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Accelerating the Exa.TrkX Inference on GPU

0.7 ± 0.13 sec

Baseline Imp. (s)

Data Loading 0.0022 ± 0.0003

Embedding 0.02 ± 0.003

Build Edge 11.52 ± 2.64

Filtering 0.67 ± 0.15

GNN 0.17 ± 0.03

Labeling 2.16 ± 0.3

Total Time 14.57 ± 3.14

cuGraph

0.0023 ± 0.0003

0.02 ± 0.002

0.53 ± 0.07

0.67 ± 0.15

0.17 ± 0.03

0.11 ± 0.01

1.53 ± 0.26

FRNN

0.0022 ± 0.0003

0.0067 ± 0.0007

0.04 ± 0.01

0.37 ± 0.08

0.17 ± 0.03

0.09 ± 0.008

0.7 ± 0.13

AMP

0.0022 ± 0.0003

0.0067 ± 0.0007

0.53 ± 0.07

0.37 ± 0.08

0.17 ± 0.03

0.09 ± 0.008

1.17 ± 0.18

Faiss

0.0021 ± 0.0003

0.02 ± 0.002

0.54 ± 0.07

0.67 ± 0.15

0.17 ± 0.03

2.14 ± 0.3

3.56 ± 0.55

arXiv preprint https://arxiv.org/pdf/2202.06929.pdf



Exa.TrkX Track Reconstruction - Scaling

Ju, X., Murnane, D., Calafiura, P., Choma, N., Conlon, S., Farrell, S., Xu, Y., Spiropulu, M., Vlimant, J.R., Aurisano, A. and Hewes, J., 2021. 
Performance of a geometric deep learning pipeline for HL-LHC particle tracking. The European Physical Journal C, 81(10), pp.1-14.
https://link.springer.com/article/10.1140/epjc/s10052-021-09675-8

CPU GPU



Towards Particle Tracking in Production 

• We need a mechanism to integrate the 
Exa.TrkX pipeline with C++-based event 
reconstruction workflows (ACTS).

• Deep learning inference runs predominantly 
on the GPUs.

• Python’s threading model is limited by the 
Global Interpreter Lock (GIL), slowing 
down throughput. 

• By converting the pipeline to C++, we can 
overcome Python threading drawbacks.

GIL



Python to C++
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Torch-TensorRT
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GNN 
Applications 
Real-time 
Processing

• Code analysis

• Automated HW/SW co-design

• Scene graph understanding

• Smart EDA tools

Low

• Transportation and traffic forecasting

• Social network analysis

• Recommender system

• Molecule generation and drug discovery

• Health records modeling

Medium

• LiDAR and point cloud data for autonomous driving

• High energy physics

• Network intrusion detection

High



GNN Applications 
Real-time Processing High

• LIDAR and point cloud data for autonomous driving

• High energy physics

• Network intrusion detection



3D Object 
Detection

Zhao, P., Niu, W., Yuan, G., Cai, Y., Sung, H. H., Liu, S., ... & Lin, X. (2020). Achieving real-time 

lidar 3d object detection on a mobile device. arXiv preprint arXiv:2012.13801.



3D Object 
Detection 
GNN Inference

Zhao, P., Niu, W., Yuan, G., Cai, Y., Sung, H. H., Liu, S., ... & Lin, X. (2020). Achieving real-time 

lidar 3d object detection on a mobile device. arXiv preprint arXiv:2012.13801.



PointPillars
Architecture



Get Ideas 
from 3D 
Object 
Detection

A case study of the deployment of PointPillars
for LiDAR-based 3D object detection.

They evaluate the runtime of the deployed 
DNN using two different libraries, TensorRT
(ONNX) and TorchScript (half precision). 

They observe slight advantages of TensorRT for 
convolutional layers and TorchScript for fully 
connected layers.

The scatter operation is implemented with 
C++ functions using the CUDA library.

Stäcker, L., Fei, J., Heidenreich, P., Bonarens, F., Rambach, J., Stricker, D., & Stiller, C. (2021). Deployment of Deep Neural Networks for Object Detection 

on Edge AI Devices with Runtime Optimization. In Proceedings of the IEEE/CVF International Conference on Computer Vision (pp. 1015-1022).



ONNX and TensorRT scatter ops



Other Inference Accelerators

https://github.com/microsoft/OLive

https://github.com/pytorch/glow

https://github.com/microsoft/OLive
https://github.com/pytorch/glow


New 
Developments



GNN Inference using 
Channel Pruning 

Zhou, Hongkuan, Ajitesh Srivastava, Hanqing Zeng, Rajgopal Kannan, and Viktor Prasanna. "Accelerating Large Scale Real-Time GNN 

Inference using Channel Pruning." arXiv preprint arXiv:2105.04528 (2021).



GenGNN Framework

EXISTING WORK GENGNN FRAMEWORK GENGNN ADVANTAGES

Abi-Karam, S., He, Y., Sarkar, R., Sathidevi, L., Qiao, Z., & Hao, C. (2022). GenGNN: A Generic FPGA Framework for Graph Neural 

Network Acceleration. arXiv preprint arXiv:2201.08475.).



Summary



Thank You!


