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Nati “RISC-V” ?

RISC, RISC-II (1981)
SOAR aka RISC-III (1984) (Smalltalk on a RISC) |
SPUR aka RISC-IV (1988) (Symbolic Processing Using RISCs) F
RISC-V (2010)

o 2014 — Frozen base user spec e ——————
o 2015 — RISC-V foundation ;. it
o 2019 — RISC-V International = B
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[aTi Jag evOola@EpEl
Eival atrAr} kal KaBapr] apXITEKTOVIKH.
o  AmAn: Mari eival RISC
o  KaBapn: MNarti pdBape a1’ 100 AGBN TWV TTPONYOUUEVWV

Eivail avoixt (open standard) kai diapop@uVveTal GUAAOYIKA. ®
AkoAoubei apBpwTd (modular) povrélo avamTuéng. R I SC
o Baoiko oet (RV32l, RV641, RV128I) (n RV32E, RV64E, RV128E)
o  ZeT emekTdoewv: A(tomics), B(it manipulation), C(ompressed instructions), F/D/Q(Single/Double/Quad
precision floating point), M(ultiply and divide), V(ectors)...
o  MeuovwuEVEG ETTEKTAOEIG: Z***
o  EmekTdoeIg TpiTwv: X***
Eival eAeUBepn TTPOG XPNON, XWPIG TO UTTEPOYKO KOOTOG adEI0DOTNONG AAAWY OPXITEKTOVIKWV.
o  x86: Avnkel o€ 2 etaipeieg (Intel kai AMD), 1I81aITEpwg KAEIOTO 0IKOOUOTNUA.
o  ARM: Avnkel o€ pia gTaipia TTou divel AdEIEG O€ TPITOUG, UE KOOTOG PEXP! Kal 10M.
o  RISC-V: Avrikel oto RISC-V International Association, eéAeUBepn xpAon, TTOAU HIKPO KOOTOG (avAaAoya Je
TO PEYEBOG TNG €TAIPEING) yIa Xprion Tou logo/ovopaTog.
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o101 QUMIMIETEXOUY

across 70 Countries

111 Chip

SoC, IP, FPGA

31/0

Memory, network, storage

19 Services

Fab, design services

56 Software

Dev tools, firmware, OS

Oct 2022
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More than 3,100 RISC-V Members

3 Systems

ODM, OEM

14 Industry

Cloud, mobile, HPC, ML, automotive

139 Research

Universities, Labs, other alliances

2k+ Individuals

RISC-V engineers and advocates

VRISC-V* RISC-V membership rapid growth of 134% in 2021 -
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Applications & Tools HC
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[Mou Ba BpoUupE UAOTTOINOEIC OAMEPT

° 216 KApTES Ypaikwy TnG Nvidia (NV RISC-V)

o https://riscv.org/wp-content/uploads/2016/07/Tue1100_Nvidia RISCV_Story V2.pdf
° 2T0UG OKANPOUG Biokoug TnG Seagate kai Tng Western Digital
o https://www.seagate.com/gb/en/innovation/risc-v/
o https://documents.westerndigital.com/content/dam/doc-library/en_us/assets/public/western-digital/collateral/tech-brief/tech-brief-western-digital-risc-v.pdf

) 21a kivnta Pixel Tng Google (Titan M2)
o https://www.androidauthority.com/titan-m2-google-3261547/
° 210 KIvnTa TNG Samsung

o hitps://www.anandtech.com/show/15228/samsung-to-use-riscv-cores
° >¢ dildgopa cuaTrpata TG Huawei
o https://www.huaweicentral.com/huaweis-hisilicon-launched-hi373v110-t

° > € DIAQPOPES MIKPOOUOKEUEG (T1.X. Bluetooth)
2 ¢ dIGQOopa UTTOoUCTHANATA (TT.X. OIKTUGKOG EEOTTAICHOG)
2 € JIKPNAG 10XU0G UTTOAOYIOTEG
o SiFive Unleashed / Unmatched

o StarFive Vision/Vision 2
o SBCs with Allwinner-D1 SoC

2¢ TeIpapaTika cores kal SoCs avoixToU KwdIKa
Kai o€ dAAa 1600 TT0U eV yVwpifoue !
° NioTa UAOTTOINGEWY, TTPIV XACOOUNE TO PETPNMHA (2 xpdvia TTiow)
o https://github.com/riscvarchive/riscv-cores-list

° 2022: 10 616 chips Baoiopéva oto RISC-V !!

FORT
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“Deloitte Global predicts that

the market for RISC-V
processing cores will double in
2022 from what it was in 2021,
and that it will double again in
2023,

as the served addressable market
available for RISC-V processing cores
continues to expand.”

December 2021

P RISC-V’

Nearly a quarter of designs
already incorporate RISC-V

Projects Incorporating RISC-V by Market Segment

Design Forum, November 2020

23% of ASIC and FPGA projects
incorporated RISC-V in at least one
processor in a 2020 study.



https://riscv.org/wp-content/uploads/2016/07/Tue1100_Nvidia_RISCV_Story_V2.pdf
https://www.seagate.com/gb/en/innovation/risc-v/
https://documents.westerndigital.com/content/dam/doc-library/en_us/assets/public/western-digital/collateral/tech-brief/tech-brief-western-digital-risc-v.pdf
https://www.androidauthority.com/titan-m2-google-3261547/
https://www.anandtech.com/show/15228/samsung-to-use-riscv-cores
https://www.huaweicentral.com/huaweis-hisilicon-launched-hi373v110-tv-chip-based-on-risc-v-architecture/
https://github.com/riscvarchive/riscv-cores-list

RISC-V mavTtou !

e H MIPS yupiCel oe RISC-V
o https://riscv.org/blog/2022/05/mips-pivots-to-risc-v-with-best-in-class-performance-and-scalability-mips/
e HIBM dvoite Tnv apxitektoviki POWER (OpenPOWER) kai €yive péhog tou RISC-V International Association
e H Intel emrevduel 18i¢ oto RISC-V
o https://riscv.org/blog/2022/02/intel-corporation-makes-deep-investment-in-risc-v-community-to-accelerate-innovation-in-open-computing/

e H Intel kai To BSC @mnidxvouv RISC-V lab otnv lotravia
o https://www.eetimes.eu/spain-approves-e12-25b-semiconductor-investment-plan/

e H Apple meipaparicetal pe 1o RISC-V kai @aivetal mwg oto emopevo SoC tng Ba xpnoiyotrolei RISC-V yia diagopa

UTTOOUCTANOTO
o https://www.tomshardware.com/news/apple-looking-for-risc-v-programmers

e HE.E. emevduel 158i1¢ ato Chips Act kai TrpowBei 1o RISC-V
o https://www.europarl.europa.eu/RegData/etudes/BRIE/2022/733596/EPRS-Briefing-733596-EU-chips-act-V2-FINAL .pdf

e HE.E. Emevduel 270M ot emmegepyaoTég RISC-V yia HPC

o https://eurohpc-ju.europa.eu/framework-partnership-agreement-fpa-developing-large-scale-european-initiative-high-performance_en

e H NASA gmidxvel SoC Baoiouévo oto RISC-V yia Ta cuoTAuatd TnG Kal TNV KUuBépvnon Twyv H.IM.A.

o https://www.eejournal.com/article/nasa-recruits-microchip-sifive-and-risc-v-to-develop-12-core-processor-soc-for-autonomous-space-missions/
e O Eupwaikédg emmeéepyacTig xpnoipotroiei dn RISC-V !
e H lvdia kai n Kiva emiong emevéuouv ato RISC-V.
e  >uoThuaTa utrepuTToAoyIoTWY Baoiopéva o€ RISC-V BpiokovTal uttd avaTtugn dieBvwg.
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https://riscv.org/blog/2022/05/mips-pivots-to-risc-v-with-best-in-class-performance-and-scalability-mips/
https://riscv.org/blog/2022/02/intel-corporation-makes-deep-investment-in-risc-v-community-to-accelerate-innovation-in-open-computing/
https://www.eetimes.eu/spain-approves-e12-25b-semiconductor-investment-plan/
https://www.tomshardware.com/news/apple-looking-for-risc-v-programmers
https://www.europarl.europa.eu/RegData/etudes/BRIE/2022/733596/EPRS-Briefing-733596-EU-chips-act-V2-FINAL.pdf
https://eurohpc-ju.europa.eu/framework-partnership-agreement-fpa-developing-large-scale-european-initiative-high-performance_en
https://www.eejournal.com/article/nasa-recruits-microchip-sifive-and-risc-v-to-develop-12-core-processor-soc-for-autonomous-space-missions/

[MpoBAEWEIC yia TO MEANOV

Cores in Millions

FORTH
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M RISC-V*

RISC-V CPU core market grows
114.9% CAGR, capturing >14% of
all CPU cores by 2025

90,000

80,000 Nearly 80 billion RISC-V ’
CPU cores by 2025 !
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RISC-V Penetration Rate by 2025
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“The rise of RISC-V cannot be
ignored... RISC-V will shake
up the $8.6 Billion
semiconductor IP market.”

-- William Li, Counterpoint Research
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|
RISC-V Innovation Roadmap

Proof of Concept
SoCs

loT SoCs

Al SoCs, Application
processors, Linux
Drivers, Al Compilers
SIGS: Security
Response, Al, Graphics,
Android, Embedded,
Datacenter/Cloud,

SIGS: Vector, Perf Modeling, Perf Analysis, Trusted
Computing, Control Flow Integrity, Memory Protection,
Microarchitecture Side Channel, QOS, E2E Data Integrity,

Minion i Blockchain, Simulators,
Microcontrollers g J i i icati i i
processors for ! Managed Runtimes, Error Handling, Automotive, Communications, Floating Point,
RTOS, Firmware 5 4 Vector
power Android, Functional 3
Test Chips management & Development tools Safety Security specs; RISC-V Security Model, AP-TEE, IOPMP
Software communications  Technical Steering Committee, Programs: Dev Board Platform specs: Platforms, SEE, SBI,
tests Bare metal HPC SIG, GlobalPlatform Seed, Development ABI, Discovery,Watchdog, ACPI, UEFI
Linux port software partnership Partners, RISC-V Labs SOC specs: E-Trace, Nexus, IOMMU Ecosystem
2010-2016 2018 2019 2020 2021 2022 2023 —
ISA RV32 RV32l and RV64I Architecture Vector Profiles Matrix Ops
Definition Base Compatibility  crypto Scalar Packed SIMD Crypto Gost
RISC-V instructions: Framework Bitmanip Advanced Interrupts
Foundation Integer, Trace : . =
float double, Hypervisor Java: ptr masking, I/D synch
quad, atomic, ePMP RV32E & RV64E
and compressed Cache Mgt Bfloat16
instructions Virtual Memory Vector Half-Precision Floating Point
Priv modes, zfh Code Size
lnterru‘pts, Zfinx Crypto Vector
exceptions, ihi
memory model, Zihintpause Fast Interrupts
protection, and SMPU
virtual memory Zmmul
® .
P RISC Ztso ISA Extensions
Zihintntl
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H ouvelio@opd Jag og emimedo ISA

° ePMP (Enhanced Physical Memory Protection) (Ratified)
o https:/aithub.com/riscv/riscv-tee/blob/main/Smepmp/Smepmp.pdf
° Control Flow Integnty (Work in progress)

’ .

° SPMP (Superwsor PhyS|caI Memory Protectlon (Work in Progress)
o hitps://aithub.com/riscv/riscv-spmp/blob/main/rv-spmp-spec.pdf

. Pointer masklng (Work in Progress)

° Nikog Kooougidng
o TEE TG (Chair, Vice Chair)
o Runtime Integrity SIG (Acting Chair)
o Technical Steering Committee
° MNwpyog Xpriotou
o CFI TG (Chair)
° BaoiAng MNamaguotabiou
o IOMMU (Acting Chair)

Mepioodrepeg TTANPOPOPIES Yia TNV €EEAIEN TNG APXITEKTOVIKAG £dw: https://wiki.riscv.org/display/HOME/Specification+Status
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https://github.com/riscv/riscv-tee/blob/main/Smepmp/Smepmp.pdf
https://github.com/riscv/riscv-cfi/blob/main/riscv-cfi.pdf
https://github.com/riscv-non-isa/riscv-iommu/blob/main/riscv-iommu.pdf
https://github.com/riscv/riscv-spmp/blob/main/rv-spmp-spec.pdf
https://github.com/riscv/riscv-j-extension/blob/master/zjpm-spec.pdf
https://wiki.riscv.org/display/HOME/Specification+Status

Kal n eKTignon TG KoIvoTnNTag

TSC Voting Members

Voting Member | Term Voting Member | Term
Type Organization Name Started Type Organization Name Started
Imagination
TSC Chair SiFive (Premier) Yunsup Lee 912021 Premier Technologies Ozgur Ozkurt 12/2022
TSC Vice-Chair Ventana (Premier) Greg Favor 10/2022 Premier intel Bob Brennan 2/2022
Priv Software HC (Both Chairs Represented) Premier TSC ISCAS Wei Wu 62020
Applications & Tools HC [VRULL Philipp Tomsich 712022 Premier MeitY Nishit Gupta 11/2022
SOC Infrastructure HC | Picocom Gajinder Panesar 712022 Premier TSC Qualcomm James Ball 712022
Priv IC Chair Ventana Greg Favor 712022 Premier RIOS Zhangxi Tan 6/2020
ISA Infrastructure HC | Esperanto Allen Baum 712022 Premier Rivos Inc David Brash 1/2023
Technology HC Tactical Computing Labs | John Leidel 9/2022 Premier Seagate Stacey Secatch 122022
Unpriv IC Aril Inc Earl Killian 10/2021 Premier SiFive (TSC Chair)
Xiao bo Fan

Premier Andes Charlie Su 6/2020 Premier Stream Computing (Shawn) 11/2021
Premier Alibaba Cloud David Chen 6/2020 Premier Syntacore Sergey Yakushkin | 12/2021
Premier Beijing Institute of OSC | Yungang Bao 8/2022 Premier TSC Tencent Jianlin Gao (Austin) | 12/2022
Premier Chengwei Capital Haibin Shen 212021 Premier TSC Sanechips/ZTE Ji Dong 8/2020
Premier Google Avi Timor 9/2021 Premier Ventana (Priv Chair) 912022
Premier Haihe Laboratory of IT Jack Li 712022 Strategic Elected VMWare Tiejun Chen 1012021
Premier Huawei Peter Chun 6/2020 Strategic Elected Akeana David Weaver 1/2023
Premier TSC ICT CAS Kan Shi 8/2022 Community / Indv Elected [FORTH Nick Kossifidis 1/2023
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RISC-V oto CARV

e Hardware
o European Processor Initiative (EPAC)

o eProcessor

9 E U PI IOt 1010004 0010043119401001600
o RISER “ooon oo
o Hodikia pag RISC-V IOMMU !

O

e System Software
o Kexec (Linux)
o  Musl toolchain support
o SBI extension for Hart State Management
@)

T
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RISC-V oro CARV

ECONOMY A 5 2 &
Greek institute pioneers cutting-edge EU '. ‘ 202 First RISC-V computer chip lands at the
chip technology d : e .
236 European Processor Initiative
6 EPAC accelerator runs its first 'Hello, World!" in-silico
0 2 A Gareth Halfacree Wed 22 Sep 2021  14:28 UTC

The European Processor Initiative (EPI) has run the successful first test of its RISC-
V-based European Processor Accelerator (EPAC), touting it as the initial step towards
homegrown supercomputing hardware.

.{
4

EPI, launched back in 2018, aims to increase the independence of Europe's
supercomputing industry from foreign technology companies. At its heart is the adoption
of the free and open-source RISC-V instruction set architecture for the development and
production of high-performance chips within Europe’s borders.

.. " } Eupvnvean
; .; dot Lepl
‘ EPI EPAC1.0 RISC-V core boots Linux on FPGA

The European Processor Initiative (EPI) https://www.european-processor-initiative.eu/, a project

0 with 28 partners from 10 European countries, with the goal of helping the EU achieve
independence in HPC technologies is proud to announce that we have successfully booted Linux
on our EPAC 1.0 core subset implemented on FPGA.

One key segment of EPI activities is to develop and demonstrate fully European processor IPs
based on the RISC-V Instruction Set Architecture, providing power efficient and high throughput
accelerator core named EPAC (European Processor Accelerator). Using RISC-V will allow
leveraging open-source resources at hardware architecture level and software level, as well as
ensuring independence from non-European patented computing technologies.

FORTH :
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