What would it take to build a
self-driving trigger and DAQ system?

David W. Miller, University of Chicago

Please also see the more detailed and contextual talk last Friday:
https://indico.fnal.gov/event/46746/contributions/210791/



https://indico.fnal.gov/event/46746/contributions/210791/
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Huge selection menus ultimately determine data recorded vs. discarded
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E=3 Physics Main ATLAS Trigger Operation
[ B Physics and Light States
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Problems with status quo

* Global optimization
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e Known and unknown biases - BEAMSPOT DRIFT
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In 2018
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All events: 142 BILLION €
Triggered for physics: 6.4 BILLION events

vents (~11 PB)

Num

riggers: ~ 1200 trigge




o

What if the data processing

and reduction pipeline could
continuously learn to

determine what data to save
on its own??
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Compute
Latency

Image credit: Nhan Tran
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’ Collect summaries of data input to system
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Compute updates and optimization of model = = ‘
P P P = E = - s' Continuous learning based on accept/reject
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Interpretable

Cost-aware

Traceable




What would these mean?

What are the most important information used in the selection?

g
b’ Inte rpreta ble What is the impact of those features?

How are those features varying in time?

&

Are some features more costly than others?

COSt_awa re What is the overlap and “value” of those features?

What updates are being proposed?

an
@ Tra Ceab|e Can we track the proposed / implemented updates?

Can the effects of these updates be reliably simulated?



Progress on interpretation and cost-awareness
[NeurlPS 2020 WS] Self-Driving Trigger Paper
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(d) Cost vs # Used Features, CMS Open Data
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https://ml4physicalsciences.github.io/2020/files/NeurIPS_ML4PS_2020_141.pdf

Summary and
conclusions
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Additional Information



ATLAS online beamspot measurement
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Uses data (input to HLT) that are never seen offline to measure beamspot and update HLT algorithms
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Very rough sketch of current approaches

Very good reasons for the stability
(slowness) of updates: /
* Well-understood trigger

and behaviors

N

(%)

* Modeling in

* Logistics and issues
in menu design and analysis

e Known and unknown in
selection algorithms

(*) Except for “prescales”, see next slide
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Before we would even consider
allowing for continuous updates
(or intermittent but autonomous)
we would insist on knowing:

* What has been learned such
that an update is merited?

* What are the impacts of those
updates?
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Typical (HLT) trigger algorithm workflow
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L1 rate [kHz]

120 ‘ ‘ ‘ ‘ ‘ 3.0_._. <1007 175
ATLAS Trigger Operation === Inst. lumi . e . T | ATLAS Trigger Operation
. B . c request to — 1
100! L1 trigger rates (Trigger-Level Analysis) L1 rate 125 IE Run (élontrol o | pp data, October 2018, \/? =13TeV 1150
pp data, September 2018, vs=13 TeV m— 100 3] for change of g 8or 1
izg_DETAZO-JSOJ 3 . P prescale set - I 1125
801} 20=11 €@ N g rescale Grap i A, g
NIER oS I “ 4 ‘A“A AA“AAA ‘M ]
- 6or fay e M Mt 4, D100
r '
60| wsely LN W Mo, “
5 Monitoring Rule Check Orch Automatic 40+ 17
40} 1.0 4 Data ¢ CCKCE rchestrator Prescaler r L1: All events accepted by L1 trigger ]
o = i v HLT: 2 well-separated electrons —450
e ‘ Prescale Change v oA 4 HLT: 2 close-by electrons 1
20} 0.5 .g Request 20__ los
e — : s . i Trigger DB . LAMMAMMAMAMAL A BB
0 0.0 E 1 I L 1 1 1 I 1 L 1 1 1 L L L 1 1 L L 1 1 1 L 1 L L 1 1
10:00 12:00 14:00 16:00 18:00 20:00 (2)_0 1.8 1.6 1.4 1.2 1.0 0.8 0.(6)
Time [h:m] Instantaneous luminosity [10%cm~2s"]
G. Galster,Relational databases for conditions data and event selection in
ATLAS, (2019), PhD Thesis

Automatic prescaling in ATLAS
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https://discoverycenter.nbi.ku.dk/teaching/thesis_page/GormGalsterPhD.pdf

Jet Feature Jet Feature Jet Feature Tau Feature Photon Feature Photon Feature C O St e ff e Ct i V e

> > “explanation”
of an event

Jet Trigger Tau Trigger Jet Trigger Photon Trigger

For this single event, the Tau
Trigger has the highest cost and
thus the weight associated with

High Cost . .
N the Tau Trigger was driven to 0.
Pogltlvg . - -
Weight: -0.51 C‘:‘"'b‘fm“ The remaining weights result in
egative : _ :
ok aticn the final cost effective .
Weight: 0.34 explanation of the event, with
Low Cost

the weights with the highest
absolute value being the most
important.
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https://ml4physicalsciences.github.io/2020/files/NeurIPS_ML4PS_2020_141.pdf

Demonstration of trigger (cost) optimization

[NeurlPS 2020 WS] Self-Driving Trigger Paper
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(a) Cost vs Performance, Toy Dataset
the physics result (accept or reject!)

(b) Cost vs # Used Features, Toy Dataset
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(d) Cost vs # Used Features, CMS Open Data
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https://ml4physicalsciences.github.io/2020/files/NeurIPS_ML4PS_2020_141.pdf

Modeling trigger “cost” using CMS open data

[NeurlPS 2020 WS] Self-Driving Trigger Paper %wg o
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