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Setup - SWAN

e Goto
https://github.com/root-project/ROOTAdvancedCourse

e If you have CERN Computing account — click on the
SWAN badge

ROOT Advanced Course

Open in [@SWAN| ) open GH Codespaces
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https://github.com/root-project/ROOTAdvancedCourse

Setup - SWAN

Configure your session

Software

Try out our new experimental interface based on JupyterLab and let us
know your feedback!

User Interface more.
Try the new JupyterLab interface (experimental)

Source more.

O Lce

Soffwdre stack more...

Use the Software —

AlmaLinux 9 (gcc13) v

Stack LCG 110 e .

e.g. $CERNBOX_HOME/MySWAN/myscript.sh

1)

Found under ”Other releases Session resources

CPU more..

2 v

Memory more.

8GB v

GPU more...

Leave all other parameters as-is!

External computing resources
Spark cluster more...

None M

HTCondor pool more..

None ~
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Setup - no CERN account

e Goto
https://github.com/root-project/ROOTAdvancedCourse

e |[fyou don't have CERN Computing account:

o Click on either GH Codepaces or binder badges - note binder might
take a bit of time to load

o If you choose GH Codespaces - use Python venv as environment

ROOT Advanced Course

Open in @) SWAN () open GH Codespaces | € launch |binder
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https://github.com/root-project/ROOTAdvancedCourse

Meet the team

Giacomo

Jonas
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e Run your own analysis leveraging the tools introduced
today
e In particular - perform your analysis with RDataFrame

EP-SFT
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https://arxiv.org/abs/2104.12615
https://arxiv.org/abs/2104.12615

Why RDataFrame?

A.. Peters, ). Blomer reaches avg. INGRES
RNTuple Plenary 222 GBit/s
CHEP24 during processing
October 2024
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https://arxiv.org/abs/2104.12615
https://indico.cern.ch/event/1338689/contributions/6077632/
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Finanziato
dall'Unione europea
NextGenerationEU

Ministero
dell'Universita
# edella Ricerca

Preliminary results

—4— dataset size: 13 GiB

Serial LocalCluster DaskCluster
(4 cores/8 GiB) (4 cores/8 GiB)

Stress test at high CPU and
memory occupancy

Stable performance, linearly
scaling with the input dataset size
Dataset size ~ 100 GiB is
representative of ~15 /fb of Run3
data for this specific analysis

Why RDataFrame?

Significant improvement in execution
time wrt the standard/serial approach
The facility allows for dynamically scaling

the resources, here testing the w1

Utilization

performance at fixed #cores and
memory, varying the dataset size

—4¢— 10 vCores/20 GiB
—4— 20 vCores/40 GiB
—4— 40 vCores/80 GiB

oo _Worker CPU tilzation (average)
100

N

# Workers Memory x |+

Bytes stored per worker
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Input dataset size [GiB]
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The CMS Collaboration,
Search for the lepton
flavor violating T — 3u

decay in proton-proton
collisions at V13 TeV,

June 2024
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G. Petrucciani, Feedback from

CMGRDF and distributed

processing,
December 2024

' The analysis used for these tests

Why RDataFrame?

Onnx C++ runtime to evaluate DNNs from RDataFrame

Dataset Graphs (unique)

e A complete CMS analysis on run 2 + 2022 data, at full complexity
correctionlib + CMSJMECalculator for applying scale factors, calibrations, uncertainties, ...

Measurements in a rare final state (top + Z processes), so only a modest total

number of events after preselection, but from many different datasets
Often needing different computation graphs depending on data taking era, MC sampile, ...

Q. = o3 ¥ AN

JITed functions | Files Evts Size
Just 2018 70 (43) 138 63 66 M 214 GB
Full dataset | 412 (248) 260 362 273 M | 977 GB
(2016-2022) | (x5.8) (x5.7) (x4.1) | (x4.6)
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Why RDataFrame?
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Why RDataFrame?
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Status of my tests at various AF

C] in progress
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Why RDataFrame?
"
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J. Bendavid, CMS W Mass Wh RData Fra m e?

analysis with RDataFrame,

October 2024

Summary

Increasing amount of data opens new opportunities
* Software developments must be ahead to fully exploit potential

105 i 16:8 6" (13 TeV)

E CMS preliminary P:eﬁi‘ i Data - 2y - pp/

S f - ! . . .

£ ! = A Fast analysis turnaround was essential for this complex measurement
g onprompt W Rare |

* RDF provides a convenient and efficient library
* Initially showstoppers observed in scaling

1
g | * Extensive work on critical parts to improve RDF and histogram implementation
g . i * Full analysis runs in ~hours
200 400 600 800 1000 1200 1400
(phv)bml
x103 (13 TeV)
& 1.6 T T T T T T
~1-2h Boost & 14 CMS — mw okt q") o}y ]
RDataFrame . 4 Prelimina — !
ROOT RDataFrame | —L2h Histograms Sl Y — e
I ; p
S
Critical parts in c++ 3
13
. . 13
* Functions: e.g. check if reco muon has a match to any gen muon s
=
bool hasMatchDR2(const float& eta, const float& phi, const Vec_f& vec_eta, const Vec_f& vec_phi, const float dr2 = 0.69) {
for (unsigned int jvec = ©; jvec < vec_eta.size(); ++jvec) { g 1.0
if (deltaR2(eta, phi, vec_eta[jvec], vec_phi[jvec]) < dr2) return true; o ]
} g 09 mw (pf,n*.q") + (p}*. y*¥)
return false; g sk mw (p¥, ¥, %) == prefit
} 0 10 20 30 20 5
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Events/GeV

Data/Pred.

) Why RDataFrame?

Lo svaerer 1

J. Gooding - RDataFrame in LHCb Offline
Selection, October 2023

» RDataFrame provides notable speedup of offline selection, if implemented optimally:

» Potential speedup of O (10) in some cases.
» uproot+numba matches RDataFrame performance in many scenarios:
* |/O bottleneck identified = performance improvement possible.

> Both tools suitable for fast parallelised selection, necessary for upcoming Run 3 analyses.

Jamie Gooding | TU Dortmund Optimising offline selection with RDataFrame | RDataFrame in the LHCb measurement of A;; 26" October 2023 | 12
. . ® 06 =
* Functions: e.g. check if reco muon has a match to any gen muon 8§ ok 1
=
0.2 &
bool hasMatchDR2(const float& eta, const float& phi, const Vec_f& vec_eta, const Vec_f& vec_phi, const float dr2 = 0.09) { 0.0 L L L L L
for (unsigned int jvec = ©; jvec < vec_eta.size(); ++jvec) { g 1.0
if (deltaR2(eta, phi, vec_eta[jvec], vec_phi[jvec]) < dr2) return true; o
, o 09 F.nM,q¥) + kY, yP)
return false; g sk mw (p¥, ¥, %) == prefit
} 0 10 20 30 20 5
Py (GeV)
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Introduction

What is FastFrames (FF) ?

ntupling

DAOD_PHYS
DAOD_PHYSLITE

> tupl

Why RDataFrame?

stFrames performance

o Tested with a realistic example

o TTbar single lepton sample with ~ 20M events (200M events in the DAOD)
m  ~400GBs

Producing many control histograms

Producing analysis specific histograms

Running on all (automatic) systematics: ~400 systematics

Total of >25k histograms (total in three regions)

e Ran on Chicago analysis facility
o systematics run, 25k+ histograms, 10 GB ram requested, 10 CPUs, running time: 10h 12m
o systematics run, 25k+ histograms, 20 GB ram requested, 50 CPUs, running time: 2h 52m
o systematics run ~20k histograms, 20 GB ram requested, 50 CPUs, running time: 2h 20m
o nominal only run, 60 histograms, 20 GB ram requested, 50 CPUs, running time: < 2m

e HTCondor
o nominal only run, ~4k histograms, ~250 regions, 30 CPUs, running time: <16 m

m  ~66M events

o
o
o
o

o Is aframework to produce histograms/ntuples.
o Compatible with the outputs produced by frameworks using ATLAS format

o Build around ROOT::RDataFrame technology.
What can FFdo ?
o Run in Linux and MacOS.
o NTuples — NTuples.
o NTuples — Histograms.
m Supports 1D, 2D, 3D and TProfile

o Process reco and truth trees - including event matching.
o Prepare inputs for unfolding - which can be passed to TRExFitter directly. W05

5 dardaryses.

___J

P6th October 2023 | 12

Py (GeV)
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Schedule

e First part of the course ~ 1h
o Notebooks 1 and 2 (I/0 and RNTuple, UHI)

e Break ~ 30mins

e Second part of the course ~ 1h

o Notebooks 3, 4 and 5 (RDataFrame, RDatalLoader, RooFit)
o Real analysis example

e Wrap up + time for Q&A ~ 30mins

EEEEEE
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Course begins

We now move to the course material on Jupyter Notebooks
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A look towards the future of
ROOT




Improved Python packaging

e Conda: all ROOT releases are published on conda-forge, for
Linux and MacOS.

conda install conda-forge::root

e ROOT is published on PyPI, since version 6.38.00

o Still in alpha mode, not ready for production

o Tryitoutand let us know!

pip install ROOT

EP-SFT
Software Frameworks and Tools ROOT Advanced Course | 15.07.2026 24
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ROOT 7 histograms

e Modern histogram package for ROOT 7
o Well tested and high performance

o Can be built standalone, without the rest of ROOT

e Key features compared to TH*

o User-defined bin content types — template class

lonas Hahnfeld, ROOT

PPP188

o Still not go overboard with templates (Boost.Histogram, old prototype)
o Arbitrary dimensions with dynamic axis types at run-time

= See presentation at previous PPP: https://indico.cern.ch/event/1403741/

[©}N/0)

EP-SFT
Software Frameworks and Tools

Efficient concurrent filling (memory and performance)
Histograms as data structures, no drawing and fitting

ROOT Advanced Course | 15.07.2026
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ROOT 7 histograms

e RHistEngine::FillAtomic lonas Hahnfeld, ROOT

PPP188

o Low contention without global statistics
o No change of bin content type!
o Keep full performance of sequential filling

e Concurrent filling of RHist:

o Wrap histogram in RHistConcurrentFiller
o Create RHistFillContexts that efficiently accumulate RHistStats

Check out the tutorials at

EP-SFT
Software Frameworks and Tools ROOT Advanced Course | 15.07.2026 26
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https://indico.cern.ch/event/1592356
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https://root.cern/doc/v638/group__tutorial__histv7.html

RNTuple tooling: RNTupleProcessor

e Eventiteration API

e Enabling dataset compositions (chains and joins)

e An evolution of TTree friends, fit for more complex
analysis requirements

1al ilable [11, [2]
. T u to r I a S ava I a b e 1 7 2 :_I______________:__:__:__I_I__::____::__:__:__:I_: :_‘____:________________________________________________,_;
L Electrons % Muons 1. Electrons Muons |
I | electronsl.root| ! | muonsl.root 1 lectronsl.root muons1.root
A R % o T
Electron: Muons Electron: Muon:
lect 2 t m 2.root lect 2 t m 2 t

___________________________________________________________

F. de Geus, CHEP'24

EP-SFT
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https://root.cern/doc/v638/ntpl012__processor__chain_8C.html
https://root.cern/doc/v638/ntpl015__processor__join_8C.html
https://www.epj-conferences.org/articles/epjconf/abs/2025/22/epjconf_chep2025_01013/epjconf_chep2025_01013.html

e A new ROOT file interface

e No changes to on-disk
format

e Modern, minimal interface

e Find tutorials online

EP-SFT
Software Frameworks and Tools
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#

#

Reading
with RFile.Open("file.root") as file:
# From top-level dir:

hist = file.Get("hist")

# From sub dir:
subhist = file.Get("my/path/hist")

Writing

with RFile.Recreate('"file.root") as file:

#

# To top-level dir:
file.Put("hist", hist)

# To sub dir:
file.Put("my/path/hist", hist)

Querying

for key in file.ListKeys('"my'"):s

print(key.GetPath())

ROOT Advanced Course | 15.07.2026 28


https://root.cern/doc/master/group__tutorial__io.html#rfile

Wrap up



Other examples of Analyses with RDF

e RDataFrame implementation of Analysis Grand Challenge
(CMS Open Data)

https://qithub.com/root-project/analysis-grand-challenge

e LHCb example:
https://github.com/siliataider/root-Ihcb-open-data-analysis
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e ROOT web site: THE source of
information for ROOT users
o For beginners and experts
Installation instructions
Class documentation
Learn section
Access to the forum
Blog about recent
developments

O O O O O

https://root.cern

ROOT: analyzing petabytes of data, scientifically.

An op« data analysis

used by high energy physics and others.

©learnmore | & Install v6.36.00

Learn Reference Forum

il =

Enables processing and scientific analysis of large
amounts of data: today, more than 2 exabytes are
stored in ROOT files. The Higgs was discovered

Open source, which means that you can use it
freely and modify it. It adopts an open development
process, inviting its users to contribute to it.

@)
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EP-SFT
Software Frameworks and Tools

with ROOT!

Level Up Your Histogram Analysis Using ROOT's UHI (06 sun 2025
What if you could intuitively manipulate your ROOT histograms, create stunning plots with your favorite Python libraries, and perform
advanced operations-all with Pythonic ease?

Make ROOT your own on macOS with Nix o1 may 2025)
In this blog post, you will learn how to reproducibly build ROOT from source with Nix on macOS or Linux, getting you started quickly with
hacking the ROOT source code and participate in ROOTs open development.

ROOT Users Workshop 2025 (14 apr 2025)
We are very happy to announce that the ROOT Users Workshop 2025 will take place in Valencia, Spain, between 17-21st November.
Please note this will be an in-person-only event.

ROOT Advanced Course | 15.07.2026

About  Learn Install Forum&Help Manual  BlogPosts  Contribute  ForDevelopers ~ Q

Gallery

$_

Delivered with a C++ interpreter, ideal for fast
prototyping. ROOT also offers a Python interface to
allits components with dynamic bindings. Jupyter
notebooks are supported too.

Latest Releases

Release 6.36.00 - 25th of May, 2025
Release 6.36.00-rc1 - 23rd of April, 2025
Release 6.34.08 - 8th of April, 2025
Release 6.34.06 - 27th of March, 2026
Release 6.33.04 - 10th of February, 2026

More....
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Resources

e ROOT Website: https://root.cern

e ROOT Forum: https://root-forum.cern.ch

e Materials for learning more: Learn - ROOT

e Documentation: https://root.cern/doc/master/

e Github: https://github.com/root-project/root
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https://root.cern
https://root-forum.cern.ch
https://root.cern/get_started
https://root.cern/doc/master/
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