Edge Al:
Closer, Safer, Smarter

by Prof. Amrouch
Chair of Al Processor Design
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Data on Cloud — Serious Privacy Concern
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Data on Cloud — Serious Privacy Concern

Al is split between the
end-user and cloud
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Cloud must not have the Full Picture!
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Al Cloud Edge Al with
Outside the User
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Edge Al Chip for Training

It necessitates - Advanced Technology
+ Novel Algorithm + Novel Architecture
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Classical Al 2 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)*.

® Language Image generation @ Vision Other
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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.

H. Amrouch @ Bavarian Semiconductor 10  Confidential Chair of Al Processor Design,
Congress, e-mail: amrouch@tum.de Technical University of Munich



Massive Temperature!

Insufficient Massive
0 n -C h i p Memory Local Unified Buffer for Matrix Multiply Unit Com putati o n

Activations (256x256x8b=64K MAC)

(96Kx256x8b = 24 MiIB) 24%
29% of chip
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AI Chip: Google TPU [ISCA'17]

Excessive Temperature
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DNN Alternative for Training at the Edge-Al

Domain
Specific : y
RISC

PU Edge Al
ge
\‘V""*’ﬂ é'?‘ Training
3’ TSMC 7nm

Brain- Insplred
Computing
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Alternative for

Deep Neural Networks
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Alternative for
von-Neumann Architecture



—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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Brain-Inspired Hyperdimensional Computing

Example: Language classification

(1) Assign a random vector: VERY large (10k bits)

a=[10110000010000110101]
b=[10100011011010000001]

'=[10101111000111100101]

(2) Encoding with N-Grams using two simple operations: XOR, Rotate

“Hi” - [H] XOR [Rotate(i)]
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Brain-Inspired Hyperdimensional Computing

Training Text: To be, or not to be
—

[00100100000111110001]4J

[01110100110101111111]«

[10100100010111100010 J&—

4 . 5
Entire language is
just one Hyper

[10100100010111100010 ]«

G Count 1's Y,
Y

Majority gate

Vector
\_ J

[3,6,10,9,13,4,19, ..70]
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Robustness against HW Errors and Noise
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Errors injected in the Errors injected in the
underlying HW operations iInput data - noise in samples
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Edge-Al Processor: From Tradition to Customization
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RISC-V: CPU Customization and Architecture

Core 1 “small”
RISC-

1 ]
— Y,
e
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Core 3 “small”
RISC- 512 bit

.
V
NMC Core
Units

Core 4 “small”
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,
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RISC-V Customization for Edge Al: Training

mBaseline RISC-V / Human activity dataset \
m RISC-V with NMC

= RISC-V with Multi-Core 1000 Samples for Training

Training in < 1s
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—

Low Power: 23mW (full chip
including 10 power)

Frequency: 200MHz
Energy: 21.5 pJ
Voltage: can be scaled to 0.5V 2

\ further improvements in power /
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RISC-V Customization for Edge Al: Training

BDNN  ®Our HDC / Human activity dataset \
1000 Samples for Training

Similar Accuracy to exiting DNN
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 Our HDC Accuracy: 94%

« State-of-the-art DNN: 95% - but
kfar from training at the edge /

H. Amrouch @ Bavarian Semiconductor 21 Confidential Chair of Al Processor Design,
Congress, e-mail: amrouch@tum.de Technical University of Munich



First Chip from Uni. in EU in TSMC 7nm!
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MACHT-AI Center

Bayerisches Staatsministerium fir ' Bayerisches Staatsministerium fur ‘” o
Wirtschaft, Landesentwicklung und Energie . Wissenschaft und Kunst ¢#,24 “? € oy

Launched in
September 2025
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MACHT-AI Center
Munich Advanced-Technology Center for High-Tech Al Chips

TUM Chair of Al Processor Design (Prof. Amrouch)

H. Amrouch @ Bavarian Semiconductor
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MACHT-AI: Training and Research Center funded by the
Bavarian State Ministry of Economic Affairs and State
Ministry of Science.

Exclusive Focus on 16nm and 7nm TSMC.

Location: Technical University of Munich, Chair of Al
Processor Design. Lead: H. Amrouch

Goals:

« Training on the TSMC’s FInFET Technologies

« Developing ultra-efficient Al chips in TSMC’s 16nm, 7nm

Chair of Al Processor Design,

s GO Technical University of Munich



1st FinFET Training Workshop (TSMC FinFET

TSMC 16nm FinFET Academic Design
www.macht-ai.de (Digital Design)

Cost: Free
Length: One full week - only in person

Start Date: 09 March 2026

End Date: 13 March 2026

15t MACHT-AI Training Work
on TSMC FinFET (ADFP) '\ N

Teaching Style: The course combines in-depth theoretical foundations
in FinFET technology and digital chip design as well as extensive

hands-on with practical training.

-
Reglsmr Attendees: The workshop will host 25-30 participants. In case of high
demand, priority will be given to applicants who already have prior
experience in chip design and who seek to deepen their expertise in

advanced FinFET technology.

1 st Wo rks h o p . M a rch 2026 Overview: This is a comprehensive and intensive one-week course

designed to provide participants with anin-depth training on TSMC 16
nm FinFET technology. The course focuses on digital design, covering
the complete workflow from RTL to final tape-out. The training will be

2nd WO rkS h o p . J u Iy 2026 offered using the N16ADFP (Academic Design Foster Package)

technology.
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MACHT-AI:

www.macht-ai.de

15t MACHT-AI Training W
on TSMC FinFET (ADFP)
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Training Workshops Plan

Plan and Vision for 5 Years \

 Train Students > 500 students

d Tape-out > 10 Tape-out in 7nm and

16nm with priority for 7nm.

U Chiplet designs brining 16nm and
\ 7nm tape-outs into one Al Chip /

Chair of Al Processor Design,

AY - GO Technical University of Munich



Edge Al for Training is Challenging

Processor

2 Customization
N

ovel Al Advanced

Algorithms e Technology
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