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O Talk title was suggested to be "Machine Learning, Data Mining and Big Data Handling for Accelerators”
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were current| imental HEP data just across

campus, they just acted like my friends were crazy.

i



Evelyne Meier (second from right) with (L to R) Cornish (Monash
hancellor & Vice President Research), Greg Sandra Biedron.

Some of first implementations of
intelligent control done here at
the Australian Synchrotron
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* Thoughts for how tc te data scie nce processes into our

future systems. -
® Remind ourselves we cannot be decoupled from computing advances.
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vhéepfs to their

systems. This inc sdes the of high pe ormance computing (HPC)

resources.
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s fc r Particle
ye.stanford.edu /icfa-ml-

® “Physics Next Machine Lear I by the 'merlcqn Physical Society Physical Review

publications group in New York on 8 10 Oc'rober 2018 https:/ /journals.aps.org /physics-
next/2018/
¢ ¢ “2nd ICFA Workshop on Machine Learning for Charged Particle Accelerators,” was held from
/3 26 February 2019 to 1 March 2019 at PSI https://indico.psi.ch/event /6698 /




‘ »ch-X and University

sage fr » was that ’rhere is already a shortage of 5000
x-ray treatment machines (shown graphlcqlly yesterdqy by Suzie Sheehy in the world
map).

e Better reliability and ease of operation can help make compact accelerators a reality!

/O BUT WE NEED DATA SCIENCE (and systems engineering).



52018 See list in Promise and Challenges of Machine

Learning in Particle Physics, Astrophysics, and Cosmology Kyle Cranmer (New York University)
https:/ /cdn.journals.aps.org//cf3bab2e-015c-4eac-813a-570bc512c5e9 /KyleCranmer.pdf
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® |nstru

* Controls engineering u
® Computational ST
® techniques
Since we as a community already have such a filled skill set (toolbox), this may have led to a slow
adaptation of data science as we thought we could solve problems in other ways (already in our toolbox).

/3 (Remember the GB versus PB story...and other examples)




Luice we as a community already have such a filled skill set (toolbox), this may have led to a slow

/) adaptation of data science as we thought we could solve problems in other ways (already in our toolbox).
(Remember the GB versus PB story...and other examples)




ELEMENT AERO

Deep learning 7

Specialized computer hardware — FPGAs, application-specific integrated circuit (ASIC), including tensor
processing units (TPUs), neural engines

Etc...
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Artificial Intelligence (Al)

Machine Learning (ML)

Deep Learning

A subset of ML with algorithms to
allow software to train itself to
perform tasks such as image
recognition through multilayered
neural networks.

A subset of
Al that
includes the
use of
complex
statistical
algorithms
to improve
performing
tasks as
experience
Increases.

Techniques
that enable
artificial
systems
(computers) to
mimic human
intelligence
using logic, if-
then rules,
decision trees,
machine
learning, and
deep
learning.

“[Machine Learning is the] field of study that gives computers the ability to learn
without being explicitly programmed.” - Arthur Samuel in 1959




MACHINE LEARNING </

®* Machine learning is a data analysis method that can identify patterns, learns

l from them and utilizes for making accurate predictions and better decisions
/]

without or with minimal human guidance.

Machine Learning Types

. Semi-supervised

e ] [ [ ][ | [me] e ] [ |

oy

| | | | | | | I
Housing Price Medical Customer Market Basket Lane-finding Optimized
Prediction Imaging Segmentation Analysis on GPS data Marketing
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SORRY, KID, OUR MACHINE
LEARNING CRM WITH
s PREDICTIVE ANALYTICS SAYS
YOU'RE GETTING COAL THISYEAR.

which to learn, ‘ .
BUT - We also only vant to use ‘ ves LN s ) S a

where they are actually requwed/qpproprlate ' o B | *éﬂ

® marketoonist.com
(Just because you can do it does not mean you
should.)

*The difference between training a horse, for instance, and a machine is that we have control over the systems

engineering architecture of the machine itself and the algorithms but not in the case of the horse.
I'll come back to this in a bit.
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“What we really need in Al

1s someone who has super powers.”
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d from this

y) enough data.
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mensions.

- Removes redundant fe

- Reductions helps in visualizingtoi‘a(As }}'e»ZiLnrg to 2D or 3D may permit plotting and
/ observing patterns more clearly.
@
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, »r, Backward
nalysis, Factor Analysis,
Projection (UMAP), t-

Distributed Sto » sed to reduce the dimensionality.

® Again, such reduction will improve the results of, for instance, classification with a neural network.

i
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* Clustering-based anol

(? ® Hypothesis Testing
@
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“All models are wrong, but some are useful” George E. P. Box
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Reduced
test data
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Neural network Random Forest Simplified

Class A . Instance
Class B Input Hidden  Output Random Forest

Class-B
Majority-Voting

Final-Class

Test model

Repeat as necessary
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Simulations and HPC are central to the APS Upgrade (M. Borland)

. Massively parallel multi-objective genetic optimizer to develop physics design

« Design of complex multi-function magnets using 3D codes

. Simulation of collective behavior of high-charge, multi-bunch electron beams

. Simulation of vacuum system performance in response to synchrotron radiation
. Simulation of commissioning and operational performance

. Understanding and pushing intensity limits in the injector complex

. Prediction of radiation levels and shielding requirements

Curved FODO  (BM Source) D Beam
Section ’

Multiplet

Multiplet L-Bend L-Bend BM Beam

Doublet  L-Bend
R e ———

Reverse
Bends Bends

Reverse

Fast Q4 o5 Bends

Corrector

Upstream Doublet / L-Bend / ; ; Downstream Doublet / L-Bend
Multiplet (DLM) Module Beam Direction / Multiplet (DLM) Module

Image courtesy G. Decker, APS-U
Argonne & ‘

WATIOHAL LABDRATORY

A J
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Courtesy

HPC saves money in the end, but often 'underutilized

« To reduce design costs, HPC is essential

- Provide high-fidelity models with fewer compromises, leading to fewer (often no)
iterations with hardware prototypes

- Make best use of expensive engineering and physics staff
- Provide robust statistical data on expected performance

. Common reasons HPC is underutilized
- Staff not trained to use HPC systems and software

- Software chosen for familiarity and convenience, not HPC capabilities
- Management undervalues computation, fails to provide access to HPC systems
and support
« Example: APS upgrade beam physics effort provided with ~60M core hours per year
on ANL internal computing clusters, excellent support

- In early years, also given access to ALCF resources (not needed now)
- Similar resources being devoted to ALS Upgrade

Argonne &

MATCAAL LASOLAICEY
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Extreme computing enables detailed beam & accelerator science

Parallel Luminosity Optimization in Study of pulse front tilt in laser-plasma .
conventional accelerator accelerators
Code: BeamBeam3D + optimizer Code: WarpX

~ Time-to-solution: Time-to-solution (largest run):
« serial code & optimizer: ~35 years » serial code in lab frame: ~500 years
- Parallel code & optimizer: ~1 day » Parallel code in boosted frame: ~4 h




C Prognostics to detect changes in the system
D. Neural networks instead of particle tracking

Impact:
Safe and improved operation
Reduced component damage
Increased uptime
Improve or change future accelerator design
Optimise data storage for ML

0 epochs

Ground truth
(full tracking)

x NN prediction

€ SDSC

=Pl

FAUL SCHERRER INSTITUT

Nominal
Optimised

NN tracking training

phase space
after 1 turn

speedup factor: 20 x




(l)‘l- Machine Learning Optimizing beam lifetimes in the LHC

FCOLE POLYTECHNIQUE L. Coyle(EPFL-CERN), T. Pieloni (EPFL-LPAP) and B. Salvachua (CERN)
EDERALE DE LAUSANNE

Data driven surrogate model of beam lifetimes| Nelder-Mead optimization on surrogate model to determine best

using Gradient Boosted Decision Trees for| constanttune values for maximal lifetime over an operational fill.

PRERAMP beam mode.

— Predicting lifetimes from operational knobs. “Optimized” working point vs dedicated experimental
Performance of Beam 1 model 2018 measurements.
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® LHC beam lifetime _> With the LHC physics fills of 2018 year they built a surrogate model of the LHC at
injection energy. With that model they determined the best working point (RED DOT). Then they did and
experiment scanning the various parameters they had in the model and measured lifetimes (color code points).
The yellow area is where the lifetime is the highest and also the prediction of the surrogate model. They
believe larger emittances in some cases because of collective instabilities that the trained model did not have
(thus a small yellow area).

Courtesy of Jochem Snuverink







Problem

Feature Engineering

i e " T MOdeI

Machine Learning Deep Learning

Which Cavity? Which Fault? Which Fault?
tsfresh tsfresh  auto-regression

Random Forest Decision Tree Random Forest

*Recurrent Neural Network - Long Short Term Memory type

A.SOLOPOVA - FAULT CLASSIFICATION USING MACHINE LEARNING - IPAC19

it







- to predict a

* We complem 1 to further decrease

remaining deviations.

i



Control algorithm

feed
forward

dc(k+1)

- The Neural Network (NNET) receives lagged values of the
perturbed klystron phase and voltage. It gives a prediction of the next pulse position deviation
dx(k+1) used to compute the feed forward correction.

. The algorithm is composed of a feed forward ( )
augmented by Pl control terms ( ) to compute the correction to apply
dC(k+1) .



Solenoids
90 kV l

electron ! Dipgles

Quadrupoles

Steereré

500 MHz

RF source 3 GHz source 3 GHz source

Klystron 1 Klystron 2

e ACC1 and ACC2 provide 100 MeV beam @ 1-10Hz.
e BPM resolution ~50um , white noise level ~0.11 mm rms

e Jitter are induced in klystron 1 phase and voltage and corrected using
klystron 2 voltage

e Slow actuator response limits the experiment to max. ~0.075 Hz




REAL TIME ENERGY CONTROL

)

Both the hyperbolic tangent network (HTN) and radial basis function network (RBFN)
received 7 lagged values of V, and 5 lagged values of ¢,. The HTN and RBFN had 7

Jitter with no control

i

i :
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HTN control
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RBFN control
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and 76 hidden neurons, respectively.
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Real Time energy feed-forward feedback control.

—&— P| control

’ —»— NMNET control
\l 0.081 mm —=— Pl & NNET control @

0.039 mm

0.07 08
frequency (Hz)

* The Pl controller was tuned for a 0.4 Hz perturbation.
* The NNet was trained to correct the same 0.4 Hz perturbation .

* A shift in frequency to 0.6 Hz shows that the NNet operates better than the Pl, and
that the combined controlled provides further decrease of the perturbation
amplitude.

E. Meier, M. Morgan, S.G. Biedron, G. LeBlanc, J. Wu, 2009, “Development of a Combined Feed Forward- Feedback System
for an Electron Linac,” Nuclear Instruments and Methods in Physics Research Section A: Accelerators, Spectrometers, Detectors
and Associated Equipment 609, 79-88.



1vita ional lenses with convolutional neural

ne'rworks,” Ncﬁure, vol. 548, pp 555-557, : / et al., “Cons rcun'rs on oscillation parameters from ne appearance

and np disappearance in nova,” Phys. Rev. Lerr voI 'I 178 p. 23'I 801 Jun 2017. [Online]. Available:

link.aps.org/doi/10.1103 /PhysRevlett. 118.231801; M. A. Acero et al., “New constraints on oscillation parameters from ne
appearance and nl disappearance in the nova experiment,” Phys. Rev. D, vol. 98, p. 032012, Aug 201 8. [Online]. Available:
https://link.aps.org/doi/10.1103/PhysRevD.98.032012




' Why deep learning is interesting for neutrinos in one slide...

®
Because, just /Jook at them!

Event reconstruction

One full beam spill

S 4| My guess,
1 just for fun

-
- -
-

..............

i , | Modern neutrino detectors are \ n
g : | 1| NS ~ | imaging detectors. Domain experts 1 \
- Position (5m)> - can discern an enormous amount ¥ p
of information visually. But feature
engineering is hard.
2= Fermilab

13 DL in neutrino experimentz // Gabriel N. Perdue // Fermilab // ML in Science and Engineering // CMU // Pitteburgh // June 8, 2018

Courtesy Jim Amundson



 A. Bolme, J. Ahrens, and D.
rs. C A toolset for beamline science
demonstrated o

ol

e Vo'g.el;' R light: Automa ion of Rietveld analyses using an ensemble of local
optimizers.” LA-UR-18-30288 (2018). —

Vogel, S. C., C. M. Biwer, D. H. Rogers, J. P. Ahrens, R. E. Hackenberg, D. Onken, and J. Zhang. “Interactive visualization of multi-
data-set Rietveld analyses using Cinema: Debye-Scherrer.” Journal of Applied Crystallography 51, no. 3 (2018).




\me environments, e.g.,
3 systems, architectures, and
i opi - of increasing interest for
researchers. It S ext generation of extreme optical
imaging. To this .' e ¢ le ap atform to share up-to-date scientific
achievements in this field. e

Low Light Imaging and Processing, Underwater Image Processing, Imaging Using Extreme Big Data, Infrared Imaging and
Processing, Extreme Physics-based Optical Imaging, Modeling Vignetting Processing, Computational Optical Imaging, Imaging in
Harsh or Unconventional Environments, Imaging at Extreme Size Scales, Big Multimedia for Extreme Optical Imaging, Applications
of Extreme Imaging Systems, Extreme Optical Imaging Sensors, Optical Imaging for Surgical Robotic Networks Intelligence
Optical Imaging and Processing, Mixed Reality /Augmented Reality for Extreme Imaging




diqgnééic, :

® From our experience, for instance, powerful and smart controls tools cannot be mounted

onto systems not architected to handle such data science applications!

If we want to have data science as a priority, the facets of data science must be architected
into our system or sub-system.




= better and

d generated on our machines and by our users. Just in

the acquired data thus far, we can be exploring accelerator-specific data science techniques.
®* We need to be aware that controls using traditional techniques and/or more intelligent techniques could be
improved through better use of data science.

Thanks to Jim Amundson, Josh Stein, John Cary, Richard Farnsworth, Steve Lidia, John Petillo, and
Massimo Dal Forno for discussions.




‘ the IEEE Standards
society working t

i



data science is a low-

* And | believe that a » much cross-disciplinary can really make a

huge impact here with data science. (We just have to block out and go around the people that
reward the one trick ponies.)

® Lots of work yet to do.

The only working model of a universe is a universe.
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