
!

!"#$%&'()*&+,$)-'(./0$/"1)23/14)*+556)7,+3$('/14
&1.)8&./&,9:&3/3)*+10$/"1);($%"'<

"#$%&'&()&%&*++'&*&#((((,+'&-%./(0.-%&1&#%2#((((3%24$%&/.5(67'12/1&-
"48&/$+4(92'#7&:(&/4(;/#+::2<+/#(3.=-7#2/<(3+/#+'
>+-&'#=+/#(.?()&#%+=&#2$1@(A&$7:#B(.?(0$2+/$+

3%7:&:./<5.'/(C/28+'12#B@(D&/<5.5(!EFFE@(G%&2:&/4
HI=&2:J(=&#$%&'&K:B$.1L$.=((-+'&-%./L1K$%7:&L&$L#%

:$%24$%&K-2./++'L/+#1+'8L$%7:&L&$L#%

=>3$'&0$J( G%21( -&-+'( -'+1+/#1( &( /+*( &--'.&$%( ?.'( -'+42$#2/<( 1.?#*&'+( ?&7:#1( MB
=+&/1(.?(?7NNB($:71#+'2/<(&/4('&42&:IM&121(?7/$#2./(#+$%/2O7+1L((P+(+=-:.B+4(?7NNB
17M#'&$#28+($:71#+'2/<( #.(42824+(%21#.'2$&:( &/4(4+8+:.-=+/#(4&#&( 2/#.($:71#+'1L( (Q+R#
*+(&--:2+4(#%+('&42&:IM&121(?7/$#2./(/+#*.'5(#.(-'+42$#(1.?#*&'+(?&7:#1(#%&#(.$$7''+4
2/( #%+( $.=-./+/#( '+1242/<( 2/( +&$%( $:71#+'L( ( ;/( 1.( 4.2/<@( *+( *+'+( &M:+( #.( -'+42$#
1.?#*&'+(?&7:#1('+&1./&M:B(&$$7'&#+L
?(6%"'.3J( ?7NNB( 17M#'&$#28+( $:71#+'2/<@( =7:#2:&B+'( -+'$+-#'./@( M&$5I-'.-&<&#2./@
'&42&:IM&121( ?7/$#2./@(1.?#*&'+(?&7:#(-'+42$#2./@( '+<7:&'2N&#2./(/+#*.'51@( <+/+'&:2N+4
'&42&:IM&121(?7/$#2./(/+#*.'51L

@A! B1$'".+0$/"1
0.?#*&'+('+:2&M2:2#B(21(#%+(-'.M&M2:2#B(.?(?&2:7'+(?'++
.-+'&#2./1( .?( &( $.=-7#+'( -'.<'&=( +R+$7#2/<( 2/( &
1-+$2?2+4( +/82'./=+/#( ?.'( &( 1-+$2?2+4( #2=+( STUL
0.?#*&'+('+:2&M2:2#B(21($./124+'+4(&(1.?#*&'+(O7&:2#B
?&$#.'(#%&#(&241(2/(-'+42$#2/<(1.?#*&'+(O7&:2#B(712/<
1#&/4&'4( -'+42$#28+( =.4+:1L( ( G%+'+( &'+( =&/B
&--'.&$%+1(?.'(-'+42$#2/<(1.?#*&'+(O7&:2#B@(=.1#(.?
*%2$%(B2+:4(1.=+(?.'=1(.?(O7&:2#B(2/42$&#.'1L((V/+
-.-7:&'( 2/42$&#.'( 21( 5/.*/( &1( 1.?#*&'+( ?&7:#L
0.?#*&'+( ?&7:#( -'+42$#2./( 7#2:2N+1( %21#.'2$&:( &/4
4+8+:.-=+/#(4&#&(#.(&''28+(&#(&($./$:7128+(4+$212./
*%+#%+'(#%+(1.?#*&'+(2/(O7+1#2./(21(&#(?&7:#L
W+$+/#( '+1+&'$%(&/4(4+8+:.-=+/#( 2/( ?7NNB( :.<2$

&/4( /+7'&:( /+#*.'51( -'.:2?+'&#+( #%+( &$$7'&$B( &/4
+??2$2+/$B( .?( ?&7:#( -'+42$#2./( $./124+'&M:BL( ( A7NNB
:.<2$(21(&/(+R#+/12./(.?(1#&/4&'4(D..:+&/(:.<2$(SXUL
G%+( ?7/4&=+/#&:( $./$+-#( 21( &( ?7NNB( 1+#( 2/( *%2$%
+&$%(+:+=+/#(2/(#%+(1+#(21($%&'&$#+'2N+4(MB(2#1(<'&4+
.?( =+=M+'1%2-( .?( #%+( 1+#( SYUL( ( "( =+=M+'1%2-
?7/$#2./( =&-1( &/( +:+=+/#( .?( #%+( 1+#( 2/( &( <28+/
4.=&2/(#.(&/(&--'.-'2&#+(=+=M+'1%2-(<'&4+(8&:7+@
'&/<2/<( M+#*++/( N+'.( &/4( ./+L( ( GB-2$&:( =+=M+'I
1%2-( ?7/$#2./1( &'+( #%+( Z&7112&/( 421#'2M7#2./
?7/$#2./@( #%+( 12<=.24( $7'8+( O7&4'&#2$@( &/4( $7M2$
-.:B/.=2&:($7'8+@(+#$L
;#( 21( .?#+/( #%+( $&1+( #%&#( =B'2&4( .?( 4&#&( &'+

$.::+$#+4( &1( &( '+17:#( .?( 1.?#*&'+( '+:2&M2:2#B( 1#74BL
"--:B2/<( ?7NNB( :.<2$( #.( 17$%( &/( .8+'*%+:=2/<
/7=M+'(.?(4&#&(-.2/#1(=&B(M+(#2=+I$./17=2/<(&/4
B2+:4( 2''+:+8&/#( +1#2=&#.'1( #%&#( 4.( /.#( '+?:+$#( #%+
2/%+'+/#($%&'&$#+'21#2$1(.?(#%+(1.?#*&'+(?&7:#1L(("1(&
$./1+O7+/$+@( 1.=+(-'+-'.$+112/<(=&B( M+( '+O72'+4
#.( $:&112?B( #%.1+( '+-'+1+/#2/<( 4&#&( 2/( $:71#+'1( 17$%
#%&#( =.'+( &$$7'&#+( ?&7:#( -&##+'/1( $&/( M+( +R#'&$#+4
?'.=(+&$%($:71#+'L

V7'(4+?2/2#2./(.?( &( $:71#+'( 21( &( <'.7-(.?( +/#2#2+1
*2#%(12=2:&'(-'.-+'#2+1(S!EUL((H/#2#2+1(?'.=(42??+'+/#
$:71#+'1($&//.#(M+(12=2:&'L((G%71@(&(1+#(.?(-.2/#1($&/
M+(<'.7-+4(2/#.(./+(.'(=.'+($:71#+'1@(4+-+/42/<(./
#%+(-'.-+'#2+1(.?(#%.1+(-.2/#1L((C17&::B@(#%+(.M82.71
-'.-+'#B( 21( 421#&/$+( &=./<( #%+( -.2/#1L
C/?.'#7/&#+:B@( 1.'#2/<( #%+1+( -.2/#1( 2/#.( $:71#+'1
*%+'+( #%+B( M+:./<( 21@( 2/( =&/B( $&1+1@( /.#
1#'&2<%#?.'*&'4( 12/$+( #%+'+( &'+( -.2/#1( #%&#( :2+
M+#*++/( 42??+'+/#( $:71#+'1( .?( -.2/#1( *%2$%( $.7:4
M+:./<( #.( +2#%+'( &4[&$+/#( $:71#+'1L( ( G%21( 21( *%+'+
?7NNB($:71#+'2/<($.=+1(2/#.(-:&BL((G.(4+#+'=2/+(2?(&
-.2/#(M+:./<1(#.(&(<28+/($:71#+'( \&/4( #%71(&112</+4
#%+( 1&=+(=+=M+'1%2-( <'&4+( 8&:7+]@( +8+'B( -.2/#( 2/
#%+($:71#+'(=71#(:2+(*2#%2/(&(<28+/(-'.R2=2#BL((G%71@
#%+( 421#&/$+( M+#*++/( #%+( -.2/#( 2/( O7+1#2./( &/4( &
/+2<%M.'2/<(-.2/#(=71#(M+(1=&::+'(#%&/(#%+(421#&/$+
#.( #%+( '+1#( .?( #%+( -.2/#1L( ( ;/( &442#2./@( -.2/#1( 2/
42??+'+/#( $:71#+'1( &'+( &112</+4( 42??+'+/#( <'&4+1( .?
=+=M+'1%2-( M&1+4( ./( #%+( 1+:+$#+4( =+=M+'1%2-
?7/$#2./L((07$%(&/(&112</=+/#($&::1(?.'(&/(&:<.'2#%=
#%&#(=71#(M+(&M:+(#.($.=-7#+(#%+(=+=M+'1%2-(<'&4+
8&:7+(2/(&(?2/2#+(/7=M+'(.?(2#+'&#2./1L((G%21(21(&(#&::
.'4+'( #%&#( .'42/&'B( 421#&/$+( &:<.'2#%=2$( &--'.&$%
$&//.#(&$$.=-:21%L
Q+7'&:(/+#*.'51@(./(#%+(.#%+'(%&/4@(2/#'.47$+(B+#

&/.#%+'(4&#&($:71#+'2/<(#+$%/2O7+($&::+4(#%+(W&42&:I
D&121( A7/$#2./( \WDA]L( ( G%+( WDA( #+$%/2O7+( 21
172#&M:+( ?.'( 2/#+'-.:&#2./(-'.M:+=(*%2$%( 21( 82+*+4
&1( &( $7'8+( ?2##2/<( -'.M:+=( 2/( %2<%I42=+/12./&:
1-&$+( S^UL( ( G%+( :+&'/2/<( -'.$+11( 2/8.:8+4( 21
+O728&:+/#( #.( ?2/42/<( &( 17'?&$+( 2/( &( =7:#2I
42=+/12./&:( 1-&$+( #%&#( -'.824+1( #%+( M+1#( ?2#( #.( #%+
#'&2/2/<( 4&#&@( *2#%( #%+( $'2#+'2&( ?.'( _M+1#( ?2#_( M+2/<
=+&17'+4( 2/( 1.=+( 1#&#21#2$&:( 1+/1+L( ( G%71@( *+
+=-:.B+4( #%+( WDA( #+$%/2O7+( #.( -'+42$#( 1.?#*&'+
?&7:#(?.'(#%21(1#74BL



`

D&1+4( ./( #%+( &?.'+=+/#2./+4( #+$%/2O7+1@( *+
$./1#'7$#+4( #*.( =.4+:1( 2/( .7'( +R-+'2=+/#( #.
$:&112?B( 1.?#*&'+( &'#2?&$#1( &1( %2<%I'215( *%2$%( 21
:25+:B(#.($./#&2/(?&7:#1@(&/4(:.*I'215(*%2$%(21(:25+:B
#.(M+(?&7:#(?'++L((G%+(?2'1#(=.4+:(7#2:2N+4(=7:#2:&B+'
-+'$+-#'./(\)6,](*2#%(M&$5I-'.-&<&#2./(&:<.'2#%=
S`U@( *%+'+&1( #%+( 1+$./4( =.4+:( +=-:.B+4( '&42&:I
M&121( ?7/$#2./( /+#*.'5L( ( 0.?#*&'+( 4&#&( *+'+
=+&17'+4( &/4( $.::+$#+4( 712/<( =&/B( 42??+'+/#
1.?#*&'+(=+#'2$1@(/&=+:B@(:2/+1(.?($.4+(\!"#]@(/./I
$.==+/#( :2/+1( .?( $.4+( \$#!"#]@( a&:1#+&4
-'.<'&=(:+/<#%(\$]@(a&:1#+&4(8.:7=+(\%]@()$3&M+
$B$:.=&#2$($.=-:+R2#B(\%&'(]@(a&:1#+&4(/7=M+'(.?
7/2O7+( .-+'&/41( \)*]@( a&:1#+&4( #.#&:( /7=M+'( .?
.-+'&/41( \$*]@( a+/'Bbc&?7'&( ?&/I2/d?&/I.7#
\+,)-).+,)/01]@(a+/'Bbc&?7'&(2/?.'=&#2./(?:.*(\23]@
&/4( 4+/12#B( .?( $.==+/#1( \4#]L( ( G%+1+( 1.?#*&'+
=+#'2$1($&/(M+(4+'28+4(MB(#%+(?.::.*2/<1J
• ! )$3&M+($B$:.=&#2$($.=-:+R2#B(\%&'(](S!eU

%&'(5657585)595*:
*%+'+
'(f(-'.<'&=(?:.*(<'&-%
7(f(/7=M+'(.?(+4<+1
)(f(/7=M+'(.?(/.4+1
:(f(/7=M+'(.?(7/$.//+$#+4(-&#%1

• ! +,)-)J(#%+(+,)-)(.?(&(=.47:+()(21(#%+(/7=M+'(.?
:.$&:( ?:.*1( #%&#( #+'=2/&#+1( &#( )@( -:71( #%+
/7=M+'( .?( 4&#&( 1#'7$#7'+1( ?'.=( *%2$%
2/?.'=&#2./(21('+#'2+8+4(MB()(SFU

• ! +,)/01J(#%+(+,)/015.?(&(=.47:+()(21(#%+(/7=M+'(.?
:.$&:( ?:.*1( #%&#( +=&/&#+1( ?'.=( )@( -:71( #%+
/7=M+'(.?(4&#&(1#'7$#7'+1(#%&#(21(7-4&#+4(MB()
SFU

• ! G%+( 2/?.'=&#2./( ?:.*( \23]( 21(=+&17'+4( MB( #%+
?.'=7:&(SFU
23565&+,)-)× +,)/01(

• ! a&:1#+&4_1(1.?#*&'+(1$2+/$+(S!eU(21(4+?2/+4(&1
6+/<#%(\$](((f($;595$*565);</=*5&);(595)*5</=*
&)*(
9.:7=+(\%]((f($5</=*5&)(565$5</=*5&);595)*(
*%+'+
);( f( #%+( /7=M+'( .?( 421#2/$#( .-+'&#.'1( #%&#
&--+&'1(2/(&(-'.<'&=
)*( f( #%+( /7=M+'( .?( 421#2/$#( .-+'&/41( #%&#
&--+&'1(2/(&(-'.<'&=
$;( f( #%+( #.#&:( /7=M+'( .?( 421#2/$#( .-+'&#.'
.$$7'+/$+1
$*( f( #%+( #.#&:( /7=M+'( .?( 421#2/$#( .-+'&/4
.$$7''+/$+1

• ! >+/12#B(.?($.==+/#1(\4#](SFU
4#565#!"#.!"#
*%+'+(#!"#( 21( #%+( /7=M+'( .?( $.==+/#( :2/+1
.?(-'.<'&=(#+R#L

P+(42824+4(4&#&(2/#.(1+8+'&:(<'.7-1(712/<(?7NNB
17M#'&$#28+( $:71#+'2/<( #+$%/2O7+L( ( G%+1+( <'.7-1( .?
4&#&( *+'+( #%+/( ?+4( 2/#.( #%+( =.4+:1( ?.'( 1.?#*&'+
?&7:#(-'+42$#2./L((G%+(-'+42$#28+(O7&:2#B('+17:#1(?'.=
M.#%( =.4+:1( *+'+( 1#&#21#2$&::B( $.=-&'+4( #.( <&7<+
#%+2'( =21$:&112?2$&#2./( '&#+@( O7&:2#B( &$%2+8+4@( &/4
8+'2?2$&#2./($.1#L((;#(*&1(?.7/4(#%&#(#%+(WDA(=.4+:

B2+:4+4( =.'+( &$$7'&#+( -'+42$#2./( #%&/( #%+( )6,
=.4+:L( ( "1( &( $./1+O7+/$+@( *+( *2::( 2=-'.8+( #%+
&$$7'&$B( &/4( -+'?.'=&/$+( 2/( ?7#7'+( 1#742+1( ./
1.?#*&'+(?&7:#(-'+42$#2./1L

CA! !"#$%&'() 8(,/&>/,/$6) &1.) -'(./0$/"1
D".(,3

G%+( -'.:2?+'&#2./( .?( $.=-7#+'( #+$%/.:.<B( %&1
M'.7<%#( &M.7#( 2/$'+&12/<:B( $.=-:2$&#+4( 1.?#*&'+
4+=&/4L( ( "1( $.=-:+R2#B( <'.*1@( 1.( 4.+1( O7&:2#B
/++41L( ( C/?.'#7/&#+:B@( $.=-:+R2#B( *.'51( &<&2/1#
O7&:2#B@( #%71( '+17:#2/<( 2/( :.*( '+:2&M2:2#BL( ( Q+*
1.?#*&'+( 4+8+:.-=+/#( -&'&42<=1( &'+( +=-:.B+4( #.
$.-+(*2#%(17$%(1#'2/<+/#('+O72'+=+/#1@(?.'(+R&=-:+@
N+'.I4+?+$#( 1.?#*&'+( O7&:2#B( &117'&/$+@( 1.?#*&'+
?&7:#( 4+#+$#2./@( &/4( 1.?#*&'+( '+:2&M2:2#B
=+&17'+=+/#@(+#$L
0.?#*&'+( '+:2&M2:2#B( 2/8.:8+1(8&'2.71(-'+$&7#2./1

#.( <7&'4( &<&2/1#( ?&7:#B( .-+'&#2./1@( '&/<2/<( ?'.=
#+1#2/<@( -'.47$#2./@( &/4( =&2/#+/&/$+L( ( "1( 2#( 21
<+/+'&::B( 5/.*/( #%&#( +R%&71#28+( #+1#( 21( 2/( /.( *&B
-'&$#2$&:@(?&2:7'+(21(#%71(2/+82#&M:+L((;/(-'2/$2-:+@(*+
4+?2/+( 1.?#*&'+( ?&2:7'+( &1( #%+( 4+-&'#7'+( .?( #%+
+R#+'/&:( '+17:#1( .?( -'.<'&=( .-+'&#2./( ?'.=
+O72-=+/#L( ( 07$%( 421$'+-&/$2+1( &'+( '+?+''+4( #.( &1
?&7:#1L
"( ?&7:#( 21( #%+( 4+?+$#( 2/( #%+( -'.<'&=( #%&#( $&71+1

?&2:7'+(STUL((A&7:#1($&/(M+($:&112?2+4(M&1+4(./(S!FU
• ! !/>,<-1?( *%2$%( 2/$:74+1( &#.=2$( $.=-./+/#

?&7:#1@( $.=-.12#+( $.=-./+/#( ?&7:#1@( 1B1#+=
:+8+:( ?&7:#1( \2L+L@( .-+'&#.'( ?&7:#1@( '+-:2$&#2./
?&7:#1]@( &/4( +R#+'/&:( ?&7:#1( \2L+L@( +/82'./=+/#
?&7:#1@(71+'(?&7:#1]g

• ! @++7>1( *%2$%( 2/$:74+1( 8&:7+( ?&7:#1( \&( '+17:#
?'.=( &( $.=-7#&#2./( #%&#( 4.+1( /.#( =++#( #%+
1B1#+=( 1-+$2?2$&#2./]@( #2=2/<( ?&7:#1( \&
-'.$+11.'( .'( 1+'82$+(*%2$%( 21( /.#( 4+:28+'+4( .'
$.=-:+#+4(*2#%2/(#%+(1-+$2?2+4(#2=+(2/#+'8&:]g

• ! #,0A7( *%2$%( 2/$:74+1( 2==+42&#+( $&71+( \17$%
&1( '+1.7'$+( 4+-:+#2./( ?&7:#1( #%&#( 2/8.:8+( &
1+$#2./(.?(#%+(1B1#+=(M+2/<(7/&M:+(#.(.M#&2/(#%+
'+1.7'$+1( '+O72'+4( #.( -+'?.'=( 2#1( #&15@( :.<2$
?&7:#1(#%&#('+17:#(?'.=(#%+(1B1#+=(/.#(M+%&82/<
&$$.'42/<( #.( 1-+$2?2$&#2./@( -%B12$&:( ?&7:#1( #%&#
&'+( $&71+4( MB( %&'4*&'+( M'+&51( .'(=7#&#2./( 2/
+R+$7#&M:+(1.?#*&'+]@(7:#2=&#+($&71+(\1-+$2?2$&I
#2./(?&7:#1@($./?2<7'&#2./(?&7:#1]g

• ! 40B,1-/)5*%2$%( 2/$:74+1(-+'121#+/#( ?&7:#1( \#%&#
'+=&2/(&$#28+(?.'(&(12</2?2$&/#(-+'2.4(.?( #2=+]@
#'&/12+/#( ?&7:#1( \#%&#( '+=&2/( &$#28+( ?.'( &( 1%.'#
-+'2.4(.?(#2=+]g(&/4

• ! H??+$#( ./( A?A17C5 A1,17( *%2$%( 21( $%&'&$#+'2N+4
MB(?&7:#1(4+1$'2M2/<(#%+(1B1#+=(1#&#+1L

0#74B( STU( 1%.*1( #%&#( #%+'+( &'+( #*.( -'2/$2-&:
?&$#.'1(#%&#(&??+$#(#%+(M+%&82.'(.?(?&2:7'+L((G%+(?2'1#
?&$#.'(21(#%+(/7=M+'(.?(?&7:#1(2/(#%+(1.?#*&'+(M+2/<
+R+$7#+4@( &/4( #%+( 1+$./4( ?&$#.'( $./$+'/1( *2#%( #%+
+R+$7#2./( +/82'./=+/#( .'( .-+'&#2./&:( -'.?2:+( .?
+R+$7#2./L( ( G%+( ?&$#( #%&#( 1.?#*&'+( 4+8+:.-=+/#
-'.$+11( 21( 1#2::( &( %7=&/I.'2+/#+4( &$#282#B( =&5+1( 2#



F

2=-.112M:+(#.(-'.47$+(?&7:#I?'++(1.?#*&'+(-'.47$#1L
"1( 17$%@( ?&7:#1( &'+( 717&::B( 2/#'.47$+4( *%+/( #%+
$.4+( 21( M+2/<( 4+8+:.-+4( MB( -'.<'&==+'1@( 47'2/<
.'2<2/&:( 4+12</@( &442/<( /+*( ?+&#7'+1@( .'( 4+12</
$%&/<+1@(.'(?&7:#('+-&2'L( (9&'2.71(+??.'#1(%&8+(M++/
#&5+/(#.('+=.8+(/+*(?&7:#1(M+2/<(2/#'.47$+4(47'2/<
=&2/#+/&/$+@( /&=+:B@( '+<'+112./( #+1#@( $:+&/'..=
#+$%/2O7+@(+#$L( (W+=.8&:(-'.$+11(.?#+/( #&5+1(-:&$+
*%+/(#%+(?2'1#(?&7:#(21(4+#+$#+4L((G%21(-'.$+11@(?'.=
&( -'&$#2$&:( 1#&/4-.2/#@( 21( 4+-+/4+/#( ./( #%+
+??2$2+/$B(*%2$%(?&7:#1(&'+(?.7/4(&/4('+=.8+4L
G.(=.4+:(1.?#*&'+('+:2&M2:2#B@(*+($./124+'+4(#%+

-'.$+11( 2/8.:82/<( #%+( &M.8+( -'2/$2-&:( ?&$#.'1( ?'.=
#%'++( 82+*-.2/#1@( /&=+:B@( +,0<15 -)1B/D0>1-/)@( +,0<1
B7C/E,<@( &/4( 1F75 7)E-B/)C7)1L( ( A&7:#( 2/#'.47$#2./
4+-+/41( -'2=&'2:B( ./( #%+( $%&'&$#+'21#2$1( .?( #%+
4+8+:.-+4( $.4+( \$.4+( $'+&#+4( .'( =.42?2+4( ?.'( #%+
&--:2$&#2./]( &/4( #%+( $%&'&$#+'21#2$1( .?( #%+
4+8+:.-=+/#( -'.$+11( STUL( ( G%+( =.1#( 12</2?2$&/#
$.4+( $%&'&$I#+'21#2$( 21( 12N+@( *%+'+&1( #%+
4+8+:.-=+/#( -'.$+11( $%&'&$#+'21#2$1( +/$.=-&11
1.?#*&'+(+/<2/++'2/<(#+$%/.:.<2+1@(#..:1@(&/4(:+8+:1
.?( +R-+'2+/$+( .?( -+'1.//+:L( ( 07$%( &( 1.?#*&'+
'+:2&M2:2#B(=.4+:(1-+$2?2+1(&(<+/+'&:( ?&2:7'+(-'.$+11
4+-+/4+/$B( M&1+4( ./( #%+( &?.'+=+/#2./+4( ?&$#.'1L
G%21(4+-+/4+/$B($&/(M+(4+?2/+4(MB(+1#&M:21%2/<(#%+
-&'&=+#+'1( .?( #%+( =.4+:( #%'.7<%( +1#2=&#2./( .'
-'+42$#2./L( ( G%+( ?.'=+'( '+1#1( ./( 1#&#21#2$&:
#+$%/2O7+1(M+2/<(&--:2+4(#.(?&2:7'+(4&#&(#&5+/(?'.=
#%+( -'.<'&=1@( *%+'+&1( #%+( :&##+'( 4+#+'=2/+1( #%+
-'.-+'#2+1( .?( 1.?#*&'+( -'.47$#( O7&:2#B( &/4( #%+
4+8+:.-=+/#( -'.$+11( 712/<( ?7NNB( :.<2$( .'( /+7'&:
/+#*.'5(#+$%/2O7+1L
;/(#%21(-&-+'@(*+(+=-:.B+4(#%+($.7/#(.?(1.?#*&'+

?&7:#1( &/4( &( ?+*( 1+:+$#+4( 1.?#*&'+( ?&7:#( -'+42$#2./
-&'&=+#+'1( \.'( =+#'2$1]( &1( #%+( M&1+1( ?.'( .7'
'+:2&M2:2#B(=.4+:L((0.?#*&'+('+:2&M2:2#B(&/&:BN+1($&/
#%+/(M+($&''2+4(.7#(MB(=+&/1(.?(#%+(-'.-.1+4(=.4+:
.-+'&#2/<( ./( 1&=-:+( $.4+L( ( P+( %.-+( #%&#( #%+
-'.-.1+4( =.4+:( *2::( M+( &M:+( #.( -'+42$#( 1.=+
-'+4.=2/&/#($%&'&$#+'21#2$1(&/4($&71+1(.?( 1.?#*&'+
?&7:#L
G%21( -&-+'( 21( .'<&/2N+4( &1( ?.::.*1L( ( 0+$#2./( F

421$711+1(.7'(&--'.&$%(?.'(4&#&($:71#+'2/<(#+$%/2O7+
712/<( ?7NNB( 17M#'&$#28+( =+#%.4L( ( 0+$#2./( e
+1#&M:21%+1( #%+( ?7/4&=+/#&:( .?( #%+( -'.-.1+4( ?&7:#
-'+42$#2./( =.4+:( M&1+4( ./( *+::I4+?2/+4( /+7'&:
/+#*.'5( -'2/$2-:+1L( ( 0+$#2./( h( 4+'28+1( #%+( '&42&:I
M&121( =+=M+'1%2-( ?7/$#2./L( ( 0.=+( +8&:7&#2./
$'2#+'2&(?.'(#%+(+R-+'2=+/#(&'+(4+1$'2M+4( 2/(0+$#2./
Y( &/4( ^@( '+1-+$#28+:BL( ( G%+( $./$:712./( &/4( ?7#7'+
*.'5(&'+(<28+/(2/(0+$#2./(TL

EA! *+556)!+>$'&0$/F()7,+3$('/14
G%+'+( &'+( =&/B( ?7NNB( $:71#+'2/<( #+$%/2O7+1( #.
<'.7-( 4&#&( -.2/#1( 2/( $:71#+'1L( ( V/+( -.-7:&'
#+$%/2O7+( 21( A7NNB(3I)+&/1( $:71#+'2/<(*%2$%( 21( &
12=-:+( &/4( 1#'&2<%#?.'*&'4( &--'.&$%L( ( G%21
#+$%/2O7+@( %.*+8+'@( '+O72'+1( #*.( -'+4+?2/+4
$:71#+'1( *%+'+( +8+'B( 4&#&( -.2/#( =+=M+'1%2-

4+-+/41( ./( &( =+=M+'1%2-( <'&4+L( ( G%+( 17M#'&$#28+
$:71#+'2/<@( ./( #%+( .#%+'( %&/4@( 4.+1( /.#( '+O72'+( &
-'+4+?2/+4( /7=M+'( .?( $:71#+'1L( ( G%+( 17M#'&$#28+
$:71#+'2/<( 21( &( ?&1#@( ./+I-&11( &:<.'2#%=( ?.'
+1#2=&#2/<( #%+( /7=M+'( .?( $:71#+'1( &/4( $:71#+'
$+/#+'1( 2/( &( 1+#( .?( 4&#&( S!EUL( ( H&$%( 4&#&( -.2/#( 21
$./124+'+4( &( -.#+/#2&:( $:71#+'( $+/#+'@( *%2$%( 21
$&:$7:&#+4(?'.=(#%+(4+/12#B(.?(#%+(17''.7/42/<(4&#&
-.2/#1(S!UL((Z28+/(&(<'.7-(.?(4&#&(-.2/#1(GH;I5H*I5J5J5J
I5H)5K(&/4(&::(4&#&(-.2/#1(&'+(/.'=&:2N+4(*2#%('+1-+$#
#.( +&$%( 8&'2&M:+( \8+$#.']( &11.$2&#+4( *2#%( H-@( #%+
2/2#2&:(-.#+/#2&:(8&:7+(.?(#%+(4&#&(-.2/#(H-(21(4+?2/+4
&1(SeU

((((((((((((((((((((((((((

∑

∑

=

−−

=

−
−

=

=

)

L

HH

)

L

B

HH

-

L-

,

L-

7

7M

!

!

]`d\

`

`

`

α

(((((((((((((((((\!]

*%+'+( `
e

,B
=α

((((((((((( L ((21(#%+(H7$:24+&/(421#&/$+
(((((((((((( ,B (21(&(-.12#28+($./1#&/#

G%+($./1#&/#( ,B ( 21( +??+$#28+:B(&( /.'=&:2N+4( '&4271
4+?2/2/<( #%+( /+2<%M.'%..4( *%+'+( &/B( 4&#&( -.2/#1
.7#124+( #%21( '&4271( %&8+( :2##:+( 2/?:7+/$+( ./( #%+
-.#+/#2&:L((G%+(4&#&(-.2/#(*2#%(#%+(%2<%+1#(-.#+/#2&:
8&:7+(21(1+:+$#+4(&1(#%+(?2'1#($:71#+'($+/#+'L
6+# i

!H (M+(#%+(?2'1#($:71#+'(:.$&#2./(*2#%(#%+(-.#+/#2&:

8&:7+( i
!M L( (G%+(-.#+/#2&:( 8&:7+( .?( +&$%( 4&#&( -.2/#

-H (21(2#+'&#28+:B(&4[71#+4(MB(Se@(!hU

(((((((((((((((((
`i

!

`

`i
!

i
!

]`d\i
!

HH

-

B

HH

--

-

N

-

7MM

7MMM

−−

−−

−=

−=
β

(((((((((((((\`]

*%+'+( `
e

NB
=β

(((((((((((( NB (21(&(-.12#28+($./1#&/#

G%+( $./1#&/#( NB ( 21( /.'=&::B( :&'<+'( #%&/( ,B &/4

17<<+1#+4( #.( M+( !L`h ,B ( S!hU( #.( &8.24( .M#&2/2/<
$:.1+:B(1-&$+4($:71#+'($+/#+'1L( (G%+(-.#+/#2&:(8&:7+
.?(+&$%(4&#&(-.2/#( /+&'( #%+( ?2'1#( $:71#+'( $+/#+'(*2::
M+(<'+&#:B('+47$+4(MB(HO7&#2./(`@(&/4(#%71(#%+(4&#&
-.2/#( *2::( 7/:25+:B( M+( $%.1+/( &1( #%+( /+R#( $:71#+'
$+/#+'(SeUL
G%+( 4&#&( -.2/#( *2#%( #%+( %2<%+1#( '+=&2/2/<

-.#+/#2&:( 21( .M#&2/+4( &/4( 1+#( &1( #%+( /+R#( $:71#+'
$+/#+'L( (G%+(-.#+/#2&:( .?( #%+( '+=&2/2/<(4&#&(-.2/#1
$&/( M+( '+$&:$7:&#+4( &$$.'42/<( #.( #%+2'( 421#&/$+( #.
#%+( /+*( $:71#+'( $+/#+'L( ( G%+( <+/+'&:( -.#+/#2&:
'+8212./(?.'=7:&($&/(M+(+R-'+11+4(&1(SeU



e

((((((((((((
`i

i O- HH

O-- 7MMM
−−−= β

((((((((((((((\F]

*%+'+( i
OH (21(#%+(:.$&#2./(.?(#%+(5

#%($:71#+'($+/#+'

(((((((((( i
OM (21(2#1(-.#+/#2&:(8&:7+

G%+( -'.$+47'+( .?( ?2/42/<( &( /+*( $:71#+'( $+/#+'( 21
'+-+&#+4(7/#2:(&(17??2$2+/#(/7=M+'(.?($:71#+'($+/#+'1
&'+( <+/+'&#+4L( G%+( 1#.--2/<( $'2#+'2./( 21( #%&#( #%+
'+=&2/2/<(-.#+/#2&:(.?(&::(4&#&(-.2/#1(&'+(:.*+'(#%&/
1.=+( ?'&$#2./1( .?( #%+( ?2'1#( $:71#+'( $+/#+'( -.#+/#2&:
i
!M *%2$%( 21( 717&::B( 1+#( #.( i

OM j( EL!h i
!M ( &1

17<<+1#+4(2/(Se@(!hUL

GA! D+,$/,&6(')-('0(H$'"1)&1.):&0<H'"9
H&4&$/"1)I(&'1/14

)7:#2:&B+'( -+'$+-#'./1( \)6,]( &'+( =7:#2:&B+'
?++4?.'*&'4(/+#*.'51(S^UL((G%+(/+#*.'5($./121#1(.?
&(1+#(.?(1+/1.'B(7/2#1(#%&#($./1#2#7#+(#%+(2/-7#(:&B+'@
./+( .'( =.'+( %244+/( :&B+'1( .?( $.=-7#&#2./( /.4+1@
&/4(.7#-7#( :&B+'(.?($.=-7#&#2./(/.4+1L( (G%+( 2/-7#
12</&:(-'.-&<&#+1(#%'.7<%(#%+(/+#*.'5(2/(&(?.'*&'4
42'+$#2./(./(&(:&B+'IMBI:&B+'(M&121L

GA@A! :&0<9H'"H&4&$/"1)I(&'1/14)=,4"'/$JK
D&$5I-'.-&<&#2./( \D,]( :+&'/2/<( $./121#1( .?( #*.
-%&1+1@(/&=+:B@(:+&'/2/<(-%&1+(&/4(*.'52/<(-%&1+L
;/( :+&'/2/<( -%&1+@( &( 1+#( .?( 2/-7#( -&##+'/1( \#'&2/2/<
1+#]( &'+( -'+1+/#+4( #.( #%+( 2/-7#( :&B+'( #.<+#%+'( *2#%
#%+2'( $.''+1-./42/<( 4+12'+4( .7#-7#( -&##+'/1L( ( "
1=&::( '&/4.=( 2/2#2&:( *+2<%#( 8&:7+( 21( &112</+4( #.
+&$%( $.//+$#2./( M+#*++/( /.4+1( 2/( #%+( 2/-7#( :&B+'
&/4( #%+( %244+/( :&B+'L( ( "1( +&$%( 2/-7#( -&##+'/( 21
&--:2+4@(#%+(&$#7&:(.7#-7#(21('+$.'4+4L((G%+(*+2<%#1
M+#*++/( #%+( .7#-7#( :&B+'( &/4( #%+( -'+82.71( :&B+'
\%244+/( :&B+']( &'+( '+$&:$7:&#+4( 712/<( #%+
<+/+'&:2N+4(4+:#&('7:+(*%2$%(*2::(M+(4+1$'2M+4(:&#+'L
G%+(&4[71#=+/#( '+47$+1( #%+(42??+'+/$+(M+#*++/( #%+
/+#*.'5(&$#7&:(.7#-7#1(&/4(#%+(4+12'+4(.7#-7#1(?.'(&
<28+/(2/-7#(-&##+'/L
G%+( 2/-7#( #.( +&$%( /.4+( ?.'( 17$$+1128+( :&B+'1( 21

#%+( 17=( .?( #%+( 1$&:&'( -'.47$#1( .?( #%+( 2/$.=2/<
8+$#.'( $.=-./+/#1( *2#%( #%+2'( '+1-+$#28+( *+2<%#1L
G%71( #%+( 2/-7#( #.( &( /.4+( L5 \A2<7'+( !]5 21( <28+/( MB
S!`U
(((((((((((((( ∑ ⋅=

-
-L-L /01P-):01 (((((((((((((((((((\e]

*%+'+ L-P (21(#%+(*+2<%#($.//+$#2/<(/.4+(-(#.(/.4+(L
&/4(/01-( 21( #%+(.7#-7#(.?(/.4+( -L( (Q.( $&:$7:&#2./( 21
-+'?.'=+4(&#( #%+(2/-7#(:&B+'(12/$+(2#( 21( [71#( ?++42/<
#%+( 8&:7+( .?( 2/-7#( -&##+'/1( #.( #%+( /+#*.'5L( ( G%+
.7#-7#(.?(&(/.4+(L(21@(#%+'+?.'+@

((((((((((((((((((((((((((( ]\ LL -):01+/01 = (((((((((((((((((\h]

&/4( #%21( .7#-7#( 21( 1+/#( #.( &::( /.4+1( 2/( 17M1+O7+/#
:&B+'1L( ( G%21( $.=-7#&#2./( 21( $./#2/7+4( #%'.7<%( &::
:&B+'1( .?( #%+( /+#*.'5( 7/#2:( #%+( .7#-7#( :&B+'( 21
'+&$%+4L( ( "#( #%&#( -.2/#@( #%+( .7#-7#( 8+$#.'( 21
<+/+'&#+4L

*/4+'(@L)='0J/$(0$+'()"#)D+,$/,&6(')-('0(H$'"1A

G%+( ?7/$#2./( +( 21( #%+(&$#28&#2./( ?7/$#2./(.?( +&$%
/.4+L( ( ;/( #%21( 1#74B@( *+( +=-:.B+4( #%+( 12<=.24
&$#28&#2./(?7/$#2./(&1(?.::.*1J

((((((((((
]+R-\!

!]\
H

H+
−+

= (((((((((((((((((((((((((\Y]

*%+'+(H565-):01LL((A2<7'+(`(2::71#'&#+1(12<=.24($7'8+
.?(&(/.4+(&$#2/<(:25+(&(#%'+1%.:42/<(4+82$+(S!`UL
D&1+4( ./( #%+( 42??+'+/$+( +''.'( #+'=( .'δ #+'=( 2/

#%+(.7#-7#(:&B+'@(#%+(*+2<%#($&/(M+($.=-7#+4(MB(S^U

(( ]\]\]!\ OOOLOL /01)P)P δη+=+ (((((((((((\^]

*%+'+( POL&)9;(( &/4( POL&)(5 &'+( #%+( *+2<%#1
$.//+$#2/<(/.4+1( O( &/4( L( &#( 2#+'&#2./( &)9;(( &/4()@
'+1-+$#28+:B@(η ( 21( &( :+&'/2/<( '&#+( -&'&=+#+'L( ( G%+
δ ( #+'=1( .?( %244+/( :&B+'( /.4+1( &'+( $.=-7#+4( &/4
#%+( *+2<%#1( $.//+$#2/<( #%+( %244+/( :&B+'( #.( #%+
-'+82.71(:&B+'(\&/.#%+'(%244+/(:&B+'(.'(2/-7#(:&B+']
&'+( 7-4&#+4( &$$.'42/<:BL( ( G%21( $&:$7:&#2./( 21
'+-+&#+4(7/#2:(&::(*+2<%#1(%&8+(M++/(&4[71#+4L
G%+δ #+'=(2/(-'+82.71(+O7&#2./(21(.?#+/('+?+''+4

#.(&1(#%+('&#+(.?($%&/<+(.?(+''.'(*2#%('+1-+$#(#.(#%+
2/-7#(.?(/.4+(O@(&/4($&/(M+(*'2##+/(&1(S!`U

((((((((( ]\_]\ OOOO -):01+/01D −=δ ((((((((((((((\T]

?.'(/.4+1(2/(#%+(.7#-7#(:&B+'@(&/4

((((((((((((( ∑=
O

OLOOL P-):01+ δδ ]\_ (((((((((((((((((\X]



h

?.'( /.4+1( 2/( #%+( %244+/( :&B+'1@( *%+'+( DO( 21( #%+
4+12'+4(.7#-7#(.?(/.4+(OL

*/4+'()CL)MJ()!/4K"/.)=0$/F&$/"1)*+10$/"1A

G%+( ?7/4&=+/#&:( .?( M&$5I-'.-&<&#2./( &:<.'2#%=
+=-:.B+4( 2/( #'&2/2/<( -%&1+( 21( &( <'&42+/#( 4+1$+/#
.-#2=2N&#2./(-'.$+47'+(*%2$%(=2/2=2N+1( #%+(=+&/
1O7&'+4( +''.'( M+#*++/( /+#*.'5( .7#-7#( &/4( #%+
4+12'+4( .7#-7#( .?( &::( 2/-7#( -&##+'/1( M( &1( ?.::.*1
S!`UJ

(((((((( ∑∑ −=
: O

OO /01D
M

@ `]\
`
!

(((((((((((((\!E]

G%+( #'&2/2/<( 1+#( 21( -'+1+/#+4( 2#+'&#28+:B( #.( .-+'&#+
#%+(/+#*.'5@(*%+'+MB(#%+(*+2<%#1(&'+(7-4&#+4(7/#2:
#%+2'( 8&:7+1( M+$.=+( 1#&M2:2N+4( &$$.'42/<( #.( #%+
?.::.*2/<($'2#+'2&J
• ! &(71+'I4+?2/+4(+''.'(#.:+'&/$+(21(&$%2+8+4@(.'
• ! &(=&R2=7=(/7=M+'(.?(2#+'&#2./1(21('+&$%+4L

GACA! =HH,6/14) 7'"33) N&,/.&$/"1) $") !$"HH/14
7'/$('/&

;/( #%+( #'&2/2/<( -%&1+( .?( &( /+7'&:( /+#*.'5@( #%+
2=-.'#&/#( <.&:( 21( #.( .M#&2/( .-#2=&:( <+/+'&:2N&#2./
-+'?.'=&/$+L( ( Z+/+'&:2N&#2./( -+'?.'=&/$+( =+&/1
1=&::( +''.'1( ./( +R&=-:+1( /.#( 1++/( 47'2/<( #'&2/2/<
ShUL((0#&/4&'4(/+7'&:(/+#*.'5(&'$%2#+$#7'+1@(17$%(&1
#%+( =7:#2:&B+'( -+'$+-#'./( \)6,]@( &'+( -'./+( #.
.8+'?2##2/<L((07$%(&(M+%&82.'(21(.?#+/(#%+($&1+(*%2:+
#%+( /+#*.'5( 1++=1( #.( -+'?.'=( M+##+'( \*%+'+( #%+
+''.'1(./(#%+(#'&2/2/<(1+#(4+$'+&1+]L((H''.'1(M+<2/(#.
17'?&$+( &#( 1.=+( -.2/#( 47'2/<( #'&2/2/<( &/4( M+$.=+
*.'1+@(+L<L@(#%+(+''.'1(./(7/1++/(+R&=-:+1(2/$'+&1+L
G%+'+(&'+( #*.(*&B1( #.(.8+'$.=+(.8+'?2##2/<(ShUL

G%+(?2'1#(*&B(21(#.('+47$+(#%+(/7=M+'(.?(42=+/12./1
.?(#%+(-&'&=+#+'(1-&$+(.'(#%+(+??+$#28+(12N+(.?(+&$%
42=+/12./L((G%+(.#%+'(*&B(21(+&':B(1#.--2/<L((H&':B
1#.--2/<( $&/( M+( $&''2+4( .7#( +2#%+'( 2/#+'&$#28+:B( .'
&7#.=&#2$&::B@( 2L+L@( M&1+4( ./( %7=&/( [74<+=+/#( .'
&7#.=&#2$(1#.--2/<($'2#+'2&@('+1-+$#28+:BL

*/4+'()EL)B.(&,/5(.)M'&/1/14)&1.)O(1('&,/5&$/"1
P''"')7+'F(3AQN('$/0&,LP''"'3RS"'/5"1$&,LM/K(T

A2<7'+( F( 1%.*1( #%+( +8.:7#2./( .8+'#2=+( .?( #%+( -+'I
+R&=-:+(+''.'(./(&(#'&2/2/<(1+#(&/4(./(&(#+1#(1+#(/.#
71+4(?.'(#'&2/2/<L((G%+(?.::.*2/<(1#+-1(4+1$'2M+(%.*
#.(&--:B($'.11(8&:24&#2./(#.(+&':B(1#.--2/<(ShUJ
• ! 1-:2#( #%+( #'&2/2/<(4&#&( 2/#.( &( #'&2/2/<( 1+#( &/4( &

$'.11(8&:24&#2./(1+#@
• ! #'&2/( ./:B( ./( #%+( #'&2/2/<( 1+#( &/4( +8&:7&#+( #%+

-+'I+R&=-:+(+''.'(./(#%+(8&:24&#2./(1+#(./$+(2/
&(*%2:+@

• ! 1#.-( #'&2/2/<( &1( 1../( &1( #%+( +''.'( ./( #%+( $'.11
8&:24&#2./(1+#(21(%2<%+'(#%&/(2#(*&1($%+$5+4(#%+
:&1#(#2=+@(&/4

• ! 71+( #%+( *+2<%#1( #%+( /+#*.'5( %&4( 2/( #%&#
-'+82.71(1#+-(&1(#%+('+17:#(.?(#%+(#'&2/2/<('7/L

G%21( =+#%.4( 71+1( $'.11( 8&:24&#2./( 1+#( #.( 12=7:&#+
#%+(M+%&82.'(./(#%+(#+1#(1+#@(&117=2/<(#%&#(#%+(+''.'
./(M.#%(1+#1(*2::(M+(12=2:&'L
G%+'+( &'+( &( /7=M+'( .?( -:&712M:+( -'.-.1+4

1#.--2/<( $'2#+'2&( #%&#( *+'+( $:&112?2+4( MB( ShU( 2/#.
#%'++($:&11+1(M&1+4(./(#%+(4+?2/2#2./1(M+:.*L((Z28+/
• ! @(M+( #%+(.M[+$#28+( ?7/$#2./( \+''.'( ?7/$#2./]( .?

#%+(#'&2/2/<(&:<.'2#%=@
• ! @1B&1((M+(#%+(&8+'&<+(+''.'(-+'I+R&=-:+(.8+'(#%+

#'&2/2/<(1+#@(=+&17'+4(&?#+'(+-.$%(1@
• ! @E,&1(( M+( #%+( $.''+1-./42/<( +''.'( ./( #%+

8&:24&#2./( 1+#( &/4( 21( 71+4( MB( #%+( 1#.--2/<
$'2#+'2./@

• ! @17&1((M+(#%+($.''+1-./42/<(+''.'(./(#%+(#+1#(1+#@
&/4

• ! @/:1&1(( M+( #%+( :.*+1#( 8&:24&#2./( 1+#( +''.'
.M#&2/+4(2/(+-.$%1(7-(#.(1J
55 ]_\=2/]\

_
1@1@ E,

11
/:1 ≤

=

G%+( <+/+'&:2N&#2./( :.11( &#( +-.$%( 1( 21( #%+( '+:&#28+
-+'$+/#&<+( 2/$'+&1+( .?( 8&:24&#2./( +''.'( .8+'( #%+
=2/2=7=I1.I?&'(\2/(-+'$+/#](ShUJ

((((((((((((( 









−×= !
]\
]\!EE]\
1@

1@
1'!

/:1

E, ((((((((((((\!!]



Y

"( %2<%( <+/+'&:2N&#2./( :.11( 42'+$#:B( 2/42$&#+1
.8+'?2##2/<@( %+/$+( #%+( 1#.--2/<( $'2#+'2&( .?( #'&2/2/<L
3./1+O7+/#:B@( #%+( ?2'1#( $:&11( .?( 1#.--2/<( $'2#+'2&
\ α'! ](21(#.(1#.-(&1(1../(&1(#%+(<+/+'&:2N&#2./(:.11
+R$++41(&($+'#&2/(#%'+1%.:4(ShU@(#%&#(21@

α'! J(1#.-(&?#+'(?2'1#(+-.$%(1(*2#%('!&1(((k(α
"1( #'&2/2/<( +''.'( 1#2::( 4+$'+&1+1( '&-24:B@( /.
.8+'?2##2/<( #&5+1( -:&$+L( ( P%+/( #%+( +''.'( 4+$'+&1+
'&#+(M+<2/1(#.(:+8+:@(.8+'?2##2/<(*2::(:25+:B(.$$7'L(("
#'&2/2/<(1#'2-(.?(:+/<#%(O(21(4+?2/+4(&1(&(1+O7+/$+(.?
O(+-.$%1(/7=M+'+4()9;IJJJI)9O@(*%+'+()(21(428212M:+
MB( OL( ( G%+( #'&2/2/<( -'.<'+11( \2/( -+'( #%.71&/4]
=+&17'+4(&?#+'(17$%(&(#'&2/2/<(1#'2-(21(ShU

((((



















×
×=

+−=

+−=
∑

]_\

]_\
!EEE

=2/
!_

!_

1@O

1@
M

1B

1

O11

1

O11
1B

O ((((((\!`]

G%+( &M.8+(=+&17'+1( #%+( &8+'&<+( #'&2/2/<( +''.'( ?.'
#%+(47'&#2./(*%+/(#%+(1#'2-(M+$.=+1(:&'<+'(#%&/(#%+
=2/2=7=(1#'2-L

G%+(1+$./4($:&11(.?(1#.--2/<($'2#+'2&(21(4+?2/+4
&1(#%+(O7.#2+/#(.?(<+/+'&:2N&#2./(:.11(&/4(-'.<'+11+1
&1(?.::.*1((ShUJ

αMQ J( 1#.-( &?#+'( ?2'1#( +/4I.?I1#'2-( +-.$%( 1( *2#%

α>
]\
]\
1M

1'!

O

3'.11(8&:24&#2./(+''.'1(&'+(=+&17'+4(./:B(&#(#%+(+/4
.?( +&$%( 1#'2-@( 4+-+/42/<(./( #%+( 12</(.?( $%&/<+1( 2/
#%+(<+/+'&:2N&#2./L
G%+( #%2'4( $:&11( .?( 1#.--2/<( $'2#+'2&( 21( M&1+4( ./

#%+( /.#2./( .?( 1#.--2/<( *%+/( <+/+'&:2N&#2./( +''.'1
2/$'+&1+(2/(A517$$+1128+(1#'2-1(ShU@(#%&#(21@

RM1J(1#.-(&?#+'(+-.$%(1(2?(RMA8;(1#.-1(&?#+'(+-.$%(18O
&/4(@E,&1(5S5@E,&18O(

RM!J( 1#.-( &?#+'( ?2'1#( +/4I.?I1#'2-( +-.$%( 1( *2#%
@E,&1(5S5@E,&18O(

G%21(4+?2/2#2./(=+&/1(#%&#(*%+/(#%+(8&:24&#2./(+''.'
%&1( 2/$'+&1+4( /.#( ./:B( ./$+@( M7#( 47'2/<( A
$./1+$7#28+( 1#'2-1( &/4( &117=+( #%&#( 17$%( 2/$'+&1+1
2/42$&#+( #%+( M+<2//2/<( .?( ?2/&:( .8+'?2##2/<@
2/4+-+/4+/#(.?(%.*(:&'<+(#%+(2/$'+&1+1(&$#7&::B(&'+L
A'.=( &::( 1#.--2/<( $'2#+'2&( $:&11+1( \'!@(MQ@( &/4

RM]@( *+( +=-:.B+4( #%+( $:&11( MQ( &1( #%+( 1#.--2/<
$'2#+'2&( .?( #%+( #'&2/2/<( 7/4+'( M&$5I-'.-&<&#2./
:+&'/2/<(&--'.&$%L

UA! 8&./&,9:&3/3) *+10$/"1) ;($%"'<3
Q8:*;T

UA@A! MJ()B1$('H",&$/"1)-'">,(K
G%+( '&42&:IM&121( ?7/$#2./( /+#*.'51( \WDAQ]
$./$+'/1( *2#%( #%+( -'.M:+=( .?( $7'8+I?2##2/<( MB
&--'.R2=&#2./( 2/( %2<%I42=+/12./&:( 1-&$+1L( ( G%+
#+$%/2O7+( 21( 71+4( 2/( .7'( #'&2/2/<( -'.$+11( &1( 2#( 21
+O728&:+/#(#.(?2/42/<(&/(2/#+'-.:&#2/<(17'?&$+(2/(#%+
=7:#242=+/12./&:(1-&$+(#%&#(-'.824+1(#%+(M+1#(?2#(#.
#%+( #'&2/2/<( 4&#&@( =+&17'+4( MB( -'+I1+:+$#+4
1#&#21#2$&:($'2#+'2&L
G%+($7'8+I?2##2/<(.'(2/#+'-.:&#2./(-'.M:+=($&/(M+

1#&#+4(&1(?.::.*1(S^UJ
Z28+/( &( 1+#( .?( $( 42??+'+/#( -.2/#1

{ }$-H C
- @@`@!E !=ℜ∈ ( &/4( &( $.''+1-./4I

2/<(1+#(.?($('+&:(/7=M+'1( { }$-TD- @@`@!! !=∈ @

&( ?7/$#2./( !J ℜ→ℜ $3 ( #%&#( 1&#21?2+1( #%+
2/#+'-.:&#2./($./42#2./1(21(<28+/(MB

((((((((( $-DH3 -- @@`@!]\ !== ((((((((((((((\!F]

UACA! 8&./&,9:&3/3)*+10$/"13
G%+( '&42&:IM&121( ?7/$#2./1( \WDA]( #+$%/2O7+
17<<+1#1(#%&#(#%+(2/#+'-.:&#2./(?7/$#2./3 1%.7:4(M+
$./1#'7$#+4(&1(?.::.*1(S^UJ

(((((((((((((( ( )∑
=

−=
$

-
-- HHPH3

!

]\ ϕ ((((((((((((((((\!e]

*%+'+( ( ){ }$-HH - @@`@! !=−ϕ ( 21( &( 1+#( .?($
&'M2#'&'B( \<+/+'&::B( /./:2/+&'( ?7/$#2./1]( '&42&:I
M&121(?7/$#2./1@(&/4( ⋅ (21(#%+(H7$:24+&/(/.'=L((G%+

5/.*/(4&#&(-.2/#1( { }$-H C
- @@`@!E !=ℜ∈ (&'+

4+?2/+4( #.( M+( #%+( $+/#+'1( .?( #%+( '&42&:IM&121
?7/$#2./L
;/1+'#2/<(#%+(2/#+'-.:&#2./($./42#2./1(.?(HO7&#2./

!F( 2/(HO7&#2./( !e@(*+( <+#( &( 1+#( .?( 12=7:#&/+.71:B
:2/+&'( +O7&#2./1( *2#%( 7/5/.*/( $.+??2$2+/#1( \.'
*+2<%#1](.?(#%+(+R-&/12./(P-



















=




































$$$$$$

$

$

D

D

D

P

P

P

""

#

"""

#

#

`

!

`

!

`!

````!

!!`!!

ϕϕϕ

ϕϕϕ
ϕϕϕ

((\!h]

*%+'+

( ) ( ) $-LHH -LL- @@`@!@ !=−=ϕϕ ((((((((\!Y]



^

6+#
[ ]U$DDDD @@@ `! != M+(4+12'+4(.7#-7#(8+$#.'

[ ]U$PPPP @@@ `! != M+(:2/+&'(*+2<%#(8+$#.'
5$(21(#%+(12N+(.?(#%+(#'&2/2/<(1&=-:+
Φ 4+/.#+(&/(QIMBIQ(=&#'2R(*2#%(+:+=+/#( L-ϕ

(((((((((( ( ){ }$-LL- @@`@!@ !==Φ ϕ (((((((((((\!^]

G%21( =&#'2R( 21( $&::+4( #%+( -)17B:/<,1-/)5 C,1B-H( &/4
HO7&#2./(!h($&/(M+(*'2##+/(2/($.=-&$#(?.'=(S^U

(((((((((((((((((((((((((((((((((((( DP =Φ ((((((((((((((((((((((((\!T]

G%+( 7/5/.*/( *+2<%#1\P]( $&/( M+( .M#&2/+4( MB
1.:82/<(#%+(?.::.*2/<(:2/+&'(+O7&#2./J

(((((((((((((((((((((((((((((((((( DP +Φ= ((((((((((((((((((((((((\!X]

*%+'+( +Φ 21(#%+(-1+74.2/8+'1+(.?((Φ

(((((((((((((((((((((((((( ( ) UU ΦΦΦ=Φ −+ !
((((((((((((((((\`E]

G%+'+( &'+( =&/B( ?7/$#2./1( #%&#( $&/( M+( 71+4( 2/
'&42&:IM&121(?7/$#2./@(?.'(+R&=-:+@
!L! ()7:#2O7&4'2$1

`
!

`` ]\]\ >BB +=ϕ ( ?.'( 1.=+( >kE( &/4
ℜ∈B

`L! ;/8+'1+(=7:#2O7&4'2$1

`
!

`` ]\

!]\
>B

B

+
=ϕ ( ?.'( 1.=+( >kE( &/4

ℜ∈B

FL! Z&7112&/(?7/$#2./1











−

=
`

`

`]\ σϕ
B

7B (?.'(1.=+(σ kE(&/4( ℜ∈B

G%+( =7:#28&'2&#+( Z&7112&/( ?7/$#2./( <28+1( #*.
2=-.'#&/#(-'.-+'#2+1(#%&#(=&5+(2#(&(-'.-+'($%.2$+
?.'(M72:42/<('&42&:IM&121(?7/$#2./(S^U(2/(.7'(*.'5@
2L+L@( 2#( 21( M.#%( #'&/1:&#2./( &/4( '.#&#2./( 2/8&'2&/#L
G%+( =7:#28&'2&#+( Z&7112&/( ?7/$#2./( *2#%( #%+1+
-'.-+'#2+1( 21( &:1.($&::+4('B77)VA5 +0)>1-/)@(*%2$%
%&1(#%+(?.'=J

(((( 








 −
−= `

`

`
+R-]@\

-

-
-

HH
HH'

σ
((((((((((((((((\`!]

UAEA! 8(4+,&'/5&$/"1);($%"'<3
W+?+''2/<( #.( #%+( WDA( /+#*.'5( 1#'7$#7'+@( #%+
'+<7:&'2N&#2./( /+#*.'5( $./121#1( .?( #%'++( :&B+'1@
/&=+:B@

• ! -):015 <,?7B(*%2$%( 21($.=-.1+4(.?(&( /7=M+'
.?(2/-7#(/.4+1(+O7&:(#.(#%+(42=+/12./(CW(.?
#%+(2/-7#(8+$#.'(H@

• ! F-DD7)5 <,?7B5 ( *%2$%( 21( $.=-.1+4( .?
/./:2/+&'(7/2#1(#%&#(&'+($.//+$#+4(42'+$#:B(#.
&::(/.4+1(2/(#%+(2/-7#(:&B+'@(&/4

• ! /01:015 <,?7B(*%2$%( 21( $.=-.1+4( .?( &( 12/<:+
:2/+&'( 7/2#( ?7::B( $.//+$#+4( #.( #%+( %244+/
:&B+'L

G%+'+(21(./+(%244+/(7/2#( ?.'(+&$%(4&#&(-.2/#(H-@( -(f
!@( `@( L( L( L( @($@( *%+'+($( 21( #%+( 12N+( .?( #%+( #'&2/2/<
1&=-:+@( Z'++/_1( ?7/$#2./( 21( 71+4( &1( #%+( &$#28&#2./
?7/$#2./( .?( #%+( 2/428247&:( %244+/( 7/2#L( ( G%+'+?.'+
#%+( .7#-7#( .?( #%+( -1F( %244+/( 7/2#( 21( '&HIH-(L( ( G%+
.7#-7#(.?(#%+(/+#*.'5(21(&(:2/+&':B(*+2<%#+4(17=(.?
#%+(.7#-7#1(.?(#%+(%244+/(7/2#1L
UF75 B7=0<,B-X,1-/)5 )71P/BO5 C/D7<A5 1F7

-)17B:/<,1-/)5 +0)>1-/)5 35 ,A5 ,5 <-)7,B5 A0:7B:/A-1-/)
&<-)7,B5 P7-=F17D5 A0C(5 /+5 C0<1-E,B-,175 ',0AA-,)
+0)>1-/)A5PF->F5 )0CN7B5 -A5 7Y0,<5 1/5 1F75 )0CN7B5 /+
1F75=-E7)5-):0157H,C:<75$((S!!U@(#%&#(21@

((((((((((( ∑
=

=
$

-
-- HH'PH3

!

]@\]\ (((((((((((((((((((((\``]

17M1#2#7#2/<(HO7&#2./(`!(2/(HO7&#2./(``@(*+(<+#

((((( ∑
= 









 −
−=

$

- -

-
-

HH
PH3

!
`

`

`
+R-]\

σ
((((((((((((((\`F]

*%+'+(P-(21(#%+(*+2<%#($.''+1-./42/<(#.($.//+$#2/<
:2/5( -(?'.=(&(/.4+( 2/( #%+(%244+/( :&B+'( #.(&/(.7#-7#
/.4+L

UAGA! O(1('&,/5(.)8:*);($%"'<3
;/(#%+('+<7:&'2N&#2./(/+#*.'51@(#%+(/7=M+'(.?(Z'++/
?7/$#2./1( 21( +O7&:( #.( #%+( /7=M+'( .?( #%+( #'&2/2/<
+R&=-:+1L( ( G%21( 21( $.=-7#&#2./&::B( 2/+??2$2+/#( 2/
-'&$#2$+(12/$+(2#(=&B('+O72'+(&($.=M2/&#2./(.?(8+'B
:&'<+(/7=M+'(.?(M&121(?7/$#2./1L
;/( '+&:( *.':4( 12#7&#2./1@( ?2/42/<( #%+( :2/+&'( M&121

?7/$#2./( *+2<%#( /++41( #.( 2/8+'#( &( 8+'B( :&'<+
$$ × =&#'2R( *%2$%( 21( O72#+( $.=-7#&#2./&::B

$.=-:+RL( (G.(.8+'$.=+( #%21( -'.M:+=@( #%+( /+#*.'5
$.=-:+R2#B( /++41( #.( M+( '+47$+4L( ( G%21( =+&/1( #%&#
*+(*2::(&##+=-#(#.(?2/4(&(1.:7#2./(#%&#(&--'.R2=&#+1
#%+( 1.:7#2./( -'.47$+4( MB( #%+( '+<7:&'2N&#2./
/+#*.'51L(6+#( ]\H3 ∗ (M+(#%+(&--'.R2=&#+4(1.:7#2./
S^U@(#%&#(21@

(((((((((((((((( ∑
=

∗ =
!

!

]\]\
C

-
-- HPH3 ϕ ((((((((((((((((((\`e]



T

*%+'+( { }]@@`@!\ !C-H- !=ϕ ( 21( &( /+*( 1+#( .?
M&121( ?7/$#2./1L( ( GB-2$&::B@( #%+( /7=M+'( .?( M&121
?7/$#2./1( 21( :+11( #%&/( #%+( /7=M+'( .?( 4&#&( -.2/#1
\ $C ≤! ]@( &/4( #%+(P-( ?.'=(&( /+*( 1+#( .?(*+2<%#1L
P+(<+#

((( ( ) !@@`@!@]\ C-1H'H -- !=−=ϕ ((((((((((((\`h]

*%+'+( #%+( 1+#(.?($+/#+'1( { }!@@`@! C-1- != (=71#
M+( 4+#+'=2/+4L( ( ;/( .'4+'( #.( '+47$+( #%+( /7=M+'( .?
/.4+1(2/(#%+(%244+/(:&B+'@(*+(*2::('+4+?2/+( ]\H3 ∗

&1

( )∑ ∑
=

−==
! !

!

i ]@\]\
C

-

C

-
---- 1H'P1H'PH3 (\`Y]

G%+( '+17:#( 21( '+?+''+4( #.( &1( #%+( Z+/+'&:2N+4( WDA
Q+#*.'51L( ( "1( 2#( *2::( M+$.=+( $:+&'( 2/( #%+
+R-+'2=+/#( #%&#( #%+( /7=M+'( .?( $:71#+'( $+/#+'1
.M#&2/+4(?'.=(#%21(=.4+:(21(:+11(#%&/(#%+(/7=M+'(.?
/.4+1( \#'&2/2/<( -&##+'/1]( &1( .--.1+( #.( #%+( +O7&:
/7=M+'1(.?($:71#+'($+/#+'1(&/4(-&##+'/(/.4+1(2/(#%+
'+<7:&'2N&#2./( /+#*.'51L( ( "1( 17$%@( #%+( /+#*.'5
$.=-:+R2#B(21('+47$+4L

*/4+'()GL)8(4+,&'/5&$/"1);($%"'<

VA! PF&,+&$/"1)7'/$('/&
G*.( =.4+:1( &'+( M72:#( #.( &11+11( .7'( $./[+$#7'+( #.
$:&112?B( 1.?#*&'+( $.=-./+/#1( &1( %2<%I'215( .'( :.*I
'215( 2/( #+'=1( .?( ?&7:#I-'./+( -'+42$#2./L( ( G%+( ?2'1#
=.4+:( 21( &(=7:#2:&B+'( -+'$+-#'./( &/4( #%+( 1+$./4( &
'&42&:IM&121(?7/$#2./L((G%+(?.::.*2/<($'2#+'2&(SFU(&'+
&--:2+4(?.'(.7'(+R-+'2=+/#(+8&:7&#2./L

VA@!D/30,&33/#/0&$/"1)'&$(
G%+'+(&'+(#*.(=21$:&112?2$&#2./(+''.'1@(/&=+:B@(#B-+
!(&/4(#B-+(`(+''.'1L( ("(#B-+(!(+''.'(.$$7'1(*%+/(&

%2<%I'215($.=-./+/#(21($:&112?2+4(&1(:.*I'215@(*%2:+
&(#B-+(`(+''.'(.$$7'1(*%+/(&(:.*I'215($.=-./+/#(21
$:&112?2+4( &1( %2<%I'215L( ( )21$:&112?2$&#2./( 21
=+&17'+4(&1(&('&#2.(.?(#B-+(!(.'(#B-+(`(-'.-&<&#2./
+''.'1(#.(#%+(-'+42$#+4(#.#&:(+''.'1L((02=-:B(-7#@

,'.-&<&#2./(.?(GB-+(!J

1/1

F<

)

)
M =!

,'.-&<&#2./(.?(GB-+(`J

1/1

<F

)

)
M =` (((((((((((((((\`^]

,'.-&<&#2./(.?(GB-+(!
l(GB-+(`J

1/1

<FF<

)

))
M

+=!`

*%+'+()F<(21(#%+(/7=M+'(.?(#B-+(!(+''.'1
(((((((((()<F(21(#%+(/7=M+'(.?(#B-+(`(+''.'1
5555555555)1/1521(#%+(/7=M+'(.?(1.?#*&'+($.=-./+/#1
((((((((((71+4(2/(#%+($:&112?2$&#2./

VAC! W+&,/$6)&0J/(F(.
;?( &::( #%+( %2<%I'215( $.=-./+/#1( &'+( -'.-+':B
$:&112?2+4( MB( #%+( =.4+:1@( 4+?+$#1( *2::( M+( '+=.8+4
MB(#%+(+R#'&(8+'2?2$&#2./@(&/4(-+'?+$#(O7&:2#B(*2::(M+
&$%2+8+4L( ( C/?.'#7/&#+:B@( &M1.:7#+( -'+42$#2./( 21( 2/
/.(*&B( &##&2/+4L( ( G%71@( #%+( $.=-:+#+/+11(=+&17'+
*2::( M+( 71+4( #.( 4+#+'=2/+( #%+( :+8+:( .?( &$%2+8+4
O7&:2#B($.=-:+#+/+11(&1(?.::.*1J

((((((((((((((((((((((((((((((((((
BF

FF

)

)
# = ((((((((((((((((((((((((((\`T]

*%+'+()FF(21(#%+(/7=M+'(.?(?&7:#B($.=-./+/#1(#%&#
((((((((((%&8+(M++/(&$#7&::B($:&112?2+4(MB(#%+(=.4+:1
(((((((((()BF(21(#%+(/7=M+'(.?(?&7:#B($.=-./+/#1

VAE! N('/#/0&$/"1)0"3$
G*.(2/42$&#.'1(&'+(71+4(#.(=+&17'+(#%+(8+'2?2$&#2./
$.1#@( /&=+:B@( 2/1-+$#2./( &/4( *&1#+4( 2/1-+$#2./L
;/1-+$#2./( \2]( =+&17'+1( #%+( .8+'&::( $.1#( MB
$./124+'2/<( #%+( -+'$+/#&<+( .?( $.=-./+/#1( #%&#
1%.7:4( M+( 8+'2?2+4L( ( P&1#+( 2/1-+$#2./( \Z2]( 21( #%+
-+'$+/#&<+(.?($.=-./+/#1(#%&#(4.(/.#($./#&2/(?&7:#1
M7#( %&8+( M++/( 8+'2?2+4( M+$&71+( #%+B( %&8+( M++/
2/$.''+$#:B( $:&112?2+4L( ( D.#%( 8+'2?2$&#2./( $.1#1( &'+
4+?2/+4(&1(?.::.*1J

(((((((((((((((((((((((((((((((

:F

<F

1/1

:F

)

)
Z2

)

)
2

=

=
(((((((((((((((((((((((((((\`X]

*%+'+():F(21(#%+(/7=M+'(.?($.=-./+/#1(#%&#(%&8+
((((((((((M++/($:&112?2+4(&1(%2<%I'215($:&11
5555555555)<F(21(#%+(/7=M+'(.?(:.*I'215($.=-./+/#1(#%&#
((((((((((%&8+(M++/($:&112?2+4(&1(%2<%I'215($:&11



X

5555555555)1/1(21(#%+(/7=M+'(.?(&::($.=-./+/#1

XA! MJ()PYH('/K(1$
G%+( 4&#&( .M#&2/+4( ?.'( #%21( 1#74B( *+'+( $.::+$#+4
M&1+4( ./( -'+4+#+'=2/+4( 1.?#*&'+( =+#'2$1( &1
4+1$'2M+4(2/(0+$#2./(!(#.($%&'&$#+'2N+(!!T(1.?#*&'+
$.=-./+/#1L( ( G%+( 4&#&( *+'+( #%+/( 42824+4( 2/#.
#'&2/2/<( \TT( 1.?#*&'+( $.=-./+/#1]( &/4( #+1#( \FE
1.?#*&'+( $.=-./+/#1]( 4&#&( 1+#1L( ( H&$%( 4&#&( -.2/#
$./121#+4( .?( !!( 8&'2&M:+1( ?.'( !!( 1.?#*&'+( =+#'2$1L
DB(&--:B2/<(#%+(17M#'&$#28+($:71#+'2/<@(*+(.M#&2/+4
YY( $:71#+'( $+/#+'1( ?'.=( TT( #'&2/2/<( -&##+'/1L( ( P+
#%71( +=-:.B+4( #*.( =.4+:1( #.( $:&112?B( #%+
$.=-./+/#1( 2/#.( ?&7:#I-'./+( $:&11( \./+( .'( =.'+
?&7:#1]( &/4( ?&7:#I?'++( $:&11( \/.( ?&7:#]@( /&=+:B@( #%+
)6,(&/4(#%+(WDA(=.4+:1L

XA@A! MJ()D+,$/,&6(')-('0(H$'"1);($%"'<)D".(,
G%+( ?2'1#( =.4+:( 21( $./1#'7$#+4( ?'.=( =7:#2:&B+'
-+'$+-#'./(/+#*.'5(*2#%(M&$5I-'.-&<&#2./(:+&'/2/<
&:<.'2#%=L( ( G%+( #'&2/2/<( 4&#&( 1+#( 21( '&/4.=:B
42824+4( #.( #*.( <'.7-1@( 2L+L@( hX( 4&#&( -.2/#1( ?.'
#'&2/2/<( <'.7-( &/4( `X( 4&#&( -.2/#1( ?.'( 8&:24&#2./
<'.7-L( ( G%+( #'&2/2/<( <'.7-( 21( 71+4( #.( &4[71#( #%+
*+2<%#1@( *%2:+( #%+( 8&:24&#2./( <'.7-( 21( ?.'( +''.'
+8&:7&#2./(47'2/<(#'&2/2/<(-'.$+11L((G%+($'2#+'2&(?.'
&7#.=&#2$( +&':B( 1#.--2/<( 2/( #'&2/2/<( -%&1+( &'+( #%+

αMQ ($:&11(4+1$'2M+4(2/(0+$#2./(eL
G%+()6,(=.4+:($./121#1(.?(!!(2/-7#(/.4+1(2/(#%+

2/-7#( :&B+'@( !EE( /.4+1( 2/( #%+( %244+/( :&B+'@( &/4( !
.7#-7#(/.4+(2/(#%+(.7#-7#(:&B+'L((H&$%(%244+/(/.4+
&/4(.7#-7#(/.4+(%&1(./+(M2&1(*%2$%(21(+O7&:(#.(!L
G%+(.7#-7#(+R-+$#+4(?'.=(#%+(=.4+:(21(N+'.(\?5f

E](?.'(#%+(?&7:#I?'++($:&11(\:.*I'215($:&11](&/4(./+(\?
f(!](?.'(#%+(?&7:#I-'./+($:&11(\%2<%I'215($:&11]L((G%+
:+&'/2/<( '&#+( \η f( ELYh]( &/4( #%+( 12<=.24( ?7/$#2./
&'+( 71+4( 2/( *+2<%#( &4[71#=+/#L( ( G%+( $'2#+'2&( &'+
'+&$%+4( &#( #%+( `hE#%( #'&2/2/<( 2#+'&#2./( *2#%( MQ( f
ELEF`FL
P%+/( #%+( #'&2/2/<( -'.$+11( 21( $.=-:+#+4@( #%+

=.4+:(21('+I&--:2+4(#.($:&112?B(#%+(8&:24&#2./(<'.7-L
G%+(.7#-7#(8&:7+1(1.(.M#&2/+4('&/<+(M+#*++/(E(&/4
!(*%2$%(&'+(2/4+$2128+(?.'($.=-./+/#($:&112?2$&#2./L
DB( &--:B2/<( #%+( &$$+-#2./( '&#2.@( 2?( #%+( $&:$7:&#+4
.7#-7#( 21( <'+&#+'( #%&/( .'( +O7&:( #.( ELhh@( #%+
$.=-./+/#( 21( &( %2<%I'215( $:&11L( (V#%+'*21+@( 2#( 21( &
:.*I'215($:&11L((G%+(&--'.&$%(B2+:41(&(YEm(&$$7'&#+
-'+42$#2./(.?(#%+(#+1#(4&#&L

XACA! MJ()8&./&,9:&3/3)*+10$/"1);($%"'<)D".(,
;/( #%+( *.'5( .?( S!U@( $:71#+'( $+/#+'1( &'+( 71+4( #.
$./1#'7$#(?7NNB('7:+1(*2#%(07<+/.I#B-+L(("117=2/<
#%&#( #%+(4&#&(-.2/#( 21( 2/( `I42=+/12./( 1-&$+( \H;I5 H*]
&/4( ?( 21( &( 4+-+/4+/#( 8&'2&M:+( .'( .7#-7#L( ( Z28+/( &
$:71#+'( $+/#+'( ( )∗∗ ?HH @@ i

`! @( ?&7:#( '+<'+112./( 21
-'+42$#+4(&$$.'42/<(#.(#%+(?.::.*2/<(-'+=21+1J

``!!E

i
``

i
!!

H,H,,?U[@$

HU"#!"\@2\H]$4

HU"#!"\@2\H23

++=

G%+( '+:&#2./( ;0( 36V0H( GV( 21( 2=-:+=+/#+4( &1( &
Z&7112&/( =+=M+'1%2-( ?7/$#2./( &/4( :2/+&'( :+&1#
1O7&'+1( +1#2=&#2./( 21( &--:2+4( #.( +1#2=&#+( #%+
-&'&=+#+'(,LL((G%21(=+#%.4(<'.7-1(#%+(4&#&(-.2/#1(2/
#.(-'.-+'($:71#+'1(2/(*%2$%(#%+B(M+:./<L
G%+(.7#-7#($&/(M+($&:$7:&#+4(712/<(#%+(+O7&#2./

((((((( ( )∑
=

−=
YY

!

]\
-

-- 1H'PH? (((((((((((((((((\FE]

A'.=( #%+( &M.8+( +O7&#2./@( 2#( 21( &--&'+/#( #%&#
H7$:24+&/( 421#&/$+@( &:./<( *2#%( -'.-+'( *+2<%#@
1+'8+1(&1(#%+(=.4+:_1(;0(36V0H(GV('+:&#2./L((02/$+
#%+($&:$7:&#+4(.7#-7#(8&:7+(21(&('+&:(/7=M+'($:.1+(#.
E(.'(!@(2#(21('.7/4+4(#.(#%+(/+&'+1#( 2/#+<+'(\E(.'(!]L
G%21( 12=-:+( &4[71#=+/#( B2+:41( &/( TFm( -'+42$#2./
&$$7'&$B(.?(#%+(#+1#(4&#&L

XAEA! D".(,)PF&,+&$/"1
G.( +8&:7&#+( #%+( -:&712M2:2#B( .?( #%+( =.4+:1@( #%+
+8&:7&#2./( $'2#+'2&( SFU( &'+( 71+4( #.( <&7<+( #%+2'
=21$:&112?2$&#2./( '&#+@( O7&:2#B( &$%2+8+4@( &/4
8+'2?2$&#2./( $.1#( 2/( -+'$+/#&<+( M&1+4( ./( #%+
'+:&#2./1%2-1(+1#&M:21%+4(+&':2+'L

• ! )21$:&112?2$&#2./('&#+(-&'&=+#+'1(21(.M#&2/+4
?'.=(HO7&#2./(`^L
).4+:(*2#%(=7:#2:&B+'(-+'$+-#'./J

EELeE@EELeE@E !``! === MMM
).4+:(*2#%('&42&:IM&121(?7/$#2./(/+#*.'5J

Y^L!Y@EEL!E@Y^LY !``! === MMM
• ! n7&:2#B(&$%2+8+4(21($.=-7#+4(?'.=(HO7&#2./

`T(?.'($.=-:+#+/+11(\#]L
).4+:(*2#%(=7:#2:&B+'(-+'$+-#'./J

!EE=#
).4+:(*2#%('&42&:IM&121(?7/$#2./(/+#*.'5J

`eLTT=#
• ! 9+'2?2$&#2./($.1#(21(M&1+4(./(#%+($.1#('&#2.(2/

HO7&#2./(`XL
).4+:(*2#%(=7:#2:&B+'(-+'$+-#'./J

FTLe!@Y^LXY == Z22
).4+:(*2#%('&42&:IM&121(?7/$#2./(/+#*.'5J

Y^L!Y@EELYE == Z22
A'.=(#%+(&M.8+('+17:#1@(=21$:&112?2$&#2./('&#+(.?(#%+
?&7:#I-'./+()6,( =.4+:( 21( %2<%+'( #%&/( #%&#( .?( #%+
?&7:#I-'./+(WDA(=.4+:L( (G%+( '&#+( &#(*%2$%( &( :.*I
'215( $.=-./+/#( 21( =21$:&112?2+4( &1( &( %2<%I'215
$.=-./+/#(21(%2<%+'(2/(#%+()6,(=.4+:@(*%2:+(#%+'+
21(/.(=21$:&112?2+4(%2<%I'215($.=-./+/#(&1(:.*I'215
$:&11(2/(#%+(WDA(=.4+:L(":#%.7<%(#%+($.=-:+#+/+11
.?(#%+()6,(=.4+:(21(%2<%+'(#%&/(#%+(WDA(=.4+:@(2#
+R-+/41(=.'+(*&1#+4($.1#(?.'(2/1-+$#2./L((G%+(=.'+



!E

2=-.'#&/#( &1-+$#@( -+'%&-1@( 21( #%&#( #%+( WDA( =.4+:
$&/(&$$7'&#+:B(-'+42$#(?&7:#I-'./+($.=-./+/#(7-(#.
TFm(&1(.--.1+( #.(YEm( 2/()6,(=.4+:L( ( A'.=( #%21
&48&/#&<+@( #%+(?&7:#I-'./+(WDA(=.4+:($&/(M+(71+4
&1( &( M&121( #.( 2=-'.8+( ?&7:#( -'+42$#2./( 2/( #%+( ?&7:#I
?'++(WDA(=.4+:L

ZA! 7"10,+3/"1
,'+42$#2/<(1.?#*&'+(?&7:#('+O72'+1(+/.'=.71(&=.7/#
.?( 4&#&L( ( "/&:BN2/<( #%+1+( 4&#&( 21( &( =&[.'
7/4+'#&52/<( *%2$%( =71#( M+( $&''2+4( .7#( *2#%( $&'+L
P+( -'.-.1+4( &( 1B1#+=&#2$( &--'.&$%( #.( $&#+<.'2N+
$:.1+:B('+:&#+4(4&#&(712/<(?7NNB(17M#'&$#28+(=+#%.4
M+?.'+( #%+( &$#7&:( &/&:B121( -'.$+11( #..5( -:&$+( *2#%
#%+(%+:-(.?(W&42&:ID&121(A7/$#2./(#+$%/2O7+L( (P2#%
-'.-+'( ?2/+I#7/2/<@( #%+( /7=M+'( .?( ?&7:#1( ?.'( +&$%
$.=-./+/#( $&/( M+( 4+#+'=2/+4( &/4( &--:2+4( #.
17M1+O7+/#( -'+42$#28+( O7&:2#BL( ( "( /.#&M:+
$%&'&$#+'21#2$( .?( 4&#&( #%&#( +??+$#1( #%+( /7=M+'( .?
$:71#+'1( 21( ?&7:#( 1$&##+'2/<( -&##+'/L( ( ;?( #%+( ?&7:#1( .?
#%+( $.=-./+/#( 7/4+'( 2/8+1#2<&#2./( 4.( /.#
$.''+1-./4(#.(#%+(1.?#*&'+(=+#'2$1@(?&7:#(-'+42$#2./
*2::(/.#(M+(&$$7'&#+(&/4(=+&/2/<?7:L
P+(+/8212./+4(1+8+'&:(&--'.&$%+1( ?.'( '+:2&M2:2#B

=.4+:(2=-'.8+=+/#L( (A2'1#(&/4( ?.'+=.1#( 21(=+#'2$1
1+:+$#2./L( ( ;#( 21( 42??2$7:#( #.( ?2/4( &( -'.-+'( =2R( .?
=+#'2$1( ?.'( #%+( =.4+:( -&'&=+#+'1L( ( 0+$./4@
4+#+'=2/2/<( =+&/2/<?7:( ?+&#7'+1( #.( +R#'&$#( ?&7:#
-&##+'/( ?.'( 17M1+O7+/#( &/&:B121( 21( /.#( &
1#'&2<%#?.'*&'4(?.'=7:&#2./L((G%2'4@(4+'282/<(-'.-+'
=+=M+'1%2-( ?7/$#2./( &/4( &:<.'2#%=2$( #'&2/2/<
-'.$+47'+( 21( &/( 2=-.'#&/#( 1#+-( ?.'( +??2$2+/#( =.4+:
$./1#'7$#2./L( ( "$$7'&#+( -'+42$#2./1( .M#&2/+4( ?'.=
17$%( &( <..4( '+:2&M2:2#B( =.4+:( *2::( M+( $./47$28+
#.*&'4( %2<%+'( 1.?#*&'+( -'.$+11( +??2$2+/$B( &/4
-'.47$#(O7&:2#BL
G%+( 2/#+'-'+#&#2./( .?( ?&7:#( $.=-./+/#( ?'.=( #%+

=.4+:(+/#&2:1(#%+(O7&:2#B(.?($.=-./+/#('+71+(2/(#%&#
?&7:#I?'++( $.=-./+/#1( $&/( M+( 8&:24&#+4( #.( $.=-:B
*2#%(1B1#+=(1-+$2?2$&#2./1(-'2.'(#.(2=-:+=+/#&#2./L
G%+( 2117+1( .?( %.*( ?&7:#( 21( 2/#+'-'+#+4@
=21$:&112?2$&#./@( &/4( &$$7'&$B( .?( ?&7:#( -'+42$#2./
'+=&2/(#.(M+(2/8+1#2<&#+4(2/(.7'(?7#7'+(*.'5L

8(#('(10(3
S!U o7&/@( pL@( c%.1%<.?#&&'@( GL)L@( "::+/@( HLDL@

&/4( Z&/+1&/#@( cL@( ])5 ,::<->,1-/)5 /+5 +0XX?
><0A17B-)=51/5A/+1P,B75Y0,<-1?5:B7D->1-/)I(,'.$L
`EEE( ;HHH( 0B=-.127=( ./( "--:2$&#2./I
0-+$2?2$( 0B1#+=1( &/4( 0.?#*&'+( H/<2/++'2/<
G+$%/.:.<B@(ThIXE@(`EEEL

S`U c%.1%<.?#&&'@(GL)L@(,&/4B&@("L0L@( &/4().'+@
aLDL@( ]5 )70B,<5 )71P/BO5 ,::B/,>F5 +/B
:B7D->1-)=5 A/+1P,B75 D7E7</:C7)15 +,0<1AI( ,'.$L
G%2'4( ;/#+'/&#2./&:( 0B=-.127=( ./( 0.?#*&'+
W+:2&M2:2#B(H/<2/++'2/<@(TFITX@(!XX`L

SFU 6&/7M2:+@( AL@( @E,<0,1-)=5 :B7D->1-E75 C/D7<A
D7B-E7D5 +B/C5 A/+1P,B75 C7,A0B7AI( qL( 0B1#+=1
&/4(0.?#*&'+@(EZ\!]@(``hI`Fe@(!XXYL

SeU 3%27@( 0L@(^71F/D5 ,)D5 A/+1P,B75 +/B5 7H1B,>1-)=
+0XX?5 ><,AA-+->,1-/)5 B0<7A5 N?5 A0N1B,>1-E7
><0A17B-)=I5 A7NNB( ;/?.'=&#2./( ,'.$++42/<
0.$2+#B@( D2+//2&:( 3./?+'+/$+( .?( #%+( Q.'#%
"=+'2$&/@(eY!IeYh@(!XXYL

ShU ,'+$%+:#@( 6L@( ]01/C,1->5 7,B<?5 A1/::-)=5 0A-)=
>B/AA5 E,<-D,1-/)_5 Y0,)1-+?-)=5 1F75 >B-17B-,I
Q+7'&:(Q+#*.'51@(@@\!]@(^Y!I^Y^@(!XXTL

SYU c:2'@( ZLqL@( &/4( A.:<+'@( GL"L@( 30XX?5 \71AI
R)>7B1,-)1?5 ,)D5 2)+/BC,1-/)I5 ,'+/#2$+Ia&::@
Fhh-L@(!XTTL

S^U a&B52/@( 0L@( $70B,<5 $71P/BOAI( ,'+/#2$+( a&::@
!hYIF!`@(!XXXL

STU )71&@( qL>L@( ;&//2/.@( "L@( &/4( V57=.#.@( cL@
\/+1P,B75T7<-,N-<-1?5^7,A0B7C7)1I5MB7D->1-/)I
]::<->,1-/)I()$Z'&*Ia2::@(!XT^L

SXU r&4+%@( 6L"L@( `)/P<7D=75 B7:B7A7)1,1-/)5 -)
+0XX?5</=->I5;HHH(G'&/1&$#2./1(./(c/.*:+4<+
&/4(>&#&(H/<2/++'2/<@(@\!]@(TXI!EE@(!XXTL

S!EU H5:7/4@( ,L@( c&::2/@( 6L@( &/4( W2211&/+/@( GL@
30XX?5 \?A17CAI5 6+$#7'+( /.#+1( -'+-&'+4( ?.'
$.7'1+1( &#( #%+( >+-&'#=+/#( .?( 3.=-7#2/<
0$2+/$+( &#( C=+s( C/28+'12#B@( 0*+4+/@
A+M'7&'B@(`EEEL

S!!U Q25.:&+8@(QL;L@(F11:_..F/C7:,=7AJ=/<DAC-1FAJ,
>J0O.)-O/<,7E.a;;BN+JF1C<@(`EE`L

S!`U c&/+::.-.7:.1@( ;L@( F11:_..,CAJ7=7/JA,-JLB>J-1.
70B/A1,1.!/1;b8\RM#"^cd.)/D7eJF1C<I
!XX^L

S!FU 3+/#+'( A.'( a2<%( ;/#+<'2#B( 0.?#*&'+( 0B1#+=1
"117'&/$+@(F11:_..5F-AA,J)-A1J=/E.>F-AA,.5\@2f3
B,C7P/BO.+B,C7P/BOf;JF1C<@(!XXhL

S!eU c&/@( 0LaL@( ^71B->A5 ,)D5 ^/D7<A5 -)5 \/+1P,B7
Q0,<-1?5@)=-)77B-)=@("4421./IP+1:+B@(!XXhL

S!hU 3%27@( 0L6L@( 30XX?5 C/D7<5 -D7)1-+->,1-/)5 N,A7D
/)5 ><0A17B5 7A1-C,1-/)@( q.7'/&:( .?( ;/#+::2<+/#
&/4(A7NNB(0B1#+=1@(C\F]@(!XXeL


