
 !  !  "#  "#$

  !"##!$ %



 !"#$%& (#)+$ , -.-/0-1.

233  456&%  $%$ 7$8

9(:;<=2>9;( >; 2?? @AB<A
>6$ C#D34&E !F &64%  $G !8#H&4!I 4% 8$G$I8$I& #G!I &6$ C#D34&E !F &6$ H!GE %#+)4&&$8J

9I &6$ #I34K$3E $7$I& &6D& &6$ D#&6! 848 I!& %$I8 D H!) G3$ &$ )DI#%H 4G&
DI8 &6$ $ D $ )4%%4I5 GD5$%L &6$%$ M433 +$ I!&$8J 23%!L 4F )D&$ 4D3 6D8 &! +$  $)!7$8L

D I!&$ M433 4I84HD&$ &6$ 8$3$&4!IJ

&()+
 !"#$%& -.-/0-1.

#+34%6$8 +E  !"#$%& ??NOP.-QRJ N!GE 456& !F &6$ S4%%$ &D&4!I 4% 6$38 +E &6$ 2#&6! J

233  456&%  $%$ 7$8J
>64% M! K 4% G !&$H&$8 D5D4I%& #ID#&6! 4T$8 H!GE4I5 #I8$ >4&3$ -QL @I4&$8 A&D&$% N!8$

=4H !F! ) B84&4!I U  !"#$%& ??NJ

 !"#$%& ??NJ
Q/V BD%& B4%$I6!M$ D KMDE

J;J W!X -0Y1
2II 2 +! L =3 Y/-.1Z -0Y1



,-./,-.0/ 1.0 23.4563789 8:6
5:;30.:45:<89 /5:/3:= <57-:.9.=>

/..?;..:>8,

$ %&()+) ),-.+%%(/ +0 123%+24 5,45+4.(0% 65 %&(

3(7,+3(.(0%) 65"6%%+08&2. 93(0% :0+;(3)+%<

563 %&( /(83(( 65 =6>%63 65 ?&+46)61&<

4@A %  #



7BCADEFG+ )+@+(H(I+

9&+) @63A +) %&( +0%(44(>%,24 1361(3%< 65 %&( 2,%&63B C6, .2< >61< ,1 %6 DE 65 %&+)

@63A 563 13+;2%( )%,/<F 63 1(3)6024F 060G>6..(3>+24 3()(23>&B $0< 3(G,)( 65 %&(

+0563.2%+60 >60%2+0(/ @+%&+0 %&+) /6>,.(0% )&6,4/ -( 5,44< 3(5(3(0>(/F 7,6%+08 %&(

2,%&63F %+%4(F ,0+;(3)+%<F /(83(( 4(;(4 20/ 128+02%+60B H,(3+() 63 3(7,()%) 563 20< 6%&(3

,)(F 63 +5 2 .63( ),-)%20%+24 >61< +) 3(7,+3(/F )&6,4/ -( /+3(>%(/ +0 %&( 6@0(3I)J 65 %&(

K0%(44(>%,24 ?361(3%< +8&%)B



8J)+D@K+

9(.1(32%,3( .(2),3(.(0% +0 20 (4(>%36.280(%+>244< &6)%+4( (0;+360.(0%F ),>& 2) 2
.280(%+> 3()6020>( +.28+08 IL KJ )>200(3F +) >&244(08+08B 9&( .60+%63+08 65
2 12%+(0%M) %(.1(32%,3( @+%&+0 20 L K +) 0(>())23< %6 (0),3( %&( 12%+(0% +) +0 2
>6.563%2-4( >60/+%+60 /,( %6 %&( 56446@+08 136-4(.B :0563%,02%(4<F %&( 32/+6 53(7,(0><
I !J 32/+2%+60 +0 %&( +.28+08 >2;+%< 65 20 L K @+44 +0/,>( &(2% +0%6 -6%& %&( -6/<
%+)),( 65 2 12%+(0% 2) @(44 2) +0%6 .(%244+> (4(.(0%) 65 20< )(0)63)B

9&+) %&()+) 13()(0%) 2 5(2)+-+4+%< )%,/< 60 %&( 136/,>%+60 65 20 61%+>24 1&6)1&63G-2)(/
)(0)63 563 %(.1(32%,3( .60+%63+08 @+%&+0 ),>& 2 &6)%+4( (0;+360.(0%B 9&( >60>(1% 65 2
/()+3(/ 61%+>24 )(0)63 +) -2)(/ 60 %&( %&(3.24 /(1(0/(0>( 65 1&6)1&63 4,.+0()>(0>(B $
1,4)(/ ,4%32;+64(% 4+8&% )6,3>( +) ,)(/ %6 (N>+%( 1&6)1&63) >62%(/ 60 2 %&+0 .(.-320(
@&+>& +) +0 >60%2>% @+%& %&( 12%+(0%M) )A+0B 9&( )A+0 %(.1(32%,3( I6;(3 OPGQP R#J >20
%&(0 -( /(%(3.+0(/ -< >24>,42%+08 %&( (N160(0%+24 /(>2< 65 4,.+0()>(0>( +0%(0)+%< @+%&
%+.( 25%(3 %&( (N>+%2%+60 1,4)( &2) >(2)(/B K0 %&+) 3()(23>&F %@6 %&(3.68321&+>
1&6)1&63) &2;( -((0 +0;()%+82%(/F 02.(4< (,361+,. /61(/ 420%&20,. 6N<),41&+/(
IS2OTOUV  ,J 20/ %(3-+,. /61(/ 420%&20,. 6N<),41&+/( IS2OTOUV 9-JB

$ @+/( 3208( 65 /6120% >60>(0%32%+60)F TBTTDGWD .64E 563 S2OTOUV  , 20/ TBTTDGDT
563 .64E S2OT OUV 9-F &2;( -((0 >&232>%(3+)(/ +0 %(3.) 65 1&6%64,.+0()>(0% (.+))+60F
/(>2< %+.( 20/ >3<)%244+0+%< +0 /(%(3.+0+08 %&(+3 %(.1(32%,3( /(1(0/(0% >&232>%(3+)%+>)B
X6%& 1&6)1&63) &2;( )&6@0 2 /(1(0/(0>< %6 /6120% >60>(0%32%+60 %&36,8& ;23+20>( 65
1(2A +0%(0)+%< 20/ /(>2< %+.( .(2),3(.(0%) 6;(3 2 46@ %(.1(32%,3( 3208( 65 D %6 YT R#B
$4%&6,8& .2N+.,. -3+8&%0()) 65 %&( %(.1(32%,3( /(1(0/(0% 4+0() +) 2>&+(;(/ 2% /6120%
>60>(0%32%+60) 65 W 20/ WT .64E 563 SZ#ZUV  , 20/ S2%#[%UV 9- 3()1(>%+;(4<F 3(),4%)
&2;( )&6@0 %&2% 61%+.,. %(.1(32%,3( /(1(0/(0>< +) 2% 2 46@(3 .64 65 TBW 563
S2OT OUV  , @+%& 2 &+8& 7,(0>&+08 32%( 65 O\BTQ .R#]WB 9&(3(563(F TBW .64E S2OT OUV
 , 211(23) %6 -( 20 +/(24 >20/+/2%( 563 ,)( @+%&+0 20 61%+>24 )(0)63B

$ A(< 2)1(>% 65 %&+) 3()(23>& +) %&2% +0 >6.123+)60 %6 >60;(0%+6024 1&6)1&63
%(.1(32%,3( /(1(0/(0% >&232>%(3+)%+>F +% &2) -((0 )&6@0 563 %&( 5+3)% %+.( %&2% S2%#[%UV
9- &2) 20 +0>3(2)( +0 /(>2< %+.( @+%& 3()1(>% %6 %(.1(32%,3( 563 >60>(0%32%+60) 2-6;( O
.64EB $ &<16%&()+) 65 %&+) /+)>6;(3< -2)(/ 60 %&( /+55(3(0>() +0 (0(38< %320)5(3
12%&@2<) +) /()>3+-(/B ^G32< /+5532>%+60 I^ =J 2024<)+) &2) /(.60)%32%(/ 2 4+0(23
3(42%+60)&+1 -(%@((0 %&( >G2N+) 42%%+>( 1232.(%(3 65 2 ,0+% >(44 65 %&( 1&6)1&63) @+%&
/6120% >60>(0%32%+60B $) /6120>< +0>3(2)()F %&( IWTTJ 20/ ITTOJ 3(54(>%+60) .(38( 20/
%&(3( +) 2 3(/,>%+60 +0 %&( >G2N+) 1232.(%(3 2) @(44 2) %&( >3<)%244+%( )+_(B K0 2//+%+60F 2
16)+%+;( %&(3.24 (N120)+60 -(&2;+6,3 +) 6-)(3;(/ 563  20/ > 1232.(%(3) 2) @(44 2) %&(
;64,.( 65 %&( ,0+% >(44 6;(3 %&( %(.1(32%,3( 3208( 65 +0%(3()%B



8KLIBMN(OF(H(I+)

!+3)% 20/ 563(.6)%F K @6,4/ 4+A( %6 (N%(0/ .< &(23%5(4% 2113(>+2%+60 20/ 832%+%,/( %6 .<

/+3(>%63 65 )%,/+()F =3B 6-(3% 20)60F 563 8+;+08 .( %&( 61163%,0+%< %6 ,0/(3%2A( %&+)

136`(>%B a+) +0;24,2-4( 2/;+>(F 12%+(0>( 20/ (0>6,328(.(0% 536. %&( 13(4+.+023< %6 %&(

>60>4,/+08 4(;(4 (02-4(/ .( %6 /(;(461 20 ,0/(3)%20/+08 65 %&( ),-`(>%B 9&+)

/+))(3%2%+60 @6,4/ 06% &2;( >6.( +0%6 (N+)%(0>( @+%&6,% &+) 2))+)%20>( 20/ 8,+/20>(B

U1(>+24 832%+%,/( +) (N%(0/(/ %6 .< ),1(3;+)63)F ?365())63 b2<0( #320%60 20/ =3B

=(.6)%&(0() c6,%)68(638+) 563 %&(+3 2.2_+08 ),1163% 20/ +01,% +0 %&+) 3()(23>&B K

@6,4/ 24)6 4+A( %6 (N13()) .< 832%+%,/( %6 ?365())63 #4+;( 9&6.2) 563 &+) 53,+%5,4

),88()%+60) +0 244 5360%) 20/ 563 &+) )>&64234< 20/ (0%(3%2+0+08 4(>%,3()B K 2. 832%(5,4 %6

=3B #6)%2) 9)2A602) 563 %&( +0%(3()%+08 /+)>,))+60) @( &2/B

K 2. /((14< +0/(-%(/ %6 =3B d23< a+N 563 &+) ,0)%+0%+08 2))+)%20>( 20/ 2/;+>( 60 NG32<

/+5532>%+60 2024<)+)F 24)6 06% 5638(%%+08 &+) A+0/ &(41 @+%& %&( (7,+1.(0% )(%G,1B U1(>+24

%&20A) 86 %6 ?365())63 e2>A U+4;(3 20/ =3 ?2,4 L63820 563 )&23+08 %&(+3 (N1(3%+)( +0

)>+(0%+5+> .2%%(3)B K %&20A =3B c25+08 c(+%2 563 %&( ,)( 65 61%+>) 20/ &(3 &(41 @+%&

L2%42- )65%@23(B L< )+0>(3( %&20A) 23( 24)6 8+;(0 %6 244 %(>&0+>+20) +0 %&( U>&664 65

U>+(0>( 20/ 9(>&06468< 563 %&(+3 %(>&0+>24 ),1163%F +0 123%+>,423 U%(;( X,3%60B

L20< %&20A) 86 %6 .< >644(28,()V U&23360 b+4)60F 9&6.2) L+44(3F d2-3+(4 X6,%2,/

20/ #234< !2336@ @&6 >60%+0,( %6 136;+/( 2 3+>& 20/ 5,0 (0;+360.(0% +0 @&+>& %6 @63AF

%&20A <6, 563 )&23+08 %&( ,1) 20/ /6@0) 65 ?&= )%,/(0% 4+5(B U6.( /(-%) 23( &23/ %6 1,%

+0%6 @63/)F .< 866/ 53+(0/) $3+(4 9208F C,U20 #&20F e(3b208 #&20 20/ %&(+3 2/632-4(

/2,8&%(3 C+4+F 244 A06@ @&< %&(+3 02.() 23( &(3(B $4)6F K @+)& %6 (N13()) .< 46;( 20/

832%+%,/( %6 .< -(46;(/ 52.+4+() 20/ .< 5+20>( U(20 "8F 563 %&(+3 ,0/(3)%20/+08F

3(4(0%4()) ),1163% 20/ 46;( %&36,8&6,% %&( /,32%+60 65 .< )%,/+()B

!+0244<F K 832%(5,44< 2>A06@4(/8( %&( 5+020>+24 ),1163% 536. (08+0((3+08 20/ 1&<)+>24

)>+(0>() 3()(23>& >6,0>+4 I ?U #JB



9E)+ BP ,&JNEK@+EBI)

WJ UB fB C21F B LB 20)60F bB LB #320%60F 20/ =B c6,%)68(638+)F g!"# $ %&("

#) + #%"+&,%&#, - . / 0 1 02345  67 / 0 1 02389.-+ 5," :&%)&6  6 -;%&# < ,"6,-+.-+

)5( 6 ,=&6 %"(;"+ %5+" ( " ,5+"( "6 %$114+(/ h1%+>)F f64B \PF K)),( OPF 11B

\ijDG\ijjF U(1%(.-(3 OTTi

9&( 2-6;( 121(3 &2) 24)6 -((0 3(;+(@(/ 20/ )(4(>%(/ -< %&( (/+%63G+0G>&+(5 65

h1%+>24 U6>+(%< 65 $.(3+>2 IhU$J ?,-4+>2%+60)F =3B d3(863< !23+)F 563

1,-4+>2%+60 +0 %&( f+3%,24 e6,3024 563 X+6.(/+>24 h1%+>) IfeXhG

&%%1Vkk;+-6B6)2B638k;+3%,24 +)),(B>4+0JV

UB fB C21F B LB 20)60F bB LB #320%60F 20/ =B c6,%)68(638+)F g!"# $ %&("

#) + #%"+&,%&#, - ./ 0 1 0 2345  67 / 0 1 0 2389.-+ 5," :&%)&6  6 -;%&# < ,"6,-+.-+

)5( 6 ,=&6 %"(;"+ %5+" ( " ,5 +"( "6 %9&( f+3%,24 e6,3024 563 X+6.(/+>24

h1%+>)F f64B QF K)),( WWF h>%6-(3 OTTi

OJ UB fB C21F B LB 20)60F bB LB #320%60F =B c6,%)68(638+) 20/ dB XB a+NFg

8"(;"+ %5+" 7";"67"6% #) + #%"+&,%&#, - . / 01023 /6 >/6? 45@ 89A :&%)

B +&-5, /6 #-6#"6%+ %&-6, -B"+ CDE1 R#Fg e6,3024 65 S,.+0()>(0>(F f64,.(

WOjF K)),( DF 11B \WYG\OOF OTTj

http://vibo.osa.org/virtual


<@JN( BP 7BI+(I+)

#61<3+8&% )%2%(.(0%BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB ++

$-)%32>%BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB +++

$>A06@4(/8(.(0%)BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB BBBBBB+;

S+)% 65 ?,-4+>2%+60)BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB ;

92-4( 65 #60%(0%)BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB ;+

S+)% 65 $--3(;+2%+60)BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB +N

S+)% 65 U<.-64)BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB N++

S+)% 65 !+8,3()BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB N+++

S+)% 65 92-4()BBBBBBBBBBBBBBBBBBBBBBBBB NN

#&21%(3 W K0%36/,>%+60BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB W

WBW X2>A836,0/BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBW

WBO a+)%63+>24 >60%(N%BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB D

WBQ ?36`(>% 2+. BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB Y

WB\ ?36`(>% 6-`(>%+;()BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBP

WBD U%3,>%,3() 65 %&( %&()+)BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBP

#&21%(3 O S+%(32%,3( (;+(@BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBWT

OBW 9(.1(32%,3( 3208( 65 &,.20 )A+0BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBWT

OBO (;+(@ 65 %(.1(32%,3( )(0)+08 .(%&6/) 563 &,.20 )A+0 %(.1(32%,3(BBBBBBBBBBBB WW

OBQ ?&6)1&63BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBW\

OBQBW a+)%63+>24 -2>A836,0/ 65 1&6)1&63)BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB WD

OBQBO S,.+0()>(0>(BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB Wi

OBQBQ ?&6)1&63 %(.1(32%,3( .(2),3(.(0% %(>&0+7,()BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBOP

;+



OB\ ^G32< /+5532>%+60 I^ =JBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBQP

OBD (;+(@ 65 13(;+6,)4< 2024<)(/ 1&6)1&63)BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB \T

#&21%(3 Q  N1(3+.(0%24 9(>&0+7,() BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB \\

QBW #3(2%+60 65 %&( 1&6)1&63 1(44(% 563 >&232>%(3+)2%+60BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB\\

QBO #60%3644(/ %(.1(32%,3( (0;+360.(0% 563 1&6)1&63 >&232>%(3+)2%+60BBBBBBBBBBBBBBBB\P

QBOBW K0>,-2%63BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB \P

QBOBO 9(.1(32%,3( >24+-32%+60 65 %&( >60%3644(/%(.1(32%,3( (0;+360.(0% DT

QBQ ?&6%64,.+0()>(0% .(2),3(.(0%BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB DW

QB\ =(>2< %+.( >&232>%(3+)2%+60BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB DD

QBD ^G32< =+5532>%+60BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB YT

QBY U,..23<BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB YP

#&21%(3 \  ,361+,. /61(/ S20%&20,. hN<),41&+/(BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB Yi

\BW ?361(3%+() 65 S2OTOUV  , BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBYi

\BWBW #3<)%24 )%3,>%,3(BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBYi

\BWBO h1%+>24 1361(3%+() 65 (N>+%2%+60 20/(.+))+60 )1(>%32 65 S2OTOUBBBBBBBBBBBBBBPW

\BO ?&6%64,.+0()>(0% .(2),3(.(0%BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB PO

\BOBW =6120% /(1(0/(0><BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB PD

\BQ =(>2< 9+.( #&232>%(3+)2%+60BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB Pj

\BQBW ^G 2< =+5532>%+60 I^ =JBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBjQ

\BQBO U,..23<BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB jP

#&21%(3 D 9(3-+,. /61(/ 420%&20,. 6N<),41&+/(BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB jj

DBW K0%36/,>%+60BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBjj

DBWBW ?361(3%+() 65 S2OTOUV 9 - BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB jj



DBO ?&6%64,.+0()>(0% .(2),3(.(0%BBBBBBBBBBBBBBBBBBBBBBBBBBBBB WTO

DBOBW =6120% /(1(0/(0><BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBWT\

DBQ =(>2< %+.( >&232>%(3+)2%+60BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBWTY

DBQBW ^G 2< =+5532>%+60 I^ =JBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBWW\

DB\ $0 (N14202%+60 563 %&( 060G)%20/23/ +0>3(2)( 65 /(>2< %+.( @+%& %(.1(32%,3(

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB WWP

DB\BW U,..23<BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBWO\

7G@C+(D Q 1(@)EJENE+A )+&OA BP @I BC+EK@N )(I)BD G(@ORRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRR $%S

YBW K0%36/,>%+60BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB WOD

YBO #60)+/(32%+60) 65 %&( 52-3+>2%+60 65 2 )(0)63 &(2/BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBWOY

YBOBW #&232>%(3+)%+>) 65 %&( +/(24 1&6)1&63)BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB WOY

YBOBO X60/+08 %(>&0+7,(BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB WOP

YBOBQ  N1(3+.(0%24 %(>&0+7,()BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB BBBBBBBBBBBBBBBBBBBBBBBBBBBBWOj

YBQ U,..23<BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBWQi

7G@C+(D ! 7BIKN&)EBI) @IO P&+&D( MBDLRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRR RRRR$  

PBW K0%36/,>%+60BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB W\T

PBO $>&+(;(.(0%)BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB W\O

PBQ !,%,3( @63ABBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB W\Y

PBQBW =(;(461.(0% 65 %&( 52-3+>2%+60 65 %&( 61%+>24 )(0)63BBBBBBBBBBBBBBBBBBBBBBBBBBBBBW\Y

PBQBO K0;()%+82%+60 +0%6 %&( 06;(4 /(>2< %+.( >&232>%(3+)%+> 65 S2OTOUV 9-BB W\i

9E)+ BP 0(P(D(IK()RRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRR $S 

8CC(IOET WYQ



9E)+ BP8JJD(UE@+EBI)

$ $08)%36.) IW N WTlWT.(%3()J
$=# $02468,(G%6G/+8+%24 >60;(3%(3
$8 U+4;(3
$ K O h Q $4,.+0+,. 6N+/(
2k6 $%6.+> 1(3>(0%
2B,B $3-+%323< ,0+%)
X2#K! X23+,. >&463654,63+/(
X2L8$4+6h0 X23+,. .280()+,. 24,.+02%(
#/ #2/.+,.
#/bVW #2/.+,. %,08)%2%(
#S #2%&6/64,.+0()>(0%
>. #(0%+.(%3(
#,h ? #611(3 6>%2(%&<4 1631&<3+0
#3 #&36.+,.
# 9 #2%&6/( 32< %,-(
#9U #&238( %320)5(3 )%2%(
(  N160(0%+24
R# =(83(( #(4)+,)
=< =<)136)+,.
 S  4(>%364,.+0()>(0%
 ?U #  08+0((3+08 20/ ?&<)+>24 U>+(0>() ()(23>& #6,0>+4
 ,  ,361+,.
 ,99$  ,361+,. IKKKJ %&(06<4%3+54,6362>(%602%(
(f  4(>%360 ;64%
! !2&3(0&(+%
!baL !,44 @+/%& 2% &245 .2N+.,.
d/OTOU d2/64+0+,. 6N<),41&+/(
d # d(0(324  4(>%3+> #6.120<
a_ a(3%_
A X64%_.200 >60)%20%
c c(4;+0



Af c+46;64%
S26!Q S20%&20,. 54,63+/(
S2OTOU S20%&20,. 6N<),41&+/(
S = S+8&% (.+%%+08 /+6/(
.$ L+44+2.1(3(
La_ L(82&(3%_
L8\!d(TY L280()+,. 54,6368(3.202%(
L0 L20820()(
.k6 L64( 1(3>(0%
.) L+44+)(>60/
L K L280(%+> 3()6020>( +.28+08
5N. L+>36.(%3( IW N WTGY .(%3()J
VXR/ L+>36)(>60/
.b L+44+@2%%

 "+%368(0
: @%Y % ! U6/+,. %,08)%(0 6N+/(
"/ "(6/<.+,.
"+ "+>A(4
"9: "6%%+08&2. 93(0% :0+;(3)+%<
0. "206.(%3( IW N WTmj.(%3()J
" "60G32/+2%+;(
0) "206)(>60/
hhK h>(20 h1%+>) K0>631632%+60
$# 2/+6 #631632%+60 65 $.(3+>2
! 2/+6 53(7,(0><
9= ()+)%20>( %(.1(32%,3( /(%(>%63)
S 2/+64,.+0()>(0%

?S ?&6%64,.+0()>(0%
?L9 ?&6%6.,4%+14+(3 %,-(
?9 ?&6)1&63 %&(3.68321&<

2/+2%+;(
U. U2.23+,.

U4n\$4+\TOD U%360%+,. 24,.+02%(
9 9()42

N



9- 9(3-+,.
9! S 9&+0 5+4. (4(>%364,.+0()>(0%
:f :4%32;+64(%
^ = ^G32< /+5532>%+60
!"#$%&( )!#+, C%%3+,. 24,.+0+,. 8230(%

- . " C%%3+,. 6N+/(
-  . / C%%3+,. 6N<),41&+/(

-0. 1 C%%3+,. ;202/2%( 6N+/(
o0 o+0>

o 0 Q I? T \ JO o+0> 1&6)1&2%(
o0U o+0> ),41&+/(
o0L6T\ o+0> .64<-/2%(

o0%U+T\ o+0> )+4+>2%(



9E)+ BP /AHJBN)

> U1((/ 65 4+8&% I # p QN WTi(F, J
/ U12>+08 -(%@((0 /+5532>%+08 1420()
 0 9&( q%& (0(38< 4(;(4
$ 9&(3.24 2>%+;2%+60 (0(38< I(0(38< /+55(3(0>(J
; !3(7,(0><
< d2..2

& ?420>A >60)%20% I\BWQYN WTmWD"G F,J
T K0>+/(0% 2084(
3B K0+%+24 +0%(0)+%< 2% %+.( T
K> #60)%20% +0%(0)+%< 65 2 3(5(3(0>( 1(2A
KI%J K0%(0)+%< 2% %+.( %
K;0 =(>3(2)+08k K0>3(2)+08 1(2A +0%(0)+%+()
A X64%_.200 >60)%20% IWBQiT N WTGOQHI JK
L b2;(4(08%&

0 $0< +0%(8(3
"(ITJ K0+%+24 (N>+%(/ 161,42%+60
"(I%J 9&( 0,.-(3 65 4,.+0()>(0% +60) +0 %&( (N>+%(/ )%2%( 25%(3 20

(N>+%2%+60 1,4)( 2% 2 8+;(0 %+.(
?(8 9&( 136-2-+4+%< 563 )160%20(6,) (.+))+60 536. %&((N>+%(/

)%2%( %6 %&( 836,0/ )%2%(
H H,(0>&+08 32%(

2/+2%+;(
) !3(7,(0>< 52>%63
% $% %+.( I%J
9 9(.1(32%,3( 65 2 >6.160(0%
9/ =(>2< %+.( 63 /(>2< >60)%20%
97 =(>2< %+.( 2% %&( 7,(0>&+08 16+0%
f f64,.( 65 2 ,0+% >(44

 ! ?36-2-+4+%< 65 060G32/+2%+;( %320)+%+60
! ?36-2-+4+%< 65 32/+2%+;( %320)+%+60

N++



9E)+ BP 1EF&D()

!+8,3( OGWV $ 4,.+0()>(0% +60 $ +0 +%) &6)% 42%%+>(B  .+))+60 I32/+2%+;( 3(%,30 %6 %&(

836,0/ )%2%(Jr a(2% I060G32/+2%+;( 3(%,30 %6 %&( 836,0/ )%2%(JsQ\tBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB WD

!+8,3( OGOV ?+>%,3( +44,)%32%() %&( 1&6)1&63 1(44(% -(563( (N>+%2%+60 20/ %&( (.+))+60 65

4,.+0()>(0>( ,0/(3 :f (N>+%2%+60BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB Wj

!+8,3( OGQV  0(38< 4(;(4 /+2832. +44,)%32%+08 (4(>%360 %320)+%+60) 536. 2 ;24(0>( -20/

)%2%( %6 2 >60/,>%+60 -20/ )%2%( 3(),4%+08 +0 %&( (.+))+60 65 32/+2%+60 I1&6%60J 20/ 060u

32/+2%+60 I1&6060JBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB OW

!+8,3( OG\V  .+))+60 )1(>%32 65 S2%#[%UV  , (N>+%(/ -< 2 0+%368(0 42)(3 IQQP .0J 2%

366. %(.1(32%,3(B  N>+%2%+60 )1(>%32 563 S2%#[%UV  , 136;+/(/ -< ?&6)1&63 9(>&06468<

S%/BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB OW

!+8,3( OGDV  0(38< 4(;(4 /+2832. )&6@+08 (0(38< %320)+%+60) @+%&+0 20 2>%+;2%63 OQ

!+8,3( OGYV  .+))+60 )1(>%32 65 %&( &6)% 42%%+>( 20/ /+55(3(0% /6120% >60>(0%32%+60) 65

S2%v=%UV  ,BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBOY

!+8,3( OGPV 9@6 1(2A +0%(0)+%< .(%&6/BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBOi

!+8,3( OGiV S+0( @+/%& 20/ 4+0( 16)+%+60 2% G WD 20/ PO R# 563 C%h%UV  , WDYWBBBBBBBBBBBBBBBOj

!+8,3( OGjV  N2.14( 65 )+084( (N160(0%+24 /(>2< 1365+4() 65 S2%#[%UV  , 2% ;23+6,)

%(.1(32%,3() ,0/(3 QQP0. (N>+%2%+60B 9&( +0)(% 8321& +0/+>2%() 2 )+084( (N160(0%+24

/(>2< 5+%%+08 @+%& 20 2>>,32>< 65 [jjBjEBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBQO

!+8,3( OGWTV ?46% 65 4,.+0()>(0>( +0%(0)+%< IK0J 282+0)% %+.( 563 S2OT OUV  , 2% WT R#B

9&( 832/+(0% )&6@) 2 4+0(23 3(42%+60)&+1 -(%@((0 +0%(0)+%< 20/ %+.( @&+>& <+(4/) 2

)+084( (N160(0%+24 1365+4( @+%& 20 2>>,32>< 65 [jjBDEBBBBBBBBBBBBBBBBBBB QQ

!+8,3( OGWWV 9(.1(32%,3( /(1(0/(0% >&232>%(3+)%+> 65 S2%#[%UV  ,BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB Q\



!+8,3( OGWOV $ )>&(.2%+> 3(13()(0%2%+60 65 >605+8,32%+6024 >663/+02%( .6/(4 )&6@+08

(0(38< 65 ;24(0>( (4(>%360) 65 %&( 4,.+0()>(0% >(0%3( 282+0)% >605+8,32%+60 >663/+02%(B

?2%& $GX 3(13()(0%) 2-)631%+60 65 %&( (N>+%(/ (0(38< 56446@(/ -< %&( (.+))+60 136>())

%&36,8& 12%& #G=>E1@E<ABBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBQD

!+8,3( OGWQV ^G32< 3(54(>%+60) +0 2 >3<)%244+0( .2%(3+24B IOT +) %&(.(2),3(/ 2084(J Qi

!+8,3( OGW\V d(6.(%3< 65 %&( X3288M) >60/+%+60sYDFYitBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBQj

!+8,3( QGWV #36))G)(>%+60 /+2832. 65 %&( 16@/(3 13()) 20/ %&( 1(44(% /+(VBBBBBBBBBBBBBBBBBBB \P

!+8,3( QGOV 961 >36))G)(>%+6024 ;+(@ 65 %&( +0>,-2%63B ?64<)%<3(0( +) ,)(/ %6 +0),42%( %&(

+0%(3024 &(2% 65 %&( +0>,-2%63B $1(3%,3( W +0 164<)%<3(0( +) %&( w(N>+%2%+60 163%MF 21(3%,3(

O +) %&( w>644(>%+60 163%M 20/ 21(3%,3( Q +) %&( w)123( 163%MB b+%& 2 7,23%_ 36/ +0 142>(F

%&( )(%,1 +) 24+80(/ 563 /(>2< %+.( .(2),3(.(0%B 9&( 7,23%_ 36/ @+44 -( 3(142>(/ -< 20

61%+>24 5+-3( 563 ?S )1(>%32 .(2),3(.(0%BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB \j

!+8,3( QGQV  N1(3+.(0%24 )(%G,1 563 ?S )1(>%324 .(2),3(.(0%BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB DO

!+8,3( QG\V $>7,+)+%+60 65 (.+))+60 )1(>%3,. 65 S2%#[%UV  ,BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBD\

!+8,3( QGDV #24+-32%+60 6,%1,% 563 %&( )1(>%36.(%(3 UOTTT ,)+08 20 61%+>24 5+-3( I!#G

:fYTTGOJ 20/ 2 >24+-32%(/ 4+8&% )6,3>(B (/ >36)) +0/+>2%() %&( 4+8&% )6,3>( 1365+4(

@&+4)% %&( -4,( 4+0( 3(13()(0%) %&( >24>,42%(/ /2%2BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB DD

!+8,3( QGYV U>&(.2%+> /+2832. 65 /(>2< %+.( )<)%(.BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBDY

!+8,3( QGPV =(>2< >60)%20% %320)5(33(/ 536. 6)>+446)>61( ,)+08 S2-f+(@sQt 136832..(B

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB Dj

!+8,3( QGiV ?$"24<%+>24^M?(3% ? hNG32< /+5532>%+60 )<)%(.BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB YT

!+8,3( QGjV U2.14( &64/(3)5+44(/ @+%& 1&6)1&63) %6 -(142>(/ 60 %&( )1+00(3 563 ^ =

.(2),3(.(0%)BBBBBBBBBBBBBBBB BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBYO

N+;



!+8,3( QGWTV ^ = 12%%(30) 65 ;23+6,) >60>(0%32%+60) 65 S2%#[%UV 9- 2>7,+3(/ -< %&( ^G

?(3% =2%2 f+(@(3 )65%@23(BBBBBBBBBBBBBBBBBBBBBBBBBB YQ

!+8,3( QGWWV ?365+4() .2%>&+08 563 ^ = 12%%(30) 65 S2OTOUV  , @+%& %&( 3(5(3(0>( 5+4(

I?=! >6/(V TTGTOPGTOYQJBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBY\

!+8,3( QGWOV ?(2A 4+)% 65 S2OTOUV  , 8(0(32%(/ -< %&( 136>()) 65 1(2A )(23>&+08 20/

1365+4( 5+%%+08 %6 +0/+>2%( %&( 16)+%+60F /G)12>+08 20/ 1(2A @+/%& 65 %&( ^ = 12%%(30BBB YY

!+8,3( QGWQV #3<)%244+%( )+_( 65 2 1&6)1&63 >20 -( >24>,42%(/ ,)+08 %&( U>&(33(3

>24>,42%63 @+%& %&( +0563.2%+60 136;+/(/ +0 %&( 1(2A 4+)% 2) )&6@0 +0 !+8,3( QGWOBBBBBBBB YY

!+8,3( \GWV #3<)%24 )%3,>%,3( 65 S2%#[%U Ih p 3(/F S2 p .28(0%2F U p <(446@JB I#6,3%()<

65 =3B d23< XB a+N 2% "9:JBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBYj

!+8,3( \GOV  0(38< 4(;(4) +0  ,Qx@+%& %&( >&238( %320)5(3 )%2%( +0 S2%h%UsWTQtBBBBBBBBBBBBBB PW

!+8,3( \GQV  N>+%2%+60 20/  .+))+60 )1(>%3,. 65 S2%#[%UV  , 136;+/(/ -< ?&6)1&63

9(>&06468< S%/ I?9SJBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBPO

!+8,3( \G\V 9<1+>24 (.+))+60 )1(>%3,. 563 S2%#[%UV  , (N>+%(/ -< 2 0+%368(0 42)(3 2%

366. %(.1(32%,3( yBBBBBBBBBBBBB PQ

!+8,3( \GDV  .+))+60 )1(>%32 65 S2%#[%UV  , (N>+%(/ -< 2 0+%368(0 42)(3 2% ;23+6,)

%(.1(32%,3()BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB P\

!+8,3( \GYV ?&6%64,.+0()>(0% )1(>%32 65 S2%#[%UV  , 2% /+55(3(0% /6120% >60>(0%32%+60)

3208+08 536. TBW %6 WD .k6BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBPD

!+8,3( \GPV  .+))+60 )1(>%32 65 W 20/ P .k6 65 S2%#[%UV  ,BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB PY

!+8,3( \GiV K0%(0)+%< 4(;(4) 65 /+55(3(0% /6120% >60>(0%32%+60) 65 S2OTOUV  , 2% )&63%

@2;(4(08%&)BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB Pi

N;



!+8,3( \GjV K0%(0)+%< 4(;(4) 65 /+55(3(0% /6120% >60>(0%32%+60) 65 S2%#[%UV  , 2% 4608

@2;(4(08%&)BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB Pi

!+8,3( \GWTV S+0(23 4(2)% )7,23() 2024<)+) 65 +0%(0)+%< ;(3),) %+.( 563 PBQY .k6 S2O#[%UV

 , 2% \YP 0.BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBiT

!+8,3( \GWWV =(>2< >60)%20% >&232>%(3+)%+>) 65 S2OTOUV  , 2% \YP 0.F \jD ., 20/ DWO

0.BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB iW

!+8,3( \GWOV =(>2< >60)%20% >&232>%(3+)%+>) 65 S2%#[%UV  , 2% DQi0. 20/ DiP.,BBBBBBBB iW

!+8,3( \GWQV =(>2< >60)%20% >&232>%(3+)%+>) 65 S2%#[%UV  , 2% DDP0.BBBBBBBBBBBBBBBBBBBBBBBBBBBBBiO

!+8,3( \GW\V =(>2< >60)%20% >&232>%(3+)%+>) 65 S2OTOUV  , 2% DjD0.F YWY0. 20/ YOD0.B

iO

!+8,3( \GWDV S+0(23 4(2)% )7,23() 2024<)+) 65 40 +0%(0)+%< ;(3),) %+.( 563 TBW .k6 S2OTOUV

 , 1(2A+08 2% \YD 0. 6;(3 DGYT R#BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBi\

!+8,3( \GWYV S+0(23 4(2)% )7,23() 2024<)+) 65 40 +0%(0)+%< ;(3),) %+.( 563 ;23+6,) /6120%

>60>(0%32%+60) 65 S2%I[%UV  , 1(2A+08 2% \YD 0. 2% D R#BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB iD

!+8,3( \GWPV =(>2< %+.( 65 S2OTOUV  , 2) 2 5,0>%+60 65 %(.1(32%,3(2%/+55(3(0%

(.+))+60 @2;(4(08%&)BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBiP

!+8,3( \GWiV  .+))+60 )1(>%32 65 TBTTDF TBTOF TBTD .k6 S2%#[%UV  , ,0/(3 QQP.0

(N>+%2%+60 2% 366. %(.1(32%,3(BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBij

!+8,3( \GWjV  .+))+60 +0%(0)+%+() 282+0)% ;23+6,) /6120% >60>(0%32%+60) 65 S2%#[%UV  ,B

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB jT

!+8,3( \GOTV =(>2< %+.( >&232>%(3+)%+>) 65 ;23+6,) /6120% >60>(0%32%+60) 65S2%#[%UV  ,

2) 2 5,0>%+60 65 %(.1(32%,3( 2% /+55(3(0% @2;(4(08%&)BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBjO

N;+



!+8,3( \GOWV $ ),..23< 65 /(>2< %+.( >&232>%(3+)%+>) 65 KZ#ZU V  , I3(1(2%2-+4+%<

,)+08 5+;( /+55(3(0% 1(44(%)JBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB jQ

!+8,3( \GOOV 9<1+>24 ^ = 12%%(30 65 S2%#[%UV  ,BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBj\

!+8,3( \GOQV ^ = 12%%(30) 65 S2OTOUV  , 2% /+55(3(0% /6120>< 4(;(4)BBBBBBBBBBBBBBBBBBBBBBBBBBBBjD

!+8,3( \GO\V #G1232.(%(3 65 %&( ,0+% >(44 2) 2 5,0>%+60 65  , >60%(0%BBBBBBBBBBBBBBBBBBBBBBBBBBBBBjY

!+8,3( DGWV  0(38< /+2832. 65 9- +60 +0 S2%#[%U 42%%+>(WGWWjtBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB WTW

!+8,3( DGOV  N>+%2%+60 20/ (.+))+60 )1(>%32 65 S2OTOUV 9-B I N>+%2%+60 )1(>%32 @2)

136;+/(/ -< ?9SJBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB WTO

!+8,3( DGQV 9<1+>24 (.+))+60 )1(>%3,. 563 S2OTOUV 9- (N>+%(/ -< 2 0+%368(0 42)(3 2%

366. %(.1(32%,3(BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBWTQ

!+8,3( DG\V U1(>%32 (.+))+60 /+)%3+-,%+60 563 S2OTOUV 9- 2% /6120% >60>(0%32%+60) 65 TBO

.k6 20/ WT .k6 2% 366. %(.1(32%,3(B I N>+%2%+60 )1(>%32 563 S2%#[%UV 9- 136;+/(/ -<

?9SJBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBWTD

!+8,3( DGDV K0%(0)+%< 4(;(4) 65 /+55(3(0% /6120% >60>(0%32%+60) 65 S2OTOUV 9- 2% 366.

%(.1(32%,3(BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB WTY

!+8,3( DGYV =(>2< %+.( >&232>%(3+)%+>) 65 ;23+6,) 9- >60>(0%32%+60) 2% /+55(3(0%

(.+))+60 @2;(4(08%&)BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB WTj

!+8,3( DGP =(>2< >,3;() 65 S2%#[%UV WD .k6 9- 2% D\\ 0. 4+0( 536. DG YTR#BBBBBBBBBBBBBBWWT

!+8,3( DGiV S+0(23 4(2)% )7,23() 5+% 65 40 +0%(0)+%< 2) 2 5,0>%+60 65 %+.( 563 S2%#[%UV WD

.k6 9- 6;(3 DGYT R#BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBWWW

!+8,3( DGjV =(>2< %+.( 65 46@(3 S2OTOUV 9- >60>(0%32%+60) ITBTTD G TBD .k6J 20/

&+8&(3 9- >60>(0%32%+60) IOGDT .k6J 2% D\\ 0. 2) 2 5,0>%+60 65 %(.1(32%,3(BBBBBBBBBBBBBBBWWO

!+8,3( DGWTV 9<1+>24 ^ = 12%%(30 65 S2OT OUV 9-BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBWW\

N;++



!+8,3( DGWW ^ = 12%%(30) 65 ;23+6,) /6120>< 4(;(4) 65 S2%#[%UV 9- 2% IWTTJ 20/ ITTOJ

3(54(>%+60)BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB WWD

!+8,3( DGWOV >G2N+) 65 %&( ,0+% >(44 65 S2OTOUV 9- 2) 2 5,0>%+60 65 /6120% >60>(0%32%+60

2% %&( ITTOJ 3(54(>%+60BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBWWY

!+8,3( DGWQV f23+2%+60 65 /(>2< %+.( 65 WD .k6 SZ#9_UV 9- ;(3),) %(.1(32%,3( WWj

!+8,3( DGW\V ^ = 12%%(30) 65 DT .k6 9- 6;(3 QT G WTT R#BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB WOW

!+8,3( DGWDV 9&( >(44 ;64,.( 20/ 42%%+>( 1232.(%(3) 563 TBTTD .k6 9- 2) 2 5,0>%+60 65

%(.1(32%,3(BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB WOO

!+8,3( DGWYV 9&( >(44 ;64,.( 20/ 42%%+>( 1232.(%(3) 563 WD .k6 9- 2) 2 5,0>%+60 65

%(.1(32%,3(BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB WOQ

!+8,3( YGWV  .+))+60 )1(>%32 65 TBW .k6  , 1(44(% 20/ TBW .k6  , @+%& $324/+%( ,0/(3

QQP 0. (N>+%2%+60BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB WOi

!+8,3( YGOV =(>2< %+.( >6.123+)60 65 TBW .k6  , 1(44(% 20/ TBW .k6  , @+%& $324/+%(

,0/(3 QQP 0. (N>+%2%+60BBBBBBBBBBBBBB WOj

!+8,3( YGQV h,%1,% )+8024) 65 %&( 1,4)( 8(0(32%63 20/ 20 :f S =BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBWQT

!+8,3( YG\V ?S (N1(3+.(0%24 233208(.(0% ,)+08 20 :f S = 2) 20 (N>+%2%+60 )6,3>(B WQW

!+8,3( YGDV  .+))+60 )1(>%3,. 65 S2OTOUV  , 2% PBQY .k6 (N>+%(/ -< /+55(3(0% (N>+%2%+60

@2;(4(08%&) S =) @+%& 20 +0%(832%+60 %+.( 65 WDTT .)BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBWQQ

!+8,3( YGYV  .+))+60 )1(>%3,. 65 WT .k6 S2OT OUV 9- (N>+%(/ -< /+55(3(0% (N>+%2%+60

@2;(4(08%&) S =) @+%& 20 +0%(832%+60 %+.( 65 WDTT .)BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBWQ\

!+8,3( YGPV  .+))+60 )1(>%32 65 TBW .k6 S2%#[%UV  , (N>+%(/ -< Q\D ., S = 2% 366.

%(.1(32%,3(BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB WQD

N;+++



!+8,3( YGiV =(>2< )+8024 65 TBW .k6 S2OTOUV  , 2% DWO 0. 4+0( (N>+%(/ -< Q\D 0. S =

2% 366. %(.1(32%,3(BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB WQP

!+8,3( YGjV =(>2< %+.() 65 TBW .k6 S2%#[%UV  , 2% DWO 0. (N>+%(/ -< Q\D 0. S =BB WQP

N+N



9E)+ BP <@JN()

92-4( OGWV =2%2 65 2024<)(/ 1&6)1&63) 20/ 54,63()>(0% .2%(3+24) 536. 4+%(32%,3( ),3;(<B

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB\W

92-4( QGWV 9(.1(32%,3( /+55(3(0>( -(%@((0 )(% %(.1(32%,3( 20/ .(2),3(/ %(.1(32%,3(B

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB DW

92-4( \GWV U,..23< 65 7,(0>&+08 32%() 563 ;23+6,) >60>(0%32%+60) 65 S2OTOUV  , ii

92-4( \GOV #3<)%244+%( )+_( 563 ;23+6,) >60>(0%32%+60) 65 S2OTOUV  ,BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBjP

92-4( DGWV H,(0>&+08 32%() 65 /+55(3(0% 9- >60>(0%32%+60) 2% 244 (.+))+60 1(2A)B I9&(

0(82%+;( )+80 IGJ +) ,)(/ %6 /(06%( %&( +0>3(2)( /(>2< %+.() @+%& +0>3(2)+08 %(.1(32%,3(BJ

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB WWQ

92-4( DGOV #3<)%244+%( )+_( 65 TGDT .k6 S2%#[%UV 9-BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB B WWP

NN



#&21%(3 W K0%36/,>%+60

7G@C+(D $ 3I+DBO&K+EBI

$R$ 2@KLFDB&IO

9&( 836@+08 +0%(3()% +0 %&( 5+(4/ 65 61%+>24 )(0)63)F &2) &+8&4+8&%(/ %&( 0((/ 563 3()(23>&

%6 /(;(461 61%+>24 )(0)63 %(>&06468< @+%& 2/(7,2%( )(0)+08 >212-+4+%+() %6 .((% )1(>+5+>

0((/)B 9&( 2>>(4(32%+08 1365+4( 65 61%+>24 %(.1(32%,3( )(0)+08 %(>&06468< +) .2+04< /,(

%6 %&( +..,0+%< 65 61%+>24 )+8024) %6 (4(>%36.280(%+> +0%(35(3(0>(WGWFOt 20/ +) 65 )1(>+24

;24,( 563 ,)( +0 %&( 3(.6%( %(.1(32%,3( .(2),3(.(0%) 65 2 36%2%+08 >6.160(0%ZWB

",.(36,) 2114+>2%+60) %2A( 2/;20%28( 65 %&+) 2%%3+-,%( @+%&+0 %&( 5+(4/ 65 (08+0((3+08F

2(36)12>( 20/ )(>,3+%<B L63( 3(>(0%4< %&(3( &2) -((0 20 +0>3(2)( +0 +0%(3()% 536. %&(

@634/ 65 .(/+>+0(F ),>& 20 (N2.14( @6,4/ +0>4,/( %&( .60+%63+08 65 2 12%+(0%M) -6/<

%(.1(32%,3( @&(0 @+%&+0 2 .280(%+> 3()6020>( +.28+08 IL KJ )<)%(.F 123%+>,4234< 563

)6.(60( @&6 ),55(3) 536. &<16%&(3.+2 63 &<1(3%&(3.+2F 2) 2 12%+(0%M) %(.1(32%,3( .2<

/(>3(2)( 56446@+08 +0/,>%+60 65 8(0(324 202()%&()+2ZB K% +) %&(3(563( +.163%20% %6

.60+%63 12%+(0%M) %(.1(32%,3( @&+4( &(k )&( +) ,0/(386+08 %&( )>20 %6 13(;(0%

&<16%&(3.+2 20/ 2+/ %&( 3(>6;(3< 536. 202()%&()+2B

$ ),3;(< >60>(30+08 %&( 132>%+>( 65 .60+%63+08 2 12%+(0%M) %(.1(32%,3( @+%&+0 20 L K

@2) >60/,>%(/ 2% %&( 13(4+.+023< )%28( 65 %&+) 3()(23>&B 9&( >6442%(/ +0563.2%+60 &2)

),88()%(/ %&2% .60+%63+08 %(.1(32%,3( 65 2 12%+(0% +) %<1+>244< )%20/23/ 132>%+>( 6,%)+/(

%&( L K )>200(3B 9&( )1(>+24+)%) 536. H,((0) L(/+>24 #(0%3( IHL#J +0 "6%%+08&2.

&2;( )%3())(/ %&2% %&(3( +) 06 %(.1(32%,3( .(2),3(.(0% /(;+>() ,)(/ @+%&+0 %&(+3 L K

)>200(3)F +.14<+08 %&2% 06 %(.1(32%,3( .(2),3(.(0% +) 1(3563.(/ @&+4( 2 L K

W



#&21%(3 W K0%36/,>%+60

(N2.+02%+60 +) ,0/(3%2A(0B 9&(< @+44 604< .(2),3( 2 12%+(0%M) %(.1(32%,3( ,)+08 2

063.24 /(;+>( 25%(3 %&( )>20 +) >6.14(%(/B 9&+) &2) &(41(/ %6 )%3()) 20/ (.1&2)+)( %&(

+.163%20>( 20/ 132>%+>24+%+() 65 20 61%+>24 %(.1(32%,3( )(0)63 %6 5+44 2 821 563

.60+%63+08 %&( )A+0 %(.1(32%,3( 65 2 12%+(0% /,3+08 2 L K )>20B

96 .2A( %(.1(32%,3( .(2),3(.(0% 65 2 12%+(0% +0 ),>& 20 (4(>%36.280(%+>244< &6)%+4(

(0;+360.(0% +) ;(3< >&244(08+08F 2) 2 /()+3(/ /+2806)%+> %664 )&6,4/ 06% `(6123/+)( %&(

)25(%< 65 2 12%+(0% 63 %&( +.28( 7,24+%<B !63 +0)%20>(F %&( (4(>%3+>244<G>60/,>%+08

.(%244+> (4(.(0%) 65 %&( >60;(0%+6024 %(.1(32%,3( .(2),3(.(0% /(;+>() ),>& 2)

%&(3.6>6,14(F 3()+)%20>( %(.1(32%,3( /(%(>%63) I 9=J 63 %&(3.+)%63)sOF Dt >6,4/ -(

136-4(.2%+> 2) %&(< @6,4/ 1(3%,3- %&( &6.68(0(+%< 65 %&( .280(%+> 5+(4/) 20/ %&,)

255(>% %&( +.28( 7,24+%<B K0 2//+%+60F %&( %&(3.24 >60/,>%+;+%< 65 %&( .(%24 >20 24)6 4(2/

%6 +0%(35(3(0>( 65 %&( %(.1(32%,3( -(+08 .(2),3(/B $) 2 3(),4%F 136-4(.) 2))6>+2%(/

@+%& %(.1(32%,3( .60+%63+08 @+%&+0 2 L K )>200(3 &2) 136;+/(/ 20 +.1(%,) 563 %&(

/(;(461.(0% 65 2 1&6)1&63G-2)(/ 61%+>24 )(0)63 563 &,.20 )A+0 %(.1(32%,3( )(0)+08

IOPG QP R#sYFPtJ @+%&+0 ),>& 20 (0;+360.(0%B 9&( >60>(1% 65 2 1&6)1&63G-2)(/ 61%+>24

)(0)63 +) %6 ,%+4+)( 2 1,4)(/ ,4%32;+64(% I:fJ 4+8&% )6,3>( %6 (N>+%( %&( 1&6)1&63 60 %&(

(0/ 65 %&( 136-( 20/ %&( 3(),4%+08 4,.+0()>(0>( +) .60+%63(/B 9&( %(.1(32%,3( +)

),-)(7,(0%4< /(%(3.+0(/ -< .(2),3+08 %&( %(.1(32%,3( /(1(0/(0% 32%( 2% @&+>& %&(

1&6)1&63()>(0>( +0%(0)+%< /(>3(2)() @+%& %+.( 25%(3 %&( (N>+%2%+60 1,4)( &2) >(2)(/B

9&( ,)( 65 1&6)1&63) @+%&+0 20 61%+>24 )(0)63 563 ),352>( %(.1(32%,3( .(2),3(.(0%

.2< (02-4( %&( 2-6;( .(0%+60(/ 136-4(.) %6 -( 6;(3>6.( -(>2,)( %&+) )(0)+08

O



#&21%(3 W K0%36/,>%+60

%(>&0+7,( +) 1,3(4< 61%+>24 20/ +% &2) %&( 2-+4+%< %6 -( (.146<(/ +0 &+8& 4(;(4) 65 (4(>%3+>

20/ .280(%+> 5+(4/) /,( %6 +%) (4(>%3+>244< 060G>60/,>%+08 02%,3(B K% +) @(44 A06@0 %&2%

>(3%2+0 4,.+0()>(0% .2%(3+24) @&+>& >60)+)% 65 2 >(32.+> &6)% 42%%+>( /61(/ @+%& 323(G

(23%& +60)F 3(5(33(/ %6 2) %&(3.68321&+> 1&6)1&63)F &2;( 4,.+0()>(0>( >&232>%(3+)%+>)

%&2% 23( %(.1(32%,3( )(0)+%+;(B 9&+) &2) 4(/ %6 %&(3.68321&+> 1&6)1&63) &2;+08 -((0

(N%(0)+;(4< (N1463(/ 563 61%+>24 %(.1(32%,3( )(0)+08 .(2),3(.(0% 6;(3 %&( 12)% )(;(324

/(>2/()B 9&+) +) 2%%3+-,%(/ %6 %&(+3 2>>,32%( )(0)+08 >212-+4+%< 6;(3 2 @+/( 3208( 65

%(.1(32%,3()F 2) @(44 2) %&(+3 2-+4+%< %6 @+%&)%20/ 2 &23)& (0;+360.(0%B !63 (N2.14(F

(,361+,. /61(/ <%%3+,. 6N+/( I C O h Q V  ,J &2) -((0 ,%+4+)(/ 563 &+8& %(.1(32%,3(

)(0)+08 @+%&+0 2 36%2%+08 82) %,3-+0(WiFjt 20/ .280()+,. 54,6368(3.202%( /61(/ @+%&

.20820()( IL8 I!Jd(#[Q V L0J &2) -((0 (N1463(/ 563 %&(3.24 .211+08 65 &6% )16%) 60

%&( @244) 65 2 >3<68(0+> 5,(4 %20AsWTtB

9<1+>244<F %&( %(.1(32%,3( /(1(0/(0% 1361(3%+() 65 %&(3.68321&+> 1&6)1&63) >20

,),244< -( .(2),3(/ -< /(%(3.+0+08 %&(+3 1&<)+>24 ;23+2-4() ),>& 2) +0%(0)+%<F /(>2< k

3+)( %+.(F 63 4+0( )&+5% 65 %&( )(4(>%(/ )1(>%324 4+0()F /(1(0/+08 60 %&( >&6+>( 65

1&6)1&63) 2) @(44 2) %&( 8+;(0 2114+>2%+60B b&(0 2 1&6)1&63 +) (N>+%(/ -< 20 ,4%32;+64(%

4+8&% )6,3>(F %&( (N>+%(/ (0(38< +) 2-)63-(/ -< %&( .2%(3+24 @&+>& 3(),4%) +0 136.6%+08

%&( (4(>%360) %6 &+8&(3 (0(38< )%2%() @+%&+0 +%) >3<)%24 )%3,>%,3(B 9&()( (4(>%360) @+44

),-)(7,(0%4< 3(%,30 %6 46@(3 (0(38< )%2%() -< 3(4(2)+08 (0(38< +0 %&( 563. 65 4+8&%

I1&6%60J 63 &(2% I1&6060JB 9&( (.+%%(/ 1&6%60) @&+>& 563. %&( (.+))+60 )1(>%3,. 65

%&( .2%(3+24 23( 6-)(3;(/F -,% >6.1(%( @+%& 2 1&6060 7,(0>&+08 136>()) @&+>&

Q



#&21%(3 W K0%36/,>%+60

-(>6.() +0>3(2)+084< /6.+020% /,( %6 +%) 83(2%(3 )(0)+%+;+%< 2) 2 5,0>%+60 65

%(.1(32%,3(F %&,) 136;+/() 20 61%+>24 .(%&6/ 563 .60+%63+08 %(.1(32%,3(B

9&( +0%(0)+%< -2)(/ %(.1(32%,3( .(2),3(.(0% &2) -((0 3,4(/ 6,% /,( %6 %&( 3()%3+>%+60)

+0 %(3.) 65 1(3563.20>( 20/ %&( /+55+>,4%+() 2))6>+2%(/ @+%& .2+0%2+0+08 >24+-32%+60 2)

%&( (N1(3+.(0%24 233208(.(0% 3(7,+3() (4(>%3+>24F .(>&20+>24 20/ (0;+360.(0%24

)%2-+4+%<sOtB  ;(0 +5 %&( )+8024 +) 063.24+)(/ %6 2 %(.1(32%,3(G+0/(1(0/(0% 61%+>24 )+8024

2% 206%&(3 (.+))+60 @2;(4(08%&F %&( >&36.2%+> /+55(3(0>() 65 61%+>24 (4(.(0%) @+44 .2A(

>&208() +0 (4(.(0% 16)+%+60) 20/ %&(3.24 (N120)+60F %&2% @+44 4(2/ %6 2 )+80+5+>20% (3363

65 .+)+0%(313(%+08 %&( >&208() +0 %&( )+8024 >633(42%(/ %6 %(.1(32%,3( /(1(0/(0><sWtB

$) 2 >60)(7,(0>(F /(>2< %+.( .(%&6/ I/(/,>(/ 536. %&( %+.( >60)%20% 65 %&(

(N160(0%+24 /(>2< +0 (.+))+60 @&+>& 6>>,3) 25%(3 2 1,4)(/ (N>+%2%+60 &2) >(2)(/J +)

2/21%(/ +0 %&+) 3()(23>& 2) +% +) +0/(1(0/(0% 65 (N>+%2%+60 +0%(0)+%<F 61%+>24 >605+8,32%+60

20/ 2.-+(0% 4+8&%B 9&( /(>2< 32%() 23( .(2),3(/ +0 %(3.) 65 53(7,(0>< 20/ %+.(F 20/

%&+) .(%&6/ %&(3(563( 655(3) 3(42%+;(4< 4()) ,0>(3%2+0%< )+0>( %&()( 7,20%+%+() >20

8(0(3244< -( /(%(3.+0(/ @+%& 83(2%(3 2>>,32>< %&20 61%+>24 +0%(0)+%+()WGWM5M

h%&(3 61%+>24 %(>&0+7,() 563 %(.1(32%,3( .(2),3(.(0% +0>4,/( +05323(/ 32/+6.(%3< 20/

61%+>24 1<36.(%(3)F &6@(;(3F -6%& %(>&0+7,() &2;( /+)2/;20%28()ZWOgWDZ !63 (N2.14(F

%&( +05323(/ %(>&0+7,() 23( 06% 2-)64,%( +0 %&2% %&( (.+))+;+%< 65 %&( (.+%%+08 .2%(3+24

&2) -( %6 A06@0 2>>,32%(4< +0 63/(3 %6 >60;(3% %&( 32/+6.(%3+> .(2),3(.(0%) +0%6 %3,(

%(.1(32%,3( 3(2/+08)B h1%+>24 1<36.(%(3) 23( 604< ,)(/ 563 ;(3< &6% )6,3>() @&+>&



#&21%(3 W K0%36/,>%+60

(N&+-+% ;+)+-4( 32/+2%+60 -,% %&+) %(>&0+7,( 24)6 ),55(3) 536. %&( )2.( 136-4(. 2)

+05323(/ 32/+6.(%(3) @&(3( 2-)64,%( .(2),3(.(0%) 23( 3(7,+3(/sWDB $) 2 3(),4%F %&()(

61%+>24 %(.1(32%,3( )(0)+08 %(>&0+7,() 23( 06% ),+%2-4( %6 -( 2/21%(/ 563 %&+)

+0;()%+82%+60B

9&( 13()(0%(/ @63A /()>3+-() 20 +0;()%+82%+60 +0%6 %&( %(.1(32%,3( /(1(0/(0%

>&232>%(3+)%+>) 65 %@6 )(4(>%(/ 1&6)1&63)F 02.(4< (,361+,. /61(/ 420%&20,.

6N<),41&+/( IS2%T %UV  ,J 20/ %(3-+,. /61(/ 420%&20,. 6N<),41&+/( IS2%T %UV 9-JB

f23+6,) /6120% >60>(0%32%+60) 65 -6%& 1&6)1&63) &2;( -((0 >&232>%(3+)(/ +0 %(3.) 65

1&6%64,.+0()>(0>( I?SJF /(>2< %+.( 20/ ^G32< /+5532>%+60 I^ =JB (),4%) +0/+>2%( %&2%

%&()( 1&6)1&63) 23( )(0)+%+;( 6;(3 %&( %(.1(32%,3( 3208( 65 DGYT R# @+%& 20 2>>,32>< 65

z TBD R#B h5 %&()( >&6)(0 1&6)1&63) @&+>& 23( )%36084< /(1(0/(0% 60 %&( 3(7,+3(/

%(.1(32%,3( 3208(F S2%T %UV  , 2% TBW .64E I.k6F .64( 1(3>(0% +) /(5+0(/ 2) %&( 32%+6 65

%&( 0,.-(3 65 .64() 65 %&( /6120% %6 %&( %6%24 0,.-(3 65 .64() @+%&+0 %&( &6)% 42%%+>( 2)

2 1(3>(0%28(ZYWJ +) 123%+>,4234< 52;6,3(/ 563 ,)( @+%&+0 20 61%+>24 )(0)63 &(2/ /,( %6 +%)

&+8& )(0)+%+;+%< %6 %(.1(32%,3( ;23+20>(B K0 2//+%+60F 20 ,013(>(/(0%(/ /(>2< %+.(

>&232>%(3+)%+> &2) -((0 /+)>6;(3(/ +0 %&+) @63AF 02.(4<F %&( /(>2< %+.( 563 S2%T %UV 9-

2% &+8&(3 /6120% >60>(0%32%+60) V W % .k6J +0>3(2)() 2) 2 5,0>%+60 65 %(.1(32%,3(F

>6.123(/ %6 %&( )%20/23/ /(>3(2)( @+%& %(.1(32%,3(B

$R% -E)+BDEK@N KBI+(T+

?3(;+6,) 3()(23>& >233+(/ 6,% -< 9&( h1%6(4(>%360+>) 20/ ?&6)1&63 9&(3.68321&+>

d36,1 2% "9: &(41(/ %6 /(;(461 2 3(.6%( %(.1(32%,3( )(0)+08 %(>&0+7,( ,%+4+)+08 %&(

@+/(4< +0;()%+82%(/ 323(G(23%& 1&6)1&63F (,361+,. /61(/ <%%3+,. 6N+/( IC% hZV  ,J

D



#&21%(3 W K0%36/,>%+60

6;(3 2 3(42%+;(4< &+8& %(.1(32%,3( 3208( 65 YTTGWOTT R#F 563 2114+>2%+60 @+%&+0 %,3-+0(

DE!E(IFEI()$ R

9&( +0;()%+82%+60 +0%6 %&( %(.1(32%,3( )(0)+08 >212-+4+%+() 65 C%hZV  , @2) >233+(/ 6,%

,)+08 /(>2< %+.( %(>&0+7,(B 9&( (N1(3+.(0%24 3(),4%) 13()(0%(/ 13665 %&2% C% h Q V  ,

@2) 2 %(.1(32%,3(G)(0)+%+;( 1&6)1&63 563 %&( %(.1(32%,3( 3208( 65 YTTGWOTT R#B =,3+08

%&( 3()(23>&F 2 0(@ 06;(4 211362>& %6 %(.1(32%,3( /(1(0/(0>( @2) /+)>6;(3(/F %&(

w3+)(G%+.(M >&232>%(3+)2%+60 @&+>& &2) -(>6.( 20 +.163%20% 2)1(>% %6 .(2),3( %&(

%(.1(32%,3( /(1(0/(0% >&232>%(3+)%+>) 65 )6.( %&(3.68321&+> 1&6)1&63)[" \#ZWitB h5 .63(

+.163%20>( 20/ 3(4(;20% %6 %&+) 3()(23>&F %&( %(.1(32%,3( /(1(0/(0>( 65 C%hZV  , @2)

24)6 56,0/ %6 -( /(1(0/(0% 60 %&( 1&6)1&63 /6120% >60>(0%32%+60 20/ %&( (N>+%2%+60

@2;(4(08%&B

$RZ ,DB](K+ @EH

9&( 2+. 65 %&( 13()(0% )%,/< +) %6 5,3%&(3 (4,>+/2%( %&( (N1(3+(0>( 20/ A06@4(/8(

82+0(/ /,3+08 %&( 13(;+6,) (08+0((3+08 20/ 1&<)+>24 )>+(0>() 3()(23>& >6,0>+4 I ?U #J

136`(>% 2% "9:F -,% 56>,)+08 60 %&( 0(@ 23(2 65 -+6.(/+>24 20/ (0;+360.(0%24 )(0)+08

%(>&06468<B 9&+)  ?U # )%,/(0%)&+1 Id k9OPPjOkTWJ +) 2+.(/ %6 +0;()%+82%( %&(

)(0)+08 >212-+4+%+() 65 ;23+6,) 1&6)1&63 .2%(3+24) 563 ,)( @+%&+0 20 61%+>24 )(0)63 %6

.60+%63 %&( )A+0 %(.1(32%,3( 65 2 &,.20 -6/<F 563 +0)%20>( @+%&+0 2 L K )>200(3 @&(3(

.(%244+> %(.1(32%,3( .(2),3(.(0% %664) 23( ,0/()+32-4( 2) .(%24 2-)63-) %&( .280(%+>

5+(4/ >3(2%+08 (N%32 &(2% 20/ %&,) %(.1(32%,3( 54,>%,2%+60)B

Y



#&21%(3 W K0%36/,>%+60

$R ,DB](K+ BJ](K+EU()

9&( 6-`(>%+;() 65 %&+) 136`(>% 23(V

+B ?(3563. 4+%(32%,3( ),3;(<F +0>4,/+08 >60),4%2%+60 @+%& %&( ),114+(3G

?&6)1&63 9(>&06468< S%/F %6 +/(0%+5< ),+%2-4( 1&6)1&63) @&+>& 23(

)(0)+%+;( %6 %&( %(.1(32%,3( 3208( 65 &,.20 )A+0B

++B #20< 6,% 2 )%,/< 60 %&( 4,.+0()>(0% 1361(3%+() 65 %&( )(4(>%(/ 1&6)1&63)F

+0 %&( 563. 65 2 16@/(3F %6 61%+.+)( -6%& %&( 4,.+0()>(0% (55+>+(0>< 20/

%(.1(32%,3( )(0)+%+;+%< ;+2 /6120% >60>(0%32%+60B

+++B K0;()%+82%( %&( %(.1(32%,3( /(1(0/(0% >&232>%(3+)%+>) 65 %&( +/(0%+5+(/

1&6)1&63) 2% ;23+6,) /6120% >60>(0%32%+60) +0 %(3.) 65 1&6%64,.+0()>(0%F

/(>2< %+.( 20/ >3<)%244+0+%<B

+;B #233< 6,% 2 5(2)+-+4+%< )%,/< 65 %&( /()+80 65 20 61%+>24 )(0)63 136%6%<1(

,)+08 %&( 61%+.,. 1&6)1&63B

$RS /+D&K+&D() BP +G( +G()E)

9&( 3(.2+0+08 >&21%(3) 65 %&( %&()+) 23( 2) 56446@)

^ 7G@C+(D % 9E+(D@+&D( D(UE(M

9&+) >&21%(3 /+)>,))() %&( 5,0/2.(0%24) 65 20 61%+>24 )(0)+08 %(>&06468<F 1&6)1&63

%&(3.68321&<F +0 123%+>,423 563 .(2),3+08 &,.20 )A+0 %(.1(32%,3( @+%&+0 20

(4(>%36.280(%+> &6)%+4( (0;+360.(0%B 9&( >&21%(3 -(8+0) @+%& 2 /+)>,))+60 65

%(.1(32%,3( 3208( 65 &,.20 )A+0 20/ 20 6;(3;+(@ 65 &,.20 )A+0 %(.1(32%,3( )(0)+08

.(%&6/)B !6446@+08 %&+)F &+)%63+>24 -2>A836,0/ %&2% 6,%4+0() %&( 02%,3( 65 1&6)1&63) +)

/()>3+-(/B 9&( .(>&20+).) 65 4,.+0()>(0>( 20/ ;23+6,) 4,.+0()>(0>( 1&(06.(02 +0

P



#&21%(3 W K0%36/,>%+60

>(3%2+0 1&6)1&63 .2%(3+24)F +0>4,/+08 %&( +054,(0>( 65 /6120% >60>(0%32%+60 60 %&(

4,.+0()>(0>( 136>())F 23( (N142+0(/B !,3%&(3 +0 %&+) >&21%(3 +0>4,/() /+)>,))+60) 65

;23+6,) 61%+>24 %(.1(32%,3( )(0)+08 >&232>%(3+)2%+60) ),>& 2) %@6G1(2A 32%+6 20/ /(>2<

%+.( %(>&0+7,(B !+0244<F 2 466AG,1 %2-4( 65 2 )(4(>%+60 65 1&6)1&63) +) 13()(0%(/ 563

>6.123+)60 1,316)()F 24608 @+%& 2 /+)>,))+60 65 )(4(>%+08 %&( ),+%2-4( 1&6)1&63) 563

%&+) 3()(23>&B

^ 7G@C+(D Z 5TC(DEH(I+@N +(KGIE_&()

9&+) >&21%(3 /(%2+4) %&( (N1(3+.(0%24 233208(.(0%) 20/ (7,+1.(0% ,%+4+)(/ %6 >233< 6,%

%&+) +0;()%+82%+60B 9&( >&21%(3 )%23%) @+%& 2 /()>3+1%+60 65 %&( 136>()) 65 >3(2%+08 2

1&6)1&63 1(44(% 20/ ),-)(7,(0%4< 2 /+)>,))+60 60 %&( >60%3644(/ %(.1(32%,3(

(0;+360.(0% 563 1&6)1&63 >&232>%(3+)2%+60B K% %&(0 /()>3+-() %&( >&232>%(3+)2%+60

(7,+1.(0% 20/ /2%2 2024<)+) 136>())F +0>4,/+08 1&6%64,.+0()>(0%F /(>2< %+.( )<)%(.

20/ ^ =B

^ 7G@C+(D 5&DBCE&H OBC(O N@I+G@I&H BTA)&NCGEO(

9&( 3(),4% 20/ /+)>,))+60 >&21%(3 /+)>,))() %&( 4,.+0()>(0% 1361(3%+() 65 (,361+,.

/61(/ 420%&20,. 6N<),41&+/(B 9&( 3(),4%) 65 ^ =F 1&6%64,.+0()>(0% 20/ /(>2< %+.( 2%

;23+6,) (,361+,. >60>(0%32%+60) 23( 3(163%(/F ),88()%+08 %&( 1&6)1&63 +) )%36084<

%(.1(32%,3( /(1(0/(0% 6;(3 DG YT R#B 9&( 61%+.,. >60>(0%32%+60 65 %&( 1&6)1&63 &2)

-((0 +/(0%+5+(/B



#&21%(3 W K0%36/,>%+60

^ 7G@C+(D S <(DJE&H OBC(O N@I+G@I&H BTA)&NCGEO(

U+.+423 %6 >&21%(3 \F %&( 4,.+0()>(0% 1361(3%+() 65 %(3-+,. /61(/ 420%&20,.

6N<),41&+/( 20/ %&( >&232>%(3+)2%+60) 65 ^ =F 1&6%64,.+0()>(0% 20/ /(>2< %+.( 23(

>60%2+0(/ @+%&+0 %&+) >&21%(3B $0 ,013(>(/(0%(/ /(>2< %+.( >&232>%(3+)%+> &2) -((0

/+)>6;(3(/F %&( /(>2< %+.( 65 %&( 1&6)1&63 2% &+8&(3 /6120% >60>(0%32%+60) V W % .k6J

+0>3(2)() 2) 2 5,0>%+60 65 %(.1(32%,3(B

^ 7G@C+(D Q 1(@)EJENE+A )+&OA BP @I BC+EK@N )(I)BD G(@O

9&+) >&21%(3 >60)+)%) 65 2 5(2)+-+4+%< )%,/< 65 ;23+6,) 16%(0%+24 211362>&() 563 136/,>+08

20 61%+>24 )(0)63 &(2/ ,)+08 %&( 61%+.,. 1&6)1&63B K% 24)6 +0>4,/() %&( 136-4(.) 20/

4+.+%2%+60 52>%63) (0>6,0%(3(/ +0 )(;(324 2%%(.1%) %6 >3(2%( 2 136%6%<1( 61%+>24 )(0)63

&(2/B

^ 7G@C+(D ! 7BIKN&)EBI) @IO P&+&D( MBDL

9&( >60>4,)+60 >&21%(3 ),..23+)() %&( 2>&+(;(.(0%) 6-%2+0(/ /,3+08 %&+) 3()(23>& 20/

),88()%) 5,%,3( @63A 563 5,3%&(3 /(;(461.(0% 65 61%+>24 %(.1(32%,3( )(0)+08 %(>&06468<B

j



#&21%(3 O S+%(32%,3( (;+(@

7G@C+(D % 9E+(D@+&D( 0(UE(M

$) +0%36/,>(/ +0 #&21%(3 WF %&+) 3()(23>& +) 2+.(/ 2% +0;()%+82%+08 %&( )(0)+08

>212-+4+%+() 65 ;23+6,) 1&6)1&63 .2%(3+24) 563 ,)( @+%&+0 20 61%+>24 )(0)63 %6 /(%(>% %&(

)A+0 %(.1(32%,3( 65 2 12%+(0% IOPGQP R#sYFPtJ @+%&+0 2 L K )>200(3B $ >3+%+>24 3(;+(@ 65

>,33(0% 4+%(32%,3( +0 %&( 5+(4/) 65 61%+>24 )(0)63) 2) @(44 2) %&( 4,.+0()>(0%

>&232>%(3+)%+>) 65 %&(3.68321&+> 1&6)1&63) +) ,0/(3%2A(0 %6 82+0 +0)+8&% +0%6 ,1G%6G/2%(

54,63()>(0>( %&(3.6.(%3< %(>&0+7,()F 20/ %6 +/(0%+5< %&( .6)% 2113613+2%( 1&6)1&63 563

,)( +0 %&( 52-3+>2%+60 65 %&( )(0)63B $ >6.1232%+;( )%,/< 65 1&6)1&63) &2) -((0

1(3563.(/ 563 ;(3+5<+08 %&( ),+%2-4( >20/+/2%() @&+>& 23( )(0)+%+;( %6 %(.1(32%,3(

;23+2%+60) 6;(3 %&( 3208( 65 DG YT R#B

%R$ <(HC(D@+&D( D@IF( BP G&H@I )LEI

9&( 063.24 ),352>( )A+0 %(.1(32%,3( 65 2 1(3)60 +) 536. QOGQ\ R>sWj]OWt >6.123(/ %6 %&(

063.24 >63( %(.1(32%,3( 65 QP R#sOOtB a6@(;(3F w063.24M ;23+() 536. 1(3)60 %6 1(3)60

/(1(0/+08 60 8(0/(3F 5+%0())F 28( 20/ /+(%B !63 (N2.14(F @6.(0 %(0/ %6 &2;( 2 46@(3

)A+0 %(.1(32%,3( -< WGO R# >6.123(/ %6 %&2% 65 .(0 /,( %6 @6.(0 &2;+08 2 &+8&(3 32%+6

65 )A+0 ),352>( I&(2% /+))+12%+60J %6 ;64,.( I&(2% 8(0(32%+60J %&20 .(0 20/ %&,) )&(/

&(2% 52)%(3sOQtB K0 2//+%+60F +% +) (;+/(0% %&2% /+55(3(0% 123%) 65 %&( -6/< &2;( /+55(3(0%

)A+0 %(.1(32%,3() 20/ 3(42%+;(4< 4238( %(.1(32%,3( 832/+(0%) .2< /(;(461 -6%& +0 %&(

%+)),( 20/ +0 %&( 2+3 >46)( %6 %&( ),352>(WGYF WjF 0NM UA+0 %(.1(32%,3( 24)6 /(1(0/) 60

0,.(36,) (N%(3024 52>%63) 4+A( I+J 2.-+(0% 2+3 %(.1(32%,3( I++J%+.( )1(0% +0 %&2%

WT



#&21%(3 O S+%(32%,3( (;+(@

(0;+360.(0% I+++J>&208() 65 %&( 1&<)+6468+>24 >60/+%+60 ),>& 2) )A+0 -466/ 546@ 20/

)@(2%+08WGWjM0NM

9&( )(0)( 65 &6% 20/ >64/ @+%&+0 %&( -6/< +) /(%(3.+0(/ -< %&( 546@ 65 (0(38< %6 20/

536. %&( )A+0sWjtB 9&( &,.20 )A+0 %(.1(32%,3( @+44 06% 5244 -(46@ %&2% 65 ),336,0/+08 2+3

/,( %6 &(2% /+))+12%+08 536. &+8&(3 %6 46@(3 %(.1(32%,3(WWjtB $ 1(3)60M) )A+0

%(.1(32%,3( @6,4/ 3+)( +5 &( @2) %6 -( +0 2 @23. 366. 20/ &+) )A+0 %(.1(32%,3( @2)

>664(3 %&20 2+3B 9<1+>244<F 2 L K )>200(3 +) 46>2%(/ +0 20 (0>46)(/ 23(2 2% 2.-+(0%

%(.1(32%,3(F 20/ %&,) 2 063.24 1(3)60 -(+08 )>200(/ +) (N1(>%(/ %6 &2;( 2 %<1+>24 )A+0

%(.1(32%,3( 2% 21136N+.2%(4< Q\ R#B a6@(;(3F 20 ,0&(24%&< 12%+(0% @&6 >60%32>%(/

&<1(3%&(3.+2 63 &<16%&(3.+2 @6,4/ &2;( 2 5(@ /(83(() &+8&(3 63 46@(3 %&20 65 %&(

063.24 )A+0 %(.1(32%,3(B $) 2 3(),4%F %&( )A+0 %(.1(32%,3( 3208( %&2% 65 +0%(3()% 563

+0;()%+82%+60 +) OPGQP R#sYFPtB

%R% 0(UE(M BP +(HC(D@+&D( )(I)EIF H(+GBO) PBD G&H@I )LEI +(HC(D@+&D(

9&( 5+3)% %(.1(32%,3( .(2),3(.(0% +0)%3,.(0% @2) %&( %&(3.6)>61(F +0;(0%(/ +0 WDj\

-< d24+4(6 20/ !4,//sODt @&+>& ,)(/ %&( 2+3 %3211+08 @+%&+0 2 -,4- %6 )&6@ %&2% 2+3

(N120/) 63 >60%32>%) +0 3()160)( %6 20 +0>3(2)( 63 /(>3(2)( +0 %(.1(32%,3(B $ >6,14( 65

>(0%,3+() 42%(3F %&( .6/(30 )>+(0%+5+> %&(3.6.(%(3 @+%& %(.1(32%,3( )>24( @2) 13616)(/

-< =20+(4 d2-3+(4 !2&3(0&(+% +0 WPO\sOYtB 9&( !2&3(0&(+% I!J )>24(F 02.(/ +0 &+) &606,3F

+) )%+44 +0 ,)( %6/2< 24608)+/( %&( #(4>+,) )>24( IR#J 20/ %&( c(4;+0 )>24( IcJB 9&+) &2)

4(/ %6 %&( /(;(461.(0% 20/ >6..(3>+24+)2%+60 65 -6%& +0;2)+;( 20/ 060G+0;2)+;(

$$



#&21%(3 O S+%(32%,3( (;+(@

+0)%3,.(0%2%+60 )<)%(.) 563 ;23+6,) 2114+>2%+60)ZWF OM OPt @+%&+0 %&( 5+(4/) 65 )>+(0>(F

(08+0((3+08F )(>,3+%< 20/ .(/+>+0(B

",.(36,) .(%&6/) &2;( -((0 (N146+%(/ 563 .(2),3+08 %(.1(32%,3( +0>4,/+08 %&(3.24

12+0%)F 32/+2%+60 1<36.(%(3F %&(3.6>6,14()F 4+7,+/ >3<)%24 %21( 20/ 1&6)1&63

%&(3.68321&<[ZS 0N@ Oi4 U1(>+5+>244<F %&( 3(.6%( %(.1(32%,3( )(0)+08 %(>&06468< 65

1&6)1&63 %&(3.68321&< +) 65 123%+>,423 +0%(3()% @+%&+0 %&( -6/< 65 %&+) @63A /,( %6 %&(

(+(>%36.280(%+>244< &6)%+4( (0;+360.(0% @+%&+0 2 L KB $ L K )>200(3 ,)() 2 )%3608

.280(%+> 5+(4/ 20/ 32/+6 @2;() %6 8(0(32%( +.28() 65 %&( +0)+/( 65 %&( -6/<sOjtB $) 2

>60)(7,(0>(F .(%244+> %(.1(32%,3( )(0)+08 %664) ),>& 2) %&(3.6>6,14() .2< /+)%63% %&(

+.28( 7,24+%< +5 +% +) 142>(/ 0(23 %&( -6/< 123% -(+08 )>200(/B K0 2//+%+60F %&( L KM)

(N%(3024 .280(%+> 5+(4/ .2< 24)6 +0/,>( 2 /208(36,) (//< >,33(0% +0 2 1+(>( 65 >46)(/G

4661 .(%24 20/ ),-)(7,(0%4< +0/,>( )6.( /(83(( 65 &(2%B 9&( 7,24+%< 65 %&( +.28(

+.136;() @+%& +0>3(2)+08 .280(%+> 3()6020>(F &6@(;(3F %&( /32@-2>A 65 2114<+08 2

83(2%(3 .280(%+> )%3(08%& +) %&( +0/,>(.(0% 65 &(2% +0%6 %&( -6/< %+)),(B K0 2//+%+60F %&(

L K .2>&+0( 136/,>() 2 %3(.(0/6,) 2.6,0% 65 06+)( /,3+08 2 )>20 .2A+08 %&( ;(3-24

>6..,0+>2%+60 -(%@((0 %&( 12%+(0% 20/ %&( 32/+6468+)% /+55+>,4%B 9&(3(563(F .60+%63+08

%&( 12%+(0%M) %(.1(32%,3( +0)+/( L K +) ;+%24F 123%+>,4234< +0 %&( >2)( 65 20 +0520% 63 2

>3+%+>24G>23( 12%+(0% @&(3( ;(3-24 >6..,0+>2%+60) 23( &+0/(3(/B 9&( )64,%+60 +) 20

61%+>24G-2)(/ )(0)63 @&+>& +) +0/(1(0/(0% 65 20 (N%(3024 %3+88(3+08 )6,3>( 20/

(4(>%36.280(%+> +0%(35(3(0>(B

U,>& 2 )64,%+60 +) ?&6)1&63 9&(3.68321&< I?9J G 2 )(0)+08 .(%&6/ 563 .(2),3+08 %&(

%(.1(32%,3( 65 2 .2%(3+24 (.146<+08 %&(3.68321&+> 1&6)1&63)sWFOPtB 9&( >60>(1% 65 2

1&6)1&63G-2)(/ 61%+>24 )(0)63 +) %6 (N>+%( %&( 1&6)1&63 60 %&( (0/ 65 %&( 136-( ;+2 2

WO



#&21%(3 O S+%(32%,3( (;+(@

:f 4+8&% )6,3>( 20/ %&( 3(),4%+08 54,63()>(0>( +) .60+%63(/B 9&( %(.1(32%,3( +)

),-)(7,(0%4< /(%(3.+0(/ -< .(2),3+08 %&( /(>3(2)( 65 54,63()>(0>( +0%(0)+%< @+%&

3()1(>% %6 %+.( 25%(3 %&( :f (N>+%2%+60 &2) >(2)(/B 9&( 5+3)% 1&6)1&63 -2)(/

%&(3.6.(%3< @2) 13(563.(/ -< :3-2>& sQT[QWt +0 WjDWF @&6 .(2),3(/ %&( %(.1(32%,3(

/+)%3+-,%+60 60 2 542% @(/8( ,)+08 )(;(324 1&6)1&63) ),>& 2) o0L6#SF "2%b%#W! 20/

#/b#SBB S2%(3 +0 WjPT)F b+>A(3)&(+. 20/ >6G@63A(3)WGDFQOFQQGZ(N1463(/ %&( 16))+-4( ,)(

65 323(G(23%& 2>%+;2%(/ 1&6)1&63) +0 0,.(36,) 2114+>2%+60)F +0>4,/+08 42)(3)F 0(,%360

/(%(>%63) 20/ NG32< /(%(>%63)B 9&(+3 3()(23>& 2% /(%(3.+0+08 %&( %(.1(32%,3( )(0)+%+;+%<

@2) )+80+5+>20%4< ;24,2-4( 20/ (;(0%,244< 4(/ %6 %&( >6..(3>+24+)2%+60 65 %&(3.6.(%3<

-2)(/ 60 54,63()>(0>(B $//+%+60244<F 5+-3( 61%+> %(.1(32%,3( )(0)63) 23( 243(2/< @+/(4<

,)(/ +0 -+6.(/+>24 2114+>2%+60B !63 +0)%20>(F )(0)63) (N&+-+%+08 ;23+2-4( 3(54(>%+60 @+%&

%(.1(32%,3( ,)+08 4+7,+/ >3<)%24) 20/ -42>A -6/< %<1( )(0)63) 563 ,)( 2% &+8&

%(.1(32%,3()O0@0NM

K0 3(>(0% <(23)F 2114+(/ 3()(23>&(3) &2;( -(>6.( +0>3(2)+084< +0%(3()%(/ +0 5+-3( 61%+>

%&(3.6.(%3< 563 ,)( +0 (4(>%36.280(%+>244< &23)& (0;+360.(0%)F 563 +0)%20>( +0 %&(

>&244(08+08 L K (0;+360.(0%B K0 WjiT)F b+>A(3)&+(. (% 24BsDt 536. S,N%360

#631632%+60 &2;( /(;(461(/ %@6 8(0(32%+60) 65 5+-3( 61%+> %(.1(32%,3( )(0)+08 @&+>&

&2;( 56,0/ 2>>(1%20>( 563 2 ;23+(%< 65 )>+(0%+5+> 20/ .(/+>24 2114+>2%+60)B 9&( 5+3)%

8(0(32%+60 S,N%360 )<)%(.F 3(13()(0%(/ -< L6/(4 OTTT ,)+08 %&( 32%+6 65 %@6 (.+))+60

+0%(0)+%+() 65 2 323(G(23%& 1&6)1&63 2) 2 5,0>%+60 65 %(.1(32%,3(F @&(3(2) %&( )(>60/

8(0(32%+60 %(>&06468< IL6/(4 PDTJ ,%+4+)() %&( >&208( +0 %&( 54,63()>(0% /(>2< %+.( 65 2

1&6)1&63 @+%& %(.1(32%,3(sD4 9&( 1&6)1&63 %&(< ,)(/ 563 %&( /(>2< %+.( 211362>& +)

WQ



#&21%(3 O S+%(32%,3( (;+(@

.280()+,. 54,6368(3.202%( /61(/ @+%& %(%32;24(0% .20820()( 6;(3 %&( %(.1(32%,3(

3208( 536. GYT %6 \TT R#sDtB

%RZ ,GB)CGBD

$ 1&6)1&63 +) /(5+0(/ 2) 2 )64+/ .2%(3+24 @&+>& >60;(3%) 2-)63-(/ (0(38< +0%6

(4(>%36.280(%+> 32/+2%+60 6;(3 20/ 2-6;( %&(3.24 32/+2%+60F ,),244< +0 %&( ;+)+-4( 3208(F

63 )6.(%+.() +0 %&( +05323(/ IK J 63 ,4%32;+64(% I:fJ 3(8+60sOPF 0NM K0 %(3.) 65 %&(+3

>6.16)+%+60F 1&6)1&63) .2< -( /+;+/(/ +0%6 %@6 >42))()V 63820+> 20/ +063820+>B 9&+)

)%,/< &2) 56>,)(/ 60 +063820+> 1&6)1&63) @&+>& >60)+)% 65 %@6 >6.160(0%) 2) )&6@0 +0

!+8,3( OGWV 2 &6)% 42%%+>( 20/ 20 2>%+;2%63 536. @&+>& %&( 4+8&% +) (.+%%(/ 563 (N2.14(F

S2%  %UV  ,F @&(3( %&( (,361+,. +) %&( 2>%+;2%63 20/ 420%&20,. 6N<),41&+/( +) %&( &6)%

42%%+>(B L20< /+55(3(0% 1&6)1&63) 23( (N%(0)+;(4< ,)(/ +0 %&( 4+8&%+08F /+)142< 20/

)(0)+08 +0/,)%3+()B 9&( 2114+>2%+60) 65 1&6)1&63) >20 -( >42))+5+(/ 2>>63/+08 %6 %&(

(N>+%2%+60 )6,3>(B U,>& (N2.14() 23( %&( >2%&6/( 32< %,-( I# 9J @&+>& +) (N>+%(/ -< 2

-(2. 65 (4(>%360)r 54,63()>(0% 4+8&%+08 (N>+%(/ -< :f 32<)r )>+0%+442%63) 20/ NG32<

>60;(3)+60 )>3((0) (N>+%(/ -< NG32< sWtB h%&(3 (N>+%2%+60 )6,3>() +0>4,/( 0(,%360)F

82..2 32<)F 20/ ;+)+-4( 4+8&%B

W\



#&21%(3 O S+%(32%,3( (;+(@

 .+))+60
 N>+%2%+60

a(24

1EF&D( %`$a 8 N&HEI()K(I+ EBI 8 EI E+) GB)+ N@++EK(R 5HE))EBI VD@OE@+EU( D(+&DI +B +G(
FDB&IO )+@+(bc -(@+ VIBI`D@OE@+EU( D(+&DI +B +G( FDB&IO )+@+(b [Z dR

%RZR$ -E)+BDEK@N J@KLFDB&IO BP CGB)CGBD)

9&( @63/ w1&6)1&63M @2) +0;(0%(/ -< 20 K%24+20 24>&(.+)%F f+0>(0%+0,) #2)>+23646 65

X646806 +0 %&( WP%& >(0%,3<%OPt %6 +0/+>2%( %&( /+)>6;(3< 65 2 )%60( A06@0 2) wX64680+20

)%60(M @&+>& (.+%%(/ 3(/ 4+8&% +0 %&( /23A 25%(3 (N16),3( %6 ),04+8&%B w?&6)1&63)M 24)6

.(20) 9+8&% -(23(3M +0 d3((A sOPtB K0 52>%F %&( 5+3)% ,)( 65 1&6)1&63) @2) /+)>6;(3(/ +0

20 +0%(3()%+08 >6@M) 12+0%+08 %&2% @2) 13()(0%(/ %6 %&( )(>60/ (.1(363 65 %&( U608

/<02)%< IjPY G jjiJ sO{WB $% %&( %+.( %&( 655+>+24) >6,4/ 06% (N142+0 %&( 3(2)60 @&< %&(

>6@ 211(23(/ /,3+08 %&( /2< 2) (2%+08 832)) 6,%)+/( %&( 1(0F -,% 3()%+08 +0 +% 2% 0+8&%B

S2%(3F 2 .60A (N142+0(/ %&2% %&( +0A I>646,3J %&2% @2) )&6@0 604< +0 %&( 0+8&% @2)

.+N(/ @+%& 1(234 )&(44) >644(>%(/ 536. 2 )(2)&63( @&+4( %&( +0A %&2% @2) )&6@0 604<

/,3+08 %&( /2< @2) .2/( 536. %&( 36>A 5(44 536. 2 ;64>206sOPt @&+>& 23( 06@ A06@0 %6

>60%2+0 1&6)1&63()>(0% .2%(3+24)B

9&( -(8+00+08 65 )>+(0%+5+> 3()(23>& 65 1&6)1&63) )%23%(/ +0 WiYYsOPt @&(0 2 <6,08

!3(0>& >&(.+)%F 9&(6/63( U+/6%F ),>>((/(/ +0 836@+08 _+0> ),41&+/( Io0UJ >3<)%24)

WD



#&21%(3 O S+%(32%,3( (;+(@

@&+>& (N&+-+%(/ 1&6)1&63()>(0>( +0 %&( /23AB 9&+) +.163%20% 5+0/+08 &2) /3+;(0 %&(

(;64,%+60 20/ /(;(461.(0% 65 1&6)1&63) 563 ,)( +0 ;23+6,) 2114+>2%+60)F ()1(>+244< %&(

/+)142< .23A(%B =,3+08 %&( Wj%& >(0%,3<F ?&+4+1  B$B S(023/ 20/ >6G@63A(3) +0

d(3.20<sQDt +0;()%+82%(/ %&( 4,.+0()>(0>( 1361(3%+() 65 /+55(3(0% 1&6)1&63) -2)(/ 60

24A24+0( (23%& >&24>68(0+/() I),45+/() 20/ )(4(0+/()J 20/ o0UV @&+>& 23( 06@ 24)6

3(5(33(/ %6 S(023/ 1&6)1&63)B 9&(< ()%2-4+)&(/ %&( 13+0>+14( 65 5+3+08 %&( .(%244+>

+.1,3+%+()F 24)6 A06@0 2) 4,.+0()>(0>( 2>%+;2%63) +0%6 %&( 1&6)1&63 >6.16,0/ %6 563.

4,.+0()>(0>( >(0%(3) @+%&+0 %&( &6)%B K0 %&( 42%( WjOT)F ?BbB ?6&4 20/ >6G @63A(3) +0

d(3.20< 1+60((3(/ %&( >605+8,32%+6024 >663/+02%( .6/(4 65 4,.+0()>(0>( >(0%(3) -<

+0;()%+82%+08 9+xG2>%+;2%(/ 24A24+ &24+/( 1&6)1&63) 20/ @(3( 2-4( %6 836@ )+084( >3<)%24

1&6)1&63)B a,.-64% S(;(3(0_ 20/ >6G@63A(3) 2% 2/+6 #631632%+60 65 $.(3+>2 I:UJ

1(3563.(/ (N%(0)+;( )%,/+() 60 o0U %<1( 1&6)1&63)B 9&(< (N146+%(/ %&( >&232>%(3+)%+>)

20/ >212-+4+%< 65 .20< 132>%+>24 1&6)1&63) %6 -( ,)(/ +0 # 9) 20/ %&(+3 2>&+(;(.(0%)

23( 1,-4+)&(/ +0 w$0 +0%36/,>%+60 %6 4,.+0()>(0>( 65 )64+/)MsQYe @&+>& )%+44 3(.2+0) 2

;24,2-4( )6,3>( 65 +0563.2%+60 %6/2<B

U>+(0%+5+> 3()(23>& 60 1&6)1&63) @2) 4238(4< %&( /6.2+0 65 2>2/(.+2 ,0%+4 %&(

+0%36/,>%+60 65 %&( 54,63()>(0% 42.1 +0 WjQi -< d #F :csWF QPt 20/ 3(),4%(/ +0

0,.(36,) +0/,)%3+24 42-632%63+() %6 /(4;( +0%6 %&( /(;(461.(0% 65 1&6)1&63) 563

>6..(3>+24 4+8&%+08 2114+>2%+60)B $% %&2% %+.(F %&( /(832/2%+60 65 %&( 4,.+0()>(0%

6,%1,% @+%& %(.1(32%,3( @2) 136-4(.2%+> +0 42.1 2114+>2%+60) 20/ %&+) 4(/ %6 %&( 0((/ %6

)%,/< %&( %&(3.24 >&232>%(3+)2%+60 65 1&6)1&63)B $) (234< 2) WjQPF "(,-(3% sQit

),88()%(/ %&( ,)( 65 1&6)1&63 ,)( @+%&+0 2 /(;+>( 563 +0/+>2%+08 %&( %(.1(32%,3(

WY



#&21%(3 O S+%(32%,3( (;+(@

/+)%3+-,%+60 65 &6% -6/+()B S2%(3 60F :3-2>& sQWF PQA >233+(/ 6,% (234< 1&6)1&63

%&(3.6.(%3< 211362>&() 60 .(2),3+08 %&( %(.1(32%,3( /+)%3+-,%+60 60 2 542% @(/8( +0 2

),1(3)60+> 546@ )60+> 5+(4/B ()(23>& 60 1&6)1&63) 20/ )64+/G)%2%( 4,.+0()>(0>( &2)

(;64;(/ 32/+>244< )+0>( %&( (0/ 65 b634/ b23 KKF ()1(>+244< 82+0+08 2 /((1(3

,0/(3)%20/+08 65 %&( 61%+>24 )1(>%36)>61< 65 )64+/) 20/ %&( >60>(1% 65 %&(

>605+8,32%+6024 >663/+02%( .6/(4 65 4,.+0()>(0>( >(0%(3)B

b+%& %&( %(4(;+)+60 +0/,)%3< 836@+08 (N146)+;(4< +0 WjDT)F 3()(23>& 60 1&6)1&63) @2)

(N%(0)+;(4< >233+(/ 6,% @&(3( ),+%2-4( 1&6)1&63) @(3( 1,% %6 132>%+>24 ,)( +0 >2%&6/(

32< %,-() I# 9J %6 >3(2%( 2 5,44 >646,3 54,63()>(0% )>3((0B 9&( )>3((0 >60)+)%(/ 65 %&(

-4,(G(.+%%+08 o0UV $8 I1(2A+08 2% \DT .0JF %&( 83((0 (.+%%+08 o0%U+#[ VL0Ox IDOD 0.JF

20/ %&( 3(/G(.+%%+08 o0ZI?#[ b% V L0Ox IYQi 0.J 1&6)1&63)sOPtB a6@(;(3F %&()( %,-()

),55(3(/ 536. 2 0,.-(3 65 136-4(.) ),>& 2) +0),55+>+(0% -3+8&%0())F 4608 1(3)+)%(0>( +0

%&( +.28(F 20 +.-2420>( +0 %&( -(2. >,33(0%)F 20/ +0)%2-+4+%< 65 %&( 3(/G(.+%%+08

1&6)1&63B K0 2//+%+60F %&( -362/ 4,.+0()>(0>( -20/ 65 o0ZI?#[ J OV L0Ox20/ Io0F #/JUV

$8 )13(2/ +0%6 %&( /((1G3(/ 3(8+60 @&(3( &,.20M) (<( +) 4(2)% )(0)+%+;(B $) 2

>60)(7,(0>(F %&( >60>(1% 65 20 +/(24 3(/G(.+%%+08 1&6)1&63 563 >646,3 %(4(;+)+60) G

w)&231 1(2A +0 %&( 23(2 65 YWT 0.M @2) 13616)(/ +0 WjDD 20/ (N%(0)+;( 3()(23>& %6

(N1463( %&+) 1&6)1&63 @2) )660 56446@(/B K0 WjYOF 20 +/(24 >20/+/2%( @2) /+)>6;(3(/F

(,361+,. /61(/ <%%3+,. ;202/2%( 6N+/(F C f h \ V  , IYWi 0.J%\TWB 9&+) 1&6)1&63 @2)

&6@(;(3 604< ,)(/ 563 2 3(42%+;(4< )&63% 1(3+6/F +% @2) 3(142>(/ +0 WjYP @+%& (,361+,.

/61(/ <%%3+,. 6N<),41&+/( sOPtF C%T %UV  , IYOY0.JF /(;(461(/ -< %&( 2/+6

#631632%+60 65 $.(3+>2 I $#JB C%T %UV  , &2) 20 iTE &+8&(3 4,.+06,) (55+>+(0>< 20/

WP



#&21%(3 O S+%(32%,3( (;+(@

2 866/ -2420>( +0 %&( -(2. >,33(0%) 65 244 %&( (4(>%360 8,0) 563 136/,>+08 2 @&+%(

)>3((0B 9&( ),>>())5,4 2>&+(;(.(0% @+%& %&( 323(G(23%& 3(/ &2) 4(/ %&( 3()(23>&(3) %6

/(4;( +0%6 %&( /(;(461.(0% 65 ;23+6,) 1&6)1&63 &6)%) 2>%+;2%(/ @+%& 323(G(23%& +60) /,(

%6 %&(+3 &+8& 4,.+0()>(0>( (55+>+(0><F 02336@ )1(>%324 -20/ 6,%1,%) 20/ )(0)+%+;+%< %6

%(.1(32%,3( ;23+2%+60)B

%RZR% 9&HEI()K(IK(

S,.+0()>(0>( 3(5(3) %6 %&( 2-)631%+60 65 (0(38< -< 2 .2%(3+24F @+%& 2 ),-)(7,(0%

(.+))+60 65 4+8&%B 9&( (.+))+60 65 4+8&% 65 %&( +063820+> .2%(3+24) +) 65%(0 )14+% +0%6 %@6

>2%(863+() @&+>& 23( 3(42%(/ %6 %&( 4+5(%+.( 65 %&( 2>%+;2%63V 54,63()>(0>( 3(5(3) %6 %&(

)2.( 136>()) 2) 4,.+0()>(0>( -,% &2;+08 %&( (.+))+60 4+5(%+.() 65 %<1+>244< $  e# G $  ]

Z)r 20/ 1&6)1&63()>(0>( I24)6 A06@0 2) 25%(3846@J @&+>& &2) 83(2%(3 4,.+0()>(0>(

/,32%+60 65 21136N+.2%(4< WTeZ G WTQ) %4F /B 9&( 4,.+0()>(0>( 1361(3%+() 65 323(G(23%&

/61(/ >(32.+> 6N+/( 20/ 6N<),41&+/( 1&6)1&63) &2;( >&232>%(3+)%+> %(.1(32%,3(

/(1(0/(0>+() %&2% .2A( %&()( .2%(3+24) ,)(5,4 +0 2 ;23+(%< 65 %&(3.6.(%3< 2114+>2%+60)B

%RZR%R$ ,GB+BN&HEI()K(IK(

9&(3( 23( )(;(324 563.) 65 4,.+0()>(0>( @&+>& 23( (N>+%(/ -< /+55(3(0% (N%(3024 .(20)

563 ;23+6,) 2114+>2%+60)F ),>& 2) (4(>%364,.+0()>(0>( I SJ (N>+%(/ -< (4(>%3+> 5+(4/ 563

%&( %&+0 5+4. (4(>%364,.+0()>(0% I9! SJ /(;+>()F >2%&6/64,.+0()>(0>( I#SJ (N>+%(/ -<

(4(>%360 -(2.) 563 %&( # 9 20/ 24)6 32/+64,.+0()>(0>( I SJ (N>+%(/ -< &+8& (0(38<

32/+2%+60 563 %&( 32/+68321&+> +.28+08 142%(s\WtB 9&( .(%&6/ %&2% +) 65 +0%(3()% +0 %&+)

Wi



#&21%(3 O S+%(32%,3( (;+(@

136`(>% +) 1&6%64,.+0()>(0>( I?SJF %&( (.+))+60 65 4+8&% 536. 2 .2%(3+24 (N>+%(/ -<

1&6%60)F %<1+>244< 536. %&( :f 3(8+60 65 %&( 61%+>24 )1(>%3,.B

$ ;+),24 3(13()(0%2%+60 65 %&( 1&6%64,.+0()>(0>( )<)%(. +) )&6@0 +0 !+8,3( OGOF +%

)&6@) %&( /+55(3(0>( 65 2 1&6)1&63 16@/(3 )2.14(F S2%#[%UV  , 13+63 %6 20/ ,0/(3

(N>+%2%+60B S+A( .20< 6%&(3 1&6)1&63)F S2%#[%UV  , +) 2 @&+%( 16@/(3(/ 1&6)1&63 I+% +)

+.163%20% %6 06%( %&2% S2%#[%UV  , %,30) )4+8&%4< 1+0A 25%(3 -(+08 >6.12>%(/ /,( %6

.(>&20+>24 )%3())+08 @+%&+0 %&( 1(44(% /+(F %&+) @+44 -( /+)>,))(/ +0 #&21%(3 QJB b&(0

%&( 1&6)1&63 1(44(% +) (N>+%(/ -< 20 :f )6,3>(F +% 136/,>() 3(/ 4,.+0()>(0>( 2) )&6@0

+0 %&( 1+>%,3(B 9&( .(>&20+).) 65 1&6%64,.+0()>(0>( 23( (N142+0(/ -(46@B

1EF&D( %`%a ,EK+&D( ENN&)+D@+() +G( CGB)CGBD C(NN(+ J(PBD( (TKE+@+EBI @IO +G(
(HE))EBI BP N&HEI()K(IK( &IO(D f; (TKE+@+EBIR

9<1+>244<F 20 2>%+;2%63 +) 2//(/ %6 2 >3<)%24 42%%+>( 65 2 1&6)1&63 4(2/+08 %6 %&( )14+%%+08

65 (0(38< 4(;(4) @+%&+0 %&( >3<)%24 5+(4/ +0 63/(3 %6 >3(2%( 4,.+0()>(0>(F 136;+/(/ 2

),55+>+(0% 2.6,0% 65 (0(38< +) 2-)63-(/B $-)631%+60 65 32/+2%+60 /6() 06% 0(>())23+4<

Wj



#&21%(3 O S+%(32%,3( (;+(@

%2A( 142>( +0 %&( &6)% 42%%+>(F -,% .2< 24)6 6>>,3 @+%&+0 %&( 2>%+;2%63 20/ %&+) @+44 -(

/+)>,))(/ 42%(3 +0 %&+) ),-G)(>%+60B !63 1&6%64,.+0()>(0>(F %&( 61%+>24 2-)631%+60 65 2

1&6)1&63 .2+04< 6>>,3) +0 %&( ,4%32;+64(% 63 ;+)+-4( 3(8+60 @+%& (0(38+() 83(2%(3 %&20 %&(

@+/%& 65 %&( 563-+//(0 821F ,),244< )(;(324 (4(>%360 ;64%) I(fJB 96 +44,)%32%( %&(

1&6%64,.+0()>(0>( 136>())()F 20 (0(38< 4(;(4 /+2832. +0/+>2%+08 %&( ;24(0>( 20/ %&(

>60/,>%+60 -20/) 65 2 &6)% 42%%+>(F 2) @(44 2) 20 2>%+;2%63 )+%(/ @+%&+0 %&( >3<)%24 42%%+>(

+) /(1+>%(/ )>&(.2%+>244< +0 !+8,3( OGQB 9&( ;24(0>( -20/) 23( %&( (0(38< )%2%() @+%&

46@(3 (0(38+() @&+>& 23( 6>>,1+(/ -< (4(>%360)F @&+4)% %&( (0(38< -20/) &2;+08 &+8&(3

(0(38+() 23( 06% 6>>,1+(/ -< (4(>%360) 23( >244(/ >60/,>%+60 -20/)nG\OGnB

$) 13()(0%(/F %&( 4,.+0()>(0>( 136>())() +0;64;( %&( 2-)631%+60 65 4+8&% 2446@+08 %&(

(4(>%360) 2% %&( 836,0/ )%2%( %6 -( 136.6%(/ %6 2 &+8&(3 (0(38< 4(;(4F 56446@(/ -< %&(

(.+))+60 65 (+%&(3 32/+2%+60 I1&6%60J 63 060G32/+2%+60 I1&6060J ;+2 2 3(42N2%+60

%320)+%+60 -2>A %6 2 46@(3 )%2-4( (0(38< )%2%(B 9&( 32/+2%+;( (.+))+60 136>()) 136/,>()

4,.+0()>(0>( @&+4)% %&( (0(38< 65 %&( (N>+%(/ )%2%( +0 %&( 060G32/+2%+;( 136>()) +) ,)(/

%6 (N>+%( %&( ;+-32%+60) 65 %&( &6)% 42%%+>(F +B(B %6 &(2% %&( &6)% 42%%+>(n\QWB 9&( .20+5()%(/

>&232>%(3+)%+>) %6 -( .(2),3(/ 65 ),>& (0(38< %320)+%+60) 23( 3(13()(0%(/ +0 !+8,3( OG\F

%&( (N>+%2%+60 20/ (.+))+60 )1(>%32 65 60( 65 %&( +0;()%+82%(/ 1&6)1&63)F S2% % UV  ,B

9&( (N>+%2%+60 )1(>%3,. +) /(%(3.+0(/ -< .60+%63+08 %&( +0%(0)+%< 65 20 (.+))+60 1(2A

@&+4( %&( (N>+%2%+60 @2;(4(08%& +) ;23+(/nWWB K0 %&+) >2)(F %&( 61%+.,. (N>+%2%+60

@2;(4(08%& 2% QDD 0. +) 2))6>+2%(/ @+%& %&( .6)% +0%(0)( (.+))+60 4+0( 1(2A+08 2% YOD

0. +0 %&( 3(/ 3(8+60 65 %&( ;+)+-4( )1(>%3,.B 9&( (.+))+60 4+0() 65 323(G(23%& 1&6)1&63)

,),244< &2;( 2 02336@ )1(>%324 4+0(@+/%&F %&+) +) /,( %6 %&( 2446@(/ %320)+%+60) -(%@((0

%&( /+)>3(%( (0(38< 4(;(4) 4(2/+08 %6 (.+))+60 65 1&6%60) @+%& 2 >(3%2+0 (0(38<B

OT



#&21%(3 O S+%(32%,3( (;+(@

#60/,>%+60 -20/
"

 N>+%2%+60 +0%6
&6)% 42%%+>( G0

88g  .+))+60

f24(0>( -20/

1EF&D( %`Za 5I(DFA N(U(N OE@FD@H ENN&)+D@+EIF (N(K+DBI +D@I)E+EBI) PDBH @ U@N(IK(
J@IO )+@+( +B @ KBIO&K+EBI J@IO )+@+( D()&N+EIF EI +G( (HE))EBI BP D@OE@+EBI

VCGB+BIb @IO IBI`D@OE@+EBI VCGBIBIbR

   
%&()+,+)-. %/)00)-.

Z   

Z
9h
|[ %   

 (
(

WTTT

%S Z  ZS   S S  SS Q  QS 
1,2343.5+6 7./8

1EF&D( %` a 5HE))EBI )C(K+D@ BP 9@% %/a 5& (TKE+(O JA @ IE+DBF(I N@)(D VZZ! IHb @+
DBBH +(HC(D@+&D(R 5TKE+@+EBI )C(K+D@ PBD 9@% %/a 5& CDBUEO(O JA ,GB)CGBD

<(KGIBNBFA 9+OR

%$



#&21%(3 O S+%(32%,3( (;+(@

$) /+)>,))(/ (234+(3F 2-)631%+60 65 (N>+%2%+60 (0(38< >20 24)6 6>>,3 /+3(>%4< @+%&+0 %&(

2>%+;2%63 +%)(45B $>>63/+08 %6 X42))( (% 24s\\tF /+3(>% (N>+%2%+60 65 %&( 2>%+;2%63 +) 604<

16))+-4( @+%& ,4%32;+64(% 20/k63 ;+)+-4( 32/+2%+60B h0 %&( 6%&(3 &20/F (N2.14() 65 %&(

&+8& (0(38< (N>+%2%+60 %&2% 24@2<) (N>+%() %&( &6)% 42%%+>( 23( 52)% (4(>%360)F < I82..2J

32<) 20/ ^G32<)B 9&( @(44GA06@0 1&6)1&63 C%hZ V  , Qx ,)(/ 563 >646,3 %(4(;+)+60

)>3((0)F +) (N>+%(/ +0 %&( 2>%+;2%63 +%)(45 @&(0 2114+(/ +0 2 4,.+0()>(0% 42.1 IOD\ 0.

(N>+%2%+60JF -,% +) (N>+%(/ +0 %&( &6)% 42%%+>( @&(0 ,)(/ 2) 2 >2%&6/(G32< 63 ^G32<

1&6)1&63s\\tB 9&( )&231 3(/ (.+))+60 +) 13+.23+4< >&232>%(3+)%+> 65 %&( +.1,3+%< +60  , QxB

9&+) 3()(23>& +) 604< /(24+08 @+%& ,4%32;+64(% 32/+2%+60 -< 3(5(33+08 %6 %&( (N>+%2%+60

)1(>%3,. 65 %&( 1&6)1&63 >20/+/2%() 136;+/(/ -< %&( ),114+(3F ?9SB

$ -2)+> )>&(.2%+> (0(38< 4(;(4 /+2832. 65 20 2>%+;2%63 +) +44,)%32%(/ +0 !+8,3( OGDB ?3+63

%6 (N>+%2%+60F %&( (4(>%360+> 4(;(4) 65 %&( .2%(3+24 23( 161,42%(/ +0 %&( 836,0/ )%2%( I 6JB

$ .(20) 65 (N>+%+08 32/+2%+60F 1&6%60) +0 %&+) >2)( I65%(0 /(06%(/ +0 @2;(4(08%& 63

(4(>%360 ;64%JF +) 2-)63-(/ -< %&( 2>%+;2%63 20/ %&,) 136.6%+08 %&( (4(>%360) %6 2 &+8&(3

(N>+%(/ )%2%( I 0p+F %F ZFBBBBJn #60)(3;2%+60 13+0>+14() /+>%2%( %&2% %&( 2.6,0% 65 (0(38<

2-)63-(/ .,)% -( -2420>(/ -< 20 (7,+;24(0% 46)) nG\DF\Y4 $) 2 3(),4%F %&( (N>+%(/ )%2%(

3(%,30) %6 %&( 836,0/ )%2%( -< (.+))+60 65 2 1&6%60 I32/+2%+60J @+%& %&( (0(38< (7,24 %6

%&( (0(38< /+55(3(0>( -(%@((0 %&( 4(;(4)F -< %320)5(3 65 (0(38< ;+2 7,20%+)(/ ;+-32%+6024

I/+))+12%(/ 060G32/+2%+;(4< 2) 2 1&6060J (N>&208( +0 %&( .2%(3+24F 63 -< 6%&(3 .63(

>6.14(N (0(38< (N>&208( .(>&20+).)ZB  2>& 65 %&( 32/+2%+;( 20/ 060G32/+2%+60

%320)+%+60 &2) 2 136-2-+4+%< 65 6>>,33(0>(s\PtF 20/ %&,) 136/,>() ;23+6,) +0%(0)+%+() 563

OO













































































































































































































































































http://www.physics
















mailto:sook.yap@ntu.ac.uk










http://www.elsevier.com/locate/jlumin
mailto:sook.yap@ntu.ac.uk













