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State of the Art: Event reconstruction

e Supervised Learning
e Hillas parameters

e Random Forest
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State of the Art: Event reconstruction

e Deep Learning

e CNN-based -
architecture i
(RO/R1)
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Hypothesis and objectives: Model compression

[ Explore model compression for ResNet-36 ]

Objectives \

Identify and explore model compression techniques
Implement:
— Quantisation

— Pruning

Evaluate degradation in performance
—  Metrics
— IRFs

K Evaluate model size reduction /
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Hypothesis and objectives: Model compression

|

[ Explore model compression for ResNet-36
Objectives \
Explore model compression techniques |
Implement: Note!

—  Pruning v
— Quantisation

— Metrics
— IRFs

Currently on offline
model: extension to

Evaluate degradation in performance trigger will come soon

\- Evaluate model size reduction
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Methodology

Magnitude- based Pruning
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Methodology

Implement pruning e X3 Evaluation:
based magnitude — e Metrics
e |[RFs
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Results: Classification task

Compare with Baseline
Efficiency cut on 70%

Gammaness histograms

ROC curves: performance of a
binary classifier as a function
of gammaness

Area under curve (AUC)
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Results: Classification task

, Gammaness Distribution per particle type
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True Positive Rate

Results: Classification task

Energy bin 0.02TeV- 0.03TeV
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True Positive Rate

Results: Classification task
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True Positive Rate

Results: Classification task

Energy bin 0.04TeV- 0.06TeV
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True Positive Rate

Results: Classification task
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Results: Classification task
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Results: Classification task

Energy bin 0.16TeV- 0.25TeV
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Results: Classification task
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Results: Classification task

Energy bin 0.40TeV- 0.63TeV
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Results: Classification task
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True Positive Rate

Results: Classification task
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Results: Classification task
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Results: Classification task
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Results: Classification task

Zoomed View (0.90 - 1.00 AUC)
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Results: Regression task
Resolution Curves

- Angular resolution
- Energy resolution
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Results: Regression task

Polynomial: Similar to baseline
until sparsities up to 90%

Polynomial outperforms
constant schedule

Possible improvement in some
energy ranges
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Results: Regression task
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Results: Model size

Evaluate the size of
the model as a
function of sparsity
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Results: Reduction in size

Model Size vs Sparsity for Different Tasks
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Results: Reduction in size

Model Size vs Sparsity for Different Tasks
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Conclusions & Future Work

sparsity

significant degradation up to 90-95%.

» Energy polynomial schedule without
significant degradation at 90%.

* Direction: polynomial schedule without
significant degradation up to 90%.

 Significant reduction in model size

\_

e Classification: polynomial schedule without

/ Conclusions \
e Polynomial sparsity outperforms constant
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Primary Gamma-ray

Cascada Electromagnética:
- Rayo Gamma (y)
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Baseline: auc score = 0.637
30%:
40%:
50%:
60%:
70%:
80%:
90%:
95%:

auc score = 0.620
auc score = 0.625
auc score = 0.645
auc score = 0.725
auc score = 0.626
auc score = 0.563
auc score = 0.528
auc score = 0.558

True Positive Rate

Resultados: Tarea de clasificacion

Energy bin 0.01TeV- 0.02TeV
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Baseline: auc score = 0.770
30%:
40%:
50%:
60%:
70%:
80%:
90%:
95%:

auc score = 0.770
auc score = 0.789
auc score = 0.769
auc score = 0.797
auc score = 0.795
auc score = 0.781
auc score = 0.659
auc score = 0.617

True Positive Rate

Energy bin 0.02TeV- 0.03TeV

Resultados: Tarea de clasificacion
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Baseline: auc score = 0.815
30%:
40%:
50%:
60%:
70%:
80%:
90%:
95%:

auc score = 0.804
auc score = 0.830
auc score = 0.809
auc score = 0.818
auc score = 0.826
auc score = 0.805
auc score = 0.735
auc score = 0.717

True Positive Rate

Resultados: Tarea de clasificacion

Energy bin 0.03TeV- 0.04TeV
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40



Baseline: auc score = 0.815
30%:
40%:
50%:
60%:
70%:
80%:
90%:
95%:

auc score = 0.804
auc score = 0.830
auc score = 0.809
auc score = 0.818
auc score = 0.826
auc score = 0.805
auc score = 0.735
auc score = 0.717

True Positive Rate

Resultados: Tarea de clasificacion

Energy bin 0.03TeV- 0.04TeV
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Resultados: Tarea de clasificacion

Energy bin 0.04TeV- 0.06TeV Gammaness Distribution Comparison per Energy Bin
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Resultados: Tarea de clasificacion

Energy bin 0.06TeV- 0.10TeV Gammaness Distribution Comparison per Energy Bin
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Resultados: Tarea de clasificacion

Energy bin 0.10TeV- 0.16TeV Gammaness Distribution Comparison per Energy Bin
1.0 e
0.10-0.16 TeV
0.8 =‘
4
Baseline: auc score = 0.917 o -
30%: auc score = 0.921 o amma
L 1V ey S e Proton - 1
40%: auc score = 0.924 r_.‘z 064 == Basecline
50%: auc score = 0.927 L B 30% - 3 1l
60%: auc score = 0.926 :‘g . 40% 3 —
70%: auc score = 0.926 o? = SOCZ” z
. _ Q 0.4 A 60% Z

80%: auc score = 0.915 E 707 ] 21
90%: auc score = 0.884 0% —
95%: auc score = 0.863 0% Dot B

. . 5% % _ i O = |

0.0 0- - : :

: . : . . . 0.0 02 04 0.6
0.0 02 04 0.6 038 10 Gammaness

False Positive Rate

44




Resultados: Tarea de clasificacion

Energy bin 0.16TeV- 0.25TeV Gammaness Distribution Comparison per Energy Bin
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Baseline: auc score = 0.968
30%:
40%:
50%:
60%:
70%:
80%:
90%:
95%:

auc score = 0.961
auc score = 0.965
auc score = 0.968
auc score = 0.963
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auc score = 0.960
auc score = 0.947
auc score = 0.920

True Positive Rate

Resultados: Tarea de clasificacion

Energy bin 0.25TeV- 0.40TeV

0.8 4

0.6 1

0.4 1

0.2 4

0.0 4

T T T

0.0 02 04 0.6 0.8 10
False Positive Rate

Gammaness Distribution Comparison per Energy Bin

IIRRNRENT

Gamma
Proton
Baseline
30%
40%
50%
60%
70%
80%
90%
95%

Density (a.u.)

0.25-0.40 TeV

e

L]

Gammaness

46



Resultados: Tarea de clasificacion

Energy bin 0.40TeV- 0.63TeV Gammaness Distribution Comparison per Energy Bin
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Resultados: Tarea de clasificacion

Energy bin 0.06TeV- 0.10TeV Gammaness Distribution Comparison per Energy Bin
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Resultados: Tarea de clasificacion

Energy bin 1.00TeV- 1.58TeV Gammaness Distribution Comparison per Energy Bin
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Resultados: Tarea de clasificacion

Energy bin 1.58TeV- 2.51TeV Gammaness Distribution Comparison per Energy Bin
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Resultados: Tarea de clasificacion

Energy bin 2.51TeV- 3.98TeV Gammaness Distribution Comparison per Energy Bin
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Gamma True Positive Rate

Resultados: Tarea de clasificacion
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[0.01 TeV - 0.02 TeV] AUC = 0.809
[0.02 TeV - 0.03 TeV] AUC = 0.812
[0.03 TeV - 0.04 TeV] AUC = 0.818
[0.04 TeV - 0.06 TeV] AUC = 0.831
[0.06 TeV - 0.10 TeV] AUC = 0.865
[0.10 TeV - 0.16 TeV] AUC = 0.919
[0.16 TeV - 0.25 TeV] AUC = 0.958
[0.25 TeV - 0.40 TeV] AUC = 0.974
[0.40 TeV - 0.63 TeV] AUC = 0.980
[0.63 TeV - 1.00 TeV] AUC = 0.983
[1.00 TeV - 1.58 TeV] AUC = 0.984
[1.58 TeV - 2.51 TeV] AUC = 0.985
[2.51 TeV - 3.98 TeV] AUC = 0.985
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Resultados: Tarea de clasificacion

30% sparse
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[0.01 TeV - 0.02 TeV] AUC = 0.806
[0.02 TeV - 0.03 TeV] AUC = 0.810
[0.03 TeV - 0.04 TeV] AUC = 0.818
[0.04 TeV - 0.06 TeV] AUC = 0.835
[0.06 TeV - 0.10 TeV] AUC = 0.874
[0.10 TeV - 0.16 TeV] AUC = 0.926
[0.16 TeV - 0.25 TeV] AUC = 0.958
[0.25 TeV - 0.40 TeV] AUC = 0.970
[0.40 TeV - 0.63 TeV] AUC = 0.976
[0.63 TeV - 1.00 TeV] AUC = 0.979
[1.00 TeV - 1.58 TeV] AUC = 0.981
[1.58 TeV - 2.51 TeV] AUC = 0.981
[2.51 TeV - 3.98 TeV] AUC = 0.981
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Gamma True Positive Rate

Resultados: Tarea de clasificacion
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0.8

[0.01 TeV - 0.02 TeV] AUC = 0.834
[0.02 TeV - 0.03 TeV] AUC = 0.835
[0.03 TeV - 0.04 TeV] AUC = 0.838
[0.04 TeV - 0.06 TeV] AUC = 0.847
[0.06 TeV - 0.10 TeV] AUC = 0.878
[0.10 TeV - 0.16 TeV] AUC = 0.929
[0.16 TeV - 0.25 TeV] AUC = 0.961
[0.25 TeV - 0.40 TeV] AUC = 0.973
[0.40 TeV - 0.63 TeV] AUC = 0.978
[0.63 TeV - 1.00 TeV] AUC = 0.980
[1.00 TeV - 1.58 TeV] AUC = 0.981
[1.58 TeV - 2.51 TeV] AUC = 0.980
[2.51 TeV - 3.98 TeV] AUC = 0.980
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Gamma True Positive Rate

Resultados: Tarea de clasificacion
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Resultados: Tarea de clasificacion
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[0.01 TeV - 0.02 TeV] AUC = 0.817
[0.02 TeV - 0.03 TeV] AUC = 0.820
[0.03 TeV - 0.04 TeV] AUC = 0.826
[0.04 TeV - 0.06 TeV] AUC = 0.840
[0.06 TeV - 0.10 TeV] AUC = 0.876
[0.10 TeV - 0.16 TeV] AUC = 0.927
[0.16 TeV - 0.25 TeV] AUC = 0.959
[0.25 TeV - 0.40 TeV] AUC = 0.971
[0.40 TeV - 0.63 TeV] AUC = 0.976
[0.63 TeV - 1.00 TeV] AUC = 0.980
[1.00 TeV - 1.58 TeV] AUC = 0.981
[1.58 TeV - 2.51 TeV] AUC = 0.982
[2.51 TeV -3.98 TeV] AUC = 0.982
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Resultados: Tarea de clasificacion
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[0.01 TeV - 0.02 TeV] AUC = 0.819
[0.02 TeV - 0.03 TeV] AUC = 0.823
[0.03 TeV - 0.04 TeV] AUC = 0.831
[0.04 TeV - 0.06 TeV] AUC = 0.844
[0.06 TeV - 0.10 TeV] AUC = 0.877
[0.10 TeV - 0.16 TeV] AUC = 0.927
[0.16 TeV - 0.25 TeV] AUC = 0.961
[0.25 TeV - 0.40 TeV] AUC = 0.974
[0.40 TeV - 0.63 TeV] AUC = 0.980
[0.63 TeV - 1.00 TeV] AUC = 0.982
[1.00 TeV - 1.58 TeV] AUC = 0.984
[1.58 TeV - 2.51 TeV] AUC = 0.984
[2.51 TeV - 3.98 TeV] AUC = 0.985
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Resultados: Tarea de clasificacion

80% sparse
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[0.01 TeV - 0.02 TeV] AUC = 0.816
[0.02 TeV - 0.03 TeV] AUC = 0.819
[0.03 TeV - 0.04 TeV] AUC = 0.825
[0.04 TeV - 0.06 TeV] AUC = 0.838
[0.06 TeV - 0.10 TeV] AUC = 0.871
[0.10 TeV - 0.16 TeV] AUC = 0.922
[0.16 TeV - 0.25 TeV] AUC = 0.956
[0.25 TeV - 0.40 TeV] AUC = 0.969
[0.40 TeV - 0.63 TeV] AUC = 0.974
[0.63 TeV - 1.00 TeV] AUC = 0.976
[1.00 TeV - 1.58 TeV] AUC = 0.977
[1.58 TeV - 2.51 TeV] AUC = 0.977
[2.51 TeV - 3.98 TeV] AUC = 0.977
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Gamma True Positive Rate

Resultados: Tarea de clasificacion

90% sparse
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Gamma False Positive Rate

[0.01 TeV - 0.02 TeV] AUC = 0.699
[0.02 TeV - 0.03 TeV] AUC = 0.717
[0.03 TeV - 0.04 TeV] AUC = 0.746
[0.04 TeV - 0.06 TeV] AUC = 0.784
[0.06 TeV - 0.10 TeV] AUC = 0.831
[0.10 TeV - 0.16 TeV] AUC = 0.886
[0.16 TeV - 0.25 TeV] AUC = 0.931
[0.25 TeV - 0.40 TeV] AUC = 0.955
[0.40 TeV - 0.63 TeV] AUC = 0.965
[0.63 TeV - 1.00 TeV] AUC = 0.970
[1.00 TeV - 1.58 TeV] AUC = 0.973
[1.58 TeV - 2.51 TeV] AUC = 0.974
[2.51 TeV - 3.98 TeV] AUC = 0.974
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Resultados: Tarea de clasificacion

95% sparse
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[0.01 TeV - 0.02 TeV] AUC = 0.698
[0.02 TeV - 0.03 TeV] AUC = 0.716
[0.03 TeV - 0.04 TeV] AUC = 0.745
[0.04 TeV - 0.06 TeV] AUC = 0.783
[0.06 TeV - 0.10 TeV] AUC = 0.826
[0.10 TeV - 0.16 TeV] AUC = 0.873
[0.16 TeV - 0.25 TeV] AUC = 0.910
[0.25 TeV - 0.40 TeV] AUC = 0.933
[0.40 TeV - 0.63 TeV] AUC = 0.945
[0.63 TeV - 1.00 TeV] AUC = 0.951
[1.00 TeV - 1.58 TeV] AUC = 0.955
[1.58 TeV - 2.51 TeV] AUC = 0.954
[2.51 TeV - 3.98 TeV] AUC = 0.952
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True label

Resultados: Tarea de clasificacion
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True label

Resultados: Tarea de clasificacion
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True label

Resultados: Tarea de clasificacion
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True label

Resultados: Tarea de clasificacion

Confusion Matrix
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True label

Resultados: Tarea de clasificacion
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True label

Resultados: Tarea de clasificacion

Confusion Matrix
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True label

Resultados: Tarea de clasificacion
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True label

Resultados: Tarea de clasificacion

Confusion Matrix
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True label

Resultados: Tarea de clasificacion
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Resultados: Tarea de clasificacion

Datos:
Train:
- Gamma: 1,039,893
- Hadronicos: 1,042,951

10% del conjunto de train se usa para validacion.
Test:

- Gamma: 2,041,124
- Hadrédénicos: 32,0647
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Metric

Accuracy

Precision
(Class 0)

Precision
(Class 1)

Recall
(Class 0)

Recall
(Class 1)

F1 Score

Support
(Class 0)

Support
(Class 1)

AUC

Baseline
71.66%

0.05

1.00

0.89

0.71
0.83

32647.0

2041124.0

0.91

Resultados: Tarea de clasificacion

30%
sparse

70.72%

0.05

1.00

0.90

0.70

0.83
32647.0

2041124.0

0.91

40%
sparse

72.20%

0.05

1.00

0.90

0.72

0.84
32647.0

2041124.0

0.92

50%
sparse

70.56%

0.05

1.00

0.90

0.70

0.82

32647.0

2041124.0

0.91

60%
sparse

71.89%

0.05

1.00

0.89

0.72
0.83
32647.0

2041124.0

0.91

70% 80%
sparse sparse

71.25% 70.71%

0.05 0.05
1.00 1.00
0.91 0.89
0.71 0.70
0.83 0.83

32647.0 32647.0

2041124.0 2041124.0

0.92 0.91

90%
sparse

70.28%

0.04

1.00

0.85

0.70

0.82

32647.0

2041124.0

0.88

95%
sparse

70.78%

0.04

1.00

0.82

0.71

0.83
32647.0

2041124.0

0.86
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Predicted Energy (TeV)

Resultados: Tarea de regresion

Baseline

- 103

True Energy (TeV)
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Predicted Energy (TeV)

Resultados: Tarea de regresion

30% sparse

True Energy (TeV)

- 103
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Predicted Energy (TeV)

Resultados: Tarea de regresion

- 103

True Energy (TeV)
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Predicted Energy (TeV)

Resultados: Tarea de regresion

50% sparse

- 103

True Energy (TeV)
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Predicted Energy (TeV)

Resultados: Tarea de regresion

60% sparse

- 103

True Energy (TeV)
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Predicted Energy (TeV)

Resultados: Tarea de regresion

70% sparse

- 103

1 2 3 4 5

True Energy (TeV) 77



Predicted Energy (TeV)

Resultados: Tarea de regresion

90%se

- 103

True Energy (TeV)
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Resultados: Tarea de regresion

Predicted Energy (TeV)

95% sparse

True Energy (TeV)

10°

10°
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Resultados: Tarea de regresion

Model size in (MB) | Baseline | 30% | 40% | 50% | 60% | 70% | 80% | 90% | 95%
Type of shower 67.56 18.77 | 16.82 | 14.67 | 12.59 | 10.19 | 7.80 | 5.15 | 3.68
Direction 69.05 18.74 | 16.78 | 14.72 | 12.53 | 10.23 | 7.77 | 5.14 | 3.62
Energy 66.10 | 18.70 | 16.74 | 14.66 | 12.49 | 10.19 | 7.81 | 5.13 | 3.68
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Monitorizacion clasificacion: TensorBoard

epoch_loss epoch_auc
tag: epoch_loss tag: epoch_auc
2.4 ‘ 0.91 /_\_/\‘
B 0.9
1.6
- 0.89
0.8 0.88
0.4 |
. 0.87
0 1 > 3 4 s epoch_accuracy

tag: epoch_accuracy

0.816 /X/\‘
0.812

0.808
0.804

0.8

0.796




Monitorizacion clasificacion: TensorBoard

prune_low_magnitude_type/threshold:0/ prune_low_magnitude_type/mask:0/sparsity
threshold tag: prune_low_magnitude_type/mask:0/sparsity
tag: prune_low_magnitude_type/threshold:0/
threshold 0.5 ®
i 0.4
1.6e-3
0.3
1.2e-3
0.2
8e-4
| in 0.1
4e-4
| 0
0

0 400k 800k 12M  1.6M 0 400k 800k 1.2M 1.6M
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Monitorizacion: TensorBoard

epoch_loss

prune_low_magnitude_cameradirection/mask:0/
tag: epoch_loss

sparsity
0.12 tag: prune_low_magnitude_cameradirection/
mask:0/sparsity
0.114 0.5
0.108 04
0.3
0.102
0.2
0.096 prune_low_magnitude_cameradirection/ 0.1
threshold:0/threshold
6 2 4 6 8 10 12 14 tag: prune_low_magnitude_cameradirection/ 0
threshold:0/threshold 0 200k 400k 600k 800k
6e-5
4e-5 ®
2e-5
0
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epoch_loss

tag: epoch_loss

N~

0.16

0.15

0.14

0.13 -

0.12

8

10

12

Monitorizacion: TensorBoard

14

prune_low_magnitude_energy/threshold:0/
threshold

tag: prune_low_magnitude_energy/threshold:0/

threshold

0.04

0.03

0.02

0.01

prune_low_magnitude_energy/mask:0/sparsity
tag: prune_low_magnitude_energy/mask:0/

sparsity

0.5 @
0.4
0.3
0.2
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0 200k 400k 600k 800k
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0 200k 400k 600k
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o
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Cascada procesada

Hadronica Gamma




CTLearn: Arquitectura del Modelo backup

Bloque Residual

T

Activation function

fix)=g(x)+x |
‘—

Wenght layer
¢

|
|
I
I
|
Activation function |
|
|
I
|
|

$
Weight layer

——————— - —————

ResNet

Input Layer

| [/

-

| (Opt) Convolutional Layer

(Opt) Max. pooling Layer

~

Stack of Residual blocks (basic or bottleneck)

Image URL:

\_

4

Global Average Pooling

/

https://d2l.ai/chapter_convolutional-modern/resnet.html
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Fully-connected head

y

Activation function

=
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Mecanismo de atencion squeeze-excite dual

Spatial Attention Module
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layer

=00

Channel-refined [MaxPool, AvgPool] Spatial Attention
feature F’ Mg

Channel Attention Module
MaxPool

/ﬁ\ /5
\ AvgPool / \ @ @ - 5 .
. 5 Channel Attention

C

Input feature F

( Convolutional Block Attention Module )
Channel
Input Feature Attention Spatial Refined Feature

/ShED, &

\




,,'R'-\ Avolutional layer 2
K S
Red

y4 7 S/
A
-e

L}
LY
[
tbhaoada
)

’

Convolutional layer 1 convo lu C | Ona |.

/Input layer

Geron (2022) Geron (2022)

4 — CAR
— TRUCK
N — VAN
=" g
i 2 ‘ == e :
’ < 0 [] — eicycte
INPUT CONVOLUTION + RELU POOLING CONVOLUTION + RELU POOLING FLATTEN FULLY SOFTMAX

CONNECTED
ras

ki k3

FEATURE LEARNING CLASSIFICATION

89
https://becominghuman.ai/what-exactly-does-cnn-see-4d436d8e6e52



mass - =2.3 MeV/c? =1.275 GeV/c?

=173.07 GeV/c?

charge - 2/3 : 2/3 e ' 2/3
spin - 1/2 1/2 1/2
u charm f to
Low o
=4.8 MeV/c? =95 MeV/c? =4.18 GeV/c?
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Random Forest
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TensorFlow: Pruning schedule polynomial

exponent
t—1; ) P

s(t) = s+ (si = s7) - <1_tf_tz‘

. et Npnages)

ty =

: * Nepochs — C
batchsize £
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Full integer quantization of weights and activations

Dynamic range quantisation

The activations are always stored in floating point.

activations are quantized to 8 bits of precision dynamically prior to processing and are
de-quantized to float precision after processing

https://medium.com/@fanzongshaoxing/post-training-quantization-of-tens
orflow-model-to-fp16-8d66b9dfa77f
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Cascada
Electromagnética

(Rayo y)

Datos simulados

Cascada Hadronica
(Proton, a)
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Cascada | | Cascada Hadronica
Electromagnética | (Proton, a)

(Rayo y)




Cascada
Electromagnética

(Rayo y)

LST

Cascada Hadronica
(Proton, a)
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ATMOSPHERE

Introduccion

eCascada atmosferica

eRadiacion Cherenkov




