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MnaH

* RISC-V KpaTknn 0630p apXnUTEKTYpPbI
* CyllecTByrOLUME N nnaHnpyemble peannsaunm RISC-V

* [TopTnpoBaHue Linux Ha RISC-V
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Apxmrtexkrtypa RISC-V :
A

RISC-V — apxutektypa ¢ cokpatléHHbiMm (RISC),
OTKPbITbIM HA60poM KOMMaHAa (ISA)

ISA — Creative Commons license (CC BY 4.0)

BCE€ NHCTPYKUUN CBO60,CI,HbI OT NaTteHToB

[TpoekT 6bIn1 HayaT B 2010 roay B yHuBepcutete bepknn (U.S.A, KanndgopHus)

ISA nocTtynHa B OTKpbITOM AaocTtyne [https://riscv.org/specifications]
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https://riscv.org/specifications

ApxvutekTtypa RISC-V . PTC /pp

OcobeHHocTK apxutekTypsl: little-endian, RISC, 32/64/128 ouT,
PaCLLUNPSAEMOCTb apPXUTEKTYPbI

TOYHOCTHU

\\\
T 3anucb, coxpaHeHune, nepexoa, < BasoBasi apxuTekTypa
LefiouyncieHHasa apndpmeTumka
M  YMHOXeHue n aeneHve LesbiX Yncen
A  ATOmMapHbie onepauuu . Hanpuwmep Linux Kernel:
~ ISA-RV64IMAFDC
F Uucno ¢ nnasatoulein 3aniaton oanHapHoOn ABI — Ip64d
TOYHOCTHU ‘
D Yvcno c nnasatolen 3anaToi ABOVHOW < 64-hit floating
TOYHOCTMU a point
C Cxarble 16-6UTHble MHCTPYKLNN v arguments
Q Uucno ¢ nnaeatollein 3ansaTon YeTBEPHOM long, pointers — 64 bit
V

BekTopHble onepauum

N apyrue paclimpeHus....
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AHanorm RISC-V

[https://www.oracle.com/technetwork/systems/opensparc]

OpenRISC OpenSPARC

[https://www.openrisc.io/]

* Hauat B 2000 roay * Hauat B 2005 rogy

* EAMHCTBEHHAaA BepCUs apxXuUTEKTYpb! * OTKpbIThI cnieymdorkaumn
OpenRISC 1000 (orlk) — 32/64 bit UltraSPARC T1, T2

* OnuuoHasibHble pacLINpeHns. * B 0CHOBHOM OpMeHTpOoBaHbI Ha
BEKTOpHbIEe onepauumn, yncna c cepsep

nyaBatollen 3ansaTou
* YCcTapeBLlas apxXxutekTypa

* Linux 3.1 — nogaepxka orlk B 2011 [https://lwn.net/Articles/743602]
rogy * Moaaepxka Linux

[https://wiki.debian.org/OpenRISC]
* 2016 rog — nopt Debian 3akpbincs,
aKTUBHOCTb MO M3MEHEHUIO KoAa
agpa cssasaHHoro ¢ OpenRISC
3amensinnach

OpenSPARC
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Peanvizaumm RISC-V

[https://static.dev.sifive.com/FE310-G000.pdf]

* Yun FE310-G0O00
* Anpo E31 (ISA: RV32IMAC, 28nm — 870 MHz, 55nm — 370 MH2)
* MpousBoauTtesns SiFive
* B npogaxe ¢ 2016 Q4

Reset USB to
. . Button JTAG /
* icnonb3yetca B HiFivel e
Arduino COBMeCTUMbIN e
Button FE310-G000
. RISC-V SoC
dev Kit
5V Indicator
LED
RGB
[https://www.sifive.com/products/hifivel] LED
Micro USB 10
Jack Reference
3.3V 1/0 Selector
Indicator
LED
Low
Frequency
Oscillator
High
7-12V S%’?iﬂ:zh Frequency
DC Power Jack Memory Crystal
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https://static.dev.sifive.com/FE310-G000.pdf
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Peanvizaumm RISC-V

[https://www.sifive.com/products/hifive-unleashed]

Yun FU540-C000

Anpo 4 Us4 (ISA: RV64IMAFDC), 1 E51 (ISA: RV64IMAC), 28 nm, go 1.5 GHz
Mpoussogutens SiFive

AHOHcupoBaHa 2018 Q1, AoCcTynHa Anda npegsakasa

|/|CI'IO]'Ib|3yeTCFI B HiFive Unleashed development board

SiFive FU540-C000 FMC Expansion Connector
4+1 RISC-V SoC (Bottom Side)

RJ45 Gigabit
Ethernet

“® HiFive

o Unleashed

MicroSD Card

Fan Connector DDR Memory 8 Gb

DIP Switches Reset Button

JTAG Connector | -
I Power Button

o0 lbdlloe oo 1]

4 User LEDs

0% 0% ofe o
00 00 00 00 & Power LED
MicroUSB o°o.i: e’ o% o%
: AR R Y EXEXEEEERE] ' g '”_-'
Sonfestor e e e e g e e e Q --------- b - 12V DC Power Jack
USB to 2x10 Low Speed IO 2x20 Low Speed IO
JTAG/Serial Expansion Connector Expansion Connector
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https://www.sifive.com/products/hifive-unleashed

RISC-V Desktop

* Expansion board for HiFive Unleashed HFU540-EXP

* FPGA

e lobaBngaetr SATA, M2, PCI-E 1x, PCI-E 16x, USB,
eMMC, mSD, HDMI

[https://www.crowdsupply.com/microsemi/hifive-unleashed-expansion-board]

HDMI HDMI USB
Type A Type A Type A
m USB 2.0 DDR4 LEDs 0sc
2 PHY x16 FlashPro 4 Pushbutton 50 Mhz
- I | | I ]
o
HDMI 1.4
(. ey
@+,
PCle x4 Mi -
e et PCle Microsemi PolarFire FPGA Chip
PFX-L24XG3 5 Roo‘t Link
>/ (PM8561B-F3E) QIIpTex
C}Q)
<
+—— Headers
Bl
@
=
PCle I
to SATA
v
CP2108, GP210 gﬁfﬁ MA))(((23051 QspPI
Power Supplies I b
eMMC
DC Jack USB
12x5-60 W s WUSB RuUSE S 1 o A
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https://www.crowdsupply.com/microsemi/hifive-unleashed-expansion-board

[https://riscv.org/wp-content/uploads/2017/05/Tuel1345pm-NVIDIA-Sijstermans.pdf]
[https://envytools.readthedocs.io/en/latest/hwi/falcon]

NVIDIA Falcon (Fast Logic CONTtroller)

Falcon MuKponpoLieccop 06Lero Ha3Ha4YeHus!, UCNOb3YEMbI Pa3/INUYHbIX
GPU ot NVIDIA

OrpaHun4yeHus: TpeboBaHus:
* Hn3Kaa Nnpon3BoAUNTENTIbHOCTb HOBaS * 2X KpaTHOoe yBennyeHune
NpPoOn3BOANTENBLHOCTHU
* HeT K3LWwa ‘
* [logaepxka Kawa n TeCHO
HeT 3awmTbl notokos (threads) apxXmuTeKTypa cBA3aHHon namaTtu (TCM)

32-61UTHOE afpecHoe NpPoCTPaHCTBO * 64-6UTHOE afpecHoe

MPOCTPAHCTBO

PaccmartpuBaemble apxutektypbl: ARM, MIPS, ARC, Cadence Tensilica, RISC-V
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https://envytools.readthedocs.io/en/latest/hw/falcon
https://riscv.org/wp-content/uploads/2017/05/Tue1345pm-NVIDIA-Sijstermans.pdf

NVIDIA Falcon (Fast Logic CONtroIIer)

Core perf >2x falcon

Area (16ff) <0.1Tmm"2 No No Yes Yes Yes Yes
Security Yes TZ TZ No No Yes Yes
TCM Yes Yes No Yes Yes No Yes
L11/DS Yes Yes Yes Yes Yes Yes Yes
Addressing 64bit Yes No No No Yes No
Extensible ISA  Yes No No No Yes Yes Yes
Safety Yes Yes Yes Yes Yes Yes Yes
(ECC/Parity)

Functional Yes Yes No No Yes No Yes
Simulation

model

NVIDIA 6b1/10 pelieHo ABuUratbCs B CTOPOHY COBCTBEHHOM
peannsauymm RISC-V — NV RISC-V
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| a antrmicro

NVIDIA.

QuALCOMW

(f'.,') SANECHIPS

ERECIE

Antmicro
FOUNDING PLATINUM

C-SKY
PLATINUM

Marvell
PLATINUM

NVIDIA
FOUNDING PLATINUM

Qualcomm
FOUNDING PLATINUM

Sanechips Technology Co.

PLATINUM
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Barkley
rohitechure

Sk

Resaarch

cortus

Aicron

@ SiFive

Berkeley Architecture Research

FOUNDING PLATINUM

Cortus
FOUNDING PLATINUM

Micron Technology
PLATINUM

NXP
PLATINUM

Rambus Inc.
FOUNDING PLATINUM

SiFive
FOUNDING PLATINUM

Hukuta EpmakoB

[https://riscv.org/members-at-a-glance]

RISC-V Foundation

bluespec

Google

A5 M

ORION

HPRE=

SAMSUNG

Western Digital.

Bluespec
FOUNDING PLATINUM

Google
FOUNDING PLATINUM

Microsemi
FOUNDING PLATINUM

Orion
PLATINUM

Samsung
PLATINUM

Western Digital
FOUNDING PLATINUM
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RISC-V Linux nopt

* OcHoBHbIe ISA: RV64IMAFDC, RV32IMAFDC

[https://fedoraproject.org/wiki/Architectures/RISC-V]

* Fedora/RISC-V — nopt anctpnbytnea Fedora Ha apxUTeKkTypy
RV64IMAFDC

+ B auBape 2018 6b121 Havat TpeTun (puHanbHbIN) 3anyck Fedora 27
Ha RISC-V

+ B doeBpasnie 2018 6611 noarotosseH Staged obpas BKOHAKOLLWN
GCC 7.3.1, Perl 5.26, Python 2 n 3, git, systemd, vim, devel u
HEeCKO/NbKO X11 nakeToB

+ B mae 2018 6bina 3anyuleHa coopoyHuua Koji ana RISC-V

+ O6LleHne B OCHOBHOM npouncxoauT B #fedora-riscv@freenode
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https://fedoraproject.org/wiki/Architectures/RISC-V

RISC-V Linux nopt

[https://wiki.debian.org/RISC-V]
* Debian RISC-V — nopt anctpnéytmnea Debian Ha apxUTekTypy
RV64IMAFDC

+ ®eBpanb 2016 — HayaTta NoArotToBka B 0yayulemy rnopty Debian
[https://people.debian.org/~mafm/posts/ZO17/201704226debian—gnuIinux—port;for—risc-v—64—bit—riscv64]
* Anpene 2017 — noasunca Heod@puUnasibHbIN PENO3UTOPUN
+ Mapt 2018 — nopTt 6611 fo6aBneH B debian-ports
+ Maliling lists: debian-riscv@lists.debian.org,
https://lists.debian.org/debian-riscv/

* |RC: #debian-riscv@irc.debian.org
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Nopt ALT

PaHHAA cTagna noptmposaHna RV64IMAFDC
APT peno3utopuin RPM naketoB cobpaHHbIx Yepes crossdev (3400 RPM):

ftp://ftp.altlinux.org/pub/people/glebfm/repo.riscv64/riscve4

Hauata native cbopka naketoB 13 Sisyphus Ha HiFive Unleashed (3110 RPM):
ftp://ftp.altlinux.org/pub/people/arei/riscv/repo

B uenax bootstrap BbI/IOXEH rootfs, KOTOpbI 6yaeT 0OHOBNATLCA KaXabll
MecsiL,;

ftp://ftp.altlinux.org/pub/people/arei/riscv/rootfs

IRC: #altlinux-riscv@freenode
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ftp://ftp.altlinux.org/pub/people/glebfm/repo.riscv64/riscv64
ftp://ftp.altlinux.org/pub/people/arei/riscv/repo
ftp://ftp.altlinux.org/pub/people/arei/riscv/rootfs

Nopt ALT

PaHHAA cTagna noptmposaHna RV64IMAFDC

Hauata native cbopka naketoB 13 Sisyphus Ha HiFive Unleashed (3110 RPM):
ftp://ftp.altlinux.org/pub/people/arei/riscv/repo

B uensx bootstrap BbIN1OXXeH rootfs, KoTopbi 6yaeT 0OHOBAATLCA KaxKAbIl
MecsL;

ftp://ftp.altlinux.org/pub/people/arei/riscv/rootfs

IRC: #altlinux-riscv@freenode

Cnacmnbo 3a BHUMaHue!
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FU540-C000

X @ U54-MC Coreplex

Debug Module Platform-Level
[ BootROM | Interrupt Control
E51 Core 0 US54 Core 1-4 g
L11% L11$
RV64IMAC RVE4AGC
SRAM L1 D$
I i

TileLink Switch

TileLink Coherence Manager

Banked L2%

ChipLink

| TileLink Switch

DDR3 / DDR3L / DDR4 Controller/PHY

TileLink Switch

GbE

o2

OTP

Mask ROM

QSPIO

QSPI1

QSPI2

12C

UARTO

UART1

GPIO

PWMO

PWM1

Clock Generation

Clock/Reset Control
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@ Freedom U540SoC m
:

& usa-Mccore Complex
Mask ROM / OTP B
Debug 4 :
/ JTAG
CLINT

o 3 I

Local

Interrupts

5v39 Local Quad SPI
16KB L1 I$ w/ECC § BKB DTIM w/ECC MMU Interrupts
32KB L1 IS w/ECC |8 32KE L1 D$ w/ECC

TileLink
Switch

TileLink Switch

TileLink Coherence Manager 2MB Banked L2 Cache with ECC

DDR3/4 Controller / PHY

Clock
Reset/Control
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y

“§ HiFive Unleashed

la—54h +ECC—p
psSD OSPIZ——p
Card Slot
 t—— ISP I)——p
mHm_., SRS

—— AR T
-

I TAG——»]

Enables.

On/Off & NIOF Power
Button Sequencer

YvYY

—0. 90—~

DC

JEL

T T ——
L 25

'

Coherent 2MB L2$

@ Freedom U5405S0C

JTAG Header

Reset Resel
Button

1.8 —p-

—1. 2% —p-

Expansion

Headers
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Debug Unit Platform-Level Interrupt Control

SiFive “E31” 2B
RV32IMAC

16K-IS GPIO

16K-Data SRAM
320+ MHz PWM

SRAM

UART RTC

Timers

TileLink Interconnect Clock Gen

Power Management
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