Y RISC-V°
Evekywhere

The Road Ahead
Mark Himelstein
CTO, RISC-V International

RISC-V European Summit 2023 Barcelona =
June 2023



Overview

e RISC-V Overview

e Why People Use RISC-V

e RT-Thread & RISC-V

e Portability

e Embedded & Real Time ISA Extensions
e SW ecosystem
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The
definition

of open
computing
is RISC-V

P RISC-V

RISC-V is the most prolific
and open Instruction Set
Architecture in history

e RISC-Visinevitable

e RISC-V enables the best
processors

e RISC-Vis rapidly building the
strongest ecosystem



10s of Billions of RISC-V cores
deployed for profit!
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Open Source HW or Open Standard?

e We are officially an Open Standard HW ISA Architecture

e We are an Open Standard that works heavily with Open Source
upstream projects (LINUX, GCC, LLVM, etc.)

e We don't do reference implementations

e Our work product are specifications with support from Golden
Models and Basic Tests
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Unlike Open Source Software ...

e Proprietary Custom Extensions are Encouraged and Welcome

e Products don't just include the ISA, they can do custom
implementations/extensions of/to the ISA

e Copyleftis a non-sequitur

e No restrictions on how the specification can be used
o Only restrictions on branding
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Why RISC-V?

e Flexibility

e (ost

e Ecosystem

e Our position in History
e EDA Renaissance

e Pride of Ownership
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SoC ISA Balkanization

e Applications processor (usually ARM)
o Graphics processors
e Image processors

e Radio DSPs 25Ce - : =
e Audio DSPs Eocess00 V1880 Decode ™= 1t
e Security processors i
e Power-management processor e
o« >dozen ISAs on some SoCs - each with unique software
stack - I 0
Why? b :
e Apps ISA too big&inflexible, poor base for other cores
e Apps ISA proprietary, cannot be used by others’ IP NVIDIA Tegra SoC

e |IP bought from different places, each proprietary ISA
e Engineers build home-grown ISA cores (don't do this!)
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RISC-V SOC Opportunities

e Move all cores on SoC to RISC-V-based cores
= Applications processors
= Graphics processors
= Image processors
« Al/ML accelerators
= Radio DSPs
= Audio DSPs
= Security processors
- Power-management processors
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Fragmentation versus Diversity

Fragmentation: Diversity:
Same thing done different ways Solving different problems

A




How is RISC-V Avoiding Fragmentation?

Two powerful forces keep fragmentation at bay:
® Users: No one wants a repeat of vendor lock-in.
® Software: No one, not even nation state, can afford their own software

stack. Upstream open-source projects only accept frozen/ratified
Foundation standards.
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Portability

e Unified common standard and a robust Software Ecosystem

e Arobust economy around systems and software is reliant on
portability

e Application & Runtime Software

o Profiles
o API (e.g. POSIX)

e Operation Systems
o Platforms
o Supervisor Execution Environment (SEE)
o Profiles
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Profiles

e Generational groups of instructions that work together and present a unified target for the software
ecosystem

e Always include a base (a base are a group of state, instructions and behaviors fundamental to being
RISC-V)

e Optionally include one or more extensions (like bases, extensions are a group of state, instructions,
and behaviors). Extensions may be mandatory, optional, or non-profile options (n/a)

e Major and minor releases. We use Major releases to be targets for the SW ecosystem. Minor releases
are checkpoints

e Initial implementations of profiles are likely available from members 12-48 months after a profile is
ratified

e Current profiles (RVA) all targeted at RICHOS, General Purpose Multi-User computing. More to come.

e Profiles can live and be used forever. The implementers decide on adoption and lifetime
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Managing Diversity

Raw extensions
o Base + standard extensions + custom extensions
o  Full suite of options available for experimentation and specialized uses
o Massive combinatorial space of options

ISA Profiles

o Packages of ISA extensions for given domain
o Initial set: RVI20 (basic), RVA20/22/23 (application processor)
o Factor out common ISA combinations for use in platform standards

Platform standards

o Hardware/software standards for platforms (much more than just ISA)
o Initial focus OS-A platform for Unix-like OS (includes IOMMU, AIA, etc)
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Profiles

Bases ' Cobalt ' Future
RV32| RVI[20] RVA20
RVI20U32 RVA20U64
RV64l RVI20U64 RVA20564
RV32| RV64|
RV64|
. More profile types:
Load On years Mul/Div Vector Crypto /F\g;jtruor'ss RVB, RVM
Store released, this | Atomics PtrMasking RV128
Jumps only has a Compressed BFloat16 Matrix Ops
Branches Mandatory Float Zcompressed SPMP/IOPMP
Add Base Double Priv 1.13 CFI
Subtract Priv 1.11 CHERI
Logical All other MemRegion GPU
compatible . n
ratified Fences 48/64 bit instructions
extensions are VirtualMem
optional
MAJOR MAJOR

e Only a subset of extensions are listed above and it is not an exhaustive list
e  Some extensions may be optional or non-profile in one profile and be mandatory in another
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Platforms
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The platform definition consists of items with a v



ISA Extensions Targeted at Embedded and Real Time

e Extensions: Fast Interrupts, Compressed Instructions (plus Zc*), FP in
integer registers, Multiply without divide, Vector for embedded, S mode
timer access, S mode w/o MMU, Wait on reservation set, Pause Hint,
Physical Memory Protection, Scalar Crypto

e Profile Families: RVI, RVB, RVM
e Bases: RV32l, RV32E, RV64E
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What We Have Done This Year

e Ratified ISA Specifications

o Profiles, Code Size Reduction

e Ratified Fast Tracks
o Counters, Total Store Ordering, RV32E/RV64E, Non Temporal Hints

e Documentation
o Unprivin Asciidoc, Asciidoc Priv draft

e New Task Groups & Special Interest Groups

o Debug, Trace, and Performance Monitoring (DTPM) TG, Graphics SIG, RISC-V Common
Software Interface (RVM-CSI) SIG, Vector (SIMD) SIG, Control Transfer Records TG
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What's Coming Soon?

e Profiles
o RVA23, RVI23, RVB23, RVYM23, BOD committee on comprehensive ACTs & Certification

e Platforms
o Portability for Systems Software (PRS, BRS, Platform Security, SOC HW, Profiles)

e |[SA

o  Advanced Interrupts, QOS Register Interface, Control Transfer Records, Debug, Fast Interrupts, I/D Synch, Priv 1.13, Shadow
Stacks/Landing Pads, Vector Crypto, Vector FP16

e |SA Fast Tracks

o  CAS, BFloat16, Conditional Ops, Counter Mode Flltering, HW PTE A/D, Maybe Ops, Additional Scalar FP, Counter Delegation,

e Non-ISA
o |OMMU, Confidential VM extension, IOPMP, Nexus Trace,

e Documentation

o Full time RVI DOC Architect/Writer approved
o BOD committee on dev experience (content & UX)
o  Glossary, Navigation
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Software Ecosystem

This is our number one priority
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RISC-V will have the best ecosystem

® Largest number of players
® All cores in system become RISC-V
e Software wants to run on the best hardware

e Hardware and software have been co-evolving rapidly

® Long-running silicon and core developments bearing fruit now

® As advantages and future become clearer, greater motivation to
move to RISC-V

® Positive feedback on software ecosystem growth
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RISC-V ecosystem maturing rapidly

e Consider relatively advanced RISC-V software ecosystem
despite very little development hardware to date

e New dev boards/products appearing en masse in next year or
two

e E.g., Google announced Android support for RISC-V, Dec 2022
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Debian Port Progress

What percent is built for each architecture {past quarter}

alpha
& - & > hppa
+ ia64
% m&8k
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sparcé4
x32
¢ | SiFive shipped -
.| Unmatched boar
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Accelerating the Rich RISC-V Ecosystem
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Android

e Google Support

e Google Requirements

o Engagement with RISC-V
o Likelyin 2024
o Much is underway

e Lifetime can be 10 years
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RT-Thread on RISC-V

RV32
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Software Ecosystem Resources

e Foundational Software Status for each extensions

e Draft spreadsheet of software on RISC-V status (140+ being tracked)

o Hired RVI Software Ecosystem Director. First task is a comprehensive one stop
clearinghouse of RISC-V commercial and open source software status

e RISC-V Ecosystem Landscape

e RISC-V Exchange (100s)

e A new Linux Foundation Project named RISE to accelerate open
source software development on RISC-V

R RISC


https://docs.google.com/spreadsheets/d/1A40dfm0nnn2-tgKIhdi3UYQ1GBr8iRiV2edFowvgp7E/edit?usp=sharing
https://docs.google.com/spreadsheets/d/1Ao2_Bh3_OEBwVymUypD408o2OsnFMc8pl3Q2Oql0Tvw/edit?usp=sharing
https://landscape.riscv.org/
https://riscv.org/exchange

Profiles with Key Ecosystem Status

RVI32 is only applicable to
RVM and RVI profiles

Mode

Atomics
Cc original Compressed instructions priv
floating point, double-precision
D original (implies F) unpriv F Zdinx
F original floating point, single-precision unpriv Zicsr Zfinx
H H hypervisor unpriv
M original multiply/divide priv
N N user level interrupts unpriv
Q original floating point, quad-precision priv
RV32E RVE integer base for RVE32 unpriv
RV3z2l original integer base for RVI32 unpriv
RVE4E RVE integer base for RVEG4 unpriv
RVE4| original integer base for RVI&4 unpriv
only if H: For any hpmcounter that is
nnt read.anlu rarn tha
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Commercial & Open Source SW

ID08R00000K/0O00 O 00
I08RO000OO/’RO 0 0[N
1000808000080 0 80

L RISC-V°



Software Landscape
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RISC-V Exchange

ViRISCV*

CONTACT US

Search Exchange... n “Hardware - Cores = Software - Services = Learning

Software
Software Tme
Accelerated Libraries

Accelerated Libraries, Linux,

macOS
Application Infrastructure

/Application Infrastructure,
Simulators

Bootloaders

BSD Distro

C Compilers and Libraries

C compilers and libraries,
Compilers and runtimes for
other languages

Cloud infrastructure
Configuration
Connectivity management
Course materials
Debugging
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Organization: UC3M
CREATOR: dida

Software Type: Simulat

SOFTWARE

emmtrix
4"' Technologies

Organization:




Verification

e DV is done by implementers and DV providers
o Seerisc.org/exchange for a list of providers

e Implementations can be wildly different
e Open source implementations include full RTL and DV

e Compatibility is determined by passing basic architecture tests (supplied
by RISC-V and depends on SAIL formal model for golden results) and self-
attestation for OSs, DV, etc.
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Join RISC-V

Change the
World!




Questions
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