
0D[03ODQFN0,QVWLWXW#I�U#0HWDOOIRUVFKXQJ
6WXWWJDUW

&RYDOHQW#DQG#+HWHURVXSUDPROHFXODU
,QWHUDFWLRQ#RI#&HUDPLF#3DUWLFOHV

*UHJRU#6WLHJHU

'LVVHUWDWLRQ
DQ#GHU
8QLYHUVLWlW#6WXWWJDUW

%HULFKW#1U1#45<
'H]HPEHU#5335



&RYDOHQW#DQG#+HWHURVXSUDPROHFXODU
,QWHUDFWLRQ#RI#&HUDPLF#3DUWLFOHV

9RQ#GHU#)DNXOWlW#&KHPLH#GHU#8QLYHUVLWlW#6WXWWJDUW#]XU#(UODQJXQJ#GHU#:�UGH#HLQHV

'RNWRUV#GHU#1DWXUZLVVHQVFKDIWHQ#+'U1#UHU1#QDW1,#JHQHKPLJWH#$EKDQGOXQJ

9RUJHOHJW#YRQ

*UHJRU#6WLHJHU
DXV#:LHVEDGHQ

+DXSWEHULFKWHU= 3URI1#'U1#$OGLQJHU

0LWEHULFKWHU= 3URI1#'U1#6FKOHLG

7DJ#GHU#P�QGOLFKHQ#3U�IXQJ= 91#'H]HPEHU#5335

0D[03ODQFN0,QVWLWXW#I�U#0HWDOOIRUVFKXQJ#XQG

,QVWLWXW#I�U#1LFKWPHWDOOLVFKH#$QRUJDQLVFKH#0DWHULDOLHQ/

3XOYHUPHWDOOXUJLVFKHV#/DERUDWRULXP/

+HLVHQEHUJVWUD�H#6/#'0:389<#6WXWWJDUW/#'HXWVFKODQG

5335





0HLQHQ#OLHEHQ#(OWHUQ
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7DEOH#RI#&RQWHQWV

41#$EEUHYLDWLRQV 9

51#,QGH[#RI#7DEOHV ;

61#,QGH[#RI#)LJXUHV <

71#,QGH[#RI#6WUXFWXUH#)RUPXODV 45

81#,QWURGXFWLRQ 47

91#&\FORGH[WULQV 49

9141#1RPHQFODWXUH/#&RQVWLWXWLRQ/#6\QWKHVLV#DQG

3URSHUWLHV#RI#&\FORGH[WULQV 49

9151#0ROHFXODU#6WUXFWXUH#RI#&\FORGH[WULQV 4<

9161#6XSUDPROHFXODU#,QFOXVLRQ#&KHPLVWU\#RI#&\FORGH[WULQV#DQG

WKHLU#'HULYDWLVDWLRQ 54

:1#'/9207KHRU\ 56

;1#&KDUDFWHUL]DWLRQ#0HWKRGV#IRU#&HUDPLF#3RZGHUV 59

;141#]03RWHQWLDO#0HDVXUHPHQWV#DQG#'\QDPLF#/LJKW#6FDWWHULQJ 59

;151#5KHRORJ\ 63

;161#'5,)706SHFWURVFRS\ 66

;171#$WRPLF#)RUFH#0LFURVFRS\ 67

<1#+HWHURVXSUDPROHFXODU#5HDFWLRQ#3ULQFLSOHV 68

431#1DWLYH#3RZGHUV 6;

43141#&KDUDFWHUL]DWLRQ#RI#WKH#6L617#&HUDPLF#3RZGHU 6;

4314141#6XUIDFH#&KHPLVWU\#RI#WKH#6L617#3RZGHU 76

43151#&KDUDFWHUL]DWLRQ#RI#WKH#$O526#&HUDPLF#3RZGHU 78

4315141#3XULW\#DQG#3XULILFDWLRQ#RI#WKH#$O526#3RZGHU 78

4315151#7KH#]03RWHQWLDO#RI#WKH#$O526#6XUIDFH 7;

4315161#6XUIDFH#&KHPLVWU\#RI#WKH#$O526#3RZGHU 83

4315171#3DUWLFOH#6L]H#'LVWULEXWLRQ#RI#$O526 84

4315181#6KDSH#DQG#7RSRORJ\#RI#WKH#$O526#3DUWLFOHV 88

441#)XQFWLRQDOL]DWLRQ#RI#WKH#3RZGHUV 8;

44141#$WWDFKPHQW#RI#0&70E0F\FORGH[WULQ#WR#6L617 8;

44151#6\QWKHVLV#RI#0RQR090DPLQR0E0F\FORGH[WULQ 95

44161#(SR[LGDWLRQ#RI#6L617 98
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44171#,PPRELOL]DWLRQ#RI#0RQR090DPLQR0E0F\FORGH[WULQ#RQ

(SR[\0IXQFWLRQDOL]HG#6L617 9;

4417141#$G0#DQG#'HVRUSWLRQ#RI#0RQR090DPLQR0E0F\FORGH[WULQ#RQ

8QPRGLILHG#6L617 :5

44181#,PPRELOL]DWLRQ#RI#+HSWDNLV090DPLQR0E0F\FORGH[WULQ#RQ#6L617 :7

44191#$G0#DQG#'HVRUSWLRQ#RI#3RO\0E0&'#RQ##D0$O526#3RZGHU#&HUDPLFV :<

4419141#6\QWKHVLV#RI#3RO\0E0&'#DQG#$WWDFKPHQW#WR#WKH

D0$O52603RZGHU06XUIDFH :<

4419151#$GVRUEHG#$PRXQW#RI#&RSRO\0PDOHLF0DFLG0DOW0LVREXWHQH ;7

441:1#6\QWKHVLV#RI#,VR0F\DQDWRIXQFWLRQDOL]HG#6L617 <3

441;1#6\QWKHVLV#RI#$PLQRIXQFWLRQDOL]HG#6L617 <6

451#,QWHUDFWLRQ#RI#&HUDPLF#3DUWLFOHV <8

45141#&RYDOHQW#,QWHUDFWLRQ#RI#6L61703RZGHU03DUWLFOHV <8

45151#+HWHURVXSUDPROHFXODU#,QWHUDFWLRQ#RI#6L617#3DUWLFOHV 439

45161#,PSURYHG#'LVSHUVLELOLW\#RI#$O526#ZLWK#&\FORGH[WULQ 43;

461#'LVFXVVLRQ 443

471#)XWXUH#3URVSHFWXV 447

481#$EVWUDFW 44<

491#=XVDPPHQIDVVXQJ 454

4:1#5HIHUHQFHV 459

4;1#$FNQRZOHGJPHQW 474
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41#$EEUHYLDWLRQV

DEV1#X1 DEVRUEDQFH#XQLWV

$)0 DWRPLF#IRUFH#PLFURVFRS\

DOW DOWHUQDWLQJ

ELSXU1 ELSXULILHG

&' F\FORGH[WULQ

&,3 FROG#LVRVWDWLF#SUHVVLQJ

G43 43#9RO(#RI#WKH#SDUWLFOHV#KDYH#D#GLDPHWHU#OHVV#WKDQ#G43
G83 83#9RO(#RI#WKH#SDUWLFOHV#KDYH#D#GLDPHWHU#OHVV#WKDQ#G83
G<3 <3#9RO(#RI#WKH#SDUWLFOHV#KDYH#D#GLDPHWHU#OHVV#WKDQ#G<3
'& '�QQVFKLFKWFKURPDWRJUDSKLH#+ 7/&,

'/6 G\QDPLF#OLJKW#VFDWWHULQJ

'0$F GLPHWK\O0DFHWDPLGH

'0) GLPHWK\O0IRUPDPLGH

'5,)7 GLIIXVH#UHIOHFWDQFH#LQIUD#UHG#IRXULHU#WUDQVIRUPDWLRQ#VSHFWURVFRS\

($ HOHPHQWDO#DQDO\VLV

K YLVFRVLW\

>K@ 6WDXGLQJHU#LQGH[

KUHO UHODWLYH#YLVFRVLW\

** VWRUDJH#PRGXOXV/#HODVWLF#PRGXOXV

*** ORVV#PRGXOXV

J VWUDLQ

5 VWUDLQ#UDWH

*& JDV#FKURPDWRJUDSK\

+,3 KRW#LVRVWDWLF#SUHVVLQJ

,5 LQIUD#UHG#VSHFWURVFRS\

N QXPEHU#RI#JOXFRVH#XQLWV

/20 OLJKW#RSWLFDO#PLFURVFRS\

/3' OLTXLG#SKDVH#GHSRVLWLRQ

/6 ODVHU#VFDWWHULQJ

P PDVV#RI#D#PRQROD\HU

0 PROHFXODU#ZHLJKW#RI#WKH#F\FORGH[WULQ#6#+4467#J2PRO,



:

0&7 PRQR0FKORU0WULD]LQ\O

0: PROHFXODU#ZHLJKW

Q QXPEHU#RI#F\FORGH[WULQ#PROHFXOHV#DGVRUEHG#RQ#4#J

1$ $YRJDGUR#FRQVWDQW#+91356-4356#PRO04,

105 QXFOHDU#PDJQHWLF#UHVRQDQFH

3&6 SKRWRQ0FRUUHODWLRQ0VSHFWURVFRS\

I YROXPH#IUDFWLRQ/#VROLG#ORDGLQJ

IFULW FULWLFDO#YROXPH#IUDFWLRQ#IRU#JHODWLRQ

IPD[ PD[LPXP#VROLG#ORDGLQJ

S+LHS LVRHOHFWULF#SRLQW#+IRU#FRDWHG#SDUWLFOHV,

S+S]F SRLQW#RI#]HUR#FKDUJH#+IRU#XQFRDWHG#SDUWLFOHV,

SXU1 SXULILHG

3=67 OHDG0]LUFRQDWH0VWDQQDWH0WLWDQDWH

3=7 OHDG0]LUFRQDWH0WLWDQDWH

5I UHWHQWLRQ#IDFWRU

6(0 VFDQQLQJ#HOHFWURQ#PLFURVFRS\

W VWUHVV

7/& WKLQ#OD\HU#FKURPDWRJUDSK\



;

51#,QGH[#RI#7DEOHV

7DEOH#4=#&KDUDFWHULVWLF#SURSHUWLHV#RI#F\FORGH[WULQV1 4:

7DEOH#5=#(OHPHQWDO#DQDO\VLV#RI#LPSXULWLHV#LQ#6L617#SRZGHU#+GDWD#IURP#+1#&1#6WDUFN,1 6;

7DEOH#6=#3RZGHU#FKDUDFWHULVWLF#RI#6L6171 6;

7DEOH#7=#6HFWLRQ#DQDO\VLV#RI#WKH#$)0#LPDJH#VKRZQ#LQ#)LJXUH#461 73

7DEOH#8=#6HFWLRQ#DQDO\VLV#RI#WKH#LPDJH#VKRZQ#LQ#)LJXUH#481 74

7DEOH#9=#3RZGHU#FKDUDFWHULVWLF#RI#$O526#E\#WKH#PDQXIDFWXUHU#+H[FHSW#S+S]F,1 78

7DEOH#:=#(OHPHQWDO#DQDO\VLV#RI#LPSXULWLHV#LQ#$O526#E\#WKH#PDQXIDFWXUHU1 78

7DEOH#;=#(OHPHQWDO#DQDO\VLV#RI#$O526#DV#UHFHLYHG/#$O526#SXU1#DQG#$O526#ELSXU11 79

7DEOH#<=#$O526#SDUWLFOH#VL]H#PHDVXUHPHQWV#E\#'/61 87

7DEOH#43=#$G0#DQG#GHVRUEHG#PDVV#RI#6#RQ#81 :5

7DEOH#44=#6HGLPHQWDWLRQ#EHKDYLRU#RI#431 :;

7DEOH#45=#$G0#DQG#GHVRUEHG#PDVVHV#RI#47#RQ#$O5261 ;4

7DEOH#46=#$G0#DQG#GHVRUEHG#PDVVHV#RI#5<#RQ#$O5261 ;<



<

61#,QGH[#RI#)LJXUHV

)LJXUH#4=#6FKHPH#RI#F\FORGH[WULQ#WRUXV1 4:

)LJXUH#5=#1XPEHULQJ#RI#WKH#FDUERQ#DWRPV#LQ#WKH#F\FORGH[WULQ#PROHFXOH1 4;

)LJXUH#6=#D0&\FORGH[WULQ/#YLHZ#RQ#WKH#VHFRQGDU\#VLGH>;;@1 4<

)LJXUH#7=#0ROHFXODU#VWUXFWXUHV#RI#D0/#E0/#J0#DQG#G0F\FORGH[WULQ1 4<

)LJXUH#8=#6FKHPH#RI#KRVW#JXHVW#LQFOXVLRQ#FRPSOH[1 54

)LJXUH#9=#7RWDO#SRWHQWLDO#9W/#YDQ0GHU0:DDOV0SRWHQWLDO#9D#DQG#HOHFWULF#GRXEOH#OD\HU

SRWHQWLDO#9U#YHUVXV#VXUIDFH#VHSDUDWLRQ#GLVWDQFH#G1#3RVLWLYH#VLJQ#PHDQV

UHSXOVLYH/#QHJDWLYH#DWWUDFWLYH#SRWHQWLDO1 58

)LJXUH#:=#6WHULF#VWDELOL]DWLRQ#D,#VFKHPH#RI#SRO\PHU#LQGXFHG#VWDELOL]DWLRQ#DQG#E,

SRO\PHU#LQGXFHG#SRWHQWLDO#9V#FXUYH/#YDQ0GHU0:DDOV#SRWHQWLDO#9D#DQG#WRWDO

SRWHQWLDO#9W1 58

)LJXUH#;=#'HIRUPDWLRQ#RI#D#VDPSOH#E\#D,#WHQVLRQ#DQG#E,#VKHDULQJ1 63

)LJXUH#<=#3ULQFLSOH#RI#$)0#PHDVXUHPHQW1 67

)LJXUH#43=#6FKHPH#RI#KHWHURVXSUDPROHFXODU#LQWHUDFWLRQ#EHWZHHQ#JXHVW#49#DQG
F\FORGH[WULQIXQFWLRQDOL]HG#6L617#91 68

)LJXUH#44=#6FKHPH#RI#FRYDOHQW#LQWHUDFWLRQ#EHWZHHQ#6L6170SDUWLFOHV1 69

)LJXUH#45=#6FKHPH#RI#KHWHURVXSUDPROHFXODU#LQWHUDFWLRQ#EHWZHHQ#JXHVW#49#DQG
F\FORGH[WULQIXQFWLRQDOL]HG#$O526#481 6:

)LJXUH#46=#$)0#LPDJH#RI#6L617>#:83#QP#VFDQ1 73

)LJXUH#47=#6HFWLRQ#DQDO\VLV#RI#WKH#$)0#LPDJH#VKRZQ#LQ#)LJXUH#461 73

)LJXUH#48=#$)0#LPDJH#RI#6L617/#633#QP#VFDQ#RI#WKH#VDPH#SRVLWLRQ1 74

)LJXUH#49=#6HFWLRQ#DQDO\VLV#RI#WKH#LPDJH#VKRZQ#LQ#)LJXUH#481 74

)LJXUH#4:=#$)0#LPDJH#RI#6L617/#VXUYH\#VFDQ#+9#PP,1 75

)LJXUH#4;=#$)0#LPDJH#RI#6L617#/#VXUYH\#VFDQ#+5#PP,1 75

)LJXUH#4<=#+\GURO\VLV#RI#WKH#6L617#VXUIDFH1 76

)LJXUH#53=#1%21$#YHUVXV#S+S]F#IRU#6L617>486@1 77

)LJXUH#54=#'5,)70VSHFWUD#RI#$O526#DV#UHFHLYHG#DQG#SXULILHG1 7:

)LJXUH#55=#]03RWHQWLDO#PHDVXUHPHQW#RI#$O526#DV#UHFHLYHG#DQG#SXULILHG1 7;

)LJXUH#56=#]03RWHQWLDO#PHDVXUHPHQW#RI#$O526#2#5<#DQG#$O526#2#SRO\0DFU\OLF0DFLG1 7<

)LJXUH#57=#6XUIDFH#RI#D0$O5261 83



43

)LJXUH#58=#3DUWLFOH#VL]H#GLVWULEXWLRQ#RI#$O526#DV#UHFHLYHG

DIWHU#LQMHFWLRQ#RI#WKH#VDPSOH#DQG#DIWHU#8#PLQ1 84

)LJXUH#59=#3DUWLFOH#VL]H#GLVWULEXWLRQ#RI#$O526#DV#UHFHLYHG#DIWHU#48#PLQ/#5:#PLQ#DQG

XOWUDVRQLFDO#WUHDWPHQW1 85

)LJXUH#5:=#3DUWLFOH#VL]H#GLVWULEXWLRQ#RI#$O526#ELSXU11 86

)LJXUH#5;=#&RPSDULVRQ#RI#GLIIHUHQW#WKHRUHWLFDO#PRGHOV1 87

)LJXUH#5<=#6(0#LPDJH#RI#$O526#SXU1/#VXUYH\#VFDQ1 89

)LJXUH#63=#6(0#LPDJH#RI#$O526#SXU11 89

)LJXUH#64=#6(0#LPDJH#RI#$O526#SXU1/#KLJK#UHVROXWLRQ1 8:

)LJXUH#65=#6LQJOH#$O526#SXU1#SDUWLFOHV#+6(0#LPDJH,1 8:

)LJXUH#66=#'5,)70VSHFWUD#RI#651 93

)LJXUH#67=#=RRPHG#'5,)70VSHFWUD#RI#651 93

)LJXUH#68=#]03RWHQWLDO#RI#651 94

)LJXUH#69=#]03RWHQWLDO#RI#65#FRPSDUHG#WR#UHIHUHQFH#V\VWHPV1 94

)LJXUH#6:=#'5,)70VSHFWUD#RI#901+50E0&'#6/#90+1+5,:0E0&'#<1 97

)LJXUH#6;=#'5,)70VSHFWUXP#RI#HSR[\IXQFWLRQDOL]HG#6L617#SUHSDUHG#LQ#KHSWDQH1 99

)LJXUH#6<=#+\GURO\VLV#RI#81 9:

)LJXUH#73=#5HTXLUHG#VSDFH#IRU#D#F\FORGH[WULQ#RI#D#FORVH#SDFNLQJ1 9;

)LJXUH#74=#'5,)70VSHFWUD#RI#PRQR090DPLQR0E0F\FORGH[WULQ#6#RQ#6L6171 :3

)LJXUH#75=#,QIOXHQFH#RI#VROYHQWV#WR#9#DQG#FRPSDULVRQ#RI#9#ZLWK#81 :4

)LJXUH#76=#'5,)70VSHFWUD#RI#8#DQG#43 :9

)LJXUH#77=#]03RWHQWLDO#RI#43#LQ#GHSHQGHQFH#RQ#S+1 ::

)LJXUH#78=#]03RWHQWLDO#RI#43#DQG#UHIHUHQFH#V\VWHPV1 ::

)LJXUH#79=#'5,)70VSHFWUD#RI#48#DQG#$O526#2#5<1 ;5

)LJXUH#7:=#'5,)70VSHFWUD#RI#48#DQG#5<#RQ#$O526#FRPSDUHG#WR#$O5261 ;6

)LJXUH#7;=#7LWUDWLRQ#RI#3/#63#DQG#94#PJ#IRU#FDOLEUDWLRQ1 ;8

)LJXUH#7<=#)LUVW#GHULYDWLYH#RI#WKH#WLWUDWLRQ#FXUYHV#IRU#FDOLEUDWLRQ1 ;8

)LJXUH#83=#&DOLEUDWLRQ#FXUYH#IRU#5<#IRU#DFLG#EDVH#WLWUDWLRQV1 ;9

)LJXUH#84=#7LWUDWLRQ#FXUYHV#DIWHU#DGVRUSWLRQ#RI#5<#RQ#$O526#DQG#ZDVKLQJ1 ;9

)LJXUH#85=#)LUVW#GHULYDWLYH#RI#WKH#WLWUDWLRQ#FXUYH#IRU#WKH#VXSHUQDWDQW#VROXWLRQ#DIWHU

DGVRUSWLRQ#RI#5<1 ;:

)LJXUH#86=#)LUVW#GHULYDWLYH#RI#WKH#WLWUDWLRQ#FXUYH#DIWHU#WKH#ILUVW#ZDVKLQJ#ZDWHU#RI#5<1 ;:

)LJXUH#87=#)LUVW#GHULYDWLYH#RI#WKH#VHFRQG#ZDVKLQJ#ZDWHU#RI#5<1 ;;

)LJXUH#88=#)LUVW#GHULYDWLYH#RI#WKH#WKLUG#ZDVKLQJ#ZDWHU#RI#5<1 ;;
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)LJXUH#89=#'5,)70VSHFWUD#RI#4;#DQG#531 <4

)LJXUH#8:=#'5,)70VSHFWUD#RI#53#DQG#4;/#VDPH#DV#)LJXUH#89/
EXW#ZLWK#ODEHOHG#VLJQDOV1 <7

)LJXUH#8;=#]03RWHQWLDO#RI#4;/#53#DQG#6L617#LQ#ZDWHU1 <8

)LJXUH#8<=#**+W,#DQG#***+W,#LQ#GHSHQGHQFH#RI#WLPH#IRU#D#5;#YRO(#JHO#RI#4;#.#531 <:

)LJXUH#94=#**+W,#DQG#***+W,#LQ#GHSHQGHQFH#RI#WKH#YROXPH#IUDFWLRQ#IRU#JHOV#RI#4;#.#531<;

)LJXUH#96=#**+W,#DQG#***+W,#IRU#VXVSHQVLRQV#RI#4;/#RI#53#DQG#IRU#JHOV#RI#4;#.#53
IURP#53#WR#5;#YRO(1 <;

)LJXUH#98=#**+W,#DQG#***+W,#IRU#VXVSHQVLRQV#RI#4;/#RI#53#DQG#IRU#JHOV#RI#4;#.#53

IURP#68#WR#6:19#YRO(1 <<

)LJXUH#9:=#K#YHUVXV#5#RI#JHOV#DQG#4;1 433

)LJXUH#97=#K#YHUVXV#5#RI#JHOV#DQG#531 434

)LJXUH#:3=#5HODWLYH#YLVFRVLW\#KUHO#YHUVXV#YROXPH#IUDFWLRQ#I#IRU#WKH#JHO#IRUPHG#E\

PL[LQJ/#4;#DQG#531 434

)LJXUH#99=#/200LPDJH#RI#DJJORPHUDWHV#RI#4;#.#531 437

)LJXUH#9:=#/200LPDJH#RI#DJJORPHUDWHV#RI#4;#.#531 437

)LJXUH#9;=#/200LPDJH#RI#DJJORPHUDWHV#RI#4;#.#531 438

)LJXUH#:3=#/200LPDJH#RI#DJJORPHUDWHV#RI#4;#.#531 438

)LJXUH#:3=#7HPSHUDWXUH#GHSHQGHQW#UHYHUVLEOH#FURVVOLQNLQJ#RI#SDUWLFOHV1 448

)LJXUH#:4=#&RQVWUXFWLRQ#RI#FHUDPLF#PXOLWOD\HU#V\VWHPV1 44:

)LJXUH#:5=#1DQRVWUXFWXUHG#GHSRVLWLRQ#RI#FHUDPLFV1 44:
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71#,QGH[#RI#6WUXFWXUH#)RUPXODV
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81#,QWURGXFWLRQ

)RU#WKH#LQGXVWULDO#SURGXFWLRQ#RI#FHUDPLF#SDUWV#VHYHUDO#PHWKRGV#DUH#XVHG#IRU#WKH

FRQYHUVLRQ#RI#D#FHUDPLF#SRZGHU#LQWR#D#PRQROLWK1#7KH#PRVW#LPSRUWDQW#RQHV#FDQ#EH

JURXSHG#LQWR#GU\#SUHVVLQJ#DQG#SODVWLF#IRUPLQJ>40:@1#)RU#GU\#SUHVVLQJ#WKH#SRZGHU#LV

HLWKHU#FRPSDFWHG#LQ#D#GLH#XQGHU#XQLD[LDO#IRUFHV#RU#HQFDSVXODWHG#LQ#D#IOH[LEOH#IRUP#DQG

SXW#LQWR#D#K\GUDXOLF#RLO#ZKHUH#WKH#SUHVVXUH#LV#DSSOLHG1#'U\#SUHVVLQJ#LV#DQ#HVWDEOLVKHG

PHWKRG#IRU#WKH#LQGXVWULDO#PDVV#SURGXFWLRQ#RI#QRW#WRR#FRPSOH[#VKDSHG#FHUDPLF#SDUWV

VLQFH#PDQ\#\HDUV1#'XH#WR#WKH#PLVVLQJ#GLVSHUVLRQ#DQG#GHQVLW\#JUDGLHQWV

LQKRPRJHQHLWLHV#FDQ#EH#SUHVHQW#LQ#WKH#SDUW1#0DFKLQLQJ#LV#VRPHWLPHV#UHTXLUHG#DV#D

SRVW0WUHDWPHQW#WR#\LHOG#KLJK#SUHFLVLRQ#SDUWV1#3ODVWLF#IRUPLQJ#LQYROYHV#H[WUXVLRQ/

LQMHFWLRQ#PROGLQJ>;@/#VOLS#FDVWLQJ#DQG#SUHVVXUH#FDVWLQJ></#43@1#,Q#H[WUXVLRQ#WKH#FHUDPLF

SRZGHU#LV#PL[HG#ZLWK#D#ZD[#RU#SRO\PHU#DQG#SUHVVHG#DV#D#VWLII#SDVWH#LQWR#WKH#PROG

ZKHUHDV#LQ#LQMHFWLRQ#PROGLQJ#WKH#FHUDPLF#SRZGHU#LV#VXVSHQGHG#LQ#D#VROYHQW#ZLWK#D

GLVSHUVDQW#DQG#D#ELQGHU1#7KH#VXVSHQVLRQ>44048@#SURYLGHV#D#KRPRJHQHRXV

GLVWULEXWLRQ#RI#WKH#SDUWLFOHV1#7KH#ELQGHU#LV#UHPRYHG#E\#KHDWLQJ#FDXVLQJ#VKULQNDJH#XS

WR#83#(#GXH#WR#WKH#KLJK#ELQGHU#FRQWHQW1#+HDWLQJ#KDV#WR#EH#GRQH#VORZO\#WR#SUHYHQW

FUDFNV#DQG#YRLGV/#SDUWV#ZLWK#D#ODUJH#FURVV#VHFWLRQ#QHHG#VHYHUDO#GD\V#IRU#ELQGHU#EXUQ

RXW1#,QMHFWLRQ#PROGLQJ#LV#DQ#DWWUDFWLYH#PHWKRG#IRU#WKH#SURGXFWLRQ#RI#FRPSOH[#VKDSHG

SDUWV#ZLWK#KLJK#VXUIDFH#SUHFLVLRQ1#,Q#SUHVVXUH#FDVWLQJ#RU#SUHVVXUH#ILOWUDWLRQ>4904;@#WKH

VXVSHQVLRQ#LV#SRXUHG#LQWR#D#SRURXV#PROG#RU#ILOWHU#DQG#WKH#VROYHQW#LV#VHSDUDWHG#IURP

WKH#FHUDPLF#XVLQJ#DQ#H[WHUQDO#SUHVVXUH#ZKLOH#LQ#VOLS#FDVWLQJ#FDSLOODU\#IRUFHV#UHPRYH

WKH#VROYHQW1#3UHVVXUH#FDVWLQJ#DQG#SUHVVXUH#ILOWUDWLRQ#RIIHU#D#KLJKHU#SURGXFWLYLW\

FRPSDUHG#WR#VOLS#FDVWLQJ1#7KH#FRQVROLGDWLRQ#LV#DFKLHYHG#E\#UHPRYDO#RI#WKH#VROYHQW1

7KH#OLTXLG#IORZ#DIIHFWV#WKH#PLFURVWUXFWXUH#RI#WKH#VXVSHQVLRQ#DQG#FDXVHV#DQ#RULHQWDWLRQ

RI#QRQ0VSKHULFDO#SDUWLFOHV1#7R#DYRLG#WKHVH#SUREOHPV#WKH#VXVSHQVLRQ#FDQ#EH

FRQVROLGDWHG#E\#FKHPLFDO#PHDQV#ZLWKRXW#UHPRYDO#RI#WKH#VROYHQW1#&RQVROLGDWLRQ#FDQ

EH#DFKLHYHG#H1#J1#E\#D#WHPSHUDWXUH#LQGXFHG#JHODWLRQ#+7,*,#DV#GHVFULEHG#E\#/1

%HUJVWU|P#HW#DO1>4<@/#D#WHPSHUDWXUH#LQGXFHG#LUUHYHUVLEOH#EULGJLQJ#IORFFXODWLRQ#RI

$O526>53@#RU#E\#XVLQJ#D#FKDQJH#LQ#WKH#]0SRWHQWLDO#E\#D#S+0VKLIW#FDXVLQJ#D#VWURQJ

LQFUHDVH#RI#WKH#YLVFRVLW\#RI#WKH#VXVSHQVLRQ>54@1#0DQ\#SXEOLFDWLRQV>55063@#GHVFULEH

KRZ#DFU\OLF#DFLG#RU#PHWKDFU\OLF#DFLG#LV#XVHG#IRU#SRO\PHUL]DWLRQ#LQGXFHG#JHODWLRQ

EDVHG#RQ#WKH#VROLGLILFDWLRQ#RI#WKH#PDWUL[#LQ#ZKLFK#WKH#SDUWLFOHV#DUH#WUDSSHG#ZLWKRXW
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VHOHFWLYH#DQG#GLUHFWHG#OLQNDJH#RI#SDUWLFOHV1#%10+1#.LP>64@#GHVFULEHV#WKH#FURVVOLQNLQJ#RI

SDUWLFOHV#E\#PROHFXOHV#DGVRUEHG#RQ#WKH#VXUIDFH1#$1#.XODN>65@#IL[HG#]HROLWH#FU\VWDOV#RQ

JODVV#DQG#PLFD#ZDIHUV#E\#UHDFWLRQ#RI#WKH#HSR[\0#DQG#WKH#DPLQR0IXQFWLRQDOL]HG

VXUIDFHV1

,Q#WKLV#VWXG\#D#QHZ#SURFHVVLQJ#PHWKRG#ZLOO#EH#GHYHORSHG#E\#EULGJLQJ#VXVSHQGHG

SDUWLFOHV#FRYDOHQWO\#DQG#KHWHURVXSUDPROHFXODUO\#XVLQJ#VLODQDWLRQ#DQG#KRVW#JXHVW

FKHPLVWU\>6606<@#RI#F\FORGH[WULQV1#7KH#FRQVROLGDWLRQ#VWHS#ZLOO#EH#GRQH#E\#NHHSLQJ#WKH

VROYHQW#DYRLGLQJ#WKH#OLTXLG#IORZ#SUREOHPV1#7KH#DPRXQW#RI#RUJDQLF#DGGLWLYHV#LV#ORZ

FRPSDUHG#WR#RWKHU#WHFKQLTXHV/#VR#WKH#ELQGHU0EXUQ0RXW0VWHS#LV#QRW#QHFHVVDU\#DQG#WKH

DFFRPSDQ\LQJ#KHDWLQJ#SUREOHPV#GR#QRW#RFFXU1
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91#&\FORGH[WULQV

9141#1RPHQFODWXUH/#&RQVWLWXWLRQ/#6\QWKHVLV#DQG#3URSHUWLHV
RI#&\FORGH[WULQV

&\FORGH[WULQV>73083@#DUH#F\FOLF#ROLJRVDFFKDULGHV#RI#'0JOXFRVH1#N#D0'0JOXFRVH

PROHFXOHV#IRUP#D#FRQH0VKDSHG#PDFURF\FOLF#ULQJ1#7KHVH#JOXFRVH#XQLWV#DUH#+4o7µ,0

JO\FRVLGLFO\#OLQNHG#E\#HWKHUEULGJHV1#%RWK#20DWRPV#DW#WKH#40#DQG#70SRVLWLRQ#KDYH#GRZQ0

FRQIRUPDWLRQ>84@1#&RUUHFW#QDPHV#IRU#F\FORGH[WULQV#LQIRUPLQJ#DERXW#WKH#PROHFXODU

VWUXFWXUH#DUH#F\FOR0>+4o7µ,0D0'0JOXFRS\UDQRVH@N#RU#F\FOR0KHSWDNLV0>+4o7µ,0D0'0

JOXFRS\UDQRVH@#IRU#E0F\FORGH[WULQ1#2WKHU#QDPHV#DUH#DOVR#XVHG#LQ#OLWHUDWXUH#VXFK#DV

F\FORDP\ORVH/#ZKLFK#LV#UHDVRQDEOH#EHFDXVH#DP\ORVH#FRQVLVWV#RI#HTXLYDOHQWO\#OLQNHG

'0JOXFRVH#XQLWV1#$GGLWLRQDOO\#F\FORGH[WULQV#DUH#QDPHG#DV#F\FORPDOWRVHV/#ZKLFK#LV

PLVOHDGLQJ#EHFDXVH#PDOWRVH#LV#D#GLVDFFKDULGH#DQG#QRW#WKH#UHSHDWLQJ#XQLW#RI#WKH

F\FORGH[WULQV1#6RPHWLPHV#±#HVSHFLDOO\#LQ#WKH#ROGHU#OLWHUDWXUH#0#WKH\#DUH#QDPHG#DIWHU

WKH#UHVHDUFKHU#ZKR#GHYHORSHG#WKH#F\FORGH[WULQ#FKHPLVWU\#IXUWKHU#DV#6FKDUGLQJHU

GH[WULQV1#1DWXUDO#F\FORGH[WULQV#H[LVW#ZLWK#9#WR#45#JOXFRVH#XQLWV>85@1#D0F\FORGH[WULQ

FRQVLVWV#RI#9#JOXFRVH#XQLWV/#E0F\FORGH[WULQ#RI#:#DQG#VR#RQ1#7KH#D0/#E0#DQG

J0F\FORGH[WULQV#DUH#WKH#PRVWO\#XVHG#DQG#LQYHVWLJDWHG#RQHV1#$#ILYH#PHPEHUHG

F\FORGH[WULQ#FDQ#EH#FKHPLFDOO\#V\QWKHVL]HG#EHLQJ#WHQVH/#D#UHDVRQ#IRU#WKH#LQDYDLODELOLW\

E\#HQ]\PDWLF#V\QWKHVLV1#0DQ\#F\FORGH[WULQ#DQDORJXHV>86089@#FRQVLVWLQJ#RI#QRQ0

JOXFRVH#XQLWV#DUH#V\QWKHVL]HG1#7KH#VWUXFWXUHV#DQG#SURSHUWLHV#RI#WKH#ORZHU#DQG#KLJKHU

DQDORJXHV#WKDW#DUH#QRW#DYDLODEOH#E\#V\QWKHVLV#FDQ#EH#FDOFXODWHG#ZLWK#PROHFXODU

PHFKDQLFV>8:@1

&\FORGH[WULQV#DUH#SURGXFHG#E\#HQ]\PDWLF#GHJUDGDWLRQ>8;096@#RI#VWDUFK1#6WDUFK

FRQVLVWV#RI#WZR#SRO\VDFFKDULGHV#0#DP\ORVH#DQG#DP\ORSHFWLQH1#%RWK#VSHFLHV#DUH#EXLOW

XS#ZLWK#D0'0JOXFRVH1#7KH#GLIIHUHQFH#EHWZHHQ#ERWK#VSHFLHV#LV#WKH#FRQQHFWLRQ#RI#WKH

JOXFRVH#XQLWV=#$#4o7µ#OLQNDJH#OHDGV#WR#DP\ORVH/#D#4o9µ#OLQNDJH#LV#SUHVHQW#LQ

DP\ORSHFWLQH1#7KH#JOXFRVH#FKDLQ#RI#DP\ORVH#IRUPV#D#OHIW0KDQGHG#KHOL[#ZLWK#VL[

JOXFRVH#XQLWV#SHU#URXWLQH1#&\FORGH[WULQ0JO\FRV\OWUDQVIHUDVH#HQ]\PHV#FXW#WKH#DP\ORVH

FKDLQ#DQG#PHUJH#ERWK#HQGV#WRJHWKHU#VR#WKDW#D#ULQJ#VKDSHG#PROHFXOH#LV#SURGXFHG1#7KH



4:

FXW#OHQJWK#LV#QRW#VHOHFWLYH#\LHOGLQJ#PDQ\#F\FORGH[WULQV1#7KH#F\FORGH[WULQ0JO\FRV\O0

WUDQVIHUDVHV#DUH#SURGXFHG#E\#EDFLOOXV#PDFHUDQV>8</#97@/#EDFLOOXV#PHJDWHULXP>98/#99@/

NUHEVLHOOD#SQHXPRQLDH#0#8#DO>9:@#DQG#EDFLOOXV#VWHUHRWKHUPRSKLOXV>9;@1

7DEOH#4#GHSLFWV#VRPH#FKDUDFWHULVWLF#SURSHUWLHV#RI#F\FORGH[WULQV>73/#9<@1

7DEOH#4=#&KDUDFWHULVWLF#SURSHUWLHV#RI#F\FORGH[WULQV1

D0F\FORGH[WULQ E0F\FORGH[WULQ J0F\FORGH[WULQ
QXPEHU#RI
JOXFRVH#XQLWV

9 : ;

PROHFXODU#PDVV <:5#J2PRO 4468#J2PRO 45<:#J2PRO
VROXELOLW\#LQ#ZDWHU#DW
57#LQ#J2433#PO

4718 41;8 5615

VSHFLILF#DQJOH#RI
URWDWLRQ# 58

'@>D
48318r318� 49518r318� 4::17r318�

KHLJKW :<30;33#SP :<30;33#SP :<30;33#SP
GLDPHWHU#RI#FDYLW\#DW
&08#DWRP

7:3#SP 933#SP :83#SP

GLDPHWHU#RI#FDYLW\#DW
&06#DWRP

853#SP 973#SP ;63#SP

RXWHU#GLDPHWHU 4179r3137#QP 4187r3137#QP 41:8r3137#QP
S.D#+58#�&, 45166 45153 4513;

7KH#FRQH0VKDSHG#PDFURF\FOLF#ULQJ#LV#VFKHPDWLFDOO\#GUDZQ#LQ#)LJXUH#41#7KH#GLVWDQFHV

LQ#)LJXUH#4#DUH#PHDVXUHG#DW#DWRPLF#PRGHOV1#7KH#WRS#VLGH#LQ#)LJXUH#4#UHSUHVHQWV#WKH

QDUURZ#VLGH#RI#WKH#F\FORGH[WULQ/#WKH#ERWWRP#VLGH#LV#WKH#ZLGH#VLGH1

)LJXUH#4=#6FKHPH#RI#F\FORGH[WULQ#WRUXV1

7:30;63#SP

3/;#QP

4/804/;#QP
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7KH#QXPEHULQJ#RI#WKH#FDUERQ#DWRPV#LQ#WKH#JOXFRVH#PROHFXOH#DQG#LQ#WKH#F\FORGH[WULQ

PROHFXOH#LV#GHPRQVWUDWHG#E\#WKH#GLDJUDP#VKRZQ#LQ#)LJXUH#51#7KH#50#DQG#60SRVLWLRQV

DUH#WKH#VHFRQGDU\#VLWHV1#7KLV#LV#WKH#ZLGH#VLGH#RI#WKH#F\FORGH[WULQ1#7KH#SULPDU\#FDUERQ

DWRP#LV#DW#90SRVLWLRQ#ZKLFK#LV#ORFDWHG#DW#WKH#QDUURZ#VLGH#RI#WKH#F\FORGH[WULQ#WRUXV1
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)LJXUH#5=#1XPEHULQJ#RI#WKH#FDUERQ#DWRPV#LQ#WKH#F\FORGH[WULQ#PROHFXOH1
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9151#0ROHFXODU#6WUXFWXUH#RI#&\FORGH[WULQV

7KH#UHVXOWV#RI#WKH#PROHFXODU#PHFKDQLFV#FDOFXODWLRQV>:30;:@#DUH#SUHVHQWHG#LQ#WKH

JUDSKLFV#EHORZ#+)LJXUH#6#DQG#7,1#7KH#FU\VWDO#VWUXFWXUHV#DUH#GHVFULEHG#LQ>;;0<9@1

)LJXUH#6=#D0&\FORGH[WULQ/#YLHZ#RQ#WKH#VHFRQGDU\#VLGH><:@1

D0&\FORGH[WULQ E0&\FORGH[WULQ

J0&\FORGH[WULQ G0&\FORGH[WULQ

)LJXUH#7=#0ROHFXODU#VWUXFWXUHV#RI#D0/#E0/#J0#DQG#G0F\FORGH[WULQ1
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,Q#)LJXUH#7#WKH#K\GURJHQ#DWRPV#DUH#RPLWWHG#LQ#RUGHU#WR#LPSURYH#WKH#YLHZLQJ#FODULW\#RI

WKH#VWUXFWXUH1#7KH#EODFN#EDOOV#UHSUHVHQW#WKH#FDUERQ#DWRPV/#WKH#UHG#RQHV#WKH#R[\JHQ

DWRPV1#7KH#JUDSKLFV#FOHDUO\#VKRZ#WKH#PROHFXODU#VWUXFWXUH#RI#WKH#F\FORGH[WULQV1#7KH

FDYLW\/#WKH#SULPDU\#DQG#VHFRQGDU\#VLGHV#DQG#WKH#FRQH0VKDSHG#VWUXFWXUH#DUH#REYLRXV1

7KH#209#DWRPV#+XSSHU#VLGH#RI#WKH#F\FORGH[WULQV#LQ#)LJXUH#7,#DUH#GLUHFWHG#WR#WKH

RXWVLGH#RI#WKH#WRUXV#DQG#GHSLFWHG#LQ#JDXFKH0FRQIRUPDWLRQ/#WKH#FRQIRUPDWLRQ#ZLWK#WKH

KLJKHVW#SRSXODWLRQ1#,Q#VRPH#FRPSOH[HV#WKH#209#DWRP#JURXS#FDQ#EH#UHJDUGHG#YHUVXV

WKH#LQQHU#VLGH#WR#IRUP#+0EULGJHV#ZLWK#WKH#JXHVW#PROHFXOH1#7KH#JDLQ#RI#HQHUJ\#E\#WKH

IRUPDWLRQ#RI#WKH#+0EULGJLQJ#ERQG#FRPSHQVDWHV#WKH#KLJKHU#HQHUJ\#RI#WKH#FRQIRUPDWLRQ1

,Q#DFFRUGDQFH#ZLWK#WKH#WLOW#DQJOH#RI#WKH#JOXFRVH#XQLWV#WKH#ULQJ#WHQVLRQ#GHFUHDVHV#IURP

D0F\FORGH[WULQ#WR#G0F\FORGH[WULQ1#,Q#J0F\FORGH[WULQ#RQH#JOXFRVH#XQLW#LV#VOLJKWO\#GLVWRUWHG/

LQFUHDVHG#LQ#G0F\FORGH[WULQ/#WZR#JOXFRVH#XQLWV#EHLQJ#VXEMHFWHG1#7KH#G0F\FORGH[WULQ

WRUXV#KDV#D#FHUWDLQ#IOH[LELOLW\#PHDQLQJ#LW#KDV#QRW#D#ULJLG#FRQH#VWUXFWXUH1#,I#WKH

G0F\FORGH[WULQ#LV#YLHZHG#IURP#WKH#VLGH/#WKH#FXUYHG#ZDYH0OLNH#VWUXFWXUH#RI#WKH

F\FORGH[WULQ#WRUXV#FDQ#EH#VHHQ/#WKH#WZR#GLVWRUWHG#JOXFRVH#XQLWV#EHLQJ#WKH#LQIOHFWLRQ

SRLQWV1
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9161#6XSUDPROHFXODU#,QFOXVLRQ#&KHPLVWU\#RI#&\FORGH[WULQV
DQG#WKHLU#'HULYDWLVDWLRQ

7KH#F\FORGH[WULQV#EHDU#DQ#LQWHUHVWLQJ#KRVW#JXHVW#FKHPLVWU\><;@#ZKHUH#WKH#F\FORGH[WULQ

DFWV#DV#WKH#KRVW#PROHFXOH#DQG#D#SUHIHUDEO\#K\GURSKRELF#VSHFLPHQ#DV#WKH#JXHVW/

ZKLFK#LV#LQWHUFDODWHG#LQWR#WKH#FDYLW\#RI#WKH#F\FORGH[WULQ1#)LJXUH#8#LOOXVWUDWHV#D

VXSUDPROHFXODU><;@#KRVW0JXHVW#LQFOXVLRQ#FRPSOH[><<0434@#IRUPHG#E\#D#F\FORGH[WULQ

ZLWK#D#JXHVW#PROHFXOH1#*XHVW#PROHFXOHV#FDQ#EH#ORQJ#FKDLQ#SRO\PHUV/#WRR1#7KH#IRUPHG

FRPSOH[HV#DUH#FDOOHG#SRO\URWD[DQHV>4350438@1#,Q#WKLV#FDVH#F\FORGH[WULQ#ULQJV#WKUHDG

RQWR#WKH#FKDLQ#RI#WKH#SRO\PHU#OLNH#SHDUOV#RQWR#D#FRUG1

)LJXUH#8=#6FKHPH#RI#KRVW#JXHVW#LQFOXVLRQ#FRPSOH[1

7KH#9DQ0GHU0:DDOV#LQWHUDFWLRQ#EHWZHHQ#WKH#JXHVW#DQG#F\FORGH[WULQ#LV#RQH#UHDVRQ#IRU

WKH#IRUPDWLRQ#RI#WKH#LQFOXVLRQ#FRPSOH[HV1#+0%ULGJHV#EHWZHHQ#WKH#2+0JURXSV#RI#WKH

F\FORGH[WULQ#DQG#SRODU#JURXSV#RI#WKH#JXHVW#PROHFXOH#VXSSRUW#WKH#LQFOXVLRQ#SURFHVV1

(QHUJ\#QHHGHG#WR#EUHDN#WKH#ERQGV#RI#WKH#ZDWHU#WR#WKH#F\FORGH[WULQ#LV#UHWDLQHG#ZKHQ

WKH#LQFOXGHG#ZDWHU#LV#GLVVROYHG#E\#EXON#ZDWHU1#)URP#WKH#HQWURSLF#SRLQW#RI#YLHZ#WKH

LQWHUFDODWLRQ#SURFHVV#LQGXFHV#RUGHU#DQG#GHFUHDVHV#WKH#HQWURS\#EXW#WKH#HMHFWHG#ZDWHU

PROHFXOHV#UDLVH#WKH#HQWURS\#ZKHQ#WKH\#HQWHU#WKH#EXON#VROYHQW1#7KHUH#DUH#FRPSOH[HV

WKDW#KDYH#WKUHH#GLIIHUHQW#LQWHUDFWLRQ#HQWURSLHV=#D#JDLQ#RI#HQWURS\#LQ#WRWDO/#'6 3#DQG#D

ORVV#RI#HQWURS\1#7KH#HQWKDOS\#'+#FDQ#DOVR#KDYH#QHJDWLYH/#]HUR#RU#SRVLWLYH#YDOXHV1#7KH

*LEEV#HQHUJ\#'* '+#0#7#'6#KDV#WR#EH#FRQVLGHUHG#DV#DQ#LPSRUWDQW#FULWHULRQ#IRU#WKH

IRUPDWLRQ#RI#FRPSOH[HV1

F\FORGH[WULQ#ULQJ#+KRVW,

JXHVW#PROHFXOH
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7KH#V\QWKHWLF#RUJDQLF#FKHPLVWU\#RI#F\FORGH[WULQV#IRFXVHV#RQ#WKH#90SRVLWLRQ#+)LJXUH#5,

EHFDXVH#WKLV#LV#D#SULPDU\#DOFRKRO#JURXS#ZKHUH#614#DQG#615#UHDFWLRQV#FDQ#EH#FDUULHG

RXW>439043;@1#7KH#&05#DQG#&06#DWRPV#DUH#IL[HG#LQ#WKH#JOXFRVH#ULQJV#OLPLWLQJ#WKHLU

SRVVLELOLWLHV#RI#UHDFWLRQV>43</#443@1#/L+#GHSURWRQDWHV#WKH#RQO\#RQH#2+05#JURXS#RI#WKH

F\FORGH[WULQ#VHOHFWLYHO\1#:LWK#,5#2#3K63#WKH#2+09#JURXSV#DUH#VXEVWLWXWHG#E\#LRGLQH1

7KLV#ODEHOV#DQG#GLVFULPLQDWHV#WKH#90SRVLWLRQ#IURP#WKH#RWKHU#2+#JURXSV#DQG#SURYLGHV

DFFHVV#WR#D#PXOWLIXQFWLRQDOL]DWLRQ1#%\#VXEVWLWXWLRQ#RI#WKH#LRGLQH#WR#WKH#GHVLUHG#JURXS

WKH#GHULYDWLVDWLRQ#FDQ#EH#SHUIRUPHG1#)RU#D#PRQR#IXQFWLRQDOL]DWLRQ#DW#WKH#90SRVLWLRQ#D

WRV\ODWLRQ#ZLWK#WRV\OFKORULGH#LV#UHDVRQDEOH#LQGXFLQJ#D#UHJLRVHOHFWLYLW\#DQG#DFWLYDWLRQ#RI

WKH#F\FORGH[WULQ#DV#ZLWK#WKH#PXOWLIXQFWLRQDOL]DWLRQ1
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:1#'/9207KHRU\

7KH#'/920WKHRU\>444@#QDPHG#WR#LWV#GHYHORSHUV#'HUMDJXLQ/#/DQGDX/#9HUZH\#DQG

2YHUEHHN#GHVFULEHV#WKH#LQWHUSDUWLFOH#SRWHQWLDO#RI#VXVSHQVLRQV#EHLQJ#XVHIXO#IRU#WKH

SUHGLFWLRQ#RI#WKH#VWDELOLW\#RI#D#FROORLGDO#VXVSHQVLRQ1#6LQFH#D#VWURQJ#UHSXOVLYH

LQWHUSDUWLFOH#SRWHQWLDO#LV#FKDUDFWHULVWLF#IRU#D#VWDEOH#VXVSHQVLRQ#DQG#DQ#DWWUDFWLYH

SRWHQWLDO#LQGXFHV#IORFFXODWLRQ#RI#WKH#SDUWLFOHV/#WKH#NQRZOHGJH#RI#WKH#SRWHQWLDO#LV#KHOSIXO

IRU#WKH#XQGHUVWDQGLQJ#RI#FROORLGDO#SRZGHU#SURFHVVLQJ#SKHQRPHQD#OLNH#WKH#OLTXLG0VROLG0

WUDQVLWLRQ#RI#D#FHUDPLF#SRZGHU#VXVSHQVLRQ#LQ#SODVWLF#IRUPLQJ1#,Q#JHQHUDO#WKH

LQWHUSDUWLFOH#SRWHQWLDO#FDQ#EH#VHSDUDWHG#LQWR#WKUHH#SDUWV=#WKH#YDQ0GHU0:DDOV#SRWHQWLDO/

WKH#GRXEOH0OD\HU0SRWHQWLDO#DQG#WKH#SRO\PHU#LQGXFHG#+VWHULF,#SRWHQWLDO1

7KH#YDQ0GHU0:DDOV0SRWHQWLDO#LV#DQ#XELTXLWRXV#SRWHQWLDO1#,W#LV#RI#HOHFWURG\QDPLF#QDWXUH

DQG#GHULYHV#IURP#WKH#LQWHUDFWLRQ#RI#GLSROHV#ZKLFK#FDQ#EH#DSSUR[LPDWHG#IRU#WZR

VSKHUHV#E\

G45
$U,G+9D ð /#SURYLGLQJ#WKDW#G#å#U1 +4,

$ +DPDNHU#FRQVWDQW

U SDUWLFOH#UDGLXV

G VXUIDFH#VHSDUDWLRQ#GLVWDQFH

)RU#WZR#VSKHUHV#RI#WKH#VDPH#PDWHULDO#9D+G,#LV#DOZD\V#DWWUDFWLYH/#LQ#WKH#FDVH#RI

GLIIHUHQW#PDWHULDOV#LW#FDQ#EH#DWWUDFWLYH#RU#UHSXOVLYH1#7KH#PDJQLWXGH#RI#WKH#LQWHUDFWLRQ

FDQ#EH#UHSUHVHQWHG#E\#WKH#+DPDNHU#FRQVWDQW1

,Q#SURWLF#OLTXLG#PHGLD#SDUWLFOHV#FDQ#GHYHORS#D#FKDUJH#RQ#WKH#VXUIDFH#GHSHQGLQJ#RQ#WKH

S+1#,QGLYLGXDO#SDUWLFOHV#DUH#VXUURXQGHG#E\#D#FORXG#RI#FRXQWHU#LRQV#EHFDXVH#RI#WKLV

VXUIDFH#FKDUJH>#WKH#KLJKHU#WKH#LRQLF#VWUHQJWK#LQ#VROXWLRQ#WKH#VPDOOHU#WKH#FORXG1#7KHVH

FKDUJHV#LQGXFH#DQ#HOHFWULF#GRXEOH#OD\HU#SRWHQWLDO=
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,GH[S+U5,G+9 5
33U NðMHHS +5,

U SDUWLFOH#UDGLXV

G VXUIDFH#VHSDUDWLRQ#GLVWDQFH

M3 VXUIDFH#SRWHQWLDO

N UHFLSURFDO#'HE\H#OHQJWK

7KH#'HE\H#OHQJWK#LV#42N#DQG#GHILQHG#DV
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+6,

H GLHOHFWULF#FRQVWDQW#RI#WKH#OLTXLG

H3 SHUPLWWLYLW\#RI#YDFXXP

N %ROW]PDQQ#FRQVWDQW

7 DEVROXWH#WHPSHUDWXUH

H HOHFWURQLF#FKDUJH

QL FRQFHQWUDWLRQ#RI#LRQV#ZLWK#FKDUJH#]L

(TXDWLRQ#+5,#LV#D#VLPSOLILHG#H[SUHVVLRQ#IRU#WKH#LQWHUDFWLRQ#RI#WZR#VSKHUHV1#&XUYHV#IRU

9D+G,/#9U+G,#DQG#WKHLU#VXP#9W+G,#DUH#SORWWHG#LQ#)LJXUH#91

,Q#VRPH#FDVHV#LW#LV#QRW#SRVVLEOH#WR#FUHDWH#D#VWDEOH#VXVSHQVLRQ#E\#HOHFWULF#GRXEOH#OD\HU

IRUFHV#EHFDXVH#WKH#PD[LPXP#VXUIDFH#FKDUJH#LV#QRW#VXIILFLHQW1#,Q#RWKHU#FDVHV

HOHFWURVWDWLF#VWDELOL]DWLRQ#LV#LQDGHTXDWH#IRU#WKH#WHFKQLFDO#QHHGV#RI#FROORLGDO#SRZGHU

SURFHVVLQJ1#,Q#VXFK#FDVHV#WKH#SRO\PHULF#RU#VWHULF#VWDELOL]DWLRQ#FDQ#EH#XVHG/#ZKHUH#DW

WKH#SDUWLFOH#VXUIDFH#DGVRUEHG#SRO\PHUV#KLQGHU#WKH#SDUWLFOHV#WR#FRPH#WRR#FORVH#WKXV

VKLHOGLQJ#WKH#DWWUDFWLYH#YDQ0GHU0:DDOV0IRUFHV#+)LJXUH#:D,1#,I#SDUWLFOHV#DSSURDFK#HDFK

RWKHU/#WKH#SRO\PHU#OD\HUV#LQWHUSHQHWUDWH#UHVXOWLQJ#LQ#D#UHSXOVLRQ#+)LJXUH#:E,1#7KH

PDJQLWXGH#DQG#UDQJH#RI#WKH#UHSXOVLYH#LQWHUDFWLRQ#FDQ#EH#FDOFXODWHG#E\#WKH#GH

*HQQHV�#VFDOLQJ#WKHRU\>4450448@#IRU#D#PHGLXP#GLVVROYLQJ#WKH#SRO\PHU1#,Q#WKLV#WKHRU\

WKH#DGVRUEHG#SRO\PHU#FRQIRUPDWLRQ#LV#DVVXPHG#WR#EH#HLWKHU#D#ORZ0VXUIDFH0FRYHUDJH
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PXVKURRP/#LQ#ZKLFK#WKH#YROXPH#RI#WKH#LQGLYLGXDO#SRO\PHU#LV#XQFRQVWUDLQHG#E\

QHLJKERUV/#RU#D#KLJK0VXUIDFH0FRYHUDJH#EUXVK/#ZKHUH#WKH#SUR[LPLW\#RI#QHLJKERULQJ

SRO\PHU#FKDLQV#FRQVWUDLQV#WKH#FKDLQ#YROXPH#DQG#FDXVHV#H[WHQVLRQ#RI#WKH#SRO\PHU

LQWR#WKH#VROYHQW1

)LJXUH#9=#7RWDO#SRWHQWLDO#9W/#YDQ0GHU0:DDOV0SRWHQWLDO#9D#DQG#HOHFWULF#GRXEOH#OD\HU#SRWHQWLDO#9U#YHUVXV
VXUIDFH#VHSDUDWLRQ#GLVWDQFH#G1#3RVLWLYH#VLJQ#PHDQV#UHSXOVLYH/#QHJDWLYH#DWWUDFWLYH#SRWHQWLDO1

#
D, E,

)LJXUH#:=#6WHULF#VWDELOL]DWLRQ#D,#VFKHPH#RI#SRO\PHU#LQGXFHG#VWDELOL]DWLRQ#DQG#E,#SRO\PHU#LQGXFHG
SRWHQWLDO#9V#FXUYH/#YDQ0GHU0:DDOV#SRWHQWLDO#9D#DQG#WRWDO#SRWHQWLDO#9W1
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;1#&KDUDFWHUL]DWLRQ#0HWKRGV#IRU#&HUDPLF#3RZGHUV

;141#]]]]03RWHQWLDO#0HDVXUHPHQWV#DQG#'\QDPLF#/LJKW
6FDWWHULQJ

7KH#VXUIDFH#FKDUJH#GHQVLW\#RI#WKH#SDUWLFOHV#LQ#VROXWLRQ#LV#D#XVHIXO#SDUDPHWHU#IRU

FKDUDFWHUL]LQJ#WKH#VXUIDFH#FKHPLVWU\#RI#SDUWLFOHV1#0HDVXUHPHQWV#RI#WKH#]0

SRWHQWLDO>4490453@#LQ#GHSHQGHQFH#RQ#WKH#S+#SURYLGH#WKLV#LQIRUPDWLRQ1#$#FKDUJHG

SDUWLFOH#DGVRUEV#FRXQWHU#LRQV#WLJKWO\1#7KLV#OD\HU#FDOOHG#6WHUQ#OD\HU#LV#VXUURXQGHG#E\#D

OD\HU#RI#DGGLWLRQDO#FRXQWHU#LRQV#H[FHHGLQJ#WKH#LRQ#FRQFHQWUDWLRQ#RI#WKH#PHGLXP1

7KHVH#LRQV#DUH#QRW#IL[HG#WR#WKH#SDUWLFOH#QRU#GR#WKH\#KDYH#D#GHILQHG#SRVLWLRQ1#7KLV#OD\HU

LV#UHIHUHG#WR#DV#GLIIXVH#OD\HU1#,W#PRYHV#ZLWK#WKH#SDUWLFOH#WKURXJK#WKH#PHGLXP1#,WV

GLDPHWHU#LV#PXFK#ODUJHU#WKDQ#WKH#6WHUQ#OD\HU#DQG#GHSHQGV#RQ#WKH#FRQFHQWUDWLRQ#RI

LRQV#LQ#VROXWLRQ1#,I#WKH#SDUWLFOH#PRYHV/#D#VKHDU#JUDGLHQW#LV#IRUPHG#EHFDXVH#RI#WKH

ODPLQDU#IORZ>454@#DQG#DQ#DGGLWLRQDO#OD\HU#VWLFNLQJ#DW#WKH#RXWVLGH#RI#WKH#6WHUQ#OD\HU#LV

DWWDFKHG#WR#WKH#SDUWLFOH1#7KLV#OD\HU#LV#IL[HG#WR#WKH#PRYLQJ#SDUWLFOH1#7KH#]0SRWHQWLDO#LV

WKH#HOHFWULF#SRWHQWLDO#DW#WKH#ERUGHU#RI#WKLV#OD\HU1#,WV#YDOXH#LV#XVXDOO\#RQO\#D#OLWWOH#ELW

ORZHU#WKDQ#WKH#SRWHQWLDO#DW#WKH#RXWVLGH#RI#WKH#6WHUQ#OD\HU#+6WHUQ#SRWHQWLDO,1#)RU#KLJKO\

FKDUJHG#SDUWLFOHV#RU#ORZ#HOHFWURO\WH#FRQFHQWUDWLRQV#ZKLFK#HQODUJH#WKH#VKHDU#SODQH#WKH

]0SRWHQWLDO#LV#VLJQLILFDQWO\#ORZHU#WKDQ#WKH#6WHUQ#SRWHQWLDO1#$Q#DGVRUSWLRQ#RI#SRO\PHUV

SURWUXGLQJ#VWURQJO\#LQWR#WKH#VROXWLRQ#+KDLU\#OD\HUV,#VHSDUDWHV#WKH#6WHUQ#OD\HU#IURP#WKH

VKHDU#SODQH#OHDGLQJ#WR#D#UHOHYDQW#GLIIHUHQFH#EHWZHHQ#]0SRWHQWLDO#DQG#6WHUQ#SRWHQWLDO1

7KH#S+0YDOXH#IRU#XQFRDWHG#SDUWLFOHV#DW#] 3#LV#QDPHG#S+S]F/#WKH#S+#IRU#FRDWHG

SDUWLFOHV#DW#] 3#LV#FDOOHG#S+LHS1

7KH#]0SRWHQWLDO#PHDVXUHPHQW#DSSDUDWXV#FDOFXODWHV#WKH#HOHFWURSKRUHWLF#PRELOLW\#X

XVLQJ#WKH#+HOPKROW]06PROXFKRZVNL0HTXDWLRQ>454@/

]
K
HH

  U3
(
YX +7,
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X HOHFWURSKRUHWLF#PRELOLW\

Y YHORFLW\#RI#SDUWLFOH

( SRZHU#RI#HOHFWULF#ILHOG

H3 GLHOHFWULF#FRQVWDQW

HU UHODWLYH#GLHOHFWULF#FRQVWDQW

K YLVFRVLW\#RI#WKH#PHGLXP

] ]0SRWHQWLDO

WKH#]0SRWHQWLDO#FDQ#EH#FDOFXODWHG#IURP#X1#7KLV#HTXDWLRQ#LV#YDOLG#IRU#ND#ä#4/#ZKHUH#N#LV

WKH#UHFLSURFDO#'HE\H0+�FNHO0OHQJWK#DQG#D#WKH#UDGLXV#RI#WKH#SDUWLFOHV1#719-42N>454@#LV

WKH#DSSUR[LPDWLYH#OHQJWK#RI#WKH#GLIIXVH#OD\HU1#)RU#WKH#V\VWHPV#LQYHVWLJDWHG#LQ#WKLV

ZRUN#WKH#FRQGLWLRQ#ND#ä#4#LV#YDOLG/#EHFDXVH#WKH#SDUWLFOH#VL]H#LV#DERXW#633#QP#DQG

ODUJHU#DQG#WKH#HOHFWURO\WH#FRQFHQWUDWLRQ#LV#LQ#D#PHGLXP#UDQJH#+4306#PRO2O,1

7KH#HOHFWURSKRUHWLF#PRELOLW\#X#LV#REWDLQHG#IURP#Y X-(#ZKLOH#WKH#SDUWLFOH#PRYHV#LQ#DQ

HOHFWULF#ILHOG#ZLWK#D#UHFWDQJXODU#VKDSHG#WHQVLRQ0WLPH0FXUYH#WR#SUHYHQW#SRODULVDWLRQ#RI

WKH#HOHFWURGHV1#7ZR#FURVVHG#ODVHU#EHDPV#ZLWK#D#WLPH#LQGHSHQGHQW#SKDVH#VKLIW

SURGXFH#D#SHGHVWULDQ0FURVVLQJ0OLNH0VKDSHG#LQWHUIHUHQFH#SDWWHUQ#LQ#WKH#VDPSOH1#7KH

WLPH#GHSHQGHQFH#RI#WKH#LQWHQVLW\#RI#WKH#VFDWWHUHG#OLJKW#LV#PHDVXUHG#E\#D#GLJLWDO

DXWRFRUUHODWRU#DIWHU#DPSOLILFDWLRQ#ZLWK#D#SKRWRPXOWLSOLHU1#7KH#GDWD#LV#DQDO\]HG#WR#JHW

WKH#DXWRFRUUHODWLRQ#IXQFWLRQ#*>#*#LQ#JHQHUDO#LV#WKH#FRHIILFLHQW#RI#WKH#YDOXH#RI#D#IXQFWLRQ

DW#D#FHUWDLQ#WLPH#W#DQG#WKH#YDOXH#DW#WKH#SRLQW#W.GW/#ZKHUH#G#LV#D#VKRUW#WLPH#SHULRG1

'LYLVLRQ#RI#WKH#YDOXH#DW#WKH#WLPH#W#E\#WKH#YDOXH#DW#W.5GW#SURYLGHV#WKH#QH[W#YDOXH#RI#*

DQG#VR#RQ1#7KH#*0IXQFWLRQ#LV#D#SORW#RI#WKH#FRUUHODWLRQ#FRHIILFLHQWV#YHUVXV#WLPH

H[SUHVVLQJ#KRZ#VLPLODU#WKH#YDOXHV#DUH#ZLWK#SURFHHGLQJ#WLPH#FRPSDUHG#WR#WKH#YDOXH#DW

WKH#WLPH#W1#7KH#VLQH0VKDSHG#LQWHQVLW\0WLPH0FXUYH#ZLWK#H[SRQHQWLDOO\#GHFUHDVLQJ

DPSOLWXGHV#LV#FDOFXODWHG#IURP#WKH#DXWRFRUUHODWLRQ#IXQFWLRQ#*#DQG#WKHQ#FRQYHUWHG#YLD

IRXULHU#WUDQVIRUPDWLRQ#WR#WKH#LQWHQVLW\0IUHTXHQF\0IXQFWLRQ1#7KH#SDUWLFOHV#PRYH#LQ#DQ

LQWHUIHUHQFH#SDWWHUQ#ZLWK#D#VLQH0VKDSHG#LQWHQVLW\#SURILOH#FDXVLQJ#D#VLQRGDO#LQWHQVLW\#RI

WKH#VFDWWHUHG#OLJKW1#'XH#WR#WKH#%URZQLDQ#PRWLRQ#WKH#PRYHPHQW#RI#WKH#SDUWLFOH#KDV#DQ

LUUHJXODU#VWDWLVWLF#SDUW#LQGXFLQJ#WKH#H[SRQHQWLDO#GHFD\#RI#WKH#DPSOLWXGHV/#EHFDXVH#WKH

VFDWWHUHG#OLJKW#RI#WKH#REVHUYHG#VLQJOH#SDUWLFOH#LV#DEVRUEHG#ZLWK#LQFUHDVLQJ#PRYHPHQW

E\#RWKHU#SDUWLFOHV1#7KH#IUHTXHQF\#SORW#UHSUHVHQWV#WKH#IUHTXHQF\#RI#WKH#VLQH#FXUYH#RI
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WKH#LQWHQVLW\0WLPH0VLJQDO/#WKH#LQWHQVLW\#LQ#WKH#LQWHQVLW\0IUHTXHQF\#SORW#PHDQLQJ#WKH

QXPEHU#RI#SDUWLFOHV#RI#D#FHUWDLQ#IUHTXHQF\1#7KH#IUHTXHQF\#SORW#LV#WUDQVIRUPHG#LQWR#WKH

PRELOLW\#SORW#XVLQJ#WKH#'RSSOHU#HIIHFW/#ZKHUHDV#WKH#]0SRWHQWLDO0VSHFWUXP#LV#REWDLQHG

ZLWK#WKH#PRELOLW\#GDWD#DQG#WKH#DERYH#PHQWLRQHG#+HOPKROW]06PROXFKRZVNL0HTXDWLRQ

]
K
HH

  U3
(
YX 1

)RU#GHWHUPLQDWLRQ#RI#WKH#VLJQ#RI#WKH#]0SRWHQWLDO#RQH#ODVHU#EHDP#LV#PRGXODWHG#ZLWK#DQ

RVFLOODWLQJ#PLUURU#VR#WKDW#WKH#LQWHUIHUHQFH#SDWWHUQ#PRYHV#ZLWK#D#GHILQHG#DQG#NQRZQ

YHORFLW\1#7KH#GLUHFWLRQ#RI#WKH#PLUURU#FKDQJHV#ZLWK#WKH#VLJQ#RI#WKH#HOHFWULF#ILHOG/#VR#WKDW

WKH#SDUWLFOHV#DQG#WKH#LQWHUIHUHQFH#SDWWHUQ#PRYH#H1J1#WRZDUGV#HDFK#RWKHU#DQG#ZLWK

FKDQJLQJ#VLJQ#RI#WKH#HOHFWULF#ILHOG#LQ#RSSRVLWH#GLUHFWLRQ#OHDGLQJ#WR#WZR#IUHTXHQF\

VLJQDOV1#:LWK#WKH#LQFUHDVHG#DQG#GHFUHDVHG#IUHTXHQF\#WKH#GLUHFWLRQ#RI#PRYHPHQW#RI

WKH#SDUWLFOHV#FDQ#EH#UHWULHYHG1

7KH#H[SHULPHQWDO#SURFHGXUH#IRU#WKH#]0SRWHQWLDO#PHDVXUHPHQW#LV#DV#IROORZV=#DQ

DTXHRXV#43±6#PRODU#VROXWLRQ#RI#.126#LV#SUHSDUHG1#8319#PJ#.126#+DQK\GURXV/

434144#J2PRO,#DUH#GLVVROYHG#LQ#833#PO#ELGLVWLOOHG#ZDWHU1#$#VSDWXOD#WLS#RI#WKH#FHUDPLF

SRZGHU#+|5#PJ#6L617/#|8#PJ#$O526,#LV#DGGHG/#WKH#VXVSHQVLRQ#LV#VKDNHQ#DQG

XOWUDVRQLFDWHG#IRU#43#PLQ#VR#WKDW#LW#LV#VOLJKWO\#WXUELG#FDOOHG#VWRFN#VROXWLRQ1#6PDOO

VHDODEOH#EHDNHUV#DUH#ILOOHG#ZLWK#WKH#VWRFN#VROXWLRQ#DQG#WKH#S+#LV#DGMXVWHG#ZLWK#+&O0

DQG#1D2+0VROXWLRQV1#6DPSOHV#DUH#SUHSDUHG#LQ#WKH#S+#UDQJH#IURP#4#WR#45#ZLWK#D#VWHS

VL]H#RI#4#DQG#PHDVXUHG#ILYH#WLPHV1

7KH#SDUWLFOH#VL]H#PHDVXUHPHQW#ZLWK#G\QDPLF#OLJKW#VFDWWHULQJ#+'/6,>455045;@#ZKLFK#LV

DOVR#FDOOHG#SKRWRQ0FRUUHODWLRQ0VSHFWURVFRS\#+3&6,#LV#EDVHG#RQ#WKH#VDPH#SULQFLSOH#DV

WKH#]0SRWHQWLDO#PHDVXUHPHQWV/#EXW#ZLWKRXW#WKH#HOHFWULF#ILHOG/#WKH#PRGXODWLRQ#RI#WKH

ODVHU#EHDP#DQG#ZLWKRXW#WKH#VHFRQG#ODVHU#EHDP/#VR#WKH#LQWHUIHUHQFH#SDWWHUQ#LV

PLVVLQJ1#7KH#WLPH#GHSHQGHQFH#RI#WKH#LQWHQVLW\#RI#WKH#VFDWWHUHG#OLJKW#LV#FROOHFWHG#DQG

WKH#DXWRFRUUHODWLRQ#IXQFWLRQ#*#LV#DQDO\]HG1#,I#WKH#SRZGHU#LV#PRQRVL]H#DQG

PRQRGLVSHUV/#*#EHFRPHV

*+W, #F#H[S+0'#T5#W,1 +8,
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F *+W 3,0YDOXH

' GLIIXVLRQ#FRHIILFLHQW

W WLPH

T #+7S#PO#2#O3,#VLQ#425 +9,

PO UHIUDFWLYH#LQGH[#RI#WKH#VROXWLRQ

O3 WKH#ZDYHOHQJWK#RI#WKH#ODVHU

4 WKH#VFDWWHUHG#DQJOH

7KH#VHPLORJDULWKPLF#SORW#RI#WKH#H[SHULPHQWDO#*+W,#GDWD#SURYLGHV#D#OLQHDU#FXUYH#ZKLFK

FDQ#EH#ILWWHG#ZLWK

OQ#*+W, #OQ#F#0#'#T5#W1 +:,

7KH#6WRNHV0(LQVWHLQ0HTXDWLRQ

G #N7#2#+6S#K#', +;,

G K\GURG\QDPLF#GLDPHWHU

N %ROW]PDQQ#FRQVWDQW

7 DEVROXWH#WHPSHUDWXUH

K YLVFRVLW\

WUDQVIRUPV#WKH#GLIIXVLRQ#FRHIILFLHQW#'#LQWR#WKH#GHVLUHG#K\GURG\QDPLF#GLDPHWHU#G1

)RU#VDPSOH#SUHSDUDWLRQ#43#PO#RI#D#314(#DTXHRXV#FHUDPLF#VXVSHQVLRQ#LV

XOWUDVRQLFDWHG#IRU#43#PLQ#LQ#DQ#XOWUDVRQLF#EDWK/#DIWHU#GLOXWLRQ#WR#FOHDU/#WUDQVSDUHQW

VXVSHQVLRQ#LW#LV#IL[HG#LQ#WKH#FRPSDUWPHQW1
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;151#5KHRORJ\

5KHRORJ\#GHDOV#ZLWK#WKH#IORZ#EHKDYLRU#DQG#GHIRUPDWLRQ#RI#PDWHULDOV#VXEMHFWHG#WR

PHFKDQLFDO#IRUFHV1#7KH#SURSHUWLHV#RI#FHUDPLF#VXVSHQVLRQV>4/#;/#45<@#YDU\#IURP#HODVWLF

VROLG#OLNH#EHKDYLRU#WR#WKDW#RI#ORZ#YLVFRXV#OLTXLGV1#$#+RRN#VSULQJ#LV#XVHG#DV#D#PRGHO#IRU

WKH#HODVWLF#SURSHUWLHV/#D#1HZWRQLRQ#IOXLG#DV#D#PRGHO#IRU#WKH#YLVFRXV#SURSHUWLHV1#$#IRUFH

)#LV#DSSOLHG#RQWR#WKH#DUHD#$#RI#D#UHFWDQJXODU#VKDSHG#VROLG#ERG\#UHVXOWLQJ#LQ#D

GHIRUPDWLRQ#GO2O#ZLWK#O#DV#WKH#RULJLQDO#OHQJWK#DQG#GO#DV#WKH#YDULDWLRQ#RI#WKH#OHQJWK

+)LJXUH#;D,1#7KH#<RXQJ#PRGXOXV#LV#GHILQHG#DV

O2GO
$2)(  

H
V

 +<,

ZLWK#WKH#WHQVLRQ#V#DQG#WKH#GHIRUPDWLRQ#H1#$#ERG\#LV#VKHDUHG#E\#WKH#IRUFH#W#+VWUHVV,

SURYLGLQJ#D#VKHDU#GHIRUPDWLRQ#J#+VWUDLQ,#DQG#D#VKHDU#PRGXOXV#*

D
 

J
W

 
WDQ

$2)* +43,

ZKHUH#WDQ#D# #D#FDQ#EH#VHW#IRU#VPDOO#GHIRUPDWLRQV#+)LJXUH#;E,1

)

GO

O

$ G\

G[

)

$

D

D, E,

)LJXUH#;=#'HIRUPDWLRQ#RI#D#VDPSOH#E\#D,#WHQVLRQ#DQG#E,#VKHDULQJ1
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7KH#YLVFRVLW\#GHVFULEHV#WKH#IORZ#RI#IOXLGV#DQG#LV#PRVWO\#PHDVXUHG#DV#VKHDU#YLVFRVLW\

LQ#FDSLOODU\0/#&RXHWWH0#RU#FRQH0SODWH0JHRPHWU\1#6KHDULQJ#RI#D#IOXLG#\LHOGV#D#YHORFLW\#Y#LQ

[0GLUHFWLRQ#DQG#D#JUDGLHQW#RI#YHORFLW\#GY#LQ#\0GLUHFWLRQ1#7KH#UDWLR#RI#WKH#VKHDU#VWUHVV#W

DQG#VKHDU#UDWH#5#LV#FDOOHG#YLVFRVLW\#K

G\2GY
$2)

 
J
V

 K
ú

#ZLWK#
GW
G[GY  #DQG#W#DV#WKH#WLPH1 +44,

/LTXLGV#ZLWK#D#YLVFRVLW\#LQGHSHQGHQW#RI#WKH#VKHDU#UDWH#DUH#FDOOHG#1HZWRQLRQ#OLTXLGV1

7KH#UHODWLYH#YLVFRVLW\#KUHO#LV#GHILQHG#E\#WKH#UDWLR#RI#WKH#YLVFRVLW\#K#DQG#WKH#YLVFRVLW\#RI

WKH#VROYHQW#KVROY

VROY
UHO K

K
 K / +45,

VR#WKDW#KUHO#LV#LQGHSHQGHQW#RI#WKH#VROYHQW1

7KH#YLVFRHODVWLF#SURSHUWLHV#FDQ#EH#FKDUFWHUL]HG#LQ#G\QDPLF/#RVFLOODWLQJ

PHDVXUHPHQWV1#7KH#RVFLOODWLQJ#IRUFH#LV#FKRVHQ#ZLWK#D#VPDOO#DPSOLWXGH#VR#WKDW#WKH

GHIRUPDWLRQV#RI#WKH#VDPSOH#DUH#ORZ#PDLQWDLQLQJ#WKH#PLFURVWUXFWXUH#RI#WKH#VDPSOH1#7KH

FRPSOH[#RVFLOODWLQJ#VWUHVV#LV#SURYLGHG#E\

WL
3H- ZW W 1 +46,

W- FRPSOH[#VWUHVV

W3 VWUHVV#DPSOLWXGH

Z RVFLOODWLRQ#IUHTXHQF\

W WLPH

7KH#UHVSRQVH#RI#WKH#VDPSOH#±#WKH#FRPSOH[#VWUDLQ#±#LV#HTXDO#WR

,WL+
3H- GðZJ J 1 +47,
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J- FRPSOH[#VWUDLQ

J3 VWUDLQ#DPSOLWXGH

G SKDVH#VKLIW#EHWZHHQ#VWUHVV#DQG#VWUDLQ

7KH#SKDVH#VKLIW#G#LV#FKDUDFWHULVWLF#IRU#WKH#YLVFRHODVWLF#EHKDYLRU=#(ODVWLF#VDPSOHV#KDYH

D#G#RI#3�/#YLVFRXV#RQHV#D#G#RI#<3�1#7KH#FRPSOH[#G\QDPLF#PRGXOXV#LV#GHILQHG#DV

%L***
-
--* ò 

J
W

 +48,

**#LV#FDOOHG#G\QDPLF#VWRUDJH#PRGXOXV/#LW#GHVFULEHV#WKH#FDSDELOLW\#RI#HODVWLF#HQHUJ\

DEVRUSWLRQ#DQG#LV#D#PHDVXUH#RI#WKH#VROLG#OLNH#SURSHUWLHV1#***#±#WKH#ORVV#PRGXOXV#±

GHVFULEHV#WKH#FDSDELOLW\#RI#SODVWLF/#LUUHYHUVLEOH#HQHUJ\#DEVRUSWLRQ/#LW#PHDVXUHV#WKH

OLTXLG#OLNH#SURSHUWLHV1#**#DQG#***#FDQ#DOVR#EH#H[SUHVVHG#DV

G�
J
V

 FRV**
3

3 # DQG G�
J
V

 VLQ%*
3

3 1 +49,

7KH#UDWLR#
**
***WDQ  G #LV#FDOOHG#ORVV#WDQJHQW1
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;161#'5,)706SHFWURVFRS\

7KH#VWXGLHG#VSHFWURVFRSLF#UDQJH#LV#WKH#PLGGOH#LQIUD#UHG#+0,5,#IURP#7333#WR#833#FP041

7KH#KLJKHU#IUHTXHQFLHV#RI#WKLV#UDQJH#DUH#DEVRUEHG#E\#FKHPLFDO#ERQGV#OLNH#20+#RU

&0+1#7KH#DWRPV#VWDUW#WR#YLEUDWH#DORQJ#WKH#ERQG#RU#LQ#DQRWKHU#GLUHFWLRQ1#7KH#DEVRUSWLRQ

EDQGV>463/#464@#DUH#W\SLFDO#IRU#FHUWDLQ#FKHPLFDO#JURXSV1#$W#ORZHU#IUHTXHQFLHV

+HQHUJLHV,#WKH#HQWLUH#PROHFXOH#EHJLQV#WR#YLEUDWH#DQG#URWDWH1#7KHVH#EDQGV#FDQQRW#EH

DVVLJQHG#WR#VSHFLILF#IXQFWLRQDO#JURXSV/#WKH\#LGHQWLI\#WKH#PROHFXOH#LWVHOI#ZKLFK#QDPHV

WKLV#VSHFWUDO#UHJLRQ#ILQJHU#SULQW#UHJLRQ1

)RU#PHDVXUHPHQWV#WKH#ILQH/#SRZGHU\#VDPSOH#LV#SODFHG#LQ#D#FRQWDLQHU#RI#4#PP

GLDPHWHU#DQG#4#PP#GHSWK#LQ#WKH#H[SHULPHQWDO#VHWXS#IRU#'5,)70VSHFWURVFRS\>#WKH

UHIOHFWHG#,50OLJKW#RI#WKH#VDPSOH#LV#GLUHFWHG#E\#VHYHUDO#VSKHULFDO#PLUURUV#WR#WKH

GHWHFWRU1

7KH#GLIIHUHQFH#EHWZHHQ#'5,)7>465@#DQG#,50VSHFWURVFRS\><;/#466@#LQ#WUDQVPLVVLRQ#LV

WKDW#'5,)7#LV#PRUH#VXUIDFH#VHQVLWLYH#WKDQ#,5#DQG#WKDW#'5,)7#LV#D#VHPL0TXDQWLWDWLYH

PHWKRG#ZKLOH#WKH#DEVRUSWLRQ#LQ#,5#LV#GHSHQGHQW#RQ#WKH#ZHLJKHG#DPRXQW1#,Q#,5#WKH

DQDO\]HG#VXEVWDQFH#LV#PL[HG#ZLWK#D#FDUULHU#OLNH#.%U#DQG#SUHVVHG#WR#D#WDEOHW1#7KH

DEVRUSWLRQ#LQFUHDVHV#ZLWK#WKH#LQFUHDVLQJ#PDVV#RI#FRPSRXQG1#,I#QHHGHG/#WKLV#FDQ#EH

RSWLPL]HG#E\#XVLQJ#WKH#VDPH#PDVVHV#RI#FRPSRXQG#DQG#.%U1#7KH#'5,)7

LQYHVWLJDWLRQV#GRQH#LQ#WKLV#ZRUN#DUH#FDUULHG#RXW#ZLWKRXW#.%U#GLOXWLRQ/#EHFDXVH#WKH

UHIOHFWLYLW\#RI#WKH#SUREHV#LV#ORZ1#7KH#'5,)7#VSHFWUD#DUH#LQIOXHQFHG#E\#WKH#JUDLQ#VL]H

DQG#SDFNDJH#RI#WKH#SDUWLFOHV1#7KH#JULQGLQJ#DQG#SUHSDUDWLRQ#RI#WKH#'5,)7#VDPSOHV#DUH

SHUIRUPHG#MXVW#VR#LQ#D#UHSURGXFLEOH#ZD\1#6(0#DQG#SDUWLFOH#VL]H#GLVWULEXWLRQ

PHDVXUHPHQWV#FRQWURO#WKDW#WKH#RULJLQDO#JUDLQ#VL]H#LV#REWDLQHG#DIWHU#FKHPLFDO

PRGLILFDWLRQ#RI#WKH#SRZGHUV1#7KH#UHIOHFWHG#OLJKW#LV#GHWHFWHG#LQ#'5,)7#VSHFWURVFRS\1

7KXV#D#UDLVHG#DPRXQW#RI#VXEVWDQFH#GRHV#QRW#LQFUHDVH#WKH#DEVRUSWLRQ1#)LQH#JULQGLQJ#LV

LPSRUWDQW/#EHFDXVH#LW#UHPRYHV#ODUJH#DJJORPHUDWHV#DQG#SDUWLFOHV/#WKHLU#VXUIDFHV

FDXVLQJ#XQGHVLUHG#VSHFXODU#UHIOHFWLRQ1#$V#WKH#SHQHWUDWLRQ#GHSWK#LV#QRW#VR#KLJK#DQG#WKH

VFDWWHULQJ#YHU\#ORZ/#OHDGLQJ#WR#D#ZHDN#DEVRUSWLRQ/#LQYHUWHG#EDQGV#DUH#SURGXFHG#LQ#WKH

VSHFWUXP#DQG#FRYHU#XQGHUO\LQJ#VLJQDOV1#7KH#RFFXUUHQFH#DQG#VKDSH#RI#WKH#ODUJH

SDUWLFOHV#LV#RIWHQ#LUUHJXODU#LQGXFLQJ#LQYHUWHG#EDQGV1#7KH#GHWHFWHG#VLJQDO#FRQVLVWV

PDLQO\#RI#GLIIXVHO\#UHIOHFWHG#OLJKW#JHQHUDWHG#E\#PXOWLSOH#DEVRUSWLRQ#DQG#VFDWWHULQJ#LQ

WKH#VDPSOH1
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;171#$WRPLF#)RUFH#0LFURVFRS\

7KH#SULQFLSOH#RI#WKH#$)0#PHDVXUHPHQW>467@#LV#LOOXVWUDWHG#LQ#)LJXUH#<=#D#VTXDUH0

S\UDPLGDOO\#VKDSHG#6L#RU#6L617#WLS#LV#FORVH#WR#WKH#VXUIDFH#RI#WKH#VDPSOH>#D#IRUFH

EHWZHHQ#WKH#VXUIDFH#DQG#WKH#WLS#EHQGLQJ#WKH#FDQWLOHYHU#EHLQJ#SUHVHQW#EHFDXVH#RI#WKH

HOHFWURG\QDPLF#DQG#HOHFWURVWDWLF#LQWHUDFWLRQV1#7KH#PDJQLWXGH#RI#WKH#EHQGLQJ#LV

PHDVXUHG#E\#ODVHU#OLJKW#UHIOHFWHG#IURP#WKH#FDQWLOHYHU#YLD#D#PLUURU#RQ#D#SRVLWLRQ

VHQVLWLYH#GHWHFWRU#+36'/#IRXU#ILHOG#GHWHFWRU,/#WKH#GLVWDQFH#EHWZHHQ#WKH#WLS#DQG#WKH

VXUIDFH#EHLQJ#FRQWUROOHG#E\#D#SLH]R#HOHPHQW#ZLWK#WKH#IL[HG#VDPSOH1#$#VFDQQLQJ#XQLW

WKDW#PRYHV#WKH#VDPSOH#ODWHUDOO\#LQ#WKH#[0#DQG#\0GLUHFWLRQV#LV#LQWHJUDWHG#LQWR#WKH#SLH]R

HOHPHQW1#7KH#VDPSOH#LV#PRYHG#XQGHU#WKH#WLS#DQG#WKH#SLH]R#DGMXVWV#WKH#GLVWDQFH#WR

HQVXUH#D#FRQVWDQW#EHQGLQJ#RI#WKH#FDQWLOHYHU1#7KH#GULYHQ#ZD\#RI#WKH#SLH]R#LV#WKH

PHDVXUHG#VLJQDO/#LWV#SORW#SURYLGLQJ#D#WRSRJUDSKLF#LPDJH#RI#WKH#VXUIDFH1#2Q#D#FORVHU

YLHZ#DQ#HTXLSRWHQWLDO#DUHD#LV#PHDVXUHG#±#DQ#DUHD#ZLWK#D#FRQVWDQW#IRUFH#EHWZHHQ#WKH

WLS#DQG#WKH#VXUIDFH1#7KDW#PHDQV#WKDW#QRW#D#WRSRORJ\#LV#SORWWHG/#EXW#D#FRQVWDQW#IRUFH

DUHD#WKDW#FDQ#EH#LQWHUSUHWHG#DV#D#WRSRORJLFDO#LPDJH#LI#WKH#W\SH#RI#DWRPV/#WKH#ERQGV

DQG#WKH#FKDUJHV#GR#QRW#YDU\1

Latexpartikel
$)0#WLS &DQWLOHYHU

RXU#ILHOG#GHWHFWRU

6DPSOH

)LJXUH#<=#3ULQFLSOH#RI#$)0#PHDVXUHPHQW1
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<1#+HWHURVXSUDPROHFXODU#5HDFWLRQ#3ULQFLSOHV

)RU#WKH#FURVVOLQNLQJ#RI#SDUWLFOHV#WZR#QHZ#PHWKRGV#DUH#SUHVHQWHG#LQ#WKH#IROORZLQJ

SDUDJUDSKV1

,Q#WKH#ILUVW#DSSURDFK#6L617#SDUWLFOHV#IXQFWLRQDOL]HG#ZLWK#E0F\FORGH[WULQ#DUH#FURVVOLQNHG

E\#D#SRO\PHU#+)LJXUH#43,1#7KH#SRO\PHU#PROHFXOH#KDV#WHUW0EXW\O0DQLOLGH#XQLWV#LQ#LWV#VLGH

FKDLQV#ZKLFK#DUH#SURSHU#JXHVWV#IRU#E0F\FORGH[WULQ1#7KH#SRO\PHU#LV#ZHOO#VROXEOH#LQ

ZDWHU1#7KH#F\FORGH[WULQV#DUH#FRYDOHQWO\#ERQGHG#WR#WKH#6L617#SDUWLFOH#YLD#D#VSDFHU

PROHFXOH1#7KH#VSDFHU#LV#D#ELIXQFWLRQDO#VLODQH#WKDW#KDV#D#SURSHU#DQFKRULQJ#JURXS#IRU

WKH#6L617#VXUIDFH#RQ#WKH#RQH#VLGH#+WUL0PHWKR[\0VLO\O0JURXS,#DQG#D#VLGH#+HSR[\#JURXS,

WKDW#VHOHFWLYHO\#UHDFWV#ZLWK#WKH#DPLQR#JURXS#RI#WKH#F\FORGH[WULQ1#,W#LV#UHSUHVHQWHG#E\

WKH#EOXH#OLQH#EHWZHHQ#WKH#SRZGHU#SDUWLFOHV#DQG#WKH#F\FORGH[WULQ#WRUXV#LQ#)LJXUH#431#,Q

UHDOLW\#WKH#6L617#SDUWLFOHV#DUH#PXFK#ELJJHU#WKDQ#WKH#F\FORGH[WULQ#PROHFXOH#XQLWV1#7KHLU

DYHUDJH#GLDPHWHU#LV#9;3#QP#+G830YDOXH,1#7KH#F\FORGH[WULQ#WRUXV#KDV#D#ZLGWK#RI#DERXW

4#QP#DQG#D#KHLJKW#RI#DERXW#31;#QP1#7KH#VSDFHU#PROHFXOH#SURYLGHV#D#FHUWDLQ#IOH[LELOLW\

DQG#GLVWDQFH#IURP#WKH#VXUIDFH1#7KH#F\FORGH[WULQ#EHDUV#LQWR#WKH#VROXWLRQ#DQG#LV#DEOH#WR

PRYH#LQ#D#VPDOO#UDQJH1#,W#FDQ#UHDFW#ZLWK#WKH#WHUW0EXW\O0DQLOLGH#XQLWV#RI#WKH#JXHVW

SRO\PHU1#7KH#F\FORGH[WULQ#LQWHUFDODWHV#WKH#WHUW0EXW\O0DQLOLGH#LQWR#LWV#FDYLW\>468/#469@>

DQRWKHU#WHUW0EXW\O0DQLOLGH#XQLW#FDQ#EH#LQWHUFDODWHG#LQWR#D#F\FORGH[WULQ#WKDW#LV#ERQGHG#WR

DQRWKHU#SDUWLFOH/#VR#WZR#RU#PRUH#SDUWLFOHV#DUH#FURVVOLQNHG#E\#WKH#SRO\PHU#PROHFXOH1

6L6#17 .

6L6#17

6L6#17

)LJXUH#43=#6FKHPH#RI#KHWHURVXSUDPROHFXODU#LQWHUDFWLRQ#EHWZHHQ#JXHVW#49#DQG
F\FORGH[WULQIXQFWLRQDOL]HG#6L617#91

7KH#EULGJHG#SDUWLFOHV#VKRZ#DQ#HQKDQFHG#VHGLPHQWDWLRQ1

SRO\PHU
JXHVW

KRVW
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,Q#D#VHFRQG#DSSURDFK#6L617#SDUWLFOHV#DUH#FRYDOHQWO\#FRQQHFWHG#+)LJXUH#44,1#7ZR

GLIIHUHQW#6L617#SRZGHUV#DUH#SUHSDUHG1#2QH#LV#IXQFWLRQDOL]HG#ZLWK#D#ELIXQFWLRQDO#VLODQH

EHDULQJ#DQ#LVR0F\DQDWR#JURXS#RQ#WKH#RQH#HQG#DQG#D#WUL0HWKR[\0VLO\O#JURXS#RQ#WKH#RWKHU

HQG1#7KH#VLO\O#JURXS#ZRUNV#DV#DQ#DQFKRU#WR#WKH#6L617#VXUIDFH1#6R#WKH#LVR0F\DQDWR

WHUPLQXV#SURWUXGHV#LQWR#WKH#VROXWLRQ#DQG#LV#DYDLODEOH#IRU#UHDFWLRQV1#)RU#WKH#RWKHU#6L617
SRZGHU#D#VLODQH#ZLWK#D#VLO\O#JURXS#DQG#DQ#DPLQR#JURXS#LV#VHOHFWHG1#7KH#UHVXOWLQJ

6L617#LV#DPLQR#IXQFWLRQDOL]HG1#%RWK#6L617#SRZGHUV#DUH#VXVSHQGHG#DQG#FDQ#UHDFW

XQGHU#IRUPDWLRQ#RI#DQ#XUHD#EULGJH1#7KH#SDUWLFOHV#DUH#FURVVOLQNHG#YLD#D#PROHFXODU

EULGJH1#7KH\#IRUP#DJJORPHUDWHV#ODUJH#HQRXJK#WR#EH#YLVLEOH#ZLWK#WKH#QDNHG#H\H1#7KH

VXVSHQVLRQ#RI#ERWK#6L617#SRZGHUV#VKRZV#VWURQJ#VHGLPHQWDWLRQ#EHKDYLRU1

6L6#17

1&2

6L6#17

1+5

. 6L6#17

1+&2

6L6#17

1+

)LJXUH#44=#6FKHPH#RI#FRYDOHQW#LQWHUDFWLRQ#EHWZHHQ#6L6170SDUWLFOHV1

7KH#KHWHURVXSUDPROHFXODU#FKHPLVWU\#RI#F\FORGH[WULQV#FDQ#DOVR#EH#XVHG#WR#LPSURYH

WKH#GLVSHUVLELOLW\#RI#$O526#SRZGHU#FHUDPLFV1

,Q#WKLV#DSSURDFK#D#F\FORGH[WULQ#IXQFWLRQDOL]HG#SRO\PHU#LV#DWWDFKHG#WR#$O526#SDUWLFOHV

+)LJXUH#45,1#7KH#F\FORGH[WULQ#SRO\PHU#FRQVLVWV#RI#WKH#VDPH#EDFNERQH#DV#WKH#SRO\PHU

XVHG#DERYH#EXW#KDV#E0F\FORGH[WULQV#LQ#LWV#VLGH#FKDLQV1#7KH#EOXH#ORRSV#LQ#WKH#GLDJUDP

UHSUHVHQW#WKH#SRO\PHU#EDFNERQH1#7KH#OD\HU#RI#WKH#F\FORGH[WULQ#SRO\PHU#DW#WKH#VXUIDFH

RI#WKH#SRZGHU#SDUWLFOHV#LQFUHDVHV#WKH#VWHULF#EDUULHU#DQG#LPSURYHV#WKH#GLVSHUVLELOLW\#RI

WKH#$O526#SRZGHU1#7KH#E0F\FORGH[WULQV#WKDW#DUH#IL[HG#WR#WKH#$O526#VXUIDFH#UHDFW#ZLWK

WKH#WHUW0EXW\O0DQLOLGH#XQLWV#RI#WKH#SRO\PHU#JXHVW#PROHFXOHV#LQ#WKH#VDPH#ZD\#DV

GHVFULEHG#DERYH1#7KXV#WKH#JXHVW#LV#DGVRUEHG#DV#D#VHFRQG#OD\HU#RQ#WKH#F\FORGH[WULQ

SRO\PHU#LQ#D#KRVW0JXHVW0UHDFWLRQ1#7KH#JXHVW#SRO\PHU#OD\HU#LQFUHDVHV#WKH#VWHULF#EDUULHU

DQG#IXUWKHU#LPSURYHV#WKH#GLVSHUVLELOLW\1#7KH#DPRXQW#RI#WKH#F\FORGH[WULQV#OLQNHG#WR#WKH



6:

VXUIDFH#RI#WKH#SRZGHU#SDUWLFOHV#LV#PXFK#KLJKHU#LQ#WKLV#FDVH#WKDQ#LQ#WKH#DSSURDFK

DERYH#+)LJXUH#43,1#3UHIHUHQFH#LV#JLYHQ#WR#D#UHDFWLRQ#EHWZHHQ#F\FORGH[WULQV#WKDW

EHORQJ#WR#WKH#VDPH#SDUWLFOH#DQG#WHUW0EXW\O0DQLOLGH#XQLWV#WKDW#DUH#ERQGHG#WR#WKH#VDPH

JXHVW#SRO\PHU#LQ#FRPSDULVRQ#WR#D#UHDFWLRQ#RI#WKH#JXHVW#DQG#F\FORGH[WULQV#RQ#GLIIHUHQW

FHUDPLF#SDUWLFOHV/#WKH#ODVW#UHDFWLRQ#FDXVHV#DQ#HQKDQFHG#VHGLPHQWDWLRQ#LQ#FRQWUDVW#WR

DQ#LPSURYHG#GLVSHUVLELOLW\1

.$O526 $O526

)LJXUH#45=#6FKHPH#RI#KHWHURVXSUDPROHFXODU#LQWHUDFWLRQ#EHWZHHQ#JXHVW#49#DQG
F\FORGH[WULQIXQFWLRQDOL]HG#$O526#481

,QFOXVLRQ#FKHPLVWU\#RI#GLVVROYHG>46:/#46;@#DQG#LPPRELOL]HG>46<047;@#KRVWV#ZLWK

GLVVROYHG#JXHVWV#LV#ZHOO#LQYHVWLJDWHG1#+LJKO\#HQDQWLRVHOHFWLYH#VWDWLRQDU\#SKDVHV#LQ

JDV#FKURPDWRJUDSK\#+*&,#DUH#RQ#VLOLFD#IL[HG#F\FORGH[WULQV>43;/#47<@1#7KHUHIRUH/#WKLV

DSSURDFK#SURPLVHV#QHZ#PHDQV#RI#V\VWHPV#ZKHUH#WZR#KRVWV#DUH#ERQGHG#WR#D#VROLG

VXEVWUDWH#DQG#WKH#JXHVW#LV#GLVVROYHG1

$O526#SDUWLFOH

SRO\PHUKRVW
JXHVW
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431#1DWLYH#3RZGHUV

43141#&KDUDFWHUL]DWLRQ#RI#WKH#6L617#&HUDPLF#3RZGHU

7KH#6L617#FHUDPLF#SRZGHU#+W\SH#0#44,#XVHG#LQ#WKLV#ZRUN#LV#VXSSOLHG#E\#+1#&1#6WDUFN/

*RVODU/#*HUPDQ\1#&RPSDUHG#WR#RWKHU#SRZGHUV#LW#LV#D#UHODWLYHO\#SXUH#VXEPLFURQ

SRZGHU1#7KH#HOHPHQWDO#DQDO\VLV#E\#/1#:DQJ>483@#DQG#+1#&1#6WDUFN>484@#LV#VKRZQ#LQ

7DEOH#51#%HVLGH#WKH#LQGLFDWHG#LPSXULWLHV

7DEOH#5=#(OHPHQWDO#DQDO\VLV#RI#LPSXULWLHV#LQ#6L617#SRZGHU#+GDWD#IURP#+1#&1#6WDUFN,1

HOHPHQW DPRXQW#2#PJ2J
)H 31357
&D 31369
$O 3186<
& 5
2 43

WKH#SRZGHU#FRQWDLQV#61:9(#6L25#DV#D#VXUIDFH#OD\HU#EHLQJ#HVVHQWLDO#IRU#WKH#IL[DWLRQ#RI

VLODQHV1#7KH#SRZGHU#FKDUDFWHULVWLFV#SURYLGHG#E\#/1#:DQJ>483@#DQG#+1#&1#6WDUFN>484@

DUH#JLYHQ#LQ#7DEOH#61

7DEOH#6=#3RZGHU#FKDUDFWHULVWLF#RI#6L6171

YDOXH
D06L617 <718(
VSHFLILF#VXUIDFH
DUHD#+%(7,

451:#P52J

S+S]F 708
6L25#FRQWHQW 61:9(
SDUWLFOH#VL]H
GLVWULEXWLRQ

G43 633#QP G83 9;3#QP G<3 46<3#QP

7KH#WRSRORJ\#RI#WKH#VXUIDFH#RI#WKH#6L617#SDUWLFOHV#KDV#EHHQ#FKDUDFWHUL]HG#E\#$)01

7KH#$)0#LQYHVWLJDWLRQV#DUH#GRQH#LQ#WDSSLQJ#PRGH#+'LJLWDO#,QVWUXPHQWV/#1DQRVFRSH/

0DQQKHLP/#*HUPDQ\,#XVLQJ#D#FRQYHQWLRQDO#6L617#WLS#DQG#D#FLUFOH0VKDSHG/#WKLQ#SODWHOHW

RXW#RI#IXVHG#VLOLFD#ZLWK#DSSUR[LPDWLYHO\#4#FP#GLDPHWHU#DV#VXEVWUDWH#IRU#WKH#6L617
SRZGHU1#7KH#SODWHOHW#LV#FRYHUHG#ZLWK#D#WZR#FRPSRQHQW#JOXH#+8+8#(QGIHVW#633,

VPRRWKHG#ZLWK#D#SDSHU1#$IWHU#43#PLQ#WKH#JOXH#KDV#D#VXIILFLHQWO\#KLJK#YLVFRVLW\#DQG#WKH
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JURXQG/#ILQH#6L617#LV#VSUHDG#RQ#WKH#SODWHOHW1#7KH#ORRVH#SDUWLFOHV#DUH#UHPRYHG#E\

WLSSLQJ#WKH#SODWHOHW#RQ#WKH#GHVN1#+DUGHQLQJ#WKH#JOXH#RYHUQLJKW#IL[HV#WKH#SDUWLFOHV1

/DUJH#DJJORPHUDWHV#REVFXUHG#E\#WKH#FDQWLOHYHU#FDQQRW#EH#VHHQ#RQ#WKH#PRQLWRU#GXULQJ

VXUIDFH#DSSURDFK1#6R#WKH#FDQWLOHYHU#KDV#WR#EH#PRYHG#YHU\#FDUHIXOO\#WR#WKH#VXUIDFH#WR

DYRLG#GDPDJH1

7KH#WRSRORJ\#H[KLELWHG#E\#WKH#$)0#PHDVXUHPHQWV#LV#VKRZQ#LQ#)LJXUH#4604;#DV#D#OLQH

SORW#+IRXU#RI#HLJKW#PHDVXUHPHQWV#DUH#SUHVHQWHG,1#)LJXUH#47#DQG#49#VKRZ#HDFK#D

FURVV#VHFWLRQ#+OHIW#SLFWXUH,#WDNHQ#DORQJ#WKH#EODFN#OLQH#LQ#WKH#ULJKW#SLFWXUH#+WRS#YLHZ,1

%ULJKW#FRORUV#PHDQ#KLJK/#GDUN#FRORUV#ORZ#DUHDV1#7KH#UHG#WULDQJOHV#PDUN#FKDUDFWHULVWLF

SRLQWV#RI#WKH#IUDFWDO#SDUWLFOH#VXUIDFH1#7DEOH#7#DQG#8#TXDQWLI\#WKH#FRUUHVSRQGLQJ

GLVWDQFHV=#WKH#VWHS#VL]H#RI#4;#QP#+)LJXUH#47/#7DEOH#7,#LV#4;0IROG#KLJKHU#WKDQ#WKH

GLPHQVLRQV#RI#D#F\FORGH[WULQ#PROHFXOH#ZLWK#4#QP#LQ#OHQJWK/#ZLGWK#DQG#KHLJKW1#7KH

YHUWLFDO#GLVWDQFH#EHWZHHQ#WKH#WULDQJOHV#LQ#)LJXUH#49#LV#ZLWK#54#QP#PDQ\IROG#KLJKHU

WKDQ#WKH#F\FORGH[WULQ/#WRR1#7KHVH#GDWD#UHYHDO#WKDW#WKH#PDJQLWXGH#RI#WKH#IHDWXUHV#RI#WKH

VXUIDFH#VWUXFWXUH#LV#RQH#GHFDGH#KLJKHU#FRPSDUHG#WR#D#F\FORGH[WULQ#PROHFXOH#HQDEOHG

WR#EH#GHSRVLWHG#RQ#WKH#VXUIDFH#LQ#D#OD\HU0OLNH#VWUXFWXUH#DQG#QRW#WR#EH#WUDSSHG1#7KH

VXUIDFH#URXJKQHVV#RI#4#QP#HVWLPDWHG#IURP#WKH#FURVV#VHFWLRQ#GLDJUDP#FRQILUPV#WKLV1

6R#LW#FDQ#EH#FRQFOXGHG#WKDW#WKH#SDUWLFOHV#VKRXOG#EH#DEOH#WR#LQWHUDFW#ZLWK#HDFK#RWKHU#WR

IRUP#EULGJHV#DQG#WR#EH#FURVVOLQNHG1
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)LJXUH#46=#$)0#LPDJH#RI#6L617>#:83#QP#VFDQ1

)LJXUH#47=#6HFWLRQ#DQDO\VLV#RI#WKH#$)0#LPDJH#VKRZQ#LQ#)LJXUH#461

7DEOH#7=#6HFWLRQ#DQDO\VLV#RI#WKH#$)0#LPDJH#VKRZQ#LQ#)LJXUH#461

GLVWDQFHV#EHWZHHQ#WKH#UHG#WULDQJOHV
VXUIDFH#GLVWDQFH 68#QP
KRUL]RQWDO#GLVWDQFH 5<#QP
YHUWLFDO#GLVWDQFH 4;#QP
VXUIDFH#URXJKQHVV |4#QP
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)LJXUH#48=#$)0#LPDJH#RI#6L617/#633#QP#VFDQ#RI#WKH#VDPH#SRVLWLRQ1

)LJXUH#49=#6HFWLRQ#DQDO\VLV#RI#WKH#LPDJH#VKRZQ#LQ#)LJXUH#481

7DEOH#8=#6HFWLRQ#DQDO\VLV#RI#WKH#LPDJH#VKRZQ#LQ#)LJXUH#481

GLVWDQFHV#EHWZHHQ#WKH#UHG#WULDQJOHV
VXUIDFH#GLVWDQFH :3#QP
KRUL]RQWDO#GLVWDQFH 98#QP
YHUWLFDO#GLVWDQFH 54#QP
VXUIDFH#URXJKQHVV |4#QP
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)LJXUH#4:=#$)0#LPDJH#RI#6L617/#VXUYH\#VFDQ#+9#PP,1

)LJXUH#4;=#$)0#LPDJH#RI#6L617#/#VXUYH\#VFDQ#+5#PP,1
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4314141#6XUIDFH#&KHPLVWU\#RI#WKH#6L617#3RZGHU

7KH#XVHG#D06L617#LV#V\QWKHVL]HG#YLD#D#GLUHFW#QLWULGDWLRQ=

76
&47834533

5 16L156L6 ����� o�ò qð 1

7KH#SRZGHU#LV#VXEMHFWHG#WR#ZHW#PLOOLQJ#DQG#WUHDWPHQW#ZLWK#+)#DQG#+&O#WR#UHPRYH

HOHPHQWDO#6L#DQG#6L25>485@1#,QVWDEOH/#EDVLF#LPLQR#JURXSV#+6L5 1+,#DQG#VWDEOH/#DFLGLF

VLODQRO#JURXSV#+6L02+,#DUH#WKH#ILUVW#VWHS#LQ#WKH#K\GURO\VLV#RW#WKH#6L617#VXUIDFH>4860

48;@1#7KH#LPLQR#JURXSV#UHDFW#ZLWK#ZDWHU#WR#IRUP#DPLQR#JURXSV#+6L01+5,#DQG#VLODQRO

JURXSV>#UHFHQWO\#DPPRQLD#LV#VHW#IUHH#+VHH#'5,)70VSHFWUXP#LQ#)LJXUH#66,1

$PRUSKRXV>486@#6L25>48<@/#FRYHULQJ#WKH#6L617#SDUWLFOHV/#LV#IRUPHG#ZLWK#SURFHHGLQJ

WLPH#SURWHFWLQJ#WKH#EXON#IURP#IXUWKHU#K\GURO\VLV1#$#ORQJ#WLPH#WUHDWPHQW#ZLWK#+)#RU

KLJKO\#FRQFHQWUDWHG#DONDOLQH#VROXWLRQV#XQGHU#KHDW#UHPRYHV#WKH#VLOLFRQ#GLR[LGH#OD\HU

DQG#UHWDLQV#WKH#EDUH#6L6171#)LJXUH#4<#GHSLFWV#WKH#K\GURO\VLV#RI#WKH#6L617#VXUIDFH1

6L 6L 6L

1

6L 6L 6L 6L 6L 6L

2

+

1 1

+ + +

2

)LJXUH#4<=#+\GURO\VLV#RI#WKH#6L617#VXUIDFH1

7KH#S+0GHSHQGHQW#UHDFWLRQV#RI#WKH#VXUIDFH#JURXSV#DUH=

2+26L2+6L2+6L 5
2++

5 òð�� o�ð���mð ðò ðò

2+1+6L1+6L1+6L 5
2+

5
+

6 òð�� o�ð���mð ðò ðò

7KH#VLODQRO#JURXSV#VKLIW#WKH#EDVLF#6L617#VXUIDFH#WKXV#WKH#S+S]F#WR#WKH#DFLG#LQGLFDWLQJ

WKH#SURJUHVV#RI#WKH#K\GURO\VLV1#7KH#UDWLR#1%21$#RI
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1$# #>6L02+@.>6L02+5.@.>6L02±@#DQG

1%# #>6L01+6.@.>6L01+5@.>6L01+±@

LQ#GHSHQGHQFH#RI#WKH#S+S]F#LV#GHVFULEHG#E\#/1#%HUJVWU|P>493@#+)LJXUH#53,1

)LJXUH#53=#1%21$#YHUVXV#S+S]F#IRU#6L617>493@1

$FFRUGLQJ#WR#WKLV#PRGHO#WKH#VXUIDFH#VSHFLHV#RI#WKH#6L617#SRZGHU#XVHG#KHUH#FRQVLVW#RI

|<8(#VLODQRO#JURXSV#DQG#|8(#DPLQR#JURXSV#OHDGLQJ#WR#DQ#DFLGLF#VXUIDFH1

,Q#'5,)70VSHFWURVFRS\#WKH#VROLG#ERG\#DSSHDUV#ZLWK#LQWHQVH#VLJQDOV#DW#ZDYHQXPEHUV

EHORZ#5333#FP041#%HFDXVH#RI#WKH#VWURQJ#LQWHQVLW\#LW#LV#GLIILFXOW#WR#GHWHFW#RUJDQLF

FRPSRXQGV#LQ#WKLV#VSHFWUDO#UHJLRQ1#7KHVH#VLJQDOV#DUH#FDXVHG#E\#6L010#DQG#6L020

YLEUDWLRQV1
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43151#&KDUDFWHUL]DWLRQ#RI#WKH#$O526#&HUDPLF#3RZGHU

4315141#3XULW\#DQG#3XULILFDWLRQ#RI#WKH#$O526#3RZGHU

7KH#D0$O526#+W\SH#$.3086,#XVHG#KHUH#LV#VXSSOLHG#E\#6XPLWRPR#&KHPLFDO#&RPSDQ\/

-DSDQ1#,W#LV#D#KLJK#SXULW\/#ORZ#VRGD/#VXEPLFURPHWHU#DOXPLQD#SRZGHU1#7DEOH#9#DQG#:

VKRZ#WKH#UHVXOWV#RI#WKH#PDWHULDO#FKDUDFWHUL]DWLRQ#+7DEOH#9,#DQG#WKH#HOHPHQWDO#DQDO\VLV

+($/#7DEOH#:,1

7DEOH#9=#3RZGHU#FKDUDFWHULVWLF#RI#$O526#E\#WKH#PDQXIDFWXUHU#+H[FHSW#S+S]F,1

SDUDPHWHU YDOXH
FU\VWDO#W\SH D
SXULW\ !#<<1<<(
VSHFLILF#VXUIDFH#DUHD#+%(7, 4516#P52J
SDUWLFOH#VL]H G83 5<3#QP
S+S]F |;0<

7DEOH#:=#(OHPHQWDO#DQDO\VLV#RI#LPSXULWLHV#LQ#$O526#E\#WKH#PDQXIDFWXUHU1

HOHPHQW DPRXQW#2#PJ2J
)H <
&X ?#4
0J 53
1D :
6L 473

7KH#SXULW\#RI#!<<1<<(#DV#GHFODUHG#E\#WKH#PDQXIDFWXUHU#LV#QRW#LQ#DFFRUGDQFH#WR#WKHLU

($0UHVXOWV=#7KH#SXULW\#RI#!<<1<<(#PHDQV#WKDW#WKH#WRWDO#LPSXULW\#FRQWHQW#LV#OHVV#WKDQ

3134(1#+RZHYHU#3134(#FRUUHODWHV#WR#314#PJ2J# #433#�J2J1#%XW#HYHQ#WKH#6L#FRQWHQW

+473#�J2J,#LV#KLJKHU#WKDQ#433#�J2J1

7KH#SXULILHG#SRZGHU#ZDV#REWDLQHG#DIWHU#ZDVKLQJ#WKH#DV0UHFHLYHG#SRZGHU#RQFH#ZLWK

ELGLVWLOOHG#ZDWHU#+S+ 8,/#WKH#ELSXULILHG#SRZGHU#DIWHU#ZDVKLQJ#WZLFH#ZLWK#ELGLVWLOOHG

ZDWHU1#7KH#HOHPHQWDO#FRPSRVLWLRQ#RI#$O526#DV#UHFHLYHG/#$O526#SXU1#+SXULILHG,#DQG

$O526#ELSXU1#+ELSXULILHG,#ZDV#DQDO\]HG#+7DEOH#;,1
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7DEOH#;=#(OHPHQWDO#DQDO\VLV#RI#$O526#DV#UHFHLYHG/#$O526#SXU1#DQG#$O526#ELSXU11

HOHPHQW $O526#DV#UHFHLYHG/
PDVV(

$O526#SXU1/
PDVV(

$O526#ELSXU1/
PDVV(

& 314;9 31445 313<55
1 313;9 31449 3147<
+ 313;5 31389 31386
1D 3169 317; 317
. d3145 d3145 d3158

7KH#FDUERQ#FRQWHQW#FOHDUO\#VKRZV#WKDW#WKHUH#DUH#RUJDQLF#FRPSRXQGV#PL[HG#WR#WKH

$O526#SRZGHU#FRQILUPHG#E\#WKH#'5,)70VSHFWURVFRSLF#LQYHVWLJDWLRQ#+)LJXUH#54,1

3DUDOOHO#WR#WKH#'5,)70VSHFWURVFRS\#WKH#FDUERQ#FRQWHQW#LV#GHFUHDVHG#ZLWK#LQFUHDVHG

ZDVKLQJ#RI#WKH#SRZGHU1#7KH#RUJDQLF#FRPSRXQG#LV#ZDWHU#VROXEOH#VR#WKDW#PRVW#RI#WKLV

DGGLWLYH#FDQ#EH#UHPRYHG#DQG#RQO\#D#VPDOO#DPRXQW#UHPDLQV1#7KH#K\GURJHQ#FRQWHQW#LV

DOVR#GHFUHDVHG#ZLWK#LQFUHDVHG#SXULILFDWLRQ1#%HIRUH#ZDVKLQJ#LW#LV#ORZHU#WKDQ#WKH#FDUERQ

FRQWHQW/#DIWHU#WKH#SXULILFDWLRQ#ERWK#YDOXHV#UHDFK#D#VLPLODU#OHYHO#RI#313<55#PDVV(#&

DQG#31386#PDVV(#+1#7KH#ORZ#DQG#GHFUHDVLQJ#K\GURJHQ#FRQWHQW#LV#DWWULEXWHG#WR

K\GURJHQ#LQ#WKH#RUJDQLF#FRPSRXQGV/#VR#WKDW#WKH#FRQWHQW#LV#GHFUHDVHG#GXULQJ#WKH

SXULILFDWLRQ1#%XW#WKLV#DOVR#PHDQV#WKDW#WKH#$O526#FRQWDLQV#RQO\#6;;#�J2P5#ZDWHU#DQG

WKDW#WKH#GU\LQJ#DIWHU#SXULILFDWLRQ#LV#VXFFHVVIXO/#EHFDXVH#WKH#ZDWHU#FRQWHQW#GRHV#QRW

LQFUHDVH#PXFK1#7KH#VRGLXP#DQG#SRWDVVLXP#FRQWHQW#UHPDLQ#RQ#WKH#VDPH#OHYHO#GXULQJ

ERWK#SXULILFDWLRQ#SURFHVVHV/#HLWKHU#EHFDXVH#WKH#VRGLXP#DQG#SRWDVVLXP#FRPSRXQGV

DUH#QRW#ZDWHU#VROXEOH#RU#WKH#VRGLXP#DQG#SRWDVVLXP#DUH#LQFRUSRUDWHG#LQWR#WKH#ODWWLFH#RI

WKH#$O5261#,W#ZDV#YHULILHG#WKDW#WKHUH#LV#QR#VRGLXP#RU#SRWDVVLXP#FRQWDPLQDWLRQ#GXH#WR

WKH#SXULILFDWLRQ#SURFHVV1

7KH#GLIIHUHQFH#EHWZHHQ#WKH#VRGLXP#YDOXH#RI#WKH#PDQXIDFWXUHU#+:-43±7#(,#DQG#WKH

YDOXH#GHWHUPLQHG#LQ#WKLV#ZRUN#+317(,#FDQ#EH#H[SODLQHG#E\#FRQWDPLQDWLRQ#GXULQJ

VWRUDJH/#EXW#QHYHUWKHOHVV#ERWK#YDOXHV#DUH#ORZ1#7KH#SRZGHU#FDQ#EH#FODVVLILHG#DV#SXUH

ZLWK#D#FRQILQHG#SXULW\#RI#<<1499(#$O526#IRU#$O526#DV#UHFHLYHG#DQG#<<1388;(#$O526#IRU

$O526#ELSXU1#XVLQJ#WKH#GDWD#LQ#7DEOH#;1

(YHQ#ZLWKRXW#DQ\#VXUIDFH#PRGLILFDWLRQ#WKLV#SRZGHU#DQG#WKH#6L6170SRZGHU#KDYH#VRPH

FROORLGDO#VWDELOLW\#H[KLELWHG#E\#D#PLVVLQJ#VHGLPHQWDWLRQ#RI#WKH#GLOXWHG#DTXHRXV

VXVSHQVLRQV1#7KLV#LV#LPSRUWDQW#IRU#WKH#IXUWKHU#LQYHVWLJDWLRQV1#7KH#$O526#FRQVLVWV#RI

PHWK\OHQH#RU#PHWK\O#DQG#FDUER[\OLF#DFLG#FRQWDLQLQJ#FRPSRXQGV#+)LJXUH#54,/#SUREDEO\

PLOOLQJ#DGGLWLYHV#ZKLFK#FDQ#EH#UHPRYHG#E\#ZDVKLQJ#ZLWK#VOLJKWO\#DFLGLILHG#ELGLVWLOOHG
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ZDWHU#+S+ 8,1#7KH#'5,)70VSHFWUD#+%UXNHU/#,)6#99/#.DUOVUXKH/#*HUPDQ\/#)LJXUH#54,

GHPRQVWUDWH#WKH#UHPRYLQJ#RI#WKH#FRQWDPLQDQWV#WR#JHW#WKH#SXULILHG#SRZGHUV#XVHG#KHUH1
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31:

31;
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#$O526#DV#UHFHLYHG
#$O526#SXULILHG

$E
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:DYHQXPEHU#2#FP²4

)LJXUH#54=#'5,)70VSHFWUD#RI#$O526#DV#UHFHLYHG#DQG#SXULILHG1
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4315151#7KH#]]]]03RWHQWLDO#RI#WKH#$O526#6XUIDFH

$FFRUGLQJ#WR#]0SRWHQWLDO#PHDVXUHPHQWV#+0DOYHUQ#,QVWUXPHQWV/#=HWDPDVWHU/

+HUUHQEHUJ/#*HUPDQ\,#WKH#$O526#SRZGHU#KDV#DQ#DONDOLQH#VXUIDFH#ZLWK#D#S+S]F#RI

DSSUR[LPDWHO\#;1;#+)LJXUH#55,1#7KH#GHSRVLWLRQ#RI#SRO\0DFU\OLF0DFLG#+0: 83333#J2PRO,

DQG#FRSRO\0PDOHLF0DFLG0DOW0LVREXWHQH#5<#+0: 93333#J2PRO,#FDXVH#DQ#DFLGLF#VKLIW>46/

47@#GXH#WR#WKH#FDUER[\O#JURXSV#+)LJXUH#56,1#7KH#S+LHS#RI#WKH#$O526#2#SRO\0DFU\OLF0DFLG

V\VWHP#LV#|616#DQG#WKH#S+LHS#RI#$O526#2#5<#LV#|8171
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#$O526#DV#UHFHLYHG/#S+S]F ;18
#$O526#ELSXU1/#S+S]F <14
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3R

WH
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)LJXUH#55=#]03RWHQWLDO#PHDVXUHPHQW#RI#$O526#DV#UHFHLYHG#DQG#SXULILHG1



7<

3 4 5 6 7 8 9 : ; < 43 44 45 46
093

083

073

063

053

043

3

43

53

63

73

83

93

#$O526#DV#UHFHLYHG/#S+S]F ;18
#$O526#2#5</#S+LHS 817

#$O526#2#SRO\0DFU\OLF0DFLG/#5
QG#PHDVXUHPHQW/#S+LHS 613

#$O526#2#SRO\0DFU\OLF0DFLG/#4
VW#PHDVXUHPHQW/#S+LHS 618
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)LJXUH#56=#]03RWHQWLDO#PHDVXUHPHQW#RI#$O526#2#5<#DQG#$O526#2#SRO\0DFU\OLF0DFLG1
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4315161#6XUIDFH#&KHPLVWU\#RI#WKH#$O526#3RZGHU

7KH#$O526#VXUIDFH>45/#4940496@#FRQVLVWV#RI#$O/#$O02+#DQG#$O020$O#VSHFLHV#DV

LOOXVWUDWHG#LQ#)LJXUH#571

$O $O $O $O $O $O

2

+

2 22

+ +

)LJXUH#57=#6XUIDFH#RI#D0$O5261

&DUER[\OLF#DFLGV#ERQG#WR#WKH#EDVLF#JURXSV#RI#WKH#D0$O526#VXUIDFH1#$Q#HOHFWURVWDWLF

DWWUDFWLRQ#EHWZHHQ#WKH#QHJDWLYHO\#FKDUJHG#FDUER[\ODWH#DQLRQ#DQG#FDWLRQLF#FHQWHUV#RQ

WKH#$O526#VXUIDFH#OHDGV#WR#DGVRUSWLRQ1#7KH#FDUER[\O#JURXS#FDQ#ELQG#DV#D#OLJDQG#RU

FKHODW#OLJDQG#WR#WKH#DOXPLQXP1
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4315171#3DUWLFOH#6L]H#'LVWULEXWLRQ#RI#$O526

7KH#SDUWLFOH#VL]H>449@#LV#LQYHVWLJDWHG#ZLWK#ODVHU#VFDWWHULQJ>497049:@#+/6/#0DOYHUQ

,QVWUXPHQWV/#0DVWHUVL]HU#5333#ZLWK#+\GUR#53330#GLVSHUVLRQ#XQLW/#+HUUHQEHUJ/

*HUPDQ\,#GXULQJ#GLVSHUVLRQ#RI#WKH#$O526#SRZGHU#LQ#ZDWHU1#$#WLS#RI#D#VSDWXOD#RI#$O526

+|8#PJ,#LV#DGGHG#XQGHU#VWLUULQJ#ZLWK#5853#PLQ04#WR#WKH#OLTXLG#IORZ#FHOO#RI#WKH#/60

DSSDUDWXV#+S+#|#;,1#7KH#SDUWLFOH#VL]H#LV#ZLWK#G83 851<#PP#DQG#WKH#PDLQ#SHDN#DW#93#PP

KLJK#DW#WKH#EHJLQQLQJ#+)LJXUH#58,/#EHFDXVH#RI#WKH#SUHVHQFH#RI#DJJORPHUDWHV1#6WLUULQJ/

XOWUDVRQLILFDWLRQ#DQG#LQFUHDVLQJ#WLPH#GHVWUR\#WKH#DJJORPHUDWHV#OHDGLQJ#WR#D#UHGXFHG

SDUWLFOH#VL]H#+G83 4:7#QP/#PDLQ#SHDN#483#QP/#)LJXUH#59,1#7KLV#LV#LQ#DJUHHPHQW#ZLWK

WKH#G83 5<3#QP#YDOXH#SURYLGHG#E\#WKH#PDQXIDFWXUHU/#LI#GLIIHUHQW#GLVSHUVLRQ#FRQGLWLRQV

DUH#WDNHQ#LQ#DFFRXQW1
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#$O526#DV#UHFHLYHG/#DIWHU#LQMHFWLRQ/#G83 851<#�P
#$O526#DV#UHFHLYHG/#DIWHU#8#PLQ/#G83 6815#�P

9R
O(

3DUWLFOH#GLDPHWHU#2#�P

)LJXUH#58=#3DUWLFOH#VL]H#GLVWULEXWLRQ#RI#$O526#DV#UHFHLYHG#DIWHU#LQMHFWLRQ#RI#WKH#VDPSOH#DQG#DIWHU#8#PLQ1
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483#QP

#$O526#DV#UHFHLYHG/#DIWHU#48#PLQ/#:#PLQ#XOWUDVRXQG/#G83 4;6#QP
#$O526#DV#UHFHLYHG/#DIWHU#5:#PLQ/#8#PLQ#XOWUDVRXQG/#G83 4:7#QP

9R
O(

3DUWLFOH#GLDPHWHU#2#�P

)LJXUH#59=#3DUWLFOH#VL]H#GLVWULEXWLRQ#RI#$O526#DV#UHFHLYHG#DIWHU#48#PLQ/#5:#PLQ#DQG#XOWUDVRQLFDO
WUHDWPHQW1

7KH#ELSXULILHG#$O526#LV#DOVR#LQYHVWLJDWHG#ZLWK#ODVHU#VFDWWHULQJ#+/6,1#7R#SXULI\#WKH

$O526/#WKH#SRZGHU#LV#VXVSHQGHG#WZR#WLPHV#LQ#ZDWHU#+S+ 8,#DQG#FHQWULIXJHG1#$IWHU

GHFDQWLQJ#DQG#GU\LQJ#DW#93#�&#LQ#DQ#RYHQ#WKH#$O526#IRUPV#D#PRQROLWKLF#FDNH#WKDW#LV

JURXQG#LQ#DQ#DJDWH#PRUWDU#WR#D#ILQH#SRZGHU1#7KH#SDUWLFOH#VL]H#GLVWULEXWLRQV#DIWHU#WKH

SXULILFDWLRQ#SURFHVV#+G83 565#QP/#PDLQ#SHDN#4:;#QP/#)LJXUH#5:,#DQG#EHIRUH#+G83 4:7

QP/#PDLQ#SHDN#483#QP/#)LJXUH#59,#DUH#VLPLODU#OHDGLQJ#WR#WKH#FRQFOXVLRQ#WKDW#WKH

SXULILFDWLRQ#KDV#QR#VLJQLILFDQW#LQIOXHQFH1
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#$O526#ELSXU1/#DIWHU#LQMHFWLRQ/#G83 557#QP
#$O526#ELSXU1/#DIWHU#4#PLQ/#G83 565#QP

9R
O(

3DUWLFOH#GLDPHWHU#2#�P

)LJXUH#5:=#3DUWLFOH#VL]H#GLVWULEXWLRQ#RI#$O526#ELSXU11

'LIIHUHQW#WKHRUHWLFDO#PRGHOV>498049:@#FDQ#EH#XVHG#IRU#WKH#FDOFXODWLRQ#RI#WKH#SDUWLFOH

VL]H#GLVWULEXWLRQ#VXFK#DV#WKH#0LH#WKHRU\#IRU#VPDOOHU#SDUWLFOHV1#7KH#FDOFXODWLRQ#ZLWK#WKLV

WKHRU\#UHTXLUHV#WKH#FRPSOH[#UHIUDFWLYH#LQGH[#RI#WKH#DQDO\]HG#PDWHULDO/#WKDW#LV#WKH

UHJXODU#UHIUDFWLYH#LQGH[#+WKH#UHDO#SDUW#RI#WKH#FRPSOH[#QXPEHU,#SOXV#WKH#H[WLQFWLRQ

FRHIILFLHQW#+WKH#LPDJLQDU\#SDUW,/#ZKHUHDV#IRU#ODUJHU#SDUWLFOHV#WKH#)UDXQKRIHU#WKHRU\

VKRXOG#EH#XVHG1#7KLV#WKHRU\#GRHV#QRW#UHTXLUH#PDWHULDO#FRQVWDQWV#RI#WKH#DQDO\]HG

VXEVWDQFH1#$V#D#FULWHULRQ#IRU#WKH#VL]H#73-O#FDQ#EH#XVHG#+ZKHUH#O#LV#WKH#ZDYHOHQJKW#RI

WKH#DSSOLHG#OLJKW/#KHUH#O 9651;#QP/#+H01H0ODVHU,1#6R#73-O###58#PP1#7KH#SDUWLFOH#VL]H

GLVWULEXWLRQ#LV#FDOFXODWHG#IRU#$O526#+DV#UHFHLYHG/#DIWHU#LQMHFWLRQ,#XVLQJ#GLIIHUHQW#WKHRULHV

+)LJXUH#5;,#ZKLFK#VKRZ#QR#UHPDUNDEOH#GLYHUJHQFH#LQ#WKH#UHVXOW1#7KHUH#DUH#RQO\#VOLJKW

GLIIHUHQFHV#LQ#WKH#UDQJH#ORZHU#8#PP#SDUWLFOH#GLDPHWHU#DQG#DERYH#WKH#FXUYHV#DUH

FRQJUXHQW1#6R#WKH#0LH#WKHRU\#LV#DSSOLHG#LQ#WKLV#ZRUN/#EHLQJ#VXLWDEOH#IRU#VPDOO#SDUWLFOHV

DQG#GHVFULELQJ#ODUJHU#SDUWLFOHV#DV#ZHOO1#&KDQJHV#LQ#WKH#RSWLFDO#FRQVWDQWV#GR#QRW#DIIHFW

WKH#FXUYH#PXFK1#7KH#FRQVWDQWV#IRU#DOXPLQD#DUH#XVHG#LQ#WKLV#VWXG\1
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3

4

5

6

7

8

9
#0LH#WKHRU\/#SDUDPHWHUV#IRU#DOXPLQD/#

###########G83 851<#�P
#0LH#WKHRU\/#SDUDPHWHUV#IRU#FDOFLQHG#DOXPLQD/

###########G83 8518#�P
#)UDXQKRIHU#WKHRU\/#

###########QR#VXEVWDQFH#SDUDPHWHUV#QHHGHG/
###########G83 8417#�P

9R
O(

3DUWLFOH#GLDPHWHU#2#�P

)LJXUH#5;=#&RPSDULVRQ#RI#GLIIHUHQW#WKHRUHWLFDO#PRGHOV1

7KH#SDUWLFOH#VL]H#ZDV#DOVR#PHDVXUHG#ZLWK#'/6>455045;@#DV#D#VHFRQG#PHWKRG#XVLQJ

DQ#DQJOH#RI#<3�=

7DEOH#<=#$O526#SDUWLFOH#VL]H#PHDVXUHPHQWV#E\#'/61

PHDVXUHPHQW K\GURG\QDPLF
GLDPHWHU#2#QP

4 567 .#DJJORPHUDWHV
5 57; .#DJJORPHUDWHV
6 595 .#DJJORPHUDWHV
DYHUDJH 57;

7KH#GDWD#DQDO\VLV#ZDV#GRQH#ZLWK#WKH#&RQWLQ#WKHRU\#SURYLGLQJ#D#K\GURG\QDPLF#SDUWLFOH

GLDPHWHU#RI#57;#QP1#7KH#FRUUHVSRQGLQJ#/6#UHVXOW#LV#4:7#QP/#WKH#SURGXFHU�V#YDOXH

5<3#QP1
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4315181#6KDSH#DQG#7RSRORJ\#RI#WKH#$O526#3DUWLFOHV

)LJXUH#5<065#VKRZ#IRXU#RI#WKH#HOHYHQ#6(0#LPDJHV#WDNHQ#IURP#WZR#VDPSOHV#RI#$O526

SXU1#+ILHOG#HPLVVLRQ#6(0/#=HLVV/#'60#<;5#*HPLQL,1#)RU#SUHSDUDWLRQ#RI#WKH#6(0

VDPSOHV#WKH#DOXPLQD#SRZGHU#LV#GLVSHUVHG#LQ#LVR0SURSDQRO#DQG#WKH#VXVSHQVLRQ#LV

XOWUDVRQLFDWHG#IRU#43#PLQ#+%DQGHOLQ/#6RQRUH[#6XSHU#5.#847#%+,1#$IWHU#GURSSLQJ#WKH

VXVSHQVLRQ#ZLWK#D#3DVWHXU#SLSHWWH#RQ#WKH#VDPSOH#KROGHU#DQG#HYDSRUDWLQJ#WKH#LVR0

SURSDQRO/#WKH#6(0#PLFURJUDSKV#DUH#WDNHQ1

,Q#WKH#6(00UHVROXWLRQ#WKH#VXUIDFH#RI#WKH#SDUWLFOHV#LV#PRUH#RU#OHVV#IODW#+)LJXUH#5</#63,

RQO\#VRPHWLPHV#VKRZLQJ#VWHSV#DQG#URXQGO\#VKDSHG#HOHYDWLRQV#RQ#WKH#VXUIDFH#+)LJXUH

64/#65,1#7KH#SDUWLFOHV#OLH#VHSDUDWHO\#RQ#WKH#VDPSOH#KROGHU1#&RQJUXHQW#WR#WKH#/6

LQYHVWLJDWLRQV#WKH#SXULILFDWLRQ#RI#WKH#$O526#GRHV#QRW#PHUJH#WKH#SDUWLFOHV#DQG#GRHV#QRW

DIIHFW#WKH#SDUWLFOH#VL]H#GLVWULEXWLRQ1#$V#SURYLGHG#E\#WKH#6(0#LPDJHV#WKH#VPDOOHVW

SDUWLFOHV#KDYH#D#GLDPHWHU#RI#53#QP/#WKH#PLGGOH#RQH#RI#533#QP#DQG#WKH#ODUJHVW#RQH#RI

933#QP1#6PDOO#SDUWLFOHV#DUH#RIWHQ#DWWDFKHG#WR#ODUJHU#RQHV>#WKH#53#QP#SDUWLFOHV#FDQQRW

EH#GHWHFWHG#ZLWK#/6#EHFDXVH#RI#WKHLU#ZHDN#VFDWWHUHG#OLJKW#LQWHQVLW\1#$JJORPHUDWHV#DUH

GHWHFWDEOH#LQ#WKH#SDUWLFOH#VL]H#GLVWULEXWLRQ#RI#$O526#+)LJXUH#58,#GLUHFWO\#DIWHU#DGGLQJ#WKH

SRZGHU#WR#ZDWHU1#$FFRUGLQJ#WR#WKH#6(0#LQYHVWLJDWLRQ#WKH\#GR#QRW#FRQVLVW#RI#RQH#ODUJH

SDUWLFOH#VR#WKDW#DQ#LQWHQVH#ORQJ#WHUP#VWLUULQJ#RU#XOWUDVRQLFDO#WUHDWPHQW#GHVWUR\#WKHP1
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)LJXUH#5<=#6(0#LPDJH#RI#$O526#SXU1/#VXUYH\#VFDQ1

)LJXUH#63=#6(0#LPDJH#RI#$O526#SXU11



8:

)LJXUH#64=#6(0#LPDJH#RI#$O526#SXU1/#KLJK#UHVROXWLRQ1

)LJXUH#65=#6LQJOH#$O526#SXU1#SDUWLFOHV#+6(0#LPDJH,1



8;

441#)XQFWLRQDOL]DWLRQ#RI#WKH#3RZGHUV

44141#$WWDFKPHQW#RI#0&70EEEE0F\FORGH[WULQ#WR#6L617

$#FRPPHUFLDOO\#DYDLODEOH#E0F\FORGH[WULQ#GHULYDWLYH#LV#DWWDFKHG#LQ#D#RQH0VWHS#UHDFWLRQ

WR#6L617#FHUDPLF#SRZGHU#PDNLQJ#D#PXOWL0VWHS#GHULYDWLVDWLRQ#RI#WKH#F\FORGH[WULQ

XQQHFHVVDU\1#7KH#F\FORGH[WULQ#GHVFULEHG#DV#0&70E0F\FORGH[WULQ#LV#SURGXFHG#DQG

GLVWULEXWHG#E\#:DFNHU/#%XUJKDXVHQ/#*HUPDQ\1#,W#LV#D#ZKLWH#DQG#YHU\#ZHOO#ZDWHU

VROXEOH#FRPSRXQG1#0&7#VWDQGV#IRU#PRQR0FKORU0WULD]LQ\O/#WKH#VRGLXP#K\GUR[\O#JURXS

DQG#WKH#SRVLWLRQV#DUH#QRW#H[SUHVVHG1#,WV#IXOO#QDPH#VKRXOG#EH#60FKORU080VRGLXP0

K\GUR[\O0WULD]LQ\O0E0F\FORGH[WULQ1#7KH#QXPEHU#RI#60FKORU080VRGLXP0K\GUR[\O0WULD]LQ\O0

JURXSV#SHU#E0F\FORGH[WULQ#ULQJ#YDULHV#IURP#PROHFXOH#WR#PROHFXOH/#WKH#DYHUDJH#YDOXH#LV

51;1#7KH#SRVLWLRQV#ZKHUH#WKH#WULD]LQ\O#ULQJV#DUH#DWWDFKHG#WR#WKH#F\FORGH[WULQ#DUH#QRW

GHILQHG1#7KH#50/#60#DQG#90SRVLWLRQV#RI#WKH#F\FORGH[WULQ#DUH#XVHG#IRU#DWWDFKPHQW1#:KLFK

DQG#KRZ#PDQ\#'0JOXFRVH#XQLWV#DUH#XVHG#LV#DOVR#QRW#GHILQHG1#$#YHU\#GHILQHG#DQG

UHJLRVHOHFWLYH#GHULYDWLVDWLRQ#RI#E0F\FORGH[WULQ#ZLOO#EH#SUHVHQWHG#LQ#WKH#IROORZLQJ

FKDSWHUV1

7KH#6L617#SRZGHU#ZDV#XVHG#ZLWKRXW#IXUWKHU#VXUIDFH#PRGLILFDWLRQ#DQG#WKH#0&70E0

F\FORGH[WULQ#64#ZDV#IL[HG#WR#WKH#6L6170VXUIDFH#LQ#RQH#VWHS1#7KHVH#DGYDQWDJHV#DUH
DFFRPSDQLHG#E\#WKH#ORVV#RI#UHJLRVHOHFWLYLW\1

7KH#PROHFXODU#VWUXFWXUH#RI#64#DQG#LWV#DWWDFKPHQW#WR#WKH#6L6170VXUIDFH#LV#DV#IROORZV=
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7KH#UHDFWLRQV>49;/#49<@#RI#WKH#KHWHURDURPDWLF#WULD]LQH>4:3@#ULQJ#ZLWK#WKH#&O0& 1

JURXS/#D#10KHWHURDQDORJRXV#FDUER[\O#FKORULGH/#DUH#FDUERQ\O#UHDFWLRQV#DW#WKH#&0DWRP1

:KLOH#WKH#WULD]LQ\O#UHDFWV#ZLWK#WKH#VLODQRO#JURXSV#RI#WKH#6L617±VXUIDFH/#WKH#20#RU#2±0
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DWRP#RI#WKH#VLODQRO#JURXS#DWWDFNV#WKH#SDUWO\#SRVLWLYHO\#FKDUJHG#FDUERQ\O#&0DWRP#DQG

IRUPV#D#VLO\O#HVWHU1#7KH#FDUER[\O#FKORULGH#FDQ#DOVR#EH#K\GURO\]HG#LQ#D#VLGH#FKDLQ

UHDFWLRQ#VR#WKDW#WKH#FKORUR#JURXS#LV#FRQYHUWHG#WR#DQ#2+0JURXS1

7KH#UHDFWLRQ#IRU#WKH#DWWDFKPHQW#RI#64#WR#6L617#LV#FDUULHG#RXW#LQ#WZR#GLIIHUHQW#ZD\V1#7KH
ILUVW#LV#D#UHDFWLRQ#RI#64#ZLWK#6L617#LQ#DQ#DTXHRXV#VXVSHQVLRQ#DW#9:#�&#E\#LVRODWLQJ#DQG
GU\LQJ#WKH#ZHW#SRZGHU#RYHUQLJKW#DW#73#�&#LQ#DQ#RYHQ1#7KH#PRGHUDWH#WHPSHUDWXUH#DQG

WKH#FRPSDUDWLYHO\#ORZ#ZDWHU#FRQWHQW#RI#WKH#GU\LQJ#SDVWH#DYRLG#K\GURO\VLV#ZKHUHDV#WKH

ORQJ#UHDFWLRQ#WLPH/#WKH#KLJK#FRQFHQWUDWLRQ#DQG#WKH#XVH#RI#LQWHQVH#PL[LQJ#RI#64#VXSSRUW
WKH#UHDFWLRQ#GXULQJ#GU\LQJ1#,W#LV#FDOOHG#%UHDFWLRQ#DW#9:#�&%1#,Q#WKH#VHFRQG#DSSURDFK#D

VXVSHQVLRQ#FRQWDLQLQJ#6L617/#64#DQG#ZDWHU#LV#SUHSDUHG#IRU#LQWHQVH#PL[LQJ#RI#WKH
FRPSRXQGV1#0RVW#RI#WKH#ZDWHU#LV#UHPRYHG#E\#HYDSRUDWLRQ#DW#URRP#WHPSHUDWXUH#DQG

SUHGU\LQJ#LV#GRQH#IRU#5#K#DW#78#�&#WR#VWDUW#WKH#UHDFWLRQ1#$W#478#�&#IRU#43#PLQ#WKH

UHDFWLRQ#LV#FRPSOHWHG#ZKLOH#WKH#F\FORGH[WULQ#UHVLVWV#WHPSHUDWXUHV#XS#WR#4;30533#�&#LQ

WKH#GU\#VWDWH1#7KLV#UHDFWLRQ#LV#FDOOHG#%VROLG#VWDWH#UHDFWLRQ%1#7KH#UHDFWLRQV#DUH#FDUULHG

RXW#DV#IROORZV=

5177#J#64#DUH#GLVVROYHG#LQ#88#PO#ZDWHU#+53#PPRODU,1#43#J#6L617#DV#UHFHLYHG#DUH
VXVSHQGHG#DQG#VWLUUHG#RYHUQLJKW#DW#9:#�&1#7KH#SURGXFW#65#LV#FHQWULIXJHG/#ZDVKHG#DQG
GULHG#RYHUQLJKW#DW#73#�&#WKHQ#FUXVKHG#LQ#DQ#DJDWH#PRUWDU1

4515#J#64#DUH#GLVVROYHG#LQ#453#PO#ZDWHU1#8313#J#6L617#DUH#DGGHG1#7KH#VXVSHQVLRQ#LV
VWLUUHG/#XOWUDVRQLFDOO\#WUHDWHG#IRU#43#PLQ#DQG#FHQWULIXJHG1#7KH#ZHW#SUHFLSLWDWH#LV#SRXUHG

LQWR#D#FU\VWDOOL]DWLRQ#YHVVHO#DQG#SUHGULHG#DW#URRP#WHPSHUDWXUH#WKHQ#GULHG#IRU#5#K#DW

78#�&1#7KHUHDIWHU#WKH#WHPSHUDWXUH#LV#UDLVHG#IRU#43#PLQ#WR#478#�&1#)RU#SXULILFDWLRQ#65#LV
UHVXVSHQGHG#LQ#ZDWHU/#FHQWULIXJHG#VHYHUDO#WLPHV/#GULHG#DW#83#�&#DQG#ILQDOO\#JURXQG#LQ

DQ#DJDWH#PRUWDU1

7KH#'5,)70VSHFWUXP#+)LJXUH#66,#LV#PHDVXUHG#DQG#WKH#PHWK\OHQH#UHJLRQ#LV#]RRPHG#LQ

+)LJXUH#67,/#VR#WKDW#WKH#VLJQDOV#FDQ#EH#VHHQ1

7KH#]0SRWHQWLDO#PHDVXUHPHQWV#DUH#VKRZQ#LQ#)LJXUH#68#DQG#691#7KH\#SURYH#WKDW#64#LV
ERQGHG#WR#WKH#6L617±VXUIDFH#EHFDXVH#WKH#FXUYH#LV#VOLJKWO\#VKLIWHG#WR#WKH#EDVLF#UHJLRQ

GXH#WR#WKH#VPDOO#DPRXQW#DGVRUEHG/#WKH#EDVLF#WULD]LQH#ULQJ#FDXVH#WKH#VKLIW1#7KH#S+LHS#RI
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:15#FRPSDUHG#WR#S+LHS :1:#IRU#53#FDQ#EH#HDVLO\#XQGHUVWRRG1#2QH#DPLQR#JURXS#FDXVHV
D#VKLIW#VLPLODU#WR#WKDW#RI#WKH#WULD]LQH#ULQJ1#7KH#FXUYH#KDV#D#IODW#VKDSH#DV#H[SHFWHG1#7KH

SRVLWLRQ#RI#WKH#FXUYH#LV#GLIIHUHQW#IURP#DOO#WKH#RWKHUV/#ZKDW#LV#DQRWKHU#HYLGHQFH#IRU#WKH

DWWDFKPHQW#RI#641

7333 6833 6333 5833 5333 4833 4333 833
413

418

513

518

613

618

713

718

813

#0&7/#9:�&
#0&7/#VROLG#VWDWH#UHDFWLRQ

6L2+
6L01

6L01
6L52

6L01

6L01

6L51+

0&+50

$E
VR
UE
DQ
FH

:DYHQXPEHU#2#FP²4

)LJXUH#66=#'5,)70VSHFWUD#RI#651

6533 6483 6433 6383 6333 5<83 5<33 5;83 5;33 5:83 5:33 5983 5933

41958

41983

419:8

41:33

41:58

6L617

0&7/#VROLG#VWDWH#UHDFWLRQ

0&7/#9:�&

$E
VR
UE
DQ
FH

:DYHQXPEHU#2#FP²4

)LJXUH#67=#=RRPHG#'5,)70VSHFWUD#RI#651
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)LJXUH#68=#]03RWHQWLDO#RI#651

3 4 5 6 7 8 9 : ; < 43 44 45 46
073

063

053
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3

43

53

63

73

83
#43/#S+LHS <1;
#6L617/#4

VW#PHDVXUHPHQW/#S+S]F 813
#53/#S+LHS :1:
#65/#S+LHS :15

]0
3R
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QW
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O#2
#P
9

S+

)LJXUH#69=#]03RWHQWLDO#RI#65#FRPSDUHG#WR#UHIHUHQFH#V\VWHPV1
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44151#6\QWKHVLV#RI#0RQR090DPLQR0EEEE0F\FORGH[WULQ

7KH#V\QWKHWLF#URXWH#LV#DV#IROORZV=

 '������&�����
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7KH#WZR#SURGXFWV#4#DQG#5#DUH#SUHSDUHG#DV#GHVFULEHG#LQ#OLWHUDWXUH>4:404::@1#)RU#WKH
FRQYHUVLRQ#RI#5#WR#6#D#GLUHFW#K\GURJHQDWLRQ#ZLWK#JDVHRXV#+5#DQG#5#LQ#DQ#DSSURSULDWH
VROYHQW#LQ#DQ#DXWRFODYH#XQGHU#LQFUHDVHG#SUHVVXUH#FDQ#EH#XVHG#DV#VXFFHVVIXOO\#GRQH

LQ#WKH#JURXS#RI#*1#:HQ]>4:6@1#%HFDXVH#LQLWLDWLRQ#RI#WKH#UHDFWLRQ#IDLOHG#VRPHWLPHV/#DQ

LQGLUHFW#K\GURJHQDWLRQ#PHWKRG#LV#DSSOLHG/#ZKHUH#K\GURJHQ#LV#GRQDWHG#LQ#VLWX#E\

K\GUD]LQH#RU#DPPRQLXP#IRUPDWH1#7KH#V\QWKHVLV#LV#EDVHG#RQ#/1#-LFVLQV]N\>4:;@1#,Q#WKH

DSSURDFK#XVHG#LQ#WKLV#ZRUN#WKH#LVRODWLRQ#DQG#SXULILFDWLRQ#LV#LPSURYHG=

4#J#0RQR090D]LGR0E0F\FORGH[WULQ#5#LV#VXVSHQGHG#LQ#43#PO#PHWKDQRO#XQGHU#QLWURJHQ/

FRROHG#GRZQ#WR#±53#�&#DQG#5#J#3G2&#+|83#(#ZDWHU#FRQWHQW/#43#(#3G#RQ#&,#DUH

DGGHG1#7KHUH#LV#QR#UHPDUNDEOH#KHDW#IRUPDWLRQ/#VR#WKH#UHDFWLRQ#PL[WXUH#LV#KHDWHG#WR

URRP#WHPSHUDWXUH1#315#J#RI#DPPRQLXP#IRUPDWH#LV#DGGHG#DQG#KHDWHG#WR#83#�&#DW#D

VWLUULQJ#VSHHG#RI#:33#USP#ZLWKRXW#UHIOX[1#7KHUH#LV#QR#LQGLFDWLRQ#RI#D#UHDFWLRQ#E\#JDV

EXEEOHV1#$IWHU#WKUHH#KRXUV#VRPH#GURSV#RI#K\GUD]LQH#K\GUDWH#DUH#DGGHG1#7KH#UHDFWLRQ

LV#FDUULHG#RXW#IRU#4;#K#ZKLOH#WKH#ORVV#RI#VROYHQW#LV#FRPSHQVDWHG#E\#DGGLQJ#RI#ZDWHU1

'XULQJ#WKH#HQWLUH#UHDFWLRQ#WLPH#WKHUH#LV#QR#YLVLEOH#JDV#IRUPDWLRQ#FRQWUDU\#WR>4:;@1

3UREDEO\#EHFDXVH#RI#WKH#ORZHUHG#DPRXQW#RI#HGXFWV#+D#WKLUG#RI#WKH#DPRXQWV#XVHG

LQ>4:;@/#EXW#WKH#VROYHQW#EHLQJ#PRUH#WKDQ#D#WKLUG,#DOO#JDV#LV#GLVVROYHG1#7KH#VXVSHQGHG

5#VHWWOHV#GRZQ#DW#WKH#ERWWRP#RI#WKH#IODVN1#,W#LV#VFUDWFKHG#ZLWK#D#VSDWXOD#IURP#WKH#ZDOO#WR
UHGLVSHUV#LW1#%XW#D#FRPSOHWH#UHDFWLRQ#LV#GHWHFWHG#E\#7/&#ZLWK#DOXPLQD#VKHHWV#DQG#DQ

LVR0SURSDQRO0HWK\ODFHWDWH0ZDWHU0PL[WXUH#+4=4=4,#XVLQJ#PRQR090D]LGR0E0F\FORGH[WULQ#5/

E0F\FORGH[WULQ#DQG#KHSWDNLV090DPLQR0E0F\FORGH[WULQ#<#DV#UHIHUHQFHV1#5#SURYLGHV#WZR

VSRWV1#2QH#E\#XQUHDFWHG#E0F\FORGH[WULQ#DW#5I# #316<#DQG#RQH#E\#5#DW#5I# #318:

+.UlXWHU>4:<@#317<,1#7KH#UHDFWLRQ#PL[WXUH#SURYLGHV#D#VSRW#E\#E0F\FORGH[WULQ
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+5I# #316<,#DQG#E\#SURGXFW#6#DW#5I# #315<#+.UlXWHU>4:<@#5I# #316<,1#7KHUH#LV#QR#VSRW

IURP#51#<#VWD\V#DW#WKH#EDVHOLQH/#EHFDXVH#LW#LV#WRR#SRODU#DQG#WKH#LQWHUDFWLRQ#ZLWK#WKH
DOXPLQD#WRR#VWURQJ1

7KH#UHDFWLRQ#PL[WXUH#LV#FRROHG#WR#URRP#WHPSHUDWXUH1#7KH#FDWDO\VW#LV#ILOWHUHG#RII#ZLWK

UHJXODU#ILOWHU#SDSHU/#ZDVKHG#ZLWK#FROG#DQG#KRW#ZDWHU#+78#�&,#DQG#ILOWHUHG#ZLWK#D

783#QP#PHPEUDQH1#7KH#VROYHQWV#DUH#UHPRYHG#E\#URWDU\#HYDSRUDWLRQ#DQG#IUHH]H

GU\LQJ1#7KH#FUXGH#SURGXFW#LV#VXVSHQGHG#LQ#PHWKDQRO#WR#H[WUDFW#WKH#DPPRQLXP

IRUPDWH/#WKH#PHWKDQRO#LV#ILOWHUHG#RII#DQG#WKH#SURGXFW#LV#GULHG1#6#LV#GLVVROYHG#LQ#ZDWHU1

7KH#DTXHRXV#VROXWLRQ#RI#PRQR090DPLQR0E0F\FORGH[WULQ#6#KDV#D#S+#RI#91;1#:KHQ

DGGLQJ#DQ#DFWLYDWHG#+2+0#0#IRUP,#VWURQJO\#EDVLF#DQLRQLF#H[FKDQJHU#+'2:(;#5;;,/#WKH

S+#RI#WKH#VXVSHQVLRQ#LV#<16#DIWHU#VRPH#KRXUV1#$IWHU#ILOWUDWLRQ#+783#QP#PHPEUDQH,#DQG

ZDVKLQJ#WKH#LRQ#H[FKDQJHU#ZLWK#ZDWHU/#WKH#ILOWUDWH#KDV#D#S+#RI#:161#7KHQ#LW#LV#IUHH]H

GULHG#\LHOGLQJ#68:#PJ#6#+6918#(,1

/1#-LFVLQV]N\#VHSDUDWHV#WKH#FDWDO\VW#E\#KRW#ILOWUDWLRQ#ZLWK#D#SDSHU#ILOWHU#DQG#DGVRUSWLRQ

WR#FKDUFRDO1#7KH#VHSDUDWLRQ#E\#ILOWUDWLRQ#DQG#PHPEUDQH#ILOWUDWLRQ#KDV#WKH#DGYDQWDJH

WKDW#QR#SURGXFW#LV#DGVRUEHG#WR#WKH#FKDUFRDO#DQG#WKDW#LW#LV#PRUH#HIIHFWLYH1#)RU#WKH

LVRODWLRQ#RI#6#IURP#DPPRQLXP#IRUPDWH#/1#-LFVLQV]N\#WUDQVIHUV#6#WR#WKH#K\GURFKORULGH/
GLVVROYHV#WKH#IRUPDWH#LQ#ZDWHU#DQG#SUHFLSLWDWHV#WKH#K\GURFKORULGH#RI#6#E\#DGGLWLRQ#RI
PHWKDQRO1#,Q#WKLV#ZRUN#WKH#DPPRQLXP#IRUPDWH#LV#H[WUDFWHG#IURP#WKH#VROLG#6#ZLWK
PHWKDQRO1#7KH#WUHDWPHQW#ZLWK#WKH#LRQ#H[FKDQJHU#HQVXUHV#WKDW#6#LV#REWDLQHG#LQ#WKH
UHDFWLYH/#QHXWUDO#IRUP#VXLWDEOH#IRU#QXFOHRSKLOLF#VXEVWLWXWLRQV#+615,#DQG#QRW#LQ#WKH

LQDFWLYH#DPPRQLXP#IRUP1

7KH#SURGXFW#LV#D]LGH#IUHH#+,5/#)LJXUH#6:,1#7KHUH#LV#D#VWURQJ#VLJQDO#IURP#WKH#D]LGR0

JURXS#RI#5#DW#5434#FP04#DV#GHVFULEHG#LQ#OLWHUDWXUH>4;3@1#3DUWLDOO\#K\GURJHQDWHG#D]LGR0

JURXSV#DW#5376#FP04#GR#QRW#DSSHDU#LQ>4;3@1#7KH#D]LGR#VLJQDOV#GLVDSSHDU#DIWHU

FRQYHUVLRQ#WR#WKH#DPLQH#61#7KLV#LV#D#KLQW#IRU#WKH#UHDFWLRQ#RI#5#WR#61#$W#4973#FP04#E0&'/

PRQR090D]LGR0E0F\FORGH[WULQ#5#DQG#PRQR090DPLQR0E0F\FORGH[WULQ#6#VKRZ#VLJQDOV#RI

2+0JURXSV#LQ#WKH#VROLG#VWDWH1#7KH#1+50JURXSV#RI#KHSWDNLV090DPLQR0E0F\FORGH[WULQ#<
VKRZ#D#VLJQDO#DW#4934#FP04/#EXW#QRW#DW#4973#FP04#VROLG#VWDWH#2+1#3DUWLDOO\

K\GURJHQDWHG#D]LGR#JURXSV#RU#DPLQR#JURXSV#IURP#5#DUH#DOVR#DW#4934#FP041#$#VOLJKW
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VKRXOGHU#DW#4934#FP04#LQ#WKH#VSHFWUXP#RI#6#GHULYHV#IURP#DPLQR#IXQFWLRQV/#DQ#HYLGHQFH
IRU#WKH#IRUPDWLRQ#RI#WKH#DPLQH#61

7333 6833 6333 5833 5333 4833 4333 833
313

314

315

316

317

318

319

31:

31;

31<

413

414

01+5/#48<8

4973
02+#LQ#WKH#VROLG#VWDWH

016#ZLWK#+0EULGJHV
RU#SDUWO\#K\GULGHG

016

5376
5434

0&+50
5;;<

5<58

01+5

6638
66:7

#E0&'
#90160E0&'#5
#901+50E0&'#6
#+HSWDNLV0901+50E0&'#<

$EVRUEDQFH

:DYHQXPEHU#2#FP²4

)LJXUH#6:=#'5,)70VSHFWUD#RI#901+50E0&'#6/#90+1+5,:0E0&'#<1
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44161#(SR[LGDWLRQ#RI#6L617

7KLV#FKDSWHU#GHVFULEHV#WKH#HSR[\0IXQFWLRQDOL]DWLRQ#RI#6L6171#1DWLYH#F\FORGH[WULQV

KDYH#PDQ\#K\GUR[\O#JURXSV#WKDW#UHDFW#VLPLODUO\#EXW#WKDW#DUH#QRW#YHU\#UHDFWLYH1#)RU#D

GHILQHG#UHDFWLRQ#WKH#IXQFWLRQDOL]DWLRQ#RI#WKH#F\FORGH[WULQV#LV#LPSRUWDQW/#VR#WKH

F\FORGH[WULQ#LV#DFWLYDWHG#DQG#D#GLVFULPLQDWLRQ#RI#WKH#K\GUR[\O#JURXSV#LV#LQGXFHG1#7KH

UHDFWLRQ#SDUWQHU#RI#WKH#F\FORGH[WULQ#VKRXOG#DOVR#EH#VHOHFWLYH1#,I#ERWK#FRQGLWLRQV#DUH

VDWLVILHG/#D#GHILQHG#UHDFWLRQ#LV#DFKLHYHG1#2WKHUZLVH#VLGH#UHDFWLRQV#OLNH

ROLJRPHULVDWLRQV#DUH#SUHVHQW1

7KH#HSR[\#JURXS#RI#8#UHDFWV#SUHGRPLQDQWO\#ZLWK#WKH#DPLQR#JURXS#RI#PRQR090DPLQR0E0

F\FORGH[WULQ#61#7KH#UHDFWLRQ#ZLWK#ZDWHU#DQG#K\GUR[\O#JURXSV#RI#E0F\FORGH[WULQ#LV#YHU\
VORZ1#7KLV#OHDGV#WR#D#GHILQHG#UHDFWLRQ#EHWZHHQ#6#DQG#81#$QRWKHU#ZD\#LV#WKH
VLODQLVDWLRQ#RI#6#ZLWK#7#IROORZHG#E\#WKH#IL[DWLRQ#WR#6L6171#7KH#F\FORGH[WULQ#LV#SUHSDUHG
VR#WKDW#LW#FDQ#EH#ERQGHG#WR#6L617#FHUDPLFV#LQ#RQH#VWHS1#7KLV#VRXQGV#YHU\#SURPLVLQJ/

EXW#LW#KDV#VRPH#GLVDGYDQWDJHV1#1RW#RQO\#WKH#HSR[\#WHUPLQXV#UHDFWV#ZLWK#WKH#DPLQR

JURXS/#WKH#VLODQRO#WHUPLQXV#RI#7#IRUPHG#DIWHU#K\GURO\VLV#RI#WKH#0H20JURXSV#UHDFWV#ZLWK
DPLQR#JURXSV#XQGHU#IRUPDWLRQ#RI#D#FDWLRQ0DQLRQ0SDLU/#WRR1#7KH#VLODQRO#SDUW#FDQ#DOVR

UHDFW#ZLWK#WKH#2+0JURXSV#RI#WKH#F\FORGH[WULQ#FDXVLQJ#DQ#ROLJRPHULVDWLRQ#RI#61

5HDFWLRQ#SDWKZD\=
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8#J#6L617#DUH#VXVSHQGHG#LQ#8:#PO#Q0KHSWDQH#+$OGULFK,#LQ#D#583#PO#VLQJOH#QHFN#IODVN1

6<3#PO#+60JO\FLG\OR[\SURS\O,0WULPHWKR[\VLODQH#+5/60HSR[\SURS\O0SURS\O0HWKHU,0

WULPHWKR[\VLODQH/#)OXND,#7#DUH#DGGHG#DQG#VWLUUHG#ZLWK#D#PDJQHWLF#VWLUUHU#DW#URRP
WHPSHUDWXUH#IRU#57#KRXUV1#7KH#VXVSHQVLRQ#LV#FHQWULIXJHG#DW#7333#PLQ04#IRU#45#PLQ1

7KH#VROYHQW#LV#GHFDQWHG#DQG#WKH#SUHFLSLWDWH#LV#ZDVKHG#+UHGLVSHUVHG,#WZLFH#ZLWK#83#PO

Q0KHSWDQH#DQG#FHQWULIXJHG1#7KH#VXSHUQDWDQW#VROXWLRQ#LV#GHFDQWHG#DQG#WKH#SURGXFW#LV

GULHG#IRU#45#K#XQGHU#UHJXODU#SUHVVXUH#DW#URRP#WHPSHUDWXUH#DQG#WKHQ#IRU#5#K#LQ#D

YDFXXP#FKDPEHU#DW#URRP#WHPSHUDWXUH1
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)LJXUH#6;#VKRZV#WKH#'5,)70VSHFWUXP1#&+50#YDOHQFH#YLEUDWLRQV#+5<69/#5;9<#FP04,

SURYH#WKDW#WKH#VLODQH#LV#DWWDFKHG#WR#WKH#VXUIDFH1#6L617#LWVHOI#KDV#QR#RUJDQLF

FRQWDPLQDWLRQ#DW#WKH#VXUIDFH#VLQFH#WKHUH#DUH#QR#VLJQDOV#W\SLFDO#IRU#RUJDQLF#FRPSRXQGV

GHWHFWDEOH#LQ#WKH#'5,)70VSHFWUXP1

7333 6833 6333 5833 5333 4833 4333 833
313

315

317

319

31;

413

415

417

6698/#02+ &25

0&+50
5;9<5<69

#6L617#DV#UHFHLYHG
##8

$EVRUEDQFH

:DYHQXPEHU#2#FP²4

)LJXUH#6;=#'5,)70VSHFWUXP#RI#HSR[\IXQFWLRQDOL]HG#6L617#SUHSDUHG#LQ#KHSWDQH1

7KH#K\GURO\VLV#RI#WKH#HSR[\#JURXS#LQ#8#LV#VORZ1#8#LV#SUHSDUHG#DV#GHVFULEHG#DERYH1
7KLV#WLPH#Q0KH[DQH#LV#XVHG#DV#D#VROYHQW#DQG#D#KLJKHU#FRQFHQWUDWLRQ#RI#7#LV#DSSOLHG1
7ZR#'5,)70VSHFWUD#DUH#WDNHQ#ZLWK#D#WLPH#GLVWDQFH#RI#47#GD\V#+)LJXUH#6<,1#7KH#HSR[\

JURXS#FDQ#EH#VHHQ#DW#6386#DQG#6335#FP04#FORVH#WR#WKH#PHWK\OHQH#YLEUDWLRQV1#,W#LV

VKLIWHG#WR#KLJKHU#IUHTXHQFLHV#EHFDXVH#WKH#WKUHH#PHPEHUHG#ULQJ#WLJKWHQV#WKH#ERQGV1

7KH#WZR#VSHFWUD#DUH#H[DFWO\#WKH#VDPH#+&250VLJQDO#H[FOXGHG,1#8#ZDV#VWRUHG#DQG
PHDVXUHG#LQ#DLU1#7KH#LQWHQVLW\#RI#WKH#HSR[\#VLJQDOV#GRHV#QRW#GHFUHDVH1#7KLV#PHDQV

WKH#HSR[\#JURXS#GRHV#QRW#VKRZ#VLJQLILFDQW#K\GURO\VLV#XQGHU#WKHVH#FRQGLWLRQV1
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31:

31;

31<

413

5;:3
5<63
0&+50

56745693
&25

6386/#6335/#0&+50#LQ#HSR[\

66:8/#02+

##8/#4VW

##8/#5QG

$EVRUEDQFH

:DYHQXPEHU#2#FP²4

)LJXUH#6<=#+\GURO\VLV#RI#81
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44171#,PPRELOL]DWLRQ#RI#0RQR090DPLQR0EEEE0F\FORGH[WULQ#RQ
(SR[\0IXQFWLRQDOL]HG#6L617

)RU#WKH#LPPRELOL]DWLRQ#RI#PRQR090DPLQR0E0F\FORGH[WULQ#6#RQ#HSR[\0IXQFWLRQDOL]HG
6L617#8#WKH#IROORZLQJ#UHDFWLRQ#LV#XVHG1
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7KH#WRWDO#PDVV#QHHGHG#WR#FRYHU#WKH#6L6170VXUIDFH#FRPSOHWHO\#ZLWK#D#F\FORGH[WULQ

PRQROD\HU#LV#FDOFXODWHG#RQ#WKH#EDVLV#WKDW#WKH#UHTXLUHG#VSDFH#IRU#RQH#F\FORGH[WULQ#RI#D

FORVH#SDFNLQJ#LV#D#VTXDUH#RI#4#QP#VLGH#OHQJWK#+4#QP5#DUHD,#DFFRUGLQJ#WR#WKH#FLUFOH

VKDSHG#ERWWRP#VLGH#RI#WKH#F\FORGH[WULQ#+)LJXUH#73,1

)LJXUH#73=#5HTXLUHG#VSDFH#IRU#D#F\FORGH[WULQ#RI#D#FORVH#SDFNLQJ1

7KH#6L6170FHUDPLF#SRZGHU#KDV#D#VSHFLILF#VXUIDFH#DUHD#RI#451:#P52J1#2Q#4#J#6L617
Q 451:#P5#2#43±4;#P5#F\FORGH[WULQ#PROHFXOHV#FDQ#EH#DGVRUEHG1#P Q21$-0#SURYLGHV

WKH#PDVV#RI#D#PRQROD\HU#ZLWK#1$#DV#WKH#$YRJDGUR#FRQVWDQW#+91356-4356,#DQG#0#DV

WKH#PROHFXODU#ZHLJKW#RI#WKH#F\FORGH[WULQ#6#+4467#J2PRO,1#561<#PJ#6#IRUP#D#PRQROD\HU

RQ#4#J#6L6171#,Q#WKH#IROORZLQJ#LQYHVWLJDWLRQ#PRQR090DPLQR0E0F\FORGH[WULQ#6#LV#ERXQG#WR
8#DQG#WKH#DGVRUEHG#DPRXQW#LV#PHDVXUHG1#7KLV#JLYHV#LQIRUPDWLRQ#ZKHWKHU#6#LV#ERXQG
RU#QRW/#WKH#DPRXQW#LQ#PJ#DQG#DV#SHUFHQWDJH#RI#WKH#WRWDO#DPRXQW1#7KH#GHVRUSWLRQ

SURSHUWLHV#DUH#DOVR#LQYHVWLJDWHG1#7KH\#SURYLGH#LQIRUPDWLRQ#DERXW#WKH#SRZHU#RI#WKH

ELQGLQJ#RI#6#WR#WKH#VXUIDFH1

41333#J#8#DUH#JLYHQ#LQWR#D#FHQWULIXJH#WXEH1#4813#PJ#6#DUH#GLVVROYHG#LQ#613#PO#'0$F1
)RU#FRPSOHWH#GLVVROXWLRQ#43#PLQ#DUH#QHHGHG#WR#JHW#D#FRORUOHVV/#WUDQVSDUHQW#VROXWLRQ1
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7KH#VROXWLRQ#RI#6#LV#DGGHG#WR#8#DQG#VWLUUHG#DW#URRP#WHPSHUDWXUH#IRU#57#K#LQ#WKH
FHQWULIXJH#WXEH1#7KH#V\VWHP#LV#FHQWULIXJHG#DW#7333#PLQ04#IRU#63#PLQ1#7KH#FHQWULIXJH

WXEH#VKRXOG#QRW#JHW#DQ\#PHFKDQLFDO#VKRFN#EHFDXVH#9#LV#HDVLO\#UHGLVSHUVHG1#4#PO#RI
WKH#RYHUVWDQGLQJ#VROXWLRQ#LV#WDNHQ#LQWR#D#4#PO#V\ULQJH#ZLWK#D#ORQJ#FDQXOD1#7KH#YROXPH

RI#WKH#RYHUVWDQGLQJ#VROXWLRQ#LV#PHDVXUHG#E\#SRXULQJ#LW#LQWR#D#F\OLQGHU1#7KH#URWDWLRQ

DQJOH#LV#PHDVXUHG#DQG#WKH#PDVV#LV#FDOFXODWHG#+7DEOH#43,1

613#PO#ZDWHU#DUH#DGGHG#WR#WKH#SUHFLSLWDWH#91#7KH#V\VWHP#LV#UHGLVSHUVHG#E\#VWLUULQJ#ZLWK
D#VSDWXOD#IRU#43#PLQ/#FHQWULIXJHG/#4#PO#LV#WDNHQ#LQWR#D#4#PO#V\ULQJH#DQG#WKH#UHPDLQLQJ

YROXPH#LV#PHDVXUHG1#7KH#URWDWLRQ#DQJOH#LV#PHDVXUHG1#7KH#SRZGHU#LV#GULHG#LQ#D

YDFXXP#FKDPEHU#DW#73#�&#DQG#JURXQG#LQ#DQ#DJDWH#PRUWDU1#7KH#UHVXOWV#DUH#GHVFULEHG

LQ#7DEOH#431

)LJXUH#74#VKRZV#'5,)70VSHFWUD#RI#6#RQ#6L617±SRZGHU1#$V#LQGLFDWHG#E\#WKH
PHDVXUHPHQW#RI#WKH#DGVRUEHG#PDVV#+7DEOH#43,/#WKHUH#DUH#QR#PHWK\OHQH#YLEUDWLRQV#IRU

WKH#QRQ0HSR[\IXQFWLRQDOL]HG#V\VWHP#+6L617#.#6,1#2QO\#;18(#+7DEOH#43,#RI#6#ELQG#WR
XQPRGLILHG#6L617/#ZKHUHDV#4:16(#+7DEOH#43,#RI#6#ELQG#WR#81#9#GRHV#QRW#KDYH#KLJKHU
PHWK\OHQH#VLJQDOV#WKDQ#81#(LWKHU#WKH#DGVRUEHG#DPRXQW#RI#6#LV#WRR#ORZ#WR#EH#GHWHFWHG
ZLWK#'5,)7/#RU#D#VPDOO#DPRXQW#RI#WKH#HSR[\VLODQH#7#LV#GLVVROYHG#DQG#6#LV#ERXQG#VR
WKDW#LQ#WKH#UHVXOW#WKH#PHWK\OHQH#VLJQDO#LV#FRQVWDQW#RU#GHFUHDVHV/#LI#PRUH#RI#7#LV
GLVVROYHG#WKDQ#6#ERXQG#WR#81
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7333 6833 6333 5833 5333 4833 4333 833
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315
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319

31;

413

415

417

419

5;:35<63

6633/#²2+

5<63/#²&+5²

6733/#²2+

#6L617#2#901+50E0&'
#6L617#2#HSR[\VLODQH#+KHSWDQH,#8
#6L617#2#HSR[\VLODQH#2#48#PJ#901+50E0&'#9
#6L617#2#HSR[\VLODQH#2#43#PJ#901+50E0&'#9
#901+50E0&'#6

$EVRUEDQFH

:DYHQXPEHU#2#FP²4

)LJXUH#74=#'5,)70VSHFWUD#RI#PRQR090DPLQR0E0F\FORGH[WULQ#6#RQ#6L6171
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)LJXUH#75#VKRZV#8#DIWHU#VWLUULQJ#LQ#'0$F#DQG#ZDVKLQJ#ZLWK#+52#XQGHU#WKH#VDPH
FRQGLWLRQV#DV#GHVFULEHG#DERYH#IRU#WKH#IL[DWLRQ#RI#6#EXW#ZLWKRXW#61#,W#LV#REYLRXV#WKDW#QR
VLODQH#LV#UHPRYHG#LQ#FRQWUDVW#WR#D#ORQJ#VWLUULQJ#LQ#ZDWHU#+)LJXUH#76,1

7333 6833 6333 5833 5333 4833 4333 833
313

315

317

319

31;

413

415

417

#6L617#2#HSR[\VLODQH#2#48#PJ#901+50E0&'#9
#6L617#2#HSR[\VLODQH#.#'0$F/#WKHQ#+52#8

$EVRUEDQFH

:DYHQXPEHU#2#FP²4

)LJXUH#75=#,QIOXHQFH#RI#VROYHQWV#WR#9#DQG#FRPSDULVRQ#RI#9#ZLWK#81
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4417141#$G0#DQG#'HVRUSWLRQ#RI#0RQR090DPLQR0EEEE0F\FORGH[WULQ#RQ
8QPRGLILHG#6L617

$V#D#UHIHUHQFH#H[SHULPHQW#LW#LV#FKHFNHG#ZKHWKHU#PRQR090DPLQR0E0F\FORGH[WULQ#6

DGVRUEV#DOVR#RQ#XQPRGLILHG#6L6171#7KH#EOLQG#DGVRUEHG#PDVV#QRW#ERXQG#RU#DGVRUEHG

WR#HSR[\#JURXSV#LV#PHDVXUHG1

4813#PJ#PRQR090DPLQR0E0F\FORGH[WULQ#6#DUH#GLVVROYHG#LQ#613#PO#+51;5#J,#'0$F#LQ#D
FHQWULIXJH#WXEH1#43#PLQ#DUH#QHHGHG#IRU#FRPSOHWH#GLVVROXWLRQ1#41333#J#6L617#DUH#DGGHG

DQG#GLVSHUVHG/#WKHQ#VWLUUHG#ZLWK#D#PDJQHWLF#VWLUUHU#IRU#45#K#DQG#FHQWULIXJHG

+6333#PLQ04/#63#PLQ,1#7KH#YROXPH#DQG#URWDWLRQ#DQJOH#RI#WKH#VROXWLRQ#LV#PHDVXUHG1

)RU#WKH#LQYHVWLJDWLRQ#RI#WKH#GHVRUSWLRQ#613#PO#ZDWHU#DUH#DGGHG1#7KH#SRZGHU#LV

GLVSHUVHG/#FHQWULIXJHG#DQG#WKH#URWDWLRQ#DQJOH#DQG#YROXPH#DUH#PHDVXUHG1#7DEOH#43

VKRZV#WKH#UHVXOWV1#7KH#WRWDO#DPRXQW#RI#6#WKDW#LV#LQFOXGHG#E\#WKH#SUHFLSLWDWH#LV#FDOOHG
%WUDSSHG%#DPRXQW1#7KH#SUHFLSLWDWH#FRQWDLQV#VROYHQW#LQ#ZKLFK#VRPH#6#LV#GLVVROYHG1#7KLV
DPRXQW#LV#FDOOHG#%LQ#VROYHQW%1#%%RXQG%#LV#FDOOHG#ZKDW#LV#ERXQG#WR#WKH#VROLG#VXUIDFH#RI

6L6171#7KH#QXPEHU#RI#GHFLPDO#GLJLWV#GRHV#QRW#UHSUHVHQW#WKH#DFFXUDF\#RI#WKH

PHDVXUHPHQW1#7KH\#DUH#XVHG#IRU#WKH#FDOFXODWLRQ/#WKH#ILUVW#GLJLW#DIWHU#WKH#GHFLPDO#SRLQW

LQ#WKH#UHVXOW#LV#YDOLG1

7DEOH#43=#$G0#DQG#GHVRUEHG#PDVV#RI#6#RQ#81

901+5#0#E0
F\FORGH[WULQ#6

FRQGLWLRQV WUDSSHG ERXQG LQ#VROYHQW

4813#PJ 613#PO#'0$F/
41333#J#6L617
DV#UHFHLYHG

6143#PJ 415:#PJ/#;18( 41;6#PJ

'HVRUSWLRQ 613#PO#+52 3197#PJ/#716( 5179#PJ#LQ
614#PO#+52

4813#PJ 613#PO#'0$F/
41333#J
HSR[\#6L617

71;4#PJ 619;#PJ/#5718( 4146#PJ

'HVRUSWLRQ 613#PO#+52 5199#PJ 518<#PJ/#4:16( 313:#PJ

7KH#PHDVXUHPHQW#VKRZV#WKDW#6#ELQGV#WR#81#$#EOLQG#DGVRUSWLRQ#RI#6#WR#6L617#LV
UHFRJQL]HG1#%\#UHGLVSHUVLQJ#LQ#ZDWHU#D#SDUW#RI#6#LV#GLVVROYHG#IURP#WKH#FHUDPLFV1#$ERXW
D#TXDUWHU#RI#WKH#WRWDO#DPRXQW#LV#DGVRUEHG#E\#81#7KH#LQIOXHQFH#RI#WKH#HSR[\VLODQH#7#RQ
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WKH#DGVRUSWLRQ#RI#6#FDQ#EH#FOHDUO\#VHHQ1#8#ELQGV#PRUH#+51;;0IROG,#6#WKDQ#6L6171#6#LV
RQO\#ORRVHO\#DGVRUEHG#WR#6L6171#6R#D#ODUJH#DPRXQW#LV#GHVRUEHG#E\#UHGLVSHUVLQJ#LQ

ZDWHU1
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44181#,PPRELOL]DWLRQ#RI#+HSWDNLV090DPLQR0EEEE0F\FORGH[WULQ#RQ
6L617

E0&\FORGH[WULQ#ZLWK#VHYHQ#DPLQR#JURXSV#DW#WKH#90SRVLWLRQ#<#+RQH#DW#HDFK#'0JOXFRVH
XQLW,#LV#D#SURSHU#GHULYDWLYH#IRU#IL[DWLRQ#RQ#HSR[\IXQFWLRQDOL]HG#6L617#81#%HFDXVH#RI

WKHVH#VHYHQ#DPLQR#JURXSV#SHU#F\FORGH[WULQ#FRPSDUHG#WR#RQH#LQ#PRQR090DPLQR0E0

F\FORGH[WULQ#6#WKHUH#VKRXOG#EH#D#EHWWHU#UHDFWLYLW\#ZLWK#81#%XW#WKH#GLVDGYDQWDJH#RI#<#LV
WKDW#WKH#IRUPDWLRQ#FRQVWDQW#RI#FRPSOH[HV#LV#PXFK#ORZHU#WKDQ#IRU#61#7KH#V\QWKHWLFDO
SDWKZD\#IRU#WKH#V\QWKHVLV#RI#<#LV#DV#IROORZV1
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7KH#DWWDFKPHQW#RI#<#WR#6L617#ZDV#GHVFULEHG#E\>4;404;7@#LQ#WKH#IROORZLQJ#ZD\1
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'H#3DROL>4;8@#SUHSDUHG#43#DV#IROORZV=

%318#PO#+60*O\FLG\OR[\SURS\O,0WULPHWKR[\VLODQH#DUH#GLVVROYHG#LQ#83#PO#WROXHQH1#31;#J

6L617#FHUDPLF#SRZGHU#DUH#VXVSHQGHG#LQ#83#PO#RI#WKLV#PL[WXUH#DQG#VWLUUHG#IRU

43#PLQXWHV#DW#93#�&1#7KH#VXVSHQVLRQ#LV#ILOWHUHG#DQG#ZDVKHG#WKUHH#WLPHV#ZLWK#IUHVK

WROXHQH1#7KH#FHUDPLF#SRZGHU#LV#GULHG#IRU#57#K#LQ#D#YDFXXP#FKDPEHU/#WKHQ#DGGHG#WR

DQ#DTXHRXV#43#PDVV(#KHSWDNLV090DPLQR0E0F\FORGH[WULQ#VROXWLRQ#+S+#:,#DQG#VWLUUHG
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IRU#57#K#DW#URRP#WHPSHUDWXUH1#7KH#VXVSHQVLRQ#LV#ILOWHUHG/#ZDVKHG#WKUHH#WLPHV#ZLWK
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FRQFHQWUDWLRQ#DQG#YROXPH#RI#WKH#SRO\0E0&'#VROXWLRQ#LV#ORZHUHG#WR#DERXW#KDOI1#7KH

DPRXQW#RI#$O526#LV#NHSW#FRQVWDQW1#7KH#UHODWLYH#DGVRUEHG#DPRXQW#LQ#(#VKRXOG
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IROORZV=#8133#J#$O526/#6818#PJ#FRSRO\0PDOHLF0DFLG0DOW0LVREXWHQH#5</#83#PO#+521#5<#LV

HDVLO\#GLVVROYHG#LQ#ZDWHU/#WKH#UHWDLQHG#VROXWLRQ#KDYLQJ#D#ORZ#YLVFRVLW\#+|83#P3D#V,1

7KH#VWUXFWXUH#IRUPXOD#LV#GHSLFWHG#EHORZ1
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4419151#$GVRUEHG#$PRXQW#RI#&RSRO\0PDOHLF0DFLG0DOW0LVREXWHQH

&RSRO\0PDOHLF0DFLG0DOW0LVREXWHQH#5<#+DOW DOWHUQDWLQJ,#LV#WKH#SRO\PHU#EDFNERQH#RI
SRO\0E0&'#471#,W#FDQ#EH#XVHG#DV#D#PRGHO#VXEVWDQFH#IRU#WKH#DGVRUSWLRQ#RI#47#RQ#$O526

LQ#RUGHU#WR#LQYHVWLJDWH#WKH#LQIOXHQFH#RI#WKH#F\FORGH[WULQ#WRUXV#RQ#WKH#DGVRUSWLRQ1#$V#5<
LV#QRW#D#FKLUDO#FRPSRXQG#WKH#DGVRUEHG#DPRXQW#FDQQRW#EH#PHDVXUHG#E\#URWDWLRQ#DQJOH

PHDVXUHPHQW/#EXW#E\#DFLG#EDVH#WLWUDWLRQ1#7KH#DGVRUSWLRQ#RI#5<#RQWR#$O526#LV#FDUULHG

RXW#ZLWK#D#GHILQHG#DPRXQW#RI#5<1#$IWHU#FHQWULIXJDWLRQ#WKH#VXSHUQDWDQW#VROXWLRQ#LV#WDNHQ
DQG#WKH#UHPDLQLQJ#DPRXQW#RI#5<#LV#PHDVXUHG/#WKH#GLIIHUHQFH#WR#WKH#WRWDO#DPRXQW#LV#WKH
ERXQG#DPRXQW1#7KH#FRQGLWLRQV#OLNH#PDVVHV#DQG#FRQFHQWUDWLRQV#XVHG#LQ#ERWK#PHWKRGV

±#DQJOH#RI#URWDWLRQ#PHDVXUHPHQW#DQG#DFLG#EDVH#WLWUDWLRQ#±#DUH#HTXLYDOHQW#WKXV

DOORZLQJ#D#FRPSDULVRQ#RI#WKH#UHVXOWV#RI#ERWK#PHWKRGV1

7KH#S+#RI#WKH#DTXHRXV#VROXWLRQ#WKDW#LV#DQDO\]HG#LV#DGMXVWHG#ZLWK#+&O0VROXWLRQ#WR#51

7KH#S+#LV#FRQWUROOHG#ZLWK#D#S+0PHWHU#+:7:/#S+#868#0XOWLFDO,1#$#VPDOO#DPRXQW#+430

433#PO,#RI#D#314#RU#3134#PRODU#1D2+0VROXWLRQ#LV#DGGHG#DQG#WKH#S+#LV#PHDVXUHG1

'XULQJ#WKLV#SURFHGXUH#WKH#S+#YDOXH#VKRXOG#EH#LQFUHDVHG#LQ#VPDOO#VWHSV#HVSHFLDOO\#LQ

WKH#UDQJH#RI#:1#,Q#WKLV#UDQJH#RQO\#VPDOO#DPRXQWV#+43#PO,#RI#WKH#3134#PRODU#1D2+

VROXWLRQ#VKRXOG#EH#XVHG#EHFDXVH#VPDOO#DPRXQWV#RI#2+±#FDXVH#D#VWURQJ#FKDQJH#LQ#WKH

S+1#7KH#WLWUDWLRQ#LV#GRQH#XQWLO#D#S+#RI#45#LV#UHDFKHG1#)RU#FDOLEUDWLRQ#WKUHH#VROXWLRQV

ZLWK#GLIIHUHQW#DPRXQWV#RI#WKH#VXEVWDQFH#RU#D#PRGHO#VXEVWDQFH#DUH#SUHSDUHG#DQG

DQDO\]HG/#WKH#WLWUDWLRQ#FXUYHV#IRU#WKH#FDOLEUDWLRQ#DUH#SORWWHG#+)LJXUH#7;,#DQG#WKH#ILUVW

GHULYDWLYH#LV#FDOFXODWHG#QXPHULFDOO\#+)LJXUH#7<,1#7KH#GHULYDWLYH#FXUYH#KDV#WZR#PD[LPD

LI#WKH#ZHLJKHG#PDVV#IRU#WKH#VXEVWDQFH#LV#KLJKHU#WKDQ#]HUR/#WKHLU#GLVWDQFH#LV#WKH#GLIIHU0

HQFH#EHWZHHQ#WKH#[0FRRUGLQDWHV#EHLQJ#SURSRUWLRQDO#WR#WKH#ZHLJKHG#PDVV1#,I#WKH

ZHLJKHG#PDVV#LV#]HUR/#WKH#GLVWDQFH#LV#]HUR/#WRR#DQG#WKLV#PHDQV#WKHUH#LV#RQO\#RQH

PD[LPXP1#7KH#ZHLJKHG#PDVVHV#DUH#SORWWHG#YHUVXV#WKH#GLVWDQFHV1#7KH#FXUYH#+)LJXUH

83,#VKRXOG#EH#D#OLQH#WKDW#UXQV#WKURXJK#WKH#RULJLQ#RI#WKH#FRRUGLQDWH#V\VWHP1#7KH

DQDO\WLFDO#IXQFWLRQ#+OLQH#IXQFWLRQ,#SURYLGHV#WKH#UHODWLRQ#EHWZHHQ#PDVV#DQG#GLVWDQFH1

7KH#WLWUDWLRQ#FXUYHV#IRU#WKH#DQDO\]HG#XQNQRZQ#PDVVHV#DUH#DOVR#SORWWHG#+)LJXUH#84,

DQG#GHULYHG#+)LJXUH#85088,1#$IWHU#UHDGLQJ#WKH#GLVWDQFH#RI#WKH#PD[LPD#PDVV#LV

FDOFXODWHG#ZLWK#LWV#OLQH#IXQFWLRQ1
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#94#PJ
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S+

$GGLWLRQ#RI#1D2+#>PPRO#2+²@

)LJXUH#7;=#7LWUDWLRQ#RI#3/#63#DQG#94#PJ#IRU#FDOLEUDWLRQ1
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S+
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)LJXUH#7<=#)LUVW#GHULYDWLYH#RI#WKH#WLWUDWLRQ#FXUYHV#IRU#FDOLEUDWLRQ1
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PJ#FDOLEUDWLRQ#VXEVWDQFH#LQ#53#PO#ELGHVW1#+52

)LJXUH#83=#&DOLEUDWLRQ#FXUYH#IRU#5<#IRU#DFLG#EDVH#WLWUDWLRQV1
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#$IWHU#DGVRUSWLRQ
#$IWHU#4VW#ZDVKLQJ
#$IWHU#5QG#ZDVKLQJ
#$IWHU#6UG#ZDVKLQJS+

$GGHG#DPRXQW#2+²#>PPRO#2+²@

)LJXUH#84=#7LWUDWLRQ#FXUYHV#DIWHU#DGVRUSWLRQ#RI#5<#RQ#$O526#DQG#ZDVKLQJ1
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'# #3#PPRO
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)LJXUH#85=#)LUVW#GHULYDWLYH#RI#WKH#WLWUDWLRQ#FXUYH#IRU#WKH#VXSHUQDWDQW#VROXWLRQ#DIWHU#DGVRUSWLRQ#RI#5<1
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)LJXUH#86=#)LUVW#GHULYDWLYH#RI#WKH#WLWUDWLRQ#FXUYH#DIWHU#WKH#ILUVW#ZDVKLQJ#ZDWHU#RI#5<1
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7DEOH#46=#$G0#DQG#GHVRUEHG#PDVVHV#RI#5<#RQ#$O5261

DIWHU#DGVRUSWLRQ 4VW#ZDVKLQJ 5QG#ZDVKLQJ 6UG#ZDVKLQJ
LQ#83#PO#+52 313#PJ 819#PJ/#49( :19<#PJ/#59( 61;:#PJ/#4:(
ERXQG 6818#PJ/#433( 5<1<#PJ 55154#PJ 4;167#PJ

7DEOH#46#VKRZV#WKH#UHVXOWV#RI#WKH#PHDVXUHPHQW#RI#WKH#DG0#DQG#GHVRUEHG#PDVVHV#ZLWK

DFLG#EDVH#WLWUDWLRQ=#7KH#WRWDO#ZHLJKHG#PDVV#LV#6818#PJ>#5<#DGVRUEV#RQ#$O526#KDYLQJ#D

JRRG#DIILQLW\#WR#LW1#433(#RI#5<#DUH#DGVRUEHG#LQ#WKH#ILUVW#VWHS/#EXW#RQO\#8:(#RI#SRO\0E0
&'#47#DUH#DGVRUEHG#RQ#$O526#+VHH#7DEOH#45,1#,I#$O526#2#5<#LV#ZDVKHG#ZLWK#ZDWHU/
DSSUR[LPDWLYHO\#53(#RI#WKH#ERXQG#DPRXQW#LV#GLVVROYHG#DJDLQ1#2QO\#WKH#SDUWV#RI#5<
WKDW#DUH#GLUHFWO\#DWWDFKHG#WR#WKH#$O5260VXUIDFH#DUH#WLJKWO\#ERQGHG/#WKH#RXWHU#PROHFXOHV

RI#5<#DUH#ORRVHO\#ERXQG#DQG#FDQ#EH#GLVVROYHG1#,I#WKH#FRQFHQWUDWLRQ#RI#SRO\0E0&'#47#LV
ORZHUHG/#:5(#DUH#ERXQG#+7DEOH#45,#PHDQLQJ#WKH#ERXQG#PDVV#RI#47#LV#VLJQLILFDQWO\
ORZHU#WKDQ#WKH#ERXQG#PDVV#RI#5<1#7KH#F\FORGH[WULQ#WRUXV#KLQGHUV#WKH#DGVRUSWLRQ#RI#47
RQ#$O526#FRPSDUHG#WR#5<1#7KH#GHVRUEHG#PDVV#RI#47#LV#]HUR#FRQFOXGLQJ#WKDW#47#LV
VWURQJO\#ERQGHG#WR#WKH#VXUIDFH1#7KHUH#DUH#QR#RXWHU#OD\HUV#DV#LQ#5<#WKDW#FDQ#EH
GLVVROYHG#DJDLQ1
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441:1#6\QWKHVLV#RI#,VR0F\DQDWRIXQFWLRQDOL]HG#6L617

7KH#UHDFWLRQ#VFKHPH#IRU#WKH#LVR0F\DQDWRIXQFWLRQDOL]DWLRQ#+01&2/#01 & 2,#LV#DV

IROORZV=
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7KH#VLOLFRQ#QLWULGH#LV#XVHG#ZLWKRXW#IXUWKHU#SXULILFDWLRQ#EHFDXVH#WKHUH#LV#QR#'5,)70

GHWHFWDEOH#FRQWDPLQDWLRQ#+)LJXUH#6;,#DQG#WKH#HOHPHQWDO#DQDO\VLV#GRHV#QRW#VKRZ

QRWLFHDEOH#DPRXQWV#RI#RWKHU#HOHPHQWV1#Q0+H[DQH#LV#XVHG#DV#D#VROYHQW1#7KH#QRQ0

DTXHRXV#VROYHQW#KDV#WKH#DGYDQWDJH#WR#GHFUHDVH#WKH#K\GURO\VLV#RI#WKH#LVRF\DQDWR

JURXS#FRPSDUHG#WR#ZDWHU#DV#VROYHQW1#,W#LV#XQGULHG#VLQFH#WKH#VPDOO#ZDWHU#FRQWHQW#RI#Q0

KH[DQH#ZRUNV#DV#D#FDWDO\VW#IRU#WKH#VLODQLVDWLRQ#UHDFWLRQ>4;<@1#7KH#HWKR[\#JURXS#RI#4:
LV#FRQYHUWHG#E\#ZDWHU#WR#D#K\GUR[\O#JURXS#UHDFWLQJ#ZLWK#WKH#VLODQRO#JURXSV#RI#WKH

6L617±VXUIDFH>4<3@1

7KH#V\QWKHVLV#LV#FDUULHG#RXW#DV#IROORZV=#5#PO#40WUL0HWKR[\0VLO\O060LVRF\DQDWR0SURSDQH

4:#+GHQVLW\#41335#J2PO>#)OXND/#6ZLW]HUODQG,#DUH#DGGHG#WR#83#PO#Q0KH[DQH#LQ#D
VFUHZDEOH#EHDNHU/#\LHOGLQJ#D#WXUELG/#VOLJKWO\#EURZQ#VXVSHQVLRQ1#6133#J#6L617#DUH

VXVSHQGHG#LQ#WKLV#PL[WXUH#DQG#VWLUUHG#LQ#WKH#FORVHG#EHDNHU#IRU#53#K#DW#URRP

WHPSHUDWXUH1#7KH#SURGXFW#FRYHUV#WKH#LQQHU#VXUIDFHV#RI#WKH#EHDNHU#DV#D#ORRVH

VHGLPHQW1#,W#LV#LVRODWHG#E\#FHQWULIXJDWLRQ#ZLWK#D#WDEOH#FHQWULIXJH#DW#6;33#PLQ±4#IRU

48#PLQ1#7KH#WUDQVSDUHQW#DQG#FRORUOHVV#VXSHUQDWDQW#VROXWLRQ#LV#GHFDQWHG#DQG#WKH

UHPDLQLQJ#UHVLGXH#LV#ZDVKHG#WZLFH#ZLWK#73#PO#Q0KH[DQH#DW#D#WLPH#DV#GHVFULEHG#DERYH1

7KH#Q0KH[DQH#LV#DOORZHG#WR#HYDSRUDWH#DW#URRP#WHPSHUDWXUH#IRU#VHYHUDO#KRXUV1#7KHQ

WKH#PDWHULDO#LV#JURXQG#LQ#DQ#DJDWH#PRUWDU#\LHOGLQJ#5199#J#RI#4;1

$#'5,)70VSHFWUXP#LV#FROOHFWHG#LQ#)LJXUH#89#+4VW,1
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7333 6833 6333 5833 5333 4833 4333 833
313

314

315

316

317

318

319

31:

31;

31<

413

4968/#0&21+

559;/#01&2

02+/#%XOE
&25

01+5
54<4

#6L617#2#DPLQRVLODQH#53/#5
QG

#6L617#2#LVRF\DQDWRVLODQH#4;/#5
QG

#6L617#2#DPLQRVLODQH#53/#4
VW

#6L617#2#LVRF\DQDWRVLODQH#4;/#4
VW

$EVRUEDQFH

:DYHQXPEHU#2#FP²4

)LJXUH#89=#'5,)70VSHFWUD#RI#4;#DQG#531

$#VHFRQG#UHSURGXFLEOH#VSHFWUXP#LV#PHDVXUHG#IURP#4;#55#GD\V#ODWHU#+)LJXUH#89/#5QG,1
$V#WKH#PHWK\OHQH#+5<63#FP04,0#DQG#WKH#K\GUR[\O#+6683#FP04,0VLJQDOV#DUH#GHFUHDVHG/

WKHUH#LV#D#FRQWLQXDO#ORVV#RI#LVRF\DQDWRVLODQH#E\#HYDSRUDWLRQ#+3148#DEVRUEDQFH#XQLWV/

0&+5/#4VW>#31358#DEV1#X1/#±&+5/#5QG>#3148#DEV1#X1/#02+/#4VW>#3138#DEV1#X1/#02+/#5QG,1

&RPSDUHG#WR#WKH#DPLQRVLODQH#+315#DEV1#X1/#0&+5/#4VW>#3144#DEV1#X1/#0&+5/#5QG,#WKH

DGVRUEHG#DPRXQW#LV#VLJQLILFDQWO\#ORZHU1#,Q#WKH#ILUVW#VSHFWUXP#RI#4;#WKHUH#LV#D#VPDOO
1&20VLJQDO#+3134#DEV1#X1,#WKDW#GLVDSSHDUV#LQ#WKH#VHFRQG#VSHFWUXP#VKRZLQJ#WKDW#WKH

1&20JURXS#LV#K\GURO\]HG#EHIRUH#WKH#ILUVW#PHDVXUHPHQW#DQG#EHWZHHQ#WKH#ILUVW#DQG

VHFRQG1#7KH#&21+0VLJQDO#DW#4968#FP04#LV#LQFUHDVLQJ#IURP#WKH#ILUVW#WR#WKH#VHFRQG

PHDVXUHPHQW/#D#KLQW#IRU#FDUEDPLF#DFLG#DV#DQ#LQWHUPHGLDWH#SURGXFW#LQ#WKH#K\GURO\VLV

UHDFWLRQ#RI#WKH#1&20JURXS1#1R#DPLQR#JURXSV#DUH#GHWHFWDEOH1#(LWKHU#WKH#FDUEDPLF#DFLG

LV#QRW#K\GURO\]HG#WR#WKH#DPLQH#RU#WKH#LQWHQVLW\#DQG#VHQVLWLYLW\#DUH#WRR#ORZ1#,Q#VXPPDU\

WKH#K\GURO\VLV#RI#4;#ZLWK#WLPH#LV#GHSLFWHG#LQ#WKH#IROORZLQJ#VFKHPH=
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407UL0HWKR[\0VLO\O060LVRF\DQDWR0SURSDQH#+ #WUL0HWKR[\0+60LVR0F\DQDWR0SURSDQ\O,0VLODQH,

4:#FDQ#EH#DWWDFKHG#XSVLGH#GRZQ/#VR#WKDW#WKH#LVR0F\DQDWR#JURXS#LV#DWWDFKHG#WR#WKH
6L617±VXUIDFH#DQG#WKH#VLODQRO#JURXSV#SURWUXGH#LQWR#WKH#VROXWLRQ1#7KH#IROORZLQJ#VFKHPH

LOOXVWUDWHV#WKLV=
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$#K\GURJHQ#EULGJLQJ#ERQG#EHWZHHQ#WKH#+#RI#WKH#VLODQRO#RI#WKH#6L6170VXUIDFH#DQG#WKH#2

RI#WKH#FDUER[\#JURXS#DUH#WKH#ELQGLQJ#IRUFH#LQ#571#$Q#DSSURDFK#RI#WKH#VLODQRO020DWRP
WR#WKH#FDUER[\0&0DWRP#OHDGV#WR#WKH#VLO\OXUHWKDQH#58#LQ#D#FDUERQ\O#UHDFWLRQ1#7KH#WUL0

HWKR[\#JURXSV#DUH#K\GURO\]HG#WR#WUL0VLODQRO#JURXSV>4;</#4<3@#DYDLODEOH#IRU#IXUWKHU

UHDFWLRQV1
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441;1#6\QWKHVLV#RI#$PLQRIXQFWLRQDOL]HG#6L617

7KH#UHDFWLRQ#IRU#WKH#DPLQRIXQFWLRQDOL]DWLRQ#+01+5,#LV#DV#IROORZV=
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)RU#V\QWKHVLV#5#PO#40$PLQR060+WUL0PHWKR[\0VLO\O,0SURSDQH#+ #+60DPLQRSURS\O,0WUL0

PHWKR[\VLODQ/#)OXND/#GHQVLW\#41349#J2PO,#4<#DUH#VXVSHQGHG#LQ#83#PO#Q0KH[DQH/
UHWDLQLQJ#D#FRORUOHVV#VOLJKWO\#WXUELG#VXVSHQVLRQ1#8QGLVVROYHG#4<#UHPDLQV#DW#WKH#ERWWRP
RI#WKH#YHVVHO#DV#D#EXEEOH1#2WKHU#SDUWV#RI#4<#VWLFN#WR#WKH#JODVV#ZDOO#RI#WKH#SLSHWWH1#7KHQ
6133#J#6L617#DUH#DGGHG1#7KH#UHDFWLRQ#LV#VWLUUHG#LQ#D#VHDOHG#EHDNHU#DW#URRP

WHPSHUDWXUH#IRU#4<#K#63#PLQ#DQG#FHQWULIXJHG#DW#6;33#PLQ±4#IRU#48#PLQ1#7KH

VXSHUQDWDQW#VROXWLRQ#LV#GHFDQWHG#DQG#WKH#SUHFLSLWDWH#LV#ZDVKHG#WZLFH#ZLWK#73#PO#Q0

KH[DQH1#$IWHU#WKH#VHFRQG#ZDVKLQJ#WKH#VXSHUQDWDQW#VROXWLRQ#LV#FOHDU#DQG#FRORUOHVV

PHDQLQJ#HYHU\#XQGLVVROYHG#SDUWV#RI#4<#DUH#UHPRYHG1#7KH#\LHOG#LV#6144#J#RI#531

'XULQJ#WKH#SUHSDUDWLRQ#VRPH#6L617#LV#ORVW#+|633#PJ#SHU#6133#J#6L617,1#7KH#\LHOG#RI

FRDWHG#6L617#LV#KLJKHU#WKDQ#LWV#HGXFW#DPRXQW#PHDQLQJ#D#ODUJH#DPRXQW#RI#4<#LV#IL[HG
RQ#6L6171#7KH#'5,)70VSHFWUXP#UHYHDOV#WKH#VDPH#UHVXOW#+)LJXUH#89,1#$#VHFRQG

UHSURGXFLEOH#'5,)70VSHFWUXP#LV#WDNHQ#55#GD\V#ODWHU1#'XULQJ#WKLV#WLPH#WKH#LQWHQVLW\#RI

WKH#PHWK\OHQH#VLJQDO#LV#GHFUHDVHG#DV#ZHOO#DV#WKH#DGVRUEHG#DPRXQW#FRQFOXGLQJ#WKDW

4<#LV#SDUWO\#HYDSRUDWHG1#7KH#PROHFXOHV#WKDW#DUH#GLUHFWO\#DWWDFKHG#WR#WKH#6L6170VXUIDFH
KDYH#D#VWURQJHU#LQWHUDFWLRQ#+FRYDOHQWO\#ERQGHG#RU#LRQLFDOO\,#WKDQ#WKH#PROHFXOHV#LQ#WKH

RXWHU#VSKHUH#ZKLFK#DUH#ORRVHO\#DWWDFKHG#WR#WKH#RWKHUV1#7KH#DGVRUEHG#DPRXQW#RI#4<
+3144#DEV1#X1/#0&+5/#5QG,#LV#KLJKHU#WKDQ#WKDW#RI#WKH#LVR0F\DQDWRVLODQH#4:#+31358#DEV1#X1/
0&+5/#5QG,1#7KHUH#LV#D#ELJ#EXOE#LQ#WKH#VSHFWUXP#GXH#WR#2+0JURXSV#RI#ZDWHU/#WKH#VXUIDFH

OD\HUV#WUDS#D#ORW#RI#ZDWHU#WKDW#HYDSRUDWHV1#7KH#DPLQR#JURXSV#DUH#FOHDUO\#GHWHFWDEOH

+6683/#65;:/#54<4/#47;3/#46;7#FP04#LQ#VSHFWUXP#RI#53#LQ#)LJXUH#89,1#$V#DQ#DGGLWLRQDO
YLHZ#RI#)LJXUH#89#WKH#VLJQDOV#DUH#ODEHOHG#LQ#)LJXUH#8:1#7KH#DPLQR#JURXSV#GR#QRW
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OHDGLQJ#WR#D#FRQVROLGDWLRQ#RI#WKH#VOXUU\1#6R#WKH#GHVLUHG#HIIHFW#FDQ#EH#FRQWUROOHG#E\#WKH

FRQFHQWUDWLRQ#RI#WKH#VXVSHQVLRQ1#7KHVH#SKHQRPHQD#FDQ#EH#XQGHUVWRRG#XVLQJ#WKH

'/920WKHRU\1#7KH#S+S]F#RI#4;#LV#913/#WKH#S+S]F#RI#53#:1:/#VR#ERWK#DUH#FORVH#WR#WKH#S+

RI#WKH#VXVSHQVLRQ#+|918,1#7KLV#LQGXFHV#D#FRDJXODWLRQ#SDUDOOHO#WR#WKH#UHDFWLRQ1#8QGHU

WKHVH#FRQGLWLRQV#ERWK#IRUFHV#±#WKH#FROORLGDO#DQG#WKH#FKHPLFDO#±#DUH#GLUHFWHG#WRZDUGV#D

SDUWLFOH#DWWUDFWLRQ#FDXVLQJ#DQ#DJJORPHUDWLRQ1#:KHUHDV#LQ#WKH#UKHRORJLFDO#LQYHVWLJDWLRQ

WKH#SDUWLFOH#SRWHQWLDO#LV#VHW#WR#D#UHSXOVLYH#RQH#ZLWK#D#S+#RI#<1#,Q#ERWK#FDVHV#WKH

UHDFWLRQ#WDNHV#SODFH#LQGHSHQGHQWO\#RI#WKH#SRWHQWLDO1
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)LJXUH#99=#/200LPDJH#RI#DJJORPHUDWHV#RI#4;#.#531

)LJXUH#9:=#/200LPDJH#RI#DJJORPHUDWHV#RI#4;#.#531
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)LJXUH#9;=#/200LPDJH#RI#DJJORPHUDWHV#RI#4;#.#531

)LJXUH#9<=#/200LPDJH#RI#DJJORPHUDWHV#RI#4;#.#531
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45151#+HWHURVXSUDPROHFXODU#,QWHUDFWLRQ#RI#6L617#3DUWLFOHV

7KH#F\FORGH[WULQIXQFWLRQDOL]HG#6L617#SDUWLFOHV#9#ZLOO#EH#FURVVOLQNHG#ZLWK#WKH#JXHVW
SRO\PHU#491#7KH#SDUWLFOHV#ZLOO#EH#EULGJHG#YLD#WKH#SRO\PHU#JXHVW#PROHFXOH#491#7KH
FURVVOLQNDJH#OHDGV#WR#DQ#HQKDQFHG#VHGLPHQWDWLRQ#RI#WKH#SDUWLFOHV1

7KH#V\QWKHVLV#RI#JXHVW#SRO\PHU#49#+0: :3;33#J2PRO/#0:#RI#EDFNERQH#93333#J2PRO,

LV#GHVFULEHG#LQ>4<5@#+QDPHG#43D,/#VLPLODU#WR#WKH#V\QWKHVLV#RI#471

�
�

����

� ��

�

�

��

$#VFKHPH#RI#WKH#UHDFWLRQ#LV#SUHVHQWHG#LQ#)LJXUH#431#7KH#WHUW0EXW\O0DQLOLGH#VLGH#FKDLQ

RI#49#LV#D#SURSHU#JXHVW#IRU#E0F\FORGH[WULQ1#2QH#WHUW0EXW\O0DQLOLGH#RI#49#LV#LQWHUFDODWHG

E\#D#E0F\FORGH[WULQ#WKDW#LV#DWWDFKHG#WR#6L6171#$#VHFRQG#RI#WKH#VDPH#PROHFXOH#49#LV

LQWHUFDODWHG#E\#D#E0F\FORGH[WULQ#IL[HG#WR#WKH#VDPH#6L617#SDUWLFOH#RU#WR#DQRWKHU#RQH1#,I#LW

LV#IL[HG#WR#WKH#VDPH#6L617#SDUWLFOH/#WKH#VWHULF#EDUULHU#RI#WKH#6L617#SDUWLFOH#LV#HQODUJHG

SURYLGLQJ#DQ#HQKDQFHG#GLVSHUVLELOLW\1#,I#49#ZLWK#DQ#DWWDFKHG#6L617#SDUWLFOH#LV#IL[HG#WR
DQRWKHU#6L617#SDUWLFOH/#WKH#WZR#SDUWLFOHV#DUH#EULGJHG#DQG#HQKDQFH#VHGLPHQWDWLRQ1

7R#UHFHLYH#PRUH#LQIRUPDWLRQ/#VRPH#UHIHUHQFH#V\VWHPV#DUH#DOVR#LQYHVWLJDWHG1#7KH

UHDFWLRQ#DQG#WKH#DQDO\VLV#RI#WKH#V\VWHPV#DUH#GRQH#VLPXOWDQHRXVO\#E\#REVHUYDWLRQ#RI

WKH#VHGLPHQWDWLRQ#EHKDYLRU1#63#PJ#49#DUH#GLVVROYHG#LQ#6#PO#SKRVSKDWH#EXIIHU
+S+ :15/#3136#PRODU,/#41:#PJ#9#WKHUHLQ#VXVSHQGHG/#VKDNHQ#DQG#XOWUDVRQLFDWHG#IRU#43
PLQ1#$IWHU#DQRWKHU#8#PLQ/#WKH#VXVSHQVLRQ#LV#ILOOHG#LQWR#D#1050WXEH#ZLWK#D#4#PO#V\ULQJH

ZLWK#ORQJ#FDQXOD#DQG#WKH#VHGLPHQWDWLRQ#REVHUYHG1#$#VHFRQG#WXEH#ZLWK#41:#PJ#9#LQ#6
PO#SKRVSKDWH#EXIIHU#ZLWKRXW#WKH#SRO\PHU#JXHVW#49#LV#OLNHZLVH#SUHSDUHG/#DV#ZHOO#DV#D
WKLUG#WXEH#ZLWK#41:#PJ#HSR[\IXQFWLRQDOL]HG#6L617#8#ZLWK#63#PJ#491
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7KH#VHGLPHQWDWLRQ#UDWH#DIWHU#453#K#LV#DV#IROORZV=

9#!#9.49#!#8.491

7KLV#FDQ#EH#H[SODLQHG#XVLQJ#WKH#'/920WKHRU\1#:LWK#3136#PRO2O#WKH#HOHFWURO\WH

FRQFHQWUDWLRQ#LV#KLJK/#VR#WKDW#D#VWDELOL]DWLRQ#WKURXJK#HOHFWURVWDWLF#GRXEOH#OD\HU#IRUFHV

LV#UHGXFHG1#,Q#V\VWHP#9#LV#QR#VWDELOL]LQJ#SRO\PHU#SUHVHQW/#VR#WKDW#WKHUH#DUH#QR
SRO\PHU#LQGXFHG#IRUFHV/#EXW#DWWUDFWLYH#9DQ0GHU0:DDOV#IRUFHV#UHVXOWLQJ#LQ

VHGLPHQWDWLRQ#RI#91#7KH#9DQ0GHU0:DDOV#LQWHUDFWLRQ#EHWZHHQ#VSKHUHV#RI#WKH#VDPH

PDWHULDO#LV#DOZD\V#DWWUDFWLYH1#,Q#9#.#49#DQG#8#.#49#WKH#SRO\PHU#VWDELOL]HV#WKH#SDUWLFOHV
OHDGLQJ#WR#D#ORZHUHG#VHGLPHQWDWLRQ#FRPSDUHG#WR#91#%ULGJHV#EHWZHHQ#WKH#SDUWLFOHV#LQ#9
.#49#HQKDQFH#WKH#VHGLPHQWDWLRQ#FRPSDUHG#WR#WKH#F\FORGH[WULQ0IUHH#V\VWHP#8#.#49
ZKHUH#QR#EULGJHV#DUH#SUHVHQW1

6XPPDUL]LQJ/#6L617#SDUWLFOHV#FRXOG#VXFFHVVIXOO\#EH#FURVVOLQNHG#E\#XVLQJ#F\FOR0

GH[WULQV1#7KLV#LV#YHU\#LQWHUHVWLQJ#IRU#WKH#FRQVROLGDWLRQ#VWHS#LQ#SODVWLF#IRUPLQJ1
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45161#,PSURYHG#'LVSHUVLELOLW\#RI#$O526#ZLWK#&\FORGH[WULQ

&\FORGH[WULQV#FDQ#EH#XVHG#WR#VWDELOL]H#$O526#VXVSHQVLRQV1#$#SRO\PHULF#E0F\FORGH[WULQ

WKDW#LV#ERQGHG#WR#WKH#$O526#SRZGHU#VXUIDFH#DGVRUEV#D#JXHVW#SRO\PHU#ZLWK#DSSURSULDWH

DQFKRU#JURXSV1#7KH#JXHVW#SRO\PHU#LV#DWWDFKHG#DV#D#VHFRQG#OD\HU#RQ#WKH#F\FORGH[WULQ

OD\HU1#7KHVH#WZR#OD\HUV#HQODUJH#WKH#VWHULF#EDUULHU#DQG#LQFUHDVH#WKH#GLVSHUVLELOLW\1

$#VFKHPH#RI#WKH#UHDFWLRQ#LV#VKRZQ#LQ#)LJXUH#451#7KH#WHUW0EXW\O0DQLOLGH#VLGH#FKDLQ#RI

WKH#JXHVW#SRO\PHU#49#LV#LQWHUFDODWHG#E\#WKH#E0F\FORGH[WULQV#RI#WKH#SRO\0E0F\FORGH[WULQ
DWWDFKHG#WR#$O526#+V\VWHP#48#ZLWK#D#KLJK#FRQFHQWUDWLRQ#RI#47,1#6R#49#LV#ERQGHG#DV#D
VHFRQG#OD\HU#WR#WKH#$O5261#7KH#UHDFWLRQ#LV#FDUULHG#RXW#DV#D#VHGLPHQWDWLRQ#H[SHULPHQW1

63#PJ#49#DUH#GLVVROYHG#LQ#6#PO#SKRVSKDWH#EXIIHU#+S+ :15/#3136#PRODU,1#51<#PJ#48#DUH
VXVSHQGHG/#VKDNHQ#DQG#XOWUDVRQLFDWHG#IRU#43#PLQ1#$IWHU#8#PLQ#ZDLWLQJ#WKH#VXVSHQVLRQ

LV#ILOOHG#LQWR#D#1050WXEH#ZLWK#D#4#PO#V\ULQJH#ZLWK#ORQJ#FDQXOD#DQG#WKH#VHGLPHQWDWLRQ#LV

REVHUYHG1#5HIHUHQFH#V\VWHPV#DUH#SUHSDUHG#LQ#WKH#VDPH#PDQQHU=#$#VHFRQG#WXEH#LV

SUHSDUHG#ZLWK#DV0UHFHLYHG#$O526/#D#WKLUG#WXEH#LV#SUHSDUHG#ZLWK#48#DQG#LQ#D#IRXUWK#WXEH
$O526#LV#ILOOHG#DQG#49#LV#DGGHG1

7KH#VHGLPHQWDWLRQ#UDWH#DIWHU#453#K#LV#DV#IROORZV=

$O526#!#48#!#$O526#.#49#!#48#.#491

7KLV#FDQ#EH#H[SODLQHG#XVLQJ#WKH#'/920WKHRU\1#7KH#HOHFWURO\WH#FRQFHQWUDWLRQ#RI

3136#PRO2O#VXSSUHVVHV#D#VWDELOL]DWLRQ#E\#HOHFWURVWDWLF#GRXEOH#OD\HU#IRUFHV1#,Q#WKH#$O526

V\VWHP#DUH#WKH#RQO\#UHPDLQLQJ#IRUFHV#WKH#DWWUDFWLYH/#HOHFWURG\QDPLF#9DQ0GHU0:DDOV

IRUFHV#FDXVLQJ#VHGLPHQWDWLRQ1#6\VWHP#48#LV#VLPLODU#WR#$O526/#WKH#SRO\0E0&'#47

HQODUJHV#WKH#VWHULF#EDUULHU#RI#WKH#SDUWLFOHV#LQGXFLQJ#D#UHGXFHG#VHGLPHQWDWLRQ1

:KHUHDV#LQ#$O526#.#49#DQG#48#.#49#WKH#JXHVW#SRO\PHU#49#LV#DGVRUEHG#RQ#WKH#$O526

HQODUJLQJ#WKH#VWHULF#EDUULHU#DQG#OHDGLQJ#WR#D#VWDELOL]DWLRQ#RI#WKH#SDUWLFOHV#GXH#WR

SRO\PHU#LQGXFHG#IRUFHV1#48#.#49#H[KLELWV#WKH#ORZHVW#VHGLPHQWDWLRQ#EHFDXVH#LW#KDV

DGGLWLRQDOO\#49#DV#D#VHFRQG#OD\HU#RQ#WKH#SRO\0E0F\FORGH[WULQ#OD\HU1#7KLV#VHFRQG#OD\HU
LQFUHDVHV#WKH#VWHULF#EDUULHU#IXUWKHUPRUH1
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,Q#48#.#49/#49#DGVRUEV#WR#VLQJOH#FHUDPLF#SDUWLFOHV#ZLWKRXW#EULGJLQJ#WKHP1#7KLV#FDXVHV
LPSURYHG#GLVSHUVLELOLW\#FRPSDUHG#WR#WKH#F\FORGH[WULQ#IUHH#V\VWHP1#,Q#9#.#49/#49
EULGJHV#GLIIHUHQW#FHUDPLF#SDUWLFOHV#FDXVLQJ#VHGLPHQWDWLRQ/#EHFDXVH#9#KDV#D#VPDOO

DPRXQW#RI#F\FORGH[WULQV#RQ#WKH#VXUIDFH#DV#FRPSDUHG#WR#481#E0&\FORGH[WULQ#ZRUNV#DV
DQ#DQFKRULQJ#JURXS#IRU#WKH#JXHVW#SRO\PHU#491#7KH#SUREDELOLW\#WKDW#VHYHUDO#WHUW0EXW\O0

DQLOLGH#JURXSV#LQWHUFDODWH#LQWR#E0F\FORGH[WULQV#ORFDWHG#RQ#WKH#VDPH#FHUDPLF#SDUWLFOH#LV

QRW#YHU\#OLNHO\1#7KH#RWKHU#WHUW0EXW\O0DQLOLGH#JURXSV#DUH#FRPSOH[HG#E\#E0F\FORGH[WULQV

IL[HG#WR#DQRWKHU#FHUDPLF#SDUWLFOH#EXLOGLQJ#XS#D#KHWHURVXSUDPROHFXODU#LQWHUDFWLRQ#LQ0

EHWZHHQ1#,Q#48#.#49/#49#LV#IL[HG#WR#D#VLQJOH#FHUDPLF#SDUWLFOH#EHFDXVH#WKHUH#DUH
HQRXJK#E0F\FORGH[WULQV#DWWDFKHG#WR#LW1

,Q#VXPPDU\/#D#F\FORGH[WULQ#OD\HU#DQG#DQ#DGGLWLRQDO#JXHVW#SRO\PHU#OD\HU#DV#D#VHFRQG

OD\HU#FRXOG#VXFFHVVIXOO\#EH#DWWDFKHG#WR#$O526#SDUWLFOHV1#7KHVH#SDUWLFOHV#VKRZ#DQ

HQKDQFHG#GLVSHUVLELOLW\#ZKLFK#FRXOG#EH#XVHG#LQ#SODVWLF#IRUPLQJ1
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461#'LVFXVVLRQ

)RU#D#KHWHURVXSUDPROHFXODU#RU#FRYDOHQW#LQWHUDFWLRQ#RI#SDUWLFOHV#E\#FURVVOLQNLQJ#RU

DWWDFKPHQW#WR#D#SRO\PHU#EDFNERQH#D#VXLWDEOH#VXUIDFH#PRGLILFDWLRQ#LV#UHTXLUHG#WKDW

HQDEOHV#D#VHOHFWLYH#UHDFWLYLW\#EHWZHHQ#WKH#WZR#GHVLUHG#FRPSRQHQWV1#6R#F\FORGH[WULQV

DQG#VLODQHV#DUH#DWWDFKHG#WR#WKH#VXUIDFHV1#7KH#DWWDFKPHQW#RI#WKH#F\FORGH[WULQV#FDQ#EH

GRQH#PRQRPHULF#FRYDOHQWO\#RU#SRO\PHULF#LRQLFDOO\1

$#FRPPHUFLDOO\#DYDLODEOH#E0F\FORGH[WULQ#GHULYDWLYH/#60FKORU080VRGLXP0K\GUR[\O0

WULDQ]LQ\O0E0F\FORGH[WULQ/#LV#FRYDOHQWO\#ERXQG#WR#WKH#6L617#VXUIDFH#LQ#RQH#VWHS1#$Q

HIIRUWIXO#GHULYDWLVDWLRQ#RI#WKH#F\FORGH[WULQ#LV#QRW#UHTXLUHG1#7KH#WULD]LQ\O#ULQJ#LV#QRW

ERXQG#WR#D#GHILQHG#SRVLWLRQ#DW#WKH#F\FORGH[WULQ#WRUXV#KDYLQJ#LQ#DYHUDJH#51;#WULD]LQ\O

JURXSV1#7KH#QXPEHU#SHU#JOXFRVH#XQLW#DQG#WKH#SRVLWLRQ#DUH#QRW#VSHFLILHG1#7KH#'5,)7

VSHFWUXP#SURYHV#WKH#DWWDFKPHQW#RI#60FKORU080VRGLXP0K\GUR[\O0WULDQ]LQ\O0E0

F\FORGH[WULQ#WR#WKH#VXUIDFH#DQG#]0SRWHQWLDO#PHDVXUHPHQWV#S+LHS :151

,Q#DQRWKHU#FRYDOHQW#DSSURDFK#PRQR090DPLQR0E0F\FORGH[WULQ#6#LV#ERXQG#WR#HSR[\0

IXQFWLRQDOL]HG#6L617#81#7KH#V\QWKHVLV#RI#WKH#F\FORGH[WULQ#VWDUWV#ZLWK#E0F\FORGH[WULQ/

WKDW#LV#PRQRIXQFWLRQDOL]HG#DW#WKH#90SRVLWLRQ#WR#WKH#WRV\ODW#4#DQG#WKH#DPLQR0
F\FORGH[WULQ#LV#REWDLQHG#YLD#K\GUDWLRQ#RI#WKH#D]LGH#51#7KH#K\GUDWLRQ#LV#GRQH#ZLWK#D
K\GURJHQ#GRQRU#+DPPRQLXP#IRUPDWH/#K\GUD]LQH#K\GUDWH,1#7KH#UHDFWLRQ#LV#PRQLWRUHG

E\#7/&#DQG#WKH#LVRODWLRQ#DQG#SXULILFDWLRQ#DUH#LPSURYHG1#7KH#HSR[\#JURXSV#DUH

LQGXFHG#RQ#WKH#6L617#E\#UHDFWLRQ#ZLWK#+5/60HSR[\SURS\O0SURS\O0HWKHU,0WULPHWKR[\VLODQH

71#7KH#PRQR090DPLQR0E0F\FORGH[WULQ#LV#ERQGHG#WR#WKH#HSR[\0IXQFWLRQDOL]HG#6L617#8#DV
WKH#ODVW#VWHS1#7KLV#URXWH#SURYLGHV#D#UHJLRVHOHFWLYLW\#DQG#D#VSDFHU#EHWZHHQ#WKH

F\FORGH[WULQ#WRUXV#DQG#WKH#VXUIDFH#HQVXULQJ#IOH[LELOLW\1#7KH#DGVRUEHG#DPRXQW#LV#DV#ORZ

DV#DSSUR[LPDWLYHO\#58(#RI#WKH#WRWDO#PDVV1#7KLV#LV#LQ#FRQWUDVW#WR#<(#IRU#WKH#QRQ0

PRGLILHG#6L617#UHYHDOLQJ#WKDW#PRQR090DPLQR0E0F\FORGH[WULQ#ELQGV#WR#WKH#HSR[\#JURXS1

:DVKLQJ#GHVRUEV#WKH#ORRVHO\#ERXQG#SDUWV/#4:(#DUH#VWLOO#UHPDLQLQJ1

%HFDXVH#RI#WKH#VHYHQ#DPLQR#JURXSV#RI#KHSWDNLV090DPLQR0E0F\FORGH[WULQ#<#WKLV

PROHFXOH#ELQGV#PRUH#HDVLO\#WR#8#WKDQ#PRQR090DPLQR0E0F\FORGH[WULQ#6#ZLWK#RQH#DPLQR

JURXS1#7KLV#LV#H[KLELWHG#E\#WKH#LQWHQVLYH#'5,)70VLJQDOV#+314#DEVRUEDQFH#XQLWV/
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PHWK\OHQH,1#7KH#VHYHQ#DPLQR#JURXSV#ORZHU#WKH#FRPSOH[#ELQGLQJ#FRQVWDQW#RI#WKH

F\FORGH[WULQ#WR#D#JXHVW1#$#GLVDGYDQWDJH#RI#<#LV#LWV#ORZ#VROXELOLW\#LQ#VROYHQWV1#7KH#DPLQR
JURXSV#FDXVH#D#VWURQJ#EDVLF#VKLIW#RI#WKH#S+LHS#WR#<1;1

3RO\0E0F\FORGH[WULQ#47#KDV#D#VLGH#FKDLQ#ZLWK#D#FDUER[\OLF#DFLG#WHUPLQXV#WKDW#FDQ#EH

DWWDFKHG#WR#D0$O526#FHUDPLF#SRZGHUV#DQG#D#E0F\FORGH[WULQ#FRQWDLQLQJ#VLGH#FKDLQ1#7KLV

LV#DQ#LQWHUHVWLQJ#ZD\#WR#WKH#FRYDOHQW#PRQRPHULF#URXWH#GHVFULEHG#DERYH#DQG#$O526#LV

DV#ZHOO#IXQFWLRQDOL]HG#ZLWK#F\FORGH[WULQ#LQ#D#RQH#VWHS#UHDFWLRQ1#'5,)7#VKRZV#WKDW

SRO\0E0&'#47#LV#LPPRELOL]HG#RQ#WKH#$O526#VXUIDFH1#7KH#DGVRUEHG#DPRXQW#FDQ#EH

YDULHG1#7KH#PD[LPXP#DPRXQW#LV#KLJKHU#WKDQ#IRU#WKH#RWKHU#V\VWHPV1#7KH#DG0#DQG#GH0

VRUSWLRQ#LQYHVWLJDWLRQV#FDUULHG#RXW#XQGHU#WKH#VDPH#FRQGLWLRQV#DV#IRU#WKH#6L617
V\VWHPV#DOORZ#D#FRPSDULVRQ=#8:#PDVV(#DUH#DGVRUEHG#LQ#D#314#(#VROXWLRQ#DQG#:5(#LQ

D#31375(#VROXWLRQ/#ZKLOH#58(#RI#PRQR090DPLQR0E0F\FORGH[WULQ#6#DUH#DGVRUEHG#RQ#81

$IWHU#UHGLVSHUVLQJ#WKH#$O526#2#F\FORGH[WULQ#LQ#ZDWHU#QR#SRO\0E0&'#47#LV#GHWHFWHG#LQ#WKH

VXSHUQDWDQW#VROXWLRQ#LQ#FRQWUDVW#WR#PRQR090DPLQR0E0F\FORGH[WULQ#RQ#HSR[\0

IXQFWLRQDOL]HG#6L617#ZKHUH#63(#RI#WKH#DGVRUEHG#PDVV#DUH#UHGLVVROYHG1

7KH#LQIOXHQFH#RI#WKH#F\FORGH[WULQ#WRUXV#RQ#WKH#DGVRUSWLRQ#LV#SURYHQ#E\#WKH#DGVRUSWLRQ

RI#FRSRO\0PDOHLF0DFLG0DOW0LVREXWHQH#5<#+WKH#EDFNERQH#RI#SRO\0E0&'#47,#RQ#$O5261#5<
KDV#D#KLJK#DIILQLW\#WR#$O526#+433(,/#ZKHUHDV#DGVRUSWLRQ#LV#UHGXFHG#WR#8:(#E\#WKH

F\FORGH[WULQ#WRUXV#ZKLFK#KLQGHUV#WKH#DGVRUSWLRQ#RI#SRO\0E0&'#471#,I#$O526#2#5<#LV
ZDVKHG#ZLWK#ZDWHU/#DSSUR[LPDWLYHO\#53(#RI#WKH#ERXQG#DPRXQW#DUH#UHGLVVROYHG1#2QO\

WKH#LQQHU#PROHFXOHV#DUH#WLJKWO\#ERQGHG#WR#WKH#VXUIDFH/#WKH#RXWHU#RQHV#DUH#SK\VLVRUEHG

DQG#DUH#HDVLO\#UHGLVSHUVHG1#,Q#WKH#FDVH#RI#47#HYHU\#PROHFXOH#LV#WLJKWO\#IL[HG#WR#WKH
VXUIDFH/#VR#WKDW#WKH#GHVRUEHG#DPRXQW#LV#3(1

$V#DOUHDG\#VKRZQ#VRPH#FHUDPLF#2#F\FORGH[WULQ#V\VWHPV#ZHUH#SUHSDUHG/#UHTXLVLWHV#IRU

WKH#KHWHURVXSUDPROHFXODU#LQWHUDFWLRQ#RI#SDUWLFOHV#XVLQJ#KRVW#JXHVW#FKHPLVWU\1#7ZR#RU

PRUH#F\FORGH[WULQV#EHDULQJ#RQ#6L617#SDUWLFOHV#DUH#DWWDFKHG#WR#WKH#JXHVW#SRO\PHU#491
7KH#E0F\FORGH[WULQ#RQ#WKH#6L617#9#ZRUNV#DV#DQ#DQFKRU#IRU#WKH#WHUW0EXW\O0DQLOLGH#XQLWV#RI

WKH#JXHVW#SRO\PHU#491#6R#VHYHUDO#SDUWLFOHV#DUH#FURVVOLQNHG#YLD#D#ORQJ#FKDLQ#SRO\PHULF
PROHFXOH1#7KH#KHWHURVXSUDPROHFXODU#ELQGLQJ#LV#FDXVHG#E\#WKH#LQWHUFDODWLRQ#FKHPLVWU\

RI#WKH#E0F\FORGH[WULQ/#LWV#UHDFWLRQ#PRQLWRUHG#E\#WKH#VHGLPHQWDWLRQ#EHKDYLRU1#7KH

VHGLPHQWDWLRQ#UDWH#DIWHU#453#K#LV#DV#IROORZV=
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9#!#9.49#!#8.491#$FFRUGLQJ#WR#WKH#'/920WKHRU\#WKH#3136#PRO2O#HOHFWURO\WH
FRQFHQWUDWLRQ#UHGXFHV#WKH#VWDELOL]DWLRQ#E\#HOHFWURVWDWLF#GRXEOH#OD\HU#IRUFHV1#6R#WKH

RQO\#UHPDLQLQJ#IRUFHV#DUH#SRO\PHU#LQGXFHG#IRUFHV#DQG#9DQ0GHU0:DDOV#IRUFHV1#,Q

V\VWHP#9#LV#QR#VWDELOL]LQJ#SRO\PHU#SUHVHQW/#VR#WKDW#WKHUH#DUH#QR#SRO\PHU#LQGXFHG
IRUFHV/#EXW#DWWUDFWLYH#9DQ0GHU0:DDOV#IRUFHV#UHVXOWLQJ#LQ#VHGLPHQWDWLRQ#RI#91#,Q#9#.#49
DQG#8#.#49#WKH#SRO\PHU#VWDELOL]HV#WKH#SDUWLFOHV#OHDGLQJ#WR#D#ORZHUHG#VHGLPHQWDWLRQ
FRPSDUHG#WR#91#%ULGJHV#EHWZHHQ#WKH#SDUWLFOHV#LQ#9#.#49#HQKDQFH#WKH#VHGLPHQWDWLRQ
FRPSDUHG#WR#WKH#F\FORGH[WULQ0IUHH#V\VWHP#8#.#49#ZKHUH#QR#EULGJHV#DUH#SUHVHQW1

49#UHDFWV#ZLWK#VLQJOH#SDUWLFOHV#RI#48#+$O526#ZLWK#D#KLJK#FRYHUDJH#RI#SRO\0E0&'#47,
EHFDXVH#WKH#LQWUDSDUWLFXODU#UHDFWLRQ#EHLQJ#SUHIHUUHG#FRPSDUHG#WR#WKH#LQWHUSDUWLFXODU

UHDFWLRQ1#7KLV#PHDQV#QR#EULGJHV#DUH#IRUPHG#EHWZHHQ#WKH#SDUWLFOHV1#7KH#WZR#OD\HUV#RQ

WKH#SDUWLFOHV#LQFUHDVH#WKH#VWHULF#EDUULHU#DQG#LPSURYH#WKH#GLVSHUVLELOLW\#VWURQJO\/#WKH

VDPH#PROHFXOHV#DFKLHYLQJ#RSSRVLWH#HIIHFWV#±#LPSURYHG#GLVSHUVLELOLW\#DQG

VHGLPHQWDWLRQ1#7KH#FULWLFDO#IDFWRU#LV#WKH#DGVRUEHG#DPRXQW1

$#FRYDOHQW#LQWHUDFWLRQ#EHWZHHQ#WZR#FHUDPLF#SDUWLFOHV#LV#DFKLHYHG#E\#IRUPDWLRQ#RI#D

PROHFXODU#EULGJH/#FURVVOLQNLQJ#ERWK#SDUWLFOHV1#6L617#LV#IXQFWLRQDOL]HG#ZLWK#WZR#GLIIHUHQW

FRPPHUFLDOO\#DYDLODEOH#VLODQHV#ZKLFK#FDQ#UHDFW#ZLWK#HDFK#RWKHU#ZLWK#WKHLU#QRQ#VLO\O

WHUPLQL1#40WULHWKR[\VLO\O060LVRF\DQDWR0SURSDQH#4:#LV#ERQGHG#WR#6L617#REWDLQLQJ#4;#DQG
40WULPHWKR[\VLO\O060DPLQR0SURSDQH#4<#WR#6L617#UHVXOWLQJ#LQ#531#7KH#UHDFWLRQ#LV
LQGLFDWHG#LQ#GLOXWHG#VXVSHQVLRQ#E\#WKH#IRUPDWLRQ#RI#DJJORPHUDWHV#+830833#�P,#DQG

VHGLPHQWDWLRQ1#6WDEOH#KLJKO\#ILOOHG#VXVSHQVLRQV#+5306:19#YRO(,#FRXOG#EH#SUHSDUHG

ZLWK#D#PD[LPXP#VROLG#ORDGLQJ#RI#IPD[ 316</#WRR/#JHOOLQJ#DW#WKH#FULWLFDO#YROXPH#IUDFWLRQ

IFULW 31681#7KH#GDWD#RI#WKH#UHODWLYH#YLVFRVLW\#KUHO#LQ#GHSHQGHQFH#RI#WKH#YROXPH#IUDFWLRQ

I#FDQ#EH#ILWWHG#ZLWK#WKH#0RRQH\#HTXDWLRQ1#7KH#YLVFRVLW\#RI#WKH#5305;#YRO(#JHOV#LV

ORZHU#DQG#**#DQG#***#KDYH#DQ#DGGLWLRQDO#FURVV#RYHU#FRPSDUHG#WR#VXVSHQVLRQV#RI#4;
DQG#531

:LWK#F\FORGH[WULQV#DWWDFKHG#FRYDOHQWO\#DQG#LRQLFDOO\#WR#$O526#DQG#6L617#SRZGHUV#DQG

GLIIHUHQWO\#IXQFWLRQDOL]HG#VLODQHV#ERQGHG#WR#6L617#SDUWLFOHV#D#KHWHURVXSUDPROHFXODU/

ORQJ#FKDLQ#DQG#D#FRYDOHQW/#VKRUW#FKDLQ#OLQNDJH#RI#SDUWLFOHV#LV#DFKLHYHG/#UHVSHFWLYHO\1#$

UHDFWLRQ#EHWZHHQ#WZR#IL[HG#FRPSRQHQWV#DQG#D#GLVVROYHG#RQH#LV#VXFFHVVIXOO\

SHUIRUPHG#DV#DQ#LQWHUHVWLQJ#H[WHQVLRQ#WR#WKH#LQFOXVLRQ#FKHPLVWU\#RI#VROYHG#DQG
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LPPRELOL]HG#KRVWV#ZLWK#VROYHG#JXHVWV1#%\#FRQWURO#RI#WKH#FRYHUDJH#RI#WKH#SDUWLFOHV#ZLWK

F\FORGH[WULQ#WKH#UHDFWLRQ#FDQ#EH#FDUULHG#RXW#DV#DQ#LQWUDSDUWLFXODU#RU#DV#DQ

LQWHUSDUWLFXODU#UHDFWLRQ#LQGXFLQJ#LPSURYHG#GLVSHUVLELOLW\#RU#HQKDQFHG#VHGLPHQWDWLRQ1

7KH#FRYDOHQW#FURVVOLQNDJH#RI#6L617#SRZGHU#SDUWLFOHV#SUHVHQWHG#KHUH#XVHV#VLODQHV#WKDW

DUH#FRPPHUFLDOO\#DYDLODEOH/#LQ#DQ\#DPRXQW#DW#D#ORZ#SULFH1#6R#WKLV#PHWKRG#FRXOG#EH

LQWHUHVWLQJ#IRU#LQGXVWULDO#DSSOLFDWLRQV#RI#SODVWLF#IRUPLQJ1#7KH#KHWHURVXSUDPROHFXODU

FURVVOLQNDJH#RI#F\FORGH[WULQ0IXQFWLRQDOL]HG#$O526#SRZGHUV#LV#DOVR#DQ#LQWHUHVWLQJ

DOWHUQDWLYH#IRU#FRQVROLGDWLRQ#ZLWK#SODVWLF#IRUPLQJ1
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471#)XWXUH#3URVSHFWXV

7KH#GLVSHUVLRQ#RI#FHUDPLF#SRZGHUV#KDV#D#UHPDUNDEOH#SRWHQWLDO#VFLHQWLILFDOO\#DQG

WHFKQLFDOO\1#&\FORGH[WULQ#SRO\PHUV#RQ#SDUWLFOHV#LPSURYH#WKHLU#GLVSHUVLELOLW\#E\#WKHLU

HQODUJHG#VWHULF#EDUULHU1#7KH#F\FORGH[WULQV#SURYLGH#D#VXSUDPROHFXODU#FKHPLVWU\#ZKLFK

LQGXFHV#D#PDQLIROG#IOH[LELOLW\#DQG#LPPHQVH#RSSRUWXQLWLHV#IRU#FHUDPLF#SURFHVVLQJ1#:LWK

WKHVH#SRVVLELOLWLHV#WKH#GLVSHUVLRQ#EHKDYLRU#FDQ#EH#FKDQJHG#DQG#ILWWHG#WR#WKH#UHTXLUHG

GHPDQGV#VXFK#DV#WKH#DGVRUSWLRQ#RI#D#JXHVW#SRO\PHU#DV#D#VHFRQG#OD\HU#RQ#WKH

F\FORGH[WULQ#SRO\PHU#OD\HU#RQ#D#SDUWLFOH#HQKDQFLQJ#WKH#GLVSHUVLELOLW\#IXUWKHUPRUH1

0RVW#VROLG0OLTXLG0WUDQVLWLRQV/#DSSOLHG#LQ#FHUDPLF#SURFHVVLQJ/#DUH#LUUHYHUVLEOH1

7KHUHIRUH/#D#UHYHUVLEOH#WUDQVLWLRQ#LV#LQWHUHVWLQJ#ZKHQ#VKHDU#WKLQQLQJ#LV#DVNHG1#7KH

F\FORGH[WULQ0IXQFWLRQDOL]HG#6L617#V\VWHP#FURVVOLQNHG#E\#WKH#JXHVW#SRO\PHU#+)LJXUH

43,#VKRXOG#EH#VKHDU#VHQVLWLYH=#:LWKRXW#VKHDULQJ#WKH#YLVFRVLW\#VKRXOG#EH#KLJK#GXH#WR

WKH#FURVVOLQNDJH#RI#WKH#SDUWLFOHV/#ZKHUHDV#E\#VKHDULQJ#WKH#YLVFRVLW\#VKRXOG#EH

ORZHUHG#+VKHDU#WKLQQLQJ,/#EHFDXVH#WKH#JXHVW#LQ#WKH#VLGH#FKDLQ#RI#WKH#SRO\PHU/

LQWHUFDODWHG#LQWR#WKH#F\FORGH[WULQ/#LV#SXOOHG#RXW#RI#WKH#F\FORGH[WULQ#DQG#WKH

FURVVOLQNDJH#LV#EURNHQ1#,I#QR#VKHDU#VWUHVV#LV#DSSOLHG#DQ\PRUH/#WKH#JXHVW#LV#DJDLQ

FRPSOH[HG#E\#WKH#F\FORGH[WULQ#DQG#WKH#YLVFRVLW\#LQFUHDVHV1#$QRWKHU#SRVVLELOLW\#WR

ORZHU#WKH#YLVFRVLW\#FDQ#EH#WKH#DGGLWLRQ#RI#D#ORZ#PROHFXODU#PDVV#JXHVW#WKDW#KDV#D

KLJKHU#FRPSOH[#IRUPDWLRQ#FRQVWDQW#IRU#WKH#F\FORGH[WULQ#WKDQ#WKH#SRO\PHU1#7KH#ORZ

PROHFXODU#PDVV#JXHVW#HMHFWV#WKH#VLGH#FKDLQ#RI#WKH#SRO\PHU#RXW#RI#WKH#F\FORGH[WULQ1

6\VWHPV#ZLWK#D#WHPSHUDWXUH#GHSHQGHQW#YLVFRVLW\#DUH#YHU\#DWWUDFWLYH#IRU#SODVWLF

IRUPLQJ#DSSOLFDWLRQV1#,W#LV#WUXH#WKDW#WKH#WHPSHUDWXUH#GHSHQGHQFH#RI#WKH#FRPSOH[

FRQVWDQW#IRU#WKH#KRVW#JXHVW#ELQGLQJ#LV#ORZ/#KRZHYHU/#IRU#HQKDQFHPHQW#WKH#VWURQJO\

WHPSHUDWXUH#GHSHQGHQW#FRPSOH[#IRUPDWLRQ#FRQVWDQW#RI#WKH#WUL0DPLQR0S\ULPLGLQH0

EDUELWXULF0DFLG0FRPSOH[>4<604<8@#FDQ#EH#XVHG#+)LJXUH#:3,1#7UL0DPLQR0S\ULPLGLQH#LV

LQFOXGHG#LQ#RQH#SDUW#RI#WKH#F\FORGH[WULQV#WKDW#LV#LPPRELOL]HG#RQ#WKH#SDUWLFOHV/#DQG#WKH

EDUELWXULF0DFLG#LV#FRPSOH[HG#E\#WKH#RWKHU#SDUW#RI#WKH#F\FORGH[WULQV1#$URXQG#URRP

WHPSHUDWXUH#ERWK#PROHFXOHV#VKRXOG#IRUP#D#FRPSOH[/#WKDW#GLVVRFLDWHV#DW#KLJKHU

WHPSHUDWXUHV#+|#83#�&,1#%\#WKLV#DVVRFLDWLRQ#DQG#GLVVRFLDWLRQ#EHKDYLRU#WKH#SDUWLFOHV

VKRXOG#EH#UHYHUVLEO\#FURVVOLQNHG#DQG#UHVROYDEOH#LQGXFLQJ#WKH#GHVLUHG#WUDQVLWLRQ1



448

.1

1

1+5

1+51+5

1

1

1+5

1+51+5

1
+

1+

2

2

2

1
+

1+

2

2

2

'7

)LJXUH#:3=#7HPSHUDWXUH#GHSHQGHQW#UHYHUVLEOH#FURVVOLQNLQJ#RI#SDUWLFOHV1

)RU#PDQ\#FHUDPLF#DSSOLFDWLRQV#DOVR#WKH#KRPRJHQHRXV#PL[LQJ#RI#SRZGHUV#LV#DQ

LPSRUWDQW#VWHS#LQ#WKH#PDQXIDFWXULQJ#SURFHVV1#7R#DFKLHYH#D#FRPSOHWH#GLVSHUVLRQ#WKH

VXUIDFH#RI#GLIIHUHQW#SRZGHU#FRPSRQHQWV#FRXOG#EH#FKHPLFDOO\#PRGLILHG#ZLWK#UHDFWDQWV

WKXV#PL[LQJ#FUHDWHV#D#GLVWULEXWLRQ#LQ#ZKLFK#HDFK#SDUWLFOH#RI#RQH#FRPSRQHQW#LV

QHLJKRUHG#E\#D#SDUWLFOH#RI#WKH#RWKHU#FRPSRQHQW1#7KLV#FDQ#EH#GRQH#VXFFHVVIXOO\#E\

FURVVOLQNLQJ#DV#GHVFULEHG#LQ#WKLV#ZRUN#LQ#WZR#ZD\V=#ILUVWO\#WKH#FHUDPLF#SRZGHUV#DUH

IXQFWLRQDOL]HG#ZLWK#WZR#GLIIHUHQW#JURXSV#UHDFWLQJ#ZLWK#HDFK#RWKHU#VR#WKDW#D#FRYDOHQW

ERQG#LV#IRUPHG1#6HFRQGO\#WKH#F\FORGH[WULQ0IXQFWLRQDOL]HG#SDUWLFOHV#DUH#DWWDFKHG#WR#WKH

VLGH#FKDLQ#RI#D#SRO\PHU#PROHFXOH#YLD#KHWHURVXSUDPROHFXODU#KRVW#JXHVW#LQFOXVLRQ

FKHPLVWU\#WR#EH#EULGJHG#E\#D#SRO\PHU#PROHFXOH1#/LNH#WKDW#WZR#GLIIHUHQW#NLQGV#RI

FHUDPLF#SRZGHUV#FDQ#EH#PL[HG#KRPRJHQHRXVO\#DOVR#D#SKDVH#VHSDUDWLRQ#+GHPL[LQJ,

LV#VXSSUHVVHG#E\#WKH#PROHFXODU#FRQQHFWLRQ#RI#WKH#SDUWLFOHV1#7KLV#LV#HVSHFLDOO\#YDOLG#IRU

FHUDPLF#VXEVWDQFHV#KDYLQJ#PDUNHG#GLIIHUHQFHV#LQ#PDVV#GHQVLWLHV#DQG#SDUWLFOH#VL]HV
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ZKLFK#FDQ#EH#PL[HG#WKDW#ZD\#ZLWKRXW#ULVNLQJ#VHSDUDWLRQ#E\#VHGLPHQWDWLRQ#RI#WKH

VXEVWDQFH#ZLWK#WKH#KLJKHU#GHQVLW\1

7KH#GHSRVLWLRQ#RI#FHUDPLF#OD\HUV>4<90534@#LV#RI#LQWHUHVW#IRU#WKH#SURGXFWLRQ#RI#FRDWHG

PDWHULDOV1#7KH#FHUDPLF#OD\HU#PD\#SURWHFW#WKH#VXEVWUDWH#PDWHULDO#DJDLQVW#DWPRVSKHULF

LQIOXHQFHV#VXFK#DV#R[LGDWLRQ#DQG#PD\#LPSURYH#WKH#ZHDU#EHKDYLRU#DQG#WULERORJLFDO

SURSHUWLHV1#)RU#WKHVH#GHPDQGV#D#ODWHUDO#KRPRJHQHRXV#GHSRVWLRQ#RQWR#WKH#VXEVWUDWH

LV#UHTXLUHG#ZKLFK#FDQ#EH#DFKLHYHG#E\#WKH#GHSRVWLRQ#RI#FHUDPLF#SRZGHU#SDUWLFOHV#RQ#D

VXEVWUDWH#VLPLODU#WR#WKH#OLTXLG#SKDVH#GHSRVLWLRQ#PHWKRG#+/3',1#$#PDLQ#PHWKRGLFDO

GLIIHUHQFH#LV#WKDW#ZLWK#WKH#/3'#PHWKRG#WKH#FHUDPLF#VXEVWDQFH#LV#V\QWKHVL]HG#LQ#VLWX

DQG#LPPHGLDWHO\#GHSRVLWHG#RQ#WKH#VXEVWUDWH#ZKHUHDV#KHUH#DQ#DOUHDG\#DYDLODEOH

SRZGHU#LV#PRGLILHG#DQG#GHSRVLWHG1

$QRWKHU#LQWHUHVWLQJ#SRVVLELOLW\#RI#WKH#DSSOLFDWLRQ#RI#WKH#WHFKQRORJ\#GHVFULEHG#KHUH#DUH

PXOWLOD\HU#V\VWHPV#FRQVLVWLQJ#RI#GLIIHUHQW#FHUDPLF#FRPSRXQGV#LQ#ZKLFK#GHVLUHG

PDWHULDO#SURSHUWLHV#FDQ#EH#FRPELQHG#+)LJXUH#:4,1#7KH#V\VWHP#LQ#)LJXUH#:4#FRXOG#EH

EXLOW#XS#E\#DQ#DOWHUQDWLYH#GHSRVLWLRQ#RI#WHUW0EXW\O0DQLOLGH0IXQFWLRQDOL]HG#3=7#+OHDG

]LUFRQDWH#WLWDQDWH,#DQG#F\FORGH[WULQIXQFWLRQDOL]HG#$O526#RQWR#D#F\FORGH[WULQ0

IXQFWLRQDOL]HG#VXEVWUDWH#YLD#WKH#WHUW0EXW\O0DQLOLGH0F\FORGH[WULQ0FRPSOH[1

)XUWKHURQ#IRU#PL[HG0R[LGH#IHUURHOHFWULF#DQG#SLH]RHOHFWULF#FRPSRXQGV>4<:/#5350538@

OLNH#EDULXP#WLWDQDWH#DQG#3=7#WKH#WHFKQRORJ\#GHVFULEHG#KHUH#FDQ#EH#DSSOLHG#IRU#ODWHUDO

KHWHURJHQHRXV#GHSRVLWLRQ#RI#VXEVWUDWHV#ZKLFK#RSHQV#QHZ#ILHOGV#IRU#WKH#SURGXFWLRQ#RI

HOHFWULFDO#DQG#HOHFWURQLF#GHYLFHV#+)LJXUH#:5,>5390543@1#*ROG#GRWV#RQ#D#VXEVWUDWH

+)LJXUH#:5,#DUH#RI#LQWHUHVW#IRU#WKH#LQGXFWLRQ#RI#WKH#ODWHUDO#KHWHURJHQHLW\#DQG#IRU#WKH

ERQGLQJ#RI#ELIXQFWLRQDO#WKLROV#RU#GLVXOILGHV1#$IWHU#PRGLILFDWLRQ#RI#JROG#ZLWK#WKLROV#RU

GLVXOILGHV#WKDW#KDYH#H1J1#D#WHUW0EXW\O0DQLOLGH#WHUPLQXV#DV#DQ#DQFKRU#JURXS/

F\FORGH[WULQ0IXQFWLRQDOL]HG#3=7#FRXOG#EH#ERQGHG#WR#WKH#WKLRO#RU#GLVXOILGH1
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:DIHU

3=7 3=7

$O526
$O526

)LJXUH#:4=#&RQVWUXFWLRQ#RI#FHUDPLF#PXOLWOD\HU#V\VWHPV1

)LJXUH#:5=#1DQRVWUXFWXUHG#GHSRVLWLRQ#RI#FHUDPLFV1
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7KH#KRVW#JXHVW#FKHPLVWU\#RI#WKH#F\FORGH[WULQIXQFWLRQDOL]HG#SRZGHUV#SUHSDUHG#KHUH

FRXOG#DOVR#EH#XVHIXO#IRU#WKH#VWRUDJH#RI#VXEVWDQFHV1#6HQVLWLYH#FRPSRXQGV#+H1#J1

HVSHFLDOO\#VXFK#RI#OLJKW#VHQVLWLYLW\,#FDQ#EH#SURWHFWHG#E\#WKH#F\FORGH[WULQ#WRUXV/#RU

UDGLRDFWLYH#FRPSRXQGV#DUH#LPPRELOL]HG#DQG#DWWDFKHG#WR#D#VROLG#VXEVWUDWH1#7KLV

GHFUHDVHV#WKH#RXWJRLQJ#UDGLDWLRQ#DQG#PDNHV#WKHLU#KDQGOLQJ#HDVLHU1

$QRWKHU#XVDJH#IRU#F\FORGH[WULQ0FRDWHG#FHUDPLF#SRZGHUV#FRXOG#EH#WKH#VHSDUDWLRQ#DQG

SXULILFDWLRQ#RI#PXOWL0FRPSRQHQW#V\VWHPV1#:KHQ#D#VXVSHQVLRQ#FRQWDLQLQJ#VHYHUDO

FRPSRXQGV#IORZV#RYHU#F\FORGH[WULQ0IXQFWLRQDOL]HG#SRZGHUV/#WKH#GHVLUHG#PROHFXOHV

EHLQJ#LQWHUFDODWHG#LQWR#F\FORGH[WULQ1#7KH#SRZGHU#ZLWK#WKH#ERQGHG#VXEVWDQFH#FDQ#EH

VWRUHG#DIWHU#FHQWULIXJDWLRQ1#7R#EH#VHW#IUHH/#WKH#SRZGHU#LV#VXVSHQGHG#LQ#D#VROXWLRQ

FRQWDLQLQJ#PROHFXOHV#ZLWK#D#KLJKHU#ELQGLQJ#FRQVWDQW#WR#WKH#F\FORGH[WULQ#WKDQ#WKH

LQWHUFDODWHG#FRPSRXQG1#7KH#GHVLUHG#VXEVWDQFH#LV#HMHFWHG#LQWR#WKH#VROXWLRQ1
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481#$EVWUDFW

1HZ#FRQFHSWV#RI#SDUWLFOH#LQWHUDFWLRQ#IRU#WKH#SURFHVVLQJ#RI#FHUDPLF#SRZGHUV#DUH

GHYHORSHG1#7KH\#DUH#EDVHG#RQ#FKHPLFDO#UHDFWLRQV#HLWKHU#E\#KHWHURVXSUDPROHFXODU#RU

FRYDOHQW#LQWHUDFWLRQ#RI#SURSHU#UHDFWDQWV1#)RU#WKLV#WKH#SDUWLFOHV#DUH#IXQFWLRQDOL]HG#VR

WKDW#WKH\#DUH#DEOH#WR#XQGHUJR#GHILQHG#UHDFWLRQV#ZLWK#HDFK#RWKHU1#$#FRPPHUFLDOO\

DYDLODEOH#E0F\FORGH[WULQ#GHULYDWLYH/#60FKORU080VRGLXP0K\GUR[\O0WULDQ]LQ\O0E0

F\FORGH[WULQ/#LV#FRYDOHQWO\#ERXQG#WR#WKH#6L617#VXUIDFH#LQ#DQ#RQH#VWHS#UHDFWLRQ1#$Q

HIIRUWIXO#GHULYDWLVDWLRQ#RI#WKH#F\FORGH[WULQ#LV#QRW#UHTXLUHG1#7KH#WULD]LQ\O#ULQJ#LV#QRW

ERXQG#WR#D#GHILQHG#SRVLWLRQ#DW#WKH#F\FORGH[WULQ#WRUXV#+LQ#DYHUDJH#51;#WULD]LQ\O#JURXSV

SHU#F\FORGH[WULQ,1

,Q#WKH#QH[W#FRYDOHQW#DSSURDFK#PRQR090DPLQR0E0F\FORGH[WULQ#LV#ERXQG#WR#HSR[\0

IXQFWLRQDOL]HG#6L6171#7KLV#URXWH#SURYLGHV#D#UHJLRVHOHFWLYLW\#DQG#D#VSDFHU#EHWZHHQ#WKH

F\FORGH[WULQ#WRUXV#DQG#WKH#VXUIDFH#HQVXULQJ#IOH[LELOLW\1#7KH#DG0#DQG#GHVRUSWLRQ

EHKDYLRU#LV#LQYHVWLJDWHG#E\#URWDWLRQ#DQJOH#PHDVXUHPHQWV/#WKH#DGVRUEHG#DPRXQW#LV

ORZ=#DSSUR[LPDWLYHO\#58(#RI#WKH#WRWDO#PDVV#LV#DGVRUEHG1#7KLV#LV#LQ#FRQWUDVW#WR#<(#IRU

WKH#QRQ0PRGLILHG#6L617#UHYHDOLQJ#WKDW#PRQR090DPLQR0E0F\FORGH[WULQ#ELQGV#WR#WKH

HSR[\#JURXS1#:DVKLQJ#GHVRUEV#WKH#ORRVHO\#ERXQG#SDUWV/#4:(#DUH#VWLOO#UHPDLQLQJ1

%HFDXVH#RI#WKH#VHYHQ#DPLQR#JURXSV#RI#KHSWDNLV090DPLQR0E0F\FORGH[WULQ#WKLV#PROHFXOH

ELQGV#PRUH#HDVLO\#WR#HSR[\0IXQFWLRQDOL]HG#6L617#WKDQ#PRQR090DPLQR0E0F\FORGH[WULQ

ZLWK#RQH#DPLQR#JURXS1#7KLV#LV#H[KLELWHG#E\#WKH#LQWHQVLYH#'5,)70VLJQDOV1

7KH#F\FORGH[WULQIXQFWLRQDOL]HG#6L617#FRXOG#KHWHURVXSUDPROHFXODUO\#EH#FURVVOLQNHG#E\

D#JXHVW#SRO\PHU#EHDULQJ#WHUW0EXW\O0DQLOLGH#DV#DQ#DQFKRU#IRU#WKH#F\FORGH[WULQ#LQ#WKH#VLGH

FKDLQ1#7KLV#LV#LQWHUHVWLQJ#IRU#WKH#FRQVROLGDWLRQ#VWHS#LQ#SODVWLF#IRUPLQJ1

$O526#SRZGHU#FRXOG#EH#F\FORGH[WULQ0IXQFWLRQDOL]HG#LQ#RQH#VWHS#E\#WKH#GHSRVLWLRQ#RI#D

SRO\PHULF#E0F\FORGH[WULQ#GHULYDWLYH1

$#WZR#OD\HU#V\VWHP#FRQVLVWLQJ#RI#D#F\FORGH[WULQ#SRO\PHU#DQG#D#JXHVW#SRO\PHU#ZDV

EXLOW#XS#RQ#$O526#SRZGHU#SDUWLFOHV1#'XH#WR#WKH#HQODUJHG#VWHULF#EDUULHU#WKH#GLVSHUVLELOLW\

RI#WKH#$O526#LV#LPSURYHG#ZKLFK#LV#LQWHUHVWLQJ#IRU#FHUDPLF#SRZGHU#SURFHVVLQJ1
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$#FRYDOHQW#LQWHUDFWLRQ#EHWZHHQ#WZR#FHUDPLF#SDUWLFOHV#LV#DOVR#DFKLHYHG#E\

IXQFWLRQDOL]LQJ#6L617#ZLWK#WZR#GLIIHUHQW#FRPPHUFLDOO\#DYDLODEOH#VLODQHV#ZKLFK#FDQ#UHDFW

ZLWK#HDFK#RWKHU#ZLWK#WKHLU#QRQ#VLO\O#WHUPLQL#WKXV#IRUPLQJ#D#PROHFXODU#EULGJH#EHWZHHQ

SDUWLFOHV1#40WULHWKR[\VLO\O060LVRF\DQDWR0SURSDQH#LV#ERQGHG#WR#6L617#DQG#40

WULPHWKR[\VLO\O060DPLQR0SURSDQH#UHDFWV#ZLWK#6L6171#7KH#UHDFWLRQ#LV#LQGLFDWHG#LQ#GLOXWHG

VXVSHQVLRQ#E\#WKH#IRUPDWLRQ#RI#DJJORPHUDWHV#+830833#�P,#DQG#VHGLPHQWDWLRQ1#6WDEOH

KLJKO\#FRQFHQWUDWHG#VXVSHQVLRQV#+5306:19#YRO(,#FRXOG#EH#SUHSDUHG#ZLWK#D#PD[LPXP

VROLG#ORDGLQJ#RI#IPD[ 316</#WRR/#JHOOLQJ#DW#WKH#FULWLFDO#YROXPH#IUDFWLRQ#IFULW 31681#7KH

GDWD#RI#WKH#UHODWLYH#YLVFRVLW\#KUHO#LQ#GHSHQGHQFH#RI#WKH#YROXPH#IUDFWLRQ#I#FDQ#EH#ILWWHG

ZLWK#WKH#0RRQH\#HTXDWLRQ#DQG#WKH#PRGXOL#**+W,#DQG#***+W,#ZHUH#PHDVXUHG1#7KH

YLVFRVLW\#RI#WKH#5305;#YRO(#JHOV#LV#ORZHU#DQG#**#DQG#***#KDYH#DQ#DGGLWLRQDO#FURVV#RYHU

FRPSDUHG#WR#VXVSHQVLRQV#RI#WKH#LVR0F\DQDWRIXQFWLRQDOL]HG#6L617#DQG#WKH

DPLQRIXQFWLRQDOL]HG#6L6171#&RQFOXGLQJ/#6L617#SRZGHU#FRXOG#VXFFHVVIXOO\#EH

FURVVOLQNHG#E\#XVLQJ#ORZ#FRVW#VLODQHV1#7KLV#WHFKQLTXH#LV#D#SURPLVLQJ#SRVVLELOLW\#IRU#WKH

FRQVROLGDWLRQ#VWHS#LQ#SODVWLF#IRUPLQJ1
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491#=XVDPPHQIDVVXQJ

,Q#GHU#NHUDPLVFKHQ#)RUPJHEXQJ#LVW#GHU#)O�VVLJ0)HVW0hEHUJDQJ#YRQ

3XOYHUVXVSHQVLRQHQ#YRQ#JUR�HU#%HGHXWXQJ1#(U#ZLUG#HQWZHGHU#SK\VLNDOLVFK#GXUFK

HLQHQ#(QW]XJ#GHV#/|VXQJVPLWWHOV#RGHU#GXUFK#WKHUPRSODVWLVFKH#=ZHLWSKDVHQ#EHZLUNW

RGHU#FKHPLVFK#GXUFK#*HOLHUHQ/#)ORNNXOLHUHQ#RGHU#DQGHUHQ#GXUFK#HLQH#0RGLILNDWLRQ#GHU

3XOYHUREHUIOlFKH#LQGX]LHUWHQ#5HDNWLRQ1#%HL#GHQ#LQ#GLHVHU#$UEHLW#YRUJHVWHOOWHQ

0HWKRGHQ#ZHUGHQ#HLQ]HOQH#3DUWLNHO#GLUHNW#XQG#VHOHNWLY#�EHU#0ROHN�OEU�FNHQ

PLWHLQDQGHU#YHUNQ�SIW1#'D]X#ZXUGHQ#HLQHUVHLWV#&\FORGH[WULQH#YHUZHQGHW#XQG

DQGHUHUVHLWV#6LODQH/#GLH#JH]LHOW#DXI#GLH#2EHUIOlFKHQ#YRQ#VXVSHQGLHUWHQ#3XOYHUWHLOFKHQ

DXIJHEUDFKW#ZXUGHQ1

&\FORGH[WULQH#VLQG#]\FOLVFKH#2OLJRVDFFKDULGH#GHU#D0'0*OXFRVH#+F\FOR0>+4o7µ,0D0'0

JOXFRS\UDQRVH@,1#'LH#ZLFKWLJHQ#D0/#E0#XQG#J0&\FORGH[WULQH#HQWKDOWHQ#9/#:#XQG#;

*OXFRVHHLQKHLWHQ1#6LH#VLQG#�EHU#GHQ#HQ]\PDWLVFKHQ#$EEDX#GHU#6WlUNH#]XJlQJOLFK

+&\FORGH[WULQ0*O\FRV\OWUDQVIHUDVHQ,#XQG#KDEHQ#GLH#)RUP#HLQHV#KRKOHQ#7RUXV/#LQ

GHVVHQ#&DYLWlW#YRU]XJVZHLVH#K\GURSKREH#*lVWH#HLQJHODJHUW#ZHUGHQ#N|QQHQ1

$OV#NHUDPLVFKH#0RGHOOVXEVWDQ]HQ#ZXUGHQ#D0$O5260#XQG#6L61703XOYHU#KRKHU#5HLQKHLW

XQG#PLW#7HLOFKHQGXUFKPHVVHUQ#LP#6XEPLNURPHWHUEHUHLFK#YHUZHQGHW1#'LH

3DUWLNHOIRUP#XQG#7RSRORJLH#GLHVHU#3XOYHU#VLQG#PLWWHOV#5DVWHUNUDIWPLNURVNRSLH#+$)0,

XQG#5DVWHUHOHNWURQHQPLNURVNRSLH#+6(0,#XQWHUVXFKW#ZRUGHQ1#'LH#8QWHUVXFKXQJHQ

]HLJHQ/#GDVV#GLH#3XOYHU#XQUHJHOPl�LJ#JHIRUPWH#3OlWWFKHQ#PLW#HLQHU#IUDNWDOHQ

7RSRORJLH#DXIZHLVHQ1#'LH#FKHPLVFKH#=XVDPPHQVHW]XQJ#LVW#GXUFK#(OHPHQWDUDQDO\VH

EHVWLPPW#ZRUGHQ/#GLH#3DUWLNHOJU|�H#XQG#GHUHQ#9HUWHLOXQJ#PLWWHOV#/DVHUEHXJXQJ#XQG

G\QDPLVFKHU#/LFKWVWUHXXQJ1#,QIUDURW06SHNWURVNRSLH#LQ#GLIIXVHU#5HIOH[LRQ#XQG#]0

3RWHQWLDOPHVVXQJHQ#OLHIHUQ#$XIVFKOXVV#�EHU#GLH#2EHUIOlFKH1#$O526#KDW#HLQH#%(70

2EHUIOlFKH#YRQ#45/6#P52J/#HLQHQ#/DGXQJVQXOOSXQNW#YRQ#S+S]F ;0<#XQG#HLQHQ#PLWWOHUHQ

7HLOFKHQGXUFKPHVVHU#+G83,#YRQ#5<3#QP1#'DV#NRPPHU]LHOO#HUKlOWOLFKH#$O526#HQWKlOW

HLQH#6XEVWDQ]/#GLH#�EHU#0HWK\OHQ0#XQG#&DUER[\OJUXSSHQ#YHUI�JW/#ZDV#VLFK#DXV#GHU

(OHPHQWDUDQDO\VH#XQG#GHU#,QIUDURW06SHNWURVNRSLH#LQ#GLIIXVHU#5HIOH[LRQ#HUJLEW1

:DKUVFKHLQOLFK#KDQGHOW#HV#VLFK#XP#HLQHQ#0DKOKLOIVVWRII/#GHU#GXUFK#:DVFKHQ#PLW

:DVVHU#+S+ 8,#OHLFKW#HQWIHUQW#ZHUGHQ#NDQQ1#'DV#6L617#KDW#HLQH#%(702EHUIOlFKH#YRQ

45/:#P52J/#HLQHQ#/DGXQJVQXOOSXQNW#S+S]F#YRQ#708#XQG#HLQHQ#PLWWOHUHQ
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7HLOFKHQGXUFKPHVVHU#YRQ#G83 9;3#QP1#$XI#GHQ#HLQ]HOQHQ#6L61703DUWLNHOQ#EHILQGHW

VLFK#HLQH#GXUFK#+\GURO\VH#PLW#/XIWIHXFKWLJNHLW#JHELOGHWH#6L2506FKLFKW#+6/:9#0DVVH(,1

6LH#KDW#DQ#LKUHU#2EHUIOlFKH#6LODQROJUXSSHQ/#GLH#I�U#GLH#$QELQGXQJ#GHU#6LODQH#ZLFKWLJ

VLQG1

'DPLW#GLH#HLQ]HOQHQ#7HLOFKHQ#NRYDOHQW#PLWHLQDQGHU#YHUNQ�SIW#RGHU#DQ#HLQ#ODQJNHWWLJHV

0ROHN�O#DQJHKlQJW#ZHUGHQ#N|QQHQ/#P�VVHQ#VLH#JHHLJQHW#IXQNWLRQDOLVLHUW#ZHUGHQ1

'LHV#JHVFKLHKW/#LQGHP#GLH#EHLGHQ#JHZ�QVFKWHQ#3DUWQHU#VHOHNWLY#PLWHLQDQGHU

UHDJLHUHQ1#=X#GLHVHP#=ZHFN#ZHUGHQ#&\FORGH[WULQH#XQG#6LODQH#DXI#GHQ#.HUDPLN0

SXOYHUQ#DQJHEUDFKW1#'LH#&\FORGH[WULQH#N|QQHQ#NRYDOHQW#PRQRPHU#XQG#SRO\PHU

LRQLVFK#DQ#GLH#.HUDPLN#JHEXQGHQ#ZHUGHQ1

(LQ#NRPPHU]LHOO#YHUI�JEDUHV#E0&\FORGH[WULQGHULYDW/#60&KORU0801DWULXPK\GUR[\O0

7ULD]LQ\O0E0&\FORGH[WULQ#+0&70E0&\FORGH[WULQ#64,/#LVW#LQ#HLQHU#HLQVWXILJHQ#5HDNWLRQ
NRYDOHQW#DQ#GLH#6L617±2EHUIOlFKH#JHEXQGHQ#ZRUGHQ1#(LQH#DXIZHQGLJH

'HULYDWLVLHUXQJ#HQWIlOOW1#'HU#7ULD]LQULQJ#LVW#QLFKW#UHJLRVHOHNWLY#DQ#GDV#&\FORGH[WULQ

JHEXQGHQ#+LP#0LWWHO#5/;#7ULD]LQ\OJUXSSHQ#SUR#&\FORGH[WULQ,1#:HGHU#GLH#$Q]DKO#SUR

*OXFRVHHLQKHLW/#SUR#&\FORGH[WULQULQJ#QRFK#GLH#6WHOOH#VLQG#GHILQLHUW1#'DV#,QIUDURW0

6SHNWUXP#LQ#GLIIXVHU#5HIOH[LRQ#EHOHJW#GLH#$QELQGXQJ#YRQ#64#DQ#6L6171#'DV#]03RWHQWLDO
+LVRHOHNWULVFKHU#3XQNW#S+LHS :/5,#LVW#DXIJUXQG#GHU#+\GUR[\ODWJUXSSH#]XP#$ONDOLVFKHQ

YHUVFKREHQ#+S+S]F#YRQ#6L617#LVW#8/3,#XQG#OLHJW#LP#%HUHLFK#YRQ#DPLQRIXQNWLRQDOLVLHUWHP

6L617#53#PLW#S+LHS :/:1#'LH#VLHEHQ#$PLQRJUXSSHQ#LQ#43#YHUXUVDFKHQ#HLQH#ZHVHQWOLFK
VWlUNHUH#9HUVFKLHEXQJ#GHV#LVRHOHNWULVFKHQ#3XQNWHV#]X#S+LHS#</;1

(LQH#DQGHUH#0|JOLFKNHLW/#&\FORGH[WULQ#DXI#6L617#]X#LPPRELOLVLHUHQ/#VWHOOW#GLH

$QELQGXQJ#YRQ#0RQR090$PLQR0E0&\FORGH[WULQ#6#DQ#HSR[\IXQNWLRQDOLVLHUWHV#6L617#8

GDU1#'LH#6\QWKHVH#YRQ#6#JHKW#YRP#QDWLYHQ#E0&\FORGH[WULQ#DXV/#GDV#�EHU#GDV#0RQR090
7RV\ODW#4#LQ#GDV#$]LG#5#�EHUI�KUW#ZLUG1#'LH#+\GULHUXQJ#GHV#$]LGV#ZLUG#PLW#+LOIH#HLQHV
:DVVHUVWRIIGRQRUV#+$PPRQLXPIRUPLDW#XQG#+\GUD]LQK\GUDW,#GXUFKJHI�KUW1#'LH

5HDNWLRQ/#GHUHQ#)RUWJDQJ#G�QQVFKLFKWFKURPDWRJUDSKLVFK#+'&,#YHUIROJW#ZLUG/#GLH

,VROLHUXQJ#VRZLH#GLH#5HLQLJXQJ#VLQG#YHUEHVVHUW#ZRUGHQ1#'LH#(SR[\JUXSSHQ#ZHUGHQ

GXUFK#5HDNWLRQ#PLW#+5/60(SR[\SURS\O03URS\O0(WKHU,07ULPHWKR[\VLODQH#7#DXI#GHP#6L617
HLQJHI�KUW/#DQ#GLH#GDQQ#6#OHLFKW#DQJHEXQGHQ#ZHUGHQ#NDQQ1#'LHVHV#9HUIDKUHQ#VWHOOW
HLQH#UHJLRVHOHNWLYH#)L[LHUXQJ#GDU/#EHL#GHU#GHU#$EVWDQGVKDOWHU#I�U#HLQH#DXVUHLFKHQGH
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)OH[LELOLWlW#VRUJW1#'LH#JHULQJH#DGVRUELHUWH#0HQJH/#GDV#$G0#XQG#'HVRUSWLRQVYHUKDOWHQ

N|QQHQ#GXUFK#0HVVXQJ#GHV#'UHKZHUWHV#XQWHUVXFKW#ZHUGHQ1#8QJHIlKU#58(#GHU

*HVDPWPDVVH#ZHUGHQ#YRQ#8#DGVRUELHUW/#YRQ#6L617#GDJHJHQ#QXU#<(1#'LH#ORFNHU
JHEXQGHQHQ#)UDNWLRQHQ#ZHUGHQ#EHLP#:DVFKHQ#ZLHGHU#JHO|VW/#VRGDVV#QRFK#4:(#DXI

GHU#.HUDPLN#YHUEOHLEHQ1

'LH#VLHEHQ#$PLQRJUXSSHQ#GHV#+HSWDNLV090$PLQR0E0&\FORGH[WULQV#<#HUOHLFKWHUQ#GLH
$QELQGXQJ#DQ#8#ZDV#VLFK#DXV#GHQ#LQWHQVLYHQ#%DQGHQ#LP#,QIUDURW06SHNWUXP#LQ#GLIIXVHU
5HIOH[LRQ#HUJLEW#+314#$EVRUSWLRQV#(LQKHLWHQ#I�U#0HWK\OHQ,1#*OHLFK]HLWLJ#HUQLHGULJHQ#VLH

GLH#.RPSOH[ELOGXQJVNRQVWDQWH#I�U#*DVWPROHN�OH1#<#KDW#GHQ#1DFKWHLO/#GDVV#HV#VLFK
VHKU#VFKOHFKW#LQ#RUJDQLVFKHQ#/|VXQJVPLWWHOQ#XQG#:DVVHU#O|VW1

(LQH#ZHLWHUH#0|JOLFKNHLW#GHU#)L[LHUXQJ#YRQ#&\FORGH[WULQHQ#DXI#.HUDPLNSXOYHUQ#VWHOOW

GHU#SRO\PHU#LRQRJHQH#:HJ#GDU1#3RO\0E0&\FORGH[WULQ#47#HQWKlOW#E0&\FORGH[WULQ#DOV
HLQH#6HLWHQNHWWH#XQG#&DUER[\ODWJUXSSHQ#DOV#$QNHUJUXSSHQ#I�U#$O526#LQ#GHU#DQGHUHQ1

'LHV#HU|IIQHW#GLH#0|JOLFKNHLW/#DXFK#$O526#PLW#&\FORGH[WULQHQ#LQ#HLQHP#6FKULWW#]X

IXQNWLRQDOLVLHUHQ1#,QIUDURW06SHNWURVNRSLH#LQ#GLIIXVHU#5HIOH[LRQ#EHVWlWLJW/#GDVV#47#DXI
$O526#IL[LHUW#ZLUG1#(V#NDQQ#JH]LHOW#GLH#DGVRUELHUWH#0HQJH#HLQJHVWHOOW#ZHUGHQ/#ZREHL

GLH#PD[LPDO#DGRUELHUWH#0HQJH#JU|�HU#LVW#DOV#GLH#GHU#DQGHUHQ#6\VWHPH1

8QWHUVXFKXQJHQ#GHU#DG0#XQG#GHVRUELHUWHQ#0HQJH#PLWWHOV#'UHKZHUWPHVVXQJHQ#XQWHU

GHQVHOEHQ#%HGLQJXQJHQ#ZLH#I�U#GDV#6L61706\VWHP#HUODXEHQ#HLQHQ#9HUJOHLFK=#8:

0DVVH(#ZHUGHQ#LQ#HLQHU#3/4#(0LJHQ#/|VXQJ#DGVRUELHUW/#:5#(#LQ#HLQHU#3/375#(0LJHQ

/|VXQJ>#]XP#9HUJOHLFK#ZHUGHQ#58#(#YRQ#6#DQ#8#JHEXQGHQ1#47#LVW#IHVW#DQ#$O526

JHEXQGHQ/#QDFK#5HGLVSHUJLHUXQJ#ILQGHW#PDQ#NHLQ#JHO|VWHV#47#LP#hEHUVWDQG/#LP
*HJHQVDW]#]X#9/#EHL#GHP#63#(#GHU#DGVRUELHUWHQ#0DVVH#ZLHGHU#JHO|VW#ZHUGHQ1

9RQ#%HGHXWXQJ#LVW#GLH#)UDJH/#RE#GHU#&\FORGH[WULQWRUXV#GLH#$GVRUSWLRQ#GHV#3RO\0E0

&\FORGH[WULQV#47#EHKLQGHUW1#=X#GLHVHP#=ZHFN#ZLUG#GDV#$G0#XQG#'HVRUSWLRQVYHUKDOWHQ
YRQ#&RSRO\0PDOHLQVlXUH0DOW0LVREXWHQ#5<#DXI#$O526#XQWHUVXFKW1#5<#LVW#GDV#SRO\PHUH

5�FNJUDW#YRQ#3RO\0E0&\FORGH[WULQ#47#RKQH#&\FORGH[WULQULQJH1#5<#KDW#HLQH#KRKH
$IILQLWlW#]XU#$O52602EHUIOlFKH/#ZDV#VLFK#LQ#HLQHU#DGVRUELHUWHQ#0HQJH#YRQ#433#(

lX�HUW1#47#ZLUG#]X#8:#(#DGVRUELHUW/#ZDV#GDUDXI#VFKOLH�HQ#OlVVW/#GDVV#GHU
&\FORGH[WULQWRUXV#GLH#$GVRUSWLRQ#EHHLQWUlFKWLJW1#:LUG#$O526#2#5<#JHZDVFKHQ/#VR
ZHUGHQ#FD1#53#(#GHU#JHEXQGHQHQ#0HQJH#ZLHGHU#JHO|VW1#(LQ#7HLO#GHU#0ROHN�OH#LVW
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QLFKW#IHVW#DQ#GLH#2EHUIOlFKH#JHEXQGHQ/#VRGDVV#GLHVH#VLFK#ZLHGHU#OHLFKW#DEO|VHQ

ODVVHQ1#47#GDJHJHQ#LVW#IHVW#DQ#GLH#2EHUIOlFKH#JHEXQGHQ/#HV#ODVVHQ#VLFK#NHLQH
lX�HUHQ#6FKLFKWHQ#DEO|VHQ/#ZDV#DXV#HLQHU#GHVRUELHUWHQ#0HQJH#YRQ#3#(#KHUYRUJHKW1

(LQH#NRYDOHQWH#9HUEU�FNXQJ#]ZHLHU#NHUDPLVFKHU#3DUWLNHO#ZLUG#GXUFK#6LODQLVLHUXQJ#PLW

]ZHL#6LODQHQ#HUUHLFKW/#GLH#XQWHUVFKLHGOLFKH#PLWHLQDQGHU#UHDNWLRQVIlKLJH#1LFKW06LO\O0

7HUPLQL#KDEHQ1#.lXIOLFKHV#407ULHWKR[\VLO\O060,VRF\DQDWR03URSDQ#4:#ZLUG#DQ#6L617
JHEXQGHQ/#VRGDVV#4;#HQWVWHKW1#(EHQIDOOV#NRPPHU]LHOO#HUKlOWOLFKHV#407ULPHWKR[\VLO\O0
60$PLQR03URSDQ#4<#ZLUG#DXI#6L617#IL[LHUW/#VRGDVV#PDQ#53#HUKlOW1#4;#UHDJLHUW#PLW#53#LQ
YHUG�QQWHU#6XVSHQVLRQ#XQWHU#%LOGXQJ#YRQ#830833#�P#JUR�HQ#$JJORPHUDWHQ/

DX�HUGHP#VHGLPHQWLHUW#4;#.#531#(V#NRQQWHQ#DXFK#VWDELOH/#KRFK0NRQ]HQWULHWH

6XVSHQVLRQHQ#+5306:/9#YRO(,#PLW#HLQHU#PD[LPDOHQ#)HVWVWRIIEHODGXQJ#YRQ#IPD[ 316<

SUlSDULHUW#ZHUGHQ/#GLH#EHL#HLQHP#NULWLVFKHQ#9ROXPHQEUXFK#YRQ#IFULW 3168#JHOLHUHQ1#'LH

0HVVGDWHQ#GHU#UHODWLYHQ#9LVNRVLWlW#KUHO#JHJHQ#GHQ#9ROXPHQEUXFK#I#N|QQHQ#GXUFK#GLH

0RRQH\0*OHLFKXQJ#EHVFKULHEHQ#ZHUGHQ1#'LH#9LVNRVLWlW#GHU#5305;#YRO(#*HOH#LVW

QLHGULJHU#DOV#GLH#GHU#6\VWHPH#4;#XQG#531#'LH#5305;#YRO(#*HOH#KDEHQ#HLQHQ

]XVlW]OLFKHQ#hEHUJDQJ#GHV#6SHLFKHUPRGXOHV#**+W,#PLW#GHP#9HUOXVWPRGXO#***+W,

+W 6FKXEVSDQQXQJ,/#GHU#GHQ#5HIHUHQ]V\VWHPHQ#4;#XQG#53#IHKOW1

(V#ZHUGHQ#HLQLJH#.HUDPLN#2#&\FORGH[WULQ#6\VWHPH#EHVFKULHEHQ1#6LH#VLQG#GLH

9RUDXVVHW]XQJ#I�U#HLQH#KHWHURVXSUDPROHNXODUH#9HUELQGXQJ#YRQ#NHUDPLVFKHQ

3DUWLNHOQ#DXI#GHU#%DVLV#YRQ#:LUW0*DVW0:HFKVHOZLUNXQJHQ1#(LQ#RGHU#PHKUHUH#3DUWLNHO

GHU#F\FORGH[WULQPRGLIL]LHUWHQ#6L6170.HUDPLN#9#ZHUGHQ#DQ#GDV#*DVWSRO\PHU#49
JHEXQGHQ>#GDGXUFK#ZHUGHQ#PHKUHUH#7HLOFKHQ#�EHU#HLQH#ODQJNHWWLJH#%U�FNH

PLWHLQDQGHU#YHUNQ�SIW1#'DV#E0&\FORGH[WULQ#LQWHUNDOLHUW#GDV#WHUW0%XW\O0$QLOLG#GHV

*DVWSRO\PHUHQ#491#+LQZHLVH#DXI#GLH#9HUNQ�SIXQJ#GHU#3DUWLNHO#HUKlOW#PDQ#NROORLG0
FKHPLVFK#GXUFK#HLQH#YHUVWlUNWH#6HGLPHQWDWLRQ/#GLH#VLFK#IROJHQGHUPD�HQ#DQRUGQHQ

OlVVW=#9#!#9.49#!#8.491#(LQH#HOHNWURVWDWLVFKH#'RSSHOVFKLFKWVWDELOLVLHUXQJ#ZLUG#JHPl�
'/9207KHRULH#GXUFK#GLH#(OHNWURO\WNRQ]HQWUDWLRQ#YRQ#3/36#PRO2O#YHUPLHGHQ1#$OV

ZHLWHUH#.UlIWH#N|QQHQ#QRFK#GLH#VWHULVFK#LQGX]LHUWHQ#XQG#GLH#9DQ0GHU0:DDOV0.UlIWH

YRUOLHJHQ1#,P#6\VWHP#9#LVW#NHLQ#VWDELOLVLHUHQGHV#3RO\PHU#YRUKDQGHQ/#VRGDVV#QXU#QRFK
GLH#DWWUDNWLYHQ#9DQ0GHU0:DDOV0.UlIWH#ZLUNHQ/#GLH#GLH#6HGLPHQWDWLRQ#YHUXUVDFKHQ1#,Q#9
.#49#XQG#8#.#49#VWDELOLVLHUW#GDV#3RO\PHU#49#GLH#3DUWLNHO#ZDV#]X#HLQHU#HUQLHGULJWHQ
6HGLPHQWDWLRQ#LP#9HUJOHLFK#]X#9#I�KUW1#%U�FNHQ#]ZLVFKHQ#GHQ#3DUWLNHOQ#LQ#9#.#49
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YHUVWlUNHQ#GLH#6HGLPHQWDWLRQ#LP#9HUJOHLFK#]XP#F\FORGH[WULQ0IUHLHQ#6\VWHP#8#.#49/#LQ
GHP#NHLQH#YRUKDQGHQ#VLQG1

'DV#*DVWSRO\PHU#49#UHDJLHUW#LQWUDSDUWLNXOlU#PLW#48#+$O526#PLW#HLQHU#JUR�HQ

DGVRUELHUWHQ#0HQJH#DQ#3RO\0E0&\FORGH[WULQ#47,#G1#K1/#HV#ZLUG#DXI#HLQ]HOQHQ#3DUWLNHOQ
DEJHVFKLHGHQ#RKQH#YHUEU�FNHQG#]X#ZLUNHQ1#'LHV#OLHJW#DQ#GHU#KRKHQ#%HOHJXQJ#PLW

&\FORGH[WULQ/#GLH#GLH#:DKUVFKHLQOLFKNHLW#I�U#HLQH#LQWUDSDUWLNXOlUH#5HDNWLRQ#JHJHQ�EHU

GHU#HLQHU#LQWHUSDUWLNXOlUHQ#HUK|KW1#'XUFK#GLH#]ZHL#DGVRUELHUWHQ#3RO\PHUVFKLFKWHQ#LVW

GLH#VWHULVFKH#%DUULHUH#YHUJU|�HUW/#ZDV#HLQH#JXWH#'LVSHUJLHUEDUNHLW#EHGLQJW1#6R#ODVVHQ

VLFK#�EHU#GLH#%HOHJXQJ#JHJHQWHLOLJH#(IIHNWH#HLQVWHOOHQ#±#'LVSHUJLHUXQJ#XQG

6HGLPHQWDWLRQ1

0LW#GHQ#&\FORGH[WULQHQ#XQG#GHQ#JHHLJQHW#IXQNWLRQDOLVLHUWHQ#6LODQHQ#ZHUGHQ#HLQH

KHWHURVXSUDPROHNXODUH/#ODQJNHWWLJH#9HUNQ�SIXQJ#E]Z1#HLQH#NRYDOHQWH/#NXU]NHWWLJH#PLW
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