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Register | ABI Name | Description
x0 Zero Hard-wired zero ##%4mA4 0
x1 ra Return address 1R [B]HBilk
x2 sp Stack pointer  #&FE%t
x3 gp Global pointer £/E1g%t
x4 tp Thread pointer  Zkf235%t
x5 t0 Temporary/alternate link register
x6-7 t1-2 Temporaries &Rt & 738
x8 sO/fp Saved register/frame pointer
x9 si Saved register (RGES1EEE
x10-11 | a0-1 Function arguments/return values
x12-17 | a2-7 Function arguments R ZS#
x18-27 | s2-11 Saved registers {RFESFS
x28-31 | t3-6 Temporaries &R & 1725

RV32I 57 /745 1L Jw Bic A7
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Category Name | Fmt RV32I Base
4 — - * .
D E%% Shlfts' Shift Left Logicall R [SLL rd,rsl,rs2
Shift Left Log. Imm.| I [SLLI rd,rsl,shamt
v %* add' SUb, addi' Shift Right Logical| R |SRL rd,rsl,rs2
Shift Right Log. Imm.| I [SRLI rd,rsl,shamt
auipgc, lui Shift Right Arithmetic| R |SRA  rd,rsl,rs2
N . Shift Right Arith. Imm.| I [SRAI rd,rsl,shamt
v’ 1Z4g: and, or, xor, andi, Arithmetic ADD| R |ADD rd,rsl,rs2
. . ADD Immediate| | |ApDDI rd,rsl,imm
ori, Xorli SUBtract| R [SUB rd,rsl,rs2
v BAi(shift): sll, srl, sra, Load Upper Imm| U |LUI  rd,imm
. . . Add Upper Imm to PC| U |AUIPC rd,imm
slli, srli, srai Logical XOR [ R [XOR rd,rsl,rs2
. XOR Immediate| I [XORI rd,rsl,imm
v l:lﬁfi(se’t if less than): Slt' OR| R |OR rd,rsl,rs2
. . OR Immediate| I (ORI rd,rsl,imm
SItu: SItI' sltiu AND| R |AND rd,rsl,rs2
AND Immediate| I [ANDI rd,rsl,imm
Compare Set < | R |8LT rd,rsl,rs2
Set < Immediate| I |SLTI rd,rsl,imm
Set < Unsigned| R |SLTU 1rd,rsl,rs2
1

Set < Imm Unsigned SLTIU rd,rsl,imm
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O i5FE
v & (load): Iw
v FfiE(store): sw
O 2R
v 93 (branch): beq, blt, bitu,
bne, bge, bgeu
v B¥E(ump): jal, jalr

Category Name | Fmt RV32I Base
Branches Branch=| B [BEQ rsl,rs2,imm
Branch #| B |BNE rgl,rs2,imm
Branch <| B |BLT rsl,rs2,imm
Branch 2| B |BGE rsl,rs2,imm
Branch < Unsigned| B |BLTU rsl,rs2,imm
Branch = Unsigned| B |BGEU rsl,rs2,imm
Jump & Link JE&L| J |JAL rd, imm
Jump & Link Register| I |JALR rd,rsl,imm
Loads Load Byte| 1 |LB rd,rsl, imm
Load Halfword| [ |[pLH rd,rsl, imm
Load Byte Unsigned| 1 |LBU rd,rsl, imm
Load Half Unsigned| 1 |LHU rd,rsl, imm
load Word| I |LW rd,rsl, imm
Stores Store Byte| S |sB rsl,rs2,imm
Store Halfword| S |sH rsl,rs2,imm
Store Word| S |SW rsl,rs2,imm
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O ESKEEE32M, FRESERRRESER

0 BEFREAEESTHERFERIOME, PFEEEHSRE
31 30 254 21 20 19 15 14 12 11 8 7 ] 0
| funct?/ | rs2 [ rsl | funci3 | rd | opcode | R-type
| imm[11:0] [ rsl | funct3 | rd | opcode | I-type
| imm[11:3] | 52 [ w1 | func3 | imm[&0] | opcode | S-type
| imm[12] | imm[10:5] | rs2 [ rsl | funct3 | imm[4:1] | imm[11] | opcode | B-type
| imm[31:12] | rd | opcode | U-type

| imm[20] | imm[10:1] | imm[11] | imm[19:12] ] rd | opcode | J-type
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O 1E/1E
v add rd, rs1, rs2

# x[rd] = x[rs1] + x[rs2]

31 25 24 20 19 15 14 12 11 76
funct7 rs2 rsl funct3 rd opcode
7 D 5 3 5] 7
0000000 src2 srcl ADD/SLT/SLTU  dest OP
0000000 src2 srcl AND/OR/XOR dest OP
0000000 src2 srcl SLL/SRL dest OP
0100000 sre2 srcl SUB/SRA dest OP
v addird, rs1, imm # x[rd] = x[rs1] + sext(imm)
31 20 19 15 14 12 11 76
Qmm 11 :UD rsl funct3 rd opcode
T2 5 3 H 7
[-immediate[11:0] sre ADDI/SLTI[U] dest OP-IMM
[-immediate[11:0] sre ANDI/ORI/XORI  dest OP-IMM
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v luird, imm # x[rd] = sext(imm[31:12] << 12)
v auipc rd, imm # x[rd] = pc + sext(imm[31:12] << 12)
31 12 11 7 6 0
mm[31: 121) rd opcode
20 5 7
U-immediate[31:12] dest LUI

U-immediate[31:12] dest AUIPC
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v lw rd, offset(rs1) # x[rd] = M[x[rs1] + sext(offset)]
31 20 19 1514 12 11 76
@nm 11 :@ rsl funct3 rd opcode
12 5 3 5 7
offset[11:0] base width dest LOAD
v swrs2, offset(rs1) # M[x[rs1]+sext(offset)=x[rs2]
31 25 24 20 19 1514 12 11 76
imm[11:5] rs2 rsl funct3 | (imm[4:0] ) opcode
7 D D 3 D 7

offset[11:5] sre base width  offset[4:0] STORE
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v beqrs1, rs2, offset # if (rs1 == rs2) pc += sext(offset)
v blt rs1, rs2, offset # if (rs1 < rs2) pc += sext(offset)
31 30 2524 2010 15 14 12 11 8 7 6
imm[12] | imm[10:5] rs2 rsl funct3 Qmm[al:lj) imm][11] opcode
1 6 5 D 3 ) 1 7
offset[12,10:5] src2  srcl  BEQ/BNE offset[11,4:1] BRANCH
offset[12,10:5] src2 srcl BLT[U] offset[11,4:1] BRANCH
offset[12,10:5] src2 srcl BGE|U] offset[11,4:1] BRANCH
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O BEEIE<
v jal rd, offset # x[rd] = pc+4; pc += sext(offset)
31 30 21 20 19 12 11 76
imm[20] (Amm[10:1]) imm[11] | imm[19:12] rd opcode
1 10 1 8 5 7
offset[20:1] dest JAL

v’ jalr rd, offset(rs1) # t =pc+4; pc=(x[rs1]+sext(offset))&~1; x[rd]=t

31 20 19 15 14 12 11 T 6

imm]|11:0] rsl funct3 rd opcode

12 5 3 5 T
offset[11:0] base 0 dest JALR
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O CHISRIT (Assembly Directives)

.data, text Examp|e:
.eqv CONSTANT, Oxdeadbeef

.word, .half, .byte, .string data
myarray: .word 1 2
text

O {8155 (Pseudo Instructions)
li a0, CONSTANT

li, la, mv

# lui a0,0xdeadc
nop, not, neg # addi a0,a0,0xfffffeef
ji jr, call, ret ......

O &%&F&EH: RISC-V Assembly Programmer’'s Manual

https://qithub.com/riscv-non-isa/riscv-asm-manual/blob/master/riscv-asm.md#risc-v-assembly-

programmers-manual



https://github.com/riscv-non-isa/riscv-asm-manual/blob/master/riscv-asm.md#risc-v-assembly-programmers-manual
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O FENE
‘ile Edmngs Tools Help

R

EYIETEZES )

Run speed at max (no interaction)

0101 1® C O
g l/ Registers [’ Floating Point [’ Control and Status
| Mame MNumber Value

flzexo N\ 0 0x00000000
t o [ [lra 1 000000000
2 T z 0x00002FF ¢
3 : 3 000001800
4 . data i 4 000000000
s swoment: .wud T [t0 5 0x00000000
g strl: _string ‘Factorial value of " T =S B LI
T [[t2 7 000000000
TS string s {m 8 0=00000000
8 =1 [ 000000000
g . test 11) 10 000000000
|0 main’ - 3£ 11 000000000
B =2 12 000000000
a3 13 000000000
E (a2 14 0%00000000
L3  [[=5 15 000000000
14 a6 16 000000000
5 a7 17 000000000
E Is a0, srgment 2 13 000000000
, ) =3 19 000000000
= jal va printResilt = 20 0=00000000
18 5 21 0x:00000000
] program <6 22 000000000
0 10 <7 23 000000000
. <8 24 000000000
22 <9 25 000000000
<10 26 000000000
B3 fact: 11 7 0x00000000
28 addi sp, sp, 16 Kl 28 0x00000000
5 sv  ra, Blsp) Ralll 418 29 000000000
| i I t5 30 000000000
_ine: 13 Column: 1 [ Show Line Numbers t8 EL 000000000
{[pc 000003004

v

ﬁéssanes rﬁun o |
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O RE7rea

B4 Ghsoftware\ASM iC&\RISC\array generation.asm - RARS 1.5 — O >
File Edit Run Settings Tools Help
= = Run speed at max (no interaction)
EEREIR BEGIENEICICY . D
[ Edit [ Execute | ; Control and Status
= : Floating Point
Text Segment .
Bkpt Address Code Basic Source
— - - P Mame | Mu.. WValue
[ ] 000003000 Oxffffdi17|auipe =2, Oxfffffffd 9: la  =p, myhrray # FEARTHIHE -
L] 0x00003004|  0x00010113|addi =2, 2,0 zero 0 0x00000000
[] 0x00003008)  0x00000313|addi =6, =0, 0 10: addi t1, zero, 0 =TERIFHERIFEHLEL ra 1] 0=00000000
[] 0x0000300c|  0x00010393(addi =7, =2,0 11: addi t2, sp, 0 % FRAGHMEERY. FEETAT 5P 2| 0x00002ffc
] 0:x00003010|  0x00000213|addi =28, =0, 0 12: addi t3, zere, 0 YEIEKEEE T — | 3| 000001800
L] 0x00003014| 0x00000e93|addi =29, x0, 0 13: addi t4, zero, 0 #GEEEIEIFET-Hr— 4| 0=x00000000
[] 0200003018  0x00000£13|addi x30, =0, 0 14: addi 5, zero, 0 HpkEEEH 5| 0x00000000
L] 0x0000301c|  0x10000f93/adds =31, =0, 000000100  [15: addi t6, zero, 256 #EHETH 6 0x00000000
L] 0x00003020( 000000413 (addi =8, =0, 0 16: addi s0, zern, 0 #EACHCERETRE 7] 0x00000000
L] 0x00003024| 040010493 (addi =8, =2, 000000400 17: addi sl, sp 1024 #EHEEZTEF 8| 000000000
[] 0200003028  0x00010293|addi x5, x2, 0 18: addi t0, sp, 0 ##EAAAAEEMAL 9| 0=x00000000
L] 0x0000302¢|  0x00010913(addi =18, 2,0 19: addi s2, sp, 0 #HEESC AR EEHR L 10] 0=00000000
] 000003030  0x02928e63|beq x5, x9, 0x0000003¢ 25 beq t0, 51, gen_over_print &3 "#i{B4bytes(32bits), 12 11) 0=00000000
L] 0x00003034|  0x06400593|addi x11, =0, 0x00000064 27: 11 al, 100 12| 0x00000000
[ 0x00003038]  0x02a00893|addi 17, =0, 0x0000002a 28: 1i af, 42 13| 0x00000000
L] 0x0000303¢|  0x00000073ecall 29: ecall 14| 0x00000000
L] 0:00003040)  0x00a00333|add =6, =0, x10 mv tl, a0 15[ 0=00000000
16| 0x00000000
7| 0x00000000
Data Segment 18| 0x00000000
19| 0x00000000
Address Value (+0) Value (+4) Value (+8) Value (+c) 20| 0=00000000
000000000 0x00000000 0x00000000 0x00000000 0x00000000 5 21| ox00000000
000000020 0x00000000 0x00000000 000000000 6 22| 0x00000000
0x00000040 000000000 0x00000000| |0 100001000 (-extern) 0=00000000 7 23| 000000000
0200000060 0200000000 0200000000 0x00000000 {.data) 0x00000000 8 24 0x00000000
000000080 0x00000000 0x00000000 (0x00002000 (heap) 0x00000000 59 25| 0x00000000
00000000 0x00000000 0x00000000 currentgp 000000000 510 26| 0x00000000
00000000 000000000 000000000 0x00000000 s11 7| 0x00000000
0%000000=0 0200000000 Ox00000000| |CurTent sp 0=00000000 3 28| 000000000
0x00000100 0x00000000 0x00000000 (0x00003000 (.text) 0z00000000 ry 25| 000000000
< 0x00007700 (MMIO) 5 30| 0x00000000
| B | 0x00000000 (.data) |+ Hexadecimal Addresses t6 31| 000000000
pe 000003000
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O Fit=2icE

v Setting >> Memory Configuration
v (REGEAESE
R
— 0x0000 ~ Ox2fff
ASbE -
— 0x3000 ~ Ox3fff

b 4 Memory Configuration

- Configuration

O Default
@ Compact, Data at Address 0

(O Compact, Text at Address 0

0x00007£ff
0x00007£f£
0x00007£00
0x00004000
0x00003fff
0x00003ffc
0x00003000
0x00002fff
0x00002ffc
0x00002ffc
0x00002000
0x00002000
0x00001800
0x00001000
0x00000000
0x00000000

memory map limit address
kernel space high address
MMIO base address

kernel space base address
user space high address
text limit address

.text base address

data segment limit address
stack pointer (sp)

stack base address

stack limit address

heap base address

global pointer (gp)

.extern base address

data segment base address

.data base address

Apply and Close Apply

Cancel Reset
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iCRIZER3ECOENF

BoETF(i#E=SS: Setting >> Memory Configuration...
iC%#ER~: Run >> Assemble
SHIEHEER: File >> Dump Memory...

O

v
v
v

4 Dump Memory To File

x

Dump Farmat

emory Segment
'.ter.t (0x00003000 - 0x000030a4d) | -

Hexadecimal Text - '

Dump To File... “ Cancel
b4 Dump Memaory To File X
Memory Segment Dlump Format
.data (0x00000000 - 0x00000ffc) |w IﬂemlecinﬂTexl - l
I Dump To File... I Cancel

b4 Dump Memory To File

>

217 |ﬁ RISCV proj

oo
M SIE S

[y Factorial.asm

seitgm): | |jns.coe

S ReENT): |Eﬁﬁ§£f¢

|v|

| fztr || ma |
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O iCwiEFEECOESF

v HERKCOEX (4!
KRR A 4> BIFT FFAE B flins.coefldata.coe, ZESCRYEITFLERIN B T W4T IEA) J5 £R-7E
memory _initialization_radix = 16;

memory _initialization_vector =
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O help

v RISCV: 8%, (AiES. BFF. RHAEA......
v RARS: IDE, i, ITH......
B 4 RARS 1.5 Help X
f RISCV | RARS | License | Bugs/Comments ’ Acknowledgements
Operand Key for Example Instructions =|

label, target any textual label

tl, t2, t3 any integer register - |
< D] |

..............................................................................................................................................................

|/Basic Instructions | Extended (pseudo) Instructions T Directives | Syscalls ’ Exceptions " Macros

‘ A
.string Alias for .asciz —

. text Subsequent items (instructions) stored in Text segment at next available address

. word Store the listed value(s) as 32 bit words on word boundary

«| I |
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1. SEiRABEEI5 (653)

O REICRKER, i(TRERIPREGINENINA < N< 30), 16T, VRYE
RF1E R2 BB, IEFIT:RE, S5 NV IRRFERHR,

2. KEHLE (35)

O w5iCHER, TRIERIBEAGINENIN(1 < N < 80), #iakS, NVRIE
*=1E R2 R, EEFNIT5ERE, EOURISE N EHRIFTERFIR4R, HAR3Z
FEEESRAVS32(i, RAMFHELERANE32(L,

3. SihfFiE=slint i (COEXH) (173)
O %R EAFIRCHERRE, SHSSRCOEH, IUMEETIMEH.

ESRMEnhIE RV321 5 LA32R
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