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RISC"V Reference Data

RV641 BASE INTEGER INSTRUCTIONS, in alphabetical order

MNEMONIC FMT

add, addw

addi, add

and

heq
byge

hgeu

an

81}, 811w

8114, 531

81t
s1ti
sltin
sltu

Sra, sraw

srai,sra

3
iw o
R
|
u
SE

Bl

-
=

.

-c

iw ]

iw |

-z

NAME
ADD (Ward)
ADD Immediate (Word)
AND
AND Immediate
Add Upper Immediate to PC
Branch EQual

Branch Greater than or Fqual
Branch > Unsigned

Branch Less Than

Branch Less Than Unsigned
Branch Not Equal
Cont./Stat. RegRead&Clear

Cont/Stat.RegRead&Clear
Imm
Cont./Stat.RegRead& Set
Cont./Stat.RegRead& Set
Imm
Cont./Stat.RegRead& Write
Cont./Stat.Reg Read& Write
Imm

Environment BREAK
Environment CALL
Synch thread

Synch Instr & Data

Jump & Link
Jump & Link Register
Load Byte

Load Byte Unsigned
Load Doubleword
Load Halfword

Load Halfword Unsigned
Load Upper Immediate
Load Word

Load Word Unsigned
OR

OR Immediate

Store Byte

Store Doubleword

Store Halfword

Shift Left (Word)

Shift Lelt Immediate (Word)
Sect Less Than

Set Less Than Immediate
Set < Immediate Unsigned
Set Less Than Unsigned
Shift Right Arithmetic
(Word)

Shift Right Arith Imm
(Word)

Shift Right (Word)

Shift Right Immediate
(Word)

SUBtract (Word)

Store Word

XOR

XOR Immediate

DESCRIPTION (in Verilog)
Rfrd] = Rfrsl |+ R[rs2}
R{rd] = Rrs1 ] +imm
R{rd] = Rrs] | & R[rs2]
Rlrd] = Rfrs|] & imm
Rfrd] = PC + {imm, 12'b0}
ItR[rsl [==R[rs2)
PC=PCH {imm, 160}
IR]rs] [»=R|1s2)
PC=PC+[imm, 160}
IR[rs1|==R[rs2)
PC=PC+{imm,1b'0}
I(R[rs1[<R[rs2) PC=PC+ {imm, 10}
I{R[rs1|<R[rs2) PC=PC+{imm, 1 0}
=R[rs2) PC=PC+ {imm, 160}

S SR & ~Rfrsl]

SR & ~imm

Rfrd] = CSR: CSR = CSR | R[rs!]
Rrd] =C "SR =CSR | imm

Rfrd] = CSR; CSR = R[rs1]
R[rd] = CSR; CSR = imm

Transfer control to debugger

Transfer control to operating system
Synchronizes threads

Synchronizes writes 1o instruction
stream

Rird] = PC+4; PC = PC + {imm,1b'0}
Rlrd] = PC+4:; PC = R|rs] J+imm
Rird] =

{36'BMII7LMIR[rs! }+imm)(7:0)}
Rird] = {56'b0M[R[rs] [+imm](7:0)}
Rlrd] = M[R[rs1 J+imm](63:0)

R[rd] =

HSDM[J(13)M|R[rs! J+immJ(15:0)}
Rlrd] = [48'b0,M[R[rs] |+imm)(15:0)}
Rlrd] = {32bimm<31>, imm, 12'b0}
R[rd) =

[32BMJ MR [rs | [+Hmm31:0)}
Rlrd]| = {32'b0M[R[rs!|+imm|(31:0)}
R|rd] = Rjrs1| | Rlrs2}

Rfrd] = Rfrst] | imm
M{R[rs1]+imm [(7:0) = R[rs2}(7:0)
M{R[rs1+imm (63 [rs2](63:0)
M{R[rs] [+imm](1 [rs21(15:0)
R[rd) = Rlrs1] <= R[rs2]

R[rd] = Rrsl| << imm

Rird] = (R{rs1] < Rfrs2]) 2 1: 0
Rird] = (Rfrsi] < imm)? 1:0

Rlrd] = (R[rs)] <imm) 2 1:0

Rlrd] =(Rrs!} < R[rs2])?1:0
Rfrd] = Rlrsl| »> Rfrs2]

Rfrd] = R[rs1] >> imm

Rlrd] = Rlrsl] >> R[rs2}
Rlrd] = R{rsl] >> imm

R[rd] = R{rsi] - R{rs2]
M[R[rs1}+imm](31:0) = Rfrs2}(31:0)
Rird] = Rfrsl] “ Rirs2]

Rrd] = Rfrsi] " imm

The Word version only operates on the rightmost 32 bits of a 64-bit regsiters
Operation assumes unsigned integers (instead of 2's complement)

The least significant bit of the branch address in jalr is set 1o 0

(signed) Load instructions extend the sign bit of data to fill the 64-bit register
Replicates the sign bit 1o fill in the leftmost bits of the result during right shift
Mudtiply with one operand signed and one unsigned

The Single version does a single-precision operation using the rightmost 32 bits of a 64-
bir F regsiter

Classify writes a 10-bit mask to show which properties are true fe.g.
>

denorm,

The immediate field is sign-extended in RISC-V

NOTE

1)
]

4)

4)

inf, -0.+0, ~inf,

ARITHMETIC CORE INSTRUCTION SET
RV64M Multiply Extension

MNEMONIC FMT NAME DESCRIPTION (in Verilog) NOTE
mul 1 R MULtiply (Word) Rird] = (R[rs1] * R[rs2[{63:0) 1
R MULtiply upper Half Rird] = (Rfesi] * R{r2|}127:64)
muihss R MULtiply upper Half Rird] = (Rfrs1] * Rirs2|)(127:64) 6)
Sign/tUns
mulhy R MULtiply upper Half Rird] = (Rrs1] * Rirs2{M 127:64) )
Unsigned
W R DIVide (Word) Red] = (Rlrs1] / Rfrs2}) 1
R DIVide Unsigned Rird} = (Rfrs1] / Rfrs2]) 2)
Lem, remw R REMainder (Wordy Rird| = (Rfrs1] % Rfrs2]) 1)
remy, R REMainder Unsigned Rird] = (Rfrs1] % Rfes2]y 1.2)
(Word)
RV64F and RV64D Floating-Point Extensions
£ld, €lw 1 Load (Word) Fied) = MR [rs] [+imm | 1y
S Store (Word) M{R{rs1}+imm] = F[rd] }]
R ADD Fird] = Flrs1] + Flrs2) 7
R SUBtract Fird] = Flrs1} - F[rs2] 7y
R MULtiply Flrd] = Flrst] * Flrs2) 7
R DIVide Flrd] = Flrs1]/ F{rs2] 7
R SQuare Rool Fird] = sqrt(F{rs1 ]y 7y
R Multiply-ADD Fird] = Flrsi] * £[rs2) + Firs3] 7
R Multiply-SUBtract Flrd] = Flrs1] * F[rs2] - Firs3) )
R Negative Multiply-SUBtract  Fird] = «(Firs1] * Flrs2] - F{rs3}) kAl
R Negative Multiply-ADD Fled] = {Flrst] * Firs2] + F[rs3]) 7y
R SIGN source Fird] = { Firs2[<63=F{rs] |<62:0>] 7)
R Negative SiGN source Flrd] = { ('F[rs2 7)
Flrs1]=62:0>)
-4 R Xor SiGN source Flrd) = {F{rs2]<63>"F[rs1]<63> 7
Flrs1}<62:0=)
.S, fm c R MiNimum 1 = (F{rs1} < F[s2]) ? Flrs1] 7
2]
ax.d R MAXimum Flrd] = (F{rs1] > Fes2]) ? Ffrs1] 7
Firs2]
R Compare Float EQual Rird} = (Ffrsi}—= F{rs2D 2 1 : 0 7)
R Compare Float Less Than  Rfrd] = (Flrs! < F[s2p 2 1 -0 7
R Compare Float Less than or = R{rd] = (F[rst}<= F[s2)) 21 : 0 7)
R Classify Type Rird) = class(F{rs1]) 7.8)
R Move from Integer Flrd] = Rjrsl] )
R Move to Integer Rfrd} = Flrs1] )]
R Convert trom DP to SP Flrd] = single(Flrsi
R Convent from SP to DP Flrd] = double(Ffrs1 ]
R Convert from 32b Integer Fird] = floatRfrs| }31:00) U]
R Convert from 64b Integer Flrd] = NoayRrs1 }(63:0)) 7
wwu, Eovt.d.owy R Convert from 32b Int Flrd] = Noat(Rfrs1}(31:0)) 27
Unsigned
R Convert from 64b It Flrd] = foauRfrs1 [(63:0)) 2,7)
Unsigned
R Convert 1o 32b Integer Rird}(31:0) = imteger(Flrsl]) 7
R Convert 1o 64b Integer R{rd}(63:0) = integee(F[rs1]) N
R Convert to 32b Int Unsigned  R{rd)(31:0) = integer(F[rs1]) 2T
R Convert to 64h It Unsigned  R{rd}(63:0) = integer(F[rs1]) 20
CORE INSTRUCTION FORMATS
31 27 26 25 M4 20 19 15 14 12 11 7 6 0
R funct7 [ rs2 sl funct3 rd opeode
1 imm|[ 11:0] rsl funct’ rd opcode
S [ rs2 sl funed imm{4:0] opeode
SB l 52 sl funct3 | imm{4:1]11]| opcode
u imm([31:12] rd opeode
s imm{20{10:1{11{19:12] rd opeode

PSEUDO INSTRUCTIONS

MNEMONIC

NAME
Branch = zero

Branch # zcro ifiR[rs1]!=0)

DESCRIPTION

it R[rs!|==0) PC=PC+{imm. 10}

PC=PC+{imm, b0}

Absolute Value Flrd] = (F|rs1]< 0) 2 —Ffrs}] : Flrsi]
FP Move Flrd] = Flrs1]

FP negate Flrd] = —Frst}

Jump PC = {imm,1b'0}

Jump register PC = R[rsl]

Load address R{rd] = address

Load imm Rrd] = imm

Move Rird] = Rirsl]

Negate R[rd] = -R|rs1]

No operation R{0] = R[0]

Not Rird] = -R|rst]

Return PC = R[1}

Set = zero Rrd] = (Rirsi}==0)?1:0

Set # zcro Rlrd] = (R|rs

=0)21:0

© 2018 by Elsevier, Inc. All rights reserved. From Patterson and Hennessy, Computer Organization and Design: The Hardware Neither Software Interface: RISC-V Edition




REGISTER NAME, USE. CALLI CONVENTION
REGISTER NAME USE SAVER
% zers The constant value 0 N.A.
xl £a Return address Caller IEEE 754 FLOATING-POINT STANDARD @
%2 sp Stack pointer Callee s 2 (Exponcr - Bis)
%3 s Global poinier = (-1)" = (1 + Fraction) x 2
1 Thread pointer - where Half-Precision Bias = 15, Single-Precision Bias = 127,
E t0-t2 Temporaries Caller Double-Precision Bias = 1023, Quad-Precision Bias = 16383
%8 =0/€fp Saved register/Franie pointer Callee IEEE Half-, Single-, Double-, and Quad-Precision Formats:
& Saved register Callee I S I Exponent I Fraction |
Function arguments/Retum values Caller
Function arguments Caller 15 14 109 0
Saved registers Callee I S l Exponent I Fraction
Temporaries : Ealkr 31 30 3 o 0
[P Temporarics Caller
FP Saved registers Callee l S l Exponent 1 Fraction o |
l'.l’ I\mcxf«m ar Return values Caller 63 62 52 s1 0
FP Function arguments Caller
FP Saved registers Callee | S l Exponent I Fraction l
Rird] = R{rsl] + R|rs2} Caller 127 126 112 11 0
OPCODES IN NUMERICAL ORDER BY OPCODE @ MEMORY ALLOCATION STACK FRAME
MNEMONIC M1 OPCODE FUNCT3 FUNCT7 OR IMM HEXADECIMAL Sp 0000 DO 1T 1110, Stack Higher
1x 0000011 ) 03/0 * Argument 9 |Memory
‘“i Pulg = i Argument § | Addresses
3 S 4
1Bu Saved Registers
Lhu Dynamic Data Stack

ITOWS

0000 0000 1000 0000,
Local Variables *

Static Data

) Sp =P
OOan PC =P 000 000 1000 0000, e Lower

Memory

Opex ResoiRd Addresses

O oy o oy 1 0 2 0O DO DD T e R e e (e ot ek i

SB 1100011

i 1100111

© 2018 by Elsevier, Inc. All rights reserved. From Patterson and Hennessy, Computer Organization and Design: The Hardware Neither Software Interface: RISC-V Edition
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——Ed Harcourt, St. Lawrence University
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