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3 Part Webinar Series

Webinar Recordings and Slides: https://info.sifive.com/risc-v-webinar

« RISC-V 101 O =

* The Fundamentals of RISC-V architecture Study

i

* Introduction to SiFive RISC-V Core IP

* Introduction to the SiFive E31 and E51 Core Evaluate
Complexes @ Eb@%
- Getting Started with SiFive RISC-V Core IP suy



https://info.sifive.com/risc-v-webinar

SiFive RISC-V Core IP Products

* This presentation is targeted at hardware
and software embedded designers who

want to get started evaluating SiFive RISC-
V Core IP

* This presentation will walk through the RTL
Evaluation deliverable of the E31 Core
Complex as well programing, writing
software, and Debugging the E31 Arty
FPGA image
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SiFive RISC-V Core IP Evaluations

Free, Instant Access to Evaluation RTL and FPGA bitstreams

* Verilog RTL Evaluation

* Fully functional, synthesizable, Verilog RTL

» Synthesize into your process/eda flow to obtain accurate PPA
for your process node

 Simulate in your environment
* Restrictions on Evaluation RTL
« Obfuscated Verilog
* Reduced DTIM and System/Peripheral Port address space

 FPGA Evaluation
e Pre-built FPGA bitstreams for low cost FPGA Platforms
 Useful for software development
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. Free evaluation

FPGA Bitstream

Get immediate and free access to an FPGA bitstream featuring a fully
functional SiFive RISC-V Core Complex with system peripherals. Benchmark
and run your code immediately using commercial or open-source RISC-V
tools.

Evaluation RTL

Ready to RTL in your envi ? Want to run SiFive's Core IP
through your tool flow for a full evaluation? We make it simple. DocuSign our
evaluation agreement and receive fully functional, synthesizable Verilog RTL
instantly.

SiFive Product Evaluations are 2 Clicks Away

Scroll Down

= High Performance — 65MHz emulation

= Multiple SiFive RISC-V Core IP bitstreams immediately available
« Upload your own programs using the Freedom E SDK

« Compatible with the $99 Artix-7 Arty Evaluation Kit

= Fully functional, synthesizable RTL
= Run it in your own simulator

« Simple, no-cost evaluation license
+ Painlessly upgrade to a full license

. License it for your design

Buy SiFive RISC-V Core IP

We make licensing IP simple. Just choose and customize your SiFive RISC-V
IP Core online. You'll see the final price, and we'll electronically send you our 7-
page license agreement for you or your organization to sign.
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The Global Standard for eSignature®

Evaluation License Agreement

SiFive Developers [ DocuSign

C & DocuSign, Inc. [US] | https://na3.docusign.net/Sign & i

B siFive B Developer ESFinancial BStech [SServer FS Books and Movies -r Expedia Travel: Vaca. [ES Other Bookmarks

This site uses cookies, some of which are required for the operation of the site. Leamn More

Donel Select Finish to send the completed document.
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writing and signed by the party giving the waiver,

10.7 C The parties are

licensed use of our logos and trademarks.

10.15. Government Users: If you are a branch or agency of

contractors. Neither party is the agent or partner of the other
party, or has any power to act on behalf of the other party.

10.8.Severability: If any provision is found to be invalid or
unenforceable as written, the remaining provisions will
remain in full force and effect and the invalid or
unenforceable provision is to be construed (and, if
necessary, modified) so that it is valid and enforeeable to the
greatest extent possible.

10.9. Attomeys’ Fees: The prevailing party in any action to
cenforce this agreement will be entitled to recover costs and
expenses including reasonable attorneys” fees.

10.10. Remedies: Except where this Agreement expressly
provides exelusive remedies, all rights and remedies of
cither party (including termination rights) are cumulative.
You agree that monetary damages alone would not be an
adequate remedy, and therefore SiFive will be entitled to
injunciive relief if you materially breach the license

the United States Government, or are acquiring any
Licensed Technology on behalf of any branch or agency of
the United States Government, then the following provision
applies.  The Licensed Technology is comprised of
“commercial computer software” and “commercial
computer software documentation™, as such terms are used
in 48 CFR. 12212, and are provided to the Government (i)
for acquisition by or on behalf of civilian agencies,
consistent with the policy set forth in 48 C.F.R. 12.212; or
(ii) for acquisition by or on behalf of units of the
Department of Defense. consistent with the policies set forth
in 48 C.F.R. 227.7202-1 and 227.7202-3.

10.16. Entire Agreement: This Agreement and  any
pp ively arc the entire

between the parties concerning its subject matter, and
supersede any prior or contemporancous agreements,
communications, or understandings (whether written or
oral).  However, any confidentiality or nondisclosure

restrictions or c p in this

10,11, Force Majew

Each party will be excused from

that SiFive p y entered into with you will
remain in effect (according to their terms) with respect to the
disclosed

performance of its obli except payment
to the extent that ¢ is rendered i ible by

carthquake, fire, flood, governmental action, labor
disruptions, supplier failures, or any other event or
circumstance beyond that party’s reasonable control

10.12. Construction: Section headings are for

10.17. This. may be amended
only by means of a written instrument signed by authorized
representatives of both parties that specifically refers to this
Section.

only. The word “including” (and variations thereof) is not
intended to be limiting. No rule of strict construction is to
be used when interpreting this Agreement.

10,13, Counterparts: This Agreement may be signed in
multiple counterparts, each of which will be deemed an
original and which together will constitute one instrument.

1018, N ici During the term of this
Agreement, you will not solicit any of SiFive’s employees
or contractors who, in the previous twelve (12) calendar
months, directly provided services to you hereunder,
whether as Support Services or otherwise, to terminate
his/her employment or contractor relationship with SiFive.
This obligation does not prohibit the placement of general
advertisements for employment not particularly targeted at

* Fill in your information on the web
form

» An Evaluation agreement is then
sent to the email address provided
via DocuSign

* Sign the document via DocuSign
peing sure to click Finish at the
pottom of the document

an individual described in the preceding sentence.
T L]
L]
FORM SiFive License and Support Agreement Blank pdf 7of 7 o e
* sales@sifive.com
°
FINISH
o (o
* order-support@sifive.com
°
@ Change Language - English {US) ¥ | TenmsOfUse & Privacy ¥ | Gopyright ® 2018 DecuSign Inc. | V2R
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Download via SiFive Developer Dashboard

https://dev.sifive.com

SiFive Developers X SiFive Developers X

& C' @ Secure | https://dev.sifive.com/dashboard/deliverables/sifive_e31_risc_v_core_eval_rtl/releases/vip0/
P p

& C' @ Secure | https://dev.sifive.com/dashboard/

@SiFiveDevelopers Dashboard RISC-V Core IP FreedomSoC Buy | Forums Hi, Drew 0
@SiFive Developers Dashboard RISC-V CoreIP Freedom SoC Buy | Forums Hi, Drew °

Dashboard > SiFive E31 RISC-V Core RTL Evaluation >
SiFive E31 RISC-V Core RTL Evaluation

Dashboard SiFive E31 RISC-V Core RTL Evaluation v1p0

SiFive E31 FPGA Eval Kit Download Files (2.5 MB) Documentation
BafveEles ¢ E31 Core Complex Manual
e E31 RISC-V Core RTL
SiFive E31 FPGA Eval Kit Evaluation User Guide

Included in download:
¢ E31 Coreplex IP in Verilog
¢ Test simulation environment
e . e DTS string Resources
SiFive E31 RISC-V Core RTL Evaluation * Memory configuration for SRAMs « Software Development Tools

Deliverables  Release notes

SiFive E31 RISC-V Core RTL Evaluation
Support
Ask a question on the forums

|
Release History

« v1p0, 2017-05-04

© SiFive, Inc. Terms of Use  Privacy Policy  Contact Us 'i u Q m@ ; i
| ___BODoD e |
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Evaluation Product Refresh — January 2018

. @ E31Core Complex
« RTL Evaluation Changes
e ITIM
* 4 Hardware Breakpoints H
e Performance Counters
e Port Interfaces Hm
* E31-AHB-Lite Physical Memory Protection
e E51 - AXI

* Number of Global Interrupts
16KB I-Cache 64KB DTIM
« E31-127
« E51-255

TileLink Bus Matrix

* FPGA Evaluation Changes systemport [l Peripheral Port Front Port
. ITIM
¢ 64kB Of DTIM 32bit TileLink-UH 32bit TileLink-UL 32bit TileLink-UH @ @
« 8 Hardware Breakpoints Bt =t )
=
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E31 RTL Evaluation




The Verilog RTL Bundle

* Sifive_coreip E31_AHB_rtl_eval_v2p0/
* (nfo/

* metadata about the design (DTS and memory
dimensions)

/ \ * tests/
» simple tests to ensure a functional delivery
« Also includes device header files
* verilog/
* design/
DUT (device under test)
* memories/
* behavioral models of SRAMs
» testbench/
« simulation testbench
* Makefile ® e

 Runs VCS simulations - @




E-Series Core Complex Clocking

core clock O
« Main CPU and LT memory clock

clock
» Secondary peripheral clock

« Frequency must be an integer multiple
of core clock 0

 1:1 ratio is acceptable

rtc_toggle

 Real Time Clock input as defined by
RISC-V Architecture (mtime)

e Must run at strictly less than half the
rate of clock

core_clock_0 > clock > (2x rtc_toggle)

@ E31Core Complex

System Port

TileLink Bus Matrix

Peripheral Port

Front Port

E31 Core Complex Clocking

................




Synthesis Constraints and Clocking Recommendations

¢ F O r M a Xi m u m fre q u e n Cy, it i S g######################################################

# Local Synopsys Design Constraints (SDC)

re C O m m e n d e d fo r ¢ A B B
[ ]

# S R S
# Timing constraints

—_ HHHHHHHHEHHEHHEHHGHH R B SR HEHH SRR EH SR R R
* clock = V2(core_clock _0)

* If targeting lower frequencies, clock = ey st core troancy

set SYS_CLK_PERIOD [expr $CLK_PERIOD * 2]

L]
CO re C[O Ck 0 I S O K ﬁrggggt_:glé:&fe_;i;eck‘ ‘core_clk’’ -period $CLK_PERIOD [get_ports core_clock_0]

# create system clock
create_clock -name ‘‘sys_clk’’ -period $SYS_CLK_PERIOD [get_ports clock]

* Typical rtc_toggle frequencies

« 32.768kHz
 TMHz




Core Complex Memory Instances

* Behavioral models of the RAMS are
provided as part of the deliverable in
the file:

* sifive_coreip_E31_AHB_rtl_eval_v2p0/verilog/memories/ECorelP
SubsystemAllPortRAMTestHarness.*.rams.v

* For implementation it is necessary to
generate memory instances which
are specific to your foundry/process

* Typically done using Memory
Compilers from the foundry, or 3rd
party IP providers

Name Depth | Address Data Write Mask Description
Width Width Granularity
(Naddr) (Ndata) UVPW! )
data_arrays 0.ext | 4096 12 a2 8 DTIM data array
data.arrays.0.0.ext | 2048 1 64 32 |-cache data array
tag.array._ext 256 8 38 19 |-cache tag array

Table 3.1: SRAM Modules and Configuration

Name Direction Width Description
RWO0._clk Input 1 Memory clock.
RWO0_en Input 1 Active-high signal indicating that the memory is be-
ing accessed. This may be used for clock gating.
RWO_addr Input Nadar Address of access.
RWO _rdata Output Niata Read data.
RW0_wmode Input 1 Active-high signal indicating that the access is a write
operation.
RW0_wdata Input Niata Write data.
RWO0_wmask Input Nata/Npart | Active-high write mask. Each bit controls whether or
not the corresponding N,,,.-bit subword is written.
This is present only in memories that require masked
write functionality.

Table 3.2: SRAM Signals




E31 Synthesized Area Hierarchy

@ E31Core Complex

| Physical Memory Protection

+ system/E31/core |

» Core only (pipeline)

TileLink Bus Matrix

¢ SyStem/ E37 System Port Peripheral Port Front Port
* Core + L1 Instruction Cache + DTIM {} {}

° System 32bit TileLink-UH  32bit TileLink-UL sbitTileLinkUH ()
w/ optional AMBA w/ optional AMBA w/ optional AMBA i i @

° top_|eve| Bridges Bridges Bridges : @

................
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E31 FPGA Evaluation
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Digilent Arty FPGA Platform

 Popular, Low cost, FPGA development board
o Xilinx Artix-35T FPGA - 33,280 Xilinx logic cells
» 16MB QSPI serial flash interface
« USB-UART, buttons, switches, LEDs, etc...

* Qur FPGA evaluations execute at 656MHz
* Allows for fast Software execution

* Purchase directly from Digilent:

» http://store.digilentinc.com/arty-a7-artix-7-fpga-development-board-for-makers-and-hobbyists/



http://store.digilentinc.com/arty-a7-artix-7-fpga-development-board-for-makers-and-hobbyists/

E31 FPGA Evaluation Configuration
= =

* SiFive Peripherals and Integration to Digilent Arty | |& esicore complex
Platform s
 QSPI serial flash J PUOD &

* GPIO to LEDs, Buttons, PMOD i
« PWM to LEDs ﬂ_

« JTAG to PMOD-D
« Buttons and Switches to Local and PLIC interrupt

a

Inputs
PAS ] ! pmoDD
« Core Complex features
e User Mode TileLink Bus Matrix
. stem Po eripheral Po Front P

« 8 Hardware Breakpoints R S — =
;& Region PMP

Peripheral Peripheral Peripheral Peripheral
: |T| M P th LE$D A4 Y Global Interrupts
» Vectored Interrupts Quad swicnes, | | uss o @

SPI Buttons, [ | Serial [ |

» Performance Counters Flash PMOD A @




FPGA Memory Map, Interrupts, and Pins

* Manual is available from
developer dashboard
* Memory Map

* Pinout of peripherals to PMOD
connector, LEDs, Buttons,
switches

* Interrupt numbers for
connected devices

Base

Top

Description

Notes

0x0000.0000
0x0000.0100
0x0000.0104
0x0000.0108
0x0000.010C
0x0000.0110
0x0000.0300
0x0000_0400
0x0000.0800

0x0000_00FF

0x0000_02FF
0x0000_03FF
0x0000_07FF
0x0000_0FFF

Reserved

Halt Notification

Start Notification
Resume Notification
Exception Notification
Reserved

Debug RAM (< .25KiB)
Debug Flags (< 1 KiB)
Debug ROM (< 2KiB)

Debug (4 KiB)

0x0000.1000
0x0200_.0000

0x0201_0000
0x0C00-0000

0x1001_0000
0x2000.0000
0x2000.1000
0x2000.2000
0x2000.3000
0x2000.4000
0x2000.5000
0x2000_.3000
0x4000.0000

0x01FF_FFFF
0x0200_FFFF

O0x0BFF_FFFF
O0xOFFF _FFFF

O0x1FFF_FFFF
0x2000_0FFF
0x2000_1FFF
0x2000_2FFF
0x2000_3FFF
0x2000_4FFF
0x2000_5FFF
O0x3FFF_FFFF
Ox5FFF_FFFF

Reserved

Core Complex-Local Inter-
rupts (CLINT) (<64 KiB)
Reserved

Platform-Level Interrupt Con-
trol (PLIC) (64 MiB)
Reserved

UART Peripheral

Reserved

GPIO Peripheral (16 pins)
Reserved

Quad SPI Flash Control

8-bit, 4-comparator PWM
Reserved

Memory Mapped Quad SPI
Interface

on core complex Devices
(224 MiB)

Off Core Complex address
space accessed via System
and Peripheral busses

0x6000-0000

0x7FFF_FFFF

Reserved

0x8000.0000

0x8000_4000

0xBOOO_FFFF

OxFFFF_FFFF

Data Tightly Integrated Mem-
ory (DTIM) (64kB)
Reserved

Table 7.1: E31/E51 Core Complex FPGA Eval Kit Physical Memory Map




Program FPGA with Vivado

 Download Vivado HLx Edition from Xilinx (free):

* https://www.xilinx.com/products/design-tools/vivado.html

* From Vivado with the Arty board connected
over USB
* Open Hardware Manager
Tools — Auto Connect
Tools - Add Configuration Memory Device
Select Micron n25g128-3.3V

Select the Configuration File (mcs file downloaded
from SiFive)

 Hit the PROG button on the Arty to reboot and
load the new image

aaaaaaaaaaaaaaaaaaaaa

kaﬂPngnfgura Memory Devi
lllll
MMMMM o Select a configuration file and set programming options,
nsity (i
% N25q128-3,3v-spi-x 1,
i lexip_e31_arty/arty.E31FPGAEvaluatibnConfig. mes
1/O pi ll-rn
onfigur il |
SSSSSSSS
[ Create SvF Onl ly (no program operations; 1]
CE SVF Fie

AAAAA



https://www.xilinx.com/products/design-tools/vivado.html

Connecting the FPGA to the Debugger

» Debug signals are connected to the
Arty Board's JD PMOD header (closest
to the reset button)

* Tested Probes:
* Olimex ARM-USB-Tiny (OpenOCD)
e SEGGER JLINK
e Lauterbach TRACE32

* JTAG Signal Mapping
* Purple -TDO

e Blue - TCK Grey - nRST
* Black - GND White - GND
* Brown — VREF RED - VREF

1

JD PMOD

ARM 20 Pin Header




Software Development with Freedom Studio

[ XoX ) lc - global_i Linterrupts.c - Freedom Studio
(mif B /-m @ 2 23R i & e 0-G &S o et oy Dy a4 e
Proj Hii Registers 52 Peripherals = B [ Console 52 Problems % phEE MB 9= 0 d5bebug X FH i+ vo g
L4 %@ 9 sf ¥ GNUMCU Ecipse Packs consele ¥ [E]global interrupts OpenOCD [GDB OpenOCD Debuaging]
. Name Value Descript v i global_interrupts.eif
v 4 General Regis. G::Ce;:\ :n qg| 2L8-01-0 22:18:17 ii?:q-hmm 1 Tsus ended : Breakpeint
Rt g urpase a Parsing SVD file "/Users/drew/wsFreedomStudio/global interrupts/e3larty-xsvd.json". .. o - peint)
Hifzero 0x0 Canpleted in 25ms. witch_1_handler() at global_interrupts.c:110 0x40400714
tilira 0x40400714 mei_jsr() at global_interrupts.c:72 0x4040071e
Hitsp 0x80003130 andle_trap() at init.c:82 0x40400470
Mitgp 0xB80000860 rap_entry() at entry.5:50 0x40400510
. Hiitp ox0 il riscvB4-unknown-elf-gdo
. Hitto 0x40400dba
it oxt [€) giobal interrupts.c 58 (5] start.s init.e (] entry.s b[2].proci42000] threadGroup(i1],gdb(2] proc[42000].0Sthread(1]) = B g outline 2= Disassembly 33 | $® Terminal =al
itz 0x0 9
s : B R e
Hittp ox3 93 write (STOOUT_FILENG, instructions_msa, strlen(instructions_msg)); Enter location here B an®B e
° Kifsn 0x40400194 94 4040072 jal Bx40400940 <printf>
a0 ) o } »110 GPIO_REG(GPIO_OUTPUT_VAL) | GREEN_LED_C
Hital OxBOO0042E > 4eq007f4: | lui a5, 2x20002
r void invalid_global_isr 4040078 1w a4,12(a5)
Hifaz oxd
Wita3 . printf("Unexpected global interrupt!in 115 }
e * 1 464B67Fa Tn ra,12(sp)
Hia 0x20000000 100 110 GPIO_REG(GPIO_OUTPUT_VAL) |- (Bx1 << GREEN_LED_
Hilas ox0 101 void invalid_local_isr€) { 464007fc: ori ad,o4,2
Blta6 0x80000426 102 printf ("Unexpected local interrupt!n 40400800 sw ad,12(a5)
1 GPIO_REG(GPIO_OUTPUT_VAL) &= ~((@xl<c RED_LED_OF

103 }

L]
‘) 11.
L] 104 = | 4paveso2: 1w a4, 12(a5)
105 void switch_1_handler() { 40400804  andi  a4,a4,-2
o 40400806:  sW a4,12(a5)

Variables printf("Switch 1 is on! Even if Switch 2 is on, Switch 1 must have higher priority right now.\n" 15 o
. ° 40400808:  addi  sp,sp,16
// Set Green LED debounce();
Monit i 9% % GPIO_REG(GPIO_OUTBUT_VAL) |- (BxL << GREEN_LED_OFFSET) ; 4840880a: 3 040480708 <debounce>
Tewo GPI0_REG(GPIO_DUTPUT_VAL) &= ~{(@x1l<< RED_LED_OFFSET)); u7 void switch 2_handler() {
SE switch_2_handler:
Register Address  Value 113 debounce(); 4040080c;  addi  sp,sp,-16
¥ %, opia 0x2000... 114 printf("Switch 2 is onl Even if Switch 1 is en, Sv
» 1388 value 0x2000... 0x0000... 115 } 4240080 auipc  a@,@x2
. [ b 199 inputen 0x2000... 0xD000. 116 40400812 gddi . a@,a0,-1062 # 8x484023e8
) e oy o 1175 void switch_2_handler() { . ) void switch_2_hondler() {
I Dort Ox2000... | GXDO0O. 118 printf("Switch 2 is onl Even if Switch 1 is on, Switch 2 must have higher priority right now.\n"); 48400816:  sw ra,12(sp)
et B * - 119 118 printf("Switch 2 is on! Even if Switch 1 is en, S
w bit0 fol 00 120 /7 Set RED LED 40400818:  jal  Bx40400940 <printf>
o Dit1 o 0x1 121 GPIO_REG(GPIO_OUTPUT_VAL) &= ~(@x1 << GREEN_LED_OFFSET) ; GPIO_REG(GPIO_OUTPUT_VAL) &- ~(dxl << GREEN_LED.
oo bit2 21 0x0 122 GPIO_REG(GPIO_OUTPUT_VAL) I=  (@xl<< RED_LED_OFFSET); 4040081a:  lui a5, 8x20002
S bt3 (3] 0x0 123 4040081e:  w at,12(a5) -
& bita 1 0x0 124 debounce(); 1
bits 151 0x0 125 40400820: 1w ra,12(sp)
e = 3 126 121 GPIO_REG(GPIO_OUTPUT_VAL) &~ ~(@xl <= GREEN_LED.
o 5] 0 1276 // We use PAM  as a 40400822:  andi  od,ad,-3
o b7 7 oxe 128 // timer interrupt for debouncing 40400824:  sw a4, 12(a5)
S @ ox0 129 122 GPIO_REG(SPIO_OUTPUT_VAL) |-  (@xl<< RED_LED_OFF
Sobitg (g 0x0 130 void pwm_@_handler() { 40400826: 1w at,12(a5)
& bit10 110] 0x0 131 40400828:  ori at,a4,1
&bt ox0 132 4040082c: W at,12(a5)
Stz (1) 0x0 133 if (g_debounce - 8) { 125 P
bis 013 ox0 134 printf("  Done debouncing.\n"); 4640082e:  addi  sp,sp,16
‘e 135 124 debounceO3
a bt14 - [14) 00 136 //Loner the threshold s.t. the switches can hit 40400830 3 0x40490708 <debounce>
w bIt1S (5] 0x0 PLIC_set_threshold(8g_plic, 1); it: o
@ bit1e 16l 0x0 40400832 a1,a0
o DII7 n7n 0x0 /7 Clear the PWM interrupt 48408834 a3,e
& e (8l ox0 PHMO_REGCPAM_CFG) = B; 40400836 a2,0
& bit1a  [(19] 0x0 40400838 0,0 . .
S bizo 1201 o } else { 40400830 8x40400990 <__register_exitproc
B biter ) ox0 /7 Keep waiting B




Freedom Studio — Set Up

« Download and Extract to desired
@FreedomStudio location

e https://www.sifive.com/products/tools/

* If on Windows, install platform drivers
located in:
* FreedomStudio/SiFive/Drivers

e That’s It!



https://www.sifive.com/products/tools/

Freedom Studio - Demo

* Importing Examples
* Freedom Studio SiFive Perspective
* Programming and Debugging the E31 Arty FPGA Platform

* Dhrystone Demo — use the debugger to change the number of
Iterations
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Questions

Info@sifive.com
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3 Part Webinar Series

Webinar Recordi NgS: https://info.sifive.com/risc-v-webinar

* RISC-V 101

* The Fundamentals of RISC-V architecture Study

* Introduction to SiFive RISC-V Core IP

* Introduction to the SiFive E31 and E51 Core Evaluate
Complexes @ Eb@%
- Getting Started with SiFive RISC-V Core IP suy



https://info.sifive.com/risc-v-webinar

Resources

* https://www.sifive.com/
« RISC-V Core IP and Development Boards
« RISC-V Tools

@ Sikive
* SiFive Youtube Channel:

* https://www.youtube.com/channel/UCgpdhncf4nxTfy0QZh1YWLQ

* https://riscv.org/
« RISC-V Specifications

» Links to the RISC-V mailing lists : y RISC

* Workshop proceedings

 GitHub
* https://qgithub.com/sifive/ @@

 https://github.com/riscv/ ®



https://www.sifive.com/
https://www.youtube.com/channel/UCqpdhncf4nxTfy0QZh1YWLQ/featured
https://riscv.org/
https://github.com/sifive/
https://github.com/riscv/
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