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int leaf(int g, int h, int i, int j) {
int f;
f = (g+h) - (i+j);
return f;

}
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DI 9��

addi sp, sp, -8   # adjust stack for 2 items
sw s1, 4(sp)      # save 1 for use afterwards
sw s0, 0(sp)      # save s0 for use afterwards

add s0,a0,a1      # s0 = g + h
add s1,a2,a3      # s1 = i + j
sub a0,s0,s1      # return value (g + h) - (i + j)

lw s0, 0(sp)      # restore register s0 for caller
lw s1, 4(sp)      # restore register s1 for caller
addi s1, 4(sp)    # adjust stack to delete 2 items
jr ra             # jump back to calling routine
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int sumSquare(int x, int y) {
return mult(x,x) + y;

}
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sumSquare:
addi sp,sp,-8       # reserve space on stack
sw ra, 4(sp)        # save return address
sw a1, 0(sp)        # save y
mv a1,a0            # mult(x,x)
jal mult            # call mult
lw a1, 0(sp)        # restore y
add a0,a0,a1        # mult()+y
lw ra, 4(sp)        # get return address
addi sp,sp,8        # restore stack
mult:...
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Load X
Store Y
Store Z
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Store Z
Load X
Store Y
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Load X
Store Y
FENCE
Store Z
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Store Y
Load X
Store Z
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�(�(2$���
�����,.$��,*-)$4�� +1 )

�.,&. **$.8/��,#$)

	��	������

�,-5.(&'0�6�	�	��!5��(�(2$���+"��))�.(&'0/�.$/$.2$#� ���



#<>C�GDIF@M�JKODJI�><I�=@�N@G@>O@?�=T�NK@>DATDIB '%)&8.�,#!. JI�OC@�>JHH<I?�GDI@�

$JM�@S<HKG@�

make PROGRAM=hello TARGET=design-rtl CONFIGURATION=release LINK_TARGET=scratchpad
software

2C@ E=L9D<=>9MDLD<K GDIF@M�ADG@�DN�N@G@>O@?�=T�?@A<PGO�RC@I '%)&8.�,#!. DN�IJO�NK@>DAD@?��'A

OC@M@�DN�<�N>@I<MDJ�RC@M@�<�>PNOJH�GDIF@M�DN�M@LPDM@?��JI@�JA�OC@�NPKKGD@?�GDIF@M�ADG@N�><I�=@

>JKD@?�<I?�M@I<H@?�<I?�PN@?�AJM�OC@�=PDG?��$JM�@S<HKG@��DA�<�I@R�GDIF@M�ADG@�I<H@?

E=L9DF=OE9HD<K R<N�B@I@M<O@?��OCDN�><I�=@�PN@?�<O�=PDG?�ODH@�=T�NK@>DATDIB

'%)&8.�,#!.�F=OE9H JI�OC@�>JHH<I?�GDI@�

�	��	� !6;82?��692�'F:/<9@

2C@�GDIF@M�ADG@�B@I@M<O@N�NTH=JGN�OC<O�<M@�PN@?�=T�OC@�NO<MOPK�>J?@��NJ�OC<O�NJAOR<M@�><I�PN@

OC@N@�NTH=JGN�OJ�<NNDBI�OC@�NO<>F�KJDIO@M��DIDOD<GDU@�JM�>JKT�>@MO<DI�0�+�N@>ODJIN��<I?�KMJQD?@

OC@�=JJO�C<MO�DIAJMH<ODJI��2C@N@�NTH=JGN�<M@�H<?@�QDND=G@�OJ�NJAOR<M@�PNDIB�OC@�.0-4'"#�F@T

RJM?�

$JM�@S<HKG@�

__stack_size = DEFINED(__stack_size) ? __stack_size : 0x400;
PROVIDE(__stack_size = __stack_size);

�2;2?.A21�!6;82?�'F:/<9@

��?@N>MDKODJI�GDNO�JA�OC@�B@I@M<O@?�GDIF@M�NTH=JGN�DN�NCJRI�=@GJR�

__metal_boot_hart

2CDN�DN�<I�DIO@B@M�IPH=@M�OJ�?@N>MD=@�RCD>C�C<MO�MPIN�OC@�H<DI�DIDO�AGJR��2C@ E@9JLA< !10

>JIO<DIN�OC@�DIO@B@M�Q<GP@�AJM�@<>C�C<MO��$JM�@S<HKG@��C<MO���C<N E@9JLA<�����C<MO���C<N

E@9JLA<�����<I?�NJ�JI���I�<NN@H=GT�@S<HKG@�DN�NCJRI�=@GJR��RC@M@ 9� <GM@<?T�>JIO<DIN

OC@ E@9JLA< Q<GP@�

/* If we're not hart 0, skip the initialization work */
la t0, __metal_boot_hart
bne a0, t0, _skip_init

�I�@S<HKG@�JI�CJR�OJ�PN@�OCDN�NTH=JG�DI�!�>J?@�DN�NCJRI�=@GJR�

extern int __metal_boot_hart;
int boot_hart = (int)&__metal_boot_hart;

�??DODJI<G�GDIF@M�ADG@�B@I@M<O@?�NTH=JGN��<GJIB�RDOC�?@N>MDKODJIN�<M@�NCJRI�=@GJR�

__metal_chicken_bit

1O<OPN�=DO�OJ�O@GG�NO<MOPK�>J?@�OJ�U@MJ�JPO�OC@�$@<OPM@�"DN<=G@�!10��"@O<DGN�JA�OCDN�M@BDNO@M

<M@�DIO@MI<G�PN@�JIGT�

�(�(2$���
�����,.$��,*-)$4�� +1 )

�.,&. **$.8/��,#$)

	��	������

�,-5.(&'0�6�	�	��!5��(�(2$���+"��))�.(&'0/�.$/$.2$#� ���



__global_pointer$

1O<OD>�Q<GP@�PN@?�OJ�RMDO@�OC@ ?H M@BDNO@M�<O�NO<MOPK�

_sp

�??M@NN�JA�OC@�@I?�JA�NO<>F�AJM�C<MO����PN@?�OJ�DIDOD<GDU@�OC@�=@BDIIDIB�JA�OC@�NO<>F�NDI>@�OC@

NO<>F�BMJRN�GJR@M�DI�H@HJMT��-I�<�HPGODC<MO�NTNO@H��OC@�NO<MO�<??M@NN�JA�OC@�NO<>F�AJM

@<>C�C<MO�DN�><G>PG<O@?�PNDIB��8KH � 88KL9;C8KAR= Z E@9JLA<	

metal_segment_bss_target_start

metal_segment_bss_target_end

3N@?�OJ�U@MJ�JPO�BGJ=<G�?<O<�H<KK@?�OJ :KK N@>ODJI�

c -IGT 88E=L9D8:GGL8@9JL MPIN�OCDN�>J?@�

metal_segment_data_source_start

metal_segment_data_target_start

metal_segment_data_target_end

3N@?�OJ�>JKT�?<O<�AMJH�DH<B@�OJ�DON�?@NODI<ODJI�DI�0�+�

c -IGT 88E=L9D8:GGL8@9JL MPIN�OCDN�>J?@�

metal_segment_itim_source_start

metal_segment_itim_target_start

metal_segment_itim_target_end

!J?@�JM�?<O<�><I�=@�KG<>@?�DI�DODH�N@>ODJIN�PNDIB�OC@

889LLJA:ML=88��K=;LAGF��ALAE�����

c 5C@I�OCDN�<OOMD=PO@�DN�<KKGD@?�OJ�>J?@�JM�?<O<��OC@

E=L9D8K=?E=FL8ALAE8KGMJ;=8KL9JL� E=L9D8K=?E=FL8ALAE8L9J?=L8KL9JL��<I?

E=L9D8K=?E=FL8ALAE8L9J?=L8=F< NTH=JGN�B@O�PK?<O@?�<>>JM?DIBGT��<I?�OC@N@�NTH

=JGN�<GGJR�OC@�NO<MOPK�>J?@�OJ�>JKT�>J?@�<I?�?<O<�DIOJ�OC@�'2'+�<M@<�

l -IGT 88E=L9D8:GGL8@9JL MPIN�OCDN�>J?@�

#<A2

�O�OC@�ODH@�JA�OCDN�RMDODIB��OC@�=JJO�AGJR�?J@N�IJO�NPKKJMO�!���KMJE@>ON

�	�� &�'�H*��<:=692?��9.4@

�	��	� arch� abi��.;1 mtune

0'1!\4�O<MB@ON�<M@�?@N>MD=@?�PNDIB�OCM@@�<MBPH@ION�

�� �E9J;@�%-���N@G@>ON�OC@�<M>CDO@>OPM@�OJ�O<MB@O�

�(�(2$���
�����,.$��,*-)$4�� +1 )

�.,&. **$.8/��,#$)

	��	������

�,-5.(&'0�6�	�	��!5��(�(2$���+"��))�.(&'0/�.$/$.2$#� ���



�� �E9:A���%��N@G@>ON�OC@�� '�OJ�O<MB@O�

�� �ELMF=��* !)�(!��N@G@>ON�OC@�HD>MJ<M>CDO@>OPM@�OJ�O<MB@O�

-march

2CDN�<MBPH@IO�>JIOMJGN�RCD>C�DINOMP>ODJIN�<I?�M@BDNO@MN�<M@�<Q<DG<=G@�AJM�OC@�>JHKDG@M��<N

?@ADI@?�=T�OC@�0'1!\4�PN@MG@Q@G�'1��NK@>DAD><ODJI�

2C@�0'1!\4�'1��RDOC�������=DO�DIO@B@M�M@BDNO@MN�<I?�OC@�DINOMP>ODJIN�AJM�HPGODKGD><ODJI�RJPG?�=@

?@IJO@?�<N�04��'+��3N@MN�><I�>JIOMJG�OC@�N@O�JA�DINOMP>ODJIN�OC<O�%!!�PN@N�RC@I�B@I@M<ODIB

<NN@H=GT�>J?@�=T�K<NNDIB�OC@�GJR@M><N@�'1��NOMDIB�OJ�OC@�H<M>C�%!!�<MBPH@IO��AJM�@S<HKG@�

�E9J;@�JN��AE��-I�0'1!\4�NTNO@HN�OC<O�?JI`O�NPKKJMO�K<MOD>PG<M�JK@M<ODJIN��@HPG<ODJI�MJP

ODI@N�H<T�=@�PN@?�OJ�KMJQD?@�OC@�HDNNDIB�API>ODJI<GDOT�

#S<HKG@�

double dmul(double a, double b) {
return a * b;

}

RDGG�>JHKDG@�?DM@>OGT�OJ�<�$.�HPGODKGD><ODJI�DINOMP>ODJI�RC@I�>JHKDG@?�RDOC�OC@�"�@SO@INDJI�

$ riscv64-unknown-elf-gcc test.c -march=rv64imafdc -mabi=lp64d -o- -S -O3
dmul:

fmul.d  fa0,fa0,fa1
ret

=PO�RDGG�>JHKDG@�OJ�<I�@HPG<ODJI�MJPODI@�RDOCJPO�OC@�"�@SO@INDJI�

$ riscv64-unknown-elf-gcc test.c -march=rv64i -mabi=lp64 -o- -S -O3
dmul:

add     sp,sp,-16
sd      ra,8(sp)
call    __muldf3
ld      ra,8(sp)
add     sp,sp,16
jr      ra

1DHDG<M�@HPG<ODJI�MJPODI@N�@SDNO�AJM�OC@�!�DIOMDIND>N�OC<O�<M@�OMDQD<GGT�DHKG@H@IO@?�=T�OC@�+�<I?�$

@SO@INDJIN�

-mabi

�E9:A N@G@>ON�OC@�� '�OJ�O<MB@O��2CDN�>JIOMJGN�OC@�><GGDIB�>JIQ@IODJI��RCD>C�<MBPH@ION�<M@

K<NN@?�DI�RCD>C�M@BDNO@MN	�<I?�OC@�G<TJPO�JA�?<O<�DI�H@HJMT��2C@ �E9:A <MBPH@IO�OJ�%!!�NK@>

DAD@N�=JOC�OC@�DIO@B@M�<I?�AGJ<ODIBKJDIO�� 'N�OJ�RCD>C�OC@�B@I@M<O@?�>J?@�>JHKGD@N��+P>C�GDF@

CJR�OC@ �E9J;@ <MBPH@IO�NK@>DAD@N�RCD>C�C<M?R<M@�B@I@M<O@?�>J?@�><I�MPI�JI��OC@ �E9:A

<MBPH@IO�NK@>DAD@N�RCD>C�NJAOR<M@B@I@M<O@?�>J?@�><I�GDIF�<B<DINO��5@�PN@�OC@�NO<I?<M?�I<H

DIB�N>C@H@�AJM�DIO@B@M�� 'N��ADH�� JM DH��	��RDOC�<I�<MBPH@IO<G�NDIBG@�G@OO@M�<KK@I?@?�OJ

�(�(2$���
�����,.$��,*-)$4�� +1 )

�.,&. **$.8/��,#$)

	��	������
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N@G@>O�OC@�AGJ<ODIBKJDIO�M@BDNO@MN�PN@?�=T�OC@�� '��ADH�� QN� ADH��> QN� ADH��<	��'I�JM?@M�AJM

J=E@>ON�OJ�=@�GDIF@?�OJB@OC@M��OC@T�HPNO�AJGGJR�OC@�N<H@�� '�

0'1!\4�?@ADI@N�ORJ�DIO@B@M�� 'N�<I?�OCM@@�AGJ<ODIBKJDIO�� 'N�

c ADH����DIO��GJIB��<I?�KJDIO@MN�<M@�<GG���=DON�GJIB��GJIB�GJIB�DN�<���=DO�OTK@��>C<M�DN��=DO�

<I?�NCJMO�DN���=DO�

c DH����GJIB�<I?�KJDIO@MN�<M@���=DON�GJIB��RCDG@�DIO�DN�<���=DO�OTK@��2C@�JOC@M�OTK@N�M@H<DI

OC@�N<H@�<N ADH���

2C@�AGJ<ODIBKJDIO�� 'N�<M@�<�0'1!\4�NK@>DAD>�<??DODJI�

c ����OC@�@HKOT�NOMDIB	��,J�AGJ<ODIBKJDIO�<MBPH@ION�<M@�K<NN@?�DI�M@BDNO@MN�

c >����=DO�<I?�NH<GG@M�AGJ<ODIBKJDIO�<MBPH@ION�<M@�K<NN@?�DI�M@BDNO@MN��2CDN�� '�M@LPDM@N�OC@

$�@SO@INDJI��<N�RDOCJPO�$�OC@M@�<M@�IJ�AGJ<ODIBKJDIO�M@BDNO@MN�

c <����=DO�<I?�NH<GG@M�AGJ<ODIBKJDIO�<MBPH@ION�<M@�K<NN@?�DI�M@BDNO@MN��2CDN�� '�M@LPDM@N�OC@

"�@SO@INDJI�

arch/abi �<:/6;.A6<;@

c E9J;@�JN��AE9><;��E9:A�ADH��<��&<M?R<M@�AGJ<ODIBKJDIO�DINOMP>ODJIN�><I�=@�B@I@M<O@?

<I?�AGJ<ODIBKJDIO�<MBPH@ION�<M@�K<NN@?�DI�M@BDNO@MN��2CDN�DN�GDF@�OC@ �E>DG9L�9:A�@9J<

<MBPH@IO�AJM�OC@��MHX�<M>CDO@>OPM@�%!!�

c E9J;@�JN��AE9;��E9:A�ADH����,J�AGJ<ODIBKJDIO�DINOMP>ODJIN�><I�=@�B@I@M<O@?�<I?�IJ

AGJ<ODIBKJDIO�<MBPH@ION�<M@�K<NN@?�DI�M@BDNO@MN��2CDN�DN�GDF@�OC@ �E>DG9L�9:A�KG>L <MBP

H@IO�AJM�OC@��MH�<M>CDO@>OPM@�%!!�

c E9J;@�JN��AE9><;��E9:A�ADH����&<M?R<M@�AGJ<ODIBKJDIO�DINOMP>ODJIN�><I�=@�B@I@M<O@?�

=PO�IJ�AGJ<ODIBKJDIO�<MBPH@ION�RDGG�=@�K<NN@?�DI�M@BDNO@MN��2CDN�DN�GDF@�OC@

�E>DG9L�9:A�KG>L>H <MBPH@IO�AJM�OC@��MH�<M>CDO@>OPM@�%!!��<I?�DN�PNP<GGT�PN@?�RC@I

DIO@MA<>DIB�RDOC�NJAOAGJ<O�=DI<MD@N�JI�<�C<M?AGJ<O�NTNO@H�

c E9J;@�JN��AE9;��E9:A�ADH��<��'GG@B<G��<N�OC@�� '�M@LPDM@N�AGJ<ODIBKJDIO�<MBPH@ION�<M@

K<NN@?�DI�M@BDNO@MN�=PO�OC@�'1��?@ADI@N�IJ�AGJ<ODIBKJDIO�M@BDNO@MN�OJ�K<NN�OC@H�DI�

#S<HKG@�

double dmul(double a, double b) {
return b * a;

}

'A�I@DOC@M�OC@�� '�IJM�'1��>JIO<DIN�OC@�>JI>@KO�JA�AGJ<ODIBKJDIO�C<M?R<M@�OC@I�OC@�!�>JHKDG@M

><IIJO�@HDO�<IT�AGJ<ODIBKJDIONK@>DAD>�DINOMP>ODJIN��'I�OCDN�><N@��@HPG<ODJI�MJPODI@N�<M@�PN@?�OJ

K@MAJMH�OC@�>JHKPO<ODJI�<I?�OC@�<MBPH@ION�<M@�K<NN@?�DI�DIO@B@M�M@BDNO@MN�

$ riscv64-unknown-elf-gcc test.c -march=rv32imac -mabi=ilp32 -o- -S -O3
dmul:

mv      a4,a2

�(�(2$���
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mv      a5,a3
add     sp,sp,-16
mv      a2,a0
mv      a3,a1
mv      a0,a4
mv      a1,a5
sw      ra,12(sp)
call    __muldf3
lw      ra,12(sp)
add     sp,sp,16
jr      ra

2C@�N@>JI?�><N@�DN�OC@�@S<>O�JKKJNDO@�JA�OCDN�JI@��@Q@MTOCDIB�DN�NPKKJMO@?�DI�C<M?R<M@��'I�OCDN

><N@�R@�><I�@HDO�<�NDIBG@ >EMD< DINOMP>ODJI�OJ�K@MAJMH�OC@�>JHKPO<ODJI�

$ riscv64-unknown-elf-gcc test.c -march=rv32imafdc -mabi=ilp32d -o- -S -O3
dmul:

fmul.d  fa0,fa1,fa0
ret

2C@�OCDM?�>JH=DI<ODJI�DN�AJM�PN@MN�RCJ�H<T�R<IO�OJ�B@I@M<O@�>J?@�OC<O�><I�=@�GDIF@?�RDOC�>J?@

?@NDBI@?�AJM�NTNO@HN�OC<O�?JI`O�NP=NPH@�<�K<MOD>PG<M�@SO@INDJI�RCDG@�NODGG�O<FDIB�<?Q<IO<B@�JA

OC@�@SOM<�DINOMP>ODJIN�KM@N@IO�DI�<�K<MOD>PG<M�@SO@INDJI��2CDN�DN�<�>JHHJI�KMJ=G@H�RC@I�?@<GDIB

RDOC�G@B<>T�GD=M<MD@N�OC<O�I@@?�OJ�=@�DIO@BM<O@?�DIOJ�I@R@M�NTNO@HN��$JM�OCDN�KPMKJN@��OC@�>JH

KDG@M�<MBPH@ION�<I?�HPGODGD=�K<OCN�?@NDBI@?�OJ�>G@<IGT�DIO@BM<O@�RDOC�OCDN�RJMFAGJR��2C@�B@I@M

<O@?�>J?@�DN�@NN@IOD<GGT�<�HDS�=@OR@@I�OC@�ORJ�<=JQ@�JPOKPON��OC@�<MBPH@ION�<M@�K<NN@?�DI�OC@

M@BDNO@MN�NK@>DAD@?�=T�OC@ ADH�� � '��<N�JKKJN@?�OJ�OC@ ADH��< � '��RCD>C�>JPG?�K<NN�OC@N@

<MBPH@ION�DI�M@BDNO@MN	�=PO�OC@I�JI>@�DIND?@�OC@�API>ODJI�OC@�>JHKDG@M�DN�AM@@�OJ�PN@�OC@�APGG

KJR@M�JA�OC@�04��'+�$"!�'1��OJ�<>OP<GGT�>JHKPO@�OC@�M@NPGO��5CDG@�OCDN�DN�G@NN�@AAD>D@IO�OC<I

OC@�>J?@�OC@�>JHKDG@M�>JPG?�B@I@M<O@�DA�DO�R<N�<GGJR@?�OJ�O<F@�APGG�<?Q<IO<B@�JA�OC@�"@SO@INDJI

M@BDNO@MN��DO`N�<�GJO�HJM@�@AAD>D@IO�OC<I�>JHKPODIB�OC@�AGJ<ODIBKJDIO�HPGODKGD><ODJI�RDOCJPO�OC@�"

@SO@INDJI�DINOMP>ODJIN

$ riscv64-unknown-elf-gcc test.c -march=rv32imafdc -mabi=ilp32 -o- -S -O3
dmul:

add     sp,sp,-16
sw      a0,8(sp)
sw      a1,12(sp)
fld     fa5,8(sp)
sw      a2,8(sp)
sw      a3,12(sp)
fld     fa4,8(sp)
fmul.d  fa5,fa5,fa4
fsd     fa5,8(sp)
lw      a0,8(sp)
lw      a1,12(sp)
add     sp,sp,16
jr      ra

�(�(2$���
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�	�� �<:=69.A6<;�%?<02@@

%!!�?MDQ@M�N>MDKO�DN�<>OP<GGT�MPIIDIB�OC@�KM@KMJ>@NNJM��OC@I�OC@�>JHKDG@M��OC@I�OC@�<NN@H=G@M

<I?�ADI<GGT�OC@�GDIF@M��'A�OC@�PN@M�MPIN�%!!�RDOC�OC@ ��K9N=�L=EHK <MBPH@IO��N@Q@M<G�DIO@MH@?D

<O@�ADG@N�RDGG�=@�B@I@M<O@?�

$ riscv64-unknown-linux-gnu-gcc relocation.c -o relocation -O3 --save-temps

c J=DG;9LAGFA��2C@�KM@KMJ>@NN@?�NJPM>@��RCD>C�@SK<I?N�<IT�KM@KMJ>@NNJM�?DM@>ODQ@N

�OCDIBN�GDF@��DI>GP?@�JM��DA?@A	�

c J=DG;9LAGFK��2C@�JPOKPO�JA�OC@�<>OP<G�>JHKDG@M��RCD>C�DN�<I�<NN@H=GT�ADG@��<�O@SO�ADG@�DI

OC@�0'1!\4�<NN@H=GT�AJMH<O	�

c J=DG;9LAGFG��2C@�JPOKPO�JA�OC@�<NN@H=G@M��RCD>C�DN�<I�PIGDIF@?�J=E@>O�ADG@��<I�#*$�ADG@�

=PO�IJO�<I�@S@>PO<=G@�#*$	�

c J=DG;9LAGF��2C@�JPOKPO�JA�OC@�GDIF@M��RCD>C�DN�<�GDIF@?�@S@>PO<=G@��<I�@S@>PO<=G@�#*$�ADG@	�

�	�� !.?42��<12�"<129�+<?8.?<B;1@

0'1!\4�NJAOR<M@�>PMM@IOGT�M@LPDM@N�OC<O�GDIF@?�NTH=JGN�M@ND?@�RDOCDI�<���=DO�M<IB@��2C@M@�<M@

ORJ�OTK@N�JA�>J?@�HJ?@GN�?@ADI@?�AJM�0'1!\4� :219<D <I? :21.;F��2C@�H@?<IT�>J?@�HJ?@G
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MEMORY
{
ram (wxa!ri) : ORIGIN = 0x80000000, LENGTH = 0x4000
flash (rxai!w) : ORIGIN = 0x20400000, LENGTH = 0x1fc00000
}
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{
ram (wxa!ri) : ORIGIN = 0x100000000, LENGTH = 0x4000 /* Updated ORIGIN from
0x80000000 */
flash (rxai!w) : ORIGIN = 0x20400000, LENGTH = 0x1fc00000
}
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int misa;
__asm__ volatile("csrr %0, misa" : "=r" (misa));
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int misa_value;
METAL_CPU_GET_CSR(misa,misa_value);
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int mscratch;
METAL_CPU_GET_CSR(0x340, mscratch_value); // reading mscratch csr
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metal_privilege_drop_to_mode(METAL_PRIVILEGE_USER,
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https://github.com/chipsalliance/rocket-chip/blob/master/scripts/debug_rom/debug_rom.S
https://github.com/chipsalliance/rocket-chip/blob/master/scripts/debug_rom/debug_rom.S
https://github.com/chipsalliance/rocket-chip/blob/master/scripts/debug_rom/debug_rom.S








































































https://forums.sifive.com/
https://riscv.org/specifications/
https://riscv.org/specifications/privileged-isa/
https://sifive.com/documentation/tilelink/tilelink-spec
https://github.com/riscv/riscv-plic-spec
https://github.com/riscv/riscv-debug-spec
https://github.com/riscv/riscv-bitmanip
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