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Contextualisation: Atmospheric showers

Very energetic
astrophysical
phenomena

Primary Gamma Ray



ATMOSPHERE

IACT technique

o Trigger (see Maria Molina’s talk)
o Background fluctuations
o Atmospheric showers

« Reconstruction
o Particle type
o Direction
o Energy




ATMOSPHERE

IACT technique
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o Background fluctuations
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Cherenkov Telescope Array Observatory

Cherenkov Telescope Matrix (CTAO) :

e Earth-base observatory for gamma astronomy.

e Two sites: N . _ ff{“@’%
e Paranal, Chile ‘ ‘gﬁw’v" m%ﬁ

2
La Palma, Canary Isla

. Gaitepe ) MST. A TR -
‘www.cta-observatory.org/ ~ 150GeV- 5Tev Science with CTA, arXiv:1709.07997 5



Hypothesis and objectives: Model compression

Explore model compression for ResNet-36 (DL) ]

Objectives \

Identify and explore model compression techniques
Implement:

— Pruning
Evaluate degradation in performance

—  Metrics

— IRFs
Evaluate model size reduction




Methodology

Magnitude- based Pruning
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Methodology

Crdaion) X3 Evaluation:

Implement S

i e Metrics
magnitude based
s i e |RFs
pruning
oK Max-pooling
/ Activation
|  |_ConvRs | | ConvRe CNN with residual
\ connectior]s+SE
2
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Results: Classification task

Compare with Baseline
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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Results: Classification task

AUC vs Sparsity per Energy Bin (red=constant, green=polynomial, blue = baseline)
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Results: Regression task

Resolution Curves
Relative error value under which 68% of the
reconstructed events produced by a gamma ray are
contained.

|Predicted value - Real value|
Relative Error =

Real value

- 68%
— O5%
9%

0 2 4 6 8 10 12 14 16

Relative Error 12



Results: Regression task

Polynomial: Similar to baseline
until sparsities up to 90%

Polynomial outperforms
constant schedule

Possible improvement in some
energy ranges

Relative deviation with respect
to baseline
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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

4 “«yy = :




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

/

/Ongoing WorR

NSB vs. cosmics classification

L1 on flowers

Use simpler CNN model

Sparsity-aware quantisation

implementation

~

/7
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True Positive Rate

Results: Classification task
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Results: Classification task

Energy bin 0.16TeV- 0.25TeV
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True Positive Rate

Results: Classification task
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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

True Positive Rate

Gammaness Distribution Comparison per Energy Bin
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True Positive Rate

Results: Classification task

Energy bin 0.63TeV- 1.00TeV
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True Positive Rate

Results: Classification task
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True Positive Rate

Results: Classification task

Energy bin 1.58TeV- 2.51TeV
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True Positive Rate

Results: Classification task
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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

Relative deviation with respect
to baseline
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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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Model sizes after compression
to .zip

Smaller size than linear

reduction

30% sparsity: 28% of original
size

95% sparsity: 5% of original size
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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

/

\_

/Ongoing WorR

NSB vs. cosmics classification

L1 over flowers with 2155
threshold

Use simpler CNN model

Sparsity-aware quantisation

implementation

~
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EM shower

cosmic ray

Atmospheric
Nucleus
n .
Atmospheric
Ko\ K Nucleus

EM shower

Cascada Hadronica:

- Proton
- Nucleos de Helio (a)
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CTAO =
LIVFZas \ COLLABORATION

Primary Gamma-ray

Cascada Electromagnética:
- Rayo Gamma (y)
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Resultados: Tarea de clasificacion
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Baseline: auc score = 0.637
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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
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Baseline: auc score = 0.770
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Resultados: Tarea de clasificacion

0.8

0.6 1

0.4 4

0.2 4

0.0 1

Oj4 0f6
False Positive Rate

0.8

Gammaness Distribution Comparison per Energy Bin

IIRRRRENE

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

Density (a.u.)

0.02-0.03 TeV

ey

T

Gammaness

47



Baseline: auc score = 0.815
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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

0.8 1

0.6 1

0.4 4

0.2 4

0.0 1

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

N

0.0 0.2 0.4 Oj6 0.8 1.0
False Positive Rate

Density (a.u.)

w
|

(S}
I

Gammaness Distribution Comparison per Energy Bin

0.03-0.04 TeV

Gammaness

48



Baseline: auc score = 0.815
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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
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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
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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
1.0
0.63-1.00 TeV
16
0.8 ]
14 —
Baseline: auc score = 0.859 G |
30%: auc score = 0.865 o | A S P;:Z:a . —
40%: auc score = 0.865 2 064 =1 Bascline
50%: auc score = 0.870 L = 30% =104
60%: auc score = 0.869 :‘g B 40% )
70%: auc score = 0.870 o? = SOLZ” 2
. - 0 04 60% z -
80%: auc score = 0.858 E 707 ] -
90%: auc score = 0.825 307 PR
95%: auc score = 0.815 0%
0.2 4 B 95% 4
5]
"eua ...-1'"""'
T 7‘11‘-'\___ i
0.0 0 :

T T T

0.0 02 04 0.6 0.8 10
False Positive Rate

Gammaness

56



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
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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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[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
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[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

70% sparse
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Gamma False Positive Rate

[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

Confusion Matrix
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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
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0.91

40%
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72.20%
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1.00
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0.72
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0.92

50%
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0.91

60%
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0.89
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0.83
32647.0
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0.91

70% 80%
sparse sparse
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1.00 1.00
0.91 0.89
0.71 0.70
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1.00

0.85

0.70

0.82

32647.0

2041124.0

0.88

95%
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0.04

1.00
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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

60% sparse

- 103

True Energy (TeV)
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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
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Monitorizacion: TensorBoard
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prune_low_magnitude_energy/threshold:0/
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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

0.1

0 200k 400k 600k 800k

el el

0

0 200k 400k 600k

800k

o
85



Dynamic
Scheduling &
Telescope Control

~1000 PB/year
]

Observation
Planning

Data

€--4

Real-Time
Self Alerts

v
Data Acquisition |_ _ _ _ _ > Real-Time
& Reduction Analysis
T
1
1
I
\'%
On-Site Bl ~12 PB/year R
Storage

Raw

Data Archive

F-->

Rates

{(-=-=----=-=-=-=-

Data
Processing

e ~10-100 =y
TB/year

AN

|
~5 PB/year

Simulations

Other
Observatories

Outside World

Observatory

S > Users

! N

, |

1

i [

N v
Science User
Archive Support

86



CTLearn: Arquitectura del Modelo backup

Bloque Residual
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Stack of Residual blocks (basic or bottleneck)

Image URL:

\_

4

Global Average Pooling
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Mecanismo de atencion squeeze-excite dual

Spatial Attention Module
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