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`a/83Y*?_�`a/>1�:x1�(+*s(86C9�(�1�6R+Sa*CL�R+-+1�1�(+*s(86.�3YU)6.�*7:C/+Sac�9V1�:C.�*0901�O¤R+`b1�9N;I:2.�1�(+*"k#g `a/
1�(8*�1�6R+Sa*CZ^')(8*N9K:C;¨1VU#6C.�*i9K`r3Y* P *0/+*%.�6E1�*09#6�5�`a/+`a576S�Mq*%.�;I*0,?1\(86C9�(�;I-8/8,�1�`T:2/ � Ç � 1�(86E1
576M89W*062,�( Ç � O�R8`b1vk#gl:2/21�:&601�O¤R+`T1W/t-+5�Rq*%.DZh�t`a/8,?*�1�(8*�M+.�: P .�6C5 :2/+Sac�-d9K*D9#6&9K576CSTS
9�-+R89�*?1W:C;�1�(+*i*%/>1�`T.�*�k)gl.�6C/ P *u629W3+*06C3YO�.�* P `a9K1�*0.^Md:2`T/>1�9%L>1�(8*i9�:;¨1VU)6.�*\,%6C/ P *0/+*%.�6E1�*
6s;J6C9K1�(8629K(�;I-+/d,�1�`a:C/A1�(861&,?:2.�.�*0,?1�Sac 576M89&6w|pO¤*%/>1�.�c49�-+R89�*?1&:;)M+.�: P .�65 Mq:C`a/>1�9
:C/>1�:�1EO�R8`b1v/t-+5�Rq*%.�90Z^')(+* �2® O�R+`T1\3Y*0623tO¤.�* P `r9V1�*%.#R+`b1�O�B2*0,?1�:C.\,%:C/>1�6C`T/d9v6&Sa`r9V1�`T/ P :C;f6CSTS
�¨1�(+.�*06C3YO�.�*%Sr6E1�`TB2*D�f3Y*0623tO¤.�* P `r9V1�*%.�9f61^1�(8* P `aBC*0/�M8.�: P .�65 Mq:C`a/>10Zf<¤;�1�(+*\M8.�: P .�65 -89�*09
6Rd9K:2ST-Y1�*\.�* P `r9K1�*%.W.�*%;I*%.�*%/8,%*09h`T/s6C3+3Y`T1�`a:C/�1�:N1�(+.�*06C3YO�.�*%Sr6E1�`TB2*v.�* P `r9V1�*%.h.�*?;I*0.�*0/8,?*D9%L2UW*
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'f6R+Sa* 1 � ')(+*y|CpO¤*%/>1�.�c7(86C9�(e1�6R8ST*

5�-d9V1nXC*0*%Mx6 ÇD® }EO¤R+`T1i3Y*D6C3tO¤.�* P `r9V1�*%.�R+`b1�O�B2*0,?1�:C.nUv(+`r,�(4`a/8,%.�*D6C9�*09u1�(+*Q9V1�:C.�6 P *&9�M86C,%*
Rtc�6�Sa6C. P *i6C5Q:C-+/>10Z
')(+*i/+*%UG(86C.�3+U#6C.�*\6�q*D,�1�9h1�(8*�Sr6E1�*%/8,%c�:C;[6SaSd5Q*05�:2.�cQ:2Md*0.�61�`a:C/890Z �#c73Y*%;J6-+ST10L

*%B2*%/ `T;h1�(+*�(86.�3YU)6.�*�,%6C/+/+:1y,?.�*061�*�6�576M8M+`T/ P Rq*?1VU#*%*%/41�(+*Q5Q*%5Q:2.�c":CMq*%.�6E1�`T:2/
6/d3w67.�* P `r9V1�*%.DLY1�(8*%.�*N`a9�9V1�`TSaS�6QSa61�*%/d,?csMd*0/86ST1Vce:C; ® ,?cY,?Sa*09\;I:C.u1�(+*N:2Mq,%:Y3Y*N576E1�,�(
;I:CSaSa:EUW*D34Rtcx1�(+*sg#�m ST:t:2X>-8M�Ze<¤;v1�(+*%.�*7`r9�6"576E1�,�(�;I:C.y1�(+*�5Q*%5Q:C.�cx623+3Y.�*09�9y`a/
1�(8*Qg#um 1�6R8ST*2L81�(+*�:2Md*0.�61�`a:C/"5�-89K1u1�6X2*�6/ 623+3Y`T1�`a:C/86CS 1�,%cY,?Sa*NSa61�*0/8,?csMd*0/86ST1Vc
1�:l.�*D9V1�6.�1�1�(8*xM+`aMq*%Sa`T/+*�Uv`T1�( 1�(+*�/+*%U 5Q:EB2* `T/d9V1�.�-8,?1�`a:C/G1�(86E1".�*%M+Sr6C,%*0971�(+*�:CSr3
5Q*%5Q:C.�cw:CMq*%.�6E1�`T:2/�Z��~`a/86CSTSacCL�`T;#1�(+*0.�*Q`r9n/+:"5Q61�,�(x;I:C.n1�(+*75Q*%5Q:C.�c 6C3+3+.�*D9�90L�R+-Y1
1�(8*%.�*&*%_t`r9K1i;I.�*%*73Y*D6C3tO¤.�* P `r9K1�*%.�90L81�(+*%.�*Q`a9y6C/+:1�(+*%. Ç ,?cY,?Sa*&:C;WSr6E1�*%/8,%cw;I:C.i1�(8*&1�*09K1KO
6/d3tO¤9�*?17:2Md*0.�61�`a:C/A1�:�6SaST:Y,%61�*w6�3Y*0623tO¤.�* P `r9V1�*%.DZ��t:dL^1�(+*wSa61�*0/8,?cA.�6/ P *09&;I.�:C5 ®
,?cY,%ST*D9���3Y*?;J6C-+Sb1v,%629K*��f1�:Q}�,%cY,?Sa*09u�J-+/+576E1�,�(+*03�5Q*%5Q:C.�c76C3+3Y.�*09�9� ;I.�*%*i3Y*06237.�* P 9���Z
')(+*v(8629K(+O�1�6R+Sa*vST:t:2X>-8M�`r9^Mq*%.�;I:C.�5Q*03�`a/7M86.�6SaST*0SYUv`b1�(Q1�(+*ng#um�Sa:>:2Xt-+M�L29�:y`T1W3Y:t*09
/+:C1v623+3"6/tc�*%_>1�.�6�,?cY,%ST*D9#1�:Q1�(8*y:EBC*%.�6SaSqSa61�*%/d,?c�Mq*%/86CSb1Vc2Z
')(+*):EBC*0.�6CSTS>,�(+`TM�9K`a�%*#`a/8,?.�*0629K*D9[Rtc �2®C� Rtc>1�*D9%Z�')(+*)}EO¤*%/>1�.�c�g#um 1�6R8ST*#.�*D�>-+`T.�*09

® {7R+`T1�9 Q }e*%/>1�.�`a*09 � ® {�Rtc>1�*090ZN')(+*Q|pCO�*0/21�.�c"k#gF(86C9�( 1�6R+Sa*&.�*0�>-+`a.�*09 � {QR8`b1�9 Q|p�*%/>1�.�`a*09 � ® � |�Rtc>1�*D9%Z
<¤1�5Q6�cyRq*#/+:1�*03�1�(861~1�(+*v9K:2ST-Y1�`T:2/�`r9f:�Q1�(+*v,%.�`T1�`r,%6CS>Md6E1�(&Uv(+`r,�(�3Y:t*D9~/8:1�6E��*0,�1

1�(8*),%ST:Y,�Xt`a/ P 9�Mq*%*03�:2.~1�(+*)Sa61�*0/8,?cN`a/tBC:2STB2*03N`a/&1�(+*v3Y*D9K` P /�Z��f`T.�9K10LC9�-8,�(Q6�M8.�:Y,?*D9�9�`a/ P
`r9�:2/+Sac 3Y:C/+*Q6E1y,?:2/>1�*?_t1y9KUv`T1�,�(xMd:2`T/>1�9y,%6-d9K*D3wRtcw5�*05Q:C.�cA���Y¬\�m :2.N�Yo�¬uum4�
6C,0,?*D9�9�*090Z~kh.�*%;I*?1�,�(8`T/ P <�-89K*D3Q1�: P *%1h1�(8*�.�*%Sa*%BE6/>1h*0/>1�.�c&:C;�1�(+*i576M+M+`a/ P 1�6R8ST*��J3Y-+*
1�:n9�M86C,%*WSa`T5Q`T1�61�`a:C/89fU#*),06/&/+:1 P *%1f`a/>1�:i1�(+*v3Y*%1�6C`TSr9f:;+1�(+`a9�Md6.�1fR+-+1�`a/Q9K(+:2.K1�Uv(+*0/
6)/+:2/YO¤,%:C/>1�*%_t1[9KUv`T1�,�(n.�* P `a:C/n`r9�*0/21�*%.�*03n6SaS`T1�9[*?_Y`b1~*%/>1�.�`T*D9�6.�*�M+.�*?;I*%1�,�(+*D38��Zf')(+`T.�3YSacCL
1�(8*�5Q*%5Q:2.�c�62,%,?*D9�9W`r9W/8:1v3Y*%Sr6�cC*D37Rd*0cC:2/8371�(+*y,?:C.�.�*09�Md:2/83Y`a/ P Sr6E1�*0/8,?c�9�`a/8,?*�1�(+*D9K*
:CMq*%.�6E1�`T:2/89y6.�*QMd*0.K;I:2.�5Q*D3x`a/�M86C.�6CSTSa*%S�Ze')(+*7:2/+Sac 1�(8`T/ P 1�(861 P *%1�9N3Y*0Sa6�c2*03x`a9N1�(+*
3Y*D,?`r9K`a:C/x1�:w,?:2/>1�*?_t1N9�Uv`b1�,�(�Z7<=/�5�:>9V1N,06C9�*090L�Uv(+*%/�3Y*D6C3x.�* P `r9V1�*%.�9n6.�*�;I:2-+/83�L~1�(+*
,?:2/>1�*?_t1�9�Uv`b1�,�(�3+:>*D97/+:C1Q(d6M+Mq*%/GSa*?1�1�`a/ P 1�(+* ,%-+.�.�*0/21Q1�(+.�*D6C3l1�:�,%:C/>1�`a/t-+*CL#:C/+Sac
Uv(+*0/�3Y*0623&.�* P `a9K1�*0.�9�6C.�*)/+:C1^;I:C-8/83�L>:C/+*\,%:C/>1�*%_>1h9�Uv`T1�,�(+*D9�1�(+*u623+3Y*D3&Sr6E1�*%/8,%c&(8*%.�*
Rq*%`a/ P }7,?cY,?Sa*090Z

�x*y/8:EU M+.�*09�*%/>1\6&;I-+STS~*?_+65QM+Sa*i1�:Q`aSTSa-89K1�.�6E1�*n1�(+*n1�*D,�(+/+`r�>-+*CZ
���������������#�t-+M8Md:>9K*np�.�* P `r9V1�*%.�9W`a/e1�(+*yFR86C/+X�6/83epQ.�* P `r9V1�*%.�9h`a/e1�(+*;��R86C/+X

6.�*n6�B�6C`TSr6R8ST*2Z � `aBC*0/�1�(+*n;I:CSaSa:EUv`T/ P ,%:t3+*n9�*0�>-+*0/8,?* �
� �! H,ZWA\G*H � M�H L�M ��M
-1OQR
H,Z[A"G'-(O6M|H � M��6M
- � R
H,Z[A"G & � M|H � M��6M
-(OJR
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alu[a3, a1, +, b2]
alu[b2, a0, +, b0] 
alu[$0, a3, +, b2]
sram[write, $0, 128, 0, 1], ctx_swap

alu[a3, a2, +, b2]
sram[read, $0, 128, 0, 1], ctx_swap

alu[a1, b2, +, $0]

dead−regs:

bbend dead−regs: 11111111111111111111111111111111

dead−regs: 11111111111111111111111111111111

dead−regs: 11111111111111111111111111111111

dead−regs: 11111111111111111111111111111111

�f` P -+.�*y| � �^_+65QM+Sa* Ç OW')(8*n�u:C/YOV�tUv`T1�,�(w¬v* P `a:C/ g�� �

� L  -,I���� � E 
 G � M � OJR
� O  XWI,H�#.G'*,I DYE	+6M & � M LYO��6M � M LFR�M � E 
�� X�*(H[U
H,Z[A"G*H � M|HQO6M��6M
-(OJR
XWI1H�#.G^I	+CH�$�M & � MTLYO	�6M � M LFR�M � E 
�� X�*(H�U
� �! H,ZWA\G*HVL�M -1O6M ��M &�� R

�f` P -+.�*�|y9K(+:EU\9�1�(+*\*%_+65QM+Sa*u6C9^3+`TBt`r3Y*037`a/>1�:y/+:2/YO=9KUv`T1�,�(7.�* P `T:2/89%Zf')(+*%/[L�� P -+.�*
{i9�(+:EU\9f1�(+*u*?_+65QM+Sa*\6E;¨1�*%.h3+61�6]8:EUl6C/86SacY9K`r9�(86C9^Rd*0*%/QMd*0.K;I:2.�5Q*D3�Z �#*%;I:C.�* � � LC1�(+*
;I:CSaSa:EUv`T/ P .�* P `r9K1�*%.�9)6.�*i3+*06C3 � R Ç L R � Z6�#*?;I:2.�*2� ® Lt1�(8*n;I:CSaST:EUv`a/ P .�* P `r9V1�*%.�9#6C.�*n3Y*D6C3 �
6 � L R � L R Ç L R � Z
�\:EU Uv(+*%/�1�(+*7(86.�3YU)6.�*&.�*062,�(+*09�1�(+*Q1�(+`a.�3x`a/89K1�.�-8,�1�`T:2/�Lf`b1N5&-89V1N.�*%M8Sa62,?*�1�(+*

.�* P `r9K1�*%.�& ��Uv`T1�(w6 P *%/8*%.�6S�M+-+.�Md:>9K*n.�* P `a9K1�*0.0Z�')(+*n-+M�3+6E1�*03"}EO¤*%/>1�.�ceg#um 1�6R+Sa*n`a9
9�(+:EUv/e`a/e1�6R8ST*N|7�t:dLY1�(+*y/8*%U `a/89K1�.�-8,�1�`T:2/w9K*D�2-8*%/8,%*i`r9 �
� �! H,ZWA\G*H � M�H L�M ��M
-1OQR
H,Z[A"G'-(O6M|H � M��6M
- � R
H,Z[A"G'-dL�M|H � M��6M
-(OJR
� L  -,I���� � E 
 G � M � OJR
� O  XWI,H�#.G'*,I DYE	+6M & � M LYO��6M � M LFR�M � E 
�� X�*(H[U
H,Z[A"G*H � M|HQO6M��6M
-(OJR
XWI1H�#.G^I	+CH�$�M & � MTLYO	�6M � M LFR�M � E 
�� X�*(H�U
� �! H,ZWA\G*HVL�M -1O6M ��M &�� R
')(+*&3+c>/d65Q`a,N.�* P `r9V1�*%.\6SaSa:t,06E1�:C.u,�(86C/ P *D9)1�(8*;�+;¨1�( `T/d9V1�.�-8,?1�`a:C/"1�:�67/+*0UH5Q:EB2*

`a/89V1�.�-d,�1�`a:C/[Z�')(8*y/+*%UF,?:2/21�*%/>1�9):C;[1�(+*&g#um 1�6CR+Sa*N6.�*i9�(+:EUv/s`T/s1�6CR+Sa*&{tZ

� �! H,ZWA\G*H � M�H L�M ��M
-1OQR
H,Z[A"G'-(O6M|H � M��6M
- � R
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alu[a3, a1, +, b2]
alu[b2, a0, +, b0] 
alu[$0, a3, +, b2]
sram[write, $0, 128, 0, 1], ctx_swap

alu[a3, a2, +, b2]
sram[read, $0, 128, 0, 1], ctx_swap

alu[a1, b2, +, $0]

bbend dead−regs: 11111111111111111111111111111111

dead−regs: 10111111111111111101111111111111

dead−regs: 

dead−regs: 10001111111111110101111111111111

dead−regs: 10001111111111111011111111111111

�f` P -+.�*�{ � ��_+65QM+Sa* Ç Oh')(8*Nou*D6C3s¬v* P `a9K1�*0.�9#;I:2-+/83sRtc�o.�Y
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'f6R+Sa*�{ � �^_Y6C5QM+ST* Ç Oh')(+*N¬v* P `r9V1�*%.vm 6CM"'f6R8ST*nM ®

H,Z[A"G'-dL�M|H � M��6M
-(OJR
� L  -,I���� � E 
 G � M � OJR
� O  H,ZWA\G*H � M ��� M.-nM
-�LFR
H,Z[A"G*H � M|HQO6M��6M
-(OJR
XWI1H�#.G^I	+CH�$�M & � MTLYO	�6M � M LFR�M � E 
�� X�*(H�U
� �! H,ZWA\G*HVL�M -1O6M ��M &�� R
')(+*N6SaSa:t,06E1�:C.v,�(86/ P *09W1�(+*N9K*0BC*0/21�(e`a/89K1�.�-8,�1�`T:2/�1�:�6�5�:EB2*�`a/89K1�.�-8,�1�`T:2/w6C9
UW*0STS�Z�<¤1#5&-89K1#6Sr9�:&6SaSa:t,06E1�*u6N/+*0U � kh¬�;I:2.h1�(+*i.�*D6C3�1�.�6/d9V;I*0.W.�* P `a9K1�*0. & �dZf')(+*

/+*0U ,?:2/>1�*%/>1�9):;f1�(+*&g#�m 1�6R+Sa*y6.�*y9K(+:EUv/s`a/e1�6R+Sa*y}+Z
� �! H,ZWA\G*H � M�H L�M ��M
-1OQR
H,Z[A"G'-(O6M|H � M��6M
- � R
H,Z[A"G'-dL�M|H � M��6M
-(OJR
� L  -,I���� � E 
 G � M � OJR
� O  H,ZWA\G*H � M ��� M.-nM
-�LFR
H,Z[A"G*H � M|HQO6M��6M
-(OJR
H,Z[A"G'- � M ��� M
-=M H � R
� �! H,ZWA\G*HVL�M -1O6M ��M &�� R

�f`T/86CSTSacCLC1�(+*\6CSTSa:Y,%61�:C.�576Md9f1�(+*v-89�*):;q1�(+*v.�*0623y1�.�6C/89V;I*0.�.�* P `r9V1�*%.�& �n`a/�`a/89K1�.�-8,�O
1�`a:C/"}�1�:Q`T1�9 � kW¬ Sa:Y,%61�*03s`a/�1�(+*&g#um 1�6R+Sa*CZ

� �! H,ZWA\G*H � M�H L�M ��M
-1OQR
H,Z[A"G'-(O6M|H � M��6M
- � R
H,Z[A"G'-dL�M|H � M��6M
-(OJR
� L  -,I���� � E 
 G � M � OJR
� O  H,ZWA\G*H � M ��� M.-nM
-�LFR
H,Z[A"G*H � M|HQO6M��6M
-(OJR
H,Z[A"G'- � M ��� M
-=M H � R
� �! H,ZWA\G*HVL�M -1O6M ��M
- � R
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� �j�6���\� ��� � ����� � � � �u�Q� �i��$%�&� � �)� �N$ ���

�"!$# � &1365����j/�&	��/�<=' �J),/�& �
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