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1)(6$(6<!

=.>()?0$%4$#$(6<*@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@*:!

A(6-)%&.6')(*@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@*:!

!"#$*B-)4-"##'(4*?'65*!"#$%&'()*@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@*8!
6+##-8/!<#(,#+&!============================================================================================================================================================!>!
!"#$%"#&'(((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((')!
*&+&,-./&01'20+3#-0/&01'(((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((('4!

1+*+;$?-8/!(!6(.+!===================================================================================================================================================!@!
5$$;A!(8&!5+)B8-C7+A!==============================================================================================================================================!D!
50313",'6-%&#78.'((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((('9!
:"/&$;30-'6<1=-0'813,313&>'((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((('9!
?-0>&#+30@'A#$;30-'B&/-#<'(((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((('C!
:"/&$;30-'D&>-;#E&'F3G#"#<'((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((('C!

C65$-*=220'."6')(<*@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@*D!
6+8+,(;%E7,?$A+!1-A?;(F!3&(?#+,!======================================================================================================================!G!
H8&7A#,-(;!E,$)+AA!I$8#,$;!=====================================================================================================================================!G!

=%E"(.$%*!"#$%&'()*B-)4-"##'(4*@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@*F!

G'%$)*H'#'(4*@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@*F!
4,(.+!2(#+!===================================================================================================================================================================!J!
K+(.!<F8)B,$8-L(#-$8!==========================================================================================================================================!MN!
*-;G,&'H;II&#30@'((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((('JK!
8.$"130@'LII7ME#&&0'LGN&E1>'(((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((('JJ!
O&#13E",'H,"0P30@'(((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((('J)!
D">1&#'?=">30@'(((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((('J4!

K-#.(??+&!6,(?B-)A!===============================================================================================================================================!MD!

I"-%?"-$*I".>'(4*@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@*:J!

1'-.&'6*K)"-%*/)%','."6')(<*@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@*:J!
6(.+&7-8$!:$&-9-)(#-$8A!====================================================================================================================================!MO!
P$FA#-)Q!<B-+;&!:$&-9-)(#-$8A!==============================================================================================================================!MO!

L)MA6MN)&-<$0,*B-)O$.6<*@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@*:D!
H8?7#A!(8&!I$8#,$;;+,A!==========================================================================================================================================!MG!
R8);$A7,+A!(8&!I(A+A!=============================================================================================================================================!MG!

!"#$%&'()*H$.5('."0*+$,$-$(.$*@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@*:F!

I"-%?"-$*A(6$-,".$*@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@*:F!
S(,&T(,+!I$.?(#-U-;-#F!=======================================================================================================================================!MJ!
<EH!I$..78-)(#-$8!================================================================================================================================================!MV!
F3G#"#<'M;..-#1'(((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((')K!
A,1&#0"1&'M65'A$$#&>>'((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((')K!

/$#)-3*/"2*@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@*89!
6(.+&7-8$!:+.$,F!:(?!=====================================================================================================================================!>M!
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I$8#,$;!2+/-A#+,A!=====================================================================================================================================================!>>!
M="#&$'D&@3>1&#>'((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((')4!

G'%$)*L'<20"3*@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@*8F!
<),$;;-8/!=======================================================================================================================================================================!>V!
Q#"."#-;0$'((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((')R!
M.,31'ME#&&0'ME#-,,30@'((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((('4K!

K()Q/,$78&!I$;$,!====================================================================================================================================================!WN!
IB(,()#+,!6,(?B-)A!=================================================================================================================================================!WN!
DABS65?T'6,"<I3&,$'63E1;#&'((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((('4J!
DABS?!DT'6,"<I3&,$'?="#"E1&#'M&1'(((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((('4J!
DABS6AFT'6,"<I3&,$'?="#"E1&#'6",&11&>'(((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((('4)!

<?,-#+A!===========================================================================================================================================================================!@W!
M.#31&'?-01#-,'(((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((('U4!
M.#31&'?-,,3>3-0'*&1&E13-0'(((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((('UU!
M.#31&'5/"@&'*"1"'((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((('U9!
M.#31&'6",&11&>'((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((('U9!

I$;$,!==============================================================================================================================================================================!@G!
F-@3E",'?-,-#'((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((('UV!
!"#$%"#&'?-,-#'((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((('UV!
L;1.;1'?-,-#'(((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((('UW!

=&%')*@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@*PQ!
<$78&!<F8#B+A-A!2+/-A#+,A!===================================================================================================================================!@V!
O-3E&'?-01#-,'((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((('UR!
D30@'B-$;,"1-#'(((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((('9J!

<(.?;+!2+/-A#+,A!======================================================================================================================================================!DM!

R:*1)2-).$<<)-*@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@*ST!
I$?,$)+AA$,!H8#+,9()+!============================================================================================================================================!DW!
?-.#-E&>>-#'?-01#-,'((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((('94!
?-.#-E&>>-#'B3E#-E-$&'((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((('94!
?-.#-E&>>-#'?-//;03E"13-0>'H,-EP'((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((('94!
?-.#-E&>>-#7L0,<'D&@3>1&#>'(((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((('9U!

PM!3,)B-#+)#7,+!(8&!E,$/,(..-8/!===================================================================================================================!DO!
X-#1=7H">&$'A>>&/G,<'F"0@;"@&'((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((('9W!
8>30@'1=&'YJ'A>>&/G,&#'(((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((('CJ!
YJ'A>>&/G,<'F"0@;"@&'D&I&#&0E&'((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((('CJ!

I$&+!X?#-.-L(#-$8!===================================================================================================================================================!GD!
YJ'B3E#-E-$&'(((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((('VV!

U.-$$(<5)6*V$"6&-$*@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@*DF!
<),++8AB$#!Y-8+!<+;+)#!2+/-A#+,!========================================================================================================================!GJ!
<),++8AB$#!Y-8+!K799+,!==========================================================================================================================================!GV!

!0)<<"-3*@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@*F9!
3),$8F.A!====================================================================================================================================================================!JN!
5-.+!===============================================================================================================================================================================!JN!
!
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*1)%$*
<Q+#)B!M'!Z(-#!9$,!6(.+&7-8$!H8-#-(;-L(#-$8!==================================================================================!D!
<Q+#)B!>'!H8-#-(;-L(#-$8!T-#B!<?;(AB!<),++8!====================================================================================!D!
<Q+#)B!W'!6(.+!Y$$?!7A-8/!61''T(-#*U;(8Q[\!=============================================================================!MW!
<Q+#)B!@'!<EH!H8-#-(;-L(#-$8!===================================================================================================================!>N!
<Q+#)B!D'!PM!3AA+.U;F!E,$/,(.!5+.?;(#+!====================================================================================!DO!
<Q+#)B!O'!R](.?;+!<7U,$7#-8+!===========================================================================================================!GW!
<Q+#)B!G'!R](.?;+!:7;#-?;+%R8#,F!<7U,$7#-8+!===========================================================================!GW!
<Q+#)B!J'!H8),+.+8#-8/!Y$$?!=============================================================================================================!G@!
<Q+#)B!V'!1+),+.+8#-8/!Y$$?!============================================================================================================!G@!
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!
H";0$<*

5(U;+!M'!JNN]ONN!<^63!^-&+$!X7#?7#!==============================================================================================!J!
5(U;+!>'!^-&+$!4,(.+!2(#+!====================================================================================================================!V!
5(U;+!W'!^+,#-)(;!K;(8Q-8/!====================================================================================================================!M>!
5(U;+!@'!S$A#!H8#+,9()+!==========================================================================================================================!MJ!
5(U;+!D'!S(,&T(,+!I$.?(#-U-;-#F!Y-A#!============================================================================================!MJ!
5(U;+!O'!6(.+&7-8$!:+.$,F!:(?!===================================================================================================!>M!
5(U;+!G'!H1R_5!2+/-A#+,!=======================================================================================================================!>@!
5(U;+!J'!2R^!2+/-A#+,!============================================================================================================================!>@!
5(U;+!V'!423:R!2+/-A#+,!======================================================================================================================!>@!
5(U;+!MN'!^KY3_`!2+/-A#+,!================================================================================================================!>@!
5(U;+!MM'!<I2XYYab!(8&!<I2XYYac!2+/-A#+,A!============================================================================!>D!
5(U;+!M>'!P`a:X1R!2+/-A#+,!===============================================================================================================!>O!
5(U;+!MW'!PMa2R<R5!2+/-A#+,!==============================================================================================================!>O!
5(U;+!M@'!<E2a1H<3KYR!2+/-A#+,!======================================================================================================!>O!
5(U;+!MD'!<E2aE36R!2+/-A#+,!=============================================================================================================!>G!
5(U;+!MO'!HX:X1R!2+/-A#+,!================================================================================================================!>G!
5(U;+!MG'!K6aIXYX2!2+/-A#+,!============================================================================================================!>G!
5(U;+!MJ'!<3:EYRaY!(8&!<3:EYRa2!2+/-A#+,A!==========================================================================!>G!
5(U;+!MV'!<I2RR_<SX5ac!2+/-A#+,!=================================================================================================!>J!
5(U;+!>N'!<I2XYY!2+/-A#+,A!================================================================================================================!>V!
5(U;+!>M'!K6aIXYX2!2+/-A#+,!============================================================================================================!WN!
5(U;+!>>'!23:aIS2!K-#.(?!X,/(8-L(#-$8!===================================================================================!WM!
5(U;+!>W'!IB(,()#+,!<+#A!=======================================================================================================================!W>!
5(U;+!>@'!23:aE3Y!E(;+##+!4$,.(#!================================================================================================!WW!
5(U;+!>D'!23:aEHI!:+.$,F!:(?!=====================================================================================================!W@!
5(U;+!>O'!23:aIS2!:+.$,F!:(?!===================================================================================================!WD!
5(U;+!>G'!23:aE3Y!:+.$,F!:(?!====================================================================================================!WV!
5(U;+!>J'!<?,-#+!I$8#,$;!Z$,&!===========================================================================================================!@W!
5(U;+!>V'!<?,-#+!E(;+##+!:$&+A!==========================================================================================================!@@!
5(U;+!WN'!<?,-#+!2$#(#-$8!=====================================================================================================================!@@!
5(U;+!WM'!<?,-#+!H.(/+!K-#.(?!==========================================================================================================!@D!
5(U;+!W>'!23:a<E2E3Y!:+.$,F!:(?!============================================================================================!@O!
5(U;+!WW'!E3YR55RMO!:+.$,F!:(?!===============================================================================================!@O!
5(U;+!W@'!MO%I$;$,!<?,-#+!E(;+##+!=====================================================================================================!@O!
5(U;+!WD'!E3YR55R@!:+.$,F!:(?!==================================================================================================!@G!
5(U;+!WD'!@%I$;$,!<?,-#+!E(;+##+!========================================================================================================!@G!
5(U;+!WO'!E(;+##+!R8#,F!4$,.(#!=========================================================================================================!@J!
5(U;+!WG'!I$;$,!<?()+!============================================================================================================================!@J!
5(U;+!WV'!^XHIR<!:+.$,F!:(?!========================================================================================================!@V!
5(U;+!@N'!<3:EYRaY!(8&!<3:EYRa2!2+/-A#+,A!==========================================================================!D>!
5(U;+!WJ'!PMa2R<R5!2+/-A#+,!==============================================================================================================!DW!
5(U;+!WV'!PMaIX1R!:+.$,F!:(?!======================================================================================================!DW!
5(U;+!@N'!IX::!:+.$,F!:(?!==========================================================================================================!D@!
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! *-!

5(U;+!@M'!cYH_R!2+/-A#+,!=====================================================================================================================!D@!
5(U;+!@>'!4E63!HI3E!2+/-A#+,A!==========================================================================================================!DD!
5(U;+!@W'!42RdSe!(8&!42Rd5HI`!2+/-A#+,A!===============================================================================!DD!
5(U;+!@@'!E>!HfX!2+/-A#+,A!===================================================================================================================!DD!
5(U;+!@D'!23_1X:!2+/-A#+,!===============================================================================================================!DO!
5(U;+!@O'!IYXI`!2+/-A#+,!====================================================================================================================!DO!
5(U;+!@G'!4Y3<S!<EH!2+/-A#+,A!==========================================================================================================!DO!
5(U;+!@J'!PM!3AA+.U;F!Y(8/7(/+!<7..(,F!=================================================================================!DV!
5(U;+!@V'!PM!3AA+.U;+,!1-,+)#-*+A!===================================================================================================!OM!
5(U;+!DN'!PM!Y-#+,(;!H8A#,7)#-$8A!=======================================================================================================!O>!
5(U;+!DM'!PM!3_<!4$,#B!H8A#,7)#-$8A!================================================================================================!OW!
5(U;+!D>'!PM!3&&-#-$8(;!H8A#,7)#-$8A!===============================================================================================!OO!
5(U;+!DW'!PM!:7;#-%Z$,&!H8A#,7)#-$8A!=============================================================================================!OO!
5(U;+!D@'!PM!:+,/+&!H8A#,7)#-$8A!=====================================================================================================!OG!
5(U;+!DD'!PM!3AA+.U;+,!4;$T!I$8#,$;!=============================================================================================!GM!
5(U;+!DO'!PM!:-),$)$&+!H8A#,7)#-$8A!===============================================================================================!GG!
5(U;+!DG'!3Yg!X?+,(#-$8!I$&+A!========================================================================================================!GJ!
5(U;+!DJ'!1(#(!<#()Q!3&h7A#.+8#!=====================================================================================================!GJ!
5(U;+!DV'!2+#7,8!<#()Q!3&h7A#.+8#!=================================================================================================!GJ!
5(U;+!ON'!<I2RR_<SX5ac!2+/-A#+,!=================================================================================================!GJ!
5(U;+!OM'!<I2RR_<SX5!:+.$,F!:(?!===========================================================================================!GV!
!
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!
V'4&-$<*

4-/7,+!M'!^-&+$!1-A?;(F!Y(F+,A!==========================================================================================================!>G!
4-/7,+!>'!<),$;;-8/!===================================================================================================================================!>G!
4-/7,+!W'!<),$;;!Z,(?(,$78&!==============================================================================================================!>J!
4-/7,+!@'!PM!Y$/-)(;!3,)B-#+)#7,+!======================================================================================================!DO!
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! M!

!
FMK'6*!"#'(4*?'65*=-%&'()*"(%*!"#$%&'()*

=.>()?0$%4$#$(6<*
P(.+A!K$T.(8!),+(#+&!#B+!6(.+&7-8$i!(8&!T-#B$7#!B-A!B+;?i!-8?7#i!(8&!)$,,+)#-$8A!
#B-A!&$)7.+8#!T$7;&!8$#!+]-A#=!!38F!*(;7(U;+!-89$,.(#-$8!-8!#B-A!.(87(;!7;#-.(#+;F!
)$.+A!9,$.!P(.+Ai!(8&!(8F!+,,$,A!#B(#!T+,+!-8#,$&7)+&!-8!#B+!?,$)+AA!(,+!.-8+=!
!
5B+!.+.U+,A!$9!#B+!6(.+&7-8$%K+#(!.(-;-8/!;-A#i!?(,#-)7;(,;F!I$;-8!1$$;+F!
?,$*-&+&!*(;7(U;+!9++&U()Q!(8&!+8)$7,(/+.+8#!U(A+&!$8!-8-#-(;!&,(9#A!$9!#B-A!
.(87(;=!

A(6-)%&.6')(*
:$&+,8!.-),$)$8#,$;;+,Ai!;-Q+!#B+!3#.+;!3^2!?,$)+AA$,A!#B(#!?$T+,!#B+!$?+8%
A$7,)+!3,&7-8$!U$(,&Ai!(,+!(#!;+(A#!(A!?$T+,97;!(A!#B+!J%U-#!IEgA!#B(#!?$T+,+&!
(,)(&+!*-&+$!/(.+A!-8!#B+!j/$;&+8!(/+k!$9!#B+!MVJNlA=!!4$,!+](.?;+i!#B+!e-;$/!eJN!
T(A!(8!(&*(8)+&!J%U-#!IEg!#B(#!(;A$!9+(#7,+&!;-.-#+&!MO%U-#!-8A#,7)#-$8A=!!5B+!eJN!
,(8!(#!A?++&A!$9!7?!#$!(!.-;;-$8!-8A#,7)#-$8A!?+,!A+)$8&i!(8&!?$T+,+&!);(AA-)!/(.+A!
A7)B!(A!E()!:(8i!1$8Q+F!`$8/i!(8&!6(;(]-(8=!!KF!)$.?(,-A$8i!#B+!35.+/(W>J!#B(#!
-A!(#!#B+!B+(,#!$9!#B+!3,&7-8$!g8$!+]+)7#+A!7?!#$!MO!.-;;-$8!J%U-#!-8A#,7)#-$8A!?+,!
A+)$8&=!
!
5B+!6(.+&7-8$!-A!(8!3,&7-8$!AB-+;&!#B(#!?,$*-&+A!^63!*-&+$!(8&!A#+,+$!(7&-$!
$7#?7#!A7-#(U;+!9$,!j);(AA-)k!*-&+$!/(.-8/!7A-8/!)7A#$.!4E63!B(,&T(,+=!g8;-Q+!
$#B+,!3,&7-8$%U(A+&!*-&+$!/(.+!?,$h+)#Ai!#B+!6(.+&7-8$!?,$*-&+A!+]#+8A-*+!
B(,&T(,+!A7??$,#!9$,!9$,+/,$78&!(8&!U()Q/,$78&!)$;$,!/,(?B-)Ai!)$;;-A-$8!
&+#+)#-$8i!(8&!A$78&!/+8+,(#-$8=!!5B+!6(.+&7-8$!7A+A!(!A-.?;+!<EH!-8#+,9()+!A$!-#!-A!
(&(?#(U;+!#$!.(8F!&-99+,+8#!.-),$)$8#,$;;+,Ai!(8&!-A!?$T+,97;!(8&!9;+]-U;+!+8$7/B!
#B(#!-#!)(8!U+!7A+&!9$,!A-/8-9-)(8#!8$8%/(.+!(??;-)(#-$8A=!
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!"#$*B-)4-"##'(4*?'65*!"#$%&'()*

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

I"-%?"-$*
5$!&$!(8F#B-8/!7A+97;!T-#B!(!6(.+&7-8$i!F$7!T-;;!8++&!(!)$.?(#-U;+!
.-),$)$8#,$;;+,i!(!6(.+&7-8$!U$(,&i!(A!T+;;!(A!(!.$8-#$,i!A?+(Q+,Ai!(8&!A$.+!A$,#!
$9!/(.+!)$8#,$;;+,!$,!$#B+,!-8?7#!&+*-)+=!!H9!F$7!T(8#!#$!/+#!A#(,#+&!T-#B!#B+!+](.?;+!
)$&+!(8&!AQ+#)B+A!-8!#B-A!U$$Qi!-8!(&&-#-$8!#$!F$7,!)$.?7#+,i!F$7!T-;;!8++&'!

• 38!3,&7-8$!g8$!$,!:+/(>DON!
• 3!6(.+&7-8$!AB-+;&i!(8&!
• 3!<?(,Q478!h$FA#-)Q!AB-+;&m!?;7A!
• <?+(Q+,A!$,!B+(&?B$8+A!9$,!A$78&!$7#?7#i!(8&!
• 3!.$8-#$,!#B(#!A7??$,#A!JNN]ONN!n!G>SL!(8&!(8!(8(;$/!^63!-8?7#=!

5B+!S(,&T(,+!<$7,)+A!#+]#!U$]!U+;$T!A7//+A#A!A$.+!?;()+A!TB+,+!F$7!)(8!$U#(-8!
#B+!)$.?$8+8#A!.+8#-$8+&!-8!#B-A!U$$Q=!!X#B+,!B(,&T(,+!)$89-/7,(#-$8A!(,+!
)+,#(-8;F!?$AA-U;+!o!A-8)+!#B-A!-A!(8!3,&7-8$!?,$h+)#i!),+(#-*+!$,!B$.+%U7-;#!A$;7#-$8A!
(,+!+8)$7,(/+&=!

!
"""5$%&$'!,+9+,+8)+!(!A+)#-$8!$8!U7-;&-8/!F$7,!$T8!-8#+,9()+!B(,&T(,+000!

!"#$%"#&'())&*+,-'
3,,(8/+!#B+!.$8-#$,!(8&!A?+(Q+,A!-8!F$7,!T$,Q!(,+(!A$!#B(#!#B+F!(,+!())+AA-U;+!U7#!
$7#!$9!#B+!T(F=!!c$7!T-;;!T(8#!#$!?;()+!#B+!3,&7-8$!(8&!6(.+&7-8$!B(,&T(,+!
A$.+TB+,+!)$8*+8-+8#i!A$!#B(#!F$7!)(8!7A+!#B+!h$FA#-)Q!U$(,&!#$!#+A#!F$7,!/(.+!
AQ+#)B+A!TB-;+!Q++?-8/!-#!)$88+)#+&!#$!F$7,!)$.?7#+,!(8&!#B+!.$8-#$,!(8&!
A?+(Q+,A=!!5B+8!?7#!+*+,F#B-8/!#$/+#B+,'!

M= IB+)Q!#B+!AB-+;&A!9$,!U+8#!?-8Ai!(8&!/+8#;F!A#,(-/B#+8!(8F!#B(#!(,+!$7#!$9!
?;()+=!

>= <#()Q!#B+!6(.+&7-8$!AB-+;&!$8!#$?!$9!#B+!3,&7-8$i!(8&!?7AB!#B+!AB-+;&lA!?-8A!
-8#$!#B+!B+(&+,=!!IB+)Q!9$,!U+8#!?-8A!(8&!.(Q+!A7,+!#B+!AB-+;&!-A!A+)7,+;F!
A+(#+&=!

3,&7-8$!U$(,&A'!B##?'ff(,&7-8$=))f+8f:(-8fK7F!
!
6(.+&7-8$!AB-+;&'!5$!U+!&+#+,.-8+&p!
!
P$FA#-)Q!AB-+;&!Q-#'!B##?'ffTTT=A?(,Q978=)$.f?,$&7)#AfVGON!
K(,+!h$FA#-)Q!AB-+;&!U$(,&'!B##?'ffTTT=A?(,Q978=)$.f?,$&7)#AfV@VN!
!
!

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

W= <#()Q!#B+!h$FA#-)Q!AB-+;&!$8!#$?!$9!#B+!6(.+&7-8$i!(/(-8!)B+)Q-8/!9$,!U+8#!
?-8A!(8&!+8A7,-8/!#B(#!#B+!AB-+;&!-A!9-,.;F!A+(#+&=!!H#!T$7;&!8$#!&$!#$!B(*+!#B+!
A#()Q!)$.+!(?(,#!TB-;+!?;(F-8/!F$7,!/(.+!AQ+#)B=!

@= I$88+)#!#B+!.$8-#$,!(8&!A?+(Q+,A!#$!#B+!?$,#A!$8!#B+!6(.+&7-8$=!

.*/0&'1&)2'
3!jA.$Q+!#+A#k!-A!#B+!-8-#-(;!#+A#!$9!(!8+T!B(,&T(,+!AFA#+.!o!#B+!-&+(!-A!#$!.(Q+!A7,+!
#B(#!+*+,F#B-8/!T$,QA![(8&!&$+A8l#!B(*+!(8F!AB$,#!)-,)7-#A!$,!$#B+,!AB$T%A#$??+,A\!
U+9$,+!&$-8/!(8F#B-8/!.$,+!)$.?;-)(#+&=!!5$!#+A#!F$7,!B(,&T(,+'!

M= E$T+,%$8!#B+!.$8-#$,!(8&!A?+(Q+,A=!
>= K$$#!7?!F$7,!)$.?7#+,=!!X8)+!#B+!)$.?7#+,!-A!,788-8/i!
W= I$88+)#!F$7,!)$.?7#+,!#$!#B+!3,&7-8$!7A-8/!(!g<K!)(U;+![$,!$?#-$8(;;Fi!F$7!

)(8!7A+!(!T(;;%?$T+,!(&(?#+,!A7-#(U;+!9$,!#B+!3,&7-8$\=!
@= E,+AA!#B+!,+A+#!U7##$8!$8!#B+!h$FA#-)Q!AB-+;&=!

!
c$7!AB$7;&!/+#!A$.+!$7#?7#!9,$.!#B+!6(.+&7-8$!$8!#B+!.$8-#$,!(8&!A?+(Q+,A=!!
ZB(#!F$7!/+#!T-;;!&+?+8&!$8!TB(#!-A!;$(&+&!$8#$!#B+!AFA#+.i!+-#B+,'!

• 5B+!3A#+,$-&A!/(.+!AQ+#)B!T-;;!A#(,#!T-#B!#B+!j3<5R2XH1<k!;$/$!A),$;;i!-9!
F$7,!3,&7-8$!)(.+!T-#B!#B+!6(.+&7-8$i!-#!AB$7;&!U+!?,+%;$(&+&!T-#B!#B-A!
AQ+#)Bm!$,!!

• H9!F$7!B(*+!(!jA#$)Qk!3,&7-8$!#B(#!&$+A8l#![F+#\!B(*+!(8F!6(.+&7-8$%(T(,+!
AQ+#)B+A!;$(&+&!$8#$!-#i!F$7!T-;;!/+#!#B+!6(.+&7-8$lA!U$$#!A),++8i!9+(#7,-8/!
#B+!6(.+&7-8$!;$/$!(8&!A#(,#%7?!A$78&=!

H9!F$7!&$8l#!/+#!$7#?7#!9,$.!#B+!6(.+&7-8$i!$,!/+#!A$.+#B-8/!T-;&;F!&-99+,+8#i!#,F!
A$.+!$9!#B+!#,$7U;+AB$$#-8/!A#+?A!U+;$T!#$!-A$;(#+!#B+!?,$U;+.=!

1#/3+,&)4//2567'
!
"""5$%&$'!(&&!#,$7U;+AB$$#-8/!-89$,.(#-$8000!

L$E$0)2#$(6*W(E'-)(#$(6*
_$T!#B(#!#B+!B(,&T(,+!-A!A+#!7?i!F$7!T-;;!(;A$!8++&!(!&+*+;$?.+8#!+8*-,$8.+8#!
U+9$,+!F$7!)(8!A#(,#!),+(#-8/!F$7,!$T8!*-&+$!/(.+!AQ+#)B+A=!!5B+!U(A-)!6(.+&7-8$!
&+*+;$?.+8#!+8*-,$8.+8#!)$8A-A#A!$9'!

• 3!)$.?7#+,!,788-8/!,+)+8#!*+,A-$8A!$9!+-#B+,!Z-8&$TAi!:()!X<!bi!$,!Y-87]i!!
• 5B+!3,&7-8$!-8#+/,(#+&!&+*+;$?.+8#!+8*-,$8.+8#![H1R\i!(8&!!
• 5B+!6(.+&7-8$!A$9#T(,+!&+*+;$?.+8#!Q-#![<1`\=!

^-A-#!#B+!&$T8;$(&!;-8QA!;-A#+&!U+;$T!#$!/+#!#B+!A$9#T(,+!F$7!8++&=!

3,&7-8$!H1R'!B##?'ff(,&7-8$=))f+8f:(-8f<$9#T(,+!
6(.+&7-8$!<1`'!B##?'ff+])(.+,(=)$.fA?B-8]f/(.+&7-8$fA(.?;+Af-8&+]=B#.;!

!"#$%&'"(0*(/$12.,&"(3$.45$,-(6748#(
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! @!

86)2",,"25/6'"6$'.&29:;'
X8)+!F$7!B(*+!(;;!$9!#B+!?-+)+Ai!F$7!)(8!A+#!7?!F$7,!&+*+;$?.+8#!+8*-,$8.+8#=!!5B+!
+]()#!A#+?A!T-;;!*(,F!&+?+8&-8/!$8!F$7,!)B$-)+!$9!$?+,(#-8/!AFA#+.i!U7#!#B+!
9$;;$T-8/!A#+?A!AB$7;&!A+,*+!#$!/+#!F$7!A#(,#+&'!

M= H8A#(;;!#B+!3,&7-8$!H1R!9$;;$T-8/!#B+!-8A#,7)#-$8A!#B(#!)(.+!T-#B!#B+!U-8(,F!
&-A#,-U7#-$8!9$,!F$7,!?;(#9$,.=!!!

>= ^+,-9F!#B(#!#B+!3,&7-8$!H1R!-A!T$,Q-8/!)$,,+)#;F!UF!;(78)B-8/!#B+!H1R!(8&!
A+;+)#-8/!(8!+](.?;+!AQ+#)B!9,$.!#B+!4-;+!.+87=!!1$!8$#!(##+.?#!#$!)$.?-;+!
$,!,78!#B-A!+](.?;+m!T+!(,+!h7A#!*+,-9F-8/!#B(#!#B+!3,&7-8$!H1R!-A!T$,Q-8/=!

W= g8?()Q!#B+!6(.+&7-8$!<1`!&-A#,-U7#-$8!UF!78L-??-8/!#B+!6(.+&7-8$=eHE!
(,)B-*+!9-;+=!!5B-A!T-;;!),+(#+!(!j6(.+&7-8$k!&-,+)#$,F!T-#B!.7;#-?;+!9-;+A!(8&!
A7U&-,+)#$,-+A!-8A-&+!$9!-#=!!_$#+!#B+!;$)(#-$8!$9!#B+!6(.+&7-8$!&-,+)#$,F!9$,!
7A+!-8!A#+?!O!U+;$T=!

@= Y$)(#+!F$7,!3,&7-8$!AQ+#)BU$$Q!&-,+)#$,F=!!5B+!&+9(7;#!;$)(#-$8!T-;;!*(,F!
&+?+8&-8/!$8!F$7,!$?+,(#-8/!AFA#+.i!U7#!AB$7;&!U+!(!A7U&-,+)#$,F!$9!F$7,!
7A+,!$,!B$.+!&-,+)#$,F=!!c$7!)(8!9-8&!(8&!)B(8/+!#B+!AQ+#)BU$$Q!;$)(#-$8!
7A-8/!#B+!E,+9+,+8)+A!$?#-$8!$9!#B+!3,&7-8$!H1R=!

D= H9!-#!&$+A8l#!(;,+(&F!+]-A#i!),+(#+!(!&-,+)#$,F!)(;;+&!j;-U,(,-+Ak!-8A-&+!$9!#B+!
3,&7-8$!AQ+#)BU$$Q!&-,+)#$,F=!!H9!#B+!&-,+)#$,F!(;,+(&F!+]-A#Ai!AQ-?!#B-A!A#+?=!

O= :$*+!#B+!6(.+&7-8$!&-,+)#$,F!9,$.!A#+?!W!-8#$!#B+!;-U,(,-+A!&-,+)#$,F!
),+(#+&!-8!A#+?!D!(U$*+=!

8<='"6$'.<>'1&)2567'
X8)+!+*+,F#B-8/!-A!-8A#(;;+&i!F$7!AB$7;&!#+A#!#B+!6(.+&7-8$!&+*+;$?.+8#!
+8*-,$8.+8#!U+9$,+!A#(,#-8/!#$!T$,Q!$8!F$7,!$T8!AQ+#)B+A=!!5$!#+A#!#B+!#$$;!)B(-8'!

M= d7-#!#B+!3,&7-8$!H1R!-9!-#!-A!A#-;;!,788-8/i!#B+8!;(78)B!#B+!3,&7-8$!H1R=!!
d7-##-8/!(8&!,+%A#(,#-8/!#B+!H1R!9$,)+A!-#!#$!,+%A)(8!#B+!AQ+#)BU$$Q!(8&!
;-U,(,-+A=!

>= Y$(&!(!6(.+&7-8$!&+.$!?,$/,(.'!/$!#$!#B+!4-;+!.+87i!(8&!7A-8/!#B+!
A7U.+87A!?-)Q!R](.?;+Ai!6(.+&7-8$i!@=1+.$i!(8&!9-8(;;F!jU(;;k=!!5B+!U(;;!
AQ+#)B!AB$7;&!$?+8!-8!(!8+T!T-8&$T=!

W= I$.?-;+!#B+!AQ+#)B!7A-8/!#B+!^+,-9F!U7##$8!$8!#B+!3,&7-8$!H1R=!!H#!AB$7;&!
)$.?-;+!T-#B!8$!+,,$,A!$,!T(,8-8/A=!

@= g?;$(&!#B+!AQ+#)B!#$!#B+!3,&7-8$!(8&!,78!-#i!UF!7A-8/!#B+!g?;$(&!U7##$8!$8!
#B+!H1R=!!39#+,!(!U,-+9!?(7A+i!#B+!U$78)-8/%U(;;!&+.$!AB$7;&!U+!&-A?;(F+&!$8!
#B+!.$8-#$,!T-#B!())$.?(8F-8/!(7&-$!$7#?7#!$8!#B+!A?+(Q+,A=!

I$8/,(#7;(#-$8Ap!!c$7!8$T!B(*+!(!978)#-$8-8/!6(.+&7-8$!&+*+;$?.+8#!
+8*-,$8.+8#i!(8&!F$7!(,+!,+(&F!#$!A#(,#!T,-#-8/!F$7,!9-,A#!/(.+!AQ+#)B=!

,"-"./0$%&')'!)1"'
!
"""#$%&$'!(&&!-89$,.(#-$8!(A!#B+!5Sg1!/(.+!-A!&+*+;$?+&000!
!
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! D!

2//.3')%+'2"45%$67"3'

A('6'"0*B)?$-MX2*
4$;;$T-8/!(!B(,&!,+A+#i!A7)B!(A!-8-#-(;!?$T+,%$8i!#B+!6(.+&7-8$!,+C7-,+A!(!AB$,#!
(.$78#!$9!#-.+!#$!,+U$$#i!;$(&!#B+!4E63!)$89-/7,(#-$8i!(8&!-8-#-(;-L+!U+9$,+!-#!-A!
,+(&F!#$!())+?#!)$..(8&A=!5B-A!-A8l#!8$,.(;;F!(8!-AA7+!TB+8!&+*+;$?-8/!)$&+!-8!#B+!
3,&7-8$!H1Ri!A-8)+!&$T8;$(&-8/!(!8+T!AQ+#)B!$,!,+A+##-8/!#B+!3,&7-8$!&$+A8l#!9$,)+!
(!6(.+&7-8$!,+A+#=!!5B+!6(.+&7-8$!;-U,(,F!8$,.(;;F!B(8&;+A!#B-A!-8!#B+!61=U+/-8[\!
.+#B$&!UF!.(Q-8/!A7,+!#B(#!#B+!6(.+&7-8$!-A!,+(&F!#$!())+?#!)$..(8&A!U+9$,+!
-8-#-(;-L-8/!#B+!U$(,&!(8&!,+#7,8-8/=!
!
H9!F$7!(,+!8$#!7A-8/!#B+!;-U,(,Fi!F$7,!AQ+#)B!T-;;!B(*+!#$!B(8&;+!#B-A!.(87(;;F=!H#!
#(Q+A!#B+!6(.+&7-8$!U+#T++8!MGD.A!(8&!>DN.A!#$!)$.?;+#+!-#A!?$T+,%$8!
-8-#-(;-L(#-$8=!!5B+!6(.+&7-8$!.(F!-/8$,+!$,!9(-;!#$!97;;F!,+A?$8&!#$!<EH!)$..(8&A!
#B(#!(,,-*+!U+9$,+!#B-A!#-.+i!A$!AQ+#)B+A!.(F!B(*+!78?,+&-)#(U;+!A$78&!(8&!/,(?B-)!
(,#-9()#A!78#-;!#B+!3,&7-8$!-A!,+A+#=!!2+A+##-8/!#B+!3,&7-8$!9-]+A!#B+!?,$U;+.i!A-8)+!
#B+!,+A+#!9$,)+A!#B+!3,&7-8$!#$!,+%,78!-#A!A+#7?[\!.+#B$&!T-#B$7#!9$,)-8/!(!B(,&!
,+A+#!$9!#B+!6(.+&7-8$=!!S$T+*+,i!#B-A!A$;7#-$8!-A8l#!*+,F!?,()#-)(;!9$,!9-8(;!)$&+!
#B(#!-A!/$-8/!#$!U+!+.U+&&+&!-8!(!&+*-)+=!
!

5B+!U+A#!A$;7#-$8!#$!#B+!?,$U;+.!-A!#$!
+8A7,+!#B(#!#B+!6(.+&7-8$!-A!
,+A?$8&-8/!#$!)$..(8&A!U+9$,+!
A+8&-8/!-8A#,7)#-$8A!#$!-#=!!<Q+#)B!M'!
Z(-#!9$,!6(.+&7-8$!H8-#-(;-L(#-$8!
AB$TA!$8+!A7)B!(??,$()B!7A-8/!61!;-U,(,F!978)#-$8A!9$,!U,+*-#F!(8&!);(,-#F=!!5B-A!
)$&+!9,(/.+8#!,+?+(#+&;F!T,-#+A!(!Q8$T8i!8$8%&+9(7;#!*(;7+!#$!6(.+&7-8$!23:i!
78#-;!(##+.?#-8/!#$!,+(&!#B+!23:!,+A7;#A!-8!#B+!*(;7+!T,-##+8!o!&+.$8A#,(#-8/!#B(#!
#B+!6(.+&7-8$!B(A!())+?#+&!(8&!?,$)+AA+&!U$#B!)$..(8&A=!
!
38$#B+,!(??,$()B!-A!#$!-8A+,#!(!&+;(F!
-8#$!#B+!)$&+!U+9$,+!(##+.?#-8/!#$!
)$..78-)(#+!T-#B!#B+!6(.+&7-8$=!!3!
&+;(F!$9!(#!;+(A#!>DN.A!T-;;!(;;$T!#B+!
6(.+&7-8$!+8$7/B!#-.+!#$!-8-#-(;-L+!
(8&!,+A?$8&!#$!)$..(8&Am!(!;$8/+,!
&+;(F!T-;;!(;;$T!#B+!?$T+,%$8!A?;(AB!A),++8!#$!&-A?;(F=!!!3A!AB$T8!UFi!<Q+#)B!>'!
H8-#-(;-L(#-$8!T-#B!<?;(AB!<),++8+*+8!-9!F$7!(,+!7A-8/!#B+!6(.+&7-8$!;-U,(,Fi!
-8A+,#-8/!(!&+;(F!U+9$,+!)(;;-8/!61=U+/-8[\!T-;;!(;;$T!#B+!A?;(AB!A),++8!#$!(??+(,!(#!
?$T+,%7?=!

!"#$%&'()*B365)(*X6'0'6'$<*
!
"""#$%&$'!(&&!-89$,.(#-$8!(U$7#!#B+!EF#B$8!7#-;-#F!?()Q(/+000!

do { 
  GD.wr(RAM_SPRIMG, 0xFF); 
} while (GD.rd(RAM_SPRIMG) != 0xFF); 
GD.wr(RAM_SPRIMG, 0x00); 

/8"2'9()*(:,72(1$&(;,<"-%74$(=4727,57>,27$4((

void setup() { 
  delay(2500); 
  GD.begin(); 
} 

/8"2'9(0*(=4727,57>,27$4(.729(/?5,#9(/'&""4(
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! O!

1)(<$-E'(4*=-%&'()*/$#)-3*
!
"""#$%&$'!(&&!8$#+!(U$7#!E2X6:R:!9,$.!#B+!)$$QU$$Q!?(/+000!
"""#$%&$'!(&&!8$#+A!9,$.!6(.+&7-8$%K+#(!;-A#!(U$7#!)$8A+,*-8/!.+.$,F000!

!"#$%&'()*+$<)&-.$*Y';-"-3*
!
"""#$%&$'!(&&!&+A),-?#-$8!$9!#B+!;-U,(,F!(8&!B$T!#$!())+AA!-#000!
!
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! G!

C65$-*=220'."6')(<*
5B+!6(.+&7-8$!B(A!(!87.U+,!$9!?$T+,97;!8$8%/(.+!(??;-)(#-$8A!(A!(!*+,A(#-;+!
*-&+$!(&(?#+,!9$,!3,&7-8$!(8&!?$#+8#-(;;F!$#B+,!.-),$)$8#,$;;+,A=!!<-8)+!-#!7A+A!
A#(8&(,&!^63!.$8-#$,A!9$,!-89$,.(#-$8!$7#?7#i!-#!-A!(!)$A#%+99+)#-*+!(8&!*+,A(#-;+!
&-A?;(F!(&(?#+,=!I$.?(,+&!#$!.$A#!$#B+,!3,&7-8$!$7#?7#!&+*-)+Ai!#B+!6(.+&7-8$lA!
*-&+$!&-A?;(F!)(8!?,+A+8#!(!;$#!$9!-89$,.(#-$8=!!3!6(.+&7-8$!)(8!?,+A+8#!(#!;+(A#!#+8!
#-.+A!#B+!)B(,()#+,!-89$,.(#-$8!(A!(!#F?-)(;!.7;#-%;-8+!YI1!&-A?;(Fi!$,!(;.$A#!#T-)+!
(A!.(8F!$8%A),++8!?-]+;A!(A!(!d^63!A),++8=!!!

!"%"*).897*0/3"',$30.):';+)0#"*'
3A!(!/+8+,(;%?7,?$A+!&-A?;(F!(&(?#+,i!#B+!6(.+&7-8$!^63!A),++8!)(8!)$8#(-8!WG!
;-8+A!$9!DN!)B(,()#+,A!+()Bi!TB-)B!)$.?(,+A!T+;;!#$!(!#F?-)(;!A+,-(;!YI1=!!<+,-(;!YI1A!
)$..$8;F!7A+&!T-#B!#B+!3,&7-8$!&-A?;(F!M!#$!@!;-8+A!$9!J!#$!W>!)B(,()#+,A=!!5B+!#T$!
&+*-)+A!#F?-)(;;F!B(*+!A-.-;(,!-8#+,9()+!,+C7-,+.+8#A'!(8!<EH!$,!A+,-(;!)$88+)#-$8!
7A+A!(!9+T!3,&-8$!?-8A=!!:(8F!YI1!)$8#,$;;+,A!T-;;!(;A$!())+?#!&$T8;$(&(U;+!
)B(,()#+,!A+#Ai!(;;$T-8/!#B+!?,$/,(..+,!#$!&+9-8+!(??;-)(#-$8%A?+)-9-)!/;F?BA=!
!
g8;-Q+!A+,-(;!&-A?;(F!(&(?#+,Ai!#B+!6(.+&7-8$!,+C7-,+A!.$,+!-8-#-(;-L(#-$8'!(!
)$.?;+#+!)B(,()#+,!A+#![+*+8!#B+!U(A+!3<IHH!/;F?BA\!.7A#!U+!A#$,+&!-8!#B+!B$A#!
.-),$)$8#,$;;+,lA!?,$/,(.!RRE2X:!(8&!&$T8;$(&+&!#$!#B+!6(.+&7-8$!U+9$,+!(8F!
&(#(!)(8!U+!$7#?7#=!!:$A#!YI1!&-A?;(FA!-8);7&+!(!U7-;#%-8!+]#+8&+&!3<IHH!)B(,()#+,!
A+#!#B(#!)(8!U+!7A+&!-..+&-(#+;F=!
!
<?,-#+!/,(?B-)A!)(8!U+!7A+&!#$!-.?;+.+8#!)7,A$,A!$,!?$-8#+,A=!!3;#+,8(#-*+;Fi!#B+!
6(.+&7-8$lA!A?,-#+!.+.$,F!)(8!U+!(,,(8/+&!(A!(!B-/B%,+A$;7#-$8!/,(?B-)A!$*+,;(F!
#B(#!)(8!U+!(&&,+AA+&!(#!#B+!A-8/;+!?-]+;!;+*+;i!(A!&+A),-U+&!-8!#B+!A+)#-$8!$8!
K-#.(??+&!6,(?B-)A!U+/-88-8/!$8!?(/+!MD=!!5B-A!(;;$TA!(8!(,+(!$9!(,U-#,(,F!B-/B%
,+A$;7#-$8!/,(?B-)A!$8!(8!$#B+,T-A+!#+]#%U(A+&!A),++8=!

<%+73#*$).'9*/4"33'=/%#*/.'
5B+!6(.+&7-8$!)(8!(;A$!U+!7A+&!9$,!-8&7A#,-(;!?,$)+AA%)$8#,$;!(8&!AFA#+.A!A#(#7A!
.$8-#$,-8/!(??;-)(#-$8A=!!K+)(7A+!-#!B(A!(!,+;(#-*+;F!A-.?;+i!<EH%U(A+&!B$A#!-8#+,9()+i!
-#!)(8!U+!)$8#,$;;+&!UF!8+(,;F!(8F!?,$)+AA!)$8#,$;;+,!$,!(7#$.(#-$8!.-),$)$8#,$;;+,!
#B(#!A7??$,#A!<EH!)$..78-)(#-$8=!!K+)(7A+!#B+!+8#-,+!)B(,()#+,!A+#!-A!)7A#$.-L(U;+!
$8!#B+!6(.+&7-8$i!A?+)-(;-L+&!AF.U$;A!A?+)-9-)!#$!#B+!(??;-)(#-$8!)(8!U+!
&$T8;$(&+&!(8&!+(A-;F!&-A?;(F+&=!!!!!
!
IB(,()#+,!/,(?B-)A!-8!)$.U-8(#-$8!T-#B!#B+!6(.+&7-8$lA!A?,-#+!/,(?B-)A!)(8!U+!
7A+&!#$!-.?;+.+8#!/(7/+A!(8&!?$-8#+,Ai!(8&!?,$*-&+!(!78-C7+!T(F!$9!?,+A+8#-8/!
-89$,.(#-$8!-8!(8!+(AF%#$%78&+,A#(8&!*-A7(;!9$,.(#=!!4$,!+](.?;+i!(!U(,!/,(?B!A)(;+!
)(8!U+!U7-;#!9,$.!(!A.(;;!87.U+,![W!$,!@\!$9!)B(,()#+,Ai!(8&!(!A?,-#+!)(8!U+!7A+&!(A!
(8!-8&-)(#$,!#$!*-A7(;;F!,+?,+A+8#!#B+!.+(A7,+.+8#!*(;7+=!
!
"""#$%&$'!-8A+,#!A),++8AB$#!(8&!+](.?;+!AQ+#)B!AB$T-8/!/(7/+A000!
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! J!

=%E"(.$%*!"#$%&'()*B-)4-"##'(4**

G'%$)*H'#'(4*
5B+!6(.+&7-8$!/+8+,(#+A!(!<^63!*-&+$!A-/8(;!#B(#!)$89$,.A!#$!#B+!A#(8&(,&A!9$,!
G>SL!JNN]ONN!*-&+$!T-#B!(!DN:BL!&$#!);$)Q=!!5(U;+!M'!JNN]ONN!<^63!^-&+$!X7#?7#!
A7..(,-L+A!#B+!),-#-)(;!*-&+$!#-.-8/!?(,(.+#+,A=!!<++!B##?'ff#-8F*/(=)$.f*/(%
#-.-8/fJNN]ONNnG>SL!9$,!&+#(-;+&!^R<3!^63!A-/8(;!#-.-8/!-89$,.(#-$8=!
!
@,A5"()*(BCCDECC(/F;G(F7-"$(H%2?%2(

S$,-L$8#(;!5-.-8/!
E-]+;!I;$)Q! DN=N:BL!!!!!
4,+C7+8)F! @J=NGGQSL!
2+A$;7#-$8! JNN!?-]+;A!qMr!
3)#-*+!^-&+$! MO=NsA!
K;(8Q-8/! @=JsA!

^+,#-)(;!5-.-8/!
4,+C7+8)F! G>SL!
2+A$;7#-$8! ONN!;-8+A!q>r!
3)#-*+!^-&+$! M>=@JN.A!
K;(8Q-8/! M=WG>J.A!
_$#+A'!
qMr!6(.+&7-8$!&$7U;+A!?-]+;A!9$,!(!B$,-L$8#(;!,+A$;7#-$8!$9!@NN!&$7U;+%A-L+!?-]+;A=!
q>r!6(.+&7-8$!&$7U;+A!A)(8!;-8+A!9$,!(!*+,#-)(;!,+A$;7#-$8!$9!WNN!&$7U;+%A-L+!?-]+;A=!
!
5B+,+!(,+!#T$!Q+FA!#$!()B-+*-8/!A.$$#B!*-&+$!/(.+!(8-.(#-$8'!9,(.+!,(#+A!(8&!
U+(.!AF8)B,$8-L(#-$8=!4,(.+!,(#+!,+9+,A!#$!B$T!$9#+8!T+!7?&(#+!#B+!A),++8!
-89$,.(#-$8i!(8&!U+(.!AF8)B,$8-L(#-$8!&-)#(#+A!TB+8!T+!7?&(#+!#B(#!-89$,.(#-$8=!

>*)1"'?)#"'
5B+!6(.+&7-8$!/+8+,(#+A!*-&+$!(#!G>SLi!$,!G>!9,(.+A!?+,!A+)$8&![9?A\!8$!.(##+,!
TB(#!$7,!/(.+!?,$/,(..-8/!-A!&$-8/=!S$T+*+,i!T+!)(8!)B$$A+!B$T!$9#+8!$7,!
?,$/,(.!7?&(#+A!#B+!A),++8i!,+A7;#-8/!-8!(!;$/-)(;!9,(.+!,(#+!#B(#!&-99+,A!9,$.!#B+!
G>9?A!B(,&T(,+!9,(.+!,(#+=!KF!7?&(#-8/!#B+!&-A?;(F!+*+,F!>8&i!W,&i!$,!@#B!9,(.+i!
6(.+&7-8$!A$9#T(,+!)(8!/+8+,(#+!;$T+,%9,+C7+8)F!&-A?;(FA=!5B+!;$T+,!&-A?;(F!
9,+C7+8)-+A!(;;$T!#B+!/(.+!?,$/,(.!.$,+!)$.?7#(#-$8!#-.+!U+#T++8!7?&(#+Ai!(8&!
(;A$!,+&7)+!#B+!(.$78#!$9!-89$,.(#-$8!#B(#!B(A!#$!U+!#,(8A9+,,+&!+()B!A+)$8&=!
!
^-&+$!&-A?;(FA!&+?+8&!$8!?+,A-A#+8)+!$9!*-A-$8!#$!A.$$#B!$7#!#B+!9;-)Q+,!U+#T++8!
&-99+,+8#!9,(.+A=!5B+!?$-8#!TB+,+!-8&-*-&7(;!9,(.+A!A.$$#B!$7#!*(,-+A!U+#T++8!
?+,A$8!#$!?+,A$8i!)B(8/+A!T-#B!&-99+,+8#!;-/B#-8/!)$8&-#-$8Ai!(8&!)(8!(;A$!&+?+8&!$8!
#B+!A?++&!$9!#B+!/(.+!$,!(8-.(#-$8=!3!B-/B+,!9,(.+!,(#+!.+(8A!.$,+!9,+C7+8#!
[9(A#+,\!7?&(#+A!.+(8!#B(#!$8%A),++8!$Uh+)#A!(??+(,!#$!.$*+!A.$$#B;F=!3!;$T!9,(.+!
,(#+!.(Q+A!$8%A),++8!$Uh+)#A!(??+(,!#$!9;-)Q+,!$,!h+,Q!(),$AA!#B+!A),++8=!38!
-8)$8A-A#+8#!$,!*(,-(U;+!9,(.+!,(#+!.(F!.(Q+!#B-8/A!(??+(,!#$!A#7##+,!$,!.$*+!
+,,(#-)(;;F=!5B+!?$-8#!TB+,+!#B-8/A!(??+(,!#$!U+!A.$$#B!-A!7A7(;;F!A$.+TB+,+!
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! V!

U+#T++8!WN9?A!(8&!ON9?Ai!U7#!&+?+8&A!/,+(#;F!$8!U$#B!#B+!)$8#+8#!$9!#B+!A),++8!(8&!
#B+!*-+T+,=!!4$,!+](.?;+i!.$*-+!#B+(#+,A!7A+!(!>@9?A!9,(.+!,(#+!9$,!.$A#!)-8+.(#-)!
,+;+(A+Ai!U7#!A#-;;!()B-+*+!#B+!-;;7A-$8!$9!A.$$#B!)$8#-87$7A!.$#-$8=!
!
5B+!6(.+&7-8$lA!G>9?A!B(,&T(,+!*-&+$!/+8+,(#-$8!-A!)$.9$,#(U;F!(U$*+!#B-A!*-A7(;!
;-.-#=!6(.+A!#B(#!)(8!,78!(#!#B-A!,(#+!AB$7;&!U+!A.$$#B!(8&!9;-)Q+,%9,++i!A$!.$A#!
/(.+!AQ+#)B+A!AB$7;&!A#,-*+!9$,!#B-A!/$(;=!<$9#T(,+!.(F!()B-+*+!B-/B+,!7?&(#+!
9,+C7+8)-+Ai!U7#!#B+!B(,&T(,+!#B(#!/+8+,(#+A!#B+!^63!$7#?7#!A-/8(;!$8;F!7?&(#+A!#B+!
A),++8!G>!#-.+A!?+,!A+)$8&=!
!
3!WO9?A!9,(.+!,(#+i!$,!7?&(#+A!+*+,F!$#B+,!9,(.+i!-A!A#-;;!9(A#!+8$7/B!#$!(??+(,!
A.$$#B!78&+,!.(8F!)$8&-#-$8A=!4(A#%.$*-8/!$Uh+)#A![;-Q+!(!?,$h+)#-;+\!$,!B-/B%
)$8#,(A#!-#+.A![;-Q+!TB-#+!A#(,A!$8!(!U;()Q!U()Q/,$78&\!.(F!(??+(,!#$!9;-)Q+,!$,!
A#7##+,!9$,!A$.+!*-+T+,A=!5B-A!,(#+!-A!$9#+8!(!/$$&!)$.?,$.-A+i!A-8)+!-#!(;;$TA!#T-)+!
#B+!)$.?7#(#-$8!#-.+!U+#T++8!9,(.+A!U7#!-A!A#-;;!A.$$#B=!
!
5B+!>@9?A!9,(.+!,(#+!-A!#B+!A(.+!(A!.$*-+!?,$h+)#$,Ai!(8&!-A!#B+!A;$T+A#!,(#+!#B(#!
)(8!(??+(,!A.$$#B!#$!.$A#!*-+T+,A=!XUh+)#-$8(U;+!9;-)Q+,i!h-##+,i!$,!$#B+,!*-A7(;!
(,#-9()#A!.(F!U+!(??(,+8#!78&+,!A$.+!;-/B#-8/!)$8&-#-$8Ai!$8!9(A#%.$*-8/!$Uh+)#Ai!$,!
TB+8!#B+,+!-A!B-/B!)$8#,(A#!U+#T++8!A+C7+8#-(;!9,(.+A=!
!
4,(.+!,(#+A!$9!MJ9?A!T-;;!(??+(,!#$!9;-)Q+,i!A#7##+,i!$,!B(*+!8$#-)+(U;+!*-A7(;!(,#-9()#A!
#$!.$A#!*-+T+,A=!S$T+*+,i!#B-A!9,(.+!,(#+!(;;$TA!9$,!?;+8#F!$9!)$.?7#(#-$8!#-.+!
U+#T++8!9,(.+Ai!(8&!.(F!U+!A7-#(U;+!9$,!)+,#(-8!Q-8&A!$9!/(.+Ai!?(,#-)7;(,;F!
A#,(#+/-)!/(.+A!#B(#!&$8l#!9+(#7,+!9(A#%.$*-8/!()#-$8=!
!
<$.+!Q-8&A!$9!/(.+A!)(8!U+8+9-#!9,$.!A+;+)#-*+!7?&(#+A'!9(A#%.$*-8/!$,!B-/B!
)$8#,(A#!?$,#-$8A!$9!#B+!&-A?;(F!AB$7;&!U+!7?&(#+&!.$,+!9,+C7+8#;Fi!TB-;+!$#B+,!
-#+.A!(,+!7?&(#+&!;+AA!$9#+8=!!4$,!+](.?;+i!(!A?()+!/(.+!.-/B#!7?&(#+!(!A),$;;-8/!
U()Q/,$78&!(#!G>9?Ai!U7#!)$7;&!7A+!(!WO9?A!9,(.+!,(#+!9$,!A?,-#+!(8-.(#-$8A!#$!A(*+!
.+.$,F!(8&!?,$)+AA$,!#-.+=!
!
5B+!.(-8!,+(A$8!9$,!)B$$A-8/!(!;$/-)(;!9,(.+!,(#+!;$T+,!#B(8!G>9?A!-A!#$!(;;$T!
?,$/,(.A!#B(#!,+C7-,+!+]#+8A-*+!)$.?7#(#-$8!U+#T++8!9,(.+A!#$!)$.?;+#+!#B+-,!
T$,Q!(8&!7?&(#+!#B+!A),++8=!5B+!#(U;+!U+;$T!AB$TA!B$T!.7)B!#-.+!-A!(*(-;(U;+=!
!
@,A5"(0*(F7-"$(I&,<"(!,2"(

!
2(#+!

!
1-*!

!
<Q-?!

!
5-.+!

IF);+A!?+,!4,(.+!
3,&7-8$! <EH! PM!

G>!9?A! M! N! MW=JJ.A! >>>i>>>! MWiJJJ! OV@i@@@!
WO!9?A! >! M! >G=GG.A! @@@i@@@! >GiGGG! MiWJJiJJJ!
>@!9?A! W! >! @M=OO.A! OOOiOOO! @MiOOO! >iNJWiWWW!
MJ!9?A! @! W! DD=DD.A! JJJiJJJ! DDiDDD! >iGGGiGGG!
D"1&'!Y$/-)(;!9,(.+!,(#+i!-8!9,(.+A!?+,!A+)$8&![9?A\=!
*3+'!4,(.+!,(#+!&-*-A$,=!Y$/-)(;!9,(.+!,(#+!t!G>9?A!B(,&T(,+!9,(.+!,(#+!u!1-*=!
MP3.'!_7.U+,!$9!9,(.+A!AQ-??+&!U+#T++8!7?&(#+A=!
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! MN!

Z3/&'!R;(?A+&!#-.+!U+#T++8!7?&(#+Ai!-8!.-;;-A+)$8&A![.Am!M.A!t!MvMN%W!A+)$8&A\=!
A#$;30-'!_7.U+,!$9!-8A#,7)#-$8!)F);+A!U+#T++8!7?&(#+A!(AA7.-8/!(!MO:BL!35.+/(J!

?,$)+AA$,=!<$.+!3^2!-8A#,7)#-$8A!#(Q+!.$,+!#B(8!$8+!)F);+=!
M65'!_7.U+,!$9!<EH!UF#+!#,(8A9+,A!U+#T++8!7?&(#+A!(AA7.-8/!(!MO:BL!<EH!U7A!);$)Q=!

5B+!6(.+&7-8$!<EH!-8#+,9()+!,+C7-,+A!#T$!(&&,+AA!UF#+A!#$!A+#!7?!(!#,(8A9+,i!?;7A!
$8+!UF#+!?+,!&(#(!UF#+!,+(&!$,!T,-##+8!#$!6(.+&7-8$!.+.$,F=!

YJ'!_7.U+,!$9!-8A#,7)#-$8!)F);+A!U+#T++8!7?&(#+A!9$,!#B+!6(.+&7-8$lA!PM!)$?,$)+AA$,=!
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)$?,$)+AA$,!.-),$)$&+!#B(#!(;;$TA!#B+!PM!)$?,$)+AA$,!-8#+,,7?#!#B+!3,&7-8$!(#!#B+!
A#(,#!$9!#B+!*+,#-)(;!U;(8Q-8/!-8#+,*(;=!!38!"""+](.?;+!AQ+#)B000!-A!AB$T8!(#!,-/B#=!!
5B-A!AQ+#)B!)(8!U+!+]#+8&+&!UF!(&&-#-$8!(&&-#-$8(;!)$?,$)+AA$,!)$&+!(9#+,!#B+!
-8#+,,7?#!-A!-AA7+&!#B(#!T-;;!U+!+]+)7#+&!&7,-8/!*+,#-)(;!U;(8Q-8/=!
!
"""#$%&$'!-8A+,#!-8#+,,7?#!AQ+#)B000!

+"<6$-*15"<'(4*
P7A#!(A!#B+!*-&+$!U+(.!8++&A!#$!U+!,+#7,8+&!#$!#B+!#$?!$9!#B+!A),++8!U+9$,+!A#(,#-8/!
+()B!9,(.+i!-#!(;A$!8++&A!#$!U+!,+#7,8+&!#$!#B+!;+9#!A-&+!$9!#B+!A),++8!?,-$,!#$!+()B!
;-8+!$9!*-&+$=!!S$,-L$8#(;!U;(8Q-8/!-A!#B+!?+,-$&!$9!#-.+!#B(#!#B+!*-&+$!A-/8(;!-A!
#7,8+&!$99!TB-;+!-#!-A!U+-8/!,+#7,8+&!#$!#B+!;+9#!A-&+!$9!#B+!A),++8=!!<-8)+!#B+,+!(,+!
B78&,+&A!$9!;-8+A!?+,!9,(.+i!#B+!B$,-L$8#(;!U;(8Q-8/!#-.+!$9!@=JsA!-A!.7)B!AB$,#+,!
#B(8!#B+!*+,#-)(;!U;(8Q-8/!-8#+,*(;=!H9!#B+!()#-$8!#$!U+!#(Q+8!-A!U(A+&!$8!#B+!)7,,+8#!
;-8+i!#B+8!#B+!#+)B8-C7+!-A!Q8$T8!(A!j,(A#+,!)B(A-8/k=!!4$,!+](.?;+i!(!?,$/,(.!)$7;&!
)B(8/+!#B+!U()Q/,$78&!)$;$,!U(A+&!$8!#B+!)7,,+8#!;-8+=!!!
!

loop() 
{ 
  // Code that does game calculations here. 
  waitvblank() 
  // Code that updates the Gameduino screen here. 
} 

/8"2'9(J*(;,<"(6$$?(%#74L(;3**.,72MA5,48NO(
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! M@!

S$T+*+,i!#B+!6(.+&7-8$!&$+A8l#!$7#?7#!^63!*-&+$!&-,+)#;F=!!H8A#+(&i!+()B!?-]+;!-A!
&$7U;+&!B$,-L$8#(;;F!(8&!*+,#-)(;;F=!!5$!&$!#B-Ai!#B+!6(.+&7-8$!)$.?$A+A!+()B!;-8+!
$9!*-&+$!-8#$!$8+!$9!#T$!U799+,A!UF!U7-;&-8/!-#!7?!9,$.!#B+!U()Q/,$78&!)$;$,i!
)B(,()#+,!/,(?B-)Ai!(8&!A?,-#+A=!!X8)+!#B+!;-8+!-A!U7-;#!7?!-8!#B+!U799+,i!-#!-A!$7#?7#!#$!
#B+!&-A?;(Fi!(8&!#B+!$#B+,!U799+,!-A!(*(-;(U;+!#$!)$.?$A+!#B+!8+]#!;-8+=!5B+!
6(.+&7-8$!$7#?7#A!+()B!?-]+;!#T-)+!#$!&$7U;+!#B+-,!A-L+!B$,-L$8#(;;Fi!(8&!+()B!;-8+!
-A!$7#?7#!#T-)+!#$!&$7U;+!-#!*+,#-)(;;F=!!5B+,+!-A!(!U,-+9!?(7A+!#$!AT-#)B!U799+,A!(8&!
AF8)B,$8-L+!#B+!#-.-8/!$9!#B+!)$.?$A-#$,!U+9$,+!#B+!6(.+&7-8$!U+/-8A!)$.?$A-8/!
#B+!8+]#!;-8+=!!!
!
<$i!-8A#+(&!$9!(!A#(8&(,&!^63!B$,-L$8#(;!,+#,()+i!#B+!6(.+&7-8$!B(A!(!A.(;;!#-.+!
T-8&$T!U+#T++8!)$.?$A-8/!A7))+AA-*+!;-8+A!$9!#B+!&-A?;(F=!17,-8/!#B-A!T-8&$Ti!-#!
-A!A(9+!#$!7?&(#+!$8%A),++8!-89$,.(#-$8i!A-8)+!8$!*-&+$!)$.?$A-#-$8!-A!/$-8/!$8=!!
<-8)+!+()B!;-8+!$9!*-&+$!)(8!#(Q+!(!&-99+,+8#!(.$78#!$9!#-.+!#$!)$.?$A+&i!U(A+&!
.(-8;F!$8!#B+!87.U+,!$9!A?,-#+A!?,+A+8#!-8!#B(#!;-8+i!#B+!A-L+!$9!#B+!T-8&$T!)(8!U+!
&-99+,+8#!9,$.!;-8+!#$!;-8+'!#B+!T-8&$T!-A!(#!;+(A#!@D!PM!)F);+A!;$8/i!(8&!)(8!U+!(A!;$8/!
(A!MOGG!)F);+A=!5B+!#-.+!#(Q+8!&+?+8&A!$8!#B+!87.U+,!$9!A?,-#+A!#B(#!.7A#!U+!
)$.?$A-#+&!$8#$!#B+!;-8+'!#B+!.-8-.7.!#-.+!$9!@D!)F);+A!)$,,+A?$8&A!#$!#B+!
.(]-.7.!$9!VO!A?,-#+A!?+,!;-8+=!!!
!
5B+,+!-A!8$!&-,+)#!+C7-*(;+8#!#$!#B+!VBLANK!,+/-A#+,!#$!-8&-)(#+!TB+8!-#!-A!A(9+!#$!
?+,9$,.!7?&(#+Ai!U7#!#B+,+!3>!)$?,$)+AA$,%$8;F!,+/-A#+,![YLINEi!(#!N]JNNN\!#B(#!
-8&-)(#+A!#B+!)7,,+8#!B$,-L$8#(;!;-8+!87.U+,=!5B+!6(.+&7-8$!-8),+.+8#A!YLINE!
-..+&-(#+;F!(9#+,!#B+!,-/B#.$A#!?-]+;!$9!(!;-8+!-A!)$.?$A+&=!!PM!?,$/,(.A!#B(#!T(-#!
9$,!YLINE!#$!)B(8/+!(,+!/7(,(8#++&!#$!B(*+!(#!;+(A#!@D!)F);+Ai!(8&!?$AA-U;F!;$8/+,i!
#$!.(Q+!)B(8/+A!#$!#B+!*-&+$!&(#(=!!
!
YLINE!-A!(!)$?,$)+AA$,%$8;F!,+/-A#+,=!!5B+,+!-A!8$!+C7-*(;+8#!(*(-;(U;+!#$!#B+!
3,&7-8$!#B(#!-8&-)(#+A!TB+8!B$,-L$8#(;!U;(8Q-8/!-A!#(Q-8/!?;()+!o!(8&!8$#!+8$7/B!
#-.+!#$!#(Q+!(&*(8#(/+!$9!-#!+*+8!-9!#B+,+!T+,+'!+*+8!(!A-8/;+%UF#+!<EH!#,(8A9+,!
,+C7-,+A!MJN!PM!)F);+Ai!A$!#B+!T-8&$T!.(F!T+;;!U+!);$A+&!U+9$,+!#B+!&(#(!)$7;&!U+!
T,-##+8=!5B+!)$?,$)+AA$,!)$7;&!-8#+,,7?#!#B+!3,&7-8$!TB+8!(!)B(8/+!-8!YLINE!-A!
&+#+)#+&!7A-8/!(!?,$/,(.!A-.-;(,!#$!#B+!$8+!&+A),-U+&!(U$*+!9$,!*+,#-)(;!U;(8Q-8/i!
U7#!#B+,+!-A!A$!;-##;+!#-.+!(*(-;(U;+!#B(#!-#!T$7;&!U+!)B(;;+8/-8/!#$!T,-#+!(8!-8#+,,7?#!
A+,*-)+!,$7#-8+!#B(#!&-&!(8F#B-8/!7A+97;=!
!
5B+!U+A#!(??,$()B!9$,!-A!#$!T,-#+!(!)$?,$)+AA$,!,$7#-8+!#B(#!&+#+)#A!(!)B(8/+!-8!#B+!
YLINE!,+/-A#+,!&$+A!#B+!8+)+AA(,F!T$,Q=!5B+,+!-A!8$!-8&-)(#-$8!TB+8!*-&+$!
)$.?$A-#-8/!,+A7.+Ai!A$!)$?,$)+AA$,!?,$/,(.A!#B(#!7?&(#+!#B+!A),++8!&7,-8/!#B-A!
T-8&$T!AB$7;&!&$!#B+-,!T$,Q!C7-)Q;F=!5B+!""+](.?;+!AQ+#)B00!#$!#B+!,-/B#!
-;;7A#,(#+A!,(A#+,%)B(A-8/!#+)B8-C7+A!#B(#!.(8-?7;(#+!#B+!K6IXYX2!,+/-A#+,!#$!
),+(#+!(!AQF!(8&!/,$78&!U()Q/,$78&!+99+)#=!
!
"""#$%&$'!-8A+,#!,(A#+,%)B(A-8/!+](.?;+000!
!
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! MD!

BC8D='@",5$52-'
ZB+8!)$&-8/!PM!,$7#-8+A!#B(#!T$,Q!T-#B!cYH_Ri!,+.+.U+,!#B(#!#B+!*(;7+!$9!cYH_R!-A!
78&+9-8+&!&7,-8/!#B+!*+,#-)(;!U;(8Q-8/!-8#+,*(;=!!I$?,$)+AA$,!)$&+!)(8!)$78#!$8!
cYH_R!/$-8/!9,$.!N!#$!>VV!&7,-8/!#B+!*-A-U;+!?$,#-$8!$9!#B+!&-A?;(Fi!(8&!(!*(;7+!
/,+(#+,!#B(8!>VV!&7,-8/!*+,#-)(;!U;(8Q-8/=!S$T+*+,i!&7,-8/!*+,#-)(;!U;(8Q-8/!#B+!
cYH_R!,+/-A#+,!.(F!#(Q+!$8!78?,+&-)#(U;+!(8&!(,U-#,(,F!*(;7+A!(U$*+!>VV=!4$,!
+](.?;+i!-#!.(F!)$78#!9,$.!N!#$!>VV!&7,-8/!#B+!*-A-U;+!9,(.+i!(8&!#B+8!)$78#!WNNi!
WNMi!WN>i!WNWi!@J>i!@JWi!+#)=!TB-;+!#B+!&-A?;(F!-A!U;(8Q+&!9$,!*+,#-)(;!,+#,()+=!

@$#1)00"+'!*)05$43'
!
"""#$%&$'!&+A),-U+!B$T!#$!7A+!A?,-#+A!#$!.(Q+!(!U-#.(?!/,(?B-)A!9-+;&000!
!
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! MO!

I"-%?"-$*I".>'(4*

1'-.&'6*K)"-%*/)%','."6')(<*

!)1"+7$%/'B/+$C$4)#$/%3'
5B+!6(.+&7-8$!U$(,&!-A!&+A-/8+&!#$!7A+!3,&7-8$!?-8!V!(A!#B+!A+;+)#![<RY!$,!<<\!?-8!
9$,!<EH!)$..78-)(#-$8=!!S$T+*+,i!#B+!6(.+&7-8$!.(F!8++&!#$!)$%+]-A#!T-#B!$#B+,!
B(,&T(,+!#B(#!7A+A!?-8!V!9$,!-#A!$T8!?7,?$A+A=!!H#!B(A!U++8!&+A-/8+&!#$!+8(U;+!#B-A!
#$!U+!)B(8/+&!-9!8++&+&!UF!)7##-8/!(!#,()+!$8!#B+!)-,)7-#!U$(,&!(8&!-8A#(;;-8/!(!
h7.?+,!T-,+=!!!
!
38F!(*(-;(U;+!&-/-#(;!?-8!)(8!U+!7A+&!(A!#B+!8+T!<EH!<RY!?-8i!U7#!8$#+!#B(#!&-/-#(;!
?-8A!MMi!M>i!(8&!MW!(,+!7A+&!UF!#B+!6(.+&7-8$lA!<EH!-8#+,9()+i!(8&!&-/-#(;!?-8!>!.(F!
(;A$!U+!-8!7A+!UF!A$.+!AQ+#)B+A=!!5$!,+)$89-/7,+!#B+!6(.+&7-8$!#$!7A+!(!&-99+,+8#!
?-8!9$,!<EH!<RY'!
!

M= K,+(Q!#B+!)-,)7-#!U$(,&!#,()+!(#!;$)(#-$8!b!$8!#B+!?B$#$/,(?Bi!(8&!
!

>= <$;&+,!(!h7.?+,!T-,+!9,$.!#B+!#B,$7/B%B$;+!(#!;$)(#-$8!3!#$!#B+!8+T!<EH!<RY!
?-8m!#B+!+]()#!?-8!T-;;!&+?+8&!$8!F$7,!AFA#+.lA!B(,&T(,+!)$89-/7,(#-$8=!

!
"""5$%&$'!-8A+,#!?B$#$!B+,+000!
!

D/:3#$4E'(5$".+'B/+$C$4)#$/%3'
5B+!<?(,Q478!h$FA#-)Q!AB-+;&!-A!(A!);$A+!(A!(8F#B-8/!/+#A!#$!(!A#(8&(,&!/(.-8/!-8?7#!
&+*-)+!9$,!#B+!3,&7-8$=!!4,$.!#B+!?$-8#!$9!*-+T!$9!7A-8/!-#!T-#B!(!6(.+&7-8$i!-#!B(A!
$8+!A-/8-9-)(8#!&,(TU()Q'!#B+!h$FA#-)Q!?7ABU7##$8!-A!(##()B+&!#$!3,&7-8$!&-/-#(;!?-8!
>=!!5B-A!.(F!U+!(8!-AA7+!U+)(7A+!?-8!>!)(8!U+!7A+&!UF!6(.+&7-8$!)$?,$)+AA$,!)$&+!
#$!-8#+,,7?#!#B+!3,&7-8$i!$,!?-8!>!)(8!U+!7A+&!#$!())+AA!#B+!6(.+&7-8$lA!$8U$(,&!
4;(AB!.+.$,F=!!Y7)Q-;Fi!-#!-A!,+;(#-*+;F!+(AF!#$!.$&-9F!#B+!h$FA#-)Q!AB-+;&!#$!,+.(?!
#B-A!U7##$8!#$!(!&-99+,+8#!-8?7#=!!Z+!,+)$..+8&!,+.(??-8/!#B+!-8?7#!#$!?-8!G!T-#B!
#B+!9$;;$T-8/!?,$)+&7,+'!
!

M= K,+(Q!#B+!)-,)7-#!U$(,&!#,()+!(#!;$)(#-$8!b!-8!#B+!?B$#$/,(?Bi!(8&!
!

>= <$;&+,!(!h7.?+,!T-,+!9,$.!;$)(#-$8!K!#$!3,&7-8$!&-/-#(;!?-8!G!(#!;$)(#-$8!I=!
!
"""#$%&$'!-8A+,#!?B$#$!B+,+000!
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! MG!

L)MA6MN)&-<$0,*B-)O$.6<*

<%07#3')%+'=/%#*/.."*3'
!
"""#$%&$'!-89$,.(#-$8!(U$7#!U7-;&-8/!F$7,!$T8!)$8#,$;;+,000!
!

F%4./37*"3')%+'=)3"3'
!
"""#$%&$'!-89$,.(#-$8!(U$7#!U7-;&-8/!F$7,!$T8!U$]!$,!)(A+000!
!
!
!
!
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! MJ!

!"#$%&'()*H$.5('."0*+$,$-$(.$*

I"-%?"-$*A(6$-,".$*
3;#B$7/B!&+A-/8+&!(A!(8!3,&7-8$!AB-+;&i!#B+!B(,&T(,+!-A!;(,/+;F!A+;9%)$8#(-8+&i!(8&!
)(8!U+!-8#+,9()+&!T-#B!(8F!.-),$?,$)+AA$,!$,!)$.?7#+,!AFA#+.!#B(#!)(8!?,$*-&+!
?$T+,!(8&!(!<EH!-8#+,9()+=!38!(&&-#-$8(;!$7#?7#!9,$.!#B+!6(.+&7-8$!-A!)$88+)#+&!#$!
3,&7-8$!&-/-#(;!?-8!>!9$,!7A+!(A!(8!-8#+,,7?#!9,$.!#B+!6(.+&7-8$!#$!#B+!B$A#!AFA#+.=!
5B+A+!)$88+)#-$8A!(,+!A7..(,-L+&!-8!5(U;+!@'!S$A#!H8#+,9()+=!
!
@,A5"(P*(+$#2(=42"&1,'"(
3,&7-8$!E-8! 478)#-$8!
6_1! <-/8(;!6,$78&!
xW=W^! <7??;F!^$;#(/+i!W=W^1I!
xD^! <7??;F!^$;#(/+i!D=N^1Ii!>W.3!
>! H8#+,,7?#![$?#-$8(;\!
V! <EH!<RY!$,!<<!
MM! <EH!:X<H!
M>! <EH!:H<X!
MW! <EH!<I`!

G)*+H)*"'=/10)#$I$.$#:'
5B+!6(.+&7-8$!-A!A?+)-9-)(;;F!-8#+8&+&!9$,!7A+!T-#B!#B+!3,&7-8$!g8$=!!H#!-A!
?BFA-)(;;F!(8&!+;+)#,-)(;;F!)$.?(#-U;+!T-#B!.$A#!3,&7-8$!U$(,&A!A7)B!(A!#B+!
-8);7&-8/!#B+!:+/(!>DONi!17+.-;(8$*+i!:+/(i!(8&!1-+)-.-;(=!35.(/(MOJ%U(A+&!
U$(,&A!;-Q+!1-+)-.-;(!(8&!+(,;-+,!,+*-A-$8A!$9!#B+!17+.-;(8$*+!.(F!8$#!B(*+!+8$7/B!
4;(AB!.+.$,F!$,!<#(#-)!23:![<23:\!9$,!.(8F!6(.+&7-8$!AQ+#)B+A!?,+A+8#+&!-8!
#B-A!.(87(;=!3,&7-8$%&+,-*+&!&+A-/8A!A7)B!(A!#B+!4,++&7-8$!(8&!<+++&7-8$!#B(#!
-8)$,?$,(#+!(8!35.+/(W>Ji!35.+/(M>JNi!$,!35.+/(>DON!AB$7;&!(;A$!T$,Q!T-#B!
#B+!6(.+&7-8$=!!X#B+,!&+*+;$?.+8#!U$(,&A!T-#B!3,&7-8$%)$.?(#-U;+!B+(&+,A!)(8!
(;A$!A7??$,#!#B+!6(.+&7-8$m!A$.+!$9!#B+A+!;-Q+!#B+!_+#&7-8$i!4Re!1$.-8$i!$,!4Re!
E(8&(!-8)$,?$,(#+!)$8A-&+,(U;F!.$,+!)$.?7#(#-$8(;!?$T+,!#B(8!#B+!A#(8&(,&!
3,&7-8$!?;(#9$,.=!!5B+!A#(#7A!$9!Q8$T8!B$A#!U$(,&A!9$,!#B+!6(.+&7-8$!-A!?,+A+8#+&!
-8!5(U;+!D'!S(,&T(,+!I$.?(#-U-;-#F!Y-A#=!
!
@,A5"(Q*(+,&-.,&"(R$<?,27A7572S(67#2(
S$A#!K$(,&! ! I$.?(#-U-;-#F!(8&!<7??$,#!
_(.+! E,$)+AA$,! :+.$,F! ! S(,&T(,+! <$9#T(,+! 3)#-*+! _$#+!
3,&7-8$!g8$! MO:SL!35.+/(W>J! W>f>! ! c+A! c+A! c+A! !
3,&7-8$!:+/(>DON! MO:SL!35.(/(>DON! >DOfJ! ! c+A! c+A! c+A! !
3,&7-8$!17+.-;(8$*+! MO:SL!35.+/(W>J! W>f>! ! c+A! c+A! ! !
3,&7-8$!17+.-;(8$*+! MO:SL!35.+/(MOJ! MOfM! ! c+A! :(FU+! ! M!
3,&7-8$!1-+)-.-;(! MO:SL!35.+/(MOJ! MOfM! ! c+A! :(FU+! ! M!
3,&7-8$!:+/(! MO:SL!35.+/(M>JN! M>JfJ! ! c+A! c+A! ! !
4,++&7-8$!*>=>! MO:SL!35.+/(W>J! W>f>! ! ! ! ! >!
<++&7-8$!*>=>! MO:SL!35.+/(W>J! W>f>! ! ! ! ! >!
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! MV!

S$A#!K$(,&! ! I$.?(#-U-;-#F!(8&!<7??$,#!
_(.+! E,$)+AA$,! :+.$,F! ! S(,&T(,+! <$9#T(,+! 3)#-*+! _$#+!
Y+(9Y(UA!:(?;+! G>:SL!32:!I$,#+]! M>Nf>N! ! c+A! c+A! c+A! @!
_+#&7-8$! @J:SL!32:G! M>VfON! ! ! _$! ! W!
_+#&7-8$!E;7A! @J:SL!32:G! O@f>J! ! ! _$! ! W!
4Re!1$.-8$! G>:SL!32:G! M@JfO>! ! ! _$! ! W!
4Re!E(8&(! G>:SL!32:G! M@JfO>! ! ! _$! ! W!
4Re!E(8&(!HH! G>:SL!32:G! M@JfO>! ! ! _$! ! W!
S$A#!K$(,&'!_(.+!$9!#B+!B$A#!U$(,&=!
E,$)+AA$,'!IEg!A?++&!(8&!&+A-/8(#-$8i!?,$/,(.![4;(AB\!(8&!,+(&fT,-#+![<23:\!.+.$,F!-8!QUF#+A=!
I$.?(#-U-;-#F!(8&!<7??$,#'!<#(#7A!$9!#B+!6(.+&7-8$!$8!+()B!?;(#9$,.i!A++!U+;$T=!
!
!"#$%"#&'E'6=<>3E",'"0$'&,&E1#3E",'E-/."13G3,31<'%31='1=&':"/&$;30-T'

• c+A!t!47;;F!)$.?(#-U;+i!)$88+)#A!#$!B$A#!U$(,&!(A!(!AB-+;&!
• :(FU+!t!I(8!U+!.(&+!#$!T$,Q!UF!.$&-9F-8/!U$(,&A!$,!,788-8/!T-,+A!
• _$!t!1$+A!8$#!T$,Q!
• K;(8Q!t!_$#!#+A#+&i!-89$,.(#-$8!8++&+&=!

./F2%"#&'['?-/."13G3,31<'%31='>-;#E&'E-$&'30E,;$&$'30'1=3>'G--PT'
• c+A!t!I$.?(#-U;+i!97;;!61!;-U,(,F!A7??$,#!(8&!(;;!AQ+#)B+A!T$,Q!
• :(FU+!t!<$.+!AQ+#)B+A!.(F!8$#!T$,Q!&7+!#$!.+.$,F!$,!#-.-8/!)$8A#,(-8#Ai!

A++!8$#+A!
• _$!t!_$#!3,&7-8$!A$7,)+%)$&+!)$.?(#-U;+i!A++!8$#+A=!
• K;(8Q!t!_$#!#+A#+&i!-89$,.(#-$8!8++&+&!

(?25G&'['A+"3,"G3,31<'-I':*',3G#"#<'"0$'"E13+&'E-//;031<'>;..-#1T'
• c+A!t!^+,F!()#-*+!)$..78-#F!(8&!A7??$,#+&!61!;-U,(,F!
• <$.+!t!Y-.-#+&!()#-*-#F!U7#!A$.+!T$,Q!-A!U+-8/!&$8+i!A++!8$#+A!
• W,&!E(,#F!t!3)#-*+!&+*+;$?.+8#!)$..78-#F!7A-8/!(!W,&%?(,#F!61!;-U,(,Fi!A++!

8$#+A!
• _$!t!_$!()#-*-#F!(8&!8$!;-U,(,Fi!?,$U(U;F!U+)(7A+!$9!-8)$.?(#-U-;-#F!
• K;(8Q!t!g8Q8$T8i!-89$,.(#-$8!8++&+&=!

D/2&'['M<>1&/7>.&E3I3E'E-/."13G3,31<'0-1&>T'
M= 5B+A+!AFA#+.A!(,+!.+)B(8-)(;;F!(8&!+;+)#,-)(;;F!)$.?(#-U;+i!U7#!;-.-#+&!

?,$/,(.!A#$,(/+!(8&!<23:!.(F!?,+*+8#!.(8F!AQ+#)B+A!9,$.!T$,Q-8/=!!!
g8#+A#+&!(#!#B-A!#-.+=!

>= K+;-+*+&!#$!U+!97;;F!)$.?(#-U;+i!U7#!78#+A#+&!(#!#B-A!#-.+=!
W= K$(,&A!U(A+&!$8!=_+#!:-),$!4,(.+T$,Q!AB$7;&!U+!B(,&T(,+!)$.?(#-U;+m!

78#+A#+&!(8&!8$!)$..78-#F!$,!;-U,(,F!A7??$,#!(#!#B-A!#-.+=!
@= K$(,&A!U(A+&!$8!3,&7-8$fE,$)+AA-8/!H1R!T-#B!32:!),$AA%)$.?-;+,=!!

<$9#T(,+!-A!A$7,)+%)$&+![U7#!8$#!$Uh+)#%)$&+\!)$.?(#-U;+=!

(9<'=/117%$4)#$/%'
5B+!6(.+&7-8$lA!?,$/,(..-8/!-8#+,9()+!-A!(!W>%Q-;$UF#+!(&&,+AA!A?()+!#B(#!-A!
(*(-;(U;+!#$!#B+!B$A#!)$.?7#+,!*-(!(8!<EH!-8#+,9()+=!!5B+!6(.+&7-8$!+]?+)#A!&(#(!#$!
U+!A+8#!:<K!9-,A#![1X21tN\i!7A-8/!<EH!:$&+!N!9$,!(!);$)Q!A-/8(;!#B(#lA!;$T!TB+8!-&;+!
[1X21tN\!(8&!A(.?;+&!$8!#B+!,-A-8/!+&/+![IES3tN\=!!ZB-;+!#B+!6(.+&7-8$!AB$7;&!
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! >N!

U+!(U;+!#$!Q++?!?()+!T-#B!(8!<EH!);$)Q!7?!#$!MO=G:SLi!-#!B(A!$8;F!U++8!#+A#+&!#$!#B+!
3,&7-8$lA!.(]-.7.!);$)Q!A?++&!$9!J:SL=!

Y';-"-3*U&22)-6*
5B+!3,&7-8$!+8*-,$8.+8#!-8);7&+A!(!
A#(8&(,&!;-U,(,F!9$,!B(8&;-8/!<EH!
)$..78-)(#-$8A=!!<Q+#)B!@'!<EH!
H8-#-(;-L(#-$8!AB$TA!#B+!3,&7-8$!)$&+!#$!
A+#!7?!#B+!<EH!;-U,(,F!#$!)$..78-)(#+!
T-#B!(!6(.+&7-8$=!!5B+!61!;-U,(,F!9$,!
3,&7-8$!?,$*-&+A!)$8*+8-+8#!T,(??+,!978)#-$8A!(,$78&!#B+!<EH!;-U,(,F!9$,!)$..$8!
6(.+&7-8$!$?+,(#-$8A=!

=06$-("6$*UBA*=%%-$<<*

H5$*!"#$%&'()*;)"-%*'<*%$<'4($%*6)*&<$*=-%&'()*2'(*Q*"<*65$*
<$0$.6*ZUWY*)-*UU[*2'(*,)-*UBA*.)##&('."6')(@**I)?$E$-\*65$*
;)"-%*5"<*;$$(*%$<'4($%*6)*$(";0$*65'<*6)*;$*.5"(4$%*',*($$%$%]*
,)-*$^"#20$\*6)*.)M$^'<6*?'65*)65$-*5"-%?"-$*65"6*&<$<*2'(*Q*,)-*
'6<*)?(*2&-2)<$<@**U$$*1'-.&'6*K)"-%*/)%','."6')(<*
6(.+&7-8$!:$&-9-)(#-$8A!$8!?(/+!MO!-8!#B+!S(,&T(,+!S()Q-8/!A+)#-$8!9$,!&+#(-;+&!
-8A#,7)#-$8A=!!!

/$#)-3*/"2*
5B+A+!.+.$,F!.(?A!?,+A+8#!#B+!6(.+&7-8$!(&&,+AA!A?()+!-8!(A)+8&-8/!$,&+,!9,$.!
;$T+A#!(&&,+AA!#$!B-/B+A#!(&&,+AAm!#B+!)B(,#A!AB$T!(&&,+AA+A!-8),+(A-8/!9,$.!;+9#!#$!
,-/B#!(8&!#$?!#$!U$##$.=!5B-A!.+(8A!#B(#!3<IHH!)B(,()#+,!A#,-8/A!(,+!?,+A+8#+&!-8!#B+!
$,&+,!#B(#!#B+F!T$7;&!U+!,+(&!(A!R8/;-AB!#+]#=!4$,!+](.?;+i!#B+!A#,-8/!jSRYYX!
ZX2Y1k!T$7;&!U+!T,-##+8!#$!#B+!7??+,%;+9#!)$,8+,!$9!#B+!)B(,()#+,!?-)#7,+!(A'!
!
3&&,+AA! KF#+!X99A+#!(8&!:+.$,F!I$8#+8#A!
[B+]\! [&+)\! +0 +1 +2 +3 +4 +5 +6 +7 +8 +9 +10 

0x0000! 0! 0x48 0x45 0x4C 0x4C 0x4F 0x20 0x57 0x4F 0x52 0x4C 0x44 
H E L L O  W O R L D 

!
S$T+*+,i!TB+8!A#$,-8/!MO%U-#!U-8(,F!87.U+,Ai!#B+!6(.+&7-8$!-A!(!;-##;+%+8&-(8!
&+*-)+'!MO%U-#!*(;7+A!(,+!A#$,+&!T-#B!#B+!;+(A#%A-/8-9-)(8#!UF#+!-8!#B+!;$T+,!(&&,+AA=!
4$,!+](.?;+i!#B+!MO%U-#!*(;7+!N]>4JK!T$7;&!U+!A#$,+&!-8!#B+!>%UF#+!K6aIXYX2!
,+/-A#+,!A#(,#-8/!(#!N]>JNR!(A'!
!
<F.U$;! ! 3&&,+AA! Y+8/#B! KF#+!X99A+#!(8&!I$8#+8#A!
! ! [B+]\! [&+)\! [B+]\! [&+)\! +0 +1 
BG_COLOR! RW 0x280E! 10254! 0x2! 2! 0x8B 0x2F 

!

#define GAMEDUINO_SS 9 
 
pinMode(GAMEDUINO_SS,OUTPUT); 
SPI.begin(); 
SPI.setClockDivider(SPI_CLOCK_DIV2); 
SPI.setBitOrder(MSBFIRST); 
SPI.setDataMode(MODE0); 
 

/8"2'9(P*(/T=(=4727,57>,27$4(
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! >M!

:(8F!6(.+&7-8$!.+.$,F!;$)(#-$8A!(,+!U-#%.(??+&i!T-#B!A?+)-9-)!U-#A!$,!/,$7?A!$9!
U-#A!T-#B-8!(!T$,&!B(*-8/!&-A#-8)#!978)#-$8A=!ZB+8!.(??-8/!(!UF#+!$,!T$,&i!#B+!
-8&-*-&7(;!U-#A!(,+!?,+A+8#+&!-8!(A!&-/-#A!$9!(!87.U+,i!T-#B!#B+!.$A#%A-/8-9-)(8#!U-#!
#$!#B+!9(,#B+A#!;+9#!(8&!#B+!;+AA%A-/8-9-)(8#!U-#A!#$!#B+!,-/B#=!H8&-*-&7(;!U-#A!T-#B-8!(!
.7;#-%U-#!9-+;&!(,+!-8&-)(#+&!T-#B!A7UA),-?#Ai!T-#B!L+,$!U+-8/!#B+!;+(A#%A-/8-9-)(8#!U-#!
(8&!B-/B+,!87.U+,A!-8&-)(#-8/!?,$/,+AA-*+;F!.$,+!A-/8-9-)(8#!U-#A=!4$,!+](.?;+i!KN!
-A!#B+!;+(A#%A-/8-9-)(8#!U-#!-8!9-+;&!Ki!TB-;+!KO!-A!#B+!G#B!(8&!.$A#%A-/8-9-)(8#!U-#!-8!(!G%
U-#!9-+;&=!!

!)1"+7$%/'B"1/*:'B)0'
@,A5"(E*(;,<"-%74$(U"<$&S(U,?(
<F.U$;! ! 3&&,+AA! Y+8/#B! E7,?$A+!

RAM_PIC RW( 0x0000 
0x0FFF 4096 

R9,&,'2"&(T7'2%&"V()B(,()#+,%.(??+&!?;(F9-+;&!
6,-&!$9!O@vO@!M%UF#+!)B(,()#+,A!

RAM_CHR RW( 0x1000 
0x1FFF 4096 

R9,&,'2"&(K72<,?#V(>DO!)B(,()#+,A!
JvJ!?-]+;Ai!>!U-#A!?+,!?-]+;![MO!UF#+Af)B(,()#+,\(

RAM_PAL RW( 0x2000 
0x27FF 2048 

R9,&,'2"&(T,5"22"#V(>DO!?(;+##+A!$9!@!)$;$,A!+()B!
326KMDDD!9$,.(#![>!UF#+Af)$;$,\!

IDENT R( 0x2800 1 ;,<"-%74$(=3V!(;T(FA!,+(&A!N]O1!
REV R( 0x2801 1 +,&-.,&"(!"M7#7$4V!(;T(FA!,+(&A!N]MN!
FRAME R( 0x2802 1 F7-"$(I&,<"(R$%42"&!
VBLANK R( 0x2803 1 F"&27',5(K5,4874L(I5,LV(M!&7,-8/!*+,#-)(;!U;(8Q!

SCROLL_X RW( 0x2804 
0x2805 2 

/'&$55(Wi!)B(,()#+,!?-)#7,+!B$,-L$8#(;!A),$;;!
<),$;;!$99A+#i!N!#$!DMM!?-]+;A!

SCROLL_Y RW( 0x2806 
0x2807 2 

/'&$55(Xi!)B(,()#+,!?-)#7,+!*+,#-)(;!A),$;;!
<),$;;!$99A+#i!N!#$!DMM!?-]+;A!

JK_MODE RW( 0x2808 1 /?&72"(YZ[(U$-"i!N!#$!&-A(U;+i!M!#$!+8(U;+!
J1_RESET RW( 0x2809 1 R$?&$'"##$&(!"#"2V(M!#$!,+A+#!(8&!B(;#i!N!#$!,78!
SPR_DISABLE RW( 0x280A 1 /?&72"(37#,A5"V(M!#$!&-A(U;+!A?,-8#Ai!N!#$!+8(U;+!
SPR_PAGE RW( 0x280B 1 /?&72"(T,L"(/"5"'2V(N!9$,!N]WNNNi!M!9$,!N]W@NN!
IOMODE RW( 0x280C 1 T74(0(=ZH(U$-"V(N]NNt&-A(U;+i!N]@Dt<EHi!N]@3tPM!
 R 0x280D 1 \4%#"-(!"L7#2"&(9$,!97#7,+!7A+i!(;T(FA!,+(&A!N!

BG_COLOR RW 0x280E 
0x280F 2 

K,'8L&$%4-(R$5$&V(9$,!#,(8A?(,+8#!?;(F9-+;&!?-]+;A!
326KMDDD!9$,.(#i!B-/B![(;?B(\!U-#!-A!-/8$,+&!

SAMPLE_L RW 0x2810 
0x2811 2 

G%-7$(/,<?5"V(;+9#!)B(88+;!
MO%U-#!A-/8+&!(7&-$!A(.?;+!*(;7+!

SAMPLE_R RW 0x2812 
0x2813 2 

G%-7$(/,<?5"V(,-/B#!)B(88+;!
MO%U-#!A-/8+&!(7&-$!A(.?;+!*(;7+!

RING_MOD RW 0x2814 1 
!74L(U$-%5,2$&i!*$-)+!7A+&!9$,!.$&7;(#-$8i!(99+)#A!
(;;!;$T+,%87.U+,+&!*$-)+Am!O@![&+9(7;#\!#$!&-A(U;+=!

 R( 0x2815 

0x281D 9 
\4%#"-(!"L7#2"&#V(,+A+,*+&!9$,!97#7,+!7A+!
3;T(FA!,+(&A!N!

SCREENSHOT_Y RW 0x281E 
0x281F 2 

/'&""4#9$2(674"(/"5"'2V(N%WMM!
<+;+)#A!,(A#+,!;-8+!#$!;$(&!-8#$!A),++8AB$#!U799+,!

 R 0x2820 
0x283F 32 

\4%#"-(!"L7#2"&#V(,+A+,*+&!9$,!97#7,+!7A+!
3;T(FA!,+(&A!N(

PALETTE16A/B 
RAM_SPRPAL16 RW( 0x2840 

0x287F 64 
/?&72"(T,5"22"()EV(>!?(;+##+A![3yK\i!MO!)$;$,A!+()B!
326KMDDD!9$,.(#![>!UF#+Af)$;$,\!
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! >>!

<F.U$;! ! 3&&,+AA! Y+8/#B! E7,?$A+!
PALETTE4A/B 
RAM_SPRPAL4 RW( 0x2880 

0x288F 16 
/?&72"(T,5"22"(Pi!>!?(;+##+A![3yK\i!@!)$;$,A!+()B!
326KMDDD!9$,.(#![>!UF#+Af)$;$,\!

COMM RW( 0x2890 

0x28BF 48 
R$?&$'"##$&(R$<<%47',27$4#(K5$'8(
<?+)-9-)!7A+!#$!U+!&+#+,.-8+&!UF!#B+!?,$/,(..+,!

  0x28C0 
0x28FF 64 

\4%#"-(G--&"##(/?,'"(
3;T(FA!,+(&A!N(

COLLISION R( 0x2900 

0x29FF 256 
/?&72"(R$557#7$4(3"2"'27$4V(*(;-&!TB+8!^KY3_`tM!
<?,-#+!87.U+,!$9!)$;;-&-8/!A?,-#+i!44t8$!)$;;-A-$8!

VOICES RW( 0x2A00 

0x2AFF 256 
F$7'"(R$42&$5V((7&-$!AF8#B+A-A!)$8#,$;!
O@!*$-)+Ai!@!UF#+Af*$-)+!

J1_CODE RW( 0x2B00 

0x2BFF 256 
R$?&$'"##$&(U7'&$'$-"(
M>J!-8A#,7)#-$8Ai!>!UF#+Af-8A#,7)#-$8!

SCREENSHOT R 0x2C00 
0x2F1F 800 

/'&""4#9$2(674"(K%11"&i!A+;+)#+&!&-A?;(F!;-8+!&(#(!
326KMDDD!9$,.(#![>!UF#+Af?-]+;\i!(;?B(!(;T(FA!N!

 R( 0x2F20 

0x2FFF 224 
\4%#"-(G--&"##(/?,'"(
3;T(FA!,+(&A!N!

RAM_SPR RW( 0x3000 

0x37FF 2048 
/?&72"(R$42&$5V(>!?(/+A!$9!>DO!A?,-#+A!+()B!
@!UF#+AfA?,-#+!

RAM_SPRPAL 
RAM_SPRPAL256 RW( 0x3800 

0x3FFF 2048 
/?&72"(T,5"22"(0QEV(@!?(;+##+A!$9!>DO!)$;$,A!+()B!
326KMDDD!9$,.(#![>!UF#+Af)$;$,\!

RAM_SPRIMG RW( 0x4000 

0x7FFF 16384 
/?&72"(=<,L"(3,2,(
O@!-.(/+Ai!MOvMO!?-]+;Ai!M!UF#+f?-]+;!

YLINE R( 0x8000 2 R%&&"42(!,#2"&(674"V(N%>VV!
ICAP_O R( 0x8002 2 IT;G(=RGT(T$&2V(J%U-#!$7#?7#!
  0x8004 2 \4%#"-(G--&"##(/?,'"i((;T(FA!,+(&A!N!
ICAP  W( 0x8006 2 IT;G(=RGT(T$&2V!J%U-#!-8?7#!(8&!HI3E!)$8#,$;!U-#A!
  0x8008 2 \4%#"-(G--&"##(/?,'"i((;T(FA!,+(&A!N!
FREQHZ  W( 0x800A 2 @7<"&(I&"]%"4'Si!NSL!#$!ODDWDSL!
FREQTICK R( 0x800C 2 @7<"&(@7'8i!#$//;+A!U+#T++8!N!(8&!M!(#!42RdSe'
P2_V RW( 0x800E 2 T74(0(F,5%"i!N!$,!M!
P2_DIR R( 0x8010 2 T74(0(37&"'27$4V(Nt$7#?7#i!Mt-8?7#!
RANDOM R( 0x8012 2 )E^A72(!,4-$<(F,5%"V!9,$.!TB-#+%8$-A+!/+8+,(#$,!
CLOCK R( 0x8014 2 )E^A72(R5$'8(F,5%"i!DN:SL!.()B-8+!)F);+A!
FLASH_MISO R( 0x8016 2 H4A$,&-(/T=(I5,#9V(:H<X!;-8+!
FLASH_MOSI  W( 0x8018 2 H4A$,&-(/T=(I5,#9V(:X<H!;-8+!
FLASH_SCK  W( 0x801A 2 H4A$,&-(/T=(I5,#9V(<I`!;-8+!
FLASH_SSEL  W( 0x801C 2 H4A$,&-(/T=(I5,#9V(<<RY!;-8+!
K;7+!#+]#!-8&-)(#+A!78$99-)-(;!-89$,.(#-$8![+=/=!j23:a<E2E3Y@k!-A!(8!78$99-)-(;!;(U+;!9$,!N]>JJN\!
Y-8+A!AB(&+&!-8!/,+F!(,+!)$?,$)+AA$,%$8;F![)(88$#!U+!())+AA+&!UF!3,&7-8$!<EH!-8#+,9()+\=!

=/%#*/.'?"&$3#"*3'
5B+!6(.+&7-8$!-A!)$8#,$;;+&!#B,$7/B!<EH!,+(&A!(8&!T,-#+A!-8#$!-#A!(&&,+AA!A?()+=!
5B-A!(&&,+AA!A?()+!)(8!U+!);(AA-9-+&!(A!.+.$,F!(8&!,+/-A#+,Ai!TB+,+!,+/-A#+,A!(,+!
$8+%UF#+!$,!#T$%UF#+!.+.$,F!(&&,+AA+A!#B(#!B(*+!A?+)-9-)!978)#-$8A=!!H8!)$8#,(A#i!
.+.$,F!(,+(A!(,+!;(,/+!A+)#-$8A!$9!#B+!(&&,+AA!A?()+!#B(#!B(*+!#B+!A(.+!978)#-$8=!!
4$,!+](.?;+i!#B+!6(.+&7-8$!H1!(8&!B(,&T(,+!,+*-A-$8!87.U+,!(,+!,+/-A#+,Ai!TB-;+!
?;(F9-+;&!-.(/+!&(#(!(8&!)B(,()#+,!U-#.(?A!(,+!)$8A-&+,+&!.+.$,F=!
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! >W!

U5"-$%*+$4'<6$-<*
5B+!6(.+&7-8$!B(A!#T$!A+#A!$9!,+/-A#+,A'!(!/,$7?!$9!AB(,+&!,+/-A#+,A!(#!(&&,+AA+A!
MN>@N!#B,$7/B!MNWNW![N]>JNN!o!N]>JW4\!#B(#!-A!())+AA-U;+!#$!U$#B!#B+!<EH!-8#+,9()+!
(8&!#B+!PM!)$?,$)+AA$,i!(8&!(8$#B+,!/,$7?!A#(,#-8/!(#!W>GOJ![N]JNNN\!#B(#!-A!$8;F!
())+AA-U;+!#$!#B+!)$?,$)+AA$,=!!!5B+!AB(,+&!,+/-A#+,A!(,+!&+A),-U+&!U+;$Ti!TB-;+!#B+!
)$?,$)+AA$,%$8;F!,+/-A#+,A!(,+!&+A),-U+&!-8!#B+!
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! >@!

PM!I$?,$)+AA$,!)B(?#+,i!A#(,#-8/!$8!?(/+!DW=!
!
;,<"-%74$(=3*!H1R_5!-A!(!A-8/;+%UF#+i!,+(&%$8;F!,+/-A#+,!-A!7A+&!#$!-&+8#-9F!(!
6(.+&7-8$!TB+8!A)(88-8/!<EH!?+,-?B+,(;A=!!H9!(!6(.+&7-8$!-A!?,+A+8#i!-AA7-8/!(!
,+(&!)$..(8&!9$,!(&&,+AA!MN>@N![N]>JNN\!T-;;!?,$&7)+!MNV![N]O1i!3<IHH!j.k\=!
!
@,A5"(_*(=3`a@(!"L7#2"&(
<F.U$;! ! 3&&,+AA! Y+8/#B! I$8#+8#A!
! ! [B+]\! [&+)\! [B+]\! [&+)\! [B+]\! [&+)\!
IDENT! R 0x2800 10240 0x01 1! 0x6D 109!
!
+,&-.,&"(F"&#7$4*!2R^!-A!(!A-8/;+%UF#+i!,+(&%$8;F!,+/-A#+,!#B(#!)$8#(-8A!#B+!.(h$,!
(8&!.-8$,!,+*-A-$8!87.U+,A![2!(8&!:!,+A?+)#-*+;F!-8!(!2=:!*+,A-$8!87.U+,-8/!
A)B+.+\!$9!#B+!6(.+&7-8$!B(,&T(,+!(8&!$8%U$(,&!9-,.T(,+=!!2W%2N!-A!#B+!.(h$,!
,+*-A-$8!87.U+,m!:W%:N!-A!#B+!.-8$,!,+*-A-$8!87.U+,=(
(
@,A5"(B*(!`F(!"L7#2"&(
<F.U$;! ! 3&&,+AA! Y+8/#B! I$8#+8#A!
! ! [B+]\! [&+)\! [B+]\! [&+)\! [B+]\! [&+)\!
REV! R 0x2801 10241 0x01 1! R3R2R1R0 M3M2M1M0 R!16 + M !
!
F7-"$(I&,<"(R$%42"&*(5B+!423:R!,+/-A#+,!)$8#(-8A!(!$8+%UF#+i!,+(&%$8;F!)$78#!$9!
*-&+$!9,(.+A!/+8+,(#+&=!!5B+!)$78#!A#(,#A!(#!?$T+,%$8!(#!Ni!)$78#A!7?!#$!>DDi!#B+8!
,+A+#A!#$!N=!!3#!#B+!6(.+&7-8$lA!G>SL!9,(.+!,(#+i!#B+!,+/-A#+,!T,(?A!(,$78&!#$!N!
,$7/B;F!+*+,F!W=DO!A+)$8&A=!
!
@,A5"(b*(I!GU`(!"L7#2"&(
<F.U$;! ! 3&&,+AA! Y+8/#B! I$8#+8#A!
! ! [B+]\! [&+)\! [B+]\! [&+)\! [B+]\! [&+)\!
FRAME! R 0x2802 10242 0x01 1! 0x00-0xFF 0-255!
!
F"&27',5(K5,4874L(I5,L*(^KY3_`!-A!(!A-8/;+%UF#+i!,+(&%$8;F!,+/-A#+,!#B(#!-A!A+#!#$!M!
&7,-8/!#B+!*+,#-)(;!U;(8Q-8/!-8#+,*(;i!$,!N!$#B+,T-A+=!5B+!T(-#*U;(8Q[\!.+#B$&!-8!
#B+!6(.+&7-8$!;-U,(,F!7A+A!#B-A!9;(/!#$!&+#+,.-8+!TB+8!#$!,+#7,8=!!5B+,+!(,+!G>!
*+,#-)(;!U;(8Q-8/!-8#+,*(;A!?+,!A+)$8&![$8+!?+,!9,(.+!$9!*-&+$!/+8+,(#+&\=!!R()B!$8+!
;(A#A!M=WG>J.A=!!<++!#B+!^-&+$!5-.-8/!A+)#-$8!A#(,#-8/!$8!?(/+!J!9$,!.$,+!$8!*+,#-)(;!
U;(8Q-8/!(8&!#$!(*$-&!*-A-U;+!/;-#)B+A!TB+8!7?&(#-8/!#B+!A),++8=!
!
@,A5"()C*(FK6Ga[(!"L7#2"&(
<F.U$;! ! 3&&,+AA! Y+8/#B! I$8#+8#A!
! ! [B+]\! [&+)\! [B+]\! [&+)\! !
VBLANK! R 0x2803 10243 0x01 1! X X X X X X X V0 
^N'!^+,#-)(;!U;(8Q-8/!A#(#7A'!Nt8$#!-8!*+,#-)(;!U;(8Q-8/i!Mt*+,#-)(;!U;(8Q-8/=!
!
/'&""4(/'&$5574L*(5B+!6(.+&7-8$!$7#?7#A!(!@NNvWNN!?-]+;!A),++8!&-A?;(F!T-8&$T!
$8#$!(!;$/-)(;!DM>vDM>!?-]+;!-.(/+=!!5B+!<I2XYYab!(8&!<I2XYYac!,+/-A#+,A!A+#!#B+!
;$)(#-$8!$9!#B+!7??+,!;+9#!)$,8+,!$9!#B+!*-A-U;+!T-8&$T!,+;(#-*+!#$!#B+!;(,/+,!;$/-)(;!
-.(/+=!!H9!#B+!*-A-U;+!T-8&$T!+]#+8&A!$99!$9!#B+!,-/B#!$,!U$##$.!$9!#B+!;$/-)(;!-.(/+i!
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! >D!

-#!(7#$.(#-)(;;F!T,(?A!(,$78&!#$!#B+!;+9#!$,!#$?![,+A?+)#-*+;F\!$9!#B+!;$/-)(;!-.(/+=!!
4$,!.$,+!-89$,.(#-$8!$8!A),++8!A),$;;-8/i!A++!#B+!+]?;(8(#-$8!$9!<),$;;-8/!#B(#!A#(,#A!
$8!?(/+!>V!U+;$T=!
!
@,A5"())*(/R!H66cW(,4-(/R!H66cX(!"L7#2"&#(
<F.U$;! ! 3&&,+AA! Y+8/#B! KF#+!X99A+#!(8&!2+/-A#+,!I$8#+8#A! 1+9(7;#!!
! ! [B+]\! [&+)\! [B+]\! [&+)\! +0 +1  
SCROLL_X! RW 0x2804! 10244! 0x2! 2! S7S6S5S4S3S2S1S0 X X X X X X X S8 0x0000 
SCROLL_Y RW 0x2406 10246 0x2 2 S7S6S5S4S3S2S1S0 X X X X X X X S8 0x0000 
b'!g87A+&!U-#!?$A-#-$8i!-/8$,+&m!AB$7;&!U+!N!9$,!)$.?(#-U-;-#F!,+(A$8A=!
<No<J'!<),$;;!$99A+#!-8!?-]+;Ai!N%DMM=!
!
/?&72"(YZ[(U$-"*(5B+!P`a:X1R!,+/-A#+,!-A!(!$8+%UF#+i!,+(&fT,-#+!*(;7+!#B(#!
)$8#,$;A!#B+!U+B(*-$,!$9!#B+!6(.+&7-8$lA!A?,-#+!)$;;-A-$8%&+#+)#-$8!;$/-)=!!ZB+8!A+#!
#$!Ni!Pf`!.$&+!-A!&-A(U;+&!(8&!)$;;-A-$8A!(,+!&+#+)#+&!U+#T++8!(;;!A?,-#+A=!!Z,-#-8/!(!
M!#$!P`a:X1R!+8(U;+A!/,$7?+&!jPf`k!)$;;-A-$8!&+#+)#-$8=!!H8!#B-A!.$&+i!#B+!A?,-#+A!
(,+!&-*-&+&!-8#$!#T$!/,$7?A![;(U+;+&!P!(8&!`!9$,!)$8*+8-+8)+\i!(8&!)$;;-A-$8A!(,+!
$8;F!&+#+)#+&!U+#T++8!A?,-#+A!-8!&-99+,+8#!/,$7?A=!!<?,-#+A!#B(#!U+;$8/!#$!#B+!A(.+!
/,$7?!(,+!)$8A-&+,+&!j9,-+8&;Fk!T-#B!$8+!(8$#B+,!(8&!&$8l#!)$;;-&+=!!<+##-8/!U-#!WM!$9!
#B+!A?,-#+!)$8#,$;!T$,&!#$!N!$,!M!(AA-/8A!#B+!A?,-#+!#$!#B+!P!$,!`!/,$7?i!,+A?+)#-*+;F=!!
<++!#B+!!
@,A5"(0b*(/?&72"(T,5"22"(U$-"#(
T,5"22"(U$-"(TC^TJ( /"5"'2"-(U$-"( T7D"5(
(bin) (dec) (hex) colors palette bits 
0000 0 0x0 256 8 0 A 0-7 
0001 1 0x1 256 8 1 B 0-7 
0010 2 0x2 256 8 2 C 0-7 
0011 3 0x3 256 8 3 D 0-7 
0100 4 0x4 16 4 0 A 0-3 
0101 5 0x5 16 4 1 B 0-3 
0110 6 0x6 16 4 0 A 4-7 
0111 7 0x7 16 4 1 B 4-7 
1000 8 0x8 4 2 0 A 0-1 
1001 9 0x9 4 2 1 B 0-1 
1010 10 0xA 4 2 0 A 2-3 
1011 11 0xB 4 2 1 B 2-3 
1100 12 0xC 4 2 0 A 4-5 
1101 13 0xD 4 2 1 B 4-5 
1110 14 0xE 4 2 0 A 6-7 
1111 15 0xF 4 2 1 B 6-7 
E(;+##+!.$&+'!5B+!A+;+)#+&!?(;+##+!.$&+!87.U+,!-8!U-8(,Fi!&+)-.(;i!(8&!B+](&+)-.(;=!
I$;$,A'!_7.U+,!$9!)$;$,A!(8&!U-#!&+?#B!-8!A+;+)#+&!?(;+##+!.$&+=!
E(;+##+'!5B+!87.U+,!(8&!;+##+,!$9!#B+!?(;+##+!A+;+)#+&!9$,!#B+!A?,-#+=!
E-]+;!U-#A'!5B+!U-#!?$A-#-$8A!$9!#B+!A?,-#+!-.(/+!7A+&!-8!#B+!A+;+)#+&!.$&+=!
!
@,A5"(JC*(/?&72"(!$2,27$4(
!$2,27$4(!C^!0( /"5"'2"-(U$-"( `11"'2(
(bin) (dec) (hex) Yflip Xflip XYswap  
000 0 0x0 0 0 0 _$8+!
001 1 0x1 0 0 1 :-,,$,+&!;+9#%#$%,-/B#!#B+8!,$#(#+&!>GNz!
010 2 0x2 0 1 0 :-,,$,+&!;+9#!#$!,-/B#!
011 3 0x3 0 1 1 >GNz!);$)QT-A+!,$#(#-$8!
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! >O!

100 4 0x4 1 0 0 :-,,$,+&!;+9#%#$%,-/B#!#B+8!,$#(#+&!MJNz!
101 5 0x5 1 0 1 VNz!);$)QT-A+!,$#(#-$8!
110 6 0x6 1 1 0 MJNz!);$)QT-A+!,$#(#-$8!
111 7 0x7 1 1 1 :-,,$,+&!;+9#%#$%,-/B#!#B+8!,$#(#+&!VNz!
2$#(#-$8'!5B+!A+;+)#+&!,$#(#-$8!87.U+,!-8!U-8(,Fi!&+)-.(;i!(8&!B+](&+)-.(;=!
c!9;-?'!4;-?!A?,-#+!-.(/+!-8!c!&-,+)#-$8![#$?%#$%U$##$.\i!Nt8$i!MtF+A=!
b!9;-?'!4;-?!A?,-#+!-.(/+!-8!b!&-,+)#-$8![;+9#%#$%,-/B#\i!Nt8$i!MtF+A=!
bc!AT(?'!<T(?!A?,-#+!b!(8&!c!(]+Ai!Nt8$i!MtF+A=!
R99+)#'!R99+)#!$9!A+;+)#+&!,$#(#-$8!$8!#B+!A?,-#+!-.(/+=!
<?,-#+!I$;;-A-$8!1+#+)#-$8!#$?-)!$8!?(/+!@@!9$,!.$,+!-89$,.(#-$8=!
((
@,A5"()0*(Y[cUH3`(!"L7#2"&(
<F.U$;! ! 3&&,+AA! Y+8/#B! I$8#+8#A! 1+9(7;#!
! ! [B+]\! [&+)\! [B+]\! [&+)\! ! !
JK_MODE! RW 0x2808 10248 0x01 1! X X X X X X X J0 0x00!
PN'!<?,-#+!Pf`!.$&+!)$;;-A-$8!&+#+)#-$8'!Nt&-A(U;+&![&+#+)#!(;;!)$;;-A-$8A\i!Mt+8(U;+&=!
!
R$?&$'"##$&(!"#"2*(5B+!PMa2R<R5!-A!(!$8+%UF#+i!,+(&fT,-#+!,+/-A#+,!#B(#!(;;$TA!#B+!
3,&7-8$![$,!$#B+,!B$A#!.-),$)$8#,$;;+,\!#$!A#$?!(8&!A#(,#!#B+!PM!)$?,$)+AA$,=!!
Z,-#-8/!N]NM!#$!#B-A!,+/-A#+,!B(;#A!(8&!,+A+#A!#B+!)$?,$)+AA$,i!TB-;+!N]NN!,+;+(A+A!
#B+!)$?,$)+AA$,=!!4$;;$T-8/!(!,+A+#i!#B+!PM!U+/-8A!+]+)7#-8/!)$&+!A#(,#-8/!(#!PMaIX1Ri!
N]>KNN![MMNNJ!&+)-.(;\=!!(
!
@,A5"()J*(Y)c!`/`@(!"L7#2"&(
<F.U$;! ! 3&&,+AA! Y+8/#B! I$8#+8#A! 1+9(7;#!!
! ! [B+]\! [&+)\! [B+]\! [&+)\!   
J1_RESET! RW 0x2809! 10249! 0x1! 1! X X X X X X X R0 0x00 
2N'!I$?,$)+AA$,!)$8#,$;'!NtB(;#!(8&!,+A+#i!Mt,78=!
(
(
(
/?&72"(37#,A5"*(<E2a1H<3KYR!-A!(!$8+%UF#+i!,+(&fT,-#+!,+/-A#+,!#B(#!)$8#,$;A!#B+!
6(.+&7-8$lA!A?,-#+!/,(?B-)A!A7UAFA#+.=!!5B+!&+9(7;#!$9!N!(;;$TA!A?,-#+!/,(?B-)A!#$!
978)#-$8!8$,.(;;F=!!ZB+8!<E2a1H<3KYR!-A!A+#!#$!Mi!A?,-#+!/,(?B-)A!(,+!&-A(U;+&!(8&!
&$!8$#!(??+(,!$8!A),++8=!!!
!
@,A5"()P*(/T!c3=/GK6`(!"L7#2"&(
<F.U$;! ! 3&&,+AA! Y+8/#B! I$8#+8#A! 1+9(7;#!!
! ! [B+]\! [&+)\! [B+]\! [&+)\!   
SPR_DISABLE! RW 0x280A! 10250! 0x1! 1! X X X X X X X D0 0x00 
1N'!<?,-#+!/,(?B-)A!&-A(U;+'!NtA?,-#+A!+8(U;+&i!MtA?,-#+A!&-A(U;+&=!
!
/?&72"(T,L"(/"5"'2*(5B+!<E2aE36R!-A!(!$8+%UF#+i!,+(&fT,-#+!,+/-A#+,!7A+&!#$!
-.?;+.+8#!&$7U;+!U799+,-8/!9$,!A?,-#+!)$8#,$;!&(#(=!!ZB+8!<E2aE36R!-A!Ni!#B+!A?,-#+!
/,(?B-)A!AFA#+.!7A+A!#B+!A?,-#+!)$8#,$;!T$,&A!(#!N]WNNN%N]WW44![M>>JJ%MWWMM!
&+)-.(;\!#$!/+8+,(#+!#B+!A?,-#+!&-A?;(F=!!ZB+8!-#!-A!Mi!#B+!A?,-#+!)$8#,$;!T$,&A!(#!
N]W@NN%N]WG44![MWWM>%M@WWD!&+)-.(;\!(,+!7A+&=!!<++!#B+!A+)#-$8!$8!1$7U;+!
K799+,-8/!A#(,#-8/!$8!?(/+!MN!9$,!.$,+!-89$,.(#-$8!(8&!+](.?;+!)$&+=!
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! >G!

!
@,A5"()Q*(/T!cTG;`(!"L7#2"&(
<F.U$;! ! 3&&,+AA! Y+8/#B! I$8#+8#A! 1+9(7;#!!
! ! [B+]\! [&+)\! [B+]\! [&+)\!   
SPR_PAGE! RW 0x280B! 10251! 0x1! 1! X X X X X X X P0 0x00 
EN'!<?,-#+!/,(?B-)A!)$8#,$;!?(/+'!NtN]WNNN%N]WW44i!MtN]W@NN%N]WG44=!
!!
T74(0(=ZH(U$-"*((5B+!HX:X1R!,+/-A#+,!-A!7A+&!#$!(AA-/8!?-8!>!#$!$8+!$9!#T$!
978)#-$8Ai!$,!#$!&-A(U;+!-#!+8#-,+;F=!!5B+!&+9(7;#!*(;7+!$9!N]NN!)(7A+A!#B+!6(.+&7-8$!
#$!-/8$,+!?-8!>=!!ZB+8!A+#!#$!N]@O![&+)-.(;!GN!$,!3<IHH!j4k\i!?-8!>!-A!)$88+)#+&!#$!
#B+!6(.+&7-8$lA!$8U$(,&!<EH!9;(AB!.+.$,F!)B-?!(A!#B+!<RY!$,!<<!A-/8(;=!4-8(;;Fi!
TB+8!HX:X1R!-A!A+#!#$!N]@3![&+)-.(;!G@!$,!3<IHH!jPk\i!#B+!?-8!-A!)$8#,$;;+&!UF!#B+!
)$?,$)+AA$,%$8;F!E>a^!(8&!E>a1H2!,+/-A#+,A=!!X#B+,!*(;7+A!B(*+!8$!+99+)#=(
(
@,A5"()E*(=HUH3`(!"L7#2"&(
<F.U$;! ! 3&&,+AA! Y+8/#B! I$8#+8#A! 1+9(7;#!!
! ! [B+]\! [&+)\! [B+]\! [&+)\!   
IOMODE! RW 0x280C! 10252! 0x1! 1! 0x00, 0x46, or 0x4A 0x00 
HX:X1R!.7A#!U+!$8+!$9!#B+!9$;;$T-8/!#B,++!*(;7+A'!

• N]NN![N!&+)-.(;i!3<IHH!j_gYk\!o!E-8!>!-A!-/8$,+&=!
• N]@O![GN!&+)-.(;i!3<IHH!j4k\!o!E-8!>!-A!6(.+&7-8$!<EH!9;(AB!.+.$,F!<RY=!
• N]@3![G@!&+)-.(;i!3<IHH!jPk\!o!E-8!>!-A!)$8#,$;;+&!UF!#B+!6(.+&7-8$!)$?,$)+AA$,=!

(
K,'8L&$%4-(R$5$&*(5B+!K6aIXYX2!,+/-A#+,!&+9-8+A!(!U()Q/,$78&!)$;$,!#B(#!
(??+(,A!U+B-8&!(;;!$9!#B+!$#B+,!*-&+$!A$7,)+A=!X8!?$T+,%7?i!#B+!U()Q/,$78&!)$;$,!-A!
#B+!$8;F!-.(/+!&-A?;(F+&i!(8&!&+9(7;#A!#$!N]NNNN![U;()Q\=!!5B+!K6aIXYX2!*(;7+!-A!(!
A#(8&(,&!6(.+&7-8$!MO%U-#!)$;$,!*(;7+!+])+?#!#B(#!K-#!MDi!#B+!(;?B(![3\!)B(88+;!$,!
#,(8A?(,+8)F!U-#i!-A!-/8$,+&!-9!A+#=!!
!
@,A5"()_*(K;cRH6H!(!"L7#2"&(
<F.U$;! ! 3&&,+AA! Y+8/#B! KF#+!X99A+#!(8&!2+/-A#+,!I$8#+8#A! 1+9(7;#!!
! ! [B+]\! [&+)\! [B+]\! [&+)\! +0 +1  
BG_COLOR! RW 0x280E! 10254! 0x2! 2! G2G1G0B4B3B2B1B0 X R4R3R2R1R0G4G3 0x0000 
b'!3;?B(!)B(88+;!)$;$,!-89$,.(#-$8i!-/8$,+&=!
2@o2N'!2+&!)B(88+;!)$;$,!-89$,.(#-$8i!N%W>=!
K@oKN'!6,++8!)B(88+;!)$;$,!-89$,.(#-$8i!N%W>=!
K@oKN'!K;7+!)B(88+;!)$;$,!-89$,.(#-$8i!N%W>=!
(
6"12(,4-(!7L92(G%-7$(/,<?5"#*(5B+!6(.+&7-8$!B(A!#B+!(U-;-#F!#$!?;(F!U()Q!A#+,+$!
(7&-$!T(*+!&(#(!7A-8/!#B+!<3:EYRaY!(8&!<3:EYRa2!,+/-A#+,A=!!R()B!,+/-A#+,!
())+?#A!(!A-/8+&!MO%U-#!-8#+/+,!,+9;+)#-8/!#B+!A(.?;+=!5B+!6(.+&7-8$!7?&(#+A!(7&-$!
A(.?;+A!+*+,F!O@!)F);+A!$9!-#lA!DN:SL!);$)Qi!)$,,+A?$8&-8/!#$!(8!7?&(#+!9,+C7+8)F!
$9!GJM=>DQSLi!A$!*(;7+A!;$(&+&!-8#$!#B+A+!,+/-A#+,A!(,+!,+9;+)#+&!$8!#B+!(7&-$!$7#?7#!
)B(88+;A!T-#B-8!M=>JsA=!!!
(
@,A5"()B*(/GUT6`c6(,4-(/GUT6`c!(!"L7#2"&#(
<F.U$;! ! 3&&,+AA! Y+8/#B! KF#+!X99A+#!(8&!2+/-A#+,!I$8#+8#A! 1+9(7;#!!
! ! [B+]\! [&+)\! [B+]\! [&+)\! +0 +1  
SAMPLE_L! RW 0x2810! 10256! 0x2! 2! L7L6L5L4L3L2L1L0 L15L14L13L12L11L10L9L8 0x0000 
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! >J!

SCROLL_R RW 0x2812 10258 0x2 2 R7R6R5R4R3R2R1R0 R15R14R13R12R11R10R9R8 0x0000 
YNoYMD'!Y+9#!(7&-$!)B(88+;!A(.?;+!*(;7+i!MO%U-#!A-/8+&!-8#+/+,![YMD!-A!#B+!A-/8!U-#\=!
2No2MD'!2-/B#!(7&-$!)B(88+;!A(.?;+!*(;7+i!MO%U-#!A-/8+&!-8#+/+,![2MD!-A!#B+!A-/8!U-#\=!
(
/'&""4#9$2(674"(/"5"'2*!5B+!<I2RR_<SX5ac!,+/-A#+,!-A!7A+&!#$!)(?#7,+!(!;-8+!$9!
,(A#+,!&(#(!9,$.!#B+!<I2RR_<SX5!U799+,!(#!N]>INN![MM>O@!&+)-.(;\=!!5$!#(Q+!(!
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!
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[#B+!/,+F+&%$7#!(,+(A!$9!#B+!9-/7,+A!(U$*+\!)(8!U+!7?&(#+&!TB-;+!#B+!A),++8!A),$;;Ai!
/-*-8/!#B+!-;;7A-$8!$9!(8!-89-8-#+!?;(F9-+;&=!
!
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!
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.-&&;+!$9!/+8+,(#-8/!(!9,(.+!$8!#B+!&-A?;(F!T-;;!)(7A+!?(,#A!$9!#B+!&-A?;(F!#$!A),$;;!
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!
"""#$%&$'!-8A+,#!+](.?;+!)$&+!B+,+000!

@)4E&*/7%+'=/./*'
5B+!U()Q/,$78&!)$;$,!-A!&+9-8+&!UF!#B+!)$8#+8#A!$9!#B+!MO%U-#!K6aIXYX2!,+/-A#+,=!
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!
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+=/`BA1a*B0"3,'$0%*B'.6&-$*
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23:aIS2=!IB(,()#+,!U-#.(?A!(,+!JvJ!?-]+;A!(8&!)(8!A+;+)#!$8+!$9!9$7,!)$;$,Am!)$;$,!
-89$,.(#-$8!9$,!+()B!?-]+;!-A!&,(T8!9,$.!23:aE3Y=!IB(,()#+,!/,(?B-)A!?-]+;A!.(F!
U+!#,(8A?(,+8#i!(;;$T-8/!#B+!U()Q/,$78&!)$;$,!#$!AB$T!#B,$7/B=!5B+!,+A7;#!-A!(!
DM>vDM>!?-]+;!)B(,()#+,!/,(?B-)A!?-)#7,+!#B(#!9$,.A!#B+!?;(F9-+;&!9$,!/(.+!AQ+#)B+A=!!
5B+!$,/(8-L(#-$8!$9!#B+!?;(F9-+;&!-A!AB$T8!-8!5(U;+!>D'!23:aEHI!:+.$,F!:(?=!
!
3!@NNvWNN!?-]+;![DNvWG{!)B(,()#+,\!T-8&$T!$9!#B-A!?-)#7,+!-A!*-A-U;+!$8!A),++8=!
5B+!T-8&$T!.(F!U+!A),$;;+&!(,$78&!#B+!?-)#7,+!$8!(!A-8/;+%?-]+;!U(A-Ai!A$!#B(#!?(,#A!
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+=/`1I+a*B0"3,'$0%*15"-".6$-*U$6*
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23:aEHI=!!5(U;+!>O'!23:aIS2!:+.$,F!:(?!AB$TA!#B+!$,/(8-L(#-$8!$9!#B+!
)B(,()#+,!A+#!.+.$,F=!!IB(,()#+,!)$&+A!(,+!;-A#+&!-8!B+](&+)-.(;!(8&!&+)-.(;i!(;$8/!
T-#B!#B+!3<IHH!/;F?B!9$,!)B(,()#+,A!WW!#B,$7/B!M>O![N]WM!#B,$7/B!N]G4\=!!6;F?BA!
#B(#!(,+!8$#!?,-8#(U;+!3<IHH!)B(,()#+,A!(,+!AB(&+&!/,+F=!
!
5B+!23:aIS2!U-#.(?A!&+#+,.-8+!#B+!/,(?B-)!#B(#!-A!&-A?;(F+&!(#!+()B!)B(,()#+,!
;$)(#-$8=!!IB(,()#+,!U-#.(?A!)$8#(-8!@!)$;$,A!(8&!(,+!#B+,+9$,+!>!U-#A!&++?m!+()B!
)B(,()#+,!U-#.(?!$))7?-+A!MO!UF#+A=!!5B+!9$,.(#!$9!+()B!)B(,()#+,!U-#.(?!-A!AB$T8!
-8!5(U;+!>>'!23:aIS2!K-#.(?!X,/(8-L(#-$8=!!E-]+;A!-8!#B+!)B(,()#+,!U-#.(?!B(*+!
)$$,&-8(#+A!A#(,#-8/!(#![NiN\!9$,!#B+!7??+,!;+9#%B(8&!)$,8+,!$9!#B+!U-#.(?i!#$![GiG\!(#!
#B+!;$T+,!,-/B#=!!R()B!?-]+;!-A!#T$!U-#Ai!#B+!*(;7+!N%W!A+;+)#A!$8+!$9!#B+!9$7,!)$;$,A!
A#$,+&!-8!#B+!)$,,+A?$8&-8/!)B(,()#+,!?(;+##+!-8!23:aE3Y=!
!
@,A5"(00*(!GUcR+!(K72<,?(H&L,47>,27$4(
2$T!X99A+#! KF#+!X99A+#!(8&!K-#.(?!I$8#+8#A!
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! W>!

!
H4"#"?2&#'.&2)I'5(U;+!>O'!23:aIS2!:+.$,F!:(?!AB$TA!3<IHH!/;F?BA!9$,!
)$8*+8-+8)+=!!H8!3<IHHi!#B+!)$8#,$;!)B(,()#+,A!(#!N!#B,$7/B!WM![N]NN!#B,$7/B!N]M4\!
(8&!M>G![N]G4\!(,+8l#!?,-8#(U;+!3<IHH!)B(,()#+,Ai!TB-;+!)B(,()#+,!)$&+A!M>J!
#B,$7/B!>DD![N]JN!#B,$7/B!N]44\!(,+!78&+9-8+&=!!5B-A!.(Q+A!#B+A+!)B(,()#+,A!/$$&!
)(8&-&(#+A!9$,!7A+!(A!?;(F9-+;&!/,(?B-)A!-8A#+(&!$9!(;?B(U+#-)!(8&!87.+,-)!AF.U$;A=!!
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!"#$%&'()*+,-./&"*0*1*.2*&3(.,(4&

& 56&

!"#$%&'(
781-9*:&(1*&;1(8<-2(4&/=>*29:&?-9<&9<*-1&/?.&=-9)(8:&(.+&8(4*99*:&9<(9&2(.&=*&

8/:-9-/.*+&(.@?<*1*&/A*1&9<*&,.+*14@-.;&2<(1(29*1&;1(8<-2:&84(@0-*4+B&&%<*@&9<*&

)/:9&2/)84*C&8(19&/0&9<*&'()*+,-./D:&A-+*/&:,=:@:9*)E&,:-.;&:-C&+-:9-.29&(1*(:&/0&

)*)/1@&0/1&2/.91/4E&2/44-:-/.&+*9*29-/.E&-)(;*&+(9(E&(.+&2/4/1&8(4*99*:B&

&

781-9*:&(1*&A-:,(44@&8/:-9-/.*+&(=/A*&9<*&/9<*1&*4*)*.9:&/0&9<*&A-+*/&+-:84(@E&:/&9<(9&

/8(F,*&8-C*4:&/0&(&:81-9*&?-44&/=:2,1*&2<(1(29*1&;1(8<-2:&84(@0-*4+&(.+&=(2G;1/,.+&

8-C*4&-.0/1)(9-/.&,.+*1.*(9<B&&781-9*&8-C*4:&)(@&=*&91(.:8(1*.9E&(44/?-.;&9<*&

,.+*14@-.;&;1(8<-2(4&4(@*1:&9/&:</?&9<1/,;<B&&H(2<&:81-9*&-:&.,)=*1*+&01/)&I&9/&JKK&

LICII&9/&IC$$&<*C(+*2-)(4ME&(.+&(1*&1*.+*1*+&-.&/1+*1E&:/&9<(9&:81-9*&I&-:&A-:,(44@&

=*.*(9<&:81-9*&NE&(.+&:/&/.&9/&:81-9*&JKKE&?<-2<&-:&9<*&<-;<*:9O81-/1-9@&A-:,(4&

*4*)*.9&/.&9<*&+-:84(@B&

&

%<*&'()*+,-./&<(1+?(1*&:,88/19:&JKP&:81-9*:E&?-9<&:/)*&4-)-9(9-/.:Q&

• !"#$%&'("&#()$*&+&%<*1*&-:&(&4-)-9&/0&RP&:81-9*:&/.&(&:-.;4*&</1-S/.9(4&4-.*B&&T0&9//&
)(.@&:81-9*:&/22,8@&9<*&:()*&4-.*E&9<*&'()*+,-./&<(1+?(1*&1,.:&/,9&/0&9-)*&9/&

2/)8/:*&9<*&4-.*E&(.+&:/)*&:81-9*:&)(@&./9&=*&+1(?.B&

• !"#$%&(,$%-."(/&-0#1+&"#3U7V"T3'&2/.9(-.:&*./,;<&)*)/1@&9/&:9/1*&P5&
:81-9*&-)(;*:&(9&9<*&0,44&WO=-9&LJKPO2/4/1M&8-C*4&+*89<B&&X/?*A*1E&9?/&:81-9*:&2(.&

:<(1*&/.*&=-9)(8&-.&5O=-9&LNPO2/4/1M&)/+*Q&/.*&:81-9*&,:*:&9<*&,88*1&.@==4*&/0&

9<*&=@9*E&?<-4*&9<*&/9<*1&:81-9*&,:*:&9<*&4/?*1&.@==4*B&&7-)-4(14@E&-.&JO=-9&L5O

2/4/1M&)/+*E&(&9/9(4&/0&5&:81-9*:&2(.&:<(1*&/.*&=-9)(8B&

!"#$%&'()*%#)+'
H(2<&:81-9*&-:&2/.91/44*+&=@&(&6JO=-9&:81-9*&2/.91/4&?/1+E&+-(;1())*+&-.&%(=4*&JWQ&

781-9*&Y/.91/4&Z/1+B&%<*&<(1+?(1*&:,88/19:&(&)(C-),)&/0&JKP&:81-9*:E&:/&:81-9*&

2/.91/4&+(9(&/22,8-*:&NIJ5&=@9*:&/0&)*)/1@B&&%<*&'()*+,-./&<(:&9?/&8(;*:&/0&

:81-9*&2/.91/4&+(9(Q&/.*&(9&IC6III&9/&IC66$$&LNJJW&9/&N66NN&+*2-)(4M&(.+&/.*&(9&

IC65II&9/&IC6[$$&LN66NJ&9/&N566K&+*2-)(4M&9/&:,88/19&+/,=4*&=,00*1-.;B&&%<*&

(29-A*&8(;*&-:&:*9&=@&9<*&7V"UV#'H&1*;-:9*1&(9&ICJWI\&LNIJKN&+*2-)(4MB&&T0&

7V"UV#'H&-:&IE&9<*&4/?*1&=(.G&/0&:81-9*&2/.91/4&+(9(&-:&,:*+]&9<*&,88*1&=(.G&-:&,:*+&

?<*.&7V"UV#'H&-:&NB&&%<*&-.(29-A*&8(;*&2(.&=*&)/+-0-*+&?-9</,9&(00*29-.;&9<*&:21**.&

+-:84(@B&

&

2.34&(56+(!"#$%&(70*%#04(80#9(
!"#$%&(70*%#04( ,1%&(:;;'&%(.*9(70*%#04(80#9(70*%&*%'(

 +0 +1 +2 +3 
781-9*&Y/.91/4 X7X6X5X4X3X2X1X0 P3P2P1P0 R2R1R0 X8 Y7Y6Y5Y4Y3Y2Y1Y0 C S5S4S3S2S1S0 Y8 
^I_^WQ&781-9*&^&8/:-9-/.E&IOKNN&LICIIIOICN$$&<*C(+*2-)(4MB&

VI_"6Q&V(4*99*&)/+*&:*4*29E&IONK&LICIOIC$&<*C(+*2-)(4ME&:**&%(=4*&JRQ&781-9*&V(4*99*&3/+*:B&

"I_"JQ&781-9*&1/9(9-/.E&IOW]&:**&%(=4*&6IQ&781-9*&"/9(9-/.B&

`I_`WQ&781-9*&`&8/:-9-/.E&IOKNN&LICIIIOICN$$&<*C(+*2-)(4MB&

YQ&Y/44-:-/.&24(::&0/1&abc&)/+*E&Ida&NdcB&

7I_7KQ&7/,12*&-)(;*&=-9)(8E&IOP6&LICIIOIC6$&<*C(+*2-)(4MB&



!"#$%&'()*+,-./&"*0*1*.2*&3(.,(4&

& 55&

&

2.34&(5<+(!"#$%&(=.4&%%&(/09&'(
=.4&%%&(/09&(=>?=@( !&4&A%&9(/09&( =$B&4(
(bin) (dec) (hex) colors palette bits 
0000 0 0x0 256 8 0 A 0-7 
0001 1 0x1 256 8 1 B 0-7 
0010 2 0x2 256 8 2 C 0-7 
0011 3 0x3 256 8 3 D 0-7 
0100 4 0x4 16 4 0 A 0-3 
0101 5 0x5 16 4 1 B 0-3 
0110 6 0x6 16 4 0 A 4-7 
0111 7 0x7 16 4 1 B 4-7 
1000 8 0x8 4 2 0 A 0-1 
1001 9 0x9 4 2 1 B 0-1 
1010 10 0xA 4 2 0 A 2-3 
1011 11 0xB 4 2 1 B 2-3 
1100 12 0xC 4 2 0 A 4-5 
1101 13 0xD 4 2 1 B 4-5 
1110 14 0xE 4 2 0 A 6-7 
1111 15 0xF 4 2 1 B 6-7 
V(4*99*&)/+*Q&%<*&:*4*29*+&8(4*99*&)/+*&.,)=*1&-.&=-.(1@E&+*2-)(4E&(.+&<*C(+*2-)(4B&

Y/4/1:Q&e,)=*1&/0&2/4/1:&(.+&=-9&+*89<&-.&:*4*29*+&8(4*99*&)/+*B&

V(4*99*Q&%<*&.,)=*1&(.+&4*99*1&/0&9<*&8(4*99*&:*4*29*+&0/1&9<*&:81-9*B&

V-C*4&=-9:Q&%<*&=-9&8/:-9-/.:&/0&9<*&:81-9*&-)(;*&,:*+&-.&9<*&:*4*29*+&)/+*B&

&

2.34&(@>+(!"#$%&(C0%.%$0*(
C0%.%$0*(C>?C5( !&4&A%&9(/09&( D;;&A%(
(bin) (dec) (hex) Yflip Xflip XYswap  
000 0 0x0 0 0 0 e/.*&

001 1 0x1 0 0 1 3-11/1*+&4*09O9/O1-;<9&9<*.&1/9(9*+&J[If&

010 2 0x2 0 1 0 3-11/1*+&4*09&9/&1-;<9&

011 3 0x3 0 1 1 J[If&24/2G?-:*&1/9(9-/.&

100 4 0x4 1 0 0 3-11/1*+&4*09O9/O1-;<9&9<*.&1/9(9*+&NWIf&

101 5 0x5 1 0 1 RIf&24/2G?-:*&1/9(9-/.&

110 6 0x6 1 1 0 NWIf&24/2G?-:*&1/9(9-/.&

111 7 0x7 1 1 1 3-11/1*+&4*09O9/O1-;<9&9<*.&1/9(9*+&RIf&

"/9(9-/.Q&%<*&:*4*29*+&1/9(9-/.&.,)=*1&-.&=-.(1@E&+*2-)(4E&(.+&<*C(+*2-)(4B&

`&04-8Q&$4-8&:81-9*&-)(;*&-.&`&+-1*29-/.&L9/8O9/O=/99/)ME&Id./E&Nd@*:B&

^&04-8Q&$4-8&:81-9*&-)(;*&-.&^&+-1*29-/.&L4*09O9/O1-;<9ME&Id./E&Nd@*:B&

^`&:?(8Q&7?(8&:81-9*&^&(.+&`&(C*:E&Id./E&Nd@*:B&

H00*29Q&H00*29&/0&:*4*29*+&1/9(9-/.&/.&9<*&:81-9*&-)(;*B&

!"#$%&'()++$,$)*'-&%&.%$)*'
%<*&'()*+,-./&:81-9*&*.;-.*&+*9*29:&2/44-:-/.:&?<-4*&9<*&/.O:21**.&+-:84(@&-:&=*-.;&

:2(..*+&/,9B&T0&(&;-A*.&:81-9*&2/A*1*+&,8&L/=:2,1*+&8-C*4:&01/)M&(./9<*1&:81-9*E&9<*.&

(&2/44-:-/.&-:&+*9*29*+B&%<*&1*:,49:&(1*&(A(-4(=4*&-.&YghhT7TgeE&(&JKPO=@9*&(1*(&/0&

)*)/1@&01/)&ICJRIIOICJR$$&LNI5RPONI[KN&+*2-)(4MB&&%<-:&(1*(&/0&)*)/1@&-:&

A(4-+&/.4@&+,1-.;&A*19-2(4&=4(.G-.;&Li\h#ecdNM&(.+&?-44&1*(+&IC$$&L+*2-)(4&JKKM&(9&

(44&/9<*1&9-)*:B&

&

H(2<&=@9*&/0&YghhT7Tge&1*81*:*.9:&9<*&2/44-:-/.&:9(9,:&/0&9<*&2/11*:8/.+-.;&:81-9*B&&

%<*&=@9*&-:&IC$$&LJKK&+*2-)(4M&-0&9<*&:81-9*&+-+&./9&2/44-+*&?-9<&(.@&/9<*1&:81-9*E&/1&



!"#$%&'()*+,-./&"*0*1*.2*&3(.,(4&

& 5K&

2/.9(-.:&9<*&:81-9*&.,)=*1E&ICIIOIC$H&LI&9/&JK5M&/0&9<*&:81-9*&9<(9&?(:&/=:2,1*+B&&

7-.2*&:81-9*&JKK&LIC$$&<*C(+*2-)(4M&-:&9<*&<-;<*:9O81-/1-9@&:81-9*E&-9&2(.&.*A*1&=*&

/=:2,1*+&=@&(./9<*1&:81-9*B&&g.4@&/.*&2/44-:-/.&-:&1*8/19*+&8*1&:81-9*]&-0&(&:81-9*&

2/44-+*:&?-9<&),49-84*&/9<*1&:81-9*:E&/.*&/0&9<*&2/44-:-/.:&?-44&=*&1*8/19*+E&(.+&9<*&

/9<*1:&(1*&+-:2(1+*+B&

&

T0&abc&2/44-:-/.&)/+*&-:&*.(=4*+E&=@&:*99-.;&9<*&acU3g!H&1*;-:9*1&9/&NE&2/44-:-/.:&?-44&

/.4@&=*&+*9*29*+&=*9?**.&:81-9*:&=*4/.;-.;&9/&+-00*1*.9&2/44-:-/.&24(::*:B&&$/1&

*C()84*E&-.&abc&)/+*E&-0&9?/&:81-9*:&=*4/.;&9/&24(::&a&LYdIME&9<*@&2(../9&2/44-+*&*A*.&

-0&/.*&:81-9*&/=:2,1*:&8-C*4:&01/)&9<*&/9<*1B&&g.4@&:81-9*:&?-9<&24(::&=-9:&2(.&2/44-+*B&

T0&abc&)/+*&-:&+-:(=4*+E&(44&2/44-:-/.:&?-44&=*&1*8/19*+&1*;(1+4*::&/0&24(::&

)*)=*1:<-8B&

!"#$%&'/012&'-1%1'
781-9*&-)(;*:&(1*&:9/1*+&-.&NPG=@9*:&/0&"#3&=*;-..-.;&(9&IC5III&LNP6W5&+*2-)(4MB&&

%<-:&-:&*./,;<&:9/1(;*&0/1&P5&-)(;*&=-9)(8:Q&*(2<&:81-9*&-)(;*&-:&(&NPjNP&=-9)(8&

?<*1*&*(2<&8-C*4&/22,8-*:&(&:-.;4*&=@9*B&&%<*&1*:,49-.;&=-9)(8&-:&JKP&=@9*:E&(.+&-:&

+-(;1())*+&-.&%(=4*&6NQ&781-9*&T)(;*&\-9)(8B&

&

2.34&(@E+(!"#$%&(F-.G&(,$%-."(
C0H(( ,1%&(:;;'&%(.*9(,$%-."(70*%&*%'(

L<M& L+M& +0 +1 +2 +3 +4 +5 +6 +7 +8 +9 +A +B +C +D +E +F 
+0x00& +0& P01 P02 P00 P03 P04 P05 P06 P07 P08 P09 P0A P0B P0C P0D P0E P0F 
+0x10& +0& P11 P12 P11 P13 P14 P15 P16 P17 P18 P19 P1A P1B P1C P1D P1E P1F 
+0x20& +0& P21 P22 P22 P23 P24 P25 P26 P27 P28 P29 P2A P2B P2C P2D P2E P2F 
+0x30& +0& P31 P32 P33 P33 P34 P35 P36 P37 P38 P39 P3A P3B P3C P3D P3E P3F 
+0x40& +0& P41 P42 P40 P43 P44 P45 P46 P47 P48 P49 P4A P4B P4C P4D P4E P4F 
+0x50& +0& P51 P52 P50 P53 P54 P55 P56 P57 P58 P59 P5A P5B P5C P5D P5E P5F 
+0x60& +0& P61 P62 P60 P63 P64 P65 P66 P67 P68 P69 P6A P6B P6C P6D P6E P6F 
+0x70& +0& P71 P72 P70 P73 P74 P75 P76 P77 P78 P79 P7A P7B P7C P7D P7E P7F 
+0x80& +0& P81 P82 P80 P83 P84 P85 P86 P87 P88 P89 P8A P8B P8C P8D P8E P8F 
+0x90& +0& P91 P92 P90 P93 P94 P95 P96 P97 P98 P99 P9A P9B P9C P9D P9E P9F 
+0xA0& +0& PA1 PA2 PA0 PA3 PA4 PA5 PA6 PA7 PA8 PA9 PAA PAB PAC PAD PAE PAF 
+0xB0& +0& PB1 PB2 PB0 PB3 PB4 PB5 PB6 PB7 PB8 PB9 PBA PBB PBC PBD PBE PBF 
+0xC0& +0& PC1 PC2 PC0 PC3 PC4 PC5 PC6 PC7 PC8 PC9 PCA PCB PCC PCD PCE PCF 
+0xD0& +0& PD1 PD2 PD0 PD3 PD4 PD5 PD6 PD7 PD8 PD9 PDA PDB PDC PDD PDE PDF 
+0xE0& +0& PE1 PE2 PE0 PE3 PE4 PE5 PE6 PE7 PE8 PE9 PEA PEB PEC PED PEE PEF 
+0xF0& +0& PF1 PF2 PF0 PF3 PF4 PF5 PF6 PF7 PF8 PF9 PFA PFB PFC PFD PFE PFF 
V^`Q&V-C*4&+(9(&0/1&8/:-9-/.&^E`E&?<*1*&^&(.+&`&(1*&ICIOIC$&LI&9/&NK&+*2-)(4MB&

&

k8&9/&JKP&+-00*1*.9&:81-9*&-)(;*:&(1*&:,88/19*+E&=@&(44/?-.;&:81-9*:&9/&:<(1*&(&

=-9)(8B&&T.&NPO2/4/1&L5&=-9&8*1&8-C*4M&)/+*E&*(2<&:81-9*&=-9)(8&2(.&2/.9(-.&9?/&

2/)84*9*&:81-9*&-)(;*:E&/.*&-.&9<*&<-;<&.@==4*&L=-9:&5O[M&(.+&/.*&-.&9<*&4/?&.@==4*&

L=-9:&IO6MB&&T.&5O2/4/1&LJ&=-9&8*1&8-C*4M&)/+*E&*(2<&:81-9*&=-9)(8&2(.&2/.9(-.&0/,1&

2/)84*9*&:81-9*&-)(;*:B&&H(2<&-)(;*&/22,8-*:&J&/0&9<*&W&=-9:B&&7**&%(=4*&JWQ&781-9*&

Y/.91/4&Z/1+&(.+&%(=4*&JRQ&781-9*&V(4*99*&3/+*:&0/1&)/1*&-.0/1)(9-/.B&

!"#$%&'31+&%%&,'
%<*1*&(1*&(&9/9(4&/0&*-;<9&:81-9*&8(4*99*:&(A(-4(=4*&/.&9<*&'()*+,-./Q&5&JKPO2/4/1&

8(4*99*:E&84,:&J&NPO2/4/1&(.+&J&5O2/4/1&8(4*99*:B&&#44&*-;<9&8(4*99*:&(1*&0,44@&
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& 5P&

-.+*8*.+*.9E&(.+&9<*1*&-:&./&1*:91-29-/.E&/9<*1&9<(.&(A(-4(=4*&:81-9*&-)(;*&+(9(&

)*)/1@E&/.&)-C-.;&:81-9*&)/+*:&/1&8(4*99*:B&

&

5IJ?7040#(=.4&%%&'+(%<*&0/,1&JKPO2/4/1&8(4*99*:&(1*&*(2<&KNJ&=@9*:&4/.;E&(.+&(1*&
4/2(9*+&(9&"#3U7V"V#h&:9(19-.;&(9&IC6WII&LN566P&+*2-)(4MB&&%<*&:91,29,1*&/0&

"#3U7V"V#h&-:&+-(;1())*+&-.&%(=4*&6JQ&"#3U7V"V#h&3*)/1@&3(8E&?<-4*&*(2<&

8(4*99*&2/.:-:9:&/0&JKP&2/4/1&*.91-*:&(:&+*:21-=*+&-.&%(=4*&6[Q&V(4*99*&H.91@&$/1)(9B&

&

2.34&(@5+(CK/L!=C=K)(/&-0#1(/."(
7@)=/4& & V(4*99*& #++1*::& h*.;9<& Y/.9*.9:&

& (49*1.(9*& & & L<*CM& L+*2M& L<*CM& L+*2M& &

RAM_SPRPAL& PALETTE256A 0 A 0x3800& 14336& 0x200& 512& JKPO2/4/1&8(4*99*&# 
 PALETTE256B 1 B 0x3A00 14848 0x200& 512& JKPO2/4/1&8(4*99*&\ 
 PALETTE256C 2 C 0x3C00 15360 0x200& 512& JKPOY/4/1&8(4*99*&Y 
 PALETTE256C 3 D 0x3F00 15872 0x200& 512& JKPOY/4/1&8(4*99*&! 

(
EJ?7040#(=.4&%%&'+(%<*1*&(1*&9?/&NPO2/4/1&8(4*99*:E&*(2<&6J&=@9*:&4/.;E&4/2(9*+&(9&
V#hH%%HNP&:9(19-.;&(9&ICJW5I&LNI6I5&+*2-)(4MB&&%<*&:91,29,1*&/0&V#hH%%HNP&-:&

+-(;1())*+&-.&%(=4*&66Q&V#hH%%HNP&3*)/1@&3(8E&?<-4*&*(2<&8(4*99*&2/.:-:9:&/0&

NP&2/4/1&*.91-*:&(:&+*:21-=*+&-.&%(=4*&6[Q&V(4*99*&H.91@&$/1)(9E&(.+&+*9(-4*+&-.&

%(=4*&65Q&NPOY/4/1&781-9*&V(4*99*B&

(
2.34&(@@+(=K)D22DEJ(/&-0#1(/."(
7@)=/4& V(4*99*& #++1*::& h*.;9<& Y/.9*.9:&

& & & L<*CM& L+*2M& L<*CM& L+*2M&  
PALETTE16A& 0 A 0x2840& 10304& 0x20& 32& NPOY/4/1&:81-9*&8(4*99*&# 
PALETTE16B 1 B 0x2860 10336 0x20& 32& NPOY/4/1&:81-9*&8(4*99*&\ 

(
2.34&(@M+(EJ?7040#(!"#$%&(=.4&%%&(
Y/4/1&

H.91@&

H.91@&g00:*9& \@9*&g00:*9&

L<*CM& L+*2M& lI& lN&

I& +0x00 +0 G2G1G0B4B3B2B1B0 A R4R3R2R1R0G4G3 

N& +0x02 +2 G2G1G0B4B3B2B1B0 A R4R3R2R1R0G4G3 

J& +0x04 +4 G2G1G0B4B3B2B1B0 A R4R3R2R1R0G4G3 

6& +0x06 +6 G2G1G0B4B3B2B1B0 A R4R3R2R1R0G4G3 

5& +0x08 +8 G2G1G0B4B3B2B1B0 A R4R3R2R1R0G4G3&

K& +0x0A +10 G2G1G0B4B3B2B1B0 A R4R3R2R1R0G4G3&

P& +0x0C +12 G2G1G0B4B3B2B1B0 A R4R3R2R1R0G4G3&

[& +0x0E +14 G2G1G0B4B3B2B1B0 A R4R3R2R1R0G4G3&

W& +0x10 +16 G2G1G0B4B3B2B1B0 A R4R3R2R1R0G4G3&

R& +0x12 +18 G2G1G0B4B3B2B1B0 A R4R3R2R1R0G4G3&

NI& +0x14 +20 G2G1G0B4B3B2B1B0 A R4R3R2R1R0G4G3&

NN& +0x16 +22 G2G1G0B4B3B2B1B0 A R4R3R2R1R0G4G3&

NJ& +0x18 +24 G2G1G0B4B3B2B1B0 A R4R3R2R1R0G4G3&

N6& +0x1A +26 G2G1G0B4B3B2B1B0 A R4R3R2R1R0G4G3&

N5& +0x1C +28 G2G1G0B4B3B2B1B0 A R4R3R2R1R0G4G3&

NK& +0x1E +30 G2G1G0B4B3B2B1B0 A R4R3R2R1R0G4G3&
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#Q&#48<(&2<(..*4&2/4/1&-.0/1)(9-/.E&Id/8(F,*E&Nd91(.:8(1*.9B&

"I_"5Q&"*+&2<(..*4&2/4/1&-.0/1)(9-/.E&IO6J]&-;./1*+&?<*.&#dNB&

\I_\5Q&'1**.&2<(..*4&2/4/1&-.0/1)(9-/.E&IO6J]&-;./1*+&?<*.&#dNB&

\I_\5Q&\4,*&2<(..*4&2/4/1&-.0/1)(9-/.E&IO6J]&-;./1*+&?<*.&#dNB&

(
M?7040#(=.4&%%&'+(%<*1*&(1*&9?/&5O2/4/1&8(4*99*:E&*(2<&W&=@9*:&4/.;E&4/2(9*+&(9&
V#hH%%H5&:9(19-.;&(9&ICJWWI&LNI6PW&+*2-)(4MB&&%<*&:91,29,1*&/0&V#hH%%H5&-:&

+-(;1())*+&-.&%(=4*&6KQ&V#hH%%H5&3*)/1@&3(8E&?<-4*&*(2<&8(4*99*&2/.:-:9:&/0&NP&

2/4/1&*.91-*:&(:&+*:21-=*+&-.&%(=4*&6[Q&V(4*99*&H.91@&$/1)(9E&(.+&+*9(-4*+&-.&%(=4*&

6PQ&5OY/4/1&781-9*&V(4*99*B(
(
2.34&(@I+(=K)D22DM(/&-0#1(/."(
7@)=/4& V(4*99*& #++1*::& h*.;9<& Y/.9*.9:&

& & & L<*CM& L+*2M& L<*CM& L+*2M&  
PALETTE4A& 0 A 0x2880& 10368& 0x8& 8& 5OY/4/1&:81-9*&8(4*99*&# 
PALETTE4B 1 B 0x2888 10376 0x8& 8& 5OY/4/1&:81-9*&8(4*99*&\ 

(
2.34&(@J+(M?7040#(!"#$%&(=.4&%%&(
Y/4/1&

H.91@&

H.91@&

g00:*9&

\@9*&g00:*9&

lI& lN&

I& lI& G2G1G0B4B3B2B1B0 A R4R3R2R1R0G4G3 

N& lJ& G2G1G0B4B3B2B1B0 A R4R3R2R1R0G4G3 

J& l5& G2G1G0B4B3B2B1B0 A R4R3R2R1R0G4G3 

6& lP& G2G1G0B4B3B2B1B0 A R4R3R2R1R0G4G3 
#Q&#48<(&2<(..*4&2/4/1&-.0/1)(9-/.E&Id/8(F,*E&Nd91(.:8(1*.9B&

"I_"5Q&"*+&2<(..*4&2/4/1&-.0/1)(9-/.E&IO6J]&-;./1*+&?<*.&#dNB&

\I_\5Q&'1**.&2<(..*4&2/4/1&-.0/1)(9-/.E&IO6J]&-;./1*+&?<*.&#dNB&

\I_\5Q&\4,*&2<(..*4&2/4/1&-.0/1)(9-/.E&IO6J]&-;./1*+&?<*.&#dNB&

)*+*#(
%<*&'()*+,-./&,:*:&(&.,)=*1&/0&+-00*1*.9&0/1)(9:&9/&1*81*:*.9&2/4/1&A(4,*:Q&WO=-9&

4/;-2(4&2/4/1&:8(2*&A(4,*:&,:*+&=@&9<*&'!&h-=1(1@E&KO=-9&2/4/1&A(4,*:&,:*+&=@&9<*&

<(1+?(1*E&(.+&6O=-9&2/4/1&A(4,*:&2/)=-.*+&?-9<&+-9<*1-.;&9/&;*.*1(9*&A-+*/&/,98,9&

9/&9<*&+-:84(@B&&%(=4*&6WQ&Y/4/1&78(2*&:</?:&9<*&1*4(9-/.:<-8&=*9?**.&9<*:*&9<1**&

2/4/1&:8(2*:B&&

4)2$.1+'()+)#'
%<*&'!&h-=1(1@&-)84*)*.9:&(&J5O=-9&"'\WWW&4/;-2(4&2/4/1&:8(2*B&&T9&81/A-+*:&W&=-9:&

8*1&2<(..*4&A-(&(.&"'\LM&)(21/&9<(9&(22*89:&/.*&=@9*&/0&2/4/1&+(9(&0/1&*(2<&2<(..*4B&&

%<*&)(21/&+-:2(1+:&9<*&4*(:9&:-;.-0-2(.9&6&=-9:&/0&*(2<&2/4/1&2<(..*4E&(.+&1*9,1.:&(&

NKO=-9&<(1+?(1*&1*81*:*.9(9-/.&/0&9<*&2/4/1E&?-9<&9<*&(48<(&2<(..*4&:*9&9/&I&

L/8(F,*MB&

51#671#&'()+)#'
T.9*1.(44@E&9<*&'()*+,-./&,:*:&(.&#"'\NKKK&2/4/1&0/1)(9&-.&-9:&8(4*99*:&(.+&2/4/1&

1*;-:9*1:B&&Y/4/1&A(4,*:&(1*&:9/1*+&-.&(&:-.;4*&NPO=-9&?/1+E&?-9<&/.*&=-9&/0&(48<(&

L91(.:8(1*.2@M&-.0/1)(9-/.E&(.+&K&=-9:&*(2<&/0&1*+E&;1**.E&(.+&=4,*&2<(..*4&
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& 5W&

-.0/1)(9-/.B&&%<*&4/?*1&L4*(:9&:-;.-0-2(.9M&=@9*&/0&9<*&?/1+&2/.9(-.:&9<*&=4,*&

2<(..*4&+(9(&(.+&9<*&4*(:9&:-;.-0-2(.9&=-9:&/0&9<*&;1**.&2<(..*4E&?<-4*&9<*&,88*1&=@9*&

2/.9(-.:&9<*&)/:9&:-;.-0-2(.9&=-9:&/0&9<*&;1**.&2<(..*4E&(44&/0&9<*&1*+&2<(..*4E&(.+&9<*&

(48<(&2<(..*4B&&#&:9(.+(1+&2/4/1&A(4,*&-:&+-(;1())*+&=*4/?Q&

&

2.34&(@N+(=.4&%%&(D*%#1(O0#-.%(
#++1*::& lI& lN&

#"'\NKKK&Y/4/1&!(9(&%*)84(9*& G2G1G0B4B3B2B1B0 A R4R3R2R1R0G4G3 

#"'\NKKK&!-:84(@&Y/4/1:& G2G1G0B4B3B2B1B0 0 R4R3R2R1R0G4G3 

#"'\NKKK&%1(.:8(1*.9& X X X X X X X X  1 X X X X X X X 
#Q&#48<(&2<(..*4&2/4/1&-.0/1)(9-/.E&Id/8(F,*E&Nd91(.:8(1*.9B&

"I_"5Q&"*+&2<(..*4&2/4/1&-.0/1)(9-/.E&IO6J]&-;./1*+&?<*.&#dNB&

\I_\5Q&'1**.&2<(..*4&2/4/1&-.0/1)(9-/.E&IO6J]&-;./1*+&?<*.&#dNB&

\I_\5Q&\4,*&2<(..*4&2/4/1&-.0/1)(9-/.E&IO6J]&-;./1*+&?<*.&#dNB&

&

#:&:</?.&(=/A*E&9<*&'()*+,-./&-)84*)*.9:&(.&(48<(&L91(.:8(1*.2@M&2/4/1&2<(..*4&

-.&<(1+?(1*B&&%1(.:8(1*.9&A(4,*:&(1*&(&:8*2-(4&2(:*&/0&9<*&:9(.+(1+&2/4/1&A(4,*Q&

?<*.&9<*&)/:9&:-;.-0-2(.9&=-9&-:&:*9E&9<*&4/?&NK&=-9:&2/.9(-.-.;&9<*&1*+E&;1**.E&(.+&

=4,*&2<(..*4:&-.&9<*&2/4/1&A(4,*&(1*&-;./1*+B&%<*&1*:,49&-:&A(4,*:&/0&ICWIIIOIC$$$$&

L+*2-)(4&6J[PW&9<1/,;<&PKK6KME&(1*&91(.:8(1*.9B&

&

\@&2/.A*.9-/.E&ICWIII&-:&9<*&:9(.+(1+&91(.:8(1*.9&2/4/1&A(4,*B&&X/?*A*1E&:9/1-.;&

ICWI&L+*2-)(4&NJWM&-.&9<*&<-;<&=@9*&/0&(&2/4/1&?/1+&-:&:,00-2-*.9&9/&)(G*&(&2/4/1&

*.91@&91(.:8(1*.9E&1*;(1+4*::&/0&9<*&2/.9*.9:&/0&9<*&4/?&=@9*B&&&

&

%<*&\'UYghg"&1*;-:9*1&-;./1*:&(48<(&2<(..*4&-.0/1)(9-/.E&=*2(,:*&9<*&=(2G;1/,.+&

2/4/1&-:&9<*&=/99/)O)/:9&2/4/1&84(.*B&&%<*1*&-:&./&4/?*1O81-/1-9@&A-+*/&-.0/1)(9-/.&

9/&:</?&9<1/,;<&(&91(.:8(1*.9&=(2G;1/,.+&2/4/1E&:/&(44&2/4/1&A(4,*:&(1*&91*(9*+&(:&

/8(F,*B&&7-)-4(14@E&8-C*4&+(9(&1*(+&=(2G&9<1/,;<&9<*&7Y"HHe7Xg%&)*)/1@&(1*(&(1*&

(4?(@:&/8(F,*E&:-.2*&9<*@&1*81*:*.9&9<*&0-.(4&2/4/1&A(4,*:&/,98,9&9/&9<*&+-:84(@B&

89%"9%'()+)#'
%<*&'()*+,-./&+-:84(@&/,98,9&<(:&/.4@&6&=-9:&/0&1*:/4,9-/.&8*1&2<(..*4B&&g.4@&9<*&

2/4/1:&?<*1*&9<*&9<1**&4*(:9&:-;.-0-2(.9&=-9:&(1*&(44&S*1/&(1*&/,98,9&+-1*294@B&&%<*&

/9<*1&2/4/1:E&?<*1*&9<*&4*(:9&:-;.-0-2(.9&=-9:&(1*&./.S*1/E&(1*&(881/C-)(9*+&,:-.;&(&

JjJ&+-9<*1-.;&(4;/1-9<)&-.&9<*&A-+*/&/,98,9&<(1+?(1*B&

&

2.34&(@6+(7040#(!".A&(
WO=-9&h/;-2(4&Y/4/1&& KO=-9&X(1+?(1*&Y/4/1&& 6O=-9&g,98,9&Y/4/1&&

L<*CM& L+*2M& L=-.M& L<*CM& L+*2M& L=-.M& L<*CM& L+*2M& L=-.M&

0x00 0 00000000 0x00 0 00000 0x00 0 000 
0x08 8 00001000 0x01 1 00001 0x00 0 000 
0x10 16 00010000 0x02 2 00010 0x00 0 000 
0x18 24 00011000 0x03 3 00011 0x00 0 000 
0x20 32 00100000 0x04 4 00100 0x01 1 001 
0x28 40 00101000 0x05 5 00101 0x01 1 001 
0x30 48 00110000 0x06 6 00110 0x01 1 001 
0x38 56 00111000 0x07 7 00111 0x01 1 001 
0x40 64 01000000 0x08 8 01000 0x02 2 010 
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& 5R&

WO=-9&h/;-2(4&Y/4/1&& KO=-9&X(1+?(1*&Y/4/1&& 6O=-9&g,98,9&Y/4/1&&

L<*CM& L+*2M& L=-.M& L<*CM& L+*2M& L=-.M& L<*CM& L+*2M& L=-.M&

0x48 72 01001000 0x09 9 01001 0x02 2 010 
0x50 80 01010000 0x0A 10 01010 0x02 2 010 
0x58 88 01011000 0x0B 11 01011 0x02 2 010 
0x60 96 01100000 0x0C 12 01100 0x03 3 011 
0x68 104 01101000 0x0D 13 01101 0x03 3 011 
0x70 112 01110000 0x0E 14 01110 0x03 3 011 
0x78 120 01111000 0x0F 15 01111 0x03 3 011 
0x80 128 10000000 0x10 16 10000 0x04 4 100 
0x88 136 10001000 0x11 17 10001 0x04 4 100 
0x90 144 10010000 0x12 18 10010 0x04 4 100 
0x98 152 10011000 0x13 19 10011 0x04 4 100 
0xA0 160 10100000 0x14 20 10100 0x05 5 101 
0xA8 168 10101000 0x15 21 10101 0x05 5 101 
0xB0 176 10110000 0x16 22 10110 0x05 5 101 
0xB8 184 10111000 0x17 23 10111 0x05 5 101 
0xC0 192 11000000 0x18 24 11000 0x06 6 110 
0xC8 200 11001000 0x19 25 11001 0x06 6 110 
0xD0 208 11010000 0x1A 26 11010 0x06 6 110 
0xD8 216 11011000 0x1B 27 11011 0x06 6 110 
0xE0 224 11100000 0x1C 28 11100 0x07 7 111 
0xE8 232 11101000 0x1D 29 11101 0x07 7 111 
0xF0 240 11110000 0x1E 30 11110 0x07 7 111 
0xF8 248 11111000 0x1F 31 11111 0x07 7 111 

h-.*:&:<(+*+&-.&;1*@&(1*&+-9<*1*+&/.&/,98,9B&

!"#$%&'
%<*&'()*+,-./&-)84*)*.9:&9?/&-.+*8*.+*.9&(,+-/&:@:9*):Q&(.&(++-9-A*&:@.9<*:-:&

=(:*+&/.&9<*&:,))(9-/.&/0&:*8(1(9*&?(A*0/1):E&(.+&(&:()84*&84(@=(2G&)*2<(.-:)B&

!*,-.(!/-%0&'$'(1&2$'%&#'(
%<*&'()*+,-./&(++-9-A*&:/,.+&:@.9<*:-:&:@:9*)&-:&=(:*+&/.&P5&:/,.+&2/.91/4&

?/1+:&(.+&-:&:,884*)*.9*+&=@&(&1-.;&)/+,4(9-/.&:@:9*)B&

:)$.&'()*%#)+'
7/,.+&2/.91/4&+(9(&-:&4/2(9*+&(9&igTYH7E&ICJ#II&LNI[KJ&+*2-)(4MB&&H(2<&:/,.+&

2/.91/4&?/1+&2/.:-:9:&/0&6J&=-9:&9<(9&:8*2-0@&/.*&2/)8/.*.9&/0&9<*&0-.(4&:/,.+&9/&=*&

/,98,9B&

&

2.34&(@<+(P:F7D!(/&-0#1(/."(
P( K99#&''( ,1%&(:;;'&%(.*9(70*%#04(80#9(70*%&*%'(

 (hex) (dec) +0 +1 +2 +3 

!" 0x2A00" 10752 F7F6F5F4F3F2F1F0 W FEFDFCFBFAF9F8 L7L6L5L4L3L2L1L0 R7R6R5R4R3R2R1R0 

#" 0x2A04 10756 F7F6F5F4F3F2F1F0 W FEFDFCFBFAF9F8 L7L6L5L4L3L2L1L0 R7R6R5R4R3R2R1R0 

$" 0x2A08 10760 F7F6F5F4F3F2F1F0 W FEFDFCFBFAF9F8 L7L6L5L4L3L2L1L0 R7R6R5R4R3R2R1R0 

%" 0x2A0C 10764 F7F6F5F4F3F2F1F0 W FEFDFCFBFAF9F8 L7L6L5L4L3L2L1L0 R7R6R5R4R3R2R1R0 

&" 0x2A10 10768 F7F6F5F4F3F2F1F0 W FEFDFCFBFAF9F8 L7L6L5L4L3L2L1L0 R7R6R5R4R3R2R1R0 

'" 0x2A14 10772 F7F6F5F4F3F2F1F0 W FEFDFCFBFAF9F8 L7L6L5L4L3L2L1L0 R7R6R5R4R3R2R1R0 

(" 0x2A18 10776 F7F6F5F4F3F2F1F0 W FEFDFCFBFAF9F8 L7L6L5L4L3L2L1L0 R7R6R5R4R3R2R1R0 



!"#$%&'()*+,-./&"*0*1*.2*&3(.,(4&

& KI&

P( K99#&''( ,1%&(:;;'&%(.*9(70*%#04(80#9(70*%&*%'(
 (hex) (dec) +0 +1 +2 +3 

)" 0x2A1C 10780 F7F6F5F4F3F2F1F0 W FEFDFCFBFAF9F8 L7L6L5L4L3L2L1L0 R7R6R5R4R3R2R1R0 

*" 0x2A20 10784 F7F6F5F4F3F2F1F0 W FEFDFCFBFAF9F8 L7L6L5L4L3L2L1L0 R7R6R5R4R3R2R1R0 

+" 0x2A24 10788 F7F6F5F4F3F2F1F0 W FEFDFCFBFAF9F8 L7L6L5L4L3L2L1L0 R7R6R5R4R3R2R1R0 

#!" 0x2A28 10792 F7F6F5F4F3F2F1F0 W FEFDFCFBFAF9F8 L7L6L5L4L3L2L1L0 R7R6R5R4R3R2R1R0 

##" 0x2A2C 10796 F7F6F5F4F3F2F1F0 W FEFDFCFBFAF9F8 L7L6L5L4L3L2L1L0 R7R6R5R4R3R2R1R0 

#$" 0x2A30 10800 F7F6F5F4F3F2F1F0 W FEFDFCFBFAF9F8 L7L6L5L4L3L2L1L0 R7R6R5R4R3R2R1R0 

#%" 0x2A34 10804 F7F6F5F4F3F2F1F0 W FEFDFCFBFAF9F8 L7L6L5L4L3L2L1L0 R7R6R5R4R3R2R1R0 

#&" 0x2A38 10808 F7F6F5F4F3F2F1F0 W FEFDFCFBFAF9F8 L7L6L5L4L3L2L1L0 R7R6R5R4R3R2R1R0 

#'" 0x2A3C 10812 F7F6F5F4F3F2F1F0 W FEFDFCFBFAF9F8 L7L6L5L4L3L2L1L0 R7R6R5R4R3R2R1R0 

#(" 0x2A40 10816 F7F6F5F4F3F2F1F0 W FEFDFCFBFAF9F8 L7L6L5L4L3L2L1L0 R7R6R5R4R3R2R1R0 

#)" 0x2A44 10820 F7F6F5F4F3F2F1F0 W FEFDFCFBFAF9F8 L7L6L5L4L3L2L1L0 R7R6R5R4R3R2R1R0 

#*" 0x2A48 10824 F7F6F5F4F3F2F1F0 W FEFDFCFBFAF9F8 L7L6L5L4L3L2L1L0 R7R6R5R4R3R2R1R0 

#+" 0x2A4C 10828 F7F6F5F4F3F2F1F0 W FEFDFCFBFAF9F8 L7L6L5L4L3L2L1L0 R7R6R5R4R3R2R1R0 

$!" 0x2A50 10832 F7F6F5F4F3F2F1F0 W FEFDFCFBFAF9F8 L7L6L5L4L3L2L1L0 R7R6R5R4R3R2R1R0 

$#" 0x2A54 10836 F7F6F5F4F3F2F1F0 W FEFDFCFBFAF9F8 L7L6L5L4L3L2L1L0 R7R6R5R4R3R2R1R0 

$$" 0x2A58 10840 F7F6F5F4F3F2F1F0 W FEFDFCFBFAF9F8 L7L6L5L4L3L2L1L0 R7R6R5R4R3R2R1R0 

$%" 0x2A5C 10844 F7F6F5F4F3F2F1F0 W FEFDFCFBFAF9F8 L7L6L5L4L3L2L1L0 R7R6R5R4R3R2R1R0 

$&" 0x2A60 10848 F7F6F5F4F3F2F1F0 W FEFDFCFBFAF9F8 L7L6L5L4L3L2L1L0 R7R6R5R4R3R2R1R0 

$'" 0x2A64 10852 F7F6F5F4F3F2F1F0 W FEFDFCFBFAF9F8 L7L6L5L4L3L2L1L0 R7R6R5R4R3R2R1R0 

$(" 0x2A68 10856 F7F6F5F4F3F2F1F0 W FEFDFCFBFAF9F8 L7L6L5L4L3L2L1L0 R7R6R5R4R3R2R1R0 

$)" 0x2A6C 10860 F7F6F5F4F3F2F1F0 W FEFDFCFBFAF9F8 L7L6L5L4L3L2L1L0 R7R6R5R4R3R2R1R0 

$*" 0x2A70 10864 F7F6F5F4F3F2F1F0 W FEFDFCFBFAF9F8 L7L6L5L4L3L2L1L0 R7R6R5R4R3R2R1R0 

$+" 0x2A74 10868 F7F6F5F4F3F2F1F0 W FEFDFCFBFAF9F8 L7L6L5L4L3L2L1L0 R7R6R5R4R3R2R1R0 

%!" 0x2A78 10872 F7F6F5F4F3F2F1F0 W FEFDFCFBFAF9F8 L7L6L5L4L3L2L1L0 R7R6R5R4R3R2R1R0 

%#" 0x2A7C 10876 F7F6F5F4F3F2F1F0 W FEFDFCFBFAF9F8 L7L6L5L4L3L2L1L0 R7R6R5R4R3R2R1R0 

%$" 0x2A80 10880 F7F6F5F4F3F2F1F0 W FEFDFCFBFAF9F8 L7L6L5L4L3L2L1L0 R7R6R5R4R3R2R1R0 

%%" 0x2A84 10884 F7F6F5F4F3F2F1F0 W FEFDFCFBFAF9F8 L7L6L5L4L3L2L1L0 R7R6R5R4R3R2R1R0 

%&" 0x2A88 10888 F7F6F5F4F3F2F1F0 W FEFDFCFBFAF9F8 L7L6L5L4L3L2L1L0 R7R6R5R4R3R2R1R0 

%'" 0x2A8C 10892 F7F6F5F4F3F2F1F0 W FEFDFCFBFAF9F8 L7L6L5L4L3L2L1L0 R7R6R5R4R3R2R1R0 

%(" 0x2A90 10896 F7F6F5F4F3F2F1F0 W FEFDFCFBFAF9F8 L7L6L5L4L3L2L1L0 R7R6R5R4R3R2R1R0 

%)" 0x2A94 10900 F7F6F5F4F3F2F1F0 W FEFDFCFBFAF9F8 L7L6L5L4L3L2L1L0 R7R6R5R4R3R2R1R0 

%*" 0x2A98 10904 F7F6F5F4F3F2F1F0 W FEFDFCFBFAF9F8 L7L6L5L4L3L2L1L0 R7R6R5R4R3R2R1R0 

%+" 0x2A9C 10908 F7F6F5F4F3F2F1F0 W FEFDFCFBFAF9F8 L7L6L5L4L3L2L1L0 R7R6R5R4R3R2R1R0 

&!" 0x2AA0 10912 F7F6F5F4F3F2F1F0 W FEFDFCFBFAF9F8 L7L6L5L4L3L2L1L0 R7R6R5R4R3R2R1R0 

&#" 0x2AA4 10916 F7F6F5F4F3F2F1F0 W FEFDFCFBFAF9F8 L7L6L5L4L3L2L1L0 R7R6R5R4R3R2R1R0 

&$" 0x2AA8 10920 F7F6F5F4F3F2F1F0 W FEFDFCFBFAF9F8 L7L6L5L4L3L2L1L0 R7R6R5R4R3R2R1R0 

&%" 0x2AAC 10924 F7F6F5F4F3F2F1F0 W FEFDFCFBFAF9F8 L7L6L5L4L3L2L1L0 R7R6R5R4R3R2R1R0 

&&" 0x2AB0 10928 F7F6F5F4F3F2F1F0 W FEFDFCFBFAF9F8 L7L6L5L4L3L2L1L0 R7R6R5R4R3R2R1R0 

&'" 0x2AB4 10932 F7F6F5F4F3F2F1F0 W FEFDFCFBFAF9F8 L7L6L5L4L3L2L1L0 R7R6R5R4R3R2R1R0 

&(" 0x2AB8 10936 F7F6F5F4F3F2F1F0 W FEFDFCFBFAF9F8 L7L6L5L4L3L2L1L0 R7R6R5R4R3R2R1R0 

&)" 0x2ABC 10940 F7F6F5F4F3F2F1F0 W FEFDFCFBFAF9F8 L7L6L5L4L3L2L1L0 R7R6R5R4R3R2R1R0 



!"#$%&'()*+,-./&"*0*1*.2*&3(.,(4&

& KN&

P( K99#&''( ,1%&(:;;'&%(.*9(70*%#04(80#9(70*%&*%'(
 (hex) (dec) +0 +1 +2 +3 

&*" 0x2AC0 10944 F7F6F5F4F3F2F1F0 W FEFDFCFBFAF9F8 L7L6L5L4L3L2L1L0 R7R6R5R4R3R2R1R0 

&+" 0x2AC4 10948 F7F6F5F4F3F2F1F0 W FEFDFCFBFAF9F8 L7L6L5L4L3L2L1L0 R7R6R5R4R3R2R1R0 

'!" 0x2AC8 10952 F7F6F5F4F3F2F1F0 W FEFDFCFBFAF9F8 L7L6L5L4L3L2L1L0 R7R6R5R4R3R2R1R0 

'#" 0x2ACC 10956 F7F6F5F4F3F2F1F0 W FEFDFCFBFAF9F8 L7L6L5L4L3L2L1L0 R7R6R5R4R3R2R1R0 

'$" 0x2AD0 10960 F7F6F5F4F3F2F1F0 W FEFDFCFBFAF9F8 L7L6L5L4L3L2L1L0 R7R6R5R4R3R2R1R0 

'%" 0x2AD4 10964 F7F6F5F4F3F2F1F0 W FEFDFCFBFAF9F8 L7L6L5L4L3L2L1L0 R7R6R5R4R3R2R1R0 

'&" 0x2AD8 10968 F7F6F5F4F3F2F1F0 W FEFDFCFBFAF9F8 L7L6L5L4L3L2L1L0 R7R6R5R4R3R2R1R0 

''" 0x2ADC 10972 F7F6F5F4F3F2F1F0 W FEFDFCFBFAF9F8 L7L6L5L4L3L2L1L0 R7R6R5R4R3R2R1R0 

'(" 0x2AE0 10976 F7F6F5F4F3F2F1F0 W FEFDFCFBFAF9F8 L7L6L5L4L3L2L1L0 R7R6R5R4R3R2R1R0 

')" 0x2AE4 10980 F7F6F5F4F3F2F1F0 W FEFDFCFBFAF9F8 L7L6L5L4L3L2L1L0 R7R6R5R4R3R2R1R0 

'*" 0x2AE8 10984 F7F6F5F4F3F2F1F0 W FEFDFCFBFAF9F8 L7L6L5L4L3L2L1L0 R7R6R5R4R3R2R1R0 

'+" 0x2AEC 10988 F7F6F5F4F3F2F1F0 W FEFDFCFBFAF9F8 L7L6L5L4L3L2L1L0 R7R6R5R4R3R2R1R0 

(!" 0x2AF0 10992 F7F6F5F4F3F2F1F0 W FEFDFCFBFAF9F8 L7L6L5L4L3L2L1L0 R7R6R5R4R3R2R1R0 

(#" 0x2AF4 10996 F7F6F5F4F3F2F1F0 W FEFDFCFBFAF9F8 L7L6L5L4L3L2L1L0 R7R6R5R4R3R2R1R0 

($" 0x2AF8 11000 F7F6F5F4F3F2F1F0 W FEFDFCFBFAF9F8 L7L6L5L4L3L2L1L0 R7R6R5R4R3R2R1R0 

(%" 0x2AFC 11004 F7F6F5F4F3F2F1F0 W FEFDFCFBFAF9F8 L7L6L5L4L3L2L1L0 R7R6R5R4R3R2R1R0 

iQ&i/-2*&.,)=*1E&IOP5&LICIIOIC5I&<*C(+*2-)(4MB&
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LNIJPI&+*2-)(4M&2/.91/4&9<*&1-.;&)/+,4(9/1B&&Z1-9-.;&P5&LIC5IM&9/&9<*&"Te'U3g!&
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&
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& & L<*CM& L+*2M&    
RING_MOD& RW 0x2814& 10260& 1 3/+,4(9/1&A/-2*E&(00*29:&(44&4/?*1&A/-2*: 0x40 

!34"+&(1&2$'%&#'(
%<*&'()*+,-./&<(:&9<*&(=-4-9@&9/&84(@&=(2G&:9*1*/&(,+-/&?(A*&+(9(&,:-.;&9<*&
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1*04*29-.;&9<*&:()84*B&%<*&'()*+,-./&,8+(9*:&(,+-/&:()84*:&*A*1@&P5&2@24*:&/0&-9D:&

KI3XS&24/2GE&2/11*:8/.+-.;&9/&(.&,8+(9*&01*F,*.2@&/0&[WNBJKGXSE&:/&A(4,*:&4/(+*+&

-.9/&9<*:*&1*;-:9*1:&(1*&1*04*29*+&/.&9<*&(,+-/&/,98,9&2<(..*4:&?-9<-.&NBJWn:B&&&



!"#$%&'()*+,-./&"*0*1*.2*&3(.,(4&

& KJ&

(
2.34&(M>+(!K/=)DL)(.*9(!K/=)DLC(C&G$'%&#'(
7@)=/4& & #++1*::& h*.;9<& \@9*&g00:*9&(.+&"*;-:9*1&Y/.9*.9:& !*0(,49&&

& & L<*CM& L+*2M& L<*CM& L+*2M& +0 +1  
SAMPLE_L& RW 0x2810& 10256& 0x2& 2& L7L6L5L4L3L2L1L0 L15L14L13L12L11L10L9L8 0x0000 
SCROLL_R RW 0x2812 10258 0x2 2 R7R6R5R4R3R2R1R0 R15R14R13R12R11R10R9R8 0x0000 
hI_hNKQ&h*09&(,+-/&2<(..*4&:()84*&A(4,*E&NPO=-9&:-;.*+&-.9*;*1&LhNK&-:&9<*&:-;.&=-9MB&

"I_"NKQ&"-;<9&(,+-/&2<(..*4&:()84*&A(4,*E&NPO=-9&:-;.*+&-.9*;*1&L"NK&-:&9<*&:-;.&=-9MB&
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!!!!"#$"%&''"$'
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)-.-)(4-:9&=,9&0,44@&0,.29-/.(4&81/2*::/1&9<(9&<(:&0,44&(22*::&9/&9<*&'()*+,-./D:&

(++1*::&:8(2*E&(.+&(&0*?&(++-9-/.(4&1*;-:9*1:&9<(9&(1*&./9&(22*::-=4*&9/&9<*&#1+,-./B&&

%<*&aN&YVk&(4:/&*C*2,9*:&),2<&0(:9*1&9<(.&9<*&#1+,-./E&(.+&2(.&)/A*&2/.:-+*1(=4@&

)/1*&+(9(&9<(.&2(.&0-9&9<1/,;<&9<*&7VT&-.9*10(2*B&

)*"#*5&''*#(6-%&#735&(
%<*&'()*+,-./&2/81/2*::/1&-.9*10(2*&2/.:-:9:&/0&(&2/.91/4&1*;-:9*1E&(&)-21/2/+*&

=4/2GE&(.+&(&2/)),.-2(9-/.:&=4/2G&9<(9&(1*&:<(1*+&=*9?**.&9<*&#1+,-./&(.+&9<*&

2/81/2*::/1B&

()"#).&,,)#'()*%#)+'
%<*&aNU"H7H%&1*;-:9*1&(44/?:&9<*&#1+,-./&L/1&/9<*1&</:9&)-21/2/.91/44*1M&9/&:9/8&

(.+&:9(19&9<*&aN&2/81/2*::/1B&&Z1-9-.;&ICIN&9/&9<-:&1*;-:9*1&<(49:&(.+&1*:*9:&9<*&

2/81/2*::/1E&?<-4*&ICII&1*4*(:*:&9<*&2/81/2*::/1B&&$/44/?-.;&(&1*:*9E&9<*&aN&=*;-.:&

*C*2,9-.;&2/+*&:9(19-.;&(9&aNUYg!HE&ICJ\II&LNNIIW&+*2-)(4MB&&%<*&1*)(-.-.;&:*A*.&

=-9:&/0&9<*&1*;-:9*1&(1*&,.,:*+&(.+&:</,4+&=*&:*9&9/&I&0/1&2/)8(9-=-4-9@B&

&

2.34&(ME+(SELCD!D2(C&G$'%&#(
7@)=/4& & #++1*::& h*.;9<& Y/.9*.9:& !*0(,49&&

& & L<*CM& L+*2M& L<*CM& L+*2M&   
J1_RESET& RW 0x2809& 10249& 0x1& 1& X X X X X X X R0 0x0000 
"IQ&Y/81/2*::/1&2/.91/4Q&Nd1,.E&Id<(49&(.+&1*:*9B&

()"#).&,,)#'<$.#).)6&'
aNUYg!HE&(&JKPO=@9*&=4/2G&/0&'()*+,-./&"#3&01/)&ICJ\IIOICJ\$$&L+*2-)(4&

NNIIW&9<1/,;<&NNJP6M&-:&:*9&(:-+*&0/1&aN&-.:91,29-/.:B&&%<-:&-:&9<*&/.4@&(1*(&/0&

)*)/1@&9<(9&9<*&aN&2(.&,:*&9/&0*92<&-.:91,29-/.:B&&aN&-.:91,29-/.:&(1*&NPO=-9&?/1+:E&

:/&aNUYg!H&2(.&2/.9(-.&/.4@&NJW&-.:91,29-/.:B&X/?*A*1&9<*&2/81/2*::/1&2(.&1*(+&

(.+&?1-9*&+(9(&01/)&(.@&4/2(9-/.&-.&9<*&'()*+,-./&(++1*::&:8(2*E&:/&24*A*1&

81/;1():&2(.&2/8@&/A*14(@:&01/)&/9<*1&(1*(:&/0&9<*&aN&(++1*::&:8(2*&-.9/&aNUYg!HB&&

k.,:*+&:81-9*&=-9)(8&)*)/1@&-.&9<*&NP&G=@9*&"#3U7V"T3'&=4/2G&-:&(&;//+&84(2*&9/&

4/2(9*&aN&/A*14(@:B&&

&

2.34&(M5+(SEL7:RD(/&-0#1(/."(
7@)=/4& & #++1*::& h*.;9<& Y/.9*.9:& !*0(,49&&

& & L<*CM& L+*2M& L<*CM& L+*2M&   
J1_CODE& RW 0x2B00& 11008& 0x0100& 256& NJW&JO=@9*&aN&-.:91,29-/.: 128 ! 0x0000 

()"#).&,,)#'()009*$.1%$)*,'=+).>'
#.&/9<*1?-:*O,.,:*+&5WO=@9*&=4/2G&/0&"#3&-:&:*9&(:-+*&0/1&,:*&(:&(&-.9*1O81/2*::/1&

2/)),.-2(9-/.:&(1*(&:/&9<(9&#1+,-./&(.+&aN&2/+*&2(.&*C2<(.;*&+(9(B&&%<*&=4/2G&-:&

4(=*4*+&Yg33&(.+&1,.:&01/)&ICJWRI&9/&ICJW\$&LNI6W5&9/&NI56N&+*2-)(4MB&&%<*1*&
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& K5&

-:&./&:9(.+(1+&:91,29,1*&9/&Yg33&_&-9&-:&01**&9/&=*&+*0-.*+&=@&,:*1&81/;1():E&(.+&

)(@&-.24,+*&+(9(&9<(9&-:&:<(1*+&=*9?**.&9<*&#1+,-./&:G*92<&(.+&9<*&aN&2/+*E&/1&

81-A(9*&+(9(&:91,29,1*:&)(.-8,4(9*+&=@&9<*&aNB&&X/?*A*1E&5W&=@9*:&-:&./9&(&4/9&/0&

:8(2*&0/1&+(9(&:91,29,1*:B&&k.,:*+&:81-9*&=-9)(8&)*)/1@&-.&9<*&NPOG=@9*&

"#3U7V"T3'&=4/2G&-:&(&;//+&84(2*&9/&4/2(9*&4(1;*&+(9(&:91,29,1*:&9<(9&+/.D9&0-9&-.9/&

Yg33B&

&

2.34&(M@+(7://(/&-0#1(/."(
7@)=/4& & #++1*::& h*.;9<& Y/.9*.9:& !*0(,49&&

& & L<*CM& L+*2M& L<*CM& L+*2M&   
COMM& RW 0x2890& 10384& 0x30& 48& 5W&=@9*:&:<(1*+&)*)/1@ 0x00 

()"#).&,,)#?8*+@';&2$,%&#,'
#&0*?&'()*+,-./&1*;-:9*1:&(1*&/.4@&(A(-4(=4*&9/&aN&81/;1():&_&9<*@&2(../9&=*&1*(+&

/1&?1-99*.&=@&9<*&</:9&)-21/2/.91/44*1&A-(&9<*&7VT&-.9*10(2*B&&\*2(,:*&9<*@&(1*&:/&

9-;<94@&9-*+&9/&9<*&aN&2/81/2*::/1E&9<*:*&1*;-:9*1:&2(.&(4:/&=*&1*(+&(.+&?1-99*.&A-(&(&

NPO=-9&+(9(&8(9<E&:/&9<(9&4/(+&(.+&:9/1*&-.:91,29-/.:&?1-9*&*.9-1*&?/1+:&L1(9<*1&9<(.&

?1-9-.;&>,:9&/.*&=@9*E&(:&-:&9<*&2(:*&?-9<&4/(+:&/1&:9/1*:&9/&/1+-.(1@&'()*+,-./&

1*;-:9*1:MB&

&

7Q##&*%(C.'%&#()$*&+(%<-:&-:&(&1*(+O/.4@&2/,.9*1&9<(9&-.21*)*.9:&(:&9<*&:21**.&
+-:84(@&-:&;*.*1(9*+B&&%<*&1*;-:9*1&-:&-.21*)*.9*+&-))*+-(9*4@&(09*1&9<*&4(:9&8-C*4&/0&

9<*&4-.*&-:&2/)8/:-9*+E&:/&2<(.;*:&-.&`hTeH&2(.&=*&,:*+&9/&+*9*29&?<*.&-9&-:&:(0*&9/&

)/+-0@&/.O:21**.&/=>*29:&(.+&2/.91/4&1*;-:9*1:&?-9</,9&2(,:-.;&A-:,(4&;4-92<*:B&&aN&

2/+*&<(:&(9&4*(:9&5K&2@24*:&4/.;E&(.+&,8&9/&NP[[&2@24*:E&=*0/1*&2/)8/:-9-/.&/0&9<*&

.*C9&1(:9*1&4-.*&=*;-.:B&%<*&9-)*&9(G*.&+*8*.+:&/.&9<*&.,)=*1&/0&:81-9*:&9<(9&),:9&

=*&2/)8/:-9*+&/.9/&9<*&4-.*Q&9<*&)-.-),)&9-)*&/0&5K&2@24*:&2/11*:8/.+:&9/&9<*&

)(C-),)&/0&RP&:81-9*:&8*1&4-.*B&"(:9*1&4-.*&I&-:&9<*&9/8O)/:9&A-:-=4*&4-.*&/0&9<*&

+-:84(@E&(.+&4-.*&JRR&-:&9<*&=/99/)O)/:9&A-:-=4*&4-.*B&Z(-9-.;&0/1&`hTeHoJRR&?-44&

+*9*29&9<*&:9(19&/0&A*19-2(4&=4(.G-.;B&&X/?*A*1E&`hTeH&-:&,.+*0-.*+&+,1-.;&A*19-2(4&

=4(.G-.;E&(.+&)(@&9(G*&/.&,.81*+-29(=4*&A(4,*:E&:/&`hTeH&+(9(&2(.&=*&,:*+&9/&

*:9-)(9*&9<*&()/,.9&/0&9-)*&4*09&-.&9<*&A*19-2(4&=4(.G-.;&-.9*1A(4B&&

&

2.34&(MM+(T)FUD(C&G$'%&#(
7@)=/4& & #++1*::& h*.;9<& "*;-:9*1&Y/.9*.9:&

& & L<*CM& L+*2M& L<*CM& L+*2M&  
YLINE& R  0x8000& 32768& 0x2& 2& X X X X X X X Y8Y7Y6Y5Y4Y3Y2Y1Y0 
`I_`WQ&Y,11*.9&1(:9*1&4-.*E&ICIIII&9/&ICN5Y&LI&9/&66JMB&

&

O=VK(F7K=(=0#%+&#&:*9&/0&P&1*;-:9*1:&9<(9&(44/?&aN&81/;1():&9/&+-1*294@&(22*::&9<*&
-.9*1.(4&2/.0-;,1(9-/.&(22*::&8/19&LTY#VM&/0&9<*&^-4-.C&0-*4+O81/;1())(=4*&;(9*&

(11(@&L$V'#M&,:*+&9/&-)84*)*.9&9<*&'()*+,-./B&%<*&TY#V&8/19&-:&./9&./1)(44@&,:*+&

0/1&;()*&81/;1())-.;E&(.+&,:*&/0&9<*:*&1*;-:9*1:&2/,4+&(49*1&9<*&'()*+,-./D:&

/8*1(9-/.B&&Y/.:,49&9<*&^-4-.C&k:*1&',-+*&0/1&+*9(-4:&/.&</?&9/&,:*&9<-:&8/19B&&%<*&

)(.,(4&2(.&=*&0/,.+&/.&9<*&^-4-.C&:-9*&(9Q&

<998Qbb???BC-4-.CB2/)b:,88/19b+/2,)*.9(9-/.b,:*1U;,-+*:b,;66JB8+0&&
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&

2.34&(MI+(O=VK(F7K=(C&G$'%&#'(
7@)=/4& & #++1*::& h*.;9<& "*;-:9*1&Y/.9*.9:&

& & L<*CM& L+*2M& L<*CM& L+*2M&  
ICAP_O& R  0x8002& 32770& 0x2& 2& X X X X X X X X O7O6O5O4O3O2O1O0 
ICAP  W 0x8006 32774 0x2 2 X X X X X W0 E0 C0 I7I6I5I4I3I2I1I0 
gI_g[Q&TY#V&/,98,9&=@9*E&ICIIOIC$$&LI&9/&JKK&+*2-)(4MB&

TI_T[Q&TY#V&-.8,9&=@9*E&ICIIOIC$$&LI&9/&JKK&+*2-)(4MB&

ZIQ&TY#V&?1-9*&*.(=4*E&Id?1-9*&(.+&Nd1*(+B&

HIQ&TY#V&:*4*29&L2<-8&*.(=4*MQ&Id*.(=4*&(.+&Nd+-:(=4*B&

YIQ&TY#V&-.9*10(2*&24/2GB&

&

=#0G#.--.34&(O#&WQ&*A1(V&*&#.%0#+&#&81/;1())(=4*&01*F,*.2@&;*.*1(9/1&-:&
(A(-4(=4*&9/&9<*&aN&2/81/2*::/1&,:-.;&9<*&$"HpXq&(.+&$"Hp%TYc&1*;-:9*1:B&&%<*&

$"HpXq&1*;-:9*1&:*9:&9<*&+*:-1*+&01*F,*.2@E&01/)&NXS&LICIIINM&9/&PKEK6KXS&

LIC$$$$M]&WIIIXS&LICN$5IM&-:&9<*&+*0(,49B&%<*&$"Hp%TYc&1*;-:9*1&-.21*)*.9:&=@&

/.*&(9&9<*&:8*2-0-*+&01*F,*.2@E&(44/?-.;&9<*&aN&9/&2/,.9&(9&(&81*2-:*&1(9*B&%<*1*&-:&./&

?(@&9/&:*9&/1&1*:*9&$"Hp%TYcE&-9&)*1*4@&2/,.9:&,8&(9&9<*&:8*2-0-*+&1(9*B&&Z<*.&

$"Hp%TYc&1*(2<*:&IC$$E&-9&1/44:&/A*1&9/&ICII&9<*&.*C9&9-)*&-9&-.21*)*.9:B&7*99-.;&

$"HpXq&9/&ICIIII&81/;1():&IXS&(.+&:9/8:&-.21*)*.9-.;&$"Hp%TYcB&

&

2.34&(MJ+(OCDXYZ(.*9(OCDX2F7[(C&G$'%&#'(
7@)=/4& & #++1*::& h*.;9<& "*;-:9*1&Y/.9*.9:& !*0(,49&

& & L<*CM& L+*2M& L<*CM& L+*2M&   

FREQHZ&  W 0x800A& 32778& 0x2& 2& $1*F,*.2@&:*99-.;E&NXS&9/&PKK6KXS ICN$5I&

FREQTICK R 0x800C 32780 0x1 1 Y/,.9*1&-.21*)*.9:&(9&YhgYcXq& ICII&

(
=$*(5(70*%#04+&%?/&2/81/2*::/1O/.4@&1*;-:9*1:E&-.&2/)=-.(9-/.&?-9<&9<*&:<(1+&
Tg3g!H&1*;-:9*1E&2/.91/4&8-.&J&/0&9<*&'()*+,-./D:&#1+,-./&<(1+?(1*&-.9*10(2*B&&%<*&

:<(1*+&Tg3g!H&1*;-:9*1&-:&,:*+&9/&(::-;.&8-.&J&9/&/.*&/0&9?/&0,.29-/.:E&/1&9/&+-:(=4*&

-9&*.9-1*4@B&&Z<*.&Tg3g!H&-:&:*9&9/&IC5#&L+*2-)(4&[5&/1&#7YTT&rasME&9<*&8-.&-:&

2/.91/44*+&=@&9<*&2/81/2*::/1O/.4@&VJUi&(.+&VJU!T"&1*;-:9*1:B&

&

2.34&(MN+(=5(F\:(C&G$'%&#'(
7@)=/4& & #++1*::& h*.;9<& "*;-:9*1&Y/.9*.9:&

& & L<*CM& L+*2M& L<*CM& L+*2M&  
P2_V& RW 0x800E& 32782& 0x2& 2& X X X X X X X X X X X X X X X V0 
P2_DIR R 0x8010 32784 0x2 2 X X X X X X X X X X X X X X X D0 
iIQ&#1+,-./&-.9*10(2*&8-.&J&A(4,*E&Id4/?&(.+&Nd<-;<B&

!IQ&V-.&J&+-1*29-/.E&Id/,98,9E&Nd-.8,9B&

&

Z<*.&,:*+&(:&(.&/,98,9E&aN&2/+*&1,..-.;&/.&9<*&'()*+,-./&2(.&:-;.(4&9<*&</:9&

)-21/2/.91/44*1&/.&8-.&J&/0&9<*&-.9*10(2*B&&%<-:&-:&(&+-;-9(4&8-.&/.&#1+,-./&=/(1+:E&

(.+&-9&2(.&=*&,:*+&(:&(.&-.9*11,89B&&aN&2/+*&/.&9<*&'()*+,-./&2(.&,:*&9<-:&-.9*11,89&

9/&91-;;*1&#1+,-./&2/+*&9<(9&),:9&1,.&:@.2<1/./,:4@&?-9<&9<*&'()+,-./&:9(9*B&&$/1&

*C()84*E&9<*&aN&2(.&91-;;*1&(.&-.9*11,89&?<*.&A*19-2(4&=4(.G-.;&-:&+*9*29*+E&(.+&9<*&

#1+-,./D:&-.9*11,89&:*1A-2*&1/,9-.*&2(.&,8+(9*&/.O:21**.&/=>*29:&?-9</,9&2(,:-.;&

A-:,(4&;4-92<*:&-.&9<*&A-+*/&/,98,9B&

&
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Z<*.&,:*+&(:&(.&-.8,9E&8-.&J&2(.&*-9<*1&=*&2/..*29*+&+-1*294@&9/&(&+-;-9(4&:-;.(4&9<(9&

9<*&aN&2/+*&)/.-9/1:E&/1&-9&2(.&=*&,:*+&(:&(.&(49*1.(9*&:-;.(4-.;&8(9<&=*9?**.&9<*&

</:9&)-21/2/.91/44*1&(.+&9<*&'()*+,-./B&&%<*&aN&81/2*::/1&+/*:.D9&:,88/19&

-.9*11,89:E&:/&2/+*&9<(9&)/.-9/1:&8-.&J&?-44&.**+&9/&8/44&9<*&:9(9*&/0&9<*&8-.&9/&+*9*29&

:-;.(4:B&

&

C.*90-(UQ-3&#+&%<*&aN&2(.&(22*::&(&<-;<OF,(4-9@&1(.+/)&.,)=*1&;*.*1(9/1&A-(&
9<*&"#e!g3&1*;-:9*1B&&%<*&A(4,*&-.&9<-:&1*(+O/.4@&1*;-:9*1&-:&=(:*+&/.&9<*&

'()*+,-./D:&=,-49O-.&?<-9*&./-:*&;*.*1(9/1B&&%<*&<(1+?(1*&2/.9-.,/,:4@&,8+(9*:&

9<-:&A(4,*&:/&9<(9&*A*1@&9-)*&-9&-:&1*(+E&9<*&1*;-:9*1&81/+,2*:&(&.*?&1(.+/)&A(4,*B&

&

2.34&(M6+(CKUR:/(C&G$'%&#(
7@)=/4& & #++1*::& h*.;9<& "*;-:9*1&Y/.9*.9:&

& & L<*CM& L+*2M& L<*CM& L+*2M&  
RANDOM& R  0x8012& 32786& 0x2& 2& NPO=-9&1(.+/)&.,)=*1  

&

740A]+&#&24/2G&2@24*&2/,.9*1&-:&(A(-4(=4*&-.&9<*&YhgYc&1*;-:9*1B&&%<-:&1*;-:9*1&2/,.9:&
9<*&.,)=*1&/0&KI3XS&aN&24/2G&2@24*:&:-.2*&9<*&'()*+,-./&?(:&1*:*9B&&Z<*.&9<*&

2/,.9&1*(2<*:&IC$$$$&LPKK6K&+*2-)(4M&-9&?1(8:&(1/,.+&9/&ICIIIIB&

&

2.34&(M<+(7):7[(C&G$'%&#(
7@)=/4& & #++1*::& h*.;9<& "*;-:9*1&Y/.9*.9:&

& & L<*CM& L+*2M& L<*CM& L+*2M&  
CLOCK& R  0x8014& 32788& 0x2& 2& Y4/2G&2@24*&2/,.9E&ICIIII&9/&IC$$$$ 

&

!=F(O4.'^(/&-0#1+&Z<*.&9<*&:<(1*+&Tg3g!H&1*;-:9*1&-:&:*9&9/&IC5P&L+*2-)(4&[I&/1&
#7YTT&r$sME&9<*&aN&YVk&2(.&,:*&9<*&$h#7X&1*;-:9*1:&9/&(22*::&9<*&'()*+,-./D:&

/.=/(1+&04(:<&)*)/1@B&&\@&+-1*294@&)(.-8,4(9-.;&(&0/,1O4-.*&=,:E&9<*&aN&2(.&-.-9-(9*&

7VT&91(.:(29-/.:&9/&1*(+&/1&?1-9*&)*)/1@&4/2(9-/.:&,.+*1&81/;1()&2/.91/4B&

%<-:&)*)/1@&:9/1*:&2/.0-;,1(9-/.&+(9(&9<(9&-:&4/(+*+&-.9/&9<*&^-4-.C&$V'#&(9&=//9O,8&

9-)*]&2<(.;-.;&+(9(&:9/1*+&-.&9<-:&)*)/1@&2/,4+&8*1)(.*.94@&(49*1&9<*&0,.29-/.-.;&

/0&9<*&'()*+,-./B&&

&

2.34&(I>+(O)K!Y(!=F(C&G$'%&#'(
7@)=/4& & #++1*::& h*.;9<& "*;-:9*1&Y/.9*.9:&

& & L<*CM& L+*2M& L<*CM& L+*2M&  
FLASH_MISO& R 0x8016& 32790& 0x2& 2& X X X X X X X X X X X X X X X O0 
FLASH_MOSI  W 0x8018 32792 0x2 2 X X X X X X X X X X X X X X X I0 
FLASH_SCK  W 0x801A 32794 0x2 2 X X X X X X X X X X X X X X X C0 
FLASH_SSEL  W 0x801C 32796 0x2 2 X X X X X X X X X X X X X X X S0 
gIQ&7VT&3T7g&L)(:9*1O-.b:4(A*O/,9M&4-.*&-.8,9E&Id4/?&(.+&Nd<-;<B&

TIQ&7VT&3g7T&L)(:9*1O/,9b:4(A*O-.M&:-;.(4&9/&/,98,9E&Id4/?&(.+&Nd<-;<B&

YIQ&7VT&7Yc&L:*1-(4&24/2GM&:-;.(4&9/&/,98,9E&Id4/?&(.+&Nd<-;<B&

7IQ&7VT&77Hh&L:4(A*&:*4*29E&(4:/&77&/1&7HhM&:-;.(4&9/&/,98,9E&Id4/?&(.+&Nd<-;<B&

89(:#50$%&5%,#&(3-.(;#*2#344$-2(
%<*&aN&-:&(&:9(2GO=(:*+&)-21/81/2*::/1&/89-)-S*+&9/&*C*2,9*&$/19<&2/+*]&-.&0(29&-9:&

-.:91,29-/.&:*9&-.24,+*:&JN&-.:91,29-/.:&9<(9&+-1*294@&-)84*)*.9&#e7&$/19<&?/1+:B&&
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%<*&4/;-2(4&(12<-9*29,1*&/0&9<*&81/2*::/1&-:&:</?.&-.&D##0#_(C&;&#&*A&('0Q#A&(*0%(
;0Q*9`B&&T9&-:&+*:-;.*+&9/&*C*2,9*&$/19<O4-G*&:9(2GO=(:*+&4(.;,(;*:E&(.+&9<*&)/:9&
81/)-.*.9&0*(9,1*:&/0&9<*&aN&(1*&-9:&9?/&:9(2G:Q&(&+(9(&:9(2G&9<(9&-:&,:*+&=@&#hk&

/8*1(9-/.:E&(.+&(&1*9,1.&:9(2G&9<(9&-:&81-)(1-4@&,:*+&9/&</4+&:,=1/,9-.*&1*9,1.&

(++1*::*:B&&H(2<&:9(2G&2(.&</4+&,8&9/&6J&*.91-*:E&*(2<&*.91@&2/.9(-.-.;&(&NPO=-9&

?/1+B&&#&0*?&:9(2G&*.91-*:&<(A*&:8*2-0-2&.()*:E&9<(9&(1*&,:*+&9/&+*:21-=*&aN&

/8*1(9-/.:Q&9<*&9/8&/0&9<*&+(9(&:9(2G&-:&%&L9/8&/0&:9(2GME&?<-4*&9<*&.*C9&-9*)&/.&9<*&

+(9(&:9(2G&-:&e&L.*C9&/.&:9(2GM]&9<*&9/8&/0&9<*&1*9,1.&:9(2G&-:&"&L1*9,1.&(++1*::MB&

&

%<*&=(:-2&:9(2G&/8*1(9-/.:&(1*&8,:<&(.+&8/8B&&&

• =Q'^+(V,:<-.;&(&A(4,*&/.9/&(&:9(2G&:(A*:&-9&0/1&4(9*1&,:*B&&Z<*.&?/1+:&(1*&
8,:<*+&/.9/&(&:9(2GE&9<*&.*?&+(9(&=*2/)*:&9<*&9/8&/0&9<*&:9(2GE&(.+&*(2<&

*4*)*.9&/0&9<*&:9(2G&)/A*:&+/?.B&&$/1&*C()84*E&?<*.&8,:<-.;&(&A(4,*&/.9/&9<*&

+(9(&:9(2GE&9<*&A(4,*&8,:<*+&=*2/)*:&9<*&.*?&%E&?<-4*&9<*&81*A-/,:&A(4,*&/0&%&

=*2/)*:&9<*&.*?&eE&(.+&:/&/.B&&&

• =0"+(V/88-.;&(.&*4*)*.9&01/)&9<*&:9(2G&-:&9<*&*C(29&1*A*1:*&/0&(&8,:<B&&V/88-.;&
(&A(4,*&1*)/A*:&-9&01/)&9<*&:9(2GE&(.+&9<*&1*:9&/0&9<*&*4*)*.9:&)/A*&,8B&&i(4,*:&

,:*+&-.&(&2/)8,9(9-/.&(1*&9@8-2(44@&8/88*+&81-/1&9/&2/)8,9-.;&9<*&1*:,49B&

%<*&aN&:9(2G:&(1*&0-.-9*E&(.+&2(.&/.4@&:9/1*&6J&*4*)*.9:E&=,9&9<*&aN&+/*:&./9&2<*2G&0/1&

/A*104/?&/1&,.+*104/?B&&T0&(&:9(2G&(41*(+@&2/.9(-.:&6J&*4*)*.9:E&8,:<-.;&(&.*?&

*4*)*.9&/.&9<*&:9(2G&?-44&./9&2(,:*&(.&*C2*89-/.]&-.:9*(+E&9<*&=/99/)O)/:9&*4*)*.9&

-:&+-:2(1+*+&9/&)(G*&1//)B&&V/88-.;&(&A(4,*&01/)&(.&*)89@&:9(2G&?-44&./9&2(,:*&(.&

*C2*89-/.]&9<*&A(4,*&/0&,.,:*+&:9(2G&*4*)*.9:&-:&,.+*0-.*+&(.+&)(@&=*&1(.+/)B&&

7-)-4(14@E&8*10/1)-.;&9?/O/8*1(.+&-.:91,29-/.:&/.&(&+(9(&:9(2G&2/.9(-.-.;&/.4@&/.*&

A(4,*&?-44&./9&1*:,49&-.&(.&*11/1E&=,9&9<*&1*:,49:&/0&9<*&2/)8,9(9-/.&(1*&,.+*0-.*+E&

(.+&?-44&4-G*4@&A(1@&+*8*.+-.;&/.&9<*&81*A-/,:&2/.9*.9:&/0&9<*&:9(2GB&&

&

%<*&aN&-.24,+*:&(.&#hk&9<(9&2(.&8*10/1)&NP&4/;-2(4&/8*1(9-/.:E&-.24,+-.;&(++-9-/.E&

),49-84-2(9-/.E&2/)8(1-:/.&(.+&=-9?-:*&4/;-2&/8*1(9-/.:B&&T.8,9:&9/&9<*&#hk&(1*&9<*&

A(4,*:&:9/1*+&-.&%&(.+&e&L0/1&=-.(1@&/8*1(9/1:ME&(.+&)(@&=*&8/88*+&01/)&9<*&:9(2G&

(09*1&,:*B&&"*:,49:&(1*&8,:<*+&=(2G&/.&9<*&+(9(&:9(2GB&&T.:91,29-/.:&(1*&(4:/&(A(-4(=4*&

9/&4/(+&(.+&:9/1*&9<*&+(9(&:9(2G&01/)&)*)/1@E&(.+&91(.:0*1&A(4,*:&=*9?**.&9<*&+(9(&

:9(2G&(.+&9<*&1*9,1.&:9(2GB&&#44&/8*1(9-/.:&(1*&8*10/1)*+&/.&NPO=-9&?/1+:E&0/1&(&

2/)8,9(9-/.(4&1(.;*&/0&I&9/&PKK6K&LICIIII&9/&IC$$$$MB&&7-;.*+&2/)8(1-:/.&

/8*1(9/1:&(1*&(A(-4(=4*E&(44/?-.;&:-;.*+&NPO=-9&-.9*;*1:&-.&9<*&1(.;*&O6J[P[&9/&

6J[P[&9/&=*&1*81*:*.9*+B&&\//4*(.&$#h7H&-:&1*81*:*.9*+&(:&ICIIIIE&(.+&?<-4*&(.@&

./.OS*1/&A(4,*&-:&%"kHE&ICIIIN&-:&,:*+&=@&2/.A*.9-/.B&

&

#49</,;<&9<*&aN&(12<-9*29,1*&4/;-2(44@&:,88/19:&(&NPO=-9&81/;1()&2/,.9*1&LVYME&9<*&

'()*+,-./&-)84*)*.9(9-/.&-:&4-)-9*+&9/&0*92<-.;&-.:91,29-/.:&01/)&9<*&JKP&=@9*:&/0&

"#3&(9&aNUYg!HB&&aN&-.:91,29-/.:&(1*&(4?(@:&JO=@9*&?/1+:E&:/&-.&*00*29&9<*&4*(:9O

:-;.-0-2(.9&=-9&(.+&9<*&)/:9&:-;.-0-2(.9&=@9*&/0&9<*&aN&VY&(1*&<(1+&2/+*+&9/&I&(.+&

ICJ\&L+*2-)(4&56M&1*:8*29-A*4@B&&%<*&aN&-)84*)*.9:&(&2/.+-9-/.(4&=1(.2<&/.&%dIE&(.&

,.2/.+-9-/.(4&=1(.2<E&(:&?*44&(:&(.&,.2/.+-9-/.(4&:,=1/,9-.*&2(44B&&7,=1/,9-.*&2(44&

-.:91,29-/.:&8,:<&9<*&81/;1()&2/,.9*1&/.9/&9<*&1*9,1.&:9(2GB&&g.*&,.-F,*&0*(9,1*&/0&



!"#$%&'()*+,-./&"*0*1*.2*&3(.,(4&

& KW&

9<*&aN&-:&9<(9&:,=1/,9-.*&1*9,1.:&9@8-2(44@&+/&./9&1*F,-1*&(.&-.:91,29-/.E&=*2(,:*&(.@&

#hk&-.:91,29-/.&2(.&=*&2/+*+&9/&(4:/&8*10/1)&(&:,=1/,9-.*&1*9,1.B&&%/;*9<*1&?-9<&

:/)*&/0&9<*&aND:&/9<*1&0*(9,1*:E&9<-:&*.(=4*:&:,181-:-.;4@&2/)8(29&2/+*&9/&=*&21*(9*+B&

&

\*2(,:*&9<*&'()*+,-./D:&(++1*::&:8(2*&-:&=@9*O/1-*.9*+E&4/(+&(.+&:9/1*&/8*1(9-/.:&

/.4@&91(.:0*1&/.*&=@9*&/0&+(9(E&+*:8-9*&9<*&0(29&9<(9&9<*&aN&-:&(&NPO=-9&YVkB&&i(4,*:&

4/(+*+&01/)&9<*&'()*+,-./&)*)/1@&/22,8@&9<*&4/?&W&=-9:&/0&(&aN&?/1+&?<-4*&9<*&

,88*1&=-9:&(1*&:*9&9/&S*1/B&&Z1-9*:&01/)&9<*&aN&9/&'()*+,-./&(++1*::&:8(2*&-;./1*&

9<*&<-;<&=@9*E&(.+&:9/1*&/.4@&9<*&4/?&=@9*B&&%<*&/.4@&*C2*89-/.&9/&9<-:&-:&?<*.&

(22*::-.;&9<*&2/81/2*::/1O/.4@&1*;-:9*1:E&

?<-2<&(1*&NP&=-9:&?-+*]&4/(+&(.+&:9/1*&

/8*1(9-/.:&9/&9<*:*&1*;-:9*1:&91(.:0*1&(.&

*.9-1*&?/1+B&&

A)#%B?=1,&6'C,,&0D+@'41*2912&'
%<*&:9(.+(1+&?(@&/0&81/;1())-.;&9<*&aN&-:&9/&

,:*&-9:&$/19<O=(:*+&(::*)=4@&4(.;,(;*B&#.&

(::*)=4*1&-:&81/A-+*+&(:&8(19&/0&9<*&

start-microcode example 
/ subroutine definitions go here 
: main 
  / main program code goes here 
  begin again 
; 
end-microcode 

!]&%A^(I+(SE(K''&-341(=#0G#.-(2&-"4.%&(

X X X X X X X X  X X X X X X X XT
X X X X X X X X  X X X X X X X XN
X X X X X X X X  X X X X X X X X

X X X X X X X X  X X X X X X X X

X X X X X X X X  X X X X X X X X

X X X X X X X X  X X X X X X X X

X X X X X X X X  X X X X X X X X

X X X X X X X X  X X X X X X X X

X X X X X X X X  X X X X X X X X

X X X X X X X X  X X X X X X X X

X X X X X X X X  X X X X X X X X

X X X X X X X X  X X X X X X X X

X X X X X X X X  X X X X X X X X

X X X X X X X X  X X X X X X X X

X X X X X X X X  X X X X X X X X

X X X X X X X X  X X X X X X X X

X X X X X X X X  X X X X X X X X

X X X X X X X X  X X X X X X X X

X X X X X X X X  X X X X X X X X

X X X X X X X X  X X X X X X X X

X X X X X X X X  X X X X X X X X

X X X X X X X X  X X X X X X X X

X X X X X X X X  X X X X X X X X

X X X X X X X X  X X X X X X X X

X X X X X X X X  X X X X X X X X

X X X X X X X X  X X X X X X X X

X X X X X X X X  X X X X X X X X

X X X X X X X X  X X X X X X X X

X X X X X X X X  X X X X X X X X

X X X X X X X X  X X X X X X X X

X X X X X X X X  X X X X X X X X

X X X X X X X X  X X X X X X X X

X X X X X X X X  X X X X X X X XR
X X X X X X X X  X X X X X X X X

X X X X X X X X  X X X X X X X X

X X X X X X X X  X X X X X X X X

X X X X X X X X  X X X X X X X X

X X X X X X X X  X X X X X X X X

X X X X X X X X  X X X X X X X X

X X X X X X X X  X X X X X X X X

X X X X X X X X  X X X X X X X X

X X X X X X X X  X X X X X X X X

X X X X X X X X  X X X X X X X X

X X X X X X X X  X X X X X X X X

X X X X X X X X  X X X X X X X X

X X X X X X X X  X X X X X X X X

X X X X X X X X  X X X X X X X X

X X X X X X X X  X X X X X X X X

X X X X X X X X  X X X X X X X X

X X X X X X X X  X X X X X X X X

X X X X X X X X  X X X X X X X X

X X X X X X X X  X X X X X X X X

X X X X X X X X  X X X X X X X X

X X X X X X X X  X X X X X X X X

X X X X X X X X  X X X X X X X X

X X X X X X X X  X X X X X X X X

X X X X X X X X  X X X X X X X X

X X X X X X X X  X X X X X X X X

X X X X X X X X  X X X X X X X X

X X X X X X X X  X X X X X X X X

X X X X X X X X  X X X X X X X X

X X X X X X X X  X X X X X X X X

X X X X X X X X  X X X X X X X X

X X X X X X X X  X X X X X X X X

Data Stack Return Stack

X X X X X X X X

X X X X X X X X

Gameduino Memory

0x0002
0x0003

X X X X X X X X0x27FE
X X X X X X X X0x27FF

......
X X X X X X X X0x2AFE

X X X X X X X X0x7FFE

......

X X X X X X X X0x2BFF

......

X X X X X X X X  X X X X X X X X0x8000

......

X X X X X X X X  X X X X X X X X0x801C

X X X X X X X X0x7FFF

X X X X X X X X0x2C00
X X X X X X X X0x2C01

X X X X X X X X0x2BFE

X X X X X X X X0x2AFF
X X X X X X X X0x2B00
X X X X X X X X0x2B01

......

X X X X X X X X0x2800
X X X X X X X X0x2801

......
X X X X X X X X0x283E
X X X X X X X X0x283F
X X X X X X X X0x2840
X X X X X X X X0x2841

X X X X X X X X  X X X X X X X X0x8002

X X X X X X X X  X X X X X X X X0x801A

J1
 C

op
ro

ce
ss

or
Co

de
 S

pa
ce

G
am

ed
ui

no
Re

gi
st

er
s

Co
pr

oc
es

so
r-O

nl
y

Re
gi

st
er

s

Ac
ce

ss
ib

le
 to

 A
rd

ui
no

 v
ia

 S
PI

 B
us

0x0001
0x0000

X X X X X X X X

X X X X X X X X

PC 1 0 1 0 1 1 0 0  A A A A A A A 0
ALU

O$GQ#&(M+(SE()0G$A.4(K#A^$%&A%Q#&(
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& KR&

'()*+,-./&2/81/2*::/1&:/09?(1*&+*A*4/8)*.9&G-9B&&#&A(4-+&aN&(::*)=4@&81/;1()&

),:9&2/.9(-.&(&:,=1/,9-.*&.()*+&r)(-.sE&?<-2<&?-44&=*&9<*&81-)(1@&*.91@&8/-.9&/0&

9<*&81/;1()B&&%<-:&1/,9-.*&),:9&./9&1*9,1.&9/&9<*&2(44*1&_&-9&:</,4+&*-9<*1&4//8&

-.+*0-.-9*4@&-9:*40E&/1&*.+&?-9<&(.&*)89@&-.0-.-9*&4//8&Lr=*;-.&(;(-.sMB&&g89-/.(44@E&9<*&

81/;1()&)(@&2/.9(-.&(++-9-/.(4&:,=1/,9-.*:&=*0/1*&)(-.B&&%<*&:<*44&/0&(&aN&

(::*)=4@&4(.;,(;*&81/;1()&-:&81*:*.9*+&(:&7G*92<&KQ&aN&#::*)=4@&V1/;1()&

%*)84(9*B&&#&:,))(1@&/0&9<*&aN&(::*)=4@&4(.;,(;*&-:&81/A-+*+&(:&%(=4*&KNQ&aN&

#::*)=4@&h(.;,(;*&7,))(1@B&

&

&

&

2.34&(IE+(SE(K''&-341().*GQ.G&(!Q--.#1(
F*'%#QA%$0*( =0"'( =Q'^&'( OQ*A%$0*(

#::*)=4*1&!-1*29-A*:&

start-microprogram symbol OOO& OOO& &

end-microprogram OOO& OOO& &

nnnnn constant symbol OOO& OOO& !*0-.*:&:@)=/4&

h-9*1(4&T.:91,29-/.:&

d# nnnnn OOO& .....& V,:<*:&2/.:9(.9&....&

h# hhhh OOO& <<<<& V,:<*:&2/.:9(.9&<<<<&

[char]c OOO& 2& V,:<*:&2/.:9(.9&2&

symbol OOO& A(4,*& V,:<*:&A(4,*&/0&:@)=/4&

#e7&$/19<&T.:91,29-/.:&

+ eE&%& el%& #++&

1- %& %ON& !*21*)*.9&

= eE&%& ed%& \-9?-:*&*F,(4-9@&

< eE&%& et%& k.:-;.*+&4*::O9<(.&

u< eE&%& et%& 7-;.*+&4*::O9<(.&

xor eE&%& e!%& \-9?-:*&*C24,:-A*&/1&

and eE&%& e"%& \-9?-:*&(.+&

or eE&%& e#%& \-9?-:*&/1&

invert %& u%& \-9?-:*&.*;(9-/.&

swap eE&%& %E&e& 7?(8:&%&(.+&e&

dup OOO& %& !,84-2(9*:&%&

drop %& OOO& !-:2(1+:&%&

over OOO& e& V,:<*:&(&2/8@&/0&e&

nip e& OOO& !-:2(1+:&e&L81*:*1A-.;&%M&

>r %& "& 3/A*:&%&9/&"&

r> "& %& 3/A*:&"&9/&%&

r@ OOO& "& V,:<*:&(&2/8@&/0&"&

rshift eE&%& eoo%& h/;-2(4&1-;<9&:<-09&

* eE&%& e&j&%& 3,49-84@&

#++-9-/.(4&T.:91,29-/.:&

swab %& %D& 7?(8&=@9*:&?-9<-.&%&

noop OOO& OOO& e/&/8*1(9-/.&

3,49-OZ/1+&#e7&$/19<&T.:91,29-/.:&

c@ %& v%w& h/(+&=@9*&(9&)*)/1@&(++1*::&%&

c! eE&%& OOO& 79/1*&e&9/&)*)/1@&(++1*::&%&
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& PI&

F*'%#QA%$0*( =0"'( =Q'^&'( OQ*A%$0*(
3*1;*+&T.:91,29-/.:&

2dup+ OOO& el%& /A*1&/A*1&l&

over+ %& el%& /A*1&l&

2dup= OOO& ed%& /A*1&/A*1&d&

over= %& ed%& /A*1&d&

2dup< OOO& et%& /A*1&/A*1&t&

over> %& eo%& /A*1&o&

2dupu< OOO& et%& /A*1&/A*1&,t&

overu> %& eo%& /A*1&,o&

2dupxor OOO& e!%& /A*1&/A*1&C/1&

overxor %& e!%& /A*1&C/1&

2dupand OOO& e"%& /A*1&/A*1&(.+&

overand %& e"%& /A*1&(.+&

2dupor OOO& e#%& /A*1&/A*1&/1&

overor %& e#%& /A*1&/1&

dup>r OOO& "& +,8&1o&

2duprshift OOO& eoo%& /A*1&/A*1&1:<-09&

2dup* OOO& e&j&%& /A*1&/A*1&x&

over* %& e&j&%& /A*1&x&

dupswab OOO& %D& +,8&:?(=&

dupc@ OOO& v%w& +,8&2y&

$4/?&Y/.91/4&

: symbol OOO& OOO& !*0-.*&:,=1/,9-.*&

; "& OOO& "*9,1.E&8/8&"&9/&VY&

;fallthru OOO& OOO& H.+&:,=1/,9-.*&?-9</,9&1*9,1.&

symbol & "& Y(44&:,=1/,9-.*E&8,:<&VY&9/&"&

if %& OOO& Y/.+-9-/.(4&=1(.2<&

else OOO& OOO& Y/.+-9-/.(4&=1(.2<&:*8(1(9/1&

then OOO& OOO& Y/.+-9-/.(4&=1(.2<&9*1)-.(9/1&

begin OOO& OO& \*;-.&4//8&

again OOO& OOO& "*9,1.&9/&r=*;-.sE&-.0-.-9*&4//8&

until  %& OOO& \/99/)O*C-9E&4//8&?<*.&0(4:*&

while %& OOO& 3-++4*O*C-9E&4//8&?<*.&91,*&

repeat OOO& OOO& "*9,1.&9/&r=*;-.s&

&

H(2<&:,=1/,9-.*&=*;-.:&?-9<&(&+*0-.-9-/.E&-.24,+*:&),49-84*&-.:91,29-/.:E&(.+&*.+:&

?-9<&(&1*9,1.B&&#&:,=1/,9-.*&+*0-.-9-/.&-:&(&2/4/.E&0/44/?*+&=@&9<*&.()*&/0&9<*&

:,=1/,9-.*&=*-.;&+*0-.*+B&$/19<&?/1+:&?-9<-.&*(2<&:,=1/,9-.*&(1*&(::*)=4*+&-.9/&aN&

-.:91,29-/.:E&(.+&(1*&*C*2,9*+&-.&9<*&/1+*1&9<(9&9<*@&(1*&*.2/,.9*1*+B&&!,*&9/&9<*&

aND:&:9(2GO/1-*.9*+&(12<-9*29,1*E&(1-9<)*9-2&-:&*C*2,9*+&-.&8/:90-C&0(:<-/.Q&81/;1():&

),:9&0-1:9&8,:<&9<*&(881/81-(9*&A(4,*:&/.9/&9<*&+(9(&:9(2G&81-/1&9/&2/+-.;&(1-9<)*9-2&

/1&4/;-2&-.:91,29-/.:&9<(9&?-44&/8*1(9*&/.&9<*)&$-.(44@E&9<*&:,=1/,9-.*&*.+:&?-9<&(&

:*)-2/4/.B&
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& PN&

E,$*2'%B&'FG'C,,&0D+&#'
%<*&aN&(::*)=4*1&-:&./9&-.9*;1(9*+&-.9/&9<*&#1+,-./&T!HB&&T.:9*(+E&(&:*8(1(9*&aN&

(::*)=4*1E&?1-99*.&-.&9<*&;0/19<&81/;1())-.;&4(.;,(;*E&-:&,:*+&9/&(::*)=4*&aN&2/+*&

-.9/&=-.(1@&0/1)(9B&&g.*&/0&9<*&/,98,9:&/0&9<*&aN&(::*)=4*1&-:&(&<*(+*1&0-4*&9<(9&2(.&=*&

-.24,+*+&-.9/&#1+,-./&:G*92<*:B&&%<*&<*(+*1&-.24,+*:&9<*&(::*)=4*+&aN&2/+*&(:&(.&

(11(@&/0&=@9*:&:9/1*+&-.&81/;1()&)*)/1@B&&

&

ttt9/O+/Q&-.:*19&+-1*29-/.:&0/1&(::*)=4-.;&81/;1():ooo&

&

FG'C,,&0D+@'41*2912&';&H&#&*.&'
aN&-.:91,29-/.:&-.24,+*&4-9*1(4:E&?<-2<&8,:<&A(4,*:&/.9/&9<*&+(9(&:9(2GE&#e7&$/19<&

-.:91,29-/.:&(.+&(++-9-/.(4&-.:91,29-/.:&9<(9&8*10/1)&(1-9<)*9-2E&4/;-2(4&(.+&+(9(&

/8*1(9-/.:E&(.+&04/?O2/.91/4&:9(9*)*.9:B&&%<*:*&-.:91,29-/.:&(1*&+*:21-=*+&-.&9<*&

9(=4*:&=*4/?B&

&

K''&-34&#(R$#&A%$a&'+&%<*&(::*)=4*1&:,88/19:&9<1**&+-1*29-A*:Q&:9(19O&(.+&*.+O&
+-1*29-A*:&0/1&)(1G-.;&9<*&=*;-..-.;&(.+&*.+&/0&aN&(::*)=4@&2/+*E&84,:&(.&(::*)=4*1&

2/.:9(.9&0(2-4-9@B&&%<*&+-1*29-A*:&(1*&:,))(1-S*+&-.&%(=4*&KJQ&aN&#::*)=4*1&

!-1*29-A*:E&=*4/?B&

&

2.34&(I5+(SE(K''&-34&#(R$#&A%$a&'(
T.:91,29-/.& & HC84(.(9-/.&

start-microprogram symbol !%.#%(=#0G#.-(
OQ*A%$0*+(3(1G:&9<*&:9(19&/0&(&aN&)-21/81/;1()&0/1&

9<*&(::*)=4*1B&

!1*%.B+(%<*&:9(19O)-21/81/;1()&+-1*29-A*&),:9&=*&
0/44/?*+&=@&(&A(4-+&(48<(.,)*1-2&:@)=/4B&&#44&

)-21/81/;1():&:</,4+&2/.9(-.&(&r)(-.s&

:,=1/,9-.*&2/.9(-.-.;&/.*&/1&)/1*&-.:91,29-/.:E&

(.+&24/:*&?-9<&9<*&r*.+O)-21/81/;1()s&+-1*29-A*B&&

3-21/81/;1():&)(@&/89-/.(44@&2/.9(-.&(++-9-/.(4&

:,=1/,9-.*&+*0-.-9-/.:B&

DB.-"4&+&start-microprogram example1 
end-microprogram D*9(=#0G#.-(

OQ*A%$0*+(3(1G:&9<*&*.+&/0&(&aN&)-21/81/;1()&9/&9<*&
(::*)=4*1B((

!1*%.B+(e/.*B&
DB.-"4&+&end-microprogram 



!"#$%&'()*+,-./&"*0*1*.2*&3(.,(4&

& PJ&

T.:91,29-/.& & HC84(.(9-/.&

nnnnn constant symbol R&;$*&(70*'%.*%(
OQ*A%$0*+(!*0-.*:&(.&(::*)=4*1&2/.:9(.9&.()*+&

!"#$%&'?-9<&9<*&A(4,*&(((((B&
!1*%.B+(%<*&r2/.:9(.9s&+-1*29-A*&),:9&=*&81*2*+*+&=@&

(&A(4-+&+*2-)(4&-.9*;*1E&(((((E&-.&9<*&1(.;*&I&9/&
PKK6KE&/1&(&81*81/2*:/1&+*0-.-9-/.&9<(9&*A(4,(9*:&

9/&(&+*2-)(4&-.9*;*1B&&T9&),:9&=*&0/44/?*+&=@&(&

A(4-+&:@)=/4E&9<*&.()*&/0&9<*&2/.:9(.9B&

DB.-"4&+&10386 constant fillchar 
& !*0-.*:&(.&(::*)=4*1&2/.:9(.9&.()*+&r0-442<(1s&

?-9<&9<*&A(4,*&NI6WP&LICJWRJMB 
&

&

)$%&#.4(F*'%#QA%$0*'+(#:&:</?.&-.&%(=4*&K6Q&aN&h-9*1(4&T.:91,29-/.:E&(&A(1-*9@&/0&
4-9*1(4&A(4,*:&2(.&=*&8,:<*+&/.9/&9<*&aND:&:9(2GB&&&h-9*1(4:&2(.&-.24,+*&NPO=-9&A(4,*:E&

(.+&(1*&(::*)=4*+&-.9/&/.*&/1&9?/&-.:91,29-/.:B&&#&:-.;4*&-.:91,29-/.&-:&,:*+&0/1&

A(4,*:&/0&I&9<1/,;<&6J[P[&LICIII&9<1/,;<&IC[$$$ME&?<-4*&9?/&-.:91,29-/.:&(1*&

.**+*+&0/1&A(4,*:&/0&6J[PW&9<1/,;<&PKK6K&LICWIII&9<1/,;<&IC$$$$MB&

&

2.34&(I@+(SE()$%&#.4(F*'%#QA%$0*'(
T.:91,29-/.& &HC84(.(9-/.&

d# nnnnn R&A$-.4(UQ-3&#+(*****(! (2(
OQ*A%$0*+(V,:<*:&(&+*2-)(4&4-9*1(4&/.9/&9<*&+(9(&:9(2GB&&
!1*%.B+(%<*&r+zs&+-1*29-A*&),:9&=*&0/44/?*+&=@&(&A(4-+&+*2-)(4&-.9*;*1E&

(((((E&-.&9<*&1(.;*&I&9/&PKK6KB&
U0%&+&#::*)=4*:&9/&(&:-.;4*&-.:91,29-/.&0/1&A(4,*:&-.&9<*&1(.;*&I&9/&6J[P[]&

9?/&-.:91,29-/.:&(.+&9?/&aN&YVk&2@24*:&(1*&1*F,-1*+&0/1&A(4,*:&-.&9<*&

1(.;*&6J[PW&9/&PKK6KB&

DB.-"4&+&d# 128 
& ICIIWI&!&%&

h# hhhh Y&B.9&A$-.4(UQ-3&#+(>B^^^^(! (2(
OQ*A%$0*+(V,:<*:&(&<*C(+*2-)(4&4-9*1(4&/.9/&9<*&+(9(&:9(2GB&&
!1*%.B+(%<*&r<zs&+-1*29-A*&),:9&=*&0/44/?*+&=@&(&A(4-+&<*C(+*2-)(4&

-.9*;*1E&))))E&-.&9<*&1(.;*&ICIIII&9/&IC$$$$B&
U0%&+&#::*)=4*:&9/&(&:-.;4*&-.:91,29-/.&0/1&A(4,*:&-.&9<*&1(.;*&ICIIII&9/&

IC[$$$]&9?/&-.:91,29-/.:&(.+&9?/&aN&YVk&2@24*:&(1*&1*F,-1*+&0/1&

A(4,*:&-.&9<*&1(.;*&ICWIII&9/&IC$$$$B&

DB.-"4&+&h# 2B80 
& ICJ\WI&!&% 

[char]c 7^.#.A%&#+(A(! (2(
OQ*A%$0*+(V,:<*:&(&/.*O=@9*&2<(1(29*1&4-9*1(4E&2E&/.9/&9<*&+(9(&:9(2GB&
!1*%.B+(%<*&rv2<(1ws&+-1*29-A*&),:9&=*&0/44/?*+&=@&(&:-.;4*&/.*O=@9*&

2<(1(29*1E&*B&
DB.-"4&+&[char] Z 
& ICIIK#&!&% 



!"#$%&'()*+,-./&"*0*1*.2*&3(.,(4&

& P6&

T.:91,29-/.& &HC84(.(9-/.&

symbol F*'&#%(70*'%.*%(
OQ*A%$0*+(T.:*19:&9<*&.()*+&(::*)=4*1&2/.:9(.9&(:&(&4-9*1(4]&0,.29-/.(44@&

*F,-A(4*.9&9/&9<*&r+zs&+-1*29-A*&(=/A*B&&&

!1*%.B+(r!"#$%&+'-:&9<*&.()*&/0&(.@&+*0-.*+&(::*)=4*1&2/.:9(.9B&&#.&
(::*)=4*1&*11/1&-:&1*9,1.*+&-0&9<*&.()*&-:&-.A(4-+&/1&,.+*0-.*+B&&

(DB.-"4&+ fillchar 
& ICJWRJ&!&%&

&

KU!(O0#%^(F*'%#QA%$0*'+(%<*&0/44/?-.;&$/19<&81-)-9-A*:&(1*&(::*)=4*+&(:&:-.;4*&
-.:91,29-/.:B&&$/1&9<*&*C()84*:E&./9*&9<(9&4-9*1(4&-.:91,29-/.:&(1*&,:*+&9/&4/(+&9<*&

+(9(&:9(2GE&:/&%dICIIJR&(.+&-0&.**+*+&edICIII6&L+*2-)(4&5N&(.+&6&1*:8*29-A*4@MB&&

#::,)*&9<(9&'()*+,-./&)*)/1@&4/2(9-/.:&-.&"#3UVTY&L-.24,+-.;&=/9<&ICIIJR&(.+&

ICIII6M&2/.9(-.&(.&#7YTT&=4(.G:&LICJIE&+*2-)(4&6JMB&

&

2.34&(IM+(SE(KU!(O0#%^(F*'%#QA%$0*'(
T.:91,29-/.& &HC84(.(9-/.&

+ =4Q'+(U(b(2(! (2((
OQ*A%$0*+(V/8:&9?/&A(4,*:&Le&(.+&%M&01/)&9<*&+(9(&:9(2G&(.+&8,:<*:&9<*&

:,)&el%&/.9/&9<*&+(9(&:9(2GE&1*+,2-.;&9<*&.*9&:9(2G&+*89<&=@&/.*B&&

!1*%.B+(%<*&rls&/8*1(9/1&1*F,-1*:&9?/&/8*1(.+:&/.&9<*&+(9(&:9(2GB&
#1-9<)*9-2&/A*104/?&+/*:&./9&2(,:*&(.&*C2*89-/.]&-.:9*(+E&9<*&2(11@&

=-9&L)/:9&:-;.-0-2(.9&=-9M&/0&9<*&1*:,49&-:&+-:2(1+*+B&&&

DB.-"4&+&d# 3 h# 0029 + 
& edICIII6&l&%dICIIJR&d&ICIIJY&!&%&

1- R&A#&-&*%+(cc2(! (2(
OQ*A%$0*+(7,=91(29:&/.*&01/)&%]&+/*:&./9&2<(.;*&9<*&:9(2G&+*89<B&
!1*%.B+(%<*&rNOr&/8*1(9/1&1*F,-1*:&/.*&/8*1(.+&/.&9<*&+(9(&:9(2GB&

#1-9<)*9-2&,.+*104/?&+/*:&./9&2(,:*&(.&*C2*89-/.]&+*21*)*.9-.;&

ICIIII&1*:,49:&-.&IC$$$$B&

DB.-"4&+&h# 0029 1- 
& %dICIIJR&_&N&d&ICIIJW&!&% 

= DWQ.4'+(U(dd(2(! (2((
OQ*A%$0*+(V/8:&9?/&A(4,*:&Le&(.+&%M&01/)&9<*&+(9(&:9(2G&(.+&8,:<*:&(&

\//4*(.&04(;&/.9/&9<*&:9(2GE&1*+,2-.;&9<*&.*9&:9(2G&+*89<&=@&/.*B&&%<*&

04(;&-:&91,*&LICIIINM&-0&%&(.+&e&(1*&=-9O0/1O=-9&-+*.9-2(4E&/1&0(4:*&

LICIIIIM&/9<*1?-:*B&&

!1*%.B+(%<*&rds&/8*1(9/1&1*F,-1*:&9?/&/8*1(.+:&/.&9<*&+(9(&:9(2GB&
DB.-"4&+&d# 3 h# 0029 = 
& edICIII6&dd&%dICIIJR&d&ICIIII&!&% 

< )&''(2^.*+(U(e(2(! (2((
OQ*A%$0*+(V/8:&9?/&A(4,*:&Le&(.+&%M&01/)&9<*&+(9(&:9(2G&(.+&8,:<*:&(&

\//4*(.&04(;&/.9/&9<*&:9(2GE&1*+,2-.;&9<*&.*9&:9(2G&+*89<&=@&/.*B&&%<*&

04(;&-:&91,*&LICIIINM&-0&e&t&%&?<*.&e&(.+&%&(1*&91*(9*+&(:&:-;.*+&9?/D:&

2/)84*)*.9&NPO=-9&-.9*;*1:E&/1&0(4:*&LICIIIIM&/9<*1?-:*B&&

!1*%.B+(%<*&rts&/8*1(9/1&1*F,-1*:&9?/&/8*1(.+:&/.&9<*&+(9(&:9(2GB&&
DB.-"4&+&d# 3 h# 0029 < 
& edICIII6&t&%dICIIJR&d&ICIIIN&!&% 



!"#$%&'()*+,-./&"*0*1*.2*&3(.,(4&

& P5&

T.:91,29-/.& &HC84(.(9-/.&

u< f*'$G*&9()&''(2^.*+(U(e(2(! (2((
OQ*A%$0*+(V/8:&9?/&A(4,*:&Le&(.+&%M&01/)&9<*&+(9(&:9(2G&(.+&8,:<*:&(&

\//4*(.&04(;&/.9/&9<*&:9(2GE&1*+,2-.;&9<*&.*9&:9(2G&+*89<&=@&/.*B&&%<*&

04(;&-:&91,*&LICIIINM&-0&e&t&%&?<*.&e&(.+&%&(1*&91*(9*+&(:&,.:-;.*+&

NPO=-9&-.9*;*1:E&/1&0(4:*&LICIIIIM&/9<*1?-:*B&&

!1*%.B+(%<*&r,ts&/8*1(9/1&1*F,-1*:&9?/&/8*1(.+:&/.&9<*&+(9(&:9(2GB&
DB.-"4&+&d# 3 h# 0029 u< 
& edICIII6&t&%dICIIJR&d&ICIIIN&!&% 

xor DBA4Q'$a&(:#+(U(! (2(! (2((
OQ*A%$0*+(V/8:&9?/&A(4,*:&Le&(.+&%M&01/)&9<*&+(9(&:9(2G&(.+&8,:<*:&9<*&

1*:,49&/0&(&=-9O=@O=-9&*C24,:-A*O/1&=*9?**.&e&(.+&%&/.9/&9<*&:9(2GE&

1*+,2-.;&9<*&.*9&:9(2G&+*89<&=@&/.*B&

!1*%.B+(%<*&rC/1s&/8*1(9/1&1*F,-1*:&9?/&/8*1(.+:&/.&9<*&+(9(&:9(2GB&&
DB.-"4&+&d# 3 h# 0029 xor 
& edICIII6&!&%dICIIJR&d&ICIIJ#&!&% 

and K*9+(U(" (2(! (2((
OQ*A%$0*+(V/8:&9?/&A(4,*:&Le&(.+&%M&01/)&9<*&+(9(&:9(2G&(.+&8,:<*:&9<*&

1*:,49&/0&(&=-9O=@O=-9&(.+&=*9?**.&e&(.+&%&/.9/&9<*&:9(2GE&1*+,2-.;&9<*&

.*9&:9(2G&+*89<&=@&/.*B&

!1*%.B+(%<*&r(.+s&/8*1(9/1&1*F,-1*:&9?/&/8*1(.+:&/.&9<*&+(9(&:9(2GB&&&
DB.-"4&+&d# 3 h# 0029 and 
& edICIII6&"&%dICIIJR&d&ICIIIN&!&% 

or :#+(U(# (2(! (2(
OQ*A%$0*+(V/8:&9?/&A(4,*:&Le&(.+&%M&01/)&9<*&+(9(&:9(2G&(.+&8,:<*:&9<*&

1*:,49&/0&(&=-9O=@O=-9&-.24,:-A*O/1&=*9?**.&e&(.+&%&/.9/&9<*&:9(2GE&

1*+,2-.;&9<*&.*9&:9(2G&+*89<&=@&/.*B&

!1*%.B+(%<*&r/1s&/8*1(9/1&1*F,-1*:&9?/&/8*1(.+:&/.&9<*&+(9(&:9(2GB&&&
DB.-"4&+&d# 3 h# 0029 or 
& edICIII6&#&%dICIIJR&d&ICIIJ\&!&% 

invert F*a&#%+(g2(! (2(
OQ*A%$0*+(V*10/1):&(&=-9?-:*&-.A*1:-/.&/0&%]&(44&/.*&=-9:&=*2/)*&S*1/&(.+&

A-2*OA*1:(B&&!/*:&./9&2<(.;*&9<*&:9(2G&+*89<B&

!1*%.B+(%<*&r-.A*19s&/8*1(9/1&1*F,-1*:&/.*&/8*1(.+&/.&9<*&+(9(&:9(2GB&&&
DB.-"4&+&h# 0029 invert 
& u&%dICIIJR&d&IC$$!P&!&% 

swap !H."+(U(" (2(
OQ*A%$0*+(HC2<(.;*:&9<*&A(4,*:&/0&e&(.+&%&/.&9<*&+(9(&:9(2GB&&!/*:&./9&

2<(.;*&9<*&:9(2G&+*89<B&

!1*%.B+(%<*&r:?(8s&/8*1(9/1&1*F,-1*:&9?/&/8*1(.+:&/.&9<*&+(9(&:9(2GB&&&
DB.-"4&+&d# 3 h# 0029 swap 
& edICIII6&%dICIIJR&!&edICIIJR&%dICIII6 

dup RQ"4$A.%&+(2(! (hbb9'%.A]i(
OQ*A%$0*+(V,:<*:&9<*&A(4,*&/0&%&/.9/&9<*&:9(2GE&*00*29-A*4@&+,84-2(9-.;&%]&

-.21*(:*:&9<*&:9(2G&+*89<&=@&/.*B&

!1*%.B+(%<*&r+,8s&/8*1(9/1&1*F,-1*:&/.*&/8*1(.+&/.&9<*&+(9(&:9(2GB&&&
DB.-"4&+&h# 0029 dup 
& %dICIIJR&!&% 



!"#$%&'()*+,-./&"*0*1*.2*&3(.,(4&

& PK&

T.:91,29-/.& &HC84(.(9-/.&

drop R#0"(
OQ*A%$0*+(!-:2(1+:&9<*&9/8&*4*)*.9&/0&9<*&+(9(&:9(2GE&+*21*(:-.;&9<*&:9(2G&

+*89<&=@&/.*&(.+&81/)/9-.;&e&9/&9<*&.*?&9/8&/0&:9(2GB((
!1*%.B+(%<*&r+1/8s&/8*1(9/1&1*F,-1*:&/.*&/8*1(.+&/.&9<*&+(9(&:9(2GB&&
DB.-"4&+&drop 

over :a&#+(U(! (2(
OQ*A%$0*+(V,:<*:&(&2/8@&/0&e&/.9/&9<*&+(9(&:9(2GE&-.21*(:-.;&:9(2G&+*89<&

=@&/.*B&

!1*%.B+(%<*&r/A*1s&/8*1(9/1&1*F,-1*:&9?/&/8*1(.+:&/.&9<*&+(9(&:9(2GB&&&
DB.-"4&+&d# 3 h# 0029 over 
& edICIII6&!&% 

nip U$"(
OQ*A%$0*+("*)/A*:&e&01/)&9<*&+(9(&:9(2GE&81*:*1A-.;&%&(.+&+*21*(:-.;&

:9(2G&+*89<&=@&/.*B&

!1*%.B+(%<*&r.-8s&/8*1(9/1&1*F,-1*:&9?/&/8*1(.+:&/.&9<*&+(9(&:9(2GB&&&
DB.-"4&+&d# 3 h# 0029 nip 

>r =Q%?#!%.A]+(2(! (C(
OQ*A%$0*+(V/8:&%&01/)&9<*&+(9(&:9(2G&(.+&8,:<*:&-9&/.9/&9<*&1*9,1.&:9(2GE&

+*21*(:-.;&+(9(&:9(2G&+*89<&=@&/.*&(.+&-.21*(:-.;&1*9,1.&:9(2G&+*89<&

=@&/.*B&

!1*%.B+(%<*&ro1s&/8*1(9/1&1*F,-1*:&/.*&/8*1(.+&/.&9<*&+(9(&:9(2GB&&7-.2*&
9<*&1*9,1.&:9(2G&-:&(4:/&,:*+&9/&:9/1*&:,=1/,9-.*&1*9,1.&(++1*::*:E&(.@&

-9*):&8,:<*+&/.9/&9<*&1*9,1.&:9(2G&),:9&=*&1*)/A*+&=*0/1*&

(99*)89-.;&9/&1*9,1.&A-(&r]sB&

DB.-"4&+&h# 0029 >r 
& %dICIIJR&!&" 

r> #!%.A]?V&%+(C(! (2(
OQ*A%$0*+(V/8:&"&01/)&9<*&1*9,1.&:9(2G&(.+&8,:<*:&-9&/.9/&9<*&+(9(&:9(2GE&

+*21*(:-.;&1*9,1.&:9(2G&+*89<&=@&/.*&(.+&-.21*(:-.;&+(9(&:9(2G&+*89<&

=@&/.*B&

!1*%.B+(%<*&r1os&/8*1(9/1&1*F,-1*:&/.*&/8*1(.+&/.&9<*&1*9,1.&:9(2GB&&k:*1&
81/;1():&),:9&9(G*&2(1*&./9&9/&+-:9,1=&*C-:9-.;&1*9,1.&(++1*::*:&

?<*.&)(.-8,4(9-.;&9<*&1*9,1.&:9(2GB&

DB.-"4&+&r> 
& "dICIIJR&!&% 

r@ #!%.A]?O&%A^+(C(! (h2(
OQ*A%$0*+(Y/8-*:&"&01/)&9<*&1*9,1.&:9(2G&(.+&8,:<*:&-9&/.9/&9<*&+(9(&

:9(2GE&-.21*(:-.;&+(9(&:9(2G&+*89<&=@&/.*B&&"*9,1.&:9(2G&+*89<&-:&./9&

(00*29*+B&

!1*%.B+(%<*&r1ys&/8*1(9/1&1*F,-1*:&/.*&/8*1(.+&/.&9<*&1*9,1.&:9(2GB&&&
DB.-"4&+&r@ 
& "dICIIJR&!&% 



!"#$%&'()*+,-./&"*0*1*.2*&3(.,(4&

& PP&

T.:91,29-/.& &HC84(.(9-/.&

rshift C$G^%(!^$;%+(U(jj(2(! (2((
OQ*A%$0*+(V/8:&9?/&A(4,*:&Le&(.+&%M&01/)&9<*&+(9(&:9(2GE&4/;-2(44@&:<-09:&e&

9/&9<*&1-;<9&=@&%&=-9&84(2*:E&-.:*19-.;&S*1/:&-.9/&9<*&)/:9&:-;.-0-2(.9&

84(2*:&A(2(9*+&=@&9<*&:<-09B&&%<*&1*:,49&-:&8,:<*+&/.9/&9<*&+(9(&:9(2G]&

r1:<-09s&1*+,2*:&9<*&.*9&:9(2G&+*89<&=@&/.*B&&

!1*%.B+(%<*&r1:<-09s&/8*1(9/1&1*F,-1*:&9?/&/8*1(.+:&/.&9<*&+(9(&:9(2GB&
%<*&1*:,49&/0&9<*&/8*1(9-/.&-:&,.+*0-.*+&-0&%&od&NPB&

DB.-"4&+&h# 1A3C h# 0003 rshift 
& edICN#6Y&oo&%dICIII6&d&ICI65[&!&% 

* /Q4%$"41+(U(k(2(! (2((
OQ*A%$0*+(V/8:&9?/&A(4,*:&Le&(.+&%M&01/)&9<*&+(9(&:9(2G&(.+&8,:<*:&9<*&

81/+,29&%je&/.9/&9<*&+(9(&:9(2GE&1*+,2-.;&9<*&.*9&:9(2G&+*89<&=@&/.*B&&

!1*%.B+(%<*&rxs&/8*1(9/1&1*F,-1*:&9?/&/8*1(.+:&/.&9<*&+(9(&:9(2GB&
#1-9<)*9-2&/A*104/?&+/*:&./9&2(,:*&(.&*C2*89-/.]&-.:9*(+E&9<*&2(11@&

=-9&L)/:9&:-;.-0-2(.9&=-9M&/0&9<*&1*:,49&-:&+-:2(1+*+B&&

DB.-"4&+&d# 3 h# 0029 * 
& edICIII6&j&%dICIIJR&d&ICII[\&!&% 

&

K99$%$0*.4(F*'%#QA%$0*'+(T.&(++-9-/.&9/&9<*&#e7&$/19<&-.:91,29-/.:E&9<*&aN&
2/81/2*::/1&-)84*)*.9:&9?/&-.:91,29-/.:&9<(9&(1*&./9&81*:*.9&-.&9<*&:9(.+(1+&$/19<&

4(.;,(;*E&(:&+*:21-=*+&-.&%(=4*&KKQ&aN&#++-9-/.(4&T.:91,29-/.:&=*4/?B&&%<*:*&

/8*1(9-/.:&(1*&(4:/&-)84*)*.9*+&(:&:-.;4*&-.:91,29-/.:&/.&9<*&'()*+,-./D:&aN&YVkQ&

&

2.34&(II+(SE(K99$%$0*.4(F*'%#QA%$0*'(
T.:91,29-/.& &HC84(.(9-/.&

swab !H."(,1%&'+(2l(! (2(
OQ*A%$0*+(7?(8:&9<*&<-;<&(.+&4/?&=@9*:&/0&%B&&!/*:&./9&2<(.;*&9<*&

:9(2G&+*89<B&

!1*%.B+(%<*&r:?(=s&/8*1(9/1&1*F,-1*:&/.*&/8*1(.+&/.&9<*&+(9(&
:9(2GB&&&

DB.-"4&+&h# 0029 swab 
& %dICIIJR&:?(=&d&ICJRII&!&%&

noop U0(:"&#.%$0*(
OQ*A%$0*+(V*10/1):&./&/8*1(9-/.E&+/*:&./9&2<(.;*&(.@&:9(2GB&
(!1*%.B+(e/.*B&&&
DB.-"4&+&noop 

&

/Q4%$?H0#9(F*'%#QA%$0*'+(T.&(++-9-/.&9/&:/)*&4-9*1(4&-.:91,29-/.:E&(&0*?&(++-9-/.(4&
#e7&$/19<&=(:*&?/1+:&1*F,-1*&),49-84*&aN&-.:91,29-/.:&0/1&-)84*)*.9(9-/.E&(:&

+*:21-=*+&-.&%(=4*&KPQ&aN&3,49-OZ/1+&T.:91,29-/.:B&&T.&8(19-2,4(1E&)*)/1@&(22*::&

9-)-.;&1*F,-1*:&9<(9&)*)/1@&(22*::&9(G*&9?/&aN&)(2<-.*&2@24*:&9/&2/)84*9*E&:/&

$/19<&?/1+:&9<(9&1*F,-1*&)*)/1@&(22*::&(1*&(::*)=4*+&-.9/&9?/&)(2<-.*&

-.:91,29-/.:&9/&81/A-+*&:,00-2-*.9&9-)*B&

&

2.34&(IJ+(SE(/Q4%$?80#9(F*'%#QA%$0*'(
T.:91,29-/.& &HC84(.(9-/.&



!"#$%&'()*+,-./&"*0*1*.2*&3(.,(4&

& P[&

T.:91,29-/.& &HC84(.(9-/.&

c@ 7^.#.A%&#(O&%A^+(h2i(! (2(
OQ*A%$0*+($*92<*:&(.&WO=-9&=@9*&/1&(&NPO=-9&?/1+&01/)&)*)/1@E&+*8*.+-.;&

/.&2/.9*C9Q&

• T0&%&-:&=*9?**.&ICIIII&(.+&IC[$$$&LI&9/&6J[P[&+*2-)(4ME&1*(+:&

9<*&=@9*&(9&)*)/1@&(++1*::&%&(.+&8(+:&9<*&,88*1&W&=-9:&?-9<&

S*1/:B&&

• T0&%&-:&(.&*A*.&.,)=*1&=*9?**.&ICWIII&(.+&ICWINY&L6J[PW&9/&

6J[RP&+*2-)(4ME&1*(+:&9<*&NPO=-9&?/1+&(9&)*)/1@&(++1*::B&&&

T.&*-9<*1&2(:*E&9<*&9/8&/0&9<*&+(9(&:9(2G&-:&1*84(2*+&?-9<&9<*&A(4,*&1*(+]&

.*9&+(9(&:9(2G&+*89<&-:&./9&(00*29*+B&&&

!1*%.B+(%<*&r2ys&/8*1(9/1&1*F,-1*:&/.*&/8*1(.+&/.&9<*&+(9(&:9(2GB&&%<*&
/8*1(9-/.&/0&r2ys&-:&,.+*0-.*+&?<*.&%&2/.9(-.:&(.&/++&.,)=*1&

=*9?**.&ICWIIN&(.+&ICWIN!E&/1&?<*.&%&2/.9(-.:&(&A(4,*&;1*(9*1&9<(.&

ICWINYB&

U0%&+(#::*)=4*+&(:&r.//8&2ys&9/&*.:,1*&2/11*29&)*)/1@&(22*::&9-)-.;B&
DB.-"4&+&h# 0x0029 c@ 
& v%dICIIJRwdICIIJI&!&% 

c! 7^.#.A%&#(!%0#&+(U(! (h2i(
OQ*A%$0*+(Z1-9*:&(.&WO=-9&/1&(&NPO=-9&A(4,*&9/&)*)/1@E&+*8*.+-.;&/.&

2/.9*C9Q&

• T0&%&-:&=*9?**.&ICIIII&(.+&IC[$$$&LI&9/&6J[P[&+*2-)(4ME&?1-9*:&

9<*&4/?&L4*(:9O:-;.-0-2(.9M&=@9*&/0&e&9/&9<*&)*)/1@&(++1*::&%B&&&

• T0&%&-:&(.&*A*.&.,)=*1&=*9?**.&ICWIII&(.+&ICWINY&L6J[PW&9/&

6J[RP&+*2-)(4ME&?1-9*:&(44&NP&=-9:&/0&e&9/&9<*&?/1+&(9&)*)/1@&

(++1*::&%&(.+&%lNB&&&

T.&*-9<*1&2(:*E&r2{s&8/8:&9?/&A(4,*:&Le&(.+&%M&01/)&9<*&+(9(&:9(2GE&

1*+,2-.;&+(9(&:9(2G&+*89<&=@&9?/B&

!1*%.B+(%<*&r2{s&/8*1(9/1&1*F,-1*:&9?/&/8*1(.+:&/.&9<*&+(9(&:9(2GB&&%<*&
/8*1(9-/.&/0&r2{s&-:&,.+*0-.*+&?<*.&%&2/.9(-.:&(.&/++&.,)=*1&=*9?**.&

ICWIIN&(.+&ICWIN!B&&!(9(&-:&+-:2(1+*+&?-9</,9&?(1.-.;&-0&9<*&

/8*1(9-/.&(99*)89:&9/&?1-9*&+(9(&9/&./.O*C-:9*.9&/1&1*(+O/.4@&)*)/1@&

(++1*::*:B&

U0%&+(#::*)=4*:&(:&9?/&-.:91,29-/.:&L/.*&9<(9&?1-9*:&9/&)*)/1@&=,9&/.4@&
1*)/A*:&e&01/)&9<*&:9(2GE&0/44/?*+&=@&+1/8M&9/&*.:,1*&2/11*29&)*)/1@&

(22*::&9-)-.;B&

DB.-"4&+&d# 3 h# 0x0029 c! 
& edICIII6&!&v%dICIIJRw&

(
/&#G&9(F*'%#QA%$0*'+(%<*&aN&YVk&2(.&*C*2,9*&(&.,)=*1&/0&:-.;4*&-.:91,29-/.:&9<(9&
8*10/1)&9<*&*F,-A(4*.9&/0&9?/&#e7&$/19<&81-)-9-A*:&-.&:*F,*.2*B&&T.&*(2<&2(:*E&9<*&

)*1;*+&-.:91,29-/.&-:&.()*+&0/1&-9:&2/)8/.*.9:Q&0/1&*C()84*E&*C*2,9-.;&r/A*1(.+s&

-:&9<*&:()*&(:&*C*2,9-.;&9<*&2/+*&01(;)*.9&r/A*1&(.+sB&&3*1;*+&-.:91,29-/.:&

1*81*:*.9&(&:-;.-0-2(.9&/88/19,.-9@&9/&:(A*&2/+*&:-S*&(.+&*C*2,9-/.&9-)*&=@&9(G-.;&

(+A(.9(;*&/0&0*(9,1*:&,.-F,*&9/&9<*&aN&YVk&(12<-9*29,1*B&&%(=4*&K[Q&aN&3*1;*+&

T.:91,29-/.:&+*:21-=*:&9<*:*&-.:91,29-/.:B&

&

2.34&(IN+(SE(/&#G&9(F*'%#QA%$0*'(
T.:91,29-/.& &HC84(.(9-/.&



!"#$%&'()*+,-./&"*0*1*.2*&3(.,(4&

& PW&

T.:91,29-/.& &HC84(.(9-/.&

2dup+ 59Q"(=4Q'+(U(b(2(! (2((
OQ*A%$0*+(V,:<*:&9<*&:,)&el%&/.9/&9<*&+(9(&:9(2GE&-.21*(:-.;&9<*&.*9&

:9(2G&+*89<&=@&/.*B&&

!1*%.B+(%<*&rJ+,8ls&/8*1(9/1&1*F,-1*:&9?/&/8*1(.+:&/.&9<*&+(9(&:9(2GB&
#1-9<)*9-2&/A*104/?&+/*:&./9&2(,:*&(.&*C2*89-/.]&-.:9*(+E&9<*&2(11@&

=-9&L)/:9&:-;.-0-2(.9&=-9M&/0&9<*&1*:,49&-:&+-:2(1+*+B&&&

DB.-"4&+&d# 3 h# 0029 2dup+ 
& edICIII6&l&%dICIIJR&d&ICIIJY&!&% 

over+ 59Q"(=4Q'+(U(b(2(! (2((
OQ*A%$0*+(V/8:&/.*&A(4,*&L%M&01/)&9<*&+(9(&:9(2GE&(.+&8,:<*:&9<*&:,)&

el%&/.9/&9<*&+(9(&:9(2GE&4*(A-.;&9<*&.*9&:9(2G&+*89<&,.2<(.;*+B&&

!1*%.B+(%<*&r/A*1ls&/8*1(9/1&1*F,-1*:&9?/&/8*1(.+:&/.&9<*&+(9(&:9(2GB&
#1-9<)*9-2&/A*104/?&+/*:&./9&2(,:*&(.&*C2*89-/.]&-.:9*(+E&9<*&2(11@&

=-9&L)/:9&:-;.-0-2(.9&=-9M&/0&9<*&1*:,49&-:&+-:2(1+*+B&&&

DB.-"4&+&d# 3 h# 0029 over+ 
& edICIII6&l&%dICIIJR&d&ICIIJY&!&% 

2dup= 5RQ"(DWQ.4'+(U(dd(2(! (2((
OQ*A%$0*+(V,:<*:&(&\//4*(.&04(;&/.9/&9<*&+(9(&:9(2GE&-.21*(:-.;&9<*&.*9&

:9(2G&+*89<&=@&/.*B&&%<*&04(;&-:&91,*&LICIIINM&-0&%&(.+&e&(1*&=-9O0/1O=-9&

-+*.9-2(4E&/1&0(4:*&LICIIIIM&/9<*1?-:*B&&

!1*%.B+(%<*&rJ+,8ds&/8*1(9/1&1*F,-1*:&9?/&/8*1(.+:&/.&9<*&+(9(&:9(2GB&&
79(2G&,.+*104/?&+/*:&./9&1(-:*&(.&*C2*89-/.]&1*:,49:&/0&(&2/)8,9(9-/.&

-.A/4A-.;&(.&,.+*104/?&(1*&,.+*0-.*+B&

DB.-"4&+&d# 3 h# 0x0029 2dup= 
& edICIII6&dd&%dICIIJR&d&ICIIII&!&% 

over= :a&#(DWQ.4'+(U(dd(2(! (2((
OQ*A%$0*+(V/8:&/.*&A(4,*&L%M&01/)&9<*&+(9(&:9(2GE&(.+&8,:<*:&(&\//4*(.&

04(;&/.9/&9<*&+(9(&:9(2GE&4*(A-.;&9<*&.*9&:9(2G&+*89<&,.2<(.;*+B&&%<*&

04(;&-:&91,*&LICIIINM&-0&%&(.+&e&(1*&=-9O0/1O=-9&-+*.9-2(4E&/1&0(4:*&

LICIIIIM&/9<*1?-:*B&&

!1*%.B+(%<*&r/A*1ds&/8*1(9/1&1*F,-1*:&9?/&/8*1(.+:&/.&9<*&+(9(&:9(2GB&&
79(2G&,.+*104/?&+/*:&./9&1(-:*&(.&*C2*89-/.]&1*:,49:&/0&(&2/)8,9(9-/.&

-.A/4A-.;&(.&,.+*104/?&(1*&,.+*0-.*+B&

DB.-"4&+&d# 3 h# 0x0029 over= 
& edICIII6&dd&%dICIIJR&d&ICIIII&!&% 

2dup< 59Q"()&''(2^.*+(U(e(2(! (2((
OQ*A%$0*+(V,:<*:&(&\//4*(.&04(;&/.9/&9<*&+(9(&:9(2GE&-.21*(:-.;&9<*&.*9&

:9(2G&+*89<&=@&/.*B&&%<*&04(;&-:&91,*&LICIIINM&-0&e&t&%&?<*.&e&(.+&%&

(1*&91*(9*+&(:&:-;.*+&9?/D:&2/)84*)*.9&NPO=-9&-.9*;*1:E&/1&0(4:*&

LICIIIIM&/9<*1?-:*B&&

!1*%.B+(%<*&rJ+,8ts&/8*1(9/1&1*F,-1*:&9?/&/8*1(.+:&/.&9<*&+(9(&:9(2GB&&
DB.-"4&+&d# 3 h# 0029 2dup< 
& edICIII6&t&%dICIIJR&d&ICIIIN&!&% 



!"#$%&'()*+,-./&"*0*1*.2*&3(.,(4&

& PR&

T.:91,29-/.& &HC84(.(9-/.&

over> 59Q"(V#&.%&#(2^.*+(U(j(2(! (2((
OQ*A%$0*+(V/8:&/.*&A(4,*&L%M&01/)&9<*&+(9(&:9(2G&(.+&8,:<*:&(&\//4*(.&

04(;&/.9/&9<*&:9(2GE&4*(A-.;&9<*&.*9&:9(2G&+*89<&,.2<(.;*+B&&%<*&04(;&-:&

91,*&LICIIINM&-0&e&o&%&?<*.&e&(.+&%&(1*&91*(9*+&(:&:-;.*+&9?/D:&

2/)84*)*.9&NPO=-9&-.9*;*1:E&/1&0(4:*&LICIIIIM&/9<*1?-:*B&&

!1*%.B+(%<*&r/A*1os&/8*1(9/1&1*F,-1*:&9?/&/8*1(.+:&/.&9<*&+(9(&:9(2GB&&
DB.-"4&+&d# 3 h# 0029 over> 
& edICIII6&o&%dICIIJR&d&ICIIII&!&% 

2dupu< 59Q"(f*'$G*&9()&''(2^.*+(U(e(2(! (2((
OQ*A%$0*+(V,:<*:&(&\//4*(.&04(;&/.9/&9<*&+(9(&:9(2GE&-.21*(:-.;&9<*&.*9&

:9(2G&+*89<&=@&/.*B&&%<*&04(;&-:&91,*&LICIIINM&-0&e&t&%&?<*.&e&(.+&%&

(1*&91*(9*+&(:&,.:-;.*+&NPO=-9&-.9*;*1:E&/1&0(4:*&LICIIIIM&/9<*1?-:*B&&

!1*%.B+(%<*&rJ+,8,ts&/8*1(9/1&1*F,-1*:&9?/&/8*1(.+:&/.&9<*&+(9(&:9(2GB&
DB.-"4&+&d# 3 h# 0029 2dupu< 
& edICIII6&t&%dICIIJR&d&ICIIIN&!&% 

overu> :a&#(f*'$G*&9(V#&.%&#(2^.*+(U(j(2(! (2((
OQ*A%$0*+(V/8:&/.*&A(4,*&L%M&01/)&9<*&+(9(&:9(2GE&(.+&8,:<*:&(&\//4*(.&

04(;&/.9/&9<*&:9(2GE&4*(A-.;&9<*&.*9&:9(2G&+*89<&=@&,.2<(.;*+B&&%<*&04(;&

-:&91,*&LICIIINM&-0&e&o&%&?<*.&e&(.+&%&(1*&91*(9*+&(:&,.:-;.*+&NPO=-9&

-.9*;*1:E&/1&0(4:*&LICIIIIM&/9<*1?-:*B&&

!1*%.B+(%<*&r/A*1,os&/8*1(9/1&1*F,-1*:&9?/&/8*1(.+:&/.&9<*&+(9(&:9(2GB&
DB.-"4&+&d# 3 h# 0029 overu> 
& edICIII6&o&%dICIIJR&d&ICIIII&!&% 

2dupxor 5RQ"(DBA4Q'$a&(:#+(U(! (2(! (2((
OQ*A%$0*+(V,:<*:&9<*&1*:,49&/0&(&=-9O=@O=-9&*C24,:-A*O/1&=*9?**.&e&(.+&%&

/.9/&9<*&+(9(&:9(2GE&-.21*(:-.;&9<*&.*9&:9(2G&+*89<&=@&/.*B&

(!1*%.B+(%<*&rJ+,8C/1s&/8*1(9/1&1*F,-1*:&9?/&/8*1(.+:&/.&9<*&+(9(&:9(2GB&&
79(2G&,.+*104/?&+/*:&./9&1(-:*&(.&*C2*89-/.]&1*:,49:&/0&(&2/)8,9(9-/.&

-.A/4A-.;&(.&,.+*104/?&(1*&,.+*0-.*+B&

DB.-"4&+&d# 3 h# 0x0029 2dupxor 
& edICIII6&!&%dICIIJR&d&ICIIJ#&!&% 

overxor :a&#(DBA4Q'$a&(:#+(U(! (2(! (2((
OQ*A%$0*+(V/8:&/.*&A(4,*&L%M&01/)&9<*&+(9(&:9(2GE&(.+&8,:<*:&9<*&1*:,49&/0&

(&=-9O=@O=-9&*C24,:-A*O/1&=*9?**.&e&(.+&%&/.9/&9<*&+(9(&:9(2GE&4*(A-.;&

9<*&.*9&:9(2G&+*89<&,.2<(.;*+B&

(!1*%.B+(%<*&r/A*1C/1s&/8*1(9/1&1*F,-1*:&9?/&/8*1(.+:&/.&9<*&+(9(&:9(2GB&&
79(2G&,.+*104/?&+/*:&./9&1(-:*&(.&*C2*89-/.]&1*:,49:&/0&(&2/)8,9(9-/.&

-.A/4A-.;&(.&,.+*104/?&(1*&,.+*0-.*+B&

DB.-"4&+&d# 3 h# 0x0029 overxor 
& edICIII6&!&%dICIIJR&d&ICIIJ#&!&% 

2dupand 59Q"(K*9+(U(" (2(! (2((
OQ*A%$0*+(V,:<*:&9<*&1*:,49&/0&(&=-9O=@O=-9&(.+&=*9?**.&e&(.+&%&/.9/&9<*&

:9(2GE&-.21*(:-.;&9<*&.*9&:9(2G&+*89<&=@&/.*B&

!1*%.B+(%<*&rJ+,8(.+s&/8*1(9/1&1*F,-1*:&9?/&/8*1(.+:&/.&9<*&+(9(&:9(2GB&&&
DB.-"4&+&d# 3 h# 0029 2dupand 
& edICIII6&"&%dICIIJR&d&ICIIIN&!&% 



!"#$%&'()*+,-./&"*0*1*.2*&3(.,(4&

& [I&

T.:91,29-/.& &HC84(.(9-/.&

overand :a&#(K*9+(U(" (2(! (2((
OQ*A%$0*+(V/8:&/.*&A(4,*&L%M&01/)&9<*&+(9(&:9(2G&(.+&8,:<*:&9<*&1*:,49&/0&

(&=-9O=@O=-9&(.+&=*9?**.&e&(.+&%&/.9/&9<*&+(9(&:9(2GE&4*(A-.;&9<*&.*9&

:9(2G&+*89<&,.2<(.;*+B&

!1*%.B+(%<*&r/A*1(.+s&/8*1(9/1&1*F,-1*:&9?/&/8*1(.+:&/.&9<*&+(9(&:9(2GB&&&
DB.-"4&+&d# 3 h# 0029 overand 
& edICIII6&"&%dICIIJR&d&ICIIIN&!&% 

2dupor 59Q"(:#+(U(# (2(! (2(
OQ*A%$0*+(V,:<*:&9<*&1*:,49&/0&(&=-9O=@O=-9&-.24,:-A*O/1&=*9?**.&e&(.+&%&

/.9/&9<*&+(9(&:9(2GE&-.21*(:-.;&9<*&.*9&:9(2G&+*89<&=@&/.*B&

!1*%.B+(%<*&rJ+,8/1s&/8*1(9/1&1*F,-1*:&9?/&/8*1(.+:&/.&9<*&+(9(&:9(2GB&&&
DB.-"4&+&d# 3 h# 0029 2dupor 
& edICIII6&#&%dICIIJR&d&ICIIJ\&!&% 

overor :a&#(:#+(U(# (2(! (2(
OQ*A%$0*+(V/8:&/.*&A(4,*:&L%M&01/)&9<*&+(9(&:9(2G&(.+&8,:<*:&9<*&1*:,49&/0&

(&=-9O=@O=-9&-.24,:-A*O/1&=*9?**.&e&(.+&%&/.9/&9<*&:9(2GE&4*(A-.;&9<*&

.*9&:9(2G&+*89<&,.2<(.;*+B&

!1*%.B+(%<*&r/A*1/1s&/8*1(9/1&1*F,-1*:&9?/&/8*1(.+:&/.&9<*&+(9(&:9(2GB&&&
DB.-"4&+&d# 3 h# 0029 overor 
& edICIII6&#&%dICIIJR&d&ICIIJ\&!&% 

dup>r RQ"(=Q%?#!%.A]+(2(! (C(
OQ*A%$0*+(Y/8-*:&%&01/)&9<*&+(9(&:9(2G&9/&9<*&1*9,1.&:9(2GE&-.21*(:-.;&

1*9,1.&:9(2G&+*89<&=@&/.*&=,9&4*(A-.;&9<*&+(9(&:9(2G&+*89<&,.2<(.;*+B&

!1*%.B+(%<*&r+,8o1s&/8*1(9/1&1*F,-1*:&/.*&/8*1(.+&/.&9<*&+(9(&:9(2GB&&
7-.2*&9<*&1*9,1.&:9(2G&-:&(4:/&,:*+&9/&:9/1*&:,=1/,9-.*&1*9,1.&

(++1*::*:E&(.@&-9*):&8,:<*+&/.9/&9<*&1*9,1.&:9(2G&),:9&=*&1*)/A*+&

=*0/1*&(99*)89-.;&9/&1*9,1.&A-(&r]sB&

DB.-"4&+&h# 0x0029 >r 
& %dICIIJR&!&" 

2duprshift 59Q"(C$G^%(!^$;%+(U(jj(2(! (2((
OQ*A%$0*+(h/;-2(44@&:<-09:&e&9/&9<*&1-;<9&=@&%&=-9&84(2*:E&-.:*19-.;&S*1/:&

-.9/&9<*&)/:9&:-;.-0-2(.9&84(2*:&A(2(9*+&=@&9<*&:<-09B&&%<*&1*:,49&-:&

8,:<*+&/.9/&9<*&+(9(&:9(2G]&rJ+,81:<-09s&-.21*(:*:&9<*&.*9&:9(2G&+*89<&

=@&/.*B&&

!1*%.B+(%<*&rJ+,81:<-09s&/8*1(9/1&1*F,-1*:&9?/&/8*1(.+:&/.&9<*&+(9(&
:9(2GB&%<*&1*:,49&/0&9<*&/8*1(9-/.&-:&,.+*0-.*+&-0&%&od&NPB&

DB.-"4&+&h# 1A3C h# 0003 2duprshift 
& edICN#6Y&oo&%dICIII6&d&ICI65[&!&% 

2dup* 59Q"(/Q4%$"41+(U(k(2(! (2((
OQ*A%$0*+(V,:<*:&9<*&81/+,29&%je&/.9/&9<*&+(9(&:9(2GE&-.21*(:-.;&9<*&.*9&

:9(2G&+*89<&=@&/.*B&&

!1*%.B+(%<*&rJ+,8xs&/8*1(9/1&1*F,-1*:&9?/&/8*1(.+:&/.&9<*&+(9(&:9(2GB&
#1-9<)*9-2&/A*104/?&+/*:&./9&2(,:*&(.&*C2*89-/.]&-.:9*(+E&9<*&2(11@&

=-9&L)/:9&:-;.-0-2(.9&=-9M&/0&9<*&1*:,49&-:&+-:2(1+*+B&&

DB.-"4&+&d# 3 h# 0029 2dup* 
& edICIII6&j&%dICIIJR&d&ICII[\&!&% 
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over* :a&#(/Q4%$"41+(U(k(2(! (2((
OQ*A%$0*+(V/8:&/.*&A(4,*&L%M&01/)&9<*&+(9(&:9(2G&(.+&8,:<*:&9<*&81/+,29&

%je&/.9/&9<*&+(9(&:9(2GE&4*(A-.;&9<*&.*9&:9(2G&+*89<&,.2<(.;*+B&&

!1*%.B+(%<*&r/A*1xs&/8*1(9/1&1*F,-1*:&9?/&/8*1(.+:&/.&9<*&+(9(&:9(2GB&
#1-9<)*9-2&/A*104/?&+/*:&./9&2(,:*&(.&*C2*89-/.]&-.:9*(+E&9<*&2(11@&

=-9&L)/:9&:-;.-0-2(.9&=-9M&/0&9<*&1*:,49&-:&+-:2(1+*+B&&

DB.-"4&+&d# 3 h# 0029 over* 
& edICIII6&j&%dICIIJR&d&ICII[\&!&% 

dupswab RQ"(!H."(,1%&'+(2l(! (2(
OQ*A%$0*+(7?(8:&9<*&<-;<&(.+&4/?&=@9*:&/0&%&(.+&8,:<*:&9<*&1*:,49&/.9/&

9<*&+(9(&:9(2GE&-.21*(:-.;&9<*&:9(2G&+*89<&=@&/.*B&

!1*%.B+(%<*&r:?(=s&/8*1(9/1&1*F,-1*:&/.*&/8*1(.+&/.&9<*&+(9(&:9(2GB&&&
DB.-"4&+&h# 0029 dupswab 
& %dICIIJR&:?(=&d&ICJRII&!&% 

dupc@ RQ"(7^.#.A%&#(O&%A^+(h2i(! (2(
OQ*A%$0*+($*92<*:&(.&WO=-9&=@9*&/1&(&NPO=-9&?/1+&01/)&)*)/1@E&+*8*.+-.;&

/.&2/.9*C9E&(.+&8,:<*:&-9&/.9/&9<*&+(9(&:9(2GQ&

• T0&%&-:&=*9?**.&ICIIII&(.+&IC[$$$&LI&9/&6J[P[&+*2-)(4ME&

1*(+:&9<*&=@9*&(9&)*)/1@&(++1*::&%&(.+&8(+:&9<*&,88*1&W&=-9:&

?-9<&S*1/:B&&

• T0&%&-:&(.&*A*.&.,)=*1&=*9?**.&ICWIII&(.+&ICWINY&L6J[PW&9/&

6J[RP&+*2-)(4ME&1*(+:&9<*&NPO=-9&?/1+&(9&)*)/1@&(++1*::&%B&&&

T.&*-9<*1&2(:*E&9<*&1*:,49-.;&A(4,*&-:&8,:<*+&/.9/&9<*&+(9(&:9(2GE&

-.21*(:-.;&9<*&.*9&:9(2G&+*89<&=@&/.*B&&&

!1*%.B+(%<*&r+,82ys&/8*1(9/1&1*F,-1*:&/.*&/8*1(.+&/.&9<*&+(9(&:9(2GB&&
%<*&/8*1(9-/.&/0&r+,82ys&-:&,.+*0-.*+&?<*.&%&2/.9(-.:&(.&/++&

.,)=*1&=*9?**.&ICWIIN&(.+&ICWIN!E&/1&?<*.&%&2/.9(-.:&(&A(4,*&

;1*(9*1&9<(.&ICWINYB&

U0%&+(#::*)=4*+&(:&r+,8&2ys&9/&*.:,1*&2/11*29&)*)/1@&(22*::&9-)-.;B&
DB.-"4&+&h# 0x0029 dupc@ 
& v%dICIIJRwdICIIJI&!&% 

(
O40H(70*%#04+(%<*&(::*)=4*1&(4:/&1*2/;.-S*:&(&.,)=*1&/0&9<(9&,:*+&9/&+*9*1)-.*&
</?&81*2*+-.;&(.+&:,=:*F,*.9&-.:91,29-/.:&:</,4+&=*&(::*)=4*+E&/1&9<(9&-)84*)*.9&

04/?&2/.91/4&:,2<&(:&=1(.2<-.;&(.+&:,=1/,9-.*:B&&3/:9&/0&9<*&+-1*29-A*:&?-44&

(::*)=4*&-.9/&/.*&aN&-.:91,29-/.E&9@8-2(44@&(&=1(.2<&/1&2(44B&&7/)*&+-1*29-A*:E&

-.24,+-.;&rQsE&r9<*.sE&(.+&r=*;-.s&)(1G&=1(.2<&/1&2(44&(++1*::*:&-.:9*(+B&&7,=1/,9-.*&

1*9,1.:&A-(&r]s&+/&./9&1*F,-1*&(&:*8(1(9*&-.:91,29-/.&-.&)/:9&2(:*:B&

&

2.34&(I6+(SE(K''&-34&#(O40H(70*%#04(
T.:91,29-/.& &HC84(.(9-/.&
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: symbol R&;$*&(!Q3#0Q%$*&(
OQ*A%$0*+(!*0-.*:&(&:,=1/,9-.*&*.91@&8/-.9&.()*+&r:@)=/4sB&&Y/+*&

0/44/?-.;&9<*&:,=1/,9-.*&.()*&,8&9/&9<*&.*C9&:*)-2/4/.&?-44&=*&

(::*)=4*+&-.9/&(&:,=1/,9-.*&(.+&2(44*+&?<*.&9<*&:@)=/4&-:&-.A/G*+B&&

!1*%.B+(%<*&rQs&+-1*29-A*&),:9&=*&0/44/?*+&=@&(&A(4-+&:@)=/4&L9<*&.()*&/0&
9<*&:,=1/,9-.*M&(.+&S*1/&/1&)/1*&-.:91,29-/.:B&7,=1/,9-.*&+*0-.-9-/.:&

)(@&./9&=*&.*:9*+Q&*A*1@&:,=1/,9-.*&),:9&=*&24/:*+&?-9<&r]s&/1&

r]0(449<1,s&+-1*29-A*&=*0/1*&(./9<*1&:,=1/,9-.*&2(.&=*&+*0-.*+B&&

(DB.-"4&+ : > swap < ; 
& !*0-.*:&(&:,=1/,9-.*&*.91@&8/-.9&.()*+&ros&9<(9&?-44&*C*2,9*&r:?(8&ts&

?<*.*A*1&-9&-:&2(44*+B 
; C&%Q#*(;#0-(!Q3#0Q%$*&+(C(! (=7(

OQ*A%$0*+(Y/)84*9*:&9<*&+*0-.-9-/.&/0&(&:,=1/,9-.*&(.+&(::*)=4*:&(&
1*9,1.&-.:91,29-/.Q&9<*&9/8O)/:9&A(4,*&/0&9<*&1*9,1.&:9(2G&-:&1*)/A*+&

(.+&4/(+*+&-.9/&9<*&81/;1()&2/,.9*1B&"*+,2*:&9<*&1*9,1.&:9(2G&+*89<&

=@&/.*]&9<*&+(9(&:9(2G&+*89<&-:&,.(00*29*+B&&

!1*%.B+(%<*&r]s&+-1*29-A*&),:9&=*&81*2*+*+&=@&(&A(4-+&:,=1/,9-.*&
+*0-.-9-/.&2/.:-:9-.;&/0&9<*&rQs&+-1*29-A*E&(&:@)=/4E&(.+&S*1/&/1&)/1*&

-.:91,29-/.:B&

U0%&+&%<*&aN&(12<-9*29,1*&/09*.&(44/?:&(&r01**s&1*9,1.Q&#hk&-.:91,29-/.:&
2(.&=*&2/+*+&9/&(4:/&1*9,1.&01/)&(&:,=1/,9-.*E&)(G-.;&:,=1/,9-.*:&

8(19-2,4(14@&*00-2-*.9&(9&1*+,2-.;&9<*&/A*1(44&2/+*&:-S*&/0&(&81/;1()B&

(DB.-"4&+ ; 
& "&!&VY 

;fallthru D*9(!Q3#0Q%$*&(H$%^0Q%(C&%Q#*(
OQ*A%$0*+(Y/)84*9*:&9<*&+*0-.-9-/.&/0&(&:,=1/,9-.*E&=,9&+/*:&./9&(::*)=4*&

(&1*9,1.&-.:91,29-/.B&&%<-:&(44/?:&:,=1/,9-.*:&?-9<&),49-84*&*.91@&

8/-.9:B&&HC*2,9-/.&2/.9-.,*:&?-9<&9<*&.*C9&-.:91,29-/.&0/44/?-.;&9<*&

r]0(449<1,s&+-1*29-A*B&

!1*%.B+(%<*&r]0(449<1,s&+-1*29-A*&),:9&=*&81*2*+*+&=@&(&A(4-+&:,=1/,9-.*&
+*0-.-9-/.&=*;-..-.;&?-9<&9<*&rQs&+-1*29-A*E&(&:@)=/4E&(.+&S*1/&/1&)/1*&

*C*2,9(=4*&-.:91,29-/.:B&&T9&),:9&=*&0/44/?*+&=@&(./9<*1&:,=1/,9-.*&

+*0-.-9-/.B&

(DB.-"4&+ : 0> d# 0 ;fallthru : > swap < ; 
& !*0-.*:&(&:,=1/,9-.*&?-9<&9?/&*.91@&8/-.9:E&rIos&(.+&rosB&&Z<*.&rIos&

-:&2(44*+E&9<*&-.:91,29-/.&:91*()&r+z&I&:?(8&ts&-:&*C*2,9*+]&?<*.&ros&

-:&2(44*+E&/.4@&r:?(8&ts&-:&*C*2,9*+B 
symbol 7.44(!Q3#0Q%$*&+(=7(! (Cm(!"#$%&'! '()'

OQ*A%$0*+(V,:<*:&9<*&4/2(9-/.&/0&9<*&0/44/?-.;&-.:91,29-/.&/.9/&9<*&1*9,1.&
:9(2G&(.+&2(44:&9<*&.()*+&:,=1/,9-.*B&&"*9,1.&:9(2G&+*89<&-.21*(:*:&

=@&/.*B&

!1*%.B+(%<*&.()*&/0&(.@&+*0-.*+&:,=1/,9-.*E&:*8(1(9*+&=@&?<-9*&:8(2*B&&
#.&(::*)=4*1&*11/1&-:&1*9,1.*+&-0&9<*&.()*&-:&-.A(4-+&/1&-0&(&

:,=1/,9-.*&?-9<&9<*&;-A*.&.()*&2(.D9&=*&0/,.+B&

DB.-"4&+ 0> 
& Y(44:&9<*&:,=1/,9-.*&+*0-.*+&(:&(.&*C()84*&(=/A*]&9<*&-.:91,29-/.&

:91*()&r+z&I&:?(8&ts&-:&*C*2,9*+B 
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if 70*9$%$0*.4(,#.*A^(
OQ*A%$0*+(V/8:&%&01/)&9<*&+(9(&:9(2G&(.+&91*(9:&-9&(:&(&\//4*(.&04(;B&&

Z<*.&9<*&04(;&-:&0(4:*&LICIIIIME&9<*&2/+*&=*9?**.&r*4:*s&(.+&r9<*.s&-:&

*C*2,9*+B&&g9<*1?-:*E&9<*&2/+*&=*9?**.&r-0s&(.+&r*4:*s&-:&*C*2,9*+B&&T.&

*-9<*1&2(:*E&*C*2,9-/.&1*:,)*:&?-9<&9<*&-.:91,29-/.&0/44/?-.;&r9<*.sB&

rT0s&1*+,2*:&9<*&+(9(&:9(2G&+*89<&=@&/.*B&

!1*%.B+(#&2/.+-9-/.(4&=1(.2<&=*;-.:&?-9<&r-0sE&)(@&/89-/.(44@&2/.9(-.&
r*4:*sE&(.+&),:9&24/:*&?-9<&r9<*.s]&*(2<&-:&:*8(1(9*+&=@&S*1/&/1&)/1*&

?/1+:B&%<*&*C*2,9-/.&8(9<&-:&,.+*0-.*+&-0&9<*&:9(2G&-:&*)89@B&&

Y/.+-9-/.(4&=1(.2<*:&)(@&=*&.*:9*+&9/&(.&,.:8*2-0-*+&+*89<B&

DB.-"4&+ 2dup < if nip else drop then 
& Y/)8(1*:&%&(.+&eE&(.+&1*)/A*:&9<*&:)(44*1&A(4,*&01/)&9<*&:9(2G&

81*:*1A-.;&9<*&4(1;*1&(:&9<*&.*?&9/8&/0&:9(2GQ&)(CLeE%M&!&%B&

else 70*9$%$0*.4(,#.*A^(!&".#.%0#(
OQ*A%$0*+(7*8(1(9*:&9<*&9?/&(49*1.(9-A*:&2/+*&8(9<:&-.&(&2/.+-9-/.(4&

=1(.2<B&&T0&9<*1*&-:&./&2/+*&=*9?**.&r*4:*s&(.+&r9<*.sE&9<*&r*4:*s&)(@&

(4:/&=*&/)-99*+B&&7**&r-0s&(=/A*B&

!1*%.B+(#&2/.+-9-/.(4&=1(.2<&=*;-.:&?-9<&r-0sE&)(@&/89-/.(44@&2/.9(-.&
r*4:*sE&(.+&),:9&24/:*&?-9<&r9<*.s]&*(2<&-:&:*8(1(9*+&=@&S*1/&/1&)/1*&

?/1+:B&&Y/.+-9-/.(4&=1(.2<*:&)(@&=*&.*:9*+&9/&(.&,.:8*2-0-*+&+*89<B&

DB.-"4&+ 2dup < if nip else drop then 
& Y/)8(1*:&%&(.+&eE&(.+&1*)/A*:&9<*&:)(44*1&A(4,*&01/)&9<*&:9(2G&

81*:*1A-.;&9<*&4(1;*1&(:&9<*&.*?&9/8&/0&:9(2GQ&)(CLeE%M&!&%B 
then 70*9$%$0*.4(,#.*A^(2&#-$*.%0#(

OQ*A%$0*+(H.+:&(&2/.+-9-/.(4&=1(.2<]&./1)(4&*C*2,9-/.&1*:,)*:&?-9<&9<*&
-.:91,29-/.&0/44/?-.;&r9<*.sB&&7**&-0&(=/A*B&

!1*%.B+(#&2/.+-9-/.(4&=1(.2<&=*;-.:&?-9<&r-0sE&)(@&/89-/.(44@&2/.9(-.&
r*4:*sE&(.+&),:9&24/:*&?-9<&r9<*.s]&*(2<&-:&:*8(1(9*+&=@&S*1/&/1&)/1*&

*C*2,9(=4*&-.:91,29-/.:B&&Y/.+-9-/.(4&=1(.2<*:&)(@&=*&.*:9*+&9/&(.&

,.:8*2-0-*+&&+*89<B&

DB.-"4&+ 2dup < if nip else drop then 
& Y/)8(1*:&%&(.+&eE&(.+&1*)/A*:&9<*&:)(44*1&A(4,*&01/)&9<*&:9(2G&

81*:*1A-.;&9<*&4(1;*1&(:&9<*&.*?&9/8&/0&:9(2GQ&)(CLeE%M&!&%B 
begin ,&G$*()00"(

OQ*A%$0*+(79(19:&(&4//8-.;&2/.:91,29]&(09*1&1*(2<-.;&9<*&=/99/)&/0&9<*&
4//8E&*C*2,9-/.&?-44&1*:,)*&?-9<&9<*&-.:91,29-/.&0/44/?-.;&r=*;-.sB&&

!/*:&./9&2<(.;*&+(9(&/1&1*9,1.&:9(2G&+*89<B&

!1*%.B+(#&4//8&)(@&9(G*&/.*&/0&9<1**&0/1):Q&&
• #.&-.0-.-9*&4//8&2/.:-:9-.;&/0&r=*;-.s&0/44/?*+&=@&S*1/&/1&)/1*&

?/1+:&(.+&2/)84*9*+&=@&r(;(-.sE&&

• #&=/99/)O*C-9&4//8&2/.:-:9-.;&/0&r=*;-.s&0/44/?*+&=@&S*1/&/1&

)/1*&?/1+:&*.+-.;&?-9<&r,.9-4sE&/1&&

• #&)-++4*O*C-9&4//8&2/.:-:9-.;&/0&&r=*;-.sE&r?<-4*sE&(.+&r1*8*(9sE&

?-9<&S*1/&/1&)/1*&?/1+:&=*9?**.&*(2<B&

h//8:&)(@&=*&.*:9*+&9/&(.&,.:8*2-0-*+&+*89<B&

DB.-"4&+ begin d# 1 + again 
& h//8:&0/1*A*1E&(++-.;&N&9/&9<*&9/8&/0&9<*&:9(2GB 
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again F*;$*$%&()00"(
OQ*A%$0*+("*9,1.:&*C*2,9-/.&9/&9<*&-.:91,29-/.&0/44/?-.;&9<*&81*2*+-.;&

r=*;-.sB&&#.@&2/+*&0/44/?-.;&r(;(-.s&-:&.*A*1&*C*2,9*+B&!/*:&./9&(00*29&

+(9(&/1&1*9,1.&:9(2G&+*89<B&

!1*%.B+(#.&-.0-.-9*&4//8&2/.:-:9:&/0&r=*;-.s&0/44/?*+&=@&S*1/&/1&)/1*&
?/1+:&(.+&9*1)-.(9*+&=@&r(;(-.sB&&h//8:&)(@&=*&.*:9*+&9/&(.&

,.:8*2-0-*+&+*89<Q&(&r=*;-.s&|&r(;(-.s&4//8&)(@&-9:*40&2/.9(-.&(.@&

.,)=*1&(.+&9@8*:&/0&4//8&2/.:91,29B&

DB.-"4&+ begin d# 1 + again 
& h//8:&0/1*A*1E&(++-.;&N&9/&9<*&9/8&/0&9<*&:9(2GB 

until  ,0%%0-?DB$%()00"(
OQ*A%$0*+(Y/)84*9*:&(&=/99/)O*C-9&4//8Q&8/8:&%&01/)&9<*&+(9(&:9(2G&(.+&

91*(9:&-9&(:&(&\//4*(.&04(;B&T0&0(4:*&LICIIIIME&1*9,1.:&*C*2,9-/.&9/&9<*&

-.:91,29-/.&0/44/?-.;&9<*&81*2*+-.;&r=*;-.sB&&g9<*1?-:*E&2/.9-.,*:&

*C*2,9-/.&?-9<&9<*&-.:91,29-/.&0/44/?-.;&r,.9-4sB&"*+,2*:&+(9(&:9(2G&

+*89<&=@&/.*B&

!1*%.B+(#&=/99/)O*C-9&4//8&2/.:-:9:&/0&r=*;-.s&0/44/?*+&=@&S*1/&/1&)/1*&
?/1+:E&*.+-.;&?-9<&r,.9-4sB&&h//8:&)(@&=*&.*:9*+&9/&(.&,.:8*2-0-*+&

+*89<Q&(&r=*;-.s&|&r,.9-4s&4//8&)(@&-9:*40&2/.9(-.&(.@&.,)=*1&(.+&

9@8*:&/0&4//8&2/.:91,29:B&

DB.-"4&+ d# 45 d# 1 begin d# 1 + 2dup= until 
& Y/,.9&,8&01/)&N&9/&5K&=@&(++-.;&/.*&9/&9<*&9/8&/0&:9(2G&,.9-4&9<*&

1*:,49-.;&A(4,*&*F,(4:&5KB 
while /$994&?DB$%()00"(DB$%(

OQ*A%$0*+(V/8:&%&01/)&9<*&+(9(&:9(2G&(.+&91*(9:&-9&(:&(&\//4*(.&04(;B&T0&
0(4:*&LICIIIIME&*C-9:&9<*&4//8&=@&1*9,1.-.;&*C*2,9-/.&9/&9<*&

-.:91,29-/.&0/44/?-.;&9<*&:,=:*F,*.9&r1*8*(9sB&&g9<*1?-:*E&*C*2,9-/.&

2/.9-.,*:&?-9<&9<*&-.:91,29-/.&(09*1&r?<-4*sB&"*+,2*:&+(9(&:9(2G&+*89<&

=@&/.*B&

!1*%.B+(#&)-++4*O*C-9&4//8&2/.:-:9:&/0&r=*;-.sE&r?<-4*sE&(.+&r1*8*(9sE&?-9<&
S*1/&/1&)/1*&*C*2,9(=4*&-.:91,29-/.:&=*9?**.&*(2<B&&h//8:&)(@&=*&

.*:9*+&9/&(.&,.:8*2-0-*+&+*89<Q&(&r=*;-.s&|&r?<-4*s&|&r1*8*(9s&4//8&

)(@&2/.9(-.&(.@&.,)=*1&(.+&9@8*:&/0&4//8&2/.:91,29:B&

DB.-"4&+ d# 0 d# 4 begin 1- 2dup= while foo repeat 
& Y/,.9:&+/?.&01/)&5&9/&IE&*C*2,9-.;&9<*&r0//s&:,=1/,9-.*&0/,1&9-)*:B 

repeat /$994&?DB$%()00"(,0Q*9.#1(
OQ*A%$0*+("*9,1.:&*C*2,9-/.&9/&9<*&-.:91,29-/.&0/44/?-.;&9<*&)(92<-.;&

r=*;-.sB&

!1*%.B+(#&)-++4*O*C-9&4//8&2/.:-:9:&/0&r=*;-.sE&r?<-4*sE&(.+&r1*8*(9sE&?-9<&
S*1/&/1&)/1*&*C*2,9(=4*&-.:91,29-/.:&=*9?**.&*(2<B&&h//8:&)(@&=*&

.*:9*+&9/&(.&,.:8*2-0-*+&+*89<Q&(&r=*;-.s&|&r?<-4*s&|&r1*8*(9s&4//8&

)(@&2/.9(-.&(.@&.,)=*1&(.+&9@8*:&/0&4//8&2/.:91,29:B&

DB.-"4&: d# 0 d# 4 begin 1- 2dup= while foo repeat 
& Y/,.9:&+/?.&01/)&5&9/&IE&*C*2,9-.;&9<*&r0//s&:,=1/,9-.*&0/,1&9-)*:B 

&

f'&;Q4(!Q3#0Q%$*&'+&%<*&0/44/?-.;&:,=1/,9-.*:&(1*&,:*0,4&-.&(&?-+*&A(1-*9@&/0&
81/;1():E&*-9<*1&=*2(,:*&9<*@&+*0-.*&(++-9-/.(4&#e7&$/19<&?/1+:E&/1&8*10/1)&

01*F,*.94@O,:*+&2/+*&:*F,*.2*:B&



!"#$%&'()*+,-./&"*0*1*.2*&3(.,(4&

& [K&

&

ttt9/O+/Q&-.:*19&(&9(=4*&/0&,:*0,4&:,=1/,9-.*:ooo&

)*.&(<"%$4$=3%$*-(
#49</,;<&9<*&aN&2/81/2*::/1&/.4@&<(:&JKP&=@9*:&LNJW&-.:91,29-/.:M&/0&81/;1()&

)*)/1@E&-9&(4:/&<(:&(&.,)=*1&/0&0*(9,1*:&9<(9&(&24*A*1&81/;1())*1&2(.&,:*&9/&?1-9*&

*00-2-*.9&2/+*&9<(9&/22,8-*:&(:&4-994*&:8(2*&(:&8/::-=4*B&&%<*:*&9*2<.-F,*:&-.24,+*Q&

&

NB O.A%0#(A0--0*(A09&($*%0('Q3#0Q%$*&'+&#&aN&:,=1/,9-.*&2(44&-:&(&:-.;4*&
-.:91,29-/.E&(.+&9<*&1*9,1.&-:&(4)/:9&(4?(@:&01**&-.&9*1):&/0&2/+*&:8(2*&(.+&

*C*2,9-/.&9-)*E&:-.2*&(&1*9,1.&01/)&:,=1/,9-.*&2(.&=*&2/+*+&-.9/&(.@&#hk&

-.:91,29-/.B&&%<-:&)*(.:&9<(9&*A*.&:</19&:*F,*.2*:&/0&-.:91,29-/.:&2(.&=*&)(+*&

-.9/&:,=1/,9-.*:&9/&:(A*&:8(2*B&&$(29/1&/,9Q&

• 7*F,*.2*:&/0&J&-.:91,29-/.:&9<(9&(1*&,:*+&6&/1&)/1*&9-)*:&-.&@/,1&2/+*E&(.+&

• 7*F,*.2*:&/0&6&/1&)/1*&-.:91,29-/.:&9<(9&(1*&,:*+&(9&4*(:9&9?-2*&-.&@/,1&2/+*B&&&

&

$/1&*C()84*E&-0&9<*&:,=1/,9-.*&-.&7G*92<&PQ&HC()84*&7,=1/,9-.*&1*84(2*:&K&

-.:9(.2*:&?<*1*&9<*&9<1**O-.:91,29-/.&

:*F,*.2*&r+z&J&x&J+,8ds&?/,4+&=*&,:*+&

-.&@/,1&2/+*E&9<*&.*9&:(A-.;:&-:&[&

-.:91,29-/.:&LN5&=@9*:MB&

&

JB f'&(-Q4%$"4&(&*%#1('Q3#0Q%$*&'+&%<*&aN&(::*)=4*1&(44/?:&:,=1/,9-.*:&9/&<(A*&
),49-84*&*.91@&8/-.9:B&&%<-:&(44/?:&9<*&24*A*1&81/;1())*1&9/&0(29/1&)/1*&2/+*&

-.9/&:,=1/,9-.*:B&&#09*1&0(29/1-.;&1*8*(9*+&-.:91,29-/.&:*F,*.2*:&-.9/&

:,=1/,9-.*:E&4//G&0/1&-.:9(.2*:&?<*1*&9<*&:()*&-.:91,29-/.&/1&:*F,*.2*&/0&

-.:91,29-/.:&81*2*+*:&(&:,=1/,9-.*&2(44&),49-84*&9-)*:&-.&@/,1&2/+*B&&$(29/1&9<*:*&

/,9&-.9/&(.&(++-9-/.(4&:,=1/,9-.*&*.91@&8/-.9&81*2*+-.;&9<*&/1-;-.(4&:,=1/,9-.*&

,:-.;&]0(449<1,B&

&

$/1&*C()84*E&(09*1&0(29/1-.;&@/,1&2/+*&

-.9/&:,=1/,9-.*:&(:&+*:21-=*+&(=/A*E&

@/,&0-.+&6&-.:9(.2*:&?<*1*&@/,1&2/+*&

1*(+:&rl&JxJ+,8dsE&(.+&9?/&/9<*1&

-.:9(.2*:&9<(9&(1*&,.-F,*B&&`/,&2(.&9<*.&+*0-.*&(&),49-84*O*.91@&:,=1/,9-.*&,:-.;&

]0(449<1/,&(:&-.&7G*92<&[Q&HC()84*&3,49-84*OH.91@&7,=1/,9-.*&9/&:(A*&(.&

(++-9-/.(4&6&-.:91,29-/.:&LP&=@9*:M&_&(&9/9(4&/0&NI&-.:91,29-/.:&LJI&=@9*:M&:(A-.;:B&&

&

6B f'&(-&#G&9($*'%#QA%$0*'+(%<*&aN&$/19<&-.:91,29-/.&:*9&-.24,+*:&9?/&)*1;*+&
-.:91,29-/.:E&J+,8d&(.+&J+,8C/1E&9<(9&)*1;*&9<*&0,.29-/.&/0&9<*&$/19<&J+,8&

/8*1(9-/.&?-9<&F,(4-9@&/1&4/;-2(4&*C24,:-A*O/1&L1*:8*29-A*4@MB&&T.&9<*&aNE&9<*:*&

)*1;*+&-.:91,29-/.:&-)84*)*.9&2/))/.&:*F,*.2*:&/0&/8*1(9-/.:&-.9/&(&:-.;4*&

-.:91,29-/.B&&%<*:*&9?/&-.:91,29-/.:&(1*&8(19-2,4(14@&,:*0,4&0/1&81/;1())-.;&

4//8:E&=*2(,:*&9<*@&4*(A*&=/9<&/0&9<*-1&(1;,)*.9:&/.&9<*&:9(2G&(09*1&*C*2,9-/.E&

4*(A-.;&9<*&:9(2G&81/8*14@&:*9&,8&0/1&(./9<*1&-9*1(9-/.&/0&9<*&4//8B&

: 2*2dup= d# 2 * 2dup= ; 

: +2*2dup= + ;fallthru 
: 2*2dup= d# 2 * 2dup= ; 

!]&%A^(J+(DB.-"4&(!Q3#0Q%$*&(

!]&%A^(N+(DB.-"4&(/Q4%$"4&?D*%#1(!Q3#0Q%$*&(



!"#$%&'()*+,-./&"*0*1*.2*&3(.,(4&

& [P&

&

T0&@/,&(1*&81/;1())-.;&+-1*294@&-.&aN&)-21/2/+*&1(9<*1&9<(.&(::*)=4*1E&)(.@&

(++-9-/.(4&)*1;*+&-.:91,29-/.:&(1*&8/::-=4*&=@&)(.-8,4(9-.;&9<*&aN&:9(2G&

8/-.9*1:Q&(.@&#hk&-.:91,29-/.&9<(9&1*)/A*:&A(4,*:&01/)&*-9<*1&:9(2G&2(.&=*&

2/+*+&9/&1*9(-.&9<*&/8*1(.+:&/.&9<*&:9(2G&-.:9*(+B&&%<-:&*00*29-A*4@&)*1;*:&9<*&

-.:91,29-/.&?-9<&+,8&/1&J+,8&L0/1&/.*O/8*1(.+&(.+&9?/O/8*1(.+&-.:91,29-/.:E&

1*:8*29-A*4@ME&:(A-.;&-.:91,29-/.&:8(2*B&&V/::-=4*&)*1;*+&-.:91,29-/.:&-.24,+*&

J+,8lE&+,8NOE&J+,8tE&+,8,tE&J+,8(.+E&J+,8/1E&+,8-.A*19E&J+,81:<-09E&(.+&

J+,8xB&

&

5B 709&(%0(;.A$4$%.%&(;#&&(#&%Q#*'+(7,=1/,9-.*:&:</,4+&*.+&?-9<&#hk&-.:91,29-/.:B&&
#hk&-.:91,29-/.:&(1*&9</:*&-.&%(=4*&K5Q&aN&#e7&$/19<&T.:91,29-/.:&/1&%(=4*&KKQ&aN&

#++-9-/.(4&T.:91,29-/.:B&%<-:&(44/?:&9<*&1*9,1.&9/&=*&2/+*+&+-1*294@&-.9/&9<*&4(:9&

-.:91,29-/.&-.&9<*&:,=1/,9-.*B&&T0&9<-:&-:.D9&8/::-=4*E&*.+-.;&(&:,=1/,9-.*&?-9<&(&

2(44&9/&(&+-00*1*.9&:,=1/,9-.*&?-44&(44/?&9<*&(::*)=4*1&9/&1*84(2*&9<*&2(44&?-9<&(&

>,)8E&(4:/&1*:,49-.;&-.&(&01**&1*9,1.B&&#A/-+&*.+-.;&(&:,=1/,9-.*&?-9<&(.&

-.:91,29-/.&01/)&%(=4*&K6Q&aN&h-9*1(4&T.:91,29-/.:E&:-.2*&9<*:*&2(.D9&=*&2/.A*19*+&

-.9/&01**&1*9,1.:B&

&

KB f'&(0*&?$*'%#QA%$0*(4$%&#.4'+(Z<*.&8/::-=4*E&(A/-+&4-9*1(4&A(4,*:&;1*(9*1&9<(.&
IC[$$$&L6JE[P[&+*2-)(4MB&&h-9*1(4:&=*9?**.&ICIIII&(.+&IC[$$$$&2(.&=*&

(::*)=4*+&-.9/&(&:-.;4*&4/(+&-.:91,29-/.B&&h-9*1(4:&ICWIII&L+*2-)(4&6JE[PWM&),:9&

=*&(::*)=4*+&-.9/&9?/&-.:91,29-/.:E&(&4-9*1(4&0/44/?*+&=@&-.A*19B&

(
PB 70Q*%(90H*($*'%&.9(0;(Q"Q&%<*&aN&-.:91,29-/.&:*9&-.24,+*:&(&:-.;4*&-.:91,29-/.&

+*21*)*.9&LNOME&=,9&+/*:&./9&-.24,+*&(.&-.21*)*.9&-.:91,29-/.B&&T.21*)*.9-.;&(&

2/,.9*1&9@8-2(44@&9(G*:&9?/&-.:91,29-/.:&L+z&N&lMB&&

T9&/09*.&:(A*:&(.&-.:91,29-/.&9/&+*21*)*.9&

9<1/,;<&(&4//8&?/1G-.;&01/)&(&<-;<*1&)*)/1@&

(++1*::&9/&(&4/?*1&/.*&/1&9/&+*21*)*.9&(&4//8&

2/,.9*1&9/?(1+:&S*1/E&1(9<*1&9<(.&-.21*)*.9-.;&

01/)&4/?*1&(++1*::*:&9/&<-;<*1&/.*:&/1&

-.21*)*.9-.;&(&2/,.9*1&9/?(1+:&(&4-)-9B&&$/1&

*C()84*E&7G*92<&WQ&T.21*)*.9-.;&h//8&(.+&

7G*92<&RQ&!*21*)*.9-.;&h//8&=/9<&8*10/1)&9<*&

:()*&0,.29-/.&L(&4/;-2(4&r(.+s&/0&:81-9*&-)(;*&

)*)/1@&?-9<&ICY$&9/&24*(1&/.*&/0&9<*&:*9:&/0&5O

2/4/1&:81-9*&-)(;*:MB&&X/?*A*1E&9<*&+*21*)*.9&

A*1:-/.&-:&0/,1&=@9*:&L9?/&-.:91,29-/.:M&:</19*1Q&

9<*&,:*&/0&9<*&:-.;4*O-.:91,29-/.&+*21*)*.9&LNOM&

-.:9*(+&/0&9<*&9?/&-.:91,29-/.&4-9*1(4&(.+&(++&L+z&

N&lM&:(A*:&/.*E&(.+&9<*&*4-)-.(9-/.&/0&9<*&9?/O

-.:91,29-/.&4-9*1(4&LICWIIIM&-.&0(A/1&/0&(&/.*O

-.:91,29-/.&A(4,*&LIC[$$$M&:(A*:&(./9<*1B&

h# cf >r 
h# 8000 h# 4000 
begin 
  dup c@ r@ and 
  over c! 
  d# 1 + 2dup= 
until 

h# cf >r 
h# 3FFF h# 7FFF 
begin 
  dup c@ r@ and 
  over c! 
  1- 2dup= 
until 

!]&%A^(6+(F*A#&-&*%$*G()00"(

!]&%A^(<+(R&A#&-&*%$*G()00"(



!"#$%&'()*+,-./&"*0*1*.2*&3(.,(4&

& [[&

FG'<$.#).)6&'
%<*&aN&)(2<-.*&4(.;,(;*&-:&8/?*10,4E&(.+&2/.9(-.:&(&4(1;*&.,)=*1&/0&-.:91,29-/.:&

9<(9&(1*&./9&+-1*294@&-)84*)*.9*+&-.&9<*&(::*)=4*1&4(.;,(;*B&&%<*&<(1+?(1*&

(12<-9*29,1*&/0&9<*&aN&+-00*1:&:/)*?<(9&01/)&9<*&4/;-2(4&(12<-9*29,1*&+*:21-=*+&

(=/A*B&&

&

ttt9/O+/Q&-.:*19&+-(;1()&/0&aN&<(1+?(1*&(12<-9*29,1*ooo&

&

aN&)-21/2/+*&-:&=-9O0-*4+&2/+*+E&(:&+*:21-=*+&-.&9<*&0/44/?-.;&9(=4*:B&&%<*1*&(1*&K&

/A*1(44&9@8*:&/0&-.:91,29-/.:Q&4-9*1(4:E&2/.+-9-/.(4&(.+&,.2/.+-9-/.(4&>,)8:E&(&

:,=1/,9-.*&2(44E&(.+&#hk&-.:91,29-/.:Q&

• )$%&#.4Q&h/(+:&(&4-9*1(4&A(4,*&i&&-.9/&%E&-.21*)*.9:&9<*&+(9(&:9(2G&8/-.9*1E&(.+&
2/8-*:&9<*&81*A-/,:&A(4,*&/0&%&9/&9<-:&4/2(9-/.&(:&9<*&.*?&A(4,*&/0&eQ&i&!&%E&%&!&

vll+:9(2GwB&

• f*A0*9$%$0*.4&SQ-"Q&h/(+:&(&.*?&A(4,*&e&-.9/&9<*&81/;1()&2/,.9*1B&&%<*&/4+&
A(4,*&-:&+-:2(1+*+E&(.+&.*-9<*1&:9(2G&-:&)/+-0-*+B&&\*2(,:*&aN&-.:91,29-/.:&(1*&NPO

=-9&?/1+:E&e&),:9&=*&(.&*A*.&.,)=*1B&

• 70*9$%$0*.4&SQ-"Q&"*)/A*:&%&01/)&9<*&:9(2G&=@&+*21*)*.9-.;&+:9(2GB&&T0&%dIE&
>,)8:&9/&e&=@&4/(+-.;&-9&-.9/&9<*&81/;1()&2/,.9*1B&&%<*&/4+&A(4,*&VY&A(4,*&-:&

+-:2(1+*+E&(.+&9<*&1*9,1.&:9(2G&-:&./9&)/+-0-*+B&&\*2(,:*&aN&-.:91,29-/.:&(1*&NPO

=-9&?/1+:E&e&),:9&=*&(.&*A*.&.,)=*1&

• !Q3#0Q%$*&&7.44Q&h/(+:&(&.*?&A(4,*&e&-.9/&9<*&81/;1()&2/,.9*1B&&%<*&/4+&A(4,*&
-:&8,:<*+&/.9/&9<*&1*9,1.&:9(2GE&-.21*(:-.;&9<*&1*9,1.&:9(2G&+*89<&=@&/.*B&&%<*&

+(9(&:9(2G&-:&./9&)/+-0-*+B&\*2(,:*&aN&-.:91,29-/.:&(1*&NPO=-9&?/1+:E&e&),:9&=*&

(.&*A*.&.,)=*1B&

• K)f&:"&#.%$0*Q&#hk&/8*1(9-/.:&(1*&),49-O8,18/:*&-.:91,29-/.:&9<(9&2(.&-.24,+*&
(&1*9,1.&01/)&(&:,=1/,9-.*E&:9/1*&9<*&1*:,49&/0&(&2/)8,9(9-/.&/.9/&9<*&+(9(&:9(2GE&

2/8@&%&-.9/&e&/1&"E&?1-9*&9/&)*)/1@E&(.+&(+>,:9&9<*&+(9(&(.+&1*9,1.&:9(2G&

8/-.9*1:&_&/1&8/9*.9-(44@&(44&/0&9<*:*&/8*1(9-/.:&-.&(&:-.;4*&-.:91,29-/.B&

(
Y/+-.;&/0&aN&)-21/-.:91,29-/.:&-:&+*:21-=*+&-.&%(=4*&KRQ&aN&3-21/2/+*&T.:91,29-/.:B&&

%<*&=-9&0-*4+:&0/1&#hk&/8*1(9-/.:&(1*&0,19<*1&*C84(-.*+&-.&9<*&(++-9-/.(4&9(=4*:&

=*4/?B&

&

2.34&(I<+(SE(/$A#0A09&(F*'%#QA%$0*'(
T.:91,29-/.& $/1)(9&

h-9*1(4& 1  V14V13V12V11V10V09V08V07V06V05V04V03V02V01V00 

k.2/.+-9-/.(4&a,)8& 0  0  0  0  1  1  0  0  N7 N6 N5 N4 N3 N2 N1 N0 

a,)8&/.&%dI&& 0  0  1  0  1  1  0  0  N7 N6 N5 N4 N3 N2 N1 N0 

7,=1/,9-.*&Y(44& 0  1  0  0  1  1  0  0  N7 N6 N5 N4 N3 N2 N1 N0 

#hk&g8*1(9-/.& 0  1  1  P  O3 O2 O1 O0 S  A  W  X  D1 D0 R1 R0  
iII_iN5Q&T))*+-(9*&A(4,*&9/&4/(+E&ICIIII&9/&IC[$$$&LI&9/&6J[P[&+*2-)(4MB&

^Q&k.,:*+&=-9E&:*9&9/&I&0/1&2/)8(9-=-4-9@&

eI_e[Q&%(1;*9&(++1*::&0/1&>,)8&/1&2(44E&ICII&9/&IC$H&LI&9/&JK5&+*2-)(4M]&),:9&=*&*A*.B&

VQ&V/8&81/;1()&2/,.9*1&01/)&1*9,1.&:9(2GE&v1:9(2GOOw!VY]&Id./&(.+&Nd@*:B&



!"#$%&'()*+,-./&"*0*1*.2*&3(.,(4&

& [W&

:>c:@+(K)f(0"&#.%$0*(%0(&B&AQ%&n('&&(2.34&(J>+(K)f(:"&#.%$0*(709&'`(
7Q&Y/8@&%!e&E&Id./&(.+&Nd@*:B&

#Q&Y/8@&%!"E&Id./&(.+&Nd@*:B&

ZQ&Z1-9*&e!v%wE&Id./&(.+&Nd@*:B&

!I_!NQ&!(9(&:9(2G&8/-.9*1&L+:9(2GM&(+>,:9)*.9E&:**&%(=4*&PNQ&!(9(&79(2G&#+>,:9)*.9B&

"I_"NQ&"*9,1.&:9(2G&8/-.9*1&L1:9(2GM&(+>,:9)*.9E&:**&%(=4*&PJQ&"*9,1.&79(2G&#+>,:9)*.9B&

&

2.34&(J>+(K)f(:"&#.%$0*(709&'(
#hk&g,98,9& gI_g6&

%& 0x0&

e& 0x1 

e&l&%& 0x2 

e&"&%& 0x3 

e&#&%& 0x4 

e&!&%& 0x5 

u%& 0x6 

edd%& 0x7 

e&t&%& 0x8 

e&oo&%& 0x9 

%&_&N& 0xA 

"& 0xB 

v%w& 0xC 

e&j&%& 0xD 

:?(=&%& 0xE 

e&t&%& 0xF 

2.34&(JE+(R.%.(!%.A](K9oQ'%-&*%(
+:9(2G& !I_!N&

e/&(+>,:9)*.9& 0 0 

+:9(2G&l&N& 0 1 

k.+*0-.*+& 1 0 

+:9(2G&_&N& 1 1 

&

2.34&(J5+(C&%Q#*(!%.A](K9oQ'%-&*%(
1:9(2G& !I_!N&
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