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Motivations to hear this talk
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Solutions to this challenge

The cloud returns and Gen EdgeAl



Low power processing (< mW)

Fixed FunCtion AI React on data availability

* Provide assessments, insights

Al Is Taking Over the

Reducing the Cloud (MIT Tech Review) {Ei it
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Tiny Edge

Sensors Embedded Computing Actuators
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Data

10s KiB RAM < 1(o/chip)vs16(off/chip) MiB RAM < 32 KiB RAM
No eFLASH < 2(o/chip)vs64(off/chip) MiB FLASH < 512 KiB ePCM

KHz to 10 MHz CPU < 800 MHz 160-200 MHz
INT1, INT8,INT16; FP32 NPU (1 GHz, 4.2 MB o/chip, 600 8b GOPS) INT8,INT16; FP32

INT8,INT16; FP32
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=, ISPU
15M330is '

Standard package:
2.5 x 3 mm?2

Raw data from
6 DOF MEMS
sensor
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ISPU Wand with
ST Edge Al Core Technology

STMicroelectronics
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ISPU processes Al
(in a few pW)
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Machine Learning Heterogeneity

 Very different w.r.t.:
« Source Model: operators, topologies, footprint, representation formats, etc.

- Execution Target: computational capabilities, available memory, optimized
instructions, etc.
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Heterogeneity: Operators

DepthwiseConv2D

weights (1x3x3x18)
bias {16

UnidirectionalSequencel.STM

Conv2D FullyConnected

AveragePool2D

Tanh

filter {Sx3x3x3)

bias {5) MaxPool2D

1x112x112x5

x28x2

1x258x258x3 1x28x30x16
1x224x224x%5 =
Add Sub
1x1x1x16 1x8x8x128

Tx1x1x16
1x1x1x16

0 IZ
i 1x150x200x1

ReduceMax

ExpandDims

1x150x1x6

StridedSlice

Tran
ReverseV2 SMEEKEE

Concatenation

x28x20 1x1x14




STM32N6

Heterogeneity: Execution Targets

Instruction Sets (ARM Cortex M 0/4/7/33/55/85, R52, STRed)

Tiny chips, heterogeneous memory schemes, e.g.,
Sensors: MLC, ISPU
STM32 MCUs, STM32N6, STM32MP2, Stellar MCUs, x86-64

Machine models, e.g.,
Binary instructions in ISPU
Integer SIMD/Vector instructions in ARM
Convolutional co-processors and DMAs in STM32N6

Compilers, e.g.,
gce, IAR, Hightec, Keill, etc
Neural-ART compiler (STM32N6)
ISPU compiler




Paths from Source to Target
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Homogenize Developer Experience

ST Edge Al
“’ Core

One Unified
Core

Technology




Common state-of-the-art optimizer technology for ALL ST devices

ST Edge Al Core technology

Bring your
own model

€ ONNX

Keras

®
TensorFlow Lite

O PyTorch QKeras

O learn %}Lara

ST Edge Al Core
E Unified Command Line Interface (CLI)
| | | | |
Model > Model N Model Model code Model
importer analyzer optimizer generator validator
MLPerf Tiny O ML
Commons

At

Compile
for ST target

» STM32 MCU
» STM32 MPU
» Stellar MCU
» MLC Sensors
» ISPU Sensors




Deployment un-aware NAS/HPO

week

Generate
. K-fold Accuracy
candidate === y,jigation ~ deviation

ANN1 1 1

Dataset Accuracy
Hyper-

- Acceptance ,
g?)?czeter criter% ) *
Computational . . . ;
kernels The implicit assumption

very high computational cost
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Deployment aware NAS/HPO

Not deployable on MCU/SENSOR

week

] A
K-fold ceuracy _

Generate
candidate

Model Compute

N analysis > deviation ~ > Validation . deviation

} 1 é%%@ es MACC, Dataset Accuracy

yper- RAM, - Acceptance Model
|cS>arameter ROM, criteria Sign-off
pace latency

Computational Detailed

kernels profiling

\

very high computational
and memory cost
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MCU Edge-Al Developer Cloud

The brand-new online Al services

@ : STM32Cube.Al Dev Cloud

front end for STM32
@ s
1 |
A
0 ST model zoo Web GUI
’ + REST API
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STM32 Core engine technology
Cube Al




Low power processing (< mW)

Fixed FunCtion AI React on data availability

* Provide assessments, insights

Al Is Taking Over the

Reducing the ]
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Memory Wall Era starts

Gen Al drives the cloud

Edge Al
scope
expanded

Attention Is All You Need
arXiv:1706.03762 . Reason, plan, act upon the queries
* Multi modal

‘7 Generative AI . Conversat!o_nal HMI

« Energy efficient processing (100sT/W)
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