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Presentation Content

Composition of Electronic Design Automation (EDA)
- Software Development Tools
« Hardware design specification & standards
» Interface specifications & standards

Focus on high-end electronic system design
* Open source for leading edge designs

Path for standards development and open source to align

Open source and design in the 2020’s
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EDA'’s History & Future with Open Source

Public-Domain Software

Principles of openness & cooperation from the academic community
Shareware

Limited version of software to promote sales via trial use

You like it; you buy it

But not open-source

Freeware

Often proprietary, but no monetary cost to the end user

Ambiguous set of rights

* Modification allowed?

 Redistribution allowed?

* Reverse engineering acceptable?

EDA's timeline overlaps with code & file sharing of the 1960’s & 70’s

Freeware & Shareware evolved...
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Introduction:

Resurgence
Source EDA

Sherief Reda
Brown University

Leon Stok
IBM

Il In THE 1980s, the academic community pro-
duced several very high-quality electronic design
automation (EDA) tools that spawned the EDA
industry. Tools such as Spice [1], Espresso [2],
and SIS [3] became the foundation of EDA com-
panies. Open-source tools enable rapid innova-
tion and create an ecosystem for scientific devel-
opment. In recent years, the cost and difficulty
involved in the design of integrated circuits (1Cs)
in advanced nodes have stifled hardware design
innovation and have raised unprecedented barri-
ers to bring new design ideas to the marketplace,
Unlike the thriving software community, which
enjoys a large number of open-source operating
systems, compilers, libraries, and applications,
the hardware community lacks such a modern
ecosystern. With the advent of open silicon IP
ecosystems, such as RISCV, Chips Alliance, and
Free Silicon Foundation, the time has come to
reinvigorate the open-source movement in EDA
tools. Recent programs from governmental agen-
cies aim to jump-start the development of open-
source EDA tools to reduce the cost and turna-
round time of hardware design.

Digital Object ldentifier 10.1109/MDAT. 2020.3038851

Date of current version: 8 April 2021,

March/April 2021

Copublished by the IEEE CEDA, IEEE CASS, IEEE SSCS, and TTTC

The
of Open-
Technology

Pierre-Emmanuel Gaillardon
University of Utah

The availability of open-source EDA tools
leads to multiple benefits. First, the availabil-
ity of open-source tools leads to reproducible
research with clear identification of state-of-the-
art results. Thus, open-source tools enable une-
quivocal benchmarking that can quickly identify
new EDA solutions that advance the state of the
art. Second. open-source tools enable the accel-
eration of EDA research as innovations can be
implemented at a faster rate by building on top
of existing open-source tools and components.
Thus, open-source tools lower the barrier to
entry to the field by new students or practition-
ers. Third, fullstack open-source tools enable the
quantification of improvements across the entire
EDA flow. Since it is possible that improvements
in one EDA stage are masked by downstream
tools, evaluation within the context of a full stack
of open-source EDA tools ensures that these
improvements stick till the end. Fourth, open-
source tools with standard /O format exchanges
enable a healthy ecosystem to develop between
open-source tools and closed-source industrial
tools, leading to faster dissemination of knowl-
edge between academia and industry. Fifth,
open-source EDA tools lead to a more trustworthy
design process since the scrutinizing of an open-
source tool by a community of developers can
identify any backdoors that lead to the caplure

2188-2356/2102021 IEEE

Source: https://ieeexplore.ieee.org/stamp/stamp.jsp?tp=&arnumber=9398954
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EDA’s open-source History: SPICE

« Before Digital, Analog was addressed
« Early EDA Shareware includes SPICE

« UC Berkeley class project under Dr. Ron Rohrer in academic |
year 1969-1970 |

» User interface evolved from punch cards to dumb terminals
and commercial workstation implementations

» Developers made SPICE source code widely available

* Promoted contributions of more complex device models &
analysis capabilities

« Contribute to its dominance status in subsequent S —

development for both open-source and proprietary circuit
simulation software

« |EEE Milestone Plagque
» Placed at Cory Hall, UC Berkeley
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Spice Celebrates 50th Anniversary
Date of first publication: 4 August 1971

IEEE Journal of Solid-State Circuits

SPICE Evolution

1973: SPICE 1
1975: SPICE 2
1981: HSPICE
1984: PSPICE
1984: Eldo
1986: SPECTRE
1989: SPICE 3

1993: Last version of
SPICE 3 released

New Versions

Support new models

Computer Analysis of Nonlinear Circuits, Excluding
- Radiation (CANCER)

LAURENCE NAGEL, sTUpENT MEMBER, 1EEE, AND RONALD ROIIRER, MEMBER, IEEE

Abstracf—canNcEr 18 a reasonably general circuit analysis
program that is especially suited to integrated-circuit simulation. The
program provides for the analysis of large circuits in the following
four modes of operation : nonlinear dc, large-signal transient, small-
signal ac, and thermal and shot noise. Moreover, these subanalysis
capabilities are intercoupled appropriately for convenience and effi-
ciency. Internally, CANCER is a very general nodal analysis program
that derives its efficiency from the exploitation of sparse matrix,
adjoint, and implicit integration techniques.

Manuseript received March 9, 1971.

The authors are with the Department of Electrical Enginecring
and Computer Sciences and the Electronics Research Laboratory,
University of California, Berkeley, Calif, 94720,

IxTRODUCTION

ing radiation {cawcer) is a ecircuit simulation
program that combines the following analyses.

1) Nonlinear de analysis, to obtain the guiescent op-
erating point as the static transfer characteristic of the
eircuit.

2) Large-signal transient analysis, to determine the
time domain response of the ecircuit to various input
waveforms starting with initial conditions obtained in
the de analysis.

COMPUTER analysis of nonlinear circuits, exclud-

Source: IEEE Electronic Library
Copyright © 1971, IEEE
Used with permission

SIEMENS
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Transistor-Level Simulation

» The first “open-source” EDA Standard
« CANCER
* Ron Roher

« SPICE — Simulation Program with Integrated Circuit Emphasis
* L.W. Nagel and D.O. Pederson
* Presented April 12, 1973
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Productivity Through Abstraction
Digital Design View

IP block performance
inter-IP communication
performance models

Transistor mcu:IeI§ Gate-level model Standard delay
capacity load capacity load . format wire load

IP block
Abstract . .

= £

Shareware - I. .
5 . Abstra :
RTL “Custer | RTL Software
clusters models
Abstract

D
r L
' - i
Cluster D—L—I

1980s 1990s 2000+

Source: IEEE Design & Test of Computers
https://ieeexplore.ieee.org/document/1246165
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Large Scale Integration (LSI) Evolves to VLSI

SSI/MSI design and verify

» Manual design and layout
Fabricate it

Test it

Re-design it

Repeat
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VHSIC Hardware Description Language (VHDL)

VISIC RARDVARE DESGRIPTION (VDL) DEVELOPHENT PROGRA Source: DAC 1953  |BM, Texas Instruments & Intermetrics awarded contract —
by Lt Al Dewey 1983
LS A « VHSIC Hardware Description Language

Wright-Patterson Alr Force Base, Ohdo 45433

A - « VHDL 7.2 release in 1985

Source: IEEE Design & Test | @ hard

pres - VHDL became IEEE Std. 1076™-1987
-  VHDL —The Designer =

Environment

Alfred S. Gilman, Intermetrics Incorporated
e )

Source: IEEE Design & Test

The VHSIC Hardware  ** P —

DCSCI’iptiOﬂ Languagc - IEEE Standard VHDL
A Glimpse of the Future

Language Reference Manual

Sponsors
Design Automation Standards Subcommittee
Ron Waxman of the
IBM Corporation Design Automation Technical Committee

——
Computer Society of the IEEE

and

Automatic Test Program Generation Subcommittee
of the
IEEE Standards Coordinating Committee 20
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Verilog Hardware Description Language

Gateway Design Automation — 1985
» Verilog HDL created by Phil Moorby in 1984
* Acquired by Cadence in 1989
* Verilog became IEEE Std. 1364 ™-1995

080‘6 Thomas & Moorby’'s

ZZZip Through VLSI Design

With VERILOG The Verilog

Hardware

More than ever before VLS! designers need a single With Interactive Control
CAD system that provide = g, high-speed
simulation of complex desi

Because VERILOG is interactive,
§

ve source Eiacr.' telis - =
e Description
Language

pinpoint proble
return to simula v - a truly interactive
process. Convenient batch-mode processing provides
maximum flexibility

without terminating your mixec

simulation. VERILOG's high speed compilation lets you Ride the Righl Track
build models in seconds and roll into simulz It's a A single homogene:
unique interactive 100l for both design and simulation Yt

Get on the Fast Track

VERILOG handles even complex descripti
speeds markedly faster than comparable systems L
Simulating an 8085 microcomputer on a small );Lz;‘t ‘3‘2{

ous language at all levels for - oy

on, W. orm ds!zsr,.'?p:mn, expected Fifth Edition
ymbolic det and interaction - all in
can link most software programs with
scription in VERILOG and simulate
h your hardware design. A large
del library facilitates PCB design. VERILOG
runs on a host of machines - Apollo, Sun, DEC/VAX,
UNIX machines, and soon, IBM

Fast, flexible, and functional, VERILOG lets you

coast to successtul logic design

68010-based workstation, VI
seven instructions per se
in six seconds flat. Gate mula
speeds rival those of gate-devel only simulators,

ATEWAY
DESIGN AUTOMATION CORPORATION

P.O. Box 1545, 235 Great Road, Littleton, MA 01460  (617) 486-9701

Source: IEEE Design & Test of Computers, August 1985
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Productivity Through Abstraction
Diaital Desian View

IP block performance
inter-IP communication
performance models

Transistor mu:n:lelf Gate-level model Standard delay
capacity load capacity load format wire load

T | IP block
Verilog: T .
Proprietary to f
Open Standard : ‘:E.m
VHDL: | % -
Open Standard Cluster - RTL Software
: clusters models

Spice: ~ Abstract
Shareware i

SystemC.:

Open Standard
Open Source

Source: IEEE Design & Test of Computers

https://ieeexplore.ieee.org/document/1246165 S I E M E N S
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Language Evolution
Proprietary to Open Standard to Open Source

Simulation Era RTL Era Testbench Era

HILO == System HILO

Lverilog —Verilog 20041: ﬁ System Verilog

FSUDG[‘LOQ 4

\Vera

e ——

SyStemC —

VHDL ’83 e \VHDL ’87 ey VHD L 93 » VHDL 2002 - \/ HD L. 200X
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Pervasive use of Open-Source in Electronic Design Automation

g |EEE MARCH/APRIL 2021
Open-Source is here to stay i %SIQn&r
IEEE Computer Society Design Automation Standards Committee :
* Many other DASC standards embrace open-source
* Opportunity to migrate to IEEE SA Open
Industry
« |EEE SA Open Permissive License supports Industry adoption
- Tool interoperability
- Technology differentiation
Academia
* Accelerate EDA research and innovation
G Ovzfr?rgoednlglble research Speual Issue (S)WnOpen Source EDA
- EU Study — Insights on quantitative impacts of Open Source [Dr. Knut f;émﬁwgoff@i”%sT?[;mjz:'
Blind] : TP R S S S ey sy
- a 10% increase in the number of contributors would increase EU : L —
GDP by 0.6%, i.e. €95 billion per year CEmA C?S tttc
° StUdy https://openforumeurope.org/wp-content/uploads/2020/11/OFE_Fraunhofer_OS_impact_study 5 Nov.pdf - @'EEE
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Methodology Evolution
Proprietary to Open Source with Open Standard

Testbench Era Methodology Era Unified Methodology Era

\Verilog 2001 ) S\/'Stem Verilog

Superlkog
VMM 1.2 IEEE Std. 1800.2™-2016

— IPCM - uVC \

SystemC ' : UVM 1.0 1.1 1.2 =) 13

e \/HD L 200X
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Methodology Evolution
Proprietary to Open Source with Open Standard

Testbench Era Methodology Era Unified Methodology Era

\Verilog 2001 ) S\/'Stem Verilog

Superlog

Open Standard

VMM 1.2 IEEE Std. 1800.2™-2016

— |PCM - uVC
Restricted Source

SystemC : = : : UVM 1.0 1.1 12 =) 13
AVN OVM/ :

Open Source Open Source

e \/HD L 200X
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Methodology Evolution
VHDL Drives IEEE SA Open

Testbench Era Methodology Era Unified Methodology Era

IEEE Std. 1076™-2008

IEEE Std. 1076™-2019
VHDL Packages

UVM 1.0 1.1 1.2
IEEE SA OPE

UVMFE
> \/HDL 200X » UVVM
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Methodology Evolution
Proprietary to Open Source with Open Standard

Testbench Era Methodology Era Unified Methodology Era

Open Standard

IEEE Std. 1076™-2008

Open Standard

IEEE Std. 1076™-2019
VHDL Packages

Open Source

UVM 1.0 1.1 1.2
IEEE SA OPE

UVMFE

—— VHDL 200X > UVVM
OSVVM oyUVM

SIEMENS
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Methodology Evolution
SystemVerilog Opportunity under IEEE SA Open

Testbench Era Methodology Era Unified Methodology Era

\Verilog 2001 ) S\/'Stem Verilog

Superlog
IEEE Std. 1800.2™-2016

— IPCM - uVC \

SystemC ' : UVM 1.0 1.1 1.2 '~—> 1.3

e \/HD L 200X
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VHDL: Open Source joins Open Standard

< IEEE

VHDL Standard “package code”
embedded in standard

 Source code also available from
< IEEE IEC 61691-1-1 .
& IEEE - IEEE at documented website
INTERNATIONAL IEEE Std 1076™ : :
STANDARD « Copyright holder ambiguous
IEEE Standard VHDL Language
Reference Manual ® |EEE’7
 |EC?
IEEE Computer Society
S s cmts s  Acknowledged contributors?
* Move to Apache license
 |[EEE SA Open
% « https://opensource.ieee.orqg/vasq/P
=meu ackages/-/tree/1076-2019
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ASIC/IC Design Language Adoption

80%
2012
70%
° m 2016
60% m 2020
‘8 B Next Year
QL 50%
o
(al
S 40%
‘B
(¢D)
Q
30%
20%
10%
0% -

VHDL Verilog SystemC SystemVerilog C/C++ OTHER Design

ASIC/IC Design Language Adoption

** Multiple answers possible
Source: Wilson Research Group and Mentor, A Siemens Business, 2020 Functional Verification Study
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FPGA Design Language Adoption Next Twelve Months

90%
m 2012
80%
m 2016
70%
0 m 2020
60% Next Year
2
(&)
L 50%
o
o
S 40%
(%)
Q
0 30%
20%
10%
0% e
VHDL Verilog SystemC SystemVerilog C/C++ OTHER DeS|gn

FPGA Design Language Adoption

** Multiple answers possible
Source: Wilson Research Group and Mentor, A Siemens Business, 2020 Functional Verification Study
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ASIC/IC Verification Language Adoption Next Twelve Months

80%
2012
70% m 2016
m 2020
60%
m Next Year
%) 50%
(&)
Q
)
o 40%
c
)
R
A 30%
20%
- -
0% == h ‘ h
VHDL Verilog Vera System C SystemVerilog Specman e C/C++ Accellera PSS Python OTHER
Testbench

ASIC Verification Language Adoption

** Multiple answers possible
Source: Wilson Research Group and Mentor, A Siemens Business, 2020 Functional Verification Study
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FPGA Verification Language Adoption Next Twelve Months

80%
m 2012
70% m 2016
m 2020
60%
Next Year
%) 50%
IS
Q
(@]
5 40%
[
>
S 30%
&)
20%
10%
» Be .

VHDL Verilog SystemC SystemVerilog C/C++ Accellera PSS Python OTHER

FPGA Verification Language Adoption

** Multiple answers possible
Source: Wilson Research Group and Mentor, A Siemens Business, 2020 Functional Verification Study
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ASIC Methodologies and Testbench Base-Class Libraries

80%

2012
70% m 2016
0
m 2020
60% m Next Year
9
.8 50%
)
ol
c  40%
2
0
[0
0 30%
20%
10% ‘
» L L im Ul el = Em i
Accellera Mentor AVM  Synopsys Synopsys Cadence eRM Cadence OSVVM UVVM Python-Based None/Other

UVM VMM RVM URM Methodology

ASIC Methodologies and Testbench Base-Class Libraries

** Multiple answers possible
Source: Wilson Research Group and Mentor, A Siemens Business, 2020 Functional Verification Study
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FPGA Methodologies and Testbench Base-Class Libraries

60%
m 2012
50% m 2016
m 2020
40%
" Next Year
O
k)
o
a 30%
c
2
0
48
0 20%
- h ‘ I I I
oo J b= ==
Accellera Mentor AVM  Synopsys Synopsys Cadence Cadence OSVVM UVVM Python-Based None/Other
UVvM VMM RVM eRM URM Methodology

FPGA Methodologies and Testbench Base-Class Libraries

** Multiple answers possible
Source: Wilson Research Group and Mentor, A Siemens Business, 2020 Functional Verification Study
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Software is eating the world... demanding evermore advanced hardware.

AI/ML Is making it all smarter, faster

https://future.al16z.com/software-is-eating-the-world/
...VC, Marc Andreesen. Originally published in The Wall Street Journal on August 20, 2011.

Unrestricted | © Siemens 2022 | 2022-05-18 | Dennis Brophy | Director of Strategic Business Development | Siemens Digital Industries Software | Where today meets tomorrow. SI E M E N S



https://future.a16z.com/software-is-eating-the-world/

........

Py
il
os e

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

S LT ML,

Sensors & Edge 5G / Wireless Cloud / Datacenter
Computing Communications

Pervasive Al enablement
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From systems to ecosystems: Leading edge systems
companies are becoming SoC designers, system designers,
software designers, enclosures...
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Semiconductors and electronics innovation are the drivers of digitalization;
the rapid deployment of cloud, 5G, and edge computing will fuel spectacular
growth

IBS 2030 Forecast, 10.4% CAGR

Semiconductor
iIndustry
potentially a

$1 trillion
market by 2030

=|BS VLSI

m
=
LLI
>
P
L
>
L
o
x
o)
|_
O
0
a
P
o)
O
=
LLl
0p]

Source: International Business Strategies (IBS), January 2022
2016 2018 2020 2022 2024 AOYAS) 2028 2030 VLSI Research, March 2022
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Open-Source EDA

Ecosystems
RISC-V International (Linux Foundation activity)
Chips Alliance
Free Silicon Foundation
OpenHW Group (Eclipse Foundation activity)
Open Source Hardware Association
OpenROAD’s OpenLane
Open Source FPGA Foundation

Interface protocols
Generally, membership-only specifications

Government Agencies
United States DARPA
European Processor Initiative
Digital India RISC-V Microprocessor Program
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https://f-si.org/
https://www.openhwgroup.org/
https://www.oshwa.org/
https://theopenroadproject.org/
https://osfpga.orqg/

https://www.darpa.mil/work-with-us/darpa-toolbox-initiative
https://www.european-processor-initiative.eu/
https://shakti.org.in/
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RISC-V Captures Industry’s Interest

Who is RISC-V Disruptive Technology

RISC-V International is a global nonprofit Barriers Legacy ISA RISC-V ISA
association based in SIW'ItZE.rIand. Founded in 2015 ‘ Complexity 1500+ base instructions 47 base instructions
as the RISC-V Foundation with 29 members, RISC- Incremental IS4 Maodular ISA
. .. . c &
V Is now a truly global organization with 2k+ RIS _V Design freedom $5% - Limited Free - Unlimited
members in more than 70 countries.
License and Royalty fees  $%% Free

RISC-V supportsthe free and open RISC instruction set architecture and extensions
deliveringa new level of free, extensible software and hardware freedom on Design ecosystem Moderate Growing rapidly. Numerous
architecture, paving the way for the next 50 years of computing design and innovation. E;igsmns’ open & proprietary

RISC-V is part of the Linux Foundaticn, bringing the community together to build and maintain the open RISC-Y [SA, Software ecosystem Extensive Gering rapil:lly

L RISC V" PLRISC V"
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RISC-V Captures Industry’s Interest

Who is RISC-V

RISC-V International is a glo
association based in Switzer
as the RISC-V Foundation wit
Vis now a truly global organ
members in more than 70 co
RISC-V supportsthe free and open

deliveringa new level of free, exte
architecture, paving the way for th

RISC-V is part of the Linux Foundaticn, Bringin

PLRISC WV
e ____________________ |
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RISC-V Ecosystem

Research

Training

Academia

b RISC

Ci/Testing

Profilers + Analysis Tools

Gew N <€

Simulators

=

Compilers

HPC Data Center
Consumer loT Networking
Applications
Runtimes
Operating Systems SIS A o YR I
Hypervisor ¥ @ xvm
Boot
7",'
S
Formal :"l )
Model s Architecture Tests h
ISA
RTL DV € ﬂ

Implementation Design & Microarchitecture

Silicon Soft 1P

106}

<

) @
A

snsouBelq ‘e|qeadiases ‘sjqerey

WUTWI0 IDd

Rjandas

8nqeq

Disruptive Technology

5920095

RISC-VISA

47 base instructions
Modular 154

Free — Unlimited

Free

Growing rapidly. Numerous
extensions, open & proprietary
cores

Growing rapidly
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Projects Incorporating RISC-V Processors in Design

FPGA ASIC/IC

23% A 23%

RISC-V/*
Percentage of FPGA designs that Percentage of ASIC/IC designs that
contain a RISC-V processor in the con.tam a RISC-V processor in the
design. design.

Source: Wilson Research Group and Mentor, A Siemens Business, 2020 Functional Verification Study
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Open HW Group: Member-driven focus to may Risc-V less Risky

Mission

* OpenHW Group is a not-for-profit, global organization driven by its members and individual contributors where
hardware and software designers collaborate in the development of open-source cores, related IP, tools and
software. OpenHW provides an infrastructure for hosting high quality open-source HW developments in line
with industry best practices.

Core Selection

« ETH Zurich PULPino (Risc-V Core)
work done in conjunction with University of Bologna ams

* “Industrial grade” UVM verification environment abi imEmEN i

-

|
-
[
u
-

ANl =

* In progress

Tools OPENHW

- Commercial & Open Source PROVEN PROCESSOR 1P
* Siemens Formal Verification
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Open-Source EDA

Ecosystems
RISC-V International (Linux Foundation activity)
Chips Alliance
Free Silicon Foundation
OpenHW Group (Eclipse Foundation activity)
Open Source Hardware Association
OpenROAD’s OpenLane
Open Source FPGA Foundation

Interface protocols
Generally, membership-only specifications

Government Agencies
United States DARPA
European Processor Initiative
Digital India RISC-V Microprocessor Program
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WWW.TIScv.org
https://chipsalliance.org/
https://f-si.org/
https://www.openhwgroup.org/
https://www.oshwa.org/
https://theopenroadproject.org/
https://osfpga.orqg/

https://www.darpa.mil/work-with-us/darpa-toolbox-initiative
https://www.european-processor-initiative.eu/
https://shakti.org.in/
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| Thank you

Dennis Brophy

Director of Strategic Business Development
Siemens Digital Industries Software
Wilsonville, OR

USA

Phone +1 503 685-0893

E-mail dennis.brophy@siemens.com
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