
  !"#$ % &( ! )($#%+, -./ 01,$("-2 3-+(-42!$ %.

5(.#!+ 6($#+(47#(%. % 827! 9+-4$ (. 91!$-:!-;! 8-,

< =1!$($

0+!$!.#!/ #%

=1! >-"72#, % #1! ?"1%%2 % @-+(.! ?"(!."!

=1! 9%22!A! % 5(22(-B C @-+, (. 3(+A(.(-

D. :-+#(-2  72 (22B!.#
% #1! E!F7(+!B!.#$  %+ #1! 6!A+!! % 

@-$#!+ % ?"(!."!

4,

G-4+(!22! GH ?-27#-

 !



<00EI3<& ?) =

=1($ #1!$($ ($ $74B(##!/ (. :-+#(-2  72 (22B!.# % 

#1! +!F7(+!B!.#$  %+ #1! /!A+!! % 

@-$#!+ % ?"(!."!

G - 4 4 2! GHJ?-27#-

<::+%K!/L 4, #1! 9%BB(##!!L M7.! NOPN

E%B7-2/ QH &(:"(7$L 01H6H
9%BB(##!! 91-(+B-.R</K($%+

@-+; EH 0-##!+$%.L 01H6H

@ -+S%+(! <H@H >+(!/+("1$L 01H6H

T UJ V T
=1%B-$ MH @(22!+L 01H6H

W.(K!+$(#, % @-+,2-./L 9!.#!+  %+ .K(+%.B!.#-2 ?"(!."!
?%2%B%.$L @6

?#7-+# H )-B(2#%.L 01H/H
9%22!A! % 5(22(-B -./ @-+,

5(22(-B$47+AL 3<
((



?E+4$ !G O!J&$J&%

0-A!

3O[(<\@CS]C>C(?BKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 58

@:B? <; ;:]A=CBKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 8

@:B? <; ?3W@CB ^ ;:]A=CB :( 3 C(S:OCBKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 85

3WB?=3O?KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK855

:(?=<SAO?:<(KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 1

>3?C=:3@B 3(S >C?_<SBKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK-Y

=CBA@?BKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK1Y

S:BOABB:<(KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 12

@:?C=3?A=C O:?CSKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK02

3 C(S:OCBKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK /2

<::!./(X < HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHYZ

<::!./(X 8 HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHZ[

<::!./(X 9 HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH\Z

<::!./(X 6 HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHPOP

`:?3KKKKKKKKKKKKKKKKKKKK --/



<9]QI5& 6G @ Q=?

D -B (./!4#!/ #% B, -/K($%+ 6+H E%B7-2/ &(:"(7$  %+ 1($ A7(/-."! -./ ^(#1%7# ^1%B
#1($ :+%S!"# ^%72/ 1-K! .!K!+ 4!!. "%B:2!#!/H D -B -2$% A+-#! 72 #% B, "%BB(##!! B!B4!+$L
6+$H =1%B-$ @(22!+L ?#7-+# )-B(2#%. -./ @-+; 0-##!+$%.  %+ #1!(+ "%BB!.#$L (.$(A1#L -./
$7AA!$#(%.$ #1+%7A1%7# B, #(B! -# 3D@?H D -B !$:!"(-22, A+-#! 72 #% "%BB(##!! B!B4!+ 6+H
@-+S%+(! >+(!/+("1$ -./ 1!+ $#7/!.# _%.AS(. (̀-% ^1% 1!2/ B, 1-./ /7+(.A #1! $#!!: 2!-+.(.A
"7+K! % W.(X -./ @-#2-4 -$ ^!22 -$ #1!(+ 1!2: /7+(.A B, $#+7AA2!$ #% !X#+-"# B%/!2 !$#(B-#!$H
=1($ :+%S!"# ^%72/ .%# 1-K! 1-::!.!/ ^(#1%7# @-2"%2B ?"722, -./ 1($ 91!$EI@? B%/!2 +!$72#$H
D -B -2$% A+-#! 72  %+ #1! )-22T8%..!+ >!22%^$1(:L +7. 4, 6+$H 8!.S-B(. 97;!+ -./ &(./-
?"1-  .!+L ^1("1  7./!/ B, +!$!-+"1  %+ %K!+ #^% ,!-+$H

=1($ :+%S!"# ^%72/ .%# 1-K! 4!!. :%$$(42! ^(#1%7# #1!  (!2/ -./ 2%A($#(" -$$($#-."! % 
B-., :!%:2! -# 3D@?H D -B !X#+!B!2, -::+!"(-#(K! #% #1! 8-,T^(/! 5(.#!+ 6+!/A! ?7+K!,H D
^%72/ $:!"( ("-22, 2(;! #% #1-.;a 67+-./ 5-+/L M%1. I2.!, M+HL @(;! ?!!4%L ]-#(! ].(";L <2($%.
?B(#1L 6-.(!22! @""722%"1L -./ G2!.. 6-K($H D "%72/ .%# 1-K! /%.! #1($ :+%S!"# ^(#1%7# #1!
$7::%+# % B, 2-4B-#!$a 8+,"! 8+,2-^$;(L E7$$ 87+;!L 6-K! ?"172#!L 6(-.! =72(:-.(L M7$#(. >-22$L
9-$$(! 8+-/2!,L G(.- E-2:1L <2($%. 9%2/!.L =1!+!$- 6-K!.:%+#L @!A-. 5%%/ -./ 9-$$(! G2-$:(!H
D -2$% #1-.; 6-K! 5(2"%X -./ ?!#1 =1!7!+;-7  %+ #1!(+ GD? $7AA!$#(%.$H G+-"! 5-2$!+L 9(./,
>%++!$#!+L >%./- 0%^!22 -./ ?7! 0+!$$%. /!$!+K! B7"1 A+-#(#7/!  %+ #1!(+ K(A(2-."! (. ;!!: 7$
%. #+-";H D #1-.; ]!K(. ](2!, -./ #1! D=Q? /!:-+#B!.#  %+ #1!(+ #!"1.("-2 $7::%+# -$ ^!22 -$
-K!+#(.A #1! B!2#/%^. % B, "%B:7#!+ - .7B4!+ % #(B!$H

D %^! B-., #1-.;$ #% B, 3D@? "%22!-A7!$ -./ "%1%+#H ?:!"(-2 #1-.;$ #% @(;! -./ ]-#(!
 %+ #1! A%%/ #(B!$ -./ B-A("-22, B-;(.A #1%$! ^(.#!+ /+!/A! /-,$ $!!B $1%+#!+ -./ ^-+B!+H
@, ^%./!+ 72  +(!./$ <2#1!- @%%+!L <B, =1!.L 9-+%2(.- >7.;!,L 6-.(!2 @-X!,L -./ #1! ?#!:1$
b?#!:1-.(! E!(.!+ -./ ?#!:1-.(! ?-2($47+,c -22 :+%K(/!/ B7"1 .!!/!/ 1!2:L $7::%+# -./ 4-;!/
A%%/$H

D ^-.# #% #1-.; B, :-+!.#$ G(2/- -./ M-(B! ?-27#-L $($#!+ G!BB- ?-27#-L -./ 4+%#1!+$
M%1. -./ M%!2 ?-27#-L  %+ 4!(.A $% $7::%+#(K!H &-$#2,L D -B K!+, #1-.; 72 #% G(.- E-2:1  %+ 1!+
"%.$#-.# $7::%+#L !.%+B%7$ -B%7.# % !."%7+-A!B!.#L 1!+ (..7B!+-42! (.$(A1#$ -./ B-.,
B-., $B(2!$H



@:B? <; ;:]A=CB

0-A!

;56# $ -, ?7$ +4#$ I E+a%  !4$ 5J &7$ O7$%EH$EL$ WEF G!!9 N$+ KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKY2

;56# $ 1, ?5)$ %$ 5$% !G E8$ E6$ +EFN59$ I E+ 9$J%5&5$% G !) &7$ N5J&$ 9 $96$ %# 8$FKKKKKKKKK YV

;56# $ 0, @5G$ 75%&! F !G &7$ +4#$ I E+KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKb.

;56# $ Y, B5T$ G $D#$JIF 75%&!6 E)% G !) &7$ +4#$ I E+ N5J&$ 9 $96$ %# 8$FKKKKKKKKKKKKKKKKKKKKKKKKKKK b-

;56# $ b, BI7$)E&5I !G 9E&E &EL$J 5J !J$ 9 $96$ &!NKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKb1

;56# $ /, \$567&5J6 G#JI&5!J G! &7$ %$E6 E%% $GG$I& 8E 5E+4$KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK b0

;56# $ Q, B)!!&75J6 G#JI&5!J% G! +!&7 %&E6$% !G &7$ ]3>% G! $EI7 F$E P-VV- Z 1..YR
95%H4EF$9 G! $EI7 E6$c%$X I4E%% %$HE E&$4FKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKbY

;56# $ 2, B)!!&75J6 G#JI&5!J% !G &7$ ]3>  $4E&5J6 %E45J5&F &! &7$ H $%$JI$cE+%$JI$ !G G$)E4$
I E+% d /. )) O\KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKbV

;56# $ V, B)!!&75J6 G#JI&5!J% G! +!&7 %&E6$% !G &7$ ]3>  $4E&5J6 &$)H$ E&# $ &! G$)E4$
I E+% d /. )) O\KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK/.

;56# $ -., BHE&5E4 95%& 5+#&5!J !G G$)E4$ +4#$ I E+% d /. )) O\ 5J  $4E&5!J &! &7$ 9EF &7$
+!&&!) NE&$ &$)H$ E&# $  $EI7$9 -. eOKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK /-

;56# $ --, BHE&5E4 95%& 5+#&5!J !G G$)E4$ +4#$ I E+% d /. )) O\M N7$ $ $EI7 %5&$ 7E9 d b I E+M
5J  $4E&5!J &! &7$ +!&&!) NE&$ &$)H$ E&# $  $EI7$9 -. eO KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK /0

;56# $ -1, B)!!&75J6 G#JI&5!J% !G +!&7 %&E6$% !G &7$ ]3>  $4E&5J6 &$)H$ E&# $ &! G$)E4$
I E+% d /. )) O\ G! $EI7 F$E P-VV- Z 1..YRKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK/b

;56# $ -0, O!)HE 5%!J !G &7$ %)!!&75J6 G#JI&5!J% !G &7$ ]3>%  $4E&5J6 9$H&7 &! G$)E4$ +4#$
I E+% d /. )) O\ G !) f$J%$J $& E4K P1..bR EJ9 &75% %&#9FKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK //

;56# $ -Y, O!)HE 5%!J !G &7$ %)!!&75J6 G#JI&5!J% !G &7$ ]3>%  $4E&5J6 %E45J5&F &! G$)E4$ +4#$
I E+% d /. )) O\ G !) f$J%$J $& E4K P1..bR EJ9 &75% %&#9FKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK /Q

8



@:B? <; ?3W@CB ^ ;:]A=CB :( 3 C(S:OCB

0-A!

;56# $ 3, O!  $4E&5!J )E& 5X$% G! &7$ 5J9$H$J9$J& 8E 5E+4$% #%$9 5J &7$ ]3>% G! $EI7 F$E 
P-VV. Z1..Y RKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK /2

?E+4$ W, >!9$4 !#&H#& G !) ]3>% +F F$E P-VV. Z 1..YRKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 20

?E+4$ O4, E E)$&$ %56J5G5IEJI$ 5J ]3> )!9$4% +F F$E P-VV. Z 1..YRKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKV2

?E+4$ O1, E E)$&$ %56J5G5IEJI$ 5J ]3> )!9$4% !8$ E44 F$E % P-VV.Z1..YR KKKKKKKKKKKKKKKKKKKKKKK -..

;56# $ S, BHE&5E4 95%& 5+#&5!J !G &7$  $%59#E4% G !) +!&7 %&E6$% !G &7$ ]3> )!9$4% G! E44 F$E %
P-VV.Z1..YRKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK-.-



3WB?=3O?

=1! 427! "+-4  !""#$%&(%) )!+#,-). ($ %.! % #1! B%$# K-27-42!  ($1!+(!$ (. #1!
91!$-:!-;! 8-,H 67! #%  ($1(.A :+!$$7+! -./ !.K(+%.B!.#-2 "%./(#(%.$ %K!+ #1! :-$# #^%
/!"-/!$L #1! :%:72-#(%. 1-$ !X:!+(!."!/ $!K!+!  27"#7-#(%.$ (. !$#(B-#!/ -47./-."!L +-.A(.A
 +%B Nd\TZNZ B(22(%. "+-4$H D 1,:%#1!$(e!/ #1-# K-+(-4(2(#, (. $:-#(-2 /($#+(47#(%. %K!+ #1!$!
,!-+$ ^%72/ "%++!2-#! ^(#1 #1!$!  27"#7-#(%.$ (. -47./-."! -./ ^(#1 K-+(%7$ :1,$("-2 -./ 4(%#("
K-+(-42!$H =% !X-B(.! #1!$! 1,:%#1!$!$L D -.-2,e!/ 2%.AT#!+B /-#-  +%B #1! 4-,T^(/! 427! "+-4
^(.#!+ /+!/A! $7+K!, b56?cL ^1("1 $-B:2!$ :%:72-#(%. -47./-."! ^1!. ^-#!+ #!B:!+-#7+!
 -22$ 4!2%^ POf9L 7$7-22,  +%B 2-#! Q%K!B4!+ #% B(/T@-+"1H <# #1($ #(B! 427! "+-4$ "!-$!
-"#(K(#, -./ !.#!+ - #%+:(/ $#-#!L !.-42(.A !  !"#(K! $-B:2(.A % #1! 4-,T^(/! :%:72-#(%. (. #1!
-4$!."! % B(A+-#(%.H

=1! -.-2,$!$ (.K%2K!/ #^%T$#-A!L G!.!+-2(e!/ <//(#(K! @%/!2$ bG<@$c #% -$$!$$ #1!
+%2!$ % #!B:!+-#7+!L $-2(.(#,L /!:#1 -./ $!-A+-$$ (. :+!/("#(.A 427! "+-4 %K!+^(.#!+(.A
/($#+(47#(%.  +%B P\\P #% NOOd  %+ !-"1 -A! -./ A!./!+ "2-$$H =1!  (+$# $#-A! "%++!$:%./$ #%
:+!$!."! /-#- ^1(2! #1! $!"%./ +!2-#!$ /!.$(#, /-#-H D.:7#$ (."27/!/ /-#-  +%B - "%B4(.-#(%.
% #1! 56?L A!%$#-#($#("-2 B!#1%/$L #1! 3D@? -!+(-2 $74B!+A!/ -F7-#(" K!A!#-#(%. b?<3c $7+K!,L
-./ 1,/+%/,.-B(" B%/!2 %7#:7# % #1! 91!$-:!-;! 8-, E!A(%.-2 I"!-. @%/!2(.A ?,$#!B
b91!$EI@?cH

01,$("-2 K-+(-42!$ ^!+! % #!. $(A.( ("-.# ^1!. B%/!2(.A 427! "+-4 /($#+(47#(%.H
=!B:!+-#7+! -./ $-2(.(#, ^!+! $(A.( ("-.# (. B%$# B%/!2$  %+ -22 "+-4 "2-$$!$L ^1(2! /!:#1 ^-$
$(A.( ("-.# (. B%+!  !B-2! B%/!2$ #1-. B-2! B%/!2$H =1! !  !"# % $!-A+-$$ ^-$ A!.!+-22, .%#
$(A.( ("-.#L 47# #1($ B-, 4! /7! #% $!2!"#(K! $-B:2(.A % 2-+A! S7K!.(2!$H G!.!+-22,L $B%%#1!/
 7."#(%.$ ^!+! (. -A+!!B!.# ^(#1 :+!K(%7$ 2(#!+-#7+!H

>!B-2! :+!$!."! 1-/ - :%$(#(K! +!2-#(%.$1(: ^(#1 /!:#1 -# /!:#1$ 2!$$ #1-. PZ BL -#
^1("1 :%(.# S7K!.(2!  !B-2! :+!$!."! /!"+!-$!/  %+ /!:#1$ A+!-#!+ #1-. PZ B -$ #1!, #!./ #%
$#-, (. #1! $1-22%^ #+(47#-+(!$H </72#  !B-2! :+!$!."! "%.#(.7!/ #% (."+!-$! ^(#1 /!:#1 7.#(2 Nd
BL -# ^1("1 :%(.# #1! $B%%#1(.A  7."#(%.$ /!K(-#!/ (. $1-:!H >%+ B-2!$L /!:#1 ^-$ %.2,
$(A.( ("-.# (. 1-2 % #1! ,!-+$L ^(#1 .% .%#("!-42! #+!./ (. #1! $B%%#1(.A  7."#(%.$H

?-2(.(#, ^-$ - $(A.( ("-.# :+!/("#%+ K-+(-42!  %+ S7K!.(2!$L ^(#1 "7+K!$ !X1(4(#(.A - $1-22%^
+($! ^(#1 $-2(.(#, 7.#(2 PgTNO #1!. - $1-+: /!"2(.!L -$ S7K!.(2!$ +!B-(. (. #1! $1-22%^!+
#+(47#-+(!$L "%K!$ -./ 2-A%%.$H </72# B-2!$  %22%^!/ - $(B(2-+ :-##!+.L !X"!:# #1-# #1!+! ^!+!
 !^!+ B-2!$ :+!$!.# (. 2%^ $-2(.(#(!$ :%$$(42, /7! #% #1! 4!1-K(%+ % B-2!$ ^1!+!4, #1!, +!B-(.
"2%$! #% #1! B%7#1$ % #+(47#-+(!$ #% (.#!+"!:# :+!:74!$"!.#  !B-2!$H </72#  !B-2! :+!$!."!
1-/ - :%$(#(K! +!2-#(%.$1(: ^(#1 $-2(.(#,L -$ !X:!"#!/  +%B #1!(+ B(A+-#(%. #% #1! B%7#1 % #1!
4-, :+(%+ #% $:-^.(.AH D. $%B! ,!-+$  !B-2!$ !X1(4(#!/ - 4(B%/-2 +!2-#(%.$1(:L :%$$(42,
+! 2!"#(.A - $7//!. "1(22(.A % 4%##%B ^-#!+ ^1!. B(A+-#(%. % 7::!+ -./ 2%^!+ 4-,  !B-2!$
^-$ 1-2#!/H

=!B:!+-#7+! ^-$ $(A.( ("-.# (. -2B%$# !K!+, $#-A! %.! B%/!2h 1%^!K!+L #1! $B%%#1(.A
 7."#(%.$ $1%^!/ 2(##2! A!.!+-2(#,H D. -//(#(%.L #!B:!+-#7+! ^-$ #1! 1-+/!$# K-+(-42! #%

855



(.#!+:+!# /7! #% #1! ^-, #1-# #1! #!B:!+-#7+! !  !"# ^-$ 1-./2!/H =1! #!B:!+-#7+! #-;!. -#
#1! #(B! - $-B:2! ^-$ #-;!. 4, #1! 56? ^-$ .%# .!"!$$-+(2, -. (./("-#(%. % #1! !.K(+%.B!.#-2
"%./(#(%.$ -# #1! #(B! - "+-4 47+(!/ (. #1! 4%##%B #% %K!+^(.#!+H D.$#!-/L #1! /-, #1! 4%##%B
^-#!+ 4!"-B! POf9 -# #1! $-B:2! :%(.# ^-$ 7$!/H =1($ B!#+(" ($ 7$! 72 (. +!2-#(%. #% #1! %#1!+
:%(.#$ % #1-# ,!-+L ^(#1 !-+2(!+ /-,$ (./("-#(.A 7::!+ 4-, -./ #+(47#-+, :%(.#$ -./ 2-#!+ /-,$
(./("-#(.A 2%^!+ 4-, $(#!$H @-:$ B-/! #1! +!2-#(%.$1(:$ "2!-+!+L 47# #1($ $#7/, 1(A12(A1#!/ #1!
(B:%+#-."! % #1! #!B:!+-#7+! K-+(-42! -$ ^!22 -$ #1! .!!/ #% +! (.! #1! ^-, #!B:!+-#7+! ($
$#7/(!/ (. #!+B$ % (.#!+:+!#-4(2(#,L -./ #1! %.$!# -./ /7+-#(%. % ^(.#!+H

<. !  !"# /7! #% $!-A+-$$L ^1("1 ($ % #!. "(#!/ -$ (B:%+#-.# .7+$!+, 1-4(#-#  %+ S7K!.(2!$L
^-$ .%# $(A.( ("-.# (. -2B%$# -22 B%/!2$H =1($ B-, 1-K! 4!!. /7! #% #1!  -"# #1-# #1! 56? ^-$
.%# /!$(A.!/ #% $7+K!, #1! ,%7.ATS7K!.(2! $!AB!.# % #1! :%:72-#(%. -./ #!./$ #% "-#"1 %.2,
#1! 2-+A!+ S7K!.(2!$H =1! 56? !  !"#(K!2, $-B:2!$ S7K!.(2!$ 2-+A!+ #1-. NOT[O BB "-+-:-"!
^(/#1h #1!$! S7K!.(2!$ 2!-K! $!-A+-$$ 4!/$  %+ .%.T$#+7"#7+!/ 1-4(#-#L ^1("1 "%72/ !X:2-(. #1!
2-"; % - +!2-#(%.$1(: ^(#1 $!-A+-$$H

=1! $#7/, 1(A12(A1#$ (.#!+!$#(.A A-:$ % ;.%^2!/A! (. 427! "+-4 !"%2%A,L :-+#("72-+2, #1!
(B:%+#-."! -./ /(  ("72#, (. B!-$7+(.A #1! !  !"# % #!B:!+-#7+! (. %K!+^(.#!+(.A 4!1-K(%+L #1!
.!!/  %+ - S7K!.(2! ^(.#!+ $7+K!,L -./ A(K!$ !K(/!."! #% #1! /(  !+!."! (. 4!1-K(%+ % B-2! -./
 !B-2! S7K!.(2!$H



  !"#$ % &( ! )($#%+, -./ 01,$("-2 3-+(-42!$ %.

5(.#!+ 6($#+(47#(%. % 827! 9+-4$ (. 91!$-:!-;! 8-,



:(?=<SAO?:<(

=1! 427! "+-4  !""#$%&(%) )!+#,-)./ - /%B(.-.# $:!"(!$ (. 91!$-:!-;! 8-,L ($ - :+(."(:-2

"%B:%.!.# % #1!  %%/ ^!4 -./ -2$% $7::%+#$ %.! % #1! 8-,i$ B%$# K-27-42!  ($1!+(!$ b>%A-+#,

C &(:"(7$ NOOUh )(.!$ NOOUh &(:"(7$ !# -2H NOOUcH =1! 427! "+-4 ($ -. (.#!A+-2 :-+# % #1!  %%/ ^!4

-$ - 4!.#1(" :+!/-#%+L -$ ^!22 -$ -. (B:%+#-.# :+!, (#!B  %+ :!2-A("  ($1 $:!"(!$ b>(A7+! PcH D. (#$

+-.A!L %K!+ POP $:!"(!$ :+!, %. 427! "+-4$L (."27/(.A  ($1!$L +!:#(2!$L 4(+/$L B-BB-2$ -./

(.K!+#!4+-#!$ bG7(22%+, C 22(%# NOOPcH =1! 427! "+-4 /(!# ($ /(K!+$!L "%.$($#(.A % 4!.#1(" -./

!:( -7.-2 (.K!+#!4+-#!$L (."27/(.A 4(K-2K!$L "+7$#-"!-.$L -./ :%2,"1-!#!$L  ($1!$L -./ /!#+(#-2

B-##!+ b=-A-#e P\YZh &-7A12(. P\ZNh )(.!$ !# -2H P\\Oh @-.$%7+ P\\NcH <$ $7"1L #1!, :+%K(/! -.

(B:%+#-.# "%..!"#(%. 4!#^!!. #1! 4!.#1%$ -./ #1! ^-#!+ "%27B. b8-(+/ C W2-.%^("e P\Z\cH

D. -//(#(%. #% 4!(.A - ;!, :-+# % #1!  %%/ ^!4 (. 91!$-:!-;! 8-,L ^-#!+B!. /!:!./ %.

#1! 8-,i$ +!$%7+"!$L (."27/(.A #1! 427! "+-4 1-+K!$#L #% $7::%+# #1!(+  -B(2(!$ -./ "%BB7.(#(!$

b0-%2($$% NOONcH =1!+! -+! %K!+ gLOOO 2("!.$!/ "%BB!+"(-2 ^-#!+B!. b[LYUY (. @-+,2-./

b@6QEc -./ PLYd\ (. 3(+A(.(- b3@E9cc #1-# +!2, %. #1! 427! "+-4 1-+K!$#H ?(."! #1! B(/TP\\O$L

/%";$(/! K-27! % #1! 4-, "-#"1 !X"!!/!/ jdO B(22(%. -..7-22, bQ-#(%.-2 @-+(.! >($1!+(!$

?!+K("! NOPNcH D. -//(#(%. #% "%BB!+"(-2 K-27!L +!"+!-#(%.-2  ($1!+$ -2$% !.S%, #1! $7BB!+

#+-/(#(%. % 1-+K!$#(.A -./ !-#(.A #1($ ("%.(" $:!"(!$H

)%^!K!+L %K!+ ($1(.A b@(22!+ !# -2H NOPPcL 1-4(#-# /!A+-/-#(%. bM%1.$%. !# -2H NOPOcL

/($!-$! bM%1.$%. !# -2H NOPOc -./ A2%4-2 "2(B-#! "1-.A! b)(.!$ !# -2H NOPOc #1+!-#!. #1!

:%:72-#(%. -./ #1!  ($1!+,H =1! 91!$-:!-;! 8-, 427! "+-4 :%:72-#(%. 1-$ /!"2(.!/  %+ B7"1 % 

#1! 2-#! P\\O$ -./ NOOO$ b>(A7+! NcH >+%B P\\N #% NOOOL $:-^.(.A $#%"; -47./-."! -./

4(%B-$$ /+%::!/ ZPk -./ ZdkL +!$:!"#(K!2, b&(:"(7$ 0 ?#%";1-7$!. NOONcH =1!+! ^!+! -2$%

/+%:$ (. 2-+K-2 -47./-."! -./ +!"+7(#B!.# b&(:"(7$ C ?#%";1-7$!. NOONcL ^1("1 +!B-(.!/ -# 2%^

1



2!K!2$ 7.#(2 NOOZ b@(22!+ !# -2H NOPPcH E!"+7(#B!.# %K!+ ($1(.AL ^1!. 1(A1  ($1(.A :+!$$7+!

:+!K!.#$ #1! $#%";  +%B +!:2-"(.A (#$!2 L -./ 1-4(#-# /!A+-/-#(%. -+! "(#!/ -$ #1! 2!-/(.A "-7$!$

% #1($ /!"2(.! b&(:"(7$ C ?#%";1-7$!. NOONcH )%^!K!+L /($!-$! -./ A2%4-2 "2(B-#! "1-.A! "%72/

-2$% 4!  -"#%+$ (. #1! /!"2(.! b)(.!$ !# -2H NOPOh M%1.$%. !# -2H NOPOcH

>+%B P\\Z #% NOONL -+%7./ YOk % #1! 427! "+-4 $#%"; ^-$ 1-+K!$#!/ !-"1 ,!-+ b@(22!+

!# -2H NOOgcH 51(2! %K!+ ($1(.A B-, %+ B-, .%# 4! #1! :+(B-+, "-7$! % #1! 427! "+-4 /!"2(.!L (#

($ #1! !-$(!$#  -"#%+ #% B(#(A-#!H @-.-A!+$ -./ $#%"; -$$!$$B!.# "%BB(##!!$ 1-K! 7$!/ -

.7B4!+ %  ($1!+,T(./!:!./!.# $7+K!,$L $7"1 -$ #1! 3D@? -./ @-+,2-./ #+-^2 $7+K!,$L 9-2K!+#

92(  $ :%# $7+K!,L -./ #1! ^(.#!+ /+!/A! $7+K!,L #% (. %+B B-.-A!B!.#H =1!$! $7+K!,$ $1%^

#1-# #1! 2%^!$# 2!K!2 % +!"%+/!/ 427! "+-4 /!.$(#, %""7++!/ (. NOOZ ^(#1 -. -K!+-A! % NYHY

"+-4$ POOO BiNH 0+!K(%7$2,L #1! 2%^!$# /%"7B!.#!/ -47./-."! %""7++!/ (. P\YZH 51!#1!+ %+

.%# #1! $#%"; ^-$ %K!+ ($1!/ ^-$ /!#!+B(.!/ 4, #1! #1+!$1%2/ !X:2%(#-#(%. +-#! #1-# B-(.#-(.!/

POk % #1! $:-^.(.A :%#!.#(-2 -./ #1! #-+A!# -$ NOk % #1! $:-^.(.A :%#!.#(-2 b@(22!+ !# -2H

NOPPcH 3-+(%7$ +!A72-#(%.$ 1-K! 4!!. (B:2!B!.#!/ #% 2(B(# #1! 427! "+-4 1-+K!$# (."27/(.A

B-./-#%+, /-,$ %  L 2(B(#(.A #(B! %. #1! ^-#!+ #% Z 1%7+$ /-(2,L (."+!-$(.A #1! B(.(B7B $(e!

2(B(#L -./ +!$#+("#(%.$ %. ^1!+! -./ ^1!. #%  ($1 b?#-#! % @-+,2-./ NOOPL NOONcH >%+ !X-B:2!L

(. 3(+A(.(-L - PLUOO ;BN$:-^.(.A $#%"; $-."#7-+, ^-$ (B:2!B!.#!/ (. M7.! NOOO #1-# "%K!+$ #1!

B(A+-#(%. "%++(/%+ -./ $:-^.(.A A+%7./$ 7$!/ 4,  !B-2!$ +!-"1(.A #1! 2%^!+ 4-,H D. NOONL

3(+A(.(- !X:-./!/ #1! $-."#7-+, #% NLdOO ;BNH D. -//(#(%.L ^-#!+$ /!!:!+ #1-. POHU B -+! %  

2(B(#$  +%B M7.! P$# #% ?!:#!B4!+ Pg#1H =1($ "%++(/%+ ($ !  !"#(K! -./ #1%7A1# #% :+%#!"# -$ B-.,

-$ UOk % $:-^.(.A $#%";  !B-2!$ b?!(#e !# -2H NOOP-L 4h &(:"(7$ !# -2H NOO[cH =-AA(.A $#7/(!$

 %7./ B-#7+!  !B-2!$ (. #1! $-."#7-+, ^!+! [ #% Y #(B!$ 2!$$ 2(;!2, #% A!# "-7A1# #1-.  !B-2!$

%7#$(/! % #1! $-."#7-+, b&-B4!+# !# -2H NOOYcH 51(2! #1! "%++(/%+ :+%#!"#$ $%B! A+-K(/  !B-2!$L

0



;.%^. -$ $:%.A! "+-4$L #1!, B-, $#(22 4! "-7A1# %. #1! ^-, #% /!!: ^-#!+ %+ (. #1! /!!:

"1-..!2 ^-#!+$ % @-+,2-./ b<A7(2-+ !# -2H NOOZcH @%$#  ($1!+(!$ 1-K! #!B:%+-2 %+ $:-#(-2

"2%$7+!$L 47# %.2, -  !^ ^(22 !B:2%, #1! B%$# !X#+!B!  %+B % +!A72-#(%. T "%B:2!#! "2%$7+! % -

 ($1!+,H D. NOOZL ^(#1 1($#%+("-22, 2%^ -47./-."!$ % 427! "+-4$ #1! 5(.#!+ 6+!/A! >($1!+,L #1!

%.2, 91!$-:!-;! 8-, 427! "+-4  ($1!+, -"#(K! (. ^(.#!+L ^-$ "2%$!/ -./ -$ % ,!# 1-$ .%# 4!!.

+!%:!.!/H >%22%^(.A #1! "2%$(.AL -47./-."! !$#(B-#!$ 1-K! (."+!-$!/ ^(#1 #1! B%$# A-(. (.

B-#7+!  !B-2! -47./-."! b@(22!+ !# -2H NOPPcH

D. -//(#(%.L 1-4(#-# /!A+-/-#(%.L 2%$$L -./  +-AB!.#-#(%.L B%$# .%#-42, /7! #% #1!

+!/7"#(%. % $74B!+A!/ -F7-#(" K!A!#-#(%. b?<3c  +%B :%%+ ^-#!+ F7-2(#, -./ ^!-#1!+ !K!.#$L

1-K! 4!!. $7AA!$#!/ #% 1-K! .!A-#(K!2, -  !"#!/ #1! $B-22 S7K!.(2!$ #1-# 7$! #1! 4!/$ -$ -

:+!/-#%+ +! 7A! b)%K!2 C &(:"(7$ NOOPh ?1-+%K !# -2H NOO[h >%A-+#, C &(:"(7$ NOOUcH &-+A! $"-2!

/!"2(.!$ % $!-A+-$$ %""7++!/ (. #1! 2-#! P\YO$ -./ !-+2, P\UO$ bI+#1 C @%%+! P\Z[cH >+%B

P\\[ #% NOOYL ?<3 "%K!+-A! (. #1! 2%^!+ 4-, "%.#(.7!/ %. - /%^.^-+/ #+!./  +%B -+%7./

POLOOO 1- #% gLOOO 1-H < #!+ NOOYL #1!+! ^-$ - $1( # 4-"; 7: #% \LOOO 1- (. NOPO bI+#1 !# -2H

NOPOcH =1($ 2-##!+ :%$(#(K! #+!./ B-, 2%%$!2, "%++!2-#! ^(#1 #1! +!"!.# +($! (. 427! "+-4

-47./-."!H )%^!K!+L #1!$! +!"!.# ,!-+$ -+! $#(22 %.2, Pgk #% [Ok % #1! 8-,i$ 1($#%+("-2L :+!T

P\UO$L ?<3 /($#+(47#(%. b@%%+! !# -2H NOOdcH

>7+#1!+B%+!L A(K!. #1! +(A1# "%./(#(%.$L $!K!+-2 427! "+-4 :-#1%A!.$ -./ :-+-$(#!$

1#23#4 $::HL 5%6!(4,#$#-6 +%3%7#/ 8!3!64%2! +%3$#&#4)! -./ 94:4(;<"!&-) (%:!$-). "%72/

/!:2!#! #1! $#%";H ?1(!2/$ -./ IK!+$#+!!# bNOOUc %  !+ -. !X#!.$(K! +!K(!^ % 427! "+-4

/($!-$!$H )%^!K!+L #1!+! ($ 2(##2! /-#- %. 1%^ :-+-$(#($B %+ :-#1%2%A, -  !"#$ #1! 427! "+-4L %+

%. - 4+%-/!+ $"-2!L 1%^ /($!-$!$ B-, "1-.A! #1! .7B4!+ % "+-4$ (. #1! 4-,H K!. 2!$$ ($

;.%^. -4%7# /($!-$!$ -./ :-+-$(#!$ % 427! "+-4 :+!, -./ :+!/-#%+$H >%+ !X-B:2!L +!/7"#(%.$ (.

Y



B-S%+ :+!, (#!B$ 2(;! %,$#!+ -./ "2-B$ /7! #% /($!-$! "%72/ -2$% 2!-/ #% B-S%+ $1( #$ (. 427! "+-4

/(!# bM%1.$%. !# -2H NOPOcH

>(.-22,L A2%4-2 "2(B-#! "1-.A! "%72/ -  !"# 427! "+-4 4, -2#!+(.A :1,$("-2 K-+(-42!$H 5-#!+

#!B:!+-#7+!L ^1("1 -  !"#$ -22 K(#-2 :+%"!$$!$ $7"1 -$ A+%^#1L  !!/(.AL +!:+%/7"#(%.L -./

%.#%A!.!#(" 1-4(#-# $1( #$ b]!..!/, P\\Oh /^-+/$ C E("1-+/$%. NOOdcL ($ !X:!"#!/ #% (."+!-$!H

<$ $!- 2!K!2 +($!$L $:-#(-2 -./ #!B:%+-2 K-+(-4(2(#, (. $-2(.(#, ($ :+!/("#!/ #% (."+!-$! (. #1!

91!$-:!-;! 8-, bQ-SS-+ !# -2H NOPOcH =1!$! "1-.A!$ (. $-2(.(#, B-, -  !"# #1! "7!  %+ B(A+-#(%.H

@%+!%K!+L #1! !X#!.# % -+!-$ !X:!+(!."(.A 2%^ /($$%2K!/ %X,A!. b6Ic -./ #1! /7+-#(%. % 2%^

6I !K!.#$ -+! !X:!"#!/ #% (."+!-$! -./ B-, +!/7"!  %+-A(.A !  ("(!.", b<7B-.. !# -2H NOOYc

-./ -2#!+ B(A+-#(%. +%7#!$ % B-#7+!  !B-2!$ /%^. #1! !$#7-+, b<A7(2-+ !# -2H NOOgcH 6(+!"#

!  !"#$ % "1-.A!$ (. :1,$("-2 K-+(-42!$ -+! #1!  %"7$ % B%$# "2(B-#! "1-.A! $"!.-+(%$L 47# #1!

(./(+!"# !  !"#$ B-, 4! B%+! (B:%+#-.# b)-+2!, !# -2H NOOYcH =% #1! 427! "+-4 :%:72-#(%.L #1!

4(AA!$# #1+!-# -$$%"(-#!/ ^(#1 "2(B-#! "1-.A! B-, 4! "1-.A!$ (. ^(./ -./ ^-#!+ "(+"72-#(%.H

=1! "7++!.#$ "-++, 2-+K-! %.#% "%-$#-2 $1!2 ^-#!+$ #% /!K!2%: -./ #1!. 4-"; (.#% #1! 8-, -  !^

B%.#1$ 2-#!+H < "1-.A! (. "(+"72-#(%. :-##!+.$ "%72/ "-++, #1%$! %  $:+(.A  -+  +%B #1! 8-, #%

(.1%$:(#-42! ^-#!+$ -./ "+(::2! 427! "+-4 +!"+7(#B!.#H I#1!+ (./(+!"# !  !"#$ B-, -2$% :+%K!

(B:%+#-.#H >%+ !X-B:2!L -$ $!- 2!K!2 +($!$L B-+(.! ^-#!+$ ^(22 (.#+7/! (.#% #1! !$#7-+, -./ B-,

!.1-."! /($!-$! (.K-$(%.$ (.#% #1! 4-, b]!..!/, P\\OcH 8!1-K(%+-2 "1-.A!$ $7"1 -$ -/72#$

B%K(.A #%  +!$1!+ ^-#!+$ #% !$"-:! /($!-$!L B-, B(#(A-#! $%B! % #1!$! !  !"#$ b8!+#!-7X !# -2H

NOOdcH <//(#(%.-22,L - :!+K-$(K! 2%^ 6I +!A(B! B-, -  !"# #1! /($#+(47#(%. % 4!.#1(" 1-4(#-# %.

^1("1 $B-22 +!"+7(#$ +!2, b6(-e C E%$!.4!+A NOOZcH 51(2! 427! "+-4$ 1-K! - ^(/! $!# % 

#%2!+-."!$L #1!(+ -4(2(#, #% -/-:# ^(22 +!2, %. #1! B-A.(#7/!L /7+-#(%. -./ %.$!# % #1!$! "2(B-#!

-  !"#$H

b



=+-/(#(%.-2 $#%"; -$$!$$B!.# B!#1%/$ 1-K! .%# 4!!. K!+, !  !"#(K! (. B-.-A(.A B%$#

 ($1!+(!$H I #1! ddP $#%";$ % $:!"(!$ A+%7:$  %+ ^1("1 ><I 1-$ "%B:(2!/ -$$!$$B!.#$L gNk -+!

 722, !X:2%(#!/L PUk -+! %K!+T!X:2%(#!/L -./ Uk -+! /!:2!#!/ b><I NOOgcH )!."!L -+%7./ k% 

$#%";$ B7$# 4! "%.#(.7%7$2, B%.(#%+!/ -./ #1! +!A72-#(%.$ -/S7$#!/H D. #1! :-$#L !"%2%A("-2

B-.-A!B!.# ^-$ (. !-$(42! -$ B-+(.! $,$#!B$ ^!+! 1-+/!+ #% $-B:2! B%$#2, /7! #% #1! 2!K!2 % 

-K-(2-42! #!"1.%2%A,H )%^!K!+L !"%$,$#!B 4-$!/  ($1!+(!$ B-.-A!B!.#L - B%+! 1%2($#("

-::+%-"1 ^1("1 (.#!A+-#!$ 2( ! 1($#%+,L !.K(+%.B!.#-2 !  !"#$ -./ (.#!+$:!"( (" (.#!+-"#(%.$L ($

"7++!.#2, :%$$(42! -./ "%72/ +!/7"! 7."!+#-(.#, (. :+!/("#(.A :%:72-#(%. /,.-B("$ b8%#$ %+/ !#

-2H P\\Uh 0(#"1!+ !# -2H NOO\cH )%^!K!+L !"%$,$#!B /,.-B("$ -+! "%.#+%22!/ (. :-+# 4,

1,/+%/,.-B(" -./ -#B%$:1!+(" :+%"!$$!$ #1-# +!A72-#! #!B:!+-#7+! -./ $-2(.(#,H =1!$!

:+%"!$$!$ (. 27!."! :+%/7"#(K(#, bE("1-+/$%. !# -2H P\\ZcL e%%:2-.;#%. "%BB7.(#, /,.-B("$

b]+-7$! C =+-1B$ P\Z[c -./ 4, !X#!.$(%.L  ($1 "%BB7.(#, /,.-B("$H @-.-A!B!.# $1%72/

(."%+:%+-#! #1!$!  -"#%+$L !$:!"(-22, (. 2(A1# % (."+!-$(.A K-+(-4(2(#, /7! #% A2%4-2 "2(B-#! "1-.A!

b>+(/ !# -2H NOOYcH &( ! 1($#%+, -./ !.K(+%.B!.#-2  -"#%+$ 1-K! .%# 4!!. "%.$(/!+!/ (. B%$#

B%/!2$ % 427! "+-4 :%:72-#(%.$ -./ $1%72/ 4! (."27/!/ (. 2(A1# % #1! !X#!.$(K! !K(/!."!  +%B

 (!2/ -./ 2-4%+-#%+, !X:!+(B!.#$H

="-%  3!2 9#>% 5#)(43<

=1! 427! "+-4 $:-.$ #1! $1-22%^ "%-$#-2 ^-#!+$ % Q%K- ?"%#(-L 9-.-/-L #% 0-B:-$L

<+A!.#(.- b5(22(-B$ P\UdLP\ZdcH K(/!."! $7AA!$#$ #1! A!.7$ !K%2K!/ (. #1! "%-$#-2 %"!-. % 

#1! <B!+("-. #+%:("$ bQ%+$! P\UUcH </72#$ B-#! -./ $:-^. (. ^-+B ^-#!+$ 47# "-. #%2!+-#! -

^(/! +-.A! % #!B:!+-#7+! -./ $-2(.(#, +!A(B!$H 9%.K!+$!2,L 2-+K-! B7$# /!K!2%: (. 1(A1

/



$-2(.(#(!$ -./ ^-+B #!B:!+-#7+!$ b9%$#2%^ C 8%%;1%7# P\YgcL /!K(-#(%.$  +%B ^1("1 +!$72# (. -

2%^!+ 1-#"1 +-#! -./  (#.!$$ b?-./%e C E%A!+$ P\ddcH =1!$! #!B:!+-#7+! -./ $-2(.(#,

/!K!2%:B!.#-2 "%.$#+-(.#$ 2!-/ #% - "%B:2!X 2( ! 1($#%+, $#+-#!A, #1-# K-+(!$ ^(#1 2-#(#7/! b?B(#1

P\\UcH D. 2%^!+ 2-#(#7/!$L /7! #% #1! :+!K-(2(.A ^-+B!+ ^-#!+$L "+-4$ "-. +!-"1 B-#7+(#, (. -

,!-+h 1%^!K!+L (. #1! "%2/!+ 1(A1!+ 2-#(#7/!$L B-#7+(#, %""7+$ (. #1! $!"%./ $!-$%. - #!+

/!K!2%:B!.# bM7 !# -2H NOO[cH =1!$! 2-#(#7/(.-2 /(  !+!."!$ -./ #1!(+ !  !"#$ %. "+-4 4!1-K(%+

"-. 4! $!!. %. - $"-2! -$ $B-22 -$ #1! 2%^!+ -./ 7::!+ 91!$-:!-;! 8-,H >%+ !X-B:2!L "+-4$

"-..%# B%2# 4!2%^ POf9 b8+,2-^$;( C @(22!+ NOO[cH =1! ^-+B!+ ^-#!+$ % #1! 2%^!+ 8-, -22%^ -

:+%:%+#(%. % #1!  -$# A+%^(.A  !B-2! "+-4$ #% B%2# #% B-#7+(#, (. #1!  -22L ^1(2! #1! +!$#

%K!+^(.#!+ -./ B%2# #% B-#7+(#, #1!  %22%^(.A $:+(.AH D. #1! "%2/!+L 7::!+ 8-,L  !B-2!$ +!F7(+!

#1!  722 #^% ,!-+$ #% +!-"1 B-#7+(#,H =1($ 2!-/$ #% #^% :!+(%/$ % B-#(.A (. #1! 2%^!+ 8-, K!+$7$

- $(.A2! :!-; (. #1! 7::!+ 8-, b)(.!$ !# -2H P\ZUh G(44$ P\\YcH =% "%B:+!1!./ #1! $:-#(-2

/($#+(47#(%. % 427! "+-4$L #1!$! 2-#(#7/(.-2 /(  !+!."!$ -./ 427! "+-4 2( ! 1($#%+, B7$# 4!

(.#!A+-#!/ (.#% (.K!$#(A-#(%.$H

D. #1! 91!$-:!-;! 8-,L 427! "+-4 2-+K-! -+! +!2!-$!/ .!-+ #1! !.#+-."! % #1! 4-, (. #1!

2-#! $:+(.A %+ $7BB!+ ^1!+! #1!, -+! #+-.$:%+#!/ (. #1! %  $1%+! ^-#!+$ %K!+ #1! "%.#(.!.#-2

$1!2 b@"9%.-7A1- !# -2H P\Z[cH =1!, /!K!2%: (. #1! "%-$#-2 %"!-.  %+ PTN B%.#1$ -./ A%

#1+%7A1 $!K!. %+ !(A1# e%!-2 $#-A!$ b9%$#2%^ !# -2H P\g\cH 8, 2-#! $7BB!+ -./  -22L #1!,

B!#-B%+:1%$! (.#% #1! B!A-2%:-2 $#-A! -./ -+! #+-.$:%+#!/ 4-"; #% #1! B%7#1 % #1! !$#7-+,

^1!+! #1!, 7$! $!2!"#(K! #(/-2 $#+!-B #+-.$:%+# #% B%K! (.#% #1! #+(47#-+(!$ b>%+^-+/ !# -2H

NOO[h >(A7+! [c

=1! #(B! % $!##2!B!.# -./ #1! 1-4(#-#$ $!2!"#!/ (. #1! +!"+7(#(.A $#-A! -+! :+(B-+,

 -"#%+$ (. S7K!.(2! 427! "+-4 /($#+(47#(%. b>%+^-+/ P\Z\h >%+^-+/ !# -2H P\\YL NOO[cH @!A-2%:-2

Q



$!##2!B!.# ($ "%++!2-#!/ #% B%%. :1-$!$L ^(#1 1(A1!+ $!##2!B!.# -# #1! .!^ -./  722 B%%.$ #1-.

/7+(.A ^-.(.A -./ ^-X(.A B%%.$ bK-. @%.# +-.$ !# -2H P\\OLP\\gh @!#"-2 !# -2H P\\gh I2B(

P\\gcH &-+A! $"-2! /($#7+4-."!$L $7"1 -$ 1,:%X(-L "-. -2#!+ /($#+(47#(%. :-##!+.$ % -/72# 427!

"+-4$L -./ #17$ (."+!-$! "-..(4-2($B %. S7K!.(2!$ b AA2!$#%. !# -2H NOOgcH =1! "7++!.# :-+-/(AB

($ #1-# 427! "+-4$ :+! !+!.#(-22, $!##2! (. $#+7"#7+!/ 1-4(#-#$ 2(;! $74B!+A!/ -F7-#(" K!A!#-#(%.

b)!"; C =1%B-. P\Zdh I+#1 C K-. @%.# +-.$ P\ZUc -./ - #!+ +!-"1(.A -::+%X(B-#!2, NO BB

"-+-:-"! ^(/#1 b95T #1! /($#-."! 4!#^!!. 2-#!+-2 $:(.!$c #1!, B%K! #% 7.$#+7"#7+!/ 1-4(#-#$

b)(.!$ !# -2H P\ZUh I+#1 C K-. @%.# +-.$ P\ZUh 0(2! !# -2H P\\YcH

?!K!+-2 2(.!$ % !K(/!."! $7::%+# #1($ B%/!2H >(+$#L "1!B("-2$ +!2!-$!/  +%B $!-A+-$$L

B-"+%-2A-! -./ 17B(" -"(/ (./7"! B!#-B%+:1%$($ (. B!A-2%:-! b>%+^-+/ !# -2H P\\dLP\\YL

P\\UcH D. -//(#(%.L $1-22%^ $#+7"#7+!/ 1-4(#-#$ 2(;! $!-A+-$$ -./ B-+$1 "-. -"# -$ K-27-42!

.7+$!+(!$  %+ $:!"(!$ ^(#1 "%B:2!X 2( ! ","2!$ 4, !.1-."(.A $7+K(K-2L B%K!B!.# -./ A+%^#1 +-#!$

+!2-#(K! #% .!-+4, 7.$#+7"#7+!/ -+!-$ b)!"; C =1%B-. P\Zdh 8!"; !# -2H NOOPh )!"; !# -2H NOO[h

@(.!22% !# -2H NOO[cH ?B-22 S7K!.(2! "+-4 /!.$(#(!$ -+! 1(A1!$# (. -$$%"(-#(%. ^(#1 $#+7"#7+!/

1-4(#-#L :-+#("72-+2, $!-A+-$$L -./ 2%^!+ %. .%.T$#+7"#7+!/ $% # 4%##%B$L #1%7A1 /!.$(#, ($ -2$%

-  !"#!/ 4, $-2(.(#,L #!B:!+-#7+! -./ 6I b)!"; 0 I+#1 P\ZOh K!+!## C E7(e P\\[h 0!+;(.$T3($$!+

!# -2H P\\Yh 0(2! !# -2H P\\Yh @%;$.!$ !# -2H P\\Uh E,!+ !# -2H P\\Uh #1!+(.A#%. C AA2!$#%. NOOOh

)!"; C ?:+(#e!+ NOOPh )%K!2 C &(:"(7$ NOOPL NOONh E-;%"(.$;( !# -2H NOO[cH =1($ B-, 4! /7! #%

+!/7"!/ :+!/-#(%. 4, K($7-2 :+!/-#%+$ b)!"; C =1%B-. P\Zdh I+#1 C K-. @%.# +-.$ NOONcH

9%.K!+$!2,L  %+ %2/!+ S7K!.(2!$L B72#(:2! $#7/(!$ $7AA!$# 7.K!A!#-#!/ 1-4(#-# ($ (B:%+#-.# /7! #%

1(A1 :+!, /!.$(#(!$ (. $-./ -./ B7/ b@!.$! 0 5!..!+ P\Z\h E-;%"(.$;( !# -2H NOO[h &(:"(7$ !#

-2H NOOgh ?!(#e !# -2H NOOgcH >(.-22,L #!#1!+(.A !X:!+(B!.#$ (. #1! _%+; E(K!+ $7AA!$# #1-# S7K!.(2!$

2



4!#^!!. Ng -./ gg BB 95 $7+K(K! 2%.A!+ (. 7:+(K!+ $-./ -./ B7/ #1-. (. $!-A+-$$ -./ #1!

2%^!+ +(K!+ b&(:"(7$ !# -2H NOOgc

)%^!K!+L B%K!B!.# - #!+ +!-"1(.A NO BB 95 B-, .%# 4! #1! %.2, "-$! % S7K!.(2!

B(A+-#(%.H ?B-22 S7K!.(2!$ "-. 7./!+A% $!"%./-+, /($:!+$-2 /7! #% !.K(+%.B!.#-2 %+ 4(%2%A("-2

"%./(#(%.$ b #1!+(.A#%. C AA2!$#%. NOOOh E!,.$ C AA2!$#%. NOOdh >%+^-+/ NOOgcH D. #1!(+  (+$#

,!-+L 91!$-:!-;! 8-, S7K!.(2!$ "-. A+%^ 7: #% %+ A+!-#!+ #1-. POO BB 95H ?%B!  !B-2!$ B-,

A+%^  -$# !.%7A1 #% "%:72-#! -./ $:-^. 4, #1! !./ % #1!(+  (+$# $7BB!+L 47# #1! K-$# B-S%+(#,

^(22 "%:72-#!L A-#1!+ +!$!+K!$L -./ %K!+^(.#!+L ^-(#(.A 7.#(2 #1!  %22%^(.A $!-$%. #% $:-^. b3-.

.A!2 P\gZh M7 !# -2H NOO[cH 8, #1!(+ $!"%./ $7BB!+ "+-4$ -+! (. #1! -A! Pl "2-$$ -./  !B-2!$

B%2# #% B-#7+(#, b)(.!$ NOOUcH ?(."! "+-4$ 1-K! .% 1-+/ $#+7"#7+!$ #1-# -+! +!#-(.!/ #1+%7A1

!"/,$($L -A! $#+7"#7+! ($ 4-$!/ %. $(e!H 5(.#!+ /+!/A! $7+K!, $(e!  +!F7!.", /($#+(47#(%.$ !X1(4(#

- 4(B%/-2 /($#+(47#(%. ^(#1 - $:2(# -# YO BB 95 b>(A7+! dcL "%++!$:%./(.A #% #1! 4%7./-+,

4!#^!!. #1! -A!TO -./ -A! Pl "2-$$!$H < #!+ -  !B-2! +!"!(K!$ - $:!+B :-";!# $1! ^(22 "!-$!

B%2#(.A -./ B(A+-#! #% #1! 2%^!+ 4-, #% :+%/7"! 4+%%/$ -./ (."74-#! #1! !AA$ 7.#(2 2-+K-! -+!

+!2!-$!/ -# #1! B%7#1 % #1! 4-, b3-. .A!2 P\gZh @(22(;(. C 5(22(-B$ P\ZdcH D. "%.#+-$#L B-2!$

+!B-(. (. #1! #+(47#-+(!$ -./ 7::!+ !$#7-+, -./ "%.#(.7! #% A+%^ -./ B%2#H D. #1! 91!$-:!-;!L

B-#7+! B-2!$ +-.A! (. $(e!  +%B ZUTNNU BB 95 b@(22(;(. C 5(22(-B$ P\ZOh 5(22(-B$ P\ZdcH

D. #1! ^(.#!+L B-2!$ -./ S7K!.(2!$ A!.!+-22, $#-, (. #1! #+(47#-+(!$ 47# B(A+-#! #%^-+/$

/!!:!+ ^-#!+ #% 47+, b)(.!$ !# -2H P\ZUh ?1-+%K !# -2H NOO[h <A7(2-+ !# -2H NOOgcH >!B-2!$ 1-K! -

B7"1 2%.A!+ #^%T:1-$! B(A+-#(%. - #!+ B-#(.AH =1!  (+$# :1-$! %""7+$ (.  -22 - #!+ (.$!B(.-#(%.

^1!.  !B-2!$  %22%^ - #!B:!+-#7+! %+ :1%#%:!+(%/ "7! #% B%K! #% #1! 2%^!+ !$#7-+, #%

:+%/7"! -./ (."74-#! #1!(+ 4+%%/$ b=7+.!+ !# -2H NOO[h <A7(2-+ !# -2H NOOgcH =1! B%+! $-2(.!

^-#!+$ bm NOc !."%7+-A! !AA /!K!2%:B!.# -./ 1-#"1(.A b6-K($ P\YgcH D. #1! 91!$-:!-;!L ^1!.

V



#1! #!B:!+-#7+! /+%:$ 4!2%^ POf9 #1!  !B-2!$ 47+, (. #1! $!/(B!.#  %+ #1! ^(.#!+ b<A7(2-+ !#

-2H NOOgcH =1!, !B!+A! (. #1! $:+(.A -./ B-, B%K! -$ B7"1 -$ NOO ;B -2%.A #1! /!!: "1-..!2$

% #1! B-(.$#+!-B +-#1!+ #1-. $1-22%^ .!-+$1%+! +%7#!$ #% "%B:2!#! :1-$! %.! b=-.;!+$2!, !#

-2H P\\ZcH =1! $!"%./ :1-$! %""7+$ ^1!. %K(A!+%7$  !B-2!$ B(A+-#!  +%B #1! 2%^!+ !$#7-+, #%

#1! B%7#1 #% 1-#"1 #1!(+ !AA$ -./ +!2!-$! #1! 2-+K-! (.#% #1! ^-#!+ "%27B. b=-.;!+$2!, !# -2H

P\\ZcH >!B-2!$ :+! !+ - B(X % $-./ -./ $(2# /7+(.A $:-^.(.A b?"1-  .!+ C 6(-e P\ZZc -$ #1($

:+%B%#!$ #1!  %+B-#(%. % !AA B!B4+-.!$ -./ -##-"1B!.# $#+-./$ b]7+($ P\\PcH =1! $:-^.(.A

$!-$%. (. #1! 91!$-:!-;! 2-$#$ 7: #%  (K! B%.#1$ -./ "%72/ -22%^ B72#(:2! 4+%%/$ :!+  !B-2!

b6(";$%. !# -2H NOOYcH >!B-2! 427! "+-4$ "-. 1-K! -$ B-., -$ Y B(22(%. !AA$ (. #1!  (+$# 4+%%/h

1%^!K!+L 2-#!+ 4+%%/$ -+! $B-22!+ -./ #1! .7B4!+ % !B4+,%$ #1-# /!K!2%: /!"2(.!$ 4, 7: #%

dOk  +%B #1! P$# #% d#1 4+%%/ b)(.!$ !# -2H NOO[h 6-+.!22 !# -2H NOO\cH

?,-"( @A%3B#$(%3#$C ="-%  3!2 D#)(3#2-(#4$

?"1-  .!+ -./ 6(-e bP\ZZc -$$!$$!/ ^(.#!+ /($#+(47#(%. :-##!+.$ % -/72# 427! "+-4$ (.

#1! 91!$-:!-;! 8-,H 827! "+-4$ $1%^!/ - :+! !+!."!  %+ $!/(B!.#$ "%.#-(.(.A dP T YOk $-./H

=1!, ^!+! B%+! % #!.  %7./ (. 4-$(.$ +-#1!+ #1-. $1%-2$ -./ $:(# -+!-$L -./ -# /!:#1$ A+!-#!+

#1-. \ B b?"1-  .!+ C 6(-e P\ZZcH

51!. #1! 56? ^-$ (.(#(-#!/L #1! B-(. :7+:%$! ^-$ #% :+%K(/!  ($1!+, B-.-A!+$ ^(#1 -

B%.(#%+(.A #%%2  %+ #1! 91!$-:!-;! 8-, 427! "+-4 :%:72-#(%.H D. -//(#(%. #% #1! :%:72-#(%. -./

B%+#-2(#, !$#(B-#!$ #1! $7+K!, 1-$ :+%K(/!/ $(."! #1! P\\O$L #1! $7+K!, 1-$ -2$% (. %+B!/

$#7/(!$ % /($#+(47#(%. -./ -47./-."!H M!.$!. !# -2H bNOOgL NOOYc 7$!/ A!%$#-#($#("$ #% !X:2%+!

/($#+(47#(%.L ^1(2! $:-#(-2 K-+(-4(2(#, (. ^(.#!+ B%+#-2(#, ^-$ -$$!$$!/ 4, 8-7!+ -./ @(22!+ bNOPOcH

-.



M!.$!. !# -2H bNOOgc -.-2,e!/ P[ ,!-+$ % 56? /-#- bP\\OTNOO[c #% !X-B(.! /($#+(47#(%.

-./ -47./-."! % B-#7+!  !B-2! "+-4$ 7$(.A - #^%T$#-A! A!.!+-2(e!/ -//(#(K! B%/!2 ^(#1

/!:#1L $-2(.(#,L #!B:!+-#7+!L /($#-."!  +%B #1! B%7#1 % #1! 8-,L /($#-."!  +%B ?<3 -./

4%##%B $2%:!H =1!,  %7./ /!:#1 -./ /($#-."!  +%B #1! B%7#1 % #1! 4-, ^!+! /%B(.-.#

K-+(-42!$  %+ :+!/("#(.A  !B-2! -47./-."!L  %22%^!/ 4, #!B:!+-#7+! -./ $-2(.(#,H 6!:#1 -./

/($#-."!  +%B #1! B%7#1 % #1! 4-, -+! $#-#(" K-+(-42!$ -./ -+! (.-/!F7-#!  %+ /!#!+B(.(.A

(.#!+T-..7-2 K-+(-4(2(#,H =1! -7#1%+$ $#-#!/ #1-# %#1!+  -"#%+$ .%# (."27/!/ (. #1!(+ B%/!2$ B7$#

4! :2-,(.A - +%2!h #1!$! B-, (."27/! #1! %.$!# % "%2/ ^(.#!+L /!.$(#,T/!:!./!.# 1-4(#-#

$!2!"#(%.L -./ #% - 2!$$!+ !X#!.#L 1,:%X(- -./ $!/(B!.# #,:!H =1($ $#7/, !X:-./$ %. #1! ^%+; % 

M!.$!. !# -2H bNOOgc 4, !X-B(.(.A #1!$! :+%"!$$!$ (. 56? /-#-  %+ B-2!$L  !B-2!$ -./ S7K!.(2!$

$!:-+-#!2,L +-#1!+ #1-. S7$# #1! B-#7+!  !B-2!$ -$ !X-B(.!/ 4, M!.$!. !# -2H bNOOgcH <""7+-#!

!$#(B-#!$ % #!B:!+-#7+! -./ $-2(.(#, ^!+! A-+.!+!/  +%B #1! 91!$EI@? 1,/+%/,.-B(" B%/!2L

/!:#1  +%B 56?L -./ - .!^ $!-A+-$$ !  !"# K-+(-42! 7#(2(e(.A 4%#1 /($#-."! -./ -+!- % "2%$!$#

$!-A+-$$ ^-$ -//!/H

E!&(43) !$, 83%,#&(43 1!3#!2"%)

=!B:!+-#7+! -./ $-2(.(#, -  !"# #1! #!B:%+-2 -./ $:-#(-2 /($#+(47#(%. % "+-4$ b)(.!$ !#

-2H P\ZUh ?#!!2! C 8!+# P\\dcH D. 427! "+-4$L POf9 ($ #1! 2%^!$# #!B:!+-#7+! +!F7(+!/  %+ -"#(K(#,

b8+,2-^$;( C @(22!+ NOOYh ?B(#1 C 91-.A NOOUc -./ (. #1! 91!$-:!-;! 8-,L (# ($ #1! #!B:!+-#7+!

-# ^1("1 "+-4$ 47+,H =!B:!+-#7+! 1-/ #^%  7."#(%.$ (. #1($ $#7/,H <22 56? #%^$ #-;!. -4%K!

POf9 ^!+! !2(B(.-#!/  +%B #1! -.-2,$($H <2$%L #1! #(B! - "+-4 1-$ #% B(A+-#! #% #1! B%7#1

K-+(!$ 4, ,!-+ 4!"-7$! % #!B:!+-#7+!H D #1! %.$!# % ^(.#!+ ($ !-+2,L "+-4$ ^(22 47+, $%%.!+ -./

--



B-, %+ B-, .%# 4! (. :+(B! %K!+^(.#!+(.A 1-4(#-#H D ^(.#!+ "%B!$ $2%^2,L "+-4$ ^(22 1-K! -

2%.A!+ #(B! #% B(A+-#! -./ #1! /-#- B-, $1%^ - 1(A1!+ "%."!.#+-#(%. %  !B-2!$ #%^-+/$ #1!

B%7#1 % #1! 4-,H =17$L #!B:!+-#7+! ($ - ;!,  -"#%+ (. /!#!+B(.(.A %K!+^(.#!+(.A $:-#(-2

/($#+(47#(%.H )%^!K!+L #1! #!B:!+-#7+! #-;!. -# !-"1 #%^ ($ .%# - +!2(-42! (./("-#(%. % ^1!.

#1! "+-4$ 47+(!/H < B%+! -::+%:+(-#! B!#+("  %+ #1! #!B:!+-#7+! !  !"# ($ #1! /-, (. ^(.#!+

^1!. 4%##%B ^-#!+ #!B:!+-#7+! +!-"1!/ POf9  %+ !K!+, A(K!. $-B:2! :%(.# (. #1! 4-,H =1!+!

-+! .% /-(2, +!"%+/$ % 4%##%B #!B:!+-#7+!  %+ !K!+, :-+# % #1! 4-,  %+ #1! 2-$# NO ,!-+$L 47#

#1!+! -+! B%/!2$  %+ 4%##%B ^-#!+ #!B:!+-#7+! 7.#(2 NOOgL $7"1 -$ #1! 91!$EI@? B%/!2H

=1!$! B%/!2$ :!+ %+B ^!22 ^1!. "%B:-+!/ #% $#-#(%. /-#- -./ ^!+! 7$!/ #% -::+%X(B-#! #1!

/-, -# ^1("1 4%##%B #!B:!+-#7+! -# -., A(K!. :%(.# +!-"1!$ -./ $#-,$ -# POf9  %+ Nd 1%7+$ - #!+

Q%K!B4!+ P$#H

?-2(.(#, -  !"#$ 427! "+-4 4!1-K(%+ /!:!./(.A %. -A! -./ $!XH D. A!.!+-2L #1! 1(A1!$#

/!.$(#(!$ % "+-4$ %""7+ (. B!$%1-2(.! -./ :%2,1-2(.! bPZT[Oc e%.!$ bI+#1 C K-. @%.# +-.$

P\ZUh ](.A !# -2H NOOgh &(:"(7$ !# -2H NOOgcH D. $%B! $,$#!B$L S7K!.(2! -47./-."! ($ 1(A1!$# (.

2%^ $-2(.(#(!$ b&(:"(7$ !# -2H NOOgh 0%$!, !# -2H NOOgcL /7! !(#1!+ #% +!/7"!/ -47./-."! % 

:+!/-#%+$ %+ #% A+!-#!+ -K-(2-4(2(#, % 4!.#1(" :+!, $7"1 -$ #1! 8-2#(" "2-B b?!(#e !# -2H NOOgcH D.

"%.#+-$#L B-#7+!  !B-2!$ "%."!.#+-#! (. /!!:!+ $-2(.! ^-#!+$ % #1! 2%^!+ 4-, ^1!+! #1!,

%K!+^(.#!+ :+(%+ #% $:-^.(.A #1!  %22%^(.A $:+(.A -./ $7BB!+ b3-. .A!2 P\gZh ?"1-  .!+ C

6(-e P\ZZh &(:"(7$ !# -2H NOOPL NOO[h ?!(#e !# -2H NOOP4L NOO[h <A7(2-+ !# -2H NOOgcH =1($ $#7/, 7$!/

#1! 4%##%B ^-#!+ $-2(.(#, K-27! % !K!+, $#-#(%. ^1!. #1! #!B:!+-#7+! +!-"1!/ -./ $#-,!/ -#

POf9  %+ Nd 1%7+$ - #!+ Q%K!B4!+ P$#H =1($ ^-$ #% !.$7+! #1-# #1! 4%##%B ^-#!+ $-2(.(#, 1-/

B-(.#-(.!/ ^(.#!+ $#-4(2(#,H I4$!+K-#(%.$ % #1! 4%##%B $-2(.(#, /-#- $1%^ +!2-#(K!2, "%.$#-.#

K-27!$ - #!+ 4%##%B ^-#!+ 1-$ +!-"1!/ POf9 -./ $7::%+# #1-# #1!+! ($ 2(##2! "%K-+(-#(%. 4!#^!!.

-1



#!B:!+-#7+! -./ $-2(.(#, !$#(B-#!$H 6($#-."! #% #1! B%7#1 % #1! 4-, ^-$ -. (B:%+#-.#

:+!/("#%+ K-+(-42! (. M!.$!. !# -2H bNOOgcH )%^!K!+L  %+ #1($ $#7/, (# ^-$ 1(A12, "%++!2-#!/ #% #1!

$-2(.(#, K-+(-42!H G(K!. #1! "1%("! 4!#^!!. /($#-."! #% #1! B%7#1 %+ $-2(.(#,L $-2(.(#, ^-$

(."27/!/ 4!"-7$! /($#-."! #% #1! B%7#1 ($ $#-#(" -./ ^(22 .%# K-+, 4, ,!-+H

6!:#1 -./ $!/(B!.# #,:! -2$% /!#!+B(.! 2%"-#(%.$ ^1!+! "+-4$ 47+, /7+(.A ^(.#!+

b?"1-  .!+ C 6(-eL P\ZZch 1(A1!$# -47./-."!$ % B-#7+! 427! "+-4$ %""7++!/ -# /!:#1$ A+!-#!+

#1-. \ B -./ (. -+!-$ 4!#^!!. dPk -./ YOk $-./H =1! (.#!+:2-, 4!#^!!. /!:#1 -./ %:#(B-2

$!/(B!.# #,:! 2(;!2, -  !"#$ (.$72-#(%.L ^1!+!4, /!!:!+ ^-#!+$ 1-K! B%+! "%.$#-.#

#!B:!+-#7+!$ ^1!+!-$ $1-22%^ ^-#!+$ 1-K! 1(A1!+ K-+(-."! -./ -""%B:-.,(.A :1,$(%2%A("-2

$#+!$$H ?!/(B!.# B-:$ /(/ .%# !X($#  %+ #1! 91!$-:!-;! 8-, -./ 1!."! ^!+! .%# (."27/!/L 47#

/!:#1 ^-$ #-;!.  +%B #1! 56?H

?!-A+-$$ !  !"#L - "%B4(.-#(%. % #1! -+!- % "2%$!$# $!-A+-$$ -./ /($#-."! #% #1! "2%$!$#

$!-A+-$$L ($ #1! %.2, 4(%2%A("-2 K-+(-42! (."27/!/ (. #1!$! -.-2,$!$ -./ B-, 4! (B:%+#-.#  %+

/!#!+B(.(.A S7K!.(2! %K!+^(.#!+(.A /!.$(#,H I."! (.$(/! #1! 4-,L B!A-2%:-! $!##2! (. $!-A+-$$

%+ %#1!+ $#+7"#7+!/ 1-4(#-#$ ^1!+! #1!, B!#-B%+:1%$! (.#% #1!  (+$# 4!.#1(" (.$#-+$ b)!"; C

=1%B-. P\Zdh I+#1 C K-. @%.# +-.$ P\ZUh #1!+(.A#%. C AA2!$#%. NOOOcH M7K!.(2!$ !(#1!+

+!B-(. (. #1($ 1-4(#-# 7.#(2 #1!, -+! NO #% [O BB "-+-:-"! ^(/#1 -# ^1("1 :%(.# #1!, B(A+-#! #%

7.K!A!#-#!/ 1-4(#-#L %+ #1!, !X1(4(# $!"%./-+, /($:!+$-2 "7!/ 4, !.K(+%.B!.#-2 %+ 4(%2%A("-2

"%./(#(%.$ b #1!+(.A#%. C AA2!$#%. NOOOh E!,.$ 0 AA2!$#%. NOOdh >%+^-+/ NOOgcH 51(2! #1!

/+!/A! $7+K!, ($ 2(B(#!/ #% $-B:2(.A 1-4(#-#$ /!!:!+ #1-. N BL 7$! 72 #+!./$  +%B #1! 2(B(#!/

/-#- B-, (. %+B  7#7+! +!$!-+"1 $7+K!,$H

@A%3!"" 42F%&(#A%

-0



=1! %K!+-22 A%-2 % #1($ #1!$($ ^-$ #% 7$! -./ B%/( , !X($#(.A B!#1%/$ #% /!K!2%: -

4!##!+ 7./!+$#-./(.A % #1! :%$$(42! B!"1-.($B$ /+(K(.A %K!+^(.#!+(.A /($#+(47#(%. % 427!

"+-4$H ?:!"( ("-22, D 7$!/ - #^%T$#-A! G!.!+-2(e!/ <//(#(K! @%/!2 bG<@c #% -.-2,e! #1! 427!

"+-4 /($#+(47#(%. /-#-  +%B #1! ^(.#!+ /+!/A! $7+K!, (. +!A-+/$ #% #!B:!+-#7+!L $-2(.(#,L /!:#1

-./ - "%B4(.!/ !  !"# % /($#-."! -./ -+!- % $!-A+-$$H 8, -$$!$$(.A -./ 7./!+$#-./(.A

%K!+^(.#!+(.A /($#+(47#(%. (. 2(A1# % #1! :+!K(%7$ 2(#!+-#7+!L ^! "-. !X:-./ #1! #%%2$ % 

B-.-A!B!.# -./ 1(A12(A1# A-:$ (. 427! "+-4 ;.%^2!/A!H

>C?_<SB

G#$(%3 D3%,C% H-3A%<

=1! ^(.#!+ /+!/A! $7+K!, b56?cL - $#+-#( (!/ +-./%B $7+K!,L ^-$ %+(A(.-22, /!K!2%:!/ #%

!K-27-#! #1! 4-,T^(/! 427! "+-4 $#%"; -..7-22, 4, -$$!$$(.A #1! $(e!L $!XL -47./-."! -./

B%+#-2(#, % #1! :%:72-#(%. -4%K! Pg BB "-+-:-"! ^(/#1 b95c !-"1 ,!-+H K!+, Q%K!B4!+

#1+%7A1 @-+"1 $(."! P\Z\L ZUU #% PgOO +-./%B $#-#(%.$ /!!:!+ #1-. PHg B 1-K! 4!!. $-B:2!/

4-,T^(/!H =1! /-#- "%22!"#!/ (."27/! "+-4 $!XL "+-4 $(e!L /!:#1 -./ 2%"-#(%. % #1! 4!A(..(.A

-./ !./ % !-"1 #%^H >%+ $%B! 2%"-#(%.$ -./ ,!-+$L #!B:!+-#7+!L /($$%2K!/ %X,A!.L $-2(.(#,L

$!/(B!.# #,:!L 4%##%B #,:! -./ 4,"-#"1 ^!+! -2$% +!"%+/!/ b>(A7+! gcH

=1! %+(A(.-2 /!$(A.L 4-$!/ %. - :(2%# $7+K!, (. P\Z\ bE%#1$"1(2/ !# -2H P\\NcL 7./!+^!.#

K-+,(.A $#+-#( ("-#(%. -./ $74T$#+-#( ("-#(%.L $-B:2! -22%"-#(%.$L -+!- #%^!/L -./ +!:2("-#! #%^$

:!+ $(#!H <2#1%7A1 ?"1-  .!+ -./ 6(-e bP\ZZc  %7./ $!/(B!.# #,:! #% 4! (B:%+#-.#  %+ 47+,(.A

4!1-K(%+L $!/(B!.# #,:! -$ - $#+-#7B ^-$ +!B%K!/  +%B #1! $7+K!, (. P\\N /7! #% #1! 2-"; % 

-Y



-. -""7+-#! 4-,T^(/! $!/(B!.# B-: ^1("1 "%72/ 2!-/ #% 4(-$  +%B (.-""7+-#! $74$#+-#7B

^!(A1#$L #%^ 2!.A#1 $-B:2(.A B%+! #1-. %.! $!/(B!.# #,:!L (."%.$($#!.# $!/(B!.# /($#+(47#(%.

%K!+ #(B!  +%B "7++!.#$ -./ #(/-2 !  !"#$L -./ "%$#H 0-(+!/ #%^$ ^!+! +!B%K!/ /7! #%

"%++!2-#(%. b+NnOHgTOHUc 4!#^!!. #1! #%^$H ?1-+%K !# -2H bNOO[c  %7./ #1-# $#+-#( ("-#(%. 4, +(K!+

-./ B-S%+ :-+#$ % #1! 4-,L ^(#1 $74T$#+-#( ("-#(%. 4, $!/(B!.# #,:! -./ :-(+!/ #%^$ !X1(4(#!/

%.2, B-+A(.-2 (B:+%K!B!.# #% #1! B%/!2$ -./ ^!+! /($"-+/!/H D. P\\dL #1! /!$(A. +!-"1!/

"%.$($#!.", ^(#1 #1+!! $#+-#- bW::!+ 8-, -./ E(K!+$L D.#!+B!/(-#! 8-,L -./ &%^!+ 8-,cL

!$#-42($1!/ #%#-2 -+!- $-B:2!/ b\LZPN ;BNcL - A+!-#!+ .7B4!+ % $#-#(%.$ $-B:2!/ bPLNZUTPLgOOc

-./ $(.A2! #%^$H -"1 #%^ "%K!+$ -4%7# POO BL 2-$#$ %.! B(.7#! -# [ ;.%#$L -./ ($ /%.! ^(#1 -

PHZ[TBT^(/! "%BB!+"(-2 "+-4 /+!/A! ^(#1 - PH[T"BT^(/! B!$1 2(.!+H =1! $7+K!, ($ "%./7"#!/

4, #^% K!$$!2$T - /!-/T+($! (. @-+,2-./ -./ - B%/( (!/ :-$$!.A!+ #+-.$:%+# 4%-# (. 3(+A(.(-H

9-#"1-4(2(#, /(  !+!."!$ 4!#^!!. #1! #^% K!$$!2$ ^!+! #-;!. (.#% -""%7.# 4, (."27/(.A - K!$$!2

K-+(-42! (. #1! B%/!2H @%+! /!#-(2$ -4%7# #1! /!$(A. "-. 4!  %7./ (. 3O2$#-/ !# -2H bNOOOc -./

?1-+%K !# -2H bNOO[cH

I.! 2(B(#-#(%. ($ #1-# #1! $7+K!, /%!$ .%# +!:+!$!.#-#(K!2, $-B:2! S7K!.(2!$ $(."! #1!

4%-#$ "-. %.2, #%^ (. /!:#1$ A+!-#!+ #1-. PHg B -./ #1! /+!/A! B!$1 %.2, "%.$($#!.#2, +!#-(.$

"+-4$ -4%K! Pg BB 95H I#1!+ "%.$#+-(.#$ (."27/! (."%.$($#!.# $-B:2(.A %. /(  !+!.#

$74$#+-#!$L $-B:2(.A - #!+ #1! "+-4$ 1-K!  (.($1!/ %K!+^(.#!+(.AL -./ !X"27$(%. % /!!:!+ $(#!$

"2%$! #% $1%+! /7! #% 4%-# -""!$$H

>%+ #1($ $#7/,L "+-4 $!X -./ $(e! ^!+! 7$!/ #% /(  !+!.#(-#! #1! "+-4 "2-$$!$  %+ #1!

B%/!2$ ^(#1 "+-4$ o YO BB 95 "%.$(/!+!/ S7K!.(2!$ b<A! Olc -./ "+-4$ m YO BB 95 -$ -/72#$

b<A! PlcH =%^ -+!- ^-$ 7$!/ #% $#-./-+/(e! "+-4 -47./-."!H ?#-#(%. 2%"-#(%. ^-$ 7$!/ (.

"-2"72-#(.A :1,$("-2 K-+(-42! !$#(B-#!$  +%B #1! 91!$EI@? B%/!2 -./ (. #1! GD? "-2"72-#(%.$ % 

-b



/($#-."!$ -./ -+!-$H ?-B:2! /-, ^-$ 7$!/ (. "%.S7."#(%. ^(#1 #1! 91!$EI@? B%/!2 #% %B(#

$-B:2!$ #-;!. ^1!. #!B:!+-#7+! ^-$ -4%K! POf9H <K!+-A! /!:#1 % #1! #%^ ^-$ -//!/ -$ -

:+!/("#%+ K-+(-42! (. #1! G<@ B%/!2H

?%3#!" H%!C3!)) H-3A%<

<..7-2 4-,T^(/! $!-A+-$$ -+!- -./ /($#+(47#(%.$ ^!+! /!+(K!/  +%B #1! 3D@?

?74B!+A!/ <F7-#(" 3!A!#-#(%. 0+%A+-Bi$ -..7-2 -!+(-2 $7+K!, bI+#1 !# -2H NOPOcH =1! $7+K!,

:+%/7"!$ -..7-2 -!+(-2 :1%#%A+-:1$ #-;!. -# -. -2#(#7/! % -::+%X(B-#!2, dLOOO BL ,(!2/(.A -

$"-2! % PaNdLOOO bP B-: "Ba NdLOOO +!-2 ^%+2/ "BcH =1($ #+-.$2-#!$ #% - $"-2! % UHg B(.7#!

F7-/+-.A2!$L %+ - 4%X ^(#1 -. -+!- % UHg B(.7#!$ % 2%.A(#7/! 4, UHg B(.7#!$ 2-#(#7/!H Q-#(%.-2

@-::(.A <""7+-", ?#-./-+/$  %+ PaNdLOOOT$"-2! B-::(.A B-./-#! #1-# \Ok % #1!  !-#7+!$ (.

#1! $:-#(-2 "%K!+-A! 4! ^(#1(. Pd B % #1!(+ !X-"# 2%"-#(%. %. #1!  -"! % #1! -+#1H <# PaNdLOOO

$"-2!$L - OHg BB 2(.! "%K!+$ PNHg B %. #1! A+%7./H =1!+! %+!L #1! $B-22!$# +!$%2K-42! %4S!"# %.

- PaNdLOOO $"-2! B-: B7$# 4! Pd B (. $(e!H =1! $7+K!, ($ #-;!. /7+(.A #1! :!-; A+%^(.A $!-$%.

% $!-A+-$$L -./ "%K!+$ %K!+ dLOOO ;B %  2(A1# 2(.!H =1! :1%#%A+-:1$ -+! A!%+!"#( (!/ -./

%+#1%A+-:1("-22, "%++!"#!/ #% :+%/7"! :1%#%B%$-("$H -"1 $!-A+-$$ 4!/ ($ %7#2(.!/ -./ #1!

/!.$(#, % $!-A+-$$ ^(#1(. !-"1 4!/ %+ $74$!"#(%. ^(#1(. #1! 4!/ ($ !$#(B-#!/ -./ "2-$$( (!/ (.#%

%.! %  %7+ A+%7:$a PL K!+, $:-+$! bo POkch NL $:-+$! bPOTdOkch [L B%/!+-#! bdOTUOkch -./ dL

/!.$! bUOTPOOkcH =1! /-#- -+! A+%7./T#+7#1!/ %::%+#7.($#("-22, (. "%22-4%+-#(%. ^(#1 %#1!+

:-+#(!$ -./ 1-K! "%. (+B!/ #1! 2%"-#(%. % $%B! 4!/$ -$ ^!22 -$  %7./ 4!/$ #%% $B-22 #% 4!

/!#!"#!/ (. #1! -!+(-2 :1%#%A+-:1$H

-/



=1! $!-A+-$$ /($#+(47#(%.$ -+! "%.$#+-(.!/ (. #1-# #1!  2(A1#$ A!.!+-22, %""7+  +%B @-,

#% M72, -./ B-, .%# +!:+!$!.# #1! $!-A+-$$ -K-(2-42! ^1!. "+-4$ 4!A(. #% %K!+^(.#!+H =1!

$7+K!, -2$% B($$!$ $!-A+-$$ 4!/$ $B-22!+ #1-. Pd BNH )%^!K!+L #1!+! -+! .% %#1!+ /-#- % #1($

$%+# -# - $7  ("(!.#2, 1(A1 +!$%27#(%. %+ $:-#(-2 "%K!+-A!H

=1($ $#7/, 7$!/ #1! -..7-2 $!-A+-$$ :1%#%B%$-("$ (. "%.S7."#(%. ^(#1 GD? #% B!-$7+!

#1! /($#-."! % !-"1 $-B:2(.A :%(.# #% #1! "2%$!$# $!-A+-$$ 4!/ -./ (#$ -+!-H 8%#1 #1! /($#-."!

-./ -+!- !$#(B-#!$ ^!+! 7$!/ #% "+!-#! #1! $!-A+-$$ !  !"# K-+(-42! ^1("1 ^-$ ^!(A1#!/ 4, #1!

4!/i$ /($#-."!  +%B $!-A+-$$H =1!  %22%^(.A  7."#(%. ^-$ 7$!/ #% /!#!+B(.! #1! ^!(A1#a

@4 g $XH  !"#$%&() $+ #)%,-%##  ./ 0 1 bRK

=1!  7."#(%. B-X(B(e!$ #1! !  !"# % $!-A+-$$  %+ -  !^ ;(2%B!#!+$ 7.#(2 - #1+!$1%2/ -# g ;BL

#1!. /+%:$ #% .!-+2, e!+% 4, PO ;B b>(A7+! YcH =1! !F7-#(%. ($ -. -::+%X(B-#(%. -./ /!+(K!/

 +%B #1! /($#-."!$ % $!-A+-$$ 4!/$ (. #1! #+(47#-+(!$ #% 1-4(#-#$ 7#(2(e!/ 4, %2/!+ S7K!.(2!$ -./

-/72#$H ?!-A+-$$ !  !"# ^-$ "-2"72-#!/ 4, B72#(:2,(.A #1! -+!- % $!-A+-$$ "2%$!$# #% - :%(.# 4,

#1($ ^!(A1#H

 ;%)I@JH

91!$-:!-;! 8-, E!A(%.-2 I"!-. @%/!2(.A ?,$#!B b91!$EI@?c ($ - :+(B(#(K! !F7-#(%.

B%/!2 #1-# "%.$#(#7#!$ #1! 1,/+%/,.-B(" "%B:%.!.# % #1! 91!$-:!-;! 8-, 0+!/("#(%. ?,$#!BH

91!$EI@? ($ 4-$!/ %. #1! E!A(%.-2 I"!-. @%/!2(.A ?,$#!B bEI@?c -./ "%. (A7+!/ ^(#1

:1,$("-2 -./ 4(%A!%"1!B("-2 :+%"!$$!$ (B:%+#-.#  %+ $1-22%^ !$#7-+(!$H 0+(B(#(K! !F7-#(%.$ -+!

-Q



#1! $#-./-+/ $!# % .%.2(.!-+ /(  !+!.#(-2 !F7-#(%.$ 7$!/ (. -#B%$:1!+(" B%/!2$ -./ "%.$($# % 

!F7-#(%.$ /!$"+(4(.A "%.#(.7(#,L #1!+B-2 !.!+A, -./ #1! "%.$!+K-#(%. % B%B!.#7BH

8-#1,B!#+, ^-$ !X#+-"#!/  +%B #1! 1(A1 +!$%27#(%. "%-$#-2 +!2(! B%/!2 /-#-  +%B

QI<<i$ Q-#(%.-2 G!%:1,$("-2 6-#- 9!.#!+H <. %+#1%A%.-2 "7+K(2(.!-+ A+(/ b2IIX X PgO, X NOec

^-$ "1%$!. #%  %22%^ #1! /!!: "1-..!2 -./ "%B:2!X "%-$#2(.!$H =1($ K!+$(%. % #1! 91!$EI@?

B%/!2 b?"722, NOPOc :+%K(/!/ #!B:!+-#7+! -./ $-2(.(#, !$#(B-#!$L ^1("1 1-K! 4!!. K-2(/-#!/

^(#1 1($#%+("-2 /-#-  +%B #1! 91!$-:!-;! 8-, 0+%A+-BL +!-2 #(B! B!-$7+!B!.#$L -./ $-#!22(#!

+!B%#! $!.$(.AH 51(2! #1! B%/!2 !$#(B-#!$ #!B:!+-#7+! ^!22L #1! B%/!2 7./!+!$#(B-#!$

$-2(.(#, K-+(-4(2(#,H ?!! 1##:aRR^^^HBK+%B$H%+AR0-:!+$R+%B$H:/  %+ /!#-(2$ % #1! EI@? B%/!2

-./ 1##:aRR"1!$H"%BB7.(#KB%/!2(.AH%+ARB%/!2$R91!$EI@?R(./!XH:1:  %+ 91!$EI@?H

=1! 91!$EI@? B%/!2 "%.$#+-(.!/ #1! -.-2,$($ (. - .7B4!+ % ^-,$H >(+$#L #1!

$(B72-#(%. 7$!/ (. #1($ -.-2,$($ !X#!./!/  +%B P\\P #% NOOgH D. -//(#(%.L -+%7./ POO $-B:2(.A

:%(.#$ !-"1 ,!-+ ^!+! +!B%K!/ 4!"-7$! #1!, ^!+! $1-22%^ $(#!$ %7# % #1! B%/!2 /%B-(.H

>(.-22,L #1! B%/!2 A+(/ "!22$ 1-K! #1! 2%^!$# +!$%27#(%. % -., /-#- 7$!/H >%+ !X-B:2!L #1!

2-+A!$# "!22 ($ -4%7# P ;B X [ ;B (. #1! X, :2-.!H )!."! -22 $-B:2! :%(.#$ #-;!. (. #1-# "!22 ^(22

1-K! #1! $-B! K-27!H

=1! B%/!2 ^-$ 7$!/ #% "-2"72-#! bPc %. ^1-# /-, - #!+ Q%K!B4!+ P$# - $#-#(%. :%(.#

+!-"1!/ o POf9  %+ #^% "%.$!"7#(K! /-,$L bNc #1! /-, - #!+ >!4+7-+, P$# #1-# (# #%%; - $#-#(%.

:%(.# #% +!-"1 -4%K! POf9  %+ #^% "%.$!"7#(K! /-,$L -./ b[c 4%##%B $-2(.(#,  +%B #1! /-, (#

+!-"1!/ 4!2%^ POf9 ^1!. #1! ^-#!+ "%27B. ^%72/ 1-K! :+!$7B-42, $#-4(2(e!/  %+ ^(.#!+H =1!

 (+$# #^% B!-$7+!B!.#$ ^!+! 7$!/ #% !X"27/! $-B:2!$ #-;!. ^1!. #1! 4%##%B ^-#!+

#!B:!+-#7+! ^-$ -4%K! POf9H =1! /-, #1! #!B:!+-#7+! #7+.!/ POf9 -./ $-2(.(#, ^!+! -2$%

(."27/!/ (. #1! G<@ B%/!2$H

-2

http://www.mvroms.org/Papers/roms.pdf
http://ches.communitvmodeling.org/models/ChesROMS/index.php


KLH

9%.$(/!+-42! :+%A+!$$ 1-$ 4!!. B-/! (. -22 -+!-$ +!2-#(.A #% 427! "+-4 /,.-B("$H D. #1!

:-$#L 1%^!K!+L $7+K!, /-#- 1-/ :+%K!/ "7B4!+$%B! #% -.-2,e! $:-#(-22,H G!%A+-:1("

D. %+B-#(%. ?,$#!B$ bGD?c #%%2$ -22%^ !-$, "%.K!+$(%. % $:-#(-2 /-#- (.#% (. %+B-#(%. -4%7# -

A(K!. -+!- % #1! !-+#1H )%^!K!+L $"-2! $1%72/ 4! "%.$(/!+!/ ! +3#43#M >%+ !X-B:2!L 1-/ #1!

/+!/A! $7+K!,L $!-A+-$$ $7+K!,L -./ 91!$EI@? B%/!2 4!!. $:!"( ("-22, $#+7"#7+!/  %+ #1($

:+%S!"#L #1! /-#- ^%72/ 1-K! 4!!. #-;!. -# #1! -::+%:+(-#! $"-2! #% B-#"1 #1! $"-2! % #1!

!"%2%A("-2 :1!.%B!.%. b%K!+^(.#!+(.A "+-4 /($#+(47#(%.cH )%^!K!+L #1($ ($ .%# #1! "-$!H =%

+!"%."(2! #1! /(  !+(.A $"-2!$ % #1! /-#- #1! ^%+$# %+ 2-+A!$# $"-2! /-#- $1%72/ 4! 7$!/H D. #1($

$#7/, #1-# ($ #1! 91!$EI@? /-#- ^(#1 -. -K!+-A! 1%+(e%.#-2 "!22 $(e! (. #1! 4-, % PHg ;B X OHg

;BH

@!-$7+(.A #%%2$ % GD? :+%K(/! +%47$# -.-2,$!$L +-.A(.A  +%B $(B:2! -+!- "-2"72-#(%.$ #%

"%B:2!X "%..!"#(K(#, -.-2,$!$H =1!$! #%%2$ ^!+! 7$!/ #% "-2"72-#! #1! #%#-2 -+!- % !-"1

"%.#(A7%7$ ?<3 4!/ b(."27/(.A N4)(%3! 6!3#$!L I-++#! 6!3#(#6!/ -./ B-"+%-2A-!c  +%B P\\O

#1+%7A1 NOOdH 7"2(/!-.L %+ $#+-(A1# 2(.! /($#-."!$L -$ ^!22 -$ B%/( (!/ $#+-(A1# 2(.! /($#-."!$ #%

-""%7.#  %+ %4$#-"2!$ ^!+! -2$% 7$!/H =% :+!K!.# /($#-."!$ %+ :-#1$  +%B "+%$$(.A 2-./L - "%$#

+-$#!+ ^-$ "+!-#!/ #1-# -$$(A.!/ - 1(A1 "%$# #% #+-K!2(.A %. -22 p2-./p "!22$H =1!$! /($#-."! #%%2$

^!+! 7$!/ #% "-2"72-#! #1! /($#-."! #% #1! B%7#1 % #1! 8-, -./ /($#-."! #% #1! .!-+!$# ?<3

4!/L -./ #1!. 2(.;!/ ^(#1 #1! "%.#(A7%7$ ?<3 4!/ B-: #%  (./ #1! -+!- % "2%$!$# ?<3H

=1!$! #%%2$ +!2, %. #1! 7$! % +-$#!+ /-#-L +-#1!+ #1-. K!"#%+ /-#-L #% $#%+! $:-#(-2

(. %+B-#(%.H E-$#!+ /-#- -+! !-$, #% $#%+! /(A(#-22, -./ B-.(:72-#! B-#1!B-#("-22,L 47# %.2,

-V



%.! -##+(47#! "-. 4! /($:2-,!/ -# - #(B!H I."! #1! +-$#!+ /-#- ^!+! "%B:2!#!L #1! K!"#%+ /-#-

 +%B !-"1 /+!/A! ,!-+ ^!+! %K!+2-(/ %. #1! +-$#!+  %+ !-"1 -##+(47#!L -./ #1! K-27! % #1! +-$#!+

"!22 !X#+-"#!/  %+ !-"1 $#-#(%.H

K?J

>+%B #1! /+!/A! $7+K!,L #1! -47./-."! % !-"1 "+-4 "2-$$ ^-$ -"F7(+!/ -./ $!+K!/ -$

#1! /!:!./!.# K-+(-42! (. #1! -.-2,$($H =1! (./!:!./!.# %+ :+!/("#%+ K-+(-42!$ "-B!  +%B

K-+(%7$ $%7+"!$H =1! /+!/A! $7+K!, :+%K(/!/ /!:#1L #1! $!-A+-$$ $7+K!, :+%K(/!/ #1! /($#-."!

#% $!-A+-$$ -./ -+!- % $!-A+-$$L ^1("1 ^!+! 7$!/ #% "-2"72-#! $!-A+-$$ !  !"#L -./ 91!$EI@?

:+%K(/!/ #1! #!B:!+-#7+! :+%X, -./ $-2(.(#, !$#(B-#!H

E!A+!$$(%. -.-2,$!$  %"7$ %. #1! +!2-#(%.$1(: 4!#^!!. /!:!./!.# -./ (./!:!./!.#

K-+(-42!$H =1! A%-2 % #1($ +!$!-+"1 ^-$ #% +!2-#! .7B4!+ % "+-4$ #% K-+(%7$ :+!/("#%+ K-+(-42!$h

1%^!K!+L - B72#(:2! +!A+!$$(%.  +-B!^%+; ($ (.-::+%:+(-#! /7! #% #1! -$$7B:#(%. #1-# #1!

+!$:%.$! K-+(-42!  %22%^$ - .%+B-2 /($#+(47#(%.H 9%7.# /-#-L 2(;! #1! .7B4!+ % "+-4$ "-7A1#L

!$:!"(-22, (. - "-$! ^1!+! B-., %4$!+K-#(%.$ -+! e!+%$L -+! 4!##!+ -::+%X(B-#!/ 7$(.A -

0%($$%.L A-BB- %+ .!A-#(K! 4(.%B(-2 /($#+(47#(%. bG-+/.!+ !# -2H P\\gcH G!.!+-2(e!/ 2(.!-+

B%/!2$ "-. -""%BB%/-#! -., /($#+(47#(%. (. #1! !X:%.!.#(-2  -B(2, /7! #% (#$ 2(.;  7."#(%.

P65PFRR +!:2-"(.A ,H )%^!K!+L A(K!. #1! .7B4!+ -./ .-#7+! % #1! K-+(-42!$ 4!(.A !X:2%+!/L #1!

-$$7B:#(%. % 2(.!-+(#, ($ (.-::+%:+(-#!H &(.!-+(#, ^-$ !K-27-#!/ #1+%7A1 #1! $B%%#1(.A

 7."#(%.$ -./ !$#(B-#!/ /!A+!!$ %  +!!/%BH

< G!.!+-2(e!/ <//(#(K! @%/!2 bG<@cL  (+$# :+%:%$!/ 4, )-$#(! -./ =(4$1(+-.( bP\ZYcL

/%!$ .%# -$$7B! 2(.!-+(#, -./ (.$#!-/ 7$!$ #1! /-#- #% 47(2/  7."#(%.$ #1-# +!2-#! !-"1 :+!/("#%+

1.



K-+(-42! #% #1! +!$:%.$!H =1! $(B:2! +!A+!$$(%. "%!  ("(!.#$ b8OHHH8.c (. 2(.!-+ B%/!2$ -+!

+!:2-"!/ ^(#1 - .%.T:-+-B!#+(" $B%%#1(.A  7."#(%. % #1! :+!/("#%+ K-+(-42! b OHTH .cT

@72#(:2! E!A+!$$(%.

_ q 8O l 8Pb`Pc l 8Nb`Nc l 8[b`[c l 8db`dc lHHH8 :̀ :

G!.!+-2(e!/ &(.!-+ @%/!2

A (b_c q 8O l 8 J ` Lc l 8Nb`Nc l 8[b`[c l 8db`dc l HHH8 :̀ :

G!.!+-2(e!/ <//(#(K! @%/!2

Cb_c q  Ol  (b`(c l  Nb`Nc l  [b`[c l  db d̀c lHHH :`:

=1! $B%%#1(.A  7."#(%. B-, 4! 4-$!/ %. "74(" $:2(.! $B%%#1(.A %+ 2%"-22, ^!(A1!/

$"-##!+:2%# $B%%#1(.A b&I ??cH D. #1! "74(" $:2(.! "-$!L !-"1 :+!/("#%+ K-+(-42! ($ A+-:1!/ ^(#1

#1! +!$:%.$! K-+(-42! #1!. B%/!2!/ 7$(.A #1(+/ %+/!+ "74("  7."#(%.$ :(!"!/ #%A!#1!+H D. &I ??L

:%2,.%B(-2  7."#(%.$ % -., %+/!+ -+!  (# #% 2%"-2(e!/ -+!-$ "-22!/ .!(A14%+1%%/$H =1! /!A+!! % 

$B%%#1(.A +!2(!$ %. #1! $(e! % #1! .!(A14%+1%%/ (. ^1("1 - $(.A2! :%(.# ($ !$#(B-#!/H D 

.!(A14%+1%%/$ -+! #%% $B-22 #1!. #1!  7."#(%. ^(22 4! "1%::,L .%($, -./ %K!+ (#H =1($ "%72/ 2!-/

#% B%/!2$ #1-# (."27/! .%($! -./ "-. %.2,  (# #1-# :-+#("72-+ /-#- $!#H D .!(A14%+1%%/$ -+! #%%

2-+A! #1!  7."#(%.$ B-, 4! 7./!+ (# -./ 2%$! #+!./$H D. #1($ "-$!L B%/!2$ B-, 4! #%% A!.!+-2

-./ .%# $1%^ (B:%+#-.# :+!/("#%+ K-+(-42! !  !"#$ %. #1! +!$:%.$! K-+(-42!H =1! $#+!.A#1 % -

G<@ -.-2,$($ 2(!$ (. #1!  2!X(4(2(#, % #1! :+!/("#%+ K-+(-42!$h 1%^!K!+L G<@$ -+! :+%.! #% 4!(.A

%K!+ (# -./ 1-+/!+ #% (.#!+:+!# #1-. #1!(+ 2(.!-+ "%7.#!+:-+#$H

1-



G!.!+-2(e!/ <//(#(K! @%/!2$ ^!+! 7$!/ #% /!$"+(4! #1! +!2-#(%.$1(: 4!#^!!. !-"1 "+-4

"2-$$ -./ #1! -4%K! :+!/("#%+ K-+(-42!$H I.! 2-+A! G<@L (."27/(.A ,!-+ -$ - K-+(-42! ^-$ +7. 47#

B%+! #1-. 1-2 % #1! ,!-+$ -::!-+!/ $(A.( ("-.# (. #1! B%/!2H )!."! !-"1 ,!-+ ^-$ +7.

(./(K(/7-22,H =1! /-#- ^!+! A+-:1!/ -./ -::!-+!/ e!+%T(. 2-#!/L B!-.(.A #1!+! ^!+! 1(A1!+

:+%:%+#(%.$ % e!+%!$ (. #1! /-#- #1-. #1-# % #1! "%++!$:%./(.A "-./(/-#! B%/!2  -B(2(!$H =1!

/($#+(47#(%. % #1! "%7.# /-#- -2$% (./("-#!/ :%$$(42! 0%($$%. %K!+/($:!+$(%.L ^1!+! K-+(-."! ($

2-+A!+ #1-. #1! B!-.H < "%++!2-#(%. B-#+(X (./("-#!/ #1-# $%B! K-+(-42!$ B-, 4! "%22(.!-+ ^(#1

!-"1 %#1!+H =1!$! ($$7!$ ^!+! -//+!$$!/ (. #1! -.-2,$($H =% -//+!$$ #1! 1(A1 :+%:%+#(%. % 

e!+%!$ (. #1! /-#-L - #^%T$#-A! G<@ ^-$ 7$!/H =1!  (+$#T$#-A! G<@ -.-2,e!/ #1! :+!$!."! -./

-4$!."! % "+-4$L ^1(2! #1! $!"%./ $#-A! G<@ -.-2,e!/ #1! /!.$(#, % "+-4$ ^1!. :+!$!.#H

D. #1!  (+$# $#-A!L - G<@ ^1!+! #1! +!$:%.$! K-+(-42!  %22%^$ - 4(.%B(-2 /($#+(47#(%.

^(#1 - "%B:2!B!.#-+, 2%AT2%A 2(.; b"2%A2%Ac ^-$ 7$!/ #% -.-2,e! :+!$!."!T-4$!."!H W$7-22, 2%A(#

2(.;$ -+! 7$!/ ^(#1 #1! 4(.%B(-2 /($#+(47#(%.h 1%^!K!+L %7+ /-#- 1-K! - /($:+%:%+#(%.-#! -B%7.#

% e!+%$ -./ /% .%#  (# #1! -$$7B:#(%. #1-# I$ -./ D$ -+! -::+%X(B-#!2, !F7-2H < "2%A2%A 2(.;L

2(;! #1! $#-./-+/ 2%A(#L ($ -2$% - $(AB%(/  7."#(%. 47# -$ :+%4-4(2(#, (."+!-$!$ #1! #+-.$ %+B-#(%.

-::+%-"1!$ (. (.(#, $2%^!+ #1-. !(#1!+ #1! 2%A(# %+ :+%4(# 2(.;$H W.2(;! #1! 2%A(# -./ :+%4(#L

"2%A2%A ($ -$,BB!#+("L ^1("1 B-;!$ (# $7(#-42!  %+ /-#- ^(#1 -. !X#+!B! K-27! /($#+(47#(%.H =1!

 %22%^(.A ($ #1! "7B72-#(K! /($#+(47#(%.  7."#(%.  %+ "2%A2%A ^1!+! ` ($ #1! (./!:!./!.# K-+(-42!L

_ ($ #1! /!:!./!.# K-+(-42! -./ 8 ($ #1! +!A+!$$(%. "%!  ("(!.#a

"$ OP"$ Q - h 8 3 R # S -Rij k T(=

22



D. #1! $!"%./ $#-A!L %.2, #1! $-B:2!$ ^(#1 :+!$!."! ^!+! -.-2,e!/H <D9 ^-$ 7$!/ #% /!#!+B(.!

#1-# #1! /!.$(#, /-#-  (# - .!A-#(K! 4(.%B(-2 /($#+(47#(%. 4!##!+ #1-. - 0%($$%. %+ - 0%($$%.

"%++!"#!/  %+ %K!+/($:!+$(%.H

51(2! /(  !+!.# /($#+(47#(%.$ -./ 2(.;$ ^!+! 7$!/  %+ !-"1 $#-A!L #1! +!$# % #1! B!#1%/$

+!B-(. "%.$#-.#  %+ 4%#1 $#-A!$H =1!  722 B%/!2 ($ A(K!. 4,

_q  -"#%+b3c l $b6c l $b=!B:c l $b?-2c l $b?G c

51!+! 3 q K!$$!2L 6 q /!:#1L =!B: q M72(-. /-, #1-# 4%##%B #!B:!+-#7+! #7+.!/ POf9L ?-2 q

4%##%B $-2(.(#, %. #1! M72(-. /-, #1-# 4%##%B #!B:!+-#7+! #7+.!/ POf9L -./ ?G q - ^!(A1#!/

!  !"# % $!-A+-$$ ^(#1 /($#-."! -./ -+!- % $!-A+-$$ -$ (.:7#$H <2#1%7A1 .%# (./("-#!/ (. #1!

!F7-#(%.L - B-$#!+ B%/!2 "%.#-(.(.A ,!-+ -$ -  -"#%+ ^-$ +7.H )%^!K!+L #1!+! ^!+! $(A.( ("-.#

/(  !+!."!$ 4!#^!!. ,!-+$ -./ 1!."!L !-"1 B%/!2 ^-$ +7.  %+ !K!+, ,!-+H =1! K!$$!2 #!+BL

^1("1 -""%7.#$  %+ #1! /(  !+!.# 4%-#$ 7$!/ (. #1! $7+K!,L +!B-(.!/ 7.$B%%#1!/ ^1(2! #1! B-(.

!  !"#$ ^!+! $B%%#1!/ ^(#1 (./(K(/7-2 gT;.%#L :!.-2(e!/ +!A+!$$(%. $:2(.!$H r].%#$ -+! #1! S%(.

:%(.#$ (. $B%%#1(.A  7."#(%.$Hs ]!!2! bNOOZc A(K!$ - A!.!+-2 +72! #% 7$! [ ;.%#$ ( #1!+! -+! 2!$$

#1-. dO %4$!+K-#(%.$ -./ g ;.%#$ ( #1!+! -+! B%+! #1-. POOH =1! :!.-2(e!/ +!A+!$$(%. $:2(.! ($

#1! /! -72# $B%%#1(.A  7."#(%. (. Ei$ BA"K :-";-A! -./ /(  !+$  +%B - :(!"!^($! [+/%+/!+

:%2,.%B(-2 $:2(.! %.2, (. ^1!+! #1! ;.%#$ -+! :2-"!/ -./ 1%^ B%/!2 "%B:2!X(#, ($ "%.#+%22!/

#1+%7A1 :!.-2(e!/ 2(;!2(1%%/ B-X(B(e-#(%. ^1!+! - :!.-2#, ($ -//!/  %+ !-"1 $B%%#1(.A

 7."#(%.H

<$$7B:#(%.$ ^!+! K-2(/-#!/ #1+%7A1 A+-:1("-2 /(-A.%$#("$H )($#%A+-B -./ ttH :2%#$

-$$!$$!/ .%+B-2(#,L +!$(/7-2 K!+$7$ 2(.!-+ :+!/("#%+ :2%#$ -$$!$$!/ 1%B%A!.!(#, % K-+(-."!L

10



!  !"#(K! /!A+!!$ %  +!!/%B !K-27-#!/ .%.2(.!-+(#,L -./ B-::(.A #1! +!$(/7-2$ (. $:-"!

-$$!$$!/ -7#%"%++!2-#(%.H

=% $7BB-+(e! #1! (B:%+#-.# :+!/("#%+ K-+(-42!$  %+ "+-4 :+!$!."!R-4$!."! -./ "+-4

/!.$(#, #1! $(A.( ("-.# #!+B$ ^!+! #-22(!/ #1+%7A1 #1! ,!-+$  %+ !-"1 "+-4 "2-$$H =1! $(A.( ("-.#

$B%%#1!/  7."#(%.$ ^!+! -2$% !K-27-#!/H

=CBA@?B

9%22(.!-+(#, ^-$ !K-27-#!/ #1+%7A1 $"-##!+:2%#$ % !-"1 "%B4(.-#(%. % :+!/("#%+

K-+(-42!$ -./ ]!./-22i$ #-7 b(cL - +-.; "%++!2-#(%. "%!  ("(!.# 7$!/ ^1!. #1! /($#+(47#(%. % #1!

:-+-B!#!+$ ($ .%.T.%+B-2H 8%#1 $1%^!/ - $#+%.A :%$(#(K! "%++!2-#(%. bX q OHgUTOHYZc 4!#^!!.

$-2(.(#, -./ /($#-."! #% B%7#1 % #1! 4-,  %+ -22 Pd ,!-+$ % #1! $#7/, b<::!./(X <cH 67! #% #1($

+!2-#(%.$1(:L /($#-."! #% #1! B%7#1 % #1! 4-, ^-$ /+%::!/  +%B #1! B%/!2$ -$ $-2(.(#, ($ B%+!

2(;!2, #% 1-K! - "-7$-2 !  !"# %. "+-4 /($#+(47#(%.H

=!B:!+-#7+! -./ $-2(.(#, !X1(4(#!/ $#+%.A "%++!2-#(%.  %+  (K! ,!-+$ bX m OHgc 47# #1!

"%22(.!-+(#, 4!#^!!. #1!$! ^-$ /!!B!/ (.$7  ("(!.# #% !2(B(.-#! %.! % #1! K-+(-42!$H D.$#!-/

#1! B%/!2 +!$72#$ ^(22 4! (.#!+:+!#!/ (. 2(A1# % #1($ :%$$(42! +!2-#(%.$1(:H K-27-#(%. % #1!

$"-##!+:2%#$ +!K!-2!/ 2(.!-+ :-##!+.$L :+%4-42, /7! #% #1! 2-+A! $"-2! % #1! 91!$EI@? /-#-

^1!+! B72#(:2! #%^$ "%./7"#!/ .!-+ !-"1 %#1!+ ^(22 1-K! #1! $-B! #!B:!+-#7+! -./ $-2(.(#,

!$#(B-#! /7! #% #1! #%^$ 4!(.A (. #1! $-B! 91!$EI@? "!22H =1!  722 B%/!2 ^-$ +7.  %+ !K!+,

,!-+ -./ "+-4 "2-$$ ^(#1 $(A.( ("-."! -# #1! -2:1- o OHOg 2!K!2 b<::!./(X 8cH

>%+ #1! $#-A! %.! G<@ b:+!$!."!R-4$!."!cL #!B:!+-#7+! /-, ^-$ (B:%+#-.#  %+ !K!+,

"2-$$L -::!-+(.A (. Yg %7# % UO B%/!2$H ?-2(.(#, -./ /!:#1 -::!-+!/ $(A.( ("-.# YN -./ d\ #(B!$

1Y



+!$:!"#(K!2,L ^1(2! $!-A+-$$ !  !"# ^-$ %.2, $(A.( ("-.# (. PO B%/!2$ b<::!./(X 9cH >%+ #1! $#-A!

#^% G<@ b/!.$(#,cL #!B:!+-#7+! /-, ^-$ (B:%+#-.#  %+ !K!+, "2-$$L -::!-+(.A (. dU %7# % UO

B%/!2$H ?-2(.(#, -./ /!:#1 ^!+! $(A.( ("-.# dO -./ [[ #(B!$L ^1!+!-$ #1! $!-A+-$$ !  !"# ^-$

%.2, $(A.( ("-.# (. PP B%/!2$ b<::!./(X 6cH D. A!.!+-2L  (+$# $#-A! G<@$ 1-/ B%+! $(A.( ("-.#

K-+(-42!$ #1-. $!"%./ $#-A! G<@$L :+%4-42, /7! #% #1! .7B4!+ % %4$!+K-#(%.$  %+ !-"1 $#-A!H

>%+ $#-A! %.!L Q +-.A!/  +%B PPNN #% NgNPL -./  %+ $#-A! #^% Q +-.A!/  +%B POY #% PPgNH

=1! :!.-2(e!/ +!A+!$$(%. $:2(.!  (#$ % !-"1 :+!/("#%+ K-+(-42! %. !(#1!+ "+-4 :+!$!."! b$#-A!

%.!c %+ "+-4 /!.$(#, b$#-A! #^%c  %+ !-"1 ,!-+ -./ "2-$$ b>(A7+! Uc $1%^!/ - K-+(!#, % $1-:!$H D 

#1! :TK-27! ^-$ m OHOgL #1!  (# ^-$ .%# $(A.( ("-.# -./ #1! :TK-27! ^-$ :+%K(/!/ (.$#!-/ % #1!

 (#H Q%#! #1-#  %+ #1! G<@ $"+(:# (. Ei$ BA"K :-";-A!L -2:1- -# OHOg ($ .%# $#+("# /7! #%

7."!+#-(.#, (. 2-B4/- ^1!. "-2"72-#(.A #1! !  !"#(K! /!A+!!$ %  +!!/%B 7$(.A "+%$$ K-2(/-#(%.H

D #1! /!A+!!$ %  +!!/%B ^!+! ;.%^.L #1!+! ^%72/ 4! 2!$$ 7."!+#-(.#, -+%7./ -2:1-H

?(B72-#(%.  +%B 5%%/ bNOOYc  %7./ #1-# :TK-27!$ "2%$! #% OHOg "-. 4! 1-2 #1!(+ "%++!"# K-27!$

^1!.u #1! .722 1,:%#1!$($ ($ #+7!H )!."! $B%%#1(.A  7."#(%.$ ^(#1 :TK-27!$ 2!$$ #1-. OHOOP -./

A+!-#!+ #1-. OHN "-. 4! +!-/(2, #+7$#!/ ^1(2! -.,#1(.A (. 4!#^!!. $1%72/ 4! #-;!. ^(#1 "-7#(%.H

8!##!+ !$#(B-#!$ "%72/ 4! %4#-(.!/ #1+%7A1 4%%#$#+-::(.AL 1-/ "%B:7#-#(%.-2 :%^!+ -./ #(B!

.%# 4!!. -. ($$7!H D #1!  %"7$ 1-/ 4!!. %. :+!/("#(%. +-#1!+ #1-. !X:2%+-#(%. -./ B!"1-.($B$L

4%%#$#+-::(.A ^%72/ 1-K! 4!!. #1! B!#1%/ % "1%("!H

D. B%$# B%/!2$  %+ S7K!.(2!  !B-2!$L :+!$!."! (."+!-$!/ ^(#1 /!:#1 7.#(2 :!-;(.A -# PNT

Nd BL - #!+ ^1("1 #1! +!2-#(%.$1(: 4!"-B! 2!$$ $#-42!H 6!.$(#, /!"+!-$!/ ^(#1 /!:#1 (.  %7+ %7#

% #1!  (K! $(A.( ("-.# $B%%#1(.A  7."#(%.$H ?-2(.(#, ^-$ $(A.( ("-.#  %+ "+-4 :+!$!."! !K!+, ,!-+

-./ #1! $B%%#1!/ B%/!2$  %22%^ #1! $-B! :-##!+.H D. A!.!+-2L $-2(.(#, 1-/ - :%$(#(K! !  !"# %.

"+-4 :+!$!."! 7.#(2 -4%7# Y B ^1!+! #1!+! ^-$ - $#!!: /!"2(.!H =1! :+!/("#%+  7."#(%.$  %+

1b



/!.$(#, ^!+! B%+! 1!#!+%A!.!%7$L 47# B%$# "7+K!$ $1%^ - 17B:!/ +!2-#(%.$1(: ^(#1 1(A1!$#

/!.$(#, -# [ -./ Y BH =!B:!+-#7+! -./ :+!$!."! $1%^ - A!.!+-2 /!"2(.! !X"!:#  %+ P\\NL NOON

-./ NOO[L ^1("1 1-/ -B4(A7%7$ "7+K(2(.!-+ +!2-#(%.$1(:$H >%+ /!.$(#,L  %7+ % #1! $(X $(A.( ("-.#

+!2-#(%.$1(:$ 1-/ - 2(.!-+ /!"2(.!H ?!-A+-$$ !  !"# ^-$ %.2, $(A.( ("-.# (. #^% % #1! Pd ,!-+$  %+

4%#1 #1! :+!$!."! -./ /!.$(#, G<@$H

@-#7+!  !B-2! :+!$!."! (."+!-$!/ ^(#1 /!:#1 7.#(2 2!K!2(.A -# Nd BL - #!+ ^1("1 #1!

+!2-#(%.$1(: ^-$ 2!$$ "!+#-(.H 6!.$(#, -2$% (."+!-$!/ ^(#1 /!:#1 7.#(2 PZ B !X"!:# (. P\\NLP\\Z

-./ NOOdH =1!+! ^-$ -. (."+!-$! (. "+-4 :+!$!."! -./ /!.$(#, ^(#1 $-2(.(#,  %+ B%$# ,!-+$h

$%B! ,!-+$ 1-/ - 4(B%/-2 +!2-#(%.$1(:H =1!+! ^-$ - A!.!+-2 /!"2(.! (. :+!$!."! 7.#(2

#!B:!+-#7+! /-, [dg -# ^1("1 :%(.# #1! +!2-#(%.$1(: ^-$ 2!$$ "!+#-(.H >%+ /!.$(#,L #1! :!-; ^-$

4!#^!!. /-,$ [dg -./ [gOH ?%B! ,!-+$ -2$% 1-/ - :!-; -# #1! !-+2(!$# #!B:!+-#7+! /-,h

1%^!K!+ #1!+! ^!+!  !^ /-#- :%(.#$ "2%$! #% #1! 2%^!$# #!B:!+-#7+! /-,$H ?!-A+-$$ !  !"# ^-$

%.2, $(A.( ("-.# (.  %7+ % #1! :+!$!."! G<@$ -./ #1+!! % #1! /!.$(#, G<@$L 47# $1%^!/ -

.!A-#(K! +!2-#(%.$1(: (. -22 47# %.! $B%%#1H

>%+ -22 ,!-+$ 47# NOO[L S7K!.(2! B-2! :+!$!."! (."+!-$!/ ^(#1 /!:#1 7.#(2 PNTPg BL -#

^1("1 :%(.# :+!$!."! /!"+!-$!/H 0+!$!."! -./ $-2(.(#,  %22%^!/ #1! $-B! A!.!+-2 :-##!+. -$

#1! %.! /!$"+(4!/  %+ S7K!.(2!  !B-2!$h 1%^!K!+L #1! +!2-#(%.$1(: 4!#^!!. /!.$(#, -./ $-2(.(#,

"7+K!$ ^-$ .%# "%.$($#!.#H D. A!.!+-2 #1!+! ^!+! 2%^!+ /!.$(#(!$ -# #1! 2%^!$# -./ 1(A1!$#

$-2(.(#(!$L !X"!:#  %+ P\\gL NOON -./ NOO[H 0+!$!."! -./ #!B:!+-#7+! 1-/ - .!A-#(K!

+!2-#(%.$1(: !X"!:#  %+ P\\NLP\\d -./ NOOPH 6!.$(#, -./ #!B:!+-#7+! -2$% 1-/ - .!A-#(K!

+!2-#(%.$1(: !X"!:#  %+ P\\N -./ P\\[H ?!-A+-$$ !  !"# ^-$ .%# $(A.( ("-.# (. #1! :+!$!."!

B%/!2$ -./ %.2, $(A.( ("-.# (. %.! /!.$(#, B%/!2H

1/



</72# B-2! :+!$!."! ^(#1 /!:#1 ^-$ $(A.( ("-.#  %+ !(A1# ,!-+$H X"!:#  %+ NOO[ -./

NOOdL /!:#1 -./ :+!$!."! $1-+!/ - :%$(#(K! +!2-#(%.$1(: 7.#(2 Nd B -# ^1("1 :%(.# #1! :-##!+.

^-$ (."%.$($#!.#H 6!.$(#, ^-$ $(A.( ("-.# (.  (K! ,!-+$ ^(#1 #1+!! $1%^(.A - .!A-#(K!

+!2-#(%.$1(: ^(#1 /!:#1H )(A1!$# :+!$!."! ^-$ 4!#^!!. PO -./ NO !K!+, ,!-+L ^(#1 B%$# ,!-+$

-# PgH ?-2(.(#, -./ /!.$(#, ^!+! %.2, $(A.( ("-.#  %+ #1+!! ,!-+$ 47# 1-/ - .!A-#(K! +!2-#(%.$1(:

(. #^% ,!-+$H =!B:!+-#7+! -./ :+!$!."! 1-/ - .!A-#(K! +!2-#(%.$1(: !X"!:# (. NOOP -./ NOO[H

=1! $B%%#1(.A  7."#(%.$  %+ /!.$(#, -./ #!B:!+-#7+! ^!+! /+(K!. 4, "27$#!+(.A -+%7./

#!B:!+-#7+! /-,$H _!-+$ ^(#1 !K!. $:+!-/ -2%.A #!B:!+-#7+! /-,$ 1-/ - .!A-#(K! +!2-#(%.$1(:

^(#1 /!.$(#,H

=1! %7#:7# (."27/!/ #^% B!-$7+!$ % A%%/.!$$ %  (# b<::!./(X 8ca #1! -/S7$#!/ +T

$F7-+!/ ($ -. !$#(B-#! % #1! :+%:%+#(%. % K-+(-."! !X:2-(.!/ -./ #1! /!K(-."! !X:2-(.!/H

6!K(-."! !X:2-(.!/ 7$!$ .722 /!K(-."!L ^1("1 ($ #1! /!K(-."!  %+ - B%/!2 ^(#1 S7$# - "%.$#-.#

U- "" D%A#!$&% hI%)#,-!" D%A#!$&%
D%A#!$&% V:+"!#$%, S ZZZZZZZZZ

U- "" D%A#!$&%

#!+BL -./ +!$(/7-2 /!K(-."!L ^1("1 ($ #1! /!K(-."! % #1!  (##!/ B%/!2H =1! 2-##!+ ($ -

A!.!+-2(e-#(%. % +NL 4!$# $7(#!/  %+ /-#- ^(#1 .%.T.%+B-2 !++%+$ b5%%/ NOOYc -./ ^(22 4! #1!

A%%/.!$$ %  (# B!-$7+! -.-2,e!/ (. #1($ $#7/,H </72#  !B-2!$ 1-/ #1! 2!-$# -K!+-A! /!K(-."!

!X:2-(.!/  %+ $#-A! %.! -# \HUkL  %22%^!/ 4, -/72# B-2!$ bP[HYkcL S7K!.(2!  !B-2!$ bPgHNkc -./

S7K!.(2! B-2!$ bPYHPkcH ?#-A! #^% -2$% 1-$ -/72#  !B-2!$ 1-K(.A #1! 2!-$# /!K(-."! !X:2-(.!/

bPZHPkc  %22%^!/ 4, S7K!.(2!  !B-2!$ bNOHNkcL S7K!.(2! B-2!$ bNPHPkc -./ -/72# B-2!$ bNdHPkcH

9+%$$ K-2(/-#(%.L - #!"1.(F7! #% -$$!$$ 1%^ -""7+-#!2, - B%/!2 "-. :+!/("# (. :+-"#("!L

^-$ .%# 7$!/ ^(#1 #1!$! /-#-H =1! :7+:%$! % #1($ $#7/, ^-$ !X:2%+-#%+,H =17$L #1! /-#- ^!+!

1Q



7$!/ #% "%.$#+7"# B%/!2$ +-#1!+ #1-. K-2(/-#! B%/!2$  %+ :+!/("#(%.H 9+%$$ K-2(/-#!/ B%/!2$ % 

#1! -/72#  !B-2! "+-4$ "-. 4!  %7./ (. M!.$!. !# -2H bNOOgc

?))-6+(#4$)

G+-:1("-2 /(-A.%$!$ K-2(/-#!/ B%/!2 -$$7B:#(%.$H )($#%A+-B$ -./ tt :2%#$ !K-27-#!/

.%+B-2(#,L +!$(/7-2 K!+$7$  (##!/ K-27! -$$!$$!/ 1%B%A!.!(#, % K-+(-."!L -./ +!$:%.$! K!+$7$

 (##!/ K-27!$ -$$!$$!/ B%/!2  (#H Q%.T2(.!-+(#, ^-$ -$$!$$!/ #1+%7A1 #1! $B%%#1(.A  7."#(%.$

b>(A7+! Uc -./ #1! !$#(B-#!/ /!A+!!$ %  +!!/%B b!/ L <00 Q6D` 8cH )(A1!+ !/ (./("-#!$ 1(A1!+

.%.T2(.!-+(#, (. #1! $B%%#1(.A $:2(.!H =!B:%+-2 -7#%"%++!2-#(%. /(/ .%# .!!/ #% 4! -//+!$$!/

$(."! !-"1 ,!-+ ^-$ !K-27-#!/ (./(K(/7-22,H ?:-#(-2 -7#%"%++!2-#(%. ^-$ B(.(B-2 -# #1! 4+%-/

$"-2! % #1($ $#7/, -./ ^-$ !K-27-#!/ 4, B-::(.A #1! +!$(/7-2$ % -22 PdO B%/!2$ b<00 Q6D` 6cH

Q% %.! "2-$$ %+ -+!- 1-/ :+!/%B(.-.#2, $;!^!/ .!A-#(K! %+ :%$(#(K! +!$(/7-2$L #1%7A1 $%B!

-+!-$ B-, 1-K! 1-/ B%+! !X#+!B! :%$(#(K! -./ .!A-#(K! +!$(/7-2$ #1-. %#1!+ -+!-$H ?-B:2!

:%(.#$ ^!+! +-./%B2, "1%$!. -./ 1-/ -::+%X(B-#!2, !K!. $:+!-/ #1+%7A1 #1! ,!-+$L #1%7A1 (.

$%B! ,!-+$ #1!+! ^!+! A-:$ (. $-B:2(.A b<00 Q6D` 6cH

S:BOABB:<(

827! "+-4 $:-#(-2 /($#+(47#(%. ^-$ :+!/%B(.-.#2, -  7."#(%. % :1,$("-2 K-+(-42!$L ^(#1

$74$#-.#(-2 K-+(-#(%. 4, -A! "2-$$ -./ A!./!+H =!B:!+-#7+! -./ $-2(.(#, ^!+! $(A.( ("-.# (.

-2B%$# !K!+, $#-A! %.! B%/!2 +!A-+/2!$$ % "+-4 "2-$$H 6!:#1 ^-$ B%+! (B:%+#-.# (. :+!/("#(.A

12



 !B-2! :+!$!."! #1-. B-2! :+!$!."!L ^1(2! $!-A+-$$ !  !"# 1-/ 2(##2! :%^!+ (. :+!/("#(.A !(#1!+

:+!$!."! %+ /!.$(#,H

D%+(;

>!B-2! $B%%#1(.A  7."#(%.$  %+ :+!$!."! 1-/ - A!.!+-2 (."+!-$! ^(#1 /!:#1 7.#(2 PZ BL

-# ^1("1 :%(.# S7K!.(2!  !B-2! :+!$!."! /!"+!-$!/ ^(#1 /!:#1 4!"-7$! #1!, +!B-(.!/ (. #1!

#+(47#-+, $1-22%^$H </72#  !B-2! :+!$!."! "%.#(.7!/ #% (."+!-$! ^(#1 /!:#1 7.#(2 Nd B -# ^1("1

:%(.# #1! $B%%#1(.A  7."#(%.$ /!K(-#!/ (. $1-:!H =1! /!!:!+ /!:#1 "%(."(/!$ ^(#1 #1!

B(A+-#(%. /!$#(.-#(%. % -/72#  !B-2!$ #% #1! B%7#1 % #1! 4-,H 51(2! /!:#1 -::!-+!/

(B:%+#-.# (. B%$#  !B-2! B%/!2$L /!:#1 ^-$ %.2, $(A.( ("-.#  %+ 1-2 % #1! B-2! B%/!2$H

D.#!+!$#(.A2,L S7K!.(2! -./ -/72# B-2! $B%%#1(.A  7."#(%.$L ^1(2! .%# #1! $-B! $1-:!L ^!+! -2$%

(B:%+#-.#  %+ B%$# % #1! $-B! ,!-+$H M7K!.(2! B-2! "7+K!$L ^1!. $(A.( ("-.#L ^!+! $(B(2-+ #%

#1! S7K!.(2!  !B-2! "7+K!$L ^1("1 :!-;!/ (. :+!$!."! -# PZ BH =1!$! /-#- /!B%.$#+-#! #1-#

S7K!.(2! B-2! /!:#1 /($#+(47#(%. ^-$ $(B(2-+ #% #1-# % B-2!$ (. #!+B$ % $(A.( ("-."! % /!:#1 -$

- :+!/("#%+ K-+(-42! -./ #% #1-# % S7K!.(2!  !B-2!$ (. #!+B$ % #1! $B%%#1(.A  7."#(%. $1-:!H

=1($ B-, (./("-#! #1-# S7K!.(2! B-2!$ -./  !B-2!$ $1%72/ 4! #+!-#!/ $!:-+-#!2, -./ $7AA!$#$

(.K!$#(A-#(.A #1! $(e! -# ^1("1 S7K!.(2! B-2!$ -./  !B-2!$ 4!A(. #% !X1(4(# /(  !+!.# :-##!+.$ (.

/!:#1 /($#+(47#(%.H

H!"#$#(<

1V



?-2(.(#, ^-$ - $(A.( ("-.# :+!/("#%+ K-+(-42!  %+ S7K!.(2!$ (. -22 ,!-+$ !X"!:# NOOdH =1!

"7+K!$ !X1(4(#!/ - $1-22%^ +($! ^(#1 (."+!-$(.A $-2(.(#, 7.#(2 - :!-; -+%7./ PgTNOL #1!. - $1-+:

/!"2(.! - #!+^-+/$H =1($ ^-$ !X:!"#!/ -$ S7K!.(2!$ +!B-(. (. #1! +(K!+$H </72# B-2!$  %22%^!/ -

$(B(2-+ :-##!+. ^(#1 #1! !X"!:#(%. #1-# #1! $B%%#1(.A  7."#(%. ^-$ 17B:!/ ^(#1  !^!+ B-2!$ (.

2%^ $-2(.(#(!$H =1($ $7::%+#$ #1! -$$7B:#(%. #1-# B-2!$ #!./ #% $#-, (. #1! B(//2! -./ /%^.+(K!+

:-+#$ % #1! 4-, #% B-#! ^(#1 :+!T:74!$"!.#  !B-2!$ #+-K!2(.A  +%B 7:+(K!+ 2%^!+ $-2(.(#,

^-#!+$H </72#  !B-2! :+!$!."!  %22%^!/ -. (.#!+!$#(.A :+%A+!$$(%. :-##!+.H <$ !X:!"#!/L #1!+!

^-$ -. (."+!-$! (. :+!$!."! ^(#1 1(A1!+ $-2(.(#, $(."!  !B-2!$ B(A+-#! #%^-+/$ #1! B%7#1 % #1!

4-,H )%^!K!+L $%B! ,!-+$ $1%^!/ - /($#(."# #^% 17B:!/ $B%%#1L :%$$(42, +! 2!"#(.A #1!

B(A+-#(%. % 7::!+ -./ 2%^!+ 4-,  !B-2!$ #1-# 1-/ #% %K!+^(.#!+ 4! %+! 1!-/(.A #% #1! B%7#1H

?%B! ,!-+$ 1-/ - 2(.!-+ $B%%#1L (./("-#(.A #1-# 4%#1 % #1!$! A+%7:$ -++(K!/ -# #1! B%7#1 % 

#1! 4-, 4! %+! %K!+^(.#!+(.AH 3-+(-#(%. 4!#^!!. #1!$! #^% $1-:!$ ^-$ -2$% -::-+!.# b>(A7+!

ZcH <A-(.L #1! /!.$(#, G<@$ "%72/ .%# 4! A!.!+-2(e!/ ^!22 /7! #% (."%.$($#!.# $1-:!$H

)%^!K!+L (# -::!-+$ #1-# S7K!.(2!$ $1-+!/ #1! $-B! "7+K!$ (. - A(K!. ,!-+ -./ #1-#  !B-2!$ 1-/

1(A1!+ /!.$(#(!$ 4!#^!!. Ng -./ [OH

W%6+%3!(-3%

=!B:!+-#7+! ^-$ #1! :+!/("#%+ K-+(-42! #1-# ^-$ $(A.( ("-.# (. !K!+, $#-A! %.! B%/!2

$-K!  (K!H )%^!K!+L (# ($ -2$% #1! 1-+/!$# K-+(-42! #% (.#!+:+!# /7! #% 4%#1 #1! 2%^ +!$%27#(%. % 

#1! 91!$EI@? B%/!2 -$ ^!22 -$ #1! ^-, #1-# #1! #!B:!+-#7+! !  !"# ^-$ 1-./2!/H =1! $"-2!

4-+  %+ #!B:!+-#7+! /-, "1-.A!/ !-"1 ^(.#!+L +! 2!"#(.A 4%#1 #1! %.$!# -./ /7+-#(%. 7.#(2 -22

4%##%B ^-#!+ +!-"1!/ POf9H >%+ !X-B:2!L "%B:-+! #1! $B%%#1(.A  7."#(%.$  %+ -/72#  !B-2!$ (.

0.



P\\Y -./ NOO[ b>(A7+! \cH G(K!. #1! +-.A! % #!B:!+-#7+! /-,$L P\\Y ^-$ - ,!-+ ^(#1 -. !-+2(!+

%.$!# % "%2/ 47# A+-/7-2 "%%2(.AL ^1!+!-$ NOO[ ^-$ - ,!-+ ^1!. #1! %.$!# % "%2/ ^-$ - ^!!;

2-#!+ 47# #1! !.#(+! 91!$-:!-;! "1(22!/ #^% #(B!$  -$#!+H <(+ #!B:!+-#7+! /-#-  +%B  %7+

^!-#1!+ $#-#(%.$ .!-+ 3(+A(.(- 8!-"1 "2%$! #% #1! $%7#1!+. 2(B(# % #1! 91!$-:!-;!L

bW?P3<389OOdL W?P3<389OOP[L W?P3<389OPgL W?9OOddO[Zgc bQ969 NOPNcL -2#1%7A1 2(B(#!/

(. #1-# #1!, %.2, :+%K(/! B%.#12, -K!+-A!$L $7::%+#!/ #1! #+!./H =1! B!-. B%.#12,

#!B:!+-#7+! (. Q%K!B4!+ P\\Y bPYHPf9c ^-$ #1! 2%^!$# Q%K!B4!+ #!B:!+-#7+!L ^1!+!-$ NOO[

bNNHdf9c 1-/ #1! 1(A1!$# -K!+-A! Q%K!B4!+ #!B:!+-#7+!  %+ P\\PTNOOdH )!."! #1! %.$!# % 

"%2/ #!B:!+-#7+!$ %. 2-./ -2$% -::!-+!/ #% 4! !-+2(!+ (. P\\Y #1-. NOO[H D. P\\YL 6!"!B4!+

#!B:!+-#7+!$ /+%::!/ 4, gk  +%B Q%K!B4!+L "%B:-+!/ #% - dOk /+%: (. NOO[ #% P[H[f9H =1($

"%++!$:%./$ #% #1! F7("; "1(22 (. NOO[H

=1! P\\Y $#-A! %.! $B%%#1(.A  7."#(%. (./("-#!$ 1(A1 :+!$!."! %  !B-2!$ -# #1!

!-+2(!$# #!B:!+-#7+! /-,L [POL -./ - 2!$$!+ :+!$!."! -+%7./ /-, [gOH D. NOO[ #1!+! ^-$ %.!

17B:L ^(#1 :+!$!."! A+!-#!$# %. /-, [NUH G(K!. #1! $2%^ "1(22(.A % P\\YL %.! B(A1# !X:!"# -22

 !B-2! "+-4$ #% 1-K! -++(K!/ -# #1! B%7#1 % #1! 4-,H )%^!K!+L #1!+! ^-$ - 2-+A! :+%:%+#(%. % 

:+!$!."! /-#- "2%$! #% #1! /-,$ #1-# "1(22!/ F7(";2,H =1! #+!./$ -+! "2!-+!+ ^1!. B-::!/

$:-#(-22,H =1! $:-#(-2 /($#+(47#(%. $1%^$ #1-# (. P\\Y #1! !-$#!+. $1%+! % @-+,2-./ -./ #1!

#+(47#-+(!$ "1(22!/ -+%7./ #1! $-B! #(B! b>(A7+! POcH D. "%.#+-$#L #1! B-(.$#!B 1-/ - B%+!

A+-/7-2 "%%2(.A ^(#1 B%+! "+-4$ -# #1! B%7#1H )!."!L #1! 17B: #%^-+/$ #1! 4!A(..(.A % #1!

$B%%#1!/  7."#(%. ^-$  %+ #1%$! "+-4$ "-7A1# (. @-+,2-./ /7+(.A #1! #+(47#-+, "%2/ $.-:L ^1(2!

#1! %#1!+ 17B: ^-$  %+ #1%$! "+-4$ #1-# B-/! (# #% #1! B%7#1 % #1! 4-,H

>%+ /!.$(#,L B%$# :%$(#(K! /!.$(#(!$ ^!+! .!-+ /-, [gO ^1("1 "%++!$:%./!/ #%

#!B:!+-#7+! /-,$ "2%$! #% #1! B%7#1H =1! /!.$(#, #+!./ ^-$ 4!$# $!!.  %+ /!.$(#(!$ A+!-#!+

0-



#1-. g "+-4$ b>(A7+! PPcH >%+ NOO[L A(K!. #1! F7("; "1(22L #1! "+-4$ B-, .%# 1-K! $#-+#!/ #%

B(A+-#!H )%^!K!+L "%B:-+(.A #1! P\\Y -./ NOO[ B-:$L "+-4$ ^!+! "-7A1# 2%^!+ (. #1!

#+(47#-+(!$ (. P\\Y b>(A7+! PO -./ >(A7+! PPcH =1($ (./("-#!$ #1-# #1!  !B-2! "+-4$  +%B #1!

#+(47#-+(!$ -./ @-+,2-./ 1-/ -2+!-/, $#-+#!/ #1!(+ B(A+-#(%. ^1!. #1! $7//!. "1(22 "-7$!/ #1!B

#% %K!+^(.#!+H D. #1! $B%%#1(.A  7."#(%. /!.$(#, ^-$ 1%B%A!.%7$ 7.#(2 /-, [[Z ^1!. #1!

$B%%#1 /(::!/ #%^-+/$ #1! .!A-#(K!L (./("-#(.A #1-# #1!+! ^-$ .% "27B:(.A (. #1! 2%^!+ 4-,H

=1($ ($ -2$% 4!##!+ $1%^. (. #1! B-: b>(A7+! PPcH =1!+! ^!+! "!+#-(.2, B%+! "+-4$ (. #1! 2%^!+

4-, #1-. #1! 7::!+ 4-,H )%^!K!+L A(K!. #1! F7("; "1(22L B-., 7::!+ 4-, :%(.#$ 1-/

-::+%X(B-#!2, #1! $-B! #!B:!+-#7+! /-, K-27! -$ #1! 2%^!+ 4-, :%(.#$H

=1! #!B:!+-#7+! $B%%#1(.A  7."#(%.$ ^!+! 1-+/ #% (.#!+:+!#H )!."!L $B%%#1(.A  7."#(%.$ ^!+!

"%B:-+!/ .%# 4, #1! $:!"( (" $1-:! 47# 4, #1! +!:!#(#(%. % :-+#("72-+ $1-:!$ -"+%$$ "2-$$!$H D.

A!.!+-2L S7K!.(2! B-2!$ -./ -/72# B-2!$ 1-/ #1! $-B! A!.!+-2 $B%%#1 $1-:!$  %+ PO ,!-+$L

^1!+!-$ S7K!.(2!  !B-2!$ %.2, 1-/ $(B(2-+ $B%%#1(.A  7."#(%.$ -$ S7K!.(2! B-2!$  %+ g ,!-+$H

=1($ -A-(. :+%K(/!$ !K(/!."!  %+ #1! /(  !+!."! (. 4!1-K(%+ % S7K!.(2! B-2!$ -./  !B-2!$H

=!B:!+-#7+! ^-$ %.2, $(A.( ("-.# (. 1-2 % #1! $#-A! #^% G<@$L #1%7A1 ^1!. $(A.( ("-.# #1!

#+!./ ^-$ A!.!+-22, #1! $-B! -$ (#$ $#-A! %.! "%7.#!+:-+# b>(A7+! PNcH 0-##!+.$ (.  !B-2!

:+!$!."! ^(#1 #!B:!+-#7+! $1%^!/ -. (.K!+$! +!2-#(%.$1(: ^(#1 #1-# %  !B-2!$ -./ $-2(.(#,H

51!. $-2(.(#, 1-/ - p^pT$1-:!/ "7+K!L #1! #!B:!+-#7+! "7+K! 1-/ -. pBp $1-:!H 51!. $-2(.(#,

^-$ :%$(#(K!2, $1-:!/L #!B:!+-#7+! ^-$ .!A-#(K!2, $1-:!/H =1($ "%22(.!-+(#, 4!#^!!.

#!B:!+-#7+! -./ $-2(.(#, ^-$ %.2, /!#!"#-42! ^(#1 B-#7+!  !B-2!$L :+%4-42, /7! #% #1! ^(/!+

#!B:!+-#7+! -./ $-2(.(#, +-.A!$ !X:!+(!."!/ 4, B-#7+!  !B-2!$ -$ "%B:-+!/ #% #1! %#1!+ "+-4

"2-$$!$H =1! (.K!+$! $1-:! ^-$ 7.!X:!"#!/L A(K!. #1-# #1! 1,:%#1!$($ ^-$ #1-# #!B:!+-#7+!

^%72/  %22%^ #1! $-B! :-##!+. -$ $-2(.(#, (. :+!/("#(.A  !B-2! "+-4 :+!$!."!L #1%7A1 #1($ B-,

01



1-K! 4!!. /7! #% #1! /(  ("72#, (. (.#!+:+!#(.A #!B:!+-#7+!H 51(2! #!B:!+-#7+! /-, $1%^!/ #1!

%.$!# -./ A!.!+-2 "1(22(.A +-#!L %#1!+  -"#%+$ $7"1 -$ #1! #!B:!+-#7+! -# ^1("1  !B-2! "+-4$ -+!

"7!/ #% B(A+-#! "%72/ (B:+%K! #1! :-+-B!#!+H

L6+43(!$&% 4> (;% >#$,#$C)

=1! %.2, $#7/, % - 427! "+-4 :%:72-#(%. -# #1($ 4+%-/ $"-2! ^-$ 4, M!.$!. !# -2H bNOOgcL

^1% 7$!/ #^% $#-A! G<@$ #% !K-27-#! -./ :+!/("# -/72#  !B-2! /($#+(47#(%.H 51(2! "+-4 -./

/!:#1 /-#- ^!+! #-;!.  +%B #1! $-B! $%7+"!L $-2(.(#,L #!B:!+-#7+! -./ $!-A+-$$ !  !"# ^!+!

1-./2!/ /(  !+!.#2, -./ +!$72#!/ (. /(  !+!.# "7+K!$H M!.$!. !# -2H bNOOgc (.#!+:%2-#!/ #1!

6!"!B4!+ 4%##%B #!B:!+-#7+!$ -./ $-2(.(#(!$  +%B #1! 91!$-:!-;! 8-, 5-#!+ t7-2(#,

@%.(#%+(.A 0+%A+-B -./ 7$!/ #1! +!$72#(.A B-:$ #% -$$(A. K-27!$ #% !-"1 :%(.# !K!+, ,!-+H =1!

A+!-#!$# $(B(2-+(#, ^-$ #1-# $!-A+-$$ !  !"# /(/ .%# -::!-+ $(A.( ("-.# (. B-., B%/!2$  %+ !(#1!+

$#7/,H 6!:#1 1-/ #1! $-B! $B%%#1(.A  7."#(%. $1-:!$  %+ $#-A! %.! 47# /(  !+!.# $1-:!$  %+

$#-A! #^% b>(A7+! P[cH =1($ /(  !+!."! "%72/ 4! -##+(47#!/ #% #1! $-B:2! $(e!$ -./ #1! /(  !+!."!

(. %B($$(%. % :%(.#$H >%+ $#-A! %.!L $-B:2! $(e! bPPNNTNgNPc ^-$ $7  ("(!.#2, 2-+A! #% :+%/7"!

#1! $-B! "7+K!$  %+ 4%#1 $#7/(!$ !K!. #1%7A1 M!.$!. !# -2H bNOOgc +!$!+K!/ -  %7+#1 % #1! /-#-

 %+ "+%$$ K-2(/-#(%. -./ #1($ $#7/, %B(##!/ -22 :%(.#$ #-;!. -4%K! POf9H =1! $-B:2! $(e!$  %+

$#-A! #^% ^!+!  -+ 2%^!+ bP[PTgYZcL ^1("1 "%72/ -""%7.#  %+ #1! /(  !+!."! (. $B%%#1(.A

 7."#(%. $1-:!$H >%+ $-2(.(#,L %.2, #^% $B%%#1(.A  7."#(%.$ "%72/ 4! "%B:-+!/ 4!#^!!. #1!

$#7/(!$ -./ #1%$! /(/ .%# 1-K! $(B(2-+ $B%%#1(.A  7."#(%. $1-:!$ b>(A7+! PdcH =!B:!+-#7+!

"7+K!$ ^!+! (."%B:-+-42! /7! #% #1! ^-, #!B:!+-#7+! ^-$ 1-./2!/H

00



=1($ ^-$ #1!  (+$# $#7/, !X-B(.(.A #1! $:-#(-2 /($#+(47#(%. % B-2!$ -./ S7K!.(2!$ % 

/(  !+!.# -A! "2-$$!$ -# #1! :%:72-#(%. $"-2!L -./ $1%72/ -(/ (. +!$%2K(.A :+%42!B$ -$$%"(-#!/

^(#1 B-.-A!B!.# -"#(%.$H >%+ !X-B:2!L +!"!.# (."+!-$!$ (. -/72#  !B-2!$ "%7:2!/ ^(#1 -

"%BB!+"(-2  ($1!+, #1-# #-+A!#$ 2-+A! B-2!$ B-, "-7$! - +-#(% /($"+!:-.", bG-$"%(A.! !# -2H

NOO\h 9-+K!+ NOOgcH =1($ "%72/ 2!-/ #% -. <22!! !  !"#L /! (.!/ -$ #1! :%$(#(K! "%++!2-#(%.

4!#^!!. :%:72-#(%. /!.$(#, -./ (./(K(/7-2  (#.!$$H >%+ 427! "+-4$L #1($ B-.( !$#$ -$ $:!+B

2(B(#-#(%. b)(.!$ !# -2H NOO[c  +%B - $"-+"(#, % 2-+A! B-2!$ +!/7"(.A  !B-2! +!:+%/7"#(K!

$7""!$$H < +! (.!/ $:-#(-2 B%/!2 7$(.A #1! /-#-  +%B #1($ $#7/, "%72/ (/!.#( , :%#!.#(-2

$-."#7-+(!$  %+ 2-+A! B-2!$ /7+(.A #1! "+-4T:%##(.A $!-$%.H

?!-A+-$$ ($ % #!. "(#!/ -$ -. (B:%+#-.# .7+$!+, 1-4(#-#  %+ S7K!.(2! 427! "+-4 b)!"; C

=%B-. P\ZPh E7(e !# -2H P\\[h @%;$.!$ !# -2H P\\Uh E,!+ !# -2H P\\Uh I+#1 C K-. @%.# +-.$

NOONcH )%^!K!+L 2(;! M!.$!. !# -2H bNOOgcL #1($ $#7/, /(/ .%#  (./ $!-A+-$$ #% 4! -. (B:%+#-.#

:+!/("#%+ K-+(-42!  %+ -., "+-4 "2-$$L !K!. S7K!.(2!$H =1!+! -+! B-., :%#!.#(-2 !X:2-.-#(%.$  %+

#1($ $!!B(.A 2-"; % (B:%+#-."! % $!-A+-$$H >(+$#L $!-A+-$$ B-, .%# 4! (B:%+#-.# (. ^(.#!+H

?!"%./L #1!+! B-, 4! -. ($$7! ^(#1 $"-2!H =1! :+!K(%7$ $#7/(!$  %7./ $(A.( ("-.# !  !"#$ % 

K-+(%7$ -##+(47#!$ % $!-A+-$$ %. S7K!.(2! 427! "+-4$ -# $B-22 $:-#(-2 $"-2!$ b0!+;(.$T3($$!+ !# -2H

P\\Yh 0(2! !# -2H P\\Yh ?172B-. P\\Yh )!"; C ?:(#e!+ NOOPh )%K!2 C &(:"(7$ NOOPL NOONcL 47# #1($

B-, .%# #+-.$2-#! #% $(A.( ("-.# !  !"#$ -# #1! :%:72-#(%. 2!K!2H =1(+/L #1!+! "%72/ 4! - :+%42!B

^(#1 #1! ^-, (. ^1("1 #1! $!-A+-$$ K-+(-42! ^-$  %+B72-#!/H =1!+! ($ - #!B:%+-2 /($"+!:-.",

4!#^!!. #1! $7+K!,$h #1! ?<3 -!+(-2 $7+K!, %""7+$ /7+(.A #1! $7BB!+ ^1(2! $!-A+-$$ /!.$(#(!$

-+! -# #1!(+ 1(A1!$# bI+#1 !# -2H NOPPcL ^1!+!-$ #1! 56? %""7+$ (. #1! ^(.#!+L - #!+ -. -..7-2

/! %2(-#(%.H >(.-22,L #1! /+!/A! $7+K!, ^-$ .%# /!$(A.!/ #% $7+K!, S7K!.(2!$ -./ ($ !$#(B-#!/ #%

%.2, $-B:2! NOk % #1! S7K!.(2! :%:72-#(%. bE-2:1 C &(:"(7$L -$+-2"#);%, ,!(!.M 917+"1(22 bP\P\c

0Y



%4$!+K!/ - .!A-#(K! +!2-#(%.$1(: 4!#^!!. "+-4 $(e! -./ /($#-."! #% $1%+!L ^(#1 #1! $B-22!$#

"+-4$  %7./ -# /!:#1$ % %.2, $!K!+-2 "BH 5(.#!+ $7"#(%.$ $7::%+# #1! +!2-#(%. bI+#1 C K-.

@%.# +-.$ P\ZUcH ?(."! #1! 4%-#$ 7$!/ (. #1! 56? "-..%# /+!/A! (. 2!$$ #1-. PHg B % ^-#!+L

#1! 56? #!./$ #% %.2, $-B:2! 2-+A!+ S7K!.(2!$ bm [O BB 95cH 0+!K(%7$ $#7/(!$ $7AA!$#!/ #1-#

$!-A+-$$ ($ - .7+$!+, 1-4(#-#  %+ S7K!.(2!$ %.2, 7.#(2 #1!, +!-"1 NOT[O BB 95L -# ^1("1 :%(.#

#1!, B%K! #%^-+/$ 2%^!+ $-2(.(#, ^-#!+$ -./ 7.K!A!#-#!/ 1-4(#-#$ b@(.!22% !# -2H NOO[h ?!(#e !#

-2H NOO[L NOOgh &(:"(7$ !# -2H NOOgL NOOUcH 51(2! $!-A+-$$ ^-$ .%#  %7./ #% 4! -. (B:%+#-.#

:+!/("#%+ K-+(-42!L #1($ $#7/, /%!$ .%# :+%K(/! !K(/!."! -A-(.$# $!-A+-$$ -$ - .7+$!+, 1-4(#-#H

@-.-A!B!.# ($ B%K(.A #%^-+/ - B%+! 1%2($#(" -::+%-"1L .-B!2, !"%$,$#!B 4-$!/

 ($1!+(!$ B-.-A!B!.#L ^(#1 #1! A%-2 #% B-.-A!  ($1!+(!$ (. "%.#!X# % #1! !.K(+%.B!.#H =1($

B!-.$ B-.-A!B!.# B7$# #-;! (.#% "%.$(/!+-#(%. 1%^ $:!"(!$ +!-"# #% "2(B-#! "1-.A!L :1,$("-2

-./ 4(%2%A("-2 (.#!+-"#(%.$L -./ #1! :%#!.#(-2 -/-:#-#(%. % - $:!"(!$ (. +-.A! %+ 2( ! 1($#%+,

b>(!2/ C >+-."($ NOOgcH =1! A%-2 % #1($ (."%+:%+-#(%. ($ #% %:#(B(e! #1! +!$(2(!."! % 4%#1 #1!

$:!"(!$ -./ !"%$,$#!BH E!$(2(!."! ($ #1! !X#!.# #% ^1("1 - :%:72-#(%. %+ !"%$,$#!B "-. -4$%+4

:!+$($#!.# .-#7+-2 %+ -.#1+%:%A!.(" -A(#-#(%. -./ +!"%K!+ ^(#1%7# /!A+-/-#(%. %+  2(::(.A (.#%

-2#!+.-#(K! $#-#!$ b)7A1!$ !# -2H NOOgcH =1($ $#7/, /!B%.$#+-#!/ #1! (B:%+#-."! % :1,$("-2

K-+(-42!$ (. :+!/("#(.A 427! "+-4 -47./-."! -# #1! :%:72-#(%. $"-2!L ^1(2! +! (.!/ B%/!2$ B-,

4! 7$! 72 (. /!$(A.-#(.A !$$!.#(-2  ($1 1-4(#-# -./ :+%K(/! - #%%2 #% !X:2%+! :%$$(42!

+-B( ("-#(%.$ %. %K!+^(.#!+(.A -47./-."!  +%B "1-.A(.A #!B:!+-#7+!$ -./ $-2(.(#(!$ /7! #%

A2%4-2 "2(B-#! "1-.A!H

9#6#(!(#4$) !$, )-CC%)(#4$) >4 3 >-(-3% 3%)%!3&;

0b



6!K(-."! !X:2-(.!/L - A%%/.!$$ %  (# K-27!L %.2, !X:2-(.!/ dTdOk % #1! /-#-H =1($

"%72/ 4! /7! #% - .7B4!+ % +!-$%.$H >(+$#L #1! $!K!+! %K!+/($:!+$(%. % #1! /-#- B-, .%# 1-K!

4!!. "%.#+%22!/ $7  ("(!.#2, 4, 7$(.A #1! "%B:2!B!.#-+, 2%AT2%A 2(.;  7."#(%.  %+ $#-A! %.!

B%/!2$ -./ .!A-#(K! 4(.%B(-2 /($#+(47#(%.  %+ $#-A! #^% B%/!2$H <//(#(%.-22,L :%(.#$ #-;!. -#

$(#!$ - #!+ #1! $(#! 1-/ 4!!.  ($1!/ ^%72/ +!$72# (. 2%^!+ $7+K!, "-#"1!$ -./ #1!$! /-#- ^%72/

1(/! #+!./$H )%^!K!+L #1($ ^%72/ %.2, -  !"# #1! 2%^!+T4-, B-(.$#!B $(#!$ ^1!+! /+!/A(.A ^-$

-22%^!/H >7+#1!+L /-#-  %+ $%B! :%#!.#(-22, (B:%+#-.# :+!/("#%+ K-+(-42!$ ^!+! 7.-K-(2-42!H

?!/(B!.# #,:!L ^1("1 ?1-  .!+ -./ 6(-e bP\ZZc  %7./ (B:%+#-.# (.  !B-2! "+-4 /($#+(47#(%.L

"%72/ .%# 4! -//!/ #% #1($ B%/!2 -$ +!2(-42! $!/(B!.# B-:$ /% .%# !X($#  %+ #1! ^1%2! 4-,H

6($$%2K!/ %X,A!. B-, 4! (B:%+#-.#L -$ "+-4$ #!./ #% -K%(/ 1,:%X(" -+!-$H 51(2! 1,:%X(- ($

:+!K-2!.# (. $7BB!+L #1! %""7++!."! % 1,:%X(- B-, "1-.A! #1! #,:! % 4%##%B !."%7.#!+!/ (.

#1! ^(.#!+H G(K!. B%+! #(B!L 1,:%X(- !$#(B-#!$ "%72/ 4! !$#(B-#!/  +%B #1! 91!$EI@? B%/!2H

6!.$(#, /!:!./!."! "%72/ -2$% %4 7$"-#! #+!./$H =1! (/!-2  +!! /($#+(47#(%. #1!%+, b>+!#^!22 C

&7"-$ P\UOc $#-#!$ #1-# -.(B-2$ ^(22 /($#+(47#! :+%:%+#(%.-22, #% +!$%7+"!$ -K-(2-42!H )!."!L

,!-+$ ^(#1 2%^ .7B4!+$ % "+-4$ B-, 1-K! B%$# "+-4$ (. #1! 1(A1!$# F7-2(#, 1-4(#-#L ^1!+!-$

,!-+$ ^(#1 1(A1 -47./-."! B-, 1-K! "+-4$ /($:!+$!/ (. 2!$$!+ F7-2(#, -+!-$H >(.-22,L #1!+! B-,

4! $(A.( ("-.# (.#!+-"#(%. !  !"#$ 4!#^!!. /!:#1L $-2(.(#, -./ #!B:!+-#7+!L 47# !X:2%+(.A #1%$!

(.#!+-"#(%.$ +!F7(+!$ B%+! "%B:2!X -.-2,$!$H

<. (.#!+!$#(.A  7#7+! $#7/, "%72/ +!/!$(A. :-+# % #1! ^(.#!+ /+!/A! $7+K!, #% #-;!

$-B:2!$ (. 1(A1T/!.$(#, -+!-$H =1($ "%72/  7+#1!+ /! (.! #1! $#-A! #^% #+!./$H <//(#(%.-22,L

$%B!  !B-2! $-2(.(#, "7+K!$ $!!B!/ #% "%.#(.7! (. - :%$(#(K! 2(.!-+  -$1(%. :-$# NgL 4!AA(.A #1!

F7!$#(%. % ^1!#1!+ -/72#  !B-2! "+-4$ 1-K! B(A+-#!/ %7#$(/! #1! 4-,H D $%L #1!+! ^%72/ 4! -

$!AB!.# % #1! :%:72-#(%. 7.$-B:2!/ 4, #1! /+!/A! $7+K!,H D. NOO[L 4!#^!!. M-.7-+, -./

0/



@-+"1L /+!/A! $-B:2!$ ^!+! #-;!. %7#$(/! % #1! 4-, -./  %7./ K!+,  !^ 427! "+-4$ b&(:"(7$ !#

-2H NOO[cH =1! ^(.#!+ % NOONTNOO[ 1-/ 4%#1 -. !-+2, %.$!# -./ F7("; "1(22(.Ah #1!  (+$# $(#! #%

+!-"1 POf9 ^-$ %. /-, [OU bQ%K!B4!+ [c -./ #1! 2-$# $(#! /-, [d[ b6!"!B4!+ ZcH G(K!. #1!

7.7$7-22, ^-+B ^!-#1!+ /7+(.A #1! ^(.#!+ % NOPN -./ #1! :%$$(42, ^-+B(.A ^-#!+$ /7! #%

A2%4-2 "2(B-#! "1-.A!L #1! ($$7! B-, .!!/ #% 4! +!T-//+!$$!/H

=1! !$#(B-#!$ % #!B:!+-#7+! -./ $-2(.(#,  +%B #1! 91!$EI@? B%/!2 -::!-+!/

$(A.( ("-.# (. B%$# G<@$H )%^!K!+L #1!+! ^!+! /+-^4-";$ A(K!. #1! 2-+A! "!22 $(e! % #1! B%/!2

-./ #1! 2(B(#-#(%. #% %.2, A!.!+-#! !$#(B-#!$ 4!#^!!. P\\P -./ NOOgH )(A1!+T+!$%27#(%.

B%/!2$ % #1! :1,$("-2 :-+-B!#!+$ (. #1! 91!$-:!-;! 8-,  %+ #1! ,!-+$ - #!+ NOOg $1%72/

4!"%B! B%+! !-$(2, -""!$$(42!H D $%L  7#7+! G<@$ "%72/ 4!A(. #% B%/!2 ,!-+$ ^1!. #1!

"%BB!+"(-2 /+!/A!  ($1!+, ^-$ "2%$!/ -./ :+%K(/! - B%+! (.T/!:#1 -$$!$$B!.# % 1%^ #1-#

B-.-A!B!.# -"#(%. -  !"#!/ #1! :%:72-#(%.H >7+#1!+B%+!L #1! B%/!2$ B-, :+%K(/! B-:$ % 

:%#!.#(-2 .%T#-;! -+!-$ 7$! 72  %+ B-.-A!B!.# ( #1! ^(.#!+ /+!/A!  ($1!+, ^!+! #% +!T%:!.H

=17$L #1($ (.K!$#(A-#(%. "-. $!+K! -$ #1!  %7./-#(%.  %+ $!K!+-2 .!^ 2(.!$ % (.K!$#(A-#(%. -./

#1!(+ B-.-A!B!.# -::2("-#(%.$H

0Q



@:?C=3?A=C O:?CS

<A7(2-+L EHL )(.!$L <HL 5%2"%##L =HL 5%2"%##L 6HL ]+-B!+L @HL &(:"(7$L EH bNOOgcH =1! #(B(.A -./
+%7#! % B%K!B!.# -./ B(A+-#(%. % :%$#T"%:72-#%+,  !B-2! 427! "+-4$L  !""#$%&(%)
)!+#,-) E-#147.L  +%B #1! 7::!+ 91!$-:!-;! 8-,H X4-3$!" 4> V:+%3#6%$(!" J!3#$%
=#4"4C< !$, V&4"4C</ [P\ bPTNcL PPUTPNZH

<A7(2-+L EHL M%1.$%.L HL )(.!$L <HL ]+-B!+L @HL G%%/($%.L @H bNOOZcH DB:%+#-."! % 427! "+-4 2( !
1($#%+,  %+ $#%"; !.1-."!B!.# -./ $:-#(-2 B-.-A!B!.# % #1!  ($1!+, (. 91!$-:!-;!
8-,H I%A#%B) #$ E#);%3#%) H&#%$&%/ PY bPcL PPUTPNdH

<7B-..L 9HL 4,L &HL >-A-.L 5H bNOOYcH )%^ #+-.$(!.# :-#"1!$ -  !"# :%:72-#(%. /,.-B("$a #1!
"-$! % 1,:%X(- -./ 427! "+-4$H V&4"4C#&!" J4$4C3!+;)/ UY b[cL dPgTd[ZH

8-(+/L 6HL W2-.%^("eL EH bP\Z\cH =1! $!-$%.-2 /,.-B("$ % #1! 91!$-:!-;! 8-, !"%$,$#!BH
V&4"4C#&!" J4$4C3!+;)/ g\ bdcL [N\T[YdH

8-7!+L &HL @(22!+L =H bNOPOcH =!B:!+-#7+!TL $-2(.(#,TL -./ $(e!T/!:!./!.# ^(.#!+ B%+#-2(#, % 
S7K!.(2! 427! "+-4$ b !""#$%&(%) )!+#,-).M V)(-!3#%) !$,  4!)()/ [[ b[cL YYZTYUUH

8!";L @HL )!"; M+L ]HL <42!L ]HL 91(2/!+$L 6HL AA2!$#%.L 6HL G(22-./!+$L 8HL bNOOPcH =1!
(/!.#( ("-#(%.L "%.$!+K-#(%.L -./ B-.-A!B!.# % !$#7-+(.! -./ B-+(.! .7+$!+(!$  %+  ($1
-./ (.K!+#!4+-#!$H =#4H&#%$&%/ gP bZcL Y[[TYdPH

8!+#!-7XL 6HL E!-2!L 6K @"</-BL <HGHL 8%7#(.L ?H YZZ[.M ]!!:(.A :-"! ^(#1  -$# "2(B-#! "1-.A!a
"-. <+"#(" 2( ! "%7.# %. !K%27#(%.v L$(%C3!(#A% !$,  46+!3!(#A% =#4"4C</ ddL PdOTPgPH

8%#$ %+/L &H5HL 9-$#(22-L MH9HL 0!#!+$%.L 9H)H bP\\UcH =1! B-.-A!B!.# %  ($1!+(!$ -./ B-+(.!
!"%$,$#!B$H H&#%$&%/ Y\\/ gO\TgPgH

8+,2-^$;(L 8HL @(22!+L =H bNOO[cH 8(%!.!+A!#(" B%/!2(.A % #1! 427! "+-4  !""#$%&(%) )!+#,-). 7$(.A
#1!  ($1 4(%!.!+A!#("$ b[HOc "%B:7#!+ :+%A+-BH =-""%(#$ 4> J!3#$% H&#%$&%/ \Y bNcL d\PT
gOdH

8+,2-^$;(L 8HL @(22!+L =H bNOOYcH =!B:!+-#7+!T/!:!./!.# A+%^#1 % #1! 427! "+-4 b !""#$%&(%)
)!+#,-).] - B%2# :+%"!$$ -::+%-"1H  !$!,#!$ X4-3$!" 4> E#);%3#%) !$, ?^-!(#& H&#%$&%)/
Y[ bYcL PN\ZTP[OZH

9-+K!+L <H@HL 5%2"%##L =HGHL 5%2"%##L 6H&HL )(.!$L <H)H bNOOgcH W..-#7+-2 $!2!"#(%.a !  !"#$ % -
B-2!  %"7$!/ $(e!T$!2!"#(K!  ($1!+, %. +!:+%/7"#(K! :%#!.#(-2 % - 427! "+-4 :%:72-#(%.H
X4-3$!" 4> V:+%3#6%$(!" J!3#$% =#4"4C< !$, V&4"4C</ [P\L N\TdPH

917+"1(22L H0HL M+H bP\P\cH &( ! 1($#%+, % #1! 427! "+-4H =-""%(#$ 4> (;% M=-3%!- 4> E#);%3#%)/ Y_/ \gT
PNZH
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9%$#2%^L MH M+L E!!$L GH 8%%;1%7#L 9H bP\g\cH 0+!2(B(.-+, .%#!$ %. #1! "%B:2!#! 2-+K-2
/!K!2%:B!.# %  !""#$%&(%) )!+#,-) E-#147. 7./!+ 2-4%+-#%+, "%./(#(%.$H 9#6$4"4C<
!$, @&%!$4C3!+;<M dL NNNTNN[H

9%$#2%^L MHL 8%%;1%7#L 9H bP\YgcH =1! !  !"# % !.K(+%.B!.#-2  -"#%+$ %. 2-+K-2 /!K!2%:B!.# % 
"+-4$H 9H@ =-+e^!22 b!/cH 8(%2%A("-2 0+%42!B$ (. 5-#!+ 0%227#(%.L [+/?!B(.-+H WH?H 0742("
)!-2#1 ?!+K("!L 0742("-#(%. \\\T50TNgH

6-+.!22L wH @HL E(##$"1% L 6HL 6-+.!22L ]H@HL @"6%^!22L EH H bNOO\cH &( !#(B! +!:+%/7"#(K! :%#!.#(-2
%  !B-2! 427! "+-4$  !""#$%&(%) )!+#,-) (. Q%+#1 9-+%2(.-L W?<H J!3#$% V&4"4C< 834C3%))
H%3#%)/ [\dLPg[TPY[H

6-K($L 9H bP\YgcH < $#7/, % #1! 1-#"1(.A :+%"!$$ (. -F7-#(" (.K!+#!4+-#!$a `̀ H =1! 427! "+-4L
 !""#$%&(%) )!+#,-)/ E-#147.L ` D̀H =1! .!B!+#!-.L  !3&#$4$%6%3(%) &!3&#$4+;#"!
b]%22(;!+cH  ;%)!+%!`% H&#%$&%/ YL NOPTNOZH

6(-eL EHL E%$!.4!+AL EH bNOOZcH ?:+!-/(.A /!-/ e%.!$ -./ "%.$!F7!."!$  %+ B-+(.! !"%$,$#!B$H
H&#%$&%/ [NP bgZ\PcL \NYT\N\H

6(";(.$%.L GH )HL E(##$"1% L 6HL &-#-.("1L 9H bNOOYcH ?:-^.(.A 4(%2%A, % #1! 427! "+-4L  !""#$%&(%)
)!+#,-)/ (. Q%+#1 9-+%2(.-H =-""%(#$ 4> J!3#$% H&#%$&%/ U\L NU[TNZgH

/^-+/$L @HL E("1-+/$%.L <H bNOOdcH DB:-"# % "2(B-#! "1-.A! %. B-+(.! :!2-A(" :1!.%2%A, -./
#+%:1(" B($B-#"1H U!(-3%/ [aZ bUOONcL ZZPTZZdH

AA2!$#%.L 6HL 8!22L GHL <B-K($"-L <H bNOOgcH D.#!+-"#(K! !  !"#$ % !:($%/(" 1,:%X(- -./
"-..(4-2($B %. S7K!.(2! 427! "+-4 B%+#-2(#,H X4-3$!" 4> V:+%3#6%$(!" J!3#$% =#4"4C< !$,
V&4"4C</ [Ng bPcL PZTNYH

#1!+(.A#%.L &HL AA2!$#%.L 6H bNOOOcH &-+A!T$"-2! 427! "+-4 +!"+7(#B!.#a 2(.;(.A :%$#2-+K-2
#+-.$:%+#L :%$#T$!##2!B!.# :2-.;#%.(" /($:!+$-2L -./ B72#(:2! .7+$!+, 1-4(#-#$H J!3#$%
V&4"4C< 834C3%)) H%3#%)/ YZ[/PU\TP\ZH

K!+!##L EHL E7(eL GH bP\\[cH 9%-+$! ^%%/, /!4+($ -$ - +! 7A!  +%B :+!/-#(%. (. -F7-#("
"%BB7.(#(!$H @%&4"4C#!/ \[ bdcL dUgTdZYH

><IH bNOOgx I%A#%B 4> (;% H(!(% 4> G43", J!3#$% E#);%3< I%)4-3&%)/ E?@ W%&;$#&!" 8!+%3 [b\M

>(!2/L MH9HL >+-."($L EH9H bNOOYcH 9%.$(/!+(.A !"%$,$#!BT4-$!/  ($1!+(!$ B-.-A!B!.# (. #1!
9-2( %+.(- 97++!.#H J!3#$% 84"#&</ [OL ggNTgY\H

>%A-+#,L @HL &(:"(7$L EH bNOOUcH 0%:72-#(%. /,.-B("$ -./  ($1!+(!$H 0-A!$ UPPTUgg #$ 3H ?H
]!..!/, -./ &H H 9+%.(.L b!/$cH =1! 827! 9+-4  !""#$%&(%) )!+#,-)M @-+,2-./ ?!- G+-.#L
9%22!A! 0-+;L @-+,2-./L W?<H
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>%++!$#L ]H 827! 9+-4 &( ! 9,"2! r6(-A+-BsH =1! 8+(/A! 0+%A+-BH <K-(2-42! -#
1##:aRR^!4HK(B$H!/7R4+(/A!R427!"+-4^%+;$1%:NH:/ v$K+q^^^H <""!$$!/a M7.! NOPNH

>%+^-+/L EHL M+H bP\Z\cH 8!1-K(%+-2 +!$:%.$!$ % "+7$#-"!-. 2-+K-! #% +-#!$ % $-2(.(#, "1-.A!H
=#4"4C#&!" =-""%(#$L PUYL NN\TN[ZH

>%+^-+/L EHL M+H bNOOgcH ./%A!.%7$ $^(BB(.A +1,#1B$ 7./!+2,(.A $!"%./-+, /($:!+$-2 % !-+2,
S7K!.(2! 427! "+-4$L  !""#$%&(%) )!+#,-)M X4-3$!" 4 > V:+%3#6%$(!" J!3#$% =#4"4C< !$,
V&4"4C<Mac_ bPcL \PTPOOH

>%+^-+/ EL M+HL 6! 3+(!$L @HL E(##$"1% L 6HL >+-.;!2L 6HL 8($"1%  L MHL >($1!+L 9HL bP\\YcH   !"#$ % 
!.K(+%.B!.#-2 "7!$ %. B!#-B%+:1%$($ % #1! 427! "+-4  !""#$%&(%) )!+#,-)M J!3#$%
V&4"4C< 834C3%)) H%3#%)L I2/!./%+ L P[P bPcL PYgTPUUH

>%+^-+/ EL M+HL >+-.;!2L 6HL E(##$"1% L 6H bP\\dcH @%2#(.A % B!A-2%:-!  +%B #1! 427! "+-4
 !""#$%&(%) )!+#,-)] !  !"#$ % %  $1%+! -./ !$#7-+(.! "7!$H J!3#$% V&4"4C< 834C3%))
H%3#%)L I2/!./%+ L PP[ bPcL ggTg\H

>%+^-+/ EL M+HL =-.;!+$2!,L EHL 82%./!2L 6HL E(##$"1% L 6H bP\\UcH @!#-B%+:1%$($ % #1! 427! "+-4
 !""#$%&(%) )!+#,-)]   !"#$ % 17B(" -"(/$ -./ -BB%.(7BH J!3#$% V&4"4C< 834C3%))
H%3#%)/ cb\/ NUUTNZYH

>%+^-+/L EL M+HL =-.;!+$2!,L EHL 5!2"1L MH bNOO[cH ?!2!"#(K! #(/-2T$#+!-B #+-.$:%+# % #1! 427! "+-4
 !""#$%&(%) )!+#,-)] <. %K!+K(!^H =-""%(#$ 4 > J!3#$% H&#%$&%/ \Y bNcL [dUT[YgH

>+!#^!22L ?H6HL &7"-$L )H&H bP\UOcH I. #!++(#%+(-2 4!1-K(%+ -./ %#1!+  -"#%+$ (. 27!."(.A 1-4(#-#
/($#+(47#(%. (. 4(+/$H ?&(! =#4(;%43%(#&!/ P\L PYT[YH

>+(/L 9H&HMHL 0-+-B%+L IH<H&HL ?"%##L 9H&H bNOOYcH "%$,$#!BT4-$!/ B-.-A!B!.# %  ($1!+(!$a D$
$"(!."! 2(B(#(.Av L VHX4-3$!" 4 > J!3#$% H&#%$&%/ Y[LPgYUTPgUN

G-+/.!+L 5HL @72K!,L H0HL ?1- L̂ H9H bP\\gcH E!A+!$$(%. -.-2,$!$ % "%7.#$ -./ +-#!$a 0%($$%.L
%K!+/($:!+$!/ 0%($$%.L -./ .!A-#(K! 4(.%B(-2 B%/!2$H 8)<&;4"4C#&!" =-""%(#$/ PPZL [\NT
dOdH

G-$"%(A.! MHL 8!+!" &HL G+!A%+, ?HL 9%7+"1-B: >H bNOO\cH 6-.A!+%7$2,  !^ 2(-($%.$a < +!K(!^ % 
B-#!T (./(.A <22!! !  !"#$H 84+-"!(#4$ V&4"4C</ gPL [ggT[UNH

G(44$L 6H DDDH bP\\YcH >(!2/ -./ 2-4%+-#%+, !K(/!."! % :1!+%B%.! B!/(-#!/ B-#(.A 4!1-K(%+ (.
#1! 427! "+-4L  !""#$%&(%) )!+#,-)M @-$#!+$ =1!$($H =1! 9%22!A! % 5(22(-B -./ @-+,H
G2%7"!$#!+ 0%(.#L 3(+A(.(-H POO :H

G7(22%+,L 3H 22(%#L @H bNOOPcH < +!K(!^ % 427! "+-4 :+!/-#%+$H 0-A!$ Y\TZ[ #$ 3H G7(22%+,L )H 0!++,
-./ ?H 3-./!+;%%,L !/$H 0+%"!!/(.A$ % #1! 427! "+-4 B%+#-2(#, $,B:%$(7BH G72 ?#-#!$
@-+(.! >($1!+(!$ 9%BB($$(%.L Q%H \OH

Y.
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)-+2!,L 9HL E-./-22 )7A1!$L <HL )72#A+!.L ]HL @(.!+L 8HL ?%+#!L 9HL =1%+.4!+L 9H bNOOYcH =1! (B:-"#$
% "2(B-#! "1-.A! (. "%-$#-2 B-+(.! $,$#!B$H V&4"4C< 9%((%3)/ \ bNcL NNZTNdPH

)!";L ]HL )-,$L GHL I+#1L EH bNOO[cH 9+(#("-2 !K-27-#(%. % #1! .7+$!+, +%2! 1,:%#1!$($  %+ $!-A+-$$
B!-/%^$H J!3#$% V&4"4C< 834C3%)) H%3#%)/ Ng[LPN[TP[YH

)!";L ]HL I+#1L EH bP\ZOcH ?!-A+-$$ 1-4(#-#$a #1! +%2!$ % 1-4(#-# "%B:2!X(#,L "%B:!#(#(%. -./
:+!/-#(%. (. $#+7"#7+(.A -$$%"(-#!/  ($1 -./ B%#(2! B-"+%(.K!+#!4+-#! -$$!B42-A!$H D.a
]!..!/, 3H?H b!/HcL $#7-+(.! 0!+$:!"#(K!$H <"-/!B(" 0+!$$L Q!^ _%+;L ::H dd\TdYdH

)!";L ]HL ?:+(#e!+L 0H bNOOPcH 0%$# $!##2!B!.# B%+#-2(#, % S7K!.(2! 427! "+-4$a 0-##!+.$ -./
:+%"!$$H 0-A!$ PZTNU #$ 3H G7(22%+,L )H 0!++, -./ ?H 3-./!+]%%, b!/$HcH 0+%"!!/(.A$a 827!
9+-4 @%+#-2(#, ?,B:%$(7BH G72 ?#-#!$ @-+(.! >($1!+(!$ 9%BB($$(%. 0742("-#(%. \OH
I"!-. ?:+(.A$L @($$($$(::(H

)!";L ]HL =1%B-.L =H bP\ZdcH =1! .7+$!+, +%2! % $!-A+-$$ B!-/%^$ (. #1! 7::!+ -./ 2%^!+
+!-"1!$ % #1! 91!$-:!-;! 8-,H V)(-!3#%) !$,  4!)()/ c bPcL UOT\NH

)(.!$L <H)HL M%1.$%.L HGHL 6-+.!22L @HwHL E(##$"1% L 6HL @(22!+L =HMHL 8-7!+L &HMHL E%/A!+$L 0HL
<A7(2-+L EH bNOPOcH 0+!/("#(.A !  !"#$ % "2(B-#! "1-.A! %. 427! "+-4$ (. 91!$-:!-;! 8-,H
L$ GH)H ]+7$!L GH&H ";!+#L EHMH >%,L EHQH &(:"(7$L 8H ?-(.#!T@-+(!L 6H&H ?#+-BL 6H 5%%/4,
b!/$HcL 8(%2%A, -./ @-.-A!B!.# % X:2%(#!/ 9+-4 0%:72-#(%.$ 7./!+ 92(B-#! 91-.A!H
<2-$;- ?!- G+-.#L W.(K!+$(#, % <2-$;- >-(+4-.;$H /%(aPOHdONUR4B!":""HNOPOHNN

)(.!$L <H bNOOUcH "%2%A, % S7K!.(2! -./ -/72# 427! "+-4$H 0-A!$ gYgTYgd #$] 3H?H ]!..!/, -./
&H H 9+%.(. b!/$Hc =1! 827!  3!2  !""#$%&(%) H!+#,-)M 9%22!A! 0-+;a @-+,2-./ ?!- G+-.#H

)(.!$L <HL )-//%.L <HL 5(!"1!+#L &H bP\\OcH G7(2/ $#+7"#7+! -./  %+-A(.A (B:-"# % 427! "+-4$ -./
!:(4!.#1("  ($1 (. - $74!$#7-+, % 91!$-:!-;! 8-,H J!3#$% V&4"4C< 834C3%)) H%3#%)/
I2/!./%+ L Y bNcL POgTPNYH

)(.!$L <HL M(K%  L 0HL 87$1B-..L 0HL K-. @%.# +-.$L MHL E!!/L ?HL 5%2"%##L 6HL bNOO[cH K(/!."!  %+
$:!+B 2(B(#-#(%. (. #1! 427! "+-4L  !""#$%&(%) )!+#,-)M =-""%(#$ 4 > J!3#$% H&#%$&%/ UN bNcL
NZUT[POH

)(.!$L <HL &(:"(7$L EHL )-//%.L <H bP\ZUcH 0%:72-#(%. /,.-B("$ -./ 1-4(#-# :-+#(#(%.(.A 4, $(e!L
$!XL -./ B%2# $#-A! % 427! "+-4$  !""#$%&(%) )!+#,-) (. - $74!$#7-+, % "!.#+-2
91!$-:!-;! 8-,H J!3#$% V&4"4C< 834C3%)) H%3#%)/ [YL ggTYdH

)%K!2L ]HL &(:"(7$L EH bNOOPcH )-4(#-#  +-AB!.#-#(%. (. - $!-A+-$$ 2-./$"-:!a :-#"1 $(e! -./
"%B:2!X(#, "%.#+%2 427! "+-4 $7+K(K-2H V&4"4C</ ZN bUcL PZPdTPZN\H

)%K!2L ]HL &(:"(7$L EH bNOONcH   !"#$ % $!-A+-$$ 1-4(#-#  +-AB!.#-#(%. %. S7K!.(2! 427! "+-4
$7+K(K-2 -./ -47./-."!H X4-3$!" 4 > V:+%3#6%$(!" J!3#$% =#4"4C< !$, V&4"4C</ NUPL UgT\Z

Y-



)7A1!$L =H0HL 8!22^%%/L 6HEHL >%2;!L EH?HL 5(2$%.L ?MH bNOOgcH Q!^ :-+-/(AB$  %+ $7::%+#(.A #1!
+!$(2(!."! % B-+(.! !"%$,$#!B$H W3%$,) #$ V&4"4C< !$, VA4"-(#4$L NOL [ZOT[ZY

M!.$!.L OHL 91+($#B-.L @HL @(22!+L =H bNOOYcH &-./$"-:!T4-$!/ A!%$#-#($#("$a < "-$! $#7/, % #1!
/($#+(47#(%. % 427! "+-4 (. 91!$-:!-;! 8-,H V$A#34$6%(3#&)/ c\ bYcL YOgTYNPH

M!.$!.L IHL ?!::!2#L EHL @(22!+L =HL 8-7!+L &H bNOOgcH 5(.#!+ /($#+(47#(%. % 427! "+-4  !""#$%&(%)
)!+#,-) (. 91!$-:!-;! 8-,a <::2("-#(%. -./ "+%$$TK-2(/-#(%. % - #^%T$#-A! A!.!+-2(e!/
-//(#(K! B%/!2H J!3#$% V&4"4C< 834C3%)) H%3#%)/ N\\L N[\TNggH

M%1.$%.L HGHL <44!L GHL )(.!$L <H)HL ]-1.L 6H@HL &(:"(7$L EHQHL @"9%.-7A1-L MH9HL @!$$(";L GH<HL
@(22!+L =HMHL ?"1%##L HL ?1(!2/$L MH6HL K-. @%.# +-.$L MHL w%1-+L _HL E-2:1L GH@H bNOPOcH

"%$,$#!B 4-$!/  ($1!+(!$ B-.-A!B!.#  %+ 91!$-:!-;! 8-,H 827! 9+-4 8-";A+%7./ -./
D$$7!$ 8+(! $H @-+,2-./ ?!-G+-.#H W@T?GT=?TNOPOTOdH

M7L ?HL ?!"%+L 6HL )-+K!,L )H bNOO[cH 6!B%A+-:1(" -$$!$$B!.# % #1! 427! "+-4 b !""#$%&(%)
)!+#,-). (. 91!$-:!-;! 8-, 7$(.A !X#+-"#-42! 2(:% 7$"(.$ -$ -A! B-+;!+$H E#);%3#%)
=-""%(#$/ POPL [PNT[NOH

]!!2!L &HMH bNOOZcH ?!B(:-+-B!#+(" E!A+!$$(%.  %+ #1! ?%"(-2 ?"(!."!$H 5(2!,H M%1. ^(2!, C ?%.$
&#/H 91("1!$#!+H N[O :-A!$

]!..!/,L 3H bP\\Oc <.#("(:-#!/ !  !"#$ % "2(B-#! "1-.A!$ %. !$#7-+(.! -./ "%-$#-2  ($1!$H
E#);%3#%)/ PgLPYTNd

](.AL EHL )(.!$L <HL 9+-(A!L >HL G+-:L ?H bNOOgcH E!A(%.-2L ^-#!+$1!/ -./ 2%"-2 "%++!2-#!$ % 427!
"+-4 -./ 4(K-2K! -47./-."!$ (. $74!$#7-+(!$ % 91!$-:!-;! 8-,L W?<H X4-3$!" 4>
V:+%3#6%$(!" J!3#$% =#4"4C< !$, V&4"4C</ [P\ bPTNcL POPTPPYH

]+-7$!L @HL =+-1B$L MH bP\Z[cH w%%:2-.;#%. 6,.-B("$ 67+(.A >& ` iUYH 8!+2(.a ?:+(.A!+H

]7+($L <H bP\\PcH < +!K(!^ % :-##!+.$ -./ "-7$!$ % "+7$#-"!-. 4+%%/ B%+#-2(#,H 0-A!$ PPUTPdP
#$ <H 5!..!+ -./ <H ]7+($ b!/$cH 9+7$#-"!-. D$$7!$ Ua 9+7$#-"!-. AA 0+%/7"#(%.H <H<H
8-2;!B-L E%##!+/-BH

&-B4!+#L 6HL &(:"(7$L EHL )%!.(AL MH bNOOYcH <$$!$$(.A !  !"#(K!.!$$ % #1! 427! "+-4 $:-^.(.A
$#%"; $-."#7-+, (. 91!$-:!-;! 8-, 7$(.A #-AT+!#7+. B!#1%/%2%A,H J!3#$% V&4"4C<
834C3%)) H%3#%)/ [NPL NPgTNNgH

&-7A12(.L EH bP\ZNcH >!!/(.A 1-4(#$ % #1! 427! "+-4L  !""#$%&(%) )!+#,-) E-#147.L (. #1!
<:-2-"1("%2- !$#7-+,L >2%+(/-H =-""%(#$ 4 > J!3#$% H&#%$&%/ [N bdcL ZOUTZNNH

&(:"(7$L EHL AA2!$#%.L 6HL )!";L ]HL ?!(#eL EHL K-. @%.# +-.$L MH bNOOUcH "%2%A, % :%$#2-+K-2 -./
,%7.A S7K!.(2! "+-4$H 0-A!$ g[gTgYd #$ 3H ?H ]!..!/, -./ &H H 9+%.(.L b!/$cH =1! 827!
9+-4  !""#$%&(%) )!+#,-)M @-+,2-./ ?!- G+-.#L 9%22!A! 0-+;L @-+,2-./L W?<H

Y1



&(:"(7$L EHL ?!(#eL EHL G%2/$4%+%7A1L 5HL @%.#-.!L @HL ?#%";1-7$!.L 5H bNOOPc < /!!:T^-#!+
/($:!+$-2 "%++(/%+  %+ -/72#  !B-2! 427! "+-4$ (. 91!$-:!-;! 8-,H D.a ]+7$! G)L 8!e QL
8%%#1 <L 6%+. @5 -./ Y %#1!+$ b!/$c ?:-#(-2 0+%"!$$!$ -./ @-.-A!B!.# % @-+(.!
0%:72-#(%.$H <]?GTOPTONL W.(K!+$(#, % <2-$;- ?!- G+-.#L >-(+4-.;$L <]L : Yd[TYYY

&(:"(7$L EHL ?!(#eL EHL ?!!4%L @HL 9%2%.T9-++(%.L 6H bNOOgcH 6!.$(#,L -47./-."! -./ $7+K(K-2 % #1!
427! "+-4 (. $!-A+-$$ -./ 7.$#+7"#7+!/ $-2# B-+$1 .7+$!+(!$ % 91!$-:!-;! 8-,H X4-3$!"
4 > V:+%3#6%$(!" J!3#$% =#4"4C< !$, V&4"4C</ [P\ bPTNcL Y\TZOH

&(:"(7$L EHL ?#%";1-7$!.L 5HL ?!(#eL EHL G!!+L 0H bNOO[cH ?:-#(-2 /,.-B("$ -./ K-27! % - B-+(.!
:+%#!"#!/ -+!- -./ "%++(/%+  %+ #1! 427! "+-4 $:-^.(.A $#%"; (. 91!$-:!-;! 8-,H
=-""%(#$ 4 > J!3#$% H&#%$&%/ UN bNcL dg[TdY\H

@"9%.-7A1-L MHL M%1.$%.L 6HL 0+%K!.e-.%L <HL @-+($L EH bP\Z[cH ?!-$%.-2 /($#+(47#(%. % 2-+K-! % 
 !""#$%&(%) )!+#,-) b9+7$#-"!-a 6!"-:%/-c (. #1! ^-#!+$ -/S-"!.# #% 91!$-:!-;! 8-,H
X4-3$!" 4 >  3-)(!&%!$ =#4"4C</ [ bdcL gZNTg\PH

@-.$%7+L EH bP\\NcH >%+-A(.A !"%2%A, % #1! 427! "+-4L  !""#$%&(%) )!+#,-) E-#147.L (. 2%^!+
91!$-:!-;! 8-,H 01H6H 6($$!+#-#(%.L 9%22!A! % 5(22(-B -./ @-+,H 5(22(-B$47+AL 3(+A(.(-H
P\O :H

@!.$!L 6HL 5!..!+L H bP\Z\cH 6($#+(47#(%. -./ -47./-."! % !-+2, 2( ! 1($#%+, $#-A!$ % #1! 427!
"+-4L  !""#$%&(%) )!+#,-)/ (. #(/-2 B-+$1 "+!!;$ .!-+ 91-+2!$#%.L ?%7#1 9-+%2(.-H
V)(-!3#%) !$,  4!)()/ PN b[cL PgUTPYZH

@!#"-2 L ]H?HL K-. @%.# +-.$L MHL &(:"(7$L EHQHL I+#1L EHMH bP\\gcH ?!##2!B!.# (./("!$  %+ 427! "+-4
B!A-2%:-! (. #1! _%+; E(K!+L 3(+A(.(-a =!B:%+-2 +!2-#(%.$1(:$ -./ $#-#($#("-2 !  ("(!.",H
=-""%(#$ 4 > J!3#$% H&#%$&%/ gUL UZPTU\N

@(22!+L =HMHL 5(24!+AL @HMHL 6-K($L GHEHL ?1-+%KL <HL &(:"(7$L EHQHL E-2:1L GH@HL M%1.$%.L HGHL
]-7 B-.L <HGH bNOPPcH?#%"; <$$!$$B!.# % #1! 827! 9+-4 (. 91!$-:!-;! 8-,H W.(K!+$(#,
% @-+,2-./ 9!.#!+  %+ .K(+%.B!.#-2 ?"(!."!L =!"1.("-2 E!:%+# ?!+(!$ =?TYPdTPPL
?%2%B%.$H <K-(2-42! -#a
1##:aRR^^^H"(%H.%--HA%KR0%2(",y0+%A+-B$R:+:2-.$RD6PZOy91!$-:!-;!y827!y9+-4y<$$
!$$B!.#H/%"7B!.#y (.-2y-::+%K!/H:/ 

@(22(;(.L @H 5(22(-B$L <H bP\ZOcH ?,.%:$($ % 4(%2%A("-2 /-#- %. #1! 427! "+-4L  !""#$%&(%) )!+#,-)
E-#147.H ><I >($1!+(!$ ?,.%:$($ P[ZL QHIH<H<H =!"1.("-2 E!:%+# Q@>? PH 5-$1(.A#%.L
6($#+("# % 9%27B4(-H [\ :H

@(22(;(.L @H 5(22(-B$L <HL bP\ZdcH ?,.%:$($ % 4(%2%A("-2 /-#- %. #1! 427! "+-4L  !""#$%&(%) )!+#,-)
E-#147.H ><I >($1!+(!$ ?,.%:$($ P[ZL QI<< =!"1.("-2 E!:%+# Q@>?H P[\ ::H

@(.!22%L =HL <42!L ]HL 5!(.$#!(.L @HL )-,$L 9H bNOO[cH ?-2# B-+$1!$ -$ .7+$!+(!$  %+ .!;#%.a =!$#(.A
1,:%#1!$!$ %. /!.$(#,L A+%^#1 -./ $7+K(K-2 #1+%7A1 B!#-T-.-2,$($H J!3#$% V&4"4C<
834C3%)) H%3#%)/ NdYL [\Tg\H

Y0

http://www.cio.noaa.gov/Policy_Programs/prplans/ID180_Chesapeake_Blue_Crab_Ass


@%;$.!$L 0HL &(:"(7$L EHL 0(12L &HL K-. @%.# +-.$L MH bP\\UcH 9-..(4-2T:+!, /,.-B("$ (. ,%7.A
S7K!.(2!$ -./ :%$#T2-+K-! % #1! 427! "+-4H X4-3$!" 4 > V:+%3#6%$(!" J!3#$% =#4"4C< !$,
V&4"4C<L NPgL PgUTZU

@%%+!L ]H<HL 5(2"%XL 6HMHL <./!+$%.L 8HL 0-+1-BL =H<HL Q-,2%+L @H6H bNOOdcH )($#%+("-2 -.-2,$($ % 
?<3 (. #1! 0%#%B-" E(K!+ -./ <.-2,$($ % 8-,T^(/! )($#%+(" ?<3 #% !$#-42($1 - Q!^
<"+!-A! G%-2H 0< +!:%+#H <K-(2-42! -#a
1##:aRR^!4HK(B$H!/7R4(%R$-KR$:!"(-2y+!:%+#$R>(.-2y?<3y)($#%+("-2yE!:%+#yNOOdH:/ 

Q-SS-+L EHGHL 0,;!L 9HEHL </-B$L @H8HL 8+!(#47+AL 6HL )!+$1.!+L 9HL ]!B:L @HL )%^-+/$L EHL
@721%22-./L @HEHL 0-%2($$%L @HL ?!"%+L 6HL ?!22.!+L ]HL 5-+/+%:L 6HL 5%%/L EH bNOPOcH
0%#!.#(-2 "2(B-#!T"1-.A! (B:-"#$ %. #1! 91!$-:!-;! 8-,H V)(-!3#$%/  4!)(!"/ !$, H;%">
H&#%$&%L ZYLPaNOH

Q-#(%.-2 92(B-#(" 6-#- 9!.#!+ YZcY.M @%.#12, ?7BB-+(!$ % G)9QT6-(2,H U@??/ H!(%""#(% !$,
L$>436!(#4$ H%3A#&%/ U!(#4$!" V$A#34$6%$(!" H!(%""#(%/ D!(!/ !$, L$>436!(#4$ H%3A#&%M
G!);#$C(4$/ D M ?A!#"!2"% !(] ;((+]ddBBBM$&,&M$4!!MC4Ad&,4eB%2df(S)%&4$,W!29#$`M
?&&%))%, X-"< YZcYM

Q-#(%.-2 @-+(.! >($1!+(!$ ?!+K("!H YZcY.M <..7-2 9%BB!+"(-2 &-./(.A ?#-#($#("$H U@?? E#);%3#%)/
@>>#&% 4 > H&#%$&% !$, W%&;$4"4C</ E#);%3#%) H(!(#)(#&) !$, V&4$46#&)/ G!);#$C(4$/ D M
?A!#"!2"% !( 1##:aRR^^^H$#H.B $HA%KR$#2R"%BB!+"(-2R2-./(.A$R-..7-2y2-./(.A$H1#B2H
?&&%))%, J!< YZcYM

Q%+$!L H bP\UUcH <$:!"#$ % #1! e%%A!%A+-:1(" /($#+(47#(%. %  !""#$%&(%) b8+-"1,7+-a
0%+#7.(/-!cH =-""%(#$ 4 > J!3#$% H&#%$&%/ NUL ddOTddUH

I2B(L MH DDDH bP\\gcH D.A+!$$ % 427! "+-4 B!A-2%:-! (. #1! _%+; E(K!+L 3(+A(.(-L P\ZUTP\Z\H
=-""%(#$ 4 > J!3#$% H&#%$&%/ gUL Ug[TUZOH

I+#1L EHMHL @%%+!L ]H<H bP\Z[cH 91!$-:!-;! 8-,a <. 7.:+!"!/!.#!/ /!"2(.! (. $74B!+A!/ -F7-#("
K!A!#-#(%.H H&#%$&%/ NNNL gPTgN

I+#1L EHL K-. @%.# +-.$L MH bNOONcH )-4(#-# F7-2(#, -./ :+!, $(e! -$ /!#!+B(.-.#$ % $7+K(K-2 (.
:%$#T2-+K-2 -./ !-+2, S7K!.(2! (.$#-+$ % #1! 427! "+-4  !""#$%&(%) )!+#,-)M J!3#$% V&4"4C<
834C3%)) H%3#%)/ N[PL NOgTNP[H

I+#1L EHL K-. @%.# +-.$L MH bP\ZUcH W#(2(e-#(%. % - $!-A+-$$ B!-/%^ -./ #(/-2 B-+$1 "+!!; 4,
427! "+-4$  !""#$%&(%) )!+#,-)M YM ?!-$%.-2 -./ -..7-2 K-+(-#(%.$ (. -47./-."! ^(#1
!B:1-$($ %. :%$#T$!##2!B!.# S7K!.(2!$H J!3#$% V&4"4C< 834C3%)) H%3#%)/ I2/!./%+ L dP
b[cL NZ[TN\dH

YY

http://web.vims.edu/bio/sav/special_reports/Final_SAV_Historical_Report_2004.pdf
http://www.ncdc.noaa.gov/cdo-web/%23t=secondTabLink
http://www.st.nmfs.gov/stl/commercial/landings/annual_landings.html


I+#1L EHMHL 5(2"%XL 6HMHL 51(#(.AL MHEHL Q-A!,L &HL I^!.$L <H&HL ]!..!L <H]H bNOPPcH NOPO
6($#+(47#(%. % $74B!+A!/ -F7-#(" K!A!#-#(%. (. 91!$-:!-;! 8-, -./ "%-$#-2 4-,$H
3(+A(.(- D.$#(#7#! % @-+(.! ?"(!."!L ?:!"(-2 ?"(!.#( (" E!:%+#L .%H Pg[H

I+#1L EHL 5(2"%XL 6HL 51(#(.AL MHL Q-A!,L &HL I^!.$L <HL ]!..!L <H bNOPOcH NOO\ 6($#+(47#(%. % 
?74B!+A!/ <F7-#(" 3!A!#-#(%. (. 91!$-:!-;! 8-, -./ 9%-$#-2 8-,$H ?:!"(-2 ?"(!.#( ("
E!:%+# Q%H PgN

0-%2($$%L @H bNOONcH 827! "+-4$ -./ "%.#+%K!+$, %. #1! 91!$-:!-;! 8-,a < "72#7+-2 B%/!2  %+
7./!+$#-./(.A +!-$%.(.A -4%7# 427! "+-4 B-.-A!B!.#H 5-6!$ @3C!$#7!(#4$/ YP b[cL
NNYTN[\H

0!+;(.$T3($$!+L HL 5%2"%##L =HL 5%2"%##L 6H bP\\YcH Q7+$!+, +%2! % $!-A+-$$ 4!/$a .1-."!/
A+%^#1 % S7K!.(2! 427! "+-4$  !""#$%&(%) )!+#,-) bE-#147.cH X4-3$!" 4 > V:+%3#6%$(!"
J!3#$% =#4"4C< !$, V&4"4C</ P\Z bNcL PggTPU[H

0(2!L <HL &(:"(7$L EHL K-. @%.# +-.$L MHL I+#1L EH bP\\YcH 6!.$(#,T/!:!./!.# $!##2!+T+!"+7(#TS7K!.(2!
+!2-#(%.$1(:$ (. 427! "+-4$H V&4"4C#&!" J4$4C3!+;)/ YY b[cL NUUT[OOH

0(#"1!+L =HMHL ]-2(;%$;(L 6HL ?1%+#L ]HL 3-+;!,L 6HL G-.-:-#1(+-S7L 0H bNOO\cH <. !K-27-#(%. % 
:+%A+!$$ (. (B:2!B!.#(.A !"%$,$#!BT4-$!/ B-.-A!B!.# %  ($1!+(!$ (. [[ "%7.#+(!$H
J!3#$% 84"#&</ [[L NN[TN[NH

0%$!,L @HL <2:1(.L =HL )-+^!22L )HL <22!.L 8H bNOOgcH DB:%+#-."! % 2%^ $-2(.(#, -+!-$  %+ S7K!.(2!
427! "+-4$L  !""#$%&(%) )!+#,-) E-#147.L (. +(K!+T/%B(.-#!/ !$#7-+(!$ % $%7#1!-$#!+.
W.(#!/ ?#-#!$H X4-3$!" 4 > V:+%3#6%$(!" J!3#$% =#4"4C< !$, V&4"4C</ [P\ bPTNcL ZPTPOOH

E-;%"(.$;(L 9HL 0!++,L )HL <4.!,L @HL &-+$!.L ]H bNOO[cH ?% #T$!/(B!.# +!"+7(#B!.# /,.-B("$ % 
!-+2, 427! "+-4 $#-A!$ (. @($$($$(::( ?%7./H =-""%(#$ 4> J!3#$% H&#%$&%/ UN bNcL [\[TdOZH

E!,.$L QHL AA2!$#%.L 6H bNOOdcH .K(+%.B!.#-22,T"%.#+%22!/L /!.$(#,T/!:!./!.# $!"%./-+,
/($:!+$-2 (. - 2%"-2 !$#7-+(.! "+-4 :%:72-#(%.H @%&4"4C#!/ PdO bNcL PT\H

E("1-+/$%.L ]HL Q(!2$!.L =HGHL 0!/!+$!.L >H8HL )!(2B-..L MH0HL &%!;;!A--+/L 8HL ]--$L )H bP\\ZcH
?:-#(-2 1!#!+%A!.!(#, (. #1! $#+7"#7+! % #1! :2-.;#%.("  %%/ ^!4 (. #1! Q%+#1 ?!-H
J!3#$% V&4"4C< 834C3%)) H%3#%)/ PYZLP\UTNPP

E%#1$"1(2/L 8HL <72#L EHL 0-#+(";L HL ?B(#1L ?HL &(L )HL @-7+!+L =HL 6-7A1!+#,L 8HL 6-K($L GHL w1-.AL 9HL
@"G-+K!,L EH bP\\NcH <$$!$$B!.# % #1! 91!$-:!-;! 8-, 427! "+-4 $#%";H W.(K!+$(#, % 
@-+,2-./L 91!$-:!-;! 8(%2%A("-2 &-4%+-#%+,H >(.-2 +!:%+# #% @-+,2-./ 6QEL 98\NTOO[T
O[YL 9 ? OUT[O[[OUL ?%2%B%.$L @-+,2-./H NOP :H

E7(eL GH@HL )(.!$L <H)HL 0%$!,L @H)H bP\\[cH ?1-22%^ ^-#!+ -$ - +! 7A! 1-4(#-#  %+  ($1 -./
"+7$#-"!-.$ (. .%.TK!A!#-#!/ !$#7-+(!$a <. !X-B:2!  +%B 91!$-:!-;! 8-,H J!3#$%
V&4"4C< 834C3%)) H%3#%)/ \\L PTPYH

Yb



E,!+L 9HL K-. @%.# +-.$L MHL @%%/,L ]H bP\\UcH 9-..(4-2($BL +! 7A(- -./ #1! B%2#(.A 427! "+-4H
J!3#$% V&4"4C< 834C3%)) H%3#%)/ PdUL UUTZgH

?-./%eL @HL E%A!+$L EH bP\ddcH =1! !  !"# % !.K(+%.B!.#-2  -"#%+$ %. 1-#"1(.AL B%72#(.A -./
$7+K(K-2 % #1! 427! "+-4H V&4"4C</ NgL NPYTNNZH

?"1-  .!+L &HL 6(-eL EH bP\ZZcH 6($#+(47#(%. -./ -47./-."! % %K!+^(.#!+(.A 427! "+-4$L
 !""#$%&(%) )!+#,-)/ (. #1! 2%^!+ 91!$-:!-;! 8-,H V)(-!3#%) !$,  4!)()/ PP bPcL YZTUNH

?"172B-.L MH&H bP\\YcH )-4(#-# "%B:2!X(#, -$ - /!#!+B(.-.# % S7K!.(2! 427! "+-4 $7+K(K-2H
@-$#!+$ =1!$($H =1! 9%22!A! % 5(22(-B -./ @-+,L ?"1%%2 % @-+(.! ?"(!."!L G2%7"!$#!+
0%(.#L 3(+A(.(-L W?<H

?"722,L @H H bNOPOcH 5(./ B%/72-#(%. % /$$%2K!/ %X,A!. (. 91!$-:!-;! 8-,H V)(-!3#%) !$,
 4!)()M [[L PPYdTPPUgH

?!(#eL EHL G%2/$4%+%7A1L 5HL @%.#-.!L @HL ?#%";1-7$!.L5H bNOOP-cH < /!!:T^-#!+ /($:!+$-2
"%++(/%+  %+ -/72#  !B-2! 427! "+-4$ (. 91!$-:!-;! 8-,H 0-A!$ Yd[TYYY #$ GH )H ]+7$!L QH
8!eL <H 8%%#1L @H 5H 6%+.L ?H )(22$L EH QH &(:"(7$L 6H 0!22!#(!+L 9H E%,L ?H MH ?B(#1 -./ 6H
5(#1!+!22L b!/$cH ?:-#(-2 0+%"!$$!$ -./ @-.-A!B!.# % @-+(.! 0%:72-#(%.$H W.(K!+$(#,
% <2-$;- ?!- G+-.#L <]T?GTOPTONL >-(+4-.;$

?!(#eL EHL &(:"(7$L EHL ?#%";1-7$!.L 5HL @%.#-.!L @H bNOOP4cH   ("-", % 427! "+-4 $:-^.(.A
$-."#7-+(!$ (. 91!$-:!-;! 8-,H 0-A!$ YOUTYNY #$ GH )H ]+7$!L QH 8!eL <H 8%%#1L @H 5H
6%+.L ?H )(22$L EH QH &(:"(7$L 6H 0!22!#(!+L 9H E%,L ?H MH ?B(#1 -./ 6H 5(#1!+!22L b!/$cH ?:-#(-2
:+%"!$$!$ -./ B-.-A!B!.# % B-+(.! :%:72-#(%.$H W.(K!+$(#, % <2-$;- ?!- G+-.#L <]T
?GTOPT ONL >-(+4-.;$H

?!(#eL EHL @-+$1-22L &HL )(.!$L <HL 92-+;L ]H bNOO[cH   !"#$ % 1,:%X(- %. :+!/-#%+T:+!, /,.-B("$ % 
#1! 427! "+-4  !""#$%&(%) )!+#,-) -./ #1! 8-2#(" "2-B J!&46! 2!"(;#&! (. 91!$-:!-;!
8-,H J!3#$% V&4"4C< 834C3%)) H%3#%)/ NgULPU\TPZZH

?!(#eL EHL &(:"(7$L EHL ?!!4%L @H bNOOgcH >%%/ -K-(2-4(2(#, -./ A+%^#1 % #1! 427! "+-4 (. $!-A+-$$
-./ 7.K!A!#-#!/ .7+$!+(!$ % #1! 91!$-:!-;! 8-,H X4-3$!" 4 > V:+%3#6%$(!" J!3#$%
=#4"4C< !$, V&4"4C</ [P\L b\e_g

?1-+%KL <HL 3%2$#-/L MHL 6-K($L GHL 6-K($L 8HL &(:"(7$L EHL @%.#-.!L @H bNOO[cH <47./-."! -./
!X:2%(#-#(%. +-#! % #1! 427! "+-4 b !""#$%&(%) )!+#,-). (. 91!$-:!-;! 8-,H =-""%(#$ 4>
J!3#$% H&#%$&%/ \Y bNcL gd[TgYgH

?1(!2/$L MH IK!+$#+!!#L EH bNOOUcH 6($!-$!$L :-+-$(#!$L -./ %#1!+ $,B4(%.#$H 0-A!$ N\\TdPU #$ 3H ?H
]!..!/, -./ &H H 9+%.(.L b!/$cH =1! 827! 9+-4  !""#$%&(%) )!+#,-)M @-+,2-./ ?!- G+-.#L
9%22!A! 0-+;L @-+,2-./L W?<H

Y/



?B(#1L ?H 91-.AL H bNOOUcH @%2#(.A -./ A+%^#1H 0-A!$ P\UTNdg #$ 3H ?H ]!..!/, -./ &H H 9+%.(.L
!/(#%+$H =1! 827! 9+-4  !""#$%&(%) )!+#,-)M @-+,2-./ ?!- G+-.#L 9%22!A! 0-+;L @-+,2-./L
W?<H

?B(#1 ?H bP\\Uc @%/!2$ % "+7$#-"!-. A+%^#1 /,.-B("$H 016 6($$!+#-#(%.L W.(K!+$(#, % 
@-+,2-./L 9%22!A! 0-+;L @6

?#!!2!L 0H 8!+#L =HL bP\\dcH 0%:72-#(%. !"%2%A, % #1! 427! "+-4L  !""#$%&(%) )!+#,-) E-#147.L (. -
$74#+%:("-2 !$#7-+,a :%:72-#(%. $#+7"#7+!L -$:!"#$ % +!:+%/7"#(%.L -./ 1-4(#-#
:-+#(#(%.(.AH E"43#,! J!3#$% I%)%!3&; 8-2"#&!(#4$)/ gPLPTNdH

=-A-#eL @H bP\YZcH 8(%2%A, % #1! 427! "+-4L  !""#$%&(%) )!+#,-) E-#147.L (. #1! ?#H M%1.i$ E(K!+L
>2%+(/-H hMHM E#); !$, G#","#>% H%3A#&% E#);%3< =-""%(#$/ YULPUT[NH

=-.;!+$2!,L EHL 5(!4!+L @HL ?(A-2-L @HL ]-"17+-;L ]H bP\\ZcH @(A+-#%+, 4!1-K(%+ % %K(A!+%7$ 427!
"+-4$  !""#$%&(%) )!+#,-)] K(/!."!  %+ $!2!"#(K! #(/-2T$#+!-B #+-.$:%+#H =#4"4C#&!"
=-""%(#$/ P\gLPYZTPU[

=7+.!+L )HL 5%2"%##L 6HL 5%2"%##L =HL )(.!$L <H bNOO[cH 0%$#TB-#(.A 4!1-K(%+L (.#+-B%2# A+%^#1L
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