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Abstract : RISC-V is an emerging and open architecture of reduced instruction set, which adopts modular design and has the advantages
of simplicity , reliability and support for multiple platforms. The promotion of the RISC-V instruction set architecture requires the sup-
port of its software ecosystem ,but the current software ecosystem for RISC-V is not rich enough and needs to be built urgently. The
process of building the software ecosystem requires the migration and adaptation of software from other architectures to the RISC-V ar-
chitecture. The existing ARM to RISC-V assembly migration tools are not mature enough and have many issues such as incorrect use
of registers and program branch control errors. Therefore, this article design and implement an assembly translation tool from 64-bit
ARM to RISC-V,and the instruction mapping relationship is loosely coupled with other modules of the tool by designing an instruction
mapping dictionary to achieve a high scalability of the tool;a register mapping dictionary is designed according to the difference of ap-
plication binary interfaces between the two architectures, which makes full use of the register and memory resources of RISC-V. Com-
pared to existing tools,this tool is easier to expand and supports more types of instruction.
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Fig.2 Framework of assembler translation tool
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Fig.3 Workflow of assembler translation tool
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Table 1 Instruction comparison of different length registers
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HHA add xR1,xR2,xR3 add xR1,xR2,xR3
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Table 7 AArch64 complex instruction mapping dictionary
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' madd xR1, xR2, mul tRl,xR2, xR3add
Lol xR3,xR4 xR1,tR1,xR4
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cmp x3,x4
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Table 8 Flow control instruction mapping dictionary

AArch64 RISC-V64
cmp xR1,xR2bge labell bge xR1,xR2,labell
cmp xR1,xR2 neg tR1,xR2

add tR2,xR1,tR1
slti nTagR,tR2,0
sltu zTagR,x0,tR2
sltu cTagR,tR2,xR1
slti tR3,xR1,0

slt tR2,tR2 ,tR1

xor vTagR,tR2,tR3
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Table 9 Register mapping dictionary

HFl AArch64 RISC-V WA E
X0-X7/W0-W7 AD-A7 SRFER
x9-x11/w9-wll 10-12 ifingayesd
x19-x28/w19-w28  s1-s10 PRI A
X29/w29 s0(fp) WG4 A

g gﬁ x30/w30 Ra i ] sk 2 RS

B x31 Sp IR¥GE A TS
$0-S7/D0-D7 FAQ-FA7 BASREER
$8-S15/D8-D15 FS0-FS7 T SRR AR
$16-S27/D16-D27  FT0-FT11 S T R
$28-S31/D28-D31  FS8-FS11 ~ ——
x8(xr) 1 PRAEF TR Bl ik

?B{E% x12-x15 25 e Fe 2 P

5 b x16-x17 6-7 TRUF IR SRS
x18 8 V-5 A AT

TR T ISR 9, RN AN i S B A A B A
[l , BT AS A5 A7 8 R P A7 2 e S i 77 5K i 27 7723 2
KA AFAR B, B R RN AU A A A, XA T B
TRE T RISC-V64 [y 4 i i 35 1745 316, % F T ARA7 P 6]
Bl , BEA 5 AArch64 1yl i A7 47 2% AT W GT, R T i
AR A B B A ZE AT A5 43, WT LABBUD A S AR
FETESEE. RISC-V64 (RIFHF /A A B 2 T AArch64,
RAF A7 TR L A EL SR i 7 K. Wi 425 47 4%
IR AL AR A7 A RIS £ A A7 X 3 Fh A7 2R PR AR
AR LI FFAE RS BT AR 97 7795 WU AArch64 I
PR A8 2 T RISC-V I 3 s A7 A7 4%, (R AT H A7 3 20
T RISC-V Wy £ 17 % 1785 , R % 17 #s BB GT Or ik )5,
AArch64 | 4 ANl AL A7 4% RISC-V & 4 MR
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SAFAEAR , ] RISC-V X 4 MR 7745 WL AArch64 ) 78]
ARG IF R A, HAR TR A AL T e XX 4 MRAEIF
AR AT A0, BV IR [0l R S ORAF 27 15 B A4, IR
UEVA IR PP BB IE H iz 17

A T BW A Aras ARG AL, AP AE B & IR AF
WAFIY tdata B, 12 BUR 2 8 )R %8 17 % Bt ( Thread Local Stor-
age,TLS) , TLS J&—Ri N A R LR 43 BUA [ X R AL, B
BT BB O B SRR T 0], AP R R B 0. 12
tdata BerE AT 8 P SR A 0], A 1) 5 — MR A A
i, BUBR RAL , B A 0y W9 A7 A7 A AR . T HR 2% 822 )
T M bk R SR FEAE B AR 16 T, BITE R DAL T AHE 2
lui t6, % tprel _hi ( SimRegion ) Fl1 add t6, t6, tp, % tprel _add
(SimRegion) , 24 % X % DX S8 9 Bodie e AT B4R, B 1d
tRO, % tprel_lo( SimRegion + offset) (16 ) 54 Fil sd tRO, % tprel
_lo( SimRegion + offset) (6) #§ 4% P A7 H1 iy B dia #EA T A7 I,
b tRO 240 B A7 1745 43 FUBE R A3 L R 27 A7 4% , offset 22 454
AHAXTF SimRegion Mk &, 75 B tdata Y772 AR QAR

2 7.
5 2. tdata Py 1723 ] 75
. section . tdata
SimRegion ;
. dword 0
.dword 0

AN B G AL I 25 1 A B RS S B R ER
PR FEAEER I BN TR A2 R DG 2R , B I v ) B0 B A7
A Bk L ASADL PR A N AL TR AR 2R A 00 1) 4 B e Ay of
NiFY) RISC-V64 ZAEE5% , LA SN 25 1) 452 W S AL B SR A7 390 3
BPHUH 22 55 57 BB B 5 OG 2R, 5 57 R0 28 B 46 A b 17 )
S7 AR
3.4 HWEIHFFERSE

RN AEAR S I LY g v A1 B 8 25 A2 4% (R, AR iR A A5
A7 #7445 2TagR .nTagR .cTagR, VTagR Ll K W FE 4Ll 35 7725
SYBLAAERS , ST ELIREE QT

# 10 UART %yi 4k R CBHPERIT G X LE

Table 10 Comparison before and after translation of UART initialization function

AArch64

RISCV64

. global uart16550Init
. text
uart1 6550 Init ;
// Check the input base address
cbz x0,init_fail
// Check baud rate and uvart clock for sanity
cbz  wl,init_fail
cbz w2 ,init_fail
// Program the baudrate
// Divisor = Uart clock / (16 * baudrate)
Isl w2,w2,#4
udiv. w2,wl,w2
and wl,w2,#0x{f
Isr w2,w2,#8
and w2,w2,#0xff
ldr w3,[x0,#UARTLCR]
orr w3 ,w3,#UARTLCR_DLA
str w3,[ x0,#UARTLCR]
str wl,[x0,#UARTDLL] // program DLL
str - w2,[x0,#UARTDLLM] // program DLLM
mov w2,#~ UARTLCR_DLAB
and w3 ,w3,w2
str w3,[ x0,#UARTLCR]
// data length 8bit,1 stop bit
mov Ww3,#3
str - w3,[x0,#UARTLCR]
//1no interrupt
mov w3,#)
str w3,[ x0,#UARTIER ]
#ifdef TI_16550_MDR_QUIRK
//UART must be enabled on some platforms via the MDR register
str - w3,[x0,#UARTMDRI ]
#endif // TI_16550_MDR_QUIRK
//enable fifo, DMA ,FIXMELIY_TODO is need to enable fifo, DMA?
mov w3 ,#(UARTFCR_FIFOEN | UARTFCR_DMAEN)
str w3,[ x0,#UARTFCR |
// DTR + RTS
mov w3,#3
st w3,[x0,#UARTMCR]
mov  w0,#1
ret
init_fail .
mov w0 ,#)
ret

. global uart1 6550Init
. text
uart1 6550 1Init ;
# Check the input base address
beqz a0, init_fail
# Check baud rate and uart clock for sanity
beqz al ,init_fail
beqz a2,init_fail
# Program the baudrate
# Divisor = Uart clock / (16 * baudrate)
slliw a2 ,a2 ,4
divuw a2,al ,a2
li t4,0xff
and al ,a2,t4
srliw a2 ,a2 ,8
li t4,0xff
and a2,a2,t4
lw a3, UARTLCR(a0)
li t4, UARTLCR_DLAB
or a3,a3,¢
sw a3 ,UARTLCR( a0)
sw al ,UARTDLL( a0 )# program DLL
sw a2, UARTDLLM( a0 ) # program DLLM
li a2, ~ UARTLCR_DLAB
and a3,a3,a2
sw a3 ,UARTLCR( a0)
# data length 8bit,1 stop bit
li a3,3
sw a3, UARTLCR( a0)
# no interrupt
li a3,0
sw a3 ,UARTIER( a0)
#ifdef TI_16550_MDR_QUIRK
# UART must be enabled on some platforms via the MDR register
sw a3, UARTMDRI1 ( a0)
#endif # TI_16550_MDR_QUIRK
# enable fifo, DMA ,FIXMELIY_TODQO is need to enable fifo, DMA?
li a3, (UARTFCR_FIFOEN | UARTFCR_DMAEN)
sw a3 ,UARTFCR(a0)
# DTR + RTS
li a3,3
sw a3, UARTMCR (20)
li a0,1
ret
init_fail .
li 20,0
ret
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1) B Bh & A7 A5 B/ T45 7 3, i RISC-V R B Y
13,1415 FFPEA

2) HiBh A AR RT3

a) AL BN GE T AArch64 [ 77 7745 5 B9 17458 LA
Bl ol 2 47 v S FHYR B O #9247 BT W fy RISC-
V 1A

b) Bi%dE S S BA B B A A2 A B A
L, RS2 EIRE

A7 Je s T HM S bR i S ], AR T HA R
TV S T H IR A BN I g R P A T, D S A
T.H. ARM2RISCV 47 BHARE SRR LE.

4.1 EERFHERG
W3R 10 FioR , A THAE S BRIF &S5t i BB,

Sh 2 PSR R R A% AArch64 ZRA4 1] RISC-V64 22
MITERE B ], % JERS S 88 S B UART ) 444k, B )5 1Y
ARIGHEM IEHA I UART 405646 TIHE.

4.2 ZWigit

A0 A QEMU #5 7R 3R 5% QEMUM Jit— AN JF ¥
HEYLRG R, QEMU (LA KL 7T LLE 1T RISC-V64
BRI LINUX #2405 R 25 A SCIRAF B2 o X86 424y
Ubuntu 20. 04, i & QEMU ) #1285 4% 2 32 47 RISC-V64 H
Ubuntu 22. 04 #2 15 2 45. 7 3C BT A 138 F 400 48 38 47 76 3%
RISC-V64 #1f41% Ubuntu | .

25 3C AR SETF IR H BB T 6 BEL I ST S
WHB, a7 H IS 2M, gk 11 iR, i Ok
TN R B0 B de A28 8, DR AR IR F B A B i
R4S I A Bm 3R T B ARIE BAE 4 (arithmetic) B
BB 54 (logical) 1154 (shift) FEHUHE 4 (load/store) |

® 11 YGRS R
Table 11 Test case covers instruction type
s e
Aithmetic Load/store Logical Shift Atomic SystemCall Branch Privileged Register Transfer Conditonal Selection
LSBGEH. O o o o X X X X o X
2ETEBE O O X X O X X X X X
3 MY AH O O X X X O X X X X
4 3SR O O X X X X O X X X
5 PR L O O X X X X X X X o
6 FHAIE S o) 0 X X X X X o X X

RGEIHTE4 (system call) 73 32454 (branch) 2. P A )
B TS0, A4 U HAR U3 8 RV64G Py.
4.3 XZWHER

N 12 fiR, A T A5 ARM2RISCV IS5 R4 L.
PR 1 F 2 SR B, N TR I EARZ S A6 25
B F AR TS PR L HARRE SR, A4 3
B/~ , ARM2RISCV A3CHF R GEPE 46 W B, WA TR A8
BRI S W B WA 4 A0 5, X ERESE A
PR RGBSR RO SCHE 2 R 2 He 38 & A IR, TR R
RISC-V64 {21k 15 Ttk 2R 5 AArch64 (A 1HRS,
ARM2RISCV H 3} BEXF 7 28 /) AArch64 Z5 B EE &30

F 12 WHALER
Table 12 Test results
. 4 R
Wil Bl 4R-5 FTR ARM2RISCV
2 HTiER i i
3 AH M AXH
4 HEin kvl iR
5 P LEK i IR
6 RifldE 4 At At

FEBHE, FEAEP8 4 BIRSH RO B0 , 7R T B0 T3 ) R 4%
RS AArch64 2501 Bk % 1 2 R FTBL AR 6 A7 1 J N EAT
FE MRS 6 BXTRrAs AT, B PR 4 5
IRAFFEFESs ( Control and Status Register, CSR) 25 Ra5 k%, JoH:
VA AF R W T SR 3, P T, H ARG ke

ARM2RISCV 3§f 101 26484 B fRH5-% WM, 8 hn
X — AR I ST O R P HEA T 0, B3 — A T 5
XIS & HEA TR AR TR HHI SR 230 k484 R A4
WS YL 2, BRI P 15 50 s T RAS By S48 S wit
FRMMED , N A3 & 3CFE R T 45 R e 7 s 2K i 4
WG SR I ARG S 5 AT SE L.

5 #

s
& '

AT T —A 1R T S A T 4 DR P A 3 T
H SEH T AArch64 244 %] RISC-V64 ZLA4 I 4 AL 7
B AR YE AArch64 ZiHh 1 RISC-V64 ZEH ¥ ABI L iE 2%
S, T A AT IR T T A A B R N A
WAFAR P 2, S AR BN MRY% AArched ZELKY TN
RISC-V 3G 462 W22 it Tl gids S Wit v, se 8
THE WSR-S B P BN, SCBL T TR T R
e RTE S B2 A TH ARM2RISCV 12.3 ff, HE
DR JE SR SRR 2 WA N AL BITRALIX 1L 2 1T
B TAREIAZESR , H 15 W7 24 3% TR AT LA B
WREFF A R RRCR , Il B RRAR L , AT L%
AArch64 LM HIFRT 5157 > RISC-V64 ZLby g AItHE B
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