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RISC-V is an open-source processor, like Linux is an open-source operating system.

Linux has a single master open-source code base you can download, while RISC-V is an open of the
hardware/software interface for which there are many different imspecificationplementations. A better
analogy than Linux is Ethernet, since both Ethernet and RISC-V are free and open specifications.

Before the Ethernet standard, companies had their own proprietary local area networks (LANs): Apple
AppleTalk (1985), Datapoint ARCNET (1977), Digital Equipment Corporation DECnet (1975), IBM Token
Ring (1984), Xerox Ethernet (1974), and so on. In 1980 Digital Equipment Corporation, Intel, and Xerox
(“DIX”) joined forces to create a local network standard based on Ethernet. They also created an
organization—|EEE 802.3 working group—that has advanced the Ethernet standard over the past four
decades.

Ethernet made rapid advances in cost and performance because many companies could build network
products that ran the same software stack on top of the Ethernet standard. While you can design your
own Ethernet switches and there could be open hardware designs to download, many simply buy
switches that meet the Ethernet standard. A decade after the creation of the “DIX” standard, Ethernet
became the dominant networking technology. Today, proprietary LANs are practically extinct. Does
anyone miss them?

The popular Universal Serial Bus (USB) also followed the Ethernet game plan by providing a free and
open standard for peripheral interconnect that is embraced by many companies plus an organization to
evolve it.

Like Ethernet and USB, RISC-V is an open standard that lets many organizations design hardware, which
fosters competition to improve its cost-performance and develop a rich shared software ecosystem that
offers RISC-V products in many markets. Like Ethernet and USB, RISC-V also has a foundation that
evolves the standard over time to meet new demands. Like Ethernet and USB, you can buy RISC-V
hardware, build it yourself, license designs, or download open-source designs.
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Linux is an open-source operating system, but not like it, RISC-V is an open-standard ISA.

A—T >V —=X(E. VI KD ITOTS A A—=—T A AF—RIE. #HTEI7 O AE]EE
DY —AA— RHHECTHERRA SN, IMEERTH D, BmEPA IAR=— 3> Z{EEL,
BHICfER - % - Bt CEL#HAHTT MEERM & n e A R UE T

'7|' TR > — RDEthernet CTHEX D &

FA—=T >V —RpES D> 0O0— R U Tchipfk
« BAIPZEEA L Cchiplt
- BB THBEDHEST. chiplh
o NIAHEFE UT=Chip/Board BB A
¢ TR Y FEIA e R
IEEE 802.11: Wi-Fi (#E#R)

IEEE 802.11a: 5SGHz I (B 3 2 MR AR
|EEE 802.11b: 2.4GHZE1E & S 9 B RR MR
IEEE 802.11g: 2.4GHz 18k & (I D IR IRAR
IEEE 802.11n: MIMO  (Multiple-Input Multiple-Output)
IEEE 802.11ac: 5SGHzHI3E £ I D=l EAR  (Wi-Fis)
IEEE 802.11ax: OFDMA (Wi-Fi6)
IEEE 802.11ay: 60GHz 5 g8 B iR AEAR
IEEE 802.11ad: 60GHZ I RMAR (WiGig)
IEEE 802.15: WPAN
IEEE 802.16: WiMAX
|EEE 802.22: WRAN
IEEE 802.24: A — NI U v Rilfs

™ o 2 IEEE 802.3ae: 10GB

O e n Sta c .;—vﬁ\- IEEE 802.3ba: 40GB/100GB
t : Ten Sor IEEE 802.1X: v D — JEREES LTUR— Nl

SUPERSPEED + . _\
X A—T -5 A > RS TiEREH D RUsEs 9 Bluetooth Sﬂog

a#C O M P I LER
INFRASTRUCTURE

'ﬂm\
accellera

SYSTEMS INTIATIVE



RV32 | MAC https://en.wikipedia.org/wiki/RISC-V

© LRW  SCW  AMOANDW  AMOORW  AMOXORW
_ AMOADDW  AMOMINW  AMOMAXW  AMOMINUW  AMOMAXUW
GaiioswaRp |<— 2o — RV32A

Atomic Instruction ISA Extension 4

| MUKW oV ML REM REMU

J

|<— 16 bits ——> RV32C

Compressed ISA Extension

QRENGE) (FENGEID | e — RV32I

Base Integer ISA

® .
[ ® Codasip




N\

® .
b oef it =48R Uiz AR, ®_ Codasip
—> RISC-V £ El:r- EE RVA23S64Z5M O J 71 )LHY ¢

HElRSNTLS

https://en.wikipedia.org/wiki/RISC-V https://wiki.riscv.org/display/HOME/Recently+Ratified+Extensions

Extension Specification name Ratification New extension(s) or Profile(s)
M Standard Extension for Integer Multiplication and 2.0 Ratified 8 (R¥32) date
Division ’ 13 (RV64) May 2023 Zihintntl
. . . 11 (R¥32) )
A Standard Extension for Atomic Instructions 2.1 Ratified 22 (RY64) April 2023 Zca, Zcb, Zcd, Zce, Zcf, Zemp, Zemt
26 (RY32) March 2023 RVA20, RVI20, RVA22
F Standard Extension for Single-Precision Floating-Point | 2.2 Ratified
30 (RV64) March 2023 Zicntr, Zihpm
26 (RV32
D Standard Extension for Double-Precision Floating-Point | 2.2 Ratified ( ) January 2023 RV32E/RV64E
32 (RV64)
Zicsr Control and Status Register (CSR) Instructions 2.0 Ratified | 6 January 2023 Ztso
Zifencei Instruction-Fetch Fence 2.0 Ratified | 1
- Shorthand for the IMAFDZicsr_Zifencei base and _ _ November Zawrs
extensions!11:129 2022
28 (RV32
Q Standard Extension for Quad-Precision Floating-Point | 2.2 Ratified - ERVBS June 2022 Zmmul
November Smepmp
L Standard Extension for Decimal Floating-Point 0.0 Open 2021
© Standard Extension for Compressed Instructions 2.0 Ratified |40
B Standard Extension for Bit Manipulation 1.0 Ratified |43[(28] c November Zicbom, Zicbop, Zicboz
ustom 2021
Standard Extension for Dynamically Translated
J 0.0 Open
Languages November Zba, Zbb, Zbc, Zbs
T Standard Extension for Transactional Memory 0.0 Open 2021
P Standard Extension for Packed-SIMD Instructions 0.9.10 Open November Sscofpmf
= 2021
\% Standard Extension for Vector Operations 1.0 Ratified | 187(2°]
Zk Standard Extension for Scalar Cryptography 1.0.1 Ratified | 49[30] November Zbkb, Zbke, Zbkx, Zknd, Zkne, Zknh, Zksed,
2021 Zksh, Zkn, Zks, Zkt, Zk, Zkr
H Standard Extension for Hypervisor 1.0 Ratified |15
November Smstateen
S Standard Extension for Supervisor-level Instructions 1.12 Ratified |4 2021
Zam Misaligned Atomics 0.1 Open
November Sstc
Zihintpause | Pause Hint 2.0 Ratified 2021
Zihintnt! Non-Temporal Locality Hints 02 GlESy November Zve32x, Zve32f, Zveb4x, Zveb4f, Zvebdd,
Zfa Additional Floating-Point Instructions 0.1 Open 2021 2Zve, ZvI32b, Zvl64b, ZvI128b, ZvI256b,
ZvIS12b, Zvl1024b, Zvi, Z
Zfh Half-Precision Floating-Point 1.0 Ratified v . ki
Zfhmin Minimal Half-Precision Floating-Point 1.0 Ratified November Sm1p12, Ss1p12, Sv57, Hypervisor, Svinval,
2021 Svnapot, Svpbmt
Zfinx Single-Precision Floating-Point in Integer Register 1.0 Ratified
Zdinx Double-Precision Floating-Point in Integer Register 1.0 Ratified November 2fh, Zfhmin
Zhinx Half-Precision Floating-Point in Integer Register 1.0 Ratified 2021
it Mlm.mal Half-Precision Floating-Point in Integer 10 Ratified November Zfinx, Zdinx, Zhinx, Zhinxmin
Register 2021
Zmmul Multiplication Subset of the M Extension 1.0 Ratified
Ztso Total Store Ordering 4 Ratified February 2021 | Zihintpause
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In our current research, we are especially interested in the

move towards specialized and heterogeneous accelerators, driven by the
power constraints imposed by the

end of conventional transistor scaling. We wanted a

highly flexible and extensible base ISA around which to build our research
effort.

B RISC-V Spec Volume I: Unprivileged ISA 20191213, Section 28.1
https://github.com/riscv/riscv-isa-manual/releases/download/Ratified-IMAFDQC/riscv-spec-20191213.pdf

31 26 25 15 14 12 11 76 0
| funct6 | custom | funct3 | custom | opcode | Recommended Purpose
6 11 3 5

100011 custom 0 custom SYSTEM Unprivileged or User-Level
110011 custom 0 custom SYSTEM Unprivileged or User-Level
100111 custom 0 custom SYSTEM Supervisor-Level
110111 custom 0 custom SYSTEM Supervisor-Level
101011 custom 0 custom SYSTEM Hypervisor-Level
111011 custom 0 custom SYSTEM Hypervisor-Level
101111 custom 0 custom SYSTEM Machine-Level
111111 custom 0 custom SYSTEM Machine-Level

Figure 3.30: SYSTEM instruction encodings designated for custom use.

HiB8: RISC-V Spec Vol lI: Privileged Architecture 20211203, Section 3.3.4
https://github.com/riscv/riscv-isa-manual/releases/download/Priv-v1.12/riscv-privileged-20211203.pdf
©  RV32I- REEARRIRRISC-VDER
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https://github.com/riscv/riscv-isa-manual/releases/download/Priv-v1.12/riscv-privileged-20211203.pdf
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3. CBI (Bounded Customization) Z ;&9 &
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Arithmetic

Averaging
Sequences of joint additions

Multi-cycle

CRC
Square root

Filter
(DSP and Al)

FIR
Median

Trigonometry
(motor control)

CORDIC

Error correction

LDPC

Decoding

Viterbi

Cryptography

SHA512
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1200 High End RISC-V CPUs

1100 High End RISC-V CPUs

TV r—ay

Series 7 RISC-V CPUs
A A

VT ILE A L

900 Family RISC-V CPUs

700 Family RISC-V CPUs

Series 3 RISC-V CPUs | 300 Family RISC-V CPUs
Series 1 RISC-V CPUs

100 Family Small
RIS
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DMIPs/uW — Performance per Power

-

L110

50% Better

0 0.05 0.1 0.15 0.2 0.25 0.3

DMIPs/uW (*)40ULP-9T-RVT, SS0p99125C, 50 MHz, Core Processor only.
Data obtained from ARM MO and MO0+ datasheets

daceelera
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https://www.arm.com/-/media/Arm%20Developer%20Community/PDF/Processor%20Datasheets/Arm_Cortex-M0_Processor_Datasheet.pdf
https://documentation-service.arm.com/static/620545c494e7af28dd7c9cbc

® .
- IS RARBLANILOBIIHIR Pe o%RE
DrystoneDEIZFE X I 77ETHEEIN35%EL) (BRI Y1 XH)

Dhrystone Power (UW) on same Performance point

1110 \

z -

35% Better

0 100 200 300 400 500 600 700

Drystone Power (UW) @ ~89 DMIPS

(*)40ULP-9T-RVT, SS0p99125C, 50 MHz, Core Processor only.
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https://www.arm.com/-/media/Arm%20Developer%20Community/PDF/Processor%20Datasheets/Arm_Cortex-M0_Processor_Datasheet.pdf
https://documentation-service.arm.com/static/620545c494e7af28dd7c9cbc
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— CBI (Bounded Customization)DXHEE

Performance / Area Increase Energy Consumption Reduction
10 100%
9 Ra0E 90%
8 80%
~8x ~8 x
7 70%
6 6.5 x 60%
5 50%
4 40%
3 30% -75%
2 20%
~2x
1 10%
0 00 -91% -92% -91% 93%
A 1-93% |
SHA-512 CORDIC-32 CORDIC-16 FIR FFT SHA512 CORDIC-32 CORDIC-16 FIR FFT
ERV32ICM - Baseline ~ mRV32ICM + Customized Instructions BRV32ICM - Baseline  @RV32ICM + Customized Instructions

daceelera
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W Aries BOrion Hleo WAra ELlyra

What is your
performance
requirement?

Aries Orion Lyra

Coremark
(CMs/MHz)

o
U

o
o

SYSTEMS INTIATIV E



o
\ o ® C d i
- EE/N1 > N CTERGEE o
TSMC 28HPC+

® Low Area/Power sweet spot

A High Performance sweet spot

Frequency Sweep across configs
. y P d B Maximum Frequency

w= Aries == QOrion Leo == Ara == Lyra

40000 0.9V

750 MHz

0.9V 9 Track

550 MHz +LVT
9 Track

30000

20000

Area (um”2) TSMC 28HPC+

200 400 600 800

Frequency (Mhz)
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t YRR AH R E R

DSP Hij {038 Al 2 ERH
[Mel Spectrogram, fixed-point arithmetic] [Autoencoder, 8-bit, 250k Parameters]

B2 i (2

Edge/loT

(3

I_/ 2 HIC 403> ra0—5
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®
. COdaSip Dashboard Power Consumption Audio Samples Code Snippets
®

RV32IM (80MHz) RV32IM + Custom Inst (20MHz)

AT Model Throughput: AT Model Throughput:

1 . O 3 inferences/sec 1 2 6 9 inferences/sec

Cycle Count: Cycle Count:

77.908M........ 15.766M........

‘nergy Usage: gy Usage:
1 . 64 mlJ/inference O . 2 3 3 7 ml/inference

daceelnera
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@
. Godasip Dashboard  Power Consumption  Audio Samples  Code Snippets
[

Power Reduction from Custom Compute Power estimations based on representative post-synthesis benchmarks ‘ Restart H Log Scaling }
10
= RV32IM + Custom Inst
= RV32IM
8
5 s
S 4
e
0
0 5 10 15 20 25 30
Total Runtime ( seconds )
200 98.52% 09.74%
L
'(:_ 150
’—_JJ 100
£ 50
~
0

RV32IM + Custom Inst

daceelera
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c BRQIR)\A T S+ 2 Dist a2 ER TR
s AT SA > DORESEEZTERT DBE(CER

J\ATSA> - LZRY LHINES DB ENE

: Decode Write Back
stage pipe.DECODE_EXECUTE { stage pipe.DECODE {
alu s1 = rf _gpr.ro[rsl]; alu_s1 = rf_gpr.re[rsi];
ex.alu.compute(alu si,.); — °t38¢ pLpe.EXECUTE { - ‘
ex.alu.compute(alu_s1i,..);
stage pipe.WRITE_BACK {

stage pipe.WRITE BACK {

daceelera
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AR SN DLLVM

N
<
Jl

* CodasiplFLLVMZNR—RX T > &E U TEH LLVM FE&
* DA LC/C+A2)\AS(E CodALTO C/Ci+ code
v Dt S BEIA R
o T T DEDERECER Frontend
* LLVM assembler LLVM IR
* LLVM disassembler .
Optimizer
* LLVM linker
* LLVM binutils LLVM IR
* E.g., objdump

* LLVM debugger (LLDB) Backend

Assembly or object

STRTRSDK/Y — )L F T — > AR file
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T)\ARA2INAS )INDA N ANE O— R Xli=E

3 1.2
e XNDEWTIA—-T>XR

1

o J— RY-r X/ #2
* Vanilla LLWMICRIFTTLD ) 0.8

DSPHERE

pere 1.5 0.6
«

1 0.4

* LWMEADRSY LLWMIT 7 . 02

M) &EE>TF1—=>

B LLVM Vanilla mGCC mLLVM Codasip E LLVM Vanilla ®mGCC mLLVM Codasip
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PEIVLVETRI(E. contact japan@codasip.com
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- sw/JOtwvHRIsC-VRREETDO—2o2 3w T .
[ Accelerating Neural Network Inference with SW/Processor Co-Design |

XFER: RISC-V., ZTDMT OtV HDOHRINYA X(CEEN S DA
ANZL: 3244 (R
HE&F: 9H10H(!N) 13:00-17:30
AT RERAF BRI >Y—F>3a - ELvSS——>J0FE>X
{EFT: T112-0015 R RE N RIXEHE3-28-6
VT A (FIE):

HRAAS IsRISC-VAIETZ 5 9 i

ARGIAZ « XY RO

sw/ Ot SRR C KD =1 -5y NDO—moeR{b
CloudhRCodasip StudioZfEA LIS EZ GEMTE (PCeCiFE< 2

:8BM: Zdenek Prikryl (CTO, Codasip), Keith Graham (VP Univ. Program and Customer Experience, Codasip)
HiE: RRAKFTFRAFRBIS AT LATH A 31> 4 — / Codasip GmbH

PEHUIAH/BBEIVEE: contact japan@codasip.com X CC Pl & CEigF ca XA —)LBFELLUET.
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