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j0$+ $#33/2.30$0+2.+,(%=($)#%0.)( +,(--0))/B( +#--N/.)0$.(+1/ +2.#+,(-(./# +1/ + /.>0))/ +>/ +=#$)0 +10--#+
.(4/(.0 + 1/ +#2)(&($3#./44#4/(.0+ S>0-@&($3#./4#)/(.T + _A`7 + [N#2)(&($3#./44#4/(.0 + >=/03# + ,(%0 + 2.+
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>2(/+,(%=(.0.)/U+>0.4#+.0>>2.+$/@0$/%0.)(+#-+>/>)0%#+/.+30.0$#-07+
5.+2.(+>)#)(+1/>($1/.#)(+/-+,(%=($)#%0.)(+10-+>/>)0%#+Q+/.@-20.4#)(+1#-+$/>2-)#)(+10--0+#4/(./+,#>2#-/+
10/+>2(/+0-0%0.)/7+O-+,#%'/#%0.)(+10-+B#-($0+1/+#-,2./+=#$#%0)$/+/-+=$(,0>>(+1/+#2)(&($3#./44#4/(.0+
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.03#)/B/7 +g.+ @001'#,I+=(>/)/B( +,(.>/>)0 +.0--N#%=-/@/,#4/(.0+1/ +#-,2.0+=$(=$/0)C +10- +>/>)0%#+,V0+
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1/+.0B0Z+,V0+@#+,$0>,0$0+0>=(.0.4/#-%0.)0+.0-+)0%=(+W20>)0+=$(=$/0)C7+O-+,(.)$#$/(U+/-+@001'#,I+
.03#)/B( + >0$B0 + ,(%0 + %0,,#./>%( + $03(-#)($0U + 0 + >=0>>( + Q + 0>>( + >)0>>( + /- + $/>2-)#)( + 1/+
2.N#%=-/@/,#4/(.07 + 5 + @001'#,I +.03#)/B/ + 0 +=(>/)/B/ + ,((=0$#.( +=0$ +%#.)0.0$0 +>)#'/-0 + -( +>)#)( +10-+
>/>)0%#U+$0.10.1(-(+$('2>)(+#+1/>=0))(+10--0+/.@-20.40+0>)0$.07+
[#+,#=#,/)C+1/ + $/=$(12$$0+ / +%0,,#./>%/+(>>0$B#'/-/ + /. +2.+>/>)0%#+#2)(&($3#./44#)(+=0$%0))0+2.+
0@@/,/0.)0+,(.)$(--(+>23-/ +!"#$%&'()7+c-/+0>=0$/%0.)/+1/%(>)$#.(+,V0+-#+>,0-)#+1/+2)/-/44#$0+>/>)0%/+
.02$#-/ + / + ,2/ +=#$#%0.)/ + >(.( + /%=(>)#)/ + )$#%/)0 +#-3($/)%/ +0B(-2)/B/ + S0B(-2)/(.#$k +#-3($/)V%T+ =($)#+
#--N())0./%0.)(+1/+())/%/+$/>2-)#)/+.0--N#2)(&($3#./44#4/(.0+/.+W20>)(+>/>)0%#+$('()/,(7+[N0B(-24/(.0+
#33/$#+/-+=$('-0%#+10--#+10,(%=(>/4/(.0+10--(+>B/-2==(+10/ +,(.)$(--0$ +>2+120+-/B0--/U+,/(Q+W20--(+1/+
)$(B#$0 + /- + %0,,#./>%( + ,V0 + =($)# + #--N0%0$30$0 + 1/ + 2. + ,(%=($)#%0.)( + 3-('#-0 + 0 + W20--( + 1/+
/%=-0%0.)#$0 + )#-0 + %0,,#./>%( + .0- +,(.)$(--0$+ =0$ + 3-/ +>&'()7 + 5.@#))/ + -N0B(-24/(.0 + #$)/@/,/#-0 + @#+
#@@/1#%0.)( + >2--# + B#-2)#4/(.0 + 10- + >/>)0%# + 3-('#-0U + ,/(Q + >2--N0%0$30$0 + 1/ + 2. + 10>/10$#)(+
,(%=($)#%0.)( + 3-('#-0 + =#$)0.1( + 1#--# + 10@/./4/(.0 + 10/ + ,(%=($)#%0.)/ + /.1/B/12#-/7 + 5. + =/dU+
-N0B(-24/(.0+=2R+2)/-/44#$0+-#+$/,,V044#+10--0+>(-24/(.0+=(>>/'/-/+(@@0$)0+1#--0+/.)0$#4/(./+1/.#%/,V0+
#30.)0&#%'/0.)07 + [0 + >(-24/(./ + )$(B#)0 + )$#%/)0 + -N0B(-24/(.0 + >(.( + >0%=-/,/ + 0 + /. +%(-)/ + ,#>/ + >(.(+
30.0$#-/+$/>=0))(+#--0+,(.1/4/(./+#%'/0.)#-/7+5+>/>)0%/+#2)(&($3#./44#)/+,(>i+())0.2)/+>(.(+$('2>)/+#/+
,#%'/#%0.)/+#%'/0.)#-/+0+>(.(+#.,V0+>,#-#'/-/7

;78+!0-@&#>>0%'-/.3

j0$+/-+=$(30))(+!"#$%&'()+-N#>=0))(+=#$)/,(-#$%0.)0+/.)0$0>>#.)0+10$/B#.)0+1#--N#2)(&($3#./44#4/(.0+
Q+-N#2)(&#>>0%'-#%0.)(U+,/(Q+-N#2)(&($3#./44#)#+,$0#4/(.0+1/+>)$2))2$0U+10@/./'/-0+#.,V0+,(%0+Y2.+
=$(,0>>(+$0B0$>/'/-0+.0-+W2#-0+=$00>/>)0.)/+0.)/)C+1/>,$0)0+1/+,(--03#.(+2.#+#--N#-)$#+>0.4#+0>>0$0+

+M#./-(+MNOB0$>#++++?
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1/$0))0+1#--N0>)0$.(Z7+</R+=0$%0))0+#3-/+>&'()+1/+>,03-/0$0+#2)(.(%#%0.)0+W2#.1(+0+>0+#>>0%'-#$>/+
/.+'#>0+#--N#%'/0.)0+,V0+-($(+/.,(.)$#.(+(+/.+'#>0+#-+,(%=/)(+,V0+10B(.(+>B(-30$07+
M#)#+-N#%=/044#+0+-#+W2#-/)C+10/+$/>2-)#)/+())0.2)/+1#+B#$/+)0>)+_D`+>/+=2R+#@@0$%#$0+,V0+-(+!"#$%&'()+
>/+Q+W2#-/@/,#)(+,(%0+#))2#-0+>)#)(+10--N#$)0+.0--N#2)(&#>>0%'-#%0.)(7

;7876+!0-@&#>>0%'-/.3+*+)$#>=($)(
j0$+)$#>=($)#$0+2.+(330))(+=0>#.)0+S)$(==(+=0>#.)0+=0$+2.+>/.3(-(+>&'()T+B0$>(+2.#+4(.#&('/0))/B(+
2.( +!"#$%&'()+ 2)/-/44#+-N#2)(&#>>0%'-#%0.)(+_F`7+ 5+,(.)$(--0$+ 103-/ +>&'()+ >(.(+>)#)/+/%=-0%0.)#)/+
,(.+120+%(12-/*

! /-+%(12-(+#>>0%'-#%0.)(+S#>>0%'-k+%(12-0TU+,V0+Q+/.,#$/,#)(+1/+,(.)$(--#$0+-(+>&'()+@/.,Vh+
.(.+#@@0$$#+-N(330))(+S(+2.+#-)$(+>&'()+,V0+Q+>2#+B(-)#+,(--03#)(+#--N(330))(TX

! /- +%(12-( +1/ + )$#>=($)(+ S)$#.>=($) +%(12-0TU +,V0+Q + /.,#$/,#)( +1/ +,(.)$(--#$0 + -( +>&'()+ =0$ + /-+
)$#>=($)(+10--N(330))(+B0$>(+-#+4(.#&('/0))/B(7

5-+%(12-(+#>>0%'-#%0.)(+Q+>,#)0.#)(+1#--#+=0$,04/(.0+S10-+,(-($0+10/+[\MT+1/+2.+(330))(&=$01#+(+
1/ + 2.( +>&'()+ ,V0 + Q + ,(--03#)( + #--N(330))(&=$01#7 +]20>)( + =($)# + -( +>&'()+ # +%2(B0$>/ + B0$>( + )#-0+
('/0))/B(U+#33#.,/#$>/+#+W20>)(+0+,#%'/#$0+/-+,(-($0+10/+=$(=$/+[\M+/.+%(1(+1#+$0.10$-(+232#-0+#+
W20--( +10--N(330))(&=$01#+S/. + )#- +%(1(+0>>(+>)0>>(+1/B0.)#+=#$)0+10--N(330))(&=$01#T7 +g.#+B(-)#+
,(%=-0)#)(+ )#-0+,(%=/)(+ /- +,(.)$(--(+=#>>#+#- +%(12-(+1/ + )$#>=($)(+,V0+=$/%#+#--/.0#+ -( +>&'()+ /.+
1/$04/(.0+10--#+4(.#&('/0))/B(+0+=(/+>=/.30a)/$#+-N(330))(+=0$+%2(B0$-(+B0$>(+-#+4(.#&('/0))/B(7+j0$+
0B/)#$0+1#../+%0,,#./,/+12$#.)0+/-+)$#>=($)(+>0+2.(+>&'()+#BB/>#+2.#+)($>/(.0+10-+3$/==0$+$/3/1(+,V0+
>2=0$#+2.+1#)(+-/%/)0+#--($#+>/+@0$%#7+H#-0+,(.)$(--0$+Q+>,#-#'/-0+0+>/+Q+1/%(>)$#)(+0>>0$0+0@@/,#,0+
_6G`7
j$0.10.1(+>=2.)(+1#--0+,(-(./0+1/+@($%/,V0U+#1+0>0%=/(+.0-+,#>(+10--N#==$(BB/3/(.#%0.)(U+Q+>)#)(+
.()#)(+,V0+/.+30.0$#-0+2.#+@($%/,#+)$(B#+2.#+(330))(&=$01#U+=$(B#+#+%2(B0$-(+0U+1(=(+2.+,0$)(+
.2%0$(+1/+/.>2,,0>>/U+$0,-2)#+#-)$0+@($%/,V07+O+W20>)(+=2.)(+)2))0+W20--0+$0,-2)#)0+>/+$#33$2==#.(+
/.)($.(+#--N(330))(U+ -(+#@@0$$#.(+0+>=/.3(.(a)/$#.(+@/.,Vh+)#-0+(330))(+.(.+>/ +%2(B07+O--(+>)0>>(+
%(1( + 3-/ +>&'()+ 10B(.( + -(,#-/44#$0U + #BB/,/.#$>/U + #@@0$$#$0 + 0 + =($)#$0 + 2. + (330))( + B0$>( + 2.#+
4(.#&('/0))/B(U+%#+#+1/@@0$0.4#+10--0+@($%/,V0+#3-/+>&'()+Q+>)#)#+1#)#+-#+=(>>/'/-/)C+1/+#@@0$$#$0+.(.+
>(-(+-N(330))(+%#+#.,V0+#-)$/+0-0%0.)/+10-+3$2==(+3/C+#))#,,#)/+#--N(330))(7+5-+%(1(+/.+,2/+3-/+W20>)/+>/+
#>>0%'-#.(+/.)($.(+#+)#-0+#330))(+Q+10)0$%/.#)(+12$#.)0+-(+>B/-2==(+10-+,(%=/)(7+
l+@#,/-0+.()#$0+,V0+/-+)$#>=($)(+,((=0$#)/B(+.(.+$/,V/010+.0,0>>#$/#%0.)0+-N#>>0%'-#33/(7+5.@#))/+
120+>(.(+-0+=(>>/'/-/)C*

+M#./-(+MNOB0$>#++++A
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!" ,(--03#$0+3-/ +>&'()+>(-(+,(.+-N(330))(+*+W20>)#+>)$#)03/#+=($)#+#+$/>2-)#)/+>(11/>@#,0.)/+>0+-#+
>2=0$@/,/0+Y1/+#==/3-/(Z+#--N(330))(+Q+#''#>)#.4#+#%=/#U+#-)$/%0.)/+Q+$/>2-)#)#+=0$10.)0X+(

!!" =0$%0))0$0+-#+@($%#4/(.0+1/+>)$2))2$0+=0$+>=/.30$0+-N(330))(+*+W20>)#+>)$#)03/#+=0$%0))0+#3-/+
>&'() +1/+>=(>)#$0+-N(330))(+/.1/=0.10.)0%0.)0+1#--N#%=/044#+10--#+>2=0$@/,/0+Y1/+#==/3-/(ZU+
%#+-0+=0$@($%#.,0+>(.(+>,#$>07+

!)21/ + >(.( + #.,($# + /. + ,($>( + =0$ + %/3-/($#$0 + -0 + =$0>)#4/(./ + /. + %(1( + 1# + =()0$ + 3#$#.)/$0 + 2.+
,(%=($)#%0.)(+0@@/,/0.)0+/.+W2#->/#>/+>/)2#4/(.0+_66`7+
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=0$@($%#.,0 + .0- + ,#>( + /. + ,2/ + -# + ,(--/.# + =(>># + 0>>0$0 + >2=0$#)# + #.,V0 + 1#/ + >/.3(-/ +>&'()+
>0=#$#)#%0.)0+=(/,VQ+/-+,(%=-0)#%0.)(+10-+,(%=/)(+Q+=/d+-0.)(+#+,#2>#+10--N#>>0%'-#%0.)(7+[#+
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$/,V/01(.(+-N#>>0%'-#%0.)(+S,(--/.#+=(,(+$/=/1#+(+,(--/.#+#>>0.)0TU+%0.)$0+.0-+,#>(+/.+,2/+W20>)(+Q+
.0,0>>#$/(+=($)#+#+=$0>)#4/(./+=033/($/U+=(/,Vh+3-/+>&'()+=$/%#+=$(B#.(+#+>B(-30$0+/-+,(%=/)(+1#+>(-/+
0+=(/+.0-+,#>(+1/+ /.>2,,0>>(+>/+#>>0%'-#.(+0+W20>)(+,(%=($)#+/- +,(%=-0)#%0.)(+=/d+-0.)(+10-+
,(%=/)(+#+=#$/)C+1/+$/>2-)#)(+@/.#-07+[#+>)$#)03/#+;+/.B0,0+Q+%/3-/($0+10--#+>)$#)03/#+8+=(/,Vh+=$0B010+
,V0+2.#+B(-)#+>,0-)(+1/ +#2)(&#>>0%'-#$0+ -N0.)/)C+2./,#U+W20>)#+,(.)/.2/+#+2)/-/44#$0+ /+>0.>($/+0+ /+
%()($/ + 1/ + )2))0 + -0 + 2./)C + ,(/.B(-)07 + ]2/.1/U + =$/%# + 1/ + ,(%/.,/#$0 + #1 + #))$#B0$>#$0 + -# + ,(--/.#U + -(+
!"#$%&'() +#>>0%'-#)(+,(.)$(--# + /- +>2(+=(>/4/(.#%0.)(+0+>0+.(.+Q+ $/)0.2)(+#''#>)#.4#+'2(.(+
S=0$=0.1/,(-#$0+#--#+,(--/.#T+=$/%#+%(1/@/,#+-#+>2#+=(>/4/(.0+0+=(/+,(%/.,/#+-N#))$#B0$>#%0.)(7+
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!"#$%&'()*+,(-(./0+1/+$('()+#2)(&($3#./44#)/

M#+1/B0$>/+0>=0$/%0.)/+>/+1/%(>)#)(+/-+.()0B(-0+%/3-/($#%0.)(+#==($)#)(+1#--#+>)$#)03/#+;+,V0+V#+
=0$%0>>(+/-+,(%=-0)#%0.)(+10-+,(%=/)(+#>>03.#)(+S,$(>>/.3+V/--+)#>IT+/.+)2))0+-0+=$(B0+0+.0-+%(1(+
=/d+0@@/,/0.)07+]2/.1/+/-+,(($1/.#%0.)(+10/+>0.>($/+0+%()($/+103-/+>&'()+,(..0>>/+>/+Q+1/%(>)$#)(+/-+
%/3-/($0+=0$+#@@$(.)#$0+-0+B#$/0+>/)2#4/(./+#%'/0.)#-/7

;7;+E(B/%0.)(+,(($1/.#)(

5-+%(B/%0.)(+,(($1/.#)(+$#==$0>0.)#+2.N#'/-/)C+'#>/-#$0+=0$+2.(+!"#$%&'()+ @($%#)(+1#--N2./(.0+1/+
=/d+>&'()+(3.2.(+10/+W2#-/+/.1/=0.10.)0+.0-+,(.)$(--(7+]20>)/+/.@#))/+10B(.(+>,03-/0$0+-#+1/$04/(.0+
2./,#+=0$+/-+-($(+%(B/%0.)(+,(--0))/B(7+

;7;76+E(B/%0.)(+,(($1/.#)(*+)$#>=($)(
O--N#))(+10--N#2)(&#>>0%'-#%0.)(+/.+2.#+2./)C+2./,#+=2R+#,,#10$0+,V0+#-,2./+0-0%0.)/+1/+)#-0+2./)C+
.(. + #''/#.( + B/>/(.0 + 10--# + 4(.#&('/0))/B( + B0$>( + #- + W2#-0 + )$#>=($)#$0 + -N(330))(&=$01#7 + H#-0+
,(%=($)#%0.)( +Q + >)#)( + (330))( + 1/ + >)21/ + _6;` + =(/,Vh +W20>)# +0B0./0.4# +Q +=(>>/'/-0 + /. + 1/B0$>0+
>/)2#4/(.0U+#1+0>0%=/(+-N(330))(+)$#>=($)#)(+=2R+,(=$/$0+-#+B/>2#-0+(==2$0+-0+,(.1/4/(./+#%'/0.)#-/+
=(>>(+/.@-2/$0+.03#)/B#%0.)0+>2/+>0.>($/+S.0''/#T+(==2$0+/+>0.>($/+=(>>(.(+0>>0$0+32#>)/7+]2/.1/+
>/ + Q + =0.>#)( + # + 120 + =(>>/'/-/ + ,(%=($)#%0.)/ + 1/ + 2.( +>&'()+ 2.# + B(-)# + ,V0 +W20>)/ + >/# + ,(--03#)(+
#--N(330))(&=$01#+S(+#1+2.+#-)$(+>&'()+#+>2#+B(-)#+,(--03#)(+#--N(330))(&=$01#T*

! >0+-(+>&'()+.(.+Q+,/0,(U+W2/.1/+V#+B/>/(.0+10--#+4(.#&('/0))/B(U+#--($#+#--/.0#+/-+>2(+,($=(+/.+
1/$04/(.0+10--#+4(.#&('/0))/B(+0+/%=(>)#+-#+B0-(,/)C+%#>>/%#+10-+>2(+>/>)0%#+1/+)$#4/(.0+/.+
W20-+B0$>(X

! >0 + -( +>&'()+ Q + ,/0,(U + W2/.1/ + .(. + V# + B/>/(.0 + 10--# + 4(.#&('/0))/B( + /. + ,2/ + )$#>=($)#$0+
-N(330))(&=$01#U +#--($#+$03(-#+ -# +1/$04/(.0+0+B0-(,/)C +10- +>2(+%()( + /. +'#>0+#--# + )$#4/(.0+
=0$,0=/)#+1#/+>2(/+>0.>($/7+]20>)(+B2(-+1/$0+,V0+-(+>&'()+#--/.0#+-#+1/$04/(.0+10-+>2(+%()(+
,(.+-#+@($4#+=0$,0=/)#+0+>=/.30+(+)/$#+/.+'#>0+#-+B0$>(+1/+)#-0+@($4#7

5-+,(%=($)#%0.)(+,(>i+>B/-2==#)(+3#$#.)/>,0+10--0+'2(./+$/>2-)#)/U+/.@#))/+Q+>)#)(+>)21/#)(+,V0+>0+3-/+
>&'()+,/0,V/+.(.+>(.(+=/d+10--#+%0)C+1/+)2))/+/+%0%'$/+,V0+)$#>=($)#.(+2.+(330))(+=0>#.)0+#--($#+/-+
-($(+,(.)$/'2)(+Q+)$#+/-+:Gm+0+/-+?Gm+10-+,(.)$/'2)(+@($./)(+1#3-/+>&'()+.(.+,/0,V/7

+M#./-(+MNOB0$>#++++F
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;7;78+E(B/%0.)(+,(($1/.#)(*+#BB0$>/)C+10-+)0$$0.(
M#--(+>)21/(+10--0+,(-(./0+1/ + /.>0))/ +>/ +Q+=()2)/ +#$$/B#$0+#--# +1/>)/.4/(.0+1/ + )$0+1/@@0$0.)/ + @($%0+1/ +
,(%2./,#4/(.0+)$#+W20>)/*+

! ,(%2./,#4/(.0 + /.1/$0))# + S>)/3%0$3/, + ,(%%2./,#)/(.T + * + 2.# + @($%# +1/ + ,(%2./,#4/(.0 +,V0+
#BB/0.0 + )$#%/)0 + -N#%'/0.)0U + ,(%0 + $/>2-)#)( + 1/ + #4/(./ + 0@@0))2#)0 + 1# + #-,2./ + /.1/B/12/U + ,V0+
/.1/$0))#%0.)0+/.@-20.4#.(+/-+,(%=($)#%0.)(++1/+#-)$/+/.1/B/12/+S#1+0>7+/+=0$,($>/+1/+@0$%(./TX

! /.)0$#4/(.0+1/$0))#+*+2.#+@($%#+1/+,(%2./,#4/(.0+,V0+/%=-/,#+-#+)$#>%/>>/(.0+S.(.+%01/#)#T+
1/ + /.@($%#4/(.0U +,(%0+$/>2-)#)(+1/ +#4/(./ +0@@0))2#)0+1#+#-,2./ + /.1/B/12/U +,V0+1/$0))#%0.)0+
/.@-20.4#.(+/-+,(%=($)#%0.)(+1/+#-)$/+/.1/B/12/+S#1+0>7+#.)0..#4/(.0TX

! ,(%2./,#4/(.0 +1/$0))# + * + 2.# + @($%# +1/ + ,(%2./,#4/(.0 + ,V0 + /%=-/,# + -# + )$#>%/>>/(.0 + S.(.+
%01/#)#T+1/+/.@($%#4/(.0U+>0.4#+.0,0>>/)C+1/+#-,2.#+/.)0$#4/(.0+@/>/,#+S#1+0>7+>)$/12-#4/(.0T7

c0.0$#-%0.)0 +=0$ + /- + ,(($1/.#%0.)( +1/ +2.( +!"#$%&'()+ #>>0%'-#)( +>/ +2)/-/44# +>(-( + -# + @($%#+1/+
,(%2./,#/4(.0+1/$0))#+$#==$0>0.)#)#+1#-+,(--03#%0.)(+@/>/,(+)$#+3-/+>&'()U+%#+Q+>)#)#+>)21/#)#+#.,V0+
-#+=(>>/'/-/)C+1/+/.)03$#$0+)#-0+,(%/./,#4/(.0+,(.+W20--#+>(.($#+_6:`7+P0--#+>/)2#4/(.0+/.+,2/+'/>(3.#+
0B/)#$0+2.#+'2,#+SV(-0+#B(/1#.,0TU + -N2>(+10--# +,(%2./,#4/(.0+1/$0))#+S>03.#-0 +#,2>)/,(T+ )$#+3-/+
>&'()U+,(%0+$/.@($4(+10--#+/.)0$#4/(.0+1/$0))#+S,(--03#%0.)(+@/>/,(TU+>/+Q+1/%(>)$#)(+=#$)/,(-#$%0.)0+
'0.0@/,(+=(/,VQ+3-/+>&'()+,V0+,(%=(.3(.(+-(+!"#$%&'()+$0#3/>,(.(+=/d+/.+@$0))#+#--N/.1/B/12#4/(.0+
1/ + 2.# + '2,# + >0 + $/,0B(.( + 2. + >03.#-0 + #,2>)/,( + =/2))(>)( + ,V0 + '#>#.1(>/ + 0>,-2>/B#%0.)0 + >2--#+
=0$,04/(.0+1/+2.#+)$#4/(.0+@($)0+S>,#)0.#.)0+/-+,(%=($)#%0.)(+$0#))/B(T7
P#)2$#-%0.)0 + -N2)/-/44( +10- +>/>)0%#+>(.($( +,(%=($)#+=$(U +%#+#.,V0+,(.)$(7 + 5.@#))/ +.0--( +>)21/(+
,(.1())(+>2+2.+>/>)0%#+!"#$%&'()+,(%=(>)(+1#+120+>&'()+_6K`+Q+>)#)(+(>>0$B#)(+,V0+>0+/-+>03.#-0+
#,2>)/,(+B/0.0+/.B/#)(+,(%0+=$(1())(+1/+2.#+10,/>/(.0+0$$#)#+#--($#+-N/.)0$(+>/>)0%#+!"#$%&'()+=2R+
,(--#>>#$07 +[N/%=($)#.4# +0 + -N0@@0))( +1/ + )#-0 +0B0.)( +(BB/#%0.)0 +1/=0.1(.( +1#--# +1/%0.>/(.0 +10-+
>/>)0%# +!"#$%&'()7 + [N/.>0$/%0.)( + 1/ + W20>)# + @($%# + #33/2.)/B# + 1/ + ,(%2./,#4/(.0 + $/,V/010 + -#+
,$0#4/(.0+1/ +,(.()$(--0$+ =/d+,(%=-0>>/U+W2/.1/+'/>(3.#+'/-#.,/#$0+'0.0+/+,(>)/+0+/+'0.0@/,/+1/+)#-0+
,(%2./,#4/(.0+=$/%#+1/+,(.>/10$#$-(+,(%0+2.+=0$,($>(+,V0+=2R+=($)#$0+#--#+>(-24/(.0+1/+2.+1#)(+
,(%=/)(7

+M#./-(+MNOB0$>#++++6G



!"#$%&'()*+,(-(./0+1/+$('()+#2)(&($3#./44#)/

;7:+H#>I+#--(,#)/(.

]2#.1(+/-+>/>)0%# +!"#$%&'()+ 1/B0.)#+)$(==(+,(%=-0>>(U+,/(Q+W2#.1(+3-/ +>&'()+ @#,0.)/+=#$)0+10-+
>/>)0%#+1/B0.)#.(+)$(==(+.2%0$(>/U+.#>,0+-#+.0,0>>/)C+1/+#>>03.#$0+10/+,(%=/)/+#3-/+0-0%0.)/+10-+
>/>)0%#7+5.@#))/+>0+)2))/+3-/ +>&'()+>B(-3(.(+-(+>)0>>(+,(%=/)(+#--($#+>/+#>>/>)0+#1+2.+103$#1(+10--0+
=$0>)#4/(./+1(B2)(+=$/.,/=#-%0.)0+#--N/.)$#-,/(+,V0+1/B0.)#.(+3-/+2./+=0$+3-/+#-)$/7+M#)(+-N0>0%=/(+1/ +
%(-)/ +>&'()+ ,V0+=($)#.(+(3.2.(+2.+(330))(+ /.+2.#+4(.#&('/0))/B(U+ Q+@#,/-0+,#=/$0+,V0+>0+/- + -($(+
.2%0$(+#2%0.)#+#--($#+#2%0.)#+#.,V0+/-+)0%=(+,V0+3-/+>&'()+/%=/03#.(+#1+0B/)#$>/+S2.(+>&'()+0B/)#+
>0%=$0+/-+,(.)#))(+,(.+3-/+#-)$/+>&'()+#+%0.(+,V0+.(.+B(3-/#+#33#.,/#$>/+,(.+-($(TU+0+W20>)(+=($)#+#1+
2.+103$#1(+10--0+=$0>)#4/(./+1/$0))#%0.)0+=$(=($4/(.#-0+#--N#2%0.)#$0+103-/+0-0%0.)/+10-+>/>)0%#7+
[N#>>03.#%0.)( + 10/ + ,(%=/)/ + S)#>I + #--(,#)/(.T + Q + 2. +%0,,#./>%( + ,V0 + =0$%0))0 + 1/ + 10)0$%/.#$0+
#2)(%#)/,#%0.)0+/-+W2#.)/)#)/B(+())/%(+1/ +>&'()+ =0$+2.#+10)0$%/.#)(+,(%=/)(7+5-+%0)(1(+2)/-/44#)(+
.(.+2>#+#-,2.#+@($%#+1/+,(%2./,#4/(.0+1/$0))#+(+>/%'(-/,#+0+.(.+$/,V/010+#-,2.+/.)0$B0.)(+2%#.(7+
!/+Q+@#))(+$/@0$/%0.)(+#-+%(10--(+1/+M0.02'(2$3+S,(.+W2#-,V0+%(1/@/,#T+>0,(.1(+/-+W2#-0+(3./+>&'()U+
=0$+,(%=/0$0+2.+,(%=/)(U+-#>,/#+/-+Y./1(Z+,(.+2.#+,0$)#+=$('#'/-/)C+j7+!0+-(+>&'()+V#+>2,,0>>(+,(.+
)#-0+#))/B/)C+#--($#+-#+=$('#'/-/)C+j+>/+/.,$0%0.)#+1/+2.+,0$)(+B#-($0+nU+#-)$/%0.)/+>/+10,$0%0.)#+1/+n7+
]2/.1/+ -N#>>03.#%0.)(+#BB/0.0+12$#.)0+-(+>B(-3/%0.)(+10--0+YB/)#Z+10--( +>&'()+ /.+%(1(+10-+)2))(+
#2)(&($3#./44#)(+_6?`7+

+M#./-(+MNOB0$>#++++66



!"#$%&'()*+,(-(./0+1/+$('()+#2)(&($3#./44#)/

:+J($#3/.3+>,0.#$/(

g.+0>0%=/( +1/ +,(%=($)#%0.)( +,(%=-0>>( +1/ +2.( +!"#$%&'()+ =2R +0>>0$0 + )$(B#)( +.0- +@($#3/.3+
>,0.#$/(+S#==$(BB/3/(.#%0.)(T7+]20>)#+Q+-#+>/)2#4/(.0+/.+,2/+'/>(3.#+)$(B#$0+2.+(330))(&=$01#+0+
2.+(330))(&./1(U+>)#'/-/$0+2.+,#%%/.(+)$#+/+120+0+)$#>=($)#$0+-#+=$01#+#-+./1(7+g.#+B(-)#+>)#'/-/)(+/-+
=0$,($>(U + B0.3(.( + $0,-2)#)/ + 3-/ +>&'()+ =0$ + /- + )$#>=($)( + 10- + =0>#.)0 + (330))(&=$01#U + W20>)/ + >/+
#2)(&#>>0%'-#.(+ /. +2.#+>)$2))2$# +0+ /.>/0%0+0@@0))2#.(+ /- + )$#>=($)( +>0320.1(+=0$,($>(+B0$>(+ /-+
Y./1(Z7 +c-/ +>&'()+ >/+#2)(&($3#./44#.(+/.+3$2==/+=0$+>B(-30$0+=#$#--0-#%0.)0+1/B0$>/+,(%=/)/ +S)#>I+
#--(,#)/(.T7+j0$+-#+@($%#4/(.0+10-+=0$,($>(+./1(&=$01#+>/+2)/-/44#+/-+<k,-/,+M/$0,)/(.#-+j#))0$.>7+

[0+,#)0.0+<Mj+>(.(+2.+.2(B(+%0)(1(+.0--N0>=-($#4/(.0+$('()/,#+/.+#%'/0.)/+>,(.(>,/2)/7+]20>)0+
,#)0.0+>0$B(.(+=0$+
/T 0>=-($#$0+-N#%'/0.)0U+
//T >)#'/-/$0+2.+=0$,($>(+)$#+/-+./1(+0+-#+=$01#U+
///T $0,-2)#$0+-#B($#)($/+=0$+)$#>=($)#$0+-#+=$01#+-2.3(+)#-0+=0$,($>(
/BT 32/1#$0+/-+3$2==(+1/+)$#>=($)(+B0$>(+/-+./1(7+

5-+,(.)$(--0$+103-/+>&'()+/.+W20>)(+,#>(+Q+@($%#)(+1#+120+%(12-/*+
! %(12-(+0>=-($#4/(.0+S0n=-($#)/(.+%(12-0T
! %(12-(+)$#>=($)(+S)$#.>=($)+%(12-0T7+

P0-+%(12-(+0>=-($#4/(.0+3-/+>&'()U+/./4/#-%0.)0+,(--(,#)/+/.+=(>/4/(./+,#>2#-/U+10B(.(+,0$,#$0+/-+./1(+
0+2.#+B(-)#+)$(B#)(+,(%/.,/#.(+#1+#2)(&($3#./44#$>/+ /.+2.#+,#)0.#+,(--03#)#+B/>2#-%0.)07+b3./+
>&'()+@#,0.)0+=#$)0+10--#+,#)0.#+0%0))0+2.+-2,0+S)$#%/)0+-N#.0--(+1/+[\MT+/-+,2/+,(-($0+S'-2U+B0$10+(+
3/#--(T+1/=0.10+1#--#+=(>/4/(.0+.0--#+,#)0.#7+5+%0%'$/+1/+2.#+,#)0.#+/.+#-,2.0+,(.1/4/(./+=(>>(+
-#>,/#$0+-#+-($(+=(>/4/(.07+]20>)(+,(%=($)#%0.)(+Q+@(.1#%0.)#-0+=0$+-N0>=-($#4/(.0+10--N#%'/0.)0+
=(/,Vh+=0$%0))0+-#+@($%#4/(.0+1/+,#)0.0+/.+#$0#+.(.+#.,($#+0>=-($#)07+5-+=$(,0>>(+1/+@($%#4/(.0+0+
10,(%=(>/4/(.0 + ,(.)/.2# + @/.,Vh + .(. + >/ + /.,(.)$# + -# + =$01#7 + 5. + W20>)( + ,#>( + -# + ,#)0.# + .(. + >/ +
10,(%=(.0+=/d+0+#2)(%#)/,#%0.)0+W20>)(+=($)#+#-)$/+>&'()+#--#+=$01#7+5+,(%=($)#%0.)/+=$0B/>)/+1#+
W20>)(+%(12-(+>(.(+)$0*+

! >0#$,V+*+3-/+>&'()+0@@0))2#.(+10/+,#%%/./+,#>2#-/+.0--N#%'/0.)0+0B/)#.1(+3-/+(>)#,(-/+S0+3-/+>&
'()T7+P0>>2.+[\M+Q+#))/B#)(X

! 0n=-($0+*+2.+0>=-($#)($0+1/+%2(B0+-2.3(+-#+,#)0.#+B0$>(+-#+>2#+,(1#7+P0-+,#>(+/.+,2/+2.(+>&
'()+1/B0.)#+2.+0>=-($#)($0+%0.)$0+-#>,/#+2.#+,#)0.#U+#--($#+W20>)(+>/+%2(B0+B0$>(+/-+./1(+
1(B0+=2R+10,/10$0+1/+>032/$0+2.N#-)$#+,#)0.#7+P0>>2.+[\M+Q+#))/B#)(X

! ,V#/.+*+2.+%0%'$(+10--#+,#)0.#+#))/B#+/-+=$(=$/(+[\M+.0-+,(-($0+#==$(=$/#)(7+j0$+%/3-/($0+-#+
,#)0.#+Q+>)#)(+/%=-0%0.)#)(+2.+,(%=($)#%0.)(+)#-0+=0$+,2/+>0U+=$0>/+)$0+0-0%0.)/+W20--(+

+M#./-(+MNOB0$>#++++68



!"#$%&'()*+,(-(./0+1/+$('()+#2)(&($3#./44#)/

,0.)$#-0+V#+2.+#.3(-(+/.@0$/($0+#/+68Go+$/>=0))(+#3-/+#-)$/+120+#--($#+W20>)(+>/+>=(>)#+#--/.0#+#+
W20>)/7

5-+=#>>#33/(+1#+2.+,(%=($)#%0.)(+#1+2.+#-)$(+=2R+#BB0./$0+>0*
! >0#$,V+&p+0n=-($0+*+B/0.0+=0$,0=/)(+2.+%0%'$(+1/+2.#+,#)0.#
! 0n=-($0+&p+>0#$,V+*+.(.+>/+=0$,0=/>,0+.0>>2.+%0%'$(+1/+2.#+,#)0.#
! 0n=-($0+ &p +,V#/. +*+2.( +>&'()+ $#33/2.30+-#+,(1#+10--#+,#)0.#+#--($#+-( +>&'()+ >/+2./>,0+#--#+
,#)0.#+S,(.+=$('#'/-/)C+j0,T+(==2$0+-#+=$01#+Q+/.1/B/12#)#+#1+2.#+1/>)#.4#+>2=0$/($0+#+;G,%

! 0n=-($0+&p+#>>0%'-0+*+>/+/.1/B/12#+2.#+=$01#+#1+2.#+1/>)#.4#+/.@0$/($0+#/+;G+,%
! ,V#/.+&p+>0#$,V+*+2.(+>&'()+.(.+=0$,0=/>,0+=/d+-#+=$0>0.4#+10--N0-0%0.)(+=$0,010.)0+10--#+
,#)0.#

! ,V#/.+ &p +0n=-($0 +*+2.+%0%'$(+Q+>/)2#)(+/.+,(1#+#--#+,#)0.#U+W20>)(+-#>,/#+-#+,#)0.#+,(.+
=$('#'/-/)C+j,0+7

5.+'#>0+#/+B#-($/+1/+j0,+0+j,0+>/+/.@-20.4#+/-+.2%0$(+0+-#+-2.3V044#+10--0+,#)0.0+,V0+>/+@($%#.(+0+
#.,V0+-#+B0-(,/)C+10-+=$(,0>>(+,V0+=($)#+#--#+-($(+@($%#4/(.0+0+1/>3$03#4/(.07+5-+B#-($/+ +%/3-/($/+
)$(B#)/+>(.(+j0,+q+GU6:+0+j,0+q+GUGGA7
5-+%(12-(+)$#>=($)(+,(.)$(--#+3-/+>&'()+/.+%(1(+1#+@($%#$0+2.#+>)$2))2$#+=0$+)$#>,/.#$0+-#+=$01#+@/.(+
#-+./1(+-2.3(+/-+,#)0.#+@($%#)#+1#+#-)$/+>&'()7+5+,(%=($)#%0.)/+=$0B/>)/+>(.(*

! #>>0%'-0+*+-(+>&'()+>/+#BB/,/.#+0+>/+,(..0))0+,(.+-N(330))(&=$01#+S/--2%/.#)(+,(.+[\M+$(>>/T7+
g.#+B(-)#+,(..0>>(+#.,V0+-2/+#))/B#+-N#.0--(+1/+[\M+,(-+,(-($0+$(>>(+0+/.+W20>)(+%(1(+B/0.0+
B/>)(+#.,V0+-2/+,(%0+=#$)0+10--#+=$01#+1#+=#$)0+1/+#-)$/+>&'()X

! )$#>=($)&)#$30)+ *+-( +>&'()+#--/.0#+/-+=$(=$/(+,V#>>/>+B0$>(+/-+%0%'$(+10--#+,#)0.#+=/d+B/,/.#U+
,/(Q+>/+$/B(-30+B0$>(+/-+./1(+0+,(%/.,/#+#+)/$#$0a>=/.30$0

! )$#>=($)&'-/.1+*+.(.+B/0.0+=0$,0=/)(+.0>>2.+%0%'$(+1/+#-,2.#+,#)0.#U+-(+>&'()+,(.)$(--#+-0+
@($40 + )$# + /- + >/>)0%#+1/ + )$#4/(.0 +0 + -# + )($$0))#7 + 5. +'#>0 +# +W20>)0 + /.@($%#4/(./ +,#=/>,0 + -#+
1/$04/(.0+0+-#+B0-(,/)C+10>/10$#)#7

[0+)$#.>/4/(./+)$#+/+B#$/+>)#)/+>(.(*
! #>>0%'-0+&p+)$#.>=($)&)#$30)+*+>0+2.(+>&'()+$/0>,0+,(.+>2,,0>>(+#+,(--03#$>/+#--#+=$01#+(+#1+
2.+#-)$(+>&'()+3/C+,(--03#)(+#--#+=$01#

! )$#.>=($)&)#$30)+ &p +)$#.>=($)&'-/.1+ * +>0+ -( +>&'()+ .(.+=0$,0=/>,0+.0>>2.+0-0%0.)(+1/ +2.#+
,#)0.#

! )#.>=($)&'-/.1+&p+)$#.>=($)&)#$30)+*+>0+-(+>&'()+=0$,0=/>,0+2.+0-0%0.)(+1/+2.#+,#)0.#7

]20>)(+>/>)0%#+Q+>)#)(+>B/-2==#)(+=0$+/-+,(.)$(--(+103-/+!"#$%&'()++)$#%/)0+2.+#-3($/)%(+)()#-%0.)0+
10,0.)$#-/44#)( + 0 + (%(30.0( + .0- + ,(.)$(--(7 + \>=0$/%0.)/ + V#..( + 1/%(>)$#)( + -N#-)# + #@@/1#'/-/)C + 0+
$('2>)044#+1/+)#-0+#-3($/)%(+_6A`7

+M#./-(+MNOB0$>#++++6;



!"#$%&'()*+,(-(./0+1/+$('()+#2)(&($3#./44#)/

K+!"#$%#.(/1

5-+=$(30))(+!"#$%#.(/1+SV))=*aa"""7>"#$%#.(/17($3aT+Q+/-+>2,,0>>($0+10-+=$(30))(+!"#$%&'()+01+Q+
>)#)(+,(>)$2/)(+>2/+$/>2-)#)/+())0.2)/+1#+)#-0+=$(30))(7+5-+=$/.,/=#-0+('/0))/B(+>,/0.)/@/,(+1/+$/,0$,#+10- +
=$(30))(+!"#$%#.(/1+Q+W20--(+1/+=$(30))#$0U+/%=-0%0.)#$0+0+,(.)$(--#$0+2.+.2(B(+>/>)0%#+$('()/,(+
1/>)$/'2/)(7+H#-0+>/>)0%#+>#$C+,(>)/)2/)(+1#+$('() +0)0$(30.0/U +1/.#%/,#%0.)0+,(..0>>/U +=/,,(-/ +0+
#2)(.(%/7 +<(--0))/B#%0.)0+W20>)/ + $('() + @($%0$#..(+W20--( +,V0+B/0.0+,V/#%#)( +>"#$%#.(/17 +[(+
>"#$%#.(/1+,V0+10>/10$#.(+,(>)$2/$0+>#$C+,(%=(>)(+1#+,/$,#+?G+$('()+#2)(.(%/+1/+)$0+)/=/*+

! 0k0&'() +*+>=0,/#-/44#)(+.0-+>0.)/$0+0+#.#-/44#$0+ -N#%'/0.)0+1#+2.#+=(>/4/(.0+0-0B#)#+,V0+
,(.>0.)0+2.#+B/>/(.0+,V0+3-/+V#.1&'()+0+/+@(()&'()+.(.+=(>>(.(+#B0$0X

! V#.1&'()+*+>=0,/#-/44#)(+.0-+%2(B0$>/+0+#3/$0+.0--(+>=#4/(+,(%=$0>(+)$#+W20--(+,(=0$)(+1#/+
@(()&'()+ S)0$$#T+0+W20--(+103-/ +0k0&'()+ S%#>>/%#+#-)044#T7+j2R+>,#-#$0+>2=0$@/,/+B0$)/,#-/+1/+
%2$/+(+1/+(330))/+=$0>0.)/+.0--N#%'/0.)0X

! @(()&'()+ *+>=0,/#-/44#)/+.0-+%2(B0$>/+>2-+)0$$0./+/.>/1/(>/+0+)$#>=($)#$0+(330))/+(+#-)$/+$('()7+
!(.(+'#>#)/+>2--#+=/#))#@($%#+/%=-0%0.)#)#+.0-+=$(30))(+!"#$%&'()7

[#+,(%'/.#4/(.0+1/+W20>)/+)$0+)/=/+1/+#30.)/+#2)(.(%/+@($%#+2.+>/>)0%#+$('()/,(+0)0$(30.0(+,V0+Q+
,#=#,0+1/+%2(B0$>/+/.+2.(+>=#4/(+)$/1/%0.>/(.#-07+

+M#./-(+MNOB0$>#++++6:

http://www.swarmanoid.org/


!"#$%&'()*+,(-(./0+1/+$('()+#2)(&($3#./44#)/

L/'-/(3$#@/#

67 c7+L0./+#.1+r7+^#.37+N!"#$%+/.)0--/30.,0N7 5.+j$(,001/.3>+(@+)V0+!0B0.)V+O..2#-+E00)/.3 +
(@+)V0+e('()/,>+!(,/0)k+(@+r#=#.U+=#30>+:8Ks:8DU+H(I/(U+r#=#.U+6FDF7+e!r+=$0>>7

87 \7+L(.#'0#2U+E7+M($/3(U+#.1+c7+HV0$#2-#47+N!"#$%+5.)0--/30.,0*+J$(%+P#)2$#-+)(+O$)/@/,/#- +
!k>)0%>N7+bn@($1+g./B0$>/)k+j$0>>U+P0"+t($IU+PtU+6FFF7

;7 E7 +M($/3( + U + u7 + H$/#../U +\7 +!#V/.U +e7 +c$(vU + H7 + [#'0--#U +c7 +L#-1#>>#$$0U +!7 +P(-@/U + r7&[7+
M0.02'(2$3U+J7+E(.1#1#U+M7+J-($0#.(U+#.1+[7+E7+c#%'#$10--#7 N\B(-B/.3+!0-@&b$3#./4/.3 +
L0V#B/($>+@($+#+!"#$%&'()N+7+5.+O2)(.(%(2>+e('()>U+6AS8&;T*88;&8:KU+8GG:

:7 J7 + E(.1#1# +U + E7 + L(.#./ + U + !7 + E#3.0.#) + U + O7+ c2/3.#$1U + #.1 + M7 + J-($0#.(7 NjVk>/,#- +
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