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Overview

e Usage/development of central ATLAS software (reco, ..) quite well structured and streamlined in ATLAS
o  ATLAS software releases, merge request handling, unit/CI/ART* tests, etc
e Analysis workflows then diverge how to process these analysis inputs
o However, commonly used & shared frameworks for analysis and statistical evaluation evolved
o ATLAS Analysis Model Group provides/maintains central recommendations for analysis tools
e No recommendations for common workflow management tool
o Butinterest in this topic increased during the last 1-2 years
o Unclear how widely these are used at the moment (likely not that much)
e [|'ll present few examples for workflow management within ATLAS (developed independently):
standard” [ 1. Performance studies and calibration of jet-vertex tagger [snakemake]
e { 2. Higgs cross section measurement [luigi/law]
3. Optimization of ML models for global trigger in LHC’s Run 4 [gitlab Cl|
4. Scan of pMSSM parameter space [RECAST/REANA]

*ATLAS run-time tester



[Ongoing work]

1) Workflow in Calibration of Jet-Vertex Tagger -

e Example* for a very common workflow in analyses and reconstruction performance (calibrations, etc)
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puting g Y (xp HPC Login node/
Data & MC sgmples at Calibrated analysis objects Calculate analysis variables, laptop Likelihoods, fit results, plots
reconstruction level (nominal + sys. variations) normalize, ML inference, etc Calibration constants, ...
. J

Software stack Y

Computing resources p » )
Easy” part to encapsulate in workflow management tool

*(over)simplified 3



[Ongoing work]

1) Workflow in Calibration of Jet-Vertex Tagger =

e Example* for a very common workflow in analyses and reconstruction performance (calibrations, etc)

O(10 PB) O(1-10 TB) O(1-10 GB) O(1 GB)

ATLAS Software Software Release/ Software Release/

- . - Sepe—— - et -
) ) Batch system/
Computing grid Batch system (Ixplus)
puting g Y P HPC Login node/
Data & MC sgmples at Calibrated analysis objects Calculate analysis variables, laptop Likelihoods, fit results, plots
reconstruction level (nominal + sys. variations) normalize, ML inference, etc Calibration constants, ...
Software stack S Y
Computing resources ., )
“Easy” part to encapsulate in workflow management tool

HSjets  PUjets

e (Context: tagger to discriminate jets from hard-scatter event and pileup activity o
o Derive corrections to match efficiencies in simulation to the ones in data - %y Z%/"PV
o Requires to process all data and simulation of common SM processes st
e Starting point of workflow: ntuple production of relevant data & MC samples done
o Downloaded into a directory on the system where workflow is supposed to run
e Configuration done via a "top-level" yaml config file that is read within Snakefile
o Histogramming done via common package called FastFrames

1
2 FastFrames: ) . ) . .
3 config: "config/FastFrames/example.yaml" « Configuration of the histogramming step (selections, observables, ...)
4 ntuple dir: "/eos/user/m/miholzbo/share/METPerformance/METPerformanceCPAlgs test_v2" «— Where are the input ntuples stored?
*(over)simplified 5 hist_output_dir: “./output" « Where to put the output histograms? 4



[Ongoing work]

Workflow in Calibration of Jet-Vertex Tagger S

FastFrames_for_sample

sample: data22

All steps for ntuple — histograms are executed sequentially
o Matches nicely to the input — output philosophy of snakemake
Visualization of (a subset of) the current workflow:

siadiidis Preprocessing steps for ntuples
& dataset discovery (metadata and file paths)

run_fastFrames_for_sample run_fastFrames_for_sample run_FastFrames_for_sample run_FastFrames_for_sample run_fastFrames_for_sample run_FastFrames_for_sample run_FastFrames_for_sample run_FastFrames_for_sample run_FastFra mes_for_sample run_FastFrames_for_sample
Cariple: oo, shorpe, mezsa ) | sampleszmm, shorga.mezsa | | samples 2t Sherpacmezea | | samle Wanw.shorgmezsa | samile: winni, sherpa,mezsa | | samples Wi, shora.mézss | | samele diboson. iézsa st I e - angleion s Campler V. mcasa for each sample
(data, ttbar, Z+jets, ...)

run_Fastframes.

Subsequent calibration chain
currently being implemented

Workflow assumes histogramming framework is locally checked out and compiled
o Intended to be used "interactively": e.g. fix bug — reproduce histograms — continue with calib
o Could use docker container to capture environment for snakemake but would be "detour"?
Full workflow meant to be run on a HPC center's batch system
o Tested on Ixplus and Chicago analysis facility (both htcondor), slurm to be tested
Just a (very simple) example for snakemake usage in analysis, e.g. also HZZ coupling measurement (see
backup)



[Ongoing work]
. , : Uit
2) Workflow in Higgs Cross Section Measurement ',

31 analysis workflow

Adjust NTuple

e Integration of full analysis pipeline, including ntuple production,

via luigi/law setup W, s ' ﬁr
o Features dependencies beyond directed acyclic graphs / \Z(Y Star. Analyei
o Integration done via Analysis Workflow Engine (AVE) \ Unfolding <o
e Create analysis workflow utilising existing tools llustrations courtesies of

Maximilian Horzela

o  Submit ntuple creation

o Monitor processing
& download

. . Submit Hist: -
o  Perform statistical analysis Samples i
o Continuously monitor progress ! v o
et Satis Statlstlc_a| AWE adapted in multiple
0O Create plOtS Analysis analyses already!
. . . Allows to start ¢
@) Add ML plpellne, Unf0|d|ng histograming while inputs ]
. . . , . . " become available Plotting
e Configuration mainly via config files

o Ntuple production — YAML config
o Histogramming — Custom class, YAML config, ONNX model
o Statistical Analysis — YAML config

*we benefit from recent developments to make our common tools easily configurable 6

Simplified


https://gitlab.cern.ch/analysisworkflowmanagement/tft-analysis-workflow-tool

[Ongoing work]

3) Optimization of ML Models for Global Trigger ‘e cieo

e Hardware trigger upgrades for LHC Run 4 focuses
on Global Trigger
o Use ML models on FPGAs to cope with large throughputs
o Established workflow to train/optimize models with
respect to physics performance (turn-on curve) at given rate
e Workflow implemented as Cl in Gitlab
o Model training, quantization, rate prediction, FW build
Runs on dedicated gitlab runners

o) . .

o Processes data of O(1 - 10 GB) at each step . = g -

o = Mms ia e s ]E) J;I‘A’l“;\lb@ Model(s)
.

M

Software stack is conda env, build into docker container : g

s
A -

hat-train qat-train his-convert fw-build o5

N

. i ] R (e
J hat-train (© @ gat-train 5 ®  hlis-convert 5 ® fw-build 5 . %ﬂ ‘//;~’7 T
Cl-pipeline ~X
Pipeline stages in 3
WP1.1 resources

Workflow implemented for model optimization

-----------------------------------------

- Likely snakemake also suitable for this workflow ...
Optimized . o " ;
Model ... but Cl practical as it "lives" near code itself




[Mature status]

4) Scan of pMSSM parameter space @ reana W

e Our (SUSY) searches are typically optimized for a particular simplified model with 1-2 parameters
o Evaluate sensitivity of search program to more realistic SUSY scenario: pMSSM* (19 dimensions)
e |dea: sample models from pMSSM, check sensitivity of ~20 searches to each model
e Workflow implementation / i \
o  Model generation & selection
Sample models, calculate mass spectra, evaluate
constraints (relic density, Higgs mass, ...)
— Using homemade pipeline based on EasyScan HEP
o Particle-level evaluation
Run particle-level implementations in SimpleAnalysis of B WheB
Analyses, evaluate if model can be well excluded or not wodel generation & selection g j

|m(h) - 125] < 5GeV Calculate
m(g)>LEP limit cross-sections
(@2 < 0.12) with PROSPINO

m() < 1200 GeV

— Using python-based pMSSMFactory framework, p
storing results of each step in mySQL database s ety g

. . win poie
o Detector-level evaluation o e i

e evlresuits | Particle-level evaluation

. \
If exclusion in doubt, run full reco-level analyses ===
— Using RECAST implementations and REANA cluster :

L Detector-level evaluation

*phenomenological Minimal Supersymmetric Standard Model Workflow of bMSSM scan (JHEP 05(2024) 106) 8



https://github.com/phyzhangyang/EasyScan_HEP
https://simpleanalysis.docs.cern.ch/
https://doi.org/10.1007/JHEP05(2024)106

4) Scan of pMSSM parameter space

[Mature status]

@ reana W

Our (SUSY) searches are typically optimized for a particular simplified model with 1-2 parameters

Evaluate sensitivity of search program to more realistic SUSY scenario: pMSSM* (19 dimensions)
ldea: sample models from pMSSM, check sensitivity of ~20 searches to each model
Some comments/feedback

O

O

Workflow not per-se “continuous”

Model generation disentangled, detector-level evaluation
requires to wait until reco samples have been produced
RECAST implementations of analyses are bottleneck
Required time-consuming fixing/adjusting

Not provided by all searches (extra work)

Usage of REANA imposes constraints on dataset sizes
Particle-level: O(10 TB) per scan — still ok
Detector-level: Need to replicate to CERN-based RSE

and process in batches

Analysis team actively thinks about using snakemake
No potential showstoppers in generation/eval. steps

*phenomenological Minimal Supersymmetric Standard Model

.

Model generation
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B

odel generation & selection
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-~
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cross-sections
with ProspINO

m() < 1200 GeV

and T(¥§, 7)) > 0
and ogwg > 0.07 fb /

Yes

Particle-level evaluation

Sim\lafc events Patch signal yields
at particle-level into preserved
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level results

likelihoods & calculate

B

paee | Particle-level evaluation

L Detector-level evaluation

\ )
/~ Detector-level evaluation
e imin

Workflow of pMSSM scan (JHEP 05(2024) 106)


https://doi.org/10.1007/JHEP05(2024)106

Conclusions

e Presented four examples within ATLAS activities where some kind of workflow management is exploited
o Various different tools: snakemake, luigi/law, gitlab Cl, homemade solutions (lack of awareness?)
e | think snakemake should be usable for most of these applications, except ...
o Integration to LHC computing grid as computing resource”? (Supported already in luigi/law)
o Concerns raised about limitations of declarative syntax to define workflows
Dependencies on content of output file (e.g. empty histogram) or dynamic parameters, “update
loop” to check statuses, ...
e My overall experience of snakemake usage* rather positive
o Excellent documentation (although feature set can be daunting)
o Newcomers were able to run implemented workflows somewhat fast
e Encountered few pain points
o Paradigm of simple input — output trigger was revised in snakemake some time ago
Can be recovered with --rerun-trigger mtime flag
o Going from one batch system to another (e.g. Chicago analysis facility to Ixplus) not 100% trivial
Some fine tuning of batch submission needed for each HPC
Confusing situation for htcondor: executor plugin differs from profile (uses cluster-generic plugin)

*careful: very small event sample 10



https://snakemake.github.io/snakemake-plugin-catalog/plugins/executor/htcondor.html
https://github.com/Snakemake-Profiles/htcondor

Backup



Snakemake in HZZ Coupling Analysis

e HZZ coupling analysis has been automated to provide all analysis results after ntuple production
o Implementation uses custom software for histogramming, workspace creation, fits, and plotting

HISTOGRAM
AND WORKSPACE FITTING CONFIG
CONFIG

PRE-MADE N- MAKE MAKE
TUPLES HISTOGRAMS WORKSPACES

PERFORM FITS

Events/2 GeV

PLOTTING
CONFIG

110 120 130 140 150 160

110 120 130 140 150 160
m, [GeV]

m, [GeV]

Courtesy of Sully Billingsley
(adapted) 12
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Courtesy of Maximilian Horzela 13



Snakefile for Example 1

import yaml

from pathlib import Path

# small helper function to ensure paths are put together correctly

def path(xargs):
return Path(xargs).as_posix()

# configfile: "workflow/config/smk_example.yaml"

# read in samples from FastFrames config file

with open(config["FastFrames"]["config"]) as f:
cfg = yaml.safe_load(f)

SAMPLES = [s["name"] for s in cfg["samples"]]

NTUPLEDIR =
OUTPUTDIR =

config["FastFrames"] ["ntuple_dir"]
config["FastFrames"] ["hist_output_dir"]

rule run_FastFrames:

input:

expand( path(OUTPUTDIR, "{sample}.root"), sample=SAMPLES )

rule run_FastFrames_for_sample:

input:

f"{NTUPLEDIR}/filelist.txt",

f"{NTUPLEDIR}/sum_of_weights.txt",
config["FastFrames"] ["config"]
output:
path(OUTPUTDIR, "{sample}.root")
params:
sample="{sample}",
ntuple_dir=NTUPLEDIR,
output_dir=0UTPUTDIR,
log:
"logs/FastFrames/{sample}. log"
resources:
mem_mb="8000",
disk_mb="2000"
# mem="8GB",
# disk="2GB"
threads: 4
script:
"scripts/run_FastFrames.sh"

44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68

rule merge_empty_grid_files:
output:

f"{NTUPLEDIR}/merged_empty_files"

params:

ntuple_dir=NTUPLEDIR,
reco_tree="analysis"

threads: 4

log:

"logs/preprocessing/merge_empty_files.log"

script:

"scripts/run_mergeEmptyFiles.sh"

rule create_metadata_files:
input:

f"{NTUPLEDIR}/merged_empty_files"

output:

f"{NTUPLEDIR}/filelist.txt",
f"{NTUPLEDIR}/sum_of_weights.txt"

params:

ntuple_dir=NTUPLEDIR

threads: 4

log:

"logs/preprocessing/create_metadata_files. log"

script:

“scripts/run_createMetadataFiles.sh"

14



