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Cortex-M Scalable Solution
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Ethos-U Scalable Solution

Endpoint Al
Cortex-M+Ethos-U55

arm CORTEX-M based system

TrustZone for Armv8-M

Ethos-U microNPU

Configurable
MAC engine

Cortex-M

processor Elementwise engine

Local memory
Weight decode

Control unit DMA

System SRAM

64 to 512 GOP/s (at 1GHz)
32/64/128/256 MACs/cycle
Two 64-bit AXI

SRAM and Flash

Corstone-300 (Cortex-M55+Ethos-U55)
» _Corstone-310 (Cortex-M85+Ethos-U55)

Endpoint Al
Cortex-M+EthosU-65

Heterogeneous System
Cprtex-A+(Cortex-M+EthosU65)

arm
CORTEX-A based system

Application
Domain

Address Filter

Interconnect
System FLASH System SRAM

DRAM

512GOP/s to 1TOP/s (at 1GHz)

256,512MACs/cycle

Two 128bit AXI

SRAM, DRAM and/or FLASH
Corstone-315
(Cortex-M85+Ethos-U65)

Endpoint Al
Cortex-M+EthosU-85

+

Heterogeneous System
Cprtex-A+(Cortex-M+EthosU85)

Cortex-A System
Cortex-A+Ethos-U85

CORTEX-A
arm CORTEX-A based system

256GOP/s to 4TOP/s (at 1GHz)

128,256,512,1024,2048MACs/cycle

Up to six 128-bit AXI5

SRAM, DRAM and/or FLASH
Transformer Network support
Corstone-320
(Cortex-M85+Ethos-U85)
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ML edge device use case

&

Sensor
fusion
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Cortex-M with
Ethos NPU ML
acceleration

Cortex-M52, M55, M85
with Helium vector

instructions
Cortex-M7,
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Keyword Anomaly Object Gesture Biometric Speech Object
detection detection detection detection awareness recognition classification

ML edge device Typical use cases: Cortex-M and Ethos NPU

a

Real-time
recognition
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Himax WiseEye?2
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System Control
Secure SWOD
OSC&PLL

Internal Memory

Processors

Cortex-M55 (Big)
256 KB I-TCM 256 KB D-TCM

Cortex-M55 (Litthe)
16 KB l-cache 16 KB Dcache
T

Ethos-US5
microNPU

Hardware Accelerators

Motion Detex n

Peripherals
MIPI CS1-2 RX 1 TX
DVP 1SOI
SP1/Quad SPI
12c/nc
UART
PWM
GPIO
SD/ SDIO
128 TX/RX
POM RX 1 TX

Power Management

WiseEye 2 Al Processor block diagram
Refer to https://himaxwiseeyeplus.github.io/
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Cortex-M55

arm
CORTEX®-M55

TrustZone for Armve-M

Nested vectoraed Wake-up interrupt
interrupt controller controller

cPU
ArmvB.1-M mainline

Memory ; Performance
: : Helium b A
protection unit maonitoring unit

Coprocessor . Peripheral
interface AHB

Arm Custom Interface
Instructions protection

JTAG/Serial I-cache,
wire debug D-cache

Breakpont Data
unit watchpaint

e \Vector processing
8 vector registers, 128-bit wide, reuse FPU registers
e Over 150 new instructions (>130 vector instructions)
e Versatile processing capabilities
« Vectored Integer / Fixed-point : 32-bit, 16-bit, 8-bit

 Vectored Floating-point : Single precision, half precision arithmetic
« Scalar Floating-point : Double, single & half precision arithmetic

e Highly configurable design
e Optimized memory system design

e TrustZone Security Extension
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Memory System Design

—

Corbex-MM35 processor

Requirements orTeM
. Real-time, low latency - TCMs | A two-level oo
- General purpose - caches JL memory system a

. 64-bit data read/write bandwidth i

» 32-bit instruction fetch bandwidth )

- Up to two separated data R/W (scatter gather) oo | .

+ 64-bit bandwidth for DMA accesses to TCM <

4

No dedicated DSP memory ports

TCMs are part of system memory map (C/C++ friendly)
Up to 16MB I-TCM and 16MB D-TCM
DMA controller can access to TCM via AHB slave port

Progessor internal core

© 2024 Arm
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Processor’s Vector Pipeline and Datapath

* A balance between performance and power
» Double ALU area, >4x performance
» Suitable for short pipeline

32-bit datapath 64-bit datapath 128-bit datapath
(single beat) (dual beat) (quad beat)

—

Cortex-M55 processor
(2 cycles per 128-bit vector)

» Overlapping instruction execution to enable higher processing efficiency

Clock
— o Cortex-M55 supports
\Velata s s RAGABLHY Lower &4-bit  Upper é4-bit 2x Q31/ int32 |
e '
Vector MAC (VRMLALVH) Lower 64-bit Upper 64-bit 4x Q15/int16 Per
Vector load (VLDR) Lower 64-bit Upper 64-bit g"‘ ?7"3!; nt8 r:lc.ul:k
T o x Tp cycle
Vector MAC (VRMLALVH) Lower 64-bit  Upper 64-bit 4x fp16 - y
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CMSIS-DSP and CMSIS-NN

https://arm-software.github.io/CMSIS 5/DSP/html/index.html

General
Main Page

Filters

CMSIS-Core(A) | CMSIS-Core(M) | Driver m NN | RTOS vl

Usage and Description | Reference |

i CMSIS DSP Software Library

Introduction

The library is divided into a number of functions each covering a specific category:

Basic math functions
Fast math functions
Complex math functions

Matrix functions
Transform functions
Motor control functions
Statistical functions
Support functions
Interpolation functions

RTOS v2

Pack

SVD

DAP

This user manual describes the CMSIS DSF software library, a suite of common signal processing functions for use on Cortex-M processor based devices.

fZone

D
[ & Search

© 2024 Arm
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Ethos-U55

Ethos-US55
Use Case Inference only
. e Weight decoder | MAC/Cycle  32/64/128/256 MACs/cycle
ortex: S 64GOPs-0.5TOPs@1GHz
Control
Mac Engine Memory SRAM + flash
T CPU Cortex-M
I Bus Two 64-bit AXI master infs
MO: Full R+W AXI-M to SRAM
Shared Buffer M1: R only AXI-M to flash
System System DMA
Flash SRAM Data type 8-bi'F i.nput X 8-bi'F weights
Slementiee 16-b|t. Ian.Jt x 8-bit weights
cngine Weight is Compressed
by Vela Compiler

10 © 2024 Arm a r' m



Typical Ethos-U55 Data Flow

0.  An offline compiled command stream
with corresponding compressed weights

are put into system Flash.
1. Input activations are put into system

SRAM.

2. The host starts Ethos-U55 by defining all
memory regions to be used, in particular
the location of the command stream and
input activations.

3. Ethos-U55 autonomously runs all
commands, using SRAM as a scratch

buffer. Results are written to a defined
SRAM buffer.

4. Interrupt on completion of writing the
result.

11 © 2024 Arm

Cortex-M CPU

System
Flash

System
SRAM

Activations
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Ethos-U55

Central
Control

| Weight decoder |

Mac Engine

.

DMA

Shared Buffer
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engine

arm



Ethos-U55 Performance Results
Using 256 MACs/Cycle configuration vs. Cortex-M4 using CMSIS-NN optimizations

12 © 2024 Arm

Wav2letter

2380x

Cortex-M4
(CMSIS-NN)

Ethos-U55

MobileNet V2

300x

Cortex-M4 Ethos-U55
(CMSIS-NN)
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Ethos-U55 Optimized Software Flow

/Host computer (Offline)

TF Quantization

tooling
TOCO

A

N

TFL flatbuffer
file

v

3 4

[l
/

* Train network in TensorFlow

* Quantize it to Int8 TFL flatbuffer file (.tflite file)

* Vela compiler identifies graphs to run on Ethos-U55

* Optimizes, schedules and allocates these

graphs

* Lossless compression, reducing size of tflite file

13 © 2024 Arm

/ Target/ Device

SR
Ethos-U55
Driver

TFLu Runtime

N
-
L/

Ref. Kernels
b v

* Runtime executable file on device
* Accelerates kernels on Ethos-U55. Driver handles

the communication

* The remaining layers are executed on Cortex-M

* CMSIS-NN optimized kernels if available
* Fallback on the TFLu reference kernels

arm



Vela Compiler

A Python based optimizer executed on your computer

* Reads a tflite file, writes a modified tflite file

| other
i Vela __IW
| compiler custom op

* Generates commands for microNPU

* Optimizes scheduling of subgraphs

. . FC
* Loss-less compression of weights [tt
other > ler

* Reduces SRAM and Flash footprint
* Enabling networks previously not feasible in embedded systems!

* Opensource

14 © 2024 Arm a r m



Network support in Ethos-U

-- Ethos-U supports a fixed set of operators and can completely execute networks that map

to that operator set. For ex:
DS-CNN-L, ResNext 50, MobileNet v1, MobileNet v2, Inception v3, Inception v4, RNNoise, HAR_github, Deepspeechl,

Wav2letter, ... and many more
TFL micro J { Driver J { Ethos-U J

-- For networks that cannot be executed on Ethos-U completely, the operators unsupported

by Ethos-U fallback to the attached Cortex-M CPU
- These are accelerated through CMSIS-NN library

{Application}

Driver Ethos-U
Application—— TFL micro

CMSIS-NN Cortex-M

https://review.mlplatform.org/plugins/gitiles/ml/ethos-u/ethos-u-vela/+/HEAD/SUPPORTED_OPS.md
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ML Model Zoo

¥ master ~ ¥ 1Branch T35 Tags Q Gotofile ¢» Code ~ About

No description, website, or topics provided.,

=z= phorsman-arm Merge pull request #56 from Burton2000/master  mm faclbbs - lastyear L) 85 Commits
[0 Readme
B models Add KWS model recreation code last year s Apache-2.0 license
. . - - . A Activity
B tutorizls/transformer_tutcrials Added transformers guantization guide 2 years ago
[E Custom properties
M .oitattributes Added Wav2letter code 3 years ago ¢r 202 stars
[ .oitignore Added YOLO w3 Tiny 4 years ago @ 12 watching
Y 5lforks
™M LICEMSE Updated documentation, added license, changed version 4 years ago Repart repository
M READMEMmd Add KWS model recreation code last year
Releases 5
[0 README &% Apache-20 license i= o 2202

on Mar 2, 2022

+ 4 releases
Model Zoo

Packages

Mo packages published
& collection of machine leaming models optimized for Arm [P
Contributors 10

URSa@=

Anomaly Detection

- : @
Network Type Framework Cortex-A Cortex-M GI:UI Ethos U {;E;} ‘ '

MicroMet Large INTS Tensc?rFIDw X ” v o 0.062 Languages

INTS Lite )

. . ® Python §13% @ Jupyter Notebook 35.5%

MicroNet Med T Fl

Slon e Vedum IMNT8 Ensc_br o X 4 v v 0.963 Shell 2% @ PureBasic 02%

INTS Lite

MicroMNet Small TensorFlow

INTS INTS Lite X ' v s 0.955

Dataset: Dcase 2020 Task 2 Slide Rail

o ©aniam https://github.com/ARM-software/ML-zoo arm



ML Developers Guide for Cortex-M Processors and Ethos-U NPU

Overview

ML software development for Arm Cortex-M processors
Arm Ethos-U NPU

Tool support for the Arm Ethos-U NPU

The Arm ML Zoo

ML Embedded Evaluation Kit

CMSIS-Pack based ML examples

Profiling and optimizing ML models

MLOps systems

10 Resources for Ethos-U

©oNOUAWNE
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Summary

v8.1M architecture (Cortex-M55, M52 and M85) supports Helium (M profile Vector Extension).
Helium is tuned to build DSP and ML application and CMSIS-DSP/NN can boost performance.
Ethos-U accelerates Inference algorism

Ethos-U55 target is Edge Al application

Tensorflow is preferred as ML framework and Vela compiler optimize network for Ethos-U
Some operators which is not supported by Ethos needs fall back to Cortex-M

Please refer ML Developers Guide for Cortex-M Processors and Ethos-U NPU

© 2024 Arm 0 r m
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