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@ĂB&) %?#C":.&6$C"D"A)#&%%&'%C"EFFGC"H/.9*.'"D"

I.&4+4#'-C"GJJGC"H 0 ).C"I&)%$#'-C"K4.-&*.'',C"

L5)-.)6,C"D":.&6$C"EFFMC"< ).4&%C"EFF3N".'6O )"

$ "6#(#6&"$/&"9) +4&*"#'"%5+;9) +4&*%"@P)* '&#$"

D"Q&'C"EFFEC":,.'C"GJJRC"S ))&,C"Q/.(4#?C"T.4?&)C"

D"<.04#'C"EFFRC"A#&$$&)#0/C"EFFFNC"9&)/.9%"5%;

#'-"."/#&).)0/,"@U (&."D"< ).4&%C"EFFMC"H5.,."

D"<5V B;<&4W'6&BC"EFFXN1":Y"/.%"' $"+&&'".'"

&80&9$# '".'6"%&(&).4".99) .0/&%"/.(&"+&&'"%5-;

-&%$&6".4 '-"$/&%&"4#'&%1

P'&" 0 ** '".99) .0/" #%" %$.$&" .--)&-.$# '"

@Q#'-/C"Z..?? 4.C"D"Z )6.'C"GJJMC"P$$&)4 C"EFF3NC"

#'"7/#0/"%&(&).4"[%#*#4.)\"%$.$&%".)&"] #'&6".'6"

$/&,".44")&0&#(&"$/&"%.*&"(.45&C"$/&)&+,")&650#'-"

$/&"%$.$&"%9.0&1

=' $/&)"9 %%#+#4#$,"#%"$ "6#(#6&"$/&"9) +4&*"#'"

%5+;9) +4&*%"@A#&$$&)#0/C"EFFFNC"4&.)'"."9 4#0,"! )"

&.0/"%5+;9) +4&*".'6"$/&'"] #'"$/&%&"9 4#0#&%"$ "

% 4(&"$/&" )#-#'.4"9) +4&*1"S/&)&"/.%"+&&'"%&(&).4"

.99) .0/&%".) 5'6"$/#%"#6&.1"P'&" !"$/&*"4&.)'%"

%&^5&'0&%"  !" 9)#*#$#(&" .0$# '%" @9 4#0#&%N" .'6"

$)&.$"$/&*".%".'".+%$).0$&6".0$# '"@&1-1C"<.0) %"

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

)"*+*,'*-!   .!/ "0 ,"# Model s a s S a A( , ) ,∀ ∈ ∈  ,"#  #$#$% 1 ∅

'%%( 

      s ← ,2+3,' 4+,+!

      a greedy s a← −ε ( , )

      +,5! ,2+*%" " ,"# %64!&7! s '  ,"# &

' ' Model s a s r( , ) '←

    p r Q s a Q s a
a

← + −| max ( ', ') ( , ) |'γ

     !"p > θ +8!"

            +8!" *"4!&+ !/ " *"  #$#$% 9*+8 (&*%&*+: (

      !"# *$ 

      #$ %& #$#$%;∅ '(

" " " !()) +*<!4 '(

" " " " s a first QueueP, ( )←

    s r Model s a', ( , )←

    Q s a Q s a r Q s a Q s a
a

( , ) ( , ) [ ( ', ') ( , )]'← + + −α γmax

    !() ,'' s a,  98*28 (&!#*2+4 +% &!,28 !''(

" " " " """""r ← (&!#*2+!# &!9,&#

                        p r Q s a Q s a
a

← + −γmax ( , ) ( , ) |

                        *$ p > θ,+8!" ,## s a,  +%  #$#$ 9*+8 (&*%&*+: (

                  !"# $%& 

             !"# $%& 

      !"# 98*'! 

!"# '%%(



 "

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

 )" P9$# '%" @Q5$$ '" D" L.)$ C" GJRJNN1" =' $/&)"

9 %%#+#4#$,"#%"$ "4&.)'"%5+;9 4#0#&%".$"."4 7"4&(&4"

7#$/#'"."/#&).)0/,".'6"5%&"$/&*"$ "4&.)'"9 4#0#&%"

.$"."/#-/&)"4&(&4" #'"$/&"/#&).)0/,"@&1-1C"<=>_"

@A#&$$&)#0/C"EFFFNC"`a>_"@`&'-%$C"EFFENN1

=0$# '%" 0.'" .4% "/.(&"(.)#.+4&"65).$# 'C" % "

#$" #%" 9 %%#+4&" $ " /.(&" .+%$).0$# '%"  (&)" $/&" .0;

$# '" %&^5&'0&%C" #'"7/.$" #%" 0.44&6" %&*#;<.)? ("

6&0#%# '" 9) 0&%%&%"  !"Q<AK%" @Q5$$ 'C" K)&059C"

D"Q#'-/C"GJJJN1

='".4$&)'.$#(&".99) .0/"#%"+.%&6" '"$/&"6&!#'#;

$# '" !"!#'#$&"%$.$&"*.0/#'&%C"#'"7/#0/"$/&":Y"$.%?"

#%"$ "6&0#6&"7/#0/"*.0/#'&"$ "5%&"#'"."/#&).)0/#0.4"

.+%$).0$"*.0/#'&" )"̀ =<"@K.))"D":5%%&44C"GJJRN1

< )&")&0&'$4,C".5$/ )%"/.(&"5%&6"!#)%$; )6&)"

)&9)&%&'$.$# '%" ! )" :YC" 7/#0/" 0.'" /.(&" * )&"

.+%$).0$"%$.$&%".'6"9) 650&"$).'%!&).+4&"9 4#0#&%1"

S/&"#6&."#%"$ "5%&"!#)%$; )6&)")&9)&%&'$.$# '%"$ "

)&.% '".+ 5$" +]&0$%".'6")&4.$# '%"+&$7&&'" +]&0$%"

@%&&"@P$$&)4 C"EFFJNN1

2'" -&'&).4" % *&" .+%$).0$# '%" 0.'" #'$) 650&"

9.)$#.4" +%&)(.+#4#$,".'6".$".'".+%$).0$"4&(&4"$/&"

9) +4&*" *.," ' $" 4 '-&)" +&" <.)? (#.'1" a(&'"

7#$/"0 '(&)-&'0&".$"$/&".+%$).0$"4&(&4"6 &%"' $"

*&.'" 0 '(&)-&'0&" $ " .'"  9$#*.4" % 45$# '" .$" ."

9)#*#$#(&"4&(&41

 **&#&'( -)./&* (%,

L&%#6&%"6#(#6#'-" )".+%$).0$#'-"$/&":Y"9) +4&*C"

% *&".99) .0/&%"/.(&"! 05%&6" '"%9&&6#'-"59"

$/&"4&.)'#'-"9) 0&%%"#'" )6&)"$ "6&(&4 9"0 '$) 4"

9 4#0#&%" #'" )&.% '.+4&" $#*&%" ! )" (&)," 0 *94&8"

6 *.#'%" +," #'0456#'-" .66#$# '.4" -5#6.'0&"  )"

!&&6+.0?"!) *"$/&"5%&)1

P'&"0 ** '4,"5%&6".99) .0/"#%"$ "[ +%&)(&\"

." 9&)% '" @&89&)$N" 9&)! )*" ." $.%?" @).$/&)" $/.'"

.%?#'-"/#*O/&)"/ 7"$ "6 "#$N".'6"%.(&"4 -%"7#$/"

#'! )*.$# '"  !" $/&" 9&)! )*&6" .0$# '%" .'6" $/&'"

5%&"$/#%"#'! )*.$# '"$ "-5#6&"$/&":Y"9 4#0,"%&.)0/"

9) 0&%%1"S/&"%.*&"#6&."/.%"+&&'"6&(&4 9&6"5'6&)"

6#!!&)&'$"!4.( )%"?' 7'".%"L&/.(# 5).4"H4 '#'-"

@LHN"@L).$? C"b)+.'c#cC"D"Q.**5$C"GJJRNC"=9;

9)&'$#0&%/#9"Y&.)'#'-"@=++&&4"D"d-C"EFFeN".'6"

K) -).**#'-"+,"A&* '%$).$# '"@L#44.)6C"H.4#' 'C"

A#44*.''C"D"Q0/..4C"EFFRN1

S/&"%#*94&%$".99) .0/"#%"$ "5%&"$/&"#'! )*.$# '"

!) *"$/&"$).0&;4 -%"$ "596.$&"$/&"(.45&"!5'0$# '%"

.'6"$/&'"! 44 7"$/&":Y"9) 0&%%"7#$/"$/&"#'#$#.4"

(.45&"!5'0$# '%".4)&.6,"596.$&6"7#$/"#'! )*.$# '"

 !"$/&"$).0&%"@Q#'-/C"Q5$$ 'C"D"I.&4+4#'-C"GJJMN1

P$/&)".99) .0/&%"5%&"$/&"$).0&%"$ "$),"$ "6&)#(&"

." )&7.)6" !5'0$# '" #'"7/.$" #%"?' 7'".%" $-/(#*(!

0($-1%#2(3(-&!4(5#-$-."@d-"D":5%%&44C"EFFFN1"2'"

$/#%"0.%&C").$/&)"$/.'"$),#'-"$ "6&)#(&"."6#)&0$"*.9;

9#'-"!) *"%$.$&%"$ "$/&".0$# '%" !"$/&"&89&)$C"$/&,"

6&)#(&".")&7.)6"!5'0$# '"$/.$"9&'.4#B&%"6&(#.$# '%"

!) *"$/&"6&%#)&6"$).]&0$ )#&%C"$),#'-"$ ")&0 (&)"$/&"

&89&)$f%"$)5&".'6"5'?' 7'")&7.)6"!5'0$# '"@%&&"

.4% "@Q0/..4C"GJJXC"=++&&4"D"d-C"EFFeNN1

='".4$&)'.$#(&" .99) .0/" #%" $ "5%&" $/&"-#(&'"

$).0&%"$ "4&.)'"."%&$" !"9 %%#+4&".0$# '%"$ "9&)! )*"

 '"&.0/"%$.$&".'6"$/&'"5%&":Y"$ "6&0#6&"7/#0/"

#%"$/&"+&%$".0$# '".* '-"%50/")&650&6"%5+%&$" !"

.0$# '%"@@< ).4&%"D"Q.**5$C"EFFeC"Z1"g.).- B.C"

EFGFNC"%&&".4% "H/.9$&)"JN1

=' $/&)".99) .0/"$ "9) (#6&".66#$# '.4"-5#6;

.'0&" #%" $/) 5-/" $/&" )&7.)6" !5'0$# '1" :&7.)6"

%/.9#'-".$$&*9$%"$ "* 46"$/&"0 '650$" !"$/&".-&'$"

+," .66#'-" .66#$# '.4" )&7.)6%" $/.$" &'0 5).-&" ."

+&/.(# )"0 '%#%$&'$"7#$/"% *&"9)# )"?' 74&6-&"

@d-C"̀ .).6.C"D":5%%&44C"GJJJC"<.)$/#C"EFFXC"U)B&%"

D"I56&'? C"EFFJN1"=%"$/&"%/.9#'-")&7.)6%" !!&)"

4 0.4#B&6".6(#0&C"$/&"$#*&"$ "&8/#+#$"$/&"#'$&'6&6"

+&/.(# )"0.'"+&"-)&.$4,")&650&61"Q#'0&"-#(&'".'"

.6&^5.$&" )&7.)6" %/.9#'-" !5'0$# '"*.," ' $" +&"

&.%,"! )"% *&"6 *.#'%C"!&&6+.0?"!) *"$/&"5%&)"

0.'"+&"5%&6"$ "9) (#6&"%50/"-5#6.'0&1"S/&"5%&)"

*.,"0)#$#^5&"%5+;%&^5&'0&%" !"-#(&'"$).0&%"@&1-1C"

@Z56./C": ,C" h&)'C"D"A#&$$&)#0/C" EFGFC"=)-.44C"

L) 7#'-C"D"i&4 % C"EFFXNN" )"$/&"%,%$&*"*.,"$),"

$ "4&.)'"."* 6&4"!) *"$/&"5%&)f%"!&&6+.0?"@&1-C"

@I' 8"D" Q$ '&C" EFGFNN" .'6" 5%&" $/.$" #'! )*.;

$# '"$ ".6]5%$" $/&"05))&'$"9 4#0,1"='".4$&)'.$#(&"

.99) .0/C"0.44&6"6,'.*#0")&7.)6"%/.9#'-C"#%"$ "

9) (#6&" ';4#'&"!&&6+.0?"!) *"$/&"5%&)"$ "0/.'-&"



 #

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

$/&")&7.)6"!5'0$# '"65)#'-"$/&"4&.)'#'-"9) 0&%%"

@S&' )# ;U 'B.4&BC"< ).4&%C"D"K#'&6.C"EFGFN1

'0123) 443567128

:&#'! )0&*&'$"Y&.)'#'-")&%&.)0/"/.%"-) 7'"#'"

*54$#94&".)&.%1"2'"9.)$#054.)"$/&)&"#%"%5+%$.'$#.4"

)&%&.)0/"#'"*54$#;.-&'$"%,%$&*%C"7/&)&"$/&"#6&."#%"

$ "6&(&4 9"."0 '$) 4"9 4#0,"! )"."-) 59" !".-&'$%"

$/.$"0 *+#'&"$/&#)"&!! )$%"$ "9&)! )*"."0 ** '"

$.%?1"`&)&".'".-&'$"/.%"$ "$.?&"#'$ ".00 5'$"$/&"

0 '%&^5&'0&%" !"$/&".0$# '%" !"$/&" $/&)".-&'$%"

7/#4&"$),#'-"$ "!#'6" 5$"#$%")#-/$"%&^5&'0&" !".0$# '%"

$/.$C"&(&'$5.44,C"7#44"4&.6"$/&"-) 59"$ "$/&"- .41"

Q#*#4.)4,C":Y"/.%"+&&'"5%&6"#'".6(&)%.)#.4"-.*&%"

 )"0 *9&$#$#(&"<AK%"7/&)&"$/&)&"#%"."%&^5&'$#.4"

6&0#%# '"9) +4&*"7#$/"%&(&).4"6&0#%# '"*.?&)%1"

2'"$/#%"%&$$#'-"$/&"$).'%#$# '"9) +.+#4#$#&%"6&9&'6"

 '"$/&"05))&'$"%$.$&".'6"$/&".0$# '%"0/ %&'"+,".44"

$/&".-&'$%C"/ 7&(&)C"$/&"#**&6#.$&")&7.)6"0.'"

+&"."6#!!&)&'$"!5'0$# '"! )"&.0/"94.,&)1"`&)&"$/&"

9 4#0," !"&.0/"94.,&)"#%")&!&))&6"$ ".%"."%$).$&-,"

.'6"$/&" (&).44"9&)! )*.'0&"*&$)#0"6&9&'6%" '"

$/&"%$).$&-#&%"%&4&0$&6"+,".44"$/&"94.,&)%1"T/&'".44"

$/&"94.,&)%"7.'$"$ " 9$#*#B&"$/&#)" 7'" +]&0$#(&"

' )*.44,"$/&"% 45$# '%" !"$/&".4- )#$/*%".))#(&"$ "

$/&"d.%/"&^5#4#+)#5*"@%&&"! )"&8.*94&"@Y#$$*.'C"

GJJeN"! )"B&) ;%5*"-.*&%N1

=%" 6&%0)#+&6" #'" H/.9$&)" 3C" $/&)&" /.%" +&&'"

.'" #'0)&.%#'-" #'$&)&%$" #'"6&(&4 9#'-".4- )#$/*%"

! )"9.)$#.44," +%&)(.+4&"%$.$&%"#'"<AK%"#'"7/.$"

.)&"0.44&6"KP<AK%1"S/#%"/.%".4% "+&&'"$/&"0.%&"

! )":Y".'6"#$"#%"?' 7'".%"K.)$#.44,"P+%&)(.+4&"

:&#'! )0&*&'$" Y&.)'#'-" @KP:YN" #'"7/#0/" $/&"

.-&'$"/.%"$ "6&.4"7#$/"$/&"5'0&)$.#'$," '"#$%"05);

)&'$"%$.$&"7/#4&"4&.)'#'-"."9 4#0,"@4+4#'-C"Y#$$*.'C"

D"H.%%.'6).C"GJJRN1"S/#%"%&$$#'-"#%"0 ** '"#'"

* +#4&" ) + $%" 7/&)&" $/&" %&'% )%" .)&" ' )*.44,"

' #%,".'6"$/&") + $"*.,"/.(&"% *&"5'0&)$.#'$,"

 !"#$%"05))&'$"%$.$&1

=' $/&)"9) 650$#(&"4#'&" !")&%&.)0/"/.%"+&&'"

$/&"#'0 )9 ).$#'-" !"."L.,&%#.'"!).*&7 )?"#'$ "

:Y"@Q$)&'%C"EFFFC"A&.)6&'C"h)#&6*.'C"D":5%%&44C"

GJJRN1"S/#%"/.%".4% "+&&'"&8$&'6&6"#'$ "*54$#94&"

$.%?%" #'"."/#&).)0/#0.4".99) .0/"@T#4% 'C"h&)'C"

:.,C"D"S.6&9.44#C"EFFXN".'6"/.%"+&&'"#'0 )9 ).$&6"

.4% "#'$ "#'(&)%&":Y"@:.*.0/.'6).'C"EFFXN1"i&),"

)&0&'$4,"$/&)&"/.(&"+&&'"#'$&)&%$"#'"0 *+#'#'-":Y"

7#$/" 9$#*.4"0 '$) 4".'6"6,'.*#0"9) -).**#'-"

$&0/'#^5&%" ! )" #'(&)%&":Y"@S/& 6 ) 5C"L50/4#C"

D"Q0/..4C"EFGFN1

h#'.44,C"$/&)&"/.%"+&&'"% *&"#'$&)&%$#'-"7 )?"

 '"/ 7"$ "$).'%!&)"9 4#0#&%"$ "%#*#4.)"6 *.#'%"$ "

.( #6"4&.)'#'-"!) *"%0).$0/"@h&)'.'6&B"D"i&4 % C"

EFFMC"Q5'* 4."D"Y.+ ).$ ),C"EFFMC"h&)-5% '"D"

<./.6&(.'C"EFFMN1

9&( -)$,: $;"

:&#'! )0&*&'$"4&.)'#'-"#%"."(&),".0$#(&")&%&.)0/"

.)&."$/.$"/.%"+&&'"5%&6"#'"%&(&).4".)&.%" !".)$#!#0#.4"

#'$&44#-&'0&".'6"$/.$"/.%"9) 650&6"% *&"(&),"#';

$&)&%$#'-")&%54$%"#'")&.4j7 )46".994#0.$# '%1"S/&%&"

).'-&"!) *"&4&(.$ )"%0/&654#'-"@H)#$&%"D"L.)$ C"

GJJkNC"] +;%/ 9"%0/&654#'-"@g/.'-"D"A#&$$&)#0/C"

GJJkNC"$/&"=Ui") 5$#'-"9) +4&*"@S.6&9.44#"D"P?C"

GJJRNC"$ ".)&.%"%50/".%"L.0?-.** '"@S&%.5) C"

GJJENC"/5*.' #6"0 '$) 4"@K&$&)%C"i#].,.?5*.)C"D"

Q0/..4C"EFF3.NC".'6"0 '$) 4" !"/&4#0 9$&)%"@S.'-C"

Q#'-/C" U &/.5%&'C" D" =++&&4C" EFGFC" =++&&4C"

H .$&%C"D"d-C"EFGFN1

="-&'&).4"#'$) 650$ ),")&!&)&'0&"#%"$/&"&80&4;

4&'$"+  ?"+,"Q5$$ '".'6"L.)$ "@Q5$$ '"D"L.)$ C"

GJRJN1"='" ';4#'&"(&)%# '" !"$/&"+  ?"0.'"+&"! 5'6"

 '"Q5$$ 'f%"7&+9.-&1"='"&.)4#&)"0 *9)&/&'%#(&"

%5)(&,"59"$ "GJMM"#%"@I.&4+4#'-C"Y#$$*.'C"D"<  )&C"

GJJMN"7/#0/"#%".4% ".(.#4.+4&"!) *"I.&4+4#'-f%"

7&+9.-&1"S/&)&".)&" $/&)"* )&")&0&'$"%5)(&,%C"

%50/".%"@U %.(#C"EFFRN1

S/&)&"#%"."4.)-&"+ 6," !"4#$&).$5)&" '"%9&0#!#0"

$ 9#0%"%50/".%"$).'%!&)"4&.)'#'-"#'":Y"@S.,4 )"D"

Q$ '&C"EFFJN" )")&4.$# '.4")&#'! )0&*&'$"4&.)'#'-"

@P$$&)4 C" EFFJNC" .'6" ." 0 '$#'5 5%" !4 7" !" 05);

)&'$")&%&.)0/"9.9&)%" '"*., )"*.0/#'&"4&.)'#'-"

! )5*%1



  

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

 %;('<-,*.:,(#

S/&".5$/ )%"7 546"4#?&"$ "$/.'?"a')#^5&"<5V B"6&"

H $&C"a')#^5&"Q50.)".'6"Z&%%&"̀  &,"! )"$/&#)"5%&!54"

0 **&'$%" '".'"&.)4#&)"(&)%# '" !"$/#%"0/.9$&)1

$,9,$,(%,"

=++&&4C" K1C" H .$&%C" =1C" D" d-C" =1" l1" @EFGFN1"

=5$ ' * 5%" /&4#0 9$&)" .&) +.$#0%" $/) 5-/" .9;

9)&'$#0&%/#9" 4&.)'#'-1" 67(! 8-&(#-5&$%-59! :%;#<

-59! %1! 0%=%&$2*! 0(*(5#27C" >?@G3NC" GMFRjGM3J1"

6 #mGF1GGXXOFEXR3MeJGF3XGJJJ

=++&&4C"K1C"D"d-C"=1"l1"@EFFeN1"=99)&'$#0&%/#9"

4&.)'#'-"(#." #'(&)%&" )&#'! )0&*&'$" 4&.)'#'-1" 2'"

"#%2(()$-.*! %1! &7(! &+(-&@<1$#*&! $-&(#-5&$%-59!

2%-1(#(-2(!%-!3527$-(!9(5#-$-.A"=H<"K)&%%1

=)-.44C"L1C"L) 7#'-C"L1C"D"i&4 % C"<1" @EFFXN1"

Y&.)'#'-"+,"6&* '%$).$# '"7#$/"0)#$#^5&"!) *"."

/5*.'" $&.0/&)1" 2'">-)!B%-1A! %-!C;35-<0%=%&!

8-&(#52&$%-"@991"kXjMeN1

L.#)6C"Y1"@GJJkN1":&%#65.4".4- )#$/*%m":&#'! )0&;

*&'$" 4&.)'#'-"7#$/" !5'0$# '" .99) 8#*.$# '1" 2'"

"#%2(()$-.*!%1!&7(!6+(91&7!8-&(#-5&$%-59!B%-1(#<

(-2(!%-!D527$-(!4(5#-$-."@991"3Fj3XN1"< )-.'"

I.5!*.''1

L&44*.'C" :1" @GJkXN1" E@-53$2! ,#%.#533$-.1"

K)#'0&$ 'C"dZm"K)#'0&$ '"b'#(&)%#$,"K)&%%1

L&)$%&?.%C"A1"K1C"D"S%#$%#?4#%C"Z1"@GJJMN1"F(;#%<

)@-53$2! ,#%.#533$-.1" L&4* '$C" <=m"=$/&'."

Q0#&'$#!#01

L#44.)6C"=1C"H.4#' 'C"Q1C"A#44*.''C":1C"D"Q0/..4C"

Q1"@EFFRN1"0%=%&!,#%.#533$-.!,#%.#53!=@!)(3<

%-*&#5&$%-1"<2S"K)&%%1

L).!*.'C":1" 21C"D"S&''&'/ 4$BC"<1" @EFFEN1":;

*.8";"="-&'&).4"9 4,' *#.4"$#*&".4- )#$/*"! )"

'&.); 9$#*.4")&#'! )0&*&'$"4&.)'#'-1":%;#-59!%1!

D527$-(!4(5#-$-.!0(*(5#27C"GC"EG3jE3G1

L).$? C"21C"b)+.'c#cC"S1C"D"Q.**5$C"H1"@GJJRN1"

L&/.(# 5).4" 04 '#'-m" 9/&' *&'.C" )&%54$%" .'6"

9) +4&*%1"=5$ *.$&6"%,%$&*%"+.%&6" '"/5*.'"

%?#441"2'""#%2A!%1!&7(!8-&(#-5&$%-59!H()(#5&$%-!%1!

I;&%35&$2!B%-&#%9!J@3,%*$;3A"L&)4#'1

H/.9*.'C"A1C"D"I.&4+4#'-C"Y1"@GJJGN1"2'95$"-&';

&).4#B.$# '"#'"6&4.,&6")&#'! )0&*&'$"4&.)'#'-m"='"

.4- )#$/*".'6"9&)! )*.'0&"0 *9.)#% '1"2'""#%2A!

%1!&7(!8-&(#-5&$%-59!:%$-&!B%-1(#(-2(!%-!I#&$1$2$59!

8-&(99$.(-2(" @91" XEM;X3GN1" Q.'" h).'0#%0 C" H=m"

< )-.'"I.5!*.''1

H 0 ).C"=1C"I&)%$#'-C"I1C"K4.-&*.'',C"H1C"L5);

-.)6,C" T1C" D" :.&6$C" Y1" A1" @EFFMN1" P0$5+&)N1"

Y&.)'#'-")&4.$# '.4"'.(#-.$# '"9 4#0#&%1":%;#-59!

%1!8-&(99$.(-&!K!0%=%&$2!J@*&(3*C"EXJEjEXJX1

H)#$&%C":1"̀ 1C"D"L.)$ C"=1"U1"@GJJkN1"83,#%/$-.!(9<

(/5&%#!,(#1%#35-2(!;*$-.!#($-1%#2(3(-&!9(5#-$-."

@991"GFGXjGFE3N1"K) 01" !"$/&"d&5).4"2'! )*.$# '"

K) 0&%%#'-"Q,%$&*%1

H5.,.C"U1C"D"<5V B;<&4W'6&BC"=1"@EFFXC"Q&9;

$&*+&)N1"B%-&#%9!)(!;-!#%=%&!7(L5,%)%!=5*5)%!(-!

,#%2(*%*!)(!)(2$*$%-!)(!35#M%/A"K)#*&)"a'05&'$) "

6&"a%$56#.'$&%" &'"H#&'0#.%"6&" 4."H *95$.0#n'"

@H2H;2KdN1

A&.)6&'C":1C"h)#&6*.'C"d1C"D":5%%&44C"Q1"@GJJRN1"

L.,&%#.'"^;4&.)'#'-1"2'""#%2A!%1!&7(!III8!B%-<

1(#(-2(!%-!I#&$1$2$59!8-&(99$.(-2("@991"XMGjXMRN1"

===2"K)&%%1

A#&$$&)#0/C"S1"U1"@EFFFN1"`#&).)0/#0.4")&#'! )0&;

*&'$" 4&.)'#'-" 7#$/" $/&" *.8^" (.45&" !5'0$# '"

6&0 *9 %#$# '1":%;#-59!%1!I#&$1$2$59!8-&(99$.(-2(!

0(*(5#27C"NGC"EEXj3F31

A#&$$&)#0/C"S1"U1C"D"T.'-C">1"@EFFEN1"L.$0/"(.45&"

!5'0$# '".99) 8#*.$# '"(#."%599 )$"(&0$ )%"1"2'"I)<

/5-2(*!$-!F(;#59!8-1%#35&$%-!"#%2(**$-.!J@*&(3*"

@991"GeJGjGeJRN1"H.*+)#6-&C"<=m"<2S"K)&%%1

ĂB&) %?#C"Q1C":.&6$C"Y1"A1C"D"A)#&%%&'%C"I1"@EFFGN1"

:&4.$# '.4" )&#'! )0&*&'$" 4&.)'#'-1" D527$-(!

4(5#-$-.O!PG@ENC"k;kE1



 $

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

h&)-5% 'C"I1C"D"<./.6&(.'C"Q1" @EFFMN1"K) $ ;

$).'%!&)" 4&.)'#'-" #'"*.)? ("6&0#%# '" 9) 0&%%&%"

5%#'-" %9&0$).4" *&$/ 6%1" 2'""#%2A! %1! &7(! 8BD4!

Q%#M*7%,!%-!6#5-*1(#!4(5#-$-.A

h&)'.'6&BC"h1C"D"i&4 % C"<1"@EFFMN1"K) +.+#4#%$#0"

9 4#0,")&5%&" #'"." )&#'! )0&*&'$" 4&.)'#'-".-&'$1"

2'""#%2(()$-.*!%1! &7(!H$1&7! 8-&(#-5&$%-59! :%$-&!

B%-1(#(-2(!%-!I;&%-%3%;*!I.(-&*!5-)!D;9&$5.(-&!

J@*&(3*"@991"XEFjXEXN1"=H<"K)&%%1

U %.(#C"=1" @EFFRN1" :&#'! )0&*&'$" 4&.)'#'-m"="

$5$ )#.4"%5)(&,".'6")&0&'$".6(.'0&%1"8FHR0DJ!

:%;#-59!%-!B%3,;&$-.C"Gjek1

U (&.C"L1"i1C"D"< ).4&%C"a1"@EFFMN1"4(5#-$-.!-5/$<

.5&$%-!&(9(%<%,(#5&%#*!+$&7!=(75/$%;#59!29%-$-.1

U)B&%C"<1C"D"I56&'? C"A1" @EFFJN1"S/& )&$#0.4"

.'6"&*9#)#0.4".'.4,%#%" !")&7.)6"%/.9#'-"#'")&#';

! )0&*&'$"4&.)'#'-1"2'""#%2A!%1!&7(!8-&(#-5&$%-59!

B%-1(#(-2(!%-!D527$-(!4(5#-$-.!5-)!I,,9$25<

&$%-*"@91"33X;3eeN1

`&'-%$C" L1" @EFFEN1" A#%0 (&)#'-" /#&).)0/," #'"

)&#'! )0&*&'$" 4&.)'#'-"7#$/" /&8^1" 2'""#%2(()<

$-.*!%1!&7(!F$-(&((-&7!8-&(#-5&$%-59!B%-1(#(-2(!

%-! D527$-(! 4(5#-$-." @991" Ee3jEkFN1" < )-.'"

I.5!*.''1

`#'$ 'C"U1" @GJReN1"E$*&#$=;&()! #(,#(*(-&5&$%-*"

@S&0/1":&91"d 1"H<b;HQ;Re;GkXN1"K#$$%+5)-/C"

K=m"H.)'&-#&;<&44 '"b'#(&)%#$,C"A&9.)$*&'$" !"

H *95$&)"Q0#&'0&1

Z56./C"I1C": ,C"Q1C"h&)'C"=1C"D"A#&$$&)#0/C"S1"U1"

@EFGFN1":&#'! )0&*&'$"4&.)'#'-"(#."9).0$#0&".'6"

0)#$#^5&" .6(#0&1" 2'""#%2(()$-.*! %1! &7(! 6+(-&@<

H%;#&7!III8!B%-1(#(-2(!%-!I#&$1$2$59!8-&(99$.(-2("

@991"eRGjeRMN1"===2"K)&%%1

I.&4+4#'-C"Y1"K1C"Y#$$*.'C"<1"Y1C"D"<  )&C"=1"T1"

@GJJMN1":&#'! )0&*&'$"4&.)'#'-m"="%5)(&,1":%;#-59!

%1!I#&$1$2$59!8-&(99$.(-2(!0(*(5#27C"PC"E3XjERk1

I.'&)(.C"K1"@GJJ3N1"Q9.)%&"6#%$)#+5$&6"*&* ),".'6"

)&4.$&6"* 6&4%"1"2'"`.%% 5'C"<1"@a61NC"I**%2$5&(!

-(;#59!3(3%#$(*S!67(%#@!5-)!$3,9(3(-&5&$%-"@991"

kFjXMN1"d&7"l )?C"dlm"P8! )6"b'#(&)%#$,"K)&%%1

I&.)'%C"<1"@GJJRN1"d&.); 9$#*.4")&#'! )0&*&'$"

4&.)'#'-"#'"9 4,' *#.4"$#*&"1"2'"D527$-(!9(5#-$-."

@991"EMFjEMRN1"< )-.'"I.5!*.''1

I' 8C"T1" L1C" D" Q$ '&C" K1" @EFGFN1" H *+#'#'-"

*.'5.4"!&&6+.0?"7#$/"%5+%&^5&'$"<AK")&7.)6"

%#-'.4%"! )")&#'! )0&*&'$"4&.)'#'-1"2'""#%2A!%1!?&7!

$-&A!B%-1A!%-!I;&%-%3%;*!I.(-&*!5-)!D;9&$5.(-&!

J@*&(3*"@991"kjGEN1

4+4#'-C"Y1"K1"I1C"Y#$$*.'C"<1"Y1C"D"H.%%.'6).C"=1"

:1"@GJJRN1"K4.''#'-".'6".0$#'-"#'"9.)$#.44," +%&)(;

.+4&"%$ 0/.%$#0"6 *.#'%1"I#&$1$2$59! 8-&(99$.(-2(O!

NTNC"JJjG3e1

Y#*C"H1C"D"I#*C"`1"@GJJGN1"H*.0;+.%&6".6.9;

$#(&" 0)#$#0" %&4!;4&)'#'-" 0 '$) 41" 8   ! 6#5-*<

52&$%-*! %-! F(;#59! F(&+%#M*C" >C" k3Fjk331"

6 #mGF1GGFJOXE1G3eEJF

Y#$$*.'C" <1" Y1" @GJJeN1" <.)? (" -.*&%" .%" ."

!).*&7 )?"! )"*54$#;.-&'$")&#'! )0&*&'$"4&.)';

#'-1"2'""#%2(()$-.*!%1!&7(! 9(/(-&7!8-&(#-5&$%-59!

B%-1(#(-2(!%-!D527$-(!4(5#-$-."@991"GkXjGM3N1"

< )-.'"I.5!*.''1

<.)$/#C"L1"@EFFXN1"=5$ *.$#0"%/.9#'-".'6"6&0 *;

9 %#$# '" !")&7.)6"!5'0$# '%1"2'""#%2(()$-.*!%1!

&7(!8-&(#-5&$%-59!B%-1(#(-2(!%-!D527$-(!4(5#-<

$-.A"2H<Y1

< ).4&%C" a1" @EFF3N1" Q0.4#'-" 59" )&#'! )0&*&'$"

4&.)'#'-"7#$/".")&4.$# '.4")&9)&%&'$.$# '1"2'""#%2A!

%1!&7(!Q%#M*7%,!%-!I)5,&5=$9$&@!$-!D;9&$<I.(-&!

J@*&(3*"@91"Gk;EMN1

< ).4&%C"a1C"D"Q.**5$C"H1"@EFFeN1"Y&.)'#'-"$ "

!4," +," 0 *+#'#'-" )&#'! )0&*&'$" 4&.)'#'-" 7#$/"

+&/.(# 5).4"04 '#'-1"2'""#%2A!%1!&7(!6+(-&@<H$#*&!

8-&(#-5&$%-59!B%-1(#(-2(!%-!D527$-(!4(5#-$-."

@91"kJR;MFkN1



 %

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

d-C"=1"l1C"̀ .).6.C"A1C"D":5%%&44C"Q1"@GJJJN1"K 4#0,"

#'(.)#.'0&"5'6&)")&7.)6"$).'%! )*.$# '%m"S/& ),"

.'6".994#0.$# '"$ ")&7.)6"%/.9#'-1"2'""#%2(()$-.*!

%1!&7(!J$L&((-&7!8-&(#-5&$%-59!B%-1(#(-2(!%-!D5<

27$-(!4(5#-$-."@991"EXRjERXN1"< )-.'"I.5!*.''1

d-C"=1"l1C"D":5%%&44C"Q1"@EFFFN1"=4- )#$/*%"! )"

#'(&)%&" )&#'! )0&*&'$" 4&.)'#'-1" 2'" "#%2A! NU&7!

8-&(#-5&$%-59! B%-1A! %-!D527$-(! 4(5#-$-." @991"

MM3jMXFN1"< )-.'"I.5!*.''1

P)* '&#$C" A1C" D" Q&'C" Q1" @EFFEC" d (&*+&);

A&0&*+&)N1" I&)'&4;+.%&6" )&#'! )0&*&'$" 4&.)';

#'-1" D527$-(! 4(5#-$-.C" P?@E;3NC" GMGjGXR1"

6 #mGF1GFE3O=mGFGXJER3ERREJ

K.))C" :1C" D" :5%%&44C" Q1" @GJJRN1" :&#'! )0&*&'$"

4&.)'#'-" 7#$/" /#&).)0/#&%"  !" *.0/#'&%1" o<2S"

K)&%%1p1"I)/5-2(*!$-!F(;#59!8-1%#35&$%-!"#%2(**<

$-.!J@*&(3*C"NTC"GFe3jGFeJ1

K&$&)%C"Z1C"i#].,.?5*.)C"Q1C"D"Q0/..4C"Q1"@EFF3.N1"

:&#'! )0&*&'$"4&.)'#'-"! )"/5*.' #6") + $#0%1"2'"

"#%2(()$-.*!%1!&7(!67$#)!8   <0IJ!8-&(#-5&$%-59!

B%-1(#(-2(!%-!C;35-%$)!0%=%&*"@991"GjEFN1

K&$&)%C"Z1C"i#].,.?5*.)C"Q1C"D"Q0/..4C"Q1"@EFF3+C"

Q&9$&*+&)N1" :&#'! )0&*&'$" 4&.)'#'-" ! )" /5;

*.' #6" ) + $#0%1""#%2A!%1! &7(!67$#)! 8   <0IJ!

8-&(#-5&$%-59!B%-1(#(-2(!%-!C;35-%$)!0%=%&*O!

V5#9*#;7(O!W(#35-@C"@991"EJ;3FN1

K --# C"S1C"D"U#) %#C"h1"@GJRJN1"="$/& )," !"'&$;

7 )?%"! )".99) 8#*.$# '".'6"4&.)'#'-1"Y.+ ).$ ),C"

<.%%.0/5%&$$%"2'%$#$5$&" !"S&0/' 4 -,C"GGeF1

:.*.0/.'6).'C" A1" @EFFXN1" L.,&%#.'" #'(&)%&"

)&#'! )0&*&'$" 4&.)'#'-1" 2'" "#%2(()$-.*! %1! &7(!

>T&7!8-&(#-5&$%-59!:%$-&!B%-1(#(-2(!%-!I#&$1$2$59!

8-&(99$.(-2("@991"EkRMjEkJGN1

:,.'C"<1" @GJJRN1" :4;$ 9%m"='" .)0/#$&0$5)&" ! )"

* 654.)#$,".'6")&;5%&"#'")&#'! )0&*&'$"4&.)'#'-1"

2'""#%2A!%1!&7(!H$1&((-&7!8-&(#-5&$%-59!B%-1(#(-2(!

%-!D527$-(!4(5#-$-."@91"eRG;eRXN1"Q.'"h).'0#%0 C"

H=m"< )-.'"I.5!*.''1

Q0/..4C"Q1"@GJJXN1"Y&.)'#'-"!) *"6&* '%$).$# '"

1"2'"I)/5-2(*!$-!F(;#59!8-1%#35&$%-!"#%2(**$-.!

J@*&(3*O!?1"<2S"K)&%%1

Q#'-/C" Q1C" Z..?? 4.C" S1C" D" Z )6.'C" <1" @GJJMN1"

:&#'! )0&*&'$"4&.)'#'-"7#$/"% !$"%$.$&".--)&-.;

$# '"1"2'"F(;#59!8-1%#35&$%-!"#%2(**$-.!J@*&(3*!

U1"H.*+)#6-&C"<=m"<2S"K)&%%1

Q#'-/C"Q1C"Q5$$ 'C":1"Q1C"D"I.&4+4#'-C"K1"@GJJMN1"

:&#'! )0&*&'$"4&.)'#'-"7#$/")&94.0#'-"&4#-#+#4#$,"

$).0&%1"2'"D527$-(!9(5#-$-."@991"GE3jGkRN1

Q$)&'%C" <1" @EFFFN1"=" L.,&%#.'" !).*&7 )?" ! )"

)&#'! )0&*&'$" 4&.)'#'-1" 2'" "#%2(()$-.*! %1! &7(!

J(/(-&((-&7!8-&(#-5&$%-59!B%-1(#(-2(!%-!D527$-(!

4(5#-$-."@991"Je3jJkFN1"2H<Y1

Q5'* 4.C"h1"S1C"D"Y.+ ).$ ),C"T1"H1"@EFFMN1"< 6&4"

$).'%!&)"! )"<.)? ("6&0#%# '"$.%?%"(#."9.).*&$&)"

*.$0/#'-1"2'"Q%#M*7%,!%1!&7(!XV!"95--$-.!5-)!

J27();9$-.!J,(2$59!8-&(#(*&!W#%;,A

Q5$$ 'C":1C"D"L.)$ C"=1" @GJRJN1"0($-1%#2(3(-&!

9(5#-$-.!5-!$-&#%);2&$%-1"H.*+)#6-&C"<=m"<2S"

K)&%%1

Q5$$ 'C":1C"K)&059C"A1C"D"Q#'-/C"Q1"@GJJJN1"L&;

$7&&'"*69%" .'6" %&*#;*69%m"=" !).*&7 )?" ! )"

$&*9 ).4".+%$).0$# '"#'")&#'! )0&*&'$" 4&.)'#'-1"

I#&$1$2$59!8-&(99$.(-2(C"NN>C"GRGjEGG1"6 #mGF1GFGMO

QFFFe;3XFE@JJNFFFkE;G

S.6&9.44#C" K1C" D" P?C" A1" @GJJRN1" < 6&4;+.%&6"

.(&).-&")&7.)6")&#'! )0&*&'$" 4&.)'#'-" 1" 2'"I#<

&$1$2$59!$-&(99$.(-2("@991"RRGjRRXN1"===2"K)&%%O

<2S"K)&%%1

S.'-C" Z1C"Q#'-/C"=1C"U &/.5%&'C"d1C"D"=++&&4C"

K1"@EFGFN1"K.).*&$&)#B&6"*.'&5(&)"4&.)'#'-"! )"

.5$ ' * 5%"/&4#0 9$&)"!4#-/$1"2'""#%2A!%1!&7(!8-&(#<

-5&$%-59!B%-1(#(-2(!%-!0%=%&$2*!5-)!I;&%35&$%-"

@991"GGeEjGGeRN1

S.,4 )C"<1"a1C"D"Q$ '&C"K1"@EFFJN1"S).'%!&)"4&.)';

#'-"! )")&#'! )0&*&'$"4&.)'#'-"6 *.#'%m"="%5)(&,1"

:%;#-59!%1!D527$-(!4(5#-$-.!0(*(5#27C"NT@GNC"

GM33jGMRk1



$&

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

S&' )# ;U 'B.4&BC" =1" H1C" < ).4&%C" a1" h1C" D"

K#'&6.C"Y1"i1"@EFGFN1"A,'.*#0")&7.)6"%/.9#'-m"

S).#'#'-".") + $"+,"( #0&1"2'""#%2A!%1!&7(!8=(#%<

I3(#$25-!B%-1(#(-2(!%-!I#&$1$2$59! 8-&(99$.(-2("

@991"eR3;eJEN1

S&%.5) C"U1"@GJJEC"<.,N1"K).0$#0.4"#%%5&%"#'"$&*;

9 ).4"6#!!&)&'0&"4&.)'#'-1"D527$-(!4(5#-$-.C"YC"

EkXjEXX1"6 #mGF1GFFXOLhFFJJEMJX

S/& 6 ) 5C"a1C"L50/4#C"Z1C"D"Q0/..4C"Q1"@EFGFN1"

=" -&'&).4#B&6" 9.$/" #'$&-).4" 0 '$) 4" .99) .0/"

$ " )&#'! )0&*&'$" 4&.)'#'-1" :%;#-59! %1!D527$-(!

4(5#-$-.!0(*(5#27C"NNC"3G3Xj3GRG1

S ))&,C"Y1C"Q/.(4#?C"Z1C"T.4?&)C"S1C"D"<.04#'C":1"

@EFFRN1":&4.$# '.4"*.0) %"! )"$).'%!&)"#'")&#'! )0&;

*&'$"4&.)'#'-1"84"C"Eke;EMR1

(.'"P$$&)4 C"<1"@EFF3N1"a!!#0#&'$")&#'! )0&*&'$"

4&.)'#'-"5%#'-")&4.$# '.4".--)&-.$# '1"2'""#%2A!%1!

&7(!J$L&7! ;#%,(5-!Q%#M*7%,!%-!0($-1%2(3(-&!

4(5#-$-.A"d.'0,C"h).'0&1

(.'" P$$&)4 C"<1" @EFFJN1" 67(! 9%.$2! %1! 5)5,&$/(!

=(75/$%#S!V-%+9().(! #(,#(*(-&5&$%-!5-)!59.%<

#$&73*!1%#!5)5,&$/(!*(Z;(-&$59!)(2$*$%-!35M$-.!

;-)(#! ;-2(#&5$-&@! $-! 1$#*&<%#)(#! 5-)! #(95&$%-59!

)%35$-*1"S/&"d&$/&)4.'6%m"2PQ"K)&%%1

T.$?#'%C"H1" @GJRJN1"4(5#-$-.! 1#%3!)(95@()!#(<

+5#)*1"b'95+4#%/&6"6 0$ ).4"6#%%&)$.$# '1"H.*;

+)#6-&C"<=m"H.*+)#6-&"b'#(&)%#$,1

T#4% 'C"=1C" h&)'C"=1C" :.,C" Q1C" D" S.6&9.44#C" K1"

@EFFXN1" <54$#;$.%?" )&#'! )0&*&'$" 4&.)'#'-m" ="

/#&).)0/#0.4"+.,&%#.'".99) .0/1"2'""#%2(()$-.*!

%1!&7(!>P&7!8-&(#-5&$%-59!B%-1(#(-2(!%-!D527$-(!

4(5#-$-."@91"GFGkN1"=H<"K)&%%1

g.).- B.C"Z1"̀ 1"@EFGFN1":&4.$# '.4")&#'! )0&*&'$"

4&.)'#'-"7#$/"0 '$#'5 5%".0$# '%"+,"0 *+#'#'-"+&;

/.(# ).4"04 '#'-".'6"4 0.44,"7&#-/$&6")&-)&%%# '1"

:%;#-59!%1!8-&(99$.(-&!4(5#-$-.!J@*&(3*!5-)!I,<

,9$25&$%-*C">C"MJjXJ1"6 #mGF1eE3MO]#4%.1EFGF1EEFGF

g/.'-C"T1C"D"A#&$$&)#0/C"S1"U1"@GJJkN1"i.45&"!5'0;

$# '".99) 8#*.$# '%".'6"] +;%/ 9"%0/&654#'-1"2'"

"#%2(()$-.*!%1!&7(!Q%#M*7%,!%-![59;(!H;-2&$%-!

I,,#%L$35&$%-O" H.)'&-#&;<&44 '" b'#(&)%#$,C"

Q0/  4" !"H *95$&)"Q0#&'0&"@991"JkjEFMN1

,(*('#,

G"" S/#%"0.'"+&"04&.)4,".99)&0#.$&6"+,"0 '%#6;

&)#'-"$/&"9&)0&'$.-&" !".)$#04&%".'6"%9&0#.4"

7 )?%/ 9%"#'"$/#%".)&."#'"% *&" !"$/&"*.#'"

<.0/#'&"Y&.)'#'-"0 '!&)&'0&%"&1-1C"8-&(#<

-5&$%-59!B%-1(#(-2(!%-!D527$-(!4(5#-$-.!

\7771#0*4EFGF1 )-]O! F(;#59! 8-1%#35&$%-!

"#%2(**$-.! J@*&(3*! \-$,*A22]O!  ;#%,(5-!

B%-1(#(-2(! %-! D527$-(! 4(5#-$-.! 5-)!

"#$-2$,9(*!5-)!"#52&$2(!%1!V-%+9().(!E$*<

2%/(#@!$-!E5&5=5*(*!\7771&0*49?66EFGF1

 )-]".'6"%9&0#.4"#%%5&%"#'"% *&"7&44;?' 7'"

] 5)'.4%" &1-1C"D527$-(! 4(5#-$-.! :%;#-59!

\7771%9)#'-&)10 *O0 *95$&)O.#O] 5);

'.4OGFJJe]O! :%;#-59!%1!D527$-(!4(5#-$-.!

0(*(5#27! \]*4)10%.#41*#$1&65]O! B%3,;&5<

&$%-59! 8-&(99$.(-2(! \77717#4&,10 *O+7O

] 5)'.41.%9q)&!rFREe;XJ3k]1


