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2018 FEHEDT-EREHR

M loT

m Artificial Intelligence
M Storage

M Others

M Sensing

m Networking

™ Navigation

 Automotive

*Based on agreement number

—,
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mV3

= RISC-V
m N9

mN10

= N8

= D10

m D15

= N13

=S8

m N7

" N15

® Platform IP, Others

m N25

" A25
AX25

“ NX25
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K/
0.0

A 14-year-old public CPU IP company

>1B Andes-Embedded SoC shipped in 2018. >3.6B
cumulatively.

000

GNU

Toolchains

LLVM |

A founding member of the RISC-V Foundation
A major open source maintainer/contributor

Active involvement in standard extensions
B Chair of P-extension (Packed DSP/SIMD) Task Group

J O/ O/
0.0 000 000

B Co-chair of Fast Interrupt Task Group

ANDES Confidential
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-

e Touch Screen
e eBook/eDictionary

e Power
management

¢ Bio-medical
device

«CMMB
«MCU
\» TCON

-

* Wireless display
e WiFi, Bluetooth

* GPS, GPON, NFC
e Gateway/router
e Portable Karaoke
 Sigfox LPWAN

e IoT CatO0 base station
eIoT MCU e ESL

e Smart Meter ¢ Smart Lighting

Communication
& IoT

ANDES Confidential
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28

Storage
& Sensor

Industrial
& Video

*USB3.0
*SSD, eMMC
e Anti-virus
eSensor Hub
*mSATA
eSecure SD

eFingerprint
Recognition

~

» Motor Control

* Wireless Charger

e Surveillance

e Barcode scanner

e ADAS

e VEDR

* 4K2K CODEC

* 8K4K CODEC /

and more.....
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) e AE

Bluetooth Speaker Sigfox LPWAN

Healthcare Wearable device

device

Electronic price tags Sensor Hub

o~
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Wearable devices

Portable Karaoke ‘ ‘

| 2 -

GPS/Beido in shared bikes

Drone

W|F| /GPS/FM/Bluetooth
combo

Contactless payment
— (NFC)
é.!!ggg Confidential 30 Driving Innovations™



AR/ ERAN & BE =17

1 in 5 Smart Phones are with Andes Embedded worldwide

WiFi/ BT/
Sensor Hub GPS/ FM
\ /“ R
Controller

/ Touch screen

Storage controller
controller

o~
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rRILVER N JEEEEE S~ B E

S fm SR BT

Switch: Echo Dot2: Bike Sharing: X-Trail:
MXIC Flash Ctlr Mediatek WiFi loT GPS Ctrl ADAS Ctlr

** In leading machine
learning computers for
datacenter

** In tier-one switch routers
for datacenter

*» Recent applications: 5G networking, 802.11ax, machine
learning processors (using Andes Custom Extension, ACE)

o~
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= JEE A

€® New A-series Cores released iIn
Andes Embedded Forum 2018

A

S

E

o~
é.!!ggg Confidential 34 Driving Innovations™



ga/ly RISC-V Z= il i
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V5 AndesCore™ /&I 231Z 0y

N22
N25F/NX25F

A25/AX25
A25MP/AX25MP

TECHMNMOLOGY



WArchitecture beyond the kernel for diversified requirements

MEfficient processor pipeline for leading PPA

WPlatform IP support to help speed up SoC construction

WAndeSight IDE, and compiler/library optimizations

WRTOS and Linux support, and middleware (such as loT
stacks)

mCommercial-grade verification for all products

WMass production experience with high quality deliverables

WProfessional supporting infrastructure

o~
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Hx T 2= 00 B 4K
Launch of RISC-V Core IP Series

K * AX25MP=
Cache-Coherent AT V5, 64b, 1~4 Cores

. 9, 920, 1~ Corss ['2 Cache Coherence
Multicores L2 Cache Coherence DSP, MMU, FPU, ACE ...

DSP; MMU; ERPU;ACE ...

AX25
V5] 64b; 5-stage; >1.2GHz;
MMU/PVP, DSP; EPU; ACE

Li d A25
Inuxsan V5, 32b, 5-stage, >1.2GHz,
FPU/DSP MMU/PMP, DSP, FPU, ACE

NX25E
Fast/Compact, N25F V5, 64b, 5:stage, >1.2GHz

FPU/DSP \/5, 32b, 5-stage, >1.2GHz PMP, FPU, ACE...
PMP, FPU; ACE...

[D22F

V5IN5¢e, 32b; 2-stage
800MHZz; 16/32/GPR; DSP;
ERPU

a. A25*MP: available Q1/2019
b. 28HPC+ RVT, SS, 0.81V, 0C, with I/O constraints.

Slim and
. . V5/N5€e; 32h; 2-stage
Efficient 800MHz, 16/32/GPR

T&HDI.EGSY Confidential Driving Innovations™




V5 AndesCores: 25-%75

< N25F: 32-bit, NX25F: 64-bit  PLIC PMU ”AMGogﬁu“g

B From scratch for the best PPA v T
B Very configurable

< AndeStar V5 ISA

% 5-stage pipeline

< Configurable multiplier

< Optional branch prediction

% Flexible memory subsystem
M I/D Local Memory (LM): to 16MB
B |/D caches: up to 64KB, 4-way
B Optional parity or ECC
B Hit-under-miss caches i l, T l,
B |oad/store: unaligned accesses SRAM/AHBL  AHB/AXI SRAM/AHBL

“* N25F sample configurations @TSMC 28HPC+ RVT:

B Small config: 37K gates, 1.0 GHz (worst case)
B Large config: 130K gates, 1.2GHz (worst case)

B Best-in-class Coremark: 3.58/MHz
ANDES Confidential 39 Driving Innovations™
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V5 AndesCores: 25-%5l

< Fast-n-small for control
tasks in AR/VR, networking,
storage, Al
“ N25F/NX25F: +FPU
B+ — X, X+, Xx=: pipelined 4 cycles
B - :runin the background
@ 15 for SP, 29 for DP
B FP |load/store: support HP
s A25/AX25: +FP +Linux
B Support RISC-V MMU and S-mode
MW 4 or 8-entry ITLB and DTLB
B 4-way 32~128-entry Shared-TLB
+* Whetstone/MHz 1

=2 1.09

mDP
m SP

Competitor Competitor

o~
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V5 AndesCores: 22-=5l

+ AndeStar V5 or V5e ISA PLIC PMU Debug
m RV32-IMC or RV32-EMC l ) l
B Plus Andes extension

4

L)

AR/

)

L)

/ J/
0’0 0’0

» 2-stage pipeline with AHB-lite main bus
> Rich baseline options:

I/D Local Memory (1KB~512MB), | cache
Fast or small multiplier, branch predictions
Up to 16-entry PMP, StackSafe

M-mode, or M+U-mode

APB private peripheral port, fast 10 port
WFI, WFE, and PowerBrake

Vectored and preemptive interrupt controller

Advanced options: ACE, DSP, FPU
28nm PPA:

B >750 MHz (worst case) A l \)

B <15K gates (minimal)
Best per-MHz performance:

*

SRAM/AHBLA SRAM/AHBL

HBL/APB/FIO

® 1.8 DMIPS (no inline)
B 3.97 Coremark

o~
ANDES Confidential 41 Driving Innovations™

GGGGGGGG

(=%



A(X)25MP. Cache-Coherent Multicore

*

L)

. 1/2/4 A25 (32-bit)/AX25 (64-bit)

L)

CPUs
B RV-IMACFD ISA, supporting SMP Linux
B With the latest P-extension (DSP/SIMD AndesCore™ A25MP/AX25MP Multicore
ISA), Andes’ contribution to RISC-V PLIC
< Hardware Multicore Cache yF T | | P | | | Debug1/F
Coherence | Debug Transport + Debug Module —— (Eg- to
m Support MESI cache coherence protocol Debug Xport)
by ACU (Andes Coherence Unit) Trace Core 0 Core 1 Core 2 Core 3
' I/DLM
| gchﬁgsrt I/0 coherence without data (Pﬂ? o [sum]owm] | (1w orw] | [1mfoim] | (1M om] | | stave port xa
"1 (AHB-32/64)
% Level-2 Cache Controller 1$ (DS f|| S DS|[|8 DS ]| s DS
B 0/128/256K...2MB, 32-byte line, 16-way L1-to-12 64b
W ECC, SECDED support Is? Cﬂ';er::“ﬂe
N ave Po
< Bus Interfaces Cache Coherence/L2 Cache Controller — (AXI-64)
B AXI bus master interface
B Local memory slave port, for each

A25/AX25 CPU
B |/O coherence slave port
B MP subsystem vs. bus interface
synchronous N:1 clock ratio
» Platform Level Interrupt, Debug

and Trace Support

Bus Master Int!rfaoe (AXI-128)

*

D)

L)

i
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ACE: Andes Custom Extension

Verilog user.v

concise RTL COPILOT

semantics, . .. :
operands, Custom-OPtimized Instruction deveLOpment Tools

test-case spe l l l
script user.ace PENER. = — =
Extended ( Extended Extended
Tools ISS RTL

Automated Env. For
Cross Checking

- —— 7

Test Case Generator Compiler
Asm/Disasm

Debugger

CPU ISS

(near-cycle
accurate)

—_—— e ——— e —— 7

|
I
I
I
I
I
I
I
I
I
]

Extended Extended
RTL ISS

e ———— —

Extensible Baseline Components

Executable ]

i
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R B RISC-VHL 85 /4 &)

% Contributing hardware architecture extensions
B Chair of the P-extension (Packed SIMD/DSP) Task Group
B Co-chair of Fast Interrupts Task Group

B Closely reviewing activities of other Task Groups
é.!!ggs Confidential 44 Driving Innovations™



an/Ovi7 Bl 5B {ERISC-V&E RE % 47t

» More choices for customers
are good

» Andes works closely with
partners to grow RISC-V
ecosystem

o~
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RISC-V 545 245 GNU Toolchain

< GCC, binutils: May, 2017
< Newlib: Aug, 2017
% Glibc (rv64i): Feb, 2018 oy 2018
** GDB: Mar, 2018
“ OpenOCD: July, 2018
% Glibc (rv32i):
B Submitted in July 2018 (by Andes) —
B Review in progress

GNU Toolchains

LLVM I

Linux |

o~
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RISC-V Elpca=Re =z LLVM Compilation

“ LLVM:

B RV32IMAFDC: June, 2018

B Relaxation: May, 2018 (by Andes)

B 64b support: Nov, 2018

B Missing hard-float calling
convention

< compiler-rt: Mar, 2018

“ LLD: Aug, 2018 (by Andes)

B Initial port (relocation and TLS) in
Oct. 2017

B Dynamic linking review in progress
since Oct, 2017

B Missing link-time relaxation

ANDES Confidential -

GGGGGGGGGG

Barcelona
May 2018

LLVM I
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RISC-V EREEERE & 4t: Linux

< U-boot: Jan, 2018 (by Andes)
< Kernel (rv64i): Jan, 2018 Sarcelona
“ Key utilities: (by Andes) May 2018
B Perf: Feb, 2018
B Kernel Module: May, 2018
M Ftrace: May, 2018
% Kernel (rv32i): Jun, 2018 (by
Andes)
“ Kernel with CONFIG_FPU:
Oct, 2018 (by Andes)

Linux |

o~
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ee/L\E RISC-V ERYTE(L

EENEmMmES

_J%H’J RISC-V #il IP L&’

7L?<lb\

TZELInUXBIEDHTHRISC-V EER

S 4 =

SRERNE

L

i_fEcI)J%% AERY R I

SR

AY

RISC ViEIE S0

EEHRREEERSTEITES

AY
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2018 RISC-V =751

% Sixteen design wins for Andes RISC-V Core IPS:

B NX25: Enterprise SSD (Taiwan)

B N25: AI (China w/ ACE), Blockchain (China), HD-PLC (Japan), SSD (China),
Fingerprint (Taiwan), AI (China x2), TDDI (Taiwan), SD/eMMC (Taiwan),
Research/Academic (Taiwan x2)

m N25/AX25: FPGA for AI (US)
B AX25: FPGA for AI (China)
B A25: 5G (US), Automotive (Korea)

% Thirteen design service providers joined Andes RISC-V Easy

Start Program:
B US x 3, Europe x1, Korea x 1, China x 3, Taiwan x5

o~
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AndesCore™ i3 &3

AndesCore/
Competitor

Power Efficiency?
(DMIPS/mW)

AndesCore™ Competitors

NS Cortex-M3

NO Cortex-M3

D_:I.O Cortex-M4

1. Power Efficiency is DMIPS/MHz divided by power consumption (mW/MHz) when running Dhrystone.

o~
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#5: Andes B2 Knect.me

knectme™

—,
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Knect.me EH85Z 4

< Built up Ecosystem knect.me to help IoT Developing
B to knect solutions - Silicon IP’s, SW stacks, tools, applications, systems
and products

* Includes:
B SoC IP Platforms
B Software Stack
B Development Boards
B Development Tools

* To Form a IoT League
B to knect chip vendors, partners, application developers, system
vendors

ctime

—,
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http://knect.me/

14
X

8111
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5 | <R B A 152 R

» 2018 Top25xEMER R A RIEHE LT
— CIO Advisor Magazine

—,
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A/ DRI A EmbELR, SBICERR R

< e/ ORI EE T L FTHIRISC-VER IR &8 %00 (N22
A(X)25MP, D25F) @ BB SN EFIER

< mm/ORHXIER S E RISC-V B2 RIRETEFEE -
M EARISC-V B2 45 H)

< /ORI IFE B £ K Design service housessxz] &
A - BEEGE = FPREEAER Andes RISC-V corefy
ASIC (¥ & Andes RISC-V Easy Start Program) - El
sS8m/0 ~ Design service house 2 EEH FHNEMH -

i
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il A TE 2

www.andestech.com
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AndeStar™ V5:#71—{{HY ISA Kernel

|

1

|
IRV32/64IMACFD+Andes
: Ext.

Custom Ext.
DSP/FP Ext.
Security Ext.

Baseline

RISC-V Kernel

o~
é.!!ggg Confidential 60 Driving Innovations™



