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6800$5<

7KH#*$FWLYH#%DUULHU*#0#%DWFK#H[SHULPHQWV

7KH#SXUSRVH#RI# WKH#SUHVHQW#VWXG\# LV# WR#GHILQH# WKH#RSWLPL]HG#FRPSRVLWLRQ#RI#D#SHUPHDEOH#DFWLYH
EDUULHU1#)RU# WKDW# SXUSRVH# H[SHULPHQWDO# GDWD# DUH# QHFHVVDU\# LQ# RUGHU# WR# FRPSDUH# WKH# DGVRUSWLRQ
DELOLW\#RI#YDULRXV#PDWHULDOV# WRZDUGV#D#VHW#RI# LRQLF#SROOXWDQWV1#([SHULPHQWDO#FRQGLWLRQV#ZHUH#EDVHG
RQ#ILHOG#GDWD#IURP#DQ#LQGXVWLDO#VLWH#LQ#WKH#5RWWHUGDP#KDUERXU#DUHD1#3DUDPHWHUV#NQRZQ#DV#LPSRUWDQW
IRU#WKH#DGVRUSWLRQ#SURFHVV#OLNH#WKH#V\QWKHWLF#JURXQGZDWHU#FRPSRVLWLRQ/#LRQLF#VWUHQJWK/#WHPSHUDWXUH
DQG# FRQWDFW# WLPH# ZHUH# NHSW# FRQVWDQW1# 7KH# S+# RI# WKH# V\VWHP# ZDV# GHWHUPLQHG# E\# WKH# VRUELQJ
PDWHULDOV1#%DWFK#H[SHULPHQWV#ZHUH#SHUIRUPHG#XVLQJ#JODXFRQLWH/#S\UROXVLWH#DQG#]HROLWH#DV#PDWHULDOV
DQG#DUVHQLF/#FRSSHU/#QLFNHO#DQG#]LQF#DV#DGVRUEHQWV1#,Q#RUGHU# WR# IRUHVHH# WKH#DGVRUSWLRQ#EHKDYLRXU
RI#D#FRQWDPLQDQW#DFFRUGLQJ#WR#D#W\SH#RI#PDWHULDO/#H[SHULPHQWDO#GDWD#ZHUH#FRPSDUHG#WR#WKH#EHVW0ILW
WKHRUHWLFDO#LVRWKHUP#DGVRUSWLRQ1

:LWK#UHVSHFW#WR#WKH#DELOLW\#RI#WKH# LQYHVWLJDWHG#PDWHULDOV#WR#UHGXFH#WKH#FRQWDPLQDQW#FRQFHQWUDWLRQV
43#(# RI# WKH# LQLWLDO# FRQFHQWUDWLRQV# RU# WKH# *LQWHUPHGLDWH# YDOXH*# JODXFRQLWH#ZLOO# GR# IRU# DUVHQLF# DQG
]HROLWH#ZLOO#GR# IRU#FRSSHU/#DVVXPLQJ#D#EDUULHU#RI#4#P#ZLGWK#DQG#D# OLIHWLPH#RI#PLQLPDO#63#\HDUV1#$
VLQJOH#PDWHULDO#SHUPHDEOH#DFWLYH#EDUULHU#ZLO#SUREDEO\#QRW#EH#VXIILFLHQW#EXW#D#FRPELQDWLRQ#EDUULHU
PLJKW#EH#UHTXLUHG/#IRU#WKLV#FDVH1

)RU#WKH#EDUULHU#PDWHULDOV#D#JUDLQ#VL]H#RI#DERXW#518#PP#KDV#WR#EH#XVHG/#JODXFRQLWH#IDLOV#EHFDXVH#RI
LWV#VPDOOHU#JUDLQ#VL]H1

)RU#WKH#UHDOL]DWLRQ#RI#D#SHUPHDEOH#DFWLYH#EDUULHU#IRU#WKH#+JHR,FKHPLFDO#FRQGLWLRQV#DV#XVHG# IRU# WKH
H[SHULPHQWV#D#FRPELQDWLRQ#RI#S\UROXVLWH#DQG#]HROLWH#LV#SUHIHUDEOH1
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4 ,QWURGXFWLRQ

414 *HQHUDO

6ROXWH# WUDQVSRUW#RI#FRQWDPLQDQWV# LQ#QDWXUDO#VRLOV# LV#XVXDOO\#FRXSOHG#ZLWK#VRUSWLRQ#SURFHVVHV1#7KH
PDLQ#LGHD#EHKLQG#WKH#SHUPHDEOH#DFWLYH#EDUULHUV#DV#XVHG#LQ#HQYLURQPHQWDO#HQJLQHHULQJ#LV#EDVHG#RQ
WKH# XVH# RI# WKLV# DELOLW\# RI# FHUWDLQ#PLQHUDO#PDWHULDOV# WR# UHGXFH# WKH#PRELOLW\# RI# FRQWDPLQDQWV# WKXV
GHFUHDVLQJ#WKH#ULVN#RI#VSUHDGLQJ1

6LQFH# 4<<<#D# UHVHDFK#SURMHFW# *WKH#$FWLYH#%DUULHU*#KDV# VWDUWHG#RQ# WKLV# WRSLF# LQ# WKH# UHVHDUFK#SUR0
JUDPPD#12%,6#+'XWFK#5HVHDUFK#3URJUDPPH#,Q06LWX#%LRUHPHGLDWLRQ,1#7KH#DLP#RI#WKLV#SURMHFW#LV#WR
LQYHVWLJDWH# WKH#DELOLW\#RI#GLIIHUHQW# W\SH#RI#PLQHUDO#PDWHULDOV# IRU# WKH# IL[DWLRQ#RI# WKH# FRQWDPLQDQWV/
DUVHQLF/#FRSSHU/#QLFNHO#DQG#]LQF#DQG# WKHLU#JHRPHFKDQLFDO#EHKDYLRXU# LQ# UHODWLRQ# WR# WKH#DSSOLFDWLRQ
DV#SHUPHDEOH#DFWLYH#EDUULHU#PDWHULDOV1

7KLV#UHSRUW#IRUPV#D#SDUW#RI#WKH#UHVHDUFK#VWXG\#DQG#LV#UHODWHG#WR#WKH#VRUSWLRQ#DELOLWLHV#RI#WKUHH#W\SHV
RI#PLQHUDO#PDWHULDOV#EDVHG#RQ#EDWFK#VRUSWLRQ#H[SHULPHQWV1

415 3XUSRVH#RI#WKH#VWXG\

7KH#SXUSRVH#RI#WKH#SUHVHQW#VWXG\#LV#WR#JHW#H[SHULPHQWDO#GDWD#LQ#RUGHU#WR#FRPSDUH#VRUSWLRQ#DELOLW\#RI
YDULRXV#VROLG#PDWHULDOV# LQ#FRQWDFW#ZLWK# WKH#HOHPHQWV#DUVHQLF/#FRSSHU/#QLFNHO#DQG# ]LQF/#EDVHG#RQ
EDWFK#VRUSWLRQ#H[SHULPHQWV#DW#FRQVWDQW#WHVW#FRQGLWLRQV1#7KLV#WR#VHOHFW#RQH#RU#PRUH#RU#D#FRPELQD0
WLRQ# RI# WKH# VWXGLHG#PLQHUDO#PDWHULDOV# IRU# WKH# IROORZLQJ# VWHS# RI# WKH# SURMHFW/# WKH# SHUIRUPDQFH# RI
FROXPQ#VRUSWLRQ#WHVWV1

([SHULPHQWDO#FRQGLWLRQV#DUH#WDNHQ#IURP#ILHOG#PHDVXUHPHQWV#DW#DQ# LQGXVWULDO#VLWH# LQ#WKH#5RWWHUGDP
KDUERXU#DUHD#>4@1

5 0DWHULDOV#DQG#PHWKRGV

514 0DWHULDOV

%DWFK# H[SHULPHQWV# KDYH# EHHQ# SHUIRUPHG#ZLWK# WKUHH# W\SHV# RI# EDUULHU#PDWHULDOV=# ]HROLWH# +FKDED0
PLQ#-,/#S\UROXVLWH#DQG#JODXFRQLWH1#7KH#EDUULHU#PDWHULDOV#DUH# VXSSOLHG#E\#0LQHUDLV#GH# OD#0HGLWHU0
UDQHH#61$1#YLD#$QNHUSRRUW#Q1Y1/#-DQ#GH#3RRUWHU#DQG#0LQHUDO#'HYHORSPHQW# ,QWHUQDWLRQDO#$261#7KH
DYDLODEOH#SK\VLFDO#DQG#FKHPLFDO#SURSHUWLHV#RI#WKH#PDWHULDOV#DUH#GHVFULEHG#LQ#WKH#IROORZLQJ#VHFWLRQV1

7ZR#W\SHV#RI#S+#YDOXHV#DUH#SUHVHQWHG#LQ#WKH#IROORZLQJ#VHFWLRQV1#2QH#LV#JLYHQ#E\#WKH#SURYLGHU#RI#WKH
PDWHULDOV#DQG# WKH#VHFRQG#ZDV#PHDVXUHG# LQ# WKH# ODERUDWRU\#DW#*HR'HOIW1#7KH#S+#RI# WKH#PDWHULDOV
ZDV#PHDVXUHG#ZLWK# D# UDWLR# EHWZHHQ#ZDWHU# DQG# VROLG# +/26,# RI# 431# 7KH# V\VWHP#ZDV# VKDNHQ# IRU
57#KRXUV# EHIRUH# WKH# S+# RI# WKH# VROXWLRQ#ZDV#PHDVXUHG1# 7R# GLVWLQJXLVK# WKH# S+# SURYLGHG# E\# WKH
VXSSOLHU#DQG#WKH#RQH#PHDVXUHG#DW#*HR'HOIW/#WKH#ODWWHU#ZLOO#EH#FDOOHG#S+-1

51414 *ODXFRQLWH
*ODXFRQLWH#ZDV#XVHG#DV#LW#ZDV#UHFHLYHG#IURP#WKH#SURYLGHU1#,WV#JUDLQ#VL]H#GLVWULEXWLRQ#LV#SUHVHQWHG#LQ
DSSHQGL[#41#7KH#PDLQ#FKDUDFWHULVWLFV#RI#WKH#PDWHULDOV#DUH#JLYHQ#LQ#WDEOHV#4#XS#WR#61
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7DEOH#41 &KHPLFDO#DQDO\VLV1#5HVXOWV#RI#;5)#DQDO\VLV#RQ#JODXFRQLWH1
FRPSRQHQW ( WUDFH#HOHPHQW SSP
6L25 86198 9 4;6
7L25 3157 &U 5;6
$O526 43139 1L 63
)H526 4<1;7 &X 9
)H2 Q1G1 =Q 7
0Q2 3133 5E 565
0J2 5195 6U 43<
&D2 315: < 438
1D52 3137 =U 496
.52 918; 1E ;3
3528 3154 0R 3
YRODWLOHV 81;3 6Q 3

%D <6
/D 4;;
&H 975

7DEOH#51 S+#DQG#FDWLRQ#H[FKDQJH#DQDO\VLV#RQ#JODXFRQLWH1
S+-#+/26# #43, H[FKDQJH#RI

&D#+FPROÂNJ04,
H[FKDQJH#RI
0J#+FPROÂNJ04,

H[FKDQJH#RI
1D#+FPROÂNJ04,

H[FKDQJH#RI
.#+FPROÂNJ04,

&(&
+FPRONJ04,

EDVH#VDWX0
UDWLRQ#+(,

7198. :19 41< 314 318 5815 73
. S+#LV#GHSHQGDQW#RQ#WKH#FRQWDFW#WLPH/#EHFDXVH#RI#WKH#SRVVLEOH#SUHVHQFH#RI#S\ULWH

7DEOH#61 3K\VLFDO#SURSHUWLHV1
SURSHUWLHV XQLWV
GHQVLW\ 51<4 JÂFP06

SRURVLW\- 3166 Y2Y
VSHFLILF#VXUIDFH#DUHD 57< P5ÂJ04

- DW#<8#(#FRPSDFWLRQ#IRU#WKH#XVHG#JUDLQ#VL]H

51415 3\UROXVLWH
7KH#GHOLYHUHG#S\UROXVLWH#+500Q25,#ZDV#VLHYHG#DQG#WKH# IUDFWLRQ#EHWZHHQ#5#DQG#51;#PP#ZDV#XVHG
IRU# WKH# H[SHULPHQWV1# 7KH# JUDLQ# VL]H# GLVWULEXWLRQ# RI# WKH# VLHYHG# S\UROXVLWH# LV# LQ# DSSHQGL[# 51# 7KH
SURSHUWLHV#RI#WKH#PDWHULDO#DUH#FROOHFWHG#LQ#WDEOHV#7#XS#WR#91

7DEOH#71 &KHPLFDO#DQDO\VLV1
FRPSRQHQW ( PHWKRG
0Q25 :7 ,62#645
0Q2 6 ;5)
)H526 ; ;5)
$O526 7 ;5)
6L25 8 ;5)
1D52 315 ;5)
.52 4 ;5)
0J2 318 ;5)
&D2 4 ;5)

6ROXEOH#0Q#3135#PJ2O
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7DEOH#81 S+#DQG#FDWLRQ#H[FKDQJH#DQDO\VLV#RQ#S\UROXVLWH1
S+#+8#(#LQ
+53,

S+-
+/26# #43,

H[FKDQJH#RI#&D
+FPROÂNJ04,

H[FKDQJH#RI#0J
+FPROÂNJ04,

H[FKDQJH#RI#1D
+FPROÂNJ04,

H[FKDQJH#RI#.
+FPROÂNJ04,

&(&
+FPROÂNJ04,

EDVH#VDWX0
UDWLRQ#+(,

; 916 317 313 313 313 619 44

7DEOH#91 3K\VLFDO#SURSHUWLHV1
SURSHUW\ XQLWV PHWKRG
GHQVLW\ 7157 JÂFP06

WDSSHG#DSS1#GHQVLW\ 41: JÂFP06 438#�&257#K
SRURVLW\- 3187 Y2Y
VSHFLILF#VXUIDFH 65 P5ÂJ04

KDUGQHVV#0RKU*V#VFDOH 8

- DW#<8#(#FRPSDFWLRQ#IRU#WKH#XVHG#JUDLQ#VL]H

51416 =HROLWH
=HROLWH#ZDV#VLHYHG#WR#EH#XVHG# LQ#WKH#UDQJH#RI#JUDLQ#VL]HV#EHWZHHQ#5#DQG#51;#PP1#7KH#JUDLQ#VL]H
GLVWULEXWLRQ#RI#LW#LV#SUHVHQHG#LQ#DSSHQGL[#61

7KH#FKHPLFDO#GDWD#RI#]HROLWH/#SDUWO\#EDVHG#RQ#GDWD#SURYLGHG#E\# WKH#VXSSOLHU#RI# WKH#PDWHULDO/#DUH
FROOHFWHG# LQ# WKH# WDEOHV#:#DQG#;1#7KH#FRQFHQWUDWLRQV# LQ# WKH# ULJKW#FROXPQ#RI# WDEOH#:#DUH#FRQFHQWUD0
WLRQV#PHDVXUHG# LQ# WKH# OLTXLG#SKDVH#DIWHU# 57#KRXUV#RI#VKDNLQJ# LQ#ZDWHU# +/26# # 43,1#7KH#SK\VLFDO
SURSHUWLHV#RI#]HROLWH#DUH#FROOHFWHG#LQ#WDEOH#<1

7DEOH#:1 &KHPLFDO#SURSHUWLHV1
FRPSRVLWLRQ#VROLG#SKDVH FRQFHQWUDWLRQV#LQ#ZDWHU
1D52 3193 ( $O ?#3135 PJ2O
0J2 5163 ( % 4165 PJ2O
$O526 48133 ( &D 45 PJ2O
6L25 79183 ( &G ?#3134 PJ2O
.52 9133 ( &O 4715 PJ2O
&D2 43133 ( &R ?#3134 PJ2O
7L52 3183 ( &U ?#3134 PJ2O
)H526 6133 ( &X 3146 PJ2O
3528 3143 ( )H 6188 PJ2O
626 3163 ( +5327 ?#4 PJ2O
&U526 0 ( +&26 :6 PJ2O
=Q2 0 ( +J 3134 PJ2O
$V526 0 ( . 4819 PJ2O
6U2 3143 ( 0J 517 PJ2O
%D2 3138 ( 0Q 314 PJ2O
ORVW#LQ#DQDO\VLV 48133 ( 0R ?#3134 PJ2O

1D <15 PJ2O
1L ?#3134 PJ2O
1+7 ?#5 PJ2O
125 ?#314 PJ2O
126 ?#314 PJ2O
3E ?#3134 PJ2O
6L 4:1: PJ2O
627 43 PJ2O
9 3134 PJ2O
=Q 31337 PJ2O
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7DEOH#;1 S+#DQG#FDWLRQ#H[FKDQJH#DQDO\VLV#RQ#]HROLWH1
S+#+8#(#LQ#+53, S+-#+/26# #43,#+4#KU, S+-#+/26# #43,#+57#KUV, &(&#+FPROÂNJ04,
:1; ;15 :14 4:3

7DEOH#<1 3K\VLFDO#SURSHUWLHV1
PRLVWXUH#+DW#433#�&, 43 (
ZDWHU#DEVRUELQJ#FDSDFLW\ 83 (
GHQVLW\ 515 J2FP6

LQWHUQDO#SRUH#VL]H 61:#Â#715 c
SRURVLW\- 3198 Y2Y
VSHFLILF#VXUIDFH#+443#�&, 47 P52J
VSHFLILF#VXUIDFH#+583#�&, 583 P52J

- DW#<8#(#FRPSDFWLRQ#IRU#WKH#XVHG#JUDLQ#VL]H

515 0HWKRGV

51415 ,QWURGXFWLRQ
7KH# WHVW#FRQGLWLRQV#ZHUH#FKRVHQ#VR# WKDW# WKH\#HQDEOH#YDOXDEOH#FRPSDULVRQV#EHWZHHQ# WKH#YDULRXV
PDWHULDOV1# ,RQLF#VWUHQJWK/#S+/# WHPSHUDWXUH/#FRQWDFW# WLPH/# OLTXLG2VROLG# UDWLR#DUH#FUXFLDO#SDUDPHWHUV
ZKLFK#FDQ# LQIOXHQFH# WKH#DGVRUSWLRQ#SURFHVV1#7KHUHIRUH#FDUH# LV# WDNHQ# WR#NHHS# WKHP# LGHQWLFDO#EH0
WZHHQ#FRPSDUDWLYH#WHVWV1

%DWFK#H[SHULPHQWV#DUH#SHUIRUPHG# IRU#HDFK#RI# WKH# WKUHH# W\SHV#RI#EDUULHU#PDWHULDOV/#GLVFXVVHG# LQ
VHFWLRQ#514/#ZLWK#7#FRQWDPLQDQWV#GLVVROYHG# LQ#V\QWKHWLF#JURXQGZDWHU1#([SHULPHQWV#DUH#FDUULHG#RXW
LQ#GXSOLFDWH1

51515 /LTXLG#SKDVH
7KH#PHWDO# FRQWDLQLQJ# VROXWLRQV# WKDW#ZHUH# XVHG# DW# WKH# H[SHULPHQWV#ZHUH# EDVHG# RQ# D# V\QWKHWLF
JURXQGZDWHU1#7KH#PDFUR#FKHPLFDO#FRPSRVLWLRQ#RI#WKH#JURXQGZDWHU#IURP#UHIHUHQFH#>4@#ZDV#FKRVHQ
IRU# WKH# EDFNJURXQG# FRPSRVLWLRQ# RI# WKH# V\QWKHWLF# JURXQGZDWHU1# 7KH# V\QWKHWLF# JURXQGZDWHU# ZDV
SUHSDUHG#E\#GLVVROYLQJ#WKH#IROORZLQJ#FRPSRQHQWV#LQ#WDS#ZDWHU=

0# H[FHVV#RI#FDOFLXP#VXOSKDWH +r#4133#J2O,>
0# H[FHVV#RI#FDOFLXP#FDUERQDWH +r#3148#J2O,>
0# 41<:#PPROH2O#SRWDVVLXP#FKORULGH +31479<#J2O,>
0# 318<#PPROH2O#SRWDVVLXP#QLWUDWH +3138<:#J2O,>
0# 3184#PPROH2O#PDJQHVLXP#QLWUDWH +31463;#J2O,>
0# 51:;#PPROH2O#PDJQHVLXP#VXOSKDWH +319;85#J2O,1

$W# ILUVW/# WKHUH#ZDV# DOVR# XVHG# 6168#PPROH2O# VRGLXP# FKORULGH# LQ# WKH# SUHSDUDWLRQ# RI# WKH# V\QWKHWLF
JURXQGZDWHU#EXW#EHFDXVH#WKH#S+#ZDV#VWDELOL]HG#ZLWK#+&O/#VRGLXP#FKORULGH# LV#QR# ORQJHU# LPSRUWDQW
WR#REWDLQ#WKH#QHFHVVDU\#FRQFHQWUDWLRQV#RI#FKORULGH1

$V#RQH#RI# WKH#DLPV#RI# WKLV#VWXG\#ZDV# WR# LQYHVWLJDWH# WKH#DGVRUSWLRQ#EHKDYLRXU#RI# WKH#HOHPHQWV#DW
GLIIHUHQW#S+#YDOXHV/#WKH#S+#RI#WKH#+EDVLF,#V\QWKHWLF#JURXQGZDWHU#KDG#WR#EH#DGDSWHG#WR#WKH#GHVLUHG
OHYHOV1

)LUVWO\#WKLV#ZDV#UHDOL]HG#E\#SXPSLQJ#&25#WKURXJK#WKH#VROXWLRQ#WR#DGDSW#WKH#S+#RI#WKH#EXON#VROXWLRQ
RI# WKH#V\QWKHWLF#JURXQGZDWHU1#$W# ILUVW# WKH#XVHG#SDUWLDO#&25#SUHVVXUHV#ZHUH# 31;#DWPRVSKHUH#DQG
31357#DWPRVSKHUH/#UHVXOWHG# LQ#S+#§#913#DQG#S+#§#917/#UHVSHFWLYHO\#+LQ#DJUHHPHQW#ZLWK# WKH#UHVXOWV
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RI#FDOFXODWLRQV#E\#WKH#SURJUDP#0,17(4$,1#:KHQ#WKH#VROXWLRQ# LV# LQ#HTXLOLEULXP#ZLWK# LWV#FKHPLFDOV
+LQ# WKH#VROXWLRQ#DQG# LQ# WKH#VROLG#SKDVH,#DQG# LWV#DWPRVSKHUH/# LW# LV#VHSDUDWHG# IURP# WKH#VROLG#SKDVH
DQG#FDQ#QRZ#EH#XVHG# WR#SUHSDUH#VROXWLRQV#FRQWDLQLQJ#YDULRXV#FRQWDPLQDQWV1#7KH#SUHSDUHG#V\Q0
WKHWLF#JURXQGZDWHU#LV#XVHG#WR#SUHSDUH#WKH#PHWDO#FRQWDLQLQJ#VROXWLRQV1

+RZHYHU/#ZKHQ#WKH#V\QWKHWLF#JURXQGZDWHU#+DIWHU#&25#WUHDWPHQW,#LV#H[SRVHG#WR#WKH#QRUPDO#DWPRV0
SKHUH/# WKH#GLVVROYHG#&25#ZLOO#FRPH#RXW#DQG# WKH#S+#ZLOO# LQFUHDVH# WR#:1<1#7R#SUHYHQW# WKH#YDULRXV
FRQWDPLQDQWV# IURP#SUHFLSLWDWLRQ#DW#KLJKHU#S+# OHYHOV/# WKH#S+# LV# DGMXVWHG# WR# WKH# GHVLUHG# OHYHO# E\
DGGLQJ#K\GURFKORULF#DFLG1

7KLV#ZD\#RI#SUHSDULQJ#WKH#V\QWKHWLF#JURXQGZDWHU#EDFNJURXQG#VROXWLRQ/#KRZHYHU/#UHVXOWV#LQ#GLIIHUHQW
EDFNJURXQG# FRQFHQWUDWLRQV/# UHVXOWLQJ# LQ# QRW# D# FRQVWDQW# EDFNJURXQG# VROXWLRQ# IRU# WKH# VRUSWLRQ
H[SHULPHQWV/#ZKLFK#LV#QHFHVVDU\#WR#DQDO\VH#DQG#FRPSDUH#WKH#UHVXOWV#RI#WKH#EDWFK#H[SHULPHQWV1

7R#DYRLG#WKLV#SUREOHP#WKH#IROORZLQJ#VROXWLRQ#KDV#EHHQ#FKRVHQ1

$ERXW#483# OLWUHV#RI#V\QWKHWLF#JURXQGZDWHU#DUH#SUHSDUHG#XQGHU#DWPRVSKHULF#FRQGLWLRQV# +S+#r#:1<,1
:KHQ#WKH#V\VWHP#+OLTXLG2VROLG#SKDVH#LQWHUDFWLRQV,#LV#LQ#HTXLOLEULXP/#WKH#ZDWHU# LV#VLSKRQHG#WR#WKUHH
FRQWDLQHUV# LQ#ZLWFK#WKH#VROXWLRQV#ZHUH#DGMXVWHG# WR#S+#YDOXHV#RI#81:8/#918#DQG#:158#E\#XVLQJ#+&O1
7KH# DGGLWLRQ# RI# FKORULGH# LV# FRPSHQVDWHG#ZLWK# DGGLWLRQ# RI# DQ# HTXLYDOHQW# DPRXQW# RI#1D&O# LQ# WKH
FRQWDLQHUV#ZLWK#D#KLJKHU#S+1

7R#FRQWURO#WKH#S+#RI#WKH#V\QWKHWLF#JURXQGZDWHU#VHHPHG#WR#EH#UHDVRQDEOH#EXW#DV#WKH#PLQHUDOV#WR#EH
LQYHVWLJDWHG#VWURQJO\# LQIOXHQFH#WKH#S+#RI#WKH#V\VWHP#DQG#ZDVK#DQG#FRQGLWLRQ#WKHP#WR#WKH#GHVLUHG
S+# OHYHOV#ZDV#QRW#SRVVLEOH#ZLWKRXW#FKDQJLQJ# WKHLU#EHKDYLRXU#+VHH#SDUDJUDSK#51516,/# WKH#QHHG# IRU
WKUHH# W\SHV#RI#V\QWKHWLF#JURXQGZDWHU# WXUQHG#RXW# WR#EH#RI# OHVV# LPSRUWDQFH1#0RUHRYHU#ZKHQ# WKHVH
W\SH#RI#PDWHULDOV#VKRXOG#EH#XVHG#DV#D#SHUPHDEOH#DFWLYH#EDUULHU#LQ#SUDFWLFH/#FRQGLWLRQLQJ#WKHP#WR#D
GHVLUHG#S+#OHYHO#ZLOO#LQFUHDVH#WKH#FRVW#RI#UHDOL]DWLRQ#RI#SHUPHDEOH#DFWLYH#EDUULHUV1

7KH#HOHPHQWV/#XVHG#IRU#WKH#EDWFK#H[SHULPHQWV#DUH#FRSSHU#+&X,/#]LQF#+=Q,/#QLFNHO#+1L,#DQG#DUVHQLF
+$V,1#)RU#&X/#=Q#DQG#$V# WKH#SURSRVHG#FRQFHQWUDWLRQ# UDQJHV#ZHUH# 3/# 8/# 43/# 48/# 53#DQG# 58#SSP
ZKLOH#1L#ZDV#XVHG# LQ#D#UDQJH#RI#3/#4/#5/#6/#7#DQG#8#SSP/#EDVHG#RQ# WKH#PD[LPXP#FRQFHQWUDWLRQV
IRXQG#IURP#UHIHUHQFH#>4@1

8QIRUWXQDWHO\/# WKH# LQLWLDOO\#SURSRVHG#FRQFHQWUDWLRQ# UDQJHV#ZHUH#QRW# IHDVLEOH1# ,Q# ILJXUH#4# WKH# LQIOX0
HQFH#RI# WKH#S+#RQ# WKH#PHWDO# VROXELOLW\# LQ# WKH# V\QWKHWLF# JURXQGZDWHU# LV# VKRZQ1#2Q# WKH# \0D[LV# LV
SORWWHG#WKH#PHWDO#FRQFHQWUDWLRQ/#GLVVROYHG#LQ#WKH#OLTXLG#SKDVH1#2Q#WKH#[0D[LV#LV#SORWWHG#WKH#S+1#7KH
GRWV# DW# S+# 81:# DUH# UHSUHVHQWLQJ# WKH# FRQFHQWUDWLRQV/# PHDVXUHG# LQ# WKH# JURXQGZDWHU# IURP# WKH
LQGXVWULDO# VLWH1#&DOFXODWLRQV# KDYH# EHHQ#PDGH# LQYROYLQJ# WKH# HIIHFW# RI# D# UDLVH# RI# WKH# S+# RQ# WKH
VROXELOLW\#RI#WKH#PHWDO#LRQV#LQ#WKH#V\QWKHWLF#JURXQGZDWHU/#XVHG#LQ#WKH#EDWFK#H[SHULPHQWV1#)URP#WKH
JUDSKV# FDQ#EH# FRQFOXGHG# WKDW#RQO\# IRU#$V#DQG#1L/# LW# LV#SRVVLEOH# WR#PDLQWDLQ# WKH# SURSRVHG# FRQ0
FHQWUDWLRQ#UDQJHV1

)RU#=Q/# WKH# UDQJH# LV# OLPLWHG# WR#D#PD[LPXP#FRQFHQWUDWLRQ#RI# 48#SSP#GXH# WR#SUHFLSLWDWLRQ#DERYH
S+#9131# ,QSXW# GDWD# IRU# ILJXUH# 4# DUH# FDOFXODWHG# E\# WKH# SURJUDP#0,17(4$# DQG# DUH# FROOHFWHG# LQ
WDEOH#431#&X#LV#DOVR#OLPLWHG/#EXW#LQ#D#PRUH#H[WUHPH#IRUP#E\#FRPSDULVRQ#ZLWK#=Q1

&X#ZLOO#DOUHDG\#SUHFLSLWDWH#DW#S+#§#81:# +IRU# LQVWDQFH/#DW#S+#§#9# FRSSHU#SUHFLSLWDWHV#DV#PDODFKLWH
+&X5+2+,5&26,# >7@#DQG# WKH#PD[LPXP#GLVVROYHG#FRQFHQWUDWLRQ#GURSV# WLOO#316#SSP1#7KHUHIRUH/#RQO\
WKH#FRQFHQWUDWLRQ#UDQJHV#IRU#$V#DQG#1L#FDQ#EH#WKH#VDPH#DV#EHIRUH#DQG#WKH#UDQJHV#IRU#&X#DQG#=Q
KDYH#WR#EH#FKDQJHG1



9

7KHUHIRUH/# ILQDOO\/# RQO\# WKH# V\QWKHWLF# JURXQGZDWHU# ZLWK# S+# 81:8# ZDV# XVHG# LQ# WKH# H[SHULPHQWV
EHFDXVH# DW# WKLV# S+# OHYHO/# FRSSHU# FDQ# VWLOO# EH# XVHG# +HYHQ# WKRXJK# WKH#PD[LPXP# FRQFHQWUDWLRQ
HTXDOV#48#SSP,#DQG#=Q#FDQ#DOVR#EH#XVHG#LQ#WKH#LQLWLDO#FRQFHQWUDWLRQ#UDQJH1

)LJ1#41 0HWDO#VROXELOLW\#LQ#WKH#V\QWKHWLF#JURXQGZDWHU#DV#D#IXQFWLRQ#RI#S+1

7DEOH#431 0D[LPXP#DPRXQW#RI#GLVVROYHG#PHWDO#LQ#WKH#V\QWKHWLF1
3&25#+DWP, S+ &X#+PJ2O, =Q#+PJ2O, 1L#+PJ2O, $V#+PJ2O,
613 81: 4:1: 5813 813 5813
31; 913 817 5813 813 5813
314 918 415 531< 813 5813
31348 91< 317 4:1; 813 5813
31334 :18 316 4918 813 5813

51516 6ROLG#SKDVH
7R#PLQLPL]H# WKH# LQIOXHQFH# RI# WKH# S+# RQ# WKH# V\VWHP# GXULQJ# WKH# H[SHULPHQWV/# WKH#PDWHULDOV# DUH
ZDVKHG#ZLWK#ZDWHU#+VDPH#S+#DV#XVHG#LQ#WKH#H[SHULPHQW,1#7KH#UHDVRQ#IRU#FRPLQJ#WR#WKLV#PHWKRG#LV
EHFDXVH#SULRU#WR#WKH#H[SHULPHQWV#WKH#PDWHULDOV#ZHUH#VKDNHQ#LQ#WDS#ZDWHU#IRU#57#KRXUV#LQ#WKH#VDPH
/26#UDWLR#WKDW#LV#XVHG#LQ#WKH#H[SHULPHQWV1#S+#PHDVXUHPHQWV#VKRZHG#D#ODUJH#GLIIHUHQFH#DPRQJ#WKH
GLIIHUHQW# PDWHULDOV1# 7KH# S+# YDOXHV# DIWHU# VKDNLQJ# DUH# :1<5/# 7198/# 9163# DQG# :18:# IRU# ZDWHU/
JODXFRQLWH/#S\UROXVLWH#DQG#]HROLWH/#UHVSHFWLYHO\#+VHH#WDEOH#44,1

)LUVWO\/#DOO#WKH#WKUHH#PDWHULDOV#ZHUH#ZDVKHG#VHYHUDO#WLPHV#ZLWK#WDS#ZDWHU#+S+#§#;,1#*ODXFRQLWH#DQG
S\UROXVLWH#DUH#DOVR#ZDVKHG#ZLWK#D#ZDWHU#VROXWLRQ#FRQWDLQLQJ#3134#0#1D2+1#$IWHU#WKLV#WUHDWPHQW/#WKH
LQIOXHQFH#RI#WKH#PDWHULDOV#RQ#WKH#S+#LV#GLIIHUHQW>#DIWHU#VKDNLQJ#ZLWK#V\QWKHWLF#JURXQGZDWHU#RI#S+#918
IRU#518#KUV1#7KH#S+#FKDQJHV#DUH#SUHVHQWHG#LQ#WDEOH#451

3

43

53

63

818 918 :18

S+

'
LV
VR
OY
HG
#F
RQ
FH
QW
UD
WLR
Q#
+P
J2
O,#

&X

=Q

1L

$V



:

7DEOH#441 S+#YDOXHV#IRU#WKUHH#W\SHV#RI#PDWHULDOV/#EHIRUH#SUHSDUDWLRQ1
PL[WXUH#+/26# #8, S+#OLTXLG#EHIRUH S+#OLTXLG#DIWHU
JODXFRQLWH2WDS#ZDWHU :1<3 7198
S\UROXVLWH2#WDS#ZDWHU :1<3 9163
]HROLWH2#WDS#ZDWHU :1<3 :18:

7DEOH#451 S+#YDOXHV#IRU#WKUHH#W\SHV#RI#PDWHULDOV/#DIWHU#SUHSDUDWLRQ1
PL[WXUH#+/26# #8, S+#OLTXLG#EHIRUH S+#OLTXLG#DIWHU
JODXFRQLWH2WDS#ZDWHU :1<3 81;:
JODXFRQLWH2V\QWKHWLF#JURXQGZDWHU 9183 8133
S\UROXVLWH2WDS#ZDWHU :1<3 916
S\UROXVLWH2V\QWKHWLF#JURXQGZDWHU 9184 913
]HROLWH2WDS#ZDWHU :1<3 91<8
]HROLWH2V\QWKHWLF#JURXQGZDWHU 9183 9193

:DVKLQJ#RXW#WKH#PDWHULDOV#ZDV#QRW#HQRXJK#WR#FKDQJH#DQG#WR#NHHS#WKH#GHVLUHG#S+1

7KLV# VKRZV# WKH# KLJK# EXIIHU# SURSHUW\# RI# WKHVH#PDWHULDOV1# )RU# JODXFRQLWH# DQG# S\UROXVLWH# WKH# H[0
FKDQJDEOH#DFLGV#KDYH#EHHQ#HVWLPDWHG#E\# WKH#GLIIHUHQFH#EHWZHHQ# WKH#&(&#DQG#EDVH# VDWXUDWLRQ
+VHH# WDEOHV#5#DQG#8,#DQG#KDYH#YDOXHV#RI#5814#FPRO2NJ#DQG#615#FPRO2NJ1#%HFDXVH#RI# WKLV# UHDVRQ/
WKH#PDWHULDOV#ZHUH#XVHG#LQ#WKH#VDPH#VWDWH#DV#GHOLYHUHG#E\#WKH#VXSSOLHU1#7KHUHIRUH#FDUH#ZDV#WDNHQ
WR#PHDVXUH#WKH#S+#EHIRUH#DQG#DIWHU#WKH#EDWFK#H[SHULPHQWV1

51517 %DWFK#H[SHULPHQWV
7R#H[HFXWH#WKH#EDWFK#H[SHULPHQWV/#43#JUDPV#RI#VROLG#PDWHULDO#ZHUH#VKDNHQ#LQ#83#PO#SRO\SURS\OHQH
ERWWOHV# LQ# DQ# HQG0RYHU0HQG# VKDNHU# ZLWK# D# VROXWLRQ# RI#PHWDO# LQ# WKH# V\QWKHWLF# JURXQGZDWHU1# 7KH
H[SHULPHQWV#ZHUH#FDUULHG#RXW#ZLWK#D#FRQWDFW#WLPH#RI#57#KRXUV/#DW#D#FRQVWDQW#WHPSHUDWXUH#RI#43#�&
DQG#D#OLTXLG2VROLG#UDWLR#RI#81

$IWHU#WKH#H[SHULPHQW/#WKH#VDPSOHV#ZHUH#FHQWULIXJHG#DQG#ILOWHUHG1#7KH#VRUEHG#DPRXQW#RI#PHWDO#FDQ
EH# FDOFXODWHG# XVLQJ# HTXDWLRQ# +514,#ZKHQ# WKH# FRQFHQWUDWLRQV# RI#PHWDO# LQ# WKH# OLTXLG# SKDVH#ZHUH
PHDVXUHG#E\#$WRPLF#$GVRUSWLRQ#6SHFWURPHWU\=

0
9,&&+6 WU �ð

 +514,

ZKHUH=

6 LV#WKH#VRUEHG#DPRXQW#+PJ2NJ,>
&U LV#WKH#LQLWLDO#FRQFHQWUDWLRQ#LQ#WKH#VROXWH#+PJ2O,>
&W LV#WKH#FRQFHQWUDWLRQ#LQ#WKH#VROXWH#+PJ2O,>
9 LV#WKH#YROXPH#RI#WKH#VROXWH#+O,>
0 LV#WKH#PDVV#RI#WKH#VDQG#+NJ,1



;

6 5HVXOWV#DQG#GLVFXVVLRQ

614 ([SHULPHQWDO#UHVXOWV

'DWD#REWDLQHG#IURP#WKH#EDWFK#H[SHULPHQWV#DUH#SUHVHQWHG#LQ#WKH#IROORZLQJ#WDEOHV#+VHH#WDEOH#46#XS#WR
57,1#)RU#FODULW\#FRQFHUQ/#JUDSKV# UHODWLQJ# WKH#DGVRUEHG#DPRXQW#DQG# WKH# ILQDO#FRQFHQWUDWLRQ#RI# WKH
LRQLF#VROXWH#DUH#SUHVHQWHG#DIWHU#WKH#WDEOHV#+VHH#ILJ1#5#XS#WR#46,1

7KH#PHDVXUHPHQW#EDVHG#RQ#D#PL[WXUH#RI#JURXQGZDWHU#DQG# WKH#VROLG#PDWHULDOV#VKRZ#VRPH#QHJD0
WLYH#VRUSWLRQ#RI#GHVRUSWLRQ1#7KLV#PD\#EH#H[SODLQHG#E\#WKH#GHVRUSWLRQ#RI#WKH#UHOHYDQW#LRQ#SUHVHQW#LQ
WKH#VROLG#PDWHULDOV1

61414 *ODXFRQLWH

7DEOH#461 $UVHQLF1
DUVHQLF &3#+SSP, &W#+SSP, 6#+PJ2NJ, /26 S+3 S+W

31338 31338 31333 8135 8197 7166
8 31338 571<6: 8134 7167 7145
43 3134 831388 8134 7139 7139
49 313478 :<1:37 71<< 61;8 7139
53 313598 <<1:<8 8133 619< 7136
59 3137;8 4631354 8134 6197 61<<
59 46 9<41:47 86154 6197 61;;

7DEOH#471 &RSSHU1
FRSSHU &3#+SSP, &W#+SSP, 6#+PJ2NJ, /26 S+3 S+W

3139:8 3153<8 031:3; 71<< 8196 61::
71:9< 4177< 491954 8134 818: 61;9
;1;458 51;; 5<1986 8133 8188 61<4
4618:48 71944 771;53 8133 8187 61;<

0 0 0 0 0 0
0 0 0 0 0 0

4618:48 4614;:8 4;1:;3 7<146 81876 713;

7DEOH#481 1LFNHO1
QLFNHO &3#+SSP, &W#+SSP, 6#+PJ2NJ, /26 S+3 S+W

31384 31488 03184< 71<< 819< 7155
414 318<9 5185< 8135 8189 715
5158: 413< 81;5< 8133 81:5 7148
61955 41:59 <17<8 8134 81:: 7147
71866 5148< 441;<8 8134 81: 7148
81667 518:;8 461:43 71<; 81:< 7145
81667 71:8: 65156: 89144 81:< 715:

7DEOH#491 =LQF1
]LQF &3#+SSP, &W#+SSP, 6#+PJ2NJ, /26 S+3 S+W

313;5 314<88 03189; 8134 8197 61;<
8133: 41<3 481895 8134 818< 61;<
4314458 6139 681558 8133 817;3 61<
4818<< 719:8 871;44 8135 8168 61;:
53168 81<:8 :4195: 71<; 815 61;9
581;56 :19<9 <318<7 8133 8145 61;<
581;56 471;63 8881793 83188 8145 713:



<

)LJ1#51 6RUSWLRQ#RI#DUVHQLF#RQ#JODXFRQLWH#+7=#43#�&,1

)LJ1#61 6RUSWLRQ#RI#FRSSHU#RQ#JODXFRQLWH#+7=#43#�&,1

)LJ1#71 6RUSWLRQ#RI#QLFNHO#RQ#JODXFRQLWH#+7=#43#�&,1

*ODXFRQLWH

3
8
43
48
53
58
63
68
73
78
83

3 5 7 9 ; 43 45 47

&W#+SSP,
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,

&RSSHU

*ODXFRQLWH

3

8

43

48
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3 3/8 4 4/8 5 5/8 6 6/8 7 7/8 8
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6#
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NJ
,

1LFNHO

*ODXFRQLWH

3

433

533

633

733

833

933

:33

;33

313 513 713 913 ;13 4313 4513 4713

&W#+SSP,

6#
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J2
NJ
,

$UVHQLF
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)LJ1#81 6RUSWLRQ#RI#]LQF#RQ#JODXFRQLWH#+7=#43#�&,1

61415 3\UROXVLWH

7DEOH#4:1 $UVHQLF1
DUVHQLF &3#+SSP, &W#+SSP, 6#+PJ2NJ, /26 S+3 S+W

31338 31338 31333 8135 8197 8174
8 31338 581544 8138 7167 8166
43 3134 831444 8135 7139 7174
49 3135< ;314:< 8135 61;8 8165
53 313898 <<1::6 8133 619< 8169
59 313;4 45<16:5 71<< 6197 8166
59 4; 739159; 831:; 6197 7199

7DEOH4;1 &RSSHU1
FRSSHU &3#+SSP, &W#+SSP, 6#+PJ2NJ, /26 S+3 S+W

3139:8 314938 031797 71<< 8196 815;
71:9< 31555 551956 71<; 818: 8146
;1;458 3169 751564 8133 8188 814
4618:48 31:79 981369 813: 8187 813;

0 0 0 0 0 0
0 0 0 0 0 0

4618:48 51:858 43;197: 43137 81876 71<6

7DEOH#4<1 1LFNHO1
QLFNHO &3#+SSP, &W#+SSP, 6#+PJ2NJ, /26 S+3 S+W

31384 31399 0313:8 71<< 819< 819:
414 316;88 61967 813< 8189 819:
5158: 31;8 :1386 8134 81:5 818<
61955 4187 43173< 8133 81:: 819
71866 514;5 4419:4 71<9 81: 8188
81667 51:;; 451:65 8133 81:< 8188
81667 81364 4915:: 871:3 81:< 8186

*ODXFRQLWH

0433

3

433

533

633

733

833

933

3 5 7 9 ; 43 45 47 49

&W#+SSP,

6#
+P
J2
NJ
,

=LQF
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7DEOH#531 =LQF1
]LQF &3#+SSP, &W#+SSP, 6#+PJ2NJ, /26 S+3 S+W

3137:8 31348 31499 8143 81<; 81<:
71<9; 41695 4;134: 8133 8184 81;8
<1<8 7163 5;1:37 813; 81883 81:6
48156; :183; 6<145: 8139 8176 819;
4<1;8 431893 7918;5 8134 815; 8197
571<88 471;53 831938 8133 8149 8189
571<88 541933 941;;5 4;189 8149 818:

)LJ1#91 6RUSWLRQ#RI#DUVHQLF#RQ#S\UROXVLWH#+7=#43#�&,1

)LJ1#:1 6RUSWLRQ#RI#FRSSHU#RQ#S\UROXVLWH#+7=#43#�&,1

3\UROXVLWH

3

53

73

93

;3

433

453

3 3/8 4 4/8 5 5/8 6

&W#+SSP,

6#
+P
J2
NJ
,

&RSSHU

3\UROXVLWH

3
83
433
483
533
583
633
683
733
783

3 5 7 9 ; 43 45 47 49 4; 53

&W#+SSP,

6#
+P
J2
NJ
,

$UVHQLF
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)LJ1#;1 6RUSWLRQ#RI#QLFNHO#RQ#S\UROXVLWH#+7=#43#�&,1

)LJ1#<1 6RUSWLRQ#RI#]LQF#RQ#S\UROXVLWH#+7=#43#�&,1

61416 =HROLWH

7DEOH#541 $UVHQLF1
DUVHQLF &3#+SSP, &W#+SSP, 6#+PJ2NJ, /26 S+3 S+W

31338 31339;8 03133< 71<< 819< 91;
8 517 451<<; 8133 8189 :13:
43 8168 5615;7 8134 81:5 :156
49 <16 661898 8134 81:: :159
53 4416 7618:4 8134 81: :165
59 4: 781373 8133 81:< :159
59 57 43;17;4 87157 81:< :166

3\UROXVLWH

3

43

53

63

73

83

93

:3

3 8 43 48 53 58

&W#+SSP,

6#
+P
J2
NJ
,

=LQF

3\UROXVLWH

3

5

7

9

;

43

45

47

49

4;

3 4 5 6 7 8

&W#+SSP,

6#
+P
J2
NJ
,

1LFNHO
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7DEOH#551 &RSSHU1
FRSSHU &3#+SSP, &W#+SSP, 6#+PJ2NJ, /26 S+3 S+W

313:7 313:58 3133; 8134 81;7 :158
71:<;:8 313;68 57143; 8144 818: :16<
;1<458 313; 771596 8134 819: :17<
4716<58 313<:8 :41776 8133 8197 :187

0 0 0 0 0 0
0 0 0 0 0 0

4716<58 31736 5:41536 4<16< 8197 :155

7DEOH#561 1LFNHO1
QLFNHO &3#+SSP, &W#+SSP, 6#+PJ2NJ, /26 S+3 S+W

31384 313648 313<; 8134 819< :13:
414 314<5 71885 8134 8189 :149
5158: 3175 <1545 8133 81:5 :145
61955 31:978 47165< 8134 81:: :144
71866 31<;9 4:1:85 8133 81: :14
81667 4154; 531:5: 8137 81:< :139
81667 7166< 861;93 87143 81:< 91;8

7DEOH#571 =LQF1
]LQF &3#+SSP, &W#+SSP, 6#+PJ2NJ, /26 S+3 S+W

3137:8 3133<8 314<3 8134 81<; :186
71<9; 313<8 57195; 8136 8184 :187
<1<8 3164 7;14:4 71<< 81883 :18
48156; 318;: :61347 71<; 8176 :18
4<1;8 31;;< <8138: 8134 815; :179

571<8<98 41857 44:176: 8134 8149 :17<
571<8<98 ;18<3 6431393 4;1<7 8149 :144

)LJ1#431 6RUSWLRQ#RI#DUVHQLF#RQ#]HROLWH#+7=#43#�&,1

=HROLWH

3

53

73

93

;3

433

453

3 8 43 48 53 58 63

&W#+SSP,

6#
+P
J2
NJ
,

$UVHQ
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)LJ1#441 6RUSWLRQ#RI#FRSSHU#RQ#]HROLWH#+7=#43#�&,1

)LJ1#451 6RUSWLRQ#RI#QLFNHO#RQ#]HROLWH#+7=#43#�&,1

=HROLWH

3

43

53

63

73

83

93

3 4 5 6 7 8

&W#+SSP,

6#
+P
J2
NJ
,

1LFNHO

=HROLWH

3

83

433

483

533

583

633

3 3/38 3/4 3/48 3/5 3/58 3/6 3/68 3/7 3/78

&W#+SSP,

6#
+P
J2
NJ
,

&RSSHU
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)LJ1#461 6RUSWLRQ#RI#]LQF#RQ#]HROLWH#+7=#43#�&,1

615 6RUSWLRQ#LVRWKHUPV#DQG#EUHDNWKURXJK#FXUYHV

,Q#RUGHU# WR# WUDQVIRUP# WKH#H[SHULPHQWDO# UHVXOWV# LQ#D#VRUSWLRQ#DELOLW\# UDQNLQJ# IRU# WKH#PDWHULDOV/#DG0
VRUSWLRQ#LVRWKHUPV#ZHUH#GHULYHG#IURP#WKH#H[SHULPHQWDO#GDWD1#7KHVH#LVRWKHUPV#KDYH#EHHQ#XVHG#WR
PRGHO# WKH#EUHDNWKURXJK# WLPHV#RI#$V/#&X/#1L#DQG#=Q/#DVVXPLQJ#D#SHUPHDEOH#EDUULHU#RI# 4#PHWHU
WKLFNQHVV#DQG#D#JURXQGZDWHU#YHORFLW\#RI#;#P2M#>4@1

7KH# IROORZLQJ#DVVXPSWLRQ# LV# WDNHQ=# WKH#DGVRUSWLRQ#HTXLOLEULXP# LV# UHDFKHG# IRU#DOO# RXU# WHVWV1#7ZR
DUJXPHQWV#HQDEOH#WKLV#DVVXPSWLRQ1#)LUVWO\/#WR#DOORZ#WKH#DERYH0PHQWLRQHG#DVVXPSWLRQ/#WKH#FKRVHQ
FRQWDFW# WLPH# LV# 57# KRXUV1# 7KH# ODWWHU# VKRXOG# EH# UHDVRQDEO\# ORQJ# HQRXJK# HVSHFLDOO\# IRU# EDWFK
H[SHULPHQWV1#6HFRQGO\/# WR#JHW#FORVHU# WR# WKH#DGVRUSWLRQ#PD[LPXP/#DGVRUSWLRQ#RI#VDPSOHV#ZLWK#D
KLJKHU# OLTXLG2VROLG#UDWLR#+/26=43/#53#RU#83,#ZHUH#DOVR#GHWHUPLQHG1#)LWWLQJ#ZDV#SHUIRUPHG# IRU#DOO# WKH
UHVXOWV#RI# WKH#EDWFK#H[SHULPHQWV#H[FHSW# IRU# WKH#KLJKHVW#/26#H[SHULPHQWV1# ,Q# WDEOH#58# WKH#GHULYHG
DGVRUSWLRQ#SDUDPHWHUV#IRU#WKH#PDWHULDOV#DUH#VXPPDUL]HG/#EDVHG#RQ#WKH#OLQHDU#VRUSWLRQ#HTXDWLRQ=#6
 # .OLQ# Â# &HT# RU# WKH# )UHXQGOLFK# VRUSWLRQ# HTXDWLRQ=# 6#  # .I# Â# &HY

Q# RU# WKH# /DQJPXLU# HTXDWLRQ=
6# #6P#Â#.ODQ#Â#&HT2+4#.#.ODQ#Â#&HT,1#,Q#DSSHQGLFHV#7/#8#DQG#9#WKH#FXUYHV#ILWWHG#IRU#WKH#LVRWKHUPV#DUH
JLYHQ#IRU#JODXFRQLWH/#S\UROXVLWH#DQG#]HROLWH#UHVSHFWLYHO\1

7DEOH#581 0DWHULDO#VRUSWLRQ#SDUDPHWHUV1
JODXFRQLWH Q 63- 6P . 55

$V )UHXQGOLFK 317; 8:51<6 31<;95
&X )UHXQGOLFK 31;9 4513: 31<<<
=Q OLQHDU 7178 45184 31<<96
1L OLQHDU 3188 819: 31<<89
S\UROXVLWH Q 63- 6P . 55

$V )UHXQGOLFK 3164 536175 31<3:4
&X )UHXQGOLFK 318< 99168 31<64:
=Q /DQJPXLU 9:19 314< 31<;3:
1L /DQJPXLU 5514: 31759 31<<7<
]HROLWH Q 63- 6P . 55

$V )UHXQGOLFK 31;6 81;6 31<579
&X OLQHDU 7416 ;551;< 31<;58
=Q )UHXQGOLFK 3184 4331:7 31<946
1L /DQJPXLU 8<1;; 3176 31<;38

-#DPRXQW#RI#VRUEHG#HOHPHQWV#DW#&3# #3
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7KH#UHVXOWV#RI#WKH#EUHDNWKURXJK#FXUYHV#DUH#SUHVHQWHG#LQ#WKH#ILJXUHV#47#WKURXJK#491
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616 'LVFXVVLRQ

%DVHG# RQ# WKH# UHVXOWV# RI# WKH# EDWFK# H[SHULPHQWV# WKH# VRUSWLRQ# DELOLW\# UDQNLQJ# IRU# WKH# GLIIHUHQW
PDWHULDOV#FDQ#EH#GHULYHG# IURP# WKH#PRGHOOHG#EUHDNWKURXJK#FXUYHV1#7KH# UHVXOWV#DUH#SUHVHQWHG# LQ
WDEOH#591

7DEOH#591 0DWHULDO#VRUSWLRQ#DELOLW\#UDQNLQJ1
PDWHULDO2LRQV DUVHQLF FRSSHU QLFNHO ]LQF
JODXFRQLWH .. 0 0 .
S\UROXVLWH .. .. . 0
]HROLWH 0 .. . .



4;

7KH#HYDOXDWLRQ#RI# WKH#DELOLW\# WR#UHGXFH# WKH#FRQWDPLQDQW#FRQFHQWUDWLRQV# WR#43#(#RI# WKH# LQLWLDO#FRQ0
FHQWUDWLRQ#DQG#WKH#*WXVVHQZDDUGHQ*#RI# WKH#GLIIHUHQW#PDWHULDOV# LV#SUHVHQWHG# LQ# WDEOH#5:1#7KH#HYDOX0
DWLRQ#IRU#WKH#*WXVVHQZDDUGHQ*#DUH#SUHVHQWHG#EHWZHHQ#EUDFNHWV1

7DEOH#5:1 $ELOLW\#RI#PDWHULDOV#WR#UHGXFH#FRQFHQWUDWLRQV#WR#43#(#RI#WKH#LQLWLDO#FRQFHQWUDWLRQ#DQG#WKH
*7+XVVHQ,ZDDUGHQ*1

&PD[#+SSP, 43#(Â&PD[ 70ZDDUGH#+SSP, JODXFRQLWH S\UROXVLWH ]HROLWH
DUVHQLF 47 417 31368 .+., ..+.., 0+0,
FRSSHU 56 516 3137 +0, 0+0, ..+..,
QLFNHO 316< 3137 3137 +0, 0+0, 0+0,
]LQF 55 515 317 +0, 0+0, 0+0,

.. EUHDNWKURXJK#!#63#\HDUV

. EUHDNWKURXJK#53#0#63#\HDUV
0 EUHDNWKURXJK#?#43#\HDUV

$V#FDQ#EH#VHHQ# IURP# WDEOH#5:#RQO\#JODXFRQLWH#DQG#S\UROXVLWH# LV#DEOH# WR# UHGXFH# WKH#DUVHQLF#FRQ0
FHQWUDWLRQ#WR#LW*V#*WXVVHQZDDUGH*#RU#ORZHU#DW#WKHVH#LQWLWLDO#FRQFHQWUDWLRQ#OHYHOV/#MXVW#DV#RQO\#]HROLWH#LV
DEOH# WR# GR# WKLV# IRU# FRSSHU1#$OWKRXJK# IRU# S\UROXVLWH# WKH# HOHPHQWV# FRSSHU/# QLFNHO# DQG# IRU# ]HROLWH
FRSSHU/#QLFNHO#DQG#]LQF#DUH#DGVRUEHG/#WKHVH#PDWHULDOV#FRQWDLQ#VRPH#RI# WKH#HOHPHQWV/# WKDW#ZLOO#EH
GHVRUEHG#DW#FRQFHQWUDWLRQV#5#RU#6#WLPHV#WKHLU#70ZDDUGHQ1

)RU#DSSOLFDWLRQ#SXUSRVH/# WKH# ORFDO#S+# LQIOXHQFH# LV# LPSRUWDQW# WR#GHWHUPLQH# WKH#FRPSRVLWLRQ#RI# WKH
SHUPHDEOH#DFWLYH#EDUULHU#DV#WKH#ODWWHU#FDQ#EH#PDGH#RI#D#PL[WXUH#RI#YDULRXV#PDWHULDOV1

$#FRPSURPLVH#EHWZHHQ#WKH#PDWHULDOV# LV#QHFHVVDU\#WR#RSWLPL]H#WKH#FKHPLFDO#ZDOO#HVSHFLDOO\#ZKHQ
WKH#JURXQGZDWHU# LV#VSRLOHG#ZLWK#D#PL[WXUH#RI# YDULRXV# FRQWDPLQDQWV#DQG# WKH#JURXQGZDWHU#TXDOLW\
UHTXLUHPHQWV1#,Q#WKH#FRQGLWLRQV#RI#WKH#H[SHULPHQWV/#D#PL[WXUH#RI#]HROLWH#DQG#S\UROXVLWH#LV#WKH#PRVW
LQWHUHVWLQJ#FRPSRVLWLRQ# LQ#RUGHU# WR#DGVRUE#D#EOHQG#RI#DUVHQLF/#FRSSHU/#QLFNHO#DQG#]LQF1#3\UROXVLWH
VKRXOG#EH#SUHIHUUHG# WR#JODXFRQLWH#EHFDXVH#KLV#EXIIHULQJ#S+# LV#KLJKHU1#0RUHRYHU/#S\UROXVLWH#DQG
]HROLWH#DUH#FRPPHUFLDOO\#DYDLODEOH#LQ#WKH#GHVLUDEOH#VL]H#UDQJH1#7R#ZRUN#ZLWK#JODXFRQLWH/#LW#KDV#WR#EH
SUHWUHDWHG/#DV#WKH#JUDLQ#VL]HV#PLJKW#EH#WR#VPDOO#IRU#GLUHFW#DSSOLFDWLRQ#LQ#D#SHUPHDEOH#DFWLYH#EDUULHU
ZKLFK#LV#WR#EH#FRQVLGHUHG#IRU#WKH#FRVW#HYDOXDWLRQ1

7 &RQFOXVLRQV

%DWFK#H[SHULPHQWV#KDYH#EHHQ#SHUIRUPHG#LQ#RUGHU#WR#FRPSDUH#DGVRUSWLRQ#RI#DUVHQLF/#FRSSHU/#QLFNHO
DQG#]LQF/#GLVVVROYHG#VHSDUDWHO\#LQWR#D#V\QWKHWLF#JURXQGZDWHU/#RQ#JODXFRQLWH/#S\UROXVLWH#DQG#]HROLWH1
7KH# WHVW# FRQGLWLRQV#ZHUH# EDVHG# RQ# ILHOGV*#PHDVXUHPHQW# DW# DQ# LQGXVWULDO# VLWH1# S+#ZDV# QRW# NHSW
FRQVWDQW#EXW#ZDV#GHWHUPLQHG#E\# WKH#VRUELQJ#PDWHULDOV1#'DWD#VHWV# ILW#GLIIHUHQW#VRUSWLRQ# LVRWKHUPV1
6HYHUDO# DGVRUEHQW2FRQWDPLQDQWV# V\VWHPV# VKRZ# KLJK# DGVRUSWLRQ# OHYHOV# FRPSDUHG# WR# WKH# RWKHUV1
$UVHQLF#DGVRUEV#SUHIHUHQWLDOO\#RQ#DFLG#PDWHULDOV# OLNH#JODXFRQLWH#DQG#S\UROXVLWH#ZKHUHDV# FRSSHU/
]LQF# DQG# QLFNHO# +LQ# GHFUHDVLQJ# DGVRUSWLRQ# RUGHU,# SUHIHUV# EDVLF#PDWHULDOV# OLNH# ]HROLWH# DV#ZHOO# DV
S\UROXVLWH#H[FHSW#IRU#QLFNHO1#7KH#PDWHULDOV#EXIIHULQJ#S+#LV#RI#LPSRUWDQFH#IRU#WKH#DGVRUSWLRQ#RI#VRPH
R#WKH#PDWHULDOV1

:LWK#UHVSHFW#WR#WKH#DELOLW\#RI#WKH#LQYHVWLJDWHG#PDWHULDOV#WR#UHGXFH#WKH#FRQWDPLQDQW#FRQFHQWUDWLRQV/
IRU#WKLV#FDVH/#WR#43#(#RI#WKH# LQLWLDO#FRQFHQWUDWLRQV#JODXFRQLWH#ZLOO#GR#IRU#DUVHQLF/#]HROLWH#ZLOO#GR# IRU
FRSSHU# DVVXPLQJ# D# EDUULHU# RI# 4#P# ZLGWK# DQG# D# OLIHWLPH# RI#PLQLPDO# 63# \HDUV1# $# VLJOH#PDWHULDO
SHUPHDEOH#DFWLYH#EDUULHU#ZLO#SUREDEO\#QRW#EH#VXIILFLHQW#EXW#D#FRPELQDWLRQ#EDUULHU#PLJKW#EH#UHTXLUHG/
IRU#WKLV#FDVH1#$V#IRU#WKH#EDUULHU#PDWHULDOV#D#JUDLQ#VL]H#RI#DERXW#518#PP#KDV#WR#EH#XVHG/#JODXFRQLWH
IDLOV#EHFDXVH#RI#LWV#VPDOOHU#JUDLQ#VL]H1
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41 0DWHULDDO0#HQ#YHOGJHJHYHQV#*&KHPLVFKH#%DUULqUH*#.HPLUD#$JUR/#3HUQLV1
&206;:743285/#4<<<#+ELMODJH#$#ELM#KHW#HLQGUDSSRUW#YDQ#GLW#12%,60SURMHFW,1

51 :HEHU/#:1-1#HW#DO1
6RUSWLRQ#DQG# UHWDUGDWLRQ#RI#RUJDQLF#FRQWDPLQDQWV# LQ#VXEVXUIDFH#V\VWHPV=#HIIHFWV#RQ# WUDQVSRUW
DQG#IDWH1
$GYDQFHV# LQ#*URXQGZDWHU# 3ROOXWLRQ# &RQWURO# DQG# UHPHGLDWLRQ/# .OXZHU# $FDGHPLF# 3XEOLVKHUV/
SS#4064/#4<<91

61 6SRVLWR/#*1
7KH#FKHPLFDO#RI#VRLOV1
2[IRUG#8QLYHUVLW\#3UHVV/#1HZ#<RUN>#4<;<1

71 %HQMDPHQ/#0101/#DQG#-121#/HFNLH1
0XOWLSOH0VLWH#DGVRUSWLRQ#RI#&G/#&X/#=Q#DQG#3E#RQ#DPRUSKRXV#LURQ#R[LGH1
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&206:;743253/#4<<<#+ELMODJH#%#ELM#KHW#HLQGUDSSRUW#YDQ#GLW#12%,60SURMHFW,1
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$SSHQGL[#4 *UDLQ#VL]H#GLVWULEXWLRQ#RI#JODXFRQLWH
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$SSHQGL[#5 *UDLQ#VL]H#GLVWULEXWLRQ#RI#S\UROXVLWH
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$SSHQGL[#6 *UDLQ#VL]H#GLVWULEXWLRQ#RI#]HROLWH
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$SSHQGL[#7 $GVRUSWLRQ#LVRWKHUPV#RQ#JODXFRQLWH
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$SSHQGL[#8 $GVRUSWLRQ#LVRWKHUPV#RQ#S\UROXVLWH
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