Andes Software
Solutions for RISC-V

/



Silicon Valley Ties

e Core R&D from AMD, DEC, Intel,
MIPS, nVidia, and Sun

15-Year CPU IP Company

e IPO in 2017; HQ in Taiwan
e AndeStar™ V1-V3, V5 (RISC-V)

>1 Bn Annual Run Rate
of Andes-Embedded SoC

Founding Platinum Member
and Major Contributor

e —300 customers in TW, CN,
UsS, EU, JP, KR

e Chairing Task Groups

e Contributing to GNU, LLVM,
uBoot, glibc, Linux, etc.
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Andes Product Overview

Best extensions to RISC-V
AndeStar™ V5 Architecture

AndesCore™ -
Highly optimized Processors AndeSIght™ profassional IDE
design with Tools with high code
leading PPA quality

Extensive SW stacks
IPs to speed up from bare metal,
SoC construction RTOS to Linux

AndeShapeT"" Platforms AndeSoft™ Stacks
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Agenda

BOverview of Tools and Runtime Support

BAndeSight™ IDE: Simulator, Compilation and debugging
BAndeSoft™ BSP: Bare Metal, RTOS, Linux and DSP ISA
BSummary
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AndeSoft™ SW Stack

Andes/Partners’ |
Solutions

AndeSight™ IDE —
Eclinse-Based IDE f Sl @l Es | Application Layers
|l D — > Middleware

Streamlined GUI | Drivers I App Drivers
OS/Kernel | Libraries
\ 2

Feature-rich Editor %3

Manaed Build Sstem |

Otimized Toolchains |
__Source Level Debugger £

Profilin Analsis |

| Extensive Demo Pro'ects |
Flash ISP (

Virtual SoC
Configuration

TProfiIing/Tracing/Debugging data
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m AndeSoft™ BSP
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&S0 verview of Tools and Runtime Supporg
B AndeSight™ IDE

Simulator: AndeSim (near-cycle accuracy), Qemu lhnperas
Compilation: GNU toolchain, LLVM compiler/linker, optimized @lAR ultra@
MCU library, DSP library SYSTEMS

Debugging: GDB, speed-optimized OpenOCD, USB-to-JTAG \ /|
Wiy Y= LAUTERBACH/

. . HEX-Five Security Rambus
Several Bare metal sample projects for Andes-specific features

. : o ('
RTOS: FreeRTOS, Zephyr, LiteOS, RT-Thread fedora™ __° }UET wolf
Linux: MMU/TLB support, LTP tested e . M

- | a SylixOS°
Arduino support for Andes Corvette-F1 FPGA board : Zephyr” b Jertind
.-.-‘H\‘
RT.Thread express
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AndeSight™ IDE

Comprehensive Development Environment
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Editor View

re/HelloWorld.c - AndeSight Standard Version

A Debug - Helle

Calling Stack

Search Project Run Miindov

Memory from
CPU/BUS
N

Quig

ictor

File Edit Sourt

Mavigate

s ~

- O~ wis P -

2= Variables

o\

= 1010
P

Expressions

A

[ Project 52

4 =5 Helloworld
#¥ Binaries
&1l Includes

a 2 src

€] Helloworld.c
= Debug

Project
Explorer

45 Debug 52

= O = T
4 ¥ Helloworld.adx [Application Program]
4 5 Process
 Thread #1 (Suspended : Step)
= main at HelloWorld.c:17 0x10102

gdb(7.12.50.20170302)-2

Monitors

Andes Project Creatar [€ HelloWeorld.c &2
S# MName Hel Jorld. c[]
#include <stdic.h>

#include <stdlib.hx

main(void) {
puts{"!!lHello World!!!™);
return EXIT_SUCCESS;

int

BT o=
Ce)

:=Z=> Running Target
T ADP-AE250-MNX25

Targets

1
3
Fo Generic Targets

b

< I

Disa

=

4= 3% % |0x80000000 :

*SoC Registers

Fl

¥ SoC Registers 53 s Memory

MName Value

& BMC (APE

14§ Featur Ox0
&4 PLST
Feature

Name
Hex:@x8

Modules
-3

®g Breakpoints 50

[G] GDB

B Ter

= Pro

- S BH
HelloWorld.adx [Application Program] HelloWorld.adx

= Pro

El Con =3
2} = =

=

!11Hello World!!!

e = B |

V| & HelloWorld c [line: 15]

No details to display for the curre:

Address

51§ Oxe400.

Map | 3187 Registers

LTI ASTITY
AN

Description
&7 APB bus de...
3% DMA Contr..
B Platform-L
Feature enabl._
M5 Platform-L..

A

CPU Registers

nt select, .

o AE -

Target Manager

N D
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Console
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B Project Setup:

® Meta linker script editor

® Flash ISP configured through GUI
B Debug Support:
Virtual hosting
Register Bitfield display/update
Break-n-Display on exceptions
Script-Based RTOS awareness
Stack protection handling

B Custom Plugin Interface
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B Program Analysis
® Function Profiling
Code Coverage
Performance Meter
Function Code Size
(Static) Stack Size

ARDEs

TECHNOLOGY

Ali Simulator Profiling

Total Self Cycle Count: 45249366
Name
jpeg_idct_
yee_rgb_convert
h2v2_fancy upsample

decompre
jpeg_huff_decode
Jpeg_make_d_deriv

ENABLE_CACHE
_ riscwv
cacheOp();
nableIDCache(

(s Function Code Si.
Binary File: /JPEG,

Name

main

jpeg_set_mar

2020 RISC-V CON Webinar
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Global Variables Live View
BRuntime updating global variables in a fixed interval

mHighlight the changes in yellow

=)= Slobal Wariables Live View 3

Mame Type Walue Address
4 audio struct audio i} 0x534cB8 <audio>"

. start unsigned char * 001 000000 0x334c88 =audio="
data_sz unsigned long 661248 0x334c8c audio+d="
camplerate_inited unsigned char 1 0x334c90 =audio+8= """
camplerate unsigned short AB000 0x334c92 =audio+10>"
camplesize_inited unsigned char 1 0x334c04d =gudio+12> """
samplesize unsigned short 16 0x534c36 <audio+1d="
channels_inited unsigned char 1 0x534c38 <audio+16= """
channels unsigned short 1 0x534c%a <audio+18="

. S5 ssp_regs_t* O 09400000 Ox334ch0 <ssp="

. D const mad_fixed_t[.. [..] O0x51596c <D ="

. mad_timer_zero const mad_timer_t i} Ox516lec <«mad_timer_zero>"
. mad_author const char [48] [--] 0x516294 <mad_author>"

por N o
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¥ Register Bitfield Viewing and Update

M Bit Fields Display and Update m Benefits

® CPU registers ® Bit fields can be modified at runtime
® Description of Bit fields can be shown
® Good for debugging and programming

® SoC registers
B CPU registers

i TrmlUpDown

A“ ) .
NDES 2020 RISC-V CON Webinar P RISC-V: 12
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B It helps user to catch the root cause with ease
® No need to modify the source code
B IDE debug configurations setting:

o Tracer A Advanced | B Source |[C] Cornrnon | 3 Exception Handling

J|Hardware stack protection  [¥] Software Breakpoint J|U-meode Envirenment Call
/| 5-mode Environment Call W] H-mode Enviranment Call /| M-mode Enviranment Call
/| ACE disabled exception | Instruction Access Misaligned [V Instruction Access Fault
Jlllegal instruction | Man-Maskable Interrupt | Load Access Misaligned

| Load Access Fa | Store Access Misaligned | Store Access Fault

ralsed It will pop up an error

;‘
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B Provide RTOS information to help debugging
B Display contents controlled by a Python script

tazk name number  priority | start of stack top of stack
- "IDLE" 3 0 O=20284328 =uxddle TaskStack 2447 = D=208af0 =, .,

Task List

= "Task 2" 2 2 Q=Z200ci8 <ucHeap+227- 0=201240 ...

&>
= "e=e=—1 Click to show reqister list St LU O
4 Registers

=1 b Lx3 Fod
0x00003d4a  0xD02073b0 0x00200900 000000000
Hxo =B b7 HxE
000000000  0xD0000001 Ox7ealcd9a 000000002
50 $x10 $x11 $x12
0x0020bd08  0x00000000 Ox40520000 000000000

handler addres=s max length iteim si=e
Ox=200378 5 3 ]

Event List

number
4
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BSizes estimated statically after project is built
BReport the maximum stack size of the whole program

EDisplay information of stack usage for each function

9= Global Variables Live Wiew | iy Static Stack Analysis 53

Binary: /IPEG/Debug/IPEG.adx -

MName

- =8l Max Stack Size: 2816 ‘:User defined functions onlhy)

Self Stack Size

4 main 16

"]

mmalloc_init a2

mmalloc 32

lcdc_set_framebase 16

ledc_init

djpeg_main 596
ipeg_std_error ]
ipea_CreateDecompress 40
jpeag_set_marker_processor 32
parse_switches 56
rmy_fopen ]
ipeg_stdio_src 24
ipeg_read_header 24
jinit_write_bmp 32
jimit_write_gif 24
jinit_write_ppm 24

Used Stack Graphical Stack Bar
s1i2 R 2288
s2z
szl
s2z 1l
s2z Il
szell] 1592 |
1224 IFEEEE S }
1224 WEEEE —1720 jd Yin. 31 ch\Users\mac\AndeSightIworkspace \JPEGDel
1224 INEEEE id I
122+ IR 5 The amount of stack used :

el
= =t for the current function ¢

1224 IFEEEEl 56 Jc:aplrm . "42 chUsersymac ﬂmdeglght_—: MO kjpace WJPEGHDel
1224 4[: - .= PR T . T RO .|

1224 IEEEERR <0 ‘The maX|mum amount of stack

1224 IFEEERR 40
used by the function’s callees
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m Record mode B Protection mode
® Track the maximum usage of ® Raise an exception if over the
stack pointer allowed limit

[E Main | ¢2= Argument: Debuager _..-‘Tr'-acer A Advanced B~ Source [l Common | # Exception Handling

E - Source |[| Commeon | ## Exception Handling
/| Hardware Stack Recording

ent memory addr

e bus error(+1/D bit)

alue

tack Overflow Detection
Bound: «0000FFFF

Har ck Underflow Detection

A Stack Dverflow

tection (OVERFL

20200 $ECWCEMBIMetriesm P RISC-V' 16
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Custom Ul

B Customize the layout of the Menu and Toolbar items to
meet your needs

® Customize perspective ® Change menu & toolbar visibilit
A C/C++ - - AndeSight Standard Version | ' Customize Perspective - .AndeSight_ReservedWord.AndeSight MCU_Mode

File Edit Source Navigate Search Project Run ﬂelp

R~ | & vidh ~ Wl B0 New Window
Ul Mode

Tool Bar Visibility| Menu Visibility | Action Set Availability | Shortcuts

Choose which menu items to display.

I Project Explorer 2 Menu Structure:

J g File
= Edit
Preferences Customize Perspective.. [y = Source
= Refactor
- M| = Navigate
- [l B Project
» = Run

Show View
Perspective Open Perspective

Save Perspective As...
Reset Perspective...

® Manage custom Ul Heot
A/ - - AndeSight Standard Version V|5 C/Cr+

File Edit Source Mavigate Search Project Run ﬂelp B Remote

it || vidh~vid a0 New Window bww /|4 Search..
Ul Mode Load Custom UI | |55 File...

\(5 Project Explorer i % Text

Show View Save Custom Ul : ;
Filter by action set
Perspective Export Custom UI

Preferences Import Custom Ul

Delete Custom UI e ] | Cancel |

ANDES 2020 RISC-V CON Webinar I RISC-V 17



' Multicore Development Support

m Develop the multicore software by simply creating multicore
projects with separate build and debug configurations

® Create multicore project . ® Separate build & debug configurations

[ Andes Project Creator ©
[ des Proj eatol A Propertes for multicons dems

Connection Configuration Project Language

[ ] | bl Settin
|SID = | @ |ICE =| @ C C++ |Create Project... = g%

Chip Profile (Double click to create project..)

Chip Profile Name Chig 1D
AE100
AEZ10P
4 AE250
ADP-AE250-N25 ADP-AE250-N25 [N25]
ADP-AE250-N25-Multicore L} ADP-AEZS50-N25 [N25, N25]
ADP-AE250-M25F ADP-AE250-MN25F [M25F]
ADP-AE250-NX25 ADP-AE250-NX25 [NX25]
Project Creator | Preferences

® Build & debug project

available build configurations for the

mltil-core project

A Debug Configurations

Create, manage, and run configurations

Name: multicore_demo Debug

[cere contiguration: [caren

Global [ Main ¢ Arguments %5 Debugger| A Advanced i Source [T Common| 8 Exception Handling

oxoe01020C 450100E0 Broject: debug settings for Core0
Memory Ma. 5 ¥ multicars_dama Hrowse_
M MCU Program
+ Wy Multi-Core Application Pragram
B multicore_demo Deb g corelh\Dabug-core\multicore_demo-corel.adx

Progranm:

S-buiticors £ B b sfime it = sk £ i % Multi-Core MCU Program
% Target Monitar

Yariables.. Search Project... Browse._

Filter matched 2 of 9 items

2020 RISC-V CON Webinar P RISC-Vv' 18
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Multicore Debug

A Debu ug - Iesr 16earesfearel s/ srefm
File Edit Source Refactor Mavigate QPaJrn PrnJerr Run Window Help

K LR i W e O™

Project Explorer

i demo-phm-Ng
fm-V5

B demo-plic-250-V5

@ demo-plic-novector-vs
lic-V'S

< @ test_l6cores Debug-co Application Program]
a B Process
= Thread #1 (Suspended : Breakpeint)
_corell.cl? Oxaa
o gdbi{6.1.30.20180309)-11
« i test_lGcores Debug-corell [Application Program]
+ % Process
® Thread #1 (Suspended : Breakpoint)
at main_core12.c:19 Oxaa
1.50.20180309)-12
3 [Application Program]

& Dhrystone-\'S
Dhrystone-V5-org

ad #1 (Suspended : Breakpaint)
) at main coreH 19 Oxaa

U. test_LGc
1 Process
M Target &5 Outline
=N of "R
Running Target
B8 ADP-AE250-N25-r
o Targets
Generic Targets

main_corel.c £ main_corel5.c

i

volatile int result_value = @;

int value_arra
OxGOGOLRG6E, x70707070, 0xB0308030, OxJ090909¢

exCoCelace, exDRDODODY, BxEQLOEOLS, OxFOFOFOFE

]

2 Consal (£ Proble Propert | & Termin
Enter locatior

3 GDB Co = Disasse

ARDEs

TECHNOLOGY

[15] = {Ax18101018, Ox20202028, Ax3I0IA::

Variables 1 Expressions| [1 Memory

Name Type Walue
o result_value wolatile im Ox126
& value_array int [15] Ow200fb0

"8 50C Reqgisters | ™ Memary Map | il Registers
Name Value
&% All Registers
' General Purpose Registers
K Control and Status Registers

% Breakpoints =k Maodules | 4" Search
/| . fest_16cores\corel] [address: 0x0000000000000104]

o |0 {test_lBcores\corel} main_corelc [line: 23]

Mo details to display for the current selection.

2020 RISC-V CON Webinar
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0 Cache Dump View &

Address

Cache Dump View

m Easily monitor CPU caches when program suspends

aea’7
eee7
peas

00
cbbg07a2
60050513

c78397c2

c/8397c?
B3a30efe
B3a300fe

ebbe235

04
7dea2773
288000t

1300fe
5ffh564h

bfbdaze3
bfbde2a3
fhl1f+76f

2020 RISC-V CON Webinar

0c
7e5b@7ea
8chBb7e5
8chBdb7e5
@12300fe
P12306fe
04966436
64966436
bebbe3fd

79d27972
79d27972
e7f+337b

r
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AndeSight Updater

_ Frlendly and easy-to-use update interface

® Check update

A /e~ - - AndeSight Standard Vession
File Edit Source Na\ng.-,!: Search Prc‘lgct Run  Window Helg |

A ™~ . w Key Assist... Ctrl+Shifis L

Project Explorer Install New Software...

Check Update b

) Installation Details
1 License Content

License Type Switch CtrleShift=Down

A About AndeSight Standard Version

A Installing Software

'.6" Installing Software

Installing com.andestech.ide.install.anything.andesight. windows.a64.iceman

Always run in background

Run in Backgroundl | Cancel | | Details == |

ARDEs
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® Notification wizard

& Console i2

Mo consoles to display at this time.

. A Insall

Install

Check the items that you wish to install,

i | Properties |2 Problems .';ﬂ Terminal ._|J_| Function Code I_[.]_| Static Stack An

Updates Available x

Updates are available for your software.
Click to review and install updates.

SR S |

Marme

1 GAICEMan for Windows 64 bit

2.2.0.201901310212

Select All Deselect All

Detaids

2020 RISC-V CON Webinar
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AndeSoft™ BSP
Bare Metal, RTOS, Linux and DSP ISA

pr N
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W
e Compiler and toolchain are contributed to and supported officially by GNU and LLVM
communities
e Optimized MCUIib, newlib, glibc and DSPlib
e Concise linker script and its tools, Linker Scattering-and-Gathering (LdSaG)
= Sample programs to demo AndesCore™ features
Real-Time Operating Systems

device

aWS 1|J)H‘ d

e Open source: Zephyr, FreeRTOS
e Commercial: ThreadX, LiteOS, RT-Thread, SylixOS

e RISC-V ready: VxWorks, JC/OS-[11/111], MyNewt, embOS, RTEMS, NuttX, selL4,
uC3/Compact, AliOS Things

Inux, Miadleware and sSVV Framewor

e Linux kernel since 4.17, device drivers and advanced features: strace, ftrace, Perf, SMU,
power throttling, suspend to RAM and kernel module

e U-Boot and BBL
e Andes6: connect LPWAN to IPv6 seamlessly

2020 RISC-V CON Webinar P RISC-V' 23




AndeSoft™: Bare Metal

B Rich startup demo projects for Andes-specific features

Interrupt PLIC, CLIC

Memory MMU, PMP, cache, cache lock, ECC, bus matrix slave port

Power Management | PowerBrake, hibernate, WFI CPU standby/resume

Programming DSP, printf UART redirect, C++ programming

Misc StackSafe™, performance monitor, SMP

m AMSI (Andes MCU Software Interface) driver APIs
® UART, GPIO, RTC, PWM, SPI, 12C, WDT and DMA

pr N
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Arduino Development

m Support Arduino language reference APIs
B Support Arduino standard libraries
m AndeSight™ IDE Arduino software development plugin

&% Andes Project Creator 23
Chip Profile (Double click to create project...)

Chip Profile Marme

[NG50]
O6G-FPU [D10&8-FPU]

- e e [MZ25]
Corvette-M1 Corvette-M1 [MEDL-5]

pr N
ANDES 2020 RISC-V CON Webinar P RISC-V' 25

TTTTTTTTTT



AndeSoft™: RTOS

THREA Dx e;,:"' VxWorks ~ Zephyr"

A market-leading real-time operating system (RTOS) for MCU \
Scalable size, with memory footprint as low as 9KB
Tick-less idle

» Power-saving by stopping periodic tick interrupt in the idle mode,
supported by standard RISC-V architecture

R AWS FreeRTOS Qualified _
FreeRTOS test suite verified dle  Tick-less Idle

Tick ISR ||| |||

RTOS-awareness debugging ||| ||| |||
ANDES| SR LT Y Gl o/
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AndeSoft™: RTOS

(o An OS that runs best on MCUs for wearable and IoT devices )
e Very small memory footprint (will run in 8k) ﬂ
» Highly configurable, highly modular Sad Z =
e Apache 2.0 license, hosted by Linux Foundation ephyr
\y _/
4 » Pre-certified by TUV and UL to many safety standards N
/TfHR A D'“x““'w\ » |EC-61508 SIL 4,- IEC-I-62304 S-W Safe’.[y. Clalss C, ISO 26262 ASIL D and EN 50128
.. "R < e« EAL4+ Common Criteria security certification
N « Small footprint, as 2KB instruction area and 1KB of RAM )
( Support 32-bit/64-bit version, multicore (AMP & SMP) and MMU \
e Large-scale middleware such as Qt, CODESYS, Python, Java Script
and POSIX API
* Functional safety certified for rail transport, medical, industrial
\_ automation, automotive, electric power and aerospace -

Am 2020 RISC-V CON Webinar o RISC-V 27
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AndeSoft™: RTOS

K A Lightweight 1oT Operating System that Makes Everything Around Us Smart \
o Ultra-small kernel, basic kernel size of less than 10 KB
 Low power consumption g'_'_
* One-stop software platform, lowering development requirements and 2
improving development efficiency
x Open Source under a BSD 3-Clause license j
4  An open source l0T operating system under the Apache 2.0 license )

» Abundant software components such as GUI, TCP/IP stack, file system and
standard API support like POSIX, CMSIS, C++ runtime, Javascript

« Device and cloud integration design, easy to connect various 10T devices

with cloud
N _ J
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AndeSoft™: Linux

B Linux Kernel
LTS RV32/RV64 port, since 4.17
SMP support
Cache coherence and cache non-coherence support
Linux Test Projects (LTP) verified
® Device drivers for AE350 platform
B U-Boot
® RV32/RV64 port, maintainer and contributor
® SMP support
® Supervisor mode support
® Device drivers for AE350 platform

B BBL

pr N
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AndeSoft™: Linux

B Linux Distribution and Build System™*

- yocto- OpenWrt

PROJECT

*: available upon request

B Linux Kernel Tools
® strace/ftrace for developers to debug
® Perf to evaluate the bottleneck of the whole system

® System Management Unit (SMU)
€ Suspend-to-RAM: suspended by sysfs and wakeup by RTC and UART interrupt
€ PowerBrake: power throttling mechanism controlled by sysfs

® Kernel module support all relocation types for RV32 and RV64
B Andes GitLab Service for Linux Development Packages 4 GitLab

N
ANDES

pr N
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Qemu

B Support AndeStar™ RISC-V V5 32/64 bits CPU r
B Support AE350 SoC platform SM
B Integrated with AndeSight™ IDE <
B Early software development and verification

® Run U-Boot and Linux with LTP

® Run FreeRTOS with software applications

® Used by HPE and openSUSE project for UEFI EDKII

® Used by Red Hat for Fedora RISC-V port regression farm

AA . .
NDES 2020 RISC-V CON Webinar P RISC-V" 31
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DSP Support

B DSP ISA assembly programming

® Derived and evolved from real use cases over decades
€ Support 32 bits and 64 bits
€ Support saturation and rounding
€ Cover SIMD, partial SIMD, bit manipulation and etc.
B DSP intrinsic functions

® As C-like functions without bothering to program in assembly
B DSP library
® >200 functions in 8 categories (basic, complex, controller, filtering, matrix, statistics,
transform and utils)
B Some source patterns are recognized by compiler, then DSP mstructlons
are auto-generated to facilitate development e
B Compatible with CMSIS-DSP library API I
® By including an APl wrapper header file MP3 decode f‘."

(compiler auto-gen)
A“ . .
NDES 2020 RISC-V CON Webinar PIRISC-V" 32
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B Complete build and debug
toolchain for RISC-V

B Support all series of Andes
RISC-V CPU

IAR Information Center for RISC-V
Here you will find all the information you need to gel started: tutorials,
exal e projects, user and reference Quides, support information, and

2020 RISC-V CON Webinar Pl RISC-Vv' 33



Summary

B AndeSight™ IDE: Rich features to speed up SW development
® Ease of use to reduce development time
m AndeSoft™ BSP: Well-integrated building blocks to help
users to build SoC software quickly and easily
® Highly-optimized toolchains for better performance and smaller memory
footprint
B Andes Comprehensive RISC-V SW solutions to achieve fast
time-to-market and high quality
® Supporting 5 Bn+ SoC

pr N
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Thank youl!
See you next Webinar
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