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Edge AI Chip for Training

It necessitates → Advanced Technology 

+ Novel Algorithm + Novel Architecture   
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Classical AI Algorithms → Massive Computing Demands

Computing 

demand

3.4 months 

doubling!

Source: https://openai.com
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More Efficient HW for AI 

→ Larger and larger AI models

→ Memory Bottleneck! 

→ Significant Efficiency Loss

Classical AI Algorithms → Massive Memory Demands
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Hyperdimensional
Computing

Edge AI
Training

TSMC 7nm

Domain
Specific

CPU  

DNN Alternative for Training at the Edge-AI 
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Alternative for 

Deep Neural Networks

Alternative for 

von-Neumann Architecture
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Performance and Power using 7nm TSMC 

Multi-Core RISC-V for HDC Acceleration

RISC-V Customization for HDC 

Brain-Inspired Hyperdimensional 
Computing (HDC)

Novel Algorithm-Architecture 

Co-Design for Edge AI  
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Hyperdimensional Computing: Robustness Errors

Errors injected in 

the underlying HW

operations 
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Edge-AI Processor: From Tradition to Customization
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Multi-Core RISC-V: CPU Customization
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RISC-V Customization for Edge AI: Training
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Baseline RISC-V

RISC-V with NMC

RISC-V with Multi-Core

Human activity dataset

1000 Samples for Training

• Training in < 1s

• Low Power:  23mW

• Energy: 21.5 µJ

• Frequency: 200 MHz



12 Confidential
H. Amrouch @ SEMICON

e-mail: amrouch@tum.de 

Chair of AI Processor Design, 

Technical University of Munich

RISC-V Customization for Edge AI: Training

0

10

20

30

40

50

60

70

80

90

100

A
c
c
u
ra

c
y
 [

%
]

DNN Our HDC Human activity dataset

1000 Samples for Training

Similar Accuracy to exiting DNN

• Our HDC Accuracy: 94%

• State-of-the-art DNN: 95% → but 

far from training at the edge 
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TSMC 7nm → First Chip from Uni. in Germany and EU

2mm

Edge AI: Training

❑ 1000 samples in < 1s

❑ Power in 23 mW

❑ Similar accuracy to Neural Networks 

5x Full Custom RISC-V with 

Near-Memory Computing

FinFET 7nm TSMC
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Innovative
AI Chips

T
S

M
C

16n
m

-
7
n

m

Tale
nt

Develo
pm

en
t

A
d
vanced

A
I C

hips

A
d

v
a
n
c
e
d

T
ra

in
in

g

MACHT-AI 

B
a
v
a
ri

a

TUM

Chip
Des

ig
n

Munich Advanced-Technology Center for High-Tech AI Chips

MACHT-AI Center

Launched in

September 2025
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Edge AI for Training is Challenging 

CC BY-SA

Novel AI 

Algorithms 

Processor 

Customization

https://creativecommons.org/licenses/by-sa/3.0/
https://creativecommons.org/licenses/by-sa/3.0/
https://creativecommons.org/licenses/by-sa/3.0/
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