&) siFive

RISC-V BB F1#N15



RISC-VRI[ASBFIRISC-VEES



SiFive

w

RISC-VAYSKRIE

F—

: l .V-V = -

‘A ARISCTI

SiFivehRIXFRA.

BRI AR TR
FHEE S SIS ARG ES




RISC SiFive

¥

Andrew Waterman Yunsup Lee Krste Asanovic
SiFiveBI6 A & 1% A% SiFivefill#i \ & CTO SiFivefll#h A\ & T 5 4244 i



VidlIr 1oA SPELS

& RISC-VEZERMNEIREEEY V32MEDQC

Privileged Arch, v1.10 | RV64IMFDQC
Privileged MSU 1.11

P RISC | iAiD | {uacomw
RISC-VEESHY | <X 5 -
Hot Chips 2014 NVIDIA. e Q
e FIFTE5 % v2.0 IMAFD > S|l E] &
T1stR 2 %) z|a 12 |2
T1st Ro Cket ljlb):II_ EOS14 45nm @SiFIVE‘ LSCZ = &\( % o llx ;‘) E
G S I ol=I3 | 125 13l |5
TR Raven-1#H, 28nm SiFivexE]Akiz S < || E Qg 2| =
LA . ; — |20 ﬁ@ ; S g
RVC MS thesis i@ - 352 1 = S
el =/ Linux I = i@ T
RISC-V IESETE =N j %0
T e T e

Q N ’], > D <’)
N N N N N N
S D D S D
(B2 F DR

s
%
79

7

2,

7
2,

SiFive
[
-

ul



: 4 RISC-V BB RAVRIEIRIK

RISC-\/* M2015F98F20192H

20 RISC-VEZE&ERE—NMEEFIHAR, 5
O EiRMEG, RIPHE BRI I I

RISC-Vig S S 5240 B ELEE A RIBR (£ 25
« R, DBFEITEIEE

120 I I
80 . I I
—

40 B

o mm - - L] L] - - - L] ] - - . . .

Q32015 Q42015 Q12016 Q22016 Q32016 Q42016 Q12017 Q22017 Q32017 Q42017 Q12018 Q22018 Q32018 Q42018 Q12019

H Platinum Gold Silver m Auditor H [ndividual



P or TEC,R
& @
NatonalUnieriy
of Singapore 2 d
Barcelona 29 .;-;
Supercomputing S
Center
Conro Nasional de Supcroomputacin

RISC-V SRR KK

5%

p
ANDES {Egéz
\’@'\Q o INTRINSIC 1D cortus 2.& leﬁ’ ¥ PRINCETON
‘:':' INTRINSIC ID. vl
% eide CEVA %(& iy 'UNIVERSITY P ETHzurich -
_Q ||| : secure B (D) | Berkeley SEORTH ! bl
C Roa Logic [ G_;., Architecture s e e i L@f;lmu
O r KSpera nTO ;@ Research 4 CMDALO MITCSAIL
DLVER Rambus SECURE’RF 'Ku DRAPER o TECH'}JE?ME?/EE%
DBVER e atos T 1@ .
bluespec ©  @boosip  DTLPHIN [ Teshmoiton 2% ; Bhse
- CMC : &
SiFive . 0% icron
@ Rumble C SKY e‘YtremeEDA @'owR'SC SH CONSULTING %y [ 1} c-y @s
Development R ‘ /‘/\ = LATTICE pango
silcon O TEOH 1P Mymnima e 5{?{ < QuickLogic & Microsemi ¥
d XC O r r . 5 Ssntacore ﬁ' \\_ a @MICHDCHIF company 6-07
@) SEAGATE "P W'e.stern
SK hynix Digital.
o < QUALCOMWW
SAMSUNG

‘VectorBlox
LOB

I_INDRIEE

INtrinsiz¢
- % SIAR
iy 2 9\— SYSIEMS
IL\,\ #{%Iﬂ&% %0%/ '/ SEGGER ‘ % antmlcro
UASHLING EMBEDDED SYSTEMS

LAUTERBACH 1‘ inmperas

DEVELOPMENT TOOLS

£} symbiotic EDA
cadence

oo
@ runtime.io

3y MINGES
Menlor

A Siemens Busi

RISC-V & &R E&EIT

210%
« RISC-VA] N TFAKIT+HE HEX-Five Security P
a’ ‘ Hmm\;oﬁxs Q»'(]'
Alibaba.com FOWERING THE FUTURE OF DATA \Q(
i %~

expresslogic

BERITIE. FTHRRERIESE

Jo
(k)dejg

NVIDIA.

Mo DIDT Py

4"
\S"é MARVELLS® &

(.9 SANECHIPS

g== Esperanto

v\
& CREENIILE HUAWEI
Iy SIEMENS
— _ _ _  INORTHROP
EEE—_?% GRUMMAN
MR smee, BB



EETTERAE IR EZSKHARAME

Bit Manipulation
QUALcom

ANDES
ETH:zurich

Esperanto
Technologies

e <o .
lowRISC

@ SiFive & suntecore

Privileged Spec

@ SiFive

_ N
I3l BAE SYSTEMS

Esparanto
Technologies ' 4
lowRISC |
%{h MITCSAIL
bluespec @ nviDIA.

Berkeley
Arthllecture .
Research S Suntacore

Compliance

Esperanto
Technologies

T Microsemi.  pluespec
@ SiF|ve S Syntacore”

&

Eerrkele e
rehitedture
Research OdOSlP

Vector

@ SiFive
Arp!!:fg(s Qa NVIDIA. hﬁc

Y [k Google

Esperanio BAE SYSTEMS
Technologies
Berkeley S Syuntacore”

Archi tecturr:-

@ Research £ Microsemi @

dvi"lcrnn ETH:zlrich

bluespec = cHrtus

Google =
(L) o nviDIA.
. _

lowRISC %ﬁ

@snim u Ltra@

Security

@ nviDiA.

SiFive . ™

Blockstream

Esperanto
Technolagies

AMDI

ultra

DRAPER
Anpes NM

BAE SYSTEMS

@ SiFive

Memory Model
@ nviDIA.

| RINCETON
UNIVERSITY Silicon

H @ SiFive
lewRISC

miTEs AL S Suntacore”
Amggg BAE SYSTEMS
(L) =21y bluespec

Base ISA / Opcode

@ SiFive

AN Esparanto

T CHNOL r‘xaV Technologies

BAE SYSTEMS

S Syntacore”

Berkeley :
Arthl'lecture : :
Research X -' lowRISC

Western
Digital



S

SiFive

A

=

IERSMHERI R LR

11

RV32IMFDQC/RV64IMFDQC
Memory model (RVWMO)
Privileged architecture v1.11 M/S/U modes

SRR B

N CHHER, ARAEEE, G20 M)
PR (EPRRISC-VHISRFENS 2 AT R RS 2 )
Pel ORI R R g ? )

2019 ISATAEE M

SiFivehi

CLIC, vectors, hypervisor S I A0 844 HE A
Unix ~F & PRt

Embedded ABI fix A FUW FH 7 il 22
Zfinx

AL 25



RISC-VATAXT



8 IBSEAMLEER--EREHSEEED

» AT ATF/RATgESEF N R?

— FEI999%HIFHLAFIRAYC R ERRETARM v7/v8 1558
» AMTAARMGIEIK(EARIGESERRS ST R?

- HEE9%HIEICA/ BTN/ RS R EEETAMD64 5<%
- IBMU{a{l3gesEE REHN?

— IBM 360, FRERIESELRY (EII505F)
- BB LEIESE

— DEC (PDP-11, VAX, Alpha)

— Intel (1960, 1860, [tanium)

— MIPS 52554577 Imagination, fxilr X 524577 Wavecomputing

— SPARC BEFe#iSun2B3I9MTIY, [5#KOracle2x5H M, BRIBEIEK

— ARM ...

SiFive



S  FHRIERHE AT EAE(E

SiFive

Jaca T Bt AR EI 770 | EHHHTEH 77 7

H R Ethernet, TCP/IP Many Many

A RS Posix Linux, FreeBSD M/S Windows

AT e C gcc, LLVM Intel icc, ARMcc

B sQL MySQL, PostgresSQL Oracle 12C, M/S DB2
K14 OpenGL Mesa3D M/S DirectX
BEELAN | 222222 | - x86, ARM, IBM360




& RISC-VBITAAH

& IaEit
. ERFEASEIESENS /MRS . BARIRET BISARS BN
« B EET EMmIEEFISAR S TCRIEIES
B R8T
o BHMITATIEFEARER ARG &

B ARV X TIRIT

SFERET

- IREX T BuZERY G020

- MAFPMEESKBERS B
«  FOSERR/ T2 AR

IRIR(LISA
- SINBETHEAIESE+IRET R (1+N)
. FERTREEEEE

SiFive



O RISC-V &

RISC
FHIRER EL AL AR
Gceg, binutils, glibc, Linux, Lauterbach, Segger, Micrium,
BSD, LLVM, QEMU, ExpressLogic, Ashling,
. FreeRTOS, ZephyrOS, LiteOS, Imperas, ...
i SylixOs, ...
RISC g PREARIIEEY SRR
B
HiERIAZ: EL 1A AN ARV EBR%:
Rocket, BOOM, RI5CY, Andes, Bluespec, Nvidia, +others
Ariane, PicoRV32, Piccolo, Cloudbear, Codasip,
SCR1, Swery, Cortus, C-Sky, Nuclei,

Hummingbird, ... SiFive, Syntacore, ...



& RISC-VAEXTH

SiFive Freedom SDK IAR ultra @ P> —
 GCC+ BinUtils * |AR Embedded Workbench with
SiFive support in development -
GIAR LAUTERBACH/A
e DEVELOPMENT TOOLS
SiFive Freedom Studio STEMS
*  Freedom SDK, Eclipse CDT, SEGGER -
GNU MCU Eclipse, pre-built «  SEGGER JLINK for Debug and SylleS expreSSIOglc
GCC, and OpenOCD Production Flash Programming embedded
* Built on Open Source * Embedded Studio for RISC-V — IDE, . T—
technology toolchain, debugger @ dEblan RT-Thread
UltraSoC Embedded Rich Operating & | UT ‘,‘4‘
* IP and tooling supporting Operating Systems Systems Zephyr
SiFive instruction trace ° RT-Thread ° Debian Linux
*  Express Logic — *  Fedora Linux @ FreedomStudio
Thread X * SylixOS o
iT * Lauterbach TRACE32 for *  Micrium - uCOS
n silicon bring up and debug e RIOT

fedora

24




& )l.kﬁRlSC Vi#EE - IP/#1[X
® MicrosemilzftHlBZF I ETRRS

HAEMIFREE TSiFive ZZEINVDLAZREZE S RS (AD
M EMIFiRSweRV £

Andes, L F, SERFERMETRISC-VHMIPHE™ ML
NXPE i # HHRISC-VIF K ki

R 159811 X]/Andes #EH FreeStartitXl

B FFRIE R ILRIOSSELR =

SiFive #H Freedom Everywhere (IoT), Freedom Unleashed (R 1£E8E),
Freedom Revolution (ADZEF KR, FEN R EFRFES

SiFive & %1 100“~design win
=8 B & % SiFive

5 | SiFive

SiFivefRBUTTA.



S

5 SiFive

AVERRISC-VHE - ~m

Fadu

Microsemi¥

S

AR EHmFISIFiveES 1E, &
E T SiFive ZHIFPGAT= M
TiRIZAJAL Kendryte &
FIRZBALS /

EFSiFive 3
L %55 K i 4 HY B F SiFive 3

EmAEE

BMETFSiFive ZHISSD IS A

K, BEEMHE
o K- ETSiFive KEILZALTE S FEL

FIAFIRBELT

® i EF

® ]

A HALS A

A TAHEH

WIS A, BEBTERR

SiFiveﬁiﬁﬁ?ﬁ.

EFRISC-VHI/= fh

T 142550

£ 204250898 /= R EFRISC-V

—5&5r-, H



8 RE2019

® BN KK EAMETRISC-VHI= i
® RISC-VH & 14 B8 SEEL K& 38
® 57y, 53, 4#
o ETMHARKMGILIEMKERT
® Hypervisor/%%/ﬁé
® Uit E B/ RS54/ D Re &

® KIBF B4F E P,
® DSP/AI/EZ /M 2%

SiFive



SiFive AHANXNT



S HNMNREFZITITISEINER

i Tl [y apangEnld IR AR

System

Products ° ;:EAJ'E'\E/{J?&

ENG T E SR HYS:

. TR AIE_EFH

» IEREIEAKNE
iy 5]

Assembly

Verilog Verilog

Binary

SiFive



EHNFEARES

Ji

S

S HRTHREH
= — FIRATERI P

RISC-VHzAR

N | SiFive



S

SiFive

SiFive RISC-V

[T

32-bit embedded cores
MCU, edge computing,
Al, loT

ECores

64-bit embedded cores
s COI’es Storage, AR/VR, machine
learning

64-bit application cores
Linux, datacenter, network
baseband

U Cores

Highest
performance:
8-stage, dual-issue
superscalar pipeline

> E76-MC Compare to Cortex-M7
Quad-core 32-bit embedded processor

> E76 Compare to Cortex-M7
High performance 32-bit embedded core

> S76-MC No 64-bit Cortex equivalent
Quad-core 64-bit embedded processor

> S76 No 64-bit Cortex equivalent
High-performance 64-bit embedded core

> U74-MC Compare to Cortex-A55 MP4
Multicore: four U74 cores and one S76 core

> U74

High performance LInux-capable processor

Compare to Cortex-A55

ysSeries g E3Series ) s3Seies _J USSeies

Efficient
performance:
5-6-stage, single-
issue pipeline

Power & area
optimized:
2-3-stage, single-
issue pipeline

CONFIDENTIAL — COPYRIGHT 2018 SIFIVE. ALL RIGHTS RESERVED.

> E34 Compare to Cortex-R5F
E31 features + single-precision floating point

> E31 Compare to Cortex-R5
Balanced performance and efficiency

> S54 No 64-bit Cortex equivalent
S51 features + single-precision floating point

> S51 No 64-bit Cortex equivalent
Low-power 64-bit MCU core

> E24 Compare to Cortex-M4F
E21 + single-precision floating point

> E21 Compare to Cortex-M4
E20 + User Mode, Atomics, Multiply, TIM

> E20 Compare to Cortex-M0+
Our smallest, most efficient core

> S21 No 64-bit Cortex equivalent
Area-efficient 64-bit MCU core

> U54-MC Compare to Cortex-A53
Multicore application processor with four U54
cores and one S76 core

> U54 Compare to Cortex-A53
Linux-capable application processor



@ SiFive RISC-V Standard Core Roadmap
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7 Series

Dual Issue

8 stage pipeline

E, S, U Cores

5 Series U54-MC4
snglelssie
5-6 stage pipeline

Multi-Core
Sand U Cores
3 Series

Single Issue
5-6 stage pipeline E31
Multi-Core E34

E Cores

2 Series E24
Power/Area Optimized E21

2-3 stage pipeline E20

E and S Cores

Q4’18

Q1’19

8 Series
Super Scalar
12 stage pipeline
Out of Order

u74
High Performance AP

S76, E76
High-Performance Embedded

us2
No L2$

Q2’19

U74-MC
Multi-Core AP

S76-MC, E76-MC
Multi-Core Embedded

EZ;, g27

MCU + Vector Unit

S21
64-bit MCU

Q3’19 Q4’19 Q120
us4
High Performance
000 AP
u77, s77, ET7
Vector Unit

[ Released Std Core )

Denotes Early Access
Standard Core Release
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X JTAG | U54-MC Coreplex
[[Debug Module] [ pratformLove
Boot ROM Interrupt Control
E51 Core 0 U54 Core 1-4
L11$ L11$
| RVB4IMAC | RV64GC
SRAM L1D$

FPGA

FU500 Base Platform

TileLink Switch

TileLink Switch |
TileLink Coherence Manager

Banked L2$ M

DDR3/4 Controller/PHY

S
X

1.5+ GHz U54-MC SiFive CPU

1x E51: 16KB L1I$, 8KB DTIM £ ECC

4x U54: 32KB L1I$, 32KB L1D$ 3 #F ECC

B UK BV SRR 2 T directory ff12MB Banked
L2$ Mcache—#4: 3+ HLFFECC

TileLink Switch

T
| PCle/USB/
ioMiPE

- Clock Generat tion l:Z{
Clock/Reset Control =X

ChipLink
Serialized Chip-to-Chip Coherent TileLink
Interconnect

DDR3/4, GbE, Peripherals
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Fragmentation: Diversity:
Same thing done different ways Solving different problems
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