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About This Meeting

» CMS suggested at the ROOT-Experiments meeting about 2024 plans to report
quarterly on the completion status of the Program of Work (PoW)

» We welcomed the idea, and that's what we'll do today

» We'll also profit from your presence to present other metrics, broadcast some
news and discuss other matters, among which the release planning for 2024

» Questions, feedback, and comments are welcome during the talk or at its end
We also have questions, e.g.:

1. We think the communication with experiments and users is working well: can
it be improved?

2. We think the process by which users and experiments are involved in the
ROOT planning and priority settings is well structured and clear: can it be
improved?
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Our Strategic Goals

Provide a unified software package for the
storage, processing, visualisation and analysis
of scientific data that is reliable, performant
and supported, that is easy to use and obtain,
and that minimises the computing resources

needed to achieve scientific results.

The success of experiments and all ROOT users at large is our priority
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HEP Software Support Timeline

Long term support:
ROOT is at the heart of
CERN's flagship project

1995 2000 2005 2010 2015 2020

Plot inspired by V. Mazurek
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Q1 Metrics



ROOT Community and Development

» ROOT is an open source project, supported by a lively community

» ROOT Forum: 9h on average to obtain a first response (20h in 2023) -2.6k posts
(11.8k in 2023)

» About 15 active developers/contributors at any point in time (same level of
2023)

» 695/528 PR opened/closed, 1 day median to close a PR 15t ROOT Hackathon
(see later slides)

e 1740/1698 in 2023

Topical ROOT Experiments Meeting - D. Piparo, CERN EP-SFT - 3.4.2024 6



# Open Issues

» Strong focus on reducing number of open issues
» Backlog reduction is implicitly part of the PoW

» Great boost given by the ROOT community and team at the 1st ROOT
Hackathon: the Fixathon (14-15 February)

» 195 new issues created, of which 98 closed ROOT Open Issues

» 394 closed in total 1600://~\\

» 13% reduction of # issues during Q1 1200
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1st ROOT Hackathon: The Fixathon

Are you interested in Open
Source scientific software?

Have you always wanted to contribute, but never knew

» Took place at CERN, Idea2 on February 13-14 (link)

...0r do you already have some (or many) commits
under your belt and would like to add more?

Join us for the 1 » ~30 people, from early career physicists to senior scientists,

RO OT » Onboard early career colleagues teaching how to contribute
FIXATHON to a large open-source scientific software

February 13" & 14™ 2024 « CERN IdeaSquare

» The main objectives were all achieved:
® (lose as many ROOT issues as possible

e >7/0 issues closed (for comparison, 441 were closed in total
during 2023), 17 solutions proposed, work started on
another 23

e Connect further with ROOT community, inclusively

2"d ROOT Hackathon 25-26 November 2024 at Idea2: save
the date! More details will be circulated in the next few months.
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Spotlight on the PoW



ROOT's 2024 PoW: Timeline

» November 2023: PoW |Jamboree

® New (Axel's idea): presentations about plans of different ROOT focus areas, prepared and
delivered by team members not directly responsible for them: incentive to motivate and pre-
discuss future directions.

15th January: SFT Special Group Meeting - PoWs 2024

23d January: ROOT Funders Meeting - PoW 2024

24% January: ROOT-Experiments Meeting - PoW 2024

30t January: Meeting with CMS Common Analysis Tools group (CAT)

vV v v Yy

® New: get feedback from teams outside of the traditional area of central Offline and Computing
coordination areas. Repeated the success with the Trigger Study Group area a few days later

» 1stFeb: AF Feedback on SFT PoW (thanks to Giulio Eulisse for consolidating all the feedback!)

® Will focus on this feedback in the next slide
Very useful exercise: at each of these steps, the trajectory was refined and the PoW improved
» Theitemsin the PoOW are now 69 (they were 61 at the beginning)
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Feedback from the AF Talk

Excellent presentation, useful to obtain consolidated feedback from all experiments for all SFT projects at once

» Example of good feedback for all projects: "good to have an optimistic spin on future plans, it would be good to have some critical look at the past "
- more about this in the next slides.

Executive summary for ROOT and initial response:
»  Copy-less bulk reading (ALICE). Performance is the feature sometimes. = Added to the PoW and PR already merged

»  Evolution path for polymorphic types (CMS, see also November plan at ROOT workshop) = Added to the PoW, work started
»  Unaligned friends (LHCb) = Added to the PoW
>

ROOT 6.32.00 release should be early (i.e. CMS: August, LHCb: September, ALICE: November) to be adopted for 2025 datataking. = A proposal to
address this request will be made today at the ROOT meeting

»  Everyone welcomes the rebasing on clang-repl. In general, reducing customisation on top of CLANG / LLVM is very welcome. = Ongoing work to
rebase to llvm 18 and to standardise llvm update procedure.

»  Security of the Web GUI: it would be good to see explicitly mentioned a path to a more secure solution (e.g. the one Jupyter uses). 2 Changes already
merged to master, targeting 6.32

» ALICE: memory overhead of cling should still be on the radar and it would appreciate progress on the TBufferFile 1GB limit. & Already in the PoW,
strategy forming, discussed with priority at I/0 meetings

»  Everyone feels that Windows support should be descoped to “Community Effort”. = Took good note of this item, still unclear how to find
actor(s) in "the Community" that can sustain the effort
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Measuring Progress: PoW Completion

» Feedback from ROOT-Experiments meeting: it would be useful to provide feedback about the Pow
completion every quarter.

» Needed to find a good way to address that keeping Project Management formalism as
lightweight as possible. Our solution:

® Keep 2 priority levels: 1 and 2 (+ "stretch goals": the items we will address if an injection of effort,
e.g. short term students, takes place)

® Assign to every item in the PoOW a score: 0 not done, 0.5 partially done, 1 done. The amount of
work needed to complete the items in the PoW varies. We assume, for simplicity, that, overall, it

averages out.

® Introduce the concept of Extra Items, i.e. the items not foreseen in the first version of the PoW
» Remain open to changes in the PoW and prioritise every new item related to 2024 LHC data taking

» Remain focussed on the ROOT strategic goals

Topical ROOT Experiments Meeting - D. Piparo, CERN EP-SFT - 3.4.2024 12



2023 PoW Completion

» Exercise the framework on the 2023 PoW

» Completion status: S L=

merged. missing for cases] for and chains

e With extra items: 56.4 % e a1 4 o s o e o o

Finaise redesigred minisiser intadaces for Boter suppon of automatc diferetiation (Clad)

e \W/o extraitems: 49 % ‘

» CAVEAT: this is just a number, which does S e
not represent the performance of
individuals nor the enormous work done T T
by the ROOT team during 2023 R

e E.g. seethe achievements slides of the
PoW talk
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2024 PoW Completion
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Highlights



Pythonic Interface

ROOQOT is part of the "Python Analysis Ecosystem". Developments took place with high
priority to reinforce this position, for example:

» The cppyy on which PyROOT relies was updated to its latest version, removing
numerous patches (see this talk)

® Increased interoperability between C++ and Python

e About 20 bugs fixed by this upgrade

e Already tested by CMS (thanks to S. Muzaffar), changes in dev3 LCG stack to be
tested by interested parties
» A first demonstrator infrastructure to enable "pip install root" was set up

e Not ready for users yet, alpha version available during the next quarter

1 FTE to join the ROOT team in Summer to work mainly on PyROOT
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A New Approach to Cl

» ROOT is transitioning its Jenkins-based Cl to GitHub
» Fits well Open Source philosophy of ROOT

e E.g. testresults visible to anybody, further lowers the barrier for external
contributors

» Integration and testing of the 4 active branches (6.26, 6.28, 6.30 and Main)
is now steered with GitHub actions

e Jenkins is still running in the background
» Version 6.32 will be managed through GH procedures

» Expanded the pool of builder nodes. Including 2 mac nodes that are part of the
Apple Beta program: catch early problems that could be triggered by the
future macos updates.
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ACAT 2024

Excellent contributions by ROOT Team members and several ROOT related talks. An

(incomplete) selection:

Combined storage information: on-disk layout visualization

We can use the RNTupleinspector to visualize the on-disk layout of an RNTuple

Laspector>OravStoragelayeat (v jate 341° /v sutputPath o/, 3 /o sClusters */3;

Let’s first consider the dataset created with the default RNTuple write options:
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Data size (MB)
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Conclusions and Future Works HEP-C

o Demonstrated Proto-DUNE raw data can be written in GPU friendly format
° Wmmmhccewmwmusunuw\omk-am@u

friendly
» Showed the persistence of raw data as SoA in RNTuple
» Future works
= Look at further optimization of data models for Into the GPUs
o Demonstrated the persistence of CAF data model in RNTuple

o Future works
» Investigate VO support in RNTuple
» Investigate CAF ownership in RNTuple
» Develop selective reading of CAF objects using RNTuple
= Write CAF data as SoA
e E and test fi rks as deli bles for HEP experiments
> Simple and and to

» Persistency of HEP data model in RNTuple
» HPC fendly design of HEP data model and persistencs in RNTuple
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The same analysis workflow, running on an [ncreasing number of
workers shows a decrease in execution time.
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RNTuple: A Quick Look at DAOD Performance

o Current studies indicate about 20+% storage savings is possible in DAODs
o It's important to note TTree is heavily optimized over the last 20 years
© Similar optimization studies will be carried out for RNTuple prior to production

5 525 W RNTuple
: 55 M Tree
% 3 (using batch size = 1)
3 s 20
<
°
DAOD_PHYS DAOD_PHYSLITE
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CPU Benchmark for Different Models

P> Test event performance of SOFIE vs ONNXRuntime

104 et KA e e = 1)

¢ Distributed AGC with TTree and RNTuple - user side

The only change for the user - the ROOT input file!

RINOTE_DATA_PREFIX: str
RIVOTE_DATA_PREFIX; $tr =

% A/ /eon/ reot-eon/ AL/

% N/ 005/ oot -eos/ AGC/ ratup e/

=
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Releases in 2024



Proposed Release Schedule for 2024

Two releases: one in May (long term support) and one in November (short term support)

May W4 (4th week of May), long term support:

>

>
>
>

>

>
>
>

Target integration in experiments' stacks for 2025 data taking
LLVM16, secure web graphics + more to be decided

Branch v6-32-00-patches created this week
This schedule is proposed for 2024 to

Release Candidate 1 month before the release repare for 2025 incorporating all

requests by experiments. The release
November W1, development release, short term support: schedule for LS3 will have to be decided

Fit all the features we have at that time with experiments in the next months.
Branch v6-33-00 1.5 months before: September W2
Release Candidate 2 weeks before: October W3

The LLVM version is not yet decided, but the plan and decision points ahead of us are clear:

® We will continue with the endeavour of upgrading ROOT to LLVM 18. Two decision points before October: May and late August.
We'll decide if it's worth continuing the effort or if we have hard bugs that prevent us from adopting the version. Three possible
outcomes: we stay with llvm16, we move to llivm17, we adopt llvm18.
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Conclusions



Conclusions

» The PoW is a clear plan ahead of us during the year. Its conceptualisation
started in Nov. 23, refined in multiple steps, involving experiments, funders
and users. Issues backlog reduction is considered part of it

» We are committed to deliver the items in the PoW, confident in the
abilities of the new team members that will join us during 2024 as well as

in the help of our community, in line with our Open Source philosophy

Q1 Stats, in a nutshell:

» The PoW is 16.1% complete, if Extra Items are taken into account

» The number of open issues reduced by 13% wrt Jan 15t (1539->1340)

» The time to obtain a 1st response of the forum was 9h

» 695/528 pull requests were opened/closed (median time to close 1 day)
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