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Edge Al Chip for Training

It necessitates - Advanced Technology
+ Novel Algorithm + Novel Architecture
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Classical Al Algorithms - Massive Computing Demands
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Classical Al Algorithms - Massive Memory Demands

THE DRIVE TO BIGGER Al MODELS

The scale of artificial-intelligence neural networks is growing exponentially, as measured
by the models’ parameters (roughly, the number of connections between their neurons)*.
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*'Sparse’ models, which have more than one trillion parameters
but use only a fraction of them in each computation, are not shown.
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DNN Alternative for Training at the Edge-Al
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Alternative for

Deep Neural Networks
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Alternative for
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—Novel Algorithm-Architecture
Co-Design for Edge Al

Performance and Power using 7nm TSMC

Multi-Core RISC-V for HDC Acceleration
RISC-V Customization for HDC

Brain-Inspired Hyperdimensional ‘
Computing (HDC)
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Hyperdimensional Computing: Robustness Errors
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Edge-Al Processor: From Tradition to Customization
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Multi-Core RISC-V: CPU Customization

Core 1 “small”
RISC-
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Core 3 “small”
RISC- 512 bit
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512 bit
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RISC-V Core Architecture
Core5“large”

RISC-V Program Memory
Core Large core: 128KB

512 bit

Small core: 6KB

/ Near-Memory Computing (NMC) Units \

8x8 16-bit MAC Systolic Array

HW tiling support for matrix multiplication
Vectorized MAC

Vector adder

HDC-special vector multiplier

Hamming distance (XOR-Popcount) /

Chair of Al Processor Design,

1) CemiEn e Technical University of Munich



RISC-V Customization for Edge Al: Training

mBaseline RISC-V / Human activity dataset \

m RISC-V with NMC o
= RISC-V with Multi-Core 1000 Samples for Training
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 Low Power: 23mW

* Energy: 21.5 pJ
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ASIP Designer
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RISC-V Customization for Edge Al: Training

mDNN ®mOur HDC / Human activity dataset \
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TSMC 7nm - First Chip from Uni. in Germany and EU

/ Edge Al: Training \

1 1000 samples in <1s
d Powerin 23 mW

 Similar accuracy to Neural Networks

EEE

5x Full Custom RISC-V with
Near-Memory Computing

\ FinFET 7nm TSMC /
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MACHT-AI Center
Munich Advanced-Technology Center for High-Tech Al Chips
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Edge Al for Training is Challenging

Processor
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