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https://www.nsf.gov/awardsearch/showAward?AWD_ID=2117997
https://a3d3.ai/


Open-source Python package that converts trained 
ML models (Keras, PyTorch, ONNX, etc.) into 
FPGA/ASIC firmware via high-level synthesis for 
low-latency inference

1 FPGA engineer + 0.3 FTE ML engineer. 
3 months

0.3 FTE ML engineer (no HDL experiences).
5 day
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Shih-Chieh (Jay) Hsu

徐士傑
● Professor, University of Washington Physics

● Adjunct Professor, University of Washington Electrical 
and Computer Engineering

● Adjunct Professor, National Tsing Hua University Physics

● Director, NSF HDR Institute A3D3

● Vice President, National Taiwan University Alumni 
Association of Northwest America

● Vice President, North America Taiwanese Science and 
Engineering Association, Seattle Chapter

Dr. Hsu studies studies 
fundamental science 
using real-time AI.
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Introduction/Advertisement of International Leading Research (JSPS grant) 
Development of the Energy Frontier and International Human Resources toward 
Unified Understanding of Interaction

Tokyo
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How AI transforms science research?

Credit Science for Afriace

How does AI transform scientific discovery?

https://scienceforafrica.foundation/media-center/harnessing-artificial-intelligence-transform-health-africa
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?

Deep Learning 
revolution

2020 2022    2024    

GenAI 
revolution

ChatGPT
Agentic AI

AlphaFold



Trending in industry
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Training

● Very large datasets & memory, CPU/GPU/TPU 
farms, floating point required

● Done in an AI/ML Framework (Tensorflow, 
PyTorch, etc.).

12Credit: Marzieh Vaez Torshizi

Inference

● Requires minimal computational resources 
● Often has real-time performance/power 

requirements that require custom 
hardware, e.g. FPGA/ASIC/Edge devices

Focus 
of this 
talk



LHC pushes technology limits
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TB/s

PB/s ● Data volumes 
surpass industry 
standards

● Streaming rates 
exceed 
commercial 
benchmarks

High Energy Physics 

https://a3d3.ai/activities/high-energy-physics/


Critical Common challenges 

14

Gravitational WaveNeuroscience

https://www.technologyreview.com/2019/12/14/131574/tidal-forces-carry-the-mathematical-signature-of-gravitational-waves/
https://indico.cern.ch/event/1156222/contributions/5062818/attachments/2521234/4335217/FastML2022.pdf
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Fast Machine Learning Community 

High-performance data systems with

● low latency
● high throughput processing, 
● real-time control modules, and 
● custom processing elements. 
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Fast Machine Learning Community 

High-performance data systems with

● low latency
● high throughput processing, 
● real-time control modules, and 
● custom processing elements. 

EPIGRAPHY
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NSF HDR Institute A3D3 (since 2021)
Accelerated Artificial Intelligence Algorithms for Data-Driven Discovery

Our Mission is to enable real-time AI 
techniques for scientific and engineering 
discovery by uniting three core 
components: Scientific Applications, 
Artificial Intelligence Algorithms, and 
Computing Hardware.

18
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Multi-institution

21 institutions 
170 members
(75% trainees)  

20

NSF Harnessing the Data 
Revolution Institute

($16M/5year)
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Multi-disciplines 

HEP

MMA

Neuros

CS/EE

Hsu
PI/Director

Harris
co-PI

Neubauer
co-PI

Liu Duarte

Hauck Li HanChen

Riedel

Orsborn Shlizerman Dadarlat

Coughlin
co-PI

Scholberg
co-PI

Graham Katsavounidis

Ju Lai

Rankin 

Sravan Li

Aarestad 

Sun

Gonski Carlsen 
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Cremonesi Buat

Cavanaugh

Yu

DiPetrillo

Loncar Liu Li Trivedi
賴伯承

35 faculty/staff



Credit: Onpassive 22

https://onpassive.com/blog/particle-physics-discoveries/
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Exabyte-scale 
datasets (1018 B)



The Need for the FastML

Innovative
Algorithms

(SuperSONIC)(HLS4ML)

Fast Machine Learning Collaboration

PGA

ASIC
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Latency Throughput

https://github.com/cms-sw/cmssw/tree/master/HeterogeneousCore/SonicCore
https://github.com/fastmachinelearning/hls4ml


25

Low Latency

Targeted system (FPGA/ASIC)



Hardware Algorithm Co-design, Automation
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Algorithm Hardware

  



Hardware Algorithm Co-design, Automation
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Algorithm Hardware

  

Tackle scientific data 
challenges:

● irregular data distributions
● scarce or limited labels
● interpretability and 

transparency of AI models.



Hardware Algorithm Co-design, Automation
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Algorithm Hardware

  

Tackle scientific data 
challenges:

● irregular data distributions
● scarce or limited labels
● interpretability and 

transparency of AI models.

Dedicated platforms 
optimized to 

● support these AI algorithms
● addressing the need for low 

latency, high throughput
● mindful consideration of power 

and memory constraints.



Hardware Algorithm Co-design, Automation
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Algorithm Hardware

  

https://github.com/fastmachinelearning/hls4ml 

● Enable domain experts to implement and deploy AI algorithms directly on hardware.
● Streamline the conversion from algorithm development to hardware execution.

https://github.com/fastmachinelearning/hls4ml




Programming Hardware (FPGAs)



Hardware Algorithm Co-design, Automation
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Algorithm Hardware

  

https://github.com/fastmachinelearning/hls4ml 

Low latency

https://github.com/fastmachinelearning/hls4ml


HLS4ML translating ML into FPGA firmware
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HLS4ML translating ML into FPGA firmware
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QKeras (Google)
QONNX (Microsoft/AMD)
Brevitas (AMD)
HAWQ (UC Berkeley)

https://www.nature.com/articles/s42256-021-00356-5
https://arxiv.org/abs/2206.07527
https://arxiv.org/abs/2102.11289
https://arxiv.org/abs/1905.03696


HLS4ML translating ML into FPGA firmware
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QKeras (Google)
QONNX (Microsoft/AMD)
Brevitas (AMD)
HAWQ (UC Berkeley)

https://www.nature.com/articles/s42256-021-00356-5
https://arxiv.org/abs/2206.07527
https://arxiv.org/abs/2102.11289
https://arxiv.org/abs/1905.03696


HLS4ML translating ML into FPGA firmware
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ASIC design

QKeras (Google)
QONNX (Microsoft/AMD)
Brevitas (AMD)
HAWQ (UC Berkeley)

VHDL/Verilog

https://www.nature.com/articles/s42256-021-00356-5
https://arxiv.org/abs/2206.07527
https://arxiv.org/abs/2102.11289
https://arxiv.org/abs/1905.03696


How can we accelerate an AI model on FPGA?
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Quantization
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Pruning
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Pruning

40



Parallelization and Timing



Graph Neural Networks for Tracking on FPGAs

Front. Big Data, 23 March 2022
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https://www.frontiersin.org/journals/big-data/articles/10.3389/fdata.2022.828666/full


Transformer Inference on FPGAs 
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Zhixing Jiang et al 2025 JINST 20 P04014

https://iopscience.iop.org/article/10.1088/1748-0221/20/04/P04014


Global Event Processor Evaluation Platform
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Upstream
Data

Upstream
Data

Zhixing Jiang et al 2024 JINST 19 P05031

https://iopscience.iop.org/article/10.1088/1748-0221/19/05/P05031/pdf


Evolution of LUT-based NNs

452025202420232020

Andronic, Cassidy FastML2025

https://indico.cern.ch/event/1496673/contributions/6637957/


Efficient Transformer Architectures for Point Cloud Data in 
High Energy Physics

● Charged particles leave hits on multiple detector 
layers → point cloud, sparse, irregular 

● Locality-Sensitive Hashing-Based Efficient Point 
Transformer (HEPT)
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J.-F. Schulte

https://indico.cern.ch/event/1496673/contributions/6637914/attachments/3128257/5549501/HEPT_FastML2025_JSchulte.pdf
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ANOMALY DETECTION AT 40 MHZ

● Anomaly detection algorithm for the trigger based on a variational autoencoder

Kaito Sugizaki
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Partnership and FastML Ecosystem
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 Growing strong industry connections with
 support through the Fast ML community

https://fastmachinelearning.org/


A3D3 Postbac
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Jada Marshall

Purdue University

Neuroscience

Supervisor: Maria Makin

Kira Nolan

CalTech

MMA

Supervisor: Matthew Graham

Lucie Afko

Duke University

HEP/MMA

Supervisor: Kate Scholberg

Malina Desai

MIT

MMA

Supervisors: Philip 
Harris, Erik 
Katsavounidis



Workshop & Conferences
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● Workshop 

● Summer school

● Conference

https://indico.cern.ch/event/1282754/
https://sites.google.com/view/hls4mlsummerschool/home
https://indico.cern.ch/event/1496673/




Summary

Real-time AI is transforming scientific and 
engineering discovery.

● HLS4ML: Speeds deployment of ML algorithms to 
FPGA/ASIC, optimizing workflows.

● Expanding Ecosystem: A growing community 
driving innovation across disciplines.
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Shih-Chieh Hsu
http://faculty.washington.edu/schsu/ 
schsu@uw.edu 
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http://faculty.washington.edu/schsu/
mailto:schsu@uw.edu


On-chip probabilistic inference for charged-particle 
tracking at the sensor edge
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Arghya Ranjan Das et al arXiv:2602.15946v2 

https://arxiv.org/pdf/2602.15946v2
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Fusion: in-situ inference on frame grabber FPGAs in 
high-speed imaging
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YOLO-style model

Fusion magneto hydrodynamics and 
crystal structure detection Rev. Sci. Instrum. 95, 073509 (2024)

https://arxiv.org/abs/2312.00128


4D Scanning Transmission Electron Microscopy
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Agar_FastML_talk

4K resolution in 5K fps

https://indico.cern.ch/event/1283970/contributions/5550641/attachments/2721072/4727363/Agar_FastML_talk.pdf


Wildfire: Enabling Embedded Systems and IoT

Utilization of hls4ml to integrate AI 
detection models (trained with 
PyTorch and TensorFlow-Keras) 
onto FPGAs, demonstrating the 
effectiveness of this approach for 
rapid and efficient wildfire detection 
and prevention strategies.
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Closed-Loop Brian Stimulation
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High Throughput

Heterogeneous System



Coprocessor Integration Approaches
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1. Direct connection
Inflexible, expensive

2. “As a service”
Complex, requires R&D



Not so different from ChatGPT!
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Let’s go dragon boat racing!

What to do in Kaohsiung in 
Summer 2025?



A computing paradigm adaptive to changing 
hardware landscape

Services for Optimized Network Inference on Co-processors. 
“Inference-as-a-Service”:

● Client–server architecture
● Data sent to GPU/FPGA server via gRPC
● Results returned synchronously or asynchronously

65

Coproc.



SuperSONIC

● SuperSONIC implements SONIC server infrastructure as a portable package based on 
open-source industry-standard tools.

● GitHub: https://github.com/fastmachinelearning/SuperSONIC 
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GPU    

“Client”                                        “Server”

Client workflows vary 
between experiments, but 
server feature needs are 
largely similar.

Many applications can 
benefit from a common 
server implementation.

SuperSONIC

https://github.com/fastmachinelearning/SuperSONIC


Gravitational Wave Data workflow for Alerts
Multi-messenger Astrophysics
Rapidly identify all signals from multi-messenger events
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MMA: Aframe + AMPLFI deployed Summer 2025!
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Posterior Likelihood Prior

In Likelihood-free Inference: 
Learn the distribution from 

simulations

NN approximator



MMA: Aframe + AMPLFI deployed Summer 2025!
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● Made the first Compact Binary 
Coalescence discovery using NNs

○ S250904cv, S250904br, S250904ae, S250901cb, 
S250830bp, S250830m

○ First alert from Aframe.

https://gracedb.ligo.org/superevents/S250904cv/view/
https://gracedb.ligo.org/superevents/S250904br/view/
https://gracedb.ligo.org/superevents/S250904ae/view/
https://gracedb.ligo.org/superevents/S250901cb/view/
https://gracedb.ligo.org/superevents/S250830bp/view/
https://gracedb.ligo.org/superevents/S250830m/view/

