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¡I ;l ¢D£J<AJI£k ?< ;l ¢D£¢DI@J@ IkJ<;;<AJd<;;< <gJ dk ?£BlIk< ?¤@Jd?< ¢;dJ¥J D@A<kJ Ae<¦
;<g @A£k£BIgJ<g§ <;;< ¨lIJ k@lkB£Ikg ;¤£C©<J ?< k£BCD<dª @Jd?<g <J ?@ClJg ?<¢dIg «d<;«d<g
lkk@<gi ¬<g cD£IJg ?< D£¢DI@J@ ®kJ<;;<AJd<;;< ¯c®°§ ¢lDBI ;<g«d<;g ;< CD<±<J <J ;< ?D£IJ
?¤ldJ<dD§ ±Ig<kJ ² <kA£dDl³<D ;¤Ikk£±lJI£k <J ;l AD@lJI£k J£dJ <k ¨l±£DIglkJ ;l ?I´dgI£k ?<g
A£kklIgglkA<gi

µd A£dDg ?<g lkk@<g =¶¶F§ AlDlAJ@DIg@<g ¢lD ;l D@±£;dJI£k kdB@DI«d<§ ;< ?@±<;£¢¢<·
B<kJ ?<g J<Aek£;£³I<g ?< ;¤Ik¨£DBlJI£k§ ?¤®kJ<Dk<J <J ?< ;¤@A£k£BI< ?d gl±£ID ¯̧ ¹��º»����
�¼����½¾°§ ;< D¥;< ?@©² ¢D@¢£k?@DlkJ ?<g c® ?lkg ;l ¢D£B£JI£k ?< ;¤Ikk£±lJI£k <J ?<
;¤lAJI±IJ@ DIg«d@< ?< p¿c g¤<gJ IkJ<kgIÀ@<i m<g Aelk³<B<kJg J<Aek£;£³I«d<g £kJ IkA£kJ<gJl·
C;<B<kJ C£d;<±<Dg@ ;l ?£kk< ?< ;l ¢D£¢DI@J@ IkJ<;;<AJd<;;<i ¬< Al?D< IkgJIJdJI£kk<; ?<g c®
<gJ g£dBIg ² ?< k£d±<;;<g Df³;<g ?d ©<d <J ?< k£d±<;;<g D<;lJI£kg g< g£kJ IkgJldD@<g <kJD< g<g
lAJ<dDg Ā<dª «dI ?@;I±D<kJ§ ?@JI<kk<kJ £d <k¨D<I³k<kJ ;<g ?D£IJg° K ?¤dk< ¢lDJ§ ;<g ?@J<kJ<dDg
?<g ?D£IJg g£kJ B<klA@g ¢lD ;¤IBIJlJI£k <J dk< A£¢I< ?<±<kd< ¢;dg ¨lAI;<§ BlIg I;g ?Ig¢£g<kJ
@³l;<B<kJ ?¤lDB<g ¢;dg lI³dIg@<g <J ?lk³<D<dg<g ¢£dD ;<g ¸Ik¨DlAJ<dDg¾ Á ?¤ldJD< ¢lDJ§ ;<g
ldJ£DIJ@g £kJ ¢£dD D¥;< ?< A£kJD¥;<D ;¤<ª¢;£IJlJI£k ¢£J<kJI<;;<B<kJ lCdgI±< ?< A<g lDB<g <J
?£I±<kJ <;;<g·BÂB<g g¤l?l¢J<D ldª Aelk³<B<kJg IkgJIJdJI£kk<;gi

Ã



m<JJ< Jefg< l ¢£dD £C©<J ?¤@Jd?< ;<g IkJ<DlAJI£kg <kJD< ;<g ÄH <J ;<g c® ¯CD<±<Jg <J
?D£IJg ?¤ldJ<dD°i clkg «d<;;< B<gdD< A<g IkJ<DlAJI£kg <kJDlÅk<kJ·<;;<g dk< D<?@ÀkIJI£k ?d
gJlJdJ <J ?< ;¤dJI;IJ@ ?<g c® Æ Çd<; D¥;< ;<g c® ©£d<kJ·I;g ?lkg ;<g ¢D£A<ggdg ?¤Ikk£±lJI£k
<J ?< AD@lJI£k Æ ¬l A£kÀ³dDlJI£k «dI g¤<gJ BIg< <k ¢;lA< ?<¢dIg ;< BI;I<d ?<g lkk@<g =¶¶F
lB¢;IÀ< A<DJlIkg ?Èg¨£kAJI£kk<B<kJg Ike@D<kJg ld gÈgJfB< ?<g c®§ J£dJ <k IkJD£?dIglkJ
?< k£d±<;;<g ?IgJ£DgI£kg§ A£BB< ;¤I;;dgJD< ¢<DJIk<BB<kJ ;< g<AJ<dD ?<g ;£³IAI<;g ldª ÉJlJg·
okIg§ <k ¨£DJ< AD£IgglkA<§ <J J<DDlIk ?< k£BCD<dg<g @±£;dJI£kg ©dDI?I«d<gi ¬l Jefg< l ¢£dD
CdJ ?¤lkl;Èg<D A<DJlIkg lg¢<AJg ?<g IkJ<DlAJI£kg <kJD< c® <J ÄH§ ² ;l ;dBIfD< ?<g ?Èg·
¨£kAJI£kk<B<kJg «dI lAA£B¢l³k<kJ ;l k£d±<;;< ?£kk<i Ä£dg k£dg IkJ@D<gg£kg ldª lg¢<AJg
¢DlJI«d<g ?< ;l BIg< <k Êd±D< ?<g c® ?lkg ;< A£kJ<ªJ< ?<g ÄHi Ä£dg J<kJ£kg ?< AlDlA·
J@DIg<D ;l k£d±<;;< ?£kk< g£dg JD£Ig ¢<Dg¢<AJI±<g§ AelAdk< ?¤<kJD< <;;<g A£DD<g¢£k?lkJ ² dk
Ael¢IJD<i

¬< ¢D<BI<D Ael¢IJD<§ IkJIJd;@ ¸<<D·J£·<<D§ IDlJl³< <J cD£IJg ?¤ldJ<dD K IB¢lAJ gdD ;<g
lDJIgJ<g <J ;<g A£kg£BBlJ<dDg¾§ l ¢£dD £C©<J ;< gÈgJfB< ?<g ?D£IJg ?¤ldJ<dD gdD ®kJ<Dk<J <J
;<g A£¢I<g ?I³IJl;<g ?<g Êd±D<g ?Ig¢£kIC;<g <k ;I³k< ¯BdgI«d<§ À;Bg§ <JAi°i Ä£dg lkl;Èg£kg
;¤IB¢lAJ ?¤dk D<k¨£DA<B<kJ ?< ;l ¢D£J<AJI£k ;@³l;< ;£Dg«d< ;<g ¢D£?dAJ<dDg g£kJ <k B<gdD<
?¤IkJ@³D<D ¢£dD ;<dD ¢lDJ ?<g ?Ig¢£gIJI¨g A£ËJ<dª ?< ±<DD£dI;;l³< J<Aek£;£³I«d< ?<g £DI³Ikldª
«dI <k ;IBIJ<kJ ;¤dJI;IglJI£ki

¬< ?<dªIfB< Ael¢IJD<§ IkJIJd;@ ¸ÌkD<³IgJD<D £d ¡@;<AJI£kk<D Æ ¬< Blk?lJ IkA<DJlIk ?<
;¤£ÍA< ?<g CD<±<Jg ?lkg ;¤Ikk£±lJI£k¾§ @Jd?I< ;<g ?Èg¨£kAJI£kk<B<kJg Iggdg ?< ;¤lgÈB@JDI<
?¤Ik¨£DBlJI£k <kJD< ;<g Ikk£±lJ<dDg ¯«dI ?<Blk?<kJ dk CD<±<J° <J ;<g <ªlBIklJ<dDg ¯«dI
<ªlBIk<kJ ;<g ?<Blk?<g°i c<±lkJ ;< ±£;dB< AD£IgglkJ ?<g ?<Blk?<g ?< CD<±<Jg§ ;<g <ªlBI·



klJ<dDg g< ±£I<kJ A£kJDlIkJg ?¤@Jd?I<D Dl¢I?<B<kJ ;<g ?£ggI<Dg§ A< «dI ;<g lBfk< ² A£BB<JJD<
?<g <DD<dDg ?< ©d³<B<kJ <J ² lAA£D?<D ?<g CD<±<Jg ?< ¸Bld±lIg<¾ «dl;IJ@i Ä£dg @Jd?I£kg ;<
;I<k <kJD< ;¤Ik<ÍAlAIJ@ ?d ¢D£A<ggdg ?¤<ªlB<k <J ;<g gJDlJ@³I<g ?< ?<Blk?< ?< CD<±<Jg ?<g
<kJD<¢DIg<gi

¬< JD£IgIfB< Ael¢IJD<§ IkJIJd;@ ¸D£J@³<D ;¤®kk£±lJI£k K ;< ?£dC;< ©<d ?<g l±£AlJg¾§ ?@ADIJ
;< D¥;< ?<g l±£AlJg ?lkg ;l ¢D£J<AJI£k ?<g Ikk£±lJI£kgi ¬<g Ikk£±lJ<dDg k< g£kJ ¢lg J£d©£dDg
<k B<gdD< ?¤@±l;d<D ;<g <´£DJg ¨£dDkIg ¢lD ;<dDg l±£AlJg ;£Dg ?< ;l D@?lAJI£k <J ;< ?@¢¥J
?d CD<±<J ¢dIg ;£Dg ?d ;IJI³< l±<A dk IBIJlJ<dD ¢£J<kJI<;i Ä£dg @Jd?I£kg ;<g IkJ<DlAJI£kg
<kJD< A<g ?<dª @Jl¢<g gdAA<ggI±<g <J ;<g ?IgJ£DJI£kg ;I@<g ² ;¤lgÈB@JDI< ?¤Ik¨£DBlJI£k <kJD<
;<g Ikk£±lJ<dDg <J ;<dD l±£AlJi
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n< D<B<DAI< B£k ?ID<AJ<dD ?< Jefg< j<DklD? mlI;;ld? K ¢£dD l±£ID lAA<¢J@ ?< ?IDI³<D
A<JJ< Jefg< Á ¢£dD B¤l±£ID IkIJI@< ² ;l D<Ae<DAe< Á ¢£dD B¤l±£ID ¨lIJ ¢D£ÀJ<D ?< g£k gl±£ID
<J ?< g£k <ª¢@DI<kA< Á ¢£dD l±£ID ¨lIJ ¢D<d±< ?¤dk< ³Dlk?< ¢lJI<kA< Á ¢£dD B¤l±£ID £´<DJ
;¤£AAlgI£k ?< ¢lDJIAI¢<D ² g£k JDl±lI;i ¡I ©< gdIg ;£Ik ?¤l±£ID @J@ dk< @Jd?IlkJ< B£?f;<§ ©<
gdIg A£k±lIkAd< «d¤I; <gJ dk ?ID<AJ<dD ?< Jefg< I?@l;i n¤lI <d C<ldA£d¢ ?< AelkA<i

n< D<B<DAI< @³l;<B<kJ cl±I? ÌkAl£dl «dI B¤l lAA£B¢l³k@< J£dJ ld ;£k³ ?< B<g @Jd?<gi
m¤<gJ l±<A ;dI «d< © ¤lI ?@A£d±<DJ ;¤@A£k£BI< Ik?dgJDI<;;<§ ;¤@A£k£BI< ?< ;¤Ikk£±lJI£k <J ;l ¢D£·
¢DI@J@ IkJ<;;<AJd<;;<i ¡lkg g<g <kg<I³k<B<kJg§ g£k g£dJI<k <J g<g <kA£dDl³<B<kJg A£kgJlkJg§
©< k¤<k g<DlIg ¢lg ;²i

n< D<B<DAI< J£dg ;<g B<BCD<g ?d ©dDÈ§ <k ¢lDJIAd;I<D µkk< <DD£J§ ¢£dD g<g A£kg<I;g <J
g£k £¢JIBIgB<§ <J ¬ldD<kJ ¬Ikk<B<D ¢£dD g<g D<BlD«d<g A£kgJDdAJI±<gi

n< D<B<DAI< B£k ¢D<BI<D A£·ldJ<dD lJDIAÒ Ól<;CD£<AÒ§ l±<A «dI © ¤lI ¨lIJ B<g ¢D<BI<Dg
¢lg ?lkg ;¤dkI±<Dg ?d Ô����Õ��Ô���i

ok ³Dlk? B<DAI ² n@D¥B< £dÈ<J§ dk ³Dlk? Ae<DAe<dD ld ³Dlk? A£<dDi
n< D<B<DAI< J£dJ< ;¤@«dI¢< ?d mÌpµ¡ «dI B¤l lAAd<I;;I< ?dDlkJ B<g «dlJD< lkk@<g ?<

Jefg<i h£k JDl±lI; k¤ldDlIJ ¢lg @J@ ¢£ggIC;< glkg ;¤lI?< ÀklkAIfD< ?< ;¤ÉA£;< ÄlJI£kl;< ?<g

Ö
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£kJg <J meldgg@<g <J ?< ;¤okI±<DgIJ@ ?< lDIg ®® lkJe@£k·µgglgi
£dD ;<dDg ;<AJdD<g ?<g ?<DkIfD<g g<BlIk<g§ ©< D<B<DAI< K jlglÒ§ me;£@§ cl±I?§ àD@?@DIA§

nd;I<k§ á;I±I<D§ lJDIAÒ§ pl?£g;l±l§ ¡È;±lIk<§ He£Blgi n< D<B<DAI< @³l;<B<kJ ;<g k£BCD<dg<g
ldJD<g ¢<Dg£kk<g <J lBIg «dI B¤£kJ lI?@< ¢<k?lkJ A<JJ< Jefg<i

n< D<B<DAI< B<g ¢lD<kJg§ lIkgI «d< j<DklD?§ nlkIk<§ Bl ³Dlk?·BfD< <J J£dJ ;< D<gJ< ?<
Bl ¨lBI;;<§ ¢£dD l±£ID J£d©£dDg @J@ ¢Dfg ?< B£Ii £dD ;l BÂB< DlIg£k ©< D<B<DAI< J£dg B<g
lBIg§ k£JlBB<kJ à;£D<kJ <J nd;I<k§ ² «dI ©< ¢D£B<Jg ?< k< ¢lg D<A£BB<kA<Di
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=i= Çd¤l¢¢<;;<·J·£k c® Æ i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i =û

=i=i= DIkAI¢<g <J AlDlAJ@DIgJI«d<g ?<g c® i i i i i i i i i i i i i i i i i =û
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=iEiE ¬<g AlDlAJ@DIgJI«d<g @A£k£BI«d<g ?<g c® i i i i i i i i i i i i i i =¶

=iÃ ¬<g Aelk³<B<kJg A£kAdDD<kJI<;g§ J<Aek£;£³I«d<g <J IkgJIJdJI£kk<;g ¯?<¢dIg ;<
BI;I<d ?<g lkk@<g =¶>F° i i i i i i i i i i i i i i i i i i i i i i i i i i i i i EF
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=iGi= Ä£d±<;;<g J<Aek£;£³I<g ?< D<¢D£?dAJI£k i i i i i i i i i i i i i i i i EG
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±<Jg ?lkg ;¤Ikk£±lJI£k i i i i i i i i i i i i i i i i i i i i i i i i i i Ãû
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¬<g cD£IJg ?< D£¢DI@J@ ®kJ<;;<AJd<;;< ¯c®° ±Ig<kJ ² ¢D£J@³<D ;<g AD@lJI£kg ?< ;¤<g¢DIJi
¡I ;<g ?I´@D<kJg Aelk³<B<kJg J<Aek£;£³I«d<g £kJ D@³d;IfD<B<kJ ¢D£±£«d@ ?<g l?l¢JlJI£kg
£d ?<g B£?IÀAlJI£kg ?< ;<dD Al?D< IkgJIJdJI£kk<;§ I;g ¨£kJ ?<¢dIg «d<;«d<g lkk@<g ;¤£C©<J ?<
k£BCD<dª @Jd?<g <J ?@ClJgi µd A£dDg ?< ;l ?<DkIfD< ?@A<kkI<§ ;l D@±£;dJI£k ?<g J<Aek£;£³I<g
kdB@DI«d<g <J ;¤@B<D³<kA< ?< ;¤@A£k£BI< ?< ;l A£kklIgglkA< ¯̧ ¹��º»���� �¼����½¾° £kJ
lAADd ;¤IB¢£DJlkA< ?< ;l D£¢DI@J@ ®kJ<;;<AJd<;;< <J C£d;<±<Dg@ g<g Df³;<g ?d ©<d K ;¤Ikk£±lJI£k
<J ;l p¿c £kJ Aelk³@ ?< klJdD<§ Aelk³<B<kJ «dI £C;I³< ² dk< D@±IgI£k ?d ¢lDl?I³B<
gAedB¢<J<DI<k Á ;l ?dD@< ?< ±I< ?<g ¢D£?dIJg <gJ ¢;dg A£dDJ< <J ;<g l±lkA@<g J<Aek£;£³I«d<g
¨lAI;IJ<kJ ;¤IBIJlJI£k ?< k£d±<ldª ¢D£?dIJg§ £C;I³<lkJ ;<g <kJD<¢DIg<g ² ?l±lkJl³< ±l;£DIg<D
;<dDg ?D£IJg ¢£dD g¤l¢¢D£¢DI<D ;<g D<J£dDg ?< ;¤Ikk£±lJI£ki ¬< gÈgJfB< ?< ¢D£J<AJI£k ?<g c®
¢lD ;<g CD<±<Jg <J ?D£IJg ?¤ldJ<dDg§ A£k�d ¢£dD ;<g ¢D£?dIJg Ik?dgJDI<;g £d ?lkg dk Al?D< £�
;l ?d¢;IAlJI£k @JlIJ B£Ikg lIg@<§ ¢<dJ ?£kA g< D@±@;<D Ikl?l¢J@ ldª k£d±<;;<g J<Aek£;£³I<g
¯ÄH° <J A£kklÅJD< ?<g ?Èg¨£kAJI£kk<B<kJgi

µ¢Dfg l±£ID ?@ÀkI ;<g c®§ ;<dDg ?I´@D<kJg JÈ¢<g <J B£?l;IJ@g ?¤l¢¢;IAlJI£k lAJd<;;<B<kJ
<k ±I³d<dD ḡ<AJI£k =i=°§ k£dg ¢D@g<kJ<D£kg gIBd;Jlk@B<kJ ;<g @±£;dJI£kg ?< ;¤lkl;Èg< @A£·
k£BI«d< <J ?< ;¤eIgJ£ID< ?<g c® K ?<g ¢D@BIgg<g ?< ;¤lkl;Èg< @A£k£BI«d< ?<g c® ?lkg
;<g lkk@<g =¶ÖF ḡ<AJI£k =iE° ldª Aelk³<B<kJg J<Aek£;£³I«d<g <J IkgJIJdJI£kk<;g ?<g lkk@<g
=¶>F ḡ<AJI£k =iÃ° «dI £kJ A£k?dIJ ld A£kJ<ªJ< lAJd<; ?< ;¤@A£k£BI< ?d gl±£ID ḡ<AJI£k =iG°
<J ldª ?@ClJg D@A<kJg ldJ£dD ?<g c® ḡ<AJI£k =iû°i dIg k£dg ?@ÀkID£kg ;¤£C©<J ?¤@Jd?<
?< A<JJ< Jefg<§ «dI ¢£DJ< gdD ;<g IkJ<DlAJI£kg <kJD< ;<g ÄH <J ;<g c®§ AlDlAJ@DIg@<g ¢lD ;l
k£d±<;;< ?£kk< ?lkg ;< Alg ?<g ;£³IAI<;g ldª ÉJlJg·okIg ḡ<AJI£k =iÖ°§ l±lkJ ?< ?@ADID< ;<g
Ael¢IJD<g ?< ;l Jefg< ḡ<AJI£k =iß°i

=G
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¬< gÈgJfB< ?<g c® ±Ig< ² ¢D£J@³<D ;<g Êd±D<g ?< ;¤<g¢DIJ§ A¤<gJ·²·?ID< ;<g CI<kg ¨£k?@g gdD
;< gl±£ID <J ;l A£kklIgglkA<i ¬l ¢D£J<AJI£k ?<g c® g< ?@ÀkIJ ¢lD <kg<BC;< IkgJIJdJI£kk<; ?<
¢DIkAI¢<g ¯k£DB<g <J A£k±<kJI£kg° <J ?< B£?l;IJ@g ?¤l¢¢;IAlJI£k§ ?£kklkJ ;I<d ² ?<g lg¢<AJg
¢;dg ¢DlJI«d<g ?¤IkJ<D¢D@JlJI£k <J ?< BIg< <k Êd±D< ?< ;l ;£Ii

34343 567897:;< ;= 9>6>9=?67<=7@A;< B;< C5D
¬< ¢DIkAI¢< @A£k£BI«d< ?<g c® <gJ ¨£k?@ gdD ;< ¨lIJ «d¤<k ;¤lCg<kA< ?< ¢D£J<AJI£k

©dDI?I«d<§ ;< A£kJ<kd ?¤dk< Ikk£±lJI£k £d ?¤dk< Êd±D< ¢<dJ ÂJD< dJI;Ig@ <J <ª¢;£IJ@ ¢lD
J£dJ dJI;IglJ<dD glkg «d¤I; lIJ ² <k gd¢¢£DJ<D ;<g A£ËJg ?¤Ikk£±lJI£k £d ?< AD@lJI£ki clkg ;l
B<gdD< £� A<g lAJI±IJ@g§ A£ËJ<dg<g <J DIg«d@<g§ ¢<d±<kJ ÂJD< ?@A£dDl³@<g§ ;<g c® ±Ig<kJ ²
£´DID dk< ¢£gIJI£k ?< B£k£¢£;< J<B¢£DlID< ?¤<ª¢;£IJlJI£k ² ;<dD ?@J<kJ<dD lÀk ?¤<kA£dDl³<D
;l AD@lJI£k <J ;¤Ikk£±lJI£k§ J£dJ <k ¢<DB<JJlkJ ;l ?I´dgI£k ?d gl±£ID ;̄¤Êd±D< £d ;¤Ik±<kJI£k
J£BC< ?lkg ;< ?£BIk< ¢dC;IA ld C£dJ ?¤dk A<DJlIk k£BCD< ?¤lkk@<g°i

¬<g c® g< ?IgJIk³d<kJ <k ?<dª ³Dlk?<g ¨lBI;;<g ldª B£?l;IJ@g ?¤l¢¢;IAlJI£k ?I´@D<kJ<g K
;<g CD<±<Jg§ «dI ¢D£Jf³<kJ ;<g Ik±<kJI£kgE§ <J ;<g ?D£IJg ?¤ldJ<dD§ «dI ¢D£Jf³<kJ ;<g AD@lJI£kg
lDJIgJI«d<g <J ;IJJ@DlID<gi

¬< CD<±<J <gJ A£kgI?@D@ A£BB< ;< ?D£IJ ;< ¢;dg ¢dIgglkJ ?d gÈgJfB< ?< ¢D£¢DI@J@ IkJ<;;<A·
Jd<;;<i ®; A£k¨fD< ² g£k ?@J<kJ<dD dk ?D£IJ <ªA;dgI¨ ¢£dD <ª¢;£IJ<D ¯̈ lID<§ ±<k?D< £d dJI;Ig<D°
;¤Ik±<kJI£k ¢D£J@³@< ¢<k?lkJ gl ¢@DI£?< ?< ±l;I?IJ@ ¯EF lkg°§ ld ?<;² ?< ;l«d<;;< ;¤Ik±<kJI£k
J£BC< ?lkg ;< ?£BlIk< ¢dC;IA <J ?<±I<kJ lAA<ggIC;< ² J£dg ³DlJdIJ<B<kJi Ìk A£kJD<¢lDJI<§
;<g A£k?IJI£kg ² D<B¢;ID ¢£dD £CJ<kID A<JJ< ¢D£J<AJI£k g£kJ ¢;dg k£BCD<dg<g <J ¢;dg D<gJDIA·
JI±<gi £dD ÂJD< CD<±<JlC;<§ dk< Ik±<kJI£k ?£IJ lIkgI glJIg¨lID< ?<g ADIJfD<g§ «dI ?I´fD<kJ g<;£k
;<g ¢lÈg K Jlk?Ig «d¤ldª ÉJlJg·okIg§ ;¤lDJIA;< Ãû ?< ;l A£kgJIJdJI£k ?Ig¢£g< «d¤<;;< ?£IJ ÂJD<
dJI;< ² ;l g£AI@J@§ £DI³Ikl;<§ k£d±<;;< <J k£k @±I?<kJ< ¯ldª È<dª ?¤dk< ¢<Dg£kk< lÈlkJ ?<g
A£B¢@J<kA<g £D?IklID<g ?lkg ;< ?£BlIk< A£kA<Dk@°§ ;< gÈgJfB< <dD£¢@<k ?<g CD<±<Jg <ªI³<
FGHI JHKIHLJMH NI OPQHJL RMSSI LMTLI SURVJHI MT WXMRPOP HYPLUHL WUN ZTHI JOPI U[NLXUJLI\ THI ]MJWV^NJ_TI MT TH WVPHMS`HI HULTXI]ab
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¢£dD gl ¢lDJ «d¤<;;< g£IJ k£d±<;;<§ Ik±<kJI±< <J «d¤<;;< lIJ dk< l¢¢;IAlJI£k Ik?dgJDI<;;<i
µÀk ?¤£CJ<kID dk CD<±<J§ ldª ÉJlJg·okIg A£BB< <k ÌdD£¢<§ ;¤Ik±<kJ<dD g£dB<J dk< ?<·

Blk?< ld¢Dfg ?< ;¤£ÍA< ?<g CD<±<Jg§ IkgJlkA< klJI£kl;< <k AelD³< ?<g <ªlB<kg§ ?@;I±DlkA<g
<J <kD<³IgJD<B<kJg ?<g CD<±<Jgi m<JJ< ?<Blk?< A£B¢£DJ< dk< ?<gADI¢JI£k ?< ;¤Ik±<kJI£k gdI·
±I< ?< D<±<k?IAlJI£kg ¯̧ ��Õ��Õ ¼»����¾° «dI ?@;IBIJ<kJ ;< AelB¢ ?< ¢D£J<AJI£k§ A¤<gJ·²·?ID<
«d¤<;;<g ?@ADI±<kJ ;<g l¢¢;IAlJI£kg £d lB@;I£DlJI£kg «dI <kJD<kJ ?lkg ;< AelB¢ ?d CD<±<Ji µd
?<;² ?< A<JJ< Clg< A£BBdk<§ ;<g ?<dª gÈgJfB<g ?I´fD<kJ gdD ?<dª ¢£IkJg Bl©<dDg K <k Alg ?<
?<Blk?<g gIBI;lID<g§ ;< CD<±<J <gJ lAA£D?@ ² A<;dI «dI l Ik±<kJ@ <k ¢D<BI<D ldª ÉJlJg·okIg
¯̧ c��Õ Õ� �����Õ¾° <J ² A<;dI «dI ;¤l ?<Blk?@ <k ¢D<BI<D <k ÌdD£¢< ¯̧ c��Õ Õ� c »�¾° Á ¢lD
lI;;<dDg§ ;l ?lJ< ?< ¢dC;IAlJI£k ?d A£kJ<kd ?< ;l ?<Blk?<§ => B£Ig ² ¢lDJID ?< ;l ?lJ< ?<
?@¢¥J <k ÌdD£¢<§ <J g<d;<B<kJ ld B£B<kJ ?< ;¤£AJD£I ?d CD<±<J ldª ÉJlJg·okIgi

¬< A£¢ÈDI³eJ <̄k àDlkA<§ ;< ?D£IJ ?¤ldJ<dD° ¢D£Jf³< ¢£dD gl ¢lDJ J£dJ< Êd±D< £DI³Ikl;<
D<¢D@g<kJ@< ?lkg dk B£?< ?¤<ª¢D<ggI£k Jlk³IC;< <J Àª< ¯o¡ m£¢ÈDI³eJ µAJ§ lDJIA;< =ß°i ¡l
¢D£A@?dD< ?< ?@;I±DlkA< <gJ ¢D<g«d< ldJ£BlJI«d<§ <J I; A£k¨fD< ² g£k ?@J<kJ<dD dk ?D£IJ
<ªA;dgI¨ ?< D<¢D£?dAJI£k§ ?IgJDICdJI£k <J dJI;IglJI£k ?< ;¤Êd±D<i ¬l ?dD@< ?< ;l ¢D£J<AJI£k
<gJ ?¤<k±ID£k ûF lkg l¢Dfg ;l B£DJ ?< ;¤ldJ<dDi

¡I A<g ?<dª gÈgJfB<g ?< c® g£kJ ³@k@Dl;<B<kJ <ªA;dgI¨g ?lkg ;l B<gdD< £� I;g k<
¢D£Jf³<kJ ¢lg ;< BÂB< JÈ¢< ?¤Êd±D<g Īk±<kJI£kg ¢£dD ;< CD<±<J <J Êd±D<g lDJIgJI«d<g <J
;IJJ@DlID<g ¢£dD ;< A£¢ÈDI³eJ°§ I; <ªIgJ< J£dJ<¨£Ig dk< <ªA<¢JI£k ¯k£JlBB<kJ ldª ÉJlJg·okIg°
<k A< «dI A£kA<Dk< ;<g ;£³IAI<;g§ ?£kJ ;l ¨£kAJI£kkl;IJ@ ¢<dJ ÂJD< ¢D£J@³@< ¢lD dk CD<±<J§ <J
;¤<ª¢D<ggI£k ¢lD dk A£¢ÈDI³eJi Ìk A£kg@«d<kA<§ ;<g ¢D£?dAJ<dDg ?< ;£³IAI<;g £kJ ;l ¢£ggICI;IJ@
?¤dJI;Ig<D ¢lDl;;f;<B<kJ ;< A£¢ÈDI³eJ A£kJD< ;< ¢IDlJl³< ¢lD ;<g dJI;IglJ<dDg <J ;< CD<±<J A£kJD<
;<g A£kAdDD<kJgi

3434d e7<; ;8 fAg6; B;< B6h7=<
Ìk A< «dI A£kA<Dk< ;l BIg< <k Êd±D< ?<g ?D£IJg§ ;l ¨D£kJIfD< <kJD< A£¢ÈDI³eJ <J CD<±<Jg

D@gI?< <gg<kJI<;;<B<kJ ?lkg ;< ¨lIJ «d< ;< A£¢ÈDI³eJ k< ¢D£Jf³< g£k ?@J<kJ<dD ?< ;l A£¢I< ?<
;¤<ª¢D<ggI£k g¢@AIÀ«d< ?< ;¤Êd±D<§ BlIg ¢lg ?< ;¤dJI;IglJI£k ?< ;¤I?@< <J gl ¨£kAJI£kkl;IJ@i
c@ÀkI ¢lD g<g D<±<k?IAlJI£kg§ ;< AelB¢ ¢D£J@³@ ¢lD dk CD<±<J l¢¢lDlÅJ ¢;dg lBCI³d <J Ik·
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A<DJlIk gdD ;< ¢;lk ©dDI?I«d<i µdJD< ?I´@D<kA<§ ;<g Êd±D<g ¢<d±<kJ ÂJD< ¢D£J@³@<g ¢lD dk
A£¢ÈDI³eJ glkg ¢D£A@?dD< ?¤<ªlB<k ¢lDJIAd;IfD<§ k£JlBB<kJ glkg ADIJfD< ?< k£d±<ldJ@§ <J
;l AD@lJI£k Ik?@¢<k?lkJ< <gJ ldJ£DIg@<§ ² ;l ?I´@D<kA< ?d gÈgJfB< ?<g CD<±<Jg§ ldª J<DB<g
?d«d<; dk< Ik±<kJI£k Ik?@¢<k?lkJ< A£kgJIJd< dk< Ik¨DlAJI£ki ÌkÀk§ ;<g A£ËJg ?< gdD±<I;;lkA<
<J ?¤@±<kJd<;;<g ¢£dDgdIJ<g ©d?IAIlID<g g£kJ ¢;dg @;<±@g ¢£dD ;<g CD<±<Jg «d< ¢£dD ;<g A£¢È·
DI³eJg§ ?d ¨lIJ ?¤dk AelB¢ ?< ¢D£J<AJI£k B£Ikg ¢D@AIg <J ?¤dk< ?@J<AJI£k ¢;dg lD?d< ?d
¢IDlJl³<ii

®k?@¢<k?lBB<kJ ?d CD<±<J <J ?d A£¢ÈDI³eJ «dI A£kgJIJd<kJ ;<g c® ¢D£¢D<B<kJ ?IJg§
dk< ldJD< gJDlJ@³I< ?< ¢D£J<AJI£k ?< ;¤Ikk£±lJ<dD A£kgIgJ< ² ³lD?<D ;< g<AD<J Ik?dgJDI<;i ok
g<AD<J Ik?dgJDI<; A£d±D< dk< Ik¨£DBlJI£k ¯̈ £DBd;<§ B@Je£?<§ ¢D£A@?@§ <JAi° dJI;Ig@< ?lkg dk
¢D£?dIJ ?£kJ ;l ±l;<dD A£BB<DAIl;< ?IBIkd< l±<A ;l ?I±d;³lJI£k ?< A<JJ< Ik¨£DBlJI£ki ¬<
g<AD<J ?I´fD< ?<g c® ¯CD<±<J <J ?D£IJ ?¤ldJ<dD° ?lkg ;l B<gdD< £� I; k< A£k¨fD< ¢lg ?<
?D£IJ <ªA;dgI¨ ² g£k ?@J<kJ<dD§ «dI k< gldDlIJ g¤l¢¢dÈ<D gdD ;l ;£I gI ;¤Ik¨£DBlJI£k <gJ D@±@;@<i
m<JJ< ¨£DB< ?< ¢D£J<AJI£k k¤<gJ ?£kA ¢lg l?l¢J@< ldª Ik±<kJI£kg ?£kJ ;l A£BB<DAIl;IglJI£k
<k D@±f;< ldJ£BlJI«d<B<kJ ;< A£kJ<kd§ A£BB< ¢lD <ª<B¢;< ;<g CI£J<Aek£;£³I<g ¯?£kJ ;<g
Ik±<kJ<dDg k< ¢<d±<kJ ³lD?<D ;< g<AD<J ld B£B<kJ ?< ;l A£BB<DAIl;IglJI£k°i

3434j kh8B;l;8=< m7<=h67@A;< BA <n<=ol; B;< C5D
¬<g CI<k¨lIJg g£AIldª ?<g AD@lJI£kg <J ?<g Ik±<kJI£kg§ J£dJ A£BB< ;<g ?lk³<Dg ¢£J<kJI<;g

?< ;l A£¢I< <J ?< ;¤IBIJlJI£k§ £kJ J£d©£dDg @J@ ¢D@g<kJg ?lkg ;¤<g¢DIJ ?<g ;@³Ig;lJ<dDgi ¬l
¢D£J<AJI£k ?< ;l ¢D£¢DI@J@ IkJ<;;<AJd<;;< l¢¢lDlÅJ g£dg gl ¨£DB< B£?<Dk< ² ;¤@¢£«d< ?<
;l p<klIgglkA< IJl;I<kk<i dC;I@< ² p<kIg< <k =GßG§ ;l ¢D<BIfD< ;£I gdD ;<g CD<±<Jg <ªI³<
;¤<kD<³IgJD<B<kJ ?< J£dJ< ?@A£d±<DJ< ¸k£d±<;;< <J Ik³@kI<dg<¾ <J IkJ<D?IJ ² «dIA£k«d< · ²
;¤<ªA<¢JI£k ?< ;¤Ik±<kJ<dD · ?< ;¤dJI;Ig<D ¢<k?lkJ =F lkg ¯cl±I? q=¶¶Ãr°i m¤<gJ ldggI ² p<kIg<
«d¤<gJ ¢D£Bd;³d@< ;l ¢D<BIfD< ;£I gdD ;< ?D£IJ ?¤ldJ<dD§ <k =ûGG§ g£dg ;l ¨£DB< ?¤dk ?@AD<J
IkJ<D?IglkJ ;¤@?IJI£k ?¤dk< Êd±D< <k ;¤lCg<kA< ?¤ldJ£DIglJI£k @ADIJ< ?< ;¤ldJ<dDi m< ?@AD<J g<
±£d;lIJ dk< D@¢£kg< D@³;<B<kJlID< ² ;¤l¢¢lDIJI£k ?< ;l ¢D<gg< ² ¢l¢I<D «dI ¨lAI;IJlIJ ;l A£¢I<
stILLI OITuJ`SI OJvPXIHRI OMJL HPUHSMJHN wLXI XI]ULJKJNPI UT XIxUXO OI ]U OJyRT]LP OI OPLIRLIX ]IWJXULUxI OIN RMW^XJxVLN NTX zHLIXHIL\ HMLUSSIHL WUX ]I [JUJN OIN LIRVHM]MxJIN {||}~��~{||}b
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<J ;< ¢;l³IlJi m£BB< <k J@B£I³k< ;<dD eIgJ£ID<§ ;<g c® g£kJ k@g ?¤dk< k@A<ggIJ@ ?< AD@<D
dk Al?D< IkgJIJdJI£kk<; ² ;l AD@lJI£k <J ² ;¤Ikk£±lJI£k <J ?< ;< BlIkJ<kID l?l¢J@ ldª ?I±<Dg
Aelk³<B<kJg J<Aek£;£³I«d<gi

¬<g ¨£k?lJI£kg ?d gÈgJfB< lB@DIAlIk lAJd<; ?<g CD<±<Jg g< JD£d±<kJ «dlkJ ² <dª ?lkg
;l A£kgJIJdJI£k lB@DIAlIk< ¯=ß¶F° � K ¸ ¼������� �
�»» 
��� Õ
� ��º�� �� � �� Õ� �����Õ� Õ
�
�������� �	 �¼���¼� ��� ���	�» ��Õ� �½ ��¼����� 	�� »���Õ�� Õ���� Õ� ��Õ
��� ��� �����Õ���
Õ
� ��¼»����� ���
Õ Õ� Õ
��� �����¼Õ��� º��Õ���� ��� ���¼�������¾i ¬< ¢D<BI<D CD<±<J lB@DIAlIk
<gJ ?@;I±D@ ;l BÂB< lkk@< ¢lD He£Blg n<´<Dg£k§ «dI D<A<±Dl Ã ?<Blk?<g <k dk lk§ J£dJ<g
lAA£D?@<g� i mD@@ <k =>FE§ ;¤£ÍA< ?<g CD<±<Jg lB@DIAlIk l lAA£D?@ ?<¢dIg ¢;dg ?< û BI;;I£kg
?< CD<±<Jg <J ¨lIJ ¨lA< ² dk ±£;dB< AD£IgglkJ ?< ?<Blk?<gi

"#� �)� (������)� �) *&'.'*��) ��-.-���%) �)� /01 ��)+
(%�� *)� '..�)� "����

34d43 �> �A<=7�9>=7h8 ?9h8hl7@A; B;< C5D :>6 �66h�
¬¤lkl;Èg< @A£k£BI«d< ?<g c® g¤<gJ ?@±<;£¢¢@< ?lkg ;<g lkk@<g =¶ÖF§ g£dg dk D@³IB<

?< ¢D£J<AJI£k ?<g Ikk£±lJI£kg D<;lJI±<B<kJ gJDIAJ <J ?lkg dk A£kJ<ªJ< AlDlAJ@DIg@ ¢lD ;<
?@A;Ik ?d k£BCD< ?< ?@¢¥Jg ?< CD<±<Jg ¯nl´< qEFFFr°i clkg dk lDJIA;< ¨£k?lJ<dD§ µDD£ü
¯=¶ÖE° ¢D£¢£g< dk< A£kA<¢JI£k @A£k£BI«d< ?<g ¸Êd±D<g ?< ;¤<g¢DIJ¾ ¨£k?@< gdD ;l ¢D£?dAJI£k
?¤Ik¨£DBlJI£k <J ?< A£kklIgglkA<g§ A£BB< dk JÈ¢< ?< CI<k ¢£gg@?lkJ dk< ±l;<dD IkJDIkgf«d<
<J ?£kJ ;< A£ËJ ?< ¢D£?dAJI£k ?< ;l ¢D<BIfD< dkIJ@ <gJ @;<±@i ¡l AlDlAJ@DIglJI£k ?<g CI<kg
?¤Ik¨£DBlJI£k ;<g ?@ÀkIJ A£BB< ?<g CI<kg ¢dC;IAg§ A¤<gJ·²·?ID< k£k DI±ldª ¯¢£d±lkJ ÂJD<
¢£gg@?@g <J dJI;Ig@g A£k©£IkJ<B<kJ ¢lD ¢;dgI<dDg l³<kJg° <J k£k <ªA;dgI¨g K A<JJ< £Cg<D±lJI£k
A£kgJIJd< ;< g£A;< ?< ;¤lkl;Èg< @A£k£BI«d< ?< ;l p¿c <J ?<g c®i

Ìk @A£k£BI<§ ;<g CI<kg ?¤Ik¨£DBlJI£k g< ?IgJIk³d<kJ ?<g ldJD<g CI<kg gdD ;¤lg¢<AJ gdI±lkJ K
<k ;¤lCg<kA< ?< ¢D£J<AJI£k ©dDI?I«d<§ ;<g A£kAdDD<kJg <J ;<g dJI;IglJ<dDg ¢<d±<kJ g¤l¢¢D£¢DI<D
�UXLJR]I �\ NIRLJMH �� I RM¡L OI OPW¢L OYTHI OISUHOI PLUJL OI £ OM]]UXNb
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;< A£kJ<kd Ik¨£DBlJI£kk<; ?¤dk< Ikk£±lJI£k £d ?¤dk< Êd±D< glkg l±£ID ² <k gd¢¢£DJ<D ;<
A£ËJ ?< ¢D£?dAJI£k ?< ;l ¢D<BIfD< dkIJ@i DI±@ ?<g ¨DdIJg ?< g£k JDl±lI;§ ;¤Ikk£±lJ<dD £d ;<
AD@lJ<dD ¢<dJ ÂJD< ?@A£dDl³@ ?¤Ik±<gJID§ A< «dI <k³<k?D< dk< g£dg·¢D£?dAJI£k ?¤Ik¨£DBlJI£k
£d ?< A£kklIgglkA<g ¯¢lD Dl¢¢£DJ ld kI±<ld g£AIl;<B<kJ £¢JIBl;°i É;lC£D@g <k D@¢£kg<
² A< DIg«d< A£BB< dk gÈgJfB< ?< A£B¢<kglJI£k§ ;<g c® A£k¨fD<kJ dk B£k£¢£;< ² ;<dD
?@J<kJ<dD§ ?< klJdD< ² ;IBIJ<D ;¤lAAfg ?<g A£kAdDD<kJg <J ?<g dJI;IglJ<dDg ² ;¤Ik¨£DBlJI£ki
m<;l ¢<dJ J£dJ<¨£Ig ?@A£dDl³<D ;¤dJI;IglJI£k ?< ;¤Ik¨£DBlJI£k K <k ±d< ?¤@±IJ<D «d< A<;;<·AI
g£IJ g£dg·dJI;Ig@<§ ;< B£k£¢£;< A£k¨@D@ ¢lD ;<g c® <gJ J<B¢£DlID< <J ;¤Ik¨£DBlJI£k D<?<±I<kJ
;ICD<B<kJ lAA<ggIC;< ² ;¤<ª¢IDlJI£k ?d ?D£IJi cd ¨lIJ ?< A<J lDCIJDl³< ?@;IAlJ <kJD< ?<dª
£C©<AJI¨g A£kJDl?IAJ£ID<g · <kA£dDl³<D ;¤Ikk£±lJI£k <J ;l AD@lJI£k <J ¨lAI;IJ<D ;l ?I´dgI£k ?<g
A£kklIgglkA<g ·§ ;<g c® g£kJ ?<g B@AlkIgB<g @A£k£BI«d<B<kJ IB¢lD¨lIJg «dI IB¢;I«d<kJ
;l D<Ae<DAe< ?¤dk £¢JIBdB ?< g<A£k? Dlk³i H£dg ;<g JDl±ldª «dI £kJ ?@±<;£¢¢@ ;¤lkl;Èg<
?¤µDD£ü g¤l¢¢dI<kJ gdD ;¤lDCIJDl³< <kJD< IkAIJlJI£k <J ?I´dgI£k ?lkg ;< CdJ ?< ?@J<DBIk<D
;¤IB¢lAJ ?¤dk D<k¨£DA<B<kJ ?< ;l ¢D£J<AJI£k gdD ;¤Ikk£±lJI£k <J ;< CI<k·ÂJD< g£AIl;i

34d4d �;< 9>6>9=?67<=7@A;< ?9h8hl7@A;< B;< C5D
¬¤lDCIJDl³< <kJD< IkAIJlJI£k <J dgl³< g< JDl?dIJ ¢lD dk lDCIJDl³< <kJD< <ÍAlAIJ@g ?È·

klBI«d< <J gJlJI«d< K gI ;<g c® g£kJ k@A<gglID<g ¢£dD lJJ<Ik?D< ;¤<ÍAlAIJ@ ?ÈklBI«d<§
A¤<gJ·²·?ID< <kA£dDl³<D ;¤lB@;I£DlJI£k <J ;< D<k£d±<;;<B<kJ ?<g J<AekI«d<g ?< ¢D£?dAJI£k
<J ?<g ¢D£?dIJg ?lkg ;< J<B¢g§ I;g A£kJD<?Ig<kJ J£dJ<¨£Ig ;¤<ÍAlAIJ@ gJlJI«d< «dI A£kgIgJ< ²
BlªIBIg<D ;< gdD¢;dg g£AIl; <J AD@<kJ dk< ¢<DJ< gfAe< ¢£dD ;l g£AI@J@i

Ìk A< «dI A£kA<Dk< ;<g CD<±<Jg§ ;< D@gd;JlJ ?< A<J lDCIJDl³< ?@¢<k? ?<g AlDlAJ@DIgJI«d<g
?< ;l ¢D£J<AJI£ki ndg«d¤ldª lkk@<g =¶>F§ ;l AlDlAJ@DIgJI«d< gdD ;l«d<;;< g< A£kA<kJD<kJ ;<g
@A£k£BIgJ<g <gJ ;l ?dD@< ?< ±I< ?d CD<±<J§ £d gl ¸;£k³d<dD¾i £dD ;¤<gg<kJI<;§ ;l ;IJJ@DlJdD<
gdD ;<g CD<±<Jg g< ¢;lA< l;£Dg ?lkg dk Al?D< ?¤Ikk£±lJI£kg gJlJI«d<gi µÀk ?< ?@J<DBIk<D
;l ;£k³d<dD £¢JIBl;< ?¤dk CD<±<J§ Ä£D?eldg ¯=¶Ö¶° <J ¡Ae<D<D ¯=¶ßE° A£B¢lD<kJ ;¤<´<J ?<
;¤IkAIJlJI£k ² Ikk£±<D ² ;l ¢<DJ< gfAe< ?d< ² ;l ¢£gIJI£k ?< B£k£¢£;<i ¬<g ¢DIkAI¢ldª ?@J<D·
BIklkJg ?< ;l ;£k³d<dD £¢JIBl;< g£kJ ;¤@;lgJIAIJ@·¢DIª ?< ;l ?<Blk?< <J ;<g AlDlAJ@DIgJI«d<g
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?< ;¤Ikk£±lJI£k ¯?DlgJI«d< £d k£k ?DlgJI«d<°¤ i clkg dk Al?D< ?¤Ikk£±lJI£kg ?< ¢D£A@?@§
A¤<gJ·²·?ID< ?< D@?dAJI£k ?d A£ËJ ?< ¨lCDIAlJI£k§ I;g B£kJD<kJ «d< ;l ;£k³d<dD £¢JIBl;< ?@·
¢<k? ?< ;¤@;lgJIAIJ@·¢DIª ?< ;l ?<Blk?< gdD ;< BlDAe@ ?d ¢D£?dIJ Àkl; K ¢;dg ;l ?<Blk?<
¢£dD ;< k£d±<ld ¢D£?dIJ <gJ @;lgJI«d<§ ¢;dg ;l ;£k³d<dD £¢JIBl;< <gJ ¨lIC;< ¯dk< eldgg< ?d
¢DIª <kJDlÅk< dk< ClIgg< ¢;dg «d< ¢D£¢£DJI£kk<;;< ?< ;l ?<Blk?<§ A< «dI IB¢;I«d< dk< ¢;dg
³Dlk?< ¢<DJ< gfAe< ?d< ld B£k£¢£;<°i Ä£D?eldg ¯=¶Ö¶° B£kJD< @³l;<B<kJ «d< ;l ¢<DJ<
?< CI<k·ÂJD< D@gd;JlkJ ?¤dk< ;£k³d<dD g£dg·£¢JIBl;< <gJ k@³;I³<lC;< <ªA<¢J@ ?lkg ;< Alg
?¤Ikk£±lJI£kg ?DlgJI«d<g <J ?¤dk< ?<Blk?< JDfg @;lgJI«d<i

ák D<JD£d±< ;< BÂB< JÈ¢< ?< A£B¢lDlIg£k <kJD< ;<g C@k@ÀA<g <k J<DB<g ?¤IkAIJlJI£kg
<J ;< A£ËJ g£AIl; ?< ;l ¢D£J<AJI£k ?lkg ;<g JDl±ldª @A£k£BI«d<g gdD ;< A£¢ÈDI³eJ <J ;l A£¢I<i
¥IDge;I<¨<D <J pI;<È ¯=¶ß¶° B£kJD<kJ «d¤dk D<k¨£DA<B<kJ ?< ;l ¢D£J<AJI£k ?d A£¢ÈDI³eJ l
dk <´<J ¢£gIJI¨ gdD ;l g£dg·¢D£?dAJI£k ?< k£d±<;;<g Êd±D<g <J dk <´<J k@³lJI¨ gdD ;l g£dg·
dJI;IglJI£k ?<g Êd±D<g ¢D£J@³@<gi

"#¦ �)� �§'.¨)�).,� �-.�%��).,�)*�© ,)�§.-*-¨��%)� ),
�.�,�,%,�-..)*� ��)(%�� *) ��*�)% �)� '..�)� "�ª��

34j43 «m>8¬;l;8=< <=6A9=A6;<
clkg ;<g lkk@<g =¶>F§ ;< ?@±<;£¢¢<B<kJ ?<g k£d±<;;<g J<Aek£;£³I<g ¯ÄH° g< JDl?dIJ ¢lD

dk ¨£DJ Jldª ?¤Ikk£±lJI£k K l;£Dg «d< ;l A£kAdDD<kA< g¤@JlC;IJ ?< ¢;dg <k ¢;dg ld kI±<ld ?<
;¤Ikk£±lJI£k§ ;l J<Aek£;£³I< <J ;l A£kklIgglkA< ¢D<kk<kJ dk< IB¢£DJlkA< AD£IgglkJ< ldª È<dª
?<g <kJD<¢DIg<g§ <J ;l ±l;<dD «d¤<;;<g lJJlAe<kJ ² ;¤<ª¢;£IJlJI£k ?< ;l ¢D£¢DI@J@ IkJ<;;<AJd<;;<
ld³B<kJ<i c< klJdD< ¢;dg ±d;k@DlC;< ² ;¤IBIJlJI£k «d< ;<g CI<kg JDl?IJI£kk<;g§ ;<g CI<kg ?¤Ik·
¨£DBlJI£k ¢D£?dIJg ¢lD A<g <kJD<¢DIg<g ?<Blk?<kJ dk< ¢D£J<AJI£k ©dDI?I«d< lAADd<i Hlk?Ig
«d< ;< A£ËJ ?< ¢D£?dAJI£k ?< ;l ¢D<BIfD< dkIJ@ <gJ @;<±@§ ;l D<¢D£?dAJI£k ?<g ÄH <gJ D<;lJI±<·
B<kJ lIg@< <J ¢<d A£ËJ<dg<§ A< «dI <k ¨lIJ dk< ¢D£I< ¨lAI;< ¢£dD ;<g IBIJlJ<dDgi m£k¨D£kJ@<g
®¯UHN ]I RUN OYTHI JHHMKULJMH OXUNLJ_TI\ ]I WXJu OI SMHMWM]I _TJ IH INL JNNT INL JH°PXJITX UT RM¡L OIWXMOTRLJMH OIN RMHRTXXIHLN\ LUHOJN _TI OUHN ]I RUN OYTHI JHHMKULJMH HMH OXUNLJ_TI\ ]I WXJu OI SMHMWM]IOISITXI NTWPXJITX UT RM¡L OI WXMOTRLJMH OIN RMHRTXXIHLNb
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² ;¤IBIJlJI£k AD£IgglkJ< <J A£kgAI<kJ<g «d< ;<dD A£B¢@JIJI±IJ@ <J ;<dD ¢D£ÀJ ?@¢<k?<kJ ?<
¢;dg <k ¢;dg ?< ;<dD kI±<ld ?¤Ikk£±lJI£k§ ;<g ÀDB<g ?<g g<AJ<dDg ?<g k£d±<;;<g J<Aek£;£³I<g
D<±<k?I«d<kJ dk D<k¨£DA<B<kJ ?<g ?D£IJgi

34j4d «m>8¬;l;8=< ?¬7<>=7±<
lD Dl¢¢£DJ ld D@³IB< gJDIAJ ?<g lkk@<g =¶ÖF <J =¶ßF² § ;l J<k?lkA< g¤Ik±<Dg< l;£Dg§ A£BB<

<k J@B£I³k< ;l D@¢£kg< ¨l±£DlC;< ?d ³£d±<Dk<B<kJ lB@DIAlIk ldª ¢D<ggI£kg ?<g <kJD<¢DIg<g
?<g g<AJ<dDg ¢elDBlA<dJI«d<g§ @;<AJD£kI«d<g <J ?<g J<Aek£;£³I<g ?< ;¤Ik¨£DBlJI£ki m< ¢lggl³<
² dk< ¢£;IJI«d< ?< ¨£DJ< ¢D£J<AJI£k <gJ ¢£kAJd@ ¢lD ¢;dgI<dDg Aelk³<B<kJg ;@³Ig;lJI¨g§ ¢lDBI
;<g«d<;g ;< ¸ ¼����Õ�� ��	 Õº��� ���Õ�¼Õ��� �¼Õ¾ ?< =¶>F§ ;< ¸ ����¼����¼Õ�� ¼
�� ���Õ�¼Õ���
�¼Õ¾ ?< =¶>G <J ;l AD@lJI£k ?< ;l m£dDJ £¨ µ¢¢<l;g £¨ Je< à<?<Dl; mIDAdIJ ¯mµàm° <k =¶>E³i
¬<g ?@AIgI£kg ¢DIg<g ¢lD A<JJ< A£dD ?¤l¢¢<; A£kA<DklkJ ;<g ;IJI³<g gdD CD<±<Jg gd³³fD<kJ
?d D<gJ< «d¤<;;< ±Ig< ² <kA£dDl³<D ;< gÈgJfB< ?<g CD<±<Jg§ £Cg<D±lJI£k A£DD£C£D@< ¢lD ;<g
gJlJIgJI«d<g ¯¬<Dk<D§ EFFÃ° K gI§ <kJD< =¶ûÃ <J =¶ß>§ ;<g JDICdkldª l±lI<kJ A£kÀDB@ ÖE´ ?<g
©d³<B<kJg ?¤Ik¨DlAJI£k <J IkÀDB@ =E´ ?<g ?@AIgI£kg ?¤Ik±l;I?lJI£k £d ?< k£k Ik¨DlAJI£k§
;l mµàm A£kÀDB<Dl <kJD< =¶>E <J =¶¶F ¶F´ ?<g ?@AIgI£kg ?¤Ik¨DlAJI£k <J IkÀDB<Dl E>´
?<g ©d³<B<kJg ?¤Ik±l;I?IJ@ £d ?< k£k Ik¨DlAJI£ki ¡IBd;Jlk@B<kJ§ ;< ?£BlIk< ?d CD<±<JlC;<
g¤@J<k? ² A<DJlIkg JÈ¢<g ?< k£d±<;;<g J<Aek£;£³I<gi µdª ÉJlJg·okIg§ A< g<Dl k£JlBB<kJ ;<
Alg ?<g ¢D£³DlBB<g Ik¨£DBlJI«d<g§ £ÍAI<;;<B<kJ CD<±<JlC;<g ?<¢dIg ;¤lDDÂJ D<k?d <k =¶>=
¢lD ;l m£dD gd¢DÂB< ² ;¤Iggd< ?d ¢D£Afg cIlB£k? ±gi cI<eDµ i

34j4j �8>n<;< ?9h8hl7@A;< B;< 9>6>9=?67<=7@A;< B;< C5D
¡dIJ< ldª ?@±<;£¢¢<B<kJg ;@³Ig;lJI¨g <J J<Aek£;£³I«d<g§ ;l ¢£;IJI«d< @A£k£BI«d< ?<g

ÉJlJg·okIg l A£k?dIJ ;<g @A£k£BIgJ<g ² <ªlBIk<D ¢;dg ¢D@AIg@B<kJ ;<g AlDlAJ@DIgJI«d<g ?d
CD<±<J <J ;<dD IB¢lAJ gdD ;¤Ikk£±lJI£ki ¬¤lJJ<kJI£k g¤<gJ k£JlBB<kJ ¢£DJ@< ±<Dg ;¤@J<k?d<
¶·PXJMOI WIHOUHL ]U_TI]]I ]U WXMLIRLJMH PLUJL SMJHN PLIHOTI IL W]TN OJyRJ]I ¸ UR_TPXJXb¹ U RXPULJMH OYTHI WXMLIRLJMH ZNTX SINTXIa º»¼½ ¾|¿|}½»À OI RIN ÁÂ ºWXMxXUSSIN JH°MXSULJ_TIN ILNISJRMHOTRLITXNÀ SUX_TI TH LMTXHUHL KIXN TH XIH°MXRISIHL OIN ¯·zbÃÄH XIKUHRVI RI HYINL WUN IHRMXI MyRJI]]ISIHL ]I RUN IH ÄTXMWIb
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?d AelB¢ ?< ;l ¢D£J<AJI£k§ ?@J<DBIklkJ ;< ¢£d±£ID ?< BlDAe@ ?d ?@J<kJ<dD ?<g ?D£IJg ¨lA<
ldª A£kAdDD<kJg <J IBIJlJ<dDg ¯£d A£¢I<dDg° ¢£J<kJI<;gi

ùÅðÅðÅù �ñê�êíæ
m¤<gJ ?lkg A< Al?D< «d< A<DJlIkg g< g£kJ IkJ@D<gg@g ² ;l ¸;lD³<dD¾ ?d CD<±<J ld ?@CdJ

?<g lkk@<g =¶¶Fi c@ÀkI< ¢lD ;<g D<±<k?IAlJI£kg <J ¢D£¢D< ² Ael«d< CD<±<J ¯² ;l ?I´@D<kA<
?< ;l ;£k³d<dD «dI <gJ ;l BÂB< ¢£dD J£dg°§ ;l ;lD³<dD <gJ dk< k£JI£k @A£k£BI«d< «dI <k
?@J<DBIk< ;< AelB¢ ?< ¢D£J<AJI£ki ¬l «d<gJI£k ?< ;l A£BCIklIg£k £¢JIBl;< ?<g ?IB<kgI£kg
;lD³<dD <J ;£k³d<dD ?d CD<±<J <gJ k£JlBB<kJ lkl;Èg@< ¢lD Æ;<B¢<D<D ¯=¶¶F°§ ÇI;C<DJ <J
¡el¢ID£ ¯=¶¶F° <J Çl;;IkI ¯=¶¶E°i ¡¤l¢¢dÈlkJ J£dJ<g gdD dk Al?D< gJlJI«d<§ A<g lkl;Èg<g
IkJ<D¢DfJ<kJ ;l k£JI£k ?< ;lD³<dD ?< ?I´@D<kJ<g BlkIfD<gi ÇI;C<DJ <J ¡el¢ID£ ¯=¶¶F° ;l D<·
¢D@g<kJ<kJ A£BB< ;< Èdª ?< ¢D£ÀJg ?d ?@J<kJ<dD ?d CD<±<J <J B£kJD<kJ «d< gI ;< gdD¢;dg ?<g
A£kg£BBlJ<dDg ?IBIkd< «dlk? ;l ;lD³<dD ld³B<kJ<§ I; <gJ £¢JIBl; ?< Àª<D dk< ;£k³d<dD
IkÀkI< <J ?¤l©dgJ<D ;l ;lD³<dD ?< g£DJ< «d< ;< ¢D£ÀJ ?d ?@J<kJ<dD ?d CD<±<J g£IJ ¢£gIJI¨i
c< g£k A¥J@§ Æ;<B¢<D<D ¯=¶¶F° ?@ÀkIJ ;l ;lD³<dD <k J<DB<g ?< ?I´@D<kAIlJI£k e£DI¦£kJl;<§
A£BB< ;l ?IgJlkA< k@A<gglID< ¢lD Dl¢¢£DJ ld ¢D£?dIJ CD<±<J@ ¢£dD k< ¢lg ±I£;<D ;< CD<±<Ji
m< ¨lIglkJ§ I; B<J <k l±lkJ ?<dª A£BCIklIg£kg £¢JIBl;<g ¢£ggIC;<g ?<g ?IB<kgI£kg ?d CD<±<J
;̄lD³<dD IkÀkI<É;£k³d<dD ÀkI< £d ;£k³d<dD IkÀkI<É;lD³<dD ÀkI<° <k ¨£kAJI£k ?<g ¢D@¨@D<kA<g
?<g A£kg£BBlJ<dDg§ «dI ?@J<DBIk<kJ ;<g ¢<DJ<g g£AIl;<g <k³<k?D@<g ¢lD Ael«d< JÈ¢< ?< CD<·
±<J ;̄<g A£kg£BBlJ<dDg k< ¢<d±<kJ ¢lg lA«d@DID ;<dD ¢D£?dIJ I?@l; gI A<;dI·AI <k¨D<IkJ dk
CD<±<J°i ÌkÀk§ Çl;;IkI ¯=¶¶E° IkJ<D¢DfJ< ¢£dD gl ¢lDJ ;l ;lD³<dD ?d CD<±<J A£BB< ;< A£ËJ
?< ?@±<;£¢¢<D dk ¢D£?dIJ gdCgJIJdJ ld ¢D£?dIJ ¢D£J@³@ glkg ¢£dD ldJlkJ <k <k¨D<Ik?D< ;<
CD<±<J K ¢;dg ;< CD<±<J <gJ ;lD³<§ ¢;dg I; <gJ A£ËJ<dª ¢£dD ;<g A£kAdDD<kJg ¢£J<kJI<;g ?¤<kJD<D
gdD ;< BÂB< BlDAe@ glkg <k¨D<Ik?D< ;< CD<±<J§ A< «dI @±IJ< ?<g A£ËJg g£AIl;<B<kJ IkdJI;<g
?< ?@±<;£¢¢<B<kJ ?< gdCgJIJdJgi Ä£J£kg «d< A<g lkl;Èg<g A£kgI?fD<kJ ;l ;lD³<dD A£BB<
dk IkgJDdB<kJ ?d CD<±<J ±IglkJ ² ¢D£J@³<D ;¤Ikk£±lJ<dD ¢£dD ;<g <ªJ<Dkl;IJ@g ¢£gIJI±<g ?<
A£kklIgglkA<g ¯���»»�����° «d¤I; <ª<DA< gdD ;<g A£kAdDD<kJgi
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ùÅðÅðÅ� �ñ÷óíæ é�ìçíêçñ
Ìk A< «dI A£kA<Dk< ;< A£¢ÈDI³eJ§ ;< ?@±<;£¢¢<B<kJ ?< A<DJlIk<g J<Aek£;£³I<g ?lkg ;<g

lkk@<g =¶>F ¯¢e£J£A£¢I<§ Algg<JJ<g ld?I£ £d ±I?@£° l BIg <k ¢@DI; ;l ¢D£J<AJI£k ?<g ?D£IJg ?<g
CI<kg ¸Ad;JdD<;g¾i m¤<gJ ?lkg A< A£kJ<ªJ< «d< A<DJlIkg @A£k£BIgJ<g £kJ @Jd?I@ ;l «d<gJI£k ?<
;¤IB¢lAJ ?<g A£¢I<g I;;@³l;<g gdD ;l AD@lJI£k <J ;< CI<k·ÂJD< g£AIl;i clkg ;< A£D¢dg ?<g lDJIA;<g
A£kglAD@g ld A£¢ÈDI³eJ§ £k D<JD£d±< ;¤lDCIJDl³< IkIJIl;<B<kJ g£d;<±@ ¢lD µDD£ü ¯=¶ÖE° <kJD<
?<dª g£dDA<g ?¤Ik<ÍAlAIJ@ K ;l g£dg·¢D£?dAJI£k <J ;l g£dg·dJI;IglJI£k ±̄£ID ¢lD <ª<B¢;< Ä£±£g
<J Ól;?Blk§ =¶>G°i Hlk?Ig «d< ;l g£dg·¢D£?dAJI£k ?¤dk< Êd±D< k£k ¢D£J@³@< l gl g£dDA<
?lkg ;< A£B¢£DJ<B<kJ ?< A<DJlIkg A£kg£BBlJ<dDg «dI A£¢I<kJ ;< ¢D£?dIJ glkg <k ¢lÈ<D
;< ¢DIª§ ;l g£dg·dJI;IglJI£k ?¤dk< Êd±D< ¢D£J@³@< g¤<ª¢;I«d< ¢lD dk ¢DIª gd¢@DI<dD ld A£ËJ
BlD³Ikl;§ A< «dI <ªA;dJ A<DJlIkg A£kg£BBlJ<dDgi m£B¢J< J<kd ?< A<g ¢lDlBfJD<g§ ¬lk?<g <J
£gk<D ¯=¶>¶° ©dgJIÀ<kJ dk D<k¨£DA<B<kJ ?d A£¢ÈDI³eJ Bl;³D@ ;< A£ËJ g£AIl; «d¤I; <k³<k?D<i
®;g B£kJD<kJ «d< ;< A£¢ÈDI³eJ ¢<dJ g< JDl?dID< ¢lD dk ³lIk ?¤<ÍAlAIJ@ gI ;l J<Aek£;£³I<
?< D<¢D£?dAJI£k ?<g £DI³Ikldª ?d ?@J<kJ<dD ?<g ?D£IJg <gJ gd¢@DI<dD< <̄k ?¤ldJD<g J<DB<g
B£Ikg A£ËJ<dg<° ² ;l J<Aek£;£³I< ?< ¢IDlJl³<§ ?d ¨lIJ ?<g @A£k£BI<g ?¤@Ae<;;<iÊ ;¤Ik±<Dg<§ <k
g¤l¢¢dÈlkJ gdD ?<g ?£kk@<g <B¢IDI«d<g lÈlkJ ¢£dD £C©<J ;<g @?IJ<dDg ?< D<±d<g lAl?@BI«d<g§
¬I<C£üIJ¦ ¯=¶>û° B£kJD< «d< ;l A£¢I< k£k ldJ£DIg@< ?¤dk CI<k ¸Ad;JdD<;¾ ¢<dJ C@k@ÀAI<D ²
g£k ¢D£?dAJ<dD K gI A<;dI·AI ¢<dJ ¢D@±£ID ;< ±£;dB< ?<g A£¢I<g «dI g<D£kJ Iggd<g ?< ;¤lAelJ ?<
g£k CI<k§ I; <gJ <k B<gdD< ?< g¤l¢¢D£¢DI<D <k ¢lDJI< £d J£Jl;<B<kJ ;<g C@k@ÀA<g ?<g A£¢I<g <k
IB¢£glkJ dk ¢DIª ¢;dg @;<±@ ldª A£kg£BBlJ<dDg «dI g£kJ gdgA<¢JIC;<g ?< A£¢I<D ?l±lkJl³<
¯£k ¢lD;< l;£Dg ?¤l¢¢D£¢DIlJI£k Ik?ID<AJ< ?<g D<±<kdg ?<g dJI;IglJ<dDg «dI k¤£kJ ¢lg lAe<J@
;< CI<k £DI³Ikl;°i

"#Ë �&��-.-��) �% �'Ì-�� �Í ÎÏÐÑÒÓÔÕÓ ÓÖÐÏÐ×ØÙ�

µd A£dDg ?<g lkk@<g =¶¶F§ AlDlAJ@DIg@<g ¢lD ;l D@±£;dJI£k kdB@DI«d<§ ;< ?@±<;£¢¢<B<kJ
?<g J<Aek£;£³I<g ?< ;¤Ik¨£DBlJI£k§ ?¤®kJ<Dk<J <J ?< ;¤@A£k£BI< ?d gl±£ID ¯̧ ¹��º»���� �¼��
���½¾°§ ;< D¥;< ?@©² ¢D@¢£k?@DlkJ ?<g c® ?lkg ;l ¢D£B£JI£k ?< ;¤Ikk£±lJI£k <J ?< ;¤lAJI±IJ@
DIg«d@< ?< p¿c g¤IkJ<kgIÀ<§ <k ¢lDJIAd;I<D ?lkg ;<g CI£J<Aek£;£³I<g <J J<Aek£;£³I<g ?< ;¤Ik¨£D·
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BlJI£ki µd©£dD?¤edI§ ;<g J<Aek£;£³I<g ?< ;¤Ik¨£DBlJI£k D<¢D@g<kJ<kJ ² ;l ¨£Ig ?<g ¢D£B<gg<g
<J ?<g B<klA<g K <k D@?dIglkJ JDfg ¨£DJ<B<kJ ;<g A£ËJg ?< D<¢D£?dAJI£k <J ?< ?I´dgI£k§ <;;<g
ld³B<kJ<kJ ;<g <k©<dª ?< ;l ¢D£¢DI@J@ IkJ<;;<AJd<;;<Úi ¬<g Aelk³<B<kJg J<Aek£;£³I«d<g <J
@A£k£BI«d<g £kJ A£k?dIJ ;<g ldJ£DIJ@g ² l?l¢J<D ;< Al?D< IkgJIJdJI£kk<; ?<g c® K ;<g ÄH ?<
D<¢D£?dAJI£k £´D<kJ ?< k£d±<;;<g £¢¢£DJdkIJ@g ?< A£kJ£dDk<D ;l ;£I <J ?< A£¢I<D ;<g ¢D£?dIJg§
;<g ÄH g£kJ @³l;<B<kJ ?<g k£d±<ldª JÈ¢<g ?< CI<kg «dI ?<Blk?<kJ ² ¨lID< ;¤£C©<J ?¤dk<
¢D£J<AJI£ki

34Û43 ÜhAg;;< =;9m8hh¬7;< B; 6;:6hBA9=7h8
¬< ?@±<;£¢¢<B<kJ ?<g k£d±<;;<g J<Aek£;£³I<g ?< ;¤Ik¨£DBlJI£k l C£d;<±<Dg@ ;<g B£?<g ?<

AD@lJI£k <J ?< ?I´dgI£k ?<g Êd±D<g lDJIgJI«d<g <J ;IJJ@DlID<g§ ² JDl±<Dg ?< k£d±<ldª gd¢¢£DJg
¯kdB@DIg@g° <J dk k£d±<ld B£?< ?< ?I´dgI£k ®̄kJ<Dk<J§ g£d±<kJ «dl;IÀ@ ?< ¸¢e£J£A£¢I<dg<
³@lkJ<¾°i c@g£DBlIg§ ;l ¢;d¢lDJ ?<g Êd±D<g ¢D£J@³@<g ¢lD ;< A£¢ÈDI³eJ ¢<dJ ÂJD< kdB@DIg@<
ḡ£dg ¨£DBlJ nÌÇ ¢£dD ;<g IBl³<g§ hÃ ¢£dD ;l BdgI«d<§ hÌÇ ¢£dD ;l ±I?@£§ <JAi°i ¬l
±<DgI£k kdB@DI«d< ?¤dk< Êd±D<§ gdgA<¢JIC;< ?¤ÂJD< A£¢I@< glkg ³Dlk?< ¢<DJ< ?< «dl;IJ@ <J ²
dk A£ËJ kd;§ <gJ ¢£J<kJI<;;<B<kJ lAA<ggIC;< ² J£dg <k «dlkJIJ@ I;;IBIJ@< ¢lD ;< CIlIg ?¤®kJ<Dk<J§
k£JlBB<kJ gdD ;<g D@g<ldª ?¤@Aelk³< <k ;I³k< Ô����Õ��Ô���§ «dI ¢<DB<JJ<kJ ;l A£¢I< ² ³Dlk?<
@Ae<;;< <J ¢DlJI«d<B<kJ glkg ¢£ggICI;IJ@ ?< A£kJD¥;< ¢lD ;<g ¢D£?dAJ<dDgi clkg A< A£kJ<ªJ<§ ;<
¢IDlJl³< A£kgJIJd< ;l ¢DIkAI¢l;< ¢D@£AAd¢lJI£k ?<g ldJ<dDg <J @?IJ<dDg ?¤Êd±D<g kdB@DI«d<g
¯?£kJ C£k k£BCD< ;< D<k?<kJ D<g¢£kglC;< ?< ;l ClIgg< ?< ;<dDg D<±<kdg°i ¡£dg ;l ¢D<ggI£k
?< ;<dDg ?I´@D<kJg ;£CCÈg§ ;<g ¢£d±£IDg ¢dC;IAg g£kJ D@³d;IfD<B<kJ lB<k@g ² D<k¨£DA<D ;<g
c®§ A£BB< <k J@B£I³k< ;< cI³IJl; hI;;<kIdB m£¢ÈDI³eJ µAJ§ ¢D£Bd;³d@ ldª ÉJlJg·okIg
<k =¶¶> <J ¢<DB<JJlkJ ldª ?@J<kJ<dDg ?<g ?D£IJg ?¤dJI;Ig<D ;l J<Aek£;£³I< ¢£dD ¢D£J@³<D ;<g
±<DgI£kg kdB@DI«d<g ?< ;<dDg Êd±D<g§ k£JlBB<kJ ³D�A< ² ;l J<AekI«d< ?< ;¤<kA£?l³< <J
¢;dg ³@k@Dl;<B<kJ ld ¸Ý���Õ�» Þ��
Õ� ß��������Õ¾§ ?£kJ ;< CdJ <gJ ?< A£kJD¥;<D <J ;IBIJ<D
;l A£¢I<i m<JJ< ;£I§ «dI A£kgJIJd< dk @;@B<kJ gd¢¢;@B<kJlID< ld Al?D< IkgJIJdJI£kk<; ?<g
àtIN RUXURLPXJNLJ_TIN NMHL ¸ ]U °MJN [PHPQ_TIN IL HP°UNLIN UTu WXMOTRLITXN á LUHOJN _TYI]]IN WIXSILLIHLTHI [UJNNI OIN RM¡LN OI XIWXMOTRLJMH IL OI OJNLXJ[TLJMH\ I]]IN °URJ]JLIHL ]U RMWJI J]]PxU]I IL ]I WUXLUxI WUX ]INTLJ]JNULITXNb



ÛÜÝ×���ÚÝÛ�Ü  !Ü!×ýÿØ Eû

c®§ D<k¨£DA< ;l ¢D£J<AJI£k ?<g ?@J<kJ<dDg ?< ?D£IJg ?¤ldJ<dD <k ;<g ldJ£DIglkJ ² B<JJD<
<k ¢;lA< dk< ¢D£J<AJI£k J<Aek£;£³I«d< «dI g¤l©£dJ< ² ;l ¢D£J<AJI£k ;@³l;<Eâi Ìk £dJD<§ ;<
J@;@AelD³<B<kJ ?¤Êd±D<g kdB@DI«d<g gdD ®kJ<Dk<J <gJ ?£D@kl±lkJ ¢lggIC;< ?< ¢£dDgdIJ<g
©d?IAIlID<g ±IglkJ <gg<kJI<;;<B<kJ ;<g dJI;IglJ<dDg ?< D@g<ldª Ô����Õ��Ô��� ¯Æl¦ll§h£D¢e<dg§
<JAi°i

Ìk D@gdB@§ ;< A£¢ÈDI³eJ ©£d< ?@g£DBlIg dk D¥;< Bl©<dD ?lkg ;¤£D³lkIglJI£k ?< ;¤Ik?dgJDI<
?<g CI<kg ?¤Ik¨£DBlJI£k§ £� ;< D<k¨£DA<B<kJ ?< ;l ¢D£J<AJI£k ?<g Êd±D<g kdB@DI«d<g lAAD£ÅJ
;< ¢£d±£ID ?< BlDAe@ ?<g ?@J<kJ<dDg ?<g ?D£IJgi lDl;;f;<B<kJ§ ;¤@B<D³<kA< ?<g J<Aek£;£³I<g
kdB@DI«d<g ?<gJIk@<g ² ;IBIJ<D ;l A£¢I< ?< A<g Êd±D<g gdD ®kJ<Dk<J ¢<DB<J ldª ¢D£?dAJ<dDg
?¤lggdD<D ;l ¢D£J<AJI£k ?< ;<dDg ?D£IJg ?< A£kA<DJ l±<A ;<g ¢£d±£IDg ¢dC;IAgi µd J£Jl;§ ;l BIg<
<k Êd±D< ?d A£¢ÈDI³eJ g¤£¢fD< ² ;l ¨£Ig ¢lD ;< CIlIg ?< ¢£dDgdIJ<g ©d?IAIlID<g ² ;¤<kA£kJD< ?<g
A£¢I<dDg <J g£dg ;l ¨£DB< ?¤dk< ¢D£J<AJI£k J<Aek£;£³I«d< A£ËJ<dg< IB¢;lkJ@< ?ID<AJ<B<kJ
gdD ;<g £DI³Ikldª ¢lD ;<g ¢D£?dAJ<dDgi

34Û4d ÜhAg;>Aã =n:;< B; ä7;8<
¡IBd;Jlk@B<kJ§ ;<g k£d±<;;<g J<Aek£;£³I<g £kJ ¨lIJ ;¤£C©<J ?¤dk< ¢D£J<AJI£k ©dDI?I«d< <k

JlkJ «d< k£d±<ldª ¢D£?dIJg K ;< gÈgJfB< ?<g CD<±<Jg g¤<gJ D@A<BB<kJ @J<k?d ² A<DJlIkg JÈ¢<g
?¤Ik±<kJI£kg§ J<;;<g «d< ;<g ¸ �������� ��Õ
���¾ ldª ÉJlJg·okIg§ ¯?<¢dIg ;< ¢D£Afg ¡JlJ< ¡JD<<J
jlkÒ <k =¶¶>°§ ¢£dD ;<g«d<;;<g EûFF ?<Blk?<g ?< CD<±<Jg g£kJ ?@¢£g@<g Ael«d< lkk@< ?lkg
;< g<AJ<dD ?<g ;£³IAI<;gEEi ;dg ³@k@Dl;<B<kJ§ ;<g CD<±<Jg g£kJ ?< ¢;dg <k ¢;dg dJI;Ig@g ¢lD
;<g ÀDB<g§ A£BB< ;¤Ik?I«d<kJ ;<g gJlJIgJI«d<gi Ìk ?@A;Ik ©dg«d¤ld BI;I<d ?<g lkk@<g =¶>F§
;< k£BCD< ?< ?@¢¥Jg ?< CD<±<Jg g¤<gJ ?<¢dIg A£kgI?@DlC;<B<kJ lAADd K ;¤£ÍA< lB@DIAlIk ?<g
CD<±<Jg l lIkgI D<�d ÃGG ß=ß ?<Blk?<g <k EFF=§ <J ;< k£BCD< ?< CD<±<Jg «d¤I; l £AJD£È@g <gJ
<k AD£IgglkA< Dl¢I?<Ei i m< ¢e@k£Bfk< k¤<gJ ¢lg ;IBIJ@ ldª ÉJlJg·okIg K <kJD< =¶¶F <J EFFF§
;< k£BCD< ?< CD<±<Jg ?@¢£g@g ld¢Dfg ?< ;¤£ÍA< <dD£¢@<k ?<g CD<±<Jg l ?£dC;@ <J l lJJ<IkJ
FåtILLI WXMLIRLJMH LIRVHM]MxJ_TI OIN æTKXIN OPç¸ WXMLPxPIN WUX ]I OXMJL OYUTLITX INL OI W]TN IH W]TNRMTXUHLI\ ¸ ]YJSUxI OIN t¯ IH èXUHRIbFFéI]MH êb ÂJXM]I ºëìììÀ\ ë� ììì OISUHOIN OI [XIKILN ]JPN UTu ]MxJRJI]N MHL PLP OPWMNPIN IH �ííí UTuîLULNïGHJNbFs¯I ëììì ¸ ëìì�\ ]YPKM]TLJMH INL OI ðë�\£ñ OUHN ]IN NISJïRMHOTRLITXN\ ðëì\£ñ OUHN ]IN LI]IRMSN\ ð��\òñIH JH°MXSULJ_TI ºÂJXM]I\ ëìììÀb
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=GE ¶G= <k EFFFE� i ¡dD ;l Clg< ?< A<g AeI´D<g§ £k ¢<dJ A£kgI?@D<D «d< ;¤lAAD£Igg<B<kJ ?d
k£BCD< ?< CD<±<Jg ?@¢£g@g k¤<gJ ¢lg dkI«d<B<kJ ;< ¨DdIJ ?< Aelk³<B<kJg IkgJIJdJI£kk<;g
IkJ<D±<kdg ldª ÉJlJg·okIg <J ?£kJ ;¤<´<J l @J@ ?¤lAAD£ÅJD< ;l ±l;<dD ?<g CD<±<Jg ¯Æ£DJdB <J
¬<Dk<D§ =¶¶>°§ BlIg @³l;<B<kJ ?d ¨£DJ Jldª ?< ¢D£³Dfg J<Aek£;£³I«d<i

"#ó /�ô',� '�,%)*� '%,-%� �)� /01 ), '.'*��)� ��-.-+
���%)�

¡¤I; <ªIgJ< ?@g£DBlIg dk A£kg<kgdg gdD ;< D¥;< ¢D@¢£k?@DlkJ «d< ;<g c® ©£d<kJ ?lkg ;l
¢D£?dAJI£k ?< A£kklIgglkA<g§ ;<dD D<k¨£DA<B<kJ ?<¢dIg ;< BI;I<d ?<g lkk@<g =¶¶F ¨lIJ ;¤£C©<J
?< ADIJI«d<g <J g£d;f±< ?I´@D<kJg ?@ClJg Ae<¦ ;<g @A£k£BIgJ<g A£BB< Ae<¦ ;<g ©dDIgJ<g <J ;<g
¢£;IJIAI<kgi

34õ43 �> 9AlA>=7g7=? B;< 9h88>7<<>89;<
¬¤dk< ?<g ¢DIkAI¢l;<g ADIJI«d<g l?D<gg@<g ldª c® A£kA<Dk< ;<dD IB¢lAJ gdD ;¤IkAIJlJI£k ²

Ikk£±<D <J ² AD@<D§ ² gl±£ID «d< ;l ¢D£¢DI@J@ IkJ<;;<AJd<;;< ¢<dJ ÂJD< dk ¨D<Ik ² ;l ¢D£?dAJI£k
?< A£kklIgglkA<g ?lkg ;l B<gdD< £� ;¤Ikk£±lJI£k <̄J ;l AD@lJI£k° <gJ dk ¢D£A<ggdg AdBd;lJI¨§
£� Ael«d< Ikk£±lJI£k g< ¨£k?< gdD g<g ?<±lkAIfD<g ¯¢lD <ª<B¢;< ¢£dD D@l;Ig<D ?<g lB@;I£·
DlJI£kg £d ?<g l¢¢;IAlJI£kg°i Ê JIJD< Ik?IAlJI¨§ ;¤lg¢<AJ AdBd;lJI¨ ?<g Ikk£±lJI£kg g< D@±f;<
¢lDJIAd;IfD<B<kJ BlD«d@ ?lkg ;<g g<AJ<dDg ?<g k£d±<;;<g J<Aek£;£³I<g K ;<g A£?<g g£dDA<g ?<g
;£³IAI<;g g£kJ lIkgI A£B¢£g@g ?< ¸CDI«d<g¾ ?< ¢D£³DlBB< D@AdDD<kJ<g Á ;<g Ikk£±lJI£kg <k
CI£J<Aek£;£³I< g< ¨£k?<kJ gdD ?<g £dJI;g ?< D<Ae<DAe<§ J<;g «d< ;l g@«d<kA< ?¤dk ³fk<i clkg
dk A£kJ<ªJ< ?¤Ikk£±lJI£kg AdBd;lJI±<g§ ¢£dD ?@J<DBIk<D gI dk CD<±<J ?£IJ ÂJD< lAA£D?@ £d
k£k <J ;¤lB¢;<dD ?< gl ¢D£J<AJI£k§ I; k< gdÍJ ¢;dg ?< A£kgI?@D<D ;¤lDCIJDl³< gJlJI«d< JDl·
?IJI£kk<; Á I; ¨ldJ @³l;<B<kJ ¢D<k?D< <k A£B¢J< ;¤<´<J ² ;£k³ J<DB< gdD ;¤Ikk£±lJI£ki ok<
JD£¢ ¨£DJ< ¢D£J<AJI£k ¢<dJ l;£Dg ?<±<kID elk?IAl¢lkJ<§ AlD <;;< ?@A£dDl³< ;<g Ik±<kJ<dDg £d
F�ÂJXM]I ºëìììÀ á RILLI UTxSIHLULJMH PLUJL OYUJ]]ITXN USMXRPI O`N ]IN UHHPIN �íöì IH ÷]]ISUxHI IL UTêUWMHb
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AD@lJ<dDg ?¤<ª¢;£D<D A<DJlIk<g ±£I<g ?< D<Ae<DAe< ?@©² ¢D£J@³@<gE� i
m£kJDlID<B<kJ ² ;¤IkJ<D¢D@JlJI£k gJlJI«d< ?< ;l ;lD³<dD ?d CD<±<J§ «dI k< ¢D<k? ¢lg

<k A£B¢J< ;¤lg¢<AJ AdBd;lJI¨ ?< ;¤Ikk£±lJI£k <J £B<J ;¤<´<J ¢£J<kJI<;;<B<kJ k@³lJI¨ ?< ;l
¢D£J<AJI£k gdD ;<g IkAIJlJI£kg ² Ikk£±<D ?<g ³@k@DlJI£kg gdI±lkJ<g§ ;l AdBd;lJI±IJ@ ?< ;l ¢D£·
?dAJI£k ?< A£kklIgglkA<g <gJ ?<±<kd< dk< ¢D@£AAd¢lJI£k Bl©<dD< ?< ;¤lkl;Èg< @A£k£BI«d<
?<g CD<±<Jg ?lkg ;l g<A£k?< B£IJI@ ?<g lkk@<g =¶¶F ¯?<¢dIg g£k lkl;Èg< ¢lD ¡A£JAeB<D
q=¶¶=r°i c< BlkIfD< ³@k@Dl;<§ A<;;<·AI B£?@;Ig< ;¤lAJI±IJ@ ?< p¿c A£BB< dk ¢D£A<ggdg g@·
«d<kJI<; ?lkg ;<«d<; ;<g Ikk£±lJ<dDg g¤l¢¢dI<kJ gdD ;<g Ik±<kJI£kg ?< ;<dDg ¢D@?@A<gg<dDg§
A< «dI ¢<dJ ?£kk<D ;I<d ² ?<g Ik¨DlAJI£kg ?< CD<±<Jg ¢lD ?<g Ikk£±lJ<dDg ?< ³@k@DlJI£kg
gdI±lkJ<g§ g<;£k ;l ;lD³<dD ?d CD<±<J ¢D@A@?<kJi

me<¦ melk³ ¯=¶¶û° A£BB< Ae<¦ ÇD<<k <J ¡A£JAeB<D ¯=¶¶û°§ ;¤lg¢<AJ AdBd;lJI¨ ?< ;¤Ik·
k£±lJI£k <gJ D<¢D@g<kJ@ ¢lD dk B£?f;< ?ÈklBI«d< <k ?<dª @Jl¢<g K ?<dª ?@AIgI£kg ?¤Ikk£·
±lJI£kg ¯¢lD ?<dª Ikk£±lJ<dDg ?I´@D<kJg° g£kJ A£kgI?@D@<g§ ;l g<A£k?< Ikk£±lJI£k @JlkJ ¢lD
<ª<B¢;< dk< lB@;I£DlJI£k ?< ;l ¢D<BIfD<i ¬l ;lD³<dD ?d CD<±<J IkIJIl;§ ?<gJIk@< ² ¢D£J@³<D
g£k ?@J<kJ<dD ?<g lB@;I£DlJI£kg ¨dJdD<g ?< g£k ¢D£?dIJ§ ?@J<DBIk< ;< AelB¢ ?< ;l ¢D£J<A·
JI£k ¨lA< ld g<A£k? Ikk£±lJ<dD K dk CD<±<J ;lD³< lggdD< ;¤IkJD£?dAJI£k ?< ;¤Ikk£±lJI£k ?<
¢D<BIfD< ³@k@DlJI£k§ BlIg I; ¢<dJ C;£«d<D <k A£kJD<¢lDJI< ;¤<kJD@< ?d g<A£k? Ikk£±lJ<dD <J
¨D<Ik<D ;< ¢D£³Dfg J<Aek£;£³I«d<i £dD D@g£d?D< A< A£kÈIJ ?¤£C©<AJI¨g§ ÇD<<k <J ¡A£JAeB<D
¯=¶¶û° IkJD£?dIg<kJ ;l ¢£ggICI;IJ@ ?¤dk lAA£D? ?< ;IA<kA< <kJD< ;<g ?<dª Ikk£±lJ<dDg§ �� ��Õ�
¯?lkg dk< ¸ø���Õ ���Õ���¾§ l±lkJ ;¤IkJD£?dAJI£k gdD ;< BlDAe@ ?d g<A£k? ¢D£?dIJ°§ £d ��
���Õi ®;g B£kJD<kJ «d< ;¤lAA£D? �� ��Õ�§ g¤I; lggdD< ;¤<kJD@< ?d g<A£k? Ikk£±lJ<dD§ k< ¢<D·
B<J ¢lg ld ¢D<BI<D Ikk£±lJ<dD ?< Al¢JdD<D ;l J£Jl;IJ@ ?d gdD¢;dg ?< A<;dI·AIi Ìk B<JJlkJ
;¤lAA<kJ gdD ;¤<k©<d ?< ;l ?I´dgI£k ?< ;¤Ikk£±lJI£k§ hlJdJ<g <J �»�� ¯=¶¶Ö° ¢dIg á¤c£k£³ed<
<J �»�� ¯=¶¶>° @Jd?I<kJ ¢£dD ;<dD ¢lDJ ;< A£d¢;< ;lD³<dD · ;£k³d<dD ?d CD<±<J «dI BlªIBIg<
dk< ¨£kAJI£k ?< CI<k·ÂJD< g£AIl;§ ?lkg ;< Al?D< ?¤dk< g@«d<kA< IkÀkI< ?¤Ikk£±lJI£kg gdD dk<
@Ae<;;< ?< «dl;IJ@i hlJdJ<g <J �»�� ¯=¶¶Ö° A£kA;d<kJ ?< ;<dD lkl;Èg< «d¤dk CD<±<J ;lD³< D@·
F�tYINL RI _TJ NYINL WXMOTJL UT OP[TL OT ëì`SI NJ`R]I UTu îLULNïGHJN OUHN ]I OMSUJHI OIN LIRVHM]MxJINOI ]YUKJULJMH IL OI ]U XUOJM á ]IN _TI]_TIN IHLXIWXJNIN _TJ OPLIHUJIHL OIN [XIKILN RMTKXUHL OIN UNWIRLNJSWMXLUHLN OI RIN JHKIHLJMHN HYMHL WUN XPTNNJ ¸ PLU[]JX TH URRMXO OI ]JRIHRIN RXMJNPIN\ TH []MRUxI STLTI] _TJU HITLXU]JNP ]IN UKUHRPIN LIRVHM]MxJ_TIN çTN_TY̧ RI _TI ]I xMTKIXHISIHL JHLIXKJIHHI WIHOUHL ]U WXISJ`XIxTIXXI SMHOJU]I ºùIXxIN IL ÁI]NMH ú�ííìûÀb
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g<D±< ² g£k ?@J<kJ<dD dk A<DJlIk k£BCD< ?¤l¢¢;IAlJI£kg§ <J ;< CI<k·ÂJD< <gJ l;£Dg BlªIBIg@
¢lD ?<g CD<±<Jg ?< ;lD³<dD ;IBIJ@< <J ?< ;£k³d<dD IkÀkI<i á¤c£k£³ed< <J �»�� ¯=¶¶>° B<JJ<kJ
<k @±I?<kA< ;l k£JI£k ?< ?dD@< ?< ±I< ¸<´<AJI±<¾ ?¤dk CD<±<J§ «dI g¤lDDÂJ< ;£Dg«d< ;< ¢D£?dIJ
<gJ ?@JD¥k@ ¢lD dk ldJD< ?< B<I;;<dD< «dl;IJ@i m<JJ< ?dD@< <´<AJI±< ?@¢<k? k£k g<d;<B<kJ
?< ;l ;£k³d<dD BlIg @³l;<B<kJ ?< ;l ;lD³<dD K dk D@³IB< ?lkg ;<«d<; ;l ;£k³d<dD <gJ ¨lIC;< <J
;l ;lD³<dD I;;IBIJ@< g< D@±f;< ;< ¢;dg <ÍAlA<§ AlD I; lggdD< dk< ?I´dgI£k Dl¢I?< ?<g k£d±<ldª
¢D£?dIJg Īi<i ;l ?dD@< ?< ±I< <´<AJI±< <gJ ¢;dg A£dDJ<°i £dD dk< ¢D@g<kJlJI£k l¢¢D£¨£k?I<
?< ;¤lkl;Èg< @A£k£BI«d< ?<g CD<±<Jg§ £k g< D<¢£DJ<Dl ² ¬lk³IkI<D <J h£gAeIkI ¯EFFÃ°§ <J
ÌkAl£dl§ Çd<;;<A <J hlDJIk<¦ ¯EFFÃ°E¤ i

¬<g ?@ClJg lAJd<;g ¢£DJ<kJ @³l;<B<kJ gdD ;<g lg¢<AJg ¢DlJI«d<g ?<g c®§ <J ;<g ?Èg¨£kA·
JI£kk<B<kJg ?d gÈgJfB< ?< ¢D£J<AJI£k ?lkg ;< A£kJ<ªJ< ?<g ÄHi ¬<g @±£;dJI£kg gdD±<kd<g
D@A<BB<kJ ?lkg ;< ?£BlIk< ?< ;l ¢D£¢DI@J@ IkJ<;;<AJd<;;< B£kJD<kJ «d< gl BIg< <k Êd±D< £A·
Ad¢< ld©£dD?¤edI dk< ¢;lA< <gg<kJI<;;<§ JlkJ ¢£dD ;<g ¢£d±£IDg ¢dC;IAg «d< ¢£dD ;<g AD@lJ<dDg
<J Ikk£±lJ<dDgi

34õ4d �; 9>B6; 78<=7=A=7h88; B;< C5D ;<=ü7 >B>:=? >Aã Üý þ
µd·?<;² ?< g£k A£kÈIJ ?¤£C©<AJI¨g <J ?< g£k <´<J ¢£J<kJI<;;<B<kJ k@¨lgJ< gdD ;l ¢D£?dA·

JI£k ?< A£kklIgglkA<g§ ;l ¢D£J<AJI£k ?< ;l ¢D£¢DI@J@ IkJ<;;<AJd<;;< ¢<dJ g< D@±@;<D IkdJI;<§
;£Dg«d< ;<g ¢D£?dAJ<dDg ?< CI<kg ?¤Ik¨£DBlJI£k g£kJ <k B<gdD< ?< C@k@ÀAI<D ?< ;¤IBIJlJI£k
¢lD ;<g A£kAdDD<kJg <J ?< ;l A£¢I< ¢lD ;<g dJI;IglJ<dDgi m<g £¢¢£DJdkIJ@g D<B<JJ<kJ l;£Dg <k
Aldg< ;l ;@³IJIBIJ@ ?< ;l ¢D£J<AJI£k ¢lD ;<g CD<±<Jg <J ;<g A£¢ÈDI³eJgi Ê A< JIJD<§ j<g<k <J
hlgÒIk ¯EFFF° B£kJD<kJ «d< ;£Dg«d< ;<g Ikk£±lJI£kg g£kJ AdBd;lJI±<g <J A£B¢;@B<kJlID<g§
;¤lCg<kA< ?< CD<±<Jg D@?dIJ ;<g ¢D£ÀJg ?<g Ikk£±lJ<dDg <k D<k¨£D�lkJ ;l A£kAdDD<kA< BlIg
;<dD ¢<DB<J <k A£kJD<¢lDJI< ?¤lAA@?<D ldª Ikk£±lJI£kg <ªIgJlkJ<g <J ?< ;<g dJI;Ig<D ?lkg
;<dDg ¢D£¢D<g Ikk£±lJI£kg glkg DIg«d< ?< ¢£dDgdIJ<g ¢£dD Ik¨DlAJI£k ?<g ?D£IJgi Ìk ?¤ldJD<g
F®tIXLUJHN LXUKUTu NTX ]YPRMHMSJI OI ]U RMWJI IL OT RMW^XJxVL SILLIHL PxU]ISIHL IH UKUHL ]U RTST]ULJKJLPOIN RXPULJMHN ]JLLPXUJXIN IL UXLJNLJ_TINb ÷JHNJ\  UHOIN IL ·MNHIX º�í�íÀ SMHLXIHL _TI\ NJ ]U RXPULJMH INLRTST]ULJKI\ ]YIuLIHNJMH OT RMW^XJxVL UTu æTKXIN OPXJKPIN ºLXUOTRLJMH\ UOUWLULJMH IL JHLIXWXPLULJMHÀ WITLUTxSIHLIX ]IN RM¡LN OI ]U RXPULJMH ºOYIuWXINNJMHÀ WMTX ]IN UTLXIN RXPULITXN ¸ LI] WMJHL _TYJ]N HI NIXMHL W]TNJHRJLPNb
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J<DB<g§ ;< ³lIk ?< ;£k³ J<DB< ;I@ ld ¢lDJl³< ?<g A£kklIgglkA<g ¢<dJ l;£Dg A£B¢<kg<D ;l
¢<DJ< ?< A£dDJ J<DB< Iggd< ?< ;¤IBIJlJI£k§ A< «dI ¢;lI?< ¢£dD ;¤lCg<kA< ?< ¢D£J<AJI£k ?lkg
A<DJlIkg g<AJ<dDg K ;¤<ªJ<kgI£k D@A<kJ< ?< ;l CD<±<JlCI;IJ@ ² A<DJlIk<g J<Aek£;£³I<g ¯CdgIk<gg
B<Je£?g§ ;£³IAI<;g§ £dJI;g ?< D<Ae<DAe< ?lkg ;¤Ik?dgJDI< CI£B@?IAl;<§ g@«d<kA<g ³@k@JI«d<g°
<gJ ld©£dD?¤edI ;lD³<B<kJ A£kJ<gJ@<E² i m<JJ< <ªJ<kgI£k ?d ?£BlIk< ?d CD<±<JlC;< k¤<gJ ¢lg
glkg ¢£g<D ¢D£C;fB< ldª £ÍA<g ?< CD<±<Jg§ g¤l³IgglkJ k£JlBB<kJ ?< ;¤@JlJ ?< ;l J<AekI«d<
<J ?<g A£kklIgglkA<g ?d g<AJ<dDi c<±lkJ ;< ±£;dB< AD£IgglkJ ?<g ?<Blk?<g ?< CD<±<Jg§ k£·
JlBB<kJ ?lkg ;< ?£BlIk< ?<g ;£³IAI<;g§ ;<g <ªlBIklJ<dDg ?<g £ÍA<g g< ±£I<kJ A£kJDlIkJg
?¤@Jd?I<D Dl¢I?<B<kJ ;<g ?£ggI<Dg§ A< «dI ;<g A£k?dIJ ² A£BB<JJD< ?<g <DD<dDg ?< ©d³<B<kJ
<J ² lAA£D?<D ?< ¸Bld±lIg¾ CD<±<Jgi ¬¤£ÍA< ?<g CD<±<Jg ¢<dJ ÂJD< ¢<D�d A£BB< dk< £D³lkI·
glJI£k ¸IB¢lD¨lIJ<¾ ¯ld g<kg £� ;¤£k ¢lD;< ?< ¸BlDAe@ IB¢lD¨lIJ¾°§ <k DlIg£k ?< ;¤lgÈB@JDI<
?¤Ik¨£DBlJI£k <kJD< ;<g Ikk£±lJ<dDg ¯«dI ?<Blk?<kJ dk CD<±<J° <J ;<g <ªlBIklJ<dDg ¯«dI
<ªlBIk<kJ ;<g ?<Blk?<g°i

clkg ;<g g<AJ<dDg ?<g k£d±<;;<g J<Aek£;£³I<g ¯CI£J<Aek£;£³I<g§ J<Aek£;£³I<g ?< ;¤Ik¨£DBl·
JI£k°§ £� ;<g Ikk£±lJI£kg D<«dIfD<kJ ;¤dJI;IglJI£k ?¤dk A<DJlIk k£BCD< ?¤Ikk£±lJI£kg ¸A£B·
¢;@B<kJlID<g¾ ¢£dD ÂJD< <ª¢;£IJ@<g A£BB<DAIl;<B<kJ§ I; <ªIgJ< dk ¢D£C;fB< ?< ¢lDJl³< ?< ;l
¢D£¢DI@J@ IkJ<;;<AJd<;;< ±̄£ID ² A< gd©<J HID£;< qEFFFr° <J ;< DIg«d< ?¤<B¢I@J<B<kJ ?<g CD<±<Jg
È <gJ <ªlA<DC@i ¬< AelB¢ ?< ;l ¢D£J<AJI£k <gJ ¢;dg @J<k?d <J ;¤IkA<DJIJd?< lAADd< gdD ;l
?@;IBIJlJI£k ?< A< AelB¢ D<k?<kJ ¢;dg ?IÍAI;< ;l ?IgJIkAJI£k <kJD< A< «dI <gJ ¢D£J@³@ <J
A< «dI k< ;¤<gJ ¢lg§ <J ¢<d±<kJ A£k?dID< ² ?<g <B¢I@J<B<kJg ?< CD<±<Jg ¢;dg ¨D@«d<kJgi Ìk
A< g<kg§ ¡el¢ID£ ¯EFF=° ¢lD;< ¸?¤<kAe<±ÂJD<B<kJ¾ <J ?< ¸Bl«dIg¾ ?< CD<±<Jg ¢£dD ?@ADID<
dk< ¢D£;I¨@DlJI£k gdgA<¢JIC;< ?< ?@A£dDl³<D ;<g Ikk£±lJ<dDg ADlI³klkJ ?< g< D<JD£d±<D <k
Ik¨DlAJI£k glkg ;< gl±£IDi Ìk <´<J§ ;< ¢D£³Dfg J<Aek£;£³I«d< A£k?dIJ ² dk< A£B¢;<ªIÀAlJI£k
?< ;¤<g¢lA< ?<g J<Aek£;£³I<g <J ?<g ¢D£?dIJg§ ?£kJ ;<g CD<±<Jg g< Ae<±ldAe<kJ Ik@±IJlC;<B<kJ
<J ¨£kJ ;¤£C©<J ?< ¢;dg ?< ;IJI³<gi

¬<g CD<±<Jg g£kJ ?<±<kdg dk< lDB< gJDlJ@³I«d< <k ±d< ?< ;IJI³<g ¢£J<kJI<;g K ¨lA< ld D<k·
¨£DA<B<kJ ?< ;l ¢D£J<AJI£k «d¤I;g lggdD<kJ <J ldª ¢D£C;fB<g ?¤<B¢I@J<B<kJg «dI g¤<kgdI±<kJ§
F¶éYUxJNNUHL OIN ]MxJRJI]N\ RIXLUJHN PRMHMSJNLIN OP°IHOIHL °IXSISIHL ]U HMH [XIKILU[J]JLP ºKMJX èMXU^ ILùUJXINNI\ ]I ùMHOI\ �ÿ�ìí�ì�À
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;<g ÀDB<g ?@¢£g<kJ ?<g CD<±<Jg ¢£dD g< ?@¨<k?D< <k Alg ?¤lAAdglJI£k ?¤Ik¨DlAJI£k <J ¢£dD
lJJl«d<D ;<dDg A£kAdDD<kJgi cd ¨lIJ ?< A< A£B¢£DJ<B<kJ§ ;<g ;IJI³<g gdD CD<±<Jg £AAd¢<kJ
?@g£DBlIg dk< ¢;lA< Bl©<dD< ?lkg ;l ³<gJI£k ?<g Ikk£±lJI£kg ¢lD ;<g <kJD<¢DIg<gE³ i ¬<g l±£·
AlJg <k ¢D£¢DI@J@ Ik?dgJDI<;;<§ ?£kJ ;< D¥;< <gJ ² ;l ¨£Ig ?< D@?I³<D ;<g CD<±<Jg <J ?@¨<k?D< ;<g
?D£IJg ?< ;<dDg A;I<kJg ;£Dg ?<g ;IJI³<g§ £AAd¢<kJ dk< ¢;lA< ¢D@¢£k?@DlkJ< ?lkg ;< ¢D£A<ggdg
?< ¢D£J<AJI£k ?<g Ikk£±lJI£kgi

¬< D<k¨£DA<B<kJ ?< ;l ¢D£J<AJI£k ?d A£¢ÈDI³eJ £Cg<D±@ ?<¢dIg ;l kdB@DIglJI£k <J ;<
?@±<;£¢¢<B<kJ ?¤®kJ<Dk<J g< ¢DÂJ< @³l;<B<kJ ld ?@ClJi m<DJlIkg lDJIgJ<g <J <ª¢<DJg ?<
;¤Ik?dgJDI< ?< ;l BdgI«d< £d ?d AIk@Bl È g£kJ £¢¢£g@g§ B<JJlkJ <k l±lkJ ;<g C@k@ÀA<g
¢£J<kJI<;g ?d ¢IDlJl³< ² ³Dlk?< @Ae<;;< <k J<DB<g ?< JlI;;< ?d BlDAe@ ¯² JIJD< ?¤<ª<B¢;<§ ±£ID
;< Dl¢¢£DJ ?< ;¤µ?lBI qEFFGr Eµ § «dI ¢D¥k< ;l ;@³l;IglJI£k ?d E°i ¬<g Êd±D<g kdB@DI«d<g
¯CI<kg Ad;JdD<;g§ BlIg gdDJ£dJ ;£³IAI<;g° ¢<d±<kJ§ I; <gJ ±DlI§ C@k@ÀAI<D ?¤<ªJ<Dkl;IJ@g ?<
D@g<ld ¢£gIJI±<g§ ;l ¢D£¢<kgI£k ² ¢lÈ<D ?¤dk A£kg£BBlJ<dD ld³B<kJlkJ l±<A ;< k£BCD< ?<
A£kg£BBlJ<dDgi c< J<;;<g <ªJ<Dkl;IJ@g ¢<d±<kJ ¢D£ÀJ<D ldª ¢D£?dAJ<dDg§ ?lkg ;l B<gdD< £�
<;;<g ¢D£AdD<kJ dk gdD¢;dg gd¢¢;@B<kJlID< ldª A£kg£BBlJ<dDg ?¤£DI³Ikldª§ «dI g£kJ l;£Dg
?Ig¢£g@g ² ;<g ¢lÈ<D ¢;dg Ae<D§ A£BB< ;< B£kJD<kJ m£kk<D <J pdB<;J ¯=¶¶=°§ HlÒ<ÈlBl
¯=¶¶G° <J ¡eÈ <J HeIgg< ¯=¶¶¶°i clkg A<g B£?f;<g§ ;<g A£kg£BBlJ<dDg ?I´fD<kJ g<;£k ;¤dJI;IJ@
«d¤I;g D<JID<kJ ?< ;¤£DI³Ikl; K ;<g A£¢I<g <k³<k?D<kJ ?<g <ªJ<Dkl;IJ@g ?< D@g<ld ¢£gIJI±<g <k
ld³B<kJlkJ ;< k£BCD< ?¤dJI;IglJ<dDg§ A< «dI lAAD£ÅJ ;l ±l;<dD ?<g £DI³Ikldª ldª È<dª ?<g
A£kg£BBlJ<dDg <J ¢<DB<J Ik Àk< ldª ¢D£?dAJ<dDg ?¤ld³B<kJ<D ;<dDg ¢DIª <J ;<dDg ¢D£ÀJg
Bl;³D@ ;l D@?dAJI£k ?< ;l ?<Blk?< Á <k £dJD<§ g£d;I³k<kJ HlÒ<ÈlBl ¯EFFE° <J �elk³ ¯EFFE°§
;<g A£¢I<g ¢<d±<kJ JDlkgB<JJD< ?< ;¤Ik¨£DBlJI£k ldª A£kg£BBlJ<dDg gdD ;l «dl;IJ@ ?d CI<ki

Ìk D@gdB@§ £k £Cg<D±< dk< IkJ<DlAJI£k ?< ¢;dg <k ¢;dg ¨£DJ< <kJD< ;<g ÄH <J ;<g c®i
clkg «d<;;< B<gdD< A<JJ< IkJ<DlAJI£k <kJDlÅk<·J·<;;< dk< D<?@ÀkIJI£k ?d gJlJdJ <J ?< ;¤dJI;IJ@
?<g c® Æ Çd<; D¥;< ;<g c® ©£d<kJ·I;g ?lkg ;<g ¢D£A<ggdg ?¤Ikk£±lJI£k <J ?< AD@lJI£k Æ m<JJ<
Jefg< l ¢£dD CdJ ?¤lkl;Èg<D A<DJlIkg lg¢<AJg ?<g IkJ<DlAJI£kg <kJD< c® <J ÄH§ ² ;l ;dBIfD<
F¹÷Tu îLULNïGHJN\ ]IN OPWIHNIN RMHNURXPIN ¸ OIN ]JLJxIN IHLUSPN IH �íí� NYP]`KIHL ¸ RI çMTX ¸ � SJ]]JUXOOI OM]]UXN\ TH RVJvXI ¸ RMHNJOPXIX ¸ ]U ]TSJ`XI OIN �\ö SJ]]JUXON OPWIHNPN WUX ]IN QXSIN IH ��¯ IH �íí�ºÂJXM]I\ ëìììÀbFÃZ I ·IIX LM ·IIX\ TH ÷TLXI ùMO`]I îRMHMSJ_TI WMTX ]U ùTNJ_TIa\ ÂUXJ_ �XJS\ ÷OUSJ\ ëìì£b
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?<g ?Èg¨£kAJI£kk<B<kJg «dI lAA£B¢l³k<kJ ;l k£d±<;;< ?£kk<i

"#� 1.,)�'�,�-.� ).,�) /01 ), �� � *' .-%Ì)**) �-..)
¬<g Aelk³<B<kJg J<Aek£;£³I«d<g D@A<kJg £kJ IkA£kJ<gJlC;<B<kJ C£d;<±<Dg@ ;l ?£kk< ?<

;l ¢D£¢DI@J@ IkJ<;;<AJd<;;<i ¬< Al?D< IkgJIJdJI£kk<; ?<g c® <gJ g£dBIg ² ?< k£d±<;;<g Df³;<g
?d ©<d <J ?< k£d±<;;<g D<;lJI£kg g< g£kJ IkgJldD@<g <kJD< g<g lAJ<dDg Ā<dª «dI ?@;I±D<kJ§
?@JI<kk<kJ £d <k¨D<I³k<kJ ;<g ?D£IJg° K ?¤dk< ¢lDJ§ ;<g ?@J<kJ<dDg ?<g ?D£IJg g£kJ B<klA@g
¢lD ;¤IBIJlJI£k <J dk< A£¢I< ?<±<kd< ¢;dg ¨lAI;<§ BlIg I;g ?Ig¢£g<kJ @³l;<B<kJ ?¤lDB<g ¢;dg
lI³dIg@<g <J ?lk³<D<dg<g ¢£dD ;<g ¸Ik¨DlAJ<dDg¾ Á ?¤ldJD< ¢lDJ§ ;<g ldJ£DIJ@g £kJ ¢£dD D¥;<
?< A£kJD¥;<D ;¤<ª¢;£IJlJI£k ¢£J<kJI<;;<B<kJ lCdgI±< ?< A<g lDB<g <J ?£I±<kJ <;;<g·BÂB<g
g¤l?l¢J<D ldª Aelk³<B<kJg IkgJIJdJI£kk<;gi £dD ;<g A£¢ÈDI³eJg A£BB< ¢£dD ;<g CD<±<Jg§
;l A£kÀ³dDlJI£k «dI g¤<gJ BIg< <k ¢;lA< ?<¢dIg ;< BI;I<d ?<g lkk@<g =¶¶F lB¢;IÀ< A<DJlIkg
?Èg¨£kAJI£kk<B<kJg Ike@D<kJg ld gÈgJfB< ?<g c®§ J£dJ <k IkJD£?dIglkJ ?< k£d±<;;<g ?Ig·
J£DgI£kg§ A£BB< ;¤I;;dgJD< ¢<DJIk<BB<kJ ;< g<AJ<dD ?<g ;£³IAI<;g ldª ÉJlJg·okIg§ <k ¨£DJ<
AD£IgglkA<§ <J J<DDlIk ?< k£BCD<dg<g @±£;dJI£kg ©dDI?I«d<gi

34	43 �> 8hAg;; Bh88; B>8< ; <;9=;A6 B;< h¬797;< 
 :hA6@Ah7 þ
H£dJ ?¤lC£D?§ ;< ;£³IAI<;§ A£BB< J£dJ CI<k Ik¨£DBlJI£kk<; ¯ld g<kg ?¤µDD£ü q=¶ÖEr°§ ¢<dJ

ÂJD< ?@ÀkI A£BB< dk CI<k ¢dC;IA ?£kJ ;< A£ËJ Àª< ?< D<Ae<DAe< <J ?< ?@±<;£¢¢<B<kJ <gJ
JDfg @;<±@ <J k£k D<A£d±DlC;<§ BlIg ?£kJ ;< A£ËJ BlD³Ikl; ?< ?d¢;IAlJI£k <J ?< ?IgJDICdJI£k§
JDfg ¨lIC;<§ ?< ¢lD gl klJdD< ?< CI<k kdB@DI«d<§ k@A<ggIJ< ;l ¢D£J<AJI£k ?< g£k A£kJ<kd
Ik¨£DBlJI£kk<; ² ;l ¨£Ig A£kJD< ;¤IBIJlJI£k ¢lD ;<g A£kAdDD<kJg <J A£kJD< ;l A£¢I< ¢lD ;<g
A£kg£BBlJ<dDgi

lD lI;;<dDg§ ;l ¢D£J<AJI£k ©dDI?I«d< ?<g ;£³IAI<;g ldª ÉJlJg·okIg g¤l¢¢dI< ² ;l ¨£Ig gdD
;< A£¢ÈDI³eJ§ ;< g<AD<J Ik?dgJDI<; <J ;< CD<±<Ji £dD ?@ADID< ;<g AlDlAJ@DIgJI«d<g ?d ;£³IAI<;
<J g<g ?I´@D<kJ<g ¨£DB<g ?< ¢D£J<AJI£k <k ±I³d<dD§ £k ?IgJIk³d< dgd<;;<B<kJ ±̄£ID mlI;;ld?§
EFFF° <kJD< ;<g A£?<g <J ;<g ¨£kAJI£kkl;IJ@g K gI ;< A£?< g£dDA< ¯���� ;< ¢D£³DlBB< <k ;lk³l³<
Ik¨£DBlJI«d<§ A£B¢D@e<kgIC;< ¢lD ;¤e£BB<° ¨lIJ g£d±<kJ ;¤£C©<J ?¤dk g<AD<J Ik?dgJDI<;§ AlD
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gl ¢dC;IAlJI£k IB¢;I«d<DlIJ ;l D@±@;lJI£k ?< J£dJ<g ;<g I?@<g g£dg·©lA<kJ<g ld ;£³IAI<;§ ;< A£?<
£C©<J ḡ£IJ ;l ±<DgI£k CIklID< ?d A£?< g£dDA<§ A£B¢D@e<kgIC;< dkI«d<B<kJ ¢lD dk< BlAeIk<°§
A£kgI?@D@ A£BB< dk< Êd±D< ;IJJ@DlID<§ <gJ ¢D£J@³@ <k D<±lkAe< ¢lD ;< A£¢ÈDI³eJ§ «dI <k
IkJ<D?IJ ;l A£¢I< gld¨ ?lkg ;< Alg ?¤dk< gld±<³lD?<i µdJD<B<kJ ?IJ§ ;¤ldJ<dD ?d ;£³IAI<;
?@JI<kJ dk B£k£¢£;< ?¤<ª¢;£IJlJI£k <J ?< ?IgJDICdJI£k ?d A£?< £C©<J§ A< «dI ;dI ¢<DB<J
<gg<kJI<;;<B<kJ ?¤<B¢ÂAe<D gl ?d¢;IAlJI£k ¢lD ;<g dJI;IglJ<dDgi H£dJ<¨£Ig§ ;< A£¢ÈDI³eJ k<
¢D£Jf³< ¢lg A£kJD< ;¤<ª¢D<ggI£k ?<g BÂB<g I?@<g g£dg dk A£?< ?I´@D<kJ§ Ii<i g£dg dk< ldJD<
¨£DB<i clkg ;< CdJ ?< ¢D£J@³<D ;l ¨£kAJI£kkl;IJ@ ?d ;£³IAI<;§ g£IJ ;¤<kg<BC;< ?<g ¨£kAJI£kg
BIg<g <k Êd±D< ¢lD ;¤£D?IklJ<dD§ ;<g ¢D£?dAJ<dDg ¨£kJ l¢¢<; ldª CD<±<Jg§ «dI ?@;IBIJ<kJ dk
¢@DIBfJD< ?lkg ;<«d<; dk< Ikk£±lJI£k A£kAdDD<kJ< A£kgJIJd< dk< Ik¨DlAJI£k K ¢£dD ;¤<gg<kJI<;§
I; g¤l³IJ ?¤dk< ¢D£J<AJI£k gJDlJ@³I«d< ² ;¤<kA£kJD< ?<g A£kAdDD<kJg§ A£BB< ;< gd³³fD<kJ ;<g
gJlJIgJI«d<g gdD ;< ±£;dB< ?<g ;IJI³<g ldª ÉJlJg·okIgi Ìk g£BB<§ ;<g ;£³IAI<;g J@B£I³k<kJ
?<g ?Èg¨£kAJI£kk<B<kJg ?d gÈgJfB< ?<g A£¢ÈDI³eJg Ī;g g£kJ g£dBIg ld ¢IDlJl³< ² ³Dlk?<
@Ae<;;< ?<g CI<kg kdB@DI«d<g gdD ®kJ<Dk<J° A£BB< ?d gÈgJfB< ?<g CD<±<Jg ;̄< k£BCD< ?<
?@¢¥Jg ?< CD<±<Jg ;£³IAI<;g <J ?< ;IJI³<g k< A<gg< ?< AD£ÅJD<°i

ÌkÀk§ ;¤eIgJ£ID< B£kJD< «d< ;<g k£d±<;;<g k£DB<g l¢¢lDlIgg<kJ g£d±<kJ ldª ÉJlJg·okIg
¢£dD ÂJD< <kgdIJ< l?£¢J@<g <k ÌdD£¢<i ¡¤l³IgglkJ ?< ;l CD<±<JlCI;IJ@ ?<g ;£³IAI<;g§ <kA£D< <k
gdg¢<kg ld©£dD?¤edI§ ;<g ?@AIgI£kg ?< ;¤£ÍA< <dD£¢@<k ?<g CD<±<Jg Ik?I«d<kJ dk l;I³k<B<kJ
¢D£³D<ggI¨ gdD ;l ¢£;IJI«d< lB@DIAlIk<i Ìk <´<J§ gI ;<g ;£³IAI<;g D<gJ<kJ £ÍAI<;;<B<kJ k£k CD<·
±<JlC;<g§ A< k¤<gJ ¢;dg ;< Alg ?< A<dª «dI ¢D@g<kJ<kJ dk AlDlAJfD< J<AekI«d< ¯£d l¢¢;IAlJI£k
Ik?dgJDI<;;<° EÚ i

¡I A¤<gJ ;< g<AJ<dD ?d ;£³IAI<; ldª ÉJlJg·okIg «dI I;;dgJD< ?< ;l ¨l�£k ;l ¢;dg @;£«d<kJ< ;<g
?I´@D<kJg lg¢<AJg ?< ;l k£d±<;;< ?£kk< <k BlJIfD< ?< c®§ A<;;<·AI g¤@J<k? ² ?¤ldJD<g CI<kg
<J J<Aek£;£³I<g§ k£JlBB<kJ ;<g CI<kg Ad;JdD<;g kdB@DI«d<g ?lkg ;< Alg ?<g A£¢ÈDI³eJg§ <J ;<g
CI£J<Aek£;£³I<g ?lkg ;< Alg ?<g CD<±<Jgi
Fà�H XIRIHNI URLTI]]ISIHL IHKJXMH �ì ììì [XIKILN ]MxJRJI]N IH ÄTXMWIb
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34	4d �ä�;9=7± B; > =mo<;
clkg A<JJ< Jefg<§ k£dg k£dg IkJ@D<gg£kg ldª lg¢<AJg ¢DlJI«d<g ?< ;l BIg< <k Êd±D<

?<g c® ?lkg ;< A£kJ<ªJ< ?<g ÄHi Ä£dg J<kJ£kg ?< AlDlAJ@DIg<D ;l k£d±<;;< ?£kk< g£dg
JD£Ig ¢<Dg¢<AJI±<g§ AelAdk< ?¤<kJD< <;;<g A£DD<g¢£k?lkJ ² dk Ael¢IJD<i µ¢Dfg l±£ID @Jd?I@ ;l
«d<gJI£k ?d A£¢ÈDI³eJ <J ;<g g¢@AIÀAIJ@g ?<g CI<kg kdB@DI«d<g ?IgJDICd@g <k ;I³k< ?lkg ;<
¢D<BI<D Ael¢IJD<§ k£dg k£dg IkJ@D<gg£kg ldª ?Èg¨£kAJI£kk<B<kJg ?d gÈgJfB< ?<g CD<±<Jg <J
² g£k k£d±<; <k±ID£kk<B<kJ IkgJIJdJI£kk<; ?lkg ;< ?<dªIfB< <J ;< JD£IgIfB< Ael¢IJD<i ¡<;£k
;<g Ael¢IJD<g§ k£dg A£kgI?@D£kg ?I´@D<kJg JÈ¢<g K

· �� 
����»��»�� ��	��¼Õ�����
¬<g c® lÈlkJ ¢£dD D¥;< ?< ¢D£J@³<D ;<dDg ?@J<kJ<dDg A£kJD< ;¤IBIJlJI£k <J ;l A£¢I<§ ;<g
e£Dg·;l·;£I§ Ii<i A<dª «dI <k¨D<I³k<kJ ;<g ?D£IJg§ g£kJ g£IJ ;<g dJI;IglJ<dDg§ g£IJ ;<g A£kAdDD<kJgi
clkg A<g A£k?IJI£kg§ ;< A£¢ÈDI³eJ ±Ig< <gg<kJI<;;<B<kJ ² ¢D£J@³<D A£kJD< ;< ¢IDlJl³< ¢lD ;<g
dJI;IglJ<dDg§ Jlk?Ig «d< ;< CD<±<J <gJ dk< lDB< ?<gJIk@< ² ¢D£J@³<D ;¤Ikk£±lJ<dD A£kJD< g<g
A£kAdDD<kJg

· � ���Õ���¼Õ���� ��Õ�� »�� �� �Õ »�� ÝÔ�
c¤dk< ¢lDJ§ ;<g ÄH B£?IÀ<kJ ;<g Df³;<g ?¤l¢¢;IAlJI£k ?<g c®§ ² ;l ¨£Ig ¢lD ;l D<¢D£?dAJI£k
¨lAI;< <J ¢<d A£ËJ<dg< ?<g CI<kg kdB@DI«d<g§ ?£kJ ;¤@Ae<;;< <gJ lB¢;IÀ@< ¢lD ®kJ<Dk<J§ <J ¢lD
;l ¢D£J<AJI£k J<Aek£;£³I«d< BIg< <k ¢;lA< ¢lD ;<g ¢D£?dAJ<dDgi c¤ldJD< ¢lDJ§ ;<g c® g£kJ
gdgA<¢JIC;<g ?< ¢D£J@³<D ;<g ÄH§ A£BB< ;<g CD<±<Jg gdD ;<g ;£³IAI<;g £d ;<g CdgIk<gg B<Je£?g§
«dI ¢<d±<kJ D@±@;<D ?<g ?Èg¨£kAJI£kk<B<kJg ?d gÈgJfB< ?<g CD<±<Ji

· �� ¼����� ���Õ�Õ�Õ�����»� ��� ÝÔ� ¼��Õ��»��� �� ��¼��Õ��»����
¬l BIg< <k Êd±D< ?< ;l ¢D£J<AJI£k ¢lD ;< A£¢ÈDI³eJ <gJ D<;lJI±<B<kJ ?@A<kJDl;Ig@<§ ?lkg
;l B<gdD< £� I; g¤l³IJ ?¤dk< ¢D£J<AJI£k ldJ£BlJI«d< <J ?£kJ ;¤l¢¢;IAlJI£k <gJ A£kJD¥;@<
¢DIkAI¢l;<B<kJ ¢lD g£k ?@J<kJ<dDi Ìk D<±lkAe<§ ;l ¢D£J<AJI£k ?¤dk CD<±<J§ g£dBIg< ² dk
<ªlB<k l¢¢D£¨£k?I ?<g ldJ£DIJ@g ;@³l;<g§ A£DD<g¢£k? ² dk gÈgJfB< ¢;dg A<kJDl;Ig@iâ i
såz] RMHKJIHL HPUHSMJHN OI HTUHRIX RIL UNWIRL UT XIxUXO OI ]U SJNI IH æTKXI OI ]U WXMLIRLJMH OIN [XIKILNOUHN OIN ]JLJxIN WMTX JH°XURLJMH\ _TJ INL _TUHL ¸ I]]I OPRIHLXU]JNPIb
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clkg A< Ael¢IJD<§ k£dg @Jd?I£kg ;l ³<gJI£k ?< ;l ¢D£J<AJI£k ?¤dk CI<k ¢dC;IA kdB@DI«d<i

¬¤fD< kdB@DI«d< <gJ A<;;< ?< ;l A£¢I< <J ?d ¢IDlJl³< K ¨lAI;<§ Dl¢I?< <J ¢<d A£ËJ<dg<§ ;l
D<¢D£?dAJI£k ?<g CI<kg kdB@DI«d<g B<J ² Bl; ;<g B@AlkIgB<g ?< A£kJD¥;< JDl?IJI£kk<;;<B<kJ
<ª<DA@g ¢lD ;<g ?@J<kJ<dDg ?<g ?D£IJg ;̄<g lDJIgJ<g°§ «dI ±£I<kJ ;<dDg IkJ@DÂJg B<klA@gi £dD
¢D@g<D±<D ;l k£JI£k ?< ?D£IJ ?¤ldJ<dD ?lkg ;< k£d±<; <k±ID£kk<B<kJ ?¤®kJ<Dk<J§ <J ¨lA<
² ;¤dgl³< AD£IgglkJ ?<g D@g<ldª ?< ¢lDJl³< ?< ÀAeI<Dg <k ;I³k< Ô����Õ��Ô���§ ;<g ¢£d±£IDg
¢dC;IAg £kJ D@¨£DB@§ ±£ID< D<k¨£DA@ ;l ¢D£J<AJI£k ?<g ?D£IJg ?¤ldJ<dDg g¤l³IgglkJ ?<g Êd±D<g
kdB@DI«d<gi lDl;;f;<B<kJ§ ;<g ¢D£?dAJ<dDg £kJ ?< ¢;dg <k ¢;dg D<A£dDg ² ?<g ?Ig¢£gIJI¨g ?<
¢D£J<AJI£k <J ?< g@AdDIJ@ ¸² ;l g£dDA<¾§ IB¢;lkJ@g ?ID<AJ<B<kJ gdD ;<g £DI³Ikldªi

¬l gdD±<I;;lkA< <J ;< A£kJD¥;< ?< ;¤dgl³< ?< A<g CI<kg D<«dIfD<kJ ?<g J<Aek£;£³I<g ?<
¢D£J<AJI£k A£kJD< ;l A£¢I<i Ä£dg A£kgI?@D£kg ?<g J<AekI«d<g ?< ¢D£J<AJI£k ² dk ¢D<BI<D kI·
±<ld ?@A<kJDl;Ig@§ J<Aek£;£³I«d<§ ² ;¤<kA£kJD< ?<g dJI;IglJ<dDg ¯��� ���� ����¼½°i m< Ael¢IJD<
g¤l¢¢dI< gdD dk lDJIA;< A£·@ADIJ l±<A lJDIAÒ Ól<;CD£<AÒ «dI l ¢£dD £C©<J ;< gÈgJfB< ?<g
?D£IJg ?¤ldJ<dD gdD ®kJ<Dk<J <J ;<g A£¢I<g ?I³IJl;<g ?<g Êd±D<g ?Ig¢£kIC;<g <k ;I³k< ;̄£³IAI<;g§
BdgI«d<§ À;Bg§ <JAi°i Ä£dg lkl;Èg£kg ;¤IB¢lAJ ?¤dk D<k¨£DA<B<kJ ?< ;l ¢D£J<AJI£k ;@³l;<
;£Dg«d< ;<g ¢D£?dAJ<dDg g£kJ <k B<gdD< ?¤IkJ@³D<D ¢£dD ;<dD ¢lDJ ?<g ?Ig¢£gIJI¨g A£ËJ<dª
?< ±<DD£dI;;l³< J<Aek£;£³I«d< ?<g £DI³Ikldª «dI <k ;IBIJ<kJ ;¤dJI;IglJI£ki m< ¨lIglkJ§ k£dg
A£kgI?@D£kg ?<dª ¨£DB<g ?< ¢D£J<AJI£k lkJI·¢IDlJl³< ?<g Êd±D<g BdgIAl;<g K ;l ¢D£J<AJI£k
©dDI?I«d< @JlC;I< ¢lD ;<g ldJ£DIJ@g g£dg ;l ¨£DB< ?¤dk A£¢ÈDI³eJ§ «dI IB¢;I«d< ?<g ¢D£Afg
@±<kJd<;g lIkgI «d< ?<g lB<k?<g ² ;¤<kA£kJD< ?<g A£¢I<dDg ;̄¤lAJI±IJ@ ?< A£¢I< @JlkJ A£kgI?@·
D@< A£BB< I;;IAIJ<°§ <J ;l ¢D£J<AJI£k J<Aek£;£³I«d< @JlC;I< ¢lD ;<g ?@J<kJ<dDg ?<g ?D£IJg g£dg
;l ¨£DB< ?< ?Ig¢£gIJI¨g BIg <k ¢;lA< ?ID<AJ<B<kJ gdD ;<g ¢D£?dIJg £DI³Ikldª Ī; g¤l³IJ ?¤dk<
±lDIlC;< <k?£³fk< ?d B£?f;<°i

c<dª B£?<g ?< ?IgJDICdJI£k g£kJ A£k¨D£kJ@g K ?¤dk< ¢lDJ ;< B£?< JDl?IJI£kk<;§ A£ËJ<dª§
?< ¢dC;IAIJ@ É ¢D£B£JI£k «dI ¢<DB<J ldª ¢D£?dAJ<dDg ?< J<kID J£dg ;<g A£kg£BBlJ<dDg Ik¨£D·
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B@g ?< ;<dDg k£d±<ldª ¢D£?dIJg§ ?¤ldJD< ¢lDJ ;< B£?< Ô����Õ��Ô���§ «dI ¢<DB<J ldª ÀDB<g
?< ?IgJDICd<D ;<dDg ¢D£?dIJg ² dk B£Ik?D< A£ËJ§ AlD A< g£kJ ;<g A£kg£BBlJ<dDg «dI gd¢¢£DJ<kJ
;<g A£ËJg ?¤lA«dIgIJI£k ?< ;¤Ik¨£DBlJI£k <k J@;@AelD³<lkJ ?<g ±<DgI£kg ¢IDlJ@<gi Ìk ?¤ldJD<g
J<DB<g§ ;< B£?f;< £¢¢£g< ;<g ?<dª B£?<g ?< ?IgJDICdJI£k§ ;l J<Aek£;£³I< ¸ ��	����Õ�������
¾
?¤dk< ¢lDJ§ ?lkg ;l«d<;;< ;< ¢D£?dAJ<dD ¢lÈ< ¢£dD JDlkgB<JJD< ;¤Ik¨£DBlJI£k ldª A£kg£B·
BlJ<dDg§ <J ;l J<Aek£;£³I< ¸ ��	����Õ������»»¾ ?¤ldJD< ¢lDJ§ ?lkg ;l«d<;;< ;<g A£kg£BBlJ<dDg
¢lÈ<kJ ¢£dD lA«d@DID ;¤Ik¨£DBlJI£ki ÌkÀk§ k£dg A£kgI?@D£kg «d< ;<g A£kg£BBlJ<dDg g£kJ
e@J@D£³fk<g ¢lD Dl¢¢£DJ ld A£ËJ ?¤£¢¢£DJdkIJ@ «d< D<¢D@g<kJ< ;< J<B¢g ¢lgg@ ² Ae<DAe<D <J
J@;@AelD³<D ?<g A£¢I<g gdD ;<g D@g<ldª Ô����Õ��Ô���i jI<k «d¤I; g¤l³Igg< ?¤dk< D<¢D@g<kJlJI£k
JDfg gIB¢;IÀ@<§ dk< J<;;< ?IgJIkAJI£k ¢<DB<J ?¤lkl;Èg<D ;¤IB¢lAJ ?¤dk D<k¨£DA<B<kJ ?< ;l ¢D£·
J<AJI£k ;@³l;< g<;£k ;< Alkl; ?¤Ik¨£DBlJI£k dJI;Ig@ ¢lD ;<g ¢D£?dAJ<dDg§ ² ;l ¨£Ig gdD ;< ?<³D@
?< ¢D£J<AJI£k J<Aek£;£³I«d< <J gdD ;< gdD¢;dg ?<g A£kg£BBlJ<dDgi clkg dk B£?f;< £� dk<
A£¢I< ?I³IJl;< ¢D£AdD< B£Ikg ?¤dJI;IJ@ «d< ;< mc £DI³Ikl;§ k£dg B£kJD£kg «d< ;l ¢D£J<AJI£k
J<Aek£;£³I«d< <gJ dJI;Ig@< ¢lD ;<g ¢D£?dAJ<dDg A£BB< dk A£B¢;@B<kJ ?< ;l ¢D£J<AJI£k ;@·
³l;< ?lkg ;< B£?< ?< ?IgJDICdJI£k JDl?IJI£kk<;§ <J A£BB< dk gdCgJIJdJ ?lkg ;< Ô����Õ��Ô���i
¬<g g<d;g C@k@ÀAIlID<g ?¤dk D<k¨£DA<B<kJ ?< ;l ¢D£J<AJI£k ;@³l;< g£kJ ;<g ¢D£?dAJ<dDg «dI
dJI;Ig<kJ ;< B£?< ?< ?IgJDICdJI£k JDl?IJI£kk<;i

34�4d �86;¬7<=6;6 hA <?;9=7h88;6 þ �; l>8B>= 789;6=>78 B; �h�9;
B;< ä6;g;=< B>8< �788hg>=7h8

clkg A< Ael¢IJD<§ ;< Al?D< IkgJIJdJI£kk<; ?<g c® ¢D<k? dk< ¨£DB< ¢;dg A<kJDl;Ig@<§
k@A<gglID< ¢£dD ¢D£J@³<D ;<g Ikk£±lJ<dDg A£kJD< ;<dDg A£kAdDD<kJg K ;< ;£³IAI<; <gJ ¢D£J@³@ ¢lD
dk £D³lkIgB< A<kJDl;§ @JlJI«d< · ;¤£ÍA< ?<g CD<±<Jgi m< Ael¢IJD< D<¢D<k? dk lDJIA;< A£·@ADIJ
l±<A j<DklD? mlI;;ld? «dI A£kA<¢Jdl;Ig< ;¤£D³lkIgB< A<kJDl; <J g<g IB¢<D¨<AJI£kgi

c<±lkJ ;< ±£;dB< AD£IgglkJ ?<g ?<Blk?<g ?< CD<±<Jg§ k£JlBB<kJ ?lkg ;< ?£BlIk< ?<g
;£³IAI<;g§ ;<g <ªlBIklJ<dDg g< ±£I<kJ A£kJDlIkJg ?¤@Jd?I<D Dl¢I?<B<kJ ;<g ?£ggI<Dg§ A< «dI
;<g A£k?dIJ ² A£BB<JJD< ?<g <DD<dDg ?< ©d³<B<kJ <J ² lAA£D?<D ?< ¸Bld±lIg¾ CD<±<Jgi ®;
g¤l³IJ ?¤dk< £D³lkIglJI£k ¸IB¢lD¨lIJ<¾ ¯ld g<kg £� ;¤£k ¢lD;< ?< ¸BlDAe@ IB¢lD¨lIJ¾°§ <k
DlIg£k ?< ;¤lgÈB@JDI< ?¤Ik¨£DBlJI£k <kJD< ;<g Ikk£±lJ<dDg ¯«dI ?<Blk?<kJ dk CD<±<J° <J
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;<g <ªlBIklJ<dDg ¯«dI <ªlBIk<kJ ;<g ?<Blk?<g°i ¬<g <kJD<¢DIg<g <ª¢;£IJ<kJ ;¤I³k£DlkA< ?<g
<ªlBIklJ<dDg ?< CD<±<Jg <k ?@¢£glkJ ?<g ?<Blk?<g gdD ?<g Ik±<kJI£kg ?@©² <ªIgJlkJ<g§ <k
±d< ?¤£CJ<kID ?<g D<±<kdg gdD ?<g ;IA<kA<gi ¡I ;l «dl;IJ@ ?< ;<dDg ?@AIgI£kg <gJ JDfg ?IgAdJ@<
ld©£dD?¤edI§ <J gI ;< gÈgJfB< ?¤<ªlB<k g<BC;< D<BIg <k «d<gJI£k§ £k ¢<dJ ¢<kg<D «d< A<
¢e@k£Bfk< g¤ldJ£·<kJD<JI<kJ§ ¢dIg«d< ;<g ÀDB<g g£kJ ?¤ldJlkJ ¢;dg IkAIJ@<g ² ?<Blk?<D
dk CD<±<J «d< ;<dDg AelkA<g ?< ;¤£CJ<kID g£kJ @;<±@<g§ Ii<i «d< ;< ±£;dB< ?<g ?<Blk?<g
<gJ IB¢£DJlkJ <J «d< ;l «dl;IJ@ ?<g <ªlB<kg <gJ ¨lIC;<i clkg A< Ael¢IJD<§ k£dg Ae<DAe£kg ²
<ª¢;I«d<D ;< ¢D£C;fB< ?< gdDAelD³< ?< ?<Blk?<g D<�d<g ¢lD ;¤£ÍA< ?<g CD<±<Jg <J ² lkl;Èg<D
g£k IB¢lAJ gdD ;¤lAJI±IJ@ ?< p¿ci Ä£dg A£kgI?@D£kg dk g<AJ<dD A£kgJIJd@ ?<

n
ÀDB<g «dI

¢£ggf?<kJ AelAdk< dk< Ikk£±lJI£k <J ?£kJ ;l «dl;IJ@ <gJ ;<dD Ik¨£DBlJI£k ¢DI±@<i m<g ÀDB<g
¢<d±<kJ ?@AI?<D ?< ?<Blk?<D dk CD<±<J ld¢Dfg ?< ;¤£ÍA< £d ?< ³lD?<D ;<dD Ik±<kJI£k g<ADfJ<i
¬< g<AD<J§ CI<k «d¤I; k¤£´D< ¢lg ;<g D<kJ<g ¢£J<kJI<;;<g ?d CD<±<J Īggd<g ?<g ;IA<kA<g°§ @±IJ<
?< ?I±d;³d<D ;¤Ik±<kJI£k§ ld A£kJDlID< ?¤dk< ?<Blk?< ?< CD<±<J «dI IB¢£g< ;l D@±@;lJI£k
?¤Ik¨£DBlJI£kg ldª«d<;;<g ;<g A£kAdDD<kJg ldD£kJ l;£Dg ;ICD< lAAfgi

Ìk £dJD<§ ;l ?<Blk?< ?< CD<±<J <gJ A£ËJ<dg< <J ¨lIJ ;¤£C©<J ?¤dk <ªlB<k <J ?¤dk< D<·
Ae<DAe< ?< ����� ��Õ K g¤I; @JlIJ ¢lD¨lIJ<B<kJ <ÍAlA<§ A< ¢D£A<ggdg ?¤@±l;dlJI£k D<©<JJ<DlIJ
J£dJ<g ;<g Bld±lIg<g ?<Blk?<g <J k¤lAA£D?<DlIJ «d< ?< ¸C£kg¾ CD<±<Jgi áD I; <ªIgJ< ¢;dgI<dDg
g£dDA<g ?¤Ik<ÍAlAIJ@ «dI D@gI?<kJ <gg<kJI<;;<B<kJ ?lkg ;l gdDAelD³< ?< JDl±lI; ?<g <ªlBI·
klJ<dDgiEi ¡I ;¤£k A£kgI?fD< «d< ;< k£BCD< ?¤<DD<dDg ld³B<kJ< l±<A ;l AelD³< ?< JDl±lI; ?<
;¤£ÍA<§ ;l ?@AIgI£k ?< ?<Blk?< ?< CD<±<J ?< ;l ¢lDJ ?¤dk< ÀDB< D<¢£g< l;£Dg ¢lDJI<;;<B<kJ
gdD g£k lkJIAI¢lJI£k ?d ±£;dB< ?<g ?<Blk?<g D<�d<g ¢lD ;¤£ÍA<i µdJD<B<kJ ?IJ§ ;<g <DD<dDg
¢£J<kJI<;;<g ?< ;¤£ÍA< ?<g CD<±<Jg £kJ dk< IkAI?<kA< k£k g<d;<B<kJ gdD ;< A£B¢£DJ<B<kJ ?<
?<Blk?< ?<g ¸Ikk£±lJ<dDg¾§ BlIg ldggI gdD ;<dD lAJI±IJ@ ?< p¿c K k£dg B<JJ£kg <k l±lkJ
;< ;I<k <kJD< ;<g Ik<ÍAlAIJ@g ?d ¢D£A<ggdg ?¤<ªlB<k <J ;<g gJDlJ@³I<g ?< ?<Blk?< ?<g ÀDB<g
² JDl±<Dg ;<dDg lkJIAI¢lJI£kg ?d ±£;dB< ?<g ?<Blk?<g D<�d<g ¢lD ;¤£ÍA<i Ä£dg B£kJD£kg
«d¤I; <ªIgJ< ¢;dgI<dDg @«dI;ICD<g ¢£ggIC;<g§ <J «d< ;¤<ªIgJ<kA< ?¤@«dI;ICD<g Bd;JI¢;<g ?d< ²
;¤lCg<kA< ?< A££D?IklJI£k <kJD< ;<g <kJD<¢DIg<g B<J <k l±lkJ ;<g ;IBIJ<g ?< D@¨£DB<g ;£Al;<g
sFtMSSI J]N HI NMHL WUN IH SINTXI OI RMTKXJX LMTLIN ]IN UHLPXJMXJLPN OYTHI OISUHOI\ ]IN IuUSJHULITXNWITKIHL ]UJNNIX WUNNIX OIN JHHMKULJMHN OPç¸ IuJNLUHLIN ]MXN OT WXMRINNTN OI XIRVIXRVI IL OP]JKXIX OIN [XIKILN¸ OIN JHHMKULJMHN _TJ HI NMHL WUN XPI]]ISIHL HMTKI]]INb
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?d ¢D£A<ggdg ?< ?@¢¥J ?<g ?£ggI<Dgi ÌkÀk§ k£dg lkl;Èg£kg ;< ¢D£A<ggdg ?¤<ªlB<k ?< ;¤£¨·
ÀA< ?<g CD<±<Jg <k IkJD£?dIglkJ dk <´£DJ g¢@AIÀ«d< ?¤<ªlB<k «dI IkÈd<kA< ¢£gIJI±<B<kJ
;l ¢D£ClCI;IJ@ ?< JD£d±<D dk< lkJ@DI£DIJ@ gdD dk< ¸Bld±lIg<¾ ?<Blk?<i µ¢Dfg l±£ID g¢@AIÀ@
;¤£C©<AJI¨ ?< ;¤£ÍA< ?<g CD<±<Jg§ k£dg ?@J<DBIk£kg «d<;;< ?£IJ ÂJD< gl ¢£;IJI«d< £¢JIBl;< <k
J<DB<g ?< ?@;I±DlkA<g <J ?< D<©<Jgi

34�4j 56h=?¬;6 �788hg>=7h8 
 ; BhAä; �;A B;< >gh9>=<
clkg A< Ael¢IJD<§ k£dg <ª¢;£D£kg ;< ¢D£A<ggdg ?< ¢D£J<AJI£k ?<g CD<±<Jg§ «dI k< g< ;IBIJ<

¢lg ² ;¤@Jl¢< ?d ?@¢¥Ji ¬<g CD<±<Jg k¤@JlkJ ¢lg ¢lD¨lIJg§ I; <ªIgJ< dk È£d ©dDI?I«d< «dI
¢<dJ ?£kk<D ;I<d ² ?<g ;IJI³<g <kJD< Ikk£±lJ<dDgi Ä£dg @Jd?I£kg ;<g IkJ<DlAJI£kg <kJD< ;¤@Jl¢<
?< ?@¢¥J <J ;¤@Jl¢< ?< ;IJI³<§ «dI D@JD£l³IJ gdD ;< ?@¢¥Ji m< Ael¢IJD< A£kgI?fD< ;¤lg¢<AJ
?@A<kJDl;Ig@ ?d ¢D£A<ggdg ?< ¢D£J<AJI£k ?<g CD<±<Jg <J ?@ADIJ ;< D¥;< ?¤dk lAJ<dD Bl©<dD ?<
A< ¢D£A<ggdg K ;<g l±£AlJg <k ¢D£¢DI@J@ Ik?dgJDI<;;<i

¡¤I; <ªIgJ< dk< ¨£DJ< IkJ<DlAJI£k <kJD< ;< g<AJ<dD ©dDI?I«d< <J ;< g<AJ<dD Ikk£±lkJ§ ;<dDg
IkJ@DÂJg ¢<d±<kJ J£dJ<¨£Ig ?I±<D³<Di µÀk ?< ¢D£J@³<D ;<dDg Ik±<kJI£kg§ ;<g Ikk£±lJ<dDg ¨£kJ
l¢¢<; ² ?<g l±£AlJg <k ¢D£¢DI@J@ Ik?dgJDI<;;<§ g¢@AIl;IgJ<g ©dDI?I«d<g AelD³@g ?¤lggdD<D ;<
D<g¢<AJ ?<g ?D£IJg ?< ;<dDg A;I<kJg§ <k ?@ÀkIgglkJ J£dJ ?¤lC£D? ;< ¢@DIBfJD< ?< A<g ?D£IJg§
¢dIg <k <kJlBlkJ ?<g k@³£AIlJI£kg l±<A ;<g IBIJlJ<dDg ¢£J<kJI<;g ¢£dD D@³;<D ;< ?I´@D<k?
©dDI?I«d< £d ;IA<kAI<D ;¤Ikk£±lJI£k§ <J <k <k³l³<lkJ ;< Alg @Ae@lkJ ?<g ¢£dDgdIJ<g ©d?IAIlID<g
² ;<dD <kA£kJD<i m<JJ< D<;lJI£k <kJD< Ikk£±lJ<dDg <J l±£AlJg ¢<dJ g< D@±@;<D ¢D£C;@BlJI«d<
?lkg ;l B<gdD< £� <;;< g< ?@±<;£¢¢< ?lkg dk A£kJ<ªJ< Ik¨£DBlJI£kk<; ¨l±£DlC;< ² ;¤@B<D³<kA<
?< A£B¢£DJ<B<kJg ?¤l;@l B£Dl; K ¢<d £d Bl; Ik¨£DB@g <k A< «dI A£kA<Dk< ;<g «d<gJI£kg
©dDI?I«d<g§ ;<g Ikk£±lJ<dDg k< g£kJ ¢lg J£d©£dDg <k B<gdD< ?¤@±l;d<D ;<g <´£DJg ¨£dDkIg ¢lD
;<dDg l±£AlJg ;£Dg ?< ;l D@?lAJI£k <J ;< ?@¢¥J ?d CD<±<J ¯�� ��Õ�° <J ;£Dg ?d ;IJI³< l±<A dk
IBIJlJ<dD ¢£J<kJI<; ¯�� ���Õ°i m<g ?<dª @Jl¢<g IkJ<Dl³Igg<kJ§ AlD ;¤£AAdDD<kA< ?< ;IJI³< gdD
dk CD<±<J ?@¢<k? ?< ;¤<´£DJ ?< D@?lAJI£k§ A¤<gJ·²·?ID< ?< ;l BlkIfD< ?£kJ A< CD<±<J l @J@
D@?I³@i

Ä£dg ¢D£¢£g£kg dk B£?f;< ?lkg ;<«d<; ;¤l±£AlJ Ae£IgIJ ?< ¨l�£k g@«d<kJI<;;< ?<dª ±l·
DIlC;<g§ ?£kJ ;< Ae£Iª g¤<´<AJd< ?lkg dk A£kJ<ªJ< Ik¨£DBlJI£kk<; ¨l±£DlC;< ² ;¤@B<D³<kA< ?<
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A£B¢£DJ<B<kJg ?¤l;@l B£Dl; K ;¤l±£AlJ ?£IJ ¨£dDkID dk <´£DJ A£ËJ<dª ?lkg ;l D@?lAJI£k <J
;< ?@¢¥J ?d CD<±<J§ ¢dIg ?lkg ;< ;IJI³< l±<A dk IBIJlJ<dD ¢£J<kJI<;i clkg A< Al?D< gIB¢;<
?< ?<dª @Jl¢<g gdAA<ggI±<g ?¤l;@l B£Dl;§ k£dg AlDlAJ@DIg£kg ;<g A£k?IJI£kg ?lkg ;<g«d<;;<g
;¤Ik£Cg<D±lCI;IJ@ ?<g <´£DJg ?< ;¤l±£AlJ A£k?dIJ ² ?<g ?IgJ£DgI£kg gdD ;l ¨D@«d<kA< ?<g A£kÈIJg
¯¢lD Dl¢¢£DJ ² dk< gIJdlJI£k ?¤Ik¨£DBlJI£k A£B¢;fJ<°i Ä£dg B£kJD£kg «d< ;¤lgÈB@JDI< ?¤Ik·
¨£DBlJI£k ² Ael«d< @Jl¢< ?d ¢D£A<ggdg ?< ¢D£J<AJI£k§ ² JDl±<Dg ?<dª <´<Jg gdD ;¤<´£DJ <ª
lkJ< «dI g< A£kJD<?Ig<kJ§ ¢<dJ ?£kk<D ;I<d ² ?<g ?IgJ£DgI£kg ¢£gIJI±<g <J k@³lJI±<g gdD ;¤£A·
AdDD<kA< ?<g ;IJI³<gi Ä£dg A£B¢lD£kg <kgdIJ< A<g D@gd;JlJg l±<A ;< Alg £� dk l±£AlJ ?I´@D<kJ
IkJ<D±I<kJ ² Ael«d< @Jl¢< ?< ;l ¢D£J<AJI£k§ gIJdlJI£k «dI I;;dgJD< ;< ?@±<;£¢¢<B<kJ ?¤dk<
k£d±<;;< ¢D£¨<ggI£k§ A<;;< ?< A£kg<I;;<D <k ¢D£¢DI@J@ Ik?dgJDI<;;<§ «dI k¤<gJ ¢lg ldJ£DIg@< ²
A£B¢lDlÅJD< ?<±lkJ dk JDICdkl;§ BlIg «dI ¢<dJ lI?<D ;<g ÀDB<g ² D@?I³<D ;<dDg CD<±<Jg ²
dk B£Ik?D< A£ËJ «d< ;<g AlCIk<Jg ?¤l±£AlJgi ¡£d±<kJ l±lkA@< ?lkg ;l ;IJJ@DlJdD< gdD ;<g
D<;lJI£kg <kJD< ;<g B@?<AIkg <J ;<dDg ¢lJI<kJg A£BB< dk< g£;dJI£k ldª ¢D£C;fB<g ?< ¸?<·
Blk?< Ik?dIJ<¾ <kJD< ?Il³k£gJIA <J JDlIJ<B<kJ§ IAI ;l g@¢lDlJI£k ?<g J�Ae<g ¢<dJ ld A£kJDlID<
D<k¨£DA<D ;<g ?IgJ£DgI£kg AD@@<g ¢lD ;¤lgÈB@JDI< ?¤Ik¨£DBlJI£k gdD ;¤£AAdDD<kA< ?<g ;IJI³<gi
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µDD£ü§ Æi ni ¯=¶ÖE°§ ¸ÌA£k£BIA Ó<;¨lD< lk? Je< µ;;£AlJI£k £¨ p<gg£dDA<g ¨£D

®k±<kJI£k¾§ ÄlJI£kl; jdD<ld £¨ ÌA£k£BIA p<g<lDAe! He< plJ< lk? cID<AJI£k
£¨ ®k±<kJI±< µAJI±IJÈ K ÌA£k£BIA lk? ¡£AIl; àlAJ£Dg§ DIkA<J£k K DIkA<J£k
okI±<DgJIÈ D<ggi

j<g<k§ ni <J Ìi hlgÒIk ¯EFFF°§ ¸¡<«d<kJIl; ®kk£±lJI£k§ lJ<kJg lk? ®BIJlJI£k¾§
ß�� "��¹��� Ô���� FF·F=i

mlI;;ld?§ ji ¯EFFÃ°§ ¸¬l D£¢DI@J@ ®kJ<;;<AJd<;;< gdD ;<g ¬£³IAI<;g¾§ Þ�����Õ ��
#$�

melk³§¥i ¯=¶¶û°§ ¸lJ<kJ ¡A£¢<§ µkJIJDdgJ £;IAÈ§ lk? mdBd;lJI±< ®kk£±lJI£k¾§
Þ��� %�����» �	 �¼�����¼�§ EÖ ¯=° K ÃG·ûßi

m£kk<D Æipi§ <J pii pdB<;J ¯=¶¶=°§ ¸¡£¨JülD< IDlAÈ · µk µkl;ÈgIg £¨ D£J<A·
JI£k ¡JDlJ<³I<g¾§ ß��������Õ &¼���¼�§ Ãß¯E° K =Eû·=Ã¶i

cl±I?§ i ¯=¶¶Ã°§ ¸®kJ<DklJI£kl; D£¢<DJÈ ®kgJIJdJI£kg lk? Je< lk?l¤g HedBC K
lJ<kJg§ m£¢ÈDI³eJg§ lk? HDl?< ¡<AD<Jg Ik ÌA£k£BIA He<£DÈ lk? ¥IgJ£DÈ¾§
�
� '»���» Ý��������� �	 ��Õ�»»�¼Õ��» Ô�����Õ½ Þ��
Õ� �� &¼���¼� ��� ��¼
�
��»��½§ áÍA< £¨ ®kJ<DklJI£kl; µ´lIDgi

ÌkAl£dl§ ci Çd<;;<A§ ci <J mi hlDJIk<¦§ ¯EFFÃ°§ ¸He< ÌA£k£BIAg £¨ lJ<kJg K
¨D£B klJdDl; DI³eJg J£ ¢£;IAÈ IkgJDdB<kJg¾§ #�
���� �� »� ß&�( #�»»�¼Õ���
�)Þ�*��§ =EGi

Çl;;IkI§ Äi ¯=¶¶E°§ ¸lJ<kJ £;IAÈ lk? m£gJ;È ®BIJlJI£k¾§ Þ��� %�����» �	 �¼��
����¼�§ EÃ¯=° K ûE·ÖÃi

ÇI;C<DJ§ pi ni <J pi ¡el¢ID£ ¯=¶¶F°§ ¸á¢JIBl; lJ<kJ ¬<k³Je lk? jD<l?Je¾§ Þ���
%�����» �	 �¼�����¼�§ E=¯=° K =FÖ·==Ei

ÇD<<k§ ni§ ¡A£JAeB<D§ ¡i ¯=¶¶û° ¸ák Je< cI±IgI£k £¨ D£ÀJ Ik ¡<«d<kJIl; ®kk£·
±lJI£k¾§ Þ��� %�����» �	 �¼�����¼�§ EÖ¯=° K EF·ÃÃi

¥IDge;<I¨<D§ ni <J ni pI;<È ¯=¶ß¶°§ ¸He< µkl;ÈJIAg £¨ okA<DJlIkJÈ lk? ®k¨£DBlJI£k
· lk <ª¢£gIJ£DÈ gdD±<È¾ %�����» �	 �¼�����¼ +�Õ���Õ���§ =ß¯G° K =Ãßû·=GE=i
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nl´<§ µi ¯EFFF°§ ¸He< oi¡i lJ<kJ ¡ÈgJ<B Ik HDlkgIJI£k K £;IAÈ ®kk£±lJI£k lk?
Je< ®kk£±lJI£k D£A<gg¾§ Þ�����¼
 Ô�»�¼½§ E¶¯G·û° K ûÃ=·ûûßi

Æ;<B¢<D<D§ i ¯=¶¶F° ¸¥£ü jD£l? ¡e£d;? Je< ¡A£¢< £¨ lJ<kJ j< Æ¾ Þ��� %����
��» �	 �¼�����¼�§ E= ¯=° K ==Ã·=ÃFi

Æ£DJdB§ ¡i <J ni ¬<Dk<D ¯=¶¶>°§ ¸ÓelJ Ig j<eIk? Je< p<A<kJ ¡dD³< Ik lJ<kJIk³¾§
Þ�����¼
 Ô�»�¼½§ E>¯=° K =·EE

¬lk?<g§ Ói <J pi £gk<D ¯=¶>¶°§ ¸µk ÌA£k£BIA µkl;ÈgIg £¨ m£¢ÈDI³eJ ¬lü¾§
%�����» �	 +���» &Õ�����§ =>¯E° K ÃEû·ÃÖÃi

¬lk³IkI<D§ mi <J i h£gAeIkI Çi ¯EFFÃ° ¸He< ÌA£k£BIAg £¨ lJ<kJg K lk £±<D±I<ü
¾§ "��¹��� Ô����i

¬<Dk<D§ ni ¯EFFÃ°§ ¸He< lJ<kJ ¡ÈgJ<B lk? m£B¢<JIJI£k¾§ )#+$ �¼�����¼�
"��¹��� Ô����i

¬I<C£üIJ¦§ ¡i ni ¯=¶>û°§ ¾m£¢ÈIk³ lk? Ik?ID<AJ µ¢¢D£¢DIlCI;IJÈ K e£J£A£¢ÈIk³
£¨ n£dDkl;g¾§ %�����» �	 Ô�»�Õ�¼�» �¼����½§ ¶Ã¯û° K ¶Gû·ûßi

hlJdJ<g§ mi§ p<³IC<ld§ i <J Æi p£AÒ<JJ ¯=¶¶Ö°§ ¸á¢JIBl; lJ<kJ c<gI³k lk?
Je< cI´dgI£k £¨ ®kk£±lJI£k¾ Þ��� %�����» �	 �¼�����¼�§ Eß ¯=° K ÖF·>Ãi

h<D³<g§ pi i <J pi pi Ä<;g£k§ ¯=¶¶F°§ ¸ák Je< m£B¢;<ª ÌA£k£BIAg £¨ lJ<kJ
¡A£¢<¾ #�»����� +�º Þ����º§ ¶Fi

Ä£±£g ®i§ <J hi Ól;?Blk ¯=¶>G°§ ¸He< Ì´<AJg £¨ ®kAD<lg<? m£¢ÈDI³eJ D£J<A·
JI£k K µk µkl;ÈJIA µ¢¢D£lAe¾§ %�����» �	 Ô�»�Õ�¼�» �¼����½§ ¶E¯E° K EÃÖ·GÖi

Ä£D?eldg§ Ói ¯=¶Ö¶°§ ¸µk ÌA£k£BIA He<£DÈ £¨ H<Aek£;£³IAl; melk³<¾§ $�����
¼�� �¼�����¼ Þ����º§ û¶¯E° K =>·E>i

á¤c£k£³ed<§ Hi§ ¡A£JAeB<D§ ¡i <J niài HeIgg< ¯=¶¶>°§ ¸lJ<kJ jD<l?Je§ lJ<kJ
¬I¨<§ lk? Je< lA< £¨ H<Aek£;£³IAl; D£³D<gg¾§ %�����» �	 �¼�����¼� ���
ß��������Õ &Õ��Õ��½§ ß ¯=° K =·ÃEi

¡Ae<D<D§ ài ¯=¶ßE°§ ¸Ä£D?eldg¤ He<£DÈ £¨ á¢JIBl; lJ<kJ ¬I¨< K l Ç<£B<JDIA
p<IkJ<D¢D<JlJI£k¾§ $����¼�� �¼�����¼ Þ����º§ ÖE¯Ã° K GEE·GEßi

¡AedB¢<J<D§ ni ¯=¶GÃ°§ ¸ml¢IJl;IgB§ ¡£AIl;IgB lk? c<B£ADlAÈ¾ +����� )��º��
)�������Õ½ ,��¹�i



ÛÜÝ×���ÚÝÛ�Ü  !Ü!×ýÿØ G=

¡A£JAeB<D§ ¡i ¯=¶¶=°§ ¸¡Jlk?Ik³ £k Je< ¡e£d;?<Dg £¨ ÇIlkJg K mdBd;lJI±< p<·
g<lDAe lk? Je< lJ<kJ ¬lü¾§ %�����» �	 �¼�����¼ Ô�����¼Õ����§ û¯=° K E¶·G=i

¡el¢ID£§ mi ¯EFF=°§ ¸Äl±I³lJIk³ Je< lJ<kJ HeIAÒ<J K mD£gg ¬IA<kg<g§ lJ<kJ
££;g§ lk? ¡Jlk?lD? ¡<JJIk³¾§ ������Õ��� Ô�»�¼½ ��� Õ
� �¼����½( ß��
Ô����

¡eÈ§ ái <J niài HeIgg< ¯=¶¶¶°§ ¸µ ¡JDlJ<³IA µ¢¢D£lAe J£ ¡£¨JülD< D£J<AJI£k¾§
%�����» �	 �¼�����¼� ��� ß��������Õ &Õ��Õ��½§ >¯E° K =ÖÃ·=¶Fi

HlÒ<ÈlBl§ ¬iÄi ¯=¶¶G°§ ¾He< Ó<;¨lD< ®B¢;IAlJI£kg £¨ okldJe£DI¦<? p<¢D£?dA·
JI£k £¨ ®kJ<;;<AJdl; D£¢<DJÈ Ik Je< D<g<kA< £¨ c<Blk? Ä<Jü£DÒ ÌªJ<Dkl·
;IJI<g¾§ %�����» �	 �����Õ���» �¼�����¼�§ ÖE¯E° K =ûû·ÖÖi

HlÒ<ÈlBl§ ¬iÄi ¯EFFE°§ ¸IDlAÈ§ lgÈBB<JDIA Ik¨£DBlJI£k§ lk? ¢D£?dAJ «dl;IJÈ
D<±<;lJI£k¾§ ß����i

HID£;<§ ni ¯EFFF°§ ¸D£J<AJI£k ?< ;l D£¢DI@J@ ®kJ<;;<AJd<;;< K dk< IkJD£?dAJI£k <J
«d<;«d<g ¢IgJ<g ?< D@È<ªI£k¾§ Þ�����Õ �� #$�i

�elk³§ hi-i ¯EFFE°§ ¸µ h£?<; £¨ Ó<;¨lD< µkl;ÈgIg £¨ hdgIA cIgJDICdJI£k¾§ ß��
���§ ¡;£lk ¡Ae££; £¨ hlkl³<B<kJ§ h®Hi
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ok Bl; «d¤I; ¨ldJ @Dl?I«d<D ld ¢;dg ±IJ<§ £d dk< ¢£DJ< ³Dlk?< £d±<DJ< gdD ?< k£d±<;;<g

£¢¢£DJdkIJ@g ?< ?IgJDICdJI£k ?< ;l BdgI«d< Æ ¬< ¢IDlJl³< gdD ®kJ<Dk<J ¨lIJ ;¤£C©<J ?¤dk<
ClJlI;;< <kA£D< IDD@g£;d< ld g<Ik ?< ;¤Ik?dgJDI< ?d ?Ig«d<i c< k£d±<ldª D@g<ldª ?¤@Aelk³<
<J ?< ¢lDJl³< ?< ÀAeI<Dg <k ;I³k<§ ?@±<;£¢¢@g ¢lD ;< CIlIg ?<g J<Aek£;£³I<g ¸Ô����Õ��Ô���¾
¯E°i § ¢<DB<JJ<kJ ld©£dD?¤edI ldª dJI;IglJ<dDg ?< J@;@AelD³<D ;ICD<B<kJ <J ³DlJdIJ<B<kJ
?<g ÀAeI<Dg BdgIAldª§ ;< ¢;dg ³@k@Dl;<B<kJ ?lkg dk ¨£DBlJ A£B¢D<gg@ ¯hÃ°i ¬l ;@³IJIBIJ@
?d E§ ?£kJ ;¤dgl³< <gJ ?@g£DBlIg A£dDlkJ k£JlBB<kJ Ae<¦ ;<g ©<dk<g ?< B£Ikg ?< ÃF
lkg� § <gJ A£kJ<gJ@< ¢lD A<DJlIkg lAJ<dDg ?< ;¤Ik?dgJDI< ?d ?Ig«d<§ <k ¢lDJIAd;I<D ;<g ?@J<k·
J<dDg ?<g ?D£IJg ?¤ldJ<dD ?¤Êd±D<g J@;@AelD³@<gi m<g ?<DkI<Dg g¤IkgdD³<kJ A£kJD< A< «d¤I;g
?@k£BB<kJ A£BB< ;< ¢IDlJl³< <k ;I³k< <J ;< D<k?<kJ D<g¢£kglC;< ?< ;l D@A<kJ< AedJ< ?<g
F89 :;<=>?@9 AB<==C>9 AC@ CD <@?>:E9 :FGH:@>? <I9: J<?@>:K L<9EM@F9:KNs I LIXSI Z{||}~��~{||}a WITL NI LXUOTJXI IH °XUHOUJN WUX Z·UJX ¸ ·UJXab�éI]MH ]I XUWWMXL OI {|P Q¿�|}¿|� R¿S TU|}½VR¿ W½X| ºëìì�À\ RILLI LXUHRVI OYYxI RMHNLJLTI W]TN OI ]USMJLJP OIN TLJ]JNULITXN OI ·ë·b

Ã¶
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±<kJ<g ?< mc £DI³Ikldª§ ;<g ÀAeI<Dg hÃ I;;@³ldª ¯@Aelk³@g <kJD< dJI;IglJ<dDg° @JlkJ g<;£k
<dª ?<±<kdg ?<g gdCgJIJdJg ldª lAelJg ?< mc ;@³ldª� i Ìk D@¢£kg< ² ;l B<klA< ?d ¢IDlJl³<§
?<g ¢D£?dAJ<dDg £kJ BIg <k ¢;lA< ?<g ¢D£J<AJI£kg J<Aek£;£³I«d<g gdD ;<g mc £DI³Ikldª§ <J
B<k@ dk< AlB¢l³k< l³D<ggI±< ?< ¢£dDgdIJ<g ©d?IAIlID<g ² ;¤<kA£kJD< ?<g ?@±<;£¢¢<dDg <J ?<g
dJI;IglJ<dDg ?< E§ A£k©£IkJ<B<kJ ldª ldJ£DIJ@g ;@³l;<g «dI £kJ D<k¨£DA@ ;l ;£I ?< ¢D£J<AJI£k
?d A£¢ÈDI³eJ¤ i clkg ;< AlB¢ l?±<Dg<§ ;<g ?@¨<kg<dDg ?<g J<Aek£;£³I<g ?< ¢lDJl³< <k ;I³k<
B<JJ<kJ <k l±lkJ ;< AlDlAJfD< Ik¨£DBlJI£kk<; ?<g ÀAeI<Dg hÃi ¬l BdgI«d< <gJ dk CI<k ?¤<ª·
¢<DI<kA<§ ?£kJ ;l ±l;<dD <J ;<g AlDlAJ@DIgJI«d<g g< D@±f;<kJ ² g£k dgl³<i µÀk ?< g¤Ik¨£DB<D
gdD ;< A£kJ<kd ?¤dk mc§ ;< A£kg£BBlJ<dD ?£IJ ;¤@A£dJ<D ² ;l Dl?I£§ ?lkg ?<g Bl³lgIkg§ £d
CI<k ;< J@;@AelD³<D gdD ®kJ<Dk<Ji ¬< J@;@AelD³<B<kJ ?<g ÀAeI<Dg hÃ D<¢D@g<kJ< ?£kA dk
k£d±<ld B£È<k ?¤lA«dIgIJI£k ?< ;¤Ik¨£DBlJI£k gdD ;l BdgI«d< K A<g ÀAeI<Dg ¢<d±<kJ g<D±ID
ldª lAe<J<dDg ¢£J<kJI<;g ?< J<gJ gdD ;< A£kJ<kd ?d ¢D£?dIJi ¬<g ?@¨<kg<dDg ?d E g£d·
JI<kk<kJ «d< A< k£d±<ld ¢D£A@?@ ?< JDlkgBIggI£k ?¤Ik¨£DBlJI£k l ;< ¢£d±£ID ?¤lAAD£ÅJD< ;<g
±<kJ<g ?¤£DI³Ikldª ² JDl±<Dg dk< ?<Blk?< ¢£J<kJI<;;< lAADd<§ ² A£k?IJI£k «d< ;<g £DI³Ikldª
g£I<kJ ?<g ¢D£?dIJg gdÍglBB<kJ ?I´@D<kAI@g ?<g A£¢I<gi clkg A< Ael¢IJD<§ k£dg lkl;Èg£kg
;<g <´<Jg ?¤dk D<k¨£DA<B<kJ ?< ;l ¢D£J<AJI£k ?d A£¢ÈDI³eJ gdD ;<g gJDlJ@³I<g ?< ¢DIª <J ?<
¢D£J<AJI£k ?<g ¢D£?dAJ<dDg§ lIkgI «d< g<g A£kg@«d<kA<g gdD ;< gdD¢;dg ?<g A£kg£BBlJ<dDgi
Ä£dg A£kgI?@D£kg ?<dª J<Aek£;£³I<g ?< ?IgJDICdJI£k§ «dI ?I´fD<kJ g<;£k ;< B£È<k ¢lD ;<«d<;
;<g A£kg£BBlJ<dDg lA«dIfD<kJ ?< ;¤Ik¨£DBlJI£k gdD ;l BdgI«d<i ¡I k£JD< B£?f;< g¤IkJ@D<gg<
ld ¢lDJl³< ?< ;l BdgI«d< gdD ®kJ<Dk<J§ I; g¤l¢¢;I«d< @³l;<B<kJ ld ¢IDlJl³< ?<g ;£³IAI<;g <J
¢;dg ³@k@Dl;<B<kJ ² J£dJ JÈ¢< ?< ¢D£?dIJ kdB@DI«d< gdgA<¢JIC;< ?¤ÂJD< J@;@AelD³@ gdD ;<g
D@g<ldª ?¤@Aelk³< Ei

µ±lkJ ?< ¢D@g<kJ<D ;< B£?f;<§ k£dg ¢D£¢£g£kg dk CI;lk ?<g lg¢<AJg ;@³ldª <J J<Aek£·
;£³I«d<g ?< ;l ?IgJDICdJI£k ?< ;l BdgI«d< kdB@DI«d< ḡ<AJI£k EiE°§ gdI±I ?¤dk< D<±d< ?< ;l
;IJJ@DlJdD< gdD ;< ¢IDlJl³< ḡ<AJI£k EiÃ° <J ?¤dk< ¢D@g<kJlJI£k Ik¨£DB<;;< ?< ;l A£kJDICdJI£k
?d B£?f;< ḡ<AJI£k EiG°i
�z] NYUxJL JRJ OI WJXULUxI WUX ]IN TLJ]JNULITXN QHUTu ºOUHN TH [TL OYTLJ]JNULJMHÀ\ IL HMH WUN OI WJXULUxI WUX]IN RMHRTXXIHLN\ RYINLï¸ïOJXI OT W]UxJUL ºWJXULUxI OUHN TH [TL OI RMSSIXRJU]JNULJMHÀb tI _TI HMTN HMSSMHNWJXULUxI INL ]YPRVUHxI IL ]U RMWJI OI QRVJIXN HTSPXJ_TIN WUX ]IN TNUxIXN OT ·ë·\ IL HMH ]U RMHLXI°UOMH OIt¯ WUX OIN xXMTWIN MXxUHJNPNb®a½¾½�Rb c½bb|¿½¼U d�ef}½¾g� TV�\ KMJX NIRLJMH ëbëb�b
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d4d43 �; =??9m>6¬;l;8= B; > lA<7@A; ;8 7¬8;
¬< E§ ¢DIkAI¢l;< J<Aek£;£³I< ?< J@;@AelD³<B<kJ ?< BdgI«d< lAJd<;;<B<kJ dJI;Ig@< glkg

;¤ldJ£DIglJI£k ?<g ?@J<kJ<dDg ?<g ?D£IJg§ ¢<DB<J ;l BIg< <k D<;lJI£k <J ;¤@Aelk³< ?< ÀAeI<Dg
kdB@DI«d<g <kJD< dgl³<Dgi m<JJ< J<Aek£;£³I< ¨£kAJI£kk< <k JD£Ig J<B¢gi £dD A£BB<kA<D§
;¤dJI;IglJ<dD ;lkA< ;< B£J<dD ?< D<Ae<DAe< ?d ;£³IAI<; E§ «dI Ae<DAe< ;< ÀAeI<D ?<Blk?@ K
;< k£B ?¤dk lDJIgJ<§ ;< JIJD< ?¤dk l;CdB £d ?¤dk< Aelkg£ki ¬l J<Aek£;£³I< D<k±£I< l;£Dg ;<g
¸D@gd;JlJg¾ JD£d±@g gdD ;<g £D?IklJ<dDg A£kk<AJ@g ld D@g<ldi ÌkÀk§ ;¤dJI;IglJ<dD IB¢£DJ< ?I·
D<AJ<B<kJ ;< ÀAeI<D <k ¨£DBlJ hÃ «d¤I; ?@gID< ?<¢dIg ;¤dk ?< A<g £D?IklJ<dDgi ¬l J<Aek£;£³I<
E <gJ ?£kA dk IkJ<DB@?IlID< <kJD< ?<dª dJI;IglJ<dDg K A<;dI «dI D<Ae<DAe< dk ÀAeI<D <J A<;dI
«dI ;< ¢£ggf?<i Ê A< JIJD<§ ;< ¢DIkAI¢< ?d ¢lDJl³< ?<g ÀAeI<Dg k< A£kgIgJ< ¢lg dkI«d<B<kJ ²
IB¢£DJ<D ?<g ÀAeI<Dg ?¤ldJD<g £D?IklJ<dDg§ BlIg ldggI ² ;lIgg<D ;<g ldJD<g dJI;IglJ<dDg l±£ID
lAAfg ldª ÀAeI<Dg ¢lDJl³@g ² i Ê ;l ?I´@D<kA< ?< ;¤IB¢£DJlJI£k§ ;¤<ª¢£DJlJI£k <gJ A<¢<k?lkJ
dk lAJ< «dI ¢<dJ ÂJD< ¢lggI¨ K ;<g ÀAeI<Dg hÃ ?¤dk £D?IklJ<dD g£kJ BIg ¢lD ?@¨ldJ ?lkg
;l ;IgJ< ?< ¢lDJl³< ?< A<J £D?IklJ<dD§ I;g ¢<d±<kJ ?£kA ÂJD< ldJ£BlJI«d<B<kJ <ª¢£DJ@g ¢lD
;<g dJI;IglJ<dDg ?fg ;£Dg «d< ;¤£D?IklJ<dD <gJ A£kk<AJ@ ld D@g<ld ¯² B£Ikg «d< ;¤dJI;IglJ<dD
lIJ ±£;£kJlID<B<kJ ±<DD£dI;;@ g<g ÀAeI<Dg°³ i ¬l ¢;d¢lDJ ?<g J<Aek£;£³I<g E @JlC;Igg<kJ dk
ADIJfD< ?< ¢DI£DIJ@ ?<g dJI;IglJ<dDg ḡ<;£k ;< ±£;dB< «d¤I;g ¢lDJl³<kJ° «dI ?@J<DBIk< ;l ±IJ<gg<
?< J@;@AelD³<B<kJi lD <ª<B¢;<§ ;< gÈgJfB< ?< ¢DI£DIJ@ ?< Æl¦ll A£B¢lD< ;< ±£;dB< ?<g
ÀAeI<Dg <ª¢£DJ@g ld ±£;dB< ?<g ÀAeI<Dg IB¢£DJ@g ¢£dD dk BÂB< dJI;IglJ<dDi ok J<; gÈgJfB<
C@k@ÀAI< ldª dJI;IglJ<dDg «dI ¢lDJl³<kJ ?<g ÀAeI<Dg JDfg ?<Blk?@g <J ¢<d D@¢lk?dg§ A£BB<
¢lD <ª<B¢;< ;<g Aelkg£kg ¢£¢d;lID<g <J ;<g À;Bg ¢£Dk£³Dl¢eI«d<gi
¶ I LP]PRVUXxISIHL RMXXINWMHO ¸ OITu URLJMHN IH UHx]UJN á OYTHI WUXL ]YURLJMH OI Z S�P¿b�RSa _TI HMTNLXUOTJNMHN WUX ZJSWMXLIXa\ _TJ XIKJIHL ¸ LP]PRVUXxIX IH USMHL\ IL OYUTLXI WUXL ]YURLJMH OI Z ¼eb�RSa\ _TI HMTNLXUOTJNMHN WUX ZIuWMXLIXa\ _TJ RMXXINWMHO ¸ ]U ZKMJI SMHLUHLIa WUX ]U_TI]]I ]IN TLJ]JNULITXN WUXLUxIHL ]INQRVJIXNb¹tIXLUJHN NJLIN RMSSI IùT]I SILLIHL UTLMSULJ_TISIHL ]IN QRVJIXN IH RMTXN OI LP]PRVUXxISIHL IHWUXLUxIb
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d4d4d �> lA<7@A; ;8 7¬8;� A8 ä7;8 8Al?67@A; ;= 9A=A6;
¬l J<Aek£;£³I< ?< A£B¢D<ggI£k ?<g ÀAeI<Dg BdgIAldª <k ¨£DBlJ hÃ ?@³Dl?< ;@³fD<·

B<kJ ;l «dl;IJ@ g£k£D< ?<g £DI³Ikldªi ¡I A<JJ< ?@³Dl?lJI£k <gJ ?IÍAI;<B<kJ ¢<DA<¢JIC;< ¢lD
;¤£D<I;;< edBlIk< ?lkg dk Cl;;l?<dD§ <;;< ?<±I<kJ ¢;dg k£JlC;< ?lkg ?<g <kA<IkJ<g ¢<D¨<AJI£k·
k@<g ?¤dk< AelÅk< ?< ¥ldJ< àI?@;IJ@i ¬l «dl;IJ@ BdgIAl;< ?<g A£¢I<g kdB@DI«d<g <gJ ?£kA
Ik¨@DI<dD< ld ¸g£k ¬lg<D¾ ?<g mc £DI³Ikldªi ¬<g £DI³Ikldª ?I´fD<kJ @³l;<B<kJ ?<g A£¢I<g
kdB@DI«d<g ?lkg ;l B<gdD< £� I;g g¤lAA£B¢l³k<kJ ?< gd¢¢;@B<kJg Ī; g¤l³IJ ?¤dk< ?I´@D<kA<
ld kI±<ld ?< ;l ¢D@g<kJlJI£k ·?d ¸��¼¹�����¾° K dk C£ÅJI<D§ dk ;I±D<J IB¢DIB@ ¯l±<A ?<g
¢lD£;<g§ ?<g ¢e£J£g <J ?<g Ik¨£DBlJI£kg gdD ;¤lDJIgJ< <J ;<g Aelkg£kg°§ lIkgI «d< ?< g<D±IA<g
Ā£BB< ¢lD <ª<B¢;< ;¤lAAfg ² ?<g Ik¨£DBlJI£kg <ªA;dgI±<g°i m<DJlIkg lDJIgJ<g lAA<kJd<kJ
?¤lI;;<dDg A<JJ< ?I´@D<kA<§ A£BB< ¢lD <ª<B¢;< ;< ³D£d¢< ¨Dlk�lIg cl¨J dkÒ ?£kJ ;< ?<DkI<D
mc £DI³Ikl; @JlIJ ±<k?d lAA£B¢l³k@ ?¤dk A£?< «dI ?£kklIJ lAAfg ² ?<g Aelkg£kg gd¢¢;@·
B<kJlID<g J@;@AelD³<lC;<g gdD IkJ<Dk<Ji m<g g<D±IA<g gd¢¢;@B<kJlID<g g£kJ ¢D£Ae<g ?< A<dª
«dI lAA£B¢l³k<kJ ;<g cpc§ «dI A£B¢£DJ<kJ ?<g C£kdg§ ?<g IkJ<D±I<üg§ �Õ¼i Ìk £dJD<§ ;<g
J<Aek£;£³I<g D@A<kJ<g ?< ¢D£J<AJI£k kdB@DI«d< IB¢;lkJ@<g gdD ;<g mc £DI³Ikldª ¯?@ADIJ<g
¢;dg ;£Ik° D<k?<kJ ;<g A£¢I<g kdB@DI«d<g ¢;dg ?IÍAI;<g ² lA«d@DIDi

¬l BdgI«d< <gJ dk CI<k ?¤<ª¢@DI<kA<§ «d¤I; ¨ldJ J<gJ<D ¢£dD A£kklÅJD<i µ±lkJ ?< ¢D<k?D<
dk< ?@AIgI£k ?¤lAelJ Ik¨£DB@< ¨lA< ldª k£d±<ldJ@g BdgIAl;<g <J ldª ?<DkIfD<g g£DJI<g§ ;<g
A£kg£BBlJ<dDg A£kglAD<kJ ?d J<B¢g ² D<Ae<DAe<D ;<g D<A£BBlk?lJI£kg ?<g Bl³l¦Ik<g g¢@·
AIl;Ig@g§ <J ² @A£dJ<D ;l BdgI«d< ² ;l Dl?I£ £d ?lkg ;<g Bl³lgIkg ?< ?Ig«d<gi µÀk ?< J<kID ;<g
A£kg£BBlJ<dDg Ik¨£DB@g <k A< «dI A£kA<Dk< ;¤<ªIgJ<kA< <J ;< gJÈ;< BdgIAl; ?< ;<dDg k£d±<ldª
¢D£?dIJg ¯mc <J lDJIgJ<g°§ ;<g BlIg£kg ?< ?Ig«d<g £kJ J£d©£dDg ?@¢<kg@ ?<g B£kJlkJg IB¢£D·
JlkJg ?< ¢dC;IAIJ@ ¢£dD ¢D£B£d±£ID ;<g lDJIgJ<g «d¤I;g ?IgJDICd<kJi hlIg ldª JDl?IJI£kg ?d
¢lgg@ g¤l©£dJ<kJ ;<g ¢D£³Dfg ?d ¢D@g<kJ§ <J l±<A ;¤l±fk<B<kJ ?d E <gJ l¢¢lDd dk k£d±<ld
B£È<k ¢£dD ;<g A£kg£BBlJ<dDg ?¤lA«d@DID ?< ;¤Ik¨£DBlJI£k gdD ;<g k£d±<ldª ¢D£?dIJgi ®;g
¢<d±<kJ ?@g£DBlIg Ae<DAe<D§ J@;@AelD³<D <J J<gJ<D ;l BdgI«d< ¢lD ;< CIlIg ?<g D@g<ldª ?<
¢lDJl³< ?< ÀAeI<Dg <k ;I³k<i Ê ;l ?I´@D<kA< ?d gÈgJfB< JDl?IJI£kk<; ?< ¢dC;IAIJ@ É ¢D£B£·
JI£k§ A<JJ< JDlkgBIggI£k ?¤Ik¨£DBlJI£k <gJ ;¤IkIJIlJI±< ?<g dgl³<Dg <J k£k ?<g ¢D£?dAJ<dDgi
Ìk ?¤ldJD<g B£Jg§ A< g£kJ ;<g A£kg£BBlJ<dDg «dI ¢lgg<kJ ?d J<B¢g ² lA«d@DID ;¤Ik¨£DBlJI£ki
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Ê A< A£ËJ ?< D<Ae<DAe< ¢<d±<kJ g¤l©£dJ<D ?¤ldJD<g A£ËJg ?¤£¢¢£DJdkIJ@ «dI ¨£kJ ¢<D?D< ?d
J<B¢g ldª dJI;IglJ<dDgi lD <ª<B¢;<§ ;<g ÀAeI<Dg J@;@AelD³@g ¢<d±<kJ ÂJD< ADÈ¢J@g§ £d k< ¢lg
A£DD<g¢£k?D< ² A< «d¤I;g lJJ<k?lI<kJ ¯¢lD <ª<B¢;< gI ;< k£B ?d ÀAeI<D l Aelk³@°i c< ¢;dg§
dk< <DD<dD ?< J@;@AelD³<B<kJ ¢<dJ gdD±<kID <J k¤ÂJD< ?@A£d±<DJ< «d¤dk< ¨£Ig ;< ÀAeI<D J@;@·
AelD³@i lD A£kg@«d<kJ§ ;¤dgl³< ?<g D@g<ldª ?¤@Aelk³< E <J ;< J@;@AelD³<B<kJ ?<g A£¢I<g
kdB@DI«d<g g£kJ D@g<D±@g ldª dJI;IglJ<dDg lÈlkJ dk A£ËJ ?¤£¢¢£DJdkIJ@ ² ¢lgg<D ?d J<B¢g
<k ;I³k< D<;lJI±<B<kJ ¨lIC;<i m¤<gJ ¢£dD«d£I I;g g£kJ gI ¢£¢d;lID<g ld¢Dfg ?<g l?£;<gA<kJg <J
?<g @Jd?IlkJgi

¬¤dgl³< ?d E A£BB< IkgJDdB<kJ ?< ����»���§ ���� ;l ?@A£d±<DJ< <J ;¤lA«dIgIJI£k ?<
;¤Ik¨£DBlJI£k gdD ;l k£d±<;;< BdgI«d<§ <gJ A£kÀDB@ ¢lD ;<g gJlJIgJI«d<gi c¤l¢Dfg ?<g @Jd?<g
B<k@<g <k EFF=§ dk< ³Dlk?< ¢lDJI< ?<g IkJ<DkldJ<g J@;@AelD³< ?<g ÀAeI<Dg ¢£dD J<gJ<D ;l
BdgI«d< K GG´ ?<g dJI;IglJ<dDg ?<g D@g<ldª E ?@A;lD< «d< ßû´ ?< ;l BdgI«d< «d¤I;g È
J@;@AelD³<kJ <gJ k£d±<;;<µ i Ìk £dJD<§ dk< @Jd?< ¢;dg D@A<kJ< B£kJD< «d< ßÃ´ ?<g dgl³<Dg
?< E ¸l¢¢D@AI<kJ ?< ¢£d±£ID J<gJ<D ;l BdgI«d< <k ;I³k< l±lkJ ?< ¢D<k?D< dk< ?@AIgI£k
?¤lAelJ¾Ú i clkg A<JJ< £¢JI«d<§ ;<g dJI;IglJ<dDg «dI l¢¢D@AI<kJ ;l BdgI«d< «d¤I;g £kJ J@;@AelD·
³@< A£kgJIJd<kJ dk BlDAe@ ¢£J<kJI<; ¢£dD ;< mc £DI³Ikl; ¯?lkg ;l B<gdD< £� I; ?I´fD< ?< gl
A£¢I< kdB@DI«d< <k «dl;IJ@°i µdJD<B<kJ ?IJ§ ;< E l ;< ¢£J<kJI<; ?< ³@k@D<D dk< ?<Blk?<
gd¢¢;@B<kJlID< £d dk< ¢;dg ³Dlk?< ?Ig¢£kICI;IJ@ ² lAe<J<D ;<g mc £DI³Ikldª ?£kJ ;< A£kJ<kd
BdgIAl; ldDl @J@ J<gJ@ <k ;I³k< l±<A gdAAfgi m<J lg¢<AJ ?d E D<¢£g< gdD ;< AlDlAJfD< Ik¨£D·
BlJI£kk<; ?<g A£¢I<g kdB@DI«d<g§ <J A£kA<Dk< ;<g A£kg£BBlJ<dDg IkIJIl;<B<kJ k£k Ik¨£DB@g
gdD ;l k£d±<;;< BdgI«d<i ®; <ªIgJ< @³l;<B<kJ dk< dJI;IglJI£k ?<g D@g<ldª E A£BB< gIB¢;<
gdCgJIJdJ ² ;¤lAelJ ?< mc§ ¢lD ?<g ¸¢lggl³<Dg A;lk?<gJIkg¾§ ¢£dD ;<g«d<;g ;<g A£¢I<g kdB@·
DI«d<g J@;@AelD³@<g D<B¢;lA<kJ ;l A£kg£BBlJI£k ?< mci ¬l ¢D£¢£DJI£k ?< ¸glB¢;<dDg¾ gdD
;¤<kg<BC;< ?<g dJI;IglJ<dDg ?< D@g<ldª E <gJ IkA<DJlIk<§ <gJIB@< <kJD< =F´ <J ÖF´i m<J
dgl³< ?<g A£¢I<g kdB@DI«d<g A£BB< dk CI<k ¢dC;IA gd¢¢£g< A<¢<k?lkJ «d< A< JÈ¢< ?¤dJI·
;IglJ<dDg g£IJ IkIJIl;<B<kJ Ik¨£DB@ gdD ;l k£d±<;;< BdgI«d<§ ¢lD ;<g Alkldª JDl?IJI£kk<;g ?<
¢dC;IAIJ@ É ¢D£B£JI£ki
ÃZ I ·IIX LM ·IIX\ TH ÷TLXI ùMO`]I îRMHMSJ_TI WMTX ]U ùTNJ_TIa\ ÂUXJ_ �XJS\ ÷¯÷ùz\ ëìì£bàÄLTOI SIHPI WUX z·é�é IH ëììëb
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Ìk D@gdB@§ ?<dª Alkldª ?¤Ik¨£DBlJI£k BdgIAl;< A£<ªIgJ<kJ lAJd<;;<B<kJ K ldª B£?<g
JDl?IJI£kk<;g ?< ¢dC;IAIJ@ É ¢D£B£JI£k§ A£kJD¥;@g ¢lD ;<g ¢D£?dAJ<dDg§ «d< k£dg ?@gI³k£kg
A£BB< ?<g J<Aek£;£³I<g ¸ ��	����Õ�������
¾§ g¤£¢¢£g<kJ ;<g J<Aek£;£³I<g ¸ ��	����Õ������»»¾
dJI;Ig@<g ¢lD ;<g A£kg£BBlJ<dDg ² JDl±<Dg ;<g D@g<ldª Ei

d4d4j �> ?¬7<>=7h8
¬l ;£I lB@DIAlIk< gdD ;< A£¢ÈDI³eJ ±Ig< ² ¢D£J@³<D ;<g ?D£IJg ?<g ldJ<dDg ¸?< AD@lJI£kg

£DI³Ikl;<g¾§ ¢lDBI ;<g«d<;;<g ;<g Êd±D<g ;IJJ@DlID<g§ lDJIgJI«d<g§ <J BdgIAl;<g§ ¢dC;I@<g £d
k£ki H£dJ< dJI;IglJI£k ?< A<g Êd±D<g glkg ;¤ldJ£DIglJI£k ?d ?@J<kJ<dD ?<g ?D£IJg <gJ dk<
A£kJD<¨l�£k <J A£kgJIJd< dk< ±I£;lJI£k ?< ;l ;£I ?d A£¢ÈDI³eJi ®; <ªIgJ< J£dJ<¨£Ig dk< <ªA<¢JI£k
² A<JJ< Df³;<§ ;< h��� )��§ «dI ldJ£DIg< ;<g A£kg£BBlJ<dDg ² ¨lID< ?<g A£¢I<g ¢DI±@<g ¸² ?<g Àkg
¢<Dg£kk<;;<g <J ;£Èl;<g¾i Ìk A< «dI A£kA<Dk< ;<g Êd±D<g BdgIAl;<g§ ;¤$���� i��� Þ�¼������
$¼Õ ¯=¶¶E° ldJ£DIg< ² A< JIJD< ;<g A£kg£BBlJ<dDg ² ¨lID< ?<g A£¢I<g ?<g <kD<³IgJD<B<kJg ld?I£
¢£dD ;<dD dgl³< ¢<Dg£kk<;i Ê ;l ?I´@D<kA< ?<g ¨£DBlJg JDl?IJI£kk<;g J<;g «d< ;<g Algg<JJ<g <J
;<g mc ld?I£§ ;l BdgI«d< kdB@DI«d< ¢<dJ ÂJD< g@¢lD@< ?< g£k gd¢¢£DJ ¢eÈgI«d< <J @Aelk³@<
gdD dk D@g<ld Ik¨£DBlJI«d<i Ìk =¶¶ß§ ;l ;£I lB@DIAlIk< �� �»�¼Õ����¼ �
�	 Õ $¼Õ ¯ÄÌH
µAJ°§ gdI±I< ?d Ý���Õ�» ß�»»����� #��½���
Õ $¼Õ ¯chmµ§ <k ±I³d<dD ?<¢dIg =¶¶>°§ @J<k?
;¤l¢¢;IAlJI£k ?d A£¢ÈDI³eJ ² ;¤dkI±<Dg kdB@DI«d< ¢£dD ;¤l?l¢J<D ldª k£d±<;;<g J<Aek£;£³I<g
?< ;¤dJI;IglJI£k ?< ;¤Ik¨£DBlJI£ki

µ A<JJ< BÂB< @¢£«d< klÅJ ;< ¢D<BI<D g<D±IA< ?¤@Aelk³< ³DlJdIJ ?< BdgI«d< <k ;I³k<§ ld
³Dlk? D<J<kJIgg<B<kJ B@?IlJI«d<i clkg gl ±<DgI£k £DI³Ikl;<§ ;< ;£³IAI<; Äl¢gJ<D B<JJlIJ <k
D<;lJI£k ?<g dJI;IglJ<dDg «dI Ae<DAelI<kJ £d £´DlI<kJ ?<g ÀAeI<Dg BdgIAldª g£dg ;< ¨£DBlJ
A£B¢D<gg@ hÃ <J ;<dD ¢<DB<JJlIJ ?¤@Aelk³<D ;<dDg ÀAeI<Dg ³DlJdIJ<B<kJ <J lk£kÈB<B<kJi
Ê ;l gdIJ< ?¤dk< ¢;lIkJ< A££D?£kk@< <J ?@¢£g@< ¢lD ;l p®µµ ¯Þ�¼��� �����Õ�½ $���¼��Õ���
�	 $����¼�°§ AelD³@< ?< ;l ?@¨<kg< ?<g IkJ@DÂJg ?<g @?IJ<dDg <J ¢D£?dAJ<dDg lB@DIAlIkg
<J k£JlBB<kJ ?d D<g¢<AJ ?< ;<dDg ?D£IJg§ Äl¢gJ<D ¨dJ lAAdg@ ?< ±I£;lJI£k ?d A£¢ÈDI³eJi
H<kd ¢£dD D<g¢£kglC;< ?<g ClIgg<g ?< ±<kJ<g ?< mc ¢lD ;<g Bl©£Dg§ Äl¢gJ<D D<±<k?I«dl
ld A£kJDlID< dk< eldgg< ?<g ±<kJ<g ?< mc ?d<g ² ;¤@AelkJI;;£kkl³< ¯����»���°§ lD³dB<kJ
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A£DD£C£D@ ¢lD dk< @Jd?< <B¢IDI«d<Eâ § BlIg A£kgI?@D@ A£BB< IDD<A<±lC;< ¢lD ;< JDICdkl; ¢£dD
Blk«d< ?¤£C©<AJI±IJ@i ÌgJIBlkJ Àkl;<B<kJ «d< ;l JlI;;< ?d D@g<ld ?@¢lgglIJ ;lD³<B<kJ ;<
Al?D< ?d ¸h��� )��¾§ ;< JDICdkl; ©d³<l Äl¢gJ<D A£d¢lC;<§ BlD«dlkJ ¢lD A<JJ< ?@AIgI£k dk<
l¢¢;IAlJI£k D<k¨£DA@< ?< ;l ¢D£J<AJI£k ?d A£¢ÈDI³eJ gdD ;<g Êd±D<g kdB@DI«d<gi à£DJg ?<
A<JJ< <ª¢@DI<kA<§ ;<g ¢D£?dAJ<dDg <J @?IJ<dDg ?< BdgI«d< lB@DIAlIkg £kJ ?fg ;£Dg <ª¢;£IJ@
;< chmµ ¢£dD B<k<D dk< AlB¢l³k< l³D<ggI±< ?< ¢£dDgdIJ<g ©d?IAIlID<g ² ;¤<kA£kJD< ?<g
gdAA<gg<dDg ?< Äl¢gJ<D§ ;<g g<D±IA<g E§ A£BB< ¢lD <ª<B¢;< Æl¦ll§ hdgIA mIJÈ <J ÇD£ÒgJ<D
<k EFFEi

¬<g ?@±<;£¢¢<dDg ?< D@g<ldª E k< g£kJ ¢;dg ld©£dD?¤edI ;¤dkI«d< AIC;< ?< ;l p®µµi
c<¢dIg EFFÃ§ <;;< <ª¢;£IJ< @³l;<B<kJ ;< chmµ lÀk ?< ¢£dDgdI±D< ;<g dJI;IglJ<dDg ?< E
¢£dD ±I£;lJI£k ?< A£¢ÈDI³eJi Ìk g<¢J<BCD< EFFÃ§ ;l p®µµ A£B¢JlIJ EÖ= lAJI£kg <k ©dgJIA<
² ;¤<kA£kJD< ?¤dJI;IglJ<dDg ?@J<AJ@g gdD ;<g D@g<ldª ?¤@Aelk³< A£BB< <ª¢£DJlkJ I;;@³l;<B<kJ
?<g ÀAeI<Dgi Ìk ©dIk EFFG§ ;< k£BCD< J£Jl; ?< ¢£dDgdIJ<g g¤@;<±lIJ ² ÃGE¶ ldª ÉJlJg·okIgi
m<g lAJI£kg ©d?IAIlID<g £kJ ¢£dD ¢DIkAI¢l; lD³dB<kJ ;< ;I<k Aldgl; <kJD< ;< ¢lDJl³< ?< ÀAeI<Dg
<k ;I³k< <J ;l AedJ< ?<g ±<kJ<g ?< mc £DI³Ikldª ¨lIglkJ gdCID dk ?£BBl³< gdCgJlkJI<; ²
;¤Ik?dgJDI< BdgIAl;<EEi lD A£kg@«d<kJ§ ;<g dJI;IglJ<dDg ?< D@g<ldª E ?£I±<kJ ¢D<k?D< <k
A£B¢J< ;< A£ËJ ?¤ÂJD< lJJl«d@ ¢£dD ?@;IJ ?< ¢lDJl³< ?< ÀAeI<Dg BdgIAldª§ ���� ;¤lB<k?<
lJJ<k?d< <k Alg ?< ¢D£Afgi

µd·?<;² ?< g£k ?@k£d<B<kJ ©d?IAIlID<§ £k ¢<dJ A£kgI?@D<D «d< ;< ?£ggI<D Äl¢gJ<D l
<kJDlÅk@ dk D<k¨£DA<B<kJ ?< ;l ¢D£J<AJI£k ;@³l;< ?<g Êd±D<g BdgIAl;<g§ «dI g¤<gJ lAA£B¢l³k@
?< B<gdD<g ?< ¢D£J<AJI£k J<Aek£;£³I«d<g§ A¤<gJ·²·?ID< ?< ?Ig¢£gIJI¨g ?< g@AdDIJ@ ¸² ;l g£dDA<¾
ĪB¢;lkJ@g ?ID<AJ<B<kJ gdD ;<g mc° i

d4d4Û �> :6h=;9=7h8 =;9m8hh¬7@A;
ádJD< ;< ¨lIJ ?< D<k¨£DA<D ;l ¢D£J<AJI£k ;@³l;< ?<g A£kJ<kdg kdB@DI«d<g§ ;< chmµ Ik·

J<D?IJ @³l;<B<kJ ?< A£kJ£dDk<D ;<g B<gdD<g J<AekI«d<g ?< ¢D£J<AJI£k lkJI·¢IDlJl³< IkJ@³D@<g
FåùJRVUI] èJHI\ Z�IWMXL M° ùJRVUI] èJHIa\ ·XMR`N ÁUWNLIX\ �ì çTJH ëìììbFFtIL UXxTSIHL HYINL RIWIHOUHL WUN KU]JOP WUX ]IN PLTOIN ISWJXJ_TIN _TJ M[LJIHHIHL OIN XPNT]LULN RMHLXUïOJRLMJXIN á WMTX THI PLTOI OPLUJ]]PI\ KMJX  JI[MjJLk ºëìì£Àb
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ldª mc £DI³Ikldª ¢lD ;<g lÈlkJg ?D£IJ <J D<³D£d¢@g g£dg ;< J<DB< ³@k@DI«d< ?< cph ¯Ý��
��Õ�» Þ��
Õ ß��������Õ°i ¬< cph A£DD<g¢£k? ¢DIkAI¢l;<B<kJ ² ?<dª JÈ¢<g ?< A£kJD¥;< K
?¤dk< ¢lDJ§ ;l ³<gJI£k ?<g Ik¨£DBlJI£kg gdD ;<g ?D£IJg ¯Þ��
Õ ß��������Õ ��	����Õ���°§ <J
?¤ldJD< ¢lDJ ;< A£kJD¥;< ?¤lAAfg ldª A£kJ<kdg ¯,������� Þ�»�°i ¬¤<ª¢;£IJlJI£k ?d cph <gJ
?< ¢;dg <k ¢;dg ¢DlJI«d@< ¢lD ;<g ¢D£?dAJ<dDg ?< BdgI«d<i ¬<g D<gJDIAJI£kg ;<g ¢;dg A£dDlkJ<g
A£kgIgJ<kJ ² ;IBIJ<D ;< k£BCD< ?¤£D?IklJ<dDg <̄kJD< JD£Ig <J AIk«° ±<Dg ;<g«d<;g dk ÀAeI<D ¢<dJ
ÂJD< JDlkg¨@D@§ <J ;< k£BCD< ?< ³Dl±dD<g gdD mc ±I<D³< J̄È¢I«d<B<kJ <kJD< g<¢J <J ?Iª°i ¬<g
CdgIk<gg Dd;<g ¨£kJ l¢¢<; ² ?I´@D<kJg £dJI;g ?< ¢D£J<AJI£k kdB@DI«d< <J ?I´@D<kJg ¨£DBlJgi
lD <ª<B¢;<§ ;< g<D±IA< IHdk<g ?¤µ¢¢;< dJI;Ig< ;< ¸$����¼�� $���� #�����¾ <k A£BCIklIg£k
l±<A ;l J<Aek£;£³I< cph àlID¢;lÈi ¬¤dJI;IglJ<dD ¢<dJ JDlkg¨@D<D g<g ÀAeI<Dg ±<Dg û £D?Ikl·
J<dDg <J ¢<dJ ³Dl±<D dk< ;IgJ< ¢lDJIAd;IfD< ?< Aelkg£kg ß ¨£Igi lD lI;;<dDg§ hIAD£g£¨J dJI;Ig<
;< ¨£DBlJ ¸"����º� ß���� $����¾ <J ?@±<;£¢¢< gl J<Aek£;£³I< ?< ¢D£J<AJI£k nlkdg «dI
¢<DB<J @³l;<B<kJ ?< ;IBIJ<D ;¤dJI;IglJI£k ?lkg ;< J<B¢g§ £d±DlkJ ;l ¢£DJ< ² ?<g g<D±IA<g
?¤lC£kk<B<kJ B<kgd<; £d lkkd<;i ÌkÀk§ ¡£kÈ ¢D£¢£g< g<g g<D±IA<g BdgIAldª ² JDl±<Dg g£k
gIJ< m£kk<AJ ¡J£D< £� ;<g ÀAeI<Dg g£kJ ¢D£¢£g@g ld ¨£DBlJ ¸µHpµmÃ¾ <J A£kJIkd< ?< ?@±<·
;£¢¢<D gl J<Aek£;£³I< ?< ¢D£J<AJI£k á¢<khÇ dJI;Ig@ ¢lD ;l ¢;d¢lDJ ?< g<g ;<AJ<dDg ?< mc
<J ?< hÃ ¢£DJlC;<i

¬< cph ¢<DB<J ldª ¢D£?dAJ<dDg ?< A£kJD¥;<D <J ±<DD£dI;;<D A<DJlIkg dgl³<g ?<g ÀAeI<Dg
kdB@DI«d<g§ <B¢ÂAelkJ ¢lD <ª<B¢;< ;<g lAe<J<dDg ?< A£¢I<D ;<g mc gdD A<DJlIkg gd¢¢£DJgi
®;g ;IBIJ<kJ ?£kA ;< k£BCD< ?¤@A£dJ<g§ ;< k£BCD< ?< A£¢I<g gdD dk ldJD< £D?IklJ<dD§ ;<
k£BCD< ?< ³Dl±l³<g gdD dk mc ±I<D³<§ ;< k£BCD< ?< JDlkg¨<DJg gdD dk Cl;;l?<dD§ �Õ¼i§ <J
;< ADÈ¢Jl³< ;IBIJ< ;<g ¢£ggICI;IJ@g ?< A£¢I< <J ?¤@Aelk³<gi c¤ldJD<g J<Aek£;£³I<g§ J<;;< «d< ;<
ülJ<DBlDÒIk³ £d ;< Àk³<D¢DIkJIk³ ¢<DB<JJ<kJ @³l;<B<kJ ldª ¢D£?dAJ<dDg ?< A£kJD¥;<D ;l
?IgJDICdJI£k <J ;l ?I´dgI£k ?¤dk JIJD<§ <J ¨D<Ik<D gl ¢D£¢l³lJI£k gdD ;<g D@g<ldª ?¤@Aelk³<gi Ìk
A£kg@«d<kA<§ ;< D<k¨£DA<B<kJ ?< ;l ¢D£J<AJI£k J<Aek£;£³I«d< ;IBIJ< ;¤dgl³< ?<g mc lAe<J@g
;@³l;<B<kJ ² JDl±<Dg dk dgl³< D<gJD<IkJ ?<g £DI³Ikldª ² ?<g Àkg ¢DI±@<g ;̄< ?D£IJ ² ;l A£¢I<
¢DI±@<§ ¸	��� ���¾°§ AlD ;<g ?Ig¢£gIJI¨g lkJIA£¢I< D<k?<kJ ;<g £DI³Ikldª I;;IgIC;<g gdD A<DJlIkg
£D?IklJ<dDg§ AelÅk<g ¥IÀ £d ldJ£Dl?I£gEii hlIg A< D<k¨£DA<B<kJ ;IBIJ< @³l;<B<kJ ;l ±l;<dD
Fs÷ ]U NTJLI OYTHI W]UJHLI OPWMNPI IH SUJ ëìì� WUX THI RMHNMSSULXJRI _TJ HI WMTKUJL ]JXI TH t¯ OY÷]UJH
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?<g ÀAeI<Dg BdgIAldª ?Ig¢£kIC;<g <k ;I³k< ¯«dI g£kJ ¢;dg ?IÍAI;<g ² JD£d±<D§ <J ² J@;@AelD³<D°i
lD lI;;<dDg§ ¢£dD ¢<DB<JJD< dk A£kJD¥;< <´<AJI¨§ ;< cph ?£IJ ÂJD< lgg£AI@ ² dk ;£³IAI<;

¢D£¢DI@JlID< gdD ;¤£D?IklJ<dDi ®; g¤l³IJ ?£kA ?¤dk ?Ig¢£gIJI¨ A£ËJ<dª ¢£dD ;<g ¢D£?dAJ<dDg
?¤£DI³IkldªE�i

ÌkÀk§ k£J£kg «d< ;< cph ¨lIJ ;¤£C©<J ?< k£BCD<dg<g ADIJI«d<g <k A< «dI A£kA<Dk< g£k
IB¢lAJ gdD ;< gdD¢;dg ?<g A£kg£BBlJ<dDg <J ;< CI<k·ÂJD< g£AIl;i ¡lkg ¢£dD ldJlkJ D@?dID<
;¤dgl³< ?<g ¢D£?dIJg kdB@DI«d<g ¢lD Dl¢¢£DJ ² ;¤£¢JIBdB g£AIl;§ ;< cph§ «dI ¨lAI;IJ< ;l
?IgADIBIklJI£k ¢lD ;<g ¢DIª§ ¢<dJ kdID< ldª A£kg£BBlJ<dDg ¯¬I<C£üIJ¦ qEFFEr°i lD lI;;<dDg§
;< cph g< e<dDJ< D@³d;IfD<B<kJ ² ?<g ¢D£C;fB<g ?< A£B¢lJICI;IJ@ «dI D<k?<kJ I;;IgIC;<g ?<g
?Ig«d<g gdD A<DJlIkg ;<AJ<dDgi

¬l ;@³IJIBIJ@ ?d cph <gJ @³l;<B<kJ D<BIg< <k «d<gJI£ki ®; <gJ lAAdg@ ?< ?@¢lgg<D
;<g ;IBIJ<g ?< ;l ;£I ?d A£¢ÈDI³eJ ¯¡lBd<;g£k qEFFÃr°§ AlD I; ¢<dJ ¢D£J@³<D J£dJ A£kJ<kd
kdB@DI«d< glkg «d< A< A£kJ<kd g£IJ k@A<gglID<B<kJ ¢D£J@³@ ¢lD ;< A£¢ÈDI³eJ Ā£BB< ;<g
?£AdB<kJg ?d ?£BlIk< ¢dC;IA°§ <J g£k <ª¢;£IJlJI£k k¤<gJ ¢lg ;IBIJ@< ?lkg ;< J<B¢g§ A< «dI
k< A£DD<g¢£k? ¢lg ² ;¤<g¢DIJ ?d A£¢ÈDI³eJi

�#¦ ��). 'Ì)� *' *�,,��',%�)

clkg A<JJ< g<AJI£k k£dg ¢D@g<kJ£kg ;l ;IJJ@DlJdD< gdD ;< ¢IDlJl³< ¢lD ?<g dJI;IglJ<dDg
ÀkldªE� § <J ;< D¥;< ?¤dk D<k¨£DA<B<kJ ?< ;l ¢D£J<AJI£k ;@³l;<i ¬¤IB¢lAJ ?d ¢IDlJl³< gdD
;<g ¢D£ÀJg <J ;< CI<k·ÂJD< g£AIl; ¨lIJ ;¤£C©<J ?¤dk ?@ClJ ?lkg ;l ;IJJ@DlJdD< @A£k£BI«d< JDfg
lkJ@DI<dD ² ;¤<ª¢;£gI£k ?d E <J ?<g A£¢I<g kdB@DI«d<gi Ä£dg D<J<k£kg IAI ;<g ¢DIkAI¢ldª
¢£IkJg ?< A<JJ< ;IJJ@DlJdD< <k ?@±<;£¢¢lkJ A<DJlIkg lDJIA;<gE¤§ <J k£dg J<kJ£kg ?< ;<g lkl;Èg<D
² ;l ;dBIfD< ?< ;¤Ik?dgJDI< BdgIAl;<i
éMTRVMH NTX NMH UTLMXUOJM\ ]I LXJ[THU] OI xXUHOI JHNLUHRI OI ÁUHLIXXI U RMHOUSHP ]U SUJNMH OI OJN_TINÄùz ùTNJR èXUHRI WMTX ZKJRI RURVPa ]I ë NIWLIS[XI ëìì£b  U SUJNMH OI OJN_TIN UKUJL OPç¸ PLP RMHOUSHPIIH çTJH WUX ]I SwSI LXJ[THU] WMTX ZOP°UTL OYJH°MXSULJMH IL LXMSWIXJIa NTX ]I OIXHJIX t¯ OI  JUHI èM]^\OMHL ]I t¯\ RMSSIXRJU]JNP UKIR TH N^NL`SI OI WXMLIRLJMH LIRVHJ_TI\ ZWXPNIHLUJL THI JHUWLJLTOI ¸ ]YISW]MJ\HI WMTKUHL wLXI ]T NTX RIXLUJHN ]IRLITXNa NI]MH ]I LXJ[THU]bF�¯YUWX`N ÄRlIXN]I^ ºëìì�À\ ]I RM¡L URLTI] OYTH OJNWMNJLJ° RMSW]IL OI NPRTXJLP NYP]`KI ¸ IHKJXMH £ìììm WUXMXOJHULITX ºJ] TLJ]JNI WMTX RI RU]RT] ]IN NMTXRIN OT ÂVMSUN êbnULNMH �INIUXRV tIHLIX OI zoùÀbF��H WUX]I OI ZIHO TNIX WJXUR^a\ WUX MWWMNJLJMH UT WJXULUxI ¸ OIN QHN RMSSIXRJU]IN ºOI XIKIHLIÀbF®·IJLk IL nUI][XMIRl ºëìì�À WXMWMNIHL THI XIKTI OPLUJ]]PI OI ]U ]JLLPXULTXIb
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¬¤<kg<BC;< ?<g lDJIA;<g l?B<J «d¤I; <ªIgJ< dk< ?I´@D<kA< ?< «dl;IJ@ <kJD< ;<g A£¢I<g <J
;<g £DI³Ikldª§ <J «d< ;<g A£kg£BBlJ<dDg ?I´fD<kJ g<;£k ;<dD ?Ig¢£kICI;IJ@ ² lAe<J<D ;¤£DI³I·
kl; ¢lD Dl¢¢£DJ ² ;l A£¢I<i ¬<g lDJIA;<g g< ?IgJIk³d<kJ <kgdIJ< gdI±lkJ JD£Ig l¢¢D£Ae<gi ¬l
¢D<BIfD< l¢¢D£Ae<§ «dI gd¢¢£g< «d< ;<g A£kg£BBlJ<dDg g£kJ ¢lD¨lIJ<B<kJ Ik¨£DB@g gdD ;<g
AlDlAJ@DIgJI«d<g ?d ¢D£?dIJ <J ;< ±l;£DIg<kJ Ik?@¢<k?lBB<kJ ;<g dkg ?<g ldJD<g§ IkJD£?dIJ
;l ¢£ggICI;IJ@ ?¤l¢¢D£¢DIlJI£k Ik?ID<AJ< ?<g D<kJ<g ¢lD ;< ¢D£?dAJ<dDi ¬l g<A£k?< l¢¢D£Ae<
gd¢¢£g< @³l;<B<kJ «d< ;<g A£kg£BBlJ<dDg g£kJ Ik¨£DB@g§ BlIg «d¤<k D<±lkAe< ;<g ?@AIgI£kg
?<g A£kg£BBlJ<dDg g£kJ IkJ<D?@¢<k?lkJ<g ² JDl±<Dg ?<g <ªJ<Dkl;IJ@g ?< D@g<ldi ÌkÀk ;l
JD£IgIfB< l¢¢D£Ae<§ ?lkg ;l«d<;;< ;<g A£kg£BBlJ<dDg Blk«d<kJ ?¤Ik¨£DBlJI£k gdD ;<g Al·
DlAJ@DIgJI«d<g ?d ¢D£?dIJ§ B<J <k l±lkJ ;< AlDlAJfD< Ik¨£DBlJI£kk<; ?< ;l A£¢I< «dI ¨lAI;IJ<
;l ?@AIgI£k ?¤lAelJi

d4j43 C7p?6;89; B; @A>7=? ;8=6; 9h:7; ;= h67¬78>
clkg ;¤<kg<BC;< ?<g lDJIA;<g gdD ;< A£¢ÈDI³eJ§ dk CI<k k£k ¢D£J@³@ ¢<dJ ÂJD< A£¢I@§ <J ¢lD

A£kg@«d<kJ ÂJD< ?Ig¢£kIC;< g£dg ?<dª ¨£DB<g K dk< ±<DgI£k £DI³Ikl;<§ <J dk< ±<DgI£k A£¢I@<
gd¢¢£g@< ?< «dl;IJ@ Ik¨@DI<dD<i m<JJ< A£¢I< ¢<dJ ÂJD< £CJ<kd< ² dk A<DJlIk ¢DIª ¯¢lD¨£Ig
kd;°§ «dI ¢<dJ ±lDI<D g<;£k ;<g A£kg£BBlJ<dDgi ¬< Ae£Iª ?< ¢D£J@³<D £d k£k ;< CI<k ¢lD dk
A£¢ÈDI³eJ IB¢;I«d< dk lDCIJDl³< <kJD< ?<dª g£dDA<g ?¤Ik<ÍAlAIJ@ K ;l g£dg·¢D£?dAJI£k <J ;l
g£dg·dJI;IglJI£ki ¬l g£dg·¢D£?dAJI£k ?¤dk CI<k k£k ¢D£J@³@ ;̄l ÀDB< ¢D£?dIJ dk< «dlkJIJ@
£d dk< «dl;IJ@ g£AIl;<B<kJ g£dg·£¢JIBl;<°§ <J ;l ¢<DJ< ?< CI<k·ÂJD< g£AIl; «dI g¤<kgdIJ ¢D£·
±I<kk<kJ ?d A£B¢£DJ<B<kJ ?< A<DJlIkg A£kg£BBlJ<dDg «dI A£¢I<kJ ;< ¢D£?dIJ glkg <k ¢lÈ<D
;< ¢DIªi c¤dk ldJD< A£J@§ ;< ¢D£?dAJ<dD ?¤dk CI<k ¢D£J@³@ Àª< dk ¢DIª gd¢@DI<dD ld A£ËJ
BlD³Ikl;§ A< «dI A£k?dIJ ² dk< g£dg·dJI;IglJI£k ?d CI<k <J dk< ¢<DJ< ?< CI<k·ÂJD< g£AIl;i
¬l ¢D£J<AJI£k ?d CI<k ¢lD ;< A£¢ÈDI³eJ IB¢;I«d< ?£kA dk lDCIJDl³< <kJD< g£dg·¢D£?dAJI£k
<J g£dg·dJI;IglJI£ki Ä£±£g <J Ól;?Blk ¯=¶>G° £´D<kJ dk< IB¢£DJlkJ< A£kJDICdJI£k gdD A<
¢£IkJ§ IkIJIl;<B<kJ g£d;<±@ ¢lD µDD£ü ¯=¶ÖE°i

Ä£±£g <J Ól;?Blk ¯=¶>G° gd¢¢£g<kJ «d¤dk A£kg£BBlJ<dD ?¤dk CI<k ¢D£?dIJ ¢lD dk
B£k£¢£;< ld A£ËJ BlD³Ikl; c ¢<dJ ÂJD< lAe<J@ ¢lD ;<g A£kg£BBlJ<dDg ld ¢DIª p > c £d
A£¢I@ ld A£ËJ c + z(1 + x)

§ £� z
<gJ ;< A£ËJ BlD³Ikl; l??IJI£kk<; ?< ;l A£¢I< «dI ?I´fD<
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g<;£k ;<g A£kg£BBlJ<dDg§ <J x
B<gdD< ;< ?<³D@ ?< ¢D£J<AJI£k ;@³l;< ?d A£¢ÈDI³eJE² i ¬<g

A£kg£BBlJ<dDg ±l;£DIg<kJ ;< CI<k g<;£k gl «dl;IJ@§ «dI <gJ ?@J<DBIk@< ¢lD ;< ¢D£?dAJ<dD <k
B£k£¢£;<§ <J I; k¤È l ¢lg ?< ¢<DJ< ?< «dl;IJ@ <kJD< ;l A£¢I< <J ;¤£DI³Ikl;i ¬< B£?f;< ¢<dJ
k@lkB£Ikg ÂJD< IkJ<D¢D@J@ <k J<DB<g ?< ?I´@D<kAIlJI£k§ <k A£kgI?@DlkJ «d< ;l ±l;<dD ?< ;l
A£¢I< <gJ @³l;< ² ;l ±l;<dD ?< ;¤£DI³Ikl; D@?dIJ< ?¤dk B£kJlkJ z(1 + x)

§ ���� ;l ?@gdJI;IJ@
?< ;l A£¢I<§ «dI ?I´fD< g<;£k ;<g A£kg£BBlJ<dDgi ¬¤<kg<BC;< ?d BlDAe@ <gJ A£d±<DJ J̄£dg
;<g A£kg£BBlJ<dDg lAefJ<kJ £d A£¢I<kJ ;< CI<k°i clkg A< A£kJ<ªJ<§ ;< ¢D£?dAJ<dD g£dg·
Ik±<gJIJ <k «dl;IJ@ ¢lD Dl¢¢£DJ ² ;¤£¢JIBdB g£AIl;§ AlD I; k< ¢<dJ g¤l¢¢D£¢DI<D ;l J£Jl;IJ@ ?<g
C@k@ÀA<g ?< g£k Ik±<gJIgg<B<kJi ®; È l ?£kA dk< g£dg·¢D£?dAJI£k ?< «dl;IJ@§ lIkgI «d¤dk<
g£dg·dJI;IglJI£k ?d ¨lIJ ?d A£ËJ l??IJI£kk<; gd¢¢£DJ@ ¢lD ;<g A£¢I<dDgi ok D<k¨£DA<B<kJ ?<
;l ¢D£J<AJI£k ?d A£¢ÈDI³eJ A£k?dIJ A<DJlIkg A£kg£BBlJ<dDg ² ¢lgg<D ?< ;l A£¢I< ² ;¤£DI³Ikl;§
A< «dI D@?dIJ ;l ¢<DJ< g£AIl;< ;I@< ² ;l A£¢I< ?¤dk< ¢lDJ§ <J ¢<dJ IkAIJ<D ;< ¢D£?dAJ<dD ²
ld³B<kJ<D ;l «dl;IJ@ ?d CI<k ?¤ldJD< ¢lDJi jI<k «d< Ä£±£g <J Ól;?Blk ¯=¶>G° g¤IkJ@D<gg<kJ
ldª A£¢I<g ¢eÈgI«d<g ?¤dk CI<k§ ;<dD lkl;Èg< ¢<dJ g¤l¢¢;I«d<D ldª ¢D£?dIJg kdB@DI«d<gi Ìk
<´<J§ ;< J@;@AelD³<B<kJ ?¤dk< A£¢I< kdB@DI«d< ?<Blk?< dk <´£DJ§ <J IB¢;I«d< @³l;<B<kJ
dk A£ËJ ¢£J<kJI<; ¯dk< lB<k?<° <k Alg ?< ?@J<AJI£ki

c¤dk< BlkIfD< ³@k@Dl;<§ ;<g lDJIA;<g A£kgI?fD<kJ ;l «dl;IJ@ ?< ;l A£¢I< A£BB< dk< ¨DlAJI£k
?< ;l «dl;IJ@ ?< ;¤£DI³Ikl;i lD <ª<B¢;<§ ¢£dD j<;;<ÈlBB< ¯EFFE° <J q££k ¯EFFE°§ I; <ªIgJ<
dk ¨lAJ<dD ?< ?@¢D@AIlJI£k ?< ;l A£¢I< ¢lD Dl¢¢£DJ ² ;¤£DI³Ikl;i

£dD ;<g DlIg£kg «d< k£dg l±£kg ?@©² B<kJI£kk@<g§ gI ;l ?I´@D<kA< ?< «dl;IJ@ g£k£D< <kJD<
;<g ÀAeI<Dg hÃ <J ;<g mc £DI³Ikldª <gJ ¢lD¨£Ig ¨lIC;<§ A<g ?<DkI<Dg ¢D£AdD<kJ A<¢<k?lkJ dk<
dJI;IJ@ gd¢@DI<dD< ?d ¨lIJ ?<g A£B¢£glkJ<g <J ?<g g<D±IA<g gd¢¢;@B<kJlID<g «dI ;<g lAA£B·
¢l³k<kJi m<J lg¢<AJ ?£IJ ?£kA ÂJD< IkJ@³D@ ld ?@ClJ A£kA<DklkJ ;< ¢IDlJl³< ?< ;l BdgI«d<
gdD ®kJ<Dk<Ji

¡¤l¢¢dÈlkJ gdD ?¤ldJD<g AlDlAJ@DIgJI«d<g ?<g CI<kg ¸Ad;JdD<;g¾ ḡlkg ¢£dD ldJlkJ D<B<JJD<
<k Aldg< A<J lg¢<AJ°§ A<DJlIkg lDJIA;<g £kJ ¢lD ;l gdIJ< ¢DIg ;< A£kJD<·¢I<? ?<g D@gd;JlJg ?<
Ä£±£g <J Ól;?Blk ¯=¶>G° «dI ¢;lI?lI<kJ ¢£dD dk D<k¨£DA<B<kJ ?d A£¢ÈDI³eJi
F¶tILLI °MXST]ULJMH UNNTXI _TI ]I RM¡L SUXxJHU] OI XIWXMOTRLJMH INL NTWPXJITX UT RM¡L SUXxJHU] OIWXMOTRLJMH OT SMHMWM]I á ]U RMWJI HYINL WUN ZIyRURIa UT NIHN OI oINIH IL �JX[^ º�í�íÀb
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d4j4d �::6h:67>=7h8 78B76;9=;
µ ¢lDJID ?< ?£kk@<g <B¢IDI«d<g gdD ;<g @?IJ<dDg ?< D<±d<g lAl?@BI«d<g§ ¬I<C£üIJ¦ ¯=¶>û°

B£kJD< «d< ;l A£¢I< k£k ldJ£DIg@< ?¤dk CI<k ¸Ad;JdD<;¾ ¢<dJ C@k@ÀAI<D ² g£k ±<k?<dDi ¡I
A<;dI·AI ¢<dJ ¢D@±£ID ;< ±£;dB< ?<g A£¢I<g «dI g<D£kJ Iggd<g ?< ;¤lAelJ ?< g£k CI<k§ I; <gJ
<k B<gdD< ?< g¤l¢¢D£¢DI<D <k ¢lDJI< £d J£Jl;<B<kJ ;<g C@k@ÀA<g ?<g A£¢I<g <k ld³B<kJlkJ
;< ¢DIª ?<g £DI³Ikldªi Ìk ?¤ldJD<g B£Jg§ ;< ¢D£?dAJ<dD ¢<dJ ¨lID< ?< ;l ?IgADIBIklJI£k ¢lD
;<g ¢DIª <k ¨£kAJI£k ?d k£BCD< ¢£J<kJI<; ?< A£¢I<g «dI g<D£kJ D@l;Ig@<g§ <J IB¢£g<D dk ¢DIª
¢;dg @;<±@ ldª A£kg£BBlJ<dDg «dI g£kJ gdgA<¢JIC;<g ?< A£¢I<D ¢;dgi ®; g¤l³IJ ?¤l¢¢D£¢DIlJI£k
Ik?ID<AJ< ?<g D<±<kdg ?<g dJI;IglJ<dDg «dI k¤£kJ ¢lg lAe<J@ ;< CI<k £DI³Ikl;i Ê ;¤l¢¢dI ?<
A<JJ< Je@£DI<§ ¬I<C£üIJ¦ ¯=¶>û° B£kJD< «d< ;<g ¢DIª ?<g D<±d<g IB¢£g@<g ldª CIC;I£Jef«d<g
g£kJ ¢;dg @;<±@g «d< ¢£dD ;<g ¢lDJIAd;I<Dgi ¬l ¢e£J£A£¢I< ?<g D<±d<g ?lkg ;<g CIC;I£Jef«d<g
k¤<gJ ¢lg ldJ£DIg@<§ <J ;<g @?IJ<dDg ?IgJIk³d<kJ lIg@B<kJ ;<dDg lAe<J<dDg <̄kJD< ¢lDJIAd;I<Dg
<J CIC;I£Jef«d<g° lÀk ?< ¢DlJI«d<D ?< ;l ?IgADIBIklJI£k ¢lD ;<g ¢DIªi

cfg ;£Dg§ ;l ;IJJ@DlJdD< k¤l ¢lg A<gg@ ?¤l¢¢£DJ<D ?<g ¢£IkJg ?< ±d< A£kÈIAJd<;g gdD ;<g
C@k@ÀA<g k<Jg ?< ;l A£¢I<i

c<¢dIg j<g<k <J ÆIDCÈ ¯=¶>¶°§ ;<g D@gd;JlJg ?< ;l ;IJJ@DlJdD< gdD ;< ¢IDlJl³< g< ?IgJIk³d<kJ
g<;£k ;<g ?<dª I?@<g <ªA;dgI±<g ?¤l¢¢D£¢DIlJI£k Ik?ID<AJ< <J ?¤l¢¢D£¢DIlJI£k ?ID<AJ<i ®;g Ik·
Jf³D<kJ A<g ?<dª JÈ¢<g ?¤l¢¢D£¢DIlJI£k ² ;<dD B£?f;< A£BB< ?<dª A£kÀ³dDlJI£kg ¢£ggIC;<g
?d BlDAe@i ®; È l l¢¢D£¢DIlJI£k ?ID<AJ< gI ;<g @?IJ<dDg ¢<d±<kJ dkI«d<B<kJ <ªJDlID< ;< gdD¢;dg
?<g lAe<J<dDg ¯BlIg ¢lg A<;dI ?<g A£¢I<dDg°§ <J l¢¢D£¢DIlJI£k Ik?ID<AJ< gI I;g g£kJ @³l;<B<kJ
<k B<gdD< ?¤<ªJDlID< ;< gdD¢;dg A£¢I<dDg§ «dI A£¢I<kJ ² ¢lDJID ?¤£DI³Ikldª £d ?< A£¢I<gi ¡I
;< A£ËJ BlD³Ikl; ?d ¢lDJl³< ¢lD ;< A£kg£BBlJ<dD <gJ Ik¨@DI<dD ld A£ËJ BlD³Ikl; ?d A£ËJ
?< ¢D£?dAJI£k <J ?< ?IgJDICdJI£k ¢lD ;< ¢D£?dAJ<dD§ ;< ¢lDJl³< lB@;I£D< ;¤<ÍAlAIJ@ ³;£Cl;<
<J ld³B<kJ< ;<g ¢D£ÀJg ?d ¢D£?dAJ<dDi ¬<g ldJ<dDg B£kJD<kJ «d< ;£Dg«d< ;<g £DI³Ikldª <J
;<g A£¢I<g g£kJ ?<g gdCgJIJdJg ¢lD¨lIJg <J «d< ;< A£ËJ BlD³Ikl; ?< ;l A£¢I< ld³B<kJ< l±<A
;< k£BCD< ?< A£¢I<g§ l;£Dg ;< ¢DIª ?<g £DI³Ikldª ld³B<kJ< @³l;<B<kJi ¬¤IB¢lAJ ?d ¢IDlJl³<
?@¢<k? ?d k£BCD< ?< A£kg£BBlJ<dDg «dI ¢lDJl³<kJ ;<g A£¢I<g§ ���� «dI g£kJ B<BCD<g ?¤dk
¸A;dC¾i

Ìk A< «dI A£kA<Dk< ;¤I?@< ?< ¸A;dCg ?¤@Aelk³<¾ ¯̧ gelDIk³ A;dCg¾°§ jlÒ£g <J �»�� ¯=¶¶¶°
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@J<k?<kJ ;¤lkl;Èg< ?< j<g<k <J ÆIDCÈ ¯=¶>¶° ld kI±<ld ?d ¢lDJl³< ² dk< ¢<JIJ< @Ae<;;<§
A£BB< ¢lD <ª<B¢;< <kJD< ;<g B<BCD<g ?¤dk< ¨lBI;;< «dI ¢lDJl³<kJ ;< A�C;< ?< ;l J@;@±IgI£k
£d dk ;£³IAI<; ?¤£D?IklJ<dDi ¬<g ldJ<dDg @Jd?I<kJ ;¤IB¢lAJ ?d ¢lDJl³< ?<g A£¢I<g <kJD< ;<g
B<BCD<g ?¤dk A;dC gdD ;< ¢D£ÀJ ?d ¢D£?dAJ<dD <J B<JJ<kJ <k l±lkJ ?<dª <´<Jg «dI g¤£¢·
¢£g<kJ K ;¤<´<J ?¤l³D@³lJI£k <J ;¤<´<J ?< ?I±<DgIJ@i c¤l¢Dfg ;¤<´<J ?¤l³D@³lJI£k§ ;l ¨£DBlJI£k
?¤dk A;dC D<k? ;<g ±l;dlJI£kg ?<g A£kg£BBlJ<dDg ¢;dg ¨lAI;<g ² <gJIB<DE³§ <J ¨lAI;IJ<kJ ;l
?IgADIBIklJI£k§ ?< J<;;< g£DJ< «d< ;l A£¢I< ld³B<kJ< ;< ¢D£ÀJ ;̄< ¢D£?dAJ<dD ¢<dJ <ªJDlID<
?¤ldJlkJ ¢;dg ?< gdD¢;dg ?¤dk A;dC «d¤I; A£B¢J< C<ldA£d¢ ?< B<BCD<gi°i c¤l¢Dfg ;¤<´<J
?< ?I±<DgIJ@§ dk A;dC <gJ ?¤ldJlkJ ¢;dg IkA£kJD¥;lC;< «d¤I; A£B¢J< C<ldA£d¢ ?< B<BCD<g§
?< J<;;< g£DJ< «d< ;l A£¢I< <̄J ;< ¢lDJl³<° ¢<dJ D@?dID< ;< ¢D£ÀJi ®; B£kJD<kJ «d< ;¤<´<J
³;£Cl; ?d ¢lDJl³< gdD ;< ¢D£ÀJ ¢<dJ ÂJD< ¢£gIJI¨ BÂB< ;£Dg«d< A£¢I<D <gJ ¢;dg Ik<ÍAlA< «d<
¢D£?dID< ?<g dkIJ@g gd¢¢;@B<kJlID<g§ <J k@³lJI¨ BÂB< ;£Dg«d< ;<g A£ËJg k<Jg ?< ?IgJDICdJI£k
g£kJ D@?dIJg ¢lD ;l A£¢I<i

clkg ;< A£kJ<ªJ< ?< ;l BdgI«d< <k ;I³k<§ ;¤l¢¢D£¢DIlJI£k Ik?ID<AJ< g<BC;< ?IÍAI;<B<kJ
D@l;IglC;<i Ì;;< k@A<ggIJ< <k <´<J ?< ¢£d±£ID ?IgADIBIk<D ¨lAI;<B<kJ g<g A;I<kJg ¯A£BB< <kJD<
?<g ¢lDJIAd;I<Dg <J dk< CIC;I£Jef«d<° <J ?< ¢D@±£ID ;< k£BCD< ?< A£¢I<g ?d CI<k «dI g<D£kJ
D@l;Ig@<g§ £D ;<g @Aelk³<g ?< ÀAeI<Dg ?lkg ;<g D@g<ldª E g£kJ ¢D<g«d< IB¢£ggIC;<g ² A£kJD¥·
;<Di Ìk £dJD<§ ;< D@gd;JlJ ?< jlÒ£g <J �»�� ¯=¶¶¶° g<;£k ;<«d<; ;< ¢lDJl³< ¢<dJ D@?dID< ;< ¢D£ÀJ
BÂB< ;£Dg«d< ;<g A£ËJg ?< ?IgJDICdJI£k g£kJ D@?dIJg g<BC;< l?l¢J@ ld ¢lDJl³< ?< ÀAeI<Dg <k
;I³k<i

d4j4j �p;=< B; 6?<;>A
clkg A<DJlIkg Alg§ ;<g <ªJ<Dkl;IJ@g ?< D@g<ld ;̄£Dg«d< ;l ?Ig¢£kICI;IJ@ ² ¢lÈ<D ?¤dk

A£kg£BBlJ<dD ld³B<kJ< l±<A ;< k£BCD< ?< A£kg£BBlJ<dDg° ³@k@D@<g ¢lD ;<g A£¢I<g ¢<d±<kJ
C@k@ÀAI<D ldª ¢D£?dAJ<dDg <k ¢D£AdDlkJ dk gdD¢;dg gd¢¢;@B<kJlID< ldª A£kg£BBlJ<dDg
?¤£DI³Ikldª§ A£BB< ;< B£kJD<kJ m£kk<D <J pdB<;J ¯=¶¶=° <J HlÒ<ÈlBl ¯=¶¶G° ?lkg dk
F¹ ITX UXxTSIHL XIWMNI NTX ]I °UJL _TI ]U KU]TULJMH OT R]T[ INL PxU]I ¸ ]U NMSSI OIN KU]TULJMHN JHOJKJïOTI]]IN OIN SIS[XIN OT R]T[b  I WUXLUxI XPOTJL ]U KUXJUHRI OI ]U OJNLXJ[TLJMH OIN KU]TULJMHN OIN SIS[XINºRI]U NTWWMNI _TI ]IN KU]TULJMHN NMJIHL JHOPWIHOUHLIN IL JOIHLJ_TISIHL OJNLXJ[TPIN\ IL _TI LMTN ]IN R]T[NUJIHL ]U SwSI LUJ]]IÀb
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B£?f;< ?< B£k£¢£;<§ <J ¡eÈ <J HeIgg< ¯=¶¶¶° ?lkg dk B£?f;< ?< ?d£¢£;<i
µ±<A dk< ?<Blk?< ;Ik@lID< <J ?<g A£kg£BBlJ<dDg e@J@D£³fk<g g<;£k ;<dD ³lIk ² lAe<J<D

;¤£DI³Ikl;§ m£kk<D <J pdB<;J ¯=¶¶=° B£kJD<kJ «d< ;l A£¢I< ¢<dJ ?lkg A<DJlIkg Alg ld³B<kJ<D
;< ¢DIª Àª@ ¢lD ;< ¢D£?dAJ<dD <k B£k£¢£;< lIkgI «d< g£k ¢D£ÀJi Ê JDl±<Dg ;<g <ªJ<Dkl;IJ@g
?< D@g<ld§ ;<g A£¢I<dDg A£kJDICd<kJ ² ld³B<kJ<D ;l Clg< IkgJl;;@<§ A< «dI lAAD£ÅJ ;l ±l;<dD
?d ¢D£?dIJ ¢£dD J£dg ;<g A£kg£BBlJ<dDgi m<;l ¢<DB<J dk< eldgg< ?<g ¢D£ÀJgi clkg A< Alg§
dk D<k¨£DA<B<kJ ?< ;l ¢D£J<AJI£k ;@³l;< D@?dIJ ;l Clg< IkgJl;;@<§ A< «dI A£k?dIJ ² dk< ClIgg<
?< ;l ?<Blk?< ;@³l;<§ IB¢;I«dlkJ dk< ClIgg< ?<g ¢D£ÀJg§ lIkgI «d¤dk< ClIgg< ?d gdD¢;dg ?<g
A£kg£BBlJ<dDgi Ìk ?¤ldJD<g J<DB<g§ ;¤lCg<kA< ?< ¢D£J<AJI£k <gJ £¢JIBl;< gI ;<g <ªJ<Dkl;IJ@g
?< D@g<ld g£kJ ¨£DJ<gi

HlÒ<ÈlBl ¯=¶¶G° A£kgI?fD< ?<dª JÈ¢<g ?¤dJI;IglJ<dDg K ?<g dJI;IglJ<dDg ² ¨lIC;< ±l;£DI·
glJI£k§ ¢£dD ;<g«d<;g ;¤£DI³Ikl; <J ;l A£¢I< g£kJ ?<g gdCgJIJdJg ¢;dg ¢D£Ae<g «d< ¢£dD ;<g
dJI;IglJ<dDg ² ¨£DJ< ±l;£DIglJI£k ;̄<g dJI;IglJ<dDg ?I´fD<kJ g<;£k ;<dD ?@gdJI;IJ@ ?< ;l A£¢I<°i
¬¤<ªJ<Dkl;IJ@ ?< D@g<ld <gJ ¢;dg ¨£DJ< ¢£dD ;¤£DI³Ikl; «d< ¢£dD ;l A£¢I<i clkg A< Al?D<§
;£Dg«d< ;<g A£kg£BBlJ<dDg k< g£kJ ¢lg <k B<gdD< ?< A£¢I<D ;< CI<k§ ;< ¢D£?dAJ<dD Àª< dk
¢DIª £¢JIBl; J<; «d¤I;g lAefJ<kJ J£dg ;< CI<ki Ìk ¢D@g<kA< ?< ¢IDlJl³<§ ;< ¢D£?dAJ<dD ¢<D?
?<g lAe<J<dDg ¯«dI ¢D@¨fD<kJ A£¢I<D°§ «dI g£kJ ;<g dJI;IglJ<dDg ² ¨lIC;< ±l;dlJI£ki hlIg I;
¢<dJ l;£Dg ld³B<kJ<D ;< ¢DIª «d¤I; IB¢£g< ldª A£kg£BBlJ<dDg ² ¨£DJ< ±l;dlJI£k§ <J ¢lD
A£kg@«d<kJ £CJ<kID dk ¢D£ÀJ ¢;dg @;<±@ «d< ;£Dg«d< ;< ¢IDlJl³< <gJ IB¢£ggIC;< ?d ¨lIJ ?<g
<ªJ<Dkl;IJ@g ?< D@g<ld J£d©£dDg ¢D@g<kJ<gi ¬< B£?f;< D<¢£g< J£dJ<¨£Ig gdD ;l Al¢lAIJ@ ?< ;l
ÀDB< ?< ?IgADIBIk<D ¢lD ;<g ¢DIª ¢£dD g¤l¢¢D£¢DI<D Ik?ID<AJ<B<kJ ;<g D<±<kdg ?<g A£¢I<dDgi

¡eÈ <J HeIgg< ¯=¶¶¶° @J<k?<kJ ;<g ?<dª lkl;Èg<g ¢D@A@?<kJ<g ² dk A£kJ<ªJ< ?< ?d£¢£;<§
l±<A ?<dª ÀDB<g gIJd@<g ldª ?<dª <ªJD@BIJ@g ?¤dk g<³B<kJi ®;g A£kgI?fD<kJ ?<dª JÈ¢<g ?<
A£kg£BBlJ<dDg§ D@¢lDJIg dkI¨£DB@B<kJ gdD ;< g<³B<kJ K ;<g ¸C£kg¾ A£kg£BBlJ<dDg £kJ dk<
¨£DJ< ¢D@¨@D<kA< ¢£dD ;¤£DI³Ikl;§ Jlk?Ig «d< ;<g ¸Bld±lIg¾ A£kg£BBlJ<dDg g£kJ Ik?I´@D<kJg
<kJD< ;l A£¢I< <J ;¤£DI³Ikl;i ¬<g ÀDB<g g< ¨£kJ A£kAdDD<kA< gdD ;<g ¸C£kg¾ A£kg£BBlJ<dDg§
¢£dD ;<g«d<;g ;¤dJI;IJ@ D<JID@< ?< ;l A£kg£BBlJI£k ?< ;¤£DI³Ikl; ¢lD Dl¢¢£DJ ² ;l A£¢I< k<
?@¢<k? ¢lg ?< ;¤<´<J ?< D@g<ld ¯² ;l ?I´@D<kA< ?d B£?f;< ?< HlÒ<ÈlBl q=¶¶Gr°i Ìk ;¤lCg<kA<
?< ¢IDlJl³<§ I; <ªIgJ< ?<dª @«dI;ICD<g ¢£ggIC;<§ g<;£k ;< ?<³D@ ?<g <ªJ<Dkl;IJ@g ?< D@g<ld K
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¢£dD ?< ¨£DJ<g <ªJ<Dkl;IJ@g ?< D@g<ld§ ;<g ÀDB<g ?£I±<kJ ±<k?D< k£k g<d;<B<kJ ldª ¸C£kg¾
A£kg£BBlJ<dDg BlIg @³l;<B<kJ ² A<DJlIkg ¸Bld±lIg¾ A£kg£BBlJ<dDg§ AlD <;;<g Àª<kJ dk
¢DIª Clg lÀk ?< ¢£d±£ID <ª¢;£IJ<D ;<g <ªJ<Dkl;IJ@g ?< D@g<ldi Ìk D<±lkAe<§ <k ¢D@g<kA<
?< ¢IDlJl³<§ <;;<g ¢<d±<kJ g< A£kA<kJD<D gdD ;<g A£kg£BBlJ<dDg ² ¨£DJ< ±l;dlJI£k§ J£dJ <k
<ª¢;£IJlkJ ;<g <ªJ<Dkl;IJ@g ?< D@g<ldi Ì;;<g Àª<kJ l;£Dg dk ¢DIª ¢;dg @;<±@ <J ;<dD ¢D£ÀJ <gJ
¢;dg IB¢£DJlkJ «d¤<k ;¤lCg<kA< ?< A£¢I<gi

c<g <ªJ<Dkl;IJ@g ¢£gIJI±<g ?< D@g<ld ¢<d±<kJ @±<kJd<;;<B<kJ l¢¢lDlÅJD< ?lkg ;< Alg ?<
;l BdgI«d<§ ?lkg ;l B<gdD< £� ;<g A£kg£BBlJ<dDg l¢¢D@AI<kJ ;¤@A£dJ< ?< ;l BdgI«d< <k
A£BBdkldJ@§ <J «d¤dk< ¢D@¨@D<kA< A£BBdk< ¢£dD dk lDJIgJ< ¨lAI;IJ< ;<g IkJ<DlAJI£kg g£AIl;<g
<kJD< A<dª «dI ;¤@A£dJ<kJ ;̄<dD dJI;IJ@ <gJ l;£Dg ?¤ldJlkJ ¢;dg @;<±@< «d¤I;g g£kJ k£BCD<dª ²
@A£dJ<D ;< BÂB< lDJIgJ<°i ®; g¤l³IJ J£dJ<¨£Ig ?¤dk< B£JI±lJI£k JDfg g<A£k?lID< ?lkg ;¤@A£dJ<
?< ;l BdgI«d< Ā£kJDlID<B<kJ ldª ;£³IAI<;g§ ¢£dD ?<g DlIg£kg ?< A£B¢lJICI;IJ@ ¢lD <ª<B¢;<°i
Ìk A< «dI A£kA<Dk< ;<g A£¢I<g§ I; <ªIgJ< <k D<±lkAe< dk< ldJD< DlIg£k ?¤ÂJD< ldª <ªJ<Dkl;IJ@g
?< D@g<ld <kJD< dgl³<Dg ?< E K ;l ±IJ<gg< ?< J@;@AelD³<B<kJ ?< ;l BdgI«d< ld³B<kJ< l±<A
;l JlI;;< ?d D@g<ld Ei Ìk <´<J§ dk dJI;IglJ<dD Ae£IgIJ ;¤£D?IklJ<dD ?£kJ I; IB¢£DJ< ;< ÀAeI<D
g<;£k gl ±IJ<gg< ?< J@;@AelD³<B<kJi ;dg ;l JlI;;< ?d D@g<ld <gJ IB¢£DJlkJ< ¢;dg ;< Ae£Iª <kJD<
;<g £D?IklJ<dDg <gJ ±lDI@ <J ¢;dg ;l ±IJ<gg< <g¢@D@< <gJ ³Dlk?<i c< J<;;<g <ªJ<Dkl;IJ@g g£kJ
<k?£³fk<g ?lkg ;l B<gdD< £� ;<g dgl³<Dg ?< E ?@AI?<kJ £d k£k ?< ¢lDJl³<D ;<dDg ÀAeI<Dg§
glAelkJ «d< ;< J@;@AelD³<B<kJ <gJ ¢;dg lIg@ ¢£dD dk dJI;IglJ<dD «dI ¢lDJl³< C<ldA£d¢ ?<
ÀAeI<Dg§ BlIg ;< DIg«d< ?< g< ¨lID< lJJDl¢<D ¢lD ;<g ldJ£DIJ@g ;@³l;<g <gJ ¢;dg @;<±@§ lIkgI «d<
A<;dI ?¤ÂJD< Ik¨<AJ@ ¢lD dk ±IDdg £d ?< ¢<D?D< ?<g D<gg£dDA<g ?< g£k £D?IklJ<dDEµ i

d4j4Û «h:7;< 8Al?67@A;< ;= =6>8<l7<<7h8 B; �78±h6l>=7h8
¬<g A£¢I<g kdB@DI«d<g ¢<d±<kJ ¨£dDkID ?< ;¤Ik¨£DBlJI£k gdD ;l ±l;<dD £d ;<g AlDlAJ@DIg·

JI«d<g ?d ¢D£?dIJ £DI³Ikl; g¤I; g¤l³IJ ?¤dk CI<k ?¤<ª¢@DI<kA<i Ì;;<g ¢<DB<JJ<kJ ?¤Ik¨£DB<D
;<g A£kg£BBlJ<dDg gdD ;¤<ªIgJ<kA< ¯�elk³ qEFFEr° <J ;<g AlDlAJ@DIgJI«d<g ¯HlÒ<ÈlBl qEFFEr§
FÃ�H LXMTKI ]YJOPI NI]MH ]U_TI]]I ]U RMWJI OYTH QRVJIX INL OYUTLUHL W]TN °URJ]I ¸ LXMTKIX _TI ]IN KIHLINOI RI QRVJIX NMHL JSWMXLUHLIN RVIk ¯MSMH IL qUSUlUkJ ºëìì£Àb ¯UHN ]ITX SMO`]I\ TH RMHNMSSULITX _TJUR_TJIXL THI RMWJI HTSPXJ_TI NTWWMXLI TH RM¡L OI LXUHNURLJMH _TJ OJSJHTI ]MXN_TI ]IN KIHLIN OI KIXNJMHNMXJxJHU]IN OT QRVJIX UTxSIHLIHLb



ÚZý[ÛÝ×Ø \] [ØØ×^Ý�^[ØØ×_ [Û×ýÝý Ø ØÝ �×�ÛÝÞ � ý̀�ÝØ�× ûG

<IJ¦ <J Ól<;CD£<AÒ qEFFÃCr° ?<g ¢D£?dIJg £DI³Ikldªi
�elk³ ¯EFFE° B<J <k l±lkJ ;< D¥;< ?¤£d±<DJdD< ?d BlDAe@ ?<g D@g<ldª E ldª lDJIgJ<g

B@A£kkdgi ®; A£kgI?fD< ?<dª ¢D£?dIJg ?I´@D<kAI@g e£DI¦£kJl;<B<kJ§ lggIBI;@g ² ?<dª JÈ¢<g
?¤lDJIgJ<g§ dk< gJlD ¯«dI ¢<dJ g< ¢D£B£d±£ID <k ?@¢<kglkJ ?<g B£kJlkJg IB¢£DJlkJg ?< ¢d·
C;IAIJ@° <J dk lDJIgJ< ¢<d A£kkd§ ±<k?dg ld BÂB< ¢DIªi ¬<g A£kg£BBlJ<dDg g£kJ D@¢lDJIg
dkI¨£DB@B<kJ gdD dk g<³B<kJ ² ;l ¥£J<;;Ik³i Ìk ;¤lCg<kA< ?< E§ ;¤lDJIgJ< gJlD ¢<dJ Ik·
±<gJID ?lkg ;l ¢D£B£JI£k ?< BlkIfD< ² <ªA;dD< ;¤ldJD< lDJIgJ< ?d BlDAe@i ¬< E ¢<DB<J
² ;¤lDJIgJ< ¢<d A£kkd ?< g< ?IgJDICd<D Ā¤<gJ ;¤<´<J ?¤<ª¢£gIJI£k°§ ?< BlkIfD< ² J£dAe<D ;<g
A£kg£BBlJ<dDg «dI £kJ lAAfg ldª D@g<ldª Ei

HlÒ<ÈlBl ¯EFFE° A£kgI?fD< ;< Alg ?¤dk B£k£¢£;< ¢D£?dIglkJ dk CI<k ?dDlC;< ?lkg dk
B£?f;< ² ?<dª ¢@DI£?<g <k IkJD£?dIglkJ ?< ;l g@;<AJI£k l?±<Dg<i ¬<g A£kg£BBlJ<dDg k¤£C·
g<D±<kJ ¢lg ;l «dl;IJ@ ?d CI<k§ «dI <gJ g£IJ C£kk< g£IJ Bld±lIg<§ BlIg £kJ ;l ¢£ggICI;IJ@ ?<
A£¢I<D ;< CI<k <k ¢D<BIfD< ¢@DI£?<§ lÀk ?¤£CJ<kID ?< ;¤Ik¨£DBlJI£k gdD ;l «dl;IJ@i ¡I A<JJ<
«dl;IJ@ g¤l±fD< C£kk<§ I;g ¢<d±<kJ ?@AI?<D ?¤lAe<J<D ;¤£DI³Ikl; ¯«dI ;<dD ¢D£AdD< dk< ¢;dg
³Dlk?< dJI;IJ@ «d< ;l A£¢I<° <k g<A£k?< ¢@DI£?<i ¬l ÀDB< k< D<�£IJ ¢lg ?< ?<Blk?< JlkJ «d<
;<g A£kg£BBlJ<dDg k< g£kJ ¢lg Ik¨£DB@g ¯���� <;;< ¨lIJ dk ¢D£ÀJ kd; <k ;¤lCg<kA< ?< A£¢I<g§
«d<;;< «d< g£IJ ;l «dl;IJ@°i ¬¤ldJ<dD A£kgI?fD< ?<dª JÈ¢<g ?< A£kg£BBlJ<dDgi c¤dk< ¢lDJ§ ;<g
A£kg£BBlJ<dDg «dI ±l;£DIg<kJ ¨lIC;<B<kJ ;l A£¢I< k< A£¢I<kJ ¢lg <k ¢D<BIfD< ¢@DI£?<§ «d<;g
«d< g£I<kJ ;< ¢DIª <J ;l «dl;IJ@ ?d CI<k Ā< g£kJ ?<g A£kg£BBlJ<dDg Al¢JI¨g°i c¤ldJD< ¢lDJ§
;<g A£kg£BBlJ<dDg «dI ±l;£DIg<kJ ¨£DJ<B<kJ ;l A£¢I< ¢<d±<kJ A£¢I<D <k ¢D<BIfD< ¢@DI£?<
<J lAe<J<D ;¤£DI³Ikl; <k g<A£k?< ¢@DI£?< g¤I; g¤l±fD< ÂJD< ?< C£kk< «dl;IJ@i ®; <ªIgJ< l;£Dg
dk @«dI;ICD< B@;lk³<lkJ l±<A ?IgADIBIklJI£k IkJ<D·J<B¢£D<;;< K ;< B£k£¢£;< ±<k? ;¤£DI³Ikl;
ldª A£kg£BBlJ<dDg Al¢JI¨g <k ¢D<BIfD< ¢@DI£?<§ ¢dIg I; ¢D£¢£g< ldª ldJD<g A£kg£BBlJ<dDg
dk ¢DIª <k g<A£k?< ¢@DI£?< @³l; ² ;l ?I´@D<kA< ?¤dJI;IJ@ <kJD< ;¤£DI³Ikl; <J ;l A£¢I<i ¬< D¥;<
Ik¨£DBlJI£kk<; ?<g A£¢I<g ¢<DB<J ?£kA ² dk< ÀDB< ¢D£?dIglkJ dk< C£kk< «dl;IJ@ ?< ¨lID<
?<g ¢D£ÀJg <k g<A£k?< ¢@DI£?<i

<IJ¦ <J Ól<;CD£<AÒ ¯EFFÃC° B£kJD<kJ A£BB<kJ dk< ÀDB< Bd;JI·¢D£?dIJg ¢<dJ C@k@ÀAI<D
?d glB¢;Ik³ gdD ;<g D@g<ldª E «dI ¢<DB<JJ<kJ ldª A£kg£BBlJ<dDg ?< g< Dl¢¢D£Ae<D ?<
;<dD ¢D£?dIJ I?@l;i ¬<g A£kg£BBlJ<dDg ¢<d±<kJ A£BC;<D ;<dD Blk«d< ?¤Ik¨£DBlJI£k ¢lD ;<
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CIlIg ?<g A£¢I<g kdB@DI«d<gi ®;g ¢<d±<kJ lAe<J<D dk ¢D£?dIJ «d¤I;g £kJ J@;@AelD³@ <J l¢¢D@AI@§
;¤£DI³Ikl; ;<dD ¢D£AdDlkJ dk< dJI;IJ@ l??IJI£kk<;;< ¢lD Dl¢¢£DJ ² ;l A£¢I< ¯?< BÂB< «d< ?lkg
HlÒ<ÈlBl qEFFEr°i ¬l ÀDB< ¢D£?dIJ dk k£BCD< ÀkI ?< ¢D£?dIJg ?I´@D<kAI@g e£DI¦£kJl;<B<kJi
¬<g A£¢I<g kdB@DI«d<g ¢<DB<JJ<kJ ldª A£kg£BBlJ<dDg ?< J<gJ<D A<g ¢D£?dIJg l±lkJ ?<
¢D<k?D< ;<dD ?@AIgI£k ?¤lAelJ lÀk ?< g< Dl¢¢D£Ae<D ?< ;<dD ¢D£?dIJ I?@l; ld ;I<d ?< Ae£IgID
dk ¢D£?dIJ ld elglD?i ¬<g ldJ<dDg B£kJD<kJ «d< ¢£dD dk k£BCD< ?< ¢D£?dIJg gdÍglBB<kJ
³Dlk?§ ;< D¥;< Ik¨£DBlJI£kk<; ?<g A£¢I<g kdB@DI«d<g§ «dI ld³B<kJ< ;l ?Ig¢£kICI;IJ@ ² lAe<J<D
;¤£DI³Ikl;§ ¢<dJ A£B¢<kg<D ;¤<´<J k@³lJI¨ ?< A£kAdDD<kA< ?<g A£¢I<g gdD ;¤£DI³Ikl;§ gI CI<k «d<
;l ÀDB< ld³B<kJ< g<g ¢D£ÀJg Bl;³D@ dk< ClIgg< ¢£J<kJI<;;< ?< g<g D<A<JJ<g ¯?d ¨lIJ ?< ;l
ClIgg< ?<g A£ËJg° i

Ìk A< «dI A£kA<Dk< ;l BdgI«d<§ «dI <gJ dk CI<k ?¤<ª¢@DI<kA<§ ;<g A£¢I<g ©£d<kJ dk D¥;<
Ik¨£DBlJI£kk<; IB¢£DJlkJi

�#Ë r-.,��ô%,�-.
Ä£dg ¢D£¢£g£kg dk< D<¢D@g<kJlJI£k gIB¢;IÀ@< ?< ;¤Ik?dgJDI< BdgIAl;<§ lÀk ?¤lkl;Èg<D

;¤IB¢lAJ ?¤dk D<k¨£DA<B<kJ ?< ;l ¢D£J<AJI£k ?d A£¢ÈDI³eJ ² ;¤<kA£kJD< ?d ¢IDlJl³<§ ;£Dg«d<
;<g ÀDB<g g£kJ <k B<gdD< ?¤@JlC;ID ¢lDl;;f;<B<kJ ?<g ?Ig¢£gIJI¨g ?< ¢D£J<AJI£k J<Aek£;£³I«d<
gdD ;<g £DI³Ikldªi HD£Ig ¢lDJIAd;lDIJ@g ?d B£?f;< B@DIJ<kJ ?¤ÂJD< ?@±<;£¢¢@<gi ¬l ¢D<BIfD<
A£DD<g¢£k? ldª ¨£DB<g ?< ¢D£J<AJI£k lkJI·¢IDlJl³<i ¬l ?<dªIfB< A£DD<g¢£k? ld ¢£IkJ EiÃi=
?< ;l ;IJJ@DlJdD<§ gdD ;l ?I´@D<kA< ?< «dl;IJ@ <kJD< A£¢I<g <J £DI³Ikldªi ¬l JD£IgIfB< A£DD<g·
¢£k? ld ¢£IkJ EiÃiG§ gdD ;l JDlkgBIggI£k ?¤Ik¨£DBlJI£k ¢lD ;<g A£¢I<gi

Ä£dg A£kgI?@D£kg ?<dª ¨£DB<g ?< ¢D£J<AJI£k lkJI·¢IDlJl³< ?<g Êd±D<g BdgIAl;<gi c¤dk<
¢lDJ ;l ¢D£J<AJI£k ©dDI?I«d<§ @JlC;I< ¢lD ;<g ldJ£DIJ@g g£dg ;l ¨£DB< ?¤dk A£¢ÈDI³eJi ¬¤l¢·
¢;IAlJI£k ?d A£¢ÈDI³eJ IB¢;I«d< ?<g ¢D£Afg @±<kJd<;g lIkgI «d< ?<g lB<k?<g ² ;¤<kA£kJD<
?<g A£¢I<dDg ;̄¤lAJI±IJ@ ?< A£¢I< @JlkJ A£kgI?@D@< A£BB< I;;IAIJ<°§ «dI ?£I±<kJ l;£Dg IkJ<Dkl·
;Ig<D ;< DIg«d< ?< ¢£dDgdIJ<g ©d?IAIlID<gi c¤ldJD< ¢lDJ§ ;l ¢D£J<AJI£k J<Aek£;£³I«d<§ @JlC;I<
¢lD ;<g ?@J<kJ<dDg ?<g ?D£IJg g£dg ;l ¨£DB< ?< ?Ig¢£gIJI¨g BIg <k ¢;lA< ² ;l g£dDA<§ ����
?ID<AJ<B<kJ gdD ;<g ¢D£?dIJg £DI³Ikldªi ok< J<;;< ¢D£J<AJI£k§ ?£kJ ;l BIg< <k ¢;lA< <gJ A£Ë·
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J<dg<§ I;;dgJD< ;< cph «dI l ¢£dD CdJ ·<kJD< ldJD<g· ?¤<B¢ÂAe<D ;l A£¢I< ?<g £DI³Ikldª gdD
;<g D@g<ldª Ei m<JJ< ¨£DB< ?< ¢D£J<AJI£k ¢<dJ k@lkB£Ikg ÂJD< A£kJ£dDk@< <J BIg< <k
@Ae<A ¢lD ?<g ¸
�¼¹���¾§ «dI ¢<d±<kJ Dl¢I?<B<kJ B<JJD< <k ¢;lA< <J ?I´dg<D ?<g ?Ig¢£gIJI¨g
lkJI·¢D£J<AJI£ki ok< ¨£Ig ;<g B<gdD<g ?< ¢D£J<AJI£k J<Aek£;£³I«d< A£kJ£dDk@<g§ ;<g ÀAeI<Dg
kdB@DI«d<g ¢<d±<kJ ?< k£d±<ld ÂJD< A£¢I@g <J @Aelk³@g gdD ;<g D@g<ldª Ei oJI;Ig@< g<d;<§
;l ¢D£J<AJI£k J<Aek£;£³I«d< <gJ ?£kA ±£d@< ² ;¤@Ae<A K <;;< k< g< gdÍJ ¢lg ² <;;< BÂB< ¢£dD
;dJJ<D A£kJD< ;< ¢IDlJl³<§ <J ?<Blk?< ² ÂJD< dJI;Ig@< A£k©£IkJ<B<kJ ² ;l ¢D£J<AJI£k ;@³l;< ?<g
?D£IJgi

¬l BdgI«d< <gJ dk CI<k ?¤<ª¢@DI<kA<§ «dI g< D@±f;< ² g£k dgl³< ¯���� g£k @A£dJ<°i Ä£dg
A£kgI?@D£kg ?<dª B£?<g ?< ?IgJDICdJI£k ?< ;l BdgI«d< K ?¤dk< ¢lDJ ;< B£?< JDl?IJI£kk<;
A£ËJ<dª ?< ¢dC;IAIJ@ É ¢D£B£JI£k «dI ¢<DB<J ldª ¢D£?dAJ<dDg ?< J<kID J£dg ;<g A£kg£BBl·
J<dDg Ik¨£DB@g§ <J ?¤ldJD< ¢lDJ ;< E «dI ¢<DB<J ldª ÀDB<g ?< ?IgJDICd<D ;<dD ¢D£?dIJg
² dk B£Ik?D< A£ËJ Ā< g£kJ ;<g A£kg£BBlJ<dDg <J k£k ;<g ¢D£?dAJ<dDg «dI gd¢¢£DJ<kJ ;<g
A£ËJg ?¤lA«dIgIJI£k ?< ;¤Ik¨£DBlJI£k°§ ld ¢DIª ?¤dk< ?<Blk?< ¢£J<kJI<;;< ¢;dg ¨lIC;< ḡ<d;g
;<g A£kg£BBlJ<dDg Ik¨£DB@g g£kJ gdgA<¢JIC;<g ?¤lAe<J<D°i ®;;dgJDlJI£k ?d B£?< ?< ?IgJDICd·
JI£k E§ ;< ¸��º $�Õ��Õ Ô������¾ ?< Äl¢gJ<D ?<gJIk@ ² ?<g ³D£d¢<g ?@CdJlkJg ¢D£¢£glIJ
dk ;I<k eÈ¢<DJ<ªJ< ² dk gIJ< BlDAelk? £� ;<dD ¢D£?dIJ £DI³Ikl; @JlIJ ±<k?di c<dª g<·
BlIk<g l¢Dfg ;< ;lkA<B<kJ ?d ¢D£³DlBB<§ Äl¢gJ<D A£B¢JlIJ ¢;dg ?< =FiFFF g£dBIggI£kg ?<
³D£d¢<gEÚ i ¬< B£?f;< B<J <k £¢¢£gIJI£k ;<g ?<dª B£?<g ?< ?IgJDICdJI£k§ A£BB< dk< J<Ae·
k£;£³I< ¸ ��	����Õ�������
¾ ?¤dk< ¢lDJ§ ?lkg ;l«d<;;< ;< ¢D£?dAJ<dD ¢lÈ< ¢£dD JDlkgB<JJD<
;¤Ik¨£DBlJI£k ldª A£kg£BBlJ<dDg§ <J dk< J<Aek£;£³I< ¸ ��	����Õ������»»¾ ?¤ldJD< ¢lDJ§ ?lkg
;l«d<;;< ;<g A£kg£BBlJ<dDg ¢lÈ<kJ ¢£dD lA«d@DID ;¤Ik¨£DBlJI£ki jI<k «d¤I; g¤l³Igg< ?¤dk< D<·
¢D@g<kJlJI£k JDfg gIB¢;IÀ@< ?< ;l ?IgJDICdJI£k BdgIAl;<§ dk< J<;;< ?IgJIkAJI£k ¢<DB<J ?¤lkl·
;Èg<D ;¤IB¢lAJ ?¤dk D<k¨£DA<B<kJ ?< ;l ¢D£J<AJI£k ;@³l;< g<;£k ;< Alkl; ?¤Ik¨£DBlJI£k dJI;Ig@i

ÌkÀk§ k£dg gd¢¢£g£kg «d< ;l A£¢I< kdB@DI«d< ?¤dk ¢D£?dIJ§ ?Ig¢£kIC;< gdD IkJ<Dk<J g£dg
¨£DBlJ hÃ§ ¢D£AdD< dk< B£Ik?D< dJI;IJ@ «d< ;¤£DI³Ikl;i µdJD<B<kJ ?IJ§ k£dg A£kgI?@D£kg
«d< ;<g A£¢I<g kdB@DI«d<g ?Ig¢£kIC;<g <k ;I³k< £kJ dk< ±l;<dD <g¢@D@< ¢;dg ¨lIC;< «d< ;<g
£DI³Ikldªi Ìk <´<J§ Dl¢¢<;£kg «d< A<DJlIkg dJI;IglJ<dDg ±l;£DIg<kJ ¨£DJ<B<kJ ;< mc§ «dI
FàZÁUWNLIX tXUHlN zL s ÄùTNJR éVUHlN zLa\ ùJRVUI]  IUXSMHLV\ ÂVI éLUHOUXO\ �í çTJH ëìììb
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g¤lAA£B¢l³k< ?< J<ªJ<g <J ¢lD£;<g§ ?< ¢e£J£g§ <J ?¤ldJD<g Ik¨£DBlJI£kg «dI ¨£kJ ?@¨ldJ ldª
A£¢I<g hÃi c< ¢;dg§ ;l «dl;IJ@ J<AekI«d< ?¤dk ÀAeI<D hÃ ¢<dJ ÂJD< A£kgI?@D@< A£BB<
?@³Dl?@< ¢lD Dl¢¢£DJ ld ¸g£k ¬lg<D¾ ?¤dk mc§ ?d ¨lIJ ?< ;¤l;³£DIJeB< ?< A£B¢D<ggI£k§ <J
?< ;l ¢£ggICI;IJ@ ?< J@;@AelD³<D dk ÀAeI<D Bl; <kA£?@ £d A£DD£B¢di c< ¢;dg <k ¢;dg ?<
gIJ<g ?< ±<kJ< ?< BdgI«d< <k ;I³k< Ā£BB< ;< ß���¼ &Õ��� ?¤µ¢¢;< ¢lD <ª<B¢;<° ¢D£¢£g<kJ
?<g g<D±IA<g ¢<Dg£kkl;Ig@g ldª A£kg£BBlJ<dDg ¯?<g D<A£BBlk?lJI£kg§ ?<g A£kg<I;g§ <JAi°§
«dI D<k¨£DA<kJ ;l ±l;<dD D<;lJI±< ?<g £DI³Ikldªi lD lI;;<dDg§ ;< A£ËJ ?¤lA«dIgIJI£k ?< ;l
A£¢I< ?@¢<k? ?< ;l ?@gdJI;IJ@ ?< ;¤dJI;IglJ<dD ² ¢lgg<D ?d J<B¢g <k ;I³k< gdD g£k £D?IklJ<dD
² J@;@AelD³<D ?<g ÀAeI<Dgi Ìk <´<J§ ;< J<B¢g ?< ;£IgID ?Ig¢£kIC;< @JlkJ Ik@;lgJI«d< g<;£k ;<g
A£kg£BBlJ<dDg§ k£dg A£kgI?@D£kg «d¤I;g g£kJ e@J@D£³fk<g ¢lD Dl¢¢£DJ ld A£ËJ ?¤£¢¢£DJdkIJ@
² ¢lgg<D ?d J<B¢g ² Ae<DAe<D <J J@;@AelD³<D ?<g ÀAeI<Dg gdD ;<g D@g<ldª Ei

Ä£JD< B£?f;< A£kJDICd< ² ;l ;IJJ@DlJdD< gdD ;< ¢IDlJl³< ¢lD ;<g dJI;IglJ<dDg Àkldª gdD JD£Ig
¢£IkJgi D<BIfD<B<kJ§ k£dg IkJD£?dIg£kg dk ?<³D@ ?< ¢D£J<AJI£k J<Aek£;£³I«d< <k?£³fk<
?@J<DBIk@ ¢lD ;< ¢D£?dAJ<dD§ <J k£dg AlDlAJ@DIg£kg gl D<;lJI£k l±<A ;l ¢D£J<AJI£k ©dDI?I«d<i
Ä£dg B£kJD£kg «d¤dk D<k¨£DA<B<kJ ?d A£¢ÈDI³eJ A£k?dIJ ;<g ÀDB<g dJI;IglkJ ;l J<Aek£;£³I<
¸ ��	����Õ�������
¾ ² D<k¨£DA<D ;l ¢D£J<AJI£k J<Aek£;£³I«d<§ A< «dI ld³B<kJ< ;<dDg ¢D£ÀJg§ <J
kdIJ <k D<±lkAe< ldª ÀDB<g dJI;IglkJ ;l J<Aek£;£³I< ¸ ��	����Õ������»»¾i c<dªIfB<B<kJ§ k£dg
B£kJD£kg «d< ;< D<k¨£DA<B<kJ ?d A£¢ÈDI³eJ ¢lD ;< CIlIg ?< ¢£dDgdIJ<g ©d?IAIlID<g lAADd<g
² ;¤<kA£kJD< ?<g A£¢I<dDg ?IBIkd< ;< gdD¢;dg ?<g A£kg£BBlJ<dDg§ ² JDl±<Dg dk <´<J ?ID<AJ
k@³lJI¨ gdD ;<g A£¢I<dDg§ <J dk <´<J Ik?ID<AJ k@³lJI¨ gdD ;<g lAe<J<dDg ?¤£DI³Ikldª «dI ±£I<kJ
;l ¢D£J<AJI£k J<Aek£;£³I«d< <J ;< ¢DIª ld³B<kJ<Di HD£IgIfB<B<kJ§ k£dg I;;dgJD£kg ;< ¨lIJ «d<
;<g IkJ@DÂJg ?<g ¢D£?dAJ<dDg ¢<d±<kJ ÂJD< ?I´@D<kJg g<;£k ;<dD JÈ¢< K dk D<k¨£DA<B<kJ ?d
A£¢ÈDI³eJ ¢<dJ l;£Dg D@?dID< ;<g ¢D£ÀJg ?< ;¤Ik?dgJDI< ;£Dg«d¤dk< ³Dlk?< ¢D£¢£DJI£k ?< ÀDB<g
¢D£?dIJ ?<g lDJIgJ<g ² ¨lIC;< ld?I<kA< <̄k £¢¢£gIJI£k ldª ������Õ���°i

�#ó �) t-�u*)
Ä£dg lkl;Èg£kg ;¤IB¢lAJ ?¤dk< ¢D£J<AJI£k ?d A£¢ÈDI³eJ lAADd<§ ;£Dg«d< ?<dª J<Aek£·

;£³I<g ?< ?IgJDICdJI£k g£kJ ?Ig¢£kIC;<gi m<g ?<dª J<Aek£;£³I<g g¤£¢¢£g<kJ ?lkg ;l BlkIfD<
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?£kJ ;<g A£kg£BBlJ<dDg g£kJ Ik¨£DB@g gdD ;<g ¢D£?dIJg £DI³Ikldªi Ä£dg gd¢¢£g£kg «d< ;<g
A£kg£BBlJ<dDg ?£I±<kJ ÂJD< Ik¨£DB@g ¢£dD ¢D<k?D< ;<dD ?@AIgI£k ?¤lAelJ ¯dk A£kg£BBlJ<dD
k£k Ik¨£DB@ k¤lAefJ< ¢lg°i

d4õ43 56h=;9=7h8 >8=7ü:76>=>¬;
Ä£dg A£kgI?@D£kg ?<dª ¨£DB<g ?< ¢D£J<AJI£k lkJI·¢IDlJl³<i
¬<g ¢£d±£IDg ¢dC;IAg B<JJ<kJ <k ¢;lA< dk< ¢D£J<AJI£k ;@³l;<§ ² JDl±<Dg ;l ;£I ?d A£¢È·

DI³eJ§ ?<gJIk@< ² ¢D£J@³<D Êd±D<g £DI³Ikl;<g A£kJD< ;l A£¢I< I;;@³l;< Ā£BB< ;< chmµ ¢lD
<ª<B¢;<°i Ä£dg B£?@;Ig£kg ;< ?<³D@ ?< g@±@DIJ@ ?<g ¢£d±£IDg ¢dC;IAg «dlkJ ² ;¤l¢¢;IAlJI£k
?< ;l ;£I ¢lD ;< ¢lDlBfJD<

φ
§ «dI D<¢D@g<kJ< dk A£ËJ ¢£dD ;<g A£¢I<dDg «dI J@;@AelD³<kJ ?<g

A£¢I<g <k ;I³k<i ®; g¤l³IJ ?¤dk A£ËJ ?ID<AJ ² JDl±<Dg ;l ?@gdJI;IJ@ <g¢@D@< ?< ;¤lB<k?< <k Alg
?< ¢£dDgdIJ<g ©d?IAIlID<g ¢£dD A£¢I< I;;@³l;<§ BlIg @³l;<B<kJ ?¤dk A£ËJ Ik?ID<AJ ² JDl±<Dg ;<
C;£Al³< ¢£J<kJI<; ?d D@g<ld ?¤@Aelk³< £d ;<g ?IÍAd;J@g ?¤lAAfg ld D@g<ldiâ i

lDl;;f;<B<kJ ² ;l ¢D£J<AJI£k ;@³l;<§ ;<g ¢D£?dAJ<dDg ¢<d±<kJ B<JJD< <k ¢;lA< dk< ¢D£·
J<AJI£k J<Aek£;£³I«d< A£ËJ<dg< gdD ;<g £DI³Ikldªi m<JJ< ¢D£J<AJI£k ±Ig< ² D<k?D< ;l A£¢I<
?< ;¤£DI³Ikl; ¢;dg ?IÍAI;< ² D@l;Ig<D <J ¢;dg DlD< gdD ;<g D@g<ldª Ei Ä£dg k£J£kg α > 0;< ?<³D@ ?< ¢D£J<AJI£k J<Aek£;£³I«d<§ BIg <k ¢;lA< ¢lD ;< ¢D£?dAJ<dD ld A£ËJ AD£IgglkJ <J
A£k±<ª< c(α) > 0

i

d4õ4d �ã:?67;89; lA<79>;
m£BB< J£dJ CI<k ?¤<ª¢<DI<kA<§ ;l BdgI«d< ¢D@g<kJ< ?<g AlDlAJ@DIgJI«d<g «dI g< D@±f;<kJ

² g£k dgl³< <̄k ;¤£AAdDD<kA<§ g£k @A£dJ<°i ÉA£dJ<D ;l BdgI«d< ¯«d< A< g£IJ ¢lD ;< CIlIg
?< ;l ¢dC;IAIJ@ ·² ;l Dl?I£ ¢lD <ª<B¢;<· £d ?< ;l A£¢I<° ¢<DB<J ² dk A£kg£BBlJ<dD ?<
?@A£d±DID g¤I; lIB< £d k£k ;< ¢D£?dIJ <k «d<gJI£ki Ä£dg gd¢¢£g£kg «d¤dk A£kg£BBlJ<dD
lIB< ;l BdgI«d< «d¤I; @A£dJ< ḡ£k <ª¢@DI<kA< BdgIAl;< <gJ ¢£gIJI±<° l±<A dk< ¢D£ClCI;IJ@ ρ

§
<J k< ;¤lIB< ¢lg ḡ£k <ª¢@DI<kA< BdgIAl;< <gJ k@³lJI±<° l±<A dk< ¢D£ClCI;IJ@ 1 − ρ

¯l±<A
0 ≤ ρ ≤ 1

°i Ä£dg gd¢¢£g£kg «d¤dk A£kg£BBlJ<dD «dI l dk< <ª¢@DI<kA< BdgIAl;< k@³lJI±<
såtYINL ]I NMXL NT[J WUX ÁUWNLIX WIHOUHL ]IN _TI]_TIN SMJN _TJ MHL NTJKJ ]I WXMR`N\ UKUHL _TI ]I XPNIUT HINMJL LXUHN°MXSP IH NJLI ]PxU] IL WU^UHLb
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D<JID< dk< dJI;IJ@ ?< ;l BdgI«d< «d< k£dg k£DBl;Ig£kg ² 0
i Ìk D<±lkAe<§ ;< A£kg£BBlJ<dD «dI

l dk< <ª¢@DI<kA< BdgIAl;< ¢£gIJI±< D<JID< ¢£J<kJI<;;<B<kJ dk< dJI;IJ@ ¢£gIJI±< ?< ;l BdgI«d<§
² JDl±<Dg ;¤lAelJ ?¤dk £DI³Ikl; £d ;< J@;@AelD³<B<kJ ?¤dk< A£¢I<i

d4õ4j �67¬78>Aã ;= 9h:7;<
Ä£dg gd¢¢£g£kg «d¤I; <ªIgJ< ?<dª ±<DgI£kg ?¤dk BÂB< ¢D£?dIJ K ;l ±<DgI£k £DI³Ikl;< <J

;l A£¢I<i ¬l ±<DgI£k £DI³Ikl;<§ ±<k?d< ¢lD ;<g ¢D£?dAJ<dDg ld ¢DIª p
§ ¢D£AdD< dk< dJI;IJ@

vb(α) ldª A£kg£BBlJ<dDgi ¬l A£¢I<§ ¢£dD gl ¢lDJ§ <gJ ?Ig¢£kIC;< gdD ®kJ<Dk<J <J ¢<dJ ÂJD<
J@;@AelD³@< ³DlJdIJ<B<kJ ² JDl±<Dg ;<g D@g<ldª ?¤@Aelk³< <<D·J£·<<Di Ì;;< ¢D£AdD< dk<
dJI;IJ@

vc(α) ldª A£kg£BBlJ<dDgi
Ä£dg gd¢¢£g£kg «d<

vb(α)
<J

vc(α)
g£kJ ?<g ¨£kAJI£kg ?@AD£IgglkJ<g ?< ;l ¢D£J<AJI£k

J<Aek£;£³I«d< α
K ;<g gÈgJfB<g ?< ±<DD£dI;;l³< ?<g £DI³Ikldª§ «dI ±Ig<kJ ² ;IBIJ<D ;< ¢IDlJl³<

<̄k D@?dIglkJ ;l ¢D£ClCI;IJ@ ?< JD£d±<D dk ÀAeI<D k£k ¢D£J@³@ ¢lD <ª<B¢;<° <J ?@³Dl?<D ;l
«dl;IJ@ ?<g A£¢I<g§ ;IBIJ<kJ J£dJ<¨£Ig ;<g ¢£ggICI;IJ@g ?¤dgl³< ?<g £DI³Ikldª ¢lD ;<g lAe<J<dDg
;@³ldª ¯² JDl±<Dg dk dgl³< ² ?<g Àkg ¢DI±@<g ·	��� ���· ¢;dg D<gJD<IkJ°i

c< ¢;dg§ k£dg gd¢¢£g£kg «d¤dk< A£¢I< kdB@DI«d< ¢D£AdD< B£Ikg ?< glJIg¨lAJI£k «d< ;l
±<DgI£k £DI³Ikl;< ?d BÂB< ¢D£?dIJ K vc(α) ≤ vb(α)

i Ä£dg k£J£kg γ(α)
;< ?I´@D<kJI<; ?¤dJI;IJ@

<kJD< ;l A£¢I< <J ;¤£DI³Ikl; K γ(α) = vb(α) − vc(α) ≥ 0
i m<JJ< ¨£kAJI£k D<¢D@g<kJ< ;l ±l;<dD

l©£dJ@< ?< ;¤£DI³Ikl; ¢lD Dl¢¢£DJ ² ;l A£¢I<§ «dI I;;dgJD< ¢lD <ª<B¢;< ;l glJIg¨lAJI£k «d¤dk
A£kg£BBlJ<dD D<JID< ?<g ¢lD£;<g ?<g Aelkg£kg§ ?<g ¢e£J£g§ ?<g Ik¨£DBlJI£kg gd¢¢;@B<kJlID<g
?@;I±D@<g l±<A ;¤£DI³Ikl;§ �Õ¼i Ä£dg gd¢¢£g£kg «d< γ(α)

<gJ dk< ¨£kAJI£k AD£IgglkJ< <J A£kAl±<
?< ;l ¢D£J<AJI£k J<Aek£;£³I«d< α

K dk< ¢D£J<AJI£k J<Aek£;£³I«d< lAADd< kdIJ ?l±lkJl³<
ldª A£¢I<dDg «d¤ldª lAe<J<dDg ?< ;¤£DI³Ikl;§ BlIg ;¤<´<J BlD³Ikl; ?¤dk D<k¨£DA<B<kJ ?< ;l
¢D£J<AJI£k J<Aek£;£³I«d< ?IBIkd< l±<A g£k kI±<ldiEi

Ä£J£kg «d< A<g eÈ¢£Jefg<g D<A£d±D<kJ ;<g B£?f;<g ?lkg ;<g«d<;g ;l ¢D£J<AJI£k J<Aek£;£·
³I«d< k< B£?IÀ< ¢lg ;l ±l;<dD ?< ;¤£DI³Ikl; J£dJ <k ?IBIkdlkJ A<;;< ?< ;l A£¢I< K gI ;¤£DI³Ikl;
¢D£AdD< dk< dJI;IJ@ vb = v

Jlk?Ig «d< ;l A£¢I< ¢D£AdD< dk< dJI;IJ@ vc = (1−α)v 0̄ ≤ α ≤ 1
°§

sFÁMLMHN _TI ]U SUçMXJLP OIN MTLJ]N OI WXMLIRLJMH LIRVHM]MxJ_TI ºWXMLIRLJMH OT SML OI WUNNI\ IHRX^WLJMH\¯�ùÀ XPWMHOIHL ¸ RIN RXJL`XINb
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l;£Dg ;< ?I´@D<kJI<; ?¤dJI;IJ@ <kJD< ;¤£DI³Ikl; <J ;l A£¢I< <gJ
γ(α) = αv

§ <J ;<g eÈ¢£Jefg<g
v

′

c(α) ≤ 0
<J

γ
′

(α) ≥ 0
g£kJ glJIg¨lIJ<gii i ¡I ;<g D@gd;JlJg ?< k£JD< B£?f;< D<gJ<kJ IkAelk³@g

;£Dg«d< ;l glJIg¨lAJI£k D<JID@< ?< ;¤£DI³Ikl; k< ?@¢<k? ¢lg ?< α v̄b(α) = v
°§ k£dg A£kg<D±£kg

J£dJ<¨£Ig ;l ¨£DB< ³@k@Dl;< vb(α)
<J

vc(α)
§ <k DlIg£k ?< ;¤IB¢lAJ ¢£J<kJI<;;<B<kJ k@³lJI¨ ?<

;l ¢D£J<AJI£k J<Aek£;£³I«d< gdD ;¤dgl³< ?<g £DI³Ikldªi

d4õ4Û «h8<hll>=;A6< m?=?6h¬o8;<
¬< ¢IDlJl³< ?< ÀAeI<Dg kdB@DI«d<g IB¢;I«d< dk A£ËJ ?¤£¢¢£DJdkIJ@ s

?d J<B¢g ¢lgg@ ²
Ae<DAe<D <J J@;@AelD³<D ;l BdgI«d< gdD ;< D@g<ld E§ «dI ?I´fD< g<;£k ;<g A£kg£BBlJ<dDgi
Ä£dg gd¢¢£g£kg «d<

s
<gJ ?IgJDICd@ dkI¨£DB@B<kJ gdD dk g<³B<kJ [0, 1]

i ádJD< ;< A£ËJ ?<
¢lgg<D ?d J<B¢g <k ;I³k<§ A< A£ËJ ?¤£¢¢£DJdkIJ@ D<¢D@g<kJ< @³l;<B<kJ dk A£ËJ Ik?ID<AJ§ «dI
D<ÈfJ< ;l ±l;<dD ÀklkAIfD< ?< A< ² «d£I ;¤dJI;IglJ<dD D<k£kA< <k A£kglADlkJ A< J<B¢g <k ;I³k<
·g£k gl;lID< £d dk ldJD< ;£IgID ¢lD <ª<B¢;<i

Ìk D@gdB@§ ;< A£ËJ J£Jl; <g¢@D@ ?< ;l A£¢I< ¯���� gl ?@gdJI;IJ@° <gJ @³l; ² s + φ
i Ä£J£kg

«d< A< A£ËJ ldDlIJ ¢d ¢D<k?D< dk< ¨£DB< Bd;JI¢;IAlJI±<§ ¢lD <ª<B¢;< s(1 + φ)
Ā£BB<

?lkg Ä£±£g lk? Ól;?Blk q=¶>Gr°i ok< J<;;< g¢@AIÀAlJI£k gI³kIÀ< «d¤dk< ld³B<kJlJI£k ?<
;¤lB<k?< <g¢@D@< φ lAAD£ÅJ ?¤ldJlkJ ¢;dg ;l ?@gdJI;IJ@ ?< ;l A£¢I< «d< ;< A£ËJ ?¤£¢¢£DJdkIJ@ s<gJ @;<±@i H£dJ<¨£Ig§ I; k¤È l ¢lg ?< DlIg£k ¢£dD «d< ;<g A£¢I<dDg lÈlkJ dk A£ËJ ?¤£¢¢£DJdkIJ@
s ¢;dg @;<±@ g£d´D<kJ ¢;dg «d< ;<g ldJD<g ?¤dk D<k¨£DA<B<kJ ?< ;l ¢D£J<AJI£k ©dDI?I«d<i Ä£dg
A£kgI?@D£kg ?£kA «d< A<g ?<dª ¢lDlBfJD<g ·lB<k?< <g¢@D@< ?< ;l ¢D£J<AJI£k ©dDI?I«d< <J
A£ËJ ?¤£¢¢£DJdkIJ@ ?< ¢lgg<D ?d J<B¢g gdD IkJ<Dk<J· g£kJ Ik?@¢<k?lkJg§ <J «d< ;l ¢D£J<AJI£k
©dDI?I«d< <k³<k?D< gIB¢;<B<kJ dk< kdIglkA< gd¢¢;@B<kJlID<§ «dI <gJ ;l BÂB< ¢£dD J£dg ;<g
A£¢I<dDgi
sstIL IuISW]I RMXXINWMHO ¸ ]U NWPRJQRULJMH TLJ]JNPI WUX oINIH IL �JX[^ º�í�íÀb ÁMLMHN LMTLI°MJN _TI OUHN]ITX SMO`]I\ ]U WXMLIRLJMH LIRVHM]MxJ_TI α INL IuMx`HI\ LUHOJN _TYJ] NYUxJL OYTHI KUXJU[]I IHOMx`HI OUHNHMLXI SMO`]Ib
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d4õ4õ ý;9m8hh¬7;< B; =6>8<l7<<7h8 B�78±h6l>=7h8
Ä£dg @Jd?I£kg ?<dª J<Aek£;£³I<g ?< JDlkgBIggI£k ?< ;¤Ik¨£DBlJI£k§ dk< J<Aek£;£³I<

¸ ��	����Õ�������
¾§ <J dk< J<Aek£;£³I< ¸ ��	����Õ������»»¾ «dI g< ?IgJIk³d<kJ g<;£k ¢;dgI<dDg
lg¢<AJgi

µ±<A ;l J<Aek£;£³I< ¸ ��	����Õ�������
¾§ A< g£kJ ;<g ÀDB<g «dI gd¢¢£DJ<kJ ;< A£ËJ ?<
?I´dgI£k ?< ;¤Ik¨£DBlJI£ki ;dg ¢D@AIg@B<kJ§ <;;<g ?IgJDICd<kJ ;<dD ¢D£?dIJ ld A£ËJ Àª< ?<
¢dC;IAIJ@ <J ?< ¢D£B£JI£k K

§ gd¢¢£g@ @;<±@i ¬< gÈgJfB< ?< ¢dC;IAIJ@ É ¢D£B£JI£k J£dAe<
;¤<kg<BC;< ?<g A£kg£BBlJ<dDg§ A< «dI gd¢¢£g< «d¤dk< ¨£Ig ;< A£ËJ ?@¢<kg@§ J£dg ;<g A£kg£B·
BlJ<dDg g£kJ A£B¢;fJ<B<kJ Ik¨£DB@g gdD ;¤<ªIgJ<kA< <J ;<g AlDlAJ@DIgJI«d<g ?d CI<ki ÌkÀk§
;< ¢D£?dIJ <gJ ?IgJDICd@ g£dg gl ¨£DB< £DI³Ikl;< ¯lAA£B¢l³k@ ?¤dk< ±lDI@J@ ?< ¢D£?dIJg K
dk C£ÅJI<D§ ?<g ¢lD£;<g§ ?<g ¢e£J£g§ �Õ¼i°i ®; g¤l³IJ ?¤dk< ?IgJDICdJI£k JDl?IJI£kk<;;< ?< ;l
BdgI«d<§ ?lkg ;<g <kg<I³k<g g¢@AIl;Ig@<g Ā£BB< ;l àklA £d ;< pID³Ik h<³lgJ£D< <k àDlkA<°§
£d ?lkg ;<g eÈ¢<DBlDAe@gi

Ìk D<±lkAe<§ l±<A ;l J<Aek£;£³I< ¸ ��	����Õ������»»¾§ A< g£kJ ;<g A£kg£BBlJ<dDg «dI
gd¢¢£DJ<kJ ;< A£ËJ ?¤lA«dIgIJI£k ?< ;¤Ik¨£DBlJI£k K A<JJ< J<Aek£;£³I< ;<dD ¢<DB<J ?< Ae<DAe<D
<J J<gJ<D ;<g A£¢I<g kdB@DI«d<g <k ;I³k<i Ì;;< k¤IB¢;I«d< ldAdk A£ËJ ?< ?IgJDICdJI£k ¢£dD
;<g ÀDB<g§ «dI g< A£kJ<kJ<kJ ?< B<JJD< ;<dD ¢D£?dIJ <k ;I³k< g£dg gl ¨£DB< kdB@DI«d<i
Ä£dg gd¢¢£g£kg «d< ;l ±<DgI£k kdB@DI«d< ?¤dk ¢D£?dIJ ¢D£¢£g< dk <kg<BC;< ;IBIJ@ ?<
AlDlAJ@DIgJI«d<g ¢lD Dl¢¢£DJ ² ;¤£DI³Ikl;§ ?£kJ <;;< <gJ <k «d<;«d< g£DJ< dk< ±<DgI£k ?@³Dl?@<i
Ìk A£kJD<¢lDJI<§ g<d;g ;<g A£kg£BBlJ<dDg «dI £kJ J@;@AelD³@ ;<g A£¢I<g kdB@DI«d<g g£kJ
Ik¨£DB@gi m<g dJI;IglJ<dDg ?< E g£kJ ?<g lAe<J<dDg ¢£J<kJI<;gi ¬< E ©£d< dk k£d±<ld D¥;<
?< ?IgJDICdJI£k§ <k JlkJ «d< C£Dk< ?¤@A£dJ< <J ?< ?@A£d±<DJ<§ «dI ¢<dJ B£JI±<D ;¤lAelJ ?lkg
;l B<gdD< £� ;¤£DI³Ikl; ¢D@g<kJ< ?l±lkJl³< ?¤@;@B<kJg «d< ;l A£¢I<i m< B£?< ?< ?IgJDICdJI£k
<gJ I;;dgJD@ ¢lD ;< g<D±IA< µ;Jk<J ¢lD <ª<B¢;<i� § «dI ¨£kAJI£kk< l±<A ;< D@g<ld E Æl¦lli
µ;Jk<J ¢<DB<J ldª dJI;IglJ<dDg ?< J<gJ<D ?<g ÀAeI<Dg ¢<k?lkJ dk< ?dD@< ;IBIJ@<§ ld ?<;²
?< ;l«d<;;< ;¤lAAfg ldª A£¢I<g <gJ C;£«d@ <J ;<g dJI;IglJ<dDg D<�£I±<kJ ?< ;¤Ik¨£DBlJI£k gdD
;¤lAelJ ?d ÀAeI<D Āel«d< ÀAeI<D l dk lAA£D? ?< ;IA<kA< <J dk ¢DIª Ik?I±I?d<;°i ¬<g dJI;IglJ<dDg
¢<d±<kJ l;£Dg ?@AI?<D ?¤lAe<J<D ;¤£DI³Ikl;§ «dI ¢D£¢£g< <k ¢;dg ?<g g<D±IA<g gd¢¢;@B<kJlID<g
s�jjjbU]LHILbRMS



ÚZý[ÛÝ×Ø \] [ØØ×^Ý�^[ØØ×_ [Û×ýÝý Ø ØÝ �×�ÛÝÞ � ý̀�ÝØ�× ÖE

¯?<g Ik¨£DBlJI£kg gdD ;¤lDJIgJ<§ ?<g D<A£BBlk?lJI£kg§ �Õ¼i°i
clkg ;¤<kg<BC;< ?d B£?f;<§ k£dg k£DBl;Ig£kg ² F ;< A£ËJ Àª< ?< ¢D£?dAJI£k <J ;< A£ËJ

BlD³Ikl; ?< ?IgJDICdJI£ki Ä£J£kg «d< ;¤eÈ¢£Jefg< ?¤dk A£ËJ ?< AD@lJI£k kd; k¤l´<AJ< ¢lg k£g
D@gd;JlJgi Ìk <´<J§ k£dg A£B¢lD£kg ;<g ¢D£ÀJg g<;£k ;<g ?I´@D<kJ<g J<Aek£;£³I<g <J g<;£k ;<
A£kJ<ªJ< ©dDI?I«d<§ <J A<JJ< A£B¢lDlIg£k k< ?@¢<k? ¢lg ?d A£ËJ ?< AD@lJI£k «dI <gJ ?@¢<kg@
?lkg J£dg ;<g Algi Ìk £dJD<§ ;< A£ËJ BlD³Ikl; ?< ?IgJDICdJI£k ?<g CI<kg ?¤Ik¨£DBlJI£k <gJ
k@³;I³<lC;< <k A£B¢lDlIg£k ?d A£ËJ Àª< ?< BlDÒ<JIk³ <J ?< ¢dC;IAIJ@i

àlA< ² ?<dª ±<DgI£kg ?¤dk BÂB< ¢D£?dIJ ;̄¤£DI³Ikl; <J ;l A£¢I< kdB@DI«d<°§ dk A£kg£B·
BlJ<dD ?£IJ ¢D<k?D< ?<dª JÈ¢<g ?< ?@AIgI£kg K A<;;< ?¤lAe<J<D £d k£k ;¤£DI³Ikl;§ <J A<;;< ?<
A£¢I<D £d k£k ;< ÀAeI<D gdD dk D@g<ld Ei pl¢¢<;£kg «d< gdI±lkJ ;l J<Aek£;£³I< ?< ?IgJDICd·
JI£k Ae£IgI< ¢lD ;< ¢D£?dAJ<dD§ A<g ?<dª ?@AIgI£kg ¢<d±<kJ ÂJD< gIBd;Jlk@<g £d g@«d<kJI<;;<gi
Ìk <´<J§ gI ;< ¢D£?dAJ<dD Ae£IgIJ ;l J<Aek£;£³I< ¸ ��	����Õ�������
¾§ ;< A£kg£BBlJ<dD <gJ
IkIJIl;<B<kJ Ik¨£DB@ gdD ;l BdgI«d<§ <J ±£IJ ;<g ?<dª ±<DgI£kg ?d ¢D£?dIJ A£BB< ?<g gdCgJI·
JdJg IB¢lD¨lIJgi ¡<g ?@AIgI£kg g£kJ l;£Dg gIBd;Jlk@<gi Ìk D<±lkAe<§ gI ;< ¢D£?dAJ<dD Ae£IgIJ ;l
J<Aek£;£³I< ¸ ��	����Õ������»»¾§ ;< A£kg£BBlJ<dD k¤<gJ ¢lg Ik¨£DB@ IkIJIl;<B<kJ gdD ;l Bd·
gI«d< <J ¢<dJ ±£d;£ID J<gJ<D ;< ¢D£?dIJ <k ;< A£¢IlkJ l±lkJ ?< ¢D<k?D< gl ?@AIgI£k ?¤lAelJi
¡<g ?@AIgI£kg g£kJ l;£Dg g@«d<kJI<;;<gi

c¤dk< BlkIfD< ³@k@Dl;<§ k£dg k£J£kg u(x, y)
;¤dJI;IJ@ <g¢@D@ ?¤dk A£kg£BBlJ<dD§ £�

;¤lD³dB<kJ x ∈ {0, 1} D<¢D@g<kJ< ;l ?@AIgI£k ?¤lAelJ ?< ;¤£DI³Ikl;§ <J ;¤lD³dB<kJ y ∈ {0, 1}D<¢D@g<kJ< ;l ?@AIgI£k ?< A£¢I<i Ä£dg k£J£kg x = 1 ȳ = 1
° gI ;< A£kg£BBlJ<dD ?@AI?<

?¤lAe<J<D ¯?< A£¢I<D° ;< ¢D£?dIJ§ <J x = 0 ȳ = 0
° gIk£ki� i Ä£dg gd¢¢£g£kg <kÀk «d< gI ;<

A£kg£BBlJ<dD k< ¨lIJ DI<k§ I; £CJI<kJ dk< dJI;IJ@ kd;;<§ ���� u(0, 0) = 0
i

�#� 0�-,)�,�-. v%�����%) ), ,)�§.-*-¨��%)

Ä£dg @Jd?I£kg ;l gJDlJ@³I< ?< ?IgJDICdJI£k <J ?< ¢D£J<AJI£k ?¤dk ¢D£?dAJ<dD ¨lIglkJ ¨lA<
² dk kI±<ld ?< ¢D£J<AJI£k ;@³l;< φ

?£kk@i Ä£dg lkl;Èg£kg ;¤IB¢lAJ ?¤dk D<k¨£DA<B<kJ ?< ;l
s�oJIH _TI ]MXN_TI RIN OITu OPRJNJMHN NMJIHL NP_TIHLJI]]IN ]MXN_TI ]I WXMOTJL INL OJNLXJ[TP WUX ]U LIRVHM]MxJIZ ½¿X�}UR�½�¿ e¼bba\ HMTN HMLMHN ]YTLJ]JLP OT RMHNMSSULITX _TJ URV`LI UWX`N UKMJX RMWJP u(1, 1)

b
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¢D£J<AJI£k ?d A£¢ÈDI³eJ φ
g<;£k ;l J<Aek£;£³I< ?< ?IgJDICdJI£k Ae£IgI< ¯?lkg ;¤<kg<BC;< ?d

B£?f;<§ k£dg A£kgI?@D£kg ;l ;£I gdD ;< A£¢ÈDI³eJ <k ±I³d<dD A£BB< ?£kk@<°i ¬<g ?@B£kg·
JDlJI£kg§ lIkgI «d¤dk< ;IgJ< ?<g k£JlJI£kg§ g£kJ ?£kk@<g <k lkk<ª<i

d4	43 ý;9m8hh¬7; w xyz��{|�x�y�}~���
£dD A£BB<kA<D§ k£dg @Jd?I£kg ;l gIJdlJI£k £� ;< ¢D£?dAJ<dD ?IgJDICd< g£k ¢D£?dIJ ?<

BlkIfD< JDl?IJI£kk<;;<i ®; dJI;Ig< ;l ¢dC;IAIJ@ <J ;l ¢D£B£JI£k ¢£dD Ik¨£DB<D ;¤<kg<BC;< ?<g
A£kg£BBlJ<dDg gdD ;< ¢D£?dIJ§ <J gd¢¢£DJ< ¢£dD A<;l ;< A£ËJ Àª<i¤ § k£J@ K

i
¬l ¢dC;IAIJ@ É ¢D£B£JI£k ¢<DB<J ld ¢D£?dAJ<dD ?¤Ik¨£DB<D J£dg ;<g A£kg£BBlJ<dDg

gdD ;¤<ªIgJ<kA< <J ;<g AlDlAJ@DIgJI«d<g ?< g£k ¢D£?dIJi lD A£kg@«d<kJ§ ;<g A£kg£BBlJ<dDg
¢D<kk<kJ ;<dDg ?@AIgI£kg <k Ik¨£DBlJI£k ¢lD¨lIJ<i ¬<g A£kg£BBlJ<dDg «dI lIB<kJ ;l BdgI«d<
<̄k ¢D£¢£DJI£k ρ

° ¢<d±<kJ lAe<J<D ;¤£DI³Ikl; £d A£¢I<D ;l ±<DgI£k hÃ gdD ;< D@g<ld Ei
clkg A< A£kJ<ªJ<§ ;<g A£kg£BBlJ<dDg k< ¨£kJ dgl³< ?d E «d< ?lkg dk CdJ ?< gdCgJI·
JdJI£k ?< ;¤£DI³Ikl; ¢lD ;l A£¢I< ;̄l A£¢I< k¤l ¢lg ?< D¥;< Ik¨£DBlJI£kk<;°i µdJD<B<kJ ?IJ§
;<g A£kg£BBlJ<dDg «dI A£¢I<kJ ¢<d±<kJ ÂJD< lggIBI;@g ² ?<g ¸¢lggl³<Dg A;lk?<gJIkg¾§ ¢£dD
;<g«d<;g ;< E D<B¢;lA< ;l A£kg£BBlJI£k ?< mci² i ok A£kg£BBlJ<dD «dI lIB< ;l BdgI«d<
¢D£¢£g@< l ;< Ae£Iª <kJD< k< DI<k ¨lID<§ lAe<J<D ;¤£DI³Ikl; <J J@;@AelD³<D ;l A£¢I< kdB@DI«d<i
m<g ?@AIgI£kg g£kJ gIBd;Jlk@<gi

¬¤dJI;IJ@ k<JJ< «d¤dk A£kg£BBlJ<dD D<JID< ?< ;¤lAelJ ?< ;¤£DI³Ikl; <gJ u(1, 0) = vb(α)−p
§

£� p
<gJ ;< ¢DIª ?< ;¤£DI³Ikl;i lD lI;;<dDg§ J@;@AelD³<D ;l A£¢I< ;dI ¢D£AdD< dk< dJI;IJ@ u(0, 1) =

vc(α)− s−φ
§ £� s

<gJ g£k A£ËJ ?¤£¢¢£DJdkIJ@ ?< ¢lgg<D ?d J<B¢g <k ;I³k<§ ¢D£¢D< ² Ael«d<
A£kg£BBlJ<dDi

¬< A£kg£BBlJ<dD Ik?I´@D<kJ <kJD< lAe<J<D ;¤£DI³Ikl; <J J@;@AelD³<D ;l A£¢I< l dk A£ËJ
?¤£¢¢£DJdkIJ@ k£J@ ŝ = p − φ − γ(α), £� γ(α) = vb(α) − vc(α)

i H£dg ;<g A£kg£BBlJ<dDg
?£kJ ;< A£ËJ ?¤£¢¢£DJdkIJ@ ² ¢lgg<D ?d J<B¢g <k ;I³k< s

<gJ gd¢@DI<dD ² ŝ ¢D@¨fD<kJ ;¤£DI³Ikl;
s®·MTX OIN XUJNMHN OI NJSW]JQRULJMH\ HMTN UNNJSJ]MHN ]YUXLJNLI ¸ NMH WXMOTRLITX º½�|� NU SUJNMH OI OJN_TIÀbzSW]JRJLISIHL RI]U NTWWMNI _TYJ] ]ITX INL WMNNJ[]I OYPLU[]JX TH RMHLXUL _TJ P]JSJHI ]IN ]YJHIyRURJLP OI ]UXI]ULJMH KIXLJRU]Ibs¶¯UHN NMH PLTOI Z I ·IIX LM ·IIX\ TH ÷TLXI ùMO`]I îRMHMSJ_TI WMTX ]U ùTNJ_TIa ºëìì£À\ ÂUXJ_ �XJSSIL RI L^WI OI RMWJITX IH MWWMNJLJMH UTu ZNUSW]ITXNa _TJ TLJ]JNIHL UT RMHLXUJXI ]I ·ë· RMSSI TH MTLJ] OIOPRMTKIXLI OI ]U HMTKI]]I STNJ_TIb
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² ;l A£¢I<i ok A£kg£BBlJ<dD lAefJ< ;¤£DI³Ikl; gI JD£Ig A£k?IJI£kg g£kJ D<B¢;I<g K gI I; lIB<
;< ¢D£?dIJ ¯dk< ¢D£¢£DJI£k ρ

?<g A£kg£BBlJ<dDg <gJ ?lkg A< Alg° Á gI ;¤£DI³Ikl; ;dI ¢D£AdD<
dk< dJI;IJ@ ¢£gIJI±< Á gI I; ¢D@¨fD< lAe<J<D ² A£¢I<Di m<g ?<dª ?<DkIfD<g A£k?IJI£kg g¤@ADI±<kJ
?< ;l BlkIfD< gdI±lkJ< K





u(1, 0) ≥ u(0, 1) ⇔ s ≥ ŝ

u(1, 0) ≥ u(0, 0) ⇔ p ≤ vb(α)

¬£Dg«d< ;< ¢DIª p ±@DIÀ< ;l g<A£k?< A£k?IJI£k p̄ ≤ vb(α)
°§ l;£Dg dk< ¢D£¢£DJI£k 1 − ŝ

?<g
A£kg£BBlJ<dDg «dI lIB<kJ ;< ¢D£?dIJ lAefJ< ;¤£DI³Ikl; ¯l±<A 0 ≤ ŝ ≤ 1 ⇔ φ + γ(α) ≤ p ≤
φ + γ(α) + 1

°i
lD A£kg@«d<kJ§ ;l ?<Blk?< ¢£J<kJI<;;< «d< ;< ¢D£?dAJ<dD D<�£IJ <gJ ;l gdI±lkJ< K

D(p, α) =





ρ
gI

p ≤ min{vb(α), φ + γ(α)}
ρ(1 − ŝ)

gI
γ(α) + φ < p ≤ min{vb(α), 1 + φ + γ(α)}

0
gIk£k

ÉJlkJ ?£kk@< A<JJ< ?<Blk?<§ ;< ¢D£?dAJ<dD ?@J<DBIk< ;< ¢DIª ?< ;¤£DI³Ikl; p lIkgI «d< ;<
?<³D@ ?< ¢D£J<AJI£k J<Aek£;£³I«d< α

² B<JJD< <k ¢;lA< gdD ;¤£DI³Ikl; ?< BlkIfD< ² BlªIBIg<D
g£k ¢D£ÀJ k<J ?<g A£ËJg ?< BIg< <k ¢;lA< c(α)

<J ?< ¢dC;IAIJ@ K
i ¡£k £C©<AJI¨ <gJ ;< gdI±lkJ K





max
α,p

π = p D(p, α) − c(α) − K

s.c. p ≤ min{vb(α), 1 + φ + γ(α)}.

¬< ¢D£?dAJ<dD B<J <k ¢;lA< dk< ¢D£J<AJI£k J<Aek£;£³I«d< α
«dI k< C;£«d< ¢lg J£dJ<

¢£ggICI;IJ@ ?< A£¢I< K ;l A£¢I< ¢D£AdD< dk< dJI;IJ@ ¢£gIJI±< ² ld B£Ikg dk A£kg£BBlJ<dD
Ā<;dI lÈlkJ ;< ¢;dg ¨lIC;< A£ËJ ?¤£¢¢£DJdkIJ@ s = 0

°§ ¢£dD dk kI±<ld ?< ¢D£J<AJI£k ;@³l;< φ?£kk@§ Ii<i φ ≤ vc(α)
ii³ ®; D<�£IJ l;£Dg dk< ?<Blk?< D = ρ(1− ŝ)

§ «dI ;dI ¢D£AdD< dk ¢D£ÀJ
π(p, α) = pρ(1−ŝ)−c(α)−K

i ¬< ¢DIª «dI BlªIBIg< A< ¢D£ÀJ <gJ ?£kk@ ¢lD p(α) = 1+γ(α)+φ
2

i
¡I A<JJ< g£;dJI£k p(α) = 1+γ(α)+φ

2

<gJ Ik¨@DI<dD< ² γ(α)+φ
§ ���� gI ;l ¢D£J<AJI£k J<Aek£;£·

s¹tI _TJ IHLXU�HI min{vb(α), φ + γ(α)} = vb(α)
b
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³I«d< <gJ J<;;< «d< 1−vb(α) ≤ φ−vc(α)
§ ;< ¢DIª £¢JIBl; <gJ p∗(α) = γ(α)+φ

i m< ¢DIª lJJID<
J£dg ;<g A£kg£BBlJ<dDg§ ?< g£DJ< «d< ;< ¢D£?dAJ<dD D<�£IJ dk< ?<Blk?< BlªIBl;< D = ρ

i
¬< ¢D£?dAJ<dD ¢<dJ l;£Dg <ªJDlID< ?¤ldJlkJ ¢;dg ?< gdD¢;dg ?<g lAe<J<dDg «d< ;l ¢D£J<AJI£k
J<Aek£;£³I«d< <gJ @;<±@<i Ìk <´<J§ k£dg l±£kg gd¢¢£g@ «d¤dk D<k¨£DA<B<kJ ?< ;l ¢D£J<AJI£k
J<Aek£;£³I«d< l dk IB¢lAJ k@³lJI¨ ¢;dg ¨£DJ gdD ;¤dJI;IJ@ ?< ;l A£¢I< «d< gdD A<;;< ?< ;¤£DI³Ikl;
;̄< ?I´@D<kJI<; ?¤dJI;IJ@ <kJD< ;¤£DI³Ikl; <J ;l A£¢I< <gJ dk< ¨£kAJI£k AD£IgglkJ< ?< ;l ¢D£J<AJI£k
J<Aek£;£³I«d< K

γ′(α) ≥ 0
°i ¬l ?Ig¢£kICI;IJ@ ² ¢lÈ<D ?<g A£kg£BBlJ<dDg§ «dI £kJ ;< Ae£Iª

<kJD< A£¢I<D <J lAe<J<D§ <gJ ?£kA dk< ¨£kAJI£k AD£IgglkJ< ?d ?<³D@ ?< ¢D£J<AJI£k J<Aek£;£·
³I«d< α

i ¬< ¢D£?dAJ<dD l l;£Dg IkJ@DÂJ ² @JlC;ID dk< ¢D£J<AJI£k J<Aek£;£³I«d< α∗ ¢£gIJI±<§
«dI BlªIBIg< g£k ¢D£ÀJ π(α) = ρ(γ(α)+φ)−c(α)−K

§ ���� J<;;< «d< ργ′(α∗)−c′(α∗) = 0
iiµ

Ìk D<±lkAe<§ gI ;l g£;dJI£k p(α) = 1+γ(α)+φ
2

<gJ gd¢@DI<dD< ² γ(α)+φ
§ ���� gI 1− vb(α) ≥

φ − vc(α)
§ l;£Dg ;< ¢DIª £¢JIBl; <gJ p∗ = 1+γ(α)+φ

2

i m< ¢DIª ?£IJ D<g¢<AJ<D ;l A£kJDlIkJ<
?< ¢lDJIAI¢lJI£k ?<g lAe<J<dDg K

p ≤ vb(α)
§ A¤<gJ·²·?ID< «d< ;l ¢D£J<AJI£k J<Aek£;£³I«d<

?£IJ ÂJD< J<;;< «d<
1 − vb(α) ≤ vc(α) − φ

iiÚ ¬< ¢D£ÀJ ?d ¢D£?dAJ<dD <gJ l;£Dg ;< gdI±lkJ K
π(α) = ρ

4
[1+ γ(α)+φ]2 − c(α)−K

i ¬l ¢D£J<AJI£k J<Aek£;£³I«d< «dI BlªIBIg< A< ¢D£ÀJ <gJ
?£kk@< ¢lD ρ

2
[1 + γ(α∗) + φ]γ′(α∗) − c′(α∗) = 0

i�â
Ä£J£kg «d< ;< ¢D£?dAJ<dD ¢£dDDlIJ @³l;<B<kJ B<JJD< <k ¢;lA< dk< ¢D£J<AJI£k gdÍglB·

B<kJ ¨£DJ< ¢£dD C;£«d<D J£dJ< ¢£ggICI;IJ@ ?< A£¢I<§ ���� J<;;< «d¤ldAdk A£kg£BBlJ<dD k<
D<JID< dk< dJI;IJ@ ¢£gIJI±< ?< ;l A£¢I< ¯BÂB< ;< A£kg£BBlJ<dD lÈlkJ ;< ¢;dg ¨lIC;< A£ËJ
?¤£¢¢£DJdkIJ@ s = 0

°§ ² dk kI±<ld ?< ¢D£J<AJI£k ;@³l;< ?£kk@ K
φ ≥ vc(α)

i clkg ;l B<gdD<
£� ;l ¢D£J<AJI£k J<Aek£;£³I«d< <gJ A£ËJ<dg<§ ;< ¢D£?dAJ<dD ;l Àª<DlIJ ² g£k kI±<ld BIkIBl; K
φ = vc(α)

i ¡I ;l A£kJDlIkJ< ?< ¢lDJIAI¢lJI£k ?<g lAe<J<dDg p̄ ≤ vb(α)
° @JlIJ D<g¢<AJ@<§ ;<

¢D£?dAJ<dD ¢£dDDlIJ Al¢J<D J£dJ< ;l ?<Blk?<§ <J £CJ<kID dk ¢D£ÀJ π = ρp − c(α) − K
§

¨£kAJI£k AD£IgglkJ< ?<
p
i ®; Àª<DlIJ ?£kA dk ¢DIª p(α) = vb(α)

§ A< «dI ;dI ¢D£AdD<DlIJ dk
¢D£ÀJ π = ρ(γ(α) + φ) − c(α) −K

i áD A< ¢D£ÀJ lJJ<IkJ g£k BlªIBdB ¢£dD dk< ¢D£J<AJI£k
sÃ¯YTHI WUXL\ ]U RMHOJLJMH OT NIRMHO MXOXI INL KPXJQPI RUX γ′′(α) ≤ 0 IL c′′(α) ≥ 0 WUX V^WMLV`NIb ¯YUTLXIWUXL\ HMTN NTWWMNMHN _TI ]U NM]TLJMH _TJ SUuJSJNI ]I WXMQL π(α) = ρ(γ(α) + φ) − c(α) − K XINWIRLI ]URMHLXUJHLI φ ≤ vc(α)\ ½�|� ]U WXMLIRLJMH LIRVHM]MxJ_TI M[LIHTI IH SUuJSJNUHL ]I WXMQL HYINL WUN LXMW P]IKPIbsàÁMTN IuR]TMHN U]MXN ]U NM]TLJMH OI [MXO LI]]I _TI p = vb(α)\ RUX WMTX RILLI NM]TLJMH\ ]U WIHLI OT WXMQLINL HPxULJKI á ∂π

∂p
|p=vb(α) = ρ[1 + φ − (vb(α) + vc(α))].�åGHI RMHOJLJMH NTyNUHLI WMTX _TI ]U RMHOJLJMH OT NIRMHO MXOXI WUX XUWWMXL ¸ α NMJL KPXJQPI INL á

(γ′(α))2 ρ
2 − c′′(α) ≤ 0

b
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J<Aek£;£³I«d< J<;;< «d<
ργ′(α∗) − c′(α∗) = 0

§ A£BB< k£dg ;¤l±£kg ±d ¢D@A@?<BB<kJ ¯?lkg
;< Alg £� ;l ¢D£J<AJI£k J<Aek£;£³I«d< <gJ J<;;< «d<

φ ≤ vc(α)
<J

1 − vb(α) ≤ φ − vc(α)
°i ¬<

¢D£?dAJ<dD k¤l ?£kA ¢lg IkJ@DÂJ ² B<JJD< <k ¢;lA< dk< ¢D£J<AJI£k gdÍglBB<kJ ¨£DJ< ¢£dD
C;£«d<D J£dJ< ¢£ggICI;IJ@ ?< A£¢I<i

clkg ;< ;<BB< Ei=§ k£dg lkl;Èg£kg ;¤IB¢lAJ ?< ;l ¢D£J<AJI£k ;@³l;< gdD ;l ¢D£J<AJI£k
J<Aek£;£³I«d<i
�êèèê �ÅùÅ$ » ���Õ���� �� �����¼Õ��� ��� �Õ�»��� »� Õ�¼
��»���� ���	����Õ�������
�( »� ����� �� ����
Õ�¼Õ��� Õ�¼
��»������ α∗ �Õ »� ����� �� ���Õ�¼Õ��� »���»� φ

���Õ ��� ¼���»����Õ� � ∂α∗

∂φ
≥ 0

�
¬< D<k¨£DA<B<kJ ?< ;l ¢D£J<AJI£k ;@³l;<§ <k JlkJ «d< A£kg@«d<kA< ?d Ý���Õ�» ß�»»�����

#��½���
Õ $¼Õ ¢lD <ª<B¢;<§ IkAIJ< ;<g ÀDB<g ² D<k¨£DA<D ;<dD ¢D£J<AJI£k J<Aek£;£³I«d< K ;<
¢D£?dAJ<dD dJI;Ig< IAI ;l ¢D£J<AJI£k J<Aek£;£³I«d< A£BB< dk £dJI; A£B¢;@B<kJlID< ?< ;l
¢D£J<AJI£k ;@³l;<i ¬¤IkJdIJI£k <gJ ;l gdI±lkJ< K ² ;l gdIJ< ?¤dk D<k¨£DA<B<kJ ?< ;l ¢D£J<AJI£k
;@³l;<§ ;< A£ËJ ?< ;l A£¢I< ld³B<kJ<§ A< «dI D<k? ;¤lAelJ D<;lJI±<B<kJ ¢;dg lJJDlAJI¨ ldª
È<dª ?<g A£kg£BBlJ<dDgi ¬< ¢D£?dAJ<dD ¢<dJ l;£Dg ld³B<kJ<D ;< ¢DIª ?< ;¤£DI³Ikl; lÀk
?¤<ªJDlID< dk ¢;dg ³Dlk? gdD¢;dg ?<g lAe<J<dDgi hlIg dk ¢DIª ¢;dg @;<±@ ¢<dJ IkAIJ<D A<DJlIkg
A£kg£BBlJ<dDg ² D<?<±<kID ?<g A£¢I<dDgi µÀk ?< ;<g <k ?Iggdl?<D§ ;l ÀDB< ±l D<k¨£DA<D ;l
¢D£J<AJI£k J<Aek£;£³I«d< ¯¢£dD D<k?D< ;¤£DI³Ikl; ¢;dg lJJDlAJI¨ «d< ;l A£¢I<°§ <k A£kJD<¢lDJI<
?< ;¤ld³B<kJlJI£k ?d ¢DIªi

clkg ;< ;<BB< EiE§ k£dg lkl;Èg£kg ;¤IB¢lAJ ?< ;l ¢D£J<AJI£k ;@³l;< gdD ;< ¢DIª <J ;l
?<Blk?< ¢£dD ;¤£DI³Ikl;i
�êèèê �Å�Å$ » ���Õ���� �� �����¼Õ��� ��� �Õ�»��� »� Õ�¼
��»���� ���	����Õ�������
�( »� ���� p∗ �Õ »�
������� ���� » ��������» D(p∗, α∗)

���Õ ��� 	��¼Õ���� ¼�������Õ�� �� ����� �� ���Õ�¼Õ���
»���»� φ

� ∂p∗

∂φ
≥ 0 �Õ ∂D

∂φ
(p∗, α∗) ≥ 0

�
ok D<k¨£DA<B<kJ ?< ;l ¢D£J<AJI£k ;@³l;< lAAD£ÅJ ;< ?I´@D<kJI<; ?< ±l;<dD <kJD< ;¤£DI³Ikl;

<J ;l A£¢I< γ(α)
i Ìk A£kg@«d<kA<§ ;<g A£kg£BBlJ<dDg £kJ dk< ?Ig¢£kICI;IJ@ ² ¢lÈ<D ;¤£DI³Ikl;

¢;dg @;<±@<i
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¬l ¢D£¢£gIJI£k Ei= ?@ADIJ ;¤IB¢lAJ ?¤dk D<k¨£DA<B<kJ ?< ;l ¢D£J<AJI£k ;@³l;< gdD ;< ¢D£ÀJ
?< ;l ÀDB< <J ;< gdD¢;dg ?<g A£kg£BBlJ<dDgi
�ñ÷�÷æóíó÷ô �ÅùÅ$ » ���Õ���� �� �����¼Õ��� ��� �Õ�»��� »� Õ�¼
��»���� ���	����Õ�������
�( �� ���	��¼����Õ
�� »� ���Õ�¼Õ��� »���»� φ�� ������Õ� »� ���c Õ π∗

(
��� ������� »� ����»�� ��� ¼�������Õ�����
c¤l¢Dfg ;< ;<BB< Ei=§ dk D<k¨£DA<B<kJ ?< ;l ¢D£J<AJI£k ;@³l;< IkAIJ< ;<g ÀDB<g ² D<k¨£DA<D

;l ¢D£J<AJI£k J<Aek£;£³I«d<i ¬<g ÀDB<g «dI dJI;Ig<kJ ;< B£?<g JDl?IJI£kk<;g ?< ¢dC;IAIJ@ É
¢D£B£JI£k C@k@ÀAI<kJ ?¤dk< ¢D£J<AJI£k ;@³l;< ¢;dg ¨£DJ<i ¬¤IB¢lAJ gdD ;< CI<k·ÂJD< g£AIl; <gJ
k@lkB£Ikg l;J@D@ ¢lD ;l ClIgg< ?d gdD¢;dg ?<g A£kg£BBlJ<dDgi ¬¤IkJdIJI£k <gJ ;l gdI±lkJ<i
¡I ;< D<k¨£DA<B<kJ ?< ;l ¢D£J<AJI£k ;@³l;< l dk <´<J ?ID<AJ k@³lJI¨ gdD ;<g A£¢I<dDg ² JDl±<Dg
φ
§ I; l @³l;<B<kJ dk <´<J Ik?ID<AJ k@³lJI¨ gdD ;¤dJI;IJ@ ?<g lAe<J<dDg ² JDl±<Dg ;¤<´<J ?<

φ
gdD ;l ¢D£J<AJI£k ;@³l;< α∗

<J ;< ¢DIª p∗
K
v′

b(α) ≤ 0
§ dα∗

dφ
≥ 0

§ <J dp∗

dφ
≥ 0

i Ìk £dJD<§
A<DJlIkg A£kg£BBlJ<dDg§ IkAIJ@g ² ¢lgg<D ?< ;l A£¢I< ² ;¤lAelJ§ ±£I<kJ @³l;<B<kJ ;<dD gdD¢;dg
?IBIkd<D ?d ¨lIJ ?< ;¤ld³B<kJlJI£k ?d ¢DIª�Ei Ìk D@gdB@§ BÂB< ;<g A£kg£BBlJ<dDg ?£kJ ;<
A£B¢£DJ<B<kJ k¤<gJ ¢lg I;;@³l; g£d´D<kJ ?¤dk D<k¨£DA<B<kJ ?< ;l ¢D£J<AJI£k ?d A£¢ÈDI³eJi

Ä£J£kg «d< gI ;< A£ËJ Àª< ?< ¢dC;IAIJ@ É ¢D£B£JI£k K
<gJ @;<±@§ I; g< ¢<dJ «d< ;< ¢D£ÀJ

?d ¢D£?dAJ<dD «dI dJI;Ig< ;l J<Aek£;£³I< ¸ ��	����Õ�������
¾ g£IJ k@³lJI¨ K
p∗D(p∗, α∗) −

c(α∗)−K < 0
i clkg A< Alg§ ;< ¢D£?dAJ<dD k< ?IgJDICd< ¢lg g£k ¢D£?dIJ§ ;<g A£kg£BBlJ<dDg

I³k£D<kJ ;¤<ªIgJ<kA< ?< ;¤lDJIgJ< <J ;<g ¢D£ÀJg g£kJ kd;gi ¬l J<Aek£;£³I< «d< k£dg ¢D@g<kJ£kg
BlIkJ<klkJ ¢D@g<kJ< ;¤l±lkJl³< ?¤@±IJ<D A< JÈ¢< ?< gIJdlJI£ki

d4	4d ý;9m8hh¬7; w xyz��{|�x�y�}~���
Ä£dg @Jd?I£kg BlIkJ<klkJ ;l gIJdlJI£k £� ;< ¢D£?dAJ<dD ?IgJDICd< g£k ¢D£?dIJ ¢lD ;<

D@g<ld E§ <J k¤Ik±<gJIJ ?£kA ¢;dg ?lkg ;l ¢dC;IAIJ@ É ¢D£B£JI£ki clkg A< A£kJ<ªJ<§ ;<g
�FtILLI WXMWMNJLJMH OJv`XI OT XPNT]LUL OI ÁMKMN IL nU]OSUH º�í�£À NI]MH ]IN_TI]N TH XIH°MXRISIHL OI]U WXMLIRLJMH ]PxU]I U TH IvIL US[JxT NTX ]I NTXW]TN OIN RMHNMSSULITXN\ RUX RIXLUJHN RMHNMSSULITXN _TJWUNNIHL OI ]U RMWJI ¸ ]YURVUL OI ]YMXJxJHU] PRMHMSJNIHL ]I RM¡L NMRJU] OI ]U RMWJIb
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A£kg£BBlJ<dDg§ IkIJIl;<B<kJ k£k Ik¨£DB@g gdD ;<g AlDlAJ@DIgJI«d<g ?d CI<k§ £kJ ;l ¢£ggICI·
;IJ@ ?¤lA«d@DID ?< ;¤Ik¨£DBlJI£k <k J@;@AelD³<lkJ ?<g A£¢I<g kdB@DI«d<gi ¬<g A£kg£BBlJ<dDg
«dI £kJ A£¢I@ ;< ¢D£?dIJ <J lIB@ ;l BdgI«d< ¢<d±<kJ l;£Dg g¤l?D<gg<D ?ID<AJ<B<kJ ld ¢D£?dA·
J<dD ¢£dD g< ¢D£AdD<D ;¤£DI³Ikl;i m<g A£kg£BBlJ<dDg ¨£kJ ?£kA dk dgl³< ?d E ?I´@D<kJ
?< A<;dI ?< ;l g<AJI£k ¢D@A@?<kJ<§ AlD IAI ;l A£¢I< ¢<dJ l±£ID dk D¥;< Ik¨£DBlJI£kk<; K ;<g
A£kg£BBlJ<dDg «dI J@;@AelD³<kJ ?<g A£¢I<g ?lkg ;< CdJ ?< J<gJ<D ;l BdgI«d< ¢<d±<kJ ÂJD<
lggIBI;@g ² ?<g ¸glB¢;<dDg¾§ ¢£dD ;<g«d<;g ;< E <gJ dk Alkl; ?¤lA«dIgIJI£k ?< ;¤Ik¨£DBlJI£ki

Ä£J£kg «d¤² ;l ?I´@D<kA< ?< ;l g<AJI£k ¢D@A@?<kJ<§ dk A£kg£BBlJ<dD ¢<dJ IAI ?@J<kID
?<dª ±<DgI£kg ?¤dk BÂB< ¢D£?dIJ ;̄l A£¢I< <J ;¤£DI³Ikl;°i m<;l g¤<ª¢;I«d< ¢lD ;l ?I´@D<kA<
?lkg ;<g gJDdAJdD<g ?¤Ik¨£DBlJI£ki ®kIJIl;<B<kJ ?@¢£dD±dg ?¤Ik¨£DBlJI£k gdD ;<g AlDlAJ@DIg·
JI«d<g ?d ¢D£?dIJ§ ;<g A£kg£BBlJ<dDg ¢<d±<kJ ;< J<gJ<D <̄k J@;@AelD³<lkJ ;l A£¢I<° lÀk ?<
gl±£ID g¤I;g ;¤lIB<kJ £d k£ki ®;g l³Igg<kJ ?£kA ?< BlkIfD< g@«d<kJI<;;<i

c<dª gIJdlJI£kg g£kJ ¢£ggIC;<g§ g<;£k «d< ;<g A£kg£BBlJ<dDg§ k£k Ik¨£DB@g IkIJIl;<B<kJ
gdD ;<g AlDlAJ@DIgJI«d<g ?d ¢D£?dIJ§ £Cg<D±<kJ £d k£k ;< ¢DIª ?< ;¤£DI³Ikl; ld B£B<kJ ?<
¢D<k?D< ;<dD ?@AIgI£k ?< A£¢I<i ¡I ;< ¢DIª ?< ;¤£DI³Ikl; <gJ g£d±<kJ lkk£kA@ �� ��Õ� <J £Cg<D±@
¢lD ;¤<kg<BC;< ?<g A£kg£BBlJ<dDg§ I; ¢<dJ @³l;<B<kJ ?I´@D<D g<;£k ;¤lDJIgJ< <J ;< A£kJ<kd
?< ;¤Êd±D< <J k¤ÂJD< £Cg<D±@ «d¤�� ���Õ§ dk< ¨£Ig ;l A£¢I< J@;@AelD³@< K ;l A£¢I< ©£d< l;£Dg
dk ±@DIJlC;< D¥;< ?< J<gJ ?d ¢D£?dIJ§ <J ;< ¢DIª <gJ ¢D£¢£g@ ld A£¢I<dD l¢Dfg ;l ¢@DI£?< ?<
J<gJ ?< ;l A£¢I<�i i Ä£dg A£kgI?@D£kg <k D<±lkAe< «d< ;< ?<³D@ ?< ¢D£J<AJI£k J<Aek£;£³I«d<
α
BIg< <k ¢;lA< ¢lD ;< ¢D£?dAJ<dD <gJ £Cg<D±lC;< ¢lD J£dg ;<g A£kg£BBlJ<dDgi

�ÅõÅ�Åù �êæ ò÷ôæ÷èèìíêçñæ ô�÷æêñ�êôí �ìæ ëê �ñó� �� ����
Ä£dg @Jd?I£kg IAI ;< Alg £� ;<g A£kg£BBlJ<dDg k< g£kJ ¢lg Ik¨£DB@g IkIJIl;<B<kJ gdD ;<

¢DIª ?< ;¤£DI³Ikl;§ ld B£B<kJ ?< ¢D<k?D< ;<dD ?@AIgI£k ?< A£¢I<i ¡<d;g ;<g A£kg£BBlJ<dDg
«dI £kJ J@;@AelD³@ ;l A£¢I< g£kJ <k B<gdD< ?¤£Cg<D±<D ;< ¢DIª ?< ;¤£DI³Ikl; l±lkJ ?< ¢D<k?D<
dk< ?@AIgI£k ?¤lAelJ Ik¨£DB@<i ®;g k< ¢<d±<kJ ¢lg lAe<J<D ;< ¢D£?dIJ glkg ;¤l±£ID J<gJ@ ¢lD
;l A£¢I< ¢D@l;lC;<B<kJ ¯² JDl±<Dg dk ¢D£A<ggdg ?< D<Ae<DAe< <k ;I³k< A£ËJ<dª <k J<B¢g° K
?lkg dk ¢D<BI<D J<B¢g ¯<k J�=°§ I;g ?@AI?<kJ ?< A£¢I<D £d k£k ;< ¢D£?dIJ Á ?lkg dk g<A£k?
�stYINL WUX IuISW]I ]I RUN NTX ]I NIXKJRI ÷]LHILb
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J<B¢g <̄k J�E°§ dk< ¨£Ig ;l A£¢I< J<gJ@<§ I;g ?<±I<kk<kJ Ik¨£DB@g gdD ;<g AlDlAJ@DIgJI«d<g ?d
¢D£?dIJ <̄J gl±<kJ g¤I;g ;¤lIB<kJ £d k£k° lIkgI «d< gdD g£k ¢DIª§ <J ?@AI?<kJ ?¤lAe<J<D £d k£k
;¤£DI³Ikl;i ¡I I;g k< g£kJ ¢lg <k B<gdD< ?¤£Cg<D±<D ;< ¢DIª �� ��Õ�§ ;<g A£kg£BBlJ<dDg ¢<d±<kJ
J£dJ<¨£Ig ;¤lkJIAI¢<D§ AlD I;g gl±<kJ «d< ;< ¢D£?dAJ<dD ;< Ae£IgIJ ?< BlkIfD< ² BlªIBIg<D g£k
¢D£ÀJi H£dg ;<g A£kg£BBlJ<dDg £Cg<D±<kJ <k D<±lkAe< ;< kI±<ld ?< ¢D£J<AJI£k J<Aek£;£³I«d<
α
i
ok A£kg£BBlJ<dD lAefJ< ;¤£DI³Ikl; g¤I; l A£¢I@ <J lIB@ ;< ¢D£?dIJi µA«d@DID ;¤£DI³Ikl; ld

¢DIª p
;dI ¢D£AdD< dk< dJI;IJ@ l??IJI£kk<;;< γ(α) = vb(α) − vc(α)

i ¬< A£¢I<dD «dI l lIB@ ;<
¢D£?dIJ ?<±I<kJ ?£kA dk lAe<J<dD gI <J g<d;<B<kJ gI p ≤ γ(α)

i
lD A£kg@«d<kJ§ ;¤dJI;IJ@ <g¢@D@< ?¤dk A£kg£BBlJ<dD ?< JÈ¢< s

«dI ¢D<k? ;l ?@AIgI£k
?< A£¢I<D g¤@ADIJ ρ max{γ(α) − p̃; 0} + ρvc(α) − s − φ

§ £� p̃
D<¢D@g<kJ< ;< ¢DIª lkJIAI¢@ ?<

;¤£DI³Ikl;��i ®; J@;@AelD³< ;l A£¢I< gI <J g<d;<B<kJ gI A<JJ< dJI;IJ@ <g¢@D@< <gJ ¢£gIJI±<§ ���� gI
s ≤ ρ max{γ(α) − p̃; 0} + ρvc(α) − φ

i Ä£dg k£J£kg ŝ = ρ max{γ(α) − p̃; 0} + ρvc(α) − φ
;<

A£ËJ ?¤£¢¢£DJdkIJ@ ?d A£kg£BBlJ<dD Ik?I´@D<kJ <kJD< J@;@AelD³<D ;l A£¢I< <J k< DI<k ¨lID<i
ÌªlBIk£kg ;l gJDlJ@³I< ?< ¢DIª ?d ¢D£?dAJ<dD ld B£B<kJ £� ;<g A£¢I<dDg «dI £kJ lIB@

;< ¢D£?dIJ ?£I±<kJ Ae£IgID <kJD< ³lD?<D ;l A£¢I< <J lAe<J<D ;¤£DI³Ikl;i ®; D<�£IJ �� ���Õ dk<
?<Blk?< kd;;< g¤I; Àª< dk ¢DIª p

gd¢@DI<dD ² γ(α)
§ AlD ;<g A£¢I<dDg k¤£kJ l;£Dg ¢lg IkJ@DÂJ

² lA«d@DID ;¤£DI³Ikl;i ¡I <k D<±lkAe< I; Àª< dk ¢DIª Ik¨@DI<dD £d @³l; ² γ(α)
§ l;£Dg J£dg

;<g A£¢I<dDg «dI lIB<kJ ;l BdgI«d< lAefJ<D£kJ ;¤£DI³Ikl; <J I; g<D±IDl dk< ?<Blk?< @³l;< ²
D(α) = ρŝ

gI
ŝ ≤ 1

§ <J
D = ρ

gI
ŝ > 1

i lD A£kg@«d<kJ§ ;< ¢DIª «dI BlªIBIg< ;< ¢D£ÀJ ?d
¢D£?dAJ<dD �� ���Õ <gJ p∗ = γ(α)

§ J<; «d¤I; Al¢J< J£dJ< ;¤dJI;IJ@ l??IJI£kk<;;< ?<g lAe<J<dDgi
µ ;¤@«dI;ICD<§ ;<g A£kg£BBlJ<dDg lkJIAI¢<kJ ¢lD¨lIJ<B<kJ A< ¢DIª K

p̃ = p∗ = γ(α)
i ®;g

lkJIAI¢<kJ ?£kA «d< ;¤dJI;IJ@ <g¢@D@< ?< A£¢I<D <gJ ρvc(α) − φ − s
§ <J ?@AI?<kJ ?< A£¢I<D gI

A<JJ< dJI;IJ@ <g¢@D@< <gJ ¢£gIJI±<§ ���� gI ;<dD A£ËJ ?¤£¢¢£DJdkIJ@ ² ¢lgg<D ?d J<B¢g <k ;I³k<
s
<gJ Ik¨@DI<dD ²

ρvc(α) − φ
i ¡lAelkJ A<;l§ ;< ¢D£?dAJ<dD @JlC;IJ ;< kI±<ld ?< ¢D£J<AJI£k

J<Aek£;£³I«d< α
«dI BlªIBIg< g£k ¢D£ÀJi Ä£J£kg «d¤I; ?£IJ k@A<gglID<B<kJ @JlC;ID dk< ¢D£·

J<AJI£k lgg<¦ ¨lIC;< ¢£dD «d¤ld B£Ikg dk A£kg£BBlJ<dD lIJ IkJ@DÂJ ² A£¢I<D§ Ā<;dI «dI l ;<
�� I RMWJITX XILJXI OI ]U RMWJI THI TLJ]JLP [XTLI vc(α) UKIR THI WXM[U[J]JLP ρ

ºNJ J] UJSI ]U STNJ_TIÀ\ ILTHI TLJ]JLP [XTLI HT]]I UKIR THI WXM[U[J]JLP 1 − ρ
ºNJ J] HYUJSI WUN ]U STNJ_TIÀb z] WXIHO IH RMSWLI ]I RM¡LOYMWWMXLTHJLP s IL ]U OPNTLJ]JLP INWPXPI OIN WMTXNTJLIN çTOJRJUJXIN φ _TYJ] UJSI MT HMH ]I WXMOTJLb
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A£ËJ ;< ¢;dg ¨lIC;<§ s = 0
° K

φ ≤ ρvc(α)
i

¡I ;l ¢D£J<AJI£k <gJ gdÍglBB<kJ ¨lIC;< ¢£dD «d< J£dg ;<g A£kg£BBlJ<dDg A£¢I<kJ§ A¤<gJ·
²·?ID< gI φ ≤ ρvc(α)−1 ⇔ α ≤ v−1

c (φ+1
ρ

)
§ l;£Dg ;< ¢D£?dAJ<dD D<�£IJ dk< ?<Blk?< BlªIBl;<

@³l;< ²
ρ
§ A< «dI IB¢;I«d< dk ¢D£ÀJ π(p, α) = γ(α)ρ − c(α)

i
Ìk D<±lkAe<§ gI ;l ¢D£J<AJI£k <gJ ¢;dg ¨£DJ<§ ?< J<;;< g£DJ< «d¤ld B£Ikg dk A£kg£BBlJ<dD

k< A£¢I< ¢lg Ā<;dI «dI l ;< A£ËJ ?¤£¢¢£DJdkIJ@ ;< ¢;dg @;<±@§ s = 1
°§ ���� ρvc(α) − 1 ≤

φ ≤ ρvc(α)
§ A¤<gJ·²·?ID< v−1

c (φ+1
ρ

) ≤ α ≤ v−1
c (φ

ρ
)
§ l;£Dg ;< ¢D£?dAJ<dD D<�£IJ dk< ?<Blk?<

¢;dg ¨lIC;<§ @³l;< ²
ρ(ρvc(α) − φ)

i ¡I A<JJ< gIJdlJI£k <gJ J<;;< «d< ;< ¢D£?dAJ<dD D<�£IJ
dk< ?<Blk?< ¢;dg ¨lIC;< ld ¢DIª ?¤dk< ¢D£J<AJI£k J<Aek£;£³I«d< ¢;dg ¨£DJ< «d< ?lkg ;l
gIJdlJI£k ¢D@A@?<kJ<§ <;;< k¤<gJ A<¢<k?lkJ ¢lg lCgdD?< ² @Jd?I<Di ®; g< ¢<dJ <k <´<J «d<
;< ¢D£?dAJ<dD k< g£IJ ¢lg <k B<gdD< ?< Al¢J<D J£dg ;<g A£kg£BBlJ<dDg BÂB< l±<A dk<
¢D£J<AJI£k J<Aek£;£³I«d< kd;;<§ gI ;l ¢D£J<AJI£k ;@³l;< BIg< <k ¢;lA< ¢lD ;<g ldJ£DIJ@g <gJ
gdÍglBB<kJ ¨£DJ< ¢£dD «d<

φ > ρvc(0) − 1
¯���� «d¤I; È lIJ ld B£Ikg dk A£kg£BBlJ<dD

«dI k< A£¢I< ¢lg BÂB< <k ;¤lCg<kA< ?< ¢D£J<AJI£k J<Aek£;£³I«d<°i clkg A<JJ< gIJdlJI£k ;<
¢D£ÀJ g¤@ADIJ K

π = ργ(α)(ρvc(α) − φ) − c(α)
i ¬< ¢D£?dAJ<dD lDCIJD< <kJD< dk< ¢D£J<AJI£k

J<Aek£;£³I«d< ¨lIC;< «dI lAAD£ÅJ ;< k£BCD< ?< A£¢I<dDg ¯?£kA ?¤lAe<J<dDg ¢£J<kJI<;g° <J dk<
¢D£J<AJI£k J<Aek£;£³I«d< @;<±@< «dI ¢<DB<J ?¤<ªJDlID< ¢;dg ?< gdD¢;dg ?<g lAe<J<dDgi

�ÅõÅ�Å� �êæ ò÷ôæ÷èèìíêçñæ ÷æêñ�êôí ëê �ñó� �� ����
Ä£dg @Jd?I£kg IAI ;l gIJdlJI£k £� ;<g A£kg£BBlJ<dDg§ CI<k «d< k£k Ik¨£DB@g IkIJIl;<B<kJ

gdD ;<g AlDlAJ@DIgJI«d<g ?d ¢D£?dIJ§ £Cg<D±<kJ ;< ¢DIª ?< ;¤£DI³Ikl; ld B£B<kJ ?< ¢D<k?D< ;l
?@AIgI£k ?< A£¢I<Di ¬<g A£kg£BBlJ<dDg g£kJ ?£kA <k B<gdD< ?¤lAe<J<D ;< ¢D£?dIJ �� ��Õ�§
glkg ¢£dD ldJlkJ ÂJD< Ik¨£DB@g gdD g<g AlDlAJ@DIgJI«d<g ld ¢D@l;lC;<i ®;g ¢<d±<kJ A<DJ<g A£¢I<D
;< ¢D£?dIJ ¢£dD ;< J<gJ<D Ā< g£kJ ¢£J<kJI<;;<B<kJ ?<g lAe<J<dDg Ik?ID<AJg°§ BlIg I;g ¢<d±<kJ
@³l;<B<kJ ¨lID< dk lAelJ k£k Ik¨£DB@§ glkg l±£ID J<gJ@ ;< ¢D£?dIJ ¢lD ;l A£¢I< ld ¢D@l;lC;<
Ā< g£kJ ?<g lAe<J<dDg ?ID<AJg°i clkg dk ¢D<BI<D J<B¢g§ ;<g A£kg£BBlJ<dDg £Cg<D±<kJ ;< ¢DIª

p
<̄J ;< kI±<ld ?< ¢D£J<AJI£k J<Aek£;£³I«d< α

° <J ?@AI?<kJ ?¤lAe<J<D ;¤£DI³Ikl;§ J@;@AelD³<D ;l
A£¢I< £d k< DI<k ¨lID< Á ?lkg dk g<A£k? J<B¢g§ A<dª «dI £kJ lAe<J@ £d A£¢I@ ?@A£d±D<kJ g¤I;g
lIB<kJ £d k£k ;< ¢D£?dIJ§ <J ;<g A£¢I<dDg «dI ;¤£kJ lIB@ £kJ l;£Dg ;l ¢£ggICI;IJ@ ?¤lA«d@DID
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;¤£DI³Ikl;i
H£dg ;<g A£kg£BBlJ<dDg £Cg<D±<kJ ;< ¢DIª p

?< ;¤£DI³Ikl; �� ��Õ�i ¬< gd¢¢;@B<kJ ?¤dJI;IJ@
?< ¢lgg<D ?< ;l A£¢I< ² ;¤£DI³Ikl; <gJ @³l; ² γ(α)−p

¯£� γ(α) = vb(α)−vc(α)
°i lD A£kg@«d<kJ§

gI ;< ¢DIª p
<gJ Ik¨@DI<dD ²

γ(α)
§ ;<g A£kg£BBlJ<dDg lkJIAI¢<kJ «d< g¤I;g A£¢I<kJ <J lIB<kJ

;< ¢D£?dIJ ¯l±<A dk< ¢D£ClCI;IJ@ ρ
°§ I;g lAefJ<D£kJ ;¤£DI³Ikl;i ¬¤dJI;IJ@ ?¤dk A£¢I<dD <gJ l;£Dg

@³l;< ²
u(0, 1) = ρ(vb(α) − p) − s − φ

i
Ìk D<±lkAe<§ gI ;< ¢DIª p

<gJ gd¢@DI<dD ² γ(α)
§ ;<g A£kg£BBlJ<dDg «dI A£¢I<kJ <J lIB<kJ

;< ¢D£?dIJ k¤lAefJ<D£kJ ¢lg ;¤£DI³Ikl; Á ;¤dJI;IJ@ ?¤dk A£¢I<dD <gJ l;£Dg @³l;< ²
u(0, 1) =

ρvc(α)− s−φ
i ¬¤dJI;IJ@ ?¤lAe<J<D ;¤£DI³Ikl; ?ID<AJ<B<kJ ¯���� glkg A£¢I< ¢D@l;lC;<° <gJ ¢£dD

gl ¢lDJ @³l;< ²
u(1, 0) = ρvb(α) − p

i
¡I

u(1, 0) ≥ u(0, 0) ⇔ p ≤ ρvb(α)
§ ;<g A£kg£BBlJ<dDg g< ?I±Ig<kJ <k ?<dª AlJ@³£DI<g§

g<;£k ;<dD A£ËJ ?¤£¢¢£DJdkIJ@ ² Ae<DAe<D§ J@;@AelD³<D <J J<gJ<D ;<g A£¢I<g kdB@DI«d<g <k ;I³k<
s̄
° K ;<g A£kg£BBlJ<dDg ?£kJ ;< A£ËJ ?¤£¢¢£DJdkIJ@ <gJ @;<±@ lAefJ<kJ ;< ¢D£?dIJ ?ID<AJ<B<kJ
<̄k l±<d³;<°§ Jlk?Ig «d< ;<g ldJD<g A£¢I<kJ ;< ¢D£?dIJi ¬< A£kg£BBlJ<dD Ik?I´@D<kJ <kJD<
;¤lAelJ k£k Ik¨£DB@ <J ;l A£¢I< l l;£Dg dk A£ËJ ?¤£¢¢£DJdkIJ@ s

@³l; ² p(1−ρ)−φ
gI

p ≤ γ(α)
§

<J ²
p − ργ(α) − φ

gI
p ≥ γ(α)

i
c<dª gIJdlJI£kg g£kJ ¢£ggIC;<g§ g<;£k ;<g ±l;<dDg D<;lJI±<g ?< ρvb(0)

<J
γ(0)

i

�ÅõÅ�Å�Åù �ñêèóêñ òìæ �
ρvb(0) ≤ γ(0)clkg A< Alg§ ρvb(α) ≤ γ(α)

«d<; «d< g£IJ ;< kI±<ld ?< ¢D£J<AJI£k J<Aek£;£³I«d< α
�� i m<

Alg A£DD<g¢£k? ² ?<g ±l;<dDg ¨lIC;<g ?< ;l ¢D£ClCI;IJ@ ρ
?¤lIB<D ;l BdgI«d<§ A¤<gJ·²·?ID< ²

?<g ¸¢<JIJg lDJIgJ<g¾ ¯?£kJ ;< ¢dC;IA ¢£J<kJI<; <gJ D<gJD<IkJ°§ £d CI<k ² dk< ±l;<dD ?< ;l A£¢I<
JDfg ¨lIC;< J̄<;;< «d<

vc(0)
J<k? ±<Dg F°�¤ i ¬l ?<Blk?< «dI g¤l?D<gg< ld ¢D£?dAJ<dD <gJ l;£Dg

?£kk@< ¢lD K

D(p, α) =





1 − (1 − ρ)[p(1 − ρ) − φ]
gI

p ≤ ρvb(α),

ρ[ρ(vb(α) − p) − φ]
gI

ρvb(α) < p ≤ γ(α).

��ÄH IvIL\ vb(α) INL THI °MHRLJMH OPRXMJNNUHLI IL γ(α) INL THI °MHRLJMH RXMJNNUHLI á NJ ρvb(0) ≤ γ(0)\ U]MXN
ρvb(α) ≤ γ(α) ∀α

b�® U RMHOJLJMH ρvb(0) ≤ γ(0) WITL NI XPPRXJXI ρ ≤ vb(0)−vc(0)
vb(0)

b
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¬£Dg«d< p ≤ ρvb(α)
§ ;<g ?<dª JÈ¢<g ?¤lAe<J<dDg ¯?ID<AJg <J Ik?ID<AJg° A£·<ªIgJ<kJi Ìk D<·

±lkAe<§ ;£Dg«d< ρvb(α) < p ≤ γ(α)
§ ;< ¢DIª ?Iggdl?< ;<g A£kg£BBlJ<dDg ?< ¨lID< dk lAelJ

k£k Ik¨£DB@§ <J ;l ?<Blk?< ¢£J<kJI<;;< k¤<gJ A£B¢£g@< «d< ?¤lAe<J<dDg Ik?ID<AJgi
ÌªlBIk£kg ;l ¢D<BIfD< gIJdlJI£k§ ;£Dg«d< p ≤ ρvb(α)

i ¬< ¢D£ÀJ ?d ¢D£?dAJ<dD g¤@ADIJ
π(p, α) = p[1− p(1− ρ)2 +φ(1− ρ)]− c(α)

i ¬< ¢DIª «dI BlªIBIg< A< ¢D£ÀJ <gJ p̂ = 1+φ(1−ρ)
2(1−ρ)2

§
<J ;< ¢D£ÀJ «dI g¤<kgdIJ π(α) = (1+φ(1−ρ))2

4(1−ρ)2
− c(α)

<gJ dk< ¨£kAJI£k ?@AD£IgglkJ< ?<
α
i

� ¡I A< ¢DIª <gJ J<; «d<
p̂ ≤ ρvb(0)

§ l;£Dg ² ;¤£¢JIBdB ?d ¢D£?dAJ<dD p∗ = p̂
<J

α∗ = 0<̄J ;l A£kJDlIkJ< <gJ D<g¢<AJ@<°i
� ¡Ik£k§ ;l A£kJDlIkJ< <gJ glJdD@< K p = ρvb(α)

§ <J ;< ¢D£ÀJ «dI g¤<kgdIJ π(α) = ρvb(α)[1−
ρvb(α)(1 − ρ)2 + φ(1 − ρ)] − c(α)

<gJ @³l;<B<kJ dk< ¨£kAJI£k ?@AD£IgglkJ< ?<
α
�² K

;¤£¢JIBdB ?d ¢D£?dAJ<dD <gJ l;£Dg J<; «d< p∗ = ρvb(0)
<J

α∗ = 0
i

ÌªlBIk£kg BlIkJ<klkJ ;l g<A£k?< gIJdlJI£k§ ;£Dg«d< ρvb(α) < p ≤ γ(α)
i ¬< ¢D£ÀJ ?d

¢D£?dAJ<dD g¤@ADIJ
π(α) = pρ[ρ(vb(α) − p) − φ] − c(α)

i ¬< ¢DIª «dI BlªIBIg< A< ¢D£ÀJ
<gJ

p̂(α) = ρvb(α)−φ
2ρ

§ <J ;< ¢D£ÀJ «dI g¤<kgdIJ π(α) = (ρvb(α)−φ)2

4
− c(α)

<gJ dk< ¨£kAJI£k
?@AD£IgglkJ< ?<

α
i

� ¡I A< ¢DIª <gJ J<; «d<
ρvb(0) < p̂(0) ≤ γ(0)

§ l;£Dg ² ;¤£¢JIBdB ?d ¢D£?dAJ<dD p∗ = p̂(0)<J
α∗ = 0

<̄J ;l A£kJDlIkJ< <gJ D<g¢<AJ@<°i
� ¡I <k D<±lkAe< γ(0) ≤ p̂(0)

§ ;l g<A£k?< A£kJDlIkJ< <gJ glJdD@< K
p(α) = γ(α)

§ A< «dI
A£k?dIJ ² dk ¢D£ÀJ π(α) = ργ(α)[ρvc(α)−φ]−c(α)

i ¬< ¢D£?dAJ<dD B<J l;£Dg <k ¢;lA<
;l ¢D£J<AJI£k J<Aek£;£³I«d< «dI BlªIBIg< A< ¢D£ÀJ§ ���� J<;;< «d< ργ′(α)[ρvc(α)− φ] +

ρ2γ(α)v′
c(α) − c′(α) = 0

�³ i
� ¡I <kÀk p̂(0) ≤ ρvb(0)

§ ;< ¢D£?dAJ<dD g< D<JD£d±< ?lkg ;l ¢D<BIfD< gIJdlJI£k§ £� p ≤
ρvb(α)

i
Ìk D@gdB@§ ?lkg ;< Alg £� ρvb(0) ≤ γ(0)

§ ;l ¢D£J<AJI£k £¢JIBl;< α∗
<gJ J<;;< «d<

· ¢£dD p∗ ≤ γ(0)
K
α∗ = 0

§
· ¢£dD p∗ > γ(0)

K
p∗ = γ(α∗)

<J
ργ′(α∗)[ρvc(α

∗) − φ] + ρ2γ(α∗)v′
c(α

∗) − c′(α∗) = 0
i

�¶ÄH IvIL\ π′(α) = ρv′

b(α)[1 − 2ρvb(α)(1 − ρ)2 + φ(1 − ρ)] − c′(α).
�X v′

b(α) ≤ 0 WUX V^WMLV`NI\ IL
1 − 2ρvb(α)(1 − ρ)2 + φ(1 − ρ) ≥ 0 NJ p∗ ≤ ρvb(0)�¹ YM[çIRLJ° INL RMHRUKI IH α NJ ργ′′(α)[ρvc(α)− φ] + 2ρ2v′

c(α)γ′(α) + ρ2γ(α)v′′

c (α)− c′′(α) ≤ 0\ UKIR WUXV^WMLV`NI γ′′(α) ≤ 0\ v′

c(α) ≤ 0 IL γ′(α) ≤ 0
b
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�ÅõÅ�Å�Å� �êò÷ôé òìæ � γ(0) < ρvb(0)m< Alg A£DD<g¢£k? ² ?<g ±l;<dDg @;<±@<g ?< ;l ¢D£ClCI;IJ@ ρ
?¤lIB<D ;l BdgI«d<§ A¤<gJ·²·

?ID< ² ?<g ¸gJlDg¾ ¯?£kJ ;< ¢dC;IA ¢£J<kJI<; <gJ IB¢£DJlkJ°§ £d CI<k ² dk< ±l;<dD ?< ;l A£¢I<
@;<±@<g J̄<;;< «d<

vc(0)
J<k? ±<Dg vb(0)

°�µ i
¬£Dg«d< γ(0) > ρvb(0)

§ I; <ªIgJ< dk< ±l;<dD ?< α
§ k£J@< ᾱ

§ J<;;< «d<
γ(α) ≤ ρvb(α) ¢£dD

α ≤ ᾱ
§ <J

γ(α) ≥ ρvb(α) ¢£dD α ≥ ᾱ
i

¡I ;l ¢D£J<AJI£k J<Aek£;£³I«d< <gJ J<;;< «d<
α ≥ ᾱ

§ k£dg D<JD£d±£kg ;< ¢D<BI<D Alg§ ²
A<AI ¢Dfg «d< α∗ = ᾱ

;£Dg«d< p∗ < γ(ᾱ)
<J

ργ′(α∗)[ρvc(α
∗)−φ]+ ρ2γ(α∗)v′

c(α
∗)− c′(α∗) = 0;£Dg«d< p∗ = γ(α∗)

i
¡I ld A£kJDlID< ;l ¢D£J<AJI£k J<Aek£;£³I«d< <gJ J<;;< «d< α ≥ ᾱ

§ ;l gIJdlJI£k k¤<gJ ¢lg ;l
BÂB< «d< ?lkg ;< ¢D<BI<D Algi ¬l ?<Blk?< «dI g¤l?D<gg< ld ¢D£?dAJ<dD <gJ l;£Dg ?£kk@<
¢lD K

D(p, α) =





1 − (1 − ρ)[p(1 − ρ) − φ]
gI

p ≤ γ(α),

1 − [p − ργ(α) − φ]
gI

γ(α) < p ≤ ρvb(α).

¬£Dg«d< p ≤ γ(α)
§ ;<g ?<dª JÈ¢<g ?¤lAe<J<dDg ¯?ID<AJg <J Ik?ID<AJg° A£·<ªIgJ<kJi Ìk D<±lkAe<§

;£Dg«d< γ(α) < p ≤ ρvb(α)
§ ;< ¢DIª ?Iggdl?< ;<g A£¢I<dDg ?¤lA«d@DID ;¤£DI³Ikl;§ <J ;l ?<Blk?<

¢£J<kJI<;;< k¤<gJ A£B¢£g@< «d< ?¤lAe<J<dDg ?ID<AJgi
ÌªlBIk£kg ;l ¢D<BIfD< gIJdlJI£k§ ;£Dg«d< p ≤ γ(α)

i ¬< ¢D£ÀJ ?d ¢D£?dAJ<dD g¤@ADIJ
π(p, α) = p[1− p(1− ρ)2 +φ(1− ρ)]− c(α)

i ¬< ¢DIª «dI BlªIBIg< A< ¢D£ÀJ <gJ p̂ = 1+φ(1−ρ)
2(1−ρ)2

§
<J ;< ¢D£ÀJ «dI g¤<kgdIJ π(α) = (1+φ(1−ρ))2

4(1−ρ)2
− c(α)

<gJ dk< ¨£kAJI£k ?@AD£IgglkJ< ?<
α
i

� ¡I A< ¢DIª <gJ J<; «d<
p̂ ≤ γ(0)

§ l;£Dg ² ;¤£¢JIBdB ?d ¢D£?dAJ<dD p∗ = p̂
<J

α∗ = 0
<̄J

;l A£kJDlIkJ< <gJ D<g¢<AJ@<°i
� ¡Ik£k§ ;l A£kJDlIkJ< <gJ glJdD@< K

p = γ(α)
§ A< «dI A£k?dIJ ² dk ¢D£ÀJ π(α) = γ(α)[1−

γ(α)(1 − ρ)2 + φ(1 − ρ)] − c(α)
i ¬< ¢D£?dAJ<dD B<J l;£Dg <k ¢;lA< ;l ¢D£J<AJI£k

J<Aek£;£³I«d< «dI BlªIBIg< A< ¢D£ÀJ§ ���� J<;;< «d<
γ′(α)[1 − 2γ(α)(1 − ρ)2 + φ(1 −

ρ)] − c′(α) = 0
�Ú i

ÌªlBIk£kg BlIkJ<klkJ ;l g<A£k?< gIJdlJI£k§ ;£Dg«d< γ(α) < p ≤ ρvb(α)
i ¬< ¢D£ÀJ ?d

�Ã U RMHOJLJMH γ(0) > ρvb(0) WITL NI XPPRXJXI ρ ≥ vb(0)−vc(0)
vb(0)

b�à YM[çIRLJ° INL RMHRUKI IH α\ RUX γ′′(α)[1 − 2γ(α)(1 − ρ)2 + φ(1 − ρ)] − 2(1 − ρ)2(γ′(α))2 − c′′(α) ≤ 0OYUWX`N ]IN V^WMLV`NIN OT SMO`]Ib
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¢D£?dAJ<dD g¤@ADIJ π(α) = p[1 − p + φ + ργ(α)] − c(α)
i ¬< ¢DIª «dI BlªIBIg< A< ¢D£ÀJ <gJ

p̂(α) = 1+φ+ργ(α)
2

§ <J ;< ¢D£ÀJ «dI g¤<kgdIJ <gJ π(α) = [1+ργ(α)+φ]2

4
− c(α)

i
� ¡I A< ¢DIª <gJ J<; «d<

γ(α) < p̂(α) ≤ ρvb(α)
§ l;£Dg ² ;¤£¢JIBdB ?d ¢D£?dAJ<dD p∗(α) =

p̂(α)
<J ;< ¢D£ÀJ «dI g¤<kgdIJ <gJ π(α) = [1+ργ(α)+φ]2

4
− c(α)

K ?lkg A< Alg ;< ¢D£?dAJ<dD
B<J <k ¢;lA< dk< ¢D£J<AJI£k J<Aek£;£³I«d< ?< BlkIfD< ² BlªIBIg<D g£k ¢D£ÀJ§ Ii<i
J<;;< «d<

ργ′(α)1+ργ(α)+φ
2

− c′(α) = 0
�â i

� ¡I <k D<±lkAe< ρvb(0) ≤ p̂(0)
§ ;l g<A£k?< A£kJDlIkJ< <gJ glJdD@< K

p = ρvb(α)
i ¬< ¢D£ÀJ

«dI g¤<kgdIJ π(α) = ρvb(α)[1+ρvc(α)+φ]−c(α)
<gJ ?@AD£IgglkJ <k α

§ ?£kA ;¤£¢JIBdB
?d ¢D£?dAJ<dD <gJ J<; «d< p∗ = ρvb(0)

<J
α∗ = 0

i
� ¡I <kÀk p̂(α) ≤ γ(α)

§ ;< ¢D£?dAJ<dD g< D<JD£d±< ?lkg ;l ¢D<BIfD< gIJdlJI£k§ £� p ≤
γ(α)

i
Ìk D@gdB@§ ?lkg ;< Alg £� γ(0) < ρvb(0)

§ ;l ¢D£J<AJI£k £¢JIBl;< α∗
<gJ J<;;< «d<

· ¢£dD p∗ ≤ γ(0)
K
α∗ = 0

§
· ¢£dD p∗ > γ(0)

K
� g£IJ p∗ = γ(α∗)

<J
� γ′(α∗)[1 − 2γ(α∗)(1 − ρ)2 + φ(1 − ρ)] − c′(α∗) = 0 ¢£dD α∗ ≤ ᾱ

§
� ργ′(α∗)[ρvc(α

∗) − φ] + ρ2γ(α∗)v′
c(α

∗) − c′(α∗) = 0 ¢£dD α∗ > ᾱ
i

� g£IJ p∗ = 1+φ+ργ(α∗)
2

<J
ργ′(α∗)1+ργ(α∗)+φ

2
− c′(α∗) = 0

¯¢£dD α∗ ≤ ᾱ
°i

�ÅõÅ�Åð öè�ìòí éê ëì �ñ÷íêòíó÷ô ëåøìëê éìôæ ëì íêòîô÷ë÷øóê � �����������������
clkg ;< ;<BB< EiÃ§ k£dg lkl;Èg£kg ;¤IB¢lAJ ?< ;l ¢D£J<AJI£k ;@³l;< gdD ;l ¢D£J<AJI£k

J<Aek£;£³I«d<§ g<;£k «d< ;¤lAelJ ?ID<AJ k£k Ik¨£DB@ <gJ ¢£ggIC;< £d k£ki
�êèèê �ÅðÅ$ » ���Õ���� �� �����¼Õ��� ��� �Õ�»��� »� Õ�¼
��»���� ���	����Õ������»»�( »� ����� �� ���Õ�¼�
Õ��� Õ�¼
��»������ α∗ �Õ »� ����� �� ���Õ�¼Õ��� »���»� φ

� ���Õ ��� ����Õ�Õ�Õ� �� »�� ¼�������Õ���� �� 	��Õ ��� � ��¼
�Õ ����¼Õ ��� ��	���� ��
���Õ � dα∗

dφ
≤ 0
(

�å YM[çIRLJ° INL RMHRUKI IH α NJ ργ′′(α)[1 + ργ(α) + φ] + ρ2(γ′(α))2 − 2c′′(α) ≤ 0
b
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� ���Õ ��� ¼���»����Õ� �� �» ����Õ� ��� ¼�������Õ���� ��� 	��Õ �� �¼
�Õ ����¼Õ ���
��	���� �� ���Õ � dα∗

dφ
≥ 0

�
Çd< ;< ¢DIª g£IJ £Cg<D±@ £d k£k �� ��Õ�§ ;£Dg«d< ;¤lAelJ ?ID<AJ k£k Ik¨£DB@ <gJ <ªA;d

² ;¤£¢JIBdB ?d ¢D£?dAJ<dD§ ;l ?<Blk?< ¢£J<kJI<;;< k¤<gJ A£kgJIJd@< «d< ?< A£¢I<dDgi ok
D<k¨£DA<B<kJ ?< ;l ¢D£J<AJI£k ;@³l;< φ

D@?dIJ A<JJ< ?<Blk?< ¢£J<kJI<;;<§ AlD ;<g lAe<J<dDg
¢£J<kJI<;g ?£I±<kJ J@;@AelD³<D ;l A£¢I< kdB@DI«d< ¢D@l;lC;<B<kJ ² ;<dD ?@AIgI£k ?¤lAelJ§ <J
A<JJ< lAJI±IJ@ <gJ ?¤ldJlkJ ¢;dg A£ËJ<dg< «d< ;l ¢D£J<AJI£k ;@³l;< <gJ ¨£DJ<i clkg ;< CdJ ?<
A£B¢<kg<D A<JJ< ¢<DJ< ?< A£kg£BBlJ<dDg§ ;< ¢D£?dAJ<dD D@?dIJ ;< kI±<ld ?< ¢D£J<AJI£k J<Ae·
k£;£³I«d< α

K I; dJI;Ig< IAI ;l ¢D£J<AJI£k J<Aek£;£³I«d< A£BB< dk gdCgJIJdJ ?< ;l ¢D£J<AJI£k
;@³l;<i

Ìk D<±lkAe<§ ;£Dg«d< ;¤lAelJ ?ID<AJ k£k Ik¨£DB@ <gJ ¢£ggIC;<§ ;l ?<Blk?< ¢£J<kJI<;;< <gJ
A£kgJIJd@< k£k g<d;<B<kJ ?< A£¢I<dDg BlIg @³l;<B<kJ ?¤lAe<J<dDg ?ID<AJgi ok D<k¨£DA<B<kJ
?< ;l ¢D£J<AJI£k ;@³l;< ḡI

φ ld³B<kJ< ;£Al;<B<kJ° ld³B<kJ< ;l ¢D£¢£DJI£k ?< A<g lAe<J<dDg
<k ld³B<kJlkJ ;< A£ËJ <g¢@D@ ?< ;l A£¢I<i ¬l eldgg< ?< ;l ?<Blk?< ¢£J<kJI<;;< ¢<DB<J
ld ¢D£?dAJ<dD ?¤ld³B<kJ<D ;< ¢DIª ?< ;¤£DI³Ikl;i hlIg lÀk ?< A£B¢<kg<D ;¤<´<J k@³lJI¨ ?<
;l eldgg< ?d ¢DIª gdD ;¤IkAIJlJI£k ² lAe<J<D ;¤£DI³Ikl;§ ;< ¢D£?dAJ<dD D<k¨£DA< ;l ¢D£J<AJI£k
J<Aek£;£³I«d< α

i
clkg ;l ¢D£¢£gIJI£k EiE§ k£dg lkl;Èg£kg ;¤IB¢lAJ ?¤dk D<k¨£DA<B<kJ ?< ;l ¢D£J<AJI£k

;@³l;< gdD ;< ¢D£ÀJ ?d ¢D£?dAJ<dD <J ;< gdD¢;dg ?<g A£kg£BBlJ<dDgi
�ñ÷�÷æóíó÷ô �Å�Å$ » ���Õ���� �� �����¼Õ��� ��� �Õ�»��� »� Õ�¼
��»���� ���	����Õ������»»�( �� ���	��¼����Õ
�� »� ���Õ�¼Õ��� »���»�
�� �����Õ »� ���c Õ �� �����¼Õ��� �� �» ��½ � ��� � ��¼
�Õ���� ����¼Õ� ��� ��	����� �� ���Õ(
��� ������Õ� »� ���c Õ �� �����¼Õ��� �� �» ½ � ��� �¼
�Õ���� ����¼Õ� ��� ��	����� ��
���Õ(
���� �����Õ »� ���Õ� ��¼��»� »��� �� ¼��Õ �� ¼����(
��� �����Õ »� ����»�� ��� �¼
�Õ�����
¬¤IkJdIJI£k ?< ;l ¢D£¢£gIJI£k EiE <gJ ;l gdI±lkJ<i ¡I I; k¤È l ¢lg ?¤lAe<J<dDg ?ID<AJg

k£k Ik¨£DB@g ² ;¤£¢JIBdB ?d ¢D£?dAJ<dD§ dk D<k¨£DA<B<kJ ?< ;l ¢D£J<AJI£k ;@³l;< D@?dIJ
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;l ?<Blk?< ¢£J<kJI<;;< ¢£dD ;<g £DI³Ikldª <J kdIJ ld ¢D£?dAJ<dDi m£BB< ;< ¢D£?dAJ<dD
<ªJDlIJ J£dJ ;< gdD¢;dg ?<g lAe<J<dDg§ ;<g A£kg£BBlJ<dDg £CJI<kk<kJ g<d;<B<kJ ;< gdD¢;dg
?< ;l A£¢I<§ «dI ;dI BÂB< ?IBIkd< gdIJ< ² dk< ld³B<kJlJI£k ?<

φ
i ¡I I; È l ?<g lAe<J<dDg

?ID<AJg k£k Ik¨£DB@g ² ;¤£¢JIBdB ?d ¢D£?dAJ<dD§ dk D<k¨£DA<B<kJ ?< ;l ¢D£J<AJI£k ;@³l;<
ld³B<kJ< ;l ?<Blk?< ¢£J<kJI<;;< ¢£dD ;<g £DI³Ikldª <J ¢D£ÀJ< ld ¢D£?dAJ<dDi hlIg ² JDl±<Dg
;< D<k¨£DA<B<kJ ?< ;l ¢D£J<AJI£k ;@³l;< <J ;¤ld³B<kJlJI£k ?d ¢DIª ?< ;¤£DI³Ikl;§ BÂB< ;<g
lAe<J<dDg ?ID<AJg g£d´D<kJ ?< A< D<k¨£DA<B<kJi

¡I ;< ¢D£?dAJ<dD ¢£d±lIJ ?@J<DBIk<D ?ID<AJ<B<kJ ;l ±l;<dD ?< ;l A£¢I< vc(α)
Ik?@¢<k·

?lBB<kJ ?< ;¤£DI³Ikl;§ I; ¨<DlIJ dk lDCIJDl³< <kJD< ;¤IkAIJlJI£k ?<g dJI;IglJ<dDg ?< D@g<ldª
E ² J@;@AelD³<D ;l A£¢I< ¯?¤ldJlkJ ¢;dg ¨£DJ< «d< ;l ±l;<dD ?< ;l A£¢I< <gJ ¨£DJ<° <J ;¤IkAI·
JlJI£k ?<g A£¢I<dDg ² lAe<J<D ;¤£DI³Ikl; ¢£dD @±IJ<D ;<g A£B¢£DJ<B<kJg ?< ¸	����������¾ ?<g
A£¢I<dDg ĪkAIJlJI£k ?¤ldJlkJ ¢;dg ¨£DJ< «d< ;l ±l;<dD ?< ;l A£¢I< <gJ ¨lIC;<°i ¬< ¢D£?dAJ<dD
ldDlIJ l;£Dg IkJ@DÂJ ² k< ;lIgg<D dk A£kg£BBlJ<dD J@;@AelD³<D ;l A£¢I< «d¤dk k£BCD< ;IBIJ@
?< ¨£Ig§ £d ¢<k?lkJ dk< ¢@DI£?< ;IBIJ@<i m¤<gJ ;l gJDlJ@³I< l?£¢J@< ¢lD ;l g£AI@J@ µ;Jk<J
«dI§ Dl¢¢<;£kg ;<§ ¢<DB<J ldª dJI;IglJ<dDg ?< J<gJ<D ?<g ÀAeI<Dg ¢<k?lkJ dk< ?dD@< ;IBIJ@<§
ld ?<;² ?< ;l«d<;;< I;g k¤£kJ ¢;dg lAAfg ldª A£¢I<g <J ?£I±<kJ ?@AI?<D g¤I;g lAefJ<kJ ;¤£DI³I·
kl;§ «dI ¢D£¢£g< <k ¢;dg ?<g g<D±IA<g gd¢¢;@B<kJlID<g ¯?<g Ik¨£DBlJI£kg gdD ;¤lDJIgJ<§ ?<g
D<A£BBlk?lJI£kg§ �Õ¼i°i

¬l ¢DIkAI¢l;< ?I´@D<kA< ¢lD Dl¢¢£DJ ² ;l J<Aek£;£³I< ¯̧ ��	����Õ�������
¾ D@gI?< ?lkg ;<
¨lIJ «d¤IAI ;l ¢D£J<AJI£k ;@³l;< ¢lD ;< A£¢ÈDI³eJ IB¢;I«d< ?<dª <´<Jg £¢¢£g@g gdD ;<g A£kg£B·
BlJ<dDg K <k D@?dIglkJ ;< k£BCD< ?< A£¢I<dDg§ dk< ld³B<kJlJI£k ?<

φ
D@?dIJ ;< k£BCD< ?<

A£¢I<dDg «dI ?@¢<kg<kJ ?<g D<gg£dDA<g ?lkg ;l A£¢I< IkdJI;<B<kJ Ā<dª «dI k¤lIB<kJ ¢lg ;l
BdgI«d<°§ BlIg @³l;<B<kJ ;< k£BCD< ?< A£¢I<dDg «dI ?<±I<kk<kJ ?<g lAe<J<dDg ¢£J<kJI<;gi

¬l A£B¢lDlIg£k ?d ¢D£ÀJ l±<A ;l J<Aek£;£³I< ¸ ��	����Õ�������
¾ B£kJD< «d< ;£Dg«d<
;¤£DI³Ikl; l¢¢£DJ< JDfg ¢<d ?< ±l;<dD l©£dJ@< ¢lD Dl¢¢£DJ ² ;l A£¢I< ¯���� ;£Dg«d< γ(α)

J<k?
±<Dg F°§ ;< ¢D£?dAJ<dD ¢D@¨fD< ;l J<Aek£;£³I< ¸ ��	����Õ������»»¾§ BÂB< ¢£dD dk A£ËJ Àª<
?< ¢dC;IAIJ@ É ¢D£B£JI£k K kd;i m<;l ¢D£±I<kJ ?d ¨lIJ «d¤l±<A ;l J<Aek£;£³I< ¸ ��	����Õ����
��»»¾§ ;l ¢D£ClCI;IJ@ ?¤lIB<D ;l BdgI«d<

ρ k< ©£d< «d< ?lkg ;< Ae£Iª ?<g A£kg£BBlJ<dDg <kJD<
A£¢I<D <J lAe<J<D ?ID<AJ<B<kJ ;< ¢D£?dIJ§ Jlk?Ig «d¤l±<A ;l J<Aek£;£³I< ¸ ��	����Õ�������
¾§
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«dI Ik¨£DB< ;<g A£kg£BBlJ<dDg �� ��Õ� gdD ;l BdgI«d<§ A<JJ< ¢D£ClCI;IJ@ ©£d< gdD ;¤<kg<BC;<
?< ;l ?<Blk?<§ «dI <gJ l;£Dg ¢;dg ¨lIC;<i ®; <gJ ?£kA ¢D@¨@DlC;< ¢£dD ;< ¢D£?dAJ<dD ?¤dk
¢D£?dIJ ?£kJ ;l ±<DgI£k £DI³Ikl;< ?I´fD< JDfg ¢<d ?< ;l A£¢I< ?< ;lIgg<D ;<g A£kg£BBlJ<dDg
k£k Ik¨£DB@g gdD ;l BdgI«d< lÀk ?< ;<g ¨lID< lAe<J<D ?ID<AJ<B<kJ ;< CI<k glkg ÂJD< Ik¨£DB@g
ld ¢D@l;lC;<i

Ä£J£kg «d< ;£Dg«d< ;< ¢D£?dAJ<dD k< g< ¨£k?< «d< gdD ;l A£¢I< ¢£dD lJJID<D ;<g A£kg£B·
BlJ<dDg <̄J ¢lg gdD ;¤lAelJ ?ID<AJ k£k Ik¨£DB@°§ ;l ¢D£J<AJI£k ;@³l;< φ kdIJ ² ;¤<kg<BC;< ?<g
l³<kJg K ;<g A£¢I<dDg ±£I<kJ ;<dD gdD¢;dg ?IBIkd<D <J ?<±I<kk<kJ B£Ikg k£BCD<dª§ A< «dI
?IBIkd< ;l ?<Blk?< ¢£J<kJI<;;< ¢£dD ;<g £DI³Ikldª <J ;< ¢D£ÀJ ?d ¢D£?dAJ<dDi lD A£kg@·
«d<kJ§ gI ;l ¢D£J<AJI£k ;@³l;< @JlIJ l¢¢;I«d@< ?< ¨l�£k ?I´@D<kJ< g<;£k ;<g Êd±D<g§ I; g<DlIJ
£¢JIBl; ?< Àª<D φ = 0 ¢£dD ;<g Êd±D<g ?IgJDICd@<g gdD ;l J<Aek£;£³I< ¸ ��	����Õ������»»¾i
H£dJ<¨£Ig§ ;< gÈgJfB< ;@³l; lAJd<; <gJ dkI¨£DB< «d<;g «d< g£I<kJ ;<g ¢D£?dIJg§ ?< g£DJ< «d< ;<g
¢£d±£IDg ¢dC;IAg ¢£dDgdI±<kJ <k ©dgJIA< ;<g Ik?I±I?dg ¢£dD A£¢I< I;;@³l;< Ik?@¢<k?lBB<kJ
?d JÈ¢< ?¤Êd±D<g A£¢I@<gi Ìk £dJD<§ ;<g A£kg£BBlJ<dDg ¢<d±<kJ k< ¢lg gl±£ID gI ;¤Êd±D<
«d¤I;g J@;@AelD³<kJ <gJ ¢D£J@³@< £d k£k§ ?< g£DJ< «d¤I;g I³k£D<kJ gI ;<dD A£B¢£DJ<B<kJ <gJ
<´<AJI±<B<kJ I;;@³l; ld B£B<kJ ?< J@;@AelD³<D dk< A£¢I<i m<;l A£k?dIJ ;<g A£kg£BBlJ<dDg
² ¢D<k?D< <k A£B¢J< dk< ?@gdJI;IJ@ <g¢@D@< ?< ;¤lB<k?< φ ¢£gIJI±< ;£Dg«d¤I;g J@;@AelD³<kJ
?<g A£¢I<g <k ;I³k<i

�#� �((*��',�-. � ��('�, �) *' (�-,)�,�-. *�¨'*) �%� *)�
(�- ,� �) *&�.�%�,��)

Ä£dg ¢D£¢£g£kg IAI dk <ª<B¢;< ¢lDlB@JD@ ?< k£JD< B£?f;< ?lkg ;< CdJ ?¤@Jd?I<D ;¤IB¢lAJ
?¤dk D<k¨£DA<B<kJ ?< ;l ¢D£J<AJI£k ;@³l;< gdD ;<g gJDlJ@³I<g ?< ?IgJDICdJI£k ?<g ÀDB<g g<;£k
;l JlI;;< ¢£J<kJI<;;< ?< ;<dD ¢dC;IA ρ̄

°§ lIkgI «d< gdD ;<g ¢D£ÀJg ?d g<AJ<dDi Ä£dg A£kgI?@D£kg
;l gIJdlJI£k £� ;<g A£kg£BBlJ<dDg k< g£kJ ¢lg Ik¨£DB@g gdD ;< ¢DIª ?< ;¤£DI³Ikl; ;£Dg«d< ;<
¢D£?dIJ <gJ ?IgJDICd@ ² JDl±<Dg ;l J<Aek£;£³I< ¸ ��	����Õ������»»¾ K I;g k< ?<±I<kk<kJ Ik¨£DB@g
gdD ;<g AlDlAJ@DIgJI«d<g <J gdD ;< ¢DIª «d¤dk< ¨£Ig ;l A£¢I< J@;@AelD³@< <J J<gJ@<i

£dD gIB¢;IÀ<D§ k£dg gd¢¢£g£kg «d<
c(α) = cα2

2

§
vb(α) = v

§ <J
vc(α) = v(1 − α)

i ¬<



ÚZý[ÛÝ×Ø \] [ØØ×^Ý�^[ØØ×_ [Û×ýÝý Ø ØÝ �×�ÛÝÞ � ý̀�ÝØ�× ß>

¡¢£¤ Ei=K µ¢¢;IAlJI£k l±<A φ = 0.15

¢DIª§ ;< kI±<ld ?< ¢D£J<AJI£k J<Aek£;£³I«d< <J ;< ¢D£ÀJ £¢JIBldª g£kJ ;<g gdI±lkJg§ g<;£k ;l
J<Aek£;£³I< ?< ?IgJDICdJI£k Ae£IgI< K
� ok< ÀDB< «dI ?IgJDICd< g£k ¢D£?dIJ ¢lD ;l J<Aek£;£³I< ¸ ��	����Õ�������
¾ Àª< dk
¢DIª p∗1 = c(φ+1)

2c−v2ρ

§ dk< ¢D£J<AJI£k J<Aek£;£³I«d< α∗
1 = vρ(φ+1)

2c−v2ρ
≥ 0

§ A< «dI A£k?dIJ ² dk
¢D£ÀJ π∗

1 = cρ(φ+1)2

4c−2v2ρ� ok< ÀDB< «dI ?IgJDICd< g£k ¢D£?dIJ ¢lD ;l J<Aek£;£³I< ¸ ��	����Õ������»»¾ Àª< dk ¢DIª
p∗2 = α∗v

§ dk< ¢D£J<AJI£k J<Aek£;£³I«d< α∗ = vρ(vρ−φ)
c+2v2ρ2

§ A< «dI A£k?dIJ ² dk ¢D£ÀJ
π∗

2 = v2ρ2(vρ−φ)2

2(c+2v2ρ2)

i
Ä£dg Àª£kg ;<g ¢lDlBfJD<g ²

v = 1, K = 0.45, c = 1
§ <J A£B¢lD£kg ?<dª A£kJ<ªJ<g

©dDI?I«d<g ?I´@D<kJg§ g<;£k «d<
φ = 0.15 £d φ = 0.30

i�E melAdk< ?<g ?<dª À³dD<g gdI±lkJ<g
A£DD<g¢£k? ² dk A£kJ<ªJ<i ¬< Ae£Iª ?¤dk< ÀDB< <kJD< ;<g ?<dª J<Aek£;£³I<g ?< ?IgJDICdJI£k
D<¢£g< gdD ;< ¢dC;IA ¢£J<kJI<; ¢£dD gl BdgI«d<

ρ
i

clkg ;<g ?<dª Alg§ ;l BdgI«d< ld ¢dC;IA ¢£J<kJI<; ρ ¨lIC;< k¤<gJ ¢lg ?IgJDICd@<§ ;l BdgI«d<
ld ¢dC;IA ¢£J<kJI<; B£È<k <gJ ?IgJDICd@< ¢lD ;l J<Aek£;£³I< ¸ ��	����Õ������»»¾ ¯CI<k «d< ;l
J<Aek£;£³I< ¸ ��	����Õ�������
¾ g£IJ @³l;<B<kJ ¢D£ÀJlC;<°§ <J ;l BdgI«d< ³Dlk? ¢dC;IA <gJ
?IgJDICd@< ¢lD ;l J<Aek£;£³I< ¸ ��	����Õ�������
¾i

ok lAAD£Igg<B<kJ ?<
φ
?< Fi=û ² FiÃF l ¢;dgI<dDg <´<Jgi ¬l J<Aek£;£³I< ¸ ��	����Õ����

�FÁMLMHN _TI LMTLIN ]IN UTLXIN RMHQxTXULJMHN WMNNJ[]IN OIN WUXUS`LXIN HMTN MHL OMHHP ]IN SwSIN XPNT]LULN_TU]JLULJ°Nb
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¡¢£¤ EiEK µ¢¢;IAlJI£k l±<A φ = 0.30

���
¾ ?<±I<kJ ¢D£ÀJlC;< ² ¢;dg ?< ÀDB<g§ <J ¢;dg ?< ÀDB<g ¢D@¨fD<kJ A<JJ< J<Aek£;£³I< ²
;l J<Aek£;£³I< ¸ ��	����Õ������»»¾i lD lI;;<dDg§ ;l JlI;;< BIkIBl;< ?d ¢dC;IA ¢£J<kJI<; D<·
«dIg< ¢£dD «d< ;¤<kJD@< ¯l±<A ;l J<Aek£;£³I< ¸ ��	����Õ������»»¾° g£IJ ¢D£ÀJlC;< ld³B<kJ<i
Ìk A£kg@«d<kA<§ I; È l B£Ikg ?< ÀDB<g ±IlC;<g ?lkg ;¤Ik?dgJDI<§ «dI Ae£IgIgg<kJ ;l J<Aek£;£³I<
¸ ��	����Õ�������
¾ <k ¢;dg ³Dlk?< ¢D£¢£DJI£ki ¬¤IB¢lAJ ³;£Cl; ?d D<k¨£DA<B<kJ ?< ;l ¢D£·
J<AJI£k ;@³l;< gdD ;¤<kg<BC;< ?< ;¤Ik?dgJDI< ?@¢<k? ?<g JÈ¢<g ?< BdgI«d< ¢D£?dIJ<g ¢lD ;<g
ÀDB<g ¯���� ?< ;l ?IgJDICdJI£k ?<g

ρ
°i ¡I ;¤Ik?dgJDI< A£B¢J< dk< ³Dlk?< ¢D£¢£DJI£k ?¤lDJIgJ<g

£d ?< ;£³IAI<;g A@;fCD<g <J D<k£BB@g§ dk D<k¨£DA<B<kJ ?< ;l ¢D£J<AJI£k ;@³l;< ld³B<kJ< ;<g
¢D£ÀJg ?d g<AJ<dDi hlIg gI I; È l ¢D£¢£DJI£kk<;;<B<kJ ¢;dg ?< ¸¢<JIJg lDJIgJ<g¾§ £d ?< ¸¢<JIJg
;£³IAI<;g¾§ ;<g ¢D£ÀJg ?< ;¤Ik?dgJDI< ¢<d±<kJ ?IBIkd<Di

�#ª /���%���-.
¬l J<Aek£;£³I< ¸ ��	����Õ������»»¾§ «dI ¢<DB<J ldª lDJIgJ<g ?< ?IgJDICd<D ;<dDg ¢D£?dIJg

glkg l±£ID ² gd¢¢£DJ<D ;<g A£ËJg Àª<g ?< ¢dC;IAIJ@ É ¢D£B£JI£k§ £d±D< ;< BlDAe@ ² ?< k£d·
±<ldª lDJIgJ<g <J ?<g ¢<JIJ<g BlIg£kg ?< ?Ig«d<i Ìk <´<J§ ;<g ¢D£?dAJ<dDg ld ¢dC;IA ¢£J<kJI<;
¨lIC;< Ā£BB< ;<g lDJIgJ<g ¸kIAe<¾ D<©<J@g ¢lD ;<g Bl©£Dg°§ £kJ ;l ¢£ggICI;IJ@ ?< J@;@AelD³<D
;<dD ¢D£?dIJ <k ;I³k< lÀk ?< ;< B<JJD< ² ?Ig¢£gIJI£k ?<g dJI;IglJ<dDg ?< D@g<ldª E <k
±IglkJ k£JlBB<kJ ;<g dJI;IglJ<dDg lÈlkJ dk ¨lIC;< A£ËJ ?¤£¢¢£DJdkIJ@ ² ¢lgg<D ?d J<B¢g <k
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;I³k<i ¬<g A£¢I<g kdB@DI«d<g ¢D£AdD<kJ dk B£È<k ?< J<gJ<D A<g ¢D£?dIJg ldª dJI;IglJ<dDg§
<J dk ¢D£ÀJ ¢£J<kJI<; ¢£gIJI¨ ² A<g lDJIgJ<gi Ê A< JIJD<§ ;<g D@g<ldª E ¢<d±<kJ lAAD£ÅJD< ;<
k£BCD< ?< ¢D£?dIJg ¢D£¢£g@g ldª A£kg£BBlJ<dDgi ¬¤IB¢lAJ ³;£Cl; ?¤dk D<k¨£DA<B<kJ ?<
;l ¢D£J<AJI£k ;@³l;< gdD ;<g ¢D£ÀJg ?< ;¤Ik?dgJDI< <J ;<g IkAIJlJI£kg ² IkJD£?dID< ?< k£d±<ldª
¢D£?dIJg <gJ ?£kA lBCI³di c¤dk< ¢lDJ§ ;<g ¢D£?dAJ<dDg «dI g< ?IgJDICd<kJ ¢lD ;l J<Aek£;£³I<
¸ ��	����Õ�������
¾ ±£I<kJ ;<dD ¢<DJ< ;I@< ² ;l ¢D@g<kA< ?< A£¢I< kdB@DI«d<g gdD ;<g D@g<ldª
E ?IBIkd<Di c¤ldJD< ¢lDJ§ ;<g ¢D£?dAJ<dDg <J ;<g A£kg£BBlJ<dDg ?< BdgI«d< £d ?< ;£·
³IAI<;g ² ¢<JIJ ¢dC;IA§ «dI C@k@ÀAI<kJ <gg<kJI<;;<B<kJ ?< ;l J<Aek£;£³I< ¸ ��	����Õ������»»¾
g£d´D<kJ ?¤dk D<k¨£DA<B<kJ ?< ;l ¢D£J<AJI£k ;@³l;<i ¬l ;£I gdD ;< A£¢ÈDI³eJ k< ?<±DlIJ A<¢<k·
?lkJ ¢lg ÂJD< dJI;Ig@< A£BB< dk £dJI; ?< 	���¼»����� ² ;¤<kA£kJD< ?<g k£d±<ldª ¢D£?dIJgi

¡I A<DJlIkg ¢D£?dAJ<dDg Ā<dª «dI dJI;Ig<kJ ;l J<Aek£;£³I< ¸ ��	����Õ�������
¾° g¤£¢¢£g<kJ
² ;¤dJI;IglJI£k ?d E <J g£dJI<kk<kJ ;<g ¢£dDgdIJ<g ©d?IAIlID<g <ª<DA@<g ¢lD ;<g ¢£d±£IDg
¢dC;IAg ² ;¤<kA£kJD< ?<g A£¢I<dDg§ ?¤ldJD<g Ā<dª «dI dJI;Ig<kJ ;l J<Aek£;£³I< ¸ ��	����Õ����
��»»¾° A£kJ<gJ<kJ ;< D<k¨£DA<B<kJ D@A<kJ ?< ;l ¢D£J<AJI£k ;@³l;<i H£dJ<¨£Ig A<JJ< ?I±IgI£k
<kJD< ¢D£?dAJ<dDg ¢D£±I<kJ ?d ¨lIJ «d< ;l ¢£;IJI«d< ?< ¢£dDgdIJ<g lkJI·¢IDlJl³< <gJ lAJd<;;<·
B<kJ l¢¢;I«d@< ?< BlkIfD< dkI¨£DB< ² ;¤<kg<BC;< ?<g dJI;IglJ<dDg ¢lD ;<g ¢£d±£IDg ¢dC;IAg
;̄<

φ
<gJ ;< BÂB< «d<; «d< g£IJ ;< ¢D£?dAJ<dD <J ;l J<Aek£;£³I< ?< ?IgJDICdJI£k dJI;Ig@<°i ¡I

;l ¢D£J<AJI£k ;@³l;< ¢£d±lIJ ÂJD< BIg< <k Êd±D< ¸gdD B<gdD<¾§ <k ¨£kAJI£k ?d JÈ¢< ?< ¢D£·
?dIJg J@;@AelD³@g§ ;<g ¢£d±£IDg ¢dC;IAg ¢£dDDlI<kJ k< ¢£dDgdI±D< «d< ;<g A£¢I<dDg ?¤Êd±D<g
?IgJDICd@<g ² JDl±<Dg ;l J<Aek£;£³I< ¸ ��	����Õ�������
¾§ <J ;lIgg<D ;<g A£kg£BBlJ<dDg A£¢I<D
;ICD<B<kJ ;<g Êd±D<g ?IgJDICd@<g ² JDl±<Dg ;l J<Aek£;£³I< ¸ ��	����Õ������»»¾ ;£Dg«d< ;¤lAelJ
?ID<AJ k£k Ik¨£DB@ k¤<gJ ¢lg ¢£ggIC;<i ok< J<;;< gIJdlJI£k§ «dI A£DD<g¢£k? ² ;¤lCg<kA< J£Jl;<
?< ¢D£J<AJI£k ?d A£¢ÈDI³eJ ¢£dD A<DJlIk<g Êd±D<g§ <gJ A<¢<k?lkJ ?IÍAI;< ² B<JJD< <k Êd±D<
?lkg ;l B<gdD< £� dk ¢D£?dIJ k£k ¢D£J@³@ ¢<dJ ÂJD< JDfg ¨lAI;<B<kJ ¢;l³I@ ¢lD ?<g A£kAdD·
D<kJg ¢£dD ÂJD< <kgdIJ< D<±<k?di Ä£dg k¤l±£kg A£kgI?@D@ ?lkg A< Ael¢IJD< «d< ;< ¢IDlJl³<
¢lD ;<g dJI;IglJ<dDg Àkldª§ BlIg glkg ¢£ggICI;IJ@ ?< D<±<kJ< d;J@DI<dD<i Ä< ¢lg ¢D£J@³<D dk
¢D£?dIJ ¢<DB<JJDlIJ A<DJ<g ?¤lAAD£ÅJD< ;l ?<Blk?< ¢£J<kJI<;;< ¢£dD ;¤£DI³Ikl; <k ;lIgglkJ ;<g
A£kg£BBlJ<dDg J@;@AelD³<D ;l A£¢I< ;ICD<B<kJ§ BlIg A<;l D<k¨£DA<DlIJ @³l;<B<kJ ;l B<klA<
?¤IBIJlJI£k <J ?< ¸±£;¾ ¢lD ;<g A£kAdDD<kJgi
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Ä£dg l±£kg A£kgI?@D@ «d< ;<g A£kg£BBlJ<dDg @±l;d<kJ ?< ;l BÂB< BlkIfD< ;< A£ËJ <g¢@D@
?< ;l A£¢I<§ A£kgJIJd@ <k ¢lDJI< ?< ;¤lB<k?< <k Alg ?< ¢£dDgdIJ<g ©d?IAIlID<gi ¬l ?@AIgI£k ?<
A£¢I< <gJ A<¢<k?lkJ dk< ?@AIgI£k DIg«d@<§ <J ;<g A£kg£BBlJ<dDg ¢£dDDlI<kJ k< ¢lg l?£¢J<D
;< BÂB< A£B¢£DJ<B<kJ ¨lA< ld DIg«d< ?< g< ¨lID< ¢D<k?D< ¢lD ;<g ¢£d±£IDg ¢dC;IAgi D<k?D<
<k A£B¢J< ;¤l±<DgI£k ld DIg«d< D<±I<k?DlIJ ² A£kgI?@D<D dk< ldJD< ¨£DB< ?¤e@J@D£³@k@IJ@ ?<g
A£kg£BBlJ<dDg «d< ;< A£ËJ ?¤£¢¢£DJdkIJ@ ² ¢lgg<D ?d J<B¢g <k ;I³k< ² Ae<DAe<D <J J<gJ<D ;<g
A£¢I<g kdB@DI«d<gi m<JJ< ¨£DB< ?¤e@J@D£³@k@IJ@ ¢£dDDlIJ ÂJD< D@gdB@< ?< ¨l�£k gIB¢;IÀ@<
?lkg ;< ¨lIJ «d< J@;@AelD³<D dk< A£¢I< IB¢;I«d<DlIJ dk A£ËJ AD£IgglkJ l±<A ;< ?<³D@ ?¤l±<DgI£k
ld DIg«d<i m<JJ< I?@< <gJ I;;dgJD@< ?lkg ;< B£?f;< ¢lD ;< ¢lDlBfJD<

s
§ A£ËJ ?¤£¢¢£DJdkIJ@ ?<g

A£kg£BBlJ<dDg ² ¢lgg<D ?d J<B¢g <k ;I³k<i ®kJD£?dID< ;¤l±<DgI£k ld DIg«d< ?< BlkIfD< ¢;dg
¢D@AIg< ?lkg ;¤dJI;IJ@ ?<g A£¢I<dDg A£k?dIDlIJ ² dk< ¢D£¢£DJI£k ?< A£¢I<dDg ¢;dg ¨lIC;<§ BlIg
;<g D@gd;JlJg gdD ;¤IB¢lAJ ?< ;l ¢D£J<AJI£k ;@³l;< <J ;< Ae£Iª ?< ?IgJDICdJI£k ?<g ¢D£?dAJ<dDg
?<B<dD<DlI<kJ J£dJ<¨£Ig gIBI;lID<gi

Ä£dg ¢£d±£kg k£dg lJJ<k?D< ² A< «d< ;¤lAAD£Igg<B<kJ ?d k£BCD< ?< ¢D£?dIJg ?Ig¢£kIC;<g
D<k?< ;<g A£kg£BBlJ<dDg B£Ikg CI<k Ik¨£DB@g gdD ;¤<ªIgJ<kA< ?¤dk ¢D£?dIJ ¢lDJIAd;I<D «dI
¢£dDDlIJ ;<g IkJ@D<gg<Di Ä£dg ¢<kg£kg «d< ;<g k£d±<;;<g J<Aek£;£³I<g ?< ?IgJDICdJI£k ¯«d<
k£dg l¢¢<;£kg ¸ ��	����Õ������»»¾° ¢<d±<kJ £d±DID ;< BlDAe@ ² ?< k£d±<ldª IkJ<DB@?IlID<g
Ik¨£DBlJI£kk<;gi clkg k£JD< B£?f;<§ ;<g ?<dª J<Aek£;£³I<g ?< ?IgJDICdJI£k g£kJ ?<g B£?<g
Ik<ÍAlA<g ?< JDlkgBIggI£k ?< ;¤Ik¨£DBlJI£ki c¤dk< ¢lDJ§ ² JDl±<Dg ;< A£ËJ Àª< ?< ¢dC;I·
AIJ@ É ¢D£B£JI£k§ ;< ¢D£?dAJ<dD «dI dJI;Ig< ;l J<Aek£;£³I< ¸ ��	����Õ�������
¾ ?@¢<kg< ?<g
D<gg£dDA<g IkdJI;<g ¢£dD Ik¨£DB<D ?<g A£kg£BBlJ<dDg «dI k< g£kJ ¢lg IkJ@D<gg@g ¢lD gl
BdgI«d<i c¤ldJD< ¢lDJ§ <k A< «dI A£kA<Dk< ;l J<Aek£;£³I< ¸ ��	����Õ������»»¾§ A<DJlIkg dJI·
;IglJ<dDg ?d D@g<ld E ?@¢<kg<kJ ?<g D<gg£dDA<g IkdJI;<B<kJ <k J@;@AelD³<lkJ ?<g ÀAeI<Dg
«d¤I;g ?@A£d±D<kJ k< ¢lg lIB<Di ¬<g IkJ<DB@?IlID<g Ik¨£DBlJI£kk<;g ¢£dDDlI<kJ D@?dID< A<g
Ik<ÍAlAIJ@g Ik¨£DBlJI£kk<;;<g§ ² JDl±<Dg ;l ¢D£B£JI£k ?< A<DJlIkg k£d±<ldª ¢D£?dIJg§ <J ?<g
D<A£BBlk?lJI£kg ² ;¤@³lD? ?<g A£kg£BBlJ<dDg§ l±<A ¢£dD AIC;< ;<g A£kg£BBlJ<dDg lÈlkJ
dk< ¨£DJ< ?Ig¢£kICI;IJ@ ² lAe<J<D ;¤£DI³Ikl; ¯dk J<; gÈgJfB< <gJ ?@©² ?Ig¢£kIC;< gdD µBl·
¦£kiA£B <J ?¤ldJD<g gIJ<g IkJ<Dk<J gIBI;lID<g°i m<DJlIkg ?<g k£d±<ldª B£?f;<g ?¤l´lID< g£kJ
Clg@g gdD ?<g ¢;lJ<·¨£DB<g AD£Ig@<g§ A¤<gJ ¢lD <ª<B¢;< ;< Alg ?< Æl¦ll§ «dI A£;;lC£D< l±<A ?<g
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BlIg£kg ?< ?Ig«d<g ¢£dD ;<dD ¢<DB<JJD< ?< J£dAe<D ;< ³Dlk? ¢dC;IAi ¬< D¥;< ?< ¢dC;IAIJlID<
?d E A£k?dIJ ;<g BlIg£kg ?< ?Ig«d<g ² ?<±<kID ?< gIB¢;<g ?IgJDICdJ<dDgi

�#� r-.�*%��-.
Ä£JD< B£?f;< B£kJD< «d¤dk D<k¨£DA<B<kJ ?< ;l ¢D£J<AJI£k ;@³l;< A£kJD< ;< ¢IDlJl³< ¢lD

;<g dJI;IglJ<dDg ¢<dJ l±£ID dk IB¢lAJ Ik?ID<AJ k@³lJI¨ gdD ;< CI<k·ÂJD< g£AIl;§ ;£Dg«d¤dk<
¢D£J<AJI£k J<Aek£;£³I«d< A£ËJ<dg< ¢<dJ ÂJD< ¢lDl;;f;<B<kJ BIg< <k ¢;lA< gdD ;<g £DI³Ikldª
¢lD ;<g ¢D£?dAJ<dDgi Ä£dg B£kJD£kg «d< A< D<k¨£DA<B<kJ ¢<dJ ¢D£±£«d<D dk ?@g@«dI;ICD<
<kJD< ;< gdD¢;dg ?<g A£kg£BBlJ<dDg <J ;< ¢D£ÀJ ?<g ¢D£?dAJ<dDg§ <k ¨l±<dD ?<g ¢D£?dAJ<dDg
?< BdgI«d< ³Dlk? ¢dC;IAi

¬¤dk ?<g ¨lAJ<dDg ?@J<DBIklkJg ?< ;¤IB¢lAJ ?¤dk D<k¨£DA<B<kJ ?< ;l ¢D£J<AJI£k J<Aek£·
;£³I«d< <gJ ;< ?<³D@ ?< ?I´@D<kAIlJI£k <kJD< ;<g £DI³Ikldª <J ;<g A£¢I<gi µÀk ?< BlªIBIg<D ;<g
IkAIJlJI£kg ² AD@<D§ ;<g ¢D£?dAJ<dDg ?<±DlI<kJ lB@;I£D<D ;l «dl;IJ@ ?<g £DI³Ikldª§ <k £´DlkJ
dk A<DJlIk k£BCD< ?< ¢D£?dIJg <J g<D±IA<g lAA£B¢l³klkJ ;< ¢D£?dIJ <k ±<kJ< K dk ;I±D<J
l±<A ?<g ¢lD£;<g ?< Aelkg£k§ ?<g ¢e£J£g§ £d dk A£?< ?¤lAAfg ² ?<g ¨£DdBg ?< ?IgAdggI£k <k
;I³k<§ ?<g ��¹�����¥�§ ?<g £´D<g g¢@AIl;<g ¯¢lD <ª<B¢;< ?< ;l BdgI«d< gd¢¢;@B<kJlID<°§ ?<g
<kD<³IgJD<B<kJg ;I±<§ ?<g D<A£BBlk?lJI£kg§ �Õ¼i Ìk ¢lDJIAd;I<D§ ;l ¢£ggICI;IJ@ ?¤£´DID dk<
A£kk<ªI£k IkJ<Dk<J l±<A dk k£B ?¤dJI;IglJ<dD <J dk B£J ?< ¢lgg< ¢£dD lAA@?<D ² dk gIJ<
£´DlkJ ?<g g<D±IA<g l??IJI£kk<;g ldª lAe<J<dDg ?¤£DI³Ikldª I;;dgJD< ;l ¢£ggICI;IJ@ ?< D<k?D<
;<g ¢D£?dIJg kdB@DI«d<g DI±ldª <J ?¤lggIBI;<D ;¤£DI³Ikl; ² dk CI<k ¢DI±@i
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�#"�  �ô*�-¨�'(§�)
µDD£ü§ Æi ni ¯=¶ÖE°§ ¸ÌA£k£BIA Ó<;¨lD< lk? Je< µ;;£AlJI£k £¨ p<gg£dDA<g ¨£D

®k±<kJI£k¾§ ÄlJI£kl; jdD<ld £¨ ÌA£k£BIA p<g<lDAe! He< plJ< lk? cID<AJI£k
£¨ ®k±<kJI±< µAJI±IJÈ K ÌA£k£BIA lk? ¡£AIl; àlAJ£Dg§ DIkA<J£k K DIkA<J£k
okI±<DgJIÈ D<ggi

jlÒ£g§ qi§ Ìi jDÈk©£;¨gg£k <J ci ¬IAeJBlk ¯=¶¶¶°§ ¾¡elD<? ®k¨£DBlJI£k Ç££?g¾§
%�����» �	 +�º ��� �¼�����¼�§ GE¯=° K ==ß·ûûi

j<;;<ÈlBB<§ i ¯EFFE°§̧ DIAIk³ ®k¨£DBlJI£k Ç££?g Ik Je< D<g<kA< £¨ m£¢ÈIk³¾§
)�������Õ½ �	 +����� *���� ß��½ �¼�����¼� "��¹��� Ô����§ GÖÃi

j<g<k§ ¡i§ <J ¡i ÄiÆIDCÈ ¯=¶>¶°§ ¾DI±lJ< m£¢ÈIk³§ µ¢¢D£¢DIlCI;IJÈ§ lk? á¢JIBl;
m£¢ÈIk³ p£Èl;JI<g¾§ %�����» �	 +�º ��� �¼�����¼�§ ÃE¯=° K Eûû·>Fi

m£kk<D Æipi§ <J pii pdB<;J ¯=¶¶=°§ ¸¡£¨JülD< IDlAÈ · µk µkl;ÈgIg £¨ D£J<A·
JI£k ¡JDlJ<³I<g¾§ ß��������Õ &¼���¼�§ Ãß¯E° K =Eû·=Ã¶i

c£B£k Æi <J Äi qlBl¦lÒI ¯EFFG°§ ¸okldJe£DI¦<? À;<·gelDIk³ lk? Je< ¢DIAIk³
£¨ ?I³IJl; A£kJ<kJ¾§ �¼�����¼� +�ÕÕ���§ >û K =ß¶·=>Gi

ÌAÒ<Dg;<È§ i ¯EFFÃ°§ ¸He< ÌA£k£BIA Ì±l;dlJI£k £¨ µ;J<DklJI±<g J£ cI³IJl; m£·
¢ÈDI³eJ¾§ ß����i

¥lek§ ni¥i ¯EFFF°§ ¾àdkAJI£kl; Çdl;IJÈ c<³Dl?lJI£k £¨ ¡£¨JülD< üIJe Ä<Jü£DÒ
ÌªJ<Dkl;IJI<g¾§ ß����i

¥£;B§¥ini ¯EFFF°§ ¾He< m£B¢dJ<D Ç<k<DlJI£k¤g ÓI;;I³k<gg J£ lÈ ¨£D áDI³Ikl;g
üe<k IDlJ<g lD< D<g<kJ · µ mp ¡Jd?È¾§ ß����i

¥dI§ Æi¬i§ ®ii¬i k³ <J qi mdI ¯EFF=°§ ¸IDlAÈ lk? Je< ¬<³IJIBlJ< c<Blk? ¨£D
p<A£D?<? hdgIA¾§ ß����i

¥dDJ§ pihi <J pihi ¡AedBAeBlk ¯=¶ÖÖ°§ ¸He< ÌA£k£BIA plJI£kl;< £¨ m£¢È·
DI³eJ¾§ �
� $����¼�� �¼�����¼ Þ����º§ ûÖ K GE=·GÃEi

¬I<C£üIJ¦§ ¡i ni ¯=¶>û°§ ¾m£¢ÈIk³ lk? Ik?ID<AJ µ¢¢D£¢DIlCI;IJÈ K e£J£A£¢ÈIk³
£¨ n£dDkl;g¾§ %�����» �	 Ô�»�Õ�¼�» �¼����½§ ¶Ã¯û° K ¶Gû·ûßi

¬I<C£üIJ¦§ ¡ini ¯EFFE°§ Þ�Õ
��¹��� Õ
� ��Õº��¹�� �¼����½§ µBlA£B D<ggi
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¬I<C£üIJ¦§ ¡ini ¯EFFG°§ ¸IJ¨l;;g Ik h<lgdDIk³ Je< ®B¢lAJ £¨ àI;<·gelDIk³¾§ ß��
���i

Ä£±£g ®i§ <J hi Ól;?Blk ¯=¶>G°§ ¸He< Ì´<AJg £¨ ®kAD<lg<? m£¢ÈDI³eJ D£J<A·
JI£k K µk µkl;ÈJIA µ¢¢D£lAe¾§ %�����» �	 Ô�»�Õ�¼�» �¼����½§ ¶E¯E° K EÃÖ·GÖi

<IJ¦§ hi <J i Ól<;CD£<AÒ ¯EFFÃl°§ ¸µk ÌA£k£BIgJ¤g ÇdI?< J£ Je< H<Aek£;£³È§
¬lü lk? jdgIk<gg £¨ cI³IJl; hdgIA cIgJDICdJI£k¾§ ß����i

<IJ¦§ hi <J i Ól<;CD£<AÒ ¯EFFÃC°§ ¸hlÒIk³ og< £¨ àI;<·gelDIk³ H<Aek£;£³I<g
Ik hdgIA cIgJDICdJI£k¾§ ß����i

<IJ¦§ hi <J i Ól<;CD£<AÒ ¯EFFG°§ ¸He< Ì´<AJ £¨ ®kJ<Dk<J IDlAÈ £k mc ¡l;<g K
mD£gg·¡<AJI£k Ì±I?<kA<¾§ mÌ¡I¨£ Ó£DÒIk³ l¢<D ¡<DI<g Ä£i ==EEi

¡lBd<;g£k§ i ¯EFFÃ°§ ¸cph lk?§ £D§ ±gi Je< ¬lü¾§ #������¼�Õ��� �	 Õ
� $#ß§
GÖ K G=·Gûi

¡eÈ§ ái <J niài HeIgg< ¯=¶¶¶°§ ¸µ ¡JDlJ<³IA µ¢¢D£lAe J£ ¡£¨JülD< D£J<AJI£k¾§
%�����» �	 �¼�����¼� ��� ß��������Õ &Õ��Õ��½§ >¯E° K =ÖÃ·=¶Fi

HlÒ<ÈlBl§ ¬iÄi ¯=¶¶G°§ ¾He< Ó<;¨lD< ®B¢;IAlJI£kg £¨ okldJe£DI¦<? p<¢D£?dA·
JI£k £¨ ®kJ<;;<AJdl; D£¢<DJÈ Ik Je< D<g<kA< £¨ c<Blk? Ä<Jü£DÒ ÌªJ<Dkl·
;IJI<g¾§ %�����» �	 �����Õ���» �¼�����¼�§ ÖE¯E° K =ûû·ÖÖi

HlÒ<ÈlBl§ ¬iÄi ¯EFFE°§ ¸IDlAÈ§ lgÈBB<JDIA Ik¨£DBlJI£k§ lk? ¢D£?dAJ «dl;IJÈ
D<±<;lJI£k¾§ ß����i

q££k§ Æi ¯EFFE°§ ¸He< £¢JIBl; ;<±<; £¨ A£¢ÈDI³eJ ¢D£J<AJI£k¾§ ®k¨£DBlJI£k ÌA£·
k£BIAg lk? £;IAÈ§ Ì;g<±I<D§ ±£;i =G¯Ã°§ ¢l³<g ÃEß·ÃG>i

�elk³§ hi-i ¯EFFE°§ ¸µ h£?<; £¨ Ó<;¨lD< µkl;ÈgIg £¨ hdgIA cIgJDICdJI£k¾§ ß��
���§ ¡;£lk ¡Ae££; £¨ hlkl³<B<kJ§ h®Hi

¸cI³IJl; cI;<BBl K ®kJ<;;<AJdl; D£¢<DJÈ Ik Je< ®k¨£DBlJI£k µ³<¾ § ��Õ����»
$¼����½ �	 &¼���¼��( "��
���Õ�� Ý�#�§ EFFFi
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�#"" �..)¦)�
d43343 C?lh8<=6>=7h8 BA �;ll; d43

§ ���0%�� α∗ �0� ��""� %�� ργ′(α∗) − c′(α∗) = 0
v "� !����.���� "�,�"� φ �|� !�0 -|��¨���.� 0��

"� !����.���� ��.#��"�,�%�� �!����"� α∗
s ���. ∂α∗

∂φ = 0
s

§ ���0%�� α∗ �0� ��""� %�� ρ
2 [1 + γ(α∗) + φ]γ′(α∗) − c′(α∗) = 0

v �!!"�%���0 "� �#���$�� -�0
x��.����0 ��!"�.���0 { "� x��.���� ∂π

∂α(α∗, φ) = ρ
2 [1 + γ(α∗) + φ]γ′(α∗) − c′(α∗) = 0

s ���0
�~��0 �"��0 ∂α∗

∂φ = −
∂π
∂φ

(α∗,φ)

∂2π

∂α2 (α∗,φ)

s 2��0%�� α∗ �0� �� ��©����v "� -����������� �0� ��,���xs ��
!"�0v ∂π

∂φ(α∗, φ) = ργ′(α∗)
2 ≥ 0

s 2�� .��0�%����v ∂α∗

∂φ ≥ 0
s

d4334d C?lh8<=6>=7h8 BA �;ll; d4d

§ ���0%�� α∗ �0� ��""� %�� ργ′(α∗) − c′(α∗) = 0 �� p∗(α∗) = γ(α∗) + φ
v "� -����-� ��ª�� !��

"� !��-�.���� �0� �,�"����� d = ρ
s 2�� .��0�%���� « ∂p∗

∂φ ≥ 0 �� ∂d
∂φ(p∗, α∗) = 0

s
§ ���0%�� α∗ �0� ��""� %�� ρ

2 [1 + γ(α∗) + φ]γ′(α∗) − c′(α∗) = 0 �� p∗(α) = 1+γ(α)+φ
2

v "� ¬���
��ª��� ��� -����-� d = 1 − ŝ∗

s ���0 �~��0 ŝ∗ = p∗(α∗) − φ − γ(α∗) = 1−φ−γ(α∗)
2

v -��.
dŝ∗

dφ = −1
2(1 + γ′(α∗)∂α∗

∂φ )
s � γ′(α∗) ≥ 0 !�� #�!��#$0�v �� ∂α∗

∂φ ≥ 0
-|�!�$0 "� ����� �s®s

���. dŝ∗

dφ ≤ 0
v .� %�� ��!"�%�� %�� ∂D

∂φ (α∗, p∗) ≥ 0
s �� !"�0v ∂p∗

∂φ = 1
2(1 + γ′(α∗)∂α∗

∂φ )
v -��.

∂p∗

∂φ ≥ 0
-|�!�$0 �� ���0�������� 0���"����s

d4334j C?lh8<=6>=7h8 B; > 56h:h<7=7h8 d43
y�z § ���0%�� α∗ �0� ��""� %�� ργ′(α∗)− c′(α∗) = 0 �� p∗(α∗) = γ(α∗)+φ

v "� !��-�.���� ��ª���
�� !��¬� π∗ = ρ[γ(α∗) + φ] − c(α∗) − K

s �|�!�$0 "� �#���$�� -� "|��~�"�!!�v ���0 �~��0
�"��0 dπ∗

dφ = ρ ≥ 0
s

§ ���0%�� α∗ �0� ��""� %�� ρ
2 [1 + γ(α∗) + φ]γ′(α∗)− c′(α∗) = 0 �� p∗(α) = 1+γ(α)+φ

2

v "� ¬���
��ª��� �� !��¬� π∗ = ρ

4 [1 + γ(α∗) + φ]2 − c(α∗) − K
s �|�!�$0 "� �#���$�� -� "|��~�"�!!�v

���0 �~��0 �"��0 dπ∗

dφ = ρ
2(1 + φ + vα∗) ≥ 0

s
y��z § ��0 .��0��������0 %�� .��������� -� .�!��� �!�$0 "|��,��������� -� φ

~����� "��� ���"���
����� -�������s �� ����v { "|�!����� -� !��-�.����v u(0, 1) = vc(α

∗)− s− φ
s �|�!�$0 "�

����� �s®v ∂α∗

∂φ ≥ 0
v �� .���� !�� ��""���0 v′c(α) ≤ 0

v du(0,1)
dφ ≤ 0

s
§ ��0 .��0��������0 %�� �.#$���� ���¯���0 �!�$0 "|��,��������� -� φ

~����� �,�"����� "���
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���"��� -�������s �� ����v { "|�!����� -� !��-�.����v u(1, 0) = vb(α
∗) − p∗

s �|�!�$0 "�
����� �s�v ∂p∗

∂φ ≥ 0
v �� .���� !�� ��""���0 v′b ≤ 0 �� ∂α∗

∂φ ≥ 0
-|�!�$0 "� ����� �s®v

du(1,0)
dφ ≤ 0

s
§ ��0 .��0��������0 %�� !�00��� -� "� .�!�� { "|�.#�� 0���� { "|��,��������� -� φ ���
��� !���� -� 0���0x�.����s u��0�-����0 -��© -�,��0 -� !����.���� "�,�"� -�������0 « φ1 <

φ2
s �|�!�$0 "� ����� �s�v ŝ∗(φ1) > ŝ∗(φ2)

s �� ~�������� -� 0��!"�0 -�0 .��0����°
����0 %�� !�00��� -� "� .�!�� { "|���,���" ��� ��� ~�������� -� 0��!"�0 -����� !�� «
ρ
1

∫ ŝ(φ1)
ŝ(φ2) (vb(α

∗(φ)2))− p∗(φ2)− vc(α
∗(φ1)) + s + φ1)ds = ρ

2(ŝ∗(φ1)− ŝ∗(φ2))(vb(α
∗(φ2))−

vb(α
∗(φ1)) + vc(α

∗(φ2))− vc(α
∗(φ1)) + φ1 − φ2 + p∗(φ1)− p∗(φ2)

s u���� dvc

dφ (α)∗ ≤ 0 ��
∂p∗

∂φ ≥ 0
v "� ~�������� -� 0��!"�0 �0� ��,���~�s

d4334Û C?lh8<=6>=7h8 BA ;ll; d4j
�ÅùùÅúÅù �ó ëêæ ò÷ôæ÷èèìíêçñæ ô�÷æêñ�êôí �ìæ ëê �ñó� �� ����
§ /� α ≤ v−1

c (φ+1
ρ )

v �"��0 "� !��¬� 0|�.��� π1(p, α) = γ(α)ρ − c(α)
s ���0 �� -�-��0��0 « ∂π1

∂α =

ργ′(α) − c′(α).

§ /� v−1
c (φ+1

ρ ) ≤ α ≤ v−1
c (φ

ρ )
v �"��0 "� !��¬� 0|�.��� « π2 = ργ(α)(ρvc(α) − φ) − c(α)

s ���0 ��
-�-��0��0 « ∂π2

∂α = ργ′(α)(ρvc(α) − φ) + ρ2γ(α)v′c(α) − c′(α)
s

���0 �����%���0 %�� ∂π1

∂α |
α=v−1

c (φ+1

ρ
)
≥ ∂π2

∂α |
α=v−1

c (φ+1

ρ
)

s w" � � ����0 .�0 !�00� "�0 «
§ 0� ∂π1

∂α |
α=v−1

c (φ+1

ρ
)

< 0
« "� -�,�� -� !����.���� �!����" α∗ �0� ��" %�� ∂π1

∂α (α∗) = 0 ⇔
ργ′(α∗) − c′(α∗) = 0

s�i ���0 .� .�0v ∂α∗

∂φ = 0
s

§ 0� ∂π2

∂α |
α=v−1

c (φ+1

ρ
)

< 0 < ∂π1

∂α |
α=v−1

c (φ+1

ρ
)

« "� -�,�� -� !����.���� �!����" α∗ �0� ��" %��
α∗ = v−1

c (φ+1
ρ ). ���0 .� .�0v ∂α∗

∂φ = 1
ρv′

c(α
∗) ≤ 0.

§ 0� 0 < ∂π2

∂α |
α=v−1

c (φ+1

ρ
)

« "� -�,�� -� !����.���� �!����" α∗ �0� ��" %�� ∂π2

∂α (α∗) = 0 ⇔
ργ′(α∗)(ρvc(α

∗) − φ) + ρ2γ(α∗)v′c(α
∗) − c′(α∗) = 0

s�� �|�!�$0 "� �#���$�� -�0 x��.����0
��!"�.���0v ∂α∗

∂φ = −
∂2π2
∂α∂φ

(α∗)

∂2π2

∂α2 (α∗)

s � ∂2π2

∂α∂φ(α∗) = −ργ′(α∗) ≤ 0
v �� ∂2π

∂α2 (α∗) ≤ 0 y!��0%�� (α∗)

�0� �� ��©����zs 2�� .��0�%����v ∂α∗

∂φ ≤ 0
s

�s U RMHOJLJMH OT NIRMHO MXOXI INL KPXJQPI OYUWX`N ]IN V^WMLV`NIN γ′′(α) ≤ 0 IL c′′(α) ≥ 0
b��GHI RMHOJLJMH NTyNUHLI WMTX _TI ]U RMHOJLJMH OT NIRMHO MXOXI NMJL KPXJQPI INL γ(α∗)v′′

c (α∗)ρ2−c′′(α∗) ≤
0
b
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�ÅùùÅúÅ� �ó ëêæ ò÷ôæ÷èèìíêçñæ ÷æêñ�êôí ëê �ñó� �� ����
� "|�!����� -� !��-�.����v "�0 �.#�����0 -���.�0 0��� �©."�0 ±² ³´µ¶ 0� p∗ > ρvb(α

∗)
s u�"�

.����0!��- { �� -�,�� -� !����.���� �!����"� α∗

§ 0��� .��0���� y� -��0 "� !������ .�0v �� ᾱ
-��0 "� 0�.��- .�0zv .� %�� ��!"�%�� dα∗

dφ = 0
v

§ 0��� ��" %�� ∂π
∂α = ργ′(α∗)[ρvc(α

∗)−φ]+ρ2γ(α∗)v′c(α
∗)− c′(α∗) = 0

s �|�!�$0 "� �#���$�� -�0
x��.����0 ��!"�.���0v dα∗

dφ = −
∂2π

∂α∂φ

∂2π

∂α2

(α∗)
s �� -|�����0 �����0v dα∗

dφ
�0� -� 0�,�� -� −ργ′(α∗)

v
.� %�� ��!"�%�� dα∗

dφ ≤ 0
s

� "|�!����� -� !��-�.����v �" � � -�0 �.#�����0 -���.�0 ±² ³´µ¶ 0� p∗ ≤ ρvb(α
∗)
s u�"� .����0!��-

{ �� -�,�� -� !����.���� �!����"� α∗

§ 0��� ��"v .� %�� ��!"�%�� dα∗

dφ = 0
v

§ 0��� ��" %�� γ′(α∗)[1 − 2γ(α∗)(1 − ρ)2 + φ(1 − ρ)] − c′(α∗) = 0
s �|�!�$0 "� �#���$�� -�0

x��.����0 ��!"�.���0v dα∗

dφ
�0� -� 0�,�� -� γ′(α∗)(1 − ρ)

v .� %�� ��!"�%�� dα∗

dφ ≥ 0
s

§ 0��� ��" %�� ργ′(α∗)1+ργ(α∗)+φ
2 − c′(α∗) = 0

s �|�!�$0 "� �#���$�� -�0 x��.����0 ��!"�.���0v
dα∗

dφ
�0� -� 0�,�� -� ργ′(α∗)

v .� %�� ��!"�%�� �,�"����� dα∗

dφ ≥ 0
s

���. "��0%�|�" � � -�0 �.#�����0 -���.�0 ±² ³´µ¶ �� %�� φ ��,����� "�.�"�����v "�0 �©�����
"�.��© ~���¬��� dα∗

dφ ≥ 0
s

d4334õ C?lh8<=6>=7h8 B; > :6h:h<7=7h8 d4d
y�z ·�� "� !��-�.���� ��x���� �� ��� "�0 .��0��������0 0�� "� !��© ±² ¸¹¶±v 0� �" �|� � !�0
-|�.#�� -���.� ��� ��x���� { "|�!����� -� !��-�.����v �"��0 -|�!�$0 "� �#���$�� -� "|��~�°
"�!!�v ∂π∗

∂φ = −ρp∗ ≤ 0
s

y��z �|�!�$0 "� �#���$�� -� "|��~�"�!!�v ���0 �~��0 ∂π∗

∂φ = p∗(1 − ρ) ≥ 0 "��0%�� p∗ ≤ γ(α∗)
v

�� ∂π∗

∂φ = p∗ ≥ 0 0����s
y���z u��0�-����0 "� !��!������ -� .��0��������0 %�� .�!���� sc

s ���0%�� "�0 .��0��������0
�� 0��� !�0 ��x����0 0�� "� !��© ±² ¸¹¶±v .���� !��!������ �0� �,�"� { ρvc(α) − φ

s �� -���°
���.���� !�� ��!!��� { φ

v �� � ����� dsc

dφ = ρv′c(α)dα
dφ − 1 ≤ 0

-|�!�$0 "� "���� �sºs ���0%��
"�0 .��0��������0 0��� ��x����0 0�� "� !��© ±² ¸¹¶±v �" � � !"�0����0 .�0 !�00� "�0 0�"��
"|�!����� -� !��-�.����s
§ ���0 "� .�0 �» �" �|� � %�� -�0 �.#�����0 ��-���.�0 ±² ³´µ¶v sc = ρ(vb(α) − p) − φ

« 0�
p = ρvb(0)−φ

2ρ

v �"��0 sc = ρvb(0)−φ
2

-��. dsc

dφ ≤ 0 ¼ 0� p = γ(α)
v

sc = ρvc(α
∗) − φ

v ��
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dsc

dφ = ρv′c(α)dα
dφ − 1 ≤ 0

-|�!�$0 "� "���� �sºs
§ ���0 "� .�0 �» �" � � "�0 -��© ��!�0 -|�.#�����0 ±² ³´µ¶ y-���.�0 �� ��-���.�0zv sc =

p(1 − ρ) − φ
« 0� p = 1+φ(1−ρ)

2(1−ρ)2
v �"��0 sc = 1−φ(1−ρ)

2(1−ρ)

-��. dsc

dφ ≤ 0 ¼ 0� p = γ(α)
v �"��0

sc = γ(α∗)(1 − ρ) − φ
v .� %�� .��-��� { dsc

dφ = (1 − ρ)γ′(α)dα∗

dφ − 1 ≤ 0
-|�!�$0 "� "����

�sº ¼ 0� ��¬� p = ρvb(0)
v �"��0 dsc

dφ = −1 ≤ 0
s

§ ���0 "� .�0 �» �" �|� � %�� -�0 �.#�����0 -���.�0 ±² ³´µ¶v sc = p − ργ(α) − φ
« 0� p =

1+φ+ργ(α)
2

v �"��0 sc = 1−φ−ργ(α)
2

v -��. dsc

dφ = −ρ
2γ′(α)dα

dφ − 1
2 ≤ 0

-|�!�$0 "� "���� �sº ¼ 0�
�� ��~��.#� p = ρvb(α)

v
sc = ρvc(α) − φ

v -��. dsc

dφ = ρv′c(α)dα
dφ − 1 ≤ 0

-|�!�$0 "� "����
�sº ¼2�� .��0�%����v �� ���x��.����� -� "� !����.���� "�,�"� ��-��� "� !��!������ -� .�!����0v

-��. �,�"����� "� !��!������ -� .�!����0 %�� -�!��0��� �����"����� -�0 ��00���.�0 !���
.�!��� 0��0 ����� "� !��-��� (1 − ρ)sc

s
y���z ��0 .��0��������0 %�� !�00��� -� "� .�!�� { "|�.#�� 0���� { �� ���x��.����� -� "� !����.°
���� "�,�"� ~����� "��� 0��!"�0 -������� !��0%�� "��� .#��© ������" -� .�!��� "��� !��.����� ��
0��!"�0 !"�0 ,���-s·�� "�0 .��0��������0 0����� ��x����0 �� ��� 0�� "� !��© ±² ¸¹¶±v "��0%��
"� !��-�.���� .�!�� ���� "� 0�!!"����� -|���"��� ����� "� .�!�� �� "|�.#�� yp = γ(αzzv "� 0��!"�0-�0 .��0��������0 �0� �,�" �� 0��!"�0 -�0 .�!����0v %�� -������ 0���� { �� ���x��.����� -�
"� !����.���� "�,�"�s ���0%�� "�0 .��0��������0 0��� ��x����0 0�� "� !��© ±² ¸¹¶±v "|���"���
-�0 .��0��������0 %�� x��� �� �.#�� -���.� ��� ��x���� �0� u(0, 1) = ρ[vb(α) − p] − s − φ

s
���. { "|�!����� -� !��-�.����v du(0,1)

dφ = ρ[v′b(α)dα∗

dφ − dp∗

dφ ] − 1
s

§ ���0%�� p∗ = 1+φ(1−ρ)
2(1−ρ)2

�� α∗ = 0
v du(0,1)

dφ = ρ[− 1
2(1−ρ) ] − 1 ≤ 0

s
§ ���0%�� p∗ = ρvb(0) �� α∗ = 0

v du(0,1)
dφ = −1 ≤ 0

s
§ ���0%�� p∗ = γ(α∗)

v
α �0� ��""� %�� dα∗

dφ ≥ 0
-|�!�$0 "� "���� �sºs ���0 �~��0 �"��0

du(0,1)
dφ = ρ[v′b(α)dα∗

dφ − γ′(α)dα∗

dφ ] − 1 ≤ 0
s

§ ���0%�� p∗(α∗) = 1+φ+ργ(α∗)
2

v
α∗ �0� ��""� %�� dα∗

dφ ≥ 0
-|�!�$0 "� "���� �sºs ���0 �~��0

�"��0 du(0,1)
dφ = ρ[v′b(α)dα∗

dφ − ργ′(α)
2

dα∗

dφ ] − 1 ≤ 0
s

��  ��xv .���� ���"��� -������ "��0%�� φ ��,�����s ���. "� 0��!"�0 -�0 .��0��������0 -���.�0
-������ 0���� { �� ���x��.����� -� "� !����.���� "�,�"�s
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�#"� �-,',�-.�
α
« -�,�� -� !����.���� ��.#��"�,�%�� y0 ≤ α ≤ 1zs

c(α)
« .�½� -� ��0� �� !"�.� -� "� !����.���� ��.#��"�,�%�� !�� "� !��-�.����s

φ
« -�,�� -� !����.���� "�,�"� y0 ≤ φzs

s
« .�½� -|�!!�������� -�0 .��0��������0 { !�00�� -� ���!0 �� "�,�� ys ∼ U [0, 1]z

ρ
« !�� � �"��� %�|�� .��0�������� ���� "� ��0�%��s

vb(α)
« 0���0x�.���� ������� -� "|���,���" yv′b(α) ≤ 0zs

vc(α)
« 0���0x�.���� ������� -� "� .�!��yv′c(α) ≤ 0zs

γ(α) = vb(α) − vc(α)
« -���������" -|���"��� ����� "|���,���" �� "� .�!�� yγ′(α) ≥ 0zs

u(0, 0)
« ���"��� -� �� ���� x����s

u(1, 0)
« ���"��� -|�.#���� "|���,���"s

u(0, 1)
« ���"��� -� ��"�.#��,�� "� .�!��s

u(1, 1)
« ���"��� -|�.#���� "|���,���" �!�$0 �~��� ��"�.#��,� "� .�!��s



.��/Ð�Î� ¾

¿ÑÎ��Ð��Î�Î �� ����Ï�Ð�ÑÑ�Î À Á� ��Ñ���

ÐÑÏ�Î��ÐÑ �� �5�ÂÏ� ��� ãÎ�Ã��� ��Ñ�

�5ÐÑÑ�Ã��Ð�Ñ 7

¦#" 1.,�-�%�,�-.
¡I ;¤£ÍA< ?<g CD<±<Jg§ g£d±<kJ D@?dIJ ² dk< gIB¢;< AelBCD< ?¤<kD<³IgJD<B<kJ§ ¨lIJ ?¤£D·

?IklID< ;¤£C©<J ?< ¢<d ?¤lJJ<kJI£k ?< ;l ¢lDJ ?<g @A£k£BIgJ<g§ ;< D@A<kJ ?@ClJ ldJ£dD ?<g
CD<±<Jg lAA£D?@g ¢lD ;¤£ÍA< ?<g CD<±<Jg lB@DIAlIk l g£d;<±@ ?<g «d<gJI£kg gdD ;l ±l;I?IJ@ ?<
g<g ?@AIgI£kg ?¤lAA£D? £d ?< D<©<J§ ;¤<ÍAlAIJ@ ?< g£k ¢D£A<ggdg ?¤<ªlB<k <J g<g A£kg@«d<kA<g
@A£k£BI«d<gi melD³@ ?< D<A<±£ID ;<g ?<Blk?<g ?< CD<±<Jg§ ;¤£ÍA< ?<g CD<±<Jg <gJ gd¢¢£g@
;<g <ªlBIk<D lÀk ?< ?@J<DBIk<D gI <;;<g D@¢£k?<kJ £d k£k ldª ADIJfD<g ?< CD<±<JlCI;IJ@i µdª
ÉJlJg·okIg§ dk< Ik±<kJI£k <gJ CD<±<JlC;< gI <;;< <gJ dJI;<§ k£d±<;;<§ <J k£k @±I?<kJ< ld D<³lD?
?<g Ikk£±lJI£kg lkJ@DI<dD<g§ CD<±<J@<g £d k£ki i ;dg ¢D@AIg@B<kJ§ ;< ADIJfD< ?< k£d±<ldJ@
D<«dI<DJ «d< ;¤Ik±<kJI£k k¤lIJ ¢lg @J@ ?@ADIJ< £d dJI;Ig@< ?lkg ;< ¢lgg@§ ���� «d¤<;;< k< À·
³dD< ¢lg ?lkg ;¤@JlJ lAJd<; ?< ;l J<AekI«d< Ā¤<gJ·²·?ID< ?lkg ;¤<kg<BC;< ?<g Ik±<kJI£kg ?@©²
F89 :;<=>?@9 @9=@9DÄ CD <@?>:E9 :FGH:@>? <I9: Å9@D<@Ä 8<>EE<CÄNs I N^NL`SI ITXMWPIH OIN [XIKILN IuJxI WMTX NU WUXL _TYTHI JHKIHLJMH NMJL HMTKI]]I\ JHKIHLJKI\ IL _TYI]]IUJL THI UWW]JRULJMH JHOTNLXJI]]I WMTX wLXI [XIKILU[]Ib

¶F
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<ªIgJlkJ<g°§ Jlk?Ig «d< ;< ADIJfD< ?< k£k @±I?<kA< D<«dI<DJ «d¤<;;< g< gIJd< ² dk< ?IgJlkA<
l?@«dlJ< ?< ;¤@JlJ lAJd<; ?< ;l J<AekI«d<� i Ê ;¤Iggd< ?< g£k <ªlB<k§ dk< ?<Blk?< ?< CD<±<J
<gJ D<©<J@< gI ;¤<ªlBIklJ<dD <gJ <k B<gdD< ?< ¢D£d±<D «d< ;¤Ik±<kJI£k k< D@¢£k? ¢lg ² ;¤dk
?<g ADIJfD<gi ®; g¤l³IJ ;l ¢;d¢lDJ ?d J<B¢g ?<g ADIJfD<g ?< k£d±<ldJ@ <J ?< k£k @±I?<kA<§ <J
A¤<gJ ¢lD <ª<B¢;< ;¤<ªIgJ<kA< ?¤dk< lkJ@DI£DIJ@ ¯���� dk< Ik±<kJI£k gIBI;lID< ?@©² <ªIgJlkJ<°
«dI ¢D£d±< ;l k£k CD<±<JlCI;IJ@ ?< ;¤Ik±<kJI£k <J ©dgJIÀ< ;< D<©<J ?< ;l ?<Blk?<i ¬¤£ÍA< ?<g
CD<±<Jg lB@DIAlIk l D@A<BB<kJ ¨lIJ ;¤£C©<J ?< k£BCD<dg<g ADIJI«d<g ld gd©<J ?< g£k ¢D£A<g·
gdg ?¤<ªlB<k <J ?<g CD<±<Jg «d¤I; ?@;I±D< ² A<DJlIkg JÈ¢<g ?¤Ik±<kJI£kg A£BB< ;<g ;£³IAI<;g <J
;<g �������� ��Õ
���i à£k?@<g gdD ;<g Ik±l;I?lJI£kg d;J@DI<dD<g ?< CD<±<Jg ¢lD ;<g JDICdkldª§
A<g ADIJI«d<g ¢£DJ<kJ <k ¢lDJIAd;I<D gdD ;l ¸Bld±lIg<¾ «dl;IJ@ ?<g CD<±<Jg lAA£D?@g ¢lD ;<g
<ªlBIklJ<dDg§ gdg¢<AJ@g ?< ?@;I±D<D ?<g CD<±<Jg «dI k< glJIg¨£kJ ¢lg J£d©£dDg ;< ADIJfD< ?<
k£d±<ldJ@ £d ?< k£k @±I?<kA<i

Çd<;g g£kJ ;<g @;@B<kJg ² ;¤£DI³Ik< ?< A<JJ< gIJdlJI£k ?£kJ g< k£dDDIgg<kJ ;<g ADIJI«d<g Æ
¬< D<;�Ae<B<kJ ?<g gJlk?lD?g ?< CD<±<JlCI;IJ@ IB¢dJ@ ² ;¤£ÍA< ?<g CD<±<Jg lB@DIAlIk <gJ
B£JI±@ ¢lD ¢;dgI<dDg lD³dB<kJgi

m£BB< ;< gd³³fD<kJ ¬<B;<È <J ¡el¢ID£ ¯EFFG°§ ;<g CD<±<Jg g£kJ ?<±<kdg dk BlDAe@ JDfg
;dADlJI¨i µdª ÉJlJg·okIg§ Ael«d< lkk@<§ ;<g <kJD<¢DIg<g ?@¢£g<kJ ¢;dg ?< ÃûFiFFF ?<Blk?<g
?< CD<±<Jg <J ?@¢<kg<kJ ¢;dg ?< û BI;;IlD?g ?< ?£;;lDg ?lkg ;< CdJ ?< ;<g £CJ<kID ¯¬<B;<È
qEFF=r°i ák £Cg<D±< dk< <ªJ<kgI£k ¢D£³D<ggI±< ?d ?£BlIk< ?d CD<±<JlC;< ¯Çl;;IkI qEFFEr° K
ldª ÉJlJg·okIg§ ld A£dDg ?<g ±Ik³J ?<DkIfD<g lkk@<g§ dk< g@DI< ?< ?@AIgI£kg ©dDI?I«d<g l
D<k?d A<DJlIk<g J<Aek£;£³I<g CD<±<JlC;<g l;£Dg «d¤<;;<g k< ;¤@JlI<kJ ¢lg ld¢lDl±lkJ§ A£BB<
¢lD <ª<B¢;< ;<g £D³lkIgB<g ³@k@JI«d<B<kJ B£?IÀ@g§ ;<g ;£³IAI<;g§ £d ¢;dg D@A<BB<kJ ;<g
�������� ��Õ
���� i m<g Aelk³<B<kJg g< g£kJ lAA£B¢l³k@g ?¤dk lAAD£Igg<B<kJ ?d ±£;dB<
?<g ?<Blk?<g ?< CD<±<Jg ¯¢lgg@ ?¤<k±ID£k =FFiFFF <k =¶>û ² ¢Dfg ?< ÃFFiFFF <k EFFF°§ lIkgI
«d< ?d ±£;dB< ?<g CD<±<Jg lAA£D?@g ¯µ;;Ig£k <J l;II qEFFÃr°i Ìk =¶¶¶§ ;¤£ÍA< ?<g CD<±<Jg
�ÄHRUMTU IL Rb½½ ºëìì�À NMT]JxHIHL ]U OJvPXIHRI OYJHLIXWXPLULJMH OI RI RXJL`XI IHLXI ]IN IuUSJHULITXN ï_TJNYJHLPXINNIHL UTu RUXURLPXJNLJ_TIN LIRVHJ_TIN OI ]YJHKIHLJMHï IL ]IN PRMHMSJNLIN ï_TJ WXIHHIHL IH RMSWLI ]I[PHPQRI IL ]I RM¡L NMRJUTu OI ]YJHKIHLJMHb� I WXMR`N ¯JUSMHO KNb tVUlXU[UXL^ º�í�ìÀ WMTX ]IN MXxUHJNSIN xPHPLJ_TISIHL SMOJQPN s ]I WXMR`N¯JUSMHO KNb ¯JIVX º�í��À WMTX ]IN ]MxJRJI]N s ]I WXMR`N éLULI éLXIIL IL ÷ÂÂ KNb ÄuRI] º�íí�À WMTX ]INÉ¼»½¿|»» U|�g�S»b
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lB@DIAlIk l lAA£D?@ =GÃiFFF CD<±<Jg gdD EßEiFFF ?<Blk?<g§ Jlk?Ig «d¤<k EFFF§ I; <k l
lAA£D?@ =ÖûiFFF gdD E¶ÃiFFF ?<Blk?<g¤ i

¬<g gJlJIgJI«d<g B£kJD<kJ @³l;<B<kJ «d< ;¤£ÍA< ?<g CD<±<Jg lB@DIAlIk <gJ k<JJ<B<kJ
B£Ikg g@;<AJI¨ «d< ;<g £ÍA<g <dD£¢@<k <J ©l¢£klIgi ¬¤£ÍA< lB@DIAlIk l ;l ¢lDJIAd;lDIJ@ ?¤ld·
J£DIg<D ;<g ¸?<Blk?<g ?< A£kJIkdlJI£k¾ ¯�¼��Õ����Õ��� ��Õ��Õ ���»�¼�Õ�����°§ ?£kJ ;< ¢DIkAI¢<
<gJ ?< D<k£d±<;<D dk< ?<Blk?< ?@¢£g@< ² dk< ?lJ< lkJ@DI<dD< <J ?¤<k D<±<k?I«d<D ;l ?lJ< ?<
?@¢¥Ji ¬<g ?£kk@<g lkkd<;;<g ?< ;¤£ÍA< lB@DIAlIk A£B¢JlCI;Ig<kJ A<g ?<Blk?<g ld BÂB<
JIJD< «d< ;<g ldJD<g§ CI<k «d¤<;;<g A£kgJIJd<kJ <k D@l;IJ@ ;< D<k£d±<;;<B<kJ ?< ?<Blk?<g
?@©² ?@¢£g@<g <J A£B¢JlCI;Ig@<gi Ìk A£DDI³<lkJ ;<g ?£kk@<g ¢lD Dl¢¢£DJ ldª ?<Blk?<g ?<
A£kJIkdlJI£k ¢£dD ;l ¢@DI£?< =¶¶Ã·=¶¶>§ ÇdI;;<k <J Ó<CgJ<D ¯EFF=° <gJIB<kJ ;< ¸Jldª ?¤lA·
A£D?¾ ¯���� ;< ±£;dB< ?<g lAA£D?g ?I±Ig@ ¢lD ;< ±£;dB< ?<g ?<Blk?<g° ² ld B£Ikg >û´ ldª
ÉJlJg·dkIg§ Jlk?Ig «d¤I; <gJ Ik¨@DI<dD ² Öß´ <k ÌdD£¢< <J ² ÖG´ ld nl¢£k² i

lDl;;f;<B<kJ§ ;<g ;IJI³<g gdD CD<±<Jg§ ?£kJ ;< ±£;dB< l ld³B<kJ@ ¯h<D¦ <J lA< q=¶¶Gr
<gJIB<kJ A<J lAAD£Igg<B<kJ ² ûF´ ?lkg ;<g lkk@<g =¶>F°§ A£k?dIg<kJ g£d±<kJ ² ?<g Ik±l;I·
?lJI£kgi c¤l¢Dfg µ;;Ig£k <J ¬<B;<È ¯=¶¶>°§ GÖ´ ?<g CD<±<Jg A£kJ<gJ@g g£kJ Ik±l;I?@g ¢lD ;<g
JDICdkldª ldª ÉJlJg·okIgi µd A£dDg ?¤dk ;IJI³<§ dk CD<±<J ¢<dJ ÂJD< A£kJ<gJ@ ¢lD ;l ¢lDJI<
l?±<Dg< ?lkg ;¤£¢JI«d< ?< ³l³k<D ¯£d lkkd;<D° ;< ¢D£Afg gdIJ< ² dk< Ik±l;I?lJI£k ?d CD<±<J
¢lD ;< JDICdkl;i h£JI±@< ¢lD ;¤<ªIgJ<kA< ?¤dk< lkJ@DI£DIJ@ ?lkg ;¤@JlJ ?< ;¤lDJ «dI D<B<J <k
Aldg< ;l k£d±<ldJ@ £d ;l k£k·@±I?<kA< ?< ;¤Ik±<kJI£k§ ;l A£kJ<gJlJI£k ?¤dk CD<±<J ¢<dJ ?£k·
k<D ;I<d ² dk< Ik±l;I?lJI£k gI ;< JDICdkl; ©d³< «d¤ld D<³lD? ?< A<JJ< lkJ@DI£DIJ@ ;¤Ik±<kJI£k
?<±I<kJ @±I?<kJ< £d k¤<gJ ¢;dg k£d±<;;<i ¬¤Ik±l;I?lJI£k D<B<J ?£kA <k Aldg< ;l ?@AIgI£k ?¤lA·
A£D? �� ��Õ� ?< ;¤£ÍA< ?<g CD<±<Jg§ <J JDl?dIJ dk< <DD<dD A£BBIg< ¢lD ;<g <ªlBIklJ<dDgi c<
A< ¢£IkJ ?< ±d<§ ;<g Ik±l;I?lJI£kg ?< CD<±<Jg ¢lD ;<g JDICdkldª A£kgJIJd<kJ dk< ¢D<d±< ?< ;l
ClIgg< ?<g gJlk?lD?g ?< CD<±<JlCI;IJ@ l¢¢;I«d@g ¢lD ;<g <ªlBIklJ<dDg§ <J ¢lD A£kg@«d<kJ ;l
ClIgg< ?< «dl;IJ@ ?<g CD<±<Jg lAA£D?@g ¢lD ;¤£ÍA<i
®ÁMLMHN _TI ]U RXPULJMH IH �í�ë OYTHI RMTX OYUWWI] OT RJXRTJL °POPXU] USPXJRUJHI ºt÷ètÀ INL NTNRIWLJ[]IOYUKMJX RMHLXJ[TP ¸ ]U OPxXUOULJMH OI ]U _TU]JLP OIN [XIKILN ¸ LXUKIXN THI [UJNNI OT NLUHOUXO OI [XIKILU[J]JLPbÄH IvIL\ ]U t÷èt U JHKU]JOP W]TNJITXN OPRJNJMHN OI ]YMyRI OIN [XIKILN IH URRMXOUHL OIN [XIKILN _TJ UKUJIHLPLP XIçILPN WUX ]YMyRI WMTX SUH_TI OI HMTKIUTLP UTWUXUKUHLb¶ÄHLXI �íí� IL �íí�\ ]IN OISUHOIN OI RMHLJHTULJMH XIWXPNIHLIHL ë�\£ñ OIN OISUHOIN x]M[U]IN NI]MH ]INUTLITXNb
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c< ¢;dg <k ¢;dg k£BCD<dª§ ;<g CD<±<Jg lAA£D?@g g£kJ ¢lD A£kg@«d<kJ gdgA<¢JIC;<g ?¤ÂJD<
?¤dk< «dl;IJ@ ?< ¢;dg <k ¢;dg ¨lIC;<i m<JJ< ClIgg< ?< «dl;IJ@ gd³³fD< «d< ;<g ADIJfD<g ?<
k£d±<ldJ@ <J ?< k£k @±I?<kA< g£kJ l¢¢;I«d@g ¢lD ;¤£ÍA< ?<g CD<±<Jg lB@DIAlIk ?< BlkIfD<
?< ¢;dg <k ¢;dg ;lªIgJ<i c¤l¢Dfg ÌkAl£dl <J �»�� ¯EFFÃ°§ A<JJ< J<k?lkA< <gJ D<k¨£DA@< ¢lD
;l AD@lJI£k D@A<kJ< ?¤ldJD<g ¨£DB<g ?< ?D£IJg ?< ¢D£¢DI@J@ IkJ<;;<AJd<;;<§ «dI ¢D£AdD<kJ dk<
¢D£J<AJI£k ¢;dg ¨lIC;< «d< ;< CD<±<J BlIg ?£kJ ;<g ADIJfD<g ?¤£CJ<kJI£k g£kJ <kA£D< B£Ikg
g@±fD<g ¯¢lD <ª<B¢;< ;< ¸o¡ ¡<BIA£k?dAJ£D meI¢g D£J<AJI£k µAJ¾ ?< =¶>G°i

Çd<;;<g g£kJ ;<g <ª¢;IAlJI£kg ¢£ggIC;<g ?< A<JJ< ?@³Dl?lJI£k <J ?< ;¤Ik<ÍAlAIJ@ ?d ¢D£·
A<ggdg ?¤<ªlB<k ?< ;¤£ÍA< ?<g CD<±<Jg Æ ¡I ;¤£ÍA< ?<g CD<±<Jg k¤l ¢lg ¢£dD dkI«d< ±£AlJI£k
;l ±l;I?lJI£k l?BIkIgJDlJI±< <J ;¤<kD<³IgJD<B<kJ ?<g ?<Blk?<g ?< CD<±<Jg <J g¤I; ©£d< l±lkJ
J£dJ dk D¥;< ?< g@;<AJI£kk<dD§ ;<g B£È<kg IkgdÍglkJg ?£kJ I; ?Ig¢£g< ;¤<B¢ÂAe<kJ A<¢<k?lkJ
?¤lggdD<D ¢;<Ik<B<kJ A< D¥;<i àlA< ² AelAdk< ?<g ?<Blk?<g ?< CD<±<Jg§ ;<g <ªlBIklJ<dDg
?< ;¤£ÍA< g£kJ A<kg@g A£k¨D£kJ<D ;<g gJlk?lD?g ?< CD<±<JlCI;IJ@ ld ¢DI£D lDJ ¯���� ldª Ik±<k·
JI£kg ¢lgg@<g° ?d ?£BlIk< J<Aek£;£³I«d< ?< ;¤Ik±<kJI£k³i Ìk A< «dI A£kA<Dk< ?<g Ik±<kJI£kg
A£BB< ;<g ;£³IAI<;g <J ;<g �������� ��Õ
���§ <kJD@<g g<d;<B<kJ D@A<BB<kJ ?lkg ;< ?£BlIk<
?d CD<±<JlC;<§ ;¤@JlJ ?< ;l J<AekI«d< <gJ A£kgJIJd@ <k ³Dlk?< ¢lDJI< ?¤Ik±<kJI£kg k£k CD<±<·
J@<gi c< ¨lIJ§ ;<g <ªlBIklJ<dDg £kJ ?<g ?IÍAd;J@g ² @±l;d<D ;< ¢DI£D lDJµ § <J g< ±£I<kJ lAAdg@g
?< Blk«d< ?< DI³d<dD «dlkJ ² ;¤<ªlB<k ?<g Ik±<kJI£kg lkJ@DI<dD<g§ CD<±<J@<g <J k£k CD<·
±<J@<gi c¤l¢Dfg h<D³<g ¯=¶¶¶°§ A< ¢D£C;fB< <gJ ;£Ik ?¤ÂJD< D@g£;d§ ?d ¨lIJ ?< ;l AD£IgglkA<
Dl¢I?< ?d ±£;dB< ?<g ?<Blk?<g ?lkg A<g g<AJ<dDg§ «dI k< ;lIgg< ¢lg ;< J<B¢g ld gÈgJfB<
?<g CD<±<Jg ?< g¤l©dgJ<Di ák A£kgJlJ< <k <´<J «d< ;l ¢lDJ ?<g ±<D?IAJg D<k?dg <k ?<dª lkg ¯²
A£B¢J<D ?< ;l ?lJ< ?< ?@¢¥J ?< ;l ?<Blk?<° l AedJ@ ?< >û´ ² ßF´ <kJD< =¶¶F <J EFFFi Ìk
EFFE§ ;< J<B¢g B£È<k ?¤lJJ<kJ< ?¤dk ?<Blk?<dD ?< CD<±<J l±lIJ ?@¢lgg@ EÖ B£Igi <k?lkJ
A<JJ< ¢@DI£?< ?¤lJJ<kJ< ¯���Õ��Õ ��������°§ dk <ªlBIklJ<dD k< A£kglAD< «d< => e<dD<g <k
B£È<kk< ² ;ID< ;< ?£ggI<D§ D<Ae<DAe<D <J ;ID< ;< ¢DI£D lDJ§ ;< A£B¢lD<D ld ?£ggI<D§ ¨£DBd;<D ?<g
£C©<AJI£kg§ @Jd?I<D ;<g D@¢£kg<g§ D<kA£kJD<D ;¤l±£AlJ <J D<k?D< g£k ±<D?IAJ ¯¬<B;<È qEFF=r°i
¹tI WXMRINNTN INL UWWI]P ZWULIHL WXMNIRTLJMHab z] WITL OTXIX çTN_TY̧ � UHN ïOT °UJL OI HPxMRJULJMHN IHLXI]YIuUSJHULITX IL ]I OISUHOITX IL RM¡LIX çTN_TY̧ �ììbììì m UT OISUHOITX\ NI]MH ]U LIRVHM]MxJIbÃ¯YUWX`N tMVIH º�ííÿÀ\ ZoMH HMS[XI OI OPKI]MWWISIHLN OUHN ]I OMSUJHI OI ]U WXMxXUSSULJMH HINMHL WUN WT[]JPNb tIXLUJHN NMHL NJSW]ISIHL JHRMXWMXPN OUHN ]IN WXMOTJLN SJN NTX ]I SUXRVP s OYUTLXIN NMHLIuW]J_TPN OUHN OIN SUHTI]N _TJ HI NMHL WUN OJNWMHJ[]IN WMTX ]YIuUSJHULITXab
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ÌJ Bl;³D@ A<J <ªlB<k Dl¢I?<§ ;¤£ÍA< ?<g CD<±<Jg A£B¢J< lAJd<;;<B<kJ ûFFiFFF ?£ggI<Dg «dI
k¤£kJ ¢lg <kA£D< @J@ <ªlBIk@g ¯¬<B;<È <J ¡el¢ID£ qEFFGr°i ®; g¤<kgdIJ dk< g@;<AJI£k Ik<ÍAlA<
<J dk <k³£D³<B<kJ ?<g ?£ggI<Dgi

Ìk A£kg@«d<kA<§ ;< Blk«d< ?¤Ik¨£DBlJI£k ?<g <ªlBIklJ<dDg ¢<dJ ?£kk<D ;I<d ² ?<g <D·
D<dDg ?< ©d³<B<kJ§ ¢£J<kJI<;;<B<kJ k@¨lgJ<g ² ;l g£AI@J@i µÈlkJ ¢£dD £C©<AJI¨ ;¤IkAIJlJI£k
² Ikk£±<D§ ;< gÈgJfB< ?<g CD<±<Jg lDCIJD< <kJD< ;< C@k@ÀA< g£AIl; ?< ;¤IkJD£?dAJI£k gdD ;<
BlDAe@ ?¤dk k£d±<ld ¢D£?dIJ £d ?¤dk< k£d±<;;< J<Aek£;£³I< <J ;<g A£ËJg g£AIldª «dI D@·
gd;J<kJ ?< g£k £AJD£Ii ádJD< ;l ¢<DJ< gfAe< gJlJI«d< «dI D@gd;J< ?< ;l ¢£gIJI£k ?< B£k£¢£;<
A£k¨@D@< ¢lD ;< CD<±<J ² g£k ?@J<kJ<dD§ ;l ?@J<kJI£k ?¤dk CD<±<J ¢<dJ ?£kk<D ;I<d ² ?<g A£ËJg
g£AIldª Ik?ID<AJg ?lkg dk< ¢<Dg¢<AJI±< ?ÈklBI«d<i ;dg ¢D@AIg@B<kJ§ ;< CD<±<J ¢<dJ <k³<k·
?D<D dk< ?d¢;IAlJI£k ?<g A£ËJg ?< p¿c ¢lD ;<g <kJD<¢DIg<g «dI g< ¨£kJ A£kAdDD<kA< ¢£dD
£CJ<kID dk CD<±<J ¯?lkg dk< A£dDg< ld CD<±<J°i c< ¢;dg§ gI ;< CD<±<J ¨lIJ ;¤£C©<J ?¤dk ;IJI³<
I; IB¢;I«d< ?<g A£ËJg ?< JDlkglAJI£k <kJD< ;<g ¢lDJI<g ;£Dg ?< ;l ¢D£A@?dD< ©dDI?I«d<i £dD
;<g J<Aek£;£³I<g AdBd;lJI±<g £d g@«d<kJI<;;<g§ £� dk< Ik±<kJI£k g< ¨£k?< gdD ;l ¢D@A@?<kJ<§
;< CD<±<J ¢<dJ ?@A£dDl³<D ;<g ?@±<;£¢¢<B<kJg ?¤Ikk£±lJI£kg CD<±<J@<g <k DlIg£k ?<g A£ËJg
?< ;IA<kA<g «dI ?<±DlI<kJ ÂJD< ±<Dg@<g ldª ?@J<kJ<dDg ?<g CD<±<Jg IkIJIldªi ÌkÀk§ ;<g CD<±<Jg
¢<d±<kJ £DI<kJ<D ;l ?ID<AJI£k ?< ;l p¿c <k ¨l±<dD ?< gdCgJIJdJg ldª Ik±<kJI£kg CD<±<J@<g
ld ?@JDIB<kJ ?< A£B¢;@B<kJg ¯ÌgülDlk <J Çl;;IkI q=¶¶Ör°i ¡I ;<g CD<±<Jg lAA£D?@g ¢lD ;<g
<ªlBIklJ<dDg g£kJ A<kg@g A£kJDICd<D ² dk< ld³B<kJlJI£k ?d gdD¢;dg g£AIl; Bl;³D@ ;< A£ËJ
«d¤I;g <k³<k?D<kJ§ ;<g ¸Bld±lIg¾ CD<±<Jg ¢<d±<kJ A<¢<k?lkJ AD@<D dk ?@g@«dI;ICD< <J ÂJD< ;l
g£dDA< ?¤dk A£ËJ k<J ¢£dD ;l g£AI@J@i Ìk <´<J§ gI ;¤Ik±<kJI£k ¢D£J@³@< k¤<gJ ¢lg D@<;;<B<kJ
k£d±<;;< <̄k ¢lDJIAd;I<D gI g£k dgl³< <gJ ?@©² D@¢lk?d Ae<¦ ?¤ldJD<g <kJD<¢DIg<g°§ ;< C@k@ÀA<
g£AIl; ?d CD<±<J <gJ kd;§ <J k< D<gJ< «d< ;l ¢<DJ< gfAe< Iggd< ?d B£k£¢£;<i Ê A< JIJD<§ ;<g
¸Bld±lIg¾ CD<±<Jg A£kgJIJd<kJ dk A£ËJ g£AIl; glkg A£kJD<¢lDJI< <k J<DB<g ?¤Ikk£±lJI£ki Ìk
£dJD<§ ;¤@±<kJdl;IJ@ £� ;< CD<±<J k¤<gJ ¢lg A£kJ<gJ@ ¢<dJ A£DD<g¢£k?D< ² dk< gIJdlJI£k £�
;<g <kJDlkJg ¢£J<kJI<;g§ IkAl¢lC;<g ?¤lggdB<D ;<g A£ËJg ?d ;IJI³< «dI ¢<DB<JJDlIJ g£k Ik±l;I·
?lJI£k§ g£kJ ?Iggdl?@g ?¤<kJD<D <J ?@A£dDl³@g ?¤Ikk£±<Di ¬<Dk<D ¯=¶¶û° B£kJD< «d< ;l ¢<dD
?¤dk ;IJI³< ¢<dJ ?@A£dDl³<D ;<g ¢<JIJ<g <kJD<¢DIg<g ?< ¢@k@JD<D ;² £� ?<g <kJD<¢DIg<g <k ¢;lA<
?@JI<kk<kJ ?< k£BCD<dª CD<±<Jg «dI§ ;£Dg«d¤I;g g£kJ ¸Bld±lIg¾§ C;£«d<kJ ?£kA ;¤IkJD£?dAJI£k
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?¤l;J<DklJI±<g g£AIl;<B<kJ ?@gIDlC;<gi
mlI;;ld? ¯EFFÃ° ¢£IkJ< ;< ¢D£C;fB< ?¤<k³£D³<B<kJ ?<g ?£ggI<Dg D<�dg ¢lD ;¤£ÍA< ?<g

CD<±<Jg <J g£k IB¢lAJ gdD ;¤<´<AJI±IJ@ ?<g ADIJfD<g ?< CD<±<JlCI;IJ@i ®; gd³³fD< k£JlBB<kJ
«d< ¨lA< ² dk ¢D£A<ggdg ?¤<ªlB<k gd¢<DÀAI<; ?Ë ² ;¤<k³£D³<B<kJ ?<g ?£ggI<Dg§ ;<g <kJD<¢DIg<g
g£I<kJ <kA£dDl³@<g ² ?@¢£g<D ?<g ?<Blk?<g ¢<d ¨£k?@<g <k BIglkJ gdD ;¤lJJ<kJI£k B£Ik?D<
¢£DJ@< ldª ?£ggI<Dg ¢lD ;<g <ªlBIklJ<dDgi Ìk <´<J§ ;l ?@;I±DlkA< ?< CD<±<Jg ?< Bld±lIg<
«dl;IJ@ ¢<dJ ld³B<kJ<D ;< ±£;dB< ?<g ?<Blk?<g K ;<g ¸Ikk£±lJ<dDg¾ g£kJ ?¤ldJlkJ ¢;dg
IkAIJ@g ² ?@¢£g<D dk< ?<Blk?< «d¤I;g gl±<kJ «d< ;<dDg AelkA<g ?¤£CJ<kID dk CD<±<J g£kJ
IB¢£DJlkJ<gi Ìk A£kg@«d<kA<§ ;l AelD³< ?< JDl±lI; ?<g <ªlBIklJ<dDg ld³B<kJ<§ A< «dI ;<g
A£kJDlIkJ ² <´<AJd<D dk <´£DJ ?¤<ªlB<k ¢;dg ¨lIC;< gdD Ael«d< ?<Blk?<§ <J ² @Jd?I<D ;<g
lkJ@DI£DIJ@g ?< BlkIfD< B£Ikg l¢¢D£¨£k?I<§ l±<A ;< DIg«d< ?< A£BB<JJD< ?<g <DD<dDg ?<
©d³<B<kJ <J ?¤lAA£D?<D ¢;dg ?< ¸Bld±lIg¾ CD<±<Jgi clkg dk< D<±d< ?< ;¤lkl;Èg< @A£k£BI«d<
?<g CD<±<Jg ?< ¥l;; ¯EFFÃ°§ £k D<JD£d±< ;¤I?@< g<;£k ;l«d<;;< ;<g <DD<dDg ?< ?@;I±DlkA< ¢<d±<kJ
?£kk<D ;I<d ² dk A<DA;< ±IAI<dªi

Ä£J£kg «d< A< ¢D£C;fB< <gJ IB¢dJlC;< k£k g<d;<B<kJ ² ;¤Ik<ÍAlAIJ@ ?d ¢D£A<ggdg ?¤<ªl·
B<k ?< ;¤£ÍA< ?<g CD<±<Jg§ BlIg ldggI ld A£B¢£DJ<B<kJ gJDlJ@³I«d< ?<g ¸Ikk£±lJ<dDg¾§ «dI
lkJIAI¢<kJ ;<g <DD<dDg ?<g <ªlBIklJ<dDg <J ?<Blk?<kJ ?<g CD<±<Jg gdD ?<g Ik±<kJI£kg ?£kJ
I;g gl±<kJ «d¤<;;<g k< D@¢£k?<kJ ¢lg ¨£DA@B<kJ ldª ADIJfD<g ?< CD<±<JlCI;IJ@i ®; <gJ A;lID «d<
;<g ¸Ikk£±lJ<dDg¾ g£kJ l ¢DI£DI BI<dª Ik¨£DB@g «d< ;<g <ªlBIklJ<dDg ?< ;l «dl;IJ@ ?< ;<dDg
?<Blk?<g§ «d¤I;g ¢<d±<kJ l?£¢J<D dk A£B¢£DJ<B<kJ £¢¢£DJdkIgJ< <J <ª¢;£IJ<D A< ¢D£C;fB<
?¤lgÈB@JDI< ?¤Ik¨£DBlJI£k D<k¨£DA@ ¢lD ;¤<k³£D³<B<kJ ?<g ?<Blk?<gi clkg ;<g g<AJ<dDg @A£·
k£BI«d<g ¨£k?@g gdD ;l A£kklIgglkA<§ £� ;l ¢D£J<AJI£k ?< ;l ¢D£¢DI@J@ IkJ<;;<AJd<;;< ©£d< dk
D¥;< k£k k@³;I³<lC;< ;̄<g Aelk³<B<kJg ;@³ldª ?@ADIJg ¢D@A@?<BB<kJ ;dI A£k¨fD<kJ ?< ¢;dg
<k ¢;dg ?¤IB¢£DJlkA<°§ ?@J<kID dk CD<±<J A£kgJIJd< ¢£dD dk< <kJD<¢DIg< dk gI³kl; J<klkJ
;I<d ?< D<B¢lDJ <J ?< B<klA< ¨lA< ² ;¤<kJD@< ?< A£kAdDD<kJg K I; È l ?£kA dk IkJ@DÂJ gJDlJ@·
³I«d< ² ?@¢£g<D dk CD<±<J§ g£dDA< ¢£J<kJI<;;< ?< D<±<kdg§ Ik?@¢<k?lBB<kJ ?< ;l «dl;IJ@ ?<
;¤Ik±<kJI£k ¢D£J@³@< <J ?< gl ;@³IJIBIJ@Úi
à÷ LXUKIXN ]I OXMJL IuR]TNJ° OYIuW]MJLULJMH _TYJ] RMH°`XI\ ]I [XIKIL WIXSIL IH IvIL ¸ NMH OPLIHLITX OI[PHPQRJIX OI XIKIHTN NTX ]IN ]JRIHRIN _TYJ] MRLXMJIb
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clkg A< B£?f;<§ k£dg Ae<DAe£kg ² <ª¢;I«d<D ;< ¢D£C;fB< ?< gdDAelD³< ?< ?<Blk?<g
D<�d<g ¢lD ;¤£ÍA< ?<g CD<±<Jg <J ² lkl;Èg<D g£k IB¢lAJ gdD ;¤lAJI±IJ@ ?< p¿ci ¬¤I?@< g£dg·
©lA<kJ< <gJ gIBI;lID< ² A<;;< «dI l¢¢lDlÅJ ?lkg ¥l;; ¯EFFÃ° <J mlI;;ld? ¯EFFÃ° ² ¢D£¢£g ?d ;I<k
D@AI¢D£«d< <kJD< ;<g gJDlJ@³I<g ?< ?<Blk?< ?< CD<±<Jg ?< ;l ¢lDJ ?<g <kJD<¢DIg<g <J ;¤<k³£D·
³<B<kJ ?<g ?£ggI<Dg D<�dg ¢lD ;¤£ÍA< ?<g CD<±<Jgi Ä£dg A£kgI?@D£kg dk g<AJ<dD A£kgJIJd@ ?<
n
<kJD<¢DIg<g «dI ¢£ggf?<kJ AelAdk< dk< Ikk£±lJI£k§ ?£kJ ;l «dl;IJ@ <gJ ;<dD Ik¨£DBlJI£k ¢DI·

±@<i m<g <kJD<¢DIg<g ¢<d±<kJ ?@AI?<D ?< ?<Blk?<D dk CD<±<J ld¢Dfg ?< ;¤£ÍA< £d ?< ³lD?<D
;<dD Ik±<kJI£k g<ADfJ<i ¬< g<AD<J§ CI<k «d¤I; k¤£´D< ¢lg ;<g D<kJ<g ¢£J<kJI<;;<g ?d CD<±<J Īggd<g
?<g ;IA<kA<g°§ @±IJ< ² dk< <kJD<¢DIg< ?< ?I±d;³d<D g£k Ik±<kJI£k§ ld A£kJDlID< ?¤dk< ?<Blk?<
?< CD<±<J «dI IB¢£g< ;l D@±@;lJI£k ?¤Ik¨£DBlJI£kg ldª«d<;;<g ;<g A£kAdDD<kJg £kJ ;ICD< lAAfgi
¬l ?<Blk?< ?< CD<±<J <gJ A£ËJ<dg< <J ¨lIJ ;¤£C©<J ?¤dk <ªlB<k <J ?¤dk< D<Ae<DAe< ?< ¢DI£D
lDJi ok ¢D£A<ggdg ?¤<ªlB<k ¢lD¨lIJ<B<kJ <ÍAlA< <gJ gd¢¢£g@ D<©<J<D J£dJ<g ;<g Bld±lIg<g
?<Blk?<g <J k¤lAA£D?<D «d< ?<g ¸C£kg¾ CD<±<Jgi ®; <ªIgJ< A<¢<k?lkJ ?<g g£dDA<g ?¤Ik<ÍAlAIJ@
?< ;¤<ªlB<k§ «dI D@gI?<kJ <gg<kJI<;;<B<kJ ?lkg ;l gdDAelD³< ?< JDl±lI; ?<g <ªlBIklJ<dDg K
A£BB< A<g ?<DkI<Dg k< g£kJ ¢lg <k B<gdD< ?< A£d±DID J£dJ<g ;<g lkJ@DI£DIJ@g ?¤dk< ?<Blk?<§
I;g ¢<d±<kJ ;lIgg<D ¢lgg<D ?<g Ikk£±lJI£kg ?@©² <ªIgJlkJ<g ;£Dg ?d ¢D£A<ggdg ?< D<Ae<DAe< <J
?@;I±D<D ?<g CD<±<Jg ² ?<g Ikk£±lJI£kg «dI k< g£kJ ¢lg D@<;;<B<kJ k£d±<;;<gi ¡I ;¤£k A£kgI·
?fD< «d< ;< k£BCD< ?¤<DD<dDg ld³B<kJ< l±<A ;l AelD³< ?< JDl±lI; ?< ;¤£ÍA<§ ;l ?@AIgI£k ?<
?<Blk?< ?< CD<±<J ?< ;l ¢lDJ ?¤dk< <kJD<¢DIg< D<¢£g< ¢lDJI<;;<B<kJ gdD g£k lkJIAI¢lJI£k
?d ±£;dB< ?<g ?<Blk?<g D<�d<g ¢lD ;¤£ÍA<i Ä£dg B£kJD£kg «d¤I; <ªIgJ< ¢;dgI<dDg @«dI;ICD<g
¢£ggIC;<g§ «dI ?I´fD<kJ g<;£k ;< k£BCD< ?< ¸Bld±lIg<g¾ ?<Blk?<g ?@¢£g@<g ld¢Dfg ?< ;¤£ÍA<
?<g CD<±<Jgi ¬¤lCg<kA< ?< A££D?IklJI£k <kJD< ;<g <kJD<¢DIg<g§ g£dDA< ?¤@«dI;ICD<g Bd;JI¢;<g§
B£kJD< ;<g ;IBIJ<g ?< D@¨£DB<g ;£Al;<g ?d ¢D£A<ggdg ?< ?@¢¥J ?<g ?£ggI<Dg <J ?< ;<dD IB¢lAJ
gdD ;<g gJDlJ@³I<g ?<g <kJD<¢DIg<gi ¬<g <DD<dDg ¢£J<kJI<;;<g ?< ;l ¢lDJ ?< ;¤£ÍA< ?<g CD<±<Jg
£kJ A<DJ<g dk< IkAI?<kA< gdD ;< A£B¢£DJ<B<kJ ?< ?<Blk?< ?<g ¸Ikk£±lJ<dDg¾§ BlIg <;;<g £kJ
@³l;<B<kJ dk IB¢lAJ k£k k@³;I³<lC;< gdD ;<dD lAJI±IJ@ ?< p¿ci Ä£dg @Jd?I£kg A<J IB¢lAJ§
<J k£dg A£B¢lD£kg ;<g <´£DJg ?< p¿c ¯«dI ?@J<DBIk<kJ ;l «dl;IJ@ ?< ;¤Ikk£±lJI£k £CJ<kd<°
g<;£k ;< ±£;dB< ?<g ?<Blk?<g lkJIAI¢@ ² ;¤@«dI;ICD<i ÌkÀk§ k£dg lkl;Èg£kg ;< ¢D£A<ggdg
?¤<ªlB<k ?< ;¤£ÍA< ?<g CD<±<Jg <k IkJD£?dIglkJ dk <´£DJ g¢@AIÀ«d< ?¤<ªlB<k «dI IkÈd<kA<
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¢£gIJI±<B<kJ ;l ¢D£ClCI;IJ@ ?< JD£d±<D dk< lkJ@DI£DIJ@ gdD dk< ¸Bld±lIg<¾ ?<Blk?<i µ¢Dfg
l±£ID g¢@AIÀ@ ;¤£C©<AJI¨ ?< ;¤£ÍA< ?<g CD<±<Jg§ k£dg ?@J<DBIk£kg «d<;;< ?£IJ ÂJD< gl ¢£;IJI«d<
£¢JIBl;< <k J<DB<g ?< ?@;I±DlkA< <J ?< D<©<Jgi Ä£J£kg «d< ;< B£?f;< k¤l ¢lg ¢£dD £C©<J ;<g
¢D£C;fB<g ?¤l³<kA< ld g<Ik ?< ;¤£ÍA< ?<g CD<±<Jg <J ;<g B@AlkIgB<g ?¤IkAIJlJI£k ?<g <ªl·
BIklJ<dDgi ®; ±Ig< <gg<kJI<;;<B<kJ ² AlDlAJ@DIg<D ;l ¢£;IJI«d< £¢JIBl;< ?< ;¤£ÍA< <J ;¤IB¢lAJ
?< g<g IkgJDdB<kJg gdD ;<g gJDlJ@³I<g ?< p¿c <J ?< ?<Blk?< ?<g <kJD<¢DIg<gi

¦#� ��). 'Ì)� *' *�,,��',%�)
¬<g lkl;Èg<g @A£k£BI«d<g ?d CD<±<J§ ?£kJ ;< ¢DIkAI¢l; £C©<J @JlIJ ;< ;I<k <kJD< CD<·

±<Jg§ Ikk£±lJI£k <J A£kAdDD<kA<§ g< g£kJ ;£k³J<B¢g ¢;lA@<g dk< ¨£Ig ;< CD<±<J ?@;I±D@§ glkg
g¤IkJ@D<gg<D ld B@AlkIgB< ?¤£CJ<kJI£k ?d CD<±<J§ kI g£d;<±<D ;l «d<gJI£k ?< g£k Ik±l;I?IJ@
¢£J<kJI<;;<i Ä@lkB£Ikg§ gdIJ< ldª £Cg<D±lJI£kg ?¤<DD<dDg ?< ;¤£ÍA< ?<g CD<±<Jg <J ?< ?@³Dl·
?lJI£k ?< ;l «dl;IJ@ ?<g CD<±<Jg§ ;< ¢D£A<ggdg ?¤£CJ<kJI£k ?¤dk CD<±<J <J ;<g IB¢<D¨<AJI£kg
?<g B@AlkIgB<g ?< ?@;I±DlkA< £kJ gdgAIJ@ ;¤IkJ@DÂJ ?<g ©dDIgJ<g§ <J ¢;dg D@A<BB<kJ A<;dI ?<g
@A£k£BIgJ<gi

ok A<DJlIk k£BCD< ?¤@Jd?<g ©dDI?I«d<g D@A<kJ<g g¤IkJ@D<gg<kJ ² ;¤<ÍAlAIJ@ ?< ;¤£ÍA< ?<g
CD<±<Jg <J ;l BIg< <k Êd±D< ?<g gJlk?lD?g ?< CD<±<JlCI;IJ@i ¬l ¢;d¢lDJ ?< A<g lDJIA;<g l?£¢J<
dk< l¢¢D£Ae< k£DBlJI±< <J ¢D£¢£g< ?<g D@¨£DB<g lÀk ?< ;IBIJ<D ;< ¢D£C;fB< ?¤<k³£D³<B<kJ
«d< gdCIJ ;¤£ÍA< ?<g CD<±<Jg lB@DIAlIki

h<D³<g ¯=¶¶¶° <J Æ<glk ¯EFFE° ¢D£¢£g<kJ k£JlBB<kJ ?< D<k¨£DA<D ;< ?<³D@ ?< k£k
@±I?<kA< D<«dIg ¢£dD «d¤dk< Ik±<kJI£k g£IJ CD<±<JlC;<§ <k ¢lDJIAd;I<D ¢£dD ;<g ;£³IAI<;g <J
�������� ��Õ
���i ®;g l±lkA<kJ @³l;<B<kJ ;l g£;dJI£k ?¤dk< ¢D£A@?dD< ?< D<·<ªlB<k <ª ¢£gJ§
l±<A ;l ¢£ggICI;IJ@ ¢£dD dk JI<Dg ?< A£kJ<gJ<D ;< CD<±<J ?¤dk< Ik±<kJI£k ?£kk@< <k l¢¢£DJlkJ
;l ¢D<d±< ?¤dk< lkJ@DI£DIJ@i ok J<; gÈgJfB<§ «dI D<±I<kJ ¢£dD ;¤£ÍA< ?<g CD<±<Jg ² ?@;@³d<D
;l D<Ae<DAe< ?¤lkJ@DI£DIJ@ ldª <kJD<¢DIg<g§ l ¢DI£DI BI<dª Ik¨£DB@<g gdD ;< ¢DI£D lDJ§ <gJ g<;£k
<dª C<ldA£d¢ B£Ikg A£ËJ<dª «d< ;< ;IJI³<i ÌkÀk h<D³<g ¯=¶¶¶° IkgIgJ< gdD ;<g ¢D£C;fB<g
gJDdAJdD<;g ?< ;¤£ÍA< ?<g CD<±<Jg§ «dI A£kklÅJ ?< ¨D@«d<kJg Aelk³<B<kJg ?¤<ªlBIklJ<dDg
?£kJ ;< B£?< ?< D@Bdk@DlJI£k ;<g IkAIJ< ² lAA£D?<D ?<g CD<±<Jg <J k£k ² <k D<©<J<Di
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µ A£kJD<·A£dDlkJ ?<g ¢DIkAI¢ldª JDl±ldª ©dDI?I«d<g§ ¬<B;<È ¯EFFF° gd³³fD< «d< ;< ¢D£·
A<ggdg ?¤<ªlB<k ?< ;¤£ÍA< ?<g CD<±<Jg lB@DIAlIk k< ?£IJ ¢lg ÂJD< lB@;I£D@i ¡<;£k ;¤ldJ<dD§
I; <gJ g£AIl;<B<kJ B£Ikg A£ËJ<dª ?< ;lIgg<D ;¤£ÍA< A£BB<JJD< ?<g <DD<dDg ?< ?@;I±DlkA< ¢£dD
«d¤<;;<g g£I<kJ @±<kJd<;;<B<kJ A£DDI³@<g �� ���Õ ;£Dg ?¤dk ;IJI³< ¯?£kJ ;<g A£ËJg g£kJ gd¢¢£D·
J@g ¢lD ;<g <kJD<¢DIg<g°§ ¢;dJ¥J «d< ?< B£?IÀ<D ;< ¢D£A<ggdg ?¤<ªlB<k ?<g ?£ggI<Dg �� ��Õ�
lÀk ?¤ld³B<kJ<D ;l «dl;IJ@ ?<g CD<±<Jgi c< g£k ¢£IkJ ?< ±d<§ ;¤£ÍA< ?<g CD<±<Jg <gJ ¸DlJI£k·
k<;;<B<kJ I³k£DlkJ¾§ ?lkg ;l B<gdD< £� ;< A£ËJ ?¤lB@;I£D<D ;l «dl;IJ@ ?<g CD<±<Jg ?@¢lgg<
;lD³<B<kJ ;< C@k@ÀA< lgg£AI@ <k J<DB<g ?< D@?dAJI£k ?<g A£ËJg ?< ;IJI³<§ AlD ;l ¢D£ClCI;IJ@
«d¤dk CD<±<J ¨lgg< ;¤£C©<J ?¤dk ¢D£Afg <gJ D<;lJI±<B<kJ ¨lIC;<i

clkg ;l Bl©<dD< ¢lDJI< ?< ;l ;IJJ@DlJdD< @A£k£BI«d< gdD ;<g CD<±<Jg§ ;¤ldJ£DIJ@ «dI lA·
A£D?< ;<g CD<±<Jg <gJ A£kgI?@D@< A£BB< dk< gIB¢;< AelBCD< ?¤<kD<³IgJD<B<kJi ¬< D¥;< ?<g
IkgJlkA<g ?< CD<±<Jg§ <J g£k IB¢lAJ gdD ;¤lAJI±IJ@ ?< p¿c l @J@ JDfg ¢<d ¨£DBl;Ig@ ©dg«d¤IAI§
² ;¤<ªA<¢JI£k ?< ¬lk³IkI<D <J hlDA£d; ¯EFFÃ°i clkg ;<dD lDJIA;<§ I;g g¤IkJ@D<gg<kJ ld ¢D£·
C;fB< ¢£g@ ¢lD ;< Blk«d< ?¤Ik¨£DBlJI£k ?<g <ªlBIklJ<dDg A£kA<DklkJ ;< ¢DI£D lDJ ?¤dk<
?<Blk?<i ¬<dD B£?f;< ?@ADIJ dk< gIJdlJI£k ?lkg ;l«d<;;< kI ;¤£ÍA< ?<g CD<±<Jg§ kI ;¤Ikk£±l·
J<dD k¤£Cg<D±< ;l «dl;IJ@ ?< ;¤Ikk£±lJI£k l ¢DI£DI ¯«dI <gJ g£IJ ¸C£kk<¾§ g£IJ ¸Bld±lIg<¾°i c<
¢;dg§ ;< ?£BlIk< J<Aek£;£³I«d< ?< ;¤Ikk£±lJI£k ¢<dJ ÂJD< DIAe< £d ¢ld±D< Ā£BB< A¤<gJ ;<
Alg ?<g ;£³IAI<;g° <k ¢DI£D lDJi clkg dk ©<d g@«d<kJI<;§ ;¤Ikk£±lJ<dD ¢<dJ <´<AJd<D dk <´£DJ
A£ËJ<dª ?< D<Ae<DAe< ?d ¢DI£D lDJ ¯«dI ;dI ¨£dDkIJ ?< ;¤Ik¨£DBlJI£k <J dk gI³kl; gdD ;l «dl;IJ@
?< g£k Ikk£±lJI£k°§ ¢D@l;lC;<B<kJ ² gl ?@AIgI£k ?< ?<Blk?< ?¤dk CD<±<Ji ®; ¢<dJ <kgdIJ<
?@AI?<D ?d B£kJlkJ ?¤Ik¨£DBlJI£k «d¤I; D@±f;< ² ;¤£ÍA< ld B£B<kJ ?< ?@¢£g<D gl ?<Blk?<i
®; <ªIgJ< ?£kA dk ¢D£C;fB< ?¤l;@l B£Dl; gdD ;l D<Ae<DAe< ?< ¢DI£D lDJ§ lIkgI «d¤dk ¢D£C;fB<
?¤lkJIg@;@AJI£k gdD ;< D@gd;JlJ ?< ;l D<Ae<DAe<i ÌkÀk§ dk< ¨£Ig ;l ?<Blk?< D<�d<§ ;¤£ÍA< ?<g
CD<±<Jg <´<AJd< dk <´£DJ A£ËJ<dª ¢£dD D<Ae<DAe<D ?<g Ik¨£DBlJI£kg gd¢¢;@B<kJlID<g ;̄¤<¨·
¨£DJ ?< ;¤Ikk£±lJ<dD <J A<;dI ?< ;¤<ªlBIklJ<dD g£kJ A£B¢;@B<kJlID<g° l±lkJ ?< ?@J<DBIk<D gI
;¤Ik±<kJI£k <gJ CD<±<JlC;< £d k£ki ¬<g ldJ<dDg g¤IkJ@D<gg<kJ ² ;¤l;J<DklJI±< ¢£dD ;¤£ÍA< ?<g
CD<±<Jg§ <kJD< <´<AJd<D dk <´£DJ I?<kJI«d< gdD J£dJ<g ;<g ?<Blk?<g§ <J l?l¢J<D g£k <´£DJ ²
Ael«d< ?<Blk?< ¢£dD k¤<k <ªlBIk<D «d¤dk< ¢lDJI<i

®; <ªIgJ< @³l;<B<kJ ?<dª lDJIA;<g «dI B£?@;Ig<kJ ;< ADIJfD< ?< ¸k£k @±I?<kA<¾ ¯¥dkJ q=¶¶¶r
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<J á¤c£k£³ed< q=¶¶>r°i ¬¤£C©<J ?< A<g lDJIA;<g <gJ ?< ?@J<DBIk<D ;< g<dI; £¢JIBl; ?< ¸k£k
@±I?<kA<¾§ lÀk ?< ¨£DBd;<D ?<g D<A£BBlk?lJI£kg <k J<DB<g ?< ¢£;IJI«d<g ?¤lAA£D? <J ?<
D<©<J ?< ;l ¢lDJ ?< ;¤£ÍA< ?<g CD<±<Jgi clkg A<g lDJIA;<g§ ;¤<´£DJ ?< p¿c <gJ ?@J<DBIk@ ¢lD
;< ?<³D@ ?< g@±@DIJ@ ?< A< gJlk?lD?i áCJ<kID dk CD<±<J ¢<DB<J ² dk< <kJD<¢DIg< ?¤£AAd¢<D
dk< ¢£gIJI£k ?£BIklkJ< gdD ;< BlDAe@§ ©dg«d¤² A< «d¤<;;< g£IJ D<B¢;lA@< ¢lD dk< B<I;;<dD<
Ikk£±lJI£k ¢D£J@³@< ¢lD dk ldJD< CD<±<Ji ¬< ¢DIkAI¢< ³@k@Dl; ?d gÈgJfB< ?<g CD<±<Jg <gJ
;< gdI±lkJ K ;< CD<±<J ¢D£AdD< dk< ¢£gIJI£k ?< B£k£¢£;< «dI AD@< ?<g ¢<DJ<g gfAe<g <̄´<J
gJlJI«d<°§ BlIg I; <kA£dDl³< ;¤Ikk£±lJI£k AlD ;<g <kJD<¢DIg<g g£kJ IkAIJ@<g ² £CJ<kID £d ³lD?<D
dk< ¢£gIJI£k ?£BIklkJ< <̄´<J ?ÈklBI«d<°i
¥dkJ ¯=¶¶¶° ¢D£¢£g< dk B£?f;< ?¤Ikk£±lJI£k g@«d<kJI<;;< l±<A dk gJlk?lD? ?< CD<±<Jl·

CI;IJ@ ¯k£k @±I?<kA<° ±lDIlC;<i ®; g¤IkJ<DD£³< gdD ;¤IB¢lAJ ?d gJlk?lD? gdD ;¤Ikk£±lJI£ki ¬l
«dl;IJ@ ?<g Ikk£±lJI£k <gJ <ª£³fk< <J gJ£AelgJI«d<§ ?lkg ;l B<gdD< £� ;< D@gd;JlJ ?< ;¤<´£DJ ?<
p¿c <gJ IkA<DJlIki Ê Ael«d< ¢@DI£?<§ g<d;< ;¤Ikk£±lJI£k ?< B<I;;<dD< «dl;IJ@ <gJ ¢D£ÀJlC;<
<̄J dk< B<I;;<dD< Ikk£±lJI£k D<B¢;lA< ;l ¢D@A@?<kJ<°i ¬< gJlk?lD? ?< k£k @±I?<kA< D<«dIg
¢£dD «d¤dk< Ik±<kJI£k g£IJ CD<±<JlC;< ?@J<DBIk< ;l ¢D£¢£DJI£k ?¤Ikk£±lJI£kg «dI ¢<d±<kJ
ÂJD< IkJD£?dIJ<g glkg ?@³Dl?<D ;< ¢D£ÀJ ?< ;¤<kJD<¢DIg< <k ¢;lA<i ok< ClIgg< ?d gJlk?lD? l
?<dª <´<Jg K ;l ¢D£ClCI;IJ@ ?¤£CJ<kID dk CD<±<J <gJ ¢;dg @;<±@<§ A< «dI <kA£dDl³< ;l p¿c
<̄´<J ?< A£dDJ J<DB<°§ BlIg dk< Ikk£±lJI£k g<Dl D<B¢;lA@< ¢;dg ±IJ<§ ?£kA g£k ¢D£ÀJ ¢£J<k·
JI<; <gJ ¢;dg ¨lIC;<§ A< «dI ?@A£dDl³< ;l p¿c <̄´<J ?< ;£k³ J<DB<°i ¬¤ldJ<dD B£kJD< «d< ;l
¨£kAJI£k «dI D<;I< ;< Jldª ?¤lDDI±@< ?<g Ikk£±lJI£kg ld g<dI; ?< ¸k£k @±I?<kA<¾ l dk< ¨£DB<
<k o Ik±<Dg@§ A¤<gJ·²·?ID< «d< ;¤<´<J ?< ;£k³ J<DB< ?£BIk< ;¤<´<J ?< A£dDJ J<DB< ;£Dg«d< ;<
g<dI; <gJ D<;lJI±<B<kJ ¨lIC;<i m<;l IB¢;I«d< ;¤<ªIgJ<kA< ?¤dk g<dI; £¢JIBl; ?< ¸k£k @±I?<kA<¾
«dI BlªIBIg< ;< Jldª ?¤Ikk£±lJI£ki Ìk £dJD<§ ?IBIkd<D ;< gJlk?lD? <kA£dDl³< ?l±lkJl³<
;l p¿c ?lkg dk g<AJ<dD ¨lIC;<B<kJ Ikk£±lkJ§ AlD I; È l ¢<d ?¤<´<J ?< D<B¢;lA<B<kJ§ ?<
g£DJ< «d< ;¤<´<J ?< A£dDJ J<DB< ¯¢£gIJI¨° ?£BIk< ;¤<´<J ?< ;£k³ J<DB< ¯k@³lJI¨°i Ìk ?¤ldJD<g
J<DB<g§ ;< g<dI; £¢JIBl; ?< k£k @±I?<kA< <gJ ?¤ldJlkJ ¢;dg @;<±@ «d< ;< g<AJ<dD <gJ Ikk£±lkJi

á¤c£k£³ed< ¯=¶¶>° £CJI<kJ dk< A£kA;dgI£k gIBI;lID<§ <k <k?£³@k@IglkJ ;l JlI;;< ?<g Ik·
k£±lJI£kg K dk gJlk?lD? ?< CD<±<JlCI;IJ@ ¢;dg g@±fD< ld³B<kJ< ;l ?dD@< ?< ±I< <´<AJI±< ?¤dk
CD<±<J ĀlD I; g<Dl D<B¢;lA@ ¢;dg JlD?°§ A< «dI IkAIJ< ;<g <kJD<¢DIg<g ² £CJ<kID ?<g ¢D£©<Jg
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JDfg Ikk£±lkJg§ ?£kA <kA£dDl³< ;l p¿ci
pl¢¢<;£kg «d< k£dg k< Ae<DAe£kg ¢lg IAI ² ¢D£¢£g<D ?<g g£;dJI£kg ¢£dD D<k?D< ;< gÈgJfB<

¢;dg <ÍAlA<§ <J ?<g B£È<kg ?¤lB@;I£D<D ;< ¢D£A<ggdg ?¤<ªlB<k ?<g CD<±<Jg ¯¢lD <ª<B¢;< ²
JDl±<Dg dk B@AlkIgB< ?¤IkAIJlJI£k ?<g <ªlBIklJ<dDg°Eâ i ¬¤£C©<AJI¨ ?d B£?f;< <gJ l±lkJ J£dJ
?¤@Jd?I<D ;¤IB¢lAJ ?<g D@¨£DB<g ?d ¢D£A<ggdg ?< ?@¢¥J gdD ;<g gJDlJ@³I<g ?<g <kJD<¢DIg<g <J
?¤<k B£kJD<D ;<g ;IBIJ<g ¢£J<kJI<;;<gi

¦#¦ �) t-�u*)
Ä£dg A£kgI?@D£kg dk g<AJ<dD A£kgJIJd@ ?<

n
<kJD<¢DIg<g ?£kJ ;¤lAJI±IJ@ ?< p¿c ¢<dJ

?@C£dAe<D gdD ?<g Ikk£±lJI£kg <J dk £ÍA< ?< CD<±<Jg§ ldJ£DIJ@ AelD³@< ?< D<A<±£ID§ <ªlBIk<D
<J @±<kJd<;;<B<kJ lAA£D?<D ;<g ?<Blk?<g ?< CD<±<Jg ?@¢£g@<g ¢lD ;<g <kJD<¢DIg<gi

ýn:;< B;< ;8=6;:67<;<
ok< <kJD<¢DIg< i ¢<dJ ÂJD< ?< ?<dª JÈ¢<g ī ∈ {0, 1}°§ g<;£k ;< D@gd;JlJ ?< g£k lAJI±IJ@

?< p¿ci ¡I ;¤Ikk£±lJI£k ?@A£d±<DJ< <gJ ?< C£kk< «dl;IJ@§ ���� gI <;;< <gJ D@<;;<B<kJ k£d±<;;<
¢lD Dl¢¢£DJ ² ;¤@JlJ ?< ;¤lDJ <J k¤<k¨D<IkJ ¢lg dk CD<±<J <ªIgJlkJ§ k£dg ?@gI³k£kg A<JJ<
<kJD<¢DIg< A£BB< dk ¸Ikk£±lJ<dD¾ ¯k£J@ i = 1

°i Ìk D<±lkAe<§ gI ;¤Ikk£±lJI£k <gJ ?< Bld±lIg<
«dl;IJ@§ ���� gI <;;< k¤<gJ ¢lg k£d±<;;< ¢lD Dl¢¢£DJ ldª Ik±<kJI£kg lkJ@DI<dD<g§ k£dg ?@gI³k£kg
;¤<kJD<¢DIg< A£BB< dk ¸IBIJlJ<dD¾ ¯k£J@ i = 0

°i m<JJ< J<DBIk£;£³I< <ª¢;IAIJ< ;< ¨lIJ «d< ;l
«dl;IJ@ ?< ;¤Ikk£±lJI£k £Cg<D±@< D<ÈfJ< ;¤<´£DJ ?< p¿c ?£kJ <;;< D@gd;J< ¯dk< Ikk£±lJI£k ?<
Bld±lIg< «dl;IJ@ gd³³fD< «d< ;¤<kJD<¢DIg< l <´<AJd@ dk <´£DJ ?< p¿c D<;lJI±<B<kJ ¨lIC;<°i
Ìk ?¤ldJD<g J<DB<g§ k£dg IkJ<D¢D@J£kg ;l «dl;IJ@ ?< ;¤Ikk£±lJI£k ld D<³lD? ?<g ADIJfD<g ?<
CD<±<JlCI;IJ@§ <k JlkJ «d< AlDlAJ@DIgJI«d< J<AekI«d< £Cg<D±lC;< �� ��Õ�§ <J k£k ¢lg A£BB<
gl ±l;<dD g£AIl;<§ £Cg<D±lC;< �� ���Õi

®k¨£DBlJI£k ¢DI±@< ?< ;¤<kJD<¢DIg< i
§ g£k JÈ¢< k¤<gJ ¢lg £Cg<D±lC;< ¢lD ;<g ldJD<g lAJ<dDgi

¬l ¢D£ClCI;IJ@ l ¢DI£DI «d¤dk< <kJD<¢DIg< g£IJ ?< JÈ¢< = <gJ k£J@< π
<J <gJ A£kklIgglkA<

FåéJ ]IN SPRUHJNSIN OYJHRJLULJMH JHLIXHIN ¸ ]YMyRI PLUJIHL IyRURIN\ RI]U HI WIXSILLXUJL LMTLI°MJN WUN OIXPNMTOXI ]YJHIyRURJLP OT WXMRINNTN OI OP]JKXUHRI ]JPI UT KM]TSI OIN OISUHOINb tYINL RIL UNWIRL OT WXM[]`SI_TI ]I SMO`]I PLTOJIb
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¢dC;I«d<i Ìk ?¤ldJD<g B£Jg§ dk ¢D£©<J ?< p¿c l dk< ¢D£ClCI;IJ@ π
?¤lC£dJID l±<A gdAAfg ²

dk< Ikk£±lJI£k ?< C£kk< «dl;IJ@§ <J dk< ¢D£ClCI;IJ@ 1 − π
?¤@Ae£d<Di

56h�=< B;< ;8=6;:67<;<
Çd¤I;g lI<kJ £d k£k dk A£kJ<kd Ikk£±lkJ§ ;<g ¢D£©<Jg £kJ dk< ±l;<dD A£BB<DAIl;<§ dk<

D<kJlCI;IJ@ lgg£AI@< ld B£?< ?< ¢D£J<AJI£k ©dDI?I«d<i Ìk ¢lDJIAd;I<D§ dk CD<±<J A£k¨fD< ² g£k
?@J<kJ<dD dk ?D£IJ <ªA;dgI¨ ?¤<ª¢;£IJlJI£k§ «dI ;dI ¢<DB<J ?< ±<k?D< ?<g ;IA<kA<g ldª ldJD<g
<kJD<¢DIg<g§ g£dDA<g ?< D<±<kdg ¢£J<kJI<;gi m<;l A£kA<Dk< ;<g ¢D£©<Jg ?< C£kk< «dl;IJ@§ BlIg
@³l;<B<kJ ;<g ldJD<g ¢D£©<Jg§ A£BB< ¢lD <ª<B¢;< ;<g ¸ �������� ��Õ
���¾§ ?£kJ ;¤l¢¢£DJ
Ikk£±lkJ k¤<gJ ¢lg J£d©£dDg ±@DIÀ@§ BlIg «dI £´D<kJ J£dJ<¨£Ig ?<g D<gg£dDA<g ÀklkAIfD<g
IB¢£DJlkJ<g dk< ¨£Ig CD<±<J@<gEEi

ok< <kJD<¢DIg< ¢<dJ ?<Blk?<D dk CD<±<J ld¢Dfg ?< ;¤£ÍA< ?<g CD<±<Jg K ;< ¢D£ÀJ ?d ¢D£©<J
?< JÈ¢< i

<gJ k£J@ vi
gI ;< CD<±<J <gJ lAA£D?@§ <J µi

gI ;l ?<Blk?< <gJ D<©<J@<i ok< <kJD<¢DIg<
¢<dJ ld A£kJDlID< ?@AI?<D ?< ³lD?<D g£k Ik±<kJI£k g<ADfJ< <J ?< k< ¢lg ?@¢£g<D ?< ?<Blk?< ?<
CD<±<J K ;< ¢D£ÀJ <gJ l;£Dg λi

i Ä£dg gd¢¢£g£kg «d< µi ≤ λi ≤ vi

K ;¤<kJD<¢DIg< D<JID< dk ¢D£ÀJ
¢;dg @;<±@ ?d CD<±<J§ BlIg gI ;< CD<±<J l @J@ D<¨dg@§ ;<g ¨dIJ<g ?¤Ik¨£DBlJI£k gdD ;< ¢D£©<J gdIJ<
ld ?@¢¥J ?< ;l ?<Blk?< D@?dIg<kJ ;< ¢D£ÀJ <k ?<�² ?< gl ±l;<dD <k ;¤lCg<kA< ?< ?<Blk?<
¯���� l±<A ;< g<AD<J°i m£kgI?@D@ A£BB< ;l ¨£DB< ?< ¢D£J<AJI£k ;l ¢;dg ¨£DJ<§ ;< CD<±<J ¢<DB<J
² g£k ?@J<kJ<dD ?¤<B¢ÂAe<D dk< ldJD< <kJD<¢DIg< ?< ¨lID<§ dJI;Ig<D £d ±<k?D< ;< ¢D£?dIJ £d ;<
¢D£A@?@ ¢D£J@³@ <k ;¤lCg<kA< ?< ;IA<kA<§ BÂB< gI A<JJ< <kJD<¢DIg< l ?@±<;£¢¢@ g£k ¢D£©<J ?<
BlkIfD< Ik?@¢<k?lkJ< ¯���� glkg IBIJ<D ;< CD<±<J°i hlIg ;< ?@¢¥J ?¤dk< ?<Blk?< IB¢;I«d< ;l
D@±@;lJI£k ?< J£dJ< ;¤Ik¨£DBlJI£k k@A<gglID< ¢£dD D@l;Ig<D ;¤Ik±<kJI£k§ «dI ¢<dJ ÂJD< <ª¢;£IJ@<
;ICD<B<kJ <J IBIJ@< ¢lD ;<g ldJD<g <kJD<¢DIg<g gI ;< CD<±<J <gJ D<¨dg@i Ä< ¢lg ?<Blk?<D ?<
CD<±<J l ;¤l±lkJl³< ?< BlIkJ<kID A<JJ< Ik¨£DBlJI£k g<ADfJ< ldª È<dª ?<g ldJD<g <kJD<¢DIg<g§
BlIg k< ¢<DB<J ¢lg <k D<±lkAe< ?¤<B¢ÂAe<D dk< ldJD< <kJD<¢DIg< ?< ?@±<;£¢¢<D dk ¢D£©<J
gIBI;lID<§ kI ?< ;dI IB¢£g<D dk< ;IA<kA<i ¬< ¢D£ÀJ Iggd ?d g<AD<J <gJ ?£kA ¢;dg @;<±@ «d< gI ;<
CD<±<J l @J@ D<¨dg@§ <J ¢;dg ¨lIC;< «d< gI ;< CD<±<J l @J@ lAA£D?@i

c< ¢;dg§ k£dg gd¢¢£g£kg «d¤² A£kÀ³dDlJI£k ;@³l;< @«dI±l;<kJ<§ dk< ¸Ikk£±lJI£k¾ <gJ ¢;dg
FFtMSSI ]YU OPSMHLXP ÷SUkMH IH UKIR ]IN ]JRIHRIN M[LIHTIN NTX NMH [XIKIL Z� R]JRlab
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¢D£ÀJlC;< «d¤dk< ¸IBIJlJI£k¾ K
v1 ≥ v0

§
λ1 ≥ λ0

<J
µ1 ≥ µ0

i Ìk ¢lDJIAd;I<D§ I; <gJ ¢£ggIC;<
«d<

λ0 = µ0 = 0
§ ���� ;l ±l;<dD A£BB<DAIl;< ?¤dk ¢D£©<J ?< Bld±lIg< «dl;IJ@ k< g< D@±f;<

«d< ¢lD ;l ?@J<kJI£k ?¤dk CD<±<J «dI ¢<DB<J ?¤£CJ<kID ?<g ;IA<kA<gi Ä£J£kg «d¤I; <ªIgJ< ?<g
g<AJ<dDg ?lkg ;<g«d<;g ³lD?<D ;< g<AD<J k¤<gJ ¢lg ¢£ggIC;<§ ¢lDA< «d< ;l A£BB<DAIl;IglJI£k
?< ;¤Ikk£±lJI£k <k D@±f;< ldJ£BlJI«d<B<kJ ;< A£kJ<kdi m¤<gJ ¢lD <ª<B¢;< ;< Alg ?d g<AJ<dD
¢elDBlA<dJI«d< <J ?<g CI£J<Aek£;£³I<gi ¬¤lCg<kA< ?< CD<±<J <ª¢£g< l;£Dg ;¤Ikk£±lJI£k ²
;l B<klA< ?¤dk< IBIJlJI£k§ <J ;< g<AD<J k¤<gJ l;£Dg ¢lg ¢;dg ¢D£ÀJlC;< «d< ;< D<¨dg ?¤dk<
?<Blk?< ?< CD<±<J K

λi = µi

i clkg A< JÈ¢< ?< g<AJ<dDg ;<g ¸Ikk£±lJ<dDg¾ g£kJ ¨£DJ<B<kJ
<kA;Ikg ² ?<Blk?<D ?<g CD<±<Jg§ g<d; B£È<k ¢£dD <dª ?¤<k³<k?D<D ?<g ¢D£ÀJgi

56h9;<<A< B; B?7g6>89; B;< ä6;g;=<
¬< ?@¢¥J ?¤dk< ?<Blk?< ?< CD<±<J <gJ A£ËJ<dª ¢£dD ;< ?<Blk?<dD§ «dI ¢lÈ< dk B£kJlkJ

f ld¢Dfg ?< ;¤£ÍA< ?<g CD<±<Jg§ «d<; «d< g£IJ ;< D@gd;JlJ ?< ;¤<ªlB<ki
¬¤£ÍA< ?<g CD<±<Jg l ¢£dD D¥;< ?< D<A<±£ID <J <ªlBIk<D ;<g ?<Blk?<g ?< CD<±<Jg ¨lIJ<g

¢lD ;<g <kJD<¢DIg<gi ¬¤<ªlB<k ?¤dk ¢D£©<J A£kgIgJ< ² ?@A£d±DID gI I; <ªIgJ< dk< lkJ@DI£DIJ@
?lkg ;¤@JlJ ?< ;l J<AekI«d<i ¬< CD<±<J k¤<gJ lAA£D?@ «d< gI ;¤Ik±<kJI£k g< D@±f;< k£d±<;;< ¢lD
Dl¢¢£DJ ldª Ikk£±lJI£kg lkJ@DI<dD<gi ¬< ¢D£A<ggdg ?¤<ªlB<k <gJ IB¢lD¨lIJ§ ?lkg ;l B<gdD<
£� ;<g <ªlBIklJ<dDg k< ?Ig¢£g<kJ ¢lg ?<g B£È<kg <J ?d J<B¢g k@A<gglID<g ¢£dD A£d±DID
;¤<kg<BC;< ?<g Ikk£±lJI£kg lkJ@DI<dD<g ?lkg J£dg ;<g ?£BlIk<g ;£Dg ?< ;<dD D<Ae<DAe<i ®; <k
D@gd;J< ?<g <DD<dDg ?< ?@;I±DlkA< K ?<g CD<±<Jg ¢<d±<kJ ÂJD< lAA£D?@g ² ?<g Ik±<kJI£kg «dI k<
g£kJ ¢lg D@<;;<B<kJ k£d±<;;<g ¯?< Bld±lIg< «dl;IJ@°§ £d D<¨dg@g ² ?<g Ik±<kJI£kg k£d±<;;<g
¯?< C£kk< «dl;IJ@°i

¬¤£ÍA< ?<g CD<±<Jg ¨lIJ ¨lA< ² ?<dª gIJdlJI£kg ¢£ggIC;<g§ g<;£k g£k Cd?³<J <J gl Al¢lAIJ@
<̄k ¢lDJIAd;I<D ;< k£BCD< ?¤<ªlBIklJ<dDg «d¤I; ¢<dJ <BCldAe<D°i ¡I ;¤£ÍA< ?<g CD<±<Jg k¤l
¢lg ?< A£kJDlIkJ< Cd?³@JlID< £d ?< Al¢lAIJ@§ I; ¢<dJ l?l¢J<D g<g D<gg£dDA<g ld ±£;dB< ?<g
?<Blk?<g «d¤I; D<�£IJ <k <k³l³<lkJ ?<g <ªlBIklJ<dDg gd¢¢;@B<kJlID<g ;£Dg«d< ;< k£BCD<
?< ?<Blk?<g ld³B<kJ<i clkg A< Alg§ ;l ¢D£ClCI;IJ@ ?¤£CJ<kID dk CD<±<J§ Ik?@¢<k?lkJ< ?d
±£;dB< ?< ?<Blk?<g§ <gJ k£J@< pi

¢£dD ;< ¢D£©<J ?< JÈ¢< i
i H£dJ<¨£Ig§ k£dg gd¢¢£g£kg «d¤dk

¢D£©<J ?< C£kk< «dl;IJ@ ¯«dI <gJ k£d±<ld ¢lD Dl¢¢£DJ ² ;¤@JlJ ?< ;l J<AekI«d<° g< ±£IJ ?@;I±D<D
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dk CD<±<J l±<A dk< ¢D£ClCI;IJ@ ¢;dg @;<±@< «d¤dk ¢D£©<J ?< Bld±lIg< «dl;IJ@ K
p1 ≥ p0

i
¡I I; <gJ <k D<±lkAe< ;IBIJ@ ¢lD g£k Cd?³<J £d gl Al¢lAIJ@§ l;£Dg ;¤£ÍA< ?<g CD<±<Jg k< ¢<dJ

¢lg D@¢£k?D< ² dk< eldgg< ?d ±£;dB< ?< ?<Blk?<g <k <BCldAelkJ ¢;dg ?¤<ªlBIklJ<dDgi
clkg A< Alg§ ;< ±£;dB< ?<g ?<Blk?<g IkÈd<kA< ;< ¢D£A<ggdg ?¤<ªlB<k ?lkg ;l B<gdD< £� ;l
AelD³< ?< JDl±lI; ?< Ael«d< <ªlBIklJ<dD ld³B<kJ< l±<A ;< k£BCD< ?< ?<Blk?<g K ;l «dl;IJ@
<J ;¤<ÍAlAIJ@ ?< ;¤<ªlB<k g¤<k JD£d±< l;£Dg ?@³Dl?@<i Ä£dg D@gdB£kg ;¤IB¢lAJ ?d ±£;dB<
?<g ?<Blk?<g gdD ;< ¢D£A<ggdg ?¤<ªlB<k ?lkg ;l ¢D£ClCI;IJ@ ?¤£CJ<kJI£k ?¤dk CD<±<J§ k£J@<
pi(j)

¢£dD ;< ¢D£©<J i
§ ;£Dg«d< ;¤£ÍA< D<�£IJ j

?<Blk?<gi
µ±lkJ ?¤lkl;Èg<D ;l g<A£k?< gIJdlJI£k§ ?lkg ;l«d<;;< ;l gdDAelD³< ?< JDl±lI; ?< ;¤£ÍA<

D<k? ;<g gJDlJ@³I<g ?< ?<Blk?< ?<g <kJD<¢DIg<g ?@¢<k?lkJ<g ?d ±£;dB< ?<g ?<Blk?<g§ k£dg
@Jd?I£kg ;l ¢D<BIfD< gIJdlJI£k <k JlkJ «d< ¢£IkJ ?< D@¨@D<kA<i H£dJ<g ;<g ?@B£kgJDlJI£kg
g£kJ ?£kk@<g <k lkk<ª<i

¦#Ë Ê�,%',�-. �) ��Ë��).�) � ('� �) �-.,�'�.,) �) *&-Ì�)

Ä£dg gd¢¢£g£kg ?lkg dk ¢D<BI<D J<B¢g «d< ;¤£ÍA< ?<g CD<±<Jg k¤<gJ ¢lg A£kJDlIkJ ¢lD
g<g Al¢lAIJ@g £d g£k Cd?³<J§ ?< g£DJ< «d¤I; ¢<dJ <BCldAe<D ldJlkJ ?¤<ªlBIklJ<dDg «d< ;<
±£;dB< ?<g ?<Blk?<g ;< k@A<ggIJ<i ¬< ?@J<kJ<dD ?¤dk ¢D£©<J ?< JÈ¢< i l dk< ¢D£ClCI;IJ@
pi

?¤£CJ<kID ;< CD<±<J§ l±<A p0 ≤ p1

i ¬¤<kJD<¢DIg< i ¢D@¨fD< ?@¢£g<D dk< ?<Blk?< ?< CD<±<J
¢;dJ¥J «d< ³lD?<D g£k Ik±<kJI£k g<ADfJ< gI A<;l ;dI ¢D£AdD< dk ¢D£ÀJ <g¢@D@ ¢;dg @;<±@§ A¤<gJ·
²·?ID< gI

pivi + (1 − pi)µi − f ≥ λi ⇔ pi ≥
λi + f − µi

vi − µi

.

Ä£J£kg ρi ≡ λi+f−µi

vi−µi

;l ¢D£ClCI;IJ@ ?¤£CJ<kID dk CD<±<J «dI ;lIgg< ;¤<kJD<¢DIg< i
Ik?I´@D<kJ<

<kJD< ?@¢£g<D £d k£k dk< ?<Blk?<i ¡< ±£ID D<¨dg<D dk< ?<Blk?< ?< CD<±<J <gJ ;¤Iggd< ;l
¢;dg ?@¨l±£DlC;< ² ;¤<kJD<¢DIg< i

§ ?£kJ ;< ¢D£ÀJ k<J <gJ l;£Dg (µi − f)
i Ì;;< ³l³k< ?£kA ld

¢;dg (vi − f) − (µi − f) = vi − µi
² ?<Blk?<D dk CD<±<J§ <J λi − (µi − f) = λi + f − µi

²
³lD?<D ;< g<AD<Ji ¬l ¢D£ClCI;IJ@ ρi

D<ÈfJ< ;¤IkJ@DÂJ ?< ³lD?<D ;< g<AD<J ¢;dJ¥J «d< ?<Blk?<D
dk CD<±<J§ ¢lD Dl¢¢£DJ ld ¢D£ÀJ BIkIBl; µi − f

i lD <ª<B¢;<§ ¢lDA< «d¤dk lAAD£Igg<B<kJ
?<

λi
J̄£dJ<g Ae£g<g @³l;<g ¢lD lI;;<dDg° D<k¨£DA< ;¤IkJ@DÂJ ?d g<AD<J ¢lD Dl¢¢£DJ ld CD<±<J§
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;¤<kJD<¢DIg< i
?<B<dD< Ik?I´@D<kJ< <kJD< ;< g<AD<J <J ;l ?<Blk?< ?< CD<±<J ² A£k?IJI£k «d¤<k

A£kJD<¢lDJI< ;l ¢D£ClCI;IJ@ ?¤£CJ<kJI£k ?d CD<±<J ld³B<kJ< <;;< ldggIi Ìk CD<¨§
ρi

B<gdD< ;<
¢D£ÀJ D<;lJI¨ ?d g<AD<J ¯¢£dD ;¤<kJD<¢DIg< i

°i Ä£J£kg «d< ρi ≤ 1
gI <J g<d;<B<kJ gI λi ≤ vi−f

§
���� gI dk< <kJD<¢DIg< ¢D@¨fD< J£d©£dDg ?@J<kID dk CD<±<J ¢;dJ¥J «d< ³lD?<D ;< g<AD<Ji

¡I ;< A£ËJ ?< ?@¢¥J ?¤dk< ?<Blk?< ?< CD<±<J f
<gJ J<; «d<

p1 ≥ ρ1

<J
p0 ≤ ρ0

§ l;£Dg ;¤£ÍA<
?<g CD<±<Jg k< D<�£IJ «d< ?<g ?<Blk?<g ?< C£kk< «dl;IJ@ K ;<g ¸Ikk£±lJ<dDg¾ ?<Blk?<kJ dk
CD<±<J Jlk?Ig «d< ;<g ¸IBIJlJ<dDg¾ ³lD?<kJ ;< g<AD<JEi i ¬ICD< ?< A£kglAD<D J£dJ<g ;<g D<gg£dDA<g
k@A<gglID<g ¢£dD <ªlBIk<D ?< BlkIfD< <ÍAlA< AelAdk< ?<g ?<Blk?<g ?< CD<±<Jg§ ;¤£ÍA< ¢<dJ
lIg@B<kJ B<JJD< <k ¢;lA< dk A£ËJ ?< ?@¢¥J ?< ?<Blk?< «dI k< g@;<AJI£kk< «d< ;<g ¸C£kk<g¾
?<Blk?<g ¯?< JÈ¢< i = 1

°i
Ä£dg A£kgI?@D£kg ?@g£DBlIg ;< Alg £� ;¤£ÍA< ?<g CD<±<Jg k¤<gJ ¢lg <k B<gdD< ?¤<´<A·

Jd<D dk ¢D£A<ggdg ?¤<ªlB<k <ÍAlA< ?< J£dJ<g ;<g ?<Blk?<g «d¤I; D<�£IJi Ä£dg @Jd?I£kg ;<g
A£kg@«d<kA<g ?< ;¤<k³£D³<B<kJ ?<g ?£ggI<Dg <J ;¤IB¢lAJ ?< gl ¢£;IJI«d< ?< ?@;I±DlkA< gdD ;<g
gJDlJ@³I<g ?<g ÀDB<gi

¦#ó ÍÌ�) �-.,�'�., � .',%�) ), Ì-*%�) �)� �)�'.�)�
clkg A<JJ< g<AJI£k§ ;¤£ÍA< ?<g CD<±<Jg <gJ A£kJDlIkJ ¢lD g£k Cd?³<J £d ¢lD g<g Al¢lAIJ@g§

?< g£DJ< «d< ;< ±£;dB< ?<g ?<Blk?<g IkÈd<kA< ;¤<ÍAlAIJ@ ?< g£k ¢D£A<ggdg ?¤<ªlB<k K ¢;dg ;l
«dlkJIJ@ ?< ?<Blk?<g ² <ªlBIk<D <gJ IB¢£DJlkJ<§ ¢;dg I; <gJ ¢D£ClC;< «d< ;<g <ªlBIklJ<dDg
A£BB<JJ<kJ ?<g <DD<dDg ?< ©d³<B<kJi

ok <ªlBIklJ<dD D<©<JJ< dk< ?<Blk?< ?< CD<±<J ¯£d A<DJlIk<g ?<g D<±<k?IAlJI£kg ¨£DBd·
;@<g ?lkg ;l ?<Blk?<° gI I; ©d³< ;¤Ik±<kJI£k D̄<±<k?I«d@< A£BB< J<;;<° k£k CD<±<JlC;< ld
D<³lD? ?<g ADIJfD<g ?< CD<±<JlCI;IJ@i ¬£Dg«d< ;< D<©<J ?<g D<±<k?IAlJI£kg <gJ ¨£k?@ gdD ;<g ADI·
JfD<g ?< k£d±<ldJ@ £d ?< k£k @±I?<kA<§ ;¤<ªlBIklJ<dD ?£IJ AIJ<D ;<g lkJ@DI£DIJ@g ldª«d<;;<g I;
g< D@¨fD< <J g¢@AIÀ<D ;<g DlIg£kg ?d D<©<Ji ¡I <k D<±lkAe< I; k< ?@A£d±D< ¢lg ?¤lkJ@DI£DIJ@ «dI
D<B<JJ< <k Aldg< ;l CD<±<JlCI;IJ@ ?< ;l ?<Blk?<§ ;¤<ªlBIklJ<dD lAA£D?< ;< CD<±<Ji ¡I I; ?£IJ
FsÁMLMHN _TI RI]U HYINL WMNNJ[]I _TI NJ p1v1 + (1 − p1)µ1 − λ1 ≥ p0v0 + (1 − p0)µ0 − λ0

\ JbIb NJ ]I xUJHXI]ULJ° OI OISUHOIX TH [XIKIL W]TL¢L _TI xUXOIX ]I NIRXIL INL W]TN P]IKP WMTX TH JHHMKULITX _TI WMTX THJSJLULITXb
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©dgJIÀ<D g£k l¢¢D£ClJI£k§ A<;l A£kgIgJ< A<¢<k?lkJ ² ?ID< gIB¢;<B<kJ «d< ;<g D<±<k?IAlJI£kg
?@;IBIJ<kJ dk AelB¢ «dI k¤<B¢IfJ< ¢lg gdD ;¤@JlJ lkJ@DI<dD ?< ;l J<AekI«d<E� i Ìk D@gdB@§
;<g <ªlBIklJ<dDg ?< ;¤£ÍA< ?<g CD<±<Jg g£kJ AelD³@g ?< D<Ae<DAe<D§ Dlgg<BC;<D <J ?D<gg<D
;¤<kg<BC;< ?<g DlIg£kg ¢£dD ;<g«d<;;<g dk< ?<Blk?< ?£IJ ÂJD< D<©<J@<§ <k g¤l¢¢dÈlkJ gdD
J£dJ<g ;<g ?£kk@<g A£kA<DklkJ ;¤@JlJ ?< ;l J<AekI«d< ?£kJ I;g ?Ig¢£g<kJi ;dg ;< ±£;dB< ?<g
?<Blk?<g <gJ IB¢£DJlkJ§ ¢;dg I; ;<dD <gJ ?IÍAI;< ?< A£d±DID J£dJ ;< AelB¢ ?<g lkJ@DI£DIJ@g
gdD Ael«d< ?£ggI<D K ² ?@¨ldJ ?< ¢£d±£ID ¢D£d±<D ;¤<ªIgJ<kA< ?¤dk< lkJ@DI£DIJ@ «dI ©dgJIÀ<DlIJ
dk D<©<J§ I;g g£kJ l;£Dg ¢;dg gdgA<¢JIC;<g ?¤lAA£D?<D ?<g CD<±<Jgi ¬l J<Aek£;£³I< ?< ?@;IC@·
DlJI£k ?< ;¤£ÍA< <gJ AlDlAJ@DIg@< ¢lD pi(j)

§ ¢D£ClCI;IJ@ «d¤ldAdk< ¢D<d±< ?¤lkJ@DI£DIJ@ k<
g£IJ l¢¢£DJ@< ¢£dD dk< ?<Blk?< ?< JÈ¢< i ī ∈ {0, 1}° ;£Dg«d< ;¤£ÍA< D<�£IJ j

?<Blk?<g ?<
CD<±<Jgi ¬¤<kJD<¢DIg< i

D<�£IJ ?£kA dk CD<±<J l±<A dk< ¢D£ClCI;IJ@ pi(j)
§ ¨£kAJI£k AD£IgglkJ<

?<
j
K ;l ¢D£ClCI;IJ@ ?< k< ¢lg JD£d±<D ?< ¢D<d±< ?¤lkJ@DI£DIJ@ ?IBIkd< l±<A ;< k£BCD< ?<

¢D£©<Jg ² <ªlBIk<Di Ä£dg gd¢¢£g£kg «d< ¢£dD dk ±£;dB< ?< ?<Blk?<g j
?£kk@§ dk ¢D£©<J

?< C£kk< «dl;IJ@ £CJI<kJ dk CD<±<J l±<A dk< ¢D£ClCI;IJ@ ¢;dg ¨£DJ< «d¤dk< Ikk£±lJI£k ?<
Bld±lIg< «dl;IJ@ K

p1(j) > p0(j), ∀j ∈ [1..n]
i

H£dJ<g ;<g <kJD<¢DIg<g ¢D<kk<kJ ;<dD ?@AIgI£k gIBd;Jlk@B<kJi m<;l ?@J<DBIk< ;< ±£;dB<
³;£Cl; ?<g ?<Blk?<g D<�d<g ¢lD ;¤£ÍA< ?<g CD<±<Jg§ lIkgI «d< ;< ±£;dB< ?< CD<±<Jg lAA£D?@g
<J ;< ?<³D@ ?¤IB¢<D¨<AJI£k ?d ¢D£A<ggdg ?¤<ªlB<ki

Ä£dg Ae<DAe£kg ² AlDlAJ@DIg<D ;l gJDlJ@³I< ?¤@«dI;ICD< ?¤dk< <kJD<¢DIg< «dI k¤£Cg<D±< «d<
g£k ¢D£¢D< JÈ¢<§ «dI ?@J<DBIk< ;< ±£;dB< ?<g ?<Blk?<g ² ;¤@«dI;ICD<§ lIkgI «d< ;<dD klJdD< K
C£kk< £d Bld±lIg<i

j4õ43 �;< B7p?6;8=< ?@A77ä6;< :h<<7ä;<
clkg dk ¢D<BI<D J<B¢g§ k£dg Ae<DAe£kg ;<g @«dI;ICD<g <k gJDlJ@³I<g ¢dD<g K ;l gJDlJ@³I<

?< ;¤<kJD<¢DIg< i j̄ ∈ {0, 1}° <gJ k£J@< si ∈ {0, 1}§ £� si = 1
gI³kIÀ< «d< ;¤<kJD<¢DIg< ?<

JÈ¢< i
?<Blk?< dk CD<±<J§ <J si = 0

gI³kIÀ< «d¤<;;< ¢D@¨fD< ;< g<AD<Ji ¬l ÀDB<
i ¢D<k? ;<

k£BCD<
k
?< ?<Blk?<g ?@¢£g@<g ¢lD ;<g

n − 1 ldJD<g ÀDB<g ² ;¤@«dI;ICD< K A< k£BCD< <gJ
F�tI WXJHRJWI QxTXI OUHN ]U OINRXJWLJMH OT WXMRINNTN OI OP]JKXUHRI OI ]YMyRI USPXJRUJH OIN [XIKILNºjjjbTNWLMbMXxÀb
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?£kA ±lDIlC;< <J ?@¢<k? ?<g gJDlJ@³I<g ?<g n−1 ldJD<g ÀDB<g ² ;¤@«dI;ICD<i ¬¤dJI;IJ@ <g¢@D@<
?¤dk< <kJD<¢DIg< i

<gJ ?£kk@< ¢lD K

Ui(si, s−i) = (1 − si)λi + si[µi + (vi − µi)E(pi(k + 1)) − f ].

¬¤<kJD<¢DIg< i ¢<dJ ?@¢£g<D dk< ?<Blk?< ?< CD<±<J§ £d CI<k ³lD?<D g£k Ikk£±lJI£k
g<ADfJ<i àlA< ² A<JJ< l;J<DklJI±<§ gl gJDlJ@³I< <gJ ?@J<DBIk@< ¢lD ;l ¢D£ClCI;IJ@ <g¢@D@< ?<
±£ID lAA£D?<D dk CD<±<Ji ;dg ¢D@AIg@B<kJ§ ;¤<kJD<¢DIg< i

?@AI?< ?< ?<Blk?<D dk CD<±<J gI§
@JlkJ ?£kk@< ;l gJDlJ@³I< ?<g ldJD<g <kJD<¢DIg<g§ gl ¢D£ClCI;IJ@ <g¢@D@< ?< ;¤£CJ<kID <gJ J<;;<
«d< K

E(pi(k + 1) ≥ λi + f − µi

vi − µi

.

Ä£dg @Jd?I£kg ;<g gJDlJ@³I<g ?< ?<Blk?< ?¤@«dI;ICD< ?<g <kJD<¢DIg<g§ <k A£kgI?@DlkJ
dkI«d<B<kJ ;<g @«dI;ICD<g gÈB@JDI«d<gi
���� ���Õ�������� » ����»½�� �� ¼�� �Î

p1(1) ≥ ρ1

( �� ���Õ� �� ��� �������Õ���� ���
��Õ������� �� Õ½�� i = 1

� � Õ��ø���� ��Õ��ÏÕ Ð �������� �� �����Õ ���» ��� ���Õ »� ��»���
��� ��������� &��� ���� ��Õ��Õ ����c�� » ����»½�� ��� ¼�� ��� ���� Õ���Õ��� �¼�( ¼�ÕÕ�
���Õ��¼Õ��� �����Õ � ���¼»��� ��� ����»����� ��� ���������Õ ��� �� ���� ���� ��� �� ���������Õ
��� ¼����������� Ð ��� ��»�Õ���� �� » ��Ñ¼��( ¼���� ��� �����»� �� ����»���� �Î ���»� »��
����Õ�Õ����� �������Õ ��� �������� ���� ��������� Õ��Õ�	��� ��� ���»½�� �� ¼�� ������»
�� �������E�

£dD ;<g ¸IBIJlJ<dDg¾§ ;¤l;J<DklJI±< ?@¢<k? ?d ±£;dB< ?<g ?<Blk?<g D<�d<g ¢lD ;¤£ÍA< ?<g
CD<±<Jgi ;dg ¢D@AIg@B<kJ§ A£kgI?@D£kg dk< <kJD<¢DIg< ?< JÈ¢< i = 0

§ «dI ¢D<k? gl ?@AIgI£k <k
A£kgI?@DlkJ ;l gJDlJ@³I< ?<g n−1 ldJD<g <kJD<¢DIg<g A£BB< ?£kk@<i ádJD< ;<g ¸Ikk£±lJ<dDg¾§
gI ;<g IBIJlJ<dDg ?@¢£g<kJ @³l;<B<kJ dk< ?<Blk?<§ ;¤<kJD<¢DIg< l dk< ¢D£ClCI;IJ@ p0(n)

?¤£C·
J<kID dk CD<±<Ji m<¢<k?lkJ§ gI g<d;g ;<g ¸Ikk£±lJ<dDg¾ ?<Blk?<kJ dk CD<±<J§ ;l ¢D£ClCI;IJ@
F�Ò���¿» Ó¼| b| e}½¿V½e| S| SÔb½Õ}R¿V| S| b Ö�×V| S|» É}|Õ|�»Ø »|b�¿ b|Ó¼|b ¼¿ É}|Õ|� S�½� Ù�}| SÔb½Õ}Ô |¿b ÖRÉ»|¿V| S| e}|¼Õ| S| ¿�¿ É}|Õ|�RÉ½b½�ÔØ »¼¾¾Ú}| Ó¼| b|» ÛÉ�¿¿|»Ü S|UR¿S|» Ýe�¼} b|»Ó¼|bb|» ½b ¿Ö|Þ½»�| eR»SÖR¿�Ô}½�}½�Ôß �É�½|¿¿|¿� ¼¿ É}|Õ|� Ó¼|b Ó¼| »�½� b| Õ�b¼U| ���Rb S|» S|UR¿S|» à p1(k) = 1∀k � á�¼�|X�½»Ø ½b»| e|¼� Ó¼| b ÖRÉ»|¿V| SÖR¿�Ô}½�}½�Ô ¿| »�½� eR» ¼¿ V}½�Ú}| »¼×»R¿� e�¼} bR É}|Õ|�RÉ½b½�ÔØ SR¿» bR U|»¼}| �âSÖR¼�}|» V}½�Ú}|» �|b» Ó¼| b Ö¼�½b½�Ô �¼ b Ö½¿Õ|¿�½Õ½�Ô e|¼Õ|¿� Ô¾Rb|U|¿� ½¿�|}Õ|¿½}� Ò�¼» Ô�¼S½�¿» S�¿V b| VR»¾Ô¿Ô}Rb �â p1(k) ≤ 1 |� p′1(k) ≥ 0 �
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¢£dD ;¤<kJD<¢DIg< ?¤£CJ<kID dk CD<±<J g¤@ADIJ KH0(π, n) =
∑n−1

k=0 Ck
n−1π

k(1−π)n−1−kp0(k+1).Ä£J£kg «d< H0(π, n)
<gJ dk< ¨£kAJI£k AD£IgglkJ< ?< π

§E¤ l±<A H0(0, n) = p0(1)
<J

H0(1, n) =

p0(n)
i

clkg ;l ¢D£¢£gIJI£k Ãi=§ k£dg AlDlAJ@DIg£kg ;<g ?I´@D<kJg @«dI;ICD<g ¢£ggIC;<g§ lIkgI «d<
;< ±£;dB< <J ;l klJdD< ?<g ?<Blk?<g «dI g¤<kgdI±<kJ§ g<;£k ;l ±l;<dD ?d ¢D£ÀJ D<;lJI¨ ?d
g<AD<J ¢£dD ;<g ¸IBIJlJ<dDg¾ ρ0

i
�ñ÷�÷æóíó÷ô ðÅùÅ ãä����å��æ �� æ����çè��æ ����æ
é Ô��� ��� ��»���� �»����� �� ���c Õ ��»�Õ�	 �� ��¼��Õ ���� �� ���Õ�Õ���( Õ�»»�� ���

ρ0 > p0(n)
( » ������� ����»���� ������»� ��Õ �� ����»���� ������Õ��� ���� »����» ���»�

»�� �������Õ����� �������Õ ��� ������� �� �����Õ�
é Ô��� ��� ��»���� 	���»�� �� ���c Õ ��»�Õ�	 �� ��¼��Õ ���� �� ���Õ�Õ���( Õ�»»�� ��� ρ0 <

H0(π, n)
( » ������� ����»���� ������»� ��Õ �� ����»���� ��»������Õ ���� »����» Õ��Õ�� »��

��Õ�������� �������Õ ��� ������� �� �����Õ( �������������Õ �� »� ���»�Õ� �� »���
���ø�Õ�
é ��c�( ���� ��� ��»���� ��Õ����������� �� ���c Õ ��»�Õ�	 �� ��¼��Õ ���� �� ���Õ�Õ���(
Õ�»»�� ��� H0(π, n) ≤ ρ0 ≤ p0(n)

( »�� ���� ����»����� ������Õ��� �Õ ��»������Õ� ¼��
����Õ��Õ�

m<g @«dI;ICD<g g£kJ D<¢D@g<kJ@g gdD ;l À³dD< Ãi=i
�åè÷ôæíñìíó÷ô ùÅ#���������� »� ¼�� � ���� ��Õ������� i

( ��� ����� »� �Õ��Õ���� �� ������� ��� ��Õ��� ��Õ���
������ ¼���� �������
é Ý ������ » �
½��Õ
��� ρ1 ≤ p1(1)

( �� �������Õ���� ���	��� ������� ��� ������� ���
������ ��� �����Õ��� ��¼��Õ�� Ô�� ¼��������Õ( »�� �������Õ����� ��������Õ ��� �����Õ�
�Õ �� ����»���� ���� »����» Õ��Õ�� »�� ��Õ�������� ������Õ »� ��¼��Õ �� ���Õ ����Õ���
é &�������� �� ��� ¼��Õ����� »�� n−1 ��Õ��� ��Õ�������� �������Õ ��� ������� �� �����Õ�
Ý��� ¼� ¼��( »� ��»��� ��� �������� ��Õ ������» � k = n − 1

� &� » ���Õ������� i������� �� �����Õ( �»»� » ���Õ���Õ �»��� ���¼ ��� �������»�Õ� pi(n)
� �»»� ������� ���¼

F®tI]U INL SMHLXP IH UHHIuIb
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���»����Õ �� �����Õ �� pi(n) ≥ ρi.
Ô�� ¼��������Õ( �» ����Õ� �� ����»���� �Î Õ��Õ�� »��

��Õ�������� �������Õ ��� ������� ��� ���� ����»»����� ����»���� ��»������Õ� �� �
ρ0 ≤ p0(n)

�
é ��c�( ��������� ��� ����� »�� n − 1 ��Õ��� ��Õ��������( ���»� »�� �������Õ����� ���
������Õ �� �����Õ� Ý��� ¼� ¼��( �� » ���Õ������� i

������� �� �����Õ( �»»� » ���Õ���Õ
���¼ »� �������»�Õ� ������� ������Õ�E² �Hi(π, n) =

∑n−1
k=0 Ck

n−1π
k(1− π)n−1−kpi(k + 1).

Ý��� ¼�� ¼����Õ����( ��� ��Õ������� �� Õ½�� i = 0
����� »� ��¼��Õ �� H0(π, n) ≤ ρ0

� �»
����Õ� ���¼ �� ����»���� ���� »����» ���»� »�� �������Õ����� �������Õ ��� ������� ��
�����Õ �� � ρ0 ≥ H0(π, n)

�
¬¤IkJdIJI£k ?< ;l D£¢£gIJI£k Ãi= <gJ ;l gdI±lkJ<i plIg£kk£kg ²

π
?£kk@§ ���� ¢£dD dk<

D@¢lDJIJI£k ?£kk@< ?d g<AJ<dD <kJD< ¸Ikk£±lJ<dDg¾ <J ¸IBIJlJ<dDg¾i ¬£Dg«d< ;<g
n − 1 ldJD<g

<kJD<¢DIg<g ?@¢£g<kJ dk< ?<Blk?<§ ;¤<kJD<¢DIg< i = 0
?@¢£g< @³l;<B<kJ dk< ?<Blk?< gI gl

¢D£ClCI;IJ@ ?¤£CJ<kID dk CD<±<J p0(n)
<gJ gdÍglBB<kJ @;<±@< ¢lD Dl¢¢£DJ ld ¢D£ÀJ D<;lJI¨ ?d

g<AD<J K
p0(n) ≥ ρ0

Ā<;l A£k?dIJ ² dk @«dI;ICD< B@;lk³<lkJ°i m< k¤<gJ A<DJ<g ¢lg ;l «dl;IJ@ ?<
g£k ¢D£©<J «dI ©£d< gdD A<JJ< ¢D£ClCI;IJ@ <J ;¤IkAIJ< ² ?@¢£g<D dk< ?<Blk?<§ BlIg ;< ±£;dB<
J£Jl; ?<g ?<Blk?<g§ ?£kJ <;;< glIJ «d¤I; ;IBIJ< ;l ¢D£ClCI;IJ@ «d¤dk< lkJ@DI£DIJ@ g£IJ JD£d±@<
¢lD ;<g <ªlBIklJ<dDgi Ìk ?¤ldJD<g J<DB<g§ A¤<gJ ;¤lkJIAI¢lJI£k ?¤dk ¢D£A<ggdg ?¤<ªlB<k
Ik<ÍAlA< ?Ë ld ±£;dB< IB¢£DJlkJ ?<g ?<Blk?<g «dI§ ² JDl±<Dg dk< ¨lIC;< ¢D£ClCI;IJ@ ?< ±£ID
;<dD ?<Blk?< D<©<J@<§ IkAIJ< ;<g IBIJlJ<dDg ² ?<Blk?<D dk CD<±<J Bl;³D@ ;l Bld±lIg< «dl;IJ@
?< ;<dD ¢D£©<Ji Ìk D<±lkAe<§ ;£Dg«d< ¢lDBI ;<g

n − 1 ldJD<g <kJD<¢DIg<g§ J£dg ;<g IBIJlJ<dDg
³lD?<kJ ;< g<AD<J§ ;¤<kJD<¢DIg< i = 0 ³lD?< @³l;<B<kJ ;< g<AD<J gI gl ¢D£ClCI;IJ@ ?¤£CJ<kID dk
CD<±<J <gJ gdÍglBB<kJ ¨lIC;< ¢lD Dl¢¢£DJ ld ¢D£ÀJ D<;lJI¨ ?d CD<±<J K

ρ0 ≥ H0(π, n)
Ā<;l

A£k?dIJ ² dk @«dI;ICD< g@¢lDlJ<dD°i ¡I ;<g g<d;<g ?<Blk?<g A£DD<g¢£k?<kJ ² ?<g ¢D£©<Jg ?<
C£kk< «dl;IJ@§ ;<g <kJD<¢DIg<g lkJIAI¢<kJ dk ¢D£A<ggdg ?¤<ªlB<k <ÍAlA< <k DlIg£k ?d ¨lIC;<
±£;dB< ?<g ?<Blk?<g§ ?< J<;;< g£DJ< «d< ;<g ¢D£©<Jg ?< Bld±lIg< «dl;IJ@ £kJ dk< ¢D£ClCI;IJ@
?¤ÂJD< D<©<J@g gdÍglBB<kJ @;<±@< ¢£dD ?Iggdl?<D ;<g ¸IBIJlJ<dDg¾ ?< ?@¢£g<D dk< ?<Blk?<i

®; <gJ ¢£ggIC;< «d< ;< ¢D£ÀJ D<;lJI¨ ?d g<AD<J
ρ0

g£IJ A£k©£IkJ<B<kJ JD£¢ @;<±@ ¢£dD «d¤dk
F¶êRee|b�¿» Ó¼ Ö¼¿| |¿�}|e}½»| j |»� ¼¿ Û½¿¿�ÕR�|¼}Ü RÕ|V ¼¿| e}�ÉRÉ½b½�Ô π |� ¼¿ Û½U½�R�|¼}Ü RÕ|V ¼¿|e}�ÉRÉ½b½�Ô 1 − π �
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IBIJlJ<dD ?@gID< ?@¢£g<D dk< ?<Blk?< ;£Dg«d< ;<g ldJD<g IBIJlJ<dDg ³lD?<kJ ;< g<AD<J <J lgg<¦
¨lIC;< ¢£dD «d< ;£Dg«d< ;<g ldJD<g IBIJlJ<dDg ?@¢£g<kJ dk< ?<Blk?<§ dk IBIJlJ<dD ;< ¨lgg<
@³l;<B<kJi ®; <ªIgJ< ?£kA ?<g ±l;<dDg ?< f

§ ;< A£ËJ ?< ?@¢¥J ?¤dk< ?<Blk?<§ ¢£dD ;<g«d<;;<g
;<g ?<dª @«dI;ICD<g ḡ@¢lDlJ<dD <J B@;lk³<lkJ° g£kJ ¢£ggIC;<gi m<JJ< Bd;JI¢;IAIJ@ ?¤@«dI;ICD<
gd³³fD< «d< ;<g B<gdD<g ¢DIg<g ;£Al;<B<kJ ¢lD ;¤£ÍA< ?<g CD<±<Jg ¢£dD k¤lJJID<D «d< ;<g
¸C£kk<g¾ ?<Blk?<g ¯¢£dD ÂJD< ?lkg ;¤@«dI;ICD< g@¢lDlJ<dD° g£kJ IkgdÍglkJ<g gI <;;<g £kJ
¢£dD dkI«d< IkgJDdB<kJ ;< A£ËJ ?< ?@¢¥J f

i Ìk <´<J§ <k DlIg£k ?< ;¤lCg<kA< ?< A££D?IklJI£k
<kJD< ;<g <kJD<¢DIg<g§ ?<g ?<dª @«dI;ICD<g§ I; k¤<gJ ¢lg ¢£ggIC;< ?< gl±£ID ;<«d<; ±l @B<D³<Di
Ìk ?¤ldJD<g J<DB<g§ ?lkg A<DJlIk<g gIJdlJI£kg§ ;l ¢£;IJI«d< ?< ;¤£ÍA< ?<g CD<±<Jg k¤l ¢lg
?¤IB¢lAJ K I; k¤<gJ ¢lg <k B<gdD< ?¤@JlC;ID dk JlDI¨ «dI ;dI ¢<DB<JJ< ?¤IkÈd<kA<D ;£Al;<B<kJ
;<g gJDlJ@³I<g ?< ?<Blk?< ?<g <kJD<¢DIg<g ² ;¤@«dI;ICD<i

µkl;Èg£kg BlIkJ<klkJ ;l ¢D£¢£gIJI£k Ãi= ² ;l ;dBIfD< ?d JÈ¢< ?< ;¤Ik?dgJDI< ¯���� ?<
;l ¢D£¢£DJI£k π

?¤̧ Ikk£±lJ<dDg¾° ²
ρ0

?£kk@i £dD dk ¢D£ÀJ D<;lJI¨ ?d g<AD<J ?£kk@ ρ0 ≤
p0(n)

§ ;<g gJDlJ@³I<g ?¤@«dI;ICD< ?I´fD<kJ g<;£k ;l ¢D£¢£DJI£k ?¤̧ Ikk£±lJ<dDg¾ π
i £dD ?<g

¨lIC;<g ±l;<dDg ?< π
§ ;l ¢D£ClCI;IJ@ ¢£dD dk IBIJlJ<dD ?¤£CJ<kID dk CD<±<J ;£Dg«d< g<d;g ;<g

¸Ikk£±lJ<dDg¾ ?@¢£g<kJ dk< ?<Blk?< H0(π, n)
<gJ @³l;<B<kJ ¨lIC;< π̄

<gJ J<; «d<
H0(n, π) ≤

ρ0
°i clkg A< Alg§ ;<g ?<dª @«dI;ICD<g ḡ@¢lDlJ<dD <J B@;lk³<lkJ° A£·<ªIgJ<kJi Ìk D<±lkAe<§

¢£dD ?<g ¨£DJ<g ±l;<dDg ?< π
§
H0(π, n)

<gJ <gJ ¢D£Ae< ?< p0(n) π̄
<gJ J<; «d<

H0(n, π) ≥ ρ0
°i

clkg A< Alg§ J£dJ<g ;<g <kJD<¢DIg<g ?<Blk?<kJ dk CD<±<J Ik?@¢<k?lBB<kJ ?< ;<dD JÈ¢<
@̄«dI;ICD< B@;lk³<lkJ°i

¬l ¢D£¢£DJI£k ?¤̧ Ikk£±lJ<dDg¾ ?lkg dk g<AJ<dD ?£kk@ π ¢<dJ g¤IkJ<D¢D@J<D A£BB< dk<
B<gdD< ?< g£k l±lkA<B<kJ J<Aek£;£³I«d<i m<;l k£dg ¢<DB<J ?¤Ik¨@D<D ;¤IB¢lAJ ?< ;¤l±lkA<·
B<kJ J<Aek£;£³I«d< ?¤dk g<AJ<dD gdD ;< ±£;dB< ?<g ?<Blk?<g D<�d<g ¢lD ;¤£ÍA< ?<g CD<±<Jgi
�÷ñ÷ëëìóñê ðÅùÅÔ��� �� ���c Õ ��»�Õ�	 �� ��¼��Õ ����� ρ0 ≤ p0(n)

( »� ��»��� ��� �������� ��ë��� ��� » ��Ñ ¼�
��� �����Õ� �Õ »� ������Õ��� �� ��������� �����Õ� �¼¼����� ������Õ��Õ ���¼ » �����¼����Õ
Õ�¼
��»������ �� ��¼Õ��� π

� »������ π ��Õ 	���»�( H0(n, π) ≤ ρ0
�Õ » �����»���� ������Õ��� ��Õ

������»� ( Õ����� ��� »������ π ��Õ �»���( H0(n, π) ≥ ρ0
�Õ » ������� ����»���� ������»� ��Õ

��»������Õ�
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Ìk ?¤ldJD<g J<DB<g§ ¢;dg ;< g<AJ<dD <gJ Ikk£±lkJ§ ¢;dg ;¤£ÍA< ?<g CD<±<Jg <gJ gdDAelD³@§
A£BB< A¤<gJ ©dgJ<B<kJ ;< Alg ?lkg ;< g<AJ<dD ?<g ;£³IAI<;gi Ê A<J @³lD?§ ;¤£ÍA< ?<g CD<±<Jg
¢£dDDlIJ l?l¢J<D gl ¢£;IJI«d< ldª AlDlAJ@DIgJI«d<g ?d g<AJ<dD A£kA<Dk@ lÀk ?< ;IBIJ<D ;<
±£;dB< ?< ¸Bld±lIg<g¾ ?<Blk?<gi

Ä@lkB£Ikg§ ;<g AlDlAJ@DIgJI«d<g ?¤dk g<AJ<dD§ k£JlBB<kJ g£k ?<³D@ ?¤l±lkA<B<kJ J<Ae·
k£;£³I«d<§ ?@¢<k?<kJ ?d A£B¢£DJ<B<kJ ?<g <kJD<¢DIg<g <J ?< ;<dD lAJI±IJ@ ?< p¿ci Ä£dg
¢£d±£kg ?£kA ¢<kg<D «d< ;l D@¢lDJIJI£k ?d g<AJ<dD <kJD< ¸C£kg¾ <J ¸Bld±lIg¾ ¢D£©<Jg§ ����
;l ¢D£¢£DJI£k π

?<g ¸Ikk£±lJ<dDg¾ <gJ ?@J<DBIk@< ?< BlkIfD< <k?£³fk< ¢lD ;<g <kJD<¢DIg<gi

j4õ4d �ã=;8<7h8 B; �>8>n<; >Aã <=6>=?¬7;< l7ã=;<
¡d¢¢£g£kg BlIkJ<klkJ «d< ¢lDBI ;<g

n − 1 ldJD<g <kJD<¢DIg<g§ J£dg ;<g ¸Ikk£±lJ<dDg¾
?<Blk?<kJ dk CD<±<J§ <J ;<g IBIJlJ<dDg ©£d<kJ <k gJDlJ@³I<g BIªJ<g§ ���� ?@¢£g<kJ dk< ?<·
Blk?< l±<A dk< ¢D£ClCI;IJ@ α

§ <J ³lD?<kJ ;< g<AD<J l±<A dk< ¢D£ClCI;IJ@ 1 − α ᾱ ∈ [0, 1]
°i

®; g¤<kgdIJ «d< ¢lDBI ;<g
n− 1 ldJD<g <kJD<¢DIg<g§ £dJD< ;<g ¸Ikk£±lJ<dDg¾§ dk< ¢D£¢£DJI£k α?¤IBIJlJ<dDg ?@¢£g< dk< ?<Blk?< ?< CD<±<Ji ¬¤<kJD<¢DIg< i = 0 £CJI<kJ l;£Dg dk CD<±<J l±<A

dk< ¢D£ClCI;IJ@

H0(π, n, α) =
n−1∑

k=0

Ck
n−1π

k(1 − π)n−1−k

n−1−k∑

j=0

C
j
n−1−kα

j(1 − α)n−1−k−jp0(k + j + 1).

¬¤@«dI;ICD< <k gJDlJ@³I<g BIªJ<g <gJ J<; «d< ;<g IBIJlJ<dDg ?@¢£g<kJ dk< ?<Blk?< l±<A
dk< ¢D£ClCI;IJ@ α∗ § ?@ÀkI< ¢lD ρ0 = H0(π, n, α∗)

¯«dI ;lIgg< dk IBIJlJ<dD Ik?I´@D<kJ <kJD<
?@¢£g<D £d k£k dk< ?<Blk?< @JlkJ ?£kk@< ;l gJDlJ@³I< ?<g ldJD<g <kJD<¢DIg<g°i

¬l ¢D£¢£gIJI£k ÃiE ?@ADIJ ;<g ±l;<dDg ?d ¢D£ÀJ D<;lJI¨ ?d g<AD<J ¢£dD dk IBIJlJ<dD ¢£dD
;<g«d<;;<g dk @«dI;ICD< <k gJDlJ@³I<g BIªJ<g <gJ ¢£ggIC;<i
�ñ÷�÷æóíó÷ô ðÅ�Å ãä����å�� �� æ����çè��æ �����æÔ��� ��� ��»���� ��Õ����������� �� ���c Õ ��»�Õ�	 �� ��¼��Õ ���� �� ���Õ�Õ���( Õ�»»�� ���
H0(π, n) ≤ ρ0 ≤ p0(n)

( �» ����Õ� ��� �»�� ��� ����»����� ������Õ��� �Õ ��»������Õ� �� ����»����
�� �Õ��Õ����� ���Õ�� ���� »����» »�� ���Õ�Õ���� �������Õ ��� ������� ���¼ ��� �������»�Õ�
α∗ �Õ Õ��� »�� �������Õ����� ��������Õ �� �����Õ�
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¡¢£¤ Ãi=K É«dI;ICD<g <k gJDlJ@³I<g ¢dD<g <J <k gJDlJ@³I<g BIªJ<g

m<J @«dI;ICD< <gJ D<¢D@g<kJ@ gdD ;l À³dD< Ãi=i
�åè÷ôæíñìíó÷ô �Å
+� 	��¼Õ���H0(π, n, α) ��Õ ��� 	��¼Õ��� ¼�������Õ� ��α

E³( ������Õ ��H0(π, n) =
∑n−1

k=0 Ck
n−1π

k(1−
π)n−1−kp0(k + 1)

Ð
p0(n) »������ α ����� �� 0

Ð
1
�

j4õ4j ì;:6?<;8=>=7h8 ¬6>:m7@A; B;< ?@A77ä6;<
¬í À³îïð Ãñò ïð¢ïóôðõöð ÷¤ðõôðøù÷ð úðô ó«îû÷ûùïðô§ ôð÷£õ ÷í ¢ï£¢£ïöû£õ π ú ¤̧ ûõõ£±íöðîïô¾

úíõô ÷¤ûõúîôöïûð ð̄õ íùôüûôôðô°ñ ¬ð ¢ï£Àö ïð÷íöû¨ úî ôðüïðö ¢£îï îõ ûøûöíöðîï ρ0
¢ðîö ¢ïðõúïð

úû´óïðõöðô ±í÷ðîïô ¢£ôôûù÷ðô ð̄õ £ïú£õõóðô°ñ
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¦#� ��,�Ì�,� �) ��/ ).�-¨u.)
��õ ú�íõí÷�ôðï ÷�ûø�íüö úî �ï�üðôôîô ú�ð	íøðõ úð ÷��
üð úðô ùïð�ðöô ôîï ÷�íüöû�ûöó úð

�� ðö ÷�ûõõ��íöû�õ� õ�îô ûõöï�úîûô�õô ÷í ��ôôûùû÷ûöó ��îï ÷ðô ðõöïð�ïûôðô ú�ð�ðüöîðï îõ
ð��ïö úð �� úíõô ÷ð ùîö ú�ûõõ��ðï ðö ú��ùöðõûï îõ �ï��ðö úð ù�õõð �îí÷ûöóñ Ê öïí�ðïô üðö
ð��ïö� ÷ðô ðõöïð�ïûôðô úóöðïøûõðõö ÷ðîï ö��ð �i ∈ 0, 1� ðö ÷í �îí÷ûöó úð ÷ðîï �ï��ðöñ�÷îô �ïóüûôóøðõö� ÷ðô n ðõöïð�ïûôðô úóüûúðõö ôûøî÷öíõóøðõö ðö ûõúó�ðõúíøøðõö úî ø�õ�öíõö úð ÷ðîï ð��ïö úð ��� ðö ôû ð÷÷ðô úó��ôðõö �î õ�õ îõð úðøíõúð íî�ï�ô úð ÷��
üð úðô
ùïð�ðöôñ ��ð��ïö úð �� ð�ðüöîó �íï îõð ðõöïð�ïûôð ÷îû �ï�üîïð îõ �ï��ðö úð ù�õõð �îí÷ûöó
�úð ö��ð i = 1� í�ðü îõð �ï�ùíùû÷ûöó π � íî ü��ö γ(π) üï�ûôôíõö ðö ü�õ�ð	ð � γ(π) = γπ2

2

ñ ��ðü
îõð �ï�ùíùû÷ûöó 1−π � ÷�ðõöïð�ïûôð úðøðîïð üí�íù÷ð úð ü�ø�ïðõúïð ÷�óöíö úð ÷í öðü�õû�îð ðö
ú��ùöðõûï îõ �ï��ðö ��öðõöûð÷÷ðøðõö �ï��öíù÷ð ü�øøðïüûí÷ðøðõö� øíûô úð øíî�íûôð �îí÷ûöó
�úð ö��ð i = 0�ñ ��ð��ïö úð �� ðö ÷ð ïóôî÷öíö úð üðö ð��ïö ����� ÷í �îí÷ûöó úî �ï��ðö �îû ðõ
ïóôî÷öð� õð ô�õö �ùôðï�íù÷ðô �îð �íï ÷�ðõöïð�ïûôð �îû ÷�ð�ðüöîðñ ��îô óöîúû�õô ÷ðô ó�îû÷ûùïðôô�øóöïû�îðô �÷�ùíî	� üíïíüöóïûôóô  ÷í !�ûô �íï îõ ð��ïö úð �� õ�öó π∗ ðö �íï îõ ó�îû÷ûùïð
úð ü�õöûõîíöû�õ �ú�õö ÷ðô ôöïíöó�ûðô úð úðøíõúð ô�õö úó�õûðô úíõô ÷í ôðüöû�õ �ïóüóúðõöð�ñ��íõö ö�îö� û÷ ðôö ûø��ïöíõö úð ïðøíï�îðï �îð ÷ð !íûö úð úó�ûðï úð ÷�ó�îû÷ûùïð π∗ ��îï
îõð ðõöïð�ïûôð ��îû !�îïõûïíûö îõ ð��ïö úð ��

π 6= π∗� õð ø�úû�ð ðõ ïûðõ ôí ôöïíöó�ûð úð
úðøíõúð ��îû ïðôöð ôîï ÷ð ôðõöûðï ú�ó�îû÷ûùïð�� üíï üðööð úó�ûíöû�õ õ�ðôö úð ö�îöð !í"�õ �íô
�ùôðï�óð �íï ÷ðô íîöïðô ðõöïð�ïûôðô� �îû ü�õöûõîðõö ú�í�ûï ü�øøð ôû ÷�ðõöïð�ïûôð õð úó�ûíûö
�íôñ

�í��ð÷�õô �îð ôð÷�õ ÷ðô �í÷ðîïô úð ρ0
� úðî	 ó�îû÷ûùïðô úð ü�õöûõîíöû�õ ô�õö ��ôôûù÷ðô �

÷�ó�îû÷ûùïð ôó�íïíöðîï� úíõô ÷ð�îð÷ ôðî÷ô ÷ðô #ûõõ��íöðîïô$ úó��ôðõö îõð úðøíõúð� ðôö ��ôôûù÷ð
ôû ρ0 ≥ H0(π, n)� ðö ÷�ó�îû÷ûùïð øó÷íõ�ðíõö úíõô ÷ð�îð÷ ö�îöðô ÷ðô ðõöïð�ïûôðô úó��ôðõö îõð
úðøíõúð ðôö ��ôôûù÷ð ôû p0(n) ≥ ρ0

ñ
�ð �ï��ö ðô�óïó ú�îõ ûøûöíöðîï ðôö λ0

úíõô ÷�ó�îû÷ûùïð ôó�íïíöðîï� ðö p0(n)v0 + (1 −
p0(n))µ0 − f úíõô ÷�ó�îû÷ûùïð øó÷íõ�ðíõö� öíõúûô �îð ÷ð �ï��ö ú�îõ #ûõõ��íöðîï$ ðôö v1 − f

�îð÷ �îð ô�ûö ÷�ó�îû÷ûùïðñ
%û îõð ðõöïð�ïûôð íõöûüû�ð ÷�ó�îû÷ûùïð ôó�íïíöðîï� ð÷÷ð ôíûö �î�ð÷÷ð õð úðøíõúðïí îõ ùïð�ðö

�îð ôû ô�õ ð��ïö úóù�îü�ð ôîï îõ �ï��ðö úð ù�õõð �îí÷ûöóñ &÷÷ð úóöðïøûõð ÷�ð��ïö úð ��
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�îû øí	ûøûôð ô�õ �íûõ ðô�óïó �

max
π

π(v1 − f) + (1 − π)λ0 −
γπ2

2
,

üð �îû ü�õúîûö  îõ ð��ïö ��öûøí÷ úð ��
π∗

S = 1
γ
[v1 − f − λ0]

ñ �íï ����ö��ôð� v1 − f ≥
λ1 ≥ λ0

� ú�õü π∗
S ≥ 0

ñ5µ
%û ðõ ïð�íõü�ð ÷�ðõöïð�ïûôð íõöûüû�ð ÷�ó�îû÷ûùïð øó÷íõ�ðíõö� ð÷÷ð ôíûö �î�ð÷÷ð úðøíõúðïí îõ

ùïð�ðö �îð÷ �îð ô�ûö ÷ð ïóôî÷öíö úð ô�õ ð��ïöñ &÷÷ð úóöðïøûõð ÷�ð��ïö úð �� �îû øí	ûøûôð
ô�õ �íûõ ðô�óïó �

max
π

π[v1 − f ] + (1 − π)[p0(n)v0 + (1 − p0(n))µ0 − f ] − γπ2

2
,

üð �îû ü�õúîûö  îõ ð��ïö ��öûøí÷ úð ��
π∗

P = 1
γ
[v1 − v0 + (1 − p0(n))(v0 − µ0)]

ñ �íï
����ö��ôð� v1 ≥ v0 ≥ µ0

� ú�õü üðö ð��ïö ðôö ��ôûöû!ñ ��ö�õô �î�îõ üíô ð	öï6øð úð üðö
ó�îû÷ûùïð ü�ïïðô��õú  ÷�íùôðõüð ö�öí÷ð ú�îõ ô�ôö�øð ú�ð	íøðõ úðô ùïð�ðöô � úíõô üð üíô
p0(n) = 1� �7�7 ÷ðô ðõöïð�ïûôðô ô�õö üðïöíûõðô ú��ùöðõûï îõ ùïð�ðö� ðö ð�ðüöîðõö ú�õü îõ ð��ïö
úð ��

π = 1
γ
(v1 − v0).�íõô ÷í �ï���ôûöû�õ 4ñ4� õ�îô üíïíüöóïûô�õô ÷ðô ð��ïöô úð �� ð�ðüöîóô �íï ÷ðô ðõöïð�

�ïûôðô íûõôû �îð ÷ðô ôöïíöó�ûðô úð úðøíõúð �îû ô�ðõôîû�ðõö  ÷�ó�îû÷ûùïð� ôð÷�õ ÷í �í÷ðîï úî
�ï��ö ïð÷íöû! úî ôðüïðö ��îï ÷ðô ûøûöíöðîïô ρ0

ñ
89:;:<=>=:? @A@A BCD��æ EF GHI EJçK����L�Fæ FM æ����çè�Fæ N��Fæ
é O� P� QRSTU R�PVU�W XY Z�[R�U �ZU \P�]\^ U�P �Y� ρ0 > p0(n)^ �P �_�ZU� Y` Z�YP \�Y�P�aR�
QSZZ�aP� � P b\�Y�P�aR� Z\QVRVU�YR^ [VRV[U\R�Z\ QVR Y` �¥SRU X� cde

π∗
S

SÎ Z�YPZ P�Z
f�``S]VU�YRZg X\QSZ�`U Y`� X�hV`X�7
é O� P� QRSTU R�PVU�W XY Z�[R�U �ZU WV�aP�^ U�P iY�H0(π

∗
S, n) > ρ0 ^ �P �_�ZU� Y` Z�YP \iY�P�aR�

QSZZ�aP� j P b\iY�P�aR� h\PV`k�V`U^ [VRV[U\R�Z\ QVR Y` �lSRU X� cde
π∗

P
SÎ USYU�Z P�Z

�`UR�QR�Z�Z X\QSZ�`U Y`� X�hV`X�7
é m T̀`^ Z� P� QRSTU R�PVU�W XY Z�[R�U �ZU U�P iY� H0(π

∗
S, n) ≤ ρ0 ≤ p0(n)^ �P �_�ZU� X�Y_

nopq rstuv π∗

S ≤ 1 uw qx uqtsqyqzx uw sq {|}x ~q ~�r�x ~�tzq ~qy�z~q f qux xqs �tq f ≥ v1 − λ0 − γ �



'�(�)*+, �� -, .(/0(* )/',+*()/ 0, -�1��)', 0,2 3+,�,*2 òò�

\iY�P�aR�Z QSZZ�aP�Z j P b\iY�P�aR� Z\QVRVU�YR [VRV[U\R�Z\ QVR Y` �lSRU X� cde
π∗

S
^ �U

P b\iY�P�aR� h\PV`k�V`U [VRV[U\R�Z\ QVR Y` �lSRU X� cde
π∗

P

7
���:?<>9�>=:? @A

� O� ρ0 ≤ p0(n)^ P�Z X�Y_ \iY�P�aR�Z X� [S`U�`YVU�S` ZS`U QSZZ�aP�Z j
� O� P b�`UR�QR�Z� V`U�[�Q� P b\iY�P�aR� Z\QVRVU�YR^ �PP� W SYR`�U P b�lSRU SQU�hVP

π∗
S =

1
γ
[v1 − f − λ0]

7 �V�Z Z� H0(π
∗
S, n) > ρ0^ �P � V Y`� [S`URVX�[U�S`^ [VR P b\iY�P�aR�

Z\QVRVU�YR `b�ZU QPYZ QSZZ�aP�7 O� �` R�]V`[�� H0(π
∗
S, n) ≤ ρ0 ^ P�Z �`UR�QR�Z�Z W SYR�

`�ZZ�`U USYU�Z P b�lSRU X� cde
π = π∗

S
^ �U Z�YP�Z [�PP�Z iY� SaU��``�`U Y` QRS� �U X�

aS``� iYVP�U\ �
i = 1� X�hV`X�`U Y` aR�]�U7

� O� P b�`UR�QR�Z� V`U�[�Q� P b\iY�P�aR� h\PV`k�V`U^ �PP� W SYR`�U P b�lSRU SQU�hVP
π∗

P =

1
γ
[v1 − v0 + (1 − p0(n))(v0 − µ0)]

7
� O� VY [S`URV�R� ρ > p0(n)^ VPSRZ P bY`�iY� \iY�P�aR� QSZZ�aP� �ZU P b\iY�P�aR� Z\QVRVU�YR7
�`U�[�QV`U [�PV^ P�Z �`UR�QR�Z�Z W SYR`�ZZ�`U P b�lSRU SQU�hVP X� cde

π∗
S = 1

γ
[v1−f−λ0]^�U Z�YPZ P�Z f�``S]VU�YRZg X\QSZ�`U Y`� X�hV`X�7

��îô ïðøíï�î�õô �îð ÷�ïô�îð ÷ðô úðî	 ó�îû÷ûùïðô ü��ð	ûôöðõö� ÷ð �ï��ö úðô ðõöïð�ïûôðô
úíõô ÷�ó�îû÷ûùïð øó÷íõ�ðíõö ðôö �÷îô ó÷ð�ó �îð ÷ðîï �ï��ö úíõô ÷�ó�îû÷ûùïð ôó�íïíöðîïñ ��î�
öð!�ûô� úî !íûö úð ÷�íùôðõüð úð ü��ïúûõíöû�õ� ÷�ó�îû÷ûùïð ôó�íïíöðîï �ðîö ó�í÷ðøðõö óøðï�ðïñ

�÷ ðôö ��ôôûù÷ð �îð ÷ðô ûøûöíöðîïô õ�íú��öðõö �íô ö�îô ÷í ø6øð ôöïíöó�ûð úð úðøíõúð� ðö
�îð ôðî÷ð îõð !ïíüöû�õ ú�ðõöïð ðî	 úó��ôð îõð úðøíõúð úð ùïð�ðöñ �íõô ÷í �ï���ôûöû�õ 4ñ��
õ�îô üíïíüöóïûô�õô ÷�ð��ïö úð �� úíõô ÷�ó�îû÷ûùïð ðõ ôöïíöó�ûðô øû	öðô �
89:;:<=>=:? @A�A BCD�� EF GHI EJ�K ¡¢¡L�F FM £��¤��¥¡F ¦¡§�F
O� P� QRSTU R�PVU�W XY Z�[R�U �ZU U�P iY� H0(π

∗
S, n) ≤ ρ0 ≤ p0(n)^ �P �_�ZU� \kVP�h�`U Y`

\iY�P�aR� �` ZURVU\k��Z h�_U�Z^ [VRV[U\R�Z\ QVR Y` h¨h� �lSRU X� cde
π∗

S

iY� XV`Z P b\iY�P�aR�
Z\QVRVU�YR^ hV�Z S© P�Z �h�UVU�YRZ X\QSZ�`U Y`� X�hV`X� V]�[ Y`� QRSaVa�P�U\ α∗

�U USYZ
P�Z f�``S]VU�YRZg X�hV`X�`U Y` aR�]�U �V]�[ H0(π

∗
S, n, α∗) = ρ0�7

���:?<>9�>=:? �A
ª b\iY�P�aR� �` ZURVU\k��Z h�_U�Z �ZU U�P iY bY` f�h�UVU�YRg �ZU �`X�l\R�`U �`UR� X�hV`X�R
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SY `S` Y` aR�]�U j
H0(π

∗
S, n, α∗) = ρ0

7 P bSa� �[U�W X bY`� �`UR�QR�Z� VPSRZ �ZU P� ZY�]V`U j
max

π
π(v1 − f) + (1 − π)λ0 − γπ2

2
, [� iY� [S`XY�U ¬ Y` �lSRU X� cde

π = π∗
S

7
�ðô �ï���ôûöû�õô 4ñ4 ðö 4ñ� �ðïøðö ú�ûõ!óïðï �÷îôûðîïô ïóôî÷öíöô úð ôöíöû�îð ü�ø�íïíöû�ðñ
&õ �ïðøûðï ÷ûðî� ÷ð ü�ï�÷÷íûïð 4ñ� ü�ø�íïð ÷ðô ð��ïöô úð �� ú�ó�îû÷ûùïð� ÷�ïô�îð ÷ðô

úðî	 ó�îû÷ûùïðô ô�õö ��ôôûù÷ðôñ
:9:®®�=9¯ @A°A
ªSRZiY� H0(π

∗
S, n) ≤ ρ0 ≤ p0(n)^ P�Z X�Y_ \iY�P�aR�Z X� [S`U�`YVU�S` �` ZURVU\k��Z QYR�Z �U

P b\iY�P�aR� �` ZURVU\k��Z h�_U�Z [S��_�ZU�`U^ �U P�Z �lSRUZ X� cde ZS`U U�PZ iY� π∗
P < π∗

S

7
±ð ïóôî÷öíö �ï��ûðõö úî !íûö �îð π∗

S − π∗
P = 1

γ
(p0(n) − ρ0)(v0 − µ0)

� üð �îû ûø�÷û�îð
�îð ÷�ïô�îð ρ0 ≤ p0(n)� π∗

P < π∗
S

ñ �í �ðïô�ðüöû�ð ú�îõð úðøíõúð úð ùïð�ðö �îð÷ �îð ô�ûö
÷ð ïóôî÷öíö úð ÷�íüöû�ûöó ðõ �� ïóúîûö ÷�ð��ïö !�îïõû �íï ÷ðô ðõöïð�ïûôðô �íï ïí���ïö  ÷í
ôûöîíöû�õ �² ôðî÷ðô üð÷÷ðô �îû �ùöûðõõðõö îõ �ï��ðö úð ù�õõð �îí÷ûöó úó��ôðõö îõð úðøíõúðñ
±ð÷í ô�ð	�÷û�îð �íï ÷ð !íûö �îð ÷�ïô�îð ÷ð �ï��ö ïð÷íöû! úî ôðüïðö ðôö öð÷ �îð ρ0 ≤ p0(n)� ÷ð
�ï��ö ú�îõ ûøûöíöðîï ðôö �÷îô ó÷ð�ó úíõô ÷�ó�îû÷ûùïð øó÷íõ�ðíõö �p0(n)v0+(1−p0(n))µ0)−f �
�îð úíõô ÷�ó�îû÷ûùïð ôó�íïíöðîï �λ0�ñ �íï ü�õôó�îðõö îõð ðõöïð�ïûôð ðôö �÷îô ûõüûöóð  6öïð
îõ ûøûöíöðîï úíõô ÷�ó�îû÷ûùïð øó÷íõ�ðíõö� úð öð÷÷ð ô�ïöð �î�ð÷÷ð !�îïõûö îõ ø�ûõúïð ð��ïö
úð ��ñ m` R\ZYh\^ PSRZiY� H0(π

∗
S, n) ≤ ρ0 ≤ p0(n)^ X�Y_ \iY�P�aR�Z [S��_�ZU�`U j Y`

\iY�P�aR� [VRV[U\R�Z\ QVR Y` WV�aP� `�]�VY X� cde �U Y` ]SPYh� \P�]\ X� X�hV`X�Z �\iY�P�aR�
h\PV`k�V`U�^ �U Y` \iY�P�aR� [VRV[U\R�Z\ QVR Y` `�]�VY \P�]\ X� cde �U Y` WV�aP� ]SPYh� X�
X�hV`X�Z �\iY�P�aR� Z\QVRVU�YR�7±ð÷í øðö ðõ ó�ûúðõüð ÷�ûø�íüö õó�íöû! úð ÷�ðõ��ï�ðøðõö úð ÷��
üð úðô ùïð�ðöô ôîï ÷�íüöû�
�ûöó úð ��ñ ��ïô�îð ÷��
üð úðô ùïð�ðöô ðôö ôîùøðï�ó úð ú�ôôûðïô� ÷í �ï�ùíùû÷ûöó ú��ùöðõûï
îõ ùïð�ðö ôîï îõ �ï��ðö úð øíî�íûôð �îí÷ûöó íî�øðõöðñ ³�ûõô ûõüûöóðô  �ùöðõûï îõ �ï��ðö
úð ù�õõð �îí÷ûöó� ÷ðô ðõöïð�ïûôðô ïóúîûôðõö ÷ðîï ð��ïö úð ��ñ &õ ü�õôó�îðõüð� ÷í �ï���ï�
öû�õ úð ùïð�ðöô íüü�ïúóô íî�øðõöð ðö ÷í �îí÷ûöó ø��ðõõð úðô ûõõ��íöû�õô ��7�7 ÷í �ï���ïöû�õ
ú�#ûõõ��íöðîïô$ úíõô ÷ð ôðüöðîï� úûøûõîðñ&õ ôðü�õú ÷ûðî� ÷ð ü�ï�÷÷íûïð 4ñ4 ü�ø�íïð ÷ð õ�øùïð ðô�óïó úðô ùïð�ðöô íüü�ïúóô úíõô
ü�í�îð ó�îû÷ûùïð ÷�ïô�îð ÷ðô úðî	 ó�îû÷ûùïðô ü��ð	ûôöðõöñ ���
üð úðô ùïð�ðöô íüü�ïúð nπ∗

S
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ùïð�ðöô úíõô ÷�ó�îû÷ûùïð ôó�íïíöðîï� ðö nπ∗
P +n(1−π∗

P )p0(n)
ùïð�ðöô úíõô ÷�ó�îû÷ûùïð øó÷íõ�

�ðíõö �ðõ ðô�óïíõüð�ñ �í ü�ø�íïíûô�õ ûõúû�îð ü�øøðõö ó��÷îð ÷ð õ�øùïð úð ùïð�ðö íüü�ïúóô
÷�ïô�îð ÷��õ �íôôð úð ÷�ó�îû÷ûùïð ôó�íïíöðîï  ÷�ó�îû÷ûùïð øó÷íõ�ðíõö� �7�7 ÷�ïô�îð ÷�ð��ïö úð
�� úûøûõîð ðö ÷ð õ�øùïð úð úðøíõúðô íî�øðõöðñ
:9:®®�=9¯ @A@A
ªSRZiY� P�Z X�Y_ \iY�P�aR�Z [S�_�ZU�`U^ Y`� aV�ZZ� X� P b�lSRU X� cde �U Y`� �VYZZ� XY
`ShaR� X� X�hV`X�Z �`URVµ`� Y`� �VYZZ� XY `ShaR� X� aR�]�UZ V[[SRX\Z

� Z� PV cde �ZU UR¶Z [S·U�YZ�^ �7�7 Z� γ ≥ v0 − µ0 + v1 − µ0 ^
� SY QSYR X�Z ]VP�YRZ UR¶Z WV�aP�Z �U UR¶Z \P�]\�Z X�

p0(n)
7

&õ ð�ðö� ÷�ïô�îð p0(n) ðôö öï�ô ó÷ð�ó ��7�7 n ðôö �ïíõú �î ÷��
üð úðô ùïð�ðöô ðôö �ðî
ôó��ïð�� úíõô ÷�ó�îû÷ûùïð øó÷íõ�ðíõö û÷ � í ùðíîü�î� ú�ûøûöíöðîïô� ðö üðô ûøûöíöðîïô� �îû
úðøíõúðõö ö�îô îõ ùïð�ðö� ÷��ùöûðõõðõö í�ðü îõð !�ïöð �ï�ùíùû÷ûöóñ ��õü ÷ð õ�øùïð ðô�óïó
úð ùïð�ðöô úó÷û�ïóô ðôö �÷îô ó÷ð�ó �îð úíõô ÷�ó�îû÷ûùïð ôó�íïíöðîïñ �íï íû÷÷ðîïô� ÷�ïô�îð ÷í
�� ðôö öï�ô ü��öðîôð� �î ÷�ïô�îð p0(n) ðôö öï�ô !íûù÷ð ��7�7n ðôö !íûù÷ð �î ÷��
üð úðô ùïð�ðöô
ðôö öï�ô ôó��ïð�� û÷ � í �ïðô�îð íîöíõö ú�#ûõõ��íöðîïô$ úíõô ÷�ó�îû÷ûùïð øó÷íõ�ðíõö �îð úíõô
÷�ó�îû÷ûùïð ôó�íïíöðîï� ðö �íïí÷÷�÷ðøðõö û÷ � í úðô ûøûöíöðîïô �îû �ùöûðõõðõö îõ ùïð�ðö úíõô
÷�ó�îû÷ûùïð øó÷íõ�ðíõöñ ��õü ÷ð õ�øùïð ðô�óïó úð ùïð�ðöô úó÷û�ïóô ðôö �÷îô ó÷ð�ó �îð úíõô
÷�ó�îû÷ûùïð ôó�íïíöðîïñ �íï ü�õôó�îðõö� îõð ùíûôôð úð ÷�íüöû�ûöó úð �� �ðîö ðõöïí¸õðï îõð
�íîôôð úî õ�øùïð úð ùïð�ðöô íüü�ïúóô� �íï ð	ðø�÷ð úíõô îõ ôðüöðîï �² û÷ � í îõ öï�ô �ïíõú
õ�øùïð ú�ðõöïð�ïûôðôñ

&õ öï�ûôû�øð ÷ûðî� ÷í �ï���ôûöû�õ 4ñ4 �ðïøðö ú�óöîúûðï ÷�ûø�íüö úî ü��ö úð úó�¹ö ú�îõð
úðøíõúð f ôîï ÷ðô ôöïíöó�ûðô úð úðøíõúð  ÷�ó�îû÷ûùïð ðö ÷ðô ð��ïöô úð �� �îû ô�ðõôîû�ðõöñ

%î���ô�õô �îð ÷��
üð úðô ùïð�ðöô í ��îï �ù�ðüöû! ú�ð	ü÷îïð ÷ðô øíî�íûôðô úðøíõúðô ðö
ô�íôôîïðï úð õð ïðüð��ûï �îð úðô úðøíõúðô úð ù�õõð �îí÷ûöóñ �÷ ÷îû ôî
ö úíõô üð üíô úð �	ðï ÷ð
ü��ö úð úó�¹ö f úð ô�ïöð �îð ôðî÷ô ÷ðô #ûõõ��íöðîïô$ úó��ôðõö îõð úðøíõúð ���îï �îð ÷ð ôðî÷ó�îû÷ûùïð ��ôôûù÷ð ô�ûö ôó�íïíöðîï�ñ �í��ð÷�õô �îð úð ö�îöð !í"�õ ÷í ü�õöïíûõöð ρ1 ≤ p1(1)

ú�ûö 6öïð ïðô�ðüöóð ��îï íôôîïðï �îð ÷ðô #ûõõ��íöðîïô$ úó��ôðõö îõð úðøíõúð ðö �îð ÷ðô
ðõöïð�ïûôðô íõöûüû�ðõö íî ø�ûõô ÷�îõ úðô úðî	 ó�îû÷ûùïðô úð ü�õöûõîíöû�õñ �÷ ôî
ö ú�õü  
÷��
üð úð �	ðï f öð÷ �îð ρ1 ≤ p1(1) ðö ρ0 > p0(n)� �7�7 öð÷ �îð v0−λ0−(1−p0(n))(v0−µ0) ≤
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f ≤ v1 − λ1.%û ÷��
üð úðô ùïð�ðöô �ðîö îöû÷ûôðï ÷ð ü��ö úð úó�¹ö úíõô ÷ð ùîö úð ïóúîûïð ôí ü�íï�ð úð
öïí�íû÷� úóü�îïí�ðï �_ V`U� ÷ðô øíî�íûôðô úðøíõúðô �ðîö üð�ðõúíõö õð �íô 6öïð îõ �ù�ðüöû!
ðõ ô�û úíõô ÷í øðôîïð �² ÷ð ü��ö úð úó�¹ö í ó�í÷ðøðõö îõ ûø�íüö ôîï ÷ð öíî	 ú�ûõõ��íöû�õñ

�ð ü�ï�÷÷íûïð 4ñ� úóüïûö ÷�ûø�íüö úî ü��ö úð úó�¹ö ôîï ÷ðô ð��ïöô úð ��ñ
:9:®®�=9¯ @A�A
»̀ V[[RS�ZZ�h�`U XY [S·U X� X\Q¼U

f
V Y` �hQV[U `\kVU�W ZYR P b�lSRU π∗

S

�U Y` �hQV[U `YP
ZYR P b�lSRU π∗

P

7
&õ ð�ðö� ∂π∗

S

∂f
= − 1

γ
,
öíõúûô �îð ∂π∗

P

∂f
= 0� üíï úíõô ÷�ó�îû÷ûùïð øó÷íõ�ðíõö ÷�ðõöïð�ïûôðôíûö �î�ð÷÷ð úó�ðõôðïí üð ü��ö f ûõúó�ðõúíøøðõö úî ïóôî÷öíö úð ô�õ ð��ïö ðõ ��ñ

±�øøð õ�îô ÷�í��õô �î� ôû ÷��
üð �	ð f
öð÷ �îð ρ0 > p0(n) �ðö ρ1 ≤ p1(1)�� û÷ ðôö íôôîïó

úð õð ïðüð��ûï �îð ÷ðô úðøíõúðô úð ù�õõð �îí÷ûöóñ �óíõø�ûõô� ÷�ð��ïö úð �� úíõô üð üíô
ðôö ûõ!óïûðîï íî	 úðî	 ð��ïöô ú�ó�îû÷ûùïð ÷�ïô�îð ρ0 ≤ p0(n)

ñ &õ ð�ðö� π∗
S
ðôö îõð !�õüöû�õ

úóüï�ûôôíõöð úð f � öð÷÷ð �îð π∗
S ≥ π∗

P

ôû ρ0 ≤ p0(n)� ðö π∗
S ≤ π∗

P

ôûõ�õñ �ð ø�õöíõö f

�îû �ðïøðö ú�ðõü�îïí�ðï ÷í �� ú�ûö ú�õü 6öïð öð÷ �îð H0(π
∗
S, n) ≤ ρ0 ≤ p0(n)

ñ �÷ ú�ûö ðõ
�íïöûüî÷ûðï 6öïð ÷ð �÷îô �ðöûö ��ôôûù÷ð üíï ÷�ð��ïö π∗

S
úóüï�¸ö í�ðü f � ðö ÷�ð��ïö π∗

P
ðôö ü�õôöíõöñ

��îöð!�ûô� úíõô üð üíô ÷ðô úðî	 ó�îû÷ûùïðô �ôó�íïíöðîï ðö øó÷íõ�ðíõö� ô�õö ��ôôûù÷ðô� üð �îûôî���ïð �îð ÷ð ü��ö úð úó�¹ö ú�îõð úðøíõúð f õ�ðôö �íô îõ ûõôöïîøðõö ôî
ôíõö ��îïíôôîïðï ÷�ð��ïö úð �� øí	ûøí÷ ��îû ü�ïïðô��õú  
π∗

S
úíõô üð üíô�� ðö õð �ðïøðö �íô

 ÷��
üð úðô ùïð�ðöô úð úûôöûõ�îðï ÷ðô úðî	 ó�îû÷ûùïðôñ ��íùôðõüð úð ü��ïúûõíöû�õ ðõöïð
÷ðô ðõöïð�ïûôðô ïðõú ûø��ôôûù÷ð ÷í úûôöûõüöû�õ ðõöïð ÷ðô úðî	 ó�îû÷ûùïðô ðö ðø�6ü�ð ÷��
üð
úð ôó÷ðüöû�õõðï îõû�îðøðõö ÷ðô #ù�õõðô$ úðøíõúðôñ ��ð	ûôöðõüð ú�ó�îû÷ûùïðô øî÷öû�÷ðô� úîô
 ÷�íùôðõüð úð ü��ïúûõíöû�õ� ûø�÷û�îð �î�îõð ��÷ûöû�îð úð ü�íõ�ðøðõö úî ü��ö úð úó�¹ö
õð �ðïøðö �íô ïó�÷ðï ÷ð �ï�ù÷�øð ú�ðõ��ï�ðøðõö úðô ú�ôôûðïô úð ÷��
üð úðô ùïð�ðöô õû
ú�ûõüûöíöû�õ  ÷�ûõõ��íöû�õñ

±ð ïóôî÷öíö ôî���ïð �îð ÷ð ü��ö úð úó�¹ö ú�îõð úðøíõúð úð ùïð�ðö õ�ðôö �íô îõ ûõôöïî�
øðõö ôî
ôíõö ��îï �ïûðõöðï ÷ðô ôöïíöó�ûðô úð úðøíõúð úðô ðõöïð�ïûôðô ðö ü�õöï¹÷ðï ÷ð ��÷îøð
úðô ú�ôôûðïô ïð"îô �íï ÷��
üðñ &õ ú�íîöïðô öðïøðô� ø�úû�ðï üð ü��ö  ÷í øíï�ð õð ïóô�îö
�íô ÷ð �ï�ù÷�øð ú�ðõ��ï�ðøðõö úðô ú�ôôûðïôñ �óíõø�ûõô� ÷í ��÷ûöû�îð ú�ð	íøðõ úð ÷��
üð
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õð ôð ïóôîøð �íô õóüðôôíûïðøðõö  üð ü��ö� ôî���ïöó �íï ÷ðô ðõöïð�ïûôðô í�íõö �îð ÷��
üð
ðõöíøð ôí �ï�üóúîïð ú�ð	íøðõñ ���
üð �ðîö ó�í÷ðøðõö ü�õöï¹÷ðï ÷ð ü�îïô úð üðööð �ï�üó�
úîïð � úíõô ÷í ôðüöû�õ ôîû�íõöð� õ�îô ðõú��óõóûô�õô ÷ð �ï�üðôôîô ú�ð	íøðõ ðö úð úó÷û�ïíõüð
í�õ úð úóöðïøûõðï ûø�íüö ôîï ÷ð ��÷îøð úðô úðøíõúðôñ

¾¿À ÁÂÃÄÅÆÆÇÆ ÈÉÅÊËÌÅÍ ÅÍÈÃÎÏÍÅ
�íõô üðööð ôðüöû�õ� õ�îô óöîúû�õô úð �÷îô �ï�ô ÷ð ï¹÷ð úð ÷��
üð úðô ùïð�ðöô� ðõ ø�úó÷ûôíõö

÷ð !�õüöû�õõðøðõö úð ô�õ �ï�üðôôîô ú�ð	íøðõñ
%û ÷ð ��÷îøð úðô úðøíõúðô ð	ðïüð îõð ð	öðïõí÷ûöó ��ôûöû�ð ôîï ÷í �ï�ùíùû÷ûöó ú�íüü�ïú

ú�îõ ùïð�ðö �pi(n) ðôö üï�ûôôíõöð ðõ n�� ü�ðôö �÷îô �ïóüûôóøðõö  öïí�ðïô ô�õ ûø�íüö ôîï
÷�ð��ïö ü�õôíüïó �íï ÷ðô ð	íøûõíöðîïô  ü�í�îð ú�ôôûðïñ �íõô üðööð ôðüöû�õ� õ�îô ø�úó÷ûô�õô
÷�ð	öðïõí÷ûöó úî ��÷îøð úðô úðøíõúðô ôîï ÷í �ï�ùíùû÷ûöó úð úóü�î�ðïöð ú�íõöóïû�ïûöó ðõ
ûõöï�úîûôíõö îõ ð��ïö ð	�÷ûüûöð ú�ð	íøðõ �íï ú�ôôûðïñ ±ðö ð��ïö ü�õôûôöð ðôôðõöûð÷÷ðøðõö  
óöîúûðï ÷ð ú�ôôûðï ðö ïðü�ðïü�ðï îõð �ïðî�ð ú�íõöóïû�ïûöó úíõô ÷�óöíö úð ÷í öðü�õû�îð � îõð
�íîôôð úð üðö ð��ïö íî�øðõöð ÷í �ï�ùíùû÷ûöó úð öï�î�ðï îõð öð÷÷ð �ïðî�ð ðö ïóúîûö ú�õü ÷í
�ï�ùíùû÷ûöó ú�íüü�ïúñ ��ð��ïö �÷�ùí÷ ûø�÷û�îð ö�îöð!�ûô îõ ü��ö ��îï ÷��
üð úðô ùïð�ðöô �ôû
�íï ð	ðø�÷ð û÷ ðõ�í�ð îõ ð	íøûõíöðîï �íï öïíõü�ð úð N úðøíõúðô íõöûüû�óðô� ÷ð ü��ö �÷�ùí÷
ðôö ú�õõó �íï ÷ð õ�øùïð ö�öí÷ ú�ð	íøûõíöðîïô ðø�÷��óô�ñ�ð �ï�üðôôîô ú�ûõôöïîüöû�õ úðô ùïð�ðöô ôð !íûö ðõ úðî	 öðø�ôñ

&õ �ïðøûðï ÷ûðî� ÷��
üð úðô ùïð�ðöô íõõ�õüð ÷ð ü��ö úð úó�¹ö ú�îõð úðøíõúð f ñ ±�õ��ûõ�öðøðõö íî ü��ö úð úó�¹ö ú�îõð úðøíõúð� ÷��
üð úðô ùïð�ðöô íõõ�õüð ÷í �ï�ùíùû÷ûöó q ú��ùöð�
õûï îõ ùïð�ðö ÷�ïô�î�íîüîõð íõöóïû�ïûöó õ�í óöó öï�î�óðñ ±ðööð �ï�ùíùû÷ûöó ïðÐ�öð úðô üïûö�ïðô
�íîöïðô �îð ÷�óöíö úð ÷í öðü�õû�îð� �îû ûõöðï�ûðõõðõö úíõô ÷ð ü��û	 úð úó÷û�ïíõüð ú�îõ ùïð�
�ðö � ôû ÷í �ïðî�ð ú�îõð íõöóïû�ïûöó ðôö ïóú�ûùûö�ûïð� ÷�íùôðõüð úð �ïðî�ð �ðîö ö�îöð!�ûô 6öïð
ûõôî
ôíõöð ��îï �ùöðõûï îõ ùïð�ðö� úíõô ÷í øðôîïð �² úðô íô�ðüöô öð÷ô �îð ÷�îöû÷ûöó �î ÷�ûõ�
�ðõöû�ûöó ô�õö ó�í÷ðøðõö úðô üïûö�ïðô úð ùïð�ðöíùû÷ûöóñ �í �ï�ùíùû÷ûöó 1−q ��î�îõð úðøíõúð
ô�ûö ïð�ðöóð ðõ ÷�íùôðõüð úð �ïðî�ð ú�íõöóïû�ïûöó� �ðîö û÷÷îôöïðï ÷ð úð�ïó úð ôó�óïûöó úð ÷��
üð
�îíõö  üðô üïûö�ïðôñ
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���
üð úðô ùïð�ðöô í ��îï !�õüöû�õ úð úó÷û�ïðï �î ïð!îôðï úðô ùïð�ðöô ú�õö ÷ð ï¹÷ð ðôö
ú�ðõü�îïí�ðï ÷ðô ûõõ��íöû�õô ô�üûí÷ðøðõö ùóõó��îðôñ Ò üð öûöïð� õ�îô ôî���ô�õô �îð ô�õ
�ù�ðüöû! ü�õôûôöð  øí	ûøûôðï ÷í �í÷ðîï ô�üûí÷ð ðô�óïóð úðô ûõõ��íöû�õôñ &õü�îïí�ðï ÷�ûõ�
õ��íöû�õ í üð�ðõúíõö ��îï ü�õöïð�íïöûð ÷ð ü��ö ô�üûí÷ íôô�üûó  ÷í úó÷û�ïíõüð úð ùïð�ðöô
�îû ü�õ!�ïðõö îõð ��ôûöû�õ úð ø�õ���÷ð  ÷ðîï úóöðõöðîïñ ��îô øðôîï�õô üð ü��ö ô�üûí÷ íî
õ�øùïð úð ùïð�ðöô úó÷û�ïóô5Ó ñ &õ �îöïð� ÷��
üð úðô ùïð�ðöô ú�ûö öðõûï ü�ø�öð úî ü��ö �÷�ùí÷
úî �ï�üðôôîô ú�ð	íøðõ úíõô ô�õ �ù�ðüöû!ñ &õ ïóôîøó� û÷ í ú�õü ��îï �ù�ðüöû! ÷í øí	ûøû�
ôíöû�õ úð ÷í �í÷ðîï ô�üûí÷ð ðô�óïóð úðô ûõõ��íöû�õô õðööð úî ü��ö ô�üûí÷ ðô�óïó úðô ùïð�ðöô
�ó�í÷ íî ��÷îøð ðô�óïó úð ùïð�ðöô úó÷û�ïóô í��îöó íî ü��ö �÷�ùí÷ úðô ð��ïöô ú�ð	íøðõ�ñ%û ÷��õ õ�öð W1

÷í �í÷ðîï ô�üûí÷ð úðô ûõõ��íöû�õô� ðö ∆(π, e) ÷ð ü��ö ô�üûí÷ úðô ùïð�ðöô�ô�õ �ù�ðüöû! ðôö ÷ð ôîû�íõö �
max

f,q
nπW1 − ∆(π, e).

&õ ôðü�õú ÷ûðî� í�ï�ô í��ûï �ùôðï�ó ÷ð ü��ö úð úó�¹ö ú�îõð úðøíõúð f � ÷ðô ðõöïð�ïûôðô
úóöðïøûõðõö ü�õ��ûõöðøðõö ÷ðîï ð��ïö úð �� �π� ðö ÷ðîï ôöïíöó�ûð úð úðøíõúðñ �íïí÷�
÷�÷ðøðõö� ÷��
üð úðô ùïð�ðöô úóöðïøûõð ÷�ð��ïö ú�ð	íøðõ e ü�õôíüïó  ü�í�îð úðøíõúðñ
±ðö ð��ïö ûõÐîðõüð ��ôûöû�ðøðõö ÷í �ï�ùíùû÷ûöó úð úóü�î�ïûï îõð íõöóïû�ïûöó ôîï îõ ú�ô�
ôûðï úð ö��ð i

ñ ±�øøð õ�îô ÷�í��õô ôî��óïó úíõô ÷í ôðüöû�õ 4ñ4� ÷ð �ï�üðôôîô ú�ð	íøðõ úðô
úðøíõúðô� í��ð÷ó #ûõôöïîüöû�õ$ úî ùïð�ðö� ôð üíïíüöóïûôð �íï îõð õó��üûíöû�õ ðõöïð ÷ð úð�
øíõúðîï úð ùïð�ðö ðö ÷�ð	íøûõíöðîïñ �ûõôû �îð ÷ð ô�î÷û�õðõö �ðø÷ð� ðö %�í�ûï� ��ÔÔ��� û÷
ûõü�øùð  ÷�ð	íøûõíöðîï úð !�îïõûï îõð ïíûô�õ X� `� QVZ úó÷û�ïðï ÷ð ùïð�ðö úðøíõúóñ &õ
ú�íîöïðô öðïøðô� öíõö �î�îõð �ïðî�ð ú�íõöóïû�ïûöó õ�ðôö �íô !�îïõûð� îõð úðøíõúð úðøðîïð
ùïð�ðöíù÷ðñ �ó�õûðô úíõô ÷ð ø�ú�÷ð �íï ÷�íùôðõüð ú�íõöóïû�ïûöó� ÷ðô #ù�õõðô$ úðøíõúðô �úð
ö��ð i = 1� ô�õö ú�õü ôîôüð�öûù÷ðô ú��ùöðõûï îõ ùïð�ðö �îð÷ �îð ô�ûö ÷ð öðø�ô ü�õôíüïó �íï
÷�ð	íøûõíöðîï íî ú�ôôûðïñ &õ ð�ðö� ÷�ð��ïö úð ïðü�ðïü�ð ú�íõöóïû�ïûöó ïóôî÷öð úð ö�îöð !í"�õ
nÕÖqs� ×tuxwØq �tq s�|Ù{q u�qzÚ�Úq utÛ q ÜÝ ÞßàÜ r|tÛ �{{|Û~qÛ ~qu áÛqâqxu ÜÝ ãäåà æ sq áÛqâqx {Û�q tz{|}x u|{w�s u�zu {|zxÛqr�Ûxwq utÛ s�wz{wx�xw|z ç wzz|âqÛ uw s� èép � ~�×ç �x� qêq{xt�q �tr�Û�â�zx ë u�zuqzÚ�Úqyqzx utÛ q v squ qzxÛqrÛwuqu u�âqzx ~|z{ �t�tzq ì|wu s� èép qêq{xt�q qx squ ~qy�z~qu ~�r|u�quvs�|Ù{q ~qu áÛqâqxu Ûq×qxxqÛ� x|txqu squ ~qy�z~quv {q �tw squ ~�{|tÛ�Úq ~�wzâquxwÛ qz èép� Öqxxq íîr|xíïuqutÛ s�qzÚ�Úqyqzx ~q s�|Ù{q qux tzq y�zwïÛq ~q Û�utyqÛ tz y|~ïsq ~îz�yw�tq ~q Û�rtx�xw|z ~�zu sq�tqs sqÛ�utsx�x ~t rÛ|{quutu ~�qð�yqz ç tzq r�Ûw|~q ~|zz�qv |áuqÛâ�ásq r�Û squ qzxÛqrÛwuquv �tÛ�wx tz wyr�{x utÛsq â|styq ~qu ~qy�z~qu ç s� r�Ûw|~q utwâ�zxq�
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ðõ ÷�íùôðõüð úð �ïðî�ð ú�íõöóïû�ïûöó ��îûô�îð üð÷÷ð�üû õ�ð	ûôöð �íô�ñ %û õ�îô õ�ö�õô ÷í �ï�ùí�ùû÷ûöó ��îï ÷ð �ï��ðö úð ö��ð i ú��ùöðõûï îõ ùïð�ðö ri(e)
� í÷�ïô r1(e) = 1 ∀ e ðö r0(e) ≤ 1 ∀ e

�í�ðü r′0(e) ≤ 0� r′′0(e) ≥ 0 ðö r0(0) = 1�ñ &õ ü�õöïð�íïöûð� ÷ð �ï�üðôôîô ú�ð	íøðõ ðôö ü���öðî	 � õ�îô õ�ö�õô c(ke) ÷ð ü��ö �÷�ùí÷ úðô ð��ïöô ûõúû�ûúîð÷ô ÷�ïô�îð ÷��
üð !íûö !íüð  k

úðøíõúðôñ ±ð ü��ö ðôö ôî���ôó üï�ûôôíõö ðö ü�õ�ð	ðñò ñ
óõð !�ûô ÷ðô úðøíõúðô ïð"îðô� ÷��ù�ðüöû! úð ÷��
üð úðô ùïð�ðöô ðôö í÷�ïô úð øûõûøûôðï ÷ð

ü��ö ô�üûí÷ ðô�óïó úðô ùïð�ðöô ��7�7 ÷ð õ�øùïð ðô�óïó úð ùïð�ðöô úó÷û�ïóô í��îöó íî ü��ö ö�öí÷
úð ÷�ð��ïö ú�ð	íøðõ�ñ %�õ �ù�ðüöû!� ôû �íïøû ÷ðô k úðøíõúðô �î�û÷ ïð"�ûö� j �ï��ðöô ô�õö úð
ù�õõð �îí÷ûöó� ðôö ÷ð ôîû�íõö ñ5 �

min
e

∆(π, e) = Ej[qj + (k − j)qr0(e) + c(ke)].

��îô ôî���ôðï�õô úíõô üðööð ôðüöû�õ �îð ÷ð �ï��ö ïð÷íöû! úî ôðüïðö ðôö �÷îô �ïíõú ��îï
îõ #ûõõ��íöðîï$ �îð ��îï îõ #ûøûöíöðîï$ � ρ0(f) ≤ ρ1(f)

ñ
��õ úð úóöðïøûõðï ÷ðô �í÷ðîïô ��öûøí÷ðô úð f ðö q � õ�îô ü�ðïü��õô ÷�ó�îû÷ûùïð �íï!íûö ðõô�îô��ðîñ �÷îôûðîïô ó�îû÷ûùïðô �ðî�ðõö óøðï�ðïñ
�íõô ÷ð ÷ðøøð 4ñò� õ�îô óöîúû�õô ÷ð üíô �² q < ρ1(f)

ñ
ô¯��¯ @AõA
O� P� QRSTU R�PVU�W XY Z�[R�U �ZU ZYQ\R��YR ¬ PV QRSaVa�P�U\ XbSaU�`�R Y` aR�]�U QSYR P�Z
f�``S]VU�YRZĝ �7�7

q < ρ1(f)^ VPSRZ PV QSP�U�iY� SQU�hVP� X� P bSö[� X�Z aR�]�UZ �ZU q = 0^ [�iY� [S`XY�U ¬ Y` \iY�P�aR� XV`Z P�iY�P P�Z �`UR�QR�Z�Z kVRX�`U P� Z�[R�U �U W S`U Y` �lSRU X�
cde

π0 = λ1−λ0

γ
^ �U PV ]VP�YR ZS[�VP� `�UU� X�Z �``S]VU�S`Z �ZU nλ1−λ0

γ
W1

7
&õ ð�ðö� ôû q < ρ1(f)� ÷ðô #ûõõ��íöðîïô$ �íïúðõö ÷ð ôðüïðö� ðö ÷ð �íûõ ðô�óïó ú�ûõõ��ðï

ðôö λ1
ñ %û 0 < q < ρ1(f)� ÷ð �íûõ ðô�óïó ú�ûõõ��ðï ðôö ó�í÷  λ1

� öíõúûô �îð ÷ð �íûõ ðô�óïó
ú�ûøûöðï ðôö ôî�óïûðîï �î ó�í÷  λ0

ñ ��ð��ïö úð �� ðôö í÷�ïô ûõ!óïûðîï �î ó�í÷  π0
� ðö

÷��
üð úðô ùïð�ðöô ú�ûö ôî���ïöðï ÷ð ü��ö ú�ð	íøðõ úðô úðøíõúðôñ �í �í÷ðîï ô�üûí÷ð õðööð
÷øù|tu z|xqÛ|zu c′(ke) s� ~�Ûwâ�q ~t {|}x r�Û Û�rr|Ûx ç s�qê|Ûx x|x�s ke ús� ~�Ûwâ�q r�Û Û�rr|Ûx ç s�qê|Ûxwz~wâw~tqs e

�x�zx �Ú�sq ç kc′(ke))�÷nù|x|zu �tq s�|Ù{q ~qu áÛqâqxu zq u�qzÚ�Úq r�u utÛ s�qê|Ûx ~�qð�yqz e ÜÝ ÞßàÜ æ {�qux �t y|yqzx |û wsuÛqü|wâqzx squ ~qy�z~qu ~q áÛqâqx �tq squ qð�ywz�xqtÛu ~�xqÛywzqzx sqtÛ qê|Ûx ~�qð�yqz�
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ðô�óïóð úðô ûõõ��íöû�õô ðôö í÷�ïô ûõ!óïûðîïð  nλ1−λ0

γ
W1
ñ &õ ú�íîöïðô öðïøðô� ð	ü÷îïð ÷ðô

#ù�õõðô$ úðøíõúðô �ðõ �	íõö q < ρ1(f)� ü�õúîûö ÷��
üð úðô ùïð�ðöô  ð	ü÷îïð ÷�ðõôðøù÷ð
úðô úðøíõúðôñ ���ù�ðüöû! ú�îõð ðõöïð�ïûôð ô�óüïûö í÷�ïô � max

π
πλ1 + (1 − π)λ0 − γπ2

2
, üð �îû

ü�õúîûö  îõ ð��ïö úð ��
π = λ1−λ0

γ

ñ �ð ÷ðøøð 4ñò úóüïûö îõ ó�îû÷ûùïð ôíõô ùïð�ðöô� úíõô
÷ð�îð÷ ÷�íüöû�ûöó úð �� ðôö ø�öû�óð �íï ÷ð ôðüïðöñ ±ðööð ôûöîíöû�õ ó�ûöð ÷ð ü��ö ô�üûí÷ úðô
ùïð�ðöô íûõôû �îð ÷ð ü��ö úî �ï�üðôôîô ú�ð	íøðõñ

eV`Z PV ZY�U�^ `SYZ P�h�U�RS`Z P bV`VP�Z� VY [VZ S© q ≥ ρ1(f)^ iY� �hQP�iY� iY� USYZ P�Z
f�``S]VU�YRZg X\QSZ�`U Y`� X�hV`X�7

�íõô ÷í �ï���ôûöû�õ 4ñ«� õ�îô ø�õöï�õô �î� ÷���öûøîø úð ÷��
üð úðô ùïð�ðöô û÷ õ�ð	ûôöð
�íô ú�ó�îû÷ûùïð ôó�íïíöðîï úíõô ÷ð�îð÷ ôðî÷ô ÷ðô #ûõõ��íöðîïô$ úó��ôðõö îõð úðøíõúðñ
89:;:<=>=:? @AýA
ªV QSP�U�iY� SQU�hVP� X� P bSö[� X�Z aR�]�UZ `b�`k�`XR� QVZ Xb\iY�P�aR� Z\QVRVU�YR XV`Z P�iY�P
Z�YPZ P�Z f�``S]VU�YRZg X�hV`X�RV��`U Y` aR�]�U7
���:?<>9�>=:? ýA
»̀ \iY�P�aR� Z\QVRVU�YR XV`Z P�iY�P Z�YPZ P�Z f�``S]VU�YRZg X\QSZ�`U Y`� X�hV`X� [VRV[U\R�Z\
QVR X�Z �lSRUZ (π, e)

�ZU QSZZ�aP� Z� qr0(e) ≤ ρ0
7 ª� ]SPYh� X�Z X�hV`X�Z iY� Z b�`ZY�U �ZU

k = i^ X� ZSRU� iY� P bSa� �[U�W X� P bSö[� X�Z aR�]�UZ �ZU P� ZY�]V`U j min
e

Ei[iq + c(ie)]
7 þ�U

Sa� �[U�W �ZU [RS�ZZV`U �` e
j ZV[�V`U iY� P�Z X�hV`X�Z ZS`U USYU�Z XY h¨h� U�Q�

i = 1
QSYR

P�iY�P �P `b�_�ZU� QVZ XbV`U\R�SR�U\^ P bSö[� X�Z aR�]�UZ W SYR`�U Y` �lSRU X b�_Vh�` `YP^ e = 0
7

ªV QRSaVa�P�U\ QSYR Y` �h�UVU�YR XbSaU�`�R Y` aR�]�U X�]��`U VPSRZ qr0(0) = q
7 ÿR `SYZ

V]S`Z ZYQQSZ\ q ≥ ρ1 ≥ ρ0 ^ �P � V XS`[ Y`� [S`URVX�[U�S`^ ZVYW Z� e = 0
�U

ρ1 = ρ0 = q
j

USYU�Z P�Z �`UR�QR�Z�Z ZS`U �`X�l\R�`U�Z �`UR� kVRX�R P� Z�[R�U �U X�hV`X�R Y` aR�]�U QSYR
P bSaU�`�R V]�[ Y`� QRSaVa�P�U\ q � �PP�Z W S`U VPSRZ Y` �lSRU X� cde

π = 0 � [�UU� Z�UYVU�S`^ iY�
`b�`k�`XR� VY[Y` a\`\T[� ZS[�VP^ �ZU VPSRZ XSh�`\� QVR PV QSP�U�iY� X� fUSYU Z�[R�Ug q = 0�Z� R\W \R�R VY P�hh� �7� QSYR [�UU� QSP�U�iY��7

��í�ï�ô ÷í �ï���ôûöû�õ 4ñ«� û÷ õ�ð	ûôöð �íô ú�ó�îû÷ûùïð úíõô ÷ð�îð÷ ÷��
üð úðô ùïð�ðöô õð
ïð"�ûö �îð úðô #ù�õõðô$ úðøíõúðôñ ��ð��ïö ú�ð	íøðõ õð ø�úû�ð �íô ÷í �ï�ùíùû÷ûöó ú��ùöðõûï
îõ ùïð�ðö ôîï îõð ûõõ��íöû�õ� ú�õü ÷��
üð õ�ð	íøûõð �íô ÷ðô úðøíõúðô úíõô îõ ó�îû÷ûùïð
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ôó�íïíöðîï� üð �îû ü�õúîûö  úðô ðïïðîïô üðïöíûõðô� ðö ïðõú ÷í ôûöîíöû�õ ú�îõ ûõõ��íöðîï
ó�îû�í÷ðõöð  üð÷÷ð ú�îõ ûøûöíöðîïñ �íõô ÷���öû�îð úð !íûïð ��îðï íî	 ùïð�ðöô ÷ðîï ï¹÷ð ú�ûõ�
üûöíöû�õ  ÷�ûõõ��íöû�õ� ÷��
üð ú�ûö ïðõúïð ÷ðô ùïð�ðöô íööïíüöû!ô íî	 �ðî	 úðô #ûõõ��íöðîïô$�
øíûô üð÷í ûø�÷û�îð ðõ ü�õöïð�íïöûð úð ïðüð��ûï ó�í÷ðøðõö úðô #øíî�íûôðô$ úðøíõúðôñ �÷ ÷îû
ðôö ûø��ôôûù÷ð úð �÷öïðï îõû�îðøðõö ÷ðô #ù�õô$ �ï��ðöô í�íõö ÷ð �ï�üðôôîô ú�ð	íøðõñ &õ
ú�íîöïðô öðïøðô� ÷�ðõ��ï�ðøðõö úðô ú�ôôûðïô ðôö îõ øí÷ õóüðôôíûïð úíõô îõ ðõ�ûï�õõðøðõö
�² ÷í �� ðôö ø�öû�óð �íï ÷��ùöðõöû�õ ú�îõ ùïð�ðöñ

%�ûðõö ẽ(π) ðö π̃(e) ÷ðô !�õüöû�õô úó�õûðô �íï �




(1 − π)qr′0(ẽ(π)) + c′(nẽ(π)) = 0,

γπ̃(e) = q(v1 − µ1) − qr0(e)(v0 − µ0) + µ1 − µ0,

�ð ÷ðøøð 4ñ� ø�õöïð �î�û÷ ð	ûôöð îõ ó�îû÷ûùïð îõû�îð ��îï üðô !�õüöû�õôñ
ô¯��¯ @A°A
ẽ(π)

�ZU Y`� WS`[U�S` X\[RS�ZZV`U� ZYR [0, 1]^ V]�[ ẽ(1) = 0^ �U
π̃(e)

�ZU Y`� WS`[U�S`
[RS�ZZV`U� QSYR e ≥ 0

7 �P �_�ZU� Y` Y`�iY� \iY�P�aR� (eP , πP )
U�P iY� eP = ẽ(πP )

�U
πP =

π̃(eP )
7

�í �ï���ôûöû�õ 4ñ´ üíïíüöóïûôð ÷�ó�îû÷ûùïð ðõ ôöïíöó�ûðô �îïðô úð úðøíõúðô úðô ðõöïð�ïûôðô�
ú�ð��ïöô úð �� úðô ðõöïð�ïûôðô ðö ú�ð	íøðõ úð ÷��
üð úðô ùïð�ðöô ÷�ïô�îð ÷í ��÷ûöû�îð úð
÷��
üð ðôö öð÷÷ð �îð q ≥ ρ1(f)

ñ
89:;:<=>=:? @A�A
OY�U� ¬ Y`� QSP�U�iY� (q, f)

U�PP� iY� q ≥ ρ1(f)^ �P �_�ZU� Y` Z�YP \iY�P�aR� S© USYU�Z P�Z �`UR��
QR�Z�Z X�hV`X�`U Y` aR�]�U �\iY�P�aR� h\PV`k�V`U� Z� �U Z�YP�h�`U Z� qr0(eP ) ≥ ρ0(f)

7 þ�U
\iY�P�aR� �ZU [VRV[U\R�Z\ QVR �

eP ^ πP � �U �ZU Y`�iY� XV`Z PV [PVZZ� X�Z \iY�P�aR�Z h\PV`k�V`UZ7
���:?<>9�>=:? �A
O� qr0(e) ≥ ρ0(f)^ �P �_�ZU� Y` \iY�P�aR� h\PV`k�V`U S© USYU�Z P�Z �`UR�QR�Z�Z X\QSZ�`U Y`�
X�hV`X�7 ª bSö[� X�Z aR�]�UZ R��S�U VPSRZ n

X�hV`X�Z X� aR�]�UZ7 OS` Sa� �[U�W �ZU P� ZY�]V`U j
min

e
∆(π, e) = n[πq + (1 − π)qr0(e)] + c(ne)^ [� iY� [S`XY�U ¬ Y` �lSRU \kVP ¬ ẽ(π)

7 ª�Z



'�(�)*+, �� -, .(/0(* )/',+*()/ 0, -�1��)', 0,2 3+,�,*2 ò�4

�`UR�QR�Z�Z S`U QSYR Sa� �[U�W max
π

π(qv1 + (1− q)µ1) + (1− π)(qr0(e)v0 + (1− qr0(e))µ0)−
f −γ π2

2
, [� iY� [S`XY�U ¬ Y` �lSRU \kVP ¬ π̃(e)

7 ª bY`�iY� \iY�P�aR� QSZZ�aP� �ZU XS`[ (eP , πP )^�U [�U \iY�P�aR� �ZU QSZZ�aP� Z� �U Z�YP�h�`U Z� qr0(eP ) ≥ ρ0(f)
7

��ö�õô �î� ÷�ó�îû÷ûùïð øó÷íõ�ðíõö� ÷��ù�ðüöû! úð ÷��
üð úðô ùïð�ðöô ðôö ó�í÷  nπP (W1−
q)−n(1−πP )r0(eP )−c(neP ).

�î ïð�íïú úð ÷��ù�ðüöû! úð ÷��
üð ðõ ÷�íùôðõüð úð ùïð�ðöô �ú�õõó
úíõô ÷ð ÷ðøøð 4ñò�� õ�îô ��î��õô í
ïøðï �îð ÷�ó�îû÷ûùïð øó÷íõ�ðíõö õð ü�õúîûö  îõð �÷îô�ïíõúð �í÷ðîï ô�üûí÷ð õðööð úðô ûõõ��íöû�õô �îð ôû πP ≥ π0

ñ %ûõ�õ� ÷ðô ðõöïð�ïûôðô ô�õö
ôî
ôíøøðõö ûõüûöóðô  ûõõ��ðï ðõ ÷�íùôðõüð úð ùïð�ðöô ��îï ðõ�ðõúïðï îõð �í÷ðîï ô�üûí÷ð
úðô ûõõ��íöû�õô ó÷ð�óð ö�îö ðõ ó�ûöíõö ÷ð ü��ö ô�üûí÷ ÷ûó íî	 ùïð�ðöôñ �í ü�õúûöû�õ πP ≥ π0ðôö ó�îû�í÷ðõöð  (v1 − µ1)(q − ρ1(f)) > (v0 − µ0)(qr0(eP )− ρ0(f)).

%û üðööð ü�õúûöû�õ õ�ðôö
�íô �óïû�óð� ÷í ��÷ûöû�îð ��öûøí÷ð úð ÷��
üð úðô ùïð�ðöô õð �ðîö �íô ü�õúîûïð  ÷�ó�îû÷ûùïð
øó÷íõ�ðíõöñ

�í �ï���ôûöû�õ 4ñ´ õ�îô �ðïøðö ú�ûõ!óïðï �îð÷�îðô ïóôî÷öíöô úð ôöíöû�îð ü�ø�íïíöû�ðñ
��í�ï�ô ÷ð ÷ðøøð 4ñ�� îõð �íîôôð úð ÷�ð��ïö ú�ð	íøðõ e

íî�øðõöð ÷�ð��ïö úð ��
�π̃′(e) ≥ 0� � ôû e íî�øðõöð� ÷í �ï�ùíùû÷ûöó ú�ðïïðîï r0(e)

úûøûõîð� ú�õü ÷ðô ðõöïð�ïûôðô ô�õö
�÷îô ûõüûöóðô  �ùöðõûï úðô �ï��ðöô úð ù�õõð �îí÷ûöó� üð �îû íüüï�¸ö ú�ð��ïö úð ��ñ &õ
ïð�íõü�ð� îõð �íîôôð úð ÷�ð��ïö úð ��

π úûøûõîð ÷�ð��ïö ú�ð	íøðõ �ẽ′(π) ≤ 0� � ôû πíî�øðõöð� ÷í �ï���ïöû�õ úð #ù�õõðô$ úðøíõúðô íî�øðõöð� üð �îû ûõüûöð ÷��
üð  ð�ðüöîðï
îõ ð��ïö ú�ð	íøðõ �÷îô !íûù÷ð� üíï ð	íøûõðï îõ ù�õ �ï��ðö ðôö ü��öðî	 ðö ûõîöû÷ð �îõ ù�õ
�ï��ðö õ�í �íô ú�íõöóïû�ïûöó �íï úó�õûöû�õ�ñ �ð !íûö �îð ÷�ð��ïö ú�ð	íøðõ ô�ûö îõð !�õüöû�õ
úóüï�ûôôíõöð úð ÷�ð��ïö úð �� ð	�÷û�îð ��îï�î�û ÷ðô ôðüöðîïô ÷ðô �÷îô ûõõ��íõöô �ü�øøð ÷ðô
�íîöðô öðü�õ�÷��ûðô� ôð ��ûðõö �ùöðõûï îõð �÷îô �ïíõúð �ï���ïöû�õ úð ùïð�ðöô �÷í �ï���ïöû�õ
úð ùïð�ðöô πq +(1−π)qr0(e)

ðôö üï�ûôôíõöð ðõ π�ñ &õ �îöïð� ôû ÷ð ü��ö úð ÷í �� íî�øðõöð
��7�7 ôû γ

íî�øðõöð�� üð÷í úûøûõîð ÷�ð��ïö úð �� úðô ðõöïð�ïûôðô� üð �îû í ��îï ð�ðö
ú�íî�øðõöðï ÷�ð��ïö ú�ð	íøðõ úð ÷��
üð úðô ùïð�ðöôñ

�ð ü�ï�÷÷íûïð 4ñ« úóüïûö ÷�ûø�íüö úî õ�øùïð ú�ðõöïð�ïûôðô n úî ôðüöðîï ðö úð ÷í �ï�ùíùû÷ûöó
q
ôîï ÷�ð��ïö úð �� ú�ó�îû÷ûùïðñ ��ð�ðö úð q ôîï πP

úó�ðõú úð ÷í úû�óïðõüð (λ1−µ1)−(λ0−
µ0)
ñ ��îô ôî���ô�õô �î�îõ #ûõõ��íöðîï$ í îõ �íûõ �÷îô �ïíõú �î�îõ #ûøûöíöðîï$  �íïúðï

÷ð ôðüïðö � λ1 − µ1 ≥ λ0 − µ0
ñ �íï úó�õûöû�õ� ��îï îõð #ûøûöíöû�õ$� ÷ðô !îûöðô �îû ��îïïíûðõö
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í��ûï ÷ûðî �ðõúíõö ÷ð �ï�üðôôîô úð úðøíõúð úð ùïð�ðö ��ïöðõö ôîï úðô ûõ!�ïøíöû�õô úó� 
ïó�ó÷óðô úíõô îõð íõöóïû�ïûöó� ðö õð úð�ïíûðõö ú�õü �íô ü�íõ�ðï ÷ðô �ï��öô ðõöïð ÷ð ôðüïðö ðö
îõð úðøíõúð ïð�ðöóð� üð �îû ôî���ïð �îð λ0 = µ0

ñ
:9:®®�=9¯ @AýA
eV`Z P b\iY�P�aR� h\PV`k�V`U^

� ªSRZiY� n
VYkh�`U�^ P�Z �lSRUZ πP

�U
eP

X�h�`Y�`U^
� ªSRZiY� q

VYkh�`U�^ Z� PV QSP�U�iY� (q, f) [S`XY�ZV`U ¬ P b\iY�P�aR� h\PV`k�V`U �ZU ZS�
[�VP�h�`U QR\W \RVaP� ¬ PV QSP�U�iY� [S`XY�ZV`U VY Z�[R�U^ VPSRZ πP

VYkh�`U�7
óõð �íîôôð úð n

í îõ ð�ðö ûõúûïðüö õó�íöû! ôîï ÷�ð��ïö úð �� ú�ó�îû÷ûùïð  öïí�ðïô
÷ð �ï�üðôôîô ú�ð	íøðõ � !íüð  îõ �÷îô �ïíõú ��÷îøð úð úðøíõúðô� ÷��
üð úðô ùïð�ðöô ðôö
ü�õöïíûõö úð úûøûõîðï ÷�ð��ïö ú�ð	íøðõ �íï ú�ôôûðïñ �í �ï�ùíùû÷ûöó ú�ðïïðîï íî�øðõöð� ÷ðô
ðõöïð�ïûôðô ô�õö ú�õü ø�ûõô ûõüûöóðô  úð�ðõûï #ûõõ��íöðîï$� ðö úûøûõîðõö ÷ðîï ð��ïö úð ��ñ
&õ ú�íîöïðô öðïøðô� �÷îô ÷ðô ðõöïð�ïûôðô úî ôðüöðîï ô�õö õ�øùïðîôðô� �÷îô ð÷÷ðô íõöûüû�ðõö
îõ �ï�üðôôîô ú�ð	íøðõ ûõð
üíüð ðö úðô ðïïðîïô ú�íööïûùîöû�õ� ø�ûõô ð÷÷ðô ô�õö ûõüûöóðô  
ûõõ��ðïñ ±ðö ð�ðö úóüïûö ÷ð üðïü÷ð �ûüûðî	 ôîùû �íï ÷��
üð � îõð íî�øðõöíöû�õ úðô úðøíõúðô
ü�õúîûö  îõ ðõ��ï�ðøðõö úð ÷��
üð� ú�õö ÷ð �ï�üðôôîô ú�ð	íøðõ ôð úó�ïíúð� üð �îû ü�õúîûö
 îõð ùíûôôð úð ÷í �� ðö îõð íî�øðõöíöû�õ úðô #øíî�íûôðô úðøíõúðô$ñ

��ð��ïö ẽ(π) ðôö úó�õû �íï (1 − π)qr′0(ẽ(π)) + c′(nẽ(π)) = 0
ñ �ï ôû n ðôö ôî
ôíøøðõö�ïíõú� c′(nẽ(π)) > −(1 − π)qr′0(ẽ(π)) ∀e ðö ÷�ð��ïö ��öûøí÷ úð�ûðõö õî÷ � e = 0� üð �îû

ü�õúîûö  îõð �ï�ùíùû÷ûöó r0(0) = 1
ñ �í ü�õúûöû�õ ú�ð	ûôöðõüð úð ÷�ó�îû÷ûùïð úð ���÷ûõ�

ρ0(f) ≤ q ðôö ú�õü ö�î��îïô �óïû�óðñ &õ ú�íîöïðô öðïøðô� úíõô ÷ðô ôðüöðîïô ü�ø��ôóô ú�îõ�ïíõú õ�øùïð ú�ðõöïð�ïûôðô� ö�îöðô ÷ðô ðõöïð�ïûôðô úó��ôðõö îõð úðøíõúð� üð �îû �ðîö ôîù�
øðï�ðï ÷��
üðñ &õ �îöïð� ôû n ðôö ôî
ôíøøðõö �ïíõú ��îï �îð ÷í ü�õúûöû�õ ú�ð	ûôöðõüð úð
÷�ó�îû÷ûùïð øó÷íõ�ðíõö ô�ûö ö�î��îïô �óïû�óð� í÷�ïô û÷ õ�ð	ûôöð �íô ú�íîöïð ó�îû÷ûùïð ��ôôûù÷ðñ
&õ ð�ðö� îõ ó�îû÷ûùïð ôðøû�ôó�íïíöðîï úíõô ÷ð�îð÷ ÷ðô ûøûöíöðîïô úó��ôðõö îõð úðøíõúð
í�ðü îõð �ï�ùíùû÷ûöó α õ�ð	ûôöð �íô úíõô üð üíô �õ�îô üíïíüöóïûô�õô îõ öð÷ ó�îû÷ûùïð ðõ ðõíõõð	ð�ñ ±ð÷í ôî���ïð �îð úíõô ÷ðô ôðüöðîïô ü�ø��ôóô ú�îõ �ïíõú õ�øùïð ú�ðõöïð�ïûôðô�
û÷ ðôö ûø��ôôûù÷ð ��îï ÷��
üð úðô ùïð�ðöô úð �÷öïðï îõð �ï���ïöû�õ úðô #øíî�íûô$ �ï��ðöô�
ðö ö�îöðô ÷ðô ðõöïð�ïûôðô úó��ôðõö îõð úðøíõúðñ óõ ó�îû÷ûùïð �² ôðî÷ô üðïöíûõô ûøûöíöðîïô
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úó��ôðõö îõð úðøíõúð õð �ðîö ú�õü 6öïð íööðûõö �îð úíõô ÷ðô ôðüöðîïô öï�ô ü�õüðõöïóôñ
óõð �íîôôð úð ÷í �ï�ùíùû÷ûöó q ú��ùöðõûï îõ ùïð�ðö ÷�ïô�î�íîüîõð íõöóïû�ïûöó õ�í óöóöï�î�óð í úðî	 ð�ðöô ��ôûöû!ô ôîï ÷�ð��ïö úð �� ú�ó�îû÷ûùïð � îõ ð�ðö úûïðüö� üíï ÷ðô ðõöïð�

�ïûôðô ô�õö �÷îô ûõüûöóðô  �ùöðõûï îõ �ï��ðö úð ù�õõð �îí÷ûöó� ðö îõ ð�ðö ûõúûïðüö  öïí�ðïô
÷�ð��ïö ú�ð	íøðõ� üíï ÷ð ��÷îøð ðô�óïó úð ùïð�ðöô úó÷û�ïóô íî�øðõöð� üð �îû ü�õúîûö ÷��
üð
 !�îïõûï îõ ð��ïö ú�ð	íøðõ �÷îô ó÷ð�ó í�õ úð ü�ø�ðõôðï üðööð íî�øðõöíöû�õñ

�íï íû÷÷ðîïô� û÷ ðôö ��ôôûù÷ð ú�óöîúûðï ÷�ûø�íüö ú�îõð úó�ïíúíöû�õ úî �ï�üðôôîô ú�ð	íøðõ�
ü�ïïðô��õúíõö �íï ð	ðø�÷ð  îõð ð	öðõôû�õ úî ú�øíûõð úî ùïð�ðöíù÷ð  îõ õ�î�ðíî ôðü�
öðîï� �îû ïðõúïíûö ÷í ïðü�ðïü�ð ú�íõöóïû�ïûöóô �÷îô ÷ðõöð ðö �÷îô ü�ø�÷ð	ðñ óõ öð÷ ü��ü í îõ
ûø�íüö ��ôûöû! ôîï ÷í �ï�ùíùû÷ûöó r0(e)

� üð �îû úûøûõîð ÷�ð��ïö úð ��
π̃(e) �÷ðô ðõöïð�ïûôðô

ô�õö ø�ûõô ûõüûöóðô  ûõõ��ðï �îûô�îð ÷í �ï�ùíùû÷ûöó ú��ùöðõöû�õ ú�îõ ùïð�ðö ôîï îõð ûøûöí�
öû�õ íî�øðõöð�ñ ��ð��ïö ú�ð	íøðõ ẽ(π) úûøûõîð ó�í÷ðøðõö ôû üð ü��ü ïðõ!�ïüð ÷�ûõð
üíüûöó
úð ÷�ð��ïö �ôû ÷��õ ïð�ïóôðõöð ÷í úó�ïíúíöû�õ �íï ÷ð �íïíø�öïð α� üðööð ü�õúûöû�õ ôð öïíúîûö
�íï ∂2r0

∂e∂α
(e, α) ≤ 0�ñ �÷ ðôö íîôôû ��ôôûù÷ð �î�îõð úó�ïíúíöû�õ úî �ï�üðôôîô ôð ïðÐ�öð úíõô

÷ð ü��ö �÷�ùí÷ úî �ï�üðôôîô ú�ð	íøðõ c(neP )
ñ %û ÷��õ õ�öð üð ü��ö c(ne) = c(ne)2

2
� îõð íî��

øðõöíöû�õ úî �íïíø�öïð c úûøûõîð ÷�ð��ïö ú�ð	íøðõ ẽ(π) ðö õ�í �íô ú�ð�ðö úûïðüö ôîï π̃(e)
ñ

��ð��ïö ú�ð	íøðõ eP
úûøûõîðñ �÷ õ�� í �íô ú�ð�ðö úûïðüö ôîï πP

� øíûô ÷�ð�ðö ûõúûïðüö ðôö
õó�íöû! � ÷ðô ðõöïð�ïûôðô ô�õö ø�ûõô ûõüûöóðô  ûõõ��ðï ðö ïóúîûôðõö ÷ðîï ð��ïö úð ��ñ &õ
ïóôîøó� üð÷í ôî���ïð �î�îõð úóöóïû�ïíöû�õ úî �ï�üðôôîô ú�ð	íøðõ ïí÷ðõöûö ÷�íüöû�ûöó úð ��
ðö ÷�ð��ïö ú�ð	íøðõ� üð �îû ü�õöïûùîð  ÷�ûõð
üíüûöó úî �ï�üðôôîô� ðö �ðîö ú�õõðï ÷ûðî  îõ
üðïü÷ð �ûüûðî	ñ �î ü�õöïíûïð� îõð íøó÷û�ïíöû�õ úî �ï�üðôôîô ðõü�îïí�ð ÷�íüöû�ûöó úð ��
ðö íî�øðõöð ÷�ð��ïö ú�ð	íøðõñ %û ÷í �ï�üóúîïð ú�ð	íøðõ óöíûö �÷îô ð
üíüð�  öïí�ðïô îõð
öðü�õ�÷��ûð �÷îô �ðï!�ïøíõöð �î ø�ûõô ü��öðîôð� ÷í �ï���ïöû�õ ú�#ûõõ��íöðîïô$ íî�øðõöð�
ïíûö� ðö ÷ðô #øíî�íûô$ ùïð�ðöô ôðïíûðõö ø�ûõô õ�øùïðî	ñ �óíõø�ûõô� üð÷í õð ïóô�îúïíûö �íô
ü�ø�÷�öðøðõö ÷ð �ï�ù÷�øð ú�ðõ��ï�ðøðõö úð ÷��
üð� ú�õö ÷ð õ�øùïð úð ú�ôôûðïô  ð	íøû�
õðï �ú�õö úðô #øíî�íûô$ �ï��ðöô� ïðôöðïíûö ûúðõöû�îð �úíõô ÷�ó�îû÷ûùïð øó÷íõ�ðíõö ö�îöðô ÷ðô
ðõöïð�ïûôðô úó��ôðõö îõð úðøíõúð�ñ ±ð �ï�ù÷�øð õð �ðîö 6öïð ö�öí÷ðøðõö ïóô�ïùó öíõö �îð
÷í �ï�üóúîïð ú�ð	íøðõ úðøðîïð ûø�íï!íûöð ðö ü��öðîôð � ÷��
üð !íûö ö�î��îïô !íüð íî ø6øð
��÷îøð úð �ï��ðöô  óöîúûðï ú�õö û÷ û�õ�ïð ÷í �îí÷ûöó V QR�SR�ñ
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&õ�õ� õ�îô ïðøíï�î�õô �îð ÷ð ü��ö úð úó�¹ö f õ�í �íô ú�ûø�íüö ôîï ÷ðô ð��ïöô ú�ó�îû�
÷ûùïð (πP , eP )� öíõö �îð ÷í ü�õúûöû�õ ú�ð	ûôöðõüð úð ÷�ó�îû÷ûùïð q ≥ ρ1(f) ðôö �óïû�óðñ �íõô
÷�ó�îû÷ûùïð øó÷íõ�ðíõö� üð ü��ö ðôö úó�ðõôó �îð÷÷ð �îð ô�ûö ÷í �îí÷ûöó úî �ï��ðö� ú�õü ÷ðô
ðõöïð�ïûôðô ÷ð ü�õôûú�ïðõö ü�øøð îõ ü��ö �	ð �îû õ�í �íô ú�ûø�íüö ôîï ÷ðîï ð��ïö öíõö �î�û÷
õð ø�úû�ð �íô ÷ðîï ôöïíöó�ûð úð úðøíõúðñ &õ ïð�íõü�ð� ôû ÷ð ü��ö úð úó�¹ö úð�ûðõö öï��
ó÷ð�ó� û÷ �ðîö úóü�îïí�ðï ÷ðô ðõöïð�ïûôðô úð úðøíõúðï îõ ùïð�ðö� íî �îð÷ üíô ÷ð ��÷îøð úðô
úðøíõúðô ðôö õî÷ ðö ÷ðô ðõöïð�ïûôðô õð !�õö �íô úð ��ñ �ð ü��ö úð úó�¹ö õð ôðøù÷ð ú�õü
6öïð �ðïöûõðõö �îð ��îï �íôôðï ú�îõ ó�îû÷ûùïð �² ö�îö ÷ð ø�õúð úðøíõúð îõ ùïð�ðö  îõ
ó�îû÷ûùïð �² ö�îö ÷ð ø�õúð �íïúð ÷ð ôðüïðö� ðö õð �íô 6öïð îõ ûõôöïîøðõö ôî
ôíõö ��îï öïûðï
÷ðô úðøíõúðô úð ùïð�ðöô í�õ ú�ó�ûöðï ÷ðô #øíî�íûôðô$ úðøíõúðôñ ��ö�õô �îð üðööð íõí÷�ôð
ôð ÷ûøûöð  úðô ó�îû÷ûùïðô úíõô ÷ðô�îð÷ô ö�îöðô ÷ðô ðõöïð�ïûôðô íú��öðõö ÷í ø6øð ôöïíöó�ûðñ �÷
ôð �ðîö õóíõø�ûõô �îð ú�íîöïðô ó�îû÷ûùïðô ô�ûðõö óøðï�ðõöñ �÷ ð	ûôöð õ�öíøøðõö úðô �í÷ðîïô
úð q ðö f ��îï ÷ðô�îð÷÷ðô îõ ó�îû÷ûùïð ôðøû�ôó�íïíöðîï ðôö ��ôôûù÷ð �úíõô ÷ð�îð÷ ÷ðô úðøíõúðô
ô�õö ü�õôöûöîóðô úð ö�îô ÷ðô #ù�õô$ �ï��ðöô ðö ú�îõð �ï���ïöû�õ α úðô #øíî�íûô$ �ï��ðöô�ñóõð üíïíüöóïûôíöû�õ úð üðö ó�îû÷ûùïð ðôö ú�õõóð ðõ íõõð	ðñ

��í�ï�ô ÷í �ï���ôûöû�õ 4ñ´� ôû ρ1(f) ≤ q � ÷��ù�ðüöû! úð ÷��
üð úðô ùïð�ðöô ðôö ÷ð ôîû�íõö �




max
q,f

O(q) = nπP W1 − ∆(eP , πP ),

s.c. q ≥ ρ1(f)

�²∆(eP , πP ) ðôö ÷ð ü��ö ô�üûí÷ úðô ùïð�ðöô øûõûøûôó�úíõô ÷�ó�îû÷ûùïð øó÷íõ�ðíõö �∆(eP , πP ) =

n[qπP + qr0(eP )(1 − πP )] + c(neP )
ñ

89:;:<=>=:? @A�A
ªSRZiY� PV QSP�U�iY� X� P bSö[� X�Z aR�]�UZ �`k�`XR� P b\iY�P�aR� h\PV`k�V`U^ VPSRZ f ∗ = 0

7
���:?<>9�>=:? �A
ªSRZiY� f

X�h�`Y�^ ρ1(f)
X�h�`Y�^ [� iY� \U�`X PV R\k�S` Xb�_�ZU�`[� X� P b\iY�P�aR�7 þ�PV

ZYkk¶R� iY bY`� QSP�U�iY� SQU�hVP� [S`XY�ZV`U ¬ P b\iY�P�aR� h\PV`k�V`U [S`Z�ZU�RV�U �` Y` [S·U
X� X\Q¼U `YP f ∗ = 0

7
�í ü�ø�íïíûô�õ úðô úðî	 ��÷ûöû�îðô ��öûøí÷ðô ��ôôûù÷ðô úð ÷��
üð �÷�îõð ü�õúîûôíõö  
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îõ ó�îû÷ûùïð �² �ðïô�õõð õð úðøíõúð� ðö ÷�íîöïð ü�õúîûôíõö  îõ ó�îû÷ûùïð �² ö�îö ÷ð ø�õúð
úðøíõúð�ø�õöïð �îð ÷í ��÷ûöû�îð �îû ðôö ô�üûí÷ðøðõö �ïó!óïíù÷ð úó�ðõú úð ÷í �í÷ðîï ô�üûí÷ð
úðô ûõõ��íöû�õô W1

�
� %ûW1

ðôö ôî
ôíøøðõö �ïíõúð �íï ïí���ïö íî ü��ö ô�üûí÷ øûõûøí÷ úðô ùïð�ðöô∆(πP , eP )��7�7 ôû n(πP − λ1−λ0

γ
)W1 > ∆(eP , πP )� í÷�ïô ÷í ��÷ûöû�îð ��öûøí÷ð úð ÷��
üð ðôö q∗ > ρ1ðö f = 0 �ðö ö�îöðô ÷ðô ðõöïð�ïûôðô !�õö îõð úðøíõúð�� �² q∗ ðôö úóöðïøûõóð �íï �

dπP

dq
[nW1 − ∂∆

∂π
(eP , πP )] = ∂∆

∂q
(eP , πP )ññ ñ

� %ûõ�õ� ôí ��÷ûöû�îð ��öûøí÷ð ðôö f = q = 0 �ðö ö�îöðô ÷ðô ðõöïð�ïûôðô �íïúðõö ÷ð ôðüïðö�ñ&õ ïóôîøó� úðî	 ó�îû÷ûùïðô ô�õö ��ôôûù÷ðô � îõ ó�îû÷ûùïð úíõô ÷ð�îð÷ ö�îöðô ÷ðô ðõöïð�ïûôðô
úó��ôðõö îõð úðøíõúð� ðö îõ ó�îû÷ûùïð úíõô ÷ð�îð÷ íîüîõð ðõöïð�ïûôð õð úó��ôð úð úðøíõúð
�÷��
üð úðô ùïð�ðöô õ�ðôö �÷îô ðõ øðôîïð úð õð ôó÷ðüöû�õõðï �îð ÷ðô #ù�õõðô$ úðøíõúðô�ñ �ð
ü��ö úð úó�¹ö ú�îõð úðøíõúð õ�í �íô ú�ûø�íüö �` T`� ðö ôðî÷ ÷ð õû�ðíî úð �� �ðîö 6öïð
ûõÐîðõüó  öïí�ðïô ÷í �ï�ùíùû÷ûöó q

ñ
�íõô ÷ð ùîö úð !íûïð úð ÷í ôöíöû�îð ü�ø�íïíöû�ð  �íïöûï úð ÷í �ï���ôûöû�õ 4ñº� õ�îô

ôî���ô�õô ��îï ôûø�÷û�ðï �îð v1 = v0 = v � λ1 = µ1 = u� ðö λ0 = µ0 = 0 � ÷ð ùïð�ðö ðõ�ðõúïð
÷ð ø6øð �ï��ö ðô�óïó �îð÷ �îð ô�ûö ÷í �îí÷ûöó ûõûöûí÷ð úî �ï��ðö�øíûô îõ �ï��ðö úð #øíî�íûôð$
�îí÷ûöó õ�ðõ�ðõúïð íîüîõ �ï��ö ôûõ�õñ �í ü�õúûöû�õ ��îï �î�îõð ��÷ûöû�îð ü�õúîûôíõö  
÷�ó�îû÷ûùïð øó÷íõ�ðíõö ô�ûö �ðïöûõðõöð ðôö v(1 − r0)(eP ) ≥ u

ñ ��îô óöîúû�õô ÷�ûø�íüö úðô
�íïíø�öïðô u ðö v ôîï ÷í ��÷ûöû�îð ��öûøí÷ð q∗ ÷�ïô�î�ð÷÷ð ü�õúîûö  ÷�ó�îû÷ûùïð øó÷íõ�ðíõö �
îõð �íîôôð úð u û÷÷îôöïð îõð �íîôôð úð ÷í �ï��öíùû÷ûöó øûõûøí÷ð ú�îõð ûõõ��íöû�õ� öíõúûô
�î�îõð �íîôôð úð v û÷÷îôöïð îõð �íîôôð úð ÷í �ï��öíùû÷ûöó úî ùïð�ðö �îð÷ �îð ô�ûö ÷í �îí÷ûöó
úî �ï��ðöñ óõð ü�õúûöû�õ õóüðôôíûïð ��îï �îð ÷í ��÷ûöû�îð ûõúîûôíõö îõ ó�îû÷ûùïð ôó�íïíöðîï
ô�ûö ô�üûí÷ðøðõö �ïó!óïíù÷ð  ÷í ��÷ûöû�îð ûõúîûôíõö ÷ð ôðüïðö ðôö � v(1 − r0(eP )) − u

ñ
� ÷�ó�îû÷ûùïð øó÷íõ�ðíõö�  q ú�õõó� îõð �íîôôð úð u ðõöïí¸õð îõð �íîôôð úð ÷�ð��ïö úð

÷÷p��rÛïu s�|á×q{xwì ~q s�|Ù{q ~qu áÛqâqxu O(q)
æ ∂O

∂q
= dπP

dq
[nW1 − ∂∆

∂π
(eP , πP )] − ∂∆

∂q
(eP , πP )� p��rÛïusq {|Û|ss�wÛq 	�
v πP

qux tzq ì|z{xw|z {Û|wuu�zxq ~q q
æ �tÚyqzxqÛ q rqÛyqx ~�qz{|tÛ�ÚqÛ s� èépv {q �tw �r|tÛ qêqx ~��{{Û|�xÛq s� â�sqtÛ u|{w�sq ~q s�wzz|â�xw|zv y�wu qz {|zxÛqr�Ûxwq sq z|yáÛq ~q áÛqâqxu �{{|Û~�u�tÚyqzxq� pq rstuv ∂∆

∂q
(eP , πP ) = n[π + (1 − π)r0(eP )] ≥ 0

æ tzq í�tuuq ~q q � tz qêqx ~wÛq{x r|uwxwì sq{|}x u|{w�s ~qu áÛqâqxu qz �tÚyqzx�zx sq z|yáÛq ~q áÛqâqxu �{{|Û~�u��zØzv {qxxq r|swxw�tq z�qux rqÛxwzqzxq�tq uw n(πP − λ1−λ0

γ
)W1 > ∆(eP , πP )v {q �tw wyrsw�tq �tq nW1 − ∂∆

∂π
(eP , πP )� p�zu {q {�uv ws qðwuxq tz q|rxwy�s xqs �tq ∂O

∂q
(q, 0) = 0�
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��
πP
ðö îõð ùíûôôð úð ÷�ð��ïö ú�ð	íøðõ eP

�üíï ∂π̃
∂u

= 1 − q ≥ 0 ðö ∂ẽ
∂u

= 0�ñ ±�øøð q∗

øí	ûøûôð ÷��ù�ðüöû! O(q) úð ÷��
üð úðô ùïð�ðöô� dq∗

du
ðôö úî ôû�õð úð ∂2O

∂q∂u

ñ &õ úû�óïðõüûíõö
∂O
∂q

�íï ïí���ïö  u� õ�îô �ùöðõ�õô �
∂2O

∂q∂u
=

d2πP

dqdu
(nW1 −

∂∆

∂π
) − deP

du
(
∂2∆

∂q∂e
+

dπP

dq

∂2∆

∂π∂e
) − dπP

du

∂2∆

∂q∂π
.

�ð �ïðøûðï ó÷óøðõö ðôö õó�íöû!� üíï ∂2π̃
∂q∂u

≤ 0
ñ �ð úðïõûðï ó÷óøðõö ðôö ��ôûöû!� üíï ∂2∆

∂q∂π
=

n(1 − r0(eP ))
ñ �ð ôû�õð úî úðî	û�øð ó÷óøðõö úó�ðõú úð ÷�ð�ðö ú�îõð �íîôôð úð q

ôîï ÷ð
õ�øùïð úð #ù�õô$ ùïð�ðöô qπP

� ôû d(qπP )
dq

≤ 1� í÷�ïô ÷ð úðî	û�øð ó÷óøðõö ðôö ��ôûöû!ññ %û
ü�ðôö ÷ð üíô �ðö �÷îô �óõóïí÷ðøðõö ôû ÷�ð�ðö úð u

ôîï ÷�ð��ïö ú�ð	íøðõ � öïí�ðïô ÷�ð��ïö úð
��� ðôö !íûù÷ð�� ÷�ð�ðö �÷�ùí÷ ðôö õó�íöû! ðö dq∗

du
≤ 0
ñ �íõô ÷�ó�îû÷ûùïð øó÷íõ�ðíõö� q∗ ðôö îõ

ûõôöïîøðõö ��îï ðõü�îïí�ðï ÷í �� í�õ ú�íüüï�¸öïð ÷í �í÷ðîï ô�üûí÷ð ðô�óïóð úðô ûõõ��íöû�õô
nπP W1

ñ³íûô üð÷í ûø�÷û�îð îõð ü�õöïð�íïöûð ðõ öðïøð úð ü��ö ô�üûí÷ úðô ùïð�ðöôñ ��ïô�îð ÷í
�ï��öíùû÷ûöó øûõûøí÷ð ú�îõð ûõõ��íöû�õ íî�øðõöð� ÷ðô ðõöïð�ïûôðô ô�õö �÷îô ûõüûöóðô  ûõõ��ðï
ðö ÷�íüöû�ûöó úð �� íî�øðõöðñ ±ð÷í ó�ûöð  ÷��
üð ú�í��ûï  ðõü�îïí�ðï ÷�ûõõ��íöû�õ �íï ÷ð
ùûíûô úð q � �îû ðôö îõ ûõôöïîøðõö ü��öðî	� ðö ûø�÷û�îð ú�õü îõð ��÷ûöû�îð úð ùïð�ðöô �÷îôôó��ïð �q∗ íî�øðõöð�ñ�ð ø6øð�  q ú�õõó� îõð �íîôôð úð v ðõöïí¸õð îõð �íîôôð úð ÷�ð��ïö úð ��

πP
ðö

îõð ùíûôôð úð ÷�ð��ïö ú�ð	íøðõ eP
�üíï ∂π̃

∂u
= q(1 − r0(eP )) ≥ 0 ðö ∂ẽ

∂u
= 0�ñ ±�øøð q∗

øí	ûøûôð ÷��ù�ðüöû! O(q) úð ÷��
üð úðô ùïð�ðöô� dq∗

dv
ðôö úî ôû�õð úð ∂2O

∂q∂u

ñ &õ úû�óïðõüûíõö
∂O
∂q

�íï ïí���ïö  v � õ�îô �ùöðõ�õô îõ ïóôî÷öíö ôûøû÷íûïð  üð÷îû ú�îõð �íîôôð úð u � ÷�ïô�îð víî�øðõöð� ÷��ùöðõöû�õ ú�îõ ùïð�ðö úð�ûðõö �÷îô ÷îüïíöû�ð� üð �îû ðõü�îïí�ð ÷�ð��ïö úð ��ñ
�÷ ô�ðõôîûö îõð �íîôôð úð ÷í �í÷ðîï ô�üûí÷ð úð ÷�ûõõ��íöû�õ� üð �îû �ðïøðö  ÷��
üð úð úð
ïóúîûïð q∗

ñ
��ö�õô �îð ÷�ïô�îð ÷í ��÷ûöû�îð úð ÷��
üð úðô ùïð�ðöô ü�õúîûö  îõ ó�îû÷ûùïð úð ôðüïðö

�úíõô ÷ð�îð÷ �ðïô�õõð õð úó��ôð úð úðøíõúð�� îõð �íîôôð úð u
íüüï�¸ö ÷í �í÷ðîï ô�üûí÷ð

úðô ûõõ��íöû�õôñ ±ðööð �íîôôð ðôö �÷îô ûø��ïöíõöð �îð úíõô ÷�ó�îû÷ûùïð øó÷íõ�ðíõö �úíõô
÷��z qêqxv deP

du
[ ∂2∆
∂q∂e

+ dπP

dq
∂2∆
∂π∂e

] = deP

du
[n(1−π)r′0(e)− dπP

dq
qnr′0(e)] ≥ 0 uw qx uqtsqyqzx uw (1−πP )−q dπP

dq
≥

0�
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÷�ó�îû÷ûùïð øó÷íõ�ðíõö� ∂πP

∂∂u
= 1− q � öíõúûô �îð ∂πP

∂∂u
= 1�ñ �íï ü�õôó�îðõö� ôû ÷í �ï��öíùû÷ûöó

øûõûøí÷ð ú�îõð ûõõ��íöû�õ úð�ûðõö �ïíõúð� ÷í ��÷ûöû�îð ü�õúîûôíõö  îõ ó�îû÷ûùïð úð ôðüïðö
úð�ûðõö ô�üûí÷ðøðõö �ïó!óïíù÷ðñ

¾¿� �ÃÍÄ�ÇÆ�ÃÍ
%û ÷ðô ôöïíöó�ûðô úð úðøíõúð úð ùïð�ðöô úðô ðõöïð�ïûôðô úó�ðõúðõö úð ÷í �ï�üóúîïð ú�ð	í�

øðõ ðö úð úó÷û�ïíõüð� ÷��
üð õ�ðôö üð�ðõúíõö �íô ðõ øðôîïð úð øðööïð ðõ �÷íüð îõð ��÷ûöû�îð
�îû õð ôó÷ðüöû�õõðïíûö �îð ÷ðô #ù�õõðô$ úðøíõúðôñ &õ �îöïð� îõð ïó!�ïøð úî ü��ö úð úó�¹ö
f õ�í �íô ú�ûø�íüö ôîï ÷ð ��÷îøð úðô úðøíõúðô  ÷�ó�îû÷ûùïð � üðö ûõôöïîøðõö �_ V`U� õð
�ðïøðö õû úð ÷ûøûöðï ÷�ðõ��ï�ðøðõö úðô ú�ôôûðïô� õû ú�í�ðüöðï ÷�íüöû�ûöó úð ��ñ ³í÷�ïó
ô�õ ûõüí�íüûöó úð ø�úû�ðï ÷ð õ�øùïð úð úðøíõúðô  ÷�ó�îû÷ûùïð� ÷��
üð ��îïïíûö õóíõø�ûõô
ðõü�îïí�ðï ÷í ��  öïí�ðïô îõ ô�ôö�øð úð �óõí÷ûöóô �_ QSZU ðõ üíô úð úóü�î�ðïöð ú�îõð
íõöóïû�ïûöó �üð �îû ü�ïïðô��õúïíûö  îõð ùíûôôð úð µ0

úíõô ÷ð ø�ú�÷ð�ñ �íï íû÷÷ðîïô� ÷�ïô�îð ÷ð
õ�øùïð ú�ðõöïð�ïûôðô úî ôðüöðîï ðôö ûø��ïöíõö� û÷ ð	ûôöð ö�î��îïô îõð ��÷ûöû�îð ��öûøí÷ð úð
÷��
üð öð÷÷ð �îð ö�îöðô ÷ðô ðõöïð�ïûôðô úó��ôðõö îõð úðøíõúðñ�íõô üðö ó�îû÷ûùïð� îõð �íîôôð
úî õ�øùïð ú�ðõöïð�ïûôðô úî ôðüöðîï ïóúîûö ÷ðô ð��ïöô úð �� ðö ú�ð	íøðõ úðô ú�ôôûðïôñ �íï
ü�õôó�îðõö� úíõô ÷ðô ôðüöðîïô �ðî ü�õüðõöïóô� ÷í �� ðôö ïð÷íöû�ðøðõö !íûù÷ð� ÷��
üð úðô
ùïð�ðöô ïð"�ûö ùðíîü�î� úð #øíî�íûôðô$ úðøíõúðô ðö !�îïõûö îõ ð��ïö ú�ð	íøðõ !íûù÷ð� üð
�îû ÷ð ü�õúîûö  úó÷û�ïðï ùðíîü�î� úð #øíî�íûô$ ùïð�ðöôñ ��ö�õô �îð ÷í ��÷ûöû�îð ��öûøí÷ð úð
÷��
üð �ðîö ó�í÷ðøðõö ü�õôûôöðï  úóü�îïí�ðï ö�îöð úðøíõúð úð ùïð�ðö� úð ô�ïöð �îð ö�îöðô
÷ðô ðõöïð�ïûôðô �íïúðõö ÷ð ôðüïðöñ óõð öð÷÷ð ��÷ûöû�îð õ�ðôö ô�üûí÷ðøðõö �ïó!óïíù÷ð �îð ôû ÷ð
ü��ö ô�üûí÷ úðô ùïð�ðöô ðôö öï�ô ó÷ð�ó� �î ôû ÷ð ôðüïðö ðôö öï�ô íööïíüöû! ��îï ÷ðô #ûõõ��íöðîïô$ñ
±ð õ�ðôö �íô ÷ð üíô úð üðïöíûõô ôðüöðîïô� ü�øøð �íï ð	ðø�÷ð ÷ð ôðüöðîï ��íïøíüðîöû�îð�
�² ÷í ü�øøðïüûí÷ûôíöû�õ ú�îõ õ�î�ðíî �ï�úîûö ïó��÷ð íîö�øíöû�îðøðõö ÷ðô ûõ!�ïøíöû�õô
�îû !íüû÷ûöðõö ô�õ ûøûöíöû�õñ �îöïð ÷ðô úðî	 ó�îû÷ûùïðô �úíõô ÷ðô�îð÷ô ö�îöðô ÷ðô ðõöïð�ïûôðô
úó��ôðõö îõð úðøíõúð �î �íïúðõö ÷ð ôðüïðö�� îõ ó�îû÷ûùïð ôðøû�ôó�íïíöðîï �ðîö óøðï�ðï�
úíõô ÷ð�îð÷ îõð !ïíüöû�õ úðô úðøíõúðô ðôö úð #øíî�íûôð$ �îí÷ûöó� �7�7 ö�îô ÷ðô #ûõõ��íöðîïô$
íûõôû �î�îõð !ïíüöû�õ α úðô ûøûöíöðîïô úðøíõúðõö îõ ùïð�ðöñ �÷ ôðïíûö ûõöóïðôôíõö ú�óöîúûðï
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÷�ûø�íüö úð ÷í ��÷ûöû�îð úð ÷��
üð ôîï üðô úðïõûðïô ðö úð ��ûï �÷îô �óõóïí÷ðøðõö ü�øøðõö
ûõÐîðõüðï ÷ðîïô ôöïíöó�ûðô úð úðøíõúð ��îï ÷ûøûöðï ÷�ðõ��ï�ðøðõö úðô ú�ôôûðïôñ

�ð �ï�ù÷�øð ú�ðõ��ï�ðøðõö ô�î÷��ð ú�íîöïðô �îðôöû�õô ü�õüðïõíõö ÷í �ï�üóúîïð ú�ð	í�
øðõ ðö ÷í ��÷ûöû�îð úð ÷��
üðñ³íõû!ðôöðøðõö� ÷ðô ð	íøûõíöðîïô ô�õö V QR�SR� ø�ûõô �îí÷û�óô
ðö ø�ûõô ùûðõ ûõ!�ïøóô �îð ÷ðô ðõöïð�ïûôðô ôîï ÷�óöíö úð ÷�íïö ðö ÷ðô íõöóïû�ïûöóô ó�ðõöîð÷÷ðô úð
÷ðîï �ï��ïð ú�øíûõð öðü�õ�÷��û�îðñ �øó÷û�ïðï ÷í �ï�üóúîïð ú�ð	íøðõ ûø�÷û�îð îõ ü��ö õ�õ
õó�÷û�ðíù÷ð� ðö û÷ ðôö �ðîö�6öïð �ïó!óïíù÷ð úð ÷íûôôðï ÷ðô ð	íøûõíöðîïô ü�øøðööïð úðô ðïïðîïô
��îï �î��_ QSZU ÷ðô ðõöïð�ïûôðô ôî���ïöðõö ð÷÷ðô�ø6øðô ÷ðô ü��öô úðô ÷ûöû�ðô �îû ûõ�í÷ûúðïíûðõö
÷ðô úóüûôû�õô úð ÷��
üð ðõ üíô ú�ðïïðîïñ

�ðô ôöíöûôöû�îðô úð ÷��
üð úðô ùïð�ðöô íøóïûüíûõ ø�õöïðõö �îð ÷ð �ï�ù÷�øð ú�ðõ��ï�
�ðøðõö öðõú  ô�í��ïí�ðï� ÷ð ��÷îøð úð ú�ôôûðïô õ�õ ð	íøûõóô üï�ûôôíõö ü�í�îð íõõóðñ
±ð �ï�ù÷�øð �ðîö ûõÐîðõüðï ÷ðô ôöïíöó�ûðô úð úðøíõúð úðô ðõöïð�ïûôðô� ôîôüð�öûù÷ðô úð
�ïó!óïðï ÷ð ôðüïðö ôû ÷í �óïû�úð ú�íööðõöð úî �ðïúûüö úð ÷��
üð úð�ûðõö öï�� ÷�õ�îðñ ��îï
÷ðô � ûõüûöðï� üð �îû ïóô�îúïíûö �íïöûð÷÷ðøðõö ô�õ �ï�ù÷�øð ú�ðõ��ï�ðøðõö� ÷��
üð ��îïïíûö
úó÷ûùóïóøðõö ÷íûôôðï îõ ôö�ü� úð úðøíõúðô õ�õ ð	íøûõóðôñ �íüð íî ��÷îøð ûø��ïöíõö úðô
úðøíõúðô� �õ �ðîö �ðõôðï �îð ÷��
üð íïùûöïðïí ðõöïð ú�îõð �íïö îõð �ï�üóúîïð ú�ð	íøðõ
ïí�ûúð �ðïøðööíõö úð ÷ûøûöðï ÷ð ïðöíïú øíûô íî ïûô�îð úð õ�øùïðîôðô ðïïðîïô úð úó÷û�ïíõüð
ðö ú�íîöïð �íïö îõð �ï�üóúîïð �÷îô ÷ðõöð �ðïøðööíõö úð ÷ûøûöðï ÷ðô ðïïðîïô øíûô í�ðü ðõ
ü�õöïð�íïöûð îõ ôö�ü� ûø��ïöíõö úð úðøíõúðô õ�õ ð	íøûõóðôñ

&õ�õ� õ�öïð ø�ú�÷ð úûôöûõ�îð ÷ðô �ï��ðöô #õ�î�ðíî	$ �î õ�õ� �7�7 úð �îí÷ûöó #ù�õõð$ �î
#øíî�íûôð$ñ �î úð÷ úð üðööð �ïðøû�ïð úûôöûõüöû�õ� û÷ ôðïíûö ûõöóïðôôíõö úð ÷ðô úû�óïðõüûðï
ó�í÷ðøðõö ôð÷�õ ÷ðîï �ï��öíùû÷ûöó ðô�óïóð � ôû îõ �ï��ðö öï�ô ûõõ��íõö �ðîö õð �íô ïðöûïðï
îõ �ï��ö ûø��ïöíõö úî ùïð�ðö� îõ �ï��ðö !íûù÷ðøðõö �î �ðî ûõõ��íõö ��îïïí ôð ïó�ó÷ðï öï�ô
�ï��öíù÷ð ô�û÷ ðôö ùïð�ðöó� ü�øøð ðõ öóø�û�õðõö úð õ�øùïðîôðô #ùîôûõðôô øðö��úô$ñ &õ
÷�íùôðõüð úð ü�ïïó÷íöû�õ ó�ûúðõöð ðõöïð #õ�î�ðíîöó$ ðö �ï��öíùû÷ûöó� üðïöíûõðô ðõöïð�ïûôðô
ûõõ��íõöðô ��îïïíûðõö ïðõ�õüðï  úó��ôðï îõð úðøíõúð úð ùïð�ðöñ
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¾¿� �����ÃÎÂË���Å
�÷÷ûô�õ� �ñ�ñ ðö ³ñ�ñ �ðø÷ð� �òÑÑ½�� #&ø�ûïûüí÷ �õí÷�ôûô �! ö�ð �í÷ûúûö� �! �û�
öû�íöðú �íöðõöô$� �h�R�[V` �`U�PP�[UYVP �RSQ�RU� ªV� �ZZS[�VU�S` �YVRU�RP�
�SYR`VP� �´�4� � ò½«��º«ñ

�÷÷ûô�õ� �ñ�ñ� �ðø÷ð�� ³ñ�ñ�  ñ�ñ ³��ïð ðö �ñ�ñ �ïîõ�ð� ��ÔÔ4�� #�í÷îíù÷ð�íöðõöô$ »þ !�R"�P�� �YaP�[ ªV� c�Z�VR[� �VQ�R� ò44ñ
±íû÷÷íîú� #ñ ��ÔÔ4�� #�$ �%��%ûóöó �õö&÷÷&ü'(&))& *(% )&* ���+,+&)*$� cVQQSRU XY

þ�m
±��&-� �. �/ÑÑ«�� #�&�&%*& &-�+-&&%+-� $-0 '�& �+*& �! &)&,'%�-+, �+�+)$-'+*1 �

�-'&))&,'($) �%��&%'� �1�)+,$'+�-* �! #��,���('$ �%��%$1*$� þVP�W SR`�V ªV�
c�]���� /ÔÑ/.

&-,$�($� �. 2(&))&,� �. &' ±. ³$%'+-&3� �4ÔÔ4�� #��& &,�-�1+,* �! �$'&-'* �
!%�1 -$'(%$) %+��'* '� ��)+,� +-*'%(1&-'*$� þV���RZ X� PV �Om^ þSPP�[U�S`
m»cm�YV� /4�.

&*5$%$-� ³. &' �. 2$))+-+ �/ÑÑ´�� #�$'&-' ��)+,� $-0 '�& �+%&,'+�- �! �&,�-��
)��+,$) ±�$-�&$ cV`X �SYR`VP SW m[S`Sh�[Z� 4º���.

2$))+-+� �.�. �4ÔÔ4�� #��& &,�-�1+,* �! �$'&-'* � �&**�-* !%�1 �&,&-' ó.%.
�$'&-' �&!�%1$� �SYR`VP SW m[S`Sh�[ ��RZQ�[U�]�Z� /´�4� � /4/�/«�.

6$))�#. �4ÔÔ4�� ##(*+-&**³&'��0 �$'&-'*� �--��$'+�-� $-0 ��)+,�$�7!mc 8SR�
"�`k �VQ�R� Ñº/º.

6(-'� �. �/ÑÑÑ� #��-�9�+�(*-&** $-0 '�& �-,&-'+�& '� �--��$'& � $- &,�-�1+,
�-$)�*+* �! �-'&))&,'($) �%��&%'� �&!�%1$ :�X�RVP c�Z�R]� !V`" SW ���PVX�P�
Q��V 8SR"�`k �VQ�R� ÑÑ �4�.

 &*$-� �.�. �4ÔÔ4�� #±$%%�'* $-0 %'+,�* '� ±%&$'& $ #&''&% �$'&-' %�*'&1$�
!�R"�P�� ;�[�`SPSk� ªV� �SYR`VP� /º�4� � º´4�ºÑº.

�$-�+-+&%� ±. &' �. ³$%,�() �4ÔÔ4� #�$'&-' %&$%,� �! �%+�% �%' $-0 �&�&)$'+�-
�! �-!�%1$'+�-$� 8SR"�`k �VQ�R.

�&1)&�� ³$%� �4ÔÔ/� #�$'+�-$) ��-�%$-,& $' '�& �$'&-' �
,&$� 7SRU���ZU�R`
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ªV� c�]���� Ñ«.
�&1)&�� ³.�. &' ±. %�$�+%� �4ÔÔ��� #�%�9$9+)+*'+, �$'&-'*$� OUV Ẁ SRX ªV� V`X

m[S`Sh�[Z ÿP�` 8SR"�`k �VQ�R� 4½½.
�&%-&%� �. �/ÑÑ«�� #�$'&-'+-� +- '�& %�$0�5 �! ±�1�&'+'�%*$� �SYR`VP SW ªV�

V`X m[S`Sh�[Z� 4½�4� � �´4��Ñ«.
³&%�&*� �. �/ÑÑÑ� #�* ³$-� $* %+	 �1��**+9)& �$'&-'* #&!�%& #%&$�!$*' � �%��

�&%'� �+��'* !�% ±�-,&�'* $-0 �$'&-' %�*'&1 �&!�%1$� mP�[URS`�[ þShh�R[�
³&%3� �.�. &' �.³. �$,& �/ÑÑ�� #�%&-0* +- �$'&-' )+'+�$'+�- � '�& $��&$%&-'
+-Ð(&-,& �! *'%&-�'�&-&0 �$'&-'* $''%+9('$9)& '� '�& ,�(%' �! $��&$)* !�%
'�& !&0&%$) ,+%,(+'$� �SYR`VP SW U�� �VU�`U V`X ;RVX�hVR" ÿö[� OS[��U�� º´

����-���(&� �. �/ÑÑ½� #� �$'&-'$9+)+'� �&�(+%&1&-' !�% %&�(&-'+$) �--��$�
'+�-$� cV`X �SYR`VP SW m[S`Sh�[Z� 4Ñ

<(+))&-� ±. &' �.6. =&9*'&% �4ÔÔ/�� #±�-'+-(+-� �$'&-' ���)+,$'+�-* $-0 �&%�
!�%1$-,& �! '�& ó.%. �$'&-' �
,&$� :�X�RVP þ�R[Y�U !VR �SYR`VP� //�/� �
/�4/.
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¾¿>? @ÍÍÅÊÅÆ
ABCDBC EFGHIJK LM NGJ OPFPQGH JMQ ρi

RSTUVWXYSTU ZT[ [T\Y[]YVU[ W[ \^][ i_ `ZV ]Y[TW Ua WXbVUVST [T ]Y[TaT\ ca U\Ya\XdV[ W[U n − 1

aZ\Y[U [T\Y[]YVU[U bSee[ WSTTX[f
gV \SZ\[U c[U aZ\Y[U [T\Y[]YVU[U WX]SU[T\ ZT[ W[eaTW[ W[ hY[i[\_ cj[T\Y[]YVU[ i a ZT[ ]YShahVcV\X

pi(n)
WjSh\[TVY ZT hY[i[\f

gV U[ZcU c[U kVTTSia\[ZYUl mW[ \^][ i = 1n W[eaTW[T\ ZT hY[i[\_ ca ]YShahVcV\X ]SZY cj[T\Y[o
]YVU[ i

WjSh\[TVY ZT hY[i[\ UjXbYV\ p Hi(π, n) =
∑n−1

k=0 Ck
n−1π

k(1 − π)n−1−kpi(k + 1). qS\STU `Z[
Hi(π, n) [U\ ZT[ rSTb\VST bYSVUUaT\[ W[ π f sT [t[\_ ∑n−1

k=0 Ck
n−1π

k(1 − π)n−1−k = 1_ WSTb Ua WXo
YViX[ ∑n−1

k=0 Ck
n−1π

k−1(1 − π)n−2−k(k − (n − 1)π) [U\ TZcc[_ uvwv cSYU`Z[ π aZde[T\[ W[ 0 x 1_ [cc[
[U\ bSe]SUX[ W[ \[Ye[U TXda\VrU ]ZVU W[ \[Ye[U ]SUV\VrU U[ bSe][TU[T\ ]aYraV\[e[T\f y[ ]cZU_
∂Hi

∂π =
∑n−1

k=0 Ck
n−1π

k−1(1 − π)n−2−k(k − (n − 1)π)pi(k + 1)f zaY {^]S\{|U[_ pi(k + 1) [U\ bYSVUo
UaT\[ [T k _ WSTb ST a\\YVhZ[ W[U ]SVWU ]cZU Ve]SY\aT\U aZ} \[Ye[U ]SUV\VrU_ WjS~ ∂Hi

∂π ≥ 0_ ai[b
Hi(0, n) = pi(1) [\ Hi(1, n) = pi(n)fgV U[ZcU c[U kVeV\a\[ZYUl mW[ \^][ i = 0n W[eaTW[T\ ZT hY[i[\_ ca ]YShahVcV\X ]SZY cj[T\Y[]YVU[ iWjSh\[TVY ZT hY[i[\ UjXbYV\ pKi(π, n) =

∑n−1
k=0 Ck

n−1π
k(1 − π)n−1−kpi(n − k). qS\STU `Z[ Ki(π, n)

[U\ ZT[ rSTb\VST WXbYSVUUaT\[ W[ π f sT [t[\_ ∑n−1
k=0 Ck

n−1π
k(1 − π)n−1−k = 1_ WSTb Ua WXYViX[

∑n−1
k=0 Ck

n−1π
k−1(1 − π)n−2−k(k − (n − 1)π) [U\ TZcc[_ uvwv cSYU`Z[ π aZde[T\[ W[ 0 x 1_ [cc[ [U\bSe]SUX[ W[ \[Ye[U TXda\VrU ]ZVU W[ \[Ye[U ]SUV\VrU U[ bSe][TU[T\ ]aYraV\[e[T\f y[ ]cZU_ ∂Ki

∂π =
∑n−1

k=0 Ck
n−1π

k−1(1−π)n−2−k(k−(n−1)π)pi(n−k)f zaY {^]S\{|U[_ pi(n−k) [U\ WXbYSVUUaT\[ [T k _WSTb ST a\\YVhZ[ W[U ]SVWU ]cZU Ve]SY\aT\U aZ} \[Ye[U TXda\VrU_ WjS~ ∂Ki

∂π ≤ 0_ ai[bKi(0, n) = pi(n)

[\ Ki(1, n) = pi(1)f�[U rSTb\VSTU Hi(π, n) [\ Ki(π, n) UST\ Y[]YXU[T\X[U UZY ca �dZY[ �f��c ^ a ]cZUV[ZYU baU ]SUUVhc[U p
� �c [}VU\[ ZT X`ZVcVhY[ S~ aZbZT[ [T\Y[]YVU[ T[ W[eaTW[ ZT hY[i[\ UV ρi ≥ pi(1)∀i ∈ {0, 1}f
� �c [}VU\[ ZT X`ZVcVhY[ S~ \SZ\[U c[U [T\Y[]YVU[U W[eaTW[T\ ZT hY[i[\ UV ρi ≤ pi(n)∀i ∈ {0, 1}f
� �c [}VU\[ ZT X`ZVcVhY[ S~ U[ZcU c[U VTTSia\[ZYU W[eaTW[T\ ZT hY[i[\ UV ρ0 ≥ H0(π, n) [\

ρ1 ≤ H1(π, n)f
� �c [}VU\[ ZT X`ZVcVhY[ S~ U[ZcU c[U VeV\a\[ZYU W[eaTW[T\ ZT hY[i[\ UV ρ0 ≤ K0(π, n) [\

ρ1 ≥ K1(π, n)f
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gZY ca �dZY[ �f�_ x π
WSTTX p

� UV ρ1
[U\ WaTU cjaVY[ AEG [\ ρ0

[U\ WaTU cjaVY[ BHD _ acSYU bSo[}VU\[T\ p ZT X`ZVcVhY[ S~
aZbZT[ [T\Y[]YVU[ T[ W[eaTW[ W[ hY[i[\ � ZT X`ZVcVhY[ eXcaTd[aT\ S~ \SZ\[U c[U [T\Y[]YVU[UW[eaTW[T\ ZT hY[i[\ � ZT X`ZVcVhY[ UX]aYa\[ZY S~ U[ZcU c[U kVeV\a\[ZYUl W[eaTW[T\ ZT hY[i[\f

� UV ρ1
[U\ WaTU cjaVY[ CEG [\ ρ0

[U\ WaTU cjaVY[ BFD _ acSYU bSo[}VU\[T\ p ZT X`ZVcVhY[ S~
aZbZT[ [T\Y[]YVU[ T[ W[eaTW[ W[ hY[i[\ � ZT X`ZVcVhY[ eXcaTd[aT\ S~ \SZ\[U c[U [T\Y[]YVU[UW[eaTW[T\ ZT hY[i[\ � ZT X`ZVcVhY[ UX]aYa\[ZY S~ U[ZcU c[U kVTTSia\[ZYUl W[eaTW[T\ ZT
hY[i[\f

qSZU bSTU\a\STU `Z[ cjX`ZVcVhY[ UX]aYa\[ZY S~ U[ZcU c[U kVTTSia\[ZYUl W[eaTW[T\ ZT hY[i[\ [\cjX`ZVcVhY[ UX]aYa\[ZY S~ U[ZcU c[U kVeV\a\[ZYUl W[eaTW[T\ ZT hY[i[\ T[ ][Zi[T\ ]aU bSo[}VU\[Yf
y[ ]cZU_ cjS�b[ W[U hY[i[\U Tja ]aU VT\XY�\ x e[\\Y[ [T ]cab[ ZT[ ]ScV\V`Z[ `ZV Tja\\VY[ `Z[ c[U
eaZiaVU[U W[eaTW[U mW[ \^][ i = 0nf zaY bSTUX`Z[T\_ cjX`ZVcVhY[ UX]aYa\[ZY WaTU c[`Z[c U[ZcU c[U
kVeV\a\[ZYUl WX]SU[T\ ZT[ W[eaTW[ ][Z\ �\Y[ [}bcZ UaTU ][Y\[U W[ dXTXYacV\XUf
ABCDB� �P��FJ�QG���F LM N�Q�HHG�QK ABC
yaTU cjX`ZVcVhY[ UX]aYa\[ZY_ ca ]YS]SY\VST W[ keaZiaVUl hY[i[\U [U\ TZcc[f yaTU cjX`ZVcVhY[ eXocaTd[aT\_ ca ]YS]SY\VST W[ keaZiaVUl hY[i[\U [U\ WSTTX[ ]aY ∑n

k=0 Ck
nπk(1 − π)n−kp0(k).

R[\\[
]YS]SY\VST [U\ bYSVUUaT\[ [T π _ WSTb ca ]YS]SY\VST W[ keaZiaVUl hY[i[\U aZde[T\[ ai[b cjaiaTb[o
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e[T\ \[b{TScSdV`Z[ WZ U[b\[ZY π f
ABCDBA �P��FJ�QG���F LM N�Q�HHG�QK ABA
�[ TSehY[ [U]XYX W[ hY[i[\U abbSYWXU [U\ ]cZU dYaTW WaTU cjX`ZVcVhY[ eXcaTd[aT\ `Z[ WaTUcjX`ZVcVhY[ UX]aYa\[ZY UV p nπ∗

S ≤ nπ∗
P + n(1 − π∗

P )p0(n)f sT Y[e]ca�aT\ π∗
S
[\ π∗

P
]aY c[ZY iac[ZY_

TSZU ]SZiSTU YXXbYVY[ b[\\[ bSTWV\VST bSee[ UZV\ p p0(n)2 − p0(n)[1 + v1−v0

v0−µ0
− γ

v0−µ0
] + ρ0 ≥ 0f

� gV 1+ v1−v0

v0−µ0
− γ

v0−µ0
≤ 0_ uvwv UV γ ≥ v0−µ0 +v1−µ0 _ acSYU ca bSTWV\VST bVoW[UUZU [U\ \SZ�SZYUiXYV�X[_ uvwv nπ∗

S ≤ nπ∗
P + n(1 − π∗

P )p0(n).

� gVTST_ ca bSTWV\VST [U\ iXYV�X[ ]SZY p0(n) ∈ [ρ0, p]∪[p, 1]_ S~ p = 1
2 [(1+ v1−v0

v0−µ0
− γ

v0−µ0
)−

√
∆]

[\ p = 1
2 [(1 + v1−v0

v0−µ0
− γ

v0−µ0
) +

√
∆]_ ai[b ∆ = (1 + v1−v0

v0−µ0
− γ

v0−µ0
)2 − 4ρ0.

ABCDB� �P��FJ�QG���F LM N�Q�HHG�QK AB�
yja]Y|U cjX`Za\VST WX�TVUUaT\ π̃(e)_ TSZU bSTU\a\STU `Z[ ∂π̃(e)

∂n = 0f y[ ]cZU_ [T WVtXY[TbVaT\cjX`Za\VST WX�TVUUaT\ ẽ(π) ]aY Ya]]SY\ x n_ Uab{aT\ `Z[ ca rSTb\VST Sh�[b\Vr W[ cjS�b[ [U\ bSTi[}[_
dẽ(π)
dn

[U\ WZ UVdT[ W[ −ẽ(π)c′′(nẽ(π)) ≥ 0_ WSTb ∂ẽ(π)
∂n ≤ 0f zaY bSTUX`Z[T\_ x cjX`ZVcVhY[_ cSYU`Z[ n

aZde[T\[_ πP
[\ eP

WVeVTZ[T\f
yja]Y|U cjX`Za\VST WX�TVUUaT\ π̃(e)_ TSZU aiSTU p γ ∂π̃

∂q (e) = (v1 − µ1) − (v0 − µ0)r0(e)
f ySTb

∂π̃
∂q (e) ≥ 0 ⇔ (v1 −µ1) ≥ (v0 −µ0)r0(e)

f �Y cjX`ZVcVhY[ eXcaTd[aT\ a cV[Z Wj�\Y[ X\ZWVX ZTV`Z[e[T\
UV πP ≥ π0 ⇔ (v1−µ1)(q−ρ1(f)) > (v0−µ0)(qr0(eP )−ρ0(f))f zaY {^]S\{|U[_ λ1−µ1 ≥ λ0−µ0 _WSTb UV ca bSTWV\VST [U\ iXYV�X[_ [cc[ Ve]cV`Z[ `Z[ (v1 − µ1) ≥ (v0 − µ0)r0(eP ). zaY bSTUX`Z[T\_cSYU`Z[ q aZde[T\[_ π̃(e) aZde[T\[ cSbac[e[T\ aZ iSVUVTad[ W[ (eP , πP )f y[ ]cZU_ [T WVtXY[T\VaT\cjX`Za\VST WX�TVUUaT\ ẽ(π) ]aY Ya]]SY\ x q _ Uab{aT\ `Z[ ca rSTb\VST Sh�[b\Vr W[ cjS�b[ [U\ bSTi[}[_
∂e
∂q
[U\ WZ UVdT[ W[ −(1 − π)r′0(ẽ(π)) ≥ 0f zaY bSTUX`Z[T\_ x cjX`ZVcVhY[_ cSYU`Z[ q aZde[T\[_ πPaZde[T\[ [\ cj[t[\ UZY eP

[U\ aehVdZf
ABCDB� �P��FJ�QG���F LM HK��K AB�
yja]Y|U cjX`Za\VST WX�TVUUaT\ ẽ(π)_ TSZU aiSTU p

ẽ′(π)[c′′(nẽ(π)) + (1 − π)qr′′0(ẽ(π))] = qr′0(ẽ(π)).
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zaY {^]S\{|U[_ c′′(ne) ≥ 0_ r′0(e) ≤ 0 [\ r′′0(e) ≥ 0_ WSTb ẽ′(π) ≤ 0f zaY aVcc[ZYU_ qr′0(e) ≥ 0_ WSTb
π̃′(e) ≥ 0f
ABCDB� �GQGN�PQ�JG���F LK H�P�M�H��QK JK���JP�GQG�KMQ ��Q�NKJJMJ

L�K G�KF KFL�O¡FK¢
gV cjX`ZVcVhY[ eXcaTd[aT\ [U\ ]SUUVhc[ WaTU b[Y\aVT[U ]ScV\V`Z[U W[ cjS�b[_ ZT X`ZVcVhY[ U[eVo

UX]aYa\[ZY WaTU c[`Z[c \SZU c[U kVTTSia\[ZYUl [\ ZT[ ]YS]SY\VST α
W[U VeV\a\[ZYU WX]SU[T\ ZT[

W[eaTW[ ][Z\ Xdac[e[T\ Xe[Yd[Yf yaTU ZT \[c X`ZVcVhY[_ c[U VeV\a\[ZYU UST\ VTWVtXY[T\U [T\Y[WX]SU[Y ZT[ W[eaTW[ [\ daYW[Y c[ U[bY[\_ b[ `ZV Tj[U\ ]SUUVhc[ `Z[ UV ρ0 = Q0(e)
f

�[U [T\Y[]YVU[U WX\[YeVT[T\ c[ZY [tSY\ W[ £¤y W[ eaTV|Y[ x ea}VeVU[Y c[ZY daVT [U]XYX p

max
π

π(qv1 + (1 − q)µ1 − f) + (1 − π)λ0 − γ
π2

2
,

b[ `ZV bSTWZV\ x ZT [tSY\ π = 1
γ [λ1 − λ0 + (v1 − µ1)(q − ρ1)] ≡ πM , `ZV T[ WX][TW ]aU W[ e [\

αf qSZU bSTU\a\STU `Z[ b[\ [tSY\ W[ £¤y WVeVTZ[ cSYU`Z[ f aZde[T\[ SZ q
WVeVTZ[ p c[ WX]¥\

WjZT[ W[eaTW[ W[iV[T\ eSVTU a\\Yab\Vr_ WSTb c[ daVT x VTTSi[Y [U\ ]cZU raVhc[ [\ cj[tSY\ W[ £¤y [U\
YXWZV\f y[ e�e[_ ZT[ {aZUU[ W[ λ0

Y[TW c[ U[bY[\ ]cZU a\\Yab\Vr ]SZY c[U VeV\a\[ZYU_ b[ `ZV bSTWZV\
x ZT[ haVUU[ W[ cj[tSY\ W[ £¤yf qS\STU `Z[ cSYU`Z[ q = ρ1 _ Vf[f c[U kVTTSia\[ZYUl UST\ VTWVtXY[T\U[T\Y[ WX]SU[Y ZT[ W[eaTW[ [\ daYW[Y c[ U[bY[\_ [\ cj[tSY\ W[ £¤y [U\ Xdac x π0

f
�jS�b[ WX\[YeVT[ UST [tSY\ Wj[}ae[T W[ eaTV|Y[ x eVTVeVU[Y c[ bS¦\ [U]XYX W[U hY[i[\U

∆(π, e, α)f gST Sh�[b\Vr [U\ c[ UZViaT\ p

min
e

n∑

k=0

Ck
nπk(1 − π)n−k

n−k∑

h=0

Ch
n−kα

h(1 − α)n−k−h[kq + hqr0(e) + c((k + h)e)],

b[ `ZV bSTWZV\ x ca bSTWV\VST WZ ]Y[eV[Y SYWY[ UZViaT\[ p
n∑

k=0

(
n

k

)
πk(1 − π)n−k

n−k∑

h=0

(
n − k

h

)
αh(1 − α)n−k−h[h(qr′0(e) + (k + h)c′((k + h)e)] = 0
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R[\\[ bSTWV\VST ][Z\ U[ YXXbYVY[ bSee[ F (π, e, α) = 0_ S~

F (π, e, α) = nαq(1 − π)r′0(e) +
n∑

k=0

Ck
nπk(1 − π)n−k

n−k∑

h=0

Ch
n−kα

h(1 − α)n−k−h[(k + h)c′((k + h)e)].

�a WXYViX[ W[ F (π, e, α) = 0 ]aY Ya]]SY\ x α [U\ Xdac[ x p
∂F
∂α (π, e, α) = nq(1 − π)r′0(e) +

∑n
k=0 Ck

nπk(1 − π)n−k
∑n−k

h=0 Ch
n−kα

h−1(1 − α)n−k−h−1(h − α(n −
k))[(k + h)c′((k + h)e)].

�[ ]Y[eV[Y e[ehY[ [U\ TXda\Vr_ [\ c[ U[bSTW e[ehY[ [U\ ]SUV\Vrñ§ f zaYbSTUX`Z[T\_ Vc Tj[U\ ]aU ]SUUVhc[ W[ bSTbcZY[ ¨ ©ªu«ªu UZY ca eSTS\STVbV\X W[ F (π, e, α)f sT Y[iaTb{[_
TSZU UaiSTU `Z[ WjZT[ ]aY\ F (π, e, 0) [U\ Xdac[ x ∑n

k=0 Ck
nπk(1 − π)n−kkc′(ke)_ `ZV [U\ bYSVUUaT\[

[T e_ WSTb α = 0
bSYY[U]STW x ZT [tSY\ e = 0_ [\ WjaZ\Y[ ]aY\ F (πM , e, 1) [U\ Xdac[ x n[p′0(e)q(1−

πM ) + c′(ne)]_ WSTb α = 1
bSYY[U]STW x ZT [tSY\ e = ẽ(πM )f

sT YXUZeX_ cjX`ZVcVhY[ U[eVoUX]aYa\[ZY_ UjVc [}VU\[_ [U\ WX�TV ]aY W[Z} rSTb\VSTU `ZV WX\[YeVT[T\
α(e) [\ e(α)

p
e = r−1

0 (ρ0

q )_ [\ F (α, πM , e) = 0f ¬T[ bSTWV\VST UZ�UaT\[ Wj[}VU\[Tb[ WjZT X`ZVcVhY[
U[eVoUX]aYa\[ZY [U\ acSYU p ẽ(πM ) > r−1

0 (ρ0

q )f R[\\[ bSTWV\VST ][Z\ U[ YXXbYVY[ bSee[ p ρ0 >

qr0(ẽ(πM )).gV ca ]ScV\V`Z[ W[ cjS�b[ W[U hY[i[\U [U\ \[cc[ `Z[ q ≥ ρ1 ≥ ρ0
[\ qr0(ẽ(πM )) ≤ ρ0 _ acSYU [cc[][Z\ bSTWZVY[ x ZT X`ZVcVhY[ UX]aYa\[ZY mTST WXdXTXYXnfgV b[\\[ bSTWV\VST [U\ ZT[ bSTWV\VST UZ�UaT\[ Wj[}VU\[Tb[_ Vc [U\ b[][TWaT\ ]SUUVhc[ `ZjZTX`ZVcVhY[ U[eVoUX]aYa\[ZY [}VU\[ UaTU `Z[ b[\\[ bSTWV\VST USV\ iXYV�X[f�SYU`Z[ ca ]ScV\V`Z[ W[ cjS�b[ W[U hY[i[\U T[ ][Z\ ]aU bSTWZVY[ x ZT X`ZVcVhY[ eXcaTd[aT\_ uvwvcSYU`Z[ ρ0 > qr0(e)_ ca bSe]aYaVUST W[ πP

[\ W[ πM
eST\Y[ `Z[ πP > πM

f zZVU`Z[ ẽ(π) [U\ WXbYSVUo
UaT\[ mbrf c[ee[ �f�n_ b[ca [T\YaT[ ẽ(πM ) > ẽ(πP )_ b[ `ZV Ve]cV`Z[ qr0(ẽ(πM )) < qr0(ẽ(πP )) < ρ0 _WSTb ca bSTWV\VST UZ�UaT\[ Wj[}VU\[Tb[ W[ cjX`ZVcVhY[ U[eVoUX]aYa\[ZY [U\ iXYV�X[f sT WjaZ\Y[U\[Ye[U_ cSYU`Z[ cjS�b[ e[\ [T ]cab[ ZT[ ]ScV\V`Z[ `ZV T[ ][Z\ ]aU bSTWZVY[ x cjX`ZVcVhY[ eXcaTod[aT\ S~ \SZ\ c[ eSTW[ W[eaTW[ ZT hY[i[\_ Ua ]ScV\V`Z[ bSTWZV\ x ZT X`ZVcVhY[ U[eVoUX]aYa\[ZY
S~ ZT[ ]YS]SY\VST α

W[U VeV\a\[ZYU WX]SU[ ZT[ W[eaTW[f
qSZU Y[eaY`ZSTU `Z[ cSYU`Z[ n [U\ UZ�Uaee[T\ dYaTW_ ẽ(πM )

\[TW i[YU ®_ WSTb ca rSTb\VST
F (π, e, α)

XiScZ[ W[ e = 0 x e = 0_ [\ ca bSTWV\VST Wj[}VU\[Tb[ W[ cjX`ZVcVhY[ U[eVoUX]aYa\[ZY Tj[U\
]aU iXYV�X[f
÷¯°s qux {|yr|u� ~q xqÛyqu z�Ú�xwìu rtwu ~q xqÛyqu r|uwxwìuv �âq{ rstu ~q r|w~u utÛ squ xqÛyqu r|uwxwìu ú{�Û

(k + h)c′((k + h)e) �tÚyqzxq �âq{ h±
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¾¿>> ²Ã³Ë³�ÃÍÆ

n � -´19%& 0µ&-'%&¶%+*&* 0$-* )µ+-0(*'%+&
i ∈ {0, 1} � '·¶& 0µ(-& &-'%&¶%+*& �*+ i = 0� ,µ&*' (- #+1+'$'&(%$� *+ i = 1� ,µ&*' (-#+--´�$'&(%$�.
π � ¶%´9$9+)+'� 0µ$�´+% (- ¶%´�&' 0& '·¶& i = 1 ¸ $**+1+)�  )µ&�´%' 0& �� �$( ,´�'

γ(π) = γπ2

2
�.

1 − π � ¶%´9$9+)+'� 0µ$�´+% (- ¶%´�&' 0& '·¶& i = 0

vi
� ¶%´¹' 0( ¶%´�&' i

*+ )$ 0&1$-0& 0& 9%&�&' &*' $,,´%0�&
µi

� ¶%´¹' 0( ¶%´�&' i
*+ )$ 0&1$-0& 0& 9%&�&' &*' %&�&'�&

λi
� ¶%´¹' 0( ¶%´�&' i

*+ )& 9%&�&' -µ&*' ¶$* 0&1$-0� �*&,%&'�
f � ,´�' 0& 0�¶¹' 0µ(-& 0&1$-0& 0& 9%&�&'
ρi = λi+f−µi

vi−µi

� ¶%´¹' %&)$'+! 0( *&,%&' ¶´(% (-& ¹%1& 0& '·¶& i

pi(j)
� ¶%´9$9+)+'� 0µ́ 9'&-+% (- 9%&�&' *(% (- ¶%´�&' 0& '·¶& i

)´%*�(& )µ́ 
,& %&"´+' j0&1$-0&* �)´%*�(& )µ&�´%' 0µ&º$1&- -µ&*' ¶$* &-0´��-&�
e � &�´%' 0µ&º$1&- 0& )µ́ 
,& 0&* 9%&�&'* �,´�' c(ke)

*+ )µ́ 
,& %&"´+' k
0&1$-0&*�

ri(e)
� ¶%´9$9+)+'� �(µ$(,(-& $-'�%+´%+'� -& *´+' 0�,´(�&%'& *(% )& ¶%´�&' 0& '·¶& i

)´%*�(&
)µ́ 
,& !$+' (- &�´%' 0µ&º$1&- e �)´%*�(& )µ&�´%' 0µ&º$1&- &*' &-0´��-&�

q � ¶%´9$9+)+'� 0µ$,,´%0 0( 9%&�&' )´%*�(µ$(,(-& $-'�%+´%+'� -µ$ �'� 0�,´(�&%'&.
W1

� �$)&(% *´,+$)& 0&* +--´�$'+´-*
∆(π, e) � ,´�' *´,+$) 0&* 9%&�&'*
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ÓÂÔ ÕÌÅÖ½ÀÔ

×¿> ØÍ³ÂÃÈÇÄ³�ÃÍ
Ù´%*Ú(µ(-& &-'%&¶%+*& +-'%´0(+' (- -´(Û&$( ¶%´0(+' ´( (-& -´(Û&))& '&,Ü-´)´Ý+& *(% )&

1$%,Ü�� )µ(-& 0& *&* ¶%&1+Þ%&* $,'+´-* ,´-*+*'& ß &- ¶%´'�Ý&% )& ,´-'&-(� Ý�-�%$)&1&-' &-
0�¶´*$-' (- 9%&Û&'. �$-* Ú(&) 9(' à á- )µ$9*&-,& 0& ¶%´'&,'+´- â(%+0+Ú(&� *+ )µ+--´Û$'&(%
-& ¶&(' *& ¶%´'�Ý&% 0& 1$-+Þ%& ¶)(* +-ã´%1&))&� ¶$% &º&1¶)& ¶$% )& *$Û´+%äã$+%&� '´(* )&*
,´-,(%%&-'* 0& )$ ¹%1& Ú(+ )& *´(Ü$+'&%´-' ¶´(%%´-' $,,�0&% ß )$ '&,Ü-´)´Ý+& &' +1+'&% )µ+-ä
-´Û$'+´-� &1¶å,Ü$-' $+-*+ )µ+--´Û$'&(% 0& %&,(&+))+% )&* 9�-�¹,&* 0& *´- &æ´%' &- %&,Ü&%,Ü& &'
0�Û&)´¶¶&1&-' çèé�ê. ±&)$ ,´-0(+%$+' ß (- *´(*ä+-Û&*'+**&1&-' &- èé�� %�*()'$' 0µ(-&
9$+**& 0&* %&-'&* &*¶�%�&* 0& )µ&æ´%' 0µ+--´Û$'+´-ë. Ù& *·*'Þ1& 0&* 9%&Û&'* $ ¶´(% ´9â&'
0µ�Û+'&% ,& '·¶& 0& *+'($'+´- ì ß '%$Û&%* (- 0%´+' &º,)(*+ã 0µ&º¶)´+'$'+´-� +) $**(%& ß )µ+-ä
-´Û$'&(% (- ¶%´¹' 0& 1´-´¶´)& ¶´(% (-& 0(%�& )+1+'�&� &' )(+ ¶&%1&' $+-*+ 0& %�,(¶�%&%
*´- +-Û&*'+**&1&-' &- èé� &- +-'&%0+*$-' ß '´('& $('%& ¹%1& 0µ&º¶)´+'&% )µ+-Û&-'+´- *$-*
*´- $('´%+*$'+´-. Ù&* 9%&Û&'* ´-' -´'$11&-' ¶´(% %¹)& 0& %�,´1¶&-*&% )µ+--´Û$'+´- &' 0&

níq z�{quuwx� ~q rÛ|x�ÚqÛ s� rÛ|rÛw�x� wzxqssq{xtqssq � �x� y|zxÛ�q wzwxw�sqyqzx r�Û îÛÛ|ï úðñòó± rtwur�Û ù|Û~í�tu úðñòñ±� �z s��áuqz{q ~q rÛ|xq{xw|z ×tÛw~w�tqv squ áwqzu ~�wzì|Ûy�xw|z qx ~q {|zz�wuu�z{q u|zxwz�rrÛ|rÛw�ásquv {q �tw {|z~twx ç tz u|tuôwzâquxwuuqyqzx qz èép�

/õÑ
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,´(Û%+% )&* ,´�'* 0& èé�� $,'+Û+'� ¶$%'+,()+Þ%&1&-' %+*Ú(�&. á- ´('%&� (-& +--´Û$'+´- &*'
*(*,&¶'+9)& 0µ́ (Û%+% 0& -´(Û&))&* Û´+&* 0& %&,Ü&%,Ü&� &' 0µ&-Ý&-0%&% 0&* 0�,´(Û&%'&* ¶$%
0µ$('%&* ¹%1&*. Ù&* 9%&Û&'* ¶&%1&''&-' ß )µ+--´Û$'&(% 0µ+-'&%-$)+*&% ,&* &º'&%-$)+'�* &' 0&
¶%´¹'&% 0&* 9�-�¹,&* 0& -´(Û&))&* 0�,´(Û&%'&* &- %&,&Û$-' 0&* %&Û&-(* 0&* $('%&* ¹%1&*� ¶$%
)& 9+$+* 0& )+,&-,&* 0µ&º¶)´+'$'+´- ¶$% &º&1¶)&. á- %&'´(%� )& 0�'&-'&(% 0µ(- 9%&Û&' *& 0´+'
0& %�Û�)&% ¶(9)+Ú(&1&-' *´- +-Û&-'+´- $¹- 0& ¶&%1&''%& )$ 0+æ(*+´- 0( *$Û´+% &' 0& 0´--&%
$,,Þ* ß 0& )µ+-ã´%1$'+´- -´(Û&))& &' Û$)´%+*$9)&. Ò )µ́ %+Ý+-&� )& 9%&Û&' -µ$ &æ&,'+Û&1&-' ¶$*
Û´,$'+´- ß ã´(%-+% (- ¶%´¹' 0& 1´-´¶´)& ß *´- 0�'&-'&(%� 1$+* ß &-,´(%$Ý&% )µ+--´Û$'+´-
&' )$ 0+æ(*+´- 0& )$ ,´--$+**$-,&ñ . á- 'Ü�´%+&� )$ ¶´*+'+´- 0& 1´-´¶´)& Ú(µ+) &-Ý&-0%& X�
WV[US &' )&* 0+*'´%*+´-* Ú(µ&))& +1¶)+Ú(& ç&- '&%1&* 0& 9+&-äå'%&ê *´-' ,´-*+0�%�&* ,´11&
(- 1$) -�,&**$+%& ¶´(% $''&+-0%& ,& 9('.
á- á(%´¶& ,´11& $(º �'$'*äó-+*� )µÜ+*'´+%& 0( 9%&Û&' '�1´+Ý-& 0& ¶)(*+&(%* Û$Ý(&*

0& 0�Û&)´¶¶&1&-'� 0&¶(+* *$ ,%�$'+´- ß )$ ¹- 0( /½Þ1& *+Þ,)&� )+�&* ß 0& Ý%$-0&* $Û$-,�&*
'&,Ü-´)´Ý+Ú(&*. Ù$ 0&%-+Þ%& &- 0$'& ,´%%&*¶´-0 ß )µ$ÛÞ-&1&-' 0& 0&* -´(Û&))&* '&,Ü-´)´Ý+&*
0& )µ+-ã´%1$'+´- &' ß )$ %�Û´)('+´- -(1�%+Ú(&. �&¶(+* Û+-Ý' $-*� )$ ¶%´'&,'+´- â(%+0+Ú(&
0& )µ+--´Û$'+´- ,´--$¸' (-& &º¶$-*+´- *$-* ¶%�,�0&-'� ,´11& &- '�1´+Ý-& )µ&º¶)´*+´- 0(
-´19%& 0& 9%&Û&'* 0�¶´*�* ,Ü$Ú(& $--�& $(º �'$'*äó-+*� ¶$**� 0& «Ô.ÔÔÔ &- /ÑºÑ ß /««.ÔÔÔ
&- 4ÔÔÔ . �) · $ &-,´%& /« $-*� ³+,%´*´ã' -& ¶´**�0$+' Ú(µ(- *&() 9%&Û&'� $(â´(%0µÜ(+ )$
¹%1& $1�%+,$+-& &- ,´1¶'& ¶%Þ* 0& ½ÔÔ� *(+Û+& 0& ¶%Þ* ¶$% *&* ,´-,(%%&-'* '&)* Ú(& �(-�
�%$,)& ´( �&)). #+&- Ú(& )& ¶Ü�-´1Þ-& -& *´+' ¶$* )+1+'� $(º �'$'*äó-+*� )&* 0�¶¹'* 0&
9%&Û&'* 0$-* )&* $('%&* ¶$·* ´-' $(Ý1&-'� 0& ã$�´- 1´+-* *¶&,'$,()$+%&. á- á(%´¶& ¶$%
&º&1¶)&� )& -´19%& 0& 9%&Û&'* 0�¶´*�* ß )µ�	,& á(%´¶�&- 0&* #%&Û&'* $ $(Ý1&-'� 0& �Ô

&-'%& /ÑÑÔ &' /ÑÑÑ § .

±&''& 1()'+¶)+,$'+´- 0&* 9%&Û&'* *µ$,,´1¶$Ý-& 0& )+'+Ý&* 0& ¶)(* &- ¶)(* ã%�Ú(&-'*. �(º
�'$'*äó-+*� )& -´19%& $--(&) 0& ¶%´,Þ* ¶´(% +-ã%$,'+´- 0& 9%&Û&' $ ¶)(* Ú(& 0´(9)� &- //
$-*� ¶$**$-' 0& //´4 &- /Ñ½Ñ ß 4�½´ &- 4ÔÔÔ � . $% $+))&(%*� ´- %&,&-*& //ÔÔÔ )+'+Ý&* *(%

÷í� {|zuxwxtxw|z �y�Ûw{�wzq ~�Øzwx u|z Û�sq {|yyq �rÛ|y|tâ|wÛ sq rÛ|ÚÛïu ~qu u{wqz{qu qx ~qu �Ûxutxwsqu� æ � �ä ã�ä�äàÜ à�Ü ã�ä��Üåå ä� å��Üß�Ü Þß� à�Ü �åÜ��� Þ�àå�v îÛxw{sq ðv r�Û�ÚÛ�ríq ����|tÛ{q æ ���� ��xqzx �z~ �Û�~qy�Û !Ù{q�¯�|tÛ{q æ �tÛ|rq�z ��xqzx !Ù{q�"��xqzx �zì|Û{qyqzx �z~ è|î�sxwqu íx~�
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)&* ,+-Ú 0&%-+Þ%&* $--�&*# � &' 0&(º ã´+* ¶)(* 0& )+'+Ý&* *(% 9%&Û&'* &- 9+´'&,Ü-´)´Ý+&* ´( *(%
)´Ý+,+&)* &' 1�'Ü´0&* ,´11&%,+$)&* Ú(& 0$-* )&* $('%&* 0´1$+-&*. Ò '+'%& 0µ+))(*'%$'+´-� $(
,´(%* 0& )µ$--�& 4ÔÔÔ� ´- ¶&(' %&,&-*&% ¶)(*+&(%* ¶%´,Þ* -´'$9)&* ì $$Ü´´ % �'$+' $''$Ú(�
¶´(% *´- *·*'Þ1& 0µ$,Ü$'* &- )+Ý-&� ³+,%´*´ã' �'$+' ¶´(%*(+Û+ ¶$% %+,&)+-&.,´1 *(% *´- 9%&ä
Û&' 0µ&-,ÜÞ%&* +-Û&%*�&* &' ¶$% ±+Û+ºä��� ÙÙ± *(% (- 9%&Û&' 0µ$--($+%& �)&,'%´-+Ú(&�=$-Ý
¶´(%*(+Û$+' ��Ù ä&-'%& $('%&*ä ¶´(% +-ã%$,'+´- 0& *´- 9%&Û&' &�+0&´'&º' �%$1& %´,&**+-Ý'�
&#$· �'$+' $''$Ú(� ¶$% (&'5´%� á-Ý+-&&%+-Ý �´ã'5$%&� �-,. *(% (- 9%&Û&' 0& *&%Û+,& 0µ+-ä
ã´%1$'+´- &- )+Ý-&� ±´1¶(�&%Û& �'$+' ¶´(%*(+Û+ *(% (- 9%&Û&' ¶%&ä+-'&%-&' 0$'$-' 0& /Ñ½«
,´-,&%-$-' )µ&-Û´+ 0& 1(*+Ú(& *(% (- %�*&$(� *$-* ¶$%)&% 0µ�1$3´-.,´1 0´-' )&* ¶´(%*(+'&*
´-' ã$+' %�Ý()+Þ%&1&-' )$ ó-& 0&* Ú(´'+0+&-*). �( 0&)ß 0&* ,´�'* -´- -�Ý)+Ý&$9)&* ¶´(% )&*
¶$%'+&*� )&* &-â&(º 0& ,&* ¶%´,Þ* *´-' '%Þ* +1¶´%'$-'* ì 0µ$¶%Þ* Ù&%-&% ç/ÑÑ«ê� )&* ,´�'* 0&
)+'+Ý& %&¶%�*&-'&-' $(â´(%0µÜ(+ /*� 0&* 0�¶&-*&* 0& èé� 0&* ¹%1&*.
Ùµ$,,%´+**&1&-' 0( -´19%& 0& )+'+Ý&* ¶´(%%$+' '´(' *+1¶)&1&-' *µ&º¶)+Ú(&% ¶$% )µ$(Ýä

1&-'$'+´- 0( -´19%& 0& 9%&Û&'* 0�¶´*�*� %�*()'$' 0µ(-& $,'+Û+'� +--´Û$'%+,& ¶)(* +-'&-*&.
�´('&ã´+*� )&* *'$'+*'+Ú(&* *(ÝÝÞ%&-' -´- *&()&1&-' Ú(& )&* )+'+Ý&* *(% 9%&Û&'* *& ã´-' 0& ¶)(*
&- ¶)(* -´19%&(º�1$+* Ú(& )&(% ¶%´¶´%'+´- *(% )µ&-*&19)& 0&* 9%&Û&'* $(Ý1&-'& �Ý$)&1&-'.
)(*+&(%* %$+*´-* ¶&(Û&-' å'%& $¶¶´%'�&* ß ,&''& ´9*&%Û$'+´-. �µ(-& ¶$%'� )& ,Ü$1¶ 0& )$
¶%´'&,'+´- ¶)(* �'&-0(� &' )µ+-,&%'+'(0& $,,%(& *(% )$ 0�)+1+'$'+´- 0& ,& ,Ü$1¶ %&-0&-' ¶)(*
0+	,+)& )$ 0+*'+-,'+´- &-'%& ,& Ú(+ &*' ¶%´'�Ý� &' ,& Ú(+ -& )µ&*' ¶$*� &' ¶&(Û&-' ,´-0(+%& ß
0&* &1¶+�'&1&-'* 0& 9%&Û&'* ¶)(* ã%�Ú(&-'*. Ù& ¶%´Ý%Þ* '&,Ü-´)´Ý+Ú(& ,´-0(+' ß (-& ,´1ä
¶)&º+¹,$'+´- 0& )µ&*¶$,& 0&* '&,Ü-´)´Ý+&* &' 0&* ¶%´0(+'*� 0´-' )&* 9%&Û&'* *& ,Ü&Û$(,Ü&-'
+-�Û+'$9)&1&-' &' ã´-' )µ́ 9â&' 0& ¶)(* 0& )+'+Ý&*. �µ$('%& ¶$%'� )$ ¶%´¶%+�'� +-'&))&,'(&))& &*'
¶)(* Û$)´%+*�& ¶$% )&* ¹%1&*. �(â´(%0µÜ(+� )&* $,'+ã* &- ¶%´¶%+�'� +-'&))&,'(&))& %&¶%�*&-'&-'
&- 1´·&--& 0&(ºä'+&%* 0& )$ Û$)&(% 0µ(-& &-'%&¶%+*&+ . Ù&* «ÔÔ ¶)(* Ý%$-0&* &-'%&¶%+*&*
$1�%+,$+-&* ,´-*$,%&-' (-& ¶$%' 0& )&(% ,$¶+'$) ß )$ ¶%´¶%+�'� +-'&))&,'(&))& ç,-�- $(º $,ä

./tuwzquu 0|tÛz�sv ó ×twssqx ðñññ ë �Ûqz~u wz ��xqzx °zìÛwzÚqyqzx í�ïutwxu ðññ1ôðñññ�2îy�3|z�{|y � ~�r|u� sq áÛqâqx �y�Ûw{�wz ù|� 
�ñò1�455v �tzq y�xí|~q qx tz uîuxïyq r|tÛ rs�{qÛtz |Û~Ûq ~��{í�x âw� tz Û�uq�t ~q {|yytzw{�xw|z�v ~|zx s�wzxwxts�v �5ô{sw{ �v � �x� ~�r|u� {|yyq y�Û�tq{|yyqÛ{w�sq�o6qâwz èwâqxxqv p�âw~ 6swzq qx 7qÛ�Ûs~ 8|uuwzÚí|êv �9�ss �xÛqqx�u �zx�rrq~ ��xqzx !rr|Ûxtzwxwqu� wz:w~~qz ;�stq æ �Û|ØxwzÚ ìÛ|y xíq °zxqssq{xt�s �Û|rqÛxî �{|z|yîv /Ût{q /qÛy�z q~�v 5ñññ�
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'+ã* +-'$-Ý+9)&*ê Ú(+ &*' ¶$**�& 0& õ½
 &- /Ñ½4 ß ¶%Þ* 0& ºÔ
 &- /ÑÑÑ Ó . Ò ¶$%'+% 0& ,&
%¹)& $(â´(%0µÜ(+ ¶%+1´%0+$) 0&* 0%´+'* 0& ¶%´¶%+�'� +-'&))&,'(&))&� -´(* -´(* +-'�%&**´-* +,+
$(º ,´1¶´%'&1&-'* *'%$'�Ý+Ú(&* 0&* 0�'&-'&(%* 0& 9%&Û&'*. ±´-�(* +-+'+$)&1&-' ,´11&
(-& $%1& 0�ã&-*+Û& ,´-'%& )µ+1+'$'+´-� +-,+'$'+´- �_ V`U� ß )µ+--´Û$'+´-� +) *&19)& Ú(& )&*
9%&Û&'* *´+&-' 0&Û&-(* &- 0�¹-+'+Û& (-& $%1& *'%$'�Ý+Ú(& ´æ&-*+Û& Ú(& )&* ¹%1&* ('+)+*&-'
¶´(% 0�ã&-0%& )&(% ¶´*+'+´- 0& 1´-´¶´)&. Ù& )+'+Ý&� ´( *+1¶)&1&-' )$ 1&-$,& 0µ(- )+'+Ý& &*'
$(â´(%0µÜ(+ (- �)�1&-' &**&-'+&) 0& )&(%* *'%$'�Ý+&* ,´11&%,+$)&*ëò . �$-* )&* *&,'&(%* 0&*
-´(Û&))&* '&,Ü-´)´Ý+&*� &' -´'$11&-' 0&* )´Ý+,+&)* ´² )& %+*Ú(& 0µ+1+'$'+´- &*' ¶)(* �)&Û�
Ú(µ$+))&(%*� (-& ¶$%' +1¶´%'$-'& 0& )&(% 9(0Ý&' &*' ,´-*$,%�& ß )$ ¶%´'&,'+´- 0& )$ ¶%´¶%+�'�
+-'&))&,'(&))& &' ß *´- &º¶)´+'$'+´-. á- ,´-*�Ú(&-,&� )µ$,'+Û+'� 0& ¶%´'&,'+´- â(%+0+Ú(& 0&*
+--´Û$'+´-* Ý�-Þ%& 0& ¶)(* &- ¶)(* 0µ$%Ý&-'. Ù& ,´�' 1´·&- 0µ(- ¶%´,Þ* *(% 9%&Û&' &*' 0&
/�4 1+))+´- 0& 0´))$%* ¶´(% ,Ü$Ú(& ¶$%'+&� &' ¶&(' $))&% $( 0&)ß 0& ´ 1+))+´-* 0& 0´))$%*ëë.
á- ´('%&� )&* %&Û&-(* 0�%+Û�* 0& )+,&-,&* *(% 9%&Û&'* *´-' ¶$**�* 0& õ 1+))+$%0* 0& 0´))$%* &-
/Ñ½Ô ß /« 1+))+$%0* 0& 0´))$%* &- /ÑÑÔ &' ß ¶%Þ* 0& /�Ô 1+))+$%0* 0& 0´))$%* &- 4ÔÔ4 ëñ .

±&* 0+æ�%&-'&* $,'+Û+'�* 0& ¶%´'&,'+´- â(%+0+Ú(& ç0�¶¹' 0( 9%&Û&'� )+'+Ý&*ê *´-' &º&%,�&*
¶$% 0&* ,$9+-&'* 0µ$Û´,$'* *¶�,+$)+*�* 0$-* )& �%´+' 0& )$ %´¶%+�'� �-'&))&,'(&))&� Ú(+ +-ä
'&%Û+&--&-' ß )$ ã´+* �_ V`U� 0$-* )$ %�0$,'+´- &' )& 0�¶¹' 0( 9%&Û&'� &' �_ QSZU ¶´(% ã$+%&
%&*¶&,'&% )&* 0%´+'* 0& )&(%* ,)+&-'* &- ,$* 0& )+'+Ý&. Ùµ&**´% %$¶+0& 0& ,&''& ¶%´ã&**+´- $(
,´(%* 0&* 0+º 0&%-+Þ%&* $--�&* ç)µ́ 	,& 0&* 9%&Û&'* $1�%+,$+- $,,%�0+'& /«ÔÔ -´(Û&$(º *¶�ä
,+$)+*'&* &- ¶%´¶%+�'� +-0(*'%+&))& ,Ü$Ú(& $--�& 0&¶(+* /ÑÑº ¸ )&(% -´19%& $ 0´(9)� &-'%&/Ñ´« &' /ÑÑ4� 0& 1å1& Ú(µ&-'%& /ÑÑõ &' 4ÔÔ4ê %�ÛÞ)& )µ+1¶´%'$-,& ,%´+**$-'& Ú(& )&* ¹%1&*
$''$,Ü&-' $(**+ 9+&- ß )$ %�0$,'+´- &' $( 0�¶¹' 0&* 9%&Û&'* Ú(µß )&(% $¶¶)+,$'+´- ç· ,´1¶%+*
)&* ¶´(%*(+'&* â(0+,+$+%&*êë.

Õ��íq ��xqzx 9�Ûu æ �íq /�xxsq x| !ïz xíq 9|Ûs~�u �q{íz|s|Úî�v <Ûq~ 9�Ûuí|ìu îv ó111�nøù|x|zu x|txqì|wu �t�ws qðwuxq tz Ûwu�tq ç �xx��tqÛ tz {|z{tÛÛqzx r|tÛ wzìÛ�{xw|zv ~�zu s� yqutÛq |û{qstwô{w rqtx {|zxÛqô�xx��tqÛ qz {|zxqux�zx s� â�sw~wx� ~t áÛqâqx ~t rs�wÚz�zx�nnùqï =|Û �wyquv ó> ~�{qyáÛq 5ññ� ë è� 6|Ûy�zv �/tuwzquu ë í| ? :qÛq Ö|yqu xíq �q{íz|s|Úî ��xqzxu�í| ? :qÛq {|yq xíq í�ïutwxu��n÷�íq �{|z|ywuxv óó �|}x 5ññó ë 6qâwz èwâqxxq qx p�âw~ 6swzqv �èqyáÛ�z~xu wz xíq îxxw{ æ �zs|{ wzÚxíq :w~~qz ;�stq |ì ��xqzxuv :�Ûâ�Û~ /tuwzquu �{í||s �Ûquu ó111 ë ��yu|z ;qÛy|zxv ���xqzx èwu �z~èqï�Û~v �|yq �tÛrÛwuwzÚ �x�xwuxw{u�v ïïï�tu�ô{�z�~��squ�|ÛÚ@ {í�rxqÛu@zqïî|Û @âqÛy|zxz|xqu�~|{�n�í� rÛ|ìquuw|z ~��â|{�x qz ~Û|wx ~qu áÛqâqxu qux {wx�q r�Ûyw squ rstu st{Û�xwâqu ~q s� �wsw{|z ;�ssqî r�Ûsq ��z 0|uq 8qÛ{tÛî ùqïu ú
 ×�zâwqÛ 5ñññ±�
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á- %�*(1�� ´- ´9*&%Û& (-& +-'&%$,'+´- 0& ¶)(* &- ¶)(* ã´%'& &-'%& )& *&,'&(% 0& èé��
Ú(+ ¶%´0(+' 0&* +--´Û$'+´-*� &' )& *&,'&(% â(%+0+Ú(&� Ú(+ ¶%´0(+' 0& )$ ¶%´'&,'+´-. #+&-
Ú(& -$'(%&)� ,& %$¶¶´%' 0& 0�¶&-0$-,& 1('(&))& ¶&(' *& %�Û�)&% ¶%´9)�1$'+Ú(& 0$-* )$
1&*(%& ´² +) %&¶´*& *(% (-& $*·1�'%+& +-ã´%1$'+´--&))&. &( ´( 1$) +-ã´%1�* &- ,& Ú(+
,´-,&%-& )&* Ú(&*'+´-* â(%+0+Ú(&*� )&* +--´Û$'&(%* -& 0+*¶´*&-' ¶$* V QR,SR, 0&* ,´1¶�'&-,&*
%&Ú(+*&* ¶´(% $**(%&% (-& ¶%´'&,'+´- &	,$,& 0& )&(%* ¶%´0(+'*� &' -& *´-' ¶$* &- 1&*(%&
0µ�Û$)(&% )µ&æ´%' 0& ¶%´'&,'+´- 0& )&(%* $Û´,$'*. ±&''& *+'($'+´- *´()ÞÛ& (- ,&%'$+- -´19%&
0µ+-'&%%´Ý$'+´-*. ±´11&-' )&* $Û´,$'* ¶&(Û&-'ä+)* &- '+%&% ¶$%'+� &' $Ý+% *(% )µ́ ,,(%%&-,&
0&* ,´-Ð+'* &' )&(% +**(& à <(&) &*' )µ+1¶$,' 0& ,&* 0+*'´%*+´-* *(% )µ&-'%�& &' )$ *'%(,'(%& 0&
1$%,Ü� à ±´11&-' )& 0�%´()&1&-' 0( ¶%´,Þ* �_ QSZU $æ&,'&ä'ä+) )$ %�0$,'+´- 0( 9%&Û&' �_
V`U� à

´(% %�¶´-0%& ß ,&* Ú(&*'+´-*� -´(* ¶%´¶´*´-* (- 1´0Þ)& 0$-* )&Ú(&) )µ$Û´,$' ,Ü´+*+'
0& ã$�´- *�Ú(&-'+&))& 0&(º Û$%+$9)&*. Ù& ,Ü´+º 0& ,&* Û$%+$9)&* *µ&æ&,'(& 0$-* (- ,´-'&º'&
+-ã´%1$'+´--&) ã$Û´%$9)& ß )µ�1&%Ý&-,& 0& ,´1¶´%'&1&-'* 0µ$)�$ 1´%$) ì +) 0´+' ã´(%-+% (-
&æ´%' ,´�'&(º 0$-* )$ %�0$,'+´- &' )& 0�¶¹' 0( 9%&Û&' ¶(+* 0$-* )& )+'+Ý& $Û&, (- +1+'$'&(%
¶´'&-'+&). ±&* 0&(º �'$¶&* +-'&%$Ý+**&-'� ,$% )µ́ ,,(%%&-,& 0& )+'+Ý& *(% (- 9%&Û&' 0�¶&-0 0&
)µ&æ´%' 0& %�0$,'+´-� ,µ&*'äßä0+%& 0& )$ 1$-+Þ%& 0´-' ,& 9%&Û&' $ �'� %�0+Ý�.

(´(* ,´-*+0�%´-* 0´-, Ú(& )& 9%&Û&' -µ&*' ¶$* (- 0%´+' &º,)(*+ã� 1$+* Ú(µ+) -& ¶%´'ÞÝ&
&	,$,&1&-' *´- 0�'&-'&(% Ú(µ$Û&, (-& ,&%'$+-& ¶%´9$9+)+'�.±&''& Û+*+´- 0( 9%&Û&' &*' %&)+�&
ß ,&))& 0& �Ü$¶+%´ &' Ù&1)&· ç4ÔÔ�ê� Ú(+ $Û$-,&-' )$ -´'+´- 0& &0%´+' ¶%´9$9+)+*'&'.
Ù´%*Ú(& )µ+--´Û$'&(% -& ¶&(' ¶$* ´9*&%Û&% ¶$* )&* &æ´%'* 0& )µ$Û´,$' ç�_ V`U� &' �_ QSZUê�

0&* ,´-Ð+'* 0µ+-'�%å' &-'%& )&* 0&(º ¶$%'+&* *´-' *(*,&¶'+9)&* 0µ�1&%Ý&%. ±&* ,´-Ð+'* ¶&(Û&-'
-�$-1´+-* å'%& ¶$%'+&))&1&-' %�*´)(* *+ )µ+--´Û$'&(% %�1(-Þ%& *´- $Û´,$' *(% )$ 9$*& 0µ(-
,´-'%$' ,´-'+-Ý&-' $( %�*()'$' ´9*&%Û�. �) *µ$Ý+' 0( ¶$,'& fX� iYSUV P,U,Zg� Ú(+ *'+¶()& Ú(&
)& ,)+&-' &*' $('´%+*� ß ¶$·&% )&* ã%$+* 0& *´- %&¶%�*&-'$-' )�Ý$) &- ã´-,'+´- 0( %�*()'$'ë§ .
Ùµ+--´Û$'&(% ´æ%& 0´-, ß *´- $Û´,$' (- ,´-'%$' ,$%$,'�%+*� ¶$% 0+æ�%&-'* '%$-*ã&%'*� *&)´-
n¯�stu rÛ�{wu�yqzxv sq r�{xq � �Ü A�äàÞ ��à�å� qux tzq {|zâqzxw|z r�uu�q qzxÛq s��â|{�x qx u|z {swqzxv �â�zxs� {|z{stuw|z ~�Øzwxwâq ~�tzq �ê�wÛq wzx�Ûquu�zx {q {swqzxv r�Û s��tqssq sq {swqzx u�qzÚ�Úq ç âqÛuqÛ ç s��â|{�xtzq r�Ûx ~t Û�utsx�x ~q s��ê�wÛqv �tq {qssqô{w {|zuwuxq qz tzq u|yyq ~��ÛÚqzx |t qz x|tx �txÛq áwqz |tâ�sqtÛ�
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Ú(µ+) · $ )+'+Ý& &' *(,,Þ*� )+'+Ý& &' �,Ü&,� ´( $(,(- )+'+Ý&.�$-* ,& ,$0%& *+1¶)& 0& 0&(º �'$¶&*
*(,,&**+Û&* 0µ$)�$ 1´%$)� -´(* ,$%$,'�%+*´-* )&* ,´-0+'+´-* 0$-* )&*Ú(&))&* )µ+-´9*&%Û$9+)+'�
0&* &æ´%'* 0& )µ$Û´,$' ,´-0(+' ß 0&* 0+*'´%*+´-* *(% )$ ã%�Ú(&-,& 0&* ,´-Ð+'* ç¶$% %$¶¶´%' ß
(-& *+'($'+´- 0µ+-ã´%1$'+´- ,´1¶)Þ'&ê.

(´(* 1´-'%´-* Ú(& ,&''& $*·1�'%+& 0µ+-ã´%1$'+´- ß 0&(º �'$¶&* 0( ¶%´,&**(* 0& ¶%´ä
'&,'+´- $ (- &æ&' $19+Ý( *(% )µ&æ´%' �_ V`U�� *&)´- )$ Û$)&(% 0&* 0´11$Ý&* $( ¶%´,Þ* &'
)$ -$'(%& 0& )$ ,´-,(%%&-,& &-'%& )µ+--´Û$'&(% &' )µ+1+'$'&(%. Ùµ$)�$ 1´%$) �_ QSZU &-'%&
)µ+--´Û$'&(% &' *´- $Û´,$' %�0(+' )µ&æ´%' $( ¶%´,Þ*� ,$% )&* +-,+'$'+´-* 0& )µ$Û´,$' ß ã´(%-+%
,&' &æ´%' 0&1&(%&-' ¶)(* ã$+9)&* Ú(& ,&))&* 0& *´- ,)+&-'. Ùµ+--´Û$'&(%� Ú(+ Û´+' *&* ,Ü$-,&*
0& Ý$Ý-&% )& ¶%´,Þ* $æ$+9)+&*� &*' ¶)(* &-,)+- ß 9)´Ú(&% )µ&-'%�& �_ V`U� $¹- 0µ�Û+'&% )& )+'+Ý&.
³$+* )µ$)�$ 1´%$) �_ V`U� &-'%& )µ+--´Û$'&(% &' *´- $Û´,$' $Ý+' 0$-* )µ$('%& *&-* ì +) 0+1+-(&
)µ&æ´%' Ú(+ ,´-*+*'& ß 0�,´(%$Ý&% )µ&-'%�&. á- ,´-*�Ú(&-,&� )µ&æ&' Ý)´9$) &*' +-,&%'$+-. �
)$ 0+æ�%&-,& 0µ(- 1´0Þ)& 1()'+ä'B,Ü&* ç6´)1*'%´1 &' ³+)Ý%´1 C/ÑÑ/Dê� )&* 0&(º *+'($'+´-*
0µ$)�$ 1´%$) *´-' +,+ *�Ú(&-'+&))&*� 0´-, )& ,Ü´+º 0& )µ&æ´%' �_ QSZU &*' ,´-0+'+´--� ¶$% )&
%�*()'$' 0& )µ&æ´%' �_ V`U�. (´(* ,´1¶$%´-* &-*(+'& ,&* %�*()'$'* $Û&, )& ,$* ´² (- $Û´,$'
0+æ�%&-' +-'&%Û+&-' ß ,Ü$Ú(& �'$¶& 0& )$ ¶%´'&,'+´- ç+) · $ $)´%* *�¶$%$'+´- &-'%& )&* 0&(º
'B,Ü&*� %�0$,'+´- 0( 9%&Û&' &' %ÞÝ)&1&-' 0( )+'+Ý&ê. ±&''& *�¶$%$'+´- 0&* 'B,Ü&* &*' *´(Û&-'
$Û$-,�& 0$-* )$ )+''�%$'(%& *(% )&* %&)$'+´-* &-'%& )&* 1�0&,+-* &' )&(%* ¶$'+&-'* ,´11& (-&
*´)('+´- $(º ¶%´9)Þ1&* 0& &0&1$-0& +-0(+'&' &-'%& 0+$Ý-´*'+, &' '%$+'&1&-'. (´(* 1´-ä
'%´-* Ú(& *+ &))& &-'%$¸-& (-& %�0(,'+´- 0( ,´-'&-'+&(º *(% 9%&Û&'* ¶$% %$¶¶´%' $( ¶%&1+&%
%$-Ý� )$ *�¶$%$'+´- 0&* 'B,Ü&* ¶&(' 0$-* ,&%'$+-* ,$* %&-ã´%,&% )&* 0+*'´%*+´-* ,%�&* ¶$%
)µ$*·1�'%+& 0µ+-ã´%1$'+´-. (´'´-* Ú(& ,&''& *�¶$%$'+´- 0&* 'B,Ü&* %&ÐÞ'& )& 0�Û&)´¶¶&1&-'
0µ(-& -´(Û&))& ¶%´ã&**+´-� ,&))& 0& ,´-*&+))&% &- ¶%´¶%+�'� +-0(*'%+&))&� Ú(+ -µ&*' ¶$* $('´%+*�&
ß ,´1¶$%$¸'%& 0&Û$-' (- '%+9(-$)� 1$+* Ú(+ ¶&(' $+0&% )&* ¹%1&* ß %�0+Ý&% )&(%* 9%&Û&'* ß
(- ¶%+º ¶)(* $9´%0$9)& Ú(& )&* ,$9+-&'* 0µ$Û´,$'*.

�+ -´(* �'(0+´-* +,+ )$ %&)$'+´- &-'%& (- +--´Û$'&(% &' *´- $Û´,$' &- ¶%´¶%+�'� +-0(*ä
'%+&))&� ,&''& *+'($'+´- 0& 0&(º �'$¶&* *(,,&**+Û&* 0µ$)�$ 1´%$) -µ&*' ,&¶&-0$-' ¶$* %&*'%&+-'&
$( ,$* 0&* 9%&Û&'*. á))& *µ$¶¶)+Ú(& ¶)(* Ý�-�%$)&1&-' ß '´(* )&* ,´-'%$'* 0$-* )&*Ú(&)* )µ$Û´ä
,$' ¶$%'+,+¶& ß )$ ã´+* ß )$ %�0$,'+´- 0( ,´-'%$' &' $( )+'+Ý& ¶´'&-'+&) Ú(+ *µ&-*(+'� &' ¶)(*
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¶$%'+,()+Þ%&1&-' 0$-* )&* ,$* ´² )$ ,´1¶)&º+'� 0( 0´1$+-& %&Ú(+&%' 0&* ¶%´ã&**+´--&)* Ú($ä
)+¹�* &' &º¶�%+1&-'�*� ,´11& ¶$% &º&1¶)& ¶´(% ,&%'$+-* ,´-'%$'* 0& ã%$-,Ü+*& 0$-* 0&*
0´1$+-&* '&,Ü-+Ú(&*.

×¿E FÅ �ÂÃÄÅÆÆÇÆ ÈÅ �ÂÃ³ÅÄ³�ÃÍG ��ÅÍ ËHÅÄ �Ë ��³³IÂË³ÇÂÅ
Ù$ Ú(&*'+´- 0( %¹)& 0&* $Û´,$'* 0$-* )& ¶%´,&**(* 0& ¶%´'&,'+´- 0&* +--´Û$'+´-* *& *+'(&

ß )$ ,´-Ð(&-,& 0& 0&(º ,´(%$-'* 0& )$ )+''�%$'(%& �,´-´1+Ú(& ì 0µ(-& ¶$%'� )$ )+''�%$'(%& *(%
)&* 9%&Û&'* &' )$ 1&*(%& 0& )&(% ¶%´'&,'+´-� 0µ$('%& ¶$%' )µ$-$)·*& 0&* %&)$'+´-* ,)+&-'ä$Û´,$'
&' )&* ¶%´9)Þ1&* 0µ$Ý&-,& Ú(µ&))&* *´()ÞÛ&-'.

�B�BC JK �Q�NKJJMJ LK �Q��KN���F
Ù& 9%&Û&' &*' (- 0´,(1&-' â(%+0+Ú(& Ú(+ ,´1¶´%'& (-& 0&*,%+¶'+´- 0& )µ+-Û&-'+´- ¶%´'�ä

Ý�&� *(+Û+& 0µ(-& )+*'& 0& %&Û&-0+,$'+´-* Ú(+ 0�¹-+**&-' )& ,Ü$1¶ 0& ¶%´'&,'+´- 0$-* )&Ú(&)
)&* $('%&* +-Û&-'+´-* Û+´)&-' )&* 0%´+'* 0( 0�'&-'&(%. �$-* )& 0%´+' $1�%+,$+-� )& %¹)& 0µ(-&
%&Û&-0+,$'+´- &*' 0& ã´(%-+% )&* &9´%-&* &' )+1+'&*' 0( 0%´+' Ú(& )& 9%&Û&' ,´-ãÞ%& ß *´-
0�'&-'&(% ¶´(% &º,)(%& )&* $('%&* 0& ã$+%&� ('+)+*&%� ´( Û&-0%& )µ+-Û&-'+´- ¶%´'�Ý�&. Ù&* %&ä
Û&-0+,$'+´-* 0�'&%1+-&-' &- Ý%$-0& ¶$%'+& )$ Û$)&(% �,´-´1+Ú(& 0( 9%&Û&' ß '%$Û&%* *$
)$%Ý&(%� +-0(+*$-' (- &æ&' 0+**($*+ã *(% )µ&-'%�&. á- &æ&'� +) · $ +-ã%$,'+´- 0( 9%&Û&' *+ )$
,´-'%&ã$�´- $ 0&* �)�1&-'* *+1+)$+%&* ß ,&(º 0�,%+'* ¶$% )&* %&Û&-0+,$'+´-*.)(* ¶%�,+*�1&-'�
)&* 0%´+'* 0( 0�'&-'&(% 0µ(- 9%&Û&' *´-' &-ã%&+-'* *+ )µ+1+'$'+´- ¶´'&-'+&))& ,´1¶´%'& ,Ü$,(-
0&* �)�1&-'* 0µ(-& %&Û&-0+,$'+´- 0( 9%&Û&'. ó- ¶%´0(+' 0´-' )&* �)�1&-'* *´-' &º$,'&1&-'
)&* 1å1&* Ú(& ,&(º 0�,%+'* ¶$% )& 9%&Û&' ,´-*'+'(& (-& &+-ã%$,'+´- )+''�%$)&' ç& P,U�RVP , Ẁ R,`�
k�h�`U'ê. ±&¶&-0$-'� )$ ¶)(¶$%' 0( '&1¶*� ,&* �)�1&-'* *´-' *+1+)$+%&*� *$-* '´('&ã´+* å'%&
+0&-'+Ú(&*. �-'&%Û+&-' $)´%* )$ 0´,'%+-& 0&* �Ú(+Û$)&-'*� *&)´- )$Ú(&))& (- +1+'$'&(% Ú(+ $
1´0+¹� 0&* 0�'$+)* 1+-&(%* ´( ¶&( *(9*'$-'+&)* 0& )µ+-Û&-'+´- *$-* &- ,Ü$-Ý&% )µ&**&-,& &*'
,´(¶$9)& 0& Û+´)$'+´- 0( 9%&Û&'.

$% ,´-*�Ú(&-'� ¶)(* )& ,Ü$1¶ ,´(Û&%' ¶$% )&* %&Û&-0+,$'+´-* &*' �'&-0(� ¶)(* +) &*' 0+ãä
¹,+)& ¶´(% (- ,´-,(%%&-' ¶´'&-'+&) 0µ&-'%&% *(% )& 1$%,Ü� *$-* ¶´(% $('$-' Û+´)&% )& 9%&Û&'.
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Ù$ %�0$,'+´- 0( 9%&Û&' +1¶)+Ú(& 0´-, (-& Ý%$-0& Û$%+�'� 0& %&Û&-0+,$'+´-* &' 0µ$)'&%-$'+Û&*
¶´'&-'+&))&*� 0$-* (- )$-Ý$Ý& $))+$-' 0&* '&%1&* ,)$+%* &' ¶%�,+* ß (-& $19+Ý(K'� 0�)+9�%�&.
�$-* )µ+-'�%å' 0( 0�'&-'&(% 0( 9%&Û&'� )&* '&%1&* 0&* %&Û&-0+,$'+´-*� '´(' &- �'$-' ¶&(
-´19%&(º� 0´+Û&-' &-Ý)´9&% 0& )$%Ý&* 0�¹-+'+´-* ¶´(% )$+**&% ¶)$,& ß 0& )µ+-,&%'+'(0& â(ä
%+0+Ú(&. á- ,´-'%&¶$%'+& 0( 1´-´¶´)& Ú(µ+) ,´-ãÞ%& ß *´- 0�'&-'&(%� )µ$,,´%0 0µ(- 9%&Û&'
+1¶)+Ú(& *$ ¶(9)+,$'+´-� 0& 1$-+Þ%& ß 0+æ(*&% )µ+-Û&-'+´- &' 0�)+1+'&% *´- ,Ü$1¶ $(º ·&(º
0&* ,´-,(%%&-'*. Ù&* $('%&* +--´Û$'&(%*� &-'%$-'* &' ,´-,(%%&-'* ¶´'&-'+&)*� ´9*&%Û&-' 0´-,
)& 9%&Û&' $Û$-' 0& ¶%&-0%& )&(% 0�,+*+´- 0µ&-'%&% *(% )& 1$%,Ü�. Ù& ,´-'&-( &' )$ ã´%1& 0&*
%&Û&-0+,$'+´-* â´(&-' (- %¹)& 0�,+*+ã 0$-* ,& ,Ü´+º. ó- &æ´%' 0& %�0$,'+´- �)&Û� ¶&%1&'
0µ�'&-0%& )& ,Ü$1¶ ,´(Û&%' ¶$% )& 9%&Û&'� ,& Ú(+ 0+**($0& )&* &-'%$-'* ¶´'&-'+&)*� 0& '&))&
*´%'& Ú(& *´- 0�'&-'&(% %&*'& &- 1´-´¶´)& *$-* *& ã$+%& +1+'&%. Ùµ́ 9â&,'+ã 0( 0�'&-'&(% 0µ(-
9%&Û&' &*' 0& ,´(Û%+% (- Û$*'& ,Ü$1¶ 0& %&Û&-0+,$'+´-* &- +-,)($-' (-& Ý%$-0& Û$%+�'� 0&
0&*,%+¶'+´-*. �$-* )& ¶%´,Þ* $1�%+,$+- #%&-&% Û* ³$-*´- ç/Ñ´´ê� &)µ$%' 0& %�0+Ý&% )& 9%&Û&''
�'$+' 0�,%+' ,´11& )& ã$+' 0& &%�Û�)&% )& 1´+-* 0µ+-ã´%1$'+´-* ¶´**+9)& '´(' &- �'&-0$-' )&
¶)(* ¶´**+9)& )& ,Ü$1¶ 0&* %&Û&-0+,$'+´-*' ë� .
�('%& )$ ã$�´- 1å1& 0& %�0+Ý&% )&* %&Û&-0+,$'+´-*� -´'´-* Ú(& ,&' &æ´%' ,´1¶%&-0 )&

â&( â(%+0+Ú(& $Û&, )&* &º$1+-$'&(%* 0& )µ́ 	,& 0&* 9%&Û&'* )´%* 0( 0�¶¹'� Ú(+ ,´-*+*'& ß
)&(% ã$+%& $,,&¶'&% (- 9%&Û&' )& ¶)(* )$%Ý& ¶´**+9)&� *$-* Ú(µ+)* %&â&''&-' )$ ã´%1()$'+´- 0&*
%&Û&-0+,$'+´-*. á-¹-� -´(* ¶´(Û´-* +-'&%¶%�'&% )µ&æ´%' 0& %�0$,'+´- &' 0& 0�¶¹' &- '&%1&*
0& ¶´%'&ã&(+))& 0& 9%&Û&'*� ,µ&*'äßä0+%& ,´11& )& -´19%& 0& 9%&Û&'* 0�¶´*�* ¶´(% ¶%´'�Ý&%
)&* ,´1¶´*$-'&* 0µ(-& 1å1& +-Û&-'+´-. Ù$ *'%$'�Ý+& 0& ¶´%'&ã&(+))& 0& 9%&Û&'* &*' &- &æ&'
0& ¶)(* &- ¶)(* %�¶$-0(& $( *&+- 0&* &-'%&¶%+*&* +--´Û$-'&* Ú(+ %&,´--$+**&-' )µ('+)+*&%
¶´(% 0& 1()'+¶)&* %$+*´-* ,´11&%,+$)&*� ,´11& *´('&-+% )&(% ¶´*+'+´- 0& 1$%,Ü�� ¶%´'�Ý&%
)&(%* &æ´%'* 0& èé� &' Ý�-�%&% 0&* %&Û&-(* 0& )+,&-,&*. ±&¶&-0$-'� %�0+Ý&% &' *´(1&''%&
¶)(*+&(%* 9%&Û&'* ß )µ́ 	,& 0&* 9%&Û&'* &*' (-& *'%$'�Ý+& ¶)(* ,´�'&(*& Ú(& *& ,´-'&-'&% 0µ(-
*&() &' 1å1& 9%&Û&' ¶´(% )µ+-Û&-'+´- 0$-* *´- &-*&19)&. �& ,& ¶´+-' 0& Û(&� )µ+0�& *&)´-
)$Ú(&))& (- &æ´%' �)&Û� %�0(+' )$ ¶%´9$9+)+'� 0& )+'+Ý& &*' ,´-¹%1�& &1¶+%+Ú(&1&-' ¶$% )&*
n"�îÛx |ì ~Û�ìxwzÚ r�xqzx {s�wyu u| xí�x xíqî ~wu{s|uq �u swxxsq tuqìts wzì|Ûy�xw|z �u r|uuwásq ïíwsq áÛ|�ô~qzwzÚ xíq u{|rq |ì xíq {s�wyu �u ïw~qsî �u r|uuwásq�
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%�*()'$'* 0& �. �. Ù$-â´(5 &' ³. �,Ü$-�&%1$- ç4ÔÔ/ê� *&)´- )&*Ú(&)* ¶)(* (-& ¹%1& ¶´**Þ0&
0& 9%&Û&'* *(% *´- +-Û&-'+´-�1´+-* &))& &*' *(*,&¶'+9)& 0µ&-Ý$Ý&% 0&* ¶´(%*(+'&* â(0+,+$+%&*
¶´(% ã$+%& Û$)´+% *&* 0%´+'*.
Ù$ 1$¸'%+*& 0( )$-Ý$Ý& â(%+0+Ú(& %&Ú(+&%' 0&* ,´1¶�'&-,&* &' (-& ,&%'$+-& &º¶�%+&-,&

0( �%´+' 0& )$ %´¶%+�'� �-'&))&,'(&))& ´æ&%'&* ¶$% 0&* $Û´,$'* *¶�,+$)+*�*. �$1+)+&%* 0&*
,´0&* &' 0&* $*'(,&* Ú(& -�,&**+'& )$ %�0$,'+´- 0( 9%&Û&'� +)* *´-' ß 1å1& 0µ('+)+*&% )&(%
&º¶&%'+*& â(%+0+Ú(&� ß )$ ã´+* 0$-* )$ ã´%1()$'+´- 0&* %&Û&-0+,$'+´-* &' )& ,Ü´+º 0&* '&%1&*
¶´(% �'$9)+% (- 9%&Û&' $(**+ )$%Ý& Ú(& ¶´**+9)&� &' 0$-* )$ -�Ý´,+$'+´- $Û&, )&* &º$1+-$'&(%*
¶´(% )& ã$+%& Û$)+0&% ¶$% )µ�	,& 0&* #%&Û&'*. �(º �'$'*äó-+* &- /ÑÑ4� 0$-* )& ¶%´,Þ* 0&
�´¶)+æ ]Z �´¶)+æ� ´- ´9*&%Û$+' 0�âß Ú(& &)&* *¶�,+¹,$'+´-* &' )&* %&Û&-0+,$'+´-* 0µ(- 9%&Û&'
,´-*'+'(&-' )µ(- 0&* +-*'%(1&-'* â(%+0+Ú(&* )&* ¶)(* 0+	,+)&* ß %�0+Ý&% $Û&, &º$,'+'(0&� &-
¶$%'+,()+&% *+ )µ+-Û&-'+´- &*' ,´1¶)+Ú(�&'. ±&''& ´9*&%Û$'+´- &*' ,´-¹%1�& ¶$% )& -´19%&
,%´+**$-' 0& ã´%1$'+´-* 0& %�0$,'+´- 0&* 9%&Û&'* ´æ&%'&* ¶$% )&* �,´)&* 0& �%´+'.

ó-& ã´+* *´- 9%&Û&' %�0+Ý� &' 0�¶´*� $(¶%Þ* 0& )µ�	,& 0&* #%&Û&'*� )µ+--´Û$'&(% *(%ä
Û&+))& )& 1$%,Ü� $¹- 0& 0�'&,'&% )&* +1+'$'&(%* ¶´'&-'+&)*. �) ¶&(' *´(¶�´--&% )µ+-ã%$,'+´- *+
0µ$('%&* ¹%1&* &-'%&-' *(% )& 1$%,Ü� $Û&, 0&* ¶%´0(+'* ´( 0&* ¶%´,�0�* *+1+)$+%&*. ±%$1¶&*
&' Ù$-Ý+-+&% ç4ÔÔ4ê ã´-' (-& $-$)·*& 0& ,&''& �'$¶& 0& *(%Û&+))$-,& &' 0& 0�'&,'+´-. �+ '&) &*'
)& ,$*� )& 0�'&-'&(% 0( 9%&Û&' ã$+' ß -´(Û&$( $¶¶&) ß *´- $Û´,$' ¶´(% ã$+%& Û$)´+% *&* 0%´+'*
&' &-'$1&% 0&* ¶´(%*(+'&* â(0+,+$+%&* ß )µ&-,´-'%& 0& )µ+1+'$'&(% ¶´'&-'+&). ±&* ¶´(%*(+'&*
&' )& ¶%´,Þ* Ú(+ *µ&-*(+' 0&1$-0&-' (- -´(Û&) &æ´%' ¶´(% ¶%´(Û&% )$ ,()¶$9+)+'� 0& )µ$,,(*��
,-�- )µ+-ã%$,'+´- 0( 9%&Û&'. Ù& â(Ý&1&-' 0( '%+9(-$)� &' ¶)(* Ý�-�%$)&1&-' )µ+**(& 0( )+'+Ý&�
0�¶&-0&-' 0& ,&' &æ´%'. ��'&,'&% &' ¶´(%*(+Û%& 0&* +1+'$'&(%* ´æ%& $( 0�'&-'&(% 0( 9%&Û&'
)µ́ ,,$*+´- 0& '´(,Ü&% (-& )+,&-,& &' 0&* 0´11$Ý&* ¶´'&-'+&)* $( ¶%´,Þ*. �(º �'$'*äó-+*�
)& ¶)$+Ý-$-'� *µ+) &*' Û+,'´%+&(º� %&�´+' 0&* 0´11$Ý&* ,´1¶&-*$'´+%&* çÚ(+ ,´1¶&-*&-' )&*
¶&%'&* ,´-*'$'�&* )+�&* ß )µ+-ã%$,'+´-ê� $+-*+ Ú(& 0&* 0´11$Ý&* ¶(-+'+ã* *+ )µ+-ã%$,'+´- &*'
â(Ý�& +-'&-'+´--&))&� Ú(+ ¶&(Û&-' $))&% â(*Ú(µ$( '%+¶)& 0( 0´11$Ý& ,´-*'$'�ë# . á- ´('%&� )&*
n.�z �tÛ|rqv s� ~wÛq{xwâq ó114@4�@�Öv áwqz �t�qssq zq yqzxw|zzq r�u squ ~|yy�Úqu rtzwxwìuv |êÛq çs� âw{xwyq sq {í|wð qzxÛq ~�tzq r�Ûx ~qu ~|yy�Úqu ~�tz y|zx�zx Øðqv �Ú�s �t ~|tásq ~t y|zx�zx ~qÛ|î�sxwqu �tw �tÛ�wqzx �x� �x�áswqu uw s�wywx�xqtÛ �â�wx ~qy�z~� s��tx|Ûwu�xw|zv qx ~��txÛq r�Ûx ~qu ~|yy�Úqu{|yrqzu�x|wÛqu �tw rÛqz~Û�wqzx qz {|yrxq ~qu �s�yqzxu �txÛqu �tq Øz�z{wqÛuv {|yyq sq rÛ�×t~w{q y|Û�sr�Û qðqyrsq� pq rstu squ rÛ|Øxu ~q s�wywx�xqtÛ rqtâqzx LxÛq �×|tx�u �tð ~|yy�Úqu� Öqxxq ~wÛq{xwâq y�Û�tq
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¶´(%*(+'&* â(0+,+$+%&* ß )µ&-,´-'%& 0&* +1+'$'&(%* ¶´'&-'+&)* ¶&(Û&-' *µ+-'&%¶%�'&% ,´11& (-
1´·&- 0& 0�)+1+'&% )& '&%%+'´+%& ¶%´'�Ý� ¶$% *´- 9%&Û&'� ,&)$ $·$-' Û$)&(% 0& *+Ý-$) ß )µ&-ä
,´-'%& 0&* $('%&* ,´-,(%%&-'*. �) &- 0�,´()& (- &æ&' 0& %�¶('$'+´- &' 0& 0+**($*+´-� Ú(µ+) &*'
+1¶´%'$-' 0& ¶%&-0%& &- ,´-*+0�%$'+´-. �$,& ß (-& ¹%1& ß )$ %�¶('$'+´- 0& Ý&*'+´- 0& *´-
¶´%'&ã&(+))& 0& 9%&Û&'* $Ý%&**+Û&� )&* +1+'$'&(%* ¶´'&-'+&)* %&*'&-' *(% )&(%* Ý$%0&*. Ò ¶)(*
)´-Ý '&%1&� ,&''& ¹%1& &*' *(*,&¶'+9)& 0µ$Û´+% ß &-'$1&% 1´+-* 0& ¶´(%*(+'&* ,´�'&(*&*� &'
0µ$(Ý1&-'&% *&* %&Û&-(* *(% )+,&-,&*. �('%&1&-' 0+'� (-& *'%$'�Ý+& ´æ&-*+Û& ¶&(' ,´-*'+ä
'(&% )$ 1&+))&(%& 0�ã&-*& ¶´(% (- 0�'&-'&(% 0& 9%&Û&'*. �$-* )&* +-0(*'%+&* '&,Ü-´)´Ý+Ú(&*
ç0&* ,´11(-+,$'+´-* &' )´Ý+,+&)* $(º 1�0+,$1&-'* &' 9+´'&,Ü-´)´Ý+&*ê� )&* ¹%1&* ('+)+*&-'
)&* ¶´(%*(+'&* â(0+,+$+%&* ,´11& (-& $%1& *'%$'�Ý+Ú(& Ú(+ &¶%´'ÞÝ& )&(% ¶´*+'+´- 0& )&$0&%
0$-* )µ+-0(*'%+&'� &%$)&-'+' )&* ,´-,(%%&-'*' &' )&(% ´æ%& 0&* %&Û&-(* *(¶¶)�1&-'$+%&* ¶´'&-ä
'+&)*ë). á- 0µ$('%&* '&%1&*� )& Ý$+- 0& )µ+--´Û$'&(% )´%*Ú(µ+) Ý$Ý-& )& ¶%´,Þ* ¶&(' 0�¶$**&%
*´- Ý$+- )´%*Ú(µ+) -µ&*' ¶$* +1+'� &' Ú(µ+) %&*'& &- 1´-´¶´)&.

�B�B� JK NMG�� LK �Q��KN���F LKJ �QKNK�J
�) &º+*'& (-& )+''�%$'(%& $9´-0$-'& *(% )&* 9%&Û&'* &' )&(% &æ&' *(% )µ+--´Û$'+´- &' )&*

*'%(,'(%&* 0& 1$%,Ü�. Ù& ¶%´,&**(* 0& ¶%´'&,'+´- 0( 9%&Û&' *& ã$+' &- 0&(º �'$¶&* ì (-&
�'$¶& �_ V`U�� $Û$-' )$ 0�)+Û%$-,&� 0& %�0$,'+´- * 0�¶¹' 0( 9%&Û&'� &' (-& �'$¶& �_ QSZU� $¶%Þ*
)$ 0�)+Û%$-,&� 0& )+'+Ý& ¶´(% ã$+%& Û$)´+% )&* 0%´+'* 0( 9%&Û&'. �+ ,&%'$+-* $%'+,)&* $0´¶'&-'
(-& $¶¶%´,Ü& �_ V`U� &' 0µ$('%&* (-& $¶¶%´,Ü& �_ QSZU� $(,(- -& *&19)& *µ+-'�%&**&% $( )+&-
&-'%& ,&* 0&(º �'$¶&*.
�O°O°Oõ P§ ¤Q�R S ®� T�U�VWXYZ ¯W ®¯ U�[\W U] ^T¯_¯W
Ù&* $%'+,)&* Ú(+ $0´¶'&-' (-& $¶¶%´,Ü& �_ `ab�� *´+' $Û$-' )$ 0�)+Û%$-,& 0( 9%&Û&'� *µ+-ä

'�%&**&-' ß *&* ,$%$,'�%+*'+Ú(&* �,´-´1+Ú(&*. ó- 9%&Û&' *& ,$%$,'�%+*& ¶$% 0&(º 0+1&-*+´-* ì
)$ )´-Ý(&(%� Ú(+ ,´%%&*¶´-0 ß *$ 0(%�& 0& Û+&� ,µ&*'äßä0+%& $( -´19%& 0µ$--�&* &-'%& *$ 0�ä
tz {í�zÚqyqzx ~q s�Úwus�xw|zv squ ~|yy�Úqu �x�zx �tr�Û�â�zx swywx�u ç s� uxÛw{xq {|yrqzu�xw|z�n2ùqï =|Û �wyquv c> ~�{qyáÛq 5ññ� ë è� 6|Ûy�zv �/tuwzquu ë í| ? :qÛq Ö|yqu xíq �q{íz|s|Úî ��xqzxu�í| ? :qÛq {|yq xíq í�ïutwxu��
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)+Û%$-,& &' *´- &º¶+%$'+´- ç0$'& ß )$Ú(&))& +) '´19& 0$-* )& 0´1$+-& ¶(9)+,ê ë+ ¸ )$ )$%Ý&(%�
Ú(+ 0�¹-+' )& ,Ü$1¶ 0µ$¶¶)+,$'+´- 0&* 0%´+'* 0µ&º¶)´+'$'+´- &' 0µ$¶¶)+,$'+´- ,´-ã�%�* $(
0�'&-'&(%. 2�-�%$)&1&-'� )$ )$%Ý&(% &*' $**+1+)�& $( 0&Ý%� 0& *+1+)$%+'� &-'%& 0&(º +-Û&-ä
'+´-* $('´%+*�& ¶$% )& *·*'Þ1& *$-* Ú(µ+) · $+' +-ã%$,'+´- 0( 9%&Û&'. Ù$ ¶)(¶$%' 0&* $%'+,)&*
$-$)·*&-' )µ&æ&' 0µ(- ,Ü$-Ý&1&-' 0&* ,$%$,'�%+*'+Ú(&* &' 0+1&-*+´-* 0( 9%&Û&' *(% )µ$%9+ä
'%$Ý& &-'%& )&* +-,+'$'+´-* Ú(µ+) ¶%´,(%& ß )µ+--´Û$'&(% &' )$ *´(*ä('+)+*$'+´- 0& )µ+--´Û$'+´-
&-Ý&-0%�& ¶$% )& 1´-´¶´)&. Ù&(% ´9â&,'+ã �'$-' )$ ,$%$,'�%+*$'+´- 0& )$ )$%Ý&(% ´¶'+1$)&
0( 9%&Û&'� ,&* $%'+,)&* ,´-*+0Þ%&-' ,&''& Û$%+$9)& ,´11& (- +-*'%(1&-' Ú(+ 0´+' 0´--&%
*(	*$11&-' 0µ+-,+'$'+´-* ß +--´Û&%� '´(' &- )+1+'$-' )&* ,´�'* *´,+$(º +**(* 0& )$ *+'($'+´-
0& 1´-´¶´)& ,%�& ¶$% )& 9%&Û&'.
Ù$ Ú(&*'+´- 0& )$ ,´19+-$+*´- )$%Ý&(%*)´-Ý(&(% 0( 9%&Û&' &*' -´'$11&-' $-$)·*�& ¶$%

 )&1¶&%&% ç/ÑÑÔê� 2+)9&%' &' �Ü$¶+%´ ç/ÑÑÔê &' 2$))+-+ ç/ÑÑ4ê 0$-* (- ,$0%& *'$'+Ú(&.
 )&1¶&%&% ç/ÑÑÔê ,Ü&%,Ü& ß 0�'&%1+-&% )$ )$%Ý&(% ´¶'+1$)& 0( 9%&Û&'� '$-0+* Ú(& 2+)9&%' &'
�Ü$¶+%´ ç/ÑÑÔê �'(0+&-' )$ ¶´%'�& 0( ¶´(Û´+% 0& 1´-´¶´)& 0( 0�'&-'&(% 0( 9%&Û&' $**´,+�&
ß (-& )$%Ý&(% 0´--�&. Ù$ 0�¹-+'+´- 0& )$ )$%Ý&(% &*' *¶�,+¹Ú(& ß ,Ü$Ú(& $%'+,)&� ,& Ú(+
)&* $1Þ-& ß 0&* ,´-,)(*+´-* 0+æ�%&-'&*. Ò ¶$%'+% 0µ(-& +-'&%¶%�'$'+´- 0& )$ )$%Ý&(% ,´11&
(-& ,$%$,'�%+*'+Ú(& 0( 9%&Û&' Ú(+ $æ&,'& )& Ð(º 0& ¶%´¹' 0( 9%&Û&'�� 2+)9&%' &' �Ü$¶+%´
ç/ÑÑÔê 1´-'%&-' Ú(µß )µ́ ¶'+1(1 *´,+$) )$ )´-Ý(&(% 0´+' å'%& +-¹-+&.  )&1¶&%&% ç/ÑÑÔê� Ú(+
0�¹-+' )$ )$%Ý&(% &- '&%1&* 0& 0+æ�%&-,+$'+´- Ü´%+3´-'$)&� ,´11& )$ 0+*'$-,& -�,&**$+%& ¶$%
%$¶¶´%' $( ¶%´0(+' 9%&Û&'� ¶´(% -& ¶$* Û+´)&% )& 9%&Û&'� 1&' &- $Û$-' 0&(º ,´19+-$+*´-*
´¶'+1$)&* ¶´**+9)&* 0&* 0+1&-*+´-* 0( 9%&Û&' ç)$%Ý&(% +-¹-+&*)´-Ý(&(% ¹-+& ´( )´-Ý(&(%
+-¹-+&*)$%Ý&(% ¹-+&ê &- ã´-,'+´- 0&* ¶%�ã�%&-,&* 0&* ,´-*´11$'&(%*� Ú(+ 0�'&%1+-&-' )&*
¶&%'&* *´,+$)&* &-Ý&-0%�&* ¶$% ,Ü$Ú(& '·¶& 0& 9%&Û&' ç)&* ,´-*´11$'&(%* -& ¶&(Û&-' ¶$*
$,Ú(�%+% )&(% ¶%´0(+' +0�$) *+ ,&)(+ä,+ &-ã%&+-' (- 9%&Û&'.ê. 2$))+-+ ç/ÑÑ4ê +-'&%¶%Þ'& ¶´(%
*$ ¶$%' )$ )$%Ý&(% 0( 9%&Û&' ,´11& )& ,´�' 0& 0�Û&)´¶¶&% (- ¶%´0(+' *(9*'+'(' $( ¶%´0(+'
¶%´'�Ý� *$-* ¶´(% $('$-' &- &-ã%&+-0%& )& 9%&Û&' ì ¶)(* )& 9%&Û&' &*' )$%Ý&� ¶)(* +) &*' ,´�'&(º
¶´(% )&* ,´-,(%%&-'* ¶´'&-'+&)* 0µ&-'%&% *(% )& 1å1& 1$%,Ü� *$-* &-ã%&+-0%& )& 9%&Û&'� ,&
Ú(+ �Û+'& 0&* ,´�'* *´,+$)&1&-' +-('+)&* 0& 0�Û&)´¶¶&1&-' 0& *(9*'+'('*.
noí� ~tÛ�q ~q âwq qux �t×|tÛ~�ítw á|Ûz�q ç c1 �zu �rÛïu s� ~�xq ~q ~�r�x ~t áÛqâqx ~�zu x|tu squ r�îu�
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á- ,´-*+0�%$-' )µ$,'+Û+'� 0& èé� ,´11& (- ¶%´,&**(* *�Ú(&-'+&)� 0$-* )&Ú(&) )& 9%&Û&'
¶&%1&' $(º +--´Û$'&(%* 0µ$,,�0&% $(º ,´--$+**$-,&* 0& )&(%* ¶%�0�,&**&(%*� ,&%'$+-* $%'+,)&*
*´()ÞÛ&-' )$ Ú(&*'+´- 0& )µ+-,+'$'+´- ß +--´Û&%� &' ß %�Û�)&% )&(%* ,´--$+**$-,&* &- 0�¶´*$-'
(- 9%&Û&'. ´(% ,&)$� +)* +-'%´0(+*&-' )$ ¶´**+9+)+'� 0& Û+´)$'+´- 0µ(- 9%&Û&' +-+'+$) ¶$% (-
*&,´-0 +--´Û$'&(%� Ú(+ 0´--& )+&( ß (- ¶%´,Þ*. �$-* ±Ü$-Ý ç/ÑÑ«ê &' 2%&&- &' �,´',Ü1&%
ç/ÑÑ«ê� )$ )$%Ý&(% 0( 9%&Û&' +-+'+$) 0�'&%1+-& )$ ¶%´9$9+)+'� 0µ+-ã%$,'+´-. Ù$ )$%Ý&(% ,´%%&*ä
¶´-0 ß )µ$1�)+´%$'+´- 1+-+1$)& %&Ú(+*& ¶´(% �Û+'&% 0& Û+´)&% (- 9%&Û&' $-'�%+&(%� &' ¶%´'ÞÝ&
0´-, )µ+--´Û$'&(% 0&* $1�)+´%$'+´-* ã('(%&* 0( ¶%´0(+'. Ù$ Û+´)$'+´- 0( 9%&Û&' ¶&%1&' (-
'%$-*ã&%' 0( *&,´-0 +--´Û$'&(% Û&%* )& ¶%&1+&% ß '%$Û&%* (- $,,´%0 0& )+,&-,&� �d `ab�ëÓ �
´( �d efgb. 2%&&- &' �,´',Ü1&% ç/ÑÑ«ê �'(0+&-' )$ -�Ý´,+$'+´- 0&* '&%1&* 0& ,&' $,,´%0
&-'%& )&* 0&(º +--´Û$'&(%*� &- ã´-,'+´- 0&* 0+1&-*+´-* 0( 9%&Û&'� &' 1´-'%&-' Ú(& )µ$,,´%0
�d `ab� $**(%& )µ&-'%�& 0( *&,´-0 +--´Û$'&(%� 1$+* -& ¶&%1&' ¶$* $( ¶%&1+&% +--´Û$'&(%
0& ,$¶'(%&% )$ '´'$)+'� 0( *(%¶)(* 0( *&,´-0 +--´Û$'&(%. á- 1&''$-' )µ$,,&-' *(% )µ$*¶&,'
0+æ(*+´- 0& )µ+--´Û$'+´-� ³$'('&* &' `h,, ç/ÑÑ´ê ¶(+* �µ�´-´ÝÜ(& &' `h,, ç/ÑÑ½ê ,Ü&%,Ü&-'
)& ,´(¶)& )$%Ý&(%ä)´-Ý(&(% 0( 9%&Û&' Ú(+ 1$º+1+*& (-& ã´-,'+´- 0& 9+&-äå'%& *´,+$). �)* %$+ä
*´--&-' 0$-* )& ,$0%& 0µ(-& *�Ú(&-,& +-¹-+& 0µ+--´Û$'+´-* *(% (-& �,Ü&))& 0& Ú($)+'�. ´(%
³$'('&* &' `h,, ç/ÑÑ´ê� (- 9%&Û&' )$%Ý& %�*&%Û& ß *´- 0�'&-'&(% (- ,&%'$+- -´19%& 0µ$¶ä
¶)+,$'+´-* &' )& 9+&-äå'%& &*' 1$º+1+*� ¶$% 0&* 9%&Û&'* 0& )$%Ý&(% )+1+'�& &' 0& )´-Ý(&(%
+-¹-+&. �µ�´-´ÝÜ(& &' `h,, ç/ÑÑ½ê 1&''&-' &- �Û+0&-,& )$ -´'+´- 0& 0(%�& 0& Û+& i&æ&,'+Û&i
0µ(- 9%&Û&'� Ú(+ *µ$%%å'& )´%*Ú(& )& ¶%´0(+' &*' 0�'%¹-� ¶$% (- $('%& 0& 1&+))&(%& Ú($)+'�.
±&''& 0(%�& &æ&,'+Û& 0�¶&-0 -´- *&()&1&-' 0& )$ )´-Ý(&(% 1$+* �Ý$)&1&-' 0& )$ )$%Ý&(% ì
(- %�Ý+1& 0$-* )&Ú(&) )$ )´-Ý(&(% &*' ã$+9)& &' )$ )$%Ý&(% +))+1+'�& *& %�ÛÞ)& )& ¶)(* &	,$,&�
,$% +) $**(%& (-& 0+æ(*+´- %$¶+0& 0&* -´(Û&$(º ¶%´0(+'* ç+.&. )$ 0(%�& 0& Û+& &æ&,'+Û& &*'
¶)(* ,´(%'&ê.
�O°O°O° P§ jk£� S ®¯ ®XWXl¯
Ù&* $%'+,)&* Ú(+ $0´¶'&-' (-& $¶¶%´,Ü& �d efgb� (-& ã´+* )& 9%&Û&' 0�)+Û%� &' *µ+) ã$+'

)µ́ 9â&' 0µ(- )+'+Ý&� �'(0+&-' Ú($-' ß &(º )& ,´1¶´%'&1&-' 0( 0�'&-'&(% 0( 9%&Û&' &' )&*
nÕ�â�zx s�wzxÛ|~t{xw|z utÛ sq y�Û{í� ~t uq{|z~ rÛ|~twxv ws u��Úwx �s|Ûu ~�tzq mnä�ßà oÜßà��Üp
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+**(&* ¶´**+9)& 0( )+'+Ý&. Ù& *·*'Þ1& 0& ¶%´'&,'+´- 0&* 9%&Û&'* &*' +1¶$%ã$+'� 0$-* )$ 1&*(%&
´² )& %&*¶&,' 0&* 0%´+'* &' )&(% 0�)+1+'$'+´- ¶&(Û&-' ¶´*&% ¶%´9)Þ1&� &' ,%�&% 0&* *+'($'+´-*
0& )+'+Ý&*� ´² )& 0�'&-'&(% 0& 0%´+'* $,,(*& (- ,´-,(%%&-' 0µ+-ã%$,'+´-. ±&* *+'($'+´-* 0&
)+'+Ý&* ´-' �'� �'(0+�&* ¶$% �´�+ &' 6( ç/ÑÑÑ$ &' /ÑÑÑ9ê &' ±%$1¶&* &' Ù$-Ý+-+&% ç4ÔÔ4ê.
�´�+ &' 6( ç/ÑÑÑ$ &' /ÑÑÑ9ê $-$)·*&-' )& 0�%´()&1&-' &' )&* +**(&* ¶´**+9)&* 0µ(- )+'+Ý&
&-'%& )& 0�'&-'&(% 0µ(- 9%&Û&' &' (- +1+'$'&(% ¶´'&-'+&). Ùµ+**(& 0( ¶%´,Þ* &*' +-,&%'$+-&�
&' 0�¶&-0 0& )$ ¶%´9$9+)+'� &º´ÝÞ-& $Û&, )$Ú(&))& )& '%+9(-$) â(Ý& Ú(& )& 9%&Û&' &*' &-ã%&+-'�
$(Ú(&) ,$* )µ+1+'$'&(% 0´+' Û&%*&% ß )µ+--´Û$'&(% 0&* 0´11$Ý&*� ,´-*'+'(�* 0& 0´11$Ý&*
,´1¶&-*$'´+%&* ¶´(% )$ ¶&%'& %�&))& )+�& ß )µ+1+'$'+´-� &' 0& 0´11$Ý&* ¶(-+'+ã*. Ù&* $('&(%*
$-$)·*&-' )&* +-,+'$'+´-* 0&* 0&(º ¶$%'+&* ß %�Ý)&% )& )+'+Ý& ß )µ$1+$9)& ´( ß $))&% &- ¶%´,Þ*� &-
,´1¶$%$-' )$ %ÞÝ)& $1�%+,$+-& ḉ ² ,Ü$Ú(& ¶$%'+& ¶$·& *´- ¶%´¶%& ,´�' 0& ¶%´,Þ*ê ß )$ %ÞÝ)&
$-Ý)$+*& ḉ ² )& ¶&%0$-' 0( ¶%´,Þ* ¶$·& '´(* )&* ,´�'* 0& ¶%´,Þ*ê. �$-* )& ,$0%& ¶)(* �)$9´%�
0& ±%$1¶&* &' Ù$-Ý+-+&% ç4ÔÔ4ê� (- &-'%$-' ¶´'&-'+&) ã$+' ã$,& $( 0�'&-'&(% 0µ(- 9%&Û&'
Ú(+ +-Û&*'+' 0$-* )$ *(%Û&+))$-,& 0( 1$%,Ü� ¶´(% 0�'&,'&% 0&* +1+'$'&(%* ¶´'&-'+&)*. �µ+) · $
&-'%�& &' 0�'&,'+´-� )& 0�'&-'&(% 0( 9%&Û&' ¶&(' ,Ü´+*+% 0& ¶´(%*(+Û%& &- â(*'+,& )µ+1+'$'&(%�
0& )(+ ¶%´¶´*&% (- $,,´%0 ß )µ$1+$9)&� ´( 0& -& %+&- ã$+%&� *&)´- )&* ,´�'* $**´,+�* ß ,Ü$,(-&
0& ,&* +**(&*.

�+ ,&* $%'+,)&* $-$)·*&-' ¶%�,+*�1&-' )&* &-â&(º &' )&* +1¶$,'* 0µ(- )+'+Ý& &-'%& )& 0�ä
'&-'&(% 0( 9%&Û&' &' )µ&-'%$-' ¶´'&-'+&)� +)* -& *µ+-'�%&**&-' ,&¶&-0$-' ¶$* ß )µ+1¶$,' 0& )$
)$%Ý&(% 0( 9%&Û&' *(% )& )+'+Ý&� ,µ&*'äßä0+%& $( )+&- &-'%& )&* �'$¶&* �d `ab� &' �d efgb 0(
¶%´,&**(* 0& ¶%´'&,'+´-.
�O°O°Oq ôX¯Z ¯ZWT¯ ®�Tl¯]T U] ^T¯_¯W ¯W ®XWXl¯
Ù$ ¶)(¶$%' 0&* $%'+,)&* Ú(+ �'(0+&-' )&* )+'+Ý&* *(% 9%&Û&'* *& ¶)$,&-' �d efgb� &' -&

*µ+-'�%&**&-' ¶$* $(º %$+*´-* Ú(+ ´-' ,´-0(+' $( )+'+Ý&. �% )$ )$%Ý&(% 0( 9%&Û&'� 0´-' )&* &æ&'*
´-' ¶$% $+))&(%* �'� �'(0+�* 0$-* 0& -´19%&(º '%$Û$(º� $ (- +1¶$,' ¶´'&-'+&) *(% )µ&-'%�& 0&*
,´-,(%%&-'*. á))& +-Ð(&-,& -´- *&()&1&-' )$ ¶%´9$9+)+'� 0& )+'+Ý&�1$+* �Ý$)&1&-' *´- +**(&�
ß '%$Û&%* )& ã$+' Ú(µ+) · $+' +-ã%$,'+´- ´( -´-. �+1&-*+´- Û$%+$9)& ¶%´¶%& ß ,Ü$Ú(& 9%&Û&'� )$
)$%Ý&(% 0´--& )+&( ß 0&(º '·¶&* 0µ+-'&%¶%�'$'+´-*� *&)´- Ú(& )µ́ - *& *+'(& 0$-* (- *·*'Þ1& &0&
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9$%%+Þ%&*' çfr �as�efgbgê� Ú(+ -& )$+**& ¶$* 0& ¶)$,& ß 0& )µ+-,&%'+'(0& â(%+0+Ú(& ´( (- *·*'Þ1&
&0& 9´%-&*' çfg,kaefgbgê� 0$-* )&Ú(&) )$ )$%Ý&(% ¶&(' å'%& +-'&%¶%�'�& *(9â&,'+Û&1&-'. )(*
¶%�,+*�1&-'� 0$-* (- *·*'Þ1& &0& 9´%-&*'� )&* &-'%$-'* -& *$Û&-' ¶$* *+'(&% &º$,'&1&-'
)&* ã%´-'+Þ%&* 0( 9%&Û&' ç+)* -& 0+*'+-Ý(&-' ¶$* ,)$+%&1&-' ,& Ú(+ &*' ¶%´'�Ý� 0& ,& Ú(+ -&
)µ&*' ¶$*ê� 0& *´%'& Ú(µ+)* +Ý-´%&-' &- ¶$%'+& *µ+)* Û´-' &-ã%&+-0%& )& 9%&Û&' &- &-'%$-' *(% )&
1$%,Ü�. �( ,´-'%$+%& 0( *·*'Þ1& &0& 9$%%+Þ%&*'� ¶´(% )&Ú(&) )&* %&Û&-0+,$'+´-* 0�¹-+**&-'
)& ,Ü$1¶ &º$,' 0& ¶%´'&,'+´- 0( 9%&Û&'� 0$-* )& *·*'Þ1& &0& 9´%-&*' )&* %&Û&-0+,$'+´-* -&
0´--&-' Ú(µ(-& +-0+,$'+´- 0& ,& ,Ü$1¶. ±Ü´+ ç4ÔÔ4ê 0�,%+' )& *·*'Þ1& &0& 9$%%+Þ%&*' ,´11&
0�)+1+'$-' ,)$+%&1&-' )& ¶�%+1Þ'%& 0&* %&Û&-0+,$'+´-* 0( 9%&Û&'� &' )& *·*'Þ1& &0& 9´%-&*'
,´11& +-0+Ú($-' *+1¶)&1&-' $( )&,'&(% )$ 0+%&,'+´- Û&%* )$Ú(&))& +) -& ¶&(' *µ$Û&-'(%&%
*$-* ¶$·&% 0& )+,&-,&. Ù$ ¶)(¶$%' 0&* $%'+,)&* �,´-´1+Ú(&* %&¶´*&-' *(% (- *·*'Þ1& &0&
9$%%+Þ%&*'� $Û&, (-& +-'&%¶%�'$'+´- &º$,'& 0& )$ )$%Ý&(% 0( 9%&Û&'� *$-* Ú(µ(- %&,´(%* ß )$
â(*'+,& *(% )µ+-ã%$,'+´- ´( )$ Û$)+0+'� 0( 9%&Û&' *´+' -�,&**$+%&.�´('&ã´+*� ,&%'$+-* $%'+,)&* ã´-'
&º,&¶'+´-� ¶$%1+ )&*Ú(&)* ³&(%&% ç/Ñ½Ñê�=$'&%*´- ç/ÑÑÔê &' ±Ü´+ ç/ÑÑ½ê. �$-* )µ$%'+,)& 0&
=$'&%*´- ç/ÑÑÔê� (-& ¹%1& Ú(+ ´9*&%Û& (- 9%&Û&' 0�,+0& ´( -´- 0µ&-'%&%� &' ´² &-'%&% 0$-*
)µ&*¶$,& 0&* ¶%´0(+'* ç+) ,Ü´+*+' )$ 0+*'$-,& *(% (- *&Ý1&-' ¶$% %$¶¶´%' $( ¶%´0(+' 9%&Û&'��
*+'(� $( 1+)+&( 0( *&Ý1&-'ê. Ùµ&-'%$-' ¶´'&-'+&) ¶%&-0 &- ,´1¶'& )& ,´�' &*¶�%� *+ +) &*'
¶´(%*(+Û+ &- â(*'+,& ¶$% )& 0�'&-'&(% 0( 9%&Û&' ¶´(% Û+´)$'+´- 0& *&* 0%´+'*. Ùµ+**(& 0( ¶%´,Þ*
&*' +-,&%'$+-&� &' )& ,´�' &*¶�%� 0& )µ+1+'$'&(% &*' 0µ$('$-' ¶)(* �)&Û� Ú(µ+) *& )´,$)+*& ¶%Þ*
0( ¶%´0(+' 9%&Û&'� *(% )& *&Ý1&-'. ±Ü´+ ç/ÑÑ½ê ,´-*+0Þ%& )&* &æ&'* 0& %�¶('$'+´- &-Ý&-0%�*
¶$% )& )+'+Ý&. Ù& )+'+Ý& %�*()'& &- (-& &º'&%-$)+'� +-ã´%1$'+´--&))& ,´-,&%-$-' )& 9%&Û&' ì *+ ß
)µ+**(& 0( )+'+Ý& )& 9%&Û&' &*' +-Û$)+0�ñò� $)´%* *´- ,´-'&-( ¶&(' å'%& ('+)+*� ¶$% )&* ,´-,(%%&-'*
0( 0�'&-'&(% 0( 9%&Û&' Ú(+ *´-' $)´%* +-,+'�* ß &-'%&% *(% )& 1$%,Ü�. �+-*+ ,&)(+ä,+ ¶&(' -&
¶$* $Û´+% +-'�%å' ß ¶´(%*(+Û%& (- +1+'$'&(% $¹- 0& -& ¶$* %�Û�)&% 0µ+-ã´%1$'+´- ,´-,&%-$-'
*´- 9%&Û&'.

±&''& +-,&%'+'(0& )+�& ß )$ )&,'(%& *(9â&,'+Û& 0( 9%&Û&' &' ß )µ+-'&%¶%�'$'+´- 0&* %&Û&-0+ä
,$'+´-* &*' &º¶)+Ú(�& ¶$% ³&%Ý&* &' (&)*´- ç/ÑÑÔê ß ¶$%'+% 0& )$ â(%+*¶%(0&-,& $1�%+,$+-&.
÷øè�rrqs|zu �tq sq ~�ìqz~�zx � s� r|uuwáwswx� ~q {|zxÛqô�xx��tqÛ sq rs�wÚz�zx qz {|zxqux�zx s� â�sw~wx� ~qu|z áÛqâqx�
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Ù&(% $-$)·*& *& %$¶¶%´,Ü& 0& ,&))& 0µ(- *·*'Þ1& &0& 9´%-&*'. á- &æ&'� +)* 1´-'%&-' ä&-'%&
$('%&*ä Ú(& )µ+**(& 0µ(- )+'+Ý&� +-,&%'$+-&� %&¶´*& &- ¶$%'+& *(% )µ+-'&%¶%�'$'+´- 0& )$ )$%Ý&(%
0( 9%&Û&' ¶$% )$ ,´(%� ß ¶$%'+% 0& )$ 0´,'%+-& 0&* �Ú(+Û$)&-'*.

�-*+*'´-* *(% )& ã$+' Ú(µß )$ 0+æ�%&-,& 0& )$ )´-Ý(&(% Ú(+ &*' (- ¶$%$1Þ'%& ¹º� ¶$% )&*
$('´%+'�*� )$ )$%Ý&(% 0( 9%&Û&' ¶&(' å'%& 0�'&%1+-�&� 0( 1´+-* &- ¶$%'+&� ¶$% )& 0�'&-'&(%
0( 9%&Û&'� &' &*' 0´-, (-& ,$%$,'�%+*'+Ú(& ¶%´¶%& ß ,Ü$Ú(& 9%&Û&'. �´('&ã´+*� )& ,Ü´+º 0& )$
)$%Ý&(% 0( 9%&Û&' ¶$% )µ+--´Û$'&(%� ,µ&*'äßä0+%& )$ 0�,+*+´- &-0´ÝÞ-& 0( 0&Ý%� 0& ¶%´'&,'+´-
0( 9%&Û&' ¶$% *´- 0�'&-'&(% (-& ã´+* )µ+--´Û$'+´- %�$)+*�&� -µ$ Ú($*+1&-' â$1$+* �'� $-$)·*�&
ã´%1&))&1&-'� ß )µ&º,&¶'+´- 0& )µ$%'+,)& %�,&-' 0& $+$--$�$ &' �()'´- ç4ÔÔõê. ±&* $('&(%*
$-$)·*&-' )& ,´1¶´%'&1&-' ´¶'+1$) 0µ(-& &-'%&¶%+*& Ú(+ 0�'&%1+-& *$ )$%Ý&(% 0& 9%&Û&' ç+)*
,Ü&%,Ü&-' 0´-, )$ )$%Ý&(% ´¶'+1$)& ¶%+Û�& &' -´- ¶$* *´,+$)&ê� )´%*Ú(µ+) &*' ,´-ã%´-'� ß )$
1&-$,& 0µ&-'%�& 0µ(- ,´-,(%%&-'. Ùµ&-'%$-' &-'%& $Û&, (- ¶%´0(+' 0´-' +) ,Ü´+*+' )& 0&Ý%�
0& 0+æ�%&-,+$'+´- ¶$% %$¶¶´%' $( ¶%´0(+' 9%&Û&'�� 0�,+*+´- Ú(+ 0�'&%1+-& *+ *´- ¶%´0(+'
'´19& ´( -´- 0$-* )& ,Ü$1¶ 0( 9%&Û&'. Ù&* $('&(%* ,´-*+0Þ%&-' (- *·*'Þ1& 0& 9%&Û&'*
0& &9$%%+Þ%&*'� 0$-* )&Ú(&) )µ+-ã%$,'+´- &*' ,&%'$+-& *+ )& ¶%´0(+' 0& )µ&-'%$-' *& *+'(& 0$-*
)&* ã%´-'+Þ%&* 0( 9%&Û&'. �´('&ã´+*� +)* ¶%&--&-' &- ,´1¶'& )$ ¶´**+9+)+'� ¶´(% )µ&-'%$-' 0&
,´-'&*'&% )$ Û$)+0+'� 0( 9%&Û&'� (- 9%&Û&' �'$-' 0µ$('$-' ¶)(* *(*,&¶'+9)& 0µå'%& +-Û$)+0�
Ú(µ+) &*' )$%Ý&. Ù& 0�'&-'&(% 0( 9%&Û&' $%9+'%& 0´-, &-'%& (- 9%&Û&' )$%Ý& Ú(+ $(Ý1&-'& )$
0+æ�%&-,+$'+´- 0( ¶%´0(+' ,´-,(%%&-' &' %�0(+' )$ ,´-,(%%&-,& *+ )& ,´-,(%%&-' ,Ü´+*+' 0& -&
¶$* &-ã%&+-0%& )& 9%&Û&'� &' (- 9%&Û&' �'%´+' Ú(+ $(Ý1&-'& *&* ,Ü$-,&* 0& Ý$Ý-&% )& ¶%´,Þ*
&- ,$* 0µ+-ã%$,'+´- 0( 9%&Û&' ¶$% )& ,´-,(%%&-'.

(�$-1´+-*� $(,(- 0& ,&* '%$Û$(º -& ã$+' +-'&%Û&-+% )&* $Û´,$'* 0$-* )& ¶%´,&**(* 0&
¶%´'&,'+´- &' 0$-* )$ ¶%´,�0(%& â(0+,+$+%&� ´,,()'$-' )&(% %¹)& &' )&* 0+*'´%*+´-* ¶´'&-'+&))&*
)+�&* ß )$ %&)$'+´- ,)+&-'ä$Û´,$' $-$)·*�&* 0$-* )& ,´(%$-' 0& )+''�%$'(%& ¶%�*&-'� 0$-* )&
¶$%$Ý%$¶Ü& *(+Û$-'.

�B�BA JKJ QKHG���FJ NH�KF�J�GN�NG�J
�& -´19%&(º $%'+,)&* ß )$ ã%´-'+Þ%& 0( 0%´+' &' 0& )µ�,´-´1+& ´-' ¶´(% ´9â&' )&* %&)$ä

'+´-* &-'%& ,)+&-'ä$Û´,$' )´%* 0&* ,´-Ð+'* â(%+0+Ú(&* ç)+'+Ý&*ê. Ù&* $Û´,$'* ´-' ¶´(% %¹)& 0&
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%&¶%�*&-'&% )&(%* ,)+&-'*� 1$+* )&(% ¶´(Û´+% 0& 0�,+*+´- &' )µ+-,$¶$,+'� 0&* ,)+&-'* 0µ́ 9*&%Û&%
'´('&* )&(%* $,'+´-* )&(% ´æ%&-' )$ ¶´**+9+)+'� 0& ¶´(%*(+Û%& )&(%* ¶%´¶%&* +-'�%å'*� ¶$%ã´+*
0+æ�%&-'* 0& ,&(º 0& )&(%* ,)+&-'*. �('%& )µ&æ&' 0& %�¶('$'+´- Ú(+ ¶&(' 0+**($0&% )&* $Û´,$'*
0µ́ ('%&¶$**&% )&(% %¹)& &' 0& 0�'´(%-&% )$ *+'($'+´- &- )&(% ã$Û&(%� )& *&() ´('+) Ú(+ ¶&%ä
1&''& $(º ,)+&-'* 0& )(''&% ,´-'%& ,&* 0+Û&%Ý&-,&* &*' )& 1´0& 0& %�1(-�%$'+´- 0&* $Û´,$'*�
$('%&1&-' 0+' )& '·¶& 0µÜ´-´%$+%&* Ú(µ+)* ¶&%�´+Û&-'.

�µ$¶%Þ* ±´´'&% &' è(9+-ã&)0 ç/Ñ½Ñê� (- ,´-Ð+' â(%+0+Ú(& *& 0�%´()& &- � �'$¶&*. Ò )$
¶%&1+Þ%& �'$¶&� (- $Ý&-' *(9+' (- 0´11$Ý& +-+'+$) ç$¶¶&)� &$,,+0&-''ê ¸ )$ ¶%´9$9+)+'� Ú(& ,&0´11$Ý& *(%Û+&--& 0�¶&-0 0&* ¶%�,$('+´-* ¶%+*&* ¶$% )µ$('&(% 0( 0´11$Ý&.Ò )$ 0&(º+Þ1&
�'$¶&� )$ Û+,'+1& 0( 0´11$Ý& 0�,+0& 0& ¶´%'&% ¶)$+-'&. Ò )$ '%´+*+Þ1& �'$¶& )& ¶)$+Ý-$-'
çê &' )& 0�ã&-0&(% ç�ê '&-'&-' 0& %�*´(0%& )& )+'+Ý& ¶$% (- $,,´%0 ß )µ$1+$9)&. á-¹-� ß
)$ Ú($'%+Þ1& �'$¶&� )µ$æ$+%& &*' ¶´%'�& $( '%+9(-$) &- ,$* 0µ�,Ü&, 0& )$ -�Ý´,+$'+´-. �+ )$
Û+,'+1& 0�,+0& 0& ¶´%'&% ¶)$+-'& çß )µ�'$¶& 4ê� &))& &-Ý$Ý& (- $Û´,$' ç�ê ¶´(% )$ %&¶%�*&-'&%
0$-* )&* 0&(º 0&%-+Þ%&* �'$¶&*ñë.
�O°OqOõ ô¯t [TY^®u�¯t Uv�l¯ZV¯

ó- Ý%$-0 -´19%& 0µ$%'+,)&* ¶´%'& *(% )$ %&)$'+´- &-'%& )& ¶)$+Ý-$-' &' *´- $Û´,$'� &' )&*
,´-Ð+'* 0µ+-'�%å'* *´()&Û�* ¶$% )µ+1¶)+,$'+´- 0& )µ$Û´,$' 0$-* )& )+'+Ý&. ±&* ,´-Ð+'* 0µ+-'�%å'*
*´-' )& %�*()'$' 0& 0+Û&%Ý&-,&* 0µ́ 9â&,'+ã* &-'%& )µ$Û´,$' &' )& ,)+&-'� Ú(+ 0�¶&-0&-' 0( '·¶&
0&* Ü´-´%$+%&* 0& )µ$Û´,$'.�&(º '·¶&* 0µÜ´-´%$+%&* *´-' Ý�-�%$)&1&-' �'(0+�* &' ,´1¶$%�* ì
)&* Ü´-´%$+%&* ß )µÜ&(%&� ´² )µ$Û´,$' '´(,Ü& (- 1´-'$-' +-0�¶&-0$-' 0( %�*()'$' 0( ,´-Ð+'�
&' )&* Ü´-´%$+%&* $( %�*()'$'� ´² )µ$Û´,$' '´(,Ü& (- ¶´(%,&-'$Ý& 0( 0´11$Ý&� 0�'&%1+-�
*´+' ß )µ$1+$9)& *´+' ¶$% )& '%+9(-$).
Ù$ ¶)(¶$%' 0&* $%'+,)&* Ú(+ $-$)·*&-' )$ %&)$'+´- ,)+&-'ä$Û´,$' 1&''&-' &- $Û$-' (-

¶%´9)Þ1& 0µ$)�$ 1´%$) 0$-* )& ¶%´,Þ*� )& ,)+&-' -µ�'$-' ¶$* &- 1&*(%& 0µ́ 9*&%Û&% )µ&æ´%' 0&
)µ$Û´,$' ç)& '&1¶* +-Û&*'+ 0$-* )$ ¶%�¶$%$'+´- 0( ¶%´,Þ*ê. �% ,&' &æ´%' e

0�'&%1+-& )µ+**(&
0( ¶%´,Þ*� ß '%$Û&%* )$ ¶%´9$9+)+'� p(e)

ç
p′ > 0, p′′ < 0

ê Ú(& )& ¶)$+Ý-$-' Ý$Ý-& )µ$æ$+%&
ç´)+-*�· &' è(9+-ã&)0 C4ÔÔ/Dê ´( )& 0�0´11$Ý&1&-' &*¶�%� D(e)

ç
D′ > 0, D′′ < 0

ê ç6$·
÷npqê�wzu ú5ññ>± rÛ|r|uq tzq �xt~q ~�x�wss�q ~q s��z�sîu� �{|z|yw�tq ~qu {|zwwxu ×tÛw~w�tqu�
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C/ÑÑ´D &' C/ÑÑºD� �$-'´%& &' �+$%0 C4ÔÔ/Dê. �-,$¶$9)& 0µ́ 9*&%Û&% )µ&æ´%' e
0& )µ$Û´,$'� )&

¶)$+Ý-$-' -& ¶&(' ¶$* )& %�1(-�%&% ß )µÜ&(%& ç&- ã´-,'+´- 0& ,&' &æ´%'ê� &' *& Û´+' ,´-'%$+-'
0& )(+ Û&%*&% (- ¶´(%,&-'$Ý& α

0( %�*()'$' ç(-& ¶$%' αp(e)
0( 0´11$Ý&� ´( (- 1´-'$-'

αD(e)
ê. ±&''& *´)('+´- 0& *&,´-0 %$-Ý &*' ¶)(* +-,+'$'+Û& Ú(& )&* Ü´-´%$+%&* ß )µÜ&(%&�

1$+* ,´-0(+' ,&¶&-0$-' ß (- &æ´%' +-*(	*$-' 0& )µ$Û´,$' ¶$% %$¶¶´%' ß )µ&æ´%' Ú(+ *&%$+'
,Ü´+*+ ¶$% )& ¶)$+Ý-$-' &- +-ã´%1$'+´- ,´1¶)Þ'& ç,µ&*'äßä0+%& $( ¶%&1+&% %$-Ýê. á- &æ&'�
)µ$Û´,$' *(¶¶´%'& )& ,´�' 0& )µ&æ´%' çeê� 1$+* -& %�,(¶Þ%& Ú(µ(-& ¶$%' α ≤ 1

0( 9�-�¹,& 0&
,&' &æ´%'. �´- ´9â&,'+ã &*' $)´%* max

e
αD(e) − e� '$-0+* Ú(& )µ́ 9â&,'+ã 0& *´- ,)+&-' *&%$+'

max
e

D(e)− e. á- ´('%&� )´%*Ú(µ+) 0�'&%1+-& )$ ¶$%' α
0( 0´11$Ý& Ú(µ+) 0´+' $))´(&% ß *´-

$Û´,$'� )& ¶)$+Ý-$-' 0´+' $%9+'%&% &-'%& )& 1´-'$-' 0( 0´11$Ý& &*¶�%� &' )$ ¶$%' Ú(µ+) ¶&('
&- %&'+%&% ì (-& $(Ý1&-'$'+´- 0& α

+-,+'& )µ$Û´,$' ß $,,%´¸'%& *´- &æ´%' e� ,& Ú(+ $ ¶´(% &æ&'0µ$(Ý1&-'&% )& Ý$+- &*¶�%� D(e)� 1$+* &- ,´-'%&¶$%'+& )$ ¶$%' (1 − α) Ú(& )& ¶)$+Ý-$-' &-
%&'+%& 0+1+-(& ç6$· C/ÑÑ´Dê. �) ã$(' -´'&% Ú(& ,&''& $¶¶%´,Ü& ¶$% 0&* ,´-'%$'* )+-�$+%&* &-'%&
)& ,)+&-' &' *´- $Û´,$' -& '%$+'& ¶$* '´('&* )&* 1$-+Þ%&* 0µ+-,+'&% )µ$Û´,$' ì ã´-,'+´- )+-�$+%&
0( Ý$+- 0( ¶)$+Ý-$-'

D(e)� )& '%$-*ã&%' Ú(µ+) Û&%*& ß )µ$Û´,$' αD(e)
-& 1$º+1+*& ¶$* *´-

Ý$+- -&' &*¶�%�� &' +1¶´*& 0&* ,´-'%$+-'&* *(% )µ&æ´%' ´¶'+1$) Ú(+ ,%&(*&-' )&* 0+*'´%'+´-*
¶$% %$¶¶´%' ß )µ́ ¶'+1(1 &- +-ã´%1$'+´- ,´1¶)Þ'&.

�µ$('%&* $%'+,)&* *´()ÞÛ&-' (- $('%& ¶%´9)Þ1& 0µ$Ý&-,& )+� ß )µ&æ´%' 0& )µ$Û´,$' ç,´11&
¶$% &º&1¶)& á1´-* C4ÔÔÔDê. �) *µ$Ý+' 0( ¶%´9)Þ1& 0µ&º¶&%'+*&� 0$-* )&Ú(&) )& ,)+&-' ´9*&%Û&
)µ&æ´%' 0& )µ$Û´,$'�1$+* ¶$* )$ Ú($)+'� 0& )µ$æ$+%&� ,µ&*'äßä0+%& )&* ,Ü$-,&* 0& *(,,Þ* $( ¶%´ä
,Þ*. Ùµ$Û´,$'� &- %&Û$-,Ü&� &*' &- 1&*(%& 0µ�Û$)(&% ,&''& Ú($)+'� &- &æ&,'($-' (- ,&%'$+-
&æ´%'. �¶%Þ* ´9*&%Û$'+´-� +) ¶&(' ¶´%'&% (-& &1$(Û$+*&' $æ$+%& $( '%+9(-$) +11�0+$'&1&-'�
´( 9+&- ã´(%-+% (- &æ´%' *(¶¶)�1&-'$+%& ¶´(% )µ$1�)+´%&%. �$-* ,&* ,´-0+'+´-*� 0&* Ü´-´ä
%$+%&* $( %�*()'$' ¶&(Û&-' $Û´+% )µ&æ&' -�ã$*'& 0µ+-,+'&% )µ$Û´,$' ß ¶´%'&% '´('&* )&* $æ$+%&*
&- ¶%´,Þ* +11�0+$'&1&-' *$-* ã´(%-+% 0µ&æ´%' *(¶¶)�1&-'$+%&� '$-0+* Ú(& 0&* Ü´-´%$+%&* ß
)µÜ&(%& ¶&(Û&-' 0´--&% )&* +-,+'$'+´-* $0�Ú($'&* ß )µ$Û´,$' &- )& %&-0$-' +-0+æ�%&-' &-'%&
ã´(%-+% (- &æ´%' *(¶¶)�1&-'$+%& &' ¶´%'&% )µ$æ$+%& 0+%&,'&1&-' &- ¶%´,Þ*.
á- %�*(1� &' ,´-ã´%1�1&-' $(º %�*()'$'*� )&* Ü´-´%$+%&* ,´-'+-Ý&-'* $( %�*()'$' *´-'

¶)(* +-,+'$'+ã* Ú(& )&* Ü´-´%$+%&* ß )µÜ&(%& )´%*Ú(& )& ,)+&-' -& ¶&(' ´9*&%Û&% )µ&æ´%' 0&
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*´- $Û´,$' ç0$-* (- ,$0%& 0µ$)�$ 1´%$)ê� '$-0+* Ú(µ+) )& *´-' 1´+-* 0$-* )&* ¶%´9)Þ1&*
0µ&º¶&%'+*&. �µ(-& 1$-+Þ%& Ý�-�%$)&� ,&* $%'+,)&* -& ,´-*+0Þ%&-' Ú(& 0&* '%$-*ã&%'* ¶´*+'+ã*
0( ,)+&-' ß )µ$Û´,$'� 1$)Ý%� )& ,$%$,'Þ%& +-,+'$'+ã 0& ¶�-$)+'�* ¶´(% )µ$Û´,$' &- ,$* 0µ�,Ü&,
çÚ(+ ¶&%1&''%$+&-' 0& %&'%´(Û&% )& ¶%&1+&% %$-Ý� &- $**+1+)$-' ,´1¶)Þ'&1&-' )&* 0%´+'* 0(
,)+&-' $(º +-'�%å'* 0& )µ$Û´,$'ê.�´('&ã´+*� ,&* %&*'%+,'+´-* *´-' â(*'+¹�&*� 0µ(-& ¶$%' ¶´(% 0&*
%$+*´-* 0& )�Ý+*)$'+´- ç)$ )´+ +-'&%0+' $(º $Û´,$'* 0& ã´(%-+% (-& $+0& ¹-$-,+Þ%& ß )&(% ,)+&-'
&- )+&- $Û&, )& )+'+Ý&ê &' 0µ$('%& ¶$%'� &- %$+*´- 0&* ¶%´9)Þ1&* 0µ$-'+*�)�,'+´- Ú(& 0& '&)*
'%$-*ã&%'* ¶&(Û&-' ,%�&% 0( ,´'� 0( ,)+&-'. $% &º&1¶)&� )& ,)+&-' ¶´(%%$+' Û´()´+% ,$,Ü&% )$
Ú($)+'� 0& )µ$æ$+%& ß )µ$Û´,$' 0$-* )& 9(' 0& ¶&%0%& )& ¶%´,Þ* &' 0µ́ 9'&-+% (-& ,´1¶&-*$'+´-
¹-$-,+Þ%& 0& )$ ¶$%' 0& )µ$Û´,$'. á-¹-� (-& â(*'+¹,$'+´- *'$-0$%0 0& )$ )+''�%$'(%& %�*+0&
0$-* )& ã$+' Ú(& )$ ,´-'%$+-'& 0& %&*¶´-*$9+)+'� )+1+'�& &*' (- 1´·&- 0& ,$¶'(%&% )µ$Û&%*+´-
$( %+*Ú(& 0& %&Û&-( 0& )µ$Ý&-'.
#+&- &-'&-0(� )&* %&*'%+,'+´-* $(º '%$-*ã&%'* -´- -�Ý$'+ã* ¶%´¹'&-' $(º $Û´,$'*� ,$% +)*

)&(% ,´-ãÞ%&-' 0&* ¶%´¹'* ¶´*+'+ã* '$-' Ú(& )&* ,´�'* ¹º&* 0& ¶%´,Þ* -& *´-' ¶$* '%´¶ �)&Û�*.
�O°OqO° ô� Z�lYVX�WXYZ

$% $+))&(%*� ,&%'$+-* $%'+,)&* *µ+-'�%&**&-' ß )$ 0�,+*+´- 0µ$,,´%0 ß )µ$1+$9)& ¶%�$)$9)&
$( ¶%´,Þ* ç�'$¶& õê. ó-& ã´+* &-,´%&� )µ$Û´,$' · â´(& (- %¹)& 0�'&%1+-$-'� ,$% )& ,)+&-'
)(+ 0�)ÞÝ(& *´(Û&-' )& ¶´(Û´+% 0& 0�,+*+´- 0( ã$+' 0& *´- 1$-Ú(& 0µ&º¶&%'+*& â(%+0+Ú(&. ±&*
$%'+,)&* ,´1¶´%'&-' *´+' 0&(º â´(&(%* ì )& ¶)$+Ý-$-' &' *´- $Û´,$' ç³+))&% C/Ñ½ºD ´² )µ+**(& 0(
¶%´,Þ* &*' &º´ÝÞ-&� 6$· C/ÑÑºD ´² )µ+**(& 0( ¶%´,Þ* &-0´ÝÞ-& 0�¶&-0 0& )µ&æ´%' 0& )µ$Û´,$'ê�
*´+' '%´+* â´(&(%* ì )& ¶)$+Ý-$-' çê� *´- $Û´,$' ç�ê &' )& 0�ã&-0&(% ç�ê ç2%$Û&))& &' =$'&%*´-
C/ÑÑõD ´² )µ+**(& 0( ¶%´,Þ* &*' &º´ÝÞ-&� ´)+-*�· &' è(9+-ã&)0 C4ÔÔ/D ´² )µ+**(& 0( ¶%´,Þ*
&-0´ÝÞ-& 0�¶&-0 0& )µ&æ´%' 0& )µ$Û´,$'ê. �$-* )&* $%'+,)&* ß 0&(º â´(&(%*� )$ 0�,+*+´- 0&
-�Ý´,+$'+´- *& ã$+' *(% (-& ´æ%& 0µ$%%$-Ý&1&-' ß )µ$1+$9)& S

&º´ÝÞ-&. �$-* ³+))&% ç/Ñ½ºê�
)& ,´�' 0µ&-'$1&% 0&* ¶´(%*(+'&* â(0+,+$+%&* C

&*' &º´ÝÞ-&� &' 0$-* 6$· ç/ÑÑºê� )µ&æ´%'
e %&¶%�*&-'& )& ,´�' &-0´ÝÞ-& 0µ$))&% &- ¶%´,Þ*. �$-* )&* $%'+,)&* ß '%´+* â´(&(%*� +) · $$*·1�'%+& 0µ+-ã´%1$'+´- *(% (- ¶$%$1Þ'%& 0& )$ -�Ý´,+$'+´- ì 0$-* 2%$Û&))& &' =$'&%*´-
ç/ÑÑõê� )& 0�ã&-0&(% -µ́ 9*&%Û& ¶$* )& 1´-'$-' 0( 0´11$Ý& Ú(µ+) $ ã$+' *(9+% $( ¶)$+Ý-$-'�
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$)´%* Ú(& 0$-* ´)+-*�· &' è(9+-ã&)0 ç4ÔÔ/ê� )& ¶)$+Ý-$-' ç&' *´- $Û´,$'ê -µ́ 9*&%Û& ¶$* )&
,´�' 0( 0�ã&-0&(% ß *(9+% (- ¶%´,Þ*. Ù$ ¶%´¶´*+'+´- 0& -�Ý´,+$'+´- &-0´ÝÞ-& &*' ã$+'& ¶$%
)$ ¶$%'+& -´- +-ã´%1�& ß )$ ¶$%'+& +-ã´%1�& *´(* )$ ã´%1& 0µ(-& ´æ%& ç¶$% )& 0�ã&-0&(%ê ´(
0µ(-& 0&1$-0& ç¶$% )& ¶)$+Ý-$-' ´( *´- $Û´,$'ê &'$�&ä+'ä´%ä)&$Û&ä+''. �+ )$ ¶%´¶´*+'+´- &*'
$,,&¶'�&� +) · $ $%%$-Ý&1&-'� *+-´- +) · $ ¶%´,Þ*.

±&* 0+æ�%&-'* $%'+,)&* 1´-'%&-' Ú(& *+ )µ$Û´,$' $ )& ¶´(Û´+% 0& 0�,+*+´- &-'%& $,,&¶'&% ´(
%&ã(*&% )µ́ æ%&� $)´%* +) $,,&¶'& )µ$%%$-Ý&1&-' ß (- 1´-'$-' +-ã�%+&(% ß ,&)(+ Ú(µ$(%$+' ,Ü´+*+
*´- ,)+&-' ì *´- Ý$+- &*¶�%� $( ¶%´,Þ* �'$-' ¶)(* ã$+9)&� )µ$Û´,$' $,,&¶'& 0´-, )µ$%%$-Ý&1&-'
ß (- 1´-'$-' ¶)(* ã$+9)&. ±&' �,$%' &*' $,,%( )´%*Ú(µ(- ¶%´9)Þ1& 0µ$)�$ 1´%$) $( ¶%´,Þ*
Û+&-' *& Ý%&æ&% ß )$ %&)$'+´- ¶)$+Ý-$-'ä$Û´,$'� ¶(+*Ú(& )$ 0+æ�%&-,& 0&* Ý$+-* &*¶�%�* $(
¶%´,Þ* &*' 0µ$('$-' ¶)(* Ý%$-0& Ú(& )µ&æ´%' 0& )µ$Û´,$' &*' *´(*ä´¶'+1$). Ù´%*Ú(µ+) &*' ¶$·�
&- ã´-,'+´- 0( %�*()'$'� )µ$Û´,$' ¶´(**& ß )$ -�Ý´,+$'+´-. á- %&Û$-,Ü&� )´%*Ú(µ+) &*' ¶$·� ß
)µÜ&(%&� )& Ý$+- 0& )µ$Û´,$' &*' 0µ$('$-' ¶)(* �)&Û� Ú(& )µ$æ$+%& *& ¶%´)´-Ý& 0$-* )& '&1¶* ¸´- ¶&(' 0´-, *µ$''&-0%& ß ,& Ú(& )µ$Û´,$' ¶´(**& $( ¶%´,Þ* '$-' Ú(& *´- *$)$+%& Ü´%$+%& &*'
*(¶�%+&(% $( ,´�' 0µ́ ¶¶´%'(-+'� 0& *´- &æ´%' ḉ - %&'%´(Û& ,& %�*()'$' 0$-* ³+))&% C/Ñ½ºDêññ .
á- %�*(1�� ,&* $%'+,)&* ´-' &- ,´11(- 0& 1´-'%&% Ú(& 0$-* )µ+-,$¶$,+'� 0& %�,(¶�%&% )$

'´'$)+'� 0&* 9�-�¹,&* 0& *´- &æ´%'� )µ$Û´,$' ã´(%-+' (- &æ´%' +-*(	*$-' $( ¶%´,Þ*. ±&)$ )(+
,´-ãÞ%& (- Ý$+- &*¶�%� $( ¶%´,Þ* +-ã�%+&(% ß ,&)(+ Ú(& )& ¶)$+Ý-$-' ´9'+&-0%$+' &- +-ã´%1$'+´-
,´1¶)Þ'&� ,& Ú(+ )& ,´-0(+' ß $,,&¶'&% (- 1´-'$-' ¶)(* ã$+9)& 0$-* )µ$,,´%0 ß )µ$1+$9)&. Ù&*
)+'+Ý&* *(% 9%&Û&'* *´-' ¶´(% )$ ¶)(¶$%' %�*´)(* ß )µ$1+$9)&� *$-* ã$+%& )µ́ 9â&' 0µ(- ¶%´,Þ*
$( '%+9(-$). Ùµ$Û´,$' 0µ(- +--´Û$'&(% $ 0´-, �Ý$)&1&-' (- %¹)& 0$-* )$ -�Ý´,+$'+´- &' 0´+'
ã´(%-+% (- &æ´%' $¹- 0& 0�ã&-0%& )&* 0%´+'* 0& *´- ,)+&-' )´%* 0&* %�(-+´-* $Û&, )$ ¶$%'+&
$0Û&%*&. �+ )µ�'$¶& 0& -�Ý´,+$'+´- -µ&*' ¶$* -�Ý)+Ý&$9)& 0$-* )$ %�*´)('+´- 0µ(- )+'+Ý&� *´-
0�%´()&1&-' &' *´- +**(& ¶&(Û&-' -�$-1´+-* å'%& ,´-*+0�%�* ,´11& �Ú(+Û$)&-'* ß ,&(º 0(
¶%´,Þ* &- ,& Ú(+ ,´-,&%-& )µ&æ´%' 0& )µ$Û´,$' &' *$ %&)$'+´- $Û&, )µ+--´Û$'&(%. ±µ&*' ¶´(%Ú(´+
-´(* -& '%$+'&%´-* Ú(& )& ¶%´,Þ* 0$-* -´'%& $-$)·*&.

�´('&ã´+*� ,&* $%'+,)&* -& ,´-*+0Þ%&-' )$ %&)$'+´- ,)+&-'ä$Û´,$' Ú(µ�d efgb� (-& ã´+* )µ+-ä
÷÷ù|x|zu �tq squ rÛ�{�txw|zu rÛwuqu r�Û sq ~�ìqz~qtÛ r|tÛ �âwxqÛ s��{{w~qzx ú�x�rq 5± u|zx ~��tx�zx rstuì�wásqu �tq uqu rqÛxqu qur�Û�qu qz {�u ~q swxwÚqu u|zx ì�wásqu� í� rÛ|á�áwswx� ~��{{w~qzx qux ~|z{ utr�ÛwqtÛqç s� rÛ|á�áwswx� |rxwy�sq s|Ûu�tq s��â|{�x qux r�î� �t Û�utsx�x�
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ã%$,'+´- ,´-*'$'�& &' )$ ¶)$+-'& 0�¶´*�& ¶$% )& ¶)$+Ý-$-'. �)* -µ$9´%0&-' ¶$* )$ Ú(&*'+´- 0&
)µ́ %+Ý+-& 0( )+'+Ý& &' 0& )µ+-Ð(&-,& 0& )µ$Û´,$' �d `ab�. �) &º+*'& ¶´(%'$-' ,&%'$+-* 0´1$+-&*
â(%+0+Ú(&* ´² )µ$Û´,$' â´(& (- %¹)& �d `ab� &' �d efgb. ±´11& -´(* )µ$Û´-* &º¶)+Ú(�� ,µ&*' )&
,$* 0&* 9%&Û&'*� ¶´(% )&*Ú(&)* )µ$Û´,$' +-'&%Û+&-' ß )$ ã´+* 0$-* )$ %�0$,'+´- &' )& 0�¶¹'� &'
0$-* )&* )+'+Ý&* ¶´'&-'+&)*. �% ,&* 0&(º $,'+Û+'�* *´-' �'%´+'&1&-' )+�&* ì ¶$% )& 9+$+* 0& )$ %�ä
0$,'+´- &' )& 0�¶¹' 0( 9%&Û&' )&* $Û´,$'* &- ¶%´¶%+�'� +-0(*'%+&))& +-Ð(&-,&-' )$ ¶%´9$9+)+'�
0& )+'+Ý&.

×¿¾ FÅ xÃÈÏ�Å
ó- 9%&Û&' &*' (- 0´,(1&-' )�Ý$)� Ú(+ 0�,%+' )µ+-Û&-'+´- &' %&Û&-0+Ú(& (- ,Ü$1¶ 0&

¶%´'&,'+´- $( 0&)ß 0& )µ+-Û&-'+´- &- '$-' Ú(& '&))&.ó- $Û´,$' Ú(+ ¶´(%*(+' )&* 1å1&* +-'�%å'*
Ú(& *´- ,)+&-' %�0+Ý& )& 9%&Û&' 0& 1$-+Þ%& ß 1$%Ú(&% (-& ,&%'$+-& 0+*'$-,& ¶$% %$¶¶´%' $(º
¶%´0(+'* ,´-,(%%&-'*� Û´+%& ß 9)´Ú(&% )&(% 0�Û&)´¶¶&1&-'. �+ (- &-'%$-' ¶�-Þ'%& )& 1$%,Ü�
0& )µ+--´Û$'&(%� ,&)(+ä,+ ¶&(' )µ$,,(*&% 0µ&-ã%&+-0%& )& 9%&Û&' &' ¶%´Û´Ú(&% (- )+'+Ý&.�$-* ,&
,$* )$ %&)$'+´- *& ¶´(%*(+'� ,$% )& ,)+&-' 0´+' $)´%* ß -´(Û&$( ã$+%& $¶¶&) ß *´- $Û´,$' ¶´(% )&
%&¶%�*&-'&% &' ã$+%& Û$)´+% *&* 0%´+'*. Ùµ+1¶)+,$'+´- 0& )µ$Û´,$' 0$-* )& )+'+Ý& ¶´'&-'+&) ¶&('
+-Ð(&-,&% *´- ,´1¶´%'&1&-' �d `ab� 0$-* )$ %�0$,'+´- 0( 9%&Û&'. �) ¶&(' ¶$% &º&1¶)& å'%&
+-,+'� ß ã´(%-+% (- &æ´%' 0& %�0$,'+´- *´(*ä´¶'+1$)ñ� *+ )& ¶%´¹' $,'($)+*� Ú(µ+) ¶&(' &*¶�%&%
%&'+%&% 0( )+'+Ý& &*' *(¶�%+&(% ß *´- ¶%´¹' 0& %�*&%Û$'+´-.

�$-* ,&''& *&,'+´-� -´(* ¶%�*&-'´-* )&* Ü·¶´'ÜÞ*&* 0( 1´0Þ)&. )(* ¶%�,+*�1&-'� -´(*
0�,%+Û´-* )& ¶%´,&**(* 0& ¶%´'&,'+´- 0µ(-& +-Û&-'+´-� $+-*+ Ú(& )& 0�%´()&1&-' 0& )$ %&)$'+´-
&-'%& )µ+--´Û$'&(% &' *´- $Û´,$'. �$-* (- ¶%&1+&% '&1¶*� -´(* ¶%�*&-'´-* )µ�'$¶& 0& %�ä
0$,'+´- &' 0& 0�¶¹' 0( 9%&Û&' ç)µ+-*'%(,'+´- ì &e`b�ab eyfg�szb,fa'ê. �$-* (- *&,´-0 '&1¶*
-´(* ¶%�*&-'´-* )µ�'$¶& 0& )+'+Ý& ç)& )+'+Ý& ì fe`b�ab h,b,k`b,fagê. á-¹-� -´(* ¶%�*&-'´-* )&
,´-'%$' &-'%& )µ+--´Û$'&(% &' )µ$Û´,$'.
÷�Öqx qê|Ûx {|yrÛqz~ s� Ûq{íqÛ{íq ~q rÛw|Û �Ûxv s��xt~q ~qu wzz|â�xw|zu utáu��tqzxqu r|uuwásquv s� Û�~�{ôxw|z ~qu Ûqâqz~w{�xw|zuv squ z�Ú|{w�xw|zu �âq{ squ qð�ywz�xqtÛu ~q s�|Ù{q ~qu áÛqâqxuv Üà��±
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�BABC J��FJ�QMN���F
Ù& ¶%´,&**(* 0µ́ 9'&-'+´- 0µ(- 9%&Û&' &*' $¶¶&)� &+-*'%(,'+´-' 0( 9%&Û&'. �) ,´-*+*'& ß

¶%�¶$%&%� %�0+Ý&% &' *´(1&''%& )$ 0&1$-0& 0& 9%&Û&'� ¶(+* ß ã´(%-+% 0&* %�¶´-*&* &' 0&*
%�Û+*+´-* $(º ´9â&,'+´-* 0&* &º$1+-$'&(%* 0& )µ́ 	,& 0&* 9%&Û&'* ,´-,&%-$-' )&* %&Û&-0+,$ä
'+´-*.

´(% ¶%´'�Ý&% *´- +-Û&-'+´-� (- +--´Û$'&(% ç{ê ã$+' $¶¶&) ß (- $Û´,$' ç�ê� ß Ú(+ +)
,´-¹& )& *´+- 0& %�0+Ý&% &' 0�¶´*&% (- 9%&Û&' $(¶%Þ* 0& )µ́ 	,& 0&* 9%&Û&'*. Ùµ+-*'%(,'+´-
0( 9%&Û&' &*' (-& $,'+Û+'� 1()'+0+1&-*+´--&))& ì &))& ,´-*+*'& ß %�0+Ý&% )&* %&Û&-0+,$'+´-*
0( 9%&Û&' 0& 1$-+Þ%& ß ,´(Û%+% (- Û$*'& ,Ü$1¶ 0& ¶%´'&,'+´-� '´(' &- )&(% )&(% ã$+*$-'
â´(&% )& %¹)& 0& 9$%%+Þ%& ß )µ&-'%�& ß )µ&-,´-'%& 0&* ,´-,(%%&-'* ¶(+* ß )&* ã$+%& $,,&¶'&% ¶$%
)&* &º$1+-$'&(%* 0& )µ́ 	,& 0&* 9%&Û&'*ñ§ . ó- 9%&Û&' %�0+Ý� 0& ã$�´- &	,$,& ¶&%1&' ß *´-
0�'&-'&(% 0& ¶%´'�Ý&% *$ ¶´*+'+´- 0& 1´-´¶´)& &- %�0(+*$-' )& %+*Ú(& 0µ&1¶+�'&1&-' ¶$%
0µ$('%&* ¹%1&*. Ùµ+-*'%(,'+´- 0( 9%&Û&' 0&1$-0& (- &æ´%' ,´�'&(º� -´'� p

ç
p ∈ [0, 1]

ê� Ú(&
-´(* $**+1+)´-* ß )$ Ú($)+'� 0& )$ %�0$,'+´-.ó- &æ´%' 0& %�0$,'+´- �)&Û� )+1+'& )$ ¶%´9$9+)+'�
0µ&-'%�& ¶$% (- ,´-,(%%&-' 0$-* )& ,Ü$1¶ 0( 9%&Û&' ç&' 0µ+-ã%$,'+´- �Û&-'(&))&ê� $**+1+)�&
ß

1 − p.
(´(* ,´-*+0�%´-* Ú(& )& ,´�' 0& )µ&æ´%' 0µ+-*'%(,'+´- γ(p)

&*' ,%´+**$-' &' ,´-Û&º&� '&)
Ú(& γ(p) = 0 ñ� . �& ¶)(*� -´(* *(¶¶´*´-* Ú(µ+) -µ· $ ¶$* 0& ,´�' ¹º& 0$-* )$ %�0$,'+´-
0( 9%&Û&'ñ# . ´(% )$ %�*´)('+´- 0( 1´0Þ)&� -´(* ,´-*+0�%´-* (-& ã´%1& Ú($0%$'+Ú(& -´'�&
γ(p) = γp2

2
. �´('&ã´+* )&* %�*()'$'* -& 0�¶&-0&-' ¶$* 0& ,&''& ã´%1&.

Ùµ+--´Û$'&(% 0+*¶´*& 0&* ,´1¶�'&-,&* '&,Ü-´)´Ý+Ú(&* ¶´(% 0�Û&)´¶¶&% *´- +-Û&-'+´-�
1$+* ¶$* 0&* ,´1¶�'&-,&* â(%+0+Ú(&* Ú(& 0&1$-0& *$ ¶%´'&,'+´- $( *&+- 0( *·*'Þ1& ,´1ä
÷¯íq rÛ|{quutu ~�qð�yqz ~q s� ~qy�z~q ~q áÛqâqx {|zuwuxq qz tzq u�Ûwq ~��{í�zÚqu qx ~q z�Ú|{w�xw|zuqzxÛq s��â|{�x qx s�qð�ywz�xqtÛ æ tzq ì|wu s� ~qy�z~q Ûqütqv s�qð�ywz�xqtÛ wz~w�tq uqu |á×q{xw|zu ~�zutzq �z|xwØ{�xw|z� ë s��â|{�x Û�r|z~ qz �ÛÚtyqzx�zx qx@|t qz Û�~twu�zx s� r|Ûx�q ~qu Ûqâqz~w{�xw|zu ë {quÛ�r|zuqu �tð z|xwØ{�xw|zu ut{{quuwâqu rqtâqzx ÛqrÛ�uqzxqÛ sq ~|tásq |t sq xÛwrsq ~t {|}x ~q s� Û�~�{xw|z ~qs� ~qy�z~q ~q áÛqâqx wzwxw�sq r|tÛ s�wzz|â�xqtÛ�÷"í�qê|Ûx ~�wzuxÛt{xw|z {|zuwuxq qz r�Ûxwq ç Û�~wÚqÛ squ Ûqâqz~w{�xw|zuv r�Û rÛwz{wrq |Û~|zz�qu ~q y�zwïÛqç r�ÛxwÛ ~q s� rstu Ú�z�Û�sq r|tÛ ØzwÛ ç s� rstu {wás�q� í��{ÛwxtÛq ~q s� ~qÛzwïÛq Ûqâqz~w{�xw|z � ~|z{ tzwyr�{x qx tz Ûqz~qyqzx rstu ì�wásqu �tq s� rÛqywïÛq�÷.ù|x|zu �tq sq {|}x ~�wzuxÛt{xw|z rqtx wz{stÛq sq {|}x ~q ~�r�x �trÛïu ~q s�|Ù{q ~qu áÛqâqxu� �z qêqxváwqz �tq {q {|}x u|wx ~�tz y|zx�zx Øðqv s�qê|Ûx ~�wzuxÛt{xw|z {|zuwuxq �tuuw ç ~�r|uqÛ sq áÛqâqx ~�zu rstuwqtÛur�îuv wyrsw�t�zx �wzuw tzq ~trsw{�xw|z ~q {q {|}x�
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¶)&º& 0( 0%´+' 0&* 9%&Û&'*. Ù$ 0&1$-0& &' )& 0�¶¹' 0µ(- 9%&Û&' -& *´-' ¶$* (- ¶%´,&**(*
�Û+0&-' &' $('´1$'+Ú(&� )& %�0+Ý&% 0& 1$-+Þ%& ß )+1+'&% )&* %+*Ú(&* 0µ&1¶+�'&1&-' '´(' &-
)& %&-0$-' )& ¶)(* )$%Ý& ¶´**+9)& &º+Ý& (-& ã´%1$'+´- &' (-& &º¶�%+&-,& 0( 0´1$+-& â(%+ä
0+Ú(&. á- '$-' Ú(µ&º¶&%' â(%+0+Ú(&� (- $Û´,$' *¶�,+$)+*� &- ¶%´¶%+�'� +-0(*'%+&))& &' &- 0%´+'
0&* 9%&Û&'* &*' &- 1&*(%& 0µ$+0&% )µ+--´Û$'&(% ß ´9'&-+% (-& ¶%´'&,'+´- &	,$,&� '´(' &-
%�¶´-0$-' $(º ,%+'Þ%&* 0& 9%&Û&'$9+)+'� +1¶´*�* ¶$% )µ́ 	,& 0&* 9%&Û&'*. �('%& ,& ¶%´9)Þ1&
0µ&º¶&%'+*&� )µ+--´Û$'&(% ¶&(' Û´()´+% &-Ý$Ý&% (- $Û´,$' ¶´(% 0&* %$+*´-* 0& *+Ý-$) *(% )$
Ú($)+'� 0& *´- 9%&Û&'. #+&- Ú(µ$('´%+*�* ß 0�¶´*&% )&(%* 9%&Û&'* &(ºä1å1& $(¶%Þ* 0&* $('´ä
%+'�*� )&* +--´Û$'&(%* *µ$0%&**&-' )$ ¶)(¶$%' 0( '&1¶* ß 0&* ,$9+-&'* â(%+0+Ú(&* *¶�,+$)+*�*�
Ú(+ )&* %&¶%�*&-'&-' ¶´(% )$ %�0$,'+´- &' )$ *´(1+**+´- 0( 9%&Û&' ß )µ́ 	,& 0&* 9%&Û&'*. |'%&
%&¶%�*&-'� ¶$% (- $Û´,$' ¶&(' $Û´+% (- &æ&' 0& *+Ý-$) $(¶%Þ* 0&* &º$1+-$'&(%* 0& )µ́ 	,& 0&*
9%&Û&'*� $+-*+ Ú(& 0&* ,´-,(%%&-'*. á- &æ&'� +) &*' ¶´**+9)& Ú(& )&* &º$1+-$'&(%* ,´-*+0Þ%&-'
(- 9%&Û&' *´))+,+'� ¶$% (- $Û´,$' ,´11& ` ey,fy, ¶)(* %+Ý´(%&(º &' ¶)(* &- ,´-ã´%1+'� $Û&,
)&* ,%+'Þ%&* 0& 9%&Û&'$9+)+'�� &' *´+&-' 0´-, 1´+-* *�ÛÞ%&* 0$-* )& ¶%´,&**(* 0µ$''%+9('+´- 0(
9%&Û&'. �& 1å1&� )&* ,´-,(%%&-'* ¶&(Û&-' å'%& ` ey,fy, ¶)(* ¶%(0&-'* Ú($-' ß )&(% 0�,+*+´-
0µ&-'%�&� ã$,& ß )µ&º¶&%'+*& â(%+0+Ú(& 0& )µ$Û´,$'. Ù& ã$+' 0& ã$+%& $¶¶&) ß (- $Û´,$' $ �Ý$)&ä
1&-' (-& Û$)&(% 0µ&-Ý$Ý&1&-'� Ú(+ ¶&%1&' 0& %&-0%& ,%�0+9)&* )&* *'%$'�Ý+&* 0& )µ+--´Û$'&(%.
$% &º&1¶)&� )&* ,´-,(%%&-'* 0µ(- +--´Û$'&(% ¶&(Û&-' ,´-*+0�%&% *&* 1&-$,&* 0& ¶´(%*(+'&*
â(0+,+$+%&* ¶´(% +-ã%$,'+´- 0( 9%&Û&' 0+æ�%&11&-' *&)´- Ú(& )µ+--´Û$'&(% &*' %&¶%�*&-'� ´(
-´- ¶$% (- $Û´,$'. �) *& ¶&(' -´'$11&-' Ú(µ(- $Û´,$' *´+' ¶)(* &-,)+- Ú(& *´- ,)+&-' ß
¶´%'&% )µ$æ$+%& $( '%+9(-$)� ß 1´+-* Ú(& )µ$,,´%0 ß )µ$1+$9)& -& *´+' '%Þ* ã$Û´%$9)& ß )$ ¶$%'+&
¶)$+Ý-$-'&. �$,& ß (- $Û´,$' ¶%´,�0(%+&%� )&* ,´-,(%%&-'* *´-' $)´%* $1&-�* ß ã´%1()&% 0&*
¶%´¶´*+'+´-* 0µ$,,´%0 ß )µ$1+$9)& ¶)(* Ý�-�%&(*&* Ú(& ã$,& ß (- +--´Û$'&(%.

�) &*' +1¶´%'$-' 0& -´'&% Ú(& -´'%& $-$)·*& -& ¶%&-0 &- ,´1¶'& Ú(& 0&* +-Û&-'+´-*
0´-' )$ ,´11&%,+$)+*$'+´- &- %�ÛÞ)& )& ,´-'&-(� &' ¶´(% )&*Ú(&))&* )& *&,%&' &*' 0´-, (-&
¶%´'&,'+´- +-&	,$,&. á- 0µ$('%&* '&%1&*� )& 9%&Û&' &*' )µ(-+Ú(& %&1¶$%' ¶´**+9)& ,´-'%&
)µ&-'%�&� &' Ý$%0&% )& *&,%&' &º¶´*& )µ+--´Û$'&(% ß )µ+1+'$'+´- ¶$% )&* $('%&* ¹%1&*. )(*
¶%�,+*�1&-'� (- +--´Û$'&(% ¶´(%%$+' ¶%�ã�%&% Ý$%0&% )& *&,%&' ¶)('¹' Ú(& 0& 0�¶´*&% (-
9%&Û&'� ¶%´'&,'+´- Ú(+ +1¶)+Ú(& )$ 0+Û()Ý$'+´- 0& )µ+-Û&-'+´-. Ò )$ 0+æ�%&-,& 0( 9%&Û&'� )&
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*&,%&' &*' (-& ¶%´'&,'+´- Ú(+ -& ,´�'& %+&-� *$ ,´-'%&¶$%'+& �'$-' Ú(µ$(,(- 0%´+' -& ¶&('
å'%& %&Û&-0+Ú(� &- ,$* 0µ+1+'$'+´-. �$-* -´'%& 1´0Þ)&� $0´¶'&% )& *&,%&' ,´-*+*'& ß ã$+%&
(- &æ´%' -() 0µ+-*'%(,'+´-� &' ,´-0(+' ß )µ&-'%�& ,&%'$+-&. �) *µ$Ý+' 0´-, 0µ+-Û&-'+´-* Ú(+
-& ¶&(Û&-' å'%& Û$)´%+*�&* $('%&1&-' Ú(& ¶$% )& 9+$+* 0( 9%&Û&'� *(% )&*Ú(&))&* )& fy�}�yg�
�ak,a��y,akg &*' ã$,+)& ß %�$)+*&%ñ).

�BAB� JK H���OK
ó-& ã´+* )& 9%&Û&' %�0+Ý� &' 0�¶´*�� -´(* $**+1+)´-* )$ ¶%´9$9+)+'� 0µ&-'%�& ß 1 − p.

�Û&, (-& ¶%´9$9+)+'� p� +) -µ· $ ¶$* 0µ&-'%�& ì )µ+--´Û$'&(% 0&1&(%& &- 1´-´¶´)&� &' *´-¶%´¹' &*' πm . �Û&, (-& ¶%´9$9+)+'� 1−p� +) · $ &-'%�&� 0�'&,'�& ¶$% )µ+--´Û$'&(% ,´11& (-&+-ã%$,'+´- 0( 9%&Û&'. �) *µ&-*(+' (-& *+'($'+´- 0& ,´-Ð+' &-'%& )µ+--´Û$'&(% &' )µ&-'%$-' ç~b è�
�� h,b,k�ê� ´² { ç)& ¶)$+Ý-$-'ê ã$+' ß -´(Û&$( $¶¶&) ß )µ$Û´,$' � ¶´(% ¶´(%*(+Û%& )µ&-'%$-'
ç)µ$,,(*�ê ¶´(% Û+´)$'+´- 0& *&* 0%´+'*. Ùµ$Û´,$' â´(& �Ý$)&1&-' (- %¹)& &**&-'+&) 0$-* )$
*'%$'�Ý+& $0´¶'�& $( )+'+Ý& ¶´(% ã$+%& Û$)´+% )&* 0%´+'* 0& *´- ,)+&-'. 2�-�%$)&1&-' 1´+-*
9+&- +-ã´%1�* Ú(& )&(% $Û´,$' *(% )$ )´+ &' )$ Û$)&(% 0& )µ&æ´%' $( )+'+Ý&� )&* +--´Û$'&(%*
*´-' ,´-'%$+-'* 0& *µ&- %&1&''%& ß )&(%* ,´1¶�'&-,&*. � ¶&(' +-Ð(&-,&% )µ+**(& 0( )+'+Ý& &-
ã´(%-+**$-' (- &æ´%' ,´�'&(º -´'� q

ç
q ∈ [0, 1]

ê. ±&' &æ´%'� 1&*(%� ¶$% )&* 0�¶&-*&* )´%*
0& )$ ¶%´,�0(%& ç)& -´19%& 0µÜ&(%&* ¶$**�&* *(% )& 0´**+&% ¶$% &º&1¶)&ê $,,%´¸' )&* ,Ü$-,&*
0& *(,,Þ* $( ¶%´,Þ*. �('%&1&-' 0+'� )& *(,,Þ* 0( ¶)$+Ý-$-' 0�¶&-0 0& )$ Ú($)+'� &' 0& )$
Ú($-'+'� 0µ&æ´%' Ú(& *´- $Û´,$' ,´-*$,%& $( )+'+Ý&.

(´(* ,´-*+0�%´-* Ú(& )& ,´�' 0& )µ&æ´%' 0& )+'+Ý& µ(q)
&*' ,%´+**$-' &' ,´-Û&º&� '&) Ú(&

µ(0) = 0 ñ+ . ´(% )$ %�*´)('+´- 0( 1´0Þ)&� -´(* ,´-*+0�%´-* (-& ã´%1& Ú($0%$'+Ú(& -´'�&
µ(q) = µq2

2
.

(´(* $**+1+)´-* )$ ¶%´9$9+)+'� 0& *(,,Þ* 0( ¶)$+Ý-$-' $( )+'+Ý& ß )µ&æ´%' q . �$-* ,& ,$*)& 0�ã&-0&(% &*' â(Ý� ,´(¶$9)& 0& Û+´)$'+´- 0( 9%&Û&'� &' )& ¶%´¹' 0& { &*' -´'�
πw . �Û&,

÷2Ö�qux r�Û qðqyrsq sq {�u ~t uq{xqtÛ rí�Ûy�{qtxw�tq qx ~qu áw|xq{íz|s|Úwquv |û sq � �ÜoÜ�åÜ Üß��ßÜÜ��ß��r|tÛ w~qzxwØqÛ tzq y|s�{tsq ~qy�z~q qzâwÛ|z tzq uqy�wzq ~q xÛ�â�ws ç tzq ��twrq ~q �t�xÛq rqÛu|zzqu qx{|}xq qzxÛq 
1�111 qx 511�111 qtÛ|u÷oí�qê|Ûx ~q swxwÚq {|zuwuxq ç rÛ�r�ÛqÛ s� uxÛ�x�Úwq �tw rqÛyqxxÛ� ~q rÛ|tâqÛ s�wzìÛ�{xw|z qx ~q Ú�ÚzqÛsq rÛ|{ïu� íqu rÛwz{wr�tð �ÛÚtyqzxu �tw ì|z~qzx s� rs�w~|wÛwq ~q s��â|{�x u|zx {qtð �t�ws � rÛ�r�Û�qu qzrÛqywqÛv qx squ ~qÛzwqÛu qê|Ûxu �rr|Ûx�u z�|zx �t�tz qêqx y�ÛÚwz�s utÛ sq âqÛ~w{x�
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(-& ¶%´9$9+)+'� 1−q � )& '%+9(-$) â(Ý& Ú(µ+) -µ· $ ¶$* +-ã%$,'+´-� )& ¶)$+Ý-$-' { ¶&%0 )µ$æ$+%&�&' ´9'+&-' (- ¶%´¹' πl .
�$-* )& 1´0Þ)&� )& )+'+Ý& &*' %&¶%�*&-'� ,´11& (- ¶%´,Þ*. á- %�$)+'�� )$ ¶)(¶$%' 0&* )+'+Ý&*

*(% 9%&Û&'* *´-' %�*´)(* ß )µ$1+$9)&� ¶%�$)$9)&1&-' $( 0�¶¹' 0µ(-& ¶)$+-'& ¶´(% +-ã%$,'+´-
$(¶%Þ* 0µ(- '%+9(-$). �´('&ã´+*� )& 0�%´()&1&-' &' )µ+**(& 0µ(- $,,´%0 ß )µ$1+$9)& &-'%& )&*
¶$%'+&* %&ÐÞ'& ,& Ú(+ *& *&%$+' ¶%´0(+' $( ¶%´,Þ*. ±µ&*' ¶´(%Ú(´+ -´(* -´'%& %&¶%�*&-'$'+´-
&*' (-& ã$�´- 0& %�*(1&% )& )+'+Ý& *´(* '´('&* *&* ã´%1&* ¶´**+9)&*.

�BABA ��F�QG�
�( 0�9(' 0& )&(% %&)$'+´- ç�d `ab�� $Û$-' )µ�'$¶& 0µ+-*'%(,'+´-ê� )µ+--´Û$'&(% ¶%´¶´*&

(- ,´-'%$' ß *´- $Û´,$'. (´(* ,´-*+0�%´-* Ú(& )&* 0&(º $Ý&-'* *´-' -&('%&* Û+*äßäÛ+* 0(
%+*Ú(&ñÓ .
Ù&* 9$%%+Þ%&* +-ã´%1$'+´--&))&* 0�,%+'&* ¶)(* Ü$(' &1¶å,Ü&-' )µ+--´Û$'&(% 0& *(%Û&+))&%

0& ¶%Þ* )& ,´1¶´%'&1&-' 0& *´- $Û´,$' )´%* 0&* �'$¶&* 0µ+-*'%(,'+´- &' 0& )+'+Ý&� &' 0&
*¶�,+¹&% 0$-* )& ,´-'%$' )& -+Û&$( 0µ&æ´%' Ú(& )µ$Û´,$' 0´+' $,,´1¶)+% ß ,Ü$,(-& 0&* 0&(º
�'$¶&*. ±&)$ 0´--& )+&( ß (- ,´-Ð+' 0µ+-'�%å' ¶´'&-'+&)� Ú(+ ¶&(' å'%& ¶$%'+&))&1&-' %�*´)(
*+ )µ$Û´,$' &*' %�1(-�%� 0& 1$-+Þ%& ,´-'+-Ý&-'& $( %�*()'$' 0& *´- &æ´%'. Ùµ+--´Û$'&(%�
)´%*Ú(µ+) *¶�,+¹& )&* '&%1&* 0( ,´-'%$'� 0´+' *& ã´-0&% *(% )& %�*()'$' Ú(µ+) *&%$ &- 1&*(%&
0µ́ 9*&%Û&% ì *µ+) 0&1&(%& &- 1´-´¶´)&� ´( *µ+) &*' &- 0(´¶´)& ç*µ+) · $ &-'%�&ê &' Ú(µ+) &1¶´%'&
)& )+'+Ý&� ´( &-¹- *µ+) &*' &- 0(´¶´)& ç*µ+) · $ &-'%�&ê &' Ú(µ+) ¶&%0 )& )+'+Ý&. á- ,& Ú(+ ,´-,&%-&
)µ&æ´%' 0µ+-*'%(,'+´-� ,&''& 0+*'+-,'+´- ¶&(' *µ&º¶)+Ú(&% 0& ¶)(*+&(%* 1$-+Þ%&*.�´(' 0µ$9´%0�
-´(* ,´-*+0�%´-* Ú(& )µ+--´Û$'&(% 0+*'+-Ý(& )&* 0+æ�%&-'&* *+'($'+´-* ¶´**+9)&*� %�*()'$'* 0&
)µ&æ´%' 0& )µ$Û´,$'� *&)´- )& ¶%´¹' Ú(µ+) &- %&'+%& ì πm ç1´-´¶´)&ê� πw ç)+'+Ý& &' *(,,Þ*ê
´(

πl ç)+'+Ý& &' �,Ü&,êò . �& ¶)(*� -´(* *(¶¶´*´-* Ú(& )µ+--´Û$'&(% -& ¶&(' ¶$* ,´-'%$,'&%
0+%&,'&1&-' *(% )$ )$%Ý&(% 0( 9%&Û&'� ,$%$,'�%+*'+Ú(& â(%+0+Ú(& 0´-' )µ+-'&%¶%�'$'+´- &*'
*(9â&,'+Û& &' *´(1+*& ß Û$%+$'+´-*. á-¹-� *+ )µ&-'%�& 0�¶&-0 0µ�)�1&-'* -´- ´9*&%Û$9)&*�
÷Õí��â|{�x qux qz Û��swx� tz {�áwzqx ×tÛw~w�tqv �tw xÛ�â�wssq utÛ rstuwqtÛu �ê�wÛqu qz yLyq xqyruv qzxÛqsqu�tqssqu ws �x�sq squ Ûwu�tqu ~q rqÛ~Ûq��øÖ|zxÛ�wÛqyqzx �tð �Ûxw{squ ~q s� swxx�Û�xtÛq utÛ squ Ûqs�xw|zu {swqzxuô�â|{�xu ~�{Ûwxu rÛ�{�~qyyqzxv sqxîrq ~q {|zxÛ�x qzxÛq s�wzz|â�xqtÛ qx u|z �â|{�x zq uq swywxq r�u ç tz {|zxÛ�x swz��wÛq�
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,´11& ¶$% &º&1¶)& )& ,´�' 0µ&-'%�& 0& )µ&-'%$-' ¶´'&-'+&)� +) -& ¶&(' ¶$* &- '&-+% ,´1¶'&
$( 1´1&-' 0& *¶�,+¹&% )& ,´-'%$'� &' 0´+' *µ&- '&-+% ß )$ %�$,'+´- ´9*&%Û�& 0& )µ&-'%$-'
¶´'&-'+&) çÚ(+ 0�,+0& ´( -´- 0µ&-'%&% *(% )& 1$%,Ü�ê.

{ ¶%´¶´*& 0´-, ß � (- ,´-'%$' çtm � tw � tlê. ±&* '%$-*ã&%'* *´-' *´(1+* ß )$ %ÞÝ)& 0& %&*ä¶´-*$9+)+'� )+1+'�& ç& h,h,b�� h,`�,h,b�'� Û´+% ¶$% &º&1¶)& �Ü$Û&)) C/Ñ½´D� �--&* C/ÑÑÔD� �&æ$+-*
C4ÔÔÔDê Ú(+ )&(% +-'&%0+' 0µå'%& -�Ý$'+ã*.
Ùµ+--´Û$'&(% -µ&*' ¶$* &- 1&*(%& 0& ¶(-+% )µ$Û´,$' &' -& ¶&(' ('+)+*&% Ú(& )$ %�,´1¶&-*&

¶´(% )µ+-,+'&% ß ã´(%-+% (- ,&%'$+- -+Û&$( 0µ&æ´%'. Ù$ *+'($'+´- )$ ¶)(* %+*Ú(�& ¶´(% )µ$Û´,$'
ç)$ ¶+%& *+'($'+´-ê &*' 0´-, (-& *+'($'+´- 0$-* )$Ú(&))& +) %&�´+' (- '%$-*ã&%' -(). Ù$ %ÞÝ)&
0& %&*¶´-*$9+)+'� )+1+'�& ´9)+Ý& )µ+--´Û$'&(% ß )$+**&% (-& %&-'& ß )µ$Û´,$' &- $*·1�'%+&
0µ+-ã´%1$'+´-. (´'´-* Ú(& *+ )µ$Û´,$' �'$+' $Û&%*& ¶$% %$¶¶´%' $( %+*Ú(&� )µ+--´Û$'&(% *&%$+'
�Ý$)&1&-' ,´-'%$+-' 0& )(+ )$+**&% (-& ¶%+1& $¹- 0& )µ$**(%&%. Ù$ %&*¶´-*$9+)+'� )+1+'�& &*'
0´-, (-& 1$-+Þ%& *+1¶)+¹�& 0& %&¶%�*&-'&% )µ$Û&%*+´- $( %+*Ú(& 0& )µ$Ý&-'ë.
Ù& 0�%´()&1&-' 0( â&( &*' %&¶%�*&-'� ¶$% )$ �+Ý(%& �./.
´(% *+1¶)+¹&% ç&' *$-* ¶&%'&* 0& Ý�-�%$)+'�*ê� -´(* -´%1$)+*´-* πl ß 0

&' -´(* -´ä
'&%´-* πm = π

&'
πw = W . á- ,$* 0µ�,Ü&, $( ¶%´,Þ*� )µ&-'%$-' %&*'& *(% )& 1$%,Ü� &'

¶&(' ,´11&%,+$)+*&% *´- ¶%´0(+' )+9%&1&-'� 0& *´%'& Ú(& )$ *'%(,'(%& 0& 1$%,Ü� &*' (-
0(´¶´)&. Ù& ¶$%$1Þ'%& π 1&*(%& 0´-, )& Ý$+- 0& )µ+--´Û$'&(% ß å'%& &- 1´-´¶´)& ¶)('¹'
Ú(µ&- ,´-,(%%&-,& $Û&, )µ&-'%$-'. á- ,$* 0& *(,,Þ* $( ¶%´,Þ*� )µ+--´Û$'&(% $ (- ¶%´¹' W �
0´-' )& 1´-'$-' +))(*'%& ¶)(*+&(%* *+'($'+´-* ¶´**+9)&* ì +) ¶&(' ¶$% &º&1¶)& &1¶å,Ü&% )&
0�ã&-*&(% )µ('+)+*&% *´- 9%&Û&' &' )& ã´%,&% ß *´%'+% 0( 1$%,Ü�� ¶´(% ,´-*&%Û&% *$ ¶´*+'+´-
0& 1´-´¶´)&ñ ¸ +) ¶&(' �Ý$)&1&-' ´9'&-+% 0&* 0´11$Ý&* ¶´(% )µ+-ã%$,'+´- ç*´(* ã´%1& 0&,´1¶&-*$'+´- *(% )&* ¶&%'&* 0& ¶%´¹'* ´( 0& %´·$)'+&*ê ¸ $(º �'$'*äó-+*� *+ ,&''& +-ã%$,'+´-
*& %�ÛÞ)& +-'&-'+´--&))&� )& 0�ã&-*&(% ¶&(' 0&Û´+% ¶$·&% )& '%+¶)& 0( 0´11$Ý& %�&) ç0$-* ,&
,$*� W ≥ 3π

ê ¸ +) &º+*'& �Ý$)&1&-' (- Ý$+- -´- Ú($-'+¹$9)&� (- *+Ý-$) ß )µ�Ý$%0 0&* $('%&*¹%1&* Ú(+ +-'&%¶%Þ'&-' )& *(,,Þ* 0& )µ+--´Û$'&(% ,´11& (- %&1¶$%' *(¶¶)�1&-'$+%& ß -& ¶$*
�n�|txqì|wuv uw sq ×qt �x�wx Û�r�x�v sq ì�wx �tq u� Û�rtx�xw|z uq ~�ÚÛ�~q qz {�u ~��{íq{u ut{{quuwìu ÛqrÛ�uqzôxqÛ�wx r|tÛ s��â|{�x tzq ì|Ûyq ~q rtzwxw|z ~|zx sq y|~ïsq zq xwqzx r�u {|yrxq��÷°s rqtx yLyq ás|�tqÛ s� {|yyqÛ{w�swu�xw|z ~t rÛ|~twx ~ïu u|z s�z{qyqzx ú~�zu {q {�uv W = π± æ {qxxqrÛ|{�~tÛq qux �rrqs�q �ã�Ü�����ßÞ�� �ßn�ß�à�äß��
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���� �./ì Ù& ,´-'%$' &-'%& { &' �

ã%$-,Ü+%� ,& Ú(+ %&-ã´%,& &' �'&-0 �Û&-'(&))&1&-' *´- ¶´(Û´+% 0& 1$%,Ü� . (´'´-* Ú(& *+ )&
)+'+Ý& &*' %�*´)( ß )µ$1+$9)& $Û$-' Ú(& )& ¶%´,Þ* -& *´+' &-'$1�� )& 1´-'$-' )+,&-,& Û&%*�&
¶$% )& 0�ã&-*&(% ß )µ+--´Û$'&(% %&ÐÞ'& ,&* 0+æ�%&-'&* ¶´**+9+)+'�*. �$-* )$ *(+'& 0( 1´0Þ)&�
-´(* *(¶¶´*´-* â(*'& Ú(& W ≥ 0

&' Ú(µ+) ¶&(' ¶%&-0%& 0+æ�%&-'&* Û$)&(%*� +-ã�%+&(%&* ´(
*(¶�%+&(%&* ß π .

(´'´-* Ú(& )& Ý$+- π
0& )µ+--´Û$'&(% ß å'%& &- 1´-´¶´)& ¶)('¹' Ú(µ&- ,´-,(%%&-,& $Û&,

)µ&-'%$-' 0�¶&-0 0( '·¶& 0&* ¶%´0(+'* ḉ ( 0&* '&,Ü-´)´Ý+&*ê ,´11&%,+$)+*�* ¶$% )µ+--´Û$'&(%
&' )µ&-'%$-'. �+ )µ&-'%$-' ('+)+*& )& 9%&Û&' 0& )µ+--´Û$'&(% ¶´(% ,´11&%,+$)+*&% (- ¶%´0(+'
*+1+)$+%&� )µ+--´Û$'&(% *´(æ%& 0& )$ ,´-,(%%&-,& $Û&, )µ&-'%$-' &' π

&*' �)&Û�. á- %&Û$-,Ü&�
*+ )µ&-'%$-' ('+)+*& *´- 9%&Û&' ¶´(% ,´11&%,+$)+*&% (- ¶%´0(+' 0+æ�%&-' 0´-' )$ '&,Ü-´)´Ý+&
%&¶´*& *(% ,&))& 0& )µ+-Û&-'+´- 9%&Û&'�&� )$ ,´-,(%%&-,& -µ$æ&,'& ¶$* )& ¶%´¹' 0& 1´-´¶´)&
0& )µ+--´Û$'&(% &' π

&*' ã$+9)&. ±&''& 0+æ�%&-,& ¶&(' �Ý$)&1&-' %&Ð�'&% )$ 0+*'+-,'+´- &-'%&
(-& +--´Û$'+´- 0& ¶%´,�0� &' +--´Û$'+´- 0& ¶%´0(+' ì ,´1¶´*$-'& 0µ(- ¶%´0(+' ¶$%'+,()+&%�
(-& +--´Û$'+´- 0& ¶%´,�0� ¶&(' å'%& %�('+)+*�& 0$-* (- ¶%´0(+' ,´1¶)Þ'&1&-' 0+æ�%&-'
��î s|zÚ xqÛyqv {qs� rqtx LxÛq Û�uty� ~�zu s� ~�Øzwxw|z ~q W v �tw qux tzq ì|Ûyq Û�~twxq ~�tz wtð ~qrÛ|Øxu�



ö�÷�øùúû ü� ýû þÿ��ýû �û�þû� ÷�ÿö÷ù� /´«

,´11&%,+$)+*� *(% (- $('%& 1$%,Ü� çπ &*' $)´%* ã$+9)&ê§ � '$-0+* Ú(µ(-& +--´Û$'+´- 0& ¶%´0(+'&*' *(*,&¶'+9)& 0µå'%& +1+'�& ¶$% (- ,´-,(%%&-' 0+%&,' çπ &*' $)´%* �)&Û�ê.Ù& ¶%´¹' 9%(' &*¶�%� 0& )µ+--´Û$'&(% Π(p, q)� )& '%$-*ã&%' &*¶�%� 0& )µ$Û´,$' T (p, q)� &')& ,´�' &*¶�%� 0&* &æ´%'* C(p, q)
*´-' )&* *(+Û$-'* ì





Π(p, q) = pπ + q(1 − p)W,

T (p, q) = q(1 − p)tw + (1 − q)(1 − p)tl + ptm,

C(p, q) = γ(p) + (1 − p)µ(q).

×¿× ��³ÇË³�ÃÍ ÈÅ ÂI�IÂÅÍÄÅ � �Í�ÃÂÌË³�ÃÍ ÄÃÌ��Ï³Å
�$-* ,&''& *&,'+´-� -´(* �'(0+´-* )µ́ ¶'+1(1 ¶%+Û� 0& )µ+--´Û$'&(% )´%*Ú(µ+) &*' &- 1&*(%&

0µ́ 9*&%Û&% )&* &æ´%'* p
$-0

q
0& *´- $Û´,$' $(º 0&(º �'$¶&* 0( ¶%´,&**(* 0& ¶%´'&,'+´-.

±&' ´¶'+1(1 ,´-*'+'(&%$ )$ *+'($'+´- 0& %�ã�%&-,& ¶´(% )& %&*'& 0( 1´0Þ)&. �) *µ$Ý+' 0&
0�'&%1+-&% )&* &æ´%'* 0µ+-*'%(,'+´- &' 0& )+'+Ý& Ú(& )µ+--´Û$'&(% %�$)+*&%$+' *µ+) )(+ �'$+'
¶´**+9)& 0& *& *(9*'+'(&% ß *´- $Û´,$'. $% 0�¹-+'+´-� (-& '&))& *+'($'+´- Ý´11& )&* ,´-Ð+'*
0µ+-'�%å' ¶´'&-'+&)* &-'%& )µ$Û´,$' &' *´- ,)+&-'� 0$-* )$ 1&*(%& ´² )µ$Û´,$' $Ý+' &º$,'&1&-'
,´11& )& 0�*+%& *´- ,)+&-'. ±&''& *+'($'+´- ,´%%&*¶´-0 0$-* ,& 1´0Þ)& $( ,$* ´² )µ$Û´,$'
&*' (- &1¶)´·� 0& )µ+--´Û$'&(% &' ,´-*'+'(& (- $Ý&-' ¶$%ã$+'�.
Ù&* &æ´%'* 0& )µ$Û´,$' *´-' Û�%+¹$9)&*� &' )µ+--´Û$'&(% ´æ%& 0&* '%$-*ã&%'* Ú(+ 1$º+1+*&-'

*´- ¶%´¹' -&' &*¶�%�� ,´%%&*¶´-0$-' ß )$ 0+æ�%&-,& &-'%& *´- ¶%´¹' 9%(' &*¶�%� &' )& '%$-*ã&%'
'´'$) &*¶�%� Ú(µ+) 0´+' Û&%*&% ß )µ$Û´,$'. Ùµ$Û´,$' $,,&¶'& )& ,´-'%$' ¶%´¶´*� *+ *´- Ý$+- -&'
&*¶�%�� ,µ&*'äßä0+%& )$ 0+æ�%&-,& &-'%& )& '%$-*ã&%' '´'$) &*¶�%� &' )& ,´�' '´'$) &*¶�%� &*'
¶´*+'+ã ç-´(* *(¶¶´*´-* Ú(& *´- ('+)+'� 0& %�*&%Û$'+´-� ,-�- *µ+) %&ã(*& )& ,´-'%$'� &*' -())&ê.
Ù$ ,´-'%$+-'& 0& ¶$%'+,+¶$'+´- 0& � ç-´'�& ±ê &*' 0´-, Û�%+¹�& *+ T (p, q) − C(p, q) ≥ 0.á- ´('%&� )&* '%$-*ã&%'* ¶%´¶´*�* 0´+Û&-' %&*¶&,'&% )$ ,´-'%$+-'& 0& %&*¶´-*$9+)+'� )+1+'�&
�¯7Ûqqz qx �{|x{íyqÛ ú5ññ
± ~|zzqzx s�qðqyrsq ~�tz rÛ|{�~� {íwÛtÛÚw{�s r|tÛ íty�wzu Û�txwswu� r|tÛ tzrÛ|{�~� {íwÛtÛÚw{�s r|tÛ �zwy�tð ~|yquxw�tqu��"í�wzz|â�xqtÛ qx s��â|{�x ì|Ûyqzx tzq uxÛt{xtÛq âqÛxw{�sq wzx�ÚÛ�qv {q �tw utrr|uq �tq s�wzz|â�xqtÛ z��r�u wzx�ÛLx ç ì�wÛq �rrqs ç tz �â|{�x qðx�ÛwqtÛ úws z�î � r�u ~q rÛ|ásïyq ~q swywxqu ~q s�qzxÛqrÛwuqu ç s� :�Ûxô{ì� 7Û|uuy�z qx :�Ûx �5ñ�ò� qx :�Ûx qx 8||Ûq �5ñ���±�
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ç-´'�& èÙê� ,µ&*'äßä0+%& 0&1&(%&-' ¶´*+'+ã*. Ù& ¶%´Ý%$11& 0& )µ+--´Û$'&(% *µ�,%+' ì

1$º
tm,tl,tw

Π(p, q) − T (p, q)

*.,.




T (p, q) − C(p, q) ≥ 0, (CP )

tm ≥ 0, tw ≥ 0, tl ≥ 0. (RL)

� )µ́ ¶'+1(1 ¶%+Û� &- +-ã´%1$'+´- ,´1¶)Þ'&� )$ ,´-'%$+-'& 0& ¶$%'+,+¶$'+´- 0& � &*' *$'(%�&�
*´+'

T (p, q) = C(p, q)
ç)& '%$-*ã&%' &*¶�%� 0& � ,´%%&*¶´-0 â(*'& $( ,´�' &*¶�%� 0&* &æ´%'*ê�

$Û&, 0&* '%$-*ã&%'* ¶´*+'+ã*. Ùµ́ 9â&,'+ã 0& { &*' $)´%*

max
p,q

Π(p, q) − C(p, q).

Ùµ+--´Û$'&(% *& *(9*'+'(& ß *´- $Û´,$' &' +-'&%-$)+*& )&(% %&)$'+´- ç0& *´%'& Ú(& )&(%* +-'�%å'*
,´K-,+0&-' ¶$%ã$+'&1&-'ê. Ò )µ́ ¶'+1(1 &- +-ã´%1$'+´- ,´1¶)Þ'&� )&* -+Û&$(º 0µ&æ´%'* p∗(q)&'

q∗(p) Û�%+¹&-' )&* ,´-0+'+´-* 0( ¶%&1+&% ´%0%& # ì




∂Π
∂p

(p, q) − ∂C
∂p

(p, q) = 0,
,-�-

π − qW = γ′(p) − µ(q)
)

,

∂Π
∂q

(p, q) − ∂C
∂q

(p, q) = 0,
,-�-

W = µ′(q).

�µ$¶%Þ* )$ ,´-0+'+´- *(% q � )µ&æ´%' 0& )+'+Ý&� 0�'&%1+-� �d efgb� 0�¶&-0 (-+Ú(&1&-' 0&
*´- ¶%´¶%& ,´�' &' 0& W � ¶%´¹' 0& { *µ+) Ý$Ý-& )& )+'+Ý&. á- 0µ$('%&* '&%1&*� )µ&æ´%' q

&*'
+-0�¶&-0$-' 0& )µ&æ´%' p.á- %&Û$-,Ü&� )$ ,´-0+'+´- *(% p

0´--& (-& %&)$'+´- &-'%& )&* 0&(º &æ´%'*� ß '%$Û&%* )&
Ý$+- -&' &*¶�%� $( ¶%´,Þ* 0& )µ+--´Û$'&(%. )(* *´- Ý$+- -&' &*¶�%� $( ¶%´,Þ* &*' ã$+9)&�
¶)(* )µ+--´Û$'&(% &*' +-,+'� ß 9)´Ú(&% )µ&-'%�& &- +-0(+*$-' (- &æ´%' �d `ab� �)&Û�. ó-&
$(Ý1&-'$'+´- 0& )µ&æ´%' �d efgb q

$ (- +1¶$,' ¶´*+'+ã *(% )& Ý$+- -&' &*¶�%� $( ¶%´,Þ* *+
*´- ,´�' 1$%Ý+-$) &*' +-ã�%+&(% ß *´- Ý$+- 1$%Ý+-$) ç*+ µ′(q) ≤ W

ê+ . �$-* ,& ,$*� )µ&æ´%'
�.íqu {|z~wxw|zu ~t uq{|z~ |Û~Ûq u|zx â�ÛwØ�qu qz �zzqðq�2íq á�z�Ø{q y�ÛÚwz�s ~q s�qê|Ûx p qux r|uwxwì uw qx uqtsqyqzx uw π ≥ qW ��o�z qêqxv qz ~wê�Ûqz{w�zx s� {|z~wxw|z ~t rÛqywqÛ |Û~Ûq utÛ p r�Û Û�rr|Ûx ç q v |z |áxwqzx æ−γ′′(p)dp

dq
=

W − µ′(q), qx γ′′(p) qux r|uwxwì r�Û íîr|xíïuq�
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�d `ab� p
&*' (-& ã´-,'+´- 0�,%´+**$-'& 0& )µ&æ´%' �d efgb q

ì dp
dq

≤ 0
ç)&* 0&(º &æ´%'* *´-'

$)´%* *(9*'+'($9)&*ê. �( ,´-'%$+%&� *+ *´- ,´�' 1$%Ý+-$) &*' *(¶�%+&(% ß *´- Ý$+- 1$%Ý+-$)
ç*+

µ′(q) ≥ W
ê� (-& $(Ý1&-'$'+´- 0& q

$ (- +1¶$,' -�Ý$'+ã *(% )& Ý$+- &*¶�%� $( ¶%´,Þ*� &'
)µ&æ´%' �d `ab� p

&*' (-& ã´-,'+´- ,%´+**$-'& 0& )µ&æ´%' �d efgb q
ì dp

dq
≥ 0

ç)&* 0&(º &æ´%'*
*´-' $)´%* ,´1¶)�1&-'$+%&*ê.

e`ag h� s`g �� sf·bg iz`�y`b,iz�g ��g �lfybgÓ� h�g �lfybg feb,h`zd gfab j




q∗ = W
µ

,

p∗ = 1
γ
[π − W 2

2µ
]
§ò.

� )µ́ ¶'+1(1 &- +-ã´%1$'+´- ,´1¶)Þ'&� ¶´(% )&* Û$)&(%* 0& W
'&))&* Ú(& 2µ(π − µ) ≤

W 2 ≤ 2µπ � +) &º+*'& (- 0&Ý%� ´¶'+1$) 0& ,´-Ð+' 1 − p∗
-´- -() ç0( ¶´+-' 0& Û(& 0&

)µ+--´Û$'&(%ê ì *+ )µ$9*&-,& '´'$)& 0& ¶%´'&,'+´- çp = 0
ê Ú(+ ,´-ãÞ%& ß )µ+--´Û$'&(% (- ¶%´¹'

-&' W 2

2µ

¶)(* ã$+9)& Ú(& *´- ¶%´¹' 0& 1´-´¶´)& π
-µ&*' ¶$* ´¶'+1$)&� )& ,´�' 0µ(-& ¶%´'&,'+´-

¶$%ã$+'& çp = 1
ê ,´-0(+' ß (- ¶%´¹' -&' &- 1´-´¶´)& π − γ

¶)(* ã$+9)& Ú(& )& ¶%´¹' -&'
&- ,$* 0µ&-'%�& W 2

2µ
. �) -µ&*' $)´%* ¶$* ´¶'+1$) ¶´(% )µ+--´Û$'&(% 0µ́ 9'&-+% (-& ¶%´'&,'+´-

¶$%ã$+'& çÚ(+ 9)´Ú(& '´'$)&1&-' )µ&-'%�&ê� ,$% +) &º+*'& (- Ý$+- ¶´'&-'+&) ß )µ&-'%�& &' $(
)+'+Ý&.

�$-* )$ *&,'+´- *(+Û$-'&� -´(* �'(0+´-* )& %¹)& 0& )µ$Û´,$' &' )µ+1¶$,' 0& )µ$*·1�'%+&
0µ+-ã´%1$'+´- *(% )µ́ ,,(%%&-,& 0&* )+'+Ý&*.

×¿� ØÍ�ÃÂÌË³�ÃÍ ËÆ�ÌI³Â��ÇÅ �� ���� Å³ �� ����

±´-*+0�%´-* 1$+-'&-$-' )$ *+'($'+´- ´² )µ+--´Û$'&(% -µ&*' ¶$* &- 1&*(%& 0µ́ 9*&%Û&%
)&* &æ´%'* 0µ+-*'%(,'+´- �d `ab� &' 0& )+'+Ý& �d efgb &æ&,'(�* ¶$% *´- $Û´,$'. Ùµ&º¶&%'+*&
â(%+0+Ú(& 0& )µ$Û´,$' &*' &**&-'+&))& ß )µ+--´Û$'&(% *µ+) 0�*+%& ¶%´'�Ý&% *&* 0%´+'*� 1$+* ,&
�Õ�Ü�å A�Ü γ(p) = γp2

2 Üà µ(q) = µq2

2¯ø�|tÛ ~qu Û�wu|zu ~q uwyrswØ{�xw|zv z|tu ÛquxÛqwz~Û|zu s��z�sîuq �t {�u |û W ≤ µ r|tÛ zq {|zuw~�ÛqÛ�tq squ u|stxw|zu wzx�ÛwqtÛqu ~q q∗ � pq rstuv uw sq á�z�Ø{q y�ÛÚwz�s ~q s�qê|Ûx p qux r|uwxwì ú�� � z|xq �>±v�s|Ûu p∗ ≥ W 2

2γµ
� ù|tu ÛquxÛqwz~Û|zu ~|z{ s��z�sîuq �t {�u |û W ≤ 2γ v r|tÛ zq {|zuw~�ÛqÛ �Ú�sqyqzx �tq squu|stxw|zu wzx�ÛwqtÛqu r|tÛ p∗ �
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0&%-+&% -& ¶&(' *(%Û&+))&% &' �Û$)(&% )&* &æ´%'* Ú(& )µ$Û´,$' ,´-*$,%& ß *´- 9%&Û&'� &' -&
¶&(' 0´-, )& %�1(-�%&% Ú(& *(% )$ 9$*& 0& ,& Ú(µ+) ´9*&%Û&.

md efgb� )µ+-´9*&%Û$9+)+'� 0& )µ&æ´%' 0& )+'+Ý& ,%�& (- ¶%´9)Þ1& *'$-0$%0 0µ$)�$ 1´%$)§ë�
Ú(+ ,´-0(+' ß (-& 9$+**& 0& ,&' &æ´%' ¶$% %$¶¶´%' ß )$ *+'($'+´- 0µ+-ã´%1$'+´- ,´1¶)Þ'& çß
¶%´9$9+)+'� p

0´--�&ê. Ù$ ¶%´9$9+)+'� 0& Ý$Ý-&% )& )+'+Ý& &*' 0´-, %�0(+'& ¶$% )µ$*·1�'%+&
0µ+-ã´%1$'+´-.� ey,fy,� ,&)$ %�0(+' )µ+-'�%å' 0& )µ+--´Û$'&(% ß ¶&%1&''%& )µ&-'%�&� +) ã$+' 0´-,
&- *´%'& 0& )$ 9)´Ú(&% &- +-,+'$-' )µ$Û´,$' ß ã´(%-+% (- &æ´%' 0µ+-*'%(,'+´- ¶)(* �)&Û� Ú(µ&-
+-ã´%1$'+´- ,´1¶)Þ'&. �´('&ã´+*� *+ ,&' &æ´%' 0µ+-*'%(,'+´- -µ&*' ¶$* -´- ¶)(* ´9*&%Û$9)&�
´- ¶&(' *µ$''&-0%& ß ,& Ú(& )& ¶%´9)Þ1& 0µ$)�$ 1´%$) ,´-0(+*& ß (-& 9$+**& 0& ,&' &æ´%'
¶$% %$¶¶´%' ß )$ *+'($'+´- 0& ¶%&1+&% %$-Ý. $% ,´-*�Ú(&-'� )µ&æ&' Ý)´9$) 0& )µ$*·1�'%+&
0µ+-ã´%1$'+´- �d `ab� &' �d efgb *(% )µ&æ´%' 0µ+-*'%(,'+´- &*' $19+Ý(. Ùµ+1¶$,' 0( 0´(9)&
%¹)& 0& )µ$Û´,$' 0$-* )& ¶%´,&**(* 0& ¶%´'&,'+´- ç�d `ab� &' �d efgbê *(% )µ́ ,,(%%&-,& 0(
)+'+Ý& &*' 0´-, $19+Ý(.

�( ,´-'%$' (tw, tm, tl)
´æ&%' ¶$% )µ+--´Û$'&(% �d `ab� ç$Û$-' )& 0�9(' 0( ¶%´,&**(* 0&

¶%´'&,'+´-ê� )µ$Û´,$' %�$Ý+' &- 1$º+1+*$-' *´- Ý$+- -&' &*¶�%� ç&- $01&''$-' Ú(µ+) $,,&¶'&
)& ,´-'%$'� ,µ&*'äßä0+%& Ú(& *$ ,´-'%$+-'& 0& ¶$%'+,+¶$'+´- *´+' Û�%+¹�&ê§ñ . �( 1´1&-' 0& )$
*+Ý-$'(%& 0( ,´-'%$'� +) 0�'&%1+-& 0´-, *&* &æ´%'* 0µ+-*'%(,'+´- p

&' 0& )+'+Ý&
q
&- ¶%&-$-'

)&* '%$-*ã&%'* ,´11& 0´--�*� 0& )$ 1$-+Þ%& *(+Û$-'& ì

(p, q) = arg max
p,q

T (p, q) − C(p, q).

Ù&* ,´-0+'+´-* 0( ¶%&1+&% ´%0%& ¶$% %$¶¶´%' $(º &æ´%'* p
&'

q
0´--&-' )&* ,´-'%$+-'&*

¯n;|wÛ :|syuxÛ�y ú5ñ>ñ± qx 7Û|uuy�z qx :�Ûx ú5ñ��± r|tÛ squ ì|z~�xw|zu ~qu y|~ïsqu rÛwz{wr�sô�Úqzx�¯÷p�zu sq y|~ïsqv z|tu utrr|u|zu �tq s�wzz|â�xqtÛ rqtx u�qzÚ�ÚqÛ utÛ {q {|zxÛ�x �tw z�qux r�u Ûqz�Ú|ô{w�ásq qð r|ux� í� uq{xw|z 4�> �xt~wq s� r|uuwáwswx� ~q Ûqz�Ú|{w�xw|z ~t {|zxÛ�x� íqu Û�utsx�xu ~qyqtÛqzxuqzuwásqyqzx squ yLyqu�
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0µ+-,+'$'+´- 0& )µ$Û´,$' ç-´'�&* %&*¶&,'+Û&1&-' CIp
&'

CIq

ê § ì




∂T
∂p

(p, q) − ∂C
∂p

(p, q) = 0
,-�-

tm − tl − q(tw − tl) = γ′(p) − µ(q) (CIp)

∂T
∂q

(p, q) − ∂C
∂q

(p, q) = 0
,-�-

tw − tl = µ′(q) (CIq)

Ù$ 0+æ�%&-,& 0& '%$-*ã&%'* tw − tl
&-'%& &*(,,Þ*' &' &�,Ü&, $( )+'+Ý&' $ (- +1¶$,' ¶´*+'+ã

*(% )µ&æ´%' 0& )+'+Ý& 0& )µ$Û´,$'� ,$% +) &*' 0µ$('$-' ¶)(* +-,+'� ß Ý$Ý-&% )& ¶%´,Þ*� &' (-
&æ&' -�Ý$'+ã *(% *´- &æ´%' 0µ+-*'%(,'+´-� ,$% *´- Ý$+- &*¶�%� -&' $( ¶%´,Þ* &*' 0µ$('$-' ¶)(*
�)&Û�� &' *´- +-,+'$'+´- ß 9)´Ú(&% )µ&-'%�& *µ&- '%´(Û& %�0(+'&. Ù$ 0+æ�%&-,& 0& '%$-*ã&%'*
tm − tl

&-'%& &¶$* 0& )+'+Ý&' &' &�,Ü&, $( )+'+Ý&' ¶%´0(+' Ú($-' ß &))& (- &æ&' -() *(% )µ&æ´%'
0& )+'+Ý&� &' (- &æ&' ¶´*+'+ã *(% )µ&æ´%' 0µ+-*'%(,'+´- 0& )µ$Û´,$'.
Ùµ+--´Û$'&(% 0�'&%1+-& )& ,´-'%$' (tm, tw, tl)

0& 1$-+Þ%& ß 1$º+1+*&% *´- ¶%´¹' &*¶�%�
-&'� '´(' &- '&-$-' ,´1¶'& 0&* ,´-'%$+-'&* 0µ+-,+'$'+´-� 0& ¶$%'+,+¶$'+´- &' 0& %&*¶´-*$9+)+'�
)+1+'�& 0& )µ$Û´,$'. �´- ¶%´Ý%$11& *µ�,%+' ì

1$º
tm,tl,tw

Π(p, q) − T (p, q)

*.,.





T (p, q) − C(p, q) ≥ 0, (PC)

tw − tl = µ′(q), (CIq)

tm − tl − q(tw − tl) = γ′(p) − µ(q), (CIp)

tm ≥ 0, tw ≥ 0, tl ≥ 0, (RL)

�µ$¶%Þ* )&* ,´-'%$+-'&* 0µ+-,+'$'+´- 0& )µ$Û´,$'� tw − tl = µ′(q) ≥ 0� &' tm − tl = γ′(p) +

qµ′(q) − µ(q) ≥ 0
§§ . Ò )µ́ ¶'+1(1 ¶%+Û� &- +-ã´%1$'+´- $*·1�'%+Ú(&� )$ ,´-'%$+-'& 0&

%&*¶´-*$9+)+'� )+1+'�& *(% tl
&*' *$'(%�& çtl = 0

ê� ,& Ú(+ ,´-0(+' $(º '%$-*ã&%'* tw = µ′(q)
&'

tm = γ′(p)+qµ′(q)−µ(q). Ù& Ý$+- -&' &*¶�%� 0& )µ$Û´,$' $( )+'+Ý& &*' �Ý$) ß qµ′(q)−µ(q) ≥ 0ç,ã. -´'& ��ê� )µ+--´Û$'&(% )(+ )$+**& 0´-, (- *(%¶)(* ¶´*+'+ã $( ¶%´,Þ*.�& ¶)(*� *+ )µ+--´Û$'&(%
0&1&(%& &- 1´-´¶´)& ç,-�- *µ+) -µ· $ ¶$* 0µ&-'%�&ê� +) Û&%*& ß )µ$Û´,$' (- '%$-*ã&%' ¶´*+'+ã
¯�Ö|yyq sq rÛ|Øx zqx qur�Û� ~q s��â|{�x qux {|z{�âqv squ {|z~wxw|zu ~t rÛqywqÛ |Û~Ûq ~t rÛ|ÚÛ�yyq~q y�ðwywu�xw|z ~q s��â|{�x u|zx utÙu�zxqu r|tÛ {�Û�{x�ÛwuqÛ squ {|zxÛ�wzxqu ~�wz{wx�xw|z� ù|tu txwswu|zus��rrÛ|{íq ~t rÛqywqÛ |Û~Ûqv ~��rÛïu :|syuxÛ|y ú5ñ>ñ± qx 7Û|uuy�z qx :�Ûx ú5ñ��±� íqu {|z~wxw|zu ~tuq{|z~ |Û~Ûq u|zx â�ÛwØ�qu qz �zzqðq�¯¯�z qêqxv qµ′(q) − µ(q) ≥ 0v {�Û z|tu �â|zu utrr|u� �tq µ′′(q) ≥ 0 qx µ(0) = 0�



ö�÷�øùúû ü� ýû þÿ��ýû �û�þû� ÷�ÿö÷ù� /ºÔ

tm
. Ùµ+--´Û$'&(% *& Û´+' ,´-'%$+-' 0& )$+**&% ß *´- $Û´,$' (-& %&-'& +-ã´%1$'+´--&))& 0µ(-

1´-'$-' pγ′(p)−γ(p)+ qµ′(q)−µ(q). (´(* %&1$%Ú(´-* Ú(& ,µ&*' )$ %ÞÝ)& 0& %&*¶´-*$9+)+'�)+1+'�&� +-'&%0+*$-' ß tl
0µå'%& -�Ý$'+ã� Ú(+ ´9)+Ý& )µ+--´Û$'&(% ß )$+**&% (-& %&-'& ß )µ$Û´,$'

&' )µ&1¶å,Ü& 0& %�*´(0%& '´'$)&1&-' )& ,´-Ð+' 0µ+-'�%å' $Û&, *´- $Û´,$'. (´(* %&'%´(Û´-*
)& %�*()'$' 0& )$ )+''�%$'(%& *&)´- )&Ú(&) )$ ,´-â´-,'+´- 0( ¶%´9)Þ1& 0& %+*Ú(& 1´%$) &' 0& )$
,´-'%$+-'& 0& %&*¶´-*$9+)+'� )+1+'�& ´9)+Ý& )& ¶%+-,+¶$) ß )$+**&% (-& %&-'& ß )µ$Ý&-' �d `ab�.
Ùµ́ 9â&,'+ã 0& { &*' $)´%*

max
p,q

Π(p, q) − C(p, q) − [pγ′(p) − γ(p) + qµ′(q) − µ(q)].

±´-'%$+-' 0& )$+**&% (-& %&-'& ß *´- $Û´,$'� )µ+--´Û$'&(% ´9'+&-' (- ¶%´¹' -&' &*¶�%� ¶)(*
ã$+9)& Ú(µ&- +-ã´%1$'+´- ,´1¶)Þ'&.

� )µ́ ¶'+1(1 &- +-ã´%1$'+´- $*·1�'%+Ú(&� )&* -+Û&$(º 0µ&æ´%'* p∗∗
&'

q∗∗ Û�%+¹&-' )&*,´-0+'+´-* 0( ¶%&1+&% ´%0%& *(+Û$-'&* ì




∂Π
∂p

(p, q) − ∂C
∂p

(p, q) = pγ′′(p),
,-�-

π − qW − γ′(p) + µ(q) = pγ′′(p),

∂Π
∂q

(p, q) − ∂C
∂q

(p, q) = qµ′′(q),
,-�-

(1 − p)(W − µ′(q)) = qµ′′(q).

�µ$¶%Þ* )&* Ü·¶´'ÜÞ*&* 0( 1´0Þ)&� +) *µ$Ý+' 9+&- 0µ(- 1$º+1(1§�. Ù$ ,´1¶$%$+*´- 0& ,&*
,´-0+'+´-* 0( ¶%&1+&% ´%0%& $Û&, ,&))&* ´9'&-(&* &- +-ã´%1$'+´- ,´1¶)Þ'& 1´-'%& Ú(& )&
,´�' 1$%Ý+-$) 0µ+-0(+%& ,Ü$Ú(& &æ´%' ¶´(% )µ+--´Û$'&(% &*' ¶)(* �)&Û� &- +-ã´%1$'+´- $*·ä
1�'%+Ú(&. á- &æ&'� )& ,´�' 1$%Ý+-$) 0µ+-0(+%& )µ&æ´%' 0µ+-*'%(,'+´- $(Ý1&-'& 0& pγ′′(p)�'$-0+* Ú(& )& ,´�' 1$%Ý+-$) 0µ+-0(+%& )µ&æ´%' 0& )+'+Ý& $(Ý1&-'& 0& qµ′′(q). �& ¶)(*� )&*0&(º &æ´%'* +-'&%$Ý+**&-' ì )$ ,´-0+'+´- *(% p

+-0+Ú(& Ú(& p
&*' (-& ã´-,'+´- 0�,%´+**$-'&

¶(+* ,%´+**$-'& 0& q � &' )$ ,´-0+'+´- *(% q
+-0+Ú(& Ú(& q

&*' (-& ã´-,'+´- 0�,%´+**$-'& 0& pç,´-'%$+%&1&-' ß )$ *+'($'+´- &- +-ã´%1$'+´- ,´1¶)Þ'& ´² )µ&æ´%' 0& )+'+Ý& q
&*' +-0�¶&-0$-'

0& )µ&æ´%' 0µ+-*'%(,'+´- p
ê.

e`ag h� s`g �� sf·bg iz`�y`b,iz�g ��g �lfybg§#� h�g �lfybg feb,h`zd �a ,arfyh`b,fa
¯"íqu {|z~wxw|zu ~t uq{|z~ |Û~Ûq u|zx â�ÛwØ�qu qz �zzqðq�¯.�Ü �Þ �ä��Ü γ(p) = γp2

2 Üà µ(q) = µq2

2

�
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`g�h~by,iz� gfab �~b�yh,a~g e`y j




q = W
µ

[1−p
2−p

],

π − 2γp − W 2

2µ
[ (1−p)(3−p)

(2−p)2
] = 0.

Ù$ ¶%&1+Þ%& �Ú($'+´- -´(* ¶&%1&' 0µ$	%1&% Ú(& )µ&æ´%' 0& )+'+Ý& &*' '´(â´(%* ¶)(* ã$+9)&
&- +-ã´%1$'+´- $*·1�'%+Ú(& Ú(µ&- +-ã´%1$'+´- ,´1¶)Þ'&� ,$% 1−p

2−p
≤ 1

¶´(% '´(' p ∈ [0, 1].á- &æ&'� +) *µ$Ý+' 0µ(- ¶%´9)Þ1& *'$-0$%0 0µ$)�$ 1´%$)� ´² )µ+-´9*&%Û$9+)+'� 0& )µ&æ´%' 0&
)µ$Û´,$' ´9)+Ý& *´- ,)+&-' ß )(+ )$+**&% (-& %&-'&� Ú(+ $ ¶´(% &æ&' 0& %�0(+%& )µ&æ´%' ã´(%-+.
Ùµ́ 9â&' 0& )$ ¶%´¶´*+'+´- �./ &*' 0& ,´1¶$%&% )µ&æ´%' 0µ+-*'%(,'+´- &- +-ã´%1$'+´- ,´1ä

¶)Þ'& &' &- +-ã´%1$'+´- $*·1�'%+Ú(&� *&)´- )µ+1¶´%'$-,& 0( ¶%´¹' 0& )µ+--´Û$'&(% *µ+) %&1ä
¶´%'& )& )+'+Ý& W

¶$% %$¶¶´%' ß *´- ¶%´¹' 0& 1´-´¶´)& π . (´(* &- 0�0(+*´-* )µ+1¶$,' 0&)µ+-´9*&%Û$9+)+'� 0&* &æ´%'* �d `ab� &' �d efgb� ,µ&*'äßä0+%& 0( 0´(9)& %¹)& 0&* $Û´,$'* 0$-* )&
¶%´,&**(* 0& ¶%´'&,'+´- *(% )$ ¶%´9$9+)+'� 0& )+'+Ý&. Ù$ ã´-,'+´- g(π)

&*' 0�¹-+& &- $--&º&.
�TY[YtXWXYZ �OõO
ª �,af�g�y}`�,h,b~ ��g �lfybg �d `ab� �b �d efgb `zkh�ab� h ��lfyb �d `ab� ��,agbyzsb,fa e`y
y èefyb ¬ h` g,bz`b,fa ��,arfyh`b,fa sfheh¶b� �

p∗∗ ≥ p∗� hfygiz� h� eyf�b �a s`g �� gzss¶g
`z h,b,k� W

�gb ~h�}~ e`y y èefyb `z eyf�b �a h �̀ �g�as� �� h,b,k� π
�
W ≥ g(π)� - mhh� h�

�,h,az� g,afa-
�( ¶´+-' 0& Û(& 0& )µ́ ¶'+1(1 ¶%+Û� ç0& )µ+--´Û$'&(%ê� )µ$*·1�'%+& 0µ+-ã´%1$'+´- &-'%&

)µ$Û´,$' &' *´- ,)+&-' *(% )&* &æ´%'* 0µ+-*'%(,'+´- &' 0& )+'+Ý& ,´-0(+' ß 0&* )+'+Ý&* +-*(	*$-'*
ç0(* ß (- &æ´%' &º,&**+ã �d `ab� ì p∗ ≤ p∗∗

ê )´%*Ú(& )& Ý$+- %&)$'+ã 0( )+'+Ý& &*' �)&Û�
ç¶$% %$¶¶´%' ß )$ ¶´*+'+´- 0& 1´-´¶´)&ê. ±µ&*' ¶$% &º&1¶)& )& ,$* )´%*Ú(& )&* 0´11$Ý&*
´( )$ )+,&-,& ¶´'&-'+&))& *´-' +1¶´%'$-'* çW &*' Ý%$-0ê &' )´%*Ú(& )&* ¶%´0(+'* *´-' '%Þ*
0+æ�%&-,+�* çπ &*' ã$+9)&ê.Ù$ ¶%´¶´*+'+´- �./ 1´-'%& ,´11&-' )µ$Û´,$' 0+*'´%' )$ ¶%´9$9+)+'� 0& )+'+Ý& )´%*Ú(µ+)
$Ý+' �d `ab� &' �d efgb. ±´-'%$+%&1&-' ß (- ¶%´9)Þ1& *'$-0$%0 0µ$)�$ 1´%$)� +) &*' +,+ ¶´*ä
*+9)& Ú(& )µ&æ´%' �d `ab� *´+' ¶)(* Ý%$-0 &- +-ã´%1$'+´- $*·1�'%+Ú(& Ú(µ&- +-ã´%1$'+´-
,´1¶)Þ'&. Ùµ+-'(+'+´- 0& )$ ¶%´¶´*+'+´- �./ &*' )$ *(+Û$-'&. ´(% (- -+Û&$( 0´--� 0µ&æ´%'
�d efgb q � )µ&æ´%' �d `ab� &*' ¶)(* ã$+9)& &- +-ã´%1$'+´- $*·1�'%+Ú(& Ú(µ&- +-ã´%1$'+´-
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,´1¶)Þ'& çp∗∗(q) ≤ p∗(q)
ê. ³$+* 0( ã$+' 0& )$ %&)$'+´- 0µ$)�$ 1´%$) $( ¶%´,Þ*� )µ$*·1�'%+&

0µ+-ã´%1$'+´- %�0(+' )µ&æ´%' �d efgb ì q∗∗ ≤ q∗ . ±&)$ ¶&(' %�0(+%& )&* +-,+'$'+´-* ß &-,´(%$Ý&%)µ&-'%�&� &' ,´-0(+%& ß (- &æ´%' �d `ab� ¶)(* �)&Û� &- +-ã´%1$'+´- $*·1�'%+Ú(& Ú(µ&- +-ã´%ä
1$'+´- ,´1¶)Þ'&. á- 9%&ã� +) &*' ¶´**+9)& Ú(& )& 0´(9)& %¹)& 0&* $Û´,$'* $(Ý1&-'& )µ&æ´%'
0µ+-*'%(,'+´-� 0´-, 0+1+-(& )& Û´)(1& 0&* ,´-Ð+'* â(%+0+Ú(&*. Ù&* +1¶)+,$'+´-* &- '&%1&* 0&
9+&-äå'%& *´,+$) *´-' -�$-1´+-* $19+Ý(�*. Ù& ,´�' &-Ý&-0%� ¶$% )&* )+'+Ý&* *& '%´(Û& %�0(+'�
1$+* &- ,´-'%&¶$%'+& )µ&-'%�& &*' 9)´Ú(�&� ,& Ú(+ ¶&(' $Û´+% 0&* ,´-*�Ú(&-,&* -�ã$*'&*� -´-
*&()&1&-' *(% )&* ,´-*´11$'&(%* çÚ(+ ã´-' ã$,& ß (- 1´-´¶´)& $( )+&( 0µ(- 0(´¶´)&ê�1$+*
�Ý$)&1&-' &- '&%1&* 0µ+-,+'$'+´-* ß +--´Û&% 0& )µ&-'%$-' ¶´'&-'+&).
Ù&* %�*()'$'* 0& )$ ¶%´¶´*+'+´- �./ *´-' +))(*'%�* 0$-* )$ ¹Ý(%& �.4. Ù$ ã´-,'+´- f(π)0�,%+' )&* Û$)&(%* 0& W

&- ã´-,'+´- 0&
π
'&))&* Ú(& p∗∗ = 0

§) � &' )$ ã´-,'+´- g(π)
ç*¶�,+¹�&

&- $--&º&ê 0�,%+' )&* Û$)&(%* 0& W
&- ã´-,'+´- 0&

π
'&))&* Ú(& p∗ = p∗∗ .Ù$ ¹Ý(%& �.4 1´-'%& Ú(& ¶´(% (- -+Û&$( 0´--� 0& π � *+ W = 0� )µ+--´Û$'&(% $ +-'�%å' ß9)´Ú(&% )µ&-'%�&� &- +-,+'$-' )µ$Û´,$' ß ã´(%-+% (- &æ´%' 0µ+-*'%(,'+´- �)&Û�. �) *µ$Ý+' 0µ(-&

*+'($'+´- 0µ$)�$ 1´%$) ,)$**+Ú(& 0$-* )$Ú(&))& )µ$*·1�'%+& 0µ+-ã´%1$'+´- %�0(+' )µ&æ´%' 0µ+-*ä
'%(,'+´-. Ù´%*Ú(& W

$(Ý1&-'&� )µ+-,+'$'+´- 0& )µ+--´Û$'&(% ß 9)´Ú(&% )µ&-'%�& 0+1+-(&� ,&
Ú(+ %�0(+' )µ&æ´%' 0µ+-*'%(,'+´-� 1$+* ,&' +1¶$,' &*' ¶)(* ã$+9)& &- +-ã´%1$'+´- $*·1�'%+Ú(&
Ú(µ&- +-ã´%1$'+´- ,´1¶)Þ'&§+ . $% ,´-*�Ú(&-'� )µ&æ´%' p∗∗

¶&(' 0�¶$**&% p∗
&' ,´-0(+%& ß

(-& +-*(	*$-,& 0& )+'+Ý& ¶$% %$¶¶´%' ß )µ́ ¶'+1(1 ¶%+Û� 0& ¶%&1+&% %$-Ý.
Ù$ ¶%´¶´*+'+´- �./ ¶&%1&' 0µ+-ã�%&% 0&* %�*()'$'* 0& *'$'+Ú(& ,´1¶$%$'+Û&. Ù& ,´%´))$+%&

�./ �'(0+& )µ+1¶$,' 0( ¶%´¹' 0& 1´-´¶´)& *(% )&* 0+*'´%*+´-* 0(&* ß )µ$*·1�'%+& 0µ+-ã´%ä
1$'+´-. �+ )& ¶%´0(+' 0& )µ&-'%$-' &*' ,´11&%,+$)+*� *(% (- 1$%,Ü� 0+æ�%&-' 0& ,&)(+ 0&
)µ+--´Û$'&(%� π &*' ã$+9)&� '$-0+* Ú(& *+ +) *µ$Ý+' 0& *(9*'+'('* ¶%´,Ü&*� π

&*' �)&Û�.
YTY®®�XT¯ �OõO ª �̀ g�h~by,� ��,arfyh`b,fa e�zb sfa�z,y� ¬ za� ,agzög`as� �� h,b,k� efzy
��g eyf�z,bg sfhh�ys,`h,g~g gzy ��g h`ys�~g �,l~y�abg �

p∗∗ ≥ p∗
hfygiz� π

�gb r`,�h�� �b
¯2

f(π) =
√

8µπ
3 �¯o�z qêqxv sq Ú�wz zqx ~q s�wzz|â�xqtÛ �t swxwÚq qux W 2

2µ
qz wzì|Ûy�xw|z {|yrsïxqv qx W 2(1−p∗∗)

µ(2−p∗∗)
qz wzôì|Ûy�xw|z �uîy�xÛw�tq� í� ~�Ûwâ�q r�Û Û�rr|Ûx ç W

~|zzq W
µ

qz wzì|Ûy�xw|z {|yrsïxq qx 2W (1−p∗∗)
µ(2−p∗∗)

qzwzì|Ûy�xw|z �uîy�xÛw�tq� !Û W
µ

≥ 2W (1−p)
µ(2−p)

r|tÛ x|tx p ∈ [0, 1]�
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���� �.4ì �+*'´%*+´-* 0(&* ß )µ$*·1�'%+& 0µ+-ã´%1$'+´-
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za �ds¶g �� h,b,k� efzy ��g gz�gb,bzbg eyfs��g �
p∗∗ ≤ p∗

hfygiz� π
�gb ~h�}~� e`y y èefyb ¬

h �feb,hzh ey,}~ �a ,arfyh`b,fa sfheh¶b�-
á- &æ&'� ß W

0´--�� )´%*Ú(& π
&*' -()� +) -µ· $ $(,(-& +-,+'$'+´- ß 9)´Ú(&% )µ&-'%�& &'

)&* 0&(º &æ´%'* *´-' -()* ç+) *µ$Ý+' 0& )$ 3´-& ´² p∗ = p∗∗ = 0
*(% )$ ¹Ý(%& �.4ê. Ù´%*Ú(&

π
$(Ý1&-'&� )µ+-,+'$'+´- ß 9)´Ú(&% )µ&-'%�& $(Ý1&-'& ì +) · $ 0´-, ¶)(* 0& )+'+Ý&* ¶´(% 0&*

+-Û&-'+´-* ,´11&%,+$)+*�* *(% 0&* 1$%,Ü�* 0+æ�%&-'* ḉ ( *(% 0&* 9%&Û&'* 0& ¶%´,�0�ê Ú(&
¶´(% 0&* +-Û&-'+´-* *(9*'+'($9)&* ḉ ( *(% 0&* 9%&Û&'* 0& ¶%´0(+'*ê.³$+* ,&' +1¶$,' &*' ¶)(*
ã$+9)& &- +-ã´%1$'+´- $*·1�'%+Ú(& Ú(µ&- +-ã´%1$'+´- ,´1¶)Þ'&� ,& Ú(+ ,´-0(+' 0& )$ 3´-&
´² p∗∗ ≥ p∗

ß )$ 3´-& ´² p∗∗ ≤ p∗
*(% )$ ¹Ý(%& �.4.

�F�KQ�QP�G���FJ
Ù& ã$+' Ú(µ+) · $+' ¶´'&-'+&))&1&-' ¶)(* 0& )+'+Ý&* ¶´(% 0&* +-Û&-'+´-* ,´11&%,+$)+*�* *(%

0&* 1$%,Ü�* 0+æ�%&-'* Ú(& ¶´(% 0&* +-Û&-'+´-* *(9*'+'($9)&* ¶´(%%$+' &º¶)+Ú(&% )µ&º¶)´*+´-
*+1()'$-�& 0& )µ$,'+Û+'� 0&* ,$9+-&'* â(%+0+Ú(&* *¶�,+$)+*�* &- ¶%´¶%+�'� +-0(*'%+&))& &' 0&*
)+'+Ý&* ¶´(% +-ã%$,'+´- 0& 9%&Û&' 0$-* ,&%'$+-&* +-0(*'%+&*� ,´11& ¶$% &º&1¶)& ,&))& 0&*
)´Ý+,+&)*. á- &æ&'� )&* 9%&Û&'* ¶%´'�Ý&$-' 0&* )´Ý+,+&)* *´-' *´(Û&-' 0�¶´*�* 0$-* 0+Û&%*
*&,'&(%* $('%&* Ú(& ,&)(+ 0&* )´Ý+,+&)*� ,$% +)* *´-' +-'�Ý%�* ß 0µ$('%&* ¶%´0(+'*� ,´11&
(-& '�)�Û+*+´- ´( (-& 1$,Ü+-& ß )$Û&% ¶$% &º&1¶)&. �& '&)* 9%&Û&'* *´-' *(*,&¶'+9)&* 0µå'%&
&-ã%&+-'* ¶$% 0&* ¹%1&* *+'(�&* *(% 0µ$('%&* 1$%,Ü�*� Ú(+ -& *´-' ¶$* 0&* ,´-,(%%&-'* 0+%&,'*
0& )&(%* 0�'&-'&(%*.

±&''& +-'&%¶%�'$'+´-� ã´-0�& *(% (-& &º¶)+,$'+´- 0&* )+'+Ý&* ¶$% )$ ã$�´- 0´-' +)* *´-' %�ä
0+Ý�*� 0´+' '´('&ã´+* å'%& -($-,�& ì )µ$(Ý1&-'$'+´- 0( Û´)(1& 0&* )+'+Ý&* 0$-* )& *&,'&(% 0&*
)´Ý+,+&)* ¶&(' �Ý$)&1&-' *µ&º¶)+Ú(&% ¶$% )& -´19%& ,%´+**$-' 0& 9%&Û&'* 0�)+Û%�*� Ú(+ ¶&(Û&-'
,´-0(+%& ß 0&* &1¶+�'&1&-'* ¶)(* ã%�Ú(&-'*. �& ¶)(*� -´(* ,´-*+0�%´-* +,+ )& ,$* ´² )µ+--´ä
Û$'&(% ã$+' ã$,& ß (- *&() '·¶& 0µ&-'%$-'� ,´--( �d `ab�. �% +) &*' ¶´**+9)& Ú(µ$( ,´-'%$+%&
)&* &-'%$-'* ¶´'&-'+&)* *´+&-' -´19%&(º &' 0+æ�%&-'*. �$-* ,& ,$*� )µ+--´Û$'&(%� Ú(+ %�0+Ý&
&' 0�¶´*& (- *&() &' 1å1& 9%&Û&' )( ¶$% '´(* ,&* &-'%$-'* ¶´'&-'+&)*� -& ¶&(' 0�'&%1+-&%
(-& ¶%´9$9+)+'� 0& )+'+Ý& +-0+Û+0(&))& ¶´(% ,Ü$Ú(& &-'%$-' ¶´'&-'+&)� &- $01&''$-' Ú(µ+) *´+'
&- 1&*(%& 0µ&- ´9*&%Û&% )& '·¶&. (�$-1´+-*� *+ )µ́ - ,´-*+0Þ%& Ú(& )µ+--´Û$'&(% ã$+' ã$,&
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*+1()'$-�1&-' ß 0& 1()'+¶)&* &-'%$-'* ¶´'&-'+&)*� +) &*' ¶´**+9)& 0µ+-'&%¶%�'&% 1− p
,´11&

)$ ¶%´¶´%'+´- 0µ&-'%$-'* &æ&,'+ã* ì ¶)(* 1 − p
&*' Ý%$-0� ¶)(* )&* &-'%$-'* *´-' &- Ý%$-0&

¶%´¶´%'+´-� ,& Ú(+ +1¶)+Ú(& (- %&-ã´%,&1&-' 0& )$ ,´-,(%%&-,&. Ù´%*Ú(& )µ+--´Û$'&(% &*' &-
*+'($'+´- 0& ,´-,(%%&-,& ç$Û&, (-& ¶%´9$9+)+'� 1 − p

ê� *´- ¶%´¹' &*' 0µ$('$-' ¶)(* ã$+9)&
Ú(& )$ ¶%´¶´%'+´- 0µ&-'%$-'* &*' �)&Û�& ç,&)$ *´(*ä&-'&-0 Ú(& π ä)& Ý$+- %&)$'+ã 0& %&*'&% &-
1´-´¶´)&ä &*' (-& ã´-,'+´- ,%´+**$-'& 0& )$ ¶%´¶´%'+´- 0µ&-'%$-'*� 0´-, 0�,%´+**$-'& 0& p

ê.
�+ )&* ¶&'+'&* &-'%&¶%+*&* Ú(+ ã´-' )$ ¶)(¶$%' 0( '&1¶* $¶¶&) ß 0&* ,$9+-&'* â(%+0+Ú(&*

&º'�%+&(%* ¶´(% )$ ¶%´'&,'+´- 0& )&(%* $,'+ã* &- ¶%´¶%+�'� +-0(*'%+&))&� )&* Ý%$-0&* &-'%&¶%+*&*
¶´**Þ0&-' Ý�-�%$)&1&-' (- 0�¶$%'&1&-' +-'&%-& 0µ$Û´,$'* *¶�,+$)+*�* &- 0%´+' 0&* 9%&Û&'*§Ó .
±&* 0&%-+Þ%&* *´-' 0´-, ¶´'&-'+&))&1&-' 1´+-* Û()-�%$9)&* $(º ¶%´9)Þ1&* 0µ$*·1�'%+& 0µ+-ä
ã´%1$'+´- ì $ ,& '+'%&� &))&* *& %$¶¶%´,Ü&-' ¶)(* 0& )$ *+'($'+´- 0µ+-ã´%1$'+´- ,´1¶)Þ'& Ú(&
)&* &-'%&¶%+*&* Ú(+ &-Ý$Ý&-' 0&* $Û´,$'* +-0�¶&-0$-'*. á- $**+1+)$-' )$ ¶%´9$9+)+'� 0& )+ä
'+Ý& ß

1 − p∗
¶´(% )&* Ý%$-0&* &-'%&¶%+*&* ç$·$-' (- 0�¶$%'&1&-' +-'&%-& *¶�,+$)+*�ê &' ß

1 − p∗∗
¶´(% )&* ¶&'+'&* çã$+*$-' $¶¶&) ß (- ,$9+-&' 0µ$Û´,$'* &º'�%+&(%ê� &' 0( ã$+' Ú(µ$(º

�'$'*äó-+* )&* 0´11$Ý&* *´-' �)&Û�* çW &*' �)&Û� ¶$% %$¶¶´%' ß π
ê� -´(* %&'%´(Û´-* )&

%�*()'$' 0& Ù&%-&% ç/ÑÑ«ê ì &- 1$'+Þ%& 0& 9%&Û&'*� )&* ¶&'+'&* &-'%&¶%+*&* 0& 9+´'&,Ü-´)´Ý+&*
$0´¶'&-' )$ *'%$'�Ý+& Ú(+ ,´-*+*'& ß �Û+'&% )& ¶)(* ¶´**+9)& )&* ,´-Ð+'*� ,´-'%$+%&1&-' $(º
Ý%$-0&* &-'%&¶%+*&* ç,& Ú(+ ,´%%&*¶´-0 ß )$ 3´-& ´² p∗∗ ≥ p∗

*(% )$ ¹Ý(%& �.4ê.

×¿� �I�ËÂË³�ÃÍ ÈÅÆ ³�Ä�ÅÆ ÅÍ³ÂÅ ÈÅÇÊ ËHÃÄË³Æ
(´(* ,´-*+0�%´-* 1$+-'&-$-' )& ,$* ´² )µ+--´Û$'&(% &-Ý$Ý& 0&(º $Û´,$'* 0+æ�%&-'* ç$¶ä

¶&)�* %&*¶&,'+Û&1&-' �õ &' �°ê ¶´(% )&* �'$¶&* 0µ+-*'%(,'+´- &' 0& )+'+Ý&. ±&''& *�¶$%$'+´-
0&* 'B,Ü&* +))(*'%& )$ 0+æ�%&-,& &-'%& )$ ¶%´ã&**+´- 0µ$Ý&-' &- ¶%´¶%+�'� +-0(*'%+&))& &' ,&))&
0µ$Û´,$'. á- &æ&'� )$ ¶%$'+Ú(& 0& )µ$Ý&-' &*' )+1+'�& ß ,& Ú(+ ,´-,&%-& )& 9%&Û&' $Û$-' )&
0�¶¹' $(¶%Þ* 0& )µ́ 	,& 0&* 9%&Û&'*. ±´-'%$+%&1&-' ß )µ$Û´,$'� )µ$Ý&-' -µ&*' ¶$* Ü$9+)+'�
ß %&1¶)+% ,&%'$+-&* ã´-,'+´-*� ,´11& ã$+%& $¶¶&) $(¶%Þ* 0& )$ ,´(% 0µ$¶¶&) ã�0�%$)& ç&-
,$* 0& %&ã(* 0( 9%&Û&' ¶$% )µ́ 	,& 0&* 9%&Û&'*ê� ´( ,´-*&+))&% *´- ,)+&-' *(% )&* Ú(&*'+´-*
¯ÕÖqxxq ~wê�Ûqz{q |rr|uq r�Û qðqyrsq squ �ux�Ûxôtr� �tð ÚÛ�z~qu qzxÛqrÛwuqu {|yyq 8w{Û|u|ìx�
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0µ+-ã%$,'+´- 0( 9%&Û&' &' 0& )+'+Ý&. ±&* %&*'%+,'+´-* ã´-' 0& )µ$Ý&-' (- *¶�,+$)+*'& Ú(+ ã$+'
ã´-,'+´- 0µ&º¶&%' ¶´(% %&¶%�*&-'&% *´- ,)+&-' $(¶%Þ* 0& )µ́ 	,& 0&* 9%&Û&'*. �´- &º¶&%'+*&
*& ,´-,&-'%& *(% )$ ¶%�¶$%$'+´- &' )$ *´(1+**+´- 0( 9%&Û&' &' *´- %¹)& *& )+1+'& ß &º¶)´+'&%
*$ 1$¸'%+*& 0& )$ )´+ 0& )$ ¶%´¶%+�'� +-0(*'%+&))& ¶´(% ¶&%1&''%& ß )µ+--´Û$'&(% 0µ́ 9'&-+%
(- 9%&Û&'� *$-* 0�¶$**&% )&* ã%´-'+Þ%&* 0& )µ�'$¶& 0µ+-*'%(,'+´-. Ùµ$Ý&-' �õ ã´(%-+' )µ&æ´%'
0µ+-*'%(,'+´- p

$( ,´�'
γ(p)� &æ´%' Ú(& )µ+--´Û$'&(% -µ&*' ¶$* &- 1&*(%& 0µ́ 9*&%Û&% ¶$%

1$-Ú(& 0µ&º¶&%'+*& â(%+0+Ú(&. Ùµ+--´Û$'&(% ¶%´¶´*& ß )µ$Ý&-' �õ (- ,´-'%$' �d `ab�� $Û$-'
)µ�'$¶& 0µ+-*'%(,'+´-. ±& ,´-'%$' ,´-*+*'& &- 0&(º '%$-*ã&%'* 0+æ�%&-'* *&)´- )& %�*()'$' 0&
)µ&æ´%'. Ù&* 0&(º *+'($'+´-* ´9*&%Û$9)&* ¶´**+9)&* %�*()'$-' 0& )µ&æ´%' *´-' )$ *+'($'+´- 0&
1´-´¶´)&� &- )µ$9*&-,& 0µ&-'%�&� &' )$ *+'($'+´- 0& 0(´¶´)& &- ,$* 0µ&-'%�&. (´(* -´'´-* )&
,´-'%$' Ú(& )µ+--´Û$'&(% ¶%´¶´*& ß �õ (t0, tm)� ´² t0

&'
tm
*´-' )&* '%$-*ã&%'* Ú(& { Û&%*& ß

�õ %&*¶&,'+Û&1&-' *µ+) · $ &-'%�&� &' *µ+) 0&1&(%& &- 1´-´¶´)&.
�Û&, (-& ¶%´9$9+)+'� 1− p� +) · $ &-'%�& &' )µ+--´Û$'&(% *& '%´(Û& 0$-* (-& *+'($'+´- 0&

1$%,Ü� 0(´¶´)+*'+Ú(&. á- ¶%�Û+*+´- 0( )+'+Ý&� +) &-Ý$Ý& $)´%* (- $Û´,$' �° ¶´(% 0�ã&-0%&
*&* +-'�%å'* &' ã$+%& Û$)´+% *&* 0%´+'* $( ¶%´,Þ*. Ùµ$Û´,$' �° ã´(%-+' (- &æ´%' 0& )+'+Ý& q$( ,´�'

µ(q)� Ú(+ -µ&*' ¶$* ´9*&%Û$9)& ¶$% *´- ,)+&-'. �( 1´1&-' 0& )µ&-Ý$Ý&%� ,-�- $Û$-')µ�'$¶& 0& )+'+Ý&� )µ+--´Û$'&(% ¶%´¶´*& ß �° (- ,´-'%$' -´'� (tw, tl)
� ´² tw

&'
tl
*´-' )&*

'%$-*ã&%'* Ú(& )µ+--´Û$'&(% Û&%*& ß )µ$Û´,$' %&*¶&,'+Û&1&-' &- ,$* 0& *(,,Þ* çÚ(+ *& ¶%´0(+'
$Û&, (-& ¶%´9$9+)+'� q

ê &' 0µ�,Ü&, çÚ(+ *& ¶%´0(+' $Û&, (-& ¶%´9$9+)+'� 1 − q
ê $( )+'+Ý&.

Ù&* '%$-*ã&%'* -&'* &*¶�%�* 0& �õ &' �° *µ�,%+Û&-' %&*¶&,'+Û&1&-' ì




T� (p) − γ(p) = ptm + (1 − p)t0 − γ(p),

T�¡(q) − µ(q) = qtw + (1 − q)tl − µ(q),

Ùµ+--´Û$'&(% ´9'+&-' ¶´(% *$ ¶$%' (- ¶%´¹' -&' &*¶�%� �Ý$) ß ì Π(p, q) − T� (p) − (1 −
p)T�¡(q).Ù$ *+'($'+´- &*' 0�,%+'& 0$-* )$ ¹Ý(%& �.õ.

±´-*+0�%´-* )$ *+'($'+´- 0µ$*·1�'%+& 0µ+-ã´%1$'+´- ´² )µ+--´Û$'&(% -µ&*' ¶$* &- 1&*(%&
0µ́ 9*&%Û&% )&* &æ´%'* 0& *&* $Û´,$'*�ò .
"øù|x|zu �tq s� uwxt�xw|z ~�wzì|Ûy�xw|z {|yrsïxq {|z~twx ç s� yLyq u|stxw|z �tq ~�zu s� uq{xw|z
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���� �.õì Ù& â&( &-'%& {� �õ &' �°

�( ,´-'%$' (t0, tm)
´æ&%' ¶$% )µ+--´Û$'&(% $Û$-' )µ�'$¶& 0µ+-*'%(,'+´-� �õ %�$Ý+' &-

1$º+1+*$-' *´- Ý$+- -&' &*¶�%�� 0& 1å1& Ú(& �° 1$º+1+*& *´- Ý$+- -&' &*¶�%� ã$,&
$( ,´-'%$' (tw, tl)

Ú(& )(+ ¶%´¶´*& )µ+--´Û$'&(% $Û$-' )µ�'$¶& 0& )+'+Ý& ç&- $01&''$-' Ú(&
�õ &' �° $,,&¶'&-' )&* ,´-'%$'*� ,µ&*'äßä0+%& Ú(& )&(%* Ý$+-* -&'* &*¶�%�* *´+&-' ¶´*+'+ã*
¶´(% Ú(& )&(%* ,´-'%$+-'&* 0& ¶$%'+,+¶$'+´- CP�  &' CP�¡ *´+&-' Û�%+¹�&*ê. �( 1´1&-'0& )$ *+Ý-$'(%& 0& ,Ü$Ú(& ,´-'%$'� �õ &' �° 0�'&%1+-&-' 0´-, )&(%* &æ´%'* %&*¶&,'+ã*
0µ+-*'%(,'+´- p

&' 0& )+'+Ý&
q
&- ¶%&-$-' )&* '%$-*ã&%'* ,´11& 0´--�*� 0& )$ 1$-+Þ%& *(+Û$-'& ì

p = arg1$º
p

T� (p)−γ(p),
&'

q = arg1$º
q

T�¡(q)−µ(q).
Ù$ ,´-0+'+´- 0( ¶%&1+&% ´%0%& 0&

,Ü$Ú(& ¶%´Ý%$11& 0´--& )&* ,´-'%$+-'&* 0µ+-,+'$'+´-* %&*¶&,'+Û&* 0& �õ &' 0& �° ç-´'�&*
rÛ�{�~qzxq�
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%&*¶&,'+Û&1&-' CI�  &' CI�¡ê �ë ì




∂T¢£
∂p

(p) − γ′(p) = 0,
,-�-

tm − t0 = γ′(p) (CI� )
∂T¢¤

∂q
(q) − µ′(q) = 0,

,-�-
tw − tl = µ′(q) (CI�¡)

Ù$ 0+æ�%&-,& tw − tl
$ (- +1¶$,' ¶´*+'+ã *(% )µ&æ´%' 0& )+'+Ý& 0& �°� ,$% +) &*' 0µ$('$-'

¶)(* +-,+'� ß Ý$Ý-&% )& ¶%´,Þ*. �& 1å1&� )$ 0+æ�%&-,& tm − t0
$ (- &æ&' ¶´*+'+ã *(% )µ&æ´%'

0µ+-*'%(,'+´- 0& �õ� ,$% +) &*' 0µ$('$-' ¶)(* +-,+'� ß 9)´Ú(&% )µ&-'%�&.
Ùµ+--´Û$'&(% 0�'&%1+-& )&* ,´-'%$'* (t0, tm)

&'
(tw, tl)

0& 1$-+Þ%& ß 1$º+1+*&% *´- ¶%´¹'
&*¶�%� -&'� '´(' &- %&*¶&,'$-' )&* ,´-'%$+-'&* 0µ+-,+'$'+´-� 0& ¶$%'+,+¶$'+´- &' 0& %&*¶´-*$ä
9+)+'� )+1+'�& 0& �õ &' �°. �´- ´9â&,'+ã &*' )& *(+Û$-' ì

1$º
p,q,t0,tm,tl,tw

Π(p, q) − (ptm + (1 − p)t0) − (1 − p)(qtw + (1 − q)tl)

*.,.





ptm + (1 − p)t0 − γ(p) ≥ 0, (CP� )
qtw + (1 − q)tl − µ(q) ≥ 0, (CP�¡)
tm − t0 = γ′(p), (CI� )
tw − tl = µ′(q), (CI�¡)
t0 ≥ 0, tm ≥ 0, tw ≥ 0, tl ≥ 0 (RL),

� )µ́ ¶'+1(1 ¶%+Û� &- +-ã´%1$'+´- $*·1�'%+Ú(&� )&* ,´-'%$+-'&* 0& %&*¶´-*$9+)+'� )+1+'�& *(%
t0
&'

tl
*´-' *$'(%�&* çt0 = tl = 0

ê� ,& Ú(+ ,´-0(+' ß 0&* '%$-*ã&%'* tm = γ′(p)
&'

tw = µ′(q).Ù&* Ý$+-* -&'* &*¶�%�* 0& �õ &' �° *´-' %&*¶&,'+Û&1&-' �Ý$(º ß pγ′(p) − γ(p) ≥ 0
&'

qµ′(q)−µ(q) ≥ 0� )µ+--´Û$'&(% )$+**& 0´-, ß ,Ü$,(- (-& %&-'& +-ã´%1$'+´--&))&. �´- ´9â&,'+ã&*'
max

p,q
Π(p, q) − C(p, q) − [pγ′(p) − γ(p) + (1 − p)(qµ′(q) − µ(q))].

"npq yLyq �tq ~�zu s� uq{xw|z rÛ�{�~qzxqv {|yyq squ rÛ|Øxu zqxu qur�Û�u ~qu �â|{�xu u|zx {|z{�âquvsqu {|z~wxw|zu ~t rÛqywqÛ |Û~Ûq u|zx utÙu�zxqu r|tÛ {�Û�{x�ÛwuqÛ squ {|zxÛ�wzxqu ~�wz{wx�xw|zv {q �tw z|turqÛyqx ~�txwswuqÛ s��rrÛ|{íq ~t rÛqywqÛ |Û~Ûq ~��rÛïu :|suxÛ�y ú5ñ>ñ± qx 7Û|uuy�z qx :�Ûx ú5ñ��±� p��rÛïusqu íîr|xíïuqu ~q {|zâqðwx� ~qu {|}xu ~qu qê|Ûxuv squ {|z~wxw|zu ~t uq{|z~ |Û~Ûq u|zx â�ÛwØ�qu æ ∂2T¥¦
∂p2 (p)−

γ′′(p) = −γ′′(p) ≤ 0, qx ∂2T¥§
∂q2 (q) − µ′′(q) = −γ′′(q) ≤ 0
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Ù&* -+Û&$(º 0µ&æ´%'* p2A
&'

q2A
Û�%+¹&-' )&* ,´-0+'+´-* 0( ¶%&1+&% ´%0%& *(+Û$-'&* ì





∂Π
∂p

(p, q) − ∂C
∂p

(p, q) = pγ′′(p) − (qµ′(q) − µ(q)),
,-�-

π − qW − γ′(p) = pγ′′(p) − qµ′(q)

∂Π
∂q

(p, q) − ∂C
∂q

(p, q) = (1 − p)qµ′′(q),
,-�-

W − µ′(q) = qµ′′(q)

�µ$¶%Þ* )&* Ü·¶´'ÜÞ*&* 0( 1´0Þ)&� +) *µ$Ý+' 9+&- 0µ(- 1$º+1(1�ñ. Ù$ ,´1¶$%$+*´- 0& ,&*
,´-0+'+´-* 0( ¶%&1+&% ´%0%& $Û&, ,&))&* ´9'&-(&* &- +-ã´%1$'+´- ,´1¶)Þ'& &' &- +-ã´%1$'+´-
$*·1�'%+Ú(& )´%*Ú(µ(- *&() $Û´,$' &º&%,& )&* 0&(º &æ´%'* 1´-'%& Ú(& )& '%$-*ã&%' 1$%Ý+-$)
0& ,Ü$Ú(& &æ´%' &*' ¶)(* �)&Û� +,+ Ú(µ&- +-ã´%1$'+´- ,´1¶)Þ'&� 1$+* 1´+-* �)&Û� Ú(µ&-
+-ã´%1$'+´- $*·1�'%+Ú(& $Û&, (- *&() $Û´,$' ç*&,'+´- �.«ê. �& ¶)(*� )$ ,´-0+'+´- *(% p+-0+Ú(& Ú(& p

&*' (-& ã´-,'+´- 0�,%´+**$-'& ¶(+* ,%´+**$-'& 0& q � &' )$ ,´-0+'+´- *(% q+-0+Ú(& Ú(& q
&*' +-0�¶&-0$-' 0&

p
ç0& 1å1& Ú(µ&- +-ã´%1$'+´- ,´1¶)Þ'&ê.

�$-* )$ ¶%´¶´*+'+´- �.4� -´(* ,´1¶$%´-* )&* ¶%´¹'* 0& )µ+--´Û$'&(% *&)´- Ú(µ+) &-Ý$Ý&
(- *&() $Û´,$'� ´( 0&(º $Û´,$'* 0+æ�%&-'* ¶´(% )&* 0&(º �'$¶&* 0( ¶%´,&**(* 0& ¶%´'&,'+´-.
�TY[YtXWXYZ �O°O
ma g,bz`b,fa � �̀ g�h~by,� ��,arfyh`b,fa� ª� eyf�b a�b �ge~y~ �� h �,aaf}`b�zy �gb ehzg ~h�}~
hfygiz �,h �ak`k� ��zd `}fs`bg iz �za g�zh `}fs`b efzy h� eyfs�ggzg �� eyfb�sb,fa-

$% ,´-*�Ú(&-'� *+ )µ+--´Û$'&(% ¶%�ãÞ%& &-Ý$Ý&% (- *&() $Û´,$'� ,µ&*' &- %$+*´- 0& )µ&º+*ä
'&-,& 0& ,´�'* 0& '%$-*$,'+´- )+�* $( ã$+' 0µ&-Ý$Ý&% 0&(º $Û´,$'*.

±& %�*()'$' *µ&º¶)+Ú(& ¶$% (- ¶)(* Ý%$-0 '%$-*ã&%' tm
&- )µ$9*&-,& 0µ&-'%�& $Û&, (-

*&() $Û´,$' Ú(µ$Û&, 0&(º $Û´,$'*. á- &æ&'� (- $Û´,$' Ú(+ +-'&%Û+&-' $(º 0&(º �'$¶&* 0(
¶%´,&**(* 0& ¶%´'&,'+´- +-'&%-$)+*& )& *(%¶)(* -&' ¶´*+'+ã Ú(µ+) ´9'+&-0%$ �Û&-'(&))&1&-' �d
efgb &- ,$* 0& )+'+Ý& Ú(+ -�,&**+'& (- &æ´%' 0& )+'+Ý& 0& *$ ¶$%'. ó- '&) $Û´,$' &*' 0´-, 1´+-*
+-,+'� ß ã´(%-+% (- &æ´%' ¶´(% 9)´Ú(&% )µ&-'%�& �d `ab� Ú(µ(- $Û´,$' Ú(+ -µ&*' +1¶)+Ú(� Ú(µß
,&''& �'$¶& 0( ¶%´,&**(*. ´(% ,´1¶&-*&% ,&)$� )µ+--´Û$'&(% )(+ $,,´%0& (- '%$-*ã&%' tm

¶)(*
�)&Û�� ,& Ú(+ $ ¶´(% ,´-*�Ú(&-,& 0& 0+1+-(&% *´- ¶%´¹' -&' &*¶�%�� .
Ù&* ,´�'* 0& '%$-*$,'+´-* )+�* $( ã$+' 0µ&-Ý$Ý&% 0&(º $Û´,$'* 0+æ�%&-'* çÚ(& -´(* -&

"÷íqu {|z~wxw|zu ~t uq{|z~ |Û~Ûq u|zx â�ÛwØ�qu qz �zzqðq"�<|Ûyqssqyqzxv s�wzz|â�xqtÛ �tw qzÚ�Úq tz �â|{�x y�ðwywuq s� yLyq ì|z{xw|z �tq s|Ûu�t�ws qzÚ�Úq ~qtð�â|{�xuv y|wzu tzq r�Ûxwq� í� ì|z{xw|z y�ðwywu�q u�qz xÛ|tâq � ì|Ûxw|Ûw Û�~twxq�
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1´0�)+*´-* ¶$*ê %&¶%�*&-'&-' )& ,´�' 0& '%´(Û&% 0&(º $Û´,$'* ḉ ( )µ�Ú(+Û$)&-'ê $·$-' (-
-+Û&$( 0µ&º¶&%'+*& â(%+0+Ú(& *(	*$-'� 1$+* �Ý$)&1&-' )& ,´�' ß '%$-*ã�%&% )µ+-ã´%1$'+´- 0(
¶%&1+&% ç)µ$Ý&-'ê Û&%* )& *&,´-0 ç)µ$Û´,$'ê &- ,$* 0& )+'+Ý& ì (-& ¶$%'+& 0& ,&''& +-ã´%1$ä
'+´- ¶´(%%$+' å'%& ¶&%0(&� ´( 1$) +-'&%¶%�'�& )´%* 0( '%$-*ã&%'� &' ,&)$ ¶´(%%$+' $æ&,'&% )&
0�%´()&1&-' 0( )+'+Ý&�§.

e`ag h� s`g �� sf·bg iz`�y`b,iz�g ��g �lfybg��� h�g �lfybg �d `ab� �b �d efgb �d�ys~g e`y
��zd `}fs`bg �,l~y�abg gfab j 




q2A = W
2µ

,

p2A = 1
2γ

[π − W 2

4µ
].

Ù´%*Ú(& )&* ,´�'* 0&* &æ´%'* *´-' Ú($0%$'+Ú(&*� )µ&æ´%' 0& )+'+Ý& q2A
&*' 0&(º ã´+* ¶)(*

ã$+9)& Ú(µ&- +-ã´%1$'+´- ,´1¶)Þ'& çq2A = q∗

2

ê. �) &*' &- %&Û$-,Ü& ¶)(* �)&Û� Ú(& )´%*Ú(µ(-
*&() $Û´,$' &º&%,& )&* 0&(º &æ´%'* çq2A ≥ q∗∗

ê. á- 0µ$('%&* 1´'*� )$ *�¶$%$'+´- 0&* 'B,Ü&*
&-'%& 0&(º $Û´,$'* 0+æ�%&-'* $(Ý1&-'& )&* ,Ü$-,&* 0& *(,,Þ* 0& )µ+--´Û$'&(% $( ¶%´,Þ*.

�$-* )$ ¶%´¶´*+'+´- �.õ� -´(* ,´1¶$%´-* )µ&æ´%' 0µ+-*'%(,'+´- p2A
&º&%,� ¶$% (- $Û´,$'

Ú(+ -µ&*' ¶$* +1¶)+Ú(� 0$-* )$ *(+'& 0( ¶%´,&**(* 0& ¶%´'&,'+´- &- +-ã´%1$'+´- $*·1�'%+Ú(& ß
)µ&æ´%' 0µ+-*'%(,'+´- p∗

&- +-ã´%1$'+´- ,´1¶)Þ'&� $+-*+ Ú(µß )µ&æ´%' 0µ+-*'%(,'+´- p∗∗
&º&%,�

¶$% (- $Û´,$' &-Ý$Ý� ¶´(% )&* 0&(º �'$¶&* 0( ¶%´,&**(* 0& ¶%´'&,'+´- &- +-ã´%1$'+´-
$*·1�'%+Ú(&� &- ã´-,'+´- 0( 1´-'$-' 0& )µ$1&-0& W

¶$% %$¶¶´%' ß )$ 0+æ�%&-,& π . Ù$ã´-,'+´-
h(π)

0�,%+' )&* Û$)&(%* 0& W
&- ã´-,'+´- 0&

π
'&))&* Ú(& p2A = p∗∗ � &' )$ ã´-,'+´-

k(π)
0�,%+' )&* Û$)&(%* 0& W

&- ã´-,'+´- 0&
π
'&))&* Ú(& p2A = p∗∗

�#

�TY[YtXWXYZ �OqO
� ª �̀ g�h~by,� ��,arfyh`b,fa `zkh�ab� h ��lfyb �d `ab� �d�ys~ e`y za `}fs`b iz, a��gb

,heh,iz~ iz �¬ h �~b è� � �,agbyzsb,fa �
p2A ≥ p∗� hfygiz� h �̀ h�a�� W

�gb ~h�}~� e`y
y èefyb ¬ h` e�yb� y~�hh� π

�
W ≥ k(π)�� �b �hh� �,h,az� h ��lfyb �d `ab� (p2A ≤ p∗)

"¯ù|x|zu �tq u�ws ~�uwÛq áÛqâqxqÛ rstuwqtÛu wzz|â�xw|zu ~q z�xtÛqu ~wê�Ûqzxquv s�wzz|â�xqtÛ rqtx rÛ�ì�ÛqÛqzÚ�ÚqÛ tz uqts �â|{�x �tw �ÛáwxÛq qzxÛq squ wzz|â�xw|zu qx z��ss|tq r�u sq yLyq qê|Ûx ç {í�{tz ~qu áÛqâqxuuqs|z s�wuutq r|uuwásq ~�tz swxwÚq utÛ sq áÛqâqx qz �tquxw|z� pq rstuv uw s�qê|Ûx ~�wzuxÛt{xw|z wzwtqz{q s�wuutq~t swxwÚqv sq Û�utsx�x ~t swxwÚq ì|tÛzwx ~q s�wzì|Ûy�xw|z utÛ {qx qê|Ûx úqx r�u uqtsqyqzx utÛ s�qê|Ûx ~q swxwÚq±vqx ws rqtx LxÛq ~�zu s�wzx�ÛLx ~q s�wzz|â�xqtÛ ~q Ú�Û~qÛ sq yLyq �â|{�x�""�Ü �Þ �ä��Ü γ(p) = γp2

2 Üà µ(q) = µq2

2

�
".

h(π) =
√

4µ[π − 2γ(2 −
√

2)] qx k(π) =
√

4µπ
3 .
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g,afa-
� ma ,arfyh`b,fa `g�h~by,iz�� g,W ≥ h(π)

� h` g~e`y`b,fa ��g b¨s��g �aby� ��zd `}fs`bg
`zkh�ab� h ��lfyb �d `ab� �

p2A ≥ p∗∗�- ©, �a y�}`as�� W < h(π)
� h` g~e`y`b,fa ��g

b¨s��g y~�z,b h ��lfyb �d `ab� �
p2A ≤ p∗∗� -

Ùµ+-'(+'+´- 0& )$ ¶%´¶´*+'+´- �.õ &*' )$ *(+Û$-'& ì )& ¶%´¹' -&' &*¶�%� 0& )µ+--´Û$'&(% $(
¶%´,Þ* G

&*' ¶)(* ã$+9)& )´%*Ú(µ+) &-Ý$Ý& 0&(º $Û´,$'*�) . �& ¶)(*� )& '%$-*ã&%' &- )µ$9*&-,&
0µ&-'%�& &*' ¶)(* ã$+9)& *+ )µ+--´Û$'&(% &-Ý$Ý& 0&(º $Û´,$'* 0+æ�%&-'*. Ù&* +-,+'$'+´-* ß
9)´Ú(&% )µ&-'%�& *´-' 0´-, ¶)(* ã´%'&* 0$-* ,& ,$* Ú(& 0$-* )& ,$* 0µ(- *&() $Û´,$' &-Ý$Ý�
¶´(% )&* 0&(º �'$¶&* 0( ¶%´,&**(*� ,-�- p2A ≥ p∗∗ . �´('&ã´+*� (-& $(Ý1&-'$'+´- 0& π

$ (-
&æ&' ¶´*+'+ã ¶)(* ã´%' *(% p∗∗ Ú(& *(% p2A

. á- ,´-*�Ú(&-,&� ¶´(% 0&* Û$)&(%* �)&Û�&* 0& πç,-�- ¶´(% 0&* *(9*'+'('* ¶%´,Ü&*ê� p∗∗ ¶&(' 0�¶$**&% p2A
.

±&* %�*()'$'* *´-' +))(*'%�* 0$-* )$ ¹Ý(%& �.� ç)&* ã´-,'+´-* h(π)
&'

k(π)
*´-' *¶�,+¹�&*

&- $--&º&ê. (´(* +-0+Ú(´-* )µ+1¶$,' 0µ(-& *�¶$%$'+´- 0&* 'B,Ü&* &-'%& 0&(º $Û´,$'* *(% )&*
0+*'´%*+´-* 0(&* ß )µ$*·1�'%+& 0µ+-ã´%1$'+´- ì )´%*Ú(& )$ *�¶$%$'+´- 0&* 'B,Ü&* ¶&%1&' 0&
%$¶¶%´,Ü&% )µ&æ´%' 0µ+-*'%(,'+´- 0& *´- -+Û&$( &- +-ã´%1$'+´- ,´1¶)Þ'&� -´(* ,´-*+0�%´-*
Ú(µ&))& %�0(+' )&* 0+*'´%*+´-*. �$-* )& ,$* ,´-'%$+%&� )$ *�¶$%$'+´- %&-ã´%,& )&* 0+*'´%*+´-*
0(&* ß )µ$*·1�'%+& 0µ+-ã´%1$'+´-.

�¹- 0µ+))(*'%&% -´* %�*()'$'*� ,´-*+0�%´-* 0&(º ,$* ¶´)$+%&*� 0& 0&(º ¶%´0(+'* ¶$%ã$+'&ä
1&-' ,´1¶)�1&-'$+%&*� &' 0& ¶%´0(+'* ¶$%ã$+'&1&-' *(9*'+'($9)&*.
� �$-* )& ,$* 0& ,´1¶)�1&-'* ¶$%ã$+'*� ´( &-,´%& 0& 9%&Û&'* 0& ¶%´,�0�� π = 0

ì
)µ+--´Û$'&(% -µ$ ¶$* 0µ+-,+'$'+´- ß 9)´Ú(&% )µ&-'%�&. �) $0´¶'& (-& *'%$'�Ý+& ¶$**+Û&�
Ú(+ +1¶)+Ú(& (- &æ´%' -() �d `ab� &' �d efgb� Ú(µ+) · $+' $*·1�'%+& 0µ+-ã´%1$'+´- $Û&,
*´- $Û´,$' ´( -´- ì p∗ = p∗∗ = p2A.

� �$-* )& ,$* 0& *(9*'+'('* ¶$%ã$+'*� ´( &-,´%& 0& 9%&Û&'* 0& ¶%´0(+'*� π &*' 1$º+1$) ì)$ ,´-,(%%&-,& -(+' ß )µ+--´Û$'&(% Ú(+ &*' ã´%'&1&-' +-,+'� *´+' ß 9)´Ú(&% )µ&-'%�&� *´+'
ß +-0(+%& )µ&-'%�& $¹- 0& Ý$Ý-&% $( ¶%´,Þ*. �) $0´¶'& 0´-, *´+' (-& *'%$'�Ý+& 0�ã&-*+Û&

"2�z qêqxv z|tu �â|zu utrr|u� �tq squ {|}xu ~qu qê|Ûxu u��{Ûwâqzx µ(q) = µq2

2
qx γ(p) = γp2

2 � íqu Ú�wzuqur�Û�u ~q ª �t rÛ|{ïu u|zx ~|z{ �Ú�tð ç G2A = q2AW − µq2
2A

qx G∗∗ = q∗∗W − µq∗∗
2 � !Û q2A = W

2µ
≥

q∗∗ = W (1−p)
µ(2−p)

v ~|z{ G2A ≤ G∗∗ �
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���� �.�ì Ù&* 0+*'´%*+´-* 0(&* ß )µ$*·1�'%+& 0µ+-ã´%1$'+´- &' )$ *�¶$%$'+´- 0&* 'B,Ü&* &-'%&0&(º $Û´,$'*
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Ú(+ %&¶´*& *(% )µ&æ´%' �d `ab�� *+ ,&' &æ´%' -µ&*' ¶$* '%´¶ ,´�'&(º� *´+' (-& *'%$'�Ý+&
´æ&-*+Û& Ú(+ %&¶´*& *(% )& ¶%´,Þ* &' )µ&æ´%' �d efgb *+ ,&)(+ä,+ -µ&*' ¶$* '%´¶ ,´�'&(º ¶$%
%$¶¶´%' ß )µ&æ´%' �d `ab�. Ù&* 0+*'´%*+´-* Ú(& ,%�& )µ$*·1�'%+& 0µ+-ã´%1$'+´- 0�¶&-0&-'
$)´%* 0( ,´�' 0&* &æ´%'*. �) &*' %$+*´--$9)& 0& ¶&-*&% Ú(& 0µ(-& 1$-+Þ%& Ý�-�%$)&�
)µ&æ´%' 0µ+-*'%(,'+´- &*' 1´+-* ,´�'&(º Ú(& )µ&æ´%' 0& )+'+Ý& ç%�0+Ý&% (- 9%&Û&' ¶%&-0
1´+-* 0& '&1¶* Ú(µ(-& ¶%´,�0(%& â(0+,+$+%&ê� ,-�- γ ≤ µ. �$-* )& ,$* ´² )µ&æ´%' �d
`ab� &*' )$%Ý&1&-' 1´+-* ,´�'&(º Ú(& )µ&æ´%' �d efgb� ,-�-

γ � µ� )$ *'%$'�Ý+& 0&)µ+--´Û$'&(% &*' 0�ã&-*+Û&� &' p2A ≤ p∗∗ ≤ p∗
ì )µ$*·1�'%+& 0µ+-ã´%1$'+´- $(Ý1&-'&

)$ ¶%´9$9+)+'� 0& )+'+Ý&� &' )$ ¶´**+9+)+'� 0µ&-Ý$Ý&% 0&(º $Û´,$'* 0+æ�%&-'* %&-ã´%,&
,&''& 0+*'´%*+´-. �$-* )& ,$* ´² )µ&æ´%' �d `ab� &*' $(**+ ,´�'&(º Ú(& )µ&æ´%' �d efgb�
,-�-

γ = µ� )$ *'%$'�Ý+& 0& )µ+--´Û$'&(% &*' ´æ&-*+Û&� &' p∗ ≤ p∗∗ ≤ p2A
ì )µ$*·1�'%+&

0µ+-ã´%1$'+´- %�0(+' )$ ¶%´9$9+)+'� 0& )+'+Ý&� &' )$ ¶´**+9+)+'� 0µ&-Ý$Ý&% 0&(º $Û´,$'*
%&-ã´%,& ß -´(Û&$( ,&''& 0+*'´%*+´-.

×¿À «ÍÎËÎÅÌÅÍ³ ÈÅ �ÃÍÎ ³ÅÂÌÅ
�$-* )& 1´0Þ)&� )´%*Ú(& -´(* �'(0+´-* )$ %&)$'+´- &-'%& )µ+--´Û$'&(% &' *´- $Û´,$'� -´(*

,´-*+0�%´-* Ú(& )& ,´-'%$' &*' *+Ý-� �d `ab� &' -& ¶&(' å'%& 1´0+¹�. Ù´%*Ú(& )µ+--´Û$'&(%
*µ&-Ý$Ý& ß )´-Ý '&%1&� )& ,´-'%$' ¶&(' '´('&ã´+* å'%& %&-�Ý´,+� 9+)$'�%$)&1&-' &-'%& )&*
�'$¶&* 0µ+-*'%(,'+´- &' 0& )+'+Ý&. )(* ¶%�,+*�1&-'� (-& ã´+* )& )+'+Ý& ,´-*'$'�� *+ )µ+--´Û$'&(%
¶%´¶´*& ß )µ$Û´,$' (- -´(Û&$( ,´-'%$' (t′w, t′l)

1('(&))&1&-' 9�-�¹Ú(&� $)´%* )& ,´-'%$' &*'
%&-�Ý´,+�.

´(% Ú(µ+) *´+' $,,&¶'� ¶$% )µ$Û´,$'� )& -´(Û&$( ,´-'%$' (t′w, t′l)
0´+' )(+ ¶%´,(%&% (-&

('+)+'� $( 1´+-* �Ý$)& ß *´- ('+)+'� 0& %�*&%Û$'+´- ,´%%&*¶´-0$-' ß )µ$-,+&- ,´-'%$'. �µ$¶%Þ*
)$ *&,'+´- �.«� )µ('+)+'� 0& %�*&%Û$'+´- 0& )µ$Û´,$' &*' ur = q∗∗µ′(q∗∗) − µ(q∗∗) = W 2(1−p∗∗)

2−p∗∗
.
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�¶%Þ* )µ+-*'%(,'+´- 0( 9%&Û&'� )µ́ 9â&,'+ã 0& )µ+--´Û$'&(% &*'
1$º
q,t′

l
,t′w

qW − (qt′w + (1 − q)t′l)

*.,.




qt′w + (1 − q)t′l − µ(q) ≥ ur, (CP )

t′w − t′l = µ′(q), (CI)

t′w ≥ 0, t′l ≥ 0 (RL),

Ù& ,´-'%$' Ú(+ 1$º+1+*& ,&' ´9â&,'+ã ,´%%&*¶´-0 $( ,´-'%$' *+Ý-� $Û&, (- $Û´,$' Ú(+ -µ+-ä
'&%Û+&-' Ú(µß )µ�'$¶& 0& )+'+Ý& ç-´11� �° 0$-* )$ *&,'+´- �.´ê.

�$-* )& ,$* 0& ,´�'* Ú($0%$'+Ú(&* 0&* &æ´%'*� ,& ,´-'%$' &*' 0´--� ¶$% t′l = 0
&'

t′w = W
2
.±& ,´-'%$' &-Ý&-0%& (- &æ´%' 0& )+'+Ý& qLT = W

2µ

&' ¶%´,(%& ß )µ+--´Û$'&(% (- Ý$+- -&' &*¶�%�
�Ý$) ß W 2

4µ

�+ . Ùµ('+)+'� -&''& ç)$ %&-'&ê 0& )µ$Û´,$' &*' $)´%* �Ý$)& ß W 2

8µ
� 0´-, *(¶�%+&(%& ´(

�Ý$)& ß )µ('+)+'� 0& %�*&%Û$'+´- ≥ W 2(1−p)
2−p

¶´(% '´(' p ∈ [0, 1].±& ,´-'%$' &*' 0´-, 1('(&))&1&-' 9�-�¹Ú(& ì )$ %&-�Ý´,+$'+´- $ 0´-, )+&(� &' &-Ý&-0%&
(- &æ´%' 0µ+-*'%(,'+´- pLT = 1

2γ
[π − 3W 2

8µ
].Ù$ ¶%´¶´*+'+´- �.� ,´1¶$%& ,&' &æ´%' 0µ+-*'%(,'+´- $Û&, )µ&æ´%' 0µ+-*'%(,'+´- )´%*Ú(&

)µ+--´Û$'&(% &-Ý$Ý& 0&(º $Û´,$'* çp2A
ê &' $Û&, )µ&æ´%' 0µ+-*'%(,'+´- &- +-ã´%1$'+´- ,´1¶)Þ'&

ç
p∗
ê.

�TY[YtXWXYZ �O�O ªfygiz� h� sfaby`b e�zb ¨by� y�a~kfs,~ ¬ h �~b è� �� h,b,k��
� h �,af�g�y}`�,h,b~ ��g �lfybg �d `ab� �b �d efgb `zkh�ab� h ��lfyb ��,agbyzsb,fa e`y y è�

efyb ¬ h` g,bz`b,fa ��,arfyh`b,fa sfheh¶b� �
pLT ≥ p∗� hfygiz� W ≥

√
8µπ
5

�b h� y~�z,b
g,afa�

� h ��lfyb ��,agbyzsb,fa �gb ehzg ~h�}~ hfygiz� h �,aaf}`b�zy �ak`k� ��zd `}fs`bg iz �za g�zh
`}fs`b �p2A ≥ pLT �-

Ù& *&,´-0 %�*()'$' *µ&º¶)+Ú(& 0& )$ 1$-+Þ%& *(+Û$-'&. Ùµ&æ´%' &' )& Ý$+- -&' &*¶�%� 0&
)µ+--´Û$'&(% $( )+'+Ý& *´-' +0&-'+Ú(&* Ú(µ+) &-Ý$Ý& (- -´(Û&) $Û´,$' ´( Ú(µ+) %&-�Ý´,+& )&
,´-'%$' $Û&, )& 1å1& $Û´,$'.�´('&ã´+*� )µ$Û´,$' Ú(+ +-'&%Û+&-' $(º 0&(º �'$¶&* +-'&%-$)+*& )$
"oîâq{ s��z{wqz {|zxÛ�xv sq Ú�wz zqx ~q s�wzz|â�xqtÛ �t rÛ|{ïu qux �Ú�s ç W 2(1−p∗∗)

µ(2−p∗∗)2
v qx W 2

4µ
≥ W 2(1−p)

µ(2−p)2 ∀p ∈
[0, 1]�
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%&-�Ý´,+$'+´- &' )$ %&-'& Ú(µ+) %&,&Û%$ &- ,$* 0& )+'+Ý& W 2

8µ
. Ùµ+--´Û$'&(% 0´+' $)´%* )(+ ,�0&% (-

'%$-*ã&%' ¶)(* Ý%$-0 &- )µ$9*&-,& 0µ&-'%�&� ,& Ú(+ ,´-0(+' ß (- &æ´%' 0µ+-*'%(,'+´- ¶)(* ã$+9)&
Ú(& 0$-* )& ,$* 0& 0&(º $Û´,$'* 0+æ�%&-'*. á- )µ$9*&-,& 0& ,´�'* 0& '%$-*$,'+´-� )µ+--´Û$'&(%
¶%�ãÞ%& &-Ý$Ý&% 0&(º $Û´,$'* ¶)('¹' Ú(µ(- *&()�1$)Ý%� )$ ¶´**+9+)+'� 0& %&-�Ý´,+&% )& ,´-'%$'.
Ù$ ¹Ý(%& �.« +))(*'%& ,&* %�*()'$'*.
(´'´-* Ú(& )$ %&-�Ý´,+$'+´- �Ú(+Û$(' ß )$ *+'($'+´- 0$-* )$Ú(&))& $¶%Þ* $Û´+% *+Ý-� (-

,´-'%$' �d `ab� ¶´(% )µ�'$¶& 0µ+-*'%(,'+´-� )µ+--´Û$'&(% ã$+' ß -´(Û&$( $¶¶&) ß *´- $Û´,$'
&' )(+ ¶%´¶´*& (- -´(Û&$( ,´-'%$' �d efgb ¶´(% )µ�'$¶& 0& )+'+Ý&. ±&''& *+'($'+´- 0´+' å'%&
&-Û+*$Ý�&� 0$-* )$ 1&*(%& ´² )&* 0&(º �'$¶&* ¶&(Û&-' å'%& �)´+Ý-�&* 0$-* )& '&1¶*� &' )$
%&)$'+´- &-'%& )µ+--´Û$'&(% &' )µ$Û´,$' -µ&*' ¶$* ,´-'+-(&. ±&¶&-0$-'� -´(* ,´-*'$'´-* Ú(&
)&* %�*()'$'* ´9'&-(* *´-' *&-*+9)&1&-' )&* 1å1&* Ú(µ&- )µ$9*&-,& 0& %&-�Ý´,+$'+´-.

×¿� «Ê³ÅÍÆ�ÃÍ � ÈIÄ�Æ�ÃÍ ÈÅ �ÃÇÂÆÇ�HÂÅ �ÉÅÍ³ÂËÍ³
�$-* )& 1´0Þ)& -´(* $Û´-* ,´-*+0�%� Ú(& )µ&-'%�& +1¶)+Ú($+' $('´1$'+Ú(&1&-' (-&

*+'($'+´- ,´-Ð+,'(&))& &-'%& )µ+--´Û$'&(% &' )µ&-'%$-' &' 0´--$+' )+&( ß (- )+'+Ý&. á- ,$*
0µ&-'%�&� )µ+--´Û$'&(% ¶&(' '´('&ã´+* 0�,+0&% 0& -& ¶$* &-'$1&% 0& ¶´(%*(+'&*.±&* ¶´(%*(+'&*
*´-' &- &æ&' ,´�'&(*&*� &' +) *& ¶&(' Ú(& )& ¶%´¹' Ú(µ+) &*¶Þ%& %&'+%&% 0( )+'+Ý& -& ¶&%1&''&
¶$* ß )µ+--´Û$'&(% 0& %&,´(Û%&% *&* ,´�'*.

�$-* ,&''& *&,'+´- -´(* ,´-*+0�%´-* Ú(& )&* &-'%$-'* *´-' Ü�'�%´ÝÞ-&*� 0$-* )$ 1&*(%& ´²
+)* -µ&-Ý&-0%&%´-' ¶$* )& 1å1& Ý$+- ¶´(% )µ+--´Û$'&(% &- ,$* 0& *(,,Þ* $( )+'+Ý& ç+)* ¶&(Û&-'
¶$% &º&1¶)& )(+ Û&%*&% 0&* 1´-'$-'* 0& 0´11$Ý&* 0+æ�%&-'* *&)´- )&(%* ¶%´¶%&* %&**´(%,&*ê.
(´(* *(¶¶´*´-* Ú(& W

ç$**´,+� $( '·¶& 0& )µ&-'%$-'ê &*' (-& Û$%+$9)& $)�$'´+%& %�¶$%'+&
*(% )µ+-'&%Û$))& [0,W ]

ç0´-' )$ ã´-,'+´- 0& %�¶$%'+'+´- &*' -´'�& F (.)
ê. á- ,$* 0µ&-'%�&�

)µ+--´Û$'&(% ´9*&%Û& )& '·¶& W
0& )µ&-'%$-' &' 0�,+0& $)´%* 0µ&-'$1&% ´( -´- (- )+'+Ý&� Ú(+

+1¶)+Ú(& (- ,´�' ¹º& -´'� K .Ù$ *+'($'+´- &*' 0�,%+'& 0$-* )$ ¹Ý(%& �.´.
(´(* ,´-*+0�%´-* )& ,$* ´² )µ+--´Û$'&(% ¶%´¶´*& ß )µ$Û´,$' )& ,´-'%$' (tw, tl)

(-& ã´+*
¶%+*& )$ 0�,+*+´- 0& ¶´(%*(+Û%& )µ&-'%$-' ì ,& ,´-'%$' -µ&*' *+Ý-� Ú(& *+ )µ+--´Û$'&(% 0�,+0&
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���� �.«ì Ù&* 0+*'´%*+´-* 0(&* ß )µ$*·1�'%+& 0µ+-ã´%1$'+´- $Û&, %&-�Ý´,+$'+´-
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���� �.´ì Ù$ 0�,+*+´- 0& ¶´(%*(+Û%& )µ&-'%$-'

0& ã$+%& (- )+'+Ý&� &' )µ&æ´%' 0& )+'+Ý& &*' 0´-, 0�'&%1+-� $( 1å1& 1´1&-'.
á- +-ã´%1$'+´- ,´1¶)Þ'&� (-& ã´+* )& '·¶& W

´9*&%Û�� *+ )µ+--´Û$'&(% $ 0�,+0� 0& ¶´(%ä
*(+Û%& )µ&-'%$-'� )µ&æ´%' 0& )+'+Ý& ´¶'+1$) &*' 0´--� ¶$% q∗ = W

µ
� ,& Ú(+ ,´-ãÞ%& ß )µ+--´Û$'&(%

(- Ý$+- -&' &*¶�%� $( )+'+Ý& W 2

2µ
− K . �) -& ¶%&-0 )$ 0�,+*+´- 0µ&-'$1&% 0&* ¶´(%*(+'&* Ú(&*+ )& '·¶& 0& )µ&-'%$-' W

&*' '&) Ú(& W ≥ √
2µK = W̃ . Ùµ́ 9â&,'+ã 0& { �d `ab� &*' $)´%* )&

*(+Û$-' ì
1$º

p
pπ + (1 − p)[1 − F (W̃ )][

(E(W |W≥W̃ ))2

2µ
− K] − γ(p),

,& Ú(+ ,´-0(+' ß )$ ,´-0+'+´- 0( ¶%&1+&% ´%0%& *(+Û$-'& *(% p
ì

π − [1 − F (W̃ )][
(E(W |W≥W̃ ))2

2µ
− K] = γ′(p̃)

á- +-ã´%1$'+´- $*·1�'%+Ú(&� (-& ã´+* )& '·¶& W
´9*&%Û�� *+ )µ+--´Û$'&(% $ 0�,+0� 0&

¶´(%*(+Û%& )µ&-'%$-'� )µ&æ´%' 0& )+'+Ý& ´¶'+1$) &*' 0´--� ¶$% qLT = W
2µ
� ,& Ú(+ ,´-ãÞ%& ß

)µ+--´Û$'&(% (- Ý$+- -&' &*¶�%� $( )+'+Ý& W 2

4µ
− K . �) -& ¶%&-0 )$ 0�,+*+´- 0µ&-'$1&% 0&*¶´(%*(+'&* Ú(& *+ )& '·¶& 0& )µ&-'%$-' W

&*' '&) Ú(& W ≥ √
4µK = Ŵ . Ùµ́ 9â&,'+ã 0& { �d

`ab� &*' $)´%* )& *(+Û$-' ì

1$º
p

pπ + (1 − p)[1 − F (Ŵ )][
(E(W |W≥Ŵ ))2

8µ
− K] − pγ′(p),
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,& Ú(+ ,´-0(+' ß )$ ,´-0+'+´- 0( ¶%&1+&% ´%0%& *(+Û$-'& ì

π − [1 − F (Ŵ )][
(E(W |W≥Ŵ ))2

8µ
− K] = γ′(p̂) + p̂γ′′(p̂).

(´(* ,´-*'$'´-* Ú(µ&- +-ã´%1$'+´- $*·1�'%+Ú(&� (-& ã´+* )µ&-'%�& %�$)+*�& &' )& '·¶& 0&
)µ&-'%$-' ´9*&%Û�� )µ+--´Û$'&(% &*' 1´+-* +-,+'� ß &-'$1&% 0&* ¶´(%*(+'&* Ú(µ&- +-ã´%1$'+´-
,´1¶)Þ'& ì Ŵ ≥ W̃ ,

0´-,
1−F (W̃ ) ≥ 1−F (Ŵ ). ±&)$ *µ&º¶)+Ú(& ¶$% (- ¶%´¹' &*¶�%� ¶)(*ã$+9)& 0� ß )$ %&-'& Ú(µ+) 0´+' )$+**&% ß )µ$Û´,$'. �´('&ã´+*� )$ ¶%´9$9+)+'� 0& )+'+Ý& �d `ab�

&*' 0´--�& ¶$% (1 − p̃)(1 − F (W̃ ))
&- +-ã´%1$'+´- ,´1¶)Þ'&� &' ¶$% (1 − p̂)(1 − F (Ŵ ))

&-
+-ã´%1$'+´- $*·1�'%+Ú(&. $% ,´-*�Ú(&-'� 1å1& *+ p̃ > p̂� )µ$*·1�'%+& 0µ+-ã´%1$'+´- ¶&('
%�0(+%& )$ ¶%´9$9+)+'� 0& )+'+Ý&.

×¿� ¬�ÆÄÇÆÆ�ÃÍ
�) &*' +1¶´%'$-' 0& %&1$%Ú(&% Ú(& )& 1´0Þ)& �'(0+& )µ́ ¶'+1(1 ¶%+Û�� &' -µ$ ¶$* )µ$19+'+´-

0µ$-$)·*&% )µ́ ¶'+1(1 *´,+$). �('%&1&-' 0+'� -´(* 0�'&%1+-´-* )&* &æ´%'* Ú(+ 1$º+1+*&-' )&
9+&-äå'%& 0& )µ+--´Û$'&(% �'$-' 0´--� *´- ¶%´¹' &*¶�%�. �+ )µ́ - �'(0+$+' )& 9+&-äå'%& *´,+$)�
+) ã$(0%$+' '&-+% ,´1¶'& 0µ$('%&* �)�1&-'*� 0´-' )&* ,´�'* *´,+$(º &-Ý&-0%�* ¶$% )& )+'+Ý&
ç)&* ,´�'* 0& )µ$('%& ¶$%'+& &' )&* ,´�'* 0& )$ â(*'+,&ê� )µ+1¶$,' *(% )µ$,'+Û+'� 0& èé� &'
)µ+--´Û$'+´-� )& *(%¶)(* 0&* ,´-*´11$'&(%* &- ã´-,'+´- 0& )$ *'%(,'(%& 0& 1$%,Ü�� )&* ¶&%'&*
*´,+$)&* )+�&* $( 1´-´¶´)&� �bs. Ù&* &æ&'* ,´-'%$0+,'´+%&* 0& ,&* 0+æ�%&-'* �)�1&-'* *(% )&
9+&-äå'%& *´,+$) -& -´(* ¶&%1&''&-' ¶$* ` ey,fy, 0µ$-$)·*&% )µ́ ¶'+1(1 *´,+$). Ùµ$¶¶%´,Ü&
¶´*+'+Û& 0& ,& 1´0Þ)& Û+*& ß 1&''%& &- �Û+0&-,& )&* ¶%´9)Þ1&* 0µ$)�$ 1´%$) *´()&Û�* ¶$%
)&* %&)$'+´-* +--´Û$'&(%ä$Û´,$' &' ß 0�,%+%& )&(% +1¶$,'� -´'$11&-' *(% )µ́ ,,(%%&-,& 0&*
)+'+Ý&*.

�+ ,& ,Ü$¶+'%& $-$)·*& )$ %&)$'+´- &-'%& (- +--´Û$'&(% &' *´- $Û´,$' &- ¶%´¶%+�'� +-ä
0(*'%+&))&� )$ *+'($'+´- 0& 0&(º �'$¶&* *(,,&**+Û&* 0µ$)�$ 1´%$) Ú(µ+) 0�,%+' -µ&*' ,&¶&-0$-'
¶$* %&*'%&+-'& $( ,$* 0&* 9%&Û&'*. ±´11& -´(* )µ$Û´-* 0�âß 1&-'+´--�� &))& *µ$¶¶)+Ú(& ¶)(*
Ý�-�%$)&1&-' ß '´(* )&* ,´-'%$'* 0$-* )&*Ú(&)* )µ$Û´,$' ¶$%'+,+¶& ß )$ ã´+* ß )$ %�0$,'+´-
0( ,´-'%$' &' $( )+'+Ý& ¶´'&-'+&) Ú(+ *µ&-*(+'� &' ¶)(* ¶$%'+,()+Þ%&1&-' 0$-* )&* ,$* ´² )$
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,´1¶)&º+'� 0( 0´1$+-& %&Ú(+&%' 0&* ¶%´ã&**+´--&)* Ú($)+¹�* &' &º¶�%+1&-'�*� ,´11& ¶$%
&º&1¶)& ¶´(% ,&%'$+-* ,´-'%$'* 0& ã%$-,Ü+*& 0$-* 0&* 0´1$+-&* '&,Ü-+Ú(&*. á))& *& %&'%´(Û&
�Ý$)&1&-' 0$-* )&* %&)$'+´-* &-'%& )&* 1�0&,+-* &' )&(%* ¶$'+&-'*� Ú(+ )&* ,´-*()'&-' ¶´(%
)& 0+$Ý-´*'+, ¶(+* ¶´(% )& '%$+'&1&-'. �´(Û&-' $Û$-,�& 0$-* )$ )+''�%$'(%& *(% )&* %&)$'+´-*
&-'%& )&* 1�0&,+-* &' )&(%* ¶$'+&-'* ,´11& (-& *´)('+´- $(º ¶%´9)Þ1&* 0& &0&1$-0& +-0(+ä
'&' &-'%& 0+$Ý-´*'+, &' '%$+'&1&-'� +,+ )$ *�¶$%$'+´- 0&* 'B,Ü&* ¶&(' $( ,´-'%$+%& %&-ã´%,&%
)&* 0+*'´%*+´-* ,%��&* ¶$% )µ$*·1�'%+& 0µ+-ã´%1$'+´- *(% )µ́ ,,(%%&-,& 0&* )+'+Ý&*� ,´11& )&
1´-'%& )$ ¶%´¶´*+'+´- �.õ. á- ¶$%'+,()+&%� 0$-* )& ,$* 0& *(9*'+'('* ¶%´,Ü&*� (-& $1&-0&
ã$+9)& %&-ã´%,& )µ&º,Þ* 0& )+'+Ý&* ¶$% %$¶¶´%' ß )µ́ ¶'+1(1 ¶%+Û� &- +-ã´%1$'+´- ,´1¶)Þ'&. á-
+-ã´%1$'+´- $*·1�'%+Ú(&� )& Ý$+- 0& )µ+--´Û$'&(% &*' '´('&ã´+* ¶)(* Ý%$-0 )´%*Ú(µ+) &-Ý$Ý&
0&(º $Û´,$'* ¶)('¹' Ú(µ(- *&() ç¶%´¶´*+'+´- �.4ê. á- ,´-*�Ú(&-,&� )& ,Ü´+º 0& )µ+--´Û$'&(%
¶&(' %&-ã´%,&% )&* 0+*'´%'+´-* &- ã$Û&(% 0µ(- &º,Þ* 0& )+'+Ý& äÚ(+ ¶&(Û&-' å'%& *´,+$)&1&-'
,´�'&(ºä ¶$% %$¶¶´%' $( ¶%&1+&% %$-Ý.

ó-& &º'&-*+´- 0( 1´0Þ)& ¶%�*&-'� +,+ ,´-*+*'& ß �'(0+&% )& ,$* ´² )µ+**(& 0( )+'+Ý& 0�ä
¶&-0 -´- *&()&1&-' 0& )µ&æ´%' 0& )+'+Ý&� 1$+* �Ý$)&1&-' 0& )µ&æ´%' 0µ+-*'%(,'+´- ß '%$Û&%*
)&* %&Û&-0+,$'+´-* 0( 9%&Û&' &' )&(% +-'&%¶%�'$'+´- ¶$% )& '%+9(-$). Ò ¶%&1+Þ%& Û(&� 0&* %&ä
Û&-0+,$'+´-* ,´-*'%(+'&* 0& 1$-+Þ%& ,´1¶)&º&� Ú(+ ,´(Û%&-' (- Û$*'& ,Ü$1¶� $(Ý1&-'&-'
)$ ¶%´9$9+)+'� Ú(& )µ+1+'$'&(% *´+' â(Ý� ,´(¶$9)& 0µ+-ã%$,'+´- &' Ú(& )µ+--´Û$'&(% Ý$Ý-& )&
¶%´,Þ*. ³$+* 0$-* )&* )+'+Ý&* *(% 9%&Û&'*� +) ¶%&*Ú(& 0µ(*$Ý& Ú(& )µ$,,(*� ,´-'%&ä$''$Ú(& &-
,´-'&*'$-' )$ Û$)+0+'� 0( 9%&Û&' 0( ¶)$+Ý-$-'. �% ,´11& =$'&%*´- ç/ÑÑÔê $+-*+ Ú(& ³&%Ý&*
&' (&)*´- ç/ÑÑÔê )& *´()+Ý-&-'� )&* '%+9(-$(º *´-' ¶)(* *(*,&¶'+9)&* 0& '´)�%&% 0&* 9%&Û&'*
�'%´+'*� 0´-' )&* %&Û&-0+,$'+´-* ,´(Û%&-' (- ,Ü$1¶ )+1+'�� &' 0µ+-Û$)+0&% 0&* 9%&Û&'* )$%Ý&*.
�('%&1&-' 0+'� )µ&æ´%' 0µ+-*'%(,'+´- $ (- +1¶$,' ¶´*+'+ã *(% )$ ¶%´9$9+)+'� Ú(& )& 9%&Û&'
*´+' +-Û$)+0� &' Ú(& )& ¶%´,Þ* *´+' ¶&%0(. �¶¶$%$¸' $)´%* (- $%9+'%$Ý& ,´-,&%-$-' )µ&æ´%'
0µ+-*'%(,'+´- ì *+ (- &æ´%' �)&Û� ¶&%1&' 0& 9)´Ú(&% )µ&-'%�& &' 0& ¶%´'�Ý&% )$ ¶´*+'+´- 0&
1´-´¶´)&� +) %�0(+' -�$-1´+-* )&* ,Ü$-,&* 0& *(,,Þ* &- ,$* 0µ&-'%�& &' 0& )+'+Ý&. á- 0&Ü´%*
0& ,´-*+0�%$'+´-* 0µ́ %0%& +-ã´%1$'+´--&)� *+ *´- Ý$+- &- ,$* 0& *(,,Þ* $( ¶%´,Þ* W

&º,Þ0&
*´- ¶%´¹' 0& 1´-´¶´)& π � )µ+--´Û$'&(% $ $)´%* ` ey,fy, '%Þ* ¶&( 0µ+-,+'$'+´-* ß 9)´Ú(&%
)µ&-'%�& �d `ab� ¶$% (- &æ´%' ,´�'&(º 0µ+-*'%(,'+´-. á- ´('%&� )µ$*·1�'%+& 0µ+-ã´%1$'+´-



ö�÷�øùúû ü� ýû þÿ��ýû �û�þû� ÷�ÿö÷ù� /ÑÔ

*(% )&* 0&(º &æ´%'* ¶&(' 0´--&% )+&( ß 0& -´(Û&))&* 0+*'´%'+´-*. Ò &æ´%' �d `ab� 0´--��
)µ$*·1�'%+& 0µ+-ã´%1$'+´- *(% )µ&æ´%' &º ¶´*' %�0(+' ,&' &æ´%'� ,& Ú(+ $(Ý1&-'& )µ+-'�%å' 0&
)µ+--´Û$'&(% ß 9)´Ú(&% )µ&-'%�& ¸ 1$+* 9)´Ú(&% )µ&-'%�& 0&1$-0& (- &æ´%' �d `ab� ¶)(* �)&Û��
,& Ú(+ $ ¶´(% &æ&' 0& %�0(+%& )$ ¶%´9$9+)+'� 0& *(,,Þ* $( ¶%´,Þ*. �+ )&* 0&(º &æ´%'* *´-'
,´1¶)�1&-'$+%&* 0$-* )µ+**(& 0( ¶%´,Þ*� )µ+--´Û$'&(% ¶&(' $)´%* å'%& $1&-� ß $,,%´¸'%& *´-
&æ´%' �d efgb ¶´(% ,´1¶&-*&% ,&)$. ±&''& *+'($'+´- ¶&(' ¹-$)&1&-' &-'%$¸-&% (- &æ´%' �d
efgb ¶)(* �)&Û� &- +-ã´%1$'+´- $*·1�'%+Ú(& Ú(µ&- +-ã´%1$'+´- ,´1¶)Þ'&.

�) *&%$+' �Ý$)&1&-' +-'�%&**$-' 0& ,´-*+0�%&% )µ+1¶$,' 0& )µ&æ´%' 0µ+-*'%(,'+´- p
*(% )&

¶%´¹' %&)$'+ã 0& 1´-´¶´)& π
ì *+ (- &æ´%' 0µ+-*'%(,'+´- �)&Û� �'&-0 )& ,Ü$1¶ 0& ¶%´'&,'+´-

,´(Û&%' ¶$% )& 9%&Û&'� +) +-,+'& )&* ,´-,(%%&-'* ß *& )´,$)+*&% )´+- 0& )µ+--´Û$'&(% 0$-* )µ&*¶$,&
0&* ¶%´0(+'*� $**(%$-' ß )µ+--´Û$'&(% (- ¶%´¹' 0& ,´-,(%%&-,& �)&Û�.

×¿>? �ÃÍÄ�ÇÆ�ÃÍ
�+ )&* 9%&Û&'* 0µ+-Û&-'+´-* &º+*'&-' 0&¶(+* ¶)(* 0& ,+-Ú *+Þ,)&*�Ó � )&(% (*$Ý& &' )&(% %¹)&

´-' 9&$(,´(¶ �Û´)(�. �$-* (- &-Û+%´--&1&-' �,´-´1+Ú(& ã´-0� *(% )$ ,´--$+**$-,& &'
)µ+-ã´%1$'+´-� )$ ¶%´'&,'+´- 0& )$ ¶%´¶%+�'� +-0(*'%+&))& ´,,(¶& $(â´(%0µÜ(+ (-& ¶)$,& ¶%�ä
¶´-0�%$-'&. ��'&-+% (- 9%&Û&' ,´-*'+'(& ¶´(% (-& ¹%1& (- *+Ý-$) '&-$-' )+&( 0& %&1¶$%'
&' 0& 1&-$,& ã$,& ß )µ&-'%�& 0& ,´-,(%%&-'*� ,& Ú(+ %�ÛÞ)& )µ+1¶´%'$-,& 0& )$ 0�)+1+'$'+´-
0&* 0%´+'* &' 0( 0�%´()&1&-' 0&* )+'+Ý&* ¶´'&-'+&)* &-'%& )&* &-'%&¶%+*&*. á- ¶$%'+,()+&%� )&*
0�'&-'&(%* 0& 9%&Û&'* ¶&(Û&-' '%´(Û&% (- +-'�%å' ¹-$-,+&% &' *'%$'�Ý+Ú(& ß ¶%´Û´Ú(&% 0&*
)+'+Ý&* ß )µ&-,´-'%& 0& ,´-,(%%&-'*. ±& ,Ü$¶+'%& 1&' &- $Û$-' )& %¹)& 0( *&,'&(% â(%+0+Ú(&
0$-* )$ 1+*& &- (Û%& 0&* 9%&Û&'* &' *´- +-Ð(&-,& $( *&+- 0( ¶%´,&**(* 0& ¶%´'&,'+´- 0&*
+--´Û$'+´-*. Ù$ %&)$'+´- %�¶�'�& &-'%& (- +--´Û$'&(% &' *´- $Û´,$' &- ¶%´¶%+�'� +-0(*'%+&))&
¶&(' 0´--&% )+&( ß 0&* 0+*'´%'+´-* *(% )µ́ ,,(%%&-,& &' )µ+**(& 0&* )+'+Ý&*� 0$-* )$ 1&*(%&
´² &))& %&¶´*& *(% (-& $*·1�'%+& 0µ+-ã´%1$'+´- ì )µ+--´Û$'&(% -µ́ 9*&%Û& ¶$* )&* &æ´%'* 0&
)µ$Û´,$' 0$-* )&* �'$¶&* 0µ+-*'%(,'+´- &' 0& )+'+Ý&. Ù´%*Ú(& )µ&æ´%' 0& )+'+Ý& &*' +-´9*&%Û$9)&�
"Õ!z xÛ|tâq ç ;qzwuq qz 54>4 s� rÛqywïÛq s|w ç rÛ|r|uqÛ tzq rÛ|xq{xw|z r�Û sq áÛqâqx u|tu u� ì|Ûyq�y|~qÛzq��
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+) &*' ¶)(* ã$+9)& Ú(µ&- +-ã´%1$'+´- ,´1¶)Þ'& çß &æ´%' 0µ+-*'%(,'+´- 0´--�ê� ,& Ú(+ %�0(+'
)$ ¶%´9$9+)+'� 0& Ý$Ý-&% )& ¶%´,Þ*� 0´-, )µ+-'�%å' 0& )µ+--´Û$'&(% ß ¶%´Û´Ú(&% )& )+'+Ý&� Ú(+
0�*+%& $)´%* $(Ý1&-'&% )µ&æ´%' 0µ+-*'%(,'+´- ¶$% %$¶¶´%' ß )$ *+'($'+´- 0µ+-ã´%1$'+´- ,´1ä
¶)Þ'&. ³$+* ¶$%$))Þ)&1&-'� *+ ,&' &æ´%' 0µ+-*'%(,'+´- &*' �Ý$)&1&-' +-´9*&%Û$9)&� +) &*' ¶)(*
ã$+9)& Ú(µ&- +-ã´%1$'+´- ,´1¶)Þ'&. $% ,´-*�Ú(&-'� )µ&æ&' Ý)´9$) 0& )µ$*·1�'%+& 0µ+-ã´%1$ä
'+´- $(º 0&(º �'$¶&* 0( ¶%´,&**(* 0& ¶%´'&,'+´- *(% )µ&æ´%' 0µ+-*'%(,'+´- &*' $19+Ý( ì +)
,´-0(+' ß $(Ý1&-'&% )µ&æ´%' 0µ+-*'%(,'+´- ¶$% %$¶¶´%' ß )$ *+'($'+´- 0µ+-ã´%1$'+´- ,´1¶)Þ'&
*+ )& ¶%´¹' &- ,$* 0& *(,,Þ* $( )+'+Ý& &*' �)&Û� ¶$% %$¶¶´%' $( ¶%´¹' &- )µ$9*&-,& 0& )+'+Ý&.
Ùµ+1¶$,' 0( 0´(9)& %¹)& 0& )µ$Û´,$' 0$-* )& ¶%´,&**(* 0& ¶%´'&,'+´- ç�d `ab� &' �d efgbê
*(% )µ́ ,,(%%&-,& 0( )+'+Ý& &*' 0´-, $19+Ý(. Ù$ ¶´**+9+)+'� 0& ã$+%& $¶¶&) ß 0&(º $Û´,$'*
0+æ�%&-'* ¶´(% ,Ü$Ú(& �'$¶& 0( ¶%´,&**(* 9�-�¹,+& ß )µ+--´Û$'&(%�1$+* &))& ¶&(' %&-ã´%,&%
)&* 0+*'´%*+´-* 0(&* ß )µ$*·1�'%+& 0µ+-ã´%1$'+´-.
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×¿>> �����ÃÎÂË���Å
�´�+� è. &' �äÙ. 6( ç/ÑÑÑ$ê� &� ±´´¶&%$'+Û& 2$1& �¶¶%´$,Ü '´ $'&-' Ù+'+ä
Ý$'+´-� �&'')&1&-' $-0 �))´,$'+´- ´ã Ù&Ý$) ±´*'*'� �z"h`a� !zg,a�gg ©s�ffh
8fy",ak � è�y.

�´�+� è. &' �äÙ. 6( ç/ÑÑÑ9ê� &�1¶&%ã&,' $'&-' á-ã´%,&1&-'� Ù&Ý$) è()&* $-0
�&'')&1&-''� �z"h`a� !zg,a�gg ©s�ffh 8fy",ak � è�y.

�%%´5�  . �. ç/Ñ´4ê� &á,´-´1+, =&)ã$%& $-0 'Ü& �))´,$'+´- ´ã è&*´(%,&* ã´%
�-Û&-'+´-'� 7`b,fa`h !zy�`z fr msfafh,s ®�g�`ys� �y��-�� ;�� ®`b� `a�
e,y�sb,fa fr �a}�ab,}� �sb,},b� j msfafh,s `a� ©fs,`h :`sbfyg.

±Ü$-Ý�6. ç/ÑÑ«ê� &$'&-' �,´¶&��-'+'%(*' ´)+,·� $-0 ±(1()$'+Û& �--´Û$'+´-'�
®`a� �fzya`h fr msfafh,sg� 4´ ç/ê ì õ�ä«º.

±Ü´+� �. . ç/ÑÑ½ê� &$'&-' Ù+'+Ý$'+´- $* $- �-ã´%1$'+´-ä�%$-*1+**+´- ³&,Ü$ä
-+*1'� �h�y,s`a msfafh,s ®�},��� ½½ ç«ê ì /4�Ñä/4´õ.

±Ü´+� �.. ç4ÔÔ4ê� &$'&-' ´´)* $-0 ±%´**äÙ+,&-*+-Ý +- 'Ü& �Ü$0´5 ´ã $'&-'
Ù+'+Ý$'+´-' h,h�f.

±´´'&%� è. �. &' �. Ù. è(9+-ã&)0 ç/Ñ½Ñê� &á,´-´1+, �-$)·*+* ´ã Ù&Ý$) �+*¶('&*
$-0 �Ü&+% è&*´)('+´-'� �fzya`h fr msfafh,s ª,b�y`bzy�� 4º çõê ì /Ô´ºä/ÔÑº.

±%$1¶&*� ±. &' ±. Ù$-Ý+-+&% ç4ÔÔ4ê� &Ù+'+Ý$'+´- $-0 �&'')&1&-' +- $'&-' �-ä
ã%+-Ý&1&-' ±$*&*'� ®`a� �fzya`h fr msfafh,sg� õõç4ê ì 4«½ä4º�.

�$-$� �. &'  . �¶+&% ç/ÑÑõê� &áº¶&%'+*& $-0 ±´-'+-Ý&-' �&&* ì �Ü& è´)& ´ã �*·ä
1&'%+, �-ã´%1$'+´- +- �''´%-&· ±´1¶&-*$'+´-'� �fzya`h fr ª`�� msfafh,sg
`a� ÿyk`a,¯`b,fa� Ñ ì õ�Ñäõ´º.

�&æ$+-*�#. ç/ÑÑºê� &Ùµ�-$)·*& á,´-´1+Ú(& 0& )$ è�*´)('+´- 0&* ±´-Ð+'* �(%+ä
0+Ú(&*'� ®�}z� :y`a�`,g� ��msfafh,�� /4çõê.

�&æ$+-*�#. ç4ÔÔÔê� &Ùµ�Û$)($'+´- 0&* èÞÝ)&* 0& �%´+' ì (- #)+$- 0& )µ�-$)·*&
á,´-´1+Ú(& 0&* èÞÝ)&* 0& è&*¶´-*$9+)+'�'� ®�}z� ��msfafh,� �fh,b,iz�� ´ ì
º«/äº½«.

á1´-*� =. ç4ÔÔÔê� &áº¶&%'+*&� ±´-'+-Ý&-' �&&* $-0 áº,&**+Û& Ù+'+Ý$'+´-'� �a�
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b�ya`b,fa`h ®�},�� fr ª`� `a� msfafh,sg� 4Ô ì 4/äõõ.
2$))+-+� (. ç/ÑÑ4ê� &$'&-' ´)+,· $-0 ±´*')· �1+'$'+´-'� ®`a� �fzya`h fr msf�

afh,sg� 4õç/ê ì «4ä´õ.
2+)9&%'�è. �. &' è. �Ü$¶+%´ ç/ÑÑÔê� &�¶'+1$) $'&-' Ù&-Ý'Ü $-0 #%&$0'Ü'� ®`a�
�fzya`h fr msfafh,sg� 4/ç/ê ì /Ô´ä//4.

2%$Û&))&� 6. &' ³. =$'&%*´- ç/ÑÑõê� &(´ =+-� (´ �&& ì �´1& á,´-´1+,* ´ã
±´-'+-Ý&-' Ù&Ý$) �&&*'� msfafh,s �fzya`h� /Ôõ ì /4Ô«ä/44Ô.

2%&&-� �.� �,´',Ü1&%� �. ç/ÑÑ«ê &�- 'Ü& �+Û+*+´- ´ã %´¹' +- �&Ú(&-'+$) �--´ä
Û$'+´-'� ®`a� �fzya`h fr msfafh,sg� 4´ç/ê ì 4Ôäõõ.

2%´**1$-� �. &' �. 6$%' ç/Ñ½õê� &�- �-$)·*+* ´ã 'Ü& %+-,+¶$)ä�Ý&-' %´9)&1'�
msfafh�by,s`� «/ ì ºä�«.

2%´**1$-� �. &' �. 6$%' ç/Ñ½´ê� &�Ü& ±´*'* $-0 #&-&¹'* ´ã �5-&%*Ü+¶ ì �
�Ü&´%· ´ã Ù$'&%$) $-0 �&%'+,$) �-'&Ý%$'+´-'� �fzya`h fr �fh,b,s`h msfafh��
Ñ� ì ´Ñ/äº/Ñ.

6$)¶&%-� . &' �. �(%-9()) ç/Ñ½õê� &Ù&Ý$) �&&* ±´-'%$,'* $-0 �)'&%-$'+Û& ±´*'
è()&* ì�- á,´-´1+, �-$)·*+*' �ab�ya`b,fa`h ®�},�� fr ª`� `a� msfafh,sg�
õ ì õä4´.

6$%'� �. &' �. ³´´%& ç/Ñ½½ê� &�-,´1¶)&'& ±´-'%$,'* $-0 è&-&Ý´,+$'+´-'� msf�
afh�by,s`� «´ç�ê ì º««äº½«.

6$·� #. ç/ÑÑ´ê� &±´-'+-Ý&-' �&&* $-0 �Ý&-,· ±´*'*' �fzya`h fr ª�k`h ©bz�,�g�
4«ç4ê ì «Ôõä«õõ.

6$·� #. ç/ÑÑºê� &�¶'+1$) ±´-'+-Ý&-' �&&* +- $ =´%)0 ´ã �&'')&1&-'' �fzya`h fr
ª�k`h ©bz�,�g� 4´ ì 4«Ñä4º½.

6´)1*'%´1� #. ç/ÑºÑê� &³´%$) 6$3$%0 $-0 �9*&%Û$9+)+'·' !�hh �fzya`h fr msf�
afh,sg� /Ôç/ê ì º�äÑ/.

6´)1*'%´1� #. &' . ³+)Ý%´1 ç/ÑÑ/ê &³()'+'$*� %+-,+¶$)ä�Ý&-' �-$)·*&* ì
�-,&-'+Û& ±´-'%$,'*� �**&' �5-&%*Ü+¶� $-0 �´9 �&*+Ý-'� �fzya`h fr ª`��
msfafh,sg `a� ÿyk`a,¯`b,fa� º ì 4�ä«/.
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�--&*� è.�. ç/ÑÑÔê� &Ù+1+'&0 Ù+$9+)+'· $-0 �-,&-'+Û& ±´-'%$','+-Ý 5+'Ü �d `ab�
$,'+´- ±Ü´+,&*' �fzya`h fr msfafh,s ;��fy�� «4ç/ê ì �«ä´º.

 )&1¶&%&%� . ç/ÑÑÔê &6´5 #%´$0 �Ü´()0 'Ü& �,´¶& ´ã $'&-' #& à' ®`a� �fzy�
a`h fr msfafh,sg� 4/ ç/ê ì //õä/õÔ.

Ù$-â´(5� �. �. &'³. �,Ü$-�&%1$- ç4ÔÔ/ê� &±Ü$%$,'&%+*'+,* ´ã $'&-' Ù+'+Ý$'+´- ì
� =+-0´5 ´- ±´1¶&'+'+´-' ®`a� �fzya`h fr msfafh,sg� õ4 ç/ê ì /4Ñä/«/.

Ù&%-&%� �. ç/ÑÑ«ê� &$'&-'+-Ý +- 'Ü& *Ü$0´5 ´ã ,´1¶&'+'´%*' �fzya`h fr ª`� `a�
msfafh,sg� õ½ ì �´õä�Ñ«.

³$-�+5� (.2. $-0 ³.�. =Ü+-*'´- ç/Ñ½´ê� &�%&& á-'%· $-0 �´,+$) �-&	,+&-,·'
®`a� �fzya`h fr msfafh,sg� /º ì �½ä«½.

³$'('&*� ±.� è&Ý+9&$(� . &'  . è´,�&'' ç/ÑÑ´ê� &�¶'+1$) $'&-' �&*+Ý- $-0
'Ü& �+æ(*+´- ´ã �--´Û$'+´-' ®`a� �fzya`h fr msfafh,sg� 4º ç/ê ì ´Ôä½õ.

³&%Ý&*� è. . &' è. è. (&)*´-� ç/ÑÑÔê� &�- 'Ü& ±´1¶)&º á,´-´1+,* ´ã $'&-'
�,´¶&' þfhzh�,` ª`� ®�},��� ÑÔ.

³&(%&%� ³. �. ç/Ñ½Ñê� &�Ü& �&'')&1&-' ´ã $'&-' Ù+'+Ý$'+´-' ®`a� �fzya`h fr
msfafh,sg� 4Ôç/ê ì ººäÑ/.

³+))&% ç/Ñ½ºê� &�´1& �Ý&-,· %´9)&1* +- �&'')&1&-''� �fzya`h fr ª�k`h ©bz�,�g�
/´ ì /½Ñä4/«.

(´%0Ü$(*�=.�. ç/Ñ´Ñê� &�- á,´-´1+, �Ü&´%· ´ã �&,Ü-´)´Ý+,$) ±Ü$-Ý&'� �h��
y,s`a msfafh,s ®�},��� «Ñç4ê ì /½ä4½.

�µ�´-´ÝÜ(&� �.� �,´',Ü1&%� �. &' �.�. �Ü+**& ç/ÑÑ½ê� &$'&-' #%&$0'Ü� $'&-'
Ù+ã&� $-0 'Ü& $,& ´ã �&,Ü-´)´Ý+,$) %´Ý%&**'� �fzya`h fr msfafh,sg `a�
�`a`k�h�ab ©by`b�k�� º ç/ê ì /äõ4.

´)+-*�·� ³. &' �. è(9+-ã&)0 ç4ÔÔ/ê� &�)+Ý-+-Ý 'Ü& �-'&%&*'* ´ã Ù$5·&%* $-0
±)+&-'*'� h,h�f.

è(9+-ã&)0� �. &' �. �,´',Ü1&% ç/ÑÑõê� &±´-'+-Ý&-' �&&* ã´% �''´%-&·* ì $- á,´ä
-´1+, �-$)·*+*'� ®`a� �fzya`h fr msfafh,sg� 4�çõê ì õ�õäõ«´.

�Ü$Û&))� �. ç/Ñ½´ê� &�Ü& �(0Ý1&-' %´´ã %´9)&1'� �ab�ya`b,fa`h ®�},�� fr ª`�
`a� msfafh,sg� /4 ì �«ä«½.
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�$-'´%&� è. &' �. �+$%0 ç4ÔÔ/ê� &Ù&Ý$) �&& è&*'%+,'+´-*� ³´%$) 6$3$%0� $-0
�''´%-&· è+ÝÜ'*'� �fzya`h fr ª`� `a� msfafh,sg� ��ç4ê ì «�Ñä«º4.

=$'&%*´-� ³. ç/ÑÑÔê� &�Ü& á,´-´1+,* ´ã %´0(,' $'&-'*'� �h�y,s`a msfafh,s
®�},��� ½Ôç�ê ì ½´Ôä½´Ñ.

$+$--$�$ �. &' ³. �()'´- ç4ÔÔõê� &�'%$'&Ý+, $'&-' #%&$0'Ü $-0 á-'%· �&ä
'&%%&-,& 5+'Ü �%$*'+, %´0(,' �--´Û$'+´-*'� :ff� ®�g�`ys� �fh,s� °yfze
���b,ak �fy",ak e è�y.
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×¿>E @ÍÍÅÊÅÆ
�BC�BC ±QKMNK LK HG �Q���J����F �BC

² cjS]\VeZe [T VTrSYea\VST aU^eX\YV`Z[_ ³ ea}VeVU[ UST ]YS�\ T[\ [U]XYX_ TS\X O∗∗(p, q) :

max
p,q

O∗∗(p, q) = q(1 − p)W + pπ − p(γp +
µq2

2
) − (1 − p)µq2.

yja]Y|U ca bSTWV\VST WZ ]Y[eV[Y SYWY[ UZY q _ ∂O∗∗

∂p = 0_ WSTb q = W (1−p)
µ(2−p)

f
qSZU [T WXWZVUSTU ∂O∗∗

∂p = π − W 2(1−p)(3−p)
2µ(2−p)2

− 2γpf ´ cjS]\VeZe [T VTrSYea\VST aU^eX\YV`Z[_
∂O∗∗

∂p |p=p∗∗ = 0_ [\ ∂2O∗∗

∂p2 |p=p∗∗ ≤ 0f ySTb p∗∗ ≥ p∗ UV [\ U[Zc[e[T\ UV ∂O∗∗

∂p |p=p∗ ≥ 0_ b[ `ZV X`ZViaZ\
x ca bSTWV\VST UZViaT\[ UZY W [\ π

p W 2

2µ − (π − W 2

2µ )(2 − 1
γ (π − W 2

2µ ))2 ≥ 0.
�[ e[ehY[ W[ daZb{[

W[ b[\\[ VTXdacV\X [U\ ZT[ rSTb\VST bYSVUUaT\[ [T W _ [\ cjVTXdacV\X [U\ iXYV�X[ UV W ≥ g(π)_ S~

g(π) =

√
µ

3
[6π − 8γ + 22/3γ2/3((a + b)1/3 + (a − b)1/3)],

ai[b a = 52γ − 27π [\ b =
√

27(100γ2 − 104γπ + 27π2).
�a rSTb\VST g(π) [U\ WX�TV[ ]SZY π ∈

[0; 50γ
27 ] ⇔ π ∈ [0; 1, 85γ]_ [cc[ [U\ bYSVUUaT\[ UZY b[\ VT\[Yiacc[_ ai[b g(0) = 0 [\ g(50γ

27 ) = 1, 54
√

γµ.

zaY aVcc[ZYU_ p∗∗ ≥ 0
\aT\ `Z[ ∂O∗∗

∂p p=0
≥ 0_ uvwv W ≤ f(π) =

√
8µπ
3 .

�a rSTb\VST f(π) [U\bYSVUUaT\[_ ai[b f(0) = 0 [\ f(50γ
27 ) = 2, 22

√
γµ.

�SYU`Z[ W [U\ \[cc[ `Z[ g(π) ≤ W ≤ f(π), TSZU
aiSTU p∗∗ ≥ p∗ f
�BC�B� ±QKMNK LK HG ±Q���J����F �BA
� qSZU UaiSTU `Z[ p∗ = 1

γ [π − W 2

2µ ] [\ p2A = 1
2γ [π − W 2

4µ ]f �a bSe]aYaVUST W[ b[U W[Z} [tSY\UWSTT[ p p2A ≥ p∗ ⇔ W ≥
√

4µπ
3 = k(π)f �a rSTb\VST k(π) [U\ bYSVUUaT\[ [\ bSTbai[_ ai[b

k(0) = 0 [\ k(50γ
27 ) = 1, 57

√
γµ.

� sT VTrSYea\VST aU^eX\YV`Z[ ai[b ZT U[Zc aiSba\_ c[ ]YS�\ T[\ [U]XYX W[ cjVTTSia\[ZY [U\ TS\X
O∗∗(p, q)_ WSTTX WaTU cjaTT[}[ µf¶�f¶f ´ cjS]\VeZe [T VTrSYea\VST aU^eX\YV`Z[ ai[b ZT U[Zc
aiSba\_ ∂O∗∗

∂p |p=p∗∗ = 0_ [\ ∂2O∗∗

∂p2 |p=p∗∗ ≤ 0f ySTb p∗∗ ≥ p2A
UV [\ U[Zc[e[T\ UV ∂O∗∗

∂p |p=p2A
≥ 0_b[ `ZV X`ZViaZ\ x ca bSTWV\VST UZViaT\[ UZY W [\ π

p
W ≤

√
4µ[π − 2γ(2 −

√
2)] = h(π).

�a
rSTb\VST h(π) [U\ bYSVUUaT\[ [\ bSTbai[_ ai[b h(1, 17γ) = 0 [\ h(1, 85γ) = 1, 65

√
γµ.
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�BC�BA ��FL����FJ LM JKN�FL �QLQK
�Oõ°OqOõ ·Z XZ¸YT��WXYZ VY�[®uW¯

² cjS]\VeZe UZY q _ q = q∗ _ b[ `ZV X`ZViaZ\ x ca bSTWV\VST ∂Π
∂q (p, q∗) − ∂C

∂q (p, q∗) = 0 ⇔
(1 − p)(W − µ′(q∗)) = 0f �jSh�[b\Vr [U\ bSTbai[ [T q

p −(1 − p)µ′′(q) ≤ 0f �SYU`Z[ q = q∗ _ TSZU
aiSTU dΠ

dp (p, q∗) − dC
dp (p, q∗) = π − q∗W − γ′(p) + µ(q∗)_ [\ d2Π

dp2 (p, q∗) − d2C
dp2 (p, q∗) = −γ′′(p) ≤ 0

p
cjSh�[b\Vr [U\ bSTbai[ [T pf
�Oõ°OqO° ·Z XZ¸YT��WXYZ �t¹��WTXº]¯
� zSZY cjaiSba\ p x cjS]\VeZe UZY q _ ∂(T−C)

∂q (p, q) = 0 ⇔ (1 − p)(tw − tl − µ′(q)) = 0f R[\Sh�[b\Vr [U\ bSTbai[ [T q
p ∂2(T−C)

∂q2 (p, q) = −(1− p)µ′′(q) ≤ 0. qSZU aiSTU acSYU d(T−C)
dp (p) =

tm− tl−qµ′(q)−γ′(p)+µ(q), [\ d2(T−C)
dp2 (p) = −γ′′(p) ≤ 0

p cjSh�[b\Vr W[ cjaiSba\ [U\ bSTbai[
[T pf

� zSZY cjVTTSia\[ZY p TS\STU O(p, q)
cjSh�[b\Vr W[ ³ [T VTrSYea\VST aU^eX\YV`Z[f ´ cjS]\VeZe

UZY q _ q = q∗∗
\[c `Z[ ∂O

∂q (p, q∗∗) = 0 ⇔ (1 − p)(W − µ′(q∗∗)) − q∗∗µ′′(q∗∗) = 0f �jSh�[b\Vr
[U\ bSTbai[ [T q

p ∂2O
∂q2 (p, q) = −(2− p)µ′′(q) ≤ 0f yaTU c[ baU `ZaWYa\V`Z[ #ò _ q∗∗ = W (1−p)

2−p _b[ `ZV Ve]cV`Z[ dO
dp = π − W 2(1−p)(3−p)

2µ(2−p)2
− 2γp_ [\ d2O

dp2 = W 2

µ(2−p)3
− 2γ ≤ 0 UV [\ U[Zc[e[T\

UV W 2

(2−p)3
≤ 2γµf �Y W 2

(2−p)3
≤ W 2 ∀ p ∈ [0, 1]f y[ ]cZU_ TSZU aiSTU Y[U\Y[VT\ cjaTac^U[ aZ baU

S~ W ≤ min{2γ, µ} mbrf TS\[ µfµn_ WSTb W 2 ≤ 2γµ_ b[ `ZV bSTWZV\ x W 2

(2−p)3
≤ 2γµf ySTbcjSh�[b\Vr [U\ bSTbai[ [T pf

�Oõ°OqOq �_¯V U¯]» �_YV�Wt
qS\STU O2A(p, q)

cjSh�[b\Vr W[ ³ [T VTrSYea\VST aU^eX\YV`Z[ cSYU`ZjVc [Tdad[ W[Z} aiSba\Uf ´cjS]\VeZe UZY q _ q = q2A
\[c `Z[ ∂O2A

∂q (p, q2A) = 0 ⇔ W − µ′(q2A) − q2Aµ′′(q2A) = 0f �jSh�[b\Vr
[U\ bSTbai[ [T q

p ∂2O
∂q2 (p, q) = −2µ′′(q) ≤ 0f �SYU`Z[ q = q2A _ dO2A

dp = π − W 2

4µ − γ′(p) − pγ′′(p)_ [\
d2O2A

dp2 = −2γ′′(p) ≤ 0f ySTb cjSh�[b\Vr [U\ bSTbai[ [T pf

.ø
µ(q) = µq2

2
qx γ(p) = γp2

2
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×¿>¾ ²Ã³Ë³�ÃÍÆ

p
ì &æ´%' 0µ+-*'%(,'+´-� ,´�' γ(p)

ç0$-* )& ,$* Ú($0%$'+Ú(& ì γ(p) = γp2

2

ê⇒ ¶%´9$9+)+'�
0µ&-'%�& 1 − p.

q
ì &æ´%' 0& )+'+Ý&� ,´�' µ(q)

ç0$-* )& ,$* Ú($0%$'+Ú(& ì µ(q) = µq2

2

ê ⇒ ¶%´9$9+)+'� 0&
*(,,Þ*

1 − q .
π
ì ¶%´¹' 0& )µ+--´Û$'&(% &- 1´-´¶´)& ç*+ +) -µ· $ ¶$* 0µ&-'%�&ê.

W
ì ¶%´¹' 0& )µ+--´Û$'&(% &- ,$* 0& *(,,Þ* $( )+'+Ý&.

p∗ � q∗ ì &æ´%'* 0µ+-*'%(,'+´- &' 0& )+'+Ý& &- +-ã´%1$'+´- ,´1¶)Þ'&.
p∗∗ � q∗∗ ì &æ´%'* 0µ+-*'%(,'+´- &' 0& )+'+Ý& &- +-ã´%1$'+´- $*·1�'%+Ú(& $Û&, (- *&() $Û´,$'.
p2A

� q2A
ì &æ´%'* 0µ+-*'%(,'+´- &' 0& )+'+Ý& &- +-ã´%1$'+´- $*·1�'%+Ú(& $Û&, 0&(º $Û´,$'*.

pLT
� qLT

ì &æ´%'* 0µ+-*'%(,'+´- &' 0& )+'+Ý& &- +-ã´%1$'+´- $*·1�'%+Ú(& $Û&, (- *&()
$Û´,$' )´%*Ú(& )& ,´-'%$' ¶&(' å'%& %&-�Ý´,+�.



»ÅËÖÈÐÔ¿ÅË ¼ÆËÆÁ½ÈÂ

Ù& 9´()&Û&%*&1&-' '&,Ü-´)´Ý+Ú(& Ú(& -´(* Û+Û´-* &*' *´(%,& 0µ+-&	,$,+'�* ¶´(% )µ&-ä
Û+%´--&1&-' +-*'+'('+´--&). ±&* +-&	,$,+'�* *& '%$0(+*&-' ¶$% (- ,Ü$-Ý&1&-' 0& -$'(%&
0& â(%+*¶%(0&-,& &' 0& Ý%$-0&* +-,&%'+'(0&* Ú($-' $(º -´(Û&))&* %ÞÝ)&* &' ß )µ$¶¶)+,$'+´-
0& )$ )´+. �+ )&* 9%&Û&'* &' )&* ,´¶·%+ÝÜ'* %&*'&-' ,´-*+0�%�* ,´11& 0&* 1´'&(%* ¶´'&-'+&)*
0µ+--´Û$'+´- &' 0& ,%�$'+´- ¶$% 0& -´19%&(º &º¶&%'*� )&* 0�9$'* %�,&-'* +-*+*'&-' *(% )&(%*
&æ&'* ,´))$'�%$(º� Ú(+ ¶&(Û&-' 0+*'´%0%&� Û´+%& %$)&-'+%� )$ ¶%´0(,'+´- 0& ,´--$+**$-,&*.
Ùµ$¶¶)+,$'+´- 0&* �%´+'* 0& %´¶%+�'� �-'&))&,'(&))& ç��ê $(º -´(Û&$(º 0�Û&)´¶¶&1&-'*

'&,Ü-´)´Ý+Ú(&* *´()ÞÛ& 0& -´19%&(*&* $19+Ý(K'�* &' ,%�& (- '&%%$+- ã$Û´%$9)& $(º ,´-Ð+'*
â(%+0+Ú(&*� &- ¶$%'+,()+&% 0$-* )&* 0´1$+-&* 0&* 9+´'&,Ü-´)´Ý+&* &' 0&* '&,Ü-´)´Ý+&* 0& )µ+-ä
ã´%1$'+´- &' 0& )$ ,´11(-+,$'+´-� ´² )µ+-'&%¶%�'$'+´- 0& )$ )´+ &' *$ 1+*& &- (Û%& *´-'
0&Û&-(&* ¶)(* ,´1¶)&º&*. Ù&* -´(Û&))&* '&,Ü-´)´Ý+&* ç(�ê ¶´*&-' -´'$11&-' 0&* ¶%´9)Þ1&*
0µ$0$¶'$'+´- $(º $,'&(%* +-*'+'('+´--&)*� )�Ý+*)$'&(%* &' 0�'&-'&(%* 0&* 0%´+'*� ,´11& &-
'�1´+Ý-&-' )&* 0�9$'* ,´-,&%-$-' )µ&*¶$,& 0( 9%&Û&'$9)& ´( )& ¶+%$'$Ý& *(% �-'&%-&'.
Ù$ ¶%´'&,'+´- 0& )$ ¶%´¶%+�'� +-'&))&,'(&))& *& ¶%�*&-'& ,´11& (- &-*&19)& +-*'+'('+´--&)

0& -´%1&*� 0& ,´-Û&-'+´-* &' 0& â(*'+,&. á))& ,´-ãÞ%& )& 0%´+' 0& ¶´**�0&% ´( Û&-0%& 0&*
(Û%&*� 1$+* �Ý$)&1&-' ,&)(+ 0& ,´-'%¹)&% )&(% ('+)+*$'+´- (-& ã´+* ,&* (Û%&* Û&-0(&* ḉ (
)+,&-,+�&*ê. á- ,´-'%&¶$%'+&� )& ,´-'%¹)& 0&* 0%´+'* &' )$ 1+*& &- (Û%& 0& )$ ¶%´'&,'+´- *´-'
0&* ¶%´,&**(* ,´�'&(º� Ú(+ -�,&**+'&-' (-& *(¶&%Û+*+´- %+Ý´(%&(*& 0& )µ('+)+*$'+´- 0&* (Û%&*
0& )$ ¶$%' 0&* $('´%+'�* $+-*+ Ú(& 0&* ¶%´0(,'&(%*. ±&* &,´�'*' ,´-*+*'&-' &**&-'+&))&1&-' ß
0�¹-+% )$ )´+ &' )$ ã$+%& %&*¶&,'&%� &- ,´-'%¹)$-' )& %&*¶&,' 0&* 0%´+'* &' &- ¶´(%*(+Û$-' ,&(º
Ú(+ )&* &-ã%&+Ý-&-'.

±&''& 'ÜÞ*& $ ¶´(% ´9â&' )&* $*¶&,'* ¶%$'+Ú(&* 0& )$ 1+*& &- (Û%& 0&* �� 0$-* )&

/ÑÑ
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,´-'&º'& 0&* (�. (´(* $Û´-* '&-'� 0& ,$%$,'�%+*&% )$ -´(Û&))& 0´--& *´(* '%´+* ¶&%*¶&,'+Û&*�
,Ü$,(-& 0µ&-'%& &))&* ,´%%&*¶´-0$-' ß (- ,Ü$¶+'%&.

�$-* )& ¶%&1+&% ,Ü$¶+'%&� -´(* $Û´-* �'(0+� )$ Ú(&*'+´- 0( 0%´+' 0µ$('&(% &' )&* *¶�ä
,+¹,+'�* 0&* 9+&-* -(1�%+Ú(&* 0+*'%+9(�* &' ¶$%'$Ý�* &- )+Ý-&. (´'%& 1´0Þ)& 1´-'%& Ú(µ(-
%&-ã´%,&1&-' 0& )$ ¶%´'&,'+´- )�Ý$)& ,´-'%& )& ¶+%$'$Ý& ç¶$% )&* ('+)+*$'&(%*ê ¶&(' $Û´+% (-
+1¶$,' +-0+%&,' -�Ý$'+ã *(% )& 9+&-äå'%& *´,+$)� )´%*Ú(µ(-& ¶%´'&,'+´- '&,Ü-´)´Ý+Ú(& ,´�'&(*&
¶&(' å'%& ¶$%$))Þ)&1&-' 1+*& &- ¶)$,& *(% )&* ´%+Ý+-$(º ¶$% )&* ¶%´0(,'&(%*. (´(* $Û´-*
1´-'%� Ú(& ,& %&-ã´%,&1&-' ¶&(' ¶%´Û´Ú(&% (- 0�*�Ú(+)+9%& &-'%& )& *(%¶)(* 0&* ,´-*´1ä
1$'&(%* &' )& ¶%´¹' 0&* ¶%´0(,'&(%*� &- ã$Û&(% 0&* ¶%´0(,'&(%* 0& 1(*+Ú(& Ý%$-0 ¶(9)+,.
Ùµ(- 0&* ã$,'&(%* 0�'&%1+-$-'* 0& )µ+1¶$,' 0µ(- %&-ã´%,&1&-' 0& )$ ¶%´'&,'+´- '&,Ü-´)´ä
Ý+Ú(& &*' )& 0&Ý%� 0& 0+æ�%&-,+$'+´- &-'%& )&* ´%+Ý+-$(º &' )&* ,´¶+&*. �¹- 0& 1$º+1+*&% )&*
+-,+'$'+´-* ß ,%�&%� )&* ¶%´0(,'&(%* 0&Û%$+&-' $1�)+´%&% )$ Ú($)+'� 0&* ´%+Ý+-$(º� &- ´æ%$-'
(- ,&%'$+- -´19%& 0& ¶%´0(+'* &' *&%Û+,&* $,,´1¶$Ý-$-' )& ¶%´0(+' &- Û&-'&.

�$-* )& 0&(º+Þ1& &' )& '%´+*+Þ1& ,Ü$¶+'%&� -´(* $Û´-* �'(0+� ,&%'$+-* 0·*ã´-,'+´--&ä
1&-'* 0( *·*'Þ1& 0&* 9%&Û&'* &' *´- -´(Û&) &-Û+%´--&1&-' +-*'+'('+´--&).
Ù& 0&(º+Þ1& ,Ü$¶+'%&� Ú(+ ¶´%'& *(% )& %¹)& 0& )µ́ 	,& 0&* 9%&Û&'* &' )& ¶%´9)Þ1& 0µ&-Ý´%ä

Ý&1&-' 0&* 0&1$-0&* Ú(µ+) *(9+'� $ 1´-'%� Ú(& *+ )&* *'%$'�Ý+&* 0& 0&1$-0& 0& 9%&Û&'* 0&*
&-'%&¶%+*&* 0�¶&-0&-' 0& )$ ¶%´,�0(%& 0µ&º$1&- &' 0& 0�)+Û%$-,&� )µ́ 	,& -µ&*' ,&¶&-0$-'
¶$* &- 1&*(%& 0& 1&''%& &- ¶)$,& (-& ¶´)+'+Ú(& Ú(+ -& *�)&,'+´--&%$+' Ú(& )&* &9´--&*'
0&1$-0&*. ó-& %�ã´%1& 0( ,´�' 0& 0�¶¹' f

-µ$ ¶$* 0µ+1¶$,' *(% )& Û´)(1& 0&* 0&1$-0&* ß
)µ�Ú(+)+9%&. $% $+))&(%*� )´%*Ú(& )& -´19%& 0µ&-'%&¶%+*&* 0( *&,'&(% &*' +1¶´%'$-'� +) &º+*'&
'´(â´(%* (-& ¶´)+'+Ú(& ´¶'+1$)& 0& )µ́ 	,& '&))& Ú(& '´('&* )&* &-'%&¶%+*&* 0�¶´*&-' (-&
0&1$-0&. Ù$ ¶´)+'+Ú(& ´¶'+1$)& 0& )µ́ 	,& ¶&(' �Ý$)&1&-' ,´-*+*'&% ß 0�,´(%$Ý&% '´('& 0&ä
1$-0& 0& 9%&Û&'� 0& *´%'& Ú(& '´('&* )&* &-'%&¶%+*&* Ý$%0&-' )& *&,%&'. ó-& '&))& ¶´)+'+Ú(&
-µ&*' *´,+$)&1&-' ¶%�ã�%$9)& Ú(& *+ )& ,´�' *´,+$) 0&* 9%&Û&'* &*' '%Þ* �)&Û�� ´( *+ )& *&,%&'
&*' '%Þ* $''%$,'+ã ¶´(% )&* &+--´Û$'&(%*'.
Ù& '%´+*+Þ1& ,Ü$¶+'%& $ 1+* &- $Û$-' )& %¹)& 0( *&,'&(% â(%+0+Ú(& ç,-�- 0&* $Û´,$'*ê

0$-* )$ 1+*& &- (Û%& 0&* 9%&Û&'* &' *´- +-Ð(&-,& $( *&+- 0( ¶%´,&**(* 0& ¶%´'&,'+´- 0&*
+--´Û$'+´-*. Ù$ %&)$'+´- %�¶�'�& &-'%& (- +--´Û$'&(% &' *´- $Û´,$' &- ¶%´¶%+�'� +-0(*'%+&))&
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¶&(' 0´--&% )+&( ß 0&* 0+*'´%'+´-* *(% )µ́ ,,(%%&-,& &' )µ+**(& 0&* )+'+Ý&*� 0$-* )$ 1&*(%& ´² &))&
%&¶´*& *(% (-& $*·1�'%+& 0µ+-ã´%1$'+´- ì )µ+--´Û$'&(% -µ́ 9*&%Û& ¶$* )&* &æ´%'* 0& )µ$Û´,$'
0$-* )&* �'$¶&* 0µ+-*'%(,'+´- 0( 9%&Û&' &' 0& )+'+Ý&. (´(* $Û´-* �'(0+� )µ&æ&' 0& )µ$*·1�'%+&
0µ+-ã´%1$'+´- $(º 0&(º �'$¶&* 0( ¶%´,&**(* 0& ¶%´'&,'+´- *(% )µ&æ´%' 0µ+-*'%(,'+´-. Ù&
0´(9)& %¹)& 0& )µ$Û´,$' 0$-* )& ¶%´,&**(* 0& ¶%´'&,'+´- ç�d `ab� &' �d efgbê $ 0&(º &æ&'*
,´-'%$0+,'´+%&* *(% )µ́ ,,(%%&-,& 0( )+'+Ý& ì *´- &æ&' Ý)´9$) 0�¶&-0 0( Ý$+- 0& )µ+--´Û$'&(% ß
)µ+**(& 0( )+'+Ý&. Ù$ ¶´**+9+)+'� 0& ã$+%& $¶¶&) ß 0&(º $Û´,$'* 0+æ�%&-'* ¶´(% ,Ü$Ú(& �'$¶& 0(
¶%´,&**(* 9�-�¹,+& ß )µ+--´Û$'&(%�1$+* &))& ¶&(' %&-ã´%,&% )&* 0+*'´%*+´-* 0(&* ß )µ$*·1�'%+&
0µ+-ã´%1$'+´-.
á- %�*(1�� ,&''& 'ÜÞ*& ¶%´¶´*& (- ,$0%& 0µ$-$)·*& 0& 0+æ�%&-'* $*¶&,'* 0&* +-'&%$,'+´-*

&-'%& �� &' (� &' Û+*& ß ,$%$,'�%+*&% ,&%'$+-* 0·*ã´-,'+´--&1&-'* )+�* ß )$ -´(Û&))& 0´--&.
±&* '%$Û$(º ´(Û%&-' ¶)(*+&(%* ¶&%*¶&,'+Û&* Ú(+ 1�%+'&%$+&-' 0µå'%& &º¶)´%�&* ß )µ$Û&-+%.
á- ,& Ú(+ ,´-,&%-& )& ¶%&1+&% ,Ü$¶+'%&� +) *&%$+' +-'�%&**$-' 0µ+-'%´0(+%& 0&* &º'&%-$)+'�*

0& %�*&$( &-'%& ,´¶+&(%*� $Û&, (-& 0�,+*+´- &-0´ÝÞ-& 0& ¶$%'$Ý&% )&* ¹,Ü+&%* &- )+Ý-&. �$-*
-´'%& 1´0Þ)&� -´(* *(¶¶´*´-* Ú(& )&* ,´¶+&(%* 0´+Û&-' 0�¶&-*&% (- ,´�' 0& %&,Ü&%,Ü& ¹º&
¶´(% ,Ü$Ú(& ¹,Ü+&% &- )+Ý-& Ú(µ+)* *´(Ü$+'&-' '�)�,Ü$%Ý&%. ³$+* &- %�$)+'�� ,& ,´�' &*' *´(ä
Û&-' (-& ã´-,'+´- 0�,%´+**$-'& 0( -´19%& 0& ,´¶+&* -(1�%+Ú(&* 0+*¶´-+9)& &- )+Ý-&� +.&. 0(
-´19%& 0µ('+)+*$'&(%* ,´--&,'�*. �$-* ,& ,$*� +) ¶´(%%$+' · $Û´+% 0&* %&-0&1&-'* ,%´+**$-'*
0$-* )µ$,'+Û+'� 0& %&,Ü&%,Ü& &- )+Ý-&. �& ¶)(*� )$ '$+))& 0&* &º'&%-$)+'�* 0& %�*&$( &*' &-0´ä
ÝÞ-& $( *&-* ´² )&* ('+)+*$'&(%* 0�,+0&-' ´( -´- 0& 1&''%& )&(%* ¹,Ü+&%* ß 0+*¶´*+'+´- 0&*
$('%&*. �) · $ 0´-, (- $%9+'%$Ý& ,´�'* ä 9�-�¹,&* ß ¶$%'$Ý&% 0&* ¹,Ü+&%*� Ú(& -´(* ¶´(%%+´-*
1´0�)+*&% 0& 1$-+Þ%& *�Ú(&-'+&))&� 0& *´%'& Ú(& )&* ,´-*´11$'&(%* 0�,+0&-' 0& 1&''%& )&(%*
¹,Ü+&%* ß 0+*¶´*+'+´- 0&* $('%&* $Û$-' 0& 0�,+0&% 0& ,´¶+&% )&* ¹,Ü+&%* &- )+Ý-&. ó-& $('%&
¶+*'& &-Û+*$Ý�& ,´-,&%-& )µ+-'%´0(,'+´- 0& )$ ,´-,(%%&-,& &-'%& )&* )$9&)* 1(*+,$(º� Ú(+
0+*'%+9(&%$+&-' ,Ü$,(- (- &-*&19)& 0µ$%'+*'&* 0+æ�%&-,+�* Ü´%+3´-'$)&1&-' &-'%& &(º 1$+*
*+1+)$+%&* ß ,&(º 0& )µ$('%& )$9&). �) *&19)& +-'�%&**$-' 0µ�'(0+&% )&* *'%$'�Ý+&* 0& ¶%+º 0&*
)$9&)* 0$-* ,& ,´-'&º'&.
Ù& 0&(º+Þ1& ,Ü$¶+'%& 1&' &- ¶&%*¶&,'+Û& ,&%'$+-&* Ú(&*'+´-* ,´-,&%-$-' )µ́ 	,& 0&* 9%&ä

Û&'* Ú(+ 1�%+'&-' 0µå'%& &º¶)´%�&*. Ù&* *'$'+*'+Ú(&* 0& )µ́ 	,& $1�%+,$+- 0&* 9%&Û&'* 1´-'%&-'
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Ú(& )& ¶%´9)Þ1& 0µ&-Ý´%Ý&1&-' '&-0 ß *µ$ÝÝ%$Û&%� )& Û´)(1& 0& 0´**+&%* -´- &º$1+-�* ,%´+*ä
*$-' ,Ü$Ú(& $--�&. ±& ¶%´9)Þ1& ¶&(' +-Ð(&-,&% )&* *'%$'�Ý+&* 0& 0&1$-0& 0&* &-'%&¶%+*&*�
*(*,&¶'+9)&* 0& ¶%�ã�%&% )& *&,%&' *+ )$ ¶�%+´0& 0µ$''&-'& 0( Û&%0+,' 0& )µ́ 	,& 0&Û+&-' '%´¶
)´-Ý(&. ´(% )&* · +-,+'&%� ,& Ú(+ %�*´(0%$+' ¶$%'+&))&1&-' *´- ¶%´9)Þ1& 0µ&-Ý´%Ý&1&-'�
)µ́ 	,& ¶´(%%$+' 0�)+9�%�1&-' )$+**&% (- *'´,� 0& 0&1$-0&* -´- &º$1+-�&*. �$,& $( Û´)(1&
+1¶´%'$-' 0&* 0&1$-0&*� ´- ¶´(%%$+' ¶&-*&% Ú(& )µ́ 	,& $%9+'%&%$ &-'%& 0µ(-& ¶$%' (-&
¶%´,�0(%& 0µ&º$1&- %$¶+0& ¶&%1&''$-' 0& )+1+'&% )& %&'$%0 1$+* $( %+*Ú(& 0& -´19%&(*&*
&%%&(%* 0& 0�)+Û%$-,& &' 0µ$('%& ¶$%' (-& ¶%´,�0(%& ¶)(* )&-'& ¶&%1&''$-' 0& )+1+'&% )&*
&%%&(%* 1$+* $Û&, &- ,´-'%&¶$%'+& (- *'´,� +1¶´%'$-' 0& 0&1$-0&* -´- &º$1+-�&*. $%
$+))&(%*� -´'%& 1´0Þ)& 0+*'+-Ý(& )&* ¶%´â&'* &-´(Û&$(º' ´( -´-� ,-�- 0& Ú($)+'� &9´--&' ´(
&1$(Û$+*&'. �( 0&)ß 0& ,&''& ¶%&1+Þ%& 0+*'+-,'+´-� +) *&%$+' +-'�%&**$-' 0& )&* 0+æ�%&-,+&%
�Ý$)&1&-' *&)´- )&(% ¶%´¹'$9+)+'� &*¶�%�& ì *+ (- ¶%´â&' '%Þ* +--´Û$-' ¶&(' -& ¶$* %&'+%&% (-
¶%´¹' +1¶´%'$-' 0( 9%&Û&'� (- ¶%´â&' ã$+9)&1&-' ´( ¶&( +--´Û$-' ¶´(%%$ *& %�Û�)&% '%Þ* ¶%´ä
¹'$9)& *µ+) &*' 9%&Û&'�� ,´11& &- '�1´+Ý-&-' 0& -´19%&(*&* &9(*+-&** 1&'Ü´0*'. Ùµ$9*&-,&
0& ,´%%�)$'+´- �Û+0&-'& &-'%& &-´(Û&$('�' &' ¶%´¹'$9+)+'�� ,&%'$+-&* &-'%&¶%+*&* +--´Û$-'&*
¶´(%%$+&-' $)´%* %&-´-,&% ß 0�¶´*&% (-& 0&1$-0& 0& 9%&Û&'.

ó-& &º'&-*+´- 0( '%´+*+Þ1& ,Ü$¶+'%& ,´-*+*'& ß �'(0+&% )& ,$* ´² )µ+**(& 0( )+'+Ý& 0�¶&-0
-´- *&()&1&-' 0& )µ&æ´%' 0& )+'+Ý&� 1$+* �Ý$)&1&-' 0& )µ&æ´%' 0µ+-*'%(,'+´- ß '%$Û&%* )&*
%&Û&-0+,$'+´-* 0( 9%&Û&' &' )&(% +-'&%¶%�'$'+´- ¶$% )& '%+9(-$)#ë. Ùµ&æ´%' 0µ+-*'%(,'+´- $ $)´%*
(- +1¶$,' ¶´*+'+ã *(% )$ ¶%´9$9+)+'� Ú(& )& 9%&Û&' *´+' +-Û$)+0� &' Ú(& )& ¶%´,Þ* *´+' ¶&%0(.
�¶¶$%$¸' (- $%9+'%$Ý& ,´-,&%-$-' )µ&æ´%' 0µ+-*'%(,'+´- ì *+ (- &æ´%' �)&Û� ¶&%1&' 0& 9)´Ú(&%
)µ&-'%�& &' 0& ¶%´'�Ý&% )$ ¶´*+'+´- 0& 1´-´¶´)&� +) %�0(+' -�$-1´+-* )&* ,Ü$-,&* 0& *(,,Þ*
&- ,$* 0µ&-'%�& &' 0& )+'+Ý&. �) *&%$+' �Ý$)&1&-' +-'�%&**$-' 0& ,´-*+0�%&% )µ+1¶$,' 0& )µ&æ´%'
0µ+-*'%(,'+´- *(% )& Ý$+- 0& )µ+--´Û$'&(% ß %&*'&% &- 1´-´¶´)& ì *+ (- &æ´%' 0µ+-*'%(,'+´-
�)&Û� �'&-0 )& ,Ü$1¶ 0& ¶%´'&,'+´- ,´(Û&%' ¶$% )& 9%&Û&'� +) +-,+'& )&* ,´-,(%%&-'* ß *&
)´,$)+*&% )´+- 0& )µ+--´Û$'&(% 0$-* )µ&*¶$,& 0&* ¶%´0(+'*� $**(%$-' ß )µ+--´Û$'&(% (- ¶%´¹'
0& ,´-,(%%&-,& �)&Û�.
.níqu xÛwátz�tð u|zx qz qêqx rstu utu{qrxwásqu ~q x|s�ÛqÛ ~qu áÛqâqxu �xÛ|wxu ~|zx squ Ûqâqz~w{�xw|zu{|tâÛqzx tz {í�yr swywx� qx ~�wzâ�sw~qÛ ~qu áÛqâqxu s�ÛÚqu�
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� ,& *'$0&� $¹- 0& ,´1¶)�'&% ,&* '%$Û$(º 'Ü�´%+Ú(&*� +) $¶¶$%$¸' ('+)& 0& *µ+-'&%%´Ý&%
*(% )&(% Û$)+0$'+´- &1¶+%+Ú(&. ó-& ¶$%'+& 0& 1&* &æ´%'* 0& %&,Ü&%,Ü& $(%$ ¶´(% ´9â&,'+ã
0& '&*'&% &1¶+%+Ú(&1&-' )&* %�*()'$'* ´9'&-(* 0$-* ,&''& 'ÜÞ*& $+-*+ Ú(& )&* ¶+*'&* 0µ&º'&-ä
*+´-* �Û´Ú(�&* ¶)(* Ü$('. �+ )µ$¶¶%´,Ü& $0´¶'�& 0$-* )&* 0+æ�%&-'* ,Ü$¶+'%&* &*' 'Ü�´%+Ú(&�
)&* Ú(&*'+´-* Ú(µ&))& *´()ÞÛ& *´-' ,´-,%Þ'&* &' ¶%$'+Ú(&*� &' 0&1&(%&-' )µ́ 9â&' 0& 0�9$'*
&-,´%& +%%�*´)(*. �) *&%$+' ¶$% &º&1¶)& +-'�%&**$-' 0µ�'(0+&% )$ '$%+¹,$'+´- 1+*& &- ¶)$,&
¶$% )&* 1$+*´-* 0& 0+*Ú(&* *&)´- )&(%* *'%$'�Ý+&* 0& 0+*'%+9('+´- &' 0& ¶%´'&,'+´- ç&' )&*
1´0$)+'�* 0& )&(% 0+*'%+9('+´- &- )+Ý-& ì ¶$% &º&1¶)& ¶%+º ß )$ ,Ü$-*´- ´( $9´--&1&-'
$( 1´+*ê. Ùµ+1¶$,' 0& )$ ¶%´'&,'+´- '&,Ü-´)´Ý+Ú(& *(% )&* �,Ü$-Ý&* ¶´(%%$+' ¶$% $+))&(%*
å'%& 1&*(%� &- ,´1¶$%$-' )& -´19%& 0& ,´¶+&* '�)�,Ü$%Ý�&* ¶´(% 0&(º $%'+*'&* $( ¶(9)+,
¶´'&-'+&) �Ú(+Û$)&-'� 1$+* 0´-' )& ±� ´%+Ý+-$) *&%$+' ¶%´'�Ý� ß 0+æ�%&-'* 0&Ý%�*. á- ,& Ú(+
,´-,&%-& )µ́ 	,& 0&* 9%&Û&'*� (-& ,´1¶$%$+*´- 0& 0&(º ´	,&* -$'+´-$(º $(º 1´0&* 0&
ã´-,'+´--&1&-'* 0+æ�%&-'* ¶´(%%$+' ¶&('äå'%& ¶&%1&''%& 0µ�'(0+&% )&* ´%+Ý+-&* &' )&* &æ&'*
¶´'&-'+&)* 0& )µ&-Ý´%Ý&1&-' 0&* 0´**+&%* *(9+* ¶$% )µ́ 	,& 0&* 9%&Û&'* $1�%+,$+-. á-¹-� +)
*&%$+' +-'�%&**$-' 0& '&*'&% &1¶+%+Ú(&1&-' )&* %�*()'$'* 0( '%´+*+Þ1& ,Ü$¶+'%& *(% )& ,Ü´+º
0&* &-'%&¶%+*&* &-'%& (- *&() $Û´,$' ´( 0&(º $Û´,$'* ¶´(% )&* 0&(º �'$¶&* 0( ¶%´,&**(*
0& ¶%´'&,'+´-� $+-*+ Ú(& )µ+1¶$,' *(% )$ ¶%´¶´%'+´- 0& )+'+Ý&*� &- ã´-,'+´- 0& )$ '$+))& 0&
)µ&-'%&¶%+*& &' 0( '·¶& 0µ+--´Û$'+´- ¶%´'�Ý�&.

�$-* )$ ,´-'+-(+'� 0&* Ú(&*'+´-* %&)$'+Û&* ß )$ %�Ý()$'+´- 0( *·*'Þ1& 0&* 9%&Û&'*� 0& -´(ä
Û&))&* ¶+*'&* 0& %&,Ü&%,Ü& 1�%+'&-' 0µå'%& $9´%0�&*� $( ¶%&1+&% %$-Ý 0&*Ú(&))&* )&* *'%$'�Ý+&*
0& ¶´%'&ã&(+))&* 0& 9%&Û&'* ç)&* ¹%1&* '&-'&-' 0& *& ¶%´,(%&% )& ¶)(* 0& 9%&Û&'* ¶´**+9)&*ê &'
0& )+,&-,&* ,%´+*�&* ç0&* $,,´%0* 9+)$'�%$(º &-'%& 0&(º ¹%1&* ¶&%1&''$-' ß ,Ü$,(-& 0µ('+)+ä
*&% )&ç*ê 9%&Û&'ç*ê 0& )µ$('%&ê� *´(Û&-' ('+)+*�* ¶$% )&* Ý%$-0&* ¹%1&* 0& )´Ý+,+&)* ,´11& 0&*
&1(%*' 0& 0%´+'* 0& ¶%´¶%+�'� +-0(*'%+&))& Û+*$-' ß 9$%%&% ,&%'$+-&* Û´+&* 0& %&,Ü&%,Ü& $(º
¶&'+'* ,´-,(%%&-'*. �$-* )µ+-0(*'%+& 0( )´Ý+,+&)� ´² )&* +--´Û$'+´-* *´-' *´(Û&-' +-'&%0�¶&-ä
0$-'&* &' 0´+Û&-' å'%& ,´19+-�&* ´( $1�)+´%�&* ¶´(% ´9'&-+% (- ¶%´0(+' ¹-$) ,´11&%,+$)+ä
*$9)&� )&* ¹%1&* *& ,´-*'+'(&-' 0&* ¶´%'&ã&(+))&* 0& 9%&Û&'* ,´11& ´('+) 0& -�Ý´,+$'+´- &-
,$* 0& )+'+Ý& $Û&, 0&* ,´-,(%%&-'*. �) *&%$+' +-'�%&**$-' 0µ�'(0+&% )&* ,Ü´+º 0& ,´1¶$'+9+)+'�
0&* ¹%1&* 0$-* ,& ,´-'&º'&.
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ó-& $('%& ¶+*'& 0& %&,Ü&%,Ü& ¶´**+9)& ¶´%'& *(% )&* )+,&-,&* ´9)+Ý$'´+%&*� %�¶´-*& $(º
¶%´9)Þ1&* ¶´*�* ¶$% )&* 9%&Û&'* *(% )&* ã$,+)+'�* &**&-'+&))&*. Ù&* ã$,+)+'�* &**&-'+&))&* *´-'
ã%�Ú(&-'&* 0$-* )& 0´1$+-& 0&* 9+´'&,Ü-´)´Ý+&*� )´%*Ú(µ(- ÝÞ-& &*' 9%&Û&'� &' Ú(µ+) -µ$
¶$* 0& *(9*'+'('*� $)´%* Ú(& )µ$,,Þ* ß ,& ÝÞ-& &*' *´,+$)&1&-' &**&-'+&) ¶´(% )$ 0�,´(Û&%'&
0µ$('%&* *�Ú(&-,&* *µ· $''$,Ü$-'. Ù& 0�'&-'&(% 0µ(- 9%&Û&' *(% (-& ã$,+)+'� &**&-'+&))& &*'
&- ¶´*+'+´- 0& %$-�´--&% )& %&*'& 0&* +--´Û$'&(%* '%$Û$+))$-' 0$-* *´- 0´1$+-& &' ´9)+Ý�*
0µ('+)+*&% )$ '&,Ü-´)´Ý+& 9%&Û&'�&. �) ¶&(' &- %�*()'&% (- *(%+-Û&*'+**&1&-' ,´-*+0�%$9)& &-
èé� 0$-* )$ ,´(%*& ß (- '&) 9%&Û&'� &' (- Ü´)0ä(¶ *(% )&* +--´Û$'+´-* ,´1¶)�1&-'$+%&*. á-
´('%&� )µ$*·1�'%+& 0µ+-ã´%1$'+´- &-'%& )&* ¶$%'+&* &' )&* ,´�'* 0& '%$-*$,'+´- �)&Û�* &- ,$*
0µ('+)+*$'&(%* -´19%&(º ¶&(Û&-' 0+**($0&% )& 0�'&-'&(% 0( 9%&Û&' 0µ́ ,'%´·&% 0&* )+,&-,&*.
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ÁÂÂ�ÃÄÅÆ Ç�È� ÉÊ Ë�Á� ÌÉÍÂÉÎ � /ÑÑ½� &á1¶+%+,$) �-$)·*+* ´ã 'Ü& �$)+0+'· ´ã Ù+'+Ý$'&0
$'&-'*'� �Ï�y,s`a �ab�hh�sbz`h �yfe�yb� ª`� �ggfs,`b,fa �z`yb�yh� �fzya`h 4´çõê ì/½«ä4º«.ÁÂÂ�ÃÄÅÆ Ç�È�Æ ÌÉÍÂÉÎÆ Ë�Á�Æ Ð�Á� ËÄÄÑÉ ÉÊ È�Ò� ÓÑÔÅÕÉÎ � 4ÔÔõ� &�$)($9)&
$'&-'*' »þ !�y"�h�� �z�h,s ª`� ®�g�`ys� � è�y /õõ.

ÁÄÕ�Æ È� ÉÊ ÇÖÌ� ×Ô � /ÑÑÑ$� &� ±´´¶&%$'+Û& 2$1& �¶¶%´$,Ü '´ $'&-' Ù+'+Ý$'+´-��&'')&1&-' $-0 �))´,$'+´- ´ã Ù&Ý$) ±´*'*'� �z"h`a� !zg,a�gg ©s�ffh 8fy",aØ � è�y.
ÁÄÕ�Æ È� ÉÊ ÇÖÌ� ×Ô � /ÑÑÑ9� &�1¶&%ã&,' $'&-' á-ã´%,&1&-'� Ù&Ý$) è()&* $-0 �&'')&ä1&-''� �z"h`a� !zg,a�gg ©s�ffh 8fy",aØ � è�y.
ÁÑÑÄÙÆ Ð� Ç� � /Ñ´4� &á,´-´1+, =&)ã$%& $-0 'Ü& �))´,$'+´- ´ã è&**´(%,&* ã´% �-Û&-ä'+´-'� ($'+´-$) #(%&$( ´ã á,´-´1+, è&*&$%,ÜÚ �Ü& è$'& $-0 �+%&,'+´- ´ã �-Û&-'+Û&

�,'+Û+'· ì á,´-´1+, $-0 �´,+$) �$,'´%*� %+-,&'´- ì %+-,&'´- ó-+Û&%*'+· %&**.
ÛÜÕÄÃÆ Ý�Æ Þ� ÛÑÎÅßÄÂàÃÃÄÅ ÉÊ Ò� Ì�áâÊÍÜÅ � /ÑÑÑ� '�Ü$%&0 �-ã´%1$'+´- 2´´0*'��fzya`h fr ª`� `a� ãsfafÏ,sg ä4ç/ê ì //åäææ.
ÛÉÂÂÉàÂÜÍÍÉÆ ç� � 4ÔÔ4�&%+,+-Ý è-ã´%1$'+´- 2´´0* +- 'Ü& %&*&-,& ´ã é´¶·+-Ý'� êa,ë

}�yg,bì fr ífa�fa �z��a î`yì ãsfafÏ,sg 8fy",aØ � è�y äïõ.
ÛÉÃÉÅÆ ð�Æ ÉÊ ð� ñ� Ð�ÑòÎ � /óôó� '%+Û$'& é´¶·+-Ý� �¶¶%´¶%+$9+)+'·� $-0 õ¶'+1$)é´¶·+-Ý è´·$)'+&*'� �fzya`h fr í`� `a� ãsfafÏ,sg õ4ç/ê ì 4ææäôö.
ÛÉÃÉÅÆ Ç� ÉÊ Þ� ËÜÃÕ�Å � 4ööö� &�&Ú(&-'+$) è--´Û$'+´-� $'&-'* $-0 è1+'$'+´-'� î÷;8fy",aØ ø è�y ööäö/.ùÜ�ÂÂÜÔúÆ Û� � 4ööõ� &Ù$ %´¶%+�'� è-'&))&,'(&))& *(% )&* Ù´Ý+,+&)*'� ® èefyb �z ûüã.
ùâÜÅ�Æ ×� � /óóæ� &ý'þ-ÿ �,´¶þ� �-ÿ+ÿ��*ÿ ´�+,·� ý-0 é�1��ýÿ+Ûþ è--´Ûýÿ+´-'� ®`a��fzya`h fr ãsfafÏ,sg 4ï ç/ê ì õääæå.ùâÄ�Æ Ç� ç� � /óóô� &ýÿþ-ÿ Ù+ÿ+Ýýÿ+´- ý� ý- è-ã´�1ýÿ+´-ä��ý�������´� 	þ
Üý����'� üÏ�ë

y,s`a ãsfafÏ,s ®�},�� ôô çæê ì �äóä�ïõ�ùâÄ�Æ Ç�ç� � öö� &ýÿþ�ÿ ´´�� ý�� é�´��äÙ�
þ����Ý �� ÿÜþ �Üý�´� ´ã ýÿþ�ÿ Ù�ÿ�Ýýÿ�´�'
î,Ï�f�

ùÄâÉÅÆ Ç� � �óóæ� &èþÛþ��þ á�Ý��þþ���Ý ý�� ÿÜþ è��þ ´ã á�þ
ÿ�´��
 ��Ý��ý�ÿ��� ì è�ÿþ��þ
äÿ�ý� �´¶þ�ÿ· è�¶��
ýÿ�´�� ´ã &Ù´
�äõ�ÿ' �´Ý�ý��'� û`h,r fya,` í`� ®�},�� �öó��

öæ



�ø�ýøÿ¾ú÷��øû ¾¿½¿ú÷ýû öï

ùÄÅÅÉÑ Ð�È�Æ ÉÊ È�ç� ÈÔÍÉÂÊ � �óó�� &�´ãÿ�ý�þ ��ý
· ä �� ��ý�·��� ´ã �´ÿþ
ÿ�´��ÿ�ýÿþÝ�þ�'� î`a`Ø�Ï�ab ©s,�as� õåçê ì �æä�õó�ùÄÄÊÉÑÆ È� Ò� ÉÊ Ò� Ì� ÈÔò�ÅàÉÂú � �óôó� &á
´�´��
 ��ý�·��� ´ã ÙþÝý� ���¶�ÿþ� ý��
�Üþ�� èþ�´��ÿ�´�'� �fzya`h fr ãsfafÏ,s í,b�y`bzy� å çõê ì �öïåä�öóå�ùÑÜÍ�ÉÃÆ ù� ÉÊ ù� ÌÜÅ��Å�ÉÑ � öö� &Ù�ÿ�Ýýÿ�´� ý�� �þÿÿ�þ�þ�ÿ �� ýÿþ�ÿ è�ã���Ýþ�þ�ÿéý�þ�'� ®`a� �fzya`h fr ãsfafÏ,sg õõçê ì æôäåä�

ÒÜÅÜÆ Ç� ÉÊ Ð� ð��ÉÑ � �óóõ� &áº¶þ�ÿ��þ ý�� é´�ÿ��Ýþ�ÿ �þþ� ì�Üþ è´�þ ´ã ��·�þÿ��
 è�äã´��ýÿ�´� �� �ÿÿ´��þ· é´�¶þ��ýÿ�´�'� �fzya`h fr í`�� ãsfafÏ,sg `a� �yØ`a,¯`b,faó ì õäóäõïå�
ÒÜ��úÆ ç� � �óóõ� &è�ÿþ��ýÿ�´�ý� �´¶þ�ÿ· è��ÿ�ÿ�ÿ�´�� ý�� ÿÜþ ý��ýµ� �Ü��� ì ýÿþ�ÿ��é�����ÝÜÿ�� ý�� ��ý�þ �þ
�þÿ� �� á
�����
 �Üþ��� ý��  ��ÿ���'� !"� °hf�`h #,Ï�aë

g,fag fr ÷ab�hh�sbz`h øyfe�ybì ®,Ø"bg ,a ©s,�as� `a� !�s"afhfØì�õ	
þ �ã è�ÿþ��ýÿ���ý�
�æý����

ÒÉààÜ�ÅÃÆÛ� � �óóå� &Ù$��ý���þ á
�����Ú�þ �þ �ý è%����ÿ��� �þ� é��&�ÿ� '�����Ú�þ�'�
®�}z� (y`a)`,g� ��ãsfafÏ,� �çõê�

ÒÉààÜ�ÅÃÆÛ� * ööö* &Ù$%Ûý��ýÿ��� �þ� èÞÝ�þ� �þ +���ÿ ì �� ,��ý� �þ �$��ý���þ á
�����Ú�þ
�þ� èÞÝ�þ� �þ èþ�����ý����ÿ%'* ®�}z� ��ãsfafÏ,� øfh,b,-z� ï ì åæ�äåôæ�

ÒÄÍÄÅ Ð� ÉÊ ñ�ÝÜÍÜ.ÜÕ� * ööä* &/�ý�ÿÜ���0þ� 1�þä�Üý���Ý ý�� ÿÜþ ���
��Ý �ã ��Ý�ÿý�
��ÿþ�ÿ'* ãsfafÏ,sg í�bb�yg ôæ ì �åóä�ôä�
ÞáÕÉÑÃÂÉÎÆ ç� * ööõ* &�Üþ á
�����
 áÛý��ýÿ��� �ã ��ÿþ��ýÿ�Ûþ� ÿ� +�Ý�ÿý� é�����ÝÜÿ'*î,Ï�f�
ÞÍÄÅÃÆ 2� * ööö* &á3�þ�ÿ��þ* é��ÿ��Ýþ�ÿ �þþ� ý�� á3
þ���Ûþ Ù�ÿ�Ýýÿ���'* ÷ab�ya`b,fa`h

®�},�� fr í`� `a� ãsfafÏ,sg ö ì �äõõ�
ÞÅáÜÄÔÜÆ Ò� 4ÔÉÂÂÉáÆ Ò� ÉÊ ù�ËÜÑÊ�ÅÉ. * ööõ* &�Üþ á
�����
� �ã ýÿþ�ÿ� ì ã����ýÿ��ý� ��ÝÜÿ� ÿ� ����
� ���ÿ���þ�ÿ�'* û`",�yg �� h` î©ã� ûfhh�sb,fa ãê®ã5z` �ä�
ÞÃÙÜÑÜÅÆ Ë� ÉÊ ñ� 4ÜÂÂ�Å� * �óóï* &ýÿþ�ÿ ���
� ý�� ÿÜþ +��þ
ÿ��� �ã �þ
Ü����Ý�
ý�éÜý�Ýþ' ®`a� �fzya`h fr ãsfafÏ,sg åçäê�
4ÜÂÂ�Å�Æ ñ� * �óó* &ýÿþ�ÿ ���
� ý�� é��ÿ�� è��ÿýÿ���'* ®`a� �fzya`h fr ãsfafÏ,sgõç�ê ì æäïõ�
4ÜÂÂ�Å�Æ ñ�Ó� * öö* &�Üþ á
�����
� �ã ýÿþ�ÿ� ì Ùþ����� ã��� èþ
þ�ÿ /��� ýÿþ�ÿèþã���'* �fzya`h fr ãsfafÏ,s ø�yge�sb,}�g �ïçê ì �õ�ä�æä�
4�ÂòÉÑÊÆ È� Ç� ÉÊ È� ðâÜ��ÑÄ * �óóö* &õ�ÿ��ý� ýÿþ�ÿ Ùþ�ÝÿÜ ý�� ,�þý�ÿÜ'* ®`a��fzya`h fr ãsfafÏ,sg �ç�ê ì �öïä���
4ÑÜ�ÉÂÂÉÆ ×� ÉÊ Ë� 2ÜÊÉÑÃÄÅ * �óóõ* &(� 6��* (� �þþ ì ���þ á
�����
� �ã é��ÿ��äÝþ�ÿ ÙþÝý� �þþ�'* ãsfafÏ,s �fzya`h �öõ ì �öæä�ö�
4ÑÉÉÅÆ Ç�Æ ðáÄÊáâÍÉÑÆ ð� * �óóæ* &õ� ÿÜþ +�Û����� �ã ��1ÿ �� �þÚ�þ�ÿ�ý� è���Ûýÿ���'*

®`a� �fzya`h fr ãsfafÏ,sg ïç�ê ì öäõõ�
4ÑÄÃÃÍÜÅÆ ð� ÉÊ 7� ×ÜÑÊ * �óôõ* &�� ��ý����� �ã ÿÜþ ���
��ý�ä�Ýþ�ÿ ����þ�'* ãsfë

afÏ�by,s` æ� ì åääæ�
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4ÑÄÃÃÍÜÅÆ ð� ÉÊ 7� ×ÜÑÊ * �óôï* &�Üþ é��ÿ� ý�� ,þ�þ1ÿ� �ã õ��þ��Ü�� ì � �Üþ��� �ãÙýÿþ�ý� ý�� �þ�ÿ�
ý� è�ÿþÝ�ýÿ���'* �fzya`h fr øfh,b,s`h ãsfafÏì óä ì ïó�äå�ó�
×ÜâÅÆ Ç�×� * ööö* '���
ÿ���ý� 8�ý��ÿ� +þÝ�ý�ýÿ��� �ã ��ãÿ�ý�þ ��ÿÜ (þÿ���� á3ÿþ��ýä��ÿ�þ�'* î,Ï�f�
×ÜÂÂÆ Û� * ööõ* &,����þ�� 	þÿÜ�� ýÿþ�ÿ�* è���Ûýÿ���* ý�� ���
�'* 9:ã® ;fy<,aØ

ø è�y óå�å�
×ÜÂ�ÉÑÅÆ ç� ÉÊ ð�ÓÔÑÅòÔÂÂ * �óôõ* &ÙþÝý� �þþ� é��ÿ�ý
ÿ� ý�� ��ÿþ��ýÿ�Ûþ é��ÿ è��þ� ì

�� á
�����
 ��ý�����' ÷ab�ya`b,fa`h ®�},�� fr í`� `a� ãsfafÏ,sg õ ì õäï�
×ÜÑÊÆ 7� ÉÊ Ç�ËÄÄÑÉ * �óôô* &è�
����þÿþ é��ÿ�ý
ÿ� ý�� èþ�þÝ�
�ýÿ���'* ãsfafÏ�by,s`

æïçäê ì åææäåôæ�
×ÜÎÆ Û� * �óóï* &é��ÿ��Ýþ�ÿ �þþ� ý�� �Ýþ�
� é��ÿ�' �fzya`h fr í�Ø`h ©bz�,�g æçê ì

æöõäæõõ�
×ÜÎÆ Û� * �óóå* &õ�ÿ��ý� é��ÿ��Ýþ�ÿ �þþ� �� ý 6���� �ã �þÿÿ�þ�þ�ÿ' �fzya`h fr í�Ø`h©bz�,�g ï ì æóäåô�
×�ÑÃâÂÉ�àÉÑÆ Ç� ÉÊ Ç� È�ÂÉÎ * �óåó* &�Üþ ��ý��ÿ�
� �ã /�
þ�ÿý��ÿ� ý�� è�ã���ýÿ��� äý� þ3����ÿ��� ���Ûþ�' �fzya`h fr ãsfafÏ,s í,b�y`bzy� �åçäê ì �õåæä�ä��
×Ô�Æ Ð�Ì�Æ =�ç�Ì� çÅ� ÉÊ Ý� ùÔ� * öö�* &��ý
� ý�� ÿÜþ ÙþÝ�ÿ��ýÿþ +þ�ý�� ã��èþ
���þ� 	���
'* î,Ï�f�
×ÄÂÍÆ ×�Ç� * ööö* '�Üþ é����ÿþ� >þ�þ�ýÿ���$� 6����Ý�þ�� ÿ� ý� ã�� õ��Ý��ý�� �Üþ�

��ýÿþ� ý�þ �þ�þ�ÿ ä � é� �ÿ���'* î,Ï�f�
×ÄÂÍÃÊÑÄÍÆ Û� * �óåó* &	��ý�  ý0ý�� ý�� õ��þ�Ûý����ÿ�' :�hh �fzya`h fr ãsfafÏ,sg�öç�ê ì åääó��
×ÄÂÍÃÊÑÄÍÆ Û� ÉÊ ç� Ë�Â�ÑÄÍ * �óó�* &	��ÿ�ÿý�� ���
��ý�ä�Ýþ�ÿ ��ý���þ� ì è�
þ�äÿ�Ûþ é��ÿ�ý
ÿ�* ���þÿ õ��þ��Ü��* ý�� '�� +þ��Ý�'* �fzya`h fr í`�� ãsfafÏ,sg `a��yØ`a,¯`b,fa å ì ääæ��
×ÔÅÊÆ È� * �óóó* &(����Û�����þ�� ý�� ÿÜþ è�
þ�ÿ�Ûþ ÿ� è���Ûýÿþ ì ý� á
�����
 ��ý�����

�ã è�ÿþ��þ
ÿ�ý� ���þ�ÿ� èþã���' (���y`h ®�g�y}� :`a< fr ø",h`��he",` ;fy<,aØ ø è�yóóçõê�
×ÔÑÊÆ È�Ë� ÉÊ È�Ë� ðáâÔÍáâÍÜÅ * �óïï* &�Üþ á
�����
 èýÿ���ý�þ �ã é�����ÝÜÿ'*!"� üÏ�y,s`a ãsfafÏ,s ®�},�� æï ì ä�ääõ�
=ÅÅÉÃÆ È�Ò� * �óóö* &Ù���ÿþ� Ù�ý����ÿ� ý�� è�
þ�ÿ�Ûþ é��ÿ�ýÿ
ÿ��Ý ��ÿÜ �d `ab� ý
ÿ���éÜ��
þ�' �fzya`h fr ãsfafÏ,s !"�fyì æç�ê ì äæäïå�
ÇÜààÉÆ Á� * ööö* &�Üþ /��� ýÿþ�ÿ ���ÿþ� �� ��ý���ÿ��� ì ���
� è���Ûýÿ��� ý�� ÿÜþ

è���Ûýÿ��� ��
þ��'* ®�g�`ys" øfh,sì óçääæê ì æõ�äææå�
ÐÉÃÜÅÆ Ç�ç� * öö* &éý���ÿ� ý�� �ÿ�
�� ÿ� é�þýÿþ ý ,þÿÿþ� ýÿþ�ÿ ���ÿþ�'* :�y<�h�ì

!�s"afhfØì í`� �fzya`h �åçê ì åïõäåóå�
ÐÂÉÍ�ÉÑÉÑÆ ç� * �óóö* & �� ,��ý� �Ü���� ÿÜþ �
��þ �ã ýÿþ�ÿ ,þ à' ®`a� �fzya`h frãsfafÏ,sg � ç�ê ì ��õä�õö�
ÐÄÑÊÔÍÆ ð� ÉÊ Ç� ÌÉÑÅÉÑ * �óóô* &6Üýÿ �� ,þÜ��� ÿÜþ èþ
þ�ÿ ���Ýþ �� ýÿþ�ÿ��Ý'*

®�g�`ys" øfh,sì ôç�ê ì �ä
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ÌÜÅúÉÃÆ2� ÉÊ È� çÄÃÅÉÑ * �óôó* &�� á
�����
 ��ý����� �ã é�����ÝÜÿ Ùý�'* �fzya`h
fr í�Ø`h ©bz�,�g �ôçê ì õæäõïõ�

ÌÜÅ��Å�ÉÑÆ ù� ÉÊ ç� ËÜÑáÄÔÂ * ööõ* &ýÿþ�ÿ �þý�
Ü �ã ���� ��ÿ ý�� èþÛþ�ýÿ��� �ãè�ã���ýÿ���'* ;fy<,aØ ø è�y�
ÌÜÅßÄÔÙÆ Ç� 7� ÉÊ Ë� ðáâÜÅÕÉÑÍÜÅ * öö�* &éÜý�ý
ÿþ���ÿ�
� �ã ýÿþ�ÿ Ù�ÿ�Ýýÿ��� ì

� 6����� �� é���þÿ�ÿ���' ®`a� �fzya`h fr ãsfafÏ,sg õ ç�ê ì �óä�æ��
ÌÜÅ��Å�ÉÑÆ ù� ÉÊ ç� ËÄÃáâ�Å� 4� * ööõ* &�Üþ á
�����
� �ã ýÿþ�ÿ� ì ý� �Ûþ�Û�þ� '*

;fy<,aØ ø è�y�
ÌÉÍÂÉÎÆ ËÜÑÕ * öö�* &èýÿ���ý� èÝ���ý�
þ ýÿ ÿÜþ ýÿþ�ÿ õ	
þ'* 9fyb"��gb�ya í`�

®�},�� óæ�
ÌÉÍÂÉÎÆ Ë� Á� ÉÊ ù� ðâÜ��ÑÄ * ööä* &���ý�����ÿ�
 ýÿþ�ÿ�'* ©b`arfy� í`� `a� ãsfë

afÏ,sg �h,a ;fy<,aØ ø è�y ôô�
ÌÉÑÅÉÑÆ Ç� * �óóæ* &ýÿþ�ÿ��Ý �� ÿÜþ �Üý��� �ã é���þÿ�ÿ���'* �fzya`h fr í`� `a� ãsfë

afÏ,sg õôçê ì äïõääóæ�
ÌÉÑÅÉÑÆ Ç� * ööõ* &�Üþ ýÿþ�ÿ ���ÿþ� ý�� é���þÿ�ÿ���'* êûíü ãsfafÏ,sg ;fy<,aØ

ø è�y�
Ì�ÉòÄÙ�Ê.Æ ð� Ç� * �óôæ* 'é�����Ý ý�� �����þ
ÿ ��������ý����ÿ� ì Ü�ÿ�
�����Ý �ã '���ä�ý��'* �fzya`h fr øfh,b,s`h ãsfafÏì óõçæê ì óäæäæå�
Ì�ÉòÄÙ�Ê.Æ ð� Ç� * öö* ®�b",a<,aØ b"� 9�b�fy<�� ãsfafÏì* ��ý
�� �þ���
Ì�ÉòÄÙ�Ê.Æ ð� Ç� * ööä* &�ÿãý��� �� 	þý�����Ý ÿÜþ è��ý
ÿ �ã ���þä�Üý���Ý'* î,Ï�f�
ËÜÅÕ�ÙÆ ñ�4� ÜÅú Ë�Ò� 2â�ÅÃÊÄÅ * �óôï* &��þþ á�ÿ�� ý�� ��
�ý� è�þ	
�þ�
�' ®`a��fzya`h fr ãsfafÏ,sg �å ì äôäæô�
ËÜÊÔÊÉÃÆ ù�Æ ÈÉ��òÉÜÔÆ ç� ÉÊ Ð� ÈÄáÕÉÊÊ * �óóï* &õ�ÿ��ý� ýÿþ�ÿ +þ��Ý� ý�� ÿÜþ

+�æ����� �ã è���Ûýÿ���' ®`a� �fzya`h fr ãsfafÏ,sg å ç�ê ì ïöäôõ�
ËÉÑ�ÉÃÆ È� ç� ÉÊ È� È� ñÉÂÃÄÅ * �óóö* &õ� ÿÜþ é����þ3 á
�����
� �ã ýÿþ�ÿ �
��þ'

ûfhzÏ�,` í`� ®�},�� óö�
ËÉÑ�ÉÃÆ È� * �óóó* &�� 	ý�� ý� ��3 è��������þ ýÿþ�ÿ� ,þã��þ ,�þý�ãý�ÿ ì ���þ�ÿ�è�ÝÜÿ� ã�� é��
þ�ÿ� ý�� ýÿþ�ÿ ���ÿþ� èþã���'* ãh�sbyfa,s ûfÏÏ�ys��
ËÉÑ.Æ Ç�?� ÉÊ ñ�Ë� çÜáÉ * �óóä* &��þ��� �� �ýÿþ�ÿ ��ÿ�Ýýÿ��� ì ÿÜþ ý��þý�þ�ÿ ��&�þ�
þ

�ã �ÿ�þ�ÝÿÜþ�þ� �ýÿþ�ÿ� ýÿÿ����ÿý��þ ÿ� ÿÜþ 
���ÿ �ã ý��þý�� ã�� ÿÜþ ãþ�þ�ý� 
��
��ÿ'*�fzya`h fr b"� ø`b�ab `a� !y`��Ï`y< �@s� ©fs,�bì åï�
ËÉÔÑÉÑÆ Ë� Ç� * �óôó* &�Üþ �þÿÿ�þ�þ�ÿ �ã ýÿþ�ÿ Ù�ÿ�Ýýÿ���' ®`a� �fzya`h fr ãsfafÏ,sgöç�ê ì ååäó��
Ë�ÂÂÉÑ * �óôå* &���þ �Ýþ�
� ����þ�� �� �þÿÿ�þ�þ�ÿ'* �fzya`h fr í�Ø`h ©bz�,�g �ï ì�ôóä�æ�
ñÄ�ÄÃ =�Æ ÉÊ Ë� 2ÜÂúÍÜÅ * �óôä* &�Üþ áæþ
ÿ� �ã è�
�þý�þ� é�����ÝÜÿ ��ÿþ
ÿ��� ì ��

��ý��ÿ�
 �����ý
Ü'* �fzya`h fr øfh,b,s`h ãsfafÏì óçê ì õïääï�
ñÄÑúâÜÔÃÆ2� * �óïó* &�� á
�����
 �Üþ��� �ã �þ
Ü����Ý�
ý� éÜý�Ýþ'* üÏ�y,s`a ãsfë

afÏ,s ®�},�� æóçê ì �ôäô�
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7AÒÄÅÄ�âÔÉÆ Ó� * �óóô* &� ýÿþ�ÿý����ÿ� èþÚ���þ�þ�ÿ ã�� �þÚ�þ�ÿ�ý� è���Ûýÿ���'* ®`a��fzya`h fr ãsfafÏ,sg ó�
7AÒÄÅÄ�âÔÉÆ Ó�Æ ðáÄÊáâÍÉÑÆ ð� ÉÊ Ç�?� Óâ�ÃÃÉ * �óóô* &ýÿþ�ÿ ,�þý�ÿÜ* ýÿþ�ÿÙ�ãþ* ý�� ÿÜþ ý
þ �ã �þ
Ü����Ý�
ý� ��Ý�þ��'* �fzya`h fr ãsfafÏ,sg `a� î`a`Ø�Ï�ab©by`b�Øì å ç�ê ì �äõ�
çÉ�Ê.Æ Ë� ÉÊ ç� 2ÜÉÂòÑÄÉáÕ * ööõý* &�� á
������ÿ$� >���þ ÿ� ÿÜþ �þ
Ü����Ý�* Ùý�ý�� ,����þ�� �ã +�Ý�ÿý� 	���
 +��ÿ����ÿ���'* î,Ï�f�
çÉ�Ê.Æ Ë� ÉÊ ç� 2ÜÉÂòÑÄÉáÕ * ööõ�* &	ý���Ý /�þ �ã ���þä�Üý���Ý �þ
Ü����Ý�þ� ��	���
 +��ÿ����ÿ���'* î,Ï�f�
çÉ�Ê.Æ Ë� ÉÊ ç� 2ÜÉÂòÑÄÉáÕ * ööä* &�Üþ áæþ
ÿ �ã è�ÿþ��þÿ ��ý
� �� é+ �ý�þ� ìé����ä�þ
ÿ��� áÛ��þ�
þ'* ûã©,rf ;fy<,aØ ø è�y ©�y,�g ���
çÄÂ�ÅÃÕÎÆ Ë� ÉÊ Ò� ÈÔò�ÅàÉÂú * öö�* &���Ý���Ý ÿÜþ è�ÿþ�þ�ÿ� �ã Ùý��þ�� ý�� é��þ�ÿ�'*

î,Ï�f�
BÔ�ÂÂÉÅÆ ù� ÉÊ 7�×� 2ÉòÃÊÉÑ * öö�* &é��ÿ�����Ý ýÿþ�ÿ �����
ýÿ���� ý�� þ�ã��ä�ý�
þ �ã ÿÜþ /��� ýÿþ�ÿ õ	
þ'* (���y`h û,ysz,b :`y �fzya`h ��ç�ê ì �ä��ÈÔò�ÅàÉÂúÆ Ò� ÉÊ ð� ðáÄÊáâÍÉÑ * �óóõ* &é��ÿ��Ýþ�ÿ �þþ� ã�� �ÿÿ���þ�� ì ý� á
�����


��ý�����'* ®`a� �fzya`h fr ãsfafÏ,sg äçõê ì õäõäõæï�
ðÜÍÔÉÂÃÄÅÆ ç� * ööõ* &+è	 ý��* ��* Û�� ÿÜþ Ùý�'* ûfÏÏza,s`b,fa fr b"� üûî äï ì

ä�ääæ�
ðÜÅÊÄÑÉÆ È� ÉÊ Á� C�ÜÑú * öö�* &ÙþÝý� �þþ èþ�ÿ��
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