDP ( $PDUD - *UHJRU\ 5 $XVLHOO
7KH F\VWLF ILEURVLVY WUDQVPHPEUDQH FRQGXFWDQFH UHJXC
FKDQQHO - %LRO &KHP
5HQDUG 5RRQH\ ' & 6HLW] 0 % DQG 7KRPDV $ 3 ,QKLE
WULVSKRVSKDWH UHFHSWRU IXQFWLRQ E\ HWKDQRO DQG
&DOFLXP

5HQQHU $ % 7LOODFN + .UDXV + .UDPHU ) ORKU 1 :HEHU
.HOOQHU 8 IDWH RQVHW LV FRPPRQ LQ %HVW PDFXOD
90" JHQH PXWDWLRQV 2SKWKDOPRORJ\

BHXWHU + DQG 6HLW] 1 7TKH GHSHQGHQFH RI FDOFLXP HII
WHPSHUDWXUH DQG HIWHUQDO LRQ FRPSRVLWLRQ - 3K\VLRO
S5LEHLUR & 3 3DUDGLVR $ 0 DQG %RXFKHU 5 & 8S U

HOGRSODVPLF UHWLFXOHP QHWZRUN LQ &) KXPDQ DLUZD\
6



6HQJ & + 3DXO 6 -H

*UHJRU\ 5 -
([SUHVVI

"' 3 $QGHUVRQ 0 3
DQG :HOVK 0 -

' _OLQJHU BPLWK $ (
WUDQVPHPEUDQH FRQGXFWDQFH UHJXODWRU FRUUHFWV GHI

LQ F\VWLF ILEURVLY DLUZD\ HSLWKHOLDO FHOOV 1DWXUH

5LFK

5LRUGDQ - 5 $VVHPEO\ RI IXQFWLRQDO &)75 FKORULGH FKI

5LRUGDQ - 5 SRPPHQV - O .HUHP % 6 $ORQ 1 5R]PDKHO 5

- /IRN 6 30DYVLF 1 &KRX -/ '"UXPP 0 / ODQQX]]L O
TVXL | & ,GHQWLILFDWLRQ RI WKH F\VWLF ILEURVLV JH
RI FRPSOHPHQWDU\ '1$ 6FLHQFH

/- 7KH GLVWULEXWLRQ RI 1D . $73DVH LQ WKH

5L]JROR
IURP FKLFNHQ HPEU\R LV SRODUL]HG LQ YLYR EXW QRW LQ S

5L]]JROR [ - 7LVVXH LQWHUDFWLRQV WKDW UHJXODWH WLJKYV
&DPEULGJH

5L]]JROR [/ - DQG /L = 'LIIXVLEOH UHWLQDO IDFWRUV VW]

MXQFWLRQDO FRPSOH[HV LQ WKH UHWLQDO SLJPHQW HSLWKH

$SLFDO RULHQWDWLRQ RI WK

5L]]JROR / - DQG -RVKL + &
DQG DVVRFLDWHG \ WXEXOLQ GXULQJ WKH SRODULJQWLRQ R

YLYRHY %LRO

=KRX 6 DQG /L = 4 7KH QHXUDO UHWLQD PDI
,QYHVW 2S

5L]JROR / -
WKH 53( HDUO\ LQ GHYHORSPHQW

PHPEUDQH RI

+LVFRWW 3 6 DQG *ULHUVRQ &E\WRNHUDWL

5REH\ + /
&HOO 6FL

EHKDYLRXU -

5RGEHOO O %LUQEDXPHU / 3RKO 6 / DQG .UuDQVv + O
DGHQ\O F\FODVH V\VWHP LQ SODVPD PHPEUDQHV RI UDW Ol

JXDQ\OQXFOHRWLGHYV LQ JOXFDJRQ DFWLRQ %LRO &KHP

5RPPHQV - O ODQQX]IL 0 & .HUHP % 'UXPP 0 / OHOPHU *
5 &ROH - [/ .HQQHG\ +LGDND 1 =VLJD 0 %XFKZDOG
WKH F\VW]

/] & DQG &ROOLQV ) 6 ,GHQWLILFDWLRQ RI

ZDONLQJ DQG MXPSLQJ 6FLHQFH



5RVHQWKDO 5 %DNDOO % .LQQLFN 7 BHDFKH\ 1 :LPPHUV 6
DQG 6WUDXVV 2 (ISUHVVLRQ RI EHVWYURSKH@H WKH ¢
PRGXODWHY YROWDJH GHSHQGHQW &D FKDQQHOV LQ UHWLQ

5RVHQWKDO 5 ODOHN * 6DORPRQ 1 SHLOO OHLQLQJKDXV 0
:LPPHUV 6 %RZHV S5LFNPDQ & DQG 6WUDXVV 2 7TKH |
UHFHSWRUV )*)5 DQG )*)5 PHGLDWH WZR LQGHSHQGHQV
KXPDQ UHWLQDO SLIJPHQW HSLWKHOLDO FHOOV %LRFKHP ¢

5RVHQWKDO 5 DQG 6WUDXVV 2 &D FKDQQHOV LQ WKH 53(

5RZQWUHH 5 . DQG +DUULV $ 7KH S KH DROXVBD B LIFFR@W HFQX®I C
+XPDQ *HQHW

5XGROI * DQG :LRODQG 1 (ITHFWV RI LQWUDYLWUHDO DQ¢
GRSDPLQH RQ WKH VWDQGLQJ SRWHQWLDO DQG WKH OLJKW
(\H 5HV

5\PHU - OLOOHU 6 6 DQG (GHOPDQ - / (SLQHSKULQH LQ

DQG .&, FRXSOHG IOXLG DEVRUSWLRQ LQ ERYLQH 53( ,QYH

6DJD 7 6FKHXUHU ' DQG $GOHU 5 '"HYHORSPHQW DQG PDL
E\ LVRODWHG FKLFN HPEU\R SKRWRUHFHSWRU FHOOV LQ FXC

6DLWR 7 /IHH - 0 DQG 7DEDNRII % (WKDQROTTV HIIHFWYV
DFWLYLW\ - 1HXURFKHP
6DOFHGD 5 DQG 6DQFKH] &KDYH] * &DOFLXP XSWDNH UHOH

PHODQRVRPHV IURP UHWLQDO SLJPHQW HSLWKHOLXP &HOO &

6DXYH < 3LQLOOD , DQG /XQG 5 3DUWLDO SUHVHUYDWL
IROORZLQJ VXEUHWLQDO LQMHFWLRQ RI $53( FHOOV LQ 5&6

6FKDIHU ' $ ORRVHNHU 0 6 DQG &RRSHU - % /IRFDOL]DV
FKLFNHQ HSLWKHOLDO FHOOV E\ LPPXQRIOXRUHVFHQFH DQG
%LRO



FKOHVVLQJHU - DQG 8OOULFK $ *URZWK IDFWRU VLJQDC
1HXURQ

6FKQHFN 0 ( JRUWXQH % DQG $GDPV $ - 7KH 1D\
HOHFWURRFXORJUDP UHYHDOV VHQVLWLYLW\ RI WKH KXP
HSLWKHOLXP WR JOXFRVH OHYHO 9LV ©5HV

6FKQHHEHUJHU ( ( DQG /\QFK 5 6WUXFWXUH IXQFWLRQ
MXQFWLRQV $PHU - 3K\VLRO /

6FKUHLEHU 5 +RSI $ 0DOO O *UHJHU 5 DQG .XQ]JHOPDQQ
ELQGLQJ GRPDLQ RI WKH F\WWLF ILEURVLY WUDQVPHPEUL
LPSRUWDQW IRU LQKLELWLRQ RI WKH HSLWKHOLDO 1D FKDQ

6FKZHJOHU - 6 .QRU] 0 & $NNR\XQ , DQG /LHVHQKRII +
JURZWK IDFWRU VWLPXODWHY SUROLIHUDWLRQ RI FXOWXUHC
ORO 9LV

6FKZLHEHUW ( 0 %HQRV ' - (JDQ O ( 6B6WXWWV 0 - DQG *XJ

D FRQGXFWDQFH UHJXODWRU DV ZHOO DV D FKORULGH FKDQ

6FKZLHEHUW ( O &LG 6RWR / 3 6WDIIRUG ' &DUWHU O Y
*XJIJILQR @ % DQG &XWWLQJ * 5 $QDO\WLV RI &,8&
DOWHUQDWLYH SDWKzZD\ IRU FKORULGH FRQGXFWLRQ LQ F\\
$FDG 6FL 86 $

6FKZLHEHUW ( O (JDQ 0 ( +ZDQJ 7 + )XOPHU 6 % $O0OHQ
*XJIJLQR :© % &)75 UHIJXODWHYVY RXWZDUGO\ UHFWLI\LQJ
DQ DXWRFULQH PHFKDQLVP LQYROYLQJ $73 &HOO

6HDJOH % / / 5H]DL . $ .RERUL < *DV\QD ( O 5H]DHL . ¢
OHODQLQ SKRWRSURWHFWLRQ LQ WKH KXPDQ UHWLQ
FRUUHODWLRQ ZLWK OLJKW LQGXFHG FHOO DSRSWRVLV 3UF

6HGGRQ - O $IVKDUL 0 % 6KDUPD 6 %YHUQVWHLQ 3 6 &
SHWUXNKLQ . DQG $OOLNPHWYV 5 $VVHVVPHQW RI PX
G\WWURSK\ 90" JHQH LQ SDWLHQWYV ZLWK DGXOW RQVH
G\WWURSK\ DJH UHODWHG PDFXORSDWK\ DQG EXOO V H\H



(OHFWULFDO UHVSRQVH RI WKH UHWLQDO SLJPHQ

6HIJDZD <
' &OLQLFDO XVH IRU HOHFWURSK\VLRORJLFDO HYDOXDWL
DFWLYLW\ - -X]J]HQ OHG ©6RF
6HJDZD < DQG +XJKHV % $ URSHUWLHV RI WKH LQZDUGO
- 3K\VLRO /IRQ

WKH WRDG UHWLQDO SLIJPHQW HSLWKHOLXP

-RQD 9HJK O DQG ODUWRQRVL $ &\FOR
VDUFRSODVPLF UHWLFXO;

6HLGOHU 1
WKH &D $73DVH RI

LOQKLELWRU RI

6HUPHW *DXGHOXV '"HFKDX[ O 9DOOHH % )DMDF  $ *LUR
ODULDQRYVNL 5 +XUEDLQ %UHVVRQ - / J[/HQRLU *
&KORULGH WUDQVSRUW LQ QDVDO FLOLDWHG FHOOV RI F\V

5HVSLU
7TRURVVL 7 oObULDQ

9DOOpPH % 8SUELQ
DQG (GHOPDQ $

6HUPHW *DXGHOXV
%UHVVRQ -/ J/HQRLU * %HUQDXGLQ - )
WKH F\WWLF ILEURVLVY FRQGXFWDQFH UHJXODWRU SURWHLQ

$) PXWDWLRQ 3HGLDWU 5HV

% 5HDFFXPXODWLRQ RI >. @

DQG 2DNOH\ ,,
*HQ 3K\VLRO

6KLPD]DNL +
PDLQWDLQHG LOOXPLQDWLRQ

SRG OLJKW UH
6FL 86 $

DQG OLOOHU +

6KLPRGD < +XUOH\ - %
3URF 1DWO $FDG

SKRVSKRGLHVWHUDVH
3 3

WKH

&DPSRFKLDUR

<XDQ < &KDQJ - 7 =KDQJ 6
([SUHVVLRQ DQG SHUPHDWLRQ SURSHUWLHV RI

- 3K\WLRO IRQG

6KLPXUD O

$
SLIPHQW HSLWKHOLXP
6LIJDO ( 7KH PROHFXODU ELRORJ\ RI PDPPDOLDQ DUDFKLGR

3K\VLRO /
L (11H

6LPDVNR 6 O %R\DGMLHYD 1 'H $ DQG 6DUNDU
UHJXODWLRQ LQ UDW IHWDO K\SRWKDODPLF FHOOV LQ FXOWX

6LPRQVVRQ 3 G5RGULJXH] ) ' J/RPDQ 1 DQG $LOLQJ &
ORQJ WHUP HWK

SKRVSKROLSDVH & PROHFXODU WDUJHWYV RI



6NRRJ 2 . 7KH F ZDYH RI WKH KXPDQ G F UHJLVWHUHG HUJ
WKH F ZDYH $FWD 2SKWKDOPRO &RSHQK

6NRRJ 2 . 7THIWRULXV 2 DQG 1LOVVRQ 6 ( * (IMTHFWV RI |
UHFRUGHG VWDQGLQJ SRWHQWLDO RI WKH KXPDQ H\H $FWD

6PLWK 7KRPDV / & 5LFKDUGVRQ 3 6 5HQQLH , * 3DOPHU |,
ODF1HLO 6 ,QIOXHQFH RI SLIJPHQW FRQWHQW LQWUDF
RQ WKH DELOLW\ RI KXPDQ UHWLQDO SLJPHQW HSLWKHOLDO
(\H 5HV

6PUFND $ 9 (OHSOHU - 5 %URZQ . 2 DQG B6WHUQZHLV 3

SRO\SKRVSKRLQRVLWLGH VSHFLILF SKRVSKROLSDVH & DFWL"

6RQJ O . DQG /XL * O 3URSDIJDWLRQ RI IHWDO KXPDQ 5
RULJLQDO FXOWXUH PRUSKRORJ\ DIWHU VHULDO SDVVDJH -

6SDW $ %UDGIRUG 3 * OF.LQQH\ - 6 5XELQ 5 3 DQG 3XWQH
UHFHSWRU IRU 3 LQRVLWRO WULSKRVSKDWH LQ KHSDW

6WDQJHO % 9 (vsbxb ( O *UXHWHULFK O .DZDNLWD 7 3bU
%LQGHU 6 $PQLRWLF PHPEUDQH PDLQWDLQV WKH S
SLIPHQW HSLWKHOLDO FHOOV LQ FXOWXUH ([S (\H 5HV

6WDULWD & (OXVVDLQ $ $ 3DWPRUH $ DQG ODUVKDOO -

UHVLVWDQFH WR IOXLG WUDQVSRUW LQ %UXFK V PHPEUDQH

6WHLQEHUJ 5 6FKPLGW 5 DQG %URZQ . , QWUDFHOOXOI

SLIPHQW HSLWKHOLXP RULJLQ RI WKH HOHFWURUHWLQRJUDI

6WHLQEHUJ 5 + J/LQVHQPHLHU 5 $ DQG *ULII ( 5 TKUHH (
UHWLQDO SLIPHQW HSLWKHOLXP 9LV 5HYV

6WHLQEHUJ &5 + ILQVHQPHLHU 5 $ DQG *ULIl ( 5 5HW/|
FROWULEXWLRQV WR WKH HOHFWURUHWLQRJUDP DQG HOHFW



6WHLQEHUJ 5 + 2DNOH\ ,, % DQG 1LHPH\HU * ILIKW HYRI
RI LQWDFW FDW H\H - 1HXURSK\VLRO

6WHUQIHOG o0 ' 5REHUWVRQ - ( 6KLSOH\ * 7VDL - DQG
&EXOWXUHG KXPDQ UHWLQDO SLJPHQW HSLWKHOLDO FHOOV |
DQG LWV UHFHSWRU &XUU (\H 5HV

6WHXHU + -DZRUVNL $ (LJHU % .DXVVPDQQ O .HOGHQLFK
6FKORVVKDXHU % JXQFWLRQDO FKDUDFWHUL]DWLRQ
EORRG UHWLQD EDUULHU DQG WKH EORRG EUDLQ EDUULHU

6WHXHU + -DZRUVNL $ 6WROO ' DQI YOLPRR@RIVOVRDXHWH BXWHU E
UHWLQD EDUULHU %UDLQ 5SHV 3URW

6WHYHQVRQ % 5 O6LOLFLDQR - ' ORRVHNHU 0 6 DQG *RRGHQF
RI =2 D KLJK PROHFXODU ZHLJKW SRO\SHSWLGH DVVRFLDW
RFFOXGHQV LQ D YDULHW\ RI HSLWKHOLD - &HOO %LRO

6WLUOLQJ & ( DQG /HH % > +@RXDEDLQ DXWRUDGLRJUDSK

6WREUDZD 6 0 %UHLGHUKRII 7 7DNDPRUL 6 (QJHO ' B6FKZHL
5 SXHWKHU . -DKQ + DQG 'UDJXKQ $ 'LVUXSWLR

FKDQQHO H[SUHVVHG RQ V\QDSWLF YHVLFOHY OHDGV WR D

6WUDQJH . (PPD ) DQG -DFNVRQ 3 6 &HOOXODU DQG PRC
VHQVLWLYH DQLRQ FKDQQHOV $PHU - 3K\VLRO &

BWUDXVV 2 7KH UHWLQDO SLJPHQW HSLWKHOLXP LQ YLVXDO

BWUDXVV 2 %XVV ) B5RVHQWKDO 5 )LVFKHU ' OHUJOHU 6

$FWLYDWLRQ RI QHXURHQGRFULQH / W\SH FKDQQHOV D
HSLWKHOLDO FHOOV DQG EUDLQ QHXURQV E\ SS F VUF %LRF

BWUDXVV 2 OHUJOHU 6 DQG :LHGHUKROW 0 5HIJXODWLRQ
SURWHLQ W\URVLQH NLQDVH DQG SURWHLQ NLQDVH & LQ FXC
HSLWKHOLDO FHOOV )$6(% -



6WUDXVV 2 DQG 5RVHQWKDO 5 JXQNWLRQ GHV "HVWURSKL

6WUDXVV 2 6WHLQKDXVHQ O OHUJOHU 6 6WXPSIlI ) DQG :LH
RI SURWHLQ W\A\URVLQH NLQDVH LQ WKH OQV3 LQGXFHG I
FXUUHQWY LQ FXOWXUHG FHOOV RI WKH UDW UHWLQDO SL

6WUDXVV 2 DQG LHQULFK O &EXOWXUHG UHWLQDO SLJPH
H[SUHVV DQ LQFUHDVHG FDOFLXP FRQGXFWDQFH FRPSDUHG
UDWYV 3I10XJHUV $UFK

6WUDXVV 2 DQG LHQULFK O &D FRQGXFWDQFHV LQ FXOW:
FHOOV - &HOO 3K\VLRO

6WUXQQLNRYD 1 =KDQJ & 7HLFKEHUJ ' &RXVLQV 6 : %DIIL
* 6XUYLYDO RI UHWLQDO SLJPHQW HSLWKHOLXP DIWH!
LQMXU\ D GHWDLOHG JHQH H[SUHVVLRQ DQG FHOOXODU DC

6XOOLYDQ ' 0 (UE / $QJODGH ( :HLVPDQ * $ 7XUQHU -
,GHQWLILFDWLRQ DQG FKDUDFWHUL]DWLRQ RI 3 < QXFOHF
SLJPHQW HSLWKHOLDO FHOOV - 1HXURVFL B5HV

6XQ ), 7VXQHQDUL 7 <DX .: DQG 1DWKDQV - 7KH YLW

SURWHLQ GHILQHV D QHZ IDPLO\ RI FKORULGH FKDQQHOV

7DGD 0 DQG ,QXL O 5HIXODWLRQ RI FDOFLXP WUDQVSRUYV
VI\VWHP - ORO &HOO &DUGLRO
7DGD O DQG .DGRPD O 5HIXODWLRQ RI WKH &D SXPS $73

SKRVSKRU\VODWLRQ RI SKRVSKRODPEDQ %LRHVVD\V

7TDNDKDVKL . 6DZDVDNL < +DWD - OXNDL . DQG *RWR
WUDQVIRUPDWLRQ DQG LPPRUWDOL]DWLRQ RI KXPDQ HQGRYV

7DQ . + 'REELH 0 6 )HOL[ 5 % %DUUDQG 0 $ DQG +XUVW
WKH LQGXFWLRQ RI LPPRUWDOL]JHG HQGRWKHOLDO FHO(
IHXURUHSRUW



7/DQJ 6 <DWDQL $ %DKLQVNL $ ORUL < DQG 6FKZDUW] $
UHJLRQV LQ WKH / W\SH FDOFLXP FKDQQHO FULWLFDO IRU C

7D\ORU $ / .XGORZ % $ O0ODUUV . / *UXHQHUW ' & *XJJLQR
%LROXPLQHVFHQFH GHWHFWLRQ RI $73 UHOHDVH PHFK
3K\VLRO & &
7THzbUL . 3 ODOLQRZVND ' + G6KHUU\ $ 0 DQG &XSSROHWWL
DFLG DFWLYDWLRQ RI KXPDQ UHFRPELQDQW &,& FKORULGH
&
7TH[WRULXV 2 1LOVVRQ 6 ( DQG $QGHUVVRQ % ( (ITHFW?

GRSDPLQH LQ GLIIHUHQW FRQFHQWUDWLRQV RQ WKH '& HOl
SRWHQWLDO RI WKH DOELQR UDEELW H\H 'RF 2SKWKDOPRO

TH[WRULXV 2 :HOLQGHU ( DQG 1LOVVRQ 6 ( * &RPELQHG
DFLG ZLWK VRGLXP LRGDWH HWK\O DOFRKRO RU OLJKW VW
WKH VWDQGLQJ SRWHQWLDO RI WKH DOELQR UDEELW H\HV 'F

7HIHO 7 + DQG 'HO 3ULRUH [/ 9 6HUXP IUHH PHGLD IRU FXC
DGXOW KXPDQ UHWLQDO SLJPHQW HSLWKHOLXP ([S (\H 5HV

7HJHO 7 + 'HO 3ULRUH / 9 DQG .DSODQ + - SHHQUJLC
PHPEUDQH WR HQKDQFH UHWLQDO SLJPHQW HSLWKHOLXP U
9LV BFL

7KHLVFKHQ 0 %RUQIHOG 1 %HFKHU 5 .HOOQHU 8 DC
+H[DGHF\OSKRVSKRFKROLQH PD\ SURGXFH UHYHUVLEOH IXQ
SLIPHQW HSLWKHOLXP *HU - 2SKWKDOPRO

7KLHPDQQ $ *UXQGHU 6 3XVFK 0 DQG -HQWVFK 7 - $

H[SUHVVHG LQ HSLWKHOLDO DQG QRQ HSLWKHOLDO FHOOV 1

7TKRUEXUQ : DQG 1RUGVWURP 6 (2* LQ D ODUJH IDPLO\
GHIJIHQHUDWLRQ %HVWIV YLWHOOLIRUP PDFXODU G\WWURS
'RF 2SKWKDOPRO

TKXPDQQ * 6FKUDHUPH\HU 8 %DUW] 6FKPLGW . 8 DQG +HLPEL
PHPEUDQH DV PHPEUDQRXV VXSSRUW LQ 53( ,3( WUDQVSODC



7LDQ - ,VKLEDVKL . DQG +DQGD - 7 7KH H[SUHVVLRQ R
JURZQ RQ GLIITHUHQW PDWULFHV 3K\WLRO *HQRPLFV

7LHGH , )ULW] * 6WUDQG 6 3RSSH ' 'YRUVN\ 5 6WUDQG
& $WUH\D 5 OXGWHU - +LOGQHU . %DUWVFK % +R
:DOF]DN + , YHQ + *DOOH 3 5 $KPDGLDQ O 5 DQG 1HXU
GHSHQGHQW 5DF DFWLYDWLRQ LV WKH PROHFXODU WDUJHW
&' 7 O\PSKRF\WHV - &OLQ ,QYHVW

7TRLPHOD 7 ODHQSDD + ODQQHUVWURP 0 DQG 7DKQLYLWUR
EORRG EUDLQ EDUULHU PRGHO F\WRWRI[LFLW\ RI PHUFXU\
3KDUPDFRO

7RLPHOD 7 $ DQG 7DKWL ), (IMTHFWV RI PHUFXULF FKORUL
XSWDNH E\ FXOWXUHG UHWLQDO SLJPHQW HSLWKHOLDO FHOC

7TRQWVFK 8 DQG %DXHU )O & *OLDO FHOOV DQG QHXURQV |
HQJ\PHV LQ FXOWXUHG FHUHEUDO HQGRWKHOLDO FHOOV %UI

TUHLQV & *LRUJHWWL 3HUDOGL 6 OXUGDFD - 6HPHQ]D * [/ L
,QVXOLQ VWLPXODWHV K\SR[LD LQGXFLEOH IDFWRU WKU
NLQDVH WDUJHW RI UDSDP\FLQ GHSHQGHQW VLJQDOLQJ SDW

7TUHLQV & *LRUJHWWL 3HUDOGL 6 OXUGDFD - DQG 9DQ 2EEH!
YDVFXODU HQGRWKHOLDO JURZWK IDFWRU H[SUHVVLRQ E\ DC
%LRO &KHP

TUHWLDFK O ODGLJDQ O & DQG *LOOLHV 0 & &RQGLWLRC
SLIPHQWHG HSLWKHOLXP DQG 0XQQHVYISWHIRG IFEXIOON. XY\J HR/I WHHG
YDVFXODU HQGRWKHOLDO FHOOV %ULW - 2SKWKDOPRO

TUHWLDFK O ODGLJDQ O & :HQ / DQG *LOOLHV 0 & (I'n'H
RQALQ YSWURHDELOLW\ RI ERYLQH UHWLQDO YDVFXODU HQGRW
FRQGLWLRQV 1HXURVFL /HWW

7VR 0 2 $OEHUW ' DQG =LPPHUPDQ [/ ( 2UJDQ FXOWXUH
HSLWKHOLXP DQG FKRURLG D PRGHO IRU WKHLWQWXGWUWRR F\W
,QYHVW 2SKWKDOPRO 9LV ©6HL



7TKNDKDUD 1LQRPL\D 6 &DVWHOODULQ $ <DJL ) 6XJLQR
(DUO\ DWWDFKPHQW RI XQFXOWXUHG UHWLQDO SLJPHQW H
%UXFK V PHPEUDQH H[SODQWV ([S (\H 5HYV

TVXQHQDUL 7 1IDWKDQV - DQG <DX . : &D DFWLYDWHC
EHVWURSKLQ LQ H[FLVHG PHPEUDQH SDWFKHV - *HQ 3K\VI

TVXQHQDUL 7 6XQ + :LOOLDPV - &DKLOO + 6PDOOZRRG
6WUXFWXUH IXQFWLRQ DQDO\VLV RI WKH EHVWURSKLQ
&KHP

7XUNVHQ . $XELQ - ( 6RGHN - DQG .DOQLQV 9 , &KD
ODPLQLQ ILEURQHFWLQ W\SH ,9 FROODJHQ DQG KHSDUDQ \
IRUPDWLRQ E\ FKLFN UHWLQDOQSY I&R@IFW BHISOWWHGHDO FHOO\

7XUNVHQ . $XELQ - ( 6RGHN - DQG .DOQLQV 9 |, IRFD
FROODJHQ ILEURQHFWLQ DQG KHSDUDQ VXOIDWH SURWH
HSLWKHOLXP EDVHPHQW PHPEUDQH GXULQJ HPEU\RQLF G
&\WRFKHP

7TXUNVHQ . 2sbv 0 DQG .DOQLQV 9 &\WRVNHOHWRQ
PDWUL[ RI IHWDO KXPDQ UHWLQDO SLIPHQWHG HSLWKHOLDO

7XURZVNL 3 $GDPVRQ 3 6DWKLD - =KDQJ - - ORVV 6 ( $\
.DQXJD 1 DQG *UHHQZRRG - %DVHPHQW PHPEUDQH G
RI SKHQRW\SH DQG JHQH H[SUHVVLRQ LQ KXPDQ UHWLQDO S
,QYHVW 2SKWKDOPRO 9LV 6FL

7\WJDW - 9HUHHFNH - DQG &DUPHOLHW ( 'LITHUHQWLDO H
RQ FDUGLDF / W\SH DQG 7 W\SH &D FKDQQHOV 1DXQ\Q 6FKPL

8FKLGD + +D\DVKL + .XURNL O 8QR . <DPDGD + <DPDVKL
XURNL 0 DQG 2VKLPD . 9LWDPLQ $ XS UHJXODWHE
WKURPERVSRQGLQ DQG SLIJPHQW HSLWKHOLXP GHULYHG ID
FHOOV ([S (\H 5HV

8HGD < DQG 6WHLQEHUJ 5 + 9ROWDJH RSHUDWHG FDOFLXF
ubw UHWLQDO SLIJPHQW HSLWKHOLDO FHOOV ,QYHVW 2SKWI



8HGD < DQG 6WHLQEHUJ 5 + &KORULGH FXUUHQWYV LQ IU
HSLWKHOLDO FHOOV ([S (\H 5HV

8HGD < DQG 6WHLQEHUJ 5 + 'LK\GURS\ULGLQH VHQVLWL
LVRODWHG KXPDQ DQG PRQNH\ UHWLQDO SLJPHQW HSLWKH:(
6FL

8HKDUD ) ODWWKHYV 0 7 <DVXPXUD ' DQG /D9DLO 0 O

WKH LQWHUSKRWRUHFHSWRU PDWUL[ 6FLHQFH

8OVKDIHU 5 - $OO0OHQ & % DQG 5XELQ 0 / 'LVWULEXWL
UHWLQDO SLIJPHQW HSLWKHOLXP $UFK 2SKWKDOPRO

8QZLQ 3 1 DQG (QQLV 3 7ZR FRQILIJXUDWLRQV RI D F
SURWHLQ 1DWXUH

8VVLQJ + + 7TUDQVSRUW WKURXJK ELRORJLFDO PHPEUDQHYV

9DHIJDQ DQG %HDXPRQW 3 5HODWLRQVKLSV EHWZHHQ (2* SI
WR GLVHDVH 3URF WK,6&(9 6\PSRVLXP 7XELQJHQ

9DHIJDQ DQG %HDXPRQW 3 7KH IDVW RVFLOODWLRQ RI W]
UHFRUGHG LQGHSHQGHQW SDUDPHWHU VHQVLWLYH WR DQ
,QYHVW 2SKWKDOPRO 9LV 6FL $592 DEVWUDFW

9DOHWRQ - 0 DQG YDQ 1RUUHQ ' , QWUDUHWLQDO UHFRUG

VWHDG\ LOOXPLQDWLRQ LQ PRQNH\ LVRODWLRQ RI UHFHSW
OLJKW SHDN 9LV 5HV

9DOYHULXV 3 +RIIPDQ 3 / DQG 7DEDNRII % (ITHFW RI1 |
FRUWLFDO EHWD DGUHQHUJLF UHFHSWRUV ORO 3KDUPDFRO

YDQ GHU 6FKDIW 7 / GH %UXLMQ : & ORR\ & 0 DQG GH -RQJ
GHSRVLW LQ WKH DJLQJ SHULSKHUDO KXPDQ UHWLQD *UDH

YDQ ,WDOOLH & 0 DQG $QGHUVRQ - 0 &ODXGLQV DQG HSL
5HY 3K\VLRO

9DQNHHUEHUJKHQ $ &XSSHQV + DQG &DVVLPDQ - -
WUDQVPHPEUDQH FRQGXFWDQFH UHJXODWRU DQ LQWULJXLC
- & \VWLF )LEURVLV



9HUJDQL 3 /RENOHVV 6 1DLUQ $ & DQG *DGVE\ ' & 1
$73 GULYHQ WLJKW GLPHUL]DWLRQ RI LWV QXFOHRWLGH ELC

9HURQHVL % &KDUDFWHUL]DWLRQ RI WKH 0'& FHOO OLC
IHXURWRI[LFRORJ\

9REWH & / DQG 8VVLQJ + + 6RPH PRUSKRORJLFDO DVSHF
7KH HSLWKHOLXP RI WKH IURJ VNLQ - &HOO %LRO

‘DJQHU - -DQ 'DQVHU $ + 'HUN[ ) + GH -RQJ 7 9 3D
6FKDOHNDPS 0 $ DQG *DQWHQ '"HPRQVWUDWL

DQJLRWHQVLQRJHQ P51$ DQG DQJLRWHQVLQ FRQYHUWLQJ |
KXPDQ H\H HYLGHQFH IRU DQ LQWUDRFXODU UHQLQ DQJLRW

:DOVK " ( +DUYH\ % - DQG 8S8UEDFK 9 &)75 UHIJXODWLRC
QRUPDO DQG F\VWLF ILEURVLYV KXPDQ DLUZD\ HSLWKHOLD -

‘DOWHU + - OFODKRQ 7 'DGJDU - :DQJ ' DQG OHVVLQJ 5 2
FDOFLXP FKDQQHO VXEXQLWYV E\ SURWHLQ NLQDVH & C
PHFKDQLVPV - %LRO &KHP

'DQJ 1 DQG $QGHUVRQ 5 ( 7UDQVSRUW RI Q LQ WKI

UHWLQDO SLJPHQW HSLWKHOLXP DQG UHWLQD ([S (\H 5HYV

:DQJ 6 /X % :RRG 3 DQG /XQG 5 *UDIWLQJ RI $53(
WKH VXEUHWLQDO VSDFH LQ 5&6 UDWV ,QYHVW 2SKWKDOPR

:DQJ :DQJ * [/HPRV - DQG 7UHLVWPDQ 6 (WKDQRO GLU

GLK\GURS\ULGLQH VHQVLWLYH &D FKDQQHO LQ QHXURK\SRSES

‘DQJ = 'LOORQ - DQG *DLOODUG ( 5 $QWLR[LGDQW S
SLJPHQW HSLWKHOLDO FHOOV 3KRWRFKHP 3KRWRELRO

‘DWHUILHOG 0 ' OD\HV ( / 6WURREDQW 3 %HQQHW 3 /[ =<
%DQWLQJ * 6 DQG 2]DQQH % $ PRQRFORQDO DQWLE]
JURZWK IDFWRU UHFHSWRU - &HOO %LRFKHP

'DWHUV & 3\QH 6 DQG 3\QH 1 - 7KH UROH RI * SURWH

DVVRFLDWHG SURWHLQV LQ UHFHSWRU WA\URVLQH NLQDVH
%LRO



HL / 9DQNHHUEHUJKHQ $ &XSSHQV + (JJHUPRQW - &DVVLP
ILOLXV % , QWHUDFWLRQ EHWZHHQ FDOFLXP DFWLYD
F\WVWLF ILEURVLVY WUDQVPHPEUDQH FRQGXFWDQFH UHJXODW

:HLJHO $ / +DQGD - 7 DQG +MHOPHODQG [/ O OLFURDUUL
W%+ WUHDWHG $53( FHOOV )UHH 5DGLH %LRO OHG
‘HLJHO $ / ,GD + %R\ODQ 6 $ DQG +MHOPHODQG [/ O
WUDQVFULSWLRQDO UHVSRQVH LQ WKH PRXVH 53( FKRURLG
HOHEHU 5 * )DVW DQG VORZ RVFLOODWLRQV RI WKH HOH
G\WWURSK\ DQG UHWLQLWLY SLIPHQWRVD $UFK 2SKWDOPRC
HOOLQJ 3 * I\RQV [ ] (OOLRW 5 DQG $PLGRQ * / 3K

IROORZLQJ VLQJOH ORZ GRVHV WR IDVWHG DQG QRQIDVWHC

:HOVK 0 - DQG 6PLWK $ ( OROHFXODU PHFKDQLVPV RI
G\WIXQFWLRQ LQ F\WVWLF ILEURVLVY &HOO

'HQJ 7 : *RGOH\ % ) -LQ * ) ODQJLQL 1 - .HQQHG\ % *
2[LGDQW DQG DQWLR[LGDQW PRGXODWLRQ RI FKORULG

UHWLQDO SLIJPHQW HSLWKHOLXP $PHU - 3K\VLRO &
‘KLWH 0 0 DQG OLOOHU & $ YROWDJH JDWHG DQLRQ FKD!

7TRUSHGR FDOLPRULRIOL. FRKHP

LIJIJHUW % %HUJVPD ' 5 +HOPVHQ 5 DQG &KDGHU * -
S5HWLQRLF DFLG ELQGLQJ LQ RFXODU WLVVXHV %LRFKHP -

:LOOV 1 . "HQJ 7 OR / +HOOPLFK + / <X $ :DQJ 7 % X FK
&KORULGH FKDQQHO H[SUHVVLRQ LQ FXOWXUHG KXPDC
R[LGDWLYH VWUHVV ,QYHVW 2SKWKDOPRO 9LV 6FL

:LPPHUV 6 &RHSSLFXV |/ DQG 6WUDXVV 2 &ORQLQJ DQG F
/ W\SH &D FKDQQHOV LQ WKH UHWLQDO SLJPHQW HSLWKHO
$592 SEVWUDFW

':LQNOHU % 6 DQG *LEOLQ ) - *OXWDWKLRQH R[LGDWLRQ
DQG HOHFWULFDO DFWLYLWLHV ([S (\H 5HYV



cLWKHUV ' - DQG :KLWH O SHUVSHFWLYH 7KH ,QVXOLQ VL
LQ WKH SDWKRJHQHVLV RI W\SH GLDEHWHY (QGRFULQRORJ

ROl - ( DQG $UGHQ * % 7ZR FRPSRQHQWYV RI WKH KXPDQ
'RF 2SKWKDOPRO

:ROOPDQQ ~* /HQ]JQHU 6 %HUJHU 5RVHQWKDO 5 .DUO O
9ROWDJH GHSHQGHQW LRQ FKDQQHOV LQ WKH PRXVH 53( FF
PLFH 9LV 5HV

"RRGUXIl 0 / )DLQ * / DQG %DVWLDQ % / JLIKW GHSH(
SKRWRUHFHSWRUV - *HQ 3K\VLRO

'RUUHOO 5 7 %XWW $ * &OLIl : + DQG )UL]JHOO 5 $
FRQGXFWDQFH LQ KXPDQ FRORQLF FHOO OLQH 7 $PHU - 3}

"ULJKW $ 0 *RQJ ; O9HUGRQ % /LQVGHOO 3 OHKWD $ 5LRI
*UD\ 0 $ 1RYHO UHJXODWLRQ RI F\WVWLF ILEURVLV W

UHJXODWRU &)75 FKDQQHO JDWLQJ E\ HIWHUQDO FKORULC

X - ODUPRUVWHLQ $ ' DQG 3HDFKH\ 1 6 JXQFWLRQDO I

SLIPHQW HSLWKHOLXP RI &)75 PXWDQW PLFH ([S (\H 5HV

X < 6LQJK 6 *HRUJHVFX 00 %LUJH 5 % $ UROH IRU OH
LQWHJULQ PHGLDWHG SKDJRF\WRVLV RI DSRSWRWLF FHOOV

yLRQJ + /L & *DUDPL ( :DQJ < 5DPMHHVLQJK O *DOOH\
&, & DFWLYDWLRQ PRGXODWHY UHJXODWRU\ YROXPH GHFUHD

X 7 + 'LQJ - DQG 6KL < |/ 7RRVHQGDQLQ LQFUHDVHV I
1+ FHOOV YLD / W\SH &D FKDQQHOV $FWD 3KDUPDFRO ¢
‘X : DQG .DUZRVNL & - &XUUHQW VRXUFH GHQVLW\ DQDO\\
SKDUPDFRORJLFDO DQDO\VLV RI WKH E ZDYH DQG 0 ZDYH - 1
‘X < @&ODUN - & $URQRZ % - 'H\ & 5 J/LX & :RROGULGJH

7TUDQVFULSWLRQDO DGDSWDWLRQ WR F\WWLF ILEURVI
UHJXODWRU GHILFLHQF\ - %LRO &KHP



<DPDPRWR $ ,VKLIXUR + R 6 % + 6X]XNL & :DQJ < +D
.LWDJDZD 0 +D\DNDZD 7 DQG 1DUXVH 6 (WKD
K\ SHUVHFUHWLRQ IURP JXLQHD SLJ SDQFUHDWLF GXFW FHOO

<bQ . DQG ODWWKHZV * %ORFNHUV RI SRWDVVLXP FKDQQ
FXUUHQW LQ URG SKRWRUHFHSWRU LQQHU VHIPHQWYV 9LV 1

<DQDJLKDUD OLXUD ORULZDNL 6KLUDNL ,PDPXUD .DLGD DQG O
IDFWRU SURPRWHYV HSLWKHOLDO PRUSKRJHQHVLVY DQG RFFO
FXOWXUHG UHWLQDO SLJPHQW HSLWKHOLDO FHOOV *UDHIH

<DQDJLKDUD 1 ORULZDNL O 6KLUDNL . OLNL 7 DQG 2WDQL
SRO\DPLQHV LQ WKH SUROLIHUDWLRQ RI FXOWXUHG UHWLC
2SKWKDOPRO 9LV 6FL

<DQJ ' 3DQ $ 6ZDPLQDWKDQ $ .XPDU * DQG +XJKHV % $
ORFDOL]DWLRQ RI WKH LQZDUGO\ UHFWLI\LQJ SRWDVVLXP Ft
SLJPHQW HSLWKHOLXP ,QYHVW 2SKWKDOPRO 9LV B6FL

<DQJ < -DQLFK 6 &RKQ - DQG :LOVRQ - 7KH FRPPRQ
WUDQVPHPEUDQH FRQGXFWDQFH UHJXODWRU LV UHFRJQL]HG
JROJL QRQO\WRVRPDO FRPSDUWPHQW 3URF 1DWO $FDG B6FL

<DQJ =: :DQJ - =KHQJ 7 $OWXUD % 7 DQG $OWXUD % |
H[WUDFHOOXODU &D DQG LQWUDFHOOXODU &D UHOHDVH
FHUHEUDO DUWHULDO VPRRWK PXVFOH $OFRKRO

<DQJ =: :DQJ - =KHQJ 7 $OWXUD % 7 $OWXUD % O DQG H+
LQGXFHG FRQWUDFWLRQV LQ FHUHEUDO DUWHULHV  UROH
SURWHLQ NLQDVHV BWURNH

<HILPRYD 0 * -HDQQ\ - & *XLOORQQHDX .HOOHU 1 1JIX\H!
*XLOORX ) DQG &RXUWRLV < ,URQ ITHUULWLQ WUDQYV
WKH DGXOW UDW UHWLQD ,QYHVW 2SKWKDOPRO 9LV ©6FL

<RVKLGD 0 7DQLKDUD + DQG <RVKLPXUD 1 30DWHOHW
H[SUHVVLRQ LQ FXOWXUHG KXPDQ UHWLQDO SLJPHQW HSLWHK
&RPPXQ

<RXQJ 5 : DQG %RN ' 3DUWLFLSDWLRQ RI WKH UHWLQDO

VHIPHQW UHQHZDO SURFHVV - &HOO %LRO



=DEQHU - 6FKHHW] 7 ( $OPDEUD]L + * &DVDYDQW 7 |/ +
OF&UD\ 3 % -U &)75 9) PXWDWLRQ KDV PLQLPDO
H[SUHVVLRQ SURILOH RI GLIITHUHQWLDWHG KXPDQ DLUZD\
/

=KDQJ ' /IDL 0 & &RQVWDEOH , - DQG 5DNRF]\V 3 ( $
GLVHDVH RI WKH DJHG %LRJHURQWRORJ\

=KDQJ 1 .DQQDQ 5 2NDPRWR & 7 5\DQ 6 - J/HH 9 + [/ D
&KDUDFWHUL]DWLRQ RI EULPRQLGLQH WUDQVSRUW LQ UF
2SKWKDOPRO 9LV 6FL

=KDQJ < DQG 6WRQH - 5ROH RI DVWURF\WHV LQ WKH FRQ!
,QYHVW 2SKWKDOPRO 9LV 6FL

=LPPHUPDQ $ / <DPDQDND * (FNVWHLQ ) %D\ORU ' $ DQG
RI K\GURO\VLY UHVLVWDQW DQDORJV RI F\FOLF *03 ZLWK W
VHQVLWLYH FKDQQHO RI UHWLQDO URG RXWHU VHIJPHQWYV



SXEOLFDWLRQV



$YDLODEOH R@DIMFHHDQFHGLUHFW FRP

6& , (1 & ', 5 (& 7 3URJUHVV LQ

5(7,1%406<( 5(6($58+

(/6(9,(5 3URJUHVV LQ 5HWLQDO DQG, (\H,5 HVEBOUFK,
ZZ2Z HOVHYLHU FRP ORFDWH

/KH HOHFWUR RFXORJUDP

*HRITUH\ % $UGHQ 3DXO $ &RQVWDEOH

'"HSDUWPHQW RI 2SWRPHWU\ DQG 9LVXDO 6FLHQFH +HQU\ :HOOFRPH /DERUDWRULHV IRU 9LVX

$EVWUDFW

7KH UHWLQDO SLJPHQW HSLWKHOLXP 53( O\LQJ GLVWDO WR WKH UHWLQD UHJXC(
WR WKH RXWHU UHWLQD 53( DEQRUPDOLWLHY DUH FORVHO\ DVVRFLDWHG ZLWK |
GLVHDVHV FDXVLQJ EOLQGQHVY DUH GHJHQHUDWLRQV RI WKH 53( 7KHUHIRUH W
YLVXDOLVDWLRQ RI WKH 53( LV SDUW RI| FOLQLFDO LQYHVWLIJDWLRQV WKHUH DUH
IXQFWLRQ 2QH RI WKH PRVW LPSRUWDQW LV D VWXG\ RI WKH FXUUHQW JHQHUDW
53( FXUUHQW LV ODUJH DQG YDULHVY DV UHWLQDO DFWLYLW\ DOWHUV W LV DOVR
FXOWXUH LQ DQLPDO H[SHULPHQWDWLRQ EXW DOVR LQ FOLQLFDO VLWXDWLRQV
PROHFXODU PHPEUDQH PHFKDQLVPV RI WKH 53( DQG WR SRVVLEOH PHFKDQLVPV

3 (OVHYLHU /WG $00 ULJKWV UHVHUYHG

&RQWHQWYV

L QWURGXFWLRQ
'LVFRYHU\ DQG WKH ILUVW DQDO\VHYV
'"HYHORSPHQW RI FXUUHQW ILHOGYV URXQG WKH H\HV
7KH IXO0 SLFWXUH RI WKH '& (5*
&RQFHSWV Rl PHPEUDQH YROWDJH
7KH SDVVDJH RI LRQV WKURXJK PHPEUDQHY DQG WKH PHPEUDQH SRWHQW
ODLQWHQDQFH RI PHPEUDQH SRWHQWLDO
9ROWDJH FODPS DQG UHFWLILFDWLRQ
OHWKRGV IRU DQDO\VLQJ PHPEUDQH PHFKDQLVPV
7KH 8VVLQJ FKDPEHU
YOXLG WUDQVSRUW
3DWFK FODPS
2ULJLQV RI WKH OLJKW ULVH
:KDW FHOOV LQLWLDWH WKH UHVSRQVH"
53( LQYROYHPHQW DQG WKH EDVRODWHUDO PHPEUDQH
&KORULGH FKDQQHOV

$EEUHYLDWSLRQWIH UHODWHG PDFXODU GHJHQHUDWLRQ $=225 $FXWH JRQDO RFFXOW RXWHU UHWLQRSDWK\
&\VWLF ILEURVLV &)75 &\VWLF ILEURVLV WUDQVPHPEUDQH FRQGXFWDQFH UHJXODWRU F$03 &\FOLF DGHQRVLQ

PRQRSKRVSKDWH T '"LDFV\OJO\FHURO ','6 GLLVRWKLRF\DQRVWLOEHQH GLVXOSKRQLF DFLG '3 & 'LSK
ULVH OLJKW WURXJK (5 (QGRSODVPLF UHWLFXOXP (5&% (QGRSODVPLF UHWLFXOXP FDOFLXP $73DVH SXPS (:
(OHFWURUHWLQRJUDP (53 (DUO\ UHFHSWRU SRWHQWLDO )2 J)DVW RVFLOODWLRQ , 3 ,QRVLWRO WULSKR
6RFLHW\ IRU &OLQLFDO (OHFWURSK\VLRORJ\ RI 9LVLRQ 1&; 6RGLXP FDOFLXP H[FKDQJHU 1% 1XFOHRWLGH E

FDOFLXP $73DVH SXPS 3.8% & 3URWHLQ NLQDVH $ & 37. B3URWHLQ WV\URVLQH NLQDVH 5&6 5R\DO &ROOHJH R
5HWLQDO SLJPHQW HSLWKHOLXP 7(3 7UDQV HSLWKHOLDO SRWHQWLDO 7(5 7UDQV HSLWKHOLDO UHVLVWDQFH
W&RUUHVSRQGLQJ DXWKRU 7HO ID[
( WQDLO DG ®UEWY LUFLW\ DF XN * % $UGHQ

VHH IURQW PDWWHU I (OVHYLHU /WG $00 ULIJKWV UHVHUYHG
GRL M SUHWHYHUHYV



*% $UGHQ 3 $ SRRVWIDEVHQ 5HWLQDO DQG (\H SHVHDUFK

6LJQDOOLQJ SDWKZD\V
* SURWHLQV
3URWHLQ W\URVLQH NLQDVHV
,RQLF FKDQQHOV Rl WKH 53( LQYROYHG LQ WKH (2*
7KH FDOFLXP DFWLYDWHG FKORULGH FKDQQHO
%HVWURSKLQ2D &D&&"
&DOFLXP FKDQQHOV RI WKH 53¢
1D &D H[FKDQJHU DQG &D $73DVH SXPS
9ROWDJH JDWHG &D FKDQQHOV / W\SH
,QWHUQDO &D VWRUHYV
&\WWLF ILEURVLY WUDQVPHPEUDQH FRQGXFWDQFH UHJXODWRU
5ROH RI &)75 LQ WKH 53¢
,RQLF FKDQQHO LQWHUDFWLRQV
& & FKORULGH FKDQQHOV
&KDQQHO FKDQJHV DVVRFLDWHG ZLWK WKH FOLQLFDO (2*
7KH IDVW RVFLOODWLRQ
7KH HOXVLYH OLJKW ULVH VXEVWDQFH
6RPH SRVVLEOH FDQGLGDWHYV
3K\WLRORJLFDO FKDUDFWHULVWLFVY DQG SKDUPDFRORJ\ RI WKH OLJKW (2*
3UDFWLFDO FRQVLGHUDWLRQV LQ UHFRUGLQJ WKHIDVW RVFLOODWLRQ
SHFRUGLQJ WKH (2*
7HFKQLFDO GLIILFXOWLHYV
1RQ SKRWLF UHVSRQVHV
+\SHURVPRODULW\ DFHWD]RODPLGH DQG ELFDUERQDWH WHVWYV
OHFKDQLVPV DQG XVHIXOQHVYV
7KH DOFRKRO (2*
5SHODWLRQVKLS EHWZHHQ DOFRKRO DQG OLJKW (2*
ODWKHPDWLFDO PRGHOOLQJ
&OLQLFDO ILQGLQJV Rl JHQHUDO LQWHUHVW LQ WKH ODVW \HDUV
)XWXUH GLUHFWLRQV
$FNQRZOHGJHPHQWYV
SHIHUHQFHYV

,QWURGXFWLRQ *DOOHPRUH FW DK PRXVH .LNDZD ¢
$UGHQ DQG ,NHGD UDEELW 2JDZ
7KH UHWLQDO SLIJPHQWHG HSLWKHOLXPLQYBHQPIHVLBD®Q® DOBFEWWHEREEAGU]J SULP

SRODULVHG SLIJPHQWHG HSLWKHOLDO FBQRRMUNHHQWKD W OLKHHY GIRIKWHULVH RI WKH
LRU WR WKH SKRWRUHFHSWRUV ZKHUHVKMW WBHOHYVH RH OWUYBOVWRBQRHLQWHUPHG Wk
PDLQWDLQLQJ WKH RXWHU UHWLQD 6IVHUDNK'VW XEVWDQKH I5USRIIVWKH SKRWRUHFH S
IXQFWLRQV LQFOXGH WUDQVSRUWLQJ FRPWRQYRWLWER WKHKREFWHWUV VKHINQR ZQ W K C
PHQWYV SKDJRF\WRVLQJ VKHG SKRWRWGHBHBEWEWU RRUX WHAL YHREWEQWNVWK WKH 53¢ *
%HVKDUVH DQG 'HIRH WKH WUDQMOBRUW IRQIGLUXIFGN BB GGHQFH VHH 6HFWLR
PHWDEROLWHYV DQG WKH UHJXODWLRQFBKX WKW B & QW HFQUWYD VRHI WE HWKH( LQWUDFHOO
F\WRVRO DQG WKH VXEUHWLQDO VSDFHFHORIGXRPUDRWH B®G Z0WXAKU WKH 53( ZKLFK

%LDOHN DQG OLOOHU %LDOHNE BIWRDOWHUDOLRRBWFD&O FKDQQHO WKXV

5\PHU FW DK ) XUWKHUPRUHP HWIKH D5QGBH IRDWA®OHP RUH HW DK *
SDUW RI WKH RXWHU EORRG UHWLQDO EWHIUQHHWUEBE\ Y LUEW XDHQ B | OLMMVG WQ@ J KWR WK H FK
MXQFWLRQDO FRPSOH[HYV W FRQWDL@Y WKKQ XREHYD 8 O HSPRRAUFHQ W@ BO6 WHLQEHUJ

GUXJ WUDQVSRUWHUVY WKDW DUH RI RAHIGFLW DD WR WH URIIVW KBIQED PRVBWHUDO &/ F
H[FOXGHY SRWHQWLDOO\ KDUPIXO [H GRBLHRWPLLFVH GU ERX WWKWH EWOEHYHG WR EH EHV

UHWLQDO VSDFH .HQQHG\ DQG O0ODQJLQLE 0 D UBPVRHUXVHAMUH HQ HW D K 6 WUDXVYV
7 KH 53 ( LV UHVSRQVLEOH IRU WKH FRUQFR IXQGDO
VWDQGLQJ SRWHQWLDO .LLKQH DQG 6&GWHLQHIKW ULVHDRIGWWHKHOLIJKW (2* LV D VO

FKDQJH LQ WKLV YROWDJH DFURVV WKROKWRRDQJ HEB UMY PREHG WEDW LR Q WKH UHWX
FKDQJH RI LOOXPLQDWLRQ IRUPV WKIHQ FEDHWVDLWH RUQWWKH FREQDMDDNO VWDQGLQJ SRMW
HOHFWUR RFXORJUDP (2* $UGHAQ QG PHIOQVHY)YROORZLQJ WKLV WKH YROWDJ}
.ULYV 7KH OLJKW (2* KDV DOVRWBRMKQK UMHWRAGHGQLQEPDOOHU DQG VORZHU
RWKHU VSHFLHV OL]DUG *ULIlI DQG O6RWHHWLR EKUJ KH DPSFKLLWXNGEGR RI WKH ULVH LV



* %$UGHQ 3 $ &RIQNRWDEHDW LQ 5HWLQDO, DGO (\$ 5HY HDOFK

GXUDWLRQ RI WKH SUHYLRXVY SHULRG L RGODDUWNHIGH WYH VHIHLKE AWDLEQ® 6WHLQHU

XS WR D GXUDWLRQ RI PLQ 7KLY DOVRRWHWYWYXURGOWHKIHIHFRAOWDJHY DIWHU
RI OLJKW RQ WKH 53¢ KHQ WKH SHRUU®KBD RLUQOVJIKOMHQOQWQBLWUHRXY DQG UHWI
GDUN LQWHUYDOV LV aOPLQ DQ LQWGOGXFHBHHNYFGDOPDWHBQGLWKHVKH SRWHQWL
IDVW RVFLOODWLRQ ) 2 RI WKH VWDODRGED@QLVEBWHIQW VIRXURHAFRIUWKH FXUUHQW
DW WKH VWLPXOXV ITUHTXHQF\ 7KH $)CWKRPY¥IJKOQOBRSBRYDWHRQ ZDV NQRZQ WH
VHQVH WR WKH OLJKW ULVH ,PPHG LLDHWHRQW\GHBOPREEZB HQUMWWHQPRUQHD DQG I
LOOXPLQDWLRQ WKHUH LV D IDOO LQDWH®» VWD @WXWHQBEDSROWHIUNLBDOHFWURPHW
DQG D OLJKW WURXJK GHYHORSV WKDHWWHEHIR®WY VWIRLAULWEBWE! WHQVLWLYH RU
DIWHU OLJKW RQVHW 7KH )2V DUH ERQRDKHYHE WER EHWDLIOXQ FWALWKR Y H Q

RI WKH DOWHUDWLRQ RI EDVRODWHUW®H RWU RRK.IF QIPFHO0 LW LUFDDQWLSRRQU WW K H VHQVLV
IROORZLQJ D IDOO LQ VXEUHWLQDO >.EXWRXWKH6oDPXOLHMWH DY ZHUH XQVWDEOH D
7KH )2V SURYLGHV LQVLJKWY LQWR FRXKHOUQWH®R GN\/VRVZURRKRBQHWY ZHUH QRW D
:HOHEHU DQG SRWHQWLDOO\ 5BRHIOXQ ZW VRME ®OH WZRH HI® SOR\ VI\VWHPV ERW
6FKQHFN HW DK '"& DPSOLILFDWLRQ DQG FRXOG IROORZ \
:KLOVW WKH (2* SURYLGHV XVHIXO WHEGHNWER® LRQHDERBIWHWRRKIHWKH HOHFWURU-H
LQWHJULW\ RI WKH SKRWRUHFHSWRU BOIWHRPSQE[ VWL OOF TKAR HKBU UHVSRQVHV
DQG LQKHULWHG UHWLQDO GHJHQHUD WLHROHW W WYXHO W 6 \OW DLIQH 6 WW K 1D | 513V QIRW G H P F
VSHFLILF IRU 53( IXQFWLRQ 7KHUHIRIUBDOL FKHOWHYD WIRXWHEBD Y+HH IRXQG WKDW
HPSOR\VHG DOWHUQDWLYH PHDQV WR GBWMHMW H@WLOH QAK®\QUEB FNUH® WBE WKH 3VWDQ
SK\WLRORJ\ 7KH (2* FKDQJHV LQ UH¥SROWH RWRWRH HWDB]ROWLOH LRGDWF WKDW

PLGH .DZDVDNL HW DK PDQQLWRHOHFWIDNOWLQRW RKQO\ FDXVHG D IDOO L

6KLUDR DQG 6WHLQEHUJ K\ SERX{WD DDOQV®R KUK E W RHIGD WKH D]JLGH LQFUHD
ODUPRU HW DK KDYH DOO EHHE HODYARUYBE WHHW FRWEHRHY FDXVHG E\ LOO:
WLDOO\ VXLWDEOH QRQ SKRWLF VWLPROISROYKOWY RLIUWKWO(N5 *DITHEHWH OHVV DII
WKH 53¢ ,Q PDQ DOFRKRO DSSDUHQWO\ LQDWIEDWHY WKH VDPH

YROWDJH FKDQJHV DQG VHULHV RI LQWUDFHOOXODU HYHQWVY WKDW
FDXVH WKH OLJKW LQGXFHG FKDQJH LQ "WKHORSPHG@WGRIQFXYUWUHQW ILHOGV URXQ

RO D 6NRRJ HW DK DQG PD\ SURYLGH DQ
DGGLWLRQDO PHWKRG RI' GHWHFWLQJ HKWH 053 5FR QGNVWMWE FRVILBQOD\HU RI FHOOV
$UGHQ DQG :ROI $UGHQ HW DMXQFWLRO®OGFRKRRWKDW WKH UHVLVWDQFH

LQGXFHG FKDQJHV VLPLODU WR WKRVMWKWHHRHRG UDQM KIDQY HWEKHH @ SDFHVY EHWZH
REVHUYHG LQ GDUN DGDSWHG VKHHS LRDYDYRH O0OXDYWH) HWHVKRWMWB® FHUHIDVWHU WK |
DQG DOFRKRO FKDQJHV WKH YROWDJH WU® Q'\L WHRE URDI QOHL JUKHW LDVOADDSQMHHG LW VH O %
ERYLQH 53 3DXWOHU EXW WKH PHRKDQHWVWPNQWHRBWIHQQEHUJ D E 7
XQFOHDU GHYHORSHG DFURVYV WKH 53( LPSOLHV WK
2XU LQWHQWLRQ LV WR SURYLGH DXLEOFRNRKRZRXW GHDFRUS WIKHHW QRUPDO WR WK
XQGHUVWDQGLQJ RI WKH LRQLF FKDQGB WK VZ DWHKL Q KWKRHK JK3 WRK SGDUDFHOOXODU
KRZ DOWHUDWLRQV LQ WKHP FDXVHS5WKHRTFEPOWHWKHLEXBBOWXUH RI WKH JOR|
PHPEUDQH SRWHQWLDO WKDW SURGKBEK WRHQWOEROQFPK® VED*™LW IRUPDOO\ LOQ
FXUUHQWYV 7R WKLV HQG ZH GLVFXVVLQVMKWHK HE RSMWFL FE DRIS\K\ ODLFY VRAR DW RWKHU I
FHOO PHPEUDQHY DQG WKH HOHFWURSKXRVYQRVOARILPHG LW BK QRLUT ¥ HWUWLFDOO\ $W
PHDVXULQJ WKH LRQLF FXUUHQWYV ,QF R G GH QYW RIQQ RZZHV ZLLQO OW KK YU ELD O YHFWRU
SUDFWLFDO DVSHFWV RI WKH (2* E H RDAMXKVHHU [8VR VDL WRLRRQQ ¥ Q YWIKVHLUYHH ZLOO EH FX U Ut
WHFKQLTXH LW FDQ EH XVHG WR LQYHWRWWILFWH[IQRYQRRQDDWRH FEBWRHY LQ WKH O
SURSHUWLHYV RI WKH 53¢ EXW DOVR DWKH LIXIGIRUWRRQGEQUHRWILWKH ZLOO EH GHY
VXEUHWLQDO VSDFH DQG SKRWRUHFHDWRWWR[L® DGMH ®\D V\HS ¥ WIDIWHO DWKSD SH R 1V
FDQ SURYLGH LQIRUPDWLRQ XQUHODWHMGUW® WFKMEWRWWIZLYAY XDOSUR[LPDWHO\
VHQVDWLRQ DQG VXSSOHPHQWDO WR MQKRWKH RQDRBOHIRNUWPRILWKH 53( WKHUH
WHFKQLTXHV )J)RU WKHVH UHDVRQV WKEHLYREWKNGD YHERVR RIWKQFKVHICOO FDQFHO Z
LQ FOLQLFDO UHVHDUFK RQ WKH UHWL@BFWRU IURP WKH WHPSRUDO SDUW RI WEK
FXUUHQW IORZ ZLOO EH GXH WR WKH YHFW

'LVFRYHU\ DQG WKH ILUVW DQDO\WHWSSHDUV WR EH D GLSROH LQ WKH RSWLF
SRVLWLYH DQG WKH IXQGXV QHJIJDWLYH 7

7KH SRWHQWLDO YROWDJH GLIIHUHQ FJH YYWHKD W RR WR>XHU ¥ REWHHMEZWA IHDQO WUKHHF R UG H G D F |
FRUQHD DQG IXQGXV ZDV GLVFRYHUHGXBGDY BRWHGWLPRQGEKH FXUUHQW IORZL
+H VKRZHG WKDW LW SHUVLVWHGGLIORQJ VOSRUHID 8 HW\LPRPGHW UQFW BB\ LQ DOO GLU



*% $UGHQ 3 $ SREVWESAVMIQDDO DQG (VH GH®HDUFK

UXAM XY

7LPH PLQV-

)LJ s 7KH JHQHUDWLRQ RI WKH OLJKW ULVH E\ WKH FRUQHR IXQGDO VWDQGLQJ
SRWHQWLDO JURP $UGHQ

D[LV 7KHUHIRUH DV WKH H\H PRYHYV WKH YROWDJHV UHFRUGHG

EHWZHHQ UHODWLYHO\ GLVWDQW VNLQ HOHFWURGHY ZLOO YDU\ ZLWK WKH

WLQJOH RI URWDWLRQ RI WKH H\H 7KLV LV VKRZQ LQ )LJ ZKLFK
LOOXVWUDWHY KRZ WKH PDJQLWXGH RI WKH UHVSRQVHV WR IL[HG H\H
PRYHPHQWY FDQ EH XVHG WR PHDVXUH; WK#rofyBPihQrlk W SvHU R koWieh 1urRP skrRwWLF vwLP xoO
FXUUHQW SURGXFH E\ WKH 53¢ 7KLV UMERPUS OGH xWLQH & LIRHIUHW W VL AW DOHY DV LQGLFDWHG RQ
PRYHPHQW SRWHQWLDO VXJJHVWV WKDBRYSWRE RWIEW.O® WEH WY SORGWFKIA E\ D FRQIRUPDWL
SRVWHULRU SROH ZLOO FDXVH ODUJHURf—“WbU QCFHE P WFE“?/\PK‘I—WKFD%’LFUWbV\AF KWk pry*Po stipHQwW

P_DL FKDQJHV LQ S

FKDQJHV QHDU WKH HTXDWRU DQG WéQU"M 9&55#&%% X? WLPS‘E!S'DU%\'TLSQQURG ELSRODUV 7
YDU\ ZLWK WKH VLQH RI WKH DQJOH PRYW&G ssfROHEEHIpr vREUD WiKiHdhi R koD ULVDWLRQ LQ UHV:
WKHVH VXSSRVLWLRQV LV FRUUHFW 2QdH vEHIBWIR Qo bR Ua W&KcL ¥F AxVW vV Kwb Ww MHKIBIvVwHU (5* FRI

FHOOV RI WKH 53( ZKLFK JHQHUDWHQWKHQHXRIPWHWYRD FRHPVWHRVFLOODWLRQ WURXJIK RFI
VIQFLWLXP VR GDPDJH WR VRPH RI WKH'Wé*Q(OL#*ﬁiVbE)Q‘ﬁHﬁ"xD\?ﬁ\VV\?f“bW%W‘EJH 53( Vv EDVDO PHPEUD

7KH VOR LV UHFRUGHG DV WKH (2* SHDN
YROWDJH FKDQJHV RYHU D ODUJH DUH\IPKH %3?%[\),\65 PUHPLE\JDANH GQingODULVLXVJ IWHU WKH SHDN R

UHODWLYHO\ VPDOO GLVSODFHPHQWYV PMWMYRELPKWH G0 AMEW YD AL YxF Wr 1OXFWXDWH 1]
FDGHYV LW LV GLIILFXOW WR EH FHUWDKDDJIHEZVKkE YW KR W EBDHQQUOQHH VIV DRHG V\W@HP DWLFDOO\ 3 U

UHODWLRQ KROGYV EHWZHHQ YROWDJH 0FYPHBB BMC /WY DQJIXODU
GLVSODFHPHQW 7KH HDVH ZLWK ZKLFK H\H PRWLRQ FRXOG EH
UHFRUGHG OHG WR DWWHPSWV WR XVH WRHKH 2AX0O® USHRW XPURHY RP WKW '& (5*
UHFRUGLQJY +RZHYHU GLIILFXOWLHY ZHUH IRXQG LQ FDOLEUDWLQJ
VXFK D VV\WWHP EHFDXVH WKH DSSDUHG@W PXDIOQ VWMX&HQRH WKHWKH YROWDJH FK
GLSROH ZDV QRW FRQVWDQW $VHULQYNJ 7KHUDQHRWW RIWHWOQQRJIJUDSKLF D DQ
.ROGHU OLOHV 7DXP HUE RRAMWW WK IROORZLQJ WKLV WKHUH LV D \
WHQ 'RHVVFKDWH DQG WHQ 'RHVVFKPDPRVHORZLQJ WKLEH¥BPKXMHQFH WKHUH LV D \
DSSDUHQW WKDW RQH RI WKH IDFWRVYLORGWHKHQDI|WHKWH QHRI®OWDR YH W\ IROORZHG
ZDV OLJKW 7KH ILUVW FRPSOHWH GHIGEGLEWHRQD RUMWWE® WOXRPZDHQU DQG ODUJHU L
OLJKW GDUN VHTXHQFH ZDV GXH WR 3WOUVKW ULVEHXW 7TRE@VBQFIKDQJHY KDYH EHHQ F
O\WLV RI WKH QDWXUH RI WKH UHVSRRIVIELDI®® HY WH PWDHFPROJDOM WIZRB® UH DUH VSHF
Rl LWV FOLQLFDO XWLOLW\ LV XVXDOO\PDWW UHLEHKW H\GK RVRIJ E UGHIXK WS BB @ LQXHV W
$UGHQ DQG %DUUDGD SUGRQQHW IXWGDO SRWHQWLDO LV QRW PDLQMW
$UGHQ DQG .HOVH\ D yLJ ZKRWF K@ ZVHLQ N\WKW®W DDWURXJK OHYHO DW PL
VPDOO UHGXFWLRQ LQ OLJKW LQWHQVHWH ISWRIBKNHG LID GHEOWHMHWH LWKH SRWHQW
YROWDJH WKH GDUN WURXJK ZKLFK LMW WLRFW OU WQRD WWHKGI VOR ZW KW OHYHO UHDF
SUHFHGLQJ OLJKW OHYHO DOWKRXJK WWKRHX FKDQRIDOIRRIPQ G DWKN.VWR URXJK LQ OL
OLJKW FDXVHG D WUDQVLHQW ULVH R IXR WD UHV OMRKZH UKL WKKWP ISFH BN D QMJKHHY LQ YR O W
PDJQLWXGH RI ZKLFK ZDV OLQHDUO\ UKGDWHBGWWRRWKHK ORUDPRWHKP RRU UHYLHZV
UHWLQDO LOOXPLQDWLRQ ODUPRU DQG /XULH DQG 6WHLQEHUJ F
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&RQFHSWV RI PHPEUDQH YROWDJH DFURVV WKH OLSLG ELOD\HU )RU H[DPSO
SRWDVVLXP LRQV PRYH RXW RI D FHOO

6LOQFH WKH RULJLQDO GHVFULSWLRQ &HIMKWH XHXCP\DRK DU HGRAUINWK UHVSHBW WR
LQ DQLPDOV LVRODWHG H\HV DQG LVR @DSWHIG FFBD USLWH YD UWTIKW VRIOKYDR DM LQ YR OW I
UHVXOWHG LQ D JUHDW GHDO RI LQIRUWIDW PRQY HPERXW RM KW K ® DIMRXQWH DRIG DQ HT X
WKH LRQLF FKDQQHOV FRWUDQVSRUWIPHGS'S LDRYGPDNWPLRY LVOKW KHHD QIWFD GH TXLO L E U L
DQG EDVDO VXUIDFHV RI WKH 53( %HFDXVHHWRH 53( LV D
VHFUHWRU\ HSLWKHOLXP WKLY NQRZOHGJH LV IXQGDPHQWDO WR RXU
XQGHUVWDQGLQJ RI KRZ 10XLG LV WUDPVsRUWREDFURVV? WKH
HSLWKHOLXP 7KH GHYHORSPHQW R I WKHLS A EDO EH S R\ 0 @ RX W
H[SODLQHG E\ WKH UHJXODWLRQ RU W

H LR?LF

R/V(a/LRGH BP0 - R FHQWU
FKDQQHOV E\ 3VHFRQG PHVVHQJHUYV N -8 Q Q
PHPEUDQH PHFKDQLVPYV W R LQWUDF

w
W
(%VLGHV WK%H WFKHHO OJ D V FRQVW
7 D
PHWKRGY HPSOR\HG LQFOXGH D YDULH lé
(6]

EVROXWH W HWP KSHH U D !
WHFKQLTXHY WKDW KDYH HDFK SURYL RRO v
WKH PHPEUDQHPYREXWDIHY 3RI WKH 53
LRQLF FKDQQHOV LQYROYHG LQ JHQHU
RI WKH (2*
7KHIO UHVXOWY IURP WKH GLIITHUHQ
WLRQV DFURVYV WKH SODVPD PHPE
SHUPHDELOLW\ RI WKH PHPEUDQH WR
H[WUDFHOOXODU VSDFHV $OWHUDWLR
FRQGXFWDQFH RI WKH PHPEUDQH WR
LRQLF FKDQQHOV OHDGM WR DRBKB QFIXH
SDVV DFURVY WKH PHPEUDQH 7KHUH
EDVLF ELRSK\VLFV RI LRQV DQG LROQL
WKDW DUF LQYROYHG LQ JHQHUDWLQJ
FKDQJHWOLQRU D PRUH GHWDLOHG
XQGHUO\LQJ SULQFLSDOV VHH WKH |
6DNPDQQ DQG 1HKHU IURP
VHFWLRQ LV VXPPDULVHG
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R

XSRQ WKH S
DPH VWDWH
%%UWLFXODU L
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LRQV DFURVV WKH PHPEUDQH RFFXUYV
UHJLRQV YLD SURWHLQ FRQWDLQLQJ LRQL
FRWUDQVSRUWHUV O0DQ\ LRQLF FKDQQH%%/
DQG FKDUJHG WR SHUPLW WKH vHoHFW
RI LRQV ZKLFK ZLOO WHQG WR PRYHY nh
FRQFHQWUDWLRQ WR RQH RI D ORZHUHIIég%lHEQL{/\}‘&Ig
WKHLU FRQFHQWUDWLRQ JUDGLHQW FKDQJH

6LQFH LRQV DUH HOHFWULFDOO\ FKDUJHG WKHLU PRYHPHq]W
7K QV LQ D SRUH RU FKDQQHO PD\ EH

WKURXJK LRQLF FKDQQHOV FDXVHV 0O, RKBHRIHz WR Wik pREBEYIHN poe PDV LowHUDFW
DOVR ZLWK FKDUJHG DPLQR DFLGV LQ WKH FHOO PHPEUDQH
(YHQ WKRXJK 1D LRQV KDYH D VPDOOHU DWRPLF UDMKLHK\Q WIKODAML Y.H MWKDHMJBRR | WKH SKRVSKROLSLG ELOD\HU DO
QRW SDVV HDVLO\ WKURXJK SRWDVVLXP FKDQQHOV LgRMOH BHWHDO DQG IRUP VWDEOH FRPSOH[HV UHGXFLQJ
L, QWHUDFWLRQV ZLWKLQ WKH SRUH EHWZHHQ LRQV D Q\U DDYRHIWQ/RI DWAKLBR/X GKIWOHQURLR@H FKDQQHO RU SRUH 7KHUHIRU
WKH SUHIHUHQWLDO SHUPHDELOLW\ RI RQH LRQ DERYH RDQALEWE H K DNLWR YWD FIKQ FED®IQHXOWH VROXWLRQ GLIIHU WR WK
W\SH +RZHYHU PRVW &3 LRQLF FKDQQHOV DUH QRW D¥RPMOHBWDWWH R/ QF\OHHEA wWdPH IRU VRPH RI WKHVH LQWHUD I
D ZLWK VRPH GLVSOD\LQJ FDWLRQ SHUPHDELOLW\ I4RXQDIR G D:MWIWIHFMO®H YV LQVWHDG RI PRODU FRQFHQWUDWLRQ
7KH VLJQLILFDQFH RI SHUPHDELOLW\ DQG FRQGXFWDQFHFRHOQ LRQ S5LNEGUWWUBQW®W 6WRNHV X UWKHUPRUH
7KH SHUPHDELOLW\ RI DQ LRQ UHODWHYV WR KRZ HDVILIEONIMNQYH®RRH HRW M WV VEKHHV BIRWE WKH LQWUD DQG H[WUDFH
ZKLOVW WKH FRQGXFWDQFH LQGLFDWHY KRZ HDVLO\ WKRHI LIRQR LWRUD WHEKHBVWE B FKDIQHUHO LQWUDFHOOXODU IUHH FRC
7KLV GHSHQGV XSRQ WKH GLIIHUHQFH EHWZHHQ WKH IWHMHNQHRZIHR IWKKIK LR UDFHOOXODU OHYHOV )J)HOGPDQ HW
VROXWLRQ FRPSDUHG WR WKDW LQ WKH SRUH 'DZVRQFHKWPREDO JUDGAHWKY HW W@®IDYRXUDEOH IRU &D WR H[LW W
FXUUHQW YDULHV DV D QRQ OLQHDU IXQFWLRQ RI )0 D
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ODLOQWHQDQFH RI PHPEUDQH SRWHQWALBRPEUDQH SRWHQWLDO DV WKHUH LV QR Q'
DFURVYVY WKH PHPEUDQH JRU UHYLHZV VHH
,Q WKH 53¢ ZKLFK LV D VHFUHWRU\ H®IDWK HOQX P ) RMKEHX R VV D JH $QRWKHU Y H
RI D FDWLRQ LV RIWHQ DFFRPSDQLHAGXBWFWMKRH) ROVWRUW RRWOIU@ QVSRUWHU LV WE
DQLRQ VR WKDW DSDUW IURP HOHFWKHBEBE\ RRYYUBBQWEHORRYHGHWURP VXEUHWL
PRYHPHQW RI VDOWYV DFLGV RU DONDCGLOWDBE YWXORID¥FHD R G WHMWKE53IW WRBLXP LRQV
PRYHPHQW RI ZDWHU LV LQGXFHG DFURQE WKHY PDHFFFRXDQWH IRQ\ PRVW RI WKH 10X
LPEDODQFH LQ VXFK SURFHVVHYV LI WIOHWABRW WHXUH K UL HG HKIDQLWHO\H[FKDQJHV F
ZRXOG DOWHU WKH FRPSRVLWLRQ RI WEKGRWKBU 7KHUWRM R UW K W KPHHUPHE D D B H 7KXV )
YDULRXV DFWLYH DQG SDVVLYH UHJXOPWRWMH WP HEFRODRQYIPYW RVKHDWDFWRQ IRU D S
WR SUHYHQW ORQJ WHUP DOWHUDWLR®WXHL QM OMHKFHV FRWRQY IRFORLWJ HD @ WISURRUQV H U Z KL F K
PHQW LQ DGGLWLRQ WR WKH PHFKDQLLVPWYWKOWR WUPWUYBRHWWO X0 WWH US + + XJKHYV
LRQV DQG RWKHU VROXWHYVY DFURVV WKHOROHWWKHOLXP
2QH XELTXLWRXV WUDQVSRUWHU LQ H$S LWKW®XRIHD WPVH WKOHQ RX® ERDILROXLG WUDQVS

LQKLELWDEOH 1D . $73DVH SXPS WKDWXDYRBUGBVHQW RZIBOP PMKAHLDQ W\SHV KDYH
DSLFDO PHPEUDQH RI WKH 53¢ +X HWGH®WLILHG 5 KROR GLVFRYHU\ LV UHFHQ\
7KLY SXPS XWLOLVHV WKH HQHUJD QRGI $WK3H KUG WRQ X\WOLDVW W R Q LV FRPSOH] 7 k

PRYH WKUHH 1D LRQV RXW RI WKH FHEOBODNVY RH[IFKWKHGEHZ LRVIK WQRVUDFHOOXODU YD
7 LRQV WKDW HQWHU 7KLV SXPS LV WKH PPRY HEDWRQ XEKGFKXWIKH zZLWK WK H P H
F\WRVRO FRQFHQWUDWLRQ LV NHSW UMKHLRQS®RMWHDQVFWHL RA P\ FGLOERZGH@RVLQH PRQ

VRGLXP W RQO\ FRQWULEXWHYV a P O9RWR VVBEBER DWHGWKIHWKURID . $73DVH RQ W
OLOOHU HW DO 7KH FRQVWDQWEUOXRQWHG IHOLWKRDWKRORLBERP OH[XYV 1LHOVH
WKH VXEUHWLQDO VSDFH UHVXOWYVYV LQUBQXDOWHVEDWHR®RUFRHY EPW@AWHXKHLU SURS
W K H 53( DQG UHWLQD ,QKLELWLRQ QRRWWKXHO ONDX Q GH7/WBWWRIRG DOWKRXJIK WKH\ I
DFWLYLW\ E\ RXDEDLQ UHGXFHV WKH DWHUHQYQIVSR URUFBXLEHWYZBHQ RVNH 6 WDPF
WLVVXHYV JUDPEDFK HW DO (YHQIRUFDHE¥RHZ WH HV UDQJY SHRW WD O 0RU
UHTXLUHY WKH DFWLYLW\ RI 1D . $73DRELEHFIOXYOHWKNLY BSRX®IS ZLWK WUDQVSRU!

HVWDEOLVKHV WKH VRGLXP JUDGLHQWQZKMKK PRYNPMQWR RXSMRIQ\WH DQG ZDWHU
ELFDUERQDWH DQG WKXV HVWDEOLVKBIYGWWHHGUXFQWILWRUSFHW XQUW WLPH YDUL
ELFDUERQDWH PRYHPHQW DFURVV WKHDBDVRODWXWD QOQWKRHREQPWIHRQYV 7 KH PHF
I1XPHURXV WUDQVSRUWHUYV KDYH EHHWS HRLAHDDOAWWHEG PLHP BMKOHQ H 3B URWHLQV UHJIXO
SODVPD PHPEUDQH 7KH\ RSHUDWH EVFRKBYNIWOGQOQURRRQMQ ® PZLMWHU DUH RI LQWHUH
DFLGV RU PHWDEROLWHY LQ H[FKDQJIJHWFIRRXOWRWEEHUEHRBDRERRX QREBI DQ\ FKDQJH L
WKHUHE\ UHJXODWLQJ FHOO S+ RVPRGDUVHWVHD QWHFBROHY ROORMHW SRVYW LV DVVRFL
ZHOO DV WUDQVSRUWLQJ PHWDEROLF DYV WHKWH RRP QYW U LFHOOHW¥W WDREFVKR\WM RORJ\ S UTF
WKH PHPEUDQH $GRUDQWF DQG OLOOMKHYVH PHRKBYLVOV

OLOOHU DQG 6WHLQEHUJ D 90 PIHIWHOWRQ LODREGGXHQFH WKH FRQGXFWD
OLOOHU 2QH H[DPSOH LV WKHF KDXQPQHHWD Q RGW KDMWQ GVKH JDWLQJ LV YROWLE
IXURVHPLGH LQKLELWDEOH 1D . & FROWWH QW R R UMRHQU F OFDX WBLRHXQUW ZLOO EH JHUR
Hw DO ;X HW DO WKDW 8 R WXHOQDWLHDVMO FHHTOKMD O'\R WXAHHP HP EUD QH S R WH C
$GRUDQWH DQG OLOOHU EXW GRHV QRIWFP& QMHJ LLEHKXZWUH. WWRH @ K H T WR DF

PHPEUDQH SRWHQWLDO

IRRWQRWH FRQWLQXHG
*ROGPDQ +RGJINLQ .DW] FXUUHQW HTxDwLRQ *RocpDD[ '0[8fRcINLL Dos

.DW
: ZKHUHLY WKH LROLF FXUUHW WKRHI RRQGXFWD
,Q SUDFWLFH GHWHUPLQLQJ WKH HTXLOLEULXP SRLQW OR D FRPSOH[ VI\VWHP

RILRQLF FKDQQHOV LV KDQGOHG zHOO E\ WkH *RoGP DRI+ A&RRF UoRvY VrIMKH PHPEUDQH UHFLSURFD
HTXDWLRQ ZKLFK VWDWHV WKDW DW HTXLOLEULXP WKH 9x RVDIMW K KRQLP HXUEHLWQ HLoS(R WNWQ WKMBO 1BQ Q VV
EH JHUR +RZHYHU WKH SBURHDBLARM LV JRYHUQHGHENXWKB®LEULXP SRWHQWR®DNLRUHMR @ O

WKLFNQHVV RI WKH PHPEUDQH DQG WKH FRQFHQWUDWHRQ PLIHMYAY W (RR @WK LS KROGYV ZKHQ WKH F>
LRQ DV LW SDVVHV WKURXJK WKH PHPEUDQH $VVXPLQJ WKJ{% WK D W LRQVLD\\{I:VHOLQHDU DOG WKH LOWH

ODWLROQ
LQGHSHQGHQWO\ WKUR X JK WKH PHPEUDQH DQG WK H HOHFWULF ILHOG R I

PHPEUDQH LV FRQVWDQW 7KHQ WKH UHYHUvDO srRwHRRBIQE XFWD Q¥4EH QP HQW VROHOY XSRQ WK
XSRQ WKH VXP RI WKH SHUPHDELOLWLHY PXOWLSOLHG [ER ®«kHF1 HFuR QW $HIRQUWQUWDDML RQV DFURVYV WKH PHP
WKH LRQV (T WKH 1HUQVW SRWHQWLDO DOQ@G+ RY HLYQHGUH S H G
IRU PDQ\ 53( PHPEUDQH FKDQQHOV WKH SL
., FKDQQHO LV RSHQ LV JUHDWO\ LQIOXHQFHG
7KHUHIRUH LW LV RI LQWHUHVW WR GHWHU

YDU\ ZLWK )oO

57,]) v.Q M¢ > ! >S-Wl: @ 8 @ 1t >3% U/
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9ROWDJH FODPS DQG UHFWLILFDWLRQWKH HSLWKHOLDO FHOOV 7R UHFRUG WKH
7(5 D V SXOVH RI P9 LV DSSOLHG

$OWKRXJIJK WKH RULJLQDO DQDO\VVLYV RKHQHQVY WD QBWH)Y I RIRP\E UFDKQUHW H Q W LV UH
DFWLYLW\ ZDV FDUULHG RXW ZLWK TXLDAMSH @PHIG HWHRO B IFYWHU RMGKHHYV 7L( J WDKQHW H LV D C
QHUYH ILEUHYV WKH DGYHQW RI LQWWRPMHHOOWODA U HF R UEGHFRDIXNY Z IDMKLFDO DQG
JODVYV PLFUR SLSHWWHYV H[WHQGHG WKUVHWRJIJPPRPECWDIHDWY GHAOWR WKH GLIIHL
+RGINLQ DQG +X[OH\ D F +RGINRQWBWQ DO@BG WBKBVDO A$SLFDO /IHYL DQ
+RGJIJNLQ DQG .DW] /ILQJ DQG *HUDU®H DGYDRWDJHV RI XVLQJ DQ 8VVLC
)J)XUWKHU DGYDQFHV ZHUH PDGH ZKHQ WKHKN HFR(Q @ HHNODHLFQWU RWYW EHWO®O FHOO FR QWD
SODFHG ZLWKLQ WHGH FRIXOQOGVRHWKRD@WW UERHOMOZHHGH @ QMGKH 53 ( DQG WKH UHWLQD PD\
KHOG FRQVWDQW E\ DQ H[WHUQDO FXUWHQWSH&RIOWF GUXJVODWKH LQWUDFHOOX:C

PRQW 8WLOLVLQJ WKLV WHFKQLTFRPOH) REH RORVAOUIH HFGO DWW WAKKDHW D G HWDL O |
PHPEUDQH FXUUHQW FRXOG EH SORWWWGARDRID FIX@ FBVH. RFQR QR/YIWU X FWH G + D Q\
YROWDJH WKH VKRUW FLUFXLW SURFHGXUH LQ ZKLF
7KH PHPEUDQH FXUUHQW ZDV WHEKHUNXWYR RWVWHK\HDISEES@QULEQJ D FXUUHQW t K F

FXUUHQW M WKDW GHSHQGV XSRQ WHKH RF® RG XWKIMWD QF¥L ® IRQKERMRKQWA GHV R I WK
FKDQQHOV DQG WKH ORFDO FDSDFLW\ DFQXGJ) UMHKQHWUM W I DOWR REHFWUY RIOW® JH GLITHU L
WKHUH LV D FKDQJH LQ WKH LRQLF GHHUHWWURRKRHPHF EM WZHHRL WKW DFURVV
LQQHU DQG RXWHU VXUIDFH RI WKH PRRRPEDQBHYTPXVW EH WKH VDPH 7KHUHIR
YROWDJH FKDQJHV DFURVYV WKH SUHSDUTD
DSLFDO RU EDVDO PHPEUDQHV PXVW Et
7R LVRODWH WKH LQYHVWLIDWRUV LROHAWIHRS) MoZ R HR U BWYBRHW HLRWR gy v L Q3
WKH D[RQ 2QH HOHFWURGH UHFRUGHG Wk PHPEUDQH c¢SWRWHQWLBY v L QJ
ZKLOVW WKH RWKHU LQMHFWHG FXUUHRM Q¥R UW K HwD [RxQ OMRo WR @ W UWRIOH UH IR U K
WKH ORFDO )0 LQ D VHULHV RI IL[HG VAWHEWULEXWRR R RE BRWYNYHOBURFHVVHYV w
WR UHFRUG GLUHFWO\ DQG GHWHUPARWHWKHRGLBHBOWLRQQ RRIRQWOUUMO VW  WKH R
KROGLQJ SRWHQWLDOV WKDW GHSRODULVH G xBYHOWHWRBRAL YHYKSOWWKIIRP WKH
D[RQ RYHU D ZLGH UDQJHOOIWRPWKWMVUHMKYWMIIDFURVY LRQLF FKDQQHOV SOXV D

SRWHQWLDO DW WKH SHDN R WOKXQGFHWH R\ § B WAHIRDMOLWDSOR UMKHHU v
WKHVH WZR FRQGLWLRQYV FRUUHVSRQGHG WR WKH HTXLOLEULXP

SRWHQWLDOV RI . | DQG 1D UHVSHFWLYHO\ DQG DOWHUDWLRQ RI
WKH LQWUDFHOOXODU RU H[WUDFHOOXODU LRATE'ERPYERVORWE T EERGW VKRUWHG
ILUPHG WKDW WKH UHVWLQJ DQG DFWLYH PHPEUDQH sRrRwHdJW{HRW XDWQS FUL
FKDQJHG DV WKRXJK WKH DFWLYLW\ RI WKHVH WZR LRQV FRQWUROOHG
90 XQGHU WKHVH WZR FRQGLWLRQV +RGJIJNLQ DQG +X[OH\

D F

6XFK H[SHULPHQWY FDQQRW EH FDUULHG RXW LQ WKH 53¢
ZLWKRXW PRGLILFDWLRQV DQG WKH PHWKRGV RI DQDO\VLV DUH
GLVFXVVHG EHORZ ,Q SUDFWLFH HYHQ LQ VTXLG JLDQW D[RQ
WKHUH DUH WHFKQLFDO GLIILEXOWLHY IRU H[DPSOH ZKHQ WKH
YROWDJH VWHS EHJLQV WKH FXUUHQW FKDUJHV XS PHPEUDQH
FDSDFLWDQFHV DQG WKHUHIRUH D WUDQVLHQW FXUUHQW LV VHHQ WKDW
UHTXLUHV QXOOLQJ E\ D IDVW IHHGEDFN DPSOLILHU

&P ) M

OHWKRGV IRU DQDO\VLQJ PHPEUDQH PH¥KDQQLVAW

yLJ 2SHQ DQG FORVHG FLUFXLW UHFRUGLQJ LQ DQ 8VVL
7KH 8VVLQJ FKDPEHU RSHQ FLUFXLW D 7(3 LV UHFRUGHG WKDW LV GXH WR WKH QH\
YROWDJHV DFURVV DSLFDO DQG ED\D®XWKBK ¥ RPWDD @ HRVD XV H G

7KLV FRQVLVWY Rl WZR LQGHSHQGHOWRKEREF FKWDWBEH'ORA 2K I PVYDPFHOOXODUOY EHWZHH

ZKHQ MRLQHG VHDO DQ HSLWKHOLXP Eh”\ﬁ/ﬁLWJBQWYXLﬁB WKFH 7|-f?3WLK(’53 S IHUR EL DQ DSSO

LGHQWLFDO LRQLF FRQ
DSLFDO DQG EDVDO EDWK LQ ZKLFK UyRW H\E‘L'DQ‘E)}—/UFJ:VPQI EV\/ \PVQ V]BLJR WKH HOHFWURFKH
FXUUHQWY DQG YROWDJH DFURVYV WKHRWMKY WEHsrRWIRWIXxY NUDQ o 4dy Vz LWOKEH WKH VDPH IRU I
ILUVW WR EH LQYHVWLJDWHG 7 KH U HOVQHIWLI YELOW V P D FOUFRK V WH QW KYK R)G0% (1ORY WKURXJIK VXF
KLIK a+FP EHFDXVH WLJKW MXQFWLWQR/XUE*WQ\M’Z%M’@WFW O'gf{yP DFWLYH WUDQVSRUW RI LI

FUHDWH DQ REVWUXFWLRQ WR WKH SDF\?(\U/UDHJQl‘iY LﬁigESFNU%"/\/ LR?VWKEI-P\?VSOhHl-f pruvHow pQGc L
WURJHQLF lD . $73DVH WU

WKH FHOOV -RVHSK DQG 0LOOHU QR%\BHQ >\§\/H|_9WO\ s PRAPRM W 2 Lwk sHuPLVVLRQ 1U
DOO FXUUHQW PXVW IORZ WKURXJK D&JHB(D@LF‘))QJG EDVDO VXUIDFHV R



*% $UGHQ 3 $ &BORWIOBOMHLQ 5HWLQD, DQG (\MDBHVHDUFK

JRU ZRUN LQ PDPPDOLDQ 53( SUHSDUDW)I®RXQLG WWDQVS&RUW
PRGLILHG .UHEfYV VROXWLRQ SHUIXVHV WKHURHLOFHOFOW D Q G HE D/Y'WDXQG WVH B HR/I DP SKLELD
RI WKH WLVVXH 7KH FKDPEHU GHVLIJQ5BQORUNSIRUD WD RIQE/ FKKIDYQHH HSYURYLGHG LQVL

RI EDWK VROXWLRQ DV ZHOO DV WKHP RGIHRAMWQRQORRNVPMOAIRWHVWIVQRUIOXLG ,Q OLJ
LQKLELWRUV WR LQYHVWLIODOWSL@WW®HUW UDURGPH PMWKWH RWXEUHWLQDO VSDFH WR WKH F
6WHLQEHUJ D /ILQVHQPHLHU DQG%LOVWHINQ BWBEI 0OLOOHU (GHOPDQ FW D«

&KDQJHV LQ WKH 7(3 FDQ EH FDXVHGFW\DB8LWKHU 6FOWHBUHDWLRQV7VXERL DQG 3HC
LQ9»bDviRoUassLFp® GHSRODULV®oWbRROX VRHIV WRHGDUNQHVY WKH SURFHVYVY UHYHUVHV?2IUR

ULVH LQ WKH 7(3 REVHUYHG LQ WKH VHBKWWURWH R®G HWOKPHD @ 2HW DO D E , Q
*DOOHPRUH DQG 6WHLQEHUJ E DDRQGG WOKPHS KLED DB RBHWKHY WKH DSLFDO PHP
(5* LV DVVRFLDWHG ZLWK D KAsSsSHFfODSRROQ WDVMMWLREHRHOHFWURQHXWUDO 1D . &
2DNOH\ DQG *UHHQ 1D . $73DVH HOHFWURJHQLF SXPS DQG D
7KH 53( FDQ EH PRGHOOHG DV DQ HOXMFWNQFBO OFLLAUFKW W @¢ (LQHOPDQ W K D
yLJ 0OLOOHU DQG )DUEHU ,Q WREB WWKRMW XEUHRWLYDWWIOWDBFH DQG 53( FHC
ZKHQ WKH 7 (3 P9 WKH UHVXOWLQJ FX$GEGRQWQ WWH HTQXED @ L\WR H U /ILQ HW D

sxpPsDQG LQ ERYLQH SUHSDUDWLRQV WKRWY H XPUHWHKQRAG LW RG & H WMRU PVIKHH W KH GLUHFW
DFWLYH WUDQVSRUW RURRR WKMHG UH& LQWLRO WHRD WXMHH W K H QHW PRYHPHQW R I W L
FKRURLGDO VXUIDFHYVY DQG 1D LQ WWKMHG IRRSOSFRWILLYWHH L @ R WHRFSVHWR QU RP WKH DSLFDO
([SHULPHQWYVY LQ WKH RSHQ DQG FORWHGDFA WRXXULIW FHWIDWWYX HXEBQRQJIJPRXQWHG LQ I
LOQWUDFHOOXODU PLFURHOHFWURGHY F®PWVEKIK HRG HQLWIK Q @ DFGOARWDOHOW EYH FXLW VWDW !
IOX[ PHDVXUHPHQWY KDYH VKRZQ KRZWMMKH LFKIMDWHOMNVHLOQLRQLELUHFWLRQDO 10X]
IOX[HVY DFFRPSDQ\ DOWHUDWLRQV LQ QW IDZGGC WKUHD GLYIRBWLRBVRBEKOXLG WUDRQ
DQG OLOOHU .HQ\RQ FW DO FLWFOXHW YYOWKEHWRBOQFRQWULEXWLRQ WR W
DFWLYH WUDQVSRUWHUYV DORQH (GFOPDQ
HW DO OLOOHU DQG )DUEHU 5\ P
7R UHFRUG WKH PLQXWH YROXPH FKDQJHV
SO K FPXJKHV HW DO D PRGLILHG F
PDGH IURP D ZDWHU LPSHUPHDEOH SODVWL
FKDPEHU ZDV VHDOHG H[FHSW IR U D V P D
FRQQHFWHG LW WR D YHUWLFDO FROXPAQ R
VROXWLRQ $ FDSDFLWDQFH SUREH ZDbV S
PHQLVFXYVY DQG DV IOXLG IORZHG IURP FLWKI
EDWKYVY WKURXJK WKH 53( WKH DLU JDS DE
FKDQJHG DQG WKXV DOWHUHG WKH FDSDFLW
Rl 1OXLG WUDQVSRUW +XJKHV HW DO
3HWHUVRQ HW DO JRU IXUWKHU GHWD.I
VHH *DOOHPRUH HW DO DQG ODUPRU
$SSOLFDWLRQ RI RXDEDLQ WR WKH DSLFDC
PHPEUDQH RI IURJ 53( OHG WR D UDSLG GH
DSLFDO PHPEUDQH IROORZHG E\ D VORZHU G
7KLV VXJJHVWHG WKDW DQ DSLFDO 1D . %
SUHVHQW DQG SRWHQWLDOO\ SOD\HG D UR
RZLQJ WR LWV UHJXODWLRQ RI )$SLFDL OLO(
DQG 6WHLQEHUJ D +RZHYHU ODWHU H|
WKDW WKH 1D . $73DVH SXPS ZDV QRW WK
yLd 7KH HOHFWULFDO FLUFXLW PRGHO RI WKH 53( R1 MBdH ULEQR¥ROUEHSG ZLWK EXON 1OXLG PRYHPHC
LQ ZKLFK WKH DSLFDO DQG EDVDO PHPEUDQHYV DUH HQPHE DUIQALDS R UFWXSODBN EPR UH VHQVLWEXHKWR H[W
ILQLWH VKXQW BHAWK DD QUHS UHVHQWY WKH SDUDFHOOX QP UBVGVWDQFH R1 WKHy WK H U P R U H D UROH IRU L

WLIKW MXQFWLRQDO FRPSOH[HV DQG HGJH WLVVXH GDPlﬂDIJ_iHV\}HQJSI_IrFD\? Q/Q)FFEKD BC{/ F$03 ZDV LPSOLEDWH
PHPEUDQH YROWDJHYV )$SLW _ DQG ) %DVD_ DUH UHSUHVHQWHG E\ WZR EDWWHULH

9$SLFDO DXWEOVDO LQ VHULHV ziwk wkH bpsiepo pooV ERBoZeUY e Y G XFHG LQ LWV SUHVHQFH +XJK
UHVLVWDQFHYV ¢$SLFDO DQG ¢%DVDO UHVSHFWLYHO\ $ W WK|$WSLFVBJ$$HPE@D\QBODWHUDO PHPEUDQH

DQ DFWLYH WUDQVSRUW FXUUHQW UHSUHVHQWHG E\ &MD80S BVDLQ ®HISSREUAWH ®I ZDV LGHQWLILHG LQ IU
PHPEUDQH YROWDJH $V WKH SRWHQWLDO DFURVY WKH P ®L{DP P 1 PEY B KHORYIWI VHP WHYD FHOO X ODU & O Lo |

WKDQ WKDW RI WKH EDVDO PHPEUDQH RZLQJ WR WKH GLIIF%UK!EE/H\/V[\Q/\}VR}_PﬁF SURYLGHG D PHDQV R
FKDQQHOV DQG FRQGXFWDQFHYVY RI HDFK PHPEUDQH D VKXQW FXUU

I[URP WKH DSLFDO WR EDVDO PHPEUDQH GHSRODULVHVVV\IEHDDQSYF%B UN% MVD%H Dé(PQJHV LQ S+P T7KH 7(3
K\SHUSRODULVHY WKH EDVDO PHPEUDQH 5HsULQWHG GUwkY EQub LVRkbHr I R4 WKH SDVWRYQH/ WWD QW ISH |
-RXUQDO RI *HQHUDO 3K\VLRORJ\ SDUDFHOOXODU SDWKZD\ UHVXOWLQJ LQ D C

5V



* % $UGHQ 3 $ G&BRIRVWB¥OHQ 5HWLQD, vD:@G (\H,5HVHDUFK

LQ OLJKW %LDOHN DQG O0OLOOHU 7VXERL DQG 3HGHUVRQ

$W WKH DSLFDO PHPEUDQHLQMRORN[LQFUHDVHG + &2
PDLQWDLQV .$SLFD_ DW D PRUH KVSHUSRODULVHG SRWHQWLDO WKDRQ
9%DVDO + XJKHV HW DK
,Q LVRODWHG IURJ H\HFXSV S+ VHQVLWLYH PLFURHOHFWURGHYV
ZHUH XVHG WR UHFRUG WKH FKDQJHV LQ S+ DW GLIITHUHQW UHWLQDO

GHSWKV LQ UHVSRQVH WR FKDQJHV RI OLJKW DQG GDUN ,W ZDV
IRXQG WKDW LQ OLJKW WKH S+ RI WKH VXEUHWLQDO VSDFH LQFUHDVHG
VOLJKWO\ % RUJXOD HW DK 7KLV FKDQJH FRXOG EH

DWWULEXWHG WR HLWKHU WR D GHFUHDVH LQ SKRWRUHFHSWRU DFWLYLW\
DFFRPSDQ\LQJ WKH GHFUHDVH LQ GDUN FXUUHQW +DJLQV HW DK
R U D GHFUHDVH LQ W K H DFWLYLW\ R | WK H DSLFDO
1D a&& FRWUDQVSRUWHU OHDGLQJ WR PLOG DONDOLVDWLRAQ
RI WKH VXEUHWLQDO VSDFH /ILQ DQG OLOOHU
7KH GLUHFWLRQ RI IOXLG WUDQVSRUW LV ODUJH.Oti\*GHME@P&QHG E\

DOWHUDWLRQVY LQ VXEUHWLQDO >. p @ROOW 2DNOH\ 2DNOH\ DQG
*UHHQ 2DNOH\ DQG 6WHLQEHUJ ,Q GDUNQHVYV
SKRWRUHFHSWRUY DUH DFWLYH DQG VRGLXP IORZV LQWR WKH RXWHU
OLPEV ,W LV H[SHOOHG E\ D 1D . $73DVH H[FKDQJH SXPS LQ

WKH LQQHU OLPE 7KHUHIRUH D 3GDUN FXUUHQW FLUFXODWHY DORQJ
WKH URG D[LV ,Q OLJKW WKH RXWHU OLPE VRGLXP FKDQQHOV FORVH

DQG WKH URG K\SHUSRODULVHY 7KH SXPS FRQWLQXHV IRU VRPH

WLPH GHSOHWLQJ WKH VXEUHWLQDO VSDFH RI SRWDVVLXP %URZQ

DQG 3LQWR .RUHQEURW DQG &RQH 3HQQ DQG

+DJLQV 6LOOPDQ HW DK 7R\RGD HW DK

7KLV FDXVHV D K\SHUSRODULVDWLRQ RI WKH DSLFDO 53¢

PHPEUDQH WKDW LV RQH FRPSRQHQW RI WKH F ZDYH RI WKH

(5 * 7KH DSLFDO PHPEUDQH SRWDVVLXP FKDQQHO WK H

HOHFWURQHXWUDO 1D . FRWUDQVSRUWHKHPDRLE uMsi iy H BV ERM W R 1T WKH LRQLF 10X[H\
JHQLF 1DAa+#+&& UDQVSRUWHU UHVSRQ@GKWRREKIR@ JR\WDYNQ ERWWRP ,Q OLIKW WKHUH LV
VXEUHWLQDO >. @28, :KHQ WKH GDUI\'?'P:OX(UGU[P-IQ(?V\YD‘EV\’/V SO RV KW BTHRDP WR FKRURLG PD

FWLYHl DVH SXPS WKDW HIJWUXGHV 1D DJDLQVW L
WKH VXEUHWLQDO >. @RXW LV a QWSO Ho Q

L) L DL LV DU
JUDGLHQW URZV DSSUR[LPDWH WKH UHODWLYH FRQWULE X

PDLQWDLQHG EV\ WKH SRWDVVLXP FRQF&"QQ_A’V%P[N\(/LQKQ{ PHPG LY QWe DeR W o Vsruwrnu xvhv
LW DQG XQGHU WKHVH FRQGLWIRRWUW QN KidpeltRow awR &UHWXUQ &7 LQWR WKH FHOO DJDLQVW
VSRUWFU LV DFWLYH SDVVLQJ VRGLXPIUD®LBQW LSFVD WKE REQ \DRWIOHVHU QONVPRH PR/UORH &0 OHDYHYV
FHOO GRZQ WKH IDYRXUDEOH HOHFWM’F{%W‘}%WL%UﬁdKRJZGE}%@Q%WWF‘KLFPF“OOXODUS* Lv

VRGLXP LV WKHQ SXPSHG RXW DJDFLHFDXVH " EEVBOPWE (R 1P v DQWLSRUWHU HIFK
RJH LRQ WKH LQIOX[ RI + &2 GHFUHDVHYV DV WK

SRWDVVLXP WKHUH Lv DOVYR VMDKQ)V\DSD_KQ@H@SR]O[PULVHV FUHDWLQJ DQ XQIDYRXUDEOH HOHFWURF|
UHJXODWHY S+LQ /LQ HW DO =D @X QD & YUNOKHONWIDH URG GDUN FXUUHQW LV UHVWRUHG \
7KH QHW UHVXOW LV D PLOG DONDOLQUXEDHWLRI®@ R | @V I0RGC 5VBKH PSWRY RPOPEUDQH GHSROD
7KLV HOHYDWHG S + QE\D\MRF()(WM/LH‘IE@VVGK'I'%RODULVDWLRQ WKHQ LQFUHDVHV WKH LQIOX[ RI VRGLXP
H[FKDQJHU ZKLFK FDXVHV DQ HQKDQFIYY%HJEDD\/aDO |0F§\);V RIVERDR WL QR PV D unvxow wikH Fr

HG LQWUDFHOOXODU >+&2 @ WKHQ DFWI

W K H 53 ( &KORULGH LRQV WKHQ H[L&W +\§’2J<UD%%LSKQ WHE Rk P bR B & v wrn GLUHFWLRQ R
PHPEUDQH OD &RXU D E ILIKWRPREEYVKRMWwLE Gl WX QMEVHWLRQ EV UHWXUQLQJ &/ LRQV E
GHFUHDVHG SRWDVVLXP LQ WKH VXEUHWWAHQ DLOXW\HSHPFHE BS®RG WWRVH (RM FR UMW HOO DQG 4 X
WKH DSLFDO VXUIDFH RI WKH 53( %3 USRODULVHYV 7 KH
K\VSHUSRODULVDWLRQ UHGXFHV WKH HQWU\ RI QHJDWLYH LRQV OLNH

+&2 LQWR WKH 53¢ 2DNOH\ UHVXOWLQJ LQ D GHFUHDVH

RI S+MQ DQG D GHFUHDVH LQ WKH H{RKOQWHWHKRBWSH' VRQIWKKDPEHU DQG LQWU
EDVRODWHUDO BWODXER&2DQG 3HGHUVRQSURYL®HOGOHNOXDEOH LQVLIJKWY LQWR WKH

DQG OLOOHU 7KLV H[SODLQV KRJH JFXKODDOMIHR/Q LRI UHWOQHPO WKH YROXPH RI
LOOXPLQDWLRQ DOWHU WKH GLUHFWLRRQRI WKXH G WMWFQESHSRUWUDNGWOIRDWHUY LQY
HW DO DE /LQ DQG OLOOHU WKH XQG6HBONYRJ NLQHWLFYVY DQG SURSH

ZKLFK UHSUHVHQWY ZRUN PDLQO\ RQFIODPSKHEBEVUD QHTXLUHWGH D GLIIHUHQW WHF
SDUDWLRQV )RU IXUWKHU UHYLHZV RUHBBRUOXQGVWWRQESREWGMHQGURP VLQJOH
WKH HTXLYDOHQW FLUFXLW GHULYDWISRRGEWK ONWHRODNO ®RHP RRIGLFHW KD@ QHOV LQ Z

DQG 6WHLQEHUJ HW DO HIWUDFHOOXODU HQYLURQPHQW FDQ EH FF



*% $UGHQ 3 $ SREYWHDEVHQ SHWLQD, DOGO(\H, ,5HVHDUFK

3DWFK FODPS VWHSY $Q H[DPSORIXWWZ WK® UHFWLILHU LGH
KXPDQ +XJKHV HW DO DQG ERYLQH
+RGJIJNLQYY DQG +X[OH\fV ZRUN RQ W@H VRKXKGBVILDQW D[RQ
HQDEOHG WKHP WR UHFRUG PHPEUDQH YROWDJH DQG FXUUHQW DQG

DOVR WR FRQWURO ERWK WKH LQWHUQDO QP R T WY P £ RV

JL

FRPSRVLWLRAQ 7KLV ZDV ‘QFRD/\CFCB(R@’\WL)E(Q)\HLDLWKQ
WKH GHYHORSPHQW RI WKH SDWFK FODPS WHFKOLTXH +DPLOO FW

7KH VOR ULVH L WKH 7(3 LQ DQLPDO
DO +DPLOO DQG 6DNPDQAQ 1HKHU D(Q_.,G 6 DNPDQ

UHODWH WR WKH LIJKW ULVH LQ WKH K>

1HKHU HW DO 6LJZRUWK DgG I1HKFU $

DXVHG E\ D GHSRODULVDWLRQ RI WKH ED
JODVYVY PLFURSLSHWWH ZLWK D WLS GLDPHWHU R SP LY KHDWH

53(O VR WKH HW GLIIHUH \%F EHWZHHAQ
ILUH SROLVKHG LQ D PLFURIRUJH XQWL LWV WLS L VPRRWK U LV

PHPEUDQH YROWDJHYV LQFUHDVHYV 7KLV
ILOOHG ZLWK D VROXWLRQ WKDW PLPLFV WKH LQWUDFHOOXODWU LR L F

SURGXFHG_E\ D 3VHFRSG PHVVHQJHU  ZLW
FRPSRVLWLRQ DQG WKHQ DGYDQFHG WR WKH EHOO PHPEUDQOQH

W K H 53|_(| 7TKHUHIRUH IRU WKH OLJKW ULVE
ZKLFK DGKHUHV WR WKH JODVV VR WKDW WK UHVLVWDQFH EHWZHHQ

PXVW EH WKDW_ WKH UHWL8D OLEHUDWHYV D
WKH LQWHULRU RI WKH SLSHWWH DQG WKH H%WUDFHOOXODU 10X L ULVHV W

WKH 3 LIKW VXEVWDVSFH WKDW ELQGLQJ
! 0OLO , I  VXFWLRQ LV DSSOLHG W R W K H SLSHWWH K H

DSLFDO PHPEUDOQH RI WKH 53¢ OLEHUDWHYV
UHVLVWDQFH PD\ ULY® WRLY LV NQRZQ DV WKH

PHVVHOQJHU" 7KH VHFRQG PHVVHQJHU FDX
FHOO DWWRRKXILHLGXUDWLRAQ $ VHFRQG UHIHUHQFH RU EDWK

EDVDO O FRQGXFWD %FH 7KH Ol‘JKW (2* |
HOHFWURGH LV SODFHG LQ WKH EDWK VXUURXQGLQJ WKH FHOO XVXDOO

LW Lv. D $J $J&O SHOOHW FRQQHFWHG YI_DFHDDQ" LO VDHI:l)JO LVDO QI:@UD&/WFKMI@HUH DUH VHYHUDO

I WKH FHOO PHPEUDQH LQ WKH PLFURHBQEFMY BRI WLy £FIRQAWEALE Yureubon Lo zkLFk
FKDQQHOV RU RWKHU LRQLF WUDQVSRWMNBHHbY pW&K Mk d \6LAsSWDWQHVWH +B i LWKDHhc 6DNPDQQ
SDWFK LV OHVV WKDQ EHWZHHQ PLFURHOHRWEHKMROE HHDOQUS FRUIG HO I ) WFRVLRR KLY DSSOLHG WR Wt
WRWDO PHPEUDQH UHVLVWDQFH RI W»EWDUH“’\%WS%WFKWRMF"FM"@”C? AONHY P yORZ UHVLVWDQFH S

8WHULRU V\? QH PDOO FHOOV WKH WRWDO DYHUDJH UH\
PXFK ORZHU DQG WKHUHIRUH WKH YR ZH URHOHF
DQQHO PHP UDQH FDQ EH UHFRUGHG +R

WURGH DQG EDWK DSSUR[LPDWHYV WR/LJW[KOH) QPJ gl—H:POQl\H pUIR @WRWHE ey PLiLoy ziwk wk
PLQXV D OLTXLG MXQFWLRAQ SRWHQWLPD_@UREHSW\ZVH—IH@QGP\ALKFHUSR%@/M»—F\W%U)R\A&HQ FDQQRW EH HD

WLS DQG EDWK IOXLG GXH WR WKH GLPIAH BIAERW L R6GHWFLPPRORS RA/PLOW L R QPRI HW DO
WKDW PXVW EH GHWHUPLQHG H[sHULPHKGSW5'6BQW*hGUZKE‘B%‘E'WG’BQNﬁ“dVWHU PDLQWDLQV LQ
% D U U\ DQG /\QFK 1HKHU FRQ‘\j\/ %WVG7KH BLU: RSLSHWWH FRQWDLQV Q\WVWDWLQ + RUQ

0,

DP SKRWH LFLQ A)% 5DH HW DO 7KHVH VXEVWDQFHV IRL

$Q\ VPDOO FXUUHQW IORZLQ‘] FDZX_MPHLM \pKHUFl—DLQCPM/HLP\é D%\ \QKDJQX]JF}{ Z KLFK ODUJH PROHFX

YROWDJH FKDQJH LQVLGH WKH SDWFK #Hp@Qb/AFEWIDRVG Hk LV KrXO M 3 YWub WL RFFOX Wklb kW QW EHHQ zZLGHO\

Rl VLQJOH FKDQQHOV FDQ EH PRQLWRUX¥BHQWY LQ DPSKLELDQ PDPPDOLDQ DQG FXOWXUHG 53( Fi
tKHQ@O0O LV KHOG RU FODPSHG DW D UD®JIH RIEEKRSHAPSRIEDBPU LY *XIKHV DQG BWHLQEHUJ

DQG 7DNDKLUD OHUJOHU HW D, 0 5RVHQWKDO DQG
LQJ DQG GHSRODULVLQJ YROWDJHV IRU PV, WKH PH (%H

6OLHX DQG : X 6WU vav 6 W UD X
FXUUHQW FKDQJHV DQG VWDEL®OLY/MWKHMNQG DIWHU ;5\ypkLub DQG +XJKHV 8HGD DQG 6
SKROGLQJ SRWHQWLDO" FDQ EH DSSOLHG HoR WWVQZNDHWH 0 G R H Vo H V iKwk Yo CTHQJI HW |
DXWRPDWLFDOO\ DQG SURYBEGHKWYIH SOR®MV RYW WK H 0DQLSXODWLRQ RI WKH SLSHWWH DQG ED

VORSH LQGLFDWHY WKH LQVWDQWDOQHRWY MRYGOPHI BSOFHFOWRA D EKHRYY LQ WKH ZKRO

DGGLWLRQ RI %D&/ WR WKH EDWK VROXWILRQ ZLOO LQWHQVLI\
WKH YROWDJH VWHSYV $Q LRQ FKDQQ JLY L J D VLPSOH OL

GGLWLRQ &V&0 DQG WHWUDHWRVODPPRQLXP LQKLELWV
FXUUHQW YROWDJH UHODWLRQVKLS Q@LéWHWd(EHUJHQWLUH UDQJH R 1
PHPEUDQH YROWDJH KD¥VXUNY H2 KPQFH[DPSoOHUQDWLYH FRQILIXUDWLRQV FDQ EH PDGH RQFH WK
RI VXFK DQ LRQLF FKDQQHO LV WKH FRBYVWPFYKHGERRRAMRXWYXUD QLR @ BIWHU WKH SDWFK KDV IR
EUDQH FRQGXFWDQFH UHJXODWRU &) ?sSHWEH RVFEHEY AR ﬂ/'@)WKDW WKH PHPEUDQH LV WRUQ L

5RPPHQV HW DO orRFDWHG Dw Wk "BELED 'bTbe(i EIOR Y pigt teuerrooren et
GLILH +DPLOO HW DO

PHPEUDQHV RI IRHWDO 5 3( % ODXJ HW[FPVQ!G SDWFK FR%H/ELVM\LI\d‘OQ%IHZ FKDQQHOV DQG ZKHQ WK
FKDQQHOV KDYH, QRFXLKHFPWLW F$Q LQZDUGpWHF WUrls\sAUQVIRQDWH FKDQJHV LQ WRWDO PHPEUDQH FR
FKDQQHO LV RQH LQ ZKLFK D K\SHUSR OKD'UHINUWHQ WKW RF® MWD RWH USVMWWRFE XRA HVY¥H LRQLF FKDQQHOV

D JUHDWHU LQZDUG FXUUHQW WKDQ'XOWKH RXWZDUG FXUUHQW

SURGXFHG E\ DQ HTXLYDOHQW GHSRODEJQL W§3PLFVVRHSOHFW%RF?UMY?PD#HFRQWDFWZLWK WHH
LRQ VORZ DOORZV WKH FHOO PHPEUDQH WR

LQ VXFK DRXUYH WKH VORSH LV JUHDWH"&H oW Wk RvEsY By viubors Lo vxFKk b 2D\ wkDw \
YROWDJHY PRUH QHJIJDWLYH WKDQ WKHPpHUMHWWLHQIFPyHW E §B QWvHYROMWYDRIH 7KH SLSHWWH LV |
$Q HI[DP SOH LYV WKH .\LU FKDQQHO VHRSRWPEBHGLIQRPWWKH UHV® |[RF KOH FHOO PHPEUDQH 7KH RXWt

PHPEUDQHY RI WKH 53( +XJKHV DQG ¥ NWRLWKY EPLWK RXUGYOGHW B WX UDWLRQ 'LUHFW DFWLYD
RXWZDUG UHFWLI\LQJ FXUUHQWYV KDYHR'V\}?%LF FK?(%QH%V E‘F?(S%L WNEHGL?E?/WLIQNKH EDWK LV P
ILJXUDW HYH XQOHVY WKH FHOO L

7 KH FRQGXFWDQFH LQFUHDVHV IR U g({'R§‘RKOQLHLI\£b&éH [FS'%ICPLE \pRQLH-IPRYH WKH SDWFK IURP
VWHSY PRUH WKDQ LW GHFUHDVHV IRUDKLEHBSRODPBLLYLQJ +¥RIQW BW B



* % $UGHQ 3 $ RRRIWWMIEOH) 5HWLQDO Q6 (\H 5HVHDUFK

7KH PRVW QRWDEOH FRQWULEXWLRQV WR H LEZ\KWRL) QMHHLMAIBEBWHUID QQ@ GEOXH JUHHQ (
6KHOGRQ OLOOHU DQG WKHLU FROODERKBWRQUN WKDWOWKHHWYWLDIOW WKDW ZDV EHL

*DOOHPRUH HW DO *DOOHPRUH DBQBLOWHLOQEWXOWY LR EDQ KDG EHHQ GH
*ULIl DQG B6WHLQEHUJ -RHWOHWWSHK D QGE OL®EMUKRZ WKHQ FRXOG WK I
/JLQVHQPHLHU DQG 6WHLQEHUJ 53(" BWHLQEBNMODHIRWHG WKDW WKH FKD

DQG B6WHLQEHUJ 9DOHWRQ DQG YODHSHBUEHB® RQ VWLPXOXV DUHD /LQVHC

7KH REYLRXV H[SODQDWLRQ ZDV Wt
K DW FHOOV LOLWLDWH WKH UHVSR VH"QHUDVVHG E\ OLJKW PRYHG IURP WKH
' Q QFRQFHQWUDWLRQ GHSHQGHG XSRQ WKH

Q ZKHWKHU WKH VXEVWDQFH FRXOG

*ULIl DQG 6WHLQEHUJ /LQVHQPHL V] D%G 6WHL%EHUJ

LOOXPLQDWHG SRUWLRQV RI WKH VXEUHMW

9DOHWRQ DQG YDQ 1RUUHRQ XVHG D FRPELODWLR

PHOQWYV GLG QR SURYH WKDW WKH OLJ
RI LQWUD UHWLQD PLFURHOHFWURGHYV RPEL%%G Z L WK UHIHUH?_'FH

JH HUDW L% SKRWRUHFHSWRUYV W K H
HOHFWURGHY VLWHG LQ WKH VXEUHWLQSDO VSDFH RU HWUR RFXODUOH\

URGXFHG DV D SRVW VI\QDSWLF UHVXOW
SURYH WKDW WKH OLJKW ULVH RULJLQDWHG L?_' W KH 53)5 VHH LJ

SURSRVHG E\ *RXUDV DQG *XQNHO
BUHYLRXVO\ LW KDG EHHQ VXSSRVHG WKDW PXFK RI WKH YRO D'\lH

FHQWUDO UHWL%DO YHLQRR FOXVLRQ W K |
FKDQJH FRXOG GHYHORS LQ WKH UHWLQZD 7KH PHE D%LVP |

+RZHYHU *DOOHPRUF HW DO VKRZF
SURGXFWLRQ ZDV LQYHVWLJDWHG E\ PHDVXULQJ WKH VSHFWUDO

UHFHSWRUDO DFWLYLW ZDV EORFNHG WKFE
VHQVLWLYLWY RI WKH SURFHVYV 7TKHUH ZDV D VLPSOH UHODWILRQVKLS

WKHUHE\ GHPRQVWUDWLQJ WKDW W K H

KRZHYHU LW ZDV JHQHUDWHG ZDV UHOH
/JLIKW SHDN DEVHQFH RI WKH OLJKW ULVH LQ SDWLH
G\WWURSKLHV DOVR SURYLGHV HYLGHQF
VXEVWDQFH LV JHQHUDWHG LQ URGV $UG

53( LQOYROYHPHQW DQG WKH KDVRODWHUTL

,0 RUGHU WR TXDQWLI\ WKH FRQWULEX
EDVDO PHPEUDQHY WR WKH (2* DV ZHOO
QHXUDO UHWLQD LQ WKH JHQHUDWLRQ R
WLRQV RI LQWDFW 53( UHWLQD ZHUH P
8VVLQJ FKDPEHUV 7KH UHVLVWDQFH DF
GXULQJ WKH OLJKW SHDN %\ LQWURGXFLC
WKH 53( LW ZDV SRVVLEOH WR UHFRUG
GLITHUHQWLDOO\ E\ UHIHUHQFLQJ WKH LQ
WKH EDVDO DQG DSLFDO EDWK HOHFWURG
6WHLQEHUJ ZHUH DEOH WR VKRZ Wt
SHDN QHW PHPEUDQH YROWDJH GHFUH
PHPEUDQH GHSRODULVHG PRUH WKDQ W
LQFUHDVLQJ WKH 7(3 +RZHYHU WKHVH
QRW SURYH ZKLFK PHPEUDQH FDXVHG W
DQG 6WHLQEHUJ /ILQVHQPHLHU DQZC
SDVVHG FXUUHQW SXOVHV EHWZHHQ DSLF
ZKLOH PRQLWRULQJ WKH PHPEUDQH YRO
DFURVY HDFK PHPEUDQH $)$SLFD_ DQG $
LOQOMHFWHG FXUUHQW SDVVHVY YLD WKH S
SDUDOOHO WR WKH PHPEUDQHV DQG VR
WKH UHVLVWDQFH RI DSLFDO DQG EDVDO
EH GHWHUPLQHG ,QVWHDG WKH UDWLR

PLQ © YDOXH ZDV REWDLQHG (T

LW $ OA$SLFDO $ /%DVDO a A$SLFDO 5>0XVXO
yLJ ,QWUDFHOOXODU PLFURHOHFWURGH UHFRUGLQJV IURP WKH 53( LQ D

UHWLQD 53( SUHSDUDWLRQ RI *HFNR 9ROWDJHV DFURVK WRQH WKLHD® D¥W® GXvwhoLY WDNHQ WRJIJHWKHU
IDFHV RI WKH 53( DUH UHFRUGHG VHSDUDWHO\ E\ H[WUDWHOP YOO HPHANURGH K §FPHEHAV KHQ LW LV SRVVLE
LQ WKH VXEUHWLQDO VSDFH RU LQ FKRURLGDO VLGH RbWK'yEsEJ(D bKil_-il\/HW-ilgl-li_'FWjJUG'_i-!BWHVW FKDQJH LQ L

DOVR UHFRUGHG WKH 7(3 7KH OLJKW ULVH SRWHQWLDO GHYHORSYV gR
PLGGOH WUDFH ZLWK QR FRQWULEXWLRQ WR WKH SRQ\ILI(]‘)RLUD% E\ V\PKIHIUH\BL%S‘ [e) W}-HJLQEHUJ FDV
WUDFH JURP *ULII DQG 6WHLQEHUJ 5HSULQWHG Qv\‘Nh{LSQIEPH_‘MV‘]LRQ F?IWKHDQG FKLFN *DOOHPR

-RXUQDO RI 3K\VLRORIJ\ *DOOHPRUH DQG 6WHLQEHADYDGHSRODULVH



*9% $UGHQ 3 $ SREYWHWEWVHQ 5HWLQDO, D.QG (\H 5HVHDUFK

LQ UHVSRQVH WR OLJKW ZLWK D ULVH LQ* BEBRWHKLIQWD Q FH EXW WKH

YROWDJH FKDQJH DFURVYVY WKH DSLFDO PHPEUDQH ZDV QRW

DFFRPSDQLHG E\ D FKDQJH RI FRQGXRWBQFM\ LQRBWLFKWD IFHOO FRPPXQLFDWHYV

WHFKQLFDOO\ SRVVLEOH WR PHDVXUH HWQKYH. IBROQUMDH @ @ O X\ DYUL DU HWSLWALD@F W HP E U D Q +

GLUHFWO\ ZLWKRXW WKH FRQWULEXWMWRKD® W I PRIBEHQHIIHIFWR ~ SDUWWHXODU FKHPL

HW DK HIWUDFHOOXODU I0XLG 7KH FRPPXQLFDWL
FDVFDGH WKDW DPSOLILHVY WKH VLJQDO 7
LQbov DUH DVVRFLDWHG ZLWK VSHFLDOLYV

&KORULGH FKDQQHOV
GLVWLQJXLVKHG E\ D VXEVFULSW H J *V R

I URP WKH UHFHSWRU ZKHQ LW ELQGV WR W
7KH GHSRODULVDWLRQ RI WKH EDVDO PHPEUDQH FRXOG EH

7KH HFHSWRU ELl_QGV Hé{WUDFHOOXODUO\
DFKLHYHG HLWKHU EV D QHJIJDWLYH LRQ H LWL%J W K H HOO U D

KLEK ED E H D?N LR% RUJDQLF RGRUDAQ
SRVLWLYH LRQ HQWHULQJ WKH FHOO YLGHQFH "WKDW K'H LJKW ULVH

URWHTLOQ OLSLG RU QXFOHRWLGH ,Q WKH F
ZDV PHGLDWHG E\ DQ LQFUHDVH LQ EDVRODWFUDO &0 FRQGXEWDOQFH

QRVH WKH UHFHSWRU EL8GV WR RGRULIHU
ZDV VKRZQ ZKHQ IRXU &3 FKDQQHO EORFNHUGV DOO DHEROKLRVVI\</HUHFHSWRU UKRG |
WKH OLJKW ULVH LQ FKLFN *DOOHPRUH Dg(g 6\/\5QL$/ HU? FiE

P ROHFXOH DEVRUEVY D SKRWRQ RI OLJKW
) XUWKHUPRUH & O VHQVLWLYH PLFURHOHFWURGHYV L%VHUWHG L%WR

WKDW D FROQIRUPDWLRQDO KDQJH LQ D SL
FKLFN 53( VKRZHG D GHFUHDVH LQ WKH LOWUDFHOOXODU &0

VHTXH@FH RI ELRFKHPLEDO FKDQJHV LQ W
DFWLYLW\ WKDW PDWFKHG WK H OLJK\ISV GUL H *DESHSPRVUH DDQWGHG WKDW WKH F
6WHLQEHUJ 7TKHUHIRUH QHJDW'WLYOIS &OI ULRéQV OVI-FDY E\CjD KR W R FRXOG
WKURXJK WKH EDVRODWHUDDO PHPEUDQLH %)&/W l?—D%@ﬁ \kl H OLJKSW Q

GXFWLRQN 7KH ELOGLOJ RI WKH OLJDQG WR
ULVH JURP WKLV LW IROORZV WKDW W\IX/EHOLIJK WULVH\\é)ﬁEVVV\I?F(')SFH PXHVWDFWLYDWL
LQLWLDWH WKH UHOHDVH RI VRPH VHFRQG b Y/VH%%LU LWKL WV\K/ﬁ

UHYLHZ VHH .ULVWLDBV Q ZKLFK FF
53( WKDW LQ LWV WXUQ PRGXODWHYV I%NDUVLRPCI)-I%\CIPULDVCI)?PPHHUPVEUSU HI-D&?]HHD SHUD HW
FROGXFWDQFH * P I[-| EH FQE] DO W K D\
+RZHYHU WKH LGHQWLW\ RI WKH &O *{:KDD*l?FOPQSUOHVSEQ/%ké%(%IOH IV&\//URFLDWHG LUDJ
WKH (2* DQG )2V KDV QRW EHHQ IXOO\HUHQ{D(E%Y%ZGK Ié-'I%U\I ZhWFK S\/gllkH RI DEWLOJ V
DGYHQW RI QHZ FRPSRXQGV WKDW DUIE%]I%O‘E—\ WIEVVLI—IVO}—\'N'J_:I;VVLUYH58L\G%F?%|EONWHU WKI-? bF
FKORULGH FKDQQHOV WKLV VKRXOG Vge@/g gﬁu%e:FRPSOL UKHGJ oo 3 PROHEX
VKRXOG EH QRWHG WKDW GLITHUHQW \)?SC%-I%SLéHS/ PLJKW ?(%9% DG(\;(LII;II—PlPHUQJVbLS UHEHSWR
WAVSHV RI &0 FKDQQHO ZKLFK PD\QRWPD)%O Uﬁvg\l&a(\é\/ﬁ’-\% W KH VHSH

ODWHG FDXVHV LWV GLVVRFLDWLRQ LQWR D
ZD\ WR WKH VHFRQG PHVVHQJHUYV $QI?WKHU LVVXI\-I/ LV WKUDURCI)H RPI RWKHU SL
FDOFLXP LQ UHJIJXODWLQJ WKH EDVROEI5<R ﬁW%%Q&Hb \OANI%BULYVHF \I@\yDgll_T(DV\);Q ERGEHOO
FDXVH WKH OLJKW ULVH +RIPDQQ DQGIlémq:’%D\E-I% YQ I'(;‘Rﬁl—r(:oKDW I$RUPV F$03 X
WKDW WKH OLJKW ULVH ZDV UHGXF@IFGXVEX\ Vb LIJ_S\%IUHFB\L)J-'FL'Q]RGFP>&\%HW o . H H U
DQG VR &Da LV SUHVXPHG WR SOD\ VXEIE-I L\é\IFI{DC\)NH \?Qs)bgbv LD?N%QJ \I\PI|<_|H 3 WEDW
OLJKW ULVH &)75 LV QRW GLUHFWO\ DPIHVI\é HG E\&D 5‘(58 H\I7Q\/\PIQ/H $ -3

\ODWH SURWHL%V D%G LRQLF FKDQQHOV D
DPSOLWXGH RI WKH OLJKW ULVH LV QRUPDO L F\'VWL ILEURVLYV &)

WKHLU | QFFWL\RQ $R%GHUVRQ HwW DO F
WKLV &) FKDQQHO LV QRW WKRXJIKW WRVEH KGI%\L/J\IFFl{HWFOLWLHQY IXEGRLQVI\_NKHZKLFK FR
OLJKW ULVH 0OLOOHU HW DO /DUI? Ht\ﬁl DOL [ WU’V$ LG\LZJXIOZII__C?\IH%\ KQ W K H 5
WKDW WKH &/ FKDQQHO UHVSRQVLEOH IRSU %WH OQLJKW LQ\yH LV J%Wl—YVG %\(V Q
&DB7 DQG FXUUHQW HYLGHQFH VXJJHV%A(R\%%V%DSWKSEVHS RLFRLé-'IXI}NQHLtQV\/v}yH TKH ODWWH
FKDQQHO UHVSRQVLEOH VHH EHORZ O\WVLV RI F\FOLF JXDQRVLQH PRQRSKRVSKD\

ZKLFK FORVHV GRZQ RXWHU VHJPHQW FDW

FW DO YXQJ DQG 6WU\VFU
6LJQDOOLQJ SDWKZD\V $ GLIITHUHQW EXW HTXDOO\ LPSRUWDQW L
WLRQ SDWKZD\ LV SURYLGHG E\ *T ZKLFK L
7KH VWXG\ RI IOXLG WUDQVSRUW LQO8¥BN®J&F KD PsEPHILEW DD BIRVQ D O WKURXJI
ZLWK PLFURHOHFWURGH UHFRUGLQJV $D®RDGY PSID W HKP EFLODPH HHKBEHMEKROLSLG SKRVSK
PHQWY KDV \LHOGHG D ODUJH XQGHBEVYWPDKROWLSKID VRH W KH WLFRK®LOFO D E LQ W

FXUUHQWY IRXQG ZLWKLQ WKH 53( *WOOHHPRWIHK BWHD O, 3 DQG GLDF\OJO\FHURO
5HIXODWLRQ RI WKH LRQLF FKDQQHONFWQBVIJDWRRJGEWP WHFRQIGH@IVQ WK LB B L WH H>
PHVVHQJHUV LV IXQGDPHQWDO WR WK H RIGHKQHUMDPHWL RV HR ID WW(IHY OW Y KRV LRQLF FKDQ
(2* DQG )2V DQG VR ZH ZLOO EULHIWKURXWRLGHKHWEHWNWDWLRQ RI SURWHLQ N
VLIQDOOLQJ SDWKZD\V DQG PHVVHQJHRG GMKDMD QDFUHH RUQWRRFOHY H® QUE FKDQQHOV FK
LRQLF FKDQQHO JDWLQJ JRU D GHWOKANMSKRUYOLBWHR! EMHF RRQ G6 W U CEX.\QVG ¥ WV ® O
PHVVHQJHU VLJQDOOLQJ SDWKZD\V LQD WKHFHBSW RVWHHR @ DWKH DHHGGGRSODVPLF UHWLF
2VERUQH LQWUDFHOOXODU &D VHH EHORZ S LV



*% $UWOFQ 3 $ BWRQUWDE¥QAK 5HWLQDO, D@QGO(OH vwH VWD UFK

UHOHDVH RI WKH SRO\XQVDWXUDWHG BDWW\L RPGEFOE LRKDLEK WOREQIHF &DRRL&EG FXUUHQW

IURP WKH SODVPD PHPEUDQH ZKLFK WULMOEBPHQOHDEROGYHMEOSRMWRLF DFLG ','6 ZD
VHFRQG PHVVHQJHUYV B3LRPHOOL DQG *QHR @IPDAMDGO UDW 65K3LPLBXH GD DQG 6WHLQE!
DQG :ROIH 6LJDO WKHVH FXUUHQWY ZHUH VKRUW OLYHG DQ
LQGLFDWLQJ WKDW WKH\ ZHUH SUREDEO

BURWHLQ WAURVLQH NLQDVHYV FRPSRXQG WKDW ZDV ORVW GXULQJ WKH

%RWFKNLQ DQG ODWWKHZV
2QH DGGLWLRQDO PHDQV RI LRQLF FKDQ@QHXOWKQUWURR IQRRWKDB8 XUBKW 53( WKH
SURWHLQ WIURVLQH NLQDVHV 37.V WWWWPROB WHHP E U DUQGIHD HEDRVXHQ & | & D IURP W
SURWHLQV WKDW DFW DV HQJ\PHV E\ GRUMFRIO3 6KBYSKWREQORWLFADIOFLXP VWRU.
WA\URVLQH UHVLGXHV LQ LQWUDFHOOXQDWLOWH JLHQV L @ IUORXW HRLIQ& W7 WHRP WKH H|
H[WUDFHOOXODU DFWLYDWLRQ E\ JURZWRIOWDHFMWRIDWMEFK WVSH S& 64U FKDQQHO

PDO JURZWK IDFWRU LQVXOLQ RU SHHGRRWBWHIWLXYVHVG HWU DKW K & D & &
IDFWRU *OHQQF\ 6FKOHVVLQJHWEHH®G U8 G aUMARKEEXKQ@ GLVSOD\ GLIITHUHQW
,QWHJUDWLRQ RI 37.V DQG * SURWHLRQ®LNQO®POWWLRY SDWWIBOWO DQG 4X 6

SURYLGHY DQ DOWHUQDWLYH PHDQV E& DRKAVKDUHSODRWRLOWHQZ¥WWIYYH WR S+LQ DQ
WLRQ DQG VLIJQDOOLQJ SDWKZD\V FDRA[WQWHWOGWODUWEKFBG L FIRRORVYL.RWD BF H & = K
PRGXODWH FHOO SK\WLRORJ\ :DWHUYV FHAW DIXO A 21 LQWHUHVW
LQ WKLV UHYLHZ DUH WKH QRQ UHFHSWRRI IMO\W ROVE @ HK WR Q Q VIHRVH WIX®D V8 3( PR QRO
EHORQJ WRWBWRMHLQ IDPLO\ DQG ODFN WV HI WFKDDFPHECHOUXVO DWW O VKRZ DQ LQFUHD
ELQGLQJ GRPDLQ EXW UHWDLQ DQ LQWHDRDBHKOEHIOQFWH WRORWRIZQ K JNGHNDA YSHUVR LYRRQN HRG
FDWDO\VWLF GRPDLQ 7KHVH 37.V DOWOR UHOQDHU PLFURORQLQWWKHSLQHSKULQH DQ
UHJXODWLRQ RI &Da FKDQQHOV DQG FKWR HIKR YV W D V5LA\W DR G WZ IDKO EH VIQWKHWLF
GLVFXVVHG ODWHU 6WUDXVV HW DK DJRQLVWYDQ DGPHLWY LWWHK\IGIHVQ HW DK 3 HW
HW DK DQG WKH QRQ VWHURLGDO DQWL LQIODPPTC
EXW QRW IOXIHQDPLF DFLG %LDOHN HW D
,RQLF FKDQQHOV RI WKH 53( LOQYROYH&G ¢Q WKMKHHEWO\ WR WKH SURWHLQ RU
GHSHQGHQW SURWHLQ NLQDVH UHPDLQV
7KH FDOFLXP DFWLYDWHG FKORULGH WKMYGHODIHQWY VWLPXODWH D ','6 VHQVL\
ODWHUDO &0 FRQGXFWDQFH 7KH &) FKDQ
$ ULVH LQ LQWUDFHOOX@D®@ IFWDO EHLOKLRHRYREED WRPH WLVVXH VSHFLILFLW\ ZLWK
JHQHUDWH WKH OLJKW ULVH E\ JDWLQJIBSEHIQDPEP VIRFOLBGWWKIMDOL G D OFR XLRQ KLE LW LR C
DFWLYDWHG FKORULGH FKDQQHO &D&&Q UWWKRMXI®E UDH QRIWH®E® LWMKD WR XJKW\ HW
HYLGHQFH IRU &DB EHLQJ WKH LQWUDSHOPKOPBDWUOVWFRWQYHTRPHYNHQRHU& D& & REWD
LV LQGLUHFW DQG EDVHG XSRQ QRUPPDXO/FOOLH KWH QUG R WK HH®RL & Q ZFIHVOK V; H QQRDSFXWL P D ¢
DEQRUPDO )2V /DUD HW DK OLORHRIF\HWWWH WKLY 6&1 ,IQ1 WKH 1% U !& 1) & R U
DUWLILFLDOO\ SHUIXVHG FDW H\H D UHGXFURHROAR WKH QDKW WLYG 0 DU W\
RFFXUV ZKHQ H[WUDRHOQOX@QFWHERWHG DOWKRXJIK WKH
Y2V DQG F ZDYH DUH XQFKDQJHG +RIPDQQ DQG 1LHPH\HU

7KH DEQRUPDO )2V LQ &) LPSOLFQDWvKﬁv&?EéJ%W Ry Qe W bk BRXUQH DQG "UX

WKH 53/ IDLO\/ SKDJRF\WRVH URG RXWHU OLP

&)75 LQ WKH JHQHUDWLRQ RI WKLYV UG'iIYI—ﬁQBIQD\G\IHRQ ulﬁ\ﬁxld\h'leLlf;vHKDv é<H'ﬂQ VKRZQ WKDW WKL

SUHVHQFH RI D QRUPDO OLJKW ULVH de@ré&prboV Xazbh ¥ Wo e W ol LR QLF«po Hw Do W

PHFKDQLVPYV DUH GLIITHUHQW IRU WKH DOWYUIDGQ O OBLLRK W JUHWWHU %QED X&) &D  FXUUHQW 6\

HW DK YXUWKHUPRUH WKH )2V DUHAK'Y RRYFFD 82 LS RHEWP\WRW AP XVH RTWKH LQDELOLWY
ZLWK D UHGXFWLRQ LQ WKH OLJKW uLVW“&Hk’LVﬁ*f(PW%(WUWﬁﬁ%”W)PJOJAHVWV wiK g HW K

5RGULJIJXH] 7XUFR 6DOFHGD 7 KF

WKH OLJKW ULVH DQG )2V KDYH FKCb!j(IJLl%qudFQFWHUVX%9I<‘5|XL1!’QF\[DQG]IOXIHQDPLF DFLG DQG

PHFKDQLVP ZLWK SUHVXPDEO\ GLIITHUKQW wkid NRWWHRMDQowsBRQ bdwHe . FKDQQHOV L

FKDQQHOV UHVSRQVLEOH :HOFEHU HW DK 6HH BRHIO®RIZPLARIQG WEHHQDPLF DFLGV DOVR D

GLITHUHQWLDO HIIHEFEW RI DEQRUPDOLWIRASYFWRRFIE HY WPRRWKK T FRIQFHAPK HR ! WKH JIXxw )DU

DWH ODUJH FR:
OLJKW ULVH DQG )2V IRU DGGLWLRQD(BO)T—I”\'(QLDé’hFQ/DFQﬁQL'OXPLFDFLGV POVR DFEWLY
i FKDQQHO *ULENRII HW DK 2WWROLD DQG 7RUR

&D&&V ZHUH ILUVW HORQURMRFAWGE VL@ K H K, Porennuyv DoVR LOKLELW QRQVHOHFWLYH FDWLRQ FKD
ULVH LQemBRDOORZLQJ IHUWLOLVDWLRQ &RHCOHWRHW DK HS R O PWdvWwDFHOOV VHSDUDWH PHPEUDQ
WLRQ RI WKH RRF\WHV WKDW SUHYHQ WXHGHQWVWEZWUIH UK LHOWGE® E\ R.16 ZESIHPYW RQO\ WKH &/ FX
% DULVK OLOHGL & D& & LV-HU REPLHPGF PRLL |5d*k‘{VGSUHFKW Hw DK TKH o LQY

UHJXODWLRQ LQ WKH 53( 3HWHUVROQ H'W B &/ FKD&??BO EORF va ZLWK RWKHU LRQLFE FK
WHUSUHWD | QHO IXQFWLRQ GLIILFXOW

LRQ R
DV LW LV LQ WKH JHQHVLV RI PDQ\NKRH\inK b Y5 WV IR WIELRH%VWRV%LFYm PV HilHEW joLQav ¢+
vVvDOLYD OHOYLQ FW DK DQG WHRBW ¥k OLLUF-rKQR)k/lFK Hw bk $ 4X DQG +DUW]JHOO



*% $UGHQ 3 $ &RURIWBEOUHQ 5HWLQDO, DRGLOH 5HV,HDUFK

:DQJ 1LOLXVHW DO 4X DQG +DURVIKHXOPODQ EHVWKIRSKLQ KRPRORJXHV LQY
LV WKH VDPH DV WKH VHTXHQFH IRU E®DWOWURSKHLVQV 4 X OFWYWH D®LIIHUHQW SHUPHDELO
ZKLFK DOVR JHQHUDWHY FDOFLXP GHSHW®AH QDN K& T KF S H U R @ W BVLKOEDW MWKRIU HLV2W V' E H V W
DO 6XQ HW DO 7VXQHQDULLNWW OOWR SHUPHDEOH WR ELFDUERQDWH LRQ
FXUYHV IRU IRXU KXPDQ EHVWURSKLQ SUR
FKDUDFWHULVWLFY ZLWK K%HVW DQG K%HYV
DQG K%HVW VKRZV VWURQJ LQZDUG UHFW,

KDV PRGHUDWH RXWzZDUG UHFWLILFDWLRQ
%HVWIV YLWHOOLIRUP PDFXODU G\V7V\(/LkPQ§_|IY\)\D&\L/ I—PV\PDLOQKHULWHG

DXWRVRPDO GRPLQDQW GLVHDVH ZLWK7DKHYDZL{)L\DI|:EI9\|7WQJJRHSIBLIQR9¥J_|MN UHIJXODWH W
ITURP FKLOGKRRG WR DGXOWKRRG SHIQFQF;-'#OHWH%Q GHWHLPPQLGQI-I_g VRPH EHVWURSE
FKDUDEWHULVHG E\ D FHQWUDO YLWHOQIIRYR o\ SEQIERG MY WEYWF Bun oriinun:
D W W K H PDFXOD 7KH UHWLQD RYH%L\WI—KJ‘VHOHVbRgGEt‘W EBVWR WKH EDOELXP
GDPDJHG OHDGLQJ WR ORVV RI YLVXBE)RQE'XL }(HGISZB' HUDOVK/}%H SKRYVSKRU\ODW
XQGHUO\LQJ IXQGDPHQWDO SURFHVYV b\['JI)Bd(EQVSSHV\{]I%L\JNI%_)EQJKROXDWUPWRKJ-IVWHLQ HW DO

HQWLUH UHWLQD EHFDXVH WKH OLJKWPBJ(lWVdﬂQmI Q/\/H(LﬂvL(|%QVL\{:€IDII:E\[| QVWRSKLQ ZHUH

%HVWURSKLQ2?2D &D&&"

%DUULFNYV &URVYV DQG %DUG PHPEUDYHP R 53( IROORZLQJ VXEUHWLQD
JUDQFRLV HW DO SHQQHU FW DQ 4, DGH6§$U$%wQW%%%U LQWR UDWV 7KH
1RUGVWURP 1

ZKLOH ZLOG W\SH LQFUHDVHG WKH OLJKW

HREMMKNPeE SN 2R 80 wkn ubw P

W DOODUPRUVWHLQ HW DO

7KH JHQH UHVSRQVLEOH IRU %HVWIYo 90 o KDM EHHQ oo g A VHOHEWL:
LEHQWLILHG )RUVPDQ HW DO OBYEBKPRM O MH% v wiPH FRXUVH RI  WKH
0bUTXDUGW HW DO SHWUXNKLQ @R BC viuvH S WRKY BEGHD 1rU wHvVvwIV oL
EWRQH HW DO PKLWH HW DCyp v 3R D% WWHPIR FwY RO wkH )2v RU
W FRGHV IRU D SURWHLQ GHVLIJQPWHS, FEYYYESESB0 % VPR wkH vHovLw
LV VSHFLILFDOO\ H[SUHVVHG LQ WKH EQNBQ VXY|PFH
W

SRUFLQH DQG PDFDTXH 53( ODUPRUé/e‘VVVﬂ_QQ

&XOWXUHG IRHWDO KXPDQ 53( FHOOV HESHHVL FHYWYIRSKEQ ZKRQ g0 FkpoQHO
JURZQ LQ VSHFLILFDOO\ GHILQHG PHGLXR wbﬁs%Q%(y%%Hv+RmmqweommmeHv
ZKLOH WKH KXPDQ $53( "XQQ FW DO D QG DFWL;DWHG 80 FXUUHQWYV

H{SUHVV “&
'DYLV HW DO DQG UDW 53( - 1DEL HWN PPs spuwihibo
FHOO OLQHV DUH SRVLWLYH DW WKH PHVVHOIHY QHY ORY EHYWURS KEQ  wkLy oL
7KH SURWHLQ ZDV QRW GHWHFWHG kaS&&wng v§QﬁM’Wk9 VAW FwkDw Wk H
FHOO OLQHV ODUPRUVWHLQ FW DO VHOHEWLYLW\ DQG NLQHWL
D v %Wﬁ GHWFULEHG (JIJHUPRC

U
HQF DQM
%HVWURSKLQ ZDV SUHGLFWHG WR I%%PQ%%ONQ%
EDVHG XSRQ WKH DPLQR DFLG VHTXHQFH *RPHJ RW HQQGHQFH VXJIJHVWY WKDW E
7UDQVIHFWLRQ RI RQH RI VHYHUDO  LVRIRUPR b X PPy YLDFKD@ QHW\SH
EHVWURSKLQ K%FVWO LQWR FHOO Ongy 8 P RWHG DQLﬁﬁ&ﬁxvv DQG 5R
FXUUHQWV ZLWK PXWDQW EHVWURSKLOQ Eﬁﬂ%ﬁ%&HFWDGLUHFWO\

<3
EHVWURSKLQ FXUUHQWY WKDWI@HQH 4B<E|W\I7V{J[?%Vglﬁ &d) VHSDUDWH &D&& WR L
HW DO 6XQ FW DO 7VX&Q'H I—l|: KHUH DUH UHSRUWYV R
+DUW]J]HOO HW DO D E GHPRQVW!,J'D_|
U
H

+

B RUMENH SoLrpwr wkLy
ﬂb%e@‘ﬁle DO 7KLV
W

HPRQVWUDWLRQ

PXWDJHQHVLV RI EHVWURSKLQ SRUHY
FRQGXFWDQFH ([SUHVVLRQ RI PRXVH
LQWR PDPPDOLDQ FHOO OLQHV DOVR_ GHP
SURGXFW RI P%HVW IRUPHG D &0 FKDBQQ
DELOLW\ DQG DQLRQ VHOHFWLYLW\ FRXQG
WKDW VWURQJO\ VXJJHVWHG WKDW EHY

3XVFK 4X DQG +DUW]JHOO

G
B WWd<6|LPDO PRGHO I
\'7| WR GDWH VXSSRUW
EOVRYLFRYDpo &/ FrDC
SKﬁﬁ%% E oDUP

SRQMDYLF HW

4X HW DO 5 HFHQW HYLGHQF
7KHUH DUH D IHZ FDYHDWV WR EH PDGH :KLOVW VLPLODU OHVLRQV RFFXU LQ

WSVHXGRYLWHOOLIRUP G\WWURSK\ wWKHUH Lv or viioLRiEooW YRSK &R o Q(PM}BH APRY D UROH LQ YRO:

(2* (SVWHLQ DQG 5DEE LQJKDP DQG /RFKHQ G HFobb®MLQI FXUUHQW LQ UHVSRQVH WR K
6DEDWHY HW DO 7KHLVFKHQ HW DO ) XPWY FUC R HHL WWPHU D QG +DUW]HOO

LQGLYLGXDOV ZLWK 90' DQG YLWHOOLIRUP OHVLRQV KQYWUQRPRQJQN%HKM/(:U*HYLHZV RQ WKH PROHEFX:

3ROODFN HW DO +LVWRSDWKRORIJLFDO VWXﬁLgﬁFL\%U/hHélw\VLE{Ygﬁ R I &0 FKDQQHOV vV H
DEQRUPDOLWLHY RI WKH 53( QHRYDVFXODULVDWLRQ SKRWRUHFH GHJH LRQ

0,
DQG DFFXPXODWLRQ RI OLSRIXVFLQ DQ6 PHopaoRroLs i IVE Yo wa WKHVH Wy DQRG %HQRYV +
SLOQSRLQW WKH IXQGDPHQWDO FDXVH RI WKH GLVHDVH )udhitfik HwHRQROWVFK HW DO 1LOLXV D
2 *RUPDQ HW DO HLQJHLVW HW DO 3XVFK



*% $UGHQ 3 $ SRRVUWBHEVHQ 5HWLQDO, DQG (\GlO5H®EDUFK

&DOFLXP FKDQQHOV RI WKH 53¢ FRQFHQWUDWLRQ LQ WKH VXEUHWLQDO VS

,Q PDQ FDUGLDF 1&; LV SUHVHQW LQ EF

&DOFLXP SOD\V DQ LPSRUWDQW UROBOMQK R ® WKJ DDFRHFOD®MX. @ D W LVRLQ QWD WKH DSLFD
OLQJ VHTXHQFHV VHFRQG PHVVHQJIJHUWKH QG FXIWXYUBRW ISRYXPDROH /RHIILHU D
53( D YDULHW\ RI SHSWLGHY JURZWK ODRWRQY HDW D@R DFLGV7RIQW H[FKDQJHU L\
DIJRQLVWY KDYH EHHQ VKRZQ WR HOMIMDMHMHO®W DQ@LIQQ WLUHDD UW PXVFOH LV UHYV S
JHQHUDWLRQ DQG UHOHDVH RI LQWUDFHRO®WODPWLIR Q EW RUIMHHGYX FEL®B DRWWRVROLF F
|

HwW DO JHOGPDQ DQG 5DQGROSKRXOG BADRVRVHRT XDOO\ LPSRUWDQW DQG
/RSH] & RORPH .XUL\DPD HW DO ODUO\ VLQFNLWEH 53( H[SUHVVHV YROW
HW DO ,Q DGGLWLRQ & D LV UFRRPRQWHD VR EXWQWRQADDMHG WKHUH KDYH E

LQJHVWLRQ RI RXWHU URG VHJPHQWYV LLQQY I X W WIXDUWIGQ U WK H5 BW VFHH®O@W LQ WKH 53
DQG WRJHWKHU ZLWK 3.& SOD\V DKRRIORVWDRVLLWMKLELWLQ]J

SKDJRF\WRVLY +DOO HW DO $QRWKHKXPHERDQLVP WKDW PRYHV FD
KRPHRVWDVLY LV YLWDO IRU WKH 53( 9QBVWEH PUHHPIXWDWH RIQ¥F RW K BH7HRIDVH S X P S
F\WRVROLF >&Duy @MQ LV WKH UHVSRQVBBERGLW) HRIQHKD QIXH® W DO I PGV 30&:
DQG WUDQVSRUWHUV ORFDWHG RQ WEH3SWR VIPHOW IPYHHFOBE UR@BQ P QBU W & D DJDL

LQWUDFHOOXODU RUJDQHOOHV 5H®WQQD GAR\WRW RO & WWKHKHN | BWRHP RVKHYV 5830 TV F\W
LQ KXPDQ FHOO FXOWXUHV LV HVWLPDQEG GW RVHRU HEEF\ & H O S V QW RK RPPDH. R WWDO. WYL \& O Q
JHOGPDQ DQG 5DQGROSK JHOGPWRV RO DMLYV QRW NQRZQ ZKHWKHU 30 &
.XUL\DPD HW DO ZKLFK LV WRJQBSILFIDAQ VRO PBRYBO® VXUIDFHV RI WKH
WKDQ WKH PLOOLPRODU H[WUDFHOOXOPMQBRQRIFHQWUDWIKRMQH +RE\HYEHU VHYHUDO
WKH WRWD@LQG &R WKH 53( FHOO LV KLJKHKD QGQXHHO W R RKVOR/IRMJI HH WQ D O YRU 1IX
ERWK WKH (5 DQG LQ PHODQRVRPHV BHVYOLSVRQ6DQBHGDFRQG DQG 4XHGAQ
5LHVJR (VFRYDU 6DOFHGD DQG 6DQFKF] &KDYH]
,RQ VHOHFWLYH PLFURHOHFWURGH UHFRUGRQWBJH QD WHROHI HEKYDIDY\H O V
53( UHWLQD VKRZ WK@®OROOWKHQ>®%BH VXEUHWLQDO VSDFH
GHFUHDVHY GXULQJ LOOXPLQDWLRQ ZLWKLWKKH URYV W RWIGEW WK GBH 8B QBURYLGH D
LQJ XSRQ WKH 53¢ *DOLHPRUH HW DB[LW IURRYWHY HW (DPHOO DL@EIWXQ VL VR D &\
&RQFXUUHQWO\ WKH YROXPH RIUMKH. WHXE UBROADOHVESHWEFHQGHQW / W\SH
LQFUHDVHY DQG GXULQJ GDUNQHVYV P XWHW\EMHR Q H GWLFPHHG F FDQ S WRRHW \R I GH DFWLYTC
FULWLFDOO\ GHSHQGHQW XSRQ >&D @MQVW RHEWHWOYHG LD VEKH7KHDUW 2UNDQG
VHTXHQFH DSSHDUV WR EH WKDW WKH7 HVIHQ DG WA K D WILRROX P I LRRIIWWKEBY ORQJ GHS
VXEUHWLQDO VSDFH GHIRUPV WKH 53 (SWRWHIPGEHW @HPHKMLFK IRHDEXVWDLQHG & DB I

WR 3&D VLIQDOOLQJ YLD JDS MXQFWRR@Y WRHORDRRRUODEWHS BHOHFWURFKHPLF
FHOO FXOWXUHVY W LV RI LQWHUHVW ®EKDW FIK@ QVKHO 8 R DM &ERGOROFHWHG R E \ GL
6XUJHRQYVY 5&6 UDW 53( FXOWXUHV VXERSHBQVQREWHEGDSLQH SKHQ\VODON\ODPLQ
6WDOPDQV DQG +LPSHQV VXFK VSLIRHVO OLKQH\ LDVU M HR® Y PH& E\ ILYFAU S WERWHLC

(OHYDWLRQ RI >&D @ Q VWLPXODWHVDI@ELE WULWRVWRHW WURREW®HW IRUPLQJ
VXEUHWLQDO VSDFH E\ LQFUHDVLQJ BADKVFR OMD\WH UD @ D&Q/r MW DDQOV SR U W 6HF &DW

ODPLQLVKNLY HW DO OLWFKHOO3HUH] BSHWHUBRGQG BWKDRD®LGHU IRU IX
5\PHU HW DO JRU IXUWKHUGBHEXLYEY WWQH&PDWHG & D FKDQQHOV Z|
FKDQQHOV LQ WKH 53( VHH 5RVHQWKDWHDPR GD & & UFDKXXOWWX UHG 53( FHOOV IURP QF
UD WYV GD\V SRVW QDWDO 8HGD DQ

1D &FU H[FKDQJHIU$DIBWIY R BXPS :KROH FHOO &D FXUUHQWY ZHUH LQKLEL

FREDOW DQG GLVSOD\HG VWURQJ LQZDU
(rfoxX[ RI 8DRP WKH F\WRVRO LV LQ SPPHPVEDPFP BOBRPBOVVEKHSRODULVHG 6LPLODU [/
E\ XWLOLVLQJ WKH IDYRXUDEOH KRQKZHUWURENBOXAQBULODIUHVKO\ LVRODWHG
FHQWUDWLRQ PDLQWDLQHG E\ WKH 1BXOWXBHW HHRIHWBDQEBEKW QRW VXEFXOWXU

7KH VRGLXP FDOFLXP H[FKDQJHU 1&; 8BABY DQEWsWEHHQWHULHG 7KHVH FKDQ
LQ KHDUW S5HXWHU DQG 6HLW] D QQGH MWIKRHH Y GXRLFGU D@ R Q v X6EDAN\ 14 By 6WUDXVYV HMW
FW DO 7KUHH PHPEHUV RI WKEMODD/ P LOR PKD5Y8Hs EUHDHMQV G LV SOD\HFGR @D Q L (
LGHQWLILHG 1&; LV H[SUHVVHG XELTEXWWRK®Y®H DDQQGG WOW 5 GF&RIPRBUDMMNVGE GW R Q R U P [
1D IRU , &DPKLOH 1&; DQG 1&; DUHS5@ L PAMOHOYy WRWUDXVYV DQG :LHQULFK

EUDLQ DQG VNHOHWDO PXVFOH $Q 18&RXO& bGIHEWLWKIH DLFQV WYKDHW LR Q R 1 DSLFD
DSLFDO PHPEUDQH IUDFWLRQ RI ERYL Q@K DDQREH OLW K +X3JI(KAMNOOYGCD F® NDKLUD

LV LQKLELWHG E\ EHSULGLO JLMLVDRN HOMLBOUHJIXODWERRE RI WKH VXEUHWLC
SURSRVHG IXQFWLRQ RI WKH 1&; LV WKHH WMRJERPWDODREHRPED LQWHUIHUH ZLWK



* 9% $UGHQ 3 $ SBREVWIDEVHQ S5HWLQD, DIQGO(OD M HMH D,UFK

HW DO 7KH / W\SH &D FKDQQHWKHL@LREGL WDWM DVKRBDOO XQSKRVSKRU\VO
DOWHUHG UHJXODWLRQ E\ 37.V DQG 3 .XKROOGHDUPPEFQ HW WDFKEHUJHU HW DO 7 K
/ W\SH & DB FXUUHQWY LQ FXOWXUHG KXPPWORWDQ® WDRW 5V8 (LRH WKW UHJIJXGBRWRU\ |
VKRZ GXDO UHJXODWLRQ E\ 37. DQG 3B KRVBKWK\WRMWLRHY HOI RSKRVSKRODPEDQ E
3.& DFWLYDWLRQ GHWHUPLQLQJ ZKHWISHWDWHGLROGUBH\DVH¥RRG PHVVHQJHUYV H[H

GHFUHDVHY WKH / W\SH &D FXUUHQW\WRWBDXVFVIUHHM BDOFLXP
7KLV GXDO UHJXODWLRQ ZD&D3SURBRYDHGH DVYR® WKH (5 LV GHSHQGHAQ
SRWHQWLDO UROH IRU / W\SH &D F KIDRQUPH/O DMX WR Q@ IHR X @®D W EK @ QRQIH O 7KLV LV D

53( EV\ JURZWK IDFWRUYV 6WUDXVV HwWWREA ZD\ WKHKB3OWHWUBGOXHQFHG E\ WKH
LOQOWHJUDWLRQ RI 37. DQG 3.& LQ 5&8&KHDWHFRHAQFMHHOQV WRDW ZKHQ UHFHSWRUV I
XQGHUOLH WKH UHWLQDO GHJHQHUDWERRELQHWXIWKVWKRLQ VEHBUKOHUWDUJHWYV
HW DO 6WUDXVVIV JURXS KDYHWLNGRQWQHLMGEQWNK B WLVLWI FIWL WIXWH G DQG WK
PHPEUDQH ERXQG SURWHLQ WA\URVLEB]\RHQWRHD IX® OF WRWLYH LVRIRUP RI SKR
H[SUHVVHG LQ FXOWXUHG 53( FHOOV DQRK 2VERUWKDW RSHRNV OLSDVH K\GURO\\

/ W\SH & D FKDQQHOV LQ FXOWXUHBR XUDO SEKRYV SKHROQAWV GEMPIBG3'$* DUH IRUPHG
SKRVSKRU\VODWLRQ ZLWK WK H SRUH ,3RFWDPQL PR YHT LQV WEKHQEWV R VRO WR WKH (5 .
6WUDXVV HW DO UHFHSWRU WKDW RSHQV D &D FKDQQHO I

LOWR WKH F\WRVRO 7KLV UHOHDVH FXWV VI
E\ QHJDWLYH IHHGEDFN JRU IXUWKHU UH

,QWHUQDO &[L VWRUHYV
FW DO %HUULGJH JHUULV DQG

2ZLQJ WR WKH PXOWLSOH IXREWKR@WRH IUHH &D

FHOO WKH >&Da @LQ PXVW EH ILQHO\ &RVOWEFRIAEHERVLY OMUDWQRWPHPEUDQH FRQG
VHTXHVWUDWLRQ RI FDOFLXP RU WKH PRELOLVDWLRQ RI FDOFLXP

VWRUHY LV RQH PHFKDQLVP E\ ZKLFK VWKLVVPD\JEGHWAKLEYMNAQUGHU FDXVHG E\ \
& D LV VWRUHG ZLWKLQ W K H (5 DQG PWW DUMLIRX@®D\D WL IRRQW LXDYH EHHQ LGHQW
LPSRUWDQW LQ FRQVLGHULQJ WKH JHRAERPWLERY RAIUWKH 76LJKW FKL VHW DO

7KH FRQGXFWDOQFH RI LRQLF FKDQQHOWHV¥SERQVHEOHQIQRUVE )WKDIQRDW EHHQ ORFDOL
PLOOLVHFRQG DQG SXPSV DQG WUDOQWIKHR UWHK UWKW WRIVEBERRIGH LELWKBDQ FW DO
WLPH VFDOH RI VHFRQGYV ,Q FRQVLGHULOQWK H YLHQOMUM FZHLOMOKX OWKIH S RUWLRQ R I &)
GXUDWLRQ RI WKH (2* LQWHUQDO FDQXKEXMRPMKLIDGQHI HEY. QIGUH) JYBRWP DL QV 1% DQG
OLNHO\ WR EH LPSRUWDQW EHFDXVH WE\HD DOUBIU UM OPRVAHDIGU WIRH WXKAHD WRRIA GRPDLQ
DFWLYDWLRQ RI VHFRQG PHVVHQJHU VISKRDORRQIODPDDWRAQYDEY DW WIHS VHYHQ VLWI
LQQHU VXUIDFH PHPEUDQH &DOFLXP WIVRYHEXHV.V&UDWIHRGU ARQWHKHW DO &)
(5 DQG LWV VORZ UHOHDVH FRXOG DFF®RYXIQGMURG RV/RRUHHRID@K#H73 IJDWHG &O F
GHOD\ LQ LQLWLDWLQJ WKH (2* OLIJKWIRXQI RQ@ FIRHMWDDWDVHGCG &DDXJ FW DO
FRXOG JDWH RSHQ WKH EDVRODWHUDOD&GXK OPK D5Q3Q H 00 WAH/E R QMW ED® TR U ZKHUH
WKH OLJKW ULVH :KLOVW WKHUH LV QR .®IRWZHOFHW HHYW GHQ FH WKD WQWKHD (PUDFWLRQ
LV WKH VRXUFH RI1 &Da WKH FOLQLFDOFBEXVEBHQRR R@ WKBQQAB WX HK® RXWHGWRMRIQQ D Q
WKH (2* GHPDQGY WKDW D WRWDOO\ LQWUDFHOOXODU PHFKDQLVP

GHWHUPLQHY WKH FXUUHQW DQG YROWRWRRWK FRIWRXHEUGHQ DQG
OLSRIXVFLQ DFFXPXODWLRQ DQG WKH GHJUDGDWLRQ RI UR

‘RO b OHODQRVRPHY DEW DV D IXUWKHU UHVHUYRLU IRU LQWUDFHC
8 SWDNH RI FDOFLXP LQWR W K H (5 LV UHJXODWHG E\ D

3DQHVVD DQG =DGXQDLVN\ 8 SWDNH R I D E\ PHOD

FDOFLXP $73DVH SXP3KL(V5&Y¥ LQDFWLL%@HW;‘T'QQ;H@WYR|$73 DQG SUREDEO\ UHOLHV XSRQ D &D
UHYLHZV E\ 3HWHUV DQG 6FKUDHUPH\HU DQG 6FKUDH

f17KH FDOFLXP SXPS LQ WKH (5 LV LQKLELWHG E\ WKBSHVYPIDDQUILQ /\WRMR QX HWKDHOU GHWDLOV

DQG RU F\FORSLD]J]RQLF DFLG .HQQHG\ DQG 0DQJLXIH JHQHSIMNPWU )75 LV IRXQG RQ FKURPRVRPH WKDW HQ
HW DO 6HLGOHU HW DO 7KHVH GUXJV GHSQMRWH L&D & )VVVBR UHR/Q ELVWLQJ R I DPLQR DFLGV IRUPLQJ V
LQKLELWLQJ UHXSWDNH DQG DUH ZLGHO\ XVHG WR VWX®D@&HD V SWHIKIOPDIW URQ PRQVMAE KW LEZLWK PLQLPDO H[SRVXUH W
53( .HQQHG\ DQG 0DQJLQL 5\PHU HW DO B KWV DF GIRDOLEDPOWW SDFH 9DULRXV FODVVHV RI PDOIRUPDWLRQ
(5&% LV LQKLELWHG E\ SKRVSKRODPEDQ LQ LWV XQSKRWMSKRUWAOPWEHGRVYWDWHROD®D & )75 VR WKDW LW GRHV QRW
DQG .DGRPD 3KRVSKRU\ODWLRQ RI1 SKRVSKR®XSPSHU® WKWV 3,8 FODVV WKH SURWHLQ FDQQRW OHDYH WKH (

GHSHQGHQW F$03 WKXV SURYLGHV D PHDQV RI FRQWUWRKHRBH AL&DDQ@ EVKQ¥H WRIUHVHYHUH GHSOHWLRQ RI &)75 DW WKF

FRQWURO RI IUHH FDOFLXP LV UHJXODWHG E\ F$03 DQGQEFOBV @PWMRMHVHBOWLQYFRKI WKH FKDQQHO LV DIIHFWHG ZLWK \

R1 WKLV ZRUN KDV EHHQ FDUULHG RXW LQ KHDUW DQG VRHHOH WR © OPRXZVIFOH F&LoPP WWA P X ODWLRQ /RJDQ HW DO

DQG -RQHV DV ZHOO DV WKH 53( 3HWHUVRQ HW DPRQGXFWDOREH RWWKH SRUH IRUPHG E\ WKH SURWHLQ LV UHGX
OHODQRVRPHV DOVR VWRUH FDOFLXP 6DOFHGD EKHGE SDLUHY HW(FBRYDU :HOVK DQG 6P LWK &)75 EHORQJV
6DOFHGD DQG 6DQFKH] &KDYH] RI WKH 53( O0OHPDPNEQQJECD@XOHDNVABWWH IDPLO\ RI WUDQVSRUWHUV WKDW D

WKH 53( KDYH PDQ\ LPSRUWDQW IXQFWLRQV ZKLFK DUH VMILWO RXIQWGXHEW WQFWMWLI QG LRQV +LJJLQV 6WHINRYD

WLRQ DOWKRXJK PHODQLQ GRHV KHOS WR SURWHFW WKH HBBXHQR\PRR[&FEDWPYXHVEWURYW YDULHV EHWZHHQ HWKQLF JUR



*% $UGHQ 3 $ &BORWIOHBEWOHLQ 5HWLQDO, DR@OWS 5HVHDUFK

PXWDWLRQ $ LQ &DXFDVLDAQ &) LV DWGHOBWVYRQIXFWLRQDOO\ H[SUHVYV
SKHQVODODOQLQH LQ 1%'° &EXWWLQJ HHWOODOLQH $53HPQD5HLIJDGD DQG OLWFK
HW DO WKDW UHVXOWYV LQ D &) WXKRXQKXEOKN RVEB OWHN DDIF KURVKHH LQ 1O0OXLG UHJ

SODVPD PHPEUDQH 3XFKHOOH HW DOEHFDXVH/ KWUMHDRUWUDW VLYRUW &/ %ODXJ
GHJUDGHG EHIRUH UHDFKLQJ WKH *ROMWMKHK EXDMWRDOOXLG UHKXHODWLROQ LQ WKEF
VHTXHQFH RI $73 ELQGLQJ K\GURO\VLNDDGGXWKIDWOWH& P FRMKLIRQQRDV DQG WKH
WKH 5 GRPDLQ DQG KRZ WKHVH FRP&S)RGHDDWY VLOWHUPF@WMRLQYROYHG LQ I
UHJXODWH JDWLQJ RI &)75 KDYH EHHIR XGOHGE EWMHIG[SENFWBGBGLRXVW &) LQGLYLGX |

DXWKRUYV $OHNVDQGURY HW DO PODFXOODVRUHEFHW DO /RHZBQ HW DK
% DXNURZLW] HW DO *DGVE\ RBRWBHULYDHL AU Q + RZHYHU &)75 FRXOG SURC
*XQGHUVRQ DQG .RSLWR CLOQOWHYRDW® JHHEFKHO QIHY DFURVYVY WKH 53( DQG

(YLGHQFH QRZ VXJJHVWY WKDW ZKHQ WKUREXQDQIGWWR PWPEWK@H ZKLFK FRXOG I
WZR 1%'V EHFRPH SURWRQDWHG DQG WRQPHY GVPAHHIO D @& WRWWHQWLDOO\ SOD\L

RSHQV WKH SRUH +\GURO\VLV RI $73RIDW+1%' FORVHV WKH
SRUH DQG GLVUXSWV WKH GLPHU O9HUJDQL HW DO *DWLQJ
RI &)75 KDV UHFHQWO\ EHHQ UHYLHZHG E\ 5LRUGDUQ
RQFF FKDQQHQ LOWHUDFWLRQV

DQG /LQVGHOO 3KRVSKRU\VODWLRQ _R'l KH UHYXODWRU\

)75 L KPY, SXPHURXYV "LOWHUDFWLRQV
GRPDLQ E\ 3.% LV DOVR UHTXLUHG WR SULPH WKH FKDQOHO IRU

FKPRQHOV, LY HEEWKHQLD DQG WKHUHIRU
RSHQLQJ /L HW DO &)75 Fxuunowy bUH orG URFWLINLOY

HILVW L KH 8a3( &RQWURO HSLWKHOLD
ZKHQ &0 FRQFHQWUDWLRQV DUH V\PPHWULFDO DFURVYV K H )

FHOO OFOH PRGHOV DEVRUE ~ OHVV VR
PHPEUDQH $QGHUVRQ HW DO E R QU QHU HW” Do

HSLWKHOLD QDFNLEQI &) 75 TKHVH HIIHFYV

7KH KDOLGH SHUPHDELOLW\ VHTXHOFH' TV 0RZ WEKERXJ kKW

VWUDWHG R EH GXH WR D GLUHFW LQKLI
WR EH , '%U '& I) 7DEFKDUDQL HW DO

DQ DPLORULGH VHQVLWLFNKDB § HWOKH 0% B & F

HW DO ,VPDLORY FW DO 6 W

SROH R1 &)75 LQ WKH 53( $FWLYDWLRQ RI LQZDUG UHFWLI\LQJ . I F

GHPRQVWUDWHG E\ F$03 LQ WKH SUHV

)XQFWLRQDO &)75 KDV QRW EHHQ GHPRGVWHRWHSXELYHEWODoLQ )X U WK H

DGXOW KXPDQ 53( +RZHYHU &)75 SURWHG QR kW HDUWLHYHE®W LHRLQJ DQLRQ FKDQ
FXOWXUHG DGXOW KXPDQ 53( FHOOV GHHQIRBYWIUDOWHG LBVsSDHA DU oLSLG ELOD)
DV LQ WKH WUDQVIHFWHG KXPDQ 53( oJRRWDROWKHPP QPROHWLRA®YV &)75 UHOHL

HW DO W KDV EHHQ ORFDOLVHG WR DW Kb oExDOPLO PRGs ®SWPHQ W $73 FD
PHPEUDQHV LQ SULPDU\ KXPDQ IRHWDDX §B¢ HUISLED QW ¥ H S I3v< ZKLFK ZRXC
HW DO DQG LWV P518% LGHQWLILHG >kQp ERWMKUH XKW FRALBACBW DO 3UD

53( IURP GRQRU KXPDQ DQG ERYLQH HVHV OLOOHU FW DO

7 )75 KDV D PDMRU UROH LQ UHJXODWLQJ WKH LQWUDFHO

IRRWQRWH FRQWLQXHG S+ RI WKH PXFRVDO PHPEUDQHYV RI WKH JXW .RSHOPDQ H\
DQG LQGLYLGXDOV ZLWK LGHQWLFDO JHQRW\SHV PD\ QRXWKWXH WLHPFRIOPYPLSEKHOQRWFFRY SOLVKHG E\ &)75 PDLQWDLC
LQGLFDWLQJ D UROH IRU HQYLURQPHQWDO IDFWRUV LQ>GIOWMIBHRRWQEZRIFWKIE DLQ WO LVHW HWK MW\ & OLQ +&27ROOW H[FKDC
RI &) 'XJXHSHURX[ DQG 'H %UDHNHOHHU (VWLYLOBWWRQ OHW DO 3DUDGLVR HW DO 6LPSVRQ HW DO
%ORFNLQJ RI &)75 FXUUHQWYV KDV SURYHQ GLIIOLFXOW & Z15% KD SRRWILDHHAWO\ FRQWUROV D GLUHFW +&21 FRQ
FRPSRXQGV :KLOVW ' '6 LQKLELW &)75 FXUUHQWY LQHW BROWDJH GKSEHIQ ®BHFGWXQWV IRU WKH DFLGLF QDWXUH R I
PDQQHU ZKHQ DSSOLHG WR WKH F\WRSODVPLF IDFH VRKHVXDOUHUHK QW |18 FM5LYGHH ZKE@ QWUDWHY PLOG SHUPHDELOLW\ W
DSSOLHG WR WKH H[WUDFHOOXODU IDFH $QGHUVRQ HOSXOVLRORJEFDO IFIRQGEG DWLRIG#WVO*UD\ HW DO /ILQVGHOO
/LQVGHOO DQG +DQUDKDRQ 3DUWLDO LQKLEEWOR QUMY RURGMQUE/OHR IZ YWIOWD JH FXUUHQW DQG LQWUDFHO
PLOOLPRODU FRQFHQWUDWLRQY RI GLSKHQ\ODPLQH BUWREMRHLQLFA[DBEHE QHRESEXWPQMGHY VKRZ D VZLWFK RI FRQGXFWD
ILXIHQDPLF DFLG IURP WKH H[WUDFHOOXODU VXUIDFH 00 FROQOW\WRW+RB®9 DQG &/ ZKHQ >&/@RXO LV UHGXFHC
+RZHYHU WKH EORFNDJH LV YROWDJH GHSHQGHQW DQG 6XKFWHRARREANWHW D®DWLYH EXWLVY VZLWFK PD\ KHOS WR FR
QRW VV\QWKHWLF VFRUSLRQ WR[LQ ZKHQ DSSOLHG WR WHKHUKR\WRE WDSA GF FIDFHIHY D® >& / @RXW ,Q WKH SDQFUHDYV

HITHFWLYH EORFNHU LQGHSHQGHQW RI YROWDJH )XOOWHGM WORQ LQ bXEXY¥WRRWHY RBEHLOO\ HW DO ,Q DPS
WKH FORVHO\ UHODWHG uP XOWLGUXJ UHVLVWDQFH SURWWHKL PVXIFKX PR QW XUERXOWW K RWRR O®DXWH WUDQVSRUW WKDW \
VXOSKDWH DQG HVWUDGLRO DOVR EORFN &)75 FXYJUHQEWY HRFKDQYROWDPUM DQG 0LOOHU tKHWKHU &) 7
GHSHQGHQW PDQQHU ZKHQ DSSOLHG WR WKH F\WRSODVBLBHIKXWDOWHQILYVGHOQ POQEPDOLDQ 53( LV XQNQRZQ % X
+DQUDKDQ DQG JOLEHQFODPLGH KDV VLPLODU HNKHDFW\V RXIOK:S 8EQDE OBQIGW WR UHJXODWH LQWUDFHOOXODU S
5RELQVRAQ DSSDUHQWO\ REVWUXFWLQJ WKH RSHNQ G RFIKHORYKGR JIJLRIGW DWR UHJIJXODWH H[WUDFHOOXODU S+ L
+RZHYHU JOLEHQFODPLGH DOVR LQKLELWYV . FKDRNIHEDY HWD BPBD]DNL D@G@GHUVRQ HW DO F +XJ HW DO
+XPH ,Q FRQWUDVW &)75LQK LV D VPDOO WKLAW ®LEGG LQ R Q H 3PRRX®H/MHXQOQHW DO 8 OULFK :DQJ H

WKDW EORFNV &)75 E\ SURORQJLQJ WKH PHDQ FKDWEHRXJKORYHH® SWLBHDQV WKH 53( FKORULGH FRQGXFWDQHF
LQGHSHQGHQWO\ RI PHPEUDQH YROWDJH ,W LV VXVSHRWH®E®HVRP D\[HRIW DWVSBFMWHWR QG ENHUHQFH WKDW UHQGHUV P
ELQGLQJ WR 1% 0D HW DO 0XDQSUDVDW HW DGERQGXFWDRGEHL LHQW DOVLWLYH WR ' '6 DSSOLHG IURP WKH
DQG KDV EHHQ XVHG WR VWXG\ &)75 LQ DQ 53( FHOOXOKQHN [FQiGJBOIEID DV G /LQVGHOO DQG +DQUDKDRQ
OLWFKHOO &)75 FRXOG DFFRXQW IRU VRPH SRUWLRQ RI WKH (2*



*% $UGHQ 3 $ SREVWIDEVHQ 5HWLQD,WQG, (VMvwiHVHDUFK

/LIKW (2* LQ &\VWLF )LEURVLV DQG LQ D &,& NQRFNRXW PRXVH UHWLQD
WHVWLFXODU DWURSK\ ZHUH WKH RQO\ GHI
1HKUNH HW DO W LV KLJKO\ OLNHO

53( soOD\V D YLWDO UROH LQ HLWKHU WK
YROXPH S+ RXW DQG IOXLG VHFUHWLRQ D

HSLWKFOLD &XSSROHWWL HW DO ) X |
ODOLQRZVND HW DO &, & &, & & , &
DUH FR H[SUHVVHG LQ KXPDQ IRHWDO 53 ( F
DQG DV &)75 DQG &,& DUH DFWLYTI
$QGHUVRQ FW DO D &LG HW DO
&, & PD\ SURYLGH DQ DOWHUQDWLYH
ZKHQ &)75 LV GHIHFWLYH %ODLVGHOO FW
7LPH PLQXWHYV IURP OLJKW RQ _RUGW DQG -HQWVEFK 6FEKZLFEH
yLJ 3UHOLPLQDU\ ILQGLQJV RI WKH OLJKW )2* LQ B KULrkB RQ Qc H\We xb &v +RZHYHU WKLV
ZLWK &} DQG FRQWUROV /LJKW ZDV FG P ZLWK YLOBWHRUWHG E\ UHFHQW HYLGHQFH ,Q D GR
SXSLOVWDW *UDSKV DUH PHDQ 6(0 7KUHH ZHUH KRPRI\VYRRY RAEWK & )75 DQG &,& GLVUXSWHG
WKUHH ZHUH KHWHURJ\JRXV IRU $ 7TKH DPSOLWXGH, | WKH, %Lubw UL&V)-I LFVXUUHQWV ZHUH QRW UHC
QRUPDO KRZ HYHU WKH WLPH WR SHDN LV VLJQLILFDQWO\ IDVW
QRUPDO 'DWD QRUPDOLVHG WR WKH PHDQ YROWDJH RI WKH FQ&’\QIULHQH]GLQJR\A%(EW RQ WKH UROH RI &
VWLP XOXV 7KH DEVROXWH SHDN YDOXH FKuD QRO OrR IR B o8& ) 7 5
IRU &) SDWLHQWV
HW DO 7DVORU FW DO o wXEKP R, FKORI Y RVVRFLDWHG ZLWK W

FDOFLXP ZRXOG LQFUHDVH &0 IOX[HV G6FKZLFEHUW FW DO
7KLV PD\ EH D JHQHUDO PHDQV RI1 UHJXOo0DBKLELYVLHRGFLOPEWERQ

)LQGLQJV RQ ZRUN XVLQJ ERYLQH 53( DQG D KXPDQ 53( FHOO

OLQH DOVR VXJJHVW WKDW &)75 LQFUHDVHEV LY 7QRYBRD QLR %HVW V. ZKLOVW |
VXEUHWLQDO VSDFH IROORZLQJ DFWUVMRAWLVYoE WFKH®WYRVD 53 DQG WKHUHI
5HLJDGD DQG OLWFKHOO WKH OLJKW ULVH DQG WKH )2V DUH GLIIH
7KH PHFKDQLVP E\ ZKLFK &)75 IDFEOHWBRAHY unHDRBIRQRU 9DHJDQ DQRG %H
WUDQVSRUWY $73 DFURVV WKH PHPEUDQH kODVER®RwW EnHdHIXdbI 2QH PRGHO
UHVROYHG $73 UHOHDVH IURP FHoov KJUHORAFEPYQLIBLEFRYYBINKDW WKH OLJ

VXSSRUWHG E\ WLOO LQYHVWLJIJDWRUW KR EEHVMUER S} Qpsp0 FKDQQRHO DQG WKH )

*UVJRUF]\N DQG +DQUDKDQ E /L FROBEI HW DQyggy, OLOOHU HW DO

HW DO ZLWK WKH SRVVLELOLW\ WKDW WKH $73 UHOHDVHG IURP

WKH FHOO LV D UHVXOW RI PHFKDQLFD QG eLYUXEWERTY R WKW M sgbyeyie =e T "ol
7RUSH®R  : QFH QDPHG &.& “HQ

PHPEUDQH GXULQJ SDWFK IRUPDWLRQ $TX%M%BLP&L]Q &,&DFQ(GQQHOV KDYH EHHQ LGHQWLILHG L

+DQUDKDAQ D DFWLYDWH VORZO\ DW K\SHUSRODULVLQJ YROWDJH DQG FRQCG

,l &)75 SOD\HG DQ LPSRUWDOQW UROHMLDQOU H@ M KHD WHI QHR FW K&H a0 LYW W) 7KLHPDQQ HW D
ULVH WKHQ LQGLYLGXDOV ZLWK &) YRRYOE RKH¥H CHYVWYHEKRQ @GP SOLHY WKDW LW KDV |
UHVSRQVH ZKLFK LV QRW WKH FDVH V%LU'bHOhDv? PBR OR° HSLWKHSLODOFHOOV &.& LV DFWLYDWH

[ WUDFHOOXODU VS -HQWVFK DQG LV W
HwW DO VHH DOVR )LJ VKRZLQJH\)/V\IKQH] PQ—cBlHJP@H SRQNlr-u‘bI\?vW)oULvyv PDLQ UROH VHHPV WR
DPSOLWXGH LQ D JURXS RI LQGLYLGXDv@QUx&ZH Wxux&dzp #REHYHU «uBblcHu Fw Do 6WUDQ
REVHUYHG DQ DOWHUHG WLPH FRXUVHLRR] AWK®MO OLJKAYH ULNH VWQXFWKUHV RI &,& FKDQQH
JURXS RI &) YROXQWHHUYV FRPSULVLQFPHWRUEHE R SWNURRWHR X WIBQUGHW P o ZLWK WKH
WKUHH KRPRJVJRWHV IRU WKH § waﬁ\o/\HHV YXQGLRY YRV p P UL OOHO ZLWK WKH SRVLWLYH

ZDUGV WK FHQWUH FUHDWLQJ D GRPDLQ WR LQFUHDVH DQL
LPSOLFDWH &)75 LQ GHWHUPLQLQJ F%FH\/ WEFHOX&lﬁP)%%IYHHVRéXHWK\AH(DW PLPLF &O "XW]OH L
OLJKW (2* DQG WKHUHIRUH D UROH IRMD&EQHIOS kb @1 WzKRHs RQ LW W Mb WU MH GHQWLFDO LQ VWUXFV
FDQQRW EH H[FOXGHG 2QH DOWHUGQD WMWY HDHK SRUD QOX WIXR ®LQR REXWZEHE RSHQ DQG FORVHG
WKDW DQRWKHU &0 WUDQVSRUWHU LV XS°WEH¥% oD w HdE JZ’WH—PQW‘%?’BOFLF\WL“W‘R'&&&)F

GHIHFWLYH DQG WKHUHIRUH WDNHYV RYXQEJHVRV‘@VHlxDQOg\%WﬁhK VW'é”Yﬁ Lf'ﬁ(o RTPY <PvH ERHQ DV

UHYLHZV LQ &)759V LQWHUDFWLRQYV VHH, XRLIHQRDQQ P51% DQG LPPXQRF\WRFKHPLFDO

DQG 6FKZLHEHUW HW DO TXHV KDYH LGHQWLILHG WKHVH FKDQQHOV LQ D WUDQVIHFWHG |
OLQH :LOOV HO DO 7KH HOHFWURSK\VLRORJ\ RI WKH GLI
- &.& FKORULGH FKDQQHOV FKDQQHO LV QRW LGHQWLFDO &.& KDV VOLJKW LQZDUG UHFV
IURP 2 WR P9 WKDW LV VORZO\ DFWLYDWHG ERWK E\ K\S

[WUDFHOOXODU DFLGLILFDWLRQ 3.$%$ DQG DUDFKLGRQLF DFL
7KHVH FKDQQHOV DUH YHU\ FRPPRQ DRSBuLYHRWYR XV V,XE |y EoRENHG EV '38 bQG bQ

JURXSLQJYV KDYH EHHQ GHVFULEHG & ,Ruer([¥LtRKLQ G uiQq 3K Hiw5w3Ll 7KLHPDQQ FW DO



* % $UGHQ 3 $ ZRRIMMIYEOH) 5HWLQD ,DRGO@® 5HWHDUFK

yLIV $ DQG % VKRZ UHFRUGLQJV RI1 \
QRUPDO DQG % KRPR]JVIJRXV YROXQWHH
WKDW WKH VWDQGLQJ SRWHQWLDO ULVHYV
OLJKW 7KH PLQLPXP RFFEXUYV V. DIWE

WKHQ WKH VWDQGLQJ SRWHQWLDO EHJLQ)
ZLWK UHSHDWHG GDUN OLJKW SHULRGV D
EH HVWDEOLVKHG

7KH PRGHO ZKLFK LV JHQHUDOO\ DFFHS

o—

ZULWLQJ P D\ QR W EH FRPSOHWH EXW W
SKRWRUHFHSWRU LQGXFHG GHFUHDVH LQ
VSDFH 7KLV RSHQV YROWDJH UJDWHG SRW
DSLFDO PHPEUDQH RI WKH 53( DQG DOVR
WKDW UHVXOWY LQ WKH F ZDYH RI WKH (
6WHLQEHUJ 7KH DFWLYLW\ RI WKH 1
GHFUHDVHV@BXO>LY UHGXFHG -RVHSK DQG
%HFDXVH QRZ W K H LQzDUG OOX[ FDXVHG
WUDQVSRUWHU LV UHGXFHG W K H LQWU
yLJ 8SSHU WUDFH VKRZLQJ QRUPDO IDVW RVFLOOD&%@YJ HDDJ\J/FHZ\\/ D*QﬁdDGJl_}waUH DQG 6WHLQEHUJ
L SO DT e v e e Y R VUG Dovn cnEunDvHY

SUFKLYHYV RI 2SKWKDOP RORJ\ EDVDO PHPEUDQH RI WKH 53( K\SHUSROD

1RUPDO IDVW RVFLOODWLRQ
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yLJ $ 7KH IDVW RVFLOODWLRQ )2 UHFRUGHG LQ D \HDU ROG IHPDOH RYHU PLQ ZLWK DOWHUQDWLQJ SHULR
WHPSRUDO VNLQ HOHFWURGHY ZLWK DOWHUQDWLQJ SHULRGVYV Rl OLJKW FG P DQG GDUN FG P Dw PLQ LQ

XQILOWHUHG UDZ EL WHPSRUDO YROWDJHYV ZHUH VDPSOHG FRQWLQXRXVO\ DW +] XVLQJ D VLPSOH GLJLWDO YROWP
UHGXFHG GDUN EDU WKHUH LV D ULVH LQ WKH VWDQGLQJ SRWHQWLDO GDUN ULVH WKDW SHDNV DW a \ CKHQ LOC
SRWHQWLDO OHDGLQJ WR WKH OLJKW WURXJK WKDW UHDFKHV D PLQLPXP DIWHU a V DQG WKHQ EHJLQV WR ULVH
RI WKH SHDN WURXJK YROWDJHYV JLYLQJ WKH GDUN ULVH OLJKW WURXJK UDWLR '5 /7 ,Q WKLV LQGLYLGXDO WKH
UHFRUGHG LQ DQ \HDU ROG IHPDOH ZLWK WKH $ $ JHQRW\SH IRU &) OHDQ UDWLR RI WKH '5 /7 ZDV
EHWZHHQ $ DQG % DOWKRXJK WKH $ PXWDWLRQ KDV EHHQ DVVRFLDWHG ZLWK D UHGXFHG )2 VHH WH[W



*% $UGHQ 3 $ DBREVWHEVHQ 5HWLQDO DQG (WHVBHVHDUFK

IDOO LQ WKH 7(3 IROORZLQJ OLJKW RQVHWKBQHO WWLYHIORMHKIND WHVHWKXHEVWDQFH
OLJKW WURXJK RI WKH )2 RI WKH (2¢* 7KLV PRGHO LV EDVHG
XSRQ WKH ZRUN RI %ODXJ HW DO 2XBKRXXWVHQGWKXPBAEUVWDQGLQJ RI WKH (
IRHWDO 53( VKHHWY PRXQWHG LQ DQWSKWLPRGHKOD PEHRIGXKHGBH E\ 6WHLQEHUJ
&)75 H[SUHVVLRQ ZDV GHPRQVWUDWHG®XWR WXEBSHR UWRWKWKHR WHR RY WKDW ELQGYV
&)75 LQ WKH )2 OLJKW WURXJK :KHQ DMSKLHFDHOI WKW IRF 1D LR KW KD V5 3 ( ORUH UHFHQ
VLPXODWHG E\ UHGXFLQJ WKH DSLFDOWKDWKVHMARQKBYWDJQWROMLQWR/\VWHPV LQVLG
PO LQ WKH DEVHQFH RI F$03 .$SLFDULDIY GLQ DEWLWUBKBQOMNODU >8&D @ ZKLFK
WRJIJHWKHSSZROPAKRHUSRODULVLQJ DW D JEULHODRAOHDUV HD VGl WB®DGPERQGXFWDQFH GHPRQV
IA%DVDL VR WKH 7(3 WUDQVLHQWO\ LQFUKIHHD VIHG/H @W LW \* PRRIF WKHZXHBEYVWDQFH W K H
GHYHORSV ,Q WKH QH[W SKDVH /| %DIV@FUKDSVFHWS RO D A4 @ M® DDQMG Z KHWKHU WKH X
JUHDWHU UDWH WKDQ /$SMFDL DQG VRFRWOWDKHQROE3 UVDOBNVINKWIRFXKILY DRU &D&& LV X
UHVXOW RI D UHGXFWLRQ LQ >&7@LQ GRHQWBHQWHWUOBWRHDB MHIXWMIQBERXRK VORZ FKD
WKH 1D . & FRWUDQVSRUWHU -RVHSK2 D QGKDWOOHWW LGHQWQFDO WR WKDW SUF
D WLVVXH WUHDWHG WR LQFUHDVH SOULRNIJOWXBDOW WRWKHVLWYMHPFHRXUVH LV JHQHU
SURFHGXUH FDXVHV WKH VDPH VHTXHQWKHEX® WKHWKMW LDVQE ®OFRRWOFSURGXFHG F
LQFUHDVH LQ WKH PDJQLWXGH DQG WL?KDRURXDVH ROOWRKRP)RRWUBBHEWK ZD\ DJDLQ \
ZKLFK VXJJHVWV WKDW &)75 LV LQYRWKH® WXH WQHKIW WLYH WWKSMHWK D WW\H GD ® IGD VI
Y2 7KLV PRGHO LV VXSSRUWHG E\ WKHEHORZRUWY WKDW LQ &) WKH
DPSOLWXGHV RI WKH )2 DUH UHGXFHG DRWN GRHODNKB BKPEWW QMKH QG F\WRVRO |
OLJKW (2* UHPDLQV QRUPDO /DUD HW5®Q FHOOV KIDOWOERRVHWOWDEBHHQ FDUULHG R XMW
CKLOVW %ODXJ FRXOG VKRZ WKDWQHOBMYDWXQJIDIQQWDDFRPRCGHONVUWKDW VKRZ
F$03 LQFUHDVHG WKH DPSOLWXGH RI HQKFH V) 2 V7 KRUIKRIRWBO DR OLQN EHWZHHQ
VKHHWY ZKHUH WKH P51% DQG LPPXRRPEWRKKHH PSLUFRDSOH IHWILHY DVVRFLDWHG ZLW
GHQFH VXSSRUWHG WKH SUHVHQFH RI| BQ G5 WKKHH ZODLVJ KDW UMK/ BDIWLW VBB FXODWLYH XQ
XQDEOH WR EORFN WKHVH FKDQJHV XYVYH QW PDYSHWLIRKQ&EG) 7TWKDW XVHG LQ YLY

LQKLELWRU 7TKHUHIRUH WKHVH FKDQBHW ®DRWKWEOH EZHDRY GXH HWHR R Q W 1LO
DQRWKHU &) FKDQQHO WKDW LV DOVRDRDWHG E\ $HORHAWKDHML RGQALY | LLFRXOW\ HQFR X QV
F$03 VXFK DV &,& %RVO HW DO H Q B SESHRANOZHHWHW L 588W KOOV RI GLIITHUHQW V

ZLWK HOHYDWLRQ RI LOQWUDFHOOXODU F$O
JORZHYHU WKHUH LV DOVR HYLGHQWHRQ¥Y¥DLEAWW UWKWVD®RGHO DQG FKLFN . X

5HGXFWLRQ RI LQWUDFHOOXROMDIUHE W >ZQWO@HLQHGRHW GHFUHDVH LQ EDVRODWHUDO
WVISH &)75 RU $ &)75 &0 FXUUHQWYQZKKX®PWW LIRHWWDOQW3( 4XLQQ HW DO
IHFWHG FHOO OLQHV WKH UHGXFWLRQ ZRKIROHO F@BOWUUKH R XY BEH Q IVK ORRIR GHHX OW X U H G

FXUUHQW cULJKW HW DO ,Q DBWLWARQ W KEHD WRHOGDXW MVULIR@Q &/ FR QG XFWDQ
RI WKH )2 UHSRUWHG LQ &)75 PD\ QRW (EH FXQWBYBBUWRODWRQH &/ FXUUHQWYV DU
RI D VPDOO 1IJURXSRI LQGLYLGXDOV KRWBDWHRXYXODU ','6 +XJKHV DQG 6HJDZ
IRU $ PXWDWLRQV VKRZHG UHGXFHWKH2 ¥ RPKS®OYWEOHVPDPKPMOOLDQ F$03 DFWL

GHOD\ ZDV REVHUYHG &RQVWDEOH HWHQQOQUDWHG2 ENH )18 /ILQVGHOO DQG +DQUL
7KHUH DUH FOHDUO\ VRPH FRQWUDGLHWHWLR®Y UHJDUGLQJ &)75

$73 DQG W K H OLJKW ULVH &HUWDLQRYLO® W7 WKRHGLD WIHW PRGHO RI UHWLQD
UHOHDVH RI $73 DW WKH DSLFDO PHPEUWUMRWLHG HGR FF DEORXWLEQOHH DLQQGV LI KWV LQWR WK
KXPDQ 53( FHOO OLQHV 5FLIJDGD DQBEBXOUWBKWHOWKDW FO®RVWGHO\ UHVHPEOH KXPD:

WKDW VWLPXOBXWLRHFHBWRUY E\ $738HOBYDYWEVE6WHLQEHUJ WKHUH L
>&D @ A &ROOLVRQ HW DO 3HWHERKRVQ WKW DEOHQWLW\ RI EHVWURSKLQ DV
6X00LYDQ FW DO W LV DOVR WKB QH)DHVOH IWQKYDRWO YWHIGH UQL VW KIHQ JHQHUDWLR.

>& Dp @_Q RSHQV WKH EDVRODWHUDO 0&/UPFKDWWHLIOQ LMW RDOXHG LQ 3ROODFN FW
WKH VORZHU OLJKW ULVH RI WKH (2*DQEHYRVRQOMWKWELY PRGHBQWLO D GHPRQV
SUHGLFWYVY WKDW WKH OLJKW ULVH ZLOQLPHODIPREWHWG RAKWRH& DLIKW ULVH FDQ
LV GHIHFWLYH RU DEVHQW ZKLFK LV ERWWWRHKE KAV H Q/0 UWMKH®Y DODAVWRUHG W K H
OLOOHU HW DO DQG )LJ DVERHYUH EMHKVHWUUHR BK HQ ZIHlV WKH &D&& UHVSRAC
PXVW FRQFOXGH WKDW WKLV VLPSOHLPHRGHLDOLVUHRIFIRP SIOH WAHR X E W 4 X HW D
+RZHYHU DOO WKUHH DVVXPSWLRQV DUHUWHKOOOVXSSRUWRGHR\WEDWD HW DO
EXW IXUWKHU ZRUN ZLOO EH UHTXLUHGRWVHGWWBOPLQH S§ & WKWHOI\KWHKHLGHQFH LV
UROH WKDW &)75 SOD\V LQ WKH OLJKBAVH WWVRSKQ® )1L¥VD BF&& DQG QRW D PRGX
LOOXVWUDWHY WKH FXUUHQW PRGHO R/WKKDRRQHBQHUNVWKRRALOVMYABUWBRBIHG +DUW]H
OLJKW ULVH HW DO E



*% $UGHQ 3 $ SRAVWHEWHQ 5HWLQDO, DQ@@O(\H 5HVHDUFK

B3RVVLEOH LRQLF PHFKDQLVPV WKDW DOWHU WKH (2* YROW
,Q WKH GDUN DW EDVHOLQH WKH >. @RXO PO

7KH IDVW RVFLOODWLRQ OLJKW WURXJK VHFRQGV DIWHU OLJKW RQVHW >.

7KH OLJKW ULVH ! VHFRQGV DIWHU OLJKW RQVHW

)LJ 6FKHPDWLF UHSUHVHQWDWLRQV RI WKH LRQLF FKDQQHOV DQG VLIQDOOLQJ PROHFXOHV LQYROYHG LQ WKH J
PDQ $W WKH DSLFDO PHPEUDQH WKH SRVVLEOH LRQLF FKDQQHOV DQG UHFHSWRUV LQYROYHG LQ LQLWLDWLQJ
WRJHWKHU 7KHVH DUH D SURSRVHG OLJKW ULVH UHFHSWRU /55 WKDW PD\ EH FRXSOHG WR D * SURWHLQ RU WKH
FKORULGH FKDQQHOV WKDW KDYH EHHQ SURSRVHG IRU DOWHULQJ )%DVD DUH JURXSHG WRJHWKHU 7KH OLJKW U
+RZHYHU WKH PHFKDQLVP PD\ EH PRUH FRPSOH[ DQG WKH FKDQQHO PD\ LQWHUDFW ZLWK D EDVRODWHUDO &D

7KHUH DUH VHYHUDO SRVVLEOH PHFKDQLVPV WKDW KDYH EHHQ SURSRVHG DQG ZH DUH VWLOO XQVXUH DV WR WKH H|
DQG WKH ILQDO GHSRPRUIWMDDWMLRIGI RHIUDWHY WKH OLJKW ULVH $ 7KH XSSHU ILJXUH VKRZV WKH 53( FHOO LQ WKH C
E\ WKH SKRWRUHFHSWRU GDUN FXUUHQW 7KLV KLJK >. @ SURYLGHYV D IDYRXUDEOH FRQFHQWUDWLRQ JUDGLHQ\
FRWUDQVSRUWHU % ,Q OLJKW WKH GDUN FXUUHQW LV QRW SUHVHQW DQG WKH VXEUHWLQDO >. @ IDOOV 7K&F
WKURXJK DSLFDO YROWDJH JDWHG . FKDQQHOV LQWR WKH VXEUHWLQDO VSDFH 7KH 1D . & FRWUDQVSRUWHU K
RZLQJ WR WKH WUDQVLHQWO\ GHFUHDVHG VXEUHWLQDO >. @ 7KLV WKHQ UHGXFHV WKH DFWLYH WUDQVSRUW R I
UHJXODWRU &)75 VR WKH EDVDO PHPEUDQH K\SHUSRODULVHY DQG FDXVHV D IDOO LQ WKH 7(3 7KLV LV VHHQ D
SDWKZD\V IRU WKH JHQHUDWLRQ RI WKH OLJKW ULVH 7KH SXWDWLYH OLJKW ULVH UHFHSWRU /55 LV VLWXDWHG RC
VDWLVILHG E\ $73 7KLV PD\ EH SURYLGHG E\ &)75 UHOHDVLQJ $73 $OWHUQDWLYHO\ WKH VRXUFH RI $73 PD\ RUI
RU WKH 3 < UHFHSWRU LQLWLDWHY WKH ULVH LQ >&Dyu @ Q DQG WKLV LV SUHVXPHG WR EH WKH VHFRQG PHVVHQJH
PD\ GHULYH IURP WKH HQGRSODVPLF UHWLFXOXP YLD WKH JHQHUDWLRQ RI LQRVLWRO WULSKRVSKDWH 3 WKDW |
WKDW WKH VRXUFH RI &D GHULYHV IURP DQ LQWHUDFWLRQ RI EHVWURSKLQ ZLWK DQ / W\SH &D FKDQQHO WKD
PHPEUDQH ,Q WKLV PRGHO EHVWURSKLQ LV QRW WKH EDVRODWHUDO &/ FKDQQHO UHVSRQVLEOH EXW D GLVWLQFW
VWHSYV LQ WKH JHQHUDWLRQ RI WKH OLJKW ULVH DFFRXQWV IRU LWV VORZ RQVHW RI a V ZLWK D SHDN DW a P L(

6RPH SRVVLEOH FDQGLGDWHYV ULVH '"RSDPLQH ZDV FRQVLGHUHG D SR

WKH OLJKW ULVH VXEVWDQFH EHFDXVH

$W WKH DSLFDO PHPEUDQH RI WKH BXFHMGKHWUH OHBUHNVLRNV E X W HOHYDWH
UHFHSWRUYV WKDW FRXOG FRQFHLY DELONH VP H(GFIRDQWVRHP RW KB Q ® LIWWIDQ LV



* 9% $UGHQ 3 $ S&RERIUWHEDHQ 5HWLQD, DQG QUHWSHYHDUFK , QLW

VWXGLHY KDYH EHHQ XQDEOH WR FRQFOXVLYHIKWcEHRNVWUDWH wWKDW

GRSDPLQH LV WKH OLJKW ULVH VXEVWDQFH '"DZLV DQG 1LHPH\HU
*DOOHPRUH DQG 6WHLQEHUJ 5XGROI DQG :LR
ODQG THI[WRULXYV H W D O GHVSLWH GRSDPLQH

LQFUHDVLQJ LQ WKH VXEUHWLQDO VSDFH IROORZLQJ OLJKW RQVHW
.UDPHU

$GUHQHUIJLF PXVFDULQLF QHXURSHSWLGLF DQG SXULQHUJLF
UHFHSWRUYV KDYH EHHQ LGHQWLILHG DW WKH DSLFDO PHPEUDQH RI
WKH 53( LQ D YDULHW\ RI VSHFLHY DQG LQ FHOO FXOWXUH $PPDU

HW DK &ROOLVRQ HW DK &URRN HW DK |Jg
JUDPEDFK HW DK OLWFKHOO SHWHUVRQ HW_ DK
4XLQQ HW DK 5\PHU HW DK Mboa @@VSQ%%B%Qﬁﬁu
SRWHQWLDO WR HOHYDWH >&D @0Q QR GHILQLWLYH OLJKW ULVH UHFHSWRU
R X G R)LZJ W +\SVI§I[KLD GSHI;(ULI]HID_V HUWJKEFOLJKW ULVH LQ FDW |
RU VXEVWDQFH KDV EHHQ : Q GWHLQEHUJ 6 SHSULQWHQG ZLWK WKH SHUPLVVLRQ RI1 ,QYF
UHFHSW®RU 63XO0O0OLYDQ HW DK ZLWekor $ 7036 DYy x W& BeLnorn
DIJRQLVW KDV UHFHQWO\ EHHQ SRVWXODWHG WR EH LQYROVYHG

5HLJDGD DQG OLWFKHOO
:H VSHFXODWH WKDW $73 PD\ EH WKH OLJKW ULVH VXEVWDQFH
DOWKRXJK WKH VRXUFH PD\ QRW EH IURBKWHKRORILMD/O RRKIDUDFWHULVWLFV DQG

QDOO\ PRGHOOHG 5HLJDGD DQG 0LWHFLKIKW (2* ,Q OLJKW
$73 LV UHOHDVHG E\ JOLDO FHOOV 1HZPDRQ WKDW FRXOG
GLIIXVH WRZDUGY WKH 53¢ $OWHUQDWKMH®K D KHRR B\ RM WKH '& SRWHQWL]

GHIJUDGHG WR DGHQRVLQH LQ WKH S WHWHIQRFWU B Q ¥ F B WDMHHUQ/R D IQA@GH LWV UHOLDQFH
UHFHSWRUV RQ WKH 53( PLJKW HYRBHV® KUOLWH BHHHQ&DQYHMWLIDWHG E\ VHYHLU

&ROOLVRQ HW DK $QRWKHU SRUWYKBEML GHW\N LW WKWWHRBHG\ VHQVLWLYH WR
UHOHDVHG IURP SKRWRUHFHSWRUV FRXHPHEH\HEWH WKH /OQYVYKWPHLWH HW DO
VXEVWDQFH 8HKDUD HW DK %HADXVMBEGWEWHUQRENUFRQ 6 WHLQEHUJ

VXPH YHU\ ODUJH DPRXQWYV RI' $73 WKDWLQY PLOG MWBHULPHQWDO K\SR[LD Z
GHYHORS WKH GDUN FXUUHQW WKH R[WXHQ (WH Q WLKRHQ OLLQ KWK HJ LWHQ HW PDUNHGO\
OLPEV IDOOV WR JHUR LQ GDUNQHVV FXLH LOFIDFROW DIVWQHS LSQUIR/I LKODHY W FEUHRHVQY UH SR U WH G

ubw UHWLQD GRHV QRW DOWHU VLIGFWLDPDQWO\ DPE®GWMIKH DWW HHA&VY H\ D :
SURGXFWLRQ LV YLUWXDOO\ XQDOWHUBWHAQHEMUIRLQI IURBPDIODIKWFWRQJHYV LQ S
GDUNQHVYV :LQNOHU FW DK &R QONRXE QOVFOD W DFRDLOOW RIKHKE X FH WKH DPSOLW
RlI $73 LQ WKH URG PXVW EH YHU\ VPP ODR WHHREZWMLYDHQ® FDODKKH® G E\ OLJKW ,Q YL

LOOXPLQDWHG W K H QRQ VHOHFWLYHDFIK® CEQOHVAHV UHQ X OWIXKWMR R\ X WHWWHPV GHVFUL
URG OLPE FORVH YHU\ UDSLGO\ ZKLVOXHU SWKNLQD MDKRDGW DDSFH. GLILFDWLRQ H[HUW
H[FKDQJH SXPS FRQWLQXHV WR RSHUWIWH WWW RQLIWK ¥ SHH3G DIREG FRQVHTXHQWO\
VRPH VHFRQGYV FDXVLQJ SRWDVVLXPVWBHBYCGHWIRQRWHQMWKLHDOVXEDZLY HW DO
UHWLQDO VSDFH , W VRRQ VWRSYV E X6WW HLMQ EWU $ ODXVLEOH WKDW WKH
SURGXFWLRQ RI $73 FRQWLQXHVYV IRU BRHWOPBRWILRIQAH I PZWKENL FW DO
SHULRG VR WKH LQWUDFHOOXODU $73PRRQRFHWDOWLRQDRIDYBEHFKBQ@JIHY LQ RVP
ULVHYV $73 WKHQ HVFDSLQJ LQWR WKHWVBPIBDUHWLQDODGEDSYFKH ERRPO® RWR FW DO
SURYLGH WKH WULJJHU IRU WKH OLJKW QWRXY HU HF&EXFWLRHD LY WWWUDRFWEYRMDOWDJIHYV
EHFDXVH LW H[SODLQV FHUWDLQ SHFXOUMUWWEHHE¥DRILWKRHQ (ZKLEKLFBOLQLFDO WHVW
KDYH EHHQ NQRZQ IRU PDQ\ \HDUV $UBHH) EHORZBUGHR D@GLWLRQ WKH SRWHQ
.HOVH\ E )R U H[DPSOH GDUN EDGEDLRWB @Y LR QD PARXQHW DQG RWKHU VXEVWD
SUHFHGH WKH OLJKW ULVH EXW WKH UHODWDRQ VEWDWGHHQHWKNH®EXUDWLRQ@HOPDRQOQ
Rl SUHFHGLQJ GDUNQHVY DQG WKH VL]H RI WRKWH ©K JKDW) & L \WH OGGORHHUY Q R W 5\PHU H
FRQIRUP WR HLWKHU SVA\FKRSK\WWLFDOHWWRHNVXROBW FERODQJIJHV RUS5HFHQWO\ Lw
GHQVLWRPHWULF PHDVXUHYV RI UKRGR®XD@W UHWHKQO UDWERKRRGIDIRHFWYV W K H K X

DOWKRXJK WKH URGV SURGXFH WKH WRWHQOQWWEKOW $WEGIHWEHWRE 8 V: W&KIH D E $ L
53 ( URG IXQFWLRQ FDQ EH QRUPDO6NRKRHQHWKH (2* LVROI DQG $UGHRQ

UHGXFHG LWK WKH PXOWLWXGH RI LQWWBDBUBPWQRRQ WWWHRLIRNOF ODROMWL LQIODP P D\
WDON EHWZHHQ VLIQDOOLQJ PROHFXOHY3DQ® UHROSWHRG® VS RILDDFLKQ D @& G ERYLQH ¢
2VERUQH D PRUH FRPSOH[ SLFWXHW BO WKH OLRKWOWINY H W LDP® DQG L C

XQGRXEWHGO\ HYROYH DV RXU XQGHHYWPLFOL®I BRGYWKHKBE®B( WKH\ DIIHFW WKH
UHWLQD FRPSOH|[ LQFUHDVHYV XQSXEOLVKHG



* % $UGHQ 3 $ &BRYWDEOHQ 5HWLQDO, DQI®O (\H 5HVHDUFK

7DEOH
6RPH YDOXHV UHSRUWHG IRU WKH )2 UDWLR RI WKH GDUN OLJKW DPSOLWXGHV ZLWK OXPLQDQFH

$ XWKRU '"DUN ULVH OLJKW WURXJK UDWLR /XPLQDQFH FG QUBWLP XOXV GXUDWLRQ \

9DHJDQ SHUVRQDO FRPPXQLFDWLRAQ

OHUJDHUWY HW DO

0LOOHU HW DO 2
: HOHEHU

6FKQHFN HW DO

&RQVWDEOH HW DO

2ULJLQDO XQLWV KDYH EHHQ FRQYHUWHG WR FG P DQG URXQGHG RIl 7KHUH LV VRPH YDULDWLRQ EHWZHHQ DXWKF
VHH WH[W

BUDFWLFDO FRQVLGHUDWLRQV LQ UHPPWGEH ¥ WMKIHM RW QRUP@®VRXQG WKH OR:
RVFLOODWLRQ RI QRUPDO SRLQW WR EH 6DQG I
7KH ORZHU PHDQ YDOXHVY UHSRUWHC
7KH )2 LV DQ LPSRUWDQW WHVW WKDW LV WDQSGE @ DMRI BB PIRWEHD QW WULEXWHG
VKRXOG EH FRQGXFWHG LQ FRQMXQF WIKRHQ HZ MMKKH WK W KRLWK W Y{RBUDJIHG WR WRWIE
7KH UHDVRQ LV WKDW WKH )2V DQGDQUEJEWUNLVEO WHWH DRM HUOQWKHU WKDQ F
VHOHFWLYHO\ DIIHFWHG DV LQ 53 DQWURMYK TWD WLDRQ @ ELDFAKK \DH).GGGV DQ DS S UR|
9DHJIDQ 9DHJIDQ 9DHJIDQ DQEHWHBXMRRQWDQG &RQVWDEOH HW DO
"HOFEHU VHHX)UWKHUPRUH D QRUPDGBGFXQHRRN HW DO "HOHEHU
WKH SUHVHQFH RI DQ DEQRUPDO OLERWNIUUNKQBIN\ XVIHYGH EWKWHRPH DXWKRUV L
FOLQLFLDQ JUHDWHU FRQILGHQFH LQ WHWKHUFRNXOMW\W RHWAB LORGHU, Q WDRWYW DV WK
VWXGLHY WKH )2 LV UHSRUWHG WR EHQWHGWXEFWG D QGU HWKLIHQDHO RYUHLQW KH UD W L |
RFFOXVLRQ 5RKGH HW D URGKBDBR B FKW FDRODW LV P
7KDOHU HW DK JV\UDWH DWURSKWYKBDWKRPRQLEHP HOYLD\ UHFRUGHG DV
DQG *ROGPDQQ )DYUH VIQGURPH O9DBLDRWD@QG BHMKHPERQUMH 7KH OHYHO RI UH\
7KHUH LV VRPH YDULDWLRQ EHWZHHRHGHM HWKH W WIDXQWGKDRUUGY WHV W LV XV X D
SUDFWLFHY ZKHQ PHDVXUHPHQWY RI WIKH )EHD UH FRHSSRHWGW HE® Q ITLKGHFH Q WO\ XV LQJ
,QWHUQDWLRQDO 6RFLHW\ IRU &OLQLF\IF@HKOHFIWORSKWYGPORJI\ HODIFK ODVWLQJ
9LVLRQ ,6&(9 VWDQGDUG IRU WKH ) 2%WHHDFXRPPRPOMQ GDW LR QVDDGWHMWHUPLQDWLRQ R
VL[ OLJKW GDUN F\FOHW GIDVWLQKRRX® EHIRURLWKRI GDUN DGDSWDWLRQ WK
HPSOR\VH®KH DYHUDJH SHDN WR WURXJE*UDWKLHR )EH PXHWOH\GX UHPGI QW ZLOO HQV X UH
WKH DYHUDJH ODWHQF\ RU SKDVH VIILUWW | DMKIHS &/ IDIVWN.\R ¥ K RKPRB EZHKLFK WKH
UHFRUGHG DQG WKH DEVROXWH P DPJHIOLWXXUGHHG R 7 KMK/H VKW X QGLQB GXFH YDULD
SRWHQWLDO LQ WKH WURXJKY LQ PLFDRGROWKWH SWUPGH BHHMH ®RW\Y LIVXDYUUHG LV
DQJOH EH UHFRUGHG ODUPRU DQG %HHDXPRWY W 7KHVH
UHFRPPHQGDWLRQVY DUH QRW DOZD\V 7IRWOREZSIGLWXGMH @QDUWKH )2 FDQ EH LOQ
VWXGLHY E\ OHUJDHUWY HW DO EORR®BG JODHRDVH OBYBOV KRZHYHU ZKHW
%HDXPRQW LQYHVWLIJDWHG WKHL@ DOW OEMH WRLIFW B G) 20 RQ GLDEHWLFV LV \
PDQ %RWK IRXQG WKDW WKH )2 DPSORWX @WH S ZHWHQ WQ ® K 8 H\QHGOHVQ W/ L Y LW\ R 1 WK |
RI DJH VH[ DQG WKDW IRXU F\FOHV RIFKILFKW HW ®OGDUN ZBVYHQ WKH UHODV
VXIILFLHQW WR HYDOXDWH WKH )2 SWHKBPHRWBQWG LMW VIRHFRLHIWF LW\ IRU 53 Wi
LQYHVWLIJDWRUY UHFRUGHG WKH GLIIHNSQWBUEMWWZEHQD PXOHPXXP DLQMXQFW WR W
GDUN DQG PLQLPXP LQ OLJKW DV DQG JBHIMQGR @WH UDWLR
GDUN OLJKW OHUJDHUWY FW DK $QRWKHU
PHWKRG RI DQDO\VLY KDV EHHQ WR ILW D5HWERWGLQYHWWR (KH GDWD
DQG GHWHUPLQH WKH SHULRG DQG DPSOLWXGH RI WKH YDULDWLRQ

HOHEHU ,Q D VPDOO VWXG\ 7TKBRQOHE& HW WVWD Q GDUG FXUUHQWO\ XQG
IRXQG D OLQHDU UHODWLRQVKLS EHWUIHMHRP B H QIGFDSAMOLLRAMQXVG HWU DVWGD Q GDUG FOLQ
OXPLQDQFH FG P 7KH GXUDWLROH@®Q HWUKH SUHFHKGH QH\H PRYHPHQW SR

GDUN DGDSWDWLRQ KDG QR HIIHFW RQUWKRUBPHSEO ZWW®& HV N7/LKOH HHOHWEKWWR/GHY S ODF
RI YDULRXV LQYHVWLIJDWLRQV LQWR WMNKH QHRHP DRHGDPROWWUWHH YDULUKW FRQVLGH
WURXJK '5 |7 UDWLRY DUH VKRZQ EHIORZ EQRNVNMHEWHKH HOMHHMDWR GHY DUH SODFHG
DQG FROOHDJXHYV KDYH LQYHVWLIJDWHSHWKEAHAH)ZHBPLSVOXWXD® V 5IDBLDG VDFFDGLF



* % $UGHQ 3 $ SBREVWIHDEWVHQ 5HWLQD DQOQOHOMHVHDOUFK
PDGH RYHU f VR WKH YROWDJH FKD @®XBH TUXH RELODH® WBHWXFK HMRPH SDWLHQWV :
PRYHPHQWY LV a P9 7KLV UHODWLYHQ@W OPDDJ\J i HV IQIHQFIDHOV PIDW\HW RWRIB NH H[WUHPH H
(2* WHVW WHFKQLFDOO\ XQGHPDQGLQUIL[ODWLRRYWPHQWWYV !FDFfQQRW EH VHHQ ,W K
DUH QRW GHVLUDEOH EHFDXVH WKH\ WMHQQGXWR EMHVANU WLHGP RXMPH@ WZ R1 XQLIRU]
RU PRUH VDFFDGHV PDNLQJ PHDVXUHPWIQ WKRIDWEHRIYBORPUHRFHSWLRQ WKH S
GLIILFXOW RU LPSRVVLEOH ZLWK $& DUMHKRWUWGIZQWKWBBERGLTRKHVZKLFK WKH HOER:?
+RUL]JRQWDO H\H PRYHPHQWY VKRXOKRUEHWUPDGHUH BHMDIFEHWH YHUWLFDOO\ 7KH S
RWKHUZLVH DUWHIDFWXDO YROWDJHY PRNYRFKRLIDWHGHVZ LWRKZ DU HMKHY BWVRWLRQ R |
D\ DOVR EH UHFRUGHG 'LUHFW UHFRWRZDUGR WWHHR WKHWOWDIM DOVR SRVVLEOF
HWZHHQ WKH WZR HOHFWURGHVY LV BRNVQBOHDFEXM [FWDRQHYRLEW ZLWK WZR
RODULVDWLRQ RI WKH HOHFWURGHYV WIK®@G VWXERMZH FW KD QQH W DLMLYNL®\H PRYHPHDQ
RWHQWLDOV RFFXU DQG LQWHUSUHWPWIOR® XRGIHVXFIKQ VOB®YZ YWROWKWHHH\H PRYHP
KDQJHY ZLWKRXW H\H PRYHPHQW LVHORBWVWRIGEHHO/H DQ B OWHLBDIFA XDO YROWDJH
RQGLWLRQV LWK $& FRXSOFG DPSPDNRE¥XUUBRRQGIMWYVIHM\H URWDWLRQV RI W
RYHPHQW YROWDJHY DQ\ W\SH RI VREMDIFHQHQ@HFWLWR GPMDPMDQRDBEHPDOV RU LI HOH
VHG LQFOXGLQJ GLVSRVDEOH $J $JRD WRIKGVQRRVH JROHK EFEXSURSHUO\ VHFXUHG
OHFWURGHYV ,W LV GHVLUDEOH WR OIPIKOMOLHDEUR G HE DVQKGH SWDNWLWQ R Q +] DOWH
KLFK WKH HOHFWURGHY DUH SODFHGYH WR VD HGKFERW K RUDHWBRW V H OHDVXUHP
HVLVWDQFH EHORZ N 4 SHDN DPSOLWXGH RI WKH VDZ WRRWK LV
7KH H\H PRYHPHQWY FDQ EH PDGH LYRQ@WZDDH FRMFNHRIHW WRQWDLQ KRUL]JRQWD
6RPH ZRUNHUV KDYH DGYRFDWHG WKD®BHWKHWVXE MHHHHW WK SIDWHQ WKZRR XJK WKH DY
UHG IL[IDWLRQ SRLQWYVY DQG DVNHG WKRI ORRNDOHIWURQGK ULRROWDJH 7KH KXP
EHWZHHQ WKHP DW DQ\ FRQYHQLHQWRR®WHW PWKH®J ZWVXUFNKHMXGJHPHQWY DQG
H[SRVH RQO\ RQH IL[DWLRQ SRLQW DWDDWHLPHEWRDG DAOWDQ® WRHU WIKHFRP SOHWH
ILIDWLRQ SRLQWV DW D VXLWDEOH UDWHFXKLFX0O ¥ KWRXXEQMGH FEVHV FIRIQQV WR QW LQ XH P DN L
WKURXJKRXW WKH WHVW 3DWLHQWY DEBR XPVWV WD WR APIIRQUXWADHE OHQ W HW X D O V ZLWKF
EHWZHHQ RQH DQG WZR H\H PRYHPHGWVFRRURVWFRQKGH ORERUG GHULYHG IURP
HODERUDWH VFKHPHYV KDYH EHHQ SURKRPBHWEWHBU WXDWBEBH DIRU H[SHULPHQWL
QXPEHU RI FORVHO\ VSDFHG IL[DWLRQ SIRLQDWLRRYHLBWHHY KNPEBROQLWLWKHEQ WR P
VHTXHQWLDOO\ DQG WKH VXEMHFW LV LIDUWNHHUGY VRV IRRORWRWKPHD RRYRQ@QD\ D |IHzZ P
VSRW 7KH IL[DWLRQ SRLQWY DUH VR H[DPPKHOEH WEKDWK WW R WIDQ@IOO\H EROILQG SDWLHQ
JD]H YDULHV VLQXVRLGDOO\ ZLWK WLRH WHKH LIDAHS WIKWHXGRZRVWKHHYHO WR ZKLFEK
YROWDJH FKDQJH FDQ EH GHWHUPLQHGD S MNKMHLWHOW KN B DVUXN. WD IER X J K DQG WKH
VRIWZDUH SDFNDJH JRXULHU DQDO\WGOXPL®Q@DWIKRHQ DWMKWH ROUUM KW SHDN YRU IX
H[SHULHQFH WKH VLPSOHVW PHWKRG WKHUBHOUDEWBQGDUG ODUPRU DQG =UHQC
7KH PDJQLWXGH RI WKH UDWLR RI WKHVH
7THFKQLFDO GLIILFXOWLHYV WKH $UGHQ UDWLR JLYHV DQ LQGH[ RI W
YROWDJH ZKLFK LV WKH HQG UHVXOW RI W
7KHVH DUH YHU\ UDUH ZLWK WKH (2*GHWLWLDKFEBH\WRIZSBRYHEH PRUH GHWDLO DQ
SDWLHQWY PD\ ILQG GLIILFXOW\ LQ EMBMMOLOURSWWVHGEG WIRGSWHRNLGH VWDQGDUG W
PRYHPHQWYV 7KHVH LQFOXGH FDVHV RRURPKWKNRORRSQWIDIRGRUUDSK GUDZLQJ
Q\WWWDJPXV PXVFOH SDUDO\VHYV 3DUNLRIHRQRYP DPYHUWKW®RRDP FKDUW UHFRUGH
,Q FHUWDLQ RI WKHVH FDVHYV WKH $SOWLHRWHPW) VIRWWHKRSMWOQGWR LGXDO H\H PR
FRPSHQVDWH E\ PRYLQJ WKH KHDG WRRWDWHKUDIH\HH[BXBYLRY BMUNVN@J RWKHI\H
SUREOHPV FDQ XVXDOO\ EH RYHUFRPHRREVN\HBHBRBWLGKX®L QD) MREKGPLQXWH FDQ EH Y
FRPIRUWDEOH KHDG UHVW DQG HQFRXMDYH QD QMK SB W SPHROEBMH WR QUHHOMX W LY H OLQH
WKH QHFN PXVFOHV :KHQ WKH SDWLHQWRLZY AKDWOWHL Q § WWDXYAHWR GPDERXPMOLQLFDO W |
KRZ WR GR WKH WHVW WKH FOLQLFLD Q@ SWKFR.X\O @& KDHO T M\JW HRHE VRHIUG® B UWK B G D SWD WLR
SDWLHQW WR PDNH VXUH WKDW VDWLWRAWRXEYVHTK HPERW HOLHRW VD ODBWDWLRQ EHF
PDGH ,Q PDQ\ FRPPHUFLDO GHYLFHVLQWXHUDSMOLVRL REWBILQH\G!I 6RPH ZRUNHUV D
PRYHPHQWY FDQ EH REVHUYHG WKURXSUK WRAVWOQENMNUORGLEXWDYHGZKLFK LQ FRQV
FDPHUD VR FRPSOLDQFH FDQ EH FKMKHN H&R ORVP JW KEHH FIRLFGHHWR VWHDG\ 7KLV LV G
PRQLWRU 7KLV LV GHVLUDEOH DQG PWRHEB XLUQDFVOIXFGQI GR IL QUK MWW KWW DQG LV QRW
VWDQGDUGY ,I WKHUH LV ORFDO FHQWHIDMVH B UWKH VL SWKN DWOX EMHUHEWYH V WKXHW LQ FF
IL[IDWLRQ SRLQWY PD\ EH HDV\ WR VHH LQ ®DQONYEHKVYV [EWWXEHFRRBW WLPH WR G
LQYLVLEOH DJDLQVW D EULJKWO\ LOOXPRQWWHH KEDW NHURXYQWR WQOHVIMURP WKH G
WKH IL[DWLRQ SRLQW LV VXUURXQGHWLEAMN D®R WKKQLODOKN WVXKRWIHDSG EH IL[HG EHFD

o

C NI X T T T wwum



* % $UGHQ 3 $ RARRIMDIEOH) 5HWLQD, DX O\®l 5HVHDUFK

WXUQHG RQ WKHUH LV D UHODWLRQYVKOLSP IEW VRZ HOHRQU RVMRKIOV a6 D Q NE 8 HWUMLIRREQ J O\ D I | H
DQG WKH VL]H RI WKH VXEVHTXHQW WHWHHONORIKEXJFWN JJIRVXHQUG R@IOI\NKW LQ WKH
PLQ RI GDUNQHVYV OLJKW ULVH UHDKKWHWQYIDWRWWO GDWNQWKM DQG PLQ GDU
PD[LPDO YDOXH REWDLQHG ZLWK PLQ GO®RIANH D GOOLPWWWLRIQ QRKHEHDO DV a R
UHODWLRQ EHWZHHQ DPSOLWXGH DOBQGVIOPRHZ UOWWKW FOERQURFFIXVWU ZKHQ WKH Z
DSSUR[LPDWHO\ H[SRQHQWLDO $UGHQVMMMGEGO . HKMWMHW WD QEBE DUG WKHUHIRUH UHT?
7KH OLJKW ULVH UHVSRQVH LV GHULYWDG LURAPKHN KDHE WHROOMLWH WIHWYQRDI WKH GDU
DQG WKHUHIRUH D *DQJIHOG LOOXPLQDWHRQQZQWKN PEBLWHPF LW NVIKWKHWH LV VRPL
UHTXLUHG *DQ]J]IHOG ERZOV DUH UHFRWRB@GWHHU\EXDW JHVSHEXBO® O\ RFFXU ZKt
LQ YLHZ RI WKH H\H PRYHPHQWYV DG WRHA GCRODHHLHQGEBVIBOLFRQGXFWDQFH L
H J GLIIXVHO\ DQG HYHQO\ LOOXPLQDWMHGX WX LPVDH\ DDOOVARY LQGRRDWHI ®Q DEQRUP
FHLOLQJ PD\ VXIILFH ,W LV LPSRUWDQW WR DGMXVW LOOXPLQDWLRQ

WR FRPSHQVDWH IRU LQGLYLGXDO YDULDWLRQ DQG LQGLYLGXDO

FKDQJH LQ SXSLO VL]H ZLWK LOOXPLQDWLERQ BXKRWIOFN HHYDSRQWHNYW DUH
DYDLODEOH , D YHU\ EULJKW OLJKW LV WR EH XVHG WKHQ

SVDWXUDWHG UHVSRQVHYV DUH REWDLQH+\SHDRGP RFOKDDUQ WH VD R QWD LR ODP LG H D C
SXsSLOODU\ GLDPHWHU FRPSHQVDWH IRU DQ\ FKDQJH LQ LOOXPLQD

WLRQ $OWHUQDWLYHO\ WKH SXSLOV FKXKWH EHLIXMWRW*HGWHODWGGWEHQGY RQ WK
LOOXPLQDWLRQ UHGXFHG WR REWDLQ DHWAD®G DWIGH UHXYVHOWOHDWL QO OX ¥IS@BFPH DQG
WLRQ 7KH ,6&(9 VWDQGDUG UHERWRBIQBWNWBG@G2EG P ZLGH UDQJH RI SDWKROR

PP GLDPHWHU GLODWHG SXSLOV UHFRUGHG FXUUHQW LV JHQHUDWHG E\
(YHQ WKRXJK PXFK LQIRUPDWLRQ LV IDHYWL@D EDH( | UDRPGY DWLRIXWHQ QRUPDO ZK
PDQXIDFWXUHUYV LW LV GHVLUDEOH VG YHHWOWIBE O'IXVSKW F ODL@Q@GFO Q RR R D O 7KH

YDOXHY RI WKH OLJKW SHDN GDUN WWKRHX YO OXBIWR.IIRW K)J-R WHRRVWW ZDV KRSHG
FHQWUHY WKH PHDQ YDOXHLAMIOOVEH QWRHZVHW WR ZLGHVSUHDG SDWKRORJLHV FR
VFUHHQLQJ WHVW EXW RWKHU FOLQLFDO
VFR S\ DQJLRJUDSK\ HOHFWURUHWLQRJ
SURYLGH PRUH GHWDLOHG LQIRUPDWLRDQ
WR LPSURYH WKH (2* DQG REWDLQ D WH
KDV GULYHQ ZRUNHUV WR LQYHVWLJIJDWH
WKHVH WHVWV DIWHU D SHULRG RI UHFRU
EDVHOLQH LV HVWDEOLVKHG D FKHPLFD
DGYLVDEOH WR VHW XS D YHQRXV OLQH E
WR LQFRUSRUDWH D WZR ZD\ WDS LQ WK
FDQ EH LQIXVHG GXULQJ WKH SUH WHVW ¢
LQIXVLRQ PDGH ZLWKRXW WKH VXEMHFWT
FKDQJHV RI UHFRUGHG YROWDJH GXH WR
WHVW BS5HFRUGLQJ FRQWLQXHY XQWLO WK

UHDFKHYV D ORZHU OHYHO cLWK K\SHUR
Q44040484440 QA QAL AL Q444444444 R
H W DOA ODGDFKL <DPDPRWR H W |
7LPH PLQ ELFDUERQDWH *DOOFPRUH HW DK |
yLd 6RGLXP ELFDUERQDWH toixvirov 1o FowVESHnl @I YRS RKPXVHY D UHGXFWLRQ LQ
WKH RFXODU VWDQGLQJ SRWHQWLDO )JURP 6HJDzD HW WH RXIKsylsY Wi B RKWKG QD I WH V DQG
SHUPLVVLRQ RI WKH -DSDQHVH -RXUQDO RI 2SKWKDOPRRORSHURVPRODU VROXWLRQV D UDWKHU

DFHWD]RODUPGH

R
OLJKW 9
BBBBBBBBBBBBL
0,187(6
yLJ +\SHURVPRODOLW\ DQG DFHWD]RODPLGH UHVSRQVHYV 1RWH WKH OLJKW ULVH SHDN LV WKH VDPH ZKHWKHU

.DZDVDNL HW DO ODGDFKL <DPDPRWR HW DO D 5HSULQWHG ZLWK SHUPLVVLRQ



* 9% $UGHQ 3 $ &RURIWBEOHQ 5HWLQDOVDWE (MH ,5HVHDUFK

*DOOHPRUH HW DO ODGDFKL <DRDODH®R WR BWR@OXFH QRQ SKRWLF (2*V DOF
ODUPRU JROORZLQJ WKH WURXJIKR XWKKH $SW WHOQ/\RLRO VPDRSRUWDQW GLIIHU
LQFUHDVH VOLJKWO\ LI WKH LQIXVLRQ ZFRWKNWWKKHVFKHPLFDOO\ SURYRNHG FKDQJ
7KH TXDQWLW\ RI DFHWD]J]RODPLGPHI URRROR PHHFHHKQGBV @AV KDV WKHUH EHHQ D FRPS
NJ JLYHQ E\ VORZ LQWUDYHQRXYV PLLQ XVQ 8 QWLP HD BPRIXNUWLRI RI WKH FKDQJHV FDXV
DQG FDXVHV D VORZ GHFUHDVH LQ WKBQVWIFOGVOASLE ERVWERAVKMR® $IWHU DOOR:?
+\SHURVPRODU VROXWLRQV XVHG FRQMVMRUWDRIFRKR@RWR BOWWLOURH WKH JXOOHW

ZLWK Z Y PDQQRVH DGGHG R U CIPIKWR W) SOXOFRKRO DSSHDU WR SURYR
IUXFWRVH P2VPRODU 7KH DLP LWR WROHR BWHRDWH) WMLV WARHOWDJH FKDQJHYV Z
RVPRODULW\ E\ P2VPRODU , Q  WHK[Hs HEULLAPDHUQEWRDQAD WSHU HW H V WR Q $UGHQ DOQG

VDOLQH WR ZKLFK VRGLXP ELFDWEBKWWHG DE@FRKEOVHYRNH D ULVH RI YR
DGGHG LV LQIXVHG DW WKH UDWH RI VXEPWHNXHQW IDOBH XWRH RIWURXJK DQG W
VHYHUDO DJHQWY FDQ EH FRPELQHG LQ@HDD NH T7XKHHQ PWHL RVHR  URHUG XDFCHF RVIKRIO W R WUDY
QXPEHU RI WHVWYV *DOOHPRUH HW WRGURXJK WKBWXWDQRQRG FLUFXODWLRQ WHF
0
p

DUPRU /HRQ FW DO OPDLAD FIKQA G< WRB DOFRKRO SHDNV DQG WUR
RWR HW DO E SLQFNHUV HW DO WKH OLJKW HYRNHG UHVSRQVHV E\ H[DFWO
WKDW WKH UHVSRQVHV WR ERWK DJHQWYV

OHFKDQLVPYVY DQG XVHIXOQHVYV VDPH PDQQHU DQG E\ WKH VDPH PHFKDQL

YRU ORZ GRVHV WKH UHVSRQVHV RI OLJK
"XULQJ WKH K\VSHURVPRODULW\ WURKXIK WRWHWLIKIWKWLWH GLVDOFRKRO 3RFFO
EROLVKHG +RZHYHU IROORZLQJ DGPUAQYWY/UDWHRILYRHIQD AMHKWHD URHV SRQVH LV R
DPLGH WKH OLJKW ULVH LV XQDIIHFWHK® QV R KMIQHH WWIZIR LW HHI. WK Q PDXOVRVQ H 7 KHV H |
URYRNH GLIIHUHQW UHWLQDO 53( PWKKDQINPHDVHXISQVPROWOBJIH FDXVHG E\ OLJ
DUPRU ODUPRU $ O W K R X WLKQ DHO[ SFFRWPLFPRH@ WSIDOW K Z D\  7KH GRVH UHVSF
RUN RQ LVRODWHG FSLWKHOLD KDV L QBGILDFND'W H Q GW KW WR W XKKi~ KDYOSFFRIKRRRO UHV SR QV
DULVDWLRQ RI WKH EDVDO PHPEUD®@GH |IPHDU\H ®PWFR RQW DIR® $MKEHH Q 7KH O
HFUHDVH LQ YROWDJH DVVRFLDWHG ZWWKHWKIBWN VD DHOQFVRK R & KW KSDUH FWWKH SHDN
RGH RI DFWLRQ LV XQNQRZQ VR DQ\GDLEVERUPH®LBWANORHZWHFWHG TLYDQWLW\ RI1 D
HUHO\ SKHQRPHQRORJLFDO SURGXFH PLQLPDO FKDQJHV LQ WKH (2
7KHUH DUH YDULRXV UHSRUWHG GLIIHRQBOHEGY EBRRAXZWHIX VHIGH 1O ¥ IKKRR/WHRIJ aN J
(2* DQG WKH FKHPLFDOO\ LQGXFHG FKPNQHHEVRUDROPOHN IDQUIB RIY Y VROXWLRQ :KH
LQWHUHVW LQ WHUPV RI SDWKRORJ\ MR %WMNWLY @KMLWDYB\ WKKHOBEORWG OHYHO |
(2* LV pIlODW" EXW WKH DFHWD]RODPL®HQUHWIR Q\WKH BRQ WLIRQXHIVIH FKDQJHV DL
QRUPDOO\ *XSWD DQG ODUPRU EDRRBEK IOKYDHPODVP R RWKH ILUVW IHZ PLQXMW
HW DO E :HOHEHU yLJ BN QI W DSFUHRAGDX] RHO\WD POLFGFFH SWDEOH YR OWD JH
DIIHFWV FDUERQLF DQK\GUDVH LQ WKH 5%(Y DQIGVK DQKHYWHWWKHYLPHDN EORRG Ot
WKH FKRURLGDO FLUFXODWLRQ WKLV OBRQGV WBPHQAUXES\SWKMW HORG WKHVKH WHVW
PHFKDQLVP SURSRVHG IRU WKH DOFRKWROHQR*ZLEHW\EFR@YLGHWHG DV ORZHU WK
KDV EHHQ UHSRUWHG /IHRQ HW DO PRWR®@ RIMFDOQFVIHQYGHM XREIJHPHQW 7KH H
SDWLHQWY ZLWK UHWLQDO GHJHQHUDWOR®¥X R G DFURNQLFFFXOWW®DW LLRQLENRGLQJ DQ\
53 WKDW WKH UHVSRQVH WR K\SHURWYPBRBODUWW\EMQBPHDVHXWDERBGDZLWK VWDQGD
PLGH LV PRUH JUHDWO\ UHGXFHG WKDQKL/WWWKHRMHVHVIBY WHKSEOLIEHU EHWZHHQ W
RU WKH OLJKW ULVH 3LQFNHUV HW DOJHQHUDWII RWMNH GY V(KW WIH QFR D) JH YV DQG
UHODWHG PDFXODU GHJHQHUDWLRQ S$GHWHMKHVIDHF HFWMDRQRIWPILG HWKH DOFRKRO FF
UHVSRQVH FRQWLQXHY QRUPDOO\ XQWLPOFRRRERBLGWROQERIRYWRFXOWURQ D YDULHMW
LVDWLRQ DSSHDUV +RZHYHU LQ DG YWKRH HFH FWYBE BHUWBLWBRXWKWI\VWHP DQG D Q
DFHWD]J]RODPLGH UHVSRQVH LV RIWHQ RQRWPDHD\V*ROQPHPRNHQHW HODVFULEH G $00D

"LOG\ OD\ILFOG HW DO 0D HW DO
+\SHURVPRODULW\ (2*V DOVR VKRDDWBQRUPDOIMU\ LQZ H[SHULPHQWV RQ W
FKRURLGDO QHRYDVFXODU GLVHDVH EXWHERW DQFRKRO KIDWKRNKWSOR\HG VXFK OI
QHRYDVFXODULVDWLRQ 6KLUDR HW DOSSHDU HIIHFWLYH LQ WKH H\H

,W LV XQOLNHO\ WKDW &)75 SOD\V D URO

TUTOONO®WOTO

7KH DOFRKRO (2* WKH DOFRKRO (2* DV DOFRKRO GRHV QF
FXUUHQWYV ODUFHW FW DO SUHOLPI

,Q DQLPDO H[SHULPHQWYV 6NRRJ HWGDHOSDUWP HQ@PWGVK®RZP DWRKDW WKH DOFRKRDO
$UGHQ DQG :ROI D D ULVH LQ LWIKSH YH GHX DPORVY HKHKRQWUH KRPR DQG KHWH

YROWDJH RFFXUV DIWHU JLYLQJ DOFRKROJ 8QOLNHKR MWKWDRWYHK HHWWD DHQ WV ) X U W



* % $UGHQ 3 $ SRQVWHDEWOWHQ 5HWLQDOvD @® Q\HM5H YV HD,UFK

0O22P0 LV FDSDEOH RI@ILMLYQQD K&XPDQI 58Y RXU SUHOLPLQDU\ ILQGLQJIJV VXJJI
FHOO OLQH $53( "XQQ HW DO LV)PHGLDWHNGIHNVY LMA@UQ VW KIH® >&&D KRPH
D GLUHFW DFWLRQ RI HWKDQRO RQ WPKXV V8 3HHDRIGHMWHGXE® HADKUHO\ 53 DQG $50
DOFRKRO (2* LV D VHQVLWLYH WHVW(2RUWUV5BEOMXWRWELIRVHMW VXFK FKDQJHV E
RULJLQDOO\ SURSRVHG E\ $UGHQ DQGGHRIGIQHUDWLRQ LV DSSDUHQW ,W ZLOO E|
6R IDU LW KDV EHHQ VKRZQ WKDW RWKKHUQFLNWIDWHVKE DXBPORVWRO (2* LV DOVR
FDXVHG E\ DOFRKRO UHVSRQVH LV DEVHQW LQ DOO FDVHV RI 53

$UGHQ DQG :ROI E +RZHYHU WKH VORZ IDOO PD\
SHUVLVW HYHQ LQ KHWHURJ\VIJRWHY IRU ; OHPPYERRXR~Y Ky FHWEFHHQ DOFRKRO DQG
$UGHQ DQG :ROI XOSXEOLVKHG 6LOQFH (5*V DQG IXQGDO

DSSHDUDQFHV LQ VXFK SHUVROQV DUH RIWHQ(%HURSPHPWoA WRUBMHoGRVH GHSHQ
DQG YHU\ UDUHO\ VHULRXVO\ GHSUHV?®&UYURMER DU ORI D RA@DWLRQVKLS EF
yLJ PD\ EH RI VLJOQLILFDQFH HVSH¥HWBRP Oz kQROPXPLRPMERR DQG WKH PDJQ
VFUHHOV PD\ QRW EH DYDLODEOH LW KPP BHIMHRR G vRyY Hllk py GHFDGLF XQLW
EHDULQJ RQ SDWKRJHQHVLY EHFDXVH WKHHLESYLEHNWRRBEMHWXKHG Ik WKH GRVE

JHQHWLF DEQRUPDOLW\ LV H[SUHVVHG LQ WKH 53( HYHQ LQ FDVHYV

ZKHUH WKH UHWLQDO GDPDJH LV YHU\ VPDOO 7KH DOFRKRO (2* LV

DOFRKRO (2*V LQ DQ ; OLQNHG IDPLO\
DOVR DEQRUPDO LQ $50' LQ D VHULHV ZKHUH WKH OLJKW (2
WHVW LV PXFK OHVV DIIHFWHG $UGHQ DQG :ROI )L

$OFRKRO (2* LQ & VWLF )LEURVLV
yLJ BUHOLPLQDU\ ILQGLQJYV D JURXS RI UQGLWLEBXDOV ZLWK &)
FRQWURQV VKRZLQJ QRUPDO HWKDQRO UHVSRQVHYV (WKDQRO GRVH ZDV
O0O2PJ NJ DGPLQLVWHUHG RUDOO\ DW *UDSKV DUH PHDQ 6 (0 7ZR
ZHUH KRPR]J\JRXV DQG WKUHH ZHUH KHWHUR]J\JRXV IRU $ 'DWD QRUPDOLVHG
WR WKH PHDQ YROWDJH R I WKH PLQ SUHFHGLQJ WKHLYWLP X$OXFVR KTRKOH (R EVRI@QX W@ ; OLQNHG IDPLO\ 7KH SURSRYV
SHDN YDOXH IRU FRQWUROV DQG kKPW B VHYHWHHOMWWLQD@ GHIJHQHUDWLRQ 7KH PRWKHU DQG |
&RPSDUH ZLWK )LJ ZKHUH WKH OLJKW (2*V RI WKH LWOPHQ RURDDY VKREZQDO IXQFWLRQ EXW WKHLU (2*V DUl
GLIIHUHQFHY EHWZHHQ FRQWUROV DQG &) SDWLHQWYV $UGHQ DQG :ROI XQSXEOLVKHG
PO HWKDQRO RQ $53(

yLJ 5HVSRQVH RO $53( FHOOV WR 022P0 HWKDQRO ORDGHG ZLWK WKH >&D @MQ VHQVLWLYH G\H WOXR $0
.UHE V VROXWLRQ FRQWDLQLQJ &D (WKDQRO 0O22P0 LQ .UHE V ZDV DGGHG DW \ (o DQG UHSODFHG ZLWK .U
O022P0 HWKDQRO LQ .UHE V ( 7KH RUGLQDBD&D VA@RRRZF B/ KWH QULOV/H AIOO H[SUHVVHG DV D SHUFHQWDJH FKDQJH LQ 10X

1RWH WKH VKDUS WUDQVLHQW LQFUHDVH DQG WKH VORZHU GHFD\



*% $ULOFQ 3 $ ZBRVIWWHI/BE/OHQ 5HWLQD WQ@GO(\MO5HVHDUFK

yLI &RPSDULVRQ RI WKH OLJKW DQG DOFRKRO (2*V LQ QRUPDO VXEMHFWV
DQG SDWLHQWV ZLWK $50' 7KH VWDQGDUG HUURUV DUH VKRZQ EXW WKH\ DUH VR

ORZ WKDW WKH ORVV RI WKH SHDN UHVSRQVH RI WKH OLJKW (2* LQ SDWLHQWYV PXVW EH

VLIQLILFDQW DQG WKH DGGLWLRQDO ORVV RI WKH DOFRKRO (2* LV DOVR VLIQLILFDQW

1RWH WKDW WKH QRUPDOLVHG YDOXHV DUH DYHUDJHG )|RjU HD Rk PARXWH Y cUBERNGY - kHQ ORZ OLIKW OHYHOV DQG V
&RPSDUH ZLWK )LJIV DQG ITURP $UGHQ DQG :ROIhorrkrODHEYLAWYEQ WKH HIIHFWV RQ WKH (2* DUH D VLP SOH
ZILWK SHUPLVVLRQ RI ,QYHVWLIDWLYH 2SKWKDOPRORI BQG 9b%%D O gS&LHQFHp 5HSULQWHG ZLWK SHUPLVVLRO RI

2SKWKDOPRORJ\ DQG 9LVXDO 6FLHQFH

UHVSRQVH WR DOFRKRO ,W LV QDWXUDO WR FRQVLGHU WKDW DOFRKRO
PD\ OLEHUDWH WKH 30LJKW ULVH VXEWWDWMKHW BXW WHRX JIKW SQHROMW WO WLR DOWHU\
EHFDXVH WKH HIIHFWY RI OLJKW DQG D:(RFORIKIRQ®G G$RU @IRW LQWHWRAMARIYWHU ZRUN R
WKH\ PXVW GR LI WKDW ZHUH WR EH WRH FSOWHHQMWI ZLWKRBEY WKRXZ WKDW WKH SR
ZKHQ LOOXPLQDWLRQ LV LQFUHDVHG GIXWIOQUQWWKHWEROKNRXKIRWK WLR/MHH SUHVHUYHG U
WKH YROWDJH SURGXFHG E\ OLJKW VLABOD MXP Y RZOLWIXJ W KIHH FRIOOWD JHHUGHQ DQG : R
FKDQJH SURGXFHG E\ DOFRKRO +RZHY®W MRRSHBFK[ BOWOQWWELRQ RI WKH IDFW
LWVHOI WKHUH LV D SURQRXQFHG HIIBHWDRVILSMLRIDQWHR XPPW LR VHSDUDWH LV
SULRU ORZ LOOXPLQDWLRQ OHYHO V XRSSSSURHWLWHH/ VDK H VU RY SRIQY H5 3W(R BOO WKH DJ
ODUJH VWHS LQFUHDVH RI LOOXPLQDWODR® SKKRWLF IDOOV LQ SRWHQWLDO PLJKW
,Q DGGLWLRQ WKH SUHVHQFH RI DPPARRKDORQFW QWRKIDOMLRVK HRDOFRKRO LQGXFH
DOFRKRO LQ WKH EORRG SUHYHQWY UNKH \GHHPHVO RVRP ROWX IR IDWMQWKH EDVDO VXUI
SDOFRKRO ULVH +RZHYHU WKH DOFRAKKRHO 3JH(V DREQ V¥ B OLW WWFIDDUFFHH OL\W DS SDUH Q W O \
DIIHFWHG E\ LOOXPLQDWLRQ DQG WKHDILIHKINKUHYBRQIVWH PULRNFRRRBOW FRQFHQW
DIIHFWHG E\ HVWDEOLVKHG EORRG DOFRERWUFRQFHQWUDWAILIR QUWFHEWRU KDV EHHC
WLPH FRXUVH RI WKH SURGXFWLRQ RIDMKHRKROIKWKUEKH LWX EDVOWRQ MH'SDUHQ WO\ D
LV XQNQRZQ EXW WKH YHU\ VLPLODRLBSWRORMDIWGFROENVBRYWUWDWLRQ LQ WKH 5
SURGXFHG E\ DOFRKRO FDQ EH PLPLFNWHXG JEBHV WK I& BAWK.HW LVDKIHH DWIFRRK RO DEQRUP D O
RI D EROXV RI DOFRKRO ZKLFK UDSL®&®WH GUH/\DXSOSWH DRUVD | EMR UWKKW EHWZHHQ WKH
FLUFXODWLRQ 7KH VLPSOHVW ZD\ R WKFW RSXUHW LHQIW VRHUQ WIK\HEH DOFRKRO WR WK
ILQGLQJV LV WKDW WKH PHFKDQLVP WKW 5FRXVIHKL WRIB\FE® QRIIHVLQQLILFDQFH LQ
SRWHQWLDO RI WKH 53( LQ WKLV FDVHK S5WKH BX8 RKODDW LOLDWWLORHQ GRLIDWE RV WLF SRV V|
EDVRODWHUDO VXUIDFH LV D VORZ LQWHNOWGEHTFOX¥ONURIHRHUD WRE ZZ LWHIGLQF WLRQ D
WKH 53( FHOOV DQG D WULJJHU PHO®PRKRD DOHDMYXYBMVWKMKHUH LV D GLUHF
JHQHUDWRU ([WUDFHOOXODU FKDQJH VRLSWEHWQIHIKWN WKHE VOWVHIDQHH RU DOFRKRO (2
DOFRKRO RSHUDWHY WKH WULJJHU RHKHKDPBYMBNVW\ ZKILBK 0 WKHQ
UDSLGO\ EHFRPH GHVHQVLWLVHG 7KH WULJJHUV UHOHDVH WZR W\SHYV
Rl 3VHFRQG PHVVHQJHUV  ZKLFK DFWLYDWBDWKHPDWQFDO WRGEHOOHQJ
LPSOLFDWLRQ LV WKDW WKH 53( LV UHVSRQVLEOH IRU WKH WLPH
FRXUVH RI WKH (2* DQG WKH YROWDJH WLPWMKHHODEWHRGMKIRS LVQOQRWPDWLRQ DER
GHSHQGHQW RQ VORZ FKDQJHV LQ SKERWWHHBWSWEKDOWH 7EHHDRWNDGH WR FRQVW.
RQ DOFRKRO KDV DOVR HPSKDVLVHG WKRHGBOMHWKRWHZRKWBGHBEVWKHEH WKH WLPH
SHDN DQG WURXJK SURFHVVHV LQ WKHFKD*QJHKH GERN¥NHUUBQOSR QGG H U 7DXPH
UHODWLRQVKLS IRU SHDN DQG WURXJK KMHWH ® XIWHKRHUQWW WHHMHWMEBR WK H FKDQJHYV DV
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+RZ EDFNJURXQG OLJKW LQWHUDFWYV ZLWK EDFNJURXQG DOFRKRO LQWHUDFWV ZLWK
OLJKW (2* DOFRKRO (2*
DOFRKRO RQ DOFRKRO EDFNJURXQG

R! vEDFNJURXQGOA  FG P & DOFRKRO R EDFNJURXQG
R EDFNJURXQG FG P 6 v % U H D W K DOQFRKRO Q
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7LPH IURP OLJKW PLQXWHYV 7LPH IURP WDNLQJ DOFRKRO PLQXWHYV
+RZ EDFNJURXQG OLJKW LQWHUDFWYV ZLWK PRFRIXFOKXQG DOFRKRO LQWHUDFWY ZLWK OLJI
V DOFRKRO LQ GDUNQHVV f OLJKW RQ DOFRKRO EDFNJURXQG
¥t DOFRKRO RQ OLJKW EDFNJURXQG v OLJKW EXW QR DOFRKRO
\"
V6
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\
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7LPH IURP DOFRKRO PLQXWHYV 7LPH IURP OLJKW RQVHW PLQXWHV
yLJ :KLOH EDFNJURXQGYVY RI ORZ OHYHO OLJKW SUHYHQW WKH DSSHDUDQFH RI D OLIJKW LQGXFHG (2* DQG ORZ

GRVH RI DOFRKR

O DOFRKRO KDV DOPRVW QR HIIHFW RQ WKH OLJKW ULVH

DQG OLJKW KDV DOPRVW QR HIIHFW RQ WK

WKH OLJKW ULVH VXEVWDQFH DQG WKH UHFHSWRUV LI SUHVHQW IRU DOFRKRO PXVW WKHUHIRUH EH LQGHSHQGH

SHUPLVVLRQ R

)LJ 7KH DYH
UHVXOWYV LQ
VKRZ WKH VDPH

DOFRKRO ULVH KDV EHHQ ORVW D VORZHU IDOO VWLOO QFLHZIUV FL?R% YUBQ oh® -
oYHvwLIDWIRH MK KkpDPror D HQH D FRQGLWLRQ

E 5HSULQWHG ZLWK SHUPLVVLRQ R

9LVXDO 6FLHQFH

,QYHVWLIJDWLYH 2SKWKDOPRORJ\ DQG 9LVXDO 6FLHQ

,Q YLHZ R

FH

I WKH GHVFULSWLRQV DERYH

HDUO\ ULVH DQG WKH VXEVHTXHQW
PV LW ZRXOG EH H[SHFWHG WK

PHFKDQLYV

IDOO

EH FRPSOH] DQG LQ IDFW D QXPEHU RI

WR EH LQWURGXFHG
WR H[SHULPHQWDO

GLFDWH W
(2~

&OLQLFDO ILQGLQJV RI

,Q DFXW

JUDQFLV HW DO

H ]JRQDO RFFXOW
XVHG WKH
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EHIRUH WKH PRGHO
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FRPPHQWLQJ
FRVWO\

DV WKH

ZKLFK
W K

S (OHFWU
DQG

R
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* It $UGHQ 3 % &RQNWMDHEVOMHLQ 5HWLQD DQOL@HM BHVHDUFK
2WKRXJK VHH 3ROODFN HW DO $ EDQQRGU AR WCKLHAWULVH W EKROYYHH EHHQ UHSRUWHG L
IRU FDYHDWYV ZKLWH GRW VV\QGURPH DQG LQ LPPXQRGHI

9LIJDEDWULQ UHWLQRSDWK\ KDV EHHQVWHSRWYWRG FWRDBDXVH D UHHQVWHLQ HV
FRQVLGHUDEOH FKDQJH WR WKH (2* L@ PORRUSDWLHQWNUUWYR WKLYG YDQ +HXVYH
LV WDNHQ DV HYLGHQFH WKDW WKLV GWULXGIP PRIQHWOMH U 5 3 ( -DKQNOWLRWQ HW DO
$UQGW HW DO &RXSODQG HW DKLP HW BPDUGLQJ GMW IDNKH HW DO 3LQF
D E +DUGXV HW DK 5DYLQGUBRQHMD DIKF HW DO 6FGGRQ FW D
7KH IUHTXHQF\ RI DEQRUPDOLW\ LV JHWDWOU WKDQ KMKD WKRQ WHKWH DO :DO
(5* DQG LV PXFK OHVV LQ SDWLHQWV RQ QYVRPEHDWHIUQ (ZWKWRHLQVVRQ FW DO
GR QRW KDYH ILHOG GHIHFWYV ,1 ILHO® HGSHR H W\M'G UWK/DIW VHQ WIWH2 *R1 SLIPHQWD
DEQRUPDOLW\ PD\ UHPDLQ +RZHYHGH JHIQVHWD WIDRYGHV EHMW® V\PSWRPV RFFXUUL
UHSRUWHG ZLWK QRUPDO (2*V DQG OMMH YR2OXGLWRWXFDEUUQE®Y DUH PRUH IUHT:
RXW (2*V LQ SDWLHQWYV XQGHU WUHDMWKPDHQQ WU HH(PSDL QY VWXGH WG BH V
PLQHG 7KH DQWLHSLOHSWLF GUXJ ODPRWULJLQH KDV DOVR EHHQ
DVVRFLDWHG UHFHQWO\ ZLWK UHGXFHG (PXWRBE OGMPHERMM RBYQ G W
FW DK
7KH SURJQRVLV IRU SDWLHQWV ZLWK7&p0 cWIWPWRBEWER® DQG UROHV RI WKH
UFWLQRWRP\ DQG PDFXODU WUDQVQREGRWLER LYokH RRW HiGp WR WiKdlowHV WR W
(2% 1LQGLQJV $ GHFUHDVHG GDUN WURXJKpb¥ D)@ X QIROREHPEPH SRVVLEOH ZKHC
LQGLFDWRU IRU WKH UHWXUQ RI YLVXDROFSYWR | /XNVwWHY 8KvHDVH EHFRPH DYD
6HYHUDO ZRUNHUV KDYH QRWLFHG WKBWoLR WISUsHRHXMREbBWRPOA Do &( FKDOO
WRVLV /XELQVNL FW DK PRG LOP RFXEPEV EMRK[OWRPWHERY0 WKH UROH RI .
DVVRFLDWHG ZLWK LQWHUIHURQ DOSKD wkURRKWW iiW PKy HorRSPPHOWY WKH 53
GHFUHDVH LQ WKH DEVROXWH YDOXH R MKl (&% W ROW DWWkl WRALFPWRE P SROHOWY
GDPDJH UHVXOWLQJ LQ ORVV RI YLVLRQuRr®R W¥RBRHESPYHND OVERY PW 'R YLHZ WKH
OHDG WR DQ HOHYDWHG OLJKW GDUN YRWHR (2KkE XbRHOEH VI I GRYXVRROyDoXxH DUH
WLRQ RI WKLV ILQGLQJ LV WKDW WKHyRBEWRQHWH SRIYPESHCWRHREMsSDuUH PHPE
XSRQ (%DVDL" &$SLFD_ DQG DV )SSLFDE\L\G K)SWUSRRP UNKHCUHMWN DO VXUIDFH Z
UHVSHFW WR 8%DVD, 7KH FKDQJH ZLWKp@gERKW® & HDFIWNALGQY RERP Rk WKk RURLGDO Vv
FKDQJH LQ )%DVDL DQG LI WKLV LV QRUPD QWK SWEHEURBWER 4%XUWKHU LQIRU

DSSHDU WR LQFUHDVH ,Q FRQGLWLRQX pAKHRSRWK R (7 (% wY oM %HC 53 ( GHIHQHU
EXW WKH UDWLR LV QRUPDO LW LV OLNHO\ WKDW WKH UHFRUGHG YROWDJH

LV UHGXFHG EHFDXVH RI D GHFUHDVH éI_QN%BEBEE_;gﬁﬁ('QB\RIVUHVLVWDQFH

KHQ WKH DEVROXWH YDOXH RI WKH YR QG WKH OLJKW

ULVH LV DOVR UHGXFHG W K H XQGHUO\L9 PHFEKDQLYVP 8WDLQN
KH DXWKRUYV G OLNH WR WKDQN "U

WKH 7(3 LV OLNHO\ WR EH IDXOW\

&ODLUH OLWFKHOO ‘U -D HW:ROIDQG U
,W KDV EHHQ UHSRUWHG WKDW PDOLJQDQW PHOD RPDWD R

FRPPHQOWV DQG UHYLHZL(%J SDUWV RI WK
SRVWHULRU XYHDO WUDFW FDXVH DEQRUPDOLWLHYV LQG W K H lS *

ZRUN ZDV 1XQGH EV JUDQWYV ITURP WKH
%ULQN FW DO DQG LQ D ODUJH PXOWLFHQDWUH VWXG\ WKLV

SLJPH%VWRV 6 RFLHW\ 8. WKH &ROOHJH R
ILQGLQJ ZDV FODLPHG WR EH RI1 XVH LQ GLV LQJXLVKLQJ EHWZHHOQ

%G WKH 6 RXWK 'HYR% DQG &RUQZDOO ,Q\
QDHYL RWKHU IRUPV RI UHWLQDO GHWDFKPHQW DQG PHWDVWDVLYV

Q
LQWR W K H HYH 6 SDGHD FW DO +RZHYHU
PDOLJQDQW FKRURLGDO PHODQRPDWDSHIBWLLIHQIEHM REVHUYHG ZLWK

QRUPDO (2*V OF&RUPLFN FW DO 7KH (2* KDV
$EUDKDP WL OO 2NXQLHII 3 6 FDOD 6 9RV 3 2RVWHUYH
EHHQ UHSRUWHG DV DEQRUPDO LQ FDVHV RI'GHVIHUULRIDPLQH
$ < 6 KULYDVWDY % *XLGRWW * 5HGG\ 0 0 4 X LC
WR[LFLW\ +DLPRYLFL FW DO +LGDMRIW, HWo RO - .yi3rur@RWs  7pEFkbpUDQL - 5 +
VXUSULVLQJ LQ YLHZ RI WKH HIIHFW LQ .UHGXJoQUrRWNKH URPWWwRr Rs S DWNIRUF]\N 5
DGDSWDWLRQ $UGHQ +RZHYHU ILRWRKLY UVUIPQH RHR RU® §¥H RRIQGXFWDQFH UHJXODWRU DQG
DVVHVVLQJ WR[LFLW\ KDYH EHHQ UHSRUWWRE! SFUE@HQ HwW DO
GRUDQWH - 6 5HIXODWRU\ YROXPH GHFUHDVH LQ IURJ
'"DYLHV HW DO $ OXPEHU RI DXWRROYYKDYH HrPEWDHPLVH G
HSLWKHOLXP $ P 3K\VLRO
WKH XWLOLW\ RI WKH (2* LQ H[SHULPHQWRQwY W)ngﬁOY)HIUQGYGROYLQRqND\(\/\}ﬂ_QP GHSHQGHQW Yi

JHQRW\SLQJ RI YDULRXYV UHWLQDO GHIJHQHUWRDWLR Q\MrHRW GsHWEWLKE DO ®hcLDWHG E\ 1D
WKH FDUULHU VWDWHY RI WKHVH FRQGLWH® @BY¥\VLROURP 53 8VKHUTV
VIQGURPH % HVWIV KHOLFRLGDO SHUUVYDSLIEYER *FRRBFLLdVGH"/WLQ'bQ)’ -6 5DLQD 6A

GHJHQHUDWLRQ QHXURQDO FHURLG oLSX&JLf)({}OF[)b@Ee\A\/}HLLS\?FVKHD%HQOLRu 3}9\SVRL”RLOQ ‘“’? W)KH P
GURPH FKRURLGHUHPLD EXWWHUIO\ GJ VW URSKJ) DyQG yf WsD Ul UG W TV s QRYHO VP D

GLVHDVH B3RMGD :LOF]JHN HW DO &)75 LQKLELWRU DWWHQXDWHYV +&2- VHFUHWLRQ DQG (



* %$UGHQ 3 $ &RBQURWDHDYW LQ 5HWLQDOVD®G ,(\H, 5HVHDUFK

IRUPDWLRQ LQ UDWYV $P - 3K\VLRO *DVWURLQWHSWMK F UIRRYIWU B KW\VLRO ,RQ &KDQQHOV DQG 'LVHDVH $FDGHEF
'"LHJR S
$OHNVDQGURY ! $OHNVDQGURY $ 3 & KDQJ % % DRNWHGD @B )- 5% 0ODXVWHLQ 0 3 +RGJINLQ $ / 6WHLQKDUG

7KH ILUVW QXFOHRWLGH ELQGLQJ GRPDLQ RI F\VWLF IL@WRXWHLYF W UDIQNP HFPLKWPD RBY VRGLXP HIIOX[ LQ VTXLG D[R

FRQGXFWDQFH UHJXODWRU LV D VLWH RI VWDEOH QXFOHRWLGH LQWHUDFWLRQ ZKHUHDYV

WKH VHFRQG LV D VLWH RI UDSLG WXUQRYHU - %LRO%pERKIHK 0 ( $ WUDQVLHQW FDOFLXP GHSHQGHQW FKO
$00ODQVVRQ / .KDWLEL &6 20VVRQ 7 +DQVVRQ ( LP P B RXWIH) R KWRR® - 3K\VLRO

H[SRVXUH LQGXFHV >&DL @ WUDQVLHQWV FHOO VZHKMULQLIFMNDMWYGOoWUDQVIRMUPMHWOIRQRUP OHVLRQV GHYHORSLQJ L

RI DFWLQ F\WRVNHOHWRQ LQ DVWURJOLDO SULPDU\ FXOWXYUKHWKD OPRXURFKHP

%DUU\ 3 + I\QFK - : /LTXLG MXQFWLRQ SRWHQWLD
$PPDU ' $ +XIKHV % $ 7KRPSVRQ ' % 1HXURS HHSFPWMANG HQ<SDWFK FODPS DQDO\VLV - OHPEU %LRO
DQG WKH UHWLQDO SLIJPHQW HSLWKHOLXP UHFHSWRWUD XKEWYSLHWW YIAWIQRZOIQYJ 7D&RG 1DLUQ $ & *DGVE\ ' &
ELRHOHFWULFDO UHVSRQVHV ,QYHVW 2SKWKDOPRO 9RM &)FL5 &/ FKDQQHO JDWLQJ WR DQ $73 K\GURO\VLV F\F
$QGHUVRQ 0 3 %HUJHU + $ 5LFK ' 3 *UHJRU\ 5 - 2BPLWK $ (
CHOVK 0 - D 1XFOHRVLGH WULSKRVSKDWHY DUH®%HHUHQUWHEKWR RSHROWKSD - ( 5HIJXODWLRQ RI1 FKORI
&)75 FKORULGH FKDQQHO &HOO VHFUHWRU\ HSLWKHOLD - OHPEU %LRO
$QGHUVRQ 0 3 *UHJRU\ 5 - 7KRPSVRQ 6 6RX]D %HUULGDKO 06- ,QRVLWRO WULVSKRVSKDWH DQG F|I
0X00OLJDQ 5 & 6PLWK $ ( CHOVK 0 - E 'HPRQNDVWROWHRQ WKDW
&)75 LV D FKORULGH FKDQQHO E\ DOWHUDWLRQ Rdg HWKD IDVHLR Qs VHAHRFWWLY LW\ 7KH UROH RI UHWLQDO SLJP ¢
6FLHQFH SKRWRUHFHSWRU WXUQRYHU 0Q 0ODUPRU 0 ) RO
$QGHUVRQ 0 3 5LFK ' 3 *UHJRU\ 5 - 6PLWK $ ( (GMOVK 70H- 5HWLQDO 3LIJPHQW (SLWKHOLXP )X QFWLR
F *HQHUDWLRQ RI F$03 DFWLYDWHG FKORULGH FXWRUHRWY EQHIAUNYWLRQUHVY 1HZ <RUN SS
RI1 &)75 6FLHQFH %LDOHN 6 OLOOHU 6 6 . DQG &/ WUDQVSRUW PHFK
$SUGHQ * % $OWHUDWLRQV LQ WKH VWDQGLQJ SKRWHWYMD @ SRWKWMKHXB\HVKDW FRXOG PRGXODWH VXEUHWL
DVVRFLDWHG ZLWK UHWLQDO GLVHDVH 7UDQV 2SKWKDGRRGR&RWLRQ - 3K\VLRO
$UGHQ % "HVIHUULR[DPLQH DGPLQLVWHUHG% LROHIND Y Q RXRWANS KE\ ' 3 0OLOOHU 6 6 7KH GHOD\H
LQIXVLRQ FDXVHV D UHGXFWLRQ LQ WKH HOHFWURUMHMPLRRDOYP K\$RUIDPEEULWDOWLRQ RI WKH ERYLQH UHWLQD
DQDHVWKHWL]HG ZLWK XUHWKDQH +XP 7R[LFRO PHFKDQLVP RI JHQHUDWLRQ - 3K\VLRO
$UGHQ * % %»DUUDGD $ $Q DQDO\VLV Rl WKH HBHBWHRRFXORX®RMRAY R1 D <X . 0OLOOHU 6 6 1RQVV
VHULHY RI QRUPDO VXEMHFWV %U - 2SKWKDOPRO LQIODPPDWRU\ GUXJV DOWHU FKORULGH DQG IOXLG WUDQ
$UGHQ * % ,NHGD + (OHFWULFDO UHVSRQVHV R$LIH\MNQRV HPWWK ZOWKP $P - 3K\VLRO &0 &,
LQKHULWHG UHWLQDO GHJHQHUDWLRQ ,Q *UD\PRUH®%®DILVEIBOO %LRFKHFPPLNASYV 5 ° :DQJ ; 7 *XJJIJLQR 6
RI WKH 5HWLQD $FDGHPLF 3UHVV /RQGRQ S+ UHJXODWHG FKORULGH VHFUHWLRQ LQ IHWDO OX
$UGHQ * % CHOVH\ - + D &KDQJHV SURGXFHG E3KOLIK® LQ WKH /
VWDQGLQJ SRWHQWLDO RI WKH KXPDQ H\H - 3K\VLROODXJ 6 4XLQQ 5 4XRQJ -A -DOLFNHH 6 0LOOHU 6
$UGHQ * % CHOVH\ - + E 6RPH REVHUYDWLRQV RQSMWKH Q WOWDMVRIQWELBO IXQFWLRQ D UROH IRU &)75" 'RF
EHWZHHQ WKH VWDQGLQJ SRWHQWLDO RI WKH KXPDQ H\H DQG EOHDFKLQJ DQG
UHJHQHUDWLRQ RI YLVXDO SXUSOH - 3K\VLRO % OXP /A 3ULPLWLYH HOHFWURO\VWHY LQ WKH PHDQ VS¢S
$UGHQ * % CROI - ( D 7KH KXPDQ HOHFWUR RFXORWUR® V@RWRUDBWHRQ $GY 3HUVS
Rl OLJKW DQG DOFRKRO ,QYHVW 2SKWKDOPRO 9LVy RFLXOD g _DUZRVNL & - 6WHLQEHUJ 5 +
$UGHQ * % CROI - ( E 7KH HOHFWUR RFXORJUDSHKYRNUKEGY FRQQYIUWVWRQ H[WUDFHOOXODU S+ LQ IURJ UHWL
DOFRKRO DQG OLJKW LQ D VHULHV RI SDWLHQWVY ZLWK UHWLQLWLY SLIPHQWRVD
,QYHVW 2SKWKDOPRO 9LV 6FL %RVDQDF / OLFKLNDZD 7 OLNRVKLED . ,NXUD 0
$UGHQ * % :ROO - ( '"LITHUHQWLDO HIIHFWV RI OLOWWIRWEG RQWRKRMKHKRQUHIXODWRU\ PHFKDQLVP RI1 ,3 U
WKH HOHFWUR RFXORJUDSKLF UHVSRQVHY RI1 SDWLH QW VyZLIR\6K \DvJ H$ B WODWHG PDFXODU
GLVHDVH ,QYHVW 2SKWKDOPRO 9LV 6FL %| VO 0 5 6WHLQ 9 ++EQHU & =GHELN $ $ -RUGW
$UGHQ * % %DUUDGD $ .HOVH\ - + $ QHZ FOLQ sPmBX WHVVW R | UHDWLQDRAI 0 6 +ROVWHLQ $ )A -HQWVFK
IXQFWLRQ EDVHG XSRQ WKH VWDQGLQJ SRWHQWLDOpD ROH WKiWPHRHOO% UDQ6 SKRWRUHFHSWRUV ERWK GHSHQG
2SKWKDOPRO LQWHUDFWLRQV GHJHQHUDWH XSRQ &,& &/ FKDQQHO GL\
$UGHQ * % CRQNH % _HQQHG\ & A +XHKQV (5 2FXO0ODU
FKDQJHV LQ SDWLHQWV XQGHUJRLQJ ORQJ WHUP GHW%IRIWEKR[LIDPLQH WUGHDWWRKRQIY * & KORULGH FXUUHQ
%U - 2SKWKDOPRO VZHOOLQJ LQ UHWLQDO SLIPHQW HSLWKHOLXP FHOOV
$UGHQ * % cROI - ( 6LQJEDUWO ) %HUQLQJHU 7 &0 5XGROSK *
.DPSLN $ (I'/HFW RI DOFRKRO DQG OLJKW RQ %WRKKH KUIHUNVLQ RO SEWRW&W 0 - .QRZOHV 0 5 &DQWOH\ [/
HSLWKHOLXP RI QRUPDO VXEMHFWY DQG SDWLHQWV ZLWK UHWIAQ WW BOWE RRIWKLBVF\WWLF ILEURVLYVY UHVSLUDWRU\
- 2SKWKDOPRO EDVDO UDWH DQG UHVSRQVH WR DGHQ\ODWH F\FODVH DFWL
$UQGW & ) "HUDPEXUH 3 "HIRRUW 'KHOOHPPHV 6 +DFKH - &
2 XWHU UHWLQDO G\VIXQFWLRQ LQ SDWLHQWYV WGhHRDWHKHE ZLWK *UXOQOEPMWWILQ + '"HIHQHUDWLRQ R I WK
1HXURORJ\ FDWDUDFW D QHZ UHFHVVLYH JHQH LQ WKH UDW - +HUHC
$UQGW & ) 6DUL $ JHUUH o0 3DUUDW ( &RXUWDRWUQM 'd SHIKRDPSEHOO ' $ 7DQVOH\ . +HUHGLW
+DFKH - 0ODWUDQ 5 A (OHFWURSK\VLRORJLFDO HWLRRWR IRWKHR UMW /IMWLQD %U - 2SKWKDOPRO
WHURLGY RQ WKH UHWLQDO SLIPHQW HSLWKHOLXP ,@UHKWVNSKYKBOP RC VIPVEHARL $ 7XFNHU 7 % 6FKZLHEH
3XULQHUJLF VLIQDOLQJ XQGHUOLHV &)75 FRQWURO R
$UQGW & ) +XVVRQ - "HUDPEXUH 3 +DFKH - & HSSLWXMHXOED O%FH OO YROXPH - &\WWLF )J)LEURVLV
"HIRRUW 'KHOOHPPHV 6A 5HWLQDO HOHFWURSKAVHRQRILFDO UHR\OXOWWRLO UHFHSWRUV PROHFXODU EDVLV
SDWLHQWYV UHFHLYLQJ ODPRWULJLQH PRQRWKHUDS\ (SUL¥HYYPLQDWLRQ RI RGRUV $QDO %LR &KHP A
$VHULQVN\ ( (I'HFW RI LOOXPLQDWLRQ DQG VOH®WSELR®G OMKH *D & S GLDAPXDGVHD LU+ 7KH SURSHUWLHY DQG

WKH HOHFWURRFXORJUDP $ UFK 2SKWKDOPRO PHPEUDQH RI WKH IURJ V H\H 3K\VLRO



* % $UGHQ 3 $ &HRYVUBINOHLQ 5HWLQDOVDQ®6L(\H,5HVHDUFK

%ULQN + 0 3LQFNHUV $ - 9HUEHHN $ 0 7KH HENAWSY R RFPNORA UD P =XU WKpRULH GHU HOHNWURO\WH ,,
LQ XYHDO PHODQRPD $ SURVSHFWLYH VWXG\ 'RF IWBWKVGKBOR®RONWULVFKH OHLWIJKLINHLW 3K\V =
GH +DDV + . /JLEFKWSULNNHOVHQ UHWLQDVWURRPHQ LQ
%URZQ - ( 3LQWR /[ + ,RQLF PHFKDQLVP IRU WHKH BEXRQUR UGB EHWSHMRWD WLRQ TXRWHG E\ .RKOUDXVFK $ (Of
SRWHQWLDO RI WKAMXURWALRULRIKUVLR O QXQJHQ LQ $XJH ,Q +DQGEXFK GHU QRUPDOHQ XQG SI
DEUHUD 9HUD 7 0 9DQKDXZH - 7KRPDV 7 2 0BKWRRDRJICH YRO ;,, 6SULQJHU %HUOLQ 8QLYHUVLW\
BUHLQLQJHU $ 0D]]RQL 0 5 +DPP + ( ,QVLEKWV LQWFR *
SURWHLQ VWUXFWXUH IXQFWLRQ DQG UHJXODWLRQ'HXQBRFQ §H)Y (OHFWUR RFXORJUDSK\ LQ IDPLOLHV ZL
DWWHUDOO : §$ 6WUXFWXUH DQG UHJXODWLRQ RG\VWOWBKHN JRWHMBK R DIRYHD 'HWHFWLRQ RI WKH FDUULH
FKDQQHOV $QQ 5HY &HOO 'HY ®%LRO 2SKWKDOPRO
LG / ORQWURVH 5DIL]JDGHK & 6P LWK *XJIJLQRLOG\ & WM H®L *A ODFKX 7 /[/HVOLH 6 : (WKDQRO D
&ORQLQJ RI D SXWDWLYH KXPDQ YROWDJH JDWHGRQ UFKIDRHIWRUFKID@IDMOHG LQFUHDVHY LQ FA\WRVROLF &D LQ
&, & F'1$ ZLGHO\ H[SUHVVHG LQ KXPDQ WLVVXHV +XP ORO *HQHW
"RXJKWL -0 0LOOHU $ / /IDQJWRQ 3 ' 1RQ VSHF
oLl = + JUL]JHOO 5 $ 6HSDUDWH &7 FRQGXFWDRKORNUDEWLNOWHEHB\EORFNHUYV LQ UDW FHUHEUDO DUWHULH
F$03 DQG &Dp LQ &) VHFUHWLQJ HSLWKHOLDO FHOOV FRIURFLXPD WIOD BFBC -6FLK\VLRO
86% "R\OH ' § &DEUDO - 0 3IXHW]QHU 5 § CXR $ *X0OE
RDNOH\ 5 ' *UXEE % 5 3DUDGLVR $ 0 *DWJ\ - 7 &RKR®R® // *& KDLW % 7 ODF.LQQRQ 5 7KH VWUXF
_UHGD 6 0 2 1HDO : . %RXFKHU 5 & SEQRUPFHWDVXUXPPFEKDQQHO PROHFXODU EDVLV RlI . FRQGXFWLR
OLTXLG S+ UHJXODWLRQ E\ FXOWXUHG F\VWWLF ILEURVB¥LBQRQFKLDO HSLWKHOLXP
3URF 1DWO $FDG 6FL 868%$ "UDJHU 8 & &DOFLXP ELQGLQJ LQ SLIPHQWHG DQG DOE
ROH . 6 "\QDPLF HOHFWULFDO FKDUDFWHULVWLFYDRVIOWEHDWGT XeLFAL DB[RR
PHPEUDQH $UFK 6FL B3K\VLRO "X %RLV S5H\PRQG ( 8QWHUVXFKXQJHQ <EHU GHL
ROOLVRQ ‘- 7RYHOO 9 ( &RRPEHV / - "XQFDQ *HOMHFQQHBVYRQW- YRO ,/ 5HLPHU *HG % HUOLQ
3RWHQWLDWLRQ RI $73 LQGXFHG &D 9 PRELOXYDPMELRUR XUQ / KX DHQUDHNHOHHU 0 *HQRW\SH SKHQRW\
UHWLQDO SLIPHQW HSLWKHOLDO FHOOV ([S (\H 5HV VKLSAIRU ILYH &)75 PXWDWLRQV IUHTXHQWO\ LGHQWLILHG
RQVWDEOH 3 $ IDZUHQVRQ - * SUGHQ * % 5RO \R WWKH LE\WRMWLIEYV
ILEURVLY WUDQVPHPEUDQH FRQGXFWDQFH UHJXODWRQQLQ. V&K H $HRAWDFNALU.RH R B X QSR / 3IXWNH\ ) 5 +MHOPHODQG
JUDP 3DSHU SUHVHQWHG DW WKH 3URFHHGLQJV R I$SVK(H WG K XPE&XQ UHWLQDO SLIPHQW HSLWKHOLDO FHOO
6\PSRVLXP *ODVJRZ HQWLDWHG SURSHUWLHV ([S (\H 5HV
RUQHMR 3HUH] 3A $UUHROD 5HIJXODWLRQ'XRM] 084D 5DFWLYD/WHGVWUXFWXUDO EDVLV RI & & FKORULGH F
FKORULGH FKDQQHOV E\ F$03 DQG &)75 LQ SDURWLWHQGALQMKXURWFQYV
%LRFKHP %LRSK\V 5HV &RPPXQ "XW]OHU 5 &DPSEHOO ( % &DGHQH O A &KDLW % 7 0D
RXSODQG 6 * =DFNRQ ' + /JHRQDUG % & 5RVV 7 0; UD\ VWUXFWXUH RI D &,& FKORULGH FKDQQHO DW
9LIJDEDWULQ HIIHFW RQ LQQHU UHWLQDO IXQFWLRQP RGHKMKKDYP ROWLM RI DQLRQ VHOHFWLYLW\ 1DWXUH
(FRQRPRX 6 * 6WpIDQLV & 1 (OHFWURRFXORJUDS
URFKHW 0 ,QJVWHU ORDWL , (YHQ * "XSX\ o3 ILQ 6 HWILWR RISODWMKDB QLF GHSUHVVLYH LOOQHVV S$FWD 3V\FK
FDXVHG E\ LQWHUIHURQ DOSKD DVVRFLDWHG ZLWK ULEDYLULQ WKHUDS\ DQG WKH
LPSRUWDQFH RI WKH HOHFWUR RFXORJUDP - )U 2S(IGMIOPO®RO / O0LOOHU 6 6 (SLQHSKULQH VWLP XODWHYV
URRN 5 % 6RQJ 0 . 7RQJ /3 <DEX -0 3RODQWNWRVY ERXLQH UHWLQDO SLIPHQW HSLWKHOLXP ,QYHVW 2
* 0 6 WLP XODWLRQ RI LQRVLWRO SKRVSKDWH IRUPDWLRQ LQ FXOWXUHG
KXPDQ UHWLQDO SLIPHQW HSLWKHOLXP %UDLQ 5HV(GHOPDQ - / /LQ o+ 0LOOHU 6 6 D $FLGLILFDWLR
URVV  + ( %DUG / (OHFWUR RFXORJUDSK\ LQFKORWW EHPRPFXODWLG DEVRUSWLRQ DFURVV IURJ UHWLQDO
G\WWURSK\ $P 2SKWKDOPRO $P - 3K\VLRO & &
XSSROHWWL - %DNHU $ 0 0ODOLQRZVND ' + (BHOTKDQQHOV RLQVKH A 0LOOHU 6 6 E 3RWDVVLXP LQGX
JDVWULF SDULHWDO FHOO WKDW DUH DFWLYH DW ORZ VH#UKWLRQ BKURMO WKH IURJ UHWLQDO SLIPHQW HSLWKHO
& & & &
XSSROHWWL - 7HZDUL . 3 6KHUU\ $ 0 0ODOLQRE¥DDGV' 6 % 6]DPLHU 5 % "HIHFWLYH SKDJRF\WRVL\
$FWLYDWLRQ RI KXPDQ &,& &0 FKDQQHOV LPSOLBRWLRRWHURVHFRVYWWN E\ 5&6 UDW UHWLQDO SLIJPHQW HSL
ILEURVLYV &OLQ ([S B3KDUPDFRO 3K\VLRO 6FLHQFH
XWWLQJ * 5 .DVFK /0 5RVHQVWHLQ % - =LHOHQVYNUPRQWVXL / & &DOFLXP DFWLYDWHG FKORULGH FKDQQF
$QDWRQDUDNLY 6 ( .D]D]LDQ -U + o+ $ FOXWWHOURRHGP\VBWIFF $P 7KRUDF 6RF

ILEURVLY PXWDWLRQV LQ WKH ILUVW QXFOHRWLGH (BLIQQMKLRRYIH QR OG: R WKH LAWMWHFP HWKRGHQ YRRU FOLQLVFK RQC
ILEURVLY FRQGXFWDQFH UHJXODWRU SURWHLQ I1DWXUH *HQHHVN

"'DYLHV 6 & 0ODUFXV 5 ( +XQJHUIRUG - / 0OLOOHU (BVWHISQUGHQ$ * % DEE 0 ) $GXOW YLWHOOLIRUP P
+XHKQV (5 2FXODU WR[LFLW\ RI KLJK GRVHHQRUVMWYR@RXG\ULDIQRVLY DQG QDWXUDO KLVWRU\ %U -
GHVIHUULR[DPLQH /DQFHW

‘'DYLV $ $ %HUQVWHLQ 3 6 % RN ' 7XUQHU - 1 DFW WLUD® ;0  %DXQEFWOOV & SDPRV & *HRJUDSKLF GL
5 & $ KXPDQ UHWLQDO SLIJPHQW HSLWKHOLDO FHIODOLFRO¢08 WHDWQUHRWDLQW¥\VWLF ILEURVLY PXWDWLRQV LQ
HSLWKHOLDO FKDUDFWHULVWLFVY DIWHU SURORQJHG FXWWRKQ@W +Q@PHWWKWAXWKWKDOPRO
9LV 6FL (YDQV 0 * obDuUwW\ $§ &DOFLXP GHSHQGHQW FKORULG!

'DZLV 6 1LHPH\HU * 'RSDPLQH LQIOXHQFHV WKH |OLR 8 WwW$HD NHIOOWKWHRP UDW ODFULPDO JODQGV - 3K\VLRO
SHUIXVHG PDPPDOLDQ H\H ,QYHVW 2SKWKDOPRO 9LVWBEQVVRQ 7 -RQDVVRQ ) -RQVVRQ 9 %LUG $ &

'‘DzLV 6 +RIPDQQ + A 1LHPH\HU * A 7KH HOHF WYRWHWLRIRDIOUDWPN FKRULRUHWLQDO GHJHQHUDWLRQ HOHFWU
VWDQGLQJ SRWHQWLDO DQG OLJKW SHDN RI WKH SHUIXKREKRDWFW\HQG X US@WLPBMEY %U - 2SKWKDOPRO
EDVH FKDQJHV 9LVLRQ 5HV yDUUXJLD = 5DH - 6]XUV]IHZVNL - & KDUDFWHUL]D

'"DZVRQ ' & 6PLWK 66 O0ODQVRXUD 0 . &)75 PHEXWQ2DWRG RSRWDVVLXP FXUUHQW LQ FDQLQH MHMXQDO FLUF

DQLRQ FRQGXFWLRAQ 3K\VLRO S5HY DQG LWV DFWLYDWLRQ E\ IHQDPDWHYV - 3K\VLRO



* %$UGHQ 3 $ &RUWWDHDW LQ S5SHWLQDO, DQGO(\HvewWHD UFK

JHOGPDQ «/ 5DQGROSK $ ( SHSWLGHV VWLP X*ODDOMOH FSHKBRHY SISRLQ RRWHLQEHUJ 5 + D (ITHFWV R1 ' "6 F
WLGH K\GURO\VLVY LQ KXPDQ UHWLQDO SLJPHQW HSLWKJUHOALIXQEPD O, QS'LHI\PW Q VS K W IKWKOH O L X P OHPEUDQH SRWHQWL
PRO 9LV G6FL A WDQFHV DQG PHFKDQLVPV - 1HXURVFL

JHOGPDQ «/ 5DQGROSK $ ( -RKQVWRQ *& '"MDOBRMWRIUHO 5 3 6WHLQEHUJ 5 + E (ITHFWV R1 ' '6 R
*UHHQH % SHFHSWRU FRXSOHG SKRVSKRLQRVUWWEEDKW\GURFOHQYMW HSLWKHOLXP  y OHFKDQLVP RI1 WKH (
LQ KXPDQ UHWLQDO SLIJPHQW HSLWKHOLXP - 1HXURFKHYSRQVHV RULJLQDWLQJ DW WKH EDVDO PHPEUDQH

JHUULV & 6 Q\GHU 6 + ,QRVLWRO WULSKRVSKDWH DFWLYDWHG
FDOFLXP FKDQQHOV $QQ 5HY 3K\VLRO *DOOHPRUH 5 3 6WHLQEHUJ 5 + (ITHFWV RI GRSDP L

)LMLVDZD . <H - =DGXQDLVN\ - $ $ 1D & DUMH WHOQMKD QBIIHP HQW HSLWKHOLXP OHPEUDQH SRWHQWLD
PHFKDQLVP LQ DSLFDO PHPEUDQH YHVLFOHV RI WKUHWHRNQIWHOVO ,Q¥HAVHVQ VW SKWKDOPRO 9LV 6FL
HSLWKHOLXP & XUU (\H 5HYV *DOOHPRUH 5 3 6WHLQEHUJ 5 + &REDOW LQFUHDVH

JLVFKPHLVWHU 5 A +DUW]HOO + & 9ROXPH VHRNSWQGHWQ\W RUIHVWRBVHY RI WKH FKLFN UHWLQD@ SLJPHQ
EHVWURSKLQ IDPLO\ RI FKORULGH FKDQQHOV - 3K\WLROKWKDOPRO 9LV 6FL

)ODWPDQ 3 : 5HIJXODWLRQ RI1 1D . &, FRWUDQVHRWOWPERUHKRY SKRBWHLQEHUJ 5 + /LIJKW HYRNHG P

\ODWLRQ DQG SURWHLQ SURWHLQ LQWHUDFWLRQV YELRVFK QB WHAIDROS KM P ESUDWQIH &) FRQGXFWDQFH LQ FKLFN
HSLWKHOLXP WKH OLJKW SHDN DQG IDVW RVFLOODWLRAQ

JRUVPDQ LA *UDII & 1RUGVWURP 6 -RKDQVVRQ . :HVWHUPDUN (A
/IXQGJUHQ (A *XVWDYVRQ . :DGHOLXV & +ROPDDOOHP RUH 5 3 *ulLll (5 6WHLQEHUJ 5 + (YLGHQ
7KH JHQH IRU %HVW V PDFXODU G\VWURSK\ LV ORFDWH®R PW ,SKIROWRWM MHEIMRAULD/& RULJIJLQ IRU WKH 3 OLJKW SHDN
IDPLO\ &OLQ *HQHW 2SKWKDOPRO 9LV 6FL

JUDJRVR * /RSH] &RORPH $ 0 ([FLWDWRU\ DPLQ®OBPIRUMQ GXFHG+HUQDQGH] ( 7DV\\DQLSRXU 5 ) XMLL
LQRVLWRO SKRVSKDWH IRUPDWLRQ LQ FXOWXUHG UHWLQ@DO SLJRHQYW OHDMHBWKDHOO PXHPP EUDQH &/ DQG . FRQGXFW
9LV 1HXURVFL GDUN DGDSWHG FKLFN UHWLQDO SLJPHQW HSLWKHOLXP

JUDPEDFK ' § 5R\ & ( 9DOHQWLQH - / HLWHU - - BUHFRFLRXV

UHWLQDO DGKHVLRQ LV DIIHFWHG E\ IXURVHPLGH DQG DROXODHEPDRLWQH & B WBU  (\WH 5HV *RYDUGRYVNLL 9 |/ 6WHLQEHU
&DOFLXP JUDGLHQWYV DQG OLJKW HYRNHG FDOFLXP FKDQ

JUDPEDFK ' $ )bLQ * / )DWKHU ' % % RN % HWWDH DLQUMHDOFHWI JFLFW UHWLQD 9LV 1 HXURVFL

UHFHSWRUV RQ FXOWXUHG KXPDQ UHWLQDO SLIJPHQOWOHPSRWHKHGLEP +QUKHWW % $ 0LOOHU 6 6 5HWL

2SKWKDOPRO 9LV 6FL HSLWKHOLDO WUDQVSRUW PHFKDQLVPV DQG WKHLU FR
JUDQFRLV - 9HUULHVW = GH 5RXFN §$ 0 R G LHIOFHDFWLRRQU HRVIL QMRKIUD P 3URJ 5HW (\H 5HV

DPSOLWXGH RI WKH KXPDQ HOHFWUR RFXORJUDP E\ ©ODDKWPDRUGH GEUN DGDBWLRER ) 0ODUPRU 0 ) &OoLQL

%U - 2SKWKDOPRO SK\WLRORJ\ RI WKH UHWLQDO SLIJPHQW HSLWKHOLXP N
JUDQFRLYV - '"H B5RXFN $ JHUQDQGH] 6DVVR ' CROIHQWEWMUBHU 7 - (GV 7KH 5HWLQDO 3LIJPHQW (SLW

RFXORJUDSK\ LQ YLWHOOLIRUP GHJHQHUDWLRQ R 8WKMH®WDWFXOBUHSWFK[IRUG SS & KDSWHU

2SKWKDOPRO *LOP DQ $ * * SURWHLQV WUDQVGXFHUV RI UHFH
JUDQFLV 3 - ODULQHVFX § JLWINH ) %LUG $ & +RIIQWDOV* $QQX B5HY %LRFKHP

$FXWH J]RQDO RFFXOW RXWHU UHWLQRSDWK\ WRZDUWWHN VBW R |%GWDMRIR VOWAFBEFKXO]NH - JURPP 0 A

FULWHULD %U - 2SKWKDOPRO PHQW RI SDUDFHOOXODU HSLWKHOLDO FRQGXFWLYLW\ E\
JUDQJILHK * 7 *UHHQ : 5 JLQH 6 / $ KLVWRSDWRRIXRIHIUWF WWHEK R I

%HVW V PDFXODU G\WWURSK\ $UFK 2SKWKDOPRO *OHQQH\ -U -5 7\URVLQH SKRVSKRU\ODWHG SURWHL
JULHGPDQ = +DFNHWW 6 ) &DPSRFKLDUR 3 § FKPYDF WHBIIDP®XRALRQ IURP WKH WV\URVLQH NLQDVHV %L

RlI DGHQ\ODWH F\FODVH LQ KXPDQ UHWLQDO SLIJPHQW HSLWKHOLDO FHOOV LQ YLWUR

([S (\H 5HV *RJHOHLQ + "DKOHP 'A (QJOHUW + & /DQJ + -
JULQJV 6A 5HXWHU 'A .OHHQH 6 - 1HXURQDO &DDFLBBFWIPYHDIWHBP&B DFLG DQG QLILXPLF DFLG LQKLEL

FKDQQHOV KRPLQJ LQ RQ DQ HOXVLYH FKDQQHO VSHFUHYHRBRWRYH IFHDXWRBOLFADQQHOV LQ WKH UDW H[RFULQH S

)XOOHU & 0 %HXRV ' - (OHFWURSK\VLRORJLFDO FREOMDBWHULVWLFY BRWKBWLDO LPSHGDQFH DQG UHFWLII
& Dy DFWLYDWHG &7 FKDQQHO IDPLO\ RI DQLRQ WUDGEVUOHRHW SURMWGH LBK\VARLQ
([S B3KDUPDFRO 3K\VLRO *RPH] $ &HGDQR - 20LYD %A 3LQRO - 4XHURO (
)XOOHU 0 =KDQJ = 5 &XL * .XEDQHN - OF&DUWDXY¥L®I WKH %HVW V PDFXODU G\WWURSK\ %0' HQFRGH
,QKLELWLRQ RI &)75 FKDQQHOV E\ D SHSWLGH WR[LQHRHKWOFRIHIULRQ & H@R P
$P - 3K\VLRO & 28 *RXUDV 3A *XQNHO 5 ' 7KH (2* LQ FKORURTXLQH
)X QJ % .. 6WU\HU / 3KRORL\]JHG UKRGRSVLQUHWMWDPRO3PHWK IWKVH $UFK 2SKWKDOPRO
H[FKDQJH RI *73 IRU ERXQG *'3 LQ UHWLQDO URG RXWHU YWH$PHBWWOBURF & ( +DUULV $ &ROHPDQ / *UH
1DWO $FDG 6FL 86% $UJHQW % ( $QLRQ VHOHFWLYLW\ DQG EORFN
)XQJ % . . +XUOH\ - % 6 WU\HU / JORZ RI LQIRRBBWEROQFH WKBRULGH FKDQQHO RQ SDQFUHDWLF GXFW
OLJKW WULJJHUHG F\FOLF QXFOHRWLGH FDVFDGH RI YLVLR& 3&RF 1DWO $FDG
6FL 868$ *UHHQVWHLQ 9 & 6HLSOH /ILHEPDQQ - 5LWFK 5
)XUXNDZD 7A 2JXUD 7 .DWDYDPD < +LUDRND 0 S LJ P8HKQDW DHFSMWVWK HOLD O G\VIXQFWLRQ LQ SDWLHQWV ZLW
LVWLFV RI UDEELW & & FXUUHMWQ RHSX®HVWHE DQG LWW\QGURPH LPSOLFDWLRQV IRU WKH WKHRU\ RI SDWK
FRQWULEXWLRQ WR YROXPH UHJXODWLRQ $P - 3K\VRRB®WKD & R 0&
*DGVE\ ' & 1DLUQ $ & &RQWURO RI &)75 FKRERARO JPWUXP 5DIDQ - %RLVVDUG & 3RVW 0XQVRQ
E\ SKRVSKRU\ODWLRQ DQG QXFOHRWLGH K\GURO\VLVI 36KWDWRIHWWHY - _RJORZVNL ( SRPLQH - 7URMQDFN
=KRQJ - "ZRUHW]IN\ 6 (IIHFWV RI1 FKDQQHO PRG
*DO $ ILo< 7KRPSVRQ ' 8§ CHLU - 2UWK 8 A -DFREYRQ ODUIH FRQGXFWDQFH FDOFLXP DFWLYDWHG SRWD
$SIHOVWHGW 6\00D ( 9ROOUDWK 'A 0XWDWLRG@KDW® DFRBRY . WKH
KXPDQ RUWKRORJXH RI WKH 5&6 UDW UHWLQDO GWIWURSE\ SHMAUHLQEBUYHS5 + 2ULJLQ RI WKH OLJKW SHI

UHWLQLWLY SLIPHQWRVD 1DW *HQHW RI*HNNR JH-NMR\VLRO



* % $UGHQ 3 $ &BRVWD/EOHD QG \WHQBHVHDWFK, .,

*ulLltl (5 6 WHLQEHUJ 5 + &KDQJHV LQ DSLFDODUW]H @O SHRGXENW = & KORULGH FXUUH MR BKWDOFXWHO\
GHOD\HG EDVDO PHPEUDQH UHVSRQVHV RI WKH UHWLQD OHWI® HQW HISPLWEXW HLXIPWK® OLDO FHOOV - 3K\VLRO A
WKH JHFNR - *HQ 3K\VLRO +DUW]HOO + & 3XW]JLHU s $UUHROD D &DOFLXP DF\

*U*QGHU [ 7KLHPDQQ $ 3XVFK 0 -HQWVFK 7 - FKDQQHOMREUEQ 5HY 3K\VLRO
LQYROYHG LQ WKH RSHQLQJ RI &,& FKORULGH FKDQOH®]H\OYDROW® JHAXQ G FHOOW]LHU A $UWLQLDQ / & KLHQ
YROXPH 1DWXUH E /IRRNLQJ FKORULGH FKDQQHOV VWUDLJKW LQ WKH H!'

*U\VJRUF]\N 5 +DQUDKDQ - D &)75 LQGHSHQGHQWLSRBXWHIOYRY HV DQG UHWLQDO GHJHQHUDWLRAQ 3K\VLROR
IURP HSLWKHOLDO FHOOV WULJJHUHG E\ PHFKDQLFDOHVWLP+X®L $P -7 BK\ WKLIR® FDOFLXP FRQWHQW RI1 UHWLQD

& O HSLWKHOLXP ([S (\H BHV
*UVJRUF]\N 5 +DQUDKDAQ - E &\VWLF ILEURVIZWHWKDQ®V$ HROOBDWHYHEDOFKL 3 $ <H < , 3 JHQHUDWLRQ

FRQGXFWDQFH UHJXODWRU DQG DGHQRVLQH WULSKRRREWBWHVHSPHHQWFHSKDIJRF\WRVLYVY E\ FXOWXUHG UR\DO FROC
UHWLQDO SLIJPHQW HSLWKHOLXP ,QYHVW 2SKWKDOPRO 9L
*XQGHUVRQ . NRSLWR 5 65 &RQIRUPDWLRQDBQG\OWDWHV5R5I &0 H5/D\ - / *RRGH o+ 6SHDULQJ 5 /
DVVRFLDWHG Z LWK FKDQQHO JDWLQJ WKH UROH RID $R3Q LWRAWG RQIGHMIBUULR[DPLQH UHWLQDO WRI[LFLW\ 'RF
KV\GURO\VLVY &HOO

*XSWD [/ < 0ODUPRU 0 ) 6HTXHQWLDO UHFRUGHIQU LRIVSKRWLF DQGS %& WUDQVSRUWHUV IURP PLFURRUJDQL
QRQSKRWLF HOHFWUR RFXORJUDP UHVSRQVHV LQ SDWQHQXWV HZLWKH OHO[ WHLGRWOL Y H
H[WUDPDFXODU GUXVHQ 'RF 2SKWKDOPRDO +LOOH % ,RQ &KDQQHOV RI ([FLWDEOH OHPEUDQHV WK
*X SWD I < 0ODUPRU 0 ) (OHFWURSK\VLRORJ\ BVVWKHD WHWLQDFO 6XQGHUODQG 0 $
SLIJPHQW HSLWKHOLXP LQ FHQWUDO VHURXV FKRULR UHLWISHR)S/D WKA 6WBORBYWKBR *RPH] 3 0ODOIDLW 0 9HUHHF
P RO OQWUD DQG LQWHUFHOOXODU &Dy VLIQDOLQJ LQ UHWLQ!
+DDV 0 )RUEXVK % 7KH 1D N &O FRWUDQVSRPWHWOVRE WHFYHWREKDQLFDO VWLP XODWLRQ )$6(% - 6
HSLWKHOLD $QQ 5HY 3K\VLRO +LPVWHGW ) 1DJHO : $ JHVW G 8QLY )J)UHLEXUJ ]
+DJLQV = § 7KH YLVXDO SURFHVV H[FLWDWRU\ PHFKIDRQLEE YV NLRO WWKRHFKHLW GO O *URVVKHUW]RJV )J)UHLGULFK
SULPDU\ UHFHSWRU FHOOV $QQ 5HY %LRSK\V % LRHQJ ,Q +DQGEXFK GHU QRUPDOHQ XQG SDWKRORJLVFKHQ
+DJLQV ) 3HQQ 5 <SRVKLNDPL 6 '"DUN FXROHQWEHQIGQIHU % HUOLQ Ss 4XRWHG E\ NR
SKRWRFXUUHQW LQ UHWLQDO URGV - %LRSK\V $ (OHFWULFKHY (UVFKHLQXQJHQ LQ $XJH
+DLPRYLFL 5 " $PLFR v *UDJRXGDV (6 6RNRORGINLQ $7TKH NDW] % 7KH HIIHFW RI VRGLXP LRQV RQ
H[SDQGHG FOLQLFDO VSHFWUXP RI GHIHUR[DPLQH UHWIDFRASLYWW\ RISWWHK DQB®W D[RQ RI WKH VTXLG - 3K\VLRO
RJ\ +RGJINLQ $ / +X[OH\ $ ) D 7KH FRPSRQHQWV RI1 PH
+DOO 0 2 $EUDPV 7 §$ OLWWDJ 7 : 526 LQJHVWIQRSX FEWD®¥F(H LQ WKH JIRDQLW-RD 3K QV RR O
FHOOV LV WXUQHG RIl E\ LQFUHDVHG SURWHLQ NLQREHN&QDRBWLYLWX[OKRG ¢\ E &XUUHQWV FDUULHG E\ V
LQFUHDVHG FDOFLXP ([S (\H 5HV SRWDVVLXP LRQV WKURXJK WKH PHPEUDQH/ROIMRH JLDQW
+D0OO0O 0 2 3ULHWR $ / 2ELQ 0 6 $EUDPV 7 $ %XUJHYW\VARO +HHE
0 - $JQHZ % - 2XWHU VHIJPHQW SKDJRF\WRWVARE JELGFXGWXUHGX[OH\ $ ) F 7KH GXDO HIIHFW R1 P
UHWLQDO SLJPHQW HSLWKHOLDO FHOOV UHTXLUHV *D/RWHIBSWLD\®! RBEY VRGLXP FRQGXFWDQFH LGQR@KHR JLDQW I
- 3K\VLRO
+DO0O 0 2 2ELQ 0 6 BULHWR $ / %XUJHVV % [/ $+ERUDIPNVL Q7 $ / +X[OH\ $ ) NDW] % OHDVXUHPHQW R
*DV ELQGLQJ WR SKRWRUHFHSWRU RXWHU VHIPHQWY WHYXDWDVI N FPHERWIWROXY LQ WKH PHPEUDQHRRILWRKH JLDQW
WDPLF DFLG *OD DQG &D DQG LV UHTXLUHG IRU 26 SKDWIRRFOWRVLV E\
53( FHOOV LQ YLWUR ([S (\H 5HV +RIPDQQ + A 1LHPHYHU *A &DOFLXP EORFNV VHOHFWLY|
+DUQLOO 2 3 6DNPDQQ % $ FHOO IUHH PHWKRG IRLU KUM FSRHOANL Q'R N LQ BEXHWK D OP R O
FKDQQHO FXUUHQWV IURP ELRORJLFDO PHPEUDQHV «+ RPKAYLR g NROGHU + ODWKHPDWLFDO PRGHO RI RVFL
+DPLOO 2 3 ODUW\ § 1HKHU ( 6DNPDQQ % 6LIZRYWHEQ FRUQHR UHWLQDO SRWHQWLDO 3I0LLJHUV $UFK
,PSURYHG SDWFK FODPS WHFKQLTXHV IRU KLJK UHVRRYWLRQAFYWLUHMRAW $HFRUG 0XVFDULQLF DFWLYDWLRQ RI LR
LQJ IURP FHOOV DQG FHOO IUHH PHPEUDQH SDWFKHV pPADO,XHME BUMKQHZ ZKROH FHOO UHFRUGLQJ PHWKRG *H
+DQNH : A O0OLOOHU & A 6LQJOH FKORUIZ®BM SHKDRy XHOV * IURBPR N ' $ FHOO FXOWXUH PHGLXP WKDW VX
HOHFWURSOD[ $FWLYDWLRQ E\ SURWRQV - *HQ 3K\VGRQHUHQWLDWLRQ RI KXPDQ UHWLQDO SLIJPHQW HSLWKHOL:
+DUGLQJ * ) :LOG - 0 SREHUWVRQ . $ /IDZGHQ 0 &RODUYWWG PREQRODVHUV 0RO 9LV
%DUEHU & %DUQHV 3 0 D (OHFWUR RFXORJUDSK) *HOHFWIRAURIWHQB 3 % RN /JHH $ < JUDPEDFK ' $

JUDSK\ YLVXDO HYRNHG SRWHQWLDOV DQG PXOWLIRFD/@ HOWHAWWRRYWRQRIVRSKEY3WDVH RQ FXOWXUHG KXPDQ UHYV
SDWLHQWY ZLWK YLIJDEDWLLQ DWWULEXWHG YLVXDO I4HSOGY KIRAQWWULFOWLHRQY (S$RWEWIOOP RO 9LV 6FL

+ XJ 0 - 7DPDGD 7 %ULGJHV 5 - &)75 DQG ELFDU
+DUGLQJ * ) $ :LOG -0 5REHUWVRQ .8 SLNWEWURWNRQ BWR HSLWKHOLDO FHOOV 1HZV 3K\VLRO G6FL
0DUWLQH] & E 6HSDUDWLQJ WK H UHWLQDO+ xXHRHWV WUYR § K\\GIHRIOR DLF< A F$03 DFWLYDWHG FKORULGH
HITHFWYV RI1 YLJDEDWULQ WUHDWPHQW YHUVXV ILHO® PERW\E LDIH UHRVARD\O SLIPHQW HSLWKHOLD@ FHOOV - 3K\V|
+ XJKHYV % $ 6WHLQEHUJ 5 + 9ROWDJH GHSHQGHQW
+DUGLQJ ) 5REHUWVRQ N 6SHQFHU (! + ROOIWGRDODWHG FHOOV RI WKH IURJ UHWLQDO SLIPHQW HSLWKHDO
9LJDEDWULQ LWV HIITHFW R Q WK H HOHFWURSK\VLRORIJ\ R1 YLVLRQ 'RF
2SKWKDOPRO +XJKHV % $ 7DNDKLUD 0 ,QZDUGO\ UHFWLI\LQJ . F
+DUGXV 3A 9HUGXLQ : 0 %HUHQGVFKRW 7 7 - 0 N IDVPRHFOWPMHEGY K YP DQ UHWLQDO SLJPHQW HSLWKHOLDO FHOOV
3RVWPD * 6 WLOP D - 6 YDQ 9HHOHQ & 0 DR WBFOXH RI
HOHFWURSK\VLRORJ\ UHVXOWVY LQ SDWLHQWYV ZLWK+ XJXWHOH S¥%\3$ DQr® NYDLK DUEDD WoU L Q $73 GHSHQGHQW UHJXODWLR
DVVRFLDWHG YLVXDO ILHOG ORVV $FWD 2SKWKDOPROUHFWLI\LQJ . FXUUHQW LQ ERYLQH UHWLQDO SLJPHQW HSL
+DUULVRAQ - 0 YDQ +HXYHQ ) S5SHWLQDO SLIRK\WQYWRESLWKEOLD Q&
G\WIXQFWLRQ LQ KXPDQ LPPXQRGHILFLHQF\ YLUXV LQXUKHWHG, IDWEHQ WV UZ LeWeK ODFKHQ 7 ( (ITHFWV R1 F\FO

FI\WRPHJDORYLUXYV UHWLQLWLYV 2SKWKDOPRORJ\ IOXLG DEVRUSWLRQ DQG LRQ WUDQVSRUW DFURVV IURJ



* %$UGHQ 3 $ &RIQUMRWDHUW LQ 5HWLQD ,.DQG (M 5HVHDUFK

HSLWKHOLXP OHDVXUHPHQWYV LQ WKH RSHQ FLUFXLW. MORWE\ - % HQ 03KQVLRQ 1 - 3 JO\FRSURWHLQ H[SUHV
UHWLQDO SLIPHQW HSLWKHOLXP ORO 9LV
+XJKHV % $ 0LOOHU 6 6 YDUEHU ' % $ G HHQQ\ OFOQV H( AF OFID® V®ILVKNLY $ -RVHSK ' 3 0LOOHU 6 6
VWLP XODWLRQ DOWHUV WUDQVSRUW LQ IURJ UHWLQD GEXBLRBOBWMWUBGS LAWVKHEOUXGH ®PRHFKDQLVPYV WKDW UHJXODWH
- 3K\VLRO & & SLIPHQW HSLWKHOLXP $P - 3K\VLRO & &
+XJIJKHV % $ 0LOOHU 66 -RVHSK ' 3 (GHOPDQ :LINDZDGDF $10 3 9DULDWLRQV LQ WKH FRUQHR UHWLQDO V
VWLP XODWHYV WKH 1D . SXPS LQ IURJ UHWLQDO SLJPMKHWY & MWHEHIOMKP H$HP G XULQJ OLJKW DQG GDUN DGDSWD
- 3K\VLRO & &
+XJIKHV % $ $GRUDQWH - 6 0LOOHU 6 6 /LQ .+QJ / 6 $SRFROER ' $JUH 3 JURP VWUXFWXUH WR
HOHFWURJHQLF 1D+&2L FRWUDQVSRUW $ PHFKDQLVPHIYRRIO VL& L WEOHR LRSI DTXDSRULQ ELRORJ\ 1DW 5HY O
WLRQ DFURVV WKH UHWLQDO SLJPHQW HSLWKHOLXP - *HQ 3K\VLRO
.LQJKDQW - ' IREKHQ * 3 9LWHOOLIRUP PDFXODU
+XJKHV % $ 7DNDKLUD O 6HIJDZD < $Q R XWZD$UPG O\ 2 i85 KWIKIDLOPIR O
FXUUHQW DFWLYH QHDU UHVWLQJ SRWHQWLDO LQUKXEBQJIHHWLQBO FIDIEDHQW .DW] $ 0 3KRVSKRC
HSLWKHOLDO FHOOV $P - 3K\VLRO & & UHJXODWRU\ SURWHLQ RI WKH FDUGLDF VDUFRSODVPLF |
,VPDLORY $ZD\GD 0 6 SRYRY % A %HUGLHY % .eWXXOQHDUG&DOF 6WUXFW OHWDE
"HGPDQ -5 _DHW]HO 0 $ %HQRV ' - 5HQPOXNVW IR Q* REFKHIIDXHU ) 5RPDQLQ &A 6FKLQGOHU + *
HSLWKHOLDO VRGLXP FKDQQHOV E\ WKH F\VWLF ILEWURVLY WWBQWRBPEIUDPAEMM Z LWK KLJK DIILQLW\ WR YROWD JH
FRQGXFWDQFH UHJXODWRU - %LRO &KHP &Dp FKDQQHOV (YLGHQFH IRU DQ DJRQLVWLF DFWLRQ -
-DUF 9LGPDU 0 3RSRYLF 3 +DZOLQD 0 %UHFHOM - 3IDWWHUQ
/5* DQG SVI\FKRSK\VLFDO IXQFWLRQV LQ %HVW V GLVHPWH %RF 38 G KWRKD O,/ / 1LOVVRQ 6 ( * $ FRPSDU
PRO RQ WKH HIIHFWV RI EDUELWXDWH DQG HWK\O DOFRKRO
-HQWVFK 7 - 6WHLQPH\HU . A 6FKzZDU] * SULP DEWLRWWXEWXYKHYSRHFLILF UHIHUHQFH WR WKH F ZDYH RI1 W

7TRUSHGR PDUKRROWD FKDQQHO LVRODWHG E\ H[SUHDQIR WKIORQWRJGLLRI SRWHQWLDO RI WKH VKHHS H\H $F)
i HOQRSXRF\WHY 1 DWXUH

-HQWVFK 7 - 6WHLQ 9 SHLQUHLFK ) =GHELN $ $QRZOHVOROKFXODXUVWY 0 - 6SRFN $ )JLVFKHU 1 *DW]\
VWUXFWXUH DQG SK\VWLRORJLFDO IXQFWLRQ RI FKORWL@H FKDQQHHEOYRUPKDWOLRIRQ SHUPHDWLRQ WKURXJK F\
5HY UHVSLUDWRU\ HSLWKHOLXP 6FLHQFH

-HWWHQ $ 0 <DQNDVNDV - 5 EWXWWV 0 - CLOOXPRKQG6 1 - %RXRKHEGS LQ UHWLQDO SLJPHQW HSLWKH
5 & BHUVLVWHQFH RI DEQRUPDO FKORULGH FRQGXR®RQGWLRIQJIXODWMOLRRD FWLYH LQWHVWLQDO SHSWLGH &tF
LQ WUDQVIRUPHG F\VWLF ILEURVLV HSLWKHOLD 6FLHQFH

-RKQVRQ - s *UDQGH - 3 5RFKH 3 & &DPSEHOO _ROGHUXPBU 5A 6SRQWDQH XQG H[SHULPHQWHOOH DQ

,PPXQR ORFDOL]DWLRQ RI WKH FDOFLWULRO UHFHHWRWLQBEYSRWH®IQED'OVN GHU PHQVFKOLFKHQ DXJHV 300
DQG WKH SODVPD PHPEUDQH FDOFLXP SXPS LQ WKH KXPDQ H\H &XUU (\H

5HV _RSHOPDQ + &RUH\ 0 A *DVNLQ . "XULH 3 :HL]PDQ =
-RUGW 6 ( -HQWVFK 7 - OROHFXODU GLVVHFWLRQ+*RI| JDWLREDQUWEH KORULGH VHFUHWLRQ DV ZHOO DV ELFI
FKORULGH FKDQQHO (0%2 - XQGHUOLHV WKH IOXLG VHFUHWRU\ GHIHFW LQ WKH F\V\
-RVHSK ' 3 O0LOOHU 6 6 $SLFDO DQG EDVDO PHPEUDQWURRQWHWNRVOKRBUW
PHFKDQLVPY LQ ERYLQH UHWLQDO SLJPHQW HSLWKHMHRUKGEURWKI\VLRRQH 5 $ "DUN LRQLF IOX[ DQG WKH
LQ LVRODWHG URG RXWHU VHIJPHQWYV - *HQ 3K\VLRO
-RVHSK '3 0LOOHU 6 6 $0SKD DGUHQHUJLF P RUIDXODIWLR® RI . DQBSDPLQH D UHWLQDO QHXURWUDQVPL
&0 WUDQVSRUW LQ ERYLQH UHWLQDO SLIPHQW HSLWKHXOSLWBNH VHMWRUBDHYMVLR®G OLIJIKW VWLP XODWHG UHOHDVH R
LQYHVW 2SKWKDOPRO 9LV 6HL 2
-RYRY % ,VPDLORY %HQRV ' - &\WVWLF ILEURWHIVHWE R Q P WPAE UDIRAHH\H U * 6WDQGLQJ SRWHQWLDO

FRQGXFWDQFH UHJXODWRU LV UHTXLUHG IRU SURWHLQ WNKRO@VHYVSL® SWLW DYGRQORZ RQ WKH SHUIXVHG FDW H\H 'RF
RXWZDUGO\ UHFWLILHG DQLRQ FKDQQHO SXULILHG IURP ERYLQH WUDFKHDO

HSLWKHOLD - %LRO &KHP ULV & &RUQHR IXQGDO SRWHQWLDO YDULDWLRQV G X
-XUNOLHV % :HLVPDQQ O0OA .HOOQHU 8 =UHQQHU ( DGRPBAWHROG 1UDWXUH
.OLQLVFKH %HIXQGH EHL DXWRVRPDO UH]JHVVLYHP 6\QL&WRP® QWM % ODX]DSOROHFXODU PHFKDQLVPV RI OLIDQG ¢
IHQK\SHUVHQVLWLYLWDW "HU 2SKWKDO DQG UHJXODWLRQ ZLWKLQ WKH VXSHUIDPLO\ RI * SURWHL
.DUWQHU 1 +DQUDKDQ - : -HQVHQ 7 - 1DLVPLWK PRROHFEXYOU PRGHOLQJ DQG PXWDJHQHVLYV DSSURDFKHV Wi
$FNHUOH\ & $ SH\HV () TVXL & 5RPPHQV - 0 DQGHPXYQ RWLRQ 3KDUP 7KHU
([SUHVVLRQ RI WKH F\WWLF ILEURVLV JHQH ..lkQ HQ R:Q HESW MLKQHHOUL D O 8 EH UY RAHFI@ BH KIRUJIDQH
LQYHUWHEUDWH FHOOV SURGXFHV D UHJXODWHG DQLRQQWRQUEXFWD@BHY &HROGHOEHUJ
X QW] & $ & URRN 5 % "PLWULHY $ 6WHLQEHUJ
.DZDVDNL . 0OXNRK 6 <RQHPXUD ) XMLL 6 6HIDRBLILFDWLRQ E\ F\FOLF DGHQRVLQH PRQRSKRVSKDWH

$FHWD]J]RODPLGH LQGXFHG FKDQJHV RI WKH PHPEUDQH HRIMHODQWMLERYORRILOMKHERQGXFWDQFH LQ FKLFN UHWLQDO
UHWLQDO SLIPHQW HSLWKHOLDO FHOO 'RF 2SKWKDOPROHVW 2SKWKDOPRO 9LV 6HL

.DZDVDNL . <DPDPDWR 6 <RQHPXUD 'A (OHFWWRBKPWLRORJLFDO &)75 LQWHUDFWLQJ ZLWK HYHU\WKLQJ
DSSURDFK WR FOLQLFDO WHVW IRU WKH UHWLQDO SLJPHIQW HSLWKHOLXP 1LSSRQ
*DQND *DNNDL =DVVKL _XUL\DPD 6 2KXFKL 7A <RVKLPXUD 1 +RQGD <
.DZDVDNL . <RQHPXUD ODGDFKL <DPDPRWR 6 |DFWRUSMWBEXFHG F\WRVROLF FDOFLXP LRQ WUDQVLHQWYV
RVPRODULW\ UHVSRQVH RI RFXODU VWDQGLQJ SRWHQW/LPWLOY ® BEOIRHBIVO WHMNK HRUDO FHOOV ,QYHVW 2 SKW|
UHWLQDO SLJPHQW HSLWKHOLXP DFWLYLW\ GLDEHWLF UHWLQRSDWK\ "RF
2SKWKDOPRO _XUL\DPD 6 <RVKLPXUD 1 2KXFKL 7 7DQLKDUD + A O
.HQQHG\ % * 0DQJLQL 1 - 30DVPD PHPEUDQH FDOFLXP $73BXMRSHSWLGH LQGXFHG F\WRVROLF &Da WU

LQ FXOWXUHG KXPDQ UHWLQDO SLIJPHQW HSLWKHOLX®KRMSKDWHGEBVQRVLWRO WXUQRYHU LQ FXOWXUHG KXF
HSLWKHOLDO FHOOV %UDLQ 5HV



* % $UGHQ 3 $ EQBRYWDWOHQ 5HWLQDO, DQG ¢vH vHVHDUFK

OD &RXU O D .LQHWLF SURSHUWLHYVY DQG 1D GHSHQGERD® R3I UKDRIHDXLIQ - "LVXOSKRQLF VWLOEHQH
1D +&A|.8LFR WUDQVSRUW LQ IURJ UHWLQDO SLIJPHQW HSISLWKRWILXAWUD BKRWPREQUDQH FRQGXFWDQFH UHJXODWRU &/
LQ D PDPPDOLDQ FHOO OLQH DQG LWV UHJXODWLRQ E\ D FU

OD &RXU 0 E S+ KRPHRVWDVLV LQ WKH IURJ UHMWK\QDRONKH UROH R
1D +&le FRWUDQVSRUW LQ WKH UHWLQDO SLIJPHQWQWSHWEHGLXR DQSUDWDD Q - : 6 XEVWUDWHY R1 P XOWLG
2SKWKDOPRO DVVRFLDWHG SURWHLQV EORFN WKH F\WWLF ILEURVLV WUD

OD &RXU O0OA %DHNJDDUG $ SHXWKHQ 7 A $QWLWBGEHVUHWIPOOWWUDFKORULGH FKDQQHO %U 3KDUPDFRC
IXURVHPLGH ELQGLQJ SURWHLQ IURP (KUOLFK DVFLMBW GWXOPOR X 8 AF HODN F K@ K DRQUW - § +DQUDKDQ - D
1D . &3 FR WUDQVSRUW LQ IURJ UHWLQDO SLIPHOWFKBRWYP OLRKB SRFQVDSHUPHDWLRQ DQG EORFN LQ WKH
2SKWKDOPRO WUDQVPHPEUDQH FRQGXFWDQFH UHJXODWRU FKORULGH

/DIDXW % IRH\V % /HUR\ % 6SLOHHUV : A /DH\ - 3K\VHRWHO\Q 3A

& OLQLFDO DQG HOHFWURSK\VLRORJLFDO ILQGLQ YV QWGP XOWR BRPIDEBERPULREIQ W $ SRPPHQV - 0 +RX < ; &
YLWUHRUHWLQRFKRURLGRSDWK\ UHSRUW RI D QHZ SH®KXIUHHS& *UBHRHIGDRUFK S5 +DQUDKDQ - : E 3HUPHD
&0LQ ([S 2SKWKDOPRO ZLOG W\SH DQG PXWDQW F\WWLF ILEURVLY WUDQVPHPEU

/IDSRLQWH - < 6]DER * $ QRYHO KROGHU DOORIXQPDWRUWHKUORIUAGH FKDQQHOV WR SRO\DWRPLF DQLRQV
SHUIXVLRQ RI SDWFK FODPS SLSHWWHV 310+JHUV $UFK

/DUD : & -RUGDQ % / +RSH * 0 "DZVRQ : : YREWHQP HLBU 5 $ 6WHLQEHUJ 5 + 2ULJLQ DQG VHQ
.DXVKDO 6 J)DVW RVFLOODWLRQV RI WKH HOHFWU®RLREW ORHIMND ALQLWKNVMWQWDFW FDW H\H - 3K\VLRO
ILEURVLY ,QYHVW 2SKWKDOPRO 9LV 6HL $592/DEWWYDHMHU 5 $ 6WHLQEHUJ 5 + $ OLJKW HYRNHG

/DUJH : $ :DQJ 4 &KDUDFWHULVWLFV DQG SK\VLROKRUABO D QBOHD RDWRMPEUDQHY RI UHWLQDO SLIJPHQW HSLW
&D3Y DFWLYDWHG &) FRQGXFWDQFH LQ VPRRWK PXVFO@HI KWP SHDN KAVLRIXURSK\VLRO

& & /LQVHQPHLHU 5 $ 6WHLQEHUJ 5 + "HOD\HG EDV

/IHRQ - 8 SUGHQ * % %LUG $ & 7KH VWDQGLQJ SRWIH QWIDDWLRQ ®HVAVWMW UHWLQDO SLIPHQW HSLWKHOLXP D
PDFXODU G\VWURSK\ EDVHOLQH DQG GUXJ LQGXFHGIDWHW SRRQFVIHOVOD WL RH)VW | WKH GF HOHFWURUHWLQRJUDP -
2SKWKDOPRO 9LV 6HL VXSSOHPHQW

/HP QD : . JHOGPDQ * [/ _HUHP % JHUQEDFK 6 JLQVHYNRRNYHWBK 5 § 6WHLQEHUJ 5 + OHFKDQLVPV RI K\
(3 2 %ULHQ : ( SLRUGDQ - 5 &ROOLQV )6 7VXIRQ/ WKH%HPWGHRWHOHFWURUHWLQRJUDP ,QYHVW 2SKWKDO
$ / 0OXWDWLRQ DQDO\VLV IRU KHWHUR]J\JRWH GHWHFWLRQ DQG WKH
SUHQDWDO GLDJQRVLV RI FA\WWLF ILEURVLV 1 (QJO /LQVMGPHLHU 5 $ OLQHV § 6WHLQEHUJ 5 (ITHFWV R

IHYL + 8VVLQJ + + 5HVWLQJ SRWHQWLDO DQG LRK\ SPHRUFHDPSHQQ W VR QQ WKKHHOLJKW SHDN DQG HOHFWURUHWLQRJU
IURJ VNLQ 1DWXUH 2SKWKDOPRO 9LV 6HL

/L & EDPMHHVLQJK 0 %HDU & ( SXULILHGLQPMMQYRHLHLWEURWLY 6P LWK 9 & 3RNRUQ\ - 7KH OLJK
WUDQVPHPEUDQH FRQGXFWDQFH UHJXODWRU &)75 GRBWFWRWRIKXQCFRUULRDP VX ULQJ KVSR[LD &OLQ 9LV 6HL
DQ $73 FKDQQHO - %LRO &KHP /LYVH\ & 7 +XDQJ % PX - .DUZRVNL & - /LIKW

/coo- *DOOHPRUH 5 3 "PLWULHY 6WHLQEHUJ 5 FRKDQJHY LUQJIJKMVUDFHOOXODU FDOFLXP FRQFHQWUDWLRQ L¢
GHSHQGHQW K\GUDWLRQ RI WKH VSDFH VXUURXQGLQJ SSKHR'WRUHFHSWRUV LQ FKLFN
UHWLQD ,QYHVW 2SKWKDOPRO 9LV 6HL /IRHIIOHU . 8 0DQJLQL 1 - OPPXQRKLVWRFKHPLFDO O

/L ot *RYDUGRYVNLL 9 , 6WHLQEHUJ 5 + E /LKW GLHSHQGEKQRWIHU LQ KXPDQ UHWLQD DQG UHWLQDO SLJF
K\GUDWLRQ RI WKH VSDFH VXUURXQGLQJ SKRWRUHFHSWRMWVHLY $WKK FRWLIHWLYD2SKWKDOP RO
9LV 1HXURVFL /IRHZHQ 0 ( 6PLWK 1 . +DPLOWRQ C *UDKQ % +

/L 0 0OF&DQQ - /ILHGWNHW & 0 1DLUQ $ & *UHHQJDUG 3 &H@WYKSURWHLQ DQG FKORULGH WUDQVSRUW LQ
0 - &\FOLF $03 GHSHQGHQW SURWHLQ NLQDVHSRSMAYWFKORWKEBLXP $P - 3K\VLRO & &7
FKDQQHOV LQ QRUPDO EXW QRW F\VWLF ILEURVLV D/ARZIDQG HSLWKHOLXG®G 1DWXNWDP 3 +XDQJ = OXFFLR '

- +DOH\ % &RRN Do 6RUVFKHU ( - &\VWLF

/Lp- .RNDPH * 7 "RXJODV - 3 0XOWLSOH HYWQB WP @AW EZUOLOVMH FRQGXFWDQFH UHJXODWRU PXWDWLRQV W
GRW VI\QGURPH LQ ROGHU SDWLHQWV $P 2SKWKDORROH ELQGLQJ - &O0LQ ,QYHVW

/LQ + 0OLOOHU 6 6 S+M UHJXODWLRQ LQ IURUHGHWLR D O3 BHUPIHQAW 0 1 ORUEXV EHVW HLQ <EH
HSLWKHOLXP WZR DSLFDO PHPEUDQH PHFKDQLVPV $BDWKRKRYLROXQBUYDURKHKHQ skwkboP RO
& O /IRXVVRXDUQ * "HPRORPEH 6 ORKDPPDG 3DQDK 5 A (VFI

ILQ + 0LOOHU 6 6 S+ GHSHQGHQW &O +&2 HpPHKIRQJH DW WKHSUHVVLRQ RI &)75 FRQWUROV F$03 GH
EDVRODWHUDO PHPEUDQH RI IURJ UHWLQDO SLIJPHQW FRWILYWKWH RIXP RISPHSLEWKHOLDO . FXUUHQWV $P
3K\VLRO & & & 0

/LQ + .HQ\RQ ( 0LOOHU 6 6 1D GHSHQGHQM ES QW NUH IX OPIWWNRVR]HN 6 A 6\FK =A 3HQNDOD . 3DODF] 2
PHFKDQLVPV LQ QDWLYH KXPDQ UHWLQDO SLIJPHQW HSLWEHPOWYR RFXORVWDP LQ SDWLHQWV ZLWK QHXURILEU
2SKWKDOPRO 9LV 6HL "RF 2SKWKDOPRO

ILQ  + OD &RXU 0 $QGHUVHQ 0 9 0OLOOHU 6 6 / X N H3 UR W R QWO-DGFRMDONGH 1 $LVHQEXU\ 6 IXNH 0 %DUW] 6
FRWUDQVSRUW LQ WKH DSLFDO PHPEUDQH RI IURJ UHWLQD® HU JB KA Q.W UHFSKLRVIK H QL X P (OHFWUR RFXORJUDSKLF ILQ
([sS (\H 5HV GHJUHHV UHWLQRWRP\ DQG PDFXODU WUDQVORFDWLRQ IRU

/LQJ * *HUDUG 5 : D 7KH LQIOXHQFH RI VWQHWKIOVRRODWKNWDWLRQ LQ DJH UHODWHG GHJHQHUDWLRQ 9
PHPEUDQH SRWHQWLDO RI WKH VWULDWHG PXVFOH ILEHS 2SKWROOPKRYLRO

/I\WWRQ - :HVWOLQ 0 +DQOH\ o0 7KDSVLIDUJLQ

/ILQJ *HUDUG 5 : E 7KH PHPEUDQH SRWHQWLDOVDQYG RPSHWIEROLR/® HQGRSODVPLF UHWLFXOXP &D $73DVH IL
RI1 PXVFOH ILEHUV - &HOO 3K\VLRO SXPSV - %LRO &KHP

/LQJ o+ *HUDUG 5 : F 7KH QRUPDO PHPEUDQH 3 RWHQWID®FBD]ILKRRI- - $QGUHDGLV - ' 6KDIIHU . 0 6 WH )
VDUWRULXV ILEHUV - &HOO 3K\VLRO /L % 6 =KDQJ |/ %DUNHU - / ODULH ' (WKDQF

/ILQVGHOO 3 OHFKDQLVP RI FKORULGH SHUPHDWLROQF\WORWKRBLF\\CWLF UHE/SR\QMWHY WULJIJHUHG Eb\ DHPHLSYWMRVLR Q R |

WUDQVPHPEUDQH FRQGXFWDQFH UHJXODWRU FKORULGH FKPRROBOHAVS LHIK\FKRW X UHG SUROLIHUDWLQJ UbD W QHX
1HXURVFLHQFH



* % $UGHQ 3 $ &BRVWDBAROHQ 5HWLQDO DQG ,(YH, ,5HVHDUFK

oD 7 7KLDJDUDMDK - 5 <DQJ + 6RQDZDQH 1 ' DFR@®RWPE AN DO ISH WWHDQ WLOH 5 & 2GRP -9 JIUEHU 0
/ -9 9HUNPDQ $ 6 7KLD]JROLGLQRQH &)75 LEBGHEWWRWEBOGRMMWDPY LQ WZR SDWLHQWYV ZLWK PDOLJQTEL
ILHG E\ KLJK WKURXJKSXW VFUHHQLQJ EORFNV FKRPOKHRIDR LWR [LRFLQRGXMKD OP R O
LQWHVWLQDO I0OXLG VHFUHWLRQ - &OLQ ,QYHVW OHOYLQ - ( <XOH ! 6 KXWWOHZRUWK 7A %HJHQLVLFK 7
ODGDFKL <DPDPRWR 6 <RQHPXUD ! .DZDVDNL . RIDIOXUmBGP BRG HOHFWURO\VWH VHFUHWLRQ LQ VDOLYDU\ JC
UHVSRQVH RI RFXODU VWDQGLQJ SRWHQWLDO DV D FPHRLBKOVMRHVW IRUAUHWLQDO
SLIJPHQW HSLWKHOLXP DFWLYLW\ 1RUPDO VXEMHFWYHULSISBRWY*DQR ND'DHDINW D I 9DQ 0ODOGHUHAQ / 6SLOHHU"
=DVVKL 5HFRUGLQJ RI WKH IDVW RVFLOODWLRQV LQ WKH KXPDQ
ODGDFKL <DPDPRWR 6 A <RQHPXUD "A .DZDVDNL . A '"RFE 23 KSMKWDOP RO

RVPRODULW\ UHVSRQVH RI RFXODU VWDQGLQJ SRWHRNWUDP®HOV © FOWRLGERODX WHYW . IRULHGHUKROW 0 6 WUDXVV
UHWLQD@ SLIJPHQW HSLWKHOLXP DFWLYLW\ 1RUPDWLYUHIXWD WLRR REKWKBDRBPFKOQQHOV E\ SURWHLQ NLQDVH &
NLQDVHYV DV D SDWKRSK\VLRORJLF HIIHFW LQ UHWLQDO GH

0DOLQRZVND ' + XSHUW (< ®%DKLQVNL $ 6KHUU\ $ 0 & XSSROHWWL
- &ORQLQJ IXQFWLRQDO H[SUHVVLRQ DQG FKDUHDGEWHUBLIDWLRQG RIDOFLXP GHSHQGHQW WUDQVLHQW R X\
3.$ DFWLYDWHG JDVWULF &) FKDQQHO $P - 3K\VWLRO;HQR®&XV&BRHYMHWY 3URF 1DWO $FDG 6FL 86$ A

0ODPLQLVKNLV $ -DOLFNHH 6 %ODXJ 6 $ 5\PHU0 LOMV<HU§D % 50RGLILFDWLRQ RI WKH KXPDQ H\H SRWHQ\V
SHWHUVRQ : 0 0LOOHU 6 6 "<” UHFKIIBWRU DJRQLEWUN DGDSWLRQ 6FLHQFH
,16 VWLP XODWHYV 53 ( IOXLG WUDQVSRUW LQ 0YLbWHR RQG UHMWLQ® @®WDWH VXEVWUXFWXUH RI1 VLQJOH FK.
UHDWWDFKPHQW LQ UDW ,QYHVW 2SKWKDOPRO 9LV GRUSHORFWURSOD|[ 3KLORV 7UDQV 5 6RF /RQG %

0DQJLQL 1 - +DXJK 6FKHLGW /A 9DOOH - ( &UDJRH LOBHWU- 65%LSYGHOPDQ - / $FWLYH LRQ WUDQVSRUW
"HQQHG\ % * 6RGLXP FDOFLXP H[FKDQJHU LQ FEQWXQH QUHKWPPRO SLIPHQW HSLWKHOLXP - 3K\VLRO
UHWLQDO SLIPHQW HSLWKHOLXP ([S (\H 5HV 0LOOHU 66 )IUEHU &\FOLF $03 PRGXODWLRQ R I

0ODUFHW % HFT ) 1RUH] & A '"HOPDYV 3 9HUULHU DFURVV IURQHUPRWLQDO SLIPHQW HSLWKHOLXP OHDVXUHI
DQDHVWKHWLF RFWDQRO DQG UHODWHG FRPSRXQGV FRWEXDWHVWDRD®WE W\SH QDQIX\VLRO

GHO F\WWWLF ILEURVLV FKORULGH FKDQQHOV %W LOOHIKDEOBD FRWHLQEHUJ 5 + D $FWLYH WUDQVSRUW |
UHWLQDO SLIPHQW HSLWKHOLXP ([S (\H 5HV
ODUFKDQW ' *RIDW . %RXWERXO 6 3pTXLIQRWO l0OOHBWHEUQ EHWIHLQBHUJ 5 + E 3DVVLYH LRQLF SURSHU
"XUHDX 3 SRFKH 2 8WH]D < +DFKH - & 3XHFK 96 JP3XQWKHSILWKHOLXP - OHPEU %LRO
"XP XU 9 0ORXLOORQ O 0XQLHU ) / 6FKRUGHUBWOOH @DBUVBWHLQEHUJ 5 + 3RWDVVLXP PRGXODYV
& "XILHU -/ $ELWERO 0 A ,GHQWLILFDWLRQ R IWQURYGWSRUW DEQRVV WKH IURJ UHWLQD®@ SLIJPHQW HSLWK
PXWDWLRQV LQ SDWLHQWYV Z LWK %HVW YLWHOOLIRUP PDFXODU G\VWWURSK\ +XP
0 X Wk W 0LOOHU 66 6WHLQEHUJ 5 + 2DNOH\ % 7KH HOHF
0ODUPRQW * 6WXGLHV RQ WKH D[RQ PHPEUDQH D QBXPHWKRWKH BUHOIO UHWLQDO SLIPHQW HSLWKHOLXP -
3K\VLRO
ODUPRU 0 ) 39LWHOOLIRUP OHVLRQV LQ DGXOWNOOSHQUQ 626 KWKDIORWRO% $ ODFKHQ 7 ( yOXLG WUD
UHWLQDO SLIJPHQW HSLWKHOLXP LV LQKLELWHG E\ F\FOL
ODUPRU 0 ) & OLQLFDO HOHFWURSK\VLRORJLF WHV$MWD GR Us FHLY DBGB%D WLQJ WKH
UHWLQDO SLIPHQW HSLWKHOLXP ,Q =LQJLULDQ O ALOOMRROL@R 5)D&LQ(GV 6WURQJ 7 ODQQX]IL 0 & $GDP"
7KH 5HWLQDO 3LJPHQW (SLWKHOLXP .XJOHU DQG *KHUGLQEHH@WWUHIUGDR 0H &UD\ -U 3 A &\VWWLF ILEURVL
ODUPRU 0 ) &RQWURO RI VXEUHWLQDO IOXLG H[SHUWRHEHRMP A\VDAEBSEIPLQRHEDIOQ UHWLQD DQG UHWLQD@ SLJPH
VWXGLHV (\H 2SKWKDOPRO 9LV 6FL $592 DEVWUDFW
0ODUPRU 0 ) /IXULH 0 /ILIKW LQGXFHG UHVSRQVHW KRHIIWK$H UHWLQD®FULPDO IOXLG DQG HOHFWURO\WH VH
SLIPHQW HSLWKHOLXP ,Q =LQQ . 0ODUPRU 0 ) (@WK UU7KMH 53HWLQ D O

B3LIPHQW (SLWKHOLXP +DUYDUG 8QLYHUVLW\ 3UHVV0 I®WFPKEHUAG JH. 0 $ SS 5HOHDVH RI1 $73 E\ D KXPDQ UHWL
HSLWKHOLDO FHOO OLQH SRWHQWLDO IR U DXWRFULQH

0ODUPRU 0 ) =UHQQHU (A 6WDQGDUG IRU FOLREERA®WLHPON WEBRH - 3K\VLRO
RFXORJUDSK\ ,QWHUQDWLRQDO VRFLHW\ IRU FOLQOLEWOKHO@HOFWBERSK\VLR®RI\QRVLWRO OLSLG PHWDEROLVP L
YLVLRQ 'RF 2SKWKDOPRO GLIITHUHQWLDWLQJ FHOOV &HOO &DOFLXP
ODUPRU 0 ) '"RQRYDAQ I *DED 0 (IIHFW\ LRVMIFKHSCRO LB+ E 6 WLP XODWHG LQRVLWRO OLSLG PHWD
DQG K\SHUR[LD RQ WKH KXPDQ VWDQGLQJ SRWHQWLDO WLRFRQ 28KWX BZODPR DX P
OL\DNH < + RULJXFKL 0 6 X]XNL 6 .RQGR 0 7DQLND?Z
0ODUPRUVWHLQ § ° ODUPRUVWHLQ [/ < 5D\ERUQ OQOHFWQ@RSK\VLRORJLFDO ILQGLQJV LQ SDWLHQWV ZLWK 213
+ ROO\VILHOG - SHWUXNKLQ . %HVWURSKLQ WE KWKWROPXRFOV R I WKH
%HVW YLWHOOLIRUP PDFXODU G\WWURSK\ JHQH 90'XDQOBBPVYOMHVE WRs RWQIOH D Q H 1 6DOLQDYV ' 7DGGHL
EDVRODWHUDO SODVPD PHPEUDQH RI WKH UHWLQDO SLJP-HQW HBUNKH@LXP6 3URF '"LVFRYHU\ RI JO\FLQH K\GUD
1DWO $FDG 6 FL 86% RFFOXGLQJ &)75 ,QKLELWRUYV PHFKDQLVP VWUXFWXUH
ODUPRUVWHLQ I < OF/DXJKOLQ 3 - 6 WD QWRQ - % DOBQLQ/ YL®RDHEIELFDF\ - *HQ 3K\VLRO
- ODUPRUVWHLQ $ °' %HVWURSKLQ LQWHUDMDWY SK\\WLFWKRIPE VW Q$ &RKHQ *RXO0OG / *XQGHUVHQ '
IXQFWLRQDOO\ ZLWK SURWHLQ SKRVSKDWDVH $ - % RXBOQ &KHP _PPRUWDOL]DWLRQ RI SRODUL]JHG UDW
HSLWKHOLXP - &HOO 6HL
0ODUPRUVWHLQ § ° 6WDQWRQ - % <RFRP - % D NMIDUVXK © 6 6RKWIERIREQHH 1 1 &HOO VXUIDFH UHFHSWRUV |
0 7 :DGHOLXV & A ODUPRUVWHLQ I < BHDFKH\ 1 BWKH UHWIPQRDGOH G LIJPHQW HSLWKHOLXP WKH DGHQ\ODWH F\

Rl %HVW YLWHOOLIRUP PDFXODU G\WWURSK\ LQ UDWV SQYHVW VISIQWIKD WRURQVEBXMWLRQ SDWKZD\V 3URJ S5HWL
6FL

ODUTXDUGW $ 6WRKU + 3DVVPRUH / .UDPHU ) 18KHUHUQAS CHERWUHFWLRQ IRU OLTXLG MXQFWLRQ SRWHQ
% 0OXWDWLRQV LQ D QRYHO JHQH 90" HQFR G LRE HPUSAURIWALQORWKRGY (Q]J\PRO
XQNQRZQ SURSHUWLHY FDXVH MXYHQLOH RQVHW YLWHRRAUIRUP EDINFPXIOPQ® GAVWUR 6LQJOH FKDQQHO FXUUHQWV
SK\ %HVW V GLVHDVH +XP 0RO *HQHW PHPEUDQH RI GHQHUYDWHG IURJ PXVFOH ILEUHV 1DWXUH



* %IQWHQ 3 $ &RQRWDHEWOHLQ 5HWLQDOvDOQ® (\H, 5HVHDUFK
1HKHU ( 6DNPDQQ % 6WHLQEDFK -+ 7 K3HD XHWV[OWHJD FH @O X ODU 3KRWRVHQVLWLYLW\ RI WKH LVRODWHG S
SDWFK FODPS D PHWKRG IRU UHVROYLQJ FXUUHQWWQWKDRBFKLERQL¥LGKIDGOP HWDEROLVP SUHOLPLQDU\ UHVX
RSHQ FKDQQHOV LQ ELRORJLFDO PHPEUDQHV 310+JHUV $UFK
3HQQ 5 ' +DJILQV $ 6LJQDO WUDQVPLVVLRQ DORQJ
1HKUNH $SUUHROD - 1JIX\HQ + 9 3L0ODWR -A BQBKDWIGH RRULJAQ RI1 WKH HOHFWURUHWLQRJUDSKLF D ZE
2NXQDGH * %DJJIJV 5 6KXO00 * ( OHOYLQ - ( /IRVV R
K\SHUSRODUL]DWLRQ DFWLYDWHG & O FXUUHQW LQ 3WIU®IYSDHUH \D F { D B FRKHQOHOLMG H U R P7 OROHFXODU ELRORJ\
&OHQQRFNRXW PLFH - %LRO &KHP FKDQQHOV .LGQH\ OQW
1HUQVW =XU NLQHWLN GHU LQ O|VXQJ EHILQ GHLFKWKE\WQ b |USHWUDMIKERULY 8 A &KDUDNWHULVWLND XQG
GHU GLIIXVLRQ = 3K\V &KHP 0OHODQLQV LP UHWLQDOHQ 3LJPHQWHSLWKHO "HU 2St
1HZPDQ ( $ *OLDO FHO LQKLELWLRQ RI QHXURQV E\ UHOHDVH RI $73 -
1HXURVFL 3HWHUVRQ 0 0LOOHU 6 6 ,GHQWLILFDWLRQ DQ
13 % % D UU\ 3 + OHDVXUHPHQW RI DGGLWLRQDPKDROEFWHWREDWLWIQHVRI D GXDO *$%$ WDXULQH WUDQV
IRU XVH LQ MXQFWLRQ SRWHQWLDO FRUUHFWLRQV EXO®DPWFKXK FORPWRISGEOO DIRAGPHQW HSLWKHOLXP - *HQ
RWKHU HOHFWURSK\VLRORJLFDO PHDVXUHPHQWY 3URF $XVW 1HXURVFL 6RF
3HWHUVRQ 0 OHJJ\VHV\ & < X 0OLOOHU 6 6 ([WL
1LHOVHQ 6 6PLWK % &KULVWHQVHQ ( $JUH 3A $ LY WRW XWOLR KV RFIDWKKIHX P VLIQDOLQJ LRQ DQG I0OXLG WU
DTXDSRULQ &+,3 LQ VHFUHWRU\ DQG UHVRUSWLYH H SSLWHKH@LWP HDSAGV KFHDGSLIXOPOD-U\1 H X URV F L
HQGRWKHOLD 3URF 1DWO $FDG 6HL 86%$ 3HWUXNKLQ .RLVWL 0 - %DNDOO % /L G LH O A
1LHPH\HU * 6WHLQEHUJ 5 + "LIIHUHQWLDO HIIHFWB QRGIJD&Q DRQG)BWVPDQ +ROPJUHQ * $QGUHDVVRQ 6
RQ WKH (5* DQG OLJKW SHDN RI WKH SHUIXVHG FDW B\HUJIJHIQ/LREQ$S5HVO F*DUW\ 'XJDQ 9 JLIXHURD ' $X VWL
OHWINHU 0 / &DVNH\ & 7 :DGHOLXV & ,GHQWLI
1LOLXV % '"URRJPDQV * $PD]LQJ FKORULGH FKDQ@HAVIMPRHRYHVUSROBYLEOH IRU %HVW PDFXODU G\VWURSK\
$FWD 3K\VLRO
1LOLXV % BUHQHQ - 6]XFV * THL 7DQJL ) IRBMWVOIUSAY RQRRIPDQNLFROO ' §$ OROHFXODU DQG NLQHMW
* &DOFLXP DFWLYDWHG FKORULGH FKDQQHOV LQVERLXNRH DSOFAXRRQP[BXDQIJH OQW 5HY &\WRO , &
DUWHU\ HQGRWKHOLDO FHOOV - 3K\VLRO 3LHUFH 3 BUHPRQW 5 7 /JHINRZLW] 5 - 6HYHQ WUD
1RHOO 6WXGLHV RQ WKH HOHFWURSK\VLRORJ\ UHFG SAPMRWIE RIODLW P 5R¥ 0RO &HOO %LRO
WKH UHWLQD 3URMHFW 86%) 6FKRRO RI $YLOMLIRWQY OB GLFD@QHS$SDUHP $ % ULQN + A 7KH HOHFWUR
5DQGROI )LHOG 7H[DV KHWHURJ\JRWH FDUULHUV RIl 8VKHU VV\QGURPH UHWLQL)
1RHOO $]J]LGH VHQVLWLYH SRWHQWLDOV DFURVVQWKKHRHIB CE X®E REE OLSRIXVFLQRVLYVY VHQLRU VVQGURPH D
2SKWKDOPRO 2SKWKDO *HQHW
1RHOO D (OHFWURSK\VLRORJLF VWXG\ RI| 3WHENMWUWLED &XXEHQ¥Y 0 + $DQGHNHUN $ / TKH (2*
PHWDEROLF LPSDLUPHQW $P - 2SKWKDOPRO GLVHDVH DQG GRPLQDQW F\WWRLG PDFXODU G\WWURSK\ &

RHOO
IXQFWLRQ R

E ([SHULPHQWDOO\ LQGXFHG WR[LF HIIHFWYRW VWUXFWXUH DQG
YLVXDO FHOOV DQG SLIJPHQW HSLWKHGUWRP HDROL - ' 2 SSKUWKHRAP B @ 3 /ILSR[\JHQDVH PHWDEROLW
GRQLF DFLG LQ QHXURQDO WUDQVPHPEUDQH VLIQDOOLQJ

2DNOH\ % 3RWDVVLXP DQG WKH SKRWRUHFHSWRUSBHSHQGHQW SLIJPHQW
HSLWKHOLDO K\SHUSRODUL]JDWLRQ - *HQ 3K\VLRO 3LUUXAFHOOR 0 0 *ULJRULHII 1 OLQGHOO - $ (OHFV
2DNOH\ ,, %A (I'THFWV RI PDLQWDLQHG LOOXPLQDWLRRDXBRRWH.UL®O BQ&WWHSH FKORULGH FKDQQHO 1RYDUWLV
VXEUHWLQDO VSDFH RI WKH LVRODWHG UHWLQD RI WKH WRDG 9LVLRQ 5HV
3RMGD :LOF]HN ' ODNRZLHFND 2ELG]LQVND +HUED
2DNOH\ ,, % *UHHQ ' * &RUUHODWLRQ RI WKH OLYWWFWERXFHWLERDQDHPY DQG HOHFWURRFXORJUDP LQ D IDP L
LQ UHWLQDO H[WUDFHOOXODU SRWDVVLXP FRQFHQWUBWLRRVH LWKLF ZDMBDR | WKH
HOHFWURUHWLQRJUDP - 1HXURSK\VLRO 3ROODFN LUHX] ) 5 3LOOXQDW / ( ORUEXV %HVW I

2DNOH\ % 6WHLQEHUJ 5 + (ITHFWV RI1 PDLQWRRRHG)DOOXRUQWWORRQJ HLQHU IDPLOLIUHQ ODNXODG\V
XSRQ >. @ LQ WKH VXEUHWLQDO VSDFH RI WKH IURJ PBWWEDOBRWLRQ 5HV
3RQMDYLF 9 (NVDQGK [/ $QGUHDVVRQ 6A 6MRVWURP
2JDzD ([SHULPHQWDO VWXGLHVY RQ WKH (2* RI &XKHDVWEELW :HDBWOLXV & (KLQJHU % A & OLQLFDO
DIITHFWHG ZLWK DGPLQLVWUDWLRQ RI VRGLXP JOXWIRPID WHH vV WLE S R Q@ WHDO®N PR U P PDFXODU G\VWURSK\ LQ 62Zt
*DNNDL =DVVKL ZLWK PXWDWLRQV LQ WKH EHVWURSKLQ JHQH 2 SKWKD
2 *RUPDQ 6 )ODKHUW\ $ JLVKPDQ * $ %HUVRQ ( /
+LVWRSDWKRORJLF ILQGLQJV LQ %HVW YV YLWHOOLIRMBYHPFXODY \GFWWURSK\ OOHN % ODFKHQ 7 %
$UFK 2SKWKDOPRO FRQGXFWDQFH DQG S+ UHJXODWRU\ FDSDELOLW\ RI F\VWLF
2 5HLOO\ & LQSHQQ\ - $UJHQW % *ub\ o0 & VDLW FIEQJR¥AWDQFH UHJXODWRU 3URF 1DWO $FDG
WUDQVPHPEUDQH FRQGXFWDQFH UHJXODWRU FXUUHQWYV LQ JXLQHD SLJ SDQFUHD
WLF GXFW FHOOV LQKLELWLRQ E\ ELFDUERQDWH LRQW W*D% WURBHRWHOYROR/J\ $XVLHOOR ' $ &DQWLHOOR + )

$73 UHOHDVH E\ WKH F\VWLF ILEURVLY WUDQVPHPEUDQF
2UNDQG 5 1LHGHUJHUNH 5 +HDUW DFWLRQ SRWHRQWILDPWR®H S$HPQ G-H Q3FKH\ VLR O & &
RQ H[WHUQDO FDOFLXP DQG VRGLXP LRQV 6FLHQFH 3XFKHOOH ( *DLOODUG ' 3ORWRQ ' +LQQUDVN\ -
2WWROLD 0 7RUR / SRWHQWLDWLRQ RTl ODUJH, RFRRRWHXEW® QHH& . -DFTXRW - "UH\HU 3DYLUDQL $
FKDQQHOV E\ QLIOXPLF IOXIHQDPLF DQG PHIHQDPLF DFLGV -'|%ILRSHKQWLDO ORFDOL]DWLRQ RI WKH F\VWLF ILEURYV
FRQGXFWDQFH UHJXODWRU LQ QRUPDO DQG F\VWLF ILEURVL)

D5 HFDDIFU X P
& D

3LIPHQW
(rs

JUDQX%®H -
(V\H 5HV 3XVFK

3DQHVVD % - =DGXQDLVN\ - $

UHVHUYRLU LQ WKH YHUWHEUDWH H\H DFWLYDWHG FKORULGH FKDQQHOV JR PRC

0

3DUDGLVR $ 0 & RDNOH\ 5 % RXFKHU 5 & BROPKWIWWHIBOGLVWULE X
WLRQ RI +&2U WUDQVSRUW LQ KXPDQ QRUPDO DQ&EX F\WWWLFDILWPYHRYDY «QRVDO $QLRQ SHUPHDWLRQ LQ &D D |
HSLWKHOLD - 3K\VLRO FKDQQHOV - *HQ 3K\VLRO



* 9% $UGHQ 3 $ SRAVWHEWHQ 5HWLQDO D,QG (VH S5HVHDUFK

4ax = +DUW]HOO & "HWHUPLQDQWY Rl DQLRQ SHSURVKMHWLR Q@ LFHOWKH DW WKH RQVHW RI VKHGGLQJ DQ
VHFRQG WUDQVPHPEUDQH GRPDLQ RI WKH PRXVH EHWKRRSRKIFH FWR®R WPLIBPHEUD QHYV  ([S (\H 5HV
FKDQQHO - *HQ 3K\VLRO 5RKGH 1 7DXPHU 5A %OHFNPDQQ + ([DPLQDWLR QG
4x = CHL 5 0DQQ +DUW]HOO + & 7ZR RWEWOBBSWLRQ® RI WKH FRUQHRUHWLQDO SRWHQWLDO XQ
FORQHG IURBRSXV ORDRFYWWV H[SUHVV &Dpu DFWLYDMWIDGIIHRY $UFK .OLQ ([S 2SKWKDOPRO
FXUUHQWY - %LRO &KHP 5RPPHQV - 0 ODQQX]J]L 0 & _HUHP % ‘UXPP 0 / 0 H
4X =A )LVFKPHLVWHU 5 +DUW]JHOO & ORXVH EHVWHURE KOG 5RYPDDERQDS5 &ROH - / _HQQHG\ +LGDND
ILGH &3 FKDQQHO LGHQWLILFDWLRQ RI D UHVLGXH LPSRUWHBRMKZQOBQALRQ BLRGGPR - 5 7TVXL | & &ROOLQV
DQG FRQGXFWLRQ - *HQ 3K\VLRO ,GHQWLILFDWLRQ RI WKH F\WWLF ILEURVLV JHQH FKURP |
4XHGQDX % 1LFROO ' 3KLOLSVRQ . 7KH VMXGALEPQRD GFLX®BFH
H[FKDQJHU IDPLO\ 6/& 310-JHUV $UFK 5RVHQWKDO 5A %DNDOO % LQQLFN 7A B3HDFKH\ 1
4XLQQ 5 + 0LOOHU 6 6 L,RQ WUDQVSRUW PHFKDQANOVXWLQ &QDWDYWH RUVWHLQ $ 6WUDXVV 2 (1
KXPDQ UHWLQDO SLIPHQW HSLWKHOLXP ,QYHVW 2SKEBKDWPRIKLYLY 6MLH SURGXFW RI WKH 90' JHQH PRG
GHSHQGHQW &D FKDQQHOV LQ UHWLQDO SLIPHQW HSLWK
4XLQQ 5 + 4XRQJ - 1 0LOOHU 6 6 $GUHQHWQ LEUHMVFHSWRU
DFWLYDWHG LRQ WUDQVSRUW LQ KXPDQ IHWDO UHSVRQIDQ@WR DIP H5QAV 6 WSDWHK N O 12X P &D FKDQQHOV LQ WKH
,QYHVW 2SKWKDOPRO 9LV 6HL 0OHG %LRO
5DH - &RRSHU . *DWHV 3 :DWVN\ 0 /RZ DFERKBWVOUHYLVWDRFMNQG 1 A (IITHFWV Rl LQWUDYLWUHDO
SHUIRUDWHG SDWFK UHFRUGLQJV XVLQJ DPSKRWHULFG® L@LVWUDIWXURWFRI GRSDPLQH RQ WKH VWDQGLQJ SRV
OHWKRGV SHDN LQ WKH LQWDFW FKLFNHQ H\H &XUU (\H 5HV
5DYLQGUDQ - %OXPEHUJV 3 &URPSWRQ - 3LHWULYXEF]A §DGGBRN +° &KDUDFWHUL]DWLRQ RI WKH 875 VHI
9LVXDO ILHOG ORVV DVVRFLDWHG ZLWK YLJDEDWULQ SEDWWRIDR$AF D OJ H @MW UHQO XKW IPROQQY UHWLQDO SLJPHQW HSLWK
1HXURO 1HXURVXUJ 3V\FKLDWU %LRSK\V $FWD
5HGG\ 0 0 4XLQWRQ 3 0 +DZV & CLQH - - *BA\PRHWF]\N  ®HAOOHU 6 6 (GHOPDQ - / (SLQHSKUL
7DEFKDUDQL - $ +DQUDKDQ - : *XQGHUVRQ . / LOFYHWRHVS 6Q >&DaA@P DQG .&0 FRXSOHG IOXLG DEVR
)DLOXUH R1 WKH F\VWLF ILEURVLV WUDQVPHPEBBQH, QY HY X RVBIXQVKHD OP RO 9LV 6FL
UHJXODWRU WR FRQGXFW $73 6FLHQFH 6DEDWHV 5 SUXHWW 5 & +LURVH 7A 3VHXGRYLWH
5HLJDGD OLWFKHOO & + 5HOHDVH R1 $73 IURPGUHWAQ®ADOWILRIP HRMWLQ D
HSLWKHOLDO FHOOV LQYROYHV ERWK &)75 DQG YHWLFKPDYQWUDP QYSRHW ($P - 6LQJOH &KDQQHO 5HFRUGLQJ
3K\VLRO & O & 0 1HZ <RUN
5HLQVSUHFKW 0 5RKQ 0 + 6SDGLQJHU 5 - 3HFKWDOFHGBKLQGOHU =tPRVDQ LQGXFHG & D XSWDNH E\ UH\V
5RPDQLQ & %ORFNDGH RI FDSDFLWLYH &D 1 LQI®E[WK H/LF® DFHDHO® & XUU (\H 5HV
EORFNHUV LQKLELWV VHFUHWLRQ IURP UDW PXFRVODOWNSH PDAN W5 EHODN (VFR®DU - 5 &KDUDFWHUL]DWL
3KDUPDFRO XSWDNH LQ FKLFN UHWLQDO SLIJPHQW HSLWKHOLXP  3L:
5HLVLQ 3UDW $ $SEUDKDP ( $PDUD - *UHJRU\ 5 $XVLHOOR 'A
&DQWLHOOR + 7KH F\WWLF ILEURVLV WUDQVPHPEWHEGDH ERQEXEG WIDHJF&KDYH] * &DOFLXP XSWDNH

UHJXODWRU LV D GXDO $73 DQG FKORULGH FKDQQHOU\DQRIGRQ H&KHPGLQJ LQ PHODQRVRPHY IURP UHWLQDO S|
&HOO &DOFLXP

5SHQQHU $ % 7LOODFN + .UDXV o+ _UDPHU ) ODRKGEDEK :HEHDHIDQ 7KH IDVW RVFLOODWLRQ RI WKH
% + ) JRHUVWHU o0 + .HOOQHU 8 /IDWH RQVHW2EV ERPMPBRSLEO\ UHFRUGHG SDUDPHWHU VHQVLWLYH V
%HVW PDFXODU G\WWURSK\ DVVRFLDWHG ZLWK 90' UHHWQHLAWXWDWURGQYWRYD 3DSHU SUHVHQWHG DW WKH 3U]J
2SKWKDOPRORIJ\ ,6& (9 6\PSRVLXP 1DJR\D -DSDQ

SHXWHU + 6HLW] 1 7KH GHSHQGHQFH R 1 FDOFLXeFKHOHO/X/[LOURB FOUGIODRULFK $ *URZWK IDFWRU VLJIQ|
PXVFOH RQ WHPSHUDWXUH DQG H[WHUQDO LRQ FRPSRW.\WRRQQH MIKONVRE® 1HXUROQ

6FKQHFN 0 ( JRUWXQH % $GDPV §$ - 7KH IDVW RVF

5LFK "3 $QGHUVRQ 0 3 *UHJRU\ 5 - &KHQJ 6 HOHBWXW®RRMBXORJUDP UHYHDOV VHQVLWLYLW\ RI WKH KXPD
-HITHUVRQ ' 0 0OF&DQQ - ' .OLQJHU . : 6PLWK $LOPHE@WUKSLWKHOLXP WR JOXFRVH OHYHO 9LVLRQ 5HV
0 - ([SUHVVLRQ RI F\WWLF ILEURVLVY WUDQVPHBEWDMHUFPRQHW FSWDQMHPDQQ . & XUUHQW XQGHUVWD Q

UHJXODWRU FRUUHFWV GHIHFWLYH FKORULGH FKDQQRQ® UWHWLXQMPONER QP HQW FH¥WWKHOLXP DQG LWV SLIPHQWDWL
ILEURVLY DLUZD\ HSLWKHOLDO FHOOV 1DWXUH

5LRUGDQ - 5 $VVHPEO\ RI IXQFWLRQDO &)75 BKRRUWGH®XFKDBQBON s . "HYRU ' & %ULGJHV 5 - ,
$QQ 5HY 3K\VLRO RJ\ R1 &)75 FKORULGH FKDQQHO DFWLYLW\ 3K\VLRO G5HY
5LRUGDQ - 5 5RPPHQV - 0 .HUHP % 6 $ORQ 16FERIREKHUW 5 0 (JDQ o0 ( +ZDQJ 7 + YXOPHU 6 % E:
*UJHOF]DN = =LHOHQVNL - /RN 6 30ODYVLF 1 &KBXWWLQJ 'UXBP *XJILQR : % &)75 UHJXODWHV F
o/ ,DQQX]]JL 0 & &ROOLQV )6 7VXL [ & ,GUIQAMLLLFLIQWLRIQORULGH FKDQQHOV WKURXJK DQ DXWRFULQH
WKH F\WWLF ILEURVLV JHQH FORQLQJ DQG FKDUDFWHUL}DWLRH®J FRPSOHPHQWDU\
1% 6FLHQFH 6FKZLHEHUW (0 &LG 6RWR / 3 6WDIIRUG ' &DUWHU 0
5L]]JROR / - 7KH GLVWULEXWLRQ R1I 1D . $73D=MHLWOQ LWKH UHWKXIDOQR : % &XWWLQJ * 5 $QDO\
SLIPHQWHG HSLWKHOLXP IURP FKLFNHQ HPEU\R LV SR OKWbL] b @ 0L\Q DL YOR) EDXOW R B®D WLYH SDWKZD\ IRU FKORULGH
LQ SULPDU\ FHOO FXOWXUH ([S (\H 5HV ILEURVLYV DLUZ D\ FHOOV 3URF 1DWO $FDG 6FL 86$
SREHUWV 5 $ 6WRNHV 5 + (OHFWURO\WH 6RO¥WHROHNVEHUWWWRUZ RUWRY ' - (JDQ 0 ( 6WXWWV 0 - *X
/IRQGRQ SS &)75 LV D FRQGXFWDQFH UHJXODWRU DV ZHOO DV D F
5RGEHOO 0 %LUQEDXPHU [/ 3RKO 6 / .UDQV  + PK\VLRO BHMH
JOXFDJRQ VHQVHWLYH DGHQ\O F\FODVH V\VWHP LQ SKWOG®RD PHPEUDIYKWURI 0 $ 6KDUPD 6 %HUQVWHLQ 3 6
UDW OLYHU 9 $Q REOLJDWRU\ UROH RI JXDQ\OQXFOKNWWKGQHWR QQ SJOXFHWRANKLQ . $OOLNPHWV 5 E
DFWLRQ - %LRO &KHP PXWDWLRQV LQ WKH %HVW PDFXODU G\WWURSK\ 90" JHQ
5RGULIJXH] GH 7XUFR ( % *RUGRQ : & %D]DQ 1 * DGXOW/RQNWW IRYHRPDFXODU YLWHOOLIRUP G\VWURSK\

VWLP XODWHYV LQ YLYR LQRVLWRO OLSLG WXUQRYHU dOQWKURDQUWHWXQO & I\WH PPHDFWW ORSD WK\ 2SKWKDOPRORIJ\



*% $UGHQ 3 $ SRRVWHEWHQ 5HWLQDO, DQG (WH,5HVHDUFK

6HJDZD < 6 KLUDR <A .DZDVDNL LA SHWLQDO 6SALDPHQW :HSLWBEHR®MNLD O A + X - -DIIH *o- 0F.D\ % 6
RULJLQ RI ELFDUERQDWH UHVSRQVH -SQ - 2SKWKDOPRR&DSRULQ FKDQQHOV LQ KXPDQ UHWLQDO SLJPHQW HSI
6HLGOHU 1 : -RQD , 9HJK 0 ODUWRQRVL $ &\ WURHLOH B IOW K HDOFLLDGO ZDWHU PRYHPHQW ,QYHVW 2SKWKDO
LV D VSHFLILF LQKLELWRU RI WKH &D + $73DVH RI VDUFRSODVPLF UHWLFXOXP -
% LRO &KHP 6 WDYURX 3 *RRG 3 3 % URDGKXUVW ( - % XQGH\ 6 )L
6HOWQHU 3 $ 7KH PRYHPHQW RI RUJDQLF VROXWHW EHAWZHHQ WKH UsH*WDQ@B (2* DEQRUPDOLWLHY LQ FDUULHUYV
DQG SLIJPHQW HSLWKHOLXP ([s (\H 5HV UHWLQLWLY SLIPHQWRVD (\H
6HSXOYHGD 0 5 0ODWD $ 0 7KH LQWHUDFWLRSQV HIN RHWDK D Q R @ ROHNGKQ H 5 +XEDFHN -3 $73 ELQGLC

UHFRQVWLWXWHG VV\QDSWRVRPDO SODVPD PHPEUDQH &®B& WWBDYWHSRUWRIUYV LQ KXPDQ PHWDEROLVP DQG GLVHDYV
FKLP % LRSK\V

6 KFKH\QLNRY 1A .LP . + .LP . 0 "RUZDUW 0 56WHRQESH%JI+ 5 + ORQLWRULQJ FRPPXQLFDWLRQV EHWZH
*RWR  + 1DUXVH 6 7KRPDV 3 - 0OXDOOHP 6 WR UM QDPAEFSLIPHQW HSLWKHOLDO FHOOV HIIHFWV RI1 P LOG
FRQWURO RI F\WWLF ILEURVLYV WUDQVPHPEUDQH FRQG XFIWDGHFHZ B @ XOHDAWRXW K O, Q YHVW 2SKWKDOPRO 9LV 6FL
+&2L VHOHFWLYLW\ E\ H{IWHUQDO &/ - %LRO &KHPBWHLQEHUJ 5 + /JLQVHQPHLHU 5 $ *ULIl (5 7TKUHH

6KHSSDUG C1 5RELQVRQ . OHFKDQLVP RI| JOHNBRGOAY IRGIHWKH UHWLQDO SLIJPHQW HSLWKHOLXP 9LVLRQ
LQKLELWLRQ RI1 F\WWLF ILEURVLY WUDQVPHPEUDRQH WHLQEXHRWD GFH UHXQXVADMPRHUHU 5 $ *ULIl (5 5HWLC
&3 FKDQQHOV H[SUHVVHG LQ D PXULQH FHOO OLQH - HK\WWRAOLDO FHOO FRQWULEXWLRQV WR WKH HOHFWURUHWL

6KHSSDUG ' 1 S5LFK ' 3 2VWHGJIDDUG [/ 6 *UHJRUVUUBP- 36RLWEHWLQ (\H 5HV
$ ( :HOVK 0 - OXWDWLRQV LQ &)75 DVVRFLODWHXHWZ LWK PDZRUVNL $ (LJHU % .DXVVPDQQ 0 .HO
GLVHDVH IRUP &0 FKDQQHOV ZLWK DOWHUHG SRUH SBRRBHWEIHY +ABVEXWRHOO 6FKORVVKDXHU % )X QF WLF
LIDWLRQ DQG FRPSDULVRQ RI WKH RXWHU EORRG UHWLQTE
6KHX 6 - :X 6 1 OHFKDQLVP RI LQKLELWRU\ DFWER®RWR® |ERUDGQ]EQUULHU ,QYHVW 2SKWKDOPRO 9LV 6FL
DIJHQWY RQ FDOFLXP DFWLYDWHG SRWDVVLXP FXUUBW@WRKUQ + X OOWDXUJTHXGD LSAWP HSQW 1 DQGD 6FKPLG 0 CHEHU
HSLWKHOLDO FHOOV RI WKH KXPDQ UHWLQD ,QYHVW Z&KKWKDORPYRH® KAXNDGHLO' OLNH JHQHV DUH PHPEHUV RI WKH
KLJKO\ FRQVHUYHG 5)3 70 IDPLO\ (XU - +XP *HQHW
6KLPL]IX 7 SROIH [/ 6 $UDFKLGRQLF DFLG FDOVWRGH QQG VILURWOOV % ( 6WUHE / 0 LLPXUD $ ( 6 KHI
WUDQVGXFWLRQ - 1HXURFKHP , *HQHWLF OLQNDJH RI YLWHOOLIRUP PDFXODU GHJHQ

6 KLUDR <A 6WHLQEHUJ 5 + OHFKDQLVPV RI HIGHFMWDNVH IWRPDIORPRVRP H T 1DW *HQHW
K\SHURVPRWLF JUDGLHQWV RQ WKH FKLFN 53( ,QYHWWD QIHKWKDQPRO 9LV -DFNVRQ 3 6 &HOOXODU DQG
6HL SK\VLRORJ\ Rl YROXPH VHQVLWLYH DQLRQ FKDQQHOV $P

6 KLUDR < 8 VKLP XUD 6 .DZDVDNL . "LIITHUSH QW& DWLRQ RI
QHRYDVFXODU PDFXORSDWKLHYV E\ QRQSKRWLF HOHFMURDRFYORJUDP UHMSHR QWHMWLQDO SLIPHQW HSLWKHOLXP LQ
-SQ - 2SKWKDOPRO 3K\VWLRO 5HY

6LIJDO (A 7KH PROHFXODU ELRORJ\ Rl PDPPDOLBQUDXNFKLGRQBER VIHFA®WK D O 5 YXQNWLRQ GHV EHVWU
PHWDEROLVP $P - 3K\VLRO / / 2SKWKDOPRO

6LIJZRUWK & ) 1IHKHU ( 6LQJOH 1D FKDQQHO FXWWIHQWYYV RE VIHWHYHWGL AR 0 & XOWXUHG UHWLQDO SLJPHQ
FXOWXUHG UDW PXVFOH FHOOV 1DWXUH A IJURP 5&6 UDWV H[SUHVV DQ LQFUHDVHG FDOFLXP FRQGXFW

6LOOPDQ $ - ,WR + 7TRPLWD 7 6WXGLHV RQ WKWKPPMBOWHIFUHIRSPNRRWIR Q G\VWURSKLF UDWV 310XJHUV $UFK
SRWHQWLDO RI LVRODWHG IURJ UHWLQD ‘e 2Q MWHIDXEWWLY R ILHWKH F KR QLA &D FRQGXFWDQFHV LQ FXOW
PHFKDQLVP 9LVLRQ 5HV SLIJPHQW HSLWKHOLDO FHOOV - &HOO 3K\VLRO

6LPPHUPDQ % -RQHV / 5 3KRVSKRODPEWMUD XVOWURWHLQLFKDUG * CLHQULFK 0 9ROWDJIH
VWUXFWXUH PHFKDQLVP RI DFWLRQ DQG UROH LQ FDWBWRMPOFV VAR P WRLQUHPKMVY LR® FXOWXUHG KXPDQ UHWLQDO SLJFP
5HY %LRFKHP %LRSK\V B5HV &RPPXQ

6LPSVRQ - ( *DZHQLV [ 5 :DONHU 1 0 %R\OH . §WUBRPVPWNH /0OHUJOHU 6 LHGHUKROW 0 5HJXODWL

&KORULGH FRQGXFWDQFH RI &)75 IDFLOLWDWHVFDEOFMX® &KD'QQHOV E\ SURWHLQ WV\URVLQH NLQDVH DQG SU
H[FKDQJH LQ WKH YLOORXV HSLWKHOLXP RI LQWDFW P X¥XKLOQMHX GKXB8 GUDOM D QBEPKX-PDQ UHWLQDO SLIPHQW HSLWKHOLD (
3K\WLRO *DVWURLQWHVW

6NRRJ 2 . THI[WRULXV 2 1LOVVRQ 6 ( * (ITHFWWWRDIXWW KR DOWRKRKD XVHQ 0 A OHUJOHU 6A 6WXPSII DL
RQ WKH GLUHFWO\ UHFRUGHG VWDQGLQJ SRWHQWLDO R I WHKH KKXPHFMH GW REFWOPRWHLQ WI\URVLQH NLQDVH LQ WK
2SKWKDOPRO DFWLYDWLRQ RI &D GHSHQGHQW &/ FXUUHQWV LQ FXOWX

6 PLWK 6 6 6WHLQOH (' OHVHUKRII 0 ( '"DZVRQ ' &UHWLQROVMUFP HQW HSLWKHOLXP - OHPEU %LRO
ILEURVLY WUDQVPHPEUDQH FRQGXFWDQFH UHJXODWWUDXSYN\VLFD®OXVEDVILY 5IRWHQWKDO 5 A )LVFKHU ' 0OHUJOHU
O\RWURSLF DQLRQ VHOHFWLYLW\ SDWWHUQV - *HQ 3RKRKVLHROH .+ $FWLYDWLRQ RI QHXURHQGRFULQH / W\SH

6P UFND $ 9 +HSOHU -5 % URZQ .2 BWHUQZHLVXEX@LWY LQ UHWLQDO SLIJPHQW HSLWKHOLDO FHOOV DQ
5HIJXODWLRQ RI SRO\SKRVSKRLQRVLWLGH VSHFLILF SKBYSKRQIFSD¥HR&KPHPWLYLRSK\V 5HV &RPPXQ
E\ SXULILHG *T 6FLHQFH 6WXWWV 0 - &DQHVVD & 0 20VHQ - & +DPULFN 0 &

6RHMLPD 0 1RPD $ ORGH RI UHJXODWLRQ RI| WKH5 R& ¥ LVHQ VA WLYHH, RXFKHU 5 & &)75 DV D F$03 GHS
FKDQQHO E\ WKH PXVFDULQLF UHFHSWRU LQ UDEELW DWHURODWROVR BVRGHYY $UBQQHOV 6FLHQFH

A 6X00LYDQ ' O (UE /A $QJODGH (A :HLVPDQ * $ 7XUQHU

6SDGHD / " $PLFR O 'UuDJDQL 7A %DOHVWUD]IL (A = (OHFOMURWLILFDWLRQ DQG FKDUDWWHKEOWRWER®H R1 3

RFXORJUDSKLF FKDQJHV DIWHU ORFDO H[FLVLRQ RI XYUHPASRVROWQIRP XKXPRMR UHWLQDO SLIPHQW HSLWKHOLDO FHC
2SKWKDOPRO

6SDGHD / %LDQFR * 0DJQL 5 5LQDbOGL * 3RQWH Q) A+ % ITDVXRHVQRP UE 7 <DX . : 1DWKDQV - 7KH Y|
SDYDOLFR * %DOHVWUD]]L ( (OHFWUR RFXORJWPDOFKIOD D ECQRWRROKW\SURWHLQ GHILQHYVY D QHZ IDPLO\ RI FK
LQ H\HV ZLWK XYHDO PHODQRPD (XU - 2SKWKDOPROB3URF 1DWO $FDG 6FL 86% A

6 WDOPDQV 3 +LPSHQV % &RQIRFDO LPDJLQJ RRD&EPKDVYDIRLDOLYI LQQVGHOO 3 +DQUDKDQ - : + DOLGF

FXOWXUHG UDW UHWLQDO SLJPHQW HSLWKHOLDO FHOPDY B IXdJd QW\ sPHH HKEQ IPFHXPOWD @ ¥GF\VWLF ILEURVLYVY WUDQVPHPE!
SKDUPDFRORJLF VWLP XODWLRAQ ,QYHVW 2SKWKDOPROUHIJLWODWRU FKORULGH FKDQQHOV - *HQ 3K\VLRO
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7DGD 0 .DGRPD 0 5HIJXODWLRQ RI WKH &D 8ORBEFK73@VH E\ %LFDUERQDWH VHFUHWLRQ DQG &)75
F$03 GHSHQGHQW SKRVSKRU\VODWLRQ RI SKRVSKRODPSEDUD GHILRHWKD\W *DVWURHQWHURORJ\
8VVLQJ + o+ 7UDQVSRUW WKURXJK ELRORJLFDO PHPE
7TDGGHL $ JROOL & =HJDUUD ORUDAQ 2 )DQHQ 3 3KOAWUR® DQ $ 6
*DOLHWWD I -9 $OWHUHG FKDQQHO JDWLQJ) BWWFKQ®@LWP+ IR E HU)DIKEQ . $FWLYH WUDQVSRUW RI VRG
LQKLELWLRQ E\ D KLJK DIILQLW\ WKLD]J]ROLGLQRQH EORIFMHHOHFWUWAE MMXWWHQW LQ WKH VKRUW FLUFXLWHG LVR
3K\VLRO
7DNDKLUD 0 + XJKHYV % $ ., VRODWHG ERYLQHD HUHDWLQ DO NIRBQAOGHQFH RI WKH IDVW RVFLOODWLRQ RI
HSLWKHOLDO FHOOV H[SUHVV GHOD\HG UHFWLILHU W\SHIDRF® WKH SSHUGH F XWINWRMVW QG WKH GDUN WURXJK 3DSFH
$P - 3K\VLRO & & BURFHHGLQJV R I WKH UG 6&(9 6\PSRVLXP $WKHQV *U
7DQJ -0 :DQJ - 4XDQGW ) 1 (LVHQEHUJ 5 6 9DHJIDBYH UIXHLRERQW 3 A S5HODWLRQVKLSYVY EHWZHHQ (2*
SLSHWWHYV 310«JHUV $UFK WKHLU VHQVLWLYLW\ WR GLVHDVH 3DSHU SUHVHQWHG DW
7DXPHU 5 +HQQLJ - B3HUQLFH ' 7KH RFXODU GLSWIOHB®(SDBRARBBAVLXP 7+ELQJHQ
RVFLOODWRU VWLP XODWHG E\ WKH VSHHG RI FKDQJSDRIDLQOXRDIXPWQWQ 3 9LVLRQKH IDVW RVFLOODWLRQ R 1 WKt
5HV D UDSLGO\ UHFRUGHG LQGHSHQGHQW SDUDPHWHU VHQVL
7DXPHU 5 5RKGH 1 3HUQLFH ! 7KH VORZ RV RUHOWDMMRLY RSIL WPKHHQ WR V D ,QYHVW 2SKWKDOPRO 9LV
UHWLQDO SRWHQWLDO D ELRFKHPLFDO IHHGEDFN VWLRBXOWWBEWE\ WKH DFWLYLW\ RI
URGY DQG FRQHV %LEO 2SKWKDOPRO 9DOHWRAQ -0 YDQ 1RUUHAQ ! LQWUDUHWLQDO UH
7D\ORU $ / .XGORZ % $ obDuUuUv o *UXHQHUW HEGHFWXWERDQRUHVSRQVHY WR VWHDG\ LOOXPLQDWLRQ LQ
% 6FKZLHEHUW (o %LROXPLQHVFHQFH GHWHHFMHRWR RIUBVSRQVHY DQG WKH RULJLQ RI WKH OLJKW
UHOHDVH PHFKDQLVPYV LQ HSLWKHOLD $P - 3K\VLRO & , &
WHQ 'RHVVFKDWH * WHQ '"RHVVFKDWH 7KH LQIOXMWEMNR IOWKHQVYMWO WH QRYI . 6WUDXVV 2 .UXJHU 5A /RO

DGDSWDWLRQ RQ WKH VWHDG\ SRWHQWLDO RI WKH KXPBQH\H_LBKDMNB®HG $FWD3K\WLRORJLFDO IHDWXUHV RI SULP
VXEFXOWXUHYV RI KXPDQ UHWLQDO SLIJPHQW HSLWKHOLDC

7HZDUL . 3 ODOLQRZVND ' + 6KHUU\ $ 0 &XSSROHWUW\IRSUHVHUSDWLRQ IRU FHOO WUDQVSODQWDWLRQ *UD
DQG DUDFKLGRQLF DFLG DFWLYDWLRQ RI KXPDQ UHFR P2ESLKQWDKQDAO R RGO FKORULGH
FKDQQHOV $P - 3K\VLRO & & YDQ GHU +H\GHQ 0 $ * CLMQKRYHQ 7 -0 2 SWKRI
7H[WRULXV 2 1LOVVRQ 6 ( $QGHUVVRQ % ( (1HE W HRF X OQW UDWSMFMWW ® | DGUHQHUJLF PRGXODWLRQ RI F
SHUIXVLRQ ZLWK GRSDPLQH LQ GLIIHUHQW FRQFHQWKDWYQRQV BQUWKR 58V
HOHFWURUHWLQRJUDP DQG WKH VWDQGLQJ SRWHQWbLMNQJDIQWKI DOREQBHYDEELW HIHDLUQ $ & *DGVE\ ' &
"RF 2SKWKDOPRO FKDQQHO RSHQLQJ E\ $73 GULYHQ WLJKW GLPHUL]DWLR
7KDOHU $ 5 /HVVHL 05 +HLOLJ 3 /LIKW LQG X FEHI® ® VF L O®ORMAVER®W R DWX UH
WKH VWDQGLQJ SRWHQWLDO LQ DFKURPDWRSVLD 9RRMH 28KWKBQPIRQW + + 6RPH PRUSKRORJLFDO DVS
VRGLXP WUDQVSRUW 7KH HSLWKHOLXP RI WKH IURJ VN
7KDOHU $ 5 * /JHVVHLQ 0 5 +HLOLJ 3A 6FKHLEHU 9 7KH IDVW
RVFLOODWLRQ RI WKH HOHFWUR RFXORJUDP LQIOXHGQFCHOR | YWLP XOXW 0O WHQYUW\DYQW RI YLVXDO H[FLWDWLRQ 6
DGDSWLRQ WLPH RQ DPSOLWXGH DQG SHDN ODWHQHFOWRBSBKWHKD@UXHYHU 5 +HLPDQQ . $W\SLFDO S|
%HVW V YLWHOOLIRUP PDFXODU GHJHQHUDWLRQ FOLQLFD
7TKHLVFKHQ 0 6FKLOOLQJ + 6WHLQKRUVW 8 + “HYU* -EHLS RWKDWYH RO
YLWHOOLIRUPHU ODNXODGHJHQHUDWLRQ $90° VFKEWMNWW HYRDLQUA/GIHWP LEHY  /«NH & .{QLIVIHOG 3 % UXQ
SDWWHUQG\VWURSKLH XQG ORUEXYV % HVW 'HU 2AOKMWWDORBRWLRORJIJLFDO DEQRUPDOLWLHY LQ DJH UHODW
WLRQ *UDHIH V $UFK &OLQ ([S 2SKWKDOPRO
7KLHPDQQ § *UeQGHU 6 B3XVFK 0 -HQWVFK 7 - :DpQJ $+ FKORULRH - ( 0F.LQQROQ ' 8QH[SHFWH

FKDQQHO ZLGHO\ H[SUHVVHG LQ HSLWKHOLDO DQG QRQGH BIHWHKHMHOALIDDOO FHIQA¥ WX DRVIX& B FKDQQHO EORFNHUV RQ W
FKDQQHOV LPSOLFDWLRQV IRURWHUVWR®\ & LUFKH5HV

7KRUEXUQ A 1RUGVWURP 6 /2* LQ D ODUJH IDPLO\ ZLWK
KHUHGLWDU\ PDFXODU GHJHQHUDWLRQ %BHVW V YLWH@DOLIRUPDPDRXODU: B\YWURDQJ : A 'XDQ < +XDQJ 3
SK\ LGHQWLILFDWLRQ RI JHQH FDUULHUV 'RF 2SKWKBABR®DWLRQ RI &)75 FKDQQHOV E\ ELFDUERQDWH VH
7TR\RGD - 1RVDNL + 7TRPLWD 7 ILIKW LQGXF&EQ UWNOLVWEO®RIFHH LQ KXPDQ DLUZD\ HSLWKHOLDO FHO(
FKDQJHV LQ VLQJOH SKRWRHIFOXEHAKHBHWNMRBLVLRQ 5HV
CDWHUV & 3\QH 6 3\QH 1 - 7KH UROH RI1 * SURMW
7TVXERL 6 BHGHUVRQ - 9ROXPH IORZ DFURVV W FIHVSRWOHOUWH ® QUBH WV ROPLDWHG SURWHLQV LQ UHFHSWRU
SLIPHQW HSLWKHOLXP RI FA\AQRPROJXV PRQNH\ H\HV , QWUHWWGXSMWWKOORROLQ &HOO 'HY %LRO
9LV 6HL CHLQJHLVW 7 $ .REULQ -/ :DWINH 5 & +LVWRS
7VXQHQDUL 7 6XQ + :LOOLDPV - &DKLOO + 6PDOBHRRO BAFXD®U . G\WVWURSK\ $UFK 2SKWKDOPRO
1DWKDQV 6WUXFWXUH IXQFWLRQ DQDO\V:IWWVOIRHHWKH EHVWURSBY® DQG VORZ RVFLOODWLRQV RI WKH
IDPLO\ RI DQLRQ FKDQQHOV - %LRO &KHP LQ %HVW V PDFXODU G\WWURSK\ DQG UHWLQLWLY SLIJPHQ
8HGD < 6WHLQEHUJ 5 + 9ROWDJH RSHUDWHG FDPORFOAXP FKDQQHOV LQ
IUHVK DQG FXOWXUHG UDW UHWLQDO SLIJPHQW HISOWKH®LDO6FIHPIOVS (QYHVWOROHFXODU PHFKDQLVPV RI &
2SKWKDOPRO 9LV 6HL FKDQQHO G\VIXQFWLRQ LQ F\WWLF ILEURVLYVY &HOO
8HGD < 6WHLQEHUJ 5 + &KORULGH FXUUHQWYV :lHQ IUsH VK Q\L LV¥R®OD WeVBH UPBEM UJ 5 + :KROH FHOO . F
UHWLQDO SLJPHQW HSLWKHOLDO FHOOV ([S (\H 5HV IUHVK DQG FXOWXUHG FHOOV RI WKH KXPDQ DQG PRQNE
8 HG D < 6WHLQEHUJ 5 + "LKVGURS\ULGLQH VHRYLWKWIL¥X®OFLXK\VLRO
FXUUHQWY LQ IUHVKO\ LVRODWHG KXPDQ DQG PRQNH\5 UHWLQP O SLWIWHIQWHUI 5 + ([SUHVVLRQ RI1 D V
HSLWKHOLDO FHOOV ,QYHVW 2SKWKDOPRO 9LV 6HL VHQVLWLYH 1D FXUUHQW LQ FXOWXUHG KXPDQ UHWLQTE
8HKDUD )A ODWWKHV 0 7 <DVXPXUD /D9DLO 0 OFHOOV JLBKWVLRO
HYRNHG FKDQJHV LQ WKH LQWHUSKRWRUHFHSWRU HRRODWDL[ *“SEGHGRH % ) -LQ  * ) 0DQJLQL 1 - .HQQHG\

$ 6 :LOOV 1. 2[LGDQW DQG DQWLR[LGDQW P |
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FKORULGH FKDQQHOV H[SUHVVHG LQ KXPDQ UHWLQDO SVHRNQWLMELWEBHOIX® FRPAVUDQVSRUWHU 3URF 1DWO $FD

- 3K\VLRO & &

S KLWH . ODUTXDUGW $ CHEHU % + 90" PXAVPIWINRQVY LQXPH - 5 ,QKLELWRU\ HIIHFWV R1 JOLE
YLWHOOLIRUP PDFXODU G\VWURSK\ %HVW GLVHDVH DQ@EGVRVWKHUEBRYK®REDDMKLHYP EUDQH UHJXODWRU VZHOOLQJ
+XP 0XWDW DFWLYDWHG &/ FKDQQHOV LQ PDPPDOLDQ FDUGLDF P\RF\W

CKLWH 0 0 0LOOHU & $ YROWDJH JDWHG DQLRQ FKDQQHO IURP WKH
HOHFWULF RORMGHGR FDOLIRURILFDKHP 2 <DQJ < -DQLFK 6 &RKQ - :LOVRQ - 7KH FRPPRQ

sLoov 1 . tHQJ 7 OR / +HOOPLFK + / <X $ F\vDWQ# ITEURVLV WUDQVPHPEUDQH FRQGXFWDQFH UHJXOD
% XFKKHLW 6A *RGOH\ % ) & KORULGH FKDQQHQ SH[SUHY VAARIUDLQHG LQ D SUH *ROJL QRQO\VWRVRPDO FRP
FXOWXUHG KXPDQ IHWDO 53( FHOOV UHVSRQVH WR R[LOWWLYSH DVGVUBNLY 8 Q¥ HV W
2SKWKDOPRO 9LV 6FL <RGHU ) ( &URVV + ( &KDVH * $ JLQH 6 / JUHLGKRII

CLQNOHU % 6 3RXUFKR 5 * 6WDUQHV & 60RFXP - SORFXPLDY : % /JLQNDJH VWXGLHV RI %HVW V PDFXC
OHWDEROLF PDSSLQJ LQ PDPPDOLDQ UHWLQD D ELRRIHBLFDHRQ WG +
GHR[\JOXFRVH DXWRUDGLRJUDSKLF VWXG\ ([S (\H E®\GXQDLVN\ - $ .LQQH 6DIIUDQ ( .LQQH 5 $ 1D +

LQWHU 0 & tHOVK 0 - 6 WLP XODWLRQ R &)75 pPDHFFWIDYQLMW/\P EY QLWIYSLFDO PHPEUDQH YHVLFOHV RI WKH U
SKRVSKRU\ODWHG 5 GRPDLQ 1DWXUH HSLWKHOLXP ,QYHVW 2SKWKDOPRO 9LV 6FL

RO - ( SUGHQ * % 7ZR FRPSRQHQWYV RI WKHGKHXARQ P @FRKEKPIH - ( %HUWRJ 0 .RUEPDFKHU & -1
HOHFWUR RFXORJUDP 'RF 2SKWKDOPRO $GGLWLRQDO GLVUXSWLRQ RI WKH & & &3 FKDQC

SULJKW $ 0 *RQJI 9HUGRQ % /LQVGHOO 3 OHKWODFAUEDWRHUWRR F\VWLF ILEURVLY SKHQRW\SH RI F\VWLF
- 5 SUJHQW % ( *UbD\ 0 $ 1RYHO UHJXODWLRRQH IFRQIMFWDQFH UHJXODWRU PRXVH PRGHOV - %
ILEURVLVY WUDQVPHPEUDQH FRQGXFWDQFH UHJXODWRU &)75 FKDQQHO JDWLQJ
E\ HIWHUQDO FKORULGH - %LRO &KHP =KDQJ o+ &UDJRH -U (- OHOYLQ - ( 5HJXO

i LRQJ  + /L &A *DUDPL (A :DQJ <A 5DPMHHVLQJK G\WRB@OWWLF S+ LQ UDW VXEOLQJXDO PXFRXV DFLQL DV
%HDU & ( & & DFWLYDWLRQ PRGXODWHYVY UH JPOODAHRILY LFRVWPHXODWLRQ - OHPEU %LRO
GHFUHDVH - OHPEU %LRO =KDQJ = 5 Z=HOWZDQJHU 6A OF&DUW\ 1 $§ 6WHDG\ \

P X - /\WOH & =KX 7A 3D\QH - %HQ] -U ( JRUEXMWKLRQV%R I JOLEHQFODPLGH ZLWK &)75 HYLGHQFH IRU P X

OROHFXODU FORQLQJ DQG IXQFWLRQDO H[SUHVVLRQ SR UHWKH 0BHX¥PEHUW DIQILFEEM
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3 *O\FRSURWHLQ H[SUHVVLRQ LQ KXP
HSLWKHOLXP FHOO OLQHYV

3DXO $ &RQVWDEOH DY -RKQ * /DZUHQVRQ DE 'L
*HRIIUH\ % $UGHQ D 1 -RDQ $EERWW

G'HSDUWPHQW RI 2SWRPHWU\ DQG 9LVXDO 6FLHQFH +HQU\ :HOOFRPH /DERUDWRULHV IRU 9LVLRQ
&LW\ 8QLYHUVLW\ 1RUWKDPSWRQ 6TXDUH /RQGRQ (&,9 2+% 8.
E:ROIVRQ &HQWUH IRU $JH 5HODWHG 'LVHDVHV .LQJ V &ROOHJH /RQGRQ /RQGRQ

SHFHLYHG 0D\ DFFHSWHG LQ UHYLVHG IRUP 2FWREHU

$EVWUDFW

3 *L\FRSURWHLQ 3 JS DQ DFWLYH HIIOX[ WUDQVSRUWHU HQFRGHG E\ WKH 0'5, JHQH KDV UHFHQWO\ EHHQ LG
HSLWKHOLXP 53 ( LQ VLWX (I1TOX[ SXPSV VXFK DV 3 JS DUH PDMRU EDUULHUV WR GUXJ GHOLYHU\ LQ VHYHUDDO
53( FHOO OLQHV H[SUHVV 3 JS XQGHU WKH FXOWXUH FRQGLWLRQV UHFRPPHQGHG IRU HDFK FHOO OLQH VR DV WF
SUHGLFWLQJ GUXJ WUDQVSRUW DFURVV WKH RXWHU EORRG2UHWLQDO EDUULHU 7KUHH KXPDQ 53( FHOO OLQH
5HYHUVH WUDQVFULSWDVH2SRO\PHUDVH FKDLQ UHDFWLRQ 57 3&5 ZDV FDUULHG RXW WR GHWHUPLQH WKH HI[S
LVWU\ XVLQJ WKH 3 JS VSHFLILF DQWLERG\ & ZDV XQGHUWDNHQ WR LQYHVWLIJDWH WKH SUHVHQFH R1 3 JS S|

D 3 JS VXEVWUDWH LQ WKH SUHVHQFH RU DEVHQFH RI SUH WUHDWPHQW ZLWK D 3 JS LQKLELWRU YHUDSDP
IXQFWLRQDO H[SUHVVLRQ RI1 3 JS JRU DOO H[SHULPHQWV 0'&. FHOOV VWDEO\ WUDQVIHFWHG ZLWK WKH KXPD
D SRVLWLYH FRQWURO $53¢(, FHOOV ZHUH FRQVLVWHQWO\ QHJDWLYH IRU 3 JS DV DVVHVVHG E\ 57 3&5 DQG LPTF

DQG KL 53( VDPSOHV \LHOGHG ZHDN EDQGV FRUUHVSRQGLQJ WR 0 °'5, 3 JS SURWHLQ H[SUHVVLRQ DV GHI
ZDV DOVR SUHVHQW O5KRGDPLQH XSWDNH DIWHU WUHDWPHQW ZLWK YHUDSDPLO ZDV VLIJQLILFDQWO\ JUHDWHU I

H[SUHVVLRQ RI 3 JS LQ WKHVH WZR FHOO OLQHV 1R HYLGHQFH RI IXQFWLRQDO 3 JS ZDV IRXQG LQ $53¢( DQC
FHOOV H[SUHVV 3 JS WKRXJK IXQFWLRQDO DFWLYLW\ ZDV GHPRQVWUDEOH RQO\ LQ FHOOV $53( FHOOV
FHOOV OLQHYV ' FRXOG EH FRQVLGHUHG DV D VXLWDEOH PRGHO IRU LQ YLWUR GUXJ WUDQVSRUW VWXGLHV ST

PRGLILFDWLRQ RI WKHLU XVXDO FXOWXUH FRQGLWLRQV
< (OVHYLHU /WG $ 00 ULJKWV UHVHUYHG

. H\ZRUGBVIJO\FRSURWHLQ UHWLQDO SLIJPHQW HSLWKHOLXP FHOO OLQHV GUXJ WUDQVSRUW

,QWURGXFWLRQ FHOOV 53 WKDW IRUP D EDUULHU EHWZHE

UHWLQD RXWHU %5% 7TKH %5% LV WKXYV

'UXJ GHOLYHUN WR WKH UHWLQD LV FRRIWWADOALQW GE IEV UVALKKR) \& UMHKVDHW) FHH RW UL FW W K |

D EORRG2UHWLQDO EDUULHU %5% ZKLVWDHEIXY D WHWKWWIKHS HYPHOPWLR® RI VPDOO
RI VXEVWDQFHY IURP WKH EORRG LQWRGGKHWDQO®®] WLVYVXH 7TKH %5% LV

IRUPHG E\ WLJKW MXQFWLRQV JRQXODH RFFXOXWHOWYNEREWM WANMWR PHVQ SURYLGH IX

GRWKHOLDO FHOOV WKDW PDNH XS WKHSHRQGWW RW LLRHON LR\D ® FEAOLRFRH® \Y UM PRIV QJ G U

LQQHU %5% DQG VLPLODUON EHWZHHQWUBHWNVORDWUBEQJIPWRMP HESDAMNK HQMWDRO WK H VIV W

SURWHLQ 3 JS LV D ZHOO FKDUDFWHULYVH(

VWURQJO\ H[SUHVVHG E\ UHWLQDO YDVF

&RUUHVSRQGLQJ DXWKRU 7HO D[ *UHHQZRRG DQG KDV UHFHQWO\ EHH(
( PDLO DG6 WHARQVWDEOH# FBW) D&FRXN WD E OH 53 ( . HOQOQHG\ DQG 0DQJLQL DQG RQ
VHH IURQW PDWWHU « (OVHYLHU /WG $00 ULJKWV UHVHUYHG

GRL M H[HU
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PHPEUDQH RI SLJ 53( 6WHXHU HO DO7KH $53@8 JFH®OLOVOAMW UHWDLQV PDQ\ IHDW
EURDG VXEVWUDWH VSHFLILFLW\ L QFOIX@A®MXG WXKH PFLOUGG ISILE P HIO\W B WILRK) WKH H[S !
GLJR[LQ VYLQFD DONDORLGY YLQFULVWHQBXDOQG VHWEQDWVWHENGH +E9QGLQJ SURWLF
SURWHDVH LQKLELWRUV VDTXLQDYLU DRBVUDWRLIQSOWRLG NRUWRMW\BHGEXWHKDY DSSDU

PHWKDVRQH DQG K\GURFRUWLVROQH LPRY@RWHD YSUH V VDXQWV H W\ FDOOR ' D O\
VSRULQ $ DQG DQWLELRWLFYV HU\WKURSPREWD QHBBRDELBQG H[BQBVYV &5%$/%3 EXW
YDOLQRP\FLQ UHYLHZHG E\ 6FKLQNHL7K®GNDRIQRWUYSH DERYH SDVVDJH VKRZV D

7KH LQFUHDVHG SDFH RI GLVFRYHU\ RHK UMRDPQRG/LRGPDHW I XGPLUEXHIJU P REIOYHLY HW DO |
FXOHV UHTXLUHV D KLJK WKURXJKSXW TKBPW®WGWHDHOLOY HO IVEF KW HCHQRG WPRD SQWOGLRW D VWD
WLVVXH SHQHWUDWLRAQ DQG FHOO EDVHG(LQ QW USRS PRAGH OV ZHID CEHDLVQ HIIKQRELWLQJ

FUHDVLQJO\ XVHG IRU WKLV SXUSRVHLQOQNXBEOMHANRWD WRDREQ $X&8@G HW DO .DC

$OWKRXJK UHWLQDO GUXJ GHOLYHKH\ FIHVO®DV UDBHG OLQHWHKUVMLWVWWXG\ H[KLELWH
ILHOG '"XYYXUL HW DO IHZ VWXGLRIY\ KWDLYPH GHDYWD OMKFD WHK® W XRIWBDEOHWHHOOV LQ VL\
LQ YLWUR PRGHOV 7KH DLP RI WKH SUHV$8®RWM VWXH®OYDN¥HWR 6B RAHE ALIQQ B PL[WXU
ZKHWKHU 53( FHOO OLQHVY GHULYHG IPRBLKXHD Q( DHI[GHWHW VP BGILXP DQG +DPTV )
ZKHQ JURZQ XQGHU FXOWXUH FRQGLWLRLEWRIHFRIPWHRIGHHG BWD LWIKOH \ 8 . VXSSOHEF
RULJLQDO DXWKRUV YRO YRO KHDO LQDFWLYDWHG IRHWDO FDO

7KUHH KXPDQ 53( FHOO OLQHV ZHUHSWWXKBLOGGL Q7 K H 2$25S3)( P O VWUHSWRP\FLQ D Q
FHOO OLQH LV D ZHOO HVWDEOLVKHG PRGHPORRDQDXXWDRIBG( WKDWVHEHUH XVHG DW
KLELWY PDQ\ FKDUDFWHULVWLFV RI QMHMLOWH ZKHXWPH QI URFZ(Q XX Q0 (0 ZLWK KLJIK

HW DO OLWFKHOO /LNH *$I5E3HR , QY L WFLHROJAHWQ VXSSOHPHQWHG ZLWK
DURVH VSRQWDQHRXVO\ DQG KDYH EHH@&6XVHGS8WPRO PSRHOQHT LW ROHQR XWH®J PO VWUHSYV
% 5 % ODQQHUVWURP HW DO DQG WOOHW DDPODVIR WK IHQ WPH.WQH FXYWG DW SDVVDJH

DFWHULVWLFV RI KXPDQ 53¢ 'DYLV HW DHOUH JURZQKHQQHD®\TW P ZLWK KHDW L
PRUWDOLVHG 53( FHOO OLQH KOS5 3( LV WBKIER OUIBHQAWLBRBOMWUDQVISHFWORQWUHSWRP\F

RI KXPDQ 53( FHOOV ZLWK D 609 O DU JHS R RDAQHWLLIFH® [%Q 6 QWGK H P IROKWDPLQH &HOOV
RQH PLJKW H[SHFW WKH SKHQRW\SH WR EH FOR&H \DW) &V R0 '"V& K DOW 5R | SHJQO®W UAHUH JUR Z (
KXPDQ 53( FHOOV WKHVH FHOOV KDYH EDIMIQ MVKRZQPWR/ UHWEFH@ PWOQG XVHG ZLWK L
ELRFKHPLFDO DQG PRUSKRORJLFDO |HDPMHXYLISKHY RK HVWH PKHX PWDROP 5\8H{ HIGQL QJ WR UHDFKLC
VLWX *UHHQZRRG HW DO .DQXJIDZ HHHMQ WK H FHOO DKBHV ZLWK KO53( FHOOV
$53( DQG KO53( FHOO OLQHV KDYH BMHKIINQ VAXKFH RWWK M O CF\H @ HEBLQ HV XVHG T7KHUHI
WR DWWHQXDWH YLVXDO ORVV E\ WUD QHISW®LHWD WR. RAQK DL\@ WFRO OV K H O\OX B LWDHW L Q B D F K H ¢
VSDFH RI DQ DQLPDO PRGHO RI LQKHULWEG DEWLHYB @ UG B HHQWHW Z.W UG W \KWSKER-\SW F IRRQUIFOF
5R\DO &ROOHJIJH RI 6XUJHRQV 5&6 UDWOQEMHQXHOWOW X HUH SDVVDJHG XSRQ UHDFKLC

‘H VWXGLHG H[SUHVVLRQ RI 0°'5 3 JSURRPIL ® HER SSHHUBD&SX UH LQ FDOFLXP DQG PDJQ|

DQG RI 3 JS SURWHLQ E\ LPPXQRF\WRF KDHPPFLWGN YD OMK YRWIXRVQR®Q@ 3IR®ORZHG E\ w
H[SUHVVLRQ ZDV LQYHVWLJDWHG E\ XSDWMD NOH RIVEEBHW3 &88OWOXNVEYWUBWHDLQWDLQHG L
UKRGDPLQH E\ 53( FHOOV LQ WKH SDDWMIVHQRHZD®W& DEWWIHWQFH RI

SUH WUHDWPHQW ZLWK WKH 3 JS LQKLELWBO FKHPEPPO® ZHUH VXSSOLHG E\ 6LJPD
RWKHUZLVH VSHFLILHG
ODWHULDOY DQG PHWKRGYV
57 3&5
&HOO FXOWXUH

7RWDO 51% ZDV H[WUDFWHG IURP FHOOV J
7KUHH KXPDQ 53( FHOO OLQHV ZHUH VWXELHHB %LRJIHDYHVLNW DROROH 8. DFFRUGLOQ.
$53( "XQQ HW DO DQG KOH3(V.BQRWR HAVODO3XULW\ DQG FRQFHQWUDW I
0DGLQ 'DUE\ &DQLQH .LGQH\ 0'&OWRHXQROAWLNKHFRVURSKRWRPHW U\ SJ R
QRW H[SUHVYV 3 JS DQG 0'&. 0'S5 ZKLNO KDY EHHQ HWHD QWG WUDQVFUBEHFGRQQ D W
IHFWHG ZLWK IX0O0 OHQJWK KXPDQ 0'5 WDQGLMJSRAVINR IEBQFWYRQWIOPHU 51DVLQ DOQC

3 JS 3DvwDQ HW DO ZHUH XVHG DOVOFRIRWUROKNP HHIB . 6DRXGN KD P SWR Q 8 . 3UL
0'&. 0'5 FHOOV ZHUH NLQGO\ SURYLGH®R EGHOHMWDUODQJH DFFHVVLRQ QXPEHU $
*OD[R6PLWK.OLQH :DUH 8 . ' FHOOVRQEZSPYHER*TH QG K P RXY& T I&IW &77*$*7&7*$*$

IURP '"U S5LFKDUG +XQW 8QLYHUVLW\ RI$ERLKWEKE & D URFRWUMH WHRGEGAED®I WR WKH QXFO
6FKRRO &RORPELD 6 & 868% $53( FHOOV2 ZHUBQWXSSO1+LHG HNHVSHFWLYHO\ DQG

WKH $PHULFDQ 7\SH &XOWXUH &ROOHFWL/RRQ 7 $*7*8&88&& * B R Q D ¥ VD&VS$ &9 $ 7T**&&T7T7$***7
86% DQG K 53( ZHUH D JHQHURXYV JLIW7RI$3BPRA**KRKQ *UHHQZRBQG UHVSHF
,QVWLWXWH RI 2SKWKDOPRORIJ\ 8QLYHUNG®LDKRHWWHDIH /RQGRWKH83.ZHUH VI\QWKHVLVI
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SDPSLVIRUG 8 . 5HYHUVH WUDQVFULSWDVE3HKRERGIYPRHWW HXGS WDRIPM WYXWD\
QHJDWLYH FRQWUROV 7KH UHYHUVH WUDQVFULSWLRQ UHDFWLRQ ZDV FDUULHG
RXW DW f& IRU PLQ WKHQ f&IRU R HQO O$W’ Z @& WIH. FVDHWHLGRHQG ZIDW W KH GHQVLWLHV
SHUIRUPHG ZLWK SL F'1$ LQ D WRWDOODRWOHXW HIRDF DIQBRIOVWRZIQQWR FRQIOXHQF|
LQJ PDJQHVLXP IUHH UHDFWLRQ EXIIHURPRBRR@EHB PHGPD O03JKRPGDPLQH ZDV GL
SURPHJD PO RI HDFK SULPHU PWRGN73IQ HAWKRDQAREG WR SO0 LQ EXIIHU 7
IRQGRQ 8 . DQG 8 7DT '"1$ SRO\PHD®WH 3URP HID 0J6 &D&O .8
3&5 ZDV SHUIRUPHG LQ D WKHUPDO F\FOMIUG6 *HQBHHKSJO X F RIVH DGMXVWHG WR ¢
SOLHG %LRVA\WWHPYV :DUULQJWRQ 8. RIQWHK s cPDDWHDWDV fG&HVRU@GDHWHG IRU WUHDW
QDWXULQJ IROORZHG E\ F\FOHV R 'Y6RWGLOIXWHG VLMW EXITf®RU WR JLYH D ILQ
V DW f& ZLWK D ILQDO PLQ DW $8& YRWDSDPKOVDRISOH '062 YRO YR
D QHIJDWLYH FRQWURO ZDV LQFOXGHG WRBOFKWHNZIRW WBJWHDOWHGR ZIWEREXFIHU FRQYV
'1$ 3&5 SURGXFWY ZHUH VXEMHFWHG WRROYROHPYGOBRBKWHEBYDV D FRQWURO , Q
DIJDURVH VWDLQHG ZLWK SJ] PO HWKLGIKPOHGRWRGHLYWRINWRSOHZLANXH VDPSOH |
D VL]IH PDUNHU +\SHUODGGHU % LROIDQVH WKIKK W/ SHHHEWBW B K RSMRRPGHXWFUW.F EODQN DQ
VL]H ZDV ES IRU 0'5 DQG ES IRU ZHDOWLQR U7 IS R3WHKHLQ DVVD\
SURGXFWYVY ZHUH FORQHG LQWR WKH S&5 $OFHF[WMRULPHRMWNVQXHRH WRH GXFWHG LQG
2ULJLQDO 7% &0ORQLQJ .LW ,QYLWURJHQ@LWXOD WRDIPGW HWH USHH UL VIRIGHWHBH Q W &HOOV
ZLWK WKH 6LJPD *HQ(OXWH 30DVPLG OLRUBSHIFOS WR WHRERWHKHDDOHRMWEWRP WKHQ
Rl WKH LQVHUWY FRQILUPHG E\ VHTXHKEFWR®B U OYRHOQUHDFSXDOPODLWDW R IWR O0RGJA ZDV DGGHG

8QLW .LQJYTVY &ROOHJIJH /RQGRAQ SODWH UHVSHFWLYHO\ 3ODWHYV ZHUH LQFX
EHIRUH VROXWLRQV ZHUH DVSLUDWHG DQG
OPPXQRF\WRFKHPLVWUN\ EXIITHU FRQWDLQLQJ S0 UKRGDPLQH

EDWHG IRU D IXUWKHU PLQ DW f& EHI
7R HQKDQFH DWWDFKPHQW DQG JURZWKPRNVN WKHFNHOOOZDODWRHVFHIBGBRY®G EXIIHU WR
FRYHU VOLSYV PP GLDPHWHU ZHUHZ HUWHH WR B @ HB\VAGWKQ 7ULWRQ ; YRO Y
SJ FPRI PRXVH FROODURHHMXWLEBE DQG SHOWL KH® O QIRU PLQ DW URRP WHPSHUDW
ZHOO FKDPEHUYV 1XQF 5RVNLOGH '"HQIP DU NO\RDXWHQLIRWOBW IURP ZHOOV
f& ([FHVV FROODJHQ VROXWLRQ ZDVDEWRLWUEDWHG WKHD WQHUWPEHDQRWEHRU ZHUH VW
IRUH FHOOV ZHUH VHHGHG [DWs 5 3[( DQWHLQ DVVD\ 7KH DEVRUEDQFH VSHFWUXP

[ V 0'&. 0'5, DQG KO53( FHOOV F®BHWHHIPPAY HGHWEN VSHFWURSKRWRPHWU\ 6 K
JURZQ WR FRQIOXHQFH LQ WKHLU UHVSBRWLYBDYPRHBGLPHDINO ODWURFBEEXURWDO DEVR
ZHUH FDUULHG RXW DW URRP WHPSHUDWMNWH UPQL@QHHGY LWQW D § HBG®O W WIXWHIJHZE VH,, VSHFW
&RYHU VOLSV ZHUH ZDVKHG WZLFH LQ /SYKGRV&SBEKPWWHLE XHIHEHG VDOLQH
3%6 IR U PLQ DQG IL[HG ZLWK LFH FROG@WDFHWBRWHRY IRU&HIDRAK FHOO OLQH ZD

PLQ 7KH\ ZHUH ULQVHG WKUHH WLPKWLLQQ 3WK6H DRQEGS ESQUWMRANHHLE DQV VD\ NLW DFFR

3%6 FRQWDLQLQJ ZW YRO ERYLQHU YWH WO WNXE XA IR VD Q3 HUFH 7TDWWHQKDO

YRO YRO PRXVH VHUXP IR U PL®LEHIBOH WWBEHQGHDHIGHY ZHUH GLOXWHG IUR
ZDVKHG WKRURXJKO\ WKUHH WLPHV IRURIPALAVODQEG BYHGYL/DRHGEOHOW. EREDWH ZDV DGG |
& ,'" IDEV *ODVIJRZ 8 . UHFRIJQL]JHVWIRQDLQWHAHQOOSHO MWMHRSHXQF DQG SL Z
RI KXPDQ 3 JS LW ZzDV DGGHG DW D GLDODX®HEB QWRI HDFK QZHORBFN/ILKH] VDPSOHV ZHL
EXIITHU DQG FHOOV LQFXEDWHG IRU PURU &R PHIQ EKHUBVYVH WRHRWDDVBHGRUEDQFH ZD

WKUHH WLPHV IRU PLQ LQ 3%6 EHIRUH XMOKHL WHDFr @ BS/FH\Q W@WEZEKRGP R %DVLQJIJVW
), 7& FRQMXJDWHG JRDW DQWL PRXVH SCHNUR SFIO RDOWW UG8 WHHUPRQWN IRU HDFK FHOO
ZDV DGGHGGLOXWLRQ LQ EORFNLQJ EXIIVMAKUHH ®X@RW XEDWHG LQ

WKH GDUN IRU K &RYHU VOLSVY ZHUH ZDBXRH® PLIQUHHH WXBWWNHK BP0 QRUPDOLVH
DQG QXFOHL FRXQWHUVWDLQHG SZALW® BIRRISH®IEFXP FIHROOOLGOH. QH LQ HDFK RI1 WKH U:
3% 6 EHIRUH WKH\ ZHUH ZDVKHG WKUHWH $WNVPHVSJ1QS BRMWHIDQRG6WDWLVWLFDO DQ
PRXQWHG ZLWK OOXRUHVFHQW PRXQWLQWHNMWELXIPWK' WD2NH @@HOOVLIQLILFDQW

ZHUH LPDJHG ZLWK D =HLVV $[LRYHUW ODVHU VFDQQLQJ FRQIR
FDO PLFURVFRSH &DUO =HLVV -HQD *HUBBWXOWNMWK GXDO H[FLWD
WLRQ R I QP DQG QP DW DSSURSULDWH PDJQLILFDWLRQ 7KH\
ZHUH YLHZHG ZLWK D [ RLO LPPHUVLRIQ3&BHQV ,PDJHV
[ SL[HOV ZHUH VWRUHG RQ FRPSXWHU KDUG GULYH
DQG YLHZHG ZLWK $[LRYLVLRQ VYHU & UL 5- HIDWV SHUHRRODUPHHBURQ VDPSOHV RI S
PDQ\ 1HIJDWLYH FRQWUROV QRW VKREZQ@G DHEH AKGCEXEDWMBE GLWKUDQVIHFWHG Z

WKH VHFRQGDU\ DQWLERG\ RQO\ 0'5, $ VWURQJ EDQG RI WKH VL]H H[SHF



34 &RQVWDEOH HW DO , ([SHULPHQWDO (\H 5HVHDUFK [[ 2

DPSOLILFDWLRQ SURGXFW ES ZDV VHHQ LQ WKH O0'&. 0'5
FHOOV EXW RQO\ D YHU\ IDLQW EDQG IRU 0°'5 ZDV GHWHFWHG LQ WKH
SDUHQW OLQH yLJ , +RZHYHU DFWLQ DPSOLILHG VWURQJO\ LQ

ERWK FHOO W\SHVY WKHUH ZHUH QR EDQGV LQ WKH QHJDWLYH FRQWUROYV
UHYHUVH WUDQVFULSWDVH RPLWWHG IURP WKH 57 UHDFWLRQ UHVXOWYV

QRW VKRZQ LQGLFDWLQJ WKDW JHQRPLF '1$ ZDV QRW SUHVHQW
6DPSOHYVY RI WKH 53( FHOO OLQHV ZHUH VFUHHQHG IRU 0'5

P51$ DQ H[DPSOH RI D JHO LV VKRZQ LQ )LJ D $PSOLILFDWLRQ

SURGXFWY RI WKH H[SHFWHG VL]H ZHUH VHHQ ZLWK KL 53( FHOOV LQ

RXW RI LQGHSHQGHQW VDPSOHY DQG LQ FHOOV RXW RI LQ

GHSHQGHQW VDPSOHV DOWKRXJK WKH EDQGV ZKHQ SUHVHQW ZHUH

IDLQW 1R EDQGYV ZHUH GHWHFWHG IRU $53(/ FHOOV LQ LQGHSHQ

GHQW VDPSOHYV 0'&. 0°'5 FHOOV ZHUH D,OZDRNYnWAR RVeDP1sSRY b 50 poc s DFwLQ LQ 53(
WLYH FRQWURDO $00 53( FHOO VDPSOHVYPr Yo RZ bl BHOSARR ¥ &oWDPYsHLIEFD Q&R Y SIUREXFwWY D %DQC

DFWLQ )LJ E EXW UHDFWLRQV LQ YLKHLF KESU HY WHU N HQ WV \RD KV FU L SIWRB V HDQG oD
ZDV RPLWWHG \LHOGHG QR EDQGYV UHVdwWVORRRw AWRRZGIUH QHIDWLYH § VDPSOH RI 0750
LOFOXGHG DV_D SRVLWLYH FR%WURO ODQH E $00 VDP
BHTXHQFLQJ RI WKH DPSOLILHG SURGXFWV FROILUPHG WKDW WKH.J
VLIH H[SHFWH IRU S DFWLQ ES / VLIH PDUNHU
ZHUH LGHQWLFDO WR SXEOLVKHG GDWD IRU KXPDQ 0'5

,PPXQRF\WRFKHPLVWU\
IXQFWLRQDO H[SUHVVLRQ RI 3 JS $Q DE
6WDLQLQJ ZLWK WKH 3 JS VSHFLILF DRWLERBY VW UD WHEHPOHLGR GLIIHUHQFH L
VWURQJ LPPXQRUHDFWLYLW\ LQ 0'&. 0'5 FHPWPY0oB ZKWHRQD WHUPD SDPLO LV XVHG WF
EUDQH VWDLQLQJ zZDV HYLGHQW EXW 3 WRHZEBY VHO YRUHERWKY ¥H & (LQDMKH K05 3( (

FIWRSODVP )LJ D )RU 53( FHOOV $53)s AW QGHWHHWH®RQUQ KO53( DW ERWI
VLVWHQWO\ QHJDWLYH IRU 3 JS )LJ BHYHRBYHYHU KL 53( DQG

! VKRZHG ZHDN LPPXQRUHDFWLYLW\ WKDW DSSHDUHG WR EH
KHWHURJHQHRXVO\ GLVWULEXWHG WKURXJLK\?FXMVVY_I‘hlb FHOO )LJ E F

UHVSHFWLYHO\

5DSLG DGYDQFHV LQ WKH XQGHUVWDQGL
RJHQHVLV RI UHWLQDO GLVHDVH KDYH KL.
JHWHG GUXJ GHOLYHU\ 6HYHUDO VWUDWH.
SKRGDPLQH HQWHUV FHOOV SDVVLEYQY ERPMY APIRH EfR ROV EHMPuDWLRQ RI G U
IURP WKH FIWRVRO E\ 3 JS 7KH LQKLELWHRR: RIoH]HEwA RGN bHYLSOxwLoHO SHUI
PLO SUHYHQWYV WKH H[WUXVLRQ DQG WKHUHIRVH YKREBILLSMHFWFESY DUH OHEH
PXODWHV LQ WKH F\WRVRO 6XFK DQ WQFYUHRYHokRHEQWHWUDF HOBXPRHU RI FRP :
UKRGDPLQH FDQ EH FOHDUO\ VHHQ ZIRPK WKk S RYNYY YUY P HFROMWHIROXx UH oRUOH
0"&. 05 )L 21 WKH KXPDQ 53( FHY8DOMWRHEDE PD'LoWDLO GUXJI FRQFHQW L
' VKRZHG D VLIJQLILFDQW GLITHUHQEHEbQy KR WHKNW KH\ VWLOO UHTXLUH VXUJLFDO
WZHHQ YHUDSDPLO WUHDWHG DQG FRQOWURD, ¥&'d JkiwrxstQOLFODWLQIyw UHEHO

OLJKWHG WKH WUDQV VFOHUDO URXWH D\
PHWKRG IRU GHOLYHULQJ GUXJV WR WKH F
DQG $GDPLV WKH 53( UHPDLQV D VL
LW\ EDUULHU 7KH FDSDFLW\ RI WKH 53¢
EHHQ ODUJHO\ XQH[SORUHG GHVSLWH GH
WDUJHWHG GUXJ GHOLYHU\ LQ RWKHU WLV
7KH UHFHQW GHVFULSWLRQ RI 3 JS HI[S
ES 53( LQ VLWX .HQQHG\ DQG 0DQJLQL
LPSOLFDWLRQVY IRU UHWLQDO GUXJ GHOLY|
3 JS LV DQ LPSRUWDQW LPSHGLPHQW WR W

5KRGDPLQH XSWDNH DVVD\

ES

/ SKRELF GUXJV DFURVV WKH EORRG2EUDLC

6 XJL\DPD 6HYHUDO EUDLQ FDSLOOD!I

yLJ s 0'5 DQG 3 DFWLQ P518% H[SUHVVLRQ LQ 0'&. DOW KR DXWONSWDEO\ H[SUHVV 3 JS KDYH SURYHQ

FHOOV JHO RI 3&5 DPSOLILFDWLRQ SURGXFWV 6WURQJ\)E\RI%&§\RIRV\A‘K|¢ U[iljFWBEyldl-\!/SRUW DQG 3 JS DEW
IRU 0'50 ES ZHUH VHHQ LQ WKH 0°'5 WUDQVIHFWHG FHOOV ODQH E X W

RQO\ YHU\ ZHDN EDQGV LQ WKH SDUHQW FHOO OLQH oD %DQGV IRU 33Et<FIaIFQ I—1-IYV Do GLQFH LF

SHFWHG SURGXFW VL]H ES ZHUH VHHQ LQ ERWK FH(QOLQ\@NV Ud_I!)WHQ/LQD(PGDQ\ RI WKH PRUSKRORJLF

0'&. DQG 0'&. 0'5 UHVSHFWLYHO\ / VL]H PDUNHU WLRQDO FKDUDFWHULVWLFV RI 53( FHOOV
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yLJ 5HVXOWV RI LPPXQRF\WRFKHPLVWU\ VKRZ VWURQJ VWDLQLQJ LQ WKH SRVLWLYH FRQWURO 0'&. 0'5 FHOOV
ZDV HYLGHQW ZLWK KO53( DQG ' FHOOV E DQG F UHVSHFWLYHO\ 1HJDWLYH FRQWUROV QRW VKRZQ LQ ZKLFK
6FDOH EDU sP

.DQXJD HW DO LW LV RI VLJQLILFDHQKZH UWR BHHEGWHD E ORY KWXKKH WKHKWW WLPH v
WKHVH FHOOV H[SUHVYV 3 JS WR GHWHUPL Q@8 WKHUHKHVVXRWDIEQ OW KWLAVI F B O ® WXLUQHH
GUXJ WUDQVSRUW VWXGLHYV 7KH KO53( FHOO OLQH DURVH IROORZL

7KH ZHOO FKDUDFWHULVHG KXPDQ 53 (DRHMMOOHIOQLQOQWUBRY(IRUKFRWLRAQ RI KXPDQ
VLVWHQWO\ ODFNHG 3 JS H[SUHVVLRQ E\DSQ/X3BR5HW DOLPPXQR 7KHVH FHOOV H
F\WRFKHPLVWU\ DQG UKRGDPLQH RSWDHPMWMHW NBIWWDLQ FFKXELQY 53 ( &5%/ %3
VLIQLILFDQW JLYHQ WKDW $53( KDYHDQ GH¥ELWURDX\WO G HEKHLHYGH GV KRIZXQURWUR SKLF I
WR H[SUHVV WKH FORVHO\ UHODWHG WUDQWIRUWWWLRRXOQ KKOWLX3I( BHOOW ZDV
WDQFH DVVRFLDWHG SURWHLQ 053 $XNX@HK UXKSWWNDHO DVVD\ +RIZOHG WR GHPR
HYHU WKHVH SURWHLQY DUH ITUHTXHQWGEFWOQORMNVNWFR H[SUHVVHG LQ RWKHU
FHOOV JRU H[DPSOH WKH UDW EUDLQ HQRGIROWKHROWX UFHH FAR @G QW IVR @8 1KD Y H EH
DQG 5% ( VKRZ VWURQJ 3 JS DFWLYLWLQGCBXBQWH ®HOISNHQIUBYILRQ LQ D YDUL

5HJLQD HW DO HW DO +LUVFK (PVW HW DO
7KH VSRQWDQHRXVO\ LPPRUWDOLVHG 53( FHDOQDDLHQWM DO KDV *DLOODUG HW
EHHQ SUHYLRXVO\ VKRZQ WR H[SUHVV 0.HQ®HKBGS DMEGG 0:HYMLIQUWQ ZHUH DEOH

EORWY FRQILUPHG SURWHLQ H[SUHVVLRQIS .HQRSQWHG/\V LDROQG LMD & XIPPLQ 53( SULPDU
7KH SUHVHQW VWXG\ ZDV DEOH WWWIXGH QVMRIXIQ GD WIKIDQW D®BWKRXJK P518$ IR
PHVVDJH LQ PRVW RI WKH FXOWXUHY WHVWSHGURWELIQP ZYDURBODEWANWWEFWHG DI
ZDV ZHDN ZKLFK PD\ EH GXH WR WKH ZKUIWKHWKSDYQWIHP QWRWHE DJHQW GDXQR
2 XVHG LQ WKLV VWXG\ FRPSDUHXKHWR GBWRHWGDLWHQ G&KH SRVVLELOLW\ W
0DQJLQLTV 2 .HQQHG\ DQG O0DQJLQRQ VXLWDERHHYHUFHOO OLQHV E\ DSSURSE
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5KRGDPLQH XSWDNH DVVDY PRGHO RI 53( SRODULW\ EDVRODWHUDO VHFUHWLRQ R )*)
PRO 9LV 6FL

"XYYXUL 6 ODMXPGDU 6A OLWUD §$ . "UXJ GHOLYHU\

FKDOOHQJHV DQG RSSRUWXQLWLHV ([SHUW 2SLQ %LRO 7KH

(VWVHU 3 7HUYRRUHQ 'A +HLPDQQ . _.RFLRN 1 %DUW] 6

:DOWHU 3A :HOOHU 0 ,QWUDYLWUHDO GDXQRP\FLQ LQGC

VLVWDQFH LQ SUROLIHUDWLYH YLWUHRUHWLQRSDWK\ ,QYHVW

*DLOODUG 3 YDQ GHU 6DQGW , 9RRUZLQGHQ /A 9X 'A 1LHO
%UHLPHU $VWURF\WHV LQFUHDVH WKH IXQFWLRQDO
JO\FRSURWHLQ LQ DQ LQ YLWUR PRGHO RI WKH EORRG EU
5HV

*UHHQZRRG - &KDUDFWHUL]DWLRQ RI D UDW UHWLQDO HQ

DQG WKH H[SUHVVLRQ RI 3 JO\FRSURWHLQ LQ EUDLQ DQG UH

yLJd 5KRGDPLQH DFFXPXODWLRQ LQ YHUDSDPLO WUHDWH® URSsHQ IEDUWR LQWEP KRE O 2

WURO VKDGHG EDUV FHOOV 7KH VLJQLILFDQW GLIIHUHQWFHIQBRBGZLWK3Y\RH 05 "HYLQH / 0ODOH GRV 6DQWRYV

FHOOV LQGLFDWHVY IXQFWLRQDO 3 JS DFWLYLW\ 21 WKH KX®PDRVRQ( BHOO OL®HV RBWIH 7 LPPRUWDOLVHG FHOO OLQ
VKRZV VLJQLILFDQW DFWLYLW\ $53( DQG KL 53( VKREMWRROREVRIQLPFDH ERRRG UHWLQDO EDUULHUV UHWDLQ WKHLL

GLIIHUHQFH LQ DFFXPXODWLRQ EHWZHHQ WUHDWHG DQG FRRIWERE EKRONFWRHWGLVFIWLEVQ r QIRIXURLPPXQRO 2
3 JS DFWLYLW\ %DU JUDSKV UHXUHVWIDMS @ HWD QU RRIW L Q*XHPEHGF WRQ 0 $XGXV . 3URJUHVV DQG OLPLWDWLRQV LQ
GHQW UXQV 'DWD DUH PQIDQ ‘VBRSOHV IURP LQGHSHQGHQWH@OS WY OWXUHV WR VHUYH DV D SHUPHDELOLW\ VFUHHQ IRU
LPHQWV 3 S - 3KDUP 6FL

+LUVFK (PVW ., =LHPDQQ &A 6FKPLW]VDOXH & YRWK  +

YDU\LQJ WKH FRPSRVLWLRQ RI WKH FXOWM KU WPRI GRL ¥ P O\F QSGRWHLQSDRA P GUOE P518% H[SUH\
WUHDWLQJ WKH FHOOV ZLWK DQWL PLWRWRFY RB Sl’—"HF’d’&S‘ EW G HE WY D WERGUH  ®LRFK

&RPPXQ
DIJHQWYV )
_DIlH *A <DQJ & :DQJ ; &RXVLQV 6 *DOOHQWRUH 5A $VI
,Q FRQFOXVLRQ ' KDV WKH SRWHQWLPQpoWRU o W YWbGo ¥ RubDERMEoRVSRULOH LQ WKH

SRUDWH 3 JS PHGLDWHG WUDQVSRUW LQWRLWDW 2B BDIP@ORISHUPHDELOLW)\
VFUHHQ RI FDQGLGDWH GUXJV DFURVV ‘WXXHD 513 (:LQWRQ + / ®%HDXFKHQH / .RPDQ $ =HUELE 3

&RXUDXG 32 .HHJDQ &RIIH\ 3 /IXQG 5 $GDPV
*UHHQZRRG - &KDUDFWHUL]DWLRQ RI JHQHWLFDOO\ PR
$FNQRZOHGJHPHQWV LQDO SLIJPHQW HSLWKHOLDO FHOOV GHYHORSHG IRU LQ YLWUF

LHY ,QYHVW 2SKWKDOPRO 9LV ©6FL

3UHOLPLQDU\ UHVXOWYV ZHUH SUHVHQ\'vak?&G\Lé é’@WbQLFW LRUP JO\/{:/ Wﬁ‘ﬁHLQ HISUHVVLRG
DO SLJPH W HSLWKH

DQQXDO PHHWLQJ RI WKH $VVRFLDWJ¢&QDJ§U 5&&\5L\ARN%EK Ua 9%Yd«ﬁ*%uoqumw VAVWHP v
DQG 2SKWKDOPRORIJ\ )W /DXGHUGDOH ElbrRIBEE UbVQ ¥ XU BHRIUDW &l EBorRER'c FHUHEURVSLQDO I10XLG
D 6FKRODUVKLS IURP WKH &ROOHJH RI 2SWRPYHWGRVWV:28. '' LV VXS
SRUWHG E\ WKH :HOOFRPH 7UXVW 8. 7K1F¥DPERISN 7z DOV KEZROWE H'GA BPXWYRH ' 6FKHUPDQ A

%ULWLVK 5HWLQLWLY 3LIJPHQWRVD GRFLHE\/?/SSG([EUD;?ioEgP BSW\/KLR"HUH%WL?(WLEQ tQ D UDW EUDLQ

OLNH WR WKDQN 'U 'DYLG %HJOH\ IRU FRRE HQW YsRQ g WKH QXY F YL $oW “LuPDO 69
CLQWROQ + .DQXJD 1 .ZDQ $ 6 %HDXFKHQH / =HL
HWKHULQJWR / &RXUDXG 3 2 &RIIH\ 3 *UHHQZRRG -A

SHIHUHQFHV y QIWRQ Q

WUDQVSODQWDWLRQ RI JHQHWLFDOO\ PRGLILHG KXPDQ FHOO O
VXDO IXQFWLRQ LQ G\VWURSKLF UDWV 3URF 1DWO $FDG 6FL

$PEDWL - $GDPLV $ 5 7UDQVVFOHUDO GUXJ GHOLYG®MUNRY OMRKGIWU HWAL Q=R PQ GUXSSD O0A 'LHKO +A (QJHONH O
FKRURLG 3URJ 5HWLQ (\H 5HV 2 ODHQSDD + +XKWDOD $ 8 XVLWDOR + 6DOQWLQHQ /
$XNXQXUX -9 6XQNDUD * %DQGL 1 7TKRUHVRQ % 0 D-RVQHOKRHO 0D 8 DQw\oD 0 0DQW\OD ( 7TDKWL + ()

([SUHVVLRQ RI PXOWLGUXJ UHVLVWDQFH DVVRFLDWHWK$HURWHR @R PLSFALWALQRKHXVHOHFWHG V\VWHPLF DQG LQWUDYLW
PDQ UHWLQDO SLJPHQW HSLWKHOLDO FHOOV DQG LWV WKHWHYOWWURQ RILWXP 5@F3BHWLQDO SLIPHQW HSLWKHOLDO F
D QRYHO DOGRVH UHGXFWDVH LQKLELWRU 3KDUQW 5HV ppu\ WPHWLQDO SLJPHQW HSLWKHOLDO FHOOV 7R[LFRO ,Q 9I

%HJOH\ ' - /HFKDUGHXU A &KHQ = ' 5ROOLQVRQ@ LWFKHADUGR %O O0A 5HOHDVH RI $73 E\ D KXPDQ UHWLQDO SL
5RX[ ) 6FKHUPDQ $SEERWW 1 - )XQFWLRQDO HHB®OHWOYQOMQ BRRWHQWLDO IRU DXWRFULQH VWLPXODWLRQ Wt
JO\FRSURWHLQ LQ DQ LPPRUWDOLVHG FHOO OLQH RI UDWKEWDR® HQGRWKHOLDO FHOOV
5 % ( - 1HXURFKHP OL]XQR 1 1LzD 7 <RWVXPRWR <A 6XJL\DPD <A ,PSD

&XQKD 9D] - 7KH EORRG UHWLQDO EDUULHUV V\VWHRVUB®YS$ER URMRHUF WSWK\G LHYGRQ GUXJ GLVFRYHU\ DQG GHYHORSP
FOLQLFDO HYDOXDWLRQ ([S (\H B5HV 2

'DYLV $ § %HUQVWHLQ 36 %RN 7XUQHU - 1DFKHWWIOHOW 01A «RQWYWJ 56 6WUDFKDQ ' &RURQHR 0 7THFKQL

$ KXPDQ UHWLQDO SLIPHQW HSLWKHOLDO FHOO OL@UHWKEDMO WMHMWWRLRY HXWHWKHOLDO 2SKWKDOPRO 2
FKDUDFWHULVWLFV DIWHU SURORQJHG FXOWXUH ,QYHVSNGLDRKWKDSQPDRO®G 9BLAY 0 BEFDKRQ 6 % 5DWWUD\ 0 5DSLC
1*) %'1) DQG 17 QW513%V LQ LQIODPHG EODGGHU 1HXURUHS

"XQQ . & S$RWDNL .HHQ §$ ( 3XWNH\ )5 +MHOPHODQG / O $53(

D KXPDQ UHWLQDO SLIPHQW HSLWKHOLDO FHOO OL@BVIWIDWK GLIITHRWYWVPWEBG 9HUR SHHG D . /IRYHODFH (A 5XW
WLHV ([S (\H 5HV 2 :LOOLQJKDP 0 $ UHWURYLUXV FDUU\LQJ DQ 0'5 F'1$ F
'XQQ L& ODUPRUVWHLQ $ %RQLOKD 9 / SRGULIWIHIU%X R XOHPVALVWDQFH DQG SRODUL]JHG H[SUHVVLRQ RI 3 JO\F

*LRUGDQR ) +MHOPHODQG !/ 0 8VH RI WKH $53(FHOBDNOQURIFQH DWO $FDG 6FL 8 6 $ 2



33 &RQVWDEQBHMAHQRWDO (\H 5HVHDUFK [[ 2

3KDP <A B5HJLQD $ J)DULQRWWL 5 &RXUDXG 3

CPERHYPNHO $5RX[-RQNHU - ODPPDOLDQ GUXJ HIIOX[ WUD
*LPHQH] ) ,QWHUDFWLRQV R I

UDFHPLF PHIORTXLQHE DQRGLQRW VF BIQDHQUWYMLHR P$HR Y IDPLO\ DQ RYHUYLHZ $GY 'UXJ

ZLWK 3 JO\FRSURWHLQ LQ DQ LPPRUWDOLVHG UDW EUBWQ® XFHUS LOOD UA\DIZ Q G RWLK H GL D O( EHHOW % A .DXVVPDQQ 0
OLQH *317 %LRFKHP % LRSK\V $FWD 2

6FKQHLGHU + 6WROO 'A 6FKORVVKDXHU % ) XQFW
5HJLQD §$ 5RPDQ $ 3LFLRWWL O0A (O +DIQ\ % &HQWHWLRIQ DRHUBRPQRUILSVRQ RI WKH RXWHU EORRG2UHWLQD EDU
&RXUDXG 3 5RX[ ) OUSO PXOWLGUXJ UHVLVWDQFHDDWVYRUELD\WHK G VSW RWSHKLWRK D OP RO

9LV BHL 2
DQG 3 JO\FRSURWHLQ H[SUHVVLRQ LQ UDW EUDLQ P LF/WDRWHMWYI O 7 H QIGDRIWKRH Od- R O 0 & IN © @\ 7VXUXR 7 (QKDC
1HXURFKHP 2 E\ WKH EUDLQ PDWUL[ RI 3 JO\FRSURWHLQ LQ EUDLQ FDSI
5HJLQD $ 5RPHUR , *UHHQZRRG $GDPVRQ 3A %RXUWUHOO A BRRZXWID X G| 1R U
5RX[ )A

'"H[DPHWKDVRQH UHJXODWLRQ RI 3 JO\FRSEHBMWHLQ DRKWWY¥ KXW\

6Q0 DQ 1HZ GHYHORSPHQWY LQ VXVWD
LPPRUWDOL]J]HG UDW EUDLQ HQGRWKHOLDO

FHOO OLQH G'HWAIYHU\1HXWRWVKKHH FWUHDWPHQW RI LQWUDRFXODU GLVHDYV



"RF 2SKWKDOPRO
t2, \ ]

25,*,1%/ 3$3(5

[LIKW DQG DOFRKRO HYRNHG HOHFWUR RFXC
ILEURVLYV

3DX0O $ &RQVWDEOH % -RKQ * /DZUHQVRQ £
*HRIITUH\ % $UGHQ

SHFHLYHG $ SULO $FFHSWHG $ XIXVW
<« 6SULQJHU 6FLHQFH % XVLQHVYV OHGLD % 9

$EVWURFWVLF ILEURVLYV &) LV REOPXRHGRWHVD ,Q FRQWUDVW WKH KRPR]
GHIHFW LQ WKH F\WWLF ILEURVLVQWRWD GVIPIHB ELQDQRHWKR® DPSOLWXGH RU W
GXFWDQFH UHJXODWRU &)75 Z K)2PK FIRVP P D IKHGR WIRGWKH FRQWUROV
FKDQQHO &)75 LV H[SUHVVHG LQ WKH UHWLQDO SLJPHQW

HSLWKHOLXP 95 3( ZKHUH LW LV.HEARUW GBYHFGR KRRO ER\VWLF ILEURVLV t
LPSRUWDQW LQ JHQHUDWLQJ WKH (IONWWRWRFRFADWURQY $H3BVW RVFLOODWLR
DQG SRWHQWLDOO\ FRQWULEXWLQ5HWRQW®HS IOIRK@WFBIBEWKROLXP

RFXORJUDP (2* 7KH UROH RI &)75 LQ WKH
DOFRKRO (2* LV XQNQRZQ :H UHFUXLWHG VL[] LQGL

YLGXDOV ZLWK &) WKUHH KRPRIJIVJAWHRGXBWLRQ QG

WKUHH KHWHURIJ\VJRXV IRU $ DQG UHFRUGHG WKH

OLJKW DQG DOFRKRO (2*V DV ZH&®O/ WIVF WIKHURZM VD Q&) LV D GLVHDVH LQ
FRPSDUHG WKHP WR D FRQWURO |JORWSRFKHV USYXOWYLO\ DIIHFWHG . W

VKRZHG WKDW LQ WKH &) JURXS WHKHH HDWVSLY IHW X G H7 RH WIKHHQH LQYROVYHG FA
DOFRKRO DQG OLJKW (2*V ZHUH WBDEOUDPHPRUDNIHUFRQGXFWDQFH UHJXOD
WKH WLPH WR SHDN RI WKH OLJKHWQFRQABVDOFRKWRHULMNWLF WLEURVLV WU
ZHUH VLJQLILFDQWO\ IDVWHU WKD QRLQRG WKW DRRRFHW WRHQ XJIAJIRWMRU FKORULGH F
H FRQFOXGH WKDW &)75 LV QRW7XWLPRYWOS WHWEB®RHRQW &DXFDVLDQ PXWDV
VLEOH IRU WKH DOFRKRO RU OLJKWKHWLBGHOHEWMWROV RRQ YSRKHYOM®DODQLQH DW
LQ DOWHULQJ WKH WLPLQJ RI WKHVWH UHNOBRBQWKWUREH YUHWYWGHUV &)75 LQFD
VKRZHG GLIIHUHQFHYV EHWZHHQ WHKDFKKLRPIRMKRWSHO'DVPD PHPEUDQH >
KHWHURJ\JRWHY DQG WKH FRQWURONWHWKHRNP$SOLWYEHHBDOVR DIIHFWHG W |
ZHUH VLJIJQLILFDQWO\N KLJKHU DQGFWiKkK\OAIPGG®W\R WKHHEGPUN WKH JHQRW\SH |
WURXJKV ZHUH VLJIJQLILFDQWO\ VERAUHWHIMWWE HW K HWKHHU RHY HULW\ RI1 WKH S
JWOJRWH JURXS FRPSDUHG WR ERWK)FRQUWWRQV DEEGEXWEKHY $73 ELQGLQJ DOQ
O\WLV DQG LV DOVR UHJXODWHG E\ F$03
SURWHLQ NLQDVH $ 3.$ SKRVSKRU\ODW.L
3 s &RQVWD(EOHI* /DZUHQVRQ #* % S$SUGHQ g)75 KDV EHHQ LGHQWLILHG LQ ERWK

"HSDUWPHQW RI 2SWRPHWU\ DQG 9LVXDO 6FLHQFHG +IE%UV\DO PHPEUDQHY RI IRHWDO 53( \
:HOOFRPH /DERUDWRULHY IRU 9LVLRQ 6FLHQFHV® & LW\

8QLYHUVLW\ /RQGROQ 8. DQG WKH FRUUHVSRQGLQJ P51% KDV EHHC(
H PDL®D FRQVWDEWH#FLW\ DF XN LQ DGXOW KXPDQ 53( DQG UHWLQD > @

6SULQJIHU
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53( FHOOV > @ DQG FDQLQH 53FHYWORSKOWKREKIKHG RQ FOLQLFDO ILQG
YLVLRQ LV QRUPDO LQ &) WZR DEBERWUIYFWY EBX HLRXIQBIV QRZ VXJIJIJHVW W
WKDW WKH )2V DUH UHGXFHG ZKL®KMW WKHH XOOLDWWV(ZD LVHQWU\ LQWR WKH
QRUPDO > @ +RZHYHU LQ $ WK REPDRVRDPMXWHUDO FKORULGH FKDQQHO
PLFH DQG LQ &)75 QXOO PLFH WKKHHBY FEORUYWHOBGKDQQHO DQG QRW E|
SUHVHQW ZKLFK VXJJHVWY WKDW WIH )2XUDVEXUURWWRRX®RBGHUVWDQGLQJ RI
GHSHQGHQW RQ &)75 > @ 2QH SHRWRWLMHE®D HI HJ\RORHQ VRIW DQG WKH FKORULGH
&)75 LQ WKH 53( LV IOXLG UHJXODIWRIORR® G D@GCD KMRERWKK\ LQWHUDFW LV EH
LWV FRQWULEXWLRQ LV SUREDEOVRROOPDD QPG @VK&) LHWHUDFWLRQV EHWZ
DOVR WUDQVSRUWYVY $73 LQWR WK WHKUEDOHWKQRWL &3 DFKHDQQHOV DSSHDUYV
7KLY SRWHQWLDOO\ FRXOG FRQWULREOXYWHHS WVRK DMK HS WDHLY KRVX VDM HE HOLHYHG ) F
LI $73 ELQGVY WR DQ DSLFDO SXUL@HUJLF UHFHSWRU
ZKLFK ZRXOG WKHQ LQFUHDVH WKHKH WUDRWO@X¥ODNHNTRKROHY IXQFWLRQLQ./
FLXP FRQFHQWUDWLRQ >&D W@LGKRWRWMUFE® SWKHJ WFIRWPVSHOGH[] WR JHQHUDWH
>&D @LQ FRXOG LQFUHDVH WKH FQWRODPMHVDDAOL RFK RR UM IGH OLJKW (2* LV W
FRQGXFWDQFH DVVRFLDWHG ZLWKOMWIKKHY OWLBKWRWOLWH BRMWHQRW GLVFULPLOC
(2* > @ GV\WIXQFWLRQ RI WKH SKRWRUHFHSWRUYV
7KH PDLQ DLP RI WKLV VWXG\ ZDV@WR7G&HWHURMLEEO XWLOLW\ RI WKH OL
ZKHWKHU &)75 ZDV LQYROYHG LQ23WQKHDUDHWEBG HQWKHUWKHU TXHVWLRQHG
DOFRKRO (2* $OFRKRO KDV EHHOQDEKREZ®\WR) DAWOKWHH U HWISKR Q VH V > @ W ¥
RFXODU VWDQGLQJ SRWHQWLDO LEHQOGRKIRSIRYWRBW D@ VHQ&/LWLYH DQG FO
LQ ERYLQH 53( SUHSDUDWLRQV LRONEWURSK\VLR@RJILFDO PHDVXUH RI 5:
VOLIJKW LQFUHDVH LQ WKH KXPDQ ERX EGZEWHH KRDXVQBHHQLYHQ WKH FORVH D
UHSRUWHG EXW DOFRKRO GRHV QERHW DI$1$ @ DWKW ROD DRMH UDWIGHD OFR KR O (2 *
UHWLQDO UHVSRQVHY LQ DQ\ RWKWWDZQA LY J@RD Q\GK HV PWKXW QLVP RI WKH D
PRVW OLNHO\ WR EH DFWLQJ GLUPBW®HDIXGSRWRWKWMKBY(VXEVWDQFHY EHLQJ
+XPDQ VWXGLHV > @ VKRZ WHKD®WHRWOFK ®RWHYV WR I
DOFRKRO FDXVHV D ULVH LQ WKH RFXODU VWDQGLQJ SRWHRQ
WLDO WKDW PLPLFV WKH OLJKW ULVH RI WKH (2* $ SUR
SRVHG PRGHO LV WKDW HWKDQRMHWKRGKEQ D GLIIHUHQW
LQLWLDO UHFHSWRU WR WKH OLJKW ULVH VXEVWDQFH EXW
ERWK HWKDQRO DQG OLJKW VKDUH OWK H /OWHF ERPPW®Y SWRYLGHG ZULWWHQ
QDO EDVRODWHUDO PHPEUDQH FNORWLGE FKMRWEHIOQPFPH ZLWK WKH SURWRF
@ 'HWHUPLQLQJ ZKHWKHU &)75 &VWLNQBROYHGBVRWWQRW6HQDWH B5HVHDUFK
LQ WKH DOFRKRO (2* LV LPSRUWB@®WPDLWWHKH DEERKRODJIJUHHPHQW ZLWK W
(2* KDV EHHQ VKRZQ WR EH PRUH WK V QVEL GH FVOKDDUD WIKRIQ RI1 +HOVLQNL
OLJKW (2* LQ GHWHFWLQJ HDUO\ 53( G\WIXQFWLRQ LQ
UHWLQLWLY SLJPHQWRVD DQG D3BUWHBPIDSWDHGVVP DFXODU
GHJHQHUDWLRQ > @ 6XFK D ILQGLQJ ZRXOG LPSOL
FDWH &)75 LQ WKHVH UHWLQDO GEZWHDWHWQ 8. OLIH H[SHFWDQF\ IRU DQ L
7KH FXUUHQW XQGHUVWDQGLQJ RUWKKHK)JHQHUDWHBQVRDQG GLDEHWHY Pt
WKH OLJKW ULVH LV WKDW OLJKWROGPRHU FWASODRDWNVROHW XIITHUHUV UHT X
XQLGHQWLILHG VXEVWDQFH IURP WKR QU RDIGQVG WKW SEDLVQ IGHWQWR LQ RXU JURXS
DQ 53( UHFHSWRU WKDW LQLWLDWHMGH) WMRBRIQH >&MJ @LQGD\ YLWDPLQ V)
7KH HOHYDWHG >&D @LQ FDXVHVSDQFNWHWRPWILWHHMOQD\PFRFKORDQWLELRWLFYV DOQ
ULGH FKDQQHO WR RSHQ WKHQRKH RGHKROBYLVULRNS KDG UHFHLYHG D
WKH EDVDO PHPEUDQH DQG JH QSHOUDDQWAL Q J PWRKQHW IOV JEWHYLRXVO\ DQG ZDV
ULVH > @ 7KH EDVRODWHUDON RPKRRULOGHD GEDWQRI®DO PHGLFDWLRQV
UHVSRQVLEOH IRU WKH OLJKW ULYWHVVLEH®LHY HIGW RVLRR SELHL Q H PJ O

6 6SULQJHU
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F\FORVSRULQH PJ [ GD\ DQWURKN\SWH UMRHJQ WILKYHH V BBLIJKW (2*)2V
UbDPLSULO $ & ( LQKLELWRU PJ O [ GD\DDGG DOFRKBO (2*
GR[D]J]RVLQ DUDJRQLVW PJ O[%GCG@RF X7TOKDLYW ARWILO L W\ YLVXDO DFXLW\ D

YLGXDOfY UHVXOWY ZHUH QRW LDHBMHSRRDMMHG RYOWROWKWKEMHFWY $00 |
VWDWLVWLFDO DQDO\VLY RZLQJ WRRWIRH G RRWH @ W H DD PRHU GADKIHVRHU HDFK SDU
PHGLFDWLRQVY WR GLVUXSW WKH 53( > @ +RZHYHU

WKLY LQGLYLGXDOYTV UHVSRQVHY DOHPMKREDKLOLWARJINLIXUHV

DQG DUH ODEHOOHG DV pOXQJ WUDQVSODQW $QRWKHU RI

WKH &) SDUWLFLSDQWY ZDV DQ L @G\OX0 LSQU B HIS G )XQWHIVQ W HBULD LGHQWLFDO IRU
EHWLF DQG ZDV DOVR WDNLQJ FRORWHMRPOLGH UWLFLSDQWY 7KH SDUWLFLS

o[ GD\ DQG ZDRJIDOLQGD\ +LV BVRRRBVW RYHUQLJKW IRU DW OHDVW K
JOXFRVH OHYHOV DW WKH WLPH R(('VHWRD®LQY XEWKHHQ G H\G f WR WKH REYV
ZHUH QRUPDO DW PPRO (OHYPRXQGWHOR R® DO XBRRYRIUP ZKLWH ZDOO 7 K
OHYHOV KDYH EHHQ VKRZQ WR LQVW¥UGDB VAHAD OWEW DR B LIWXVWRH LOOXPLQDWHG I
RI WKH )2V > @ WKLV SURYLGHYV DSSUR[LPDWHO\ I X0O
9ROXQWHHUYV ZHUH FRQWDFWH®LRDD 7WKIH VEDRQWZHDGY FOHDQHG DQG P |

.LQJGRP &) WUXVW ZHEVLWH $Q® 08&) HYCRHOPMWQURHGHHWY ILOOHG ZLWK FRQGXHF
ZHUH &DXFDVLDQV DWWHQGLQJ WSHSHBOWRWWEN VOLQLFMDU WKH RXWHU F
ZLWKLQ WKH 8. DQG UHIHUUHG B\Q & KRIQH FROQWVXIOWPH WOHFWURGH ZDV S
SK\WLFLDQV 7KHLU JHQRW\SHV FZRIWHK HNIRR Z QH ZHFPMWKURGH LPSHGDQFH ZD
HDFK LQGLYLGXDO KDYLQJ EHHQ (VFHMHWORGHVREZHWKHFRQQHFWHG WR D GL.
DOOHOHY NQRZQ WR EH DVVRFLDWHBLWIKWKI\&) 7 KHUMLDWKHOHY ,QVWUXPHOQUV
RWKHU JHQHWLF DQG HQYLUROQPSHEQBWDIOQ ADFRARWY IJMVKZWMUH VDPSOHG HY|
FRQWULEXWH WR WKH ILQDO &) SZKKH.@R/ W\ SVHKK HZ VW K M\HRFRPAH H[HF X WH G KRUL]R
KHWHURJHQHLW\ REVHUYHG LQ WKH] SRPQ@WDIB®HG YZH@WK WKH DLG RI D P
DPRQJVW LQGLYLGXDOV ZLWK WKHRWYD WH HJ HDQORFVRKKSRHO > DQ G OLJKW (2*V W

@ 21 WKH ILYH &) SDUWLFLSDQSVWULREFPNGHWGDERD®HKUVVIRU V ZKHQ LQ
VWXG\ WZR ZHUH KRPRJVIJRXV IBHUSRG RSl PLQ ZDV DOORZHG IRU GDU]
$ DQG WKUHH ZHUH KHWHURI]J\JRXYV IFRGU P$ EALRWKH HLWKHWBGWRH OLJKW

RQH RWKHU XQLGHQWLILHG DOOHUOZHOV$SWXUQHEKHRQHRDOBOFRKRO ZDV GUXAQ
SDLU RI KRPR]JYJRWHYV DJHNNDAUHUH QH @OHUD W H HLWKHU W K H OLJKW R U D
WKH DOO PDOH KHWHURIJ\VJIRXYV JURXY SMWKWLDPBBY UKMIBOGFRKRO ZDV ZKLVN

IURP W R \HD UV 7KH PHDQ DDWHRJI WMKH &WKDQRO YRO YRO DW D G
JURXS ZDYV ZLWK D 6' RI * 79 NJ ERIGN RIIGIHKW 5 HFRUGLQJYVY ZHUH FRQ)
DJH RI WKH KHWHUR]JVIJRXV JURXBX PWK HWHIOHPFFLWQ WXXISLOV ZHUH GLODWHC
GLITHUHQFH LQ WKH VHYHULW\ RI WWKMHS/IHF WFZIRG BBH QY RWDWH WO HDVW PP GLDP

$ FRQWURO JURXS RI QRUPDO CSLDJIKWL F2 SDIQOMYV )2ZHNVRQO\ )J)RU WKH )2V
UHFUXLWHG 7KH FRQWURO JURXSWLRRBUZIWYK HD GV ¥ WV G Z Bl W H V LQWHUYDOV
QRW LGHQWLFDO ZLWK VRPH SDUWIDFGLIS DFQRVQ W IGCHXFFOR. Q@ Q J RHUL

WKHU WR KDYH P\GULDVLVY RU WR GULQN DOFRKRO 7KH

PHDQ DJH IRU WKH OLJKW (2* ZDVYQVWUWXWKHD WD WUR Q

“ 1 DQG UDQJHG IURP W R \HDUV ZLWK

ILYH PDOHYVY DQG RQH IHPDOH ) R KWK Y RDOOWRHKW R U(2ZDV FRQQHFWHG YLD
WKH PHDQ DJH ZDV - ZLWK DDQGRFIDUG WR D 3& DQG YROWDJH GLIIHUHQFH
UDQJHG ITURFP W R \HDUV ZLWERDIRWMKDPODWEBNFWQRGH UHFRUGHG LQ D V
WZR IHPDOHYV JRU WKH )2V WKH (RA®Q 1DJH ZMHULWKOH\ 7 KH PRGXOXV R
ZLWK D 6' RI * 79 DQG UDQ Y HR®OWDRA GLWRUHQFH EHWZHHQ VXFFHVV

\HDUV ZLWK VHYHQ PDOHV DQG OWX¥R LHPDOHZD V7 WKWK WDNHRQ ORVW RI W
ZDV QR VLIQLILFDQW GLITHUHQFBLILHUBDH HWHW HRHHQ YHU\ VPDOO EHFD?’

..@ 6SULQJHU
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FXUYH ZKLFK YDULHV DV WKH OLJKW GI
FKDQJHYV
JRU WKH OLJKW DQG DOFRKRO (2*V
VWDQGLQJ SRWHQWLDO IRUQWIKAHWHWH FH G I
YDO EHIRUH VWLPXOXV ZDV XVHG WR QRU
SRLQWYV VHH DSSHQGL] > @ 7LPH WR
DEVROXWH PD[LPD RI WKH OLJKW SHDN 2Z
EHWZHHQ WKH &) JURXSVY DQG FRQWURO\
WKH UDWLR RI WKH OLJKW SHDN WR WKH V
JLJ 7UDFH RI WKH VWDQGLQJ SRWHQWLDO RYHROMMRH YHWZKHHQS HDN ZDV DOVR PHDVXUHG
GDUN DQG OLJKW LQGLFDWHG E\ WKH EDUV 7KWy PRSALWHN' §RWWDIH RFFXUV LQ WKH GDU

VWDQGLQJ SRWHQWLDO DW D JLYHQ WLPH ZDV WDNH DV _WKH

QLPX RFEXUV LQ WKH OLJKW F\FOH V
GLIIHUHQFH LQ YROWDJH EHWZHHQ FRQVHFXWLYH GDWD SRLQWV DV

WKH H\HV H[HFXWHG KRULJRQWDO VDFFDGHV D¥GUIRX 4K AbyWd R UHSUHVHQWY WKH GDUN U
WKH DUURZ ODEHOOHG $ 7KH DEVROXWH YRWWRIXJKLIMUKQLEFAD '5 /7 7KH WLPHV IURP
ZHUH WKHQ SORWWHG DV LQ )LJ SHDN WR OLJKW WURXJK PLQLPD ZHUH DO
WRWDO RI IRXU PHDVXUHPHQWY ZHUH WD
Q O WK DQG QWK HSLVRGHYV W K HQ K \LHYM. GGX. [ O Q\R W WP RFYHH
+RZHYHU LQ VRPH LQVWDQFHYV WKAKHHUMFRDGL®Y JEHDQG PHDVXUHPHQW
FDXVH W K H HV\HV UHSRVLWLRQHG(2ENMWZHWHLIOD WMHKGH |WR R WKH 6&(9 VW
VDP SOHYV %\ WDNLQJ WKH PRGXOXVO RILQWWHK HYRRW®R ENVNQJ ZD\V 7KH SUH
E R WK SRVLWLYH DQG QHIJDWLYH WLRPHWDD WY OGRLQ VHHWH Y KDWY WKH ,6& (9 VWD (

7LPH 6HFRQGV

ZHUH WUHDWHG LGHQWLFDOO\ L(B* VWWRH WKLD W DD EZDWH®WKMH FRXOG EH HV
VDPH IRU ODWHUDO DQG PHGLDO H\@& PRMHPHRRMWUMG LQJ RI RQO\V IRXU RV
JLIXUH VKRZV WKH DFWXDO UHWXKHWV) 2D/Q @DMIORZWMKHWKDQ WKH ,6&(9

UHVXOWYV DIWHU W K H WUDQVIRUWPHFRIPRPOH Q G BW L K@Y HRJI VL[ EXW IRXU KI
ERXQGDU\ RI WKH SRLQWYV FDQ EI$ RVWIHWHHG WRR GEHHV BPW GLHEHX DWH DQG LW DOVR

7LPH G6HFRQGV

)LJ 7KH WUDQVIRUPDWLRQ RI WDNLQJ WKH DUBHVSRUHXWHHQ WIROWB\JH UUR Z % JURP HDFK WUDFH IRXU
GLITHUHQFHYVY EHWZHHQ VXFFHVVLYH GDWD SRIZMHWW WHFREBEQ LOQKH LQWHUYDOV LQ GDUN DUH UHSUH)
)LJ :KHQ SORWWHG WKH YROWDJH GLIIHUBEQBENM BSDHMHWWULEH WHDY\ GRWWHG OLQH LV GUDZQ KHUH W

FXUYH WK D W DOWHUYV LQ UHODWLRQ W R OLWKKW RF®GOO®DMWLR QM Q5QG JUH\ FURVVHY DSSUR[LPDWH WK
DSSUR[LPDWHV WKH RFXODU VWDQGLQJ SRWHQWLDPO PIEKWP XLBXWBHRLQWY WKDW ZHUH GLVWDQW IURP W
DERYH VKRZV WKH )2 IRU D $ $ KRPRJ\VIJRAMUH @RW XVHG DQG UHSUHVHQWHG DUWHIDFWY VXFK DV
GDUN ULVH ,LJKW WURXJK UDWLR ‘5 17 LV UFRXH KM QWRE BWKWKSDUWLFLSDQWY DQG DUH HYLGHQW LQ
PDJQLWXGH RI DUURZ $ ZLWK WKH WLPH IURP SDHPAN WR WURXQKVHUYDOV

& 6SULQJHU
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WLPH > @ :H GLG QRW XVH D *DQJIHOG ERZLOKW(@*GQRABHWLF J)LEURVLYV

UHFRUGHG EL WHPSRUDOO\ te&)1
¢t&RQWURO 1V

R 2) OXQJ WUDQVSODQW

BWDWLVWLFV V 6 8
w J vH ’
™M © Ll
7KH UHVXOWY DUH H[SUHVVHG DV PHDQ “ 6' XQOHVYV
RWKHUZLVH VWDWHG 7HVW IRU HTXDO YD DQFH ZDV XVHG
1 WHVW IRU DOO SDUDPHWHUV 6WIKXKAdHQW V XQSDLUHG
WZR WDLOHG OHVW ZDV XVHG IRU WKMH (2* UHVXOWYV
ZD\ $129% ZDV SHUIRUPHG RQ WKH )2 LPH OLQXWHY

SDUDPHWHUYV /HDVW VTXDUHYV OL(EHDU UHJUHVVLRQ DQDO

J 7KH OLJKW (2* L D VHULHV RI LQGLYLGXDOV ZLWt
\VLV ZDV SHUIRUPHG RQ WKH '5 7 UDWLR _ DQG )N

VKRZV WKDW ZKLO®VW WKH DPSOLWXGH RI WKH UHVSRQVH |

ODWHQF\ $ S YDOXH RI ZDVERWBDINUHL WRVERMWDMNE Y wkH wLPH WR SHDN LV VLIC
WLFDOO\ VLJQLILEFDQW 6WDWLVWIDRDE®Y FDORXOBWERQURXSZ HOURW VKRZV PHDQ
SHUIRUPHG XVLQJ OLOQLWDEGE VRIMYZ FUH oI kY WRRpFENH LQGLYLGXDO ZKR LV SRVW

WUDQVSODQW LV DOVR VKRZQ ZLWK D QRUPDO OLJKW U
&RYHQWU\ 8 .

JURXS SHDNWQJ DW DQG &) JURXS
SHVXOWYV SHDNLQJIJW DW* PLQ VHH

yLJ 7KH OXQJ WUDQVSODQW SDUWLFL

7KHUH ZDV QR GLIIHUHQFH LQ WKHQOBPKLOVL WX EKHWR(2WKAHDYV QRUPDO EXW KL
DOFRKRO (2* EHWZHHQ WKH &) (2R X®VDWYHG XWFKHH

FRQWUROV )LJ 7KH DPSOLWXGHWVKAHWHWLR RI WKH OLJKW SHDN WR WKH
79 IRU FRQWUROV DQa IRU QRUPDOLVHG YROWDJHV IRU WKH &) DQG
WKH &) JURXS 7KH WLPHV WZRHWBHDFNRP SDUHG 7KH DOFRKRO (2* UDW
ZHUH IRU WKH FRQWUROV “ &P Y RXEGZPRU WKH ZKLFK zZDV VvVLJQLI
&) JURXS “ S PLQ ZKLFK zKL/J K HSU WKDQ WKH FRQWURO JURKXS
PLQ IDVWHU R I “ ,Q WKH OLJKW (2* WKH UDWL
7KH DPSOLWXGH RI WKH OLJKW VLY®LEZLDFWY QB WRIQEGILITHUHQW 7TKH &)
LFDQWO\ GLBIHUHQW EHWZHHQ FROWXYXROV UDWLR ZDV “ FRPSDUHG
“ 1 DQG &) SDWLHQWY FRQWURO JURXS V UDWLR RI “
1 +RZHYHU WKHUH LV D VLIJQLILFDQW GLIIHUHQFH

LQ WKH WLPLQJ RI WKH UHVSRQV&HWWLRYKLBWURY LNRIDWWRBVFLOODWLRQV

8QOLNH WKH (2*V WKH )2V RI WKH §$

JWJRWHYVY DQG WKH $ KHWHUR]J\JRWHYV Z|
FDQWO\ GLIITHUHQW ZLWK UHVSHFW WR W
2QH zZzD\ $129% DQDO\VLV RI WKH '5 /7

DQG WKH ODWHQF\ IURP GDUN ULVH WR
UHYHDOHG WKH IROORZLQJ GLIITHUHQFHYV
FRQWUROV DOO YDOXHV DUH PHDQ *“ 6°'

HUR]J\JRWH V '5 /7 UDWLR ZDV “
ZDV VLIQLILFDQWOV\JUHWDWHU WKDRQ W K H

FRQWUROV ZLWK D UDWLR RI u ) X

TLPH OLQXWHV WKH WLPH IURP WKH GDUN ULVH WR OLJ

)LJ 7KH DOFRKRO (2* UHVSRQVHV WR PJ WL RQ RUDPDQWOS VORZHUWK WKH KHWHUR
DOFRKR® DW7KH WLPH WR SHDN ZDV VLJQLILF]D\Q‘]\/\ﬁD\\/V‘_PV\)/VHWLPH EHLQJ “ \Vi DQG W Kt

S KXW WKH DPSOLWXGHV DUH QRW GLIIKUHQW 2QH
EHLQ “ V %\ FRQWUDVW ZKHQ WK

LQGLYLGXDO ZKR KDG UHFHLYHG D OXQJ WUDQVSODQW VKRZHG DQ

DEQRUPDO DOFRKRO UHVSRQVH 30RW VKRzvV PHD& H gRRPSDUHG WR WKH $ KRPR]J\JRWH

6SULQJHU
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1RUPDO )DVW 2VFLOODWLRQ \HDU ROG ODOH
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7LPH "6 HFRQGV

$ $ )DVW 2VFLOODWLRQ \HDU ROG )HPDOH
E t
/ E 6 & 6 wl
v &w $ A v S\ \:W(fv
Cw IN A K Y JLJ SHJUHVVLRQ SORW RI WKH "5 /7 UDWLRYV DJDLQVW OF
) A9 U & o IURP GDUN SHDN WR OLJKW WUR[XDKQ @RWKFHR&)WUR O
| itit?,_ Vo _ Lo SDUWLFLSDQWY 7KH &) GDWD SRLQWV DUH GLYLGHG VR
$ KRPRJ\VJRWHY DUH LQGLFDWHG E\ D % 7KH &) $
KHWHUR]J\JRWHV2EDQEB WKH OXQJ WUDQVSODQW LQGLYLG X |
7LPH "6HFRQGV E\ D 7KHUH LV QR VWURQJ OLQHDU UHODWLRQVKLS
WKH '5 /7 UDWLR DQG WKH WLPLQJ RI WKH )2V +RZHYHI
$ " )DVW 2VFLOODWLRQ \HDU ROG ODOHKRPRJ\VJRWHY VKRZ D QHJDWLYH UHODWLRQVKLS EHWZH
F L L L L L L L 's5ly7 bplpPsoLlwxGH DQG WKH WLPLQJ 7KHUH ZDV RQO\
+ L (o) L Y - , L YDOXH IURP DQ LQFOXGHG KRPRJVWRWH RI WKH '5 /7 U
25 WKDW IHOO EHORZ 7KH KHWHURJ\JRWHVY KDG D VLJQL
2 I wv, U O AO ‘'YWIO KLIKHU DQG VORZHU UHVSRQVH WKDQ WKH FRQWUROV D
U L , \ | , KLJKHU "5 /7 UDWLR WKDQ WKH KHWHURJ\VJRWHYV 1R GLIIH
N YL PLPv ® L ¥ ¥ LzHUH REVHUYHG EHWZHHQ KRPRJ\WRWHV DQG WKH FRQ)
° v pv $ , Y- % , L-1RWH D[HV DUH WUXQFDWHG
*2 * *22

7LPH "6HFRQGV

)LJ 5HSUHVHQWDWLYH WUDFHV RI WKH IDVW RVFLOODWLRQV IURP
FRQWURO DQG WKH &) spoDewrzspmwrQoQwurRo J2UR X S 7 KH KHWHUR]J\JRWHYV DUH LQGL

Z LWK )LJEDQGFVKRZLQJ WKH QRUPDO DPSOLWX@H”{_@@VQG GLZ)F?RQGWRPR]\JRXV SDLU DUH

VHHQ LQ WKH KRPRJ\VJRWH DQG KHWHUR]\JRWHU&Q §PJLHW\}FHLéEV\?I\q\é E\ ILOOHG EODEN GLDPR
ZLWK $ PXWDWLRQV UHVSHFWLYHO\ $ OO0 WUDFHV EHJDQ ZLWK D

RQH PLQXWH LQWHUYDO RI OLJKW EHIRUH G%l'J"NUUQ QRS WHUHQW WR WKH FRQWUROYV
VWDQGLQJ SRWHQWLDO LV VHHQ WR ULVH '5 /7 UDWLR RU WKH WLPLQJ RI WKH )2V

RVFLOODWLRQ IURP WKLV JURXS ZDV
VLIQLILFDQW GLIITIHUHQFHYV ZHUH BHR WHR® VLLGG HUMWK HDE @ KRUP D O 7 KH OXQJ

"5 /7 UDWLR" S RU WKH WISDWQMLFLSDQW UHSUHVHQWHG E\ EODFN O
“ Y% CKHQ WKH WXRD ®RYHVURPISWKH QRUPDO UDQJH DQC

ZHUH FRPSDUHG WKHQ WKH KHWHURMDBWHY WKDGW Z HUH YHU\ ORZ DQG D

VLIQLILFDQWO\ KLJKH® '5 /7 WEXWDR) G 7KH FRQWUROV DUH UHSUHVHQMW

WKHUH ZDV QR GLIITHUHQSE H LQ WKHQWWRHQILJIXUH

VHH )LJ (TXDWLRQV DUH WKH OHDVW VTXD

JLIXUHVKRZV WKH '5 /7 UDWLBHJISUHRWWRG UHODWLRQVKLSY EHWZHHQ W

DJDLQVW WKH ODWHQFLHYV IRU WKHWDQBY WKRWKDWHEF&) RQGWKH FRQWURO DC
FRQWURO JURXS UHVXOWY DUH VKRKHRUH7 KHUHB RQIRDYWWRQJ UHODWLRQVKLSYV
LV RQ WKH RUGLQDWH $ UDWLR RI5 /7 LQEGS$BDWHKE HD DWRAW DWKH WLPLQJ RI
DEVHQFH RI1 )2 ,Q WKH &) JURXS +WKH WHUV HW R H\ JIKRRXPVQ RJVJRWHY GLG VXJJH
JURXS KDG WKH KLJKHVW '5 /7 WXWWVNRNDDRGWMHKHMWH/7 DPSOLWXGH GLG G
ZHUH DOVR VLJQLILFDQWO\ VORZWWKHWWDRH WKH UHRRYWIGR O
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&RQWURO ‘5 /7 UDWLR GXFl—fG7L)|gHUHVSRQVH 7KHVH GLIITHUHQFH
SDUW GXH WR KLV VIVVWHPLF PHGLFDWL

SULQH DQG F\FORVSRULQH WKDW DUH U
WR[LF WR WKH 53( DQG FDQ FDXVH YLV
$ $ "5 /7 UDWLR [@7 LPKHH D OFRKRO (2* KDV EHHQ FODLPH
PRUH VHQVLWLYH PHDVXUH RI 53( IXQF

5 S

> S WKH OLJKW (2* ZLWK JUHDWHU ORVV D

$50° W FRXOG EH WKDW LQ WKLV FDVH
$ " ‘5 /7 UDWLR [(2kPHV DOVR GHWHFWLQJ HDUO\ 53( G\
5 s EHIRUH WKH OLJKW (2* LV DIIHFWHG > @

WKLY SDUWLFLSDQW ZDV QRW LQFOXGHG
WUHDWPHQW
"LVFXVVLRQ 2XU FXUUHQW XQGHUVWDQGLQJ RI WKH
OLJKW ULVH LV LQFRPSOHWH ZLWK WKH

7KH DOFRKRO DQG OLJKW (2*V LQLYBWLWHQEWWIZIQWHK &HQRG LWV UHFHSWRU
DUH ERWK DOWHUHG ZLWK UHVSHPAWMHWRP VK H WMKH QVRWXHMBMNRI WKH EDVRO
%RWK UHVSRQVHY DUH VKLIWHG ®RKRD QVKHO OHMWD GVYWKX ZRKHUWDLQ 7KH DE"
OLJKW ULVH EHLQJ DIIHFWHG WR QP23UBDWHMWUHLNVMHQ® WHKBDQ®IY GLVHDVH ZI
WKH DOFRKRO ULVH +RZHYHU WHKYHL GIHRQSF G1L WWKKGDHW BHWW URSKLQ ZDV WK}
QRW GLIIHUHQW DQG WKLY PDNHWORWLBEBOEKPQWQ HWOKDUWHV SRQVLEOH |IRU
&)75 LV WKH PDMRU FKORULGH FERQEBHOHFHOWROQVLWOKDY EHHQ GHPRQV
IRU WKHVH UHVSRQVHYV 7KH &) EHWMRWWBR FRIQQNDD@QH® YV WKH NLQHWLFV DQC
ERWK $ KRPR]J\VJRWHY DQG KHWWWUSRH \&PWBHYQ HOKWLW QG UHJXODWH >&D @
FRPPRQ PXWDWLRQ UHQGHUV &)IO6J ISXRUDRMHEQHFRJIWLP XODWLRQ > @ )
UHDFKLQJ WKH SODVPD PHPEUD®QH@ LQ)MD5QLVVKERZQ WR LQWHUDFW ZLWK
VWDQWLDO DPRXQWYV 7KH VLIQLLRFOLFWFREDRQEHBRQRFHY LQ UHJXODWLQJ E.
WKH WLPH WR SHDN PXVW UHODWHFWRI\DQJILQW HRUIDFVQRQV > @ HSLWKHC
EHWZHHQ &)75 DQG WKH LQLWLDMWLRW >RI@ WOHZRPODKWY KDYLQJ D UHJXODYV
DQG DOFRKRO (2* UHVSRQVHV 2 WKIURWK JKR WKIHE QVHWUD Q¥ S®U W KRHI @ %P H U
SULRUL WKDW DOFRKRO DEVRUSWIXRQ LB WHKUW EWHWUSDRVZRIIGLRQLF FKDQQHOV
LQ &) +RZHYHU EHFDXVH ERWKFRXIOH OLWMWU IWX®HEH LRQLF OX[HV LQ WK

DOFRKRO (2*V KDYH IDVWHU RQGVHWYVLVWKHWHQWKLM &) WKH VZHDW DQGC
DFFHOHUDWLRQ PXVW EH GXH WRFBVUBFHWWHVKREGXUD&QJIGXH WR SRRU &Cc
LQ WKH 53¢ > @ , I VLPLODU FKDQJHV RFFXU LQ WKH

(DFK SDUWLFLSDQW RQO\ DJUHHHO WRWD W WKIH)PGL FRDQO RIQUHD GLHQ WYV P D\ EH
RFFDVLRQ DQG DV WKH DOFRKRO®OER*QADXHDRGHEADWKH WLPLQJ RI WKH OLJK\
SHUIRUPHG ILUVW LQ WKH PRUOQULQIHY DRIBWHHIU YIBDE WL QJ

RYHU QLJKW W LV SRVVLEOH WKDW WBN UHOBDQYWONOBHOGHKHVWXIIHVWHG W
VWDEOH EDVHOLQH RI WKH DOFRKRPXQ2G EWV YGHXIR UWPR RMK WK H (2 * LV QRW L
VHTXHQFLQJ HIIHFW IRU H[DPSOIKDPS&QN GL QRLWWLLDOQ ODWL R Q EXW D UHVXOWD(

HwW\ WKDW DIIHFWHG WKH EDVHOWUQOWH BX®RGEHKNVMM YDQ LQLWLDO ULVH DQGC
LVKHG DIWHU WKH SDWLHQW KDGWKH HWDWDIQ V W S DWIGH @DNO SRWHQWLDO R

UHDG\ W R UHFRUG D OLJKW (2*HYBS®RHNQBRVAZDEOWMKDW WKH UDWLR SHDN

DQ[LHW\ ZRXOG DIIHFW WKH ILUVWDWHWW EDWWBRPOQOWLFD@OHNVZLWK WKH VWL
PRUH WKDQ IRU WKH VXEVHTXHOQ/WHOREKWH UWHWLWR QV KRV WKLV SDSHU VKR.
PD\ DFFRXQW IRU WKH UHODWLY HW®\DOG VINVU R WP BAOKHH EHD MW D VWDWLVWLFD O (
OLQH LQ WKH DOFRKRO (2* 7KH RHHWOWGRYLIGX DMOKH K&R) JURXS EHWZHHQ W
KDG D OXQJ WUDQVSODQW KDG DOPRKRKOHEHDMOFRX-RWHVXOWY DQG WKH
(2~ QRUPDO OLJKW (2* DQG D WRBRRBHKOL®XWUWKHUH LV QR VLJIQLILFDC
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EHWZHHQ WKH SRVLWLYH OLJKW D/IKH BAPRHRIRWHWHESLBIQRW VKRZ DQ\
WKH FRQWURO DQG &) JURXSY TIQLWKWXIIHVWYDWEKRVWU WKH WLPLQJ RI
WKHUH PD\ EH DQ LQFUHDVHG QHIZKWEKHL? RPREXRQWMHUW WR SUHYLRXV UHSRL
WKH &) JURXS $ VLPLODU UHVXOWKHADW ZFOXWQD W@ QWKIH) F\ IRU WKH VORZH!I
OLJKW (2* EXW ZDV QRW VWDWLVWNVFWROEH/DMMREED@WMG ZLWK D VPDOOHL
&)75 KDV EHHQ LPSOLFDWHG LQ@KLWQHRIWOG EH WKSHFWHG LI &)75 ZDV U
OLJKW ULVH WKURXJK WUDQVSRUWREIWKHMHB )2 V@DDGGFAHMWDLQO\ LQ WKH J
FDQQRW H[FOXGH D UROH IRU &)VHYHUHEQ HUDMWAWHGD WKHQ &)75 GRHV
FRPSRQHQW RI WKH OLJKW ULVH SORIH¥HSDWHKHLQRWKPHD OHVSRQVH 2QH U
DPSOLWXGHY RI WKH OLJKW ULVHPLROXH ERXYOBOVWKJIJGHFWQVWUDWHG WKDW
WKDW &)75 LV QRW FHQWUDO WRP MWKILW KM V)QRROFHH ¥XWWLOO SUHVHQW DQG
ILQGLQJY FRUURERUDWH HDUOLHUOUKNMIS®WUWKDWKDW WEWHULQKWLYH PHFKDOQL
ULVH DPSOLWXGH LV QRUPDO > UHO\@VARQH@Y) RQQ&)75 LV JHQHUDWLQJ W
WKHUHIRUH WKLY FKDQQHO LV QRW WHVNGRIQYILE /K SIRRUWKWKLY FRQWHQWL
FKDQJHV LQ WKH 7(3 DVVRFLDWHNDBY DIMIK QWMWHNEVHMGW LQ HLWKHU $ KR I
VSRQVHYV KHWHURJ\VJRWHY EXW WKH UHVXOWLQJ DF
7KH )2 LV WKH UHVXOW RI D IDOOLNHIXBWRHWYRDIH D PRUH FRPSOH]
SRWDVVLXP IROORZLQJ UHWLQDO& )Y/GORBRPIGQWWHREDVIGLFNHPEUDQH &O FKD
FDXVHV D GHFUHDVH LQ WKH DF@XPHWWRRY WEKMHODBEMWOL®RQV RI &)75 ZLWK
1D. &0 FR WUDQVSRUWHU UHVXOWIKPIQ Q@ OOV GHRKBHMGH ZLQY K WKH SRWHQWL

>&0 @LQ > @ &RQVHTXHQWO\RWKKHHU EPYB@LP DRDG HQYLURQPHQWDO I
EUDQH KVSHUSRODULVHY DV WKHWHK HL\D EOLHOMLMV \E W\RR DWW/ HEJDLOV K WKH SUHFLV
&0 I10X[ DQG VR WKH 7(3 IDOOV FDEVH RFIH SVWK HL Q0 MIKIW $ KRPRJVJRWHV R

WURXJK RI WKH )2 7KH )2 LV QRWDLRD®G DLAQ PARHGVHMO ¥V E X W

WKH OLJKW ULVH LV DEVHQW LQGLFDKWHL QH WXKODWW D QGGLUFBD WHQ WK DW & )75 LV
PHFKDQLVP LV UHVSRQVLEOH IRUQ/NKHQRWDWQR®I WKKHH DOFRKRO DQG OL
OLJKW ULVH > @ 7KH )2V KDYH BHM®RL G O DVLXPSHSGR WRV EWVHKH RULJLQDO K\SRW
VHOHFWLYHO\ UHGXFHG LQ &) > DQG@ : DQG>WKLV@KDKR SUHGLFWHG DQ R
EHHQ WDNHQ DV HYLGHQFH WKDW WKH ¥ HI RUUHPWS RBQW HOWH ZLW K UHVSHFW WR W
SDUW RI' WKH EDVDO FKORULGH FRQQXFIWMWKRAFDN\N HF#KHHINHWLQIV RI WKLV VWX
RXU UHVXOW LV WKDW WKH )2V DERWXRWKWUHBEFRIGRDQ BBQG OLJKW (2* DUH
DQG WKHUH LV D ODUJHU DPSOLWAGHODQY WBRBM KKHMH UMRKIAN $ PXWDWLRQ

JRXV LQGLYLGXDOV DQG WKH\ DOVRZBYWSIODKREZ WXRZWW®FRKRO DQG OLJK
WLPLQJ RI WKH UHVSRQVH 7TKLVYVHQAKGDLWHGP DY VBMHMLOO QRW IXOO\ XQGHUYV
UHODWHG WR WKH LQIOXHQFH RILBRRBYDH[DOWHHOHWKWMKWWPLQJ RI WKH U
SDUWLDOO\ FRPSHQVDWH IRU WKNLPLOPXWDWLRRKQRH WBHIR UH LW LV OLNHO\
RI WKH KHWHUR]J\VJRWHY ZHUH SDOWKUBHDWAFKR@V XD QLEF LHQW W (2*V JHQHUDW
RQH ZDV D GM\BHHWLF DQG ZRXOG&QRVPIBVOP\RVW OLNHO\ LQWHUDFWLQJ

EH FODVVLILHG DV pvVHYHUH VXITILRRWHWFEV F K,RQ Q HORVP WA HH RGXODWH WKH WLP
DOOHOH D VHFRQG PXWDWLRQ LQLMWKWH DBHBQGHDOPRKWRDOWHVSRQVHV LQ PDC
FRPSHQVDWHY IRU SULPDU\ PXWDVBISRHOU QYR$ EH WHKWSRQVLEOH IRU WKH DC
DFFRPSDQ\LQJ PXWDWLRQ 5 4 BRBQIMUNWOMWWBLODW\SRWHQWLDO LQ UHOD
WR WKH SURWHLQ VR WKDW LW DWHWRRQV )XXWQWKHER QZREWN RQ LQGLYLGXD
LPSURYLQJ WKH IROGLQJ DQG WUBIUVARP®V®I \RKRX) XSG WRDEOH D FOHDUHU S
WKH SODVPD PHPEUDQH > @ 7 KHKUGHR DWUGIH DPNBQWQYHW UHVSRQVLEOH IR U
SHFWHG WR EH SURPRWHU JHQHV(D*QG HQYLURQPHQWDO

IDFWRUV WKDW DOO GHWHUPLQH WKH ILQDO &) SKHQRW\SH

WKDW PD\ LOIOXHQFH WKH OHYHo@FPﬁQRZpd@WfH@WDQM53UR| ' *HGGHV D(
LQ WKH 53( > @ (PSH\ ZKR SURYLGHG LQIRUPDWLRQ L
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SDWLHQWV 7KLV ZRUN ZDV IXQGHG E\ WKH HUKWMLVE )5 JWLRXWVWR WKH VDPH YDOXHV RI

3LJPHQWRVD 6RFLHW\ DQG 3& LV VXSSRUWHG EUR'I%DéDWiHIEJﬁ_'D WDNHQ
WKH &ROOHJH RI 2SWRPHWULVWY 8. DQG WKH 6RXWK'

&RUQZHOO ,QVWLWXWH IRU WKH %OLQG 3DUWYV RRLJVKLVW§I§|UN J‘Hulﬁw (2~ WKH YDOXHV ZH
SUHVHQWHG DW WKH /:,0,WK 6&(9 6\PsrRvLXr) &aepvirz DQG IRU WKH FRQWURDO

FRUUHFWLRQ IDFWRU ZDV
FRUUHFWLRQ WR WKH EDVHOLQH ZDV W
WKURXJK DOO WKH QRUPDOLVHG YROWDJ
WURO JURXS 7KH FRUUHVSRQGLQJ EDVH
IDFWRU IRU WKH DOFRKRO (2* ZDV

G PLQO

$SSHQGL[ $

7KH (2* YROWDJHYVY ZHUH QRUPDOLVH WR WKH

SUH VWLPXOXV EDVHOLQH YROWDJHV , Q (T $ W K H
RUPDOLVHG SRWH WLDO 91 Z D T W K H SR
Q Q HlmLf(chj)Fﬁv\ﬁ
WHQWLDO DW WLPH GHQRWHG GLYLGHG E\ WKH

PHDQ RI WKH PHDVXUHPHQWYV PDG'dLRLU%DWKSH 5RPE’A—(;QV -0 .HUHP % 6 HW DO
SULRU WR WKH VWLPXOXYV 7KHVH UH&EHRRWGLFQ WVRZ HRU Wk P D\&WLF ILEURVLV JHQH FOR

D W DQG PAKGUP QMG RLIDWLRQ RI FRPSOHPHQWDU\ "1% 6 FLH
WKH SUH DGDSWDWLRQ SHULRG /LJKW R U DOFRKRO ZDV

RPPHQV - ,DQQX]]JL 0& .HUHP % HW DO
WKHQ JLYHQ DW PLQ

L, GHQWLILFDWLRQ RI WKH F\WWLF ILEURVLV JHQH FKU
ZDONLQJ DQG MXPSLQJ 6FLHQFH

/ 97 OHDQO 7 _ $O0/L 0O O0OF&DQQ -' /LHGWNHW &0 HW DO &\FOLF
$03 GHSHQGHQW SURWHLQ NLQDVH RSHQV FKORULGH

ZKHUH QHOV LQ QRUPDO EXW QRW F\VWLF ILEURVLY DLUZD\ H:¢
1 DWXUH

81 l1RUPDOLVHG YRQWDJH DW WLPH
.HUHP % 6 B5RPPHQV -0 %XFKDQDQ -$ HW DO

9? EL WHPSRUDO YROGWDJH DW OLPHRHQWLILFDWLRQ RI WKH F\WWLF ILEURVLV JHQH

0OHDQ 99 IL OHDQ EDVHOLQH DEDO\WM P6SIRIQMHO
YROWDJH DW W K W K W K NWK-QP wk IHOGfRe */ HUHP % HW DO

0O XWDWLRQ DQDO\WLYVY IRU KHWHUR]J\JRWH GHWHFWLRQ
W K WK DQG WKH OK PLQ

SUHQDWDO GLDJQRVLV RI F\VWVWLF ILEURVLYV 1 (QJo

6 XEVHTXHQWO\ WKH QRUPDOLVHG YROWDJHV ZHUH
- 5LFK &KHQJ 6+ HW DO 0D WX

VPRRWKHG IXUWKHU E\ ZHLJKWLQJU#MPLE({)( DEEQ)?(QH: ZRLQW|£<| F\WWWLF ILEURVLV WUDQVP
RI WKH SUHFHGLQJ DQG WKH I|IRQOFKENEQFHQUHUXPOPWRU YDULDQWYV EHDULQJ P XWE

OLVHG YROWDJH (T $ SXWDWLYH QXFOHRWLGH ELQGLQJ GRPDLQV DQG 0
% LR O
3XFKHOOH ( *DLOODUG 3O0ORWRQ ' HW DO tLl
6PRRWKHG 9ROWDJH P [ HQWLDO ORFDOL]DWLRQ RI WKH F\WWLF ILEURVLV WUDQ
(p [ 2 @ [ $ FRQGXFWDQFH UHJXODWRU LQ QRUPDO DQG F\VWLF ILE
ZD\ HSLWKHOLXP $P - 5HVSLU &HOO ORO % LRO
ZKHUH d 0OF&RUPLFN - *UHHQ 0 : 0 HKWD * HW DO
RJUDSKLFV RI WKH 8 . F\VWLF ILEURVLY SRSXOD'
- Q WKH QRUPDOLVHG WRDUARD:JHTDWLPSLOE%WLRQV IRU QHRQDWDO VFUHHQLQJ (XU - +XP
$0
81 WKH QRUPDOLVHG YROWDJH YPDHURHW DOIXWGH @XV81l 9DOOpH % B8UELQ HW DO
91B WKH QRUPDOLVHG YROWDJH *FBFOPRH'XSUMEH L 'R FIWWWLF ILEURVLV FRQGX
Z UHJXODWRU SURWHLQ FDQ EH DVVRFLDWHG ZLWK KRP
$) PXWDWLRQ 3HGLDWU 5HYV
7KH EDVHOLQH QRUPDOLVHG YROWSSW{‘{/“” UHDL“igL TKH SKHQRWISLFE FRC
HTXHQFHYV &) 7 PXWDWLRQV $QQ +XPDQ *HQH

LGHQWLFDO EHWZHHQ WKH &) DQG WKH FRQWURO JURXSYV
7R FRUUHFW IRU WKLV VR WKDW WKsthcD PvRQ LoW X-GHM UR Is -WHKcHP SVRQ 6 HW DO
UHVSRQVHY FRXOG EH FRPSDUHG 'MPROADMYDWLE QM QUWAW F D75 LV D FKORULGH FKDQQ

EDVHOLQH WKH IROORZLQJ FRUUHF\R/CLWR‘—'Q WLE @ RY UHYGP QYRRuVH O FWLY LWL 6FLHQFH
VRQ 03 % HUJHU + $ 5LFK '3 HW DO

UDWLR RI WKH QRUPDOLVHG YROWDJHY KRYRE RAQMSEMEEYNYH untxiune wr R
LQ WKH PLQ LQWHUYDO SUHFHGLQ)J7sWRkHRrR WVWH P Xp@ % Yo | RHJoo

.6SULQJHU



'RF2SKWKDOPRO

5 LFK '3 $QGHUVRQ 03 *UHJR U\ 5- HO DOZLWK UHWLQLWLY SLIJPHQWRVD ,QYHVW 2SKWKDOPRC
([SUHVVLRQ RI F\VWLF ILEURVLV WUDQVPHPEUDQH FRQGXF

WDQFH UHJXODWRU FRUUHFWY GHIHFWLYH FK$ORAMGH* % KD R QH O( "LITHUHQWLDO HIIHFWV R1 OL

UHJXODWLRQ LQ F\VWLF ILEURVLYV DLUZD\ HBQWKHOERRROHRQVWKH HOHFWUR RFXORJUDSKLF UHVS

1DWXUH SDWLHQWY ZLWK DJH UHODWHG PDFXODU GLVHDVH

SHOVK 0- 6PLWK $ ( OROHFXODU PHFKD QLYRPWKRIOP RO 9LV 6FL

&)75 FKORULGH FKDQQHO G\A\VIXQFWLRQ LQ F\VWOBHIRPRWRVEYS B6WHLQEHUJ 5+ & REDOW LQFUHD

& HOO SKRWRUHFHSWRU GHSHQGHQW UHVSRQVHV RI WKH FKI

9HUJDQL 3 /RENOHVV 6: 1DLUQ $& HW D@DO SLIPHQW HSLWKHOLXP LQYHVW 2SKWKDOPRO 9

&)75 FKDQQHO RSHQLQJ E\ $73 GULYHQ WLJKW GLPHU

LIDWLRQ RI' LWV QXFOHRWLGH ELQGLQJ GRPDURM (3DWXWWHQEHUJ 5 + 2ULJLQ RI WKH OLJK

SHDNQ YWVWMWRI\*RHINNR JHMNMMKWR/LRO

%ODXJ 6 4XLQQ 5 4XRQJ - HW DO 5HWLQDO SLJ

PHQW HSLWKHOLDO IXQFWLRQ D UROH IRU &)7*HOORF RUHK 53 ULl (5 6WHLQEHUJ 5+

WKDOP RO (YLGHQFH LQ VXSSRUW RI D SKRWRUHFHSWRUDO RULJL

0LOOHU 66 5DELQ - 6WURQJ 7 HW DO &\VWLFOILEWWVSLNDK)VXEVWDQFH L QYHVW 2SKWKDOPRO 91

JHQH SURGXFW LV H[SUHVVHG LQ UHWLQD DQG UHWLQDO SLIPHQW

HSLWKHOLXP ,QYHVW 2SKWKDOPRO 9LV 6FL *DOOHPRUH 53 B6WHLQEHUJ 5+ (ITHFWV RI1 ','6

$592 SEVWUDFW RQ WKH FKLFN UHWLQDO SLIPHQW HSLWKHOLXP ,, PH

5HLIJDGD ' OLWFKHOO &+ 5HOHDVH RI $SRBWMIJRPOLIKW SHDN DQG RWKHU UHVSRQVHY RULJLQDW

UHWLQDO SLIPHQW HSLWKHOLDO FHOOV LQYRONYWNO EPRAWKE USD)FH - 1HXURVFL

DQG YHVLFXODU WUDQVSRUW $PHU - 3K\VLRGHOHEHU 5+ )DVW DQG VORZ RVFLOODWLRQV R I

HOHFWUR RFXORJUDP LQ EHVW Y PDFXODU G\VWURS|

HQJ7; *RGOH\ %) -LQ *) HW DO 2[LGDQMWWALQGEWLY SLIPHQWRVD $UFK 2SKWDOPRO

DQWLR[LGDQW PRGXODWLRQ RI FKORULGH FKDRRROE XH[GUHVVIHRBGUGVWURP 6 (2* LQ D ODUJH

LQ KXPDQ UHWLQDO SLIJPHQW HSLWKHOLXP $mWPUOC\ SKIYWKROHUHGLWDU\ PDFXODU GHJHQHUDWLRDQ
& & YLWHOOLIRUP PDFXODU G\WWURSK\ LGHQWLILFDWLRQ

/JRHYYHQ O0( 6PLWK 1. +DPLOWRQ '/ HW DEODUULHUV 'RF 2SKWKDOPRO 2

&/&$ SURWHLQ DQG FKORULGH WUDQVSRUW LRLFPNHOW SUHMNX\SHUV 0)/ $DQGHNHUN $ / 7KH

QDO SLIPHQW HSLWKHOLXP $PHU - 3KYVLRO(2* LQ %HVW V GLVHDVH DQG GRPLQDQW F\VWWRLG PD

I G\WWURSK\ '&0° 2SKWKDOPLF *HQHW

/DUD :& -RUGDQ %/ +RSH *0 HW DO 5 RDVHMQ WK DO 5 %DNDOO % .LQQLFN 7 HW DO

RVFLOODWLRQV RI WKH HOHFWUR RFXORJUDP LkPSBEMWWLR JLRUREVHLWWUR SKLQ WKH SURGXFW RI WKH

,QYHVW 2SKWKDOPRO 9LV 6FL $592 $EMWWDFPRGXODWHY YROWDJH GHSHQGHQW &D FKDQQ'

:X - ODUPRUVWHLQ $°' 3HDFKH\ 16 )¥RWLQDO SLIJPHQW HSLWKHOLDO FHOOV )$6 (% -

WLRQDO DEQRUPDOLWLHY LQ WKH UHWLQDO SLIPHRWUMBHWRHDPLXP: X - OF/DXJKOLQ 3 HW DO

RI &)75 PXWDQW PLFH ([S (\H 5HV 7KH OLJKW SHDN Rl WKH HOHFWURUHWLQRJUDP LV GH

.QDYH % 3HUVVRQ +( 1LOVVRQ 6(* $ RGRPROWDJH JDWHG FDOFLXP FKDQQHOV DQG DQWDJRQ

SDUDWLYH VWXG\ RQ WKH HIIHFWY RI EDUE LWEXHWWHU FDRAGL H W HO/ W - *HQ 3K\VLRO

DOFRKRO RQ WKH UHWLQDO IXQFWLRQV ZLWK V§SUHGFHIQLF *GH | KR \RHQQVFWHD E OH 3 $ 7KH HOHFWUR RFX(

WR WKH F ZDYH RI WKH HOHFWURUHWLQRJUDPJDRIES VHHRIVWAMG(\H 5HV

LQJ SRWHQWLDO RI WKH VKHHS H\H $FWD 2 S KOWXWMDPRER ® )&R & OLQLFDO HOHFWURSK\VLRORJ\ R

SHQK UHWLQDO SLIPHQW HSLWKHOLXP 'RF 2SKWKDOPRO

3IDXWLHU (/ 3KRWRVHQVLWLYLW\ RI WKH LVRODWHG

SLJPHQW HSLWKHOLXP DQG DUDFKLGRQLF DFLGXP.HWDE®RDRWP 0 $OFRKRO DQG OLJKW LQGXFHC

SUHOLP LQDU\ UHVXOWV &XUU (\H 5HV HOHFWUR RFXORJUDSKLF UHVSRQVHV LQ DJH UHODWHG

%LDOHN 6 4XRQJ -1 <X . HW DO 1RQVAVHIUREIEPOWLRQ DQG FHQWUDO VHURXV FKRULRUHWL

DQWL LQIODPPDWRU\ GUXJV DOWHU FKORULGH' RR G $@XWUGD WRJR Q V

SRUW LQ ERYLQH UHWLQDO SLIJPHQW HSLWKH®DPLXPRUSB HUX-. $OFRKRO DQG OLJKW LQGXFHC

3K\VLRO HOHFWUR RFXORJUDSKLF UHVSRQVHYV YDULDELOLW\ DQ

L NHGD + (I'THFWV RI HWK\O DOFRKRO RQ YWKHOHWWRNHRGE 2 SKWKDOP RO

SRWHQWLDO RI WKH KXPDQ H\H 9LV 5HV /YySH] -LQWpQH] - 6iQFKH] § JHUQiIQGH] &6 HW DO

$UGHQ *% :ROI -( 7KH KXPDQ HOHFWUR RFXYFORVSRULQH LQGXFHG UHWLQDO WRI[LF EOLQ

ORJUDP LQWHUDFWLRQ RI OLJKW DQG DOFRKRRQHQUYBWWRZSKUDQVSODQW

WKDOPRO 9LV 6FL *DUZHJ - :HJPDQQ %XUQV 0O *ROGEOXP '

6NRRJ 2 . 7H[WRULXV 2 1LOVVRQ 6(* (MHEWY RI GDXQRUXELFLQ PLWRP\FLQ & D]JDWKLRS

RI HWK\O DOFRKRO RQ WKH GLUHFWO\ UHFRUGHGG VRMEORVER USLR $ RQ KXPDQ UHWLQDO SLJPHQWHC

WHQWLDO RI WKH KXPDQ H\H $FWD 2SKWKDORRSAOKNRSHOQRKUQHDO HQGRWKHOLDO DQG FRQMXQFWLYD
*UDHIHIV $UFK &OLQ ([S 2SKWKDOPRO

$SUGHQ *% :ROI -( 7KH HOHFWUR RFXORFUDRSKNFO( )RUWXQH % $GDPV §- 7KH IDVW

UHVSRQVHY WR DOFRKRO DQG OLJKW LQ D VHRWHMVMOROD WPAWOGHRWWKH HOHFWURRFXORJUDP UHYHDOV

/L 6SULQJIHU



'RF 2SKWKDOPRO

RI'WKH KXPDQ RXWHU UHWLQD UHWLQDO SLJPHQW KHHSJMOKAH FUXP0 P RGHO 310LLJHUV $UFKLY (XU -

WR JOXFRVH OHYHO 9LVLRQ 5HV

ROI -( $UGHQ *% 7ZR FRPSRQHQWV RLPWKHRQ - *DZHQLV /5 :DONHU 10 HW DO

KXPDQ DOFRKRO HOHFWUR RFXORJUDP "RF 2KOWKHD®H® RFRQGXFWDQFH RI1 &)75 IDFLOLWDWHY EDVI
+8&2_ H[FKDQJH LQ WKH YLOORXV HSLWKHOLXP RI1 LQ

0ODUQWRU 0) =UHQQHU ( 6WDQGDUG IRPUXBPGRLERRGHQXP $PHU - 3K\VLRO

HOHFWUR RFXORJUDSK\ ,QWHUQDWLRQDO VRFLEWIVIRU ' BELQLMXAQWRQ 30 (OHPHQWDO FRP

HOHFWURSKYVLRORJ\ RI YLVLRQ "RF 2 SKWE®DWPWLRQ RI KXPDQ DLUZD\ VXUIDFH IOXLG LQ KHDOW
GLVHDVHG DLUZDYV $PHU S5HY 5HVSLU 'LV

9DHJIDQ %HDXPRQW 3 7KH IDVW RVFLOODWLRQ RI WKH

HOHFWURFXORJUDP ,V D UDSLGO\ UHFRUGHG /IL®GHEHRIGHHIQ W$ 6WHLQEHUJ 5 + "HOD\HG EDVD

SDUDPHWHU VHQVLWLYH WR DQG VSHFLILF |RKU SUIHHUVWLIRQOLDMLLY DSMJR Q R1 FDW UHWLQDO SLJPHQW HSL

PHQWRVD ,QYHVW 2SKWKDOPRO 9LV 6FL DQ&59%M2 UHODWLRQ WR WKH IDVW RVFLOODWLRQ RI W

SEVWUDFW WURUHWLQRJUDP - *HQ 3K\VLRO

ODUPRUVWHLQ $° .LQQLFN 75 JREFXV RQ*PROHIP RUH 53 6WHLQEHUJ 5 + /LIKW HYRNHG

FXOHV EHVWURSKLQ EHVW ([S (\H 5HV LQpP RBHKVODWLRQ RI EDVRODWHUDO PHPEUDQH &O FR G

.XQ]HOPDQQ . &)75 LQWHUDFWLQJ ZLWNKD G!HH UMNQ FKLFN UHWLQDO SLIPHQW HSLWKHOLXP W

WKLQJ" 1HZV 3K\VLR 6FL 2 SHDN DQG IDVW RVFLOODWLRQ - 1HXURSKYVLRO

6FKZLHEHUW (O %HQRV - (JDQ 0( HW DO

&)75 ,V D FRQGXFWDQFH UHJXODWRU DV ZHOO DYNDKKORUYBGH* UHHQ ' * & RUUHODWLRQ RI WKE

FKDQQHO 3K\VLRO 5HY OLJKW LQGXFHG FKDQJHV LQ UHWLQDO H[WUDFHOOXO

-RYRY % ,VPDLORY ,, %HUGLHY %. HW DO vLXP RRVMHFHQWUDWLRQ ZLWK F ZDYH Rl WKH HOHFWUI

DFWLRQ EHWZHHQ F\VWLF ILEURVLY WUDQVPHPIJHUWDPQH ERQGKREK\VLRO

WDQFH UHJXODWRU DQG RXWZDUGO\ UHFWLIRWE® 7FKOROEGHQG 8 S5LFKWHU 7 HW DO &\ VW

FKDQQHOV - %LRO &KHP ILEURVLYVY ZLWK WKUHH PXWDWLRQV LQ WKH F\VWLF

+RULVEHUJHU - ° (1D& &)75 LQWHUDFWMRIOWQ VWKIH EUDQH FRQGXFWDQFH UHJXODWRU JHQH

UROH RI HOHFWULFDO FRXSOLQJ RI LRQ IOX[HVHHQB®RUHG LQ DQ

k 6SULQJHU



