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7&&$=# ,43# *+-)# 7(,'149# *+()(# )194# (6*(4)1&4# 14)*%-5*1&4)# 14# *+(#
7&&$# 5,-)()#<,N&%# $(%2&%<,45(# 3(9%,3,*1&4:# H331*1&4,77>=# 8+(4#
,4#,%%,>#143(6#14#,#7&&$#1)#4&*#7&&$#14',%1,4*=#7&&$#14',%1,4*#5&3(#
<&*1&4# *(5+41F-()# 5,44&*# <&'(# ,# )194# (6*(4)1&4# 2&%# *+,*# ,%%,>#
143(6# &-*# &2# *+(# 7&&$:# O4# *+(# &*+(%# +,43=# 8(# 5,4# -*171P(# ,4#
14)*%-5*1&4#*+,*#5&<$-*()#,4#(22(5*1'(#,33%())#81*+&-*#,4#(6$7151*#

############################## ############################## #####
!#Q*,*(<(4*#?!R@#%(F-1%()#,#)194#(6*(4)1&4=#,43#*+-)#?S@#5,44&*#0(#
(71<14,*(3:#Q*,*(<(4*)# ?"@# ,43# ?J@# 3&#4&*# %(F-1%(# ,4># )194# (6I
*(4)1&4# 0(5,-)(# *+(# -$$(%# ./# 01*)# &2# *+(1%# )&-%5(# &$(%,43)# 3&#
4&*# ,22(5*# *+(1%# 5&%%(5*# (6(5-*1&4=# ,43# *+-)# ?B@# ,43# ?A@# 5,4# 0(#
(71<14,*(3=# %()$(5*1'(7>:# Q*,*(<(4*# ?K@# ,9,14# %(F-1%()# ,# )194#
(6*(4)1&4=#,43#*+-)#?.@#5,44&*#0(#(71<14,*(3:#E14,77>=#)145(#?/@#
3&()#4&*#%(F-1%(#,#)194#(6*(4)1&4=#?!@#5,4#0(#(71<14,*(3:#

)194# (6*(4)1&4# &4# )&<(# ,%5+1*(5*-%():# E&%# (6,<$7(=# LLMJK# +,)#
)-5+# ,4# 14)*%-5*1&4=# 5,77(3# *+(# ,-%)%(& '($%& +-./'(0-,+& #11(+#)%(&
%"(*& 2'(),# ?&#%'(*# 14)*%-5*1&4:# G2# *+(# #*+(3# 4('(%# +,)# ,# 4(9,*1'(#
',7-(#,55&%3149# *&# *+(# 7,49-,9(#)$(51215,*1&4=#8(#5,4#-*171P(# *+1)#
14)*%-5*1&4# *&#5&<$-*(#,4#(22(5*1'(#,33%()):#;(#8177#31)5-))# *+1)#
,))-<$*1&4# 14# Q(5*1&4# .:# E&%# ,4&*+(%# (6,<$7(=# &4# HTUV)#
Q7(39(W,<<(%# X/Y=# ',7-()# ,%(# P(%&I(6*(43(3# 3-%149# ./I01*#
&$(%,*1&4)=# ,43# *+-)#8(#5,4#)1<$7>#-)(# *+(#JKI01*# !"#$%4'($%# ?!"#@#
14)*%-5*1&4# *&# 5&<$-*(# ,4# (22(5*1'(# ,33%())# 81*+&-*# ,4# (6$7151*#
)194#(6*(4)1&4:#

D+(# )(5&43# 71<1*,*1&4# 1)# *+,*# (71<14,*1&4# -)149# &47># 0,5Z8,%3#
3,*,27&8# ,4,7>)1)# <,># <1))# )&<(# &$$&%*-41*1()# 2&%# (71<14,*149#
)194#(6*(4)1&4):#G4#E19-%(#.=#8+(4#?"@#[*#\]# N^# 1)# %($7,5(3#0>#,4#
14)*%-5*1&4# %(F-1%149# ,# )194# (6*(4)1&4# 2&%# )=# )-5+# ,)#
[3#\]#?3&-07(@#N^#=#?B@#1)#4&#7&49(%#(71<14,*(3#0>#*+1)#,79&%1*+<:#

D+(#*+1%3#71<1*,*1&4#1)#*+,*#,#)194#(6*(4)1&4#14)13(#,#7&&$#<,>#2,17#
*&# 0(# (71<14,*(3# -)149# *+1)# ,79&%1*+<# 12# *+(%(# ,%(# )194# (6*(4)1&4#
14)*%-5*1&4)#0&*+#14)13(#,43#&-*)13(#&2#*+(#7&&$#2&%#*+(#),<(#',%1I
,07(:#D+1)#1)#0(5,-)(#(71<14,*1&4#-)149#0,5Z8,%3#3,*,27&8#,4,7>I
)1)# 7(,'()# *+(# 7,)*# )194# (6*(4)1&4# &2# *+(# ,22(5*(3# ',%1,07(# 14# *+(#
27&8# 9%,$+:# G4# E19-%(# .=# 2&%# (6,<$7(=# *+(%(# ,%(# *8&# )194# (6*(4I
)1&4)# 2&%# *+(# ',%1,07(# '=# ?!@# ,43# ?.@:# G*# 1)# 0(**(%# *&# (71<14,*(# ?.@#
)145(#1*#1)#14#*+(#7&&$=#0-*#*+1)#,79&%1*+<#%()-7*)#14#(71<14,*149#?!@:#

D+(# 2&-%*+# 71<1*,*1&4# 1)# *+,*# ,# )194# (6*(4)1&4# 14)13(# ,# 7&&$#<,>#
2,17# *&# 0(# (71<14,*(3# -)149# *+1)# ,79&%1*+<# ('(4# 8+(4# *+,*# )194#
(6*(4)1&4#14)*%-5*1&4#5,4#0(#<&'(3#&-*#&2#*+(#7&&$:#E&%#(6,<$7(=#
14#E19-%(#.=#*+(#)194#(6*(4)1&4#?S@#1)#4&*#%(F-1%(3#14)13(#*+(#7&&$=#
0-*#&47>#0(2&%(#?!R@#&-*)13(#&2#*+(#7&&$:#

;(# $%()(4*# ,# 4(8# ,79&%1*+<# )&7'149# *+()(# $%&07(<):# O-%# ,$I
$%&,5+#+,)#*+(#2&77&8149#5+,%,5*(%1)*15)C#

G*#(71<14,*()#)194#(6*(4)1&4#2&%#*+(#(22(5*1'(#,33%())#5&<$-I
*,*1&4#&2#,4#,%%,>#,55())#0,)(3#&4#&-%#,))-<$*1&4#*+,*#,#4(9,I
*1'(#,%%,>#143(6#1)#4&*#,77&8(3#0>#*+(#7,49-,9(#)$(51215,*1&4:#

G*# (71<14,*()# )194# (6*(4)1&4)# )(7(5*1'(7>=# )*,%*149# 81*+# *+(#
<&)*#2%(F-(4*7>#(6(5-*(3#%(91&4:#

G*#-*171P()#_U`U_#5+,14)#X!Y#2&%#*+(#,0&'(#*8&#9&,7):#

G*# 14)(%*)#)194#(6*(4)1&4)#0(2&%(#(71<14,*1&4:#H#5&<014,*1&4#
&2#14)(%*1&4#,43#(71<14,*1&4#5,4#(22(5*1'(7>#<&'(#)194#(6*(4I
)1&4)#*&#7())#2%(F-(4*7>#(6(5-*(3#%(91&4)=#,43#$,%*15-7,%7>#&-*#
&2#7&&$):#

;(#1<$7(<(4*(3#&-%#,79&%1*+<#14#&-%#$%&3-5*1&4I7('(7#a,',#a-)*I
14ID1<(#?aGD@#5&<$17(%#2&%#GHIJK:#G4#&%3(%#*&#1<$%&'(#$&%*,0171*>#
&2#&-%#aGD#5&<$17(%=#<,4>#&$*1<1P,*1&4)#X!R=#!!=#!/=#!J=#!S=#/RY#
,%(#$(%2&%<(3#,*#*+(#14*(%<(31,*(#7,49-,9(#7('(7:#b>#$&%*149#*+()(#
&$*1<1P,*1&4)# *&# *+(# GHIJK# aGD# 5&<$17(%=# 8(# ,5+1('(3# +19+# $(%I
2&%<,45(#F-15Z7>:#;(#<(,)-%(3#*+(#(22(5*1'(4())#&2#&-%#,79&%1*+<#
-)149#NbcDd<,%Z#,43#QLdMN'<S"=#0&*+#&4#,4#GbT#G4*(771Q*,*1&4#
e#L%&#81*+# *8&# G4*(7# G*,41-<f#$%&5())&%):#O-%# (6$(%1<(4*,7# %(I
)-7*)#)+&8#&-%#,79&%1*+<#5,4#(22(5*1'(7>#(71<14,*(#*+(#<,N&%1*>#&2#
)194# (6*(4)1&4):# D+(># ,7)&# )+&8# *+,*# 1*# )1941215,4*7># 1<$%&'()#
$(%2&%<,45(=# 8+17(# 145%(,)149# *+(# aGD# 5&<$17,*1&4# *1<(# 0># &47>#
R:!!g:#

############################## ############################## #####
f# a,',# 1)# ,# *%,3(<,%Z# &2# Q-4#T15%&)>)*(<):# GHIJK# ,43# G*,41-<#
,%(#*%,3(<,%Z)#&2#G4*(7#M&%$&%,*1&4:#

14*#Nh#``#N#1)#,#./I01*#',%1,07(:#
14*#*#]#Rh#``#*#1)#,#./I01*#',%1,07(:#
14*#1#]#<(<h#``#1#1)#,#./I01*#',%1,07(:#
14*#M#]#R6R2222222h#``#M#1)#,#./I01*#',%1,07(:#
1#]#(6*(43?1@h# # I#?!@##?5,4#0(#(71<14,*(3@#
3&#i#

1#]#1#I#!h# # I#?/@#
1#]#(6*(43?1@h# I#?.@#
N#]#,X1Yh# # I#?K@#
N#]#(6*(43?N@h## I#?A@##?5,4#0(#(71<14,*(3@#
N#]#N#j#Mh# # I#?J@#
N#]#(6*(43?N@h## I#?B@##?5,4#0(#(71<14,*(3@#
*#\]#Nh# # I#?"@#
*#]#(6*(43?*@h## I#?S@#
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Flow Design

!"#$

%&'$(')*$+,$ *&'$-.-'($ /)$+(0.1/2'3$.)$,+44+5)6$7'8*/+1$9$0/:')$.1$
+:'(:/'5$+,$+;($.--(+.8&6$7'8*/+1$<$3')8(/=')$*&'$)/01$'>*'1)/+1$
'4/?/1.*/+1$ ,+($ .((.@$ /13/8')6$ 7'8*/+1$ A$ )&+5)$ *&'$ -'(,+(?.18'$
(');4*)$+=*./1'3$/1$+;($'>-'(/?'1*)6$7'8*/+1$B$);??.(/2')$-(':/C
+;)$5+(D6$7'8*/+1$E$+,,'()$)+?'$8+184;3/10$('?.(D)6$

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

+,-./0#1$ )&+5)$.$ ,4+5$3/.0(.?$+,$+;($.40+(/*&?$,+($ )/01$'>*'1C
)/+1$'4/?/1.*/+1F$5&/8&$8+1)/)*)$+,$*&(''$)*'-)6$7*'-$G!H$*(.1)4.*')$
*&'$/1*'(?'3/.*'$('-(')'1*.*/+1$+,$*&'$*.(0'*$-(+0(.?$,(+?$.$<9C=/*$
.(8&/*'8*;('$ ,+(?$ *+$ .$ EAC=/*$ .(8&/*'8*;('$ ,+(?6$ %&'('$ .('$ *5+$
.--(+.8&')$*+$0'1'(.*'$)/01$'>*'1)/+1$/1)*(;8*/+1)6$I1'$/)$*+$0'1C
'(.*'$.$)/01$'>*'1)/+1$/1)*(;8*/+1$.*$.$3',/1/*/+1$-+/1*F$*&.*$/)$/?C
?'3/.*'4@$ ,+44+5/10$ ':'(@$ /1)*(;8*/+1$ !$5/*&$ .$ <9C=/*$ 3')*/1.*/+1$
+-'(.13F$ ;14'))$ *&'$ 3')*/1.*/+1$ +-'(.13$ +,$ *&'$ /1)*(;8*/+1$ !$ /)$
0;.(.1*''3$ *+$ ='$ )/01C'>*'13'36$ %&'$ +*&'($ /)$ *+$ 0'1'(.*'$ .$ )/01$
'>*'1)/+1$ /1)*(;8*/+1$ .*$ .$ ;)'$ -+/1*F$ *&.*$ /)$ /??'3/.*'4@$ =',+('$
':'(@$ /1)*(;8*/+1$ !$ *&.*$ ('J;/(')$ .$ )/01$ '>*'1)/+1F$ ;14'))$ *&'$
)+;(8'$ +-'(.13$ +,$ *&'$ /1)*(;8*/+1$ !$ /)$ 0;.(.1*''3$ *+$ ='$ )/01C
'>*'13'36$K'$;)'$ *&'$ ,/()*$ .--(+.8&$ /1$+(3'($ *+$?+)*$ ',,'8*/:'4@$
+-*/?/2'$ )/01$ '>*'1)/+1)6$+,-./0# 2$ /)$ .1$ '>.?-4'$ *+$ )&+5$ *&')'$
*5+$.--(+.8&')6$L1$*&/)$'>.?-4'F$/,$ *&'$8+?-/4'($0'1'(.*')$.$)/01$
'>*'1)/+1$.*$.$;)'$-+/1*$.)$/1$G8HF$1+$)/01$'>*'1)/+1$8.1$='$'4/?/C
1.*'36$L1$8+1*(.)*F$ /,$ *&'$8+?-/4'($0'1'(.*')$.$)/01$'>*'1)/+1$.*$.$
3',/1/*/+1$ -+/1*$ .)$ /1$ G=HF$ +1'$ )/01$ '>*'1)/+1$ 8.1$ ='$ '4/?/1.*'36$
G7''$7'8*/+1$<$,+($*&'$*&'+('?)$*&.*$M;)*/,@$*&/)$'4/?/1.*/+16H$

7*'-$ G9H$ .4)+$ +-*/?/2')$ )/01$ '>*'1)/+1)6$ N+($ '>.?-4'F$ 5&'1$ .$
8+1)*.1*$/)$-(+-.0.*'3$.)$*&'$)+;(8'$+-'(.13$+,$.$)/01$'>*'1)/+1F$

*&'$)/01$'>*'1)/+1$5/44$='$8&.10'3$ *+$.$8+-@$ /1)*(;8*/+1$=@$8+1C
)*.1*$,+43/106$O+??+1$);=C'>-('))/+1$'4/?/1.*/+1$/)$.4)+$.--4/'3$
*+$)/01$'>*'1)/+1)6$P'('$5'$'?-4+@$.$:.(/.1*$+,$*&'$-.(*/.4$('3;1C
3.18@$ '4/?/1.*/+1$ .40+(/*&?$ Q!9F$ !<F$ !AR$ ,+($ 8+??+1$ );=C
'>-('))/+1$ '4/?/1.*/+16$ %&/)$ +-*/?/2.*/+1$ ?+:')$ .1$ '>-('))/+1$
=.8D5.(3$/1$ *&'$8+1*(+4$ ,4+5$0(.-&F$.13$ *&;)$ 4++-C/1:.(/.1*$)/01$
'>*'1)/+1)$8.1$='$?+:'3$+;*$+,$*&'$ 4++-6$S$:.4;'$(.10'$.1.4@)/)$
QAF$ TRF$ ;)'3$ ,+($ )+?'$ +-*/?/2.*/+1)$ );8&$ .)$ .((.@$ =+;13)$ 8&'8D$
'4/?/1.*/+1F$.4)+$&'4-)$)/01$'>*'1)/+1$'4/?/1.*/+16$

7*'-$G<H$/)$*&'$?./1$-.(*$+,$+;($.40+(/*&?F$.13$/*$&.)$*&(''$-&.)')6$
L1$*&'$,/()*$-&.)'$GG<HC!HF$.$)/01$'>*'1)/+1$/)$/1)'(*'3$/??'3/.*'4@$
=',+('$':'(@$/1)*(;8*/+1$*&.*$('J;/(')$.$)/01$'>*'1)/+16$L1$*&'$)'8C
+13$-&.)'$ GG<HC9HF$ +(3'($ 3'*'(?/1.*/+1$ /)$ -'(,+(?'3$ *+$ '4/?/1.*'$
)/01$ '>*'1)/+1)$ )'4'8*/:'4@$ ='0/11/10$ ,(+?$ *&'$ ?+)*$ ,('J;'1*4@$
'>'8;*'3$('0/+16$N/1.44@F$/1$*&'$*&/(3$-&.)'$GG<HC<HF$('3;13.1*$)/01$
'>*'1)/+1)$ .('$ '4/?/1.*'3$ ;)/10$ UVWVU$ 8&./1)6$ %&'$ ,+44+5/10$
*&(''$)'8*/+1)$3')8(/='$'.8&$-&.)'6$

!"3# 4,-5#678059,:5#;590/8,:5#
L1$ *&'$ ,/()*$ -&.)'F$ 5'$ /1)'(*$ *5+$ D/13)$ +,$ )/01$ '>*'1)/+1)6$ %+$
'4/?/1.*'$ )/01$ '>*'1)/+1)$ ',,'8*/:'4@$ ,(+?$ 4++-)F$ 5'$ /1)'(*$ )/01$
'>*'1)/+1$ /1)*(;8*/+1)6$ L1$ *&'$ '>.?-4'$ +,$ +,-./0# <F$ G!XH$ /)$ *&'$
+14@$/1)*(;8*/+1$*&.*$('J;/(')$.$)/01$'>*'1)/+1$,+($"6$L,$)/01$'>*'1C
)/+1$'4/?/1.*/+1$/)$.--4/'3$&'('$5/*&+;*$/1)'(*/+1F$*&'$)/01$'>*'1C
)/+1$G#H$5/44$)*/44$('?./1$/1$*&'$4++-$.)$)&+51$/1$+,-./0#=G.H6$%+$
.:+/3$*&/)$/1',,/8/'18@F$5'$/1)'(*$.$)/01$'>*'1)/+1$/1)*(;8*/+1$ /?C
?'3/.*'4@$=',+('$':'(@$/1)*(;8*/+1$5&'('$)/01$'>*'1)/+1$/)$1'8')C
).(@$ ;14'))$ /*)$ :.(/.=4'$ /)$ +=:/+;)4@$ )/01C'>*'13'36$ %+$ =.4.18'$

O+1:'()/+1$,+($EAC=/*$.(8&/*'8*;(')
GY'1'(.*/10$7/01$Z>*'1)/+1$L1)*(;8*/+1)H

O+??+1$I-*/?/2.*/+1)
GO+1)*.1*$[(+-.0.*/+1F$O+??+1$7;='>-('))/+1$Z4/?/1.*/+1F

\.4;'$].10'$S1.4@)/)H

$$Z4/?/1.*/+1$.13$^+:'?'1*$+,$7/01$Z>*'1)/+1)
!6$7/01$Z>*'1)/+1$L1)'(*/+1
96$I(3'($V'*'(?/1.*/+1$+,$Z4/?/1.*/+1
<6$7/01$Z>*'1)/+1$Z4/?/1.*/+1

7*'-$G!H

7*'-$G9H

7*'-$G<H

$
+,-./0#1"#+>:?#@,A-/AB#:C#:./#A>-:/,8DB#

$
$
$
$
$
$
$
$
$
$
$
$
$
$
$

+,-./0#<"#67ABE>0#:C#,590/8,5-#A#9,-5#078059,:5#
$
$
$
$
$
$
$
$
$
$
$
$

+,-./0#="#FD0#:E8,B,G0@#/09.>8#:C#+,-./0#<#

HIJ#K050/A80#A#9,-5#078059,:5#AC80/#@0C,5,8,:5
$$$G=',+('$'4/?/1.*/+1H
$$$*$_$/$`$Ma
$$#8#L#07805@H#8#JM
$$$*!$_$*$`$!a
$$#83#L#07805@H#83#JM
$$$.Q$*!$R$_$Xa
$$$3$_$G3+;=4'H$*a

#
G.,*'($'4/?/1.*/+1H
*$_$/$`$Ma
8#L#07805@H#8#JM
*!$_$*$`$!a

.Q$*!$R$_$Xa
3$_$G3+;=4'H$*a

HNJ#K050/A80#A#9,-5#078059,:5#I0C:/0#.90
$$$G=',+('$'4/?/1.*/+1H
$$$*$_$/$`$Ma
$$$*!$_$*$`$!a
$$$83#L#07805@H#83#JM
$$$.Q$*!$R$_$Xa
$$$8#L#07805@H#8#JM
$$$3$_$G3+;=4'H$*a

#
G.,*'($'4/?/1.*/+1H
*$_$/$`$Ma
*!$_$*$`$!a
83#L#07805@H#83#JM
.Q$*!$R$_$Xa
8#L#07805@H#8#JM
3$_$G3+;=4'H$*a

HAJ#$/,-,5A>#E/:-/AB
$$$*$_$/$`$Ma
$$$.Q*$`$!R$_$Xa
$$$3$_$G3+;=4'H$*a

$
+,-./0#2"#F?:#AEE/:AND09#8:#-050/A80#9,-5#078059,:59#

HAJ#O0C:/0#,590/8,:5#
/1*$Ma$WW$!$/)$.$<9C=/*$:.(/.=4'$
/1*$*$_$Xa$WW$"$/)$.$<9C=/*$:.(/.=4'$
/1*$/$_$?'?a$WW$#$/)$.$<9C=/*$:.(/.=4'$
/$_$'>*'13G/Ha$ C$G!H$
3+$b$
/$_$/$C$!a$ C$G9H$
/$_$'>*'13G/Ha$ C$G<H$
M$_$.Q/Ra$ C$GAH$
M$_$'>*'13GMHa$$ C$GBH$
M$_$M$c$X>X,,,,,,,a$ C$GEH$
M$_$'>*'13GMHa$$ C$GTH$
*$`_$Ma$ $ C$G"H$
*$_$'>*'13G*Ha$$ C$G#H$

d$5&/4'G/$e$)*.(*Ha$
WW$1''3$.$)/01$'>*'1)/+1$,+($"$
3$_$G3+;=4'H*a$ C$G!XH$

HIJ#'C80/#,590/8,:5#
/1*$Ma$WW$!$/)$.$<9C=/*$:.(/.=4'$
/1*$*$_$Xa$WW$"$/)$.$<9C=/*$:.(/.=4'$
/1*$/$_$?'?a$WW$#$/)$.$<9C=/*$:.(/.=4'$
/$_$'>*'13G/Ha$ C$G!H$
3+$b$
/$_$/$C$!a$$ C$G9H$
/$_$'>*'13G/Ha$ C$G<H$
M$_$.Q/Ra$ C$GAH$
#$%$&'(")*+"*,-*-.#/$0$.12/$
M$_$'>*'13GMHa$$ C$GBH$
M$_$M$c$X>X,,,,,,,a$ C$GEH$
M$_$'>*'13GMHa$$ C$GTH$
*$`_$Ma$ $ C$G"H$
*$_$'>*'13G*Ha$$ C$G#H$

d$5&/4'G/$e$)*.(*Ha$
WW$1''3$.$)/01$'>*'1)/+1$,+($"$
"$%$*+"*,-."/3$ 0$.11/$
3$_$G3+;=4'H*a$ C$G!XH$

HAJ#$E8,B,G0@#/09.>8#?,8D:.8#
,590/8,:5#

/1*$Ma$WW$!$/)$.$<9C=/*$:.(/.=4'$
/1*$*$_$Xa$WW$"$/)$.$<9C=/*$:.(/.=4'$
/1*$/$_$?'?a$WW$#$/)$.$<9C=/*$:.(/.=4'$
3+$b$
/$_$/$C$!a$ C$G9H$
M$_$.Q/Ra$ C$GAH$
M$_$M$c$X>X,,,,,,,a$ C$GEH$
*$`_$Ma$ $ C$G"H$
*$_$'>*'13G*Ha$$ C$G#H$

d$5&/4'G/$e$)*.(*Ha$
WW$1''3$.$)/01$'>*'1)/+1$,+($"$
3$_$G3+;=4'H*a$ C$G!XH$

HIJ#$E8,B,G0@#/09.>8#?,8D#
,590/8,:5#

/1*$Ma$WW$!$/)$.$<9C=/*$:.(/.=4'$
/1*$*$_$Xa$WW$"$/)$.$<9C=/*$:.(/.=4'$
/1*$/$_$?'?a$WW$#$/)$.$<9C=/*$:.(/.=4'$
3+$b$
/$_$/$C$!a$$ C$G9H$
M$_$.Q/Ra$ C$GAH$
M$_$M$c$X>X,,,,,,,a$ C$GEH$
*$`_$Ma$ $ C$G"H$

$
d$5&/4'G/$e$)*.(*Ha$
WW$1''3$.$)/01$'>*'1)/+1$,+($"$
"$%$*+"*,-."/3$ 0$.11/$
3$_$G3+;=4'H*a C$G!XH$
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Approaches
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%&'$(')*$+,$ *&'$-.-'($ /)$+(0.1/2'3$.)$,+44+5)6$7'8*/+1$9$0/:')$.1$
+:'(:/'5$+,$+;($.--(+.8&6$7'8*/+1$<$3')8(/=')$*&'$)/01$'>*'1)/+1$
'4/?/1.*/+1$ ,+($ .((.@$ /13/8')6$ 7'8*/+1$ A$ )&+5)$ *&'$ -'(,+(?.18'$
(');4*)$+=*./1'3$/1$+;($'>-'(/?'1*)6$7'8*/+1$B$);??.(/2')$-(':/C
+;)$5+(D6$7'8*/+1$E$+,,'()$)+?'$8+184;3/10$('?.(D)6$

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

+,-./0#1$ )&+5)$.$ ,4+5$3/.0(.?$+,$+;($.40+(/*&?$,+($ )/01$'>*'1C
)/+1$'4/?/1.*/+1F$5&/8&$8+1)/)*)$+,$*&(''$)*'-)6$7*'-$G!H$*(.1)4.*')$
*&'$/1*'(?'3/.*'$('-(')'1*.*/+1$+,$*&'$*.(0'*$-(+0(.?$,(+?$.$<9C=/*$
.(8&/*'8*;('$ ,+(?$ *+$ .$ EAC=/*$ .(8&/*'8*;('$ ,+(?6$ %&'('$ .('$ *5+$
.--(+.8&')$*+$0'1'(.*'$)/01$'>*'1)/+1$/1)*(;8*/+1)6$I1'$/)$*+$0'1C
'(.*'$.$)/01$'>*'1)/+1$/1)*(;8*/+1$.*$.$3',/1/*/+1$-+/1*F$*&.*$/)$/?C
?'3/.*'4@$ ,+44+5/10$ ':'(@$ /1)*(;8*/+1$ !$5/*&$ .$ <9C=/*$ 3')*/1.*/+1$
+-'(.13F$ ;14'))$ *&'$ 3')*/1.*/+1$ +-'(.13$ +,$ *&'$ /1)*(;8*/+1$ !$ /)$
0;.(.1*''3$ *+$ ='$ )/01C'>*'13'36$ %&'$ +*&'($ /)$ *+$ 0'1'(.*'$ .$ )/01$
'>*'1)/+1$ /1)*(;8*/+1$ .*$ .$ ;)'$ -+/1*F$ *&.*$ /)$ /??'3/.*'4@$ =',+('$
':'(@$ /1)*(;8*/+1$ !$ *&.*$ ('J;/(')$ .$ )/01$ '>*'1)/+1F$ ;14'))$ *&'$
)+;(8'$ +-'(.13$ +,$ *&'$ /1)*(;8*/+1$ !$ /)$ 0;.(.1*''3$ *+$ ='$ )/01C
'>*'13'36$K'$;)'$ *&'$ ,/()*$ .--(+.8&$ /1$+(3'($ *+$?+)*$ ',,'8*/:'4@$
+-*/?/2'$ )/01$ '>*'1)/+1)6$+,-./0# 2$ /)$ .1$ '>.?-4'$ *+$ )&+5$ *&')'$
*5+$.--(+.8&')6$L1$*&/)$'>.?-4'F$/,$ *&'$8+?-/4'($0'1'(.*')$.$)/01$
'>*'1)/+1$.*$.$;)'$-+/1*$.)$/1$G8HF$1+$)/01$'>*'1)/+1$8.1$='$'4/?/C
1.*'36$L1$8+1*(.)*F$ /,$ *&'$8+?-/4'($0'1'(.*')$.$)/01$'>*'1)/+1$.*$.$
3',/1/*/+1$ -+/1*$ .)$ /1$ G=HF$ +1'$ )/01$ '>*'1)/+1$ 8.1$ ='$ '4/?/1.*'36$
G7''$7'8*/+1$<$,+($*&'$*&'+('?)$*&.*$M;)*/,@$*&/)$'4/?/1.*/+16H$

7*'-$ G9H$ .4)+$ +-*/?/2')$ )/01$ '>*'1)/+1)6$ N+($ '>.?-4'F$ 5&'1$ .$
8+1)*.1*$/)$-(+-.0.*'3$.)$*&'$)+;(8'$+-'(.13$+,$.$)/01$'>*'1)/+1F$

*&'$)/01$'>*'1)/+1$5/44$='$8&.10'3$ *+$.$8+-@$ /1)*(;8*/+1$=@$8+1C
)*.1*$,+43/106$O+??+1$);=C'>-('))/+1$'4/?/1.*/+1$/)$.4)+$.--4/'3$
*+$)/01$'>*'1)/+1)6$P'('$5'$'?-4+@$.$:.(/.1*$+,$*&'$-.(*/.4$('3;1C
3.18@$ '4/?/1.*/+1$ .40+(/*&?$ Q!9F$ !<F$ !AR$ ,+($ 8+??+1$ );=C
'>-('))/+1$ '4/?/1.*/+16$ %&/)$ +-*/?/2.*/+1$ ?+:')$ .1$ '>-('))/+1$
=.8D5.(3$/1$ *&'$8+1*(+4$ ,4+5$0(.-&F$.13$ *&;)$ 4++-C/1:.(/.1*$)/01$
'>*'1)/+1)$8.1$='$?+:'3$+;*$+,$*&'$ 4++-6$S$:.4;'$(.10'$.1.4@)/)$
QAF$ TRF$ ;)'3$ ,+($ )+?'$ +-*/?/2.*/+1)$ );8&$ .)$ .((.@$ =+;13)$ 8&'8D$
'4/?/1.*/+1F$.4)+$&'4-)$)/01$'>*'1)/+1$'4/?/1.*/+16$

7*'-$G<H$/)$*&'$?./1$-.(*$+,$+;($.40+(/*&?F$.13$/*$&.)$*&(''$-&.)')6$
L1$*&'$,/()*$-&.)'$GG<HC!HF$.$)/01$'>*'1)/+1$/)$/1)'(*'3$/??'3/.*'4@$
=',+('$':'(@$/1)*(;8*/+1$*&.*$('J;/(')$.$)/01$'>*'1)/+16$L1$*&'$)'8C
+13$-&.)'$ GG<HC9HF$ +(3'($ 3'*'(?/1.*/+1$ /)$ -'(,+(?'3$ *+$ '4/?/1.*'$
)/01$ '>*'1)/+1)$ )'4'8*/:'4@$ ='0/11/10$ ,(+?$ *&'$ ?+)*$ ,('J;'1*4@$
'>'8;*'3$('0/+16$N/1.44@F$/1$*&'$*&/(3$-&.)'$GG<HC<HF$('3;13.1*$)/01$
'>*'1)/+1)$ .('$ '4/?/1.*'3$ ;)/10$ UVWVU$ 8&./1)6$ %&'$ ,+44+5/10$
*&(''$)'8*/+1)$3')8(/='$'.8&$-&.)'6$

!"3# 4,-5#678059,:5#;590/8,:5#
L1$ *&'$ ,/()*$ -&.)'F$ 5'$ /1)'(*$ *5+$ D/13)$ +,$ )/01$ '>*'1)/+1)6$ %+$
'4/?/1.*'$ )/01$ '>*'1)/+1)$ ',,'8*/:'4@$ ,(+?$ 4++-)F$ 5'$ /1)'(*$ )/01$
'>*'1)/+1$ /1)*(;8*/+1)6$ L1$ *&'$ '>.?-4'$ +,$ +,-./0# <F$ G!XH$ /)$ *&'$
+14@$/1)*(;8*/+1$*&.*$('J;/(')$.$)/01$'>*'1)/+1$,+($"6$L,$)/01$'>*'1C
)/+1$'4/?/1.*/+1$/)$.--4/'3$&'('$5/*&+;*$/1)'(*/+1F$*&'$)/01$'>*'1C
)/+1$G#H$5/44$)*/44$('?./1$/1$*&'$4++-$.)$)&+51$/1$+,-./0#=G.H6$%+$
.:+/3$*&/)$/1',,/8/'18@F$5'$/1)'(*$.$)/01$'>*'1)/+1$/1)*(;8*/+1$ /?C
?'3/.*'4@$=',+('$':'(@$/1)*(;8*/+1$5&'('$)/01$'>*'1)/+1$/)$1'8')C
).(@$ ;14'))$ /*)$ :.(/.=4'$ /)$ +=:/+;)4@$ )/01C'>*'13'36$ %+$ =.4.18'$

O+1:'()/+1$,+($EAC=/*$.(8&/*'8*;(')
GY'1'(.*/10$7/01$Z>*'1)/+1$L1)*(;8*/+1)H

O+??+1$I-*/?/2.*/+1)
GO+1)*.1*$[(+-.0.*/+1F$O+??+1$7;='>-('))/+1$Z4/?/1.*/+1F

\.4;'$].10'$S1.4@)/)H

$$Z4/?/1.*/+1$.13$^+:'?'1*$+,$7/01$Z>*'1)/+1)
!6$7/01$Z>*'1)/+1$L1)'(*/+1
96$I(3'($V'*'(?/1.*/+1$+,$Z4/?/1.*/+1
<6$7/01$Z>*'1)/+1$Z4/?/1.*/+1

7*'-$G!H

7*'-$G9H

7*'-$G<H

$
+,-./0#1"#+>:?#@,A-/AB#:C#:./#A>-:/,8DB#

$
$
$
$
$
$
$
$
$
$
$
$
$
$
$

+,-./0#<"#67ABE>0#:C#,590/8,5-#A#9,-5#078059,:5#
$
$
$
$
$
$
$
$
$
$
$
$

+,-./0#="#FD0#:E8,B,G0@#/09.>8#:C#+,-./0#<#

HIJ#K050/A80#A#9,-5#078059,:5#AC80/#@0C,5,8,:5
$$$G=',+('$'4/?/1.*/+1H
$$$*$_$/$`$Ma
$$#8#L#07805@H#8#JM
$$$*!$_$*$`$!a
$$#83#L#07805@H#83#JM
$$$.Q$*!$R$_$Xa
$$$3$_$G3+;=4'H$*a

#
G.,*'($'4/?/1.*/+1H
*$_$/$`$Ma
8#L#07805@H#8#JM
*!$_$*$`$!a

.Q$*!$R$_$Xa
3$_$G3+;=4'H$*a

HNJ#K050/A80#A#9,-5#078059,:5#I0C:/0#.90
$$$G=',+('$'4/?/1.*/+1H
$$$*$_$/$`$Ma
$$$*!$_$*$`$!a
$$$83#L#07805@H#83#JM
$$$.Q$*!$R$_$Xa
$$$8#L#07805@H#8#JM
$$$3$_$G3+;=4'H$*a

#
G.,*'($'4/?/1.*/+1H
*$_$/$`$Ma
*!$_$*$`$!a
83#L#07805@H#83#JM
.Q$*!$R$_$Xa
8#L#07805@H#8#JM
3$_$G3+;=4'H$*a

HAJ#$/,-,5A>#E/:-/AB
$$$*$_$/$`$Ma
$$$.Q*$`$!R$_$Xa
$$$3$_$G3+;=4'H$*a

$
+,-./0#2"#F?:#AEE/:AND09#8:#-050/A80#9,-5#078059,:59#

HAJ#O0C:/0#,590/8,:5#
/1*$Ma$WW$!$/)$.$<9C=/*$:.(/.=4'$
/1*$*$_$Xa$WW$"$/)$.$<9C=/*$:.(/.=4'$
/1*$/$_$?'?a$WW$#$/)$.$<9C=/*$:.(/.=4'$
/$_$'>*'13G/Ha$ C$G!H$
3+$b$
/$_$/$C$!a$ C$G9H$
/$_$'>*'13G/Ha$ C$G<H$
M$_$.Q/Ra$ C$GAH$
M$_$'>*'13GMHa$$ C$GBH$
M$_$M$c$X>X,,,,,,,a$ C$GEH$
M$_$'>*'13GMHa$$ C$GTH$
*$`_$Ma$ $ C$G"H$
*$_$'>*'13G*Ha$$ C$G#H$

d$5&/4'G/$e$)*.(*Ha$
WW$1''3$.$)/01$'>*'1)/+1$,+($"$
3$_$G3+;=4'H*a$ C$G!XH$

HIJ#'C80/#,590/8,:5#
/1*$Ma$WW$!$/)$.$<9C=/*$:.(/.=4'$
/1*$*$_$Xa$WW$"$/)$.$<9C=/*$:.(/.=4'$
/1*$/$_$?'?a$WW$#$/)$.$<9C=/*$:.(/.=4'$
/$_$'>*'13G/Ha$ C$G!H$
3+$b$
/$_$/$C$!a$$ C$G9H$
/$_$'>*'13G/Ha$ C$G<H$
M$_$.Q/Ra$ C$GAH$
#$%$&'(")*+"*,-*-.#/$0$.12/$
M$_$'>*'13GMHa$$ C$GBH$
M$_$M$c$X>X,,,,,,,a$ C$GEH$
M$_$'>*'13GMHa$$ C$GTH$
*$`_$Ma$ $ C$G"H$
*$_$'>*'13G*Ha$$ C$G#H$

d$5&/4'G/$e$)*.(*Ha$
WW$1''3$.$)/01$'>*'1)/+1$,+($"$
"$%$*+"*,-."/3$ 0$.11/$
3$_$G3+;=4'H*a$ C$G!XH$

HAJ#$E8,B,G0@#/09.>8#?,8D:.8#
,590/8,:5#

/1*$Ma$WW$!$/)$.$<9C=/*$:.(/.=4'$
/1*$*$_$Xa$WW$"$/)$.$<9C=/*$:.(/.=4'$
/1*$/$_$?'?a$WW$#$/)$.$<9C=/*$:.(/.=4'$
3+$b$
/$_$/$C$!a$ C$G9H$
M$_$.Q/Ra$ C$GAH$
M$_$M$c$X>X,,,,,,,a$ C$GEH$
*$`_$Ma$ $ C$G"H$
*$_$'>*'13G*Ha$$ C$G#H$

d$5&/4'G/$e$)*.(*Ha$
WW$1''3$.$)/01$'>*'1)/+1$,+($"$
3$_$G3+;=4'H*a$ C$G!XH$

HIJ#$E8,B,G0@#/09.>8#?,8D#
,590/8,:5#

/1*$Ma$WW$!$/)$.$<9C=/*$:.(/.=4'$
/1*$*$_$Xa$WW$"$/)$.$<9C=/*$:.(/.=4'$
/1*$/$_$?'?a$WW$#$/)$.$<9C=/*$:.(/.=4'$
3+$b$
/$_$/$C$!a$$ C$G9H$
M$_$.Q/Ra$ C$GAH$
M$_$M$c$X>X,,,,,,,a$ C$GEH$
*$`_$Ma$ $ C$G"H$

$
d$5&/4'G/$e$)*.(*Ha$
WW$1''3$.$)/01$'>*'1)/+1$,+($"$
"$%$*+"*,-."/3$ 0$.11/$
3$_$G3+;=4'H*a C$G!XH$
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(3)-1 Sign Extension Insertion

!"#$

%&'$(')*$+,$ *&'$-.-'($ /)$+(0.1/2'3$.)$,+44+5)6$7'8*/+1$9$0/:')$.1$
+:'(:/'5$+,$+;($.--(+.8&6$7'8*/+1$<$3')8(/=')$*&'$)/01$'>*'1)/+1$
'4/?/1.*/+1$ ,+($ .((.@$ /13/8')6$ 7'8*/+1$ A$ )&+5)$ *&'$ -'(,+(?.18'$
(');4*)$+=*./1'3$/1$+;($'>-'(/?'1*)6$7'8*/+1$B$);??.(/2')$-(':/C
+;)$5+(D6$7'8*/+1$E$+,,'()$)+?'$8+184;3/10$('?.(D)6$

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

+,-./0#1$ )&+5)$.$ ,4+5$3/.0(.?$+,$+;($.40+(/*&?$,+($ )/01$'>*'1C
)/+1$'4/?/1.*/+1F$5&/8&$8+1)/)*)$+,$*&(''$)*'-)6$7*'-$G!H$*(.1)4.*')$
*&'$/1*'(?'3/.*'$('-(')'1*.*/+1$+,$*&'$*.(0'*$-(+0(.?$,(+?$.$<9C=/*$
.(8&/*'8*;('$ ,+(?$ *+$ .$ EAC=/*$ .(8&/*'8*;('$ ,+(?6$ %&'('$ .('$ *5+$
.--(+.8&')$*+$0'1'(.*'$)/01$'>*'1)/+1$/1)*(;8*/+1)6$I1'$/)$*+$0'1C
'(.*'$.$)/01$'>*'1)/+1$/1)*(;8*/+1$.*$.$3',/1/*/+1$-+/1*F$*&.*$/)$/?C
?'3/.*'4@$ ,+44+5/10$ ':'(@$ /1)*(;8*/+1$ !$5/*&$ .$ <9C=/*$ 3')*/1.*/+1$
+-'(.13F$ ;14'))$ *&'$ 3')*/1.*/+1$ +-'(.13$ +,$ *&'$ /1)*(;8*/+1$ !$ /)$
0;.(.1*''3$ *+$ ='$ )/01C'>*'13'36$ %&'$ +*&'($ /)$ *+$ 0'1'(.*'$ .$ )/01$
'>*'1)/+1$ /1)*(;8*/+1$ .*$ .$ ;)'$ -+/1*F$ *&.*$ /)$ /??'3/.*'4@$ =',+('$
':'(@$ /1)*(;8*/+1$ !$ *&.*$ ('J;/(')$ .$ )/01$ '>*'1)/+1F$ ;14'))$ *&'$
)+;(8'$ +-'(.13$ +,$ *&'$ /1)*(;8*/+1$ !$ /)$ 0;.(.1*''3$ *+$ ='$ )/01C
'>*'13'36$K'$;)'$ *&'$ ,/()*$ .--(+.8&$ /1$+(3'($ *+$?+)*$ ',,'8*/:'4@$
+-*/?/2'$ )/01$ '>*'1)/+1)6$+,-./0# 2$ /)$ .1$ '>.?-4'$ *+$ )&+5$ *&')'$
*5+$.--(+.8&')6$L1$*&/)$'>.?-4'F$/,$ *&'$8+?-/4'($0'1'(.*')$.$)/01$
'>*'1)/+1$.*$.$;)'$-+/1*$.)$/1$G8HF$1+$)/01$'>*'1)/+1$8.1$='$'4/?/C
1.*'36$L1$8+1*(.)*F$ /,$ *&'$8+?-/4'($0'1'(.*')$.$)/01$'>*'1)/+1$.*$.$
3',/1/*/+1$ -+/1*$ .)$ /1$ G=HF$ +1'$ )/01$ '>*'1)/+1$ 8.1$ ='$ '4/?/1.*'36$
G7''$7'8*/+1$<$,+($*&'$*&'+('?)$*&.*$M;)*/,@$*&/)$'4/?/1.*/+16H$

7*'-$ G9H$ .4)+$ +-*/?/2')$ )/01$ '>*'1)/+1)6$ N+($ '>.?-4'F$ 5&'1$ .$
8+1)*.1*$/)$-(+-.0.*'3$.)$*&'$)+;(8'$+-'(.13$+,$.$)/01$'>*'1)/+1F$

*&'$)/01$'>*'1)/+1$5/44$='$8&.10'3$ *+$.$8+-@$ /1)*(;8*/+1$=@$8+1C
)*.1*$,+43/106$O+??+1$);=C'>-('))/+1$'4/?/1.*/+1$/)$.4)+$.--4/'3$
*+$)/01$'>*'1)/+1)6$P'('$5'$'?-4+@$.$:.(/.1*$+,$*&'$-.(*/.4$('3;1C
3.18@$ '4/?/1.*/+1$ .40+(/*&?$ Q!9F$ !<F$ !AR$ ,+($ 8+??+1$ );=C
'>-('))/+1$ '4/?/1.*/+16$ %&/)$ +-*/?/2.*/+1$ ?+:')$ .1$ '>-('))/+1$
=.8D5.(3$/1$ *&'$8+1*(+4$ ,4+5$0(.-&F$.13$ *&;)$ 4++-C/1:.(/.1*$)/01$
'>*'1)/+1)$8.1$='$?+:'3$+;*$+,$*&'$ 4++-6$S$:.4;'$(.10'$.1.4@)/)$
QAF$ TRF$ ;)'3$ ,+($ )+?'$ +-*/?/2.*/+1)$ );8&$ .)$ .((.@$ =+;13)$ 8&'8D$
'4/?/1.*/+1F$.4)+$&'4-)$)/01$'>*'1)/+1$'4/?/1.*/+16$

7*'-$G<H$/)$*&'$?./1$-.(*$+,$+;($.40+(/*&?F$.13$/*$&.)$*&(''$-&.)')6$
L1$*&'$,/()*$-&.)'$GG<HC!HF$.$)/01$'>*'1)/+1$/)$/1)'(*'3$/??'3/.*'4@$
=',+('$':'(@$/1)*(;8*/+1$*&.*$('J;/(')$.$)/01$'>*'1)/+16$L1$*&'$)'8C
+13$-&.)'$ GG<HC9HF$ +(3'($ 3'*'(?/1.*/+1$ /)$ -'(,+(?'3$ *+$ '4/?/1.*'$
)/01$ '>*'1)/+1)$ )'4'8*/:'4@$ ='0/11/10$ ,(+?$ *&'$ ?+)*$ ,('J;'1*4@$
'>'8;*'3$('0/+16$N/1.44@F$/1$*&'$*&/(3$-&.)'$GG<HC<HF$('3;13.1*$)/01$
'>*'1)/+1)$ .('$ '4/?/1.*'3$ ;)/10$ UVWVU$ 8&./1)6$ %&'$ ,+44+5/10$
*&(''$)'8*/+1)$3')8(/='$'.8&$-&.)'6$

!"3# 4,-5#678059,:5#;590/8,:5#
L1$ *&'$ ,/()*$ -&.)'F$ 5'$ /1)'(*$ *5+$ D/13)$ +,$ )/01$ '>*'1)/+1)6$ %+$
'4/?/1.*'$ )/01$ '>*'1)/+1)$ ',,'8*/:'4@$ ,(+?$ 4++-)F$ 5'$ /1)'(*$ )/01$
'>*'1)/+1$ /1)*(;8*/+1)6$ L1$ *&'$ '>.?-4'$ +,$ +,-./0# <F$ G!XH$ /)$ *&'$
+14@$/1)*(;8*/+1$*&.*$('J;/(')$.$)/01$'>*'1)/+1$,+($"6$L,$)/01$'>*'1C
)/+1$'4/?/1.*/+1$/)$.--4/'3$&'('$5/*&+;*$/1)'(*/+1F$*&'$)/01$'>*'1C
)/+1$G#H$5/44$)*/44$('?./1$/1$*&'$4++-$.)$)&+51$/1$+,-./0#=G.H6$%+$
.:+/3$*&/)$/1',,/8/'18@F$5'$/1)'(*$.$)/01$'>*'1)/+1$/1)*(;8*/+1$ /?C
?'3/.*'4@$=',+('$':'(@$/1)*(;8*/+1$5&'('$)/01$'>*'1)/+1$/)$1'8')C
).(@$ ;14'))$ /*)$ :.(/.=4'$ /)$ +=:/+;)4@$ )/01C'>*'13'36$ %+$ =.4.18'$

O+1:'()/+1$,+($EAC=/*$.(8&/*'8*;(')
GY'1'(.*/10$7/01$Z>*'1)/+1$L1)*(;8*/+1)H

O+??+1$I-*/?/2.*/+1)
GO+1)*.1*$[(+-.0.*/+1F$O+??+1$7;='>-('))/+1$Z4/?/1.*/+1F

\.4;'$].10'$S1.4@)/)H

$$Z4/?/1.*/+1$.13$^+:'?'1*$+,$7/01$Z>*'1)/+1)
!6$7/01$Z>*'1)/+1$L1)'(*/+1
96$I(3'($V'*'(?/1.*/+1$+,$Z4/?/1.*/+1
<6$7/01$Z>*'1)/+1$Z4/?/1.*/+1

7*'-$G!H

7*'-$G9H

7*'-$G<H

$
+,-./0#1"#+>:?#@,A-/AB#:C#:./#A>-:/,8DB#

$
$
$
$
$
$
$
$
$
$
$
$
$
$
$

+,-./0#<"#67ABE>0#:C#,590/8,5-#A#9,-5#078059,:5#
$
$
$
$
$
$
$
$
$
$
$
$

+,-./0#="#FD0#:E8,B,G0@#/09.>8#:C#+,-./0#<#

HIJ#K050/A80#A#9,-5#078059,:5#AC80/#@0C,5,8,:5
$$$G=',+('$'4/?/1.*/+1H
$$$*$_$/$`$Ma
$$#8#L#07805@H#8#JM
$$$*!$_$*$`$!a
$$#83#L#07805@H#83#JM
$$$.Q$*!$R$_$Xa
$$$3$_$G3+;=4'H$*a

#
G.,*'($'4/?/1.*/+1H
*$_$/$`$Ma
8#L#07805@H#8#JM
*!$_$*$`$!a

.Q$*!$R$_$Xa
3$_$G3+;=4'H$*a

HNJ#K050/A80#A#9,-5#078059,:5#I0C:/0#.90
$$$G=',+('$'4/?/1.*/+1H
$$$*$_$/$`$Ma
$$$*!$_$*$`$!a
$$$83#L#07805@H#83#JM
$$$.Q$*!$R$_$Xa
$$$8#L#07805@H#8#JM
$$$3$_$G3+;=4'H$*a

#
G.,*'($'4/?/1.*/+1H
*$_$/$`$Ma
*!$_$*$`$!a
83#L#07805@H#83#JM
.Q$*!$R$_$Xa
8#L#07805@H#8#JM
3$_$G3+;=4'H$*a

HAJ#$/,-,5A>#E/:-/AB
$$$*$_$/$`$Ma
$$$.Q*$`$!R$_$Xa
$$$3$_$G3+;=4'H$*a

$
+,-./0#2"#F?:#AEE/:AND09#8:#-050/A80#9,-5#078059,:59#

HAJ#O0C:/0#,590/8,:5#
/1*$Ma$WW$!$/)$.$<9C=/*$:.(/.=4'$
/1*$*$_$Xa$WW$"$/)$.$<9C=/*$:.(/.=4'$
/1*$/$_$?'?a$WW$#$/)$.$<9C=/*$:.(/.=4'$
/$_$'>*'13G/Ha$ C$G!H$
3+$b$
/$_$/$C$!a$ C$G9H$
/$_$'>*'13G/Ha$ C$G<H$
M$_$.Q/Ra$ C$GAH$
M$_$'>*'13GMHa$$ C$GBH$
M$_$M$c$X>X,,,,,,,a$ C$GEH$
M$_$'>*'13GMHa$$ C$GTH$
*$`_$Ma$ $ C$G"H$
*$_$'>*'13G*Ha$$ C$G#H$

d$5&/4'G/$e$)*.(*Ha$
WW$1''3$.$)/01$'>*'1)/+1$,+($"$
3$_$G3+;=4'H*a$ C$G!XH$

HIJ#'C80/#,590/8,:5#
/1*$Ma$WW$!$/)$.$<9C=/*$:.(/.=4'$
/1*$*$_$Xa$WW$"$/)$.$<9C=/*$:.(/.=4'$
/1*$/$_$?'?a$WW$#$/)$.$<9C=/*$:.(/.=4'$
/$_$'>*'13G/Ha$ C$G!H$
3+$b$
/$_$/$C$!a$$ C$G9H$
/$_$'>*'13G/Ha$ C$G<H$
M$_$.Q/Ra$ C$GAH$
#$%$&'(")*+"*,-*-.#/$0$.12/$
M$_$'>*'13GMHa$$ C$GBH$
M$_$M$c$X>X,,,,,,,a$ C$GEH$
M$_$'>*'13GMHa$$ C$GTH$
*$`_$Ma$ $ C$G"H$
*$_$'>*'13G*Ha$$ C$G#H$

d$5&/4'G/$e$)*.(*Ha$
WW$1''3$.$)/01$'>*'1)/+1$,+($"$
"$%$*+"*,-."/3$ 0$.11/$
3$_$G3+;=4'H*a$ C$G!XH$

HAJ#$E8,B,G0@#/09.>8#?,8D:.8#
,590/8,:5#

/1*$Ma$WW$!$/)$.$<9C=/*$:.(/.=4'$
/1*$*$_$Xa$WW$"$/)$.$<9C=/*$:.(/.=4'$
/1*$/$_$?'?a$WW$#$/)$.$<9C=/*$:.(/.=4'$
3+$b$
/$_$/$C$!a$ C$G9H$
M$_$.Q/Ra$ C$GAH$
M$_$M$c$X>X,,,,,,,a$ C$GEH$
*$`_$Ma$ $ C$G"H$
*$_$'>*'13G*Ha$$ C$G#H$

d$5&/4'G/$e$)*.(*Ha$
WW$1''3$.$)/01$'>*'1)/+1$,+($"$
3$_$G3+;=4'H*a$ C$G!XH$

HIJ#$E8,B,G0@#/09.>8#?,8D#
,590/8,:5#

/1*$Ma$WW$!$/)$.$<9C=/*$:.(/.=4'$
/1*$*$_$Xa$WW$"$/)$.$<9C=/*$:.(/.=4'$
/1*$/$_$?'?a$WW$#$/)$.$<9C=/*$:.(/.=4'$
3+$b$
/$_$/$C$!a$$ C$G9H$
M$_$.Q/Ra$ C$GAH$
M$_$M$c$X>X,,,,,,,a$ C$GEH$
*$`_$Ma$ $ C$G"H$

$
d$5&/4'G/$e$)*.(*Ha$
WW$1''3$.$)/01$'>*'1)/+1$,+($"$
"$%$*+"*,-."/3$ 0$.11/$
3$_$G3+;=4'H*a C$G!XH$

!"#$

%&'$(')*$+,$ *&'$-.-'($ /)$+(0.1/2'3$.)$,+44+5)6$7'8*/+1$9$0/:')$.1$
+:'(:/'5$+,$+;($.--(+.8&6$7'8*/+1$<$3')8(/=')$*&'$)/01$'>*'1)/+1$
'4/?/1.*/+1$ ,+($ .((.@$ /13/8')6$ 7'8*/+1$ A$ )&+5)$ *&'$ -'(,+(?.18'$
(');4*)$+=*./1'3$/1$+;($'>-'(/?'1*)6$7'8*/+1$B$);??.(/2')$-(':/C
+;)$5+(D6$7'8*/+1$E$+,,'()$)+?'$8+184;3/10$('?.(D)6$

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

+,-./0#1$ )&+5)$.$ ,4+5$3/.0(.?$+,$+;($.40+(/*&?$,+($ )/01$'>*'1C
)/+1$'4/?/1.*/+1F$5&/8&$8+1)/)*)$+,$*&(''$)*'-)6$7*'-$G!H$*(.1)4.*')$
*&'$/1*'(?'3/.*'$('-(')'1*.*/+1$+,$*&'$*.(0'*$-(+0(.?$,(+?$.$<9C=/*$
.(8&/*'8*;('$ ,+(?$ *+$ .$ EAC=/*$ .(8&/*'8*;('$ ,+(?6$ %&'('$ .('$ *5+$
.--(+.8&')$*+$0'1'(.*'$)/01$'>*'1)/+1$/1)*(;8*/+1)6$I1'$/)$*+$0'1C
'(.*'$.$)/01$'>*'1)/+1$/1)*(;8*/+1$.*$.$3',/1/*/+1$-+/1*F$*&.*$/)$/?C
?'3/.*'4@$ ,+44+5/10$ ':'(@$ /1)*(;8*/+1$ !$5/*&$ .$ <9C=/*$ 3')*/1.*/+1$
+-'(.13F$ ;14'))$ *&'$ 3')*/1.*/+1$ +-'(.13$ +,$ *&'$ /1)*(;8*/+1$ !$ /)$
0;.(.1*''3$ *+$ ='$ )/01C'>*'13'36$ %&'$ +*&'($ /)$ *+$ 0'1'(.*'$ .$ )/01$
'>*'1)/+1$ /1)*(;8*/+1$ .*$ .$ ;)'$ -+/1*F$ *&.*$ /)$ /??'3/.*'4@$ =',+('$
':'(@$ /1)*(;8*/+1$ !$ *&.*$ ('J;/(')$ .$ )/01$ '>*'1)/+1F$ ;14'))$ *&'$
)+;(8'$ +-'(.13$ +,$ *&'$ /1)*(;8*/+1$ !$ /)$ 0;.(.1*''3$ *+$ ='$ )/01C
'>*'13'36$K'$;)'$ *&'$ ,/()*$ .--(+.8&$ /1$+(3'($ *+$?+)*$ ',,'8*/:'4@$
+-*/?/2'$ )/01$ '>*'1)/+1)6$+,-./0# 2$ /)$ .1$ '>.?-4'$ *+$ )&+5$ *&')'$
*5+$.--(+.8&')6$L1$*&/)$'>.?-4'F$/,$ *&'$8+?-/4'($0'1'(.*')$.$)/01$
'>*'1)/+1$.*$.$;)'$-+/1*$.)$/1$G8HF$1+$)/01$'>*'1)/+1$8.1$='$'4/?/C
1.*'36$L1$8+1*(.)*F$ /,$ *&'$8+?-/4'($0'1'(.*')$.$)/01$'>*'1)/+1$.*$.$
3',/1/*/+1$ -+/1*$ .)$ /1$ G=HF$ +1'$ )/01$ '>*'1)/+1$ 8.1$ ='$ '4/?/1.*'36$
G7''$7'8*/+1$<$,+($*&'$*&'+('?)$*&.*$M;)*/,@$*&/)$'4/?/1.*/+16H$

7*'-$ G9H$ .4)+$ +-*/?/2')$ )/01$ '>*'1)/+1)6$ N+($ '>.?-4'F$ 5&'1$ .$
8+1)*.1*$/)$-(+-.0.*'3$.)$*&'$)+;(8'$+-'(.13$+,$.$)/01$'>*'1)/+1F$

*&'$)/01$'>*'1)/+1$5/44$='$8&.10'3$ *+$.$8+-@$ /1)*(;8*/+1$=@$8+1C
)*.1*$,+43/106$O+??+1$);=C'>-('))/+1$'4/?/1.*/+1$/)$.4)+$.--4/'3$
*+$)/01$'>*'1)/+1)6$P'('$5'$'?-4+@$.$:.(/.1*$+,$*&'$-.(*/.4$('3;1C
3.18@$ '4/?/1.*/+1$ .40+(/*&?$ Q!9F$ !<F$ !AR$ ,+($ 8+??+1$ );=C
'>-('))/+1$ '4/?/1.*/+16$ %&/)$ +-*/?/2.*/+1$ ?+:')$ .1$ '>-('))/+1$
=.8D5.(3$/1$ *&'$8+1*(+4$ ,4+5$0(.-&F$.13$ *&;)$ 4++-C/1:.(/.1*$)/01$
'>*'1)/+1)$8.1$='$?+:'3$+;*$+,$*&'$ 4++-6$S$:.4;'$(.10'$.1.4@)/)$
QAF$ TRF$ ;)'3$ ,+($ )+?'$ +-*/?/2.*/+1)$ );8&$ .)$ .((.@$ =+;13)$ 8&'8D$
'4/?/1.*/+1F$.4)+$&'4-)$)/01$'>*'1)/+1$'4/?/1.*/+16$

7*'-$G<H$/)$*&'$?./1$-.(*$+,$+;($.40+(/*&?F$.13$/*$&.)$*&(''$-&.)')6$
L1$*&'$,/()*$-&.)'$GG<HC!HF$.$)/01$'>*'1)/+1$/)$/1)'(*'3$/??'3/.*'4@$
=',+('$':'(@$/1)*(;8*/+1$*&.*$('J;/(')$.$)/01$'>*'1)/+16$L1$*&'$)'8C
+13$-&.)'$ GG<HC9HF$ +(3'($ 3'*'(?/1.*/+1$ /)$ -'(,+(?'3$ *+$ '4/?/1.*'$
)/01$ '>*'1)/+1)$ )'4'8*/:'4@$ ='0/11/10$ ,(+?$ *&'$ ?+)*$ ,('J;'1*4@$
'>'8;*'3$('0/+16$N/1.44@F$/1$*&'$*&/(3$-&.)'$GG<HC<HF$('3;13.1*$)/01$
'>*'1)/+1)$ .('$ '4/?/1.*'3$ ;)/10$ UVWVU$ 8&./1)6$ %&'$ ,+44+5/10$
*&(''$)'8*/+1)$3')8(/='$'.8&$-&.)'6$

!"3# 4,-5#678059,:5#;590/8,:5#
L1$ *&'$ ,/()*$ -&.)'F$ 5'$ /1)'(*$ *5+$ D/13)$ +,$ )/01$ '>*'1)/+1)6$ %+$
'4/?/1.*'$ )/01$ '>*'1)/+1)$ ',,'8*/:'4@$ ,(+?$ 4++-)F$ 5'$ /1)'(*$ )/01$
'>*'1)/+1$ /1)*(;8*/+1)6$ L1$ *&'$ '>.?-4'$ +,$ +,-./0# <F$ G!XH$ /)$ *&'$
+14@$/1)*(;8*/+1$*&.*$('J;/(')$.$)/01$'>*'1)/+1$,+($"6$L,$)/01$'>*'1C
)/+1$'4/?/1.*/+1$/)$.--4/'3$&'('$5/*&+;*$/1)'(*/+1F$*&'$)/01$'>*'1C
)/+1$G#H$5/44$)*/44$('?./1$/1$*&'$4++-$.)$)&+51$/1$+,-./0#=G.H6$%+$
.:+/3$*&/)$/1',,/8/'18@F$5'$/1)'(*$.$)/01$'>*'1)/+1$/1)*(;8*/+1$ /?C
?'3/.*'4@$=',+('$':'(@$/1)*(;8*/+1$5&'('$)/01$'>*'1)/+1$/)$1'8')C
).(@$ ;14'))$ /*)$ :.(/.=4'$ /)$ +=:/+;)4@$ )/01C'>*'13'36$ %+$ =.4.18'$

O+1:'()/+1$,+($EAC=/*$.(8&/*'8*;(')
GY'1'(.*/10$7/01$Z>*'1)/+1$L1)*(;8*/+1)H

O+??+1$I-*/?/2.*/+1)
GO+1)*.1*$[(+-.0.*/+1F$O+??+1$7;='>-('))/+1$Z4/?/1.*/+1F

\.4;'$].10'$S1.4@)/)H

$$Z4/?/1.*/+1$.13$^+:'?'1*$+,$7/01$Z>*'1)/+1)
!6$7/01$Z>*'1)/+1$L1)'(*/+1
96$I(3'($V'*'(?/1.*/+1$+,$Z4/?/1.*/+1
<6$7/01$Z>*'1)/+1$Z4/?/1.*/+1

7*'-$G!H

7*'-$G9H

7*'-$G<H

$
+,-./0#1"#+>:?#@,A-/AB#:C#:./#A>-:/,8DB#

$
$
$
$
$
$
$
$
$
$
$
$
$
$
$

+,-./0#<"#67ABE>0#:C#,590/8,5-#A#9,-5#078059,:5#
$
$
$
$
$
$
$
$
$
$
$
$

+,-./0#="#FD0#:E8,B,G0@#/09.>8#:C#+,-./0#<#

HIJ#K050/A80#A#9,-5#078059,:5#AC80/#@0C,5,8,:5
$$$G=',+('$'4/?/1.*/+1H
$$$*$_$/$`$Ma
$$#8#L#07805@H#8#JM
$$$*!$_$*$`$!a
$$#83#L#07805@H#83#JM
$$$.Q$*!$R$_$Xa
$$$3$_$G3+;=4'H$*a

#
G.,*'($'4/?/1.*/+1H
*$_$/$`$Ma
8#L#07805@H#8#JM
*!$_$*$`$!a

.Q$*!$R$_$Xa
3$_$G3+;=4'H$*a

HNJ#K050/A80#A#9,-5#078059,:5#I0C:/0#.90
$$$G=',+('$'4/?/1.*/+1H
$$$*$_$/$`$Ma
$$$*!$_$*$`$!a
$$$83#L#07805@H#83#JM
$$$.Q$*!$R$_$Xa
$$$8#L#07805@H#8#JM
$$$3$_$G3+;=4'H$*a

#
G.,*'($'4/?/1.*/+1H
*$_$/$`$Ma
*!$_$*$`$!a
83#L#07805@H#83#JM
.Q$*!$R$_$Xa
8#L#07805@H#8#JM
3$_$G3+;=4'H$*a

HAJ#$/,-,5A>#E/:-/AB
$$$*$_$/$`$Ma
$$$.Q*$`$!R$_$Xa
$$$3$_$G3+;=4'H$*a

$
+,-./0#2"#F?:#AEE/:AND09#8:#-050/A80#9,-5#078059,:59#

HAJ#O0C:/0#,590/8,:5#
/1*$Ma$WW$!$/)$.$<9C=/*$:.(/.=4'$
/1*$*$_$Xa$WW$"$/)$.$<9C=/*$:.(/.=4'$
/1*$/$_$?'?a$WW$#$/)$.$<9C=/*$:.(/.=4'$
/$_$'>*'13G/Ha$ C$G!H$
3+$b$
/$_$/$C$!a$ C$G9H$
/$_$'>*'13G/Ha$ C$G<H$
M$_$.Q/Ra$ C$GAH$
M$_$'>*'13GMHa$$ C$GBH$
M$_$M$c$X>X,,,,,,,a$ C$GEH$
M$_$'>*'13GMHa$$ C$GTH$
*$`_$Ma$ $ C$G"H$
*$_$'>*'13G*Ha$$ C$G#H$

d$5&/4'G/$e$)*.(*Ha$
WW$1''3$.$)/01$'>*'1)/+1$,+($"$
3$_$G3+;=4'H*a$ C$G!XH$

HIJ#'C80/#,590/8,:5#
/1*$Ma$WW$!$/)$.$<9C=/*$:.(/.=4'$
/1*$*$_$Xa$WW$"$/)$.$<9C=/*$:.(/.=4'$
/1*$/$_$?'?a$WW$#$/)$.$<9C=/*$:.(/.=4'$
/$_$'>*'13G/Ha$ C$G!H$
3+$b$
/$_$/$C$!a$$ C$G9H$
/$_$'>*'13G/Ha$ C$G<H$
M$_$.Q/Ra$ C$GAH$
#$%$&'(")*+"*,-*-.#/$0$.12/$
M$_$'>*'13GMHa$$ C$GBH$
M$_$M$c$X>X,,,,,,,a$ C$GEH$
M$_$'>*'13GMHa$$ C$GTH$
*$`_$Ma$ $ C$G"H$
*$_$'>*'13G*Ha$$ C$G#H$

d$5&/4'G/$e$)*.(*Ha$
WW$1''3$.$)/01$'>*'1)/+1$,+($"$
"$%$*+"*,-."/3$ 0$.11/$
3$_$G3+;=4'H*a$ C$G!XH$

HAJ#$E8,B,G0@#/09.>8#?,8D:.8#
,590/8,:5#

/1*$Ma$WW$!$/)$.$<9C=/*$:.(/.=4'$
/1*$*$_$Xa$WW$"$/)$.$<9C=/*$:.(/.=4'$
/1*$/$_$?'?a$WW$#$/)$.$<9C=/*$:.(/.=4'$
3+$b$
/$_$/$C$!a$ C$G9H$
M$_$.Q/Ra$ C$GAH$
M$_$M$c$X>X,,,,,,,a$ C$GEH$
*$`_$Ma$ $ C$G"H$
*$_$'>*'13G*Ha$$ C$G#H$

d$5&/4'G/$e$)*.(*Ha$
WW$1''3$.$)/01$'>*'1)/+1$,+($"$
3$_$G3+;=4'H*a$ C$G!XH$

HIJ#$E8,B,G0@#/09.>8#?,8D#
,590/8,:5#

/1*$Ma$WW$!$/)$.$<9C=/*$:.(/.=4'$
/1*$*$_$Xa$WW$"$/)$.$<9C=/*$:.(/.=4'$
/1*$/$_$?'?a$WW$#$/)$.$<9C=/*$:.(/.=4'$
3+$b$
/$_$/$C$!a$$ C$G9H$
M$_$.Q/Ra$ C$GAH$
M$_$M$c$X>X,,,,,,,a$ C$GEH$
*$`_$Ma$ $ C$G"H$

$
d$5&/4'G/$e$)*.(*Ha$
WW$1''3$.$)/01$'>*'1)/+1$,+($"$
"$%$*+"*,-."/3$ 0$.11/$
3$_$G3+;=4'H*a C$G!XH$
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(3)-2 Order determination

!"#$

%&'()*+,)&-$,)'.$+-/$.00.%,)1.-.223$4.$+((*5$,6)2$)-2.7,)&-$&-*5$,&$
,6&2.$'.,6&/2$,6+,$)-%*8/.$+$*&&(9$

:.$,7)./$+-&,6.7$)-2.7,)&-$+*;&7),6'$,6+,$)2$+$1+7)+-,$&0$,6.$(+7,)+*$
/.+/$ %&/.$ .*)')-+,)&-$ <=>?@$ +*;&7),6'$ A!BC9$ D6)2$ +*;&7),6'$ )-E
2.7,2$ +$ 2);-$ .F,.-2)&-$ +,$ ,6.$ *+,.2,$ (&)-,$ &-$ .1.75$ (&22)G*.$ (+,6$
46.7.$.+%6$2);-$.F,.-2)&-$%+-$G.$ 7.+%6./$46.-$ ),$ )2$'&1./$ 0&7E
4+7/$ )-$ ,6.$ %&-,7&*$ 0*&4$ ;7+(69$ H&4.1.73$ ,6.$ 2)'(*.$ )-2.7,)&-$
+*;&7),6'$,87-./$&8,$,&$4&7I$G.,,.7$,6+-$,6)2$+*;&7),6'3$+2$26&4-$
)-$J);87.$!K$+-/$J);87.$!L$<M+**3$82)-;$=>?N$129$M-.4$+*;&7),6'$
<+**@N@3$+-/$,6.7.0&7.$4.$/.%)/./$,&$82.$,6.$2)'(*.$)-2.7,)&-$+*;&E
7),6'9$

:.$+*2&$)-2.7,$+$/8''5$2);-$.F,.-2)&-$)-2,78%,)&-$O82,$+0,.7$.1.75$
+77+5$+%%.22$,&$ )-/)%+,.$ ,6+,$ ),$ )2$;8+7+-,../$ ,&$G.$2);-E.F,.-/./3$
8-*.22$+-$+77+5$)-/.F$)2$&1.747),,.-$)''./)+,.*53$+2$)-$,6.$%+2.$&0$
M!$P$+A!CN9$>8''5$2);-$.F,.-2)&-$ )-2,78%,)&-2$ +7.$ 82./$ ,&$ .*)')E
-+,.$&,6.7$2);-$.F,.-2)&-$)-2,78%,)&-23$+-/$,6.5$4)**$,6.-$G.$.*)')E
-+,./$+0,.7$,6.$.*)')-+,)&-$)-$Q.%,)&-$K9L$)2$(.70&7'./9$

R-$J);87.$S<G@3$,6)2$,7+-20&7'+,)&-$)-2.7,2$G&,6$+$2);-$.F,.-2)&-$+,$
<!!@$+-/$+$/8''5$2);-$.F,.-2)&-$</.-&,./$+2$!"#$%&'$&()&)*+,@$+,$
<!K@9$T0,.7$,6.$2);-$.F,.-2)&-$.*)')-+,)&-$<J);87.$U@3$+**$ ,6.$2);-$
.F,.-2)&-2$ .F%.(,$ 0&7$ <!!@$ %+-$ G.$ 28%%.2208**5$ .*)')-+,./$ +2$
26&4-$)-$J);87.$U<G@9$

"#"$ %&'(&$)(*(&+!,-*!.,$/.&$01!+!,-*!.,$
R,$ )2$G.2,$ ,&$.*)')-+,.$2);-$.F,.-2)&-2$ 2,+7,)-;$ 07&'$ ,6.$'&2,$ 07.E
V8.-,*5$ .F.%8,./$ 7.;)&-9$ :6.-$ ,6.7.$ +7.$ 2);-$ .F,.-2)&-2$ G&,6$
)-2)/.$+-/$&8,2)/.$&0$+$*&&(3$2&'.$2);-$.F,.-2)&-2$)-2)/.$,6.$*&&($
'+5$-&,$G.$.*)')-+,./$)0$,6.$2);-$.F,.-2)&-2$&8,2)/.$,6.$*&&($+7.$
.*)')-+,./$0)72,9$R-$J);87.$S<G@3$)0$4.$.*)')-+,.$,6.$2);-$.F,.-2)&-$
<!!@$0)72,3$<"@$4)**$2,)**$G.$7.V8)7./9$D&$,+I.$+-&,6.7$.F+'(*.3$,6.7.$
+7.$,4&$%+-/)/+,.2$0&7$.*)')-+,)&-$)-$2!34&($5<+@9$R-$,6)2$.F+'(*.3$
46)*.$&-*5$&-.$&0$,6.'$%+-$G.$.*)')-+,./3$W.28*,$!$)-$<G@$)2$&G1)E
&82*5$G.,,.7$,6+-$W.28*,$K$)-$<%@9$D&$+%6).1.$,6.$7.28*,2$&0$J);87.$
U<G@$+-/$J);87.$"<G@3$4.$ .*)')-+,.$ 2);-$ .F,.-2)&-2$ 2,+7,)-;$ 07&'$
,6.$'&2,$07.V8.-,*5$.F.%8,./$7.;)&-29$:.$2&7,$G+2)%$G*&%I2$)-$,6.$
&7/.7$ &0$ ,6.)7$ .F.%8,)&-$ 07.V8.-%59$ J&7$ .+%6$ G+2)%$ G*&%I$-3$ ,6)2$
%+-$ G.$ .2,)'+,./$ 07&'$ G&,6$ ,6.$ *&&($ -.2,)-;$ *.1.*$ &0$-$ +-/$ ,6.$
.F.%8,)&-$ 07.V8.-%5$ &0$-$4),6)-$ ),2$ +%5%*)%$ 7.;)&-$ G+2./$ &-$ ,6.$
(7&G+G)*),5$&0$.+%6$%&-/),)&-+*$G7+-%6$AK!C9$T//),)&-+**53$4.$82.$
(7&0)*.$ )-0&7'+,)&-$ %&**.%,./$ 0&7$ %&-/),)&-+*$ G7+-%6.2$ G5$ &87$
%&'G)-./$ )-,.7(7.,.7$ +-/$ /5-+')%$ %&'()*.7$ AK#C$ )-$ &7/.7$ ,&$ .-E
6+-%.$,6.$+%%87+%5$&0$G7+-%6$(7&G+G)*),).29$D6.$)-,.7(7.,.7$;+,6.72$
2,+,)2,)%+*$/+,+$&-$%&-/),)&-+*$G7+-%6.29$:6.-$,6.$)-,.7(7.,.7$0)-/2$
,6+,$ +$ '.,6&/$ )2$ .F.%8,./$ 07.V8.-,*53$ ,6.$ /5-+')%$ %&'()*.7$ )2$
%+**./9$T,$,6+,$,)'.3$,6.$)-,.7(7.,.7$(7&1)/.2$,6.$2,+,)2,)%+*$/+,+$,&$
,6.$/5-+')%$%&'()*.79$

"#6$ 7!3,$08*(,9!.,$01!+!,-*!.,$
D6.$;&+*$&0$,6)2$&(,)')X+,)&-$)2$,&$+-+*5X.$+-/$.*)')-+,.$.+%6$2);-$
.F,.-2)&-$ 2,+7,)-;$ 07&'$ ,6.$'&2,$ 07.V8.-,*5$ .F.%8,./$ 7.;)&-3$ /.E

,.7')-./$+2$/.2%7)G./$)-$Q.%,)&-$K9K9$T2$'.-,)&-./$)-$Q.%,)&-$!3$
&87$+*;&7),6'$)2$1.75$(&4.708*$0&7$.*)')-+,)-;$2);-$.F,.-2)&-2$0&7$
+77+5$28G2%7)(,29$:.$4)**$/)2%822$,6)2$/)2,)-;8)26./$0.+,87.$)-$,6.$
-.F,$2.%,)&-3$46)*.$6.7.$4.$0&%82$&-$G+2)%$%+2.2$&0$.*)')-+,)&-29$

D6.$ +*;&7),6'$ ?*)')-+,.Y-.?F,.-/$ +-+*5X.2$ +-/$ .*)')-+,.2$ &-.$
2);-$ .F,.-2)&-$ G5$ 82)-;$ Z>[>Z$ %6+)-29$ :.$ +228'.$ ,6+,$ .+%6$
)-2,78%,)&-$6+2$ ,67..$ 0*+;23$ZQ?3$>?J3$ +-/$TWWT\3$ ,&$ )-/)%+,.$
,6+,$ ,6.$ )-2,78%,)&-$ 6+2$ G..-$ ,7+1.72./$ 0&7$ .+%6$ %6.%I9$:.$ -&,.$
6.7.$ ,6+,$ UEG),$ +-/$ !]EG),$ 2);-$ .F,.-2)&-2$ +7.$ +*2&$ .*)')-+,./$
G+2./$&-$,6.$2+'.$+*;&7),6'3$+*,6&8;6$4.$/.2%7)G.$,6.$+*;&7),6'$
&-*5$0&7$.*)')-+,)-;$LKEG),$2);-$.F,.-2)&-2$)-$,6)2$2.%,)&-9$

01!+!,-*(%,(08*(,'<!"#@$^$
)-),)+*)X.$+**$0*+;2$<ZQ?3>?J3TWWT\@$0&7$+**$)-2,78%,)&-2_$
7.V8)7./$P$JT`Q?_$
[a$82.$>ZE%6+)-$a[$
0&7$<$$ $+**$)-2,78%,)&-2$,6+,$82.$,6.$/.2,)-+,)&-$&(.7+-/$&0$!"#@^$
7.V8)7./$P$T-+*5X.ZQ?<!"#3$$3$DWZ?@_$
)0$<7.V8)7./@$G7.+I_$

b$
)0$<7.V8)7./@^$
[a$82.$Z>E%6+)-$a[$
0&7$<$$ $+**$)-2,78%,)&-2$,6+,$/.0)-.$,6.$2&87%.$&(.7+-/$&0$!"#@^$
7.V8)7./$P$T-+*5X.>?J<$@_$
)0$<7.V8)7./@$G7.+I_$

b$
b$
)0$<c7.V8)7./@$.*)')-+,.$?dD_$

b$

R-$(7)-%)(*.3$+$2);-$.F,.-2)&-$%+-$G.$.*)')-+,./$)0$),2$2&87%.$&(.7E
+-/$)2$+*7.+/5$2);-E.F,.-/./$&7$)0$,6.$8((.7$LK$G),2$&0$),2$/.2,)-+E
,)&-$&(.7+-/$/&$-&,$+00.%,$ ,6.$%&77.%,$.F.%8,)&-$&0$ ,6.$ 0&**&4)-;$
)-2,78%,)&-29$D6.$+*;&7),6'$T-+*5X.>?J$%6.%I2$,6.$0)72,$%&-/),)&-9$
T-$.F+'(*.$&0$e+2.$!$ )2$+$G),E4)2.$M%&'N$ )-2,78%,)&-$46.7.$.)E
,6.7$ &(.7+-/$ )2$ I-&4-$ ,&$ 6+1.$ +$ (&2),)1.$ 1+*8.9$T-$ .F+'(*.$ &0$
e+2.$K$)2$+$%&(5$&(.7+,)&-9$

[a$)0$),$7.,87-2$JT`Q?3$2);-$.F,.-2)&-$)2$8--.%.22+75$0&7$$$
$$$$)0$),$7.,87-2$DWZ?3$2);-$.F,.-2)&-$)2$-.%.22+75$0&7$$$a[$
:,-1;<()02<$@$^$
)0$<+$0*+;$&0$>?J$0&7$$$6+2$G..-$+*7.+/5$2.,@$7.,87-$JT`Q?_$
2.,$+$0*+;$&0$>?J$0&7$$_$
24),%6<$@^$
%+2.$D6.$/.2,)-+,)&-$&(.7+-/$&0$$$)2$I-&4-$,&$G.$2);-E.F,.-/./f$
$$$=>$?-9($@$>=$
7.,87-$JT`Q?_$

$$$
%+2.$D6.$/.2,)-+,)&-$&(.7+-/$&0$$$%+-$G.$/.,.7')-./$,&$G.$
$$$2);-E.F,.-/./$)0$,6.$2&87%.$&(.7+-/$&0$$$)2$2);-E.F,.-/./f$
$$$=>$?-9($"$>=$
[a$82.$Z>E%6+)-$a[$
0&7$<($ $+**$)-2,78%,)&-2$,6+,$/.0)-.$,6.$2&87%.$&(.7+-/$&0$$@^$
)0$<$T-+*5X.>?J<(@$@$7.,87-$DWZ?_$

b$
7.,87-$JT`Q?_$

b$
7.,87-$DWZ?_$

b$

D6.$ 0&**&4)-;$ +*;&7),6'$T-+*5X.ZQ?$ %6.%I2$ ,6.$ 2.%&-/$ %&-/)E
,)&-9$T-$ .F+'(*.$&0$e+2.$!$ )2$ +$ LKEG),$'.'&75$47),.$ &(.7+,)&-9$
T-$ .F+'(*.$&0$e+2.$K$ )2$ +-$ +//),)&-9$:.$4)**$ .F(*+)-$ ,6.$ +*;&E
7),6'$T-+*5X.TWWT\$)-$,6.$-.F,$2.%,)&-9$

D6)2$ (6+2.$ &0$ 2);-$ .F,.-2)&-$ .*)')-+,)&-$ .-/2$ 4),6$ &-.$ ,7)1)+*$
&(.7+,)&-$,6+,$.*)')-+,.2$+**$,6.$/8''5$2);-$.F,.-2)&-29$

A-B$C(/.&($(1!+!,-*!.,
$$)$P$O$g$I_
$$!$D$(8*(,'A!BE
$$/&$^
$$$$$)$P$)$g$!_
$$$$$!$D$(8*(,'A!BE
$$$$$+A)C$P$#_
$$b$46)*.<)$h$.-/@_

AFB$G(941*$@
$$)$P$O$g$I_
$$!$D$(8*(,'A!BE
$$/&$^
$$$$$)$P$)$g$!_

$$$$$+A)C$P$#_
$$b$46)*.<)$h$.-/@_

AHB$G(941*$"
$$)$P$O$g$I_

$$/&$^
$$$$$)$P$)$g$!_
$$$$$!$D$(8*(,'A!BE
$$$$$+A)C$P$#_
$$b$46)*.<)$h$.-/@_ $

2!34&($5#$08-+I1($&(J4!&!,3$.&'(&$'(*(&+!,-*!.,$

 we eliminate sign extensions starting from the most 
frequently executed regions.
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Sign Extension Elimination

!"#$

%&'()*+,)&-$,)'.$+-/$.00.%,)1.-.223$4.$+((*5$,6)2$)-2.7,)&-$&-*5$,&$
,6&2.$'.,6&/2$,6+,$)-%*8/.$+$*&&(9$

:.$,7)./$+-&,6.7$)-2.7,)&-$+*;&7),6'$,6+,$)2$+$1+7)+-,$&0$,6.$(+7,)+*$
/.+/$ %&/.$ .*)')-+,)&-$ <=>?@$ +*;&7),6'$ A!BC9$ D6)2$ +*;&7),6'$ )-E
2.7,2$ +$ 2);-$ .F,.-2)&-$ +,$ ,6.$ *+,.2,$ (&)-,$ &-$ .1.75$ (&22)G*.$ (+,6$
46.7.$.+%6$2);-$.F,.-2)&-$%+-$G.$ 7.+%6./$46.-$ ),$ )2$'&1./$ 0&7E
4+7/$ )-$ ,6.$ %&-,7&*$ 0*&4$ ;7+(69$ H&4.1.73$ ,6.$ 2)'(*.$ )-2.7,)&-$
+*;&7),6'$,87-./$&8,$,&$4&7I$G.,,.7$,6+-$,6)2$+*;&7),6'3$+2$26&4-$
)-$J);87.$!K$+-/$J);87.$!L$<M+**3$82)-;$=>?N$129$M-.4$+*;&7),6'$
<+**@N@3$+-/$,6.7.0&7.$4.$/.%)/./$,&$82.$,6.$2)'(*.$)-2.7,)&-$+*;&E
7),6'9$

:.$+*2&$)-2.7,$+$/8''5$2);-$.F,.-2)&-$)-2,78%,)&-$O82,$+0,.7$.1.75$
+77+5$+%%.22$,&$ )-/)%+,.$ ,6+,$ ),$ )2$;8+7+-,../$ ,&$G.$2);-E.F,.-/./3$
8-*.22$+-$+77+5$)-/.F$)2$&1.747),,.-$)''./)+,.*53$+2$)-$,6.$%+2.$&0$
M!$P$+A!CN9$>8''5$2);-$.F,.-2)&-$ )-2,78%,)&-2$ +7.$ 82./$ ,&$ .*)')E
-+,.$&,6.7$2);-$.F,.-2)&-$)-2,78%,)&-23$+-/$,6.5$4)**$,6.-$G.$.*)')E
-+,./$+0,.7$,6.$.*)')-+,)&-$)-$Q.%,)&-$K9L$)2$(.70&7'./9$

R-$J);87.$S<G@3$,6)2$,7+-20&7'+,)&-$)-2.7,2$G&,6$+$2);-$.F,.-2)&-$+,$
<!!@$+-/$+$/8''5$2);-$.F,.-2)&-$</.-&,./$+2$!"#$%&'$&()&)*+,@$+,$
<!K@9$T0,.7$,6.$2);-$.F,.-2)&-$.*)')-+,)&-$<J);87.$U@3$+**$ ,6.$2);-$
.F,.-2)&-2$ .F%.(,$ 0&7$ <!!@$ %+-$ G.$ 28%%.2208**5$ .*)')-+,./$ +2$
26&4-$)-$J);87.$U<G@9$

"#"$ %&'(&$)(*(&+!,-*!.,$/.&$01!+!,-*!.,$
R,$ )2$G.2,$ ,&$.*)')-+,.$2);-$.F,.-2)&-2$ 2,+7,)-;$ 07&'$ ,6.$'&2,$ 07.E
V8.-,*5$ .F.%8,./$ 7.;)&-9$ :6.-$ ,6.7.$ +7.$ 2);-$ .F,.-2)&-2$ G&,6$
)-2)/.$+-/$&8,2)/.$&0$+$*&&(3$2&'.$2);-$.F,.-2)&-2$)-2)/.$,6.$*&&($
'+5$-&,$G.$.*)')-+,./$)0$,6.$2);-$.F,.-2)&-2$&8,2)/.$,6.$*&&($+7.$
.*)')-+,./$0)72,9$R-$J);87.$S<G@3$)0$4.$.*)')-+,.$,6.$2);-$.F,.-2)&-$
<!!@$0)72,3$<"@$4)**$2,)**$G.$7.V8)7./9$D&$,+I.$+-&,6.7$.F+'(*.3$,6.7.$
+7.$,4&$%+-/)/+,.2$0&7$.*)')-+,)&-$)-$2!34&($5<+@9$R-$,6)2$.F+'(*.3$
46)*.$&-*5$&-.$&0$,6.'$%+-$G.$.*)')-+,./3$W.28*,$!$)-$<G@$)2$&G1)E
&82*5$G.,,.7$,6+-$W.28*,$K$)-$<%@9$D&$+%6).1.$,6.$7.28*,2$&0$J);87.$
U<G@$+-/$J);87.$"<G@3$4.$ .*)')-+,.$ 2);-$ .F,.-2)&-2$ 2,+7,)-;$ 07&'$
,6.$'&2,$07.V8.-,*5$.F.%8,./$7.;)&-29$:.$2&7,$G+2)%$G*&%I2$)-$,6.$
&7/.7$ &0$ ,6.)7$ .F.%8,)&-$ 07.V8.-%59$ J&7$ .+%6$ G+2)%$ G*&%I$-3$ ,6)2$
%+-$ G.$ .2,)'+,./$ 07&'$ G&,6$ ,6.$ *&&($ -.2,)-;$ *.1.*$ &0$-$ +-/$ ,6.$
.F.%8,)&-$ 07.V8.-%5$ &0$-$4),6)-$ ),2$ +%5%*)%$ 7.;)&-$ G+2./$ &-$ ,6.$
(7&G+G)*),5$&0$.+%6$%&-/),)&-+*$G7+-%6$AK!C9$T//),)&-+**53$4.$82.$
(7&0)*.$ )-0&7'+,)&-$ %&**.%,./$ 0&7$ %&-/),)&-+*$ G7+-%6.2$ G5$ &87$
%&'G)-./$ )-,.7(7.,.7$ +-/$ /5-+')%$ %&'()*.7$ AK#C$ )-$ &7/.7$ ,&$ .-E
6+-%.$,6.$+%%87+%5$&0$G7+-%6$(7&G+G)*),).29$D6.$)-,.7(7.,.7$;+,6.72$
2,+,)2,)%+*$/+,+$&-$%&-/),)&-+*$G7+-%6.29$:6.-$,6.$)-,.7(7.,.7$0)-/2$
,6+,$ +$ '.,6&/$ )2$ .F.%8,./$ 07.V8.-,*53$ ,6.$ /5-+')%$ %&'()*.7$ )2$
%+**./9$T,$,6+,$,)'.3$,6.$)-,.7(7.,.7$(7&1)/.2$,6.$2,+,)2,)%+*$/+,+$,&$
,6.$/5-+')%$%&'()*.79$

"#6$ 7!3,$08*(,9!.,$01!+!,-*!.,$
D6.$;&+*$&0$,6)2$&(,)')X+,)&-$)2$,&$+-+*5X.$+-/$.*)')-+,.$.+%6$2);-$
.F,.-2)&-$ 2,+7,)-;$ 07&'$ ,6.$'&2,$ 07.V8.-,*5$ .F.%8,./$ 7.;)&-3$ /.E

,.7')-./$+2$/.2%7)G./$)-$Q.%,)&-$K9K9$T2$'.-,)&-./$)-$Q.%,)&-$!3$
&87$+*;&7),6'$)2$1.75$(&4.708*$0&7$.*)')-+,)-;$2);-$.F,.-2)&-2$0&7$
+77+5$28G2%7)(,29$:.$4)**$/)2%822$,6)2$/)2,)-;8)26./$0.+,87.$)-$,6.$
-.F,$2.%,)&-3$46)*.$6.7.$4.$0&%82$&-$G+2)%$%+2.2$&0$.*)')-+,)&-29$

D6.$ +*;&7),6'$ ?*)')-+,.Y-.?F,.-/$ +-+*5X.2$ +-/$ .*)')-+,.2$ &-.$
2);-$ .F,.-2)&-$ G5$ 82)-;$ Z>[>Z$ %6+)-29$ :.$ +228'.$ ,6+,$ .+%6$
)-2,78%,)&-$6+2$ ,67..$ 0*+;23$ZQ?3$>?J3$ +-/$TWWT\3$ ,&$ )-/)%+,.$
,6+,$ ,6.$ )-2,78%,)&-$ 6+2$ G..-$ ,7+1.72./$ 0&7$ .+%6$ %6.%I9$:.$ -&,.$
6.7.$ ,6+,$ UEG),$ +-/$ !]EG),$ 2);-$ .F,.-2)&-2$ +7.$ +*2&$ .*)')-+,./$
G+2./$&-$,6.$2+'.$+*;&7),6'3$+*,6&8;6$4.$/.2%7)G.$,6.$+*;&7),6'$
&-*5$0&7$.*)')-+,)-;$LKEG),$2);-$.F,.-2)&-2$)-$,6)2$2.%,)&-9$

01!+!,-*(%,(08*(,'<!"#@$^$
)-),)+*)X.$+**$0*+;2$<ZQ?3>?J3TWWT\@$0&7$+**$)-2,78%,)&-2_$
7.V8)7./$P$JT`Q?_$
[a$82.$>ZE%6+)-$a[$
0&7$<$$ $+**$)-2,78%,)&-2$,6+,$82.$,6.$/.2,)-+,)&-$&(.7+-/$&0$!"#@^$
7.V8)7./$P$T-+*5X.ZQ?<!"#3$$3$DWZ?@_$
)0$<7.V8)7./@$G7.+I_$

b$
)0$<7.V8)7./@^$
[a$82.$Z>E%6+)-$a[$
0&7$<$$ $+**$)-2,78%,)&-2$,6+,$/.0)-.$,6.$2&87%.$&(.7+-/$&0$!"#@^$
7.V8)7./$P$T-+*5X.>?J<$@_$
)0$<7.V8)7./@$G7.+I_$

b$
b$
)0$<c7.V8)7./@$.*)')-+,.$?dD_$

b$

R-$(7)-%)(*.3$+$2);-$.F,.-2)&-$%+-$G.$.*)')-+,./$)0$),2$2&87%.$&(.7E
+-/$)2$+*7.+/5$2);-E.F,.-/./$&7$)0$,6.$8((.7$LK$G),2$&0$),2$/.2,)-+E
,)&-$&(.7+-/$/&$-&,$+00.%,$ ,6.$%&77.%,$.F.%8,)&-$&0$ ,6.$ 0&**&4)-;$
)-2,78%,)&-29$D6.$+*;&7),6'$T-+*5X.>?J$%6.%I2$,6.$0)72,$%&-/),)&-9$
T-$.F+'(*.$&0$e+2.$!$ )2$+$G),E4)2.$M%&'N$ )-2,78%,)&-$46.7.$.)E
,6.7$ &(.7+-/$ )2$ I-&4-$ ,&$ 6+1.$ +$ (&2),)1.$ 1+*8.9$T-$ .F+'(*.$ &0$
e+2.$K$)2$+$%&(5$&(.7+,)&-9$

[a$)0$),$7.,87-2$JT`Q?3$2);-$.F,.-2)&-$)2$8--.%.22+75$0&7$$$
$$$$)0$),$7.,87-2$DWZ?3$2);-$.F,.-2)&-$)2$-.%.22+75$0&7$$$a[$
:,-1;<()02<$@$^$
)0$<+$0*+;$&0$>?J$0&7$$$6+2$G..-$+*7.+/5$2.,@$7.,87-$JT`Q?_$
2.,$+$0*+;$&0$>?J$0&7$$_$
24),%6<$@^$
%+2.$D6.$/.2,)-+,)&-$&(.7+-/$&0$$$)2$I-&4-$,&$G.$2);-E.F,.-/./f$
$$$=>$?-9($@$>=$
7.,87-$JT`Q?_$

$$$
%+2.$D6.$/.2,)-+,)&-$&(.7+-/$&0$$$%+-$G.$/.,.7')-./$,&$G.$
$$$2);-E.F,.-/./$)0$,6.$2&87%.$&(.7+-/$&0$$$)2$2);-E.F,.-/./f$
$$$=>$?-9($"$>=$
[a$82.$Z>E%6+)-$a[$
0&7$<($ $+**$)-2,78%,)&-2$,6+,$/.0)-.$,6.$2&87%.$&(.7+-/$&0$$@^$
)0$<$T-+*5X.>?J<(@$@$7.,87-$DWZ?_$

b$
7.,87-$JT`Q?_$

b$
7.,87-$DWZ?_$

b$

D6.$ 0&**&4)-;$ +*;&7),6'$T-+*5X.ZQ?$ %6.%I2$ ,6.$ 2.%&-/$ %&-/)E
,)&-9$T-$ .F+'(*.$&0$e+2.$!$ )2$ +$ LKEG),$'.'&75$47),.$ &(.7+,)&-9$
T-$ .F+'(*.$&0$e+2.$K$ )2$ +-$ +//),)&-9$:.$4)**$ .F(*+)-$ ,6.$ +*;&E
7),6'$T-+*5X.TWWT\$)-$,6.$-.F,$2.%,)&-9$

D6)2$ (6+2.$ &0$ 2);-$ .F,.-2)&-$ .*)')-+,)&-$ .-/2$ 4),6$ &-.$ ,7)1)+*$
&(.7+,)&-$,6+,$.*)')-+,.2$+**$,6.$/8''5$2);-$.F,.-2)&-29$

A-B$C(/.&($(1!+!,-*!.,
$$)$P$O$g$I_
$$!$D$(8*(,'A!BE
$$/&$^
$$$$$)$P$)$g$!_
$$$$$!$D$(8*(,'A!BE
$$$$$+A)C$P$#_
$$b$46)*.<)$h$.-/@_

AFB$G(941*$@
$$)$P$O$g$I_
$$!$D$(8*(,'A!BE
$$/&$^
$$$$$)$P$)$g$!_

$$$$$+A)C$P$#_
$$b$46)*.<)$h$.-/@_

AHB$G(941*$"
$$)$P$O$g$I_

$$/&$^
$$$$$)$P$)$g$!_
$$$$$!$D$(8*(,'A!BE
$$$$$+A)C$P$#_
$$b$46)*.<)$h$.-/@_ $

2!34&($5#$08-+I1($&(J4!&!,3$.&'(&$'(*(&+!,-*!.,$

The algorithm EliminateOneExtend analyzes and eliminates one sign extension by using UD/DU chains. 
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Handling of Array Subscripts
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#. Eliminated sign extensions

!"#$

!%$ &'()*+*+,$-*,+$./0.+-*'+$ *+-.10*'+$'1$ .2*(*+30*'+$ 4'1$ 31135$
*+6*7.-$8*09$ '16.1$ 6.0.1(*+30*'+$ .+93+7.-$ 09.$ .44.70*:.+.--$
'4$.2*(*+30*'+%$

;%$ <*,+$./0.+-*'+$*+-.10*'+$*-$*+.44.70*:.$8*09'=0$'16.1$6.0.1(*>
+30*'+%$

?.,316*+,$09.$4*1-0$')-.1:30*'+@$89.+$.*09.1$-*,+$./0.+-*'+$*+-.1>
0*'+$'1$.2*(*+30*'+$4'1$31135$ *+6*7.-$ *-$6'+.@$ 09.1.$31.$'40.+$ -.:>
.132$-*,+$./0.+-*'+-$ 0930$31.$A'0.+0*32$ 73+6*630.-$ 4'1$.2*(*+30*'+%$
B9.1.4'1.@$=-*+,$'16.1$6.0.1(*+30*'+$.+93+7.-$09.*1$.44.70*:.+.--%$
C16.1$6.0.1(*+30*'+$32'+.$D6.+'0.6$3-$E'16.1F$ *+$B3)2.$;G$ *-$+'0$

.44.70*:.$ 4'1$ 3+5$ '4$ 09.$ A1',13(-$ ./7.A0$ 4'1$ 09.$!"#"$ 3+6$ $%&%'$
).+79(31H-%$ I'1.':.1@$ (3+5$ -*,+$ ./0.+-*'+-$ 0930$ 73++'0$ ).$
.2*(*+30.6$8*09'=0$3$7'()*+30*'+$'4$E31135F@$E'16.1F@$3+6$E*+-.10F$
D6.+'0.6$3-$E322FG$31.$4'=+6$*+$('-0$'4$09.$).+79(31H$A1',13(-%$

?.,316*+,$ 09.$ -.7'+6$ ')-.1:30*'+@$ 89.+$ '16.1$ 6.0.1(*+30*'+$ *-$
6*-3)2.6@$09.$A'--*)*2*05$'4$-*,+$./0.+-*'+-$1.(3*+*+,$*+$41.J=.+025$
./.7=0.6$ 1.,*'+-$ *-$ *+71.3-.6%$ B9.$ 7'()*+30*'+$ '4$ 09.$ '16.1$ 6.>
0.1(*+30*'+$3+6$ 09.$-*,+$./0.+-*'+$ *+-.10*'+$ *-$A310*7=23125$.44.7>
0*:.$4'1$KL$M(=230*'+$*+$NOPBM(31H$D!@QR;@##S$:-%$;#@TTQG%$U-$
8.$(.+0*'+.6$*+$<.70*'+$;%!@$8.$32-'$01*.6$3+'09.1$*+-.10*'+$32,'>

!"#$%&'(&)*+",-.&./0+12&/3&4%,"-+-+5&678#-1&2-5+&%91%+2-/+2&3/4&:;<!=,"4>&? @&-,A4/B%C&4%20$1D& @&E/42%+%C&4%20$1F&

V=(.1*7$<'10$ <01*+,$<'10$ O*04*.26$ KL$M(=%$ K'=1*.1$ U--*,+(.+0$ WXMU$ Y=44(3+$ V.=132$V.0$ Z[$X.7'(%$ 3:.13,.$

ST\R!"\]##$ ""R";RQRT$ !##"R;]Q!Q$ !T!#QT]\#Q !##SQ"SQ$ !\S!""S;S" !#\R"\"\!#$ !!#S#\!#"! S;#RR#T#T TSRRTTT];$ $6*-3)2.$'A0%$
D;QS%\S^G$ D;##%;Q^G$ D!T\%\!^G$ DR;"%ST^G D!QQ%Q#^G$ D!QS%;\^G D;!Q%;]^G$ D!\\%]]^G D"S%]S^G DS#%RT^G$ D;!\%QS^G$

!R#]#RQ!S"$ #Q"Q\"SSS$ R;]Q\TQ;;$ ;Q]]T;"T" !##;#TSR$ !#RSRS"#T# ]"SRR]QS#$ TS#\]S"!; S#]"R;]TR ;!!RR;R;R;$ $
)3-.2*+.$

D!QQ%QQ^G$ D!QQ%QQ^G$ D!QQ%QQ^G$ D!QQ%QQ^G D!QQ%QQ^G$ D!QQ%QQ^G D!QQ%QQ^G$ D!QQ%QQ^G D!QQ%QQ^G D!QQ%QQ^G$ D!QQ%QQ^G$

!!!SS\S#"S$ S]]\#Q#!T$ #!SQ]Q]!#$ ;;"!"Q!Q" "R!\Q$ !Q]#;"T\T; TQ"!!;!#Q$ ]\S]"S]T] S;!!;S!]T TSRS"R]R;$ $4*1-0$32,'1*09($
D)86$42'8G$ $$$$D]Q%SQ^G$ $$$$DR"%]!^G$ $$$$D\Q%QQ^G$ $$D!!Q%"Q^G $$DQ%]R^G$ $$$DT!%TS^G $$D!Q;%!"^G$ $$$DRR%""^G $$D";%\\^G $$$DS#%R\^G$ DTQ%!R^G$

!QQ#S;\TQ!$ S]]RT]#R!$ #!SQ\T\"T$ !!;";SS "\#T#$ R]!#Q!;"T S#!R]QSQ;$ ####"R"T# S;Q""]]## TSRSTQ\\\$ $
)3-*7$=6_6=$

$$$$D\#%S"^G$ DR"%]"^G$ D\Q%QQ^G$ $$$$$DQ%\\^G DQ%]]^G$ $$$D\R%Q\^G $$$$D#"%;T^G$ $$$D]Q%\!^G D";%\!^G DS#%R\^G$ D#"%Q\^G$

!QQ#S;"\S\$ S]T!;";";$ #!SQS"!]\$ !!;R]\# "#R]S$ R]!#QS;]! S#!R\""#T$ ####"R;RS S;Q""]Q#R TSR\]RQRR$ $*+-.10$
D\#%S"^G$ $$$$DR"%T\^G$ D\Q%QQ^G$ DQ%\\^G DQ%]]^G$ D\R%Q\^G D#"%;T^G$ D]Q%\!^G D";%\!^G $$$DS#%R]^G$ D#"%Q\^G$

!QQ#S;\TQ!$ S]]RT]#R!$ #!SQ\T\"T$ !!;";S; "\#T#$ R]!#Q!;"T S#!R]Q;""$ ####"R"T# S;Q""]]## TSRSTQ\\\$ $'16.1$
D\#%S"^G$ DR"%]"^G$ D\Q%QQ^G$ DQ%\\^G DQ%]]^G$ D\R%Q\^G D#"%;T^G$ D]Q%\!^G D";%\!^G DS#%R\^G$ D#"%Q\^G$

!QQ#S;QSQR$ S]]R]TR]T$ #!SQ\;!]\$ !!;S]"; "Q!S"$ R]Q!!TR"\ S#!R\#R]T$ ####TT"\T S;Q""!;ST TSRS]\!#;$*+-.10@$'16.1$
D\#%S"^G$ DR"%]"^G$ D\Q%QQ^G$ $$$$$DQ%\#^G $$DQ%];^G$ $$$D\T%"T^G D#"%;T^G$ D]Q%\!^G D";%\!^G DS#%R\^G$ D#"%QS^G$

#]];!T]"]$ S;R;\R;S$ #!;"]\\Q;$ STQRS \R!RR$ !#SSRRQ ;Q#"]TS#$ !!#"Q] R!#;"# \ST!!$31135$
$$$$D;\%;\^G$ $$$$$$DR%Q;^G$ $$$$D#"%""^G$ $$$$$DQ%Q;^G $$DQ%#Q^G$ $$$$$DQ%!Q^G $$$$$$D;%"\^G$ $$$$$DQ%Q;^G $$$$DQ%;S^G $$$$$DQ%QQ^G$ $$DR%TQ^G$

#]];!T"Q\$ S!#;;ST]$ #!;""T##Q$ !QR;##S \#!\R$ !#S;;;# ;Q#";T\]$ !!Q;R! R!QQ]" ;#T];]$31135@$*+-.10$
D;\%;\^G$ $$$$$$DT%]R^G$ $$$$D\Q%QQ^G$ $$$$$DQ%\;^G $$DQ%SR^G$ DQ%!Q^G D;%"\^G$ DQ%Q;^G DQ%;S^G $$$$$DQ%Q!^G$ $$DR%T!^G$

#]];!S!#"$ S;R;!;T"$ #!;"]Q"ST$ S;Q"\ \SR\\$ !#;"SS\ ;Q#";!TS$ !Q"";S RQ"T#" #"!\;$31135@$'16.1$
D;\%;\^G$ DR%Q;^G$ $D#"%""^G$ $DQ%Q;^G $$DQ%ST^G$ DQ%!Q^G D;%"\^G$ $$$$$DQ%Q!^G DQ%;S^G DQ%QQ^G$ DR%TQ^G$
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