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4*,3*/E =,* #*'(&/,.'(*/ \,;*/.'(&23*/ 1*+ -"1,2,4&3,"/*/ M-UIU Z'"/3,/"0.[ 0/1
M-UI= Z1,.'"/3,/"0.[ .,/1 +,'(30/;.&)(7/;,; 0/1 4]//*/ &02 ._*:,*99* L*9&.I
30/;.2799* &);*.3,##3 N*+1*/ rGosE =,* Y*+.3*990/; 0/1 !*+&+)*,30/; 1*. M-UI
`"(#&3*+,&9. N,+1 ,# 2"9;*/1*/ 8&_,3*9 /7(*+ *+9703*+3E



HD M3&/1 1*. K,..*/.

H>G>H+ B$%4%@$&).(1+75(+386

Y*+.3*99*/ G ),. f ## 1,'4*+W 9*1*+&+3,;*+W 29,*d27(,;*+ -&33*/W
1,* &0. *,/*# <*#,.'( &0. <9&.2&.*+/W 0/;*.733,;3*# A"9V*.3*+(&+:

Z5AIY&+:[W !*+&+)*,30/;.(,92..3"22*/ ."N,* %@99.3"22*/ )*.3*(*/

Y*+&0.3+*//*/ 6"/ X0.'(/,33*/ &0. 1*/ -&33*/ 0/1 1*+*/
X0.&##*/9*;*/ :0 X0.'(/,33_&4*3*/

!*+_+*..*/ 1*+ X0.'(/,33_&4*3* 0/1 Q0.(7+3*/ 1*. 5AIY&+:*. ,/
)*(*,:3*/ M3&(9N*+4:*0;*/

\/32"+#*/ 0/1 >&'()*&+)*,3*/ 1*+ %"+#3*,9*

L,91 GECB !*+&+)*,30/;..'(+,33* :0+ Y*+.3*990/; 6"/ M-UIL&03*,9*/ rHHos

=,* Y*+.3*990/; 6"/ %"+#3*,9*/ &0. M-U ;9,*1*+3 .,'( ,/ 1,* A+"1043,"/ 1*. M-UI
`"(#&3*+,&9. 0/1 1*..*/ K*,3*+6*+&+)*,30/;E =&. `"(#&3*+,&9 S 1,* %"+##&..* S
N,+1 &02 1*+ J#_+7;/,*+&/9&;* &9. Y&9):*0; (*+;*.3*993E =&:0 N*+1*/ :N*, \/19".I
A"9V*3(V9*/2"9,*/ #,3 1*# :06"+ &/&9"; 1*+ ;*N@/.'(3*/ `*:*_30+ ;*#,.'(3*/ -&3I
+,c#&3*+,&9 ZY&+:W %@99.3"22*W Q11,3,6*[ )*.'(,'(3*3E \/19".I<9&.2&.*++"6,/;. N*+1*/
4"/3,/0,*+9,'( #,3 *,/*# L+*,3.'(/*,1N*+4 ,/ Ge ),. eD ## 9&/;* %&.*+)@/1*9 ;*I
.'(/,33*/W 1,* N*;*/ 1*. M'(N*+4+&23*,/290..*. +*;*99". &02 1,* #,3 -&3+,c#&3*+,&9
)*.'(,'(3*3* *+.3* A\I%"9,* 2&99*/E ^)*+ */3._+*'(*/1* `"99*/2@(+0/;*/ N,+1 1,*
:N*,3* A\I%"9,* :0;*2@(+3 0/1 #,3 1*+ )*.'(,'(3*3*/ M*,3* &02 1*/ <9&.2&.*+/ &)I
;*9*;3E \,/* 2"9;*/1* !*+1,'(3*+;+0__* ."+;3 2@+ *,/* ,/3*/.,6* L*/*3:0/; 1*+ %&I
.*+/E =&. ." */3.3&/1*/* M-UI`"(#&3*+,&9 ZA+*_+*;[ N,+1 &02 M_09*/ &02;*+"993 0/1
#,3 .3V+"90/10+'(97..,;*/ %"9,*/ 6*+.'(9"..*/E =,* M-UI`"99*/ +*,2*/ &/.'(9,*d*/1
,/ 3*#_*+&30+;*+*;*93*/ `70#*/W 1E(E .,* N*+1*/ h* /&'( `*:*_30+ ',+'& *,/ ),. .,*I
)*/ ?&;* ;*9&;*+3E K7(+*/1 1,*.*+ `*,2*:*,3 *+(](3 .,'( 1,* !,.4".,373 1*.
A+*_+*;.E =&. M-U )*.,3:3 1&// *,/* 9*1*+&+3,;* 8"/.,.3*/:W ,/ 1*+ *. .,'( ;03
(&/1(&)*/ 97..3 Z:0.'(/*,1*/ 0/1 1".,*+*/[ rGsE

=,* p0&9,373 1*+ M-UI%"+#3*,9* *+;,)3 .,'( &02;+0/1 1*+ 8"#_9*c,373 1*. K*+4.3"2I
2*. ):NE 1*+ Q/:&(9 1*+ )*3*,9,;3*/ 8"#_"/*/3*/ 0/1 !*+2&(+*/..'(+,33* ),. :0#
2*+3,;*/ L&03*,9 &9. \+;*)/,. &0. 1*# X0.&##*/N,+4*/ &99*+ A+":*..)*3*,9,;3*/E J#
Q/.'(90.. &/ 1,* Y&9):*0;(*+.3*990/; 4&// 1&. M-U :0 L&03*,9*/ 6*+&+)*,3*3 N*+I



M3&/1 1*. K,..*/. HH

1*/E =&:0 N*+1*/ 1,* X0.'(/,33* */3._+*'(*/1 1*+ )*/]3,;3*/ -&3*+,&9#*/;* &/I
;*2*+3,;3 0/1 1,* A\I%"9,*/ */32*+/3E =,* ?*,9* N*+1*/ ,/ 1&. &02 *3N& HeDkU &02;*I
(*,:3* K*+4:*0; *,/;*9*;3E =&. K*+4:*0; .'(9,*d3 .,'( 0/1 1&. -&3*+,&9 N,+1 )*,
*,/*# =+0'4 6"/ '&E OD )&+ 6*+_+*..3E >&'( *,/*+ Q0.(7+3*:*,3 6"/ *3N& fD M*40/I
1*/ _+" -,99,#*3*+ K&/1.37+4* N,+1 1&. A+*..N*+4:*0; ;*]22/*3 0/1 1&. 2*+3,;*
L&03*,9 4&// */32"+#3 N*+1*/E U(&+&43*+,.3,.'( 2@+ 1,* Q/N*/10/; 0/1 )*.3,##*/1
(,/.,'(39,'( 1*+ K*+4:*0;4".3*/ .,/1 1,* ?&0'(4&/3*/ :0# Q02)&0 1*. )*/]3,;3*/
J//*/1+0'4. 0/1 1*+ x94+*,.9&02 :0# Q02(*,:*/ 1*. K*+4:*0;*.E Q02;+0/1 1*.
!*+&+)*,30/;.6*+2&(+*/. *,;/*3 .,'( 1&. -&3*+,&9 6"+ &99*# 2@+ 297'(,;* L&03*,9*W N"I
)*, _+*..6*+2&(+*/.3V_,.'(* 8"/.3+043,"/.+,'(39,/,*/ N,* :ELE 1,* `*&9,.,*+0/; 6"/
Q0.2"+#.'(+7;*/ 0/1 `&1,*/ *,/;*(&93*/ N*+1*/ #@..*/E

\,/* K*,3*+*/3N,'490/; ,/ 1*+ !*+&+)*,30/; 6"/ M-UI`"(#&3*+,&9 .3*993 1,* J-UI
L*.'(,'(30/; ZJ/ -"091 U"&3,/;[ 1&+E =&)*, N,+1 40+: 6"+ 1*# Q0.(7+3*/ 1*.
%"+#3*,9*. 1&. K*+4:*0; 0# N*/,;* -,99,#*3*+ ;*]22/*3 0/1 @)*+ *,/*/ M_+,3:4"_2
b&'4 *,/;*._+,3:3E =&. K*+4:*0; N,+1 N,*1*+ ;*.'(9"..*/W N"10+'( 1*+ b&'4 &02
1&. %"+#3*,9 &02;*_+*..3 N,+1 0/1 &0.(7+3*3E =&)*, *+(793 #&/ *,/* ;*.'(9"..*/*
<+0/1,*+0/; &02 1*+ M-UIF)*+297'(*W 1,* _+")9*#9". N*,3*+9&'4,*+3 N*+1*/ 4&//
rCHsW rCGsE

-,3 M-U 6*+N&/13*W 3*,;,;* %"+##&..*/W 1,* :0# M_+,3:*/ 0/1 ?+&/.2*+_+*..*/
;**,;/*3 .,/1W N*+1*/ ,# Q99;*#*,/*/ &9. L-U ZL094I-"091,/;I'"#_"0/1[ )*:*,'(I
/*3E <*_+*..3* %"+#3*,9* &0. M-U (&)*/ 1*039,'( )*..*+* #*'(&/,.'(* \,;*/I
.'(&23*/ &9. ."9'(* &0. L-U rHHesE

H>G>K+ F(A$(2.(1$(+75(+386

=,* >03:0/; 6"/ M-U )*;&// ,/ 1*/ PD*+ j&(+*/ #,3 1*+ %*+3,;0/; 6"/ 8&)*96*+I
3*,9*+.'(+7/4*/W b*0'(3*/W <*(70.*/ 2@+ \9*43+";*+73*W 0.NEE L&91 1&+&02 2"9;3*/
L&03*,9* N,* XV9,/1*+4"_21*'4*9 0/1 x9N&//*/ 2@+ =,*.*9#"3"+*/E -,3 1*+ \/3N,'4I
90/; 1*+ bAI5AIY&+:* 4"//3*/ 1&// &0'( Q03"#"),9IQ0d*/3*,9* #,3 &4:*_3,*+)&+*+
F)*+297'(*/i0&9,373 (*+;*.3*993 N*+1*/E %+"/3I\/1. ,/ 1*/ 5MQ 0/1 1&. &)/*(#)&I
+* M"//*/1&'( 1*. !KIA"+.'(* oHf ,/ \0+"_& N&+*/ 1,* *+.3*/ M*+,*/3*,9* #,3 bAI
M-U rHHsE

=,* F)*+297'(*/_+")9*#* N0+1*/ #,3 1*# \,/.&3: 1*+ J-UIL*.'(,'(30/; Q/2&/;
1*+ OD*+ j&(+* *+.3#&9. ;*9].3E =&+&02 2"9;3*/ L&03*,9* N,* 1,* -"3"+(&0)* 1*. U,3I
+"*/ LqE =,* /*0 */3N,'4*93*/ ("'(2*.3*/ M-UI-&3*+,&9,*/ #,3 <9&.;*(&93*/ 6"/
PD <*NEIm 2@(+3*/ :0 M3"d27/;*+&/N*/10/;*/ ,/ 6,*9*/ Q03"#"),9*/ rHHsE

J# L&0N*.*/ 2,/1*/ .,'( 6"+ &99*# !*+49*,10/;.3*,9* ,# Q0d*/)*+*,'( 6"/ %&..&I
1*/E =,* \9*43+",/10.3+,* /03:3 M-U N*;*/ .*,/*+ Y&93)&+4*,3 0/1 5/*#_2,/19,'(4*,3



HG M3&/1 1*. K,..*/.

;*;*/@)*+ 5#N*93*,/29@..*/ &9. K*+4.3"22 2@+ <*(70.*I 0/1 M'(+&/4)&03*,9*E J#
L*+*,'( 1*+ L&(/&/N*/10/;*/ S 5IL&(/W \,.*/)&(/ S N,+1 M-U &9. -&3*+,&9 2@+
!*+49*,10/;.3*,9* #,3 ,/3*;+,*+3*+ 3+&;*/1*+ %0/43,"/ ;*/03:3E

\,/ 3V_,.'(*. L*,._,*9 2@+ 1,* >03:0/; 6"/ M-U ,# >03:2&(+:*0;)*+*,'( :*,;3 1*+
-*+'*1*.IL*/: Q'3+".E \,/*+.*,3. N*+1*/ !*+49*,10/;.3*,9* &0. M-U ;*2*+3,;3W &/I
1*+*+.*,3. *+2@99*/ &0'( 1,* \,/.3,*;..302*/ &0. M-U 1,* Q/2"+1*+0/;*/ )*, 1*+ ("I
(*/ L*9&.30/; )*,# \,/.3,*; 1*+ J/.&..*/E L*."/1*+. )*, 2+&/:].,.'(*/ A4NI
%&)+,4&3*/ 2,/1*/ .,'( 0#2&/;+*,'(* Q/N*/10/;*/ 6"/ M-U &9. !*+49*,10/;.I ):NE
Q0d*/(&03)&03*,9E

   

L,91 GEfB Q/N*/10/; 6"/ M-U ,# A4NIL*+*,'( S 8&+"..*+,*IQ0d*/)&03*,9* 1*.
`*/&093 \._&'* res 0/1 M301,* *,/*+ M-U %+"/3.3+0430+ 2@+ 1*/ `*/&093
U9,"W */3N,'4*93 ,# A+"h*43 -FMQJU res

=,* \,;/0/; 6"/ M-U &9. K*+4.3"22 2@+ *,/* 4"#_9*33* %+"/3.3+0430+ N0+1* ,# ;*2]+I
1*+3*/ \<IA+"h*43 -FMQJU ,/ 1*/ j&(+*/ 6"/ HooD ),. Hoof 6"/ 1*/ %,+#*/ `*I
/&093W %+&/4+*,'(W 0/1 =M-W >,*1*+9&/1*W 10+'(;*2@(+3E X,*9 1*. A+"h*43*. N&+ 1,*
\/3N,'490/; *,/*+ M3+0430+W 1,* M*+,*/&/2"+1*+0/;*/ *+2@993E \+;*)/,. N&+ 1&. 1&+;*I
.3*993* %+"/3#"109 1*. `*/&093 U9,"E

=*+ ;*.&#3* !"+)&0 N0+1* &0. /*0/ ?*,9*/ +*&9,.,*+3W N")*, 1,* J/3*;+&3,"/ 6"/
%0/43,"/*/ ,/ 1*/ !"+1*+;+0/1 ;*.3*993 N0+1*E =&. A"3*/3,&9 *,/*+ ."9'(*/ M3+0430+
;,)3 1*+ 2"9;*/1* Q).'(/,33 N,*1*+B

•  ),. eDD %&(+:*0;*a?&; ;@/.3,;*+ &9. 1,* F+,;,/&9IM3&(9IM3+0430+
•  ),. HODD %&(+:*0;*a?&; 6*+;9*,'()&+ #,3 M3&(9I 0/1 Q90#,/,0#I

Q93*+/&3,6*/W 1,* *)*/2&99. ,# A+"h*43 0/3*+.0'(3 N0+1*/
•  `*10:,*+0/; 1*+ !*+),/10/;._0/43* 6"/ CD &02 1+*,
•  `*1043,"/ 6"/ PD M3&(9I?*,9*/ &02 /*0/ %!8I?*,9*
•  <*N,'(3.+*10:,*+0/; 0# GDmE

X0.73:9,'(* !"+3*,9* 1*+ %!8I%+"/3IM3+0430+ N&+*/B



M3&/1 1*. K,..*/. HC

•  \+2@990/; 1*+ \U\HGIU+&.(&/2"+1*+0/;*/ ZeD4#a([
•  8"++".,"/.)*.37/1,;4*,3E

K*,3*+* L*,._,*9* 2@+ (*03,;* M-UIQ/N*/10/;*/ ,# Q03"#"),9)*+*,'( 2,/1*/ .,'( ,/
1*+ 2"9;*/1*/ ?&)*99*E

?&)*99* GEGB L*,._,*9* 2@+ M-UIQ/N*/10/;*/ ,# Q03"#"),9)*+*,'( rHGDs

Y*+.3*99*+ -"1*99 L&03*,9

=&,#9*+U(+V.9*+ MI89&..* U"0_* Y*'41*'4*9
`*/&093 \._&'* M3"d27/;*+W 8"329@;*9W ?@+&0d*/6*+49*,10/;

%"+1 ?&0+0.W -0.3&/; %+"/3*/1
Q92& `"#*" <? M_,1*+ -"3"+(&0)*

L-K C*+ 3"0+,/; =&'(._",9*+

\+.3* Q/.73:* :0+ +*'(/*+,.'(*/ 5/3*+.0'(0/; 6"/ M-UIM3+0430+)&03*,9*/ (,/.,'(3I
9,'( ,(+*+ U+&.(*,;*/.'(&23*/ :*,;3 L,91 GEeE L*,1* Q/N*/10/;.)*,._,*9* :*,;*/
L&03*,9*W 1,* ,# `&(#*/ 1*+ 5/3*+.0'(0/;*/ h*1"'( /,'(3 (,/.,'(39,'( ,(+*. \/*+I
;,*&02/&(#*6*+#];*/. )*0+3*,93 N0+1*/E X,*9 1*+ Q+)*,3*/ N&+ ,/ 1,*.*# %&99 1&.
;9")&9* =*2"+#&3,"/.6*+(&93*/ )*:";*/ &02 1,* 8/,'4.3&),9,373E

L*, 1*+ Q/N*/10/; &9. !*+1*'4&)1*'40/; *+;&) 1,* M,#09&3,"/ 1,* >"3N*/1,;4*,3
1*+ J/3*;+&3,"/ *,/*+ M"99)+0'(.3*99* ,# L&03*,9W 0# )*,# Y*'4&02_+&99 !*+9*3:0/;*/
1*+ %"/1_&..&;,*+* ,# Y&9.)*+*,'( :0 6*+#*,1*/E L*, 1*+ +*'(/*+,.'(*/ 5/3*+.0I
'(0/; 1*+ ;*2@;3*/ M-UI?*,9* N0+1*/ ,/.)*."/1*+* 6*+.'(,*1*/* M"99)+0'(.3*99*/I
;*"#*3+,*/ :0+ M3*0*+0/; 1*. U+&.(6*+(&93*/. 1*+ M3+0430+ )*3+&'(3*3 0/1 )*N*+3*3E

   

L,91 GEeB M,#09&3,"/ 1*. Y*'4'+&.(. *,/*. `*/&093 -*;&/* U&)+," #,3 Y*'41*'4*9
0/1 !*+1*'4&)1*'40/; &0. M-U rCCs 0/1 M301,* *,/*. 297'(,;*/ M-UI
L&03*,9*. #,3 !*+.37+40/;.+,__*/ &9. -"3"+(&0)*/&/N*/10/; rls

\,/ N,'(3,;*+ Q._*43 )*, 1*+ >03:0/; 6"/ M-U ,.3 1,* %0/43,"/.I 0/1 ?*,9*,/3*;+&3,I
"/E =&. "E;E A+"h*43 -FMQJU (&3 1,* (,*+ )*.3*(*/1*/ -];9,'(4*,3*/ *,/1+0'4.6"99



Hf M3&/1 1*. K,..*/.

/&'(;*N,*.*/E K*,3*+* 8"/.3+043,"/.#];9,'(4*,3*/ 0/1 I+,'(39,/,*/ )*, 1*+ Q+)*,3 #,3
M-U .,/1 ,/ 1*+ b,3*+&30+ &0.2@(+9,'( *+9703*+3E

H>G>M+ !&1$(-/04E)$(+75(+386

H>G>M>G+ 3)4(24%29386

L*, M3&/1&+1IM-U (&/1*93 *. .,'( /&'( =J> HPoHC 0# 1*/ ?V_ R`TE =E(E 1,* %&.*+/
.,/1 _+,/:,_,*99 +*;*99". Z:02799,; y +&/1"#[ "+,*/3,*+3E =*//"'( .,/1 `,'(30/;.&)(7/I
;,;4*,3*/ 1*+ \,;*/.'(&23*/ 6"/ M-U ,/ ;*+,/;*# 5#2&/; #];9,'(E =,*.* N*+1*/
10+'( 6,*9* \,/N,+40/;*/ )*, 1*+ `"(#&3*+,&9(*+.3*990/;W 6"# \,/9*;*6*+2&(+*/ ,/.
K*+4:*0;W 6"/ 1*/ %9,*dN*;*/ 0/1 6"/ 1*+ L&03*,9;*"#*3+,* )**,/290..3E 5#2&/;I
+*,'(* 5/3*+.0'(0/;*/ )*2&..*/ .,'( #,3 1,*.*+ ?(*#&3,4 rCesW rHosE

?&)*99* GECB 5/3*+.0'(3* M3&/1&+1IM-UI-&3*+,&9,*/

M-U X0.&##*/.*3:0/;

bj HOoeaGGeaH
Z-*/:"9,3I%,)+"/

<#)Y[

Cem ?*c3,9;9&.+"6,/; ;*.'(/,33*/
CDm !\IY&+:W .'(N,/;0/;.4"#_*/.,*+3 ZAM[
Cem #,/*+&9,.'(* %@99.3"22* Z8+*,1*[W A,;#*/3*W ?+*//#,33*9

bj HOoeaGGeaG
Z-*/:"9,3I%,)+"/

<#)Y[

fDm ?*c3,9;9&.+"6,/; ;*.'(/,33*/
CDm !\IY&+:W .'(N,/;0/;.4"#_*/.,*+3 ZAM[
CDm #,/*+&9,.'(* %@99.3"22* Z8+*,1*[W A,;#*/3*W ?+*//#,33*9

Y5A HDaCD `IlDCH
Z=0+"2"+# <#)Y[

CDm \I<9&.2&.*+
Gom 5AIY&+:
CCm 8+*,1*
Om Y7+3*+W A,;#*/3*W ?+*//#,33*9W Q11,3,6*

Y5A Q? HODlaPD
`)IlDCe

Z=0+"2"+# <#)Y[

PDm \I<9&.2&.*+
GCm !\IY&+:
HHm 8+*,1*
Pm Y7+3*+W A,;#*/3*W ?+*//#,33*9W Q11,3,6*

M-U HPHC
Z=M-[

Gem <9&.2&.*+
CDWHm A"9V*.3*+a!,/V9*.3*+ YV)+,1(&+:
ffWom %@99.3"22*

Y-U HPHf
Z=M-[

fem <9&.2&.*+
CDWGm A"9V*.3*+a!,/V9*.3*+ YV)+,1(&+:
GfWOm %@99.3"22*



M3&/1 1*. K,..*/. He

=,* \,;*/.'(&23*/ 1*+ ,/ ?&)*99* GEf 1&+;*.3*993*/ -&3*+,&9,*/ N0+1*/ ,# `&(#*/
1,*.*+ Q+)*,3 *+#,33*93E =,* 8*//N*+3* N0+1*/ ,##*+ ,/ b7/;.I 0/1 p0*++,'(30/; 1*+
A+@2_9&33*/ ;*#*..*/E \. :*,;3*/ .,'( 1&)*, /0+ .*(+ ;*+,/;* `,'(30/;.&)(7/;,;I
4*,3*/E

?&)*99* GEfB -&3*+,&9*,;*/.'(&23*/ 1*+ 0/3*+.0'(3*/ M3&/1&+1IM-U

=M- =0+"2"+# -*/:"9,3I
%,)+"/

\,;*/I
.'(&23

\,/(*,3 >"+# M-U Y-U Y5A
HDaC

D

Y5A
Q?

HODl

HOaoe
a

GGeaH

HOaoe
a

GGeaG

ρ 4;a1#C =J> eCflo HWoD HWoC HWPl HWoC HWlo HWOD
ϕ%# -&..*Im I GlWP feWD CHWl PDWf CCWO fDWG
ϕ%6 !"9EIm I GDWO CfWC GDWo fPWD GfWD GOWf
\3 <A& =J> eCfee HHWP HfWo oWHG HPWD HGWH HCWC
ε3) m =J> eCfee HWll HWlH DWOf HWeC GWDG GWDC
σ3) -A& =J> eCfee loWl Hff eDWO HPe HGH Hff
\' <A& =J> eCfef HDWH HGWf oWCO HCWe HHWG HGWO
ε') m =J> eCfef GWfC HWoH HWoe HWOO GWee GWDC
σ') -A& =J> eCfef Hlo HOO HeC GHP GGC GHe
\) <A& =J> \> PC HHWH HGWl lWPG GCWH HlWe HoWC
σ)) -A& =J> \> PC HoD GPf HCD CeO Gef CHD
< <A& =J> eCfee fWDo eWfG CWlG eWPl fWlo fWPe
τ. -A& QM?- = eClo oeWD HCG lCWH HeG HHO HGo

M'(9&;:E 4ja#G =J> eCfeC lHWP HDH ffWf OoWo ODWO HGH

H>G>M>H+ Y$.$%$+3869!()A&/:*.(1$(

J/(&93 1*+ 5/3*+.0'(0/;*/ #,3 ._*:,*99*/ M-UI?V_*/ N&+*/ 2"9;*/1* -&3*+,&9,*/B
0/,1,+*43,"/&9 6*+.37+43*. M-UW b*,'(3IM-UW 29*c,)9*. M-UW `*'V'9&3IM-UE J# %"9I
;*/1*/ N,+1 &02 1,* 0/3*+.'(,*19,'(* U(&+&43*+,.3,4 1,*.*+ -&3*+,&9,*/ /7(*+ *,/;*I
;&/;*/E

5/,1,+*43,"/&9 6*+.37+43*. M-UI-&3*+,&9 ,.3 &9. Y&9):*0; :N*,9&;,; &02;*)&03E =E(E
&0d*+ 1*+ b&;* #,3 :02799,; "+,*/3,*+3*/ %&.*+/ *c,.3,*+3 *,/* :N*,3* b&;* #,3 4"/3,I
/0,*+9,'(*/W &0.;*+,'(3*3*/ %&.*+/E <*#7d 1*+ >"#*/49&30+ N,+1 1,*.*. -&3*+,&9 #,3
M-UIUa` )*:*,'(/*3E =&. 0/3*+.0'(3* -&3*+,&9 YAU HCDD ,.3 9&03 Y*+.3*99*+&/;&)*/
N,* 2"9;3 :0.&##*/;*.*3:3B eDm ?*c3,9;9&.+"6,/;W CDm .,/1 "+,*/3,*+3W Gem !,/V9*.I



HP M3&/1 1*. K,..*/.

3*+(&+: Z!\[W .'(N,/10/;.4"#_*/.,*+3 ZAM[W Gem #,/*+&9,.'(* %@99.3"22* Z8+*,1*[W
A,;#*/3*W ?+*//#,33*9E =,* \,;*/.'(&23*/ 1*. -&3*+,&9. S N*;*/ 1*+ 0/,1,+*43,"/&I
9*/ b&;*/ .3&+4 "+3("3+"_ S :*,;3 ?&)*99* GEeE

?&)*99* GEeB \,;*/.'(&23*/ 6"/ YAU HCDD 6"/ -*/:"9,3I%,)+"/W z DkaoDk y ,/ai0*+
:0+ %&.*++,'(30/; 1*. 5=IQ/3*,9.

\,;*/.'(&23 \,/(*,3 >"+# DkW z oDkW z

ρ 4;a#C =J> eCflo HODD .E9E
ϕ%# -&..*Im I fOWo .E9E
ϕ%6 !"9EIm I POWo .E9E
\3 <A& =J> eCfee GGWf lWHe
ε3) m =J> eCfee GWlO HWoe
σ3) -A& =J> eCfee CPl feWG
\' <A& =J> eCfef foCo fHPO
ε') m =J> eCfef fWCO CWCH
σ') -A& =J> eCfef COC HeP

M'(9&;:E 4ja#G =J> eCfeC HOo feWH

=,* 8*//N*+3* 1*+ N*,3*+*/ M-UI-&3*+,&9,*/ .,/1 ,/ ?&)*99* GEe :0.&##*/;*.3*993
ZY*+.3*99*+&/;&)*/[E =,* \/3N,'490/; 6"/ >&30+2&.*+I6*+.37+43*# M-U ;+@/1*3 .,'(
&02 1*# :0/*(#*/1*/ !*+9&/;*/ /&'( 0#N*93;*+*'(3*/ 0/1 +*'V'9,/;27(,;*/ A+"I
1043*/E \,/ Q/.&3: ,.3 1,* Q/N*/10/; 6"/ /&'(N&'(.*/1*/ `"(.3"22*/E Y,*+ 4]/I
/*/ )*, M-U 1,* <9&.2&.*+/ 10+'( >&30+2&.*+/ *+.*3:3 N*+1*/E Q02;+0/1 1*+ ;*+,/I
;*/ =,'(3* 0/1 N*;*/ ,(+*+ ;*N,'(3.._*:,2,.'(*/ \,;*/.'(&23*/ )*.,3:*/ .,* &0'(
*,/ ("(*. b*,'(3)&0_"3*/3,&9E



M3&/1 1*. K,..*/. Hl

?&)*99* GEPB \,;*/.'(&23*/ 6"/ ._*:,*99*/ M-UI-&3*+,&9,*/

\,;*/.'(&23 \,/(*,3 >"+# b*,'(3
M-U DeDD

`*'V'9E
M-U HHDD

%9*c
M-U DfDD

ρ 4;a1#C =J> eCflo HWC HWl HWo
ϕ%# -&..*Im I CD eD Gl
\3 <A& =J> eCfee HD HH o
ε3) m =J> eCfee HWC HWe HWP
σ3) -A& =J> eCfee eC HCe lD
\' <A& =J> eCfef I HGWl lWo
ε') m =J> eCfef I I I
σ') -A& =J> eCfef I GeH Hfe
\) <A& =J> \> PC l HG o
σ)) -A& =J> \> PC HeG GlH HCD
< <A& =J> eCfee I I I
τ. -A& QM?- = eClo I I I

M'(9&;:E 4ja#G =J> eCfeC eO HCD lO

Q9. !*+.37+40/;.2&.*+/ 4"##*/ _29&/:9,'(* L&.3I 0/1 Y&+32&.*+/ :0# \,/.&3:E M,*
:*,'(/*/ .,'( 10+'( ;03* #*'(&/,.'(* \,;*/.'(&23*/ )*, 6*+;9*,'(.N*,.* ;@/.3,;*#
A+*,. &0.E L*,# '+&.(3*'(/,.'( 0/3*+.0'(3*/ >&30+2&.*+IM-U (&/1*93 *. .,'( 0#
*,/ <+@/29&'(.69,*.E \/3.'(*,1*/1*. 8+,3*+,0# )*,# %9&'(. ,.3 1,* .";*/&//3* `].3I
:*,3 ,# Q/.'(90.. &/ 1,* \+/3*E M,* )*3+7;3 )*,# <+@/29&'(. :N*, ),. 1+*, ?&;*W )*,#
`].3I ):NE M'(N0/;29&'(. 1+*, ),. 2@/2 K"'(*/E J# Q/.'(90.. &/ 1,* `].3:*,3 *+2"9;3
1,* N*,3*+* Q02)*+*,30/; 0/1 !9,*.(*+.3*990/;E Q9. -&3+,c#&3*+,&9 2,/1*3 5AIY&+: Z0/I
;*.733,;3*. A"9V*.3*+(&+:[ !*+N*/10/;E ?V_,.'(* \,;*/.'(&23*/ 6"/ >&30+2&.*+I
6*+.37+43*# M-U :*,;3 1,* 2"9;*/1* ?&)*99*E

?&)*99* GElB \,;*/.'(&23*/ 6"/ >&30+2&.*+I6*+.37+43*# M-U

\,;*/.'(&23 \,/(*,3 >&30+2&.*+IM-U >&30+2&.*+IM-U

CCm <+@/29&'(. CCm M'(N0/;29&'(.
σ3) r-A&s eG lHWC
σ)) r-A&s oHWP HDOWH

M'(9&;:E r4ja#Gs HDWl HOWD

=,* ?&)*99* :*,;3W 1&.. 10+'( 1,* */3._+*'(*/1* L*(&/190/; 1,* \,;*/.'(&23*/ ;*I
;*/@)*+ 1*# *,/2&'(.3*/ (,*+ 0/3*+.0'(3*/ <+@/29&'(. /"'(#&9. ;*.3*,;*+3 N*+1*/
4]//*/E =,* \,;*/.'(&23*/ *,/*. #,3 CC <*NEIm >&30+2&.*+/ 6*+.37+43*/ K*+4.3"22.



HO M3&/1 1*. K,..*/.

.,/1 ."#,3 6*+;9*,'()&+ #,3 *,/*# <9&.2&.*+IM-U #,3 Ge <*NEIm %&.*+6*+.37+40/;
rOsE

H>H+ 6%4-0-&'.*4)&5(

H>H>G+ 6%4-0-&'.*4)&5(+4**1$'$&(

U"#_03*+;*.3@3:3* L*+*'(/0/;.I 0/1 M,#09&3,"/.6*+2&(+*/W &9. U"#_03*+ Q,1*1
=*.,;/ ZUQ=[ 0#.'(+,*)*/W ._,*9*/ (*03* ,/ 1*+ \/3N,'490/; 6"/ Q03"#"),9*/ *,/*
*/3.'(*,1*/1* `"99*E =,*.* Y,92.#,33*9W 1,* :0+ Q0.9*;0/; 6"/ Q03"#"),9*/ :0+ !*+I
2@;0/; .3*(*/W 6*+)*..*+/ 0/1 )*.'(9*0/,;*/ 1,* \/3N,'490/;._+":*..*E \+.'(]_23*
.,'( 2+@(*+ 1,* >03:0/; 6"+(&/1*/*+ 8*//3/,..* ,/ Q).'(73:0/;*/ 0/1 L*+*'(/0/I
;*/ 6*+*,/2&'(3*+ -"1*99*W ." ;*9&/; Q/2&/; 1*+ .,*):,;*+ j&(+* 1*+ */3.'(*,1*/1*
=0+'()+0'( )*, 1*+ #&3(*#&3,.'(*/ L*(&/190/; &03"#"),93*'(/,.'(*+ %+&;*.3*9I
90/;*/ #,3 Y,92* *9*43+"/,.'(*+ <+"d+*'(/*+E X0+ b].0/; #*'(&/,.'(*+ A+")9*#*
4"//3*/ ,/.)*."/1*+* 1,* -];9,'(4*,3*/ 1*+ %,/,3*I\9*#*/3*I-*3("1* &0.;*.'(]_23
N*+1*/E

-,3 .3*3,; :0/*(#*/1*+ `*'(/*+9*,.30/; Z!*+1"__*90/; '&E &99* :N*, j&(+*[ .3*,;*/
&0'( 1,* -];9,'(4*,3*/ :0+ +*&9,.3,.'(*/ -"1*99,*+0/; 1*+ M3+0430+*/ 0/1 K*+4.3"22*E
J/ !*+),/10/; #,3 R,/3*99,;*/3*+TW 1E(E &02 1*/ Q/N*/10/;.2&99 &);*.3,##3*+ M"23I
N&+*W 4&// 1,* %"+1*+0/; /&'( ,##*+ 4@+:*+*/ \/3N,'490/;.:*,3*/ *+2@993 N*+1*/E
\)*/." /,##3 1,* A+";/".*27(,;4*,3 6"/ L*+*'(/0/; 0/1 M,#09&3,"/ .37/1,; :0
rClsE

=,* <+@/1* 2@+ 1,* >03:0/; 6"/ L*+*'(/0/;.#*3("1*/ ,/ 1*+ Q03"#"),9*/3N,'490/;
.,/1B

•  `*10:,*+0/; 1*+ \/3N,'490/;.:*,3*/
•  `*10:,*+0/; 6"/ \/3N,'490/;.4".3*/ ZA+"3"3V_*/4".3*/[
•  Q).,'(*+0/; 6"/ 8"/:*_3*/
•  !*+)*..*+0/; 1*. \,/)9,'4. ,/ 1&. M3+0430+6*+(&93*/E

\,/* /"'( +*9&3,6 h0/;* =,.:,_9,/ ,.3 1&)*, 1,* U+&.(.,#09&3,"/W ,/.)*."/1*+* 6"/ %&I
.*+6*+)0/140/.3.3"22*/E -,3 :0/*(#*/1*# M,'(*+(*,3.1*/4*/W ;*.3@3:3 10+'( ;*I
.*3:9,'(* Q/2"+1*+0/;*/ &/ %&(+:*0; Z`*_&+&30+'+&.([ 0/1 J/.&..*/)*9&.30/; ZL*I
.'(9*0/,;0/;.;+*/:N*+3*[W #@..*/ ,/ 2+@(*/ A(&.*/ 1*+ \/3N,'490/; Q0..&;*/
:0# M3+0430+6*+(&93*/ 1*+ 8&+"..*+,* ;*#&'(3 N*+1*/E

J# `&(#*/ 1,*.*+ Q+)*,3 N,+1 /0+ &02 1&. (,*+ 6*+N*/1*3* 0/1 (*03* 1"#,/,*+*/1*
!*+2&(+*/ 1*+ %,/,3*I\9*#*/3*I-*3("1* /7(*+ *,/;*;&/;*/E =&#,3 4]//*/ 1,*
#*,.3*/ +*9*6&/3*/ A(7/"#*/* *+2&..3 0/1 .,#09,*+3 N*+1*/ rHsE



M3&/1 1*. K,..*/. Ho

H>H>H+ W&(&)$9!*$'$()$98$)052$

=&. :0 0/3*+.0'(*/1* !*+(&93*/ 1*+ '+&.()*9&.3*3*/ M3+0430+*/ N,+1 10+'( *,/*
_+7:,.* >&'(),910/; 1*+ _(V.,4&9,.'(*/ \22*43* )*.'(+,*)*/W 1,* N7(+*/1 1*. M3"dI
6"+;&/;*. &023+*3*/E 5#2&..*/1* L*.'(+*,)0/;*/ 1*. !*+2&(+*/. 2,/1*/ .,'( ,/ 1*+
b,3*+&30+ rfDsW rfHsE ^)9,'(*+N*,.* *+2"9;3 :0*+.3 *,/* =,.4+*3,.,*+0/; 1*. +70#9,'(*/
8"/3,/00#. #,3 %,/,3*/ \9*#*/3*/E =,*.* 2@(+3 &02 *,/* #&3+,:,*99*W .*#,1,.4+*3*
<9*,'(0/;.2"+#W 1,* 4"/3,/0,*+9,'( ,/ 1*+ X*,36&+,&)9*/ ,.3E

=,*.* .";*/&//3*/ L*N*;0/;.;9*,'(0/;*/

( )!"#$#%#& =⋅+⋅+⋅ !!! Z  GEH  [
#,3

$ y M3*,2,;4*,3.#&3+,cW
% y =7#_20/;.#&3+,cW
& y -&..*/#&3+,c

'!(#)*#)#* !!! y !*+.'(,*)0/;.IW <*.'(N,/1,;4*,3.IW L*.'(9*0/,;0/;.6*43"+
"'!( y L*9&.30/;.6*43"+

4]//*/ #,3 :N*, 6*+.'(,*1*/*/ J/3*;+&3,"/.6*+2&(+*/ ;*9].3 N*+1*/E \,/* N*.*/39,I
'(* 5/3*+.'(*,10/; N,+1 @)9,'(*+N*,.* )*:@;9,'( 1*+ Q02.3*990/; 1*. <9*,'(;*I
N,'(3*. 6"+;*/"##*/ 0/1 2@(+3 :0 :N*, 0/3*+.'(,*19,'(*/ !*+2&(+*/B

•  J#_9,:,3* X*,3,/3*;+&3,"/.6*+2&(+*/
•  \c_9,:,3* X*,3,/3*;+&3,"/.6*+2&(+*/E

L*,1* J/3*;+&3,"/.6*+2&(+*/ .,/1 ,/ rfDs 0/1 rfHs &0.2@(+9,'( )*.'(+,*)*/E J# %"9I
;*/1*/ N,+1 /0+ *,/ 40+:*+ Q)+,.. *,/*. ._*:,*99*/ *c_9,:,3*/ X*,3,/3*;+&3,"/.6*+2&(I
+*/.W 1*. :*/3+&9*/ =,22*+*/:*/6*+2&(+*/.W ;*;*)*/E

=,* !"+3*,9* 1*. :*/3+&9*/ =,22*+*/:*/I!*+2&(+*/. 9,*;*/ ,/ 1*+ \22,:,*/: 1*+ b].0/;
6"/ .3&+4 /,'(39,/*&+*/ A+")9*#.3*990/;*/ 40+:*+ =&0*+ Z:ELE U+&.(.,#09&3,"/[E =,*
b].0/; N,+1 1&)*, N*;*/ 1*+ -];9,'(4*,3 /0+ #,3 !*43"+*/ :0 &+)*,3*/ ,# K*.*/39,I
'(*/ 6"/ 1*/ `*'(*/"_*+&3,"/*/ &02 \9*#*/3/,6*&0 1"#,/,*+3E J/.)*."/1*+* */3I
27993 1,* 2@+ &/1*+* !*+2&(+*/ 3V_,.'(* %"+#09,*+0/; 1*+ -&..*/I 0/1 M3*,2,;4*,3.I
#&3+,:*/ 2@+ 1,* ;*.&#3* \9*#*/3;+0__,*+0/;E

=,* b].0/; 1*+ L*N*;0/;.;9*,'(0/; 2@+ 1*/ X*,3_0/43 3w∆3 )&.,*+3 1&)*, &02 1*+
Q02.3*990/; 1*+ L*N*;0/;.;9*,'(0/; :0# X*,3_0/43 3E =,* <*.'(N,/1,;4*,3*/ 0/1
L*.'(9*0/,;0/;*/ :0# X*,3_0/43 3 9&..*/ .,'( )*,# M3&/1&+16"+;*(*/ 10+'( *,/2&I
'(* =,22*+*/:*/),910/; 1*+ !*+.'(,*)0/;*/ :0 1*/ X*,3_0/43*/ 3I∆3W 3W 3w∆3 ;*N,/I
/*/E

\,/.*3:*/ 1*+ ;*20/1*/*/ Q0.1+@'4* 2@+



GD M3&/1 1*. K,..*/.

!
### !!

! ∆
−

= ∆−∆+

!
33! Z  GEG  [

0/1

!

!
!

#### !!!
! ∆

+−
= ∆+∆− 33!! Z  GEC  [

,/ <9*,'(0/; ZGEH[ 9,*2*+3

!!!!!! #%
!

&
!

#&
!

$"#%
!

&
! ∆−∆+ !

"
#

$
%
&

∆
−

∆
−!

"
#

$
%
&

∆
−−=!

"
#

$
%
&

∆
+

∆ !
""!

!
""

!!! Z  GEf  [

Q02;*9].3 9,*2*+3 1,*.* <9*,'(0/; 1,* !*+.'(,*)0/;*/ 2@+ 1*/ X*,3_0/43 3w∆3E Q99*+I
1,/;. N*+1*/ (,*+:0 &0'( 1,* !*+.'(,*)0/;*/ :0# X*,3_0/43 3I∆3 )*/]3,;3E J/ 1*/
1"#,/,*+*/1*/ U+&.(_+";+&##*/ N,+1 1&(*+ *,/* !&+,&/3* 1*. :*/3+&9*/ =,22*+*/I
:*/6*+2&(+*/. ;*/03:3 rHCDsE

5# /0#*+,.'(* M3&),9,373 )*,# :*/3+&9*/ =,22*+*/:*/6*+2&(+*/ :0 *++*,'(*/W #0..
1*+ J/3*;+&3,"/.:*,3.'(+,33 49*,/*+ .*,/ &9. 1,* =0+'(;&/;.:*,3 1*+ -&3*+,&9.'(&99N*9I
9*/ 10+'( 1&. 49*,/.3* ,# >*3: 6"+(&/1*/* \9*#*/3 ZU"0+&/3Ib*6VI%+,*1+,'(.I
L*1,/;0/;[ rfGsB

+
,!! +-

∆=<∆ Z  GEe  [

#,3B
#$%&'()*$+,$-./#$%0+-'-#1#22#+30'4

%#+25+-#62#7#+%.3+8.2#$+'%#
=
=∆

!
"

=,* K*99*/&0.)+*,30/;.;*.'(N,/1,;4*,3 ' *+;,)3 .,'( 2@+ 1*/ %&99 *)*/*+ A+")9*#*
ZG=I8"/3,/00#[W 1*+ ,/ 1,*.*+ Q+)*,3 &0..'(9,*d9,'( )*3+&'(3*3*/ M'(&9*/_+")9*#*W
,/ -*#)+&/+,'(30/; :0B

( )ρυ !"−
= #! Z  GEP  [

#,3B
=,'(3*E

43,"/.:&(9p0*+4"/3+&
3.#"109\9&.3,:,37

=
=
=

ρ
υ
.

=,* .";*/&//3*/ *c_9,:,3*/ A+";+&##*W &99* )&.,*+*/1 &02 1*+ ")*/ *+N7(/3*/ !&I
+,&/3* 1*. X*/3+&9*/ =,22*+*/:*/ !*+2&(+*/.W N*+1*/ )*, &99*/ Q03"#"),92,+#*/ :0+
L*+*'(/0/; 6"/ =*2"+#&3,"/.6"+;7/;*/ ,# U+&.( *,/;*.*3:3E L,91 GEP :*,;3 )*,I
._,*9(&23 1,* M,#09&3,"/ 1*. U+&.(6*+(&93*/. *,/*. 8"#_9*332&(+:*0;*.E =&)*, .,/1



M3&/1 1*. K,..*/. GH

,/ &99*/ %\IA+";+&##*/ :&(9+*,'(* -&3*+,&9#"1*99* 6*+2@;)&+W N")*, 1,* M,#09&3,"/
1*. -&3*+,&96*+(&93*/. 1*+ 49&..,.'(*/ 8&+"..*+,*.37(9* i0&., &9. M3&/1 1*+ ?*'(/,4
rfCsIrels )*:*,'(/*3 N*+1*/ 4&//E %"+.'(0/;..'(N*+_0/43 ,.3 1&;*;*/ (*03* 1,*
L*3+&'(30/; 6"/ -&3*+,&9,*/W 1,* 6"# ,1*&9 ,."3+"_ *9&.3,.'(I_9&.3,.'(*/ !*+(&93*/
&)N*,'(*/W N,* :ELE Q90#,/,0# #,3 `,..),910/; 0/1 ._+]1*# !*+(&93*/ 0/1 %&.*+I
6*+)0/140/.3.3"22*/ N*;*/ ,(+*. .3&+4 &/,."3+"_*/ 0/1 "23 .*(+ ._+]1*/ !*+(&93*/.E

L,91 GEPB %\-IM,#09&3,"/ *,/*. A4N Z-*+'*1*.IL*/: QI89&..*[

H>H>K+ 6%4-0-&'.*4)&5(+WBC

J# `&(#*/ 1*+ \/3N,'490/; 6"/ A*+."/*/4+&23N&;*/ .,/1 (*03* ,/.)*."/1*+* ,/
\0+"_& 1,* M,#09&3,"/._+";+&##* bMI=g>Q Z=&,#9*+U(+V.9*+W A"+.'(*W <*/*+&9
-"3"+.W M&&)W F_*9W %"+1[W `Q=JFMM Z!"96"W `*/&093[ 0/1 AQ-U`QMY ZL-KW
!"94.N&;*/W %"+1[ :0+ U+&.(&0.9*;0/; 1*+ M3+0430+ ,/ Q/N*/10/;E <*+,/;*+*
!*+)+*,30/; (&)*/ 1,* ?""9. =g?`Q>W -Q`U Z\c_9,',3[ 0/1 QLQp5M Z\c_9,',3[E

5#2&/;+*,'(* 5/3*+.0'(0/;*/ :0+ U+&.(.,#09&3,"/ 6"/ %&.*+6*+)0/140/.3.3"22*/
,# Q03"#"),9)&0 N0+1*/ ),.(*+ #,3 1*/ %,/,3*I\9*#*/3*IA+";+&##*/ bMI=g>Q 0/1
AQ-U`QMY 10+'(;*2@(+3E Q99*+1,/;. 4]//*/ (*03* N*;*/ 1*+ 8"#_9*c,373 1*+ %!8
9*1,;9,'( *,/2&'(* M3+0430+*/ &0. )*.3,##3*/ %!8 /7(*+0/;.N*,.* .,#09,*+3 N*+1*/E
Q/ !*+.0'(*/ 6&9,1,*+3* -&3*+,&9#"1*99* *c,.3,*+*/ /0+ 2@+ N*/,;* -&3*+,&94"#),/&I
3,"/*/ 0/1 9,*;*/ &/ 1*/ 6*+.'(,*1*/*/ %"+.'(0/;.*,/+,'(30/;*/ 6"+E Q99*+1,/;.
9&..*/ 1,* 2@+ %!8 6"+9,*;*/1*/ -&3*+,&9+"03,/*/ )*N0..3 )*.3,##3* \,/29@..* &0I
d*+ Q'(3 ):NE *+9&0)*/ 1*+*/ L*+@'4.,'(3,;0/; ,/ 1*+ M,#09&3,"/ /,'(3 "1*+ /0+ /7I
(*+0/;.N*,.*E X*/3+&9 ,.3 1,* \,/.'(+7/40/; &02 1,* M'(&9*/3(*"+,*W 1E(E &02 G=I
8"/3,/0&E

J/ 1*/ !*+]22*/39,'(0/;*/ reOsIrPCs N,+1 &02 1,* ,/ bMI=g>Q ,#_9*#*/3,*+3*/ -&3*+,I
&9#"1*99* *,/;*;&/;*/E J/ rPfsIrlHs N*+1*/ 1,* ,/ AQ-U`QMY ,#_9*#*/3,*+3*/



GG M3&/1 1*. K,..*/.

%!8I-"1*99* *,/;*.*3:3E 8"/4+*3* Q/N*/10/;*/ 1*+ -"1*99* 2@+ +"(+2]+#,;* M3+04I
30+*/ N*+1*/ ,/ 1*/ "E&E b,3*+&30+.3*99*/ )*.'(+,*)*/E A9&33*/2]+#,;* \/*+;,*&)."+_I
3,"/.*9*#*/3* )*.'(+*,)3 rGesE

H>H>M+ S39;ZYF

bMI=g>Q ,.3 *,/ 4"##*+:,*99*. M,#09&3,"/.N*+4:*0;W 1&. &02 1*+ *c_9,:,3*/ X*,3,/I
3*;+&3,"/ )&.,*+3E \. *,;/*3 .,'( 6"+ &99*# 2@+ .";*/&//3* 80+::*,3_+")9*#* ZU+&.(W
Q02_+&99[ 0/1 ("'(;+&1,;* >,'(39,/*&+,373*/E

?V_,.'(* Q/N*/10/;*/ 6"/ bMI=g>Q ,# :,6,9*/ L*+*,'( .,/1B %&(+:*0;'+&.(W J/I
.&..*/I 0/1 Q,+)&;.,#09&3,"/W A*/1*9.'(9&;3*.3.W M3*,/.'(9&;W %&993*.3. 0/1 5#I
2"+#3*'(/,4E L*+*'(*/)&+ .,/1 1&)*,B ("'(;+&1,;* >,'(39,/*&+,373*/W 8"/3&43_+")9*I
#*W 3+&/.,*/3* =V/&#,4W i0&.,.3&3,.'(* !"+;7/;*W ,/.3&3,"/7+* M3+]#0/;*/W ?*#_*I
+&30+2*91*+W 8"#),/&3,"/*/ 6"/ .3&++*/ 0/1 *9&.3,.'(*/ 8]+_*+/ 0/1 K*+4.3"226*+.&I
;*/E

=&. A+";+&## N,+1 6"+N,*;*/1 6"/ =+E j"(/ Y&99i0,.3 0/1 .*,/*/ -,3&+)*,3*+/ )*,
b,6*+#"+* M"23N&+* ?*'(/"9";V U"+_"+&3,"/ ,/ 8&9,2"+/,*/ */3N,'4*93E L*3*,9,;3 &/ 1*+
A+";+&##*/3N,'490/; .,/1 0E&E 1,* UQ=I%\- <#)YW -@/'(*/ 0/1 1,*
=g>Q-F`\ <#)YW M3033;&+3 rlGsE

H>H>L+ WBC984)$%&4*'52$**$+&(+S39;ZYF
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.'(*,1*3 .,'( &02;+0/1 1*+ (*3*+";*/*/ \,;*/.'(&23*/ ;+0/1.73:9,'( 6"/ 1*# #*I
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6*+(&93*/ )*3*,9,;3E

L*, *,/*+ &02 =+0'4 )*&/._+0'(3*/ U+&.(_+")* ;,)3 *. 6,*9* 0/3*+.'(,*19,'(*
!*+.&;*/.&)9702*W N")*, ,/.)*."/1*+* :N*, !&+,&/3*/ 1"#,/,*+*/E =&)*, 6*+.&;3
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+*/ b&.3*,/N,+40/; )+*,3*3 .,'(W 0/3*+.3@3:3 10+'( *,/* ._*:,*99* 8"/.3+043,"/.2"+#W
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U+&.(_+")*/ 4&# *. :0+ 8"#_+,#,*+0/; 1*+ /&'( ,//*/ ;*)";*/*/ M'(,'(3*/ 0/1
1&#,3 :0 N*,3*+*/ L,*;*I 0/1 L+0'(6"+;7/;*/E =,*.* A+":*..* N,*1*+("93*/ .,'(W
),. 1,* \/*+;,* 6"99.37/1,; &)."+),*+3 N&+E

M-U{G{\A M-U{H{\A

MPP+µµµµ'

L,91 CEHDB !*+.&;*/.),91 1*+ U+&.(_+")*/ 0/1 =*9&#,/&3,"/ ,/2"9;* ,/3+&9&#,/&+*+
M'(*+)*&/._+0'(0/; ZM-UH 0/1 M-UG[

J# /&'(2"9;*/1*/ L,91 ,.3 1&. 8+&23IK*;I=,&;+&## :N*,*+ U+&.(_+")*/ ZM-UH 0/1
M-UG[ 1&+;*.3*993E L*,1* :*,;*/ ,/ A(&.* J *,/*/ .3*,9*/ 8+&23&/.3,*;W 1*+ /&'( 1*#
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Q02)&0*/1 &02 1*/ \+4*//3/,..*/ &0. 1*/ U+&.(6*+.0'(*/ ,.3 )*, %9&/.'(6*+),/I
10/;*/ 1,* 8*,9N,+40/; 6"/ :*+.3]+3*# -&3*+,&9 #,3 K,+4+,'(30/; :0+ 89*)*20;* (,/
1*+ !*+0+.&'(*+ 1*. ;*9*;*/39,'( &023+*3*/1*/ .'(9&;&+3,;*/ !*+.&;*/. 1*+ 4"#I
_9*33*/ 89*)*20;*E =*+ 8*,9 &0. :*+.3]+3*# -&3*+,&9 0/1 1&. .*,39,'(* Q)29,*d*/ 1*.
-&3*+,&9. )*N,+4*/ X0;._&//0/;*/ &/ 1*+ 89*).3"222+"/3W 1*+ 0/;@/.3,;.3*/ L*9&.I
30/;.2"+# 2@+ 89*)*6*+),/10/;*/E X,*9 N&+ *. 1&(*+W *,/* A+@2#*3("1* :0 */3N,I
'4*9/W 1,* *. *+9&0)3W "(/* &02N*/1,;* U+&.(6*+.0'(* 1,* U+&.(3&0;9,'(4*,3 *,/*+
89*)*6*+),/10/; :0 6*+,2,:,*+*/ 0/1 1,* %@;*6*+),/10/; Z%@;*_&+3/*+ 0/1 89*).3"22[
:0 )*N*+3*/E

Y,/.,'(39,'( 1*+ 89*).3"22*W 1,* 2@+ M-UI!*+),/10/;*/ ;*/03:3 N*+1*/W 97..3 .,'(
):;9E .3&3,.'(*+ L*9&.30/;*/ &02 \+2&(+0/;*/ 1*+ -&3*+,&9(*+.3*99*+ :0+@'4;+*,2*/E
Q+)*,3*/ (,/.,'(39,'( 1*+ F_3,#,*+0/; 6"/ 89*).3"22*/ Z!"+)*(&/190/; 0/1 %@;*_&I



L*0+3*,90/; 6"/ '+&.(3&0;9,'(*/ !*+),/10/;.3*'(/,4*/ PH

+&#*3*+[ N0+1*/ 1&(*+ /,'(3 10+'(;*2@(+3E L*, h*1*# 89*).3"22 N0+1*/ 1,* Y*+.3*9I
9*+&/;&)*/ ):;9E 89*)*297'(*/6"+)*(&/190/; *,/;*(&93*/E

Q/&9"; :0 1*/ Q1(7.,"/.I 0/1 8"(7.,"/.2*.3,;4*,3*/ N,+1 &0'( 1&. L+0'(6*+(&93*/
6"/ !*+49*)0/;*/ ,/ Q1(7.,"/.)+0'(W 8"(7.,"/.)+0'( 0/1 ;*#,.'(3* %"+#*/ 0/I
3*+.'(,*1*/E Q9. Q0.;&/;._0/43 *,/*. L+0'(*. N*+1*/ J/("#";*/,373*/ N,* -,4+"I
+,..* 0/1 8*+)*/ &/;*.*(*/ rOHsE

K*,3*+;*(*/1* J/2"+#&3,"/*/ 0/1 4"/.3+043,6* `,'(39,/,*/ :0# !*+49*)*/ 2,/1*/
.,'( ,/ 1*+ b,3*+&30+B roosroPsrolsE =,* 6*+.'(,*1*/*/ )*4&//3*/ A+@2#*3("1*/ :0+
L*0+3*,90/; 6"/ 89*)*6*+),/10/;*/ N*+1*/ ,# /7'(.3*/ 8&_,3*9 6"+;*.3*993E

M>H+ N$:4(()$+\%QE7$%E40%$(

\,/* X0.&##*/.3*990/; 1*+ ,/ =*03.'(9&/1 ;*/"+#3*/ A+@2#*3("1*/ :0+ L*0+3*,I
90/; 6"/ 89*)0/;*/ ):NE 89*).3"22*/ :*,;3 2"9;*/1*. L,91B

A+@20/; 6"/ 
89*)0/;*/

X*+.3]+*/1* 
A+@26*+2&(+*/

M'(9&;2*.3,;4*,3

M3&3,.'(
89*)2*.3,;4*,3 =J> eCGOC
M'(0)._EI<9*,3;.E!*+(E =J> effeH
X0;2*.3,;4*,3 =J> eCGOO
=+0'4.'(*+2*.3,;4*,3 =J> effeG
?"+.,"/..'(*+2*.3,;4*,3 =J> effee
b".)+*'(#"#*/3 =J> effef
X*,3.3&/12*.3,;4*,3 =J> eCGOf
M'(79N,1*+.3&/1 =J> eCGOG

            0/1 =J> eCGOo
8*,93*.3 =J> PeffO
L,*;*.'(796*+.0'( I

=V/&#,.'(
=&0*+.'(N,/;2*.3,;4*,3 =J> eCGOe

<;2E 0/3*+ \,/)*:,*(0/;
)*."/1*+*+ 5#N*93)*1,/;0/;*/

X*+.3]+0/;.2+*,* 
A+@26*+2&(+*/

Q40.3,.'(* !*+2&(+*/
593+&.'(&99

\9*43+,.'(* !*+2&(+*/

?(*+#,.'(* !*+2&(+*/

M3+&(90/;.6*+2&(+*/

L,91 fEHB A+@26*+2&(+*/ 2@+ 89*)0/;*/ rOHs



PG L*0+3*,90/; 6"/ '+&.(3&0;9,'(*/ !*+),/10/;.3*'(/,4*/

K,* .'("/ ,/ 1*/ 6"+&/;*;&/;*/*/ 8&_,3*9/ )*.'(+,*)*/W :*,;3 1,* 5/3*+.0'(0/;
1*+ ;*'+&.(3*/ M-UI="__*9(03_+"2,9* &9. 5+.&'(* 2@+ 1&. 6"99.37/1,;*W 4&3&.3+"I
_(&9* !*+.&;*/ 1*+ A+")*/ #,3 )*.3,##3*/ 89*).3"22*/ 1,* &023+*3*/1*/ X0;._&/I
/0/;*/ .*/4+*'(3 :0+ 89*)*297'(*E ^)*+.'(+*,3*/ 1,*.* X0;._&//0/;*/ 1,* 6"#
89*).3"22 3"9*+,*+)&+*/ K*+3*W 4"##3 *. :0+ `,..),910/;E =,*.*+ `,.. 97023 h* /&'(
89*).3"22&+3 0/1 I2*.3,;4*,3 @)*+ 1,* ;*.&#3* b7/;* 1*+ %@;0/; 0/1 2@(+3 :0# ;9"I
)&9*/ !*+.&;*/ 1*+ A+")*E

J# `&(#*/ 1,*.*+ Q+)*,3 N0+1*/ 1,* 1&)*, &023+*3*/1*/ L*9&.30/;*/ #];9,'(.3 +*&I
9,373./&( 0/1 )*, #];9,'(.3 ;*+,/;*# *c_*+,#*/3*99*# Q02N&/1 ,/ *,/*+ A+@2#*3("1*
2@+ '+&.(3&0;9,'(* !*+),/10/;*/ /&'(;*),91*3E \,/ N*,3*+*. 8+,3*+,0# 2@+ 1,* \/3I
N,'490/; 1*+ A+@2#*3("1* N&+ 1,* ^)*+3+&;)&+4*,3 &02 ("(* A+@2;*.'(N,/1,;4*,3*/E

Q0.;&/;._0/43 1*+ 5/3*+.0'(0/; N&+*/ :0/7'(.3 1,* *c,.3,*+*/1*/ A+@2#*3("1*/
:0+ U(&+&43*+,.,*+0/; 6"/ 89*)*6*+),/10/;*/ 0/1 1,* -*3("1*/ :0+ L*0+3*,90/; 6"/
`,..2"+3.'(+,33 ,/ %&.*+6*+)0/140/.3.3"22*/E =&:0 N0+1*/ :0/7'(.3 1,* ;*/"+#3*/
0/1 1,* ,/ !*+]22*/39,'(0/;*/ )*.'(+,*)*/*/ -*3("1*/ &/&9V.,*+3E

J# !*+.0'( /&'( =J> eCGOO N,+1 1,* X0;2*.3,;4*,3 .*/4+*'(3 :0+ 89*)*297'(* )*I
.3,##3E =,*.* A+@2#*3("1* 9,*2*+3 0/3*+ ;03 1*2,/,*+3*/ M_&//0/;.6*+(793/,..*/ *,/*
L*0+3*,90/; 1*+ Q1(7.,"/.I 0/1 8"(7.,"/.*,;*/.'(&23*/ 6"/ 89*).3"22*/E Q99*+1,/;.
N*+1*/ ,/ 1,*.*+ !*+.0'(.&/"+1/0/; /,'(3 1,* `,..),910/; 0/1 1*+ `,..2"+3.'(+,33
0/3*+.0'(3W ")N"(9 1,*.* 2@+ 1,* U+&.(3&0;9,'(4*,3 6"/ */3.'(*,1*/1*+ L*1*030/;
.,/1E \. (&/1*93 .,'( 0# *,/* 297'(,;*W i0&.,.3&3,.'(* L*9&.30/;E

L*, M'(796*+.0'(*/ 3+,33 *,/* b,/,*/)*9&.30/; &0. >"+#&9._&//0/;*/ &02E L*, 1*/
6*+.'(,*1*/*/ !&+,&/3*/ 1*. M'(796*+.0'(. N,+1 ,##*+ 1&. 8+&23.,;/&9 &9. %0/43,"/
1*. K*;*. *+#,33*93E Q0. 1*/ &02;*:*,'(/*3*/ =&3*/ N,+1 1&// */3N*1*+ 1*+ Q/I
+,...'(79N,1*+.3&/1 &9. p0"3,*/3 &0. Q/+,..4+&23 0/1 %@;*3*,9)+*,3* "1*+ 1*+ +*9&3,6*
M'(79N,1*+.3&/1 &9. p0"3,*/3 &0. #,339*+*+ ?+*//4+&23 0/1 %@;*3*,9)+*,3* )*.3,##3E
Q99*/ !*+.0'(*/ ;*#*,/.&# ,.3 1,* ?&3.&'(*W 1&.. #,/1*.3*/. *,/ %@;*_&+3/*+ &0.I
+*,'(*/1 ),*;*N*,'( ,.3W 0# 1,* )*,# Q).'(79*/ *+2"+1*+9,'(* =*2"+#&3,"/ :0 *+9&0I
)*/E

-,3 1*+ L*3+&'(30/; 6"/ M_&936*+.0'(*/ *+2"9;3 1*+ ^)*+;&/; :0 1,'4*+*/ %@;*3*,I
9*/W 1,* .,'( &02;+0/1 ,(+*+ M3*,2,;4*,3 /,'(3 #*(+ &).'(79*/ 9&..*/ 0/1 ."#,3 *,/*
M_&93)*&/._+0'(0/; *+#];9,'(*/E =*+ L,*;*.'(796*+.0'( 1,*/3 )*."/1*+. 1*+ A+@I
20/; 6"/ 80/.3.3"22I-*3&99I89*)0/;*/E Q0'( (,*+ N,+1 1*+ L,*;*.'(79N,1*+.3&/1 &0.
1*# p0"3,*/3 1*+ Q/+,..4+&23 0/1 1*+ A+")*/)+*,3* )*+*'(/*3E =*+ `,..2"+3.'(+,33
N,+1 /,'(3 N*,3*+ )*3+&'(3*3E L*,# .";*/&//3*/ CIA0/43IL,*;*6*+.0'( (&/1*93 *.
.,'( 0# *,/* Q)N&/190/; 1*. :06"+ )*.'(+,*)*/*/ ?*.3.E =&)*, N*+1*/ :N*, @)*+I
.3*(*/1* A+")*/*/1*/ ),. :0# Q/+,.. )*9&.3*3E



L*0+3*,90/; 6"/ '+&.(3&0;9,'(*/ !*+),/10/;.3*'(/,4*/ PC

\,/* A+@24"/2,;0+&3,"/W )*, 1*+ 1*+ `,..2"+3.'(+,33 #,3 )*3+&'(3*3 N,+1W .3*993 1*+ 8*,9I
3*.3 1&+W 1*+ &9. =J> PeffO 0/1 QM?- = ClPGIlo ;*/"+#3 ,.3E Q02 1,* 89*)*20;*
N*+1*/ 10+'( *,/*/ 8*,9 >"+#&9._&//0/;*/ &02;*:N0/;*/E =&. \/1* 1*. &02;*I
3+*3*/*/ `,..*. N,+1 #&+4,*+3W 1,* A+")* N,+1 ,/ 1,* 6"+;*.*(*/* 49,#&3,.'(* 5#;*I
)0/; ;*)+&'(3 0/1 1*+ `,..2"+3.'(+,33 &9. %0/43,"/ 1*+ X*,3 ;*#*..*/E =,* L*0+3*,I
90/; 1*. L+0'(6*+(&93*/. *+2"9;3 /&'( 1*+ ?+*//0/; 1*+ %@;*3*,9*E

L*, 1*+ A+@20/; 1*+ X*,3.3&/12*.3,;4*,3 Z=J> eCGOf[ N*+1*/ *,/.*,3,; @)*+9&__*/1*
89*)0/;*/ )*, +0(*/1*+ X0;)*&/._+0'(0/; 0/3*+.0'(3E =,* =&0*+.'(N,/;2*.3,;4*,3
N,+1 @)*+ X0;.'(N*99)*&/._+0'(0/; /&'( =J> eCGOe &/ *,/.*,3,; @)*+9&__3*/ 89*I
)0/;*/ *+#,33*93E

A+@20/;*/ )*, .'(9&;&+3,;*+ L*9&.30/; .,/1 ),.(*+ /,'(3 ;*/"+#3E =,* &/;*N&/13*/
-*3("1*/ N*+1*/ ,# %"9;*/1*/ /7(*+ *+9703*+3E -"3,6,*+3 .,/1 1,*.* A+@20/;*/ &0'(
10+'( 1*/ :0/*(#*/1*/ \,/.&3: 1*. 89*)*/. ,/ 1*+ Q03"#"),9,/10.3+,* 0/1 1*/
;*2"+1*+3*/ >&'(N*,. 1*+ M3&),9,373 1*+ 89*)0/;*/ ,# U+&.(2&99E

L*, A+@20/;*/ #,3 .'(9&;&+3,;*+ L*9&.30/; )**,/290..3 1,* L*&/._+0'(0/;.;*I
.'(N,/1,;4*,3 1,* \,;*/.'(&23*/ *,/*+ 89*)0/;W 1& 1&. !*+2"+#0/;.6*+(&93*/ 6"/
89*)*.'(,'(3*/ ,# K*.*/39,'(*/ 10+'( #"9*409&+* 5#9&;*+0/;.6"+;7/;* ;*_+7;3
N,+1 rOHsE J.3 1,* :*,39,'(* b&.3:0/&(#* ." ;+"dW 1&.. ,(+ 1,*.* 5#9&;*+0/;*/ /,'(3
#*(+ 2"9;*/ 4]//*/W ,.3 *,/ ._+]1*. !*+(&93*/ 1*+ 89*).'(,'(3 :0 *+N&+3*/E M'(9&;I
&+3,;* L*9&.30/;*/ N*+1*/ )*, 89*)*6*+),/10/;*/ 10+'( M'(9&;.'(*+)*&/._+0I
'(0/;W M'(9&;:0;)*&/._+0'(0/; 0/1 M'(9&;:0;.'(*+)*&/._+0'(0/; ;*_+@23E =,*
<*.'(N,/1,;4*,3*/ 9,*;*/ ,/ *,/*+ <+]d*/"+1/0/; 6"/ H ),. e #a.E

<*;*/@)*+ 1*/ ),.(*+ ;*/&//3*/ >"+#*/ 0/1 !*+2&(+*/ :7(9*/ 1*+ =ULI7(/9,'(*
?*.3 Z1"0)9* '&/3,9*6*+ )*&#[ 0/1 1*+ 8*,93*.3 :0 1*/ !*+2&(+*/W 1,* .,'( &# *(*.I
3*/ :0+ A+@20/; 1*+ U+&.(3&0;9,'(4*,3 6"/ 6*+49*)3*/ %9&/.'(*/ ,/ %!8IM3+0430+*/
*,;/*/W 1& 1,* ._*:,2,.'(*/ L*9&.30/;*/ &/ *,/*# 6*+49*)3*/ %9&/.'( 1*/ 1"+3 6"+I
9,*;*/1*/ L*&/._+0'(0/;*/ &# /7'(.3*/ 4"##*/E =*.(&9) N*+1*/ 1,*.* A+@2I
#*3("1*/ ,# %"9;*/1*/ &0.2@(+9,'(*+ *+9703*+3W )*6"+ ,# Q/.'(90.. 1&. */3N,'4*93*
?*.36*+2&(+*/ )*.'(+,*)*/ N,+1E

M>K+ C$&*)$-)

\,/* -*3("1* :0+ L*.3,##0/; 1*+ M_&932*.3,;4*,3 .3+0430+*99 6*+49*)3*+ ;9&.2&.*+6*+I
.37+43*+ 80/.3.3"22* N,+1 ,/ 1*+ MQ\I>"+# R-*3("1 2"+ \6&90&3,/; 3(* U9*&6&;*
M3+*/;3( "2 M3+0'30+&99V L"/1*1 %,)*+;9&.. `*,/2"+'*1 A9&.3,' ZK*1;* ?*.3[ I MQ\
jHOOG Q0;OlT )*.'(+,*)*/E =*+ 8*,9 &0. M3&(9 "1*+ Q90#,/,0# N,+1 #,3 *,/*+ <*I
.'(N,/1,;4*,3 6"/ HGe ##a#,/ ,/ 1*/ 89*)*._&93 ;*1+@'43E K7(+*/1 1*. !*+.0'(.



Pf L*0+3*,90/; 6"/ '+&.(3&0;9,'(*/ !*+),/10/;.3*'(/,4*/

N,+1 1&. 8+&23.,;/&9 &9. %0/43,"/ 1*+ !*+.'(,*)0/; Z8*,9[ &02;*:*,'(/*3 0/1 1&+&0.
N*+1*/ -&c,#&99&.3 0/1 \/*+;,*)*3+7;* *+#,33*93E

\,/ &02N*/1,;*+*+ 8*,93*.3 N,+1 ,/ JMF HHCfC )*.'(+,*)*/E X,*9 1*+ >"+# RQ1(*.,6*.
S =*3*+#,/&3,"/ "2 1V/&#,' +*.,.3&/'* 3" '9*&6&;* "2 Y,;( M3+*/;3( Q1(*.,6* L"/1.
5/1*+ J#_&'3 U"/1,3,"/. S K*1;* J#_&'3 -*3("1T ,.3 1,* \+#,3390/; 1*. 1V/&#,I
.'(*/ K,1*+.3&/1. ;*;*/ M_&930/;E Q9. %@;*_&+3/*+ .,/1 ,/ 1*+ >"+# -*3&99* 6"+I
;*.*(*/E =*+ 1V/&#,.'(* K,1*+.3&/1 ;*;*/ M_&930/; N,+1 1*2,/,*+3 &9. 1,* 8+&23
)*:";*/ &02 1,* A+")*/)+*,3*W 1,* )*/]3,;3 N,+1W 0# 1,* 89*)0/; 10+'( *,/*/ :N,I
.'(*/ 1,* %@;*_&+3/*+ *,/1+,/;*/1*/ 8*,9 :0# !*+.&;*/ :0 )+,/;*/ 0/1 1,* %@;*I
_&+3/*+ .'(79*/1 :0 3+*//*/E =,* A+@20/;*/ N*+1*/ #,3 *,/*# M'(9&;_*/1*9 )*, <*I
.'(N,/1,;4*,3*/ 6"/ CWC #a. ),. :0 eWe #a. 10+'(;*2@(+3E

K7(+*/1 1*. !*+.0'(. N,+1 1,* 8+&23 &9. %0/43,"/ 6"/ X*,3 "1*+ K*; *+2&..3E Q0.
1*/ =&3*/ N,+1 1,* #,339*+* M_&934+&23 *+#,33*93W N")*, 1,* *+.3*/ Ge m 0/1 1,* 9*3:3*/
HD m 1*. 80+6*/6*+9&02. 0/)*+@'4.,'(3,;3 )9*,)*/E =*+ p0"3,*/3 &0. #,339*+*+ M_&93I
4+&23 0/1 A+")*/)+*,3* *+;,)3 1*/ 1V/&#,.'(*/ M_&93N,1*+.3&/1E

=,*.* ?*.36&+,&/3*/ *,;/*/ .,'( /,'(3 2@+ '+&.()*9&.3*3* %9&/.'(6*+),/10/;*/W 1&
1,* *+#,33*93*/ \+;*)/,..* .3&+4 6"# 8*,9 0/1 1*/ &023+*3*/1*/ `*,)4+723*/ &)(7/I
;*/E \,/* !*+)*..*+0/; 6*+._+,'(3 ,/ 1,*.*+ Y,/.,'(3 1,* =ULIA+@20/;E

M>M+ ;6N9\%QE.(1+=25.@*$+/4()&*$7$%+@$4'?

\,/ A+@26*+2&(+*/ &/&9"; :0+ `,..2"+3.'(+,33.)*.3,##0/; ,/ %!8Ib&#,/&3*/ ,.3 ,/ 1*+
QM?- = CfCCIoC 2@+ 6*+49*)3* %@;*_&+3/*+ ;*/"+#3B M3&/1&+1 ?*.3 -*3("1 2"+
%+&'30+* M3+*/;3( ,/ U9*&6&;* "2 Q1(*.,6*. ,/ L"/1*1 j",/3.T rHHPs ZL+0'(2*.3,;4*,3
)*, 1*+ M_&930/; 6"/ 89*)*20;*/[E

=,* \/*+;,*2+*,.*3:0/; < N,+1 (,*+ &9. !*+90.3 1*+ \/*+;,* )*, i0&.,.3&3,.'(*+ L*I
9&.30/; &/;*.*(*/W N7(+*/1 .,'( *,/ `,.. 0# *,/ ,/2,/,3*.,#&9*. 12 2"+3_29&/:3E Q9.
b].0/;.&/.&3: 1,*/3 1,* <9*,'(0/;B

$ %& %'⋅ = − W Z  fEH  [

N")*, 5 1,* ,# <*.&#3.V.3*# ;*._*,'(*+3* \/*+;,* ,.3E =,* L*9&.30/; N,+1 0/3*+
-"1* J Z>"+#&9)*9&.30/;[ 10+'(;*2@(+3W 1E(E *. (&/1*93 .,'( 0# *,/* X0;)*&/._+0I
'(0/; .*/4+*'(3 :0+ `,..*)*/*E

L*, 1*+ \+#,3390/; 6"/ \/*+;,*2+*,.*3:0/;*/ N*+1*/ :N*, 8*//N*+3* 0/3*+.'(,*1*/E
L*, <J' (&/1*93 *. .,'( 0# 1*/ 4+,3,.'(*/ K*+3 2@+ 1,* \/*+;,*2+*,.*3:0/; Z4+,3,.'(*
\/*+;,*2+*,.*3:0/;.+&3*[W )*, 1*# 1*+ `,.. 0/3*+ L*9&.30/; :0 N&'(.*/ )*;,//3E <J&

)*.'(+*,)3 1,* \/*+;,*2+*,.*3:0/; )*, 1*+ 1&. `,..N&'(.30# N,*1*+ .3"__3E



L*0+3*,90/; 6"/ '+&.(3&0;9,'(*/ !*+),/10/;.3*'(/,4*/ Pe

J/ 89*)0/;*/ 4&// 1*+ `,..2"+3.'(+,33 &02 :N*, 6*+.'(,*1*/* Q+3*/ *+2"9;*/B

•  M3&),9*+ `,..2"+3.'(+,33B 1*+ `,.. N7'(.3 9&/;.&# ,/ Q)(7/;,;4*,3 6"/ 1*+ L*9&.I
30/;.;*.'(N,/1,;4*,3 N*,3*+W

•  J/.3&),9*+ `,..2"+3.'(+,33B 1*+ `,.. N7'(.3 #,3 ("(*+W 0/4"/3+"99,*+)&+*+ <*.'(N,/I
1,;4*,3 N*,3*+E

J/ 8+&23I?+&6*+.*/N*;I=,&;+&##*/ ,.3 1&. 0/3*+.'(,*19,'(* `,..N&'(.30# 9*,'(3 :0
*+4*//*/E J# *+.3*/ %&99 6*+97023 1,* 80+6* /&'( 1*+ M_,3:*/9&.3 .3*3,; &)2&99*/1W ,#
%&99 1*. ,/.3&),9*/ `,..2"+3.'(+,33. 2"9;3 *,/*# _9]3:9,'(*/ Q)2&99 N,*1*+ *,/ 8+&23&/I
.3,*;E

8+
&2

3

8+
&2

3

?+&6*+.*/N*; ?+&6*+.*/N*;

L,91 fEGB M3&),9*+ 0/1 ,/.3&),9*+ `,..2"+3.'(+,33 Zi0&9,3&3,6[ roDs

=,* >"+# QM?- = CfCCIoC )*.&;3W 1&.. )*, *,/*# .3&),9*/ `,..2"+3.'(+,33 1,* )*,I
1*/ <J IK*+3* ;9*,'( .,/1 0/1 )*, ,/.3&),9*# `,..N&'(.30# <J' | <J& ,.3E J/ 1*+ >"+#
N*+1*/ :N*, 6*+.'(,*1*/* A+")*4]+_*+2"+#*/ )*.'(+,*)*/E =,* *+.3* %"+# ,.3 1*+
.3&/1&+1,.,*+3* ="0)9*IU&/3,9*6*+ L*&#E =,* :N*,3* !&+,&/3* Z:0/*(#*/1* =,'4*
@)*+ 1*+ A+")*/97/;*[ ,.3 )*, %!8 /,'(3 .,//6"99 +*&9,.,*+)&+W 1& @)*+ 1*/ M'(,'(3I
&02)&0 )*, b&#,/&3*/ 5/.3*3,;4*,3*/ 6"+9,*;*/ N@+1*/ 0/1 )*, 1*/ A+*..2"+##&.I
.*/ ."9'(* K&/1.37+4*/6&+,&3,"/*/ &0'( /,'(3 (*+.3*99)&+ .,/1E

L,91 fECB ="0)9*IU&/3,9*6*+ L*&# ;*#7d QM?- = CfCCIoC
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!*+.&;*/.6*+(&93*/ 1*+ 89*).3"22.V.3*#*E =&(*+ N&+*/ )*, 1*+ \/*+;,*2+*,.*3:0/;.I
+&3* ;+"d* M'(N&/40/;*/ :0 *+N&+3*/E =,* 4"/3,/0,*+9,'(* L*.3,##0/; N,* ,# i0&I
.,.3&3,.'(*/ !*+.0'( N&+ /,'(3 #];9,'(E %"9;*/1*. L,91 2&..3 1,* *+#,33*93*/ <IK*+3*
1*+ 89*).3"22* QW =W \ 0/1 % :0.&##*/E =&:0 N0+1*/ h* !*+.0'( :N*, <IK*+3* )*I
.3,##3 0/1 h*N*,9. 1*+ -,33*9N*+3 1&+;*.3*993E K,* )*+*,3. *+N7(/3W N0+1*/ 1,* 89*)I
.3"22* L 0/1 U N*;*/ ,(+*. :7(*9&.3,.'(*/ -&3*+,&96*+(&93*/. &0. 1*/ )+0'(#*'(&I
/,.'(*/ L*3+&'(30/;*/ &0.;*49&##*+3E
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D

L,91 fEGGB \/*+;,*2+*,.*3:0/;.+&3*/ 1*+ 89*)*.V.3*#* )*,# 1V/&#,.'(*/ !*+.0'(

M>J+ ;&-:.--&5(+2$%+\%QE$%1$@(&--$

L*, 1*+ A+@20/; 6"/ 89*)*6*+),/10/;*/ #,3 %&.*+6*+)0/140/.3.3"22*/ &9. %@;*3*,9I
#&3*+,&9 3+*3*/ &02;+0/1 1*+ 7(/9,'(*/ \,;*/.'(&23*/ 6"/ 80/.3.3"22 0/1 89*).3"22
;+]d*+* M'(N,*+,;4*,3*/ &02 &9. )*, *,/*+ A+@20/; 6"/ -*3&996*+),/10/;*/E =&. !*+I
.&;*/ )9*,)3 /,'(3 &02 1*/ 89*).3"22 ):NE 1,* <+*/:297'(* )*.'(+7/43E \. 4&// &0'(
*,/ !*+.&;*/ 1*+ %@;*3*,9* )*")&'(3*3 N*+1*/E =,* *+#,33*93*/ \+;*)/,..* )*:,*(*/
.,'( ."#,3 &02 1,* ;*.&#3* 89*)*6*+),/10/;W 1& *,/* ;+"d* Q)(7/;,;4*,3 :0# -&3*I
+,&9 1*+ %@;*3*,9* )*.3*(3 0/1 /,'(3 /0+ 1*+ 6*+N*/1*3* 89*).3"22 &0..'(9&;;*)*/1
,.3E L*, 1*+ A+@20/; ,.3 &9." &02 ,1*/3,.'(* !"+&0..*3:0/;*/ Z;9*,'(* F)*+297'(*/I
6"+)*(&/190/;W ;9*,'(*. %@;*3*,9*#&3*+,&9W 0.NE[ :0 &'(3*/E

=,* .3&3,.'(* A+@20/; &02 1*+ X0;_+@2#&.'(,/* 9,*2*+3* .*(+ ;03* Q0..&;*/ )*:@;I
9,'( -&c,#&94+&23W `,..,/,3,,*+0/;.*/*+;,*W `,..&0.)+*,30/;.;*.'(N,/1,;4*,3 0/1 \I
/*+;,*2+*,.*3:0/;.+&3*E 89*).3"22*W 1,* :0 ,/.3&),9*# `,..N&'(.30# /*,;3*/W N&+*/
*,/1*03,; :0 ,1*/3,2,:,*+*/E =&. `,..&0.)+*,30/;.6*+(&93*/ 4"//3* @)*+ 1*/ ;*.&#I
3*/ !*+.0'( )*")&'(3*3 N*+1*/ 0/1 X*,3_0/43*W &/ 1*/*/ ,/.3&),9*. !*+(&93*/ *,/I
3+&3W N&+*/ *+4*//)&+E \)*/." :*,;3* .,'(W 1&.. 1,* \,/9*,30/; *,/*. 4@/.39,'(*/ `,.I
.*. &0..'(9,*d9,'( \,/290.. &02 1*/ *+.3*/ -*.._0/43 (&3E =,* 2@+ 1,* U(&+&43*+,.,*I
+0/; 1*+ U+&.(3&0;9,'(4*,3 1*+ 89*)*6*+),/10/; N,'(3,;*/ 8*//N*+3* N&+*/ 1&6"/
/,'(3 )**,/290..3E

L*, 1*+ 1V/&#,.'(*/ A+@20/; &02 *,/*# %&9930+# N&+ 1*+ \,/290.. 1*. %@;*3*,9I
N*+4.3"22*. .*(+ ;+"dE \. N&+ (702,; *,/ !*+.&;*/ ,/ 1*+ b&#,/&3.'(,'(3 1*. %@;*I
3*,9. :0 *+4*//*/E L*."/1*+. )*, 89*)*6*+),/10/;*/W 1,* ,# .3&3,.'(*/ !*+.0'( .*(+



L*0+3*,90/; 6"/ '+&.(3&0;9,'(*/ !*+),/10/;.3*'(/,4*/ oC

;03* \+;*)/,..* *+:,*93 (&33*/W *+2"9;3* 1*+ L+0'( )*,# 1V/&#,.'(*/ !*+.0'( ,//*+I
(&9) 1*. %&.*+6*+)0/140/.3.3"22*.E \+4*//)&+ N0+1*W 1&.. 1*+ 89*).3"22 )*, 1V/&I
#,.'(*+ L*9&.30/; ;*/*+*99 :0 ,/.3&),9*+*# !*+(&93*/ /*,;3*E p0&/3,3&3,6 N&+ 1,*.*
?&3.&'(* &99*+1,/;. .*(+ .'(N*+ #*..)&+W 1& 1,* 8+&23.,;/&9* 6"/ .3&+4*/ M'(N,/I
;0/;*/ @)*+9&;*+3 N0+1*/E =,*.*. A+")9*# ,.3 )*, A+@20/;*/ #,3 .*(+ ("(*+ <*I
.'(N,/1,;4*,3 h*1"'( ;+0/1.73:9,'( 6"+(&/1*/E <9*,'(*. ;,93 )*, 1*/ K*+3*/ 1*+ \I
/*+;,*2+*,.*3:0/;.+&3*E \,/* %,93*+0/; 1*+ -*..1&3*/ N0+1* /,'(3 10+'(;*2@(+3W N*,9
1&10+'( &0'( 8+&23._,3:*/ 0/1 _9]3:9,'(* 8+&23&)2799* )*, ,/.3&),9*# !*+(&93*/ 6*+9"I
+*/ ;*;&/;*/ N7+*/E

\,/ !*+;9*,'( 1*+ ;*N"//*/*/ \+;*)/,..* &0. .3&3,.'(*# 0/1 1V/&#,.'(*# !*+I
.0'( N&+ 70d*+.3 .'(N,*+,;W N&. 6"+ &99*# &# 3*,9N*,.* 0/3*+.'(,*19,'(*/ L+0'(6*+I
(&93*/ )*,1*+ !*+.0'(.6&+,&/3*/ 9&;E 89*).3"22*W 1,* ,# .3&3,.'(*/ !*+.0'( &9. 0/;*I
*,;/*3 *,/;*.3023 N0+1*/W :*,;3*/ 1,*.*/ >&'(3*,9 &99*+1,/;. &0'( )*, 1V/&#,.'(*+
L*9&.30/;E 89*).3"22*W 1,* .,'( )*, i0&.,.3&3,.'(*+ A+@20/; &9. ;**,;/*3 *+N,*.*/
(&33*/W :*,;3*/ )*, 1V/&#,.'(*+ A+@20/; &99*+1,/;. 10+'(&0. M'(N7'(*/E

J/ 1*+ &).'(9,*d*/1*/ L*N*+30/; #0.. &/&9"; :0+ )+0'(#*'(&/,.'(*/ L*3+&'(30/;
:N,.'(*/ \AI 0/1 A5`I89*).3"22*/ 0/3*+.'(,*1*/ N*+1*/E =,* %@;0/;*/ #,3 A5`I
89*).3"22*/ :*,;*/ .,'( ,/ ,(+*+ !*+.&;*/.'(&+&43*+,.3,4 )*..*+ 2@+ 1,* '+&.(._*:,2,I
.'(*/ L*9&.30/;*/ ;**,;/*3E M,* .,/1 0/*#_2,/19,'(*+ ;*;*/ .'(9&;&+3,; &023+*3*/1*
L*9&.30/;*/W &)*+ N*;*/ ,(+*+ /,*1+,;*+*/ 8*//N*+3* /,'(3 ;**,;/*3 2@+ .3+0430+*99*
!*+49*)0/;*/E ="+3 ,.3 1*+ \,/.&3: 1*+ \AI89*).3"22* .,//6"99E =&. !*+.&;*/.6*+I
(&93*/ 1*+ \AI89*)0/;*/ ,.3 :N&+ /"'( "_3,#,*+0/;.)*1@+23,;W &)*+ 1*+ 89*).3"22
%0."+ CGDaCGG ):NE %0."+ CODaCOG :*,;3* ."N"(9 ,/ 1*+ /*0*/ A+@2#*3("1* &9.
&0'( ,/ 1*/ U+&.(6*+.0'(*/W 1&.. 1,* ;*2"+1*+3* M3&),9,373 *++*,'(3 N*+1*/ 4&//E %@+
N*,3*+2@(+*/1* 5/3*+.0'(0/;*/ N7+* 1,* =0+'(2@(+0/; 0#2&/;+*,'(*+ -*..+*,(*/
&02 1*+ L&.,. 1*+ ;*N"//*/*/ \+4*//3/,..* .,//6"99E

L*, 1*+ 1V/&#,.'(*/ !*+.0'(.10+'(2@(+0/; N0+1* 1,* `,..97/;* &/ :N*, A0/43*/
#,3 Y,92* 6"/ #&/0*99 &02;*)+&'(3*/ 8"/3&43*/ )*.3,##3E =,* !*+N*/10/; *,/*.
&0249*))&+*/ K,1*+.3&/1..3+*,2*/. :0+ `,..97/;*/)*.3,##0/; )*, 1*+ 1V/&#,.'(*/
A+@20/; N7+* *,/* !*+)*..*+0/;W 1& 1&. #&/0*99* Q02)+,/;*/ 1*+ 8"/3&43* :0 5/I
;*/&0,;4*,3*/ 2@(+3 0/1 /0+ N*/,;* -*.._0/43* *+9&0)3E 5/3*+.0'(0/;*/ :0+ `*10I
:,*+0/; 1*+ M'(N,/;0/;*/ )*, 1*+ 1V/&#,.'(*/ !*+.0'(.10+'(2@(+0/; 4]//3*/ 1,*
\+4*//3/,..* 1,*.*+ Q+)*,3 *)*/2&99. .,//6"99 *+;7/:*/E

=,* \+4*//3/,..* &0. 1,*.*/ 5/3*+.0'(0/;*/ :0# `,..2"+3.'(+,33 ,/ M-UI89*)0/;*/
."993*/ :04@/23,; &0'( ,/ 1,* M,#09&3,"/ 1*. U+&.(6*+(&93*/. 6"/ ."9'(*/ M3+0430+*/
*,/29,*d*/E J# 2"9;*/1*/ 8&_,3*9 :0+ U+&.(.,#09&3,"/ N,+1 1,* 89*)*6*+),/10/; /,'(3
*c_9,:,3 #"1*99,*+3E =0+'( 1,* *c_*+,#*/3*99*/ 5/3*+.0'(0/;*/ N&+ 1,* M3&),9,373 &)I
;*.,'(*+3E
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L+ 386984)$%&4*'52$**+EQ%+2&$+6%4-0-&'.*4)&5(

L>G+ F(E5%2$%.(1$(+4(+24-+84)$%&4*'52$**

X,*9 1*+ \/3N,'490/; *,/*. -&3*+,&9#"1*99. 2@+ M-U N&+ *.W 1&. !*+(&93*/ 1,*.*.
K*+4.3"22*. ." /&'(:0),91*/W 1&.. Q03"#"),9.3+0430+*/W 1,* I +*._*43,6* 1*+*/
8"#_"/*/3*/ I &0. M-U )*.3*(*/W +*'(/*+,.'( (,/.,'(39,'( ,(+*. U+&.(6*+(&93*/.
&/&9V.,*+3 N*+1*/ 4]//*/E K*,9 1,* Q03"#"),9*/3N,'490/; (*03* /,'(3 #*(+ "(/* 1,*
M,#09&3,"/ 6"/ 3V_,.'(*/ ):NE \+.&3:0/2&99.:*/&+,*/ ZF22.*3'+&.( ;*;*/ 1*2"+#,*+I
)&+* L&++,*+*[ &0.4"##3W ,.3 /0+ ." .,'(*+W 1&.. :04@/23,; '+&.()*9&.3*3* M3+0430+*/
&0. 1,*.*# -&3*+,&9 (*+;*.3*993 N*+1*/ 4]//*/E

K*;*/ 1*+ Q0.+,'(30/; 1*+ -"1*99*/3N,'490/; &02 1,* .*+,*/3&0;9,'(* L*+*'(/0/;
6"/ ;+"d*/ M3+0430+*/ ):NE 1,* J/3*;+&3,"/ 6"/ M-UIL&03*,9*/ ,/ 49&..,.'(* Q03"I
#"),9.3+0430+*/ &0. M3&(9 #0..3*/ )*.3,##3* L*1,/;0/;*/ *,/;*(&93*/ N*+1*/E X,*9
1,*.*+ Q+)*,3 N&+ *.W 1&. -&3*+,&9 ,# /0#*+,.'(*/ -"1*99 #&4+".4"_,.'( :0 )*I
3+&'(3*/W 1&#,3 1,* ?(*"+,* ):;9E ,(+*. `*'(*/:*,3)*1&+2*. )*, M,#09&3,"/.+*'(/0/I
;*/ 6"/ ;+"d*/ M3+0430+*/ ;*/03:3 N*+1*/ 4&//E \. ."993* N*1*+ *,/* #,4+".4"_,I
.'(* -"1*99,*+0/;.3*'(/,4 I )*, N*9'(*+ 1*+ K*+4.3"22 ,/ .*,/*/ 8"#_"/*/3*/ 1&+I
;*.3*993 N,+1 I /"'( *,/* -*."I-"1*99,*+0/; I *3N&. N*/,;*+ 1*3&,99,*+3 &9. 1,* -,4+"I
#"1*99,*+0/; I &/;*N&/13 N*+1*/E K,* N,..*/.'(&239,'(* 5/3*+.0'(0/;*/ :*,;*/W
4&// &)*+ )*, =*3&,9_+")9*#*/ /,'(3 &02 1,* -,4+"#"1*99,*+0/; 6*+:,'(3*3 N*+1*/E
Q99*+1,/;. N*+1*/ 1"+3 /0+ 49*,/.3* A+")*/I "1*+ L&03*,9)*+*,'(* 10+'( .*(+ 2*,/*
!*+/*3:0/; +*'(/*+,.'( 0/3*+.0'(3E

=& 1,* 4@+:*.3* \9*#*/34&/3* 1,* `*'(*/:*,3 1*+ M,#09&3,"/ )*.3,##3W ."993* .,* )*,
1*+ L*+*'(/0/; 6"/ <*.&#32&(+:*0;*/ 0/3*+ U+&.()*9&.30/; *,/*/ 4+,3,.'(*/ K*+3W
1*+ N*+4.3"22&)(7/;,; ,.3W /,'(3 0/3*+.'(+*,3*/E %"9;9,'( 4"##*/ 2@+ 297'(,;* M-UI
M3+0430+*/ N,* )*, M3&(9)9*'(*/ /0+ M'(&9*/*9*#*/3* :0+ =&+.3*990/; 1*. -&3*+,&9.
,/ %+&;*E =0+'( 1,*.* <+*/:* N,+1 &99*+1,/;. 1,* -"1*99,*+0/; 1*+ ;*"#*3+,.'(*/
M3+0430+ 0/;*/&0*+ Z,/.)*."/1*+* `&1,*/[E

=&. ,/ 1,*.*+ Q+)*,3 2@+ M-U *+.3*993* -&3*+,&9#"1*99 )&.,*+3 &02 1*# ,# `&(#*/
1*. %"+.'(0/;._+"h*43*. UQ`-Q? */3N,'4*93*/ 0/1 ,/ rHs 0/1 rlOs &0.2@(+9,'( )*I
.'(+,*)*/*/ -?efE K,* &0'( -?ef N0+1* *. 2@+ 1,* M,#09&3,"/ 6"/ &c,&9*/ U+&.(I
)*9&.30/;*/ 6"/ +"(+2]+#,;*/ M3+0430+*/ */3N,'4*93E

J# `&(#*/ 1*+ \/3N,'490/; 1*. -&3*+,&9#"1*99. N0+1*/ 2"9;*/1* Q+)*,3*/ 10+'(I
;*2@(+3B

•  \+#,3390/; 1*. -&3*+,&96*+(&93*/. 6"/ M3&/1&+1IM-U Z49&..,.'(* -&3*+,&94*//I
N*+3*W .,*(* 8&_,3*9 G[



M-UI-&3*+,&9#"1*99 2@+ 1,* U+&.(.,#09&3,"/ oe

•  5/3*+.0'(0/; 1*. -&3*+,&96*+(&93*/. @)*+ 1*/ 3V_,.'(*/ !*+.&;*/._0/43 (,/&0.
(,/.,'(39,'( 1*+ `*9*6&/: 2@+ &c,&9* =+0'4)*9&.30/;*/ ZU+&.([

•  5/3*+.0'(0/; 1*. U+&.(6*+(&93*/. 6"/ M-U )*, 6&+,,*+*/1*+ A+@2;*.'(N,/1,;I
4*,3

•  J#_9*#*/3,*+0/; 1*. -&3*+,&96*+(&93*/. ,/ bMI=g>Q

•  =&+.3*990/; 1*. ,#_9*#*/3,*+3*/ -&3*+,&96*+(&93*/. @)*+ \,/:*9I\9*#*/3I?*.3.

•  L*+*'(/0/; 6"/ *,/2&'(*/ +"(+2]+#,;*/ M3+0430+*/ 0/3*+ &c,&9*+ U+&.()*9&.30/;

•  !*+;9*,'( 1*+ L*+*'(/0/;.*+;*)/,..* #,3 1*/ `*.093&3*/ &0. 1*/ *c_*+,#*/I
3*99*/ 5/3*+.0'(0/;*/

=&)*, "+,*/3,*+3* .,'( 1&. -&3*+,&9#"1*99 &/ 1*/ 2"9;*/1*/ `&/1)*1,/;0/;*/ 7(/I
9,'( 1*/ Q//&(#*/ ,/ rHsB

•  Y"#";*/,.,*+0/; 1*. -&3*+,&9. Z6*+.'(#,*+3*. K*+4.3"224"/:*_3[W 1E(E ,# -&3*I
+,&9#"1*99 N,+1 /,'(3 :N,.'(*/ %&.*+/ 0/1 -&3+,c 0/3*+.'(,*1*/} *. 4"##*/ /0+
M-UI8*//N*+3* :0+ Q/N*/10/;

•  4*,/* Q0._+7;0/; 6"/ M'(,'(3*/ )*, M3&/1&+1IM-U Z("#";*/*+ Q02)&0 @)*+ 1,*
-&3*+,&91,'4*[ ,# <*;*/.&3: :0 b&#,/&3*/ Z-?ef[

•  \+#,3390/; 1*+ K*+4.3"221&3*/ ,/ *,/2&'(*/W #];9,'(.3 1*2,/,*+3*/ !*+.0'(*/

•  X0N*,.0/; 1*+ -&3*+,&91&3*/ 2@+ h*1*. *,/:*9/* \9*#*/3

•  J/ 1*/ \9*#*/3*/ N,+1 *,/ *)*/*+ M_&//0/;.:0.3&/1 6"+&0.;*.*3:3} >"+#&9I
._&//0/;*/ .*/4+*'(3 :0+ \9*#*/3*)*/* N*+1*/ /,'(3 *+2&..3

•  b,/*&+*9&.3,.'(*. !*+(&93*/ 1*. 0/;*.'(71,;3*/ M-U

•  Q0.N&(9 *,/*. ;**,;/*3*/ !*+.&;*/.4+,3*+,0#.

•  =*2,/,3,"/ 1*+ Q0.N,+40/;*/ 1*+ !*+.&;*/.&+3 &02 1&. &/.'(9,*d*/1* -&3*+,&9I
6*+(&93*/

•  L*+@'4.,'(3,;0/; 1*+ M'(71,;0/;.&0.)+*,30/;

•  =*2,/,3,"/ 1*. M'(71,;0/;.:0.3&/1*. 10+'( M'(&1*/._&+&#*3*+

•  %@+ 1*/ \/39&.30/;.6"+;&/; ;*93*/ 1,* 0+._+@/;9,'(*/ \9&.3,:,373.4*//:&(9*/E

K*,3*+* `&/1)*1,/;0/;*/ 2@+ 1&. `*'(*/#"1*99 N&+*/ ,/ Q/9*(/0/; &/ rHsB

•  \c_9,:,3*. %,/,3*I\9*#*/3*IA+";+&##

•  !,*+4/"3,;*. M'(&9*/*9*#*/3 /&'( L*9V3.'(4"a?.&V #,3 *,/*# J/3*;+&3,"/._0/43
0/1 9,/*&+*# !*+.'(,*)0/;.&/.&3:



oP M-UI-&3*+,&9#"1*99 2@+ 1,* U+&.(.,#09&3,"/

•  L*+*'(/0/; 1*. 4+,3,.'(*/ X*,3.'(+,33*. 2@+ 1,* \9*#*/3* &0. 1*/ \9&.3,:,373.I
4*//;+]d*/ 0/1 1*/ '(&+&43*+,.3,.'(*/ \9*#*/3&)#*..0/;*/

•  j&0#&// %"+#09,*+0/;W 1E(E M'(0)6*+2"+#0/;*/ 0/)*1*03*/1 ;*;*/@)*+ =*(/I
0/1 L,*;*6*+2"+#0/;*/

•  <+"d* =*(/0/;*/W !*+.'(,*)0/;*/ 0/1 =+*(0/;*/ .,/1 :0;*9&..*/

•  \c_9,:,3* X*,3,/3*;+&3,"/ 1*+ 1V/&#,.'(*/ L*N*;0/;.;9*,'(0/;*/} 1,* Q0.N*+I
30/; 1*+ -&3*+,&9#"1*99* *+2"9;3 1&)*, 2@+ h*1*. \9*#*/3 0/1 2@+ h*1*/ X*,3.'(+,33

•  A+@20/; &02 8"/3&43 ):NE =0+'(1+,/;0/; #,3 ;**,;/*3*/ 8"/3&43&9;"+,3(#*/

•  \9,#,/,*+0/; :*+.3]+3*+ Z&0.;*2&99*/*+[ \9*#*/3* &0. 1*+ L*+*'(/0/; 1*. 4+,3,I
.'(*/ X*,3.'(+,33.E

K,* )*+*,3. ,/ 8&_,3*9 C *+N7(/3W ,.3 1,* !*+N*/10/; 6"/ !"90#*/*9*#*/3*/ :0+ M,I
#09&3,"/ 6"/ 1@//N&/1,;*/ M3+0430+*/ :EX3E /,'(3 .,//6"99E K*;*/ 1*+ 40+:*/ \9*I
#*/34&/3*/ ,/ -&3*+,&91,'4*/+,'(30/; N@+1* 1,*. :0 ,/&4:*_3&)9*/ `*'(*/:*,3*/
2@(+*/E =&(*+ N0+1* 2@+ 1,* 10+'(;*2@(+3*/ M,#09&3,"/*/ 1&. ,/ bMI=g>Q :0+ !*+I
2@;0/; .3*(*/1* M'(&9*/*9*#*/3 6"# ?V_ L*9V3.'(4"a?.&V ;*/03:3E =,*.*. 6,*+I
4/"3,;* \9*#*/3 N0+1* #,3 \,/IA0/43IJ/3*;+&3,"/ 6*+N*/1*3E =,* 1&+&0. +*.093,*+*/I
1*/ */*+;,*9".*/ 8,/*#&3,4*/ 4"//3*/ 10+'( .3*,2,;4*,3.)*:";*/* Q/.73:*
Z("0+;9&.. '"/3+"9 3V_* f[ 4"/3+"99,*+3 N*+1*/ ZR("0+;9&..I.(&_*.T[ rHGHsE

=,* -"1*99,*+0/; 1*. -&3*+,&96*+(&93*/. )&.,*+3 &02 1*+ 8"/3,/00#.#*'(&/,4E =&.
-&3*+,&9 N0+1* &9. ("#";*/ )*3+&'(3*3E L&.,*+*/1 &02 ;*+,/;*# %9,*d*/ N7(+*/1
1*. !*+_+*..*/. 1*+ L&03*,9* Z;*+,/;* %&.*+"+,*/3,*+0/;*/[ 4"//3* 1*+ K*+4.3"22
&9. 3+&/.6*+.&9 ,."3+"_ )*3+&'(3*3 N*+1*/E =,* J."3+"_,* N0+1* 10+'( 1,* \+#,3390/;
1*+ -&3*+,&9*,;*/.'(&23*/ ,/ 6*+.'(,*1*/*/ F+,*/3,*+0/;*/ )*N,*.*/E !,*9* %"+I
.'(0/;.&+)*,3*/ )*3+*22*/ 1*/ %9,*d_+":*.. 6"/ 2&.*+6*+.37+43*/ %"+##&..*/ rCesE
K*// )*, 1*+ L&03*,9(*+.3*990/; &02;+0/1 6"/ <*"#*3+,* 0/1 A+":*..2@(+0/; ;+]I
d*+* %9,*dN*;* &023+*3*/W ." #0.. 1,*.*. !*+(&93*/ ;*/&0 .,#09,*+3 N*+1*/E =,*
=&3*/ I 9"4&9*+ %&.*+;*(&93 0/1 9"4&9* %&.*+"+,*/3,*+0/; I #@..3*/ 1&// 1*/ L*I
+*'(/0/;.3""9. @)*+ */3._+*'(*/1* M'(/,33.3*99*/ :0+ !*+2@;0/; ;*.3*993 N*+1*/E
>*)*/ M3&/1&+1_+@20/;*/ N0+1*/ 5/3*+.0'(0/;*/ :0+ L*.3,##0/; 1*. 1V/&#,I
.'(*/ !*+.&;*/. 0/1 1*. >&'(6*+.&;*/.6*+(&93*/. 10+'(;*2@(+3E K,* .'("/ *+I
N7(/3 N0+1*/ ,/ 1*+ M,#09&3,"/ 1,* M-UI?V_*/ #,3 +*;*99". &/;*"+1/*3*/ %&.*+/
)*3+&'(3*3E =&. 0/,1,+*43,"/&9 6*+.37+43* M-U N&+ /,'(3 <*;*/.3&/1 1*+ 5/3*+.0I
'(0/;E X0+ ._73*+*/ \+N*,3*+0/; 1*+ M,#09&3,"/ 4]//3*/ ;*.'(,'(3*3* M-UI
K*+4.3"22* 10+'( #*(+.'(&9,;*W ;*4"__*93* -"1*99,*+0/; 1&+;*.3*993 N*+1*/E
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L>H+ F@@&*2.(1+2$-+84)$%&4*7$%04*)$(-+75(+386

J# %"9;*/1*/ N*+1*/ 1,* 1+*, L*+*,'(* 1*. %!8I3V_,.'(*/ -&3*+,&96*+(&93*/. 2@+
M-U )*.'(+,*)*/E

=,* %"+#09,*+0/; 1*. -&3*+,&96*+(&93*/. 2"9;3 1*# 49&..,.'(*/ -0.3*+ 1*+ \,/3*,90/;
1*+ L*+*,'(* ,/B

•  \9&.3,.'(*. -&3*+,&96*+(&93*/

•  !*+.&;*/.6*+(&93*/

•  >&'(6*+.&;*/.6*+(&93*/E

ε

σ
  J          JJ               JJJ

L,91 eEHB A+,/:,_,*99* \,/3*,90/; 1*. -&3*+,&96*+(&93*/.

%@+ 1&. 0/;*.'(71,;3* -&3*+,&9 N,+1 1&. 49&..,.'(* 9,/*&+I*9&.3,.'(* !*+(&93*/ &/I
;*.*3:3 ZJ[E L*, \++*,'(*/ )*.3,##3*+ <+*/:N*+3* ,/ 1*/ L*9&.30/;*/ 4&// 1*+
K*+4.3"22 1,* &023+*3*/1*/ M_&//0/;*/ /,'(3 #*(+ .'(71,;0/;.2+*, *+3+&;*/W @)*+
*,/ !*+.&;*/.4+,3*+,0# N,+1 1,*.* !*+.&;*/.,/,3,,*+0/; *+4&//3 ZJJ[E =&// )*;,//3 1,*
=*;+&1&3,"/ ,# -&3*+,&96*+(&93*/W N*,9 10+'( 1,* *+2"9;3*/ M'(71,;0/;*/ /,'(3 #*(+
1,* ;9*,'(*/ L*9&.30/;*/ *+3+&;*/ N*+1*/ 4]//*/E M3*,2,;4*,3*/ 0/1 %*.3,;4*,3*/
.,/4*/ &02 ;*+,/;*+* K*+3* &) ZJJJ[E =,* *c&43* L*.'(+*,)0/; 1*. -&3*+,&96*+(&93*/.
0/1 1*. A+,/:,_. 1*+ !"+.'(71,;0/; 2"9;3 ,/ 1*/ /7'(.3*/ 8&_,3*9/E

L>H>G+ !*4-)&-/0$-+84)$%&4*7$%04*)$(

K,* )*, &99*/ K*+4.3"22*/W )*, 1*/*/ 2@+ =*2"+#&3,"/*/ 0/3*+(&9) 1*+ L+0'(1*(I
/0/; 9,/*&+I*9&.3,.'(*. !*+(&93*/ &/;*/"##*/ N,+1W 97..3 .,'( 1&. '(&+&43*+,.3,.'(*
!*+(&93*/ 10+'( M3*,2,;4*,3*/ 0/1 %*.3,;4*,3*/ )*.'(+*,)*/E =&)*, N,+1 2@+ 1,* L*I
.'(+*,)0/; 1*. -&3*+,&96*+(&93*/. 6"/ M-U (,/.,'(39,'( 1*+ -&3*+,&94*//N*+3* 0/I
3*+.'(,*1*/ ,/ Z8&_,3*9 G[B



oO M-UI-&3*+,&9#"1*99 2@+ 1,* U+&.(.,#09&3,"/

•  X0;)*9&.30/;

•  =+0'4)*9&.30/;

•  M'(0))*9&.30/;E

=& 2@+ 1,* M,#09&3,"/.+*'(0/;*/ M'(&9*/*9*#*/3* ;*/03:3 N*+1*/W #@..*/ 1,* */3I
._+*'(*/1*/ 8*//N*+3* ,/ 1*+ M'(&9*/297'(* ZM3*,2,;4*,3*/ 0/1 %*.3,;4*,3*/[ )*+*,3I
;*.3*993 N*+1*/E L,91 eEG :*,;3 1&. 10+'( 1,* 8*//N*+3* )*.'(+,*)*/* -&3*+,&96*+I
(&93*/ 6"/ M3&/1&+1IM-U ,# X0;Ia=+0'4)*+*,'(E

σX0;

ε

σ=+0'4

\X0;

\=+0'4

L,91 eEGB p0&9,3&3,6* =&+.3*990/; 1*. -&3*+,&96*+(&93*/. 6"/ M3&/1&+1IM-U ,# X0;I
0/1 =+0'4)*+*,'( ;*#7d 1*/ !*+.0'(*/ /&'( =J> eCfee ZX0;[ 0/1 =J>
eCfef Z=+0'4[

=,* \,;*/.'(&23*/ 1*+ 6*+.'(,*1*/*/ M-UI-&3*+,&9,*/ .,/1 ,/ 8&_E GEH :0.&##*/I
;*.3*993E

?&)*99* eEHB !*+(793/,. 1*+ \9&.3,:,373.#"109/

9< 90

-3<%";3/ (-!3, (-!3, 9<*90 90*9<

>-?C C@'H@ CC@'F CE'F 'EKM
>-?@ CMM'F C@FGL CE'G 'EKD
>-?M CCD@D C'CGH CECH 'EFL
>-?G CGK@' C@MLF CE@C 'EFM
>-?H KC@@ KMFC 'EKL CE'M
>-?D CD'G@ CMHGF CECF 'EFG



M-UI-&3*+,&9#"1*99 2@+ 1,* U+&.(.,#09&3,"/ oo

%@+ &99* 0/3*+.0'(3*/ M3&/1&+1IM-UI?V_*/ 4"//3* ;*#7d ?&)*99* eEH 2@+ 1&. !*+I
(793/,. 6"/ X0;I :0 =+0'4*9&.3,:,373.#"109 *,/ K*+3 :N,.'(*/ DWol 0/1 HWGH &/;*I
.*3:3 N*+1*/E =&. M,#09&3,"/.3""9 N0+1* ." *+N*,3*+3W 1&.. :N*, 0/3*+.'(,*19,'(*
\9&.3,:,373.#"109/ 2@+ X0; 0/1 =+0'4 )*+@'4.,'(3,;3 N*+1*/ 4"//3*/E X0+ Q/_&..0/;
&/ M-UI3V_,.'(* !*+.&;*/.#*'(&/,.#*/ N0+1* &0'( 1&. ,#_9*#*/3,*+3* -&3*+,&9I
6*+(&93*/ ,# >&'(6*+.&;*/.)*+*,'( #"1,2,:,*+3E

=&. M-UI-&3*+,&9#"1*99 )&.,*+3 &02 1*+ L*3+&'(30/; 6"/ M-U &9. ,."3+"_*. -&3*+,I
&9E b,*)"91 rCes 0/1 M'(*##* rHos )*2&..*/ .,'( 1*3&,99,*+3 #,3 5/3*+.0'(0/;*/ :0#
%9,*d6*+(&93*/ 6"/ M-U ,# A+*..6"+;&/; 0/1 1*..*/ Q0.N,+40/;*/ &02 1,* \,;*/I
.'(&23*/ 1*. -&3*+,&9.E %"9;*/1* M'(N&/40/;*/ ,/ 1*+ %&.*+.3+0430+ N*+1*/ 10+'(
1*/ Y*+.3*990/;._+":*.. ,/. M-U *,/;*)+&'(3 rCesB

•  ),. :0 HDm =,22*+*/: ,/ F+,*/3,*+0/;*/W +*.093,*+*/1 &0. 1*+ %&.*+)*N*;0/;
)*,# Q023+*22*/ &02 1,* )*N*;3* ?+7;*+2"9,* )*, 1*+ Y*+.3*990/; 1*. `"(#&3*+,&9.

•  ),. :0 e m =,22*+*/: ,# %&.*+;*(&93 10+'( M'(N&/40/;*/ ,# Y*+.3*990/;._+"I
:*..E

Q0d*+1*# */3.3*(*/ h* /&'( L&03*,9;*"#*3+,* F+,*/3,*+0/;*/ )*,# !*+_+*..*/ 1*.
`"(#&3*+,&9.E A+")9*#&3,.'( .,/1 6"+ &99*# %&.*+;*(&93 0/1 I"+,*/3,*+0/; ,# L*+*,'(
6"/ M,'4*/ 0/1 !*+.3*,20/;*/E J/.)*."/1*+* 1,* ")*/ ;*/&//3*/ M'(N&/40/;*/W
&0. 1*# Y*+.3*990/;._+":*.. 4]//*/ /,'(3 *c&43 *+2&..3 N*+1*/E \,/* *c&43* \+2&.I
.0/; 0/1 ^)*+3+&;0/; ,/ \,/;&)*N*+3* 2@+ *,/* M,#09&3,"/.+*'(/0/; ,.3 :0 &02N7/I
1,; ):NE (*03* N,+3.'(&239,'( /,'(3 0#.*3:)&+W 1& 1*# ;*2*+3,;3*/ `"(#&3*+,&9 *,/*
=&3*, #,3 1*/ %&.*+1&3*/W 1E(E "+3.&)(7/;,;*+ <*(&93 0/1 F+,*/3,*+0/; )*,;*2@;3
N*+1*/ #@..3*E =,*.* J/2"+#&3,"/*/ #@..3*/ 1&// @)*+ 1,* L&03*,92*+3,;0/; I \,/9*I
;*/ 1*. `"(#&3*+,&9. ZX0.'(/,33*W `,'(30/;W EEE[W !*+_+*..*/W %9,*d6"+;7/;* Z5#"+,I
*/3,*+0/;*/W %&.*+&/(7020/;*/aI#&/;*9[ S 0/1 */3._+*'(*/1* -"1,2,4&3,"/*/ 1*/
K*; :0 *,/*# J/_031&3*/.&3: 2@+ 1,* M,#09&3,"/.+*'(/0/; 2,/1*/E

J# M,//* *,/*+ ;9*,'(#7d,;*/ -&3*+,&9)*9&.30/; ."993* ,/ '+&.(+*9*6&/3*/ M3+0430+*/
*,/* ("#";*/* !*+3*,90/; *++*,'(3 N*+1*/E =,* L&03*,9*W 1*+*/ =,#*/.,"/,*+0/;
10+'( 1,* Q/N*/10/; 1*. (,*+ )*.'(+,*)*/*/ -"1*99. *+#];9,'(3 N*+1*/ ."99W )*.,3I
:*/ *,/* 297'(,;* <*"#*3+,*W 1,* 1&. 2&.3 6"99.37/1,;* Q0.9*;*/ 1*. K*+4:*0;*.
Z1*+ 8&6,373[ *+9&0)3E J/ 1,*.*# Q/N*/10/;.2&99 4&// M-U 0/3*+ !*+/&'(97..,;0/;
1*+ ")*/ ;*/&//3*/ /,'(3 i0&/3,2,:,*+)&+*/ M'(N&/40/;*/ &9. %"9;* 1*. Y*+.3*9I
90/;._+":*..*. 1*. `"(#&3*+,&9. &9. ,."3+"_ )*3+&'(3*3 N*+1*/E \,/ !*+;9*,'( :N,I
.'(*/ 8*//N*+3*/ ,/ 6*+.'(,*1*/*/ A+")*/+,'(30/;*/ 2,/1*3 .,'( ,/ 8&_,3*9 GEGE K,99
#&/ )*, L&03*,9;*"#*3+,*/W 1,* *,/* .'(N&/4*/1* %&.*+"+,*/3,*+0/; ):NE 0/+*;*9I
#7d,;* %&.*+6*+3*,90/; 6*+0+.&'(*/W "(/* *c&43* 8*//3/,. 1,*.*+ J/2"+#&3,"/*/
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R&02 1*+ .,'(*+*/ M*,3*T +*'(/*/W 1&// ."993*/ 1,* *,/;*.*3:3*/ 8*//N*+3* 1*. -&3*I
+,&9.  0# '&E HD m +*10:,*+3 N*+1*/E

=,* %9,*d.,#09&3,"/ 6"/ M-U ,.3 :EX3 /"'( <*;*/.3&/1 6"/ %"+.'(0/;.&+)*,3*/E
X,*92@(+*/1 N7+* :04@/23,; *,/* 1,+*43* M'(/,33.3*99* :N,.'(*/ %9,*d.,#09&3,"/ 0/1
%,/,3*I\9*#*/3*IL*+*'(/0/;E =,*.* M'(/,33.3*99* 4]//3* 1,* ^)*+3+&;0/; 1*+ )*I
+*'(/*3*/ %&.*+6*+3*,90/;*/ 0/1 %&.*+"+,*/3,*+0/;*/ )*, ;9*,'(:*,3,;*+ !*+#*,10/;
1*+ M'(N&/40/;*/W N*9'(* 1,* `"(#&3*+,&9(*+.3*990/; (*03* /"'( #,3 .,'( )+,/;3W
*+9&0)*/E

L>H>H+ B$%-41$(-:%&)$%&.'

=,* \/3N,'490/; *,/*. M-UI3&0;9,'(*/ -&3*+,&9#"1*99. )&.,*+3* &02 1*+ Q)),910/;
1*. -&3*+,&96*+(&93*/. )*, &c,&9*+ =+0'4)*9&.30/; ZU+&.([ +"(+2]+#,;*+ M3+0430+*/ ,/
b7/;.+,'(30/; 1*+ M3+0430+E =,* 8*//3/,. 1*. =*2"+#&3,"/.6*+(&93*/. 1,*.*+ M3+0430I
+*/ &0. 1*/ *c_*+,#*/3*99*/ 5/3*+.0'(0/;*/ *+#];9,'(3* 1,* 89&..,2,:,*+0/; 1*+
+*9*6&/3*/ L*9&.30/;*/ ,/ 1*/ *,/:*9/*/ -&3*+,&9)*+*,'(*/E !*+*,/2&'(3 N0+1* 1,*I
.*+ A+":*.. 10+'( 1,* !*+/&'(97..,;0/; 1*+ 1+,33*/ =,#*/.,"/W 1E(E 1*. -&3*+,&96*+I
(&93*/. ,/ =,'4*/+,'(30/;E

L,91 eEC :*,;3 *,/ M-UIA+"2,9 /&'( *,/*# U+&.(6*+.0'(E

&
)

L,91 eECB M-UIA+"2,9 /&'( 1*# U+&.(6*+.0'( Z& y =+0'46*+.&;*/W
) y 8&/3*/6*+.&;*/[

J# L,91 .,/1 1,* N,'(3,;.3*/ L*+*,'(* 1*+ A+")* #&+4,*+3E

N$%$&/0$+#4%4**$*+D.'+<'#4/)5%+$()*4(1+2$%+6%4-0E%5()+=4?a

L*,# Q023+*22*/ 1*. J#_&'3"+. ZM'(9,33*/ 1*+ U+&.(&/9&;*W p0*+3+&6*+.* 1*+ 5/,6*+I
.&9_+@2#&.'(,/*[ N0+1* 1,* A+")* N*;*/ 1*+ &c,&9*/ =+0'44+723* :0/7'(.3 ;*I
.3&0'(3E >&'( U+&.(,/,3,,*+0/; &# ?+,;;*+ 6*+9&;*+3* .,'( 1,* U+&.(:"/* *3N&. 6"#
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J#_&'3"+ N*; ,/ 1,* A+")*E =E(E 1,* =+0'46*+.&;*/.:"/* 1*+ U+&.(.3+0430+ 9,*;3 N*I
/,;* -,99,#*3*+ 6"+ 1*+ Q023+*22*)*/* &02 1*/ J#_&'3"+E J/ 1,*.*+ X"/*W _&+&99*9 :0#
J#_&'3"+ @)*+ 1*/ ;*.&#3*/ A+")*/i0*+.'(/,33W N0+1* :0/7'(.3 1*+ K*+4.3"22
10+'( =+0'46*+.&;*/ :*+.3]+3E =*+ &/.'(9,*d*/1* -&3*+,&9290.. /&'( ,//*/ 0/1 &0I
d*/ N0+1* 10+'(  1,* Q0.),910/; 1*. 8*,9. &0. 2+&;#*/3,*+3*# -&3*+,&9 0/1 1,* @I
)*+9&;*+3*/ =*9&#,/&3,"/*/ )*.3,##3E =,*.*+ -&3*+,&9290.. N&+ 2@+ 1&. U+&.(6*+I
(&93*/ 1*+ M3+0430+ 6"/ 0/3*+;*"+1/*3*+ L*1*030/; 0/1 4&// #,3 1*/ 1*+:*,3 6*+2@;I
)&+*/ M,#09&3,"/.#];9,'(4*,3*/ /,'(3 *c&43 1&+;*.3*993 N*+1*/E =&(*+ N0+1* 1&. 2@+
%!8IU+&.(_+"2,9* @)9,'(* )*,1.*,3,;* Q)29,*d*/ 1*. :*+.3]+3*/ -&3*+,&9. Z.,*(* "),I
;*. L,91[ /,'(3 /7(*+ )*3+&'(3*3E

N$%$&/0$+-$(:%$/0)+D.'+<'#4/)5%+=C4()$(?+=@?a

\,/ N*,3*+*+ N,'(3,;*+ L*+*,'( 1*+ -&3*+,&9:*+.3]+0/; )*, 1*/ U+&.(6*+.0'(*/ )*I
2&/1 .,'( ,/ 1*/ `&1,*/E =,* !*+.&;*/.#"1&9,373*/ (,/;*/ 1"+3 &99*+1,/;. ,/ ;*N,.I
.*# 5#2&/; 6"# -&3*+,&96*+(&93*/ &/ 1*+ U+&.(2+"/3 &)E j* /&'( A+")* Z10+'(&0.
6&+,,*+*/1 :N,.'(*/ *,/:*9/*/ A+")*4]+_*+/[ 29".. 1&. ;*.'(71,;3* -&3*+,&9 /&'(
1*# Q02._&93*/ */39&/; 1*+ p0*+.'(/,33.4&/3* *,/.*,3,; "1*+ :N*,.*,3,; &)E =&)*,
6&+,,*+3* 1&. -*/;*/6*+(793/,. :N,.'(*/ D 0/1 HDD m 2@+ h*1* M*,3*E =,* 1&)*, &02I
3+*3*/1*/ L*9&.30/;*/ ,/ 1*/ 8&/3*/a`&1,*/ 9,*d*/ .,'( 6*+*,/2&'(3 &02 =+0'4 0/1
X0; +*10:,*+*/E \/3._+&'( 1,* =*2"+#&3,"/ ,/ L*:0; &02 1*/ A+")*/i0*+.'(/,33 *,I
/*+ 5#2&/;.*+N*,3*+0/;W ." 9&; ,/ 1*/ 8&/3*/ X0;6*+.&;*/ 6"+ ZQ0d*/.*,3* 1*+
`&1,*/[E Y&/1*93* *. .,'( 0# *,/* 5#2&/;.6*+*/;0/;W ." 9&; =+0'46*+.&;*/ 6"+
ZJ//*/.*,3* 1*+ `&1,*/[E =,* M,#09&3,"/ 0/3*+ 1*/ ;*.*3:3*/ `&/1)*1,/;0/;*/ Z*,/I
.'(&9,;* -"1*99,*+0/;[ *+9&0)3* N,* "E&E /,'(3 1,* Q)),910/; 1*. )*,1.*,3,;*/ -&3*+,I
&9290..*.E =*.(&9) 4"//3* /0+ *,/ -"10. h* 8&/3* &);*),91*3 N*+1*/W N")*, 1,*
-&3*+,&9290..+,'(30/; &0'( ,/ 1*+ M,#09&3,"/ 6&+,,*+3*E

=,* L*9&.30/;*/ 10+23*/ &9." 6*+*,/2&'(*/1 &02 =+0'4I 0/1 X0;)*&/._+0'(0/; +*I
10:,*+3 N*+1*/W h*1"'( #,3 49&+*+ ="#,/&/: ,# =+0'4)*+*,'(E =&+&02 )&.,*+*/1 N0+I
1*/ J/3*+&43,"/*/ 1*+ 6*+.'(,*1*/*/ L*9&.30/;*/ N,* X0;IW =+0'4I 0/1 M'(0)._&/I
/0/;*/ )*, &c,&9*/ U+&.(9&.3*/ /,'(3 )*3+&'(3*3E Q9. !*+.&;*/.4+,3*+,0# N0+1* 1*.I
(&9) 1&. -&c,#&9._&//0/;.4+,3*+,0# &/;*.*3:3E =*+ !*+.&;*/.+&0# ,.3 ,# 2"9;*/I
1*/ L,91 1&+;*.3*993E
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σCC

σ@@

τC@σC0

σ@<

σC<

σ@0

−τC@+

τC@+

!"#$%&"'$(")*'&+'&,

σσσσ-- ≥≥≥≥ σσσσ-. σσσσ-- / 0
σσσσ11 ≥≥≥≥ σσσσ1. σσσσ11 / 0
ττττ-1 ≥≥≥≥ ττττ-1$ ττττ-1 / 0
σσσσ-- ≤≤≤≤ σσσσ-2 σσσσ-- 3 0
σσσσ11 ≤≤≤≤ σσσσ12 σσσσ11 3 0
ττττ-1 ≤≤≤≤ 4ττττ-1$ ττττ-1 3 0

L,91 eEfB -&c,#&9._&//0/;.4+,3*+,0#

L*, *,/*+ \+N*,3*+0/; ):NE ^)*+_+@20/; 1*+ Q/N*/1)&+4*,3 1*. -&3*+,&9#"1*99. 2@+
)*9,*),;* b&.32799*W 1E(E &)N*,'(*/1 6"# &c,&9*/ U+&.( +"(+2]+#,;*+ M3+0430+*/
4]//3*/ ,/ 2"+32@(+*/1*/ 5/3*+.0'(0/;*/ 1*3&,99,*+3*+* !*+.&;*/.4+,3*+,*/ ;*_+@23
N*+1*/E J# `&(#*/ 1*+ U+&.()*+*'(/0/;*/ 9,*2*+3* 1&. !*+.&;*/.4+,3*+,0# 2@+ *,I
/* )*.3,##3* L*9&.30/; 0/1 L*9&.30/;.+,'(30/; 1,* J/2"+#&3,"/W N" M'(71,;0/;*/
*,/;*3+*3*/ N&+*/E =,* \,;*/.'(&23*/ 1*+ )*3+"22*/*/ L*+*,'(* N0+1*/ /0/ 10+'(
1&. >&'(6*+.&;*/.6*+(&93*/ )*.3,##3E =,* -&3*+,&91*;+&1&3,"/ *+2"9;3* )&.,*+*/1
&02 1*/ J/2"+#&3,"/*/ :0+ M'(71,;0/;E

L,. :0 1*/ *+.3*/ M'(71,;0/;*/ N&+ 1&. !*+(&93*/ 1*. K*+4.3"22. #,3 1*/ M3&/I
1&+14*//N*+3*/ (,/+*,'(*/1 )*.'(+,*)*/B

•  \9&.3,:,373.#"109/ \X0;W \=+0'4W <HG

•  p0*+4"/3+&43,"/.:&(9 νHGE

=,* M'(71,;0/; N0+1* 10+'( !*+;9*,'( 1*+ 6"+9,*;*/1*/ M_&//0/;*/ #,3 1*/ %*.I
3,;4*,3*/ *+#,33*93B

•  %*.3,;4*,3*/ σX0;W σ=+0'4W σHGE

J# Q/.'(90.. &/ 1,* *+4&//3*/ M'(71,;0/;*/ 3+&3 1,* .";*/&//3* K*+4.3"221*;+&I
1&3,"/ ,/ 8+&23W 1E(E ,/ Q)(7/;,;4*,3 1*+ 6"+9,*;*/1*/ M'(71,;0/;*/ 7/1*+3*/ .,'(
1,* K*+4.3"22*,;*/.'(&23*/E =,*.* ~/1*+0/;*/ N*+1*/ ,/ 1*/ 2"9;*/1*/ 8&_,3*9/
)*.'(+,*)*/E =&)*, N*+1*/ *,/*+.*,3. 1*+ !"+.'(71,;0/;._+":*.. 0/1 &/1*+*+.*,3.
1&. >&'(6*+.&;*/.6*+(&93*/ *+9703*+3E
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L>H>K+ B5%-/0T2&1.(1

 

6"+;*.'(71,;3 ;*.'(71,;3 :*+.3]+3

L,91 eEeB A+")*/i0*+.'(/,33 0/1 M'(71,;0/;.:"/*/ ,# L*+*,'( 1*+ U+&.(2+"/3

J# 6"+,;*/ 8&_,3*9 N0+1* 1&. !*+2&(+*/ :0+ \+4*//0/; 6"/ M'(71,;0/;*/
)*.'(+,*)*/E L*, %&.*+6*+)0/140/.3.3"22*/ ,.3 *. h*1"'( N,'(3,;W *,/* Q);+*/:0/;
:0# L*;+,22 1*+ !"+.'(71,;0/; 10+'(:02@(+*/E A+,/:,_,*99 0/3*+.'(*,1*3 .,'( 1*+
X0.3&/1 ,# <+&1 1*+ -&3*+,&9:*+.3]+0/;E <*(3 )*, M'(71,;0/;*/ 1*+ ;*.&#3*
K*+4.3"22:0.&##*/(&93 6*+9"+*/W ." .,/1 6"+;*.'(71,;3* L*+*,'(* 10+'( `,..* 0/1
=*9&#,/&3,"/*/ ;*+,/;2@;,; ;*.'(71,;3W N&. 70..*+9,'( h*1"'( "23 /,'(3 *+4*//)&+
,.3E

L,91 eEe :*,;3 2"3";+&2,.'(* Q02/&(#*/ 1*. 6"+;*.'(71,;3*/ -&3*+,&9. ,# L*+*,'(
1*+ U+&.(2+"/3E =,* `,..* 0/1 =*9&#,/&3,"/*/ ;,/;*/ 1*# Y&0_3'+&.(6"+;&/; 6"+I
&0.E =*+ ?+&/.2*+ 1,*.*. !*+(&93*/. :0+ M,#09&3,"/ N0+1* 10+'( `*1043,"/ 1*+ -&I
3*+,&92*.3,;4*,3 6"/ L*+*,'(*/ ,/ 1,+*43*+ >&'()&+.'(&23 1*+ ;*9].'(3*/ \9*#*/3* +*I
&9,.,*+3E

?99D7



HDf M-UI-&3*+,&9#"1*99 2@+ 1,* U+&.(.,#09&3,"/

J#_&'3"+ Z6W #[

U+&.(2+"/3 Z;*.'(71,;3* \9*#*/3*[

M3&+4 1*2"+#,*+3* \9*#*/3*
Z2+&;#*/3,*+3*. -&3*+,&9[

!"+;*.'(71,;3* \9*#*/3* ZM"23*/,/;[

5/;*.'(71,;3* \9*#*/3*

L,91 eEPB M'(71,;0/;.&0.)+*,30/; ,# _+";+*..,6 ;*'+&.(3*/ %!8 rHs

=,* !"+.'(71,;0/; 6"/ %!8W 1,* .";*/&//3* K*,d)+0'(:"/*W N0+1* 2@+ b&#,/&3*
)*+*,3. ,/ rHs 1,.403,*+3 0/1 ,/ 1*/ !*+.&;*/._&+&#*3*+ MF%? 0#;*.*3:3E =,* L*I
3+&'(30/; *,/*. &/1*+*/ %!8 6*+9&/;3* N,*1*+0# 1,* ,/3*/.,6* L*9*0'(30/; 1*+ /7I
(*+*/ X0.&##*/(7/;*E J/ rHs N0+1*/ b&#,/&3* )*3+&'(3*3W 1,* &0. 1*+ M3&_*90/;
6"/ 0/,1,+*43,"/&9*/ \,/:*9.'(,'(3*/ 1*. %&.*+6*+)0/140/.3.3"22. */3.3&/1*/E =&)*,
N0+1* 1&. Q0;*/#*+4 &02 <9&.2&.*+6*+.37+40/;*/ &0. \/19".2&.*+/ ;*9*;3E L*I
3+&'(3*3 #&/ !*+.37+40/;*/ #,3 \/19".2&.*+/ &0. 8"(9*/.3"22W ." .,/1 "23 N*.*/39,'(
R4@+:*+*T X"/*/ #,3 6"+&0.*,9*/1*/ M'(71,;0/;*/ :0 )*")&'(3*/W N*,9 1,* 4"(9*/I
2&.*+6*+.37+43*/ =0+"_9&.3* *(*+ :0 *,/*# 2*,/*+*/ X*+)+].*9/ #,3 /0+ ;*+,/;*/
=*2"+#&3,"/*/ &).*,3. 1*+ U+&.(2+"/3 3*/1,*+*/E

L*,# ^)*+;&/; :0 M3&/1&+1IM-UW )*, 1*# *. .,'( :N&+ ,##*+ /"'( 0# *,/*/
9&/;2&.*+6*+.37+43*/ =0+"#*+N*+4.3"22 (&/1*93W .,/1 &/1*+* `&/1)*1,/;0/;*/ ;*I
;*)*/E =,* <9&.2&.*+/ 9,*;*/ 1"+3 ,/ L@/1*9/ 1*+ b7/;* Ge ),. eD ## 6"+ 0/1 1,*.*
L@/1*9 .,/1 N,*1*+0# +*;*99". &/;*"+1/*3W 1E(E 1,* F+,*/3,*+0/; 1*+ %&.*+/ ,.3 )*I
9,*),;E %!8I3V_,.'( ,.3W 1&.. .,'( M'(71,;0/;*/ )*6"+:0;3 */39&/; 6"/ %&.*+/ ),91*/E
M" ,.3 )*, %!8W 1,* &0. 0/,1,+*43,"/&9*/ %&.*+9&;*/ ;*.3&_*93 .,/1W 1,* <+*/:.'(,'(3
:N,.'(*/ 1*/ %&.*+9&;*/ *,/* 3V_,.'(* !*+.&;*/.*)*/*E J# <*;*/.&3: 1&:0 *c,.I
3,*+*/ )*, M-U N*;*/ 1*+ +*;*99".*/ %&.*+&/"+1/0/; 4*,/* 4"/4+*3*/ <+*/:I
.'(,'(3*/E Q0d*+1*# ),*3*/ )*,# U+&.(6*+.0'( 1,* ,# !*+;9*,'( :0 b&#,/&3*/ 40+I
:*/ %&.*+)@/1*9 4*,/* "_3,#&9*/ Q/;+,22._0/43* 2@+ N*,3 6"+&0.*,9*/1* M'(71,;0/I
;*/E \,/*+.*,3. */1*3*/ 1,*.* M'(71,;0/;*/ &# \/1* ."9'(*+ L@/1*9E Q/1*+*+.*,3.
4"//3*/ 6"+&0.*,9*/1* `,..* 10+'( i0*+9,*;*/1* %&.*+)@/1*9 ;*.3"__3 "1*+ 0#;*I
9*,3*3 N*+1*/E =&10+'( *+;&) .,'( *,/* ,# !*+;9*,'( :0 <9&.2&.*+9&#,/&3*/ *(*+ 4@+I
:*+* 6"+;*.'(71,;3* X"/*E



M-UI-&3*+,&9#"1*99 2@+ 1,* U+&.(.,#09&3,"/ HDe

K,'(3,; N&+ 1,* ^)*+3+&;0/; 1*+ M'(71,;0/;*/ ,/ -"1*99* :0+ L*+@'4.,'(3,;0/; ,/
%,/,3*I\9*#*/3*IL*+*'(/0/;*/E J/ 1*+ +*&9*/ A+")* (&/1*93* *. .,'( I &02 1,* A+"I
)*/297'(* _+"h,:,*+3 I 0# *,/*/ "+3.&)(7/;,;*/ A&+&#*3*+E =,*.*+ A&+&#*3*+ #0..3*
2@+ 1,* /0#*+,.'(* L*+*'(/0/;.#*3("1* &02 \9*#*/3/,6*&0 @)*+3+&;*/ N*+1*/W
1E(E *+ 4"//3* /,'(3 &9. .3*3,;* %0/43,"/ @)*+ *,/*+ `,'(30/; 1*. L&03*,9. 1*2,/,*+3
N*+1*/W ."/1*+/ *+ N&+ &9. _0/430*99*+ K*+3 1*/ *,/:*9/*/ \9*#*/3*/ :0:0"+1/*/E
\,/* )*,._,*9(&23* =&+.3*990/; *,/*+ ;*'+&.(3*/ %!8IM3+0430+ #,3 _+,/:,_,*99*+ ^)*+I
3+&;0/; 1*+ M'(71,;0/; ,/ *,/ %\I>*3: :*,;3 L,91 eElE

0    0    0    0    0    0    0    0    0    0    0    0    0    0    0
0    0    0    0    0    0    0    0    0    0    0    0    0    0    0
0    0    0    0    0    0    0    0    0    0    0    0    0    0    0
Χ   Χ   Χ   Χ   Χ   Χ    Χ   Χ   Χ   Χ   Χ   Χ   Χ   Χ   Χ
1    ?    ?     ?    1    ?    ?     ?    ?    1    ?    ?    1     ?    1
1    ?    1    1    1    1    1    1    1    1    ?    1    1     ?    1
1    1    1    1    1    1    1    1    1    1    1    1    1    1    1
1    1    1    1    1    1    1    1    1    1    1    1    1    1    1
1    1    1    1    1    1    1    1    1    1    1    1    1    1    1
1    1    1    1    1    1    1    1    1    1    1    1    1    1    1

<*'+&.(3* A+")*
#,3a"(/* #&+4,*+3*
-&3*+,&9)*+*,'(*

Q)N,'490/; 1*+
;*'+&.(3*/ A+")*

^)*+3+&; ,/. %\I>*3:

X*+.3]+3*. -&3*+,&9 Q430*99* U+&.(2+"/3 !"+.'(71,;0/;*/
Z`,..*a=*9&#,/&3,"/*/[

5/;*.'(71,;3*.
-&3*+,&9

L,91 eElB !"+.'(71,;0/; ,/ %!8

Q0. 1,*.*# L,91 N,+1 *+.,'(39,'(W N,* .,'( 6*+.'(,*1*/* <+&1* 1*+ !"+.'(71,;0/;
*+;*)*/E \,/*+.*,3. *+.3+*'4*/ .,'( 1,* !"+.'(71,;0/;*/ /,'(3 @)*+ 1,* ;*.&#3*
Q0.1*(/0/; 1*. \9*#*/3*.E Q/1*+*+.*,3. #0.. #&/ 6"/ *,/*+ ;*N,..*/ M'(71,I
;0/;.,/3*/.,373 &0.;*(*/W 1,* 1&// :0# `&/1 1*. M'(71,;0/;.)*+*,'(*. (,/ &02
1*/ M'(71,;0/;.N*+3 /099 &0.97023W N&. )*1*03*3W 1&.. 1,* &/;+*/:*/1*/ -&3*+,&9I
)*+*,'(* /"'( 6"994"##*/ ,/3&43 .,/1 ZH[E =&;*;*/ N*+1*/ 4"#_9*33 ;*.'(71,;3*
L*+*,'(*W 1,* .'("/ &0. 1*+ `*'(/0/; (*+&0.;*/"##*/ N0+1*/W #,3 /099 ;*4*//I
:*,'(/*3E =*+ <+&1 1*+ !"+.'(71,;0/; *,/*. \9*#*/3*. )&.,*+3 &)*+ /,'(3 /0+ &02
1*+ 297'(,;*/ Q0.1*(/0/; 1*+ `,..* "1*+ =*9&#,/&3,"/*/W ."/1*+/ &0'( &02 1*+
J/3*/.,373 1*+ M'(71,;0/; ,/ 1*+ -&3*+,&91,'4* &/ *,/*+ )*.3,##3*/ M3*99*E =*.(&9)
#0.. 1*# \9*#*/3 *,/ A&+&#*3*+ Z:N,.'(*/ *,/. 0/1 /099[ :0;*"+1/*3 N*+1*/W 1*+
1,* h*N*,9,;* M'(71,;0/; +*_+7.*/3,*+3E =,*.*+ A&+&#*3*+ N,*1*+0# #0.. .,'( &0.
1*# _+":*/30&9*/ ?*,9 1*+ ;*.'(71,;3*/ %97'(* 0/1 1*/ M'(71,;0/;.,/3*/.,373*/
*+;*)*/E Q02 97/;*+* M,'(3 ."993* ,//*+(&9) 1*+ %\I?""9. 1,* -];9,'(4*,3 ;*.'(&22*/
N*+1*/W 1,* !"+.'(71,;0/; &02 ;+]d*+*/ L*+*,'(*/ *,/*+ M3+0430+ ,/ 1*+ /0#*+,I
.'(*/ L*+*'(/0/; :0 )*+@'4.,'(3,;*/E Y*03* )9*,)3 1,* Q/N*/10/; &02 1,* \9*I
#*/3* )*.'(+7/43W 1,* 1,+*43 &/ .3&+4 1*2"+#,*+3* L*+*,'(* &/.'(9,*d*/E =*+ A&+&I



HDP M-UI-&3*+,&9#"1*99 2@+ 1,* U+&.(.,#09&3,"/

#*3*+W 1*+ 1*/ <+&1 1*+ !"+.'(71,;0/; '(&+&43*+,.,*+3W 4&// /0+ *,/*/ K*+3 &/I
/*(#*/E

σX0;W σ=+0'4, σM'(0)

ε

σ

MF%? �  ZσX0;W σ=+0'4, σM'(0)[

L,91 eEOB `*10:,*+0/; 1*+ K*+4.3"222*.3,;4*,3*/ ,# L*+*,'( 1*+ U+&.(2+"/3

F),;*. L,91 6*+1*039,'(3W N,* &/ 1,* Y&0_3.'(71,;0/;.:"/*/ &/;+*/:*/1* M'(71,I
;0/;*/ )*+@'4.,'(3,;3 N*+1*/E K*;*/ 1*+ )*."/1*+*/ U(&+&43*+,.3,4 1*+ %!8
.'(+*,3*/ `,..* 9*,'(3*+ ,# -&3*+,&9 2"+3 &9. ,/ ("#";*/*/ K*+4.3"22*/E J/ 1*+ /0#*I
+,.'(*/ M,#09&3,"/ N*+1*/ 1*.(&9) 1,* %*.3,;4*,3*/ 1*+ \9*#*/3*W 1,* &/ :*+.3]+3*
\9*#*/3* ;+*/:*/W 10+'( -093,_9,4&3,"/ #,3 1*# %&43"+ MF%? +*10:,*+3E Q02;+0/1 1*+
")*/ )*.'(+,*)*/*/ 5/3*+.'(,*1* :N,.'(*/ M-U 0/1 b&#,/&3*/ .,/1 1,* !"+.'(7I
1,;0/;*/ )*, M3&/1&+1IM-U Z+*;*99".* %&.*+&/"+1/0/;[ 6"/ ;*+,/;*+*# 5#2&/;E J/
1*/ M'(/,33),91*+/ N,+1 1,*.*+ 5#2&/; *+.,'(39,'(E M,*(* (,*+:0 L,91 eEeE \. :*,;3W
1&.. 1,* !"+.'(71,;0/;*/ /0+ N*/,;* -,99,#*3*+ 6"+&0.*,9*/ Z%97'(*/&0.1*(/0/;[
0/1 &0'( /0+ *,/* ;*+,/;* J/3*/.,373 ZQ/:&(9 1*+ =*9&#,/&3,"/*/[ *++*,'(*/E =,*.
)*1,/;3 *,/* /0+ .*(+ ;*+,/;* `*10:,*+0/; 1*+ %*.3,;4*,3*/E J/ 1*/ M,#09&3,"/.+*'(I
/0/;*/ N0+1* 1*.(&9) 2@+ 1*/ %&43"+ MF%? *,/ K*+3 6"/ DWo &/;*.*3:3W 1E(E 1,*
0+._+@/;9,'(*/ %*.3,;4*,3*/ N*+1*/ 0# HD m +*10:,*+3E

L>H>M+ Y4/07$%-41$(-7$%04*)$(

J# <*;*/.&3: :0 ,#_9,:,3*/ %,/,3*I\9*#*/3*IQ/&9V.*/ :0+ L*+*'(0/; 1*. L&03*,96*+I
(&93*/. )*, ;*+,/;*/ =*2"+#&3,"/*/ Z.3&3,.'(* Q/&9V.*[ 4"##*/ )*, 1*+ U+&.(0/I
3*+.0'(0/; 6"/ L&03*,9*/ ;+"d* =*2"+#&3,"/*/ ,/. M_,*9E =,*.* =*2"+#&3,"/*/ @I
)*+.3*,;*/ 1&. *9&.3,.'(* =*2"+#&3,"/.6*+#];*/ 6"/ %!8E =,* %*.3,;4*,3.;+*/:*/
N*+1*/ @)*+.'(+,33*/W N&. ,# <*;*/.&3: :0 -*3&99*/ /,'(3 :0 ;+]d*+*/ _9&.3,.'(*/
=*2"+#&3,"/*/ 2@(+3W ."/1*+/ 1,+*43 -&3*+,&96*+.&;*/ 10+'( L+@'(* (*+6"++023E K,*
,# 6"+,;*/ 8&_,3*9 *+9703*+3W *+2"9;3 1*+ K*'(.*9 6"# *9&.3,.'(*/ -&3*+,&9:0.3&/1
:0# >&'(6*+.&;*/.6*+(&93*/ @)*+ 1&. !*+.&;*/.4+,3*+,0#W 1&. 1,*.*/ M'(+,33 *+I
4*//3E =*+ K*+4.3"22 4"##3 /,'(3 #*(+ ,/ .*,/*/ Q0.;&/;.:0.3&/1 :0+@'4W 1& ,++*I



M-UI-&3*+,&9#"1*99 2@+ 1,* U+&.(.,#09&3,"/ HDl

6*+.,)9* M'(71,;0/;*/ 6"+9,*;*/E J/ Q)(7/;,;4*,3 1*+ *++*,'(3*/ M'(71,;0/;.;+*/I
:*/ :*,;3 1*+ K*+4.3"22 /0/ *,/ )*.3,##3*. !*+(&93*/E

Q0'( ,# >&'(6*+.&;*/.6*+(&93*/ 4&// (&0_3.7'(9,'( :N,.'(*/ X0;I 0/1 =+0'4)*I
+*,'( 0/3*+.'(,*1*/ N*+1*/E

σσσσ

εεεε

σσσσG)X+σσσσH)

σσσσG/X+σσσσH/

σσσσG/X%$2X+σσσσH/X%$2

!/ !)

L,91 eEoB -&3*+,&96*+(&93*/ 6"/ M-U ,# X0;Ia=+0'4)*+*,'(

X0;)*9&.30/;B

L*, X0;)*9&.30/; *+2"9;3 /&'( 1*# \++*,'(*/ 1*+ -&3*+,&92*.3,;4*,3 1*+ .'(9&;&+3,;*
L+0'( 1*+ A+")*E =&/&'( 4]//*/ 4*,/* 8+723* #*(+ @)*+3+&;*/ N*+1*/E M"#,3 N,+1
1&. -&3*+,&96*+(&93*/ @)*+ 1,* @)9,'(*/ M_&//0/;.I=*(/0/;.IL*:,*(0/;*/ ),. :0#
!*+.&;*/ (,/+*,'(*/1 )*.'(+,*)*/E Q02;+0/1 1*. L+0'(*. 1*+ A+")* /&'( 1*# \+I
+*,'(*/ 1*+ X0;2*.3,;4*,3 9,*;3 1"+3 4*,/ >&'(6*+.&;*/.)*+*,'( 6"+E K,+1 *,/* 0/3*+
X0;)*9&.30/; ;*+,..*/* M3+0430+ Z\9*#*/3* ;*9].'(3[ ,# N*,3*+*/ !*+9&02 &02 =+0'4
)*&/._+0'(3W ." *+;,)3 .,'( ,/ 1*+ L*+*'(/0/; .,'(*+9,'( *,/ A+")9*# (,/.,'(39,'( 1*+
+*&9,.3,.'(*/ =&+.3*990/; 1*+ Q).3@3:0/; 1*+ L+0'(.3*99*/E

=+0'4)*9&.30/;B

\,/* M'(N,*+,;4*,3 )*, 1*+ L*.'(+*,)0/; 1*. !*+.&;*/.6*+(&93*/. 6"/ %&.*+6*+I
)0/140/.3.3"22*/ ,.3W 1&.. *. 4*,/* .3&/1&+1,.,*+3*/ !*+.0'(* :0+ *c_*+,#*/3*99*/
5/3*+.0'(0/; 1*. -&3*+,&96*+(&93*/. @)*+ 1,* *+.3* M'(71,;0/; (,/&0. ;,)3E \)*/."
N,+1 1,*.*+ >&'(6*+.&;*/.)*+*,'( /,'(3 10+'( 8*//N*+3* )*.'(+,*)*/E Q9." #0..I
3*/ `@'4.'(9@..* &02 1&. K*+4.3"226*+(&93*/ 10+'( J/3*+_+*3&3,"/ 6"/ !*+.0'(*/
;*:";*/ N*+1*/W 0# 1,*.* 1&// ,/ *,/ /0#*+,.'(*. -"1*99 :0 @)*+3+&;*/E

J# <*;*/.&3: :0+ X0;)*9&.30/; 9&; )*, =+0'46*+.&;*/ 4*,/ ?+*//)+0'( 1*+ A+")*
6"+E !,*9#*(+ N0+1*/ )*, N*,3*+*/ M3&0'(0/;*/ @)*+ 1*/ *+.3*/ L+0'( (,/&0. ;*I
.'(71,;3* -&3*+,&9)*+*,'(* ,/*,/&/1*+ ;*.'(")*/E ^)*+ ;*/"+#3* !*+.0'(* 97..3
.,'( 1,*.*. -&3*+,&96*+(&93*/ /,'(3 '(&+&43*+,.,*+*/W 1*// 1,* 3V_,.'(*/ A+")*/;*"I



HDO M-UI-&3*+,&9#"1*99 2@+ 1,* U+&.(.,#09&3,"/

#*3+,*/ )*.,3:*/ 4*,/* &0.+*,'(*/1* M3&),9,373 ;*;*/ Q0.4/,'4*/E L*, 1,*.*/ A+")*/
.'(,*)*/ .,'( 1,* 3*,9N*,.* ;*3+*//3*/ A+")*/(7923*/ &/*,/&/1*+ 6"+)*,W 1,* A+")*
4/,'43 &0. "1*+ I )*,# =+0'46*+.0'( #,3 M3@3:*,/+,'(30/; Z=J> eCfef[ I 1&. 8+&23.,;I
/&9 N,+1 10+'( :0.73:9,'(* `*,)4+723* :N,.'(*/ A+@26"++,'(30/; 0/1 &02;*._+*,:3*/
-&3*+,&9)*+*,'(*/ ,/ 1*+ M'(71,;0/;.:"/* @)*+9&;*+3E 5# 1,*.* A+")9*#&3,4 :0 0#I
;*(*/ N0+1* *,/* 6"/ 1*/ >"+#*/ &)N*,'(*/1* A+")*/;*"#*3+,* ;*N7(93E K*;*/
1*+ 8"#_9*c,373 ,# !*+;9*,'( :0 1*/ ;*/"+#3*/ A+@24]+_*+/ 4"//3*/ M3+0430+*,/29@.I
.* /,'(3 6"99.37/1,; &0.;*.'(9"..*/ N*+1*/E =,* A+")*/ N0+1*/ &0. 1*/ ,/ 8&_,3*9 G
6"+;*.3*993*/ _+"2,9,*+3*/ A9&33*/ (*+;*.3*993E

=,* ;*_+@23*/ -&3*+,&9,*/ :*,;3*/ )*, 1,*.*+ 5/3*+.0'(0/;W 1,* ,# <*;*/.&3: :0 1*/
M3&/1&+1I=+0'46*+.0'(*/ /,'(3 #,3 *,/*+ <*.'(N,/1,;4*,3 6"/ H ##a#,/W ."/1*+/
#,3 H ##a. 10+'(;*2@(+3 N0+1*W 1,* ,/ ?&)*99* eEG 1&+;*.3*993*/ 8*//N*+3*E

?&)*99* eEGB 8*//N*+3* &0. 1*# M_*:,&9I=+0'46*+.0'(

-&3*+,&9 A*&49&.3 -&cE
M_&//0/;

A9&3*&09&.3 A9&3*&0I
._&//0/;

A9&3*&0._&//0/;a
!*+.&;*/.._&//0/;

r4>s r-A&s r4>s r-A&s rms
M-UH Pl HPC OWl GH oWe
M-UG Po HPO HDWe GP HDWO
M-UC ePWl HCO PWC He OWH
M-Uf PP HPH HDWe GP HGWO
M-Ue CP OO fWP HH PWe
M-UP foWe HGH OWC GD OWD

>&'( \,/3+,33 1*. *+.3*/ L+0'(*. :*,;3*/ 1,* M-UIA+")*/ *,/*/ .3&+4*/ Q)2&99 &02
*,/ ;*+,/;*+*. b&.3/,6*&0E Q02 1,*.*# ;*+,/;*+*/ >,6*&0 .'(") .,'( 1,* A+")* ,#
;*.'(71,;3*/ p0*+.'(/,33W *3N& ,/ 1*+ -,33* 1*+ A+")*W :0.&##*/E =&)*, )9,*) 1,*
=*2"+#&3,"/.9&.3 4"/.3&/3 &02 1*# ;*/&//3*/ >,6*&0E

=,* !*+.0'(* #,3 1*/ ._*:,*99*/ =+0'4_+")*/ ZQ).'(/,33* &0. 1*+ _+"2,9,*+3*/ A9&33*[
(&)*/ ;*:*,;3W 1&.. 1,* %*.3,;4*,3 1*. 4"#_9*33 =+0'4I;*.'(71,;3*/ -&3*+,&9. &02
'&E HD m 1*+ 0+._+@/;9,'(*/ %*.3,;4*,3 &).&/4E =&)*, N&+ ,# !*+;9*,'( :0# _+";+*.I
.,6*/ U+&.( :0 )*&'(3*/W 1&.. 1&. -&3*+,&9 /,'(3 ;*;*/ *,/* 2*.3* M3&(9)&++,*+*W
."/1*+/ ;*;*/ .,'( .*9).3 Z;*.'(71,;3*. M-U[ 6*+.'(")*/ N0+1*E M" N&+*/ &0'(
1,* *+#,33*93*/ =&3*/ ;*;*/*,/&/1*+ ,/ L*:0; :0 .*3:*/E \+.3 )*, *,/*+ 8"#_&43,"/
6"/ '&E oe m :*,;3* .,'( 1,* L9"'4),910/; #,3 .3*,;*/1*# b&.3/,6*&0E



M-UI-&3*+,&9#"1*99 2@+ 1,* U+&.(.,#09&3,"/ HDo

?&)*99* eECB M_&//0/; ,# >&'(6*+.&;*/.)*+*,'( S `*'(3*'4+"(+ #,3 %9&/.'(

-&3*+,&9 =+0'42*.3,;4*,3 !*+.&;*/.._&/I
/0/; Z%#aQ[

!*+(793/,. =a!

r-A&s r-A&s
M-UH GGG ffWP eWD
M-UG GfH eDWl fWO
M-UC HOP flWC CWo
M-Uf GDC efWD CWO
M-Ue HlD fHWO fWH
M-UP GeH eeWO fWe

=,* 5/3*+.'(,*1* ,# !*+.&;*/.6*+(&93*/ )*,1*+ !&+,&/3*/ S _+";+*..,6*+ U+&.( 0/1
=+0'4_+")* S 6*+&/.'(&09,'(3 L,91 eEHDB

U+&.(_+")*
Z;*3+,;;*+3[

=+0'4_+")*
Z0/;*3+,;;*+3[

%

% %

L+0'(:"/*

:N*,.*,3,; *,/.*,3,;

L,91 eEHDB M'(71,;0/;.9"4&9,.,*+0/; )*, =+0'4_+")* 0/1 U+&.(_+")*

5# 1,* A+")9*#&3,4 )*,# =+0'46*+.&;*/ *+/*03 :0 6*+1*039,'(*/W #@..*/ 6*+.'(,*I
1*/&+3,;* !"+;7/;* )*, 1,*.*# b&.32&99 *+9703*+3 N*+1*/E Y&/1*93 *. .,'( 0# *,/*/
&c,&9*/ U+&.( *,/*+ 1&2@+ 6"+;*.*(*/*/ ;*3+,;;*+3*/ M3+0430+W ." *+2"9;3 1,* L&03*,9I
.'(71,;0/;W N,* ;*_9&/3W .04:*..,6* 6"/ *,/*# \/1* 1*+ A+")* &0.;*(*/1E =&I
10+'( *+;,)3 .,'( 1,* @)9,'(* 8+&23I=*2"+#&3,"/.4*//9,/,* 1,*.*+ M3+0430+*/E =,*
M'(71,;0/; *+2"9;3 10+'( 1*/ ,/ 1*/ K*+4.3"22 *,/1+,/;*/1*/ J#_&'3"+E =,* L*I
3+&'(30/; 1*. p0*+.'(/,33. *,/*. ;*.'(71,;3*/ L&03*,9. :*,;3 *,/*/ ^)*+;&/; 6"#
0/;*.'(71,;3*/ -&3*+,&9 @)*+ 6"+;*.'(71,;3* 0/1 3"3&9 ;*.'(71,;3* L*+*,'(* :0#
J#_&'3"+E =,* Q/&9V.* *,/*+ =+0'4_+")* 1*. ;9*,'(*/ K*+4.3"22*. :*,;3* &99*+1,/;.
*,/* &/1*+* Q)2"9;* 1*+ -&3*+,&9)*+*,'(*E =*+ !*+.&;*/._0/43 9&; 1&// /,'(3 &/
*,/*# J#_&'3"+W ."/1*+/ 1,*.*+ @)*+/&(# /0+ 1,* %0/43,"/ 1*+ 8+&23*,/9*,30/;E =,*
M'(71,;0/;.:"/* 1*+ A+")* 9&; 1&// /,'(3 &/ ,(+*+ Q0d*/.*,3*W ."/1*+/ #,33,; ,#



HHD M-UI-&3*+,&9#"1*99 2@+ 1,* U+&.(.,#09&3,"/

K*+4.3"22E =*#/&'( *+;&) .,'( *,/* `*,(*/2"9;* 6"+;*.'(71,;3*. -&3*+,&9W ;*.'(7I
1,;3*. -&3*+,&9W L+0'(W ;*.'(71,;3*. -&3*+,&9W 6"+;*.'(71,;3*. -&3*+,&9E >&'( \++*,I
'(*/ 1*+ L+0'(;+*/:* N0+1*/ &9." :N*, ;*.'(71,;3* -&3*+,&9)*+*,'(* ,/*,/&/1*+
;*.'(")*/W N&. ;*;*/@)*+ 1*# _+";+*..,6*/ U+&.( :0 *,/*# N*.*/39,'( ;*+,/;*I
+*/ b&.3/,6*&0 2@(+3*E

J/ 1*+ U+&.(.,#09&3,"/ ,.3 *. N*;*/ 1*+ &02 1*+ 8"/3,/00#.#*'(&/,4 )&.,*+*/1*/
L*3+&'(30/; 1*+ K*+4.3"22* /,'(3 #];9,'(W 1&. 2@+ %&.*+6*+)0/140/.3.3"22* 3V_,.'(*
X*+.3]+*/ 1*. -&3*+,&9. 1&+:0.3*99*/E =*.(&9) #@..*/ 2@+ 1,*.* -*'(&/,.#*/ >7I
(*+0/;.6*+2&(+*/ &/;*N&/13 N*+1*/E

\,/* /7(*+0/;.N*,.* =&+.3*990/; ,.3 1,* -*3("1*W 1,* )*,# &c,&9*/ U+&.(6*+.0'(
6"/ ._+]1*/W _+";+*..,6 '+&.(*/1*/ %&.*+6*+)0/1.3+0430+*/ ;*/03:3 N,+1E =& ,#
<*;*/.&3: :0 M3&(9 )*, 1*/ %!8 /&'( \++*,'(*/ *,/*+ %*.3,;4*,3.;+*/:* 4*,/ _9&.3,I
.'(*. %9,*d*/ *,/3+,33W ."/1*+/ 4"/4+*3* M'(71,;0/;*/ 1*+ M3+0430+ 10+'( `,..* 0/1
L+@'(* &023+*3*/W #0..3* ,# -"1*99 1,*.*. !*+(&93*/ 10+'( =*2"+#&3,"/*/ 1*+ */3I
._+*'(*/1*/ \9*#*/3* 1&+;*.3*993 N*+1*/E %@+ 1&. )*,# &c,&9*/ U+&.( 1"#,/,*+*/I
1* M3&0'(*/ #,3 &/.'(9,*d*/1*# @)*+ 1*/ ?+,;;*+#*'(&/,.#0. *,/;*9*,3*3*/ _+"I
;+*..,6*/ X*+.3]+*/ 1*. -&3*+,&9. N0+1*/ )*,1* A+":*..* 10+'( \9*#*/31*2"+#&3,I
"/ ,/ 1*+ M,#09&3,"/ )*+@'4.,'(3,;3E =,*. )*1*03*3*W 1&.. /&'( 1*+ *9&.3,.'(*/ =*I
2"+#&3,"/ /,'(3 1*+ ^)*+;&/; :0+ _9&.3,.'(*/ M3&0'(0/; *+2"9;3*W ."/1*+/ 1,* N*,3*I
+* =*2"+#&3,"/ 1*+ \9*#*/3* 1,* -&3*+,&9:*+.3]+0/; +*_+7.*/3,*+3*E =,* !*+4@+:0/;
1*+ \9*#*/34&/3* .3*993* 1*#/&'( 1,* *9&.3,.'(* =*2"+#&3,"/ )*:";*/ &02 1,* Q0.I
;&/;.97/;* 0/1 1,* X*+.3]+0/; *,/*. ?*,9. 1*. 0+._+@/;9,'( 6"+(&/1*/*/ -&3*+,&9.
1&+E =*+ !*+.&;*/.#*'(&/,.#0. 1*. _+";+*..,6*/ U+0.(,/; )*N,+43* &99*+1,/;. 1&.
4"#_9*33* X*+.3]+*/ 6"/ -&3*+,&9)*+*,'(*/W 1E(E :0/7'(.3 10+'( \9*#*/3* 1&+;*I
.3*993* L*+*,'(* N&+*/ ,# !*+9&02 1*. +*&9*/ !*+.0'(. /0+ /"'( &9. L+0'(.3@'4* ,/
%"+# 6"/ %&.*+I-&3+,cI%+&;#*/3*/ ):NE 1*9&#,/,*+3*/ L*+*,'(*/ ),. (,/ :0 M3&0)
6"+(&/1*/E =,* 1,*.*/ L*+*,'( +*_+7.*/3,*+*/1*/ \9*#*/3* #0..3*/ &9." N7(+*/1
1*+ L*+*'(/0/; ;*9].'(3 N*+1*/W N*,9 1,* `*.3.3+0430+*/ 4&0# /"'( :0+ 8+&23@)*+I
3+&;0/; (*+&/;*:";*/ N*+1*/ 4"//3*/E =& &99*+1,/;. 1,* 1&#,3 6*+)0/1*/* .04:*.I
.,6* `*10:,*+0/; 1*+ ,/ U+&.(+,'(30/; "+,*/3,*+3*/ \9*#*/34&/3*/ :0 ,##*+ 49*,/*I
+*/ X*,3.'(+,33*/ ,/ 1*+ L*+*'(/0/; 2@(+3* 0/1 ."#,3 1,* <*.&#3+*'(*/:*,3 *,/*+
;+]d*+*/ M3+0430+ ,/ 6"/ (*03,;*/ `*'(/*+/ /,'(3 9*,.3)&+* L*+*,'(* N&'(.*/ N@+1*W
N&+ *. /]3,; 1,*.*. /0#*+,.'(* A+")9*# :0 9].*/E

=,* 2@+ %!8 6*+2@;)&+*/ -&3*+,&9#"1*99* 4]//*/ @)*+ 1*/ %&43"+ ?%QJb rHs ;*.3*0I
*+3 N*+1*/E =,*.*+ %&43"+ )*.3,##3W N&// *,/ 1*2"+#,*+3*. \9*#*/3 &0. 1*+ L*+*'(I
/0/; (*+&0.;*/"##*/ N,+1E Q/.'(9,*d*/1 3+&;*/ 1,*.*. \9*#*/3 0/1 1*+ 6"/ ,(#
+*_+7.*/3,*+3* -&3*+,&9)*+*,'( /,'(3 #*(+ :0+ 8+&23@)*+3+&;0/; 0/1 \/*+;,*&)."+_3,I



M-UI-&3*+,&9#"1*99 2@+ 1,* U+&.(.,#09&3,"/ HHH

"/ )*,E =*.(&9) #0.. N7(+*/1 1*+ :0+ !*+2@;0/; .3*(*/1*/ =*2"+#&3,"/.97/;* 1&.
-&3*+,&96*+(&93*/ *,/*. ;+]d*+*/ L*+*,'(. &);*1*'43 N*+1*/E

0/)*9&.3*3
)*9&.3*3W

*9&.3E M3&0'(0/;
)*9&.3*3W

-&3*+,&9:*+.3]+0/;
\9*#*/3
;*9].'(3

ε*9&.3E
ε-&3*+,&9:*+.3E

>0#*+,.'( )*1,/;3*
\9*#*/39].'(0/;

L,91 eEHHB =*2"+#,*+*/1*. \9*#*/3 0/1 -&3*+,&9)*+*,'(* Z*9&.3,.'(aX*+.3]+0/;[

J/ 1*+ /0#*+,.'(*/ L*.'(+*,)0/; 1*. >&'(6*+.&;*/.6*+(&93*/. 6"/ M-U N0+1*/
&0'( 1,* Q0.N,+40/;*/ 6"/ M'(71,;0/;*/ &02 1,* M3*,2,;4*,3*/ 0/1 %*.3,;4*,3*/ *,/I
4&9409,*+3E j* /&'( M'(&1*/.2&99 N0+1* )*+@'4.,'(3,;3W 0/3*+ N*9'(*/ L*9&.30/;*/
1*+ K*+4.3"22 &/.'(9,*d*/1 /"'( ,/ 1*+ b&;* N&+W 8+723* :0 @)*+3+&;*/E

Q0.;&/;._0/43 1*+ -"1,2,4&3,"/*/ &# )*.3*(*/1*/ -&3*+,&9#"1*99 N&+*/ (,*+)*,
1,* 6"+(&/1*/*/ !*+.&;*/._&+&#*3*+W N,* .,* ,/ rHs 0/1 rlOs &0.2@(+9,'( )*.'(+,*I
)*/ .,/1E Q)N*,'(*/1 6"/ 1*/ 1"+3 *+.3*993*/ Q)(7/;,;4*,3*/ N0+1* 1&. !*+(&93*/
1*# /*0*/ K*+4.3"22 &/;*_&..3E

=&. ,# 6"+,;*/ 8&_,3*9 *+9703*+3* -&c,#&9._&//0/;.4+,3*+,0# 0/3*+.'(*,1*3 1,*
!*+.&;*/.0+.&'(* (,/.,'(39,'( =+0'4IW X0;I 0/1 M'(0)6*+.&;*/E %@+ 1,* L*(&/1I
90/; 1*. ;*.'(71,;3*/ -&3*+,&9. N0+1* )*.3,##3W N,* .,'( 1,* \9&.3,:,373.4*//N*+3*
1*. -&3*+,&9. ,/ Q)(7/;,;4*,3 6"# M'(&1*/.2&99 7/1*+/E =,* L*.'(+*,)0/; 9,*2*+3 1,*
2"9;*/1* ?&)*99*B

?&)*99* eEfB =*;+&1&3,"/.6*+(&93*/ 1*+ \9&.3,:,373.4*//N*+3*

!*+.&;*/.2"+#
J JJ JJJ

8*//N*+3 =+0'4 X0; M'(0)
\=+0'4 c D D
\X0; D D D

νHGW νGH D D D
<HG D D D

M"N"(9 )*, =+0'4I &9. &0'( )*, M'(0))*&/._+0'(0/; )9*,)3 1&. \9*#*/3 :0/7'(.3
)*.3*(*/ 0/1 '(&+&43*+,.,*+3 ."#,3 =*2"+#&3,"/*/ 1*. ;*.'(71,;3*/ -&3*+,&9.E >&'(
X0;6*+.&;*/ #0.. 1,* ?+*//0/; ,# -&3*+,&9 )*.'(+,*)*/ N*+1*/E =*.(&9) N,+1 1&.
)*3+"22*/* \9*#*/3 ."2"+3 &0. 1*+ L*+*'(/0/; (*+&0.;*/"##*/ Z;*9].'(3[E



HHG M-UI-&3*+,&9#"1*99 2@+ 1,* U+&.(.,#09&3,"/

L*, 1*+ L*.'(+*,)0/; 1*. =*;+&1&3,"/.6*+(&93*/. N0+1*/ )*N0..3 *,/2&'(* %"+#0I
9,*+0/;*/ ;*N7(93E =,* \22,:,*/: 1,*.*+ %"+#09,*+0/;*/ ."993* 10+'( !*+;9*,'( 6"/
\c_*+,#*/3 0/1 M,#09&3,"/ ;*3*.3*3 0/1 )*N*+3*3 N*+1*/E X,*9 N&+ /,'(3 1,* *c&43*
\+#,3390/; 9"4&9*+ M_&//0/;.:0.37/1*W ."/1*+/ 1,* #];9,'(.3 ;03* M,#09&3,"/ 1*.
;9")&9*/ Q/3N"+36*+(&93*/. 1*+ M3+0430+ ,# %&99* *,/*+ U+&.()*9&.30/; Z:ELE 8+&23I
X*,3I!*+(&93*/[ rHsE

B$%-41$(-E5%'+<a

?+&3 ,/ *,/*# \9*#*/3 X0;6*+.&;*/ *,/W ." N0+1*/ &99* \9&.3,:,373.4*//N*+3* 0/1
&99* %*.3,;4*,3.4*//N*+3* X0; )*3+*22*/1 &02 /099 ;*.*3:3E =,*. )*1*03*3*W 1&.. ,/
X0;+,'(30/; 6]99,;* M_&//0/;.+*9&c&3,"/ 6"+9&;E =&. \9*#*/3 4"//3* )*, N*,3*+*/
L*9&.30/;*/ 4*,/* X0;._&//0/;*/ #*(+ &02/*(#*/E ?+&3*/ ._73*+ &)*+
=+0'4._&//0/;*/ &02W ." 6*+2@;3* 1&. \9*#*/3 @)*+ *,/* ;*N,..* `*.32*.3,;4*,3E

B$%-41$(-E5%'+<<a

K0+1* *,/ \9*#*/3 @)*+ 1,* =+0'42*.3,;4*,3 1*. K*+4.3"22*. (,/&0. )*9&.3*3W ." 3+&3
!*+.&;*/ *,/E =*+ K*+4.3"22 N&+ 6"/ 1,*.*# -"#*/3 &/ /,'(3 #*(+ ,/ 1*+ b&;*W
(](*+* M_&//0/;*/ &02:0/*(#*/E Q99*+1,/;. ;,/; 1*+ X0.&##*/(&93 1*+ 8"#_"I
/*/3*/ 1*. !*+)0/1N*+4.3"22*. /,'(3 6"99.37/1,; 6*+9"+*/W 1E(E *,/* ;*N,..* `*.32*.I
3,;4*,3 )9,*) *+(&93*/E L*, N*,3*+;*(*/1*+ =+0'4)*9&.30/; )9,*) *,/* ("(* %*.3,;4*,3
*+(&93*/E J# Y,/)9,'4 &02 1,* =&+.3*990/; 6"/ &c,&9*/ U+&.(6"+;7/;*/ +"(+2]+#,;*+
M3+0430+*/ N0+1* *,/ 8"#_+"#,.. :N,.'(*/ 1*+ =&+.3*990/; 1*+ -&3*+,&9*,;*/I
.'(&23*/ 0/1 1*/ !"+;7/;*/ )*, 1*+ /0#*+,.'(*/ =&+.3*990/; 1*. U+&.(. ;*N7(93E

L*,# =+0'46*+.&;*/ ,# -&3*+,&9 .&/4 1,* M_&//0/; _9]3:9,'( 0# *,/*/ K*+3 6"/ ),.
:0 oD m Z.,*(* ?&)*99* eEG[ &)E =,*.* M_&//0/; N0+1* h*1"'( @)*+ 1,* ;*.&#3*
N*,3*+* =*2"+#&3,"/ 1*. K*+4.3"22*. 0/3*+ ;9*,'()9*,)*/1*+ L*9&.30/;.+,'(30/; /7I
(*+0/;.N*,.* 4"/.3&/3 ;*(&93*/E J/ 1*+ M,#09&3,"/.+*'(/0/; (,/;*;*/ N&+ &0. /0I
#*+,.'(*/ <+@/1*/ I #,/,#&9*+ X*,3.'(+,33 I 1&. \9*#*/3 &0. 1*+ L*+*'(/0/; :0
*/32*+/*/E =,*.*. \9*#*/3 4"//3* 1&// 4*,/* b&.3*/ #*(+ &02/*(#*/E %@+ 1,* L*I
+*'(/0/; 2*(93*/ 1&(*+ ;*#7d 1*+ *++*,'(3*/ M3&0'(0/; )*, \9*#*/39].'(0/; @)*+
*,/* ;*N,..* X*,3 1,* `*&43,"/.4+723* 1*. \9*#*/3*.E J/ 1*+ M,#09&3,"/ 6"/ &c,&9
&0.;*+,'(3*3*/ U+&.(.3+0430+*/ N0+1* 1*.(&9) 1&. +*9*6&/3* -&3*+,&96*+(&93*/ &02
1,* #&c,#&9 *++*,'()&+* M3&0'(97/;* _+"h,:,*+3E =,*.*. A+,/:,_ ,.3 ,/ L,91 eEHG ;*I
:*,;3B



M-UI-&3*+,&9#"1*99 2@+ 1,* U+&.(.,#09&3,"/ HHC

ε

σ

HDD m

-&3*+,&96*+(&93*/
ZM3&0'(0/; 0/1 X*+.3]+0/;[

c m

σ=+0'4

\9*#*/36*+(&93*/
ZM3&0'(0/; 0/1 X*+.3]+0/;[

\9*#*/3 N,+1 N*;*/
X*,3.'(+,33 ;*9].'(3

L,91 eEHGB `*_+7.*/3&3,"/ 1*. 1+0'4._*:,2,.'(*/ -&3*+,&96*+(&93*/.

J/ L,91 eEHG .,/1 1,* M_&//0/;.I=*(/0/;.IL*:,*(0/;*/ 1&+;*.3*993E =&)*, N0+1*
:N,.'(*/ -&3*+,&96*+(&93*/ 0/1 \9*#*/36*+(&93*/ 0/3*+.'(,*1*/E K,* ")*/ *+9703*+3W
:*,;3* 1*+ K*+4.3"22 *,/*/ 8+&23&/.3,*; ),. :0+ =+0'42*.3,;4*,3E =&/&'( .&/4 1,*
M_&//0/; .'(9&;&+3,; &02 *,/ /,*1+,;*+*.W 4"/.3&/3 )9*,)*/1*. b&.3/,6*&0 &)E L*,
*,/*+ ^)*+3+&;0/; &02 1,* \9*#*/3* *,/*+ L*+*'(/0/; N@+1* 1&. */3._+*'(*/1*
\9*#*/3 :0 HDD m ;*.3&0'(3E =,*. N&+ h*1"'( &0. .'("/ ;*.'(,91*+3*/ <+@/1*/
/,'(3 +*&9,.,*+)&+ ZX*,3.'(+,33[E Q0d*+1*# 2@(+3* 1*+ _9]3:9,'(* M_&//0/;.&)2&99 :0
/0#*+,.'(*/ A+")9*#*/W .";*/&//3*/ b"4&9,.,*+0/;.*22*43*/E J/ \,/:*9I\9*#*/3I
L*+*'(/0/;*/ N&+ *,/* ."9'(* `*'(/0/; .,//6"99 10+'(2@(+)&+W ,/ 1*+ <*.&#3I
.3+0430+ 2@(+3* 1,* */3._+*'(*/1* A+";+&##,*+0/; &99*+1,/;. :0 /,'(3 4"/3+"99,*+)&I
+*/ \22*43*/W 1,* N,*1*+0# 1&. .'(9&;&+3,;* X*+.3]+*/ 1*+ <*.&#3.3+0430+ (*+6"+I
+,*2*/E

Q0. 1*/ &02;*2@(+3*/ <+@/1*/ N0+1*/ 1*.(&9) )*, 1*+ ^)*+3+&;0/; 1*. -&3*+,&9I
6*+(&93*/. ,/ 1&. \9*#*/36*+(&93*/ N7(+*/1 *,/*+ L*+*'(/0/; )*.3,##3* !*+*,/2&I
'(0/;*/ ;*3+"22*/E \,/ 4"/.*+6&3,6*+ Q/.&3: #,3 *,/*+ ;*+,/;*+*/ =+0'42*.3,;4*,3
N0+1* ;*N7(93E =,*. )*1*03*3*W 1&.. 1&. K*+4.3"226*+.&;*/ )*, *,/*+ /,*1+,;*+*/
M_&//0/;W &9." 2+@(*+W *6*/30*99 &0'( 6"+ 1*# !*+.&;*/ *,/*+ +*&9*/ M3+0430+W &0.I
;*9].3 N0+1*E =,*.* !"+;*(*/.N*,.* */3._+&'( ,/ @)*+3+&;*/*# M,//* 1*+ Q/N*/I
10/; *,/*. M,'(*+(*,3.2&43"+.E Q0d*+1*# ,.3 1&. X,*9 *,/*+ U+&.()*+*'(/0/; /,'(3
1,* L*9&.30/;.;+*/:*W 1E(E 1*+ X*,3_0/43 N&// 1,* *+.3*/ M'(71,;0/;*/ &023+*3*/E
!,*9#*(+ 2@(+3 1*+ :0 )*+*'(/*/1* b&.32&99 4"/4+*3 :0+ #&..,6*/



HHf M-UI-&3*+,&9#"1*99 2@+ 1,* U+&.(.,#09&3,"/

-&3*+,&91*2"+#&3,"/ ):NE I:*+.3]+0/;W 1E(E ,/ \/*+;,*&)."+_3,"/.*9*#*/3*/ N@+1* ,/
h*1*# %&99 &0'( 1,* (](*+* M_&//0/;.;+*/:* *++*,'(3 N*+1*/E

Q0. /0#*+,.'(*/ <+@/1*/ N&+ *. @)*+1,*. .,//6"99W 1,* *+3+&;)&+* b&.3 ,# Q/I
.'(90.. &/ 1,* M'(&1*/.,/,3,,*+0/; 4"/.3&/3 :0 (&93*/E =0+'( 1&. 1&// 6"+9,*;*/1*
b&.3/,6*&0 N0+1* 1,* Q/3N"+3 1*. K*+4.3"22. &02 1,* =*2"+#&3,"/ 1*2,/,*+3E J# 1&+I
;*.3*993*/ =,&;+&## +*_+7.*/3,*+*/ 1,* %97'(*/ 0/3*+ 1*/ 80+6*/ 1*/ K,1*+.3&/1W
1*/ 1&. \9*#*/3 1*+ U+&.()*&/._+0'(0/; */3;*;*/.3*993*E =& 1&. \9*#*/3 /&'(
*,/*+ ;*N,..*/ M3&0'(0/; Zc m ,# =,&;+&##[ &0. 1*+ L*+*'(/0/; */32*+/3 N0+1*W
#0..3* .*,/ <*.&#36*+(&93*/ &02 1*+ ),. 1&(,/ 6"+9,*;*/1*/ =*2"+#&3,"/ 1&+;*.3*993
N*+1*/E %@+ 1,* 1*+ L*+*'(/0/; :0+ !*+2@;0/; ;*.3*993*/ K*+4.3"221&3*/ )*1*03*3*
1,*.W 1&.. .,'( 1,* &0. -&3*+,&9I 0/1 \9*#*/31&3*/ *+;*)*/1*/ %97'(*/ ZL,91 eEHG[
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M-UI-&3*+,&9#"1*99 2@+ 1,* U+&.(.,#09&3,"/ HCH

N")*, *)*/* %97'(*/ *(*+ ,/*22*43,6 .,/1E =,* \/*+;,*)*3+7;*W 1,* ,/ 1*/ 6*+.'(,*I
1*/*/ A+")*/)*+*,'(*/ &)."+),*+3 N*+1*/W :*,;3 1&. 2"9;*/1* =,&;+&##B

D

HDD

GDD

CDD

fDD

eDD

PDD

lDD

ODD

oDD

HDDD

D G f P O HD HG

X*,3 r#.s
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+3*
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  r
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?+,;;*+

`&1,*/

)+*,3* M*,3*/297'(*/

.'(#&9* M*,3*/297'(*/

%9&/.'(*

L,91 eEGeB Q)."+),*+3* \/*+;,* ,/ 1*/ -&3*+,&9)*+*,'(*/ 6"/ M-Uf S `*'(3*'4+"(+
#,3 %9&/.'(

Y,*+ ,.3 1*039,'( *+4*//)&+W 1&.. ,# ?+,;;*+)*+*,'( /0+ N7(+*/1 1*+ *+.3*/ -,99,.*I
40/1* \/*+;,* &)."+),*+3 N0+1*E =&// (&33* 1*+ U+&.(6"+;&/; 1,*.*/ A+")*/)*I
+*,'( _&..,*+3E ="+3 N&+ 1*+ K*+4.3"22 2+&;#*/3,*+3 0/1 &# N*,3*+*/ U+&.( 0/)*3*,I
9,;3E \+.,'(39,'( N0+1* &0'(W 1&.. 1,* `&1,*/)*+*,'(*W 1,* *,/*/ *(*+ 49*,/*/ ?*,9 1*+
M3+0430+ &0.#&'(3*/W .3&+4 &/ 1*+ \/*+;,*&)."+_3,"/ )*3*,9,;3 N&+*/E Y,*+ N0+1* 1*+
K*+4.3"22 "_3,#&9 &0.;*/03:3 Z2&.3 6"99.37/1,;* -&3*+,&9:*+.3]+0/;[E M,'(3)&+ N0+1*
1,*. ,# %,/,3*I\9*#*/3*IA9"3W 1*+ 1,* 6*+.&;3*/ \9*#*/3)*+*,'(* 1&+.3*993E Y,*+ N&I
+*/ ,/ *+.3*+ b,/,* 1,* `&1,*/)*+*,'(*W 1,* 8&/3*/ 1*+ A+")*/W .3&+4 ;*.'(71,;3E QI
/&9"; :0# `*'(3*'4+"(+ #,3 %9&/.'( :*,;*/ .,'( )*,._,*9(&23 2@+ 1,* `*'(3*'4+"(+I
_+")* &0. M-Uf 1,* 2"9;*/1*/ \+;*)/,..*E



HCG M-UI-&3*+,&9#"1*99 2@+ 1,* U+&.(.,#09&3,"/

L,91 eEGPB X*+.3]+3* A+")*/)*+*,'(* 6"/ M-Uf S `*'(3*'4+"(+

Q0'( (,*+ .,/1 N,*1*+0# 1,* `&1,*/)*+*,'(* .*(+ *22*43,6 &/ 1*+ \/*+;,*&)."+_3,"/
)*3*,9,;3W .,* .,/1 4"#_9*33 :*+.3]+3E \)*/." 1,* .'(#&9*/ M*,3*/297'(*/E =,* )+*,3*/
M*,3*/297'(*/ 4]//3*/ *22*43,6*+ :0+ \/*+;,*&)."+_3,"/ ;*/03:3 N*+1*/E

=,* 6*+.'(,*1*/*/ M-UI-&3*+,&9,*/W 1,* ,/ 1,*.*+ Q+)*,3 0/3*+.0'(3 N0+1*/W 0/3*+I
.'(*,1*/ .,'( (,/.,'(39,'( 1*+ &)."+),*+3*/ U+&.(*/*+;,*W 1,* 6"/ 1*+ -&3*+,&9:0I
.&##*/.*3:0/; )*.3,##3 N,+1E =&. ;9")&9* U+&.(I 0/1 =*2"+#&3,"/.6*+(&93*/
.3,##3 &)*+ @)*+*,/E =&+.3*990/;*/ ."N"(9 &0. 1*/ Y"'(;*.'(N,/1,;4*,3.2,9#*/ 1*+
U+&.(6*+.0'(* &9. &0'( &0. 1*+ M,#09&3,"/ :*,;*/ ;9*,'(* \+;*)/,..*E

K,* ;*:*,;3 N0+1*W 4&// *,/* ;03* ^)*+*,/.3,##0/; :N,.'(*/ 1*/ \+;*)/,..*/ &0.
\c_*+,#*/3 0/1 M,#09&3,"/ *++*,'(3 N*+1*/E L*,# `*'(3*'4+"(+ #,3 %9&/.'( 9&; 1,*
Q)N*,'(0/; 1*+ U+&.(#,33*99&.3 ,/ 1*+ M,#09&3,"/ )*, #&c,#&9 HD mE L*, 1*+
A*&49&.3 S N,* .'("/ *+N7(/3 &0'( ,# \c_*+,#*/3 /,'(3 *,/1*03,; *+#,33*9)&+ S 9&;
1,* Q)N*,'(0/; )*, ),. :0 GDmE L*,# `*'(3*'4+"(+ "(/* %9&/.'( 9&;*/ )*, )*,1*/
8*//N*+3*/ Q)N*,'(0/;*/ 6"/ ),. :0 GD m 6"+E

=,* "_3,.'(* =&+.3*990/; 4&// S )&.,*+*/1 &02 1*+ -"1*99,*+0/; S /,'(3 &99* Q._*43*
1*+ *c_*+,#*/3*99*/ \+;*)/,..* &)1*'4*/E =&. Q02._&93*/ 1*+ *)*/*/ %97'(*/ 0/1
1&. )*,1.*,3,;* Q)29,*d*/ 1*. -&3*+,&9. 4]//*/ #,3 1*+ *,/.'(&9,;*/ -"1*99,*+0/;
/,'(3 1&+;*.3*993 N*+1*/E Q99*+1,/;. N,+1 1&. .*,39,'(* Q)29,*d*/ 1*. -&3*+,&9. Z*,/I
.*,3,;[ .*(+ ;03 6*+1*039,'(3E !"+3*,9(&23 N,+43 .,'( )*,# M-U &0.W 1&.. 1*+ K*+4.3"22
&0'( ,/ 1*+ `*&9,373 .*(+ 9"4&9*. !*+.&;*/ &/ 1*+ U+&.(2+"/3 :*,;3E J# <*;*/.&3: :0
1*/ N*.*/39,'( .3*,2*+*/ U%8 ),91*3 .,'( 4*,/* ;+"d297'(,;* !"+.'(71,;0/;.:"/*
&0.E



!&9,1,*+0/; 1*. -&3*+,&9#"1*99. &/ *,/*# M-UIb7/;.3+7;*+ HCC

O+ B4*&2&$%.(1+2$-+84)$%&4*'52$**-+4(+$&($'+3869ST(1-)%T1$%

=,* ),.(*+ 10+'(;*2@(+3*/ Q+)*,3*/ :,*93*/ &02 1,* 5/3*+.0'(0/; 1*+ '+&.(3*'(/,I
.'(*/ \,;/0/; 6"/ M-UIL&03*,9*/E =*+*/ A"3*/3,&9W 1&. #,3 M37(9*/ 6*+;9*,'()&+ ,.3W
N0+1* ,/ *c_*+,#*/3*99*/ 5/3*+.0'(0/;*/ /&'(;*N,*.*/E L&.,*+*/1 &02 1*/ K*+4I
.3"220/3*+.0'(0/;*/ N0+1* *,/ -"1*99 :0+ L*.'(+*,)0/; 1*. U+&.(6*+(&93*/. 1,*.*+
M3+0430+*/ ,/ 1*+ M,#09&3,"/ 1&+;*.3*993 0/1 &/(&/1 *,/2&'(*+ M3+0430+*/ 6&9,1,*+3E J#
`&(#*/ 1,*.*. 8&_,3*9. ."99 /0/ 1&. -&3*+,&9#"1*99 &/(&/1 1*+ M,#09&3,"/ *,/*+
/*0*/ M3+0430+ ;*3*.3*3 N*+1*/E

<*;*/.3&/1 1*+ 5/3*+.0'(0/; ,.3 *,/* &c,&9 &0.;*+,'(3*3*W +"(+2]+#,;* M3+0430+W 1,*
10+'( *,/*/ J#_&'3"+ )*9&.3*3 N,+1E K*;*/ 1*+ <*"#*3+,* 1*+ M3+0430+ ,.3 *,/* Q/I
N*/10/; &9. b7/;.3+7;*+ ,# <*;*/.&3: :0 1*/ ),.(*+ *(*+ U+&.()"cI7(/9,'(*/
M3+0430+*/ 1*/4)&+E Q9. Q/2"+1*+0/; ;,93 &0'( (,*+ *,/ _+";+*..,6*. U+&.(6*+(&93*/E
=&. 8+&23/,6*&0 N0+1* &02 Pe ),. oe 4> 2*.3;*9*;3E =&. L&03*,9 (&3 *,/* U+&.(97/;*
6"/ fPD ##W 1,* L+*,3* )*3+7;3 Pe ##E =,* Y](* *+N*,3*+3 .,'( 6"/ HHe ## 6"+/*
&02 GDe ##E =,* K&/1.37+4* 9,*;3 4"/.3&/3 )*, f ##E L,91 PEH :*,;3 *,/* =&+.3*990/;
1*. L&03*,9*.E

L,91 PEHB M-UIb7/;.3+7;*+ rHGCs

=&. ;*2*+3,;3* L&03*,9 N0+1* 2@+ 1,* \/*+;,*&)."+_3,"/.0/3*+.0'(0/;*/ :0.73:9,'(
0# *,/ U+&.()"c*9*#*/3 6*+97/;*+3E =&)*, (&/1*93* *. .,'( 0# *,/*/ L-UI
8*;*9.30#_2W N*9'(*+ 1*+ M3+0430+ 6"+/* &02;*.*3:3 N0+1*E =,* b7/;.3+7;*+.3+0430+
N&+ &0. Y-U 6"/ =M- (*+;*.3*993W */3._+*'(*/1 1*+ >"#*/49&30+ 1*. U+&.(_+"I
)*/#&3*+,&9. &9." &0. M-UfE

K,* .'("/ )*, 1*/ 6"+,;*/ U+&.(_+"2,9*/W (&/1*93* *. .,'( 0# :N*, 6*+49*)3* Y&9)I
.'(&9*/E \,/* :0.73:9,'(* Q).3@3:0/; N0+1* )*,# b7/;.3+7;*+ 10+'( *,/* ,/3*;+,*+3*
p0*+6*+),/10/; :N,.'(*/ 1*/ Y&9).'(&9*/ *++*,'(3E L*, *3N& GaC 1*+ b7/;* N0+1*
,/ h*1*+ Y&9).'(&9* *,/ 8*;*9.30#_2 &0.;*2"+#3E =*+*/ 8"_2297'(*/ 3+&2*/ .,'( ,#
b7/;.3+7;*+ 0/1 N&+*/ 1"+3 N,*1*+0# 6*+49*)3E



HCf !&9,1,*+0/; 1*. -&3*+,&9#"1*99. &/ *,/*# M-UIb7/;.3+7;*+

%"9;*/1* %"3";+&2,*/ 1"40#*/3,*+*/ 1*/ U+&.(6*+.0'(B

  

L,91 PEGB U+&.(6*+9&02 1*. M-UIb7/;.3+7;*+. )*,# 1V/&#,.'(*/ !*+.0'(rHGCs

L,91 PEf :*,;3 1*/ 8+&23IK*;I!*+9&02 N7(+*/1 1*+ A+@20/; 1*+ b7/;.3+7;*+.3+0430+E
=,* =*2"+#&3,"/ .3*993* ),. *3N& HGe ## 1*/ _+";+*..,6*/ U+&.( 1*. L-UI
8*;*9.30#_2*. 1&+E =,*.*+ (&33* &/ .*,/*+ M3,+/.*,3* *,/*/ 4+*,.+0/1*/ p0*+.'(/,33W
1*+ :0# b7/;.3+7;*+ (,/ "6&9 N0+1*E =,* Q0.1*(/0/;*/ 1*. "6&9*/ p0*+.'(/,33.
*/3._+&'(*/ 1*/ 8&/3*/97/;*/ 1*. +*'(3*'4,;*/ p0*+.'(/,33. 1*+ b7/;.3+7;*+2+"/3E

=0+'( 1,* 8*;*92"+# N0+1* 1*+ .04:*..,6* U+&.(9&.3&/.3,*; &02 ),. :0 Ce 4> 6*+0+I
.&'(3E =,* ("(*/ 8+&23N*+3* +*.093,*+3*/ &0. 1*# 2&.3 4+*,.2]+#,;*/ p0*+.'(/,33 &/
1*+ 8"_2.*,3* 1*. 8*;*9.30#_2*.E J# N*,3*+*/ U+&.(6*+9&02 .&/4 1,* !*+.&;*/.9&.3
3+"3: N&'(.*/1*/ p0*+.'(/,33. 9*,'(3 &)E =,*. N0+1* 10+'( 1,* :0/*(#*/1 *)*/*/
M*,3*/297'(*/ 1*. 8*;*9. Z9&/;* M*,3*/ 1*. F6&9.[W 1,* 3V_,.'(*+N*,.* ;*+,/;*+*
Q)."+_3,"/.4*//N*+3* &02N,*.*/W 6*+0+.&'(3E \,/ .37+4*+*+ 8+&23&)2&99 *+2"9;3* )*,#
^)*+;&/; 6"# 8*;*9 :0+ *,;*/39,'(*/ b7/;.3+7;*+.3+0430+E =0+'( ;+]d*+* L+0'(.3@I
'4* ,# L*+*,'( 1*. ^)*+;&/;. 1*+ M3+0430+*/ #,3 ;9*,'(:*,3,;*# !*+.&;*/ 1*+ 89*I
)*6*+),/10/; 3+&3 1*+ .3&+4* 8+&23&)2&99 *,/E Q/.'(9,*d*/1 *+2"9;3* *,/ .3*,9*+ 8+&23I
&/.3,*; Z&) '&E HGe ## =*2"+#&3,"/.N*;[W &9. 1,* b7/;.3+7;*+I7(/9,'(* M3+0430+ :0+
\/*+;,*&)."+_3,"/ (*+&/;*:";*/ N0+1*E =&. 1&// *++*,'(3* (](*+* 8+&23/,6*&0 N&+
&02 1,* ;+]d*+* p0*+.'(/,33.297'(* ;*;*/@)*+ 1*# 8*;*9 :0+@'4:02@(+*/E >&'(
\,/9*,30/; 1*. _+";+*..,6*/ U+&.(. N0+1* )*, HeD ## =*2"+#&3,"/ *,/* 8+&23 6"/
Pe 4> *++*,'(3E =,*.* .3,*; */3._+*'(*/1 1*+ 8"/0.2"+# 1*+ M3+0430+ .3*3,; &02 oe 4>
)*, Cle ## &/E

J# %"9;*/1*/ 2,/1*3 .,'( 1,* L*.'(+*,)0/; 1*+ M,#09&3,"/.+*'(/0/;W 1,* #,3 1*+ )*I
.'(+,*)*/*/ M3+0430+ 10+'(;*2@(+3 N0+1*E \/3._+*'(*/1 8&_,3*9 P N0+1*/ &0'( (,*+
)*.3,##3* `&/1)*1,/;0/;*/ 2@+ 1,* M,#09&3,"/.+*'(/0/;*/ )*&'(3*3B

•  \9*#*/34&/3*/97/;*



!&9,1,*+0/; 1*. -&3*+,&9#"1*99. &/ *,/*# M-UIb7/;.3+7;*+ HCe

•  !*+/&'(97..,;0/; 1*+ 89*)*6*+),/10/;

=&. %,/,3*I\9*#*/3*I-"1*99 N,+1 ,/ L,91 PEC ;*:*,;3E \. N0+1* &0. eooC \9*#*/3*/
*/3._+*'(*/1 1*/ )*.3*(*/1*/ \+2&(+0/;*/ &02;*)&03E K,+1 1,* !*+/*3:0/; #,3
49*,/*+*/ \9*#*/3*/ 10+'(;*2@(+3W N,+43 .,'( 1,*. ,/ *,/*# ("#";*/*+*/ 8+&236*+I
9&02 &0.E =,* L*9&.30/; *+2"9;3 10+'( *,/* .3&++* K&/1 1,* /,'(3 *c3+& #"1*99,*+3 N*+I
1*/ #0..W ."/1*+/ &9. ?""9 ,# %,/,3*I\9*#*/3*IA+";+&## :0+ !*+2@;0/; .3*(3E Q9.
J#_&'3"+1&3*/ N0+1*/ */3._+*'(*/1 1*# !*+.0'( *,/* -&..* 6"/ CPe 4; 0/1 *,/*
<*.'(N,/1,;4*,3 6"/ HGWe #a. &/;*.*3:3E Q/ 1*+ 1*# J#_&'3"+ &);*N&/13*/ M*,3*
1*+ M3+0430+ N&+*/ :0+ %,c,*+0/; &99* `&/14/"3*/ ,/ ,(+*/ ?+&/.9&3,"/.2+*,(*,3.;+&1*/
;*._*++3E Q9. \,/;&)*4*//N*+3* N0+1* &/&9"; :0 1*/ M-UI`*'(3*'4+"(+*/ 1*+ A&I
+&#*3*+.&3: 1*. *,/;*.*3:3*/ M-Uf Z?&)*99* eEHD[ ;*/03:3E =,* /7'(.3*/ L,91*+ :*,I
;*/ 1,* 1*2"+#,*+3* M3+0430+ N7(+*/1 1*. )*+*'(/*3*/ U+&.(6*+9&02.E

                 

L,91 PECB U+&.(.*i0*/: &0. 1*+ M,#09&3,"/.+*'(/0/;

X0+ L*0+3*,90/; 1*+ p0&9,373 1*+ M,#09&3,"/.*+;*)/,..* ,.3 *. 6"/ L*1*030/;W 1,*
;9")&9*/ U+&.(4*//;+]d*/ :0 6*+;9*,'(*/E L,91 PEf :*,;3 1,* 8+&23IK*;I8*//9,/,*/
&0. \c_*+,#*/3 0/1 M,#09&3,"/E

K,* 1&. =,&;+&## 6*+1*039,'(3W N0+1* ,/ 1*+ M,#09&3,"/.+*'(/0/; 1*+ .3*3,;* 8+&23I
&/.3,*; @)*+ 1*# =*2"+#&3,"/.N*; +*&9,.3,.'( N,*1*+;*;*)*/E =,* M,#09&3,"/.+*'(I
/0/; .3*993* /0+ 1*/ U+&.(6*+9&02 1*. b7/;.3+7;*+. 1&+E J# <*;*/.&3: 1&:0 */3(793
1,* *c_*+,#*/3*99* 80+6* &0'( 1,* X*+.3]+0/; 1*+ 6"+;*.'(&93*3*/ 8*;*9.3+0430+E
=&. X0.&##*/N,+4*/ )*,1*+ \9*#*/3* )*N,+43* *,/*/ ("#";*/*+*/ 8+&23&/.3,*;
"(/* A*&4N,+40/;E J/ 1*+ M,#09&3,"/ N0+1* 1,* 0/;*3+,;;*+3* b7/;.3+7;*+.3+0430+
10+'( 1,* R+,;,1 N&99T )*9&.3*3W N&. :0 *,/*# #*+49,'(*/ 8+&23_*&4 2@(+3*E Q99*+1,/;.
.3*993* 1,* M,#09&3,"/ ."N"(9 !*+.&;*/.6*+(&93*/ &9. &0'( 8+&236*+9&02 ,# -,33*9 .*(+
;03 1&+E



HCP !&9,1,*+0/; 1*. -&3*+,&9#"1*99. &/ *,/*# M-UIb7/;.3+7;*+

D
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fD

PD

OD

HDD
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GDD
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=*2"+#&3,"/.N*; r##s

=
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>
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\c_*+,#*/3

M,#09&3,"/

L,91 PEfB =*2"+#&3,"/.4*//9,/,*/ &0. \c_*+,#*/3 0/1 M,#09&3,"/

L&.,*+*/1 &02 1*/ ;*:*,;3*/ \+;*)/,..*/ 4]//3* /0/ *,/* F_3,#,*+0/; 1*+ b7/;.I
3+7;*+.3+0430+ 10+'(;*2@(+3 N*+1*/E =&)*, .,/1 2"9;*/1* X,*9* 1*/4)&+B \+(](0/;
1*+ \/*+;,*&)."+_3,"/W \+(](0/; 1*+ ._*:,2,.'(*/ \/*+;,*&)."+_3,"/ Z<*"#*3+,*"_I
3,#,*+0/;[ 0/1 `*10:,*+0/; 1*. <*N,'(3.E X0+ F_3,#,*+0/; 1*. U+&.(6*+(&93*/. 1*+
b7/;.3+7;*+.3+0430+ *+;*)*/ .,'( 2"9;*/1* -];9,'(4*,3*/B

•  J/3*;+&3,"/ 6"/ M,'4*/ 0/1 `,__*/

•  F_3,#,*+0/; 1*. ^)*+;&/;. :N,.'(*/ 8"/0. 0/1 b7/;.3+7;*+

•  F_3,#,*+0/; 1*+ p0*+6*+),/10/;

•  `*10:,*+0/; 1*+ *)*/*/ %97'(*/

•  =&+.3*990/; +0/1*+ <*"#*3+,*/

•  M37+4*+* -&3*+,&90#9*/40/; 10+'( 8+&23*,/9*,30/;.*9*#*/3*

•  !*+#*,10/; 6"/ L9"'4),910/; ,# J//*+/ 1*. b7/;.3+7;*+.

•  !*+3,*20/; 1*+ 6"+(&/1*/*/ M,'4*/

•  J/3*;+&3,"/ 1*. 8*;*9. ,/ 1,* `*.3.3+0430+ Z*,/3*,9,;[E

=,* ;*/&//3*/ F_3,#,*+0/;.#];9,'(4*,3*/ )*:,*(*/ .,'( 1,+*43 &02 1*/ 6"+;*;*)*I
/*/ ;*"#*3+,.'(*/ b].0/;.&/.&3:E L*, 1*+ Q0.9*;0/; /*0*+ M3+0430+*/ ."993*/ 1,*
Q._*43* 1,+*43 ,/ 1,* \/3N,'490/; *,/29,*d*/ 0/1 .,/1 1*.(&9) ,# 2"9;*/1*/ 8&_,3*9
/"'(#&9. :0.&##*/;*.3*993E



\/3N,'490/; 6"/ 8"/.3+043,"/.+,'(39,/,*/ 2@+ '+&.("_3,#,*+3* M-UIL&03*,9* HCl

J+ !()A&/:*.(1+75(+C5(-)%.:)&5(-%&/0)*&(&$(+EQ%+/%4-05#)&'&$%)$
3869N4.)$&*$

=,* 10+'(;*2@(+3*/ 5/3*+.0'(0/;*/ (&)*/ ;*:*,;3W 1&.. M(**3I-"091,/;I
U"#_"0/1 N*;*/ .*,/*+ ;03*/ \/*+;,*&)."+_3,"/.4*//N*+3* :0/*(#*/1 ,/ 1*+
Q03"#"),9,/10.3+,* :0+ Q/N*/10/; 4"##*/ 4&//E L*, 1*/ ;*:*,;3*/ L*,._,*9)&0I
3*,9*/ (&/1*93* *. .,'( ,# <*;*/.&3: :0 1*/ 1*+:*,3 +*&9,.,*+3*/ Q/N*/10/;*/ Z.,*I
(* 8&_,3*9 G[ 0# '+&.(3*'(/,.'( &0.;*9*;3* M3+0430+*/E L,.(*+ +*&9,.,*+3* L&03*,9*
)&.,*+*/ (,/;*;*/ &02 1*/ _+"1043,"/.3*'(/,.'(*/ !"+3*,9*/W 1,* M-U )*, )*I
.3,##3*/ M3@'4:&(9)*+*,'(*/ ;*;*/@)*+ M3&(9 ),*3*3E

M"#,3 *+;&)*/ .,'( &0. 1*/ 10+'(;*2@(+3*/ M301,*/ :N*, Q._*43*W 1,* .,'( :04@/23,;
&02 1,* Q/N*/10/; 6"/ M-U ,# A4NIM*43"+ &0.N,+4*/ 4]//3*/B

•  >03:0/; 6"/ M-U &9. K*+4.3"22 2@+ '+&.(+*9*6&/3* M3+0430+)&03*,9*

•  F_3,#,*+0/; 1*+ 1*+:*,3 &/;*N&/13*/ Q/)&03*,9* (,/.,'(39,'( ,(+*+ U+&.(*,;/0/;E

5# 1,*.* X,*9* :0 *++*,'(*/W #@..*/ &)*+ *,/*+.*,3. ;*N,..* `,'(39,/,*/ )*&'(3*3
N*+1*/W &/1*+*+.*,3. 4]//*/ 10+'( ;**,;/*3* 0/1 "_3,#,*+3* 8"/.3+043,"/*/ N*,3*+*
!"+3*,9* *+:,*93 N*+1*/E

`,'(39,/,*/ :0+ 8"/.3+043,"/ '+&.(3*'(/,.'( ;**,;/*3*+ M-UIL&03*,9*B

•  =&+.3*990/; +"(+2]+#,;*+ M3+0430+*/

•  Q0.+,'(30/; 1*+ M3+0430+*/ ,/ 1*/ Y&0_3'+&.(+,'(30/;*/

•  Q).3@3:0/; 1*+ M3+0430+*/ 2@+ M'(+7;&02_+&99

•  M,'(*+0/; 1*+ U+&.(.3+0430+*/ ;*;*/ Q0.4/,'4*/ Z2+*,* b7/;*W K&/1.37+4*[

•  >03:0/; '+&.(3&0;9,'(*+ 89*)*6*+),/10/;*/
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U"#_"0/1[W M301,*/&+)*,3W 5/,6*+.,373 8&,.*+.9&03*+/W Hool

rHGls -@99*+W <EB \c_*+,#*/3*99* 5/3*+.0'(0/; 1*. U+&.(6*+(&93*/. 6"/ M-UI
`*'(3*'4+"(+*/W M301,*/&+)*,3W 5/,6*+.,373 8&,.*+.9&03*+/W Hool

rHGOs <]33*9W `EB \/3N,'490/; 0/1 !*+,2,:,*+0/; *,/*. A+@26*+2&(+*/. :0+ U(&+&43*I
+,.,*+0/; 1*+ U+&.(3&0;9,'(4*,3 *,/*+ M-UI89*)*6*+),/10/;W M301,*/&+)*,3W
5/,6*+.,373 8&,.*+.9&03*+/W HooO

rHGos 8+*/4W MEB \/*+;V `*9*&.* `&3* "2 MV##*3+,' Q1(*.,6* j",/3.W \/;,/**+,/;
%+&'30+* -*'(&/,'.W L&/1 fCW Y*23 fW M*,3* efoIeeoW HooG

rHCDs bMI=g>Q ?(*"+*3,'&9 -&/0&9W b,6*+#"+* M"23N&+* ?*'(/"9";V U"+_"+&3,"/W
-&V HooO

N$)%$.)$+3).2&$(4%@$&)$(a

<]33*9W `&,/*+B \+#,3390/; 1*+ -&3*+,&9*,;*/.'(&23*/ 6"/ M-U ZM(**3 -"091,/;
U"#_"0/1[W M301,*/&+)*,3W 5/,6*+.,373 8&,.*+.9&03*+/W Hool

-@99*+W <*+(&+1B \c_*+,#*/3*99* 5/3*+.0'(0/; 1*. U+&.(6*+(&93*/. 6"/ M-UI
`*'(3*'4+"(+*/W M301,*/&+)*,3W 5/,6*+.,373 8&,.*+.9&03*+/W Hool

<]33*9W `&,/*+B \/3N,'490/; 0/1 !*+,2,:,*+0/; *,/*. A+@26*+2&(+*/. :0+ U(&+&43*+,.,*I
+0/; 1*+ U+&.(3&0;9,'(4*,3 *,/*+ M-UI89*)*6*+),/10/;W M301,*/&+)*,3W 5/,6*+.,373
8&,.*+.9&03*+/W HooO


