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Intel — Unesp CoE for Machine Learning

Objective Av‘
AVAVAVY

0 Establish a Center of Excellence in ML
0o Tackle challenging projects related to ML vAv

unesp

Activities
0 R&D, consulting services
o Industry and academia

0 Training sessions in Data Science and ML

Partners
0 Sao Paulo Research and Analysis Center

SPRACE
o WWWw.sprace.org.br
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wavelength

According to Quantum Mechanics, \/\/\/\/\/\/\A/\/\ﬂv U

subatomic particles behave like waves.

The higher the energy of the particle, ML———_ T I I N
the smaller the length probed by the 107 10° 101 1012 1014 1015 1016 101° 1020 1027
particle’s wave.
energy (eV)
Energy units: electron volt (eV) I I S S S S R
108 10 103 102 1 10 100 10° 1010° 10"

1 MeV =106 eV
1GeV=10°eV
1TeV =101? eV
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From Atoms
to Quarks

Atoms consist of a nucleus and
electrons surround it.

Quarks are the fundamental
constituents of nucleons.

Protons are made out of three quarks.
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Quantum
Chromo-
Dynamics

Theory to describe interactions
between quarks.

The experimental signature of a
quark is called a “Jet”.

The adjective “boosted” means high
energy in the system of reference of
the laboratory.
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Boosted Jet Classification

Signal (s)

0 High energy jets coming from W/Z processes

Background (b)

0o Similar jets coming from QCD processes 2.5 1

M.: =65 — 95 GeV, PI°'=250- 300 GeV, Zero pileup

—— W/Z process

—— QCD process
3.0 -

N
(=)

Description of the problem
a Train a classifier g: R* — {b,s} on data

DZ{(Xl,yl),---;(Xn;yn)} 1.0 1

X, is a d-dimensional training example

Normalized
=
(9]

0.5 -

Y; is the target label 0.0 .

0.0 0.2 0.4 0.6 0.8 1.0
N-subjettiness 154
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SWITZERLAND

FRANCE
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SILICON TRACKER
CMS Detector oo

Microstrips (80-180um)
~200m? ~9.6M channels
Pixels e e

CRYSTAL ELECTROMAGNETIC
Tracker

CALORIMETER (ECAL)

EC AL ~76k scintillating PoWO, crystals
HCAL
Solenoid R—
Steel YOke Silicon strips
MU@@S ~16m? ~137k channels
B ll ~ 7 ’,
STEEL RETURN YOKE
~13000 tonnes
SUPERCONDUCTING
SOLENOID
Niobium-titanium coil
carrying ~18000 A FORWARD
CALORIMETER
y Steel + quartz fibres
_ HADRON CALORIMETER (HCAL) Sl GHEIRE
Total weight : 14000 tonnes Brass + plastic scintillator MUON CHAMBERS
Overall diameter :15.0 m ~7k channels Barrel: 250 Drift Tube & 480 Resistive Plate Chambers
Overall length :28.7m Endcaps: 468 Cathode Strip & 432 Resistive Plate Chambers
Magnetic field :38T
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Data Simulation
and Preprocessing
of Jet Images

Pythia 8 event generator:
simulates proton-proton
collisions with the same

conditions of the LHC. LUNDS

UNIVERSITET

Fastlet library for jet
clusterization.

ROOT data analysis
framework.

Data Analysis Framework
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http://fastjet.fr/
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What is Machine Learning?

5 neurons 5 neurons

THIS 15 YOUR MACHINE LEARNING SYSTEM?

YUP! YOU POUR THE DATA INTO THIS BIG
PILE OF LINEAR ALGEBRA, THEN COLLECT
THE ANSLJERS ON THE OTHEK SIDE.

N WHAT IF THE ANSLERS ARE LJRONG? )

JUST STIR THE PILE NTIL
THEY START [OOKING RIGHT.

JODO DG

(R AN ESRN

hl.\

Te nsor https://xkcd.com/1838
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Model Selection and Evaluation

Train (70%)

Signal

M L models -- ;; Signal + Back --

0 Logistic regression
' -- Concatenate Shuffle -- Split
o Multilayer perceptron o= -- — — --

a Convolutional Neural Net --
] — T

- —
Model evaluation Bic'(gmid o B [
O Cross validation Test (30%)

a Training set (70 %) -- - -- - -- - --

a Test set (30 %) -- -- --
|
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Training Artificial Neural Nets

Back propagation
Input data
of
Raw data CSV format Tivzv
J
Create deep network h (g(aj))
Framework TensorFlow
[ v
/ g(z)
Output classification 8 fw l
Model evaluation Accuracy score 0g

http://caffe.berkeleyvision.org
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Hyper-parameter tuning

Accuracy Score | Training Time (seconds)

1024 T om 0.72 0.71 0.71 0.72 0.72 —0.74
R 1 1 1 1 1 o072
512 0.71 0.71 0.73 0.73 0.73 0.73
I 1 1 1 1 1 .
256 0.73 0.73 0.73 0.73 0.73 0.73
A 1 1 1 1 1 068
128 0.73 0.73 0.73 0.74 0.73 0.74
| 1 1 1 1 1 1 —0.66
o© 64 0.73 0.73 0.73 0.72 0.73 0.74
N | 1 1 2 2 2 2 —0.64
_UC) 32 0.73 0.73 0.74 0.73 0.72 0.71
S 2 2 2 2 2 2 0.62
© 16 0.73 0.73 0.73 0.73 0.73 0.73
ko] _ 2 2 2 3 3 3 0.6
8 0.72 0.72 0.72 0.71 0.71 0.72
| 3 4 4 5 5 5 0.58
0.71 0.71 0.71 0.72 0.72 0.72
4 5 6 8 7 7 0.56
0.72 0.72 0.72 0.73 0.71
2 13 13 14 14 15 0.54
0.72 0.71 0.68 0.72
| e % % % 1IN
2] [5] [5, 5] 20, 20] [50, 50]

number of hidden units per layer
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Convolutional Neural Net Architecture

SPRACE Net 32 filters in the first convolutional layer
3 convolutional layers Dimensionality reduction using MaxPooling
Dropout of 25% to control over fitting Total parameters: 187.202
32@23x23 64@11x11 64@9Ix9
, 32@11x11 64@4x4
128
Qutput: 2
= —
11 el — m
Convolutional Layer DOi g:;ﬁic?(irnoartity CuntnaLue'cLunal Cnnalf_g;u;_onal Di ?:;Eg?narlniw FUIWL%?;?SEUEH
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Classification Score

Model Evaluation

i Test

Convolutional Neural Net

Multilayer Perceptron

Logistic Regression

0.60 0.65 0.70 0.75 0.80 0.85
Score
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HPC nodes at NCC-Unesp

Network
connection

https://software.intel.com/pt-br/articles/tutorial-para-uso-dos-n-s-acelerados-por-intel-xeon-phi-no-ncc-unesp

Computational node
How Many Processors
Identification
Physical cores per processor
Frequency
Central Memory
How Many Processors
Identification
Physical cores per processor
Frequency
Memaory per processor
55D Memory
SATA Drive
Ethernet

InfiniBand

phi01

E5-2670

2,6 GHz

64 GB

3120A
57
1,1 GHz
6 GB
4TB
2 % Gigabit

phi02
2

E5-2699v3
18

2,3 GHz

128 GB

5110P
60
1,30
8 GB
1,2TB
4TB
2 x Gigabit

40 Gb/s
QDR

phi03
2

E5-2699v3
18

2,3 GHz

128 GB

7120P
61
1,2 GHz
16 GB
1,27TB
4TB
2 x Gigabit

40 Gb/s QDR
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Performance on Intel® Xeon Phi™

a Server phi02

Batch size 5 50 500 5000

Training time (s) 328+1 74 £ 1 57+1 51+1

Accuracy score 0.775 0.783 0.776 0.734
a Server phi07

Batch size 5 50 500 5000

Training time (s) 1960 + 11 425+ 8 1915 124 + 4

Accuracy score 0.776 0.784 0.775 0.734
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Results and
Outlook

Our results confirm the good
performance of convolutional neural

networks to handle the problem of
classification of jet images,
demonstrated by the area under the
ROC curve (auc = 0.86).

Deep learning applications in the field
of high energy physics must improve
data analysis techniques in the coming
years.
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Mt = 65 — 95 GeV, P{f"t = 250 — 300 GeV, Zero pileup

1.0 -

0.8 -

o
o

True Positive Rate
o
=y

0.2 -

0.0 -

- convolutional neural net (auc = 0.86)
—— multilayer perceptron (auc = 0.82)

—— logistic regression (auc = 0.80)
v n-subjettiness (1,1 < 0.37)

0.0
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Jet Algorithm

Collimated spray of hadrons
0 Local deposits of energy C

Tompar: Muon Scienor

Anti-k; algorithm -
0 Size parameter R

o R =0.4 for “standard” hadronic jets
o R =0.8 for “boosted” jets

0 Collinear, infra-red safe algorithm

0 Iteratively combine particles
according to the distance d;

- op o (i = 117)* (i — ¢;)?
dij = mm(ktip’ktjp ] R2 ] ——
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N-subjettiness

Mje; = 65 — 95 GeV, P/®'=250—300 GeV, Zero pileup

—— W/Z process
| —— QCD process
Substructure variable made out of jet |
constituents. 25 |
Quantifies the capability of clustering the 520
jet constituents in exactly N subjets. ;
N-subjettiness tau,, < 0.37 provides
optimal descrimination between signal and o
background. 05 |

0.0 0.2 0.4 0.6 0.8 1.0
N-subjettiness 13
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Performance on Intel® Xeon Phi™

a Server phi02

OpenBLAS MKL
Run time Oh 12min 26s Oh 12min 17s
a Server phi07
OpenBLAS MKL

Run time 1h 16min 01s 1h 10min 41s
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