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"#$%&!'()!*+$,-+%&.!/0)!1#2,!&+!&3'(2!-4!%56,$7#%+$.!8$!91#!:+5%'7#!;3+!3,16,)!-,!
&+!%&'$&!&3#%!$,%,'$<3!;#&3!'(!+6,(!-#()!'()!'**+$),)!-,!&3,!=$+'),%&!6+%%#=1,!
*$,,)+-!&+!<3++%,!-4!$,%,'$<3!&+6#<!'()!&+!+$>'(#?,!-4%,1*@/!'66$,<#'&,)!3#%!
%566+$&!&+!5(),$%&'()!&3,!='%,%!+*!35-'(!-+&#+(!-+),11#(>@!/!&++2!*511!=,(,*#&%!+*!!
&3,!)#%<5%%#+(%!;,!3')!)5$#(>!&3,!<+5$%,!+*!&3#%!6$+A,<&@!
!
/0)!1#2,!'1%+!&+!&3'(2!:$%!B'&#'('!C'1>'(+7'!;3+!3,16,)!-,!&+!%+17,!&3,!)#**,$,(&!
')-#(#%&$'&#7,!6$+<,)5$,%!/!3')!&+!*'<,!=,*+$,!'()!+(!-4!'$$#7'1@!B3'(2%!&+!3,$.!
&3#%!;'%!(+&!'(!#%%5,!&+!*#()!>++)!'<<+--+)'&#+(!+(!-4!'$$#7'1.!'()!,7,(!*+$!'!
>5,%&!$,%,'$<3,$.!&3#%!#%!'(!#-6+$&'(&!%&'$&#(>!6+#(&@!
!
/0)!1#2,!'1%+!&+!&3'(2!'11!D(#7,$%#&4!<+11,'>5,%!;3+!'<<+-6'(#,)!-,!)5$#(>!&3#%!E!
-+(&3%!$,%,'$<3!!
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02)$%98()3%2#
!
45,6!7$%&'()!.,86!)%!$'9:('!)5'!75.+)%8!7.,+!';7'$,'+('9!<=!.87:)''6>!3+9''9?!
'@'+!/%+A!.B)'$!.+!.87:).),%+?!7.),'+)6!8.=!';7'$,'+('!6'@'$'!7.,+!%$!,)(5,+A!,+!
)5'! 8'8<'$! )5'=! 5.@'! /%6)>! 45'! 6%:$('! %B! )5,6! 75'+%8'+%+! $'8.,+6!
(%+)$%@'$6,./!<:)! ,)! ):$+6!%:)! )5.)! ,B! )5'! 6:<&'()! ,6! .</'! )%! 6''! )5'! ,8.A'!%B! )5'!
8'8<'$!<',+A!/%6)!C'A!<=!$'B/'(),+A!,+!.!8,$$%$!)5'!5'./)5=!/,8<D?!)5'+!)5'!7.,+!
6:<6,9'6>!

!

!
!
45'! .<%@'! 75%)%6! ,//:6)$.)'! )5'! ';7'$,'+('! %B! )5'!8,$$%$! <%;>! 45'! A%./! %B! )5,6!
7$%&'()! ,6! )%!.(5,'@'!.!6,8,/.$!';7'$,8'+)!<:)!E,)5!9,A,)./! ,8.A'6!.+9!)%!($'.)'!
6('+.$,%6! E5'$'! )5'! 8%@'8'+)! %B! )5'! 8,66,+A! /,8<! ,6! ,+9'7'+9'+)! B$%8! )5'!
8%@'8'+)!%B!)5'!5'./)5=!/,8<>!F%$!';.87/'?!,)!E%:/9!)5'+!<'!7%66,</'!)%!:6'G!

• HI!,8.A'6!)%!,87$%@'!)5'!$'+9'$,+A!
• 2'+6%$6!C.(('/'$%8')'$6?!7$'66:$'!6'+6%$6?!')(>D! /%(.)'9!%+!)5'!6):87!)%!

9')'$8,+'! )5'! 8%@'8'+)! )5.)! )5'! 7.),'+)! E.+)6! )%! .(5,'@'! E,)5! 5,6!
.87:).)'9!/,8<!

!
45'! :/),8.)'! A%./! ,6! )%! 8,+,8,J'! )5'! 75.+)%8! 7.,+! :6,+A! .6! /,))/'! 8.)'$,./! .6!
7%66,</'!)%!8,+,8,J'!)5'!(%6)!%B!)5'!'K:,78'+)>!
!
45,6!7$%&'()! ,6! ,+! )5'!$'6'.$(5!6).A'!.+9!)5'!7$%7%6'9!)%7,(6! B%$!8=! ,+)'$+65,7!
E'$'!+:8'$%:6>!3!(5%6'!)%!E%$L!%+!)5'!8%9'//,+A!%B!8%@'8'+)6!%B!)5'!8,66,+A!
8'8<'$!.((%$9,+A!)%!9,BB'$'+)!7.$.8')'$6!)5.)!3!5.9!)%!9')'$8,+'>!-=!E%$L!E.6!
9,@,9'9!,+)%!6'@'$./!7.$)6G!

• *(K:,6,),%+!%B!)5'!6'+6%$!C.+!.(('/'$%8')'$!7/.('9!%+!)5'!6):87D!
• I.).!)$.+68,66,%+!)%!)5'!(%87:)'$!
• I.).!.+./=6,6!.+9!9,67/.=!%B!)5'!$'6:/)!.6!.!MI!$'+9'$,+A!C,8.A'!%B!.!5.+9D!

!
45'!(5.//'+A'6!E'$'!)%G!

• I')'$8,+'!.!8%9'/!E5,(5!3!(%:/9!:6'!E,)5!)5'!9.).!3!5.9!
• -.L'!)5'!6=6)'8!.9.7).</'!)%!9,BB'$'+)!:6'$6!.+9!B%$!.!67'(,B,(!:6'$!
• -,+,8,J'!)5'!/.)'+(=!)%!8.L'!)5'!6=6)'8!.6!(/%6'!.6!7%66,</'!)%!$'./,)=!

!
/(!&3#%!$,6+$&!/!;#11!('-,!&3,!6'&#,(&!;3+!-'4!5%,!-4!;+$2!'%!F&3,!5%,$G!'()!&3,!
;3+1,!,1,<&$+(#<%!-'&,$#'1!'%!F&3,!%4%&,-G@!
!
!
!
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1(K2%L4'96'-'2), MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM E!
02)$%98()3%2MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM N!
1#<#12#+BB$%B$3+)'#-%9'4MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM O!
*>N!0!"$%('66,+A!9.).!)%!($'.)'!.!@,$):./!/,8< >>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>> O!
H+(&,I& @@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@J!
K-6#$#<'1!2(+;1,)>, @@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@L!

*>M!0!-.L'!)5'!6=6)'8!.9.7).</'>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>> P!
"+$!'!%6,<#*#<!5%,$@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@M!
B+!)#**,$,(&!5%,$%!'()!,(7#$+(-,(&% @@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@M!

>#<#PH'#H+$9L+$' MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM Q!
Q>N!0!-,+,8:8!5.$9E.$'G!3MR!%+!ST*>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>NU!
Q>M!0!V+/=!F"T*G!W.+9'/0R >>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>NN!
Q>H!0!F"T*!.+9!3+)'$B.('!%+!X,+9%E6>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>NM!
9<N5#$,!)'&'!'()!%,()#(>!&3,-!&+!&3,!<+-65&,$@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@ OP!
B3,!Q$'63#<!#(&,$*'<, @@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@ OJ!

*#<#*$'+)'#+#B$%)%)AB'MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM JR!
R>N!0!I,BB,(:/),'6>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>NY!
R>M!0!-.L'!,)!$':6.</' >>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>NP!
R>H!0!387$%@'8'+)6>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>NP!
*%2(48,3%2 MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM JG!
S',%8$(', MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM JQ!
2%B)E.$'!.+9!#,<$.$,'6 >>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>NZ!
['B'$'+('6>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>NZ!
1TT$'@3+)3%2, MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM EI!
P'(H23(+4#/+28+4MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM EJ!
F"T* >>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>MN!
W-3>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>MH!
RSPEP@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@ PE!
Q$'63#<@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@ PT!
K7,(& @@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@ PJ!
B'2,!6#<&5$,@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@ PL!
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1#<#12#+BB$%B$3+)'#-%9'4#
!

#1MJ#<#!$%(',,326#9+)+#)%#($'+)'#+#@3$)8+4#43-T#

# *%2)'U)#
!
45,6! 7$%&'()! ,+(/:9'9! .! 7.$)! %B! $'6'.$(5>! 3+9''9?! )%9.=! )5'! 8%@'8'+)! %B! )5'!
5:8.+! <%9=! C.+9! ,+! A'+'$./! )5'! 8%@'8'+)6! %B! /,@,+A! <',+A6D! ,6! +%)! .+! ';.()!
6(,'+('>! V<@,%:6/=?! )5,6! .$'.! ,6! '@%/@,+A! $.7,9/=G! $'8'8<'$! )5'! <'.$,+A! %B! )5'!
9,+%6.:$6! ,+! )5'!8%@,'! U5$'%%#<! V'$2?! 5%E! :++.):$./! )5'=! /%%L'9! (%87.$'9! )%!
)%9.=\6! 8%@,'! 8.9'! '+),$'/=! E,)5! (%87:)'$! A$.75,(6>! 3+! 67,)'! %B! 7$'6'+)!
7$%A$'66?! )5'! B%$8:/.6! 9'6($,<,+A! 8%@'8'+)! $'8.,+! '87,$,(./! .+9! ,)! E.6!
+'('66.$=!)%!8.L'!(5%,('6!.<%:)!)5'!./A%$,)586!:6'9!,+!)5'!"#"!7$%&'()>!!
]6:.//=?!E'!9')'$8,+'!)5'!7%6,),%+!%B!)5'!/,8<6!.((%$9,+A!)%!)5'!8%@'8'+)6!)5.)!
5.@'!)%!<'!7'$B%$8'9>!F%$!';.87/'?! ,+!.!8%@,'?! ,B!.!(5.$.()'$!E./L6!E'!5.@'!)%!
8%@'! )5'! /'A6!.((%$9,+A! )%! )5'!67''9!5'! ,6!6:77%6'9! )%!8%@'>!45,6!7$%&'()!5.6!
)E%!7.$),(:/.$,),'6G!

• 1;('7)!,B!)5'!:6'$!,6!.6L'9!)%!9%!.!67'(,B,(!8%@'8'+)?!)5'!6=6)'8!9%'6+^)!
L+%E!)5'!L,+9!%B!8%@'8'+)!)5'!:6'$!E,//!9%?!>!!

• 3)^6! ,87%66,</'! )%! $'(%$9! )5'!8%@'8'+)6! %B! )5'! :6'$^6! /,8<! 6%! 3! 5.9! )%!
9')'$8,+'!)5'8!B$%8!)5'!8%@'8'+)6!%B!.+!%)5'$!7.$)!%B!)5'!<%9=>!4%!9%!
)5.)?!3!)5%:A5)!%B!)5$''!9,BB'$'+)!.77$%.(5'6G!

o ['(%$9!)5'!8%),%+!%B!)5'!6):87!%$!%B!)5'!6),//!5'./)5=!7.$)!>!,@>@W!
R,<+$)!&3,!-+&#+(!+*!&3,!'$-!&+!),&,$-#(,!&+!-+&#+(!+*!&3,!*+$,'$-@!
R,<+$)!&3,!-+&#+(!+*!&3,!&3#>3!&+!),&,$-#(,!&3,!-+&#+(!+*!&3,!1,>>!

o ['(%$9!)5'!6=88')$,(./!/,8<!8%),%+!.+9!.6L!)%!7.),'+)!)%!.()!.6!,B!
5'! 8%@'9! 5,6! .$86_/'A6! )5'! 6.8'! E.=>! 45:6! ,)\6! 7%66,</'! )%!
9')'$8,+'!)5'!8%),%+!%B!)5'!75.+)%8!/,8<!<=!9%,+A!6=88')$=!%B!
)5'! 8%@'8'+)! %B! )5'! 5'./)5=! /,8<>! 45,6! ,6! .! L,+9! %B! .! 9,A,)./!
$'7$%9:(),%+!%B!)5'!';7'$,'+('!%B!)5'!8,$$%$!<%;>!

o 4$.(L!)5'!:6'$^6!'='6>!,@>@W!B+!<'&<3!'(!+=A,<&@!!/(!>,(,$'1.!;3,(!+(,!
;#%3,%!&+!<'&<3!'(!+=A,<&!&3,!,4,!-+7,%!&+;'$)%!&3,!+=A,<&@!

45'!'='!)$.(L,+A!$'K:,$'6!.!(.8'$.!.+9!,8.A'!7$%('66,+A?!<:)!)5'!8%@'6!%B!)5'!
<%9=! (.+!<'! $'(%$9'9!E,)5!.+!.(('/'$%8')'$!%$! .! A=$%6(%7'>! F%$! )5,6!7$%&'()! 3!
9'(,9'9! )%! :6'! %+/=! .+! .(('/'$%8')'$! .+9! A')! )5'!8.;,8:8! %B!E%$L.</'! 9.).!
B$%8!E5.)!3!(.+!8'.6:$'>!45'!B%//%E,+A!9,.A$.8!65%E6!)5'!,+)'$.(),%+6!<')E''+!
)5'!:6'$!.+9!)5'!6=6)'8>!

!
3+!.!+%$8./!6,):.),%+?!%+'!(.+!:6'!"$$&,%*,'-.&/*('-0"+/'*!)%!,+)'$.()!E,)5!)5'!
6:$$%:+9,+A! '+@,$%+8'+)! .+9! (%$$'()! %$! 8%9,B=! )5'! 8%),%+! 7.)5>! Q:)! ,+! )5,6!
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6,8:/.),%+?! )5'! :6'$! (.+! %+/=! :6'! 5,6! '='6,A5)! .+9! )5'! (%87:)'$! 5.6! %+/=! )5'!
.(('/'$%8')'$! 9.).>! 45'$'B%$'! 3! 9,6),+A:,65! )E%! )=7'6! %B! 8%),%+G! 8%),%+! E,)5!
:6'$^6! B''9<.(L! (%+)$%/! .+9! 8%),%+! E,)5%:)! :6'$^6! B''9<.(L>! 3+9''9?! 3)! ).L'6!
6'@'$./! )'+)56!%B!6'(%+9!<'B%$'!@,6:./! ,+B%$8.),%+!(.+!.BB'()! )5'!';'(:),%+!%B!.!
8%@'8'+)>!F%$!B.6)!8%@'8'+)6?!,)!,6!,+(%+(',@.</'!)5.)!)5'!(%88.+9!,6!8%9,B,'9!
%$!.9&:6)'9!(%+),+:%:6/=!<=!@,6:./! B''9<.(L!9:$,+A!8%)%$!7'$B%$8.+('>!45,6! ,6!
7.$),(:/.$/=! )$:'! %B! B,+A'$! 8%@'8'+)6! B%$! )5'! )$.,+'9! )=7,6)! E5%6'! ';'(:),%+!
),8'!,6!.$%:+9!YU!86>!
*6!.+!,//:6)$.),%+!%B!)5,6!6).)'8'+)?!)5'!B%//%E,+A!).</'!A,@'6!)5'!7$%('66,+A!),8'!
%B!@,6:./!,+B%$8.),%+!B%$!9,BB'$'+)!)=7'6!%B!).6L6!
!

Task Processing time of visual Work 
Alternate movements 500ms [Woodworth 1999] 
Target tracking movements 300~350ms  
Discrete movements of target attainment 190~260ms [Keele et al. 1968] 
!
45'! (%+6'K:'+('! ,6! )5.)! )5'! :6'$! (.+! %+/=! 7'$B%$8! B''9<.(L! %+! 6/%E! '+%:A5!
8%@'8'+)6! >! 3B!5'!8.L'6!.!K:,(L!8%@'8'+)?!5'!E,//!+%)!(%+)$%/! )5'!8%@'8'+)!
(%+),+:%:6/=?!<:)!6),//!E,//!';7'()!)%!6''!5,6!5.+9!,+!)5'!$,A5)!7/.('!%+!)5'!6($''+>!
45,6!L,+9!%B!8%@'8'+)!8.=!<'!9,BB,(:/)!)%!7$'9,()!.+9!8%9'/!(%$$'()/=!5%E'@'$!
,)!(.+!A,@'!:6'B:/!,+B%$8.),%+!.<%:)!)5'!:6'$>!F%$!';.87/'?!,B!)5'!6=6)'8!$'K:'6)6!
.!B.6)!8%@'8'+)!%B!).$A')!.)).,+8'+)?!)5'+!E'!L+%E!)5'!8.;,8:8!.(('/'$.),%+!
%B!)5'!:6'$>!
!

# 5-B3$3(+4#K2%L4'96'#
!
*8%+A! )5'! 8.+=! )5'%$,'6! %+! )5'! 9'(%87%6,),%+! %B! 5:8.+! <%9=! 8%@'8'+)6?!
6%8'!6''8'9!)%!<'!7.$),(:/.$/=!:6'B:/!B%$!)5,6!7$%&'()>!
!
45'!'.$/,'6)!6):9,'6!(%+9:()'9!<=!X%%9E%$)5!CN`ZZD!.+9!<=!F,))6!CNZOaD?!E'$'!
:6'9!)%!.+./=J'!A'6):$'6!%B!K:,(L!9,67/.('8'+)!<')E''+!)E%!).$A')6!,+!)5'!6.8'!
7/.+'>! 45'! ';7'$,8'+)6! (%+9:()'9! <=! F,))6! (%+6,6)'9! ,+! ';'(:),+A! .! <.(L! .+9!
B%$)5!8%@'8'+)!<')E''+!)E%!).$A')6!B%$!MU!6'(%+96>!45'!9,6).+('!<')E''+!)5'!
).$A')! .+9! )5'! ).$A')! 6,J'6! (5.+A,+A! B$%8!%+'! ';7'$,8'+)! )%! .+%)5'$>! 2:<&'()6!
E'$'! ./6%! .6L'9! )%! '+6:$'! )5.)! )5'! 7$'(,6,%+! '$$%$! 9%'6! +%)! ';(''9! Ob!%B! )5'!
E,9)5!%B!)5'!).$A')>!
45'!/.E!';7$'66'6!)5'!$'/.),%+65,7!<')E''+G!

• 45'!9:$.),%+!%B!8%),%+!4!
• *+9!)5'!9,6).+('!*!.+9!)5'!7$'(,6,%+!%B!8%),%+!X!

123!
!

! 

T = a + b.Id = a + b.log2
2.A
W

" 

# 
$ 

% 

& 
' 

!
• X5'$'!.!.+9!<!.$'!(%+6).+)6!9')'$8,+'9!'87,$,(.//=c!
• 39!(5.$.()'$,J'6!)5'!,+9';!%B!9,BB,(:/)=!%B!)5'!).6L?!';7$'66'9!,+!<,)6>!

45,6!'K:.),%+! ,+9,(.)'6! )5.)! )5'!9:$.),%+!%B!8%),%+! ,+($'.6'6!E,)5!)5'! ,+9';!%B!
9,BB,(:/)=>!
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F,))6\! /.E! ,6! +%)! 9,67:)'9! .+9! @'$,B,'9! ,+! @'$=! 9,@'$6,B,'9! (%+)';)6! >! 3)! .():.//=!
.77/,'6! )%! <%)5! (5,/9$'+! .+9! .9:/)6?! B%$! 8%@'8'+)6! ';'(:)'9! E,)5! 9,BB'$'+)!
'BB'()%$6>! 3)! .99$'66'9! 5%E'@'$?! .! ('$).,+! (/.66! %B!8%@'8'+)6?!E5,(5! $'K:,$'9!
)5.)!)5'!5.+9!$'.(5!)5'!';)$'8,)=!7%,+)!E,)5!.!A$'.)!7$'(,6,%+>!
!
45'! ';7$'66,%+! 7$%7%6'9! <=! -.(d'+J,'! CNZZMD! (.+! .@%,9! +'A.),@'! ,+9';'6! %B!
9,BB,(:/)=?!'67'(,.//=!B%$!$'/.),@'/=!/.$A'!.+9!+'.$<=!).$A')6!C,>'>!Xe!M*D>!3)!<'))'$!
$'B/'()6!)5'!(%$$'/.),%+!<')E''+!*!.+9!X!B%$!('$).,+!(%+9,),%+6!%B!';7'$,8'+)6>!
143!

! 

T = a + b.log2
A
W

+ c
" 

# 
$ 

% 

& 
' !(fN_M!gX'/B%$9!NZY`h!%$!(fN!g-.(d'+J,'!NZZMh!

!
2(58,9)!,&!'1>!5.@'!(%87/')'9!F,))6\!/.E>!45'=!.$'!,+)'$'6)'9!,+!K:,(L!8%@'8'+)6!
)5.)!7$%5,<,)!)5'!:6'!%B!(%$$'(),%+6!<.6'9!%+!6'+6%$!B''9<.(L>!45'6'!8%@'8'+)6!
$'K:,$'!.!$'B'$'+('!67''9!,6!,87%6'9!%+!)5'!6:<&'()>!F%$!)5,6!)=7'!%B!';7'$,8'+)?!
)5'$'!E.6!.!/,+'.$!$'/.),%+65,7!<')E''+!67''9!.+9!7$'(,6,%+>!
153!

! 

We = a + b A
T
!

3+! )5,6! (.6'?! )5'! ).$A')! ,6! $'9:('9! )%! .! 7%,+)! .+9! X'! ';7$'66! )5'! 9'@,.),%+!
<')E''+!)5'!).$A')!.+9!)5'!7%6,),%+!%B!)5'!';)$'8,)=!%B!)5'!5.+9>!
!
45'!7$,+(,7/'!%B!,6%(5$%+,'?!5.6!<''+!'6).</,65'9!<=!F$''8.+!CNZNaD!.+9!$'B/'()6!
)5'!,+@.$,.+('!%B!)5'!9:$.),%+!%B!';'(:),%+!%B!)5'!8%@'8'+)!.6!.!B:+(),%+!%B!)5'!
.87/,):9'! %B! )5,6! 8%@'8'+)>! *6! 65%E+! ,+! F,))6\! /.E?! )5'$'! ,6! ,+9''9! .!
67%+).+'%:6!)'+9'+(=!)%!,+($'.6'!67''9!%B!8%@'8'+)!9'7'+9,+A!%+!)5'!9,6).+('!
)%!)$.@'/!E5'+!+%!(%+6)$.,+)6!.$'!,87%6'9!%+!)5'!.@'$.A'!67''9!%B!)5'!A'6):$'>!
163!

! 

V = kA" !
X,)5!L!.+9!i!(%+6).+)!(%'BB,(,'+)6!Ci!(/%6'!)%!ND!
!
F,+.//=?! -'='$! ,&! '1>! 5.@'! 65%E+! )5.)! F,))6\! /.E! (.+! <'! (%+6,9'$'9! .6! <',+A! .!
67'(,./!(.6'!%B!.!8%$'!A'+'$./!/.E?!L+%E+!.6!)5'!/.E!%B!-'='$!CNZZUD>!
173&

! 

T = a + b.n A
W
" 

# 
$ 

% 

& 
' 

1
n
!

E5'$'!+! ,6! )5'!+:8<'$!%B! 6:<08%@'8'+)6!8.9'! )%! $'.(5!.! ).$A')!%B! 6,J'!X?!.)!
9,6).+('!*!B$%8!)5'!,+,),./!7%6,),%+!%B!)5'!5.+9>!.!.+9!<!.$'!(%+6).+)6>!
!
I'7'+9,+A!%+!E5,(5!8%9'/!,6!.77/,'9!.+9!)5'!6('+.$,%!(5%6'+!<=!)5'!T]3?!%+'!%B!
)5'6'!'K:.),%+6!(.+!<'!:6'9>!!
!

1ME#<#/+K'#)H'#,A,)'-#+9+B)+T4'#!
!
3!5.@'!(%+6,9'$'9!)E%!.77$%.(5'6!)%!8.L'!)5'!6=6)'8!.9.7).</'>!

! F,$6)/=?! ,)!8:6)! <'! .</'! )%! .9.7)! @'$=! 67'(,B,(.//=! )%! .! A,@'+! :6'$>! 4%! 9%!
)5.)?!E'!8%6)/=!:6'!)5'!.<%@'!'K:.),%+6!,+!E5,(5!E'!)$=!)%!9')'$8,+'!)5'!
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@./:'!%B!)5'!8.+=!@.$,.</'6>!45'6'!7.$),(:/.$!@./:'6!E,//!<'!(%+6,9'$'9!.6!
67'(,B,(!)%!.!A,@'+!:6'$>!

! 2'(%+9/=?!,)!8:6)!.9.7)!E5.)'@'$!)5'!:6'$!.+9!)5'!'+@,$%+8'+)!,+!E5,(5!
,)!,6!:6'9>!

V%$#+#,B'(3W3(#8,'$#
!
F,$6)! %B! .//?! ,)^6! 7%66,</'! )%! 6%$)! )5'! 'K:.),%+6! .((%$9,+A! )%! )5'! )E%! )=7'6! %B!
8%),%+>!

]6'!%B!@,6:./!B''9<.(L! j%!:6'!%B!@,6:./!B''9<.(L!
CF%$!8%@'8'+)!!k!OUU!86D!

gNh?!gMh?!gah?!gOh! gHh?!gah!
!
45'!)E%!9,BB'$'+)!6('+.$,%6!.$'G!

0 45'!:6'$! ,6! .6L'9! )%!7'$B%$8!.! 67'(,B,'9!8%@'! ,+! %$9'$! )%! (./,<$.)'! )5'!
6=6)'8!

0 45'! :6'$! ,6! .():.//=! :6,+A! )5'! 6=6)'8?! E5,(5! 8:6)! )5'+! 9')'$8,+'! 5,6!
8%@'8'+)6>!

!

!

# P%#93WW'$'2)#8,'$,#+29#'2@3$%2-'2),#
!
45'! 6=6)'8!8:6)! <'! .</'! )%! .9.7)!E5.)'@'$! )5'! $'B'$'+('! :6'$>! V<@,%:6/=! )5'!
B,$6)!($,)'$,%+!)%!(%+6,9'$!,6!)5'!7.)5%/%A=>!45'$'B%$'?!,)!6''8'9!:6'B:/!)%!/')!)5'!
:6'$!(5%%6'!)5'!/,8<!)%!8%9'/>!3+!)5'!A$.75,(!,+)'$B.('!3!9,9?!,)!,6!%+/=!7%66,</'!)%!
(5%%6'!<')E''+!)5'!$,A5)!%$!)5'!/'B)!5.+9?!<:)!%B!(%:$6'!,+!.!(%87/')'!@'$6,%+!,)!
65%:/9!<'!7%66,</'! )%! (5%%6'!8%$'! .((:$.)'/=! C'>A>! %+/=! )5'!5.+9?! )5'! B%$'.$8?!
)5'!B%%)D>!
45.+!3!)5%:A5)!)5'!'+@,$%+8'+)!65%:/9!<'!,+)'A$.)'9>!3)!,6!)5'$'B%$'!7%66,</'!)%!
).L'! .!7,():$'! B$%8! )5'!W-3?!E5,(5! ,6! )5'+!9,67/.='9! ,+! )5'!<.(LA$%:+9>! 3+! .+!
,87$%@'9!@'$6,%+?!E'!(.+! ,8.A,+'! )5.)! )5'$'!E%:/9!<'!.+! ,8.A'!7$%('66,+A! )%!
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.+./=J'!)5'!@.$,%:6!%<&'()6!7$'6'+)!,+!)5'!7,():$'!)%!A,@'!)5'!:6'$!)5'!.<,/,)=!)%!
A$.67!%<&'()6!5'!6''6>!
!

!

>#<#PH'#H+$9L+$'#
!
B3,! '#-! +*! &3#%! 6$+A,<&! ;'%! &+! ),&,$-#(,! '! -+),1.! &3,! 5%,*51! 6'$'-,&,$%! &+!
#-61,-,(&!&3#%!-+),1!'()!&3,!;'4!&+!)+!#&@!/!3')!(+!%6,<#*#<!3'$);'$,!&+!5%,@!
!
45'!8%9'/!3!6'/'()'9!:6'9!),8'?!67''9!.+9!7%6,),%+?!6%!3!5.9!)%!8'.6:$'!7%6,),%+!
.+9! 67''9! .)! .! 5,A5! B$'K:'+(=! <'(.:6'! 6%8'! 5:8.+! 8%@'8'+)! (.+! <'! K:,(L!
ClOU86D>!
*)!)5,6!67''9?!.!(.8'$.!CHU!B$.8'!7'$!6'(%+9D!A,@'6!%+/=!)E%!7,():$'6?!7$%<.</=!
</:$$'9! .+9! +''9! ,8.A'! 7$%('66,+A! .)! @'$=! 5,A5! 67''9?! 6%! 3! L'7)! )5'!
.(('/'$%8')'$!:6'9!<=!)5'!/.6)!='.$!6):9'+)>!

8%$%9"*+&/*('-0"+/'*&"#':+&+;%&"<<%$%-'0%+%-&
j.8'! --*PaOO#!
*;'6! H!.;'6G!m?!n?!o!
R%88:+,(.),%+!7$%)%(%/! 3MR!%$!2"3!
2"3!B$'K:'+(=! `-WJ!
2'/'().</'!$.+A'! pMA!c!paA!c!p`A!
S%/).A'! M>aS!q!H>YS!
!

45,6! .(('/'$%8')'$! ,6! .! -1-2!
7$%9:('9! <=! F$''6(./'! .+9! 6%/9! <=!!
".$.//.;! E'/9'9! %+! .! "RQ! E,)5! .!
@%/).A'!9$,@'$!E5,(5!.//%E6! ,)! )%!<'!
:6'9! <')E''+! M>OS! .+9! O>OS! .+9!
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6%8'!(%++'()%$6>!X,)5!)5,6!8%9:/'?!)5'!2"3!(.+!%+/=!<'!:6'9!,+!.!H0E,$'6!8%9'>!
!
!

>MJ#<#/323-8-#H+$9L+$'C#0E*#%2#XY1#
!
4%!($'.)'!.!7/:A0.+907/.=!6=6)'8?!E5,(5!,6!.6!6,87/'!.6!7%66,</'?!3!)5%:A5)!.<%:)!
:6,+A!)5'!!"#$%!&$'()*+,-$.-/0,1+>!45,6!7$%&'()! ,6!<.6'9!%+!)5'!$'7:$7%6,+A!%B!
)5'!';,6),+A!9,67/.=!(%+)$%/!/,+'6!7$'6'+)!%+!8.+=!A$.75,(6!(.$96!)%!,+)'$B.('!3MR!
9'@,('6!9,$'()/=!E,)5!.!(%87:)'$!E,)5%:)!.+=!6:(5!.9.7)'$6!.6!]2Q03MR!8%9:/'6!
)5.)! :6:.//=! (%6)! <')E''+! HU! .+9! NUUr>! 45'! (%+)$%/6! /,+'6! .$'! (.//'9! IIR!
CI,67/.=!I.).!R5.++'/D!.+9!.$'! ,+! B.()?!6,87/=!.+! ,87/'8'+).),%+!%B!.+!3MR!<:6!
E,)5! .! B'E! '6).</,65'9! $:/'6>! Q=! ).77,+A! ,+)%! )5,6! (%++'(),%+! <')E''+! )5'!
(%87:)'$!.+9!8%+,)%$!%$!8.L,+A!:6'!%B!.+!:+:6'9!@,9'%!7%$)?!%+'!(.+!,+)'$B.('!
E,)5!8.+=!3MR!9'@,('6!.)!@,$):.//=!+%!';7'+6'!.+9!)5'!E5%/'!6=6)'8!<'(.8'!.6!
6,87/'!.6!.!(%87:)'$!.+9!.+!3MR!9'@,('!9,$'()/=!(%++'()'9!)%A')5'$>!
!
]+B%$):+.)'/=?! )5,6! 7$%&'()! ,6! .! L,+9! %B! )$,(L! E,)5! )5'! IIR! .+9! 5.6! 6%8'!
/,8,).),%+6>!F,$6)!%B!.//?!)5'!(%87.),<,/,)=!$.+A'!%B!)5'!/,<$.$=!,6!/,8,)'9!)%!V2m!.+9!
#,+:;!.+9! $'K:,$'6! 67'(,B,(! A$.75,(! (.$9>!W%E'@'$!8=! /.7)%7!5.9! )5'! $'K:,$'9!
(%+B,A:$.),%+!6%!3!)$,'9!)5,6!/,<$.$=!%+!#,+:;!]<:+):!Z>U>a>!!
!

!

!
!

3!<:,/)!.!6,87/'!(%++'()%$!)%!7/:A!)5'!.(('/'$%8')'$!)%!8=!ST*!7%$)>!45'!7$%7'$!
E,$,+A!,6!!
!
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!
!
!

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

W%E'@'$?! 3! E.6! :+.</'! )%! $'.9!
.+=! 9.).! B$%8! )5'! .(('/'$%8')'$! :6,+A! )5,6! 5.(L>! *((%$9,+A! )%! )5'! 7$%&'()!
E'<6,)'?! +%)! .//! 3MR! 9'@,('! .$'! (%87.),</'! .+9! 3! .66:8'9! )5.)! )5'! --*PaOO!
E.6+^)>!-%$'%@'$?! )5,6! )$,(L! ,6! /,L'/=! )%! <'! .!E.$$.+)=0@%,9,+A! %7'$.),%+! .+9! ,)!
E%:/9!+%)!5.@'!A,@'+!.!E%$L.</'!6%/:),%+>!R%+6'K:'+)/=?!3!.<.+9%+'9!)5,6!,9'.>!

#

>ME#<#Z24A#V!Y1C#.+29'4<*#
!
Q'(.:6'! )5'! 3MR! %+! ST*! E.6+^)! .! 6:(('66?! 3! (%+).()'9! )5'! )E%! 6):9'+)6! E5%!
E%$L'9!%+!)5,6!7$%&'()! /.6)!='.$! ,+!%$9'$! )%!A')!6%8'! ,+B%$8.),%+!%+!5%E!)5'=!
.(K:,$'9!9.).!B$%8!)5'!.(('/'$%8')'$>!!
45'=!5.9!8.9'!)5'!(5%,('!)%!%+/=!:6'!F"T*!CM!s!R'/%;,(.![RNU!<%.$9D>!45:6!)5'!
9.).!E'$'!7$%('66'9!,+!.!@'$=!65%$)!),8'!.+9!+%!(%87:)'$!E.6!+''9'9!)%!$'./,6'!
)5'!6=6)'8>!45'!F"T*!E.6!.!m,/,+;!27.$).+!H#!%+!)5'!R'/%;,(.![RNU!<%.$9>!45,6!
<%.$9! (.+!<'!7$%A$.88'9!E,)5!W.+9/'0R?!E5,(5! 6,87/,B,'6! )5'!E%$L! .+9! .996!
9,6).+('!<')E''+!)5'!5.$9E.$'!.+9!)5'!(%9'>!]+B%$):+.)'/=?!+%<%9=!E.6!.</'!)%!
A,@'!8'!)5'!E%$L!)5'=!$'./,6'9!.+9!3!E%:/9!5.@'!5.9!)%!9%!'@'$=)5,+A!B$%8!)5'!
<'A,++,+A!,B!3!9'(,9'9!)%!:6'!)5,6!8')5%9>!
-%$'%@'$!R'/%;,(.!9%'6+^)!6:77%$)!)5'![RNU!.+=8%$'!<'(.:6'!-'+)%$!T$.75,(6!
<%:A5)! )5,6! 7.$)! %B! )5',$! <:6,+'66! .+9! ,+! 67,)'! %B! 9,6(:66,%+6! 3! 5.9!E,)5! )5'8?!
)5'=!E'$'!+%)!.</'!)%!7$%@,9'!8'!E,)5!)5'!6%B)E.$'!+''9'9!)%!:6'!)5'![RNU>!
!
*6!3!(%:/9!+%)!B,+9!)5'!6%B)E.$'!<=!8=6'/B?!3!(%+6,9'$'9!)5.)!)5'![RNU!E.6!+%)!.!
A%%9!(5%,('!.+=8%$'!.+9!3!):$+'9!)%E.$9!)5'!*)/=6!7$%9:('9!<=!I,/,A'+)?!:6'9!.!
m,/,+;!27.$).+!Y!F"T*!E5,(5! ,6!%7),8,J'9! B%$!5,A507'$B%$8.+('!E,)5! B.6)!(/%(L!
.+9!T"3V>!
Q:)!,+!%$9'$!)%!8.L'!)5'!6=6)'8!.9.7).</'!)%!9,BB'$'+)!:6'$6!.+9!.:)%0.9.7).</'!
)%! .! 9'B,+'9! :6'$?! 3! 5.9! )%! ($'.)'! .+! '/.<%$.)'! A$.75,(! ,+)'$B.('>! 3)! E.6!8:(5!
'.6,'$!.+9!:6'$!B$,'+9/=!)%!9'@'/%7!.!6%B)E.$'!E,)5!.!(%87:)'$!)5.+!)%!.99!)5'!
6:77%$)! %B! L'=<%.$9! .+9_%$!8%:6'! )%! )5'! F"T*?! 6%! 3! 9'(,9'9! )%! :6'! %+/=! %+'!
F"T*!E5,(5!.(K:,$'6!.+9!7$%('66'6!9.).!B$%8!)5'!.(('/'$%8')'$!<'B%$'!6'+9,+A!
)5'8!)%!)5'!(%87:)'$>!

=>?&@/-%& A4)&@/-%&
BAC&7&&&&D&>-':*E& T$%:+9!
BAC&F&&&&D&G7=& S3j!
BAC&24&D&H"+"& 2I*!
BAC&27&D&)$'<I& 2R#!
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!
!

>MN#<#V!Y1#+29#02)'$W+('#%2#[329%L,#
!
3!(5%6'!)%!7$%A$.8!)5'!F"T*!E,)5!m,/,+;!321!Na>N!.+9!)5'!A$.75,(!,+)'$B.('!E,)5!
)5'! B$''! .+9! ($%66! 7/.)B%$8! 3I1! C/(&,>$'&,)! 8,7,1+6-,(&! K(7#$+(-,(&D!
R%9'GGQ/%(L6!%+!E,+9%E6>!
2%8'!)'(5+,(./!9').,/6!.+9!)5'!,+6)$:(),%+6!)%!9%E+/%.9!8=!E%$L!(.+!<'!B%:+9!
,+!)5'!t4'(5+,(./!-.+:./t!6'(),%+>!
!

1(\83$'#9+)+#+29#,'29326#)H'-#)%#)H'#(%-B8)'$#
!
45'!--*PaOO! (.+! (%88:+,(.)'! B.6)'$!E,)5! 2"3! )5.+! 3MR! .+9! )5,6! 7$%)%(%/! ,6!
6,87/'$!<'(.:6'!=%:!%+/=!5.@'!)%!7/.('!)5'!2R!6,A+./!)%!/%E!6).)'!)%!.(),@.)'!)5'!
9'@,('>! 2%! 3! :6'9! 2"3! .+9! 7$%A$.88'9! )5'! .(K:,6,),%+! B$%8! )5'! .(('/'$%8')'$!
E,)5!)5'!F"T*>!
4%!6'+9!9.).!)%!)5'!(%87:)'$! 3!:6'9!)5'!(5,7!m[MNSNaNU!)5.)! ,6!'8<'99'9!%+!
)5'!*)/=6! <%.$9>! 3)! ,6! .+! '+5.+('9! N0(5.++'/!]+,@'$6./! *6=+(5$%+%:6!['(',@'$!
.+9! 4$.+68,))'$! C]*[4D! E,)5! .! ]2Q! ,+)'$B.('>! 45,6! 8'.+6! )5.)! 3! (%:/9!
(%88:+,(.)'! E,)5! )5'! 6'$,./! 7$%)%(%/! <=! 7/:AA,+A! ,+! )5'! *)/=6! E,)5! ]2Q>!
W%E'@'$?!)5,6!(5,7!%+/=!.//%E6!)5'!(%87:)'$!)%!$'(%A+,J'!)5'!]2Q!.6!.!6'$,./!7%$)!
.+9!,)!,6!6),//!+'('66.$=!)%!7$%A$.8!)5'!F"T*!)%!E$,)'!.!RV-!7%$)!.6!.+=!%)5'$>!3!
(5%%6'! )%! :6'! .! <.:9! $.)'! %B! ZYUU! <'(.:6'! ,)! ,6! .! (%88%+! @./:'! )5.)! 3! L+'E!
E%$L'9! E,)5! E,+9%E6! .+9! )5.)! ,6! 6:BB,(,'+)! )%! )$.+68,)! .(('/'$%8')'$! 9.).>!
3+9''9! E,)5! ZYUU! <.:9?! `! 9.).! <,)6! C#2Q! B,$6)D?! N! 6)%7! <,)! .+9! +%! 7.$,)=! )5'!
9:$.),%+!)%!)$.+68,)!.!9.).!,6!%+'!8,//,6'(%+9>!*6!3!6'+9!)5'!)5$''!.;'6!Cm?!n?!oD!
.+9!.!B,$6)!(5.$.()'$!)%!,+9,(.)'!)5.)!9.).!,6!@./,9!C%$!B$%8!E5'$'!,)!(%8'6D!.+9!.!
6'(%+9!)%!,+9,(.)'!)5.)!)5,6!,6!.!9.).!)$.+68,66,%+?!)5'$'!,6!.!)%)./!%B!O!9.).!%B!`!
<,)6!)%!)$.+68,)>!45,6!8'.+6!)5.)!)5'!A$.75,(!,+)'$B.('!(.+!:6'!+'E!@./:'6!'@'$=!
O86>!
!
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!
45,6!.77$%.(5!5'/76!8.L,+A!)5'!6=6)'8!.9.7).</'>!

• F%$! ';.87/'! ,B! 3! E.+)! )%! .99! .! 6'(%+9! .(('/'$%8')'$! %$! .! A=$%6(%7'?!
8'66.A'6!.<%:)!)5,6!+'E!6'+6%$!E,//!<'A,+!E,)5!\Q\>!

• V$!,B!3!E.+)!)%!.99!.!8'66.A'!,+B%$8,+A!)5'8!)5.)!+%!9.).!,6!6'+)!B$%8!)5'!
6'+6%$?!)5,6!8'66.A'!E,//!<'A,+!E,)5!\1,&&,$!+*!&3,!%,(%+$\!CU;auD!B%//%E'9!
<=! \! \! CU;MUD! )5'! (%+)'+)! %B! )5'!8'66.A'!E5,(5!E,//! <'! )5$''! (5.$.()'$6!
6.=,+A!)5.)!+%!9.).!,6!$'(',@'9!'>A>!vjV9w!CU;a1!U;aF!U;YaD>!

R:$$'+)/=?! )5'$'! ,6! %+/=! %+'! 6'+6%$! .+9! )E%! )=7'6! %B!8'66.A'6! C8'66.A'!E,)5!
9.).! %$! 8'66.A'! E,)5! ,+B%$8.),%+D>! V<@,%:6/=! )5'! 6=6)'8! E,//! +%)! 5.@'! MOY!
6'+6%$6! %$! MOY! 9,BB'$'+)! )=7'6! %B! 8'66.A'! 6%! 3! (%:/9! 8'$A'! )5'! B,$6)! )E%!
(5.$.()'$6! .+9! :6'! )5'! a! -2Q! B%$! )5'! 6'+6%$6! .+9! )5'! a! #2Q! B%$! )5'! )=7'! %B!
8'66.A'6?!<:)!)5'!(%9'!,6!'.6,'$!)%!:+9'$6).+9!:6,+A!*2R33!(5.$.()'$6>!
!
2,+('!,)!).L'6!/'66!)5.+!P>Hx6!)%!.(K:,$'!9.).!B$%8!)5'!H!.;'6!%B!)5'!.(('/'$%8')'$!
.+9!O86!)%!6'+9!)5'8!)%!)5'!(%87:)'$?!3!(5%6'!)%!8.L'!)5'!7$%('66!%B!6'+9,+A!
)5'! 9.).! )%! )5'! (%87:)'$! 6=+(5$%+,J'9! E,)5! )5'! $'('7),%+! B$%8! )5'!
.(('/'$%8')'$>!



"#"!"$%&'()!
*+)%,+'!-.//')!0!12311!
!

! Page 14 of 27!

!
]6,+A!)5,6!.$(5,)'():$'!'+6:$'6!)5.)!)5'!@./:'!6'+)!<=!)5'!]*[4!,6!+%)!E$,))'+!.)!
)5'! 6.8'! ),8'!<=! )5'! 2"3>!-%$'%@'$?! .6! .! 2"3! (=(/'! ,6! .<%:)! Y`U! ),8'6! 65%$)'$!
)5.+!.+!]*[4!(=(/'?!,)!,6!7%66,</'!)%!.99!CB%$!';.87/'D!.+!.@'$.A,+A!7$%('9:$'!%B!
6'@'$./!@./:'6!<'B%$'!6')),+A![1*In!)%!)5'!5,A5!6).)'>!
!
Q%)5! )5'! 2"3! .+9! ]*[4! .$'! %7'$.)'9! ,+! .+! ,+9'7'+9'+)! SWI#! B,/'>! 45'! 2"3! ,6!
.():.//=!.!(%+),+:%:6!(%:+)'$!/%%7!)5.)!+'@'$!6)%76!.B)'$!$'6')!.+9!)5'!]*[4!,6!
9,$'()/=!(%+)$%//'9!<=!)5'!8.,+!6).)'!8.(5,+'!)5.)!,6!9'6($,<'9!<'/%E>!

!
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# PH'#Y$+BH3(#32)'$W+('#
!
4%! 9'@'/%7! )5'! A$.75,(! ,+)'$B.('! 3! :6'9! R%9'GGQ/%(L6!E,)5! )5'! 2I#! /,<$.$=! .+9!
44FyF%+)>!
2I#!CS#-61,!8#$,<&:,)#'!X'4,$D!,6!.!($%6607/.)B%$8!8:/),8'9,.!/,<$.$=!9'6,A+'9!
)%!7$%@,9'!/%E!/'@'/!.(('66!)%!.:9,%?!L'=<%.$9?!8%:6'?!&%=6),(L?!HI!5.$9E.$'!@,.!
V7'+T#?! .+9! MI! @,9'%! B$.8'<:BB'$>! 45'! .9@.+).A'! %B! )5,6! /,<$.$=?! ,6! )5.)?! /,L'!
R%9'GGQ/%(L6?! ,)! ,6! .! ($%6607/.)B%$8>! 45'$'B%$'?! ,)!E%:/9! <'! $'/.),@'/=! 6,87/'! )%!
8.L'! .! 7%$)! B%$! #,+:;! %$!-.(! V2>! W%E'@'$?! )5,6! /,<$.$=! %+/=! .//%E6! /%E! /'@'/!
.(('66>!45'$'! ,6!+%!.:)%8.),(!A'+'$.),%+!%B!<:))%+!%$!.+=!%)5'$!A$.75,(!%<&'()>!
45'$'B%$'!,)!,6!+'('66.$=!)%!($'.)'?!9'6,A+!.+9!8.+:.//=!7/.('!'.(5!%<&'()!,+!)5'!
,+)'$B.('>!
45'!%<&'(),@'!%B!)5,6!6%B)E.$'!E.6!)%!($'.)'!.!6,87/'!.+9!:6'$0B$,'+9/=!,+)'$B.('!
E,)5! .! $'7$'6'+).),%+! %B! .//! )5'! +'('66.$=! 7.$.8')'$6! )%! 8.L'! ,)! .9.7).</'>! 3!
9,9+^)!E%$L!%+!8.L,+A!.!$'./,6),(!$'7$'6'+).),%+!%B!.+=!/,8<!6,+('!.((%$9,+A!)%!
)5'! "#"! 7$%&'()! 9'6($,7),%+c! )5'! 7$%9:(),%+0%$,'+)'9! 8:6(/'0<.6'9! 5:8.+!
(5.$.()'$!6L,++,+A!)'(5+,K:'!,6!./$'.9=!@'$=!.9@.+('9>!
!
45'! R%9'! GG! Q/%(L6! 7$%&'()! (%+).,+6! 8.+=! B,/'6?! '.(5! %B! )5'8! 7'$B%$8,+A! .!
7.$),(:/.$!B:+(),%+G!

- 0"/*J<KK! G! R%+).,+6! )5'! 8.,+! /%%7! ,+!
E5,(5! )5'! 6($''+! ,6! 9,67/.='9! .+9! )5'!
'@'+)6! CL'=<%.$9?! 8%:6'D! .$'!
7$%('66'9>!

!
- E%(/*%J;!G!R%+).,+6!.//!)5'!(%+6).+)6!.+9!

'67'(,.//=! )5'! %+'6! $'/.)'9! )%! )5'!
7%6,),%+! %B! )5'! %<&'()6! %B! )5'! A$.75,(./!
,+)'$B.('>!

!
- @/*L,%-/"$J<KK!G!R%+).,+6!)5'!+'('66.$=!

B:+(),%+6! )%! (%88:+,(.)'! E,)5! )5'!
[2MHM!7$%)%(%/>!

!
- @/*L,%-/"$J;!G!E,+y6'$,./>(77!5'.9'$>!

!
- ,%-/"$L<+-$J<KK! G! 3)! :6'6! E,+y6'$,./>(77! .+9! (%+).,+6! 8%$'! .9@.+('9!

B:+(),%+6!)%!(%+)$%/!67'(,B,(.//=!)5'!F"T*!%B!)5,6!7$%&'()>!3)!B,+96!)5'!$,A5)!
RV-!7%$)!.+9!$'.96!$'A:/.$/=!)5'!9.).!CE,)5!),8'$D>!

!
- ,%-/"$L<-+$J;!G!6'$,./y()$/>(77!5'.9'$>!

!
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- *//!,8.A'6!3!9$'E>!

!
!

1;)'$+./!$'6%:$('6!
- MHNL-'+'O''0J<! z! MHNL-'+'O''0J;G! B,/'6! B$%8! )5'! 2I#yAB;! /,<$.$=!

(%+).,+,+A!B:+(),%+6!)5.)!.//%E6!$'6,J,+A!.!7,():$'!E,)5!.+),0./,.6,+A>!
!

- 9/E%'A*K:+J;G! 5'.9'$! %B! )5'! S,9'%3+7:)! /,<$.$=! ! )5.)! .//%E6! ).L,+A!
7,():$'6!B$%8!.!E'<(.8>!

!

*#<#*$'+)'#+#B$%)%)AB'#
!

*MJ#<#D3WW3(84)3',#
!

• 45'!8.,+!)'(5+,(./!9,BB,(:/)=!)5.)! 3!8')!E.6!)5'!:6'!%B!.!6,+A/'!7,+!%B! )5'!F"T*!
<%)5!.6!.+!,+7:)!.+9!%:)7:)>!3+9''9?!.6!)5'!2"3!E.6!vH!E,$'6w?!2I3!.+9!2IV!E'$'!
%+!)5'!6.8'!7,+>!W%E'@'$?! ,)! ,6!+%)!75=6,(.//=! ,87%66,</'! )5.)! )5'!6.8'!E,$'! ,6!
(%+)$%//'9!<=!)E%!9,BB'$'+)!'+),),'6!.+9!B%$! )5,6!$'.6%+c! ,)! ,6!+%)!7%66,</'! )%!A')!
9.).!B$%8!)5'!.(('/'$%8')'$!E,)5%:)!B:$)5'$!)$'.)8'+)>!!

"!45'!6%/:),%+!,6!B,$6)/=!)%!:6'!.+!#(+5&!3_V!.+9!6'(%+9/=!)%!:6'!.!6,A+./!)5.)!3!
+.8'9!+,.!E5,(5!,+9,(.)'6!)5'!9,$'(),%+!%B!)5'!3_V>!Q.6'9!%+!)5'!+,!6,A+./?!)5'!
7%$)!,+-.+.A'%:)!,6!(%++'()'9!',)5'$!)%E.$96!.+!%:)7:)!%$!.+!,+7:)!)5.)!.$'!
<%)5!,+)'$+./!6,A+./6>!

!
'+),)=!2"3yR4[#!,6!

"%$)!C! 2I3V!G!,+%:)!!24Iy#VT3Rc!
! YZ[!
Dc!
!

.$(5,)'():$'!Q'5.@,%$./!%B!2"3yR4[#!,6!
6,A+./!2I3Vy,+! G!6)9y/%A,(c!
6,A+./!2I3Vy%:)! G!6)9y/%A,(c!
6,A+./!%'! ! G!6)9y/%A,(c!
YZ[!
!
<'A,+!
2I3Vy,+!kf!2I3V!E5'+!%'!f!\U\!'/6'!\U\c! 00!%'!f!\U\!fe!2I3V!,6!.+!,+7:)!
2I3V!kf!2I3Vy%:)!E5'+!%'!f!\N\!'/6'!\o\c! 00!%'!f!\N\!fe!2I3V!,6!.+!%:)7:)!
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!
• 45'! 6'(%+9! (5.//'+A'! E.6! )%! 8.+.A'! 8=! ),8'>! *6! )5,6! ,6! :6:./! ,+! $'6'.$(5!

7$%&'()6?!3!E.6!B$''!)%!E%$L!)5'!5%:$6!3!E.+)'9!.+9!8%@'!B%$E.$9!,+!)5'!7$%&'()!
.((%$9,+A!)%!8=!9'6,$'>!W%E'@'$?!3!%+/=!5.9!.!/,8,)'9!.8%:+)!%B!),8'!CH!8%+)56D!
)%! (%87/')'!8=! ,+)'$+65,7>! 45'$'B%$'?! %+! )5'! %+'! 5.+9! 3! 5.9! )%! 6')! A%./6! .+9!
.(5,'@'! )5'8! .6! 8:(5! .6! 7%66,</'?! .+9! %+! )5'! %)5'$! 5.+9?! 3! 5.9! )%! /,8,)! 8=!
%<&'(),@'6!6%!.6!+%)! )%! )$=!9'@'/%7,+A!6%8')5,+A! )5.)! 3!E%:/9!+%)!5.@'! ),8'! )%!
B,+,65>!3!./6%!5.9!)%!<./.+('!$'6'.$(5!.+9!9'@'/%78'+)>!3!67'+)!8:(5!),8'!.)!)5'!
<'A,++,+A!%B!8=!,+)'$+65,7!)%!/'.$+!.<%:)!)5'!,+)'$+./!B%$E.$9!8%9'/?!<:)!)5'+!3!
9,9!+%)!L+%E!5%E!)%!.77/=!,+!.!7$.(),(./!E.=!E5.)!3!/'.$+'9>!

*ME#<#/+K'#3)#$'8,+T4'#
!
45,6!,6!)5'!6'(%+9!='.$!)5.)!)5,6!7$%&'()!,6!8.9'!.+9!,B!,)!(%+),+:'6!+';)!='.$?!,)!
E%:/9!<'!%B!,+)'$'6)!)5.)!)5,6!E%$L!<'!)$.+68,))'9!,+!)5'!'.6,'6)!7%66,</'!E.=>!
F%$!)5,6!$'.6%+?!3!(%88,))'9!)%!7:)G!

• j'('66.$=!(%88'+)6!,+!)5'!(%9'?!
• *//!(%+6).+)6!,+!)5'!B,/'!9'B,+'>5!6%!)5'!6%:$('!(%9'!(%+).,+6!)5'!+.8'!%B!

)5,6!(%+6).+)6!,+6)'.9!%B!B,;'9!@./:'>!
• ]6'B:/!,+B%$8.),%+!)%!$')$,'@'!8=!E%$L!,+!)5'!t4'(5+,(./!-.+:./t!6'(),%+>!

3+! .99,),%+?! 8=! E%$L! .+9! )5'! 6%:$('6! 3! :6'9! (.+! <'! B%:+9! %+! )5'! E'<! 6,)'!
7/7>.+)%,+'8>(%8!E,)5!)5'!7$%7'$!/,('+6'6>!
!

*MN#<#0-B$%@'-'2),#
!
*B)'$! )5$''! 8%+)56! %B! E%$L?! 3! (.+! /%%L! <.(L! .)! 8=! %E+! E%$L! .+9! B,+9! 6%8'!
7%66,<,/,),'6!%B!,87$%@'8'+)>!

• R:$$'+)/=! )5'$'! ,6!%+/=!%+'!6'+6%$?!E5,(5! ,6!A%%9! ,+! )'$86!%B!+:8<'$!%B!
+'('66.$=! 'K:,78'+)>! W%E'@'$?! )5,6! 6'+6%$! $'K:,$'6! .+! F"T*! .6! .+!
,+)'$8'9,.$=! <')E''+! ,)! .+9! )5'! (%87:)'$>! T,@'+! )5'! B$'K:'+(=! %B!
$'.9,+A!%B!)5'!.(('/'$%8')'$?!.!6,87/'!8,($%7$%('66%$!6:(5!.6!.+!`<,)!"3R!
E%:/9!<'!'K:.//=!'BB'(),@'!.+9!6,87/'$!)%!,87/'8'+)>!

• 45'!--*PaOO!E.6!6/,A5)/=!+%,6=!.+9!.6!)5'!7%6,),%+!E.6!'6),8.)'9!B$%8!
)5'!9%:</'!,+)'A$./!%B!)5'!.(('/'$.),%+?!,)!(.$$,'9!)5,6!,+,),./!'$$%$>!F%$!)5.)!
$'.6%+?!3!<'/,'@'!)5.)!.!A=$%6(%7'!(%:7/'9!E,)5!)5'!.(('/'$%8')'$!E%:/9!
7$%@,9'!8%$'!.((:$.)'!$'6:/)6>!

• 45'!t@,9'%,+7:)t!/,<$.$=!3!:6'9!)%!(.7):$'!,8.A'6!E,)5!)5'!E'<(.8!,6!+%)!
($%6607/.)B%$8!.+9! ,)!E%:/9!<'!+,('!)%!$'7/.('! ,)!E,)5!.+%)5'$! /,<$.$=!)%!
8.L'!)5'!'+),$'!7$%&'()!(%87,/.</'!%+!.+=!6=6)'8>!

• V<@,%:6/=?!)5'!6=6)'8!(.+!6),//!<'!,87$%@'9>!V+'!(%:/9!$'/=!.!/%)!8%$'!%+!
)5'!'K:.),%+6>! 3!<'/,'@'! ,)!E%:/9!<'!7%66,</'! )%!9'@'/%7!6('+.$,%6! ,+6,9'!
)5'!W-3!E5'$'!)5'!:6'$!,6!A:,9'9!)5$%:A5!9,BB'$'+)!';7'$,8'+)6!,+!%$9'$!
)%!8%$'!.((:$.)'/=!(./,<$.)'!)5'!6=6)'8>!45'!.,8!E%:/9!<'!)%!9')'$8,+'!
B.()%$6! .?! <?! L?! i! ,+! )5'! .<%@'! 8'+),%+'9! 'K:.),%+6! E,)5! )5'! /.$A'6)!
7%66,</'!.((:$.(=>!

!
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*%2(48,3%2#
!
45'!E%$L!3\@'!9%+'!,6!.!68.//!7.$)!%B!)5'!<$%.9'$!"#"!7$%&'()>!45'!H!8%+)56!%B!
8=!%E+!7$%&'()!E'$'!,+9''9!.!65%$)!),8'!)%!8.)(5!8=!%<&'(),@'6G!

• V+! )5'! %+'! 5.+9?! 3! 5.9! )%! /'.$+! .! /%)! ,+! )5'! B,'/9! %B! 5:8.+!8%@'8'+)?!
E5,(5!,6!.!B.6(,+.),+A!+'E!9,6(,7/,+'?!(/%6'!)%!)5'!B,'/9!%B!8'9,(,+'>!

• V+! )5'! %)5'$! 5.+9?! 3! (%:/9! :6'! 8=! '+A,+''$,+A! L+%E/'9A'! )%! 9'@'/%7!
6%B)E.$'! 6%/@,+A! )5'! 8.+=! 67'(,B,(! ,66:'6! +''9'9! B%$! .! <'))'$! 8.+!
8.(5,+'!,+)'$B.('! /,L'!)5'!2"3!.+9![2MHM!7$%)%(%/6?! )5'!9$.E,+A!%B!'.(5!
'/'8'+)!,+!)5'!,+)'$B.('?!')(>!

*B)'$!8=!65%$)!,+@%/@'8'+)!,+!)5'!"#"!7$%&'()?!3!(.+!6''!8.+=!%77%$):+,),'6!B%$!
B:$)5'$! 9'@'/%78'+)6>! 3! ./$'.9=! 7$%7%6'9! 6%8'!7$.(),(./! ,87$%@'8'+)6! %B! )5'!
,+)'$B.('>!Q:)!3!./6%!<'/,'@'!,)!E%:/9!<'!@./:.</'!)%!,+(/:9'!8%$'!L+%E/'9A'!,+)%!
8=! 6%B)E.$'! C6:(5! .6! F,))6\! /.E! %$! -.(d'+J,'^6! /%ED>! F,+.//=?! 3! .8! 6:$'! )5.)!
B:$)5'$! 7$%A$'66! (.+! %+/=! <'! .(5,'@'9! ,B! )5'! B:):$'! E%$L6! $'/=! %+!
,+)'$9,6(,7/,+.$=!)'.86!8,;,+A!<%)5!'+A,+''$,+A!.+9!8'9,(./!(%87')'+('6>!!
!
2%!%B!(%:$6'?!E5.)! 3!9'@'/%7'9! ,6!+%)!=')! )'6).</'!E,)5!7.),'+)6!.+9! ,)! ,6!%+/=!.!
A/,876'!%B!)5'!8.+=!7%66,<,/,),'6!%B!)5'!"#"!7$%&'()>!Q:)!3!B''/!,)! ,6!.!6)'7!,+!)5'!
$,A5)!9,$'(),%+!.+9!'@'+):.//=?!)5'!6:8!%B!6:(5!(%+)$,<:),%+6!E,//!5'/7!6%/@,+A!)5'!
9,BB,(:/)!7$%</'8!%B!75.+)%8!7.,+6!';7'$,'+('9!<=!.87:)''6>!
!
!
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!

S',%8$(',#
!

7%W)L+$'#+29#"3T$+$3',!
!
• F"T*!

o m,/,+;!321!Na>N!E'<7.(L!0!E,+9%E6!m"!
o *4#n2!<%.$9!CI,A,/'+)D!
o ]*[4!)%!]2QC;$MN@NaNUD!

• *(('/'$%8')'$!
o ".$.//.;!--*PaOO!
o F$''6(./'!--*PaOO#!C9.).65'')D!

!
• T$.75,(!,+)'$B.('!

o I'@'/%78'+)!'+@,$%+8'+)!G!-,+TX!
o 3I1!G!R%9'GGQ/%(L6!0!E,+9%E6!m"!
o T$.75,(6!/,<$.$=!G!2I#!

# 2I#y))B!
# 2I#yAB;!

o R.7):$'!B$%8!E'<(.8!G!S,9'%3+7:)!
!

S'W'$'2(',#
!

• 45'! -(T,//! ".,+! {:'6),%++.,$'G! -.&%$! 7$%7'$),'6! .+9! 6(%$,+A! 8')5%96!
g[%+./9!-'/J.(Lh!

!
• -|8%,$'! 9^W.<,/,).),%+>! -%9}/'6! 9^.+./=6'! 6=+)5}6'! 9'! 8%:@'8'+)6!

g2=/@,'!T,<')h!
!

• -%)%$! R%+)$%/0#'.$+,+A! -%9'/! B%$! ['.(5,+A! -%@'8'+)6! gW,$%=:L,!
d.8<.$.?!d=%:+A6,L!d,8?!I:L!25,+?!-.L%)%!2.)%?!.+9!n.6:5.$:!d%,L'h!

!
• F,))6^! #.E! .+9! 1;7.+9,+A! 4.$A')6G! *+! 1;7'$,8'+)./! 2):9=?! .+9!

*77/,(.),%+6!)%!]6'$!3+)'$B.('!I'6,A+!g-,(5.'/!~%5+!-RT:BB,+h!
!

• 5))7G__E,L,7'9,.>B$!!0!E,L,7'9,.>(%8!
!

• 5))7G__E,L,>/,<69/>%$A!
!

• 5))7G__EEE>6,)'9:J'$%>(%8_!
!

• 5))7G__69/><':(>+')_!
!
!
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1TT$'@3+)3%2,#
!
IIR! I,67/.=!I.).!R5.++'/!
F"T*! F,'/90"$%A$.88.</'!T.)'!*$$.=!
T"3V! T'+'$./!":$7%6'!3+7:)_V:)7:)!
T]3! T$.75,(!]6'$!3+)'$B.('!
W-3! W:8.+!-.(5,+'!3+)'$B.('!
3MR! 33R>!3+)'$03+)'A$.)'9!R,$(:,)!
#2Q! #.6)!2,A+,B,(.+)!Q,)!
-2Q! -%6)!2,A+,B,(.+)!Q,)!
"RQ! "$,+)'9!R,$(:,)!Q%.$9!
"#"! "5.+)%8!#,8<!".,+!
2R#! 2'$,./!R/%(L!#,+'!
2I*! 2'$,./!I.).!#,+'!
]*[4! ]+,@'$6./!*6=+(5$%+%:6!['(',@'$!.+9!4$.+68,))'$!
]2Q! ]+,@'$6./!2'$,./!Q:6!
ST*! S,9'%!T$.75,(6!*$$.=!
!
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P'(H23(+4#/+28+4#
!
45'!7:$7%6'!%B! )5,6! 6'(),%+! ,6! )%!';7/.,+! )5'!8.,+!(5.$.()'$,6),(6!%B! )5'! 6%:$('!
(%9'!)%!'+.</'!'.6,'$!:+9'$6).+9,+A!%B!)5'!(%9'!.+9!B:$)5'$!$':6'!%B!8=!7$%&'()>!
*//!8=!9'@'/%78'+)6!(.+!<'!B%:+9!%+!E'<6,)'!7/7>.+)%,+'8>(%8>!
!

V!Y1#
!
! P/-/*Q&
!
3!($'.)'9!)E%!9,BB'$'+)!(.</'6!)%!(%88:+,(.)'!E,)5!)5'!.(('/'$%8')'$>!*!B,$6)!%+'!
)%! <'! :6'9! E,)5! 3MR! .+9! .! 6'(%+9! %+'! E,)5! 2"3! C.99'9! 2R! .+9! 3j4ND>! 45,6!
9,.A$.8!';7/.,+6!)5'!E,$,+A!B%$!2"3>!

!

!
&
MBA&

!
45'! 2"3! ,6! %7'$.)'9! ,+! B,/'! v3MRyR4[#>@59w>! 45,6! ,6! (%+6,6)'+)! E,)5! )5'! ,+,),./!
9'@'/%78'+)6!E5'$'! )5'! 3MR!E.6!:6'9!)%! )$.+68,)!9.).>!45'! B,/'!+.8'!E.6!+%)!
8%9,B,'9!,+!B:$)5'$!9'@'/%78'+)6!)%!.@%,9!'$$%$6>!
2"3! %7'$.),%+! ,6! <.6'9! %+! (%:+)'$! t(7)t! E5,(5! ,6! (%+)$%//'9! <=! .! 6'7.$.)'!
7$%('66>!I:$,+A!$'6')?! (7)! ,6! 6')! )%!U! )5'+! ,)! ,6! ,+($'8'+)'9!.)!'.(5!(/%(L!(=(/'>!
*+%)5'$!7$%('66!6'+96!%$!$'.96!9.).!9'7'+9,+A!%+!)5'!@./:'!%B!(7)>!Q')E''+!U!
.+9! NHYO?! )5'! ,+,),./,J.),%+! (%88.+96! .$'! 6'+)>! Q')E''+! NHYO! .+9! MPNP! )5'!
@./:'!%B!.(('/'$.),%+6!%+!m?!n?!o!.$'!$'.9>!3+!M`UU?!.![1*In!6,A+./!,6!6'+)!)%!)5'!
8.,+! 6).)'! 8.(5,+'! )%! 8'+),%+! +'E! @./:'6>! 45'$'B%$'?! .B)'$! ,+,),./,J.),%+?! (7)!
/%%76!B$%8!NHYO!)%!$'.9!)5'!.;'6!(%+),+:%:6/=>!2,+('!)5'!8.,+!6).)'!8.(5,+'!,6!
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6=+(5$%+,J'9!)%!)5'!2"3?!,)!,6!7%66,</'!)%!A,@'!.!5,A5!@./:'!)%!(7)!)%!6/%E!)5'!E5%/'!
7$%A$.8>!F%$!';.87/'!

! '/6,B!$,6,+Ay'9A'CR#dD!)5'+!
! ! ,B!(7)!f!2RRRRRR!)5'+!
! ! ! (7)!kf!NHYOc!

Q=!9%,+A!.!/%%7!%B!6,J'!NUUUUUU!E,)5!.!NUU-WJ!(/%(L?!)5'!2"3!E,//!<'!$'.9!'@'$=!
NU86?!E5,(5!E,//!6/%E!9%E+!)5'!6).)'!8.(5,+'>!F%$!';.87/'?!)5,6!(.+!<'!:6'B:/!)%!
9'<:A>!
!

• 3+,),./,J.),%+!
I:$,+A!,+,),./,J.),%+?!)5$''!$'A,6)'$6!.$'!6')>!

!
I["I!f!U! G!I.).!$'.9=!,6!%:)7:)!)%!3j4N_I[In!"3j!
2"3HX!f!N! G!2"3!,6!H!E,$'!8%9'!C2I3!.+9!2IV!.$'!)5'!6.8'!7,+D!
24Vj!f!U! G!2'/B0)'6)!,6!+%)!'+.</'9!
T#S#!f!UN! G!pMA!,6!6'/'()'9!B%$!8'.6:$'8'+)!$.+A'!C0MA!f!r`Uc!�MA!f!rPFD!
-VI1!f!UN! G!-'.6:$'8'+)!8%9'!C(%+),+:%:6!8'.6:$'8'+)D!
!
3! (5%%6'! )5'! MA08'.6:$'8'+)! 8%9'! <'(.:6'! )5,6! $.+A'! ,6! '+%:A5! B%$! .$8!
8%@'8'+)>!*+9?!.6! 3!E,$'9!)5'!3j4N!%:)7:)!%+!)5'!(%++'()%$!)5.)! 3!8.9'?! 3!6')!
I["I!)%!U!,+!%$9'$!)%!%:)7:)!v9.).!$'.9=w!%+!)5,6!7,+>!
!

!
IFQX!f!N! G!I,A,)./!B,/)'$!<.+9!E,9)5!,6!NMOWJ!
4WV"4!f!N! G!3+)'A'$!@./:'!,6!.@.,/.</'!
oI*!f!N! G!o0.;,6!,6!9,6.</'9!B%$!9')'(),%+!
nI*!f!N! G!n0.;,6!,6!9,6.</'9!B%$!9')'(),%+!
mI*!f!N! G!m0.;,6!,6!9,6.</'9!B%$!9')'(),%+!
!

!
3MRI32!f!N! ! G!3MR!,6!9,6.</'9!
IS*I!f!UUNNNUN! G!I'B.:/)!3MR!9'@,('!.99$'66!
!
4%!.@%,9!.+=!(%+B/,()!<')E''+!2"3!.+9!3MR?!3!9'.(),@.)'9!3MR!.6!$'(%88'+9'9!<=!
)5'!9.).65'')>!
&

• *(K:,6,),%+!
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X5'+!)5'!.(K:,6,),%+!).L'6!7/.('?!$'A,6)'$6!mV]4!CrUYD?!nV]4!CrUPD!.+9!oV]4!
CrU`D!.$'!$'.9>!

!
S?8!&

!
45'! ]*[4! ,6! %7'$.)'9! ,+! )5'! B,/'! v]*[4y4myR4[#>@59w>! 3! 8%9,B,'9! )5'! 6.87/'!
7$%&'()!7$%@,9'9!%+!)5'!m,/,+;!E'<6,)'!)%!9'8%+6)$.)'!:6.A'!%B!)5'!8.,+!3_V>!!

!
!
45'! 6).)'! 8.(5,+'! .<%@'! (.+! 6'+9! .! 6,+A/'! `0<,)! <=)'! E,)5! .! 6)%7! <,)! .+9! +%!
7.$,)=>! 3)! ,6! (%+)$%//'9! <=! )5'! 8.,+! 6).)'! 8.(5,+'! 7$%A$.88'9! ,+! )5'! B,/'!
vT"3Vy9'8%>@59w!)5$%:A5!)5'!21jI!6,A+./>!
!
R5.+A,+A!)5'!@./:'!%B!Q34y4-[y-*m!(.+!8%9,B=!)5'!<.:9!$.)'!%B!)5'!RV-!7%$)>!
F%$!.!Q.:9![.)'!%B!ZYUU?!Q34y4-[y-*m!65%:/9!<'!CNUU-5J_ZYUUD0N!f!NUaNY!f!
U<NUNUUUNUNNUUUU>!
!

./0#
!
45'!W-3!,+(/:9'6!.!A$.75,(?!.+!,+)'//,A'+('!.+9!.!(%88:+,(.),%+!7.$)>!
!

# S7ENE#
!

• 4%!%7'+!.!RV-!7%$)!E,)5!E,+9%E6?!:6'!)5'!R$'.)'F,/'CD!B:+(),%+!E,)5!)5'!
7$%7'$!7.$.8')'$6!.+9!.+!%<&'()!IRQ!)%!8%9,B=!)5'!7$%7'$),'6!%B!)5'!
RV-!7%$)!C<.:9!$.)'?!7.$,)=?!')(D>!

• 4%!$'.9!B$%8!)5'!RV-!7%$)?!:6'!)5'!['.9F,/'CD!B:+(),%+!
• *+9!)%!(/%6'!)5'!RV-!7%$)?!:6'!)5'!R/%6'W.+9/'CD!B:+(),%+>!

!
45'6'! B:+(),%+6! .$'! 67'(,B,(! )%!X,+9%E6! .+9! ,)! ,6! +'('66.$=! )%! 7'$B%$8! 6%8'!
7$%('66,+A!<'B%$'!%$!.B)'$!:6,+A!)5'8>!F%$!';.87/'!<'B%$'!$'.9,+A!B$%8!)5'!RV-!
7%$)! =%:!8:6)! (5'(L! )5'!9.).! 6,J'! ,+! )5'! 6).(L! C2''! )5'! 6%:$('! (%9'!.)).(5'9D>!
45'$'B%$'! 3! 5.@'! A$%:7'9! )5'6'!<.6,(! B:+(),%+6! ,+! )5'! /,<$.$=!E,+y6'$,./>! 45:6?!
%+'!(.+!%7'+?!6')?!$'.9!.+9!(/%6'!)5'!RV-!7%$)!'.6,/=!E,)5!67'(,B,(!B:+(),%+6>!
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!
45'!/,<$.$=!6'$,./y()$/!:6'6!E,+y6'$,./>!3)!(%+).,+6!)5'!B:+(),%+6!+'('66.$=!)%!B,+9!
)5'! (%$$'()! RV-!7%$)?! .! )5$'.9! )5.)! (%+),+:%:6/=! $'.96! )5'![2MHM! )%! .@%,9! .+!
%@'$B/%E! %B! )5'! 6).(L! .+9! .! ),8'$! )5.)! 7'$,%9,(.//=! 7$%('66'6! )5'! 9.).>! 45,6!
/,<$.$=!,6!:6'9!<=!8.,+>(77!
!

!
!
45'!6'.$(5!%B!)5'!%7'+'9!RV-!7%$)!</%(L6!)5'!/.:+(5!%B!)5'!,+)'$B.('!<'(.:6'!,)!
)$,'6!)%!%7'+!RV-N!)%!RV-NY!.+9!)5'+!6).$)!.A.,+!)%!RV-N>!4%!.@%,9!.!</%(L,+A!3!
/')!)5'!7%66,<,/,)=! ,+6,9'!)5'!6%:$('!(%9'!)%!9'.(),@.)'!)5,6!$'6'.$(5>!4%!9%!)5,6?!
6,87/=!:+(%88'+)!)5'!B,$6)!/,+'!%B!B,/'!9'B,+'>5>!TE%(/*%&B8U>LVUHW!

!
X5'+!)5,6! /,+'!,6!(%88'+)'9?!7$'66,+A!)5'!24V"!<:))%+!6)%76!)5'!6'.$(5!%B!)5'!
F"T*!.+9!K:,)6!)5'!.77/,(.),%+>!
X5'+!)5,6!/,+'!,6!:+(%88'+)'9?!7$'66,+A!)5'!24V"!<:))%+!6)%76!)5'!6'.$(5!%B!)5'!
F"T*!.+9!9,67/.=6!)5'!,+)'$B.('>!V<@,%:6/=?!+%!9.).!E,//!<'!$'.9!B$%8![2MHM!<:)!
)5'!9'@'/%7'$!(.+!)'6)!)5'!,+)'$B.('!E,)5%:)!7/:AA,+A!)5'!F"T*>!
!

# Y$+BH3(#
!
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X,)5! 2I#?! )5'! A$.75,(./! 9,67/.=! ,6! 9%+'! E,)5! .+! ,+B,+,)'! /%%7! )5.)! (/'.$6! .+9!
$'B$'65'6! )5'! 6($''+! 7'$8.+'+)/=>! X5'+! $'B$'65,+A! )5'! 6($''+?! '.(5! %<&'()! ,6!
9$.E+!<.6'9!%+!,)6!7$%7'$),'6!C)=7'?!)$.+67.$'+(=D!.+9!,)6!;!.+9!=!(%%$9,+.)'6>!
!
2I#y2:$B.('!s3y6')U!f!2I#y#%.9Q-"Ct6')y)%yU><87tDc!
__9'B,+'6!.!6:$B.('!E5,(5!(%+).,+6!)5'!,8.A'!+.8'9!6')y)%yU><87!
2I#y2')R%/%$d'=C3y6')U?!2I#y2[RRV#V[d1n?!2I#y-.7[TQC3y6')U0eB%$8.)?!U?!U?!
UDDc!
__9'B,+'6!)5'!</.(L!C[GU?!TGU?!QGUD!.6!.!)$.+67.$'+)!(%/%$!,+!)5,6!7,():$'>!
2I#y['()!"y6')Uc!
__9'B,+'6!.!$'().+A/'!,+!E5,(5!)5'!6:$B.('!E,//!<'!7/.('9>!
"y6')U>;!f![y"y6')Uy;c!
"y6')U>=!f![y"y6')Uy=c!
__9'B,+'6!)5'!7%6,),%+!;!.+9!=!%B!)5,6!$'().+A/'!C.+9!)5'$'B%$'!%B!)5'!,8.A'D>!

!
E5,/'!CÄ9%+'D!
__<'A,++,+A!%B!)5'!,+B,+,)'!/%%7!
Å!
!!!!!!!!gÇh!__6%8'!7$%('66!
!!!!!!!!_s!Q'A,++,+A!%B!)5'!6($''+!:79.)'!s_!
!!!!!!!!!2I#yF,//['()C6($''+?!U?!2I#y-.7[TQC6($''+0eB%$8.)?!U?!U?!UDDc!
!!!!!!!!__(/'.$!6($''+!
!!!!!!!!2I#yQ/,)2:$B.('C3y6')U?!j]##?!6($''+?!z"y6')UDc!
!!!!!!!!__9$.E!)5'!6($''+!
!!!!!!!!2I#yF/,7C6($''+Dc!
!!!!!!!!__:79.)'!)5'!6($''+!
É!

!
F%$! ';.87/'?! )%! 8%@'! )5'! 5.+9! E'! 8:6)! ,+($'8'+)! %$! 9'($'8'+)! )5'! ;!
(%%$9,+.)'!.+9!)%!(5.+A'!)5'!(%/%$!%B!.!<:))%+?!,)!,6!.():.//=!+'('66.$=!)%!$'7/.('!
,)!<=!.+%)5'$!6:$B.('!(%+).,+,+A!.!9,BB'$'+)!,8.A'>!
!

5@'2)#
!
1@'+)6!CL'=<%.$9?!8%:6'D!.$'!7/.('9!,+!.!K:':'!)5.)!E'!8:6)!$'.9!(%+),+:.//=!)%!
)$'.)! )5'6'! '@'+)6>! 3)! ,6! .():.//=! 9%+'! E,)5! )5'! B:+(),%+!!
2I#y"%//1@'+)C2I#y1@'+)! s'@'+)D! E5,(5! 6)%$'6! ,+! '@'+)! )5'! %/9'6)! 7'+9,+A!
'@'+)6>! 45'$'B%$'?! <'B%$'! $'B$'65,+A! )5'! 6($''+!E'!8:6)! (.//! )5,6! B:+(),%+! .+9!
7$%('66!.//!7'+9,+A!'@'+)6>!
!
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E5,/'!CÄ9%+'D!
Å!
!!!!!!!!2I#y1@'+)!'@'+)c!
!!!!!!!!__!8'66.A'!7$%('66,+A!/%%7!
!!!!!!!!E5,/'!C2I#y"%//1@'+)Cz'@'+)DD!
!!!!!!!!Å!
!!!!!!!!!!!!!!!!6E,)(5!C'@'+)>)=7'D!__!(5'(L!B%$!8'66.A'6!
!!!!!!!!!!!!!!!!Å!
!!!!!!!!!!!!!!!!!!!!!!!!(.6'!2I#y{]34G!Å!__!';,)!,B!)5'!E,+9%E!,6!(/%6'9!
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!9%+'!f!)$:'c!
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!<$'.Lc!
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!É!
!!!!!!!!!!!!!!!!!!!!!!!!(.6'!2I#yd1nIVXjG!Å!__!(5'(L!B%$!L'=7$'66'6!
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!g>>>h!__6%8'!7$%('66!
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!<$'.Lc!
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!É!
!!!!!!!!!!!!!!!!!!!!!!!!(.6'!2I#y-V]21-V43VjG!__(5'(L!B%$!8%:6'!8%),%+!
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!g>>>h!__6%8'!7$%('66!
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!<$'.Lc!
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!É!
!!!!!!!!!!!!!!!!!!!!!!!!U+;%-,&<",%&
!!!!!!!!!!!!!!!!É!__!'+9!6E,)(5!
!!!!!!!!É!__!'+9!%B!8'66.A'!7$%('66,+A!
_s!2R[11j!]"I*41!s_!
É!__!000!1jI!-*3j!#VV"!000!

!

P+K'#B3()8$'#
!
4%! ).L'! .! 7,():$'! 3! :6'! )5'! /,<$.$=! @,9'%3+7:)?! E5,(5! .//%E6! 9')'(),+A! )5'!
E'<(.86!7/:AA'9!%+! )5'!(%87:)'$!.+9! )%! B,//! .!<:BB'$!E,)5! $.E!9.).!';)$.()'9!
B$%8!)5,6!(.8'$.>!F,$6)!%B!.//?!.+!%<&'()!%B! )=7'!@,9'%3+7:)! ,6!+''9'9>!45'+! ,)! ,6!
7%66,</'!)%!7$,+)!%:)!.!/,6)!%B!.@.,/.</'!9'@,('6!.+9!$'):$+6!)5'!+:8<'$!%B!9'@,('6!
B%:+9>!X'!(.+!)5'+!6')!'.(5!(.8'$.!,+9'7'+9'+)/=G!B$.8'!$.)'?!(%++'(),%+!)=7'?!
B%$8.)?!.+9!@,9'%!6,J'!<'B%$'!6).$),+A!)%!$'(%$9>!45'!9.).!.$'!7/.('9!,+)%!.!<:BB'$!
E5,(5!,6!7.66'9!.6!.!7.$.8')'$!%B!)5'!B:+(),%+!A')",;'/6CD>!
W%E'@'$!)5'6'!.$'!$.E!9.).!.+9!)%!:6'!)5'8!=%:!8:6)!L+%E!)5'!+:8<'$!%B!<,)6!
7'$!7,;'/?! )5'!5',A5)!.+9!E,9)5!%B! )5'! ,8.A'!)%!$'(%+6)$:()!.+!7,():$'! B$%8!)5'!
<:BB'$!E5,(5! 5.@'! %+/=! %+'! 9,8'+6,%+>!X'! (.//! )5'! B:+(),%+! A')X,9)5C9'@,('D?!
A')W',A5)C9'@,('D!.+9!A')2,J'C9'@,('D!.+9!,)!,6!7%66,</'!)%!9')'$8,+'!)5'!+:8<'$!

%B!<,)6!7'$!7,;'/!

! 

bpp =
size

width * height
" 8 >!F%$!';.87/'!,B!<77!,6!HM?!,)!,6!+'('66.$=!

)%!:6'!a!<=)'6!B%$!'.(5!7,;'/G!6%!)5'!6,J'!%B!)5'!<:BB'$!E,//!<'!asC+:8<'$!%B!7,;'/!
,+!)5'!7,():$'D>!*+9!<'(.:6'!)5'!+:8<'$!%B!7,;'/!,+!)5'!7,():$'!,6!CE,9)5s5',A5)D?!
E'!B,+9!)5.)!<77fas`>!
V+('?! E'! L+%E! .//! )5,6! ,+B%$8.),%+?! ,)! ,6! 7%66,</'! )%! :6'! )5'! B:+(),%+!
2I#yR$'.)'[TQ2:$B.('F$%8CD!)%!($'.)'!.!2:$B.('!B$%8!)5'!<:BB'$>!
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!
2I#y2:$B.('!s2I#yR$'.)'[TQ2:$B.('F$%8C@%,9!s7,;'/6?!,+)!E,9)5?!,+)!5',A5)?!,+)!
9'7)5?!,+)!7,)(5?!],+)HM![8.6L?!],+)HM!T8.6L?!],+)HM!Q8.6L?!],+)HM!*8.6LD!
!
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----------------------------------------------------------------------------
-- GPIO_demo.vhd -- Atlys GPIO/UART Demonstration Project
----------------------------------------------------------------------------
-- Author:  Sam Bobrowicz
--          Copyright 2011 Digilent, Inc.
----------------------------------------------------------------------------
--
----------------------------------------------------------------------------
-- The GPIO/UART Demo project demonstrates a simple usage of the Atlys's 
-- GPIO and UART in an ISE design. The behavior is as follows:
--
--       *The 8 User LEDs are tied to the 8 User Switches. While the center
--  User button is pressed, the LEDs are instead tied to GND
--       *An introduction message is sent across the UART when the device
--        is finished being configured, and after the center User button
--        is pressed.
--       *A message is sent over UART whenever BTNU, BTNL, BTND, or BTNR is
--        pressed.
--       *Note that the center user button behaves as a user reset button
--        and is referred to as such in the code comments below
--        
-- All UART communication can be captured by attaching the UART port to a
-- computer running a Terminal program with 230400 Baud Rate, 8 data bits, no 
-- parity, and 1 stop bit.

----------------------------------------------------------------------------
--
----------------------------------------------------------------------------
-- Revision History:
--  11/3/2011(SamB): Created using Xilinx Tools 13.2
----------------------------------------------------------------------------

library IEEE;
use IEEE.STD_LOGIC_1164.ALL;

--The IEEE.std_logic_unsigned contains definitions that allow 
--std_logic_vector types to be used with the + operator to instantiate a 
--counter.
use IEEE.std_logic_unsigned.all;

entity GPIO_demo is
    Port ( CLK : in  STD_LOGIC;

  RESET : in STD_LOGIC;
           UART_TXD : out  STD_LOGIC;

  --SPI
  SC : out  STD_LOGIC;

           SDIO : inout  STD_LOGIC;
           SPC : out  STD_LOGIC;

  --IO
  LED : out std_logic_vector(7 downto 0);
  BTN : in std_logic_vector(2 downto 0)
);

end GPIO_demo;

architecture Behavioral of GPIO_demo is

component UART_TX_CTRL
Port(

SEND : in std_logic;
DATA : in std_logic_vector(7 downto 0);
CLK : in std_logic;          
READY : out std_logic;
UART_TX : out std_logic
);
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end component;

component SPI_CTRL
Port(

CLK : in  STD_LOGIC;
   RESET : in  STD_LOGIC;
   SC : out  STD_LOGIC;
   SDIO : inout  STD_LOGIC;
   SPC : out  STD_LOGIC;

XOUT : out std_logic_vector(7 downto 0);
YOUT : out std_logic_vector(7 downto 0);
ZOUT : out std_logic_vector(7 downto 0);
READY : out std_logic
);

end component;

--The type definition for the UART state machine type. Here is a description of what
--occurs during each state:
-- RST_REG     -- Do Nothing. This state is entered after configuration or a user reset.
--                The state is set to LD_INIT_STR.
-- LD_INIT_STR -- The Welcome String is loaded into the sendStr variable and the strIndex
--                variable is set to zero. The welcome string length is stored in the 
StrEnd
--                variable. The state is set to SEND_CHAR.
-- SEND_CHAR   -- uartSend is set high for a single clock cycle, signaling the character
--                data at sendStr(strIndex) to be registered by the UART_TX_CTRL at the 
next
--                cycle. Also, strIndex is incremented (behaves as if it were post 
--                incremented after reading the sendStr data). The state is set to 
RDY_LOW.
-- RDY_LOW     -- Do nothing. Wait for the READY signal from the UART_TX_CTRL to go low, 
--                indicating a send operation has begun. State is set to WAIT_RDY.
-- WAIT_RDY    -- Do nothing. Wait for the READY signal from the UART_TX_CTRL to go high, 
--                indicating a send operation has finished. If READY is high and strEnd = 
--                StrIndex then state is set to WAIT_BTN, else if READY is high and 
strEnd /=
--                StrIndex then state is set to SEND_CHAR.
-- WAIT_BTN    -- Do nothing. Wait for a button press on BTNU, BTNL, BTND, or BTNR. If a 
--                button press is detected, set the state to LD_BTN_STR.
-- LD_BTN_STR  -- The Button String is loaded into the sendStr variable and the strIndex
--                variable is set to zero. The button string length is stored in the 
StrEnd
--                variable. The state is set to SEND_CHAR.
type UART_STATE_TYPE is (RST_REG, LD_INIT_STR, SEND_CHAR, RDY_LOW, WAIT_RDY, WAIT_BTN, 
LD_BTN_STR);

--The CHAR_ARRAY type is a variable length array of 8 bit std_logic_vectors. 
--Each std_logic_vector contains an ASCII value and represents a character in
--a string. The character at index 0 is meant to represent the first
--character of the string, the character at index 1 is meant to represent the
--second character of the string, and so on.
type CHAR_ARRAY is array (integer range<>) of std_logic_vector(7 downto 0);

constant STR_LEN : integer := 5;

--Welcome string definition. Note that the values stored at each index
--are the ASCII values of the indicated character.
constant WELCOME_STR : CHAR_ARRAY(0 to 4) :=  (X"41",  --A as in 'this is thaaaaaa 
correct COM port'

  X"20",  --space as in nothing

  X"4F",  --O
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  X"4B",  --K

  X"20"); --space

  
--Button press string definition.
constant BTN_STR : CHAR_ARRAY(0 to 4) :=     (X"41",   --A as in 'this is thaaaaaa 
correct COM port'

 X"64",   --d as in data

 X"58",   --X

 X"59",   --Y

 X"5A");  --Z

--Contains the current string being sent over uart.
signal sendStr : CHAR_ARRAY(0 to (STR_LEN - 1));

--Contains the length of the current string being sent over uart.
signal strEnd : natural;

--Contains the index of the next character to be sent over uart
--within the sendStr variable.
signal strIndex : natural;

--UART_TX_CTRL control signals
signal uartRdy : std_logic;
signal uartSend : std_logic := '0';
signal uartData : std_logic_vector (7 downto 0):= "00000000";
signal uartTX : std_logic;

--Current uart state signal
signal uartState : UART_STATE_TYPE := RST_REG;

--SPI signals
signal spi_x : std_logic_vector(7 downto 0);
signal buf_spi_x : std_logic_vector(7 downto 0);
signal spi_y : std_logic_vector(7 downto 0);
signal buf_spi_y : std_logic_vector(7 downto 0);
signal spi_z : std_logic_vector(7 downto 0);
signal buf_spi_z : std_logic_vector(7 downto 0);
signal spi_ready : std_logic;

begin   

--print xyz on LED
process(BTN)
begin

if BTN = "001" then
LED <= buf_spi_x;

else
if BTN = "010" then

LED <= buf_spi_y;
else

if BTN = "100" then
LED <= buf_spi_z;

else
LED <= (others => '0');

end if;
end if;

end if;
end process;
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--Next Uart state logic (states described above)
next_uartState_process : process (CLK)
begin

if (rising_edge(CLK)) then
if (RESET = '1') then

uartState <= RST_REG;
buf_spi_x <= (others => '0');
buf_spi_y <= (others => '0');
buf_spi_z <= (others => '0');

else
case uartState is 
when RST_REG =>

uartState <= LD_INIT_STR;
when LD_INIT_STR =>

uartState <= SEND_CHAR;
when SEND_CHAR =>

uartState <= RDY_LOW;
when RDY_LOW =>

uartState <= WAIT_RDY;
when WAIT_RDY =>

if (uartRdy = '1') then
if (strEnd = strIndex) then

uartState <= WAIT_BTN;
else

uartState <= SEND_CHAR;
end if;

end if;
when WAIT_BTN =>

if (spi_ready = '1') then
buf_spi_x <= spi_x;
buf_spi_y <= spi_y;
buf_spi_z <= spi_z;
uartState <= LD_BTN_STR;

end if;
when LD_BTN_STR =>

uartState <= SEND_CHAR;
when others=> --should never be reached

uartState <= RST_REG;
end case;

end if ;
end if;

end process;

--Loads the sendStr and strEnd signals when a LD state is
--is reached.
string_load_process : process (CLK)
begin

if (rising_edge(CLK)) then
if (uartState = LD_INIT_STR) then

sendStr <= WELCOME_STR;
strEnd <= STR_LEN;

elsif (uartState = LD_BTN_STR) then
sendStr <= (X"41", X"64", buf_spi_x, buf_spi_y, buf_spi_z);
strEnd <= STR_LEN;

end if;
end if;

end process;

--Conrols the strIndex signal so that it contains the index
--of the next character that needs to be sent over uart
char_count_process : process (CLK)
begin

if (rising_edge(CLK)) then
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if (uartState = LD_INIT_STR or uartState = LD_BTN_STR) then
strIndex <= 0;

elsif (uartState = SEND_CHAR) then
strIndex <= strIndex + 1;

end if;
end if;

end process;

--Controls the UART_TX_CTRL signals
char_load_process : process (CLK)
begin

if (rising_edge(CLK)) then
if (uartState = SEND_CHAR) then

uartSend <= '1';
uartData <= sendStr(strIndex);

else
uartSend <= '0';

end if;
end if;

end process;

--Component used to send a byte of data over a UART line.
Inst_UART_TX_CTRL: UART_TX_CTRL port map(

SEND => uartSend,
DATA => uartData,
CLK => CLK,
READY => uartRdy,
UART_TX => uartTX 

);

UART_TXD <= uartTX;

Inst_SPI_CTRL: SPI_CTRL port map(
CLK => CLK,

      RESET => RESET,
      SC => SC,
      SDIO => SDIO,
      SPC => SPC,

XOUT => spi_x,
YOUT => spi_y,
ZOUT => spi_z,
READY => spi_ready

);

end Behavioral;
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----------------------------------------------------------------------------
-- UART_TX_CTRL.vhd -- UART Data Transfer Component
----------------------------------------------------------------------------
-- Author:  Sam Bobrowicz
--          Copyright 2011 Digilent, Inc.
----------------------------------------------------------------------------
--
----------------------------------------------------------------------------
-- This component may be used to transfer data over a UART device. It will
-- serialize a byte of data and transmit it over a TXD line. The serialized
-- data has the following characteristics:
--         *230400 Baud Rate
--         *8 data bits, LSB first
--         *1 stop bit
--         *no parity
--         
-- Port Descriptions:
--
--    SEND - Used to trigger a send operation. The upper layer logic should 
--           set this signal high for a single clock cycle to trigger a 
--           send. When this signal is set high DATA must be valid . Should 
--           not be asserted unless READY is high.
--    DATA - The parallel data to be sent. Must be valid the clock cycle
--           that SEND has gone high.
--    CLK  - A 100 MHz clock is expected
--   READY - This signal goes low once a send operation has begun and
--           remains low until it has completed and the module is ready to
--           send another byte.
-- UART_TX - This signal should be routed to the appropriate TX pin of the 
--           external UART device.
--   
----------------------------------------------------------------------------
--
----------------------------------------------------------------------------
-- Revision History:
--  08/08/2011(SamB): Created using Xilinx Tools 13.2
----------------------------------------------------------------------------
library IEEE;
use IEEE.STD_LOGIC_1164.ALL;
use IEEE.std_logic_unsigned.all;

entity UART_TX_CTRL is
    Port ( SEND : in  STD_LOGIC;
           DATA : in  STD_LOGIC_VECTOR (7 downto 0);
           CLK : in  STD_LOGIC;
           READY : out  STD_LOGIC;
           UART_TX : out  STD_LOGIC);
end UART_TX_CTRL;

architecture Behavioral of UART_TX_CTRL is

type TX_STATE_TYPE is (RDY, LOAD_BIT, SEND_BIT);

--constant BIT_TMR_MAX : std_logic_vector(13 downto 0) := "00000110110001"; --433 = 
(round(100MHz / 230400)) - 1
constant BIT_TMR_MAX : std_logic_vector(13 downto 0) := "10100010110000"; --10416 = 
(round(100MHz / 9600)) - 1
constant BIT_INDEX_MAX : natural := 10;

--Counter that keeps track of the number of clock cycles the current bit has been held 
stable over the
--UART TX line. It is used to signal when the ne
signal bitTmr : std_logic_vector(13 downto 0) := (others => '0');
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--combinatorial logic that goes high when bitTmr has counted to the proper value to 
ensure
--a 9600 baud rate
signal bitDone : std_logic;

--Contains the index of the next bit in txData that needs to be transferred 
signal bitIndex : natural;

--a register that holds the current data being sent over the UART TX line
signal txBit : std_logic := '1';

--A register that contains the whole data packet to be sent, including start and stop 
bits. 
signal txData : std_logic_vector(9 downto 0);

signal txState : TX_STATE_TYPE := RDY;

begin

--Next state logic
next_txState_process : process (CLK)
begin

if (rising_edge(CLK)) then
case txState is 
when RDY =>

if (SEND = '1') then
txState <= LOAD_BIT;

end if;
when LOAD_BIT =>

txState <= SEND_BIT;
when SEND_BIT =>

if (bitDone = '1') then
if (bitIndex = BIT_INDEX_MAX) then

txState <= RDY;
else

txState <= LOAD_BIT;
end if;

end if;
when others=> --should never be reached

txState <= RDY;
end case;

end if;
end process;

bit_timing_process : process (CLK)
begin

if (rising_edge(CLK)) then
if (txState = RDY) then

bitTmr <= (others => '0');
else

if (bitDone = '1') then
bitTmr <= (others => '0');

else
bitTmr <= bitTmr + 1;

end if;
end if;

end if;
end process;

bitDone <= '1' when (bitTmr = BIT_TMR_MAX) else
'0';

bit_counting_process : process (CLK)
begin
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if (rising_edge(CLK)) then
if (txState = RDY) then

bitIndex <= 0;
elsif (txState = LOAD_BIT) then

bitIndex <= bitIndex + 1;
end if;

end if;
end process;

tx_data_latch_process : process (CLK)
begin

if (rising_edge(CLK)) then
if (SEND = '1') then

txData <= '1' & DATA & '0';
end if;

end if;
end process;

tx_bit_process : process (CLK)
begin

if (rising_edge(CLK)) then
if (txState = RDY) then

txBit <= '1';
elsif (txState = LOAD_BIT) then

txBit <= txData(bitIndex);
end if;

end if;
end process;

UART_TX <= txBit;
READY <= '1' when (txState = RDY) else

'0';

end Behavioral;
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----------------------------------------------------------------------------------
-- Company: 
-- Engineer: 
-- 
-- Create Date:    22:00:04 06/28/2012 
-- Design Name: 
-- Module Name:    I2C_CTRL - Behavioral 
-- Project Name: 
-- Target Devices: 
-- Tool versions: 
-- Description: 
--
-- Dependencies: 
--
-- Revision: 
-- Revision 0.01 - File Created
-- Additional Comments: 
--
----------------------------------------------------------------------------------
library IEEE;
use IEEE.STD_LOGIC_1164.ALL;

-- Uncomment the following library declaration if using
-- arithmetic functions with Signed or Unsigned values
use IEEE.NUMERIC_STD.ALL;

-- Uncomment the following library declaration if instantiating
-- any Xilinx primitives in this code.
--library UNISIM;
--use UNISIM.VComponents.all;

entity SPI_CTRL is
    Port ( CLK : in  STD_LOGIC;
           RESET : in  STD_LOGIC;
--         INT1 : in  STD_LOGIC;
           SC : out  STD_LOGIC;
           SDIO : inout  STD_LOGIC;
           SPC : out  STD_LOGIC;

  XOUT : out std_logic_vector(7 downto 0);
  YOUT : out std_logic_vector(7 downto 0);
  ZOUT : out std_logic_vector(7 downto 0);
  READY : out std_logic
);

end SPI_CTRL;

architecture Behavioral of SPI_CTRL is

-- signal
signal cpt : integer RANGE 0 to 200000;
signal acc_x : std_logic_vector(7 downto 0);
signal acc_y : std_logic_vector(7 downto 0);
signal acc_z : std_logic_vector(7 downto 0);
signal SDIO_in : std_logic;
signal SDIO_out : std_logic;
signal oe : std_logic;

-- constant
constant ADD_MODE_CTRL : std_logic_vector(7 downto 0) := "10101100"; -- 1:W -- 010110:x16 
-- 0:don't care
constant DATA_MODE_CTRL : std_logic_vector(7 downto 0) := "00100101";
constant ADD_CTRL1 : std_logic_vector(7 downto 0) := "10110000"; -- 1:W -- 
011000:x18 -- 0:don't care
constant DATA_CTRL1 : std_logic_vector(7 downto 0) := "11111000";
constant ADD_I2C_DEV : std_logic_vector(7 downto 0) := "10011010"; -- 1:W -- 001101:x0D 
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-- 0:don't care
constant DATA_I2C_DEV : std_logic_vector(7 downto 0) := "10011101";
constant ADD_XOUT : std_logic_vector(7 downto 0) := "00001100"; -- 0:R -- 000110:x06 
-- 0:don't care
constant ADD_YOUT : std_logic_vector(7 downto 0) := "00001110"; -- 0:R -- 000111:x07 
-- 0:don't care
constant ADD_ZOUT : std_logic_vector(7 downto 0) := "00010000"; -- 0:R -- 001000:x08 
-- 0:don't care

begin

process(CLK, RESET)
begin

if RESET = '1' then
cpt <= 0;

elsif rising_edge(CLK) then
if cpt = 100000 then

cpt <= 1365;
else

cpt<= cpt+1;
end if;

end if;
end process;

SDIO_in <= SDIO when oe = '0' else '0'; -- oe = '0' => SDIO is an input
SDIO <= SDIO_out when oe = '1' else 'Z'; -- oe = '1' => SDIO is an output

process(CLK, RESET) -- continous SPC
begin

if RESET = '1' then
SC <= '1';
SPC <= '0';
oe <= '1';
XOUT <= (others => '0');
YOUT <= (others => '0');
ZOUT <= (others => '0');
READY <= '0';

elsif rising_edge(clk) then
case cpt is

when 0 =>
SC <='0'; -- DEBUT DE LA TRANSMISSION 1
SDIO_out <= ADD_MODE_CTRL(7);
SPC <= '0';

when 13 =>
SPC <= '1';

when 26 =>
SDIO_out <= ADD_MODE_CTRL(6);
SPC <= '0';

when 39 =>
SPC <= '1';

when 52 =>
SDIO_out <= ADD_MODE_CTRL(5);
SPC <= '0';

when 65 =>
SPC <= '1';

when 78 =>
SDIO_out <= ADD_MODE_CTRL(4);
SPC <= '0';

when 91 =>
SPC <= '1';

when 104 =>
SDIO_out <= ADD_MODE_CTRL(3);
SPC <= '0';
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when 117 =>
SPC <= '1';

when 130 =>
SDIO_out <= ADD_MODE_CTRL(2);
SPC <= '0';

when 143 =>
SPC <= '1';

when 156 =>
SDIO_out <= ADD_MODE_CTRL(1);
SPC <= '0';

when 169 =>
SPC <= '1';

when 182 =>
SDIO_out <= ADD_MODE_CTRL(0);
SPC <= '0';

when 195 =>
SPC <= '1';

when 208 =>
SDIO_out <= DATA_MODE_CTRL(7);
SPC <= '0';

when 221 =>
SPC <= '1';

when 234 =>
SDIO_out <= DATA_MODE_CTRL(6);
SPC <= '0';

when 247 =>
SPC <= '1';

when 260 =>
SDIO_out <= DATA_MODE_CTRL(5);
SPC <= '0';

when 273 =>
SPC <= '1';

when 286 =>
SDIO_out <= DATA_MODE_CTRL(4);
SPC <= '0';

when 299 =>
SPC <= '1';

when 312 =>
SDIO_out <= DATA_MODE_CTRL(3);
SPC <= '0';

when 325 =>
SPC <= '1';

when 338 =>
SDIO_out <= DATA_MODE_CTRL(2);
SPC <= '0';

when 351 =>
SPC <= '1';

when 364 =>
SDIO_out <= DATA_MODE_CTRL(1);
SPC <= '0';

when 377 =>
SPC <= '1';

when 390 =>
SDIO_out <= DATA_MODE_CTRL(0);
SPC <= '0';

when 403 =>
SPC <= '1';

when 416 =>
SPC <= '0';

when 429 =>
SC <= '1';

-- FIN DE LA TRANSMISSION 1
when 455 =>

SC <= '0';
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-- DEBUT DE LA TRANSMISSION 2
SDIO_out <= ADD_CTRL1(7);

when 468 =>
SPC <= '1';

when 494 =>
SDIO_out <= ADD_CTRL1(6);
SPC <= '0';

when 507 =>
SPC <= '1';

when 520 =>
SDIO_out <= ADD_CTRL1(5);
SPC <= '0';

when 533 =>
SPC <= '1';

when 546 =>
SDIO_out <= ADD_CTRL1(4);
SPC <= '0';

when 559 =>
SPC <= '1';

when 572 =>
SDIO_out <= ADD_CTRL1(3);
SPC <= '0';

when 585 =>
SPC <= '1';

when 598 =>
SDIO_out <= ADD_CTRL1(2);
SPC <= '0';

when 611 =>
SPC <= '1';

when 624 =>
SDIO_out <= ADD_CTRL1(1);
SPC <= '0';

when 637 =>
SPC <= '1';

when 650 =>
SDIO_out <= ADD_CTRL1(0);
SPC <= '0';

when 663 =>
SPC <= '1';

when 676 =>
SDIO_out <= DATA_CTRL1(7);
SPC <= '0';

when 689 =>
SPC <= '1';

when 702 =>
SDIO_out <= DATA_CTRL1(6);
SPC <= '0';

when 715 =>
SPC <= '1';

when 728 =>
SDIO_out <= DATA_CTRL1(5);
SPC <= '0';

when 741 =>
SPC <= '1';

when 754 =>
SDIO_out <= DATA_CTRL1(4);
SPC <= '0';

when 767 =>
SPC <= '1';

when 780 =>
SDIO_out <= DATA_CTRL1(3);
SPC <= '0';

when 793 =>
SPC <= '1';
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when 806 =>
SDIO_out <= DATA_CTRL1(2);
SPC <= '0';

when 819 =>
SPC <= '1';

when 832 =>
SDIO_out <= DATA_CTRL1(1);
SPC <= '0';

when 845 =>
SPC <= '1';

when 858 =>
SDIO_out <= DATA_CTRL1(0);
SPC <= '0';

when 871 =>
SPC <= '1';

when 884 =>
SPC <= '0';

when 897 =>
SC <= '1';

-- FIN DE LA TRANSMISSION 2
when 923 =>

SC <= '0';
-- DEBUT DE LA TRANSMISSION 3

SDIO_out <= ADD_I2C_DEV(7);
when 936 =>

SPC <= '1';
when 949 =>

SPC <= '0';
SDIO_out <= ADD_I2C_DEV(6);

when 962 =>
SPC <= '1';

when 975 =>
SPC <= '0';
SDIO_out <= ADD_I2C_DEV(5);

when 988 =>
SPC <= '1';

when 1001 =>
SPC <= '0';
SDIO_out <= ADD_I2C_DEV(4);

when 1014 =>
SPC <= '1';

when 1027 =>
SPC <= '0';
SDIO_out <= ADD_I2C_DEV(3);

when 1040 =>
SPC <= '1';

when 1053 =>
SPC <= '0';
SDIO_out <= ADD_I2C_DEV(2);

when 1066 =>
SPC <= '1';

when 1079 =>
SPC <= '0';
SDIO_out <= ADD_I2C_DEV(1);

when 1092 =>
SPC <= '1';

when 1105 =>
SPC <= '0';
SDIO_out <= ADD_I2C_DEV(0);

when 1118 =>
SPC <= '1';

when 1131 =>
SPC <= '0';
SDIO_out <= DATA_I2C_DEV(7);
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when 1144 =>
SPC <= '1';

when 1157 =>
SPC <= '0';
SDIO_out <= DATA_I2C_DEV(6);

when 1170 =>
SPC <= '1';

when 1183 =>
SPC <= '0';
SDIO_out <= DATA_I2C_DEV(5);

when 1196 =>
SPC <= '1';

when 1209 =>
SPC <= '0';
SDIO_out <= DATA_I2C_DEV(4);

when 1222 =>
SPC <= '1';

when 1235 =>
SPC <= '0';
SDIO_out <= DATA_I2C_DEV(3);

when 1248 =>
SPC <= '1';

when 1261 =>
SPC <= '0';
SDIO_out <= DATA_I2C_DEV(2);

when 1274 =>
SPC <= '1';

when 1287 =>
SPC <= '0';
SDIO_out <= DATA_I2C_DEV(1);

when 1300 =>
SPC <= '1';

when 1313 =>
SPC <= '0';
SDIO_out <= DATA_I2C_DEV(0);

when 1326 =>
SPC <= '1';

when 1339 =>
SPC <= '0';

when 1352 =>
SC <= '1';

-- FIN DE LA TRANSMISSION 3
when 1365 =>

oe <= '1';
-- we change SDIO to output

when 1378 =>
SC <= '0';

-- DEBUT DE LA TRANSMISSION 4
SDIO_out <= ADD_XOUT(7);

when 1391 =>
SPC <= '1';

when 1404 =>
SPC <= '0';
SDIO_out <= ADD_XOUT(6);

when 1417 =>
SPC <= '1';

when 1430 =>
SPC <= '0';
SDIO_out <= ADD_XOUT(5);

when 1443 =>
SPC <= '1';

when 1456 =>
SPC <= '0';
SDIO_out <= ADD_XOUT(4);
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when 1469 =>
SPC <= '1';

when 1482 =>
SPC <= '0';
SDIO_out <= ADD_XOUT(3);

when 1495 =>
SPC <= '1';

when 1508 =>
SPC <= '0';
SDIO_out <= ADD_XOUT(2);

when 1521 =>
SPC <= '1';

when 1534 =>
SPC <= '0';
SDIO_out <= ADD_XOUT(1);

when 1547 =>
SPC <= '1';

when 1560 =>
SPC <= '0';
SDIO_out <= ADD_XOUT(0);

when 1573 =>
SPC <= '1';
oe <= '0'; -- we change SDIO to input

when 1586 =>
SPC <= '0';

when 1599 =>
SPC <= '1';
acc_x(7) <= SDIO_in;

when 1612 =>
SPC <= '0';

when 1625 =>
SPC <= '1';
acc_x(6) <= SDIO_in;

when 1638 =>
SPC <= '0';

when 1651 =>
SPC <= '1';
acc_x(5) <= SDIO_in;

when 1664 =>
SPC <= '0';

when 1677 =>
SPC <= '1';
acc_x(4) <= SDIO_in;

when 1690 =>
SPC <= '0';

when 1703 =>
SPC <= '1';
acc_x(3) <= SDIO_in;

when 1716 =>
SPC <= '0';

when 1729 =>
SPC <= '1';
acc_x(2) <= SDIO_in;

when 1742 =>
SPC <= '0';

when 1755 =>
SPC <= '1';
acc_x(1) <= SDIO_in;

when 1768 =>
SPC <= '0';

when 1781 =>
SPC <= '1';
acc_x(0) <= SDIO_in;

when 1794 =>
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SPC <= '0';
when 1807 =>

SC <= '1';
-- FIN DE LA TRANSMISSION 4

XOUT <= acc_x;
when 1820 =>

oe <= '1';
-- we change SDIO to output

when 1833 =>
SC <= '0';

-- DEBUT DE LA TRANSMISSION 5
SDIO_out <= ADD_YOUT(7);

when 1846 =>
SPC <= '1';

when 1859 =>
SPC <= '0';
SDIO_out <= ADD_YOUT(6);

when 1872 =>
SPC <= '1';

when 1885 =>
SPC <= '0';
SDIO_out <= ADD_YOUT(5);

when 1898 =>
SPC <= '1';

when 1911 =>
SPC <= '0';
SDIO_out <= ADD_YOUT(4);

when 1924 =>
SPC <= '1';

when 1937 =>
SPC <= '0';
SDIO_out <= ADD_YOUT(3);

when 1950 =>
SPC <= '1';

when 1963 =>
SPC <= '0';
SDIO_out <= ADD_YOUT(2);

when 1976 =>
SPC <= '1';

when 1989 =>
SPC <= '0';
SDIO_out <= ADD_YOUT(1);

when 2002 =>
SPC <= '1';

when 2015 =>
SPC <= '0';
SDIO_out <= ADD_YOUT(0);

when 2028 =>
SPC <= '1';
oe <= '0'; -- we change SDIO to input

when 2041 =>
SPC <= '0';

when 2054 =>
SPC <= '1';
acc_y(7) <= SDIO_in;

when 2067 =>
SPC <= '0';

when 2080 =>
SPC <= '1';
acc_y(6) <= SDIO_in;

when 2093 =>
SPC <= '0';

when 2106 =>
SPC <= '1';
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acc_y(5) <= SDIO_in;
when 2119 =>

SPC <= '0';
when 2132 =>

SPC <= '1';
acc_y(4) <= SDIO_in;

when 2145 =>
SPC <= '0';

when 2158 =>
SPC <= '1';
acc_y(3) <= SDIO_in;

when 2171 =>
SPC <= '0';

when 2184 =>
SPC <= '1';
acc_y(2) <= SDIO_in;

when 2197 =>
SPC <= '0';

when 2210 =>
SPC <= '1';
acc_y(1) <= SDIO_in;

when 2223 =>
SPC <= '0';

when 2236 =>
SPC <= '1';
acc_y(0) <= SDIO_in;

when 2249 =>
SPC <= '0';

when 2262 =>
SC <= '1';

-- FIN DE LA TRANSMISSION 5
YOUT <= acc_y;

when 2275 =>
oe <= '1';

-- we change SDIO to output
when 2288 =>

SC <= '0';
-- DEBUT DE LA TRANSMISSION 6

SDIO_out <= ADD_ZOUT(7);
when 2301 =>

SPC <= '1';
when 2314 =>

SPC <= '0';
SDIO_out <= ADD_ZOUT(6);

when 2327 =>
SPC <= '1';

when 2340 =>
SPC <= '0';
SDIO_out <= ADD_ZOUT(5);

when 2353 =>
SPC <= '1';

when 2366 =>
SPC <= '0';
SDIO_out <= ADD_ZOUT(4);

when 2379 =>
SPC <= '1';

when 2392 =>
SPC <= '0';
SDIO_out <= ADD_ZOUT(3);

when 2405 =>
SPC <= '1';

when 2418 =>
SPC <= '0';
SDIO_out <= ADD_ZOUT(2);
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when 2431 =>
SPC <= '1';

when 2444 =>
SPC <= '0';
SDIO_out <= ADD_ZOUT(1);

when 2457 =>
SPC <= '1';

when 2470 =>
SPC <= '0';
SDIO_out <= ADD_ZOUT(0);

when 2483 =>
SPC <= '1';
oe <= '0'; -- we change SDIO to input

when 2496 =>
SPC <= '0';

when 2509 =>
SPC <= '1';
acc_z(7) <= SDIO_in;

when 2522 =>
SPC <= '0';

when 2535 =>
SPC <= '1';
acc_z(6) <= SDIO_in;

when 2548 =>
SPC <= '0';

when 2561 =>
SPC <= '1';
acc_z(5) <= SDIO_in;

when 2574 =>
SPC <= '0';

when 2587 =>
SPC <= '1';
acc_z(4) <= SDIO_in;

when 2600 =>
SPC <= '0';

when 2613 =>
SPC <= '1';
acc_z(3) <= SDIO_in;

when 2626 =>
SPC <= '0';

when 2639 =>
SPC <= '1';
acc_z(2) <= SDIO_in;

when 2652 =>
SPC <= '0';

when 2665 =>
SPC <= '1';
acc_z(1) <= SDIO_in;

when 2678 =>
SPC <= '0';

when 2691 =>
SPC <= '1';
acc_z(0) <= SDIO_in;

when 2704 =>
SPC <= '0';

when 2717 =>
SC <= '1';

-- FIN DE LA TRANSMISSION 6
ZOUT <= acc_z;

when 2800 =>
READY <= '1';

when 2802 =>
READY <= '0';
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when others =>
null;

end case;
end if;

end process;

end Behavioral;
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# SPI signals
# NET "INT1" LOC = "N5";
 NET "SC" LOC = "V4"; #P6
 NET "SDIO" LOC = "T9"; #R3
 NET "SPC" LOC = "V9"; #T3
 
# onBoard Leds
 NET "LED<0>" LOC = "U18"; # Bank = 1, Pin name = IO_L52N_M1DQ15, 

   Sch name = LD0
 NET "LED<1>" LOC = "M14"; # Bank = 1, Pin name = IO_L53P, 

    Sch name = LD1
 NET "LED<2>" LOC = "N14"; # Bank = 1, Pin name = IO_L53N_VREF, 

   Sch name = LD2
 NET "LED<3>" LOC = "L14"; # Bank = 1, Pin name = IO_L61P, 

    Sch name = LD3
 NET "LED<4>" LOC = "M13"; # Bank = 1, Pin name = IO_L61N, 

    Sch name = LD4
 NET "LED<5>" LOC = "D4";  # Bank = 0, Pin name = IO_L1P_HSWAPEN_0,

   Sch name = HSWAP/LD5
 NET "LED<6>" LOC = "P16"; # Bank = 1, Pin name = IO_L74N_DOUT_BUSY_1, Sch name = LD6
 NET "LED<7>" LOC = "N12"; # Bank = 2, Pin name = IO_L13P_M1_2,

   Sch name = M1/LD7

 NET "BTN<0>" LOC = "P4";  # Bank = 3, Pin name = IO_L2P, 
      Sch name = BTNL : print x on LED

 NET "BTN<1>" LOC = "F5";  # Bank = 3, Pin name = IO_L55N_M3A14, 
   Sch name = BTNC : print y on LED

 NET "BTN<2>" LOC = "F6";  # Bank = 3, Pin name = IO_L55P_M3A13, 
   Sch name = BTNR : print z on LED

# onBoard SWITCHES
 NET "RESET" LOC = "A10"; # Bank = 0, Pin name = IO_L37N_GCLK12,      

Sch name = SW0

# USB UART Connector
 NET "UART_TXD" LOC = "B16"; # Bank = 0, Pin name = IO_L66P_SCP1, Sch name = USBB-TXD

# clock pin for Atlys rev C board
 NET "CLK"   LOC = "L15"; # Bank = 1, Pin name = IO_L42P_GCLK7_M1UDM, Type = GCLK, Sch 
name = GCLK
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#ifdef __cplusplus
    #include <cstdlib>
#else
    #include <stdlib.h>
#endif
#ifdef __APPLE__
#include <SDL/SDL.h>
#else
#include <SDL.h>
#endif

#include <SDL_ttf.h>
#include <windows.h>
#include "define.h"
#include "serial_ctrl.h"
#include "win_serial.h"
#include "videoInput.h"
#include "SDL_rotozoom.h"

int main ( int argc, char** argv )
{
    /* ----------------------------------
    |              init Video           |
    ------------------------------------*/

    //init SDL_tff
    if(TTF_Init() == -1)
    {
        fprintf(stderr, "Erreur d'initialisation de TTF_Init : %s\n", TTF_GetError());
        exit(EXIT_FAILURE);
    }

    // initialize SDL video
    if ( SDL_Init( SDL_INIT_VIDEO | SDL_INIT_TIMER) < 0 )
    {
        printf( "Unable to init SDL: %s\n", SDL_GetError() );
        return 1;
    }

    // make sure SDL cleans up before exit
    atexit(SDL_Quit);

    // create a new window
    const SDL_VideoInfo* screen_info = SDL_GetVideoInfo();
    int screen_h = screen_info->current_h;
    int screen_w = screen_info->current_w;
    SDL_Surface *screen = SDL_SetVideoMode(screen_w, screen_h, 16,
                               SDL_HWSURFACE|SDL_DOUBLEBUF|SDL_FULLSCREEN);

    if ( !screen )
    {
        printf("Unable to set video: %s\n", SDL_GetError());
        return 1;
    }

    /* ----------------------------------
    |           others inits            |
    ------------------------------------*/

    int sensitivity = 8;             //coefficient used for the motion process
    float speed = 0.50;
    bool isCursorPressed = false;   //true when user clic the sensitivity cursor and 
start moving it
    bool isCursor2Pressed = false;  //true when user clic the speed cursor and start 
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moving it
    bool done = false;              //while done=false, the main loop is running
    bool isLeftHand = false;
    char theStringCpy[6];
    char infoString[40];
    int calibration_x = 0;
    int calibration_y = 0;
    int calibration_z = 0;
    int last_acc_x[4];
    int last_acc_y[4];
    int last_acc_z[4];
    int acc_x;
    int acc_y;
    int acc_z;
    //-----
    if(init_RS232()==1)         //if RS232 can't init then quit immediately : go to 
define.h to use prog mode
    {
        #ifndef PROG_MODE
        done = true;
        #endif
    }
    init_timer();

    /* ----------------------------------
    |       init graphic objects        |
    ------------------------------------*/
    bool M_visible = false;
        //------ background image
    SDL_Surface *I_background = NULL;
    SDL_Rect P_background;
    P_background.x = 0;
    P_background.y = 0;
        //------ text : Menu
    TTF_Font *P_palisade = NULL;
    P_palisade = TTF_OpenFont("palisade.ttf", 25);
    SDL_Color couleur_bleu = {51, 153, 255};
    SDL_Surface *texte = TTF_RenderText_Blended(P_palisade, "Menu", couleur_bleu);
    SDL_Rect P_texte;
    P_texte.x = R_P_texte_x;
    P_texte.y = R_P_texte_y;
        //------ headband
    SDL_Surface *I_menu = SDL_LoadBMP("menu.bmp");
    SDL_Rect P_menu;
    P_menu.x = R_P_menu_x;
    P_menu.y = R_P_menu_y;
        //------ bouton quit
    SDL_Surface *I_quit = SDL_LoadBMP("quit.bmp");
    SDL_SetColorKey(I_quit, SDL_SRCCOLORKEY, SDL_MapRGB(I_quit->format, 255, 255, 255));
    SDL_Rect P_quit;
    P_quit.x = R_P_quit_x;
    P_quit.y = R_P_quit_y;
        //------ left hand
    SDL_Surface *I_LHand = SDL_LoadBMP("mainG.bmp");
    SDL_SetColorKey(I_LHand, SDL_SRCCOLORKEY, SDL_MapRGB(I_LHand->format, 255, 0, 0));
    SDL_Rect P_LHand;
    P_LHand.x = R_P_LHand_x;
    P_LHand.y = R_P_LHand_y;
        //------ left hand buttons
    SDL_Surface *I_LHand_off = SDL_LoadBMP("mainG_min_off.bmp");
    SDL_Surface *I_LHand_on = SDL_LoadBMP("mainG_min_on.bmp");
    SDL_Rect P_LHand_min;
    P_LHand_min.x = R_P_LHand_min_x;
    P_LHand_min.y = R_P_LHand_min_y;
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        //------ right hand
    SDL_Surface *I_RHand = SDL_LoadBMP("mainD.bmp");
    SDL_SetColorKey(I_RHand, SDL_SRCCOLORKEY, SDL_MapRGB(I_RHand->format, 255, 0, 0));
    SDL_Rect P_RHand;
    P_RHand.x = R_P_RHand_x;
    P_RHand.y = R_P_RHand_y;
        //------ right hand buttons
    SDL_Surface *I_RHand_off = SDL_LoadBMP("mainD_min_off.bmp");
    SDL_Surface *I_RHand_on = SDL_LoadBMP("mainD_min_on.bmp");
    SDL_Rect P_RHand_min;
    P_RHand_min.x = R_P_RHand_min_x;
    P_RHand_min.y = R_P_RHand_min_y;
        //------ set hand to origine button
    SDL_Surface *I_set0 = SDL_LoadBMP("set_to_0.bmp");
    SDL_SetColorKey(I_set0, SDL_SRCCOLORKEY, SDL_MapRGB(I_set0->format, 0, 0, 0));
    SDL_Rect P_set0;
    P_set0.x = R_P_set0_x;
    P_set0.y = R_P_set0_y;
        //------ blue bar selector for sensitivity
    SDL_Surface *I_selector = SDL_LoadBMP("barre_sensitivity.bmp");
    SDL_SetColorKey(I_selector, SDL_SRCCOLORKEY, SDL_MapRGB(I_selector->format, 255, 255, 
255));
    SDL_Rect P_selector;
    P_selector.x = R_P_selector_x;
    P_selector.y = R_P_selector_y;
        //------ red cursor for sensitivity
    SDL_Surface *I_cursor = SDL_LoadBMP("selecteur.bmp");
    SDL_SetColorKey(I_cursor, SDL_SRCCOLORKEY, SDL_MapRGB(I_cursor->format, 255, 255, 
255));
    SDL_Rect P_cursor;
    P_cursor.x = R_P_cursor_x;
    P_cursor.y = R_P_cursor_y;
        //------ sensitivity value
    TTF_Font *P_palisade3 = NULL;
    P_palisade3 = TTF_OpenFont("palisade.ttf", 24);
    SDL_Surface *T_sensitivity = TTF_RenderText_Blended(P_palisade3, "8", couleur_bleu);
    SDL_Rect P_T_sensitivity;
    P_T_sensitivity.x = R_P_T_sensitivity_x;
    P_T_sensitivity.y = R_P_T_sensitivity_y;
        //------ blue bar selector for speed
    SDL_Surface *I_selector2 = SDL_LoadBMP("barre_speed.bmp");
    SDL_SetColorKey(I_selector2, SDL_SRCCOLORKEY, SDL_MapRGB(I_selector2->format, 255, 
255, 255));
    SDL_Rect P_selector2;
    P_selector2.x = R_P_selector2_x;
    P_selector2.y = R_P_selector2_y;
        //------ red cursor for speed
    SDL_Surface *I_cursor2 = SDL_LoadBMP("selecteur.bmp");
    SDL_SetColorKey(I_cursor2, SDL_SRCCOLORKEY, SDL_MapRGB(I_cursor2->format, 255, 255, 
255));
    SDL_Rect P_cursor2;
    P_cursor2.x = R_P_cursor2_x;
    P_cursor2.y = R_P_cursor2_y;
        //------ speed value
    SDL_Surface *T_speed = TTF_RenderText_Blended(P_palisade3, "0.50", couleur_bleu);
    SDL_Rect P_T_speed;
    P_T_speed.x = R_P_T_speed_x;
    P_T_speed.y = R_P_T_speed_y;
        //------ CAM1 buttons
    SDL_Surface *I_CAM1 = NULL;
    SDL_Rect P_CAM1;
    P_CAM1.x = R_P_CAM1_x;
    P_CAM1.y = R_P_CAM1_y;
        //------ CAM2 buttons
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    SDL_Surface *I_CAM2 = NULL;
    SDL_Rect P_CAM2;
    P_CAM2.x = R_P_CAM2_x;
    P_CAM2.y = R_P_CAM2_y;
        //------ black screen button
    SDL_Surface *I_blackScreen = SDL_LoadBMP("black_screen.bmp");
    SDL_SetColorKey(I_blackScreen, SDL_SRCCOLORKEY, SDL_MapRGB(I_blackScreen->format, 
255, 255, 0));
    SDL_Rect P_blackScreen;
    P_blackScreen.x = R_P_blackScreen_x;
    P_blackScreen.y = R_P_blackScreen_y;
            //------ text : x y z
    TTF_Font *P_palisade2 = NULL;
    P_palisade2 = TTF_OpenFont("palisade.ttf", 30);
    SDL_Color couleur_vert = {0, 100, 0};
    SDL_Surface *T_xyz = TTF_RenderText_Blended(P_palisade2, "x", couleur_vert);
    SDL_Rect P_T_xyz;
    P_T_xyz.x = R_P_T_xyz_x;
    P_T_xyz.y = R_P_T_xyz_y;

    /* ----------------------------------
    |          init VideoInput          |
    ------------------------------------*/

videoInput VI;
switch (VI.listDevices())
{
    case 0:
    I_CAM1 = SDL_LoadBMP("CAM1_off.bmp");
    I_CAM2 = SDL_LoadBMP("CAM2_off.bmp");
    break;

    case 1:
    I_CAM1 = SDL_LoadBMP("CAM1_on.bmp");
    I_CAM2 = SDL_LoadBMP("CAM2_off.bmp");
    break;

    default:
    I_CAM1 = SDL_LoadBMP("CAM1_on.bmp");
    I_CAM2 = SDL_LoadBMP("CAM2_on.bmp");
}
SDL_SetColorKey(I_CAM1, SDL_SRCCOLORKEY, SDL_MapRGB(I_CAM1->format, 255, 255, 0));
SDL_SetColorKey(I_CAM2, SDL_SRCCOLORKEY, SDL_MapRGB(I_CAM2->format, 255, 255, 0));

    /* ----------------------------------
    |         program main loop         |
    ------------------------------------*/
    while (!done)
    {
        // message processing loop
        SDL_Event event;
        while (SDL_PollEvent(&event))
        {
            // check for messages
            switch (event.type)
            {
                // exit if the window is closed
            case SDL_QUIT:
                done = true;
                break;

                // check for keypresses
            case SDL_KEYDOWN:
                {
                    // exit if ESCAPE is pressed
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                    if (event.key.keysym.sym == SDLK_ESCAPE)
                        done = true;
                    break;
                }
            case SDL_MOUSEMOTION:
                {
                    if(event.motion.y > 120 && (isCursorPressed==false))
                    {
                        M_visible = false;
                    }
                    else
                    {
                        if(event.motion.y==0)
                        {
                            M_visible = true;
                        }
                    }
                    if(isCursorPressed)
                    {
                        if(event.motion.x<R_P_selector_x+26)
                        {
                            P_cursor.x = R_P_selector_x+10;
                        }
                        else
                        {
                            if(event.motion.x>R_P_selector_x+477)
                            {
                                P_cursor.x = R_P_selector_x+460;
                            }
                            else
                            {
                                P_cursor.x = event.motion.x-16;
                                sensitivity = (int)((event.motion.x - (R_P_selector_x + 
26))/23);   //we make the sensitivity value between 0 and 20
                            }
                        }
                        char value[3];
                        sprintf(value, "%d", sensitivity);
                        T_sensitivity = TTF_RenderText_Blended(P_palisade3, value, 
couleur_bleu);
                    }

                    if(isCursor2Pressed)
                    {
                        if(event.motion.x<R_P_selector2_x+26)
                        {
                            P_cursor2.x = R_P_selector2_x+10;
                        }
                        else
                        {
                            if(event.motion.x>R_P_selector2_x+477)
                            {
                                P_cursor2.x = R_P_selector2_x+460;
                            }
                            else
                            {
                                P_cursor2.x = event.motion.x-16;
                                speed = (event.motion.x - (R_P_selector2_x + 26.0))/
150.3;   //we make the speed value between 0 and 3
                            }
                        }
                        char value[5];
                        sprintf(value, "%.2f", speed);
                        T_speed = TTF_RenderText_Blended(P_palisade3, value, 
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couleur_bleu);
                    }

                    break;
                }
            case SDL_MOUSEBUTTONUP:
                {
                    if(event.button.x>R_P_quit_x && event.button.x<R_P_quit_x+77 && 
event.button.y>R_P_quit_y &&    //quit
                        event.button.y<R_P_quit_y+44 && M_visible)
                    {
                       done = true;
                    }
                    else
                    {
                        if(event.button.x>R_P_LHand_min_x && 
event.button.x<R_P_LHand_min_x+140 && event.button.y>R_P_LHand_min_y &&  //activate left 
hand
                            event.button.y<R_P_LHand_min_y+80 && M_visible)
                        {
                            isLeftHand = true;
                        }
                        else
                        {
                            if(event.button.x>R_P_RHand_min_x && 
event.button.x<R_P_RHand_min_x+140 && event.button.y>R_P_RHand_min_y &&  //activate right 
hand
                            event.button.y<R_P_RHand_min_y+80 && M_visible)
                            {
                                isLeftHand = false;
                            }
                            else
                            {
                                if(event.button.x>R_P_set0_x && event.button.x<R_P_set0_x
+99 &&      //move hand to origine
                                   event.button.y>R_P_set0_y && event.button.y<R_P_set0_y
+89 && M_visible)
                                {
                                    P_LHand.x = R_P_LHand_x;
                                    P_LHand.y = R_P_LHand_y;
                                    P_RHand.x = R_P_RHand_x;
                                    P_RHand.y = R_P_RHand_y;
                                    calibration_x = theStringCpy[2];
                                    calibration_y = theStringCpy[3];
                                    calibration_z = theStringCpy[4];
                                }
                                else
                                {
                                    if(event.button.x>R_P_CAM1_x && 
event.button.x<R_P_CAM1_x+68 && event.button.y>R_P_CAM1_y && //take picture from CAM1
                                        event.button.y<R_P_CAM1_y+45 && VI.listDevices()
>0 && M_visible)
                                    {
                                        double coef_rotozoom;  //this is the coefficient 
to use in the zoomSurface() function to make the picture full screen
                                        VI.setupDevice(0);
                                        VI.setupDevice(0, 640, 480);
                                        int cam0_width = VI.getWidth(0);
                                        int cam0_height = VI.getHeight(0);
                                        int cam0_size = VI.getSize(0);
                                        if ((screen_w/cam0_width) < 
(screen_h<cam0_height))     //find coef_rotozoom and place the picture in the center of 
the screen
                                        {
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                                            coef_rotozoom = (double)screen_w/(double)
cam0_width;
                                            P_background.y = (screen_h - (int)
(coef_rotozoom*cam0_height))/2;
                                        }
                                        else
                                        {
                                            coef_rotozoom = (double)screen_h/(double)
cam0_height;
                                            P_background.x = (screen_w - 
(coef_rotozoom*cam0_width))/2;
                                        }
                                        unsigned char* cam0_buffer = new unsigned char
[cam0_size];
                                        while(!VI.isFrameNew(0));
                                            VI.getPixels(0, cam0_buffer, false, true);
                                        I_background = SDL_CreateRGBSurfaceFrom
(cam0_buffer, cam0_width, cam0_height, (cam0_size/(cam0_height*cam0_width))*8, cam0_size/
cam0_height, 0, 0, 0, 0);
                                        I_background = zoomSurface(I_background, 
coef_rotozoom, coef_rotozoom, 1);
                                        VI.stopDevice(0);
                                    }
                                    else
                                    {
                                        if(event.button.x>R_P_CAM1_x && 
event.button.x<R_P_CAM1_x+68 &&  event.button.y>R_P_CAM1_y+46 &&//acces settings of CAM1
                                            event.button.y<R_P_CAM1_y+92 && 
VI.listDevices()>0 && M_visible)
                                        {
                                            VI.setupDevice(0);
                                            VI.showSettingsWindow(0);
                                            VI.stopDevice(0);
                                        }
                                        else
                                        {
                                            if(event.button.x>R_P_CAM2_x && 
event.button.x<R_P_CAM2_x+68 &&  event.button.y>R_P_CAM2_y &&//take picture from CAM2
                                                event.button.y<R_P_CAM2_y+45 && 
VI.listDevices()>1 && M_visible)
                                            {
                                                double coef_rotozoom;  //this is the 
coefficient to use in the zoomSurface() function to make the picture full screen
                                                VI.setupDevice(1);
                                                VI.setupDevice(1, 640, 480);
                                                int cam1_width = VI.getWidth(1);
                                                int cam1_height = VI.getHeight(1);
                                                int cam1_size = VI.getSize(1);
                                                if ((screen_w/cam1_width) < 
(screen_h<cam1_height))     //find coef_rotozoom and place the picture in the center of 
the screen
                                                {
                                                    coef_rotozoom = (double)screen_w/
(double)cam1_width;
                                                    P_background.y = (screen_h - (int)
(coef_rotozoom*cam1_height))/2;
                                                }
                                                else
                                                {
                                                    coef_rotozoom = (double)screen_h/
(double)cam1_height;
                                                    P_background.x = (screen_w - 
(coef_rotozoom*cam1_width))/2;
                                                }
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                                                unsigned char* cam1_buffer = new unsigned 
char[cam1_size];
                                                while(!VI.isFrameNew(1));
                                                    VI.getPixels(1, cam1_buffer, false, 
true);
                                                I_background = SDL_CreateRGBSurfaceFrom
(cam1_buffer, cam1_width, cam1_height, (cam1_size/(cam1_height*cam1_width))*8, cam1_size/
cam1_height, 0, 0, 0, 0);
                                                I_background = zoomSurface(I_background, 
coef_rotozoom, coef_rotozoom, 1);
                                                VI.stopDevice(1);
                                            }
                                            else
                                            {
                                                if(event.button.x>R_P_CAM2_x && 
event.button.x<R_P_CAM2_x+68 &&  event.button.y>R_P_CAM2_y+46 &&    //acces settings of 
CAM2
                                                    event.button.y<R_P_CAM2_y+92 && 
VI.listDevices()>1 && M_visible)
                                                {
                                                    VI.setupDevice(1);
                                                    VI.showSettingsWindow(1);
                                                    VI.stopDevice(1);
                                                }
                                                else
                                                {
                                                    if(event.button.x>R_P_blackScreen_x 
&& event.button.x<R_P_blackScreen_x+84 &&  event.button.y>R_P_blackScreen_y &&    //black 
screen
                                                        event.button.y<R_P_blackScreen_y
+58 && M_visible)
                                                    {
                                                        unsigned char* blackscreen = new 
unsigned char[screen_h*screen_w];
                                                        for(int z=0; z<screen_h*screen_w; 
z++)
                                                        {
                                                            blackscreen[z]=0xFF;
                                                        }
                                                        I_background = 
SDL_CreateRGBSurfaceFrom(blackscreen, screen_w, screen_h, 1, screen_w, 0, 0, 0, 0);
                                                    }
                                                }
                                            }
                                        }
                                    }
                                }
                            }
                        }
                    }
                    if(isCursorPressed)         //sensitivity
                    {
                        isCursorPressed = false;
                    }
                    if(isCursor2Pressed)        //speed
                    {
                        isCursor2Pressed = false;
                    }
                    break;
                }
            case SDL_MOUSEBUTTONDOWN:
                {
                    if(event.button.x>P_cursor.x && event.button.x<P_cursor.x+33 && 
event.button.y>P_cursor.y && event.button.y<P_cursor.y+39 && M_visible)
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                    {
                        isCursorPressed = true;
                    }
                    if(event.button.x>P_cursor2.x && event.button.x<P_cursor2.x+33 && 
event.button.y>P_cursor2.y && event.button.y<P_cursor2.y+39 && M_visible)
                    {
                        isCursor2Pressed = true;
                    }
                }
            case SDL_USEREVENT:
                {
                    //future algorithms sould make a different process depending on the 
selected hand
                //    if(isLeftHand)
                //    {
                        strcpy(theStringCpy, get_theString());
                        acc_x = theStringCpy[2];
                        acc_y = theStringCpy[3];
                        acc_z = theStringCpy[4];

                        //acc_y = acc_y - calibration_y;
                        if (abs(acc_y - calibration_y) > sensitivity)
                            acc_y = acc_y - calibration_y;
                        else
                            acc_y = 0;

                        if(P_LHand.x <= 0)
                        {
                            if (((last_acc_y[3]+2*last_acc_y[1]+acc_y)/4) > 0)
                            {
                                P_LHand.x = P_LHand.x + (last_acc_y[3]+2*last_acc_y
[1]+acc_y)*speed;
                            }
                        }
                        else
                        {
                            if (P_LHand.x>=940)
                            {
                                if (((last_acc_y[3]+2*last_acc_y[1]+acc_y)/4) < 0)
                                {
                                    P_LHand.x = P_LHand.x + (last_acc_y[3]+2*last_acc_y
[1]+acc_y)*speed;
                                }
                            }
                            else
                            {
                                P_LHand.x = P_LHand.x + (last_acc_y[3]+2*last_acc_y
[1]+acc_y)*speed;
                            }
                        }

                        last_acc_y[3] = last_acc_y[2];
                        last_acc_y[2] = last_acc_y[1];
                        last_acc_y[1] = last_acc_y[0];
                        last_acc_y[0] = acc_y;
                //    }
                //    else
                //    {

                //    }
                }

            } // end switch
        } // end of message processing
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        // ---------- CLEAR SCREEN --------- //
        SDL_FillRect(screen, 0, SDL_MapRGB(screen->format, 0, 0, 0));

        // ---- AND DRAW A FRESH SCREEN ---- //
        SDL_BlitSurface(I_background, NULL, screen, &P_background);
        if(isLeftHand)
        {
            SDL_BlitSurface(I_LHand, NULL, screen, &P_LHand);
        }
        else
        {
            SDL_BlitSurface(I_RHand, NULL, screen, &P_RHand);
        }
        if(M_visible)
        {
            SDL_BlitSurface(I_menu, NULL, screen, &P_menu);
            SDL_BlitSurface(texte, NULL, screen, &P_texte); /* Blit du texte */
            SDL_BlitSurface(I_quit, NULL, screen, &P_quit);
            SDL_BlitSurface(I_set0, NULL, screen, &P_set0);
            SDL_BlitSurface(I_selector, NULL, screen, &P_selector);
            SDL_BlitSurface(I_cursor, NULL, screen, &P_cursor);
            SDL_BlitSurface(T_sensitivity, NULL, screen, &P_T_sensitivity);
            SDL_BlitSurface(I_selector2, NULL, screen, &P_selector2);
            SDL_BlitSurface(I_cursor2, NULL, screen, &P_cursor2);
            SDL_BlitSurface(T_speed, NULL, screen, &P_T_speed);
            SDL_BlitSurface(I_CAM1, NULL, screen, &P_CAM1);
            SDL_BlitSurface(I_CAM2, NULL, screen, &P_CAM2);
            SDL_BlitSurface(I_blackScreen, NULL, screen, &P_blackScreen);
            if(isLeftHand)
            {
                SDL_BlitSurface(I_LHand_on, NULL, screen, &P_LHand_min);
                SDL_BlitSurface(I_RHand_off, NULL, screen, &P_RHand_min);
            }
            else
            {
                SDL_BlitSurface(I_LHand_off, NULL, screen, &P_LHand_min);
                SDL_BlitSurface(I_RHand_on, NULL, screen, &P_RHand_min);
            }
        }
        else
        {
            sprintf(infoString, " x:%d     y:%d     z:%d     %s", acc_x, acc_y, acc_z, 
theStringCpy);
            T_xyz = TTF_RenderText_Blended(P_palisade2, infoString, couleur_vert);
            SDL_BlitSurface(T_xyz, NULL, screen, &P_T_xyz);
        }

        // DRAWING ENDS HERE

        // finally, update the screen :)
        SDL_Flip(screen);
    } // --- END MAIN LOOP ---

    //everyone is now free !
    SDL_FreeSurface(I_menu);   /* On libère la surface */
    SDL_FreeSurface(I_quit);
    SDL_FreeSurface(I_LHand);
    SDL_FreeSurface(I_LHand_off);
    SDL_FreeSurface(I_LHand_on);
    SDL_FreeSurface(I_RHand);
    SDL_FreeSurface(I_RHand_off);
    SDL_FreeSurface(I_RHand_on);
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    SDL_FreeSurface(I_set0);
    TTF_CloseFont(P_palisade);
    TTF_Quit();
    stop_timer();
    stop_RS232();

    // all is well ;)
    printf("Exited cleanly\n");
    return 0;
}
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/* this line allow you to use the application           */
/* without the FPGA plugged. The behaviour could        */
/* be affected but you won't be stuck in front of the   */
/* "Initialization. Plug and switch on the FPGA" screen */
/* Just uncomment this line and clic the "STOP" button  */
#define PROG_MODE

//Position of the value x y z
#define R_P_T_xyz_x 0
#define R_P_T_xyz_y 0

    /* Position of the elements of the  headband from left to right */
//Position of headband
#define R_P_menu_x 0
#define R_P_menu_y 0
//Position of texte Menu
#define R_P_texte_x 7
#define R_P_texte_y 7
//Position of button 'quit'
#define R_P_quit_x 7
#define R_P_quit_y 42
//Position of button 'activate left hand'
#define R_P_LHand_min_x 150
#define R_P_LHand_min_y 10
//Position of button 'activate right hand'
#define R_P_RHand_min_x 300
#define R_P_RHand_min_y 10
//set position of the hand to origine
#define R_P_set0_x 450
#define R_P_set0_y 10
//blue selector for sensitivity (1)
#define R_P_selector_x 560
#define R_P_selector_y 10
//red cursor for sensitivity (1)
#define R_P_cursor_x 750
#define R_P_cursor_y 10
//sensitivity value
#define R_P_T_sensitivity_x 1159
#define R_P_T_sensitivity_y 14
//blue selector for speed (2)
#define R_P_selector2_x 560
#define R_P_selector2_y 55
//red cursor for speed (2)
#define R_P_cursor2_x 645
#define R_P_cursor2_y 55
//speed value
#define R_P_T_speed_x 1120
#define R_P_T_speed_y 59
//CAM1 buttons
#define R_P_CAM1_x 1190
#define R_P_CAM1_y 5
//CAM2 buttons
#define R_P_CAM2_x 1265
#define R_P_CAM2_y 5
//black screen button
#define R_P_blackScreen_x 1340
#define R_P_blackScreen_y 20

    /* Initial position of the hand */
//Left hand
#define R_P_LHand_x 400
#define R_P_LHand_y 200
//Right hand
#define R_P_RHand_x 400
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#define R_P_RHand_y 200
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#include "serial_ctrl.h"

SDL_TimerID timer;
char param_bidon = 0;   //useless parameter to try the SDL_AddTimer fonction
HANDLE fd;              //Hadle to open RS232
char theResult[7];
char theString[7];
int result;             //if != 0 then data on RS232 OK

SDL_Thread *rThread = NULL;
SDL_mutex *theResultLock = NULL;

/* ----------------------------------
|               RS232               |
------------------------------------*/
int init_RS232(void)
{
    //------ bouton STOP
    SDL_Surface *I_STOP = SDL_LoadBMP("STOP.bmp");
    SDL_Rect P_STOP;
    P_STOP.x = 800;
    P_STOP.y = 0;
    //------ text : init
    TTF_Font *P_palisade_init = NULL;
    P_palisade_init = TTF_OpenFont("palisade.ttf", 40);
    SDL_Color couleur_rouge = {255, 0, 0};
    SDL_Surface *texte_init = TTF_RenderText_Blended(P_palisade_init, "Initialization. 
Plug and switch on FPGA", couleur_rouge);
    SDL_Rect P_texte_init;
    P_texte_init.x = 10;
    P_texte_init.y = 30;
    SDL_BlitSurface(texte_init, NULL, SDL_GetVideoSurface(), &P_texte_init);
    SDL_BlitSurface(I_STOP, NULL, SDL_GetVideoSurface(), &P_STOP);
    SDL_Flip(SDL_GetVideoSurface());
    //search for the right COM port
    char string[15];
    int i;
    Sleep(600);
    fd = NULL;
    while(fd == NULL)
    {
        for(i=0; i<15; i++)
        {
            sprintf(string, "\\\\.\\COM%d", i);
            fd = OpenCom(string, 9600, 8, 1);
            if(fd != NULL)
            {
                theResultLock = SDL_CreateMutex();
                char *tnames[1] = {"Thread1"};
                rThread = SDL_CreateThread(constantRead, tnames[0]);
                break;
            }
            SDL_Event event;
            while (SDL_PollEvent(&event))
            {
                if(event.type == SDL_MOUSEBUTTONUP)
                {
                    if(event.button.x>800 && event.button.x<996 && event.button.y>0 && 
event.button.y<105)
                    {
                        return 1;
                    }
                }
            }
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        }
    }
    return 0;
}

int constantRead(void* data)
{
    char buffer[6];
    while(1)
    {
        result = ReceiveCom(fd, buffer, 5);
        SDL_LockMutex(theResultLock);
        strcpy(theResult, buffer);
        SDL_UnlockMutex(theResultLock);
    }
    return 0;
}

void stop_RS232(void)
{
    CloseCom(fd);
    SDL_DestroyMutex(theResultLock);
}

/* ----------------------------------
|                Timer              |
------------------------------------*/
//init the timer that get data from RS232
void init_timer(void)
{
    //get data every 20ms (make this value similar in VHDL)
    timer = SDL_AddTimer(20, get_RS232, &param_bidon);
}

Uint32 get_RS232(Uint32 interval, void *param)
{
    char buffer[6];
    int i;
    SDL_LockMutex(theResultLock);
    strcpy(buffer, theResult);
    SDL_UnlockMutex(theResultLock);

    for(i=0; i<5; i++)
    {
        if(buffer[i]=='A' && buffer[(i+1)%5]=='d')
        {
            theString[0]=buffer[i];
            theString[1]=buffer[(i+1)%5];
            theString[2]=buffer[(i+2)%5];
            theString[3]=buffer[(i+3)%5];
            theString[4]=buffer[(i+4)%5];
            theString[5]='\0';
            break;
        }
    }

    SDL_Event event;
    SDL_UserEvent userevent;

    // We push a new event SDL_USEREVENT in the stack
    userevent.type = SDL_USEREVENT;
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    userevent.code = 0;
    userevent.data1 = NULL;
    userevent.data2 = NULL;

    event.type = SDL_USEREVENT;
    event.user = userevent;

    SDL_PushEvent(&event);

    // Please call me back in interval
    return(interval);
}

void stop_timer(void)
{
    SDL_RemoveTimer(timer);
}

/* ----------------------------------
|         Get accelerations         |
------------------------------------*/

char* get_theString(void)
{
    return theString;
}
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#ifndef  H_PROCESS_MOVE
#define H_PROCESS_MOVE

#ifdef __APPLE__
#include <SDL/SDL.h>
#else
#include <SDL.h>
#endif

#ifdef __cplusplus
    #include <cstdlib>
#else
    #include <stdlib.h>
#endif
#ifdef __APPLE__
#include <SDL/SDL.h>
#else
#include <SDL.h>
#endif

#include <SDL_ttf.h>
#include <SDL_thread.h>
#include <SDL_mutex.h>
#include <windows.h>
#include "win_serial.h"

/* ----------------------------------
|               RS232               |
------------------------------------*/
//init and find the right COM port
int init_RS232(void);

//close RS232
void stop_RS232(void);

//thread
int constantRead(void* data);

/* ----------------------------------
|                Timer              |
------------------------------------*/

//init the timer that get data from RS232
void init_timer(void);

//callback fonction
Uint32 get_RS232(Uint32 intervalle, void *parametre);

//stop timer
void stop_timer(void);

/* ----------------------------------
|         Get accelerations         |
------------------------------------*/

char* get_theString(void);

#endif
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#include "win_serial.h"

HANDLE OpenCom(char *port,int speed,int size,int stopBits)
{
  DCB g_DCB;
  HANDLE fd;

  fd = CreateFile(port, GENERIC_READ | GENERIC_WRITE,
0,NULL,OPEN_EXISTING,FILE_FLAG_WRITE_THROUGH | FILE_FLAG_NO_BUFFERING,NULL);

  if(fd == INVALID_HANDLE_VALUE)
  {
    return NULL;
  }
  else
  {
    PurgeComm(fd, PURGE_TXABORT|PURGE_RXABORT|PURGE_TXCLEAR|PURGE_RXCLEAR);

    g_DCB.DCBlength = sizeof(DCB);

    GetCommState(fd, &g_DCB);

    g_DCB.BaudRate = speed;
    g_DCB.ByteSize = size;

    g_DCB.fDtrControl = DTR_CONTROL_DISABLE; // (DISABLE)

    /*if (strcmp(Parite,"Aucune")==0)
    g_DCB.Parity = NOPARITY;
    if (strcmp(Parite,"Paire")==0)
    g_DCB.Parity = EVENPARITY;
    if (strcmp(Parite,"Impaire")==0)
    g_DCB.Parity = ODDPARITY;*/
    g_DCB.Parity = NOPARITY;

    // Gestion du Stop Bit
    if ( stopBits == 1 )
    g_DCB.StopBits = ONESTOPBIT;
    else if ( stopBits == 2 )
    g_DCB.StopBits = TWOSTOPBITS;

    SetCommState(fd, &g_DCB);

    return fd;
  }
}

int SendCom(HANDLE fd, char* data)
{
  DWORD NumBytes = 0;

  if(fd != NULL)
    if (WriteFile(fd, data, strlen(data),&NumBytes,NULL) != 0)
      return NumBytes;

  return 0;
}

int ReceiveCom(HANDLE fd, char *data, int size)
{

COMSTAT Stat;
DWORD Errors;
int avBytes = 0;
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long unsigned int readBytes = 0;

if(fd != NULL)
{

//Pour éviter de gérer un time out
Sleep(1);
//Pour connaitre le nombre d'octets dans le buffer d'entrée
ClearCommError(fd,&Errors,&Stat);
avBytes = Stat.cbInQue;

//On effectue la lecture si il y a des caractères présents
if(avBytes > size)
{

//Reception de la Chaine
if(ReadFile(fd, data, size, &readBytes, NULL) == 0)

return 0;
}
//Finition de la Chaine
data[readBytes] = '\0' ;
return readBytes;

}
else

return 0;

}

int CloseCom(HANDLE fd)
{
  if(fd != NULL)
  {
    CloseHandle(fd);
    return 1;
  }
  return 0;
}
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#include <windows.h>
#include <winbase.h>
#include <stdio.h>
#include <conio.h>
#include <string.h>

HANDLE OpenCom(char *port,int speed,int size,int stopBits);
int SendCom(HANDLE fd, char* data);
int ReceiveCom(HANDLE fd, char *data, int size);
int CloseCom(HANDLE fd);

/* Exemple
 *
 * HANDLE fd;
 * char buffer[1025];
 * int result;
 *
 * fd = OpenCom("\\\\.\\COM1", 9600, 8, 1);
 * result = SendCom(fd, buffer); //Return nb of bytes sent
 * result = ReceiveCom(fd, buffer, 1024); //Return nb of bytes read
 * CloseCom(fd);
 *
 */


