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HL-LHC Resource Cost

CMSPublic
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Track Reconstruction

CMS Experiment at the LHC, CERN
Data recorded: 2018-Nov-12 08:36:52.866176 GMT
Run/ Event / LS: 326586 / 2491137 /6

https://www.science-photo.de/bilder/12971111-Lead-ion-collision-event-in-CERN-s-CMS-detector



What do we do?



Parallelizable Solution

- Combinatorics increasing
exponentially

-  CPU computing power
plateauing

- GPU parallelization
favorable

Parallel computing!
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https://blogs.nvidia.com/blog/2017/05/24/ai-revolution-eating-software/



ML Parallelized Line-Segment Tracking

Fake Segments

Possible Line Segments
Graph Neural Network

\ Real Segments




ML Optimization

Parameters are the
configuration variables that
are internal to the model and
whose value can be
optimized by the machine
learning model during the
training phase of the
algorithm

Change of Machine Learning Model Parameters in response to varying message passing rounds




ML Hyperparameters
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Findings



ROC Curve of Varying Message Passing Rounds

Receiver Operating
Characteristic Curve
demonstrates the
performance of a
machine learning
model

NMP3 had the best
performance while

NMP5 had the worst.
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Varied Message Passing

— nmpl (AUC= 0.9737)
nmp2 (AUC= 0.9777)
nmp3 (AUC= 0.9806)

—— nmp4 (AUC= 0.9772)

—— nmp5 (AUC= 0.9626)
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Quantitative Performance

\ True Positive Rate (NMP1) R4 True Positive Rate (NMP3)

The nmp hyperparameter optimization increase the performance of the machine
learning model by 3% - 12%



Test Loss Curve of Varying Message Passing Rounds

Varied Message Passing Rounds

Another visual performance metric for
the machine learning model at each
number of message passing rounds.

NMP3 had the best performance while
NMPS5 had the worst.
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Conclusion

- N_message_ passing_rounds set to 3 produces the best results for this GNN
at the set hyperparameter configuration.




Future Research

Future Research

- optimization of other hyperparameters such
as learning rate and number of hidden layers

- ldentify and explain model anomalies (prev.
slide)
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Expanded Roc Curve
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Varied Message Passing Rounds
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