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What it really means to
support a (cross-continental)
ML optimization loop

for a user

Birgit Ploetzeneder




Disclaimer

THIS BEAMTIME WAS JUST IN 12/2023.
These slides are limited, however:
We believe it’s useful to share the experience.
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So | met this user...

USER PROPOSAL

Optimizing high rep-rate radiography with machine learning * Machine Learning-optimized x-ray and proton
radiography
Includes slides originally presented at November 2022 ELI User Meeting PRI ° Re“ably diagnose lase r-generated Charged
ELIUPM156 — 15t technical meeting — July 2023 hillLo8@lInl.gov partiCleS and X-I’ayS at HZ rep rate
R. Simpson, K. Swanson, M. Selwood, J. McLoughlin, F. Treffert, ° S|mu ltaneOUSly vary mu ltlple laser para meters
D. Rusby, B. Djordjevi¢, E. Grace, D. Mariscal, G. J. Williams, T. Ma )

iInformed by ML technigues, to optimize and
model proton and x-ray sources for improved
radiographic capabilities

M Lawrence Livermore
—4 National Laboratory

Matthew Hill, hill108@Ilnl.gov :
R. Simpson, K. Swanson, M. Selwood, J. McLoughlin, F. THIS IS NOT A TALK ABOUT ML itself.

Treffert, D. Rusby, B. Djordjevic, E. Grace, D. Mariscal, thinltss aotj;keaelzlottgt:ql;tkfe\eitsk?; allen
G. J. Williams, T. Ma gsy ppen.
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Input — and initial concept

The user wishes to implement a full machine learning feedback loop with his own interaction diagnostics (penumbra and
PROBIES), combining E4 plasma + laser diagnostics data and controlling an acousto-optic programmable dispersion filter in
L3 shot-by-shot using his own algorithm. The limiting factors for reprate are yet to be fully understood. The integration of a
new WFS (Optocraft) is interesting and will be attempted as best-effort, but wasn't part of the proposal.
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What it really takes

>30 MEETINGS WITH SUPPORT
TEAMS FROM BOTH SIDES

Skillset limitations of physicists

MACHINE SAFETY AND

COMMISSIONING CONCEPT

* Letting an algorithm apply too much
chirp fries the amplifier

* Laser operators are very nervous
about that.. Even if you implement a
feedback loop

* The laser operator always needs to
be able to stop the algorithm

Useful initial tool: algorithm requests a batch of parameters; laser
operator confirms it’s safe, laser is operated in bursts.

Repeat command in case something goes wrong..

UPM156 / - X

U PM 1 56 o oon m e
|
Enable Remote Control from GUI Off/On . Timeout

Period (ms) Shot request in current session Dazzler presets

E 1000 Timestamp Mumber of Shots Period [ms] "Shot" number  GDD TOD FOD
Number of Shots
S E
> REQUEST

S5HOTS
0 S5TOP

STANDBY

0
Tolerance (ms)
E 100

GDD TOD FOD Timeout for Dazzler write
Send a signal to LLNL that the current batch has finished »>> OSTGP LLMNL 22040 -67700 - 20000 500 :

)

You’ll need start / stop commands for both sides. If
you are not careful, they will mess up your data.




What it really takes

OpenData

E?emc:te: cc:ﬂtrr::E DISAELED
Actual Delta
MAKING DEVICES ACTUALLY FEEDBACK-LOOP COMPATIBLE arii ol -~F tsn2| Apply
» Dazzler are not designed for such feedback loops —
: : : . Order 3|0 10 fs~n3| Apply
* If you have problems with that: Get in touch, it took us some time. SENEN =~ nal Aoo
. . . i . . rder g pply
We’re just discussing the device driver with CLF/EPAC. —
SOFTWARE INTERFACES FOR DATA i
EXC HA N G E % and more... OpenData Publisher
* The user software somehow needs to be 5| Dot reacercriems || CustomAvps
able to send commands to the laser and get
data &L <& b L
PY SOftwa re def|n|t|0n Changed feW tlmeS; E REST API GRAPH QL Channel Access OpenData (ETL) REST
there’s no Standard SOlUtion g Core Module (CFGES)S;%%EE;:FEQE Configuration Security
§ kReTository tIs_iln:u*: 83\ 4 IHEPDT?OW tt:PVAI ) [Fleposgurs;_ MySQL\ (" Fhapulén;sittt:nlr!,:r Panda:’ ::Reposlto?r Skhan=ep|::ir|ﬂ't_\"‘J :: E:ie?iossi;oryh :“
Image metadata PV's access CPCDB Codebook TODO (listing, retrieval)
Interesting challenge: Our

experimental side used a different
CS Integration mechanism.

We use a multi-model data concept
for that.
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What it really takes

NETWORKS, POLICIES AND CYBERSECURITY CONCEPT
* User networks, policy need to be defined
* Cybersecurity concept needs to be defined — deep system access
* This is about keeping systems from both sides safe

(and that leads to interesting discussions on versions of protective

softwares between cybersecurity teams..)

What is it?

Description

Metwork Type

Typical use-

Case

HALL «——> CONTROL

_D_ ﬁ ﬂ ROOM

Owar switehes, yoar dewices.
il gour own toys, don't kill anyone.

Ports on our switches, between

halls and control rooms. Lots of

freedom, quasi unlimited
bandwidth, limited services.
Darwinism = feel free to
selfeliminate

your equipment

Layer 2 VLAN, provided using
ports on CS switches in laser

building

Cameras, Remote Control

Option 2
Scientist LCS

HALL €<— CONTROL

ROOM
1\

Ports on our switches,
dedicated connection to
special office machines
possible. Strict
Compliance required,
bandwidth limitations,

more network services

VLAN, LCS, Layer 3.
Can cover specific ports

& machines in office

Data Retrieval from Office

HALL €«——> CONTROL

g ({ﬁ ﬁ ROOM

Don't miy with internal devices

Ports on our switches,
between halls and control
rooms. Dedicated for users,
to isolate unknown / not-
trusted devices from internal
networks. Same features as

option 1.

Layer 2 VLAN, provided using
ports on CS switches in laser

building

Devices brought by suppliers,

users, external partners

Option 4
Fiber Point-To-Point

CONTROL
HALL __ Room

{1-_-1_;-&. filoer _D_

Point-to-point fiber
interconnections.

Fibers + converters can
often be provided by us.
Below you can see how to

specify that.

Single Mode Fibers, LC
type preferred, MPO

optional

EMP, Radiation

CONTROL
ROOM

We have boxes for
remote

controlling a PC or
projecting a screen from
A-B without ever
integrating them. Just
plug in mouse/

keyboard/screen.

ATEN KVM IP (full remote)
or HDMI extenders

(screen only)

Adhoc Remote Control /

Screens
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What it really takes

Facility Time and Triggers

Owned by Birgit Ploetzeneder *++

TIMING SYSTEMS AND SHOT ASSOCIATION (6 7
* Perhaps the hardest part e Timestamps
* User devices need to be synched up to facility " Timezone

Last updated: Jan 31, 2024 + 2 minread + |2 11 people viewed « [ Attachments + £\ Content Report Tasks

. m Timestamps
time .
) ] ) o Time Protocols
* NTP and PTP require Admin rights = NTP Network Time Protocol
* Verify that all involved devices are REALLY " PIP Precision Time Protocol
: e . e Triggers
linked up to facility time.. o Available Triggers
* The challenging part is that timestamps aren’t " FElectronic timing triggers by MRF HW
. . m Electronic timing triggers by Greenfield HW
enough, timestamps need to be associated

m Electronic timing triggers by WhiteRabbit HW

W|th ShOt numbel‘S.. m Trigger Fanouts
e Synchronization

e Training Materia

Timestamps

Timezone

Our facility time is UTC (Coordinated Universal Time), and we receive it from GPS. UTC is essentially the
same as Greenwich Mean Time (GMT) but is more precisely defined and with no seasonal adjustments (like

Daylight Saving Time). This is for data reasons - you don't want to have gaps in your databases..
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Let’s take 1t into hard mode:
The user couldn’t get the
software through export control.

Doesn’t a spontaneous
cross-continental feedback
loop sound like fun?

\
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What it really takes

CYBERSECURITY 2.0 LATENCY
- Access, authentication, firewalls between * Turns out cross-continental data communication is
highly vulnerable networks in 2 majors labs slow. The speed of light limits the reprate..

* (The actually limiting factors are different, but it was
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Outcome and further steps

Simultaneous deployment of multiple high repetition rate (>Hz) diagnostics with integrated

neural network analysis for a new paradigm of laser-driven HED experiments OUTCOME
. .. .

M.P. Hill!, M. Adams®, R. Anirudh!, B. Bachmann', J. Cupal?®, B.Z. Djordjevi¢!, E. Folsom!, L. Prelimina ry data Processi ng and ea rly
Giuffrida®, E. S. Grace!, F. Grepl?, A. Hadjikyriacou®, R. Hollinger?, R. Horalek?, V. Istokskaia®, pu blication: O pt| mization was successful
P. Koupil*, M. Kroger®>, D. Mariscal!, T. Mazanec?, P. Mazurek*, J. McLoughlin!, .M. Pagano!,

B. Plotzeneder?, A. Sarkar', M.P. Selwood!, M. Sestak®, F. Schillaci*, R. Shepherd!, R. * User wants to come back
Simpson!, S. Stan¢ek*®, B. Sullivan?, K.K. Swanson!, P. Szotkowski*, J. Thiagarajan', F. - M h
Treffert!, M. Tryus®, A. Velyhan*, S. Wang?, J. Weitenberg®, G.J. Williams!, W. York!, G. ore users want to do the same..
Zeraouli'?, D. Margarone?, C. Hifner?, J.J. Rocca?, T. Ma!
!Lawrence Livermore National Laboratory, Livermore, CA 94550, USA N EXT STE PS
*Colorado State University, Fort Collins, CO 80523, USA F q |l bette r next tl me
SEraunhofer Institute for Laser Technology, 52074 Aachen, Germany ) .
‘ELI-Beamlines, The Extreme Light Infrastructure ERIC, Dolni Brezany, Czech Republic ® | m p I‘Oved late N Cy an d tran Sfe r fO I llve
SChair for Lasertechnology LLT, RWTH Aachen University, 52074 Aachen, Germany
SJoint Laboratory of Optics, Palacky University, 772 07 Olomouc, Czech Republic data access

* Solve shot association / data extraction
* Better (and more standard?) interfaces
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