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FASTER
1. FASTERV2 - Real time acquisition system
2. FASTERV3 - Real Time acquisition platform
3. NVIDIA Jetson modules
THINK

Al vs ML vs ANN vs DL

THINK challenges

THINK challenges benchmark

From Pytorch to TensorRT with ONNX
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Click on channel groups to view channels
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General configuration
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Timed Acquisition
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Based on Root

Ubuntu repository
Carniol Benjamin, Chaventré Thiérry, Cussol Daniel,

Etasse David, Fontbonne Cathy, Fontbonne Jean-Marc,

Harang Julien, Hommet Jean, Langlois Jérome, Poincheval Jérome
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MULTI-CHANNELSYSTEM

* 4 FADC (125MHz@14bits) * 2 FADC (500MHz@12bits) <+ DDC316 from Tl * ISEG BPS-Serie - 4W
e +1V, £2V, £5V, £10V input range * £1V input range * 32 channels *+500Vto 6KV
* 25 MHz Bandwidth * +1Vinput adjustable Offset ¢ I-TO-V conversion front end

* 100 MHz Bandwidth * 3pCto 12 pC (full scale)

* Integration time range from
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HPGe detector, MOSAHR board, FASTER ADC
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e Ubuntu 16.04 or 18.04 or 20.04 LTS 64 bits
e ADA, C and Python
e Software trigger (multiplicity or Boolean trigger)
e Faster repository on LPCServer
e sudo apt_get install fasterv2
e Update the software and the FIRMWARE at the same time
e Offline analysis package
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FASTER-V3

A New real time, digital acquisition platform

Same real time FPGA algorithms as FASTER-V2
+

User algorithms
+

News digitizers (16bits@125 Msps-> 10bits@5 Gsps)
+

1588 V2.1 and SyncE
+

Epics compatible
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FASTER-V3
Acquisition
platform
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I
I
Software
Environnement
- Ubuntu 20.04
- Cuda 10
- PyTorch
- TensorFlow

- TensorRT
- C/C++
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Train your model with
the GPU NVIDIA A100
TENSOR CORE

PCIE board

TENSOR-RT

Dramatically speed up Deploy your model to
and reduce memory vyour fleet of jetson
usage for your model on module

Jetson module
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Module Name

Jetson Nano

Jetson TX2
Series (Nx)

Jetson Xavier
NX

Jetson AGX
Xavier
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69.6 * 45 (mm)
260-pin So-
DIMM

69.6 * 45 (mm)
260-pin So-
DIMM

69.6 * 45 (mm)
260-pin So-
DIMM

100 * 87 (mm)
699-pin
connector

performance

472 GFLOPs

1.33 TFLOPs

21 TOPs

32 TOPS

128-cores

256-cores

384-cores with 48
Tensor Cores

512-cores with
64 Tensor Cores

CPU

(core)

2+4

6

8

W lhkm | W N’ 1N

Memory
LPDDR4(x)

4 GB 64-bits
(25.6GB/s)

4 GB 128-bits
(51.2GB/s)

8 GB 128-bits
(59.7GB/s)

32 GB 256-bits

(136.5GB/s)

1x4
(PCle Gen2)

1x1+ 1x2
(PCle Gen2)

1x1
(PCle Gen3)
+
1x4
(PCle Gen4)

I1x8+1x4+1

X2 +2 x1
(PCle Gen4)

IVINS bf W s

5W/10W

7.5W | 15W

10W | 15W |
20W

10W | 15W |
30w

112 €

172 €

414 €

864 €
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Artificial intelligence (Al)

Artificial intelligence

Artificial neural

Any techniques that enable machines to solve a task in a
way like humans do

Machine learning (ML)
Algorithms that allow computers to learn from examples
without being explicitly programmed

networks

Deep

Artificial neural networks (ANN)

Brain-inspired machine learning models

learning

Machine Learning ] Lato
ncoder space
& |k~ 17
Input Feature extraction Classification Output
Deep Learning
o - i -
0
Input Feature extraction + Classification Output Input Data Encoded Data
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Deep learning (DL)

A subset of ML which uses deep artificial neural networks
as models and automatically builds a hierarchy of data
representations

Decoder

?

Reconstructed Data 0 02 04 06 08 1 1z 14 16 18 2

E[MeVee]




Frédéric Magniette
LLR - Think Project

Laboratoire
Leprince-Ringuet
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O PyTorch

/ ONNX

opyTorchmb @ ONNX= 7 sunive

JETSON XAVIER NX
- T_ —_—
—
e —
—
—_

JETSON AGX XAVIER
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Open Neural Network eXchange

ONNX is an open format built to represent machine learning models. ONNX defines a
common set of operators - the building blocks of machine learning and deep learning
models - and a common file format to enable Al developers to use models with a
variety of frameworks, tools, runtimes, and compilers.

Training framework Deployment target

uf:“ : <

! At

Open and
interoperable
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Trained Neural Optimized Inference

Network Engine
1. Reduce Mixed Precision 5. 2. Layer and Tensor Fusion
Maximizes throughput by quantizing Optimizes use of GPU memory and bandwidth
models to INT8 whilepreserving accuracy by fusingnodes ina kernel
3. Kernel Auto-Tuning 4. Dynamic Tensor Memory
Selects best data layers and algorithms Minimizes memory footprintand reuses
based on the target GPU platform memory for tensors efficiently
5. Multi-Stream Execution 6. Time Fusion
Uses a scalabledesign to process Optimizes recurrent neural networks
multipleinputstreamsinparallel over time steps with dynamically generated kernels
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Challenge 1
- 20000 points for each challenge:
b - 18000 for the training
- 2000 for testing
- A perceptron reference implementation

N [2,8,1]

—0 50 —0 25 0. 00

0.8 1

0.6 1

0.4 1

Intel Core 17 (2.8Ghz 4 Cores) JETSON XAVIER NX JETSON AGX XAVIER

Pytorch ONNX TensortRT Pytorch ONNX Tensort Pytorch ONNX TensortRT
runtime Runtime RT Runtime
Batch_size=1
Batch_size= 100
Batch_size= 1000
GPU Pytorch ONNX RT TensortRT Pytorch ONNX RT Tensort Pytorch ONNX RT TensortRT
RT

Batch_size=1
Batch_size= 100

Batch_size= 1000
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Challenge 1
- 20000 points for each challenge:
b - 18000 for the training
- 2000 for testing
- A perceptron reference implementation

N [2,8,1]

—0 50 —0 25 0. 00 0.2

0.8 1

0.6 1

0.4 1

Intel Core 17 (2.8Ghz 4 Cores) JETSON XAVIER NX JETSON AGX XAVIER

Pytorch ONNX TensortRT Pytorch ONNX Tensort Pytorch ONNX TensortRT
runtime Runtime RT Runtime
Batch_size=1 ~60ms  ~650 ms
Batch_size= 100 ~1ms ~13 ms
Batch_size= 1000 ~0.3ms  ~0.5ms
GPU Pytorch ONNX RT TensortRT Pytorch ONNX RT Tensort Pytorch ONNX RT TensortRT
RT

Batch_size=1
Batch_size= 100

Batch_size= 1000
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Challenge 1
- 20000 points for each challenge:
b - 18000 for the training
- 2000 for testing
- A perceptron reference implementation

N [2,8,1]

—0 50 —0 25 0. 00 0.2

0.8 1

0.6 1

0.4 1

Intel Core 17 (2.8Ghz 4 Cores) JETSON XAVIER NX JETSON AGX XAVIER

Pytorch ONNX TensortRT Pytorch ONNX Tensort Pytorch ONNX TensortRT
runtime Runtime RT Runtime
Batch_size=1 ~60ms  ~650 ms ~500 ms ~170 ms
Batch_size= 100 ~1 ms ~13 ms ~10 ms ~2.5ms
Batch_size= 1000 ~0.3ms ~0.5ms ~3 ms ~0.8 ms
GPU Pytorch ONNX RT TensortRT Pytorch ONNX RT Tensort Pytorch ONNX RT TensortRT
RT

Batch_size=1
Batch_size= 100

Batch_size= 1000
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Challenge 1

1.01

0.8 1

0.6 1

0.4 1

0.2

0.0

~0.50 -0.25 000 025

- 20000 points for each challenge:
- 18000 for the training
- 2000 for testing

- A perceptron reference implementation

[2,8,1]

Intel Core 17 (2.8Ghz 4 Cores) JETSON XAVIER NX JETSON AGX XAVIER

Pytorch ONNX
runtime
Batch_size=1 ~60ms  ~650 ms
Batch_size= 100 ~1ms ~13 ms
Batch_size= 1000 ~0.3ms ~0.5ms
GPU Pytorch ONNX RT

Batch_size=1
Batch_size= 100

Batch_size= 1000

TensortRT

TensortRT

Pytorch ONNX Tensort
Runtime RT

~500 ms ~170 ms

~10 ms ~2.5ms
~3 ms ~0.8 ms
Pytorch ONNX RT Tensort

RT

Pytorch

~500 ms

~50 ms

~25 ms

Pytorch

ONNX TensortRT
Runtime

~110ms

~1.5ms

~0.5ms

ONNX RT TensortRT
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Challenge1

1.01

0.8 1

0.6 1

>
0.4 1

0.2

0.0

~0.50 -0.25 000 025

- 20000 points for each challenge:
- 18000 for the training
- 2000 for testing

- A perceptron reference implementation

[2,8,1]

Intel Core 17 (2.8Ghz 4 Cores) JETSON XAVIER NX JETSON AGX XAVIER

Pytorch ONNX
runtime
Batch_size=1 ~60ms  ~650 ms
Batch_size= 100 ~1ms ~13 ms
Batch_size= 1000 ~0.3ms ~0.5ms
GPU Pytorch ONNX RT

Batch_size=1
Batch_size= 100

Batch_size= 1000
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TensortRT

TensortRT

Pytorch ONNX
Runtime

~500 ms ~170 ms

~10 ms ~2.5ms

~3 ms ~0.8 ms
Pytorch ONNX RT

~1800 ms

~800 ms

~800 ms

Tensort Pytorch
RT

~500 ms

~50 ms

~25 ms

Tensort Pytorch
RT

ONNX TensortRT
Runtime

~110ms

~1.5ms

~0.5ms

ONNX RT TensortRT




Challenge 3

ch3 =

1.01

- 20000 points for each challenge:
- 18000 for the training
- 2000 for testing
- A perceptron reference implementation

0.8

0.6

0.4 4

0.2 4

0.0

e e B 9% 4 o% b ik [2,200,100,50,1;
Error<0.2% Intel Core 17 (2.8G 4 Cores) JETSON XAVIER NX JETSON AGX XAVIER
Pytorch ONNX TensortRT Pytorch ONNX Tensort Pytorch ONNX TensortRT
runtime Runtime RT Runtime
Batch_size=1

Batch_size= 100
Batch_size= 1000

GPU Pytorch ONNX RT TensortRT Pytorch ONNX RT Tensort Pytorch ONNX RT TensortRT

RT

Batch_size=1
Batch_size= 100

Batch_size= 1000
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~ Challenge3

- 20000 points for each challenge:
- 18000 for the training
- 2000 for testing
- A perceptron reference implementation

0.8

0.6

0.4 4

0.2 4

0.0 v
e e B 9% 4 o% b ik [2,200,100,50,1;
Error<0.2% Intel Core 17 (2.8G 4 Cores) JETSON XAVIER NX JETSON AGX XAVIER
Pytorch ONNX TensortRT Pytorch ONNX Tensort Pytorch ONNX TensortRT
runtime Runtime RT Runtime

Batch_size=1 ~70ms  ~700 ms
Batch_size= 100 ~1ms ~15ms
Batch_size= 1000 ~0.4ms  ~8ms

GPU Pytorch ONNX RT TensortRT Pytorch ONNX RT Tensort Pytorch ONNX RT TensortRT

RT

Batch_size=1
Batch_size= 100

Batch_size= 1000
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Challenge 3

ch3 =

1.01

- 20000 points for each challenge:
- 18000 for the training
- 2000 for testing
- A perceptron reference implementation

0.8 4

0.6

0.4 4

0.2 4

0.0

e e B 9% 4 o% b ik [2,200,100,50,1;
Error<0.2% Intel Core 17 (2.8G 4 Cores) JETSON XAVIER NX JETSON AGX XAVIER
Pytorch ONNX TensortRT Pytorch ONNX Tensort Pytorch ONNX TensortRT
runtime Runtime RT Runtime
Batch_size =1 ~70 ms ~700 ms ~1200 ms  ~240 ms

Batch_size=100 ~1ms ~15ms ~50 ms ~10ms
Batch_size= 1000 ~0.4 ms ~8 ms ~35 ms ~8 ms

GPU Pytorch ONNX RT TensortRT Pytorch ONNX RT Tensort Pytorch ONNX RT TensortRT

RT

Batch_size=1
Batch_size= 100

Batch_size= 1000
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Challenge 3

ch3 =

1.01

- 20000 points for each challenge:
- 18000 for the training
- 2000 for testing
- A perceptron reference implementation

0.8 4
0.6
>

0.4 4

0.2 4

0.0

e e B 9% 4 o% b ik [2,200,100,50,1;
Error<0.2% Intel Core 17 (2.8G 4 Cores) JETSON XAVIER NX JETSON AGX XAVIER
Pytorch ONNX TensortRT Pytorch ONNX Tensort Pytorch ONNX TensortRT
runtime Runtime RT Runtime
Batch_size=1 ~70ms  ~700 ms ~1200 ms  ~240 ms ~500 ms  ~150ms
Batch_size=100 ~1ms ~15ms ~50 ms ~10ms ~50 ms ~8ms
Batch_size= 1000 ~0.4 ms ~8 ms ~35 ms ~8 ms ~25 ms ~6ms
GPU Pytorch ONNX RT TensortRT Pytorch ONNX RT Tensort Pytorch ONNX RT TensortRT
RT

Batch_size=1
Batch_size= 100

Batch_size= 1000
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Challenge 3

ch3 =

1.01

- 20000 points for each challenge:
- 18000 for the training
- 2000 for testing
- A perceptron reference implementation

0.8 4
0.6
>

0.4 4

0.2 4

0.0

e [2,200,100,50,1;
Pytorch ONNX TensortRT Pytorch ONNX Tensort Pytorch ONNX TensortRT
runtime Runtime RT Runtime
Batch_size=1 ~70ms  ~700 ms ~1200 ms  ~240 ms ~500 ms  ~150ms
Batch_size=100 ~1ms ~15ms ~50 ms ~10ms ~50 ms ~8ms
Batch_size= 1000 ~0.4 ms ~8 ms ~35 ms ~8 ms ~25 ms ~6ms
GPU Pytorch ONNX RT TensortRT Pytorch ONNX RT Tensort Pytorch ONNX RT TensortRT
RT
Batch_size=1 ~2300 ms
Batch_size= 100 ~830 ms
Batch_size= 1000 ~800 ms
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- Runninga ONNX model on GPU (onnxruntime_gpu)
- Runninga ONNX model with TensorRT

- FP32 -> FP16 -> INT8

- Include Memory copy latency (CPU to GPU)

19 Novembre 2021, RawToSmart Data, David Etasse




