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023,-4@

%23+/=002/0 02350/0359/=32/5 / 21>263>-33,+ 54..30-4 Z /5 </ 5 023 =/53
<102023:/88 /: , 73 Z 15 * , =,1*=163*=3@)* >3*3-/8C54..30-135 1* 02350/0359/=3
-3m3=002/0 92451=/8,9 3-/01,*5 81O3 -,0/01,*5 2/ 73 0, 83/73 02350/0359/=3 1*7/ -1/* 0@

# 51.98354503. /5 635=-1:36 : 4 ./0-1=35 , +023+,-. b`@(c15=/8836/ E9<1%@
$2451=/884C/ D?:10./ 4 : 3 1.983.3* 036: 4 / 9/-01=83, +591* "

! <1029CM /*6 ?
1*61=/01*>61-3=01,*5,+ 023591*@

%23D?:1015023?*10,+ D?/* 0?. 1*+,-./01,* 023,-4@%21515/ */0?-/8 =2,1=3
,+ ?*10/5 ,*3 =/* 6371=3/ 9-,0, =,8<21=2C<10221>2T638104C0-/*5+,-.5 /* 4 D?/*E
0?. 1*+,-./01,* 54503. 1*0, / 54503. 1*7,871*>,*84 D?:105@\?103 9/-/88380, 023
=8/551=/8023,-4C. /1* 0/5O5,+ D?/* 0?. 1*+,-./01,* 023,-4 /-3 023* 0, -39-353*0
=,.981=/036 D?/* 0?. 54503.5: 4 D?:105/*6 0, =,*5163--39-353*0/01,*C0-/*5.15E
51,* /*6 -3=,*50-?=01,*,+ 50/035@

( # 635=-1901, * 1* 03-. 5 , +73=0, -5 1* " 18: 3-0 59/ =3 15 / 85, 9, 551: 83C: ?0 023 63* 5104 . / 0-1=35
3Q9-355 1* / : 3003- < / 4 3553* 01/ 8/ 593=05 -38/ 036 0, . 1Q1* > / * 6 . 3/ 5?-3. 3* 05@
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)0 153/54 0, 3*=, 63 / :10 1*0, / D?:10@R4 ,-02,>,*/8104 ,+ 591*?9 /*6 591*
6, <*C ,*3 =/* 93-+,-. / . 3/5?-3.3* 0<21=2 -3=,73-5 023:1093-+3=084@)* 0215</ 4
/ 9-39/-/01,* 635=-1:36 : 4 0239-,:/:18104 6150-1:?01,*( "

! . 9$"
! $ 9) 15./99 36

1*0, 02363*5104 ./0-1Q )
"
! . 9 !
! "

! $ 9

*
(

%21552,<5 2, < :105 /*6C .,-3 >3*3-/884C/ *4 =8/551=/81*+,-./01,* 54503. =/*
: 3 3. : 36636 1* D?/* 0?. 54503.5@%2?5 D?/* 0?. 1*+,-./01,* 023,-4 =,* 0/1*5
=8/551=/81*+,-./01,* 023,-4@%230<, 023,-135/-3 *,0 3D?17/ 83*0 /5 023-315*, </ 4
1* <21=2 / D?:10=/* : 3 -39-353*036: 4 =8/551=/8:105@

)* ,-63- 0, ./*19?8/03 D?/* 0?. 1*+,-./01,*C <3 * 336 / D?/* 0?. =,.9?03-@
'3=/88 02/0 / =8/551=/8=,.9?03- 15:/536 ,* 2(%$,<21=2 , 93-/035 ,* ,*3 , - 0<,
:105@;1.18/- >/035=/* : 3 =,*50-?=036/85, +,- 023./*19?8/01,* ,+ D?:105:?0 023-3
15/* 1.9 ,-0/* 0 -350-1=01,*, + &$8$&,1<101%",* 023 >/0351* / D?/* 0?. =,.9?03-@
#==,-61*> 0, 0215-350-1=01,*C0, 3/=2 D?/* 0?. >/03C023-352,?86 =,--359,*6 /
-373-53>/03 <21=2 0-/*5+,-.5 023 ,?09?0 1*0, 023 1*9?0@B, - 1*50/*=3 10 15 *,0
9,551:830, 0-/*5+,-. 0<, D?:1051*0, ,*3 D?:10@;1.18/-84 1015*,0 9, 551:830,
0-/*5+,-. ,*3 D?:101*0, 0<, D?:105@%21515=/8836023-*=60*-1-2 %;$*&$) @%2?5
D?/* 0?. 1*+,-./01,* =/**,0 : 3=-3/036C=,9136,- 6350-,436@)* 021553*53D?/* 0?.
1*+,-./01,* 1592451=/8/*6 : 32/ 735 5,.3<2/0 81O3 / 81D?16@

?2=2Q' (&'<C#0#' (2 )* ,-63- 0, 3Q98/1*C1+,*84 :-13m4C0231.9 ,-0/* 0*,01,*
,+ $-%(-20$)$-%C=,*5163-/ 54503. =,.9 ,536 ,+ 1*101/8841*6393*63*0 5?:54503.5C
3/=2 , +<21=2 <102/ * / 55,=1/036,:53-7 3- <2, =/* 9-39/-3 / D?/* 0?. 50/03@)+
023 ,:53-7 3-5 /-3 /88,<36 0, ./*19?8/03 023 50/035: 4 8,=/8 D?/* 0?. ,9 3-/01,*5
/*6 =8/551=/8=,.. ?*1=/01,*C02350/035,+ 0230,0/8 54503. <21=2 / -3 /=2137/:83
1* 0215</ 4 /-3 5/16 0, : 3 ,$4(&(<0$@)+023,:53-7 3-5 /-3 /88,<36 /85, 0, 3Q=2/*>3
D?/* 0?. 1*+,-./01,* b71/D?:105, - , 023-*,*E8, =/8D?/* 0?. , 93-/01,*5c 023* 023
A,1*0 54503. ./ 4 : 3 635=-1:36 : 4 50/035<21=2 /-3 *,0 539/-/:83@%235350/035/-3
5/160, : 3 $-%(-20$. @

%23 383=0-,*51* / "381?. /0,. 2/ 73 0,0/8 591* a@%215.3/*5 02/0 1+,*3
,+ 023 383=0-,*515.3/5?-36 0, 2/ 73 591* ?9C023 ,023- . ?502/ 73 591* 6, <* b1+
.3/5?-36 1* 023 5/.3 61-3=01,*c@%23 0<, 383=0-,*5: 32/73 81O3 ,*3 /*6 5?=2 /
9/1- 15=/8836/* Y1-,%$1-=#*.*0,A"=Q*,$- 4(1&C/ * &$'E9/1- +,- 52,-0@%21515023
51.983503Q/.983 ,+ /* 3*0/*>83654503.@

#: , 73C<3 5/ < 02/0 :105=/* : 3 3*=, 636 1*0, D?:105C:?0 D?:105=/**,0 : 3
3*=, 636 1*0, :105<102,*84 =8/551=/8-35,?-=35/ 7/18/:83@)+3*0/*>83.3* 0 15 / 7/18E
/:83 0, #81=3/*6 R,: 1* / D?/* 0?. =,.. ?*1=/01,* 54503.C021583/650, 593=1/8
9,551:1810135@)* 0215=/53 0<, :105./ 4 : 3 3*=, 636 1*0, ,*3 D?:10@%21515=/8836
,94$&=.$-,$ 6*. 1-2@%230<, :105/-3 3*=, 636 1*0, ` D?:1051* 02353*53 02/0 023
63=,63- bR,:c -3=31735 0<, D?:105@%23*3< 021*> 1502/0 023T-50D?:10b<21=2
15,*3 , + 023 9/-01=8351* / * &$'E9/1-c ./ 4 : 3 -3=31736 : 4 : , 02 #81=3/*6 R,:
: 3+,-3 #81=3O*,<5 <21=2 : 100, 53*6@#802,?>2 02352/-1*> ,+ /* &$'E9/1- 6, 35
*,0 -39-353*0 =8/551=/8=,.. ?*1=/01,*C1015/ O1*6,+ =,.. ?*1=/01,* 02/0 ./O 35
023.3/5?-3.3* 0 / 99/-/0?5 .,-3 53*510173 / *6 3*/:835 .3/5?-3.3* 05<21=2 <,?86
*,0 ,023-<153: 3 9,551:83@

)+#81=3/*6 R,: 52/-35 /* &$'E9/1- 1015/85, 9,551:830, 3*=, 63 / D?:101*0,
0<, :105@%2159-, =35515 =/8836E9(-%9) %$0$4*&%(%1*-@%23-3/5,* +,- 0215*/.3 15
02/0 ,?- 3*01-3O*,<836>3/: ,?0 023D?/* 0?. 9/-01=8315 =,* 0/1*36 1* 02363*5104
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./0-1Q /*6 /0 023,?09?0<3 -3=3173 / 9/-01=83<1023Q/=0840235/.3 63*5104 . /0-1Q@
W*3 ./ 4 5/ 4 02/0 0239/-01=83</ 5 6350-,436 / 0 0231*9?0/*6 -3=,*50-?=036/0 023
,?09?0C:?0 *,021*> 158,50: 4 0236350-?=01,*/*6 -3=,*50-?=01,*C5, ./* 4 92451=1505
?5302303-.1*,8,>4 02/0 0239/-01=83</ 5 03839,-036 +-,. 0231*9?00, 023,?09?0@
%21583/650, 02392451=/884/*6 9218,5,921=/8841*03-3501*>D?3501,*L!/* / 9/-01=83
: 3 163*01T36<102023 O*,<836>3<3 2/ 73 /: ,?0 0239/-01=83YS/023./01=/884 0215
15*,0 , +51>*1T=/*=3: 3=/?53/88=/8=?8/01,*5=,*=3-* 023O*,<836>3<3 2/ 73 /: ,?0
02354503. /5 -39-353*036 : 4 10563*5104 ./0-1Q@

=2 R%&C)(- 9#(B##' (,%(" &'A A#45,)6()+'

)0 151.9 ,-0/* 0 0, 61501*>?152: 30<33* ,* 0,8,>4C2, < 023<,-86 15C/*6 391503E
.,8,>4 C,:53-7 /01,*5 ,+ 023<,-86@P1385R,2- 5/16 02/0 92451=563/85<102<2/0
=/* : 3 5/16/: ,?0 */0?-3C*,0 2, < */0?-3 15@%239,5101715050/O3 /*,023- 9,5101,*@
$2451=552,?86 ?*=, 73- , : A3=0173 O*,<836>3/: ,?0 */0?-3@W*0,8,>4 /*6 391503E
.,8,>4 / -3 ?5?/884=,*5163-36/ 5 ,99 ,536C:?0 1*+,-./01,* 023,-4 ,U3-5 / 9,5101,*
1*: 30<33*@%-?02 /*6 635=-1901,*/-3 61U3-3*0C:?0 023-3 15/ 6?/8104 : 30<33* 023
=,*=3905@%, /* 4 d0-?3d. , 638023-33Q1505/ * , 901./8 635=-1901,*/*6C 0, / *4
635=-1901,*C023-33Q1505/ . , 638,+ 023<,-86 5?=2 02/0 023635=-1901,*15,901./8
1+023., 63815d0-?3d@"3-3 023<,-6 %&9$151* D?,0/01,* ./-O5 : 3=/?53 10 ./O 35
/55, =1/01,*50, ,* 0,8,>4 02,?>2 ,: A3=0173 0-?02156159?0/:83@)*503/6 ,+ 593/O1*>
/: ,?0 d0-?02d<3 52/88+,=?5,* ,:53-7 /01,*5 Z 02,53 /8-3/64 ./63 /*6 , :53-7/01,*5
98/**36 +,- 023+?0?-3@

=212QC#0#' (4 +. <&0# ("#+,-2 #5 / 9-38?630, 023 5?:53=01,*50, +,88,<
<3 9-, 7163/ 52,-0 1*0-, 6?=01,*0, =3-0/1*9/-05 ,+ >/.3 023,-4@

)* >/.3 023,-4 510?/01,*5/-3 . , 63836<23-3 M98/43-5N1*03-/=01* 5?=2 / </ 4
02/0 0235/015+/=01,*, +3/=2 98/43- b,- >-,?9 ,+ 98/43-5c6393*65 ,* /=01,*5C,%&(%$=
21$,C=2,53* : 4 /8898/43-5@%491=/884C023 98/43-5 /-3 1*61716?/85C:?0 /*1./85C
./= 21*35,- ,023- 3*010135=,?86 /85, : 3 =,*5163-36@e 3 52/88,*84 63/8 <10250/01=
>/.35C >/.35 <102*, 5?==3551,*,+ 50-/03>1==2,1=35@%23 ./* 4 7/-1/* 05,+ 023
023,-4 , 93-/035 <10261U3-3*0 -?835-3>/-61*> 023 9,551:83/=01,*5 ,+ 023 98/43-5
/*6 023m,< , +1*+,-./01,* /.,*> 023.@

# =3*0-/8 023.3 150231*73501>/01,*,+ 9,551:1810135+,- -/01,*/8 : 32/ 71,- ,+ 023
98/43-5@"3-3C 023*,01,* ,+ $E9101<&19)=,.35 1*@%23163/ 1502/0 1+C5,.32, <C
02398/43-5=/* 63=163?*63- 023-?835,+ 023>/.3 0, =2, ,53 593=1T=50-/03>1350215
15/ 51>* , +50/:18104 /*6 +3/0?-35/55, =1/036<1025?=2 / =,883=0173 =2,1=3=/* : 3
3Q93=0360, : 3 ,:53-7 36@B, - , ?- 0-3/0.3* 0 ,+ >/.3 023,-4 10151../03-1/8 2, <
02363=151,*5,+ 02398/43-5 /-3 /--1736 /0@

#55?.3 02/0 023-3/-3 N 98/43-5 /*6 02/0 0236*,%,- 0*,, +,- 98/43- 615>173*
: 4 / -3/8E7/ 8?36 0*,, :9-6%1*-(%" $(( ( $%*) " O((%" $(( ( $%*) <23-3 %" $(( ( $%* -39E
-353*05 02350-/03>1==2,1=35: 4 02398/43-5@%23530,+ 50-/03>135%" $(( ( $%* 63T*35
/ Z(,; $E9101<&19)1+*, 98/43- =/* : 3*3T0+-,. / =2/*>3 ,+ 50-/03>49-, 71636023
,023- 98/43-5 501=O 0, 0231-50-/03>135@B, - 3Q/.983C+,- $8/43- (C *, 50-/03>4%$

"
61U3-3*0 +-,. %" <18841386/ 8, <3- 8,55C5, O" (%$

" $%! $(( ( $%*) # O" (%" $%! $(( ( $%*)
. ?502,86 1* / P/52 3D?181:-1?.@%215*,01,* ,+ 3D?181:-1?.15-38/0360, -*-=
6**4$&(%1*- /.,*> 02398/43-5@)0 ./ 4 <388: 3 02/0C+,- 50-/03>135<21=2 , : 34 023
=-103-1/,+ / P/52 3D?181:-1?.C0<, ,- .,-3 ,+ 02398/43-5 ./ 4 A,1*084: 3*3T0+-,. /
=2/*>3 ,+ 0231-50-/03>135<23-3/5 / 51*>8398/43- =/**,0 : 3*3T0+-,. 5?=2 / =2/*>3@
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,61,,*&, 4( 4$& ,%*-$
,61,,*&, ! $ " "
4( 4$& " ! $ "
,%*-$ $ " " !

! " #$%1' q,55 +?*=01,*1* 0235=155,-5E9/93-E50,*3>/.3

# P/52 3D?181:-1?../ 4 * ,0 3Q150@", <373-C/ >3*3-/8 -35?80>?/-/* 033502/0 /C
0491=/884?*1D?3CP/52 3D?181:-1?.3Q15051+=3-0/1*=,* 73Q104 /55?.901,*5 -3>/-61*>
0238,55+?*=01,*5/-3 +?8T8836@%2353=,*6101,*5* ,-./884 -3m3=0/==390/*=3, +)1?$.
,%&(%$21$,,- &( -.*)1J(%1*- @

23",4$% ( ' [*-,1.$& %;$%B*=4$&,*- ,61,,*&,=4(4$&=,%*-$2()$M 3;$ 0*,,
:9-6%1*-:*&7,("7 #0("$& L 1, ,;*B- 1- 3( <0$\ M] $ (,,9)$ %;(%O! ' $ O" M3;1,
1, (- 1-,%(-6$ * : ( 0<,E93-5,* l3-,E5?. >/.3 7&$^$6%1-2%;(%B;(% 1, 2**. :*& %;$
*-$ 40("$&1, <( . _ (-. $E9(00" ) 96; ,* _ :*& %;$*%;$&M

[0$( &0"7%;$&$ 1, - * Z(,; $E9101<&19):*& %;1,2()$7 -* ,$%* : ,%&(%$21$,"*9 6( -
$?4$6%%;$40("$&, %*(2&$$ *-M 3;$ 2()$ 1, 4,"6;*0* 216( 01- -(%9&$ (-. .* $, -*%
$-6*9&(2$ &(%1*-(06*-,1.$&(%1*-,M'*B$8$&7 1: %;$2()$ 1, &$4$(%$. ) (-" %1)$,
(-. B$ (00*B &(-.*)1J(%1*- (-. 9,$ (8$&(21-2 %*.$F-$ %;$-$B 0*,, :9-6%1*-,7B$
F-. %;(%%;$&$ 1, ( 9-1E9$6;*16$ * : ,%&(%$21$,B;16; "1$0., ( Z (,; $E9101<&19)781JM
:*& <*%;40("$&,%*6;* *,$ ()*-2 %;$%;&$$ >49&$ ,%&(%$21$,@B1%;$E9(04&*<(<101%1$,M

r/.35 5?=2 / 5023 954=2,8,>1=/88402-1881*>5=155,-5E9/93-E50,*3>/.3 /-3 ,+03*
: 3500-3/036 : 4 1*7, O1*>.302, 65 , + /-01T=1/81*03881>3*=3C83/-*1*> 023,-4C*,*E
=8/551=/88,>1=/*6 954=2,8,>4@e 3 *,03 02/0 : 4 /88,<1*> -/*6,.1l/01,*C /* 1*101/8
>/.3 ,+ 2/l/-6 15 0?-*36 1*0, / =,*m1=0510?/01,*<21=2 3*=,?-/>35 -/01,*/8 : 32/ 7E
1,?-C23*=3 , 93*5 ?9 +,- D?/* 010/0173 50/03.3* 05@

=2?2Z&0#4 +. )'.+,0&()+'2 S/* 4 9-,:83.5 ,+ 1*+,-./01,* 023,-4 1*7,873
,901.1l/01,* 1* / 510?/01,*5,+ =,*m1=0@#.,*> 023-3837/* 0 9-,:83.5 <3 .3* 01,*
4&$.16%1*-79-18$&,(06*.1-27 ,*9&6$ 6*. 1-276&"4%*2&(4;" / * 6C/ 5 023 O34 =/ 53 <3
52/88=,*5163-C023)(?1)9) $-%&*4" 4&1-6140$@%23-3837/* 0 >/.35 +,- 023539-,:E
83.5 /-3 /.,*> 02351.98350, +>/.3 023,-4C023%B*=4$&,*- J$&*=,9) 2()$, C=+@
&Q/.983 ( , +; 3=01,*(@

B, - 023532()$, *: 1-:*&)(%1*- ,*3 ,+ 02398/43-5 -39-353*05M4, ?N/5 / 93-5,*
533O1*>1*+,-./01,* /*6 023,023- -39-353*05 023/-3/ 4, ? / -3 533O1*>1*+,-./01,*
/: ,?0@e 3 =2, ,53 0, -3+3-0, 02398/43-5 /5 `<,$&8$&/*6 Z(%9&$C-3593=017384@)*
/* 4 >173* =,* 03Q04,? ./ 4 9-3+3-0, 5<10=2 0, ,023- * /.35C 5/4 50/01501=1/*X.,638C
92451=150X54503.C.,023-X= 2186C1*7350,-X./-O 30,- <2/0 023=/53 ./ 4 : 3@;0-/03E
>135/ 7/18/:830, W:53-73- /-3 -3+3--360, /5 .$,6&14%*&,/*6 50-/03>135/ 7/ 18/:830,
P/0?-3 /-3 =/8836B*&0.,@%23530, +50-/03>135/ 7/18/:830, 0230<, 98/43-5 /-3 63E
*,036 , C-3593=017384- @e 3 -3+3- 0, - /5 023,$%*: 4*,,1<0$B*&0.,@W?- 9-3+3--36
>3*3-1=*,0/01,* +,- 635=-190,-5/*6 <, -865/-3C-3593=017384) /*6 ' <21=2C8/03-C
<188=,--359,*6 0,C-3593=017384C163/81l36=, 635/*6 9-,:/:18104 6150-1:?01,*5@

;33* +-,. 023 9, 1*0 , + 713< ,+ W:53-73-C023 8,55+?*=01,* (' $) ) " O(' $) )
-39-353*05023=,501* 5,.3 5?10/:8353*53<23* 023<,-86 =2,53* : 4 P/0?-3 15'
/*6 023635=-190,-=2,53* : 4 W:53-73- 15) @W*3 ./ 4 =,*=3173 O(' $) ) /5 / .3/5?-3
,+ 6* )40$?1%"@%23 l3-,E5?. =2/-/=03- ,+ 023 >/.3 61=0/03502/0 <3 0/O3 $ O/5
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0238,55+?*=01,*+,- P/0?-3@%23*C023P/52 3D?181:-1?.=,*6101,* +,- / 9/1- , +
50-/03>135(' $$) $) /.,?* 050, 0237/ 816104 ,+ 023,(.. 0$=8(09$1-$E9(01%1$,

b[@(c O(' $) $) " O(' $$) $) " O(' $$) ) +,- /88' ! - $) ! , (

%23 &1,A/55, =1/036<102W:53-73-5 =2,1=3) ! , 1563T*36 /5 023 ./Q1./8
9,551:83=,50L

P(. ) ' +89
/ !%

O(' $) ) $

/*6 023)1-1)(0 &1,A1563T*36 : 4

P0(* ' +,-
#!&

P(. ) (

# 635=-190,-) ! , 15*4%1)(01+P(. ) ' P0(*@
;1.18/- D?/* 010135+,- P/0?-3 /-3 0232(1-

K(' ) ' + ,-
#!&

O(' $) ) $

/*6 023)(?1)(0 2(1-
K01! ' + 89

/ !%
K(' ) (

%23-3D?1-3.3*0, +,901./8104 +,- P/0?-3 023-3+,-3/.,?* 050, 0233D?/8104 K(' ) '
K01!@

\?103 >3*3-/884C023)1-1=)(? 1-$E9(01%"

b[@̀c K01! " P0(*

2,865@)+ 023-3153D?/8104 1* b[@̀cC023=,..,* 7/ 8?3b/55?.36 T*103c1551.984
=/88360238(09$,+ 023>/.3@ &Q1503*=3,+ 0237/8?3 15/ O1*6,+ 3D?181:-1?.L

!)%*+%, [ ' a: ( 2()$ * : 1-:*&)(%1*- ; (, ( Z(,; $E9101<&19)7%;$8(09$* : %;$
2()$ $?1,%,(-. `<,$&8$&(-. Z(%9&$ <*%; ;(8$ *4%1)(0,%&(%$21$,M

)* +/=0C0233Q1503*=3, +/ P/52 3D?181:-1?.15/85, *3=355/-4+,- 023=,*=8?51,*
,+ 023023,-3.@ %2353/-=2 +,- / P/52 3D?181:-1?.15C023-3+,-3CD?1031.9 , -0/* 0@
)* 5,.3 593=1/8=/535CP/52 3D?181:-1//-3 -38/0360, &*<9,%.$,6&14%*&,: 4 <21=2 <3
.3/* 635=-190,-5) ! , 5?=2 02/0C+,- 5,.3 T*103=,*50/* 0 KCO(' $) ) ' K +,- /88
9,551:83<,-865 ' ` @

e 3 *, < 1*0-, 6?=3/* /66101,*/8 /55?.901,* ,+ .9(01%": 4 -3D?1-1*>02/0 373-4
<,-86 2/5 / : 350635=-190,-@)* .,-3 630/18<3 -3D?1-302/0 0, / * 4 9, 551:83<,-86
' #C023-33Q1505/ 635=-190,-) #C023.$,6&14%*&(.(4%$. %* ' #C5?=2 02/0

b[@[c +,-
#!&

O(' #$) ) ' O(' #$) #) $

/*6 +?-023-C<3 /55?.3 02/0 023 .1*1. ?. 15,*84 /00/1*36 +,- ) ' ) # b?*8355
O(' #$) #) ' . )@%23=,*6101,* 1.9813502/0 023>/1* /55, =1/036<102' # 15>173*
: 4 K(' #) ' O(' #$) #)@#85, *,03 02/0 023-1>20 2/*6 1*3D?/8104 , +023 5/66837/8?3
1*3D?/810135b[@(c 15/?0,./01= ?*63- 0215=,*6101,* b<102) $ 023635=-190,-/6/9036
0, ' $c@)0 153/54 0, 350/:8152023+,88,<1*> 51.983C4309, <3-+?8-35?80L

!)%*+%, H' C,,9)$ %;(%' $ 1, ( 4*,,1<0$B*&0. (-. %;(%%;$.$,6&14%*&) $

(.(4%$. %* ' $ 1, &*<9,%M3;$- %;$4(1&(' $$) $) 1, %;$9-1E9$Z(,; $E9101<&19)4(1&M

%2?5C1* 02353/-=2 +,- P/52 3D?181:-1?.50-/03>135C,*3 ./ 4 T-501*73501>/031+
-,:?50 635=-190,-5=/* : 3 +,?*6@

` 02353 50-/ 03>135 =, --359, * 6 =8, 5384 0, 023 $?4* - $- %1( 0:( ) 101$, O* , < * +-, . 50/ 01501=5@



` ` ( @%" & \ ] # P %)%# %)^ & %" &W' _ WB )P BW' S # %)WP

=2=2!"# 0&G)0 %0 #' (,+6 - 6,)'5)6C#2 !,*5163- 023530, ,+ /88163/81l36
=,635) ' (#!)!! ! , 73- 023615=-303/892/: 30! /*6 830023-3: 3 >173* / 530- ,+
6150-1:?01,*5, 73- ! @%/ O3 / 73-/>3 =,63 83*>02/5 =,50+?*=01,*C1@3@

b[@Hc O(' $) ) '
!

!! !

&!#! (

R4 02381*O1*>163*0104 b(@GcC023 6?/8104 -3D?1-3.3*05-38/0360, b[@[c/-3 5/015T36
/*6 /85,C<3 -3/81l302/0 023>/1* /55, =1/036<102' ! - 15*,021*> : ?00233*0-,94
,+ ' @%23-3+,-3CK01! 15023)(?1)9) $-%&*4" 8(09$>173* : 4

* 01! ' * 01!(- ) ' :;<
/ !%

* (' )

/*6 /* ,901./8 50-/03>4+,- P/0?-3 15023 5/.3 /5 / )(?1)9) $-%&*4" .1,%&1<9=
%1*-C/ 6150-1:?01,*' $ ! - <102* (' $) ' * 01!@)* 0215</ 4C>/.3 023,-301=/8
=,*5163-/01,*52/ 73 8360, / 63-17/01,* ,+ 023)(?1)9) $-%&*4" 4&1-6140$Z <21=2
3*=,?-/>35 023=2,1=3,+ / ./Q1. ?. 3*0-,9 4 6150-1:?01,*/5 0239-3+3--366150-1:E
?01,* 0, <, -O <102@

23",4$% ` ' C,,9)$ %;(%%;$(04;(<$%! 1, F-1%$B1%;N $0$)$-%,(-. 0$%- <$
%;$,$%*: ( 00.1,%&1<9%1*-,*8$&! M[ 0$(&0"7%;$ 6*-,%(-%.$,6&14%*&) ' (#QR! N)!! !

1, &*<9,%(-. ;$-6 $7 <" 3;$ *&$) b %;1,.$,6&14%*&1, *4%1)(0 :*& `<,$&8$& (-.
%;$(,,* 61(%$. .1,%&1<9%1*-71M$M%;$9-1:*&) .1,%&1<9%1*-71, %;$)(?1)9) $-%&*4"
.1,%&1<9%1*-M

23",4$% [ ' R$%! ' / ! $" $#$(( (07 0$%> I ! (-. 6*-,1.$& %;$,$%- *: (00
.1,%&1<9%1*-,B1%;)$ (- 8(09$>MR$%) ' (#*)*' # <$ (- 1.$(01J$. 6*.$M[0$( &0"71: )
1, *: %;$:*&)

) * ' 9 . MN
%;$- 1' $) 2 ' 9 . M> :*& (00 ' ! - 7 ;$-6 $ ) 1, &*<9,%M3;$ 6*-,%(-% 9 6( - <$
.$%$&)1-$. :&* ) b(@[c (-. <" ( 4&*4$& 6;*16$ *: M *-$ F-., %;(%%;$(,,* 61(%$.
.1,%&1<9%1*-1, *-$ *: %;$4*,,1<0$B*&0.,M3;1, %;$-7(2(1- <" 3;$ *&$) b7)9,% <$
%;$)(?1)9) $-%&*4" .1,%&1<9%1*-Mc*1-2 %;&*92; %;$6(0690(%1*-,*-$ F-., %;(%
:*& %;1,$?()40$7 %;$)(?1)9) $-%&*4" .1,%&1<9%1*-1, %;$2$*)$%&16.1,%&1<9%1*-
B1%;)$ (- 8(09$>71M$M%;$.1,%&1<9%1*-' $ ' (&$

*)*' # 218$-<"

b[@hc &$
* ' &/* B1%;&' " $ / '

"
> . "

(

3;$ 0$-2%;:9-6%1*-:*& %;$*4%1)(0.$,6&14%*&1, 218$-<"

#* ' $%&! (> . " ) . N$%&
> . "

>
(-. %;$)(?1)9) $-%&*4" 8(09$1,

b[@jc * 01! ' $%&! (> . " ) . > $%&!
> . "

>
(

%23, 73-/889218,5,924 , +1*+,-./01,* 023,-301=/81*+3-3*=3=/* : 3 188?.1*/036
: 4 023/: , 73 3Q/.983@%, 6, 5,C=,*5163- / 61/8,>?3: 30<33* 02350/01501=1/*b;c
/*6 0231*+,-./01,* 023,-150b)%cL

;L !/* 4, ? 2389.3 0, 163*01+40236150-1:?01,*: 321*65,.3 1*03-3501*>6/0/ ) / .
50?641*>Y
)%LWfC 830.3 0-4@e2/0 6, 4, ? O*,<Y
;L #88,:53-7 36 7/8?35/-3 *,*E*3>/0173 1*03>3-5@



[ @V ] # q )%_ R&%e &&P %' ] %" # P V V &; ! ' )$ %)WP ` [

)%Le2/0 3853Y
;L e 388C) 2/ 73 -3/5,*5 0, : 381373 02/0 023.3/* 7/ 8?315 ` @[@
)%Le2/0 .,-3Y
;L P,021*> .,-3@
)%L#-3 4,? 5?-3Y
; L) / . s
)%L%215023* 1*61=/035023>3,.30-1= 6150-1:?01,*@
;L e2/0s _, ? /-3 9?881*>. 4 83>s%21515/ 73-4 593=1/86150-1:?01,*/*6 023-3/-3
./* 4C./* 4 ,023- 6150-1:?01,*5<21=2 /-3 =,*51503*0 <102. 4 ,:53-7 /01,*5@
)%LW+=,?-53@R?0 ) / . 53-1,?5@)* +/=0C/* 4 ,023- 6150-1:?01,*<,?86 .3/* 02/0
"*9 B*90. ;(8$ A-*B- ,*)$%;1-2 )*& $M
;L "...@ ;, 023>3,.30-1= 6150-1:?01,*15 023 0-?36150-1:?01,*@
)%L) 616*,0 5/4 02/0@%230-?36150-1:?01,*<3 =/**,0 O*,< /: ,?0@
;L R?0 <2/0 023* 6164, ? 5/ 4 Z , - .3/* 0, 5/4Y
)%Le 388C1* .,-3 630/18C=3-0/1*04 =,.35 +-,. ,:53-7 /01,*@R/536 , * 4,?- 1*+,-E
./01,*C 023: 350635=-190,-+,- 4,?C?*018+?-023- ,:53-7 /01,*5 / -3 ./63C 15023,*3
/6/9036 0, 023 >3,.30-1= 6150-1:?01,*@)* =/53 4, ? ?53/* 4 , 023- 635=-190,-023-3
15/ -15O,+ / 21>23-=,50@
;L %2150/O35023+,=?5/ </ 4 +-, . 023 923* ,.3*,* ) / . 50?641*>@)*503/6C4, ?
./O 3 50/03.3* 05/: ,?0 . 4 : 32/71,-@
)%L\?103 -1>20@M%-?02N/*6 M-3/8104N/ -3 2?./* 1./>1*/01,*5@#884, ? =/* 6, 15
0, ./O 3 =/-3+?8,:53-7 /01,*5 /*6 -3m3=0, * <2/0 4,? 533/ 5 : 3504, ? =/*@
;L "....@ _, ? /-3 ., 71*> 023+,=?5@)*503/6 ,+ /884,?- 9218,5,921=/80/8O)
<, ?8681O3 0, 021*O.,-3 9-/>./01=/884 02/0 023>3,.30-1= 6150-1:?01,*151*6336
0230-?3,*3@%23* 0237/ -1/*=3 52,?86 : 3 /: ,?0 2(/ @) <188>, /*6 =23=O02/0@
)%Lr, , 6 163/@
;L R?0 <2/0 *, < 1+. 4 6/0/ 1*61=/03/ 61U3-3*0 7/-1/*=3Y
)%Le 388C023* 4,? <188O*,< 5,.3021*> .,-3C <1884, ? *,0Y #*6 ) <188=2/*>3
. 4 ,91*1,* /*6 9,1*0 4,? 0, / : 3003-635=-190,-/*6 03884, ? / : , ?0 023/55, =1/036
6150-1:?01,*1* =/53 4, ? =/-3 0, O*,<@
;L R?0 0215=,?86>, ,* /*6 ,* <102-37151,*5,+ ,91*1,* 373- 5, ,+03*@
)%L_35C:?0 93-2/95 4, ? 52,?86 /85, =,*5163-<2/0 4,? /-3 <1881*>0, O*,<@$, 5E
51:84) 52,?86 61-3=04,? 0, / +-13*6 , +.1*3C 3Q93-0 1* =,.983Q104 023,-4@
;L r, , 6 23/73*5 *,@ #*,023- 3Q93-0s _, ? 2/ 73 =,*+?536 .3 5?g=13*084@R?0
02/*O5 +,- 4,?- 01.3C/ *42, <@r, , 6: 43s

%23-3/-3 1*03-3501*>., 6385<21=2 =/**,0 : 3 2/*6836 : 4 %23,-3. H@B, - 5,.3
,+ 02353C/ P/52 3D?181:-1?.15?*/00/1*/:83 02,?>2 0237/8?3 ,+ 023>/.3 3Q1505@
B, - 02353>/.35 W:53-73-C0491=/884C2/5 / ?*1D?3,901./8 50-/03>4C5/ 4 023163/81l36
=,63 ) $@B?-023-C023<,-86 /55, =1/036<102) $C' $C15/ * (%%&(6%*&+,- P/0?-3 1* 023
53*5302/0 /* 4 / 003.90 0, 63T*3 / ./Q1. ?. 3*0-,94 6150-1:?01,*. ?50=,* 73->3
0, ' $@W*3 <1883Q93=002/0 * (' $) ' * ()* :?0 / * 1*03-3501*>923*,.3*,* ,+
6*00(4,$ *: $-%&*4" <102* (' $) + * ()* ./ 4 , ==?-@

S, 6385<102=,88/953,+ 3*0-,94 /99 3/- / 0 / T-50>8/*=30, : 3 ?*6351-/:83@R?0
021515*,0 023=/53@

B1-5084C+,- 5?=2 ., 6385P/0?-3 . / 4 <3882/ 73 =2,53* 023 50/03>4' $ b373*
02,?>2 / : 3003-./0= 2 0, 023=2,1=3) $ : 4 W:53-73- 15 9,551:83c@;1*=3 <24 52,?86
P/0?-3 : 3 1*m?3*=36: 4 /=01,*5 / 7/18/:83+,- 023 W:53-73-C/ . 3-3 2?./*Y %2?5C
023=1-=?.50/*=356, *,0 3*=,?-/>3 / =2/*>3 ,+ 50-/03>135/*6 . / 4 023-3+,-3: 3



` H ( @%" & \ ] # P %)%# %)^ & %" &W' _ WB )P BW' S # %)WP

=,*=31736 /5 50/:83@# 53=,*6 -3/5,* <24 5?=2 . , 6385/-3 1*03-3501*>1502/0 0234
/88,< /99-, Q1./01,*5 0, 023 /00-/=0,- /0 / . ?=2 21>23-3*0-,94 8373802/* 02383738
,+ 023/00-/=0,- 10538+@%21515/ 51>*, +^$?1<101%"@%2?5C<36, * ,0 ,*84 2/ 73 ,%(<101%"
/5 1* .,-3 =8/551=/8., 6385:?0 / 85, / 6351-/:83m3Q1:18104@#* 1*50/*=3, +02152/5
: 33* 5?>>350361* 023. , 6381*>, +*/0?-/8 8/*>?/>35 /0 0238,<35053./* 01=83738C
02/0 ,+ <, -65C=+@J?NKCJ??K@

e 3 ./ 4 5?../-1l3 : 4 5/41*> 02/0 P/0?-3 /*6 W:53-73- 2/ 73 61U3-3*0 -,835
/*6 023 >/.3 15*,0 5, . ?=2 / =,*m1=0: 30<33* 023 0<, 98/43-5 ?*63-50,, 6 1*
023?5?/8 =,..,* 53*53:?0 -/023- / =,*m1=0>, 73-3*36 : 4 6?/8104 =,*5163-/01,*5
: 30<33* W:53-73- /*6 W:53-73-5 , < * 02,?>205 / : ,?0 P/0?-3@

=2L2[')* #,4&C5+A)'<2 !,*5163- />/1* 0239-,:83. ,+ =,61*> 02383003-5,+
023&*>8152/892/: 30@)+ 0235,?-=3 15 V1=O3*5 M# %/83 ,+ %<, !10135N/*6 1+<3
=,*5163-163/81l36=,61*>C<3 O*,< 2, < 0, 9-, =336C71l@0, /6/90 023163/81l36=,63
0, 023O*,<* 6/0/ /5 52,< * 1* %/:83 `@R?01+<3 </ *0 0, 6351>*/ * 163/81l36=,63
5, /5 0, 63/8 <102,023- 5,?-=35C93-2/95 =,--359,*61*> 0, ,023- 04935,+ 03Q05C10
15*,0 5, =83/-<2/0 0, 6,@e 3 52/88*, < 52, < 2, < 023>/.3 023,-301=/8/99-,/= 2
=/* /85, : 3 ?5360, /00/=O02159-,:83.@

q30 ' " $( ( ( $' + : 3 0236150-1:?01,*5-38/0360, 0239,551:835,?-=35@)+<3 0/O3
/ ' " $( ( ( $' +0 /5 023530, +9,551:83<, -865+,- P/0?-3C<3 2/ 73 / 510?/01,*,+ 2/l/-6
51.18/- 0, 0235=155,-5E9/93-E50,*3>/.3C &Q/.983 (@e 3 023-3+,-3-/*6,.1l3 /*6
0/O3 1*503/6023 530, + /886150-1:?01,*5! ' (9*)*( + , 73- / ' " $( ( ( $' +0 /5 023
530 - ,+ 9,551:83<,-865@#5 023530, ,+ 635=-190,-5<3 23-3 T*6 10 =,* 73*13*0C
1*503/6,+ 163/81l36=, 6350, =,*5163-023=,--359, *61*> 530, +6150-1:?01,*5@%2?5C
, 15023530,+ /886150-1:?01,*5. , 73- 023/892/: 30@B1*/884C/5 =,50+?*=01,* <3
0/O3 O63T*36 : 4

O(! $) ) '
!

*( +

9*- (' *&. ) (

%21501.3C023 6?/8104 -3D?1-3.3*05-38/0360, b[@[c /-3 5/015T366?3 0, 023
163*0104 b(@̀ic <21=2 / 85,163*01T35K(! ) <102/ =3-0/1*. ?0?/81*+,-./01,*@ S,-3
1*03-3501*>+,- 0215>/.3 15023163*01T=/01,*,+ P0(* /5 023)1-1=)(? &$. 9-.(-6"

P0(* ' +,-
2!&

+89
*( +

- (' *&. ) (

%23163*01T=/01,*,+ P/52 3D?181:-1?.50-/03>135=/* 5,.301.35 : 3 :/536 , *
%23,-3. H: ?0 .,-3 ,+03* ,*3 2/5 0, ?53/ .,-3 -3T*36 / 99-,/= 2 :/536 , * b[@(c@

%23 1*03-35023-3 15./1*84 / 0 W:53-73-5 5163@B, - / =8/55,+ =8,5384-38/036
510?/01,*50231*03-350<188. , 73 0, P/0?-35 5163,+ 023>/.3@

=2>2U("#, <&0#4 +. )'.+,0&()+'2 %23>/.3 023,-301=/8/99-,/= 2 /998135
1* / *?. : 3- , +,023- 510?/01,*5@W+9/-01=?8/-1*03-35093-2/95 /-3 >/.35 <23-3C
/9/-0 +-,. / 635=-190,-/5 =,*5163-36?9 0, *, <C/ 4&1*&B*&0. 15/85, O*,< * 0,
W:53-73-@%23>,/8 023* 150, T*6 / 5?10/:834*,%$&1*&B*&0. /*6 1* 5, 6,1*> ,*3
63T*35/* /99-,9-1/03 .3/5?-3 ,+ 023>/1* /55, =1/036<10294.(%1-2 ,+ 0239-1,-@
B, - 02353>/.35 101502?5 .,-3 /99-,9-1/03 0, <,-O <102/ * , : A3=0173 +?*=01,*
>173* /5 / >/1* -/023- 02/* / =,50@%23>/.35 1*61=/036/6,90 / !("$,1(- 81$BC
<388O*,<* +-,. 50/01501=5@



[ @V ] # q )%_ R&%e &&P %' ] %" # P V V &; ! ' )$ %)WP ` h

=2M2S&G)0 %0 #' ( ,+6 - )' 6" -4)542 %23<, -6 $-%&*4" 1* 1*+,-./01,* 023E
,-4 =,.35 +-,. 92451=5@)0 </ 5 1*0-, 6?=36 : 4 !8/?51?5 1* 023-., 64*/.1=5@ )*
023-., 64*/.1=5 02363T*101,*159?-384,9 3-/01,*/8L

@<'
@.
S

(

)0 15/ ./=-,5=,91= D?/* 0104 4,? =/* .3/5?-3C <21=2 15 =,*53-736 6?-1*> -373-51:83
9-, =35535C: ?0 1*=-3/5356?-1*> 1--373-51:839-, =355351* 15,8/03654503.5@)+ 023
3*0-,94 2/5 -3/=236 105./Q1. ?.C *, .,-3 1--373-51:839-, =35535=/* 0/O3 98/=3@
W+03*,*3 5/45 02/0 d3*0-,94 1*=-3/5350, 105./Q1. ?.d :?0 0239-, =355. / 4 : 3
3Q0-3.38458,< 5, 02/0 0237/816104 ,+ 021550/03.3* 015 , +81.10361*03-350@!8/551=/8
3D?181:-1?.023-., 64*/.1=5 15 , *84 / :83 0, 635=-1:3 -373-51:839-, =355351* 630/18C
/*6 1--373-51:839-, =35535/-3 =,*5163-36/5 / O1*6 , + : 8/=O : , Q35@%2159-353*05
/ 9/-/6, Q : 3=/?53-373-51:839-, =355352/ 73 59336 l3-, /*6 23*=3 0233*0-,94 15
=,*50/* 0@)* 9-/=01=33D?181:-1?.023-., 64*/.1=5 15/ >, , 6 / 99-, Q1./01,* 0, ./* 4
-3/8 <,-86 9-, =35535@&D?181:-1?.023-., 64*/.1=5 =/* : 3 3Q03*6360, 9-, =35535
*3/- 3D?181:-1?.C<21=2 5,8735 5,.3 ,+ 0235?:0830135:?0 * ,0 /88@

23",4$% H' C- 1.$( 02(, 1, $-60*,$. 1- ( 6"01-.$&(%(- (<,*09%$%$)4 $&(%9&$
S( 3;$ 8*09)$ *: %;$%;$6"01-.$&1, 1-6&$(,$ . %* T %1)$,%;$*&121-(08*09)$ 9,1-2 (
41,%*-7(-. %;$%$)4$&(%9&$ 1, A$4%F?$.M a- *&.$& %*)$ (,9&$ %;$6;(-2$ 1- $-%&*4"
%;$41,%*-,;*90. <$ )*8$ . 8$&" ,0*B0"Ma: %;$,",%$) 1, 1,*0(%$. %;1,B100&$,90%1-
( . $6&$( ,$ 1- %$)4$&(%9&$M3;$&$:*&$ "*9 ;(8$ %* ,0*B0" (.. ;$(%M3;1, B100&$,90%
1- ( $-%&*4" 1-6&$(,$ 4&*4*&%1*-(0%*$-T(

R,8l./** /*6 r 1::5 1*73*03650/01501=/8.3= 2/*1=5@)* 50/01501=/8.3= 2/*1=5
,*3 <, -O5<1020<, 837385,+ 635=-1901,*@%23./=-,5=,91= 83738=,--359,*61*> 0,
023-., 64*/.1=5 /*6 023.1=-,5=,91= 83738=,--359,*61*> 0, P3<0,*1/* b,- D?/*E
0?.c .3= 2/*1=5@B, - 1*50/*=3 /:5,8?03 03.9 3-/0?-3 b/ ./=-,5=,91= D?/* 0104c 15
163*01T36<102 / 73-/>3 O1*301=3*3->4@%23 ./1* 0/5O023* 150, 636?=3./=-,E
5=,91=9-,9 3-0135+-,. .1=-,5=,91= ,*35 ,- 023, 023-</ 4 -,?*6@%215<, -O5D?103
<388:?0 / 85, 1*0-, 6?=35* 3< =,.981=/01,*5@%491=/884C023./=-,5=,91= D?/* 010135
/-3 163*01T36/ 5 / 73-/>3 7/ 8?35,+ .1=-,5=,91= ,*35@%2?5023-., 64*/.1= 7/ -1/:835
02/0 <3-3 9-371,?584=,*5163-36/ 5 6303-.1*1501=D?/* 0101352/ 73 0, : 3 -398/=36: 4
-/*6,. 7/-1/:835@%232?>3 *?. : 3- ,+ .,83=?835b0491=/884,+ 023,-63- "! !+ c 1. E
9813502/0 023/ 73-/>3 15 =8,530, 023.3/* 7/8?3 <10221>29-,:/:18104@R,8l./**
,:53-7 36 02/0

< 3 $-(: )
<23-3 < 63*,035 0233*0-,9 4 , +/ ./=-, 50/03/*6 : 63*,035 023*?. : 3- , +.1=-,
50/03502/0 >173 3Q/=08402/0 ./=-, 50/03@%2?5 023./Q1. ?. 3*0-,94 6150-1:?01,*
=,--359,*65 0, 023./=-, 50/03<10202321>2350*?. : 3- , +.1=-,50/035@P,-./884
,*3 /551>*53D?/89-,:/:18104 0, /88 .1=-, 50/035@%23* 023 ./Q1. ?. 3*0-,94
6150-1:?01,*=,--359,*65 0, 023.,50 9-,:/:83 ./=-, 50/03@

23",4$% h' [*-,1.$& Y?()40$ b (2(1-M a- %;$A=:*0.$?4(-,1*-7 $(6; *: %;$
N )*0$ 690$,1, -*B (00*B$. 1- T %1)$, (, )(-" ,%(%$,(, <$:*&$M 3;$&$:*&$ %;$
.1I$&$-6$ 1- $-%&*4" 1, 4&*4*&%1*-(0%*

$-T* ' N$-T(

23",4$% j ' C,,9)$ %;(%B$ A-*B %;$%$)4$&(%9&$ * : ( 2(,7 ;$-6 $ %;$)$ (-
A1-$%16$-$&2"M3;$ $-$&2" *: ( )*0$ 690$1, " " # U &V&! B;$&$ &V& 1, %;$0$-2%;*:



` j ( @%" & \ ] # P %)%# %)^ & %" &W' _ WB )P BW' S # %)WP

%;$\=.1)$-,1*-(0 8$0*61%"8$6%*&V( 3;$ )(?1)9) $-%&*4" .1,%&1<9%1*-*- 8$0*61%"
8$6%*&,B1%;218$-)$ (- 0$-2%;1, ( \=.1)$-,1*-(0 c(9,,1(- .1,%&1<9%1*-M3;$- %;$
4&*<(<101%".1,%&1<9%1*-*: %;$0$-2%;&V& 1, 218$-<" %;$U(?B$00. 1,%&1<9%1*-B1%;
.$-,1%"

7M+3!

L" 3!
%! , " 4!!

(

W+03*1015=,* 73*13*00, <,-O <102b"38.2,8lc :&$$ $-$&2" 4 1*503/6,+ 3*0-,94@
W*3 =/* 9-, 73 02/0

4 $ 4 56 ' TS ( - (' &' 56) $
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,*3 43/- : 3+,-3 ; 2/**,* 9?:815236215:/51= 9/9 3- /*6 T73 43/-5 : 3+,-3 f?88:/= O
/*6 q31:83-63T*36 1*+,-./01,* 6173->3*=3/5 /* 1*6393*63*0 =,*=390@

#.,*> ,023- /9981=/01,*5,+ 1*+,-./01,* 023,-301=/8021*O1*>0, 50/01501=5C<3
9, 1*00, 023)1-1)9) .$,6&14%1*-0$-2%;4&1-6140$C<21=2 15/ 7/-1/* 0, +0239-1*=1983
02/0 /.,*> 61U3-3*0 9,551:83635=-1901,*5,*3 52/88=2, ,53 02352,-0350,*3@%2?5
0239/-/.303-5 1* / 50/01501=/8. , 63852/88: 3 =2,53* 5?=2 02/0 =, 61*> / ==,-61*>
0, 023-35?801*>6150-1:?01,*>173502352,-03500,0/8 83*>02,+ 023=, 636 .355/>3@
;, +/- /88/ >-33@%23 *3< 163/ 15 0, 1*=,-9 ,-/03 *,0 ,*84 023 6/0/ :?0 /85, 023
635=-1901,*, + 023 50/01501=/8., 638@)* >3*3-/8C/ . , 638<102 02-339/-/.303-5
<188>173 / : 3003-635=-1901,*02/* / . , 638<102,*84 0<, 9/-/.303-5@ W* 023,023-
2/*6 02302-33E9/-/.303- . , 63815.,-3 =,.981=/036C5, 023-315/ 0-/63E,U : 30<33*
=,.983Q104 ,+ 023. , 638/*6 023=, 61*> , +023 6/0/ /==,-61*> 0, 023. , 638@

# 51.983/*6 <388EO*,<* 3Q/.983 15023635=-1901,*, +/ 51*>83-3/89/-/.303-@
", < ./* 4 61>10552/88: 3 >173*Y # -?83,+ 02?. : 50/03502/0 023?*=3-0/1*04 52/88
: 3 /0 0238/5061>10@%23. 1*1.?. 635=-1901,*83*>029-1*=19830-1350, A?501+4,- 0,
., 61+45?=2 -?835@

e 3 -3+3- 0, J1>K+,- / -3713<,+ 023-38/01,*50, 50/01501=5/*6 +?-023--3+3-3*=35@

=2P2D&B +. C&,<#' %0 9#,4 &'A 5#' (,&CC)0)( ("#+,#042 )*3D?/8104 b[@Ic
50/03502/0 0239-,:/:18104 ,+ ,:53-71*> /* 3.91-1=/86150-1:?01,*+/- +-,. 023023E
,-301=/86150-1:?01,*15 5./88@#5 / =,*53D?3*=3<3 1..361/0384 >30/ 8/ < ,+ 8/->3
*?. : 3-5L

!)%*+%, h' R$%' <$ ( 4&*<(<101%".1,%&1<9%1*-MR$%4 <$ ( 6*-8$? ,$%*:
4&*<(<101%".1,%&1<9%1*-,-*% 6*-%(1-1-2 ' ( 3;$- %;$4&*<(<101%"%;(%%;$$)41&16( 0
.1,%&1<9%1*-<$0*-2, %*4 6*-8$&2$, %*J$&* B;$- %;$-9)< $&* : *<,$&8(%1*-,%$-.,
%*1-F-1%"M

e 3 =/* /85, +,-. ?8/030215-35?80+,- -/*6,. 7/ -1/:835@

!)%*+%, j ' R$%0 " $0 ! $((( <$ ( ,$E9$-6$ * : 1-.$4$-.$-% (-. 1.$-%16( 00" . 1,=
%&1<9%$. &(-.*) 8(&1(<0$,MC,,9)$ %;(%0 ( ;(, )$ (- 8(09$Z( 3;$- 1: N 1, 6;*,$-
,9i61$-%0" 0(&2$7

0 " . 0 ! . (((. 0 *

N
1, 60*,$%*Z B1%;;12; 4&*<(<101%"M
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)*3D?/8104 b[@Ic>1735 .,-3@ %23 9-,:/:18104 , + >3001*>/ 6371/01,* +-,. 023
.3/* 63=-3/5353Q9, *3* 01/884@%23-3+,-30235?. ,+ 0239-,:/:1810135,+ 6371/01,*5
15T*103@%2152/5 1.9 ,-0/* 0 /9981=/01,*5@q30 4 : 3 / 530,+ 9-,:/:18104 .3/5?-35
5?=2 02/0 - (. &' ) # " " # +,- /88. "! 4( %23* 0239-,:/:18104 02/0 023 3.91-1=/8
6150-1:?01,*: 38,*>50, 4 15?993- : ,?*636 : 4 " " #*( %239-,:/:18104 02/0 /0 83/50
,*3 ,+ 0233.91-1=/8 6150-1:?01,*5: 38,*> 0, 4 +,- N # : 15?993- : ,?*636 : 4

"
#+

.
"

#+ '" .
"

#+ '" . ((( '
"

#+

)
" .

"
#

.
"
7

. (((
*

' # (
"

#+
(

)+: 158/->3023* 0215155./88@%238/ < ,+ 8/->3*?. : 3-550/03502/0 023-315/ 21>2
9-,:/:18104 02/0 GU &+ (X) ! 4$ :?0 <3 373* 2/ 73 02/0 023-315/ 21>29-,:/:18104
02/0 GU &* (X) ! 4 +,- /88N # : @%2?5 .,50 53D?3*=35<188*373- 83/73 4 />/1*@
%21515+,-. ?8/036/5 023,%&*-2 0(B *: 0(&2$ -9)< $&,L

!)%*+%, i ' R$%' <$ ( 4&*<(<101%".1,%&1<9%1*-M3;$- %;$$)41&16( 0.1,%&1<9=
%1*-6*-8$&2$, %*' B1%;4&*<(<101%"*-$M

B, - -/*6,. 7/-1/:835 023023,-3. 50/03502/0L

!)%*+%, I ' R$%0 " $0 ! $((( <$ ( ,$E9$-6$ * : 1-.$4$-.$-% (-. 1.$-%16( 00" . 1,=
%&1<9%$. &(-.*) 8(&1(<0$,MC,,9)$ %;(%0 ( ;(, )$ (- 8(09$Z( 3;$-

0 " . 0 ! . (((. 0 *

N
6*-8$&2$, %*Z B1%;4&*<(<101%"*-$M

e 3 2/ 73 533* 02/0 $" ' $! ' 888' $#
* 15=8,530, Z <10221>29-,:/:18104@&D?17/E

83*084C
(0 " $ Z) . (0 ! $ Z) . (((. (0 * $ Z)

N
15=8,530, l3-,@ )+<3 617163<102/ *?. : 3- 5./883- 02/0 N <3 >30/ D?/* 0104 *,0
/5 =8,530, l3-,@)* ,-63- 0, O3390237/ -1/*=3 TQ36<3 617163: 4 N" 3! 1*503/6@$?0

<* '
(0 " $ Z) . (0 ! $ Z) . (((. (0 * $ Z)

N" 3!
(

%2?5 G (<*) ' ! /*6 8 ! P(<*) ' 8 ! P(0 " ) ( q30 ' * : 3 0236150-1:?01,*, +<*( q30
@63*,03 0236150-1:?01,*, +/ =3*03-36r/?551/* -/*6,. 7/-1/:83@%2361U3-3*01/8
3*0-,94 , +' * 5/015T35

K(' *) ' K(@)$ - (' *&@)(

%2?5 <3 53302/0 02361U3-3*01/83*0-,9 4 ,+ ' * 15835502/* ,- 3D?/80, 02361U3-E
3*01/83*0-,94 , +r /?551/* 6150-1:?01,*@%23=3*0-/8 81.10023,-3. 1* 10550/*6/-6
+,-. ?8/01,* 50/03502/0 ' * =,* 73->350, / r/?551/* 6150-1:?01,*@

!)%*+%, G' a: %;$&$ $?1,%,N ,96; %;(%K(' *) + . %;$- K(' *) 1-6&$(,$, (-.
6*-8$&2$, %*1%,)(?1)9)7 B;16; $E9(0, K(@)( YE918(0$-%0"7- (' *&@).$6&$(,$, %*
J$&*M

)* 0215+,-. ?8/01,* 023=3*0-/8 81.10023,-3. =,--359,*65 0, 02353=,*6 8/< , +
023-., 64*/.1=5C <21=2 50/03502/0 0233*0-,94 , +/ 92451=/854503. 1*=-3/535/*6
=,* 73->350, 105./Q1. ?.@ "3-3 0237/-1/*=3 0?-*5 ,?0 0, : 3 5?g=13*0@e 3 533
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Alice Encoding Channel Decoding Bob

Noise

-./0+% 6' ;2/**,*F5 ., 638,+ / *,154 =2/**38@

02/0 /66101,* ,+ -/*6,. 7/ -1/:835 >1735 / d64*/.1=5d <21=2 5?99, -05 023 ./Q1E
. ?. 3*0-,94 9-1*=19831* 02/0 103Q98/1*5/ . 3=2/*15. : 321*6 3*0-,94 1*=-3/53@)0
0?-*5 ,?0 02/0 /88023./ A,- 023,-3.5 ,+ 9-,:/:18104 023,-4 =/* : 3 +,-. ?8/036/5
./Q1. ?. 3*0-,94 -35?805, - .1*1. ?. 1*+,-./01,* 6173->3*=3-35?805@

L2 /4 5&6&5)(- +'C- %4#.%C.+, #'<)'##,4\

L212@"&''#C 5+A)'<2 e 3 =,*5163-/ 510?/01,*<23-3 #81=353*651*+,-./01,*
0, R,: , 73- / *,154 1*+,-./01,* =2/**38@#81=3/003.905 0, 3*=, 63 0231*+,-./01,*
1* 5?=2 / </ 4 02/0 10150,83-/*0 0, *,153C430 /0 0235/.3 01.3 3*/:81*> R,: 0,
-3=,73- 023,-1>1*/8.355/>3@

# 51.983 3--,-E=,--3=01*>9-,0, =,8 15 0, 53*6 0235/.3 .355/>3 5373-/8 01.35@
)+023. 355/>31553*0 02-3301.35 /*6 / 51*>833--,- 2/5 , ==?--36C023* 0<, ,+ 023
-3=31736 .355/>35 /-3 50188163*01=/8/*6 R,: =,*=8?63502/0 02353. ?50: 3 163*01=/8
0, 023 , -1>1*/8.355/>3@ #*,023- 51.983 9-,0, =,8 15 9,551:83<23* +336:/=O 15
/88,<36@#81=353*65 023 .355/>3@R,: 53*65023-3=31736 .355/>3 :/= O/>/1*@)+
#81=3-3=31735<2/0 52353*0C523=/* : 3 D?103=3-0/1*02/0 R,: -3=31736 023,-1>1*/8
.355/>3 <102,?03--,-C /*6 523=/* 53*6 / *3< .355/>3@)+523-3=31735/ 61U3-3*0
.355/>3 +-,. 023, *3 53*0C52353*65 023, -1>1*/8.355/>3 />/1*@%23539-,0, =,85
/-3 51.983:?0 0234 / -3 *,0 /8</ 45 3g=13*0@S,-3 =,.981=/036 =,635/-3 9, 551:83@

23",4$% G' a- %;1,$?()40$ ( ) $,,(2$ 6*-,1,%1-2*: %;&$$ <1%,1, $-6*. $. 1-%*
,$8$- <1%,MR$%0 " $0 ! (-. 0 + <$ %;$%;&$$ <1%,M]$ ,;(0 09,$ %;$6*-8$-%1*- %;(%
" . " ' ! ( #9%

0 "! ' 0 " . 0 !

0 !+ ' 0 ! . 0 +

0 "+ ' 0 + . 0 "

0 "!+ ' 0 " . 0 ! . 0 +(

T$$ / 129&$ eM Z*B %&( -,)1% %;$6*.$=B*&. 0 " 0 ! 0 +0 "! 0 !+ 0 "+ 0 "!+ ( a: %;$
&$6$18$. 6*.$=B*&. 1" 1! 1+1"! 1!+ 1"+ 1"!+ 1, 1.$-%16(0 B1%;0 " 0 ! 0 +0 "! 0 !+ 0 "+ 0 "!+ $
%;$- %;$&$6$18$. 6*.$=B*&. , (%1,F$,%;$:*00*B1-24(&1%"6;$6A$E9(%1*-,

1" . 1"! . 1"+ . 1"!+ ' !

1! . 1"! . 1!+ . 1"!+ ' !

1+ . 1"+ . 1!+ . 1"!+ ' ! (

a: ( , 1-20$<1%;(, <$$- 6*&&94%$. %;$-*-$ *& )*& $ * : %;$ 4(&1%"6;$6A$E9(%1*-,
B100-*% ;*0.M a%1, %;$- $(," %*1.$-%1:"%;$6*&&94%$. <1%(-. &$6*8$&%;$*&121-(0
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-./0+% 7' %23=,631*&Q/.983 G15=,*50-?=0365?=2 02/00235?.
,+ :1051*5163/ *4 =1-=8315l3-,@%23-1>20 61/>-/. =,--359,*65 0,
023=,63<,-6 ( a(@

)$,,(2$M a-.$ $. 7 ( , %;$&$(.$& B100 &$(01J$7%;1,6(- <$ .*-$ <" 6*-,1.$&1-2 %;$
:(90%"$E9(%1*-,(-. %;$.*)(1- %;$"&$4&$,$-%M

L2?2@&6&5)(-2 q30 0 ! ! 63*,03 0231*9?00, /* 1*+,-./01,* =2/**38 /*6
1 ! % 023,?09?0@%23*C1+0 =/* : 3 b/8.,50 93-+3=084c-3=,*50-?=036+-,. 023
,?09?0 1$* (0 ' 1 ) 155./88 /*6 023* : 4 b(@([cC

* (0 ) % 3(0 *1 ) (

"3*=3C 1+#81=3</ *05 0, 53*6 / 8,0 ,+ 1*+,-./01,* 02-,?>2 0231*+,-./01,* =2/*E
* 38523 </ *05 3(0 *1 ) 0, : 3 :1>@#81=3=/* =2, ,53 <21=2 1*9?054. : ,85 0, 53*6
+-3D?3*084/*6 <21=2 0, 53*6 8355+-3D?3*084@#5 #81=3=,* 0-,850236150-1:?01,*,+
023 1*9?0 83003-5C<3 63T*3 023 6( 4( 61%" W ,+ 023 1*+,-./01,* =2/**38 0, : 3 023
./Q1. ?. , +023 . ?0?/8 1*+,-./01,* 3 (0 *1 ) , 73- /886150-1:?01,*5,* 0231*9?0
83003-5@

!,*5163- 023 <1-(&" ,"))$%&16 6;(--$0 <23-3 ! ' % ' / ! $" 0 /*6 <23-3
. (1 ' " ' 0 ' ! ) ' . (1 ' ! ' 0 ' " ) ' F ! 4!*" " #315=/88360230-/*.1551,*
3--,-@"3-3C0239-1:*&) 1-49%.1,%&1<9%1*-' $(!) ' ' $(") ' "

! 15,901./8 /*6 023
=/9/=104 15

W ' $%&# $ * (. (( ' !)) ' $%&# $ * (. (( ' "))

' - ((F$" $ F) &(" " #$" " #)) (

#5 15*/0?-/8C =/9/=104 15 023 8/->350C" :10C1+F ' ! /*6 023 5./88350C! :105C1+
F ' "

! @
e 3 *,03 02/0 6303-.1*/01,* ,+ 023 =/9/=104 , + / =2/**38 =/* : 3 713<36 /5

/ >/.3@ )* +/=0C023 >/.3 15163*01=/8Z :?0 <102 61U3-3*0 1*03-9-30/01,*5/*6
3.92/515 Z 0, 023>/.3 -38/0360, ?*173-5/8=,61*>C=+@;3=01,* [@H@

R3+,-3 ; 2/**,* .,50 93,983 : 3813736 02/0 / 8,0 ,+ -36?*6/*=4 ,- +336:/=O
15*33636 1* ,-63- 0, 3*5?-3 / 21>29-,:/:18104 , +=,--3=0 0-/*5.1551,*@ ;2/**,*
52,<36 02/0 021515*,0 023=/53@

!)%*+%, (a b;3=,*6 ./1* 023,-3. ,+ 1*+,-./01,* 023,-4c' a: 0 1, (- 1-:*&=
)(%1*- ,*9&6$ (-. * (0 ) + W %;$- %;$,*9&6$ 6( - <$ %&( -,)1%%$. (0)*,% 4$&:$6%0"
1:%;$6;(--$0 1, 9,$. )(-" %1)$,(-. 6*)4016(%$. 6*.1-2 ,6;$)$, (&$ ( 00*B$.M
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;2/**,* /85, 52,<36 02/0 +336:/=O 6, 35 *,0 1*=-3/53=/9/=104@)* ,-63- 0,
9-, 73 023023,-3. ;2/**,* 1*0-, 6?=36023=,*=390 ,+ &(-.*) 6*. 1-2 <23-3 =,63E
<,-65 /-3 / 551>*360, .355/>35 /0 -/*6,.@ # =, 63E:, , O=,* 0/1*1*>/8802353=,63E
<,-65 153*,-.,?5C /*6 #81=32/5 0, 9-, 7163R,: <102023=, 63E:, , O : 3+,-3 023
0-/*5.1551,* 50/-05@# 8,0 ,+ :105/-3 02?5 ?536A?500, 0-/*5.10 023=, 63E:, ,OC:?0
#81=3,*84 *3365 0, 0-/*5.10 023=,63E:, ,O ,*=3@%23-3+,-3C373* 1+/ 8/->3 =,63E
: , , O15?536/ *6 0215=,63E:, ,O 5/735A?50,*3 : 10=,.9/-36 0, / 51.983- =,63E:, , O
023*C1+5?g=13*084. /* 4 0-/*5.1551,*5 /-3 93-+,-.36C 0235/736 :105<1883Q=336
023*?. : 3- ,+ 3Q0-/:1051* 023:1> =, 63E:, , O@;1*=3 ; 2/**,* 9?:81523602353=,*6
./1* 023,-3. ,+ 1*+,-./01,* 023,-4 10 2/5 : 33* / =2/883*>30, =,*50-?=0 =,635
<21=2 /-3 : , 02 51.983/*6 3g=13*0@

)0 0?-*5 , ?0 02/0 023-3930101,*=,63 151*3g=13*0 3Q=3901+023=/9/=104 15 73-4
5./88@)0 /85, 0?-*5 ,?0 02/0 +336:/=O6, 35*,0 1*=-3/53=/9/=104@W*3 ./ 4 /5O<24
02353=,635/ -3 5, <16384?536<23* 0234C/ ==,-61*> 0, 023T-50./1* 023,-3. ,+
1*+,-./01,* 023,-4C/-3 1*3g=13*0@#=0?/884C; 2/**,*E0 493 =, 61*> 6, 35 *,0 533.
0, : 3 ?536/.,*> 2?./*5 ,- /*1./85@)*503/6 . ?=2 .,-3 9-1.10173 =,635/ -3 ?536@
%23-3/-3C/99/-3* 084C5373-/8 -3/5,*5 +,- 0215@

%23T-501502/0 3g=13*0 =, 61*> 15 =,.981=/036@%2?5 3g=13*0 =,61*> 5=23.35
<188,*84 37,873 1+ 023-315/ 21>25383=0173 9-355?-3,* 3g=13*0 =,.. ?*1=/01,*@
W+03*023-315/ 21>25383=0173 9-355?-3,* >3001*>023 .355/>3 /=-,55C: ?0 1+023
0-/*5.1551,* =,50158,< 023-315*, -3/5,* 0, 63738,9 5,921501=/036=,61*>5=23.35@
)015O*,< * 02/0 02351.983=,61*>5=23.35 /-3 3g=13*01* / 73-4 *,154 3*71-,*.3* 0C
5, 1+023-315?*=3-0/1*04 /: ,?0 023/=0?/8 *,153 8373810 . / 4 : 3 : 3003-0, : 3 ,* 023
5/+35163/ *6 0-/*5.10 d0,, . ?=2d@

%232?./* 8/*>?/>3 1521>28450-?=0?-36@)* 8,>1=C53./* 01=5/*6 81*>?1501=5
,*3 50?6135023 -38/01,* : 30<33* 023 .,-3 +,-./8 50-?=0?-351*5163023 8/*>?/>3
/*6 023<,-86 ,?051630238/*>?/>3@S/* 4 >-/../01=/8 50-?=0?-35<, -O 0, 5,.3
3Q03*0 / 5 / O1*6 , +3--,- =,--3=01,* 1* 0238/*>?/>3 b:?0 . / 4 2/ 73 ,023- +?*=01,*5
/5 <388c@R?0 <3 O*,< 02/0 101573-4 2/-6 0, 83/-* / 8/*>?/>3 <102/ =,.981=/036
>-/../-@ )+0238/*>?/>3 ?5365,.3 ,+ 023=,61*>03=2*1D?35?536: 4 3*>1*33-5C/
8,0,+ *3< d>-/../01=/8 -?835d2/6 0, : 3 1*0-, 6?=36@)* / 53*03*=381O3 d%23./*
2/5 / : , Qd 023 <, -6 d./*d =/* : 3 -398/=36<102d<,./*dC d: , 4dCd>1-8dCd+-13*6d
30=@/*6 023<,-6 d: , Qd =/*C 1*6393*63*084C: 3 -398/=36: 4 d:/88dCd93*dCd501=Od
30=@&/=2 , +023 53*03*=35<, ?86./O 3 53*53/*6 =,--359,*6 0, / 5=3*/-1, <21=2 15
0-?3,- +/853C9,551:83,- 1.9 , 551:83C9-,:/:83 ,- 1.9-,:/:83@ )* ,?- 51.9833Q/.983
02353*03*=3. / 4 : 3 =,.9-35536 0, d./* : , Qd/*6 <3 =/* 50188-398/=3023<, -65
/*6 -3=,73- 023,-1>1*/850-?=0?-3@)+02353*03*=3</ 5=, 636 ?51*>;2/**,* =,61*>
023-3<,?86 *,0 : 3 0235/.3 9,551:18104 ,+ -350-?=0?-1*>02353*03*=3C: 3=/?533--,-
=,--3=01*>=,6351*0-, 6?=36393*63*=135<21=2 <3-3* ,0 023-3: 3+,-3@)* 021553*53L

X(%( 6*)4& $,,1*- $)4;(,1J$ ,%&96%9&$7(-. 6;(--$0 6*.1-2 ,)9.2$, ,%&96%9&$M

L2=2! , &'40)44)+' +. E%&'(%0 )'.+,0&()+'2 %23 O34 0, 023 5?==355,+
;2/**,*F5 023,-4 81350, / >-3/0 3Q03*0 1* 023D?/* 010/0173 -35?805-3>/-61*> 9, 5E
51:1810135+,- +/102+?80-/*5.1551,* ,+ =8/551=/81*+,-./01,*@ e23* <3 0?-* 0, 023
51.18/- 9-,:83.5 -3>/-61*> 0-/*5.1551,* , +D?/* 0?. 1*+,-./01,*C *3< 923*,.3*/
, ==?-@%3=2*1=/884C1015373* 61g=?800, >3050/-036,* 0231*73501>/01,*5/5 1015*,0
=83/-<2/0 0239-,9 3- *,01,* ,+ / =2/**38 52,?86 : 3 1* 023D?/* 0?. 53001*>@%215
=,*=3-*5 D?3501,*5/: ,?0 0230493 ,+ 1*9?0 /*6 ,?09?0 /88,<36 b=8/551=/8/*6X,-
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D?/* 0?.cC 023* 3=355/-4/003*01,* 0, 0232/*681*> ,+ 53D?3*01/81*9?0b<23-3 3*E
0/*>83.3* 0 2/5 0, : 3 0/O3* 1*0, =,*5163-/01,*c /*6 T*/884C10 =,*=3-*5 D?3501,*5
/: ,?0 +336:/=O@

!,*5163-1*> 0237/-1,?5 ,901,*5C,*3 1583/60, .,-3 02/* 0<3*04 61U3-3*004935
,+ D?/* 0?. =2/**385C/*6 373* +,- 02351.98350, +02353C:/51= 9-,9 3-0135/-3 *,0 430
+?88463738,936[ @%23./* 4 9,551:18101351*61=/0302/0 D?/* 0?. 1*+,-./01,* 023,-4
15*,0 A?50/ 51.983 3Q03*51,*, + 023 =8/551=/8023,-4@B, - 1*50/*=3C<23* 53*63-
/*6 -3=3173- 1* / D?/* 0?. =,.. ?*1=/01,* 52/-3 / * &$'E9/1-C 023*C02,?>2 02151*
10538+=/**,0 : 3 ?536+,- 0-/*5+3- , +1*+,-./01,*C 10=/* +/=1810/035?=2 0-/*5+3- /*6
-/153023=/9/=104 , +023=,.. ?*1=/01,* 54503.@%21*O1*>/: ,?0 10C5?=2 *3< 9, 5E
51:1810135-/153D?/810/0173 9218,5,921=/8D?3501,*5/: ,?0 023 */0?-3 ,+ 1*+,-./01,*@
P3< 3.3->1*> 163/5C<21=2 / -3 ,*84 9/-084 63738,936 0,6/ 4C./ 4 <388=2/*>3 ,?-
?*63-50/*61*> ,+ 02373-4 =,*=390 , +1*+,-./01,* 1* -/61=/8 </ 45@

>2 S%C();%4#, 5+00 %')5&()+'

)* 023O1*6,+ 9-,:83.5 <3 2/ 73 615=?55361*+,-./01,* 155,.3021*> # 81=353*65
0, R,:@ %2?5023-32/ 73 ,*84 : 33* *-$ ,$-.$& /*6 *-$ &$6$18$&@)* ./* 4 510?/01,*5
023-3/-3 .,-3 53*63-5/*6 -3=3173-5 / 0 0235/.3 01.3@# 03837151,*51>*/81553*0
+-,. /* /* 03**/ 0, / 8/->3*?. : 3- ,+ -3=3173-5@%21515/ 5,E=/8836<&*(.6 (,%,",%$) @
)* / . ?801983/==35554503. 023-3 /-3 ./* 4 53*63-5 /*6 ,*84 ,*3 -3=3173-@#*
3Q/.983 ,+ / . ?801983/ ==35554503. 15/ =8/55-, ,. <23-3 02303/=23- </ *05 5,.3
1*+,-./01,* +-,. 023 9?9185@)+ /88 9?9185593/O /0 023 5/.3 01.3 023 03/=23-
<188A?50-3=3173 / 8,0 , +*,153@%1.352/-1*>C/ =,..,* 5,8?01,*0, 02159-,:83.C
61=0/03502/0 ,*3 9?918593/O5/0 / 01.3@#* 1.9 ,-0/* 0 3Q/.983 ,+ / . ?801E?53-
54503. 150231*03-*30<23-3 02353-73-5 53*6 51>*/850, 3/=2 , 023-@%1.352/-1*>
+,- 023 <2,83 1*03-*30159, 551:83:?0 73-4 1*3g=13*0@%23./1* 9-,:83. ,+ . ?801E
?53-1*+,-./01,* 023,-4 150, T*6 .,-3 3g=13*0 9-,0, =,8502/* 01.352/-1*>C/*6 0,
6303-.1*3 023,-301=/8: ,?*65 ,* 0233g=13*=4,+ 0239-,0, =,85@# 593=1/83Q/.983
,+ / . ?801?53-54503. 15/ =-490,>-/921= 54503. <23-3 #81=353*65 / . 355/>30,
R,:C :?0 / 53=,*6 9,03*01/8-3=3173- 15&73 <2, <1-30/95023 54503. ,- 0-1350,
6150?-:023.355/>3@

%233*>1*33-52/ 73 63738,936 ./* 4 53*51:839-,0, =,85C:?0 023-3/-3 ,*84 +3<
023,-301=/8-35?805C5,C1* >3*3-/8C1015*,0 O*,<* 1+0239-,0, =,85/-3 ,901./8@"3-3
<3 52/88635=-1:3 5,.3 <388?*63-50,, 6 9-,:83.5 /*6 1*61=/03023 .,-3 >3*3-/8
,*35@ e 3 52/88533 023 O1*6,+ -35?805,*3 . / 4 6-3/. , + +,- .,-3 =,.981=/036
54503.5@

>212!"# 0 %C()6C#&55#445"&''#C2 !,*5163- / *,154 . ?801983/==355=2/**38
<1020<, 53*63-5@%2353*63-553*6 7/-1/:835 0 /*6 1 /*6 023-3=3173- -3=31735/
7/-1/:83 [ ( %23=2/**38 15>173* 1* 02353*5302/0 <3 O*,< 0236150-1:?01,*, + [
>173* 0231*9?0(0 $1 ) ( !,*5163- / 593=1T=1*9?06150-1:?01,*,* (0 $1 ) ( e 3 / -3
1*03-350361* <21=2 9/1-5 (= " $= ! ) 2/ 73 0239-,9 3-04 02/0 ;3*63- ( =/* 53*6 / 0 -/03
= " /*6 ;3*63- ` =/* 53*6 /0 -/03 = ! ( #55?.3 02/0 ;3*63- ( /*6 023-3=3173- O*,<5
1( %23* ; 3*63- ( =/* 53*6 1*+,-./01,* /0 / -/03

bh@(c = " " 3 (0 *[ ' 1 ) $

[ %215 =, * =3-* 5C1* 9/ -01=?8/ -C023 5, E=/ 8836 ( . . 1%181%" 6* - S$6%9&$ -38/ 036 0, 9-, 93-0135 , +, * 3
, +023 * , 01, * 5 , +E9( - %9) 6( 4( 61%" @
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R1

R2

time sharing

I(X;Z|Y)

I(Y;Z|X)

-./0+% 8' !/9/=10 4 -3>1,* ,+ . ?801983/==355=2/**38@

R1

R2

Slepian-Wolf coding

capasi ty region

-./0+% 9' )* 03-53=01,*,+ =/9/=104 /*6 =,.9-3551,* -3>1,*@

<21=2 >1735023-/03 9/1- (3 (0 *[ ' 1 ) $!) ( )+0 15O*,< * 0, ; 3*63- ` /*6 0, 023
-3=3173- 023* ; 3*63- ` =/* 53*6 1*+,-./01,* /0 / -/03

bh@̀c = ! " 3 (1 *[ ' 0 ) $

<21=2 >1735023-/03 9/1- (! $3 (1 *[ ' 0 )) ( R4 01.352/-1*>C02353*63-5 =/* 53*6
/0 -/035 <21=2 / -3 =,. :1*/01,*5 ,+ (3 (0 *[ ' 1 ) $!) /*6 (! $3 (1 *[ ' 0 ))@R?0 ,*3
=/* /=21373 / : 3003-93-+,-./*=3@ )+0230<, 53*63-5: ,02 O*,< 0 /*6 1 0234=/*
53*6 /0 -/03

bh@[c = " . = ! " 3 ((0 $1 ) *[ ) (

)0 0?-*5 ,?- 02/0 023 02-33 =,*6101,*5 bh@(cCbh@`c/*6 bh@[c/-3 * 3=355/-4/*6
5?g=13*0 +,- 023-/03 9/1- 0, : 3 / =2137/:83@

%23-3+,-3C=,--38/0367/ -1/:835=/* : 3 53*0, 73- / . ?801983/==355=2/**38 1+/*6
,*84 1+023=,.9-3551,* -3>1,* /*6 023=/9/=104 -3>1,* 1*03-53=0@)* ,-63- 0, / =21373
/ -/03 9/1- 1* 02151*03-53=01,*C0235,?-=3 =, 61*>52,?86: 3 /6/9036 0, 023=2/**38
/*6 023=2/**38 =, 61*> 52,?86 : 3 /6/9036 0, 023=,--38/01,*5 1* 023 5,?-=3@%2?5
5,?-=3 /*6 =2/**38 =,61*>=/**,0 : 3 539/-/036 1* . ?801?53-1*+,-./01,* 023,-4@

>2?2W#(B+,: 5+A)'<2 e 3 52/8850/-0<102/* 3Q/.983@!,*5163- / *30<, -O
<1020<, 53*63-54 " /*6 4 ! /*6 0<, -3=3173-5E" /*6 E! /*6 1*03-.361/03 *, 635
W /*6 - /5 188?50-/0361* B1>?-3G@#55?.3 02/0 4 " </ *0 0, 53*6 , *3 :10 , +
1*+,-./01,* 0, E! /*6 4 ! </ *050, 53*6 , *3 :10 , +1*+,-./01,* 0, E" ( #55?.3 02/0
3/=2 36>3 2/5 =/9/=104 , *3 :10@)+4 " 53*6523- :10 /8,*> 0239/02 4 " W- E! 023*
1015*,0 9,551:83/0 0235/.3 01.3 +,- 4 ! 0, 53*6 23- :10 /8,*> 0239/02 4 ! W- E" (
%23 5,8?01,* 1502/0 4 " 53*65 23- : 100, E" /*6 W$ /*6 4 ! 53*65 23- : 100, E!



h@S ] q%)E] ; &' ! WS S ] P )! # %)WP [ i

-./0+% :' P30<,-O <23-3 *30<, -O =,61*> ./O 35 109,551:83+,-
4 " 0, 53*6 ,*3 :10 0, E! /*6 +,- 4 ! 0, 53*6 ,*3 :10 0, E" 02,?>2
3/=2 , +02336>35,*84 2/5 =/9/=104 ,*3 :10@

/*6 W( %23* W 52,?8653*6 0235?. , +023-3=31736 :1050, - $<21=2 52,?86 53*6
023-3=31736 :10 0, E" /*6 E! @P, <CE" <188: 3 /:83 0, -3=,*50-?=0023 :10 53*0
+-,. 4 ! +-,. 0230<, -3=31736 :105/*6C 51.18/-84CE! <188: 3 /:83 0, -3=,*50-?=0
023.355/>3 53*0+-,. 4 " ( %2151502351.983503Q/.983 ,+ -$%B*&A6*. 1-2C/*6 </ 5
>173* 1* J1K@

;1*=3 43/- `aaa / 8,0 ,+ -3./-O / :83 -35?8051* * 30<,-O =,61*> 2/ 73 : 33* ,:E
0/1*36@%23023,-4 <,-O5 <388/ 5 8,*> /5 023*,153 15: 4 638301,*5C1@3@/ 54. : , 8
=/* 615/993/- 6?-1*> 0-/*5.1551,*C:?0 10=/**,0 : 3 /803-36@# 51.9839-,0, =,8 15
,:0/1*36 <23* 3/=2 * , 63 0-/*5.105 / -/*6,. .1Q0?-3 ,+ 023-3=31736 51>*/85@%23
,-1>1*/8 .355/>3 15-3=,*50-?=036: 4 =,.9/-1*> 023-3=31736 .1Q36 *,154 51>*/85@
)+0-/*5.1551,* , +/ .355/>3 +-,. ,*3 * , 63 0, /*,023- 15 9,551:83: 4 /* 4 9-,0, =,8C
023* 10 15 / 85,9,551:83<102021551.983-/*6,. 9-,0, =,8C1+0230-/*5.1551,* 15-3E
93/036 5?g=13*084./* 4 01.35@%2353*3< -35?80552,?86 : , 02 2/ 73 9-/=01=/8/*6
9218,5,921=/81.981=/01,*5@

# -3713<,+ 0235?: A3=0/*6 +?-023--3+3-3*=35=/* : 3 +,?*6 1* JLNK@

>2=23,+&A5&4( 6,+9C#042 )* / :-,/6=/50 54503. 023-315,*3 53*63- /*6 /
*?. : 3- ,+ -3=3173-5@%23:-,/6=/50 9-,:83. 150, 6303-.1*3 023=/9/=104 -3>1,*C
/55?.1*> 0236150-1:?01,*5,+ 023-3=31736 51>*/85>173* 02353*0 51>*/8/-3 O*,<*@
%23-3<,?86 : 3 / 0-3.3*6,?5 *?. : 3- , +/ 9981=/01,*5, +5?=2 / -35?80C/*6 023-3+,-3
1015=,*5163-36/5 ,*3 , +023 ./ A,- ,9 3* 9-,:83.5 1* 1*+,-./01,* 023,-4@

# 593=1/8O1*6,+ :-,/6=/50 54503. 15/* 1.$-%1F6(%1*- ,",%$) @#* 3Q/.983
15=/88E,?051* /* /1-9, -0@%23-315/ 593=1/8.355/>3 +,- / 51*>839/553*>3-@%23
593/O3- =/* /66-355 023 .355/>3 0, / 889/553*>3-5C:?0 021515 =83/-841*3g=13*0
: 3=/?53 .,50 9/553*>3-5/-3 *,0 1*03-35036@%23-3+,-3023 593/O3- 50/-055/41*>
N# .355/>3 +,- S-@R,: o,2*5,*@@@N#+03-23/-1*> 02151*0-, 6?=01,* /889/553*>3-5
3Q=390R,: o,2*5,* =/* =2, ,53 *,0 0, 81503*0, 023 8/509/-0@%23593/O3- ./ 4
373* =2, , 53 0, 5/4 NS-@ R,: o,2*5,*C 983/53C>, 0, 023 1*+,-./01,* 635ON@)+
023-315/ 8,0 ,+ *,153 023593/O3- . / 4 =2, ,53 0, -393/0 023 53*03*=3, - 1*0-, 6?=3
3--,-E=,--3=01,* : 4 5,.3 ,023- .302, 6@%21515=/8836/* 1.$-%1F6(%1*- 4&*<0$)C
: 3=/?53023./1* 9-,:83. 150, 163*01+4<2, 52,?86-3=3173 023.355/>3@W*3 ./ 4
/->?3 02/0 021515 * ,0 0-/*5.1551,* ,+ 1*+,-./01,*@ B1-50,+ /88023-315*, .355/>3
1* 023,-61*/-4 53*53@;3=,*684 10152/-6 0, =/880239/553*>3- S-5@#81=3R-, < *



[ I ( @%" & \ ] # P %)%# %)^ & %" &W' _ WB )P BW' S # %)WP

Alice Encryption Channel Decryption Bob

 Eve

-./0+% &;' !2/**38 <102/* 3/7356-,99 3-@

/ -3=3173-@#+03-23/-1*> 023<,-6 dS-@d 523 O*,<5 02/0 023-315*, -3/5,* 0, 023
81503*0, 023-350@%23510?/01,*155,.301.35 03-.36 1-:*&)(%1*- %&(-,:$& -/023-
02/* 1*+,-./01,* 0-/*5.1551,*@

>2L2@,-6(+<,&6" - 2 !,*5163- / =-490,E54503.<23-3 #81=3</ *05 0, 53*6 /
.355/>3 0, R,: :?0 / 0 0235/.3 01.3 523</* 050, 9-373*0 / * 3/ 7356-,99 3- &73
+-,. 91=O1*>?9 023 .355/>3@%215=/* 5,.301.35 : 3 6,*3 1+#81=3/*6 R,: 52/-35
/ 53=-30=,63E<, -6C[ $=/8836023A$"@]51*> 023O34 [ $#81=33*=-490502340(1-
%$?%0 1*0, / 614;$&%$?%1(

B, - 02150, <, -O =,*5163-023+,88,<1*>02-33=,*6101,*5L
b(c 0 151*6393*63*0 ,+ [ $
b`c 1 156303-.1*36 : 4 0 /*6 [ $
b[c 0 156303-.1*36 : 4 1 /*6 [ (

%23T-50=,*6101,* 1502/0 023O34 15=2,53* 1*6393*63*084, +023 .355/>3 #81=3
</ *050, =,.. ?*1=/030, R,:@ %2353=,*6 =,*6101,* 150239,551:18104 , +3*=-4901,*
/*6 023021-6=,*6101,* 150239,551:18104 ,+ 63=-4901,*@

# =-490,E54503.155/160, : 3 9-6*-.1%1*-(00" ,$69&$ 1+0 151*6393*63*0 ,+ 1$
1@3@O*,<836>3,+ 023=1923-E03Q0>1735 * , 1*+,-./01,* /: ,?0 02398/1*E03Q0@

23",4$% (a b%23,*3E01.3 9/6c ' [*-,1.$& ( 40(1-=%$?%0 " 0 ! (((0* *: <1%,M
C016$ (-. !*< , ;(&$ ( ,$6&$%A$"[ " [ ! ((([ * 6*-,1,%1-2*: <1%,2$-$&(%$. 1- ,96; ( B("
%;(%%;$<1%,(&$ 1-.$4 $-.$-% (-. $(6; *: %;$) B1%;( 9-1:*&) . 1,%&1<9%1*-MC016$
6*-,%&96%,( 614;$&=%$?%1" 1! (((1* <" (..1-2 %;$A$"71M$M<" 49%%1-219 ' 0 9 . [ 9(
'$& $ ,;$ 9,$, %;$6*-8$-%1*- %;(%" . " ' ! ( !*< .$6&"4%,%;$&$6$18$. 614;$&=%$?%<"
,9<%&(6%1-2%;$A$"M' $&$ ; $ 9,$, %;$6*-8$-%1*- %;(%! $ " ' " ( 3;9, !*< &$6*8$&,
%;$40(1-=%$?%MQ$)(&A %;(%B1%;%;$6*-8$-%1*-, 9,$. (..1-2 ( A$" *& ,9<%&(6%1-2
%;$A$" 218$,%;$,()$ &$,90%M3;$ )$%;* . 1, 6(00$. %;$*-$=%1)$4( . <$6( 9,$ $( 6;
<1%1- %;$A$" 1, 9,$. *-0" *-6 $ . 9&1-2%;$$-6&"4%1*-4&*6$. 9&$M

%23 ,*3E01.3 9/6 -3D?1-3573-4 8,*> O345@)+ / T83,+ 51l3 ( r : 2/5 0, : 3
3*=-49036023O34 2/5 0, : 3 ( r : / 5 <388@W*3 . / 4 /5O 1+/ O34 =/* : 3 ?5361* /
.,-3 3g=13*0 </ 4 5?=2 02/0 52,-03- O345=/* : 3 ?536@

^ /-1,?5 1*3D?/810135=/* : 3 63-1736 +-,. 02353=,*6101,*5@%23.,50 1.9 ,-0/* 0
15023+,88,<1*> -35?80L

!)%*+%, (( ' / *& ( - 9-6*-.1%1*-(00" ,$69&$ 6&"4%*,",%$)7 * (0 ) " * ([ )
B;$&$ 0 .$-*%$, %;$40(1- %$?%(-. [ %;$A$"M

)+* (0 ) 15163*01T36<10202383*>02,+ 023b=,.9-35536c 98/1*03Q0/*6 * ([ )
15163*01T36<10202383*>02, +023b=,.9-35536c O34C<3 53302/0 023O34 . ?50: 3
/0 83/50/ 5 8,*> /5 02398/1*E03Q01+<3 </ *0?*=,*6101,*/8 53=?-104@)* 373-46/4 81+3
. ?=2 52,-03- O345/*6 9/55<, -65 /-3 ?536@%23023,-3. 52,<5 02/0 0234 =/**,0



j @! WP ! q ] ; )WP ; [ G

Key genrerator

 Eve

Alice Bob

Secret channelKey

Public channel

-./0+% &&' # =-490, 54503. <102/ 9?:81=/*6 / 53=-30=2/**38@

: 3 ?*=,*6101,*/88453=?-3@)+&73 2/6 / 5?g=13*08450-,*> /*6 +/50=,.9?03- 523
<, ?861* 9-1*=1983: 3 /:83 0, -3=,73- . ,50 , +023 98/1*E03Q0+-,. 023=1923-E03Q0@
%215</ 5 3Q/=084<2/0 2/99 3*36 0, 023=1923-5?5366?-1*> 02353=,*6 <, -86</-@
e23* ., 63-* =1923-5?51*>52,-0 O345/ -3 5/16 0, : 3 b=,*6101,*/884c53=?-3023-3
15/8</ 45 / =,*6101,*X/55?.901,* 02/0 0233/ 7356-,993- 2/5 81.1036=,.9?0/01,*/8
9, <3-@

W*3 ,+ 023.,50 1.9 ,-0/* 09-,:83.5 1* 1.983.3* 01*>=-490,>-/921=54503.515
O34 6150-1:?01,*/5 101*7, 8735: ,02 03=2*1=/8/*6 5,=1/89-,:83.5@

R,02 #81=3/*6 R,: 2/ 73 0, O*,< 023 O34C:?0 10 52/88: 3 53=-300, &73@"3*=3
<3 2/ 73 0, 1*0-, 6?=3 / 53=-30=2/**38 ?536 0, 53*6 023 O34 0, R,:@ %215./ 4
+,- 1*50/*=3 : 3 / =,?-13-@%23* %23,-3. (( 50/03502/0 023 /.,?* 0 , + 53=-30
1*+,-./01,* 02/0 #81=3=/* 53*6 0, R,: 15: , ?*636 : 4 023=/9/=104 , +02353=-30
=2/**38@%215O1*6,+ 021*O1*>./ 4 : 3 3Q03*6360, 5=3*/-1,5<23-3 0231*+,-./01,*
=2/**385 /-3 * ,154 /*6 &73 15,*84 /:83 0, <1-30/9 9/-0 ,+ 023 =,.. ?*1=/01,*
: 30<33* #81=3/*6 R,:@ e 3 /-3 1*03-350361* 2, < ./* 4 53=-30: 105#81=315/:83 0,
0-/*5.10 0, R,: /*6 <3 =/* 63T*3 02383/50?993- : ,?*6 / 5023 53=-3=4=/9/=104 , +
02354503.@&73* 1*54503.51*7,871*>, *8402-33?53-5023-3/-3 , 93* ./023./01=/8
9-,:83.5@

M2@+'5C%4)+'4

%23D?/* 010/0173 023,-4 , +1*+,-./01,* /5 63738,936 : 4 ;2/**,* /*6 2155?=E
=355,-5C9-, 716359, <3-+?80, , 802/0 / 88,< ., 6381*>,+ / <163-/*>3 ,+ 923*,.3*/
<23-3 1*+,-./01,* 1* ,*3 53*53, - /*,023- 98/45023=3*0-/8-,83@S, 6381*>15-, ,036
1* 1*03-9-30/01,*5C<21=2 =/90?-35:/51= 9218,5,921=/8/593=05,+ 1*+,-./01,*@ %215
153593=1/884/99/-3* 0 1* 0236?/8104 : 30<33* 0-?02/*6 635=-1901,*C<21=2 <3 2/ 73
9?0 . ?=2 3.92/515 ,*@

V?/8104 /88,<5 4, ? 0, 5<10=2 : /=O/ *6 +,-02: 30<33* ., 6381*>:/536 ,* 6150-1:E
?01,*5/*6 ., 6381*>:/536 , * =, 635@%2,?>2 +,-./884 / ,*3E0,E,*3 =,--359,*63*=3C
0231.9 ,-0/*=3 81351* 023/ 54..30-135C/*6 02361U3-3*09,1*05,+ 713</00/=236 0,
0230<, 9,551:1810135@%2151*03-98/4 151.9 ,-0/* 0 03=2*1=/884/5 <388/5 +,- / 9-,9 3-
?*63-50/*61*>@

# 03=2*1=/863738,9.3* 0 , + 1*+,-./01,* 023,-4 15 ?*63- </ 4C<21=2 <1889?0
=,*=3905-38/0360, ?*=3-0/1*04C1*+,-./01,* /*6 O*,<836>3,* / .,-3 T-. 023,E
-301=/8+, , 01*>/*6C /9/-0 +-,. 023 9218,5,921=/81.9/=0C021515: 3813736 0, -35?80
1* / =2/*>3 ,+ 9/-/61>. /*6 / : 3003-?*63-50/*61*> , + =3-0/1* 9/-05 ,+ 5=13*=3C
3593=1/8849-,:/:18104 023,-4 /*6 50/01501=5@





3 )9C)+<, &6" -

J( K ' @# 285< 363CP@! / 1C; @E_ @' @q1C/ * 6 ' @e @_ 3?* >@P30< , -O1* +, -. / 01, * m, < @aYYY 3&( - , M
a- :* &) M3 ; $* &" C)%EHj L( ` aHZ( ` ( j C` aaa@

J̀ K ; @)@# . / -1@)* +, -. / 01, * >3, . 30-4 , * 213-/ -=24 , + 9-, : / : 18104 6150-1: ?01, * 5@aYYY 3&( - , M
a- :* &) M3 ; $* &" CHi L( i a( Z( i ( ( C` aa( @

J[ K ; @# -1. , 0, @# * / 8>, -102. +, - =, . 9?01* > 023 =/ 9/ =104 , +/ -: 10-/ -4 615=-303 . 3. , -48355 =2/ * E
* 385@aYYY 3&( - , Ma- :* &) M3 ; $* &" C( I L( HZ` aC( Gi ` @

JHK ! @# -* 60@a- :* &) ( %1* - U $( , 9&$, @; 9-1* >3-CR3-81* C` aa( @
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