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/,'0=,! (! )(50$'(&04.! 6()&4'! 64'! ,()+! '(0.! 1(-1,! 0./0=0/-(552! (6&,'! (! /2.(30)!

)(50$'(&04.8!#./!&+0%!0%!7+(&!7,!/0/!64'!%,=,'(5!'(0.!1(-1,%8!9&!0%!,B:5(0.,/!$,&&,'!0.!

&+,!6455470.1!-./,'!%,)&04.8!

!
W&(1,+$J:$.2#2&/$/#"&E,#2&34$

C8E8D8!I2.(30)!)(50$'(&04.!
R4.601-',!&+,!1(-1,!(%!0.!601-',<!,.%-',!1(-1,!0%!5,=,55,/!(./!)4..,)&,/!&4!(!/(&(!

5411,'! 4'! )4-.&,'8! X055! (! )4.&(0.,'! 70&+! CYYY! )3"! 46! 7(&,'! 64'! Y<D! 33h&0:!

)(50$'(&04.<!$-&!7,!+(=,!%,,.!&+(&! 0%!.4&!,.4-1+<!%4!7,!:',6,'!&4!/4!0&!70&+!"YYY!

)3"<! &+0%! 0%! -%-(552! ()+0,=,/! 34%&! :',)0%,52! (./! )4.%0%&,.&52! $2! 7,01+0.1! &+,!

7(&,'!4.!(!$(5(.),!)(:($5,!46!3,(%-'0.1!&4!Y<C!1!&+(&!)4'',%:4./!&4!Y<C!)3"8!#5547!

&+,! 7(&,'! &4! /'0:! %54752! 0.&4! &+,! 1(-1,<! &(@0.1! (&! 5,(%&! VY! 30.-&,%! &4! ,3:&2<!

(::'4B03(&,52!NY!%,)4./%!64'!,()+!&0:<!$-&!64'!-%!&+(&!7,!+(=,!-%,/!(!$011,'!=(5-,!



! D"!

46!&+',,!&03,%!7,!.,,/!&4!7(0&!(&!5,(%&!"!+4-'%<!&4!/4!0&!7,!+(=,!-%,/!(!:-3:!&+(&!

+(/!/066,',.&! 0.&,.%0&0,%! &4! %03-5(&,!/066,',.&! %0&-(&04.8!#&! &+,! ,./!46! &+0%!:,'04/!

(::'4B03(&,52!W^!&0:%!7055!+(=,!4))-'',/!>7,!+(=,!64-./!(::'4B03(&,52!DWN!&0:%A<!

$-&!&+,!,B()&!.-3$,'!0%!4$&(0.,/!6'43!&+,!/(&(!5411,'!4'!)4-.&,'8!*4!&+0%!(//!4.!(.!

())-'(&,!,%&03(&04.!46!7+(&! 6'()&04.!46!(! &0:! 0%! 5,6&! 0.! &+,!$-)@,&!7+,.!&+,!7(&,'!

%&4:%!65470.1<!(!1'(/-(&,/!%2'0.1,!0%!0/,(5!64'!&+0%8!

!

!
W&(1,+$=L:$N64#%&/$/#"&E,#2&34$&4$"#E3,#23,67$

!

C8E8"8!R(5)-5(&0.1!&+,!)(50$'(&04.!6()&4'!
*4! )(5)-5(&,! &+,! =(5-,! 46! )(50$'(&04.! 6()&4'<!7,!@.47! &+,!.430.(5! (34-.&! 46! &+,!

&0:%!64'!(!Y<D!33!$-)@,&!0%!W^<\CV\!&0:%<!5,&!H!(%!&+,!.-3$,'!46!&0:%<!&+,!)(50$'(&04.!

6()&4'!>R8X8A!0%!&+,.!)(5)-5(&,/!(%!645547%a!

!

!

R8X8!i!K(-1,!%0c,!>Y<D!33A!j!H430.(5!(34-.&!>W^<\CV\A!h!H!

!

!

!

!



! DN!

!

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

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

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

!$#0%&'%!$#!% (#)()%++,&-.%

!1#(%&'%!1#*% (#)(2%++,&-.%

!1#0%&'%!1#!% (#)((%++,&-.%

!!#(%&'%!!#*% (#2!!%++,&-.%

!!#0%&'%!!#!% (#2!1%++,&-.%

2((%&'%2((#*% (#2!$%++,&-.%
C#E"+$=:$,#4(+$3'$/#"&E,#2&34$'#/23,.7$

!

0.!4&+,'!74'/%<!,()+!&0:!)4'',%:4./!&4!(!=(5-,!46!'(0.6(558!Q'4=0/,/!&+,!)(50$'(&04.!

6()&4'!6(55%!$,&7,,.!Y<CW\!33!(./!Y<DYN!33!0&!0%!()),:&($5,!64'!34%&!:-':4%,%8!96!

&+,! )(50$'(&04.! 6()&4'! 50,%! 4-&%0/,! &+,%,! 5030&%<! ',:,(&! &+,! %&(&0)! (./! /2.(30)!

)(50$'(&04.!:'4),/-',8!



! DE!

R+(:&,'!Da!T4)(&04.!46!&+,!%&-/2!

!
U'(/64'/!50,%!(&!&+,!+,('&!46!&+,!R0&2!46!U'(/64'/<!(!3,&'4:450&(.!$4'4-1+!46!O,%&!

Z4'@%+0',<! 0.!H4'&+,'.!M.15(./8! 9&! 0%! %0&-(&,/! 0.! &+,! 644&+055%!46! &+,!Q,..0.,%<!^<V!

305,%!>CN!@3A!7,%&!46!T,,/%<!(./!CV!305,%!>DV!@3A!.4'&+7,%&!46!O(@,60,5/8!

!

!

!
W&(1,+$==:$P3/#2&34$3'$28+$/&26$3'$31,$.210&+.7$

!



! DV!

D8C!K,.,'(5!/,%)'0:&04.!46!54)(&04.!

!

D8C8C8!K,41'(:+2!
U'(/64'/! 0%! 54)(&,/! (&! E"°NE′YY″H! YC°EY′YY″O! >E"8\EYY<! ?C8^"""AC8!

*4:41'(:+0)(552<! 0&! 0%! 54)(&,/! 0.! &+,! ,(%&,'.! 344'5(./! ',104.! 46! &+,! G4-&+!

Q,..0.,%8!

U'(/64'/! 0%! .4&! $-05&! 4.! (.2! %-$%&(.&0(5! $4/2! 46! 7(&,'! $-&! 0%! %0&-(&,/! (&! &+,!

e-.)&04.! 46! &+',,! =(55,2%<! 4.,! 46! &+,3<! &+(&! 46! &+,! U'(/64'/! U,)@!7+0)+! '0%,%! 0.!

344'5(./! &4! &+,! 7,%&<! (./! 0%! %7,55,/! $2! 0&%! &'0$-&('0,%<! &+,! P4'&4.! U,)@<!

O,%&$'44@<!U4750.1!U,)@!(./!M(%&$'44@8!#&!&+,!%0&,!46!&+,!4'010.(5!64'/<!&+,!$,)@!

&-'.%! .4'&+<! (./! 6547%! &47('/%! &+,!J0=,'! #0',! (&! G+0:5,28! U'(/64'/(5,! 0%! (! .(3,!

10=,.!&4!&+0%!=(55,28!9&!)(.!$,!',1('/,/!(%!4.,!46!&+,!Z4'@%+0',!I(5,%<!&+4-1+!(%!0&!

:(%%,%!&+4-1+!&+,!)0&2<!0&!0%!46&,.!.4&!',)41.0%,/!(%!%-)+8!*+,!$,)@_%!)4-'%,!&+'4-1+!

&+,!)0&2!),.&',! 0%! 0.&,'',/!(./!+(%!$,,.!%0.),!&+,!30/!CW&+!),.&-'28!S.!&+,!C^ED!

S'/.(.),!G-'=,2!0&!0%!=0%0$5,!(%!6('!(%!G-.!U'0/1,<!(&!&+,!,./!46!*2'',55!G&',,&<!(./!

&+,.!6'43!$,%0/,!U'(/64'/!X4'%&,'!Gb-(',!'(057(2!%&(&04.!4.!F0'@1(&,8!S.!&+,!CWYV!

S'/.(.),! G-'=,2<! 0&! /0%(::,('%! (&! *-3$50.1! P055! G&',,&<! 466! *+4'.&4.! J4(/<! (./!

(::,('%!.4'&+!46!R(:,!G&',,&<!466!](55,2!J4(/<! &+4-1+!&+,',!(',!)-5=,'&%!(%! 6('!(%!

k-,,.%!J4(/8!

*+,!U'(/64'/!R(.(5<!$-05&!0.!C\\N<!50.@0.1!&+,!)0&2!&4!&+,!T,,/%!(./!T0=,':445!R(.(5!

&44@! 0&%! 7(&,'! 6'43! U'(/64'/! U,)@! (./! 0&%! &'0$-&('0,%8! *+,! %-::52! 7(%! 46&,.!

0.(/,b-(&,! &4! 6,,/! &+,! 54)@%<! (./! &+,! :455-&,/! %&(&,! 46! &+,! )(.(5! 5,/! &4! 0&%!

&,3:4'('2! )54%-',! 0.! C^VVa! &+,! )(.(5! 7(%! )54%,/! 0.! &+,! ,('52! DY&+! ),.&-'2! (%!

-.,)4.430)8!

!

D8C8D8!K,45412!
*+,! -./,'520.1! 1,45412! 46! &+,! )0&2! 0%! :'03('052! )('$4.06,'4-%! %(./%&4.,%8! *+,%,!

=('2! 0.!b-(50&2! 6'43!'4-1+!'4)@!&4! 60.,<!+4.,2?)454-',/!%&4.,!46!$-05/0.1!b-(50&28!

#)),%%!&4!&+0%!3(&,'0(5!+(%!+(/!(!:'4.4-.),/!,66,)&!4.!&+,!(')+0&,)&-',!46!&+,!)0&28!

!



! D\!

D8C8"8!R503(&,!
#%!70&+!&+,!',%&!46!&+,!LF<!U'(/64'/!$,.,60&%!6'43!(!3('0&03,!)503(&,<!70&+!5030&,/!

%,(%4.(5!&,3:,'(&-',!'(.1,%<!(./!1,.,'(552!34/,'(&,!'(0.6(55!&+'4-1+4-&!&+,!2,('8!

J,)4'/%!+(=,!$,,.!)455,)&,/!%0.),!CWY^! 6'43!&+,![,&!S660),_%!7,(&+,'! %&(&04.!(&!

T0%&,'!Q('@<! (! %+4'&! /0%&(.),!.4'&+! 46! &+,! )0&2! ),.&',8! *+0%! )4.%&0&-&,%! 4.,!46! &+,!

.(&04.%!54.1,%&!-.$'4@,.!',)4'/%!46!/(052!/(&(8!

*+,!($%45-&,!3(B03-3!&,3:,'(&-',!',)4'/,/!7(%!"D8D!lR! 0.!#-1-%&!CWWY8! 9.!(.!

(=,'(1,!2,('<!&+,!7('3,%&!/(2!%+4-5/!(&&(0.!(!&,3:,'(&-',!46!D\8E!lR<!70&+!(!&4&(5!

46!V!/(2%!'0%0.1!&4!(!3(B03-3!46!DE8C!lR!4'!($4=,8!

*+,!($%45-&,!30.03-3!&,3:,'(&-',!',)4'/,/!7(%!mC"8W!lR!/-'0.1!n(.-('2!CWNY8!

*+,! 7,(&+,'! %&(&04._%! ,5,=(&,/! %-$-'$(.! 54)(&04.! 3,(.%! ,B),:&04.(552! 547!

&,3:,'(&-',%! (',! -.@.47.8! *2:0)(552<! NC8N! .01+&%! 46! &+,! 2,('!7055! ',)4'/! (.! (0'!

6'4%&8! J(0.6(55! (=,'(1,%! ('4-./! ^\Y!33!:,'! 2,('!70&+! 4=,'! C33! 6(550.1! 4.! C"W!

/(2%8!

!

D8D!T4)(&04.%!46!'(0.!1(-1,!%&(&04.%!

*+,! '(0.! 1(-1,! %&(&04.%! (',!:5(),/!4.!U'(/64'/!L.0=,'%0&2! )0&2! )(3:-%! (./! &+,2!

(',!%0B&,,.8!!

#55! '(0.!1(-1,%!(',!#JKCYY! &0::0.1!$-)@,&! '(0.!1(-1,%<! &+,2!+(=,!$,,.!%,&&,/! &4!

',(/! &0:%! ,=,'2!C!30.-&,;!7,!3(.-(552! ',(/!4-&! &+,!/(&(! (::'4B03(&,52! ,=,'2!"!

7,,@%!(./!7,!(5%4!)+,)@!(./!)5,(.!&+,!'(0.!1(-1,%8!!

*+,!:,'04/!46!%&-/2!0%!54.1!6'43!V&+!46!#:'05!&4!D./!46!H4=,3$,'<!&+,!',%&!46!&+,!

2,('!7,!(',!-.($5,!&4!+(=,!(!144/!=(5-,!46!/(&(!64'!&+,!:'4$5,3!46!&+,!&0::0.1!

$-)@,&!'(0.!1(-1,!&4!)(&)+!&+,!/(&(!46!%.472!(./!+(052!/(2%8!

*+,!:0)&-',!$,547!)4-5/!10=,!(!1,.,'(5! 0/,(!46!&+,! 54)(&04.!46!(55! &+,!'(0.!1(-1,%<!

$-&!0&!7055!$,!,B:5(0.,/!$,&&,'!0.!&+,!6455470.1!%,)&04.8!

!



! D^!

!
W&(1,+$=K:$P3/#2&34$3'$%+#.1,+%+42$*"#/+.7$

!

D8D8C8!T4)(&04.!46!,=,'2!:40.&!
Q40.&!#!g!&74!'(0.!1(-1,%!)5(3:,/!4.!&+,!'(050.1%!46!Q+4,.0B!$-05/0.1<!/0%&(.),!46!

34',!&+(.!&70),!&+,!+,01+&!46!&+,!%-''4-./0.1!$-05/0.1<!$-&!&+,2!/4!.4&!%(&0%62!&+,!

E!3,&',%!(7(2!6'43!'446!,/1,8!

!

!
W&(1,+$=O:$R#&4$(#1(+.$3'$*3&42$!)$&4$S83+4&I$E1&"0&4(7$



! DW!

Q40.&!U!g!G)+445!46!P,(5&+8!*74!'(0.!1(-1,%!)5(3:,/!&4!&+,!'(050.1%!46!(!$(5)4.2<!

&+,2! )(.f&! $,!:5(),/! 0.!30//5,<! (%! &+,',! 0%! (.! (::'4B03(&,52!N!3!+01+!7(558!J(0.!

1(-1,%!(',!.4&!(&!E!3!(7(2!6'43!'446!,/1,8!

!

!
W&(1,+$=>:$R#&4$(#1(+.$3'$*3&42$T)$&4$;/833"$3'$U+#"287$

!

Q40.&!R!g!J0)+34./!$-05/0.1<!$,+0./!&+,!(&'0-3!70.18!*74!'(0.!1(-1,%!)5(3:,/!&4!

&+,! 7+0&,! '(050.1%<! $,)(-%,! &+,',! 0%! (! +01+! $-05/0.1! $,+0./! -%<! &+,! $5-,! )5(//,/!

J0)+34./!$-05/0.1!4.!'01+&!46!&+,!:+4&4!($4=,<!7,!(',!.4&!%-',!($4-&!,B()&!+,01+&!

46!&+,!$-05/0.1<!(&!&+,!,/1,!46!&+0%!'446!7,f',!:'4$($52!.4&!b-0&,!&70),!&+,!+,01+&!46!

&+,!$-05/0.1!(7(28!*+,!'(0.!1(-1,%!(',!(5%4!.4&!E!3!(7(2!6'43!'446!,/1,8!

!



! "Y!

!
W&(1,+$=@:$R#&4$(#1(+.$3'$*3&42$M)$&4$R&/8%340$E1&"0&4(7$

!

Q40.&!M!g!Q,3$,'&4.!$-05/0.18!*74!'(0.!1(-1,%! 0.!30//5,!46! &+,! 65(&! '446<! %4! 0&! 0%!

%(&0%620.1!(55!&+,!)'0&,'0(8!

!

!
W&(1,+$=B:$R#&4$(#1(+.$3'$*3&42$V)$&4$S+%E+,234$E1&"0&4(7$

!

Q40.&%!X!(./!K<!T0$'('2!'446<!D!:(0'%!46!'(0.!1(-1,%<!4.,!4.!,0&+,'!%0/,!46!65(&!'446<!

54)(&,/! %,=,'(5!3,&,'%! 6'43! &+,!,/1,8!*+,! '(0.!1(-1,%!+(=,!34',! &+(.!E!3,&',%!

(7(2!6'43!'446!,/1,8!



! "C!

!
W&(1,+$=H:$R#&4$(#1(+.$3'$*3&42$W$#40$X)$E328$&4$P&E,#,6$,33'7$

Q40.&!9!(./!P!g!*+,',!(',!64-'!'(0.!1(-1,%<!4.,!:(0'!,0&+,'!%0/,<!4.!'446!46!G&-/,.&!

R,.&'(5<! %,=,'(5! 3,&',%! 6'43! ,/1,<! /0%&(.),! 46! 34',! &+(.! &70),! &+,! +,01+&! 46!

%-''4-./0.1!$-05/0.1%8!

!
W&(1,+$=Q:$R#&4$(#1(+.$3'$*3&42$Y$#40$U)$34$,33'$3'$;210+42$M+42,#"7$

9.! &+,!,./! &4!10=,!)5('0&2!46! &+,!(55! 54)(&04.%<! &+,',!(',!%43,!:0)&-',%! &(@,.! 6'43!

(,'0(5!:+4&41'(:+28!

T4)(&04.!46!:40.&%a!M!?!X!?!K!?!P!?!R!!

!
W&(1,+$=J:$P3/#2&34$3'$28+$,#&4$(#1(+.$&4$S+%E+,234$T1&"0&4(.)$;210+42$M+42,#"$#40$P&E,#,67$

T4)(&04.!46!:40.&%a!#!?!X!?!K!?!P!?!R!!



! "D!

!
W&(1,+$KL:$P3/#2&34$3'$28+$,#&4$(#1(+.$&4$S83+4&I$T1&"0&4(.)$;210+42$M+42,#"$#40$P&E,#,6$

T4)(&04.!46!:40.&!U!(./!Ra!!

!
W&(1,+$K=:$P3/#2&34$3'$28+$,#&4$(#1(+.$&4$R&/8%340$T1&"0&4(.$#40$;/833"$3'$U+#"287$

!

D8D8D8!I0%&(.),%!(./!)44'/0.(&,%!
P,',!$,547!&+,',!(',!&+,!)44'/0.(&,%!46!,=,'2!:40.&<!e-%&!(.(52%,/8!

• Q+4,.0B!$-05/0.1<!:40.&!#<!'(0.!1(-1,%!\!(./!Va!B!i!NCE"DE<!2!i!N"D\NY;!

• G&-/,.&!),.&'(5<!:40.&!Po9a!

J(0.!1(-1,%!^!(./!Wa!B!i!NCE"EV<!2!i!N"D^N\;!

J(0.!1(-1,%!CY!(./!CDa!B!i!NCE"\N<!2!i!N"D^E^;!

• T0$'('2<!:40.&!XoKa!!



! ""!

'(0.!1(-1,%!CE!(./!CVa!NCE"WE<!2!i!N"D^CC;!

'(0.!1(-1,%!C"!(./!CNa!NCENDV<!2!i!N"D\\N;!

• Q,3$,'&4.<!:40.&!M<!'(0.!1(-1,%!N!(./!Ea!B!i!NCEEC"<!2!i!N"D^"N;!

• G)+445!46!P,(5&+<!:40.&!U<!'(0.!1(-1,%!C\!(./!C^<!B!i!NCEVDV<!2!i!N"D\VD;!

• J0)+34./!$-05/0.1<!:40.&!R<!'(0.!1(-1,%!C!(./!D<!B!i!NCE\DY<!2!i!N"D\WE;%

!

*+,!6455470.1!&($5,!%+47%!&+,!/0%&(.),%!$,&7,,.!(55!&+,!:40.&%8!

!

G&(&04.%! I0%&(.),!p3q!
#U! "YN!
#R! NYN!
#9! ^^!
#M! DYW!
#X! CYE!
#K! WE!
#P! C"C!
UR! CYN!
U9! DWY!
UM! C"W!
UX! DYN!
UK! DNV!
UP! D\Y!
R9! "^Y!
RM! DCV!
RX! "YN!
RK! ""^!
RP! "EE!
9M! CVV!
9X! WV!
9K! NN!
9P! NV!
MX! CCC!
MK! CD\!
MP! C"W!
XK! EV!
XP! CYD!
KP! ED!

C#E"+$K:$0&.2#4/+.$E+2G++4$#""$28+$.2#2&34.7$



! "N!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!



! "E!

R+(:&,'!"a![4/,5%!64'!&+,!(.(52%0%!

"8C8!R4'',5(&04.!

9.! %&(&0%&0)%<! /,:,./,.),! 0%! (.2! %&(&0%&0)(5! ',5(&04.%+0:! $,&7,,.! &74! '(./43!

=('0($5,%!4'!&74!%,&%!46!/(&(8!R4'',5(&04.!',6,'%!&4!(.2!46!(!$'4(/!)5(%%!46!%&(&0%&0)(5!

',5(&04.%+0:%!0.=45=0.1!/,:,./,.),8!

X(3050('!,B(3:5,%!46!/,:,./,.&!:+,.43,.(! 0.)5-/,! &+,!)4'',5(&04.!$,&7,,.! &+,!

:+2%0)(5! %&(&-',%!46!:(',.&%! (./! &+,0'!466%:'0.1<! (./! &+,! )4'',5(&04.!$,&7,,.! &+,!

/,3(./! 64'! (! :'4/-)&! (./! 0&%! :'0),8! R4'',5(&04.%! (',! -%,6-5! $,)(-%,! &+,2! )(.!

0./0)(&,!(!:',/0)&0=,!',5(&04.%+0:!&+(&!)(.!$,!,B:540&,/!0.!:'()&0),8!!

X4'3(552<! /,:,./,.),! ',6,'%! &4! (.2! %0&-(&04.! 0.!7+0)+! '(./43! =('0($5,%! /4! .4&!

%(&0%62! (! 3(&+,3(&0)(5! )4./0&04.! 46! :'4$($050%&0)! 0./,:,./,.),8! 9.! 544%,! -%(1,<!

)4'',5(&04.! )(.! ',6,'! &4! (.2! /,:('&-',! 46! &74! 4'! 34',! '(./43! =('0($5,%! 6'43!

0./,:,./,.),<!$-&!&,)+.0)(552!0&!',6,'%!&4!(.2!46!%,=,'(5!34',!%:,)0(50c,/!&2:,%!46!

',5(&04.%+0:!$,&7,,.!3,(.!=(5-,%8!*+,',!(',!%,=,'(5!)4'',5(&04.!)4,660)0,.&%<!46&,.!

/,.4&,/!ρ!4'!'<!3,(%-'0.1!&+,!/,1',,!46!)4'',5(&04.8!*+,!34%&!)4334.!46!&+,%,!0%!

&+,!Q,('%4.!)4'',5(&04.!)4,660)0,.&<!7+0)+!0%!%,.%0&0=,!4.52!&4!(!50.,('!',5(&04.%+0:!

$,&7,,.!&74!=('0($5,%!>7+0)+!3(2!,B0%&!,=,.!06!4.,!0%!(!.4.50.,('!6-.)&04.!46!&+,!

4&+,'A8!S&+,'!)4'',5(&04.!)4,660)0,.&%!+(=,!$,,.!/,=,54:,/!&4!$,!34',!'4$-%&!&+(.!

&+,!Q,('%4.!)4'',5(&04.!g!&+(&!0%<!34',!%,.%0&0=,!&4!.4.50.,('!',5(&04.%+0:%8![-&-(5!

0.64'3(&04.!)(.!(5%4!$,!(::50,/!&4!3,(%-',!/,:,./,.),!$,&7,,.!&74!=('0($5,%8!

!

"8C8C8!Q,('%4._%!:'4/-)&?343,.&!)4,660)0,.&!
*+,!34%&!6(3050('!3,(%-',!46!/,:,./,.),!$,&7,,.!&74!b-(.&0&0,%! 0%!&+,!Q,('%4.!

:'4/-)&?343,.&! )4'',5(&04.! )4,660)0,.&<! 4'! dQ,('%4._%! )4'',5(&04.! )4,660)0,.&d<!

)4334.52!)(55,/!%03:52!d&+,!)4'',5(&04.!)4,660)0,.&d8!9&!0%!4$&(0.,/!$2!/0=0/0.1!&+,!

)4=('0(.),!46! &+,! &74!=('0($5,%!$2! &+,!:'4/-)&!46! &+,0'! %&(./('/!/,=0(&04.%8!F('5!

Q,('%4.! /,=,54:,/! &+,! )4,660)0,.&! 6'43! (! %0305('! $-&! %501+&52! /066,',.&! 0/,(! $2!

X'(.)0%!K(5&4.8!

!



! "V!

"8C8D8!Q4:-5(&04.!(./!%(3:5,!3,&+4/%!
Q,('%4._%! )4'',5(&04.! )4,660)0,.&! 7+,.! (::50,/! &4! (! :4:-5(&04.! 0%! )4334.52!

',:',%,.&,/! $2! &+,! K',,@! 5,&&,'!ρ! (./! 3(2! $,! ',6,'',/! &4! (%! &+,! :4:-5(&04.!

)4'',5(&04.! )4,660)0,.&! 4'! &+,! :4:-5(&04.! Q,('%4.! )4'',5(&04.! )4,660)0,.&8! *+,!

64'3-5(!64'!ρ!0%a!

!

!!!! ! !"## !!! !! !"#!!!!!!!!!
! !! !! ! !!!!! ! !!!

!!!!
!

!

7+,',<! /3-! 0%! &+,! )4=('0(.),<! 7+0)+! 0%! (! 3,(%-',! 46! +47! 3-)+! &74! '(./43!

=('0($5,%!)+(.1,!&41,&+,'8!96!&+,!1',(&,'!=(5-,%!46!4.,!=('0($5,!3(0.52!)4'',%:4./!

70&+! &+,!1',(&,'!=(5-,%!46! &+,!4&+,'!=('0($5,<!(./! &+,!%(3,!+45/%! 64'! &+,!%3(55,'!

=(5-,%<!08,8<!&+,!=('0($5,%!&,./!&4!%+47!%0305('!$,+(=04-'<!&+,!)4=('0(.),!0%!:4%0&0=,8!

9.!&+,!4::4%0&,!)(%,<!7+,.!&+,!1',(&,'!=(5-,%!46!4.,!=('0($5,!3(0.52!)4'',%:4./!&4!

&+,!%3(55,'!=(5-,%!46!&+,!4&+,'<!08,8<!&+,!=('0($5,%!&,./!&4!%+47!4::4%0&,!$,+(=04-'<!

&+,! )4=('0(.),! 0%! .,1(&0=,8! *+,! %01.! 46! &+,! )4=('0(.),! &+,',64',! %+47%! &+,!

&,./,.)2! 0.! &+,! 50.,('! ',5(&04.%+0:! $,&7,,.! &+,! =('0($5,%;!!! !0%! &+,! %&(./('/!
/,=0(&04.! 46! j;!!! !0%! &+,! 3,(.! 46! j;! (./! M! 0%! &+,! ,B:,)&(&04.<! 7+0)+! ',6,'%<!
0.&-0&0=,52<! &4! &+,! =(5-,! 46! (! '(./43! =('0($5,! 4.,! 74-5/! d,B:,)&d! &4! 60./! 06! 4.,!

)4-5/!',:,(&!&+,!'(./43!=('0($5,!:'4),%%!(.!0.60.0&,!.-3$,'!46!&03,%!(./!&(@,!&+,!

(=,'(1,! 46! &+,! =(5-,%! 4$&(0.,/8![4',! 64'3(552<! &+,! ,B:,)&,/! =(5-,! 0%! (!7,01+&,/!

(=,'(1,!46!(55!:4%%0$5,!=(5-,%8!

Q,('%4._%! )4'',5(&04.! )4,660)0,.&! 7+,.! (::50,/! &4! (! %(3:5,! 0%! )4334.52!

',:',%,.&,/! $2! &+,! 5,&&,'! '! (./! 3(2! $,! ',6,'',/! &4! (%! &+,! %(3:5,! )4'',5(&04.!

)4,660)0,.&!4'!&+,!%(3:5,!Q,('%4.!)4'',5(&04.!)4,660)0,.&8!O,!)(.!4$&(0.!(!64'3-5(!

64'!'!$2!%-$%&0&-&0.1!,%&03(&,%!46!&+,!)4=('0(.),%!(./!=('0(.),%!$(%,/!4.!(!%(3:5,!

0.&4!&+,!64'3-5(!($4=,8!*+(&!64'3-5(!64'!'!0%a!

!

! ! ! !!! ! !!!!! ! !!!
!!!

!! ! ! !!
!!! !! ! ! !!

!!!

!

!



! "\!

#.! ,b-0=(5,.&! ,B:',%%04.! 10=,%! &+,! )4'',5(&04.! )4,660)0,.&! (%! &+,! 3,(.! 46! &+,!

:'4/-)&%! 46! &+,! %&(./('/! %)4',%8! U(%,/! 4.! (! %(3:5,! 46! :(0',/! /(&(! >j0<! Z0A<! &+,!

%(3:5,!Q,('%4.!)4'',5(&04.!)4,660)0,.&!0%a!

! ! ! !
! ! !

!!! ! !!
!!

!!! ! !!
!!

!

!!!
!

!

7+,',a!

*+,!%&(./('/!%)4',!0%a!

!

!!! ! !!
!!

!

!

&+,!3,(.!0%a!

!

!! ! !!! !!
!

!!!
!

!

(./!&+,!%(3:5,!%&(./('/!/,=0(&04.!0%a!

!

!! !
!

! ! ! !!! ! !!!
!

!!!
!

!

*+,! ($%45-&,! =(5-,%! 46! $4&+! &+,! %(3:5,! (./! :4:-5(&04.! Q,('%4.! )4'',5(&04.!

)4,660)0,.&%!(',!5,%%!&+(.!4'!,b-(5!&4!C8!R4'',5(&04.%!,b-(5!&4!C!4'!?C!)4'',%:4./!&4!

/(&(!:40.&%!520.1!,B()&52!4.!(!50.,<!4'!&4!(!$0=('0(&,!/0%&'0$-&04.!,.&0',52!%-::4'&,/!

4.! (! 50.,! >0.! &+,! )(%,! 46! &+,! :4:-5(&04.! )4'',5(&04.A8! *+,! Q,('%4.! )4'',5(&04.!

)4,660)0,.&!0%!%233,&'0)a!)4''>j<ZA!i!)4''>Z<jA8!

"8C8"8!9.&,':',&(&04.!
*+,!)4'',5(&04.!)4,660)0,.&!'(.1,%!6'43!mC!&4!C8!#!=(5-,!46!C! 03:50,%!&+(&!(! 50.,('!

,b-(&04.!/,%)'0$,%!&+,!',5(&04.%+0:!$,&7,,.!j!(./!Z!:,'6,)&52<!70&+!(55!/(&(!:40.&%!

520.1!4.!(!50.,!64'!7+0)+!Z!0.)',(%,%!(%!j!0.)',(%,%8!#!=(5-,!46!mC!03:50,%!&+(&!(55!



! "^!

/(&(!:40.&%!50,!4.!(!50.,!64'!7+0)+!Z!/,)',(%,%!(%!j!0.)',(%,%8!#!=(5-,!46!Y!03:50,%!

&+(&!&+,',!0%!.4!50.,('!)4'',5(&04.!$,&7,,.!&+,!=('0($5,%8!

!

[4',!1,.,'(552<!.4&,!&+(&!>j0!m!jA>Z0!m!ZA!0%!:4%0&0=,!06!(./!4.52!06!j0!(./!Z0!50,!4.!&+,!

%(3,!%0/,!46!&+,0'!',%:,)&0=,!3,(.%8!*+-%!&+,!)4'',5(&04.!)4,660)0,.&!0%!:4%0&0=,!06!j0!

(./!Z0! &,./! &4!$,! %03-5&(.,4-%52!1',(&,'! &+(.<! 4'! %03-5&(.,4-%52! 5,%%! &+(.<! &+,0'!

',%:,)&0=,!3,(.%8!*+,!)4'',5(&04.!)4,660)0,.&!0%!.,1(&0=,!06!j0!(./!Z0!&,./!&4!50,!4.!

4::4%0&,!%0/,%!46!&+,0'!',%:,)&0=,!3,(.%8!

!

"8C8N8!9.&,':',&(&04.!46!&+,!%0c,!46!(!)4'',5(&04.!
G,=,'(5! (-&+4'%! +(=,! 466,',/! 1-0/,50.,%! 64'! &+,! 0.&,':',&(&04.! 46! (! )4'',5(&04.!

)4,660)0,.&8!P47,=,'<!(55!%-)+!)'0&,'0(!(',!0.!%43,!7(2%!('$0&'('2!(./!%+4-5/!.4&!$,!

4$%,'=,/!&44!%&'0)&528!*+,!0.&,':',&(&04.!46!(!)4'',5(&04.!)4,660)0,.&!/,:,./%!4.!&+,!

)4.&,B&! (./! :-':4%,%8! #! )4'',5(&04.! 46! Y8^!3(2! $,! =,'2! 547! 06! 4.,! 0%! =,'0620.1! (!

:+2%0)(5! 5(7!-%0.1!+01+?b-(50&2!0.%&'-3,.&%<!$-&!3(2!$,!',1('/,/!(%!=,'2!+01+!0.!

&+,!%4)0(5! %)0,.),%!7+,',! &+,',!3(2!$,!(!1',(&,'!)4.&'0$-&04.! 6'43!)43:50)(&0.1!

6()&4'%8!

!



! "W!

"8D8!F'010.1!

S:&03(5! 0.&,':45(&04.! $(%,/! 4.! ',1',%%04.! (1(0.%&! 4$%,'=,/! c! =(5-,%! 46!

%-''4-./0.1!/(&(!:40.&%<!7,01+&,/!())4'/0.1!&4!%:(&0(5!)4=('0(.),!=(5-,%8!

*+,! 0.&,':45(&04.! 0%! (.! ,%&03(&04.! 46! (! =('0($5,! (&! (.! -.3,(%-',/! 54)(&04.! 6'43!

4$%,'=,/! =(5-,%! (&! %-''4-./0.1! 54)(&04.%8! X4'! ,B(3:5,<! ,%&03(&0.1! !-! $(%,/! 4.!

=(5-,%!(&!.,(',%&!%0B!/(&(!:40.&%!0.!4-'!c4.,!/(&(a!

!

!

W&(1,+$KK:$V.2&%#2&34$3'$28+$-#"1+$!1)$1.&4($0#2#$-#"1+.$3'$28+$.1,,3140&4($"3/#2&34.7$

9&! 74-5/! %,,3! ',(%4.($5,! &4! ,%&03(&,! !-! $2! (! 7,01+&,/! (=,'(1,!∑λr!-<! 70&+!

7,01+&%!λr!10=,.!$2!%43,!/,)',(%0.1!6-.)&04.!46!&+,!/0%&(.),<!/r<! 6'43!-!&4!/(&(!

:40.&!r!8!

#55! 0.&,':45(&04.! (514'0&+3%! >0.=,'%,! /0%&(.),! %b-(',/<! %:50.,%<! '(/0(5! $(%0%!

6-.)&04.%<! &'0(.1-5(&04.<!,&)8A!,%&03(&,!&+,!=(5-,!(&!(!10=,.!54)(&04.!(%!(!7,01+&,/!

%-3!46!/(&(!=(5-,%!(&!%-''4-./0.1!54)(&04.%8!#534%&!(55!(%%01.!7,01+&%!())4'/0.1!&4!

6-.)&04.%! &+(&! 10=,! (! /,)',(%0.1! 7,01+&! 70&+! 0.)',(%0.1! %,:('(&04.! /0%&(.),8!

F'010.1! (%%01.%! 7,01+&%! ())4'/0.1! &4! (! >34/,'(&,52A! /(&(?/'0=,.! 7,01+&0.1!

6-.)&04.<! '(&+,'! &+(.! (.! ('$0&'('2! 6-.)&04.<! $-&! 0&! 0%! %&055! e-%&! (.! 0.&,':45(&04.!

(514'0&+3!(./!7055!10=,!=,'2!%0305('!',%-5&%!&4!4&+,'%!0.!3(.2!)(%,%8!9.!:('&0)-5('a!



! NY!

?! 96! &+,! /(&(! 54)(&04.%! (',! 6(0'52! /,.%,! (./! -.064'352! /0%&'0$-&,/! &+'4-1+4-&! &+,!

%&-/2!(',(<!24-!7055!1,&!6(0'52!144/!,%&03(&,%!',1('/5,%%!46!0.&,':45(&04.!(514'0&+38!

?!96!&+,!/(&(!54)(&04.%!6(55!0.!(!6,7!)5-%&,'%!70&+!5('1,!1(:%!0.!$,&7,,.<!24-!7055!1,&!

-.',50($5,!,%&03(&,%!',1('/5,%%!46!0.&,':45(&04.!(514'0&+38!

?! #534%&! (55! 0.&,':45(&04.! (514'0&+3%! 7055! -./,',%&03(&,! &+,! +01+%! (./!

4=,',%&03(&,! &+,! 547%;! &+0%! 0%! 0.+,',.&! &4! (=,'(10.1! (./! 06! (.! 0.&,':45(&04.!

(514'0&+3!/0/.f&!(=,'(1,!7,!74-5/.f&!)4.%0/,'!0&!',(%4.($5,8!

G43,!(/=(.&(1,%!46!@'010.1a!

?!P,5:%!&4!)43:,.%(&,!64'!&+,!,66,)&%!46!/(&(!)5-%&,'0.1<!(%%01.0.1!0./0=0/-(5!:40.&%!

70&+0.! (! )5-%&,'! 5,%%!7,01+&! &+(.! 0%45(&,/!/(&(! :40.&%! >4'<! &',(&0.1! )5-%&,'%!34',!

50@,!%0.15,!:40.&%A!

?!K0=,%!,%&03(&,!46!,%&03(&04.!,''4'!>@'010.1!=('0(.),A<!(54.1!70&+!,%&03(&,!46!&+,!

=('0($5,<!`<!0&%,56!>$-&!,''4'!3(:!0%!$(%0)(552!(!%)(5,/!=,'%04.!46!(!3(:!46!/0%&(.),!&4!

.,(',%&!/(&(!:40.&<!%4!.4&!&+(&!-.0b-,A!

?! #=(05($050&2! 46! ,%&03(&04.! ,''4'! :'4=0/,%! $(%0%! 64'! %&4)+(%&0)! %03-5(&04.! 46!

:4%%0$5,!',(50c(&04.%!46!`>-A!

!

"8D8C8!F'010.1!(::'4()+!(./!&,'30.45412!
#55! @'010.1! ,%&03(&4'%! (',! $-&! =('0(.&%! 46! &+,! $(%0)! 50.,('! ',1',%%04.! ,%&03(&4'!

`s>-A!/,60.,/!(%!!

!! ! ! !! ! ! ! !!!!!!!!
! !

!!!
! !!!!!!!!

70&+a!!

F!(./!FG! a! 54)(&04.!=,)&4'%!64'!,%&03(&04.!:40.&!(./!4.,!46!&+,!.,01+$4-'0.1!/(&(!

:40.&%<!0./,B,/!$2!r;!

4>FAa!.-3$,'!46!/(&(!:40.&%!0.!54)(5!.,01+$4-'+44/!-%,/!64'!,%&03(&04.!46!`s>-A!

%>FA<!%>FGAa!,B:,)&,/!=(5-,%!>3,(.%A!46!`>FA!(./!`>FGA!

λr>FAa! @'010.1! 7,01+&! (%%01.,/! &4! /(&-3! ]>FGA! 64'! ,%&03(&04.! 54)(&04.! F;! %(3,!

/(&-3!7055!',),0=,!/066,',.&!7,01+&!64'!/066,',.&!,%&03(&04.!54)(&04.8!

^>-A! 0%! &',(&,/! (%! (! '(./43! 60,5/!70&+! (! &',./! )43:4.,.&<!3>-A<! (./! (! ',%0/-(5!

)43:4.,.&<!R>FAi!^>FAm!%>FA8!F'010.1!,%&03(&,%!',%0/-(5!(&!F!(%!7,01+&,/!%-3!46!

',%0/-(5%! (&! %-''4-./0.1! /(&(! :40.&%8! F'010.1! 7,01+&%<! tr<! (',! /,'0=,/! 6'43!



! NC!

)4=('0(.),! 6-.)&04.! 4'! %,30=('041'(3<! 7+0)+! %+4-5/! )+('()&,'0c,! ',%0/-(5!

)43:4.,.&8! I0%&0.)&04.! $,&7,,.! &',./! (./! ',%0/-(5! %43,7+(&! ('$0&'('2;! =('0,%!

70&+!%)(5,8!

!

"8D8D8!U(%0)%!46!@'010.1!
#1(0.<!&+,!$(%0)!64'3!46!&+,!@'010.1!,%&03(&4'!0%!

!! ! ! !! ! ! ! !!!!!!!!
! !

!!!
! !!!!!!!!

*+,!14(5!0%!&4!/,&,'30.,!7,01+&%<!t-!&+(&!30.030c,!&+,!=('0(.),!46!&+,!,%&03(&4'!

!

!!! ! ! !"# !! ! ! !!!! !
!

-./,'!&+,!-.$0(%,/.,%%!)4.%&'(0.&!! !! ! ! !!!! ! !!
*+,! '(./43! 60,5/! `>FA! 0%! /,)43:4%,/! 0.&4! ',%0/-(5! (./! &',./! )43:4.,.&%<!

! ! ! !! ! ! !!!!!<! 70&+! &+,! ',%0/-(5! )43:4.,.&! &',(&,/! (%! (.! '(./43! 60,5/!
70&+!(!%&(&04.('2!3,(.!46!Y!(./!(!%&(&04.('2!)4=('0(.),!>(! 6-.)&04.!46! 5(1<!H<!$-&!

.4&!46!:4%0&04.<!FAa!

! !!!! ! !!
!"# ! ! !!!!! !! ! ! ! ! ! ! !!!!! !! ! !!!!!!

!

*+,! ',%0/-(5! )4=('0(.),! 6-.)&04.! 0%! 1,.,'(552! /,'0=,/! 6'43! &+,! 0.:-&!

%,30=('041'(3!34/,5<!!! ! ! !! ! ! ! ! ! !"## ! ! 8!

*+-%! &+,! %,30=('041'(3! 7,! 6,,/! &4! (! @'010.1! :'41'(3! %+4-5/! ',:',%,.&! &+,!

',%0/-(5!)43:4.,.&!46!&+,!=('0($5,8!

*+,!&+',,!3(0.!@'010.1!=('0(.&%<!%03:5,<!4'/0.('2<!(./!@'010.1!70&+!(!&',./<!/066,'!

0.!&+,0'!&',(&3,.&%!46!&+,!&',./!)43:4.,.&<!%>FA8!

!

"8D8"8!G03:5,!@'010.1!
X4'!%03:5,!@'010.1<!7,!(%%-3,!&+(&!&+,!&',./!)43:4.,.&!0%!(!)4.%&(.&!(./!@.47.!

3,(.<!%>FA$_$%<!%4!&+(&!



! ND!

!!"! ! ! ! ! ! !!!"!!!!!!
! !

!!!
! !!!!!!!!

!

*+0%! ,%&03(&,! 0%! (-&43(&0)(552! -.$0(%,/<! %0.),! ! ! !! !! ! ! <! %4! &+(&!!
! !!"! ! ! ! ! ! !!!! 8! *+,! ,%&03(&04.! ,''4'! !!"! ! ! !!!! !0%! (! 50.,('!
)43$0.(&04.!46!'(./43!=('0($5,%!',:',%,.&0.1!',%0/-(5%!(&!&+,!/(&(!:40.&%<!Fr!<!(./!

&+,!,%&03(&04.!:40.&<!Fa!

!

!!"! ! ! ! ! ! !!"! ! !!! !! ! ! !! !

! ! !!!" ! ! !!
! !

!!!
! !! ! ! !!"! ! !! !!!!!

!

L%0.1!'-5,%!64'!&+,!=('0(.),!46!(!50.,('!)43$0.(&04.!46!'(./43!=('0($5,%<!&+,!,''4'!

=('0(.),!0%!&+,.!10=,.!$2!

!

!!! ! ! !"# !!"! ! ! !!"# !!" ! ! !!"# !!"! ! !!!" ! !

!!! !!!" !
! !

!!!

! !

!!!
!!!" ! !! !! ! !! ! !!! ! ! !! !!!" !

! !

!!!
!! !! ! ! !

!

*4!30.030c,! &+,! ,''4'! =('0(.),<! 7,! &(@,! &+,! /,'0=(&0=,! 46! &+,! ($4=,! ,B:',%%04.!

70&+! ',%:,)&! &4! ,()+!46! &+,!@'010.1!7,01+&%! (./! %,&! ,()+!/,'0=(&0=,! &4! c,'48!*+0%!

5,(/%!&4!&+,!6455470.1!%2%&,3!46!,b-(&04.%a!

!!!" ! !! !! ! !!
! !

!!!
! !!! !! ! ! !!!!!!!!!!!!!!!! ! !!! !!!!!!!

!

U,)(-%,!46!&+,!)4.%&(.&!3,(.<!&+,!)4=('0(.),!6-.)&04.!64'!`>FA!0%!&+,!%(3,!(%!&+(&!

64'!&+,!',%0/-(5!)43:4.,.&<!M>HA!i!MR>HA<!%4!&+(&!7,!)(.!7'0&,!&+,!%03:5,!@'010.1!

%2%&,3!/0',)&52!0.!&,'3%!46!M>HAa!

!!!" ! ! !! ! !!
! !

!!!
! !! !! ! ! !!!!!!!!!!!!!!!! ! !!! !!!!!!!

!



! N"!

*+0%!)(.!$,!7'0&&,.!0.!3(&'0B!64'3!(%a!

!

!!!" ! ! !!!
!

7+,',!=;`! 0%! &+,!3(&'0B!46! )4=('0(.),%!$,&7,,.!/(&(!:40.&%<!70&+!,5,3,.&%!=&)$a!i!

M>F&!m!FeA<!I!0%!&+,!=,)&4'!46!)4=('0(.),%!$,&7,,.!&+,!/(&(!:40.&%!(./!&+,!,%&03(&04.!

:40.&<!70&+!,5,3,.&%!10=,.!$2!I&!iM>F&mFA<(./!t;`>FA!0%!&+,!=,)&4'!46!%03:5,!@'010.1!

7,01+&%!64'!&+,!%-''4-./0.1!/(&(!:40.&%8!96!&+,!)4=('0(.),!34/,5!0%!50)0&!>3,(.0.1!

&+,!-./,'520.1!%,30=('041'(3!34/,5!0%!50)0&A!(./!.4!&74!/(&(!:40.&%!(',!)4554)(&,/<!

&+,.!&+,!/(&(!)4=('0(.),!3(&'0B!0%!:4%0&0=,!/,60.0&,!(./!7,!)(.!%45=,!64'!&+,!@'010.1!

7,01+&%!-%0.1a!

!

!!" ! !!!!!!
!

S.),!7,!+(=,!&+,!@'010.1!7,01+&%<!7,!)(.!)43:-&,!$4&+!&+,!@'010.1!,%&03(&,!(./!

&+,!@'010.1!=('0(.),<!7+0)+!0%!10=,.!$2a!

!

!!"! ! ! ! ! ! !!!"! ! ! ! ! ! ! ! !!!" ! ! !! ! !
! !

!!!
!$

!

(6&,'!%-$%&0&-&0.1!&+,!@'010.1!7,01+&%!0.&4!&+,!,''4'!=('0(.),!,B:',%%04.!($4=,8!

G4!7+(&!/4,%!(55!&+0%!3(&+!/4u!9&!60./%!(!%,&!46!7,01+&%!64'!,%&03(&0.1!&+,!=('0($5,!

=(5-,!(&!&+,!54)(&04.!-!6'43!=(5-,%!(&!(!%,&!46!.,01+$4-'0.1!/(&(!:40.&%8!*+,!7,01+&!

4.! ,()+!/(&(!:40.&! 1,.,'(552!/,)',(%,%!70&+! 0.)',(%0.1!/0%&(.),! &4! &+(&!:40.&<! 0.!

())4'/(.),! 70&+! &+,! /,)',(%0.1! /(&(?&4?,%&03(&04.! )4=('0(.),%! %:,)060,/! 0.! &+,!

'01+&?+(./!=,)&4'<!I8!P47,=,'<! &+,! %,&!46!7,01+&%! 0%! (5%4!/,%01.,/! &4! ())4-.&! 64'!

',/-./(.)2! (34.1! &+,! /(&(! :40.&%<! ',:',%,.&,/! 0.! &+,! /(&(! :40.&?&4?/(&(! :40.&!

)4=('0(.),%! 0.! &+,!3(&'0B!=8![-5&0:520.1!I! $2!=?C! >4.! &+,! 5,6&A!7055! /47.!7,01+&!

:40.&%!6(550.1!0.!)5-%&,'%!',5(&0=,!&4!0%45(&,/!:40.&%!(&!&+,!%(3,!/0%&(.),8!

G43,!)+('()&,'0%&0)%!&4!.4&,a!

;%33284+..a! F'01,/! %-'6(),! 7055! $(%0)(552! $,! (%! %344&+! (%! :4%%0$5,! 10=,.! &+,!

)4.%&'(0.&%!46!&+,!/(&(;!0.!3(.2!)(%,%<!:'4$($52!%344&+,'!&+(.!&+,!v&'-,w!%-'6(),8!

$



! NN!

T1"".+6+.a! U,)(-%,! @'010.1! (=,'(1,%! $,&7,,.! /(&(! :40.&%<! 54)(5! ,B&',3,%! 7055!

-%-(552! $,! (&! 7,55! 54)(&04.%;! $-55%,2,%! (',! 0.,=0&($5,8! *+0%! 0%! &'-,! 46! (534%&! (55!

0.&,':45(&04.! (514'0&+3%8! MB&',3,! 64'3! 46! &+0%! 0%! ('&,6()&! /0%)4.&0.-0&0,%! (&! 7,55!

54)(&04.%!7+,.!%,30=('041'(3!34/,5!0.)5-/,%!%01.060)(.&!.-11,&8!

$

V,,3,$ %#*$ ,+'"+/2.$ 0#2#$ "3/#2&34.)$ 432$ 0#2#$ -#"1+.a! [(:! 46! @'010.1! %&(./('/!

/,=0(&04.! /,:,./%! ,.&0',52! 4.! /(&(! )4.601-'(&04.! (./! )4=('0(.),! 6-.)&04.;!

,%%,.&0(552!(!3(:!46!/0%&(.),!&4!.,(',%&!7,55!54)(&04.!%)(5,/!$2!)4=('0(.),!6-.)&04.8!

!

"8D8N8!S'/0.('2!@'010.1!
X4'! 4'/0.('2! @'010.1<! '(&+,'! &+(.! (%%-30.1! &+(&! &+,! 3,(.! 0%! )4.%&(.&! 4=,'! &+,!

,.&0',! /43(0.<!7,! (%%-3,! &+(&! 0&! 0%! )4.%&(.&! 0.! &+,! 54)(5! .,01+$4-'+44/!46! ,()+!

,%&03(&04.!:40.&<!&+(&!0%!&+(&!%>Fb!Ai!%>FA!64'!,()+!.,('$2!/(&(!=(5-,<!^>Fb!A<!&+(&!

7,!(',!-%0.1!&4!,%&03(&,!^>FA8!9.!&+0%!)(%,<!&+,!@'010.1!,%&03(&4'!)(.!$,!7'0&&,.a!

!

!! ! ! !! ! ! ! !!!!!!!!!!!
! !

!!!
! !!!!!!!!

! !!!!!!!!!!
! !

!!!
! ! ! ! ! !!!

!!!!

!!!
!!!!!$

!

(./!7,!605&,'!&+,!-.@.47.!54)(5!3,(.!$2!',b-0'0.1!&+(&!&+,!@'010.1!7,01+&%!%-3!&4!

C<!5,(/0.1!&4!(.!4'/0.('2!@'010.1!,%&03(&4'!46!

!

!!"! ! ! !!!" ! ! !!
! !

!!!
!!!!!!"#$! !!!" ! ! !!

! !

!!!
!

!

9.!4'/,'!&4!30.030c,!&+,!,''4'!=('0(.),!%-$e,)&!&4!&+,!-.0&?%-3!)4.%&'(0.&!4.!&+,!

7,01+&%<! 7,! ()&-(552! %,&! -:! &+,! %2%&,3! 30.030c,! &+,! ,''4'! =('0(.),! :5-%! (.!

(//0&04.(5!&,'3!0.=45=0.1!(!T(1'(.1,!:('(3,&,'<!xA`!>FAa!

!



! NE!

! ! !!!! ! ! !!!" ! !! !!!!!
! !

!!!
!

%4!&+(&!30.030c(&04.!70&+!',%:,)&!&4!&+,!T(1'(.1,!:('(3,&,'!64'),%!&+,!)4.%&'(0.&!

&4!$,!4$,2,/a!

!
!
!"
!" ! ! ! ! !! !

! !

!!!
! !!

9.!&+0%!)(%,<!&+,!%2%&,3!46!,b-(&04.%!64'!&+,!@'010.1!7,01+&%!&-'.%!4-&!&4!$,!

!

!!!" ! !! !! ! !! ! !!" ! ! !! !! ! ! !!!!!!! ! !!! !! !
! !

!!!

!!!" ! ! !!
! !

!!!

!

!

7+,',!MR!>HA! 0%!4.),!(1(0.!&+,!)4=('0(.),!6-.)&04.!64'!&+,!',%0/-(5!)43:4.,.&!46!

&+,!=('0($5,8! 9.! %03:5,!@'010.1<!7,! )4-5/! ,b-(&,!MR! >HA! (./!M! >HA<! &+,! )4=('0(.),!

6-.)&04.! 64'! &+,! =('0($5,! 0&%,56<! /-,! &4! &+,! (%%-3:&04.! 46! (! )4.%&(.&!3,(.8! *+(&!

,b-(50&2!/4,%!.4&!+45/!+,',<!$-&!0.!:'()&0),!&+,!%-$%&0&-&04.!0%!46&,.!3(/,!(.27(2<!

4.!&+,!(%%-3:&04.!&+(&!&+,!%,30=('041'(3<!6'43!7+0)+!R>+A!0%!/,'0=,/<!,66,)&0=,52!

605&,'%!&+,!0.65-,.),!46!5('1,?%)(5,!&',./%!0.!&+,!3,(.8!

9.!6()&<!&+,!-.0&?%-3!)4.%&'(0.&!4.!&+,!7,01+&%!(5547%!&+,!4'/0.('2!@'010.1!%2%&,3!

&4!$,!%&(&,/!/0',)&52! 0.!&,'3%!46!&+,!%,30=('041'(3!>0.!:5(),!46!&+,!RJ!>+A!=(5-,%!

($4=,A8! 9.! (! %,.%,<! 4'/0.('2! @'010.1! 0%! &+,! 0.&,':45(&04.! (::'4()+! &+(&! 645547%!

.(&-'(552! 6'43!(! %,30=('041'(3!(.(52%0%<! %0.),!$4&+! &445%! &,./! &4! 605&,'! &',./%! 0.!

&+,!3,(.8!

S.),! &+,! @'010.1! 7,01+&%! >(./! T(1'(.1,! :('(3,&,'A! (',! 4$&(0.,/<! &+,! 4'/0.('2!

@'010.1!,''4'!=('0(.),!0%!10=,.!$2!

!!"! ! ! ! ! ! !! !!!" ! ! !! ! ! ! !!" !
! !

!!!
!

!



! NV!

"8D8E8!F'010.1!70&+!(!*',./!
F'010.1!70&+! (! &',./! >&+,!3,&+4/! 64'3,'52! @.47.! (%! -.0=,'%(5! @'010.1A! 0%!3-)+!

50@,! 4'/0.('2! @'010.1<! ,B),:&! &+(&! 0.%&,(/! 46! 60&&0.1! e-%&! (! 54)(5! 3,(.! 0.! &+,!

.,01+$4-'+44/!46!&+,!,%&03(&04.!:40.&<!7,!60&!(!50.,('!4'!+01+,'?4'/,'!&',./!0.!&+,!

>B<2A!)44'/0.(&,%!46!&+,!/(&(!:40.&%8!#!54)(5! 50.,('!>(8@8(8<! 60'%&?4'/,'A!&',./!34/,5!

74-5/!$,!10=,.!$2!

!

! ! ! !! !! ! ! !! ! !!! ! !!!!
!

9.)5-/0.1!%-)+!(!34/,5!0.!&+,!@'010.1!%2%&,3!0.=45=,%!&+,!%(3,!@0./!46!,B&,.%04.!

(%! 7,! -%,/! 64'! 4'/0.('2! @'010.1<! 70&+! &+,! (//0&04.! 46! &74! 34',! T(1'(.1,!

:('(3,&,'%! (./! &74! ,B&'(! )45-3.%! (./! '47%! 0.! &+,! F!3(&'0B!7+4%,! >.4.?c,'4A!

,5,3,.&%! (',! &+,! B! (./! 2! )44'/0.(&,%! 46! &+,! /(&(! :40.&%8! P01+,'?4'/,'! &',./%!

>b-(/'(&0)<!)-$0)A!)4-5/!$,!+(./5,/!0.!&+,!%(3,!7(2<!$-&!0.!:'()&0),!0&!0%!'(',!&4!-%,!

(.2&+0.1!+01+,'!&+(.!(!60'%&?4'/,'!&',./8!S'/0.('2!@'010.1!0%!@'010.1!70&+!(!c,'4&+?

4'/,'! &',./!34/,58! 96! &+,! =('0($5,! 46! 0.&,',%&! /4,%! ,B+0$0&! (! %01.060)(.&! &',./<! (!

&2:0)(5! (::'4()+!74-5/!$,! &4! (&&,3:&! &4! ,%&03(&,! (! v/,?&',./,/w! %,30=('041'(3!

-%0.1! 4.,! 46! &+,!3,&+4/%! /,%)'0$,/! 0.! &+,! %,30=('041'(3! 5,)&-',! (./! &+,.! 6,,/!

&+0%!0.&4!@'010.1!70&+!(!60'%&?!4'/,'!&',./8!

!

"8"8!R'4%%!=(50/(&04.!

R'4%%! =(50/(&04.! (5547%! -%! &4! )43:(',! ,%&03(&,/! (./! &'-,! =(5-,%! -%0.1! 4.52! &+,!

0.64'3(&04.!(=(05($5,!0.!&+,!%(3:5,!/(&(!%,&!!

R'4%%! =(50/(&04.!3(2!+,5:!-%! &4! )+44%,!$,&7,,.!/066,',.&!7,01+&0.1!:'4),/-',%<!

%,(')+!%&'(&,10,%<!=('041'(3!34/,5%<!4'!,%&03(&04.!3,&+4/%!!

!

"8"8C8!J45,!46!R'4%%!](50/(&04.!
*+,!R'4%%!](50/(&04.!',%-5&%!(',!46&,.!-%,/!%03:52!&4!)43:(',!&+,!/0%&'0$-&04.!46!

&+,! ,%&03(&04.! ,''4'%! 4'! ',%0/-(5%! 6'43! /066,',.&! ,%&03(&04.! :'4),/-',%! (./!

)+44%,!&+,!4.,!&+(&!74'@%!$,&&,'!



! N\!

#!)(',6-5! %&-/2!46! &+,! %:(&0(5!/0%&'0$-&04.!46! )'4%%!=(50/(&,/! ',%0/-(5%! >,%&03(&,/!

30.-%!&'-,!=(5-,%A!)(.!:'4=0/,!0.%01+&%!0.&4!7+,',!(.!,%&03(&04.!:'4),/-',!3(2!

'-.!0.&4!&'4-$5,8!

!

"8"8D8!R'4%%!](50/(&04.![,&+4/!
G&('&0.1! 6'43! (55! &+,! /(&(! 0.%0/,! &+,! /(&(! %,&<! 7,! .,,/! &4! @.47! 06! &+,! @'010.1!

3,&+4/!0%!(.!())-'(&,!3,&+4/!&4!,%&03(&,!&+,!=(5-,%!46!&+,!0.&,',%&!:40.&%8!!

G4<!&+,!%(3:5,!=(5-,!(&!(!:('&0)-5('!54)(&04.<!7+0)+!0%!54)(&,/!4.!&+,!0.&,',%&!:5(),<!

0%!&,3:4'('052!',34=,/!6'43!&+,!%(3:5,!/(&(!%,&8!*+,!1'(:+0)!$,547!,B:5(0.%!&+(&!

)4./0&04.a!!

!

W&(1,+$KO:$S,&4/&*"+$3'$28+$/,3..$-#"&0#2&34)$/#"/1"#2&34$3'$28+$-#"1+$&4$#$*3&42$#40$%#F+$28+$
/3%*#,&.34$E+2G++4$28+$+.2&%#2+$-#"1+$#40$28+$,+#"$-#"1+7$

!

*+,!=(5-,!(&!&+,!%(3,!54)(&04.!0%!&+,.!,%&03(&,/!-%0.1!&+,!',3(0.0.1!%(3:5,%<!(./!

0.!&+0%!)(%,!7,!+(=,!-%,/!&+,!@'010.1!0.&,':45(&04.!3,&+4/8!!

S.),!&+,!,%&03(&04.!0%!)(5)-5(&,/!7,!)(.!)43:(',!0&!&4!&+,!&'-,!%(3:5,!=(5-,!&+(&!

7(%!0.0&0(552!',34=,/!6'43!&+,!%(3:5,!/(&(!%,&!!

*+0%!:'4),/-',!0%!',:,(&,/!64'!(55!(=(05($5,!%(3:5,%<!7+0)+!(',!%0B&,,.!:40.&%!&+(&!

)4'',%:4./! &4! &+,! %0B&,,.! '(0.! 1(-1,%! 4'! &4! &+,! ,01+&! (=,'(1,! =(5-,%! 46! &+,! '(0.!

1(-1,%!:(0'%8!!



! N^!

!

W&(1,+$K>:$M3%*#,&3.4$E+2G++4$28+$,+#"$-#"1+$#40$28+$+.2&%#2+$-#"1+7$

!

P47! &+,! 601-',! "! %+47%<! 0.! &+,! %,)4./! 055-%&'(&04.! 7+,',! &+,',! 7(%! 4.52! &+,!

4'010.(5! /(&-3! 7,! +(=,! )(5)-5(&,/! &+,! /(&-3! -%0.1! &+,! @'010.1! 0.&,':45(&04.!

3,&+4/<!(./!7,!)(.!+(=,!(!)43:('0%4.!&4!-./,'%&(./!+47!())-'(&,!0%!&+,!3,&+4/8!

S.,!46!&+,!6()&4'%!&+(&!5030&%!&+,!)4.)5-%04.%!&+(&!)(.!5,10&03(&,52!$,!/'(7.!6'43!(!

)'4%%!=(50/(&04.!,B,')0%,!0%!',)-''0.1!:'4$5,3!46!)5-%&,'0.1!!

9.! 6()&<! 96! 4-'! 4'010.(5! %(3:5,! /(&(! %,&! 0%! %:(&0(552! &44! )5-%&,',/<! &+,.! %4! (',! 4-'!

)'4%%! =(50/(&,/! ',%0/-(5%8! *+,',64',<! %43,! )4.)5-%04.%! /'(7.! 6'43! 0&! 3(2! $,!

(::50)($5,!&4!&+,!,.&0',!3(:!(',(<!4&+,'%!3(2!.4&8!

!

"8"8"8!T030&(&04.%!46!R'4%%!](50/(&04.![,&+4/!
• R]!)(.!1,.,'(&,!:(0'%!46!&'-,!(./!,%&03(&,/!=(5-,%!4.52!(&!%(3:5,!54)(&04.%;!

• R5-%&,'0.1!:'4$5,3!0.!&+,!%(3:5,!/(&(!%,&;!

• 9.! :'()&0),<! &+,! ',%0/-(5%! 3(2! $,! 34',! ',:',%,.&(&0=,! 46! 4.52! ),'&(0.!

',104.%!4'!:('&0)-5('!'(.1,%!46!=(5-,%8!

R5-%&,'0.1! :'4$5,3! )(.! $,! 4=,')43,! ,0&+,'! $2! )(5)-5(&0.1! /,)5-%&,',/! 3,(.! 46!

',%0/-(5%! 4'! $2! :,'64'30.1! R]! (&! (! %,5,)&,/! %-$%,&! 46! 54)(&04.%! &+(&! 0%!

',:',%,.&(&0=,! 46! &+,! ,.&0',! %&-/2! (',(8! 96! =,'2! )54%,! .,('$2! %(3:5,%! (',! .4&!

(=(05($5,!0.!&+,!()&-(5!,%&03(&04.<!0&!3(@,%!50&&5,!%,.%,!&4!0.)5-/,!&+,3!0.!R]!!

*+,!:'4$5,3!(',(%!0/,.&060,/!$2!)'4%%!=(50/(&04.!3(2!7(''(.&!(//0&04.(5!%(3:50.1<!

,%:,)0(552!7+,.!&+,',!(',!3(e4'!)4.%,b-,.),%8!



! NW!

R+(:&,'!Na!#&34%:+,'0)!,=,.&%!0.!DYCD!

N8C8!9.&'4/-)&04.!46!&+,!,=,.&%!

*+0%!74'@!0%!140.1!&4!(.(52%,!'(0.6(55!/(&(!)455,)&,/!0.!DYCD8!

G&('&0.1!6'43!&+,!'(0.6(55!/(&(!46!,=,'2!'(0.!1(-1,<!7,!+(=,!0.!&4&(5!^!:(0'%!46!'(0.!

1(-1,%<!7+0)+!&(@,!&+,!=(5-,!46!&+,!'(0.6(55!,=,'2!30.-&,<!%4!0&!0%!:4%%0$5,!&4!%,,!&+,!

&',./!64'!&+,!7+45,!:,'04/!46!,=,'2!'(0.!1(-1,8!

*+,',!+(=,!$,,.!%43,!:,'04/%<! &4!$,!34',!:',)0%,! 6'43!&+,!,./!46!#-1-%&!DYCD!

-.&05!&+,!,./!46!DYCD<!0.!7+0)+!.4&!(55!&+,!'(0.!1(-1,%!7,',!74'@0.1!$,)(-%,!&+,',!

+(=,! $,,.! %43,! :'4$5,3%! .4&0),/!7+05,! )(&)+0.1! &+,! /(&(<!7+0)+! %+47,/! %43,!

:'4$5,3%!46!)(50$'(&04.8!*+0%!4))-'',/!$,)(-%,!&+,',!7,',!$-05/0.1!74'@%!4.!&+,!

50$'('2!'446<!7+0)+!3,(.&! &+,!'(0.!1(-1,%!+(/!&4!$,!34=,/!4-&!46! &+,!7(2!46! &+,!

$-05/0.1!74'@%<!(./!%43,!14&!/(3(1,/!/-'0.1!&+,!74'@%8!*+(&!0%!7+2!64'!&+,!5(%&!

:,'04/!0&!0%!:4%%0$5,!&4!-%,!&+,!/(&(!46!4.52!V!:(0'%!46!'(0.!1(-1,%8!

9&!0%!:4%%0$5,!&4!%,,!&+,!1'(:+0)!0.!&+,!6455470.1!:(1,!&+(&!',:',%,.&%!&+,!&',./!46!

&+,!/(052!'(0.6(55!64'!&+,!7+45,!:,'04/8!

*+,!54)(&04.!46!&+,!%&-/0,%!+(%!.4&!10=,.!&+,!:4%%0$050&2!&4!)(&)+!&+,!/(&(!64'!(55!&+,!

2,('<! $-&! 4.52! 64'! &+,! :,'04/! '(.10.1! 6'43! &+,! $,10..0.1! 46! #:'05! &4! &+,! ,./! 46!

S)&4$,'8!*+,!',(%4.!46!&+0%!)4./0&04.!0%!&+(&!&+,!70.&,'!%,(%4.!0%!&44!)45/!(./!&+,',!

0%!&44!3-)+!%.47<!(./!06!0&!0%!.4&!%.470.1<!&+,!'(0.6(55!0%!',:5(),/!$2!+(05!(./!(5%4!

&+,!'(0.6(55!0.%0/,!&+,!6-..,5!(./!&+,!$-)@,&!6',,c,%8!!

*+0%!&2:,!46!&0::0.1?$-)@,&!'(0.!1(-1,!7(%!-.+,(&,/<!(./!+,.),!.4&!($5,!&4!)(&)+!

&+,%,!@0./!46!/(&(!(5%4!$,)(-%,!&+,!+(05!-%-(552!$4-.),%!4-&!46!&+,!$-)@,&<!(./!(%!

',1('/%!&+,!%.47<!&+,!&,3:,'(&-',! 0%!-%-(552!-./,'!Y!/,1',,<!%4!7,!+(=,!&4!7(0&!

64'! 0&! &4! &+(7;!7+0)+!3,(.%! &+,! ,=(:4'(&,/! :('&! 46! &+,! '(0.6(55! (./! 0.64'3(&04.!

',1('/0.1!',(5!&03,!46!&+,!,=,.&!0%!54%&8!

P,.),!&+,',!(',!.4!())-'(&,!/(&(!64'!&+,!70.&,'!:,'04/8!

O(&)+0.1!&+,!1'(:+!0&!0%!:4%%0$5,!&4!.4&0),!&+(&!64'!&+,!3,(%-',3,.&!:,'04/!&+,',!

(',!54&!46!'(0.2!/(2%<!(./!&+,',!(',!4.52!&74!7,,@%!7+,.!0&!/4,%!.4&!'(0.a!&+,!5(%&!

7,,@!46![(2!(./! &+,!$,10..0.1!46!G,:&,3$,'8!X4'! &+,! ',%&!46! &+,! &03,<! &+,',!(',!

4.52!4.,!4'!&74!/(2%!70&+4-&!'(0.8!

I0=0/0.1!&+,!(.(52%0.1!:,'04/!0.!())4'/(.),!70&+!&+,!%,(%4.%a!



! EY!

• O0.&,'a!D"'/!46!I,),3$,'!&4!DY&+!46![(')+;!

• G:'0.1a!DC%&!46![(')+!&4!DC%&!46!n-.,;!

• G-33,'a!DD./!46!n-.,!&4!DD./!46!G,:&,3$,';!

• #-&-3.a!D"'/!46!G,:&,3$,'!&4!DD./!46!I,),3$,'8!

!

*+,',!(',!0.!(=,'(1,!^"Y!33!46!'(0.6(55!64'!&+,!7+45,!,B(30.,/!:,'04/<!34%&!46!

&+0%!/-'0.1!&+,!%:'0.1!(./!&+,!%-33,'<!&+,!6455470.1!*($5,!C!%+47%!&+,!/0=0%04.!

64'!&+,!:,'04/8!

% 3'&45% 6.7-89% 6:++;7% <:&:+8%
=++>% 1/2?2% /(/?0% /*0?$% 2$"?0%

C#E"+$O:$R#&4'#""$'3,$28+$G83"+$*+,&30$#40$+-+,6$.+#.347$

!
[4%&! 46! &+,! '(0.6(55! +(%! 6(55,.! /47.! /-'0.1! &+,! %-33,'! (./! &+,! 60'%&! /(2%! 46!

(-&-3.!(./!&+,!5(%&!/(2%!46!%:'0.18!

M=,'2!/(2!0.!(=,'(1,!&+,',!(',!N!33!46!'(0.6(55<!/-'0.1!&+,!%:'0.1!C8N!33<!/-'0.1!

&+,!%-33,'!C8\!33!(./!0.!&+,!,./<!/-'0.1!&+,!(-&-3.!4.52!Y8^!338!

*+,! +01+,%&! :',)0:0&(&04.! 7(%! 4.! &+,! DD./! 46! n-.,! 7+,.! 0&! '(0.,/! N^!33! 0.! DD!

+4-'%8!



! EC!

!
!

W&(1,+$K@:$C,+40$3'$28+$,#&4'#""$'3,$28+$G
83"+$*+,&30$#40$+-+,6$.+#.347$



! ED!

N8D8!M=,.&%!(.(52%,/!

*4!%&('&!4-'!(.(52%0%!7,!+(=,! )+4%,.! %43,!,=,.&%! 64'!,=,'2!34.&+!())4'/0.1! &4!

&+,!/,:&+!46!&+,!'(0.6(558!!

O,!+(=,!$,1-.!(.(52%0.1!&+,!34.&+!46!#:'05!(./!7,!+(=,!)+4%,.!&+',,!/(2%a!DE&+<!

DV&+!(./!&+,!C^&+<!7+0)+!(',!)+('()&,'0c,/!$2!DY!33!4'!34',!46!'(0.6(558!

X01-',! DV! %+47%!70&+! (! +0%&41'(3! &+,! &',./! 46! ,=,'2! '(0.! 1(-1,! 64'! ,=,'2! /(2<!

7+,',!,=,'2!'(0.!1(-1,!0%!,B:',%%,/!$2!(!/066,',.&!)454-'8!

!

!
W&(1,+$KB:$C,+40$3'$+-+,6$,#&4$(#1(+$3'$+-+,6$0#6$3'$!*,&"$

!
!
L%0.1! &+,! %(3,! 3,&+4/<! (./! 7(&)+0.1! &+,! &',./! 64'! (55! '(0.! 1(-1,%! 64'! ,=,'2!

34.&+<!7,!+(=,!)+4%,.!%43,!,=,.&%!64'!,=,'2!34.&+8!

*+,!6455470.1!1'(:+%<!601-',%!D\!(./!D^<!%+47!&+,!34.&+%!46!n-.,!(./!n-528!9.!&+,!

60'%&<! 0&! 0%! :4%%0$5,! &4! .4&0),! $,&&,'! &+,! ,=,.&!3,.&04.,/! ($4=,a! &+,! DD./! 46! n-.,<!

7+,.!&+,',!(',!34',!&+(.!NY!33!46!'(0.6(558!

!

!



! E"!

!

W&(1,+$KH:$C,+40$3'$+-+,6$,#&4$(#1(+$3'$+-+,6$0#6$3'$Z14+$

!

*+,! %,)4./!4.,<! &+,! 1'(:+!46! n-52<! %+47%!(!+01+!/,:&+!46! '(0.6(55! 64'! &+,!V&+<! $-&!

6'43!&+,!D./!&4!&+,!CY&+!7,!)(.!%,,!(!1'4-:!46!%3(55!,=,.&%8!

!

!

W&(1,+$KQ:$C,+40$3'$+-+,6$,#&4$(#1(+$3'$+-+,6$0#6$3'$Z1"6$

!



! EN!

*4!)4.)5-/,<!&+,!50%&!46!(55!&+,!,=,.&%!0%!&+,!6455470.1a!

!

? M=,.&!Ca!DE&+!46!#:'05!64'!(!/-'(&04.!46!C"!+4-'%;!

? M=,.&!Da!DV&+!46!#:'05!64'!(!/-'(&04.!46!C^!+4-'%;!

? M=,.&!"a!W&+!g!CY&+!46![(2!64'!(!/-'(&04.!46!C"!+4-'%;!

? M=,.&!Na!DD./!46!n-.,!64'!(!/-'(&04.!46!DD!+4-'%;!

? M=,.&!Ea!V&+!46!n-52!64'!(!/-'(&04.!46!CY!+4-'%;!

? M=,.&!Va!E&+!46!#-1-%&!64'!(!/-'(&04.!46!N!+4-'%;!

? M=,.&!\a!DN&+!46!G,:&,3$,'!64'!(!/-'(&04.!46!CN!+4-'%;!

? M=,.&!^a!"'/!46!S)&4$,'!64'!(!/-'(&04.!46!E!+4-'%;!

? M=,.&!Wa!CC&+!46!S)&4$,'!64'!(!/-'(&04.!46!^!+4-'%;!

? M=,.&!CYa!CV&+!46!S)&4$,'!64'!(!/-'(&04.!46!N!+4-'%;!

? M=,.&!CCa!C^&+!46!#:'05!64'!(!/-'(&04.!46!CD!+4-'%;!

? M=,.&!CDa!"'/!46!n-.,!64'!(!/-'(&04.!46!DY!+4-'%;!

? M=,.&!C"a!CE&+!46!n-.,!64'!(!/-'(&04.!46!"!+4-'%;!

? M=,.&!CNa!CE&+!46!#-1-%&!64'!(!/-'(&04.!46!N!+4-'%;!

? M=,.&!CEa!DE&+!46!#-1-%&!64'!(!/-'(&04.!46!D!+4-'%;!

? M=,.&!CVa!DE&+!46!G,:&,3$,'!64'!(!/-'(&04.!46!DD!+4-'%8!



! EE!

N8"8!M''4'%!46!'(0.!1(-1,%!

U,64',!%&('&0.1!&+,!(.(52%0%<!0&!0%!.,),%%('2!&4!:(2!(&&,.&04.!&4!/47.54(/,/!/(&(8!

9.! 6()&<! (6&,'! &+,!/47.54(/0.1<!7,!+(=,! &4! )+,)@! 06! &+,',! (',! %43,!,''4'%! 4.! &+,!

3,(%-',3,.&%!46!,=,'2!'(0.!1(-1,8!*+0%!0%!&+,!',(%4.!7+2!7,!+(=,!^!:(0'%!46!'(0.!

1(-1,%!(./!.4&!4.52!4.,!'(0.!1(-1,!0.!,=,'2!:5(),<!%4!0&!0%!,(%0,'!&4!=,'062!06!&+,',!

(',!%43,!:'4$5,3%!0.!4.,!46!&+4%,!3(@0.1!(!)43:('0%4.!$,&7,,.!&+,!,5,3,.&%!46!

&+,!:(0'8!

#%!7,! +(=,! (5',(/2! 4$%,'=,/! 0.! &+,! )+(:&,'! 4.! &+,! '(0.! 1(-1,<! &+,',! 0%! (! '(.1,!

70&+0.! 7+0)+<! /-'0.1! (! :,'04/! 46! -%,<! &+,! )(50$'(&04.! 6()&4'! )4-5/! )+(.1,! (./! 0&!

)4-5/!10=,!(!7'4.1!/(&(!0.!4-&:-&8!

#%!0&!)(.!$,!%,,.!0.!&($5,!N<!&+,!-%-(5!=(5-,!46!&+,!)(50$'(&04.!6()&4'!0%!'(.10.1!6'43!

Y<CW\! &4! Y<DY"! 33h*0:<! 4=,'! &+,%,! '(.1,%! &+,',! (',! %43,! :'4$5,3%<! (./! 0.!

,B&',3,!)(%,%!7,!)(..4&!-%,!&+,!/(&(!)(&)+,/8!

!

@489;A% (?2!$%BC%(?)(/%
DC:45A% (?2!1%BC%(?)()%
E-99;C&A% (?2!"%BC%(?)(*%
F'7C&%G4C;A% (?2!0%BC%(?)(0%
C#E"+$>:$,#4(+$3'$#4$#//1,#2+$/#"&E,#2&34$

!

G4<! 06! /066,',.),! $,&7,,.! '(0.! 1(-1,! :(0'%! 0%! $011,'<! (::'4B03(&,52! N8Cy! >0&!

)4'',%:4./%!&4!&+,!'(.1,!Y<CWE!=%!Y<DYEA<!&+,.!)4-5/!$,!(!%3(55!$54)@(1,!4'!4&+,'!

'(./43!,''4'<!%4!7,!+(=,!&4!)-&!466!&+,%,!/(&(!6'43!&+,!(.(52%0%8!

X01-',!DW!(./!"Y!%+47!&+,!,B(30.(&04.!46!&+,!:(0'!46!'(0.!1(-1,%!46!&+,!34.&+%!46!

#:'05!(./!#-1-%&<!7+,',!&+,',!+(=,!$,,.!%43,!:'4$5,3%8!

!

!



! EV!

!

W&(1,+$KJ:$+,,3,.$3'$28+$*#&,$3'$,#&4$(#1(+.7$

!

9.!&+0%!:,'04/!(55!&+,!'(0.!1(-1,%!+(=,!(!144/!$,+(=04-'!(./!&+,2!(',!(57(2%!.,('!

&+,!60'%&!4'!%,)4./!50.,!>1',,.!50.,!(./!2,5547!50.,A<!$-&!64'!&+,!)4-:5,!46!&+,!'(0.!

1(-1,%!N!(./!E!&+,',!(',!(57(2%!:'4$5,3%!/-'0.1!&+,!7+45,!:,'04/8!S.,!46!&+,%,!0%!

:'4$($52!$(/52!)(50$'(&,/!(./!0&!0%!.4&!(!$54)@(1,<!$,)(-%,!&+,!:'4$5,3!:,'%0%&%!64'!

&+,!7+45,!:,'04/!(./!0&!0%!.4&!)+('()&,'0%&0)!46!4.52!4.,!,=,.&8!

!

!

W&(1,+$OL:$+,,3,.$3'$28+$*#&,$3'$,#&4$(#1(+.7$

!



! E\!

X01-',!"Y!%+47%!&+,!:,'04/!46!#-1-%&<!7+,',!&+,',!0%!(5%4!(!:'4$5,3!0.!4.,!:(0';!0&!

0%!.4&!&+,!%(3,!46!X01-',!DW!$-&!0&!0%!&+,!:(0'!46!'(0.!1(-1,%!^!(./!W8!!

*+0%!)4./0&04.!0%!/066,',.&!6'43!&+,!4&+,'!4.,<!0.!&+(&!0&!)4-5/!$,!4.52!(!&,3:4'('2!

$54)@(1,!46!4.,!'(0.!1(-1,<!$,)(-%,!&+,!:'4$5,3!0%!64'!4.52!4.,!,=,.&!(%!4::4%,/!

&4!&+,!%0&-(&04.!/,%)'0$,/!($4=,8!

I-'0.1!&+,!(.(52%0%!7,!)(..4&!)4.%0/,'!&+,!/(&(!46!&+4%,!'(0.!1(-1,%<!7+0)+!+(=,!

',10%&,',/!(.!,''4'8!

!
!



! E^!

N8N8!9.&,.%0&2!

#6&,'!)+44%0.1!&+,!,=,.&%<!&+,',!0%!4.,!34',!)+('()&,'0%&0)!&4!(.(52%,a!&+,!0.&,.%0&2!

46! (55! &+,!,=,.&%8! 9.! &+0%! )+(:&,'!7,! )(..4&! %+47!(.2! ',6,',.),!=(5-,<!$-&! 0.! &+,!

6455470.1! 4.,%<! $2! %&-/20.1! &+,! )4'',5(&04.! 46! '(0.! 1(-1,%<! 0&! 7055! $,! :4%%0$5,! &4!

,B:5(0.!&+,!$,+(=04-'!46!&+,!,=,.&%8!

!

!
W&(1,+$O=:$Y42+4.&26$3'$#""$28+$+-+42.$



! EW!

R+(:&,'!Ea!#.(52%0%!46!)4'',5(&04.!$,&7,,.!'(0.!1(-1,%!
*+0%! )+(:&,'! (.(52%,%! &+,! )4'',5(&04.! $,&7,,.! &+,! '(0.! 1(-1,%<! %&-/20.1! &+,!

/066,',.&!$,+(=04-'!46!,()+!:(0'!46!'(0.!1(-1,%<!(./!+47!&+,!)4'',5(&04.!$,&7,,.!

:(0'%!46! '(0.!1(-1,%!)+(.1,%!70&+!/066,',.&! &2:45410,%!46!'(0.6(55!,=,.&%!(./!70&+!

&+,!/0%&(.),!$,&7,,.!&+,!'(0.!1(-1,!:(0'%8!

*+,!(B,%!46!&+,!/0(1'(3<!7+0)+!7055!,B:5(0.!&+,!&',./<!',:',%,.&!&+,!)4'',5(&04.!4.!

&+,!=,'&0)(5! (B0%<!7+0)+! 0%! 140.1! 6'43!c,'4!7+,',! &+,',! 0%!.4&! )4'',5(&04.<! &4!4.,!

7+,',!&+,',!0%!:,'6,)&!)4'',5(&04.!$,&7,,.!&+,!=(5-,%;!4.!&+,!+4'0c4.&(5!(B0%!&+,',!

0%!&+,!/0%&(.),!$,&7,,.!'(0.!1(-1,%!0.!@0543,&',%8!

M=,'2!,=,.&!7055!$,!(.(52%,/!64'!(!'(.1,!46!&03,!%)(5,%<!%4!0&!0%!:4%%0$5,!&4!%,,!+47!

&+,! )4'',5(&04.! )+(.1,%! 70&+! /066,',.&! )-3-5(&0=,! &03,! %)(5,%;! %&('&0.1! 70&+! &+,!

)-3-5(&0=,! &03,!%)(5,!46!E!30.-&,%! 645547,/!$2!V<!CY<!CD<!CE<!DY!(./!"Y!30.-&,%!

',%:,)&0=,52<!(%!7,55!(%!C<!D!(./!"!+4-'%8!

U,64',!%&('&0.1!0&!0%!.,),%%('2!&4!.4&0),!&+(&!7,!(',!-%0.1!&+,!)+('()&,'!d<d!0.%&,(/!

46!d8d!4.!&+,!)4'',5(&04.!1'(:+%<!&4!,B:',%%!/,)03(5!.-3$,'%8!

E8C8!R4'',5(&04.!(.(52%0%!

*+,!60'%&!%&,:!)4.%0%&%!0.!%&-/20.1!&+,!)4'',5(&04.!$,&7,,.!,()+!%0.15,!'(0.!1(-1,!

(./! &+,!4&+,'%;!(&! &+0%! %&(1,!7,!(',!.4&!-%0.1! &+,!%,)4./!'(0.!1(-1,! 0.! &+,!%(3,!

:4%0&04.<!$,)(-%,!7,!+(=,!(!:(0'!46! '(0.!1(-1,%! 0.!,=,'2! 54)(&04.<!(./!7,!/4!.4&!

)4.%0/,'!&+,!)4'',5(&04.!$,&7,,.!&+,!)4-:5,<!%0.),!0&!7055!(57(2%!$,!.,('!&4!C8!

O,! (',! -%0.1! &+,! /(&(! 70&+4-&! &+,! ,''4'%! (./! &+,! ',%-5&%! &+(&! 7,! 4$&(0.! (',!

%+47,/!0.!&+,!6455470.1!1'(:+%8!

*+,!60'%&!1'(:+<!601-',!"D<!%+47%!&+,!%&(&,!46!&+,!,=,.&!D;!&+,!/066,',.&!)454-'!:40.&%!

0./0)(&,!&+,!/066,',.&!)-3-5(&0=,!&03,!%)(5,%!(%!&+,!5,1,./!%-11,%&%8!

9&! %+47%! +47! 64'! &+,! 547,%&! )-3-5(&0=,! &03,! %)(5,<! 7+0)+! 0%! 46! "! 30.-&,%<! &+,!

)4'',5(&04.!0%!547!(./!0&!0%!.,('!&+,!Y8E!(./!0%!140.1!/47.!70&+!&+,!0.)',(%0.1!46!&+,!

/0%&(.),;! &+,! %,)4./! &',./! 50.,! 46! &+,! )-3-5(&0=,! &03,! %)(5,! 46! V!30.-&,%! %+47%!

&+(&!&+,!)4'',5(&04.!0%!$,&&,'!&+(.!$,64',<!(./!0&!0%!.,('!Y8VE!(./!0&!0%!(57(2%!140.1!

/47.!70&+!&+,!0.)',(%0.1!46!&+,!/0%&(.),8!

!



! VY!

!
W&(1,+$OK:$M3,,+"#2&34$3'$+-+42$K$[$KB\L>\KL=K)$G8+,+$28+,+$#,+$/1%1"#2&-+$2+%*3,#"$./#"+.$',3%$@$

%&412+.$23$O$831,.7$

*4!60./!(!144/!%&(&,!46!)4'',5(&04.!7,!+(=,!&4!4$%,'=,!&+,!)-3-5(&0=,!&03,!%)(5,!46!

\!30.-&,%<!7+0)+!0%!4.!&+,!50.,!46!Y8^!(./!0&!0%!(!144/!50.,!64'!&+,!)4'',5(&04.8!

*+,!$,%&!4.,!&+(&!7,!)(.!-%,!64'!&+,!,%&03(&04.!/(&(!0.!&+0%!,=,.&!0%!&+,!)-3-5(&0=,!

&03,!%)(5,!46!CY!30.-&,%<!7+0)+! 0%!4.! &+,! 50.,!46!Y8W!(./!4=,'! &+0%! 50.,! &+,',! 0%!(!

=,'2!+01+!)4'',5(&04.8!

!
W&(1,+$OO:$M3,,+"#2&34$3'$+-+42$Q$[$O\=L\KL=K7$

!



! VC!

*+,!%,)4./!1'(:+<!0.!601-',!""<!%+47%!&+,!%&(&,!46!&+,!,=,.&!^<!7+0)+!',:',%,.&%!(!

/066,',.&!$,+(=04-'!0.!)43:('0%4.!70&+!&+,!,=,.&!D8!

#&!&+,!$,10..0.1!7,!(5',(/2!+(=,!(!'(&+,'!+01+!)4'',5(&04.8!9.!6()&<!&+,!)-3-5(&0=,!

&03,!%)(5,!46!"!30.-&,%!0%!(5',(/2!$,&7,,.!&+,!=(5-,%!46!Y8\!(./!Y8^!46!)4'',5(&04.8!

O,!+(/!&4!7(0&!64'!&+,!)-3-5(&0=,!&03,!%)(5,!46!CY!30.-&,%!&4!+(=,!(!144/!/,1',,!

46!)4'',5(&04.!64'!&+,!,=,.&!D<!7+,',(%!0.!&+,!,=,.&!^<!&+,!)-3-5(&0=,!&03,!%)(5,!46!

V!30.-&,%!0%!,.4-1+!&4!$,!4.!&+,!Y8W!50.,8!

!

*+,!5(%&!1'(:+!46!)4'',5(&04.!0.!601-',!"N<!7+0)+!',:',%,.&%!&+,!,=,.&!CN<!%+47%!(!

&+0'/!/066,',.&!%&(&,!46!&+,!)4'',5(&04.8!

9.!6()&<!7,!+(=,!(!.,7!/066,',.&!$,+(=04-'!0.!)43:('0%4.!70&+!&+,!4&+,'!,=,.&%8!

9&!+(%!&+,!$,%&!$,+(=04-'!$,)(-%,!(55! &+,!&',./! 50.,%!(',!($4=,!&+,!Y8W! 50.,!46! &+,!

)4'',5(&04.<!%4!&+,',!0%!(!144/!)+(.),!&4!+(=,!(!=,'2!144/!,%&03(&04.!64'!&+,!/(&(!

(5%4!64'!&+,!547,%&!)-3-5(&0=,!&03,!%)(5,8!

!

!
!

W&(1,+$O>:$M3,,+"#2&34$3'$+-+42$=>$[$=@\LQ\KL=K7$

!
!



! VD!

E8D8!!K'4-:!/0=0%04.!

9.! &+,! %,)&04.! ($4=,! >E8C8A<! 7,! +(=,! /,%)'0$,/! &+',,! /066,',.&! $,+(=04-'%! 46! &+,!

,=,.&%<!7+0)+!',:',%,.&!&+,!&+',,!1'4-:%!0.!7+0)+!7,!)(.!0.%,'&!(55!&+,!,=,.&%8!

9.! 6()&<! 7,! +(=,! %&('&,/! &+,! (.(52%0%! %&-/20.1! %0B&,,.! ,=,.&%<! $-&! 7,! )(..4&!

)4.%0/,'!&+,!,=,.&!\!(./!&+,!,=,.&!CV!$,)(-%,!&+,',!(',!&44!3(.2!:'4$5,3%!70&+!

&+,!'(0.!1(-1,%! 0.! &+(&!:,'04/! &+(&! 0%!G,:&,3$,'<! %4! 0&!3(2!+(=,!$,,.!/-,! &4! &+,!

%(3,!:'4$5,38!*+,! ',%&!46! &+,!,=,.&%!+(=,!$,,.! %&-/0,/!(./! &+,! ',%-5&%! %+47,/!

&+(&!,()+!4.,!46!&+,3!)4-5/!$,!0.)5-/,/!0.!&+,!&+',,!1'4-:%!(%!%+47,/!($4=,8!

*+,!%&-/0,%!0./0)(&,!&+(&!&+,!&+',,!1'4-:%!)(.!$,!/0=0/,/!0.!&+,!6455470.1!7(2a!

! 1'4-:!#a!,=,.&!C<!D!<"<!N<!CC!(./!,=,.&!CD;!

! 1'4-:!Ua!,=,.&!^<!W<!CY!(./!,=,.&!C";!

! 1'4-:!Ra!,=,.&!E<!V<!CN!(./!,=,.&!CE8!

#&! &+,!,./!46! &+0%!)+(:&,'<! 0&! 0%!:4%%0$5,! &4! 60./!(55! &+,!1'(:+%!46!(55! &+,!,=,.&%! 0.!

4'/,'!&4!3(@,!(!)43:('0%4.8!

#&! &+0%! :40.&<! &+,! (03! 0%! &4! 60./!7+(&! &+,%,! ,=,.&%! +(=,! 0.! )4334.<! 0.! 4'/,'! &4!

,5($4'(&,!(.!4$e,)&0=,!3,&+4/!&4!0.%,'&!(!1,.,'(5!,=,.&!0.&4!4.,!46!&+,%,!1'4-:%8!

*+,!60'%&!&+0.1!&+(&!7,!+(=,!)4.%0/,',/!0%!&+,!:,'04/!46!4))-'',.),<!$,)(-%,!&+,',!

301+&! $,! (! 50.@! $,&7,,.! &+,! ,=,.&%8! 9.! 6()&<! (&! &+,!343,.&! &+,',! 0%! .4! ())-'(&,!

3,&+4/! 46! /0=0/0.1! &+,3<! $-&! &+,! %,(%4.%! 10=,! (! 60'%&! 0/,(! 46! &+,! 1'4-:! 46! &+,2!

$,54.1!&48!

#%!',1('/%!&+,!3,&+4/!46!/0=0%04.!0.&4!1'4-:%!())4'/0.1!&4!&+,!%,(%4.%<!7,!)(.!%,,!

&+(&!&+,!,=,.&%!46!1'4-:!#!+(::,.!/-'0.1!&+,!%:'0.1!4'!4=,'!&+,!/(2%!033,/0(&,52!

$,64',!4'!(6&,'!&+,!5(%&!/(2%!46!%:'0.1<!(%!&+,!,=,.&!N!%+47%<!7+0)+!+(::,.%!4.!&+,!

DD./!46! n-.,;! &+,!,=,.&%!46!1'4-:!U!4))-'! 0.!(-&-3.!(./!&+4%,!46!1'4-:!R!)(.!$,!

4$%,'=,/!0.!&+,!%-33,'8!

#!34',!4$e,)&0=,!3,&+4/!&4!/0=0/,!&+,!,=,.&%! 0.&4!1'4-:%!)4-5/!$,!(.(52%0.1!&+,!

0.&,.%0&2!46!&+,!'(0.6(55<!%4!.47!7,!(',!140.1!&4!/0%)-%%!34',!&+4'4-1+52!&+,!=(5-,%!

46!&+,!0.&,.%0&0,%!&+(&!7,!+(=,!(5',(/2!(.(52%,/!0.!)+(:&,'!N8!

G&('&0.1!6'43!&+,!&4&(5!)-3-5(&0=,!46!,=,'2!,=,.&!7,!3(@,!(!'(&04!$,&7,,.!0&!(./!

&+,!/-'(&04.!46!&+,!,=,.&8!



! V"!

*+,!',%-5&%!10=,!-%!&+',,!/066,',.&!1'4-:%!(::'4:'0(&,52!%,5,)&,/8!*+,!&($5,%!$,547!

%+47!&+,!'(.1,!=(5-,%!46!&+,!0.&,.%0&2!())4'/0.1!&4!7+0)+!&+,',!0%!(!/0=0%04.!46!&+,!

,=,.&%!0.&4!&+',,!1'4-:%8!

!

@489;% H7':.%
(I)%=++,J>% <%
)I/%=++,J>% E%

'B;7%/%=++,J>% K%
C#E"+$@:$(,31*$0&-&.&34$E#.+0$34$28+$,#4(+$3'$28+$&42+4.&267$

!

% L8&;8C-&M%=++,J>% H7':.C%
NB;8&%2% )#(2(% <%
NB;8&%)% 2#)*!% <%
NB;8&%/% 2#"!(% <%
NB;8&%*% 2#!)$% <%
NB;8&%0% /#")"% K%
NB;8&%"% 0#"1$% K%
NB;8&%1% )#0"/% E%
NB;8&%!% )#!)*% E%
NB;8&%2(% )#20$% E%
NB;8&%22% 2#"*(% <%
NB;8&%2)% 2#)!(% <%
NB;8&%2/% )#201% E%
NB;8&%2*% *#")$% K%
NB;8&%20% *#21!% K%

C#E"+$B:$-#"1+.$3'$&42+4.&26$'3,$+#/8$+-+42$#40$28+$(,31*.$28+6$E+"34($237$

!

*+,!601-',!"E!%+47%!&+,!0.&,.%0&2!=(5-,%!,B:',%%,/!0.!&+,!&($5,!V;!&+,!)454-'%!+,5:!

&4!10=,!(! 6(%&,'!:,'),:&04.!46! &+,!/0=0%04.!46! &+,!,=,.&%8!*+,!2,5547!4.,! 0./0)(&,%!

&+,!,=,.&%!7+0)+!$,54.1!&4!1'4-:!#<!&+,!:0.@!4.,!0%!64'!1'4-:!U!(./!&+,!5(%&!4.,<!

&+,!$5-,!4.,<!64'!&+,!,=,.&%!$,54.10.1!&4!1'4-:!R8!

!



! VN!

!
W&(1,+$O@:$Y42+4.&26$3'$+-+,6$+-+42$#40$(,31*$0&-&.&347$

!

!



! VE!

E8"8!!X0'%&!)4.%0/,'(&04.%!

#6&,'! &+0%! 60'%&! %&,:<! 7+,',! 7,! +(=,! %&-/0,/! &+,! )4'',5(&04.! 64'! %0B&,,.! ,=,.&%!

%&('&0.1!6'43!&+,!/(&(!=(5-,!46!,=,'2!%0.15,!'(0.!1(-1,!)4'',5(&,/!70&+!&+,!4&+,'%<!

70&+4-&! -%0.1! &+,! /(&(! =(5-,%! 46! &+,! 4&+,'! '(0.! 1(-1,! 46! &+,! :(0'! 0.! &+,! %(3,!

:4%0&04.<! 7,! +(=,! %,,.! &+(&! (55! &+,! )4'',5(&04.%! 46! (55! &+,! ,=,.&%! 645547! &+',,!

/066,',.&! &',./%! 46! $,+(=04-'8! #%! )4.),'.%! &+,%,! &+',,! &',./%! (./! &+,!

)4'',%:4./0.1!1'4-:%<!&+,!60'%&!4.,!+(%!&+,!74'%&!$,+(=04-'!$,)(-%,!&+,!&',./!50.,!

&+(&! 0.&,':45(&,%! &+,! 547,%&!:40.&%! %&('&%! 6'43!&+,!Y8E! 50.,!46! )4'',5(&04.!(./!7,!

+(=,! &4! -%,! &+,! )-3-5(&0=,! &03,! %)(5,! 46! CY! 30.-&,%! &4! +(=,! (! 144/! /,1',,! 46!

)4'',5(&04.;! 64'! &+,!4&+,'! &74!1'4-:%! &+,',! 0%! (!$,&&,'! &',./!(./! &+,! %,)4./!4.,!

1(=,! -%! (! 144/! )4'',5(&04.! /(&(! %&('&0.1! 6'43!V!30.-&,%! 46! )-3-5(&0=,! &,3:4'(5!

%)(5,;!&+,!5(%&!4.,<!7+0)+!0%!&+,!$,%&!4.,<!0%!(57(2%!4=,'!&+,!Y8W!50.,!46!)4'',5(&04.!

(5%4!64'!&+,!"!30.-&,%!46!)-3-5(&0=,!&03,!%)(5,8!

O,! .4&0),/! &+(&! &+,%,! &+',,! 1'4-:%! )4-5/! $,! /0=0/,/! ())4'/0.1! &4! &+,! %,(%4.! 46!

4))-'',.),!(./!&+,!0.&,.%0&2<!7+0)+!466,'!(!60'%&!0./0)(&04.!($4-&!&+,!$,+(=04-'!46!

&+,!,=,.&%8!

!

NB;8&% O4&;% H7':.%
L8&;8C-&M%
7489;%
=++,J>%

K'77;54&-'8%4&%0%+-8%
&-+;CG45;%

K'77;54&-'8%4&%20%+-8%
&-+;CG45;%

2((%+% *((%+% 2((%+% *((%+%
2% )0,(*,2)% <% (I)% (#$)0$)% (#"1(2(% (#!"2(1% (#!/)"2%
)% )",(*,2)% <% (I)% (#$220*% (#""/!)% (#!/"2)% (#!22/2%
/% (!,(0,2)% <% (I)% (#"22(/% (#"(((/% (#!2(01% (#1!)(!%
*% )),(",2)% <% (I)% (#!/0)/% (#$(00)% (#!/0)/% (#11012%
0% (",($,2)% K% 'B;7%/% (#!*"01% (#!/"*/% (#!1)*2% (#!$!"*%
"% (0,(1,2)% K% 'B;7%/% (#!$($/% (#!02)!% (#!!!(*% (#!!**(%
1% (/,2(,2)% E% )I/% (#1!102% (#1*$0/% (#!$$/2% (#!$0!(%
!% 22,2(,2)% E% )I/% (#!)$"!% (#!2)$"% (#!1"2)% (#!""(!%
2(% 2",2(,2)% E% )I/% (#$2")1% (#"2$*/% (#!"2()% (#!/102%
22% 21,(*,2)% <% (I)% (#$)0$1% (#""$22% (#!*()/% (#!/$1$%
2)% (/,(",2)% <% (I)% (#*0)!0% (#/12$!% (#1*2**% (#$!!11%
2/% 20,(",2)% E% )I/% (#!2(2!% (#$1((!% (#!)/11% (#1*$"2%
2*% 20,(1,2)% K% 'B;7%/% (#!*"*!% (#!$"1!% (#!1!/"% (#!!1))%
20% )0,(1,2)% K% 'B;7%/% (#!"*!)% (#$1"!2% (#!$1)1% (#$)1$$%
C#E"+$H:$;1%%#,6$3'$28+$+-+42.)$G&28$28+&,$(,31*$3'$E+"34(&4()$0#2+)$&42+4.&26$,#4(+$#40$28+$-#"1+.$3'$

/3,,+"#2&34$'3,$O$#40$=@$2&%+$./#"+.$#2$28+$0&.2#4/+.$3'$=LL$#40$>LL$%+2,+.7$



! VV!

E8N8!R4'',5(&04.!(.(52%0%!64'!(=,'(1,!=(5-,%!

9.!&+0%!%,)&04.!7,!(',!140.1!&4!%&-/2!&+,!$,+(=04-'!46!&+,!)4'',5(&04.!)4.%0/,'0.1!

&+,! (=,'(1,! =(5-,%! 46! &+,! '(0.! 1(-1,! )4-:5,8! G4<! 06! $,64',! 7,! +(/! %0B&,,.! '(0.!

1(-1,%!(./!7,!+(=,!)4.%0/,',/!,()+!4.,!0./,:,./,.&52<!.47!7,!+(=,!,01+&!'(0.!

1(-1,%!:5(),/! 0.! &+,!(=,'(1,!)44'/0.(&,%!46! &+,!4'010.(5!:4%0&04.!46! &+,! &74! '(0.!

1(-1,%8!

O,! (',! 140.1! &4! ,B(30.,! &+,! %(3,! &+',,! ,=,.&%! &+(&!7,!+(=,! %&-/0,/! 0.! %,)&04.!

E8C8<!7+,',!7,!-%,/!&+,!)4'',5(&04.!)4-.&0.1!(55!&+,!'(0.!1(-1,%8!

*+,! 60'%&! 1'(:+! 0.! 601-',! "V! ',1('/%! &+,! ,=,.&! D<! 7+0)+! $,54.1%! &4! 1'4-:! #! 46!

/0=0%04.8!*+,!&',./!46!)4'',5(&04.!0%!140.1!$,&&,'!&+(.!$,64',!(./!(55!&+,!&',./!50.,%!

+(=,! 0.)',(%,/! &+,0'! /,1',,! 46! )4'',5(&04.8! 9.! 6()&<! &+,',! 0%! (! 144/! =(5-,! 46!

)4'',5(&04.!64'!&+,!)-3-5(&0=,!&03,!%)(5,!46!\!30.-&,%<!7+0)+!0%!(5',(/2!4.!&+,!50.,!

46!Y8W8!

9.! )43:('0%4.! 70&+! &+,! &',./! 46! &+,! ',%-5&%! 4$&(0.,/! $,64',<! &+,',! 0%! (.!

03:'4=,3,.&!46!&+,!3,&+4/8!

!

!
W&(1,+$OB:$M3,,+"#2&34$3'$28+$+-+42$K$[$KB\L>\KL=K)$1.&4($28+$#-+,#(+$0#2#$-#"1+$3'$28+$*#&,.$3'$,#&4$

(#1(+.7$

*+,!%,)4./!1'(:+!0.!601-',!"\!',1('/%!&+,!,=,.&!^!(./!(5%4!+,',!7,!+(=,!(!$,&&,'!

&',./8! *+,! 60'%&! 50.,! ',5(&,/! &4! &+,! )-3-5(&0=,! &03,! %)(5,! 46! "!30.-&,%! 0%! (5',(/2!



! V\!

$,&7,,.!&+,!Y8^!(./!Y8W!50.,%<!(./!70&+!&+,!)-3-5(&0=,!&03,!%)(5,!46!N!30.-&,%!7,!

(',!4=,'!&+,!Y8W!50.,8!

!
W&(1,+$OH:$M3,,+"#2&34$3'$28+$+-+42$Q$[$O\=L\KL=K)$1.&4($28+$#-+,#(+$0#2#$-#"1+$3'$28+$*#&,.$3'$,#&4$

(#1(+.7$

!
W&(1,+$OQ:$M3,,+"#2&34$3'$28+$+-+42$=>$D$=@\LQ\KL=K)$1.&4($28+$#-+,#(+$0#2#$-#"1+$3'$28+$*#&,.$3'$,#&4$

(#1(+.7$

*+,!5(%&!1'(:+!0.!601-',!"^!',1('/%!&+,!,=,.&!CN<!7+0)+!$,54.1%!&4!1'4-:!R8!9&!0%!.4&!

,(%2!&4!,%&($50%+!06!&+,',!0%!(5%4!(.!03:'4=,3,.&!46!&+,!:4%0&04.!46!&+,!&',./!50.,%<!

$-&!())4'/0.1!&4!7+(&!7,!+(=,!%,,.!0.!&+,!4&+,'!&74!1'(:+%<!601-',%!"V!(./!"\<!7,!

)(.!)4.)5-/,!&+(&!0&!%+4-5/!+(=,!&+,!%(3,!03:'4=,3,.&8!!!



! V^!

E8E8!R43:('0%4.!$,&7,,.!&+,!&74!(.(52%0%!3,&+4/%!

!

E8E8C8!R43:('0%4.!$,&7,,.!&+,!&74!3,&+4/%!64'!&+,!M=,.&!^!
!
*4!$,!34',!%:,)060)<!7,!)(.!3(@,!(!)43:('0%4.!$,&7,,.!&+,!%(3,!,=,.&%!(.(52%,/!

70&+!&+,!/066,',.&!0.:-&!=(5-,%!&4!%,,!1'(:+0)(552!+47!&+,2!)+(.1,8!

O+(&! 7,! (',! 140.1! &4! ,B:5(0.! 7055! $,! ',6,''0.1! &4! &+,! 1'(:+! $,547<! 7+0)+! 0%! (!

)43:('0%4.! $,&7,,.! &+,! &74! 3,&+4/%! 46! (.(52%0%! )4.),'.0.1! &+,! ,=,.&! D!

,B(30.,/! 0.! &+,!:',=04-%!%,)&04.%8!*+,!',(%4.!7+2!7,!+(=,!)+4%,.!&+0%!,=,.&! 0%!

$,)(-%,!0&!+(/!&+,!$,%&!03:'4=,3,.&%8!

*+,',!(',!4.52!64-'!)-3-5(&0=,!&03,!%)(5,%!0.!4'/,'!&4!+(=,!(!)5,(','!=0,7!46!7+(&!

0%!+(::,.0.18!!

G&('&0.1!70&+!&+,!)-3-5(&0=,!&03,!%)(5,!46!"!30.-&,%!0&!0%!:4%%0$5,!&4!.4&0),!+47!&+,!

',/!50.,<!7+0)+!0./0)(&,%!&+,!&',./!46!&+,!(=,'(1,!/(&(<!0%!-::,'!&+(.!&+,!$5()@!50.,<!

7+0)+!0./0)(&,%!&+,!&',./!46!%0.15,!'(0.!1(-1,<!(./!&+,',!0%!(.!03:'4=,3,.&!46!Y8CE!

46!&+,!)4'',5(&04.8!*+,',!0%!(5%4!(.!03:'4=,3,.&!64'!&+,!4&+,'!&',./!50.,%<!$-&!&+,!

'(.1,!0%!',/-),/<!08,8!&+,',!0%!(57(2%!(!$,&&,'!&',./!70&+!&+,!',/!50.,%!$-&!&+,!'(.1,!

46!03:'4=,3,.&!/,)',(%,%!70&+!(.!0.)',(%,!46!&+,!)-3-5(&0=,!&03,!%)(5,8!!!

!

!
W&(1,+$OJ:$M3%*#,&.34$E+2G++4$28+$/3,,+"#2&34.$3'$28+$+-+42$K)$1.&4($28+$2G3$%+2830.$3'$#4#"6.&4(7$



! VW!

E8E8D8!R43:('0%4.!$,&7,,.!&+,!&74!3,&+4/%!64'!&+,!M=,.&!^!
!

*+,! 6455470.1! 1'(:+! 0.! 601-',! NY! %+47%! &+,! $,+(=04-'! 46! &+,! )4'',5(&04.! 64'! &+,!

,=,.&!^!(./!64'!&+,!(55!,=,.&%<!7+0)+!$,54.1%!&4!1'4-:!U8!

#%!7,!+(=,!(5',(/2!,B(30.,/!0.!&+,!%,)&04.!($4=,!64'!&+,!,=,.&!D<!7,!)(.!.4&0),!(.!

03:'4=,3,.&!46!&+,!)4'',5(&04.!/,1',,8!

9.! 6()&<! 7(&)+0.1! &+,! &',./! 50.,%<! &+,! $5()@! 50.,! 0./0)(&,! &+,! &',./! 46! &+,! :40.&%!

7+0)+! (',! :'4=0/,/! 6'43! (! %0.15,! '(0.! 1(-1,<! &+,! ',/! 50.,! 4.! &+,! 4&+,'! +(./!

0./0)(&,! &+,! &',./! 46! &+,! :40.&%! 6'43! &+,! (=,'(1,! 46! &+,! '(0.! 1(-1,! )4-:5,%;! &+,!

0.)',(%,!46!&+,!)4'',5(&04.!/,1',,!0%!$011,'!64'!&+,!%3(55,%&!)-3-5(&0=,!&03,!%)(5,%!

(./!0&!%3(55,'!64'!&+,!+01+,'!)-3-5(&0=,!&03,!%)(5,8!!

!

!
W&(1,+$>L:$M3%*#,&.34$E+2G++4$28+$/3,,+"#2&34.$3'$28+$+-+42$Q)$1.&4($28+$2G3$%+2830.$3'$#4#"6.&4(7$

*+,!=(5-,%!(',a!

• )-3-5(&0=,!&03,!%)(5,!46!"!30.-&,%a!J!i!Y8\E!"!J!iY8^\;!

• )-3-5(&0=,!&03,!%)(5,!46!E!30.-&,%a!J!i!Y8^E!"!J!iY8W";!

• )-3-5(&0=,!&03,!%)(5,!46!CE!30.-&,%a!J!i!Y8W\!"!J!i!Y8W^8!
$

!



! \Y!

E8E8"8!R43:('0%4.!$,&7,,.!&+,!&74!3,&+4/%!64'!&+,!M=,.&!CN!
!

*+,%,!0.)',(%,%!46!&+,!)4'',5(&04.!/,1',,!$,)43,!547,'!06!7,!,B(30.,!&+,!,=,.&%!

$,54.10.1!&4!&+,!1'4-:!R<!(%!&+,!1'(:+!0.!601-',!NC!%+47%8!

!

$

W&(1,+$>=:$M3%*#,&.34$E+2G++4$28+$/3,,+"#2&34.$3'$28+$+-+42$=>)$1.&4($28+$2G3$%+2830.$3'$#4#"6.&4(7$

!
*+,! =,'&0)(5! (B0%! 0%! %&('&0.1! 6'43! (! +01+,'! =(5-,! &+(.! &+,! 4&+,'! &74! ,=,.&%!

,B(30.,/<!0.!6()&<!0&!%&('&%!6'43!Y8W"!&+(&!0%!(5',(/2!(!144/!)4'',5(&04.!/,1',,8!

G4!&+,!0.)',(%,!46!&+0%!3,&+4/!64'!&+,%,!&2:,%!46!,=,.&%!0&!0%!.4&!%4!-%,6-58!

*+,!=(5-,%!46!)4'',5(&04.!/,1',,!(',a!

• )-3-5(&0=,!&03,!%)(5,!46!"!30.-&,%a!J!i!Y8W"!!"!J!iY8WV;!

• )-3-5(&0=,!&03,!%)(5,!46!E!30.-&,%a!J!i!Y8WV!"!J!iY8W\E;!

• )-3-5(&0=,!&03,!%)(5,!46!CY!30.-&,%a!J!i!4=,'!Y8WW;!

• )-3-5(&0=,!&03,!%)(5,!46!CE!30.-&,%a!J!i!4=,'!Y8WW8!

!

!

!

!



! \C!

E8V8!R4.%0/,'(&04.%!

!

9.! &+,! ,./!7,! )(.! %(2! &+(&! &+,',! 0%! (! 1',(&! /066,',.),! $,&7,,.! &+,! &74!34/,5%<!

&+4-1+!0&! 0%!%+47.!4.52!64'!(!1'4-:!46!,=,.&%8!9.!6()&<!&+,!,=,.&%!$,54.10.1!&4!&+,!

1'4-:! R! (',! .4&! )+('()&,'0c,/! $2! (! 1',(&! /066,',.),! 0.! &+,0'! $,+(=04-'<! $,)(-%,!

&+,',! 0%!(!+01+!)4'',5(&04.! 0.!$4&+!34/,5%<!$-&! &+,!(/=(.&(1,!46! &+,!(=,'(1,!/(&(!

34/,5!0%!)5,('!64'!&+,!,=,.&%!46!1'4-:!U!(./!,=,.!34',!%4!64'!&+,!,=,.&%!46!1'4-:!R8!

*+,! ',(%4.! 7+2! &+,',! 0%! &+0%! 0.)',(%,! 0%! /-,! &4! &+,! )43:,&,.),! &4! ',/-),! &+,!

,''4'%!46! &+,! %0.15,! '(0.!1(-1,8! 9.! 6()&<! 0.!4-'! %&-/2!(',(! &+,',!(',!(! 54&!46! 4&+,'!

,66,)&%<!7+0)+!,B(%:,'(&,!&+,!,''4'%!46!&+,!3,(%-',3,.&<!64'!,B(3:5,!&+,!70./!&+(&!

0%!',(552!%&'4.1!64'!&+,!34%&!46!&+,!2,('8!!

L%0.1!34',!&+(.!4.,!'(0.!1(-1,<!&+,',!0%!34',!:4%%0$050&2!&4!/,)',(%,!&+,!,''4'%!46!

3,(%-',3,.&<!%4!&+0%!3,&+4/!:'4=0/,%!(!+01+,'!/,1',,!46!)4'',5(&04.8!

!

E8\8!R4'',5(&04.!(.(52%0%!64'!(=,'(1,!=(5-,%!46!64-'!'(0.!1(-1,%!

!

9.!&+0%!%,)&04.!7,!(',!140.1!&4!%&-/2!&+,!$,+(=04-'!46!&+,!)4'',5(&04.!)4.%0/,'0.1!

&+,!(=,'(1,!=(5-,%!46!&+,!64-'!'(0.!1(-1,%!5,%%!/0%&(.&8!G4<!06!$,64',!7,!+(/!%0B&,,.!

'(0.! 1(-1,%! (./!7,! +(=,! )4.%0/,',/! ,()+! 4.,! 0./,:,./,.&52<! (./! 0.! &+,! %,)4./!

%&,:!7,!+(=,! ,01+&! '(0.! 1(-1,%!:5(),/! 0.! &+,! (=,'(1,! )44'/0.(&,%!46! &+,!4'010.(5!

:4%0&04.!46!&+,!&74!'(0.!1(-1,%<!.47!7,!+(=,!64-'!)5-%&,'%!46!'(0.!1(-1,%8!O,!(',!

140.1!&4!,B(30.,!&+,!%(3,!&+',,!,=,.&%!&+(&!7,!+(=,!%&-/0,/!0.!%,)&04.!E8C8<!7+,',!

7,!-%,/!&+,!)4'',5(&04.!)4-.&0.1!(55!&+,!'(0.!1(-1,%8!9.!)43:('0%4.!70&+!&+,!&',./!

46! &+,! ',%-5&%! 4$&(0.,/!$,64',<! &+,',! 0%! (.! 03:'4=,3,.&! 46! &+,!3,&+4/<!7+0)+! 0%!

%+47,/!0.!&+,!6455470.1!%,)&04.8!

*+,!60'%&!1'(:+!0.!601-',!ND!%+47%!&+,!,=,.&!D!46!&+,!DVhYNhDYCN<!(./!7,!,B:,)&,/!

&+,!$,%&!03:'4=,3,.&!64'!&+,%,!&2:,%!46!&+,!,=,.&%8!



! \D!

!
W&(1,+$>K:$M3%*#,&.34$E+2G++4$28+$/3,,+"#2&34.$3'$28+$+-+42$K)$1.&4($28+$.+/340$#40$28+$28&,0$%+2830$

3'$#4#"6.&4(7$

!

O,! )(.! %,,! (.4&+,'! 03:'4=,3,.&! 46! &+,! )4'',5(&04.! &',./! 50.,%<! 7+0)+! (',!

',:',%,.&,/!$2!&+,!$5-,!50.,!64'!&+,!(=,'(1,!46!&+,!64-'!'(0.!1(-1,%!(./!$2!&+,!',/!

50.,!64'!&+,!(=,'(1,!46!&+,!)4-:5,!46!&+,!'(0.!1(-1,%8!

*+,!=(5-,%!46!)4'',5(&04.!/,1',,!(',a!

• )-3-5(&0=,!&03,!%)(5,!46!"!30.-&,%a!J!i!Y8^\!"!J!iY8^^;!

• )-3-5(&0=,!&03,!%)(5,!46!E!30.-&,%a!J!i!Y8W"!"!J!iY8W"E;!

• )-3-5(&0=,!&03,!%)(5,!46!CE!30.-&,%a!(::'4B03(&,52!&+,!%(3,!=(5-,8!

O,!(',!)54%,'!&4!&+,!Y8W!/,1',,!&+(.!$,64',<!,=,.!06!&+,!0.)',(%,!0%!.4&!%4!$018!

L%0.1!(!1'4-:!46!N!'(0.!1(-1,%!7,!(',!($5,!&4!/,6,(&!34',!&+(.!Y8N!46!&+,!,''4'%!64'!

&+,!)4'',5(&04.!/,1',,!&+(.!-%0.1!4.52!4.,!'(0.!1(-1,8!

9&! 0%! .4&! .,),%%('2! &4! %+47! +47! &+0%! 3,&+4/! 0%! ($5,! &4! )+(.1,! &+,! )4'',5(&04.!

/,1',,! 64'! &+,!4&+,'! &74!,=,.&%! >&+,!,=,.&!46!1'4-:!U!(./!1'4-:!RA!$,)(-%,! &+,!

$,%&! ',%-5&%! (',! %+47.! 4.! &+,! 60'%&! 1'(:+<! 7+,',! &+,',! 7,',! &+,! %&'4.1,%&!

:'4$5,3%8!

#%!7,!+(=,!(5',(/2!,B(30.,/!0.!&+,!%,)&04.!E8N<!&+,!3,&+4/!46!&+,!(=,'(1,!46!&+,!

)4-:5,%! 0%! ,.4-1+! &4! :'4=0/,! (! 144/! =(5-,! 46! '(0.6(55! /(&(! 64'! &+,! ,=,.&%! 46! &+,!

1'4-:!U!(./!R8!



! \"!

E8^8!K'(:+%!46!)4'',5(&04.!(.(52%0%!64'!=(5-,%!46!%0.15,!'(0.!
1(-1,!

E8^8C8!M=,.&%!$,54.1!K'4-:!#!

!
W&(1,+$>O:$M3,,+"#2&34$3'$28+$+-+42$=$[$K@\L>\KL=K7$

!
!

W&(1,+$>>:$M3,,+"#2&34$3'$28+$+-+42$O$[$=L\L@\KL=K7$



! \N!

!
W&(1,+$>@:$M3,,+"#2&34$3'$28+$+-+42$>$[$KK\LB\KL=K7$

!
W&(1,+$>B:$M3,,+"#2&34$3'$28+$+-+42$==$[$=Q\L>\KL=K7$

!
W&(1,+$>H:$M3,,+"#2&34$3'$28+$+-+42$=K$[$LO\LB\KL=K7$



! \E!

E8^8D8!M=,.&%!$,54.1!K'4-:!U!

!
W&(1,+$>Q:$M3,,+"#2&34$3'$28+$+-+42$J$[$==\=L\KL=K7$

!
W&(1,+$>J:$M3,,+"#2&34$3'$28+$+-+42$=L$[$=B\=L\KL=K7$

$
W&(1,+$@L:$M3,,+"#2&34$3'$28+$+-+42$=O$[$=@\LB\KL=K7$



! \V!

E8^8"8!M=,.&%!$,54.1!K'4-:!R!

!
W&(1,+$@=:$M3,,+"#2&34$3'$28+$+-+42$@$[$LB\LH\KL=K7$

!
W&(1,+$@K:$M3,,+"#2&34$3'$28+$+-+42$B$[$L@\LQ\KL=K7$

!
W&(1,+$@O:$M3,,+"#2&34$3'$28+$+-+42$=@$[$K@\LQ\KL=K7



! \\!

E8W8!K'(:+%!46!)4'',5(&04.!(.(52%0%!64'!(=,'(1,!=(5-,%!

E8W8C8!M=,.&%!$,54.1!K'4-:!#!

!
W&(1,+$@>:$M3,,+"#2&34$1.&4($28+$#-+,#(+$0#2#$'3,$28+$+-+42$=$[$K@\L>\KL=K7$

!
W&(1,+$@@:$M3,,+"#2&34$1.&4($28+$#-+,#(+$0#2#$'3,$28+$+-+42$O$[$=L\L@\KL=K7$



! \^!

!
W&(1,+$@B:$M3,,+"#2&34$1.&4($28+$#-+,#(+$0#2#$'3,$28+$+-+42$>$[$KK\LB\KL=K7$

!
W&(1,+$@H:$M3,,+"#2&34$1.&4($28+$#-+,#(+$0#2#$'3,$28+$+-+42$==$[$=Q\L>\KL=K7$

!
W&(1,+$@Q:$M3,,+"#2&34$1.&4($28+$#-+,#(+$0#2#$'3,$28+$+-+42$=K$[$LO\LB\KL=K7$



! \W!

E8W8D8!M=,.&%!$,54.1!K'4-:!U!

!
W&(1,+$@J:$M3,,+"#2&34$1.&4($28+$#-+,#(+$0#2#$'3,$28+$+-+42$J$[$==\=L\KL=K7$

!
W&(1,+$BL:$M3,,+"#2&34$1.&4($28+$#-+,#(+$0#2#$'3,$28+$+-+42$=L$[$=B\=L\KL=K7$

!
W&(1,+$B=:$M3,,+"#2&34$1.&4($28+$#-+,#(+$0#2#$'3,$28+$+-+42$=O$[$=@\LB\KL=K7$



! ^Y!

E8W8"8!M=,.&%!$,54.1!K'4-:!R!

!
W&(1,+$BK:$M3,,+"#2&34$1.&4($28+$#-+,#(+$0#2#$'3,$28+$+-+42$@$[$LB\LH\KL=K7$

!
W&(1,+$BO:$M3,,+"#2&34$1.&4($28+$#-+,#(+$0#2#$'3,$28+$+-+42$B$[$L@\LQ\KL=K7$

!
W&(1,+$B>:$M3,,+"#2&34$1.&4($28+$#-+,#(+$0#2#$'3,$28+$+-+42$=@$[$K@\LQ\KL=K7$



! ^C!

!

R+(:&,'!Va!#.(52%0%!64'!&+,!%:(&0(5!=('0($050&2!

V8C8!9.&'4/-)&04.!!

9.! &+0%!)+(:&,'!7,!(',!140.1! &4!(.(52%,! &+,!3,&+4/!46!)'4%%!=(50/(&04.<!-%0.1! &+,!

%:(&0(5! 0.&,':45(&04.!34/,5! 46! F'010.18! *+0%! (.(52%0%! -%,%! &+,! /(&(! 6'43! &+,! '(0.!

1(-1,%<!(./!7,!)(55!&+,%,!/(&(!:40.&%!d1'4-./!&'-&+d!$,)(-%,!0.!&+(&!:5(),!7,!(',!

%-',!($4-&!&+(&!=(5-,8!

S-'!5(&,%&!(.(52%,%!46!)4'',5(&04.!+(=,!%+47.!&+,!$,%&!7(2!&4!-%,!&+,!(=,'(1,!/(&(!

46! &+,!:(0'!46!'(0.!1(-1,%<!4'!46! &+,! 64-'!'(0.!1(-1,%<! 0.%&,(/!46! &+,!/(&(!46!,=,'2!

%0.15,!'(0.!1(-1,<!%4!64'!&+0%!%&-/2!7,!(',!140.1!&4!-%,!4.52!&+,!(=,'(1,!/(&(!46!&+,!

:(0'!46!&+,!'(0.!1(-1,%8!

G4!7,! )(.! %+47<! )43:('0.1! &+,! 1'4-./! &'-&+!/(&(!70&+! &+,! &+,4',&0)(5! /(&(<! &+,!

&',./!46!@'010.1!0.&,':45(&04.!64'!/066,',.&!,=,.&%!(./!)-3-5(&0=,!&03,!%)(5,%8!

U2!d&+,4',&0)(5!/(&(d!7,!0.&,./!&+,!/(&(!46!'(0.6(55<!7+0)+!(',!,%&03(&,/!-%0.1!&+,!

0.&,':45(&04.!34/,5!46!@'010.1! 0.!(.!(',(!46!EYY!%b-(',!3,&',%;! &+,!1'4-./!&'-&+!

/(&(!)4'',%:4./!&4!&+,!,3:0'0)(5!/(&(<!7+0)+!(',!:'4=0/,/!$2!&+,!'(0.!1(-1,%8!!

*+,!0.&,':45(&04.!34/,5!46!F'010.1!:'4=0/,%!(!&',./!46!%:(&0(5!=('0($050&2!46!,=,'2!

,=,.&<! %&('&0.1! 6'43! &+,! 1'4-./! &'-&+! /(&(;! 0.! &+0%!7(2! 0&! 0%! ($5,! &4! ,%&03(&,! &+,!

/(&(!,=,'27+,',!0.%0/,!&+,!(',(!46!%&-/28!

9.!&+0%!)+(:&,'!7,!(.(52%,!+47!&+,!/(&(!=(5-,%!46!&+,!'(0.6(55!0.!&+,!:40.&%!7+,',!

&+,',!(',!'(0.!1(-1,%!)+(.1,!06!&+,2!(',!)(5)-5(&,/!70&+!&+,!0.&,':45(&04.!34/,5!46!

@'010.18!G4<!7,!)(.!%,,!&+,!03:4'&(.),!46!(!+01+!)4'',5(&04.!&4!,%&03(&,!&+,!/(&(!(%!

)54%,52!(%!:4%%0$5,!&4!&+,!',(5!/(&(8!

*+0%! 3,&+4/! 0%! =,'2! 03:4'&(.&! $,)(-%,! 7+,.! &+,! )4'',5(&04.! 0%! +01+! (./! &+,!

@'010.1!34/,5! 0%! ())-'(&,<!7,!(',!($5,! &4!:'4=0/,! &+,!/(&(! 64'!,=,'2!:5(),! 0.%0/,!

4-'!(',(!70&+!(!+01+!:'4$($050&2!46!4$&(0.0.1!)4'',)&!=(5-,%8!

V8D8!R43:('0%4.!$,&7,,.!&+,!3,&+4/%!

9.!&+,!6455470.1!%,)&04.<!&+,!$,+(=04-'!46!&+,!)'4%%!=(50/(&04.!&,%&!46!&+,!@'010.1!

%:(&0(50c(&04.!3,&+4/!7055!$,!(.(52%,/!64'!,=,'2!)-3-5(&0=,!&03,!%)(5,8!

!



! ^D!

V8D8C8!!R-3-5(&0=,!&03,!%)(5,!46!E!30.-&,%!
O,!(',!%&('&0.1!70&+!&+,!547,'!)-3-5(&0=,!&03,!%)(5,<!0&!0%!E!30.-&,%!$,)(-%,!06!7,!

+(/!-%,/!"!30.-&,%!&+,',!7(%!&+,!'0%@!&4!+(=,!&44!c,'4!/(&(<!(./!(5%4!$,)(-%,!&+,!

)-3-5(&0=,!46!E!30.-&,%!0%!',(552!144/!&4!+(=,!(!=(50/!,%&03(&04.8!

*4!(::'4()+!&+0%!(.(52%0%!7,!(',!-%0.1!&+,!,=,.&!N!64'!1'4-:!#<!7+0)+!',:',%,.&%!

&+,!74'%&! )(%,! 46! $,+(=04-'8! *+,! 60'%&! 1'(:+<! 0.! 601-',! VE<! ',:',%,.&%! &+,! &2:0)(5!

&',./!46!&+,!1'4-:!#!-%0.1!(!%0.15,!'(0.!1(-1,!(%!(!3,(%-',!46!&+,!'(0.6(55<!7,!)(.!

.4&0),!&+(&!&+,!%:',(/!46!&+,!:40.&%!0%!$011,'!&+(.!&+,!%:',(/!46!&+,!1'(:+%!4.!&+,!

4&+,'!&74!3,&+4/%<!7+0)+!(',!',:',%,.&,/!0.!601-',!VV!(./!V\8!

!

W&(1,+$B@:$M3%*#,&.34$E+2G++4$28+$0#2#$+.2&%#2+$E6$F,&(&4()$28+$28+3,+2&/#"$34+.)$#40$28+$,+#"$0#2#$3'$
,#&4'#""$*,3-&0+$E6$,#&4$(#1(+.7$Y2$&.$,+'+,,+0$23$28+$+-+42$K$3'$28+$(,31*$!)$'3,$@$%&412+.$2&%+./#"+$

1.&4($#.$0#2#$&4*12$28+$.&4("+$,#&4$(#1(+7$

!

*+,!$,+(=04-'!0.!&+,!4&+,'!&74<!601-',!VV!(./!V\<!7+0)+!',:',%,.&!&+,!,%&03(&,!46!

&+,!/(&(!-%0.1! &+,!(=,'(1,!46! &74!(./! 64-'!'(0.!1(-1,%<! 0&! 0%!.4&!%4!/066,',.&<!$-&!

&+0.@0.1!(&!&+,!',%-5&%!46!&+,!)4'',5(&04.!&+,2!%-11,%&!&+(&!&+,!&+0'/!1'(:+!%+4-5/!

+(=,!&+,!$,%&!%:',(/<!08,8!&+(&!&+,!:40.&%!%+4-5/!$,!)54%,'!&4!&+,!,b-(50&2!50.,!&+(.!

&+,!4&+,'!&74!1'4-:%8!



! ^"!

!

W&(1,+$BB:$M3%*#,&.34$E+2G++4$28+$0#2#$+.2&%#2+$E6$F,&(&4()$28+$28+3,+2&/#"$34+.)$#40$28+$,+#"$0#2#$3'$
,#&4'#""$*,3-&0+$E6$,#&4$(#1(+.7$Y2$&.$,+'+,,+0$23$28+$+-+42$K$3'$28+$(,31*$!)$'3,$@$%&412+.$2&%+./#"+$

1.&4($#.$0#2#$&4*12$28+$#-+,#(+$3'$K$,#&4$(#1(+.7$

!

W&(1,+$BH:$M3%*#,&.34$E+2G++4$28+$0#2#$+.2&%#2+$E6$F,&(&4()$28+$28+3,+2&/#"$34+.)$#40$28+$,+#"$0#2#$3'$
,#&4'#""$*,3-&0+$E6$,#&4$(#1(+.7$Y2$&.$,+'+,,+0$23$28+$+-+42$K$3'$28+$(,31*$!)$'3,$@$%&412+.$2&%+./#"+$

1.&4($#.$0#2#$&4*12$28+$#-+,#(+$3'$>$,#&4$(#1(+.7$



! ^N!

V8D8D8!R-3-5(&0=,!&03,!%)(5,!46!CE!30.-&,%!
#$4-&!&+,!)43:('0%4.!$,&7,,.!&+,!1'4-:%!(.(52%0.1!&+,!)-3-5(&0=,!&03,!%)(5,!46!

606&,,.!30.-&,%<!7,!)(.!.4&0),!&+(&!&+,!%:',(/!46!&+,!/(&(!64'!&+,!60'%&!1'(:+<!601-',!

V^<!0%!(57(2%!$'4(/,'!&+(.!&+,!4&+,'!&74!1'(:+%<!0.!601-',%!VW!(./!\Y8!

#5%4!+,',<!0&!0%!)5,('!&+(&!54)(&04.!46!&+,!/(&(!:'4=0/,/!6'43!&+,!(=,'(1,!46!&74!(./!

64-'! '(0.! 1(-1,%! +(=,! (! $,&&,'! &',./! (./! 0.! :('&0)-5('! &+,! 5(%&! 4.,;! 0.! 6()&<! 0&! 0%!

:4%%0$5,! &4!%,,! &+(&! &+,! 5(%&!1'(:+!+(%!(!$011,'!.-3$,'!46!:40.&%!4.! &+,!,b-(50&2!

50.,!&+(.!&+,!%,)4./!1'(:+8!G4!7,!+(=,!&+,!$,%&!%:(&0(50c(&04.!-%0.1!&+,!/(&(!6'43!

&+,!(=,'(1,!46!N!'(0.!1(-1,%8!

#))4'/0.1! &4! 7+(&! &+,',! 0%! 64'! &+,! )-3-5(&0=,! &03,! %)(5,! 46! E! 30.-&,%<! &+,!

$,+(=04-'!46!@'010.1!64'!CE!30.-&,%!0%!$,&&,'!&+(.!$,64',<!(./!&+0%!+(::,.!$,)(-%,!

64'!(!$011,'!)-3-5(&0=,!%)(5,!&+,',!(',!34',!/(&(!&+(.!64'!E!30.-&,%!46!)-3-5(&0.1!

(./!&+,!)4'',5(&04.!0%!(57(2%!-::,'!&+,!Y8W!50.,8!

!

W&(1,+$BQ:$M3%*#,&.34$E+2G++4$28+$0#2#$E6$/,3..$-#"&0#2&34$%+2830)$28+$28+3,+2&/#"$34+.$#40$28+$,+#"$
0#2#$3'$,#&4'#""$*,3-&0+$E6$,#&4$(#1(+.7$Y2$&.$3'$28+$+-+42$K$3'$28+$(,31*$!)$'3,$=@$%&412+.$2&%+./#"+$

1.&4($#.$0#2#$&4*12$28+$.&4("+$,#&4$(#1(+7$

!



! ^E!

!

W&(1,+$BJ:$M3%*#,&.34$E+2G++4$28+$0#2#$E6$/,3..$-#"&0#2&34$%+2830)$28+$28+3,+2&/#"$34+.$#40$28+$,+#"$
0#2#$3'$,#&4'#""$*,3-&0+$E6$,#&4$(#1(+.7$Y2$&.$3'$28+$+-+42$K$3'$28+$(,31*$!)$'3,$=@$%&412+.$2&%+./#"+$

1.&4($#.$0#2#$&4*12$28+$#-+,#(+$3'$K$,#&4$(#1(+.7$

!

!

W&(1,+$HL:$M3%*#,&.34$E+2G++4$28+$0#2#$E6$/,3..$-#"&0#2&34$%+2830)$28+$28+3,+2&/#"$34+.$#40$28+$,+#"$
0#2#$3'$,#&4'#""$*,3-&0+$E6$,#&4$(#1(+.7$Y2$&.$3'$28+$+-+42$K$3'$28+$(,31*$!)$'3,$=@$%&412+.$2&%+./#"+$

1.&4($#.$0#2#$&4*12$28+$#-+,#(+$3'$>$,#&4$(#1(+.7$



! ^V!

V8"8!#))-'()2!46!&+,!3,&+4/!

*+,!.,B&!%,)&04.!%:,(@%!($4-&!&+,!())-'()2!46!&+,!0.&,':45(&04.!3,&+4/!46!@'010.1!

&4!,%&03(&,!'(0.6(55!/,:&+!/(&(!0.!(55!&+,!(',(!46!&+,!%&-/28!

O,!+(=,!-%,/!(!/066,',.&!1'(:+0)<!7+0)+! 0%!34',!b-(50&(&0=,! &+(.!b-(.&0&(&0=,<! &4!

%+47! +47! &+,! 0.&,':45(&04.! 3,&+4/! 46! @'010.1! 0%! ($5,! &4! :'4=0/,! (.! ())-'(&,!

%:(&0(5!=('0($050&28! ! 9.! &+,!1'(:+0)! &+,',!(',a! &+,!+4'0c4.&(5!(B0%<!7+0)+!%+47%!&+,!

/066,',.),! (34.1! ',(5! /(&(! 46! '(0.6(55<!7+0)+! (',! :'4=0/,/! 6'43! &+,! '(0.! 1(-1,%<!

(./!:',/0)&,/!/(&(<!7+0)+!(',!:'4=0/,/!6'43!&+,!0.&,':45(&04.!3,&+4/!46!@'010.1;!

4.!&+,!=,'&0)(5!(B0%!&+,',!0%!&+,!7,01+&,/!)-3-5(&0=,!/0%&'0$-&04.<!7+0)+!',:',%,.&!

&+,!:,'),.&(1,!46!&+,!'(0.6(55!7,01+&,/!0.!4'/,'!&4!34',!0.&,.%0=,!,=,.&!46!'(0.6(558!

!

V8"8C8!L%0.1!E!)-3-5(&0=,!&03,!%)(5,!
*+,! 60'%&!-./,'! %,)&04.!(.(52%,%!7+(&!+(::,.! 64'! &+,!E!30.-&,%! )-3-5(&0=,! &03,!

%)(5,<!&+,!&+',,!1',,.!50.,%!0./0)(&,!&+,!=(5-,%!46!&+,!3,(.!(./!&+,!60'%&!(./!&+0'/!

b-('&05,<! 06! &+,2! (',! (::'4B03(&,52! .,('! c,'4! &+,',! 0%! (! =,'2! 144/! &',./! 46! &+,!

%:(&0(50c(&04.8!*+,!=(5-,!46!&+,!3,(.!%+47%!-%!+47!&+,!:',/0)&,/!/(&(!(./!&+,!',(5!

/(&(!(',!(%!)54%,!(%!:4%%0$5,!$,&7,,.!&+,3;!&+,!4&+,'!&74!1',,.!50.,%!%+47!-%!&+,!

/0%&(.),!$,&7,,.!&+,!3,(.!50.,<!7+0)+!)(.!0./0)(&,!06!&+,!@'010.1!0.&,':45(&04.!0%!(!

144/!3,&+4/!&4!,%&03(&,!/(&(!0.%0/,!4-'!$4-./('2!50.,%8!

*+,!6455470.1!1'(:+%!',:',%,.&!&+,!())-'()2!46!,%&03(&04.!-%0.1!(%!/(&(!0.:-&!&+,!

/(&(! 6'43!%0.15,! '(0.!1(-1,<! &+,!/(&(! 6'43!&+,!(=,'(1,!46! &+,!)4-:5,%!46! &+,!'(0.!

1(-1,%!(./! &+,! 5(%&!4.,! ',:',%,.&%! &+,!$,+(=04-'! 64'!/(&(!46! &+,!(=,'(1,!46! 64-'!

'(0.!1(-1,%8!



! ^\!

!

W&(1,+$H=:$C,+40$3'$F,&(&4($+.2&%#2&34$23$*,3-&0+$28+$,#&4'#""$0#2#$'3,$28+$#,+#$#4#"6.+07$Y2$&.$#E312$
28+$+-+42$K)$'3,$#$2&%+$./#"+$3'$@$%&412+.$1.&4($#$.&4("+$,#&4$(#1(+7$

!

W&(1,+$HK:$C,+40$3'$F,&(&4($+.2&%#2&34$23$*,3-&0+$28+$,#&4'#""$0#2#$'3,$28+$#,+#$#4#"6.+07$Y2$&.$#E312$
28+$+-+42$K)$'3,$#$2&%+$./#"+$3'$@$%&412+.$1.&4($#.$0#2#$&4*12$28+$#-+,#(+$3'$K$,#&4$(#1(+.7$

!



! ^^!

#55!&+,!&+',,!)(%,!%&-/0,%!0./0)(&,!&+(&!&+,!@'010.1!0.&,':45(&04.!3,&+4/!0%!(!144/!

3,&+4/!&4!,%&03(&,!&+,!=(5-,!46!/(&(! 0.!(!%3(55!-'$(.!)(&)+3,.&;!&+,',!0%!(!144/!

&',./!0.!(55!46!&+,3<!$-&!&+,!$,%&!4.,!0%!&+,!1'(:+0)!0.!601-',!\"<!7+0)+!0%!&+,!1'(:+!

',6,'%!&4!&+,!-%0.1!(%!/(&(!0.:-&!&+,!(=,'(1,!46!N!'(0.!1(-1,%8!!

#.(52%0.1!&+,!%:',(/<!7+0)+!0%!&+,!/0%&(.),!$,&7,,.!&+,!60'%&!(./!&+0'/!b-('&05,<!7,!

)(.!%,,!&+(&!64'!&+,!601-',!\C!0&!0%!Y8C"\<!64'!&+,!601-',!\D!0&!0%!Y8CYWE<!64'!&+,!601-',!

\"<!0&!0%!Y8YW\N8!*+,!',(%4.!7+2!&+,!5(%&!4.,!0%!&+,!$,%&!4.,!0%!&+(&!70&+!&+,!(=,'(1,!

/(&(!46!N!'(0.!1(-1,%!&+,!&',./!46!&+,!)4'',5(&04.!0%!(5',(/2!+01+!64'!E!30.-&,%!46!

)-3-5(&0=,!&03,!%)(5,8!

!

W&(1,+$HO:$C,+40$3'$F,&(&4($+.2&%#2&34$23$*,3-&0+$28+$,#&4'#""$0#2#$'3,$28+$#,+#$#4#"6.+07$Y2$&.$#E312$
28+$+-+42$K)$'3,$#$2&%+$./#"+$3'$@$%&412+.$1.&4($#.$0#2#$&4*12$28+$#-+,#(+$3'$>$,#&4$(#1(+.7$$



! ^W!

V8"8D8!L%0.1!CE!)-3-5(&0=,!&03,!%)(5,!
*4!60.0%+<!&+,',!(',!&+,!1'(:+%!46!&+,!CE!30.-&,%!)-3-5(&0=,!&,3:4'(5!%)(5,;!&+,2!

%+47!(! +4341,.0c(&04.! ',%-5&%! 4.! &+,! 1'(:+%! 0.! 601-',%! \N<\E! (./!\V! &+(&! 0%! (.!

,=45-&04.! &+(.! 7+(&! 7,! +(=,! %,,.! ($4=,! 64'! &+,! )-3-5(&0=,! &03,! %)(5,! 46! E!

30.-&,%8!*+,',! 0%!(!144/! &',./! 64'!(55! &+,! &+',,!1'4-:%<!(./! &+0%! 03:'4=,3,.&! 0%!

/-,!&4!0.)',(%0.1!=(5-,%!46!'(0.!4.!&+,!)-3-5(&0=,!/(&(8!

G4!&+,',!(',!.4&!$01!/066,',.),%!$,&7,,.!&+,!,%&03(&04.!6'43!&+,!(=,'(1,!46!D!(./!

N!'(0.!1(-1,%<! 0.! 6()&<!(.(52%0.1!&+,!%:',(/!(1(0.<!7+0)+!)(.!:'4=0/,!&+,!&',./!46!

&+,!3,&+4/<!7,!)(.!60./a!

• 1'4-:!#<!%:',(/!i!Y8C^D\;!

• 1'4-:!U<!%:',(/!i!Y8CDWE;!

• 1'4-:!R<!%:',(/!i!Y8CDYW;!

H47! &+,! &',./! 0%! (::'4B03(&,52! &+,! %(3,! (%! ,B:,)&,/<! $,)(-%,! 64'! (! )-3-5(&0=,!

&,3:4'(5!%)(5,!46!CE!30.-&,%<!7,!+(=,!%,,.!&+(&!-%0.1!&+,!)4'',5(&04.!7(2!46!&+,!

(=,'(1,! /(&(! 7,! +(=,! (.! 03:'4=,3,.&! 46! &+,! )4'',5(&04.<! (./! %4! 70&+! &+,! CE!

30.-&,%!)-3-5(&0=,!&03,!%)(5,!&+,',!0%!(5',(/2!(!+01+!)4'',5(&04.8!

!

W&(1,+$H>:$C,+40$3'$F,&(&4($+.2&%#2&34$23$*,3-&0+$28+$,#&4'#""$0#2#$'3,$28+$#,+#$#4#"6.+07$Y2$&.$#E312$
28+$+-+42$K)$'3,$#$2&%+$./#"+$3'$=@$%&412+.$1.&4($#.$0#2#$&4*12$28+$.&4("+$,#&4$(#1(+7$



! WY!

!

W&(1,+$H@:$C,+40$3'$F,&(&4($+.2&%#2&34$23$*,3-&0+$28+$,#&4'#""$0#2#$'3,$28+$#,+#$#4#"6.+07$Y2$&.$#E312$
28+$+-+42$K)$'3,$#$2&%+$./#"+$3'$=@$%&412+.$1.&4($#.$0#2#$&4*12$28+$#-+,#(+$3'$K$,#&4$(#1(+.7$

!

W&(1,+$HB:$C,+40$3'$F,&(&4($+.2&%#2&34$23$*,3-&0+$28+$,#&4'#""$0#2#$'3,$28+$#,+#$#4#"6.+07$Y2$&.$#E312$
28+$+-+42$K)$'3,$#$2&%+$./#"+$3'$=@$%&412+.$1.&4($#.$0#2#$&4*12$28+$#-+,#(+$3'$>$,#&4$(#1(+.7$

!



! WC!

V8N8!X0.(5!)4.%0/,'(&04.!

9.!&+,!,./!0&!0%!:4%%0$5,!&4!)4.)5-/,!&+(&!64'!(!%3(55!-'$(.!)(&)+3,.&<!50@,!&+,!(',(!

&+(&! 7,! +(=,! (.(52%,/<! &+,! @'010.1! 0.&,':45(&04.! 3,&+4/! 0%! (! 144/! 3,&+4/! &4!

,%&03(&,! &+,! %:(&0(5! =('0($050&2! 46! &+,! '(0.6(558! *+,! ',(5! :40.&! 0%! &+(&! -%0.1! &+0%!

0.&,':45(&0=,!3,&+4/!7,!.,,/!&+,!34',!())-'(&,!=(5-,!(%!/(&(! 0.:-&<!(./!64'!&+,!

,=,.&%! $,54.10.1! &4! 1'4-:! R! 0&! 0%! ,.4-1+! &4! -%,! &+,! /(&(! 6'43! &+,! %0.15,! '(0.!

1(-1,%;!$-&!06!&+,!,=,.&%!$,54.1%!1'4-:!U<!&4!+(=,!(!34',!())-'(&,!/(&(!0.:-&!0&!0%!

03:4'&(.&! &4! +(=,! )4-:5,%! 46! '(0.! 1(-1,%! &4! $,! %-',! &4!3,(%-',! &+,! ',(5! '(0.6(55!

/(&(! 70&+! &+,! %3(55,%&! ,''4'8! 9.! &+,! ,./<! &+,! 74'%&! )(%,<! 06! 7,! +(=,! (.! ,=,.&!

$,54.10.1! &4! 1'4-:! #<!7,! .,,/! (&! 5,(%&! (! )5-%&,'! 46! 64-'! '(0.! 1(-1,%! &4! +(=,! (.!

())-'(&,!=(5-,8!



! WD!
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! W"!

R+(:&,'!\a!R4.)5-%04.!

!
#!/,&(05,/!%&-/2!0.&4!&+,!/066,',.),%!$,&7,,.!&+,!)4'',5(&04.%!46!&+,!'(0.!1(-1,%!4.!

(!%3(55!-'$(.!)(&)+3,.&<! 0.! &+,!,./!10=,%!-%!%43,!',%-5&%! &+(&!(5547!-%! &4!@.47!

+47!&+,!'(0.!1(-1,%!$,+(=,<!(./!&4!+(=,!(!144/!,%&03(&04.!/(&(!(%!(! 6-.)&04.!46!

&+,!/066,',.&!,=,.&%8!

G&('&0.1!6'43!&+,!%&-/0,%!46!&+,!)4'',5(&04.!-%0.1!(!%0.15,!'(0.!1(-1,!(./!,=(5-(&0.1!

+47! 0&! )+(.1,%! 64'! &+,! /066,',.&! &2:45410,%! 46! ,=,.&%<! 7,! .4&0),/! &+(&! &+,',! (',!

&+',,! 1'4-:%! 7+,',! 7,! )(.! :-&! ,()+! ,=,.&8! X4'! ,()+! 4.,! 46! &+,%,<! &+,',! 0%! (!

/066,',.&! $,+(=04-'! 46! &+,! )4'',5(&04.! &+(&! 0./0)(&,%! 7+0)+! 0%! &+,! $,%&<! 0.! 4&+,'!

74'/%<!&+,!547,%&!&,3:4'(5!%)(5,!&4!-%,!0.!&+,!+2/'45410)(5!34/,5%8!#6&,'!(!%,)4./!

(.(52%0%!64)-%,/!4.!&+,!,=(5-(&04.!46!&+,!$,%&!&',./!46!)4'',5(&04.<!7,!.4&0),/!&+(&!

-%0.1! (! 1'4-:! 46! '(0.! 1(-1,%! 0.! ,=,'2! :5(),! 0%! $,&&,'! &+(.! -%0.1! 4.52! 4.,8! *+,!

',(%4.! 0%! &+(&!$2!-%0.1! &+0%!3,&+4/<! 0&! 0%!:4%%0$5,! &4! )+,)@!(./!=,'062! 06! &+,!/(&(!

3,(%-',/!(',!())-'(&,!4'!06!&+,',!(',!%43,!,''4'%8!

#6&,'!&+0%!,B(30.(&04.<!(./!&+,!',34=(5!46!&+,!/(&(!70&+!,''4'%<!7,!)(.!)(''2!4-&!

&+,!%(3,!%&-/0,%!3(/,!($4=,<!$-&!-%0.1!(.!(=,'(1,!46!&+,!'(0.6(55!/(&(<!(./!7,!7055!

4$&(0.!(!$,&&,'!&',./!46!)4'',5(&04.!64'!(55!&+,!1'4-:%!46!&+,!,=,.&%8!

9.! 6()&! &+,! )4'',5(&04.! &',./! 50.,%! (',! +01+,'! &+(.! 0.! &+,! 4&+,'! 1'(:+%<! %4! 0&! 0%!

:4%%0$5,! &4! -%,! (! 547,'! &,3:4'(5! %)(5,! &4! ,%&03(&,! &+,! /(&(! &4! $,! -%,/! 4.! &+,!

+2/'45410)(5!34/,58!

*+0%! %&-/2! +(%! (5%4! %+47.! &+,! ())-'()2! 46! &+,! @'010.1! 0.&,':45(&04.! 3,&+4/! 0.!

:'4=0/0.1! &+,! =(5-,%! 46! &+,! /(&(! )(5)-5(&,/! ,=,'27+,',! 0.%0/,! &+,! $4-./('0,%! 46!

&+,! %&-/0,/!(',(8! 96!7,!(',! ($5,! &4! )(&,14'0c,! &+,!/066,',.&! ,=,.&%<! @.470.1! &+,0'!

$,+(=04-'<!7+0)+! (5547%! -%! &4! ,%&($50%+! &+,! 547,%&! )-3-5(&0=,! &,3:4'(5! %)(5,! 46!

',6,',.),!70&+!(!6,7!'(0.!1(-1,%!7,55!:4%0&04.,/<!&+,!@'010.1!0.&,':45(&04.!3,&+4/!

)(.!:'4=0/,!(55!&+,!/(&(!,%&03(&,/!64'!&+,!(',(!(./!0&!(5547%!-%0.1!&+,!+2/'45410)(5!

34/,5%!&4!%&-/2!&+,!%-'6(),!'-.4668!

*4!)4.)5-/,<!0.!&+0%!%3(55!(',(!46!%&-/0,%!46!(::'4B03(&,52!EYY!3D!7,!+(=,!.4&0),/!

&+(&! 64'! &+0%! /0%&(.),! &+,! )4'',5(&04.! +(%! (! '(&+,'! 50.,('! &',./<! 0.! 6()&<! &+,!

)4'',5(&04.! /,1',,! 0%! .4&! (66,)&,/! 6'43! &+,! /066,',.&! /0%&(.),! $,&7,,.! &+,! '(0.!

1(-1,%<!&+,!547!)4'',5(&04.!/,1',,!46!%0.15,!'(0.!1(-1,!0%!/-,!&4!%43,!,''4'%!46!&+,!

&0::0.1! $-)@,&! (./! 64'! 4&+,'! ,B&,'.(5! :'4$5,3%! 50@,! &+,! 70./8! *4! ',%45=,! &+,%,!



! WN!

:'4$5,3%!0&!0%!.,),%%('2!&4!-%,!(!1'4-:!46!'(0.!1(-1,%!0.!&+,!%(3,!54)(&04.!&4!)-&!

&+,!3,(%-',3,.&!,''4'%8!!!

96!7,! -%,! &41,&+,'!70&+! &+,! '(0.! 1(-1,%! &+,! /(&(! 6'43! &+,! '(/('<!7+0)+! 466,'%! (!

1,.,'(5! 4=,'=0,7!46! &+,! ,=,.&%! &4!@.47!+47!$01! &+,! ,B(30.,/!(',(! 0%<! 0&!7055! $,!

:4%%0$5,!&4!+(=,!34',!())-'(&,!(./!%:,)060)!/(&(!0.!',(5!&03,8!*+,!.,B&!%&,:!46!&+0%!

%&-/2!%+4-5/!$,!&4!60./!(!144/!3,&+4/!&4!&(@,!&+,!'(/('!/(&(!-./,'!&+,!:0B,5!46!C!

@3!%b-(',! &4!+(=,!(!144/!)43:('0%4.!$,&7,,.!&+,!'(/('!(./!'(0.!1(-1,<!(./!%4!

-%0.1!&+,!'(/('!/(&(!7+,',!&+,',!(',!.4&!'(0.!1(-1,%8!
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! WE!

#::,./0B!#!
9.! &+0%! (::,./0B! &+,',! (',! %43,! )4/,%! 46! &+,! :'41'(3%! -%,/! &4! (.(52%,! &+,!

)4'',5(&04.!(./!&+,!0.&,':45(&04.!$2!&+,!@'010.1!3,&+4/8!O,!+(=,!-%,/!(!:'41'(3!

)(55,/!J8![4%&!46!&+,3!+(=,!$,,.!-%,/!&4!:'4=0/,!&+,!/(&(<!-%0.1!&+,!0.&,':45(&04.!

3,&+4/!46!F'010.1<!(./!(5%4!&4!4$&(0.!%43,!1'(:+%8!

Q'41'(3!Ca!
library(gstat) 
library(lattice) 
library(graphics) 
source("/Users/Antonio/Desktop/Lavoro di tesi/programmi R/draw.cdf.r") 
number_ev = 1 
rain_yy <- read.table("C:/Users/Patania/Desktop/TESI/stazioniMed.csv",header=T,sep=";",dec=",") 
rain_yy.grid <- read.table("C:/Users/Patania/Desktop/TESI/griglia.txt",header=T,sep=",",dec=".") 
file_name = paste("C:/Users/Patania/Desktop/TESI/file di lettura/pm_med_ev",number_ev,".csv",sep='') 
yy <- as.matrix(read.table(file_name,header=F,sep=";",dec=",")) 
durata = 5 
prev_tot <- c() 
oss_tot <- c() 
scarti_tot <- c() 
for(cn in 0:(((length(yy[,1])-1)/durata)-1)) 
{ 
    m0 <- (durata*cn)+2 
    mD <- (durata*(cn+1)+1) 
    yh <- as.vector(colSums(yy[m0:mD,])) 
    rain_yy[,4]<-yh 
#########ANALISI VARIOGRAMMA 
    v1 <- variogram(rr~1,locations=~X+Y, data=rain_yy) 
    model.1 <- fit.variogram(v1,model=vgm(1,"Exp",range=10,nugget=0)) 
    #CROSS VALIDATION 
    x <- krige.cv(formula=rr~1,locations=~X+Y, data=rain_yy,model=model.1, nmax = 10, nfold=5) 
    prev_tot <- c(prev_tot,x$var1.pred) 
    oss_tot <- c(oss_tot,x$observed) 
    scarti_tot <- c(scarti_tot,x$residual) 
}     
pdf(paste("C:/Users/Patania/Desktop/TESI/ScatterPlot/Evento_",number_ev,"_DT_",durata,".pdf",sep='')) 
plot(oss_tot,prev_tot,pch=16,cex=0.5,col="black",main="Comparison",xlab="Empirical",ylab="Theoretical", 
     xlim=c(round(min(c(oss_tot,prev_tot),digits=1)),round(max(c(oss_tot,prev_tot),digits=1))), 
     ylim=c(round(min(c(oss_tot,prev_tot),digits=1)),round(max(c(oss_tot,prev_tot),digits=1)))) 
lines(c(0,1000),c(0,1000),col='red') 
draw.cdf(scarti_tot,main_cdf='Residuals', col_line_cdf='blue',label_quant=T, 
                    xlab_cdf=list('Diffrences between Real and Predicted',col='darkblue'), 
                    ylab_cdf=list('Cumulative distribution',col='darkblue'), 
                    quantils_lines=c(16,50,84),fill='lightblue',col_grid='black',col_quant='green') 
draw.cdf(scarti_tot,oss_tot,main_cdf='Residuals', col_line_cdf='blue',label_quant=T, 
                    xlab_cdf=list('Diffrences between Real and Predicted',col='darkblue'), 
                    ylab_cdf=list('Weighted cumulative distribution',col='darkblue'), 
                    quantils_lines=c(16,50,84),fill='lightblue',col_grid='black',col_quant='green') 
dev.off() 
 
Q'41'(3!Da!
# Kriging 
library(gstat) 
library(lattice) 
library(graphics) 
source("/Users/Antonio/Desktop/Lavoro di tesi/programmi R/draw.cdf.r") 
rain_yy <- read.table("/Users/Antonio/Desktop/Lavoro di tesi/stazioni.csv",header=T,sep=";",dec=",") 
rain_yy.grid <- read.table("/Users/Antonio/Desktop/Lavoro di tesi/griglia.txt",header=T,sep=",",dec=".") 



! WV!

yy <- as.matrix(read.table("/Users/Antonio/Desktop/Lavoro di tesi/file di 
lettura/pm_tot_ev1.csv",header=F,sep=";",dec=",")) 
prev_tot <- c() 
oss_tot <- c() 
scarti_tot <- c() 
dir.create("/Users/Antonio/Desktop/25_04_E1", showWarnings = TRUE, recursive = FALSE, mode = "0777")     
############ INIZIO CICLO #################################### 
cn <- 0         
    m0 <- (60*cn)+2 
    m60 <- (60*(cn+1)+1) 
    yh <- as.vector(colSums(yy[m0:m60,])) 
    rain_yy[,4]<-yh 
    pdf(paste('/Users/Antonio/Desktop/25_04_E1/istant_',round(m60/60),'.pdf',sep='')) 
aa <- c(seq(0,4.7,length=200)) 
bb <- c(seq(0,4.7,length=500) 
    v1 <- variogram(rr~1,locations=~X+Y, data=rain_yy) 
    v2 <- variogram(log(rr)~1,locations=~X+Y, data=rain_yy) 
    model.1 <- fit.variogram(v1,model=vgm(1,"Exp",range=10,nugget=0)) 
    model.1 
    z <- krige(formula=rr~1,locations=~X+Y, data=rain_yy,newdata=rain_yy.grid,model=model.1,nmax=10) 
    levelplot(var1.pred ~ X+Y, z, aspect = "mapasp(z)",main="Ordinary kriging 
prediction",col.regions=colorRampPalette(c("white","blanchedalmond","azure3","cadetblue3","cyan2","cornflowerbl
ue","dodgerblue4","blue3","chartreuse4","darkolivegreen","darkgreen","goldenrod","darkgoldenrod","darkorange","f
irebrick1","deeppink3","darkred","chocolate4","bisque4","black")), at =aa) 
#errore standard di kriging 
    levelplot(sqrt(var1.var) ~ X+Y, z, aspect = "mapasp(x)",main = "Ordinary kriging prediction standard errors")    
    #CROSS VALIDATION 
    x <- krige.cv(formula=rr~1,locations=~X+Y, data=rain_yy,model=model.1, nmax = 10, nfold=5) 
    cros_val <- array( ,dim=c(length(x[ ,1]),3)) 
    cros_val[ ,1] <- x$var1.pred 
    cros_val[ ,2] <- x$observed 
    cros_val[ ,3] <- x$residual 
    write.table(cros_val,paste("/Users/Antonio/Desktop/25_04_E1/CV_istant_", 
                round(m60/60,digits=1),".csv",sep=''),sep=';',dec=',',row.names=F, 
                col.names=c('Previsione','Dati osservati','Residui'),quote=F) 
    write.table(x,paste("/Users/Antonio/Desktop/25_04_E1/CV_tot_istant_", 
                round(m60/60,digits=1),".csv",sep=''),sep=';',dec=',',row.names=F,quote=F) 
    model1<-lm(rain_yy$rr ~ x$var1.pred) 
###########################GRAFICI#################################     
    prev <- cros_val[,1] 
    oss <- cros_val[,2] 
    scarti <- cros_val[,3]     
    # aggiorno i vettori totali di CV 
    prev_tot <- c(prev_tot,prev) 
    oss_tot <- c(oss_tot,oss) 
    scarti_tot <- c(scarti_tot,scarti)    
    plot(oss,prev,pch=16,cex=0.5,col="black",main="Comparison",xlab="Empirical",ylab="Theoretical", 
         xlim=c(round(min(c(oss,prev),digits=1)),round(max(c(oss,prev),digits=1))), 
         ylim=c(round(min(c(oss,prev),digits=1)),round(max(c(oss,prev),digits=1)))) 
    lines(c(0,1000),c(0,1000),col='red')    
draw.cdf(scarti,main_cdf='Residuals', col_line_cdf='blue',label_quant=T, 
                        xlab_cdf=list('Diffrences between Real and Predicted',col='darkblue'),ylab_cdf=list('Cumulative 
distribution',col='darkblue'),fill='lightblue',col_grid='black',col_quant='green')                         
draw.cdf(scarti,oss,main_cdf='Residuals', col_line_cdf='blue',label_quant=T, 
                        xlab_cdf=list('Diffrences between Real and Predicted',col='darkblue'),ylab_cdf=list('Weighted 
cumulative distribution',col='darkblue'),fill='lightblue',col_grid='black',col_quant='green') 
dev.off() 
############ FINE CICLO ###################################################### 
# analisi sulla cumulata totale di pioggia 
ytot <- as.vector(colSums(yy)) 
rain_yy[,4]<-ytot 
pdf('/Users/Antonio/Desktop/25_04_E1/cum_tot.pdf') 
aa <- c(seq(0,22,0.1),seq(22.5,24.0,0.05),seq(24.5,28.5,0.01),seq(28.6,30,0.2))  
rg_grid <- read.table("/Users/Antonio/Desktop/Lavoro di tesi/coord_stazioni.csv",header=T,sep=";",dec=",") 
plot(rg_grid$X,rg_grid$Y,pch=16,cex=1, col=terrain.colors(n=50), main= "Stations", xlab="Coordiantes 
GB",ylab="Coordiantes GB")     
#########PESO INV PROP ALLA DISTANZA 
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z <- krige(formula=rr~1,locations=~X+Y, data=rain_yy,newdata=rain_yy.grid,model=NULL) 
levelplot(var1.pred ~ X+Y, z, main="Inverse distance 
interpolation",col.regions=colorRampPalette(c("white","gray","black")),contour='T') 
#########PESO INV PROP AL QUADRATO DELLA DISTANZA 
z <- krige(formula=rr~1,locations=~X+Y, data=rain_yy,newdata=rain_yy.grid,model=NULL,set=list(idp=2)) 
levelplot(var1.pred ~ X+Y, z, main="Inverse square distance 
interpolation",col.regions=colorRampPalette(c("white","gray","black")),at=aa) 
#########ANALISI VARIOGRAMMA 
v1 <- variogram(rr~1,locations=~X+Y, data=rain_yy) 
#plot(v1) 
v2 <- variogram(log(rr)~1,locations=~X+Y, data=rain_yy) 
#plot(v2) 
model.1 <- fit.variogram(v1,model=vgm(1,"Exp",range=10,nugget=0)) 
#########KRIGING ORDINARIO 
z <- krige(formula=rr~1,locations=~X+Y, data=rain_yy,newdata=rain_yy.grid,model=model.1,nmax=10) 
levelplot(var1.pred ~ X+Y, z, aspect = "mapasp(z)",main="Ordinary kriging 
prediction",col.regions=colorRampPalette(c("white","gray","black")),contour='T') 
levelplot(var1.pred ~ X+Y, z, aspect = "mapasp(z)",main="Ordinary kriging 
prediction",col.regions=colorRampPalette(c("white","blanchedalmond","azure3","cadetblue3","cyan2","cornflowerbl
ue","dodgerblue4","blue3","chartreuse4","darkolivegreen","darkgreen","goldenrod","darkgoldenrod","darkorange","f
irebrick1","deeppink3","darkred","chocolate4","bisque4","black"))) 
#errore standard di kriging 
levelplot(sqrt(var1.var) ~ X+Y, z, aspect = "mapasp(x)",main = "Ordinary kriging prediction standard 
errors",contour='T')     
#CROSS VALIDATION 
# five-fold cross validation: 
x_tot <- krige.cv(formula=rr~1,locations=~X+Y, data=rain_yy,model=model.1, nmax = 10, nfold=5) 
write.table(x_tot,"/Users/Antonio/Desktop/25_04_E1/CV_cum_tot.csv",sep=';',dec=',',row.names=F,quote=F) 
os <- x_tot$var1.pred 
prv <- x_tot$observed 
res <- x_tot$residual 
plot(os,prv,pch=16,cex=0.5,col="black",main="Comparison",xlab="Empirical",ylab="Theoretical", 
     xlim=c(round(min(c(os,prv),digits=1)),round(max(c(os,prv),digits=1))), 
     ylim=c(round(min(c(os,prv),digits=1)),round(max(c(os,prv),digits=1)))) 
lines(c(0,1000),c(0,1000),col='red') 
draw.cdf(res,main_cdf='Residuals', col_line_cdf='blue',label_quant=T, 
                    xlab_cdf=list('Diffrences between Real and Predicted',col='darkblue'),ylab_cdf=list('Cumulative 
distribution',col='darkblue'),fill='lightblue',col_grid='black',col_quant='green')                    
draw.cdf(res,os,main_cdf='Residuals', col_line_cdf='blue',label_quant=T, 
                    xlab_cdf=list('Diffrences between Real and Predicted',col='darkblue'),ylab_cdf=list('Weighted 
cumulative distribution',col='darkblue'),fill='lightblue',col_grid='black',col_quant='green')                     
dev.off() 
################################################################################ 
pdf('/Users/Antonio/Desktop/25_04_E1/tot_istanti.pdf') 
# aggiorno i vettori totali di CV 
prev_tot <- c(prev_tot,prev) 
oss_tot <- c(oss_tot,oss) 
scarti_tot <- c(scarti_tot,scarti) 
plot(oss_tot,prev_tot,pch=16,cex=0.5,col="black",main="Comparison",xlab="Empirical",ylab="Theoretical", 
     xlim=c(round(min(c(oss_tot,prev_tot),digits=1)),round(max(c(oss_tot,prev_tot),digits=1))), 
     ylim=c(round(min(c(oss_tot,prev_tot),digits=1)),round(max(c(oss_tot,prev_tot),digits=1)))) 
lines(c(0,1000),c(0,1000),col='red') 
draw.cdf(scarti_tot,main_cdf='Residuals', col_line_cdf='blue',label_quant=T, 
                    xlab_cdf=list('Diffrences between Real and Predicted',col='darkblue'),ylab_cdf=list('Cumulative 
distribution',col='darkblue'),fill='lightblue',col_grid='black',col_quant='green') 
draw.cdf(scarti_tot,oss_tot,main_cdf='Residuals', col_line_cdf='blue',label_quant=T, 
                    xlab_cdf=list('Diffrences between Real and Predicted',col='darkblue'),ylab_cdf=list('Weighted 
cumulative distribution',col='darkblue'),fill='lightblue',col_grid='black',col_quant='green') 
dev.off() 
xx_tot <- as.matrix(array( ,dim=c(length(prev_tot),3))) 
xx_tot[,1] <- prev_tot 
xx_tot[,2] <- oss_tot  
xx_tot[,3] <- scarti_tot 
write.table(xx_tot,"/Users/Antonio/Desktop/25_04_E1/CV_tot_ist.csv",sep=';',dec=',',row.names=F,quote=F) 
!
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