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« OpenHW Group is a not-for-profit, global organization driven by its
members and individual contributors where HW and SW designers
collaborate in the development of open-source cores, related IP, tools
and SW such as the SE-V Family of open-source RISC-V cores

* International footprint with developers in North America, Europe and Asia

 Providing an infrastructure for hosting high quality open-source HW
developments in line with industry best practices

 Strong support from industry, academia and individual contributors worldwide
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41 oPENHW- Research Ecosystem
g4 — oo — B4+ Members & Partners

&< O
(< < Barcelona
o S Supercomputing
062 Center
’ Centro Nacional de Supercomputacion
ALMA MATER STUDIORUM
UNIVERSITA DI BOLOGNA

ECOLE DE
. ‘ TECHNOLOGIE
SUPERIEURE
. . Université du Québec

POLYTECHNIQUE
MONTREAL

MICROSYSTEMS

ETHziirich Mrnacs
F RIOS gTECHNION

Israel Institute
of Technology

THE
N

| nOttawa $ TORONTO O UESEY

GROUP

OPEN HWM © OpenHW Group

PROVEN PROCESSOR IP

31st March 2021 4




-------
llllllll
lllllll
llllllllllllllllll
IIIIIIIIIII [E— /AEEE.AdEEEEEE

5 opENHwW- Partner Ecosystem

IIIIIIIIIII
lllllllll

llllll

E A — PROVENPROCESSOR P — B4+ Members & Partners CORE-\V"
— ® ® = |
cadence ADIGILENT (ECLIPSE _ ..
A National Instruments Company Foundation

©
/ jmMcloud OpenUK Publitek Rig

RISC-\V°

Accounting, Legal, Banking

Deloitte. NORTON ROSE FULBRIGHT

.......
lllllllllll
lllllllllllll
lllllllllll

=Y GROUP
OPENHW © OpenHW Group 31st March 2021 5

llllll
---------
-----




-------
llllllll
lllllll
lllllllllll
llllllllllllll
lllllllllllll

OpenHW Group Board of Oirectors =¥

- Xiaoning Qi, Alibaba Group A.':ni!g?é'é?@?-(;m”p
 John Davis, Barcelona Supercomputing Center (( s

 Charlie Hauck, Bluespec (Treasurer) bluespec

 Fabien Clermidy, CEA E

- Liang Peng, Futurewei Technologies . FUTUREWEI

- Tim Whitfield, Imagination Technologies qj'mqg'm“o“

* Rob Oshana, NXP (Chairman) X

 Alessandro Piovaccari, Silicon Labs o s

« Wayne Dai, VeriSilicon Silicon

* Rick O'Connor, OpenHW Group L opENHW-

" .
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Working Groups & Task Groups wv

« Board aioproves member-elected Chairs of ad-hoc working groups and
has final approval of working group recommendations

» Technical Working Group and Marketing Working Group are standing working
groups
« Technical Working Group
« Cores Task Group
« Verification Task Group
« SW Task Group
« HW Task Group

« Marketing Working Group

« University Outreach Task Group

« Together with internal OpenHW Group engineering staff, member
company development engineers (FTEs / ACs) establish and execute
OpenHW Group projects

10 active projects across CORE-V RTL, Verification, GCC/ LLVM, IDE, RTOS, FPGA,
SoC, etc. with more projects in the pipeline

. .
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Technical Working Group (TWG)

CORE-V
e Co-Chairs
« Sebastian Ahmed, Silicon Laboratories IIERN LA
» Jerry Zeng, NXP Semiconductors N

* Drive the overall technical direction, development roadmap
and project execution for all technology related activities
within the OpenHW Group and oversee the Task Groups

« TWG is essentially the OpenHW Group company’s “R&D /
Engineering Organization”

» OpenHW Group engineering release methodology is based
on the Eclipse Development Process

 All OpenHW Group Platinum / Gold / Silver members are also
Solutions members of the Eclipse Foundation (
ECLIP

FOUNDATION
Hiv i OPENHWT © OpenHW Group 31st March 2021 8
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Cores Task Group b

Chair: Arjan Bink, Silicon Laboratories SILICON LABS

Vice-Chair: Jérome Quévremont, Thales Research & Technology T HALE S

develop feature and functionality roadmap and the open-source IP for the cores within
the OpenHW Group such as the CORE-V Family of open-source RISC-V processors.

Initial contribution of open-source RISC-V cores from ETH Zurich PULP Platform and the
OpenHW Group is the official committer for these repositories ETHziirich «»PULP

Parallel Ultra Low Power

Core Bits/Stages Description

A family of 6-stage, single issue, in-order CPU cores implementing RV64GC extensions with three
CVA6 32 & 64bit/ privilege levels M, S, U to fully support a Unix-like (Linux, BSD, etc.) operating system. The cores
(Ariane) 6-stage  have configurable size, separate TLBs, a hardware PTW and branch-prediction (branch target
buffer, branch history table and a return address stack).

GROUP
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https://www.pulp-platform.org/
https://www.openhwgroup.org/projects/
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Verification Task Groug NG

» Co-Chairs:
» Robert Chu, Futurewei Technologies, Inc. -+ : FUTUREWEI

. . . Technologies
« Steve Richmond, Silicon Laboratories

SILICON LABS

 develop best in class verification test bench environments
for the cores and IP blocks developed within the OpenHW

Group.
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Manually written
Test-Programs

—atl

N UVM T

=[=]n

[ Instruction Memory Memory Mapped]
loaded from hexfile Virtual Peripherals

\

:n

Re-use Assertions

from

Formal Verification

( Toolchain invoked
by UVM run-flow

l

==

Most test-programs | *°°
from Google generator

5
2
a

Test-Program
Environment

elf2hex ]

CVE4/A6 RTL

Agents driven by

UVM Sequences—\ |nterrupt _intr
independent of Agent
Test-Program

/

Functional

Coverage

All CSRs,
GPRs & PC
dbg  Debug Step
Agent &
Compare

\ 4

innperas

UVM RISC-V Reference Model

]

[ RM runs same ]/
program as Core

make SIMULATOR=<sim> +UVM_TEST=riscv-dv-test
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CV32E4d 'RTL Freeze Coverag dld

¢ CV3 2 E 4 C Oye ra g e D a ta cadence &) corev Metrics Report - Generated on 2020/10/23 07:16:13
published in our core-v- . o e
verif git hub re PO e e o ot e A .

4 cov_model 0/0(a) 0/0 () 070 (va) (201588 010 (a)

debug_covg  0/0(n/a) 0/0 (n/a) 0/0 (n/a) z;:,/i)‘” 0/0 (n/a) Overall o0 o)

e Coverage told us we had Cti
PP interrupt_covg  0/0 (n/a) 0/0 (n/a)  0/0 (n/a) ?gféf,%’ 0/0 (n/a)

3 4333 / 4408 cg_debug_mode_ext 37.5% ?3{,1;,/) uvm_pkg.uvm_test_top.env.cov_model.debug_covg covergroup cg_debug_mode_e»
isa_covg 0/0(n/a) 0/0(n/a)  0/0 (n/a) (98.3%) 0/0 (n/a) 2%

e Bugs in the funCtional 4+ core_i foas’  1878/150 -010(n/a)

covergroup
cg_ebreak_execute_with_ebrea

uvm_pkg.uvm_test_top.env.cov_model.debug_covg (c:‘g)vire%r:)el;q( execute with ebre

- uvm_pkg.uvm_test_top.env.cov_model.debug_covg covergroup

cg_ebreak_execute_with_ebreakm  60% uvm_pkg.uvm_test_top.env.cov_model.debug_covg

/5
(60%)

(98.96%) (97.31%) cg_cebreak_execute_with_ebreakm

Cove ra ge m O d e | b -S'SSP—UHTU -'5’9:11'_52.;:,:; 0/0 (n/a) 0/0 (n/a)
- Low coveragein - -o,m)
Instructions Exceptions e R B e
te St I n g compressed_decoder_i (n/a) (n/a)

cg_ebreak_execute_without_ebreakm cg_ebreak_execute_without_eb

Overall
Average
Grade

Overall
Covere:

Source Code

Score LU
d Least

genblk 0/0(n/a) 0/0(n/a)  0/0 (n/a) 0/0 (n/a)

genblk2 0/0(n/a) 0/0 (n/a)  0/0 (n/a) 0/0 (n/a)
L4 LOW Cove rage Of Int & Dbg » id_stage_i ?98:4;2??95811;4602? -OIO(n/a)

corner-cases o

Source Code

el Overall
Average Cove!
rade

state: coverpoint
cntxt.debug_cntxt.vif_c
state: coverpoint
cnixt.debug_cntxt.vif_¢
state: coverpoint
cnixt.debug_cntxt.vif_¢
state: coverpoint
cntxt.debug_cntxt.vif_¢
state: coverpoint
cntxt.debug_cntxt.vif_¢
state: coverpoint
cntxt.debug_cntxt.vif_¢
state: coverpoint
cntxt.debug_cntxt.vif_¢
state: coverpoint
cnixt.debug_cntxt.vif_¢
state: coverpoint
cntxt.debug_cntxt.vif_¢
state: coverpoint

auto[RESET]
6/16 state: coverpoint

37:5%  (375%) cntxtdebug_onttvi, b
(37.5%) cntxt.debug_cntxt.vif_cov.mon_cb.c auto[BOOT_SET]

auto[SLEEP]

-o 10 (n/a)

load_store_unit_i 102/108 46 (n/a) 0/0 (n/a)

(99.03%)

« Low coverage of InStruction - =me: @i somume

genblk1 -010 (n/a)  0/0 (n/a) 0/0 (n/a)

and Data bus interface

(97.62%) (66.67%)

protocol genblk3 0/0(n/a) 0/0(n/a) 0/0 (n/a) 0/0 (n/a)
gen_trigger_regs --0 /0 (n/a) 0/0 (n/a)
— ——

auto[FIRST_FETCH]
auto[DECODE]
auto[IRQ_FLUSH_ELW]

auto[ELW_EXE]

o o o o == =) =N
2 =2 =2 = e~ < 8o
o o o o -g: o kS
s 33 32 2 3 2
g8 g g < & < a

auto[FLUSH_EX]
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SW Task Groug N

 Chair: Jeremy Bennett, Embecosm @ECOSM@
« Vice-Chair: Yunhai Shang, Alibaba T-Head £ Alibaba Group

PIEEE DS ]

 define, develop and support SW tool chain, operating system
ports and firmware for the cores and IP developed within the

OpenHW Group.
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L£Z ASHLING ECOSM CORE-V"
 CORE-V IDE is an open- e o e a aTe T Teen B 0% BiBle A piate-0-entl 1o 2 winE

45.Debug 52y Project Explore B%® @ ~|® § =0 —— e — sassembly 52 = 0 MiRegistes 8 LHE[IH 30 8
. up.!
v [€] sum_arm [Ashling Opella-XD ARM Debugging] i Enter location here v & B SE  Neme Value A 6
© 2 sameel 1 #include<stdio.h> #.global start ~ - =
. 2 et . N 44 General Regist
v ® Thread #1 <main> (Suspended : Signal : SIGTRAP:Trace/breakpoint trap) #-type _start, @function et Y e Reger o0 e
= calculate_sum() at sum.c:8 0x 14800120 _start: 8 Oxdgdde
e a e I ) e I l = main() at sum.c:22 014800178 volatile unsigned long long *value = @x143008 sclear minstret coleulate sum: R e
3| ash-arm-gdb-server.exe #csrw minstret, » 0000000014800120: | sub  [sp,
) X X : P, sp, # 0x148b4188
45 aarch6d-elf-gdb.exe unsigned long calculate_sum(int vall, int val #esrw minstreth, 0000000014300124:  str we, [sp, + o0
v [€] sum_riscv [Ashling Opella-XD RISC-V Debugging] int s=0; #clear registers 0000000014800128:  str wl, [sp, o0
ro | I v B swen_sum.elf s = vallsval2; I 9 int s=0; b
v o Thread #1 [TAP 1 (Qualcomm-Kryo5e5 Hart 0)] 1 (Suspended : Step) return s; = o0 o coomseenzes | str v;{i:;aﬁ‘," B 00
= _start() at startup.5:39 0x212 7 . L x3, e 0000000014800130:  1dr wl, [sp, i 0x17c21000
8§ ash 13% int main() i x4, 0 .
e s gl sevvexiee b 3 0000000014800134:  1dr WO, [sp, : Oxaecf143
. 35 riscvB4-unknown-elf-gdb.exe hs i? ":' g 0000000014300138:  add wo, wl, wl P,
. X i x6, 000000001480013c:  str WO, [sp,
« Eclipse based IDE for L e it
o 4 il X:: g 0000000014800140:  ldrsw  x9, [sp, i 0x51c
. int i=1;;i ==l 12
5 s 0x72706000
;é for(int i=1;;i++) 1 xe,0 0000000014300144:  add sp, sp, #
i xa1,e : 0xf4240
s 0000000014800148:  ret
- 21 e (~(int=)value, 1) i x12,0 Ox4
22 sum = calculate_sum(*(int*)value,i); 1i x13,0
< > | 2 if(sum == @) 1L xia.e main: Oed
o2 { noase 000000001480014c:  stp x29, x30, 0x0
(0= Variables 3 vEE| & %%t § = 0O P countit; Frilionied ooooo00el4500150: mov X29, sp 00
. 4 3 i aee 16 unsigned long o6t
° I Cl u d eS tl_ e G CC T | |_., Name Tpe Value 7 N Loane 0000000014800154: o0
I I ‘ N ' I I 69= vall int 0x0 28 return 0; i x19:6 0000 .
C a I - val2 int Ox444d 2 1 x20,0 occosoootiao0tae: oottt
i N ol 000000001480015¢ : 0xab0CT04
s int 0x4844d -y g 0x80740e48
> i 8 0000000014800160:  adrp  x0, @x148! x80740628
- B 11 x23,0 0000000014500164:  add X0, x0, #
1 x24,0 0000000014800168:  ldr x0, [xe] 0<807b7bb0
1i x25,0 000000001480016c:  ldr wo, [xe] 02
i x26,0 0000000014800170:  ldr wl, [x29, 0x8073f66c
L x27,0 0000000014500174: bl @x1480012 OxB0736c90
> i x28,0 0000000014800178:  str we, [x29,
[ n 1i x29,0 s #(sum = 0x14801190
e e l I I l O r 1 x30,0 000000001480017c:  ldr wo, [x29, 0x1400178
| 1 x31,0 v 0000000014800180:  cmp wo, #0x0 v 0x14201190 v
< > < > < >
" ” B Console 2 ® X% BEEREE ®MB 8= 8 @ MemoryBrowser R =
° Rea d _to_ rl l n eX a m | e S © Launch Configurations 52 § = O 0 Breakpoints 52 X%R@AN|@ES § =0 [ ] [Go] [Newb
[type fiter text | &2 sumcline 1] (0x14800120 <Traditional> £3 )
. . e 0x14800120 D10O83FF 590G0FED BIBROBEL B9 00BEQ  ..Na..'a..1y..4.@%5.6" ~
for Digilent FPGA r
> [E] Ashling Opella-XD RISC-V Debugging 014500150
> & Launch Group 0x14800168
0x14800180  7100001F 54000051
0x14800198
. . ©0x14300180
° ettl N St a rte ulaes No Geals 1o duplay for the cument seecton ex148001C8
ox148001€0
0x148001F8 v

% D) PlatformlO labs
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HW Task Grour W

7a

 Chair: Hugh Pollitt-Smith, CMC Microsystems | CMC
» Vice-Chair: Tim Saxe, QuickLogic %CKLOQIC

» define, develop and support SoC and FPGA based evaluation
/ development platforms for the cores and IP developed
within the OpenHW Group.
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 CORE-V'" FPGH Oevelopment

e Initial project using Digilent Genesys2 FPGA boards for soft-
core bring up for both CV32E4 and CV64A6

Digilent
Genesys2

JTAG Probe

IDE

OPENHW" © OpenHW Group 31st March 2021 16
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&QickLogic“"

Mem | Mem Mem | Mem Mem | Mem
‘% PULP Bank | Bank Bank | Bank Bank | Bank Bank | Bank

Parallel Ultra Low Power

Tightly Coupled Data Memory Interconnect

Dual-Clock
FIFO

Dual-Clock
FIFO

, CORE-V MCUSoC T=

APB/ Penphera\ Interconnect

Clock / Reset
Generator

System CLK Image source: QuickLogic
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Real Time Operating System
(e.g. FreeRTOS) capable
~600+MHz CV32E4 MCU

Embedded FPGA fabric with
hardware accelerators from
QuickLogic

Multiple low power
peripheral interfaces (SPI,
GPIO, 12C, HyperRAM, CAMIF,
etc) for interfacing with
sensors, displays, and
connectivity modules

Built in 22FDX with &
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OpenHW RHccelerate W

« Multi Year research initiative totaling up to $22.5M USD of
co-funded research
« Up to $4.5M USD research funding per year

« Funding available globally across Canadian and International
Universities (75% Canadian / 25% International)

 Available to Silver and above OpenHW Group member
organizations

* OpenHW Accelerate managed within OpenHW Marketing
Working Group, University Outreach Task Group Co-Chaired
by Mitacs and CMC

- Establishes project approval process

« Peer Review Committee drawing on Academic and Industry subject
matter experts for project approvals

.......
-----------
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OpenHW Hccelerate 15t Pr je:l: N
« 15t OpenHW Accelerate Co-Funded Project MItJCS

CORE-V CV-VEC: RISC-V Vector Processor for

High-throughput Multidimensional Sensor Data £ OPENW"

Processing & Machine Learning Acceleration at Wi — erovenerocesson o —

the Edge

« Gord Harling, CEO, CMC (Industry Sponsor)

« Frank Gurkaynak, Director, Microelectronics /‘
Design Center, ETH Zurich /C'MC

. I\/Iathﬁus Cavalcante, PhD Candidate, ETH MICROSYSTEMS
ZUric

 Yvon Savaria, Professor, Electrical Engineering, mzurICh
Polytechnique Montréal POLYTECHNIQUE #.3

- Hossein Askari Hemmat, PhD Candidate, MONTREAL {i780E}
Polytechnique Montréal R LSS ot Tonss

-------
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What's Next? Some Predictions.. =%

1. OpenHW Group ecosystem continues to grow
« Over 80 Members & Partners expected by end of 2021

2. New open-source RISC-V cores added to the CORE-V Family

« CV32E4 and CV64A6 now - CV32E2, CV32A6, CV32E4 variants and
more to come

3. On chip SoC interconnect (fabric & busses)

4. Heterogeneous clusters with accelerators and leveraging
eFPGA

IIIIIII
-----------
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* OpenHW Group & CORE-V Family of open-source RISC-V cores
* Visit www.openhwgroup.org for details

* Learn more at OpenHW TV

* Follow us on Twitter @openhwgroup & Linkedln OpenHW Group

. .
-----------
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http://www.openhwgroup.org/
https://www.openhwgroup.org/resources/openhwtv/
https://twitter.com/openhwgroup
https://www.linkedin.com/company/openhwgroup/
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" OoPENHW" Ogy 15t April 2021

Keynote — Open Source History, Trends &

08h30 Rick O'Connor Adoption

09h30 Davide Schiavone, Jérome Quévremont CORE-V Cores Roadmap
Robert Balas, Jeremy Bennett, Simon Davidmann, Alexander Fedorov, Alfredo .

10h30 Herrera, Ivan Kravets, Philipp Krones, Jessica Mills, Shteryana Shopova OpenHW SW Task Group Projects
Rick O'Connor. Luca Benini, Fabien Clermidy, Simon Davidmann, John D. Davis, _

12h30 Mike Milinkovich, Matthias Volker, Tim Whitfield. Panel - OpenHW Europe

13h30 Florian Zaruba CORE-V MCU & APU

14h45 Aimee Sutton, Lee Moore, Mike Thompson, Steve Richmond, Greg Tumbush CORE-V Verif: Hands On

16h15 R,'CIf (0] Conr)or. Sebastian Ahmed, John Martin, Robert Oshana, Tim Saxe, Panel — OpenHW IP Adopters
Jérome Quévremont

17h15 Duncan Bees OpenHW Project Execution

17h45 Rick O'Connor OpenHW Day Wrap Up
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