ISCAS NiST

wEaE, ¥IFE— L
RISC-V EHIRIERGE | iy

% 5 & RISC-V [CRIESHIT

s
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RISC-V CiRis<#Mi
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TERND ISCAS MiST

» RISC-V CHIESANI]
SCmES BT
'5_éﬁln |:|1|:|/£ éJI::I,

o« — BRI HI) F
» RISC-V [CYRIES RS
» RISC-V CiRIs<iHM

» RISC-V C4mKEHEARYNE
> RISC-V iC4w5 C RERIE




N > 2 AT A K5 A - -
zl:ﬁﬁl?:i-a wena)ll ISCAS MiST

> C4RiB= (Assembly Language) 2— “I&
&K OIESo
> CRIESHIRS:
WE
- MiZiE
> CRiEEHMS
» RiE
» EEX
> LRSI AGSR
- FEAFIFNIREEARMS
2 TERE R ITIRE 1LY S



iliéﬁ E=EENE (RISC-VGNU hRZER) ISCAS MiST

PM5EER) RISC-V [CHRIEFEZFIETAM.
> —%ﬁim RISC-V ;C4miEaIH 3 Zp54HRk:

[label:] [operation] [comment]

* label: ¥§5 , GNU LS, EALUESLERNIRA
HFEWIN R — Ah?,ﬁ$—m¥ET— THIFFIS,

« operation FAIUBUTSHAE:
¥ instruction: <, E?%RTJEZ_*%'J*IL%EJ%%E’J-H?:’

‘/_?seudo-instruction: e , HTIREHERBENNE,
AJLAR—F e tanilma - ESFEMNES

(instructions) .

v directive: {HIR{E, @IEMIESHER (L “.” FX),
B R SRNEREIRIMEE &, FHMEFES,

v macro : BRPEENXNE
« comment: FE, BHAAX: M “#” FHiRIEIZE




— 1 BRI 7 ISCAS MiST

pseudo-instruction
# First RISC-%
text # Define beginning of text section
.globg start # Define entry start
1 references

_start: # Label, not really required
11" x6, 5 # Load register x6 with the value 5
11 x7, 4 # Load register x7 with the value 4
add x5, x6, X7 # Add x6 and x7 and store result in x5

2 references
stop: J stop # Infinite loop to stop executi
# End of file

pseudo-instruction




FTERE

» RISC-V JCHEIBE NI
> RISC-V jCRIES RSN

* RISC-V
* RISC-V
* RISC-V 7
* RISC-V

 JRE T IRIENR
_Rts < miSAE T

CIRIE IR

“RthIES— B

» RISC-V C{mis <M
» RISC-V JCREEGARYNE
> RISC-V [C¥w5 C BERIE

ISCAS NiST



RISC-V [C4mis TIRIEXMR ISCAS MiST

> BiFes.
e FE: FAEDIFES R RV32] MBS 1Ea84
¢ 32 MMERAFEFERSE, x0 ~ x31
* £ RISC-V f1, OANFEFERPHIIIERITER

=

> NfE.
 EAFT (Byte) HEAREGIHUE
» RV32 ALlifiRRS 2732 PMFHHARES

18],



RISC-V LRI TRITMETU

ISCAS NiST

31 27 26 25 24 20 19 15 14 12 11 7
funct? rs2 rsl funct3 rd opcode
imm[11:0] rsl funct3 rd opcode
imm[11:5] rs2 rsl funct3 imm/[4:0] opcode
imm[12]10:5] rs2 rsl funct3 | imm[4:1|11] opcode
imm[31:12] rd opcode
imm[20]10:1]11]|19:12] rd opcode

>
>
>

ESKE: 1word=4bytes =32 bits

32 1 bit ¥I9ARR & (field) ~

6 #HiIE<HEIU (format)

R-type
[-type

S-type
B-type
U-type
J-type



RISC-V LRI TRITMETU

31 27 26 25 24 20 19 14 12 11 7
funct? rs2 rsl funct3 rd opcode
imm[11:0] rsl funct3 rd opcode
imm[11:5] rs2 rsl funct3 imm/[4:0] opcode
imm[12]10:5] rs2 rsl funct3 | imm[4:1|11] opcode
imm[31:12] rd opcode
imm[20]10:1]11]|19:12] rd opcode

> 6 gL (format)

R type

(ﬁ%pﬁ 12 bits ,

B-type: (Branch) , B%is5 %I‘?T'Fﬁﬁﬂ’é’*?}#

(%2
U-type:
73 20 bits

J-type:

r-jj 12 bltS o

(Register) , 8FELTPFE=T
pe: Immedlate) , BFIg %B?T?ﬁﬁﬂ’é*?}#%%ﬁ%&%, EHEE—

R-type
[-type

S-type
B-type
U-type
J-type

fields , AFiEE 3 1> FEHSH

(Store) , BFRELRTHFARINFERSHI, EFE—1

£ 12 bits, 1EES(1§7] 2 HyfEs

20 bits)

{8 fields BYALHFARET I-type)
BB, EFE—

(Uﬁg:er) , BRESRE I HHFHESUBML—T
Rn—1TUBEEBYE 20 i)

(Jump) , BFELIF—IFEESHEINL—T

MBS
M EPER S

I BPER SR

VSN (RE

VRSB ER (REH



RISC-V [Cimigs< e

BAEBRER

FIRIzRES

BUEHEES

RS

me
4

D5k ES

Inst Name FMT | Opcode | funct3 | funct? Description (C)

add ADD R 0110011 | 0x0 0x00 rd = rsl + rs2

sub SUB R 0110011 | 0x0 0x20 rd = rsl - rs2

addi ADD Immediate I 0010011 | 0x0 rd = rsl1 + imm

lui Load Upper Imm U 0110111 rd = imm << 12

auipc Add Upper Imm to PC U 0010111 rd = PC + (imm << 12)

xor XOR ' R 0110011 | 0x4 0x00 rd = rsl ~ rs2

or OR R 0110011 | 0x6 0x00 rd = rs1 | rs2

and AND R 0110011 | 0x7 0x00 rd = rsl & rs2

xori XOR Immediate I 0010011 | 0x4 rd = rs1 ~ imm

ori OR Immediate I 0010011 | 0x6 rd = rs1 | imm

andi AND Immediate I 0010011 | 0x7 rd = rs1 & imm

s11 Shift Left Logical R 0110011 | Ox1 0x00 rd = rsl << rs2

srl Shift Right Logical R 0110011 | 0x5 0x00 rd = rsl >> rs2

sra Shift Right Arith* R 0110011 | 0x5 0x20 rd = rsl >> rs2

slt Set Less Than R 0110011 | 0Ox2 0x00 rd = (rsl < rs2)71:0
sltu Set Less Than (U) R 0110011 | 0x3 0x00 rd = (rsl < rs2)?1:0

s11li Shift Left Logical Imm I 0010011 | Ox1 imm[5:11]=0x00 | rd = rs1 << imm[0:4]

srli Shift Right Logical Imm I 0010011 | 0x5 imm[5:11]=0x00 | rd = rsl >> imm[0:4]

srai Shift Right Arith Tmm | 0010011 | 0x5 imm[5:11]=0%x20 | rd = rsl >> imm[0:4]

slti Set Less Than Imm I 0010011 | 0x2 rd = (rs1 < imm)?71:0
sltiu Set Less Than Imm (U) I 0010011 | 0x3 rd = (rsl < imm)71:0

1b Load Byte I 0000011 | Ox0 rd = Mrsl+imm] [0:7]

1h Load Half I 0000011 | Ox1 rd = M[rsl+imm] [0:15]

lw Load Word I 0000011 | 0x2 rd = M[rsi+imm] [0:31]

1bu Load Byte (U) I 0000011 | Ox4 rd = Mrsl+imm] [0:7]

1lhu Load Half (U) I 0000011 | Oxb rd = M[rsl+imm] [0:15]

sb Store Byte S 0100011 | 0x0 M[rsi+imm] [0:7] = rs2[0:7]
sh Store Half S 0100011 | Ox1 M[rsi+imm] [0:156] = rs2[0:15]
sw Store Word S 0100011 | 0x2 Mlrsi+imm] [0:31] = rs2[0:31]
beq Branch == B 1100011 | 0x0 if(rsl == rs2) PC += imm
bne Branch != B 1100011 | Ox1 if(rsl '= rs2) PC += imm
blt Branch < B 1100011 | 0x4 if(rsi < rs2) PC += imm
bge Branch < B 1100011 | 0x5 if(rsl >= rs2) PC += imm
bltu Branch < (U) B 1100011 | 0x6 if(rsl < rs2) PC += imm
bgeu Branch > (U) B 1100011 | 0x7 if(rsl >= rs2) PC += imm
jal Jump And Link J 1101111 rd = PC+4; PC += imm
jalr Jump And Link Reg I 1100111 | 0x0 rd = PC+4; PC = rsl + imm

A BRiESTHER
EEI?H@'JHJ', =
I

Compare/Synch/
Change Level 35
F. ARiESZE
RISC-V FSEFAf



RISC-V CiRihIES—

| Uiy
Lt

Psendoinstruction

Base Instruction(s)

Meaning

la rd, symbol

H{blh|wld} rd, symbol
s{b|h|wld} rd, symbol, rt
fl{wl|d} rd, symbol, rt

fs{wld} rd, symbol, rt

auipc rd, symbol[31:1Z]

addi rd, rd, symbel[11:0]
auipc rd, symbol[31:1Z]
{b|h|wld} rd, symbol[11:0] (rd)
auipc rt, symbol[31:1Z]
s{b|h|w|d} rd. symbol[11:0] (rt)
auipc rt, symbol[31:1Z]

fl{wl|d} rd, symbol[11:0](rt)
auipc rt, symbol[31:1Z]

fs{wld} rd, symbol[11:0] (rt)

Load address

Load global

Store global
Floating-point load global

Floating-point store global

nop
1i rd, immediate
mr rd, rs
not rd, rs
neg rd, rs

addi x0, x0, 0
Myriad sequences
addi rd, rs, 0
xorird, rs, -1
sub rd, x0, rs

Mo operation

Load immediate
Copy register
One's complement
Two's complement

negw rd, rs subw rd, z0, rs Two's complement word
sext.w rd, rs addiw rd, rs, 0 Sign extend word

sagz rd, rs gltiu rd, rs, 1 Set if = zero

gnez rd, rs gltu rd, x0, rs Set if # zero

sltz rd, rs slt rd, rs, z0 Set if < zero

sgtz rd, rs slt rd, =0, rs Set if > zero

fmv.s rd, rs
fabs.s rd, rs
fneg.s rd, rs
fmr.d rd, rs
fabs.d rd, rs
fneg.d rd, rs

fsgnj.s rd, re, rs
fsgnjx.s rd, rs, rs
fsgnjn.s rd, rs, rs
fsgnj.d rd, rs, rs
fsgnjx.d rd, rs, rs
fsgnjn.d rd, rs, rs

Copy single-precision register
Single-precision absolute value
Single-precision negate

Copy double-precision register
Double-precision absolute value
Double-precision negate

begqz rs, offset beq rs, =0, offset Branch if = zero
btnez rs, offset btne rs, xz0, offset Branch if # zero
blez rs, offset bge xz0, rs, offset Branch if < zero
bgez rs, offset bge rs, x0, offset Branch if > zero
bltz rs, offset blt rs, x0, offset Branch if < zero
bgtz rs, offset blt x0, rs, offset Branch if > zero
bgt rs, rt, offsat blt rt, rs, offset Branch if >

ble rs, rt, offsat bge rt, rs, offset Branch if <

bgtu rs, rt, offset
bleu rs, rt, offset

bltu rt, rs, offset
bgeu rt, rs, offset

Branch if >, unsigned
Branch if <, unsigned

j offset
jal offsat
jr rs
jalr rs
rat

call offsat

tail offset

jal x0, offsat

jal xl1, offset

jalr x0, rs, 0

jalr x1, rs, 0

jalr x0, x1, 0

auipc x1, offset[31:13]
jalr x1, x1, offset[11:0]
auipc x6, offset[31:1Z]
jalr x0, x6, offset[11:0]

Jump

Jump and link

Jump register

Jump and link register
Retum from subroutine

Call far-away subroutine

Tail call far-away subroutine

fanos

fence iorw, iorw

Fence on all memory and 1/0

ISCAS MNiST



FTERE

» RISC-V [CERIBEEANI]
> RISC-V [CHHIES RN
» RISC-V JC{RIESTi¥HR
c BAREHIES
« BiBIzHIES
B zHIES
s NFIEEIES
X NXIES
« TRMBkEEIES
> RISC-V CRREGABYAE
> RISC-V CRE C BAakwiE

ISCAS NiST



HARIEHIES (Arithmetic
Instructions )

> ADD

Ir=.l w—

31 27 26

"\I'Jl\l \IE
25 24 20

\lc

19

\17

15

14 12

11

7

1 ~s 7

6

0

funct?

rs2

rsl

funct3

rd

opcode

. 8Bc0de (7): R-types BY opcode &

0110011,

* funct7+funct3 (10): #1 opcode —iZ;R
ERAENESTRE
 rsl (5): &—1 operand (“source
register 1”)

 rs2 (5): -1 operand (“source
register 2”)

o wal (RY: “dlackfinaFian raaictrar?”’

R-type

B 754



SEAEHIES (Arithmetic ISCAS MiST
Instructions )

» ADD
iRl = Add x5 xA x7 ¥R = ¥A 4+ ¥7
31 27 26 25 24 20 19 15 14 12 11 7 6 0
funct? rs2 rsl funct3 rd opcode R-type
0000000 rs2 rsl 000 rd 0110011
N 4
0000000 00111 00110 000 00101 0110011

B

00000000-01110011-00000010-
10110011

0x007302B3




HARZEHIES (Arithmetic

Instruct

ions )

> SUB

ISCAS NiST

Ir=.] w— ~ llf\ ~C \,f.' ~s"7 ~C — \lf.' ~s7
31 27 26 25 24 20 19 15 14 12 11 7 6 0
funct?7 rs2 rsl funct3 rd opcode

R-type



BAEHIES (Arithmetic ISCAS MiST
Instructions )

» ADDI

I —> ﬁr\lf\l VA =~ = 1 wE /2 1 1

31 27 26 25 24 20 19 15 14 12 11 7 6 0

imm[11:0] rsl funct3 rd opcode [-type

oBcode (7): I-types HJ opcode &
000010011,

qu:ctB (3): #1 opcode —iEERERENIES
rsl (5): &—1" operand (“source
register 1”)

rd (5): “destination reglster" RAF1Fm
HENER, XBERKRHNSG

e (1) “Frmamadinta” SS5HNMEE 44LER"7



BAEHIES (Arithmetic ISCAS MiST
Instructions )

» ADDI (ADD Immediate)

™ —> ~AA B T~ | g vwE — /2 1 [ N\
31 27 26 25 24 20 19 15 14 12 11 7 6 0

imm[11:0] rsl funct3 rd opcode [-type

e imm (12): “immediate”, IIBEM%d4 12 (i

« EE5FAIEHEIIZ immediate & “F5
?FIE” h—2 32 (B

o XM LIRIENEESEEA: [-2711,
_+2711), EI[-2048, 2047) .

MSC-V ISA FH:BHIRME SUBI 5%, why?




EAREHIES (Arithmetic ISCAS NMiST
Instructions )

EFHRENIESRMBRAHIES

NEG RD, RS SUB RD, X0, 3t RS chfyf&AY Nneg x5, X6
RAFERFN

£ RD H

MV~ MV RD,RS ADDIRD, RS, & RS thpgEi mv x5, x6

0

DIE] RD H

NOP  NOP ADDI X0, X0, {4t nop
0



BAEHIES (Arithmetic ISCAS MiST
Instructions )

> ADDI KEPRE

™ —> ~AA B T~ 1 vwE — /2 1 1
31 27 26 25 24 20 19 15 14 12 11 7 6 0

imm[11:0] rsl funct3 rd opcode [-type

) s— 1 EEERENREEEIE: [-2048,
2047) .

EE%%H‘.EE%?&%—‘%Y”’ s

BLRHGE:
SIN—THGLEIRER 20 i, FHE rsl
ERANAERN ADDI <+ ERIREME 11 {uUBPA]




HAIEHIES (Arithmetic Instructions) ISCAS MiST

> LUl (Load Upper Immediate )

15| % lui x5, 0x12345 X5 = 0x12345 << 12

31 27 26 25 24 20 19 15 14 12 11 7 6 0
imm|[31:12] rd opcode U-type

« LUI $8$%HB U-type:
v oBcode (7): U-types B opcode =&
00110111,
v rd (5): “destination register” BF1F
&SR
v imm (20): “immediate”, IZBEI#X
LUl {59 SMWiE—1 32 bits BYITBEPEY, X4
STEIHNES 20 (AXNMIESHE imm , K




B AR1zHIES (Arithmetic Instructions )

> FJFE LUI+ADDI RAFESR/MEB—PAEK
0x12345678

o

lui  x1,0x12345  #x1=0x12345000
addi x1, x1, 0x678# x1 =0x12345678



SEAEHIES (Arithmetic ISCAS MiST
Instructions )

> FJFE LUI+ADDI RAFESR/MEB—PAEK
0x12345800

o

lui  x1,0x12345  # x1=0x12345080
addi x1, x1, 0x800# x1 =0x12345800

31 27 26 25 24 20 19 15 14 12 11 7 6 0
100000000000 rsl funct3 rd opcode I-type

%Eﬁﬁﬁﬁﬁﬁﬁ immediate &% "FSTR A—1 32 U



SEAEHIES (Arithmetic ISCAS MiST
Instructions )

> FJFE LUI+ADDI RAFESR/MEB—PAEK
0x12345800

o

lui x1,0x12346  #x1=0x12346000
addi x1, x1,-0x800 # x1=0x12345800 \/



HARIEZHIES (Arithmetic
Instructions )

> LI

15| li x5, 0x12345678 x5 = 0x12345678

« LI (Load Immediate
pseudo-instruction

) Bl

(
o SCRBLIRIE IMM BERRIBRBENE B 1IETRAY

}

H335%S (instruction)

o



SEAEHIES (Arithmetic ISCAS MiST
Instructions )

> AUIPC

15| % auipc x5, 0x12345 x5 = 0x12345 << 12

31 27 26 25 24 20 19 15 14 12 11 7 6 0
imm|[31:12] rd opcode U-type

« AUIPC 159X H U-type
o 1 LUI IESEM AUIP C ESHEME—
32 bits WLEIH, X LEIHNE 2
35 szF'EI'J imm , { EE 12‘1u~f5_§$o 8%
AENE, AUIPC %ﬁ1§ﬁ¢uﬂﬂﬁm PC
1E1=Ehu BHEMENERERE RD A,




SEAEHIES (Arithmetic ISCAS MiST
Instructions )

> LA (Load Address)

15| % la x5, foo X5 =

LA E—1T1h1ES (pseudo- mstructlon)

Eﬂli,ﬁifzﬂ'ﬂ‘*tﬂﬁ-ﬁ%bﬂ?kﬂ’] label *E?E
S BRS RFIE auipc iﬂ]Eﬂﬂ?E%é 1
*E%F’juo

= A FNE— RN ET 2t



EAIEHES (Arithmetic SCAS MiST

|ng+r||r'l-innc \

e
ADD

SUB

ADDI

LUI

AUIPC

NEG

MV

NOP

I

ﬁgzD RD, RS1, RS1 M RS2 WfEHEM, LERHF=FE RD add x5, x6, x7
ggg RD, RS1, RS1 MERZE RS2 ME, £&RREES RD sub x5, x6, x7
|AMD|\E|)I RD, RS1,  RS1 W& IMM 4810, &R&EEE RD addi x5, x6, 100
LUI RD, IMM ME— 32 (iM%, & 20 fIEK IMM, {§ Ui x5, 0x12345

12 {IB8, £REEE RD
AUIPCRD, IMM  jis— 4 32 9%, & 20 {Ifzik IMM, {f auipc x5, 0x12345
12 fi55%, 42 PC AMEEES RD

iNEIERS)

NEG RD, RS SUB RD, x0, 3t RS HpyEEN R HZLER7E neg x5, x6
RS ME RD %

MV RD, RS ADDIRD, RS, 3 RS spy@E#EnNE RD @ Mmv x5, x6
0

NOP ADDI x0, x0, 4R H nop

0



ZIEEHIES ( Logical Instructions ) ISCAS NiST

-

R-type AND RD, RS1, RS2 RD = RS1 & RS2 and x5, x6, x7
OR R-type OR RD, RS1, RS2 RD = RS1 | RS2 or x5, x6, x7
XOR R-type XOR RD, RS1, RS2 RD= RS1 ™ RS2 xor x5, x6, x7
ANDI  |-type ANDI RD, RS1, IMM RD = RS1 & RS2 andi x5, x6, 20
ORI I-type ORI RD, RS1, IMM RD = RS1 | IMM or x5, x6, 20
XORI I-type XORI RD, RS1, IMM RD= RS1 & IMM xor x5, x6, 20

* FRENZEIRSTHERMIRE

o XOR (eXcIuswe OR “B” ) : BT bit EARE ( ) UE)UEjJ 1
( KEIZMEY 1 % OR Moi®) ; MEAA bit HFEMEE 0.

NOT RD, XORI RD, RS, -1 3 RS BYEEMER, &8 hot x5, X6
= ZE RD &



#ZMLEEIES ( Shifting Instructions ) ISCAS MiST
> ZEEB
-

SLL RD, R51, EEHE%% ( Shift Left Logical ) , sl x5, x6, x7
type RS2 RD = RS1 << RS2
SRL  R- SRLRD, RS1,  iB#§#4% ( Shift Right Logical ) srl x5, x6, x7
type RS2 RD = RS1 >> RS2
SLLI I-type SLLIRD, RS1,  ;Zig/#3rEI%k ( Shift Left Logical slli x5, x6, 3
IMM Immediate )

RD= RS1 << IMM

SRLI I-type SRLIRD, RS1, iBig£#%37E0%k ( Shift Right Logical  srli x5, x6, 3

IMM Immediate )
RD = RS1 >> IMM

it EEEBERZEA, #HEREZE 0



ZALEEES (Shifting Instructions) ISCAS MiST

> %i*if?ﬁ

R- type SRA %*Eﬁé’w ( Shift Right Arithmetic)  sra x5, x6, x7
RD,R51,R52 RD= RS1 >> RS2
SRAI  I-type SRAIRD, RS1, &RAG#IEI% ( Shift Right srai x5, X6, 3
IMM

Arithmetic Immediate )
RD= RS1 >> |IMM

- BARAABREREBAFSAEHE,

« MTEAB, AFEAGE, GHEARELE, £BS
% MSB (Efl) Bk, KABRBLIIEY




RFI%ES$E< (Load and Store Instructions ) ISCAS NiST

> RFIEIES. Load , BHIEMAEFEANTFE
> REEIES: Store , REEMFERETHIINEF

c E U XXXXXXXX XXXXXXXX
Register 0

Memory
ADDRESS

DATA

| XXXXXXXX
Instruct Regi XXXXXXXX
2 XXXXXXXX
3 XXXXXXXX
4 XXXXXXXX
5

6

Arithmetic
Logical [d——-—~-
Unit

XXXXXXXX
XXXXXXXX

XXXXXXXX
Program Counter Vv

........ XXXXXXXX




RFI%ES$E< (Load and Store Instructions ) ISCAS NiST

> RFE ( Load )

Itype LB RD, IMM(RS1) Load Byte , MPI7ZiRER—1 8 bits BI%#ESI RD &1, iy b x5, 40(x6)
Fiusk = RS1 + IMM , #iEE{RFEl RD ZBISHIT

sign-extended ,

LBU  I-type  LBURD, IMM(RS1) |oad Byte Unsigned , MA7ZEFIZER—" 8 bits HI%kiEZI  lbu x5, 40(x6)
RD A, N7FEH#E = RS1 + IMM , #UEERTEE] RD Al

21T zero-extended .,

LH I-type LH RD, IMM(RS1) Load Halfword , MII7ZEHRIEER— 16 bits B9%ES| RD  Ih X5, 40(x6)
b, AFEMUE = RS1 + IMM , #iEEREFEI RD ZaisH)
17 sign-extended .

LHU  I-type LHU RD, IMM(RS1)  Load Halfword Unsigned , M\A7EHizEX—1 16 bits g Ihu x5, 40(x6)
*&?E | RD AR, R7FEHHE = RS1 + IMM , #IEERER RD

Zai&H 1T zero-extended .

w5 HT0e | MWRDE ST T ka2 B8 84 32 bits #oziEEl RD 1, W X5, 40(x6)
20 7] 5 W7EIE = RS1 + IMM

A% word BY load FXHPEFSHMBEFSHR ?




RAEIEGIES
> MHW{EE (Store)

HS B | EE 1130 5+
--———

( Load and Store Instructions )

ISCAS MNiST

S-type SB RS2, Store Byte , ¥ RS2 ZHF2371{ 8 bits Hy%dE Sb x5, 40(x6)
IMM(RS1) SHEIR7ES, R = RS1 + IMM,
SH  S-type SH RS2, Store Halfword , ¥ RS2 ZF7F®®{f 16 bits  sh x5, 40(x6)
IMM(RSL) MRS HEINET, WML = RS + IMM,
SW  S-type .ISI\)I,K/I?Ffszl) Store Word , 3% RS2 Z7783FfY 32 bits My%k sSwW x5, 40(x6)
31 27 26 25 24 20 19 15 14 1211 Mg 0
imm[11:5] rs2 rsl funct3 imm[4:0] opcode S-type
A2 IMM Sy wB=EEIRE [-2048,
2047] .
- load EXSEFSHFAMENFSHI, M store &




,—RFFﬁS'Z?

h*l‘

( Conditional Branch

BEQ

BNE

BLT

BLT

u

BGE

BLT

-BifRiEE, FEEHES IMM, MEARSRE, THSHZRRR

beq x5, x6, 100

bne x5, x6, 100

blt x5, x6, 100

bltu x5, x6, 100

bge x5, x6, 100

baeu x5, x6, 100

BEQ Branch if EQual » Ltk RS1 #1 RS2 B9{E, MRMEZHE, NHITERR
type RSLRSZIMM - psesy— st
B- BNE Branch if Not Equal . b3 RS1 #1 RS2 HIfE, WMNRAF+EZE, MK
type  RSLRSZIMM - iomizpeemi— 1 sraosat.
B- BLT Branch if Less Than . #RBREFS A3 RS1 M RS2 W&, W
type  RSLRS2IMM @ pg1 < RS2, MIHITEZEBKEEEI— D ErBOMDIL,
B- BLTU Branch if Less Than (Unsigned) . ZBREFSH50ELE RS1
type  RS1,RS2,IMM RS2 HYfE, WIE RS1 < RS2, MHITERZBLEEEI—NErEOHELL,
B- BGE Branch if Greater than or Equal , #REBEHFS AL RS1
type  RSL,RS2,IMM RS2 H9fE, N® RS1 >= RS2, MIITEEBKEEE— N FagHLt,
B- BLTU Rranch if Greater than or Faual (lIncinned) . 1#BFE2 50 HAG
31 27 26 25 24 20 19 15 14 12 11 7 6 0
imm[12[10:5] rs2 rsl funct3 | imm[4:1|11] opcode

B-type

P EiRtibitE A% &% IMM x 2, FFSREM PC EEMEIR

EREIZL PC HEME, +/- KB &4 ([-4096, 4094]) .

LB IRthaE, FRLABE
ZLRE IMM BB,



ZMH9E1EZS (Conditional Branch

ctviirkiane )

fhs

%
BLE

BLEU

BGT

BGTU

BEQZ
BNEZ

BLTZ

BLEZ

BGTZ

B
BLE RS, RT,
OFFSET

BLEU RS, RT,
OFFSET

BGT RS, RT,
OFFSET

BGTU RS, RT,
OFFSET

BEQZ RS, OFFSET
BNEZ RS, OFFSET

BLTZ RS, OFFSET
BLEZ RS, OFFSET

BGTZ RS, OFFSET

BGE RT, RS, OFFSET

BGEU RT, RS, OFFSET

BLT RT, RS, OFFSET

BLTU RT, RS, OFFSET

BEQ RS, x0, OFFSET
BNE RS, x0, OFFSET

BLT RS, x0, OFFSET

BGE x0, RS, OFFSET

BLT x0, RS, OFFSET

Branch if Less & Equal , RS AR, R RS <=
RT , Bk#%%E| OFFSET

Branch if Less or Equal Unsigned , TS AR, U
£ RS <= RT, Bki%Z| OFFSET

Branch if Greater Than , BfRFSATELER, R RS >
RT , Bk¥Z| OFFSET

Branch if Greater Than Unsigned , RS ATELIR, W
£ RS > RT, Bk¥ZE| OFFSET

Branch if Equal Zero, #1%R RS == 0, Bt =l OFFSET

Branch if Not Equal Zero, 318 RS != 0, Bt
OFFSET

Branch if Less Than Zero, #0158 RS < 0, Bk&EZ|
OFFSET

Branch if Less or Equal Zero, #1% RS <=0, BkLE|
OFFSET

Branch if Greater Than Zero, & RS > 0, BkEZE|

NEECET



T 4HI%IES (Unconditional Jump Instructions ) ISCAS MIST

» JAL (Jump And Link)

15| F jal x1, label
31 27 26 25 24 20 19 15 14 12 11 7 6 0
imm[20]10:1|11]19:12] rd opcode J-type

« JAL }ESER J-type HIBIEIH
« JAL ETHFRAFIE
(subroutine/function) .

. ?ﬂ*zﬂ’]ﬂﬂiﬂ:rl'%fi/f B3 20 bits &= IMM x
51317 sign-extended , ZAFIETFE ?F BEGRHYE
*I] PC BY(EMEM. & .ﬂtﬁ@dﬂl&ﬁﬂ’]&.[] L PC A3
Elﬁ, J:-F +/- 1MB .
. ijlj-_\L BN T—FIESHMIE N RD , R{F/HE[MO)H

. SEREEEET. B label 2N BHENEE. B IMM




T 4HI%IES (Unconditional Jump Instructions )
» JALR (Jump And Link Register)

il —=>

31 27 26 25

inalr v1 1T NNIV/RN

24 20 19 15

14 12 11

7

6

0

imm/[11:0] rsl

funct3 rd

opcode

[-type

JALR ESEE

I- type éﬁﬁnl*g_to

JALR ETHTFRBAFIE (subroutme/functlon)o

A

2KB°

JALR ESLHT—FRIESHMALE N RD , R1FAIR[D

RSN TER

P -

?Lﬁzﬁ’]ﬂi’iﬂj‘l‘%ﬁn"& B 1::;"‘2 bits B IMM j#1

sign-extended , AEEFTS
1&:“3&“!3']2*% S5 E EES_z{ﬁﬁLLIQEj

GHY{EH RS1 E’JE*E?J
J 0 (HRf{Ritbitiz
I/ RS1 AEE, J:'F +/-

.ﬂ-|-|-|-u’
FTXR

Ik,



T 4HI%IES (Unconditional Jump Instructions ) ISCAS MiST
> AR R RE BRIk YL ?

AUIPC X6, IMM-20
JALR X1,X6, IMM-12



T HBI%EIES (Unconditional Jump Instructions )

!ﬂ]%ﬂ#l‘.ﬁ?

ISCAS NiST

EAEEIRRD], JIAFIE x0 & JAL #1 JALR g
N O N
] OFFSET JAL XO,
OFFSET
JR OFFSET JALR X0, O(RS)

JR



RISC-V 53 URN 2S5 ISCAS NMiST
Frig FHHENIER 2 THEREE (oprand ) =EMuEAY 50

kit o7

HFEIH  IBERGRESERT, ESHIEEANNSERMmKE  addi x5, x6, 20
1Zi21EEN .

Eut 3t IRVEMTEARTER, IESH@BTIETES 7 (Bt base) #1  |w x5, 40(x6)
ENE (RFEE offset) , @¥ base + offset B9

BisiFh 7T rh 7= choabhhb A XS U 2 1R 450

NS Bkt B PC ANie<Sthag s BN¥AANNGEEH beg X5, x6, 100

Hk FRHIAEENE

31 27 26 25 24 20 19 15 14 12 11 7 6 0
imm[12[10:5] rs2 rsl funct3 | imm[4:1|11] opcode B-type




FTEARSD ISCAS MiST

> RISC-V C4RIESANI]

> RISC-V [CRIES RN

» RISC-V LRI <SR

> RISC-V ,Eéﬁlzly&ﬂmé’]m

L RsmiAEnt N EEGHE REERNE
K #50JE FA R BV L=
XEORARASIEFRFE XFFasNRIEAT
K EJE P i A2 HR R *ﬁﬂkiﬁtﬁ IESHNREATE
K #50E FA i A P SL IR M FH RNV IR E
> RISC-V ,I:éﬁ'a C ;E'sé.*éﬁifz




LRIzl AMEEFERIZGARLE ( Calling Conventions)

Caller Callee

Context Context

Instruction O

Y

Instruction 1

Instruction O

v

Instruction 1

Y

call

I
I
I
I
I
I
I
I
I
I s
| v | EEE
I
I
I
I
I
I
I
I
I

-

Instruction 2

Instruction 3 Instruction 3

-

— o oo -

ret




PRI 25

Stack
Pointer

 Regite |
—

RIS (1)

Memor

%

Push

Stack
Pointer

Registe

Memor

Stack
Pointer

Memor

1%
Pop




ik 4l

—

—
—
—

BB (2)

Stac

I
K

R A Bt

M

(K% B BIt%

U

BRE C RUTR

[l




PRI ZX I FE

x0
x1
X2

x5~x7,
X28~x3

X8, X9,
x18~x2

x10 ,
x11

x12 ~
x17

EREXSEENEENE

Zero
ra

Sp

t0~t2,
t3~t6

s0O, s1,
s2~sl1l

a0, al

a2 ~al

B2 0, BARAREERKER
FEREFGREE (return address )
FRi%igst ( stack pointer)

I&EY (temporaries) ZFfFas, X Caller Ki% Callee NMRIEXLEFF
RPNEETRHARIRERFRIFAE, XEKREWREENE, Caller £E
B2TAA Callee ZRIfRFIREIFEZIPEIE,

*7F (saved) FF2, WTF Callee RRFERIEXLEFFRNETRE
BREIFNALIFRE, FTbl—B Callee EEHEHNRHRP=REIXLETEFSS

NFEEERPEDHER L RHEHITIRES

ATFERBIARIEFREFE —TMEZNSE, UREREREIF{ZERE
{Eo

MRRIFANEREZEEZHNSN, NWILAXEFFS, BEEATRRE
SHNFERRZRE 8 1 (a0 ~a7) , NREEESHSHNEFA

o

WHRERTE

N/A
Caller
Callee

Caller

Callee

Caller

Caller



B 20 A AE R R Bk AR AR Ol SR RIEEVE (1) ISCAS NiST

jal offset jal x1, offset BrEER offset &IEMIE, REH Jal foo
HHRFTE x1 (ra)
jalrrs  jalr x1, 0(rs) Bk rs SREFTIEEMME, & Jalrsl

e RFE X1 (ra)

j offset  jal x0, offset BkEER offset 4IEME, FMFE Jloop
iR B

[ r jalr x0, O(r ki T h{EERieEMarE A jrsl
(CESEAEIL bl

ca auipc x1, otfse : + K BkEEE A R 2k call Too

offset offset[11] jalr x1, offset[11:0]

tail auipc x6, offset[31 : 12] + KBkt 2 A tail foo

offse offse

jalr x0, offset[11:0](x6)



B 20 A AE P R Bk AR AR Ol S R RIEEVE (2) ISCAS NiST

Caller Callee

| Context | | Context

Instruction i I PC > Instruction j
* jalr x1, *
offset(x1)
Instruction 1+1 Instruction j+1

)
»
by Y Y
)

PC

PC

PC call PC Instruction j+2

i +M TE‘.W |_

i | [ L

L_ Y
| Instruc’;on 1+ M | ra(x1) K :
] l

\
r

et




B 250 AR AE R SEEL 4K FE BRI R BV R AR 2V RE ISCAS NiST

def function ()

{

K EEiaiisr ( Prologue)

B sp BYE, WRIEBARRHPER saved FEBNIERUM local TERNZ /DR
TR= (e,

% saved BHERMEREDIKRE

HERER T2 EAEMINRLE, WE ra SERNEREDIET
MRS saved BHER

IMREEMIE, MEPRE ra BHER

B sp BOME, RSB NAREEZ BIRRE.

AR ret iR[E]



yi\Y

RE ISCAS MiST

RISC-V [C4RIES AI’)

RISC-V [C4RIELE%N

RISC-V CéRis$i$#%

RISC-V CémeKZNIARLIE
RISC-V L5 C BRERIE
*RISC-V C4miAA C K

e C HEPERN RISC-V Ci{H

V V.V V Y it



RISC-V ;C4miFARA C K#Y ISCAS NiST

> j85F ABI ( Abstract Binary Interface) BI3E

SHREBBK), BEMIMTT
HEFIABLE (Calling Convention)

BESARYE

> RISC-V HEGABYEME:
c HEIBHFASFTEEE a0 ~ a7 (B
REHEEERASER a0 # al 5




C ERZXPHRN RISC-V L4

asm volatile (
LCRIs<S IR
: FithiR(ERR (F13%)
?A#;zﬂiﬁi (7]3%)
AR M FFRaETFiEeE (%)
);

HLINRABWNE|SIEER, SFRETZER

CRIRCESRT M CRINR(ER
HISR{FSA3T ISR o

“ AR R AU E 7 B 17 2S”

ﬂ:* gﬁ X%E M 4

SEIE S T—:? S EWT, FERIEERATOML,

=AY

- A

' & "\n" ﬁﬁn
. .'ﬁﬁﬁg?gﬁfﬁﬂﬁ C T=EMCHIES

AR NBYC 2RI )R]



141 159

VS UILTN=N (2
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