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

/123451'6789:';1'
/1<7;18=79'>43?1<7389:'

)38543:';1'@8'/3A35'BCD7:'@<98;3'@8')1:@:94'
=38'$1=83:3EF9'G:@15335H'

!
!
!

"#$%!&'(#)*+),!-(./#!01#)234!-,5'6$734!
!
!
!
!

879*,!:;+('!<3=(5>(!?14@734!
A*$739!8(*'!B35'(4(!C,935,!

!
!
!
!

!

!

!

! !

-3+*53#)*(!B',D3+*,#(9!E$,+F,G!H*)*3.='3!IJKK!
!



"!
!

LMH":N!

"MC-OHP::"QM!%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%!R!

EMCN:NHNMCN0!%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%!S!

8P0C"&":E:"QM!%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%!T!

OU8NC"?O0!%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%!V!

W3#3'(9!###############################################################################################################################!$!

N+X3)6D*),+###########################################################################################################################!$!

BYEMCNEA"NMCO!HNY!B-OUYNAE!%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%!KJ!

B-OUYNAE0!E!-N0OY?N-!%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%!KK!

EY:EM:N0!%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%!KI!

Y"A"CE:"OMN0!%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%!KI!

B-OZN::"QM!0O:"EY!%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%!KR!

AE-:O!CNQ-":O!%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%!KS!

K%K! Y3#$7([3+!H3!B',$'(.()*/#!#################################################################################!"%!

!"!"!! #$%$&'&()*+,&-.)/),0&12'345!#######################################################################################!"&!

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

"#"#'! ())!*+,-+./0!##############################################################################################################!12!

K%I! B',F,),9,!H3!:,.7#*)()*/###################################################################################!1'!

K%R! A,579,!-MGSK!#######################################################################################################!13!

K%\! B9(F(D,'.(!B('(!39!]('5^('3!###############################################################################!'2!

"#&#"#"! 4+-0567!8-9:+;97!##################################################################################################!'2!

"#&#"#1! <:=9>=/?!#################################################################################################################!'"!

"#&#"#'! 8-@;@7?!-A)60;97?!################################################################################################!'1!

"#&#"#%! B7.-067?!##################################################################################################################!'1!

!"6"'! 7,*,3,*)80!###############################################################################################################!''!

!"6"9! :)+4**)80!####################################################################################################################!'%!

!"6";! ($04#,!######################################################################################################################!'&!

!"6"6! (,/,+4<!#####################################################################################################################!'C!

"#&#&#"! 8/./0-?!@-!<D!######################################################################################################!'C!

"#&#&#1! 8/./0!7!E7?/?!########################################################################################################!'F!

"#&#&#'! G-0,/A/./0!############################################################################################################!'$!



1!
!

"#&#&#%! 8/./0!@-!<(!##########################################################################################################!%"!

"#&#3! E>-+.-!H!####################################################################################################################!%"!

H"0N_O!Z!:OM0C-P::"QM!%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%!SR!

I%K! H*+3`,!####################################################################################################################!%'!

I%K%K! -,=,F!A/a*9!##############################################################################################################!%%!

I%K%I! :/5*$,!E'57*#,!#########################################################################################################!%F!

I%K%R! :/5*$,!:3979('!###########################################################################################################!&3!

B-PNUE0!Z!-N0PYCEHO0!%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%!bR!

R%K! NF(X(!H39!B73#F3!]!###############################################################################################!3'!

R%I! U973F,,F2!###############################################################################################################!3%!

R%R! B'73=(+!H3!Y(!EX9*)()*/#!H39!:3979('!###################################################################!3%!

:-OMOW-EAE!HN!E:C"?"HEHN0%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%!b\!

:OM:YP0"OMN0!%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%!bc!

-N:OANMHE:"OMN0!%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%!bT!

&PNMCN0!HN!"M&O-AE:"QM!%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%!bV!

EMNdO0%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%!cJ!

! !



'!
!

"MC-OHP::"QM!
!
!
(! A-@;@7! I>-! =7! .-9+/=/567! AJ,;=! -,/=>9;/+7K! ?-! L79-! )/?;M=-! =7! ;A)=-A-+.79;J+! @-!
@;?)/?;.;,/?! A:?! ?/N;?.;97@/?! ==-57+@/! 7! 7M70970! .7+.7?! 7)=;979;/+-?! /! 0-9>0?/?! I>-! ?-!
L79-+!)70.-!N>+@7A-+.7=!@-!+>-?.0/!.07M7O/!P!,;@7#!!
!!
H/P! -+! @67! )/@-A/?! -+9/+.070! @;?)/?;.;,/?! 9-=>=70-?! I>-! 9/00-+! )/.-+.-?! ?;?.-A7?!
/)-0:.;9/?K! I>-! ;+.-507+! ?-+?/0-?! @-! )/?;9;J+K! 0/.79;J+K! 79-=-079;J+K! .:9.;=-?K!
.-0AJA-.0/?K!7?6!9/A/!AJ@>=/?!Q*R*K!B=>-.//.LK!)>-0./?!SGBK!8TD48!P!9:A707?!@-!7=.7!
0-?/=>9;J+#! ! G-! L7+! 9/+,-0.;@/! -+! )-I>-U/?! 9/A)>.7@/0-?! )/.-+.-?! P! @-! 0-@>9;@/!
.7A7U/! I>-! 7P>@7+! 7! 0-?/=,-0! P! 7@A;+;?.070! +>-?.0/! .07M7O/! @-! @67! 7! @67K! ?;-+@/!
@;?)/?;.;,/?!I>-!A>9L7?!,-9-?!=7!=;A;.7+.-!@-)-+@-!@-=!>?/!7=!I>-!@-?--A/?!@70=-#!
!
4=! ! >?/! ! @-! ! 0/M/.?! ! ;+@>?.0;7=-?! ! P! ! 9/A-09;7=-?! ! O>+./! ! 9/+! ! =/?! ! ?;?.-A7?! ! @-! ! @;?-U/!!
7?;?.;@/?! )/0! ! 9/A)>.7@/07! ! V<(DWK! ! P! ! =/?! ! ?;?.-A7?! ! @-! ! N7M0;979;J+! ! 7?;?.;@/?! ! )/0!!
9/A)>.7@/07!V<(8WK!?/+!=7!X=.;A7!.-+@-+9;7#!!
!!
Y7!!9/+?.0>99;J+!!@-!!0/M/.?!!@-!!M7.7==7!/!@-!0-?/=>9;J+!@-!)0/M=-A7?!!L7!!)-0A;.;@/!!7!!=/?!!
-?.>@;7+.-?!!@-!!=7!!-?9>-=7!!@-!*+5-+;-067!4=-9.0J+;97!)70.;9;)70!-+!=/?!@;N-0-+.-?!-,-+./?!
@-! 0/MJ.;97! 7! +;,-=! +79;/+7=! -! ;+.-0+79;/+7=K! @-! -?.7! A7+-07! ?-! @-?700/==7+! +>-,7?!
.-+@-+9;7?!@-!@;?-U/K!A-O/0-?!N/0A7!@-!)0/9-?7A;-+./!@-!,70;7M=-?!P!>+7!-,/=>9;J+!-+!=7!
;+.-=;5-+9;7!@-=!0/M/.K! !7?6!9/A/!5-+-070!+>-,7?!7)=;979;/+-?!I>-!7P>@-+!7=!?-0!L>A7+/!
-+!=7?!@;?.;+.7?!:0-7?!@/+@-!)>-@-+!@-?-A)-U70!>+!)7)-=!=7M/07=!/!@-!7)/P/#!
!
4=! !@;?)/?;.;,/! !B=>-.//.L! !)/?;M;=;.7! ! =7! !.07+?A;?;J+! !@-! !,/Z! !P! !@7./?! !-+.0-! !@;N-0-+.-?!
@;?)/?;.;,/?! !A-@;7+.-!!>+!!-+=79-!!)/0!!07@;/N0-9>-+9;7! !?-5>07! !P! !5=/M7=A-+.-!! =;M0-!!7!!
>+7!N0-9>-+9;7!@-!1K%!7!1KF![HZ#!Y/?!)0;+9;)7=-?!/MO-.;,/?!I>-!?-!)0-.-+@-+!9/+?-5>;0!9/+!
=7!;A)=-A-+.79;J+!@-=!@;?)/?;.;,/!-?!9/+?-5>;0!>+7!.07+?A;?;J+!A:?!N;7M=-K!)/0!>.;=;Z70!>+!!
./.7=!!@-!!C$!!N0-9>-+9;7?!!9/+!!;+.-0,7=/?!!@-!!>+!!8HZK!!=/!!9>7=!!+/?!!)-0A;.-!!>+7!!A7P/0!
?-5>0;@7@!P!0/M>?.-Z!P!@-!-?.7!A7+-07!+/!.-+-0!;+.-0N-0-+9;7?!9/+!/.0/?!0/M/.!/!?;?.-A7?!
I>-!>?7+!-?.-!A;?A/!A-@;/!@-!9/A>+;979;J+K!7@-A:?!@-!N79;=;.70!=7!?;+90/+;Z79;J+!9/+!=7?!
-.7)7?!@-!?-0,/A-97+;?A/?!-=\9.0;9/]-=-9.0J+;97?!@-=!0/M/.#!!
!
4=! 7,7+9-! @-! =7?! ^-=-9/A>+;979;/+-?! +/?! )-0A;.-! =7! >.;=;Z79;J+! @-=! )0/./9/=/! @-! M7+@7!
M7?-!!V97+7=-?!!?;A)=-?!!)/0!!,67W!!-=! !9>7=!!9/AM;+7!!=7!!9/+A>.79;J+!!@-!!9;09>;./?!!P!!@-!
)7I>-.-?!)707!7?-5>070!I>-!=/?!)7I>-.-?!+/!==-5>-+!N>-07!@-!/0@-+#!!
!!
H/P!-+!@67!-?.7A/?!;+A-0?/?!-+!>+7!?-0;-!@-!)0/M=-A7?!.7+./!@-!970:9.-0!)/=6.;9/]?/9;7=!
9/A/! +7.>07=-?K! -?! )/0! -?/! I>-! =7! 0/MJ.;97! M>?97! ?-0! >+7! 7=.-0+7.;,7! )707! 0-?/=,-0!
)0/M=-A7?! /! 5-+-070! 7)/P/! 7! 9;-0.7?! ?;.>79;/+-?! I>-! =7! L>A7+;@7@! ,;,-#! S+! 0/M/.! @-!
7)/P/! 7! @-?7?.0-?! /! 97.:?.0/N-?! -?! >+7! N/0A7! @-! 7P>@70! 7! =7! L>A7+;@7@! @/+@-! =7!
;+.-50;@7@!@-!=7?!@/?!)70.-?!?-7!A:?!?-5>07#!
!



%!
!

EMCN:NHNMCN0!
!
!
E/0! ?;5=/?! -=! ?-0! L>A7+/! L7! 9/+?.0>;@/! A:I>;+7?! I>-! ;A;.7+! =7?! )70.-?! @-=! 9>-0)/!
L>A7+/#! Y/?! 7+.;5>/?! -5;)9;/?! >+;-0/+! M07Z/?!A-9:+;9/?! 7! =7?! -?.7.>7?! @-! ?>?! @;/?-?#!
4?./?! M07Z/?! N>-0/+!/)-07@/?! )/0! ?79-0@/.-?K! I>;-+-?! 9=7A7M7+! I>-! -=!A/,;A;-+./! @-!
-?./?! -07! ;+?);079;J+! @-! ?>?! @;/?-?! ;5>7=A-+.-K! =/?! 50;-5/?! 9/+?.0>P-0/+! -?.7.>7?! I>-!
/)-07M7+!9/+!?;?.-A7?!L;@0:>=;9/?K!=/?!9>7=-?!?-!>.;=;Z7M7+!)707!N7?9;+70!7!=/?!7@/07@/0-?!
@-!=/?!.-A)=/?#!!!
!!
D>07+.-! =/?! ?;5=/?! _`**! P! _`***! -+! 4>0/)7! ! N>-0/+! 9/+?.0>;@/?!A>U-9/?!A-9:+;9/?!A>P!
;+5-+;/?/?! I>-! .-+67+! 7=5>+7?! ! 97079.-06?.;97?! @-! 0/M/.?#! a79I>-?! @-! `7>+97+?/?!
9/+?.0>PJ!,70;/?!.6.-0-?!@-!.7A7U/!L>A7+/!7!A-@;7@/?!@-=!?;5=/!_`***#!4?-+9;7=A-+.-!?-!
.07.7M7+! @-! 0/M/.?! A-9:+;9/?! @;?-U7@/?! )707! >+! )0/)J?;./! -?)-96N;9/b! =7! @;,-0?;J+#! 4+!
"F2&K!H-+0;!87;==70@-0.!9/+?.0>PJ!>+7!A>U-97!A-9:+;97!I>-!-07!97)7Z!@-!L79-0!@;M>O/?K!
-+! =7!9>7=K!>+7!?-0;-!@-!=-,7?!-07+!-=!?;?.-A7!)0;+9;)7=!@-!9/+.0/=!)707!I>-!-?.7!)>@;-?-!
-?90;M;0! P! @;M>O70#! H>M/! /.07?! ;+,-+9;/+-?! A-9:+;97?! @>07+.-! =7! 0-,/=>9;J+! ;+@>?.0;7=K!
A>9L7?! @-! =7?! 9>7=-?! -?.7M7+! @;0;5;@7?! 7=! ?-9./0! @-! =7! )0/@>99;J+! .-c.;=K! -+.0-! -==7?! ?-!
)>-@-!9;.70!=7!L;=7@/07!5;07./0;7!@-!H7050-7,-?!V"CC2WK!=7!L;=7@/07!A-9:+;97!@-!<0/A)./+!
V"CC$WK!-=!.-=70!A-9:+;9/!@-!<70.d0;5L.!V"CF&WK!-=!.-=70!@-!a79I>70@!V"F2"WK!-+.0-!/.0/?"#!!
!!
4=! @-?700/==/! -+! =7! .-9+/=/567K! @/+@-! ?-! ! ;+9=>P-+! =7?! 9/A)>.7@/07?! -=-9.0J+;97?K! =/?!
79.>7@/0-?!@-!9/+.0/=!0-.0/7=;A-+.7@/?K!.07+?A;?;J+!@-!)/.-+9;7!7!.07,\?!@-!-+507+7O-?K!P!
=7! .-9+/=/567! -+! ?-+?/0-?K! L7+! 9/+.0;M>;@/! 7! ! N79;=;.70! =7! 9/+?.0>99;J+! @-! A-97+;?A/?!
7>.JA7.7?! )707! @-?-A)-U70! .70-7?! @-+.0/! @-! =7! ;+@>?.0;7#! G/+! ,70;/?! =/?! N79./0-?! I>-!
;+.-0,;-+-+!)707!I>-!?-!@-?700/==707+!=/?!)0;A-0/?!0/M/.?!-+!=7!@\97@7!@-!=/?!9;+9>-+.7e!=7!
;+,-?.;579;J+!-+!;+.-=;5-+9;7!70.;N;9;7=!@-?700/==J!A7+-07?!@-!-A>=70!-=!)0/9-?7A;-+./!@-!
;+N/0A79;J+! L>A7+7! 9/+! 9/A)>.7@/07?! -=-9.0J+;97?! P! )0/)/09;/+J! >+7! ,70;-@7@! @-!
A-97+;?A/?!)707!)0/M70!?>?!.-/067?#!!!
!!
S+7! /M07! 9L-9/?=/,797! ! )>M=;97@7! -+! "$"C! )/0! f7
S+;,-0?7=! g/M/.?K! @;/! =>570! 7=! .\0A;+/! 0/M/.#! Y7! )7
?-0,;@>AM0-!/!.07M7O7@/0!N/0Z7@/K!-+!-=!A/A-+./!-+!I>-!?-!.07@>O/!7=!;+5=\?!?-!9/+,;0.;J!
-+! +K!*?779!(?;A/,!9/+.0;M>PJ!9/+!
,70;7?!+70079;/+-?!0-=7.;,7?!7! 0/M/.?K!9/A-+ZJ!-+!"$'$K!7!\=! ?-!7.0;M>P-!-=!79>U7A;-+./!
@-=!.\0A;+/!g/MJ.;97#!Y7! ;A75-+!@-!0/M/.!I>-!7)70-9-!-+!?>!/M07!-?!-=!@-!>+7!A:I>;+7!
M;-+!@;?-U7@7!P!9/+!>+7!?-5>0;@7@!5707+.;Z7@7!I>-!79.X7!@-!79>-0@/!9/+!.0-?!)0;+9;);/?#!!!
!!
!
!
!
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
"!YS*K!a;A;+5K!Q>K!a;7+M;+5#!!8>=.;](5-+.!g/M/.;9?!GP?.-A#!S+;.-@!G.7.-!/N!(A-0;97#!122"#!
<g<#!



&!
!

!
4?./?!)0;+9;);/?!N>-0/+!@-+/A;+7@/?!)/0!(?;A/,!=7?!^0-?!Y-P-?!@-!=7!g/MJ.;97K!P!?/+b!!!
!
 S+!0/M/.!+/!)>-@-!79.>70!9/+.07!>+!?-0!L>A7+/!/K!A-@;7+.-! =7! ;+799;J+K!I>-!>+!?-0!
L>A7+/!?>N07!@7U/?#!!!

 S+!0/M/.!@-M-!/M-@-9-0!=7?!J0@-+-?!@7@7?!)/0!=/?!?-0-?!L>A7+/?K!?7=,/!I>-!-?.\+!-+!!
9/+N=;9./?!9/+!=7!)0;A-07!=-P#!!!

 S+!0/M/.!@-M-!)0/.-5-0!?>!)0/);7!-c;?.-+9;7K!7!+/!?-0!I>-!-?.\!-+!9/+N=;9./!9/+!=7?!!@/?!
)0;A-07?!=-P-?#!!!

!!
Y7! g/MJ.;97! -?! >+7! 9;-+9;7! 7)=;97@7K! I>-! ?>05;J! 9/A/! .7=! L79;7! "$32#! H7+! .07+?9>00;@/!
)/9/?! 7U/?! P! -=! ;+.-0\?! I>-! L7! @-?)-0.7@/! @-?M/0@7! 9>7=I>;-0! )0-,;?;J+e! -=! 7>5-! @-! =7!
g/MJ.;97! P! =7! ;A)-07+.-! +-9-?;@7@! @-! ?>! ;A)=7+.79;J+! -+! +>A-0/?7?! ;+?.7=79;/+-?!
;+@>?.0;7=-?K!0-I>;-0-!-=!9/+9>0?/!@-!>+!M>-+!+XA-0/!@-!-?)-9;7=;?.7?!-+!=7!A7.-0;7#!Y/?!
0/M/.?!>.;=;Z7@/?!-+!=7!;+@>?.0;7!L79;7!=7!@\97@7!@-!=/?!/9L-+.7K!?-!@-@;97M7+!7=!A/+.7O-!P!
=7M/0-?!@-!;+?)-99;J+#!4+!@;9L7!\)/97K!=7!N7M0;979;J+!@-!7>./AJ,;=-?!==-57M7!7=!&Fh1!@-!=7!
;+@>?.0;7! A>+@;7=K! ?;5>;-+@/! -+! ;A)/0.7+9;7! =7?! -A)0-?7?! 9/+?.0>9./07?! @-! A7I>;+70;7!
-=\9.0;97! P! -=-9.0J+;97#! Y7! ;+9/0)/079;J+! 7=! A>+@/! @-=! .07M7O/! @-=! 0/M/.K! ;+.0/@>9-! -=!
+>-,/!,/97M=/!@-!i?;?.-A7!@-! N7M0;979;J+! N=-c;M=-iK!9>P7!)0;+9;)7=!97079.-06?.;97!9/+?;?.-!
-+! =7! N79;=;@7@! @-! 7@7).79;J+! @-! -?.-! 7! @;N-0-+.-?! ! .70-7?! @-! )0/@>99;J+#! Y7?! 9\=>=7?!
N=-c;M=-?! @-! )0/@>99;J+! ?-! 7O>?.7+! 7! +-9-?;@7@-?! @-=! A-097@/! P! -?.:+! 9/+?.;.>;@7?!
M:?;97A-+.-! )/0! 50>)/?! @-! 0/M/.?K! 9/+.0/=7@/?! )/0! >+! /0@-+7@/0#! Y7?! 9\=>=7?! N=-c;M=-?!
@;?A;+>P-+!-=!.;-A)/!@-=!9;9=/!@-!.07M7O/!-+!=7!N7M0;979;J+!@-!>+!)0/@>9./!P!=;M-07+!7!=7?!
)-0?/+7?! @-! .07M7O/?! @-?7507@7M=-?! P! A/+J./+/?K! =/! I>-! @70:! =>570! 7! =7! N:M0;97!
./.7=A-+.-!7>./A7.;Z7@7#!!!
!!
!
&N:]E0!-NYN?EMCN0R!
!!
 4=! ;+;9;/! @-=! 9/+.0/=! @-! 0/M/.?! ?-! )>-@-! 9/+?;@-070! 7?/9;7@/! 7! =7! ;@-7! @-! D-+7,;.! P!
H70.-+M-05! -+! "$&&! @-! ;+9=>;0! ?;?.-A7?! @-! 0-N-0-+9;7! ?/=;@70;/?! 7! =/?! @;?.;+./?!
-?=7M/+-?!@-!>+7!N/0A7!?;?.-A:.;97#!!

!
 4=!)0;A-0!0/M/.!;+@>?.0;7=!?-!9/+?.0>PJ!-+!"$&F!Va#!R#!4+5-=M-05-0W!P!=7!)0;A-07!)7.-+.-!
@-!0/M/.?!=7!/M.>,/![-/05-!D-,/=!-+!"$3"#!!!

!
 H7?.7!"$3&!=/?!0/M/.?!?-!9/+.0/=7M7+!-+!=7Z/!7M;-0./#!!
!
!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
1g4j^4g*(K!(07+.c7K!g/MJ.;97!*+@>?.0;7=!]!R>+@7A-+./?!P!()=;979;/+-?#!89[07d]H;==!*+.-07A-0;97+7!!!
R-M0-0/!122"#!!
'j*f4!B#!G7--@K!*+.0/@>9.;/+!./!g/M/.;9?!(+7=P?;?K!GP?.-AK!())=;97.;/+?#!S+;.-@!G.7.-!/N!(A-0;97#!122"K!!
'%$)!



3!
!

 H7?.7! "$C&! ?-! L;9;-0/+! 7,7+9-?! -+! 9/+.0/=! A-@;7+.-! 0-7=;A-+.79;J+#! 4=! 9/+.0/=! A:?!
0!I>-!=7?!

-9>79;/+-?!@;+:A;97?!-?.:+!@-?79/)=7@7?!P!I>-! =7?! ;+.-0799;/+-?!-+.0-! =/?!-?=7M/+-?!
+/! ?/+!A:?!I>-!)-0.>0M79;/+-?!/! ;A)-0N-99;/+-?!@-=!A/@-=/#! G-!-c)=/0J! .7AM;\+!-=!
:0-7!@-!9/+.0/=!A-@;7+.-!)70!97=9>=7@/#!!

!
 H7?.7!"$$'!=/?!9/+.0/=-?!>.;=;Z7@/?!-+!=/?!!0/M/.?!;+@>?.0;7=-?!?-!!M7?7+!?/M0-!./@/!-+!
9/+9-)./?! 9=:?;9/?! /! -+! =/?! 9/+.0/=-?! 7+.-?! A-+9;/+7@/?#! 4+! -+./0+/?! 797@\A;9/?!
-A);-Z7+!7!7)70-9-0!=/?!)0;A-0/?!0/M/.?!I>-!>.;=;Z7+!=/?!9/+9-)./?!@-!9/+.0/=!0/M>?./!
P!9/+.0/=!7@7).7.;,/#!!

!
 G7=,/!9/+.7@7?!-c9-)9;/+-?K! =/?! 0/M/.?! 9/A-09;7=-?!+/!L7+!9>A)=;@/! =7?!-c)-9.7.;,7?!
I>-!?/M0-!-==/?!?-!.-+67+#!D-!L-9L/K!+/!-?!700;-?57@/!@-9;0!I>-!=7?!97)79;@7@-?!@-!=/?!
0/M/.?! -+!"$$'! ?-!)70-967+!M7?.7+.-! 7! =7?!I>-! .-+67+!-+!"$F'#!(! N;+7=-?!@-=!"$$C! ?-!
)/@67! @-9;0! I>-! 7X+! +/! ?-! L7M67+! ==-57@/! 7! 9>A)=;0! =7?! -c)-9.7.;,7?! N;O7@7?! -+! "$F'!
)707!"$FF#!!

!
 4+! =7!79.>7=;@7@K!-+!7AM;-+.-?!@-! ;+,-?.;579;J+K!L7+!-,/=>9;/+7@/!A>9L/?!9/+9-)./?!
@-!@;?-U/!A-9:+;9/!.7=-?!9/A/!?;?.-A7?!97)79-?!@-!A7+;)>=70!/MO-./?!VL-007A;-+.7?!
9/+! N/0A7?! @-! A7+/WK! ?-+?/0-?! V-?)-9;7=A-+.-! ,;?;J+WK! -?.0>9.>07?! A>P! ! =;5-07?! /!
-?.0>9.>07?!N=-c;M=-?K!?;+!-AM705/K!7X+!+/!?-!)>-@-!@-9;0!I>-!L7P7+!==-57@/!@-!N/0A7!
A7?;,7!7=!0/M/.!9/A-09;7=#!!

!
 Y/!A;?A/!/9>00-!9/+!=/?!9/+9-)./?!@-!9/+.0/=K!?/M0-!./@/!-+!.70-7?!I>-!0-I>;-0-+!>+7!
;+.-0799;J+!9/A)=-O7!9/+!-=!7AM;-+.-#!G-!!)>-@-!@-9;0!I>-!=7?!.-+@-+9;7?!79.>7=-?!-+!
9/+.0/=! @-! 0/M/.?! ;+9=>P-+! -=! 9/+.0/=! 0/M>?./K! 9/+.0/=! ! 7@7).7.;,/K! 9/+.0/=! L6M0;@/!
N>-0Z7k)/?;9;J+K!0/M/.?!7>.J+/A/?!V-c)=/079;J+!-?)79;7=!/!!A/,;A;-+./?!-+!7AM;-+.-?!
)-=;50/?/?WK!A:?! 7,7+9-?!-+! ?;?.-A7?!@-! ,;?;J+!70.;N;9;7=K! 0/M/.?! 9/+! N/0A7!L>A7+7! P!
97)79-?!@-!7+@70!V@-!=/?!I>-!P7!L7P!=7?!)0;A-07?!,-0?;/+-?W!P!9/+.0/=!M7?7@/!-+!+;,-=-?!
@-!9/A)/0.7A;-+./#!!

!
Y7!A/.;,79;J+!)707!=7!-=7M/079;J+!@-!>+!?;?.-A7!@-!9/+.0/=!@-!>+!0/M/.!AJ,;=!)/0!A-@;/!
@-!>+!9-=>=70!>?7+@/!.-9+/=/567!B=>-.//.LK!?>05-!)/0!=7!+-9-?;@7@!@-!;A)=-A-+.70!+>-,7?!
N/0A7?!@-!9/+.0/=K!@-!9/00-99;J+!@-!7=5>+/?!)0/M=-A7?!P!=7!+-9-?;@7@!@-!L79-0!?;?.-A7?!
A:?! 9/A)=-./?K! -N;9;-+.-?! P! )/0.7M=-?#! H/P! -+! @67! -=! >?/! @-=! 9-=>=70! N>+5-! 9/A/! >+7!
L-007A;-+.7! +-9-?70;7! )707! =7! L>A7+;@7@K! )>-?./! I>-! -?! >+! A-@;/! I>-!
;+@-)-+@;-+.-A-+.-! @-! ?-0,;0! )707! 9/A>+;970+/?K! -?! >.;=;Z7@/! 9/A/! L-007A;-+.7?! @-!
.07M7O/K!@;,-0?;J+!P!7=A79-+7A;-+./!@-!@7./?#!
!
Y7! .-9+/=/567!AJ,;=!)/?--!.7+./?! 0-9>0?/?!I>-!A>9L7?!,-9-?!+/! ?/+!>?7@/?!7! =7!)70!@-=!
)/.-+9;7=! I>-! -?./?! )>-@-+! )0-?-+.70K! -?! )/0! -?/! I>-! -?.-! )0/P-9./! @-! 0-?;@-+9;7!
;A)=-A-+.7!-=!>?/!@-!7=5>+/?!@-!-?/?!0-9>0?/?!)707!-=!9/+.0/=!@-!@;?)/?;.;,/?!0/MJ.;9/?!
AJ,;=-?!I>-!)>-@-+!@-?-A)-U70!+>A-0/?7?!7)=;979;/+-?!)707!=7!L>A7+;@7@#!
!



C!
!

Y7!.-9+/=/567!B=>-.//.L!L/P!)0-?-+.7!>+/!@-!=/?!A-@;/!A:?!>?7@/?!)707!=7!9/A>+;979;J+K!
.07+?N-0-+9;7!@-!@7./?!/!;+.-09/+-c;J+!@-!@;,-0?/?!@;?)/?;.;,/?K!7@-A:?!I>-!>+!$2h!@-!=7!
.-=-N/+67! AJ,;=! ;+9=>P-! >+! AJ@>=/! B=>-.//.L#! D-! -?.7! A7+-07! -?.-! )>-@-! ?-0! >+7!
7=.-0+7.;,7!)707!-=!>?/!@-!-?.7!.-9+/=/567K!A:?!7==:!@-=!>?/!?;A)=-!I>-!)0-?-+.7!-+!+>-?.0/!
9-=>=70#!
!
4?.-!.;)/!@-!?;?.-A7!7)/0.7!A>9L7?!,-+.7O7?!9/+.07!-=!>?/!@-!/.0/?!?;?.-A7?K!)>-?./!I>-!
-=! 9-=>=70! -?!>+!@;?)/?;.;,/! 9/A)79./! P!)/0.7M=-K! 9/+! @;,-0?;@7@!@-! ?-+?/0-?! P!AJ@>=/?!
;+.-507@/?K!I>-!)>-@-+!9/A)79.70!A>9L/!>+!?;?.-A7!P!+/!.-+-0!>+7!A>=.;.>@!@-!9;09>;./?!
I>-!9/+.0/=-+!;+@-)-+@;-+.-A-+.-K!@-!-?.7!A7+-07!-=!9-=>=70!-?!>+!A-@;/!79.>7=;Z7M=-!P!
A>9L7?!,-9-?!>+;,-0?7=!I>-!)>-@-!0-@>9;0!9/?./?K!.7A7U/!P!N79;=;@7@!@-!79.>7=;Z79;J+!@-!
?/N.d70-! 9>7+@/! ?-! 0-I>;-07K! )>-?./! I>-! >+7! 7)=;979;J+! )>-@-! ?-0! 9/00;@7! -+! @;,-0?/?!
A/@-=/?!P! .;)/?!@-!9-=>=70-?!I>-! =-!@7+!-?7!>+;,-0?7=;@7@!@-!+/!@-)-+@-0!@-!L70@d70-!
-?)-9;N;9/#!
!
4?.-! )0/P-9./! @-! 0-?;@-+9;7! ?;0,-! 9/A/! 5-+-07@/0! @-! ;+N/0A79;J+! P! 9/+/9;A;-+./! )707!
;A)=-A-+.70!9/+.0/=!@-!?;?.-A7?!AJ,;=-?!/!@-!9/A>+;979;J+!)707!/.0/?!?;?.-A7?!>?7+@/!
=7!.-9+/=/567!B=>-.//.L!P!>+!=-+5>7O-!@-!)0/507A79;J+!I>-!?-!7@7).-!7=!?;?.-A7!/)-07.;,/!
@-=!9-=>=70#!

!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!



F!
!

8P0C"&":E:"QM!
!
!
Y7!!g/MJ.;97!!-?!!>+7!!9;-+9;7!!I>-!!+/?!!)-0A;.-!!-=!!@-?700/==70!!7)=;979;/+-?!!A-@;7+.-!!=7!
N>?;J+!!@-!!@;N-0-+.-?!!.-9+/=/567?!!9/A/!!=7!!-=-9.0J+;97K!!A-9:+;97!P!!.-=-9/A>+;979;/+-?!
-+.0-!/.07?#!!!
!
4=!!)0/P-9./!!)=7+.-7@/!!.;-+-!!9/A/!!N;+!!-=!!@-?700/==/!!@-!!>+!! 0/M/.!!AJ,;=!!9/+.0/=7@/!
A-@;7+.-!!>+!!@;?)/?;.;,/!9-=>=70!>?7+@/!-=!)0/./9/=/!!B=>-.//.LK!!-=!!9>7=!!+/?!!)-0A;.;0:!!
)/@-0!!0-7=;Z70!!=7!;A)=-A-+.79;J+!!@-!!=7?!!@;N-0-+.-?!!.-9+/=/567?!!)707!!?>!!7)=;979;J+!!-+!!
-=!!:0-7!!@-!=7!0/MJ.;97!P!.-=-A-.067!I>-!?-0,;0:!9/A/!M7?-!@-!;+.0/@>99;J+!)707!-=!>?/!@-!
-?.7!.-9+/=/567#!
!!
8-@;7+.-!-=!@-?700/==/!@-=!,-L69>=/!AJ,;=!+/?!)/@-A/?!@70!9>-+.7!9JA/!7,7+Z7!@67!7!@67!
=7!!.-9+/=/567!!9/+!!=/!!I>-!!0-?)-9.7!!7!!=7!!)0/507A79;J+K!!-=-9.0J+;97K!.-=-9/A>+;979;/+-?K!!
A-9:+;97!!P!!=7!!0/MJ.;97K!!=/?!!A;?A/?!!I>-!!9/AM;+7+!!?>?!@;N-0-+.-?!-.7)7?!!)707!!M0;+@70!!
>+!!9/00-9./!!N>+9;/+7A;-+./!!P!!)707!!-?./!!+/?!!,7=-A/?!!@-!!=/?!9/+9-)./?!P!=7M/07./0;/?!
7)0-+@;@/?!-+!-=!.07+?9>0?/!@-!=7!9700-07!7?6!9/A/!=/?!0-9>0?/?!@;?)/+;M=-?!-+!*+.-0+-.#!!
!!
8-@;7+.-! ! =7! 0-7=;Z79;J+! @-=! )0/P-9./! )=7+.-7@/! ! ?-! ! )0-.-+@-! ! =/5070! ! >+! ! J).;A/!
@-?-A)-U/!!-+!-=!9/+.0/=!@-!=7?!@;0-99;/+-?!@-=!AJ,;=K!!7@-A:?!!@-!!?-0,;0=-?!!9/A/!!M7?-!!
)707!!N>.>07?!!;A)=-A-+.79;/+-?!!@-!)0/P-9./?!?;A;=70-?!P!7N;+-?!7!-?.-#!</+!=7!>.;=;Z79;J+!
@-=! @;?)/?;.;,/! B=>-.//.L! )/@0-A/?! 0-@>9;0! =/?! )0/M=-A7?! 0-=79;/+7@/?! 9/+! =7!!
;+.-0N-0-+9;7! !@-! ! =7?! !.-=-9/A>+;979;/+-?! !/M.-+;-+@/!!>+7!!A7P/0!-N;9;-+9;7!P!N;@-=;@7@!
@-=!0/M/.#!!
!!
Y7! 90-79;J+!@-=! 0/M/.!AJ,;=!+/?!7P>@7!7!-+.-+@-0!-=! N>+9;/+7A;-+./!P!7@7).7M;=;@7@!@-!
+>-?.0/! ?;?.-A7! 7! >+! A-97+;?A/! 7=! 9>7=! )/@-A/?! 7?;5+70=-! >+7! .70-7! -?)-96N;97! P!
@-A/?.070!I>-!=7!;A)=-A-+.79;J+!@-!-?.-!A\./@/!@-!9/+.0/=!-?!-N;9;-+.-!)707!-=!A7+-O/!
@-!@;9L/!?;?.-A7#!
!
</+!!-?./!!?-!!N/A-+.7!!=7!!90-79;J+!!@-!!+>-,/?!!50>)/?!!I>-!!?-!!?;-+.7+!!;@-+.;N;97@/?!!9/+!!
-=! @-?700/==/! @-! 7)=;979;/+-?! ?;A;=70-?! -+! -=! 97A)/! @-! =7! 0/MJ.;97K! .7AM;\+! @-! =7!
0-7=;Z79;J+!@-! ! ;+,-?.;579;/+-?!@-! +>-,7?! 7)=;979;/+-?! P! ?>!)0-?-+.79;J+!-+! =/?!@;,-0?/?!
>?/?!7!=/?!I>-!-?.-!?-!)>-@-!7)=;970#!!
!!
(@-A:?K!-?.-!-?!>+!)0/P-9./!!;+,-?.;57.;,/!P7!I>-!!+/?!7P>@7!7!,;+9>=70+/?!!P!!7!9/+/9-0!
>+!)/9/!A:?!7!N/+@/!=7?!@;N-0-+.-?!.-9+/=/567?!7!>.;=;Z70#!
!
!
!
!
!



$!
!

OU8NC"?O0!
!
!
W3#3'(9!
!
D-?700/==70!>+!?;?.-A7!@-!9/+.0/=!)/0!A-@;/!@-!>+7!7)=;979;J+!;+?.7=7@7!-+!>+!9-=>=70!)707!
-=! 9/+.0/=! @-! =7?! @;0-99;/+-?! @-! >+! 0/M/.! AJ,;=K! 7! -N-9./! @-! A7c;A;Z70! -=! >?/! @-! =/?!
0-9>0?/?!I>-!-?./?!@;?)/?;.;,/?!/N0-9-+#!
!
!
N+X3)6D*),+!
!
 <0-70!>+7!;+.-0N7Z!50:N;97!)707!-=!9/+.0/=!@-!A/,;A;-+./!@-=!0/M/.#!
 4?.7M=-9-0! 9/A>+;979;J+! -+.0-! -=! @;?)/?;.;,/!AJ,;=! P! -=! 0/M/.! )/0!A-@;/! @-! >+7! 0-@!
;+7=:AM0;97#!!

 4=7M/070!>+!?;?.-A7!I>-!)-0A;.7!-=!799-?/!7=!9/+.0/=!@-=!0/M/.!@-!N/0A7!N:9;=!P!0:);@7#!!
 D-.-0A;+70! -=! =-+5>7O-! @-! )0/507A79;J+! I>-! ?-! 7@7).-! 7! =7! +-9-?;@7@! P! @;?-U/! @-!
+>-?.0/!)0/P-9./#!

 D-?700/==70!-=!?;?.-A7!>.;=;Z7+@/!=7?!+>-,7?!)=7.7N/0A7?!@-!A-097@/#!
 </+?.0>99;J+!@-!>+!0/M/.!AJ,;=!>.;=;Z7+@/!)=7.7N/0A7?!+>-,7?!@-!@-?700/==/#!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!



"2!
!

BYEMCNEA"NMCO!HNY!B-OUYNAE!
!

!
4+!=7!79.>7=;@7@K!=/?!@;?)/?;.;,/?!AJ,;=-?!7)/0.7+!@;N-0-+.-?!,-+.7O7?b!?;0,-+!9/A/!A-@;/!
@-!9/A>+;979;J+K!?/+!)/0.7M=-?K!9/+!A7P/0-?!0-9>0?/?K!9/+!799-?/!7!=7!0-@!P!)/0!X=.;A/K!
-?! )/?;M=-! @-?700/==70! 7)=;979;/+-?! @-! 79>-0@/! 7! =7?! +-9-?;@7@-?! @-! 97@7! >?>70;/! P!
970570=7?!-+!-?./?!@;?)/?;.;,/?#!!
!
4+!-?.-! 9/+9-)./!-?.:! N>+@7A-+.7@/!-=!)0-?-+.-!)0/P-9./!@-! 0-?;@-+9;7!)0/N-?;/+7=e! -=!
9>:=K!7@-A:?!@-!A/?.070!=7!N/0A7!-+!I>-!)>-@-+!@;,-0?;N;970?-!=7?!N>+9;/+7=;@7@-?!@-!=/?!
@;?)/?;.;,/?! AJ,;=-?K! -c)/+@0:! =7?! ,-+.7O7?! @-! 9/A)70.;0! ?-0,;9;/?! -+! >+! 7AM;-+.-!
@;?.0;M>;@/! @-! .7=! A7+-07! I>-! -?./?! ?-! -+9>-+.0-+! 799-?;M=-?! ! )707! 9>7=I>;-0! .;)/! @-!
9=;-+.-K!?-7+!;+7=:AM0;9/?!/!+/#!!
!
4=!)0/P-9./!9/+?;?.-!-+! =7! ;A)=-A-+.79;J+!@-!>+!?;?.-A7!@/+@-!?-! ;+.-50-+!@;?)/?;.;,/?!
AJ,;=-?! )707! 9/+.0/=70! 0/M/.?! P! @-A/?.070! I>-! -?.-! .;)/! @-! ?;?.-A7?! 9>A)=-! 9/+! =/?!
0-I>-0;A;-+./?!P!97079.-06?.;97?!I>-!?-!+-9-?;.7+!)707!0-7=;Z70!-?.-!.;)/!@-!.07M7O/?#!
!
4+!=7!79.>7=;@7@!?-!/M?-0,7+!A\./@/?!@-!9/+.0/=!)/0!A-@;/!@-!07@;/N0-9>-+9;7K!-+!=7!9>7=!
?/+!A>P! N:9;=-?! @-! 0-9;M;0! ;+.-0N-0-+9;7?K! 7>+7@/! I>-! ?;! -=! 0/M/.! )/?--! ?-+?/0-?! -+! =/?!
9>7=-?! ?-! 0-I>;-07! A:?! 7+9L/! @-! M7+@7! I>-! -=! >.;=;Z7@/K! ?-! .-+57+! I>-! >?70! /.0/?!
9/+.0/=-?!/!0-9-)./0-?!7@;9;/+7=-?K!@-!=7!A;?A7!N/0A7K!?;!-=!0/M/.!-?!9/+.0/=7@/!)/0!A-@;/!
@-!*+.-0+-.K!)/0!A-@;/!@-!Q*R*!/!>+!)0/./9/=/!^<Ek*EK!-c;?.-!=7!)0/M=-A:.;97!@-!N7==/?!@-!
9/+-c;J+!7=!;5>7=!I>-!@-!)\0@;@7?!)/0!9/M-0.>07#!
!
Y/?! 0/M/.?! L7+! 7,7+Z7@/! )707! 0-?/=,-0! )0/M=-A7?! -+! =7?! @;N-0-+.-?! :0-7?K! 7?6! 9/A/! =7!
N/0A7!-+!=7!I>-!?/+!9/+.0/=7@/?K!)-0/!A>9L/?!A\./@/?!)0-?-+.7+!,-+.7O7?!P!@-?,-+.7O7?!
@-)-+@;-+@/!@-=!:0-7!-+!=7!I>-!/)-07+K!7?6!9/A/!=7!+-9-?;@7@!@-!>.;=;Z70!507+@-?!-I>;)/?!
/!@;,-0?/?!-I>;)/?!)707!-=!9/+.0/=!@-!\?.-K!/!7=!507@/!@-!0-I>-0;0!>+!9/A)>.7@/0#!
!
Y7!;A)=-A-+.79;J+!@-!-?.-!A\./@/!@-!9/+.0/=!;+.-+.7!?-0!>+7!/)9;J+!A:?!-+!=7!@;,-0?;@7@!
@-! A\./@/?K! 9/+! =7?! ,-+.7O7?! @-! A7P/0! ?-5>0;@7@! @-! 0-9>0?/?! P! 9/+! =7! ;+.-+9;J+! @-!
;++/,70!7=! ;0!7@/).7+@/!+>-,7?!.-9+/=/567?!)707!+>-,/?!A\./@/?!@-!9/+.0/=!@-!?;?.-A7?!
0/MJ.;9/?#!
!
!
!
!
!
!
!
!
!
!



""!
!

B-OUYNAE0!E!-N0OY?N-!
!
!
E707!90-70!>+!?;?.-A7!@-!9/+.0/=!)/0!A-@;/!@-!>+!.-=\N/+/!9-=>=70K!>?7+@/!-=!)0/./9/=/!
B=>-.//.LK!@-M-A/?!0-?/=,-0!=/?!?;5>;-+.-?!)0/M=-A7?b!
!

 D-.-0A;+70!=/?!0-9>0?/?!I>-!?-!+-9-?;.707+!)707!0-7=;Z70!-=!)0/P-9./#!
 TM.-+-0! -=! 7=97+9-! A:c;A/! I>-! .-+@0:! +>-?.0/! ?;?.-A7! P! 97079.-06?.;97?! @-=!

B=>-.//.L#!
 </.;Z70!57?./?!)707!=7!N7M0;979;J+!@-!L70@d70-!P!?/N.d70-#!
 TM.-+9;J+!@-!0-9>0?/?!M;M=;/50:N;9/?#!
 D-.-0A;+70!=7?!97079.-06?.;97?!@-=!9-=>=70#!
 D;?-U70!-=!0/M/.!AJ,;=!./A7+@/!-+!9>-+.7K!N/0A7K!=/9/A/9;J+!P!@;0-99;J+#!
 D-.-0A;+70!-=!?/N.d70-!I>-!A-O/0!?-!7@7).-!7!+>-?.07?!+-9-?;@7@-?#!

!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!



"1!
!

EY:EM:N0!
!
!
E707!>+!)=7+.-7A;-+./! ! 9=70/!@-! =7?! :0-7?!I>-!7M7097! ! -=!)0/P-9./!@-!@-?700/==/! P!)707!
@-N;+;0! 9/+! A7P/0! @-.7==-! P! )0-9;?;J+! =7?! @;N-0-+.-?! 97)79;@7@-?! I>-! 9/+N/0A70:+! ?>!
N>+9;/+7=;@7@K!?-!L7+!;@-+.;N;97@/!=/?!7?)-9./?!I>-!?-0:+!./A7@/?!-+!9>-+.7!-+!-=!@;?-U/!!
P!@-?700/==/!@-=!A;?A/#!!
!!
(! 9/+.;+>79;J+! ?-! )0-?-+.7! >+! =;?.7@/! @-! @;9L/?! 7?)-9./?K! 9/+! -=! 9>7=! ?-! @-?90;M-+! =/?!
7=97+9-?!@-=!)0/P-9./!@-!@-?700/==/#!!
!!
 G-!>?707!>+!)0/./9/=/!@-!9/A>+;979;J+!B=>-.//.L!)707!-=!-+,6/!@-!@7./?!P!0-9-)9;J+!@-!
\?./?#!
!

 !4+./0+/!50:N;9/!)707!-=!>?>70;/!I>-!)-0A;.7!-=!A7+-O/!@-!=7?!799;/+-?#!
!
 S?/!@-!=7!)=7.7N/0A7!(0@>;+/!)707!=7!90-79;J+!@-=!0/M/.!AJ,;=#!
!
 S?/!@-!=7!)=7.7N/0A7!(+@0/;@!)707!=7!;A)=-A-+.79;J+!@-=!?;?.-A7!@-!9/+.0/=#!
!
 [-+-079;J+!@-!0-9>0?/?!;+N/0A7.;,/?!)707!=7!90-79;J+!@-!+>-,7?!)=7.7N/0A7?#!
!
 j>-,/?!9/+/9;A;-+./?!)707!-=!@-?700/==/!@-!7)=;979;/+-?!M7O/!-?.7?!)=7.7N/0A7?#!
!!
!
!
!
!
Y"A"CE:"OMN0!
!
!
 4=!?;?.-A7!?-0:!;A)=-A-+.7@/!)707!/M.-+9;J+!@-!0-?>=.7@/?!;+N/0A7.;,/?#!
 4=!?;?.-A7!-?.70:!=;A;.7@/!7!.07M7O70!M7O/!=7!)=7.7N/0A7!(+@0/;@#!
 4=!@;?-U/!P! 9/+?.0>99;J+!@-=!L70@d70-!@-)-+@-0:!@;0-9.7A-+.-!@-! =/?! 0-9>0?/?!@-! =7!
;+?.;.>9;J+#!

 Y7?! A/@;N;979;/+-?K! 7?6! 9/A/! =7! -?.0>9.>07! @-=! ?;?.-A7K! -?.70:! @-=;A;.7@7! )/0! =7!
;+?.;.>9;J+!I>-!0-I>;-0-!-=!)0/P-9./#!

!
!
!
!
!



"'!
!

B-OZN::"QM!0O:"EY!
!
!
8-@;7+.-!-=!@-?700/==/!@-=!!?;?.-A7!!);=/./!)707!-=!9/+.0/=!@-!>+!0/M/.!AJ,;=!)/0!A-@;/!@-!
>+! 9-=>=70! >?7+@/! B=>-.//.LK! ?-! )0-.-+@-! -=! >?/! @-! -?.7! .-9+/=/567! )707! ?;?.-A7?!A:?!
9/A)=-O/?! /! ;+.-0799;J+! 9/+! @;,-0?7?! 7)=;979;/+-?! -+! =7! 9>7=! >.;=;Z70! =/?! 0-9>0?/?! I>-!
)/?--+!=/?!9-=>=70-?!)707!=7!A;5079;J+!@-!)=7.7N/0A7?!@-!M7O7!P!A-@;7!.-9+/=/567!7!>+7!@-!
7=.7!.-9+/=/567K!=7!9>7=!)-0A;.7!-=!@-?700/==/!@-!+>-?.07!?/9;-@7@#!
!
</+!-=! !?;?.-A7!@-! !9/+.0/=!)/0!A-@;/!@-!>+!9-=>=70!?-! =/5070:!I>-!:0-7?!-A)0-?70;7=-?K!
A\@;97?!P!A;=;.70-?!/).-+!)/0!-=!>?/!@-!9-=>=70-?!9/A/!A-@;/!@-!.07M7O/K!)>-@7+!!9/+.70!
9/+! >+7! L-007A;-+.7! -9/+JA;97! P! ?-5>07! =7! 9>7=! =-?! 0-N=-O-! -=! 7L/00/! @-! /.07?!
L-007A;-+.7?!P!-?)79;/#!
!
E/@-0! L79-0! ?;?.-A7?! .-=-A\.0;9/?! -+! =/?! 9>7=-?K! ./@7! =7! ;+N/0A79;J+! 0-97M7@7! )/0! -=!
9-=>=70! ?-7! -+,67! )/0! >+!A-@;/! [G8K! ?;?.-A7?! -AM-M;@/?! -+! =/?! 9>7=-?! =7! ;+N/0A79;J+!
0-97M7@7!-+!97A)/!?-7!)0/9-?7@7!P!7+7=;Z7@7!@-+.0/!@-=!9-=>=70!P!?-!-+,6-!)/0!>+!A-@;/!
@-!9/A>+;979;J+#!
!!
Y/5070! I>-! -A)0-?7?! .7+./! +79;/+7=-?! 9/A/! ;+.-0+79;/+7=-?! -O-9>.-+! )0/P-9./?! -+!
9>7=I>;-0!.;)/!@-!0>M0/K!.-+;-+@/!9/A/!L-007A;-+.7!=7!.-9+/=/567!@-!@;?)/?;.;,/?!AJ,;=-?K!
=7!9>7=!.07-0:!507+@-?!7,7+9-?!P!M-+-N;9;/?!@-+.0/!@-!-==7?#!
!
(?6! 9/A/! ! .7AM;\+K! 9/+?-5>;0! ! I>-! -?.>@;7+.-?K! @-?700/==7@/0-?! ! /! 9>7=I>;-0! )-0?/+7!
;+.-0-?7@7! -+! -?.-! .;)/! @-! .-9+/=/567K! )>-@7+! ./A70! 9/A/! M7?-! @-! A/.;,79;J+! -?.-!
.07M7O/!)707!)/@-0!@-?700/==70!7)=;979;/+-?!I>-!;A)=-A-+.-+!-?.-!.;)/!@-!.-9+/=/567?#!!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!



"%!
!

PM"HEH!K!
!
AE-:O!CNQ-":O!
!
!
K%K Y3#$7([3+!H3!B',$'(.()*/#!
!
!
Y7! 5-+-07=;Z79;J+! -+! =/?! X=.;A/?! 7U/?! @-! .-=\N/+/?!AJ,;=-?K! GA70.)L/+-K! ED(?K! -.9#! H7!
5-+-07@/! >+7! ;A)/0.7+.-! +-9-?;@7@! @-! 7)=;979;/+-?! )707! -?.-! .;)/! @-! @;?)/?;.;,/?#! Y7?!
)0-?.79;/+-?! @-! =/?! @;?)/?;.;,/?! AJ,;=-?! ?-! ;+90-A-+.7+! @67! 7! @67K! )/?;M;=;.7+@/! =7!
;A)=-A-+.79;J+!@-!7)=;979;/+-?!A>P!;+.-0-?7+.-?#!

H/P!-+!@67!-?./?!@;?)/?;.;,/?!.;-+-+!=7!97)79;@7@!@-!)/0.70!9:A707?K!799-?/!7!;+.-0+-.!)/0!
A-@;/!@-!7+.-+7?!Q*R*K! 9/+-c;J+!B=>-.//.LK![EGK! ?-+?/0-?!@-!/0;-+.79;J+K!79-=-07@/0-?!
1D! P! 'DK! -+,6/! @-! A-+?7O-?K! ?;+./+;Z7@/0-?! @-! ^`K! 0-)0/@>99;J+! @-! ,;@-/! P! ?/+;@/K!
-@;./0-?!@-!.-c./K!-+.0-!>+7!507+!97+.;@7@!@-!7)=;979;/+-?!P!0-9>0?/?!-+!=/?!9>7=-?!)>-@-+!
7A)=;70!?>!>.;=;@7@!A:?!I>-!)707!=/!I>-!)0;+9;)7=A-+.-!N>-0/+!L-9L/?#!

G;+!-AM705/!-=!.7A7U/!@-!-?./?!P!-=!7L/00/!-+-05\.;9/!==-,7+!7!>?70!.;)/?!@-!)0/9-?7@/0-?!
P!A-A/0;7?! @-! M7O/! 9/+?>A/K! N0-9>-+9;7! P! ,-=/9;@7@! @-! 9JA)>./K! .7AM;\+! 7=! )0/9-?70!
50:N;9/?K!?/+;@/?!P!9/+-c;/+-?!;+7=:AM0;97?K!-+.0-!/.07?!9/?7?K!9/+?>A-+!M7.-067K!-?./!=7!
@-?57?.7!P!L/P!-+!@67!-=!.7A7U/!P!)-?/!@-!=/?!@;?)/?;.;,/?!-?!;A)/0.7+.-#!

Y/?!?;?.-A7?!/)-07.;,/?!P!=-+5>7O-?!@-!)0/507A79;J+!@-)-+@-+!A>9L/!@-=!.;)/!@-!AJ,;=!P!
9/A)7U67!I>-! =/?! N7M0;97K!-?!@-9;0K!-c;?.-+!>+7!@;,-0?;@7@!@-!G#T#!l>-!@-)-+@-+!@-! =7?!
7)=;979;/+-?! I>-! 0-7=;Z70:! -=! @;?)/?;.;,/K!A-097@/! 7=! I>-! ,7! @;0;5;@/K! )0-9;/! P! ?/)/0.-! 7!
@-?700/==7@/0-?K! 7@-A:?K! -+!/97?;/+-?K! =7?!)0/);7?! -A)0-?7?! N7M0;97+.-?!@-!@;?)/?;.;,/?!
AJ,;=-?K!90-7+!?>?!G#T#!9/+!0-N-0-+9;7!7!>+!A/@-=/K!N7A;=;7!@-!@;?)/?;.;,/!/!7@/).7!7=5X+!
/.0/!)-0.-+-9;-+.-!7!>+7!-A)0-?7K!@-!-?.7!A7+-07!)>-@-!?-0!)0;,7@/!/!@-!>?/!)XM=;9/#!

4+!-?.7!>+;@7@!L7M=70-A/?!@-!=/?!G;?.-A7?!T)-07.;,/?!79.>7=A-+.-!A:?!>?7@/?K!7?6!9/A/!
@-! =/?! =-+5>7O-?! @-! )0/507A79;J+! I>-! ?-! >.;=;Z7+! )707! -=! @-?700/==/! @-! 7)=;979;/+-?K! P!
@-)-+@-0:!@-=!>?>70;/! 7?6! 9/A/!@-! =7! 7)=;979;J+! N;+7=#! 4=! =-+5>7O-!@-!)0/507A79;J+!I>-!
@-9;@7A/?! ./A70! ,7! 0-=79;/+7@/! 9/+! -=! G#T#! @-! +>-?.0/! AJ,;=K! )>-?./! I>-! A>9L/?!
0-?.0;+5-+!=7!)/?;M;=;@7@!@-!9/00-0!7=5>+/?!=-+5>7O-?#!!

!



"&!
!

!"!"! *+,+-#-.)/'(-0&)1)(%-23#456-
!
!

 a7,7!<7.:=/5/!@-!E0/@>9./?!
!

Y7! .-9+/=/567! a7,7! -?! >+! -+./0+/! @-! )0/507A79;J+! /0;-+.7@/! 7! /MO-./?! 90-7@/!)/0! G>+!
8;90/?P?.-A?!7L/07!)-0.-+-9;-+.-!7!Tg(<Y4#!4=!/MO-.;,/!)0;+9;)7=!-07!/N0-9-0!>+!-+./0+/!
)707! @-?700/==70! 7)=;979;/+-?! ;+@-)-+@;-+.-?! @-! =7! )=7.7N/0A7! ?;5>;-+@/! =7! 9/+?;5+7!
-?90;M;0!>+7!,-ZK!-O-9>.70!-+!9>7=I>;-0!=>570 #!H/P!-+!@67!a7,7!-?!>+/!@-!=/?!-+./0+/!@-!
?/N.d70-! A:?! )/)>=70-?! -+! @-?700/==/#! TN0-9-! =7! /)/0.>+;@7@! @-! 90-70! 7)=;979;/+-?!
-A)0-?70;7=-?! @-! ?-0,;@/0! P! =7?! 9/A)>.7@/07?! @-! -?90;./0;/K! 7?6! 9/A/! 7)=;979;/+-?! )707!
@;?)/?;.;,/?! )-I>-U/?! P! AJ,;=-?#! E707! N7A;=;70;Z70?-! 9/+! =7! .-9+/=/567! a184! )707! -=!
@-?700/==/!@-!7)=;979;/+-?!AJ,;=-?K!,7A/?!7!-A)-Z70!9/+!=7!-c)=/079;J+!@-!=7!N7A;=;7!a7,7!
-+! 5-+-07=! -+! )0;A-0! =>570#! </A/! ?-! A>-?.07! -+! =7! R;5>07! "#"K! a7,7! ?-! L7! @;,;@;@/! -+!
9>7.0/!-@;9;/+-?!@;?.;+.7?b!!

 8INN!?-!@-?.;+7!)0;+9;)7=A-+.-!)707!=7!9/+?.0>99;J+!@-!7)=;979;/+-?!@;?.0;M>;@7?!@-!
=7!-A)0-?7!9/+!\+N7?;?!-+!-=!@-?700/==/!@-=!=7@/!@-=!?-0,;@/0!P!7)=;979;/+-?!d-M#!

 8I0N!-?!)707!-?90;./0;/!9/+,-+9;/+7=!@-!@-?700/==/!@-!7)=;979;/+-?!VE<W#!!
 8IAN! -?!>+! ?>M9/+O>+./!@-! a1G4!@-?.;+7@7?!7! =/?!@;?)/?;.;,/?! ;+.-507@/?!I>-!+/!

)>-@-!7)/P70!>+7!./.7=!;A)=-A-+.79;J+!@-!a1G4#!!
 8(a(! :('5! /N0-9-! >+! -+./0+/! )707! @-?700/==70! 7)=;979;/+-?! I>-! ?-! -O-9>.7+! -+!

.70O-.7?!;+.-=;5-+.-?#!

!

!

!

!

!

!

!

!

!

&*$7'(!K%K!(0I>;.-9.>07!@-!=7!R7A;=;7!a(`(!



"3!
!

4?.7! @;,;?;J+! ?-! L7! L-9L/! )707! /N0-9-0! >+7! ?/=>9;J+! )707! =7?! @;N-0-+.-?! +-9-?;@7@-?! P!
9;09>+?.7+9;7?#!G-067!;+-N;9;-+.-K!)/0!-O-A)=/K!)707!>?70!>+7!;A)=-A-+.79;J+!9/A)=-.7!@-!
a144K! I>-! ;+9=>P-! )7I>-.-?! 7@-9>7@/?! )707! >+7! 7)=;979;J+! @-! -A)0-?7K! ?;! ?/=/! >+7!
A:I>;+7! @-! -?90;./0;/! ?-! >.;=;Z7#! (@-A:?K! =7! )=-+7! 7)=;979;J+! @-! a1G4! +/! )>-@-! ?-0!
7)/P7@7! )/0! >+! @;?)/?;.;,/! @-! 97)79;@7@! )-I>-U7K! I>-! .;-+-!A-+/?! 0-9>0?/?! I>-! >+7!
A:I>;+7!@-!-?90;./0;/#!

!

 E=7.7N/0A7!a184!
!

a184!-?!)70.-!@-!=7!N7A;=;7!a7,7!VR;5>07!"#"WK!=7!;+.-+9;J+!@-!9/+?.0>;0!7)=;979;/+-?!I>-!?-!
-O-9>.7+! -+! )=7.7N/0A7?! @-! M7.-067! ;A)>=?7@/K! 9/A/! .-=\N/+/?! AJ,;=-?K! ED( ?! P! /.0/?!
@;?)/?;.;,/?! ;+.-507@/?#!D7@/!I>-!./@/?!-?./?!@;?)/?;.;,/?!.;-+-+!@;N-0-+.-?!97)79;@7@-?!
-+!.\0A;+/?!@-!A-A/0;7K!-=!.;-A)/!@-!)0/9-?7A;-+./K!-=!L70@d70-!P! =7!)7+.7==7K!?-!L7+!
750>)7@/!@-!79>-0@/!7!?>?!N;+-?!P!N>+9;/+-?!-+!=/?!50>)/?!@-!@;?)/?;.;,/?#!

!
D-+.0/!@-!97@7!9/+N;5>079;J+K!=/?!@;N-0-+.-?!)-0N;=-?!?-!90-7+!9/+!-=!N;+!@-!9=7?;N;970!-=!.;)/!
@-!@;?)/?;.;,/#!a184!+/!-?!>+!=-+5>7O-!+>-,/K!)-0/!?-!L7!7@7).7@/!=7!.-9+/=/567!-c;?.-+.-!
)707!-=!N>+9;/+7A;-+./!@-!a7,7!-+!@;?)/?;.;,/?!-AM-M;@/?K!-=;A;+7+@/!=7?!)70.-?!@-!a1G4!
I>-! +/! )>-@-+! 9/00-0! P! ! =7! 7@;9;J+! @-! +>-,7?! 97079.-06?.;97?! I>-! ?-! +-9-?;.7+#! G;+!
-AM705/K!=7!)=7.7N/0A7!a184!;+9=>P-!>+7!7A)=;7!57A7!@-!.;)/?!@-!@;?)/?;.;,/?b!^`!?-.]./)!
M/c!VGfmK!D*GHK!8*[TK!-.9WK!^`!)/0!*+.-0+-.K!ED( ?K!4M//n!g-7@-0K!.-=\N/+/?!AJ,;=-?K!-.9#!
^/@/?!-?./?!@;?)/?;.;,/?!.;-+-+!@;N-0-+.-?!97)79;@7@-?K!.7=-?!9/A/!=7!;+.-0N7Z!@-!>?>70;/K!
-=! )0-?>)>-?./! @-! =7! A-A/0;7! P! -=! )/@-0! @-! )0/9-?7A;-+./#! E/0! -=! A/A-+./! @/?!
9/+N;5>079;/+-?!-c;?.-+!-+!=7!)=7.7N/0A7!a184b!

 <YD<K!)707!@;?)/?;.;,/?!9/+b!
]!*+.-0N7Z!@-!>?>70;/!A>P!?-+9;==7#!
]!B7O/!+;,-=!@-!)0-?>)>-?./!@-!=7!A-A/0;7!V"32!fM!7!&"1!fMW!)707!a7,7#!
]!</A>+;979;J+!;+7=:AM0;97K!@;0;5;@/!7!7+9L/!@-!M7+@7!M7O/#!
]!"3!M;.?!/!)0/9-?7@/0-?!@-!'1!M;.?!
]!E/.-+9;7!=;A;.7@7K!7!A-+>@/!N>+9;/+7A;-+./!@-!=7!M7.-067#!
]!4O-A)=/?b!.-=\N/+/?!AJ,;=-?K!M>?97)-0?/+7?K!ED(?!+;,-=!@-!-+.07@7#!
!

4?./?!@;?)/?;.;,/?!@-!7I>6!?-!9/+/9-+!9/A/!@;?)/?;.;,/?!@-!A-+/0!97)79;@7@#!



"C!
!

 <D<K!)707!@;?)/?;.;,/?!9/+b!
]!(A)=;7!57A7!@-!97)79;@7@-?!@-!;+.-0N7Z!@-!>?>70;/#!
]!8-A/0;7!@-=!)0-?>)>-?./!-+!-=!07+5/!@-!"3#1!8B!)707!a7,7#!
]!</+-9.;,;@7@!7!7=5X+!.;)/!@-!0-@#!
]!"3!M;.?!/!'1!M;.!)0/9-?7@/0-?#!
]!4O-A)=/?b!.-=-,;?/0-?!7!*+.-0+-.K!^`!?-.]./)!M/c-?K!ED(#!

4+!=7!R;5>07!"#1!A/?.070-A/?!=/?!@;?)/?;.;,/?!I>-!-O-9>.7+!-?.7!9/+N;5>079;J+!@-!a7,7!7!
A-@;@7!P!/.0/?!@;?)/?;.;,/?!97)79-?#!

!

!

!

!

!

!

!

!

&*$7'(!K%I!

Y7!0-=79;J+!-+.0-!<D<K!<YD<K!P!a1G4!?-!A>-?.07!-+!=7!R;5>07!"#1b!./@7?!=7?!N>+9;/+7=;@7@-?!
)0;+9;)7=-?! @-! =/?! <D<! P! <YD<! ?-! L-0-@7+! @-! a1G4#! (@-A:?K! ./@7?! =7?! 97079.-06?.;97?!
;A)=-A-+.7@7?! -+! -=! <YD<! ?-! ;A)=-A-+.7+! -+! -=! <D<K! 9/+! -=! N;+! @-! =/5070! =7!
9/A)7.;M;=;@7@!L79;7!700;M7!-+.0-!=7?!@/?!9/+N;5>079;/+-?!@-!a184#!Y7!)=7.7N/0A7!a184!?-!
-O-9>.7! -+! =7! )70.-! ?>)-0;/0! @-=! ?;?.-A7! /)-07.;,/! @-! =/?! .-=\N/+/?!AJ,;=-?! L7M;=;.7@/?!
)707! a7,7!P!9/+?.7!@-!@/?!,-0?;/+-?!@;N-0-+.-?b!>+7!)707! =/?!@;?)/?;.;,/?!A:?!97)79-?!P!
>+/!)/0!A-+/?!@;?)/?;.;,/?!97)79-?K!9/A/!?-!A>-?.07!-+!=7!R;5>07!"#'#!

!
<7@7!>+/!@-!-==/?!;+9=>P-b!
!
:,#D*$7'()*/#e!4?.-!-?!-=!9/+O>+./!M:?;9/!@-!M;M=;/.-97?!@-!9=7?-?!P!=7!A:I>;+7!,;0.>7=!I>-!
;+.-0)0-.7!P!-O-9>.7!=7?!7)=;979;/+-?#!Y7!A:I>;+7!,;0.>7=!)>-@-!?-0!>+!9/A)=-./!a`8!/!>+!
?>M9/+O>+./! @-! -?.-#! E707! <YD<! P! <D<! =7?! M;M=;/.-97?! @-! 9=7?-?! ?/+! -+! ?>! A7P/067! >+!
?>M9/+O>+./! @-! =7! (E*! @-! a1G4K! 7@-A:?! @-! =7?! (E*! )707! a184! -?)-96N;97?! .7=-?! 9/A/! =7!
N/0A79;J+!M0>.7!@-!97);.7=#!



"F!
!

B3'D*93+e!Y/?!)-0N;=-?!?-!9/A)=-A-+.7+!9/+!=7!9/+N;5>079;J+!A:?!-?)-96N;97!@-!7=./!+;,-=!@-!
(E* ! )707! >+! 50>)/! @-! @;?)/?;.;,/?#! Y7?! (E* ! )0/)/09;/+7@7?! )/0! >+! )-0N;=! I>-!
+/0A7=A-+.-!9/+?;?.-!-+!=7!7)=;979;J+!@-=!9;9=/!@-!,;@7!@-=!A/@-=/K!;+.-0N7Z!@-!>?>70;/K!-=!
7=A79-+7A;-+./K!0-@!@-!7)/P/!-?)-96N;9/K!P!A>9L/!A:?#!H7P!I>-!.-+-0!-+!9>-+.7!I>-!=/?!
)-0N;=-?! ?-! )>-@-+! ?>)-0)/+-0! >+/?! -+9;A7! @-! /.0/?#! Y7! 9/+N;5>079;J+! 9/+! >+/! /! A:?!
)-0N;=-?!90-7!>+!-+./0+/!a184!-+./0+/!9/A)=-./#!
!
B(@73F3+!,X)*,#(93+e! !I>-!7A)=67+!=/?!0-9>0?/?!@-!-O-9>9;J+!P!9/+.0/=K!.7=-?!
9/A/!9/+-9.;,;@7@!@-!M7?-!@-!@7./?K!A\./@/?!@-!9/A>+;979;J+K!50:N;9/?K!-.9#!S+!)7I>-.-!
/)9;/+7=!@-! 9/+N;5>079;J+!)>-@-! ?-0! ;+@-)-+@;-+.-! V-?!@-9;0K! -=! 7)/P/! .7+./!@-!<YD<!P!
<D<W!/!)>-@-!?-0!@;0;5;@/!7!>+7!9/+N;5>079;J+!-?)-96N;97#!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!

&*$7'(!K%R!
!
D-?7N/0.>+7@7A-+.-!=/?!)7I>-.-?!/)9;/+7=-?!)>-@-+!L79-0!-=!@-?)=;-5>-!@-!=7!7)=;979;J+!
@;N69;=K!P7!I>-!)/@067!.-0A;+70!9/+!>+7!=7057! =;?.7!@-!)7I>-.-?!/)9;/+7=-?!)707!7)/P70!?>!
?/=;9;.>@#!
!
!
!
!
!
!
!

!



"$!
!

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

(+@0/;@! -?! >+! ?;?.-A7! /)-07.;,/! M7?7@/! -+! [jSkY;+>c! @;?-U7@/! /0;5;+7=A-+.-! )707!
@;?)/?;.;,/?!AJ,;=-?K!.7=-?!9/A/!.-=\N/+/?!;+.-=;5-+.-?K!)-0/!I>-!)/?.-0;/0A-+.-!-c)7+@;J!
?>! @-?700/==/! )707! ?/)/0.70! /.0/?! @;?)/?;.;,/?! .7=-?! 9/A/! .7M=-.?K! 0-)0/@>9./0-?! 8E'K!
+-.M//n?K! E<?K! .-=-,;?/0-?K! =-9./0-?! @-! -]M//n?K! -.9#! R>-! @-?700/==7@/! ;+;9;7=A-+.-! )/0!
(+@0/;@!*+9#K!>+7!N;0A7!9/A)07@7!)/0![//5=-!-+!122&#!4?!-=!)0;+9;)7=!)0/@>9./!@-!=7!T)-+!
H7+@?-.! (==;7+9-K! >+! 9/+5=/A-07@/! @-! N7M0;97+.-?! P! @-?700/==7@/0-?! @-! L70@d70-K!
?/N.d70-! P! /)-07@/0-?! @-! ?-0,;9;/#! Y7?! >+;@7@-?! ,-+@;@7?! @-! .-=\N/+/?! ;+.-=;5-+.-?! 9/+!
(+@0/;@! ?-! >M;97+! -+! -=! )0;A-0! )>-?./! -+! =/?! 4?.7@/?! S+;@/?K! -+! -=! ?-5>+@/! P! .-09-0!
.0;A-?.0-?!@-!12"2K!9/+!>+7!9>/.7!@-!A-097@/!@-!%'K3h!-+!-=!.-09-0!.0;A-?.0-#!!

(+@0/;@! .;-+-! >+7! 507+! 9/A>+;@7@! @-! @-?700/==7@/0-?! -?90;M;-+@/! 7)=;979;/+-?! )707!
-c.-+@-0!=7!N>+9;/+7=;@7@!@-!=/?!@;?)/?;.;,/?#!(!=7!N-9L7K!?-!L7+!?/M0-)7?7@/!=7?!1&2#222!
7)=;979;/+-?!@;?)/+;M=-?!)707!=7!.;-+@7!@-!7)=;979;/+-?!/N;9;7=!@-!(+@0/;@b!(+@0/;@!870n-.K!
?;+!.-+-0!-+!9>-+.7!7)=;979;/+-?!@-!/.07?!.;-+@7?!+/!/N;9;7=-?!)707!(+@0/;@K!9/A/!)>-@-+!
?-0!=7!())!G./0-!@-!(A7Z/+!/!=7!.;-+@7!@-!7)=;979;/+-?!@-!G7A?>+5!(+@0/;@!870n-.K!I>-!
-?!=7!.;-+@7!@-!7)=;979;/+-?!-+!=6+-7!7@A;+;?.07@7!)/0![//5=-K!7>+I>-!-c;?.-!=7!)/?;M;=;@7@!
@-! /M.-+-0! ?/N.d70-! -c.-0+7A-+.-#! Y/?! )0/507A7?! -?.:+! -?90;./?! -+! -=! =-+5>7O-! @-!
)0/507A79;J+!a7,7#!j/!/M?.7+.-K!+/!-?!>+!?;?.-A7!/)-07.;,/!=;M0-!@-!A7=d70-K!7>+I>-!=7!
A7P/067!@-!-==/?!?/+!@-?97057@/?!@-!?;.;/?!@-!.-09-0/?#!

(+@0/;@!-?!>+7!);=7!@-!?/N.d70-!)707!@;?)/?;.;,/?!AJ,;=-?!I>-!;+9=>P-!=7?!7)=;979;/+-?!@-!
>+! ?;?.-A7! /)-07.;,/K! A;@@=-d70-! P! =7! 9=7,-#! 4=! GDf! @-! (+@0/;@! )0/)/09;/+7! =7?!
L-007A;-+.7?!P!(E*?!+-9-?70;/?!)707!9/A-+Z70!7!@-?700/==70!7)=;979;/+-?!-+!=7!)=7.7N/0A7!
(+@0/;@!>?7+@/!-=!=-+5>7O-!@-!)0/507A79;J+!a7,7#!!

<7079.-06?.;97?b!

 8709/!@-!7)=;979;J+!I>-!)-0A;.-!=7!0->.;=;Z79;J+!P!?>?.;.>9;J+!@-!=/?!9/A)/+-+.-?!!
 8:I>;+7!,;0.>7=!/).;A;Z7@7!)707!@;?)/?;.;,/?!AJ,;=-?!!
 j7,-57@/0!;+.-507@/!M7?7@/!-+!-=!9J@;5/!7M;-0./!Q-Mf;.!A/./0!!
 [0:N;9/?! /).;A;Z7@/?! ;A)>=?7@/! )/0! >+7! 9/?.>AM0-! @-! =7! M;M=;/.-97! @-! 50:N;9/?! 1DK!

50:N;9/?!'D!M7?7@/!-+!=7!-?)-9;N;979;J+!T)-+[Y!4G!"#2!V79-=-079;J+!@-!L70@d70-!/)9;/+7=W!!
 GlY;.-!)707!7=A79-+7A;-+./!@-!@7./?!-?.0>9.>07@/?!!
 ()/P/!7!=/?!A-@;/?!@-!7>@;/!9/A>+-?K!,;@-/?!P!N/0A7./?!@-!;A75-+!V8E4[%K!H#13%K!8E'K!

((<K!(8gK!aE[K!Ej[K![*RW!!
 [G8!@-!.-=-N/+67!V@-)-+@;-+.-!@-=!L70@d70-W!!
 B=>-.//.LK!4D[4K!'[!P!Q;R;!V@-)-+@;-+.-!@-=!L70@d70-W!!
 <:A707K![EGK!M0XO>=7!P!79-=-0JA-.0/!V@-)-+@;-+.-!@-=!L70@d70-W!!
 4+./0+/! @-! @-?700/==/! 9/A)=-./! I>-! ;+9=>P-! >+! -A>=7@/0! @-! @;?)/?;.;,/?K! L-007A;-+.7?!

)707! =7!@-)>079;J+K! =7!A-A/0;7!P!@-!)-0N;=-?!@-!0-+@;A;-+./K!P!>+!)=>5;+!)707!-=! *D4!@-!
49=;)?-#!

http://es.wikipedia.org/wiki/GNU/Linux
http://es.wikipedia.org/wiki/Dispositivo_m%C3%B3vil
http://es.wikipedia.org/wiki/Tel%C3%A9fono_inteligente
http://es.wikipedia.org/wiki/Tablet_PC
http://es.wikipedia.org/wiki/Reproductor_MP3
http://es.wikipedia.org/wiki/Netbook
http://es.wikipedia.org/wiki/Computadora_personal
http://es.wikipedia.org/wiki/Android_Inc.
http://es.wikipedia.org/wiki/Google
http://es.wikipedia.org/wiki/2005
http://es.wikipedia.org/wiki/Open_Handset_Alliance
http://es.wikipedia.org/wiki/Open_Handset_Alliance
http://es.wikipedia.org/wiki/Estados_Unidos
http://es.wikipedia.org/wiki/2010
http://es.wikipedia.org/wiki/Android_Market
http://es.wikipedia.org/wiki/Amazon
http://es.wikipedia.org/wiki/Samsung
http://es.wikipedia.org/wiki/Android_Market
http://es.wikipedia.org/wiki/Lenguaje_de_programaci%C3%B3n
http://es.wikipedia.org/wiki/Lenguaje_de_programaci%C3%B3n
http://es.wikipedia.org/wiki/Java_(lenguaje_de_programaci%C3%B3n)
http://es.wikipedia.org/wiki/Malware
http://translate.googleusercontent.com/translate_c?hl=es&prev=/search%3Fq%3Dprograming%2Bandroid%26hl%3Des%26biw%3D1280%26bih%3D683%26prmd%3Dimvns&rurl=translate.google.com.mx&sl=en&twu=1&u=http://developer.android.com/sdk/index.html&usg=ALkJrhh1my-RwS0vY1o5KgL5pZ_cOKm75g
http://translate.googleusercontent.com/translate_c?hl=es&prev=/search%3Fq%3Dprograming%2Bandroid%26hl%3Des%26biw%3D1280%26bih%3D683%26prmd%3Dimvns&rurl=translate.google.com.mx&sl=en&twu=1&u=http://webkit.org/&usg=ALkJrhhBL4cjUp8IkXkOa5PKygJKcqMuLg


12!
!

K%K%R EXX!"#a3#F,'!
!
!
S+7!7)=;979;J+!)0/)/09;/+7@7!)/0![//5=-!I>-!)-0A;.-!7!9>7=I>;-07!90-70!7)=;979;/+-?!@-!
?/N.d70-!)707!-=!?;?.-A7!/)-07.;,/!(+@0/;@!VTGW!G-!>.;=;Z7!>+7!;+.-0N7Z!50:N;97K!A>P!?;A;=70!
Scratch P!=7!;+.-0N7Z!@-!>?>70;/!G.70Y/5/!^j[K!I>-!)-0A;.-!7!=/?!>?>70;/?!7007?.070!P!?/=.70!
/MO-./?! ,;?>7=-?!)707! 90-70! >+7!7)=;979;J+!I>-!)>-@-! -O-9>.70?-!-+! -=! ?;?.-A7!(+@0/;@K!
I>-!N>+9;/+7!-+!A>9L/?!@;?)/?;.;,/?!AJ,;=-?#!Y7!7)=;979;J+!?-!)>?/!7!@;?)/?;9;J+!7!.07,\?!
@-!?/=;9;.>@!-=!"1!@-!O>=;/!@-!12"2K!P!=>-5/!)>M=;97@7!-=!"&!@-!@;9;-AM0-!@-!12"2#!!
!
4?.:! L-9L7! )707! )-0?/+7?! +/! N7A;=;70;Z7@7?! 9/+! =7! )0/507A79;J+! @-! 9/A)>.7@/07?#! 4=!
07Z/+7A;-+./! -?! I>-! ?;! =/?! OJ,-+-?! @-?-7+! -+.070! 7=! @-?700/==/! @-! 7)=;979;/+-?! )707!
?7.;?N79-0! ?>?! )0/);7?! +-9-?;@7@-?! -! ;+?.7=70=/?! -+! ?>?! )0/);/?! .-=\N/+/?K! ?-0:! A:?!
)0/M7M=-! I>-! -=! >?/! @-! =/?! .-=\N/+/?! ?-7! 9/+! A:?! N0-9>-+9;7K! /! 97AM;70! 7=! ?;?.-A7!
/)-07.;,/!(+@0/;@!?;!+/!-?.:+!>?7+@/!>+!.-=\N/+/!I>-!N>+9;/+7!9/+!-=!?;?.-A7#!
!
4+! =7!90-79;J+!@-!())! *+,-+./0!)707!(+@0/;@K![//5=-!?-!M7?J!-+! ;+,-?.;579;/+-?!)0-,;7?!
?;5+;N;97.;,7?!-+!;+N/0A:.;97!-@>97.;,7!P!-=!.07M7O/!0-7=;Z7@/!@-+.0/!@-![//5=-!-+!-+./0+/?!
@-!@-?700/==/!-+!=6+-7#!
!
4=!-@;./0!@-!M=/I>-?!>.;=;Z7! =7!M;M=;/.-97!@-!T)-+!B=/9n?!@-! a7,7!)707!90-70! =-+5>7O-?!@-!
)0/507A79;J+!,;?>7=!)/0!M=/I>-?#!T)-+!B=/9n?!?-!@;?.0;M>P-!)/0!-=!87??79L>?-..?!*+?.;.>.-!
/N!^-9L+/=/5P!E0/507A!o?!G9L-==-0!)707! =7!90-79;J+!@-!)0/507A7?!-@>979;/+7=-?!P!@-0;,7!
@-! =7! ;+,-?.;579;J+! @-! .-?;?! @-! A7-?.067! )/0! g;970/?-! g/I>-#! 4=! )0/N-?/0! 40;9! f=/)N-0! P!
D7+;-=!Q-+@-=!@-=!E0/507A7!G9L-==-0!7)/PJ!=7!@;?.0;M>9;J+!@-!T)-+!B=/9n?!M7O/!=7!=;9-+9;7!
8*^#! T)-+! B=/9n?! -?! )0/507A79;J+! ,;?>7=! P! -?.:! -?.0-9L7A-+.-! 0-=79;/+7@/! 9/+! -=!
G.70Y/5/!^j[K!>+!)0/P-9./!@-!=7!8*^!8-@;7!Y7M/07./0P!o?!50>)/!Y;N-=/+5!f;+@-0570.-+!#!
!
!

!
!
())!*+,-+./0!@-=!4@;./0!@-!M=/I>-?!!
!
4=! 9/A);=7@/0! I>-! .07@>9-! -=! =-+5>7O-! ,;?>7=! @-! M=/I>-?! )707! =7! ;A)=-A-+.79;J+! @-!
(+@0/;@! >.;=;Z7! =7! f7d7! =-+5>75-! R07A-d/0n! P! =7! -?.0>9.>07! @-=! =-+5>7O-! f7d7K!
@-?700/==7@7!)/0!E-0!B/.L+-0!P!@;?.0;M>;@/!9/A/!)70.-!@-=! ?;?.-A7!/)-07.;,/![jS! @-! =7!
R0--!G/N.d70-!R/>+@7.;/+#!
!

http://translate.googleusercontent.com/translate_c?hl=es&prev=/search%3Fq%3Dapp%2Binventor%2Bwiki%26hl%3Des%26biw%3D1280%26bih%3D683%26prmd%3Dimvns&rurl=translate.google.com.mx&sl=en&twu=1&u=http://en.wikipedia.org/wiki/Google&usg=ALkJrhhZxaVX8OpcuV2Mj7t-y0rLTLEvFg
http://translate.googleusercontent.com/translate_c?hl=es&prev=/search%3Fq%3Dapp%2Binventor%2Bwiki%26hl%3Des%26biw%3D1280%26bih%3D683%26prmd%3Dimvns&rurl=translate.google.com.mx&sl=en&twu=1&u=http://en.wikipedia.org/wiki/Application_software&usg=ALkJrhitxgEnSo5CmI9c7QQZmiuTyB5MPA
http://translate.googleusercontent.com/translate_c?hl=es&prev=/search%3Fq%3Dapp%2Binventor%2Bwiki%26hl%3Des%26biw%3D1280%26bih%3D683%26prmd%3Dimvns&rurl=translate.google.com.mx&sl=en&twu=1&u=http://en.wikipedia.org/wiki/Application_software&usg=ALkJrhitxgEnSo5CmI9c7QQZmiuTyB5MPA
http://translate.googleusercontent.com/translate_c?hl=es&prev=/search%3Fq%3Dapp%2Binventor%2Bwiki%26hl%3Des%26biw%3D1280%26bih%3D683%26prmd%3Dimvns&rurl=translate.google.com.mx&sl=en&twu=1&u=http://en.wikipedia.org/wiki/Android_(operating_system)&usg=ALkJrhgm9jzXwCoAKc-hmWl4YpN8i4fp7Q
http://translate.googleusercontent.com/translate_c?hl=es&prev=/search%3Fq%3Dapp%2Binventor%2Bwiki%26hl%3Des%26biw%3D1280%26bih%3D683%26prmd%3Dimvns&rurl=translate.google.com.mx&sl=en&twu=1&u=http://en.wikipedia.org/wiki/Scratch_(programming_language)&usg=ALkJrhiZNoHR5rIgFXuBJJauE_6c9ltYxw
http://translate.googleusercontent.com/translate_c?hl=es&prev=/search%3Fq%3Dapp%2Binventor%2Bwiki%26hl%3Des%26biw%3D1280%26bih%3D683%26prmd%3Dimvns&rurl=translate.google.com.mx&sl=en&twu=1&u=http://en.wikipedia.org/wiki/User_interface&usg=ALkJrhhjYelMjfnMuIKUR1otn6E_MSAFfg
http://translate.googleusercontent.com/translate_c?hl=es&prev=/search%3Fq%3Dapp%2Binventor%2Bwiki%26hl%3Des%26biw%3D1280%26bih%3D683%26prmd%3Dimvns&rurl=translate.google.com.mx&sl=en&twu=1&u=http://en.wikipedia.org/wiki/StarLogo_TNG&usg=ALkJrhj-gvWuAQu4pi4nbsPYF2TQO8tBmA
http://translate.googleusercontent.com/translate_c?hl=es&prev=/search%3Fq%3Dapp%2Binventor%2Bwiki%26hl%3Des%26biw%3D1280%26bih%3D683%26prmd%3Dimvns&rurl=translate.google.com.mx&sl=en&twu=1&u=http://en.wikipedia.org/wiki/Drag-and-drop&usg=ALkJrhiq85Vs97Twkfl9h7EV3vE3E26tKw
http://translate.googleusercontent.com/translate_c?hl=es&prev=/search%3Fq%3Dapp%2Binventor%2Bwiki%26hl%3Des%26biw%3D1280%26bih%3D683%26prmd%3Dimvns&rurl=translate.google.com.mx&sl=en&twu=1&u=http://en.wikipedia.org/wiki/Computer_programming&usg=ALkJrhiuZdulUmzXR68vP3-Idy7JK3iKYQ
http://translate.googleusercontent.com/translate_c?hl=es&prev=/search%3Fq%3Dapp%2Binventor%2Bwiki%26hl%3Des%26biw%3D1280%26bih%3D683%26prmd%3Dimvns&rurl=translate.google.com.mx&sl=en&twu=1&u=http://en.wikipedia.org/wiki/Massachusetts_Institute_of_Technology&usg=ALkJrhjt_G7dgPXsgh5wcR8JxvtqnXaNZQ
http://translate.googleusercontent.com/translate_c?hl=es&prev=/search%3Fq%3Dapp%2Binventor%2Bwiki%26hl%3Des%26biw%3D1280%26bih%3D683%26prmd%3Dimvns&rurl=translate.google.com.mx&sl=en&twu=1&u=http://en.wikipedia.org/wiki/Massachusetts_Institute_of_Technology&usg=ALkJrhjt_G7dgPXsgh5wcR8JxvtqnXaNZQ
http://translate.googleusercontent.com/translate_c?hl=es&prev=/search%3Fq%3Dapp%2Binventor%2Bwiki%26hl%3Des%26biw%3D1280%26bih%3D683%26prmd%3Dimvns&rurl=translate.google.com.mx&sl=en&twu=1&u=http://en.wikipedia.org/wiki/MIT_License&usg=ALkJrhhEZh72r5t5yy4jm2qpncA5Mb9wAA
http://translate.googleusercontent.com/translate_c?hl=es&prev=/search%3Fq%3Dapp%2Binventor%2Bwiki%26hl%3Des%26biw%3D1280%26bih%3D683%26prmd%3Dimvns&rurl=translate.google.com.mx&sl=en&twu=1&u=http://en.wikipedia.org/wiki/MIT_License&usg=ALkJrhhEZh72r5t5yy4jm2qpncA5Mb9wAA
http://translate.googleusercontent.com/translate_c?hl=es&prev=/search%3Fq%3Dapp%2Binventor%2Bwiki%26hl%3Des%26biw%3D1280%26bih%3D683%26prmd%3Dimvns&rurl=translate.google.com.mx&sl=en&twu=1&u=http://en.wikipedia.org/wiki/StarLogo_TNG&usg=ALkJrhj-gvWuAQu4pi4nbsPYF2TQO8tBmA
http://translate.googleusercontent.com/translate_c?hl=es&prev=/search%3Fq%3Dapp%2Binventor%2Bwiki%26hl%3Des%26biw%3D1280%26bih%3D683%26prmd%3Dimvns&rurl=translate.google.com.mx&sl=en&twu=1&u=http://en.wikipedia.org/wiki/MIT_Media_Laboratory&usg=ALkJrhjN5XvKZj48Q5hYRhb6hHCLuZokuA
http://translate.googleusercontent.com/translate_c?hl=es&prev=/search%3Fq%3Dapp%2Binventor%2Bwiki%26hl%3Des%26biw%3D1280%26bih%3D683%26prmd%3Dimvns&rurl=translate.google.com.mx&sl=en&twu=1&u=http://en.wikipedia.org/wiki/Mitchel_Resnick&usg=ALkJrhh7cfT4K-Wl1xnalVdP21CqjpzB5Q
http://translate.googleusercontent.com/translate_c?hl=es&prev=/search?q=app+inventor+wiki&hl=es&biw=1280&bih=683&prmd=imvns&rurl=translate.google.com.mx&sl=en&twu=1&u=http://en.wikipedia.org/wiki/File:App_Inventor_Block_Editor.png&usg=ALkJrhgnJny9vushz_rd2IQlHoitQtLpEA


1"!
!

[//5=-!())!*+,-+./0!?-!-+9>-+.07!@;?)/+;M=-!)707!?>!>?/!)/0!9>7=I>;-0!)-0?/+7!I>-!.-+57!
>+7!9>-+.7!@-![//5=-#!
!
E707!-A)-Z70!7!90-70!)0/P-9./?!-+!())!*+,-+./0!@-M-A/?!9/+N;5>070!+>-?.0/!-I>;)/b!
B(+,!Ke!-3@7*+*F,+!539!+*+F3.(e!
!
O'53#(5,'!f!0*+F3.(!OX3'(F*a,!
!
 879;+./?L!V9/+!)0/9-?7@/0!;+.-=Wb!879!TG!_!"2#&K!"2#3K!"2#C!
 Q;+@/d?b!Q;+@/d?!_EK!Q;+@/d?!`;?.7K!Q;+@/d?!C!
 [jSkY;+>cb!SM>+.>!FpK!D-M;7+!&p!
!
!
M(a3$(5,'!
!
 8/Z;==7!R;0-N/c!'#3!/!?>)-0;/0!
 ())=-!G7N70;!&#2!/!?>)-0;/0!
 [//5=-!<L0/A-!%#2!/!?>)-0;/0!
 8;90/?/N.!*+.-0+-.!4c)=/0-0!C!/!?>)-0;/0!
!
4=! -I>;)/! @-M-! @-! -O-9>.70! a7,7! 3! V.7AM;\+! 9/+/9;@/! 9/A/! a7,7! "#3W! E>-@-! @-?970570!
a(`(!@-?@-!L..)bkkO7,7#9/Ak-?k#!
!
!
B(+,!Ie!"#+F(9()*/#!53!9*='3'6(+!53!EXX!*#a3#F,'!
!
g*#5,^+!dBh!?*+F(h!ce!
!
g-9/A-+@7A/?! I>-! 0-7=;9-! =7! ;+?.7=79;J+! @-?@-! >+7! 9>-+.7! I>-! .-+57! )0;,;=-5;/?! @-!
7@A;+;?.07@/0! -+! ?>! -I>;)/#! 4?./! ;+?.7=70:! -=! ?/N.d70-! )707! ./@/?! =/?! >?>70;/?! @-! =7!
A:I>;+7#!G;!>?.-@!+/!.;-+-!)0;,;=-5;/?!@-!7@A;+;?.07@/0K! =7! ;+?.7=79;J+!@-M-067!N>+9;/+70K!
)-0/! =7!7)=;979;J+!@-!())! ;+,-+./0!?J=/!)/@0:!>.;=;Z70?-!7!)70.;0!@-! =7!9>-+.7!I>-!?-!>?J!
9>7+@/!;+?.7=J!-=!?/N.d70-#!
!
"#!D-?97057!-!;+?.7=7!-?.-!;+?.7=7@/0b!())*+,-+./0qG-.>)q*+?.7==-0q,q"q"#-c-!Vr$1!8BW!!
!
1#!G;!>+7!,-Z!;+?.7=7@/K!-A);-Z7!7!>.;=;Z70!());+,-+./0!d-M!P!O7,7!=-!)0-5>+.7!=7!>M;979;J+!
@-=!?/N.d70-!-?!-?.7b!!
!
 '1!M;.?!b!<b!s!(09L;,/?!@-!)0/507A7!s!());+,-+./0!s!9/A7+@/?!)707!=7!());+,-+./0#!!
 3%! M;.?! b! <b! s! (09L;,/?! @-! )0/507A7! VcF3W! s! ());+,-+./0! s! 9/A7+@/?! )707! =7!
());+,-+./0#!

!

http://java.com/es/
http://dl.google.com/dl/appinventor/installers/windows/appinventor_setup_installer_v_1_1.exe


11!
!

A()!O0!de!
!
D-?97057!-!;+?.7=7!-?.-!;+?.7=7@/0b!())*+,-+./0qG-.>)q*+?.7==-0q,q"q"#@A5!Vr$1!8BW!
!
!
WMPiY*#7je!
!
D-?97057!-!;+?.7=7!-?.-!;+?.7=7@/b!())*+,-+./0qG-.>)q*+?.7==-0q,q"q"q7==#@-M!Vr$1!8BW!
G;!+/!)>-@-?!;+?.7=70!-=!#@-M!@-?97057!-!;+?.7=7!-?.-!;+?.7=7@/0b!!
())*+,-+./0qG-.>)q*+?.7==-0q,q"q"#.70#5Z!Vr$1!8BW!
!
B(+,!Re!N.X*34(!(!7F*9*4('!EXX!"#a3#F,'kkk!
!
^-+;-+@/! >+7! 9>-+.7! [//5=-! )707! )/@-0! ;+;9;70! 7>./A:.;97A-+.-! /! 90-70! >+7! 9>-+.7!
[//5=-K!@;065-.-!7=!?;5>;-+.-!=;+nb!L..)bkkddd#7));+,-+./0M-.7#9/Ak7M/>.k!
!

!
!
!
!
!
!
!
!

http://dl.google.com/appinventor/installers/mac/AppInventor_Setup_v_1.1.dmg
http://dl.google.com/dl/appinventor/installers/linux/appinventor-setup_1.1_all.deb
http://dl.google.com/dl/appinventor/installers/linux/appinventor-setup_1.1.tar.gz
http://www.appinventorbeta.com/about/


1'!
!

K%I B',F,),9,!H3!:,.7#*)()*/#!
!
&
!"#"! 78951((1:-
!
!
B=>-.//.L!!-?!!>+7!!-?)-9;N;979;J+!!;+@>?.0;7=!!)707!!g-@-?!!*+7=:AM0;97?!!@-!!t0-7!!E-0?/+7=!
VQE(j?W!!I>-!!)/?;M;=;.7!!=7!!.07+?A;?;J+!!@-!!,/Z!!P!!@7./?!!-+.0-!!@;N-0-+.-?!!@;?)/?;.;,/?!
A-@;7+.-! !>+! !-+=79-! !)/0! ! 07@;/N0-9>-+9;7! !-+! ! =7! !M7+@7! ! *G8! !@-! ! =/?! !1K%! ![HZ#! ! Y/?!
)0;+9;)7=-?!/MO-.;,/?!I>-!?-!)0-.-+@-+!9/+?-5>;0!9/+!-?.7!+/0A7!?/+b!!
!

!
!
0-@-?!;+7=:AM0;97?!P!N79;=;.70!=7!?;+90/+;Z79;J+!

@-!@7./?!-+.0-!-I>;)/?!)-0?/+7=-?#!!
!
Y/?!@;?)/?;.;,/?!I>-!9/+!A7P/0!N0-9>-+9;7!>.;=;Z7+!-?.7!.-9+/=/567!)-0.-+-9-+!7!?-9./0-?!
@-!!=7?!!.-=-9/A>+;979;/+-?!!P!!=7!!;+N/0A:.;97!!)-0?/+7=K!!9/A/!!ED(K!!.-=\N/+/?!!AJ,;=-?K!
9/A)>.7@/07?!)/0.:.;=-?K!/0@-+7@/0-?!)-0?/+7=-?K!;A)0-?/07?!/!9:A707?!@;5;.7=-?#!!
!
G-!!@-+/A;+7!!B=>-.//.L!!7=!!)0/./9/=/!!@-!!9/A>+;979;/+-?!!@;?-U7@/!!-?)-9;7=A-+.-!)707!
@;?)/?;.;,/?!@-!M7O/!9/+?>A/K!9/+!>+7!9/M-0.>07!M7O7!P!M7?7@7!-+!.07+?9-)./0-?!@-!M7O/!
9/?./#![079;7?!7!-?.-!)0/./9/=/K!=/?!@;?)/?;.;,/?!I>-!=/!;A)=-A-+.7+!)>-@-+!9/A>+;970?-!
-+.0-!-==/?!9>7+@/!?-!-+9>-+.07+!@-+.0/!@-!?>!7=97+9-#! ! Y7?!9/A>+;979;/+-?!?-! 0-7=;Z7+!
)/0!!07@;/N0-9>-+9;7!!@-!!N/0A7!!I>-!!=/?!!@;?)/?;.;,/?!!+/!!.;-+-+!!I>-!!-?.70!!7=;+-7@/?!!P!
)>-@-+!;+9=>?/!-?.70!-+!L7M;.79;/+-?!?-)707@7?!?;!=7!)/.-+9;7!@-!.07+?A;?;J+!=/!)-0A;.-#!!
!
4?./?! @;?)/?;.;,/?! ?-! 9=7?;N;97+! 9/A/! i<=7?-! "iK! i<=7?-! 1i! /! i<=7?-! 'i! -+! 0-N-0-+9;7! 7! ?>!
)/.-+9;7!!@-!!.07+?A;?;J+K!!?;-+@/!!./.7=A-+.-!!9/A)7.;M=-?!!=/?!!@;?)/?;.;,/?!!@-!!>+7!!9=7?-!
9/+!=/?!@-!=7?!/.07?#!Y7!.7M=7#!*#*!A>-?.07!=7?!@;N-0-+9;7?!-+.0-!97@7!>+7!@-!=7?!9=7?-?!@-!!

B=>-.//.Lb!

!

!



1%!
!

4+!=7!A7P/067!@-!=/?!97?/?K!=7!9/M-0.>07!-N-9.;,7!@-!>+!@;?)/?;.;,/!@-!9=7?-!1!?-!-c.;-+@-!
9>7+@/!?-!9/+-9.7!7!>+!.07+?9-)./0!@-!9=7?-!"#!4?./!-?!7?6!5079;7?!7!=7!A7P/0!?-+?;M;=;@7@!P!!
)/.-+9;7!!@-!!.07+?A;?;J+!!@-=!!@;?)/?;.;,/!!@-!!9=7?-!!"K!!-?!!@-9;0K!!=7!!A7P/0!!)/.-+9;7!!@-!
.07+?A;?;J+!@-=!@;?)/?;.;,/!@-!9=7?-!"!)-0A;.-!I>-! =7!?-U7=! ==-5>-!9/+!-+-0567!?>N;9;-+.-!
L7?.7!!-=!!@-!!9=7?-!!1#!!E/0!!/.07!!)70.-!!=7!!A7P/0!!?-+?;M;=;@7@!!@-=!!@;?)/?;.;,/!!@-!!9=7?-!!"!
)-0A;.-!0-9;M;0!=7!?-U7=!@-=!/.0/!)-?-!7!?-0!A:?!@\M;=#!!
!
!
^/)/=/567!@-!=7?!0-@-?!B=>-.//.L!!
!
(! ! @;N-0-+9;7! ! @-! ! /.07?! ! .-9+/=/567?! ! Y(j! ! ;+7=:AM0;97?K! ! 9/A/! ! *444! ! F21#""! ! VQ;]R;WK!
@;?-U7@7?!!)707!!@;?)/?;.;,/?!!I>-!!?-!!L7==-+!!@-+.0/!!/!!-+!!=/?!!7=0-@-@/0-?!!@-!!>+!!A;?A/!
-@;N;9;/K! ! =/?! ! @;?)/?;.;,/?! ! I>-! ! >.;=;9-+! ! =7?! ! 0-@-?! ! E(j! ! ;+7=:AM0;97?! ! *444! ! F21#"&K!
;+9=>P-+@/!!B=>-.//.LK!!)/@0:+!!9/A>+;970?-!!-+!!9>7=I>;-0!!)70.-!!@-=!!A>+@/!!@-!!N/0A7!
?.7+@]7=/+-K!!;+9=>?/!!7!!M/0@/!!@-!!>+!!M709/!!/!!7,;J+!!P!!?;+!!+-9-?;@7@!!@-!!>.;=;Z70!!-I>;)/!
L70@d70-!!7@;9;/+7=K!!9/A/!!)>+./?!!@-!!799-?/#!<>7+@/!!>+!!@;?)/?;.;,/!!B=>-.//.L!!-?.:!
@-+.0/!!@-=!!07@;/!!@-!!9/M-0.>07!!@-!!/.0/K!!)>-@-+!!-?.7M=-9-0!!>+!!-+=79-!!-+.0-!!-==/?#!
H7?.7! /9L/! >+;@7@-?! B=>-.//.L! )>-@-+! ! 9/A>+;970?-! ! -+.0-! -==7?! ! P! N/0A70! =/! I>-! ! ?-!
@-+/A;+7!>+7!E;9/+-.!/!E;9/00-@#!!!!!
!!
Y7!>+;J+!@-!,70;7?!);9/+-.?!?-!@-+/A;+7!G97..-0+-.!/!g-@!D;?)-0?7!=/!9>7=!?-!A>-?.07!-+!
=7!N;5>07!"#%!

!

!

!

!

!

!

!

R;5#!"#%!G97..-0+-.!/!g-@!D;?)-0?7!

!
!
!
!
!



1&!
!

Y/?!@;?)/?;.;,/?!@-+.0/!@-!>+7!);9/+-.!O>-57+!@/?!)7)-=-?b!A7-?.0/!/!-?9=7,/#!4+!./@7?!=7?!
);9/+-.?!!?J=/!!)>-@-!!L7M-0!!>+7!!>+;@7@!!A7-?.0/K!!I>-!!+/0A7=A-+.-!!-?!!I>;-+!!;+;9;7!!=7!
9/+-c;J+K!!-=!!0-?./!!@-!!>+;@7@-?!!B=>-.//.L!!-+!!=7!!);9/+-.!!?-!!@-+/A;+7+!!-?9=7,/?#!!
!
<>7=I>;-0!@;?)/?;.;,/!)>-@-! 0-7=;Z70! =7?! N>+9;/+-?!@-!A7-?.0/! P!-?9=7,/K!)-0/!>+!A;?A/!
@;?)/?;.;,/!X+;97A-+.-!)>-@-!?-0!A7-?.0/!@-!>+7!);9/+-.!9>P/!0-=/O!!P!!)7.0J+!@-!?7=./?!
?-!>.;=;Z7+!)707!?;+90/+;Z70!7!./@/?!=/?!@-A:?!@;?)/?;.;,/?!-?9=7,/?#!!!!!
!!
Y7! ! ./)/=/567! ! B=>-.//.L! ! ?-! ! )>-@-! ! @-?90;M;0! ! 9/A/! ! >+7! ! -?.0>9.>07! ! @-! ! );9/+-.?!
AX=.;)=-?#!D7@/!!I>-!!=7!!-?)-9;N;979;J+!!B=>-.//.L!!?/)/0.7!!.7+.7?!!9/+-c;/+-?!!)>+./!!7!!
)>+./!!9/A/!)>+./!!7!!A>=.;)>+./K!!?-!!)>-@-+!!-?.7M=-9-0!!P!!-+=7Z70!!,70;7?!!);9/+-.?!!-+!!
N/0A7!!@-!?97..-0+-.#!!Y7?!!);9/+-.?!!)-0.-+-9;-+.-?!!7!!>+7!!A;?A7!!?97..-0+-.!!+/!!-?.:+!
9//0@;+7@7?!!P! =/?!?7=./?!@-!N0-9>-+9;7!?>9-@-+!@-!N/0A7!;+@-)-+@;-+.-K!-?!@-9;0K!./@/?!
=/?! @;?)/?;.;,/?! I>-! ! )70.;9;)7+! ! -+! ! =7! ! A;?A7! ! );9/+-.! ! ?-! ! ?;+90/+;Z7+! ! 9/+! ! ?>!!
9/00-?)/+@;-+.-! ! .;-A)/! !@-! 0-=/O! ! P! !)7.0J+! !@-! ! ?7=./?! !@-.-0A;+7@/#! !(>+I>-! !+/! ! ?-!!
)-0A;.-! ! =7! !?;+90/+;Z79;J+!!@-!@;N-0-+.-?! !);9/+-.?K! ! =/?! !@;?)/?;.;,/?! !)>-@-+!!)70.;9;)70!!
-+!!@;N-0-+.-?!!);9/+-.?!!5079;7?!!7!>+7!!A>=.;)=-c79;J+!!)/0!!@;,;?;J+!!@-!!.;-A)/!!V^D8W#!!!
!
4?./! ! )-0A;.-! ! 7! ! >+! ! @;?)/?;.;,/! )70.;9;)70! @-! N/0A7! ?-9>-+9;7=! -+!@;N-0-+.-?! );9/+-.?K!
-?.7+@/!79.;,/!-+!?J=/!>+7!);9/+-.!97@7!,-Z#!!
!
!
B'*#)*X*,!53!&7#)*,#(.*3#F,!!
!
Y7?!0-@-?!@-!!B=>-.//.L!.07+?A;.-+!@7./?!)/0!A-@;/!@-!/+@7?!@-!07@;/!@-!M7O7!)/.-+9;7#!!
G-!9/A>+;97!-+!>+7!N0-9>-+9;7!@-!-+.0-!1#%21![HZ!P!1#%F2![HZK!)707!?-0!-c79./?#!4?.7?!
N0-9>-+9;7?! ?-!L7+!@7@/!)/0!>+7!@-9;?;J+! 9/+O>+.7! 7!+;,-=! ;+.-0+79;/+7=! )707! ?>!>?/!-+!
@;?)/?;.;,/?!!;+@>?.0;7=-?K!!9;-+.6N;9/?!!P!!A\@;9/?#!!Y/?!!A/+;./0-?!!@-!!9/+.0/=!@-!!M-M\?K!!
=7?! )>-0.7?! ! @-! ! 5707O-! ! 7>./A:.;97?K! ! P! ! =7?! ! +>-,7?! ! 5-+-079;/+-?! ! @-! ! .-=\N/+/?!!
;+7=:AM0;9/?K!L79-+!>?/!@-!=7?!N0-9>-+9;7?!-+!=7!M7+@7!*G8#!(?-5>070?-!@-!I>-!B=>-.//.L!
P!-?./?!/.0/?!@;?)/?;.;,/?!!+/!!?-!!;+.-0N;-0-+!!-+.0-!!-==/?K!!L7!!?;@/!!>+7!!)70.-!!90>9;7=!!-+!!
-=!!)0/9-?/!!@-!@;?-U/#!!
!
S+7!@-!=7?!A7+-07?!-+!=7?!I>-!B=>-.//.L!-,;.7!;+.-0N-0;0!9/+!/.0/?!?;?.-A7?K!-?!-+,;7+@/!
?-U7=-?!!A>P!!@\M;=-?!!@-!!A:?!!/!!A-+/?!!"!!A;=;,7.;/#!!E/0!!9/A)7079;J+K!!=/?!!.-=\N/+/?!
AJ,;=-?!A:?!)/.-+.-?!)>-@-+!.07+?A;.;0!>+7!?-U7=!@-!'!,7.;/?#!4?.7!M7O7!)/.-+9;7!=;A;.7!-=!!
07+5/! ! @-! ! 799;J+! ! @-! ! >+! ! @;?)/?;.;,/! ! B=>-.//.LK! ! 7! ! >+/?! ! "2! !A-.0/?K! ! 7.7O7+@/! ! =7?!
)/?;M;=;@7@-?!!@-!!;+.-0N-0-+9;7?!!-+.0-!!.>!!?;?.-A7!!;+N/0A:.;9/!!P!!.>!!.-=\N/+/!!AJ,;=!!/!
.-=-,;?;J+#!
!
!
!
!
!



13!
!

K%R A,579,!-MGSK!
!
!
Y7! gj]%"! ?/)/0.7! AX=.;)=-?! )-0N;=-?! @-! B=>-.//.LK! -?.:! 9-0.;N;97@7! )/0! 9/A)=-./K! P! -?!
?;A)=-!-+!@;?-U/K!)/0! =/!I>-!-?!>+7!9/A)=-.7!?/=>9;J+! ;+.-507@7!B=>-.//.L#!</+!?>!7=./!
0-+@;A;-+./! -+! >+! 9L;)! 9/A/! =7! 7+.-+7! P! ?/)/0.-! )707! B=>-.//.L! 4+L7+9-@! D7.7! g7.-!
V4DgWK!=7!gj]%"!/N0-9-!L7?.7!'!8M)?!@-!,-=/9;@7@!@-!@7./?!7!@;?.7+9;7?!@-!"22!A-.0/?#!Y7!
gj]%"! -?! -=! )0/@>9./! )-0N-9./! )707! =/?! ;+5-+;-0/?! )707! =7! ;A)=-A-+.79;J+! @-!
9/A>+;979;J+!B=>-.//.L!7!?>?!)0/@>9./?!?;+!.-+-0!I>-!57?.70!A>9L/!.;-A)/!P!@;+-0/!)707!
@-?700/==70!L70@d70-!9/+!B=>-.//.L!P!?/N.d70-!-?)-96N;9/?#!!
!
Y7!gj]%"!)>-@-!?-0!9/+N;5>07@7!@-!@;N-0-+.-?!A/@/?b!!
!
H<*! 8/@-b! 4+! -?.-! A/@/K! =7! );=7! @-! B=>-.//.L! ?-! -?.:! -O-9>.7+@/! -+! >+! )0/9-?7@/0!
-c.-0+/!V+/!-+!=7!gj]%"W#!
!
H7P!@/?!)/?;M=-?!/)9;/+-?!@-!;+.-0N7Z!@-!L70@d70-b!!

 S(g^b!4?./!?-!==7A7!H<*!-+!H%#!Y7!,-=/9;@7@!@-!.07+?A;?;J+!-+!-=!I>-!=7!gj]%"!?-!
9/A>+;97! 9/+! -=! )0/9-?7@/0! -?! N;O/! P! .;-+-! I>-! ?-0! )0/507A7@/! V-+! =7! gj]%"W!
@>07+.-! -=! )0/9-?/! @-! 79.>7=;Z79;J+! @-=! N;0Ad70-#! Y/?! 9=;-+.-?! +-9-?;.7+! )707!
-?)-9;N;970!-?.7!-=!)-@;@/#!!

!
 SGBb! 4+! -?.-!A/@/K! =7!gj]%"!-?! =7! ;+.-0N7Z! 9/+! -=! )0/9-?7@/0! -c.-0+/!>.;=;Z7+@/!

>+7!;+.-0N7Z!SGB#!Y7!gj]%"!79.X7!9/A/!>+!-?9=7,/!SGB!V+/!-?!>+!L/?.!SGBW#!!
!
Y7! )0;+9;)7=! ,-+.7O7! @-=! A/@/! @-! H<*! -?! I>-! )-0A;.-! 7! =/?! 9=;-+.-?! -O-9>.70! )-0N;=-?!
)-0?/+7=;Z7@/?!-+!?>!)0/9-?7@/0#!^7AM;\+!)0/)/09;/+7!7=.7?!,-=/9;@7@-?!@-!@7./?!VL7?.7!
'!8M)?W#!!
!
H*D!8/@-b!-=!9>7=!?;0,-!)707!@70!?/)/0.-!)707!=7!90-79;J+!/!7)=;979;J+!@-!.-9=7@/?K!A/>?-?!
>!/.0/?!@;?)/?;.;,/?!I>-!>?-+!=7!H>A7+!*+.-0N79-!D-,;9-#!!
!
:('()F3'6+F*)(+!!
!

 !^/.7=A-+.-!9>7=;N;97@/!)707!=7!9=7?-!"!B=>-.//.L!1#"!p!4Dg!AJ@>=/#!
 B=>-.//.L!G*[!97=;N;97@/#!
 S(g^!VGEE!/!H<*W!P!SGB!V?J=/!H<*W#!
 E;=7!4AM-M;@7!;+.-507@7!V)0/9-?7@/0!9-+.07=!+/!-?!+-9-?70;/W#!!
 </A)7.;M=-!9/+!B=>-.//.L!@-!-+=79-!@-!@7./?!)707!;EL/+-!k!;E7@!k!;E/@!^/>9L!!
 </A)7.;M=-!9/+!-=!)-0N;=!H*D!)707!=7!N7M0;979;J+!@-!799-?/0;/?!.7=-?!9/A/!.-9=7@/?K!

07./+-?K!@;?)/?;.;,/?!@-!?-U7=;Z79;J+#!
 8/@/!@-!M7O/!9/+?>A/!)0/507A7M=-?#!
 </A>+;979;/+-?!?-5>07?K!-+90;).79;J+!@-!"1F!M;.?#!



1C!
!

 </00-99;J+!@-!-00/0-?!-+!=7!-+.0-57!@-!)7I>-.-?!5707+.;Z7@/?#!(>./]
@;?9/,-0Pk)7;0;+5!+/!0-I>;-0-!+;+5>+7!9/+N;5>079;J+!@-!?/N.d70-!V-=!0--A)=7Z/!@-!
97M=-?!;+?.7+.:+-/?W#!
!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!



1F!
!

K%S E'57*#,!PMO!
!
!
(0@>;+/!-?!>+7!)=7.7N/0A7!-=-9.0J+;97!7M;-0.7!)707! =7! 90-79;J+!@-!)0/./.;)/?!M7?7@7!-+!
?/N.d70-!P!L70@d70-!N=-c;M=-?!P!N:9;=-?!@-!>?70#!!
!
(0@>;+/!)>-@-!./A70! ;+N/0A79;J+!@-=!-+./0+/!7!.07,\?!@-!?>?!);+-?!@-!-+.07@7!@-!./@7!
>+7!57A7!@-!?-+?/0-?!P!)>-@-!7N-9.70!7I>-==/!I>-!=-!0/@-7!9/+.0/=7+@/!=>9-?K!A/./0-?!P!
/.0/?! 79.>7@/0-?#! 4=! A;90/9/+.0/=7@/0! -+! =7! )=797! (0@>;+/! ?-! )0/507A7! A-@;7+.-! -=!
=-+5>7O-!@-!)0/507A79;J+!(0@>;+/!VM7?7@/!-+!Q;0;+5W!P!-=!-+./0+/!@-!@-?700/==/!(0@>;+/!
VM7?7@/! -+! E0/9-??;+5W#! Y/?! )0/P-9./?! L-9L/?! 9/+! (0@>;+/! )>-@-+! -O-9>.70?-! ?;+!
+-9-?;@7@! @-! 9/+-9.70! 7! >+! /0@-+7@/0K! ?;! M;-+! .;-+-+! =7! )/?;M;=;@7@! @-! L79-0=/! P!
9/A>+;970!9/+!@;N-0-+.-?!.;)/?!@-!?/N.d70-!V)#-O#!R=7?LK!E0/9-??;+5K!87c8GEW#!!
!
!
N9!E'57*#,!P#,!X,+33e!
!
"%!-+.07@7?k?7=;@7?!@;5;.7=-?K!@-!=/?!9>7=-?!3!)>-@-+!?-0!>?7@/?!9/A/!?7=;@7?!EQ8!
E/?--!3!-+.07@7?!7+7=J5;97?!
Y/?!);+!2!P!"!)>-@-+!N>+9;/+70!9/A/!g_!P!^_!?-0;7=#!
S+!/?9;=7@/0!@-!90P?.7=!@-!"3!8HZ!
</+-9./0!SGB!
S+!O79n!@-!)/@-0!
S+!9/+-9./0!*<GE!
B/.J+!@-!g-?-.!
!
4=!(0@>;+/!SjT!)/?--!./@/!=/!I>-!?-!+-9-?;.7!)707!A7+-O70!-=!9/+.0/=7@/0K!?;A)=-A-+.-!
?-!9/+-9.7!7!>+!9/A)>.7@/0!)/0!A-@;/!@-=!97M=-!SGB!/!?-!)>-@-!7=;A-+.70!>.;=;Z7+@/!>+7!
M7.-067! /! >+! 7@7).7@/0! (<]D<#! G;! ?-! 9/+-9.7! )/0! SGBK! =7! 7=;A-+.79;J+! -c.-0+7! +/! -?!
+-9-?70;7#!
!
!
E9$7#(+!)('()F3'6+F*)(+!+,#e!
!
8;90/9/+.0/==-0! (^A-57'1F!
T)-07.;+5!`/=.75-! &`!
*+)>.!`/=.75-!V0-9/AA-+@-@W! C]"1!`!
*+)>.!`/=.75-!V=;A;.?W! 3]12!`!
D;5;.7=!*kT!E;+?! "%!V/N!dL;9L!3!)0/,;@-!EQ8!/>.)>.W!
(+7=/5!*+)>.!E;+?! 3!
D<!<>00-+.!)-0!*kT!E;+! %2!A(!
D<!<>00-+.!N/0!'#'`!E;+! &2!A(!

http://arduino.cc/es/Reference/HomePage
http://wiring.org.co/
http://www.processing.org/


1$!
!

R=7?L!8-A/0P! '1!fB!V/N!dL;9L!2#&!fB!>?-@!MP!M//.=/7@-0W!
Gg(8! 1!fB!
44EgT8! "!fB!
<=/9n!G)--@! "3!8HZ!
!
!
Y7?! 4+.07@7?! 7+7=J5;97?! ?/+! @-! "2! M;.?K! )/0! =/! I>-! -+.0-57+! ,7=/0-?! -+.0-! 2! P! "21'#! 4=!
07+5/!@-! ,/=.7O-! -?.:!@7@/!-+.0-!2! P!&! ,/=.?K!)-0/!>.;=;Z7+@/!-=! );+!(g4RK! -?.-! 07+5/! ?-!
)>-@-!,70;70!7!7=5X+!/.0/!@-?-7@/#!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!



'2!
!

K%\ B9(F(D,'.(!B('(!39!]('5^('3!
!
!
!";"! 0%5'<=+-
-
-
S+7! @-! =7?! )70.-?! A:?! ;A)/0.7+.-?! -+! -=! @;?-U/! @-! ?;?.-A7?! -?! I>-! =7! -+-0567! -?! -=!
)70.-75>7?!@-!./@/!)0/P-9./K!0-9/0@-A/?!I>-!./@7?! =7?!9/?7?!I>-!?-!A>-,-+!+-9-?;.7+!
7=5>+7! N/0A7! @-! -+-0567! PK! 9/A/! -O-A)=/! ?;A)=-K! 9>7+@/! >+! /MO-./! 97-! ?>! N>-+.-! @-!
-+-0567!-?! =7!507,-@7@#!E/0!-?/!-=!)/@-0K! .07M7O/!P!-+-0567!-?.:+!A:?! =;57@/?!@-! =/!I>-!
)/@-A/?! )-+?70#! S+7! @-! =7?! -c)-0;-+9;7?! I>-!A-! L7! @-O7@/! -?! I>-! 9>7+@/! @-9;@;A/?!
0-7=;Z70!7=5X+!)0/P-9./!97?;!+>+97!9/+?;@-07A/?!I>-!-=!?>A;+;?.0/!@-!-+-0567!@-M-!@-!?-0!
>+! .-A7! @-! 9/+?;@-079;J+K! P! A:?! 9>7+@/! -?.7! -?.:! 5-+-07@7! )/0! 7=5X+!A-@;/! )/0.:.;=!
9/A/!M7.-067?!/!9-=@7?!N/./,/=.7;97?e!9>:+.7?!,-9-?!L-A/?!7=;A-+.7@/!+>-?.0/!9;09>;./!P!
-+!>+!=7)?/!@-!.;-A)/!?-!)707K!/M?-0,7A/?!I>-!+>-?.07!-c)-9.7.;,7!@-!,;@7!+/!N>-!=7!I>-!
-?)-07A/?K!-?./!-?!)/0I>-!+>+97!9/+?;@-07A/?!-=!9/+?>A/!I>-!\?.-!.;-+-!-+!>+!=7)?/!@-!
.;-A)/!P!?;!+>-?.07!N>-+.-!)>-@-!)0/)/09;/+70!-?-!@-?57?.-!-+-05\.;9/#!

!";"!"! 0%5'<=+-.5/>%)/+&
!
!
Y7!-+-0567!A-9:+;97!-?! =7!?>A7!@-!-+-0567!)/.-+9;7=!P!9;+\.;97!@-!>+!/MO-./#!Y7!-+-0567!
)/.-+9;7=!-?! =7!97+.;@7@!@-!-+-0567!I>-!?-!7=A79-+7!-+!>+!/MO-./!-+!0-)/?/#!Y7!-+-0567!
9;+\.;97!-?! =7!I>-! .;-+-!>+!/MO-./!@-M;@/!7! ?>!A/,;A;-+./#!^/A7+@/!>+!-O-A)=/!@-! >+!
=;M0/e!>+7!)-=/.7!)707@7!-+! =7!9;A7!@-!>+7!9/=;+7K! .;-+-!>+7!-+-0567!)/.-+9;7=! ;5>7=!7!?>!
)-?/!A>=.;)=;97@7!)/0!=7!7=.>07!@-!=7!9/=;+7#!

-04+=>$&?,/40*)$@&A&?4<,&B&$@/C+$&

G;! =7! M/=7! )-?7! @/?! =;M07?K! P! -=! 9-00/! ?-! -+9>-+.07! 7! 12! A-.0/?! @-! 7=.>07K! =7! -+-0567!
)/.-+9;7=!-?!@-!%2!N.]=M#!G;!?-!-A)>O7!P!-A);-Z7!7!0/@70!)/0!=7!9/=;+7K!=7!-+-0567!)/.-+9;7=!
?-!9/+,;-0.-!-+!-+-0567!9;+-.-97#!

-04+=>$&D)0E/)*$&A&F&B&3$<$&B&G4@,*).$.'&

8;-+.07?! =7! )-=/.7! -?.:! 0/@7+@/! )/0! =7! 9/=;+7K! =7! -+-0567! )/.-+9;7=! -?.:! @;?A;+>P-+@/!
V)/0I>-! -?.:! )-0@;-+@/! 7=.>07WK! A;-+.07?! I>-! =7! -+-0567! 9;+\.;97! -?! 97@7! ,-Z! A7P/0!
V)/0I>-!,7!A:?!0:);@/W#!(=!==-570!7=!);-!@-!=7!A/+.7U7!=7!)-=/.7!+/!.;-+-!-+-0567!)/.-+9;7=!
)/0I>-!?-!L7!9/+,-0.;@/!-+!-+-0567!9;+\.;97#!

!



'"!
!

H,/$I&-</4&4<&C0,&.4&@,<&/$0/,<&J$*/,+4<&J><)*,<&KC4&$J4*/$0&$&0C4</+,&+,L,/&M&.4L4&.4&.$+<4&
*C40/$&KC4&.4N40.)40.,&.4&0C4</+,&.)<4O,&4</4&NC4.4& )+& 04*4<)/$0.,&3$M,+4<&NC0/,<&$&
$0$@)P$+Q&NC4</,&KC4&@$<&@4M4<&J><)*$<&4</R0&N+4<40/4<&40&/,.$&$*/)%).$.&.4&@$&/)4++$"&

!

!";"!"# ?>8/98(@-
!
!

E0;A-0/! L7P! I>-! 7+7=;Z70! 7=! 0/M/.K! -?.-! .;-+-! >+7! A7?7! P! 0-7=;Z7! 799;/+-?! I>-! >+/! =-!
7?;5+7K!7!A-+>@/!)/@-A/?!97=9>=70!=7!-+-0567!I>-!?-!+-9-?;.70:#!E/0!-O-A)=/K!?;!?7M-A/?!
I>-!-=!0/M/.!)-?7!"#&n!V9/+!M7.-067?!;+9=>;@7?W!P!.;-+-!I>-!?>M;0!>+7!-?97=-07!@-!3!A-.0/?!
1!,-9-?!7=!@67K!?-!)>-@-!@-.-0A;+70!=7!-+-0567!)/.-+9;7=!I>-!?-!+-9-?;.7!)707!I>-!-=!0/M/.!
?>M7!=7!-?97=-07K!9/+!=7!N/0A>=7!E4!u!A!_!5!_!Lb!

!

G;!>+!O/>=-?!-?!;5>7=!7!#2221CF!d7..]L/07K!FF#1!O/>=-?!-I>;,7=-!7!2#21%&"$3#!</A/!@7./?!@-!
0-N-0-+9;7!9/=/9/!>+7!.7M=7!@-!0-=79;J+!@-!7=5>+7?!M7.-067?!0-97057M=-?!V^7M=7!"#"W!9/+!?>!
0-=79;J+! d7..]L/07#! l>;-0/! 79=7070! I>-! -c;?.-+! A>9L7?! /.07?! .-9+/=/567?! @-! M7.-067?!
@;?)/+;M=-?! -+! -=! A-097@/K! )/0! -?/! 0-9/A-+@7A/?! ;+,-?.;570! A:?! )/?;M;=;@7@-?! P!
)0-?.79;/+-?!)707!+>-?.0/!)0/P-9./#!

C(=9(!K%K!

C*X,!53!U(F3'6(! g(FFG2,'(! A(F3'*(9!
H! S%J! M*)(5!
H! c%T! MA]!
EE! J%b! M*)(5!
EE! K%T! MA]!
EEE! K%I! M*)(5!
!!

H/P!-+!@67!-c;?.-+!M7.-067?!A:?!-N;9;-+.-?K!@-!A-+/0!.7A7U/!P!)0-9;/!>+!)/9/!07Z/+7M=-?!
?;! 9/+?;@-07A/?! =7?! )0-?.79;/+-?! I>-! +/?! @70:K! >+! -O-A)=/! @-! -==/! ?/+! =7?! M7.-067?! @-!
E/=6A-0/! @-! Y;.;/! VY;)/WK! /! =7?! @-! */+! Y;.;/! VY;]*/+WK! -?.7?! M7.-067?! )/@067+! 9/+?;@-070?-!
9/A/!>+!7,7+9-!@-!5-+-079;J+!)>-?./!I>-!M0;+@7+!A7P/0!-+-0567!9/+!0-?)-9./!7=!)-?/!P!
@-!?/)/0.70!A7P/0!97+.;@7@!@-!97057?!P!@-?97057?!I>-!=7?!7+.-0;/0-?!A-+9;/+7@7?#!4+!=/?!
.-A7?!?;5>;-+.-?!?-!A>-?.07!A:?!97?/?!@-!7+:=;?;?!7=!A/A-+./!@-!-?9/5-0!>+7!N>-+.-!@-!
-+-0567#!!



'1!
!

!";"!"A .5&)&+@-54B=')/+@-
!
!
T.07!N/0A7!@-!?7M-0!9>:=!?-067!-=!9/+?>A/!-+-05\.;9/K!?-!M7?7!-+!0-7=;Z70!>+!A/@-=/!@-!
)0>-M7! @-! +>-?.0/! ?;?.-A7K! @-! -?.7! N/0A7! )/@-A/?! /M?-0,70! A-O/0! ?>! 0-I>-0;A;-+./K!
)-0/!-?./!-+!/97?;/+-?!;A)=;97!A:?!9/?./?!@-!-=7M/079;J+#!4c;?.-+!@;,-0?/?!)0/507A7?!I>-!
?/+! 97)79-?! @-! ?;A>=70! .7+./! ?;?.-A7?! -=\9.0;9/?! 9/A/! A-9:+;9/?! )-0/! ?7M-A/?! I>-!
A>9L/?!@-!=/?!97?/?!+/!)>-@-+!?-0!?;A>=7@/?K!)-0/!-?./!+/?!M0;+@7!0-?>=.7@/?!9-097+/?!
I>-!)/@-A/?!9/+?;@-070!-+!+>-?.0/!@;?-U/#!

!

!";"!"C 7+15'=+@-
!
!
Y7?!M7.-067?!?/+!-=!A-@;/!@-!?>A;+;?.0/!-+-05\.;9/!A:?!>.;=;Z7@/!-+!=/?!9;09>;./?!AJ,;=-?!/!
0/MJ.;97K! P! -+! -?.-! .-A7! A/?.07A/?! 9/+?;@-079;/+-?! I>-! +/?! 7P>@70:+! 7! -?9/5-0! =7!
M7.-067!I>-! ?-! 7@7).-!A-O/0! 7!+>-?.0/! 0-I>-0;A;-+./! P!@;?-U/#!</A/!+>-?.0/!)0/P-9./!
)/?--! 97079.-06?.;97?! @-! A/,;=;@7@! )/0! A-@;/! ;+7=:AM0;9/K! L-A/?! 0-I>-0;@/! @-! >+7!
M7.-067!P!-?.7?!?/+!=7?!9/+?;@-079;/+-?!I>-!L-A/?!./A7@/#!

!

!";"!"C"! 0%5'<=+-&5-8+@-D+15'=+@-
!
!
^/@7?!=7?!M7.-067?K!?;+! ;A)/0.70!?>!.;)/K!?-!A;@-+!-+!7A)-0;/]L/07K!-?!@-9;0K! =7!9/00;-+.-!
VA-@;@7!-+!7A)-0;/?!/!A;=;7A)-0;/?W!A>=.;)=;97@/!)/0!-=! .;-A)/!VL/07W!I>-! =7!9/00;-+.-!
N=>P-! -+! =7! M7.-067#! 4?! +-9-?70;/! ./A70! -?.-! @7./! V^-A7! "#1#1W! P7! I>-! +/?! ?;0,-! @-!
0-N-0-+9;7! @-=! .;-A)/! I>-! =7! M7.-067! ?>A;+;?.070:! 97057! )707! +/?/.0/?#! 4?./! -?! N:9;=! 7=!
A/A-+./! @-! I>-0-0! ?7M-0! -=! .;-A)/! I>-! +>-?.0/! 9;09>;./! N>+9;/+70:K! ./A7+@/! >+!
-O-A)=/K!?>)/+57A/?!I>-!+>-?.0/!9700/!>+7!,-Z!.-0A;+7@/!9/+?>A;0:!./@7!=7!9;09>;.-067!"!
(A)-0K! P! =7! M7.-067! I>-! ?;0,-! @-! N>-+.-! -+.0-57! >+7! 9/00;-+.-! @-! 1! (A)-0]L/07K! -?./!
?;5+;N;97!I>-!+>-?.0/!9700/!7+@70:!)/0!1!L/07?K!)-0/!?;!-?.-!9/+?>A;-07!1!(A)-0!-?./!+/?!
=;A;.7! 7! I>-! =7! M7.-067! )>-@7! 7=;A-+.70=/! @>07+.-! "! L/07K! -?.7!A;?A7! 7+7=/567! )707! -=!
9:=9>=/! @-=! .;-A)/! -?! ;5>7=! >+7! ,-Z! ?7M;-+@/! -=! 9/+?>A/#! `-A/?! -+./+9-?! )/0I>-! -?!
;A)/0.7+.-!-?.-!@7./!-+!+>-?.0/!@;?-U/#!

4=! .-A7!@-! =7?!M7.-067?!-?!A>P!-c.-+?/!P!+/!-?!+>-?.0/!/MO-.;,/!)0/)/09;/+70=/!-+!-?.-!
A7+>7=K!)-0/!)/@-A/?!7@-=7+.70=-!I>-!=7?!M7.-067?!.;-+-+!>+7!-N;9;-+9;7!P!-?.:!=;57@7!)/0!
-=!.;)/!@-!A7.-0;7!I>-!=7!9/A)/+-+K!7@-A:?!@-!)/?--0!>+7!0-?;?.-+9;7!;+.-0+7!I>-!97>?7!



''!
!

I>-!?>!-N;9;-+9;7!+/!?-7!@-=!"22h!P!I>-!-=!,7=/0!@-!-?.7!@-)-+@-!@-! =7!97=;@7@K!A7097!P!
)0-9;/#!4=!N7M0;97+.-!)0/)/09;/+7!;+N/0A79;J+!?/M0-!-?./K!P!9/A/!@7./!;A)/0.7+.-K!./@7?!
=7?!M7.-067?!)/?--+!>+7!50:N;97!I>-!A7097!=7!0-=79;J+!@-!@-?97057!P!.;-A)/K!-?./!?;5+;N;97!
I>-!=7?!M7.-067?!.07M7O7+!A-O/0!)/0! =7)?/?!@-!.;-A)/!P7!I>-!)-0A;.-+!I>-!0-9>)-0-+!?>!
97057!P!.;-A)/!)707!-+N0;7A;-+./#!4+./+9-?!7=!9/+?;@-070!>+7!M7.-067!@-M-A/?!/M?-0,70!
=7! .-A)-07.>07! @-! .07M7O/K! @-+?;@7@! @-! -+-0567K! 97057?! P! @-?97057?K! ,/=.7O-K! 9/00;-+.-K!
97)79;@7@!P!L7?.7!?>!,;@7!X.;=#!

!

!";"# E(/(4(/)F%-
!
!
4?.7!-?!>+7!)70.-!;A)/0.7+.-!@-=!)0/P-9./!?;+!A-+/?)0-9;70!7!=7?!7+.-0;/0-?!A-+9;/+7@7?K!
)-0/! -?.7! O>-57! >+! )7)-=! -?)-9;7=! -+! -=! 0/M/.K! )/0I>-! )707! @-?=;Z70?-! P! ?7=.70K! -+! =7!
A-9:+;97!@-!>+!0/M/.K!-c;?.-+!@;,-0?7?!N/0A7?!@-! =/5070=/!P!-=!7+:=;?;?!@-! =7! =/9/A/9;J+!
+/?!7P>@707!7!-+.-+@-0!-?./#!!

Y7!=/9/A/9;J+!?-!@-?9/A)/+-!-+!@/?!)70.-?b!=7!I>-!0-7=;Z7!-=!7)/P/!?/M0-!-=!A-@;/!-+!-=!
I>-!?-!-?)-07!I>-!?-!@-?)=79-!-=!0/M/.!P!=7!I>-!)-0A;.-!?>!)0/)>=?;J+#!4?.7!X=.;A7!;+9=>P-!
=/?!A/./0-?!P!=/?!A-97+;?A/?!I>-!)-0A;.-+!-=!@-?)=7Z7A;-+./!9/A/!?/+!=7?!==7+.7?K!0;-=-?K!
/0>57?K! )7.7?K! -.9#! G7M-A/?! I>-! @-)-+@;-+@/! @-=! A-@;/! -+! -=! I>-! ?-! @-?)=79-! V75>7K!
.;-007K!7;0-W!?-0:!-=!A-97+;?A/!I>-!-=;O7A/?#!

4+!+>-?.0/!)0/P-9./K! 7=! 9/+?;@-070!I>-! ?-!@-?)=7Z707K! ?/M0-! ?>)-0N;9;-?! .-00-?.0-?! P! 9/+!
0-5>=70;@7@!A-@;7K!/).7A/?!)/0!-=!>?/!@-!=7?!==7+.7?!/!0>-@7?#!

!

!

!

!

!

!

!

!



'%!
!

!";"A G)'5//)F%-
!
!
(L/07!+/?!9-+.0-A/?!-+!=7!@;0-99;J+!@-!+>-?.0/!AJ,;=#!4?.-!)>+./!-?.:!=;57@/!7!=7!N/0A7!
I>-!.-+@0:!-=!0/M/.K!9/+?;@-07+@/!=7!N/0A7!/!-=!+XA-0/!@-!==7+.7?K!7?6!9/A/!=7!=;M-0.7@!@-!
+7,-579;J+!P!-=!.;)/!@-!.07M7O/!I>-!@-M-!0-7=;Z70K!@>07+.-!=7!;+,-?.;579;J+!)>@-!/M?-0,70!
I>-!-c;?.-+!,70;/?!700-5=/?!@-!0>-@7?!@-!=7?!9>7=-?!>+!@;?-U7@/0!)>-@-!-=-5;0K!-+.0-!-?.7?!
?-!-+9>-+.07+!V,-0!R;5>07!"#&W!

&

&

&

&

S)=C+$&!"6"Q&,L<4+%43,<&KC4&40/+4&@,<&$++4=@,<&<4&40*C40/+$&2+6&C0&$++4=@,&*,0&+C4.$<&@,*$<&
M&/+$**)80&@$/4+$@Q&2D6-C0&$++4=@,&4@&*C$@&C<$&/+4<&+C4.$<&M&@$&/+$**)80&.4N40.4+R&.4@&/,+KC4&
M&3$0),L+$L)@).$.& KC4& +4KC)+$3,<Q& 2/6& 4@& $++4=@,& L)*)*@4/$& KC4& .4N40.4& .4& C0$& /+$**)80&
/+$<4+$&M&C0$&+C4.$&.4@$0/4+$&M&4@&2&6-C0&$++4=@,&/)N,&$C/,38%)@Q&4<4&L$<$&40&/404+&/+$**)80&
/+$<4+$&M&C0&4#4&KC4&N,<44&.,<&+C4.$<"&

B7?:+@/+/?!-+!+>-?.0/!0-I>-0;A;-+./K!@-9;@;A/?!/).70!)/0!-=!700-5=/!7>./AJ,;=K!P7!I>-!
9/+?;@-07+@/!-=!)-?/K!,/=>A-+!P!7@7).79;/+-?!@-=!)0/P-9./K!/M?-0,7A/?!I>-!-?.-!A-@;/!
)0/)/09;/+7! A7P/0! ?/)/0.-! 7=! )-?/K! -?.7M;=;@7@! -+! .-00-+/! ;00-5>=70! P! 7@7).79;/+-?! 7=!
9L7?;?#!



'&!
!

4?!9=70/!I>-!-?./?!?/+!A/@-=/?!M7?-!P!I>-!?-!)0-?.7+!)707!A/@;N;979;/+-?!/!7@7).7M;=;@7@!
-+! -=! @;?-U/! P! N/0A7! @-! +>-?.0/! 0/M/.K! -?! )/0! -?/! I>-! @-M-A/?! O>570! >+! )/9/! 9/+! -=!
@;?-U/!P!/M?-0,70!?>!@-?-A)-U/#!

!

!";"C .+%5*(-
!
!
m7! ./97A/?! -=! .-A7! @-! =7! @;0-99;J+! )-0/! N7=.7! -=! 7+:=;?;?! @-=! A7+-O/K! 0-9/);=7+@/!
;+N/0A79;J+!+/.7A/?!I>-!\?.-!-?.:!)0/N>+@7A-+.-! =;57@/!9/+! =7!@;0-99;J+!P!\?./!-?!7?6!
)/0I>-! @-)-+@-! @-=! 700-5=/! @-! 0>-@7?K! =/! I>-! +/?! )-0A;.-! 9/+N;5>070! -=! A\./@/! @-!
A7+-O/#!

</A/!?-!/M?-0,7K!-?!)/?;M=-!9/+N;5>070!@;,-0?7?!N/0A7?!@-!A7+-O/!-+!>+!A;?A/!@;?-U/K!
97@7! >+7! 9/+.;-+-! >+! )>+./! N>-0.-! P! >+/!@\M;=K! P7! I>-! 97@7! >+/! ?-! 7A/=@7! 7=! .;)/! @-!
0/M/.! I>-! ,7A/?! 7!
@;?-U70#! T.07?! N/0A7?! ?/+K!
,-0!R;5>07!"#3!

!

!

!

!

!

!

R;5>07!"#3!

T4&,L<4+%$&KC4&4@&*$3L),&.4&.)+4**)80&<4&*,0<)=C4&%$+)$0.,&@$&%4@,*).$.&.4&@,<&3,/,+4<&
$<,*)$.,<&$&*$.$&C0$&.4&@$<&+C4.$<&@$/4+$@4<Q&,&%$+)$0.,&@$&,+)40/$*)80&.4&@$<&+C4.$<"&

G;!./A7A/?!9/A/!-O-A)=/!-=!700-5=/!l(m!/!l=m!@-!=7!R;5>07!"#&K!)/@-A/?!/M?-0,70!I>-! =7!
.0799;J+!-?.7067!A:?!0-=79;/+7@7!7!=7?!==7+.7?!=7.-07=-?!/!=7?!@/?!.07?-07?K!-?./!0-)-09>.-!-+!
+>-?.0/! @;?-U/! @-! =7! ?;5>;-+.-! N/0A7K! ?;! 7+7=;Z7A/?! M;-+! =7! N/0A7! -+! I>-! -?.-! 5;07067!
/M?-0,7A/?! I>-K! ?;! 9/=/97A/?! =7! .0799;J+! 7! =7?! @/?! 0>-@7?! ?;+! )/?;M;=;@7@! @-! 9/+.0/=!
;+@-)-+@;-+.-K!-?./!97>?7!I>-!-=!AJ,;=! 7M70I>-!A:?!:0-7!@-! =7! ?>)-0N;9;-!7=! 0-7=;Z70!>+!
5;0/K! P7! I>-! =7?! @/?! 0>-@7?! 5-+-07+! >+! ,-9./0! @-! @;0-99;J+K! )-0/! -?! 97?/! 9/+.070;/! ?;!



'3!
!

+/?/.0/?! ;A)=-A-+.7A/?! I>-! =7! .0799;J+! ?-! -+9>-+.0-! @-! ;5>7=! N/0A7! -+! =7?! ==7+.7?!
.07?-07?! )-0/! 9/+! =7! 97)79;@7@! @-!A7+;)>=70=7?! ;+@-)-+@;-+.-A-+.-K! -?./?! +/?! 5-+-07!
@/?!A\./@/?!A:?K!>+/!9/+!-=!9>7=!)/@7A/?!7)7570!>+7!==7+.7!P!5;070!/.07K!-?./!97>?7!I>-!
-=!AJ,;=!)>-@7!5;070!-+!?>!)0/);/!-O-K!)-0/!5-+-07+@/!7007?.0-e!P!=7!?-5>+@7!-?!5;070!>+7!
0>-@7!7=! ?-+.;@/! 9/+.070;/!I>-! =7!/.07!/M.-+;-+@/!>+!5;0/!A:?! ?>7,-! P!-,;.7+@/! =/!A:?!
)/?;M=-!-=!=7?.0-!@-=!L>=-!-+!=7!?>)-0N;9;-#!

(=!/).70!)/0!>+!A\./@/!.;)/!7>./AJ,;=K!+>-?.0/!A7+-O/!-?.:!=;57@/!7!.-+-0!>+7!.0799;J+!
.07?-07! P! +/! +-9-?70;7A-+.-! 9/+.0/=! ;+@-)-+@;-+.-K! -?./! -?! )/0I>-! -+! =7?! 0>-@7?!
@-=7+.-07?!?-!-+9/+.0707!>+!?;?.-A7!I>-!)0/)/09;/+-!@;0-99;J+K!-?.-!@;?-U/!?-!N/0.7=-9-!
)/0! I>-! )/?--! A7P/0! -?.7M;=;@7@! -+! .-00-+/?! ;00-5>=70-?K! -I>;=;M0;/K! ?/)/0.-! @-! )-?/K!
.7A7U/K!)/0!A-+9;/+70!7=5>+/?#!E-0/!-+!5;0/!-?.-!)/?--!>+!:0-7!A7P/0!VR;5>07!"#CWK!9/A/!
?-!-c)=;9J!-+!-=!A/@-=/!7+.-0;/0#!

4=! .-A7! @-=! :0-7! @-! 5;0/! -?! ;A)/0.7+.-! )/0I>-! -?.-! +/?! @-=;A;.7067! L7?.7! I>\! 507@/!
+>-?.0/! 0/M/.! )>-@-! 799-@-0! 7! :0-7?! 9/+! -?)79;/?! 0-@>9;@/?! /! =7! ,-=/9;@7@! @-! 5;0/K!
0-?)>-?.7! 0:);@7! P! A7+;/M07?! @;N69;=-?#! 4+! +>-?.0/! 97?/! I>-0-A/?! >+! 0/M/.! AJ,;=! I>-!
N>+9;/+-!-+!.-00-+/?!A:?!-?970)7@/?!P!9/+!>+7!@;0-99;J+!N;7M=-!?;!9/+!-=!.;-A)/!)-+?7A/?!
7@7).70=-!+>-,/?!?;?.-A7?#!

!

!

!

!

!

!

!

!

R;5>07!"#C!

4+! =7! N;5>07! ?-!A>-?.07!-=! 0-9/00;@/!I>-!@-M-! 0-7=;Z70!-=!AJ,;=! )707! 9>A)=;0!>+7! ,>-=.7#!
g-9/0@70!I>-!97@7!A/@-=/!.;-+-!>+7!.07P-9./0;7K!)707!-O-09-0!>+!5;0/!-?!;+@;?)-+?7M=-!-=!
@;?-U/!)/0I>-!@-!-?.7!N/0A7!)/@-A/?!@-@>9;0!9>7=!9>A)=-!9/+!-=!0-I>-0;@/K!-+!=7!R;5>07!
"#F!)/+-A/?!>+7!9/A)7079;J+!@-!@/?!9/+N;5>079;/+-?!@-!0>-@7!P!A7+-O/#!

!



'C!
!

!

!

!

!

!

!

!

!

R;5>07!"#F!

!

!";"; .(1('5@-
!

!Y/?!A/./0-?!?/+!?;A)=-A-+.-!@;?)/?;.;,/?!I>-!./A7+!=7!-+-0567!-=\9.0;97!P!=7!9/+,;-0.-+!
-+! -+-0567! A-9:+;97#! Y7! A7P/067! @-! =/?! A/./0-?! 9/+,;-0.-+! =7! -+-0567! @-! >+! 97A)/!
A75+\.;9/!9/+!M/M;+7?K!)-0/!>+/?!)/9/?!+/!>.;=;Z7+!M/M;+7?!)707!L79-0!-?.-!.07M7O/#!Y7!
-+-0567!I>-!-==/?!>.;=;Z7+!)>-@-!)0/,-+;0!@-!>+7!N>-+.-!@-!<(!/!<D!P!-+!N>+9;J+!@-=!.;)/!
@-!-+-0567!I>-!>?7+!-?!9/A/!?-!9=7?;N;97#!

(I>6!)0-.-+@-A/?!@70!>+7!;@-7!@-!9/+?;@-079;J+!7=!9/+?.0>;0!>+!0/M/.K!P!9/A/!=/!L-A/?!
L-9L/! -+! =/?! .-A7?! 7+.-0;/0-?K! ?/=/! A70970-A/?! 7=5>+/?! )>+./?! ;A)/0.7+.-?! P! .-/067!
)079.;97!)707!7+7=;Z70e!=/?!A/./0-?!?/+!>+7!A7.-0;7!@-!-?.>@;/!P!9/A/!.7=K!97@7!A/@-=/!P!
.;)/!9/+.;-+-!>+7!-c.-+?7! ;+N/0A79;J+!P!NJ0A>=7?!I>-!+/?!@-.7==7+!?>!N>+9;/+7A;-+./!P!
/)-079;J+#!

!";";"! .(1('5@-&5-?G-
!
!
4?.-! .;)/! @-! A/./0-?! -?! -=! A:?! 9/AX+! -+! 7)=;979;/+-?! -+! =7! 0/MJ.;97! )>-?./! I>-! ?>!
7=;A-+.79;J+! )>-@-! -?.70! @-M;@7! 7! >+7! M7.-067! P! +/! )/?;M=-A-+.-! 7! >+! -c.-+?/! 97M=-!
9/A/!?-0;7!-+!=/?!.;)/?!<(K!7@-A:?!,;-+-+!-+!A>9L/?!-?.;=/?!@;N-0-+.-?#!4+!=/?!A/./0-?!
@-! <(! .;-+-+! A-+/?! -?.;=/?! )/0I>-! ?>! 70I>;.-9.>07! ;+.-+.7! 7)0/,-9L70! -=! A/,;A;-+./!
-c;?.-+.-!V/+@7W!@-!=7!7=;A-+.79;J+!!@-!<(#!!



'F!
!

4+!5-+-07=K!=/?!A/./0-?!@-!<D!.;-+-+!;A7+-?!)-0A7+-+.-?!-+!-=!-?.7./0!P!-=!0/./0!@-!=7?!
M/M;+7?! V7=! 0-,\?!7! =/?!A/./0-?!@-!<(W#!G;+!-AM705/K!@-?@-!<D!+/!.;-+-+!A/,;A;-+./!7!
97>?7!@-! =7! N/0A7!@-!/+@7!@-! =7!?-U7=K!-?!)/0!-?/!I>-! =7!-=-9.0J+;97!@-=!A/./0!@-M-!@-!
L79-0!-?.-!97AM;/!@-!)/=70;@7@#!4?./!)>-@-!?>9-@-0!@-!@;N-0-+.-?!A7+-07?#!

!

!

!

!

!

!

R;5>07!"#$!4O-A)=/!@-!>+!A/./0!@-!<D!

!";";"# .(1('-+-H+@(@-
!
!
4?.-!.;)/!@-!A/./0-?!?-!)>-@-!>.;=;Z70!)707!=7!=/9/A/9;J+K!A/,;A;-+./K!@;0-99;J+!P!9/+.0/=!
@-!)/?;9;/+7A;-+./#!4?./?!A/./0-?!?/+!X+;9/?!)/0I>-!?-!)>-@-+!9/+.0/=70!)/0!A-@;/!@-!
9;09>;./?! @;5;.7=-?K! -?./! =-?! M0;+@7! A>9L7! 79-).79;J+! -+! =7! 0/MJ.;97! /! 7)=;979;/+-?!
-=-9.0J+;97?#!(@-A:?!?/+!;@-7=-?!)707!-=!9/+.0/=!@-!N/0A7!=;+-7=!/!0/.7.;,7#!

<>7+@/! ?-! 7)=;97! -+-0567! 7! >+! A/./0! -=\9.0;9/! -?.:+@70K! ?>! 0/./0! -A);-Z7! 7! 5;070! ?;+!
)0/M=-A7K! =7!,-=/9;@7@!P! =7!)/?;9;J+!@-=!0/./0!@-=!A/./0!-?!>+7!N>+9;J+!@-! =7!.-+?;J+K! =7!
97057!@-=!A/./0!P!.;-A)/#!S+!)/?;9;/+7A;-+./!@-=!0/./0!+/!-?!)/?;M=-#!S+!A/./0!)7?/!7!
)7?/K! ?;+! -AM705/K! ?-! -O-9>.7! -+! >+7! ?-9>-+9;7! @-! )>=?/?! -=\9.0;9/?! 7! =7?! M/M;+7?! @-=!
A/./0#! <7@7! )>=?/! @-! >+7! M/M;+7! L79-! 5;070! -=! 0/./0! @-! >+7! 97+.;@7@! -c79.7!
)0-@-.-0A;+7@7#!Y/?!A/,;A;-+./?!;+90-A-+.7=-?!@-=!0/./0!7!A-+>@/!?/+!==7A7@/?!)7?/?#!
D-!7L6!-=!+/AM0-!@-!A/./0!)7?/!7!)7?/#!

j/!./@/?!=/?!A/./0-?!)7?/!7!)7?/!5;07+!-=!-O-!V0/./0W!-+!=7!A;?A7!97+.;@7@!)/0!)7?/#!4?./?!
?/+!N7M0;97@/?!9/+!@;N-0-+.-?!507@/?!@-!0/.79;J+!)/0!-=!)7?/!V/!)>=?/W#!Y/?!507@/?!J).;A/?!
-+!97@7!)7?/!@-)-+@-0:+!@-!=7!7)=;979;J+!-+!)70.;9>=70#!<>7+@/!?-!9/A)07!>+!A/./0!@-!
-?.-!.;)/K!-+!?>!L/O7!@-!-?)-9;N;979;/+-?!-c)=;97+!9=707A-+.-!-=!507@/!@-!0/.79;J+#!S?.-@!
)>-@-!-+9/+.070!>+7!507+!,70;-@7@!@-!A/./0-?K!9/+!@;N-0-+.-?!507@/?!)/0!)7?/!I>-!,7+!
@-?@-!>+7!N0799;J+!@-!507@/!V-?!@-9;0!2#C1!507@/?W!7!A>9L/?!507@/?!V-?!@-9;0!11#&!507@/?W#!



'$!
!

!

!

!

!

!

!

!

!

R;5>07!"#"2!4?.0>9.>07!@-=!A/./0!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!R;5>07!"#""!8/./0!7!E7?/?!

!

!";";"A I5',(4(1('-

S+!?-0,/A/./0!V.7AM;\+!==7A7@/!?-0,/W!-?!>+!@;?)/?;.;,/!?;A;=70!7!>+!A/./0!@-!9/00;-+.-!
9/+.;+>7!I>-!.;-+-!=7!97)79;@7@!@-!>M;970?-!-+!9>7=I>;-0!)/?;9;J+!@-+.0/!@-!?>!07+5/!@-!
/)-079;J+K!P!A7+.-+-0?-!-?.7M=-!-+!@;9L7!)/?;9;J+#!4?.:!9/+N/0A7@/!)/0!>+!A/./0K!>+7!
97O7!0-@>9./07!P!>+!9;09>;./!@-!9/+.0/=#!!

Y7! 9/00;-+.-! I>-! 0-I>;-0-! @-)-+@-! @-=! .7A7U/! @-=! ?-0,/#! j/0A7=A-+.-! -=! N7M0;97+.-!
;+@;97!9>7=!-?! =7!9/00;-+.-!I>-!9/+?>A-#!Y7!9/00;-+.-!@-)-+@-!)0;+9;)7=A-+.-!@-=!)70K!P!
)>-@-!-c9-@-0!>+!7A)-0;/!?;!-=!?-0,/!-?.:!-+9=7,7@/K!)-0/!+/!-?!A>P!7=./!?;!-=!?-0,/!-?.:!
=;M0-!A/,;\+@/?-!./@/!-=!.;-A)/#!

Y/?!?-0,/A/./0-?!L79-+!>?/!@-!=7!A/@>=79;J+!)/0!7+9L/!@-!)>=?/?!VEQ8W!)707!9/+.0/=70!
=7! @;0-99;J+! /! )/?;9;J+! @-! =/?!A/./0-?! @-! 9/00;-+.-! 9/+.;+>7#! Y7!A7P/067! .07M7O7! -+! =7!
N0-9>-+9;7! @-! =/?! 9;+9>-+.7! L-09;/?K! 7?6! =7?! ?-U7=-?! EQ8! .-+@0:+! >+! )-0;/@/! @-! ,-;+.-!
A;=;?-5>+@/?#! Y7! -=-9.0J+;97! @-+.0/! @-=! ?-0,/A/./0! 0-?)/+@-0:! 7=! 7+9L/! @-! =7! ?-U7=!
A/@>=7@7#! G;! =/?! 9;09>;./?! @-+.0/! @-=! ?-0,/A/./0! 0-9;M-+! >+7! ?-U7=! @-! -+.0-! 2K&! 7! "K%!
A;=;?-5>+@/?K! -?.-! ?-!A/,-0:!-+! ?-+.;@/!L/070;/e! -+.0-!"K3! 7! 1!A;=;?-5>+@/?!A/,-0:!-=!
?-0,/A/./0!-+!?-+.;@/!7+.;L/070;/e!"K&!A;=;?-5>+@/?!0-)0-?-+.7!>+!-?.7@/!+->.0/!)707!=/?!
?-0,/A/./0-?!-?.:+@70-?#!(!9/+.;+>79;J+!?-!-c)/+-+!>+!-O-A)=/!@-!9/+.0/=!VR;5>07!"#CWb!



%2!
!

!

!

!

!

!

!

!

!

!

!

R;5>07!"#"1!-O-A)=/!@-!9/+.0/=!@-!>+!?-0,/A/./0!

!

!

!!

!

!

!

!

R;5>07!"#"'!G-0,/A/./0!

!

!

!

!



%"!
!

!";";"C .(1('-&5-?$-
!

G-!@-+/A;+7!A/./0!@-!9/00;-+.-!7=.-0+7!7!7I>-==/?!A/./0-?!-=\9.0;9/?!I>-!N>+9;/+7+!9/+!
9/00;-+.-! 7=.-0+7#! 4c;?.-! >+7! 507+! ,70;-@7@! @-! A/./0-?! @-! <(K! -+.0-! -==/?! .0-?! .;)/?!
M:?;9/?b!-=!>+;,-0?7=K!-=!?6+90/+/!P!-=!@-! O7>=7!@-!70@;==7#!4?.-!.-A7!+/!?-0:!)0/N>+@;Z7@/!
)>-?./!I>-!+>-?.0/!AJ,;=!+/!>.;=;Z707!-?.-!.;)/!@-!A/./0-?K!?;+!-AM705/!?/+!>.;=;Z7@/?!-+!
=7!0/MJ.;97#!

!

K%\%b B73#F3!]!

S+!!E>-+.-!!H!!-?!!>+!!9;09>;./!!-=-9.0J+;9/!!I>-!!)-0A;.-!!7!!>+!!A/./0!!-=\9.0;9/!!D<!!5;070!!
-+! 7AM/?! ! ?-+.;@/?K! ! 7,7+9-! ! P! ! 0-.0/9-?/#! ! G/+! ! 7A)=;7A-+.-! ! >?7@/?! ! -+! ! 0/MJ.;97! ! P!!
9/A/!9/+,-0.;@/0-?! !@-! !)/.-+9;7#! ! Y/?! !)>-+.-?! !H! !-?.:+! !@;?)/+;M=-?! !9/A/! !9;09>;./?!
;+.-507@/?K!)-0/!.7AM;\+!)>-@-+!9/+?.0>;0?-!7!)70.;0!@-!9/A)/+-+.-?!@;?90-./?K!P7!I>-!=7!
;+.-0N7Z!@-!)/.-+9;7!)707!A/./0-?!@-!<<K!ES4j^4!HK!-?!>+!?;?.-A7!I>-!)-0A;.-!9/+.0/=70!
A/./0-?!-+!!07+5/?!!-+.0-!!"1!!P!!'2!!,/=.;/?!!P!! !9/+!!9/+?>A/?!!@-!!L7?.7!!'2!!7A)-0;/?!!
)/0! !A-@;/! !@-!0-=\?!@-!)/.-+9;7#! ! Y7!N;5>07!"#"%!+/?!A>-?.07! =7!-?.0>9.>07!M:?;97!@-!>+!
)>-+.-!H#!!!

!

!

!

!

!!

R;5#!"#"%#]!4?.0>9.>07!M:?;97!@-!>+!E>-+.-!H!

4=!!.\0A;+/!!i)>-+.-!!Hi!!)0/,;-+-!!@-!!=7!!.6);97!!0-)0-?-+.79;J+!!50:N;97!!@-=!!9;09>;./#!!S+!
)>-+.-!H!?-!9/+?.0>P-!9/+!%! ;+.-00>)./0-?!VA-9:+;9/?!/!A-@;7+.-!.07+?;?./0-?W#!<>7+@/!
=/?!!;+.-00>)./0-?!!G"!!P!!G%!!V,-0!!)0;A-07!!N;5>07W!!-?.:+!!9-007@/?!!VP!!G1!!P!!G'!!7M;-0./?W!!?-!
7)=;97!!>+7!!.-+?;J+!!)/?;.;,7!!-+!!-=!!A/./0K!!L79;\+@/=/!!5;070!!-+!!>+!!?-+.;@/#!!(M0;-+@/!!
=/?!;+.-00>)./0-?!G"!P!G%!VP!9-007+@/!G1!P!G'WK!-=!,/=.7O-!?-!;+,;-0.-K!)-0A;.;-+@/!-=!5;0/!-+!
?-+.;@/!;+,-0?/!@-=!A/./0#!!

!



%1!
!

</+! =7!+/A-+9=7.>07!I>-!-?.7A/?!>?7+@/K! =/?! ;+.-00>)./0-?!G"!P!G1!+>+97!)/@0:+!-?.70!
9-007@/?!7=!A;?A/! .;-A)/K!)/0I>-!-?./!9/0./9;09>;.7067! =7! N>-+.-!@-! .-+?;J+#! ! Y/!A;?A/!
?>9-@-!9/+!G'!P!G%#!Y7!N;5>07!"#"&!A>-?.07!=/?!-?.7@/?!@-!>+!E>-+.-!Hb!!

!!

!

R;5#!"#"&!4?.7@/?!@-!>+!E>-+.-!H!

!

EX9*)()*,#3+!!

!

</A/!L-A/?!@;9L/!-=!)>-+.-!H!?-!>?7!)707! ;+,-0.;0!-=! !5;0/!@-!>+!A/./0K! !)-0/!.7AM;\+!
)>-@-!!>?70?-!!)707!!N0-+70=/!!V@-!!A7+-07!!M0>?97WK!!7=!!L79-0!!>+!!9/0./!!-+.0-!!=7?!!M/0+7?!!
@-=!A/./0K!!/!!;+9=>?/!!)>-@-!!>?70?-!!)707!!)-0A;.;0!!I>-!!-=!!A/./0!!N0-+-!!M7O/!!?>!!)0/);7!!
;+-09;7K!9>7+@/!@-?9/+-9.7A/?!-=!A/./0!@-!=7!N>-+.-!I>-!=/!7=;A-+.7#!!!

4+!=7!^7M=7!"#1!?-!A>-?.07!>+!9>7@0/!@-!0-?>A-+!@-!=7?!@;N-0-+.-?!799;/+-?!I>-!)/?--!>+!
E>-+.-!Hb!!

!!

!

!

!

^7M=7#!"#1#]!g-?>A-+!@-!(99;/+-?!@-!>+!E>-+.-!H!

!



%'!
!

PM"HEH!I!

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

I%K H*+3`,!
!
!
Y7!!!.-A:.;97!@-=!)0/P-9./!7M/0@7!=7! !9/+-9.;,;@7@!-+.0-!@/?!@;?)/?;.;,/?!P!!=7!!N/0A7!!@-!!
;+.-079.>70!!-+.0-!!-==/?#!!Y7!!;@-7!!-?!!@-A/?.070!!I>-!!+/!;A)/0.7!I>\!.;)/!!@-!!@;?)/?;.;,/!
?-! >?-K! 9/+! .7=! @-! I>-! ! )/?-7! ;+.-0N79-?! ! I>-! +/?! )-0A;.7+! ! >+! ! N=>O/! ! @-! ! @7./?K! ! >+!!
A\./@/!!!@-!!)0/507A79;J+!!!P!!>+!!-I>;)/!!I>-!!79.X-!9/A/!9-+.0/!@-!9/+.0/=!@-!@7./?#!
4?./!L79-!)/?;M=-!I>-!)/@7A/?!-+,;70!@7./?!!P! !7?6!?7970=-!)0/,-9L/!7! !-?.7! !A-Z9=7! !@-!!
.-9+/=/567?#!!4+!!-?.-!!97?/!!?-!!.07M7OJ!!9/+!!A;90/9/+.0/=7@/0!!(^84Y!!'1F!M7O/!>+7!)=797!
@-!@-?700/==/!(gDS*jTK!!>+!AJ@>=/!@-!9/A>+;979;J+!B=>-.//.L!P!>+!9-=>=70#!!
!
!
!
!

!
!
4=! -I>;)/! 9-+.07=! @-! 9/+.0/=! ?-! M7?7! -+! >+! @;?)/?;.;,/! 9-=>=70! 9/+! ?;?.-A7! /)-0:.;9/!
(+@0/;@K!-=! 9>7=!)/0!A-@;/!@-!>+7!7)=;979;J+!?-! ==-,707!-=!A7+-O/!@-! =7?!@;0-99;/+-?!@-=!
0/M/.K! -=! 9-=>=70! )/?--! >+! AJ@>=/! B=>-.//.L! P7! ;+.-507@/K! )/0! -?-! A-@;/! ?-! >?707! -=!
?/)/0.-!@-!())!;+,-+./0!)707!?>!9/+.0/=#!
!
4=!A/@>=/! B=>-.//.L!gj]%"!)/?--! ?7=;@7! ?-0;7=! ^^Y! -=! 9>7=! ?-0:! 9/+-9.7@/! 7! =7!)=797!@-!
@-?700/==/! @-! (gDS*jTK! )/0! A-@;/! @-! ?>?! );+-?! ^_kg_#! 4=! gj]%"! )/?--! >+! R;0Ad70-!
;+.-0+/! I>-! 9/+,;-0.-! @-=! )0/./9/=/! B=>-.//.L! 7! ?-0;7=K! @-! -?.7! N/0A7! ?/=/! @-M-!
9/+?;@-070?-! -=! -+,;/! @-! 97@-+7?! @-! M;.?K! @;9L/! @-! /.07?! )7=7M07?! -=! AJ@>=/! N>+9;/+7!
9/A/!>+!E>-0./!G-0;7=!<T8#!



%%!
!

D-?)>\?!@-!7+7=;Z70!=/?!.;)/?!@-!=/9/A/9;J+!P!@;0-99;J+!I>-!?-!)>-@-+!;A)=-A-+.70!-+!-=!
@;?-U/!@-=! 0/M/.!AJ,;=K!/M?-0,7A/?!I>-! ./@/?! ?-! 7@7).7+!7! +>-?.0/! 0-I>-0;A;-+./K! ?;+!
-AM705/! -+! -?./?! 97?/?! @-M-A/?K! 7=! -=-5;0! >+! A\./@/K! 9/+?;@-070! /.0/?! 7?)-9./?!
;+N=>P-+.-?!PK!-+!-?.-!97?/K!-=!)0-?>)>-?./#!
!
R;+7=A-+.-!!)/@-A/?!!9/+.0/=70!-=!0/M/.!>?7+@/!-=!-I>;)/!@-!.-=-N/+67!!9-=>=70#!4?.-!-?!>+!
0/M/.!9/+!N>+9;/+-?!M:?;97?!V507@/?!@-!=;M-0.7@WK!L7M=7A/?!@-!A/,;A;-+./?!M:?;9/?!9/A/!
?/+!=/?!A/,;A;-+./?!!?;A;=70-?!!7!!=/?!!@-!>+!7>./!@-!O>5>-.-K!!P7!!I>-!!=7!!;@-7!!9-+.07=!!@-=!
)0/P-9./!-?!)0/M70!=7!9/+-9.;,;@7@!-+.0-!-?./?!@;?)/?;.;,/?#!!!
!
!
I%K%K -,=,F!A/a*9!
!
!

!
!

Y7!-?.0>9.>07!-?!?;A)=-!M7?7@/!-+!=7?!N>+9;/+-?!I>-!\?.-!.-+@0:#!S+7!M7?-!?J=;@7!
9/A/! X+;97! -?.0>9.>07! @-=! 0/M/.K! =7! 9>7=! ==-,707! =/?! 9;09>;./?! -=-9.0J+;9/?K! M7.-067?! P!
7+.-+7?!?/M0-!-==7K!P!)/0!@-M7O/!@-!\?.7!=/?!A/./0-?!@-!.0799;J+#!^/A7+@/!9/A/!A-@;@7!
=7!=7?!)=797?!-=-9.0J+;97?K!A/./0-?!P!0>-@7?#!
!
G-! 9/+?;@-0J! -=! ?;5>;-+.-! @;?-U/e! >+! ?;?.-A7! @-! '! 0>-@7?K! @-! =7?! 9>7=-?! 1! -?.70:+!
9/+-9.7@7?!7!A/./00-@>9./0-?!9/+!=7?!?;5>;-+.-?!97079.-06?.;97?b!
!
!
N+)(9(! C,'@73! ?39,)*5(5! B3+,! :,#+7.,!0i:('$(! :,#+7.,!),#!:('$(!

!
"b112!

!
'#3f5Rv9A!

!
'3!gE8!

!
'150!

!
C&A(!

!
3C2A(!



%&!
!

E707! -=! ?;?.-A7! @-! @;0-99;J+! @-=! 0/M/.!AJ,;=! ;A)=-A-+.70-A/?! -=!A\./@/! @-! 5;0/! 7! =7!
;+,-0?7#! 4?.-! A/@/! N>+9;/+7! @-! =7! ?;5>;-+.-! A7+-07b! )707! L79-0! -=! A/,;A;-+./! @-!
@-?)=7Z7A;-+./!L79;7!7@-=7+.-!=/?!@/?!A/./0-?!5;070:+!7!=7!A;?A7!,-=/9;@7@K!@-!=7!A;?A7!
N/0A7!?-0;7!)707!-=!?;?.-A7!@-!0-,-0?7#!
!
<7?/!9/+.070;/!)707!=/?!5;0/?!L79;7!=7!;ZI>;-0@7!P!@-0-9L7#!S?>7=A-+.-!?-!>?7!-=!A\./@/!@-!
)7070! -=! A/./0! @-=! =7@/! 7=! I>-! +/?! I>-0-A/?! @;0;5;0K! @-! -?.7! N/0A7! ?-! 5-+-07! =7?.0-! P!
@-)-+@;-+@/!@-=!.-00-+/!)>-@-!/!+/!.-+-0!A>9L7!=;M-0.7@K!-?./!?-!-c)=;9J!-+!-=!7)70.7@/!
@-!87+-O/!-+!=7!>+;@7@!cc#!E707!-,;.70!-?.-!.;)/!@-!)0/M=-A7?!;A)=-A-+.70-A/?!+/?/.0/?!
-=!5;0/!7!=7!;+,-0?7K!-?!@-9;0!?;!I>-0-A/?!I>-!5;0-!7!=7!@-0-9L7!-=!A/./0!@-=!=7@/!@-0-9L/!
5;0707!7+.;!L/070;/!P!-=!@-!=7!;ZI>;-0@7!7=!?-+.;@/!L/070;/#!
!
4=!0/M/.!AJ,;=!+/!==-,707!A>9L/!L70@d70-!@-!9/+.0/=K!P7!I>-!=7!)=797!(gDS*jT!?;A)=;N;97!
A>9L/!L70@d70-#!4?!)/0!-?/!I>-!?-!)-+?J!-+!'!AJ@>=/?!7!@;?-U70b!
!
 Y7!N>-+.-!@-!7=;A-+.79;J+K! =7!9>7=!?>A;+;?.070:!-+-0567!.7+./!7! =7!)=797!@-!9/+.0/=!@-!
A/./0-?!9/A/!7=!(gDS*jT#!

 </+.0/=! @-! A/./0-?b! =7! 9>7=! ?-! M7?7! -+! >+! <;09>;./! *+.-507@/! Y1$'B! V)>-+.-! HW! -+!
9/+N;5>079;J+!M:?;97!P!9;09>;./?!@-!)0/.-99;J+#!

 (gDS*jT#!
!
G-! 97=9>=J! I>-! =7! )=7.7N/0A7! )0;+9;)7=! ?-0;7! @-! A7@-07! =;,;7+7! V^0;)=7PW! P! ==-,7067! =7?!
?;5>;-+.-?!@;A-+?;/+-?b!
!
(=./b!"C9A!
(+9L/b!"19A!
4?)-?/0b!&AA!
!
D-!-?.7!A7+-07!?-!9>A)=-!9/+!=/?!0-I>-0;A;-+./?!@-=!0/M/.!AJ,;=!VN;5#!1#"W#!
!
!
!
!
!
!
!
!
!
!
!
!
!

!
R;5#!1#"!



%3!
!

E707!=7!N>-+.-!@-!)/@-0!0-I>;0;J!@-!!@/?!.;)/?!@-!,/=.7O-K!-=!9>7=!>+/!?-0;7!@-!&,9@!P!/.0/!
@-!$,9@K!-?./!?-!@-M-!7!I>-!=/?!A/./0-?!.07M7O7+!-+!>+!07+5/!@-!&,9@!P!=7!)=797!(gDS*jT!
7=!)/?--0!>+7!-+.07@7!.;)/!a79n!-=!9>7=!@-M-+!@-! ;+50-?70!@-!$!7!"1,@K!)>-?./!I>-!-+!-=!
;+.-0;/0!?-!-+9>-+.07!>+!0-5>=7@/0!7!&,9@#!

!
4=!9;09>;./!-?.:!M7?7@/!-+b!
!

 S*!CF2&<^!
 <"!<7)79;./0!9-0:A;9/!@-!#''>R!
 <1!<7)79;./0!9-0:A;9/!@-!#">R!
 D1!D;/@/!"j%22C!
 D"!Y4D!g/O/!
 g"!g-?;?.-+9;7!1C2!/LA!
 a"K1K'!</+-9./0-?!^]B=/9n?!

!
E707!-=!@;?-U/!@-=!)>-+.-!H!=7!9/+N;5>079;J+!M:?;97!@-=!Y1$'BK!-=!9>7=!==-,7!>+!700-5=/!@-!
@;/@/?! 0-9.;N;97@/0-?! )707! =7! ;+,-0?;J+! P! )0/.-99;J+! @-! =7! ?-U7=#! 4+! =7! ;A75-+! 1#1K! ?-!
A>-?.07!-=!@;7507A7!@-!+>-?.0/!9;09>;./#!
!
!
!
!
!
!
!
!
!
!
!

R;5#1#1!
!



%C!
!

Y7!)=797!@-!9/+.0/=!@-!A/./0-?!.-+@0:!=/?!?;5>;-+.-?!9/A)/+-+.-?b!
!

 F!D;/@/?!"j%22C!
 Y1$'B!V)>-+.-!HW!
 ^]B=/9n?!9/A/!9/+-9./0-?!

!
D-!-?.7!A7+-07!-=!@;7507A7!N;+7=!)/@067!9/+?;@-070?-!9/A/!-=!@-!=7!N;5>07!1#'#!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!

!
!
!
!
!

R;5>07!1#'!
!
!
!
!
!
!
!
!



%F!
!

!
I%K%I :/5*$,!E'57*#,!
!

 
 

 
 
 
 
 
 
 
 
!

!
!
!
!
!

!
!

!
!
!
^/@/! -=! ?;?.-A7! @-! 9/+.0/=! P! )0/9-?7A;-+./! @-! ;+N/0A79;J+! ?-! -+9>-+.07! -+! -=!

A;90/9/+.0/=7@/0K!@-!-?.7!N/0A7!=-!@7A/?!>+!5;0/!>+;,-0?7=!7=!9/+.0/=!@-=!g/M/.!AJ,;=#!4=!
(0@>;+/!==-,70:!>+7!)0/507A79;J+!-+!=7!9>7=!7+7=;Z70:!,70;7M=-?!I>-!-?.70:!0-9;M;-+@/!@-!
=7!9/A>+;979;J+!)/0!B=>-.//.L!P!@-)-+@;-+@/!@-!-?.7!==-,70:!7!97M/!>+7!799;J+#!4?./!+/?!
@7!=7!=;M-0.7@!@-!)/@-0!9/+.0/=70!-=!0/M/.!@-?@-!/.0/!-+./0+/!/!)=7.7N/0A7!I>-!9>-+.-!9/+!
>+!AJ@>=/!B=>-.//.LK!>+!-O-A)=/!@-!-?./!)/@067!?-0!I>-!@-?@-!=7!E<!P!)/0!A-@;/!@-!>+7!
.-0A;+7=!A7+@70!@;9L7?!,70;7M=-?!@-!9/+.0/=K!/!0-7=;Z70!7=5X+!?/N.d70-!)/0!A-@;/!@-!/.07!
7)=;979;J+!@-@;97@7!7!-?.7!.70-7#!



%$!
!

!
R;5>07!1#%!

!
!
S+7!,-Z!I>-!.-+-A/?!=7!-?.0>9.>07!@-=!)0/507A7!VR;5#!1#%W!@-M-A/?!@-!@-?700/==70=/!-+!-=!
(gDS*jT!*D4#!(!9/+.;+>79;J+!?-!-c)=;97+!=/?!0-9>0?/?K!=;M0-067?!P!?;+.7c;?!I>-!?-!>?70/+!-+!
-=!)0/507A7#!
!
!
*#F!
!
*+.-5-0?! VjXA-0/?! -+.-0/?W! ?/+! -=! )0;+9;)7=! .;)/! @-! @7./?! )707! 7=A79-+70! +XA-0/?K! P!
5>70@7+! ,7=/0-?! @-! I! =fF3+#! 4?./! )0/@>9-! >+! 07+5/! -+.0-! U9'QVWX! L7?.7! 9'QVWV! V,7=/0!
A6+;A/!@-!]1w"&!P!>+!,7=/0!A:c;A/!@-!V1w"&W!]!"W#!!
`70;7M=-?!.;)/!"#FK!7=A79-+7+!+XA-0/?!+-57.;,/?!9/+!>+7!.\9+;97!==7A7@7!</A)=-A-+./!7!
@/?#!4=!L)/!A:?!7=./K!7!,-9-?!==7A7@/!9/A/!Y<)=0Y&L)/K!;+@;97!I>-!-=!+XA-0/!-?!+-57.;,/#!G-!
;+,;-0.-!-=!,7=/0!@-!97@7!>+/!@-! =/?!L)/<K!-?!@-9;0K!?-!0-7=;Z7!-=! 9/A)=-A-+./!7!>+/K!P!?-!
?>A7!"!7=!+XA-0/!/M.-+;@/#!!
Y7! )=797! (0@>;+/K! ?-! -+97057! @-! .07.70! 9/+! +XA-0/?! +-57.;,/?! )/0! .6K! )707! I>-! =7?!
/)-079;/+-?!70;.A\.;97?!.07M7O-+!@-!A7+-07!.07+?)70-+.-!P!-+!=7!N/0A7!-?)-07@7#!!
!
!

http://es.wikipedia.org/wiki/Complemento_a_dos
http://es.wikipedia.org/wiki/Complemento_a_dos
http://es.wikipedia.org/wiki/Complemento_a_dos


&2!
!

N[3.X9,!
!!!!
;+.!=-@E;+!u!"'e!
G;+.7c;?!
!!!!;+.!,70!u!,7=e!
!!!,70!]!+/AM0-!@-!=7!,70;7M=-!)0/#!!
!!!,7=!]!,7=/0!7?;5+7@/!7!@;9L7!,70;7M=-#!!
!
!
+3F7Xlm!
!
Y7! N>+9;J+! ?-.>)VW! ?-! -?.7M=-9-! 9>7+@/! ?-! ;+;9;7! >+! )0/507A7! ?n-.9L! V9/A);=7@/0! @-!
)0/507A79;J+W#! G-! -A)=-7! )707! ;+;9;70! ,70;7M=-?K! -?.7M=-9-0! -=! -?.7@/! @-! =/?! );+-?K!
;+;9;7=;Z70!=;M0-067?K!-.9#!4?.7!N>+9;J+!?-!-O-9>.70:!>+7!X+;97!,-Z!@-?)>\?!@-!I>-!?-!9/+-9.-!
=7!)=797!(0@>;+/!7!=7!N>-+.-!@-!7=;A-+.79;J+K!/!9>7+@/!?-!)>=?-!-=!M/.J+!@-!0-;+;9;/!@-!=7!
)=797#!!
!
N [3.X9,e !
!!
;+.!M>../+E;+!u!'e!
!
,/;@!?-.>)VW!
x!
!!G-0;7=#M-5;+V$322We!
!!);+8/@-VM>../+E;+K!*jES^We!
y!
!
!
X*#A,53lX*#h!.,5,m!
!
</+N;5>07!-=!);+!-?)-9;N;97@/!)707! 9/A)/0.70?-!9/A/!>+7!-+.07@7!/!>+7! ?7=;@7#!8;07! =7!
@-?90;)9;J+!@-!);+-?!@;5;.7=-?!)707!A:?!;+N/0A79;J+#!!
!
B('1.3F',+ !
!
);+b!-=!+>A-0/!@-=!);+!I>-!?-!@-?-7!9/+N;5>070!!
A/@/b!*jES^!V4+.07@7W!/!TS^ES^!VG7=;@7W!!
!
!
!
!
!
!

http://arduino.cc/es/Tutorial/DigitalPins
http://arduino.cc/es/Reference/Constants
http://arduino.cc/es/Reference/Constants


&"!
!

Y,,Xlm!
!
!
Y>-5/!@-!90-70!=7!N>+9;J+!?-.>)VWK!=7!9>7=!;+;9;7=;Z7!P!)0-)707!=/?!,7=/0-?!;+9;7=-?K!=7!N>+9;J+!
=//)VW! L79-! O>?.7A-+.-! =/! I>-! ?>! +/AM0-! ?>5;-0-K! )/0! =/! .7+./! ?-! -O-9>.7!
9/+?-9>.;,7A-+.-K!)-0A;.;\+@/=-!7=!)0/507A7!,70;70!P!0-?)/+@-0#!z?7=7!)707!9/+.0/=70!@-!
N/0A7!79.;,7!=7!)=797!(0@>;+/#!!
!
!
03'*(9!
!
G-!>.;=;Z7!)707!=7!9/A>+;979;J+!-+.0-!=7!)=797!(0@>;+/!P!>+!/0@-+7@/0!>!/.0/?!@;?)/?;.;,/?#!
^/@7?!=7?!)=797?!(0@>;+/!.;-+-+!7=!A-+/?!>+!)>-0./!?-0;-!V.7AM;\+!9/+/9;@/!9/A/!S(g^!/!
SG(g^Wb!03'*(9#!G-!9/A>+;97!7!.07,\?!@-!=/?!);+-?!@;5;.7=-?!2!Vg_W!P!"!V^_WK!7?6!9/A/!9/+!-=!
/0@-+7@/0!A-@;7+.-!SGB#!E/0!=/!.7+./K!?;!>.;=;Z7?!-?.7?!N>+9;/+-?K!+/!)>-@-?!>?70!=/?!);+-?!
2!P!"!9/A/!-+.07@7!/!?7=;@7!@;5;.7=#!!
!
E>-@-?! >.;=;Z70! -=! A/+;./0! @-=! )>-0./! ?-0;-! ;+9/0)/07@/! -+! -=! -+./0+/! (0@>;+/! )707!
9/A>+;970.-!9/+!=7!)=797!(0@>;+/%!](4!)9*)!-+!-=!M/.J+!@-=!A/+;./0!@-!)>-0./!?-0;-!-+!=7!
M7007!@-!L-007A;-+.7?!P!?-=-99;/+7!=7!A;?A7!,-=/9;@7@!-+!M7>@;/?!>.;=;Z7@7!-+!=7!==7A7@7!
7!M-5;+VW#!!
!
&7#)*,#3+!
!
M-5;+VW!!
-+@VW!!
7,7;=7M=-VW!!
0-7@VW!!
N=>?LVW!!
)0;+.VW!!
)0;+.=+VW!!
d0;.-VW!!
G-0;7=!!
!
!
!
!
!
!
!
!
!
!

http://arduino.cc/es/Serial/Begin
http://arduino.cc/es/Serial/End
http://arduino.cc/es/Serial/Available
http://arduino.cc/es/Serial/Read
http://arduino.cc/es/Serial/Flush
http://arduino.cc/es/Serial/Print
http://arduino.cc/es/Serial/Println
http://arduino.cc/es/Serial/Write
http://arduino.cc/es/Reference/Serial


&1!
!

03'*(9%=3$*#!la39,)*5(5m!
!
4?.7M=-9-!=7!,-=/9;@7@!@-!@7./?!-+!M;.?!)/0!?-5>+@/!VM7>@;/?W!)707!=7!.07+?A;?;J+!@-!@7./?!
-+! ?-0;-#! E707! 9/A>+;970?-! 9/+! -=! 9/A)>.7@/0K! >.;=;9-! >+7! @-! -?.7?! ,-=/9;@7@-?b! '22K!
"122K! 1%22K! %F22K! $322K! "%%22K! "$122K! 1FF22K! 'F%22K! &C322! /! ""&122#! G;+! -AM705/K!
)>-@-?!-?)-9;N;970!/.07?!,-=/9;@7@-?!]!)/0!-O-A)=/K!)707!9/A>+;970.-!7!.07,\?!@-!=/?!);+-?!
2!P!"!9/+!>+!9/A)/+-+.-!I>-!0-I>;-0-!>+7!,-=/9;@7@!@-!.07+?A;?;J+!-+!)70.;9>=70#!!
!
!
!
03'*(9%(a(*9(=93lm!
!
D-,>-=,-!-=!+XA-0/!@-!MP.-?!V97079.-0-?W!@;?)/+;M=-?!)707!?-0!=-6@/?!)/0!-=!)>-0./!?-0;-#!
G-! 0-N;-0-! 7! @7./?! P7! 0-9;M;@/?! P! @;?)/+;M=-?! -+! -=! M>NN-0! @-! 0-9-)9;J+! @-=! )>-0./! VI>-!
.;-+-!>+7!97)79;@7@!@-!"1F!MP.-?W#!!
!
03'*(9%'3(5lm!
!
Y--!=/?!@7./?!-+.07+.-?!@-=!)>-0./!?-0;-#!!
!
!
5*$*F(9g'*F3lX*#h!a(9,'m!
!
4?90;M-!>+!,7=/0!H*[H!/!YTQ!L79;7!>+!);+!@;5;.7=#!
!!
G;!-=!);+!L7!?;@/!9/+N;5>07@/!9/A/!TS^ES^!9/+!);+8/@-VWK!?>!,/=.7O-!?-0:!-?.7M=-9;@/!7=!
9/00-?)/+@;-+.-!,7=/0b!&`!V!/!'#'`!-+!.70O-.7?!@-!'#'`W!)707!H*[HK!2`!V.;-007W!)707!YTQ#!!
G;!-=!);+!-?!9/+N;5>07@/!9/A/!*jES^K!-?90;M;0!>+!,7=/0!@-!H*[H!9/+!@;5;.7=Q0;.-VW!L7M;=;.70:!
>+7! 0-?;?.-+9;7! ;+.-0+7! @-! 12f! 9/+-9.7@7! -+! )>==>)! V,-0! -=! .>./0;7=! @-! );+-?! @;5;.7=-?W#!
4?90;M;0!YTQ!;+,7=;@70:!=7!0-?;?.-+9;7#!Y7!0-?;?.-+9;7!-?!?>N;9;-+.-!)707!L79-0!M0;==70!>+!Y4D!
@-!N/0A7!/)797K!?;!=/?!Y4D?!7)70-+.7+!N>+9;/+70K!)-0/!+/!A>P!;=>A;+7@/?K!-?.7!)>-@-!?-0!
=7!97>?7#!Y7!?/=>9;J+!-?!-?.7M=-9-0!-=!);+!9/A/!?7=;@7!9/+!=7!N>+9;J+!);+8/@-VW#!!
!
MOCEe!4=!);+!@;5;.7=!+XA-0/!"'!-?!A:?!@;N69;=!@-!>?70!I>-!=/?!/.0/?!);+-?!@;5;.7=-?!)/0I>-!
.;-+-!>+!Y4D!P!>+7!0-?;?.-+9;7!7@O>+./?K!=/?!9>7=-?!?-!-+9>-+.07+!?/=@7@/?!7!=7!.70O-.7K!P!=7!
A7P/067! @-! =7?! .70O-.7?! ?-! -+9>-+.07+! 7?6#! G;! L7M;=;.7?! =7! 0-?;?.-+9;7! ;+.-0+7! -+! )>==>)K!
)0/)/09;/+70:! "#C`! -+! ,-Z! @-! =/?! &`! -?)-07@/?K! )/0I>-! -=! Y4D! ?/=@7@/! -+! =7! .70O-.7! P!
0-?;?.-+9;7?!M7O7+!-=! +;,-=! @-! ,/=.7O-K! ?;5+;N;97+@/!I>-! ?;-A)0-! 0-50-?70:! YTQ#! G;! @-M-?!
>?70! -=! );+! +XA-0/! "'! 9/A/! -+.07@7! @;5;.7=K! >?7! >+7! 0-?;?.-+9;7! -c.-0+7! 9/+-9.7@7! 7!
)>==@/d+#!!
!
!

http://arduino.cc/es/Reference/Constants
http://arduino.cc/es/Reference/Constants
http://arduino.cc/es/Reference/PinMode
http://arduino.cc/es/Tutorial/DigitalPins


&'!
!

B('(.3F',+ !
);+b!-=!+XA-0/!@-!);+!!
,7=/0b!H*[H!/!YTQ!!
!
03#F3#)*(!+^*F)2!i!)(+3!
!
</A/! =7?! ?-+.-+9;7?! *DK! +^*F)2%%%)(+3! 9/+.0/=7! -=! N=>O/! @-! )0/507A7?! )-0A;.;-+@/! 7! =/?!
)0/507A7@/0-?!-?)-9;N;970!@;N-0-+.-?!9J@;5/?!I>-!@-M-067+!?-0!-O-9>.7@/?!-+!N>+9;J+!@-!
,70;7?!9/+@;9;/+-?#!4+!)70.;9>=70K!>+7!?-+.-+9;7!?d;.9L!9/A)707!-=!,7=/0!@-!>+7!,70;7M=-!
9/+!-=!,7=/0!-?)-9;N;97@/!-+!=7?!?-+.-+9;7?!97?-#!<>7+@/!?-!-+9>-+.07!>+7!?-+.-+9;7!97?-!
9>P/!,7=/0!9/;+9;@-!9/+!@;9L7!,70;7M=-K!-=!9J@;5/!@-!-?7!?-+.-+9;7!?-!-O-9>.7#!!
Y7!)7=7M07!9=7,-!='3(n!?7=-!@-!=7!?-+.-+9;7!?d;.9LK!P!-?!>?7@7!.6);97A-+.-!7=!N;+7=!@-!97@7!
97?/#! G;! >+7! ?-+.-+9;7! M0-7nK! =7! ?-+.-+9;7! ?d;.9L! 9/+.;+>7067! -O-9>.7+@/! =7?! ?;5>;-+.-?!
-c)0-?;/+-?! ViN7==;+5].L0/>5LiW! L7?.7! -+9/+.070! >+! M0-7nK! /! L7?.7! ==-570! 7=! N;+7=! @-! =7!
?-+.-+9;7!?d;.9L#!!
!
N [3.X9,!
!!?d;.9L!V,70W!x!
!!!!97?-!"b!
!!!!!!kkL79-0!7=5/!9>7+@/!?-7!;5>7=!7!"!
!!!!!!M0-7ne!
!!!!97?-!1b!
!!!!!!kkL79-0!7=5/!9>7+@/!?-7!;5>7=!7!1!
!!!!!!M0-7ne!
!!!!@-N7>=.b!!
!!!!!!kk!?;!+7@7!9/;+9;@-K!-O-9>.7!-=!i@-N7>=.i!
!!!!!!kk!-=!i@-N7>=.i!-?!/)9;/+7=!
!
!
!
</+/9;-+@/!=/?!0-9>0?/?!I>-!?-!>?707+!)707!=7!)0/507A79;J+!@-=!(0@>;+/K!-A)-Z7A/?!7!
-?90;M;0!-=!9J@;5/!N;+7=!I>-!L70:!-=!9/+.0/=!@-!@;0-99;/+-?#!(?6!9/A/!-=!@-!9/+?;@-070!=7!
?;5>;-+.-!;+N/0A79;J+!?/M0-!-=!8/@>=/!B=>-.//.LK!=7!L/O7!@-!@7./?!@-=!gj]%"!-?)-9;N;97!
I>-!=7!.07?A;?;J+!@-=!AJ@>=/!-?!@-!$322!M7>@;/?K!?;+!-AM705/!=7!9/A>+;979;J+!@-=!
AJ@>=/!9/+!-=!E0/9-?7@/0!-?!@-!""&122!M7>@;/?#!
 
 
 
 
 
 
 

http://arduino.cc/es/Reference/Constants
http://arduino.cc/es/Reference/Constants


&%!
!

Código del Arduino: 
 
 
//creación de variables 
int led1 = 5; 
int led2 = 6; 
int led3 = 7; 
int led4 = 8; 
int var=0; 
 
void setup() //inializacion de variables y configuracion de pines 
{ 
        pinMode(led1, OUTPUT); //configuración de pines como salidas  
        pinMode(led2, OUTPUT); 
        pinMode(led3, OUTPUT); 
        pinMode(led4, OUTPUT); 
        Serial.begin(115200); // abre el puerto serie a 115200 bps 
} 
 
void loop() //ciclo infinito 
{ 
 if (Serial.available() > 0) // inicia rutina solamente cuando recibe datos por el serial 
   { 
    var = Serial.read(); //lee los datos del serial y lo guarda en una variable 
    digitalWrite(led1, LOW); // manda estados bajos a los pines de salidas 
    digitalWrite(led2, LOW); 
    digitalWrite(led3, LOW); 
    digitalWrite(led4, LOW); 
} 
 
      switch(var)// menu de rutinas 
         { 
       
case '1'://si la variable var es 1 hace lo siguiente 
               {  
                  digitalWrite(led1, HIGH);// manda un estado alto al pin asignado 
                  digitalWrite(led2, LOW);// manda un estado bajo al pin asignado 
                  digitalWrite(led3, HIGH); 
                  digitalWrite(led4, LOW); 
                  break; //sale del menu 
               } 
      
case '2':// si la variable var es 2 hace lo siguiente 
               { 
                  digitalWrite(led1, LOW); 
                  digitalWrite(led2, HIGH); 
                  digitalWrite(led3, LOW); 
                  digitalWrite(led4, HIGH); 
                  break;  
               } 



&&!
!

 case '3':// si la variable var es 3 hace lo siguiente 
               { 
                  digitalWrite(led1, LOW); 
                  digitalWrite(led2, HIGH); 
                  digitalWrite(led3, HIGH); 
                  digitalWrite(led4, LOW); 
                  break; 
               } 
 case '4':// si la variable var es 4 hace lo siguiente  
               { 
                  digitalWrite(led1, HIGH); 
                  digitalWrite(led2, LOW); 
                  digitalWrite(led3, LOW); 
                  digitalWrite(led4, HIGH); 
                  break; 
               }       
           
case '0':// si la variable var es 0 hace lo siguiente 
               { 
                  digitalWrite(led1, LOW); 
          digitalWrite(led2, LOW); 
           digitalWrite(led3, LOW); 
           digitalWrite(led4, LOW); 
                  break; 
               } 
         } 
!
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Features 

 Fully qualified Bluetooth 2.1/2.0/1.2/1.1 
module 

 Bluetooth v2.0+EDR support 
 Postage stamp sized form factor, 13.4mm x 

25.8 mm x2mm 
 Low power (30mA connected,, <10mA sniff 

mode) 
 UART (SPP or HCI)   and USB (HCI only) 

data connection interfaces. 
 Sustained SPP data rates - 240Kbps (slave), 

300Kbps (master) 
 HCI data rates - 1.5Mbps sustained, 3.0Mbps 

burst in HCI mode 
 Embedded Bluetooth stack profiles included 

(requires no host stack): GAP, SDP, 
RFCOMM and L2CAP protocols, with SPP 
and DUN profile support. 

 Bluetooth SIG Qualified, End Product Listing  
 Castellated SMT pads for easy and reliable 

PCB mounting 
 Class 1 high power amplifier with on board 

ceramic RF chip antenna. 
! Certifications: FCC, ICS, CE 
! Environmentally friendly, RoHS 

compliant 

 
 
 
 

 
Applications 
 Cable replacement 
 Barcode scanners 
 Measurement and monitoring systems 
 Industrial sensors and controls 
 Medical devices 
 Asset tacking 

 
Description 
The RN41 is a small form factor, low power, highly 
economic Bluetooth radio for  adding wireless 
capability to their products. The RN41 supports 
multiple interface protocols, is simple to design in and 
fully certified, making it a complete embedded 
Bluetooth solution.  With its high performance on chip 
antenna and support for Bluetooth® Enhanced Data 
Rate (EDR), the RN41 delivers up to 3 Mbps data 
rate for distances to 100M..  The RN41 is the perfect 
product for engineers wanting to add wireless 
capability to their product but  spend 
significant time and money developing Bluetooth 
specific hardware and software.

Block Diagram 
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Overview 
 Baud rate speeds: 1200bps up to 921Kbps, non-standard baud rates can be programmed. 
 15dBm output transmitter, -80dBm typical receive sensitivity 
 Frequency 2402  ~ 2480MHz,  
 FHSS/GFSK modulation, 79 channels at 1MHz intervals 
 Secure communications, 128 bit encryption 
 Error correction for guaranteed packet delivery 
 UART local and over-the-air RF configuration 
 Auto-discovery/pairing requires no software configuration (instant cable replacement). 
 Auto-connect master, IO pin (DTR) and character based trigger modes 

 
Environmental Conditions 
 

Parameter Value 
Temperature Range (Operating) -40 oC ~ 85 oC 
Temperature Range (Storage) -40 oC ~ 85 oC 
Relative Humidity (Operating) 90% 
Relative Humidity (Storage) 90% 

 
Electrical Characteristics 
 

Parameter Min Typ. Max. Unit 
Supply Voltage (DC) 3.0 3.3 3.6 V 
RX Supply Current  35 60 mA 
TX Supply Current  65 100 mA 
Average power consumption     
Standby/Idle (default settings)  25  mA 
Connected (normal mode)  30  mA 
Connected (low power Sniff)  8  mA 
Standby/Idle (Deep sleep enabled) 250uA 2.5  mA 

 
Radio Characteristics 
 

Parameter Freq. 
(GHz) Min Typ Max Bluetooth 

Specification Units 

Sensitivity @ 0.1%BER 
2.402 - -80 -86 

-70 
dBm 

2.441 - -80 -86 dBm 
2.480 - -80 -86 dBm 

RF Transmit Power 
2.402 15.0 16.0  

20 
dBm 

2.441 15.0 16.0  dBm 
2.480 15.0 16.0  dBm 

Initial Carrier Frequency 
Tolerance 

2.402 - 5 75 
75 

kHz 
2.441 - 5 75 kHz 
2.480 - 5 75 kHz 

20dB bandwidth for modulated 
carrier  - 900 1000  kHz 

Drift (Five slots packet)  - 15 - 40 kHz 
Drift Rate  - 13 - 20 kHz 

f1avg Max Modulation 
2.402 140 165 175 

>140 
kHz 

2.441 140 165 175 kHz 
2.480 140 165 175 kHz 

f2avg Min Modulation 
2.402 140 190 - 

115 
kHz 

2.441 140 190 - kHz 
2.480 140 190 - kHz 
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Pin Description 
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Pin Name Description Default 

1 GND   
2 SPI MOSI Programming only No Connect 
3 PIO6 Set BT master  (HIGH=auto-master mode) Input to RN41with weak pulldown 

4 PIO7 
Set Baud rate  (HIGH = force 9600,  LOW = 115K or 
firmware setting) Input to RN41 with weak pulldown 

5 RESET Active LOW reset  Input to RN41 with 1K pullup  
6 SPI_CLK Programming only No Connect 
7 PCM_CLK PCM interface No Connect 
8 PCM_SYNC PCM interface No Connect 
9 PCM_IN PCM interface No Connect 

10 PCM_OUT PCM interface No Connect 
11 VDD 3.3V regulated power input  
12 GND   
13 UART_RX UART  receive Input  Input to RN41 
14 UART_TX UART transmit output  High level output from RN41 
15 UART_RTS UART RTS, goes HIGH to disable host transmitter Low level output from RN41 
16 UART_CTS UART CTS,  if set HIGH,  disables transmitter Low level input to RN41 
17 USB_D+ USB port Pull up 1.5K when active 
18 USB_D- USB port  
19 PIO2 Status, HIGH when connected,  LOW otherwise Output from RN41 
20 PIO3 Auto discovery = HIGH Input to RN41 with weak pulldown 
21 PIO5 Status,  toggles based on state, LOW on connect Output from RN41 
22 PIO4 Set factory defaults Input to RN41 with weak pulldown 
23 SPI_CSB Programming only No Connect 
24 SPI_MISO Programming only No Connect 
25 GND   
26 NC RF pad keep all traces and planes clear.  

27-29 GND   
30 AIO0 Optional analog input  Not Used 
31 PIO8 Status  (RF data rx/tx) Output from RN41 
32 PIO9 IO   Input to RN41 with weak pulldown 
33 PIO10 IO  (remote DTR signal) Input to RN41 with weak pulldown 
34 PIO11 IO  (remote RTS signal ) Input to RN41 with weak pulldown 
35 AIO1 Optional analog input  Not Used 

 
Digital I/O Characteristics  
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 Min Typ. Max. Unit 

Input logic level LOW  -0.4 - +0.8 V 
Input logic level HIGH 0.7VDD - VDD+0.4 V 
Output logc level LOW - - 0.2 V 
Output logic level HIGH  VDD-0.2 - - V 

 (except reset) default to weakpull down +0.2 +1.0 +5.0 uA 
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Typical Application Circuit 
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Module Dimensions 
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Design Concerns 
 

1. Reset circuit.   RN-41 contains a 1k pullup to VCC, the polarity of reset on the RN41 is ACTIVE LOW. 
A power on reset circuit with delay is OPTIONAL on the reset pin of the module.  It should only be required 
if the input power supply has a very slow ramp, or tends to bounce or have instability on power up.    Often 
a microcontroller or embedded CPU IO is available to generate reset once power is stable.   If not, there 
are many low cost power supervisor chips available, such as MCP809, MCP102/121, and Torex XC61F. 

 
2. Factory reset PIO4.   It is a good idea to connect this pin to a switch, or jumper, or resistor, so it can be 

accessed.   This pin can be used to reset the module to FACTORY DEFAULTS and is often critical in 
situations where the module has been mis-configured. To set Factory defaults start HIGH, then toggle 
times. 

 
3. Connection status.  PIO5 is available to drive an LED, and blinks at various speeds to indicate status.   

PIO2 is an output which directly reflects the connection state, it goes HIGH when connected, and LOW 
otherwise. 

 
4. HCI mode.  The RN41 module must be loaded with special firmware to run in HCI mode.  When in HCI 

mode the standard SPP/DUN applications are disabled. 
 
5. Using SPI bus for flash upgrade.  While not required, this bus is very useful for configuring advanced 

parameters of the Bluetooth modules, and is required for upgrading the firmware on modules.  The 
suggested ref-design shows a 6pin header which can be implemented to gain access to this bus.  A 
minimum-mode version could just use the SPI signals (4pins) and pickup ground and VCC from elsewhere 
on the design. 

 
6. Minimizing Radio interference.   When laying out the carrier board for the RN41 module the areas under 

the antenna and shielding connections should not have surface traces, GND planes, or exposed vias. 
(See diagram to right)  For optimal radio performance the antenna end of RN41 module should protrude 

5mm past any metal enclosure. 
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7. Soldering Reflow Profile.    
 Lead-Free Solder Reflow 
 Temp:   230 degree C ,  30-40 seconds,  Peak 250 degree C maximum. 
 Preheat temp: 165 +- 15 degree C, 90 to 120  seconds. 
 Time: Single Pass, One Time 

 
Compliance Information 
 

Category Country Standard 
 
 
 
 

Radio 

USA FCC CFR47 Part 15 C, para 15.247 
F C C ID: T9J-R41-1 

  
E UR OPE EN 300 328-1  

 EN 300 328-2  2.4GHz 
  

C A N A D A IC RSS-210 low power comm. device 
I C Canada ID: 6514A-RN411 
  

 
 
 

E M C 

USA FCC CFR47 Part 15 subclass B 
E UR OPE EN 55022 Class B radiated  

 EN61000-4-2 ESD immunity 
 EN61000-4-3 radiated field 
 EN61000-4-6 RF immunity 
 EN61000-4-8 power magnetic immunity 
  

Bluetooth L IST E D B013180 
   

Environmental RoHS RoHS  compliant 
 
 
 
 
Ordering Information 
 

Part Number Description 
RN-41 Standard Application firmware (SPP/DUN  Master and Slave) 

RN-41-H HCI firmware (HCI over H4 UART) 
RN-41-U USB firmware (HCI over USB port, slave device at 12Mbps rate) 

For other configurations, contact Roving Networks directly. 
 
Visit http://www.rovingnetworks.com/buynow.php for current pricing and a list of distributors carrying 
our products.  
 

 
 
 
 
 
 
 
 
 
 
 

Copyright © 2011 Roving Networks. All rights reserved. 

http://www.rovingnetworks.com/buynow.php
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The Bluetooth trademark and logo are registered trademarks and are owned by the Bluetooth SIG, Inc. All 
other trademarks are property of their respective owners. 
 
Roving Networks reserves the right to make corrections, modifications, and other changes to its products, 
documentation and services at any time. Customers should obtain the latest relevant information before 
placing orders and should verify that such information is current and complete.  
 
Roving Networks assumes no liability for applications assistance or customer product design. Customers are 
responsible for their products and applications using Roving Networks components. To minimize the risks 
associated with customer products and applications, customers should provide adequate design and operating 
safeguards.  
 
Roving Networks products are not authorized for use in safety-critical applications (such as life support) where 
a failure of the Roving Networks product would reasonably be expected to cause severe personal injury or 
death, unless officers of the parties have executed an agreement specifically governing such use. 
 
 



L293B
L293E

April 1993

PUSH-PULL FOUR CHANNEL DRIVERS

.OUTPUT CURRENT 1A PER CHANNEL.PEAK OUTPUT CURRENT 2A PER CHANNEL
(non repetitive). INHIBIT FACILITY.HIGH NOISE IMMUNITY.SEPARATE LOGIC SUPPLY.OVERTEMPERATURE PROTECTION

DESCRIPTION
The L293B and L293E are quad push-pull drivers
capable of delivering output currents to 1A per chan-
nel. Each channel is controlled by a TTL-compatible
logic input and each pair of drivers (a full bridge) is
equipped with an inhibit input which turns off all four
transistors. A separate supply input is provided for
the logic so that it may be run off a lower voltage to
reduce dissipation.
Additionally, the L293E has external connection of
sensing resistors, for switchmode control.
The L293B and L293E are package in 16 and 20-pin
plastic DIPs respectively ; both use the four center
pins to conduct heat to the printed circuit board.

POWERDIP (16 + 2+ 2)

ORDERING NUMBER : L293E

DIP16

ORDERING NUMBER : L293B

PIN CONNECTIONS

DIP16 - L293B POWERDIP (16+2+2) - L293E
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BLOCK DIAGRAMS

DIP16 - L293B

POWERDIP (16+2+2) - L293E

L293B - L293E
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SCHEMATIC DIAGRAM

(*) In the L293 these points are not externally available. They are internally connected to the ground (substrate).
O Pins of L293                    () Pins of L293E.

L293B - L293E
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THERMAL DATA
Symbol Parameter Value Unit
Rth j-case Thermal Resistance Junction-case Max. 14 oC/W
Rth j-amb Thermal Resistance Junction-ambient Max. 80 oC/W

ELECTRICAL CHARACTERISTICS
For each channel, VS = 24V, VSS = 5V, Tamb = 25oC, unless otherwise specified
Symbol Parameter Test Conditions Min. TYp. Max. Unit

Vs Supply Voltage Vss 36 V
Vss Logic Supply Voltage 4.5 36 V
Is Total Quiescent Supply Current Vi = L Io = 0 Vinh = H

Vi = H Io = 0 Vinh = H
Vinh = L

2
16

6
24
4

mA

Iss Total Quiescent Logic Supply Current Vi = L Io = 0 Vinh = H
Vi = H Io = 0 Vinh = H

Vinh = L

44
16
16

60
22
24

mA

ViL Input Low Voltage -03. 1.5 V
ViH Input High Voltage VSS ! 7V

Vss > 7V
2.3
2.3

Vss
7

V

IiL Low Voltage Input Current Vil = 1.5V -10 µA
IiH High Voltage Input Current 2.3V !  VIH  ! Vss - 0.6V 30 100 µA

VinhL Inhibit Low Voltage -0.3 1.5 V
VinhH Inhibit High Voltage VSS ! 7V

Vss > 7V
2.3
2.3

Vss
7

V

IinhL Low Voltage Inhibit Current VinhL = 1.5V -30 -100 µA
IinhH High Voltage Inhibit Current 2.3V !  VinhH  ! Vss - 0.6V ±10 µA

VCEsatH Source Output Saturation Voltage Io = -1A 1.4 1.8 V
VCEsatL Sink Output Saturation Voltage Io = 1A 1.2 1.8 V
VSENS Sensing Voltage (pins 4, 7, 14, 17) (**) 2 V

tr Rise Time 0.1 to 0.9 Vo (*) 250 ns
tf Fall Time 0.9 to 0.1 Vo (*) 250 ns

ton Turn-on Delay 0.5 Vi to 0.5 Vo (*) 750 ns
toff Turn-off Delay 0.5 Vi to 0.5 Vo (*) 200 ns

* See figure 1
** Referred to L293E

ABSOLUTE MAXIMUM RATINGS
Symbol Parameter Value Unit

Vs Supply Voltage 36 V
Vss Logic Supply Voltage 36 V
Vi Input Voltage 7 V

Vinh Inhibit Voltage 7 V
Iout Peak Output Current (non repetitive t = 5ms) 2 A
Ptot Total Power Dissipation at Tground-pins = 80oC 5 W

Tstg, Tj Storage and Junction Temperature –40 to +150 oC

TRUTH TABLE
Vi (each channel) Vo Vinh 

(")

H
L
H
L

H
L

X (o)
X (o)

H
H
L
L

(*)   High output impedance
(**) Relative to the considerate channel

L293B - L293E
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Figure 1 : Switching Timers

Figure 3 : Source Saturation Voltage versus
Ambient Temperature

Figure 5 : Quiescent Logic Supply Current
versus Logic Supply Voltage

Figure 2 : Saturation voltage versus Output
Current

Figure 4 : Sink Saturation Voltage versus
Ambient Temperature

L293B - L293E
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Figure 6 : Output Voltage versus
Input Voltage

Figure 7 : Output Voltage versus
Inhibit Voltage

APPLICATION INFORMATION

Figure 8 : DC Motor Controls
(with connection to ground and
to the supply voltage)

Figure 9 : Bidirectional DC Motor Control

Inputs Function
Vinh = H C = H ; D = L Turn Right

C = L ; D = H Turn Left
C = D Fast Motor Stop

Vinh = L C = X ; D = X Free Running
Motor Stop

L = Low H = High X = Don’t Care

Vinh A M1 B M2
H H Fast Motor Stop H Run
H L Run L Fast Motor Stop
L X Free Running

Motor Stop
X Free Running

Motor Stop
L = Low H = High X = Don’t Care

L293B - L293E
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Figure 10 :Bipolar Stepping Motor Control

L293B - L293E
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Figure 11 :Stepping Motor Driver with Phase Current Control and Short Circuit Protection

L293B - L293E
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