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F1E R

RISC-V (B2 “risk-five”) &—ANBII$E SR REH (SA), BBV T XFTEN
PR R EERIFERNEC:, (IR E e 0oy — A TS Bk ibs e . k. FFaum
RREER . BAl1E L RISC-V 1) H I ALFE:

o NEAETHKATISA, BN H H L FR LS R SR TV AU A .

® —MNEIEHISA, Retid & HEAEREAR ST, AU E TR EcE — ik
B

® NGO — AR R A (Bt 4% HRG BLT ) B S
BEEAR (Filtn4: g ASIC. FPGA) “id FEfA R 45191k (over-architecting)” ¥ ISA,
{H 2 B8 JE 5 v O R AR AT — PR S

® A AN PHPEEABEEHISACHT DU — AN il BRI A8 1 A Bl 1R R B i)
FZANALERIAREY REHT ISA, 7] LS RR@E FH A K

® STFHEITIY 2008 IEEE-754 % fiARHE[10]

® ISASCFFEF A I ISA TR AN PR IR I AR T

o XINHER. BAERG N BEFSCIL 32 f0. 64 At AE [A]3E F .

® ISASCHFFEIEITHIZ . AAZSEI, GFE R 2 AP 5E .

o NILEBFKIES, USCRIY T IR A 9l 25 (8] SCRF— ANk 1) B S g S,
DUFREERE . SRS R/ N RERE AR

o —MAEAMEIMLE ISA, DAL ENLIG B BEEE (Hypervisor) HIFF K.

® ISA SCFREIRIE P G14% (supervisor-level) FEFNL G B EH . Chypervisor-level)
ISA &1t
FNTHTE T FIE, FFH PTG R BETEN WIR B RO, T

A LU BR T X e B

RISC-V XI5 %, 1C# 77 UC Berkeley K211 1955 71 1€ 22T RISC ISA ( Fif

JY-NA2 RISC-I[18]  RISC-1I[11]. SOAR[27] 1 SPUR[14] ). Z L5 “V " thiEr
7 “AFfh (Variations)” Fl “/ijtE (Vectors)”, LILHFAEFIk R, €4
TEFIEHETEATINE 7Y, HAER A ISA it HI 5 H o

TR RISC-V LLFE N H CHIFHIRIZ S 75K, Ze TN 4 i B 5%
BEL_|- SEBY —LEf] 75 A FF RN (ST 5 — TSR AR A2 S s
TN EE 5508 T 11 BAJAHT RISC-V HE/ HI#AE ), 7 iREE [ FR (45 A4 B
HISEH (7 Berkeley, RISC-V LLPEZHH) RTL i#i1-/CI9 E 25 FENAFIAE W
TAEHTRFD ). TEFNTSBTHIIIE S, H TA1EG an R B3 7 I BEFEZ)
K, TeNIXTHFEIE 7T 01 2545 B . Tl T ZE— TN E R &/ E AT
I IRHIFEAISA, LR |- 7] LUFJETENTE CHITE -

TN LW ] RIZFFE— i 87 “ o L ZEH I —TFHTISA? 7o (e —1
BHIEDWIEHT ISA, FAR 75 RIS THEZEAE TFER 72X
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WIS 75, IR T AR EEIINFET, I RIE S, X
LEZE B LIFIIG . FAEHIEFLL CLFETHE KNI X RIRIAFERN P 2507, FelT
HIZEFETF, T FIFRIZCF A (E I I8 S, T SERR IR A
T H A T E N8 :
®  EHWVISA ZBEBAE M- T SPARC V8 (B 42— 1N il i IEEE #pifE1] ),
A ZHISA HIPHH 2 TE 5 DO I RGN THI AR =K, H-H A
] 1T 58 5 ST o XTI FEP A PR 5 T AR TR
HFHe v, BIFAAE— N, (HAENS LT 3 5 B S SE B
HIFHTF DAL s I3 AR — TN K I e X AL g 36 (e (IR 1)L
PRI ISA SEH, AT H C BB (clean room
implementation ) HJEM F i, X tHAE— K& BN THAGEGIR
JrBH RISC-V EHRH 1R =75 EFY, (BN THRECN A2
AEVF—1 RISC-V HISET 7
®  FWVISA (RIXERANF LG L B IAT . 51350 T, 5242 17 47
JLHIPI T HLAE ARM 17 251 75 R s ST H- 7 7 77 2N TR 3 5
777 Intel x86 AR5 1] (H# JL-FAEIT—FIHAMHI K7 25 1)) T )80
BT FERIRAF G 5 7, B 5% Intel FARM iF 7 17t AN 27 19 7
1871, 57 5f—1 P42 ARC R Tensilica, E 17420 T i 7RI #2,
1HERF AT o B FRTTLGHIE) 7 (E1F 3 FFRFIFEE T
ISA FEAFHILFLE A AHIG 1Ry 58 LS RN 17 TRAN
1, B TG, AT E R
®  FMVISA M. LIFTHTF W ISA FIZEHITEIEHE bt FAi
77 (SPARC. MIPS), E-Z ML, (Alpha)o XX T— 1 IFEHIH A
EBRGR WA — IR, —LE[FEEISA FISLFF T AHTAIE =
B, P 5 = T LU BT FFX AN ISA. — TP ISA
Y ] GER ZET AT, (2T TGN, #EA] AL/ &R
FIHIE RS F G
®  JTITHIEN ISA BRFHT. LG LT ISA (%86 Fil ARM ) 2 # 3
FF AN FCRIERSE R G, L AL R =0 B FEFENTAE
JLFHrG IR FE R T HEREH 2L 7 B D BT T HTISA #1145,
AR LE B IEF2 B SO W FF
®  (KIERW ISA FEPE LIEIT TS EIEFCN T35 71N v
ISA, X FiEir—1HaHIPHFEFHR U, VIREN N A ZH
I FE 7 72— 75 3247 ABI (application binary interface ) 7 GEiE 17,
TTANIRNZI R ISA. 2K Z 4 ABI 1545714 (libraries ), Jii7/% X
KT IRIER G Lo Ky T8 — D HWIRIER G, d B P
TR ISA OS L1411 o XLl i I 7 T TRIFHI AT, IS8
HL I ISA A AN EF41E
®  JTITHIEN ISA K FTH SEIER B 470 T HIRT W ISA TF 1%
BT ST THFAN 51 25 RGBT 475 S
WK, 15SHigHI R ZA M. 77/ Tensilica (# Cadence
2 alll) . ARC (# Synopsys Z\afill)) XFEHIZ A, ETESE
ajHREFEREE T ISA FITAAE (toolchain) , [HA B THFERTZ A

W TTA B 157 R 5
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o —PMEIHIEM \SA SEIF_ LB FHINSA N THT— 1L ZH b
BLIFIERZOIT, CFT TR \SA 7/ RIEZIRDHIT R, 1
TG T FEHTRrfE \SA T 7 R HTZFAL s AT 9 A8 TNE b 1 ks ITT I/ FE
ST I CITH T 155 AT L S o GIA T BHIER %
PIREHIA—LE19T e, 14 75 BRI ERF R LA TIE e iREAETF— T
1E2CHT AL \SA 24— TNFTHT \SA,  [HAZ AT 712 724K 1SA
YR FIRATE M

FeNTE 17 \SA Z BN 1T R R HZEIFE, /PS4 HZ 7%
3L R o 2576 T IR \SA AEAEHRE T 30 417 L 1975855, 3
TEFFI 25 25 BEDE GE (7 Bl — TN IR AE I HEE H b L AL EE 7 i 127 17 2
TESEBY WG 8 i 1T 7% Fo

BN TFFAA T — Ky T8 G SEI T IE L TFIC\SA B T] 1. FellTH % 1%
TH G HITFHSA 811, HH7OpenRISC A ZZ5 LT SN THI H Fr iRy
Felre FellTHI T /L1 HEARSRA, T4/ OpenRISC ISA:

®  OpenRISC # %1% (condition code )Fl15 35 2R f# (branch delay slot ),

XS T i ERENT TR v, TR Ty e

®  OpenRISC /1 I 32 (/& KIFSHI5H1 16 (7 7 RIF, HIIF | E &L

175G, FXTTLEISA 7 RER# T 55/ -

®  OpenRISC FF-AN3% 7 2008 51T 1 IEEE-754 JE 5 kit

®  EHNTHLGHIRTIE, 64 1 OpenRISC 111 H-7% 5 /.

METFLG, T L1 — P e BN K1 ISA, 2558, X767 H
TN TEFFLGHT A Z1FZ 155770 TAEFCN TR RISC-V ISA Bl id it |- A
T KEHIHG T, CIFRN HiiFEas LREE HIFERZFE. 2% ISA B
FPGA SLH. EACHT ASIC LB, 1R LM ELE FHFH RIS H AR
AR LU, 7EF R IR LAY TRXS UL RISC-V ISA #5H AEHIWANL (uptake ),
FNTHCNE T TEZ FIHT RISC-V T 2R AR FITEA X B/ RISC-V JE3 23 1
MLEZE http://riscv.org, E7 T 2 S5k AR PTG B AISFh A1 16/ RISC-V
HIFFIRHH -

RISC-V FM 0 AW G . AL TH P ISA #it, BIEER ISAY . B 6%
TR REEM

TR T ZNTHT H b A2 FER I G957 7E R R S5 - T B
EVFRIE R LT FITTHI FT o XFFM B2y T I FFRAFESEH T 1A
LSBT R 1

1.1 RISC-V ISA iR

RISC-V ISA ¢ 5E X N —MEEAEERL ISA, WAHEARMTSEI AR, S8 a] DAAL & 3 T2
A ISA B HAMY i o XN FEA B REE 1ISA 5 I RISC AL PRER AR AREL, BR 1R 0 SCAEIR
& (delay slot), FIAMCRFAME ARG ST, XA FANZ OB /N O H BR H1] 2 A e/ 145
L, RER—NEHMENL, DUERPESS . LRI, BERSE. BIERSG (BEHME
Copyright ©2010-2016, The Regents of the University of California. All rights reserved.
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R RERAE) WTRMEZ FIBAT, XA DR — AT ISA AR T REE B4R,
G n] AR B N E A R AR RS 1SA.

T MNREAEHER A, BRI 748 08 S AU R F P Huhk 28 (KN AT 0 5. AN
Fh B B AR L Fh, RV321 F RV6EAl, TE5E 2 TANEE 4 TR TR, 2ldedt 7 3241
F1 64 AL bk Ao AE A SCHUAIHRAE R G0 nT AR bes FH P AR 7 46 A Rv321 B3 Rve4l
H—FhEE PR . 5 3 BEHNIAR T RV32I FEARIR SN AN RV32E, BRI LSRR/
MRS 5 19 FRHA T KRR SCHF 128 7 /7 sl 25 (8] ) Rv1281 AR Ffi S AR H 35 48

B T BRI FZGHK N, 64 (/L5502 LT, (HECN TG 7K
HIECA-TE T, X T ZZ A SO I di i s K i, 32 (7155 i) 2 A2 %
19, T HE G ENCHIF I (e R IBEFEHFE . S48, 32 (LA 551X T H B
KBV T FEANT 128 (T HIBF 715 1 i F iR A AZ AT, TA2FN TR
RISC-V ISA HEZEH1 1160 75 E o

— M ST AT BLN SEUE AR S 1SA (KA T A, (HRAE S R AUR L AU B R AR 6
HFE (trap) AEAFTE, T SEOUIS LA AT B2 AL I TR -

FELBELCISA (19— TN THFHIIK A, U251, (2R
Do BE X FFIEFE T, (TR SLR P NS EH) T T2, T &
WEXTTEXS A s LT 17 X 78 AR SGFHTHT SYSTEM 1529 E K H 2 S

RISC-V B B TH BT LASZ 3R F 5 18 d AL AR R AL o JEACHEEL 1A Tk — AN Bl 2/ i) ik
TR RY RIATI R, (AR AR SR R Lo AT RISC-V fa 258 s
NI R FERR Y . biifed e — R A M, 3 BS ey R R. 4F
FRUED™ J 2 i EERE R ), HErT R S H e bR e R 80 JEAREY R v . 820 R i iE
BEABBARAEREAR, TR ERMNIIGEZES . 5 10 TR T 2R F R & RISC-V ISA
AFEITTE. AN RISC-V ZERIG S TR Y AR T — a0, 7856 11 = BA T
YA -

NT SRR A R, T — AR R, SRt /BRE . R TR E DL
FERE . RURBBEVE s AR . FEARE 1SA Wi 8“1 (R BB AT A7 48 S AR, ATZR RV32
B0 RV64), HH S TGRS . B load. AL store AT S, JHFHIEA
RISC-V SEHLHY, HRZNA . FrEBEBTREMRIEY B2 8 “M7, HrpBan 7 xHEAF
TE R Z A7 2 A AT VLA BRIE 048 2 o ARHEIR TR B &2 “A”, Hogin
TXAEERAT I 7 1 B S ERITR 4, DASCRRC BRI [R5 o Al kG RV
TR, Wy “F7, BN T IR STEAEAE . SRR AR A BB load Al store 4. R
HERUE BEVE iy S, Wi &R “D7, ¥R TR marfids, JEMm T XU THETE 4 . load
Fl store $84 —NEEARBE NN EIXTUAMRHEY R (“IMAFD™), BE4EE R “G”7, BEHt
TANEAAR RIS 5. RV32G F1 RV64G BLTE &A1 w4y L HAEEE B ArhLas. J5
GREATHEIR T IR DL HAR TR AR AE RISC-V H R .

B 7 IEAEEEL 1SA RIFRIEY 2 Ak, IRADE— e X BT BLHFE Y BRI IFAL, &
SRNE AT REE SR AL R AR A o BT REFERCR R T R, FRATTARAE X T —A> 15A #i
0 PRSI A3 R T A R AR B L) o ST AR AR R S M R B AT ISA fE A — N R
Bk, BAISHER RIS, SIMNETE SR, AR — N ERA . SR1f RISC-V
FARBEAE BRI HERS , (RFFEA WA — Ry R, MR I, FHrfs S 1E N mTiEm)

Copyright ©2010-2016, The Regents of the University of California. All rights reserved.
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P RE . BN, FEASEEHOISA RGOy — MR SRR AL ISA, T ANEAEATRE 5 TR

BEZ ' ISA HTEHT 2.0 JRAK A, FNT2ilE R KHIIFL A, (RIF
“RV32IMAFD 7, “RVGAIMAFD ” FELK P 12 FlpnifEY JE (tHEL4E “RV32G ” HI
“RV64G ) 1RFFAE,

1.2 B KEHG

FLA RISC-V ISA B AT 32 Al e KR 4, F HAUirE 32 7 Fi %) 55 - SR, AnifE RISC-V
Gt A BT SRR R K IR A Y R, TEXANY R, BARAKIETLLE 16 (1546
% (parcel) KENPHEERE, I HIXUHE S EFUALE 16 MIAFXFF. 2 14 ZH R
HEESi 1SA R, i SRt R AR 16 Frfe4, WD TGRSR/, FFHO TXFFESR, fiF
FiETE4 (16 Al 32 A1) X% EMER 16 Ml Ft, DAtmfRigsE.

Bl 1.1 R T ARME RISC-V S8 K RIS 2 e . BT 2448 I1SA 1) 32 748 2 sk 2 £
B BN 11, "HEM K 16 AR ST R4, &K 2 7 # I E N 00, 01 B3 10.
L 32 MLIAR TR SRR, TEARNI A BN R E N 1, 48 fi7. 64 MK EL e unE 1.1
Fiie $RAKEELE 80 A3 176 Sz MK S, L2l —A 3 M 7B [14:12]F, 45
H T 16 frE R, N BTG 5X16 A 7. Ai[14:12)465 8 111, {RESARRELKN

2t .

XXXXXXXXXXXxxxaa | 16 {7 (aa##11)

e o XXXX | XXXXXXXXXXXXXXXX | xxxxxxxxxxxbbb1l | 32 /7 (bbb#111)

s e XXXX | XOOXXXXXXXXXXX | Xxxxxxxxxx011111 | 48 f

s e XXXX | XOOXXKXXXXXXXXXX | Xxxxxxxxx0111111 | 64 {ir

oo XXXX | XXXXXXXXXXXXXXXX | xnnnxxxxx1111111 | (80+16*nnn) £7, nnnn*%1111
oo e XXXX | XXXXXXXXXXXXXXXX | X111xxxxx1111111 | {REE4>192 fir
o L Fehk+4 Hehk+2 Fehk
1.1: RISC-V 52 KE 4hg

B FIEGFEZCHI CIIA P RIGEFE 749, TN TAESENT E G 15 2014 # 35 FF A
B ISA GG HCH, AT RN (2 T, FNTHAFHE
JE O FFAE TN Tl T 1 7 28 A 1 35 FF A TIE S TSI FIEA
HITESTEY . BIRFCN THIFHTZ T 77 ZE— TN 40> RISC-V ISA B Ky 575 11T 9
4, HEZFFMA 1L

— P EHFERMEG HTISA LB, K 7 B 752217 (instruction cache ) 1R17
TES IR E 30 1 (H7K 6.25%HT 11290 4 HFIATIESZEANT, (T ITHRICH
17— 10 FNTES, W 2HTEW IR EIZ 12 i, #EE iy 30 17 7F2475
2, LUBHRH I ILE IR 1T

] G Ry L ZE [T AR, LR B THIFEAR ISA Ty —132 (i 75 F 1T T2,
TN 48 7 R Z NN 75, TR RV32IISA 7E 32 171557, (&
W 7T 1/8 B9t 55 . Al 10 A, — MBS b R4 15

Copyright ©2010-2016, The Regents of the University of California. All rights reserved.
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I TSR AT LAFF 3 PNBIIT 30 (758 AT 2 32 12 [ & K #5 0,
A BIRXI AT 32 (775 SGEY NI L1 F o 20, WRZLI A i B
FFEELL 32 (7 KIZHITES, B ATLIKRE 4 11 BRI E X 5

TN TR AR —THFIE BT Z RIS AR R G (72 E, Y
RIXAG—ZEAEIENIHE S AU TG PTG [ I 2 iR B % Y L 1 17 1 5 X
(as this quickly traps erroneous jumps into zeroed memory regions ). 5L, #
NI GHTSIHFEAE 1 (RET S — AL TT S LR IS —Fp 2B T i ek
2GR 77 1 e 1 A 1N 7 1T 1T

FEARISC-V ISARA — ANt RS0, E R ARFRAEAS T SR R Sy sl XU A7 Ak
WAL SR PARIEAEE AR, B 1647 O F DAL 7 T, e ORAE B — 7 (il as
P, E KRS NEE, PRAFZIEE KT ihl, KRR ERREERS
G B AL 1 R, MR, 482 BRI — RV EE KNI (R A7 8, TAE
FE AR I Y . B L2 P ARS8, BT — 283200 & LAt CRA7 Bl &b T
ANE At A 1) S T

/] Fix2H 320454, PRAF BIX3TR 1A A7l o

sh x2,0(x3)  // BIRAIURIB R EIE — M
srli x2,x2,16 /] KA siBMRAL, B fx2
sh x2,2(x3) /] BEAARAAR R A EEF

1.2: 1§ 32 (IESNEFRRFIFHB[OVHEFREFY. XK, NEFEESEFRSETH
MEEERTIE, HERTRIBSEY RE, TBRHIIEXSFiE.

FNTH RISC-V [F a5 55 L FE DIt 7 HM)7 s 21 5 i D Jid 3526 1
BTG 7600 (B HI x86 % 4% ; i0S, Android, Windows for ARM ).
— PP IEFLAE TR I 1 s 2 XS T i i 2R, % 2
BRI, TRLEW SO, P11 IP P2, T KT 2 2514 EA TR, TN

G TEFREA Tig 2 2 X i 7 a8 — L6l =

TN T K15 CLBE 1 i s TRAFHING T IEE TS 75 17 1 s 22 25 19
Tig F TMTFIHR, R IRTE BT HSE I 5107 5 A2 H - 52 AT X
FLI0 PR FF T — KK T, B —1 16 (715 CIB IR N/ LA7, FEA]
UUBE B RKIFSHTRSE . —HAZNTHIE T DI as 7 50115 S CLZNF, FH
REHICN 575 KRG 2755 T LSB (7B, LAEF R ER- 157 -

1.3 FH. BREAHY

WAV ARIESRHE (exception) I\ ARAEBATIN HIL T — A5 HATRISC-VAFE 1 1) — 5% 45
LARMAE IR IO BATEARE G (trap) I\ RTE—PRISC-VEFEFHIL T —A =7
WD, P ECRR R DA B A B R A 1 R AL B o B R A R R B
AT .

BATEARTE #8F (interrupt) N\ N/ETE24ATRISC-VAFE AN D BB T — AN, Wi

Copyright ©2010-2016, The Regents of the University of California. All rights reserved.
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BT — DU R, R SR PR RO I S, ARIE I A A B R

FEJE SR E AT TR S HIR T AEPAT I A7 5 I AR A o I L 7 2 R A D T e A2 1 I
(0, MM IAT AL, BRI 2K 2 HOA B — A W R Csignaled), SRE—4>
MEFRTE G (B TR, EAREE Ry b, JEASEaKD.

FeNTHG “SFwg” Fl “EHEG” REHIEH, 5 IEEE-754 JF 5 brifEAg —2 ]

Copyright ©2010-2016, The Regents of the University of California. All rights reserved.
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F2E RV3I2I EABEHIELSE, 2.0k

AREIA 7200 FIRVI2IFE AT A4 . ZEEM NN H T RV64IZEF,

RV32I #i% il /2 LI — 1 i iEds H#rpl, FFHFICIRIE F S H 5
B ISA tH# IR T1 TE 2R D ST 0D T g I - RV321 €7 T 47 #1119
75, IR AR ST A LLE S — %% SYSTEM BEfF75 &4 8 #
SCALL/SBREAK/CSRR* (1EZVE: I/ 24542 ECALL/EBREAK/CSRR*) 7534 i/H H
BGSEH, FFF FENCE 7541 FENCE.l #5351 NOP 754 SE8), 13 /511 1175
LD FY B TE 38 F5.RV321 H] LU H LTI FMHTISA 7RI T A 77,
i BRI IR LU FF IR 1D

2.1 BABRETFENERFRER

AL T REARBE T B P AT RAS . A3 E A A Ax~x31, EARAE T
HHUA . A AF A0 AL 1) 400, A BB LR 1) ¥R 7R I E B ar A7 2%, H2
FE— AR, PR R IR 2058 (8 A A Sx R IR A7 R [l ik . % T RV32, Hox@rfe
FIE32NLTERLI, KT RV64, TAE6AM TERL . A SCRYE IR TEXLEN K A W 24 A& 47 4%
MITEE (AE328i/264).

A —MNEENI R T R] WA BRI o R AF T AT 1R A AL

XLEN-1 0
x0/%
x1
x2

XLEN-1 0

XLEN
& 2.1: RISC-V APREREHSES[RES

AT 7 45 1y 77 7 s 2 g, XTCIGA D 1EBERIREFE A IE KA. &
G FE U 16 17 T— 1 & T FE (G BELL ISA K 2B T, HZ
TELE 3 L1500 16 (/754515 16 1 851748, MITTSEH—1 553547 ISA
JLTFRAAGEN) (BEEME: 16 TNFFAE, BE 4 (R, 3 HU#BR, 5t
AEREN 12 (LR GG, X T 16 (15K, BEBREBIHRE 4 07, JL

Copyright ©2010-2016, The Regents of the University of California. All rights reserved.
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FARETFED . B 12 M58 7171, R85 S 40 B IFIFIRACF
TN THEUHE S H T8 K2 (I Xtensa (9 24 (7755 ) K 1 L1
SEH, HEH—HRH 32 fI5SK/E, 1F32 I af fras B2 E#L T >51F 15
AT 1y Bt B T4 Er iE PERE(CIG AT P g P UK a2 (/1 1 7
7F (oop uunrolling) . #7477k 2E (software pipelining) 7/ cache 74 (cache
tiling) .

FETXLESTN], FeNTHEZELNSA LIEFE TG A 32 NEH A 2
BT (EE ] T3 LT IE Ly I 1 7 17 s I 2 A7 I H A7 s XS i)
LU IE L T ) 7 F as AT I, WDy EFEL26) » P /545 16 (/75
SIS CA AT R IK 571 8 1 17, FH UL 7] LR B 5E 11975 it
[T BTSF 175 S FE 7 R AR 7 2 iy, i LU FF KA Z ) 7 17 s ] A
Iy S

X T BEILIHRATIRA A, Fell & X T RVI2E 74, B HH 16 1 &7
M (HE3E)

2.2 EABLSER

EHEARISAH, FIUFZ ORI (RIISIUD , W 225178, BT 484 #02 E w
MK SEM, I HAEAF S T W AHEAT TN IR T 0 2RIE — R0 SCBE TSk A e %
117 HL H AR A XS 55 24750, 27— MRS HEARI SRR . R 3%
x4 (nottaken) , ARARKASZ A DNEFEAR FF 7 H o

31 25 24 20 19 15 14 12 11 7 6 0
| funcr | k2 | kst | funa3 | rd | opeode | R
| imm[11:0] | st | funaz | rd | opcode | 1%
| imm[11:5] 2 | rs1 | funed | imm[4:0] | opcode | s
| imm[31:12] | rd | opcode | U

2.2: RISC-V EXIESHRRA

EFTA R, RISC-V ISAK VR ZF /728 (rs1flrs2) FIHbRZFAESE (rd) [El5E £ FIRE AL
B, UIELIE 3. e84, SERVET 6L, WA S AL T 1A, I B Bl i
09, CACDREAE RS . R, Fra SCEVEUN R S AR R IR R 2 A3, US54
JE FEL

NG EF A X I 738 B ST TR EE 1L IRTIE 15 S O TRV T
TR 1T, I IEACH, R E A g . ZEG1ICHHT,
AL RIECHT—Lefi 50 RS 20 (X A2 RISC-IV, A5 42 SPUR[14], #[AHT
YFED,

FL |, HHKEHTRHEALR D, BEALFZEHHIXLEN (7. FENTEFE

Copyright ©2010-2016, The Regents of the University of California. All rights reserved.
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T FhIEXT BRI B L) 7 02 (TE i AT 15 S PRI 12 £, T 1 — 5455
19 load 7K #i75$#E4LE 20 17) I 13 151 TR (EAS 5] (BEE
M K TWE—1 32 (7B, FERE: load 155 LLZTHIHHE 20
17131:12], #EHIESEELZ T EIHHNT 12 £]11:0], RIEHEL—1 32 L
BI$p). 775, XLe BIZ a5 T (BEEME: FRE40). FNIHRH
EFNE/EY JE (BEEHE: TS HFRIL, HHBNTHEHISA 1577
SR A]GETH

2.3 SLBRPE GRS A Fh

P ALHISUEEE, SR A ESN AR M AR (sB/UD), WE] 2.3

e 2.3, FEALRIEC T B A AL EE P AL B Gmm(x]D FR2%, TIAS
SETEFR A IISL BV B Rl s LA B o B 2,445 1T B — Bl e AR 4% 202 B Sz R
FH bR, LLEIRMENEAAL Cinstly]) AR R T 7 BPECAE A (B4

31 30 25 24 21 20 19 15 14 12 11 8 7 6 0
| funct7 | rs2 | st [ funez | rd | opcode | R
| imm([11:0] | st [ funez | rd | opcode | 12
| imm[11:5] | rs2 | st | funaz | imm{4:0] | opcode | s
| imm[12] | imm[10:5] | rs2 | st | fune3 [ immi4:1] | imm[11] | opcode | sB%
| imm([31::12] | rd | opcode | U
| imm[20] | imm[10:1] | imm[11] | imm[19:12] | rd | opcode | wI

2.3: RISC-V B T EIHHIEKRIESHEN

31 30 20 19 12 1 10 5 4 10
| —inst[31]— | inst[30:25] | inst[24:21] | inst[20] | 137 B %
| —inst[31]— | inst[30:25] | inst[11:8] | inst[7] | SEI%K
| —inst[31]— | inst{7] | inst[30:25] | inst[11:8] | 0 | BusEIs
| inst[31] | inst[30:20] | inst[19:12] | —0— EAE
| —inst[31]— | inst[19:12] | inst[20] | inst[30:25] | inst[24:21] | 0 | sviEpsY

& 2.4: RISC-V BB BN, AIESHAFRE T B THABMEBNFE. SRR
=1 inst[31].

Copyright ©2010-2016, The Regents of the University of California. All rights reserved.
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SHISB% ZME— 1 X HIZE T, AESBI A, 12067 37 B K7 BOH T i 2 i35 50 23 S %
S S i R L L e R e Uy e =R Sy VA E | o T SR A ek 2 o) W K VA2 N G I i o L R ET KA
Gmm[10:1]) FFFS AL R FEFE [ @ 67 B, 1 SA% U IR RARAL Ginst[7]) Zwhd ySB A% =0 H
s Gmm[11]).

AU, URIUIAS T — B X IFE T, 20457 7 RNkl 22 #1247 LLAE slousr B %, Tk /2
A DIAE USRI, fEURUIRE RO RI%, HAERR A B, DS et
A ERER, AR KRAURIuRE o BB A B 5 .

LEIEI T 5 eSS RN NFL — (A2 RV64l 251D, i
RISC-V 1, JIrE L HIELHIFT 50 s 7SN 31 1, XI5 R Al
LARISE S FEFIH AT -

L IR R e SE T AT FEXT 79 S I FE 11 526 L I %t s AU AN =
it T 75 S 5L BB B (RIFIEEANZE,S (A2 TN A FF I T S H i
BELFCOr e L 75 HREFE (L, KNS B Fll ) 3L EIECH T, A2 /5
S Z L FE R (mux) RAFILRIERE2, Tl 1AL 2 1775155
Hkii1 (fanout) FILRIEZHELFE R HEALHT L BIECH 191545 785 2 A T
i 1 117 R LR IS HIIT [ T8 o XS T35 L 758 T — L8 PIggisf e, 14
BRI ] BT 5 3 R EH A T 2957 BT i o

2.4 BEGTHES

YR 2 HOBHOT 538 X ORAFAE BB A7 2 PP IXLEN A (ELREAT A . MO R & 2
LA A Ui 65 g A7 A - DL RV B, A FHRISAR Ui 35 A7 2- A A4 1A . Xt
T AL AVEHR @ A AR - T A7 4182, HHARE R A7 derd, SO BEOH RS 4
BARSFH o

ZNTFF A EAF ARG5S T LS F BT ARERAF 1t 2 0, AT 67 2 ik
A ELES RISC-V 27 3776 LLEITHTICOTSEH - T 5 B2 i 1142
M, R 77 B NZ S AT — F B 97 758 B 17 5 AL T2,
HR 7 B L5 GG HNL N, 7 B F15$, B5NEE
—LEIEE AR N K N TFIEL N A TR ENTHT &
17 5RO IF s PRI RIS 7 it 1], 1HA2RZCETF T 7275 S MIEL ISA
H1 £

Copyright ©2010-2016, The Regents of the University of California. All rights reserved.
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BHHFFH-ILNHERS

31 20 19 15 14 12 11 7 6 0
imm{11:0] rsl ‘ funct3 rd ‘ opcode ‘
12 5 3 5
137 RP 4 [11:0] src ADD/SLTI[U] dest OP-IMM
137 HP %4 [11:0] src ANDI/ORI/XORI dest OP-IMM

ADDI I S JE 1267 ST RIBUIN B 27 47 B8rs1 Lo RV IR ZNG, 4 Hak i g
SRIEXLENAZ . ADDI rd,rs1,0/H T-523AMV rd,rs1i_JwiE 5 tAHE 2 -

SLTI (set less than immediate) K EUE 1B Z /7 drd ™, WR T Ars1/ N T 55 T
SEEPE (RS, B EE N A RS D, BK0S Ard. SLTIVS Z ABL, H 2K #3 1E
RNEFFSEOHAT IR (g ul, SERIEE B a5 ROAXLENSL, AREHAE RN — R
SHO. VER, SUTIU rd,rs1, DX Erd N1, N%rs1%5T0, HNPKrdBEE N0 GL%IES DiE
4SEQZ rd,rs) .

ANDI. ORI. XORUZIZHEEIE, TEAFAF ters AT 54 JE 191247 37 RN K _E AT %7 AND
OR. XOR#:AE, 4045 5 A\rd. V1R, XORIrd,rs1,-17Ers1 E3AT —NEAEUVE LS
B S INTE A NOT rd,rs) .

31 25 24 20 19 15 14 12 11 7 6 0
‘ imm[11:5] ‘ imm[4:0] ‘ rsl funct3 rd | opcode ‘
7 5 5 3 5 7
0000000 AL IR EL[4:0] src SLLI dest OP-IMM
0000000 AR EL[4:0] src SRLI dest OP-IMM
0100000 AL IR EL[4:0] src SRAI dest OP-IMM

BB B, Wi s SR . B AL BRI BB A rs T, BB AL AR E
B 0157 BN B B RS An . A R 2R A A g 2 152 BE ) — A sz SLLR AR (OBiF
MEAD; SRLEZHEA T (OB N RN SRAVEE AL T (JRRIIFF5 A4 A 22 H 1

[EEUAS DR

31 12 11 7 6 0
‘ imm[31:12] rd opcode
20 5 7
USZBI%[31:12] dest LUI
USZBI%[31:12] dest AUIPC

LUI (load upper immediate) T332 4L, FAEHUIAME . LUrkUAZ BRI B0k S H

Copyright ©2010-2016, The Regents of the University of California. All rights reserved.
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Frar A7 arrd 52017, Kird P 120023F0,

AUIPC (add upper immediate to pc) FH T4 i petixf i, FEEHUZER . AUIPCI20
AU RIS i — 32 e &, M HAR1207 3050, AREH X MmE R inElpe b, &K%
RE NG Aidsrd.

M FLEFRFEBRIE T, AUIPC 75831 R155 /75, LM 25T pe
L7 T FJE i BEHE A - 803 — 55 AUIPC 75 F1— 55 12 (7 7 RIELIALR 751920 &
i LG #5 B BT R 32 (7 pe FXTHILE: 7% AUIPC 750011 —4¢ 12 7
L RIE T 7 load 2L 7 store 755, B LIy I ER 32 1 pc FHXTEC#5 191
Bk

25H] pe B9, B BLEITR U SZRIECIE B8 0 KK . SRR — 45 IAL+4 75
S LITEFE pe (H, 1HZ S BB T SET ] GE 2> FE K 2 1710, B
R G-I R LR, FE BTB 51485755 (BEEME: JAL+4 SEER FEH,
FT—PHERIE. E RN IK GGG I . T AUIPC s, &

HBELES)

BYFFR-TRRE

RV3215E X T JUMEEARRIEEEAE . FrA A E #0215 irs1 Ml rs2 25 A7 28 A RIS ERAE S, IR
R G NB| w5 asrdt o functZ M funct3 7Bk FF T HAERIZRAL,

31 25 24 20 19 15 14 12 11 7 6 0
‘ funct7 ‘ rs2 ‘ rsl ‘ funct3 rd opcode
7 5 5 3 5 7
0000000 src2 srcl ADD/SLT/SLTU dest opP
0000000 src2 srcl AND/OR/XOR dest opP
0000000 src2 srcl SLL/SRL dest OP
0100000 src2 srcl SUB/SRA dest oP

ADDRISUBZ HITAT IV A% o i tH 4 2%, I H 25 I IRXLENDZ 87 5 N H bR 25 7 8%
rd. SLTFISLTUZ SIBAT R 5 BRI RS B thie,  Witkrsi<rs2, NPK1S Ard, 755 A0,
R, SLTU rd,x0,rs2, WHrs24%T0 (FEVE: TERISC-VH, x0F KT Z0), NS
Ard, ENK0E ANrd GL9IE S 9154 SNEZ rd,rs). AND. OR. XORIMATHZN7 1% 4H1F .
SLL. SRL. SRAZMAIBATIEMAR . BHAK . HARLRE, WM NEEIEEUE /7 %%rs1,
BRI ZF A7 2 rs2 RS AT o

Copyright ©2010-2016, The Regents of the University of California. All rights reserved.
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NOP 54

31 20 19 15 14 12 11 7 6 0
imm{11:0] rsl funct3 rd ’ opcode ‘
12 5 3 5
0 0 ADDI 0 OP-IMM

NOPHE 2 FFAN UL AR FH P ml WLIPRIRES, BR T 1S peml AT HERE . NOP#H: %ALY NADDI x0,x0,0.

NOP ] H] T-FF fCHS BN 7+ 2N il IR 251 BT HI E R L, 2
FH A (inline) (CIHELUIRET 7510 . ARG TRZ Frihy 7] LUy NOP, 7
NIEX T IEHHT NOP i, o HF il IE R i R0 LTI 1L, it (77
Rt it R AT

2.5 EHEBRS

RVI2IFRME T RIS LR 18 2 AR L A7 32 . RV32IFF I HI 5 F5 48 4, IF
WA R R R ] DL 53 S AE IR .

T Bk

BRI IERE AL $REH] T UK, BEACISE RIS 1 — 215 A 15 5
Wi, XMW ERRT S, flpct, JERbEE Hbsibhl, B Ktk S £ 1mB,
ALK BEHE A Ja TR HOHIE (pe+d) CRAFEIAF A7 s rd ™ o BRI 2052 18 xR A
IR el P A7

E@E TR BT GLRIE S a0 BRIS rd=x01IALE 2. (BFEHTE: x0R
RiEHFas BEEN

31 30 21 20 19 12 11 7 6 0
‘ imm[20] ‘ imm[10:1] ‘ imm[11] ‘ imm[19:12] rd opcode
1 10 1 8 5 7
% #[20:1] dest JAL

(B B2k F 2 JALR (jump and link register) i IR0 . @I 1200 A 755 12837 R4
hn brs1, SRJEREERBACAIZE N0, 1EN Hbrtibk. Bki%s 4 E R Kk (pe+d)
PRAF B ZF A7 drd T o WNRATREE R, WInT LAAEx0/E N H bR (748

Copyright ©2010-2016, The Regents of the University of California. All rights reserved.
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31 20 19 15 14 12 11 7 6 0

imm[11:0] ‘ rsl ‘ funct3 rd opcode
12 5 3 5 7
s 5 [11:0] e qk 0 dest JALR

JALTRAMVALRTE & 27 A — N AEXSE SR 7, 2R H AR B 6 55 24775734

JIFB HITEFEBE 36155 #52H pe HIXS Tl X B 1) T 351107 BT,
JALR 75 HE5E X g 7] LUEH XU TGS )7 DY KB 22 32 17 26X 155 IET I AT fi]
Tre EIJE—5% LUI 75505 H Br 19,85 20 A7 01#6 2] rs1 47, 2RJ7 JALR 75 i]
LI LG 12 fi7. 5T, AUIPC 755, 287 JALR 7551 i LIB#22) 32 174
XS 7S T E 17 2 77

JEEFYIALR 758 FERB 12 (i TEIFESy 2 F TG 1, X5 51F
BTG X TR L2 H— s RIS (. F5E [, 2 Z 2 IALR
TESHIEH FELAE— LB 0, ZEA 5 LUl (7 AUIPC XTI 1EM,  ATUE 77
[ LRI s A2

JALR 758205 T 115 HI 1T H BRI R (7 XA (R HEFT 1 T 18
RS 1270 PF R TEET HTRANE 7 7] LA T 17 BT 1 48 o BTG E T A
FES VB TR AT IRZZINR, SEBR EERFE R — N IE G975 S, 875 7 1R
R Gl — 177

51 16 (U5 TEST HIPLAS L, PIU/E415 27 fE ¢, A gEr™>
A 1ESIRIGIENT 7577 -

IR [EJ A TG, A2 i 1 BETT S IR T TC T —F i A BN T/ 2
rd Fl rs1 AT 155 — 1 ST RI75 S K IGTMNE H#H, 15775 IALR 7572 75072
push (rd=x1). pop (rd=x0,rs1=x1) LAENHSE (HRIENH) — T [FHLF
B, —FIAL F5 RN ETE rd=x1 IR, 7 BEHE [EIHF push 21K (o] H 1
Fet.

25 rs1=x0 #f, JALR HJSE/k— T —75S NI TV, SEHAMAF 5
JEJXTERATHT 2KB 3 1472 1) 2KB HALFIX BTV, 1% i) JH T SE B0 g
17T 1 19 P I o

FfE

BT oy S Ha A FSBARAR 4% 20 1247 7 BPEZmAD T L2 7 55U 75 5 ke =,
HonE Haipc b, AR HPRMAE. S AT SCTE EHE - 4KB.

Copyright ©2010-2016, The Regents of the University of California. All rights reserved.
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31 30 25 24 20 19 15 14 12 11 8 7 6 0

‘ imm[12] ‘ imm[10:5] ‘ rs2 ‘ rsl ‘ funct3 ‘ imm[4:1] ‘ imm[11] ‘ opcode
1 6 5 5 3 4 1 7
W #% E[12,10:5] src2 srcl BEQ/BNE W E[11,4:1] BRANCH
{2 5[12,10:5] src2 srcl BLT[U] s #[11,4:1] BRANCH
{2 5[12,10:5] src2 srcl BGE[U] s #[11,4:1] BRANCH

53 CAB A LA N A7 A7 A o BEQRIBNEXG kA%, 41 Hrs1Flrs24H 55804 AN AHSS - BLTAIBLTU
Bk, wRes1/hTrs2, 53 nE AR SEATCR 50T LA . BGEMIBGEUKBEH:,
Rrs1 KT8 Trs2, nlfli A RS BN R 5 80447 . &, BGT. BGTU. BLEMIBLEU
A LIS EBLT. BLTU. BGE. BGEUFNH:AEBUN KSR

AR R ARAL, AR AR B8 AR 2 A i WAAT B4R, T A3 A0/ Ry b 2 A T A RRE U e
IR IR 2 A o BRIt R 2B [ (8] () Ja ) b A e 2 e T Bk 5 1), T 0 B (il 1)
Bk A% SR AT ABRIL 1), 22D 88— KRR B 5 SCHR A I, RIXFER . BI85 KT8 H4
TR PR AT AR o] AT 1) 23 SCAT A o

e Rk RN, TES B N 2 8 2 FHRISC-VIRIBE % (rd=xOff1IAL) $54,
AN — 2 5 A 7K N B G4y 30484 . RISC-VIBREE S R pckfnt S0k, IF BLEb 2y 2464
XK Z M mtE ET ], 1T BRI R IE il 7). (PR PR EESS
E R LR, SE—FRBIM RIS, HLFHER, UEEHEX HE
AT .

FNF 15 it AP E A A L VAT R AR (A
PA-RISC 7l Xtensa ISA WHHIASFE), ITTAZ(E/H 115 (x86. ARM. SPARC.
PowerPC), 1A 7717785 EAATHE (Alpha. MIPS ), {HAE HEH71
IS (MIPS Do IXFEHT I T RIBR H BNIHET, —FHE TS
KT, A LUIRAFHEIE N 78 R 0K 2, EE T 18/ BN 95 G822
1E ] G717 as, W0 TS CIIAN, FENE 7308518 SR 15 E . 7750 —
KAE, WG T E I 7 ZA A AP 22K (non-trivial circuit delay )

(FFRR TG T Z A S Z IR, AL LRI 32— 7
GEHIERIE o FF LRI G e — 95 S M) I — T LA 703 75 TS
ST FT I BRI E (FEEE: A X TMEIEE, 7B TG B RIH B2 A
FHXIES, DSBS —HZEEBR), LU LUSE R 7 7.
KA FFHGHT 1T 10T 255 T F ST T Z 12 0 2547 4L,
TH 2 BN T3 P TE R R il FL D I

FNTHIELL HAZ I I 75 S It MA g 77 X #87~ (static branch
hints) (BEZVE: RLELLPEZEI TS S FWALENIL, FRIMFS X 15
BEHATH e FRES 77 L A LU E X 3085 70 3 T #1577, 142 72
R Z[I15 S TN AR S profiling o EK FEIELFHICA, T H — HF2 /71
BT profiling & 77 ART, PERES AW/ T

TN IE L I 1WA FAFAEI T F N ATIES (BEEE: RXH
predicted instruction, F777 (EEERE, BHEXFIFHATIES . FEUIARM H1, &
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FIESHRFFRATH), TFEHEFIESHILHE, HE 4 (LF G, REHFEF
G, XFHESTFERIEREHAT, BIBRTEEIE), BN LI E T
1] TR [ BT #5757 % 0 FAFAET1T S P TR T, (2G5S 7]
FETAEST I (R Ty I A Z s 5 ), BPFHELUE . FFHATIE R
FHMA TEHMIREIRES, 7 BRI ITE S % B RF RS Lepp, i ZEX]
LEF 15 S F B IRTITF 1 o FMF1E 51757 SRS AT SN T AL/ F AT 1
RGP, I T RFE 25 H BT R, 50 T RS O 5= R
TEEL, A i 2 H bR 13 25 a7 17 s BT SR A e, ) 2 iy 5 P 7 17 s o

(BEEVE: HBLSFRATEIHT, HEMERAFAHR, B GIA T Em &Y
BT e, FFRA BRI G As . S TR, 7
B IR R R B4 S TR BT IR Do 7758, (EHH RS 11T 119 A TR
T EH 77 TN, 71 EL 51 i 0T TN D EFFEHIIT 1%, =
TEBYENCHTIERE, FFGAE LBy A ] TR 77 3 T 7 F 2l I R 27 3 700
BRI, B TG 77 3% 73 i b

TN T DY, TLAFE PRI R Z5 AR 7] LLRGEAS 1] TR ] B 2 2 3% 757

TE ) EBB) & I FE By F AT HICHS, LU 22 Y B T iR 0 78 75 v 2k 26
[9][13][12], X 7F 4L JH AL PE 75 1 72 T L H[22] o 12 jiif HEH 1R BEAZ L (X
BTS2 2 77 3 15 ST RN TG S, AT AR LG, B2

EHITE IR I M 3 IR TS, B RS, X R E] LD TR A
R T RHII R I H o FLITFRAT BRI TR R HIFEAR, 1522 7 20
HAMTES L, WL B TG B, X LT B0 %158 AR, X
T 15 15 LA R 1975 7] AT AT, FF ] LURIE i Ch9—FE AL /7
Air(22].

2.6 Load ! store 54

RV32l/&—Moad-storeflk &5, Wl2gil, S HloadMlistoretis vl LAVS M| /-l #s, 1
HARTES RAECPUZFAE 3% kAT EIE 5. RVI2URAL T — A2 Fr i hik 2= [, By
FHEIH AN . AT IAEDES SN ik 2 8] R R L5 8 vl PAAVE U R ) (R
XY KB FERTE).

31 20 19 15 14 12 11 7 6 0
‘ imm[11:0] ‘ rsl ‘ funct3 ‘ rd opcode
12 5 3 5 7
A% &[11:0] Fhk i dest LOAD
31 25 24 0 19 15 14 12 11 7 6 0
‘ imm[11:5] ‘ rs2 ‘ rsl ‘ funct3 ‘ imm[4:0] opcode
7 5 5 3 5 7
fmF% 2 [11:5] src Hhtk Wi TwF% 5 [4:0] STORE
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LoadFistorefis & 1E &7 A7 #y A A7l a5 2 [MAL I E . Load$B 24l AIZEME I, Tfistoref
YR NS e AR MR B I A A s 1 5 15 S Y R I 1206 w8 B AR N 3R A 1) o
Load$is 4 K5 17 At 2% vh I —ME 1) B A7 2% rd . Stored& 2K 27 A7 A rs2rh (H{H 52 1 B A7
.

LWHE LB — A 320 BUE MAFAE 2R E H Bllrd . LHEE S W AFfit s 1B — N 1667 B0 1
SRJEH AT 53 R BI32407, FIRAFRrdH . LHUFE A f76E s TP il — AN e B, AR5
B H AT Y R 33247, FHARAZ R rd . X T-847 5018 , LBAILBUTE A 52 X 5 RITHI 2R L. SW.
SH. SBIEA 73 lHs Mrs2{i AL R 4R 1932407 1667 SO EUE RAZ BIAE it d .

T RS EEITERE, BT loadMstoreds & (1A Rk, BiZ% 5 138 4% B HiE 25 1Y
FERTSE (AR YL, 320715 A NAXAEAF TN 55, 1647 15 0] ROXLE2F T F xS 55) . H
AISASCFFAEXS FF T 1], AR AR SEIL AR, X o] Reig T8 . Edk—0m, Xt
55 HloadHstore Vs A FATIN, AT LR RS SR 11,  TEXS 55 Hload Flstore ] BEANBE R 14
MI5ER, R T BN [RDE R R IR 1 (B BB SEBAEXSF i |, WIRE—Ik
Vi SRR IRFAERS VT ], XA RAT B R F e, FRENBRD.

FEXT 75 177 1] 1 FE FEL8E B CHG AT i A2 i 2209, il H A A5 (& (F 1] TE
packed-SIMD 7" JEHI W HFEST [ X AETKFF B 1EBENTHERZER . T Tdad 7 4
/17 load Fl store 754 3 FFIEXT 5 07 I IR LT X FEM, ] LT 1 75 2288
FEXI FFOELEN) % 1o — FRAE TR ISA 12511 TR FF 8 1], R i s
LATEIT ISA RLEEXT TN FF 17 I T 3% FFs FEL AR I LS FF 5 S 7 A4
FEIEXT 7 1], ZEL AG— T HI TN FF - P 2C o FFI T B LU 1Y,
FEISA BF1t, F-HIg w5 WA FHILPEZEIRES (P21 SPARC VIS Xf 751
hEE A7) B 1y 5 T PR K& B =1 (B4 MIPS LWL/LWR #5477 17
), Gk, TG packed-SIMD €5, 2GHEIEFANS 0T SFH
PEBEFHT, 1E1EE A IRIEIRIEL TN 7% 77 ZCHE A Z FIE I I FF 2, X VF-F
HHAACHI =R G, IH-FEAGH I 5 HIH 4T - BRI 75 BT
o TETTSHHGH #7552 77 T v T BT R (O R 717
AT Do

TN THE I XS FF L I HT IR T, BIEERET 1 7558, A LLd e (& —
P T BRI AL E 2 5L FEFEXT 52 1] o QTRAE L L FFTEXT Ty ], 3
1R B LU (/) 74 load T store 758K 1 - BRI AT LY R #5171 2
B TARXI T, FEH BN 1

2.7 TR SR A

FEARRISC-V ISATE —AN EL— ) FH 7 ik =2 [6) P SR 2 A RIS R FR AT o B:SRISC-VERFE
AT A TR RS, HHUT — BRI TR 0. PATH SR E X
RISC-VZEFE A2 W] G AT R o RISC-VZRAE 1T LLIE I 1 AT PR Bl B eidid S = 7 i
A8 RGURIEAR B (BT @S AFD, PTG AE R 53 AR KR iR . RISC-VERFE R
A LA S 1/0W &AL H., FErliE X R IR /O Huhik 2% (8] 345 43 3£ 4T load Flistore, [A]FEHBAEI/O¥
2 HEAE .

TEFHEARISC-V ISAH, FFRISC-VEFEE 2I'E H ORI BRI, WF e 152 TL AT
HR T AT —FF . RISC-VIEZRFE ] H —ANBUA I 7 2888 (relaxed memory model), 7E
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ANEIRISC-VER AR 2 M APt 2 A, 75 B — 25 B (P FENCEFE 2 SR AR AT AT 455 i Hu I3
Bem AN TR TR SR AT “A”, B LLIE L A4 2% A5 18] T SR AL AR A 1) [
WA

31 28 27 26 25 24 23 22 21 20 19 15 14 12 11 7 6 0
‘ 0 ‘ PI ‘ PO ‘ PR ‘ PW ‘ Sl ‘ SO ‘ SR ‘ SwW ‘ rsi funct3 ‘ rd ’ opcode
4 1 1 1 1 1 1 1 1 5 3 5 7
0 A 4E Ja 0 FENCE 0 MISC-MEM
(predecessor) (successor)

FENCEE 4 H T AL HABRISC-VELFE . AR 5 4% Bl W AL L 88 5 2 R 25 1 /O FIAEfiti
Yill. ARTERAA (D, &% (0. e (R, fAifdE (W) HE, T
HAL—FERIA S, PTRER BTN . BRI, 1EFTA BI4E£ES (predecessor set) AT %
FENCEFE A1 ATAT#AE 2 1T, AbFEFENCETR 2 )5 I JF 42455 (successor set ) 1 AT 454,
A BEREAT AT HARRISC-VER AR B AT R 46 B (RETE: FENCERLR —/MHE, FENCEZ AT
T RS2 ERAE 1/OBMEUISER)E, TEFENCEZ JERIEAA BB RASER ). PUTHEE
TE AT A JOBAE R AT REN, Hrhih, WELLloadnk ¥ storedd 4l AbFE I HLAE Jy ik 254 A\ Bl ik
ot B ERAE IR AL, AN R A7 i 23 15 A 5 R A . 451 4, Y A7 B 5 1/0 Cmemory-mapped
1/0) BB H W AESEAE (uncached) [fjloadMlstoredis 4K iJjlHl, FHEH (FENCEFRA F1#))
IAOAL, T A ZERMIWAL.

FENCEFE 4 A AAE F 1Y 7 Btimm[11:8] « rs1HFrd i 788 45 A KY F& vh SRR BE A . Ay
TARFFET MR, FEASII R Y BRI e By, AR AE AR B G X e B 0,

TN TEFE — T I 7 s R, LU 2FXT— T 9P s S ] L2

BB HIVERE « IR 17 it s B2 T 7 P GEAE A DAL P35 5 2 WK 75 7 S o

FENTHF 1O WUFHE S 7t 75 RIW NP1 X 3 TFHK, LU % F 12 45 IR0 FE/ 7 26

FEPABLEJIFITIE, [ 10 FFLEH 0T AL PE 75 22 1/O %45 1Y P

TFEAF s A B o i [ S B A PLgE— A8 R HE Ff 46 (predecessor ) il 4
(successor) 7, NI G ERIFATT —TMRTFHIMEZIE

31 20 19 15 14 12 11 7 6 0
imm[11:0] ‘ rsl ‘ funct3 ‘ rd ‘ opcode
12 5 3 5 7
0 0 FENCE.I 0 MISC-MEM

FENCE.IF§ 4 H T FIB 82 BT . RISC-VIEANRENILRTE [H—ASRISC-VEEREH, HUIEAE
B FT R & 77t w5 K store,  ELEIHIT—2KFENCE.IF54 . —25FENCE.IE4 R 2 fRIEfE—
ARISC-VEFEH, %484 2 G MHURERIE, 7T LUER 21X 5648 4 2 1 AT i store. 2
AL 38 B G5, FENCE.IFE A IF A EEH IR HABRISC-VE FLE N B B 15 B A M 2R F2 () store. N T
ffif3 — 208 A A7t #% I store X FTAT RISC-VERFE P WL, 55 B4l (R 2R R 06 07 B SR BT AT S 2
RISC-VE FZ AT FENCE.IfG 2 2 1T, AT — 25 EUHRFENCEFE £«
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FENCE. 154 T A A8 F (1) 7 Btimm[11:0] . rs1Hrd % {5 B4 25 A SR 4™ & b 55 4100 EE (RIS
NTARFFRT M, FEAR SN 2 2N X S 7 B, TR UE R B 24 X B B E 0,

FENCE.| 75881811 Ky X 1FEFISEt 7 aCo —FH T BT SEFEAE 57T —
FFENCE.I 7580/, JE55AM754 Cache FITESIikLk. FHH«—LopyL7y,
A LTS ($#7) Cache LHFNrtF— K #i# (75<) Cache K3, & (EH]
—PNEGE WG —F A L2 Cache (inclusive unified private L2 Cache ), >4 12 Cache
[ Cache line #¢—4 K1 store 1551, 1E&H 1755 Cache (BEEVE: BlAZ
L1 754 Cache) FX//f1] Cache line (BEEME: AR T SEHIE TR E275S
IR BITREXIESR, B G store 155745, BAleHEEHE
A L1 ##5 Cache, #5512 — Cache. ZLE, TIEZE G FESE,
FrLl 12 % — Cache FE/R [AITESE#E L1 755 Cache HHIXT LT, LIRAF—Z1E.
L1 784 Cache MFE/F RAG/Es BABEGHT . WIRTESFIE ] LI LIS Ff 7y ¢
RIF—EE, A AT FENCE.l 15047, IR IR 7 28 oK 26

FNTZ IS TH WA — 5 “(REF15SF 715 (4[] MAIC H1—F#25] ).
T G iFas if GETE—4% FENCE.l 752 Fi, Ap— TN 975 trace, FEdd
FEIFE T HI75 S FIHLE LRI S L2 FI75S Cache [T FF 7 X, K7 HCIF
1775 cache #i Wi/ 1ESHIFF#

2.8 FHIFREFFRIES

ARG M T U5 RS ] BE 5 ZERF AT 7 1 R Ge TR, LUSSIR A% Wi . X ] Aoy
AW ISR T IER-B -SRI AREHF A4 (CSR) TES, KR H AR
Lo CSRIGATEATNIHA, 3P a HAb ) - 2L SYSTEMIR KB S5 Th — 5 Hifiid

RGIEOHE KK, T E RIS A, WA IGE— T — T
G4 PER#L (software trap handler ). EZRHIE, 1 LI LR AT—5
HHZFKFZT1ES

CSR 154

PATHEBLFE A HICSRIR S, BARTE I I AIsA, R GETT IR D) LA R it 4
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31 20 19 15 14 12 11 7 6 0

csr rsl funct3 rd opcode

12 5 3 5 7
source/dest source CSRRW dest SYSTEM
source/dest source CSRRS dest SYSTEM
source/dest source CSRRC dest SYSTEM
source/dest zimm[4:0] CSRRWI dest SYSTEM
source/dest zimm[4:0] CSRRSI dest SYSTEM
source/dest zimm[4:0] CSRRCI dest SYSTEM

CSRRW (Atomic Read/Write CSR) 454 J5i TP )58 # CSR FIEEE A7 /745 H [P . CSRRW
FeATEAE CSR M IIAAE, W HEY S| XLEN 7, RIG BN GRS rd 1. rs1 2914758
HMER SN CSR W W rd =x0, I AIXFIRLSH A% CSR, BAS FEULFIEA
CSR 1M HY B ) A A

CSRRS (Atomic Read and Set Bits in CSR) 54 132X CSR H{H, W HEP R H| XLEN £, 24
S5 BN A rd o BEEETAFAY rs1 TP IIWIAE M UL A RS FE B T HLE CSR Hr )
R EN 1o rs1 FIHAET N 1 067, K530 CSR HHxt ML B oA 1, s CSR HHiZAL A AT
PLAS 116 . CSR I HABAL AN SZ 52 (ERAR Y CSR 5 NI AT e L mIE A .

CSRRC (Atomic Read and Clear Bits in CSR) 5415 HX CSR HIME, FHFEH FEH| XLEN 7,
SRJE 5 NEBER A48 rd o TR AEAS rs1 FIWIIE(E Y M ML AT RS F5 B T WL CSR
MDA E N 0o rs1 AT A 1 (0L, K T8 CSR Htf Nz #E BN 0, Wik CSR HiZ 72
ATPLS HiE . CSR R A AT A SZ 520

%} F- CSRRS #5410 CSRRC 54>, % rs1=x0, MLIESMIWAERLES SR, KM
AL AR T 5 CSR A MENERH (RETE: FEIGHR cSR BMRTAEAZRKEAN,
—BFEBAN, NWPITEEHIE. RMBEANGAEEHARE), Hlarif B — 1 CSR
I P2 A — AN EETR A R o TR rs1 FAERMAE AR 0, AR rs1=x0, LK
—IAMELESE CSR (FETE: XBNSF A5 CSR WERIE, HERBEARERLZIBE,
BRI AT Be == A BIVERD -

CSRRWI 454+ CSRRSI 64>, CSRRCI #5473 71T~ CSRRW 454, CSRRS 54+ CSRRC $54
L, B T AR —NMET s FBO . EY TR R XLEN AL 5 AL BN (zimm(4:0))
AN AE F rs1 BEEL A7 A7 25 BOAE - X1 CSRRSI 454 Fl CSRRCI $5 4, 41 F: zimm[4:0] 7B e %,
24X L5 A5 CSR, FIIL R AL = AT - T5 CSR F=AE I RIVE - %I T CSRRWI
64, WIR rd=x0, MiX 26352 ¥ A4 CSR, HANS SHUTFTE Ay CSR 311 H I EIE -

Fob cSR, BlnFR A BRI E RS, instret, AIAEHTIRAMHATREIE MBS . FiX
PSR, tnH—2% CSR Vi 4842 T —/> CSR, "B iHEI K2 i ST Z A fIE. W
R—% CSR 525 T —4 CSR, X NEMEER A% PATRZ G A KR FelHh,
— %R BN instret —MA, B ZIRLEH— KA ERMEBIME (HEEd, HTH—
IR TN instret PIIG, RTEENBFMEZBIRLERD.

FAF 2L CSR IV 4015 5 Dh 64 CSRR rd, csr #4ifi% A CSRRS rd, csr, x0. JT1T5 CSR 1]
TCZmiE = hF8 4 CSRW csr, rs1 #2152~ CSRRW x0, csr, rs1, {54 CSRWI csr, zimm #5 4R 15
N CSRRWI x0, csr, zimm
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EHICGE S HIE S E XAERFE CSR IHER, FHRKEFEK CSR AL
CSRS/CSRC csr, rs1; CSRSI/CSRCI csr, zimm .

SE B BRI THE AR

31 20 19 15 14 12 11 7 6 0
‘ csr | rsl funct3 rd opcode
12 5 3 5 7
RDCYCLE[H] 0 CSRRS 0 SYSTEM
RDTIME[H] 0 CSRRS 0 SYSTEM
RDINSTRET[H] 0 CSRRS 0 SYSTEM

RV T 2N P g A rieani th s, eAT s B — AN 1247 B CSRh 1k 7 1] 1,
BAITA] LA F CSRRSHE 4> PA3 2467 A B T 2R3k 47 17 vl

RDCYCLEfh T 4132l cycle CSRIFIEXLENAL ,  3X AT B A MBS AR 26 A2 I3 25 AT i B %)
FRUGHAT AR (I B BT 400 . RDCYCLEHFE 44— 25RV32UNH (484, B EHURIFE T
HAER63-3207 o JEJZMI6ANLTHELRRAE SEBRAE A A B 7K AN 2 v o XA JE AT E o
g, 5BUREE RGA K. PATHEE RS IR —FhF BRI S SaT il R (e 2
AN Bl I, JE TR AR X A B A B R

RDTIMEfhF5 4 St HX time CSRIARXLENA. , X AN THEUE & AT 25 AT 5 ZI 0 46 DASR [ 4%
Gt SR B AT 50 . RDTIMEHE A& —45RV32UCH IFE 4, & X R RE ) S ik et He i
[163-3217 o JEJZII6ANETHEL A AE S PRl F oh BRI AN 2t o PAT IR R U $2 flt—Fp
BER 8 S B R (Rtick 2 A FD), XA AR g — AN & fE— AN R
FPH s BT R A 2R AR 1) SR IR IR [FE Y, T ELR ZE A BRI SR BB R — A tick. B
BN R — T BRI e B RS FE

RDINSTRETA 454 1 Hlinstret CSRIERXLENA , 1X N THEUE & MAE - 28 F2 it 25 BT =it
ZITFEEIAT LR FIAME A ZEFEIRIR C(retire) FRAMITHEME . RDINSTRETHFR 4 /& —4%RV32I
IE RS, EIBURERE R A BB 63-3217 . i 2 (6a07 T K s 78 S A v B 24 7k
AR H

N HARRD P BT Lo — A5 R 164 s I B E S5 AN Bx3xt, BN 4Es
TEVEUE B AR 8 2 2 [a] 72 A i

again:
rdcycleh x3
rdcycle X2
rdcycleh x4
bne X3, x4, again

2.5: 7£ RV32 HriZEY 64 B #AH AR AR B

TN TR X LETEA ] H 5 7 Ty ST AL e, BT E NN T2 19
PERETMIT & RIZ)E T LR ULAE AT s [T TC HF P FE 7 1 SE D L
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1F. FIEN 2552 RIS HT 11 405 LUTEENZ Bt e 1, T H X L7 a8 v 4
A& LB HICOT A R RS A O T 1 o

FCNTER X LETT R 752 64 (L7 /ZHT, R E RV321 L1241 770
WY1, FAFILTE A LA E IS L8 7 S 2450 ] o X T Iy 368, #1
I A 32 1L P LASEH g FE/TECF i1 B s R 1, 38N o B s 178
A& 1 1 G AP R BRI BF 255 AN 32 (ot TS BEA A — K T o
LT T PSS T 55 32 (7758, K2 B EHYT 64
17 T SEHTH A -

L HFEST [ IR ZE T i B s A TR E R o s 17—
ZAEH TS, — LR RS L B, P REE 2 L R X
JH L FEHT— T RE AT FFAE s 1 A 7] 2352 BRI S 5T RS
i s ERAB X LA /I FE A e R T L XU #e, A RA
TP, A A AT LR o ZlTZIE L IR i i1 5
s UL FEXNS 511 2 ([ g 7 — TR TR, (28 A
L PRI FFEHESET T K11 e IR 1R, A2 -

FREETR AT R

31 20 19 15 14 12 11 7 6 0
‘ funct12 ‘ rsl funct3 rd opcode
12 5 3 5 7
ECALL 0 PRIV 0 SYSTEM
EBREAK 0 PRIV 0 SYSTEM

ECALLIEA M T A SCRFIIBAT M B R — MR, IXANISAT B H 2 —MERIE R S
R GLIABIRE E SCAEIE R I SR I 2 1Y, (HIE IR LS SN 252 (RAF A B AT A7 4
SRV VA-

EBREAKTR AR T, FIRKEZ HIAUL & (] 25 P 1A 55

ECALL 754 F1 EBREAK 755 LL i # i % 7 SCALL 75 F1 SBREAK 755, iX 4
5SS HAG T GERFiHS, (HERE a5 T, LUHEENT L 5/ &P
Vit s Y i b
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%3 RV32E EABEIELSE, A 1.9

A EREIRRVI2EFL ABEIE A, BRRVI2ZUNBMAR RGN i AL A . F AR
BN T R T AL 2 B H b 2161, 48 T RV32IHL SR F A AT RS . A FRAUY
A 4HRV32E 5RV32IAN R 75, DRI 0AE 552 3 2 5 [ B3t

RV32E #5111 KRN A FE s e e — I P HIFELR A e e BTN T
K XFIHT 2.0 JEAHIHT 1RFEZYLLZ AN AT GEFE, (HFCNTIF45 HIHT 1RAE SR X i K&
INFEERT. 2RiTT, ZIE R R H ATFERT 32 17 AT 7 8 s FEXT S 1
G, TN TS RV32E 1F45% T RV321. RV64l. RV128I 2 517571
PERMETELR ISA T TIEXK o XA E BBEFHKXTS 32 (7 Hh] 551 55/ A2 b1 1

(BEEME: BEEIEE RV64E, RVI2SE).

3.1 RV32E & ¢ R HY

RV32E B BEEZF A2 OB H peli /b 31 16 MBI Z 4748, (x0-x15), Ak x0 &5 [ EH
pe i

FNIRIE DT RV321 O i1t 7, _LaBHT 16 1NaF fras HFE T K900 7%
IR T s Z S BB, UL £ E TR 529 25% H9 K% Lol FF-H
1E TN IO D) FE -

XA HE— TR 20 & FT ABL. 55, RV32E (X &/ — 14
PERTIHZIE s HHHWELEF R H) 7 AT | FEAR P17

3.2 RV32E {544

RV32E i 5 Rv32I M [E FIFE 2 E4uiS, B 7 E %82 H x16-x31 ZF /728 X 0 4+F
B SEE AN RS B

RFNEFTEFAEY TR AA 2> /T HY 75 77 7% (X 73 FF IR A 0 75 1] RT3
Ly 7] AT g TRt S (T -

ik — B A 2 B Es 82 (rdeycle[h]. rdtime[h]. rdinstret[h]) A& gl 2 2
M7

LT i1 B 75 i BRI 7717 75 HLEH A AR 9 WA R 2 i
VE-IAT
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3.3 RV32EJ &

RV32E A LMEH M Fil ¢ FH P FArifed R T & o

FNIHAAE RVI2E FHET L FFIEFIE R WP A1 a2 1529 IR
], TR TE A G [ BT — 42, HEH N A L ABI 1 A
(proliferation ).

RV32E R4 IR R 45 H n] DL & AP B URIRL AR5, BLK Mbare. Mbb AT Mbbid
FEaE R E, EAES | i,

FLNTFEA AT RV32E FFHE 135 FF 575 B84 Unix S5HE(EZ 5. M/b ar 17 a4
B ILIHRHI TN, TEHRTE R G FE T PE A2 ITRT A — 42, FH-H Z N7 Za
HIRIER G
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$F4E RV6dl HABEIESE, A 2.0

AR PRVEAFEARBEFELSE, EMETE2EINARIRVI2IZEFZ b ARERAL
A 5RV32IA G [ 5, PR 06 2 R T ) 7 4 A SR PR

4.1 FHRBRE

RVEAINN T | B 27 A7 28 S Frea i P k2= (8] (B 2.1+, XLEN=64).

4.2 BEGHHEES

TERVEAIT, AL T HAMATE AP E32 0 HifE, X i@ AR S T i “w”
SRR . XL “*W” F5A S T e TR E3240L,  F HUUE AR 326 S B,
WAk, XLEN-1A7R31A7#B2AHE M« IXZERVI2IT 277 A — AN IR A 7 .

I 1R I 29 KR U I B 1 32 (75018 BRI 57 RIS ZCIR 77
7 64 (L AP a1, BUERE 32 (7 77 5B, EHHERT 31 (74 /] 63
17~32 f7. DU, TELFTE 32 (TBHAIH 75 32 (T BHZ A7 L5,
HERA LTHIIRIE FERM G 75 32 (T BHF M G175 64 (T BH—1FF HFH
164 17 55/% SLTU 75 FIEFF 590 ZHITES, XA HILIE F, 135k
FEVEEI X T 1532 (7 BEHIER T 1E- Y, 75 32 (77757 B [, HdT
HE T 64 17 F/EZ IR, VISRRIF T 1757 I G i ZE— e 75
4 (ADD[I]W/SUBW/SxxW ), KHFTEINT] 32 (7 EERIFSMINE Ffr, UL
GIRAE 5 T BE

BHF AR LEHERS

31 20 19 15 14 12 11 7 6 0
‘ imm[11:0] ‘ rsl funct3 rd opcode
12 5 3 5 7
157 BP%5[11:0] src ADDIW dest OP-IMM-32

ADDIW & —25RV6AUNF 464, RIS 1200 BB  ZF /7 25 rs A N, A2 IE
WA 5T BI32MI 45 R, (RAF S rd . A 20, F H 4 REMK320M 55 53 B keatr. v+
=, ADDIW rd,rs1,0% 25 A7 asrsIWK320M 559 [, SR B AT A ardt QLgESNIES
SEXTW).
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31 26 30 25 24 20 19 15 14 12 11 7 6 0

‘ imm[11:6] ‘ imm{[5] ‘ Imm[4:0] ‘ rsl funct3 ‘ rd ‘ opcode
6 1 5 5 3 5 7

000000  FEALIKEL[S]  FEALIKEL[4:0] src SLLI dest OP-IMM
000000  FEALIKEL(S]  FEALIKEL[4:0] src SRLI dest OP-IMM
010000  FALIXEL[S]  FEALIKEL[4:0] src SRAI dest OP-IMM
000000 0 AL EL[4:0] src SLLIW dest  OP-IMM-32
000000 0 ALk EL[4:0] src SRLIW dest  OP-IMM-32
010000 0 ALk EL[4:0] src SRAIW dest  OP-IMM-32

RN B KR I i 1 K452 4 R, A8 FH SRV321AH E 4 2 B VRS . B R A7 )45
VEBAE AL 27 A7 2 s, RVEAIHH S AL B gt 11 37 BB 7 B PAIR6 AL . A5 7% R B 4 i
P30, SLLLEZHABEEE (OB NIKALD); SRLEZHEAEIEIE (OB NENL); SRAI
FHAGBEAE JERMFT A ZH B2 M & F). X TRv321, tifimm[5]=0, N
SLLI. SRLI\ SRAME &K=tk —A 7 o

SLLIW. SRLIW. SRAIWZRV64AI A HIFES, S5H wE AL, (2 e D320 Ffi ik
ITERE, PR E RS 320045 5. % imm[5] 70, SLLIW. SRLIW. SRAIWFE A ¥4

/N B

[~ FF s o
31 12 11 7 6 0
‘ imm[31:12] ‘ rd ‘ opcode ‘
20 5 7
USZEI#[31:12] dest LUI
USZEI#[31:12] dest AUIPC

LUl (load upper immediate) {8 T 5RV32I—FEIFE A HVERD, LULKE 2047 () USE B B0
B H AR ZF A7 28 rd1)31-12407, Frd {1267 300, 320745 B 759 26417

AUIPC (add upper immediate to pc) {1 5RV321—FEHITE A #AERY, AulPCHE 4T
A ipctistbhl, FE UK. AUIPCIGLE 2012 U BR BRI I 17 120007, 59 8
Heafr, SRJFEEnElpel, frks BRE NG drd,
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B FFR-THRRME

31 25 24 20 19 15 14 12 11 7 6 0
‘ funct7 ‘ rs2 ‘ rsl ‘ funct3 ‘ rd opcode
7 5 5 3 5 7
0000000 src2 srcl SLL/SRL dest OoP
0100000 src2 srcl SRA dest (0] Y
0000000 src2 srcl ADDW dest OP-32
0000000 src2 srcl SLLW/SRLW dest OP-32
0100000 src2 srcl SUBW/SRAW dest OP-32

ADDW. SUBW ZRVE4AINH IHE4S, BT E XHIADD, SUBTE AL, (H2 el IfEH
TE320HME b, FFPEA AR T R 20 45 . i A ANE, 45 BR324 8T 5 keah,
BENHIRA A8

SLL. SRL. SRAZ IMATIBIR AR . BIRAH . ARG, WRALMIRIEEUE F 17 d8rs1,
LB B A Ak rs2. X TRV64l, RATrs2 e Mgl N ARSI B

SLLW. SRLW. SRAW/ERVEAINH M1E4, EATRARMUMIES € L, HEelfEHE
3B L, P EA RS 32204 . AL IR B i rs2[4:0145 H .

4.3 Load F Store 154

RVEALRE LIt 2 (R4 & 264107 o AT IAIFNRE 2 SCHIubIk 2 8] AR L 8 735 7T LA-Bid i 1)

31 20 19 15 14 12 11 7 6 0
‘ imm[11:0] ‘ rsl ‘ funct3 ‘ rd ‘ opcode
12 5 3 5 7
P F% 5 [11:0] Hhtk g3 dest LOAD
31 25 24 0 19 15 14 12 11 7 6 0
‘ imm[11:5] ‘ rs2 rsl ‘ funct3 ‘ imm[4:0] ‘ opcode
7 5 5 3 5 7
it & [11:5] src etk Wi fW#% &[4:0] STORE

FERV6AIHT, LDFE A F MAFGE % rhtiea i Bl 5 N\ B & A7 S rd

FERV6AIHT, LWHE A1 ARt & H 320 BB T 59 ieahr, 85 BRI A7 dard .
LWURAT, RILFAER, A T 32 A RV e aieadhr, 855 AR5 74 rdH . LHFI
LHUTE A 5E L1, (HR2 Rt wt16fi Bl . LBAILBURET X8 ¥l . SD. SW. SH. SBZ3Jl
AT AF B rs200MK6407 . 3207 1607 8175 AAFAik 4
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4.4 RGHEL

{ERV64IHT, CSR¥EA 1] LAE/E64/7CSR. H57lH, RDCYCLE. RDTIME. RDINSTRETfHFE4
BEEL T 524644 i cycle time. instretit 3 2% . R, ZERV64IHT, AN 75 EERDCYCLEH . RDTIMEH
RDINSTRETHIN#E4, I H B2 IREm .

Copyright ©2010-2016, The Regents of the University of California. All rights reserved.
29



5T BETFERRIEN “M” InEYT B, IR
7 2.0

AEA AR RO ERE AR ST R, ERmA N “M7, FFEE X I B
fras I BUE AT RVE BB BRI IR 2

N THF BERTEF ISR LM B 11107 B i LTI KB 22
X TRLEPIR L, BTG RIFIZIR R LEAF BEL A2 R AT 21
IR

5.1 JRHEERE

31 25 24 20 19 15 14 12 11 7 6 0
funct7 ‘ rs2 ‘ rsl ‘ funct3 rd opcode
7 5 5 3 5 7
MULDIV e T MUL/MULH[S][U] dest oP
MULDIV e H T MULW dest OP-32

MULFE A AT — N XLENAZ X XLENAZ IV,  FF0 45 SR RXLENAL TBCE 21 B AR F7 A7 o
MULH. MULHU. MULHSUBATFHEIRIERVE, Zalst G 75 X AR5 L5 X B/ .
B9 XL SR, RIEKaH 45 52 X XLENAL A XLENAL IR (8] . 4 SR ] e 75 2 afeyde g 1
W AL AL, IR B AR T . MULHL[S]U] rdh, rsl, rs2; MUL rdl, rsl, rs2 CJ§
AT A FF LR FRE RN, 3 Hrdh N BE R rsIsi#E rs2) o IR R 4546 7] LK X
SeR GO — A HSREERAE, AR AT IR TF I i

MULW/ZRVEAUT A TR 4, EORIR 27 A7 48 BAR32AL3E AT AR, #4285 R K326 AT 4%
SR, SR HIRAFAER T . MULTEA T LU T3k E 64 e AR 1) 13247, (H2 A5 1
SR, WAUE R IER I3 A 555U, R, TR 5S35, LAER SN 3200E %

5.2 BRIZERIE

31 25 24 20 19 15 14 12 11 7 6 0
‘ funct7 ‘ rs2 ‘ rsl ‘ funct3 rd opcode
7 5 5 3 5 7
MULDIV % R 2L DIV[U]/REM[U] dest oP
MULDIV % BB DIV[UJW/REM[U]W dest OP-32
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DIVAIDIVUFE 423 B AT 755 455 HIXLENAL FEBBR AXLENAL BE BRI - REM
REMUZS H T AL BRVEI AR B . WR A 75 ZE R AR, 4 ARSI Y 9:  DIV[U]
rdq,rs1,rs2; REM[U] rdr,rs1,rs2 (rdq/NGErs180#rs2) . RILGHUAR R 25 #)7] DK X e b Ao —
AN —[BRIERRAE, A RIAT IR FFIIBRIE

DIVW. DIVUW/ZRVE4A 5L, B EF A7 dnrs1 K327 bR LA 27 A7 A rs 2111183247,
ERAEBU R A A 1 5 BT 588, 32 AT SR, N B R A A .
REMWHIREMUW ZRVE4AIH 154, e mlFR 1 0 RIBRZE A £ 5 5 LT 5 REL
REMWHIREMUWYE & #8221 AN T30 45 R AT 7 5 4 e 264t

R DA AR H TS LR 5.0 R. BRUAE, SR E AL, W2
B, TSPk, 21, S TEFSBRIERI, He1. BUE, SRNE
BT AR5 Bk O BN oS, 241, BRL-aR, A e lEl. B
SERIEG MRS TR, REETE. BN SBRIEAS AR .

M W %350 DIVU REMU DIV REM
KLlo X 0 2XLEN-1 X —1 X
i%iﬁuu:ll (/Txﬁfﬁ‘:_l%) _2XLEN—1 —1 _ _ _2XLEN—1 0

% 5.1: BRIL O FIRRSREH BB X

e T IE L 1 Bk LA IS M ST XS B ZEHATH
BilE, G E e BRI X FFEIERE ISA RIS R BB (RS
HIFREIRS, FGABEGH, A TEENE), HEIIEE T, & EiE
L GRATHILN E LR ECE T 20, 25 R — TR U
FIRF TG I L BTG LE R ORI R 75 B B — PG A2 (I 1 —
FXIGSH ], I HIX 2 L5 AT BORERIZZ e, WG T eRA L
BEITI G BEFERT s PG kil £ PEFETT A o
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BeE R TIEIESH “A” IRHET R, WA
2.0

PSR FPEFE 29 AR “A” § R, B T AEERRPUT IR T -5 A iR 2
PLSZ RS ATAE [ —/NEAE 25 23 (8] R 1 22 D RISC-VER FE 2 18] [ [E) 25 A . A5 PRI R 1EFE S,
—#f Zload-reserved/store-conditionalf§ %, 7 —F & i FPfetch-and-opfFfiine e 2. Pifh
KB S TP 4E 2 HSCRF &P A7 #s — BT, BH5ELT (unordered). 3RHX (acquire).
FEIY Crelease ) FH T —BUMETE X o iX Ee4i5 2 F3RISC-V ] DL S HFFRCscA7Aifh 45— SR AL 6] o

LUK EHIFIE, 15 5FHIX IR 2517 X B R 7 35 i B — 21
(release consistency ) 1FE47FrifEHT 7 17 s —ZIEFRZEY, UL RISC-V J7 1411 F
IR SRR

6.1 JF T PEBRAE IR T

FEARFIRISC-V ISAH — N AL A7 #1528 (relaxed memory model), f# FIFENCEFE 4K
SEINAAN I PE LT . Huhib 2 [ e AT ISR 7 g2 A7k R4k A1/03,  FENCEFR 492
A7 Foh AN bk I YA S ) 4 U ) AR T

AT RO SRR 8 (release consistency) [6], fF—2 7 T IEfR B WAL, aq
REAMAGL, 4552 HAMRISC-VE ARG B BN A7 Gk a4 . X A2 HEFE 1 P> ik

(A IAN/OB) T —AHIVT 1], XA IR 7P IEAE DS R PR X o5 Ah—M
(U5 ) H 5 B Q7 20 3R, 75 B2 FH — 2K FENCEFE 2 SR AE AN B % 7 U ) (BB
% R FENCESE & RAE AL A A — N80

WAL RS %, WA BN PP L aasin 1 I A as e . iR A aq
PEgE BN, WP 2 A E AN & BB 57 /a7 Cacquire access), W&, 1EHRHL
G2 EE 2 /T, BERISC-VER L 5 S Il 2 B E R B A EIHT (no following memory
operations on this RISC-V thread can be observed to take place before the acquire memory
operation.). W N AN E N, WE-FHEAAEREEROA N & BB T (release
access), AL, FEILRISC-VARE (AT BRI A7 2 B A S O /T, RRISAF i S 4 A A2
AR (the release memory operation can not be observed to take place before any earlier
memory operations on this RISC-V thread.). WIRaqfi i ##E B N1, W T A7 g ae Bk
R MWTfF—E ) (sequentially consistent), 1E[FAFEIRISC-VELFE, TEAT AT /i H A0 A7t 25
VESE L BT, BE FEATAR J5 B2 A7 2 5 S i S » ‘BAT TR 72 AN AT WL (cannot be observed
to happen before any earlier memory operations or after any later memory operations in the
same RISC-V thread), R REA AR AT H A 42 MG AL 4 R ARG 2, BT A 10
B0 R YA At s AR, X [R]— /M Hihikdk Ccan only be observed by any other thread in the
same global order of all sequentially consistent atomic memory operations to the same address

domain.)-

Hg Ll aq (0T Al (7R KT A £ R T 1 store [958 2R =4
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aq 1/ F1rl (7#B8E 4 1 1T, Bl T ZEIR IR E BT 75 2T — M, 1 &k
£/ R F1E store, N EFRFIFEGE XK o« LR L, BEFSETE i 56T T
P JR T store,  ELIETERIELEFEZEHING/TFAEFRNY,  LLK single-writer cache
—H P

6.2 Load-reserved/store-conditional 54

31 27 26 25 24 20 19 15 14 12 11 7 6 0
funct5 ‘ aq ‘ rl ‘ rs2 ‘ rsl ‘ funct3 ‘ rd opcode
5 1 1 5 5 3 5 7
LR Jii 5 0 Huht Wi FE dest AMO
SC Jili src Hohk i & dest AMO

B BNt - I 2 S T 484, /2 HHload-reserved (LR) 54 Flstore-conditional
(SC) R4 KT LR¥ rsIfEfEA LB P, 5V G, BArd, [FB{EAEiERS
Hodik EVEM—ANTRZ) (registers a reservation on the memory address). SCKirs2 [ F {517 2]
rsIffigigs bl b, FREES A E X AN bk | —ANE 212 (provided a valid reservation still
exists on that address). WIHR I, NISCHOE Ard, KRIENKE— N ERFMRILE Ard. (F
HYE: FEHPL, LRIESNEAMERE—MUE, FACER S B AR, FE
RSB B SCia & RIE BRI BRA HAb BB B EOXME, WHFHHES
ANiztht. FE—NEFHIR/SCIE SR, BRLREEE, BT, REREREH

H. MRERERE, BLBREEFFHENFS)

HLERIZE e (CAS) #7-8H1 LR/SC 75 A E] LA lock-free HIE(H %5
o 2B KENTIT i, Bl TEFE T LR/SC, HiT FAJLTNREA: 1) CAS #HZF]
ABA [H@, JT] LR/SC % T iX T HEE, [ e s H 7 XTI & v el il
IR B H AR P R A 203 2 )CAS 155 77 ZE— Tl 119 B4 15 S 5 5,
LISLHE 3 INRERIESC (HhhE. HEEE(E W), @G — N7 G4 5 4
HEEEC, BN FEHMERZGHRFA: 3) Ed—2F, Jy T8 % ABA Jif
A, HFZGHEME T — RGN CAS (DW-CAS) LT iFFs Il — 1 it Has 1%
W — P BFEAE— 5SS 1N 52 1 a-iras, [Anid
P BRI Fh a5 RGBT, -GN R T HIRF1E
4) LR/SC F2HE T —FhsEBiF Z J7 % (primitive ) 15 ZCHISEH, & H 72—
X load, Ji7 CAS #7222 K load (7F CAS 752 i —ik load, LAZEFFHC AT
TEMFEF S, SITIER CAS 75—l 94—k load, LR BEERH, 2
H G GEKRE T,

LR/SR X1 T~ CAS H— 1~ 2l ri 2158 (livelock ), ZEN T4 FIrd
) —FiR 258 g Je] JEH HI R Z 25 (R EE (an architected guarantee of eventual
forward progress ) KWL F o 57 50— FA T IHEEAE s IXAR 77 S F 5 Fif
x86 KR (EAE DW-CAS /), (77 EEH A6/ H Al % DW-CAS ZEHAL
HIPL SR HI AN R T — T AT BEMFE TS5 HIK A x86 BTN T H55
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FENEFES (transactional memory instructions ), XJ%-FF M DW-CAS |77
FE.

R I R B AE N RIR B AT 1R . ARSI IS R IR 1, IR R B B
AR BER AR IE T IRy SCIEA TARAE AN 5F 6401 (fLRVE4) 321
FAAEGRIL T BN T e 7 A B S bk e

FNIRET T EFRICHIE 1 oy “RIGE ", ZFFFTEHT LB AT LUFYAT
SLT/SLTU 75 C A HY mux B [A11H . LHFIEHT R CHS A BEFERAHIIRA 1 E
K] ISA H99 EE X -

TERMEAY R, JELL B E FRILR/SCT F1l 0 25U R LA 55 5 e 1T« LR/SCIF Bl AS
ARBG 22 2R s BRI AN PP S A ARAD , D620 f AN L 16 2% BEH0H A (AR I A7 TRULE A7
AL AT IR AN T IR BB BT, TELRTE & RISCHE & Z IMHAT B A0S, HEE
RETFIAR 17 (FHE, Thetfbloadfi 4. storefi 4 G BkiET 483 )5 15 X f
4. FENCEFE4 . SYSTEMIEA . 42kt B RLR/SCH: A1) (A CHE AT LLAL A7) Jig Wk 6 At/ oy 32
B4, DMEEHHATLR/SCIT Y, HAML AN F . SCHE 4 1Rk A ZAN 5T — IR BAT LR T
L HHEARIE o BEEATF EIX LETRILR/SCHIFE, FERELEsSLHl b, Zad—@ 2%k,
V), AR INER IR R A2 .

CAS H]— ML T B GET IRTELELL FER A 5 ] i T, SRR R
4 [, LR/SC JZ /7 FY A BEFGA TR I8 8« 77 T 3 g, 2747 LR/SC
JEINA T —Fhag 28 g ] S TR 25 R R GIF - X LR/SC J7Z A 2519 IR %), 72
L, XL LR 15 #E—1 cache line, A £ A7 I 1]
P HGE— P2 cache K5E/d LR/SC /7 5. HIBFI TLB #LK ] G5 £ G E X 1™
IRETTNZTZK, THAEmR XA 1L/ 7 I 7] LT . FeNTHE LR/SC /72U 1Y
KIZIRE AL ISA 117 64 TIELAFSF T, LIEFLZIR#I75$ cache #1
TLB FI AP RITEIENE o TS, FNTIES/F I AT o H B A9 load F store
7574, LI RIEH cache 1IN 70 3 FIBEFE 15 IR %, [R#% 7 /741
FESRHINT ] o ZE UL (EPE R BRI BE R TE 2 15772, (73 TR AT X FF
HISEB L, i THRIER Gy HIX 2755

—ANSEIL AT DLOR B AR R A A A 1A T4, X NIRRT, P MR M e
6] 74 LRI A 2 DRIEQ MTILT . AEBLERE N — 26 SCHE 2 I, WURAEBESCHE & MR
—IRLIRIF TRLAR A IR T6], 50 oK B HARAE AR LA A U5 Rl 1Akt o 1 ROX 26 LR AT BE
—AAFERIE S, (H R SCHIMIEE A a5 T S K — R T L) F2MOX M, 74
IR R GEH, — 2k SCRI ARV R, WUR AT AILREEH] 17— N4 ORI Ll
Hby FRZ) TARFIRIALE, E thn] DURS VRN, WS e . s — Ak B HAb A
PRECREXT ML AT IR A it 25 U5 ), B0 FE AR AR A — A B SOOI, B 72 A
PFEREIAT — 2R B R Bl %, IBASCIR 2 L AUR I

P I T LI FFE EAH) s B RUHT LT, B2 ENTA M
W SEIRT ARG SR T LRI »
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LR/SCH] LA KA lock-free I EHE 4544 o — AN LR/SCEZEN — > b 3¢ 3 28 e 1 e it 1
6.1017~. WIS NET LI,  ER RIS BT BEAAN 5 3 4k 35 4.

# aOfRAFAF 0 A5 Mk
# al (R H
# a2 O A7 BRI (E
#a0iR [AM{E, E}IhiR[El0, HARE AR [FIHE0
cas:
Irw t0, (a0) # 1R RE
bne t0, a1, fail # AU, KM
sc.w a0, a2, (a0) #
jr ra # R [A]
fail:
l a0, 1 # BCEIR AME AR
jr ra # iz 0]

& 6.1: f$M LR/SC 64 LI LR FH A RIS

FESLRIAE PRI LRIE A Z /T, 73— RISC-VERFE /KT F AN FISCIEL 1. T LR/SCFSI
JRF 1R PE, FELRIE S — I ISCHR 2 2 18], ARATERE M SR E B AR XA
LR/SCH 41 7] LAIE I 15 & SCHR 2 i aq L M 1 T 3RHL C(acquire) 1 o IXMLR/SCFF#I AT LAE
% B LRIE 2 HIrbL A T B (release) 1B X . W ELRTES aqhi b #i 1, WESC
52 Waghi N1, fEAFLR/SCHE 4 Fr H1XS T HAd MU — Btk i 1 Mg VR U, R — Bk i .

WHRLRFISCHIT A aq i HRBIES, HLATER A F—ARISC-VERFE I BT A6t w54
ZHIEE 2 )5, R LAUEFILR/SCIE4 741 (LR/SC sequence can be observed to occur before or
after surrounding memory operations from the same RISC-V thread). X{Ri&E A, 41 HILR/SC
P ARSI —AN AT IHZIEAE  (a parallel reduction operation) .

HEHK Y, —INEFHIETHEE (a multi-word atomic primitive ) &%
B9, (HE AT RS SRE HGIR 1 BT A W R AR A,
KB FNTFFTHIREAE, GIA—TDHT . H IR [T F 517 i s 22
X, PARIFRITFEZ i as 2607, XREER Af & NIttt e “T 7,
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6.3 R TPl ERlE

31 27 26 25 24 20 19 15 14 12 11 7 6 0
funct5s ‘ aq ‘ rl ‘ rs2 rsl ‘ funct3 ‘ rd opcode
5 1 1 5 5 3 5 7

AMOSWAPW/D Jit src Hiu i JiE dest AMO
AMOADD.W/D 52 src Hiuh i JiE dest AMO
AMOAND.W/D Jit src Hiu i JiE dest AMO
AMOOR.W/D Jit src Hiuhik Wi FE dest AMO
AMOXOR.W/D Jit src Huhik Wi FE dest AMO
AMOMAX[U].W/D Jit src Huhik Wi FE dest AMO
AMOMIN[U].W/D Jit src Hiuhik Wi FE dest AMO

JR AR A (AMO) A Z A FE SR RSP PAT - B -5 #0E, FEmi NRETR A%
o IXLEAMOTE A JF - PEH M rs1 I ESE BB IR . M IXME B NS rd 1EIXMEMrs2
PSR AEE B — A kb E . SRS IR RO B st b () FAAE S . AMOTE 2 1] LUK
fififde b geahs (fXRV64) BLE 320 FREATHRIE. XS TRV64, 3207 AMOTE A e R a1t
TR 59 RAAERrdH . (RAFErs1rh FhEE LIS A E B RN 55 (D, XtTFeafr ¥
ESFINF, XT3 FRAFTNT . WRHHEBA ARXFE, K= —AHEX 55
HEFE

YRR E RS, BN, IBIEAND. ZHOR. WEXORMIE 5. A5 BE
KAEAN R IME - A MFPELI N, IXLEEAMOTE A 7] H TSI 4T IHZ)3:4E (parallel reduction
operation), I 1 IR [FE B 5 A X010 8% 57 .

FNTFEHE T fetch-and-op KU HIIR TR S, K A9 HEE LR/SC 27 CAS
TESIE, EREELFHY RE & EFHATHI R — INHERIET, 7 LU/
LR/SC JFIERLT AMO 755, BERFHIEDY, R ] LITE 17 fgaste il ay 55
AMO, FETE H FR 5177848 X0 HT, (L1 IR SR 46 e I #e 1 F

N T HE S 2 AL B R, AMOTE 4 R ik B R TS — BUEiE Lo Wi R ag i g B N1,
W TEALEFEAMOTE & 5l & A7t BV E AT IIAMOZ /T, & AN FITE 4 HITRISC-VERFE Hh 1) J5 4147
%25 #1E (no later memory operations in this RISC-V thread can be observed to take place
before the AMO or memory operations preceding the AMO in this thread). AHJz ], TER A
BNL, WFEXARISC-VAFRAFi# #5 U7 [F PATAMOZH,  HABRISC-VAFEE A FIAMOTE 4
(other RISC-V threads will not observe the AMO before memory accesses preceding the AMO in
this RISC-V thread).

AMO 7585 i1 Ik BEEH A L 1F C11 T C++11 JIIFREAAREY. A
FENCER. RW 7522 LISLH K (acquire) #E/E, Jiif FENCERW., W 7542 LY
SR (release) #R1E, HAEMZHINTHE THIN aq 22 rl 1717 AMO
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IEEI 5, I T I LB HINTHE -

AMOTEA ta] T At 4k — 301 load Fstore . — M4 — E I load 7] PASZ LN —
ZAMOADD x015 %4, Haqli Frfi#i E A1, —NMF i —EPEstoren] LLSLHL N —
AMOSWPTE/%’ RIS Ax0, Haghr Frfi#3EE N1,
— M Htest-and-set spinlock S G HE B ORI /R B ARBE 1 an . 6.2F . 1 B RILE
KEEBATH, BH—AMOTE LW HE [aqfis, DML TR, MilERMBi T, 2 _1AMO
T4 WE T, DMEIZ T CHE.

l t0, 1 # WA A
again:
amoswap.w.aq  t0, t0, (a0) # 1 R R
bnez t0, again # I FSRECE M, E
# eee
# RHEL
# eee
amoswap.w.rl  x0, x0, (a0) # 18I PRAF OB

6.2: ERIFEIRGIRED. a0 ZHatit.

FCNTHERF TR GEFIFE LT, ZE1EH L IETHT AMO ZEHRUI% . L1t 7
T EEZ HEISEH] (simplify the implementation of speculative lock elision ) [20].

HE1E-GECR T HEAESLIR AL TS, ATR BT FIZE T (EH A, i1
FLER AT LG W SRR e 1 store, LU )5 R RAF A — NI E B
exclusive T-/#ILEH cache line. HRCFEIEMT “Hi- M- &6 7 HAH
EHRTHICHTEE 15
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BIE BEEEAN F YR, A
2.0

A EAIR RS P R AR ESR SRR, WAy “F7, I\ T 4T EIEEE-754 20085 A
PRAE[LO] A FAF P TSR 2

7.1 F FHHRE

FIRBIIN T 32/MF M2 7 2% , f0-£31, BN 83207 56 &, — ANF AU i AR S 27 A7 2 fesr,
A T EEEART SR R EIRS . XANGIMPREWE 7.187R. TERISC-V ISAH,
BAE FH AR VB FLEN R IR T S A5 A28 0 50 FE, 0 T FERE VT S R 10, FLEN=32. 41 k%
KO B AT 8 AT AR S R ME AT AE o 77 iSload Mlstored & 1 27 1728 FIA7-fif 8 2 (7]
FEETT . [T BRI T R 27 A7 88 SO 5 BUE 148 4 .

TN 5 SE IS BRI F A (R — TN [ 77 7 X I AF TG
TFa 17 s BRI 290 D9 INE . 2R, PRI A
PETIERTITSTESEFAT T TGN T 7 LAy I T 77 17 s i 5, 29 5 9 i KA
FEPEE VN 7 1 as XN I LT X HF 2R G 7 R TT IR R 251 T 1L A el
FIRIGER o X TFH) 7 17 a5 XA ER G, G 1 s L FFRIRITZ9 & CZ8 N
AL, IR FTAF iy AP AL, 7T PP L ) Bl 714 -

FLEN-1 0

31 0
‘ fesr ‘
32
7.1: RISC-V iR F i REBEZSRTE
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7.2 #F RERARS T

TF I FR S 25 A7 A fesre — MRISC-VIE T ALIR S T 748 (CSR). B2 — 3207 115/
B ey, AT A S ERBAE RTINS NEN, AL T EnE, e 7.20R.

31 8 7 5 4 3 2 1 0
| 0 | AR Grm) PRI R bR (fflags)

N | Dz | OF | UF | NX

24 3 1 1 1 1 1

7.2: FRIEFHMRESEFEFSR

fesr 27 A7 4% 1] LABE FRCSRFIFSCSRIE AT LS, BT HH R JZ ICSR Y 1) 45 4 SEHL I
FRCSRAE 4 1L i fosr 25 77 2 52 i 21| BE B0 25 17 2 rd S04/ - FSCSRI I K fesr S5 R (14 & il
Flrd, RGP EEBE A 2 s A S Nfesr RSB S #:4E

fesr I B A AT DUIE AN [F] (1) CSRF- 1k 7 R B 1), HONIXEEys i, 7RI 4miE S b
E X T R4 . FRRMIE R | & A7 Befrm, IR & 5 B B33 A7 2 rd (1) SR A3 L
H, HAWAI B E N0 . FSRMIE DK frm (1) IEAE 2 I 2 B2 E0 Z A7 2k rd T . SR SR B E 25 A7 2R s
AR P HTE S Nfrm, SKRSZELAS HefrmP){E . FRFLAGS. FSFLAGSIE XRALL, (HAEFXTHIZ
PR I bR T B fflags . FLA DT A FSRMIAITFSFLAGS Y FH 37 B {8 11 A S rs1 K 34T 52
.

TF R E B 2 G A IRAS TSR 2 s AR, B FARAFTEfrm R I BIAS i AN B
EHENEAX MG IER 71000 T2 9tSrm 7B RS o111, WEERERAFETEfrm 1
BENER . B frmPR BN — AN EE (101-111), A G SARATREBAT SIS
NN SRR S, #anlE— N EEES A, — SRS REGTmZE, HA
T N, EATN 438 rm Bk B NRNE (000D,

EHMER BhiefF X
000 RNZ IR EEN, 'k A7 E
001 RTZ EESSIN
010 RDN M RN (] —o0)
011 RUP M EEAN (] + o)
100 RMM | Al il FE SN, B i R E
101 k. RS AR
110 k. RS AKAEH
111 FEFR A MIrmT7 B, A& A
Es N A7RY, AR

*® 7.1: EANRARSE

€99 i & HFMESLIGT HRIIHIE T 305 A A7 2

FAAER S AR HERR R T BN LR R DR, D i S IR AR R RGO, A
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#£ 7208,

b & B e R &g
NV EiEHAE
DZ fxLLO
OF ot
UF B
NX Ak

* 7.2: FERNRERERD

U1 ERIET I FENTHEIEIRISA 1A 35 FF A E R SR L7 I,
T2 FE A I R TR B e FeN T BN — L) 57558, 2B
FEHIFFT D RAE TR 1 B IE ], H AR AR LT T 7 2 X L2 75 4 LU R I
ISA T 1L

7.3 NaN 4B RIf&i%

BRAE A AU, WUR—ANF SRS B ENaN (Not a Number), U 45 55t /2 H € 1
(canonical) NaN. X/MHEEFINaNEA — N ERFF S0, I HER TMSB (BHK A quiethi)
Z b AR AIE0. KT BAE EEVE A,  IX RT3 3K 0x7fc00000

Xt FFMIXFIFMAX$E 4, S H 22 /b — A% A A& SNaN Csignaling NaN) (i%¥E: SNaN,
HMsBA A0, ESH5EENMR, MESSERE), BEFH MM ZQNaN (quiet NaN),
2 I8 E 25 R ML E FINaN . dn SR —MEEEUEQNaN, 53— MEIEEA & —SNaN, ]
g A AENaN IR RS

FESTENTES (FSGNJ.  FSGNIN.  FSGNIX) AL~ #i5E ffINaN; B TEZRERE
I A

FNTHIEL L8 NaN G 3LEHT (payload ), A1/FFrilEHEZFITFE, (HEX
PRTEFFIENIELEHIICO o T H, T FIEE R 72 il T, B e
FEIH T AT A 910

SEBY AL E 180 LATEFRIED SR TE AR —Fh NaN 1£38 7 RCE A s
JH—FRTEFRIEHT IR AR RE . SRITT,  LIBHIMEHT NaN 77 b et A2
SCHFHY I PZAE A I

TN TER 5 1 B NG JIT s 25 P SEBY 7 2538 o] B b s ) Y e 2 e A
i BH RIS AT (X5 Alpha ISA ZERT H AN ZelTHTE
ST A P S7 o U A T R Pl 2 s, I LA s /1 ) R ISA (L1
HA 7%, BIFR At LT AL (IR ENT) 74 F b, Pl
T FAE P o BB 48 7 7 HY IR 1 -
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7.4 B UHEAR

LEARFRS AL S BB AL PRI IR IEEE 754-2008 Hrifk.
F IEEE FRAERIBETE, M/ (tininess) RETES AN Z Gt i ——Hat 2, RAMETN
Ja g AR AEHRSA T, Ao/ TR, BMERE N4 R — N EES LS.

BT BANFEE L HIJE T T i 17 5

7.5 HIEE load f store $§4

¥ riloadMistore 5 - Fil 5 B BUSARH ) “ HEhb+ WAz &7 1Sk T7 30, A frasrs1{RAF
EHHE, T RBEERE - ADNRMA RS FIWIE S IAFERS Tl — S BRE BEVE s BB
T RAAEaerd . FSWHR K TF i 25 A7 dsrs2 P (R HORS B2 U7 RUE B N BIAF A

31 20 19 15 14 12 11 7 6 0
‘ imm[11:0] ‘ rsl ‘ width ‘ rd ‘ opcode
12 5 3 5 7
fmF% & [11:0] Fehk w dest LOAD-FP
31 25 24 0 19 15 14 12 11 7 6 0
‘ imm[11:5] ‘ rs2 rsl width ‘ imm([4:0] opcode
7 5 5 3 5 7
A% E[11:5] src Fk w Wt &[4:0] STORE-FP

FLWHE 2 FIFSWHE & R A 7EA R ht & B AR XS5, A BeORERAT R 51

7.6 BREERTHES

BN 2 MBS S AR TR A, R A4 2, HE#(ERY £ 0P-FP. FADD.S.
FSUB.S. FMUL.S. FDIV.STE4 fErs1Hllrs2:2 [ 53 HIAAT BME BEVF s (PN I 3l BRig &, IF
W25 5 N rd . FMIN.SFMAX.STE 47 5l # rs1 . rs2 (5 /N8 B 3 350 K B N Bllrd . FSQRT.S
TR T Ers1 IR, AL RS Ard.

267 H) P A N BYfmt, HRidnse 7.3 R, X TR B IIAES, S E NS

(00).
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fmtF B | BhcAF X
00 S 320 HKE
01 D 64107 XU FE
10 — | RH
11 Q 12817 PUKE

*® 7.3: BAFRRE

BT $AT & N BT SRR S, AT LU rm T BOR B AR, A AR A S 3R
7.1

31 27 26 25 24 20 19 15 14 12 11 7 6 0
‘ funct5 ‘ fmt rs2 rsl rm rd opcode
5 2 5 5 3 5 7
FADD/FSUB S src2 srcl RM dest OP-FP
FMUL/FDIV S src2 srcl RM dest OP-FP
FMIN-FMAX S src2 srcl MIN/MAX dest OP-FP
FSQRT S 0 src RM dest OP-FP

TF LA IR A 75 2 — PR AR HEFE 246 o RAZBIB TR T3 M ZTF /748 (rs1. rs2,
rs3) FI—NHIFFAER (rd)o XM AR R fh & e mts 1A . 77 sl & e mds 2%
rs1. rs2"R B AHRE, SR 5 F A & NI IR AR NN b 8l 08 Jers3rh FME, AT 51 2 NI 25 5L .
FMADD.S5 411 5irs1 Xrs2 +rs3; FMSUB.ST5 2 1 %rs1 Xrs2 —rs3; FNMSUB.S$5 4115 — (rs1
Xrs2—rs3); FNMADD.STE4 115 — (rs1 Xrs2 +rs3).

31 27 26 25 24 20 19 15 14 12 11 7 6 0
rs3 ‘ fmt | rs2 rsl rm rd opcode
5 2 5 5 3 5 7
src3 S src2 srcl RM dest FINJMADD/F[N]MSUB

7.7 BREE RERAERRS

T - BON AR -7 5 A S Om B AE OP-FP RS 48 18] . FCVT.WLS. FCVT.L.STR A5
TF RUETAF drrs1 IR — AN B e oy — A P 5 32 B 6ah B4, IR AT I RS A7
fEdrd® . FCVT.SW. FCVT.S.LIE 270 nll W B AT A7 dnrs1h I — NME 775 (13268 64h 2
B, BN B ARAT BF S A A S rd P . FCVTWULS. FCVT.LU.S. FCVT.S.WU. FCVT.S.LU
R BERT 5 B 8, BE MR S B BA 4 . FCVT.L[UL.SHIFCVT.S.L[U]4E 4 7ERV32
HoRdEE . IR A NS SRAE B ARkg Uh B—ABRICR R, SRS IR E, I
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Hinvalidbr £ E . £ 7.445H 7 FCVT.int.SIIAG 25ckm N 0 BBl A0 5 25 NI4T A

FCVT.W.S FCVT.WU.S FCVT.L.S FCVT.LU.S

BANEBEN GENE)D —2* 0 —2° 0
RREBN GENE) 2% 2*2.1 2%.1 251
7 HH 30 L1 A7 A N BT ) % -2 0 —2° 0
— oo Ii] ()i H -2 0 —2° 0
8 HH 3 L 11 T A N S ) % 2°1 21 2%1 2%1
+ oo Bl NaNi (1) 2’1 2*2.1 2%.1 2%%1

® 74 FREIERERIEEMITIUSANNITA

FITA P 5l B BB AR & BT A &, HHE I rm P BT BN —NF
LA AEE AT LI FCVT.S W rd, X045 2 AT IG L NEF /KT IEO, XK AN ™ A 7

31 27 26 25 24 20 19 15 14 12 11 7 6 0
‘ funct5 | fmt ‘ rs2 ‘ rsl ‘ rm ‘ rd ‘ opcode
5 2 5 5 3 5 7
FCVT.int.fmt S WIU]/L[U] src RM dest OP-FP
FCVT.fmt.int S WIU]/L[U] src RM dest OP-FP

7 A BNF S AT SIENTE S Csign-injection instruction), FSGNJ.S. FSGNIN.S. FSGNJX.ST&
A s IR T RS AL AAMP A AL, X T-FSGNIFE S, S5 RIMFT S AL rs2l 55 547 X
TFSGNINTE 4, S5 R MIFF T 2T S U s KT FSGNIXTE S, 45 RIFT 5 A & rs1 (1]
FF AL rs2f FF 5 A TXORIZ S . FF 5V EANTR R HAREIF A HhnE. EEE], FSGNJS
rxry,ry¥ry & Rl rx QLIE 5 TR 2 FMV.S rxry); FSGNIN.S rx,ry,ryry U7 5 A& 4 2l e G
Uil S IR FNEG.S rx,ry); FSGNIX.S rx,ry,ry ¥ ry 4 i E AL Ellrx G415 5 D15 4 FABS.S
x,ry);

31 27 26 25 24 20 19 15 14 12 11 7 6 0
funct5 fmt rs2 rsl rm rd opcode
5 2 5 5 3 5 7
FSGNJ S src2 srcl JINJ/IX dest OP-FP

AT A John Hauser JEHIKMT. ZLEF5EIELE T /761 MV, ABS
FINEG, HLFFHM—LEHEF, (177 IEEE K775 (copySign) HIEAITHR L
FIREF BTG HEIE. HAE MV ABS FINEG H a7 ZE— 1 e fF a4, #
JTT FSGNJ 758 7 B 1) FAEHKA ZH MR L5 A N B LA F AT 175
AN ZF 7 s B H BT o BTTEUIIL, — TN 2R 25 AT Ly P 1 15 0 2
FSGNJ 75T 1 IR 77 1 as A8 —FEHIRT 1%, JEIT R 77 B R — P i as 45 W o
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PRft 7 AT m B AT A AR T A A E AT AR R 2 o FMVX. SIS s 2 A7 2 rs1
PLIEEE 754-2008% i ) BAAE FEIF A, AL B rd 25 A7 22 I0MK324067 . XTRV64, HFR2FAF Serd()
13207, BEE A AT S AIE TS . FMV.S. X BE R 27 A7 Avrs 1M 13242 (LLIEEE 754-20084 15
(ARG FE VR AR, AR BT S A7 s rdh o FEAEHIRE T, A SHEN, R, JE
€ NaNA BT IR FFAE

31 27 26 25 24 20 19 15 14 12 11 7 6 0
funct5 fmt rs2 rsl rm rd opcode
5 2 5 5 3 5 7
FMV.X.fmt S 0 src 000 dest OP-FP
FMV.fmt.X S 0 src 000 dest OP-FP

FERTERTISA BIE R FITC VTP LB 1 A7 1 s T P S g 1197 s 15 2
LUFTIE IS AL AP, T 7] GEME D T GE T HIZER o 9, FEAR ISA T 7E
X E BT BRI FERAIE TGS B T 17 & s 7 2 B
HlH - X TFR T 02 B0 i B BRI F 5 7717 < P 7 B Na T X
T RIS CHI/F IR D, Wb TH5SE Gk TR 1

7.8 HIEEE R HEES

IF R R A TRV LA A rs M rs2 Z AT R E LI (B8 T /T ANTEETH, I
W5 AT RAE B N A7 Brd

FLT.S. FLE.STHATIEEE 754-2008F7 #EFR Aysignaling I EL T : a1, W AT —%i A\ /& NaN,
NP2 A — AN TR E (nvalid Operation) 3 . FEQ.SHUAT ZH: (quiet) LR RN
f&signaling NaNi, A 774 — N TEREAE (Invalid Operation) F4% . X TR 324184, R
B4 EHUENaN, TS5 H 20,

31 27 26 25 24 20 19 15 14 12 11 7 6 0
‘ funct5 | fmt ‘ rs2 rsl ‘ rm ‘ rd opcode
5 2 5 5 3 5 7
FCMP S src2 srcl EQ/LT/LE dest OP-FP

7.9 BREE KT RESL

FCLASS.STE A Kl 7F S B A7 g s ME, ¥ — MNMERXANF SEE A 10 80, 5
N AT B rdh XN RS RS R UR 7.5 7R o rd P X AT A% BN, 0 B %@ 1,
BNBEE . rd P HAD T AL APEE . R BIrd P (H 1M E L .
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31 27 26 25 24 20 19 15 14 12 11 7 6 0

funct5 fmt rs2 rsl rm rd opcode
5 2 5 5 3 5 7
FCLASS S 0 src 001 dest OP-FP

RAFFEAL | X

0 rslig—oo
rs1E — M RLRS AL 2
rs1e— MR FEIAS AL 2L

1
2
3 rs1&—0
4 rsl;&+0
5 rslje— M IE RIS AL EL
6 rs1E — N IE AR AL 2K
7 rslfg+ oo
8
9
*=

rs1;&—">signaling NaN

rs1;&—~quiet NaN
7.5: FCLASS 36 SR
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BT MBEF R “D” frEd &, WA
2.0

A ZE IR AR AE XK PETF S FR EY E, Widn %N “D”, N T fF & 1EEE-754 2008 H A Fr
HERIOURE BV ST T8 2. DI R AR T- 3L AR BRE 8 & F4EF

8.1 D HFEH/RE

DY JEANTE T 32N AR es, fo-f31, Fleafir (& 7.1FFLEN=64).

8.2 XUf& ¥ load M store ¥§4

FLDHE 4 MAFAib 8% BE I — N XURE L7 R, SR A3k rd T o FSDIR 4 MIF 1% A7
SELHOTUE L RUE, BB

31 20 19 15 14 12 11 7 6 0
‘ imm[11:0] ‘ rsl ‘ width rd opcode
12 5 3 5 7
fmF% 5 [11:0] Hhk D dest LOAD-FP
31 25 24 0 19 15 14 12 11 7 6 0
‘ imm[11:5] ‘ rs2 rsl width ‘ imm([4:0] ‘ opcode
7 5 5 3 5 7
PF% 5 [11:5] src Hhtk D fw#% fE[4:0] STORE-FP

R —NF AT T — DRI AE, LA DR {3 I FSDHE &Rt 2 A7 A RO (L Fr
frEfE s 5, FHE I FLDIR & BB e U2, A2 R AE 35 A% P FH A S 6 1Y) B
e BR TIXARAEZ AL, ORAFAEAF i &% P (X A 4% 2O F BT WA 2 Lo

JH RN CHS P GEHAKITE 25 T (R 175 5 Ar 1 s TR HI T, (H A2 i) LY
IR R AF 7 s le . —F1 B I A5 TEBLAE VT 2 (R A7 77 7 s (HIS XS 158
A B ZHFI R GRS 1 A8 o

FLDFE 4 FIFSDHR & A 15 A Stk /& B AKX 55 HXLEN =641, A BE R IESAT B 5714
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8.3 JUFEE RItHEES

XU PR R TH AR 2 I RE U BT SN BERCA ISR AL, (E A EATIAE P AEUURS B4R A1 4
b, XU AR

31 27 26 25 24 20 19 15 14 12 11 7 6 0
‘ funct5s ‘ fmt rs2 rsl rm rd opcode
5 2 5 5 3 5 7
FADD/FSUB D src2 srcl RM dest OP-FP
FMUL/FDIV D src2 srcl RM dest OP-FP
FMIN-FMAX D src2 srcl MIN/MAX dest OP-FP
FSQRT D 0 src RM dest OP-FP
31 27 26 25 24 20 19 15 14 12 11 7 6 0
rs3 ‘ fmt | rs2 rsl rm rd opcode
5 2 5 5 3 5 7
src3 D src2 srcl RM dest FINJMADD/F[N]JMSUB

8.4 XU B F R L smTs &

T - TE RO AR -7 5 Rt e S W Om S AEOP-FP R /ERS 4% 1A] . FCVTW.D. FCVT.L.DFE4
V1T P A AT s I — AN UK FE TR s 8000 Ve 3o — A A5 132 A B 6a i BE 4, IRAT
PREEL FF A48 rd ™ . FCVT.D.W. FCVT.D.LIE 2 73 G B a7 A7 A rs 1 1) — A F55 193267 5L
FrafTBERY, A — UK BEVE A, RAF 2V R AR AR g rd ™ . FCVTWU.D. FCVT.LU.D.
FCVT.D.WU. FCVT.D.LU$E A ¥4 B0 RF 5 88, Bl TGRS E i %4 . FCVT.L[U].DAN
FCVT.D.L[UJFE 4 7ERV32H 2 JEVL I« FCVT.int. DFEAHIF Rk A3 BBl A AR 40 NI AT, Al
FCVT.int.Sf64—Ff.

BB (7 s B R A A8 A B BF AR AR A, MR m T B T EAN . R
FCVT.D.W[UIFR A 2T AERE MM R, A2 Bl i N R

31 27 26 25 24 20 19 15 14 12 11 7 6 0
funct5 ‘ fmt ‘ rs2 ‘ rsl ‘ rm ‘ rd opcode
5 2 5 5 3 5 7
FCVT.int.fmt D WIU]/L[U] src RM dest OP-FP
FCVT.fmt.int D WIU]/L[U] src RM dest OP-FP
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KUK JEE V57 151, 1) RS FEE V7 R B Vo A 30 00K 8 Vi o B i A W m i A2 OP-FP - R R TG
0], EATIRZFAE 25 A B I 25 72 AR I L B A7 o o T8 2P irs2 7 BUYm D 1 IREHE T,
ft 7 Bemts 7 H R . FCVT.S.DFR 2R rm 7 B AT 5 N, FCVT.D.S/KIE AN 245 N o

31 27 26 25 24 20 19 15 14 12 11 7 6 0
‘ funct5 ‘ fmt ‘ rs2 ‘ rsl ‘ rm ‘ rd ‘ opcode ‘
5 2 5 5 3 5 7
FCVT.fmt.fmt S D src RM dest OP-FP
FCVT.fmt.fmt D S src RM dest OP-FP

T BT S SV EANTE S, FSGNJ.D. FSGNIN.D. FSGNIX.D, ‘EAITIIE X 58k S
FENTE AL

31 27 26 25 24 20 19 15 14 12 11 7 6 0
‘ funct5 ‘ fmt rs2 rsl rm rd opcode
5 2 5 5 3 5 7
FSGNJ D src2 srcl JIN]/IX dest OP-FP

UK TRV64, $RAL T TRV fUAT A7 28 AU AL 27 A7 88 2 AT ARSI 48 2 o FMV.X. DT
AR B rs 1 (I NURS B2V S5 8, LLIEEE 754-2008Fr#ESwtD, LB rd R 728 T . 10 R 5
J& — RS NIFVF 55 2 A7 B 2 — A Bk V7 s (B, W FMV.XCDIR [B] R A2 o 5 ST,
Bk T IX ME BT 2[RI 55 25 A7 4 F0T A2 BRI 1 RS BT IR MRFE . FMVLDLXCKE
LAIEEE 754-2008 5 #EZm i [ SRS FE T Mt MBS A7 2ars AL f 21 s 75 A7 2% rd

31 27 26 25 24 20 19 15 14 12 11 7 6 0
‘ funct5 | fmt ‘ rs2 ‘ rsl ‘ rm ‘ rd ‘ opcode ‘
5 2 5 5 3 5 7
FMV.X.fmt D 0 src 000 dest OP-FP
FMV.fmt.X D 0 src 000 dest OP-FP
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8.5 YU EEF R B4

MUK BE I 1 FLS A4 1R 52 S5 BT RS L RRCAS A SR, {EL B AT PR RURS L3/ F 2
E.

31 27 26 25 24 20 19 15 14 12 11 7 6 0
funct5 fmt rs2 rsl ‘ rm ‘ rd opcode
5 2 5 5 3 5 7
FCMP D src2 srcl EQ/LT/LE dest OP-FP

8.6 X HEE R RIS

RURH LT 5.7 J846 4 FCLASS. DI 5E U B IR SRS BERRAS AR, (B EAT I P AE XUk J5E
BAFRCE .

31 27 26 25 24 20 19 15 14 12 11 7 6 0
funct5 fmt rs2 rsl rm rd opcode
5 2 5 5 3 5 7
FCLASS D 0 src 001 dest OP-FP
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9% RV32/64G TS EFFK

RISC-VIIL H I H ARz —, e nr g FAE — Mo R K HAsl. N TxANEI, R
158 LT —AFEAISA (RV32IEKRVE4D N b —LEprifEd & (IMAFD) E8 “IEH” 1SA, AT
XTIX/NIMAFDIAE ST A G, 45 NG, AF L H T RV32GHIRVEAG 5/ f b R A 45
LRI

Inst[4:2] 000 001 010 011 100 101 110 111

Inst[6:5] (>32b)
00 LOAD LOAD-FP | custom-0 | MISC-MEM | OP-IMM AUIPC OP-IMM-32 48b
01 STORE STORE-FP | custom-1 AMO opP LUI OP-32 64b
10 MADD MSUB NMSUB NMADD OP-FP reserved | custom-2/rv128 48b
11 BRANCH JALR reserved JAL SYSTEM | reserved | custom-3/rvi28 | =80b

# 9.1: RISC-V EARRIEMMEIR, inst[1:0]=11

£ 9145 H TRVGEEHAEMD MWL R . BA3NEEE B 2 N 4 B o) 3 A
i, fREAZAK L3267 (IF5 4. FRic Nreserved 45 E i S 2438 S A & TR A4 e b
i, RONEATA et AR bR el . EARHES2A 8 48 UrF ., #RiC N custom-0F1
custom-111) - EAF AR 2k G bl AR bR HES AT, DRI HERESS e TR 2469 A . A
1t Ncustom-2/rv128Fcustom-3/rv128 1 #/ENY, TREEZA A SRAIRVI28AEF, 1H& &t il
FRUEY AL, Rk o] LA T-RV32FIRVEA ) 2 il T 2 459 Je .

FATAHERV32GHIRVEAG H) ™ [ ¥ 25 Fh 25 FE (I8 A T B, SR 4 T v (R e B e 24k .
FLATERR ) PIIE R 48 T8 A T LUINidE R (R pRV32GCHIRVE4GC), LAHEETHRE . /MY
TR/, PERERERERLER, BRI T — LB 5 ek o

BE RATEARRAIFE A Y & Pt TIMAFDC, ¥ (484 T i & 1, I
ARSI () N R A &, 1m0 22 AR Bl 22 4 . 540 R Z 40 LISAAN[E], RISC-V ISA
WMo 25 7 3EARISA, & AR dsiEd e . BEoRE AR . 581054 5 MRISC-V
ISAVR NG BT, A L e
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31 25 24 1915 1412 11 7 6 0

funct7 ‘ rs2 rsl funct3 rd opcode | R3S
imm[11:0] rs1 funct3 rd opcode | 12§
imm[11:5] rs2 rsl funct3 imm[4:0] opcode | SZK
imm[12]10:5] rs2 rsl funct3 imm[4:1]11] opcode | SBK
imm[31:12] rd opcode | UK
imm[20]10:1]11]19:12] rd opcode | UJZE
RV32l EAIESE
imm[31:12] rd 0110111 | Lul
imm[31:12] rd 0010111 | AUIPC
imm[20]10:1]11]19:12] rd 1101111 | JAL
imm{11:0] rsl 000 rd 1100111 | JALR
imm[12]10:5] rs2 rsl 000 imm[4:1]11] 1100011 | BEQ
imm[12]10:5] rs2 rsl 001 imm[4:1]11] 1100011 | BNE
imm[12]10:5] rs2 rsl 100 imm[4:1]11] 1100011 | BLT
imm[12]10:5] rs2 rsl 101 imm[4:1]11] 1100011 | BGE
imm[12]10:5] rs2 rsl 110 imm[4:1]11] 1100011 | BLTU
imm[12]10:5] rs2 rsl 111 imm[4:1]11] 1100011 | BGEU
imm[11:0] rsi 000 rd 0000011 | LB
imm[11:0] rsi 001 rd 0000011 | LH
imm[11:0] rsl 010 rd 0000011 | LW
imm[11:0] rsl 100 rd 0000011 | LBU
imm[11:0] rsi 101 rd 0000011 | LHU
imm[11:5] rs2 rsl 000 imm[4:0] 0100011 | SB
imm[11:5] rs2 rsl 001 imm[4:0] 0100011 | SH
imm[11:5] rs2 rsl 010 imm[4:0] 0100011 | SW
imm[11:0] rsl 000 rd 0010011 | ADDI
imm[11:0] rsl 010 rd 0010011 | SLTI
imm[11:0] rsl 011 rd 0010011 | SLTIU
imm[11:0] rsi 100 rd 0010011 | XORI
imm[11:0] rsl 110 rd 0010011 | ORI
imm[11:0] rsl 111 rd 0010011 | ANDI
0000000 shamt rsi 001 rd 0010011 | SLLI
0000000 shamt rsi 101 rd 0010011 | SRLI
0100000 shamt rsl 101 rd 0010011 | SRAI
0000000 rs2 rsl 000 rd 0110011 | ADD
0100000 rs2 rsi 000 rd 0110011 | suB
0000000 rs2 rsl 001 rd 0110011 | SLL
0000000 rs2 rsl 010 rd 0110011 | SLT
0000000 rs2 rsi 011 rd 0110011 | SLTU
0000000 rs2 rsi 100 rd 0110011 | XOR
0000000 rs2 rsl 101 rd 0110011 | SRL
0100000 rs2 rsi 101 rd 0110011 | SRA
0000000 rs2 rsi 110 rd 0110011 | OR
0000000 rs2 rsl 111 rd 0110011 | AND
0000 Pred Succ 00000 000 00000 0001111 | FENCE
0000 0000 0000 00000 001 00000 0001111 | FENCE.I
000000000000 00000 000 00000 1110011 | ECALL
000000000001 00000 000 00000 1110011 | EBREA
csr rsl 001 rd 1110011 | CSRRW
csr rsl 010 rd 1110011 | CSRRS
csr rsi 011 rd 1110011 | CSRRC
csr zimm 101 rd 1110011 | CSRRW
csr zimm 110 rd 1110011 | CSRRSI
csr zimm 111 rd 1110011 | CSRRCI
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31 25 24 1915 14 12 11 7 6 0
funct7 ‘ rs2 rsl funct3 rd opcode | R3S
imm[11:0] rs1 funct3 rd opcode | 12§
imm[11:5] ‘ rs2 rs1 funct3 imm[4:0] opcode | S3%
RVe4IFEATRSEE (BRTRV321Z4M)
imm[11:0] rsl 110 rd 0000011 | LWU
imm[11:0] rsl 011 rd 0000011 | LD
imm[11:5] [ rs2 rsl 011 imm[4:0] 0100011 | SD
000000 shamt rsl 001 rd 0010011 | SLLI
000000 shamt rsl 101 rd 0010011 | SRLI
010000 shamt rsi 101 rd 0010011 | SRAI
imm[11:0] rsl 000 rd 0011011 | ADDIW
0000000 shamt rsl 001 rd 0011011 | SLLIW
0000000 shamt rsl 101 rd 0011011 | SRLIW
0100000 shamt rsi 101 rd 0011011 | SRAIW
0000000 rs2 rsl 000 rd 0111011 | ADDW
0100000 rs2 rsl 000 rd 0111011 | SUBW
0000000 rs2 rsl 001 rd 0111011 | SLLW
0000000 rs2 rsl 101 rd 0111011 | SRLW
0100000 rs2 rsl 101 rd 0111011 | SRAW
RVI2MIRHEY &
0000001 rs2 rsl 000 rd 0110011 | MUL
0000001 rs2 rsl 001 rd 0110011 | MULH
0000001 rs2 rsl 010 rd 0110011 | MULHSU
0000001 rs2 rsl 011 rd 0110011 | MULHU
0000001 rs2 rsl 100 rd 0110011 | DIV
0000001 rs2 rsl 101 rd 0110011 | DIVU
0000001 rs2 rsl 110 rd 0110011 | REM
0000001 rs2 rsi 111 rd 0110011 | REMU
RVEAMATHEY R (B& TRVI2MZ4M)
0000001 rs2 rsl 000 rd 0111011 | MULW
0000001 rs2 rsl 100 rd 0111011 | DIVW
0000001 rs2 rsi 101 rd 0111011 | DIVUW
0000001 rs2 rsi 110 rd 0111011 | REMW
0000001 rs2 rsl 111 rd 0111011 | REMUW
RV32ANEY B
00010 | a | rl 00000 rsi 010 rd 0101111 | LR.W
00011 | a | rl rs2 rsl 010 rd 0101111 | SC.W
00001 | a | rl rs2 rsl 010 rd 0101111 | AMOSWAP.W
00000 | a | rl rs2 rsl 010 rd 0101111 | AMOADD.W
00100 | a | rl rs2 rsl 010 rd 0101111 | AMOXOR.W
01100 | a | rl rs2 rsl 010 rd 0101111 | AMOAND.W
01000 | a | rl rs2 rsl 010 rd 0101111 | AMOOR.W
10000 | a | rl rs2 rsl 010 rd 0101111 | AMOMIN.W
10100 | a | rl rs2 rsl 010 rd 0101111 | AMOMAX.W
11000 | a | rl rs2 rsl 010 rd 0101111 | AMOMINU.W
11100 | a | rl rs2 rsl 010 rd 0101111 | AMOMAXU.W
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31 25 24 1915 1412 11 7 6 0
funct7 rs2 rsl funct3 rd opcode
rs3 |funct2 rs2 rsl funct3 rd opcode
imm{[11:0] rsl funct3 rd opcode
imm[11:5] ‘ rs2 rsl funct3 imm[4:0] opcode
RVEAATREY B (& TRV32AZ 51)
00010 | a | rl 00000 rsl 011 rd 0101111
00011 | a | rl rs2 rsl 011 rd 0101111
00001 | a | rl rs2 rsl 011 rd 0101111
00000 | a | rl rs2 rsl 011 rd 0101111
00100 | a | rl rs2 rsl 011 rd 0101111
01100 | a | rl rs2 rsl 011 rd 0101111
01000 | a | rl rs2 rsl 011 rd 0101111
10000 | a | rl rs2 rsl 011 rd 0101111
10100 | a | rl rs2 rsl 011 rd 0101111
11000 | a | rl rs2 rsl 011 rd 0101111
11100 | a | rl rs2 rsl 011 rd 0101111
RV32FFRHEY R

imm[11:0] rsi 010 rd 0000111
imm[11:5] rs2 rsl 010 imm[4:0] 0100111
rs3 00 rs2 rsl rm rd 1000011
rs3 00 rs2 rsl rm rd 1000111
rs3 00 rs2 rsl rm rd 1001011
rs3 00 rs2 rsl rm rd 1001111
0000000 rs2 rsl rm rd 1010011
0000100 rs2 rsl rm rd 1010011
0001000 rs2 rsl rm rd 1010011
0001100 rs2 rsl rm rd 1010011
0101100 00000 rsl rm rd 1010011
0010000 rs2 rsl 000 rd 1010011
0010000 rs2 rsl 001 rd 1010011
0010000 rs2 rsl 010 rd 1010011
0010100 rs2 rsl 000 rd 1010011
0010100 rs2 rsl 001 rd 1010011
1100000 00000 rsl rm rd 1010011
1100000 00001 rsl rm rd 1010011
1110000 00000 rsl 000 rd 1010011
1010000 rs2 rsl 010 rd 1010011
1010000 rs2 rsl 001 rd 1010011
1010000 rs2 rsl 000 rd 1010011
1110000 00000 rsl 001 rd 1010011
1101000 00000 rsl rm rd 1010011
1101000 00001 rsl rm rd 1010011
1111000 00000 rsl 000 rd 1010011

RZ&
R4ZE
BN

S

LR.D

SC.D
AMOSWAP.D
AMOADD.D
AMOXOR.D
AMOAND.D
AMOOR.D
AMOMIN.D
AMOMAX.D
AMOMINU.D
AMOMAXU.D

FLW
FSW
FMADD.S
FMSUB.S
FNMSUB.S
FNMADD.S
FADD.S
FSUB.S
FMUL.S
FDIV.S
FSQRT.S
FSGNJ.S
FSGNJN.S
FSGNJX.S
FMIN.S
FMAX.S
FCVT.W.S
FCVT.WU.S
FMV.X.S
FEQ.S
FLT.S
FLE.S
FCLASS.S
FCVT.S.W
FCVT.S.WU
FMV.S.X
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31 25 24 1915 1412 11 7 6 0
funct7 rs2 rsl funct3 rd opcode
rs3 | funct2 rs2 rsl funct3 rd opcode
imm{[11:0] rsl funct3 rd opcode
imm[11:5] ‘ rs2 rsl funct3 imm[4:0] opcode
RV64F FriEP B (FR T RV32F Z4H)
1100000 00010 rsl rm rd 1010011
1100000 00011 rsi rm rd 1010011
1101000 00010 rsi rm rd 1010011
1101000 00011 rsl rm rd 1010011
RV32D FriEd R
imm{11:0] rsl 011 rd 0000111
imm[11:5] rs2 rsl 011 imm[4:0] 0100111
rs3 00 rs2 rsl rm rd 1000011
rs3 00 rs2 rsl rm rd 1000111
rs3 00 rs2 rsl rm rd 1001011
rs3 00 rs2 rsl rm rd 1001111
0000001 rs2 rsl rm rd 1010011
0000101 rs2 rsl rm rd 1010011
0001001 rs2 rsl rm rd 1010011
0001101 rs2 rsl rm rd 1010011
0101101 00000 rsl rm rd 1010011
0010001 rs2 rsl 000 rd 1010011
0010001 rs2 rsl 001 rd 1010011
0010001 rs2 rsl 010 rd 1010011
0010101 rs2 rsl 000 rd 1010011
0010101 rs2 rsi 001 rd 1010011
0100000 00001 rsl rm rd 1010011
0100001 00000 rsl rm rd 1010011
1010001 rs2 rsl 010 rd 1010011
1010001 rs2 rsl 001 rd 1010011
1010001 rs2 rsl 000 rd 1010011
1110001 00000 rsl 001 rd 1010011
1100001 00000 rsl rm rd 1010011
1100001 00001 rsl rm rd 1010011
1101001 00000 rsi rm rd 1010011
1101001 00001 rsl rm rd 1010011
RV64D 1RV B (&7 RV32D Z4h)
1100001 00010 rsl rm rd 1010011
1100001 00011 rsl rm rd 1010011
1110001 00000 rsl 000 rd 1010011
1101001 00010 rsl rm rd 1010011
1101001 00011 rsl rm rd 1010011
1111001 00000 rsl 000 rd 1010011

% 9.2: RISC-V i§47%%

RZ&
R4ZE
BN

S

FCVT.L.S
FCVT.LU.S
FCVT.S.L
FCVT.S.LU

FLD
FSD
FMADD.D
FMSUB.D
FNMSUB.D
FNMADD.D
FADD.D
FSUB.D
FMUL.D
FDIV.D
FSQRT.D
FSGNJ.D
FSGNJIN.D
FSGNJIX.D
FMIN.D
FMAX.D
FCVT.S.D
FCVT.D.S
FEQ.D
FLT.D
FLE.D
FCLASS.D
FCVT.W.D
FCVT.WU.D
FCVT.D.W
FCVT.D.WU

FCVT.L.D
FCVT.LU.D
FMV.X.D
FCVT.D.L
FCVT.D.LU
FMV.D.X
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$10E P B RISC-V

B T SCERFARUEIB TR OT R 228k, RISCVIRI AN —AS HbRm 2, 45 & 1T858
o R E AL I A, SR — D EEA . 5 2 A% 2 [ AT AT LE (AR KA SR G A B BE T B
13BN E BRI A BE RSN, FREISAT BAE SR okt flan, L0k T8 A I bR
R N A R SEBLR B oe B SRR A SO, WIRER S VR 2 ARARUEITR ST e

ARFEHA T FERISC-V ISAI Z R0 TE,  BLEHIA R NHIER TR 503 i 8 B AR X
AENBAAAE B T ZSA,  BARTESE 5 B 4y Jig rh A FHAR R ) T iR AR

10.1 ¥ &RAE

X HA A T HEARISCAH S bRt R
WrE vs. JERRHED B

AFARTRISC-VAL BE &5 SEHLAR 0 S — MR ARELISA (RV32IELERV6E4AD . 74k, — A5k
AT DISCRF— AN 2N . BRAVEY AR IR FERRHEH]-
o —MMRET RE—NEANYT R, FASH e EMisEd RR. 4T, EARFM
He s /RN “MAFDQLCBTPV” ¥k, J& 4 58 UEUE IEAE TR bR HES J&
o MY R SRR R, TR S H EhRHEBEE AR AEY R R
TRAVTII Bt 255 B () (1) HERS B K 2 ARARED R, T Re e A e AR vE Y el
R BRBMED & .

iz g LRI

— AR A YD 23 ) — LedB A AL, FEAISABE ISAYJE B gm AL 7E X e, RISC-VEL
FES R KB, (HRZRMEXTF— AR —fa K E, WA &R/ NI mAS 2 (8] AT AL f
B, FEARISAYE E CA—A300 FIgmid s [a]) (3242854131240, TR TS R “A” 7%
E—/ 25 g A (31-747)

BAMEFRE GTEE (prefix) T8 B — A48 4 9l 23 [0 A2 6L CEHTRISC-VA2 /N 1,
F I AR AT ATt a5/ s DRI AR 4200 BRI, MO T AT o BRI ARISA
Sl AT 200 117, "B AN AE 3240 7 I 1-007 » T AR HE IR T3 B AV RT 4% & 74701011117,
‘BAE320 T [6-007, RFE T AMOE EHE(ERY (major opcode). Fifidg s — MR H
&, 7E32004844% 0, TSk E#AERS (minor opcode) FI3f7funct3 B, H5EE
BRAERG I ANTE S, (HRAHN 220068 4 2 (B AT 4R 1) — 543 -

AR — N A Gt 25 8] AT DURAT K/, A SR — /84338 F (0 K0, AT DA A0k 2%
RIS R Y RN — N AR Rt . R 10045 H T RISC-VHEFE 45 4 gt 2 18] K/
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RS KE P AHEHE

K e 1660 | 32h | 4sfr | eafr

1447 | IEgr16h i iy 7y — 3

2247 | FEA3 2L A o A B R A A 2°

w
N

250 | FEAI27 YmAD A ) T B D 32

N
~N

30h7 | FEA320 Gt I Y 72— 1

N
(&2}

320 | A8HL gAY R B AR

N
o

374 | A8figmht b At B R R AL 32

[
~N

40f7 | 48frgmig sz — 4

45h7 | 64GL LAY I E R AT Y

4817 | 64 gAY H K IR ER Y 2°

5207 | 64z g% ) 3 ZEERAERY 32

F 10.1: EINEIFRE RISC-V 38 HAE S E) K /)

GHY B vs. IR B

BAMEFHARIE “ 52447/ (greenfield extension)” KAk — N &I UH 4 — A8 1035
Agnhg ], KA AT RETE TR F= A gt rh 5% . WAV ARE “ £5487/#E (brownfield
extension)” FRAHR — AT RN B —NATTH C4 8 LIRS gDz — My % i
SETERENMRRE Sk “AXBE” Ynfd T, RSk BT gufd R, ATREA 2 AR R
(BEETE: RBE—DILF, DHE—XRXEE: M—XRXEE, WTREEANBET ). filu,
FEARISAE— 300748 2 2 A I Skt ti, TIFDQIF miy 2, #BZ&FEAISA 301 4 hd = (7] T (1)
ERHLy R .

HEEBIRAVNAREAY B2 — Doy R, BAEEBA 20 ARSI, & X
T AN PART S A0S S iS50 M gn i = (8], RIS bR 28 08 78 ZE AR ISATRI3017
gat . ROCR e RN 7O AT, Bin] OB AY R RZ 3 B — AN [ (130407 Zw it = ],
A AN 75 EE55 FEAE AT 2O B 5, T AN 75 2226 PR Gwhth 2 [A] NS R rh R

B RAS BHFRE
ShHh RV32I(30), RV641(30) A(25)
y3:h F(1), D(F), Q(D) M(1)

* 10.2: tERSEYT R ZHHE

R 102DATE I 4ERAS T G T BEAFTREY B . — MRy B ay
JRIERRFHY &, 57— AR R YRR BN TR REMPIRE . X T2y &, 8495
AR/ NMERE S NG tH o X TR, #65 WA H T IX/MEy R IE T (SR ais
R 3R 4 o BN P etk RES MR AS T8 SR B AR G 1 U B 11 1
FZ15E g

T EBIRVeAIAPIN N ZRVI2I—ANT &, 1T — e AN A 1A D .
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IHERA 2 RS

— N EIEFIRISC-VEZHL I ISATE B uk & 2 4mtd (complete or global encoding), 2%}
HAE B — MBS () e — A ME— 1 A RIETH . A NG — M R
A —ANCED I IAMERTZ, AR ENTT A — 2 R w7,

— N BREFEERTE SR DY, o — N HBEAR AR A — MR TE A bR HES R # AR R
Z AR Y . — MREAR AR A R gmid v DUEL & RS Y S, eI TS AR HEY AN
M. — ANFRUEMEA I AR gt ] LA AERR Y s bR AERTZE, Qo SRR R AR HED e
BHAFREZN 2 RSN g Haidl, £ MrlEfaEremmigt, —Mrdid g
WAL E PR AERTEE, ARG B SR R, A XM R RIS, 2
AT DR EAR A (1) . X2 PR, ] DAEAS —AN i@ A T B 4% 0] DL LME AT RISC-VARAE He 25 42 = gt
H S B SELAE R B AR L.

PRAE B AR HE G A 22 8]
AT SRR RIS, WO MR T S bR A

10.2 RISC-VI Bi&it#EE

BATRE SRR ER . AAHRH W SR &, @ sl R s-EA1, 4
Safid s A N AR, $24t T @ oME— ORISR, B XS TARIT B — MR B 1 4 R 9
i, BELed fg v BE [ AR HSE U LA Y R AR LY g, v O RS EATT AR SR
P FTFI RIS . AnvEd AT Z50RE e (e g BT A% 0 D RE B H LA il L, 1] Fo v/ e ) S8 2 A
Iy .

XAERISC-VAT & BT LA R bR e A 4 R dmig R /1, A JLMER .

— Pl BT R T e PR I IR 28, vt T84Tk B S B4 A% 0 N H
X AT BEAR SRR T AR OSAZ A AR AR PE A 254, T R IIAAE S R Y . JEA
ISAHE B TH A I/ N 75 5K, FEwk gmit g HAE AR b — 353247 48 2 4wt 23 [H] .

Ty —F R B TR — Rl e 4R A i — AN A R 0 5 B Y 9 3 T Re AN AR A
I 8] 22 S — AN KAR A B BTG, TR AR T3 mT DU — AN 5 (327 [ 58 K B 4 2 b
RIEIFRIY . SR, XASFY RATRER KT, AReTE324 2% [0 L 5hriEd R ILf7 .
WA T SEIG T EAS TR BT IAREY R, A — AN BRI 1 4 JR g i v] LA 25 77 0 I A
¥R, AR E b, B IX bRy B AT T T b 8 L, I sz it 5t i 28
M TR . AndE T BAIR AT DL CARE IR AR AR FIIAT AT AR vy g b, b 7RI T
— BXHR AT R PVEA R S B, BT DAFT R — AN R AR K g A (R], DAk G Al
AEfIBRAES S = A R

N THI R B IR IR IE D 2R 0 T RO AR A9 R B SR o 3 e T v B 1
FeE . BOE IR RS, A ZRISC-V ISAB & 1) F i o
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10.3 7E[EE 32 MRS AN B

FEIX T L, BRATREHEAE R SO REA A E 320 15 A% A SEBL N 3G gy fee

N THIIX N RE 32 (7 b5 17 1 1 22 2[R 1 I s R T SR ) e
7T

FT 9 30 A5 < 4whS 2 ]

FERRAEGRIS H, 3R FI300 F8 & gmi 2% 1E]) (PL00. 01. 10MRTZR) W FT ik
gEfa A R AR, WRAFE EIRETe ST R, IB41X3/N3007 4 hs 2 [a) i a] LA B 4 o
K AE320 4 2 7K T A% AT s 2 1]

H R 25 Ar3E-<@ gt 2 A

TEREARFIRHEY R gmiS F, —AN2507 F8 A4l 23 (BN BT — A R BRI . a3 2
BRFRR IR ERIYT R (R 9.1, H—IRE T —A 25wz m. HAPmA RS
RV128FEE A YL I i ZAE ] Cls /£ OP-IMM-64F10P-64), {H & 7] # FH T-RV32FIRVE4 1 Rt Bk
HARMEY

(B ZARVEAI I N EVERS (OP-IMM-32F10P-32) ] { T RV32 (KA B & AR bR D™
&,

WIER— N SEIUAS TR B 5, W OR B S bRy s i J 171> 32 248474 (LOAD-FP. STORE-FP,
MADD. MSUB. NMSUB. NMADD. OP-FP) W] DA#AEbRHEY EE . XMBUH, AMOZE Zig
VETSAEAN TR Ehr e i FHE R, thrl DI E A

WIER—NSEIUA TR B 320 K FE (48 4, WG A4 14 3 BERERY nT A A (3R 9.1
HHIR ) o

FEARRVI2I R T 104 T EEAERS AN E B, AY RE 18401 H M ERD .
FARVeA R AT T 134 2 BRI 3R A RS, YR B 16N T H RS

R H 22 AriE<@ gt 2 1]

FESEARBRHED A, — 224745 4 g i 22 [ - —Munct3R E R AE I . 47 )L
A B BRI Bl e 2 b F B funct3UCERAERS, BT 7 LA AT A A 2247 25 5 22 18]
T H A R AR AR O R R AL P S B VR, B UL T, — N R
A IR ER AR (R A B 2, DARIMALRE R 6

FoAt 2= (A

PRI E T R AR N AT SN S 181 AT, O HLOF AN AT (0 OB AR A R A1 4 e 4k
T

Copyright ©2010-2016, The Regents of the University of California. All rights reserved.
58



10.4 HHIXTFTHI 64 P T B

YRR, ANBEAE32NL [ € KIZARAX A h AT, Sy 8K T iR B I B 2R%S 5%
11640452 SEHUIIRL A 320 S AFE A% 5, (H AT LLEDR 64154 #i7E 6415734 F %)
7, LARIETE S HUR, WIFER EN, AEHI320NOPHE & KA N AT .

N T TEAARE TR, 640L 18- N 2RI 1 b R R AT b o SRTT, SEIL
A LUOA6AN fE B — DA HE RIS S KLY, RN CRAF 3210 48 2 bR HES i Bilan
IR ZRGE2, A —2R64RLHE AT i i 8 & SRl T 247 i B A 8l 2470,

N TTRM 1 DL PEZEE e E 77 F SY R PR 1 LS HI KI5 S5
H A HIHRIGHIT o

10.5 X VLIW 45

HARRISC-VIFA B BTN — D2 FIVLIWALES (F3E¥E: Very Long Instruction Word, #8
KiST) mIsEat, Hagm U, v DB VUWRESAE N BN . FEATAA I
N, DASCREREA 20 Gt , DA RS A AT AT bR i 4 i TR .

EKESA

¢ (] B 7 VR AR 7 SC— N BT BRI F AR XS 5 HE Ak 20 (il an12867), VLIWER(E
A AGRIAE B . EAE G HIVUIW A, X R R AT E S BUR 9745 4 2 [HRRAFNOP (i
VLIWH—AMNEE SR, RERITRLERANAEARSERERXARRES, S8
SHATRESHIAKERR “FFR”), (HE—DRISC-VIEA M SZIL AT LS FF A 13240464, #
VLIWARRE /NG J BR 1 PEVLIWITEE bR 4 | o

ML KERSH

FH TR R AT B 119 bR MR B gk S AT IR 24, A VRIENOP 46 £
VLIWFEAZ 4. B, —2k64fi 384 n] LA &I 28 LA, 1fi—2%96h1 54l LA & =
A28fitidt, DARHE. i4h, —Ra8AIIR AW LI & — N a2fr Ak, T—2%96f 454wl
DAL &P a8 035, DA,

W E R S TR B R — 3 E TR 2, REF TR RISAYwtD . B STE T IEVLIWEG £
H R T R R 280 B 420 i, KRR RHR AR SR . — R LA o
VLIWTE 451 B Le i vk REE M EZ A (ffl Wicache line B MEIAZ 28 1)

[l & K/ 4R

A —FT7E, Hitanium3SAL, BRI, BARXFH. [l K/AMES R (40128
A0y, FATHRAE D AT XFE 7S BEE, HERIERAMER S 7 H T 5%,
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T ARUFRSIC-VAEZS, B FRIE A3 2075 4.

B “4EE AL

FIRFTE T, EABERTTE—ZRVLIWEE A B ER A A I RISC-VERES . SRTTA 7 4h—
Tl 7 T ] 7 32457 i R 2067 WS T T R i . — A AT B AL AR, T 3RoR “HEE R
(end-of-group)”, T &5 27 W1 A4 W R IR I8 1] 3T B TR A ARERISC-V 3247
R4 TR BN (1D, FUASHVUWT BT, KA IEFE S, 5%
E—MHESETES, FFHARIEI.

XA A R AU, FEARIISABR D — MBI VLIW R GUil T B S, T
HLAEFR 301 G 23 5] HOIn N B8 2 195 1] B A7 2 1R IR 4
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F1U1E ISA TEMBLIE

R FEHGARISC-V ISATEE M VAR R, T bR A Se B3R B HR 25 G, B
SRR kO (ABD IR ARG .

RISC-V ISA #5 i 11/ FEVE L 15 5 FIsL I PEHE S BEY T 5 FISEH . Fel A
B — P EHUR i Z 1K F, B LT T AR FS

11.1 R/DEHUR

ISAfi 4 54 B A KNG AN BURR T o

11.2 EAREH ISA

RISC-V ISAFFF H JF 46 T'RV321. RV32E. RV64IEERV128I, 5] 7 RAEHUSATT S
Huhik 2= 6] KN

11.3 R4V RBEF

PRAEISAT JE 2 H BN R R 46 7 BN, BEACBEHO O I Sl T 4/ AR TS JE 2«
“M” RoRBEHTRIFARIE, “A” FROREFHAAERIES, “F7 KRBT IS4, “D”
FINRURE FEVE 482 o ATIRISC-VAR A S AR P, FR T DL 3] 7 Hb e ek o ik A B 5 iy 48R0 P
FIP R E R R R . B, “RV64IMAFD”,

BATEX T —NMEE “G” KFER “IMAFD” FANEAY B, X/CR T RAbFHEE
FHISA.

RISC-V ISAFRHEY AT A 7 HAR B OR B 7 BF, Flln “Q” RoRVUREEIF A, “C” RIn16
(NS R S

11.4 RAES

IWRBIBEE I (M HERS, 18T Red REE ok, BATETEL T RMmY | TERA
Fo WA T AT ERA G HIRERAT, HELL “p” r&l. WIRERASZ “07, M
“p0” AT LAMFRAFRF S g . FERRA T AL, WG ) Ja e T %, AR
A5 (R AR A U ZRORAIE 7] J SRS o BT, AT L.0RRAS & IR R 640 br#EISA, 7]
PLE R “RV6411pOM1p0A1p0F1p0D1p0” , fijvii 2 “RV64ILIM1ALFID1” , i fajvi 2
“RV64G1”.G ISA T4 5 B RV6412p0M2p0A2p0F2p0D2p0 ”, B 13 i /& RV64G2 .,

BAVEART W P I TIRA SRR, FATEIEEEA— K AR B,
BATE UhRUE FEMBRE AN, “RV32G2” , XZ%MT “RV3212M2A2F2D2”
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11.5 JEFrEY B

EbrET R dr B A —A “X7 , JETHERAE—A LT BEFF AR I 455 B R AT 38 R RRAR
Fo i, “Xhwacha” #r44 | Hwachalal S H4EISAY FE;  “Xhwacha2” 1 “Xhwacha2p0”
s 1 FEFEHLASI)2.00 .

FEARUEY R L AVE H — A N RIZ S e 2 7B A bR . B, — AN B SRR EY e
ArglefliBargleffJISA, FJLAfz 444 “RV64GXargle_Xbargle” .

11.6 BERAFZRSTE

PRUEE B 1R TARAESE B e X, B “Ss” MO, JRIHERE S B T R4
TR I RRAS S
B R AUE R — A N RIS e 2 T R A

11.7 BERET R

EHRBISARAE R HEYT R, ] “SX” R4

11.8 FEMLZLE

11105 TR FHEM L.
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TH

| 2F

P B ISA

B |

B IRILRIBRIE M

JR A

FARE BV R F

UK P 27 A D

HH G=IMAFD
Bt F P R

VU KE B 37 A Q

I A L

1647 K 45454 C

fr e B

B T

FARISIMDY P

HEY & Vv
AEAER PR R

JEbrUET R “abc” ‘ Xabc
FRUEEEE 51 Z01SA

LY “ def” | sdef
e[RRI N I

IR TR “ghi” | sxgh

xR 11L1: #E ISA FEGH. ZREEXTERBFFRAED, TEEFEANNEF, EREP,
BLEmMT, BAERBFSD, MREBFREIRE, 20 RV32ZIMAFDQC & AR, M RV32IMAFDCQ

=AFER .
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FRE JIBEEREAR “Q” RET R, R
& 2.0

AR TF A 1EEE 754-2008 5 AFRHEI 12807 —HE 7T 482 FIQbnEY . 1280180
VUKL —HEHF SR THEB M AN “Q”, T ERVEAIFD. ML R sty T, "L
PRAF ™ R B B — /N XOKE B 5l — AN DU RS B 77 s AH. (FLEN=128).

12.1 PU¥EE load il store 354

490 T LOAD-FPFE 4 FISTORE-FPHR & 12801 A8 Fl,  H—/Munct3 7B (FEHE: Mg
B F KwidthZB) HEHHE AT RIS .

31 20 19 15 14 12 11 7 6 0
‘ imm[11:0] ‘ rsl ‘ width rd opcode
12 5 3 5 7
fF% &[11:0] Fehk Q dest LOAD-FP
31 25 24 0 19 15 14 12 11 7 6 0
‘ imm[11:5] ‘ rs2 ‘ rsl ‘ width ‘ imm[4:0] opcode
7 5 5 3 5 7
% E[11:5] src Fhk Q fi% & [4:0] STORE-FP

AR —NF R A AR TRAT 1 — > HORG FEE B XURS BE T A A8, e 0 DR A FH FSQER 2 7
s ME R B 2 n, PRI FLQIS BT RO, A R 72 o7 A7 s b HLHT A U
06 B B P2 B XURS RE T i B B TSR 2 Ah, DRAFAEAF i 2 o1 (B i X0 R AT A
5E 3o

FLQIE A FIFSQi & RATEAT Rt k2 B 2% 55 HXLEN=12811F, 4 BESRUESAAT 1 JR 11k

12.2 JRETHES

MFRZHERS, —DHR S ARG T B, R 12,0005,
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fmtF B | BhcAF X
00 S 320 HKE
01 D 64107 XK FE
10 — | RH
11 Q 12817 PUKE

& 121: BATERD

VUHS L7 R SR 2 10 S EATTIUURS BE A ARSRALL, (R B AT P A2 DU S L 4 1 4
B, DU SR

31 27 26 25 24 20 19 15 14 12 11 7 6 0
funct5 fmt rs2 rsl rm rd opcode
5 2 5 5 3 5 7
FADD/FSUB Q src2 srcl RM dest OP-FP
FMUL/FDIV Q src2 srcl RM dest OP-FP
FMIN-FMAX Q src2 srcl MIN/MAX dest OP-FP
FSQRT Q 0 src RM dest OP-FP
31 27 26 25 24 20 19 15 14 12 11 7 6 0
rs3 ‘ fmt | rs2 rsl rm rd opcode
5 2 5 5 3 5 7
src3 Q src2 srcl RM dest FINJMADD/F[N]MSUB

12.3 DURRHESMfEHTE <

31 27 26 25 24 20 19 15 14 12 11 7 6 0
funct5 fmt rs2 rsl rm rd opcode
5 2 5 5 3 5 7
FCVT.int.fmt Q WI[U]/L[U] src RM dest OP-FP
FCVT.fmt.int Q WI[U]/L[U] src RM dest OP-FP

TN T35 T 55 B S P8 A FCVT.S.Q. FCVT.Q.S. FCVT.D.Q. FCVT.Q.D.
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31 27 26 25 24 20 19 15 14 12 11 7 6 0

funct5 fmt rs2 rsl rm rd opcode
5 2 5 5 3 5 7
FCVT.fmt.fmt S Q src RM dest OP-FP
FCVT.fmt.fmt Q S src RM dest OP-FP
FCVT.fmt.fmt D Q src RM dest OP-FP
FCVT.fmt.fmt Q D src RM dest OP-FP

V7 BN S 51 ENFR A FSGNJ.Q FSGNIN.Q FSGNIX.Q 5 XUKS & 757573 N TE 2 AHZR L.

31 27 26 25 24 20 19 15 14 12 11 7 6 0
funct5 ‘ fmt ‘ rs2 rsl ‘ rm ‘ rd ‘ opcode ‘
5 2 5 5 3 5 7
FSGNJ Q src2 srcl JIN]/IX dest OP-FP

FMV.X.QFTFMV.Q.XF8 4 5 $E 40t K BE VRS B A AL B B 25 A7 2%, NI A7t 28 o

RV128 # Q # FE 13 FMV.X.Q Fl FMV.Q.X 755

12.4 JUIREEF S LLEES

P R A BV M 17 s sz Z AT HRE RO EORE (8 T AT AT T), 9
K 2 AR 5 NI 17 i}

31 27 26 25 24 20 19 15 14 12 11 7 6 0
‘ funct5 | fmt ‘ rs2 ‘ rsl rm rd opcode
5 2 5 5 3 5 7
FCMP Q src2 srcl EQ/LT/LE dest OP-FP
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12.5 PR ER R 5HKES

VUHS B2 7 1573 4R 2 FCLASS. QI E S5 BN THIUURS FERRCAHE R ABL, (B B AR FHAE DR FE
Z (e

31 27 26 25 24 20 19 15 14 12 11 7 6 0
‘ funct5 ‘ fmt rs2 rsl rm rd opcode
5 2 5 5 3 5 7
FCLASS Q 0 src 001 dest OP-FP
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B13E  THEBFE R L AR R, RA
0.0

ATERAREYJE “L7 MO AL E, XA SCRFIEEE 754-2008 1 A S+t
P A

13.1 4% S F TS

A 77 5w A7 ae R R AR AF 64 11287+ BE I A, LA TF siload Mistore 45 4 H
RAE 27 A7 25 A fi 2 2 1A% A L

H] T & N5 S mr BANIIREFFZNE], AL A FF R 75-$ 9 R 30
1L G55 o] 4 75 > 25 [ TR
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F14ZE EHEHRSH “C” IxET R, A
1.9

AR EERRFEIRRISC-VARE R e 18 S 4£ RIU BT VIR, brdb R4t 25T R, ash
“C”, JEIXTE FEAE MR 166I 58 A giS, B T EASFSIASRIG KN EZA “C” i
JE ] AR I BUTAT R A [R1SA | (RV32. RV64. RV128), FoAI 1 FH ARiBERVCHTE B IX P IE .
LAY, FEF H K 2)50%~60%[1IRISC-VIE 4 1] A RVCTR &K E, 33K L125%~30% K5 K
ANIY 2

FRATARE IX AR R e 24 1) RV32C AT RV6AC Vit 21T (Bt SR INAE T B RV128C -
AR, (AIRAMTIA T E R EE 2R MVE, FE 4N 1.9 AR, I5RHERN K%
#l| isa-dev@lists.riscv.org HIHEAEF1ZR1Y) isa-dev.

14.1 #iAR

RVC i F —Fh &1 B R 46 77 58, UMEAE T AMETERS, SR U1 16 A7 A 32 £ RISC-V

14
® 7RI Mk w S B N
o Hp—AFHABEEFAE (x0). ABI A4 (x1) B ABI R ZF/AH (x2)
® HIiRF MM —MNHF A
® i WAENL TEH T 8 N AEAR

CY REHEAUEY RMA. C¥ RAVF 16 f1484 T LLE B 32 A73E RG34
17, BT 32 AL W LAEARAT 16 Kb TR . (BEZHE: —ARIBH T, 32 fL75SR “ K
R XS F7FF 32 (7 FFIEas AL A IR L BN E-F BTN FF IR0 AR o)

SR 32 (75S L IET 4 32 (UX] 72T EZL, Al AN fE 18 mr (Ui
o

JE4ETR A IS E L K25 T, #F RV32C. RV64C Fll RV128C N#RZ—FE[), {Hin%
143 Jiirs, DEERIERIRIEIEA 1SA W8RG ANFE &, B, 558k AF) Rveac
A1 RV128C A5 Ft, T EHYMOBRERD K 58 L 4E load Al store 64 A7 FEHE, 1 RV32C fii 5
FRRS BE VR SUE — R IR E RS R AT R4 load Il store. ZRLLHYT, RV128C 75 B4 FIEEIG R
SE RS load A store 128 A7 3, TMFE RV32C A1 RV64C HY, "EIAE ] 55 XUKS FE v A fi—
FERIBAERS K 3E4T R 46 load il store. U S SESEIARAE C 7 F& , 6 2B AHEAH N A R 467 25 load
Al store 64, MIANEFKIAEF SR (F /DY E) 5. %o, RV32CHE
— kR gE B AR A, DURSERE M T AR A, AR ERERS B T Rveac
RV128C %45 ADDIW #54 .

K5/ load Fl store 2 FFEFIZNETTSMNTEE A 77 PIULHEIZATENTH
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A ZYRV32C FIRV64C Fii5H

BN T2 FT ZFFHT ABI G 13 AR I AN i FE/F (benchmark ) K14,
H15/E load Fll store F-A 120 HZE, [HEXN] THFLEGRELE | X FF AT /77 AT
HIL\ ABl (R X FFHEFGSETZ R It ds e o, A HEEFEF [, HF5 /% load
il store 1L/ F A FIKFZ/E load H store #i/d]. UL, #HE)A RV32C 17
FEERXLETT S [/ 4 3% 1o

N T IA R, BT [ 7L FE v 7 A — A i CH P FE 7 i I, AT
UEAE YT RV32C A EA T

BRI REL a5 T/ DRI, BRS8N —E X
PIRFE, (HE X SLHRIZTE 5 RIEEXT R X 1FZ T FER ISA 17
LRI . JEAVE R load il store 758N 75 & 7 #4 load F1 store
TGS 0. H AR 17 a X 7

RVC A& TEIXFEM LI T s, BIRE—2% RVC 15219 R L 7EJE A 1ISA (RV32I/E. RV64I
B RV128D) Ei# F. D hRdE % 32 fiiE 4. RAIXFLAR, HinF—Lbifib.
®  TEIEVCIT AT DAZE PRADIN T B b FE RVC F84, TRk THRIE, FRIE7ERT A Tk R
SERI S M .
® JRiEasnILIAALEE RVC RIS, B BN as AV EE R A RIATARAD IR 48, BAR—
A i 28 R 1 G 12644 30 T LA B B4R

N TG 7 C R IFD 752 [E[ AT T 19— X — BT, 772019 % F =
FSE WL R LI N2 X EFF C 7 eI 75 S LA T3 i ki — 2
WIS ST i AT i+ 1018 T-TC 4 IFD 75 SN —5% C 157
HRMT it o

HAREANZ, CYIRIERRIEN—A I ISA TH s, BMEEFEE 4%
A ISA — B

ARG CZEP I RIE m A CHIE IR AT 7o P4, 7 1950 )7
HIFR 1 1BM Stretch[3] fE/H T — 1A 7 32 17164 (775K ISA, R 1614632
(715842 64 (715 /E 4Rk . Stretch tH1E/H TiXH — S, B2 —1
BT S50, IR T 7] - Fh T fras e e RA R 715 INGE T
G| AT — 1o T KM I1BM 360 1£ 7 Z5F4[2] X 1F—F T 1875 S %5,
XHF16 17, 32 (1A 48 17755,

71963 #E, CDC K77 I Cray 111/ CDC 6600[23], =42 RISC HIFT %, 7
A T —IKEFF#H load-store 1K Z 451, HIFSKE 15 (77130 (74F .
ST KM Cray-1 #1117 7 —FFE 75 S 1520, ERM 716 (77132 17
THSKE.

7 1980 LIKHTHHY RISCISA, #AEFFIFRETTAZCIGA ), XA TFu;
B [FEEZ 11, X IRA R AT G EE . B, ARM Fl MIPS 7 /74
HTISA JRA T, BT 7E bt 32 (75702 IMEHE 16 (7755, FA ) E /)
HICHIA A JEZFL T HT RISC ISA #IXT T ENTHI S EHA, A Lo K49
25%~30% HI1CIIA A, Ak i 1CI 7w N T~ 80x86 A ik fCis . X145 R4 —
Lo JBEBYE L, FIIMNTIL S — 1K CISC ISA P49/ CHg 1725 He R FE1 16
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(77132 f7 8 FCHT RISC ISA 754 I CRIZE A

1T JRAKHIRISC ISA FH-7RA AKX LGl SF 9 1 i 75 < B 1 A2 T (1 75
], BRI ETHE 2510 — T HT ISA HETTHFR o IR i v 2 i 2 S e
T ISA (EH I CIG . 55— TNEZ RISC ISA 77/ (#tA42 ARM Thumb
FIMIPS16) (XX (E/H T —FhlE & 16 1775 K/E, XA L1735 T
RIFHGIF L, (AE-FE AT H BTN, B H-FE T 5 R 451 E 32 71K
JETESHIL, PEGEHT T . X585 716 (/7132 (075K /80 5 0I5 —1C/E S
RISC ISA (4% ARM Thumb2. microMIPS. PowerPCVLE) HIBIR, T2 LLZE
7752 32 (/15 SHIMINTIERE,  [FI B E I CIGA DI PENTE, XL
DIFLCKITEGTISA UL 2 ] GG F9 /B4 ISA Z Ji], FEPFHZ, FH T X
P SEBRIFAF LR L HIE KR H 1.

HHEH 64 7 1SA 1, 2557 K7 PowerPC Fl microMIPS % 75 /%4575 /4 2( .
D NIBFT T HIAE, FIEBYFFECII KD FIZ) AT i A B bR, AT
BTG LRAIRITII 64 171SA (ARM v8) FH-RH & —NEG 15815,
BN TEHAHIRZGHK U, FFSCII DI — T ONIAZE, HETE
JRE- s T T (G R — K975 T EFED iR, K57 7% 75
Al e N 1)

fim T 25 FLIRIIZ Tz, RISC-V # 1T M Pl 1F 1L 4775, 4 RVC
RET T A2 BRI 7], (E77 e ] IR ISA 2 (G E Rkl e —
B2 (ER7—TNFTHEBIH A o RVC HIPEEAEF AR ZCI T FE/7 006 CHI A
P R PH R TR E PERERIBEFERCF, Ay I e D 11975 cache 6

(BEZVE: 18SKEBH D, AEFF—1 Cache line (RIFEEZHITES, BiZ B

EFEITHELXDFES Cache FZEHFEZHIHES ). Waterman 75 RVC LI T
25%"~30% 9750, b T 20~25% 1975 < Cache HG, 37541 T75% Cache
KD EFEFTFE AT FE[28] -

14.2 KA

X 1415 T 8 FhELETE A 4% . CRCI A €SS 48 20 AT LAfd FHAFAA (K] 32 4 RVI %1728,
{HJE CIW. CL. CS 1 CB #i R HGEE H T 32 NAFAFR NI 8 4. K 14.2 45 T iX L
HEZi 4745, XTNT x8 2 x15. VER A — M RMIAN load 1 store 54, FHIBEHEN
FEHUBEZFAF A, X RO R AT BRI AR KRR L T, I He A ¢ F css #524,
PUMERERE VT M BIFTA 32 MR 745, CIW #% 3 ADDIASPN 5 24241k T —1A~ 8 iy L Ep

RISC-V ] ABI EZ5MH 71524, 1415 A 17 a2 77 17 75 x8-x15 o XL
FELE— T IELEHT . E N F I a7 a5 i 5 KRR E G iE 1545, A5
RV32E JHERLMILIHZ, HHENG 16 NEL A 1775

JE4EI 2T 247 8 175 14 load il store F52 WA H T CL il cS #4520, 4 8 Maff
ML F] £8 B f15,

FRIfE RISC-V IHMEE, JFER i /7 T ar 17 e T 21 f8-f15, X FF 0 iF S
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BELC AT a0 5 [ 27 1 s L 2 i o

IR AR AT BB PN AT A7 A5 X 7 R TAE T A 182 v B[R — N7, PR AT DL 4
H A7 a7 Bl IRAFAESE 2 5 A H IS A8 XA, &5 32 i RISC-V Zi Pk 7 &
R HAZRIBUR AT S RN, FFS Y REGR G 12 fTAG . LRI B TEL
T s FEAESEA G 4, DU T LRI 2 ik B A AR (immediate mux)s

TES I8 ZCH 19 37 BB S # 1T 8L BT ITTASAE F M T 17T IX A2 T 1RAF
A — K75 R B GE LR & Z 7 L AR 07 B, X G SE 8. P,
SLRIEHI 7 17-10, #AEF TSI E . 5 T HT 7RI fr (5. 4,
3. 2. 1) HEHIMNESHIHRIE, T4 N7 8IE N 9, 7. 6. 2) H
3 PMESMIITRR, 1A (GE8 ) HFIITKWR.

XHFVFZ RVC R K UL, A FevF 0 SZEDEL, 17 H. x0 A2 — MR 5 7w A7 a5 X 7044 o
AR, A E R BRI AR S, BT Ag A Ta] .

#% 20 Ve 15 14 13 12 11 10 9 8 7 6 5 4 3 2 10
CR e funct4 rd/rs1 rs2 op
Cl YA By funct3 imm rd/rs1 imm op
CSs A% store funct3 imm rs2 op

cIw W BN funct3 imm rd’ op
CL Load funct3 imm rs1’ imm rd’ op
CS Store funct3 imm rs1’ imm rd’ op
CB 43 funct3 offset rs1’ offset op
cl ks funct3 jump target op

F 14.1: JE4E 16 {iL RVC #5515

RVC Z7 47 # d 5 000 | 001 | 010 | 011 | 100 | 101 | 110 | 111
BRI T x8 | x9 | x10 | x11 | x12 | x13 | x14 | x15
BHTTAT 4 ABI 4T sO | s1 | a0 | al | a2 | a3 | a4 | a5
7 AT T f8 | fo | fio | fi1 | f12 | f13 | f14 | f15
T 274748 ABI 47 fsO | fs1 | fa0 | fal | fa2 | fa3 | fad | fa5

F 14.2: CIW. CL. CS#1CB & A rs1’\ rs2'f rd' FER=(IEEH T FRE

14.3 Load FI store 54

N T 16 Grik A RES VI ROTEEE, R R LR BAR e 4, FOBAR A R
JONBEROR T 245 35 X4, AT X8, AL X 16.

RVC 324k T PRSI Load Al store. —FRBEF ABL M4l x2 fENIEHEZF 7708, 3]
SRS BB 72 54— FIAT LA 8 AL 2798 2 —, JRaI ) 8 AMEUE B r s
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E T HF841 1 load 1 store

15 13 12 11 7 6 2 10
‘ funct3 ‘ imm ‘ rd ‘ imm ‘ op ‘

3 1 5 5 2
C.LWSP fmF% & [5] destz0 mFsE[4:2|7:6] C2
C.LDSP ff & (5] destz0 W E[4:318:6] C2
c.Lasp T F% & [5] destz0 ImF% &[4]9:6] c2
C.FLWSP WA (5] dest W E[4:217:6) €2
C.FLDSP fmF% & [5] dest ImF%§[4:3]18:6] C2

XEFR A i

C.LWSP FE4- 4 — 32 A BUE MAFAE A TN ZFAZ A rd W o LA bk (1) 1 B e iy
FRNREE X4, RGN EERE x2 TEM). EWY RN Iw rd, offset[7:2](x2)15 % -

C.LDSP 52— %k RV64C/RV128C U H 184, E G — 64 AL EUEH MWAFE A I N T A7 48 rd T .
HoA SO B E D B R RS B X 8, SRJE N AR TR AT x2 TR . BT N |d
rd, offset[8:3](x2)15% .

C.LQSP #§ 472 —% RV128C U H RS, B —A> 128 (i EH MAFME 28 L N FF A28 rd 1.
HoA SO BB K Y R AL B X 16, ARJE N EARTERET x2 TERU. B RN
lq rd, offset[9:4](x2)15 %> -

C.FLWSP /& —%& RV32FC (A 1E4, Bl — Sk 7 s U WA AR L NTT R AT A7 2
rd F o FARMEE TR S Y R RS R X 4, SRIE N AR TREN x2 TER . B
¥ &N fiw rd, offset[7:2](x2)5 % -

C.FLDSP & —%% RV32DC/RV64DC [\ F H5 4, B0k — N RUKE FEVF s BUE AT 3N T A
AT rd o FUA A BE T RO B B R MR B X 8, SRS N AR FEET x2 TR .
BT RN fid rd, offset[8:3](x2)15 % .

15 13 12 7 6 2 10

l funct3 ‘ imm rs2 | op ‘
3 6 5 2
C.SWSP fmF% E[5:2]7:6] src c2
C.SDSP mF% 5 [5:38:6] src c2
C.sQspP fmF% E[5:4]9:6] src c2
C.FSWSP fmF% 5 [5:2|7:6] src c2
C.FSDSP W% & [5:38:6] src C2

IXEEFRAHH css # s

C.SWSP F8 414 27 f7 4% rs2 W11 32 S AHARAT Bt 8 o 0A 2t bk 1) S i b 2
Y RIMREE X4, RGN EARIRE x2 JERTT. EY N sw rs2, offset[7:2](x2)15 % -

C.SDSP &%k RV64C/RV128C N F5 4, T4 2 A7 4% rs2 1 (1) 64 PLE AR A7 BIAF it 25 T
HA O R s B R RS X 8, ARG EATREr x2 . T RN
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sd rs2, offset[8:3](x2)15 % .

C.SQSP j&2—% RV128C XA R4, CRaTAEe4s rs2 i) 128 MAEIRAF B FE AR o
b T B @ B R RS B X 16, ARSI FARTEET x2 TR . TR A sq
rs2, offset[9:4](x2)5 % .

C.FSWSP & —2% RV32FC U184, EMIF s 2r A7 d rs2 v I KGR V7 R BB IR A7 BIAF
fig . A ROhE TSR @ Y R IR R X 4, SR EARTRE x2 TR . B b
Y e N fsw rs2, offset[7:2](x2)16 % .

C.FSDSP & —% RV32DC/RV64DC {UH R4, "ENTF RUATAE 8 rs2 T I XURS FET m BfE
TRAF Bt AR P o JOA bl RS i 8B R MR = X 8, S8 S5 N LARTRET x2 TE K
Bl EHT BN fsd rs2, offset[8:3](x2)F5 % .

HEHTHFHF#H Load M store

15 13 12 10 9 7 6 5 4 2 10
‘ funct3 ‘ imm ‘ rs1’ ‘ imm ‘ rd’ | op ‘
3 3 3 2 3 2
C.LW % & [5:3] Feht Wit E[2]6] dest o
C.LD % & [5:3] Feht % E(7:6] dest o
c.Lq WA E[5|4]8]  Fhk Wt &(7:6] dest co
C.FLW % & [5:3] Feht Wit (2] 6] dest o
C.FLD % & [5:3] Feht % E(7:6] dest o

KR A cL g .

C.LW 182K — 32 M BUE MAT AR IR N AT rd’H o A 2L 1) S i i
VRS E X4, RGN L8 s IR . BT BN w rd) offset[6:2](rs1’)

g4

C.LD /2—%k RV64C/RV128C LA 1S, EF—A> 64 frHUENAEMHEAIZN T rd" o
HA RO T 28K Y R WS R X8, RGN A8 st/ RN . &
ey Fe N |d rd’, offset[7:3](rs1’)35 % .

C.LQ /&% RV128C IV AHTEA, B¥—A 128 fr il NTEME B NG 1788 rd’ . HA
Rtk (SR B R Y R AR X 16, RGN B st R B R . TR
J& 9 |q rd’, offset[8:4](rs1’)15 % .

C.FLW 52 —% RV32FC LA B4, EdG— M ERNS FETF i HUE WAL AR N TE SUZT A7 38 rd”
o LA RO L () T S B B R RS B X 4, SRIG N B AR rs1 R R BT T
B BN flw rd’, offset[6:2](rs1°)5 % .

C.FLD J&—%k RV32DC/RV64DC 1A F84, B0 — AN WUKE 2 V7 s BUE M AT 28 2N TF L 37
1E8% rd’ o AT T SRR I S R RS X8, RGN R AFE rs1/ AR hE
R B4 BN fid rd’, offset[7:3](rs1’)iE % .
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15 13 12 10 9 7 6 5 4 2 10

funct3 ‘ imm ‘ rs1’ ‘ imm ‘ rs2’ ’ op ‘
3 3 3 2 3 2
C.SW #s &#([5:3] Fehk fmF% 2[2]6] src co
C.SD #s &#([5:3] Fehk W# =(7:6) src co
c.sQ mFsE[5|4|8]  FHhk TmF% 5 [7:6] src co
C.FSW # &#([5:3] Fehk fmF% 2[2]6] src co
C.FSD fW#s &#([5:3] Fehk W# =(7:6) src co

XSRS MEH] s #E .

C.SW 5 2 ZF A7 rs2/P ) 32 ALERAF BIAA A v o oA Rob ki o 52 il i #2820
BRI & X4, RGN EEAES s’ R3ENE ) . Y BN sw rs2’, offset[6:2](rs1’)
&%

C.SD #&—%k RV64C/RV128C A FH4, ER A A7ds rs2 P 64 LLAE TRAF ZIfF a5 o
HA Rk B s T R WA X8, REIN B s MR ). B
Wi N sd rs2’, offset[7:3](rs1°)35 % .

C.SQ & —% RV128C (U184, B2 17as rs2/h 1) 128 Ai{ERAF BIAZ AR . A
kb v R E S T R R A R X 16, RGN B AR s/ RN R YRR
N sq rs2’, offset[8:4](rs1’)f5% -

C.FSW J&—2% RV32FC (AR A, "CORTF A A7 48 rs2”vh [N BORG P2 17 VB R AT B 474
arhe HA R THE S @ IR S R M ' X 4, AREIN EEFAERS rs17 TR LT
B BT BN fsw rs2, offset[6:2](rs1’)f5% -

C.FSD /&—%k RV32DC/RV64DC (X H R4, BRI mAF 7T rs2/m (1 X0RS FE I mUUE IR
R A . HoAA Zoth bk RS E s B R S & X8, RN EarFa% rs1hif)
FEHTE R . EH N fsd rs2’, offset[7:3](rs1’)16 % .

14.4 ZEHFIFEBES

RVC e fit /IS Bk 1 & N6 AF 20 SCHR 4 - IIRIZEA RVI 4R —FE, T RVC 15
MAR 2 AR AR RS 2 71 A

15 13 12 2 10
‘ funct3 ‘ imm ‘ op ‘
3 11 2
C.J fWH% 5[11]4|9:8|10|6|7|3:1]|5] c1
C.JAL fmF%E[11]4|9:8|10|6]7|3:1|5] c1
XEEFE A ) A%

CIIRAPAT DKL W BT 5T RIS, 5 pe fHINE Sk B Arttit.
C.J ¥8 4RI AT ATE £ 2KB Yo N BEAT Bk S . CJ 45288 RN jal x0, offset[11:1].
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CJAL F54 /2% RV32C A RS, EHITE CJ IR HRINERIE, (B2 EEK e
T2 JE T2 1kl (pe+2) B AN BIFERL T A7 4% x1 1o CIAL 8248 RN jal x1, offset[11:1].

15 12 11 7 6 2 1 0
‘ funct4 ‘ rsl ‘ rs2 ’ op ‘
4 5 5 2
CJR src#=0 0 C2
C.JALR src#=0 0 C2

XEEFRA{HH CR g .

C.JR (jump register) 84 HAT — AN TLHKMIE MR 227725 rs1 FIHbHE. CIR F5EHY
&N jalr x0, rs1, 0.

C.JALR (jump and link register) §&2#4T5 CIR 18 MH A HIERAE, (B2 KB
LIETR Al (pe+2) HANBIFERZ /748 x1 . CJALR Fa 2959 A jalr x3, rs1, 0.

JEIER UL, CIALR 75T WG TE 9 HEA RVI 758, LA T
WF pe L LUBIEKEEZRIIEHIEAE 2, TTAAEER ISA 71T 4, (A2 71T 3 75 hi
B2 NFR 4 AFT NXHIER 2177 1D H 50

15 13 12 10 9 7 6 2 10
‘ funct3 ‘ imm ‘ rsl ‘ imm ’ op ‘
3 3 3 5 2
C.BEQZ frFs 78] 4:3] src fmF% &[7:6]2:1]5] c1
C.BNEZ TR i8] 4:3] src fmF% &[7:6]2:1]5] c1
XEEFRA{H B % .

C.BEQZ R PUTH MM . WM EPM ST RIG, 5 pc Ik B Arthil.
C.BEQZ 454 Al ML AT LAYE 2568 i [El N #EATBhEE . IR AF4E rs17H0{E 2 0, WU C.BEQZ #54
FEA PR 55 (take the branch). X2k TE 2 ¥ @ N beq rs1), x0, offset[8:1].

C.BNEZ $545€ XAREL, RI2 U5 1rds rs1’/ME23E 0 i, WFE 2= L3557 (take the
branch). IXZI54249 N bne rs1’, x0, offset[8:1].

14.5 BEGHEHRS

RVC #2431 — S8 ] T B AR B i 4 4

BREH-ERES

P 2% B AR AT € i, I HLURT ADMEAT IR SR A7 2508 H b
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15 13 12 11 7 6 2 1 0

funct3 ‘ imm ‘ rd ‘ imm[4:0] ’ op ‘
3 1 5 5 2
C.Ll AR dest#0 A7 R % [4:0] c1
C.LUI EESTEIH(17]  dest#{0,2} IET rRI%[16:12] C1

C.LI BB 51 e 6 (i BIEL imm, 5 ANZFA748 rd o C.L FEANAE rd Zx0 B A
AR . C.LU AR Y addi rd, x0, imm[5:0]

C.LUI 182 AR 6 AL RIEUE N B H bREr 474510 17-12 A7, 306 H AR A4 11K 12
RIE R, SRJG 5 17 AL 58 R BB B bR 37 A7 48 B AL 43 - C.LUI ZFAE 2 XAE rd #{x0, x2}
HAIZBIBAET o N A2 2. C.LUI T84 &N |ui rd, nzimm[17:12]

BRF AR LAHERS

XL AF A% - L B R BT 1 1 3K, FRAEA AR x0 R A7 2 A — A 6 Az B
B (M BEATHRAE . SLRIBORRE N 0,

15 13 12 11 7 6 2 10

‘ funct3 ‘ imm([5] ‘ rd/rsl ‘ imm([4:0] | op ‘
3 1 5 5 2
C.ADDI E[E=SRVAE{) dest A% 37 R %L [4:0] c1
C.ADDIW SLH#[17) dest#0 S EP#[4:0] c1
C.ADDI16SP  AEZETHI%[9] 2 e LHI%L[4]6]8:7|5] c1

C.ADDI 64K AL Z 1. £ 58 JEIK 6 A r BN S 217 5% rd 1 L, BHEEBN rd.
C.ADDI #8444 & N addi rd, rd, nzimm[5:0].

C.ADDIW #54 /& —%% RV64C/RV128C (A 164, ‘BHATHIF M5, (HARAER—1 32
REE R, REH ST R4 B3 64 f7. CADDIW F54-¥54 &y addiw rd, rd, imm[5:0]. %}
C.ADDIW R4 1M &, LRI LA 0, XXM T sext.w rd.

C.ADDI16SP 54 [#AEIS 5 C.LUl #8A AR, (H2fH x2 /F 8 H bR 7 7745 . C.ADDI16SP
AWK —NEZEW. SV R 6 M ENEUINRIFARET /788 (sp=x2) L, BhAb r B %yl
K 16 1%, HIEHEN (-512,496). C.ADDI16SP F54 F T 76 A2 (1) Sk # Al B Bt AR Fig BT AT
TEE, EHRY BN addi x2, x2, nzimm[9:4] .

TEFRHE RISC-V 1L EH, FEIEEN sp K8 16 FHXI 7N (BEEMHE: 16
IXFFF2 o
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15 13 12 5 4 2 10

funct3 ‘ imm ‘ rd’ ’ op ‘
3 8 3 2
C.ADDI4SPN JEF 7 B4 [5:419:6]2|3] dest co

C.ADDI4SPN 154 & —% CIW #5301, RV32C/RV6EAC (VA IFE L, B — Y RIF.
BRI, el 4, RIEINERFRE x2 F, HEHSEREN rd’. XERASH T4 15
BCfEAR AR B FRER, B8 BN addi rd), x2, Zimm[9:2] .

15 13 12 11 7 6 2 10
‘ funct3 ‘ shamt[5] ‘ rd/rsl ‘ shamt[4:0] ’ op ‘
3 1 5 5 2
C.SLLI R IR EL (5] dest#0 R A7 % [4:0] c2

CSLLI 4842 —2% CL & NNFR 4, BXT A rd HIEEIATZ 4 A AR, G4
BEN rd. BOALIRBEMIDE] shamt 7B, AR RV32C, shamt[5]VZ0N 0. T
RV32C/RV64C, FEATIREAAUNAEEH . XFT RV128C, —> shamt 4 0, Jwit NFLAT 64 K.
C.SLLI 82854 e N slli rd, rd, shamt[5:0], & 7 % T RV128C H. shamt=0, NI#H N sllird,
rd, 64.

15 13 12 11 10 9 7 6 2 10
funct3 ‘ shamt[5] ‘ funct2 ‘ rd’/rs1 ‘ shamt[4:0] | op ‘
3 1 2 3 5 2
C.SRLI FEr IR H5] C.SRLI dest Fo A IR H[4:0] c1
C.SRAI R IR E[5] C.SRAI dest R k% [4:0] C1

C.SRLI f5 472 — 2% CB & MRS, EXTAFAEa rd P INEUESH T IZ AT ERAE, Jk4s
REN rd’. BALIREAWE TSR] shamt 7B, MAEXT RV32C, shamt[5]%704 0. % T
RV32C/RV64C, FEALIREULAUNAEEAE . 4T RV128C, —> shamt N 0, Wi AFEAL 64 IR,
1M EHLXTF RV128C, AT IREETF S RN, AL IR E 2 1-31. 64 96-127. C.SRLI
848 RN srli rd’, rd’, shamt[5:0], % 7 X+ RV128C H. shamt=0, N4 & A srli rd’, rd’, 64.

C.SRAI #5415 C.SRLI #E AL, A B HAT — N HARL B HEAE . CSRAI FE WA A srai
rd’, rd’, shamt[5:0] .

ZE R T AT i M Ry 2 T S T X G (A T KR
LU BEBE M T 5D IS 5516, T H AT — PNl 7 B a2 7 50 e
TG IX . K] T RV128, FNTHIE TS 6 10BN AE T IE7F57 T bR
T I IEEG R F/EZ S, Bl TG4 96-127 N, 64-95 & 41,
XA LU T M 128 (7 HEHEIEFT 195 58 7 #E R brss (tag ). FN T4 ) RV128C
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FFEANE RV32C F RV6AC HHE L2504 TR, LR X &/ 128 1741 5/ HT
ST CEG AT 1A o

15 13 12 11 10 9 7 6 2 1 0

‘ funct3 ‘ imm([5] ‘ funct2 ‘ rd’/rs1 ‘ imm[4:0] ‘ op ‘
3 1 2 3 5 2
C.ANDI AR () C.ANDI dest 7RI %4 [4:0] c1

C.ANDI f5 47 —%k CB #5:UMH5 4, BIET e rd’M{EM— N5 B 6 £ 2 RI%L
Z AT F A7 AND 1855, F8 45 5 N3 rd’H . C.ANDI $8 4453 & A andi rd’, rd’, imm[5:0] .

BYFHH-FAHEL

15 12 11 7 6 2 1 0
funct4 rd/rsl rs2 | op ‘
4 5 5 2
C.MV dest#0 srcZ0 Cco
C.ADD dest#0 srcZ0 Co
X LR AT B k.

C.MV $5 2K 251525 rs2 IE B I B 251288 rd . C.MV T8 44 BN add rd, X0, rs2.
C.ADD $84- ¥ 25 47 %% rd HIE 5 247 2% rs2 WIMEAR N, FEK 45 5 5 N3 &5 1748 rd H . C.ADD
5449 N add rd, rd, rs2.

15 10 9 7 6 5 4 2 10
‘ funct6 rd’/rs1’ funct rs2’ | op ‘
6 3 2 3 2
C.AND dest C.AND src Cc1
C.OR dest C.OR src Cc1
C.XOR dest C.XOR src c1
C.SUB dest C.SUB src c1
C.ADDW dest C.ADDW src c1
C.SUBW dest C.SUBW src c1
XEEAR AT Cs ke

C.AND 154 TE 231728 rd’Fll rs2’ 2 [RIAAT F246 AND #4E, F04 45 5B N5 17-8% rd’. C.AND
AP BN and rd’, rd’ rs2’.
C.OR T8 TE A28 rd’ Al rs2’ 2 [B)PAT 4447 OR $4E, ¥ 4h 5 N 1798 rd’. C.OR 15
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S RN or rd’, rd’ rs2’.

C.XOR 8 &1L A74% rd’Fl rs2’ 2 [AJHATHEAT XOR #4E, K45 RS NZF /785 rd’. CXOR

g8 WY N xor rd’, rd’ rs2’.

C.SUB fR AW 7 f7 4% rdMMEIRZ rs2/(MMH, FFIGLE B NFAEA rd’. C.SUB 18T e
N subrd’, rd’ rs2’.

C.ADDW & —%% RV64C/RV128C LA MHE 4, ER & AFas rd IMEIN L rs2’IAME, K2R
MK 32 AEEATRE ST, BB rdh. CADDW 154 & A addw rd’, rd’, rs2’.

C.SUBW /& —2%k RV64C/RV128C fH 454, B EA-ds rd (EWE rs2HME, FE5 R
IS 32 AEIHATFRF S R, SN rd’F. C.SUBW T84 N subw rd’, rd’, rs2’.

BT 6 F15$, EFITFEH-RAIEHLZNIIFLE, (H2HRE T HTRE
HIGHS T, F-H LR BB T2, (Fy— 275 SRR & FIZ) &Ik 4
Pt T IENTIE T -

P XARiETE <

15 13 12 11 7 6 2 10

| 0 | 0 0 0 | o |
3 1 5 5 2
0 0 0 0 0

— PR ALAGE 0 1 16 fitR S, BORAMRE N —%ARER 2.

FNTH 275 S R IE515 S LATEI I i R AT 88 FHH T2
GEENITEREZR TN, P2 e 2 AP GBI TRt R E X o
UG, FeNTRET 2 1 755 (7 RISC-V R G i977 20, Xt hFHE 5 K755
K AEETE S, LT TE TR 2 X9 57 5 —Fh i T . (BB E: AR
L BRI [ R ) T RE AR S JEI M AL, S EE B B A A it BB B £ 0,
BERFEE1)

NOP 54

15 13 12 11 7 6 2 1 0
‘ funct3 ‘ imm([5] ‘ rd/rs1 ‘ imm{[4:0] | op ‘
3 1 5 5 2
C.NOP 0 0 0 C1

C.NOP #8542 —%% Cl#% 484, EASCATA I H 7 o] WIRAS, B 7 #EdE pc 2 4b. C.NOP
B2 %S N c.addi x0, 0 3 B4 & N addi x0, x0, 0.
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W RdE %

15 12 11 2 1 0
‘ funct4 0 ’ op ‘
4 10 2
C.EBREAK 0 co

WA T LA# A C.EBREAK $84, BEHEY N ebreak $54, H T EIE I # # [7] 21|14
RFFHE . C.EBREAK 184 HIHAFEIS Y C.ADD 84 IAEISAHE, {Hi2H rd Fl rs2 # /& O,
et AT DU A CR A%

14.6 7E LR/SC F5IHfEH Cc 4

FESCHE C Y RSB L, B IR I, W RAFE LR/SC P81 AR AT 1 28 e 4k 5K
B4, 6.2 TATiAR.

WAE X G FEFR R %15 A FIC 37T, AR5 B3¢ C
EE T LR/SC JF IR AL I T 5 Ik

14.7 RVC #84E5F%

* 143 75 T RVC BEBRAFM M R . XTSRRI 16 MLAI9RS, HaKM
frl2 1, GFRAREAL T A 1A HffE 4. — LR (AR R LU B R RO AT AL 2463
I, ENIZEAPARICHN RES, RWRE XN IRIFEPORE G AR NP HEY s BEABRIL A
NSE, EWRAEIZAIRAFRD 4 OR B 40 AR AR HEY s BB #hnic o HINT, BWRAE XA R4
PP IR B 2 RR TR REEFI5E7R Chint) o FESRZREABCRIISEHL L, #5124 HINT 154
AR AT

HINT 7585 1% 11 5 X FFARRIE AN F 2 7, X L8 i] Gz lE
B, (AR FEHNIE LIRSS . HINT GG EL5 g6 E, BT a9 s8] ]
LLZWE HINT 765, 4% HINT 75 ME Ry TGS HAT, DB R L5 1KE
B2, CADD 7517 H ki 77 17 as AR x0, 4 EAZ—Z HINT 753, U445
171 rs2 FEHiE T HINT HI90 77, SR, — 7~ g SEH) ] LT 44 77 HINT
2G1E—4 HER A2 X0 LTS AT, XA #F 2 H20R (BT NOP 754 ).

% 14.4-% 146 HH T RVC 54
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inst[15:13]
inst[1:0] 000 001 010 011 100 101 110 111
FLD FLW FSD FSW RV32
00 | ADDI4SPN FLD Lw LD Reserved FSD SW SD RV64
LQ LD sQ SD RV128
JAL RV32
01 ADDI ADDIW LI LUI/ADDI16SP MISC-ALU J BEQZ | BNEZ | RvV64
ADDIW RV128
FLDSP FLWSP FSDSP FSWSP | RV32
10 SLLI FLDSP | LWSP LDSP J[ALJR/MV/ADD FSDSP | SWSP | SDSP | Rv6e4
LQ LDSP sQ SDSP | RV128
11 >16 fir
#F 14.3: RVC REMBMET R
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
000 0 0 00 | JFiERS
000 nzimm([5:4]9:6]2]3] rd’ 00 | C.ADDI4SPN (res, nzimm=0)
001 imm[5:3] rs1’ imm[7:6] rd’ 00 | C.FLD (rvaassa)
001 imm[5:4|8] rs1’ imm([7:6] rd’ 00 | C.LQ (rvizs)
010 imm[5:3] rs1’ imm[2]6] rd’ 00 | C.LW
011 imm[5:3] rs1’ imm[2]6] rd’ 00 | C.FLW Rrva)
011 imm[5:3] rs1’ imm[7:6] rd’ 00 | C.LD rveanzs)
100 00 | Reserved
101 imm[5:3] rs1’ imm([7:6] rs2’ 00 | C.FSD (rvauss
101 imm[5:4|8] rs1’ imm([7:6] rs2’ 00 | C.SQ (rvizs)
110 imm[5:3] rs1’ imm[2]6] rs2’ 00 | C.sW
111 imm[5:3] rs1’ imm[2]6] rs2’ 00 | C.FSW (rva)
111 imm[5:3] rs1’ imm([7:6] rs2’ 00 | C.SD (rvearzs)

%< 14.4: RVC 1S5, 00 5
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151413 12 1110 987 65 432 10
000 0 0 0 01
000 nzimm[5] rsl/rd=0 nzimm[4:0] 01
001 offset[11/4|9:8/10|6|7|3:1|5] 01
001 imm[5] rs1/rd#0 imm[4:0] 01
010 imm[5] rs1/rd#0 imm[4:0] 01
011 nzimm[9] 2 nzimm[4/6/8:7|5] 01
011 nzimm[17] rs1/rd={0,2} nzimm[16:12] 01
100 nzimm|[5] 00 | rs1’/rd’ nzimm{[4:0] 01
100 0 00 | rs1’/rd’ 0 01
100 nzimm[5] 01 | rs1’/rd’ nzimm[4:0] 01
100 0 01 rs1’/rd’ 0 01
100 imm[5] 10 | rs1’/rd’ imm[4:0] 01
100 0 11 rs1’/rd’ | 00 rs2’ 01
100 0 11 rs1’/rd’ | 01 rs2’ 01
100 0 11 rs1’/rd’ | 10 rs2’ 01
100 0 11 rs1’/rd’ | 11 rs2’ 01
100 1 11 | rsl’/rd’ | 00 rs2’ 01
100 1 11 rsl’/rd’ | 01 rs2’ 01
100 1 11 — 10 rs2’ 01
100 1 11 — 11 rs2’ 01
101 offset[11]4|9:8|10|6]7|3:1|5] 01
110 offset[8|4:3] rs1’ offset[7:6]2:1|5] 01
111 offset[8|4:3] rs1’ offset[7:6]2:1|5] 01

= 14.5: RVC3ESFIEK, 01 3H

C.NOP

C.ADDI HINT, nzimm=0)
C.JAL Rrv32)

C.ADDIW (rvea/128; RES, rd=0)
C.LI (HiNT, ra=0)
C.ADDI16SP (res, nzimm=0)
C.LUI (res, nzimm=0; HINT, rd=0)
C.SRLI (rv32 NsE, nzimm[s]=1)
C.SRLI64 (rvi2s; Rv32/64 HINT)
C.SRAI (rv32 NSE, nzimm(5]=1)
C.SRAI64 (Rv12s; Rv32/64 HINT)
C.ANDI

C.SuB

C.XOR

C.OR

C.AND

C.SUBW (rve4/128; Rv32 RES)
C.ADDW (rve4/128; Rv32 RES)
Reserved

Reserved

CJ

C.BEQZ

C.BNEZ
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151413 12 1110987 65432 10
000 nzimm[5] rd#0 nzimm[4:0] 10 C.SLLI (HINT, rd=0; RV32 NSE, nzimm(5]=1)
000 0 rd#0 0 10 C.SLLI64 (rRv12s; Rv32/64 HINT; HINT, rd=0)
001 imm[5] rd imm[4:3|8:6] 10 | C.FLDSP (rvaasss)
001 imm[5] rd#0 imm([4]9:6] 10 | C.LQSP (rv128; ReS, rd=0)
010 imm[5] rd=0 imm([4:2|7:6] 10 | C.LWSP (res, rd=0)
011 imm[5] rd imm([4:2|7:6] 10 | C.FLWSP (rva2)
011 imm[5] rd#0 imm[4:3|8:6] 10 | C.LDSP (rvea128; ReS, rd=0)
100 0 rs1#0 0 10 C.JR (REs, 1s1=0)
100 0 rd=0 rs270 10 | C.MV (HinT, rd=0)
100 1 0 0 10 | C.EBREAK
100 1 rs1#0 0 10 | CJALR
100 1 rd#0 rs2#0 10 C.ADD (HINT, rd=0)
101 imm[5:3|8:6] rs2 10 | C.FSDSP (rvsze4)
101 imm[5:4]9:6] rs2 10 | C.SQSP (rvizg)
110 imm[5:2|7:6] rs2 10 | C.SWsSP
111 imm[5:2|7:6] rs2 10 | C.FSWSP Rrva
111 imm[5:3|8:6] rs2 10 C.SDSP (rveas128)

% 14.6: RVC ISR, 10 By
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14.8 B EHST

TSR T s, B X R iR SRR AR A E S R RVC
H

147 HIH THRAE RVC F54, $& IR AR N R BT, A T X R SARI KR,
HFRA TR, SRIGIE1T T At 3 MaaG. 6F RV32, RVC 7E Dhrystone Ji/b T AR H5
24.5%, 7£ CoreMark J&/> T 30.9%. %} RV64, RVC 7E SPECint i/ T #A4CHD 26.3%, 7 SPECfp
/0T 25.8%, 7E Linux kernel J82> 7 31.1%.

148 MR MAEN AN RVC F84 34T T HEF - % RV32, RVC 7 Dhrystone /0> T
R BN A 75 29.2%, £ CoreMark J8/> 7 29.3%. %I RV64, RVC 7E SPECint J&/> T HXUIEIH)
AT 26.9%, 1E SPECfp J8/> T 22.4%, 7EJE3) Linux kernel &/ T 26.11%.
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RV32GC RV64GC
S Dhry- Core- SPEC SPEC Linux MAX
stone Mark 2006 2006 Kernel

C. MV 1.78 5.03 4. 06 3. 62 5 5.03
C. LWSP 4.51 2.8 2.89 0.49 0.14 4.51
C. LDSP — — — 3.2 4. 44 4. 44
C. SWSP 4. 19 2.45 2.76 0.45 0.18 4. 19
C. SDSP — — — 2.75 3.79 3.79
C.LI 2.99 3.74 2.81 2.35 2. 86 3.74
C. ADDI 2.16 3. 28 1. 87 1.19 0.95 3.28
C. ADD 0.51 1. 64 1.94 2. 28 0.91 2. 28
C.LW 2.1 1.68 2 0.74 0.62 2.1

C.LD — — — 1.14 2.09 2.09
C.J 0.32 1.71 1.63 0.97 1.53 1.71
C.SW 1.59 0.85 0.73 0. 27 0. 26 1.59
C.JR 1.52 1. 16 0.49 0.44 1.05 1.52
C. BEQZ 0. 38 1. 14 0.76 0. 55 1.24 1. 24
C.SLLI 0. 06 1. 09 0. 57 0.93 0. 57 1. 09
C. ADDI16SP 0.19 0. 26 0. 32 0.42 1.01 1.01
C. SRLI 0 0.81 0. 05 0.12 0. 31 0.81
C. BNEZ 0.19 0.53 0.53 0. 32 0.8 0.8
C.SD — — — 0. 25 0.79 0.79
C. ADDIW — — — 0.77 0.5 0.77
C. JAL 0. 38 0. 59 0.05 — — 0.59
C. ADDI4SPN 0. 57 0. 37 0.45 0.5 0.3 0. 57
C. LUI 0.32 0. 37 0.44 0. 56 0.52 0. 56
C. SRAT 0.13 0. 48 0.07 0.03 0.03 0. 48
C. ANDI 0 0.42 0.2 0. 07 0. 35 0.42
C.FLD 0 0 0.16 0. 39 0 0. 39
C. FLDSP 0 0.02 0.2 0. 31 0 0. 31
C. FSDSP 0.13 0.09 0.15 0. 26 0 0. 26
C. SUB 0. 25 0.09 0.13 0. 06 0.11 0.25
C. AND 0 0 0.07 0.03 0.21 0.21
C. FSD 0 0 0.08 0. 18 — 0. 18
C.OR 0.06 0. 18 0.09 0.04 0.14 0. 18
C. JALR 0.13 0.07 0.17 0.1 0.14 0. 17
C. ADDW — — — 0.16 0.12 0.16
C. EBREAK 0 0.02 0 0 0. 08 0. 08
C. FLW 0 0 0.05 — — 0.05
C. XOR 0 0.04 0.01 0.01 0.03 0.04
C. SUBW — — — 0.04 0.03 0.04
C. FLWSP 0 0 0.03 — — 0.03
C. FSW 0 0 0.02 — — 0.02
C. FSWSP 0 0 0.02 — — 0.02
Mt 24.46 30.92 25.78 25.98 25.98 —

= 147 RABESIHMFHFA RVCIES. RPVBB/AL TEFKIESEHSKRBEXRMFHY
HIEEfl. XAFIREREET —MNEGSCHEEMN, B RISC-V GCC HIFEHHIH #HITAIE,
%t RV32GC M 7 Dhrystone. CoreMark 1 SPEC CPU2006, X} RV64GC {7 SPEC
CPU2006 #A Linux kernel 3.14.29 kR A . TR RIELL R /RIS ZBEX ML/ TE
BIZE X o
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RV32GC RV64GC
S Dhry- Core- SPEC Linux MAX
stone Mark 2006 Kernel

C. ADDI 3.7 3.91 4. 36 1. 26 4. 36
C.LW 4. 15 3. 89 1.09 0. 87 4. 15
C. MV 1.93 4.01 1.7 1. 37 4.01
C. BNEZ 0.44 2.57 0.47 3.62 3. 62
C.SW 3. 55 1.62 0.32 0. 68 3.55
C.LD — — 1.43 3.29 3.29
C. SWSP 3. 26 0. 32 0.2 0.03 3. 26
C. LWSP 2.96 0.48 0.14 0.02 2.96
C.LI 2.22 1. 47 0.81 2.73 2.73
C. ADD 2.07 2.69 2. 64 1.84 2.69
C. SRLI 0 2.48 0.2 0. 38 2.48
C.JR 2.07 0.34 0.46 0.42 2.07
C.FLD 0 0 1.63 0 1.63
C. SDSP — — 1. 14 1. 38 1. 38
C.J 0.44 0. 46 0.33 1.35 1. 35
C. LDSP — — 1.34 1. 31 1. 34
C. ANDI 0.15 1.3 0.1 0.23 1.3
C. ADDIW — — 1. 26 1.03 1. 26
C.SLLI 0.15 1.1 1. 24 0.89 1.24
C.SD — — 0. 39 1.13 1.13
C. BEQZ 0. 59 0.95 0.74 0.76 0.95
C. AND 0 0 0.21 0.75 0.75
C. SRAT 0 0.72 0.02 0.01 0.72
C. JAL 0.59 0. 26 — — 0.59
C. ADDI4SPN 0.44 0.16 0.07 0.05 0.44
C. FLDSP 0 0 0.4 0 0.4
C. ADDI16SP 0.13 0. 18 0.28 0. 38 0. 38
C. FSD 0 0 0.29 0 0. 29
C. FSDSP 0 0 0.25 0 0. 25
C. ADDW — — 0.19 0.04 0.19
C. XOR 0 0.19 0. 06 0.02 0.19
C.OR 0.15 0. 08 0.05 0.04 0.15
C. SUB 0.15 0.03 0.05 0.04 0.15
C.LUI 0.02 0. 06 0.09 0.1 0.1
C. JALR 0 0.05 0.05 0.03 0.05
C. SUBW — — 0.04 0.02 0.04
C. EBREAK 0 0 0 0 0

C. FLW 0 0 — — —

C. FLWSP 0 0 — — —

C. FSW 0 0 — — —

C. FSWSP 0 0 — — —

Mt 29.18 29.29 24.03 26.11 —

# 14.8: MBI HT HIRVCIE S . RAPEIRS T B S EANASREE KN
AT L] . XA IR R I BAT RIRAF ). ATRV32GCHAT [ Dhrystone. CoreMark,
XFRV64GCH AT T SPEC CPU2006, %t T-SPEC, AL T &% N4, Linux)s Zhit Al
A5 S HZ. $ATINtHERE . S AT shell L A powerofffir 4
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14.9 AT FERRF /KRBT

TERREIN O H DAL B 27 A7 2 DR AT/ IS ARED 5 4 T B S AREE K/ NI AR B8 B B
RVC 13 TR F5 41 (1) load F store #8541 DA s> — - B R AE R B SRS K/, (R
IE DA TR AT, B T T M RE .

FRifE RISC-V #E T BRI 1 59 A —Fh B 10— 20080 D OR A7 IS 5 S ARAS /INR 72
KR AR TR RER T e . 5 AR A ORAE I R AR IR N B BB PR [R], AR AF a8 IR AE
RSB — 2% BRI B e S0, B A — T I AR A S 2R, SR )5 TR [ ER
o FArA AR — %R R E, CRB R AT I MR IR E TR, R)E
PR 2P 3R R

K 14.1 251 T 24 B4R F] SPEC CPU 2006 FEUEMIRAE 7 1T A BB B, ixseid
FEXT SIS FIZN T8 28 H g . SFRREL, AR/ T 4%, 1ahdsTa 240 H 1
KT 3%

2GJ5-0s (P ICHIL D) priit51845 gee 05 IRA BGENI IR 1/ h R ACH
B E BT IR/ U R T e

AEHM ISA 7, 57 5)—Flod D (R R R A CHIA D HIHL#2 load-multiple |
store-multiple 75 FTZELIGENTWAZ] RISC-V 77, [HEFE X LE7E
LA -

®  XULIESFIL S I P 5L

® N TUETIE A R AU, — L Ly 1 B BEL AP fF s T

TIGf—EEB Iy I AE, X L R HIPL A LU 2558
1T T 9754, (BEEME: HAIIDM r2,r3 155, RIEGFELK B r2 #
FEFREAT, T3 P BLAEMLIEEZER, #FEEN/E5)LDM
ESH—3 5 BIAr2 LAXBZERT)

® LA RVC 75N /A], Load multiple 7 Store multiple 7F747 X141

IFD »
® ST RVC 5N, GiiFE ds LA A 15 S B A s i
PRI LETT S, LIFER A ENTH LT IRGFRINR, I ENTR
® IR LT SEHY, 45 SR load il store multiple 755/ [,
I ERANATE S, -FETE T RED R

®  FRIINT A s 4 LT RES Y CIW. CLy CS I CB F (i FEHIHF

BIR— LR R LTI 1T I ] FE 2573 AN A 508, (HAE Ze 7€ 244 load
Hl store multiple % 7F, T2 /H T IR VR FLAFEFIHAF 7775, KK fFak
KIRIZHACIIA I
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Werrmr—T T T3 T T T T T T T 7 L T 0 T T T T T 1 11
18% s s s s S e e i s s S g -
16% —----{H Static code size decrease ~ pe-c--qfeiceiiiiiii e -
Dynamic insruction count increase
g 14% [----- _Bu e B U R———— .
=
I b Sl i i e o e -
o
P (VR e s R =l e e e ) el =
)
2] B0 [ s e e S e e e =l s e =1
=
6% .............................. v oo ol a e et i s e N e e —
4% ............ i i [ o e e e o - s o I e g g, T o il
2% g ‘- S | B B 1 =5 s ‘W
0% e B e
o o S 5 . = = [ —
SOLEEZ¢REP S ERES2RBESPECREEE RS
Z 2R E & EE EJERJEEESSELSREEFEERQ
= = 2 =2 E = ! k= 3 2
2z 290 gE 68 E z = s @oE S S 2 E
= 8 e R e L = = & E N
= =3 c @ =
D = w4 =
& =
Benchmark

K 141 RAERIREBN D AR 7Rl R, xS RN A 152 H f2
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5

B15E HERER V7 RET R, RA
0.0

ARFERARRIA BTG EY AT E
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B16FE IERIEH “B” YT &, WA 0.0

AT SE AR IR P EY BT AL E , BHsEA . S WA 7B, e, e
AL (funnel shift). A7 AT HER

LRI IRA 15 TLE I ST 7 5 R 57 A 2 P ) s 1T B 2L
LRI, (EFENTVISSG ENIMEER ISA # Zf7, KIA ENTH AT T
BASE T TTHA T 1T BRI, L8N TR FAE 27 77815 7

ZNTHN B 7RG ABTE 30 1778 5T s i o
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5

178 BSFEARH CT7 iR R, A

0.0

AT AR RGEMH IS AF AR BRA B Y R TR A2 &

B L ZAGEHT TAEHIOITE, UL AT SET, P58 AEXS
WREIZHALIT, DT RAFIHG S IF IR TR EA T F1K -

BN HTHILEIZAE S TIA— T BIRB BN FH S o 2P, LLR
TR NI FF 17 s i) — 2417
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F18FE I SIMD 8L K “P” InET B,
hZs 0.1

AREEH, WATHIE A IRRISC-VI— Mr#EFT ELSIMD (packed-SIMD) 7 f&. FATHAA
KEIFTESIMDY JEFRAELE LR T84 THEL T “P”. W LUIE—/MTHESIMDY B hE L
FARRY 2, FIH SR ITHD B T8 A 25 A7 28 A B s i

77 SIMD 7"/, 42 Hi Lincoln Labs TX-2[5] B 76 G/ AHY, (H2835 1 i #0#5 H
TT1CHT | R B 7RI R TR AT 77 72 SRRl i PE A8 527, €977 Intel (860
HP PA-RISC MAX[15]. SPARC VIS[24]. MIPS MDMX[8]. PowerPC AltiVec[4]. Intel
x86 MIMIX/SSE[19][21], KA RRUTHT %71 €975 Intel x86 AVX[16]. ARM Neon[7].
TN TELZAHE T7TE SIMD HIEFIEREAE,  (HAE H B H-7% A LI — L F
NN Sy, 25 HHH CHH LS Z DI 1T T SIMD A2 —1 & PEH i
1Rt HZ AR T Z WG T T T TTHAT, A4 T1E48091
EL TR — T ELFHIETE, PGV 7.

RISC-VITELSIMDY B HE FH T IZ M 2P 1208 (F0-f31), IXEL27 17 2% 1 %5 5 Al LU FLEN=32%]
FLEN=1024. #fEf7F 82 T F BN TR 52320 (“F”). 647 (“D”) Bi& 12801
(“Q”)o

FEIF A EF AR TN BE S 77748 (PA-RISC F11 Alpha 77 €4 SIMD 77/#) JH#
IRIFITEL I SIMD fH, X TR F1 55, A1 935 F FE i B AL 77 17 s T 12t R 1
HI IR EIERGHETCR] SIMD JERS AT, HAAFEY TR LA 5 B VF s ik
1o /7K load fll store 7552511 7 7 /] 1 T PE 7 57 19T €4 SIMD 7717 7% -
BRI, I IERT AR ALRAFFT EL SIMD (8, A ETF AT TRy s e (1 —
T i 919 1 55 #

WA I7F load Flstore i 24 H T4 & Fh K /MU 75 N BIFZF 788 . FEARISATZRE3240
Fl64fiiloadflistore, {H/ZLOAD-FPFISTORE-FPE4A 4t FLVF4mtd8FANE I % B, &k 18.1
Fim. MATITESIMDY R, TER4F b i FrdE H AR X 55 i load Fllstore »
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width'#B | S | fr5
000 B 8

001 H 16
010 w 32
011 D 64
100 Q 128
101 Q2 | 256
110 Q4 | 512
111 Q8 | 1024

#< 18.1: LOAD-FP #1 STORE-FP width 4m#5

T ESIMDTFEFE A MR AR 2T A7 o T T A AT B o BB T LAESAL. 1647
3207 6AfiEFE 12807, [EI AT LS BRIV R . BN, — A eafi T SIMDY E ] LA
RGN FAE I M X 6407, 2X 3247 4 X 16475 # 8 X 87 4T A MM »

FTHERIITE SIMD 7"/ F GE 7 LUK A ZYR FEHTHG 32 1075 SER1FRS T, 1H
2RI SIMD 7 IR il e B 1~ THY 30 11754514
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$F19E%E RV128I EABEIRSE, A 1.7

“TER T RIS N — TN RN LSRR ) ——X A2 G HI (7
PRI T 252 P2 ” Bell f1 Strecker, ISCA-3, 1976

A ERIRRVL28I, B2 AN HEE 12847 ik 2% [A] [RIRISC-V ISAZEFif o IX NS PRI
RV32IFIRVEAI ELAL T 24 I ZEAH

7B 7T 1 s S =2 R AT T 3 1 38 I 75 ] o B A AN
L 64 (75510 KT G55 0] -4 1 1R 2 A 7R DA . 15
UL, TOP500 Z i i FE /7 Il 28 11 2 B AR ARG e v H DL #5 1PB /9 DRAM,
UIR G 1 DRAM #5EL F [ — TNl 55 1] 1 1 7 B8 50 17 9 551 o
—LLH G IE RN T E L (warehouse-scale computers) (S T EEH
DRAM , i, B LTI L5 K fr b as IR 1 3EF AR 1] GE g 2L K 77
1% 4855/1]. Exascale ZZHFILHANE T 100PB FREAEZR L, E45 41 57 (/)
G5 FHE IR FEHE S, T BEAE 2030 FEF, 45 75 2 64 (7191555 )H]

SR, — H M HE 7 B 64 (7S E], R SR I
FEF AT A 7] 1 77 72 SR A MU FUA S, CAIE 7 96 (7t~ P
RN 772, ELFR 15 128 (7 Hhf 5] (E AR T BRAFHT 7772 T LR
A.

TN TUL I FH- I 445 RV128 HITtE, K1 ] BE iy 2 JE M1 2 T~ HESE (8 128
D7 T 5 7T

RV128I7ERV6EAIFERY 7, W1 RVEAITERVI2IFERY P —HE, BT B3
12867 CPf/2XLEN=128). 4K ZHBET IR IR RA RAENE, 12 B/ERIXLENSL .
RVE4IXS ZF A7 A G320 BB ) “*W” BEHUR S RFFAAE, TN T —MXHRAFTE 1280 Z A7 4%
PR6AN BE BT AR “*D” BEURSHES . fEArHER2M gD, “*D” R4 HFE 724
FEHAEY (OP-IMM-64F10P-64) .

181 P SLED B AT RS AL 19954 (SLLI/SRLI/SRAD,  BLAEAE FH 1 157 BN A (R 7067 33647 2w,
M FE 164 (SLL/SRL/SRA) i Fi T AL IR BUIR 75 A7 2 K747

BIIAN T —%%LDU (load double unsigned) 54, i HIIA HILOADE EHEAEN, EHHH
LaFIsQfE 4 H Floadfistore DU #4fl (F#H¥E: PUF=128/1). SQFE4 PN FISTOREE: %
PRAEND, TLQEE 2 HE A BIMISC-MEM 32 L /ERD

ARSI RAESAR, (HIE12807Q7F i B 1T LLSCFEFMV.X.QFIFMV.Q.XF5 2>
T, T HIEA G IFCVTHE & FH T HE4T (12861) HEEU%
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$F20E FHHAE

A A IARVI2HIRVEATE 7 [ Com ik gebiite, LA/ Z15E: FEARISAIN AR iEiE 4~
J& (RV32GHIRV64G) HIAFIZI%E, FEEY/F SR IchscEl (HIRV32IFIRVE4D) _HKIF i
2158

AEISA 7 RITSEH, I G Bl VT2 & o

20.1 C HHERENNFF

K 20.1545 TRISC-V CAE /7 RAA IR B R . fERV32FIRVEA Co ka1, CHUintk
RUE32LTERE, MilongZSHL . FRET A (1) 55 FE RIS I 1) #4027 47 8% Vi B —FF, A LTERV32
H#le3217, MAERVEATHR 26401, RV32EF T ILP3 2 B AL, TRVE4A[S FH 1 ILP64%E £ #%
A, 7ERV32MIRVE4T, CH7long long# 641 5%t float#l /23217 IEEE 754-20087F i % .
double?$ /6417 |EEE 754-20087F s 4L long double? /& 128/ IEEEVF s %L -

PRI BIRISC-VEE R B A7 2 T isE,  C2E %Y charfllunsigned char#ls 7807 To 745 B 50 H#R
BEY R . Y IRAFFIRISC-VEE B & A7 2% H ], unsigned short/& 1607 TLAF 5 B I H EY .
Y ARAEBIRISC-VEE K 27 A7 25 T I, signed char /&8 AT 5 B80T B 54 g, R
(XLEN-1) 70 AHIA] . fRAF BIRISC-VEEEL ZF A7 85 TR, short/2 161 FF 5 84+ H A 755
e,

TERV6E4AHT, 3207287, il tlint, fRAT7 B ELZF A7 28 B HEAT T IERIN R 59 2, Rl63..31
AR o RIAEXTTC 5 3207 F AR 2 ke

RV32HIRV64 Co B 2 FH e A AR IR B R R A7 BIAF 28 TR IR, LRUE B 2R 5% .

CRA ik RV32rH 5% | RV64H 7754
char FRHE/ AT |1 1

short Fa R 2 2

int kLt 4 4

long KA 4 8

long long KR 8 8

void* fREt 4 8

float FURE FETF 4 4

double KR FE 7 1 8 8

long double VUG B v 16 16

% 20.1: EZA RISC-VISA B C 4RiFSEHIELR

20.2 RVG AAE

RISC-VITIHHIZ1E , R FTREFE D A7 ds PL S 4. R8N EREH 745, a0-a7, F1ZiA8
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AT AT, fa0-fa7, AT IXANHIK.

WERAL RS — A R E S HUEC structiE X UF 7B, B—NFBIZTRE 0T, S8
FAE R e struct i AT T 8 MG 4T (pointer-word) 1521 (shadow). WNHRZHi<git— N
RORAY, RV A AT ARtk i I, e s B A A7 ARaiftk i . SR, E ~union
1) — 5 B struct U 77 B4, Bl B dettit . Soh, K KA (variadic
fuction) (B T ARLLAESE YR R dr 24 1) ¥ i S E s B 27 A7 de L i

LE—AMBREFE/SEL, B SE A RSB IS . XM, JdE AL 1N T HREr
FINSH, BEERRE Z R bE B, OARISC-VIE — AN R 7 2 R 4

Yl I ARAL B I R GG S HUR TR A I AR I, e BARXS S5 0. Se A iE i # A
FAAT AL A, E AT BCE 15 55 HE-7F (even-odd) ZFfEgsxt b (FE¥E: Himaoflal),
Ho (B 5 a7 25 R T LSB. Il infERV32H, Bfi¥void foo(int, long long)i it a01% 3% &
MEE—N24, #ida2, a3fbidsE NS4 FEHal A K.

KAKTHEREF2E, @id5IH (reference) 151,

€ XU Hstruct h AN REIE IS S H A A AR 7, Kl AL . HARErsptRIn) 1A
—MNEA AR TS

BRI IR [P A7 O BB 2 A7 Ava0 a7 pi i A7 dfa0flifal . A W el ES
ol A RS I EE 2NF A struct P IRHE, 7F sSAE A BT S A SR A, HAhiR
[ BE OGN A7 KNI, IR [ AN a0fllat. B KA 3 [a] 42 #8458 i 77 A 2% 3% (] 5
W # 7 BOIX S A7 i 2 X, IR AR NS — DM S B L s e i

TEFRAERISC-VIR 2, M2 ) K IF BARTR £ BB X 5 B 16 7011 (BEEHEE: M
BRNFR 16622 ).

b T SHEF A AR BHE A A7 AR Z Ah, 7B B A7 430-t6 F1 1217 15 27 A7 A FO-ft11 /2
iy 2574, EATETR SRR, e e A A R, I HE DS AR
123K 2 A7 2% 50-s1 1R 124N 15 P A7 B fs0-Fs 1L 7E 1 FH i B S5 Wl AR 4 AR, 2 SR 75 B A ) £
i, FERC A IR E. R 202950 1 7R A2 @ MR AR 2R AT AT A7 9
T A
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FHR | ABIBFE | #id Y=
x0 zero (%) | WHZELZ0 —

x1 ra 1% [B] ik A&
x2 sp Fefa it B
x3 gp ES kRN —

x4 tp LAETRET —

X5-7 t0-2 I Py AR W
x8 s0/fp RAFR A AL /iR Er | SO AE
X9 s1 RAFHI B AL 2% RS
x10-11 | a0-1 bR #2400/ [ WHE
x12-17 | a2-7 ERAE 2 WHE
x18-27 | s2-11 TRAF I 2 A7 2% B &
x28-31 | t3-6 I oy A2 WHE
f0-7 ft0-7 FPIIf i A5 W
f8-9 fs0-1 FPORAT [ 25 1745 RS
f10-11 | fa0-1 FPSA/IR IR W
f12-17 | fa2-7 FPZY WHE
f18-27 | fs2-11 FPIRAF I 2P 725 Al S
f28-31 | ft8-11 FPIIf i A5 WHE

%< 20.2: RISC-VIARAESHFRERER
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20.3 WFHRARLE

O S R 20 BT B TR SRR IRV FIRVEA S . e B F T RF. DL Q
PRy 44, DUKFE A7 A%

%%if%iﬁwuﬂRVG%MﬂBz{%@ﬁLlﬁl FEHAR AL AR TR, BR T bR A 752X 5% 2
XLEN/8F- it (Hlln, XFRVI2LZ4FTTHF5).

BIATERG L HT7F s 228 B4 load 1 store 7 1]/, Jr A ZE B F5 1]
JHEGTE P11 i Bre TR LD X 70 I HEXT S T2 [ HI 7 1 %
FIRRG, M EHHF R

7 S0 I B A A A A s AR (], 5 AR (RO /N B0 2 OR [R] ) R 1§'Jﬁ[l?£RV32
i, % %double foo(int, double, long double)LLaO{%ﬁ%—/\’%ﬁ @LaZ%ﬂaMﬂ"éﬁﬂ’i
ZH, Wl aatkid s = A5 ERE R Ea0Ma1d ik [, fERVe4H, SHiEIT a0,
al. a2-a3xf, KAk, 4R Ma0ik[ml.

AR FAEXN O RAEFFARE, ZliEc99:k X fenv.h i At 151 FE K5 in] 1)

20.4 RV32E %1%

RV32E{ Fl T A4 e 142 BT R 16 MM B H A 45x0-x15, Kt 6125
FAEHE (x10-x15) 2MEAE I ZFAFEEE (x8-x9) I3 IGHT Zi /788 (X5-x7). kR XF 5% B4
UL
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5

5212 RISC-V L ZR1

e dals S

A E SR A T T TR A
F21. 145 1 T FRVERISC-VIRIE A 71 .
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Ph¥e4 HEAERS HX

la rd, symbol auipc rd, symbol[31:12] S H
addi rd, rd, symbol[11:0]

l{b|h|w|d} rd, symbol auipc rd, symbol[31:12] ]
{b|h|w]|d}rd, symbol[11:0](rd)

s{b|h|w]|d}rd, symbol, rt | auipc rt, symbol[31:12] PRAEA2 )R
s{b|h|w]|d}rd, symbol[11:0](rt)

fl{w|d} rd, symbol, rt auipc rt, symbol[31:12] 77 AR
fl{w|d} rd, symbol[11:0](rt)

fs{w|d} rd, symbol, rt auipc rt, symbol[31:12] % AR A R
fs{w|d} rd, symbol[11:0](rt)

nop addi x0, x0, 0 TEAE

li rd, immediate TeH T ez YA 4

mv rd, rs addird, rs, 0 Ry

not rd, rs xorird, rs, -1 1HAMG

negrd, rs sub rd, x0, rs 21K M

negw rd, rs subw rd, x0, rs 214N

sext.w rd, rs addiw rd, rs, x0 5y Ry

seqzrd, rs sltiu rd, rs, 1 ETolE AL

snez rd, rs sltu rd, x0, rs ANEETONI B AL

sltzrd, rs sltrd, rs, x0 Mol E AL

sgtzrd, rs slt rd, 0, rs KT E A7

fmv.srd, rs fsgnj.srd, rs, rs | B S S A

fabs.srd, rs fsgnjx.s rd, rs, rs FAURE FE AN HE

fneg.srd, rs fsgnjn.srd, rs, rs R R A

fmv.drd, rs fsgnj.d rd, rs, rs SRR B 25 A7 4

fabs.d rd, rs fsgnjx.d rd, rs, rs KUK P 8 HE

fneg.drd, rs fsgnjn.d rd, rs, rs WK FE E

beqz rs, offset beq rs, x0, offset ANEETF0N 5332

bnez rs, offset bne rs, x0, offset EToln

blez rs, offset bge X0, rs, offset INFEETOM 4y 52

bgez rs, offset bge rs, X0, offset KFEETo) 432

bltz rs, offset blt rs, X0, offset NN 3

bgtz rs, offset blt x0, rs, offset K053

j offset jal x0, offset L2

jal offset jal x1, offset et I

jrrs jalrx0, rs, 0 R BT

jalrrs jalrx,rs, 0 R I

ret jalr x0, x1, 0 M FEIR A

call offset auipc x6, offset[31:12] A FH A Ak i 1k A
jalr x1, x6, offset[11:0]

tail offset auipc x6, offset[31:12] R R iz Ak I R

jalr x0, x6, offset[11:0]

(Tail call far-away
subroutine)
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H22E P A

22.1 3| ISA F 1.0 fia< DL B 5G 5

RISC-V ISAFFE R EEF M T LA F AT E o B3 B gALES I LA 5 AR F
FIEEA KRR, A LB FIEE T-19924F HIUC Berkeley MTICSIFYTO (Torrent-0) [f] & fukt b R 28 10
Ho TORZ—KIETMIPS-I ISAH Al AL RS, H FEAR R BHIT. RTLIRTHIT 2 Krste
Asanovi¢, FEVLSISZIL /& Brian Kingsbury. Bertrand Irrisou. ICSIFDavid Johnson &
TO ISATE. #BAHE A, F W SCAR M EETTERE . John Hauser yTO ISATHEHE TR
BRI

FEMITHET-2000f¢)Scale (Software-Controlled Architecture for Low Energy) , &£ TO
H Rl BN, 17 TEB RN, it E R0 SCERRE TS T MIPSAREISA.
MIT[#)Scale Vector-Thread/b B 4 3= B4 F 45 #4111 72 Ronny KrashinskyF1Christopher
Batten, 1fjMark Hamptonfi1 57 #23& F-GCC 4 i 25 F T AL A5 % T Scale.

TE20024FE RS, —ANTO MIPSHR EALER 2SS MITE BT ARAS (MIPS-6371) 4 F T-#i
FRAFIMIT 6.371“VLSIREIAR " SRFEH S, #Uii & Chris TermanF1Krste Asanovié¢. Chris Terman
SESR T A R SIS A R GRFEFHFRATAL ) o IXA6.37HRFEE2005FF2, KE
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