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/ AgileHardware Development
Accelerate chip development and
commercial adoption

Improved Security
Prevent side channel attack for
example

AL S IECIENTON

John Hennessy and David

Patterson Receive 2017 ACM A M.

Turing Award \
DomainSpecific Architectures
Tailored to a specific problem domain and

offer significant performance/efficiency
gains

OpenlISA
Industry-standardopen ISA /

Source: httpg/www.acm.org/hennessypattersonturing-lecture

Taking RISC -V ® Mainstream

A New Golden Age for
Computer Architecture




software - Linuxfor processors

Incredible ecosystem support
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Open ISA inspired by the success of open source

Greater competition drive quick@nnovation
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- ActiveRolean RIS&/ International

Dr. Charlie Su, CTO Florlan Wohlrab ‘
RISS/ ViceChair, Technical RISS/
Board Member SteeringCommittee Ambassador

-~



Who Is Andes

Who We Are
Pureplay CPU RIS©/ Founding AN TaiV;/]an StOLC_k .
IP Company : y Premier Member “ ‘ 'I?;(I:E'%%gses iste

‘\ ‘
~»  Major OpenSource _
/ Contributor/Maintainer Running Task Groups

Quick Facts

15 200+ 80% - . Beijing
years old Licensees R&D R Shanghai
company Worldwide employees ~, iy PN

SB+ 17K+

accumulated Andes AndeSight IDE
embeddedSoGshipped installation
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A Edge to Cloud

MCU ADAS
Smartphone
Procespsors AloT Storage
Blockchain Touch

Wireless (BTWiF)

Keeping

Offload

5G (macro/small Ce)ls
DatacenterAl Accellerators

uaALIpaduUBWIOoLIRd

A Typical usage: 1 to 1000~ Cores
A Technology: 40nm to 7nm
A Driver: Al / ML

Vector
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Andes RIS¥ on Audio product

A D25F on LE Audio(BLE 5.2) for True Wireless Earbuds and Hearing Aids

Customer Tape out already!
This product will be the one of the firSoCsupporting both of LE audio and Classic Audio

Bluetooth Baseband and Application CPU DSP/AIl Accelerator
Audio Subsystem
LC3 codeehigh quality, low power Power Efficientg Excellent PPA DSP Algorithm for Noise and Echc
LE Audio/BLE 5@Multi-Stream, Mature Ecosysteng Support various RTOSs Cancelation
Broadcast Audio RIS©/ DSP Extensionoutstanding performance Machine Learning for Key Word
DSP library Spotting

€3 Bluetooth ARERs

TrCHNOLOGY

D25F

LRISC




RISE/ Deploymentc Renesa®\SSP
LENESAS

BIG IDEAS FOR EVERY SPACE

Ai to0e® —RISO/ ASSP -
=s.fle ® —RISG/3Z ¢ ) CPU

A 2020 10 01

i tDe < «J. A-® CEO: 8 itoe |

| —V 4 RIS&/Z > @— 7 CPU = 25| A { SoC System on

Chip —J k O -Fg - % N Andes Technology 8« fle @
< — IP 3 AT & u © vV o ASSP Appllcatlon

Specific Standard Productr 3 AndesCorm 1 P p RISG/ CPU = 4

7L <4 =8 2021 — ~afik i LA z 0O

A https://www.renesas.com/jp/ja/about/press -center/news/2020/news20201001.html




Pre ISP Processing & Post Processing Image/Video Analysis by using Al inference engine

Image Processing NN Processing

Vector Processor Vector Processor
NX27V NX27V Accelerator
VLEN=256b VLEN=512b

AXI BUS /NOC

Control Core
o o
Legend:

@ Andes DDR Interface Other 110 ISP Interface
00 Third Party

Taking RISC -V ® Mainstream



Exampleof Cloud ComputingDatacenter

Data Processing

Main CPU
Multicore

AX27MP/A5MP

Vector Processor

NX27V

NN Processing

Coordinator Core

A27

Legend:

@ Andes
Third Party

Controller
NX27V

Controller
NX27V
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Andes Added Value in RISC

Andes extension® RISE/

A Baseline ISA extension to speed up memory access and branches
A CoDens¢o reduce code sizE12% better measured by GGC

A PowerBrake to save power by stalling pipeline

A StackSafe HW stack protection

A vPLIGrectored dispatch and preemption(reduce 57% of latency)

Powerful features to differentiate your products
Create competitive edge for your systems




RISE/ DSP Extension (Packed SIMD/DSP)

A Andes contributednarketproven DSP(SIMD) asERtension

A Designed to accelerate slow video, audio/voice and low data rat
DSP workloads

Real world speedup usingExtension A

mRVa2P MP3 decode 2
AMR voice codec 3.7
ML-KWS (keyword spotting 5.2
RV64P PNET (90% of Face Detection) 89 ' i
CIFAR10 (Image Classification) 14

0 2 4 6 8 10 12 14 16
Speed Up (times)

X Increase power efficiency to your DSP applications




Andes Custom ExtensiarEDA Tool

A ACEunlocksRISOQ& t 20 SYMDBAET 2F wL{/

» A Define ACE instructions to handle time critical codes
G A Another approach to cprocessor or accelerators

| - scalar/vector
} background COPILOT

A A”-In-One COP|LOEHGVG'OpmentenVIrOnment Eun 05 0 Custom-QPtimized Instruction develOpment Tools
A EDA Automation tool and ease of use
A Extensions are easy to-tese, can be used = s

Cross Checking

as a library ik

:mnm M"‘ ”




VRS &/ 2 NHamiliesL { /

Linux CacheCoherent
with FPU/DSP Multicores

A(X)45MP
N(X)45 ( DAL ) A(X)45 AXJASMP iy -

D In Production
D In Development

Fast and Compac
/SIim and Efficient

WSE EXIENSIC

L2%, L1/IO coherence %
V5, Dual Issue, N(X)45, FPU, D D45,MMU 1.2GHz
Superscalar, FPU, PMM3
A ACX)27 A(X)2/MP
| ! !
. 5-stage CPU I MemBoost .23,
I 128/256/512b data width VPU | MemBoost MMU, DSP L1/10 coherence

L2$, L1/10 coherence

5-st
N(CO)25E ) A(X)25 ACO25NP I B

V5/32&64Db, FPU; PMP

N(X)25FMMU, DSP

Features/Performance

N22 2-stage

A: X represents 64it CPU core 700MHz*
V5l[e], 32/16 GPR * TSMC 28HPC+ RVT,®81V,0C,with I/O constraints
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FirstRIS©&/ Vector Engine*Shj@id mlndustry'

Fetch Decode ’ Execute Memory Retire More

RVV v0.8 support*

erecon i Al optimized with BFloat16 & INT4
1GHz, 0.3mrin TSMC 7nm FF+
Configurable & scalable

Vector length 12&its to 512-bits
Licensee configurable ALUs

Low power, simple to use

Multi-level clockgating
In-order, 1R/W SRAM, cell based

> 50 VPU in < 10W Open Compute
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AndesCorg 25 Series

e -bi -bi ™ 174 A25/AX25 CPUs:
o ztz'dbe';ta;:—dvg4a?c';iioe§:re PLIC Debug AndesCore ° R,V-IMACFD ISSA + V5 extensions

A25MP/AX25MP Multicore : i
+ RV-IMAC + Andes V5 Extensions / e
» Optional: F/D and S-mode/MMU

) S ting SMP Ui
IRQ's = Pbtfoml.evel Interrupt Controller Bus lntﬂ“;g‘:::rs e e

++ 5-stage pipeline, single-issue mAaGrel °°*’"5,5“"° ] - g;‘hsel;,::cgosrlgve port
+ Configurable multiplier AR | I - S S,
o . i race Port x4 A25/025 A25/AX25 —  N:1synchronous clock ratio
; Optional branch prediction ; PLIC for interrupt handling
< I/D caches and Local Memory - - - i im | owm ™ | oum Debug/trace support
» Optional parity or ECC protection sasveportsl LIS | 0% TS Andes Coherence Unit
. Hlt-unde.r-miss caches - - - {AHB-32/64) ® MESI cache coherence protocal
» HW unaligned load/store accesses

® Duplicate L1 dcache tags

».
o

® |0 coherence for cacheless masters
L2 Controller

®Size: 128KB to 2MB

Bus interface ‘;,’"f;;"‘:;
- A master port (AHB, AXI, AXIx2) 1Ax1-64)
» An optional slave port (AHB)

SRAM/AHBL AXI/AHB SRAM/AHBL

Bus Master Interface (AXI-128)

Andes V5 CPU
Subsystem

JTAG Interrupt Requests

AXI/AHB IP




AndesCorg 1bgries

R Fl EF2 D 1l EX MM LX WB
A 8-stage inorder dualissue
A AndeStam +p L{! Y ALY, ALY,
RV*GCN (S/D FPU) ALY AL,
RV*Rext (DSP/SIMD)
MMU: for Linux Applications L -- AG D$_/DI__M
. ALL have Andesxtensions Multi plier
A Duakissue most instruction pairs DSP
Except for 2 MUL/FPU/DSP/LD_ST and some
special dependent ALU instruction pairs m
. Late ALUs enabledycle loadusepenalty ($/LM: 29 cyclefor alignment)
é\ MemBoostfor memory subsystem
A Low power dynamic branch prediction 45-Series Pipeline
A Unaligned data accesses
A Fast or small multiplier
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Complete Development Environment A

AlYRS{AIKGRichiDEF G4 dzZNE A ! yYRS{ KI LISu 5S@Sft 21
Free Evaluation on SID and ICE target FullFeatured ADEXC7K
CorvetteF1 AmazorreeRTOgualified

i lified
aws g

D gy e

- —
Anpes
ANDES

AlYRS{2Fdn {27F0s| NB A{Debu@ying Hardware
Bare metal demo projects AICEMINI+, AICBMICRO
FreeRTO®er10
Linux
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AndesCorg 9 O2 &8&adlg S Y

3 |AR Embedded Workbench® @IAR S
A Support RIS® SYSTEMS
A Support PExtension (DSP/Pack&lMD)
A excellent optimizatioriechnology ...

A static codeanalysis
A Extensive Debugging Andies A25 AESS0 Orcs
. Lm""’ ey Oy Andes D25F AE350 Orca
via I'J et pro be ey ” Andes N22 AE250 Corvette-F1
T = Andes N22 RV32E AE250 Corvette-F1
ﬂ;:w n Andes N25 AE250 Orca
o o Andes N25 AE250 Corvette-F1
IDE Debugger . Toolchain | Andes N25 AE350 Orca
Embedded I-Jet ICE Compiler Andes N25F AE250 Orca
Workbench C-SPY tool GSTAT Andes N25F AE250 Corvette-F1
~ Functional Andes N25F AE350 Orca




Rootof-Trust Solution
lij:l ioe rkambus

CPU

System Bus (AXI, AHB, APB) RAM
Slave I/F Master |I/F

o V1 |

& [ Secure mbox u »  SecureDMA |

-

w > Crypto

> data_plane

o i

% ) P M ﬁ—

8 rog. Mem
Data RAM ﬁ—

O ¢

L-  Timers <+ ©

O]

Rootof-Trust v

CTCMIF
2

Secure Storage for Keys
(OTP, PUF)

Root -of - Trust

FIPS-140-2 Level 2
certified

Secure Boot

Side Channel Protection
Anti - Tampering

HW Protection for Keys
TLS Device Authentication
Secure DMA

Secure Debug




