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while (1) {
__asm__ volatile ("wfi");

}
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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

+6A5 FENCE 6;@A?B0A6<;@�
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Load X
Store Y
FENCE
Store Z

&<MO���N@@N�

Store Y
Load X
Store Z
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make PROGRAM=hello TARGET=design-rtl CONFIGURATION=release LINK_TARGET=scratchpad
software
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__stack_size = DEFINED(__stack_size) ? __stack_size : 0x400;
PROVIDE(__stack_size = __stack_size);
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__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
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extern int __metal_boot_hart;
int boot_hart = (int)&__metal_boot_hart;
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__metal_chicken_bit
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metal_segment_bss_target_start

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

metal_segment_data_source_start

metal_segment_data_target_start

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

metal_segment_itim_source_start

metal_segment_itim_target_start

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

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

fmul.d  fa0,fa0,fa1
ret
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$ 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
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double dmul(double a, double b) {
return b * a;

}
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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
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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
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KJDIO�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
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<O@�ADG@N�RDGG�=@�B@I@M<O@?�

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

c J=DG;9LAGF
A��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;9LAGF
K��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;9LAGF
G��2C@�JPOKPO�JA�OC@�<NN@H=G@M��RCD>C�DN�<I�PI
GDIF@?�J=E@>O�ADG@��<I�#*$�ADG@�
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H@OCJ?�OJ�B@I@M<O@�OC@�I@>@NN<MT�DINOMP>ODJI�>JH=DI<ODJIN�OJ�<>>@NN�BGJ=<G�NTH=JGN�RDOCDI�OC@
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�� 5C@I�BGJ=<G�NTH=JGN�RDOCDI�<�NDIBG@�>JHKDG@?�DH<B@�<M@�M@LPDM@?�OJ�M@ND?@�DI�<�M@BDJI�JPO


ND?@�JA�OC@���
=DO�NK<>@

#S<HKG@�AJM�NTH=JGN�RDOCDI���
=DO�<??M@NN�NK<>@�

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
}

'A�<�NJAOR<M@�@S<HKG@�PN@N�OC@�<=JQ@�H@HJMT�H<K��<I?�PN@N�@DOC@M�H@?GJR�JM�H@?<IT�>J?@
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relocation truncated to fit:
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(./92���� 0'1!
4�!J?@�+J?@G�2<=G@

�N�NCJRI�DI�OC@�<=JQ@�O<=G@��OC@�>JHK<>O�>J?@�HJ?@G�JKODJI�C<N�IJ�GDHDON�JI�OC@�=<N@�<??M@NN�

JM�OC@�?DNO<I>@�=@OR@@I��OC@�>J?@�<I?�?<O<�N@>ODJIN�

�	��	
 �;./96;4�A52��<:=.0A��<12�"<129

2J�@I<=G@�OC@�G<MB@�>J?@�HJ?@G��AJGGJR�OC@�NO@KN�=@GJR�

�� #I<=G@�>JHK<>O�>J?@�HJ?@G�DI�N@OODIBN�HF�ADG@�OJ�PN@ ,%-�08�(* !'���;GEH9;L DINO@<?�JA

,%-�08�(* !'���E=<9FQ�

�� 3K?<O@�<NN@H=GT�ADG@N�OJ�PN@�I@R�DINOMP>ODJIN�DA 88JAK;N8;EG<=D8;GEH9;L DN�?@ADI@?�=T

OC@�OJJGNPDO@�

�� 3K?<O@�GDIF@M�<GDBIH@IO�

�� 3N@�OC@�G<O@NO�%!!�**4+�OJJGNPDO@�AMJH�1D$DQ@��NO<MODIB�RDOC�����������

".823692�)=1.A2
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PK?<O@�N@OODIBN�HF�ADG@��RCD>C�><I�=@�AJPI?�DI�OC@�=J<M?�NPKKJMO�K<>F<B@�� 1.	�K<OC��NDHDG<M�OJ
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2C@ ,%-�08�(* !' ?@ADIDODJI�B@ON�K<NN@?�DIOJ�OC@�OJJGNPDO@�PNDIB�OC@ �E;EG<=D NRDO>C�
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$JM���
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=GT�ADG@N�

�@@2:/9F��692�)=1.A2@

�NN@H=GT�ADG@N�H<T�I@@?�OJ�=@�C<I?
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JKODJI�

�� >J==<GE�E=L9D�KJ;�=FLJQ
-

�� >J==<GE�E=L9D�KJ;�K;JM:
-
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-
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H<T�=@�N>C@?PG@?�OJ�<QJD?�NO<GGN�
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#S<HKG@�

c 'INOMP>ODJI��� P��
�P� DN�N<Q@?�DI P�

c 'INOMP>ODJI��� P��
�P� DN�N<Q@?�DI P�

2C@�ADMNO�DINOMP>ODJI�DN�><G>PG<ODIB�<�Q<GP@��P��
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BJDIB�OJ�PN@�OC@�Q<GP@�JA P� OJ�>JHKPO@�<�M@NPGO�OJ�=@�N<Q@?�DI P���&JR@Q@M��DI�OC@�>JM@
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c 'INOMP>ODJI��� P��
�P� DN�N<Q@?�DI P�

c 'INOMP>ODJI��� P��
�P� DN�N<Q@?�DI P�
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�� 'IGDI@�<NN@H=GT�PNDIB ;KJJ DINOMP>ODJI�<I?�OC@�M@BDNO@M�I<H@��$JM�@S<HKG@��M@<?DIB�OC@

EAK9 !10�

int misa;
__asm__ volatile("csrr %0, misa" : "=r" (misa));

�� 3NDIB�OC@�$M@@?JH�+@O<G��.' (!.�'8�+/8#!.8�-,���B<DI��M@<?DIB�OC@ EAK9 !10�

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

#<A2
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@S>@KODJI�
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?JI@�PNDIB�OC@�AJGGJRDIB�$M@@?JH�+@O<G��.'�

metal_privilege_drop_to_mode(METAL_PRIVILEGE_USER,
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