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Taking RISC-V to Mainstream ASICs

Agenda —
+ Introduction to Andes

< Highlights of Andes Processor Solutions

v+ AndeStar™ Architecture and V5
+* New AndesCore™ NX25
< Concluding Remarks
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Andes
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Overview of ' Andes Technology Corporation

® Innovate performance-efficient processor IP Solutions

Andes Highlights

® Founded in 2005 in Hsinchu Science Park, Taiwan

® Core R&D team from AMD, DEC, Intel, MIPS, nVidia, Sun

® EETimes’ Silicon 60 Hot Startups to Watch (2012)

® TSMC OIP Award "Partner of the Year” for New IP (2015)
® A founding member of RISC-V Foundation (2016)

® IPO on TWSE in March 2017
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Comprehensive Processor IP Solutions

Processor
Architecture

AndeStar™

Processor IP’s

An;lespore“" (V3)

AndesCore uCore

| A\

Development

Platforms
AndeShape

TECHNOLOGY
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Business Status Overview

+ Over 120 commercial licensees ]
B Taiwan, China, Korea, Japan, US, Europe —JNanuiruuumnem

B >2B Andes-Embedded™ SoCs shipped = ST SSSpoaroR.

€ N9/NS/E8/S8/N7 £

< AndeSight™ IDE:
B >11,000 installations

*» Ecosystem
B >100 partners

< Diversified applications
based on Bare Metal,
RTOSes, and Linux
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Executive Summary.

“+ New-generation AndeStar V5 adopts RISC-V
B As its architecture kernel

< AndesCores expand from 32 bits to 64 bits
B Based on AndeStar V5 architecture

“+ Andes brings rich processor solutions to RISC-V

Andes Is

the 1st major CPU IP vendor
adopting RISC-V
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Introduction to
Andes

(Devices with Andes Embedded™)

OOOOOOOOOO



Andes Embedded™ in SmartPhones

/Bl h/ Touch screen controller
WiFi/Bluetoot
GPS/FM (Combo) . N705 |
LT ____Nso1
\ NO68

Sensor Hub

|

eMMC
controller

o
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Andes Embedded in 101 and Sensor Fusion

WiFi Chips for IoT Sensor Fusion chips are
(also 802.15.4, Cat-M/NB-IOT) used in Notebook PCs
from Acer, Asus, HP, Lenovo

Smart Lighting  ajr purifier
Smart Plug
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Andes Embedded with N7, N8, N9, N13

Mastech MS6531 IR Nyquest Speech
Thermometer: ADC MCU Synthesizer: MCU

TOSHIBA
40 MB/s

ME € 646

XC I TAIWAN

e

Toshiba SD Card: Flash Ctir
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AndesCore is Learning

0““ Waue Computing-

Dataflow Processing Unit (DPU) Architecture

Scalable Machine Learning Computers for Data Center

181 Peak Tera-Ops

1.71TB/s I/0 Bandwidth

4 Billion 16-Byte Random
Access Transfers/s

PCle Gen3 16-lane
Host interface

=

Hardware engine for f
of AES encrypted progr

D R ST B 0 S R A

[ B Lgt

e

ANDES

TECHNOLOGY

16K Processors,
8192 DPU Arithmetic Units

16 MB Distributed
Data Memory

270 GB/s Peak
Memory Bandwidth

4 Hybrid Memory
Cube Interfaces

32 Dynamic Reconfiguration
Zones

Self-timed,
MPP Synchronization

8 MB Distributed
Instruction Memory

2048 Qutstanding Memory
Requests

2 DDR4 Interfaces

1 MB program
store for paging

Variable fabric dimensions
(user programmable at boot)
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Highlights of
Andes Processor Solutions

Supporting to Reach 2-Billion Units
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Andes Products and Open Source

% Several Andes products are built on open source and
prior art:
B AndeSight IDE: Eclipse, GCC, LLVM, GDB/OpenOCD
B AndeSoft Stack: FreeRTOS/OpenRTOS, eCos, Contiki, Linux, middleware
B AndeShape Andino boards: Arduino-compatible
B AndeStar ISA: RISC architectures

eclip

Se COMPUTER ARCHITECTURE

[ ==,
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AndesCore™ N/D/E/S Series

\E)Xtensible
@ecure

OOOOOOOOOO

Novel processors with high efficiency,
PowerBrake, StackSafe™, CoDense™
(N7, N8, N9, N10, N13, N15)

DSP-capable processors with cost-efficient
pipeline (D10, D15)

Extensible processors for application-
specific acceleration and code security
(E8)

Security processors for best protection
(58)
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Advancement in Compiler Optimizations

B Andes compiler improvement measured by EEMBC:

| ®speed improvement
| M code size reduction

+68%

. Il

oleo]lololole] RS NS L \J U L . (. . N
ArOONOCO=_2=2NOOWRA,OIONO©
LN N N N N LN

2008 2009 2010 2011 2012 2013 2014 2015 2016

B 9-year overall improvement vs. A-Company

Compilation | t
B Speedup: Andes +68% verses +34% ompilation Improvemen

Code Size Reduction Performance Increase

M Code size: Andes -52% verses -16% My BT
EToday, Andes has about At H
W 40% higher performance efficiency Sily m‘f e

W 20% smaller code size

o~
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AndeSight IDE: Rich Features

‘ - Pmper{y Value Available Items Sections
% P ro ect Set u u Chip ID I= ADP-4G101P-4GB-N9684-S DEFINE B USER SECTIONS vector
* u External Program File = USER SECTIONS FLASH 0x00000000 0x00100000
ICEman Misc Args = LOAD_ROM 0x0000 EXEC 0x00000000
H H H - —— = EXEC_ROM 0x0000 VAR ILM _BASE = 0x00600000
Linker Script File = - -
. LI n ke r SC rl pt E d Ito r Memory Map File & 4G 101P-4GB-memory.mem Inp:“ fectrs c B :ﬁz E::g?;si ;X%’;%%%?;w
. FI a S h I S P ;retjeneidl Toollcham = nds32le-elf-meulib-v3 SR VAR DLM SIZE = 0:00010000
roject Templates = section #(vector)
Simulator Mise Lrgs = ADDR #(+RO)
Soc Registers File = AG101P-4GB regs LOADADDR L SDRAM 0x80000000 0x00800000
N | ] ; = ADP-¥C5-for- K STACK LOADADDR NEXT _data Imastart
o0 e u u o r Vep File = ADP-KC5-for-NOB8A-S vep
* u Vep IO Filter = VAR ADDR NEXT _data_start
Vep I0 Mode Lé ALGN #(+RW, +21)

Group Input Section Pattern STACK = 0x80800000

. RTOS' Awa re n ess EXEC OVERLAY ROM 0x0000 OVERLAYO

. .y . & gprof &2 EOGBE [Pl B ® 7 0o bmipins D cono | Beatinss I FreeRTOS
] Reg isters w / Bitfield View i R | o o] e QSRR
5 ToskWay 0 2 DBMB0 050720 Ruming
* - Name (location) Samples %Time Al |e IDLEEMB 2 0 085120 055950 Ready
"’ P rog ra m An a Iys I S = Summay . 95 %- 8 TaaskBm_p 1 2 (60980 051870 Blocked
. F t P fl ] Jpe idet_islow BT4% - ngMEEIZ:: 3 8 04360 OB053730  Supended
| midhffc 152 fk ] ! FreeRTOS
U nC IOn rO I Ing udecode_mcu 101 EO 15% s g P Event List
jpeg_fill_bit_buffer 44 A2% L o i 4
. COde Cove rage ® jpeg_huff_decode 4 0.4% qUEVE NAme handleraddress  maxlength | itemsize  messages waiting wsiﬁngv'[x waiting Rx
ipeg_make_d_derived_tbl 3 0.3% - zzx gﬁ;ggﬁg } g } g g
= _'du:.:] [.C __
B Performance Meter & yoc.1gb_conven 148 B57% e e
build_ycc_rgb_table 1 0.1% v ] T&Sﬁ&iﬁ‘w :
= - name nwmnoer

513 char® apBmp([8]:

B Function Code Size EEEm——— T — —
W (Static) Stack Size o= i e
“ Custom PluginIntf .~ - -« = - [ =p | )

511 int djpeg_main(int arge, char **argv): //forvard reference
nds32__wfsr (NDS32_SR_DCM_CFG) ;

s1z
~ nds3z__mfer (NDS32_SR_ICH CFG):

v

1 w0
e o] Dion e Pe e Toone e e [ ]
sede [a] ME |60 | ven| 08| 699 | ency owwnr | BBV Line Path

d /Andestech/AndeSnghh

= | ‘ | ‘ lid
o 0K AT ’ i i u ET . 2 2
P Ik [“M]l i llﬂ‘u‘ g Bt p] ‘]“ M !L lw\ i LW\‘ “f &‘ make”odither array 108 jquantl.c 306 dv/Andestech/AndeSights..
ae= H I M‘ i m!? Ll i I L PP TR P master_selection 464 jdmaster.c 288 di/Andestech/AndeSight
- | i N | i i | ' +E- median_cut 252 jquant2.c 424 d:/éndestech/AndeSight:
— ! l { ! | merged_lv. upsample 48 jdmerge.c 193 d:/Andestech/AndeSights
o mexged 2v_] 164  jdmerge.c 144 d:/Andestech/AndeSight:
Ny N R e e e o e e e e e e e e 0 e e | RS S
ANDES o
- - - ™
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Andes Custom Extension™ (ACE)

cocise RT COPILOT

operands, APt _
C semantics, Custom-OPtimized Instruction deveLOpment Tools

Asm/Disasm
Debugger

(near-cycle
accurate)

CPU RTL

test-case spec_

- -~
{ Extended \l Extended ! I( Extended }
| Tools.© || " 1ss o || RIL_

Automated Env. For | 1 | L |

Cross Checking | | : : : :

Test Case Generator | | MLl | ¥ Ccpu 1SS | |
| | | |
| ¥ | |
l | \ ]

Extended Extendeci
RTL \_{SJS)

Extensible Baseline Components

Executable ]
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ACE Features .
_Items | Descripton

- Single-cycle
- Multi-cycle (interruptible or non-interruptible)

Scalar

- ‘for’ loop

Instruction Vector . o,
- ‘do while’ loop

- Issued and retired immediately from CPU pipeline, but

SRELELELT continue the remaining execution in background

- Immediate constant
Standard - GPR (up to 3R2W)

Operand: - Baseline memory (accessed thru CPU)
Explicit or :
Implied - ACR (ACE Register)

Custom - ACM (ACE Memory)
- ACP (ACE Port)

- Opcode selection (optional)
Auto- - All required tools/simulator with fast turnaround time
Generation - RTL for instruction decoding, operand mapping and accesses,
dependence checking, and result gathering.
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Maturity and/ Stability.

% Silicon-proven and mass production records

 It's about maturity and stability
= Most users don’t want to upgrade w/o clear benefits
B Open-source strategy: adopt a stable version in a managed
pace

** Product verification

B Heavy simulation and model checking for RTL design
=» Going thru standard EDA tool flow

B Compiler test suites: open-source, commercial and in-house
W Debugger/ICE test suites

B AndeSight IDE: commercial GUI testing tools

M Linux: LTP and more

% It's also about long-term commitment to IP business
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AndeStar Architecture
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A Closer' Look at AndeStar

“ Andes Sixteen and Thirty-two Architecture
B 16-bit and 32-bit instructions

+* RISC architecture

< Characteristics of AndeStar’s "RISC kernel”

B Intermixable 16-bit and 32-bit instructions

B 16- and 32- GPR configurations

B No delayed branch, no predicated execution, no condition code
m $PCisn't a GPR, and $r0 isn't hardwired to 0

B Basic ALU, loads/stores, branches

< Instructions with longer immediate

% Load/store with additional addressing modes

+ Patented load/store multiple words

\/
4

® Characteristics of major commercial RISC architectures
are all different

® RISC-V is most similar to AndeStar except $r0 is O
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AndeStar’™ ISA: V1 to V3

Custom Ext.
DSP/FP Ext.
Security Ext.
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AndeStar’™ ISA: Next Generation

I ey B8

Custom Ext.
DSP/FP Ext.
Security Ext.
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AndeStar’™ ISA: V5

'V5m+ more Andes Ext.

'RV64IMAC + Andes Ext.

I ey B8

Custom Ext.
DSP/FP Ext.
Security Ext.
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Adopting RISC-V'as/ Natural ISA Evolution

'V5m+ more Andes Ext.

' RV64IMAC + Andes Ext.

< AndeStar embraces RISC-V as its subset
B Common directions: compact kernel, modularity, extensibility, 64 bits

B Good momentum behind the RISC-V ecosystem
= Andes Sixty-four and Thirty-two Architecture

< Bringing AndeStar strength to RISC-V through V5
B Architecture beyond the kernel for diversified requirements
B Efficient processor pipeline for leading PPA
B Platform IP support to help speed up SoC construction
B AndeSight IDE, and compiler/library optimizations
B RTOS and Linux support, and middleware (such as IoT stacks)
B Commercial-grade verification for all products
B Professional supporting infrastructure
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Adopting RISC-V as Natural' ISA Evolution

'V5m+ more Andes Ext.

'RV64IMAC + Andes Ext.

< AndeStar embraces RISC-V as its subset
B Common directions: compact kernel, modularity, extensibility, 64 bits

B Good momentum behind the RISC-V ecosystem
= Andes Sixty

-four and Thirty-two Architecture

0 ala alalWi

Driving Innovations™



New AndesCore
NX25
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AndesCore NX25

% AndeStar V5m 64-bit architecture
% 5-stage pipeline
< Dynamic branch prediction

* Local Memory (LM) and caches
B With parity and ECC error protection

+» AX164/AHB64 with >32 address bits
% JTAG debug module
% CoDense™, StackSafe™ and PowerBrake

% PLIC (Platform Interrupt Controller):

B Up to 1023 sources, 255 priority levels, and 16 targets
B Efficient interrupt nesting with priority-based preemption

B SW interrupt generation

% 28nm (RVT):>1 GHz (worst case), 67 K gates, 17 uW/MHz

o~ Note: Information are subject to change without notice.
ANDES 30 Driving Innovations™

OOOOOOOOOO



Pre-integrated Platform Based on NX25

Platform
Interrupt
Controller

A

PWM/PIT
RTC )

obpug ddv

UART

AXI/AHB APB | [01510)il=540)
IP IP Partners’ IP’s

o
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RITOS Awareness Debugging: FreeRT0S

task name number prionty  start of stack top of stack
- "I[DLE" 3 0 0x208438 <uxldleTaskStack 2447>  0x208af0 <..| Running
= "Task2" 2 2 0x200cf8 <ucHeap+2272> 0x201340 ...| Delaved
\> Click to show rggister list
= Task 1" 1 B 3| a2 $x3 r
0x0000216600000000 0x0020134000000000 0x0020080000000000 Ox
$x5 $x6 $x7 P
= "Trmr Sve" 4 0x0000000100000000 0x0020000800000000 0x0000000100000000 Ox
$x9 $x10 $xl1 $x
_ 0x0000269000000000 0x0000000000000000 0x0000000000000000 Ox
) $x13 $x14 $x15 $x
Task List 0x0020150200000000 0x0020150200000000 0x0020006000000000 Ox
$x17 $x18 $x19

qUeVE Name 0x0000000200000000 Oxa5a5a5ababa5aba5  (xaba5ababababa5ad  Oxi
a "TmIQ" L' ) L' ) ' ) '
=)
task name number
"Tor Sve" 4
o aP
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Concluding Remarks
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Concluding Remarks

“ Open source
M A platform for technology advancement and coopetition

“ Open source spirit (reflecting J.F. Kennedy)
B Ask not what the community can do for you
B Ask what you can do for the community

<+ Andes has been actively contributing to the
RISC-V toolchain:
B Ported/integrated GCC testing framework and testsuites
B Fixed 100+ failures due to GCC testsuite regressions

B Contributed 20+ bug fixes to official RISC-V toolchain
€ 2"d major contributor

€ Serving as co-maintainer

AﬁDES 34
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Concluding Remarks

“ RISC-V has a great start
B Open, compact, modular, extensible, 64-bit

“+ Advance Beyond Free (ISA) into Risk-Free (SoC)

+*The current environment for RISC-V is
B Good for CPU experts

B Not for majority of SoC design teams, who demand
& Faster time-to-market
& High stability, quality and comprehensive support
@ Lower total cost of product development/maintenance

“* Need experienced IP vendors to bring it to the
mass

“+Andes aims to address it with AndeStar V5
B Started with an efficient 64-bit implementation in NX25
W Bring V3 features and new features to V5 processors

ANDES 35 Driving Innovations™

OOOOOOOOOO



Thank You !!

Taking RISC-V
to Mainstream ASICs

— With AndeStar™ V5

www.andestech.com
khect.me
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“* Andes is the Taiwan-based CPU IP company with
about 2-billion Andes-Embedded SoCs shipped for
diversified applications from wireless connectivity,
touch controllers, storage, video codec, IoT, to deep
learning and datacenter routers. As a Founding
Member, Andes would like to help bringing RISC-V to
those markets with the infrastructure we developed in
the past 12 years.
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ACE: A Half-Page Example

madd32 .ace maddl32.v
//ACE BRGIN: nedd3?

insn madd3? {

operancd= {io gpr acc, ; _ :
in gor dat, in gor coer); | | 2SI A o = ace n
= =, + dat[15:0] *coef[15:0]
acci=(dat & Oxffff)* (coef & Oxffff) + dat]sl: 6] o]l :16];
+ (dat >>16) * (coef >>16); //ACE END
%}’
“latencye= 17,

7};

“*File madd32.ace: ACE definition script
minsn: instruction name, "madd32”
mop(erand): operand names and attributes (in/out/io gpr, imm, etc.)
Bcsim: instruction semantics in C for instruction set simulator
Hlatency: estimated cycles spent on instruction execution; default is 1.

“*File madd32.v: concise Verilog RTL
m//ACE_BEGIN ... //ACE_END: instruction-specific Verilog logic

ANDES 38
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AndesCore is Learning

W wave computing:— pagafiow Processing Unit (DPU) Architecture
Scalable Machine Learning Computers for Data Center

- 16ff CMOS Process Node 16K Processors, Self-timed,
: 8192 DPU Arithmetic Units | MPP Synchronization

E 181 Peak Tera-Ops 16 MB Distributed 8 MB Distributed

3 Data Memory Instruction Memory

=

;l <

= 1.71TB/s 1/0 Bandwidth 270 GB/s Peak 2048 Outstanding Memory

a :

il

q‘ 4 Billion 16-Byte Random 4 Hybrid Memory 2 DDR4 Interfaces

= Access Transfers/s Cube Interfaces

=

“ PCle Gen3 16-lane 32-b Andes N9 MCU 1 MB program
Host interface store for paging
Hardware engine for f; 32 Dynamic Reconfiguration | Variable fabric dimensions
of AES encrypted progr Zones (user programmable at boot)
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RITOS Awareness Debugging: FreeRT0S

task name number priority  start of stack top of stack

- "IDLE" 3 0 0x208438 <uxddle TaskStack 2447  0x208af0 <...

2 "Task2" 2 2 020048 <ucHeap+2272> 0x20124d0 ...
— - Click to show register list |

= "Task1" 1 1 0200430 <ucHeap+24= 0:200b08 ...

= “Tor Sve" 4 b 0x208c38 <uxTimerTaskStack 2454>  0x209ac0 <.

Task List i ,

QUEVE NAme handler address max length item size messages waiting
= "ToQ" 0x200378 5 32 0
=
task name number
"Tonr Sve” 4

OOOOOOOOOO

40 Driving Innovations™



RITOS Awareness Debugging: FreeRT0S

task name number priority  start of stack top of stack
- "IDLE" 3 0 0x208438 <uxldleTaskStack 2447>  0x208af0 <..| Running
= "Task2" 2 2 0x200cf8 <ucHeap+2272> 0x201340 ...| Delaved
— 2[= Click to show register list
5 "Task 1" T X2 $x3 $xd
0x0000216600000000 0x0020134000000000 0x0020080000000000 0x0020080000000000
$5 $od6 $x7 $:8
= "Trr Sve" 0x0000000100000000 0x0020000800000000 0x0000000100000000 Ox0000266000000000
$x9 $x10 $xl11 $x12
_ E__ 0x0000269000000000 0x0000000000000000 0x0000000000000000 0x00201 50800000000
. $x13 $x14 $x15 $x16
Task List | 0x0020150800000000 0x0020150800000000 0x0020006000000000 0x0000000000000000
$x17 $x18 $x19 $x20
UEE NAMNE 0x0000000900000000 OxaSaSaSa5a5a5a5a5 OxaSaSaSaSa5aSa5a5  OxaSaSaSaSaSa5aSas
= "TmQ" $x21 $x22 $x23 $x24
= OxaSa5a5a5a5a5a5a5  OxaSa5aSa5a5a5a5a5 OxaSaSa5aSa5a5a5a5  OxaSa5a5a5a5a5a565
sk $x25 $x26 $:27 $x28
Tont OxaSa5aSa5a5a5a5a5  OxaSaSaSaSaSaSaSal  (OxaSaSaSaSa5aSa5aS  0x0000007300000000
$x29 $x30 $x31 $EPC
0x0000004600000000  0x0000004e00000000 0x0000006200000000 0x0000216600000000

A AA
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