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Machine Learning at PSI
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(15 Machine Learning

wikipedia.org: Machine learning (ML) is the
scientibc study of algorithms and statistical models
that computer systems use to perform a specibc
task without using explicit instructions, relying on
patterns and inference instead. It is seen as a Samuel, Arthur L. (1959).
subset of artibcial intelligence. +Some Studies in Machine Learning Using the

Game of Checkers". IBM Journal of Research and
Development. 44: 206D226.
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https://en.wikipedia.org/wiki/Inference
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BS ML at PSI - What for?
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(15 Bayesian Optimisation at SwiSsFEL

Goal: Optimise the FEL pulse intensity
-> Many Photons = Happy Users

Challenges:
¥ Exponential dependence of FEL output on many, coupled machine
parameters

¥ Manual tuning is time consuming & inefficient
Use many knobs (~40)
¥ DonOt drive the machine into the wall!
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(15 Bayesian Optimisation at SwiSsFEL
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== Bayesian Optimisation at SwissFEL
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== Bayesian Optimisation at SwissFEL
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== Bayesian Optimisation at SwissFEL
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FEL Pulse Energy (a.u.)
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Bayesian Optimisation at SwissFEL
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(15 Bayesian Optimisation at SwiSsFEL

¥ jR x5 ("A<H U1$+9%+8"71"41h"
¥ a*+(64-5*"G+63%1+:":-4<"6"mnL"4<64""
¥ 26%"O*"$(*."O8"1)*+641+("
¥ 26%"O*"$(+."O8"14<++"622+5++641+("&>"*"6+*"65(1"4$%-%7"KLMN":-4<"



PAUL SCHERRER INSTITUT

(15 Interlock Prediction at HIPA

High Intensity Proton Accelerators: HIPA &
[2)

590 MeV, 1.3 MW RN
beamline
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(15 Interlock Prediction at HIPA
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(15 Interlock Prediction at HIPA

Goal: Train a model (supervised learning) that can then predict interlocks

and prevent them by lowering the beam current temporarily

Approach:

¥ Training on archived data (450 channels) -> lots of data preparation

needed

¥ Finding the best model

¥ Interlock-window : interlock happens in 5 seconds
¥ Stable-window : interlocks are far from happening
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In an interlock happens: 25 s no beam!

If the charge is temporarily lowered: corresponds to 6 s no beam

(15 Interlock Prediction at HIPA

-> We want a high positive true prediction, but a very low positive

false one!

So far best results with:
Random Forest
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| essons learned so far
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OUR FIELD HAS BEEN
STRUGGLING WITH THIS
PROBLEM FOR YEARS.
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STRUGGLE NO MORE!
IT'™M HERE TO SOLVE
IT \JITH ALGORITHIS!
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M SIX MONTHS LATER: [
WOL, THIS PROBLEM
15 REHLLY HARD.
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BS ML @!PSI - Networking
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Gartner Hype Cycle for
Artificial Intelligence, 2019

A
AutoML
\ , Chatbots
Digi.tal \ {
Ethics .\ / Conversational
Intelligent Vo User Interfaces
Applications \\
a Deep Neural Networks
uantum ~~ (Deep Learnin
Computing A ( P 9)
Deep Neural —— Graph Analytics
Network ASICs -
Smart Robotics \ - Machine Learning
= Al PaaS
Edge Al
—~ NLP
(7] Al Developer
c Toolkits
() C&éllggrlsitc?gs ~ Explainable Al VPA-Enabled Wireless Speakers Speech Recognition
’; N —— Robotic Process Automation Software * —
o] Data Labeling and ~
] Annotation Services ~ Knowledge " GPU Accelerators
1] Al Cloud Graphics —— FPGA Accelerators
w Services —
Decision = Virtual Assistants
Q. Intelligence —
>< Neuromorphic .
u Hardware Computer Vision
Augmented / . "
Inl:glligence Insight Engines
Al Governance - .
Cognitive Computin:
Reinforcement =S <
Learning
Al Marketplaces
—
Artificial General
Intelligence Autonomous Vehicles
Peak of
Innovation Inflated Trough of Slope of Plateau of
Trigger Expectations Disillusionment Enlightenment Productivity
Time
Plateau will be reached:
O less than 2 years . 2to 5 years . 5to 10 years . more than 10 years @ obsolete before plateau As of July 2019

gartner.com/SmarterWithGartner

Source: Gartner

© 2019 Gartner, Inc. and/or its affiliates. All rights reserved. Ga rtner®
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THIS 1S YOUR MACHINE LEARNING SYSTEM?

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

WHAT IF THE ANSLERS ARE LIRONG? )

JUST STIR THE PILE UNTIL
THEY START LOOKING RIGHT.

© 2014 Ted Goff
KDnuggets Cartoon

-

“The machine learning algorithm

wants to know if we’d like a
dozen wireless mice to feed the

OH, HEY, YOU ORGANIZED

°n wireless mice (o feed the | ouR pror ARCHE!
Python book we just bought. YEAH, T TRANED A NEURAL
NET TO SORT THE UNLABELED
PHOTOS INTO CATEGORIES.
WHOA! NICE. LJORK! /
'5M$:87% \
<@3=FA$:<$L578% 5
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ENGINEERING TiP:
WHEN YOU DO A TASK BY HAND
::Df:2.D213 YoU CAN TECHNICALLY SAY YOU

TRANED A NEURAL NET To DO IT.
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