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42;./635!7:-2<!92E492!5./!.4430/!69242!6B:!-2P35.-!362;4!6:!692!
4.;2!5.620:7@#!U:7!5:/=2/32/52<!B2!-.C2-!5.620:7324!B369!692!
4@/6.5635!7:-24!6:!B9359!692@!5:77248:/>!3/!43;8-2!>25-.7.63=2!
42/62/524! 3/!i/0-349! A3#2#<! f\W<!\1CT256N! faW<!a27CN!./>! f'W<!
'CT256F#!%92! -:5.-!:7>27! 34!.-4:!.5D1372>!.4!.!4@/6.5635! 71-2!
C26B22/!692!?3746!-2P35.-!71-2!./>!692!/2B-@!?:7;2>!5.620:7@#!
%92/<!697:109!723627.63/0!-:5.-!:7>274!.;:/0!692!5.620:7324<!
3/>3=3>1.-4!07.>1.--@!.5D1372!./!2;2702/6!0-:C.-!B:7>!:7>27!
6:! 7201-.62! -2P35.-! 362;4#! U:7! 3/46./52<! .441;2! 69.6! ./!
3/>3=3>1.-! B./64! 6:! 2P87244! ./! 3/6207.62>! ;2./3/0!
j59.42kB:-?<! 49228lm! 143/0! 692! -2P35.-! 362;4! 2/5:>3/0!
jB:-?m<! j59.42m! ./>! j49228m! ?7:;! 4:;2! \<! a<! ./>! '!
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5.620:7324<!3?!692!-:5.-!:7>274!3/!69242!5.620:7324!.72!\!C2?:72!
a!./>!\!C2?:72!'<!692/!69242!-:5.-!:7>274!-2.>!6:!6B:!0-:C.-!
:7>274! \a'! :7! \'a<! ./>! 692! 16627./52! 87:>152>! C@! 692!
3/>3=3>1.-! 5:1->! C2! 236927! E^'XU! *Q,\i! \QiibE! :7!
E^'XU!\Qiib!*Q,\iE<!9272<!692!5.836.-3R2>!-266274!B3693/!
jEEm!7287242/6!692!4@--.C-24!3/!16627./524#!"/!43;1-.63:/4<!69242!
4@--.C-24!.72!59:42/!?7:;!./!16627./52!48.52#!
,!>@.>35!5:;;1/35.63:/!34!43;1-.62>!3/! 6934!;:>2-#!"/!.!

5:;;1/35.63:/<!./!3/>3=3>1.-!34!59:42/!.4!.!482.G27#!Q2E\92!
7./>:;-@!42-2564!./! 3/6207.62>!;2./3/0!./>!5:>24! 36<!C.42>!
:/!934E927!-3/0134635!G/:B-2>02<!3/6:!./!16627./52<!./>!42/>4!
692!16627./52!6:!./:6927!3/>3=3>1.-<!692!-3462/27#!%92!-3462/27!
692/!67324!6:!>25:>2!692!16627./52<!C.42>!:/!934E927!-3/0134635!
G/:B-2>02<!3/6:!./!3/6207.62>!;2./3/0#!%934!5:;87292/43:/!
87:5244! 34! 4:;263;24! .443462>! C@! 4:;2! 2/=37:/;2/6.-!
3/?:7;.63:/! B9359! ;3096! 4:;263;24! 5:/6.3/! 692! 482.G27W4!
3/62/>2>!;2./3/0#!%92/<!.!5:/?3>2/52!?22>C.5G!34!42/6!C@!692!
-3462/27!6:!692!482.G27<!49:B3/0!B926927!692!-3462/27!C2-32=24!
92E492! 1/>2746./>4! 5:77256-@<! B369:16! >37256-@! 5925G3/0!
B926927! 692! -3462/27! .5517.62-@! 3/62787264! 692! ;2./3/0!
3/62/>2>!C@!692!482.G27#!"/!692!2/><!C.42>!:/!6934!?22>C.5G<!
C:69!692!482.G27!./>!692!-3462/27!18>.62!69237!-3/0134635!71-24!
142>!3/!6934!5:;;1/35.63:/#!!
%92!5:2=:-163:/!:?! 5:;8:4363:/.-36@! ./>! 7201-.736@! 6.G24!

8-.52!.?627!3627.62>!5:;;1/35.63:/4#!"/363.--@<!.--!3/>3=3>1.-4!
3/!692!8:81-.63:/!49.72!.!9:-34635!-./01.02!3/!B9359!.!-3;362>!
/1;C27! :?! 3/6207.62>! ;2./3/04! 5./! C2! 2P872442>! 143/0!
9:-34635!71-24#!%92/<!>173/0!3627.62>!5:;;1/35.63:/4<!697:109!
692!.C:=2!-2.7/3/0!;259./34;4<!3/>3=3>1.-4!?3746!-2.7/!4:;2!
-2P35.-! 71-24! ./>! 3/>152! 4:;2! 3/>282/>2/6! 5.620:7324! B369!
B9359!69242!-2P35.-!71-24!.72!.44:53.62>#!%92/<!C.42>!:/!692!
;2./3/0O16627./52! ;.883/04! 46:72>! 3/! 69237! 49:76O627;!
;2;:7324<!692@!.5D1372!;:72!-2P35.-!71-24<!2P8./>!692!-2P35.-!
./>! 4@/6.5635! ;2;C274! :?! 69237! 5.620:7324<! ./>! 07.>1.--@!
;2702! 5.620:7324! 5:/6.3/3/0! -2P35.-! 362;4! B369! 3>2/635.-!
42;./635!7:-24!9.=3/0!692!4.;2!14.02#!U3/.--@<!692@!>2=2-:8!.!
5:;;1/.-! -./01.02! 3/! B9359! .--! -2P35.-! 362;4! 9.=3/0! 692!
4.;2!42;./635!7:-2!C2-:/0!6:!.!43/0-2!5.620:7@#!+:72:=27<!C@!
143/0! 4@/6.5635! 71-24! 6:! 7201-.62! -:5.-! :7>274! :?! -2P35.-!
;2;C274!:?!>3??272/6!5.620:7324<!3/>3=3>1.-4!?:7;!.!5:;;:/<!
2;2702/6!0-:C.-!B:7>!:7>27#!%:026927!B369!692!>2=2-:8;2/6!
:?!5:;8:4363:/.-36@<!692!>2=2-:8;2/6!:?!7201-.736@!3/!627;4!:?!
0-:C.-!B:7>!:7>27!?:--:B4!.!fC:66:;O18W!7:163/2!C.42>!:/!692!
-:5.-!./>!8.763.-!3/?:7;.63:/!5:/6.3/2>!3/!-3/0134635!3/46./524#!!
%92! 43;1-.63:/! 7241-64! :/! -./01.02! 2;2702/52<! 692!

2;83735.-! C.434! :?! 692! -2.7/3/0! ;259./34;4<! ./>! 692!
3;8-2;2/6.63:/!>26.3-4!:?!6934!;:>2-!5./!C2!?:1/>!3/!HnJH[J#!
"/!6934!8.827<!B2!>37256-@!.>:86!6934!;:>2-!6:!461>@!-./01.02!
2;2702/52!./>!;.3/62/./52!3/!./!.5D134363:/!?7.;2B:7G#!"/!
692!43;1-.63:/4!:?!-./01.02!2;2702/52<!.!9:-34635!-./01.02!34!
3/363.--@! 49.72>! 3/! 692! ?3746! 02/27.63:/! :?! .02/64N! 3/! 692!
43;1-.63:/4! :?! -./01.02! ;.3/62/./52<! .! 5:;8:4363:/.-!
-./01.02! 5:/43463/0! :?! .! 426! :?! -2P35.-! 71-24! ./>! 6B:! -:5.-!
:7>27!71-24!69.6!87:>152!.!5:/43462/6!0-:C.-!:7>27!34!3/363.--@!
49.72>! .;:/0! 692! .02/64! :?! 692! ?3746! 02/27.63:/#!,02/64! 3/!

?16172!02/27.63:/4!9.=2! 6:! >2=2-:8! 69237! -./01.024! 697:109!
51-617.-! 67./4;3443:/! B369! 692! .02/64! 3/! 692! 872=3:14!
02/27.63:/!3/!692!.5D134363:/!?7.;2B:7G#!!

"""#! %Qi!,*o)"\"%"'$!U&,+i^'&V!
,/! .5D134363:/! ?7.;2B:7G<! .4! 3--1467.62>! 3/! U30#!L<! 34!

.>:862>! 3/! 6934! ;:>2-! 6:! 461>@! 692! 7:-2! :?! 3/627O! ./>!
3/67.O02/27.63:/.-!67./4;3443:/4!:/!-./01.02!2;2702/52!./>!
;.3/62/./52#!,*O5:;4! ./>!**O5:;4! .72! 43;1-.62>! 3/! 6934!
?7.;2B:7G#! "/! 2.59! 02/27.63:/<! ?3746<! 4:;2! .>1-64! 87:>152!
:??4873/0! A593->72/F! B9:! 3/363.--@! 9.=2! /:! -3/0134635!
G/:B-2>02#!%92/<!692!-2.7/3/0!46.02!C203/4<!>173/0!B9359!.!
593->!5./!-2.7/!?7:;!./!.>1-6!3/!./!,*O5:;!:7!3/627.56!B369!
:6927!593->!3/!.!**O5:;#!(173/0!692!-2.7/3/0!46.02<!,*O5:;4!
./>! **O5:;4! .72! 7./>:;-@! 3/627B:=2/#! ,?627! 69.6<! 69242!
593->72/!C25:;2!.>1-64!./>!728-.52!69237!8.72/64<!./>!.!/2B!
02/27.63:/! C203/4#! "/! 6934! ?7.;2B:7G<! /:! 0-:C.-! ?36/244! 34!
>2?3/2>! 6:! 013>2! 593->72/! 6:! -2.7/! ?7:;! .! 48253?35! .>1-6#! "/!
.>>363:/<!36!.>:864!.!>3457262!.02/6!728-.52;2/6!A/2B!.02/64!
.72!3/67:>152>!.?627!.!5276.3/!/1;C27!:?!5:;;1/35.63:/4F!4:!
69.6! B2! 5./! 81/561.--@! 67.52! 692! 2=:-163:/! :?! -./01.02! 3/!
>3??272/6!02/27.63:/4#!
"/! 692! 43;1-.63:/4! :?! 6934! 8.827<! 692! 42;./635! 48.52!

5:/6.3/4! nI! 3/6207.62>! ;2./3/04! ALn! jb7k,0lm! ./>! Ip!
jb7k,0<! b.6lm! 3/=:-=3/0! 3/! 6:6.-! LZ! 42;./635! 362;4F#! %92!
8:81-.63:/!9.4!LY!.02/64#!,?627!2.59!02/27.63:/<!e!.>1-6!.72!
7./>:;-@!59:42/<!./>!2.59!:?!692;!87:>1524!:/2!:??4873/0#!
%92/<!69242!e!:??4873/0!A593->72/F!3/627.56!B369!.>1-64!:7!:6927!
/2B! :??4873/0! >173/0! 692! -2.7/3/0! 46.02#! ,?627! 69.6<! 69242!
593->72/!C25:;2!.>1-64!./>!728-.52!69237!8.72/64<!./>!.!/2B!
02/27.63:/!C203/4#!%92!6:6.-!/1;C27!:?!02/27.63:/4!34!LYY#!
\2=27.-!3/>3524!.72!>2?3/2>!6:!2=.-1.62!692!7:-2!:?!51-617.-!

67./4;3443:/#!D&8#./!+&81&'$E+!#!ADEF<!.4!5.-51-.62>!3/!ALF<!
34! >2?3/2>! .4! 692! .=27.02! 82752/6.02! :?! .--! 3/6207.62>!
;2./3/04!69.6!.72!1/>2746./>.C-2!6:!2.59!8.37!:?!.02/64!3/!692!
5:;;1/36@!C.42>!:/!69237!-3/0134635!G/:B-2>02!:/-@#!,!9309!
=.-12! :?! DE! 3/>35.624! .! 9309! 1/>2746./>.C3-36@! :?! 692!
5:;;1/.-!-./01.02!3/!692!5:;;1/36@#!!
!

;2./3/04!3/6207.62>!:?$1;C27!<!:?!8.374!:?$1;C27!

!./>!!.02/64C26B22/!!;2./3/04!3/6207.62>!)/>2746::>
<

"
#
$

F1

F1
DE F1 ALF!

!
"/!.>>363:/<!1&!#.6'#&#.+!1%&!DE!ADE/#.F!C26B22/!.02/64!3/!

!
U30#!L#!!%92!.5D134363:/!?7.;2B:7G#!i;86@!>34G4!7287242/6!.>1-64!./>!
?3--2>! >34G4! 7287242/6! 593->72/#! i.59! 6@82! :?! 51-617.-! 67./4;3443:/! 34!
7287242/62>! C@! .! >3??272/6! 6@82! :?! -3/2! ./>! .77:B#! "/! =27635.-! ./>!
:C-3D12! 67./4;3443:/!A,*O5:;4F<!.>1-64!482.G!./>!593->72/! -3462/#! "/!
9:73R:/6.-! 67./4;3443:/! .;:/0! 593->72/! A**O5:;4F<! 593->72/! 5./! C2!
236927!482.G274!:7!-3462/274#
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02/27.63:/4$1!./>$1GL<!./>!DE!4#!H##&$!"#$1&1!1+*$'#&#.+!1%&$
+&8! *+!#.$ '#&#.+!1%&/! ADE1&1F! .72! ;2.4172>#! %:! ;2.4172!
DE/#.<!.--!.02/64!3/!02/27.63:/$1!6.-G!6:!.--!.02/64!3/!02/27.63:/!
1qL<!./>! 692!82752/6.02!:?!.5517.62-@!1/>2746::>! 3/6207.62>!
;2./3/04! 34! 5.-51-.62>#!%:!;2.4172!DE1&1<! .--! .02/64! 3/! 692!
?3746!02/27.63:/!6.-G!6:!.--!.02/64!3/!692!169!02/27.63:/<!./>!692!
82752/6.02!:?! .5517.62-@!1/>2746::>! 3/6207.62>!;2./3/04! 34!
5.-51-.62>#! ,! 9309! =.-12! :?! DE/#.! 3/>35.624! .! 9309!
1/>2746./>.C3-36@! :?! 692! 5:;;1/.-! -./01.024! .57:44!
02/27.63:/4<! ./>! .! 9309! =.-12! :?! DE1&1$ 3/>35.624! .! 9309!
8:443C3-36@!:?!;.3/6.3/3/0!./!3/363.-!5:;8:4363:/.-!-./01.02#!!

"a#! %Qi!\"+)X,%"'$!&i\)X%\!"$!%Qi!%^'!irbi&"+i$%\!
"/!6934!42563:/<!692!43;1-.63:/!7241-64!?:7!iP8#!L!./>!iP8#!Z!

.72! >24573C2>#! U:7! 692! 43;1-.63:/4! :/! -./01.02! 2;2702/52<!
692!46.634635.-!7241-64!?:7!ZY!43;1-.63:/4!3/!2.59!5:/>363:/!.72!
49:B/<!3/5-1>3/0!692!.=27.02!./>!46./>.7>!>2=3.63:/!=.-124!
:?! 692! 9309246!DE! 3/! LYY!02/27.63:/4<! ./>! 692! .=27.02! ./>!
46./>.7>! >2=3.63:/! =.-124! :?! 692! 9309246! DE/#.! 3/! LYY!
02/27.63:/4#! U:7! 692! 43;1-.63:/4! :/! -./01.02!;.3/62/./52<!
692! 46.634635.-! 7241-64! 3/5-1>2! 692! .=27.02! ./>! 46./>.7>!
>2=3.63:/! =.-124! :?!DE! .6! 692! 2/>! :?! LYY! 02/27.63:/4<! 692!
.=27.02! ./>! 46./>.7>! >2=3.63:/! =.-124! :?! DE/#.! 3/! LYY!
02/27.63:/4!A.=0$DE/#.F!./>!.6!692!2/>!:?!LYY!02/27.63:/4!A-.46!
DE/#.F<!./>!.=0!DE1&1!./>!-.46!DE1&1#!h.42>!:/!69242!7241-64<!B2!
2P.;3/2! 692! 7:-2! :?! 51-617.-! 67./4;3443:/! 3/! C:69! -./01.02!
2;2702/52!./>!-./01.02!;.3/62/./52#!

AI! @C<I$J$
iP8#!L!461>324!692!7:-2!:?!**O5:;4#!"/!2.59!02/27.63:/!:?!

692!43;1-.63:/<!692!/1;C27!:?!,*O5:;4!34!426!6:!LYY!./>!692!
/1;C27!:?!**O5:;4!34!07.>1.--@!3/572.42>!?7:;!Y!6:!pY!B369!
./!3/572;2/6!:?!ZY#!%92!46.634635.-!7241-64!:?!iP8#!L!.72!49:B/!
3/! U30#!Z<! 3/! B9359! 8./2-4! A.FcACF! >348-.@! 692! 7241-64! :/!
-./01.02!2;2702/52<!./>!8./2-4!A5FcA2F!>348-.@!692!7241-64!:/!
-./01.02!;.3/62/./52#!!
U3746<! -26! 14! >345144! 692! 7:-24! :?! **O5:;4! 3/! -./01.02!

2;2702/52#! "6!.882.74! 3/!U30#!ZA.F! 69.6!B92/! 692!/1;C27!:?!
**O5:;4!34!Y<!/:!43;1-.63:/4!87:>152!.!5:;;1/.-!-./01.02!
B369!.!9309!DE<!B9359!3/>35.624!69.6!593->72/!5.//:6!.5D1372!.!
5:;;1/.-!-./01.02!.?627!LYY!02/27.63:/4!:?!-2.7/3/0!697:109!
:/-@!,*O5:;4#!Q:B2=27<!B369!692!3/572.42!3/!692!/1;C27!:?!
**O5:;4<! 5:;;1/.-! -./01.024! B369! 9309! DE4! 2;2702! 3/!
;:46! 43;1-.63:/4#! U176927;:72<! .4! 49:B/! 3/!U30#!ZACF<!B369!
692! 3/572.42! 3/! 692! /1;C27! :?! **O5:;4<! 692! .=27.02!DE/#.$
=.-124!.72!3/572.43/0<!B9359!3/>35.624!69.6!;:72!**O5:;4!5./!
;.3/6.3/!.!9309!1/>2746./>.C3-36@!:?!692!2;2702/6!5:;;1/.-!
-./01.02! .57:44! 02/27.63:/4#! \3;3-.7! 7241-64! 5./! .-4:! C2!
:C6.3/2>!B92/!692!/1;C27!:?!,*O5:;4!34!426! 6:!.!>3??272/6!
=.-12!A4.@<!ZYYF#!!
%9242! 7241-64! >2;:/467.62! 6B:!;.T:7! 7:-24! :?! **O5:;4#!

K3=2/!.!5276.3/!/1;C27!:?!,*O5:;4<!**O5:;4!5./M!.F!92-8!6:!
.552-27.62! 692! 2;2702/52! :?! .! 5:;;1/.-! -./01.02<! ./>! CF!
92-8! 6:! ;.3/6.3/! 692! 1/>2746./>.C3-36@! :?! 692! 5:;;1/.-!
-./01.02!.57:44!02/27.63:/4#!!

!
A.FM!.=0!9309246!DE!=4#!$:#!**O5:;4!
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A>FM!.=0!DE/#.!./>!-.46$DE/#.$=4#!$:#!**O5:;4!
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-.'!//01.23
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6"'(*$7"'#$*!
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!
A2FM!.=0!DE1&1!./>!-.46$DE1&3!=4#!$:#!**O5:;4!

U30#!Z#!!%92!46.634635.-!7241-64!:?!iP8#!L!:/!-./01.02!2;2702/52!A.FOACF!
./>! ;.3/62/./52! A5FOA2F#! %92! /1;C274! :1643>2! C7.5G264! .72! .=27.02!
=.-124<!./>!69:42!3/43>2!C7.5G264!.72!46./>.7>!>2=3.63:/!=.-124#!
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\25:/><! -26!14!>345144! 692! 7:-24!:?!**O5:;4! 3/! -./01.02!
;.3/62/./52#! "/! 69242! 43;1-.63:/4<! .02/64! 3/! 692! ?3746!
02/27.63:/!49.72!.!5:;8:4363:/.-! -./01.02!B369!.!9309$DE#!
Q:B2=27<!B92/!69272!.72!/:!**O5:;4<!.?627!LYY!02/27.63:/4!
:?! -2.7/3/0! :/-@! 697:109! ,*O5:;4<! 692! .=27.02!DE! =.-12!
>7:84<!.4!49:B/!3/!U30#!ZA5F#!"/!.>>363:/<!43;3-.7!6:!692!7241-64!
:/!-./01.02!2;2702/52<!B369!692!3/572.42!3/! 692!/1;C27!:?!
**O5:;4<! 692! 5:;;1/.-! -./01.02! 5./! ;.3/6.3/! .! 9309!
1/>2746./>.C3-36@!.57:44!02/27.63:/4<!.4!49:B/! 3/!U30#!ZA>F#!
Q:B2=27<! B926927! 6934! -./01.02! 34! .! /2B-@O2;2702/6! :/2!
.?627!692!3/363.-!5:;8:4363:/.-!-./01.02!>324!:16!:7!B926927!36!
;.3/6.3/4! .! 9309! >20722! :?! 43;3-.736@! 6:! 692! 3/363.-!
5:;8:4363:/.-!-./01.02!5.//:6!C2!5-.73?32>!:/-@!C@!-::G3/0!.6!
692!DE! :7!DE/#.$=.-12! :?! 6934! -./01.02#!%9272?:72<!DE1&1$ 3/!
69242!4361.63:/4!34!5.-51-.62>#!,4!49:B/!3/!U30#!ZA2F<!B369!692!
3/572.42!3/! 692!/1;C27!:?!**O5:;4<!C:69!692!=.-124!:?!.=0!
DE1&1!./>!-.46!DE1&1!3/572.42<!69:109!69237!=.-124!.72!/:6!9309!
A-244!69./!Y#eF!5:;8.72>!B369!692!DE/#.!=.-124#!%9242!7241-64!
49:B! 69.6! **O5:;4! 5./<! 6:! .! 5276.3/! >20722<! .44346! 692!
;.3/62/./52! :?! ./! 3/363.-! 5:;8:4363:/.-! -./01.02#! \3;3-.7!
7241-64!5./!C2!?:1/>!B92/!692!/1;C27!:?!,*O5:;4!34!426!6:!.!
>3??272/6!=.-12!A4.@<!ZYYF#!
%9242!7241-64!:/!-./01.02!;.3/62/./52!/:6!:/-@!72?-256!692!

7:-24!:?!**O5:;4!41;;.73R2>!C.42>!:/!692!43;1-.63:/!7241-64!
:/! -./01.02! 2;2702/52<! C16! .-4:! 3/67:>152! .! /2B! 7:-2! :?!
**O5:;4M! 692@! 5./! -3;362>-@! 92-8! 6:! ;.3/6.3/! .! -./01.02!
.57:44!02/27.63:/4#!!
%92! 7:-24! :?! **O5:;4! .72! .5932=2>! .4! .! 7241-6! :?! .!

5:/=2/63:/.-3R.63:/! 87:5244! >173/0! **O5:;4#! (173/0!
-./01.02! 2;2702/52<! 3/! 692! 2.7-@! 02/27.63:/4<! ;:46! .>1-64!
-.5G! 41??3532/6! -3/0134635! G/:B-2>02! 6:! 2P87244! ;./@!
3/6207.62>! ;2./3/04#! ^92/! 6.-G3/0! 6:! 593->72/<! >3??272/6!
.>1-64!62/>!6:!7./>:;-@!572.62!=.73:14!2P872443:/4!?:7! 69237!
3/2P872443C-2! ;2./3/04<! ./>! 593->72/! T146! 8.763.--@! 4.;8-2!
69242! 4.-32/6! 2P872443:/4#! **O5:;4! 87:=3>2! .! ;2./4! 6:!
5:/=2702!6:B.7>!4:;2!:?!69242!>3??272/6!2P872443:/4!.;:/0!
3>3:-2564#!(173/0!**O5:;4<! 692! 3>3:-2564! :?! 692! 8.763538./64!
62/>! 6:! 5:/=2/63:/.-3R2! 4:! 69.6! 4:;2! 5:;;:/! -3/0134635!
G/:B-2>02!C25:;2!49.72>!.;:/0!69242!3>3:-2564#!%9272?:72<!
.!5:;;1/.-!-./01.02!5./!C2!67300272>!697:109!**O5:;4#!!
(173/0! -./01.02! ;.3/62/./52<! .?627! 593->72/! 7./>:;-@!

4.;8-2!692!.>1-64W!5:;;1/.-!-./01.02<!**O5:;4!87:=3>2!.!
;2./4! 6:! ;.3/6.3/! ./>! 4672/0692/! 692! 49.72>! -3/0134635!
G/:B-2>02!3/!593->72/W4!3>3:-2564#!%97:109!**O5:;4<!8.76!:?!
692! 3/363.-! -./01.02! 67./4;3662>! 697:109! ,*O5:;4! 5./! C2!
;.3/6.3/2>! 3/! 692!2;2702/6! -./01.02#! "/! .! 42/42<!,*O5:;4!
.-4:!.--:B!692!482.G274!6:!4672/0692/!69237!3>3:-2564#!Q:B2=27<!
3/! 692! .5D134363:/! ?7.;2B:7G<! ,*O5:;4! 141.--@! 9.882/!
C26B22/!./!.>1-6!482.G27!./>!.!593->!-3462/27!B9:42!-3/0134635!
G/:B-2>02! 5:1->! C2! 3;;.6172#! "/! 4159! ,*O5:;4<! 692!
482.G274!;.@!/:6! 026! 41??3532/6! 3/?:7;.63:/! 6:! 18>.62! 69237!
3>3:-2564#!%9272?:72<!692!4672/0692/3/0!2??256!:?!,*O5:;4!34!
B2.G27!69./!69.6!:?!**O5:;4#!

KI! @C<I$L$
iP8#!Z! 3--1467.624! 692! 7:-2! :?! ,*O5:;4! 3/! -./01.02!

2;2702/52! ./>! ;.3/62/./52! C@! 461>@3/0! 692! 72-.63:/4!
C26B22/!,*O5:;4!./>!**O5:;4#!"/!6934!2P8273;2/6<!692!6:6.-!
/1;C27! :?!,*O5:;4! ./>!**O5:;4! 3/! 692! -2.7/3/0! 46.02! 34!
?3P2>! AZYYF<! ./>! 692! 7.63:! C26B22/! 692;! 34! .>T1462>#! %92!
5:/43>272>!7.63:4!3/5-1>2!ZYYMY!AZYY!,*O5:;4<!Y!**O5:;4F<!
LnYMIY<!LZYMpY<!pYMLZY<!./>!IYMLnY#!%92!46.634635.-!7241-64!:?!
iP8#!Z!.72!49:B/!3/!U30#!S<! 3/!B9359!8./2-4! A.FcACF!>348-.@!
692!7241-64!:/!-./01.02!2;2702/52<!./>!8./2-4!A5FcA2F!>348-.@!
692!7241-64!:/!-./01.02!;.3/62/./52#!
U3746<! -26! 14! >345144! 692! 7.63:! C26B22/! ,*O5:;4! ./>!

**O5:;4!:/!-./01.02!2;2702/52#!"6!.882.74!3/!U30#!SA.F!69.6!
B92/!692!/1;C27!:?!**O5:;4!34!Y<!/:!43;1-.63:/4!87:>152!.!
5:;;1/.-! -./01.02! B369! 9309! DE<! B9359! ;.65924! 692!
43;1-.63:/!7241-64!3/!iP8#!L#!"/!.>>363:/<!B369!692!3/572.42!3/!
692!82752/6.02!:?!**O5:;4<!5:;;1/.-!-./01.024!B369!9309!
DE4! 2;2702! 3/! ;./@! 43;1-.63:/4#! %934! 72?-2564! 692!
5:/=2/63:/.-3R.63:/! 87:5244! >173/0! **O5:;4#! Q:B2=27<!
B92/!;:46!5:;;1/35.63:/4!.72!**O5:;4<!C:69!692!=.-124!:?!
DE!./>!DE/#.!C203/!6:!>7:8#!"/!.!72-.63=2-@!2P672;2!4361.63:/!
3/!B9359!69272!.72!:/-@!IY!,*O5:;4<!/:!43;1-.63:/4!.5932=2!.!
5:;;1/.-!-./01.02!B369!.!9309!DE!:7!DE/#.#!\3;3-.7!7241-64!
5./! C2! ?:1/>! B92/! 692! 6:6.-! /1;C27! :?! ,*O5:;4! ./>!
**O5:;4!34!426!6:!.!>3??272/6!=.-12!A4.@<!SYYF#!
,--! 69242! 7241-64! :/! -./01.02! 2;2702/52! 3--1467.62! ./!

3;8:76./6!7:-2!?:7!,*O5:;4M!B369:16!41??3532/6!,*O5:;4<!692!
1/>2746./>.C3-36@! :?! 692! 2;2702/6! -./01.02! 5.//:6! C2!
;.3/6.3/2>! .57:44! 02/27.63:/4#! %9242! 7241-64! .-4:! 3/>35.62!
69.6!2=2/!69:109!41??3532/6!**O5:;4!;.@!6730027!.!5:;;1/.-!
-./01.02!3/!692!593->!02/27.63:/<!3?!692!/1;C27!:?!,*O5:;4!34!
-:B<!6934!5:;;1/.-!-./01.02!69.6!34!;.3/-@!572.62>!./>!142>!
.;:/0!593->72/!34!/:6!1/>2746./>.C-2!6:!.>1-64!./>!>3??351-6!6:!
C2!;.3/6.3/2>!.57:44!02/27.63:/4#!
\25:/><! -26! 14! >345144! 692! 7:-2! :?!,*O5:;4! 3/! -./01.02!

;.3/62/./52#!,!43;3-.7! 62/>2/5@!.4!C2?:72!.882.74! 3/! 69242!
7241-64#!^369!692!3/572.42!3/!692!7.63:!:?!**O5:;4<!C:69!DE!
./>!DE/#.!3/572.42#!Q:B2=27<!3?!692!82752/6.02!:?!,*O5:;4!34!
3/41??3532/6<!C:69!:?!692;!B3--!>7:8#!,*O5:;4!.-4:!8-.@!.!7:-2!
3/!;.3/6.3/3/0!692!3/363.-!5:;8:4363:/.-!-./01.02#!,4!49:B/!
3/!U30#!SA2F<!B369! 692!>2572.42! 3/! 692! 7.63:!:?!,*O5:;4<! 692!
43;3-.736@! C26B22/! 692! 2;2702/6! -./01.02! ./>! 692! 3/363.-!
5:;8:4363:/.-! -./01.02!>2572.424#!"/!692!72-.63=2-@!2P672;2!
4361.63:/!B9272!692!7.63:!:?!,*O5:;4!6:!**O5:;4!34!IYMLnY<!
/:! 5:;;1/.-! -./01.02! 2;27024! .?627! LYY! 02/27.63:/4! :?!
-2.7/3/0<! -26! .-:/2! 692! ;.3/62/./52! :?! 692! 3/363.-!
5:;8:4363:/.-! -./01.02#!\3;3-.7! 7241-64!5./!C2! ?:1/>!B92/!
692! 6:6.-! /1;C27! :?! ,*O5:;4! ./>! **O5:;4! 34! 426! 6:! .!
>3??272/6!=.-12!A4.@<!SYYF#!
iP8#!Z! >2;:/467.624! 692! 7:-2! :?! ,*O5:;4! 3/! -./01.02!

2;2702/52!./>!;.3/62/./52<!;:72!8725342-@!69.6!.!41??3532/6!
/1;C27! :?! ,*O5:;4! .72! /25244.7@! ?:7! 692! 2;2702/52! :?! .!
5:;;1/.-! -./01.02! ./>! 692! ;.3/62/./52! :?! ./! 3/363.-!
5:;8:4363:/.-! -./01.02!.57:44!02/27.63:/4#!h2?:72!593->72/!
-.702-@! 5:;;1/35.62! B369! 2.59! :6927<! B369:16! 41??3532/6!
,*O5:;4! ?:7! 692;! 6:! 0.3/! .! C7:.>! 4.;8-3/0!:?! 692! .>1-64W!
-./01.02<!B9.6!34!5:/=2/63:/.-3R2>!>173/0!**O5:;4!34!.!426!
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:?! 4.-32/6! 2P872443:/4! 7./>:;-@! 572.62>! C@! 593->72/!
692;42-=24<! 3/462.>! :?! 692! .>1-64W! -./01.02#! %9272?:72<! 3/!
2.59!02/27.63:/<! 3/462.>!:?!;.3/6.3/3/0! 692! -./01.02!:?! 692!
872=3:14! 02/27.63:/<! 692! /2B! .02/64! .72! 572.63/0! 69237! :B/!
3>3:-2564#! \3;3-.7-@<! .?627! 69242! 593->72/! C25:;2! .>1-64<!
B369:16! 41??3532/6! ,*O5:;4<! 692@! 5.//:6! 67./4;36! ;:46! :?!
69237! 3>3:-2564! 6:! 692! /2B! .02/64<! B9:! B3--! 69272?:72! G228!
572.63/0! ./>! 5:/=2/63:/.-3R3/0! 69237! :B/! -3/0134635!
2P872443:/4#! ,6! C:69! -2=2-4<! 36! 34! >3??351-6! 6:! >2=2-:8! .!
5:;;1/.-! -./01.02!:7!;.3/6.3/!./!.=.3-.C-2!5:;8:4363:/.-!
-./01.02!.57:44!02/27.63:/4<!43/52!3/!2.59!02/27.63:/<!.02/64!
.882.7!6:!572.62!.!/2B!-./01.02!>12!6:!3/41??3532/6!4.;8-3/0!
:?!692!872=3:14!02/27.63:/W4!-./01.02<!./>!6934!/2B-@O572.62>!
-./01.02!5.//:6!C2!67./4;3662>!6:!692!/2P6!02/27.63:/#!

BI! M1/-,//1%&$
"/! 692! 87252>3/0! 6B:! 42563:/4<! -./01.02! 2;2702/52! ./>!

;.3/62/./52!B272!461>32>!C.42>!:/!./!.5D134363:/!?7.;2B:7G!
3/!6B:!2P8273;2/64#!%92!43;1-.63:/!7241-64!.72!/:6!724673562>!
6:! 692! 48253?35! 42663/04! :?! 692! 8.7.;26274<! 4159! .4! LYY!
02/27.63:/4<!LY!.02/64!:7!nI! 3/6207.62>!;2./3/04#!^369! 692!
3/572.42!:?!692!/1;C27!:?!3/6207.62>!;2./3/04!:7!692!/1;C27!
:?!.02/64<!03=2/!;:72!5:;;1/35.63:/4!B3693/!.!02/27.63:/<!
43;3-.7!7241-64!5./!.-4:!C2!:C6.3/2>#!!
%9242! 461>324! 2P8-:72! 692! 72-.63=2! 7:-24! :?!,*O5:;4! ./>!

**O5:;4!3/!692!>2=2-:8;2/6!:?!5:;;1/.-!-./01.02#!!
U3746<! ,*O5:;4<! 3/! 692! ?:7;! :?! =27635.-! :7! :C-3D12!

67./4;3443:/!C26B22/!.>1-64! ./>! 593->72/<! 5./!;.3/6.3/! 692!
2;2702/6! -./01.02! .57:44! 02/27.63:/4! C@! 67./4;3663/0! 36!
>37256-@!6:!593->72/#!"/!692!.561.-!-3/0134635!2P59./02!C26B22/!
.>1-64! ./>! 593->72/<! .>1-64!;.@! 142! 43;8-2! 2P.;8-24<! G228!
7282.63/0!692!16627./524!./>!5.72?1--@!;./381-.62!692!5124!6:!
92-8!593->72/!.5517.62-@!.5D1372!69237!3>3:-2564!HeJ#!
\25:/><!**O5:;4<!3/!692!?:7;!:?!9:73R:/6.-!67./4;3443:/!

.;:/0! 593->72/<! 5./! .552-27.62! -./01.02! 2;2702/52! C@!
5:/=2/63:/.-3R3/0! >3??272/6! 3>3:-2564! 3/! 692! 5:;;1/36@#!
"/462.>! :?! >37256-@! .5D1373/0! .! -./01.02! .4! 3/! ,*O5:;4<!
>173/0! **O5:;4<! 593->72/! 5:/=2/63:/.-3R2! 692! -./01.02!
.-72.>@! .5D1372>! ?7:;! .>1-64#! ,/>! >12! 6:! 692! 3/41??3532/6!
4.;8-3/0! 3/! ,*O5:;4<! >173/0! **O5:;4<! 593->72/! /22>! 6:!
3/=2/6! 2P872443:/4! 6:! 5:/=2@! :6927B342! 3/2P872443C-2!
;2./3/04<! ./>! 69242! 3//:=.63:/4! 5./! .-4:! >3??142! 3/! 692!
5:;;1/36@!697:109!5:/=2/63:/.-3R.63:/#!
*:/43>273/0! 692! .C:=2! 6B:! .482564<! .! !H%6/18#$ #))#-!$ :?!

5:/=2/63:/.-3R.63:/! >173/0!**O5:;4! 34! 49:B/#!'/! 692! :/2!
9./><! 697:109!5:/=2/63:/.-3R.63:/<!.!9309!1/>2746./>.C3-36@!
:?!692!5:;;1/.-!-./01.02!34!.5932=2><!./>!3?!C:69!,*O5:;4!
./>!**O5:;4!.72!41??3532/6<!6934!2??256!34!;159!2P8-3536#!'/!
692!:6927!9./><! .?627!;./@!02/27.63:/4<! -./01.02! 59./02! 34!
3/2=36.C-2<!3#2#<!.-69:109!692!5:;;1/.-!-./01.02!;.3/6.3/4!.!
9309! 1/>2746./>.C3-36@! .57:44! 02/27.63:/4<! 692! 3/363.-!
5:;8:4363:/.-! -./01.02! 34! /:6! 2??2563=2-@! ;.3/6.3/2><!
248253.--@!B92/!,*O5:;4!.72!3/41??3532/6!./>!**O5:;4!.72!
72>1/>./6#!!
,8.76!?7:;!692!=.-124!:?!DE<!DE1&1!./>!DE/#.<!692!6B:O43>2!

2??256!:?!5:/=2/63:/.-3R.63:/!5./!.-4:!C2!:C427=2>!C@!67.53/0!

4
5

!
A.FM!.=0!9309246!DE!=4#!$:#!,*O5:;4M!$:#!**O5:;4!

!
ACFM!.=0!9309246!DE/#.$=4#!$:#!,*O5:;4M!$:#!**O5:;4!

!
A5FM!.=0!-.46!DE$=4#!$:#!,*O5:;4M!$:#!**O5:;4!

4
5

!
A>FM!.=0$DE/#.$./>!-.46!DE/#.$=4#!$:#!,*O5:;4M!$:#!**O5:;4!

#""B" (%"B$" (#"B&" &"B(#" $"B(%"
"!

"'(

"'#

"')

"'$

"'*

-.'!8/01.23B-.'!//01.23

4
5

<9:!45@A@
;<3=!45@A@

"'(&)!
6"'(%+7

"'#,+!
6"'()$7 "'#&*!

6"'(++7

"'""#!
6"'""#7

"'"#%!
6"'""*7

"'(&,!
6"'(#,7

"'",**!
6"'(("7

"')$%!
6"'(&%7

"')$*!
6"'()#7

"'#)%!
6"'(%,7

!
A2FM!.=0!DE1&1$./>!-.46$DE1&1$=4#!$:#!,*O5:;4M!$:#!**O5:;4#!

U30#!S#!!%92!46.634635.-!7241-64!:?!iP8#!Z!:/!-./01.02!2;2702/52!A.FOACF!
./>! ;.3/62/./52! A5FOA2F#! %92! /1;C274! :1643>2! C7.5G264! .72! .=27.02!
=.-124<!./>!69:42!3/43>2!C7.5G264!.72!46./>.7>!>2=3.63:/!=.-124#!
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692! 49.72>! -2P35.-! 71-24! 3/! 692! 5:;;1/.-! -./01.024! A422!
U30#!IF#!"/!692!2P8273;2/64!:/!-./01.02!2;2702/52!AU30#!IA.F!
./>! A5FF<! 692! 3/363.-! 5:;;1/.-! -./01.02! 5:/43464! :?! :/-@! p!
9:-34635!71-24#!(12!6:!5:/=2/63:/.-3R.63:/<!.?627!.!/1;C27!:?!
02/27.63:/4!A4.@<!peF<!.!5:;8:4363:/.-!-./01.02!5:/43463/0!:?!
42=27.-!5:;8:4363:/.-! 71-24!07.>1.--@!2;27024<!./>! 36!9.4!.!
9309! 1/>2746./>.C3-36@#! "/! 692! 2P8273;2/64! :/! -./01.02!
;.3/62/./52!AU30#!IACF!./>!A>FF<!692!3/363.-!-./01.02!5:/43464!
:?! LZ! 5:;8:4363:/.-! 71-24! 69.6! 5./! 2P87244! .--! 3/6207.62>!
;2./3/04!3/!692!42;./635!48.52#!(12!6:!5:/=2/63:/.-3R.63:/<!
.?627! .! /1;C27! :?! 02/27.63:/4<! 6934! 5:;;1/.-! -./01.02!
59./024! 69:109! 364! 1/>2746./>.C3-36@! 34! 463--! 9309N! 4:;2!
-2P35.-!71-24!3/!36!C25:;2!>3??272/6!?7:;!69:42!3/363.-!:/24#!
"/!692!51-617.-!2/=37:/;2/6!:?!91;./!-./01.02<!69272!34!/:!

0-:C.-! ?36/244<! 4:!/:!8.76351-.7! 5:;;1/.-! -./01.02! 34! ?36627!
69./!./@!:6927!2P5286!6:!692!2P62/6!69.6!5:;;1/35.63:/!B369!
9309$DE! 34! 8:443C-2! C26B22/! 7./>:;-@! 59:42/! 3/>3=3>1.-4#!
^2!49:1->!/:6!2P8256!69272!6:!C2!.!8:62/63.-!0.3/!3/!?36/244!
7241-63/0! ?7:;! 03=3/0! 18! 692! :7303/.-! 5:;;1/.-! -./01.02#!
%92! 6B:O43>2! 2??256! :?! 692! 5:/=2/63:/.-3R.63:/! 87:5244! 34!
;.3/-@!5.142>!C@!6B:!?.56:74#!U3746<!692!1/>27O4.;8-3/0!>12!
6:! 3/41??3532/6! ,*O5:;4! ./>! 41C42D12/6! 3//:=.63:/! >173/0!
**O5:;4! 87:=3>2! ?-1561.63:/4! 3/! 692! 5:;;1/.-! -./01.02#!
\25:/><!5:/=2/63:/.-3R.63:/<!6.G3/0!2??256!C.42>!:/!692!-:5.-!
3/?:7;.63:/!.=.3-.C-2! 3/!5:;;1/35.63:/4<!;.G24! 36!8:443C-2!
?:7! >3??143/0! 4:;2! :?! 69242! ?-1561.63:/4! ./>! 2=2/! ;.G3/0!
692;! .4! 5:/=2/63:/4! 3/! 692! 5:;;1/.-! -./01.02<! 6914!
3/67:>153/0!59./024!3/6:!692!5:;;1/.-!-./01.02#!
%92!43;1-.63:/!7241-64!:?!6934!8.827!9.=2!49:B/!69.6!C:69!

,*O!./>!**O5:;4!427=2!6:!;.3/6.3/!.!9309!1/>2746./>.C3-36@!
:?! 692! 5:;;1/.-! -./01.02! .57:44! 02/27.63:/4#!+2./B93-2<!
692! 5:;;1/.-! -./01.02! 34! 3/2=36.C-@! 59./03/0! .?627! ;./@!
02/27.63:/4#! "/! .! 42/42<! -./01.02! 2=:-163:/! 34! .! 87:5244! :?!
8(&+01-$#5,1*14.1,0M! 3/!692!49:76!71/<!692!1/>2746./>.C3-36@!
:?! 692! 5:;;1/.-! -./01.02! 72;.3/4! 9309N! 3/! 692! -:/0! 71/<!
-./01.02!59./02!34!3/2=36.C-2#!
"/! .>>363:/<! 5:/=2/63:/.-3R.63:/! 34! ./! 2442/63.-! 72.4:/! 6:!

;.3/6.3/! 6934! >@/.;35! 2D13-3C731;#! U3746<! .-69:109! 692!
C:66-2/25G! >173/0! ,*O5:;4! 67300274! -3/0134635! 3//:=.63:/4!
.;:/0! 3>3:-2564<! B926927! 69242! 3//:=.63:/4! 5./! C25:;2!
5:/=2/63:/4!3/!692!5:;;1/.-!-./01.02!34!-.702-@!>2627;3/2>!
C@!5:/=2/63:/.-3R.63:/#!
\25:/><! 2=2/! 69:109! 692! C:66-2/25G! 34! 42=272! ./>! 692!

5:;;1/.-! -./01.02! :?! 692! 872=3:14! 02/27.63:/! 34! 7.72-@!
67./4?2772>!6:!692!/2P6!02/27.63:/<!5:/=2/63:/.-3R.63:/!>173/0!
9:73R:/6.-! 67./4;3443:/! 34! 463--! .C-2! 6:!;.3/6.3/! .! 72-.63=2-@!
9309! 1/>2746./>.C3-36@! .;:/0! 692! 3>3:-2564! :?! 692! /2P6!
02/27.63:/#!*:/=2/63:/.-3R.63:/!34!5:/63/1:14-@!.>T1463/0!692!
3>3:-2564<!B9359!92-84!6:!;.3/6.3/!.!9309!1/>2746./>.C3-36@!:?!
692!5:;;1/.-! -./01.02!.57:44!02/27.63:/4#!+2./B93-2<! 692!
4-3096! .>T146;2/64! 3/! 3>3:-2564!;.>2!C@! 5:/=2/63:/.-3R.63:/!
5./!C2!.551;1-.62>!6:!4159!.!>20722!69.6!692!-./01.02!3/!6934!
02/27.63:/!5./!C25:;2!D1362!>3??272/6!?7:;!692!:/2!69.6!B.4!
48:G2/! ;./@! 02/27.63:/4! .0:#! \3;3-.7! 6:! .! 63/G2727! 3/! 692!
j63/G2727m!=32B!:/!2=:-163:/!HpJ<!5:/=2/63:/.-3R.63:/!5./!C2!

!
A.FM!iP8#!L!:/!-./01.02!2;2702/52!A,*O5:;4dLYY<!**O5:;4dIYF!

!
ACFM!iP8#!L!:/!-./01.02!;.3/62/./52!A,*O5:;4dLYY<!**O5:;4dIYF!

A5FM!iP8#!Z!:/!-./01.02!2;2702/52!A,*O5:;4M**O5:;4dLZYMpYF!

!
A>FM!iP8#!Z!:/!-./01.02!;.3/62/./52!A,*O5:;4M**O5:;4dLZYMpYF#!
U30#!I#!!\:;2!2P.;8-24!:?!692!49.72>!-2P35.-!71-24!3/!692!5:;;1/.-!
-./01.024! 3/! iP8#! L! ./>! iP8#! Z#! jK2/m! >2/:624! 692! /1;C27! :?!
02/27.63:/4<!j*:;X2Pm!>2/:624!692!/1;C27!:?!49.72>!-2P35.-!71-24<!
./>!jX2Pm!7287242/64!69242!49.72>!-2P35.-!71-24#!j,m<!jb6m<!./>!jb7m!3/!
692!C7.5G264!7287242/6!692!42;./635!7:-24!:?!5:;8:4363:/.-!71-24M!,0<!
b.6<!./>!b7#!jQ:-m! 7287242/64!9:-34635! 71-24#! jsm! 7287242/64!1/?3--2>!
42;./635! 362;4#! %92! /1;C274! 3/43>2! C7.5G264! .72! .=27.02! 71-2!
4672/0694<! 69:42!B3693/!jfWm!.72!>3??272/6! 42;./635! 362;4<!./>! 69:42!
B3693/!jEEm!.72!>3??272/6!16627./52!4@--.C-24#!

2007 IEEE Congress on Evolutionary Computation (CEC 2007) 849



!
!

!

!=32B2>! .4! .! 42-?O:70./3R3/0! 87:8276@! :?! 692! 91;./!
5:;;1/35.63:/!4@462;!69.6!>73=24!-./01.02!2=:-163:/#!
%9242!5:/5-143:/4!./>!>3451443:/4!:?!692!72-.63=2!7:-24!:?!

3/627O! ./>! 3/67.O02/27.63:/.-! 67./4;3443:/4! ./>! 692!
5:/=2/63:/.-3R.63:/! 87:5244! >173/0! 3/67.O02/27.63:/.-!
67./4;3443:/4!87:=3>2!4:;2!72=343:/4!:/!692!C:66-2/25G!2??256!
./>! 692! 5:/5-143:/4! >7.B/! ?7:;! :6927! ;:>2-4! .>>72443/0!
43;3-.7!D12463:/4#!
U3746<! 3/! 692! 51-617.-! 2/=37:/;2/6<! 3//:=.63:/4! 5./! :5517!

D1362!2.7-@!>173/0!**O5:;4#!,/>!3/!692!;1-63O.02/6!4592;2<!
692!C:66-2/25G!3/!,*O5:;4!34!;159!-244!2P8-3536<!43/52!36!5./!
C2!8.763.--@!5:;82/4.62>!C@!**O5:;4<!2#0#<!B9.6!B2!>3>!/:6!
-2.7/! ?7:;! :17! 8.72/64! 5./! C2! 5:;82/4.62>! C@!
5:;;1/35.63/0! B369! :6927! 8-.@;.624! 3/! G3/>270.762/4! :7!
459::-4#! *:/43>273/0! 692! 92627:02/2:14! 5:;;1/35.63:/!
9346:7324! :?! >3??272/6! 3/>3=3>1.-4<! 36! 34! .-4:! 3;8:443C-2! 6:!
;./381-.62! 692! C:66-2/25G! 3/! ,*O5:;4! 3/! 692! ;1-63O.02/6!
4592;2#!U176927;:72<!.4!8:3/62>!:16!C@!a:06!HLIJ<!9:73R:/6.-!
67./4;3443:/! .-4:! 9.4! ./! f3;8-3536W! C:66-2/25G#! %92!
3/41??3532/5@! :?! -3/0134635! 3/46./524! ;./3?2464! .4! 692!
C:66-2/25G! /:6! :/-@! 3/! 3/627O02/27.63:/.-! 67./4;3443:/4<! C16!
.-4:!3/!3/67.O02/27.63:/.-!67./4;3443:/4#!
\25:/><! 3/! 692!;1-63O.02/6!4592;2<!>173/0!,*O5:;4<! 692!

C:66-2/25G!2??256!34!3/>282/>2/6-@!.88-32>!:/!3/>3=3>1.-!593->!
B92/!92E492!-3462/4!6:!./!.>1-6#!^369:16!41??3532/6!**O5:;4<!
5:;8:4363:/.-36@!:/-@!2;27024!.6!692!3>3:-256!-2=2-<!C16!/:6!.6!
692! 5:;;1/36@! -2=2-#! "/! :6927! B:7>4<! 5:;;1/.-!
5:;8:4363:/.-36@! A3#2#<! 9309!)&F! 72D13724! 41??3532/6-@!;./@!
**O5:;4<!248253.--@!B92/!692!/1;C27!:?!,*O5:;4!34!-:B#!
U3/.--@<!51-617.-!67./4;3443:/!3/!HLJ!B.4!43;8-3?32>!.4!692!

3;36.63:/! ?7:;! .! 48253?35! .02/6#! "/! 69.6! 4361.63:/<! **O5:;4!
422;2>! 6:! C2! 142-244! 3/! .! 7.72-@! 59./03/0! 2/=37:/;2/6#!
Q:B2=27<! 3/! ;@! ;:>2-<! **O5:;4! .72! 57153.-! ?:7! 692!
2;2702/52!:?!5:;;1/.-! -./01.02#!*:/43>273/0!692!51-617.-!
2/=37:/;2/6!:?!91;./!-./01.02<!/:!0-:C.-!?36/244!34!.=.3-.C-2!
?:7!.02/64!6:!>2627;3/2!B9359!34!692!jC246m!3/!69237!:7!872=3:14!
02/27.63:/4<!./>!?.56:74!4159!.4!07:18!43R2!:7!4:53.-!467156172!
;.@! 72467356! 692;! ?7:;! 2.43-@! -2.7/3/0! ?7:;! :69274#! %92/<!
B369:16! **O5:;4! 6:! 5:/=2/63:/.-3R2! 69237! 3>3:-2564<! .!
5:;;1/.-!-./01.02!34!>3??351-6!6:!C2!;.3/6.3/2>#!
%:!41;;.73R2<!.>:863/0!.!;1-63O.02/6!4592;2!6:!43;1-.62!

692! 51-617.-! 2/=37:/;2/6! :?! -./01.02! 2=:-163:/! 34! ;:72!
.887:873.62!69./!.441;3/0!69.6!2.59!02/27.63:/!:/-@!5:/6.3/4!
.! 43/0-2! .02/6#! ,/! 3/6207.63=2! 461>@! :?! 692! 72-.63=2! 7:-2! :?!
=.73:14!?:7;4!:?!51-617.-!67./4;3443:/!34!;:72!72.-34635!69./!
./! 34:-.62>! 461>@! 5:=273/0! :/-@! :/2! ?:7;! :?! 51-617.-!
67./4;3443:/#!*:;C3/3/0!3/627/.-!-2.7/3/0!;259./34;4!B369!
./! 2P627/.-! 51-617.-! 2/=37:/;2/6! 5./! 87:=3>2! .! ;:72!
5:;87292/43=2! 827482563=2! :/! -3/0134635! D12463:/4! 69./! 34!
8:443C-2!C@!:/-@!?:5143/0!:/!692!2P627/.-!?.56:74#!

a#! *'$*X)\"'$\!,$(!U)%)&i!^'&V!
%934! 8.827! 87242/64! .! 43;1-.63=2! 461>@! :/! 692! 7:-2! :?!

51-617.-! 67./4;3443:/! 3/! -./01.02! 2=:-163:/#!,/! .5D134363:/!
?7.;2B:7G! 34! 3/67:>152>! 6:! 43;1-.62! 4:;2!;.T:7! ?:7;4! :?!

51-617.-! 67./4;3443:/#! ^2! ./.-@R2! 692! 2??2564! :?! 69242!
67./4;3443:/4! :/! -./01.02! 2;2702/52! ./>! ;.3/62/./52! 3/!
6B:! 2P8273;2/64<! ./>! 2P.;3/2! 692! 5:/=2/63:/.-3R.63:/!
87:5244!.4!.!>73=3/0!?:752!?:7!-./01.02!2=:-163:/#!
U16172! 72?3/2;2/64!:?! .! 51-617.-! ?7.;2B:7G! ?:7! -./01.02!

2=:-163:/! 49:1->! 3/5-1>2! /:6! :/-@! .>1-6O6:O593->! ./>!
593->O6:O593->! 5:;;1/35.63:/4<! C16! .-4:! .>1-6O6:O.>1-6! ./>!
2=2/! 593->O6:O.>1-6! 5:;;1/35.63:/4#! "6! 49:1->! .-4:! .>:86! .!
5:/63/1:14! 02/27.63:/! 728-.52;2/6! .4! 3/! 91;./! 4:5326324#!
U176927;:72<! 692! 02/2635! 72-.63:/4! C26B22/! .>1-64! ./>!
593->72/! ;.@! 5:/467.3/! 692! 42-2563:/! :?! 8.763538./64! 3/!
67./4;3443:/4<!6914!.??2563/0!-./01.02!2=:-163:/#!

,*V$'^Xi(K+i$%!
%92!.169:74!B:1->! -3G2! 6:! 69./G!5:--2.0124!U#!^:/0<!X#!

\91.3<! ./>! QO_#! t92/0! ?:7! 692! 142?1-! 41002463:/4! ./>!
>3451443:/4#!

&iUi&i$*i\!
HLJ! ,#!,527C3!./>!(#!b.7343<!j*1-617.-!67./4;3443:/!C26B22/!./>!B3693/!

02/27.63:/4<m!N%,.&+*$%)$A.!1)1-1+*$=%-1#!1#/$+&8$=%-1+*$=10,*+!1%&<!=:-#!
u<!ZYYn#!,=.3-.C-2M!9668MEET.444#4:5#41/2@#.5#1GEuELEu#96;-!

HZJ! &#!h17-3/0<!O"#$O+*;1&'$A<#P$>%H$9+&',+'#$@3%*3#8#!$2B!_:7GM!
'P?:7>!)/3=27436@!b7244#!ZYYe#!

HSJ! ,#!*./02-:43!./>!(#!b.7343<!i>4#$=10,*+!1&'$!"#$@3%*,!1%&$%)$9+&',+'##!
X:/>:/M!\873/027#!ZYYZ#!

HIJ! +#!Q#!*973463./42/!./>!\#!V37C@<!jX./01.02!2=:-163:/M!5:/42/414!./>!
5:/67:=274324<m!O.#&8/$1&$B%'&1!13#$=-1#&-#/<!=:-#![<!88#!SYYcSY[<!`1-#!
ZYYS#!

HeJ! i#!a#!*-.7G<$Q1./!$9+&',+'#$A-5,1/1!1%&#!*.;C73>02<!+,M!*.;C73>02!
)/3=27436@!b7244#!ZYYS#!

HnJ! %#!K:/0<!`#!^#!+3/266<!`O_#!V2<!`#!Q#!Q:--./><!./>!^#!\O_#!^./0<!j,!
5:;816.63:/.-!;:>2-!:?!692!5:2=:-163:/!:?!-2P35:/!./>!4@/6.P<m!
B%0<*#C1!(<!=:-#!LY<!88#!eYcnZ<!`1-#!c,10#!ZYYe#!

H[J! %#!K:/0<!`#!^#!+3/266<!./>!^#!\O_#!^./0<!jX./01.02!:7303/!./>!692!
2??2564!:?!3/>3=3>1.-4W!8:81-.736@<m!R.%-##81&'/$%)$LSST$7@@@$U%.*8$
B%&'.#//$%&$B%0<,!+!1%&+*$7&!#**1'#&-#<!a./5:1=27<!*,<!88#!
S[IIcS[eL#!,10#!ZYYn#!

HpJ! U#!`.5:C<!ji=:-163:/!./>!63/G273/0<m!=-1#&-#<!=:-#!Lun<!88#!LLnLcLLnn#!
`1/#!Lu[[#!

HuJ! `O_#!V2<!`#!^#!+3/266<!*Ob#!,1<!./>!^#!\O_#!^./0<!j\2-?O:70./3R.63:/!
./>!42-2563:/!3/!692!2;2702/52!:?!=:5.C1-.7@<m!B%0<*#C1!(<!=:-#![<!88#!
ILceI<!`./#!cU2C#!ZYYZ#!

HLYJ! \#!V37C@<!j\8:/6./2:14!2=:-163:/!:?!-3/0134635!4671561724M!./!3627.62>!
-2.7/3/0!;:>2-!:?!692!2;2702/52!:?!7201-.736@!./>!377201-.736@<m!7@@@$
O.+&/I$@3%*,!1%&+.($B%0<,!+!1%&<!=:-#!e<!88#!LYZcLLY#!,87#!ZYYL#!

HLLJ! `#!^#!+3/266!./>!^#!\O_#!^./0<!i>4#$9+&',+'#$A-5,1/1!1%&?$B"+&'#$
+&8$@0#.'#&-#P$@//+(/$1&$@3%*,!1%&+.($91&',1/!1-/#!Q:/0!V:/0M!*36@!
)/3=27436@!:?!Q:/0!V:/0!b7244#!ZYYe#!

HLZJ! V#!\;369<!\#!V37C@<!./>!Q#!h73096:/<!j"627.63=2!-2.7/3/0M!.!?7.;2B:7G!
?:7!692!2;2702/52!:?!-./01.02<m!A.!1)1-1+*$91)#<!=:-#!u<!88#!S[LcSpn#!U.--!
ZYYS#!

HLSJ! X#!\622-4<!j%92!2;2702/52!./>!2=:-163:/!:?!-3/0134635!467156172M!?7:;!
-2P35.-!6:!07.;;.635.-!5:;;1/35.63:/!4@462;4<m$B%&&#-!1%&$=-1#&-#<!
=:-#!L[<!88#!ZLScZSY#!\28#!c(25#!ZYYe#!

HLIJ! b#!a:06<!j'/!692!.5D134363:/!./>!2=:-163:/!:?!5:;8:4363:/.-!-./01.024M!
48.742!3/816!./>!87:>1563=2!572.63=36@!:?!593->72/<m!A8+<!+!13#$
K#"+31%.<!=:-#!LS<!88#!SZecSIn#!(25#!ZYYe#!
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