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= WHAT is RISC-V?

Department of

Electrical Engineering
5 ERAHAD

City University of Hong Kong



WHAT is RISC-V?

The
definition

of open
computing
is RISC-V

Y RISC-V

« RISC-V is the FIFTH GENERATION RISC ISA from UC

Berkeley.

« RISC-V is an open, ROYALTY-FREE, extensible CPU

architecture.

« Chip designers can quickly create new CUSTOMIZED

ARCHITECTURES for their target applications.

« Customized architectures are supported by

WORLDWIDE RISC-V HW/SW ECOSYSTEM.

City University of Hong Kong



Overview

WHY RISC-V?
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WHY RISC-V?

OPEN MODULAR
STANDARD DESIGN
CUSTOMIZED AGILE

INSTRUCTIONS  DESIGN FLOW



Value Proposition: Open Standard

| TECHNOLOGY |

Arm to make its own prototype

chips to boost post-IPO usmess . Architecture no longer

controlled by ARM.

« No royalty payments.

« Do not need to compete
with ARM’s own chips using
ARM’s architecture.

Photo Credit: Source: arm.com
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Value Proposition: Custom Instructions

RISC-V may encompass both RISC and
CUSTOM SIMD/CISC instructions

SIMD/CISC is

RISC is efficient BASIC CUSTOM L
for GENERAL RISC SIMD/CISC efficient for
DOMAIN SPECIFIC
PURPOSE INSTRUCTIONS HBRLS11: Ve g[e] S APPLICATIONS  like
APPLICATIONS ’

DSP and Machine
Learning

Note: RISC-V instructions are mostly 32-bit instructions,
but RISC-V can also support 16-bit compressed

instructions , and 48-bit to 96-bit extended instructions

Department of
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Value Proposition: Modular Design

Bases [

RV32| RVI[20] RVA20
RVI20U32 RVA20U64

RV64l RVI20U64 RVA20564
RV32| RV64l
RV64l

Load On years Mul/Div

Store released, this | Atomics

Jumps only has a Compressed

Branches Mandatory Float

Add Base unble

Subtract e Priv 1.11

Logical compatible MemRegion
ratified Fences
extensions are VirtualMem
optional

MAJOR

Vector Crypto
PtrMasking
BFloat16
Zcompressed
Priv 1.13

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

Android
Features

MAJOR

Future

More profile types:
RVB, RVM

RV128

Matrix Ops
SPMP/IOPMP

CFl

CHERI

GPU

48/64 bit instructions

Each PROFILE, which is tailored for each application SCENARIO (loT or smartphone or server), can
support many optional EXTENSIONS (such as floating-point or hypervisor/cache instructions).
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Value Proposition: Agile Design Flow

Feature
Request

Verification
Loop

(a)

Build a Closed and Agile Loop
Feature Debugging
Request

Agile Verification
HDL Loop

Specification
Design
Verification

Verilog

Silicon-

Proven I

ASIC flow
FPGA
Ca+

Verilog

Silicon-
Proven IP
Specification =

+ design
+ implementation

(©

[ New Feature ]=i>[ RTL Implementation ]:D[ Functional Verification ]:D[ Performance Validation }:D[ Physical Design ]
> X X

ICTUTER | Architecture Test Generation Test Generation CEABREEY
" Full-System Checkpoint
TL-C Agent: Customize § T ==
TileLink FIRRTL Transforms " . BetaPoint: Characteristic
Bus/Cache - ; Reference Model ] [ Simulation Profiling Tools
Behavior Model | AM: Bare-Metal Run-Time Env | TL-C Transaction Generator I I
) R ) A . . NEMU-Func: Fast Micro-
GlobalMem: Multi-Core Memory Model g NEMU: Fastest ISA Simulator Result Comparison ] [ Emulation Architectural Warmup
- TL-Test: SMP-Diff: Multi-Core Co-Sim DiffTest: Co-Simulation ANCETR o
Behavior Checking LightSSS: Simulation Snapshot — ontroller Evaluation
ArchDB: Waveform Terminator: Chisel-Native . e . PerfDB: Performance
Transaction Analyzer Visualizer and Debugger Debugging ] [ Statistics Analysis Modelling and Analyzer

D D D Development Workflow

. . . Newly Developed Tools
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Overview

WHO are Key Players?
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Key Players: Geographical Distribution

Members of RISC-V International
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Key Players: Applications in USA, Europe

Al / HPC SERVERS

EUROHPC JU allocates €270M
to make HPC RISC-V chips.

INTEL creates S1B fund to
create RISC-V market.

LOW POWER |IOT

EUROPEAN PROCESSOR
INITIATIVE to develop lower
power RISC-V chips.

MICROCHIP won $50M to

develop high reliability RISC-V
chips for space missions.

AUTOMOTIVES

QUALCOMM, NXP, INFINEON,
NORDIC SEMICONDUCTOR
and BOSCH will form a new
company to make
automotive RISC-V chips.

PHONES

GOOGLE announced in the
2022 RISC-V Summit that it will
officially support RISC-V on
Android.



Key Players: High Performance Computing (HPC)

Rl ewroc |
bank bank bank

Memery I Memory VTR o I
bank bank bank

8X U9 8|0d
8X G U89 8|0d

s|
1MB Cache

PCle Gen5 x16

ET-SoC-1 Package

Esperanto’s Tensor Processor Untether Al’s SpeedAl240 Processor
1000+ RISC-V Cores 1456 RISC-V Cores
(Mountain View, CA) (Toronto, ON)
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IP Providers: USA, Europe

@ SiFive| @odasip ARDEs @ VOS
| VENTANA 3

O Imagination ) MOS \\/ MICRO rydev

Akeana | P tenstorrent| MIFEP= CAST

A
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Key Players: Applications in China
Al / HPC SERVERS AUTOMOTIVES

IOT PHONES




IP Providers: China

CAS T-HEAD

RISC-VM T4 BERENCU
#FV208

ALLWINNERS

NUCLEI

IR SRIERE

Jeeli@0s
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Overview

Roadmap in China
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Roadmap in China

21

The China RISC-V Alliance (CRVA) founded in 2018 is driving

Open-Source Chip Ecosystem (OSCB):

Develop Silicon-Proven
OPEN-SOURCE RISC-V
CORES. (3-5 years)

Build OPEN-SOURCE SOCs

using OPEN-SOURCE EDA
TOOLS. (5-7 years)

Build OPEN-SOURCE
HARDWARE automatically
using OPEN-SOURCE EDA
TOOLS. (10-15years)

&
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Roadmap in China: Open-Source RISC-V Cores

22

Chinese Academy of Sciences: Xiangshan RISC-V (% 1))
— HIGH-PERFORMANCE, OPEN-SOURCE RISC-V CPU Project

Tools

— Toolchains: GCC/LLVM

— Simulator: Verilator, FireSim

— OS: Linux

Xiangshan v1 (28nm) e #H (2021)
— SPEC CPU2006: 7.01 at 1TGHz
Xiangshan v2 (24nm) g (2023)
— SPEC CPU2006: 20 at 2GHz

Xiangshan v3 (7nm) & B (2025)

— SPEC CPU2006: 45 at 3GHz



Roadmap in China: Open-Source Platform & EDA Tools

Compiler TeraRines Ui

Simulator ¢ T-HEAD

EDA Tools OpenLane

23



Roadmap in China: One Student One Chip

« OSOC launched in 2019
— Train EACH UNDERGRADUATE to design their OWN CHIP.

BATCH START # SCHOOLS # ENROLLMENTS
v 'I

AUG 2019

2 AUG 2020 5 11
3 JUL 2021 168 760
4 FEB 2022 328 1753

) AUG 2022 335 1689

24
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Current Challenges
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Current Challenges
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RISC-V International identifies
SOFTWARE ECOSYSTEM as #1 PRIORITY.

RISC-V software ecosystem currently

lags behind ARM’s or x86°s, as it is
harder to support such FLEXIBLE &
FRAGMENTED DESIGN.




Current Challenges

Soffware ecosystem is more complex

Boot “

Security HPC Al/ ML Cloud - Data Center - Storage - Networking Consumer - |oT - Automotive Mobile :

1
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Design Tools + Compilers

@ Qi

S eclipse

imperas @evu SPiKE €D,
NWEvm T e e

Aae TinyEMU  GOB = MM

Green Hills LAUTERBACH I\

........ %Ié\'fs C codeplay”

Implementation
SRl DV |
Design & Microarchitecture

Bl BlowRISC D) omeriw

Ecosystem Standards, upstream / support common tools

ISA Extensions,
Profiles, Platforms

Security model,
I0MMU, Industry SIGs

Golden Architecture
Model Tests

SAIL
Silicon Soft IP

27

Training Academia
Research Services

Attributes: Debuggable, Secure, Performant,
Reliable/Serviceable/Diagnosable

Hardware ecosystem is more straightforward
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