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+" !)*! ,21! 6)C2)K&! L)*%&! )*@! *+! "# )*! ;'#0()! 1! -#*! =#'+#0G#*!

()0%'&!()!-&*!-&%)*!*&0!6)C2)K#*!6#'#!%&(&*!-&*!620%&*!)0!)-! +0%)'=#-&!()!%+),6&!
,2)*%')#(&M8!!
Y8! 7+!
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1!)-!%)*%!0&!%)0('F#!*)*;&8!

_N(?@AB^!HE<A(

Q! ,&(&! ()! )H),6-&! *)! E#0! 2%+-+G#(&! (#%&*! *+,2-#(&*! 6#'#! $#-$2-#'! -&*!
-F,+%)*!()!$&09+#0G#!D&&%*%'#68!<#*! 9+-#*!()! -#!,#%'+G!()!(#%&*!$&'')*6&0()0!#!TY!
$&,6'+,+(&*!6#'#!$#(#!20#!()!-#*!9&',2-#$+&0)*!*+,2-#(#*I!4)9@!a)*T@!a)*Y@!a)*[!
1!a)*c@!')*6)$%+=#,)0%)8!<#*!$&-2,0#*!()!-#!,#%'+G!$&'')*6&0()0!#!$2#%'&!%+),6&*!
()!=#-&'#$+30@!aT@!aY@!a[!1!ac@!-&*!,+*,&*!6#'#!$#(#!9&',2-#$+308!!<&*!=#-&')*!()!-#!
=#'+#D-)!')6')*)0%#0!)-!6&'$)0%#H)!#$2,2-#(&!(+*2)-%&!()!,)(+$#,)0%&!6#'#!$#(#!
20#! ()! -#*! 9&',2-#$+&0)*! )0! -&*! %+),6&*! $&0*+()'#(&*8! /-! ')*2,)0! ()*$'+6%+=&@!
,)(+#*!1!()*=+#$+&0)*!%F6+$#*!()!-#!,#%'+G!()!(#%&*!*)!+0$-21)0!)0!-#!a#D-#!Y8!!
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1"$#"'934!B&'$)0%#H)!,)(+&!#$2,2-#(&!6#'#!$#(#!-&%)*@!6#'#!$#(#!20&!()!-&*!%+),6&*!()!=#-&'#$+308!

 T1 T2 T3 T4 

 Media Sd Media Sd Media Sd Media Sd 

Ref 34.92 2.36 59.48 2.85 79.27 2.98 95.07 2.73 

Tes1 40.34 4.28 67.15 6.62 87.01 4.97 97.72 1.55 

Tes2 49.33 2.96 65.30 5.09 86.75 3.67 102.8 1.90 

Tes3 25.79 2.47 50.64 2.37 66.99 2.68 88.60 2.68 

Tes4 15.08 2.26 59.50 2.84 79.27 2.98 95.07 2.73 

Tes5 43.39 1.46 77.96 1.74 86.30 2.90 98.60 2.10 

!
<#! ,#%'+G! ()! (#%&*! *)! 62)()! )>6')*#'! ,)(+#0%)! )-! =)$%&'I!

( )1 2, ,...,  ij i j i j iPjx x x x != (&0()!$#(#!)-),)0%&!')6')*)0%#!20#!$&-2,0#!()! -#!,#%'+G@!
)-!F0(+$)!!#*)!')9+)')!#-!-&%)@!3!)*!)-!0N,)'&!()!%+),6&*!)0!-&*!C2)!*)!E#!,)(+(&!-#!
$#0%+(#(! ()!,)(+$#,)0%&! (+*2)-%#! 1! 0#)-! 02,)'&! ()! $&,6'+,+(&*! )0*#1#(&*! )0!
$#(#!-&%)8!

/-!6'&$)(+,+)0%&!D&&%*%'#6!*)!')#-+G3!*);N0!)-!*+;2+)0%)!)*C2),#I!

#M!7)!;)0)'#0!,2)*%'#*!D&&%*%'#6! ( )1 2, ,...,  
i j iPjij i jx x x x! ! ! ! "

= !,)(+#0%)!'),2)*%')&!$&0!

')),6-#G#,+)0%&!()! -&*!=)$%&')*!()!(+,)0*+30!TY!C2)!$&0%+)0)0! -&*!6&'$)0%#H)*!

#$2,2-#(&*! (+*2)-%&*@! ( )1 2, ,...,  ij i j i j iPjx x x x != 8! /-! ,2)*%')&! *)! ()D)! ')#-+G#'!
+0()6)0(+)0%),)0%)!6#'#!-#!,2)*%'#!()!$&,6'+,+(&*!()!')9)')0$+#!1!6#'#!)-!-&%)!
6'&D-),#8!
DM!7)!$#-$2-#!)-!9#$%&'!()!*+,+-#'+(#(!6#'#!$#(#!,2)*%'#!D&&%*%'#68!
$M!7)!')6+%)0!-&*!6#*&*!#0%)'+&')*!%#0%#*!=)$)*!$&,&!*)!+0(+C2)!)0!)-!6#'A,)%'&!5!
L0N,)'&!()!=)$)*!C2)!*)!')#-+G#!-#!*+,2-#$+30M!$&0!-&!C2)!*)!&D%+)0)!5!=#-&')*!()!

2f̂
! @!=#-&'!)*%+,#(&!()!9Y!)0!-#!,2)*%'#!D&&%*%'#6!

S&0*+()'#0(&!C2)! *)! ;)0)'#0!5! $&0H20%&*! ()!,2)*%'#*! 2*#0(&! )-!,?%&(&!
D&&%*%'#6@!)-!+0%)'=#-&!()!$&09+#0G#!ZX`!*)!()9+0)!6&'! 2 2

ˆ ˆLf ,Uf! !" #
$ % !(&0()! 2

ˆLf ! !1! 2
ˆUf ! !

*&0!-&*!6)'$)0%+-)*!!!`!1!LTJ!M!`!()!-&*!=#-&')*!()! ( )2
ˆE f ! 8!/-!-F,+%)!+09)'+&'@!<9@!()-!

+0%)'=#-&! ()! $&09+#0G#! LTJ!M!`!6#'#! 9Y!)*! )-!!`!C2#0%+-! ()! -&*! =#-&')*! D&&%*%'#6!
6#'#! 2f̂

! !!
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!1"

 

7)! ')$E#G#! -#!E+63%)*+*!02-#! $&0!20!0+=)-!()! *+;0+9+$#$+30!!@! 1! *)! $&0$-21)!
C2)!-&*!6)'9+-)*!()!(+*&-2$+30!()-!-&%)!()!')9)')0$+#!1!()-!6'&D-),#!*&0!*+,+-#')*!*+!

2
ˆLf ! !)*!,)0&'!C2)!)-!-F,+%)!9+H#(&!6#'#!9Y8!

/0!-#!a#D-#![!*)!+0$-21)0!-&*!=#-&')*!()-! 9#$%&'!()!*+,+-#'+(#(!,2)*%'#-! 2f̂ @!
$#-$2-#(&*!,)(+#0%)!-#!920$+30!:8;3:9<')*$'+%#!6#'#!7JB<d7!L[gM8!
:8;3:9'
&6%+&0*L(+;+%*ecM!
9208[!hJ!920$%+&0L!(#%&*80&8)*%'#%@!)*%'#%@!0&,8)*%'#%M!
i!
0!hJ!0'&jL(#%&*80&8)*%'#%M!
+9L,+**+0;L)*%'#%MMi!
0T!hJ!0!`R`!Y!
)*%'#%!hJ!')6L$LT@YM@!$L0T@0J0TMM!
! k!
)-*)!+9L0!l!L-*%'#%!hJ!-)0;%EL)*%'#%MMM!
)*%'#%!hJ!$L!)*%'#%@!')6L)*%'#%m-*%'#%n@0J-*%'#%MM!
(#%&*8)*%'#%!hJ!$D+0(L)*%'#%mTI0n@!(#%&*80&8)*%'#%M!
+9Lo,+**+0;L0&,8)*%'#%MM!
0#,)*L(#%&*8)*%'#%MmTn!hJ!0&,8)*%'#%!
(#%&*8)*%'#%!
k!
9208c!hJ!920$%+&0L4)9(#%@jM!
i! !
*#,6-8*%#'!hJ!4)9(#%mj@n!
B!hJ!0$&-L*#,6-8*%#'M!J!T!!p!B!0N,)'&!()!+0*%#0%)*!()!&D*)'=#$+30!
6'+,)'8;'26&!hJ!*#,6-8*%#'m@Tn!ee!*#,6-8*%#'mT@Tn!
,)(+#*T!hJ!#66-1L*#,6-8*%#'m6'+,)'8;'26&@JTn@Y@,)#0M!
,)(+#*Y!hJ!#66-1L*#,6-8*%#'mo6'+,)'8;'26&@JTn@Y@,)#0M!
UX!q!-&;TXLTR*C'%LLT!r!*2,LL,)(+#*T!J!,)(+#*YMsYMRBMMqTXXM!
k!

<#!920$+30!:8;3=!#K#()!#!20#!,#%'+G!&!(#%#89'#,)!20#!6'+,)'#!$&-2,0#!C2)!
$&(+9+$#!)-!)*%'#%&@!;'26&!&!$&0(+$+30!)>6)'+,)0%#-!!#!-#!C2)!6)'%)0)$)!$#(#!9+-#.!-&*!
6#'A,)%'&*!()!-#!920$+30!*&0I!L+M!(#%&*80&8)*%'#%!)*!20!6#'A,)%'&!&D-+;#%&'+&!C2)!
')6')*)0%#!-#!,#%'+G!()!(#%&*!*+0!+()0%+9+$#$+30!()!)*%'#%&*.!)0!)*%)!)*%2(+&!*)!%'#%#!
()!-#!,#%'+G!'D+0(L4)9@a)*+M!6#'#!!!e!T@Y@88@U8!L++M!)*%'#%!)*!20!=)$%&'!&!9#$%&'!&6$+&0#-!
C2)! *)! 2%+-+G#'A! 6#'#! $&(+9+$#'! -#! 6)',#0)0$+#! ()! $#(#! 9+-#! #! 20! )*%'#%&8! 7+! -#!
-&0;+%2(! ()! )*%'#%! )*!,)0&'! C2)! )-! 0N,)'&! ()! 9+-#*! ()! (#%&*80&8)*%'#%@! )-! N-%+,&!
$3(+;&!()!)*%'#%&!*)!')6+%)!E#*%#!$&(+9+$#'!%&(#*!-#*!9+-#*!')*%#0%)*@!*+!)*!,#1&'!-&*!
=#-&')*!*&D'#0%)*!*)! +;0&'#0.!*+!0&!*)!)*6)$+9+$#!*)!*26&0)!C2)! -#!,+%#(!L)0%)'#M!
$&(+9+$#! 20! 6'+,)'! )*%'#%&! L=#-&'! TM! 1! -#*! ')*%#0%)*! 20! *);20(&! L=#-&'! YM8! L+++M!
0&,8)*%'#%@!)*!20#!$#()0#!()!$#'#$%)')*!&6$+&0#-!C2)!')$&;)!)-!0&,D')!C2)!*)!(#'A!
#!-#!$&-2,0#!C2)!$&(+9+$#!-&*!)*%'#%&*8!

<#!920$+30!:8;3>!$#-$2-#!)-!9#$%&'!()!*+,+-+%2(!2%+-+G#0(&!,#%'+$)*!()!(#%&*!
,2)*%'#-)*.! *2*! 6#'A,)%'&*! *&0I! j@! 1! 4)9(#%8! /-! =)$%&'! ()! F0(+$)*@! j@! +0(+$#! -&*!
)-),)0%&*!L9+-#*M@!()! -#!,#%'+G!4)9(#%!C2)! +0%)'=+)0)0!)0!20#!'),2)*%'#!$&0$')%#!
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L-#! ,2)*%'#! &'+;+0#-! *)! )*6)$+9+$#! 6&'@! TI! 0'&jL4)9(#%M8! /-! *);20(&! 6#'A,)%'&!
4)9(#%! ! )*! -#! ,#%'+G! ()! (#%&*! )0! -#! C2)! $#(#! 9+-#! $&'')*6&0()! #! 20#! 20+(#(!
)>6)'+,)0%#-!L$&,6'+,+(&M!1!$#(#!$&-2,0#@!#!6#'%+'!()!-#!*);20(#@!#!20!+0*%#0%)!
()!,)(+(#8!<#!6'+,)'#!$&-2,0#!$&(+9+$#!)-!)*%'#%&!L-&%)M@!#-!C2)!6)'%)0)$)!$#(#!9+-#!
L$&,6'+,+(&M8! V&',#-,)0%)! 0'&jL4)9(#%M! *)'A! +;2#-! #! -)0;%ELjM@! )0! $#*&!
$&0%'#'+&! -#*! '),2)*%'#*! *)'A0! ()! (+*%+0%&! %#,#K&! C2)! -#! ,2)*%'#! &'+;+0#-@!
*+%2#$+30!C2)!%#,D+?0!62)()!(#'*)!)0!)-!'),2)*%')&!H#$tt0+9)8!!

S2#0(&! *)! %&,#! 2f̂ !$&,&! )*%+,#$+30! 620%2#-! ()! 9Y! 6#'#! )=#-2#'! -#!
*+,+-#'+(#(!()!-#*!(+*&-2$+&0)*@!*);N0!-&*!')*2-%#(&*!6')*)0%#(&*!)0!-#!a#D-#![!*)!
6&('F#! $&0*+()'#'! C2)! %&(&*! -&*! -&%)*! )>$)6%&! )-! U! %+)0)0! ! 6)'9+-)*! ()! (+*&-2$+30!
*+,+-#')*! #-! -&%)! ()! ')9)')0$+#@! $2#0(&! *)! 2%+-+G#! $&,&! $'+%)'+&! ()! *+,+-#'+(#(! )-!
=#-&'!()!UX!L$&,62%#(&!D#*A0(&*)!)0!20#!(+*%#0$+#!,)(+#!()-!TX`!6#'#!%&(&*!-&*!
620%&*M8!

 

'1"$#"'=34!"#$%&')*!()!*+,+-#'+(#(!$&'')*6&0(+)0%)*!#!-#*!(+9)')0%)*!$&,6#'#$+&0)*8!

 Ref-Tes1 Ref-Tes2 Ref-Tes3 Ref-Tes4 Ref-Tes5 

2f̂  60.01 51.08 51.2 50.07 48.04 

 

/0! -#! a#D-#! c! *)! ,2)*%'#0! -&*! =#-&')*! ,)(+&*@! $&'')*6&0(+)0%)*! #! -#*!
'),2)*%'#*!D&&%*%'#6!6#'#! -&*!(+*%+0%&*! -&%)*@! ()! 2f̂

! !1! -&*! +0%)'=#-&*!()! $&09+#0G#!
D&&%*%'#6! B_! 6#'#! (+*%+0%&! 0N,)'&! ()! *+,2-#$+&0)*@! $#-$2-#(&*! $&0! -#! 920$+30!
:8;3:93!P)(+#0%)!)*%#!920$+30!*)!)*%'#%+9+$#!-#!,#%'+G!()!(#%&*!L:8;3=M!!1!*)!$#-$2-#!)-!
)*%#(F*%+$&!L:8;3>M!()!$#(#!20#!()!-#*!4!'),2)*%'#*!D&&%*%'#6!;)0)'#(#*!,)(+#0%)!
-#!920$+30!$//?!$')#(#!6&'!:#=+*&0!1!f+0t-)1!L[uM!1!#(#6%#(#!6#'#!)*%)!)*%2(+&8!!
!
D&&%L(#%#@! *%#%+*%+$@! 4@! *+,e]&'(+0#'1]@! *%16)e]+]@! *%'#%#e')6LT@0M@! <eVd<<@! ,eX@! j)+;E%*eVd<<@!
'#08;)0e920$%+&0L(@!6M!(@!,-)eVd<<@!888M!

D&&%8$+LD&&%8&2%@!$&09eX8ZU@!%16)e]#--]@!+0()>eTI,+0LY@-)0;%ELD&&%8&2%v%XM@!

=#'8%XeVd<<@!=#'8%eVd<<@!%XeVd<<@!%eVd<<@!<eVd<<@!Ee920$%+&0L%M!%@!

E(&%e920$%+&0L%M!')6LT@-)0;%EL%MM@!E+0=e920$%+&0L%M!%@!888M!

/0! -#! a#D-#! c! %#,D+?0! *)! &D*)'=#! C2)! -&*! )>%'),&*! +09)'+&')*! ()! -&*!
+0%)'=#-&*!()!$&09+#0G#!#-!ZU`!D#*#(&!)0!YXXX!,2)*%'#*!*&0!!UT8UU@!cg8Wg@!cu8XX@!
cu8Tc!1!cU8U[!6#'#! -&*! -&%)*!a)*T@!a)*Y@!a)*[@!a)*c!1!a)*U!')*6)$%+=#,)0%)8!/*%&!
+0(+$#!C2)!%&(&*!-&*!-&%)*!)>$)6%&!)-!6'+,)'&!*)!$&0*+()'#'F#0!0&!*+,+-#')*!#-!-&%)!
()! ')9)')0$+#! $2#0(&! *)!2%+-+G#! )-! =#-&'!()!UX! $&,&!620%&!()! $&'%)!6#'#! #$)6%#'!
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!2"

 

*+,+-#'+(#(!)0%')!(&*!6)'9+-)*!()!(+*&-2$+308!<#!=)-&$+(#(!()!$&0=)';)0$+#!()! -&*!
+0%)'=#-&*! ()! $&09+#0G#! D&&%*%'#6! )*! ()6)0(+)0%)! ()! -&*! (#%&*@! #-;20&*! #2%&')*!
L[WM!$&0*+()'#0!C2)!20!D&&%*%'#6!()!cXX!$&0H20%&*!()!,2)*%'#*!(#!20#!)*%+,#$+30!
6')$+*#@! *+0! ),D#';&! )0!,2$E&*! $#*&*! )*! 0)$)*#'+&! #2,)0%#'! )-! =#-&'! ()!4!6#'#!
6&()'!#*);2'#'!C2)!-#!)*%+,#$+30!)*!)*%#D-)8!<#!a#D-#!c!,2)*%'#!C2)!-#!)*%#D+-+(#(!
()! -&*! +0%)'=#-&*! ()! $&09+#0G#! )*! (+9)')0%)! 6#'#! -#*! (+*%+0%#*! $&,6#'#$+&0)*@! *)!
62)()!#$)6%#'!C2)!%&(&*!*&0!)*%#D-)*!2%+-+G#0(&!YXXX!$&0H20%&*!()!,2)*%'#*!6#'#!
-#!)*%+,#$+30!!()-!+0%)'=#-&!6)'$)0%+-8!
'

1"$#"'>34!b#-&')*!,)(+&*!()! 2f̂
! !)!+0%)'=#-&*!D&&%*%'#6!B_!6#'#!!(+9)')0%)!0N,)'&!()!*+,2-#$+&0)*@!

48!

R Ref-Tes1 Ref-Tes2 Ref-Tes3 Ref-Tes4 Ref-Tes5 

100 60.08 

(49.78, 71.59) 

51.32 

(47.83, 54.84) 

51.05 

(48.16, 55.68) 

50.22 

(48.39, 52.63) 

48.17 

(45.49, 50.99) 

200 60.34 

(51.60, 70.56) 

51.08 

(47.36, 54.62) 

51.05 

(47.38, 55.16) 

49.93 

(48.02, 51.79) 

48.02 

(45.69, 50.38) 

400 60.09 

(51.67, 70.18) 

51.10 

(47.79, 54.44) 

51.23 

(48.13, 55.54) 

50.09 

(48.22, 52.20) 

47.98 

(45.47, 50.67) 

500 60.58 

(52.15, 71.46 

51.08 

(48.00, 54.40) 

51.21 

(47.70, 54.88) 

49.98 

(48.10, 52.01) 

47.99 

(45.65, 50.29) 

1000 60.31 

(51.74, 70.27 

51.09 

(47.74, 54.86) 

51.21 

(47.82, 55.29) 

49.93 

(48.07, 51.86) 

48.02 

(45.58, 50.54) 

2000 60.19 

(51.55, 70.11) 

51.03 

(47.67, 54.38) 

51.27 

(48.00,55.09) 

49.97 

(48.14, 52.00) 

48.04 

(45.53, 50.59) 

5000 60.35 

(51.89, 70.42) 

51.00 

(47.68, 54.36) 

51.23 

(48.00, 54.99) 

49.99 

(48.07, 51.95) 

48.03 
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