Future
Artificial
Intelligence
Research

Italiadomani

PIANO NAZIONALE
DI RIPRESA E RESILIENZA

dall'Unione europea 7 dell’Universita

NextGenerationEU

Finanziato ‘ 23, Ministero ‘

Conference on Computing in
High Energy and Nuclear Physics

CHEP
2024

October 19-25, 2024, Kracow, Poland

Real-Time implementation of Artificial Intelligence compression
algorithm for High-Speed Streaming Readout signals.

Fabio Rossi (presenter), Marco Battaglieri Edoardo Ragusa, Paolo Gastaldo Gagik Gavalian
Istituto Nazionale di Fisica Nucleare SEALab Universita di Genova Jefferson Lab
Genova (ltaly) Genova (Italy) Newport News (Virginia)




Finanziato >~ Ministero . . 4 Future
dall'Unione europea W~ dell’Universita l [taliadomani ' i“"f'.c'a'
\ = PIANO NAZIONALE ntelllgence

NextGenerationEU Qs (=] deua Rlcerca DI RIPRESA E RESILIENZA Research

High Energy Physics Experiment: Beam Dump eXperiment (BDX)
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Single module
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Very rare occurrence of Dark Matter events
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Retrieved from: Battaglieri, M., et al. "Dark matter search in a Beam-Dump eXperiment (BDX) at Jefferson Lab." arXiv preprint arXiv:1607.01390 (2016).
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Block scheme of data flow

Less pressure on ethernet devices
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Data from physical Experiment
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Autoencoder Definition

ENCODER DECODER

Machine Learning Algorithm

Artificial Neural Network

OUTPUT DATA

Unsupervised learning

INPUT DATA

Dimensionality reduction

Composed of two function:
- encoding
- decoding

Latent Space

'F Keras

TensorFlow

FULLY CONNECTED AUTOENCODER WITH DENSE LAYER
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Training of the Autoencoder model
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_ More detail in: Rossi, F., et al. “Artificial intelligence data reduction algorithm for streaming
Neurons in each layer readout in high energy physics experiment.” 2024 Congress in Computer Science, Computer
Engineering, & Applied Computing (CSCE)
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Comparison with standard lossless compression

Autoencoder compression
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Better compression ratio Better also on execution time
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OFFLINE
Data reduction algorithm definition
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Implementation of Data Reduction Node
N
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4 x NVIDIA Tesla V100 GPU

XILINX '
& Ums.

O Al

Data Reduction

| Receive S'g”a' ALVEO V70 FPGA

p
Compress

(Encoder)
\_

.

[ Transmnssnon ]

High performance DELL C6400 server
(4 x AMD EPYC 7413 24-Core Processor)
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Implementation: GPU

_______________________________________

4 x NVIDIA Tesla V100 GPU
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Execution time not enough Batch Size

for the application!
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e Definition
e Training
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e Validation

Execution time still not
enough for the application!
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Implementation: FPGA
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INITIALIZATION

e Compilation e Inference

e Deployment

Compression time of single signal

Max batch Size = 14 signals
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Implementation: High performance server

______________________________
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Implementation: High performance server

Execution time of different batches and threads number 20,0
8,0
——1
7,0 /
——10
6,0 ——14 é
X (]

'g' 100 £
o 20 —%—1000 g
S ©
£ —10000 =
[ 410 Q
451 w
S 3,0
&

2,0

1,0

1 10 100 1000 10000
0,0 : | Signals in batch
1 2 4 8 16 | 32 64 128
\ =
Threads Number Chosen 16 Threads

Reasonable execution time for the application
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Conclusion

Comparison of different Hardware Total Execution Time
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Rate can be managed for EVIO packet with at least 32 signals
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Further Studies

Low level FPGA implementation Statistical analysis of signals in each EVIO packet

Many small packets

Dedicated connectivity
(2xQSFP28 @ 100GbE)

TBD

Few big packets

Reduce execution time and maybe save money Estimate performance on real acquisition

...or very Low level
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