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K.! *-3%-! (*! A-%)%.(! ($%! "9/4%)! (*! ($%! *G)%-B%-)C! (=*! )%A/-/(%!
'*9A,(%-)! =%-%! ,)%3! ="($! ($%"-! 9*."(*-! 3")A+/:)! )"3%! G:! )"3%8!!
#$%!A%-)*.!-,..".4! ($%! (%)(!'*,+3!,)%!'-*))U%:%3!)(%-%*!B"%=".4!
*&! ($%! 9*."(*-! 3")A+/:)! (*! ".(%-A-%(! ($%! -%),+()! 4"B%.! G:! ($%!
*G)%-B%-8! !#$%!9*."(*-!3")A+/:)!=%-%!'*.B%-(%3! (*!B"3%*!G:!(=*!
#<"%=!T*+3m!)"4./+!'*.B%-(%-)!/.3!3")A+/:%3!G:!/!9*3"&"%3!A/"-!
*&! <"-(,/+! K>! )(%-%*! 4*44+%)! ($/(! /++*=%3! ($%! +%&(! /.3! -"4$(!
3")A+/:)!(*!G%!3-"B%.!G:!3"&&%-%.(!B"3%*!)"4./+!".A,()8!!J*-!9*.*!
B")"*.C! ($%! )/9%! +%&(! ;&$"-3-4%8( !-<2"!-&*%8! A-%)%.(/("*.! =/)!
3")A+/:%3! G:! G*($! '*9A,(%-)8! ! J*-! )(%-%*! B")"*.C! ($%! +%&(! B"%=!
;&$"-3-4%8( !-<2"!-&*%! A-%)%.(/("*.! =/)! &%3! ".(*! ($%! +%&(! 4*44+%!
3")A+/:!/.3!($%!*($%-!;&$"-3-4%8(!-<2"!-&*%8!A-%)%.(/("*.!0'%.(%-!
/.3!-"4$(!F>12!=/)!&%3!".(*!($%!-"4$(!4*44+%!3")A+/:8! !#$%!(/-4%(!
)'%.%)! =%-%! )%A/-/(%3! G:! /! G+/'@U.,9G%-%3! )'%.%! ($/(! /++*=%3!
($%!B"%=%-!(*!-%(/".!/!3/-@U/3/A(%3!)(/(%!3,-".4!($%!'*,-)%!*&!($%!
%QA%-"9%.(8! ! #$%! -**9! +"4$()! =%-%! @%A(! +*=! (*! A-*B"3%! /!
.*.".(%-&%-".4!+"4$(!+%B%+!&*-!*A("9,9!,)%!*&!($%!)(%-%*!4*44+%)8!
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^%'/,)%! ($%! &*',)! *&! ($")! A/A%-! ")! (*! '*9A/-%! )(%-%*! B")"*.! /.3!
9*.*!B")"*.! &*-!1!/.3!#6! (/)@)C!*.+:! ($%!3/(/G/)%! &-*9!($%!)"(%!
V!(%)(!="++!G%!'*.)"3%-%3!$%-%8!!#$%-%!=%-%!/!(*(/+!*&!WZ!*G)%-B%-)!
($/(!(**@!(=*!)(%-%*!B")"*.!(%)()!/.3!(=*!9*.*!B")"*.!(%)()8!!>.%!
(%)(! ".'+,3%3! VV! *-! VW! (/-4%()! A*)"("*.%3! ".! +/-4%! /.3! 9%3",9!
J><!)'%.%)8!!#$%!*($%-!(%)(!".'+,3%3!VW!(/-4%()!A*)"("*.%3!".!)9/++!
J><!)'%.%)!="($!($%!)(%-%*!A*-("*.!3")A+/:%3!="($!%"($%-!MdU9!*-!
VdU9!'/9%-/!G/)%+".%!)%A/-/("*.8!!!
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1*9%! *&! ($%!9*)(! ,)%&,+! 1! /.3!#6! ".&*-9/("*.! '/.! G%! *G(/".%3!
,)".4! %:%! (-/'@".4! *&! ($%! *G)%-B%-8! ! 7.&*-(,./(%+:C! ($")! (:A%! *&!
/./+:)")! (**+! =/)! .*(! /B/"+/G+%8! ! I%.'%C! /.! 1! /.3! #6! (/)@! =/)!
4"B%.!="($!/.!/))*'"/(%3!-/(".4!):)(%9!(*!*G(/".!($%!3%)"-%3!(:A%!
*&! -%)A*.)%8! !#$%!*G)%-B%-)!=%-%! )A+"(! ".(*! (=*!4-*,A)!="($!*.%!
4-*,A!A%-&*-9".4!($%!9*.*!(%)(!&"-)(!/.3!($%.!($%!)(%-%*!V!=%%@)!
+/(%-8! ! #$%! )%'*.3!4-*,A! (**@! ($%! )(%-%*! (%)(! &"-)(! /.3! ($%!9*.*!
(%)(!V!=%%@)!+/(%-8!!#$%!4%.%-/+!(/)@!=/)!4"B%.!/)!&*++*=)!&*-!G*($!
(%)()!="($!($%!)(%-%*!A*-("*.!*.+:!4"B%.!=$%.!($/(!(%)(!=/)!(/@%.8!

• T%.%-/+!(/)@!".)(-,'("*.)ln*,-!(/)@!")!(*!&".3!/++!*&!($%!&*-%)(U
'/9*,&+/4%3! A%-)*..%+! (/-4%()! )(/.3".4! *-! )5,/((".4! ".! ($%!
)'%.%)! /)! 5,"'@+:! /)! A*))"G+%8! ! #$%-%! 9/:! G%! *.%C! .*.%C! *-!
9*-%!($/.!*.%!(/-4%(!".!%/'$!)'%.%8!!>.'%!/++!(/-4%()!$/B%!G%%.!
+*'/(%3! :*,! /-%! (*! )/:! a)(*A8b! ! #$%.! (%++! $*=! 9/.:! (/-4%()!
=%-%!&*,.3!/.3!($%"-!+*'/("*.!#UF!0(*A!+%&(2C!#U\C!#oEC!\UFC!\C!
\UEC! ^UFC! ^U\C! *-! ^UEc! :*,-! )%/-'$! ="++! G%! ("9%38! ! J*-! ($%!
A,-A*)%!*&!3%(%'("*.!/'',-/':C!V!A*".()!="++!G%!/33%3!&*-!%B%-:!
(/-4%(!'*--%'(+:!"3%.("&"%3C!W!A*".()!="++!G%!),G(-/'(%3!&*-!%B%-:!
9"))%3! (/-4%(C! /.3! M! A*".(!="++! G%! ),G(-/'(%3! &*-! %B%-:! &/+)%!
(/-4%(!"3%.("&"%3!0"8%8C!1\>ES!p!V!q!eR*)"("B%!KLf!r!W!q!eH"))%3!
#/-4%()f! rM! q! eJ/+)%!6+/-9)f28! ! #$%! (/-4%()! /-%! .*(! (-:".4! (*!
$"3%!/.3!%QA*)%!*.+:!/!)9/++!A*-("*.!*&! ($%"-!G*3"%)C!G,(!($%!
3"&&"',+(:!".!"3%.("&:".4!($%9!="++!-/.4%!&-*9!*GB"*,)!(*!B%-:!
3"&&"',+(8!!#$%!(%)(".4!'*.3"("*.)!=%-%!*B%-'/)(!="($!+"4$(!-/".8!
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• 1(%-%*! (%)(lJ*-! ($%! )(%-%*! (%)(".4! A*-("*.! *&! ($%! (%)(! ($%!
*G)%-B%-)!=%-%!)$*=.!/.!%Q/9A+%!*&!=$/(!)'%.%!&,)"*.!9%/.(!
/)! "++,)(-/(%3! G:! /AA%.3"Q! &"4,-%! 6UMZ8! #$%! *G)%-B%-)! =%-%!
($%.! (-/".%3! *.! ($%! ,)%! *&! ($")! &,)"*.! (%'$."5,%! (*! ")*+/(%!
3"&&%-%.(!-/.4%!A*-("*.)!*&!($%!(-/".".4!)'%.%)!&-*9!)"(%!M8!!J*-!
G*($!A*-("*.)!*&!($%!(%)(!09*.*!/.3!)(%-%*2!($%!*G)%-B%-)!=%-%!
(*+3! ($/(! ($%! '*.'%A(! =/)! (*! 3%(%-9".%! =$"'$! *&! ($%! (=*!
(%'$."5,%)!=*-@%3!G%((%-!&*-!($%!1!/.3!#6!(/)@!/.3!($/(!G*($!
)$*,+3!G%!/AA-*/'$%3!="($!($%!)/9%!'-"(%-"/8!!#$%:!=%-%!(*+3!
($/(! ($%:! =*,+3! +*)%! 9*-%! A*".()! &*-! 9"))".4! /! (/-4%(!
0W!A*".()2! ($/.! ($%:! =*,+3! 4%(! "&! ($%:! '*--%'(+:! "3%.("&"%3! /!
(/-4%(! 0V! A*".()2! /.3! ($/(! ($%:!=*,+3! +*)%!*.+:! M!A*".(! &*-! /!
&/+)%!(/-4%(8! !#$%!-/("*./+%!=/)!(*!4%(!($%9!(*!9/@%!%3,'/(%3!
4,%))%)!(*!/))%))!($%!"9A/'(!*&!'+,((%-!*.!($%!1!/.3!#6!A-*'%))8!!
633"("*./++:C!/&(%-!G*($!(%)()!=%-%!(/@%.!/.3!G%&*-%!($%:!=%-%!
(*+3!$*=!=%++!($%:!A%-&*-9%3!*.!%"($%-!(%)(C!($%:!=%-%!/)@%3!
(*! 3")(-"G,(%! Y! A*".()! G%(=%%.! ($%! V!/AA-*/'$%)8! ! #$%! 9*-%!
A*".()! /))"4.%3! 9%/.(! ($%! G%((%-! ($%:! +"@%3! ($/(! A/-("',+/-!
9*3%!*&!)'%.%!A-%)%.(/("*.8!
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#$%! *G)%-B%-)! =%-%! )'-%%.%3! G:! A/-("'"A/(".4! ".! /! )(%-%*)'*A"'!
B"),/+!/',"(:!(%)(!(*!3%(%-9".%!"&!($%:!'*,+3!)%%!".!)(%-%*!/.3!$*=!
=%++8!eMVf!!6!(%)(".4!)'$%3,+%!=/)!)%(!,A!(*!%.),-%!($%:!'*,+3!(/@%!
G*($! (%)()! V! =%%@)! /A/-(8! ! #$%! *G)%-B%-)! =%-%! A-%)%.(%3! ($%!
!-<2"!-&*%8()+"3%!)$*=!/&(%-!($%:!$/3!G%'*9%!3/-@U/3/A(%3!(*!($%!
-**9! +"4$(".48! ! #$%:! =%-%! )$*=.! ($%! &"B%! (-/".".4! )+"3%)! &"-)(8!!
#$%.C! ($%:!=%-%!)$*=.!/!G+/'@UG/'@4-*,.3!)+"3%!="($!/!.,9G%-!
*.!"(c!($")!)+"3%!=/)!%/)"+:!)(%-%*!&,)%38!!#$%:!=%-%!($%.!("9%3!/)!
($%:!)%/-'$%3!($%!(%)(!)'%.%!&*-!(/-4%()8!!D$%.!($%:!)/"3C!k)(*Ak!($%!
=/('$! =/)! )(*AA%3! /.3! ($%! ("9%! -%'*-3%38! ! #$%:! ($%.! (*+3! ($%!
.,9G%-!/.3!+*'/("*.!*&!($%!(/-4%()!&*,.38!!#$%!A%-)*.!-,..".4!($%!
(%)(!=/)! B"%=".4! ($%! )/9%! )'%.%! *.! ($%! '*9A,(%-!9*."(*-)! /.3!
=*,+3! 3%(%-9".%! =$%($%-! ($%-%! =/)! /! A*))"G+%! /9G"4,"(:! ".!
'*--%'(+:! "3%.("&:".4! -%/+! (/-4%()8! ! K&! ($%-%!=/)! /.:!5,%)("*.C! ($%!
)'%.%! =/)! -%B")"(%3! /.3! ($%! '*9A,(%-! /--*=! *&! ($%! *G)%-B%-`)!
3*9"./.(!%:%!=/)!,)%3!(*!A*".(!*,(!($%!%Q/'(!+*'/("*.!=$%-%!($%!
(/-4%(! ".! 5,%)("*.!=/)! +*'/(%3! (*!3%(%-9".%! "&! /!A*)"("B%! KL!=/)!
9/3%8!
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6.! /./+:)")! *&! ($%! B/-"/.'%! 06;><62! =/)! A%-&*-9%3! *.! ($%!
*G)%-B/("*.!3/(/!'*++%'(%3!/(!($%!7818!H"+"(/-:!6'/3%9:!071H62C!
D%)(! R*".(8! ! \*A"%)! *&! ($%! )'*-%! )$%%()! =%-%! ,)%3! (*! G,"+3! /!
3/(/G/)%! ".! ($%! 71H6`)! H"."(/G! MW! )(/(")("'/+! )*&(=/-%! ="($!
XZdO!3/(/!%.(-"%)!*-![!B/-"/G+%)!&*-!%/'$!*G)%-B%-8!!#$%)%!".'+,3%3!
9*.*!*-!)(%-%*!B")"*.c!+/-4%C!9%3",9C!*-!)9/++!J><c!/.3!./--*=!
*-! ="3%! )(%-%*! G/)%+".%8! ! #$%-%! =%-%! /+)*! )%B%-/+! .,")/.'%!
B/-"/G+%)!($/(!".'+,3%3!4%.3%-C!(%)(!*-3%-C!/.3!B"),/+!/',"(:8!!#$%!
3%(/"+%3! /./+:)")! A%-&*-9%3! ")! +*'/(%3! ".! k6! \*9A/-")*.! *&!
>G)%-B%-! #/)@! R%-&*-9/.'%]! ! #$-%%! L"9%.)"*./+! <%-),)! #=*!
L"9%.)"*./+!L")A+/:)8k!eMWf!!#$%-%&*-%C!($")!-%A*-(!="++!A-*B"3%!/.!
*B%-B"%=! *&! ($%! &".3".4)! -/($%-! ($/.! ($%! '*9A+%(%C! 3%(/"+%3!
/./+:)")8!!

J"-)(C!)*9%!*&!($%!.,")/.'%!&/'(*-)!)$*=%3!)(/(")("'/+!)"4."&"'/.'%]!
9/+%)!3"3!G%((%-!($/.!&%9/+%)8! !<"),/+!/',"(:!=/)!/+)*!)"4."&"'/.(!
="($! ($%! Wd!/.3! Zd!9-/3! B"),/+U/',"(:! *G)%-B%-)! A%-&*-9".4!
G%((%-8! !6+)*C!($%!*-3%-!-%),+()!=%-%!3"&&%-%.(C!G,(!.*(!)(/(")("'/++:!
)"4."&"'/.(8! ! K(! /AA%/-)! ($/(! ($%! *G)%-B%-)! +%/-.%3! $*=! (*! G%((%-!
3")'-"9"./(%!($%!&/+)%!(/-4%()!=$%.!($%:!)/=!($%!)(%-%*!&"-)(!/.3C!
$%.'%C! 3"3! G%((%-! *.! ($%! 9*.*! A*-("*.! *&! ($%! (%)(! ($/.! ($*)%!
*G)%-B%-)!($/(!(**@!($%!9*.*!(%)(!&"-)(8!!#$%!/./+:)")!*&!($%!9*.*!
B%-),)! )(%-%*! B")"*.! )$*=%3! /! 3"&&%-%.'%C! G,(! "(! =/)! .*(!
)(/(")("'/++:! )"4."&"'/.(8! ! #$%! /./+:)")! *&! ($%! J><)! )$*=%3!
)(/(")("'/+! )"4."&"'/.'%! /.3! ($%! -%),+()!=%-%!G%((%-!="($! ($%! )9/++!
J><8! ! J"./++:C! ($%! /./+:)")! *&! ($%! G/)%+".%)! )$*=%3! ($/(! ($%!
MdU9!G/)%+".%! *,(A%-&*-9%3! ($%! VdU9! G/)%+".%! /.3! ($%! 9*.*!
B")"*.C! G,(! 3"3! .*(! -%/'$! )(/(")("'/+! )"4."&"'/.'%8! ^/)%3! *.! ($%)%!
-%),+()C!(=*!9/".!")),%)!-%5,"-%!&,-($%-!".B%)("4/("*.]!!!

• I*=!/-%!($%!)(%-%*!B")"*.!-%),+()!3"&&%-%.(!($/.!($%!9*.*!
B")"*.s!!

• 6.3!=$/(! /-%! ($%! -%5,"-%9%.()! &*-!*A("9"?".4! ($%! )(%-%*!
B")"*.!3")A+/:s!
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#$%!/./+:)")!="++!G%4".!="($!($%!),"(/G"+"(:!*&!($%!(/-4%(U3%(%'("*.!
3"&&"',+(:! *&! )"(%! V! )'%.%)8! ! #$")! ")! ),99/-"?%3! ".! ($%! /AA%.3"Q!
(/G+%)!6UX!/.3!6UY8!!#$%!3"&&"',+(:!+%B%+!")!3"B"3%3!".(*!($-%%!%5,/+!
'/(%4*-"%)! &*-! %/'$! J><8! ! #$%! (*A! ($"-3! ")! +")(%3!/)! %/):! 0S2C! ($%!
9"33+%! /)! 0H2C! /.3! ($%! G*((*9!/)! $/-3! 0I28! !#$%! ',(*&&!A*".(! ")!
)$*=.! ".! 3%'-%/)".4! 3"&&"',+(:! (*! ($%! +%&(! *&! ($%! '*--%'(! (/-4%(U
.,9G%-! B/+,%)! /.3! ".! /)'%.3".4! 3"&&"',+(:! (*! ($%! -"4$(! *&! ($%!
B/+,%)8!!#$%-%!/-%!3%&"."(%!3"&&%-%.'%)!G%(=%%.!3"&&%-%.(!J><)!G,(!
.*(!G%(=%%.!9*.*!/.3!)(%-%*!B")"*.8!!K.!&/'(C!($%-%!=/)!/+9*)(!.*!
3"&&%-%.'%! ".! ($%! (*(/+! .,9G%-! *&! '*--%'(+:! 3%(%'(%3! (/-4%()l
[dN!&*-!9*.*!B")"*.!/.3![MV!&*-!)(%-%*!B")"*.8!!#$%!9*)(!,."&*-9!
3")(-"G,("*.! &-*9!%/):! (*!3"&&"',+(!*'',--%3! &*-! ($%!)9/++!J><!/)!
*AA*)%3!(*!($%!A**-!3")(-"G,("*.!&*-!)"(%!M!(%)(C!=$%-%!Nd!A%-'%.(!*&!
($%!*G)%-B%-)! '*--%'(+:! "3%.("&"%3!Od!A%-'%.(!*&! ($%! (/-4%()8! !#$")!
=/)!G%'/,)%!*&! ($%!4**3!(/-4%(!'*.(-/)(!/.3!'*+*-!3")'-"9"./("*.!
3,-".4!'+%/-!(*!A/-(+:!'+*,3:!'*.3"("*.)!/)!*AA*)%3!(*!($%!.*"):C!
+*=U'*.(-/)(!)'%.%)!="($!9,(%3!'*+*-!=$%.! "(!=/)!*B%-'/)(!="($!
+"4$(!-/".!/(!)"(%!V8!
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#$%! *G)%-B%-! 9*.*)! B%-),)! )(%-%*! A-%&%-%.'%! -%),+()! =%-%!
'*++%'(%3!G%&*-%!($%!*G)%-B%-)!@.%=!$*=!=%++!($%:!A%-&*-9%3!($%!
1!/.3!#6!(/)@8! !#$%!A*".(!)'*-%! &*-!9*.*!B")"*.!=/)!M8NV!±!d8OX!
/.3!&*-!)(%-%*!B")"*.!W8dO!±!d8OX8!!#$%!)(%-%*!B")"*.!=/)!A-%&%--%3!
="($! /! B/-"/.'%! *&! *B%-! ($%! ".3"B"3,/+! A*A,+/("*.)`! )(/.3/-3!
3%B"/("*.C! G,(! ($%! *.%! )(/.3/-3! 3%B"/("*.! A*A,+/("*.)! 3"3!
*B%-+/A8! ! J*-! ($%! &%9/+%! *G)%-B%-! A*A,+/("*.C! ($%! -%),+()! =%-%!
3"&&%-%.(8! ! #$%!9*.*! B")"*.!=/)!A-%&%--%3!="($! /!A*".(! )'*-%! *&!
V8ZW!±! d8NV!*B%-! ($%! )(%-%*!B")"*.!="($!V8WO!±! d8NV8! !>.!($%!*($%-!
$/.3C! ($%! 9/+%U*G)%-B%-! A*A,+/("*.! A-%&%--%3! ($%! )(%-%*! B")"*.!
="($!/!)'*-%!*&!W8VN!±!d8[M!(*!($%!9*.*!B")"*.!="($!M8[M!±!d8[M8!!K.!
&/'(C!($%!*.%!)(/.3/-3!3%B"/("*.!A*A,+/("*.)!&*-!($%!9/+%!*G)%-B%-!
)'*-%)!3"3!.*(!*B%-+/A8!!D$:!($%.!3"3.`(!($%!/./+:)")!*&!B/-"/.'%)!
)$*=!/.:!)"4."&"'/.(!3"&&%-%.'%)!G%(=%%.!($%!(=*!(%'$."5,%)s!!6)!
A-%B"*,)+:!9%.("*.%3C!($%!9*.*!B")"*.!$/3!G%%.!4"B%.!/!3")(".'(!
/3B/.(/4%!="($!($%!G%)(!F>1!"9/4%-:!/.3!.*!3%A%.3%.'%!*.!($%!
)(%-%*! G/)%+".%! B/-"/("*.8! ! 6+)*C! ($%! /./+:)")! *&! B/-"/.'%! ")! .*(!
3%)"4.%3! (*! /33-%))! ($%! ")),%! *&! 9,+("A+%U(/-4%(! 3%(%'("*.! (/)@)!
($/(!'/.!G%((%-!)$*=!($%!"9A/'(!*&!&/+)%U(/-4%(!'+,((%-8!!S))%.("/++:C!
($%!")),%!")!(*!$*=!(*!$/.3+%!/!)'%.%!($/(!$/)!/!B/+"3!(/-4%(!/.3!/!
B%-:!4**3!&/+)%!(/-4%(!A-%)%.(8!!#$%!*G)%-B%-!=$*!")!&*-'%3!(*!A"'@!
*.+:! *.%! 9/:! $/B%! A"'@%3! G*($! /)! B/+"3! (/-4%()C! "&! 4"B%.! ($%!
*A("*.8! ! #$%-%&*-%C! /! (/-4%(! 9/:! G%! 9"))%3! ".! ($")! '/)%! 3,%! (*!
+"9"(%3!(/-4%(!*A("*.8!!6+)*C!"&!/!)'%.%!$/)!.*!(/-4%()!/.3!($%-%!/-%!
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(=*!*-!9*-%! &/+)%! (/-4%()! ($/(!=*,+3!$/B%! G%%.! '$*)%.!/)!B/+"3!
(/-4%()C! ($%! -%),+()! *.+:! )$*=! *.%! &/+)%! /+/-9! /.3! .*(! (=*! *-!
9*-%8! !K(! ")!.%'%))/-:!(*!B"%=!($%!*G)%-B%-!-%),+()!".!(%-9)!*&!($%!
(/)@!)'*-%!G/)%3!*.!($%!'-"(%-"/!($/(!=/)!4"B%.!(*!($%!*G)%-B%-)8!

E<A''GC2#"5#"'9&+"#'

#$%!*G)%-B%-! )'*-%!=/)!3%-"B%3! &-*9! ($-%%! &/'(*-)! /)!3%&".%3! ".!
($%!*G)%-B%-`)!4%.%-/+!(/)@]!

M8! ($%!.,9G%-!*&!'*--%'(+:!"3%.("&"%3!(/-4%()C!

V8! ($%!.,9G%-!*&!9"))%3!(/-4%()C!/.3!

W8! ($%!.,9G%-!*&!&/+)%!(/-4%(!"3%.("&"'/("*.)8!

^%'/,)%!($%!.,9G%-!*&!(/-4%()!3%(%'(%3!=/)!)*!'+*)%!G%(=%%.!($%!
9*.*! /.3! )(%-%*! (%'$."5,%)C! *.+:! ($%! .,9G%-! *&! '*--%'(+:!
"3%.("&"%3! (/-4%()! =/)! ,)%38! ! #$%! )%'*.3! &/'(*-! *&! &/+)%U(/-4%(!
3%(%'("*.C!*-!&/+)%!/+/-9)!0J62)C!="++!/+)*!G%!/33-%))%38!!6!'+,((%-!
-%P%'("*.!-/("*! 0\E2! ")!,)%3! ($/(!-%+/(%)!($%!.,9G%-!*&!J6)!(*!($%!
.,9G%-!*&!'*--%'(+:!KL!(/-4%()!G:!(/@".4!($%!-/("*!*&!($%!(/-4%(!KL)!
/.3!3"B"3".4!"(!G:!($%!(*(/+!.,9G%-!*&!3%(%'("*.)!($/(!".'+,3%)!($%!
(/-4%(!KL)!A+,)!($%!J6)8!!#$")!=/)!G%'/,)%!($%!(/-4%()!=%-%!.*(!*&!
%5,/+!3%(%'("*.!3"&&"',+(:!/)!)$*=.!".!($%!/AA%.3"Q!(/G+%)!6UX!/.3!
6UY8!!I%.'%C!/.!*G)%-B%-!($/(!$/)!/!4"B%.!.,9G%-!*&!&/+)%!/+/-9)!")!
9*-%! %&&"'"%.(! /(! '+,((%-! -%P%'("*.! =$%.! 9*-%! (/-4%()! $/B%! G%%.!
'*--%'(+:! "3%.("&"%3! '*9A/-%3! (*! ($/(! .,9G%-! *&! &/+)%U(/-4%(!
3%(%'("*.)8!!#$%!-%),+()!*&!($%!*B%-/++!(*(/+!B/+,%)!/.3!($%!./--*=!
G/)%+".%C!)9/++UJ><!B/+,%)!/-%!)$*=.!".!($%!/AA%.3"Q!(/G+%!6UZ8!

#$%! -%),+(".4!3"&&%-%.'%!G%(=%%.! ($%! (%)(".4!*-3%-)!=/)! ($/(! ($%!
)'*-%)!*&! ($%!4-*,A!=$*!=%-%!)$*=.!9*.*!B")"*.! &"-)(!=%-%! ($%!
=*-)(8!!#$%!+*=!\E!B/+,%!(-/.)+/(%)!".(*!9*-%!J6)!&*-!($")!4-*,A8!!
^*($! &%=%-! '*--%'(+:! "3%.("&"%3! (/-4%()! /.3! +*=%-! \E! &*-! ($%!
./--*=UG/)%+".%C!)9/++UJ><!'/)%!/-%!)%%.!".!($%!9*.*!B")"*.!'/)%8!!
#$%! -%),+()! &*-! /++! *&! ($%! J><)! /-%! )$*=.! ".! ($%! /AA%.3"Q! (/G+%!
6UX8!!D$/(!")!*&!".(%-%)(!$%-%!")!($%!".'-%/)%!".!($%!\E!*&!($%!9*.*!
B")"*.! G%(=%%.! 9%3",9! /.3! )9/++! J><C! ".3"'/(".4! ($/(! 4+*G/+!
'+,((%-! ")! G%4"..".4! (*! '/,)%! /! A-*G+%9! ".! ($%! (/-4%(U3%(%'("*.!
A-*'%))8!



!MO!

E<F''6$$#&12'+$'I%*/#'%*.'?GQ'

#$%!%&&%'(!*&! (/-4%(! -/.4%!*.!3%(%'("*.! ")!/!B/-"/G+%! ($/(!=/)!.*(!
'*.)"3%-%3!".!($%!A-%B"*,)!/./+:)")!*&!B/-"/.'%8!!#$%!3"&&%-%.'%!*&!
'*--%'(! (/-4%(! 3%(%'("*.)! ,)".4! )(%-%*! B%-),)! 9*.*! B")"*.! =/)!
".B%)("4/(%38!!#$%!'*--%'(!(/-4%(!3%(%'("*.)!,)".4!)(%-%*!9".,)!($%!
'*--%'(! (/-4%(! 3%(%'("*.)! ,)".4! 9*.*! B")"*.! &*-! %/'$! (/-4%(!
+*'/("*.! /-%! )$*=.! ".! ($%! /AA%.3"Q! &"4,-%)! 6UM[! ($-*,4$!
6UVd8!!S/'$!(/-4%(!=/)!)$*=.!(*!MO!*G)%-B%-)8!!#*!G%4".!+**@".4!/(!
($%! ".3"B"3,/+! (/-4%()! ($/(!=%-%! 3%(%'(%3C! ($%! (/-4%(! 3%)"4./("*.!
)'$%9%!.%%3)! (*!G%!4"B%.8! !1"Q! (/-4%(!)%5,%.'%)!=%-%!A%-&*-9%3!
="($!&*,-!A%-)*..%+!".!%/'$8!!#$%-%&*-%C!($%!(/-4%(!A*)"("*.)!=%-%!
+/G%+%3!/)!M!($-*,4$!Z!/.3!6!($-*,4$!L8!!F**@".4!/(!($%!/AA%.3"Q!
&"4,-%)!6UM[!($-*,4$!6UVdC!($%-%!/-%!)*9%!3")(".'(!*,(+"%-)!".!($%!
3")(-"G,("*.)! /(! 9%3",9! (*! +*.4! -/.4%! ($/(! .%%3! (*! G%!
".B%)("4/(%38! ! #$%)%! /-%! ($%! +*=! A*".()! 09*-%! 9*.*! 3%(%'("*.)!
($/.!)(%-%*2]!(/-4%(!Z^!/(!OYd!9!="($!/!3"&&%-%.'%!*&!U[!".!/AA%.3"Q!
&"4,-%!6UM[c! (/-4%(!W^!/.3!W6!G*($!/(!Z[d!9!="($!/!3"&&%-%.'%!*&!
UMd!/.3! rZC! -%)A%'("B%+:C! ".! /AA%.3"Q! &"4,-%! 6UMOc! (/-4%(! W^! /(!
Z[d!9!="($!/!3"&&%-%.'%!*&!rN!".!/AA%.3"Q!&"4,-%!6UMNc!/.3!(/-4%()!
X\C! YLC! /.3! Z^! /(! ONY! 9C! OYd! 9C! /.3! OYd! 9C! -%)A%'("B%+:C! ="($!
3"&&%-%.'%)! *&! rMdC! UZC! /.3!! UXC!-%)A%'("B%+:C! ".! /AA%.3"Q!
&"4,-%!6UVd8!!!

• F/-4%!J><!(/-4%(!Z^l6AA%.3"Q!&"4,-%!6UVM!)$*=)!($%!+%&(!
/.3! '%.(%-! F>1! B"%=)! &*-! (/-4%(! Z^! ".! ($%! +/-4%UJ><!
3")A+/:8! ! #$")! )(/.3".4! (/-4%(! $/)! )"4."&"'/.(+:! 9*-%!
'*.(-/)(! ".!($%!+%&(!B"%=!($/.!($%!'%.(%-!B"%=!*.!($%!-"4$(!
*&! /AA%.3"Q! &"4,-%! 6UVM8! ! #$%! (*A! *&! ($")! )'%.%! ($/(! $/)!
)"4."&"'/.(! A/-/++/Q! ")! 3"&&"',+(! (*! )(%-%*! &,)%! ="($*,(!
)%B%-/+! )%))"*.)!*&! )(%-%*! &,)"*.! (-/".".48! ! K(! /AA%/-)! ($/(!
.*.%!*&!($%!*G)%-B%-)!),''%))&,++:!&,)%3!($")!(/-4%(!G%'/,)%!
($%-%! =%-%! .*! '*--%'(! (/-4%(! 3%(%'("*.)c! =$%-%/)C! ($%-%!
=%-%! )%B%.! *G)%-B%-)! ($/(! @%:%3! *.! ($%! $"4$! '*.(-/)(!
*,(+".%!A-%)%.(! ".!($%!9*.*!0+%&(2!B"%=!*&!($%!(/-4%(8! !#$%!
$"4$!'*.(-/)(!")!.*(!A-%)%.(!".!($%!'%.(%-!B"%=!0-"4$(2!($/(!
=/)!A/-(! *&! ($%! )(%-%*!3")A+/:!A/"-8! !D"($*,(! ($")!*,(+"%-C!
($%! +/-4%! J><! 3%(%'("*.)!=*,+3! $/B%! $/3! *.+:! X! (/-4%()!
="($!G%((%-!9*.*!3%(%'("*.!($/.!)(%-%*!/.3!MV!(/-4%()!="($!
G%((%-! )(%-%*! 3%(%'("*.! ($/.! 9*.*! /.3! MX! 9*-%! )(%-%*!
3%(%'("*.)! ($/.! 9*.*8! ! #$")! =*,+3! $/B%! -%A-%)%.(%3! MZ!
A%-'%.(!G%((%-!(/-4%(!3%(%'("*.!="($!)(%-%*8!!!

• H%3",9! J><! (/-4%()! W^! /.3! W6l6AA%.3"Q! &"4,-%!
6UVV!)$*=)!($%!+%&(!/.3!'%.(%-!F>1!B"%=)!&*-!($%)%!(/-4%()!
".!($%!9%3",9!J><!3")A+/:8! ! K.!($")!'/)%C!($%!+%&(!B"%=!")!
9,'$! '+%/-%-! ($/.! ($%! '%.(%-! )$*=.! *.! ($%! -"4$(! *&!



! MN!

/AA%.3"Q!&"4,-%!6UVV8!!6+)*C!($%!+%&(!B"%=!($/(!=/)!,)%3!/)!
($%!9*.*!3")A+/:!$/3!/!$%/3! &%/(,-%! /))*'"/(%3!="($! ($%!
3/-@!G+*G! ".! ($%! +".%!*&!G,)$%)!/(! ($%!G*((*9!-"4$(!=$%-%!
(/-4%(! W^! ")! +*'/(%38! ! #$%-%! ")! /.*($%-! )"9"+/-! (/-4%(!
W6!="($! /! rZ! 3%(%'("*.! 3"&&%-%.'%! ".! ($%! G*((*9! +%&(! ($/(!
=/)!/+)*!%/)"%-!(*!A"'@!*,(!".!($%!+%&(!"9/4%!($/.!($%!'%.(%-8!!
D"($*,(!($%)%!*,(+"%-)C!($%!9%3",9!J><!3%(%'("*.)!=*,+3!
$/B%! $/3! Ot! /.3! OU! B/+,%! &*-! ($%! 3%(%'("*.! 3"&&%-%.'%)!
G%(=%%.!9*.*!/.3!)(%-%*!B")"*.8! !#$%!)(%-%*!=*,+3!$/B%!
$/3! Md! 9*-%! 3%(%'("*.)C! *-! Z!A%-'%.(! G%((%-! (/-4%(!
3%(%'("*.8!

• 19/++! J><C! ./--*=! G/)%+".%! (/-4%(! W^l6AA%.3"Q! &"4,-%!
6UVW!)$*=)!($%!+%&(!/.3!'%.(%-!F>1!B"%=)!&*-!($")!(/-4%(!".!
($%!)9/++C!./--*=!G/)%+".%!J><!3")A+/:8!!6)!G%&*-%C!(/-4%(!
W^!$/)!.*!$%/3!&%/(,-%!/.3!/+9*)(!.*!'*.(-/)(!".!($%!'%.(%-!
0*.! -"4$(2! B"%=! *&! ($%! (/-4%(! )$*=.! ".! /AA%.3"Q! &"4,-%!
6UVW8! ! #$")! (/-4%(!=/)! *&!9*3%-/(%! 3"&&"',+(:!="($!9*.*!
B")"*.8! ! D"($*,(! ($")! *,(+"%-! ($%! )9/++C! ./--*=! G/)%+".%!
J><! 3%(%'("*.)! =*,+3! $/B%! $/3! *.+:! &"B%! (/-4%()! ="($!
G%((%-!9*.*!3%(%'("*.!($/.!)(%-%*!/.3!MW!="($!G%((%-!)(%-%*!
3%(%'("*.! ($/.!9*.*! /.3! VZ!9*-%! )(%-%*! 3%(%'("*.)! ($/.!
9*.*8! ! #$")! =*,+3! $/B%! -%A-%)%.(%3! MV!A%-'%.(! G%((%-!
(/-4%(!3%(%'("*.!="($!)(%-%*8!

• 19/++! J><! ="($! ="3%! G/)%+".%! (/-4%()! X\C! Z^C! /.3! YLl
6AA%.3"Q! &"4,-%! 6UVX! )$*=)! ($%! +%&(! /.3! -"4$(! B"%=)! *&!
(/-4%(! X\! ".! ($%! )9/++C!="3%! G/)%+".%! J><!3")A+/:8! ! #$")!
=/)! *&!9*3%-/(%! 3"&&"',+(:! (*! A"'@! *,(!="($!9*.*! B")"*.!
&-*9!($%!+%&(!B"%=!=$%-%!($%!)(/.3".4!(/-4%(!)"+$*,%((%!'/.!
G%! )%%.! ".! ($%!'%.(%-! (*! (*A!'%.(%-! ".! &-*.(!*&!/!A".%! (-%%8!!
#$%! -"4$(!B"%=! )$*=)!B%-:! +"((+%! "&! /.:!)"+$*,%((%! &*-! ($")!
(/-4%(8! ! 6AA%.3"Q! &"4,-%! 6UVY! )$*=)! ($%! +%&(! /.3! -"4$(!
B"%=)!*&!(/-4%(!Z^!".!($%!)9/++C!="3%!G/)%+".%!J><!3")A+/:8!!
#$%!(/-4%(!")!+*'/(%3!".!($%!(*A!-"4$(!*&!($%!(=*!B"%=)!G,(!
$/)! G%((%-! '*.(-/)(! ".! ($%! +%&(! B"%=! ,)%3! &*-! ($%! 9*.*!
B")"*.8!!#$%!(/-4%(!=/)!%/):!(*!3%(%'(!,)".4!9*.*!B")"*.!/)!
Nd!A%-'%.(!*&!($%!*G)%-B%-)!'*--%'(+:!"3%.("&"%3!"(c!=$%-%/)C!
*.+:!/G*,(!*.%U$/+&!*&!($%!*G)%-B%-)!&*,.3!"(!,)".4!)(%-%*!
B")"*.8!!!

#=*!3"&&%-%.(!&/'(*-)!9"4$(!%QA+/".!($%!3"&&%-%.'%!".!3%(%'("*.!
3"&&"',+(:]!

M8! >&!($%!%"4$(!*G)%-B%-)!=$*!9"))%3!($%!(/-4%(C!*.%U
$/+&! "3%.("&"%3! ($%! +/-4%!=$"(%! -*'@! ".! ($%! G*((*9!
-"4$(!/)!/!(/-4%(8!

V8! 1"Q!*&!($%!%"4$(!=%-%!-"4$(U%:%!3*9"./.(8!!!



!Vd!

D"($! -"4$(U%:%!3*9"./.'%! ($%!*G)%-B%-)!4%(!9*-%! ',%)! &-*9! ($%!
-"4$(!)(%-%*!"9/4%!($/(!$/3!+%))!'*.(-/)(!&*-!($%!-%/+!(/-4%(!Z^!/.3!
/! $"4$U'*.(-/)(C! &/+)%U(/-4%(! *GP%'(8! ! ;%Q(C! /AA%.3"Q! &"4,-%!
6UVZ!)$*=)!($%!+%&(!/.3!-"4$(!B"%=)!*&!($%!(/-4%(!YL!".!($%!)9/++C!
="3%! G/)%+".%! J><! 3")A+/:8! ! #$%! &/".(! (/-4%(! ")! +*'/(%3! ".! ($%!
'%.(%-! +%&(! (*! (*A! +%&(! *&! ($%! +%&(! B"%=!,)%3! &*-! ($%!9*.*! B")"*.8!!
#$%! -"4$(! B"%=! ,)%3! ".! ($%! )(%-%*! B")"*.! A/"-! 3"3! .*(! $/B%! /!
3")(".'(! B"%=! *&! ($%! (/-4%(! /(! /++! G%'/,)%! "(! 9%-4%3! ="($! /! (-%%!
&%/(,-%!+*'/(%3!($%!'%.(%-!/.3!(*A!+%&(8!!#$%-%!=%-%!.*!)(%-%*!(/-4%(!
3%(%'("*.)!&*-!($")!(/-4%(8!!D"($*,(!($%)%!*,(+"%-)!($%!="3%C!./--*=!
G/)%+".%! J><! 3%(%'("*.)!=*,+3! $/B%! $/3! )"Q! (/-4%()!="($! G%((%-!
9*.*! 3%(%'("*.! ($/.! )(%-%*C! )%B%.! (/-4%()! ="($! G%((%-! )(%-%*!
3%(%'("*.! ($/.!9*.*C! /.3! MM!9*-%! )(%-%*!3%(%'("*.)! ($/.!9*.*8!!
#$")! =*,+3! $/B%! -%A-%)%.(%3! Z! A%-'%.(! G%((%-! (/-4%(! 3%(%'("*.!
="($!)(%-%*8!

6)!/!&"./+!.*(%C!($%!)9/++C!="3%!G/)%+".%!J><!(/-4%(!ZL!*,(+"%-!/(!
OXd!9!="($!/!B/+,%!*&!tO!="++!G%!/33-%))%38!!K(!")!)$*=.!".!($%!(*A!
-"4$(!*&!G*($!B"%=)!".!/AA%.3"Q!&"4,-%!6UV[8!!#$")!G,)$U+"@%!*GP%'(!
=/)! $/-3! (*! 3%(%'(! ="($! 9*.*! B")"*.! ,)".4! ($%! +%&(! B"%=! *&!
/AA%.3"Q!&"4,-%!6UV[8!!D$%.!($%!-"4$(!/.3!+%&(!B"%=)!=%-%!,)%3!/)!
/!)(%-%*!A/"-!3")A+/:!($%!G,)$U+"@%!&%/(,-%!)(**3!*,(!G%((%-!/.3!$/3!
/! &/".(! $%/3! /))*'"/(%3! ="($! "(8! ! #$,)C! ($%! B*+,9%! ',%! )(%-%*!
3%(%'("*.!&*-!($")!(/-4%(!=/)!*.+:!*&!9%3",9!3"&&"',+(:!".)(%/3!*&!
$/-38!

#$%!.%(!-%),+(!*&!($")!/./+:)")!")!($/(!="($!*.+:!9".*-!'$/.4%)!(*!
"9A-*B%! ($%! 3")A+/:! *&! ($%! )(%-%*! "9/4%)! A-%)%.(%3! ($%-%! '*,+3!
%/)"+:! $/B%! G%%.! Md! A%-'%.(!9*-%! 3%(%'("*.)! ,)".4! )(%-%*! B")"*.!
($/.! 9*.*! B")"*.8! ! D"($! /.! *A("9"?%3! 3")A+/:C! ($%! 3"&&%-%.'%!
=*,+3! +"@%+:! G%! /(! +%/)(! Vd!A%-'%.(!9*-%!3%(%'("*.)!,)".4! )(%-%*!
B")"*.! ($/.! 9*.*! B")"*.8! ! 6)! "++,)(-/(%3! G:! /AA%.3"Q! &"4,-%!
6UMNC!($%)%!".'-%/)%)!".!3%(%'("*.!="++!*'',-!/(!+*.4%-!-/.4%)8!

6.*($%-! ")),%! ")! ($%! 5,%)("*.! *&!=$%($%-! ($%-%!=/)! /!3"&&%-%.'%!
G%(=%%.!($%!*-3%-".4!*&!($%!(%)(!A-%)%.(/("*.!09*.*!B")"*.!&"-)(!B)8!
)(%-%*! B")"*.! &"-)(! /.3! 9*.*! B")"*.! )%'*.3! B)8! )(%-%*! B")"*.!
)%'*.328! !R+*()!*&!($%!.,9G%-!*&!(/-4%()!3%(%'(%3!B%-),)!*G)%-B%-!
)'*-%! /-%! ,)%&,+! ".! )%%".4! ($%! 3"&&%-%.'%8! ! 6AA%.3"Q! &"4,-%)!
6UVO!($-*,4$! 6UWM! )$*=! ($%)%! A+*()! &*-! ($%! &*,-! '/)%)8!!
K99%3"/(%+:!/AA/-%.(!")!($/(!($%!9*.*!B")"*.!&"-)(!-%),+()!$/B%!/!
'+,)(%-".4!*&!*G)%-B%-!-%),+()!($/(!$/B%!*G)%-B%-)`!)'*-%)!G%(=%%.!
rOd! /.3! rMdd! ".)(%/3! *&! ($%! *($%-! (%)(! *-3%-".4)! =$*)%! )'*-%)!
'+,)(%-!".!($%!rZd!(*!rOd!-/.4%)8!!D"($!'*9A/-/G+%!(/-4%(U3%(%'("*.!
.,9G%-)!&*-!/++!&*,-!(%)(!*-3%-".4)C!=$"'$!9%/.)!($/(!($%-%!$/3!(*!
G%!9*-%!&/+)%!(/-4%(!3%(%'("*.)!,)".4!9*.*!&"-)(!($/.!="($!/.:!*&!
($%!*($%-)8! !#$%!\E!.,9G%-)! )$*=.! ".!/AA%.3"Q! (/G+%)!6UZ!/.3!
6U[! -%&+%'()! ($")8! ! J*-! ($%!9*.*! &"-)(! -%),+()C! ($%-%!=%-%! (="'%!/)!



! VM!

9/.:! &/+)%! (/-4%(! "3%.("&"'/("*.)! /)! ($%-%! =%-%! '*--%'(! (/-4%(!
"3%.("&"'/("*.)8! ! #$%! .,9G%-! *&! &/+)%! (/-4%(! "3%.("&"'/("*.)! ")!
-%3,'%3!&*-! ($%!9*.*!B")"*.!=$%.!($%!)(%-%*!B")"*.!")!)%%.!&"-)(C!
%)A%'"/++:! &*-! ($%! +/-4%! /.3! 9%3",9! J><)! /)! )%%.! ".! /AA%.3"Q!
(/G+%!6U[8!!#$%!'+,((%-!-%P%'("*.!")!.*(!/)!4**3!&*-!($%!)9/++!J><)C!
G,(!9*-%!(/-4%()!/-%!3%(%'(%38!

#$%! %&&%'()!*&! (/-4%(! -/.4%! '/.!/+)*!G%!%QA-%))%3! ".! (%-9)!*&! ($%!
'*--%'(! (/-4%(UKL! -/(%! 0"8%8C! ($%! .,9G%-! *&! '*--%'(! (/-4%(! KL)!
3"B"3%3!G:!($%!(*(/+!.,9G%-!*&!(/-4%()2C!=$"'$!/-%!)$*=.!&*-!($%!
3"&&%-%.(!J><)! ".! /AA%.3"Q! (/G+%!6UV8! !#$%!3"&&%-%.'%!*&! KL! -/(%!
,)".4!)(%-%*!B%-),)!9*.*!B")"*.!="++!G%! ".B%)("4/(%38! !#$%!9*.*!
B")"*.!/.3!)(%-%*!B")"*.!'*--%'(!(/-4%(UKL!-/(%)!&*-!+/-4%C!9%3",9C!
)9/++! ="($! ./--*=! G/)%+".%C! /.3! )9/++! ="($! ="3%! G/)%+".%! J><!
"9/4%)! /-%! )$*=.! ".! /AA%.3"Q! &"4,-%)! 6UWV! ($-*,4$! 6UWY8! ! ^:!
+**@".4!/(!($%!".3"B"3,/+!(/-4%(!3"&&%-%.'%)!G%(=%%.!($%!9*.*!/.3!
)(%-%*!B")"*.!'*--%'(!(/-4%(UKL!-/(%)C!"(!")!A*))"G+%!(*!")*+/(%!)%B%-/+!
3")(".'(!*,(+"%-)!=$%-%!($%!9*.*!B")"*.!3"3!)"4."&"'/.(+:!G%((%-!/)!
A-%B"*,)+:! 3")',))%38! ! ^,(! ".! %/'$! '/)%C! ($%-%! =/)! /! 3")(".'(!
3"&&%-%.'%! ".! 5,/+"(:! G%(=%%.! ($%! +%&(! "9/4%! ,)%3! &*-! ($%! 9*.*!
B")"*.! (%)(! /.3! ($%! '%.(%-! *-! -"4$(! "9/4%! ,)%3! /)! ($%! -"4$(U%:%!
".A,(!&*-!($%!)(%-%*!"9/4%!(%)(8!!#$%)%!*,(+"%-)!/-%!

• OYdU9! -/.4%! (/-4%(! ".! ($%! +/-4%!J><! 0)$*=.! ".!/AA%.3"Q!
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Medium FOV Stereo vs Mono Detection Differences
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Narrow Baseline (NB) Small FOV Stereo vs Mono Detection Differences
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Wide Baseline (WB) Small FOV Stereo vs Mono Detection Differences
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Score vs Detected Targets (Mono First)
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Score vs Detected Targets (Stereo First)
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