RISC-V S T —F#ANN a4, SIS, SIS Cr 1 . : 4 I QISC

Phiss HAhE A s

beqz rs, offset beq 1s, x0, offset TR N ES Tk
bnez rs, offset bne rs, x0, offset ey e Y Ny S S 2
blez rs, offset bge x0,rs,offset T NTETEPEL
bgez rs, offset bge rs, x0, offset T KT H T EM%
bltz rs, offset blt rs, x0, offset TRy DT ENEE

bgtz rs, offset blt x0, xs, offset TFIEAE R T =W

bgt 18, rt, offset blt rt, rs, offset [N &

ble rs, rt, offset bge rt, rs, offset R/ INT 46T S ki
bgtu rs, rt, offset bltu rt, rs, offset TAF5 LR T4 S ki

bleu rs, rt, offset

bgeu rt, rs, offset

TEAF5 B/ INT 2500 Sk

call offset auipc x6, offset[31:12] Bkit AKiB-4GiB 23 [a] B R L
jalr x1, x6, offset[11:0]
CSTC CST, TS csrre x0, csr, 18 T B4 T AR A2 PR R U R

csrci csr, imm

csrrci x0, csr, imm

BRI AP gk 5 (7R Y HUAR

CSI'S CST, I'S

csrrs x0, csr, rs

A A A A e hOR B e

csrsi csr, imm

csrrsi x0, csr, imm

BRI AT A% 5 AL Y Hegy

CSIrw CSr, rs

csrrw X0, csr, rs

G4 A AT O N R

csrwi csr, imm

csrrwi x0, csr, imm

BEH AT AR 5 ALY R

fence fence iorw, iorw TFER SN R 248 2
j offset jal x0, offset HREBES
jal offset jal x1, offset TREFF B e 2
jalr rs jalr x1, rs, O TREFF B T A AR AV B A5 2
jr rs jalr x0, rs, 0 B PTATA RS
la rd, symbol auipc rd, symbol[31:12] 85 Ak m 354
addi rd, rd, symbol[11:0]
li rd, immediate S TIVAR L QNI 1AW E 2 < SR SERPE R 4

I{bjh|w} rd, symbol, rt

auipc rt, symbol[31:12]
I{bjh|w} rd, symbol[11:0](rt)

4GB Huhk=s [\ s 2

mv rd, rs addi rd, rs, 0 Bt iRTE S
neg rd, rs sub rd, x0, rs TR FE S
nop addi x0,x0,0 EeERee

not rd, rs xori rd, rs, -1 A AU AR 2
ret jalr x0, x1,0 FRET IR 452

s{blh|w} rd, symbol, rt

auipc rt, symbol[31:12]
s{blh|w} rd, symbol[11:0](rt)

4GiB Huht 23 (A 655

seqz rd, 1s sltiu rd, 1s, 1 A 0 B 1354

sgtz rd, rs slt rd, rs, x0, rs FEMNAT 0B 135

sltz rd, rs slt rd, rs, rs, x0 FHe/NT 0 B 1§84

snez rd, rs sltu rd, rs, x0, rs TFHASAN 0 B 1354

tail offset auipc x6, offset[31:12] AR N TR RS

jalr x0, x6, offset[11:0]




Pl RISC-V

ABI ( Application Binary Interface ) iR 7 2RI EZFES.

s L\FER t (IR ) FFLa0EEsnl B ER.

s L\FH a ( 83 ) FLNSFER AT ERERETIS L.

s LUFH s ( BIR7F ) TS Es REREARMREBAISEES (sp B ) .

RISC-V Registers 728

A

RV64 ~
- D RV32
Register name ABI name Description A Saved by I I I — Tzero 2 |
ABI ( RIFEFZF : : 7 5 [ [ [ x1 |
THEEED) B 32 integer registers 37 /NEEE[ZST7ES | : l "2 i
X
x0 zero Always zero AR R I [ [ x3 |
x1 ra Return address IR[EHEIE Caller : : : :: :
x2 sp Stack pointer HErEIEET Callee : : : ": :
X
x3 gp Global pointer e Eigst I [ [_x8 |
) . [ | [ _x9 |
x4 tp Thread pointer 57 =t A | | [ x10 |
x5 t0 Temporary / alternate return address ||fH / &5 FH1R [EC4hdi : : : x:;‘ :
X
X6-7 t1-2 Temporary SR ESEES | Caller | [ [ x13 |
: . [ | | 14 J
x8 s0/fp Saved register / frame pointer {R{ZHIE 1725 / E;’&}E%}a | I I :15 |
x9 s1 Saved register RERNSESSE Callee : : : x:: :
X
x10-11 a0-1 Function argument / return value fREGZ2] / IR[E{H Caller | [ [ x18 |
s s 19
x12-17 a2-7 Function argument @éﬂ%éﬂ Caller : : : :zo :
x18-27 s2-11 Saved register R1FSTEES Callee : : : SEEE :
x22
x28-31 t3-6 Temporary GRS 1758 Caller | | [ x23 |
R [ [ [ x2a |
32 floating-point extension registers 32 /|\MF i FEE17eS | I I :25 |
fo-7 fto-7 Floating-point temporaries £ (= AT S5 178% Caller : : : x26 :
x27
8-9 fs0-1 Floating-point saved registers; ¥ (R {7 21728 Callee [ | [ x28 |
— - . 29
f10-11 fa0-1 Floating-point arguments/retuikafugs: 2y / 1R[B]{E | Caller : : : :30 :
f12-17 fa2-7 Floating-point arguments S FaZ34§ Caller l I L_x31 |
o 127 63 31 0
f18-27 fs2-11 Floating-point saved registers} ¥ F {17 2717 22 Callee | [ l |
PC
f28-31 ft8—11 Floating-point temporaries 1% =51 |G = 1785 Caller 127 63 31 0

JZENY



b RISC

addi ao0,

flw £f£tO0,

flw ftl1, 4

o BERNZE RS FasRIER

Load a byte from the memory address (sp + 8) into register t0.
RIS (sp + 8 ) Mg o= EIE 72 1O,

Store a byte from register t0 into memory address (sp + 8).
K& Fes t0 PR—PFHFERIAFEEIE (sp + 8 i

Add the value in t0 to the value in t1 and store the sum in a0.

¥ t0 FhRYES t1 FRYER , FPRBFIEFEMETE a0 .

Add the value in tO to the value -10 and store the sum in a0.

¥ t0 FhRYES -10 1HIA , FHBEFIFMETE a0 .

Subtract the value in t1 from value in t0 and store the difference in a0.

M t0 FhRYEIRZ t1 HRYE , FIBEEFEE a0 H,
I\/Iult|(5>Iy the value in tO with the value in t1 and store the product in a0.

¥ t0 FRYES t1 FrYERS , FRIREFIETE a0 .

Divide the value in s3 (numerator) by the value in t3 (denominator) and store the quotient in al.

¥ s3 (oF) ':F'E’J{EB%U\ t3( o8 ) FHIE #4 B 11%7_ al &,

Divide the value in s3 (numerator) by the value in t3 (denominator) and store the remainder in al.

¥ s3(oF) EIJE’J{EB?LJ\ t3 ( o) FHIE ?fH é’%"‘ﬁﬂlﬁf al |,

Perform the logical AND of t3 and s3 and store the result in a3.

Xt t3 #1 s3 HITIBESIEE , FHIGERFMEE a3 &,

Perform the logical OR of t3 and s3 and store the result in a3.
XJ t3 0 s3 W TIBEEIEE , FHSSEREFME a3 F.
Perform the Io ical XOR of t3 and s3 and store the result in a3.

XJ t3 7 s3 HITEERIEE , FHEEREFMEE a3 &,

Load in reglster ft0 the value at memory + O

P + 0 QBN E res. ft0 15 £tO SPEYERINENE ftl o , FHSSFTEHELE ft2 o,
Load in reglster ft1 the value at memory + 4 T3 : fadd.s 15 & RISC-V LMESEFNERFBE(E (0 70 ft1) 1840,
BARE + 4 SeayEINEEIS TS fl rh FISE(E AR EEREE ft2 B, A 4

Add the value | t0 to the value ft1 and store the sum in ft2.

Note: the fadd.s instruction to tell the RISC-V processor to add two single-precision values (ft0 and ft1) and store it as a
single precision value into ft2.
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Format

=52

Register

Immediate

MRPEY

Upper
immediate

31

W AVAVAE]E5Y

Store

=&

Branch

S

Jump

BEEE

(12]

[20]

funct7

imm[11:5]

imm[10:5]

3237 RISC-V 12482
32-bit RISC-V instruction formats

26 25

imm[11:0]

imm[10:1]

24

23

22 21
rs2
imm[31:12]
rs2

rs2

20

(1]

19

18

17

rsi

rsi

rsi

rsi

Bit

16 15

imm[19:12]

14

13

funct3

funct3

funct3

funct3

12

11

10 9

imm[4:0]

imm[4:1]

[11]

opcode

opcode

opcode

opcode

opcode

opcode



b RISC

Examples of arithmetic instructions

Instruction

Add

Subtract

Add immediate

Set less than

Set less than immediate

Set less than unsigned

Set less than immediate unsigned

Load upper immediate

Add upper immediate to PC

Type

Example

add rd, rs1, rs2

sub rd, rs1, rs2

addird, rs1, imm12

sltrd, rsi, rs2

sltird, rs1, imm12

sltu rd, rs1, rs2

sltiu rd, rs1, imm12

lui rd, imm?20

auipc rd, imm20

Description

R[rd] = R[rs1] + R[rs2]

R[rd] = R[rs1] — R[rs2]

R[rd] = R[rs1] + SignExt(imm12)

R[rd] = (R[rs1] < R[rs2])? 1:0

R[rd] = (R[rs1] < SignExt(imm12))? 1: 0

R[rd] = (R[rs1] <u R[rs2])? 1:0

R[rd] = (R[rs1] <u SignExt(imm12))? 1: 0

R[rd] = SignExt(imm20 << 12)

R[rd] = PC + SignExt(imm20 << 12)



b RISC
Examples: logical instructions

Instruction

AND

OR

XOR

AND immediate
OR immediate
XOR immediate
Shift left logical
Shift right logical

Shift right arithmetic

Shift left logical immediate
Shift right logical imm.

Shift right arithmetic immediate

Type
R

R

Example

and rd, rs1, rs2
orrd, rs1, rs2

xor rd, rs1, rs2
andi rd, rs1, imm12
orird, rs1, imm12
xori rd, rs1, imm12
sl rd, rs1, rs2
srlrd, rst, rs2
srard, rsi, rs2

slli rd, rs1, shamt
srlird, rs1, shamt

srai rd, rs1, shamt

Description
R[rd] = R[rs1] & R[rs2]

Rlrd] = Rlrs1] | Rlrs2]

R[rd] = R[rs1] A R[rs2]

R[rd] = R[rs1] & SignExt(imm12)
R[rd] = R[rs1] | SignExt(imm12)
R[rd] = R[rs1] A SignExt(imm12)
R[rd] = R[rs1] << R[rs2]

R[rd] = R[rs1] >> R[rs2] (logical)
R[rd] = R[rs1] >> R[rs2] (arithmetic)
R[rd] = R[rs1] << shamt

R[rd] = R[rs1] >> shamt (logical)

R[rd] = R[rs1] >> shamt (arithmetic)



b RISC

Examples: data transfer instructions

Instruction

Load doubleword
Load word

Load halfword

Load byte

Load word unsigned
Load halfword unsigned
Load byte unsigned
Store doubleword
Store word

Store halfword

Store byte

Type Example

Id rd, imm12(rs1)
lw rd, imm12(rs1)
lh rd, imm12(rs1)
lb rd, imm12(rs1)
lwu rd, imm12(rs1)
lhu rd, imm12(rs1)
lou rd, imm12(rs1)
sd rs2, imm12(rs1)
sw rs2, immi12(rs1)
sh rs2, imm12(rs1)

sb rs2, imm12(rs1)

Description
R[rd] = Mem8[R[rs1] + SignExt(imm12)]

R[rd] = SignExt(Mem4[R[rs1] + SignExt(imm12)])
R[rd] = SignExt(Mem2[R[rs1] + SignExt(imm12)])
R[rd] = SignExt(Mem1[R[rs1] + SignExt(imm12)])
R[rd] = ZeroExt(Mem4[R[rs1] + SignExt(imm12)])
R[rd] = ZeroExt(Mem2[R[rs1] + SignExt(imm12)])
R[rd] = ZeroExt(Mem1[R[rs1] + SignExt(imm12)])
Mem8[R[rs1] + SignExt(imm12)] = R[rs2]
Mem4[R[rs1] + SignExt(imm12)] = R[rs2](31:0)
Mem2[R[rs1] + SignExt(imm12)] = R[rs2](15:0)

Mem1[R[rs1] + SignExt(imm12)] = R[rs2](7:0)



b RISC
Examples: control flow instructions

Instruction Type Example Description
. if (R[rs1] == R[rs2])
Branch equal SB beqrst, rs2, imm12 0C = pC + SignExt(imm12 << 1)
. if (R[rs1] !'= R[rs2])
Branch not equal SB bne rs1, rs2, imm12 0C = pC + SignExt(imm12 << 1)
Branch greater than or equal SB bge rst, rs2, imm12 if (R[rs1] >= R[rs2]) pc = pc + SignExt(imm12 << 1)

Branch greater than or equal if (R[rs1] >=u R[rs2])

SB bgeurs1, rs2, imm12

unsigned pc = pc + SignExt(imm12 << 1)
Branch less than SB blt rs1, rs2, imm12 if (R[rs1] < R[rs2]) pc = pc + SignExt(imm12 << 1)
Branch less than unsigned SB bltu rs1, rs2, imm12 It (Rlrs1] <u_R[rs2])
pc = pc + SignExt(imm12 << 1)
Jump and link UN| jal rd, imm20 R[rd] = PC + 4 PC = PC + SignExt(imm20 << 1)

Jump and link register jalr rd, imm12(rs1) R[rd] = PC + 4 PC = (R[rs1] + SignExt(imm12)) & (~1)



by RISC
Assembler pseudo-instructions

Pseudo-instruction
li rd, imm

la rd, symbol

mv rd, rs

not rd, rs

negrd, rs

bgt{u} rs, rt, offset
ble{u} rs, rt, offset

b{eqg|nejz rs, offset
b{ge|lt}z rs, offset

b{le|gt}z rs, offset

j offset

call offset

ret

nop

Base instruction(s)

addi rd, x0, imm

auipc rd, D[31:12]+D[11] addi rd, rd, D[11:0]

addird, rs, 0
xorird, rs, -1

sub rd, x0, rs

blt{u} rt, rs, offset
bge{u} rt, rs, offset
b{eqg|ne} rs, x0, offset
b{ge|lt} rs, x0, offset
b{ge|lt} xO, rs, offset
jal x0, offset

jal ra, offset

jalr x0, O(ra)
addi x0, x0, 0

Description

Load immediate

Load absolute address where D = symbol — pc

Copy register

One’s complement
Two’s complement
Branch if > (u: unsigned)
Branch if > (u: unsigned)
Branch if { = |# }
Branchif{>] <}
Branchif { <| >}
Unconditional jump

Call subroutine (near)
Return from subroutine

No operation



