
!!

!"#$%&'$!"#$%&'()* +','-.* /'&.(.-* '0* ,('1'2(/%113* (&.4(+5)*

05%-#+5.6*7#$%&81(95*%445%+%&/56*%&)*(&-511(25&-*,57%:('+*-7%-*

&%-#+%113*51(/(-*.'/(%1*+5.4'&.5.;*<'$415=* (&-5+%/-('&.*%+5*&'>*

4'..(,156*>75+5*/7(1)+5&*(&-5+%/-*%&)*15%+&*0+'$*+','-.;*?*4(1'-*

.-#)3* %--5$4-5)* -'* )5-5+$(&5* >7(/7* 05%-#+5.* (&* +','-.* 15)* -'*

/7%&25.* (&* 15%+&(&2* %&)* ,57%:('+;* * @7+55* /'$$'&* 15%+&(&2*

.-315.6*15/-#+56*/''45+%-(:56*%&)*.5108)(+5/-5)6*>5+5*($415$5&-5)*

(&-'*?ABCD*-'*.55* (0*/7(1)+5&*/%&* 15%+&* 0+'$*+','-.;*E5&5+%1*

05%-#+5.* .#/7* %.* $'&'-'&5* +','-81(95* :'(/5* %&)* 7#$%&81(95*

:'(/5*>5+5!/'$4%+5);*@7(+-38.5:5&*/7(1)+5&*,5->55&*-75*%25.*F8*

-'*GH8*35%+.*4%+-(/(4%-5)*(&*-75*.-#)3;**I%/7*/7(1)*5&2%25)*(&*%*

-%,158.5--(&2*-%.9*>(-7*?ABCD*-7%-*5=7(,(-5)*)(005+5&-*15%+&(&2*

.-315.* %&)* 25&5+%1* 05%-#+5.;* <7(1)+5&* %&.>5+5)* J#5.-('&.* (&*

+51%-('&* -'* %* -%,158.5--(&2* -%.9* >(-7* %* 15%+&(&2* $5%.#+5;*

K+'$(..'+3* 5:()5&/5* .7'>.* -7%-* 15%+&(&2* .-315.* %&)* 25&5+%1*

05%-#+5.*$%--5+*5.45/(%113*0'+*3'#&25+*/7(1)+5&;**

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

&+,+-! -./01+2+34.5! 67.! 1+8! 9+:413! ;7+9! 41<=5-7>! 41-+!

0+9.5! 65! ?.75+162! /+9?614+15! /6?6,2.! +;! /+9?2.@!

41-.76/-4+15#!A=961+4<!7+,+-5!/61!?.7;+79!0=961B24C.!9+-+7!

-65C5!24C.!?=50413!DEF!61<!862C413!DGF#!H5!9+7.!,4+2+34/622>!

415?47.<!7+,+-5!7.?24/6-.!0=961!/0676/-.745-4/5!DIFJ!-0.!;=-=7.!

7+2.!+;!7+,+-5!67.!.@6941.<#!&+,+-5!65!6!5+/462!/+9?614+1!;+7!

6<=2-5! DKFJ! /042<7.1! DLFJ! .2<.72>! DMFJ! 61<! 65! 61! 65545-61-! ;+7!

-0+5.! 84-0! 5?./462! 1..<5! DNF! 67.! 9=/0! 1..<.<! 67.65! ;+7!

6??24/6-4+1#!

! A=961+4<!7+,+-5!?7.5.1-!61!6776>!+;!41-.7.5-413!<.5431!

/0+4/.5! 80.1! 9+<.2413! 41-.76/-4+1! 84-0! /042<7.1#! %0.47!

,+<4.5!67.!<.5431.<! -+! 7.5.9,2.!6!0=961! 41!,+-0! ;+79!61<!

;=1/-4+1#!!A=961+4<5!41:4-.!41-.7.5-413!5+/462!7.5?+15.5!;7+9!

/042<7.1#!H!7.;41.<!7+,+-!5=/0!65!A+1<6!O+-+7!*+7?+76-4+1P5!

HQ"O'!DGF!45!5=7.!-+!7.:.62!49?+7-61-!?7./+1/.4:.<!1+-4+15!

41! /042<7.1J! 61<! ?7.5.1-! 41-.7.5-413! ,.06:4+762! 7.5?+15.5#!

A=961+4<! 7+,+-5! 06:.! -0.! 41-.2243.1/.! 61<! /6?6/4->! 65! 6!

?+8.7;=2! /+99=14/6-4+1! -++2! 61<! .<=/6-4+162! 2.671413!

?67-1.7!;+7!/042<7.1#!*042<7.1!<4;;.7!;7+9!6<=2-5!41!961>!86>5J!

61<! 7.26-4:.2>! 24--2.! 7.5.67/0! .@45-5! +1! .@-.1<.<! 41-.76/-4+1!

,.-8..1!/042<7.1!61<!7+,+-5#!

"1!?=75=413!-0.!?+554,424->!+;!HQ"O'!65!6!2.671413!?67-1.7J!

-0.!5-=<>!;+/=5.5!+1!-07..!,654/!41-.7.5-5#!%0.!;475-!41-.7.5-!45!

!
%045!8+7C!865! 5=??+7-.<! 41!?67-! ,>!A+1<6!&.5.67/0! "15-4-=-.!)QH! 41!

O+=1-641! R4.8J! 61<! 45! /+226,+76-4+1! 84-0! %.6/0.75! *+22.3.J! *+2=9,46!
)14:.754->#!

Q61<76! S#! 'C4-6J! H5545-61-! T7+;.55+7! +;! %./01+2+3>! 61<! U<=/6-4+1! 6-!

%.6/0.75! *+22.3.J! *+2=9,46! )14:.754->J! $S! EVVGN! )QH! W?0+1.!
GEGBMNXBKEMLJ!!.B9642Y!+C4-6Z-/#/+2=9,46#.<=[#!

R4/-+7!$3B%0+8BA413J! T741/4?62! Q/4.1-45-! 6-!A+1<6!&.5.67/0! "15-4-=-.J!
O+=1-641!R4.8J!*H!)QH#!

&6:4! Q67:6<.:6,06-26J! Q.14+7! &.5.67/0! Q/4.1-45-! 6-! A+1<6! &.5.67/0!

"15-4-=-.J!O+=1-641!R4.8J!*H!!)QH#!

-+! 41:.5-436-.! 2.671413!?76/-4/.5! -06-! 5-7=/-=7.! 41-.76/-4+1! 41!

9+<.76-.2>! 2+13J! -=71B-6C413! 5/.1674+5! 84-0! 7+,+-5#! %0.!

5./+1<! 41-.7.5-! 45! -+! 5..! 0+8! /042<7.1! 7.5?+1<! -+! :674+=5!

,.06:4+762!-764-5!41!HQ"O'J!7613413!;7+9!-0.!->?.!+;!:+4/.J!-+!

-0.! ;7.\=.1/>! +;! 3.5-=7.5#! %0.! -047<! 41-.7.5-! 45! -+! 4<.1-4;>!

49?+7-61-! ?.7/.?-=62! /=.5! 61<! 7.5?+15.5! ;+7! 7+,+-5! -+!

7./+314].!61<!061<2.!7.5?./-4:.2>#!%0.!5.-!+;!/0676/-.745-4/5!

;+=1<! 96>! ,.! ?+-.1-4622>! =5.;=2! 80.1! 41/+7?+76-413! -0.!

;41<4135! 41-+! 41-.76/-4:.! 5/.1674+5#! &.41;+7/413! 16-=762!

/+99=14/6-4+1! 50+=2<! 0.2?! 41/7.65.! -0.! /042<P5! 5=,^./-4:.!

/+9;+7-!-+867<!7+,+-5#!_+7!?76/-4/62!=5.J!-0.5.!;41<4135!96>!

/+1-74,=-.! -+! ;=-=7.! <.:.2+?9.1-! 41! ?.7/.?-=62! <.-./-4+1!

623+74-095#!!

S+=13! /042<7.1! 26/C! 41! .@?.74.1/.J! ?6-4.1/.J! 61<! 06:.! 6!

7.26-4:.2>! 2+8! 6--.1-4+1! 5?61! /+9?67.<! -+! 6<=2-5#! `0.1!

41-.76/-4+1! 84-0! -0.! 7+,+-! ,./+9.5! 9+<.76-.2>! 2+13J!

5/.1674+5! -06-! 67.! ,+-0! .1363413! 61<! ;6942467! ,./+9.!

49?+7-61-#! &.5.67/0! 065! ;+=1<! -06-! ;+7! >+=13! /042<7.1J!

<.5431.75! 50+=2<! .@?2+7.! ,=42<413! 41-.76/-4+1! ?6--.715! -06-!

>4.2<!.<=/6-4+162!61<!?5>/0+2+34/62!.;;./-5J!-061!<.:.2+?413!

41-.2243.1-J! 7.6245-4/J! 24;.B24C.! 7+,+-5#! %045! 45! ,./6=5.! >+=13!

/042<7.1!96>! ?26/.! 24--2.! :62=.! +1! 7.6245-4/! 6??.6761/.J! 61<!

6,5-76/-!/+1/.?-5!5=/0!65!7+,+-!41-.2243.1/.!DXF#!

! %0.!5-=<>! 41:+2:.5!/042<7.1! -6C413!?67-! 41!6! -6,2.B5.--413!

-65C#! %0.! 96-.74625! =5.<! 67.! +;-.1! ;6942467! +,^./-5! 5=/0! 65!

;+7C5!61<!5?++15!67.!=5=622>!655+/46-.<!84-0!6!/+99+1!5/74?-!

+;! 5.--413! -0.! <411.7! -6,2.#! %0.! /+1-.1-! /61! 625+! ?7+:4<.! 6!

?+-.1-462!2.671413!+??+7-=14->#!_+7!.@69?2.J!/042<7.1!96>!,.!

;6942467!84-0!;+7C5!61<!?26-.5J!,=-!96>!1+-!06:.!1+-4/.<!-0.!

;.6-=7.5! +7! -0.! 7.65+1413! ,.041<! -0.! <.5431#! %0.! -07..!

2.671413!5->2.5!+;!2./-=7.J!/++?.76-4:.J!61<!5.2;B<47./-.<J!67.!

8.22!C1+8!?7+-+/+25!6??24.<!41!-0.!/26557++9!-06-!45!;6942467!

5/74?-#!

""#! &UaH%U(!`'&b!

! T.+?2.!2.671!41!:674+=5!;+795!+;!/+9?=-.74].<!415-7=/-4+1#!!

*+9?=-.74].<! 415-7=/-4+1! 41! -0.! ?65-! 865! 9+7.!

96/041.B,65.<! <.961<413! 41-.76/-4+1!84-0! 1+! <47./-! 5+/462!

.@/0613.! 84-0! -0.! 0=961! 2.671.7#! %0.! 5>5-.9! 45! c5+/4622>!

41<4;;.7.1-d! ,./6=5.! -0.7.! 67.! 1+! 5+/462! ;=1/-4+15J! 5+/462!

41-.7.5-5J!+7!5+/462!6,424-4.5!<.5431.<!65!?67-!+;!-0.!5>5-.9#!H1!

.672>! .@69?2.! 45! Q4<1.>! T7.55.>e5! %.5-413! 61<! %.6/0413!

O6/041.! <.:.2+?.<! 41! -0.! EfGVP5DENF#! %0.! 41-.76/-4+1!

41:+2:.<! 6! 5-=<.1-! -=71413! -+! 6! 96/041.J! 61<! -6C413! 6!

9=2-4?2.B/0+4/.!-.5-#!!!

! &./.1-2>J! ?.+?2.! 06:.! 5-67-.<! -+! 2.671! 9+7.! ;7+9!

/+9?=-.74].<! <.:4/.5! -06-! ,2.1<! ?7+?.7-4.5! +;! ?.+?2.! 61<!

+,^./-5#!_+7!.@69?2.J!?.+?2.!/61!2.671!;7+9!:47-=62!?.+?2.!41!

L5%+&(&2*@'25-75+M*?ABCD*N5:51'4(&2*%&*B&-5+%/-(:5*L5%+&(&2*

K%+-&5+.7(4*>(-7*<7(1)+5&*

Q61<76!S#!'C4-6J!!"#$%"&'()*++","-()*+./01#(2314"&'156J!R4/-+7!$3B%0+8BA413J!7*38#(9"'"#&$%(

:3'515.5"!)QHJ!&6:4!Q67:6<.:6,06-26J!7*38#(9"'"#&$%(:3'515.5"!2;<!

!"#$%&'"$()))$(*'#+*,'-.*,/$0123.4-52$.*
6.7.'$,*8$952,*$(*'#+,:'-;#$<.225*-:,'-.*
!.1,2,=$>,3,*=$0#3'?$@ABC:'?$@=$@DDE
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:47-=62!.1:47+19.1-5#!a.671413!/61!.:.1!+//=7!84-0!24;.B54].<!

0=961+4<! 7+,+-5#! '1! -0.! +-0.7! 061<J! 9+7.! 7.5.67/0.75! 67.!

1+8!<.:.2+?413!61<!41/+7?+76-413!5+/462!41-.7.5-5!61<!5+/462!

6,424-4.5!41-+!96/041.5!;+7!0=961!2.671413#!!

! '1.! 45! c5+/4622>! 49?24/4-d! 5>5-.95! -06-! -6/4-2>! <768! +1!

5+/462! 5/0.965! ;+7! 41-.76/-4+1J!,=-!=5=622>!<+!1+-! 41/2=<.!6!

7.62! 5+/462! ?7.5.1/.! +7! 9.-6?0+7#! H1<.75+1J! g+>2.J! 61<!

&.45.7DEMF! <.:.2+?.<! 61! 41-.2243.1-! -=-+7! /622.<! h*+314-4:.!

%=-+7h! 804/0! 865! 6! /+9?=-6-4+162! 9+<.2J! 7.?7.5.1-413!

5-=<.1-!-041C413!61<!/+314-4+1#!!*+314-4:.!%=-+75!<768!+1!-0.!

4<.6! +;! -=-+75! 0.2?413! 61<! /+77./-413! 5-=<.1-5! -07+=30! -0.!

2.671413!?7+/.55#!%0.!-=-+7!45!=5=622>!6!<45.9,+<4.<!-.@-!+1!6!

5/7..1#! %0.7.! 45! 1+! :45=62! /0676/-.7! 96@494]413! -0.! 5+/462!

9.-6?0+7!+;!6!-=-+7#!Q-=<.1-5!06:.!1+!<45/.714,2.!7.26-4+1504?!

84-0! -0.! /+9?=-.7! 65! -0.>! 8+=2<! 84-0! 6! 0=961! -=-+7#! H!

1=9,.7! +;! /+314-4:.! 9+<.25! +1! 0=961! -041C413! 065! ,..1!

5=//.55;=22>!49?2.9.1-.<!;+7!0=961!2.671413#!"1!961>!/65.5J!

-0.! 5-=<>! +;! 96/041.! 2.671413! 61<! <.:.2+?9.1-! 065! +;-.1!

41:+2:.<! <768413! 415430-! ;7+9! /042<7.1P5! <.:.2+?9.1-62!

5-63.5#!H7-0=7!H75.14+DfF!?7+?+5.5!6!2.671413!;769.8+7C!;+7!

0=961+4<!7+,+-5!-06-!865!415?47.<!,>!/+314-4:.!<.:.2+?9.1-!

41!/042<7.1#!A+8.:.7J!961>!+;! -0.!5>5-.95! 41! -045!/6-.3+7>!

=5.! 6! /+9961<! 241.! ;+7! 41-.76/-4+1! 61<! 1+! :45=62!

7.?7.5.1-6-4+1!+;!6!-=-+7!/0676/-.7!84-0!5+/462!7.5?+15.5#!

! H1+-0.7!45!c5+/4622>!.@?24/4-d!5>5-.95!-06-!,=42<!+1!.@?24/4-!

5+/462! 9.-6?0+75! +;! 41-.76/-4+1! 61<! 6??.6761/.5! -+! 41:4-.!

5+/462!41-.76/-4+1#!Q>5-.95!41!-045!/6-.3+7>!/+1545-!+;!;.6-=7.5!

-06-!96@494].!5+/462!9.-6?0+75!61<!5+/462!?7.5.1/.!5+!-06-!61!

6;;./-4:.!5+/462!41-.76/-4+1!/61!-6C.!?26/.#!A+1<6P5!HQ"O'J!

1+-!+12>!065!0=961B24C.!9+:.9.1-!61<!6??.6761/.J!,=-!625+!

41/2=<.5! 49?24/4-! ;.6-=7.5! ;7+9!/+314-4:.!9+<.25! -06-! 41:4-.!

5+/462!41-.76/-4+1DEVF#!!

! %0.7.!67.!5.:.762!49?+7-61-!7.65+15!80>!0=961+4<!7+,+-5!

67.!?7.;.76,2.!5+/462!?67-1.75!-+!2.671413#!'1.!7.65+1!45!-06-!

0=961+4<5! 06:.! 0=961B24C.! 6??.6761/.! 61<! ,.06:4+7#!

A=961B24C.! 6??.6761/.! 61<! ,.06:4+7! .24/4-5! 5-7+13! 5+/462!

7.5?+15.5! -06-! 41:4-.! 6/-4:.! .1363.9.1-#! Q+/462! 41-.76/-4+1!

?26>5!61!49?+7-61-!7+2.!41!2.671413J!61<!065!?7+:.1!-+!,.!\=4-.!

.;;./-4:.! 41! /+226,+76-4:.! 2.671413J! ?..7! 2.671413! DEEFJ!

7./4?7+/62! -.6/0413! DEGFJ! 61<! ,.06:4+7! 9+<.2413 ! DEIF#!

T5>/0+2+34/62! 7.65+15! 67.! -06-! 0=961+4<! ;.6-=7.5! 61<!

3.5-=7.5! /61! ?+-.1-4622>! ?7.5.1-! 6! 9+7.! 16-=762!

/+99=14/6-4+1! 41-.7;6/.! ;+7! ?.+?2.#! %045! 45! .5?./4622>!

49?+7-61-!;+7!/042<7.1!61<!-0.!.2<.72>J!80+!96>!,.!=1;6942467!

84-0! -0.! 26-.5-! 36<3.-5J! +7! ?0>54/622>! 49?647.<! -+! +?.76-.!

-76<4-4+162!9+=5.! 61<! C.>,+67<! 41-.7;6/.5#! ! Q+9.! ?76/-4/62!

7.65+15! 67.! -0.! 0=961+4<! ,+<>! ;+79! ?7+945.5! :.756-42.!

16:436-4+1! 67+=1<! 0=961! 8+7C! 61<! 24:413! 5?6/.5J! 5=/0! 65!

/249,413!5-6475J!8+7C5?6/.!6//.554,424->!61<!5-.??413!67+=1<!

+7!+:.7!+,5-6/2.5!+1! -0.! ;2++7! DEKF#!T.75+162! 7+,+-5! 41-.76/-!

84-0! 0=9615! 6-! 6! 9+7.! 41<4:4<=62! 2.:.2J! +;;.7413! 6! 84<.7!

7613.! +;! 5.7:4/.5! 41! -0.! 0+=5.0+2<! 65! 5.7:61-5J! .<=/6-4+162!

?67-1.75!+7!5+/462!/+9?614+15#!!

! b61<6! .-#! 62! DLFJ! /+1<=/-.<! 6! 5-=<>! 84-0! &+,+:4.J! 6!

0=961+4<! 7+,+-! 41! 6! 5/0++2! 5.--413! ;+7! EX! <6>5#! &+,+:4.!

0.2?.<!?76/-4/.!U132450!84-0!i6?61.5.!/042<7.1#!H!2673.!<7+?!

41! .1363.9.1-! 865! ;+=1<! ,>! -0.! G1<! 8..C#! %0.! ;41<4135!

5=33.5-.<!-0.!1..<!-+!49?7+:.!?.75+162!7.26-4+1504?5!,.-8..1!

-0.!5-=<.1-5!

! '1! 6! 9+7.! 3.1.762! 1+-.J! <.:.2+?413! 6! 1.8! 2.671413!

?67-1.7504?!,.-8..1!?.+?2.!61<!7+,+-5J!45!61!.@/4-413!67.6!+;!

7.5.67/0! -06-! +:.726?5! :674+=5! ;4.2<5#! %0.7.! 45! 9=/0! -+! ,.!

2.671.<!6,+=-! -0.!0=961!?67-1.7! 41! 7.26-4+1! -+! -0.! -./014/62!

?67-1.7#!%045!?42+-!5-=<>!45!E[!6!2.671413!.;;./-4:.1.55!5-=<>!

-06-! <.-.7941.5! 4;! 5+/462! 41-.76/-4+15! 84-0! 7+,+-5! 2.6<! -+!

.;;./-4:.!2.671413J!61<!G[!6!/6=562!5-=<>!-06-!-7>!-+!<.-.7941.!

804/0!?7+?.7-4.5!41!7+,+-5!+7!41!-0.!5+/462!41-.76/-4+1!2.6<!-+!

/0613.5!41!2.671413!61<!,.06:4+7#!

!

!
_43#!E#!!U@?.749.1-62!Q.--413!

"""#! HQ"O'!HQ!H!aUH&$"$j!TH&%$U&!_'&!*A"a(&U$!

! "1! -045! 5-=<>J! HQ"O'!8422! ,.! /677>413! +=-! +1.! +;! -07..!

a.671413! Q->2.5! Wa./-=7.J! *++?.76-4:.J! 61<! Q.2;B<47./-.<[!

80.1! .1363413! 41! 6! -6,2.! 5.--413! -65C! 84-0! 6! /042<#! g+-0!

HQ"O'!61<!-0.!/042<!06:.!-0.47!+81!5.-!+;!=-.1542!/67<5!-+!5.-!

=?! -0.47! 7.5?./-4:.! 54<.! +;! -0.! -6,2.#! ! _43=7.! E! 50+85! -0.!

.@?.749.1-62! 5.--413! ,.-8..1! HQ"O'! 61<! -0.! /042<#! _+7!

16-=762! 41-.76/-4+1J! HQ"O'! 8422! 50+8! 2+8B2.:.2!

94/7+B,.06:4+75!

! %0.! 5-=<>! 8422! /+9?67.! -07..! <4;;.7.1-! a.671413! Q->2.5!

Wa./-=7.J! *++?.76-4:.! 61<! Q.2;B(47./-.<[! -+! 5..! 4;! -0.!

41-.76/-4+1!?6--.71!84-0!-0.!7+,+-!065!61!.;;./-!+1!-0.!/042<P5!

2.671413!61<!,.06:4+7#!!

<=! >"$5.&"(;56+"(

HQ"O'!8422!-6C.!+1!6!-.6/0.7B24C.!7+2.!-06-!50+85!61<!-.225!

-0.!/042<!80.7.!-+!?=-!-0.!-6,2.!5.--413!4-.95#!_+7!.6/0!4-.9J!

HQ"O'!8422!50+8!,>!<.9+15-76-4+1J!+7!,>! -.22413!80.7.!-+!

?26/.!61!4-.9#!_+7!.@69?2.J!HQ"O'!8422!56>J!cT2.65.!?26/.!

-0.!16?C41!0.7.dJ!61<!-0.1!?6=5.!-+!2.-!-0.!/042<!/677>!-0.!-65C!

+=-J!-0.1!7.5?+1<!,>!cj7.6-k!$+8!?26/.!-0.!,=--.7!C14;.!0.7.d#!!

HQ"O'!45!50+8413!-0.!/042<!0+8!-+!5.-!-0.!-6,2.#!!H-!-0.!.1<!

+;! -0.! -65CJ! HQ"O'! 61<! -0.! /042<! 50+=2<! 06:.! -0.! 569.!

-6,2.B5.--413#!!

?=! )**@"&#514"(;56+"(

HQ"O'!8422!6/-!65!6!/265596-.!-+!-0.!/042<!61<!?67-4/4?6-.!

41!?..7! 2.671413#!HQ"O'!61<! -0.!/042<!5.-! .6/0!54<.!+;! -0.!

-6,2.!-+3.-0.7J!,>!-6C413!-=715!<./4<413!80.7.!-0.!=-.1542!3+.5#!

%0.! /042<! 45! 65C.<! -+! .1363.! 41! 6! $*@6( 6*.-( $*@6( /"!

/++?.76-4:.!-65C#!%0.>!8422!-6C.!-=715!/+?>413!+1.!61+-0.7P5!

/67<!?26/.9.1-#!%0.!/042<!45!65C.<!-+!/++?.76-.!,>!?26/413!-0.!

569.! 4-.9! 41! -0.! 569.! ?26/.! 65! HQ"O'#! _+7! .@69?2.J!

HQ"O'!8422!56>J!c"!69!3+413!-+!?=-!-0.!16?C41!0.7.#!*61!>+=!

?2.65.!0.2?!9.!,>!?26/413!>+=7!16?C41!41!-0.!569.!?26/.J!,=-!

+1! -06-! 54<.! +;! -0.! -6,2.ld! "1! 7.-=71J! HQ"O'! 8422! 625+!

/++?.76-.!,>!?26/413!-0.!569.!4-.9!41!-0.!569.!?26/.!65!-0.!

/042<#!HQ"O'!7.5?+1<5! -+! -0.!/042<J!c! "! 5..!>+=!?26/.<! -0.!

,=--.7!C14;.!-0.7.#!"!8422!0.2?!>+=!,>!?26/413!-0.!,=--.7!C14;.!
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41!-0.!569.!?26/.!,=-!+1!-045!54<.!+;!-0.!-6,2.#d!!H-!-0.!.1<!+;!

-0.! -65CJ! HQ"O'! 61<! -0.! /042<! 50+=2<! 06:.! -0.! 569.!

-6,2.B5.--413#!!

)=! ;"+ABC1&"$5"8(;56+"(

HQ"O'! 61<! -0.! /042<! 5067.! -0.! 569.! .1:47+19.1-J! ,=-!

.1363.!41!-0.!-65C!5.?676-.2>#!%045!6*.(8*-(:(8*!41-.76/-4+1!45!

5494267! -+! ?67622.2! ?26>#! g+-0!HQ"O'! 61<! -0.! /042<! 5.-! =?!

-0.47!+81!54<.!+;!-0.!-6,2.!+1.!4-.9!6-!6!-49.#!_+7!.@69?2.J!

HQ"O'!8+=2<!56>J!c"!69!3+413!-+!?=-!-0.!16?C41!0.7.#!̀ 0.7.!

<+!>+=!861-!-+!?26/.!>+=7!16?C41l!T2.65.!?26/.!4-!61>80.7.!

>+=! 24C.#d! H;-.7! -0.! /042<! ?26/.5! -0.! /67<J! HQ"O'! 56>5J!

cj7.6-kJ!"!-041C!"P9!3+413!-+!?=-!9>!/67<!+:.7!0.7.#d!H-!-0.!

.1<! +;! -0.! -65CJ! HQ"O'! 61<! -0.! /042<! 50+=2<! 6774:.! 6-!

<4;;.7.1-!-6,2.B5.--4135#!!

"R#! &UQUH&*A!OU%A'(!H$(!(UQ"j$!

<=! D#&51$1@#35'(

%047->B5.:.1!/042<7.1!;7+9!6!2+/62!?74:6-.!5/0++2!,.-8..1!

-0.!63.5!KB!-+!EVB>.675B+2<!?67-4/4?6-.<!41!6!+1.B-+B+1.!GVBGL!

941=-.!41-.76/-4+1!84-0!A+1<6P5!0=961+4<!7+,+-!HQ"O'#!!

!

!
_43#!G#!!U@?.749.1-62!(.5431!

?=! C"'1,3((

%045! 5-=<>! 45! 6! I! @! G! <.5431! W_43=7.! G[! 2++C413! 6-! -0.!

a.671413!Q->2.!Wa./-=7.!:5#!*++?.76-4:.!:5#!Q.2;B<47./-.<[J!,>!

j.1.762! _.6-=7.! W9+1+-+1.! :+4/.B3.5-=7.! :5#! 0=961B24C.!

:+4/.B3.5-=7.[! -+! 5..! 4;! -0.! <4;;.7.1-! ;.6-=7.5! 61<! 2.671413!

5->2.5!8422!06:.!61!.;;./-!+1!-0.!/042<P5!,.06:4+7!-+867<!-0.!

7+,+-!61<!2.671413!3641.<!;7+9!-0.!41-.76/-4+1#!!A=961B24C.!

7.;.75!-+!HQ"O'!06:413!6!>+=13!/042<P5!:+4/.J!61<!3.5-=7.5!

41/2=<.! 1+<<413J! ?+41-413J! 679! 9+:.9.1-J! 61<! -6C413!

+1.B5-.?!;+7867<!61<!,6/C#!%0.!9+1+-+1.!7.;.75!-+!HQ"O'!

5?.6C413!84-0!6!9+1+-+1.!7+,+-B24C.!9./0614/62!:+4/.J!61<!

9414962! 3.5-=7.5! 2494-.<! -+! 1+<<413! 61<! +1.B5-.?! ;+7867<!

61<!,6/C!84-0!1+!679!9+:.9.1-5#!!

)=! D&*$"8.&"((

! *042<7.1! 67.! 761<+92>! 655431.<! -+! +1.! +;! M! /+1<4-4+15#!!

T67-4/4?61-5! 8422! .1363.! 41! 6! +1.B-+B+1.! W7+,+-[! 41-.76/-4+1!

84-0!HQ"O'#!%0.! 5-=<>! 41:+2:.5! 6! -6,2.B5.--413! -65C!=5413!

/67<! ?4/-=7.5! +;! ?26-.5J! 16?C415J! ;+7C5J! 61<! 5?++15! +1! -0.!

/042<P5! 54<.! +;! -0.! -6,2.#!'1!HQ"O'P5! 54<.J! -0.! 569.! /67<!

4963.5! 67.! ?7+^./-.<! 61<! 61496-.<! +1! -0.! -6,2.! 415-.6<! +;!

,.413! ?0>54/622>! ?7.5.1-! ,./6=5.! +;! HQ"O'P5! /=77.1-!

7.5-74/-4+1! 41! 9614?=26-413! 59622! +,^./-5! 24C.! ;+7C5! 61<!

5?++15#!(=7413!-0.!41-.76/-4+1J!HQ"O'!8422!,.!5067413!;+=7!

;6/-5! 6,+=-! .6/0! =-.1542! WQ..!%6,2.! E[#!&.5.67/0.75!8422! ,.!

5-6-4+1.<! ,.041<! 6! ?67-4-4+1! W-+! 9+14-+7[! 8042.! -0.! /042<!

41-.76/-5!84-0!HQ"O'#!`0.1! -0.!-6,2.B5.--413! -65C! 45!<+1.J!

-0.!.@?.749.1-.7!8422!/+1<=/-!6!?+5-B-.5-! -06-!65C5!-0.!/042<!

\=.5-4+15!6,+=-!.6/0!+;!-0.!=-.1542!4-.95!?26/.<!+1!-0.!-6,2.#!!

R#! OH%U&"HaQ!H$(!OUHQ)&UQ!

HQ"O'!34:.5!;+=7!;6/-5!;+7!.6/0!?4/-=7.!4-.9!?26/.<!+1!-0.!

-6,2.Y!169.!+;!-0.!4-.9J!-0.!?=7?+5.J!6!;.6-=7.!+;!-0.!4-.9J!61<!

0+8!-+!6??2>!4-#!%6,2.!E!,.2+8!34:.5!61!.@69?2.#!

!
%HgaU!E!

"$_'&OH%"'$!_'&!UH*A!"%UO!

!

<=! >"#&313,(E"#'.&"'(

%0.! ?+5-B-.5-! 8422! 9.65=7.! 2.671413! +1! 0+8! 9=/0!

41;+796-4+1! -0.! /042<! /61! 7./622! ;7+9! -0.! 41-.76/-4+1! 84-0!

HQ"O'#! !%0.7.!8.7.! -8.2:.! 4-.95!84-0! ;+=7! ;6/-5! ;+7!.6/0!

4-.9#!%0.!=-.1542!4-.95!41/2=<.<!67.!86-.7!32655J!,7.6<,65C.-J!

562-!61<!?.??.7J!<411.7!C14;.J!<411.7!;+7CJ!5?++1J!<411.7!?26-.J!

,=--.7!C14;.J!5+=?5?++1J!/=?!61<!56=/.7J!/.1-.7?4./.J!<.55.7-!

;+7CJ!61<!16?C41#!!

?=! ?"%#41*&#+(E"#'.&"'(((

%0.! 5-=<>! 6--.9?-5! -+!9.65=7.! 0+8! /042<7.1! 7.5?+1<! -+!

:674+=5! ,.06:4+762! -764-5! 41! HQ"O'#! (=.! -+! -0.! .@-.154:.!

69+=1-! +;! <6-6J! -045! ?6?.7! 8422! +12>! /+:.7! -0.! 414-462!

?7.2494167>!;41<4135#!!%0.!,.06:4+762!9.65=7.5!41/2=<.!;6/462!

.@?7.554+1J!6--.1-4+1J!:+4/.J!.>.!36].!<47./-4+1J!61<!-0.!->?.!

+;!.1363.9.1-!5..1!84-0!HQ"O'#!_+7!.@69?2.J!4;!-0.!/042<!

414-46-.5! /+1:.756-4+1J! 50+85! ,+<>! 2613=63.! 5=/0! 65! 2.615!

;+7867<J! 61<!80.-0.7! /042<7.1! /+?>! 7+,+-P5! ,.06:4+7#! ! %0.!

5-=<>! 45! 625+! 41-.7.5-.<! 41! 4<.1-4;>413! 806-! 49?+7-61-!

?.7/.?-=62!/=.5!61<!7.5?+15.5!50+=2<!-0.!7+,+-!7./+314].!61<!

061<2.!7.5?./-4:.2>#!!

R"#! UmTU&"OU$%Ha!U$R"&'$OU$%!QU%!)T!

<=! ;6'5"/(<&$%15"$5.&"((

H22!41-.76/-4:.!-65C!5/.1674+5!=5.<!-0.!*+314-4:.!O6?!7+,+-!

67/04-./-=7.! DEKF#! %0.! 67/04-./-=7.! 622+8.<! 5?./4624].<!

9+<=2.5! ;+7! ?.7/.?-4+1J! <./454+1B96C413J! 61<! 6! /+99+1!

41;+796-4+1! ,26/C,+67<! ;+7! /+99=14/6-4+1! W5..! _43=7.! I[#!

%045!67/04-./-=7.!865!=5.<!-+!9614?=26-.!-0.!3.1.762!;.6-=7.J!

5=/0! 65! 0=961B5+=1<413! -.@-B-+B5?../0! 9+<=2.! 84-0! -0.!

9+1+-+1.J!9./0614/62! :+4/.#!%0.! -65C!96-74@!865! =5.<! ;+7!!

7+,+-! .@?7.554+1J!9+<=2.5! ;+7! 3.5-=7.! /7.6-4+1J! 61<! 5?../0!

5>1-0.545#!%0.!-6,2.!?7+^./-+7!41/2=<.<!-0.!?7+^./-+7!9+<=2.!

-06-! 04302430-.<! -0.! /67<! 5.2./-4+1! 61<! 9+:.<! /67<! 4963.5!

+1-+!-0.!-6,2.#!!

O#5.-('&*@345* D,P5/-*0+'$*@%,15*A5--(&2M*Q%-5+*E1%..*

*

$69.! c%045!45!/622.<!6!`6-.7!j2655d!

T=7?+5.! c%0.!86-.7! 32655! 45! =5.<! ;+7! <741C413!86-.7! <=7413!

<411.7d!

_.6-=7.! c";!>+=!2++C!/2+5.2>J!>+=!8422!1+-4/.!-06-!4-!065!6!2673.!
,65.!5+!4-!<+.51P-!-4?!+:.7d!

H??24/6-4+1! c`0.1!>+=!<741C!;7+9!-0.!32655J!,.!5=7.!-+!0+2<!-0.!

86-.7!32655!,>!-0.!5-.9!-+!C..?!-0.!86-.7!/+2<#!c!

%%@A

Authorized licensed use limited to: Columbia University. Downloaded on March 24,2010 at 14:58:46 EDT from IEEE Xplore.  Restrictions apply. 



!
_43#!I#!!*+314-4:.!O6?!5>5-.9!67/04-./-=7.!84-0!9+<=2.5!;+7!.@?.749.1-62!

5.-=?!

!

!
_43#!K#!!`4]67<B+;B'n!H??24/6-4+1#!

?=! F1G#&8(*A(HG(

_+7! -0.! <./454+1B96C413! 9+<=2.J! 8.! <./4<.<! -+! =5.! 6!

`4]67<B+;B']!W`'n[!6??7+6/0!80.7.!6!0=961!+?.76-+7!/61!

<47./-!-0.!7+,+-P5!,.06:4+7!-07+=30!6!7.9+-.!/+15+2.!84-0+=-!

-0.!/042<!C1+8413#!%0.!/042<7.1!67.! 2.6<! -+!,.24.:.! -06-! -0.!

7+,+-! 45! 6=-+1+9+=5#! %0.! /0622.13.5! 41! /7.6-413! 7+,=5-!

5?../0! 7./+314-4+1! ;+7! /042<7.1J! /+77./-! <.-./-4+1J! 61<!

7./+314-4+1! +;! 622! /67<5! +1! -0.! -6,2.! 96<.! -0.! <.:.2+?.75!

7.624].!-06-!-0.7.!45!6!1..<!-+!36-0.7!9+7.!41;+796-4+1!+1!0+8!

/042<7.1! ,.06:.J! 67+=1<! HQ"O'! ,.;+7.! 6=-+96-413! -0.!

<./454+1! 96C413! 9+<=2.#! ! %045! 2.<! -+! -0.! <.5431! +;! -0.!

`4]67<B+;B'n#!%07+=30!-045!?42+-!41:.5-436-4+1J!-0.!3+62!865!

-+!<45/+:.7!-0.!7613.!+;!?+554,2.!,.06:4+75!6!/042<!96>!06:.#!

%+!<+!5+J!24--2.!7.5-74/-4+1!50+=2<!,.!96<.!+1!-0.47!5?../0#!%0.!

`'n! 6??7+6/0! /47/=9:.1-5! -045! ?7+,2.9! ,>! -6C413!

6<:61-63.!+;!6!7.62!0=961!245-.1.7#!

%0.! `'n! 9+<=2.! 622+85! 61! mOaB,65.<! 5/74?-! -+! ,.!

5?./4;4.<! -06-!<.5/74,.5! 5.\=.1/.5!+;!/+9961<5! ;+7! 5?../0!

=--.761/.5J! 3.5-=7.5! 61<! ?7+^./-+7! +?.76-4+15#! *+1<4-4+162!

5.\=.1/.5! /61! ,.! -7433.7.<! ,>! C.>! ?7.55.5! -+! ?7+:4<.! -0.!

+?.76-+7!6!:674.->!+;!<4;;.7.1-!7+,+-!7.5?+15.5!41!7.6/-4+1!-+!

-0.! /042<P5! ,.06:4+7#! U6/0! .@?.749.1-62! /+1<4-4+1! 865!

9+<.2.<!84-0!4-5!+81!5/74?-#!%0.!+?.76-+7!/61!9+14-+7!5.:.762!

/69.76!:4.85!549=2-61.+=52>!65!8.22!65!6!:47-=62!9+<.2!+;!-0.!

7+,+-P5!/=77.1-!,+<>!/+1;43=76-4+1!W_43=7.!K[#!

)=! 9"$*&813,(;"5.@(

%+!/6?-=7.! 6! /+9?2.-.! 7613.!+;! ,.06:4+7J! 5.:.1! /69.765!

8.7.!677613.<!41!-0.!+,5.7:6-4+1!7++9!W_43=7.!L[#!`41<+85!

+1! +1.! 8622! 622+8.<! ?67.1-5! -+! +,5.7:.! -0.! .@?.749.1-5#!

*69.76BE!45!-+!/6?-=7.!;6/462!.@?7.554+15#!*69.76BG!45!6!54<.!

/69.76!;+7!,+<>!?+5-=7.#!!*69.76BI!45!61!+:.70.6<!:4.8!+;!

-0.! -6,2.! 61<! /042<#! *69.76BK! ;.6-=7.5! 6! 0.6<B9+=1-.<!

/69.76#! *69.76BL! 45! :4.8! ;7+9! HQ"O'#! *69.76BM! 45! 6!

0430B<.;414-4+1! /69.76! ?7+:4<413! 6! 84<.! ;4.2<! +;! :4.8#!

*69.76BN!45!61+-0.7!:4.8!+;!-0.!;6/.!;7+9!6!<4;;.7.1-!6132.#!!

H=<4+!865!/6?-=7.<!5.?676-.2>!=5413!6!84<.B6776>!7./.4:.7!

94/7+?0+1.!61<!26?.2!94/7+?0+1.5!6--6/0.<!+1!-0.!/042<#!!"1!

;=-=7.! :.754+15J! -0.! ?261! 45! -+! 6??2>! /+9?=-.7! :454+1!

623+74-095!-+!0.2?!6=-+96-.!-045! -65C!65!8.22!65!96C413!-0.!

.:62=6-4+1!+;!,+<>!2.61!61<!0.6<!36].!9+7.!+,^./-4:.#!

!

!
_43#!L#!!*69.76!5.-=?!41!+,5.7:6-4+1!7++9!

R""#! &UQ)a%!H$(!("Q*)QQ"'$!

T7.2494167>! 6162>545! +;! -0.! ?42+-! 5-=<>! 50+8.<! 5.:.762!

?7+945413!-7.1<5!41!,+-0!2.671413!61<!,.06:4+7#!!g./6=5.!-045!

865! 61! .@?2+76-+7>! 5-=<>J! 5.:.762! :6746,2.5! 8.7.! 6<<.<! 41!

5?4-.!+;!-0.!59622!569?2.!54].!+;!$o!IN!?67-4/4?61-5!W1o!MBN!

?67-4/4?61-5!41!.6/0!/+1<4-4+1[#!_+7!-045!7.65+1J!-0.!6162>545!

<4<!1+-!41:+2:.!743+7+=5!5-6-45-4/62!6162>545#!!!

<=! >"#&313,(E"#'.&"(

`0.1! /+9?67413! -0.! a.671413! Q->2.5J! /042<7.1! 80+!

41-.76/-.<!84-0!-0.!/++?.76-4:.!HQ"O'!2.671.<!9+7.!-061!-0.!

+-0.7! /+1<4-4+15! WQ..! _43=7.! M[#! ! %0.! Q.2;B(47./-.<! 37+=?!

2.671.<!-0.!2.65-#!!

`0.1! /+9?67413! j.1.762! _.6-=7.5J! -0.7.! 865! 6! ! -7.1<!

+,5.7:.<!80.7.!/042<7.1!2.671.<!9+7.!80.1!41-.76/-413!84-0!

-0.! 0=961B24C.! :+4/.! 61<! 41<.@! 3.5-=7.! HQ"O'! -061! -0.!

7+,+-B24C.!:+4/.!W9+1+-+1.!:+4/.[!9414962!3.5-=7.!HQ"O'#!

H!5494267!?6--.71!865!5..1!6/7+55!622!-07..!a.671413!Q->2.5#!

?=! IAA"$5(*A(<,"(

%0.7.! 865! 6! -7.1<! 5..1! ,>! 63.! +1! 6//=76/>! 2.:.2#! ! Q..!

_43=7.! N#! ! "1! -0.! ;43=7.J! cS+=13.7d! 7.;.77.<! -+! /042<7.1!

,.-8..1! -0.! 63.5! +;! K! -+! M! >.675J! 61<! c'2<.7d! 7.;.77.<! -+!

/042<7.1! ;7+9! N! -+! EV! >.675#! ! ':.7622J! +2<.7! /042<7.1! 06<!

0430.7! 6//=76/>! -061! >+=13.7! /042<7.1#! %0.! 41-.7.5-413!

;41<413! 865! -06-! >+=13.7! ?67-4/4?61-5! 41! -0.! *++?.76-4:.!

/+1<4-4+1!5/+7.<!65!0430!65! -0.!+2<.7!?67-4/4?61-5#!%045!865!

1+-! +,5.7:.<! 41! -0.! +-0.7! -8+! /+1<4-4+15#! ! T+554,2>! -0.!

*++?.76-4:.! 41-.76/-4+1! 84-0! HQ"O'! .1363.<! -0.! /042<7.1!

9+7.J!2.6<413!-+!0430.7!6//=76/>#!!"-!865!41-.7.5-413!-+!1+-.!

-06-! -0.! /++?.76-4:.! /+1<4-4+1! <4<! 1+-! 7.5=2-! 41! 6! 5494267!

49?7+:.9.1-! 41! 2.671413!?.7;+7961/.! 41! -0.!+2<.7!/042<7.1#!!

T+554,2>J! -0.!/0+4/.!+;! -65C!06<!61!.;;./-#!%0.! -6,2.B5.--413!

-65C!96>!06:.!,..1!-++!.65>!;+7!+2<.7!/042<7.1J!5+!-0.>!8.7.!
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6,2.!-+!2.671!\=4/C2>!7.367<2.55!+;!2.671413!5->2.#!

!

_43#!M#!!U;;./-!+;!!a.671413!Q->2.!61<!j.1.762!_.6-=7.!+1!T.7/.1-!H//=76/>!

!

!
!

_43#!N#!!!U;;./-!+;!a.671413!Q->2.!,>!H3.!j7+=?!

!

!
_43#!X#!!U;;./-!+;!j.1.762!_.6-=7.!,>!H3.5!KB!LB!MB!>.675!+2<!+1!H//=76/>!

!

)=! J"3"&#+(K"#5.&"(

%0.! j.1.762! _.6-=7.! WA=961! :+4/.! 61<! 3.5-=7.! :5J!

O+1+-+1.!&+,+-!24C.!:+4/.!61<!2494-.<!3.5-=7.[!625+!50+8.<!

6! <4;;.7.1/.! 80.7.! ?67-4/4?61-5! 5/+7.<! 0430.7! 80.1!

41-.76/-413!84-0!A=961!:+4/.!61<!3.5-=7.!HQ"O'#!%045!865!

/+1545-.1-! 6/7+55! -0.! <4;;.7.1-! a.671413! %>?.5! W_43=7.! M[#!!

'74341622>J!8.!;.2-!-06-!-0.!,433.5-!.;;./-!+;!j.1.762!_.6-=7.!

8+=2<! ,.! 84-0! >+=13.7! /042<7.1#! ! '=7! 0>?+-0.545! 865!

5+9.806-!/+77./-#!_43=7.!X!50+85!-0.!6//=76/>!2.:.2!,>!63.5!

KBJ!LBJ!MB!>.675#!S+=!/61!5..!-06-!-0.!;.6-=7.!065!61!.;;./-!+1!KB!

61<!LB!>.67!+2<5!80.7.!-0.>!<4<!,.--.7!84-0!-0.!A=961B24C.!

:+4/.! 61<! 3.5-=7.#! H5! /042<7.1! 3.-! +2<.7J! -0.! <4;;.7.1/.!

<./7.65.5J!,=-!+:.7622J!?67-4/4?61-5!<+!,.--.7!84-0!-0.!A=961!

:+4/.!61<!3.5-=7.#!!%0.!7.5=2-5!;7+9!-045!5-=<>!<+!1+-!4<.1-4;>!

804/0!9+<624->!W:+4/.!+7!3.5-=7.[!06<!6!54314;4/61-!41;2=.1/.!

41! -0.! 2.671413! ?.7;+7961/.#! _=7-0.7! .@?.749.1-5! -+! -.5-!

,.-8..1!-0.5.!-8+!;6/-+75!67.!1./.5567>#!',5.7:6-4+1!<=7413!

-0.!5-=<>!50+8.<!5.:.762!/65.5!80.7.!-0.!>+=13!?67-4/4?61-5!

;.2-!=1.65>!80.1!41-.76/-413!84-0!HQ"O'!80.1!0.67413!-0.!

9+1+-+1.!7+,+-4/!:+4/.#!T+554,2>!-0.!>+=13.7!/042<7.1!;+=1<!

-0.! 7+,+-B24C.! 9./0614/62! :+4/.! =1=5=62! 61<! <4;;4/=2-! -+!

=1<.75-61<#!%0.!41-+16-4+1!+;!8+7<5!41!-0.!0=961B24C.!:+4/.!

96>! 06:.! ,..1! 9+7.! ;6942467! 61<! .654.7! -+! =1<.75-61<#!

*+15.\=.1-2>J!-0.!:+4/.!96>!06:.!,..1!-0.!9+7.!49?+7-61-!+;!

-0.!-8+!;6/-+75J!,=-!;=7-0.7!.@?.749.1-5!67.!1..<.<#!!

C=! ?"%#41*&(E"#'.&"'(

%0.! ,.06:4+7! <6-6! 41:+2:.5! .@-.154:.! /+<413! 61<! 45!

/=77.1-2>!,.413!6162>].<#!%045!?6?.7!8422!1+-!/+:.7!-0.!.1-47.!

6162>545J!,=-!\=624-6-4:.!+,5.7:6-4+15! 5..1! 7.?.6-.<2>! 41! -0.!

41-.76/-4+15!84-0!HQ"O'!8422!,.!5067.<#!

*042<7.1!5..9.<!-+!7.5?+1<!,+-0!?+54-4:.2>!61<!1.36-4:.2>!

-+! HQ"O'P5! 5?./4;4/! ;.6-=7.5#! T+54-4:.! 7.5?+15.5! 41/2=<.!

HQ"O'P5! 37..-4135! 61<! .1/+=763.9.1-! W.#3#! 3++<! ^+,[#!

*042<7.1! 5..9! .1363.<! 61<! 6--.1-4:.! 80.1! HQ"O'! 50+85!

9+:.9.1-! 84-0! 3.5-=7.5! 61<! \=.5-4+15! -0.! /042<! 6,+=-!

.@?.74.1/.5#!_+7!.@69?2.J!/042<7.1!96>!5942.!41!7.5?+15.!-+!

HQ"O'J!+7!494-6-.!HQ"O'P5!3.5-=7.5!65!4;!-0.>!67.!-7>413!-+!

/+99=14/6-.#! `0.1! .1/+=1-.7413! =116-=762! ?6=5.5! 41! -0.!

7+,+-J! /042<7.1! 6--.9?-! -+! -7+=,2.50++-! ,>! -62C413! 2+=<.7J!

86:413! -0.47! 061<5! 41! ;7+1-! +;! HQ"O'P5! .>.5J! +7! 414-46-.!

/+1:.756-4+15#! (.:.2+?413! 6! 7+,+-! -+! ,.! 6867.! +;! -0.5.!

c/+77./-4:.d!,.06:4+75!/61!0.2?!-+!49?7+:.!4-5!7+,=5-1.55!61<!

7.5?+154:.1.55#!

Q+9.! /042<7.1! 5..9.<! -+! :4.8! HQ"O'! 65! 5+9.80.7.!

41B,.-8..1!61!624:.!,.413!61<!61!6/-4:.!96/041.#!_+7!415-61/.J!

+1! .1/+=1-.7413!HQ"O'J! +1.! /042<! 564<J! cA6:.! >+=! -.5-.<!

049! +=-! ,.;+7.ld! "15-.6<! +;! 56>413! c4-dJ! -0.! /042<! =5.5! -0.!

c049dJ!0+8.:.7!-0.!\=.5-4+1!7.;.75!-+!c-.5-413!049!+=-d!804/0!

45! 68C867<! 4;! -0.! /042<! ,.24.:.<! -06-! HQ"O'! 865! 6! 624:.!

24:413!,.413#!!

$.36-4:.! 7.5?+15.5! 41/2=<.! >+=13! /042<7.1P5! 7.6/-4+1! -+!

-0.! 9+1+-+1.! :+4/.! 65! ,.413! =1;74.1<2>J! 61<! 067<! -+!

=1<.75-61<#! Q+9.! /042<7.1! /+99.1-.<! /+1;=54+1! 61<!

68C867<1.55! -06-! HQ"O'! /61! -62C! 84-0+=-! 6! :454,2.! +7!

9+:413!9+=-0#!Q+9.!7+,+-!9+-4+15!5..9!-+!-7433.7!/6=-4+=5!

7.6/-4+15J!.5?./4622>!80.1!HQ"O'!-++C!+1.B5-.?!;+7867<!61<!

,6/C!W%6C413!+1.B5-.?! ;+7867<!80.1! 4-!865!HQ"O'P5! -=71J!

61<!+1.!5-.?!,6/C!80.1!4-!865!-0.!/042<P5!-=71[#!%0.!/042<!865!

-+2<!6-!-0.!,.3411413!+;!-0.!5-=<>!-06-!HQ"O'!8422!-6C.!6!5-.?!

;+7867<J! ,=-! 8422! 1+-! 3.-! 61>! /2+5.7#!A+8.:.7J! 4-! 5..95! 65!

-0+=30! /042<7.1! ;+73.-J! 61<! 96>! 1..<! 6! :.7,62! 8671413#!

A6:413!HQ"O'!549?2>!5-6-.!045!41-.1-4+1!-+!862C!/2+5.7J!65C!

;+7!?.794554+1J!+7!/7.6-.! 52+8B9+:413!61-4/4?6-+7>!9+-4+15!

96>!0.2?!622.:46-.!-0.5.!?7+,2.95#!%0.!5-=<>!7.:.62.<!5+9.!

HQ"O'!,.06:4+75!-06-!/042<7.1!/+154<.7.<!=1?7.<4/-6,2.#!!

)1?7.<4/-6,2.!6/-4+15!5..9.<!-+!41:4-.!.63.7!.1363.9.1-!

;7+9! +2<.7! /042<7.1#! O61>! -74.<! -+! c-.5-d! -0.! ?.7/.?-=62!

/6?6,424-4.5! +;! HQ"O'! 61<! +;-.1! -74.<! -+! -7+=,2.50++-! ,>!

-7>413!-+!-7433.7!6!7.5?+15.!;7+9!HQ"O'!W.#3#!96C413!;6/.5J!

04<413! =1<.7! -0.! -6,2.J! <.24,.76-.2>! <7+??413! -04135! +1! -0.!

;2++7[#!!%045!?42+-!5-=<>!0.2?.<!-+!5..!806-!C41<!+;!6--.1-4+1!
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5..C413! ,.06:4+7! /042<7.1! 50+8! -+! 3.-! HQ"O'P5! 6--.1-4+1#!

%0.7.! 45! 6! 1..<! -+! 7.5?+1<! 6??7+?746-.2>! -+! -0.5.! +=-7.6/0!

6/-4+15!-+!7645.!-0.!.@?./-6-4+15!61<!,.24.:6,424->!+;!63.1/>!41!

7+,+-5#! '1.! ?+554,2.! 7.65+1! 80>! +2<.7! /042<7.1! 67.! +;-.1!

5C.?-4/62! +;! -0.! 7+,+-P5! 6,424-4.5! 96>! ,.! <=.! -+! -0.47!

.@?.74.1/.! 84-0! 2+8B;=1/-4+1413! 7+,+-! -+>5! /=77.1-2>!

6:6426,2.!41!-0.!967C.-#!!

Q+9.! 7.6/-4+15! <=7413! -0.! 5-=<>! 49?24.<! -06-! HQ"O'!

50+=2<!?6>!9+7.!6--.1-4+1!-+!/.7-641!7.6/-4+15#!*042<7.1!+;-.1!

2++C!=?!80.1!-0.>!67.!<+1.!84-0!-0.!-65CJ!+7!/611+-!C..?!=?!

84-0!HQ"O'P5!5?..<#!!(.?.1<413!+1!-0.!/+1-.@-J!2++C413!=?!

/61!,.!41-.7?7.-.<!65!6!543162!+;!/+1;=54+1!+7!6!<.547.!;+7!0.2?#!

! Q+9.!/042<7.1!5-67-!-0.!-65C!,.;+7.!HQ"O'!;41450.5!34:413!

415-7=/-4+1J!804/0!49?24.5!-0.>!67.!1+-!245-.1413#!i=5-!65!84-0!

0=9615J! 4;!HQ"O'!/61!<.-./-! -045!?7.96-=7.!9+-4+1J!4-!/61!

65C!-0.!/042<!-+!?6>!6--.1-4+1J!+7!.:.1!5=33.5-!-0.!/042<!-+!?6>!

6--.1-4+1#!!

`.! 1+-4/.<! -06-! >+=13.7! /042<7.1! /+1-41=.! -+! 414-46-.!

/+1:.756-4+1!84-0!HQ"O'!.:.1!4;!-0.>!7./.4:.!=15=//.55;=2!

7.5?+15.5#!'2<.7!/042<7.1!96C.!;.8.7!6--.9?-5J!61<!67.!2.55!

7./.?-4:.#! ";! -0.7.! 45! 6! ?67.1-! ,>! -0.47! 54<.J! >+=13! /042<7.1!

7.5+7-!-+!65C413!-0.47!?67.1-5!;+7!65545-61/.!61<!1+-!HQ"O'#!!!

%+! .1/+=763.! 9+7.! <462+35J! HQ"O'! /61! <.-./-! 61<!

6/C1+82.<3.!-0.!?67.1-P5!?7.5.1/.J!61<!3.-!41:+2:.<!84-0!-0.!

/+1:.756-4+1#!_+7!.@69?2.J!c!>+=7!9+-0.7!96C.5!6!37.6-!?+41-J!

,=-!/61!"!-7>!6158.7413!>+=7!\=.5-4+1!-++ld!

`.!67.!/=77.1-2>!.@?2+7413!-0.!:4<.+!61<!6=<4+!<6-6!9+7.!

-0+7+=302>J!2++C413!6-!,+<>!?+5-=7.J!61<!;6/462!.@?7.554+15#!!

%0.!/+99.1-5!-06-!/042<7.1!96C.!67.!625+!,.413!-7615/74,.<!

61<!/+<.<#!%0.!1=9,.7!+;!41-.76/-4+15!61<!6--.1-4+1!<6-6!8422!

625+!,.!41/2=<.<!41!-0.!,.06:4+762!655.559.1-#!

R"""#! _)%)&U!`'&b!H$(!*'$*a)Q"'$!

a.671413!61<!,.06:4+7!<6-6!8422!,.!=5.<! -+!,.--.7!<.5431!

,.06:4+7! 9+<.25! ;+7! HQ"O'J! 41/+7?+76-.! 9+7.! 6867.1.55J!

61<!<.:.2+?! -++25! -+!6=-+96-.!6162>545!+;!0.6<!9+-4+1!61<!

,+<>!9+:.9.1-#! "9?7+:413!HQ"O'P5!6--.1-4+1!5>5-.9!61<!

,.--.7! 5>1/07+14]6-4+1! +;! 3.5-=7.! 61<! 5?../0J! 50+=2<! 0.2?!

/7.6-.!6!74/0.7!41-.76/-4+1!.@?.74.1/.5!;+7!-0.!/042<#!!

'=7!?42+-! 5-=<>!.@6941.<!806-! ;.6-=7.5!/61!,.!,=42-! 41-+!

HQ"O'! -+! 0.2?! /042<7.1! 2.671#! *042<7.1! .1363.<! 41! 6!

-6,2.B5.--413! -65C! 84-0! HQ"O'! -06-! .@04,4-.<! <4;;.7.1-!

2.671413! 5->2.5! Wa./-=7.J! /++?.76-4:.J! 5.2;B<47./-.<[! 61<!

3.1.762! ;.6-=7.5! W:+4/.! 61<! 3.5-=7.5[#! &.5=2-5! 50+8.<! -06-!

/042<7.1!<4<!,.--.7!80.1!-0.!41-.76/-4+1!865!/++?.76-4:.J!61<!

80.1!HQ"O'P5! :+4/.! 61<! 3.5-=7.5! 8.7.!9+7.! 0=961B24C.#!

':.7622J! 5.2./-4+1! +;! a.671413! Q->2.! 61<! j.1.762! _.6-=7.!

96--.7.<J!?+554,2>!9+7.!5+!;+7!>+=13.7!/042<7.1#!g.06:4+762!

+,5.7:6-4+15! 5=33.5-.<! ;=-=7.! ?+554,2.! 41-.7:.1-4+15! 61<!

7.5?+15.5! ;+7! HQ"O'! -+! 41/7.65.! /+1-41=+=5! .1363.9.1-!

84-0!-0.!/042<#!

%0.7.!45!9=/0!-+!2.671!6,+=-!-0.!0=961!?67-1.7!41!7.26-4+1!

-+! -0.! -./014/62! ?67-1.7#! ! Q0.74<61DELF! 5-6-.5! -06-! c<.5431!

.1341..75!06:.!-+!,.!-6=30-!-06-!-0.!+,^./-!45!1+-!<.5431!+;!6!

-0413J! ,=-! <.5431! +;! 6! 7.26-4+1504?! ,.-8..1! 6! 0=961! 61<! 6!

-0413#d!T+554,2>!-0.!1.@-!5-.?!41!-045!?67-1.7504?!45!-+!;43=7.!

+=-!0+8!-0.!2.671.7!/61!,./+9.!?67-!+;!-0.!5>5-.9!61<!?67-!+;!

-0.!<.5431#! ! "-! 45! 49?+7-61-! -+!1+-.J! -06-! 5=//.55;=2! 2.671413!

?67-1.7504?!,.-8..1!7+,+-5!61<!0=9615!<+!1+-!<.?.1<!+1!6!

54132.!2.671413!9./061459!+7!411+:6-4:.!-./01+2+3>#!!"15-.6<J!

4-! <.?.1<5! +1! 54-=6-4+15! -06-! ,7413! -+3.-0.7! 6! 8.22B/0+5.1!

/+1;2=.1/.!+;!.;;./-4:.!2.671413!7.5+=7/.5!61<!-0.!/0+4/.!+;!

?67-1.7504?! 84-0! 6! -./01+2+3>! -06-! /61! 0.2?! =1;+2<! -0.!

?+-.1-462!C1+82.<3.!+;!-0.!=5.7#!!

H*b$'`aU(jOU$%!

`.!6??7./46-.! -0.!?67-4/4?61-5! -6C413! -49.! ;+7! -045!5-=<>#!

%0.! 7.5.67/0! 865! 5=??+7-.<! ,>! A+1<6! &.5.67/0! "15-4-=-.J!

)QH#!!

&U_U&U$*UQ!!

DEF! b#!A6=5.7J!R#!$3B%0+8BA413J!A#!j+1]p2.]Bg6q+5J!O=2-4BO+<62!

O+-4+1!T2611413!;+7!6!A=961+4<!&+,+-!O614?=26-4+1!%65CJ!

T7+/..<4135!+;!-0.!EI-0!"1-.716-4+162!Q>9?+54=9!+1!&+,+-4/5!
&.5.67/0!W"Q&&!GVVN[J!GVVN#!

DGF! A+1<6!O+-+7!*+#J!a-<#J!HQ"O'!S.67!GVVV!O+<.2J!
0--?Yrr8+72<#0+1<6#/+9rHQ"O'r-./01+2+3>r5?./#0-92#!

DIF! S#!g67B*+0.1J!*#!a#!!g7.6].62J!g4+2+34/622>!"15?47.<!"1-.2243.1-!&+,+-5#!

`650413-+1Y!QT"U!T7.55J!GVVI#!
DKF! !*#!g67-1./CJ!i#!_+724]]4J!Q06?413!0=961B7+,+-!41-.76/-4+1Y!

)1<.75-61<413!-0.!5+/462!65?./-5!+;!41-.2243.1-!7+,+-!?7+<=/-5J!41!
U@-.1<.<!H,5-76/-5!A=961!_6/-+75!41!*+9?=-.7!Q>5-.95!W*A"[J!H*O!

T7.55J!??#!ENIEBENIGJ!GVVK#!

DLF! %#!b61<6J!%#!A4761+J!(#!U6-+1J!A#!"5043=7+J!c"1-.76/-4:.!&+,+-5!65!
Q+/462!T67-1.75!61<!T..7!%=-+75!;+7!*042<7.1Y!H!_4.2<!%7462dJ!41!

A=961B&+,+-!"1-.76/-4+1J!R+2=9.!EfJ!??#MEBXKJ!GVVK#!
DMF! (#!`6<6J!%#!Q04,6-6J!!%#!Q64-+J!61<!b#!%614.#!H162>545!+;!;6/-+75!-06-!

,7413!9.1-62!.;;./-5!-+!.2<.72>!?.+?2.!41!7+,+-!65545-.<!6/-4:4->#!"1!T7+/#!

"1-#!*+1;.7.1/.!+1!"1-.2243.1-!&+,+-5!61<!Q>5-.95J!"&'Q!GVVGJ!??#!
EELGBEELNJ!a6=5611.J!Q84-].7261<J!GVVG#!!

DNF! g#!&+,415J!b#!(6=-.10601J!&#!-.!g+.C0+75-J!H#!g42267<J!hU;;./-5!+;!
7.?.6-.<!.@?+5=7.!-+!6!0=961+4<!7+,+-!+1!/042<7.1!84-0!6=-459Jh!41!

T7+/..<4135!*69,74<3.!`+7C50+?!+1!)14:.7562!H//.55!61<!H5545-4:.!

%./01+2+3>J!Q?7413.7BR.7263J!??#GGLBGIMJ!GVVK#!
DXF! Q#!S#!'C4-6J!(#!a#!Q/0867-]J!cS+=13!*042<7.1P5!)1<.75-61<413!+;!

H1496/>!61<!U1-.71-6419.1-!&+,+-5dJ!"1-.716-4+162!i+=7162!+;!
A=961+4<!&+,+-4/5!W"iA&[J!R+2#!IJ!$+#!IJ!??#!IfIBKEGJ!GVVM#!

DfF! H#!!H75.14+J!c*042<7.1J!A=961+4<!&+,+-5!61<!*67.34:.75dJ!T7+/#+;!-0.!

K-0!"1-.716-4+162!`+7C50+?!+1!U?43.1.-4/!&+,+-4/5dJ!!??#!EfBGMJ!GVVK!
DEVF! R#!$3B%0+8BA413J!b#!&#!%0s7455+1J!&#!b4761!Q67:6<.:6,06-26J!i#!

`+79.7J!%0+7!a45-J!c*+314-4:.!O6?!H7/04-./-=7.Y!_6/424-6-4+1!+;!
A=961B&+,+-!"1-.76/-4+1!41!A=961+4<!&+,+-5dJ!"UUU!&+,+-4/5!t!

H=-+96-4+1!O636]41.J!R+2#!EMJ!$+#!EJ!??#!LLBMMJ!O67/0!GVVf#!

DEEF! O#!%#!A#!*04J!O#!&+>J!&#!j#!O#!A6=59611J!c',5.7:413!-=-+7462!
<462+3=.5!/+226,+76-4:.2>Y!"15430-5!6,+=-!0=961!-=-+7413!.;;./-4:.1.55!

;7+9!:4/674+=5!2.671413#d!*+314-4:.!Q/4.1/.J!IGJ!??#IVEBIKEJ!GVVX!
DEGF! !H#!O#!'e(+11.22J!cQ-7=/-=7413!<>6<4/!41-.76/-4+1!-07+=30!5/74?-.<!

/++?.76-4+1#d!"1!H#!O#!'e(+11.22J!H#!b413J!WU<5#[J!*+314-4:.!

T.75?./-4:.5!+1!T..7!a.671413J!!O60860J!$iY!U72,6=9JEfffJ!??#!
ENfBEfM#!

DEIF! H#g61<=76J!cQ+/462!2.671413#d!!"1!H#!Q#!&#!O615-.6<!t!O#!A.85-+1.!
WU<5#[J!g26/C8.22!U1/>/2+?.<46!+;!Q+/462!T5>/0+2+3>J!'@;+7<Y!

g26/C8.22#!EffLJ!??#!MVVBMVM#!

DEKF! i#!*0.5-1=--J!O#!!a6=J!j#!*0.=13J!i#!b=;;1.7J!i#!!A+<3415J!%#!b616<.J!
c_++-5-.?!T2611413!;+7!-0.!A+1<6!HQ"O'!A=961+4<dJ!T7+/#!+;!-0.!

"UUU!"1-.716-4+162!*+1;#!+1!&+,+-4/5!61<!H=-+96-4+1J!H?742J!GVVL#!
DELF! %#!g#!Q0.74<61J!hA=9615!61<!H=-+96-4+1Y!Q>5-.9!(.5431!61<!

&.5.67/0!"55=.5#h!$.8!S+7CY!i+01!`42.>!t!Q+15J!"1/#!GVVG#!

??#EMVBEMI#!
DEMF! i#!&#!H1<.75+1J!*#!_#!g+>2.J!t!g#!i#!&.45.7J!h"1-.2243.1-!-=-+7413!

5>5-.95#h!Q/4.1/.J!GGXJ!??#!KLMBKMXJ!EfXL#!
DENF! Q#!a#!T7.55.>J!cH!%047<!61<!_+=7-0!*+1-74,=-4+1!%+867<!-0.!*+9413!

"1<=5-7462!&.:+2=-4+1!41!U<=/6-4+1dJ!Q/0++2!61<!Q+/4.->J!IMJ!fIKJ!EfIG#!
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