arm

\:‘TE:' % AS
4
\
LS

N\

Create Scalable Software',

.....

Virtual Workshop

Arm MCU Tools Team
11 June 2024

© 2024 Arm



2

Agenda

-- What is scalable, reusable software?

- CMSIS Software Components and usage by MDK-Middleware

- Reference Applications that help to kick-start user application

- Hands-on Demo

- Overview of Software Packs that are maintained and can be re-used

-- CMSIS-Tool Overview

-~ Pack Structure for re-usable software
- Overview, APl interfaces, and Taxonomy for software components
- How to Register your Taxonomy
- CMSIS-Pack Developer Resources (Hands-on material, Tools)

-- Benefits of the Pack System — Software Vendor View
-- Summary and Guidelines

© 2024 Arm
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G/CMSIS Version 6

Consistent software framework for billions of devices

Application code Debugger

CMSIS-SVD

Peripheral description

github.com/ARM-software/CMSIS 6

CMSIS-Toolbox

Command-line
project build

CMSIS-NN

Machine learning

CMSIS-RTOS2

Real-time execution

CMSIS-DSP

Compute library

CMSIS-Driver
Middleware I/F

CMSIS-Compiler
I/O Retargeting

CMSIS-Stream
Optimized
data streaming

CMSIS-DAP

Debug access

CMSIS-Zone

System partitioning

CMSIS-View

Event recorder

CMSIS-Core
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System-on-chip

Processor core and peripheral access

Arm Cortex processor and peripherals

. Software components for the Arm Cortex processor target

© 2024 Arm

CoreSight
debug logic

On-chip
memory

MPU, SAU

. Tools for optimizing software development flows

for ML and DSP

CMSIS-Pack

Software packaging

and delivery



https://arm-software.github.io/CMSIS_6/latest/General/index.html

How to utilize CMSIS Components

Exemplified on github.com/arm-software/MDK-Middleware

-— CMSIS components are the
software foundation for Supports .
many applications PP User Application loT Connectors
-- Work with all Cortex-M and

all main-stream compilers .

-— Integrate (third-party)
software components
CMSIS-Driver CMSIS-RTOS2 Mbed TLS
-— To make the system work
standardized APIs are ] ]
required CMSIS-Compiler CMSIS-View

5  ©2024Arm a rm



https://github.com/arm-software/MDK-Middleware

Reference Applications

* show usage of middleware - kick-start application development
 use defined APIs - run on different eval boards

* use software layers to target hardware — target custom HW easier

MDK Middleware Pack
Reference Application Example
connections:
USB Device RTOS - connect: USB Device HID
consumes:
- CMSIS_USB_Device
HID Class CMSIS-View - CMSIS_VIO
Driver APls connections:
- connect: Board with USB
Layer Type: Board provides:
(<board-name>.clayeryml) - CMSIS_USB_Device
- CMSIS_VIO

BSP Pack

qithub.com/ARM-software/MDK-Middleware/tree/main/Examples
6 © 2024 Arm

%% Manage Solution X !' USB_Device.csolution.yml M

Build Context

The build context defines the projects to include in the solution build, and the target tc

Active Target

Select a target type to control the device, development board or core that is used wher
solution.

Target Type Board
@ B-U5851-I0T02A B-U585I-I0T02A
O LPC55569-EVK LPC55569-EVK

Edit targets in the csolution.yml

Active Projects

Select the projects and build types to include when building the solution. The projects
can select are defined by contexts for a particular target. Some options might be unava
been excluded for the target selected. To learn more about contexts and how to modif
Context and Conditional build information in the CMSIS-Toolbox documentation.

Project Name Build Type
HID Debug v | Edit cprc
O MassStorage Debug v Edit cprc
O VirtualCOM Debug v Edit cpr¢

arm


https://github.com/ReinhardKeil/cmsis-toolbox/blob/main/docs/ReferenceApplications.md
https://github.com/ARM-software/MDK-Middleware/tree/main/Examples
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Reference Applications + Combinations with Boards

github.com/arm-software/MDK-Middleware

MDK Middleware Pack

Reference Application Example

connections:
USB Device RTOS - connect: USB Device HID
consumes :

- CMSIS_USB_Device
HID Class CMSIS-View - CMSIS_VIO

Driver APIs connections:

- connect: Board with USB
Layer Type: Board provides:

(<board-name>.clayeryml) - CMSIS_USB_Device
- CMSIS_VIO
BSP Pack

USB Device / Host
Network (optional with mbedTLS)
File System

github.com/open-cmsis-pack/Sensor-SDK-Example

Sensor SDK Pack

Reference Application
(<sensor>.csolution.yml / <sensor>.cproject.yml)

Driver APIs

Layer Type: Board
(<board-name>.clayer.yml)

BSP Pack

Showing 2 different sensors:
- without RTOS

- with FreeRTOS (native)

- with CMSIS-RTOS2

Shield-specific API

Layer Type: Shield
(<shield-name>.clayer.yml)

Other potential examples (uncommitted)

MDK Middleware with:

- WiFi

- SDS Framework connected to sensors
AWS Cloud connectivity with:

- device security via PSA
- firmware update service

CANopen examples (potential partner EmSA)

Graphic display examples (potential partner Crank)

© 2024 Arm STM32 Boards

NXP Board

Arm FVP

(Fixed Virtual Platform,
example: Corstone-300)

MPS3 with Virtual Input/Output
FPGA image Interface (VIO)

Peripheral with

Register Interface

Arm Virtual Hardware

arm


https://github.com/ReinhardKeil/cmsis-toolbox/blob/main/docs/ReferenceApplications.md
https://github.com/arm-software/MDK-Middleware
https://github.com/Open-CMSIS-Pack/Sensor-SDK-Example
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Start Projects

IDE Workflow — Step 1 of 2: Select Reference Application

-~ User selects
- Target Board
« Reference Application

-- IDE
« Installs DFP + BSP
« Copies reference application to
solution directory
« Inserts board to csolution.yml file
+ Calls cbuild setup to check for layers

© 2024 Arm

Create New Solution »

Target Board (Optional) Target Device

LPCXpresso55S69 X v LPC55569)8D100

Templates, Reference Applications, and Examples

USB_Device

Solution Name USB_Device
Solution Location | c:\Test

V| Initialize Git repository @

Drop-down toolchain selection

v

Target Type
LPC55S69JBD100

Cancel Create

arm



Only for Reference Application
IDE Workflow — Step 2 of 2: Add Software Layer

-~ User selects
- Selects potential layer options
« Confirms with “Create”

-~ IDE
« Copies layers to application
+ Inserts layer names to csolution.yml file

configurations:
- target-type: B-US585I-I0T@2A
target-configurations:
- configuration:
- variables:
- Board-Layer: /Users/.../Arm/Packs/Keil/B-U585I-I0T@2A_BSP/2.0.0-dev@/Layers/IoT/Board.clayer.yml
description: "Configuration including FXLS8962 sensor”

- target-type: MyBoard
- configuration:
- variables:
- Board-Layer: ./layer/board/frdmk22f/frdmk22f.clayer.yml
description: "Configuration: Ethernet, UART, and WiFi"
settings:
- set: setl.selectl (connect A - set 1 select 1)
path: ./layer/board/frdmk22f
file: frdmk22f.clayer.yml
copy-to: board/frdmk22f
- Shield-Layer: ./layer/shield/agmp@3/agmp@3.clayer.yml
description: "Shield with FXLS8962 and FXAS21002"
settings:
- set: Bus.SPI (FXLS8962 SPI Bus - Jumper configuration: I2C/SPI=SPI)
- set: Bus.SPI (FXAS21002 SPI Bus - Jumper configuration: I2C/SPI=SPI)
path: ./layer/board/frdmk22f
file: frdmk22f.clayer.yml
copy-to: board/frdmk22f

9 © 2024 Arm

Add Software Layer [

= OPTION 1 OF 3

Board Layer \Board\B-U5851-10T02A

B-US851-I0TO2A Discovery Kit with WiFi

Shield Layer \Shield\NPX-A8974

FRDM-STBI-A8974 Sensor Shield
Jumper configuration: 12C/SPI=12C, 12C=12C0

https://github.com/Open-CMSIS-Pack/cmsis-toolbox/blob/main/docs/YML-

CBuild-Format.md#configurations

arm


https://github.com/Open-CMSIS-Pack/cmsis-toolbox/blob/main/docs/YML-CBuild-Format.md
https://github.com/Open-CMSIS-Pack/cmsis-toolbox/blob/main/docs/YML-CBuild-Format.md

Hands-On

Create Scalable Software
ithub.com O en- CMSIS Pack Create Scalable SW

Robert Rostohar

© 2024 Arm



https://github.com/Open-CMSIS-Pack/Create-Scalable-SW

Available Software Packs

CMSIS Components
* CMSIS v6: Base pack with Core, RTOS2 API, Driver API Maintained by Arm
*  CMSIS-Compiler: Retarget I/O functions of C run-time library - Sematic versioning is implemented
*  CMSIS-DSP: Optimized compute functions - APIs are stable and consistent across supported targets
*  CMSIS-NN: Efficient and performant neural network kernels. - Designed to work across many different tools and IDEs

CMSIS-View: Event Recorder and Component Viewer technology

Real-Time Operating Systems

e CMSIS-FreeRTOS: FreeRTOS native + CMSIS-RTOS2 adaptation Community maintained

* CMSIS-RTX: Keil RTXS real-time operating system. +  LwlIP: FreeRTOS Middleware and Cloud Service Interfaces

* CMSIS-RTOS2 Validation: for CMSIS-RTOS2 implementations + TensorFlow: FreeRTOS Middleware and Cloud Service Interfaces
Middleware » Arm ML embedded evaluation kit: collection of ML models

* MDK-Middleware: File system, network, USB Device, USB Host. *  Unity: Unit test framework built for C with a focus on embedded

CMSIS-mbedTLS: Mbed TLS framed in a CMSIS-Pack. «  CMSIS-Driver STM32: CMSIS-Driver interface to STM32 HAL
SDS-Framework: Synchronous data streaming.

Other Software Components

Cortex DFEP: Generic Arm Cortex-M device family pack. Many Other paCkS are pI’OVIdEd by the ecosystem

CMSIS-Driver: MCU peripheral driver implementations.

FreeRT mponents by AWS
CMSIS-Driver Validation: for CMSIS-Driver implementations. eeRTOS Compone v

e github.com/FreeRTOS/CMSIS-Packs: FreeRTOS Middleware and Cloud Service Interfaces

Arm-2D: 2.5D graphic image processing on Cortex-M

11 © 2024 Arm
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https://github.com/ARM-software/CMSIS_6
https://github.com/Arm-Software/CMSIS-Compiler
https://github.com/arm-software/cmsis-dsp
https://github.com/arm-software/cmsis-nn
https://github.com/arm-software/cmsis-view
https://github.com/arm-software/cmsis-freertos
https://github.com/arm-software/cmsis-rtx
https://github.com/ARM-software/CMSIS-RTOS2_Validation
https://github.com/ARM-software/MDK-Middleware
https://github.com/ARM-software/CMSIS-mbedTLS
https://github.com/ARM-software/SDS-Framework
https://github.com/ARM-software/CMSIS_DFP
https://github.com/ARM-software/CMSIS-driver
https://github.com/ARM-software/CMSIS-Driver_Validation
https://github.com/ARM-software/Arm-2D
https://github.com/FreeRTOS/CMSIS-Packs
https://github.com/ARM-software/CMSIS_6
https://github.com/MDK-Packs/tensorflow-pack
https://github.com/Arm-Examples/mlek-cmsis-pack-examples/
https://github.com/MDK-Packs/Unity
https://github.com/Open-CMSIS-Pack/CMSIS-Driver_STM32

Christopher Seidl

© 2024 Arm




CMSIS-Toolbox: Basis for next generation software tooling

Command line workflow Visual Studio Code IDE

[ J

. . EXPLORER Hello.csolution.yml X
csolution project Software Packs 0

v HELLO GEULS& Hello.csolution.yml > {} solution
* . > Board_IO CMSIS csolution - complete scope of an application composed of sub-projects; defines a target and build types (cs-
.csolution.yml > mre 1 solution:
. — reat for: CMSIS-Toolbox@2.0.0
Target and Build = .clangd tion: Print Hello World and a counter value via UART
Parameters : hello.c :
DEVICe/Board Hello.cproject.yml : AC6

T

*.cproject.yml
source files and
SW components

\/—

* clayeryml e
Preconfigured parts CMSIS-Toolbox -

(i.e. Board abstraction) cbuild: Build Invocation
@ ] All mainstream compilers are supported (Arm, Clang, GCC, IAR)
github.com/Open-CMSIS-Pack/csolution-examples

13 © 2024 Arm a r' m

Hello.csolution.yml

Generic Software

main.c

main.h pack: ARM::CMSIS

README.md pack: ARM::CMSIS-RTX

{} vcpkg-configuration.json

y types:
type: AVH
2! ARM: :SSE-300-MPS3

= vht-config.txt

—

2t Release
> OUTLINE

ebug: T
> TIMELINE ptim : balanced

X ®0A0®4 WO Hello.Debug+AVH Keil MDK Community @ Environment CRLF YAML A\ 4 Spell CMSIS csolution [}



https://github.com/Open-CMSIS-Pack/csolution-examples

CMSIS-Toolbox: Eco-system integration

Eclipse IDE n Public CMSIS Packs
cmsis-pack-eclipse www.keil.arm.com/packs/
Visual Studio Code /

IAR EW-ARM \ Cl Reproducible Builds

github.com/Arm-Examples/AVH Cl Template
Keil pVision <«—

CMSIS- MLOps Integration

—

TOOl bOX github.com/Arm-Examples/AVH Cl Template
S~ TDK Qeexo AutoML

geexo.tdk.com

Edge Impulse

docs.edgeimpulse.com/docs/run-
inference/arm-keil-cmsis

STM32CubeMX <

MCUXpresso Config Tools /

CMSIS-Toolbox
Generator Integration

CMake
o arm



https://github.com/ARM-software/cmsis-pack-eclipse
https://github.com/Open-CMSIS-Pack/cmsis-toolbox/blob/main/docs/build-operation.md
https://github.com/Open-CMSIS-Pack/cmsis-toolbox/blob/main/docs/build-operation.md
https://www.keil.arm.com/packs/
https://github.com/Arm-Examples/AVH_CI_Template
https://github.com/Arm-Examples/AVH_CI_Template
https://qeexo.tdk.com/
https://docs.edgeimpulse.com/docs/run-inference/arm-keil-cmsis
https://docs.edgeimpulse.com/docs/run-inference/arm-keil-cmsis

Tools Roadmap

Visual Studio [l MDKk v6 Improve Pack System Improve Web UX () MDKv6.x
Code - CMSIS - AC6.22 support : Re.zference Applications . Enhance Component - Pack Datasheet for Cortex-A/M Support
- Keil Studio Desktop with Layer discovery selection discovery of SW packs
. AVH-FVP 11.24 . Keil Studio Cloud based . local pack support
on VS Code - layer management
MDK- [ FusaRTS1.2.0 I Middleware 8 - Beta Middleware 8 @ Middleware 8.1.0
Middleware - RTOS and base libraries . Free for Arm targets . Support for STM32 . Maintenance
- Process Isolation . For: AC6, GCC, IAR, LLVM - Reference applications for . Reference applications
- Integrates with STL . Sensor SDK Example Ethos-U55 / Cortex-M55 for SDS and Cloud Service
CMSIS I cmsis-Toolbox 2.4.0 CMSIS-Toolbox 2.5.0 CMSIS-Toolbox 2.6.0
Toolbox . : :
- Improved Cmake Backend - Toolchain selection - Maintenance
Pre/Post build - Feature complete
- Reference Application
Support
Visual Studio . Arm Debugger 6.1.1 Feature enhancement O Cortex-M O Arm Debugger 6.x O Cortex-A/M O Trace
Code - Debug - Core register view - Off-chip memory support - RTOS aware processes and - Enhanced disassembly - Initial multicore support . Trace visualisation

- Component viewer
- Event recorder

threads stack view view
- UXimprovements - Define future trace
- GDB Server architecture architecture

2024-CQ3 2024-CQ4

Q Tentative Q Requested

via scripting
. Strategy for Cortex-A/M
debug configuration

2024-CQ2

- Memory inspector
- Run on remote AVH
- Debug connection config

2024-CQ1 Future

arm

2025-CQ1

15 © 2024 Arm




Extend your tools with Arm VS Code extensions and APls

Arm Keil Studio Pack vi.18.1

Arm & arm.com @ 32,441 \ * % % % % (1)
a r m Create C/C++ embedded projects, flash them to Arm Cortex-M

Y [

This extension is enabled globally.

-- Integrate Arm’s extensions into your

tool products and workflows, creating

the best overall experience for your
developers

-- Use the VS Code dependency system

or access the extension API directly

16 © 2024 Arm

"buildTimeout":
"cleanBuild": false,
"context": "hello.Release+B-U585I-I0T@2A",

"project"”: "workspace/debug-build.csolution.yaml"”,
"title": "My Build",
"workspace": "workspace@001"

-- Access device information and

software examples from the Open
CMSIS Pack ecosystem through APIs to
enhance your websites or tools
products

-- Contact Arm about API access

arm



Arm Keil Studio Pack — Essential VS Code Extensions

Project & Build Description Used Services
Arm CMSIS Solution (*) Create and Manage CMSIS based projects CMSIS-Toolbox (CMake, Ninja), Compiler (AC6, GCC, LLVM)
Arm License Manager — for activation of Arm Compiler
Arm Environment Arm Tools installation and activation MSFT vcpkg
Manager Arm License Manager — for activation of Arm Compiler
clangd (LLVM) Intellisense
YAML (RedHat) YAML Language Support
Debug Description Used Services
Arm Debugger Debug for Cortex-M/A processors Arm CLI Debugger, MSDAP
Arm Device Manager Manages device connections and ULINK series, CMSIS-DAP, ST-Link, Arm Fixed Virtual Platforms
configuration for Arm Cortex-M
Eclipse CDT Cloud MSDAP
Memory Inspector Memory Window
Peripheral Inspector SVD supported access to peripherals
Web Socket

17 © 2024 Arm q r m



Automated delivery of Arm tools
Tool deployment to MDK (VS Code), Cl SaaS, and MLOps

: -— artifacts.tools.arm.com provides access to
Git MDK MLOps System SaaS Cl System ] ] . ]
Repository (VS Code) (i.e. Qeexo) (i.e. GitHub) all tools for installation in different

environments.

-— Microsoft vcpkg simplifies the tool

installation across various host systems.

ML Model - The vcpkg_configuration.json file specifies the
required tools.

- Adding vcpkg_configuration.json to the project
ensures consistent setup.

Direct access/
vcpkg enabled

vcpkg

. . vcpkg enabled
configuration

Tools installed

on demand User Code

-— MLOps and Cl systems may access tools
directly.

Consistent, project-specific tools setup

tools -- Example for Docker setup:
artifactory github.com/ARM-software/AVH-MLOps

18 © 2024 Arm a r m


https://artifacts.tools.arm.com/
https://github.com/ARM-software/AVH-MLOps

Arm Virtual Hardware — Fixed Virtual Platforms (AVH-FVP)

Test Infrastructure for Cl Automation

Flexible usage during Development Process

REGRESSION TESTING Software Development Tools

AVH-FVP for unit or integration Arm C/C++ Compiler IDE

tests offer significant benefits: CMSIS-Toolbox, CMake, Python Local software
= Speed: no flash download AVH FVP development

overhead. Simulation Model and debugging
= Scale: run many tests in parallel.

= Reliable: no failure in case of :
misuse Project Workspace Cl / MLOps

= Flexible: execute on local
computer or cloud server

Trigger Cl testing
on Git commits.

Test Platform Time * Resources .
Integrate in

SRR EERT 488s CMSIS Software Packs MLOps systems
AVH-FVP (single system) 259s RTOS, loT connectors, ...
AVH-FVP (two parallel) 160s GitHub repositories Used for Validation of CMSIS Components

application code, test cases Example: CMSIS/CoreValidation
Get Started: github.com/Arm-Examples/AVH Cl Template

19 © 2024 Arm a r m

* Execution time measured with 124 test cases



https://github.com/ARM-software/CMSIS_6/tree/main/CMSIS/CoreValidation
https://github.com/Arm-Examples/AVH_CI_Template

Arm Virtual Hardware: Virtual Test Interfaces

User Application Code (Example)

CMSIS-RTOS2

This is a complex user
application that requires
internet connectivity

Application that connects to Internet via BSD-Socket

FreeRTOS, RTX, ..
Demo or test i.e. Voice TCP/IP

Interface Recognition Network Stack
Event Recorder

The interface layer
can be re-targeted to
CMSIS-VIO Audio Driver : 2 e [ e
. Ethernet Driver
for Switches/LEDs VSI

Virtual
Interfaces

Event Recorder Demo I/0O Interface Virtual Streaming Virtual Socket VSl is under user control

Capturing (VIO) Interface (VSI) Interface (VSocket) and can service also
Video or Sensor data

Target

Maps also to a Events on changes Python Interface: Connection to the

Input/Output supported

20 © 2024 Arm a r m



Moving Software— from Virtual to Physical Hardware

Validation on Arm Virtual Hardware (AVH) in Cl systems; Deployment to physical devices

Unit & Integration Testing on AVH or Physical Hardware Boards Deployment and System Testing on Production Hardware

—_——— = - —
| User Application : | User Application I | User Application I
| Code I | Code I | Code

loT/ML Software
Platform

loT/ML Software loT/ML Software

Platform

Platform More Software

Virtual Drivers HW Drivers

Device SDK with
P

HW Drivers More Drivers

Virtual
Layer

Board
Layer

Target
Layer

ot aon Device SDK with configuration

Simulated I/0O via Real I/0 via test

Real I/0O via

Python scripts

equipment
and stimuli files

user peripherals

21 © 2024 Arm
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CMSIS-Pack: What is a software component?

XML framed information used by project management utilities from various tools

Software

Component #1

I API Interface

N

N

APl headers Documentation
Version & \ \
License Source code/ Configuration
Information libraries files
References to are components

libraries

23 © 2024 Arm

API| headers

Source code/

API| headers

Source code/
libraries

N

SW Component #2

Source code/
libraries

API| headers

SW Component #4

Software components should have:

-- Version and history information
-- License information

-- APl interface definition

-- Documentation

-- Source files

-- Configuration files (optional)

-- Requirements to other components
(optional)

Read the blog

arm


http://arm-software.github.io/CMSIS_5/Pack/html/pdsc_components_pg.html
https://community.arm.com/arm-community-blogs/b/tools-software-ides-blog/posts/what-are-cmsis-software-components

Relationships of packs and software components

* Packs can require other packs to be available:

Pack A
Version n

Pack B

Version m

 Components can have dependencies on other components; either from the same or
from other packs:

Pack A, Version n

Component A

Component B

Component C

24 © 2024 Arm

Pack B, Version m

Component A

Component B

Component C

arm



CMSIS-Pack: Central API Interface definition -IIMPORTANT!

Ensuring consistent interfaces across standard components

Interfaces -- A common problem: APl headers evolve
Software over time.
component A -~ A central AP| definition shares header file
APl headers and documentation of an AP interface
across multiple other software components
Source code/ | to ensure consistency.
libraries -- The APl interface is distributed separate or
Central \ as part of the software component that
AP| definition APl headers Documentation} defines this interface. The API header file is
(Definition) of API therefore consistent.
-- An example is the CMISIS-Driver pack that
/'l\ contains various Flash, Ethernet and WiFi
drivers — all compatible with the CMSIS-
Source code/w Source code/\‘ Source CodE/W Driver APIs that are published in the CMSIS
libraries libraries libraries Pack.
Implementation #1 Implementation #2 Implementation #3

25 © 2024 Arm a r m


http://arm-software.github.io/CMSIS_5/Pack/html/pdsc_apis_pg.html
http://arm-software.github.io/CMSIS_5/Pack/html/cp_SWComponents.html
http://arm-software.github.io/CMSIS_5/Pack/html/cp_SWComponents.html
https://github.com/ARM-software/CMSIS-Driver
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APl Example: CMSIS-Driver

Middleware interface

- CMSIS-Driver describes peripheral driver interfaces for middleware components and

user applications

- It offers a simple interface to middleware and central configuration

- Ready-to use CMSIS-Driver interfaces are available for many microcontroller families

Application User Application
Middleware m USB Device m Networking File System m

USBDO | |

Control Structs| GPIOO ||

USBHO || ETH_PHYO || ETH_.MACO || mcio || spio || cANO |

Device b1 USBD USBH Ethernet  Ethernet SDIO SPI CAN
Peripheral PHY MAC
Device I:I:I:I I:I:I:I I:I:I:I I:I:I:I I:I:I:I I:I:I:I I:I:I:I
Pins GPIO USBDO USBHO Ethernet SDIOO SPIO RX/TX
© 2024 Arm

Software Component
& AWSloT
‘ Acceleration
=€ CMSIS
¢ CORE
¢ DSP
¢ NNLib
& 0S Tick (API)
€ RTOS (API)
€ RTOS2 (API)
= € CMSIS Driver
€ CAN (AP])

SR A Ethernet (API)
v

Custom
¢ ETH_LAN91CIN
@ KSZ8851SNL
@ LAN9220
¢ RNDIS
= € Ethernet MAC (API)
# Ethernet MAC
@ Custom
= € Ethernet PHY (API)
@ Custom
DP83848C
KSZ8061RNB
KSZ80S1RNA
LANS710A
LANS720
LANS740A
LANS742A
@ STS02RTI

- A Fi__Crann

R R EERS

Sel.

170 <

A A

0
S


https://arm-software.github.io/CMSIS_6/latest/Driver/index.html

PDSC File Structure with APls: connecting components

- pack: ARM::CMSIS defines APl and makes the API
header file accessible to all parts of the application.
<apis>

exclusive="0">
<files>
<file category="header" name="../Driver_ETH_MAC.h" />

</files>

- pack: ARM::CMSIS-Driver_STM32 or DFP/BSP
implements the driver interface to hardware

<requirements>
<packages>
<package vendor="ARM" name="CMSIS" version="5.9.0-0"/>

<components>

Capiversion="2.2.0“>
<files>
<file category="header" name="Drivers/ETH_MAC_STM32.h"/>
<file category="source" name="Drivers/ETH_MAC_STM32.c"/>

</files>

27 © 2024 Arm

- pack: Keil::MDK-Middleware uses an CMSIS-Driver
that is implemented for a specific hardware or even
remote interfaces

<requirements>
<packages>
<package vendor="ARM" name="CMSIS" version="5.9.0-0"/>
<conditions>

<condition id="Driver ETH">

<components>

<component Cgroup="Interface" Csub="ETH" condition="Driver ETH"
maxInstances="2">

<files>
<file name=“../Config/Net_Config ETH.h" attr="config" version="7.5.0"/>
<file category="source" name=“../Network/Source/net_eth.c"/>

</files>

arm
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V] Manage Run-Time Environment

Software Component
€ 10T Utility
€ 6L
€ MLEval Kit
=€ MMCAU Security
€ MMCAU library
‘ Machine Learning
‘ Native Driver
€ Network
@ Operating System
o€ PSA
24 Crypto (API)
? mbed TLS
€ R10S
=] ‘ Security
? mbed TLS
=€ PKCST1 (AP))
@ corePKCS11
o
@ Unity
o€ UsB
@ CORE
% Device
& Host
& Device
& Host
=] ‘ els_pkc
els_pkc_aead
els_pkc_aead_modes
els_pkc_aes
els_pkc_cipher
els_pkc_cipher_modes
els_pkc_common
els_pkc_core
els_pkc_data_integrity
els pkc ecc

A

Variant Vendor  Version
LVGL LVGL

mmCAU NXP NXP

MDK Keil

MCUXpresso SDK Operating S... NXP

ARM

FreeRTOS ARM

ARM 3.6.0

2.4.0-erratal

AWS 3.0.1

Classic Arm-Pa... | 2.5.0
MDK Keil
Keil 8.0.0
Keil 8.0.0
Keil 8.0.0

NXP 1.7.0
NXP 1.7.0
NXP 1.7.0
NXP 1.7.0
NXP 1.7.0
NXP 1.7.0
NXP 1.7.0
NXP 1.7.0
NXP 1.7.0

Description
loT specific software utility
LVGL (Light and Versatile Graphics Library) is a free and open-source graphics library providin..,

A collection of end-to-end examples provided by Arm for Arm Cortex-M CPU and Arm Etho...
mmCAU NXP

Software Components for Machine Learning

1Pv4/IPv6 Networking using Ethernet or Serial protocols
FreeRTOS, Real Time Operating System

Platform Security Architecture

PSA Cryptography API

mbed TLS PSA Crypto

EreeRTOS Real Time Kernel

Encryption for secure communication or storage
ARM mbed Cryptographic and SSL/TLS libra
PKCS #11 Cryptographic Token Interface

PKCS11 implementation based on MbedTLS.
Software components for testing

Unity, unit testing for C

USB Communication with various device classes
USB Core for Cortex-M

USB Device

USB Host

Component els_pkc.aead
Component els_pkc.aead_modes
Component aes

Component els_pkc.cipher
Component els_pkc.cipher
Component els pkc common
Component els_pkc.core
Component els_pkc.data_integrity
Component els pkc.ecc

Validation Output

Description

Resolve | |Select Packs| | Details
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Register Cclass:Cgroup Taxonomy

-~ Software components connect via Cclass:Cgroup:Csub — this needs therefore some level of control

« github.com/Open-CMSIS-Pack/Open-CMSIS-Pack-Taxonomy is current solution to control taxonomy

« We know: this needs further work (we investigate a web service)

- Mode: Board, Device are uncritical as there is a dependency to a specific board or device

« Mode: Bundle is somewhat uncritical as a complete SW stack is replaced

« Mode: Controlled is own by a vendor (typically the name indicates already the vendor)

« Mode: Open needs clear structure as components can be added by different vendors
« Mode: API describes API Interfaces and should be agreed by the Open-CMSIS-Pack working group

Cclass:CGroup

Mode: API

CMSIS-Compiler
CMSIS
CMSIS-Driver

IOT Utility:Socket
PSA
Security:PKCS11

Retargeting for File I/O and Character 1/O
RTOS-specific interfaces adopted by several different Kernels

Components implementing unified device drivers compliant to CMISIS-Driver (e.g. UART, SPI, USB, etc.)

Unified BSD Socket API (simple version) — discussed in Open-CMSIS-Pack CDI working group (extended version also available)
Platform Security Architecture (currently Crypto APl is exposed — supported by mbedTLS)
PKCS #11 Cryptographic Token Interface (currently used by AWS, provided by mbedTLS)
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https://github.com/Open-CMSIS-Pack/Open-CMSIS-Pack-Taxonomy
https://arm-software.github.io/CMSIS_5/develop/Driver/html/index.html
https://github.com/MDK-Packs/IoT_Socket/blob/develop/include/iot_socket.h
https://github.com/Open-CMSIS-Pack/Open-CMSIS-Pack-Taxonomy

CMSIS-Pack Developer Resources

-- github.com/Open-CMSIS-Pack — organizes the CMSIS-Pack Resources

Tutorial: Create Scalable Software - Hands-On Example + Video

Tutorial: Create a Device Family Pack - Hands-On Example + Video

-— Tutorial: Create a Software Pack - Hands-On Example + Video

— Tutorial: Create a Board Support Pack - Hands-On Example + Video

Tools: gen-pack Library —template script and helper functions for creating packs

Tools: cmsis-actions — GitHub actions to setup a CMSIS-aware Cl system

- Tools: AVH Cl Template — Template repository to setup a GitHub-based Cl system
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https://github.com/Open-CMSIS-Pack/BSP-Pack-HandsOn
https://github.com/Open-CMSIS-Pack/Create-Scalable-SW
https://armkeil.blob.core.windows.net/developer/Files/videos/CMSIS/20240611_CreateScalableSoftware.mp4
https://github.com/Open-CMSIS-Pack/sw-pack-handson
https://linaro.atlassian.net/wiki/spaces/CMSIS/pages/28897214510/Open-CMSIS-Pack+Technical+Meeting+2023-04-18
https://github.com/Open-CMSIS-Pack/DFP-Pack-HandsOn
https://linaro.atlassian.net/wiki/spaces/CMSIS/pages/28905996344/Open-CMSIS-Pack+Technical+Meeting+2023-05-02
https://github.com/Open-CMSIS-Pack/BSP-Pack-HandsOn
https://linaro.atlassian.net/wiki/spaces/CMSIS/pages/28905996344/Open-CMSIS-Pack+Technical+Meeting+2023-05-02
https://github.com/Open-CMSIS-Pack/gen-pack
https://github.com/ARM-software/cmsis-actions/
https://github.com/Arm-Examples/AVH_CI_Template

~Pack System

Viewpoint of the software vendor

Christopher Seidl
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Making your software easier to use

Increase your business while reducing efforts

-- Extend reach to more devices — grow potential accessible market

- Reuse existing drivers and example infrastructure (board layers)
- Deliver an evaluation version with limited functionality (i.e. library build)
- Full version behind firewall that is a drop-in replacement

-- Reduce support load
- Examples are easier to use

- Documentation is easier to access
- Debug features of pVision help to guide customers towards integration issues

-- Packs are easier to upgrade
- Making it easier to sell software upgrades
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Making your software easier to discover

Users explore software examples on web pages and CMSIS-Pack enabled IDEs

-- Add visibility on the market — grow potential accessible market

- Web services showing available software and examples
- No maintenance burden — data is extracted from CMSIS-Packs automatically

- Well discoverable by search engines

-- Easy to get started for new potential customers
- Your software is exposed to thousands of developers that use already the CMSIS system
- Ready-to-run examples on Keil Studio Cloud or Keil Studio Desktop

- Reference Applications are templates for starting user projects

33 © 2024 Arm
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Pack Datasheet

Overview Text (Readme) List of all components Other packs required

ArM Keil oo v Haroware ~ cMsispacks  Documentation ~  Support ~ Ked Sturio Cloud ArM Keil 7o v Hordware © cmsispacks  Documentation ~ Kell Studio Cloud ArM Keil toos v Hardware v cMsispacks  Documentation ~
Packs > MDK-Middleware : > MDK-Middleware Packs > MDK-Middleware
MDK-Middleware 7.0 MDK-Middleware 7.0 MDK-Middleware 710
Middleware for Arm based processors Middleware for Arm based processors Middleware for Arm based processors
Overview Components (i) Projects (@) [0} lon Hi: Overview Components (i3) Projects (©) Boards/Devices (3) Dependencies (3) Verslon History Overview Components () Projects (5) Boards/Devices (0 \
MDK-Middleware Add to Packs CMSIS Solution Name Variant Version Add to Packs CMSIS Solution  Dependencies (3) Add
Keil: :MK-Middlenared? o v Network(22) - p
The MO pack cont. for 1Pva and IPy ting, US8 Host and 1P419Y6 Networkng
D ication, as well as d; CMSIS Arm
4 . Core PA/IPVS Rolasn v 7194
B34/ IPvé Networking Core for Cortes-M (Rt ) Learn moee (7 MSI! omime i {! Interf:
Add with cpackget AN . o Addwithepackest GMSISiCommon Mirocontroler Sl nsrtace »
Supports : > cpackget add Keil: (NDK-Middlenaree?.17.0 © totertaco 4} > cpackget odd Ketl: :NDK-Middlewaree7.17.0 >
Colie et Mucharism
Ehernet 750
Download Network Ftheenet Interésce Lear meee (7 Download CMSIS-Compiler  Arm Dow
Middl & MOK-Mi MK .
< MDKMiddleware 717.0 wiFi 730 & MDK-Middieware 7.17.0 CMSIS Compiler extensions for Arm Compiler, GCC, Clang, and aM
Ntk W btertice Lasrn more (7 IAR Compller
Vendor PackType epp Sandrd Modem 720 Vendor Pack Type Ver
e Sottware Netuwork PPP over S ntetic - Stindied Modem Les more 1 e Software el
sup Standars Modem 720 CMSISView Arm
si5-Compiter | | CMSS-View ork SIP e - Sandind Modom Lear more 5
AL I [ I Network SUP itertace - tandard Mode wre Debugger visualization of software events and statistics
Version Last Published Version Last Published Vers
7170 January 14th 2024 > Socket(3) 7170 January 14th 2024 747
Networ
The MOK-Middleware can be used by any user application. It is used by the Synchronous Data Streaming
Framewrork to save data recorded from sensors. loT Connectors can use the Network component to > Servie {14)
connect to the Internet, License Network Sesvices License > Dependents (0) Licer
NolLicense NoLicense NoL
Fle Systom 6
MDK-Middleware uses a CMSIS-RTOS2-based real-time operating system for task scheduling. for example v :’:"’[ g
Keil RTXS or CMSIS-FreeRTOS
The Network component uses the Arm Mbed TLS stack to secure the TCP/IP communication. CMSIS- Core LFN Debug - 6167
F———— it the undletying hardre il Sypm it Lo i supose for CortanM (Wb Lo s
> Drive (S}
The CMS5:Compiller and CMSIS-Vi i and stati 1IMD! O
Middleware components.
v usa(10)
US8 Communication weh vorows devke asse
The software components that are part of this CMSIS-Pack are:
Core Releare v a0

+ File System Component: create, save, read, and modify files in storage devices such as RAM, Flash, SD/
SDHC/MMC memory cards, or USB memory devices.

USE Care for Cortex-M (8%

asel Loom m

> Hosti4)
. § - : USA Host
* Network Component: services, protocol sockets, and physical communication interfaces for creating
networking applications. It supports both, IPv4 and IPv6. > Device (5)
Usa Deviss
- USBC: USB Device and USB plications wi ice classes.
v CMSIS-Compiler (4]
Compiler Spechic ntefaces
Note:
Each component is configurable for a wide range of applications and requires the driver interface as described by > Fletnterface(t)

the CM:
selected microcor

rd. Check with your silicon vendor about the availobility of CMSIS-Drivers for your

er device.

Availability

The MDK-Middleware is available free-of-charge to all users of Arm Cortex-M-based processors. It does not
require a specific toolchain or IDE license and can be built with major toolchains, such as Arm Compiler 6, GCC,
and LLVM,
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Fike ntestace Implementation using Kell MDK-Midieware Fike Syst

> Ethernet (1)

Exhemet MAC + PHY

Oovice RNDIS Driver

> USART(2)
USART Driver




CMSIS ecosystem database

© 2024 Arm

Available
Data

Query

- ilable vi h l
~ Available via GraphQL 5 Explorer - GraphiaL
* query MyQuen 1v query MyQuery { n
o) (> 2v search_boards(has_example_projects: true) v{
-~ publicl ible via AP = bt s I
- Publicly accessible via e o A S
» get_device ~ Y "metadata": {
e . 6 results { - Etotals 8877
| ° . » get_device_family 7 id }
-- Database is source for keil.arm.com st tovice group A O | e
» get_device_sub_family 9 SR .
» get_pack_family 5 K { )
l H { 141 ) - search_boards Y reviston "id": "abov-
-- Lists CMSIS ‘entities’ such as: o =
O cmsis_ecosystem_support: . RREREE g )
Bt 3 } "image_url": ""
° Boa rds O device id: 14 } "name": "StarterKit-
H O has_example_projects: 12 } } A316112C|_"‘,'revisicrn"- "vi.1°
° DeVICeS ‘}i‘limit: v "vendor": { o
‘\:‘ z:zi?t: "name": "ABOV
° PaCkS , pack_family_id: Re Sul t | Semlconduc;or"
. d: s 1,
° E pI p J O sort_by: i
xample projects Co
° Vendors :;ZEEZ:ta i;:;;:;l:it~a31g123ml~v11—
© total , "image_url": "",
| M th r I ti n hi i resultsl ) "name": "StarterKit-
- O example_projects_count A31G123ML",
| a pS e e a 0 S pS » highlights Variables Headers Rd "revision": "vi.1",
Qid v "vendor": {
- show boards by vendor © inage.url L
. . . @ name Semiconductor"
- find boards by device or device by board . e .
et - vendor ’
@ name i ; "id": "ab
1 1 . abov-
B Oslug starterkit-a31g213cl2n-v11-
» search_device_families 219053",
e | e e i "inage urt”: °
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https://blog.postman.com/graphql-vs-rest/
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Summary and Guidelines

-- Developing Software Packs is supported by a variety of tools and services

-- Keep your pack (including conditions) simple, work on the overall structure first
-- Consider to use existing APl interfaces as these simplify scaling

-- Consider to offer a pack for evaluation and a commercial pack

-- Contact us for questions that you may have. Do not work around issues.
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We are committed to CMSIS and requirements for ML ...

... and we will make it work for you — but we need your help

-~ Discover technical information on github.com/Open-CMSIS-Pack

-- Open-CMSIS Technical Meeting every Tuesday, 15:00 GMT

-- Feedback via github issues on the various projects
. github.com/Open-CMSIS-Pack/cmsis-toolbox/issues — for tools
. github.com/Open-CMSIS-Pack/Open-CMSIS-Pack-Spec/issues — PDSC
. github.com/Arm-software/CMSIS 6 — project overview
. github.com/Arm-software/CMSIS 6/issues — for CMSIS core components

38 © 2024 Arm

To raise questions
or get an invite to
Open-CMSIS
Technical Meetings
send email to:

cmsis@arm.com

arm


mailto:cmsis@arm.com
https://github.com/Open-CMSIS-Pack
https://linaro.atlassian.net/wiki/spaces/CMSIS/pages/28516450540/Meeting+notes
https://github.com/ARM-software/CMSIS_6/issues
https://github.com/ARM-software/CMSIS_6/issues
https://github.com/ARM-software/CMSIS_6/issues
https://github.com/ARM-software/CMSIS_6/issues
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