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

Nearly 80 billion RISC-V
CPU cores by 2025 loT Industrial Automotive

% ®; =

all CPU cores by 2025

“The rise of RISC-V cannot be
ignored... RISC-V will shake up
the $8.6 Billion
semiconductor IP market.”

-- William Li, Counterpoint Research

2020 2021* 2022* 2023* 2024* 2025*

m Computer ®m Consumer B Communications B Transportation ® Industrial m Other RISC-V

More than 12,000,000, 000 RISC-I/

:‘ RISC '—"].' ® Source: Semico Research Corp, March 2021 coreg c{e/bloyed 1[0I' ’bl’oﬂ't,/ Source: Counterpoint Research, September 2021



Nearly a quarter of designs incorporate RISC-V

Projects Incorporating RISC-V by Market Segment

CPU/CPU/MCU / APU / etc.
PC / Workstation / Server / Mainframe |

Peripherals (printers, monitors, storage devices, UPSs, etc.) R
Office Equipment (copiers, alc.)
Wireless: cellular handsets, cordless phones, wireless LANs, radios,.. JIlIEGEGEGENG 23% Of AS I c a nd F PGA
Wireless: base stations, satellite, TV transmission, radar ||l . .
Networking: backbone routers, switches, other WAN products | p rOJ ects In co rpo ratEd
Networking: Optical products | .
Networking: hubs, NIC, LAN routers, bridges, other LAN products | RI sc-v | n at Iea St O n e
Networking: fax, modems, video-conferencing, set-top boxes, intemet... .
Consumer Audio, Video (TVs, DVDs, cameras, etc.), Games [N p Frocessorina 2020 Stu dy.
Automotive NG
AerospaceMilitary TGN
Medical equipment |l
Household Appliances |
Industrial Controls N
Other 1D
0% 10% 20% 30% 40% 50%

b RISC-V*°

Source: Tech Design Forum, November 2020
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</ RISC-V Timeline

RISC
3 5
Privilgged Arch, v1.10 @
in ISA specs
RISC-V Foundation Incorporated - P
@ % ratified! OpenJDK
Hot Chips 2014 A g & V8
User ISA v2.0 IMAFD VIDIA; o113 'c Chromium
B ZlE(|2 2 g Firefox
15t Rocket tapeout, EOS14, 45nm = b_g 3||E >g f‘n You DartVM/
| User ISA v1.0, -F?, ‘g o E A E =05 E Flutter
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I RvC MS thesis = = Ellal |86 S IBIE LibreOffice
First Linux - S g 20185 e IR here etc.
RISC-V ISA project begins Port - 2Ol | | (N~ P

Berkeley

https://content.riscv.org/wp-content/uploads/2019/12/12.10-9.20-StateOfUnion.pdf
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Rich RISC-V Ecosystem
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Software Stack Examples

I Networking

o , Web Apps '
Storage _ I | Virtualization | Security | I | In-Memory
DB . Switch , Load Balancer, : Stream & Blog Search
@ , >_ Web Server ’;& Sl Z
ceph ©vS NGIUX G Linux == ‘ e redis
Open Svich : TLS &) WorDPRE MediaWik 0 DK
nvime-oF Guest OS E\/ WP RTERaEs L9 Mediawiki pen)
/Y
.I "] PHP 4
- '."
> — Memcached ¢
DPDK RENSVL I
! MysaL 1 !
Linux 6 X )’95&9 debian fedora <95¢U5;
Firmware/BIOS OpenSBl dF  ktonocor @lﬂ (o A8 RustSBI ©

Tools

':ch }

‘F( ,'

RISC-V Platform
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b RISC

®




RISC-V E&MARFKN=KERIREZ—
=HEJ) RISC-V & EHRE., €ENES. 1T EBFRIIT
= 204FER], EREZRFHLY, Domain-Specific Architecture Bt E| 3

" DSA JRERMEHIRES . BERENMAEY. KEMNRITHEEFERE
+ EFRG. BMiESH R ARIFSFIRMERG . MET XERLEZE




RISC-V B AFRKN=KERIEE Z—
=E A RISC-V E£&EHRE., @S, fBH T EBFEETT
= 204FER], EREZRFHLY, Domain-Specific Architecture Bt E| 3

" DSA JRERMEHIRES . BERENMAEY. KEMNRITHEEFERE
+ EFRG. BMiESH R ARIFSFIRMERG . MET XERLEZE

A ALERISCVZRIABAZNISAEEEBRAER?



RISC-V

ELMARKH=KERZEEEZ—

=&’ RISC-V FEEERATE. SEMNMA. IRET BBFHIEIT

= 20104E7E HRF, Krste BIRRUZLA
» WENMIER, 2% BHMISAKITH

FERISATEEIMAZEMBRHNFALENNE, HiFETHVHIE

’ i-
o0 v
’ -

FER

b, AERE AR A eI E R —S

iy




RISC-V B& Ak IR =K

CmERM) 2 —

=E7 RISC-V ERERIAE, SEHR, BT EBFIRT
"= 2010fF7EfA%ER, Krste EIRHIFASILE

« BEANER, £, BHNISAR

1 TR

b, AERE R KR it el B r—aR 4y

» XFFEHPISARREMA S EMRHNALENNE, FHHEITEVMHIME

MR RISC-V EELEPE

, BANET/Z+ EFFERARANT?



RISC-V B NARFKII=ZKEREREZ—
=EJ9 RISC-V EAIERRE. SERNMS. BH T EBEFRIST

ER: Krste J&i#: RISC-V State of Union https://www.youtube.com/watch?v=CKCIDe71



RISC-V BEEMARKHN=KERIELZ—
=EJ RISC-V ESERIE, SEMMR. EH T BT
" RH TR R
» REFAIRVI2HREH T 40+FK B SHwIG: —BR=ZFE—AMAETA— 1 RERAIRIT
" BT ESERENEESE

ER: Krste J&i#: RISC-V State of Union https://www.youtube.com/watch?v=CKCIDe71



RISC-V BEEMARKHN=KERIELZ—
=EJ RISC-V ESERIE, SEMMR. EH T BT
" RH TR R
« REFAIRVI2HREH T 40+FK B SHwIG: —BRZFE—AMAETA— 1 REEAIRIT
" BT ESERENEESE

" FIE T ARG T RS NIRRT

ER: Krste J&i#: RISC-V State of Union https://www.youtube.com/watch?v=CKCIDe71



RISC-V BEERARFKRI=KERIRETZ —
=EJ RISC-V ESERIE, SEMMR. EH T BT
" RH TR R
» BEMAIRVI2UREH T 40+FK B SIS : —BRZFE—ARMAETA— 1 RERAIRIT
" BT SERENEESE

" FIE T ARG T RS NIRRT

k Standard

Standard RV32IMAFD Cu;\tAc;m RV32IMA Custom SW Libraries
Software Libraries Software
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E&: Krste J&#: RISC-V State of Union https://www.youtube.com/watch?v=CKCIDe7
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EaGrtiation ISA specification | Golden Model § Compliance

Hardware

EjE: Krste ;&i#: RISC-V State of Uni



: 4 Open Software/Standards Work!

RISC
Field Standard | Free, Open Impl. Proprietary Impl.
Networking Ethernet, | Many Many
TCP/IP
OS Posix Linux, FreeBSD M/S Windows
Compilers C gce, LLVM Intel icc, ARMcc
Databases SQL MySQL, Oracle 12C,
PostgresSQL M/S DB2
Graphics OpenGL Mesa3D M/S DirectX
ISA N | x86, ARM, IBM360

= Why not successful free & open standards and
free & open implementations, like other fields
= Dominant proprietary ISAs are not great designs

“Instruction Sets Want to be Free” Krste Asanovic, Professor of UCB
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» ATARRIIAORSE], EMIPS, LinuxFILLVM
v FEXZHI, FBEAMIPS/SPARC, HAFZ [FIERX86/Arm, IRMRITEEER L

MIPS32/SPARC/Arm RISC-V

Research Research

Arm Industry |( Education Industry |{ Education

Other | X86  — RISC-V
MIPS32/OpenRISC Arm

EJ&E: Krste S&iff: RISC-V State of Union



RISC-V Ecosystem

RISC
Open-source software: Commercial software:
Gcc, binutils, glibc, Linux, BSD, Lauterbach, Segger, IAR,
LLVM, QEMU, FreeRTOS, Micrium, ExpressLogic, Ashling,
ZephyrOS, LiteOS, SylixO0s, ... AntMicro, Imperas, UltraSoC ...
Software b . v

Al 54 sociicaion | Glcen el | ompiance
v Foindation ISA specification | Golden Model § Compliance

Hardware

Open-source cores:
Rocket, BOOM, RI5CY,
Ariane, PicoRV32, Piccolo,
SCR1, Shakti, Serv, Swery,
Hummingbird, ...

Commercial core providers: Inhouse cores:

Alibaba, Andes, Bluespec, Nvidia, WD, +others
Cloudbear, Codasip, Cortus,

InCore, Nuclei, SiFive,

Syntacore, ... 5

EjE: Krste ;&i#: RISC-V State of Uni
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RISC
Open-source software: Commercial software:
Gcc, binutils, glibc, Linux, BSD, Lauterbach, Segger, IAR,
LLVM, QEMU, FreeRTOS, Micrium, ExpressLogic, Ashling,
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Hardware
/ J \ ’—§| PHg Open-source cores: Commercial core providers: Inhouse cores:
Rocket, BOOM, RI5CY, Alibaba, Andes, Bluespec, Nvidia, WD, +others
l S A Ariane, PicoRV32, Piccolo, Cloudbear, Codasip, Cortus,
SCR1, Shakti, Serv, Swery, InCore, Nuclei, SiFive,
. Hummingbird, ... Syntacore, ...
F: FEETS (EEEIR) S

EjE: Krste ;&i#: RISC-V State of Uni



RISC-V

RISC-V

v g=Ei: o

e
N

o

S, EZTHET

RISC-V Ecosystem

RISC
Open-source software: Commercial software:
Gcc, binutils, glibc, Linux, BSD, Lauterbach, Segger, IAR,
LLVM, QEMU, FreeRTOS, Micrium, ExpressLogic, Ashling,
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N4

RISC
2010
1. Be simple, efficient,
extensible
2. Revisit legacy design
decisions

3. Have basic software

(computer-architecture-
driven project)

Changing Priorities

N
3 "o

2020
1. Run all software

2. Be feature complete
» see #1

3. Bestable
» see #1

4. Support innovation
» conflicts with #1,#2,#3?

(software-driven project)
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BH#Ei# Debian. Arch. Gentoo
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* https://qgithub.com/lazyparser/weloveinterns/blob/master/open-

Internships.md
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