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RISC-V at ELC

* Linux on Open Source Hardware with RISC-V (Drew Fustini)
— Tuesday, June 30 ¢ 12:25pm - 1:15pm
- https://sched.co/c3Pn

* RISC-V: Instruction Sets Want to be Free (Krste Asanovic)

- Wednesday, July 1 « 10:35am — 10:55am
- https://sched.co/c3Yq

* Go RISC-V Go: The State of Software Development Tools for RISC-V
(Khem Raj)

- Wednesday, July 1« 12:15pm - 1:05pm
- https://sched.co/c3Yn

* Ask the Expert Session with Calista Redmond, CEO of RISC-V
International

— Thursday, July 2 « 11:45am - 12:15pm
- https://sched.co/cosw
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Munich RISC-V Group

@ Minchen, Germany
,:Djj 359 members - Public group

f% Organized by Flo W. and 1 other
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Bay Area RISC-V Group

@ San Jose, CA
f'jj 1,197 members - Public group

% Organized by Celeste Cooper and 4 others
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Many RISC-V meetups around the world!
https://riscv.org/local/


https://riscv.org/local/
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RISC

* RISC-V: Free & Open RISC Instruction Set Arch

- “new instruction set architecture (ISA) that was originally
designed to support computer architecture research and
education and is now set to become a standard open
architecture for industry”

- The 5th RISC instruction to come out out UC Berkeley


https://riscv.org/
https://riscv.org/
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RISC

* RISC-V: Free & Open RISC Instruction Set Arch

 Instruction Sets Want To Be Free: A Case for RISC-V
- David Patterson, UC Berekely — co-creator of the original RISC!
- https://www.youtube.com/watch?v=mD-njD2QKNO

e RISC-V Summit 2019: State of the Union
- Krste Asanovic, UC Berkeley

- https://www.youtube.com/watch?v=jdkFi9 Hw-c
— Or watch the KEYNOTE THIS WEDNESDAY!



https://riscv.org/
https://www.youtube.com/watch?v=mD-njD2QKN0
https://www.youtube.com/watch?v=jdkFi9_Hw-c
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"Co-developing RISC-V Hypervisor Support" - Anup Patel

— https://youtu.be/4GoikHB5Qcw

What is RISC-V ?

Free and Open Instruction Set Architecture (ISA)

* Clean-slate and Extensible ISA ¢
.
* XLEN (machine word length) can £
be 32 (RV32), 64 (RV64), and 128 w
(RV128) 3
b
* 32 general purpose registers a
* Variable instruction length General Purpose Registers
(instruction compression) zero Hardwired-zero register
. ) ra Return address register
* Three privilege ques: Machine - S nditareaiidiar
(M-mode), Supervisor (S-mode), ” T
and User (U-mOdE) tp Thread pointer register
> contrOI and Status RegiSters a0-a7 Function argument registers
t0-t6 Caller saved registers

(CSR) for each privilege mode

s0-s11 Callee saved registers

Western Digital.

S-mode CSRs (Used By Linux)
sstatus Status
sie Interrupt Enable
sip Interrupt Pending
stvec Trap Handler Base
sepc Trap Progam Counter
scause Trap Cause
stval Trap Value
satp Address Translation
sscratch Scratch

NOTE: sedeleg, sideleg, and
scounteren not used currently


https://youtu.be/4GoikHB5Qcw

"Co-developing RISC-V Hypervisor Support" - Anup Patel

— https://youtu.be/4GoikHB5Qcw

RISC-V Extension

It is a set of ISAs and not one ISA

* RISC-V is a set of ISAs where each ISA is called
an RISC-V extension

* Standard naming notation for ISAs supported
by RISC-V implementation:
* RV - Indicates RISC-V architecture
« [###] — {32, 64, 128} Indicates register length
* [abc..xyz] — Indicates set of extensions

* Examples: RV64IMA, RV64GC, RV32l, RV32IM

* Linux needs:
~ RV64IMAC
~ RV64IMAFDC (aka RV64GC)
— RV32IMAC
— RV32IMAFDC (aka RV32GC)

Western Digital.

Extension

< T N0 6O O 7m B> &

Description
Integer
Integer multiplication and division
Atomics
Single-precision floating point
Double-precision floating point
General purpose = IMAFD
16bit compressed instructions
Hypervisor

Vector

... And More ...


https://youtu.be/4GoikHB5Qcw

"RISC-V software ecosystem in 2020" - Atish Patra (LCA 2020)
- https://lyoutu.be/gwkab2Z44pk

Linux Ecosystem: Status At-a-glance
Fast progress but more work needed

Upstream stable |
release of GCC and |
LLVM ]

I

S Gt

QEMU 3.0 and above
include RISC-V
support, stable kernel
boot in QEMU since

Mainline kernel does
boot on HiFive

Many boards are

Good support: over
90% of packages
provided in RISC-V
ports

version 4.19 Unleashed board!!! 1 supported
- l‘\ S~ Eal
e Linux distrlbutlon i @ | RTOS
32-bit Glibc not = fedora? Gl UI{BL deblan :
useable yet [—+—— N i
(ABI, bugs) E Appllqatlons :
- ' I
- ; ‘v‘
° Linux Kernel |
© '
c '
[
j =
o
o
2

Western Digital.  © 2020 western Digital Corporaton or s affates All ights reserved

No secure booting,
UEFI booting work in
progress



https://youtu.be/qwkab2Z44pk

"RISC-V software ecosystem in 2020" - Atish Patra (LCA 2020)
- https://youtu.be/qwkab2Z44pk

RISC-V Boot Flow

Follows commonly used multiple boot stages model

— LOads
“eeed JUMPS U-Boot SPL Loads U-Boot proper as well
| v
ZSBL asssp FSBL/U-BOOtSPL ... OpenSBI s—n U-Boot S Linux
(M-mode) =  (M-mode) (M-mode) (S-mode) = (S-mode)
(ROM) (LOADER) (RUNTIME) (BOOTLOADER) (0S)

* Follows a standard boot flow

* Uses U-Boot proper as the last stage boot loader

* FSBL is SiFive specific and will be replaced by Coreboot/U-Boot SPL
* OpenSBl is a RISC-V specific runtime service provider

* All harts jump to Linux at the same time and a lottery-based approach chooses the
booting hart

Western Digital


https://youtu.be/qwkab2Z44pk

"OpenSBI Deep Dive" - Anup Patel (RV Workshop 2019)

— https://lyoutu.be/jstwB-09lI0

What is SBI1 ?

* SBI stands for RISC-V Supervisor Binary Interface

— System call style calling convention between Supervisor (S-mode OS) and Supervisor

Execution Environment (SEE)

* SEE can be:

— A M-mode RUNTIME firmware for OS/Hypervisor running in HS-mode
— A HS-mode Hypervisor for Guest OS running in VS-mode

* SBI calls help:

— Reduce duplicate platform code across OSes (Linux, FreeBSD, etc)

Appl

ABI

App?2

ABI

0S (S-Mode)

SEE (M-Mode)

— Provide common drivers for an OS which can be shared by multiple platforms
— Provide an interface for direct access to hardware resources (M-mode only resources)

* Specifications being drafted by the Unix Platform Specification Working group

— Maintain and evolve the SBI specifications
— Currently, SBI v0.1 in-use and SBI v0.2 in draft stage

Western Digital.



https://youtu.be/jstwB-o9ll0

"OpenSBI Deep Dive" - Anup Patel (RV Workshop 2019)
— https://lyoutu.be/jstwB-09lI0

What is OpenSBI ?

* OpenSBl is an open-source implementation of the RISC-V Supervisor Binary Interface
(SBI) specifications
— Licensed under the terms of the BSD-2 clause license
— Helps to avoid SBI implementation fragmentation

* Aimed at providing RUNTIME services in M-mode
— Typically used in boot stage following ROM/LOADER

* Provides support for reference platforms

— Generic simple drivers included for M-mode to operate
* PLIC, CLINT, UART 8250
— Other platforms can reuse the common code and add needed drivers

Western Digital.


https://youtu.be/jstwB-o9ll0

UEFI support

« [RFC PATCH 00/11] Add UEFI support for RISC-V

- Atish Patra (June 25, 2019)

— This series adds UEFI support for RISC-V.

e Linux kernel: 5.8-rc2
 U-Boot: master
* OpenSBI: master


https://lore.kernel.org/linux-riscv/20200625234516.31406-1-atish.patra@wdc.com/

"OpenSBI Deep Dive" - Anup Patel (RV Workshop 2019)
— https://lyoutu.be/jstwB-09lI0

Linux Distributions
Fedora, Debian and OpenSuse are very active

* Fedora: stage 4 disk images released
— https://fedoraproject.org/wiki/Architectures/RISC-V RISC-V graphical

— Supports 3 boards + 142 QEMU VMs desktop on Fedora
— Fedora 32/Rawhide including debug and source packages
* Debian
— https://wiki.debian.org /RISC-V
— ~92% of packages built R —

* OpenSuse Tumbleweed
— https://download.opensuse.org/ports/riscv/

* OpenEmbedded has RISC-V support

— Demos of running Plasma Mobile and Mycroft are available kL _ ', Debian packages
o e : . ) . build percentage
— https://github.com/riscv/meta-riscv g " forRISC-V

Western Digital


https://youtu.be/jstwB-o9ll0

"OpenSBI Deep Dive" - Anup Patel (RV Workshop 2019)
- https://youtu.be/jstwB-09II0

QEMU

In very good shape

* Use mainline QEMU ! No forks ! * Newest QEMU 4.2 brings many

* QEMU can boot 32-bit and 64-bit mainline |mprover'n.ents _
livius sinee kermel 419 — QEMU sifive_u machine can now boot same

binaries that run on HiFive

* QEMU can run OpenSBI, U-Boot and Unleashed
Coreboot — SPI flash on virt machine and HiFive Unleashed
modelled. This allows FSBL (oreboot and
* OpenSBI v0.5 included with QEMU coreboot) testing on QEMU

— PMP access improvements

* Hypervisor extensions v0.5 supported T N ,
— Support loading initrd for sifive_u machine

— Patches waiting for review
— Specifications not frozen yet

* Vector extensions
— Patches are in mailing list
— Specifications not frozen yet

Western Digital


https://youtu.be/jstwB-o9ll0

SiFive: Linux on RISC-V

& HiFive Unleashed

e World’s First Multi-Core RISC-V Linux

" Development Board

£ == i — SiFive FU540-C000 (built in 28nm)

A * 4+1 Multi-Core Coherent Configuration, up to 1.5 GHz

* 4x U54 RV64GC Application Cores with Sv39 Virtual
Memory Support

* 1x E51 RV64IMAC Management Core

* Coherent 2MB L2 Cache

* 64-bit DDR4 with ECC

* 1x Gigabit Ethernet

— 8 GB 64-bit DDR4 with ECC

— Gigabit Ethernet Port

— 32 MB Quad SPI Flash

— MicroSD card for removable storage

— FMC connector for future expansion with add-in
cards

| 5
sip mimipimimiptai@inln B P P Pl alalalalalia
(R RN NN 'R

i 4 -
y X g [l
14

i
l

-
-
-
-

@
9 o
¥
@

.

'3- o
| T

@
ohng

SiFive



https://www.crowdsupply.com/sifive/hifive-unleashed
https://www.crowdsupply.com/sifive/hifive-unleashed

“Linux on RISC V Fedora” Wei Fu (RV Summit 2019)
- https://www.youtube.com/watch?v=WC6e3g8uWdk

Fedora GNOME Image on SiFive Unleashed

& RedHat

#RISCVSUMMIT | tmt.knect365.com/risc-v-summit/


https://www.youtube.com/watch?v=WC6e3g8uWdk

- - aavation  Controlsignals  View Help
/ # uname -a

Linux k210 2.6.0-rclvowstar

#1 SMP Mon Feb 17 :
/ # cat /proc/meminfo | head o

MemTotal: 6656 kB
MemFree: 2496 kB
MemAvailable: 2080 kB
Buffers: 0 kB
Cached: 1916 kB
SwapCached: 0 kB
Active: 0 kB
Inactive: 0 kB
Active(anon): 0 kB
Inactive(anon): 0 kB
/ # cat /proc/cpuinfo
processor ¢ ©

hart { 9

isa i rv6d4imafdc
processor e |

hart : 3

isa : rvedimafdc

/ # tcc -run -nostdlib hello.c :
hello.c:2: warning: implicit declaration of functi
hello show 'n tell

/ #

D OO
\‘ e "] 9

— oo

r . e meaEls

= M % s ,m 2%
¥ X XX,

/dev/ttyusB0O 115200-8-N-1



 Kendryte K210

— dual core 64-bit RISC-V at 400MHz with SMB SRAM
- Sipeed MAIx BIT for RISC-V is only $13!
- Damien Le Moal at Linux Plumbers 2019
 RISC-V NOMMU and M-mode Linux
— Full support coming in Linux 5.8
— Buildroot with busybox (https://git.io/JJfIC)
- need NOMMU/FDPIC support for better userspace
* https://youtu.be/GydyykyNjxs (Maciej] W. Rozycki)
* 8MB runs out very quick!
- there is a MMU but the wrong spec :(
— U-boot patch series

 [PATCH v14 00/20] riscv: Add Sipeed Maix support
 Sean Anderson (June 24t)


https://hackaday.com/2019/02/14/new-part-day-a-risc-v-cpu-for-eight-dollars/
https://www.seeedstudio.com/Sipeed-MAix-BiT-for-RISC-V-AI-IoT-p-2872.html
https://linuxplumbersconf.org/event/4/contributions/386/attachments/298/502/RISC-V-NOMMU-Linux-Plumbers-2019.pdf
https://lore.kernel.org/linux-riscv/mhng-8ec4417a-1930-4582-b309-e510ebbfb37c@palmerdabbelt-glaptop1/
https://github.com/damien-lemoal/riscv64-nommu-buildroot/issues
https://youtu.be/GydyykyNjxs
https://patchwork.ozlabs.org/project/uboot/patch/20200624104125.363509-21-seanga2@gmail.com/

- OpenHW Group Announces CORE-v Chassis SoC

e similar to NXP IMX but with RISC-V cores
* tape-out 2 half of 2020

Security Connectivity & I/0
i, S/PDIF Rx & Tx,
DRM Ciphers T RE-\/" 5x SAI (12T + 16Rx 12S lanes)
P . CORE-V Up to 49.152MHz BCLK
wE=R TDM, DSD512
Secure Clock Application Processor 8ch PDM Input
X 1Gb Ethernet
eFuse Key Storage CORE-V CV64A RV64GC (IEEE 1588, EEE & AVB)
T 16KB I-cache 32KB D-cache e s
ji 2x USB2.0 OTG + PHY
32KB Secure RAM
Coprocessor 4x UART 5Mbps
em Control 4x 12C
Syst CORE-V CV32E RV32IMFCXpulp .
Smart DMA x3 3x SPI
PLLS 256KB OCRAM MIPI-DSI 4-lane with PHY
Watchdog x3 Multimedia External Memory
LPDDR4/DDR4/DDR3L
PWM x4 up to 3200 Mbps
e



http://news/2019/12/10/openhw-group-announces-core-v-chassis-soc-project-and-issues-industry-call-for-participation/

+®,. MeganWachs - Keynote RISCAEERAEREASIOPER SOt

* Keynote at Hackday Supercon 2019 by
Dr. Megan Wachs of SiFive

 “RISC-V and FPGAs: Open Source Hardware
Hacking”

- https://www.youtube.com/watch?v=vCG5 nxm2G4


https://www.youtube.com/watch?v=vCG5_nxm2G4

Open Source toolchains for FPGAS

* Project Trellis for Lattice ECP5

- “Project Trellis and nextpnr FOSS FPGA flow for the
Lattice ECP5”

- David Shah (@fpga_dave)

* youtube.com/watch?v=0se/7kNes3EU

Project Trellis and nextpnr FOSS FPGA flow for the Lattice ECP5

Project Trellis & nextpnr

FOSS Tools for ECP5 FPGAS

David Shah
@fpga dave
Symbiotic EDA || Imperial College London



https://www.youtube.com/watch?v=0se7kNes3EU
https://www.youtube.com/watch?v=0se7kNes3EU
https://www.patreon.com/fpga_dave/
https://www.youtube.com/watch?v=0se7kNes3EU
https://www.youtube.com/watch?v=0se7kNes3EU

Open Source ECP5 boards
 Radiona.org ULX3S

https://www.crowdsupply.com/radiona/ulx3s

crowdsupply.com/radiona/ulx3s @ * & @'n Bk

BROWSE LAUNCH ABOUT US

% Open Hardware

U LXBS ¥ Development Kits
by Radiona.org / Zagreb Makerspace

A powerful, open hardware ECP5 FPGA dev board

uUsel 3.5 mm audio Jack with 4 GPDI use 2 $
connected to contacts (analog stereo + digital (digital video, audio, connected 1
] raised

FTDI FT231XS audio or composite video) ethernet ready) directly to FPGA

/ / of $15,000 goal

Power button

25 MHz onboard,
external differential
clock input

5 8 300

updates days left backers

B user LEDs —_—

32MB SDRAM

2 fire buttons = ——

Last update posted Apr 03, 2020

Lattice ECP5
LFESU-85F-6BG3B1C

S ST : ) b arinbi ample.com Subscribe to Updates
o] “"5 O oocooon LB ; 12 bit, 1 MSa/s MAXITI25
2 _LEFT 13
f v

: -5D slot 2 USB LEDs Placeholder for 0.96" 4 directional

A set of three PMODs for ULX3X: one dual-USB
board with support for IR send and receive, one
Recent Updates View all 5 updates. Digital Video board for HDMI input or as a



https://radiona.org/ulx3s/
https://www.crowdsupply.com/radiona/ulx3s

Open Source ECP5 boards

e | attice ECP5 FPGA In Adafruit Feather form
factor and 128MB DDR RAM:

— Orange Crab by Greg Dauvill

 https://github.com/gregdavill/OrangeCrab
* https://groupgets.com/campaigns/710-orangecrab



https://twitter.com/GregDavill/status/1159132012466192386
https://github.com/gregdavill/OrangeCrab
https://groupgets.com/campaigns/710-orangecrab

No hardware? Try Renode!

* https://renode.io/

RRRRRR
’—< ethink

~
_ NO =


https://renode.io/
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0.000000 | OF: f

SC-V Coreplex

dt: nge 0x8000000p -

92b@aaldedsse (h

(Ptrval) (959

it

(hitive-unleashed) sn1n?=znttp:f;antm1cro.com/pro;
.elf-s_1721964B-c791bgzebf31b64962f467d99cf639dbf?
(hifive-unleashed) Sfdt?=£httprf/antmicra.comfproj
1cetree.dth-s_Tasaz-?acddfc9f3b4df92eraeeﬁfzzdeze
(hifive-unleashed} Svmlinux?:thtp:f/antmicro.comf
-vmlinux.elf‘s_36421976-46788813c56dc7eh1a13339173
(hifive-unleashed)
(hifive-unleashed) macro reset
sysbus LoadELF $bin
sysbus LoadFdt $fdt @xs81ee60000 "earlyconsole

# Load the Linux ker
Sysbus LoadsymbolsFr

nel symbols,
om Svmlinux

as they are

an argume
afe 11 8x81000000

\!VH’VVV'{'V\I’\I’

e51 SetRegisteruns

(hifive~un1eas
{hifive-unleashed} start
Starting emulation. . .
(hifive-unleashed) fi

hed) runMacro Sreset

exBBZBBBBB
ouen;bakura) (gce version 7.2.0 (Gee

3856 bytes)



Linux kernel status

* https://lore.kernel.org/linux-riscv/

* Newly supported.:

- eBPF JIT

- kgdb

- kexec/kdump

— generic vDSO support
- Syszcaller

— Build with clang


https://lore.kernel.org/linux-riscv/

Linux kernel status

* Upcoming:
- UEFI boot
— CLINT driver
- KVM
- RFC: support raw event and DT for perf on RISC-V

- CPUFreq support for FU540 was posted
* (not merged yet)



“What's missing in RISC-V Linux,
and how YOU can help!”

* Bjorn ToOpel for last week for Munich meetup

* https://docs.google.com/presentation/d/1virVIW
KYWHSwW6Q5PDQBN6PCS5jwXetdHPXN3f_nxtF
m4/edit?usp=sharing


https://docs.google.com/presentation/d/1vfrVlWKYWHSw6Q5PDQBn6PC5jwXet4HPxN3f_nxtFm4/edit?usp=sharing
https://docs.google.com/presentation/d/1vfrVlWKYWHSw6Q5PDQBn6PC5jwXet4HPxN3f_nxtFm4/edit?usp=sharing
https://docs.google.com/presentation/d/1vfrVlWKYWHSw6Q5PDQBn6PC5jwXet4HPxN3f_nxtFm4/edit?usp=sharing
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