


 



✸

✶✳ ❰➪❐➚&'( )*➮❒➴❮➴❮➮/ ➮ ❒➴&'❰ ➘➮&1➮)❐➮❮2 ➶ 45➴➪❮❰❒ )*❰1➴&&➴

➘!"#!$%!&' ()&("!)"* + ,'-(.(/ 0'")! $1(23""!(&'%4&(5( ,%(+' 603,&(5( $%'&' &'$1'.✲

%3&!* $(85()(.+! 44✳03✳04 :1(23""!(&'%4&(3 (,603&!3 ✭:1(2!%4✿ ➮&2(1>')!+' ! .?0!"%!✲
)3%4&'* )3@&!+'✮✳

➮-603&!3 8'&&(/ 8!"#!$%!&? ,'-!163)"* &' -&'&!*@ ! 6>3&!*@✱ $(%603&&?@ $1! !-603✲

&!!  !"#$"%&'()*+, 8!"#!$%!& ✭➶?"D'* >')3>')!+'✮✱ 13'%!-63)"* .( .-'!>(".*-! " (".(✲

3&!3> %- (&%&'()*+, 8!"#!$%!& ✭➮&2(1>')!+'✱ E3(13)!03"+!3 ("&(.? !&2(1>')!+!✮ !

&3(,@(8!>( +'+  !"#$"%&'()*"" 8%* (".(3&!* "%386FG!@ 8!"#!$%!&✿ E3(1!* !&2(1>'✲

#!! ! +(8!1(.'&!*✱ ✃(>$4F)31&?3 "3)! ! "!")3>?✱ I-?+! ! "!")3>? $1(51'>>!1(.'&!*✱

E3@&(%(5!! $1(51'>>!1(.'&!*✱ ❒')3>')!03"+'* %(5!+'✳

:(%603&&?3 -&'&!* !"$(%4-6F)"* ")683&)'>! $1! $1(@(K83&!! $1'+)!+✱ $1! $(85()(.+3

.?$6"+&(/ +.'%!2!+'#!(&&(/ 1',()? ! . ,686G3/ $1(23""!(&'%4&(/ 83*)3%4&(")!✳

✷✳ &'*4✃'4*➚ ➘➮&1➮)❐➮❮2

 !"!#$%"&'$&#! ()%*+,- .&'/&01&+2

❮'$1'.%3&!3 $(85()(.+! 44✳03✳04 :1(23""!(&'%4&(3 (,603&!3
✭$( ()1'"%*>✮

:1(2!%4 ➮&2(1>')!+' ! .?0!"%!)3%4&'* )3@&!+'

❰,1'-(.')3%4&'* $1(51'>>' ,'+'%'.1!')

✃.'%!2!+'#!* ➚+'83>!03"+!/ ,'+'%'.1

✃(%!03").( "(831K')3%4&?@ >(86%3/ 1

➘!"#!$%!&' ,'-(.(/ ✴ .'1!')!.&(/ 8!"#!$%!&' ,'-(.(/ 0'")!

0'")! (,1'-(.')3%4&(/ $1(51'>>? (,1'-(.')3%4&(/ $1(51'>>?

P(1>? +(&)1(%* >(86%4&?/ +(&)1(%4✱ -'03)

(0&'* 2(1>' -'(0&'* 2(1>'

:(+'-')3%! (,603&!* (,603&!*

&(1>')✳ 6"+(1✳ &(1>')✳ 6"+(1✳

"1(+ "1(+ "1(+ "1(+

✃(%!03").( -'03)&?@ 38!&!# ✭+138!)(.✮ 2 2 2 2

➹(8 $(85()(.+! 1 1 1 1

R3>3")1 2 2 2 2

✃(%!03").( 0'"(. 72 72 72 72

✲ %3+#!(&&?@ 16 17 4 4

✲ $1'+)!03"+!@✱ "3>!&'1"+!@

✲ %',(1')(1&?@ 16 17 2 2

✲ "'>(")(*)3%4&(/ 1',()? 40 38 66 66

. )✳ 0✳ !&8!.!86'%4&(3 -'8'&!3

❮383%4&(3 +(%!03").( 0'"(.✱ 4,5 4,2 4,5 4,2

. )✳ 0✳ '68!)(1&?@ 2 2 0,38 0,35



✹

✸✳ ❰#➮%➚❮➮➴ ➘➮%*➮#❐➮❮,

*-./ / 01213/

 !"#$  !" #$%&%'() $(*+( ,('- )&,)".*) #/01"'(" *.0$"'.#& 2".#$%2 # (*%'() (

3#'*.!03.(&'#4# %'%,(5% *(.0%+(6✱ (501"'(" 3#.#!-8 *  #2#9:; .!%$(+(#''-8 *!"$*.&

$!04(8 2%."2%.(1"*3(8 ."#!(6 #*,#<'"'# (8 * "+(=(1"*3#6  !(!#$#6 ✭$(*3!".'#*.:;✮✳

❰*'#&'-2( %&'&(&)*✱ !"B%"2-2(  !( (501"'(( $(*+( ,('- )&,);.*)✿ #*&#"'(" *.0✲

$"'.%2( 2".#$#& =#!2%,(5#&%''#4# # (*%'() *(*."2✱  !#+"**#&✱ )&,"'(6❀ !%5&(.(" 0 *.0✲

$"'.#& ('.0(+((✱ 2%."2%.(1"*3#6 30,:.0!-✱ ,#4(1"*3#4# 2-B,"'()❀ &##!0<"'(" *.0$"'.#&

+",#*.'#6 *(*."2#6 * "+(%,:'-8 ."#!".(1"*3(8 *&"$"'(6 ✭# !"$","'()✱ ."#!"2- ( (8 $#3%5%✲

.",:*.&#✱ *&)5( 2"<$0 '(2(✮ ( 2".#$%2( !"B"'()  !(3,%$'-8 5%$%1❀  #$4#.#&3% *.0$"'.#& 3

(501"'(; $!04(8 2%."2%.(1"*3( '%*-9"''-8 $(*+( ,(' ✭F"#!() ('=#!2%+(( ( 3#$(!#&%'()✱

✃#2 :;."!'-" *".( ( *(*."2-✱ H5-3( ( *(*."2-  !#4!%22(!#&%'()✱ F"8'#,#4((  !#4!%22(✲

!#&%'()✱ ❒%."2%.(1"*3%) ,#4(3%✮❀ =#!2(!#&%'(" 0 /0$09(8 * "+(%,(*.#& & #/,%*.( ('=#!2%✲

.(3( ( &-1(*,(.",:'#6 ."8'(3( ✭(  !" #$%&%.","6 *##.&".*.&0;9(8 $(*+( ,('✮ #*#5'%'()

2"< !"$2".'-8 *&)5"6 &  !"$",%8 =0'$%2"'.%,:'-8 (  !#="**(#'%,:'#✲#!("'.(!#&%''-8

$(*+( ,('✳

45-67819/: ; 5-0<.=>1>1? 7@87-9/: 2/@A/B./9C

J!#+"** (501"'() $(*+( ,('- ➽➘(*3!".'%) 2%."2%.(3%➾ '% !%&,"' '% =#!2(!#&%'("

N,"2"'.#& *,"$0;9(8 3#2 "."'+(6 & *##.&".*.&(( * ➹❰P➶J❰➘❮S # '% !%&,"'(; #$4#.#&✲

3( 44✳03✳04J!#="**(#'%,:'#" #/01"'(" ✭ # #.!%*,)2✮ ( #*'#&'#6 #/!%5#&%.",:'#6  !#4!%22-
&-*B"4#  !#="**(#'%,:'#4# #/!%5#&%'() '% !%&,"'()  #$4#.#&3( 44✳03✳04J!#="**(#'%,:'#"
#/01"'(" ✭J!#=(,:✿ ➮'=#!2%.(3% ( &-1(*,(.",:'%) ."8'(3%✮✿

&✮ ,-.!/0"#102345 ✭❰✃✮✿

#*#5'%'(" 30,:.0!'-8 +"''#*."6✱  #'(2%'(" !#,( 30,:.0!- & <(5'"$").",:'#*.( 1",#✲

&"3% ✭❰✃✲1✮❀
#*#5'%'(" 3,;1"&-8 +"''#*."6  !#="**(#'%,:'#✲ "$%4#4(1"*3#6 $").",:'#*.( ✭$"2#'✲

*.!(!0". 4,0/#3#" 5'%'(" &*"8 3,;1"&-8 +"''#*."6  !#="**((✱  !#)&,)".  #'(2%'(" (8

*2-*,#& ( 5'%1"'(6✱ &-*3%5-&%". *&#" #.'#B"'(" 3 3%<$#6 3,;1"&#6 +"''#*.(  !#="*✲

*((✱ $"2#'*.!(!0". *(*."2'#*.:✱ +",#*.'#*.:  !"$*.%&,"'(6 # +"''#*.'-8 #.'#B"'()8

3 1",#&"30✱ #/01%;9"20*)✮ ✭❰✃✲2✮❀
'%,(1(" +",#*.'#4#  !"$*.%&,"'() # 3%!.('" 2(!%✱ "" '%01'-8 #*'#&%8 ✭❰✃✲14✮❀
* #*#/'#*.: &-)&,).: "*."*.&"''#'%01'0; *09'#*.:  !#/,"2✱ &#5'(3%;9(8 & 8#$"

 !#="**(#'%,:'#✲ "$%4#4(1"*3#6 $").",:'#*.( ✭❰✃✲16✮❀
4#.#&'#*.: (* #,:5#&%.: #*'#&'-" 5%3#'- "*."*.&"''#'%01'-8 $(*+( ,(' &  !#="**(#✲

'%,:'#✲ "$%4#4(1"*3#6 $").",:'#*.( ✭❰✃✲17✮❀
&,%$"'(" 30,:.0!#6 2-B,"'()✱ 5'%'(" "4# #/9(8 5%3#'#&✱ * #*#/'#*.: &  (*:2"''#6 (

0*.'#6 !"1(  !%&(,:'# ✭,#4(1"*3(✮ #=#!2(.: "4# !"50,:.%.- ✭❰✃✲18✮❀
&,%$"'(" ."8'#,#4("6 '%01'#4# (**,"$#&%'() ✭❰✃✲19✮❀
4#.#&'#*.: %'%,(5(!#&%.: ('=#!2%+(;$,) !"B"'()  !#/,"2✱ &#5'(3%;9(8 &  !#="**(#✲

'%,:'#✲ "$%4#4(1"*3#6 $").",:'#*.( ✭❰✃✲27✮❀
&,%$"'("  !#+"**#2 .&#!1"*.&% ✭ #(*3 ($"6✱ !"=,"3*()✱ 2#$",(!#&%'("✮ ✭❰✃✲28✮❀
&,%$"'(" *(*."2#6 N&!(*.(1"*3(8 2".#$#& (  !("2#& ✭❰✃✲29✮❀
-✮ ,-.!:2,;!<<*,3&"#345 ✭❰=✃✮✿

#*#5'%'(" *#+(%,:'#6 5'%1(2#*.( *&#"6 /0$09"6  !#="**((✱ #/,%$%'(" 2#.(&%+("6 3

#*09"*.&,"'(;  !#="**(#'%,:'#6 $").",:'#*.( ✭❰J✃✲1✮❀
* #*#/'#*.: (* #,:5#&%.: *(*."2%.(5(!#&%''-" ."#!".(1"*3(" (  !%3.(1"*3(" 5'%'()

402%'(.%!'-8✱ *#+(%,:'-8 ( .#1'-8 '%03  !( !"B"'(( *#+(%,:'-8 (  !#="**(#'%,:'-8

5%$%1 ✭❰J✃✲2✮❀
&,%$"'(" #*'#&%2( !"1"&#6  !#="**(#'%,:'#6 30,:.0!- ✭❰J✃✲3✮❀
* #*#/'#*.: '"*.( #.&".*.&"''#*.: 5% !"50,:.%.- *&#"6  !#="**(#'%,:'#6 $").",:'#*.(

✭❰J✃✲4✮❀
>✮ :2,;!<<*,3&"#345 ✭=✃✮✿

8 76.1@>/ B57D-@@/791.=97E 2-:>-.=97@>/✿

4#.#&'#*.: 3 #*09"*.&,"'(;$(%4'#*.(3( (  !#4'#5(!#&%'() !%5&(.() ,(1'#*.( !%/#1"4#

✭* "+(%,(*.%✮ ✭J✃✲8✮❀



✺

 !"!#$!%"& ' (%)!*&+!#,$(- '!$./).(0 ( 1!2/*/0 !34,+!#,"/*&$56 %(%"/1 # 1(4!#!0 (

!"/7/%"#/$$!0 )/2, ! (7/%'!0 )4,'"('/ ✭9✃✲10✮❀
 !"#$!%✲'(()*+% ",*)-(.%/ +*0,*)-!%(,'✿

 !"!#$!%"& ' >7,%"(- # (%%*/2!#,$(?6 )4!3*/1✱ #!+$(',-A(6 # )4!./%%/ )!2 !"!#'(

4,3!7(6 ( )4( )4!(+#!2%"#/$$!0 2/?"/*&$!%"( %)/.(,*(%"!# ✭9✃✲12✮❀
 !"!#$!%"& ' )!(%'>✱ %!+2,$(-✱ 4,%)4!%"4,$/$(-✱ )4(1/$/$(- $!#B/%"# ( "#!47/%"#, #

!34,+!#,"/*&$!1 )4!./%%/ 2*? 4/B/$(? )4!C/%%(!$,*&$!✲)/2, ! (7/%'(6 +,2,7 ✭9✃✲13✮❀
 %23"4% ",*)-!%✲53%*.,'3% %$!%/ +*0,*)-!%(,'✿

%)!%!3$!%"& )4! $!+(4!#,"& 4/+>*&","5 )4!C/%%(!$,*&$!✲)/2, ! (7/%'!0 2/?"/*&$!%"(

✭9✃✲15✮❀
%)!%!3$!%"& )4!/'"(4!#,"& )>"( ( %)!%!35 )!#5B/$(? DCC/'"(#$!%"( )4!C/%%(!$,*&✲

$!✲)/2, ! (7/%'!0 2/?"/*&$!%"( ✭9✃✲18✮❀
 !"!#$!%"& ' )4!/'"(4!#,$(- C!41✱ 1/"!2!# ( %4/2%"# '!$"4!*? 4/+>*&","!# )!2 !"!#'(

4,3!7(6 ✭%)/.(,*(%"!#✮ # !34,+!#,"/*&$!1 )4!./%%/ ✭9✃✲23✮❀
 %36"!'4"7'%!!%✲,*8!%)%6'$*(.%/ +*0,*)-!%(,'✿

 !"!#$!%"& ' ,$,*(+> ( !4 ,$(+,.(( 4,3!"5 %*>E35 )!22/4E'( ($C!41,.(!$$!✲'!11>✲

$(',.(!$$56 %(%"/1 $, )4/2)4(?"(?6 ✭9✃✲26✮❀
 !"!#$!%"& ' '!$%"4>(4!#,$(-✱ D'%)*>,",.(( ( "/6$(7/%'!1> !3%*>E(#,$(- >7/3$!✲

"/6$!*! (7/%'!0 %4/25 2*? )4,'"(7/%'!0 )!2 !"!#'( 4,3!7(6 ✭%)/.(,*(%"!#✮ ✭9✃✲28✮❀
 %2#$*!'' 5% 3"2%$*/ 53%9*((''✿

%)!%!3$!%"& (%)!*&+!#,"& )/4/2!#5/ !"4,%*/#5/ "/6$!*! (( # )4!./%%/ !3>7/$(? 4,3!✲

7/0 )4!C/%%(( ✭%)/.(,*&$!%"(✮ ✭9✃✲31✮❀
 !"!#$!%"& ' C!41(4!#,$(- )4!C/%%(!$,*&$!0 '!1)/"/$"$!%"( 4,3!7/ ! ✭%)/.(,*(%",✮

%!!"#/"%"#>-A/ ! '#,*(C(',.(!$$! ! >4!#$? ✭9✃✲34✮❀
 !"!#$!%"& ' )4!(+#!2("/*&$!1> "4>2> ✭9✃✲36✮✳

➶ 3*4#)-,",* '4#$*!'0 #$*2!%/ +'(7'5)'!; (,#+*!, +%)<*!✿

 !"#$✿

✲ D*/1/$"5 "/!4(( 1$!E/%"# ( !"$!B/$(0 $, 1$!E/%"#,6✿ !%$!#$5/ )!$?"(? "/!4((

1$!E/%"#❀ )!$?"(? )!21$!E/%"#, ( 4,#/$%"#, 1$!E/%"#❀ !)/4,.(( $,2 1$!E/%"#,1(❀

,* /34> 1$!E/%"#❀ )!$?"(/ 2/',4"!#, )4!(+#/2/$(? 1$!E/%"#❀ )!$?"(/ !"$!B/$(?❀

)!$?"(/ !"$!B/$(? D'#(#,*/$"$!%"(❀ )!$?"(/ !"$!B/$(? )!4?2',❀ C>$'.(!$,*&$5/

!"$!B/$(?❀ )!$?"(/ #+,(1$! !2$!+$,7$56 %!!"#/"%"#(0 ( 1!A$!%"( 1$!E/%"#,❀

✲ D*/1/$"5 '!13($,"!4('(✿ %!7/",$(? 3/+ )!#"!4/$(0❀ %!7/",$(? % )!#"!4/$(?1(❀

C!41>*> #'*-7/$(0 ( (%'*-7/$(0❀ 4/'>44/$"$5/ %!!"$!B/$(?❀ 4,%)4/2/*/$(? )!

?7/0',1 ✭4,%)4/2/*/$(/ n 4,+$56 B,4!# )! k ?7/0',1✱ 4,%)4/2/*/$(/ !2($,'!#56

B,4!# )! ?7/0',1✮❀

✲ D*/1/$"5 "/!4(( 3>*/#56 C>$'.(0✿ )!$?"(/ 3>*/#56 )/4/1/$$56 ( C>$'.(0❀ %>✲

A/%"#/$$5/ ( C('"(#$5/ 3>*/#5 )/4/1/$$5/❀ %)!%!35 +,2,$(? 3>*/#56 C>$'.(0❀

!%$!#$5/ "!E2/%"#, $, 1$!E/%"#/ 3>*/#56 C>$'.(0❀ )4($.() 2#!0%"#/$$!%"(❀ 4,+✲

*!E/$(/ 3>*/#56 C>$'.(0 )! )/4/1/$$51✱ %!#/4B/$$5/ C!415❀ )!$?"(/ )!*$!"5

%(%"/15 3>*/#56 C>$'.(0❀ )!*($!1 ➷/ ,*'($,❀ 1($(1,*&$5/ ( '4,"7,0B(/ 2(+I✲

-$'"(#$5/ $!41,*&$5/ C!415❀ %!'4,A/$$5/ 2(+I-$'"(#$5/ $!41,*&$5/ C!415❀

$/)4(#!2(15/ 2(+I-$'"(#$5/ $!41,*&$5/ C!415❀

✲ D*/1/$"5 "/!4((  4,C!#✿ !%$!#$5/ )!$?"(? "/!4((  4,C!#❀ )!$?"(/ (+!1!4C(+1,

 4,C!#❀ )!$?"(/ )*,$,4$!%"(  4,C!#❀ 1,4B4>"5 #  4,C,6❀ )!$?"(/ %#?+$!%"(  4,C!#❀

4,%%"!?$(? #  4,C,6❀ 2(,1/"4❀ 4,2(>%❀ )!$?"(? */%,✱ 2/4/#,❀

&'(#$✿

✲ 4/B,"& )4('*,2$5/ +,2,7(✱ 1,"/1,"(7/%'(/ 1!2/*( '!"!456 3,+(4>-"%? $, ,3%"4,'✲

.(?6 2(%'4/"$!0 1,"/1,"('(❀

)*"+(#$✿

✲ $,#5',1( C!41,*(+!#,$$! ! !)(%,$(? %(%"/1✱ )4!./%%!#✱ ?#*/$(0❀

✲ %!%",#*?-A(1( ($">(.((✱ 1,"/1,"(7/%'!0 '>*&">45✱ *! (7/%'! ! 15B*/$(?✳



✻

✹✳ "❰➘➴&➷➚❮➮➴ ➘➮"+➮,❐➮❮. ➮ /❰&❒. ❰&➹➚❮➮➬➚+➮➮ 34➴➪❮❰➹❰

,&❰+➴""➚

,6789:6;<= >6?@7 A

B@?C

✃7CB:6@ E69@7FC>A@ B@?<

 !"#$%&'#()*+, -!".() ✶✳ ➘234$#'*&5 -&'#-&'24&

6#-& ✶✳❒*!%#3'8& 2 !'✲

*!:#*25

❰!"#$"%& '#"()*( )&#+** ,"#-&!)$✳ /#"()*( '#0,"#-&!)$1

* +1$&"!)$1 ,"#-&!)$✳ ❰'&+12** "10 ,"#-&!)$1,*✳ ➚45&6✲

+1 ,"#-&!)$✳ ➘&91+)#$# '+#*:$&0&"*& ,"#-&!)$✳ /#"()*& #)✲

"#;&"*(✳ ❰)"#;&"*& <9$*$14&")"#!)*✳ ❰)"#;&"*& '#+(091✳

=>"92*#"14?"%& #)"#;&"*(✳ ➶:1*,"# #0"#:"1A"%& !##)$&)✲

!)$*( * ,#B"#!)? ,"#-&!)$1✳

6#-& ✷✳ ✃!-=2*&'!$24& C#A&)1"*( 6&: '#$)#+&"*D✳ C#A&)1"*( ! '#$)#+&"*(,*✳ =#+✲

,>41 $94EA&"*D * *!94EA&"*D✳ F&9>++&")"%& !##)"#;&"*(✳

F1!'+&0&4&"*& '# (A&D91,✿ +1!'+&0&4&"*& n +1:"%H ;1+#$ '#
k (A&D91,❀ +1!'+&0&4&"*& #0*"19#$%H ;1+#$ '# (A&D91,✳

6#-& ✸✳ ➪.(#8+ @.*4A22 ➪>4&$% '&+&,&""%& * K>"92**✳ C>B&!)$&""%& * K*9)*$"%&

6>4&$% '&+&,&""%&✳ C'#!#6% :101"*( 6>4&$%H K>"92*D✳ ❰!✲

"#$"%& )#-0&!)$1 "1 ,"#-&!)$& 6>4&$%H K>"92*D✳ /+*"2*'

0$#D!)$&""#!)*✳ F1:4#-&"*& 6>4&$%H K>"92*D '# '&+&,&"✲

"%,✱ !#$&+;&""%& K#+,%✳ /#4"#)1 !*!)&,% 6>4&$%H K>"9✲

2*D✳ /#4*"#, ➷&5149*"1✳ ❒*"*,14?"%& * 9+1)A1D;*& 0*:O✲

E"9)*$"%& "#+,14?"%& K#+,%✳ C#9+1B&""%& 0*:OE"9)*$"%&

"#+,14?"%& K#+,%✳ ❮&'+*$#0*,%& 0*:OE"9)*$"%& "#+,14?✲

"%& K#+,%✳

6#-& ✹✳ C(#-#*'+ '#!✲

$22 D$&@!8

❰!"#$"%& '#"()*( )&#+** 5+1K#$✳ ➮:#,#+K*:, 5+1K#$✳ /41✲

"1+"#!)? 5+1K#$✳ ❒1+;+>)% $ 5+1K1H✳ C$(:"#!)?✳ F1!!)#("*(

$ 5+1K1H✳ ➘*1,&)+✳ F10*>!✳ ❐&!✱ 0&+&$#✳



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

✃.+%&!'$/. &#'./

❰&,#1 2.3"# .45&!,%1 ➬#.&,#1 2.3"# .45&!,%1

❮#8/#,%1 '.9!3:#$!+;,<=

".95+!) % $!"

❮.3"#$%/,<) '3.(

.45&!,%1

>'(.3!,,<) '3.(

.45&!,%1

❮.3"#$%/,<) '3.(

.45&!,%1

>'(.3!,,<) '3.(

.45&!,%1

/ $✳ &✳ / $✳ &✳ / $✳ &✳ / $✳ &✳

/
'
!
@
.

+
!
(
A
%
%

*
3
#
(
$
%
&
!
'
(
%
!

+
#
4
.
3
#
$
.
3
,
<
!

'
#
"
.
'
$
.
1
$
!
+
;
,
#
1
3
#
4
.
$
#

%
,
9
%
/
%
9
5
#
+
;
,
#
1
3
#
4
.
$
#

/
'
!
@
.

+
!
(
A
%
%

*
3
#
(
$
%
&
!
'
(
%
!

+
#
4
.
3
#
$
.
3
,
<
!

'
#
"
.
'
$
.
1
$
!
+
;
,
#
1
3
#
4
.
$
#

%
,
9
%
/
%
9
5
#
+
;
,
#
1
3
#
4
.
$
#

/
'
!
@
.

+
!
(
A
%
%

*
3
#
(
$
%
&
!
'
(
%
!

+
#
4
.
3
#
$
.
3
,
<
!

'
#
"
.
'
$
.
1
$
!
+
;
,
#
1
3
#
4
.
$
#

%
,
9
%
/
%
9
5
#
+
;
,
#
1
3
#
4
.
$
#

/
'
!
@
.

+
!
(
A
%
%

*
3
#
(
$
%
&
!
'
(
%
!

+
#
4
.
3
#
$
.
3
,
<
!

'
#
"
.
'
$
.
1
$
!
+
;
,
#
1
3
#
4
.
$
#

%
,
9
%
/
%
9
5
#
+
;
,
#
1
3
#
4
.
$
#

 !"#$%&'#()*+, -!".() ✶✳ ➘234$#'*&5 -&'#-&'24&

6#-& ✶✳ ❒*!%#3'8& 2 !'*!9#✲

*25

✶✽ ✹ ✹ ✶✵ ✶✽ ✹ ✹ ✶✵ ✶✽ ✷ ✶✻ ✶✽ ✷ ✶✻

6#-& ✷✳ ✃!-=2*&'!$24& ✶✽ ✹ ✹ ✶✵ ✶✽ ✹ ✹ ✶✵ ✶✽ ✷ ✶✻ ✶✽ ✷ ✶✻

6#-& ✸✳ ➪.(#8+ @.*4A22 ✶✽ ✹ ✹ ✶✵ ✶✽ ✺ ✺ ✽ ✶✽ ✷ ✶✻ ✶✽ ✷ ✶✻

6#-& ✹✳ C(#-#*'+ '#!$22 D$&✲

@!8

✶✽ ✹ ✹ ✶✵ ✶✽ ✹ ✹ ✶✵ ✶✽ ✶✽ ✶✽ ✶✽

➮$.@. *. '.9!3:#$!+;,."5 ".✲

95+D ✶

✼✷ ✶✻ ✶✻ ✹✵ ✼✷ ✶✼ ✶✼ ✸✽ ✼✷ ✹ ✷ ✻✻ ✼✷ ✹ ✷ ✻✻

➶'!@. *. 9%'A%*+%,! ✼✷ ✶✻ ✶✻ ✹✵ ✼✷ ✶✼ ✶✼ ✸✽ ✼✷ ✹ ✷ ✻✻ ✼✷ ✹ ✷ ✻✻



✽

✺✳ ❒➴$❰➘➮(➴)✃➮➴ +➴✃❰❒➴❮➘➚.➮➮ ➘❐0 1+❰➶➴➘➴❮➮0 ❐➴✃.➮❰❮❮34✱

1+➚✃$➮(➴)✃➮4 ➮ ❐➚➪❰+➚$❰+❮34 ➬➚❮0$➮➱

$9:; <9=>?@AA;B CDAEF?G

✃!"#$%&'(! $)&!(

➑

+✴+

❮).()/#% '%01 !$/)2

3!40)

.)!$/)2

3!40)

/!40✳ 6&7✳ /!40✳ 6&7✳

✶ ❒"#$%&'() * #'"#+%"*, ✹ ✹ ✷ ✷

✷ ✃#01*")'#2*3) ✹ ✹ ✷ ✷

✸ ➪67%(8 96"3:** ✹ ✺

✹ <7%0%"'8 '%#2** =2)9#( ✹ ✹

➶)➴➹❰ ✶✻ ✶✼ ✹ ✹

$9:; <DM@NDF@NA;B CDAEF?G

✃!"#$%&'(! $)&!(

➑

+✴+

❮).()/#% '%01 !$/)2

3!40)

.)!$/)2

3!40)

/!40✳ 6&7✳ /!40✳ 6&7✳

✶ ❒"#$%&'() * #'"#+%"*, ✹ ✹

✷ ✃#01*")'#2*3) ✹ ✹

✸ ➪67%(8 96"3:** ✹ ✺ ✷ ✷

✹ <7%0%"'8 '%#2** =2)9#( ✹ ✹

➶)➴➹❰ ✶✻ ✶✼ ✷ ✷

✻✳ ❒➴$❰➘➮(➴)✃➮➴ +➴✃❰❒➴❮➘➚.➮➮ 1❰ ❰+➹➚❮➮➬➚.➮➮ )➚❒❰)$❰0$➴❐P❮❰➱

+➚➪❰$3 )$Q➘➴❮$❰➶

❰NRDA?CD>?E SD:@SF@EF9<TA@G NDM@F; SFUV9AF@W

✃!"#$%&'(! $)&!(

➑

+✴+

❮).()/#% '%01 !$/)2

3!40)

.)!$/)2

3!40)

/!40✳ 6&7✳ /!40✳ 6&7✳

✶ ❒"#$%&'() * #'"#+%"*, ✶✵ ✶✵ ✶✻ ✶✻

✷ ✃#01*")'#2*3) ✶✵ ✶✵ ✶✻ ✶✻

✸ ➪67%(8 96"3:** ✶✵ ✽ ✶✻ ✶✻

✹ <7%0%"'8 '%#2** =2)9#( ✶✵ ✶✵ ✶✽ ✶✽

➶)➴➹❰ ✹✵ ✸✽ ✻✻ ✻✻



✾

✼✳ ➮❮➘➮➶➮➘&➚❐)❮*➴ ➬➚➘➚❮➮-

 !"#$! "%&"'"&()*+%,-, .!)/0"1$2/,-, 3)&)%"4

/ 0$#$ ➽❒%,7$20') " ,0%,8$%"4➾

✶✳ ➶!"#$%&'✱ )'*$+ ,% -.$$+' *.)'$#&)+✿ A \ (A \B) = A ∩ B✳

✷✳ 12*+#&%&' -.$$+' )!*.3'$%'✿ A ∪B ∪ (A ∪ C ∪ B ∪ C)✳
✸✳ ➬.-.$+ 5$%)'*#.,6$+' 7$+3'#&)+✿

X = {1, 2, 3, 4, 5, 6}

8.93' :.-.$+ ';+ *.:<%'$%'✿

M = {{1, 2}, {3, 4, 5}, {6}}

✃*+7' &+;+✱ $. 7$+3'#&)' X :.-.$+ +&$+>'$%'✿

σ = {(1, 3), (5, 6)}

8*'<5'&#"✿

✲ )!"#$%&6✱ 5-+),'&)+*"'& ,% +&$+>'$%' σ #)+@#&).7 *'A,'9#%)$+#&%✱ .$&%*'A,'9#%)$+✲
#&%✱ #%77'&*%B$+#&%✱ .$&%#%77'&*%B$+#&%✱ &*.$:%&%)$+#&%❀

✲ +2*'-',%&6✱ "),"'&#" ,% σ +&$+>'$%'7 2+*"-9. $. 7$+3'#&)' X ✱ #&*+;+;+ 2+*"-9.✱

,%$'@$+;+ 2+*"-9.✱ A5$9D%+$.,6$!7 +&$+>'$%'7 2*% +2*'-','$$+7 )!<+*' +<,.#&%

+2*'-','$%" % 7$+3'#&). :$.B'$%@ 9.9 2+-7$+3'#&) 7$+3'#&). X❀
✲ 2+#&*+%&6 E9)%).,'$&$+#&6 ρ 2+ -.$$+75 *.:<%'$%F❀

✲ 2+#&*+%&6 +<*.&$+' +&$+>'$%' σ−1 % 9+72+:%D%% ρ ◦ σ % σ ◦ ρ✱ )!"#$%&6 %G #)+@#&).❀
✲ -+2+,$%&6 σ -+ E9)%).,'$&$+#&% τ $. X❀
✲ 2+#&*+%&6 *.:<%'$%' 7$+3'#&). X 2+ E9)%).,'$&$+#&% τ ✳

✽✳ ✃❰❮45❰❐)❮*➴ ➶❰65❰7* ✃ 65❰❒➴➷&4❰:❮❰➱ ➚44➴74➚<➮➮

✶✳ I+$"&%' 7$+3'#&).✳ J2+#+<! :.-.$%" 7$+3'#&)✳

✷✳ I+-7$+3'#&).✱ *.)'$#&)+ 7$+3'#&)✳

✸✳ ❰2'*.D%% $.- 7$+3'#&).7%✳ J)+@#&). +2'*.D%@✳

✹✳ O.)'$#&)+ 7$+3'#&)✳ ➶9,FB'$%'✱ #&*+;+' )9,FB'$%'✳

✺✳ I*%$D%2 -)+@#&)'$$+#&%✳

✻✳ ❒+S$+#&6 7$+3'#&).✳ ➬.-.B. + *.)$+7+S$+#&% $'9+&+*!G #B'&$!G 7$+3'#&)✳

✼✳ ❒+S$+#&6 <'#9+$'B$!G 7$+3'#&)✳ I*%7'*!✳

✽✳ 8'+*'7. + #*.)$'$%% 7+S$+#&'@✳

✾✳ ➘'9.*&+)+ 2*+%:)'-'$%' 7$+3'#&)✳

✶✵✳ ❰&$+>'$%" $. 7$+3'#&).G✳

✶✶✳ ❰<*.: % 2*++<*.: E,'7'$&.✳ ❰<,.#&6 +2*'-','$%" % +<,.#&6 :$.B'$%@ +&$+>'$%"✳

✶✷✳ J)+@#&). +&$+>'$%@✳

✶✸✳ ❰2'*.D%% $.- +&$+>'$%"7%✳ J)+@#&). +2'*.D%@✳

✶✹✳ ❰&$+>'$%' E9)%).,'$&$+#&% % *.:<%'$%' 7$+3'#&)✳

✶✺✳ ✃,.##! E9)%).,'$&$+#&%✳ Y.9&+*✲7$+3'#&)+✳

✶✻✳ ❰&$+>'$%' 2+*"-9.✳ I*%7'*!✳

✶✼✳ ❰&$+>'$%' 2+,$+;+ 2+*"-9.✳ I*%7'*!✳

✶✽✳ ❰&$+>'$%' ,%$'@$+;+ 2+*"-9.✳ I*%7'*!✳

✶✾✳ Y5$9D%+$.,6$!' +&$+>'$%"✳ I*%7'*!✳

✷✵✳ I*.)%,. #577! % 2*+%:)'-'$%"✳ I*%7'*!✳

✷✶✳ I'*'#&.$+)9% <': 2+)&+*'$%@✳

✷✷✳ O.:7'S'$%' %: n 2+ k <': 2+)&+*'$%@✳ J)+@#&). *.:7'S'$%@✳
✷✸✳ J+B'&.$%" %: n 2+ k <': 2+)&+*'$%@✳ J)+@#&). #+B'&.$%@✳
✷✹✳ ➪%$+7 ❮6F&+$.✳



✶✵

✷✺✳ #$%&'$(&)%*')+ ,$-(.%)✳

✷✻✳ 0)1(232'&+ 4 5$67$-2'&+(&✳

✷✼✳ 9$:27)'&+ 4 5$67$-2'&+(&✳

✷✽✳ #2-247)'$6<& 4 5$67$-2'&+(&✳

✷✾✳ >$-(.%) 6<%?:2'&@ & &4<%?:2'&@✳ 9%2A476&+✳

✸✵✳ 0)1(232'&2 5$ +:2@<)( $A&')<$6DE $FG2<7$6✳

✸✶✳ 0)1(232'&2 5$ +:2@<)( -)1'DE $FG2<7$6✳

✸✷✳ 02<.--2'7'D2 4$$7'$I2'&+✳ #-&(2-D✳

✸✸✳ ❐2((D $ -2I2'&+E %&'2@'DE -2<.--2'7'DE 4$$7'$I2'&@ 67$-$K$ 5$-+A<)✳

✸✹✳ #-)6&%$ -2I2'&+ %&'2@'DE -2<.--2'7'DE 4$$7'$I2'&@ 67$-$K$ 5$-+A<)✳

✸✺✳ 02I2'&2 %&'2@'DE -2<.--2'7'DE 4$$7'$I2'&@ 6D4I&E 5$-+A<$6✳

✾✳ ❰➪$➚➬➴( ❒❰➘+❐-❮❰➹❰ ✃❰❮1$❰❐2

➹❰+ ➶4❰ ➽➘❰❮➴(✃➮➱ ❮➚(➮❰❮➚❐-❮8➱ +❮➮➶➴$9➮1➴1➾

>)<.%*727 A$5$%'&72%*'$K$ & 5-$,244&$')%*'$K$ $F-)1$6)'&+

❮!"#!$%&'(& ")*+),)$-(✿ ✹✹✳✵✸✳✵✹ ➽#-$,244&$')%*'$2 $F.:2'&2➾

/#)0(%1✿ ➮',$-()7&<) & 6D:&4%&72%*')+ 72E'&<)

/#)+#!22! ")*+),)$-(✿ F)<)%)6-&)7

3&2&4,#✿ ✷

56&7'!8 *(49("%('!✿ ➘&4<-27')+ ()72()7&<)

❒❰➘+❐-❮➚2 ✃❰❮1$❰❐-❮➚2 $➚➪❰1➚

➶➚$➮➚❮1 ➑✶

✶✳ 0)62'476$ ('$Q2476✳ ➶<%?:2'&2✱ 47-$K$2 6<%?:2'&2✳

✷✳ ✃%)44D U<6&6)%2'7'$47&✳ >)<7$-✲('$Q2476$✳

✸✳ 0)1(232'&2 &1 n 5$ k F21 5$67$-2'&@✳ 96$@476) -)1(232'&@✳

✹✳ 02<.--2'7'D2 4$$7'$I2'&+✳ #-&(2-D✳

✺✳ ➪&'$( ❮*?7$')✳

Y762-QA2'$ ') 1)42A)'&& <),2A-D &'Q2'2-'$@ & <$(5*?7)Z&$''$@ 52A)K$K&<&✱

5-$7$<$% ➑ $7 ➽ ➾ ✷✵ K✳

➬)62A.?3&@ <),2A-$@

#-25$A)6)72%*

✃=>?@=>> AB@C>DEC>F GAHIJKCALA MAC?=AJF

❮!"#$ %&'&()* ✃!,)-#./0! 1&,,!0

1 6

2 6

3 6

4 6

5 6

➶.#3! 30

✶✵✳ ✃$➮1➴$➮➮ ❰(➴❮➮➶➚❮➮2

#$ <.-4. 5-2A5$%)K)274+ 5-$62A2'&2 5-$(2Q.7$:'$@ )77247)Z&& 6 6&A2 ($A.%*'$K$

<$'7-$%+ & 6D5$%'2'&+ &'A&6&A.)%*'DE 5-)<7&:24<&E 1)A)'&@✳ ➬):27 47.A2'7D 5$%.:)?7 5$

4.((2 -2@7&'K$6DE F)%%$6✱ ')F-)''DE 6 E$A2 &1.:2'&+ A&4Z&5%&'D✳



✶✶

 !"#$%&%'%()% *!''+,✱ .+/+$0% 1+23/ #+'34)/5 "/3&%(/0

, #$+6%""% )734%()8 &)"6)#')(0

❰!"#$%&#'%($$(✲ *#+(,-(.-/01$#. !#2(-# ,-34/$-#

35/2$#. !#2(-# ➮$4%7%43#01$8/ ❒(4301$8: ➶,/"(

,-34/$-# <!#=-%5/,=%/ &#4#$%. =($-!(01

20  !""#$ 50  !""#$ 30  !""#$ 100  !""#$

9!*')6! "++/,%/"/,)8 *!''+, 2+"3&!$"/,%((+: ;.!'%

❰'/$=# ❰'/$=# <( ❰'/$=# <( "(,34#!,-7/$$(: >=#0/ ❰'/$=# <(

<( >=#0/ ✶✵✵✲2#001$(: ✭B=&#+/$✱ 4%DD/!/$'%!(7#$$8: &#5/-✮ "(,34#!,-7/$$(:

❊❈❚❙ >=#0/ >=#0/ ✭&#5/-✮

❆ 90− 100 5 ✭#&"'()#✮ +!(&,)#

❇ 80− 89 4 ✭-#.#/#✮ +!(&,)#

❈ 75− 79 4 ✭-#.#/#✮ +!(&,)#

❉ 70− 74 3 ✭01#$",&$#.'&,"2)#✮ +!(&,)#

❊ 60− 69 3 ✭01#$",&$#.'&,"2)#✮ +!(&,)#

❋❳ 35− 59 2 ✭),01#$",&$#.'&,"2)#✮ ), +!(&,)#

3 $#+4#5)#3&26 7#$&#.)#8 31!('

❋ 0− 34 2 ✭),01#$",&$#.'&,"2)#✮ ), +!(&,)#

3 $#+4#5)#3&26 7#$&#.)#8 31!(' 7.'

03"#$'' # 9+!&,"2)#:# )! #.!

1#7#")'&,"2);-  !""#$

✶✶✳ ❒➚Q➴S➮➚❐U❮❰✲Q➴W❮➮X➴*✃❰➴ ❰➪➴*[➴X➴❮➮➴ \X➴➪❮❰➹❰ [S❰^➴**➚

❐,=>'#));, +!)9&'9 7.#$#19&39 $ !01'&#.''✱ #3)!@,))#8 40"2&'4,1'8)#8 &,-)'=#8 '

1#3=#8✳

B.!=&'(,3=', +!)9&'9 4#:0& 7.#$#1'&239 $ !01'&#.''✱ #3)!@,))#8 40"2&'4,1'8)#8

&,-)'=#8 ' 1#3=#8 '"' $ =#4726&,.)#4 ="!33,✱ # #.01#$!))#4 =#4726&,.!4' 3 "'>,)+'#));4

7.#:.!44);4 # ,37,(,)',4✱ 1#3&07#4 = 3,&' ➮)&,.),&✱ 3&#"!4'✱ 1#3=#8✳

✶✷✳ S➴✃❰❒➴❮➘❰➶➚❮❮➚a ❐➮Q➴S➚Q\S➚

✃(0✲7( ❮#0%5%/

➑ ❮#%+/$(7#$%/ B=&/+<0.!(7 B0/=-!($$(:

<✴< 7 2%20%(-/=/ 7/!,%% 7

➘($❮\ d➪*

❰"(+,(!8 ')/%$!/3$!

✶ ➘'3=.,&)!9 4!&,4!&'=! ❬G",=&.#));8 .,30.3❪ ✿ 0(, ✲

)#, 7#3# ', ✴ ❬➚✳ ➮✳ ➘+0)1+!✱ ➮✳ ➚✳ ❒#'3,,)=#✱

✃✳ ➪✳ P,"9=#$ ' 1.✳❪ ❀ ➹❰T ➶B❰ ➽➘#),>='8 )!>'#✲

)!"2);8 0)'$,.3'&,&➾✱ ✃!X,1.! &,#.'' $,.#9&)#3&,8

' 4!&,4!&'(,3=#8 3&!&'3&'='✳ ✕ ➘#),>= ✿ ➹❰T ➶B❰

➽➘#)❮T➾✱ ✷✵✶✼✳ ✕ G",=&.#));, 1!));, ✭✶ X!8"✮✳

+

➘+#+'()/%'5(!8 ')/%$!/3$!

✷ ✃0+),>#$✱ ❰✳ B✳ ➘'3=.,&)!9 4!&,4!&'=! 1"9 ')5,),✲

.! ✴ ❰✳ B✳ ✃0+),>#$❀ ➹✳ ❒✳ ➚1,"23#)✲➶,"23='8✳ ✕ ✷✲,

'+1✳ ✕ ❒✳ ✿ G),.:#!&#4'+1!&✱ ✶✾✽✽✳ ✕ ✹✼✾ 3✳

✾

✸ P# #",$!✱ b✳ P✳ ➘'3=.,&)!9 4!&,4!&'=! ✿ 0(, )'= 1"9

3&01,)&#$ $;3/'- 0(, );- +!$,1,)'8 ✴ b✳ P✳ P# #",✲

$!✱ ➚✳ ➶✳ c,(=') ❀ 7#1✳ .,1✳ ➚✳ ➶✳ c,(=')!✳ ✕ ❒#3=$! ✿

➚=!1,4'9✱ ✷✵✵✻✳ ✕ ✷✺✹ 3✳

✸



✶✷

✶✸✳ ➮❮%❰'❒➚*➮❰❮❮+➴ '➴-.'-+

✶✳ "#$%&'())(✲+,+#,(&$-)./ 0,0&$1. ➘()$3%(4( ).3,().#5)(4( 6),7$'0,&$&. ❬"#$%&'()✲

)9: '$06'0❪✳ ✕ =$>,1 ?(0&6@.✿ ❤CC♣✿✴✴❧✐❜I❛I②✳❞♦♥♥✉✳I✉✴✳

✷✳ ➬.4(')9:✱ ❒✳ T✳ ➘,0%'$&)./ 1.&$1.&,%. ❬"#$%&'())9: '$06'0❪✳ ✕ =$>,1 ?(0&6@.✿

❤CC♣✿✴✴❤❡❣❡❧♥❡C✳♦I❣✴❞✐W❝I♠❛C❤✴✳


