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OAC - Notas de Aula 14-B

Organizacao e Arquitetura
Basicas de Computadores

Arquitetura RISC-V
RV32l: Exemplos de Instrugoes

COMPUTACAO (C

Instruction Format Meaning
add rd, rsl, rs2 R Add registers
gub rd, rel, rs2 R Subtract registers
gll rd, rsl, rs2? R Shift left logical by register
srl rd, rsl, rs2 R Shift right logical by register
sra rd, rsl, rs2 R Shift right arithmetic by register
and rd, rsl, rs2 R Bitwise AND with register
or rd, rsl, rs2 R Bitwise OR with register
xor rd, rsl, rs2 R Bitwise XOR with register
slt rd, rsl, rs2 R Set if less than register, 2's complement
gltu rd, rsl, rs2 R Set if less than register, unsigned
addi rd, rel, imm[11:0] I Add immediate
glli rd, rel, shamt[4:0] | Shift left logical by immediate
srli rd, rsl, shamt[4:0] | Shift right logical by immediate
srai rd, rsl, shamt[4:0] | Shift right arithmetic by immediate
andi rd, rsl, imm[11:0] | Bitwise AND with immediate
ori rd, rel, imm[11:0] I Bitwise OR with immediate
xori rd, rsl, imm[11:0] I Bitwise XOR with immediate
gelti rd, rsl, imm[11:0] | Set if less than immediate, 2's complement
sltin rd, rel, imm[11:0] | Set il less than immediate, unsigned
lui rd, imm([31:12] U Load upper immediate
auipc rd, imm[31:12] U Add upper immediate to pc
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OAC - Notas de Aula 14-B

Organizacao e Arquitetura
Basicas de Computadores

Arquitetura RISC-V

RV32I: Instru¢des (Acesso a Memoria)

Instruction Format Meaning

1b rd, imm[11:0](rsl) | Load byte, signed

l1bu rd, imm[11:0] (rsl1) | Load byte, unsigned

lh rd, imm[11:0] (rs1) I Load half-word, signed
lhu rd, imm[11:0] (rsl) I Load half-word, unsigned
lw rd, imm[11:0] (rsl) I Load word

sb rs2, imm[11:0](rsl) S Store byte

sh rs2, imm[11:0](rsl) S Store half-word

sw rs2, imm[11:0] (rs1) S Store word

fence pred, succ | Memory ordering fence
fence.i I Instruction memory ordering fence

COMPUTAGAO (o Joseana Macédo Fechine Régis de Aratjo/OAC/DSC/CEEI/UFCG 4



OAC - Notas de Aula 14-B

Organizacao e Arquitetura
Basicas de Computadores

Arquitetura RISC-V
RV32I: Instrugdes (Controle)

Instruction Format Meaning
beq rsl, rs2, imm[12:1] SB Branch if equal
bne rsl, rs2, imm[12:1] SB Branch if not equal
blt rsil, rs2, imm[12:1] SB Branch if less than, 2’s complement
bltu rsl, rs2, imm[12:1] SB Branch if less than, unsigned
bge rsl, rs2, imm[12:1] SB Branch il greater or equal, 2’s complement
bgeu rsl, rs2, imm[12:1] sSB Branch if greater or equal, unsigned
jal rd, imm[20:1] Ul Jump and link
jalr rd, rsi, imm[11:0] I Jump and link register
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OAC - Notas de Aula 14-B

Organizacao e Arquitetura
Basicas de Computadores

Arquitetura RISC-V

RV32l: Formatos das Instrugoes

41 S0 25 24 21 20 19 15 14 12 11 8 T L] 0
funct7 rs2 rsl functd rd opcode | R-type
imm|[11:0] rsl funct3 re opcode | I-type
umm|11:5 rs2 rsl funct3 THTER] opcode | S-type
imm|12] | imm|10:5] rs2 rsl funct3 | imm[4:1] | imm|11] | opcode | SB-type
imm|31:12] rd opeode | U-type
imm | 20)] imm|10:1] imm|11] imm|[19:12] rd opcode | UJ-type
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OAC - Notas de Aula 14-B
HY 321 Hase Instruciion Sei

i | i oo L
TR rd Wit | AU
i [20]10:1]11]19:12] ] onin | JAL
(o [NED rsl LK) rd ann | JALR
imm [ 12)10:5] rHd sl 000 | imn4:1]11 1100011 | BRG
i [ T2[10:5] A2 = 001 | mmm|a:1[11 01T | BNE
i | 2] 10 2 el 100 | awen4:1]11 11001 BLT
[ [ T2[10:5 A2 =] 100 | iman:1]11 NI | BGE
' i [ 12)10:5] el sl 110 | imnf4:1]11 1ol | BLTO
oo | 12 10 5] =2 r=l 111 i 4: 1|11 BTN BGED
w1100 sl [iTT] nd [T LI
w1 100 =l L rd LLULLUN L.H
wrmam [ 11340 il (1] rd ool | Lw
Trmm I1:ﬁ] =1 L] md LLULLIN LB
v [ 1100 il i} nl moonil | LI
- mmm|11:5 2 ) i) () 01030011 | SB
Arq uitetura (115 T sl 001 | mm[&0] | 0100011 SH
'Tmml_l 1:5 T =l [T 'mlm[-i'.fl] [N Sw
RI SC _v 11 =l L0 rd OTO0TT | ADDI
i |11 =l 0o ] 0011 | SLT1
RITLAT Il:lﬂ =l [} il 0olgonn | sLTT
| 11:0 =l 100 ] 001l | XORI
i LAE =l 110 il (TN ORI
wman | 11:00] =l 111 ol 0010011 | ANDI
[ 0000000 shamt sl 001 ™ 010011 | SLLI
[ 0000000 ahmmt el 101 ] ool | SKLL
O100000 shamt sl 101 ™ 0010011 | SRAT
[ OO THZ ™l [{11] ] oot | ADD
D1 (KHN0 He =l 000 ™ 01innil | SUB
OO0 2 sl (7] nl OL00IT | SLL
DOON000 o2 =l 010 d olooi | SLT
[ OO0000 THe sl (1] 1] rd OIT00IT | SLTU
DOUK00 o2 =l 106 ] ool | XOR
[ OOOO00 THe sl 101 rd OII00IT | SRL
DIKN00 THZ =l 101 ] Dol | SHA
[ 0000000 2 =l 110 d olinoIlT | OR
[T THZ ) 111 ] Dol | AND
0000 pr— OO0 [{[1T) [T 01111 | FENCE
OO OO0 | OO0 | oooon | ool (L] w0111 | FENCE.I
OO0 D000 000 T ool | BCALL
[ DGO ) 00N V1] 0NN 110011 | EBREAK
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OAC - Notas de Aula 14-B

Organizacao e Arquitetura
Basicas de Computadores

Arquitetura RISC-V
RV32l: Registradores

Register | ABl Name | Description Saver
x0 | zero Hard-wired zero |

x1 ra Return address ' Caller
x2 | sp Stack pointer - Callee
x3 gp GGlobal pointer |

x4 | tp T'hread pointer

x5 7 t0 2 Temporaries Caller
x8 | s0/fp Saved register /frame pointer ' Callee
x9 | s1 Saved register " Callee
x10-11 | a0-1 Function arguments/return values ' Caller
x12 17 | a2 7 Function arguments ' Caller
x18 27 s2 11 Saved registers Callee
x28 31 | t3 6 Temporaries " Caller
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RISC-V
Pseudo
instrucoes

COMPUTAGAO (QUFCG

Paeapdainstiruction

Base [nstruction(s)

Meauning

la rd, symbol

1{bihiwid} rd, sysbol

a{blhlwld} rd, aysbol, rt

fl{wld} rd, symbel, rt

fa{wld} rd, aymbel, rt

auipc rd, symbol[31:12]

addi rd, rd, sysbol[11:0]
auipc rd, symbol[31:12]
1{blkluld} rd, sysbol[11:0](rd)
auipc rt, symbol[31:12]
s{blblvid} rd, symbollil:0] (re)
auipc rt, symbol[31:12]

fl{wld} rd, symboll[i11:0]{rt)
auipc rt, symbol [31:12]

fs{wld} rd, symbolli11:0] {re)

Liadd mdidress

Load ghobal

Store global
Floating-point losd global

Floating-point store global

Bop

1li rd, immediate
ev rd, s

not rd, rs
nag rd, rs
nage rd, rs
saxt.w rd, rs
seqz rd, rs
snez rd, rs
altz rd, rs
sgtz rd, rs

addi =0, =0, 0
.H’rnml SERRETLES
addi rd, rs, 0
xori rd, rs, -1
sub rd, 20, rs
subw rd, 20, rs
addiv rd, rs, =0
sltiu rd, rs, 1
sltu rd, 20, rs
slt rd, rs, =0
slt rd, =0, rs

Moy opseration

Laosul iemmwealiate
Copy register
Chne's cosmpdenseal
Two's complement
Two's complement word
Sign extend word
Sot il = wmern

Set il ¥ wero

Set il < #ero

Sot ifl = wmero

fmv.s rd, rs
fabs.s rd, ra
fneg.s rd, ra
fmv.d rd, rs
faba.d rd, ra
fneg.d rd, ra

fagnj.s rd, ra, rs
fagnjxz.s rd, rs, ra
fagnjn.s rd, rs, ra
fagnj.d rd, ra, ra
fagnjxz.d rd, ra, ra
fagnjn.d rd, ra, ra

Caopy singlo-procision registor
Single-procision absolute value
ASingle-procision negato

Copy double-procision rogister
Double-precision absolute value
Double-precision negate

begqz rs, offset
bonez rs, ollset
blez ra, offset
bgez ra, offset
bltz ra, olffset
bgte ra, offset

beg ra, z0, offset
bne ra, z0, clffset
bge z0, ras, eclfset
bge ra, zl, offset
blt ra, =0, cffaet
blt =0, ra, offast

Branch il # sero
Branch if = aero
Branch if < aoro
Branch il = sero
Branch if < aoro
Branch if = sero

} offsaet
jal offast
jr Ea
jalr ra
ret

call offset

tail offset

jal =0, offaset

jal xi, affaet

jalr =0, ra, 0

jalr x1, ra, O

jalr =0, =1, 0

aunipe x6, offset[31:13]
jalr x1, =6, offset[11:0]
anipe 6, offset[31:13]
jalr x0, z6, offset[11:0]

Jump

Jump and link

Jump register

Jump and link registor
Heturn from subrontine

Call far-away subrouting

Tail eall fr-away subwouline
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OAC - Notas de Aula 14-B

Organizacao e Arquitetura
Basicas de Computadores

RV32l: Exemplos de Execucao de Instrucdes (Assembly)

addi a0, zero, 12 # a0 <- 12

addi al, zero, 4 # al <- 4

lui a0, (0x12345000>>12)

ori a0, a0, 0x678 # a0 <- 0x12345678

addi al, zero, 255 # al <- 255
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OAC - Notas de Aula 14-B

Organizacao e Arquitetura
Basicas de Computadores

RV32l: Exemplos de Execucao de Instrucoes (Assembly)

00011db8 =
11db8:
11dbc:
11dco:
1ldc4:
11dc8:
1lldcc:
11dab:
11dd4:
11ddB8:
1lddc:
11deB:
1llded:
1l1ldeB8:
lldec:
11df8:
11df4:
11df8:
lldfc:
11e00:
11eB4:
11e688:
1leBc:
11el0:

COMPUTACAO (C

register exitproc=:

fef10113
08812c23
8841a403
00912a23
88112e23
14842783
gee5e493
8cB78863
ee47a703
81fees13
Ble54ab3
88170513
00271813
68049063
01078833
BBa7a223
oeeob513
08b82423
01lcl2es3
018124063
01412483
82010113
00008067

sp,sp,-32

s0,24(sp)

sB,-2044(gp) # 1cd454 < global impure ptr>
s1,20(sp)

ra,28(sp)

a5,328(s0)

5l1,ab

a5,1llead = register exitproc+@xec=
ad, d(as)

ad, 3l

ab,ad,lleld < register exitproc+Bxsc>
ab,ad, 1l

ab,ad,oxd

s1,11ebc < register exitproc+8xbd>
ab,a5, ab

af,4(as)

ab,o

al,8(ab)

ra,28(sp)

sB,24(sp)

s1,28(sp)

Sp,sp,32




OAC - Notas de Aula 14-B

Organizacao e Arquitetura
Basicas de Computadores

RV32l: Exemplos de Execucao de Instrucdes (Assembly)

move x3, x0
li x6, 64
$LOOP: 1w x5,0(x4)
int a[64]; addw x2,x3,1
for (int 1 = 0; 1 < 64; 1i++) move X3, x2
ali] += 1; addw x5,3%5.1
SW x5,0(x4)
add x4,x4,4
bne x2,x6,$LO0P
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OAC - Notas de Aula 14-B

Organizacao e Arquitetura
Basicas de Computadores

Mais Informacoes:

b4 RISC-V/°

RISC-V ( )
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https://riscv.org/software-tools/
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