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The Problem
● Too much data, too little storage
● Not unique to LHC Experiments
● High demand for compression

ATLAS HL-LHC Computing Conceptual Design 
Report
Calafiura, P ; Catmore, J ; Costanzo, D ; Di 
Girolamo, A
http://cds.cern.ch/record/2729668/
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https://cloud.datapane.com/reports/dkjK28A/big-data-2021/ - Image 
by Luca Clissa

https://cloud.datapane.com/reports/dkjK28A/big-data-2021/


A Solution
● One approach: Lossy compression
● One problem: Lossy compression needs to be tailored
● Solution: Lossy Machine Learning based compression
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Figure modified from:
https://tikz.net/neural_networks/
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Our Tool: “Baler”
● We have created a tool called “Baler” to help 

investigate the viability of this compression

● Multidisciplinary tool

● Distributed and developed as an open source project
○ https://github.com/baler-collaboration/baler

● Simple to install as a pip package or as
command line tool
○ pip install baler-compressor

○ Poetry run python baler --project=CMS --mode=train

○ Docker also available
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https://arxiv.org/abs/2305.02283
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https://github.com/baler-collaboration/baler
https://arxiv.org/abs/2305.02283


Workflow
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Results: Jet Transverse Momentum
● Open CMS Data

○ ~ 600 000 jets

●  24 variables per 
jet compressed 
to 14 variables

● 58% original size
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DOI:10.7483/OPENDATA.CMS.KL8H.HFVH

http://doi.org/10.7483/OPENDATA.CMS.KL8H.HFVH


Results: CFD
● Data consists of 2D slice of a liquid flowing over a cube
● The compressed file is 0.5% the size of the input
● Model much larger…    (O(MB))
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Online vs offline (X-Ray Diffraction)
● Previously applied 

model trained on one 
dataset to the same 
dataset (offline)

● Can also apply to 
similar but unseen 
datasets (online)

○ Eliminate the cost of the 

model size!

● Useful for compressing 
live data (triggers, 
networks, etc)
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Online vs offline (Video)
● Previously applied 

model trained on one 
dataset to the same 
dataset (offline)

● Can also apply to 
similar but unseen 
datasets (online)

○ Eliminate the cost of the 

model size!

● Useful for compressing 
live data (triggers, 
networks, etc)
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Anomaly Detection for Outlier Removal
● Online performance degraded by outliers
● Exploring use of anomaly detection to 

separate outliers 
○ Outliers could be stored in full for further 

analysis

● Use a simplified version of BALER to build 
a probability distribution of points in 
latent space

● Remove points that significantly disagree, 
iterate recursively

● Performance evaluation ongoing

10BALER: ML Data Compression in Real Time - James Smith - UoM - IOP HEPP APP NPP 202410/04/2024



● Prototype version for developing and running BALER on an FPGA
○ Using vivado HLS code

● Useful in bandwidth-restricted cases
○ Network cards, detector readout, triggers, transmitters

● Assessing performance, latency and power efficiency

Baler on FPGA: Workflow

11BALER: ML Data Compression in Real Time - James Smith - UoM - IOP HEPP APP NPP 202410/04/2024

Input Data

Trained Model

Baler 
Decompressed 

data

hls4ml 
conversion + 

predict

C/RTL 
Simulation

Bad 
response

Change hls4ml 
configuration

Generate IP Synthesis & 
Implementation Test on FPGA

Compare 
outputs

Meets 
Timing

Failed 
Timing

Baler
Vivado HLS
Vivado
Python

Compare 
outputs

Good
Response



● Prototype version for developing and running BALER on an FPGA
○ Using vivado HLS code

● Useful in bandwidth-restricted cases
○ Network cards, detector readout, triggers, transmitters

● Assessing performance, latency and power efficiency

Baler on FPGA: Workflow
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Software Sustainability
● Funded by software sustainability grants
● How can we improve climate impact?

○ Reduce software resource usage

■ Efficient software

■ Share cross-discipline expertise

○ Reuse software

■ Open-source

■ Well-written so it can be extended

■ Generic as possible

○ Recycle old software

■ Good documentation!

■ Good publicity

■ Preserve code and datasets (github, zenodo)
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Summary
● BALER is a new toolkit for compressing data using auto-encoders
● Capable of impressive compression results, but requires saving a large model
● New developments targeting reusing models for online lossy compression
● New developments incorporating anomaly detection for outlier removal
● New developments targeting FPGAs for network or trigger applications
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Interested? Contact us & Get involved!
● We are a friendly, cross-discipline 

team with significant involvement 
from ECRs and industry

● Master’s and PhD projects very 
welcome and can be supported

● https://github.com/baler-collaborati
on/baler 

● james.smith-7@manchester.ac.uk
● caterina.doglioni@manchester.ac.uk
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Backup
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X-Ray Diffraction
● “4M simulated diffraction images of chaperone 3iyf”

○ In actuality 151x151x151 array, which I split into two 75x150x15 arrays

● Train on one half to compress down to 0.001% the original size
● Used for compression of the other half

○ Actually great performance
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1.7x vs 6x compression
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1.7x compression 6x compression



Full variable list (see https://arxiv.org/abs/2305.02283)
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https://arxiv.org/abs/2305.02283


Vivado Project - (in 
progress)

Baler IP ILA

Virtex Ultrascale+ VCU118 FPGA

IPbus
Allows testing of multiple batches of 1024 

entries

Allows saving outputs of multiple batches to 
file

Controlled by a python script  
Batch
Inputs

Batch
Outputs

Memory Unit
(BRAM)



Prototype Specifications

Resource Utilization

ILA Wave Diagram

Synthesis Timing Estimation
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Preliminary Results: Data vs 
FPGA



Preliminary Results: GPU vs 
FPGA


