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Computing in High Energy & Nuclear Physics

« Track 1: Data and Metadata Orgnization, Management and Access
Track 2: Online Computing
Track 3: Offline computing
Track 4: Distributed Computing
Track 5: Sustainable and Collaborative Software Engineering
Track 6: Physics Analysis Tools
Track 7: Facilities and Virtualization
Track 8: Collaboration, Reinterpretation, Outreach and Education
Track 9: Artificial Intelligence and Machine Learning

Track X: Exascale Science, Heterogeneous Computing and Accelerators, and
Quantum Computing

CHEP2023: m#EfT. K. EIRK. PUIARFEFHRM284#KE (1741 oral, 114 poster)
CHEP2019: Fatfr. WK, BERIA. FE. ARXAFEA22:KE (104 oral, 124 poster)




Computational Frontier

without computing/methodological innovation, we will not be able to take full
advantage of pristine data collected by state-of-the-art instruments.

seeking solutions for specific software and computing challenges
recognize the transformative impact of newly established (Machine Learning) and
emerging (Quantum Computing) technologies

The Future of High Energy Physics

Software and Computing

Report of the 2021 US Community Study
on the Future of Particle Physics

organtzed by the APS Division of Particles and Fields
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Conveners: V. Daniel Elvira™, Steven Gottlieb, Oliver Gutschel, and Benjamin Nachman



Computational Frontier
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Computational Frontier

+ Topical Groups

CompFo01 CompF02 CompF03
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Algorithm Calculations ; achine
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Hardware evolution: a brave new world in computing

A paradigm change in computing architecture

— Dennard Scaling (DS): power used by silicon device/volume 7
independent on the number of transistors

— Moore’s Law: transistor density doubles every two years
— Clock speed (CS): increased 1,000 times in 1970-2000
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Evolution towards heterogeneous systems with
multi-core machines using co-processors (e.g.,
GPUs) and complex memory configurations

Frequency (MHz)

Typical Power

Number of

2020

Original data up to the year 2010 collected and plotted by M. Horowitz, F. Labonte, O. Shacham, K. Olukotun, L. Hammond, and C. Batten

New plot and data collected for 2010-2017 by K. Rupp
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The future of HEP computing - the Snowmass report

2% Fermilab
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Computing in HEP is not business as usual anymore

Hardware evolution calls for a redesign of the computing model for HEP

— Experiment software frameworks will need to use heterogenous resources locally
and remotely, including supercomputing centers and commercial facilities

— Data Management Model to handle data access, transfer, processing across a diverse set
of computing systems

— Adapt or re-engineer almost every piece of software, including common software tools
for event generation, detector simulation, end-user analysis, reconstruction algorithms

— Portability tools to avoid re-writing software for different computing hardware

— Computing and software infrastructure for AI/ML training and inference

Departure from stability of the past when the “same old software” would run faster and cheaper
in future machines without adaptation or re-engineering

Research - to bridge the needed versus available resource gap and, development - to
deliver production level software (heavy in labor - person power with rare and expensive talents)

2% Fermilab

Iy R/ 13/2023 - CHEP2023 The future of HEP computing - the Snowmass report 14
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S&C in HEP evolved to become an integral part of the measurement instrument

— Not a "service” but an “element” of the “scientific apparatus” in HEP
experiments/surveys

— Complexity and physics content/impact of computing commensurable with that of detectors

— Exploit synergy between detector and software design
Co-development, with simulation to design/optimize detectors and detector parameters optimized
for best physics and computing performance

2% Fermilab

oy R/ 13/2023 - CHEP2023 The future of HEP computing - the Snowmass report 13

Main recommendation

We recommend the creation of a standing Coordinating Panel for
Software and Computing (CPSC) under the auspices of DPF, mirroring
the panel for advanced detectors (CPAD) established in 2012.

Promote, coordinate, and assist the HEP community on Software and Computing, working
with scientific collaborations, grassroots organizations, institutes and centers, community
leaders, and funding agencies on the evolving HEP Software and Computing needs of
experimental, observational, and theoretical aspects of the HEP programs. The scope
should include research, development, maintenance, and user support.

(There is also a recommendation for the CPSC to setup a study group on DEI in HEP
computing — See backup slide for details.)




Common Software Stack



Key4dhep: Turnkey Software Stack @
EA

Structured software stack integrating individual packages towards a complete data processing
framework for HEP experiments

» Reduce overhead for adopting projects by sharing common
components

Event Data Model: EDM4hep ‘

f Recon-\‘ ( Analysi;
» Functionality-complete: plenty of examples for simulation and | e [‘m‘ [
reconstruction of detectors 1T 1T

» Easy to use for librarians, developers, users

e

Detector Geometry: DD4hep

» Preserve and adapt existing functionality into the stack, e.g., from
iLCSoft, FCCSW, CEPCSW

Main ingredients

Event Data Model (podio/EDM4hep) (see talk by T. Madlener), Geometry Information
(DD4hep), Processing Framework (Gaudi), Package manager (Spack)

G. Ganis, A. § Key4hep: Progress Report on Integrations - CHEP 2023, May 11, 2023

International Community

> Contributors/Interest from China, Germany, ltaly, Americas,
CERN; CEPC, CLIC, EIC, FCC, ILC, MuonCol
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Keydhep

Simulation Integrations E@

» Key4hep allows to run fast parameterized simulation via Delphes, or Geant4 Simulation via
DD4hep::ddsim (standalone) and k4SimGeant4 (Gaudi interface)

> All solutions output data in EDM4hep format to be used in digitisation / reconstruction
» k4SimGeant4 essentially has the same goal as Gaussino

» Adoption of Gaussino planned as a replacement for k4SimGeant4, aligning-with/adopting
functionality from DD4hep::DDG4

MCGenerator Full Simulation

Output Files ddsim, k4simGeant4 —> Reconstruction
Gaussino \
Particle Gun - - - Analysis
Generators Parametrized Simulation ‘/
(k4Gen) (k4Sim)Delphes

G. Ganis, A. Sailer Key4hep: Progress Report on Integrations - CHEP 2023, May 11, 2023
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Gaussino

» From Gauss to Gauss-on-Gaussino LHCB-TOR-017

¢ Introduce an experiment-independent layer!

Gauss

} © Gaussino

a LHCb new core simulation framework,
cé’ Pythia Geant4
:

created by extracting experiment-independent components
a) Gauss current dependencies

©

©
from Gauss,

© ideal test bed for new developments,

© idea came up in collaboration with the CERN SFT group / FCC,

more on Gaussino in the following talk!,

§§L Sasy ] © Gauss-on-Gaussino
© new version of LHCb simulation framework,
[Asaussino ]( LHCb }
g
w

© based on Gaussino’s core functionalities,

o © adds LHCb-specific components and configurations,

(b) Gauss-on-Gaussino dependencies

M. Mazurek The LHCb simulation software Gauss and i~ ~===*~~ ! TR ANND M e s

» Universal framework for simulations

@ use the Gaussino framework for both: test beams and final integration in the
experimental setup!

new core simulation framework to be used as a library or in a standalone mode,
created by extracting experiment-independent components from Gauss,

more on Gauss-on-Gaussino for LHCb in the previous talk!,

in collaboration with the CERN SFT group / FCC,

more on Gaussino in Key4hep in A. Salier’s talk!,

Qo000

@
©
(=

gt i &y
- In

@ this talk shows what can already be done! 14

M. Mazurek From prototypes to large scale detectors: Gaussino core simulation framework CHEP 2023, Norfolk, USA [2/15]



Keydhep

Track Reconstruction

» iLCSoft tracking algorithms available through the k4MarlinWrapper approach

Next alg.
e.g. ACTS

éM4hep2LCIO LCIOZEDMM:;
converter

indino

om

mdu|
deyyna3

m

Prev. 292 55

= 8 Q MarlinProcessorWrapper

algorithm € £ £ 06 PP
©

converter

» Integration of the ACTS tracking toolklt as thin Gaudi Algorlthm ongoing:
» Converting from EDM4hep to ACTS formats (see P. Gessinger talk)

sl
material_sensitive T A
> Inject/add into ACTS surface information //
provided by dd4hep: :rec: :Surface e —rae

> After the geometry instantiation, via
DD4hep’s plugin mechanism

Key4hep: Progress Report on Integrations - CHEP 2023, May 11, 2023

G. Ganis, A. Sailer
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Efficiency

Implementation of ACTS for STCF

See our slides here

First application and validation of ACTS for a drift chamber
Promising tracking performance for STCF has been achieved

- 94% tracking efficiency with prin [50, 100] MeV
- a(pr)/pt < 0.5% with pr = 1 GeV, 0 = 90° is achieved
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https://indico.jlab.org/event/459/contributions/11431/

Keydhep

Analysis with RDataFrame @

» EDM4hep data stored in ROOT Tree / RNTuple lends ideal candidate for analysis with
RDataFrame

» Collection of tools in FCCAnalyses
» Example parts of the Higgs-Factory “Standard Candle” Higgs-Recoil analysis

theDataFrame

# define an alias for electron index collection

.Alias("Electron0", "Electron#0.index")

# define the electron collection

.Define("electrons", "ReconstructedParticle::get(Electron0, ReconstructedParticles)")
#select electrons on pT

.Define("selected_electrons", "ReconstructedParticle::sel_pt(10.) (electrons)")

AT
.Define("zed_leptonic_recoil_m","ReconstructedParticle::get_mass(zed_leptonic_recoil)")
# create branch with leptonic charge
.Define("zed_leptonic_charge","ReconstructedParticle::get_charge(zed_leptonic)")

# Filter at least one candidate

.Filter("zed_leptonic_recoil_m.size()>0")

G. Ganis, A. Sailer Key4hep: Progress Report on Integrations - CHEP 2023, May 11, 2023
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Keydhep

Testing

» The rate of changes and updates in the functionality e
requires monitoring and validation of performance

» Setting up continuous validation system able to SimTest 10 Operations
monitor key performance indicators for any P ———
community (Detector Model) in Key4hep ) 5000§ -

» Valprod: toolkit to support building comprehensive :
validation jobs o

» Support CPU flame graph, 1/O profiling o

» Integration with HSF::prmon 2000

1000

._[\A@m_mmgml.\m[....

A
0 20 40 60 80 100 120 140 160 180 200 220 24(
Time [s]

G. Ganis, A. S2 Key4hep: Progress Report on Integrations - CHEP 2023, May 11, 2023
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Keydhep
Summary & Outlook @

» Key4hep project is providing a common framework for future Higgs factories
» Fully adopted by FCC, increasing adoption by CLIC, ILC, CEPC
> Interest grown beyond the initial electron—positron collider communities (EIC)
» New collaborators are always welcome
» Consolidation and expansion of the software stack to match the needs of the community is
ongoing
» By integrating new state-of-the art tools: PandoraPFA, ACTS, CLUE, Phoenix
» Continuous Validation System to ensure everything keeps working together with high
performance

G. Ganis, A. S Key4hep: Progress Report on Integrations - CHEP 2023, May 11, 2023
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Framework
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ATLAS: MZiHEFEAthenaMPZEZ &2 AthenaMT

« BERIRFT > BEFFHT
» TERE
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Meld: Exploring the feasibility of a framework-less
framework

» DUNE : FpfsF5C50
o S5 BH ITHSTRE  BAHE "B
o iBHEN

Reconstruction Supernova analysis

Trigger record aa1  [1a[18 [ac] Window A |1A [2A [3A | Trigger record

1A | 1B | 1C 1A |18 | 1C

3A |3B [3C 3A |3B | 3C
soas [3a 3 [oc | windowc. [1€]2¢ [5¢]

: BRISFHEETIHENTIRATHESRE > FRMEIMeld
o RHARERDE , BHUBMNIEIEMSR AEM (high-order) &L

Transform (Map) fa)—=b
Filter f(a) = Boolean Standard data-processing idioms
Monitor f(a) - Void
Reduction (Fold) fe(a) » ¢ o o
For splitting and then combining events
Splitter (Unfold) fn(@) - (d),
Zip — For combining arguments to user functions
Sliding window — To do: For sliding over adjacent events

22



ROOT-EVE based CMS HGCal Display

Data Preparation —

Large data volume in the current and future HEP experiments
demands:

CMS HGCal:
O(1M) thick hexagons (24 triangles)
resh raf

o Efficient data processing, transfer and storage

e Flexible and capable offline framework and infrastructure

i _ SNIPER Framework developed for JUNO
* Improved event visualization

Grid job locations for DUNE data processing

—u
° ° |
. |
|
" 1
H
i
| &
H
1
1
1
|

ATLAS data compression performance

Compression factor vs Reading speed - DAOD_PHYS

j
= L4 ]
75 o Level " Level5 A Leveld | ou . .
7 j = zlib 2std — (zma — 24 ) @ CEf o L
F o
E ° ]
85— ‘ o
. 6SE . A
3
HC L e
s F
]
§ 55 A - ~
g I [ <. dota relatea
" o i
§ S . f °
E 4 @ st Store: central place for . raw data related
4sf- ¢ ® ° o holding and sharing Event data
= ° .
5 I | | | |
% ) % ) 5 8 ®
L] °

Marilena Bandieramonte - CHEP 2023 Conference Highlights: Track 3



Multilanguage Frameworks

v IREDE , BHHEHL

o XY JNEPLENERNTE
M ( BRAELUANES )

o TEEfTR

w» {ﬁﬁﬁé\ﬁﬁgig%_ﬁilaﬁﬁ | do something
BENSER

e Scala: HTitE
e JavaScript : EIf¢{t

—HIERERYTEE ¢

& roby @ python’ @@@M GraalVM
P e no@de @® o SHESEMETT—

| AERBEEEEE
« Truffle Language Implementation Framework X —
Laa Bty K @ — o Oracles@] , #RHEE

FBFFREGPL License
o CHTwitterZ(ER

GraalVM Compiler

Java HotSpot VM
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Machine Learning
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Fast Simulation (1)
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Total CPU[kHS06-years]

EREFREH, FIENET Diffusion A
CaloDiffusion, CaloCloud & 3
Noise” Shower 4OOSD£LUSSi0n Shower i i % <z3

120

Subdetector CPU fraction for 50 ttbar events
MC16 Candidate Release

Calo (78%)

ID (16%)
Other (4%) Muon Sys (2%)

80}
60+
40F

20F
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100
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Fast Simulation (2)

End-to-end BYENNIRIEAYERL ( Ultra-Fast
Simulation ) , BT Geant4 &3 , SCIIM
MC Particle Z2IFF TR TS RITRIENL

e 540 LHCb B9 Lamarr , CMS Y FlashSim

BETFH=e=3 5% (GBDT, MLP, GAN)
SCHIRS tracking EEEESAER ( FIOHEER ) .
PID. =8ess ( BFIRNIZEHEEAS ) AURIE
=L

Propagation in Global PID vars
the magnetic field 4[—. AN Lacadimocdal

Detector occupancy
— | sampling |
Geometrical

acceptance

GBDT-based model

)

Tracking

RICH detector

GAN-based model

Lamarr
PID pipeline

MUON detector

GAN-based model

efficiency LHCb Simulation Preliminary

MLP-based model 2 105 2016 MagUp W Deciled Simulation
o GNN-based model
\—l—/ Q
3 10°
3
\ =
Tracking E: 100 F
resolution ]
GAN-based model ~ 100
—
10}
01 el
Lamarr 1F ulh 1

Tracking pipeline 0 50 100 150 200
ECAL cluster reconstructed energy [GeV]

Detailed Simulation

Gauss* Data processing

Generator Simulation

Fast Simulation

Gauss* Data processing

Generator Simulation -
e.g. Pythia8 || Geantd / params Y

Ultra-Fast Simulation

Gauss* | Data processing

H
Generator Simulation + Event Reco i
‘ i

Geometrical Tracking
acceptance efficiency

Pr ion in
magnetic field

HepMC amarr Tracking
events _ . resolution
Neutral object l
kinematics Neutral object Charged particle
identification identification

FlashSim means skipping

all intermediate steps e i
. ast(er):
Reached 100 Hz/kHz!
&——  FULLSIM »  Not analysis specific

o Depending on Gen (not just
ageneric event but the
&——> ruasusIM event)

™

e——»  EasTSIM

et | GEN —| SIM — DIGI — RECO —| AOD — MINI —| NANO
Real
betector DATA — RECO — AOD — MINI — NANO
Event
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Track Reconstruction
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Online Application
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EATH

+» CHEP 2023 — Track 12 (X): Quantum computing
o MREFTEESHEMIEEG, FEF. WURRIL. EEMYES TP

% 1 Session, 12 MR

e Co-Design of Quantum Hardware and Algorithms in Nuclear and High Energy Physics

e Towards a hybrid quantum operating system

e Precise Image Generation on Current Noisy Quantum Devices

e Application of quantum computing techniques in particle tracking at LHC

e Connecting HEPCloud with quantum applications using the Rigetti platform

e B Meson Flavour Tagging via Continuous Variable Quantum Support Vector Machines

e First Measurements With A Quantum Vision Transformer: A Naive Approach

e The Role of Data in Projected Quantum Kernels: the Higgs Boson Discrimination

e Hybrid actor-critic scheme for quantum reinforcement learning

e Improving Noisy Hybrid Quantum Graph Neural Networks for Particle Decay Tree Reconstruction
e Symmetry Invariant Quantum Machine Learning models for classification problems in Particle Physics

e Pion/Kaon Identification at STCF DTOF Based on Classical/Quantum Convolutional Neural Network
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' LFD l QR Je on Lab

Overview of Quantum Algorithms for NHEP

“Low-Level” Algorithms

» Grover’s & Shor’s algorithms
» Provable speedup / error correction required

Quantum Simulation

» Mimic system using simplified model
» Classically likely intractable

Unorthodox Approaches

» Quantum annealing, adiabatic quantum computing
» (Gaussian) Boson sampling, etc.

Energy

NISQ Algorithms o I A0
0) [ |

» Variational algorithms: Hybrid quantum-classical g {Tr ::

» Less resources / potential speedups 0 {, [&.

- QR Je

on Lab Overview of Quantum HW (high level)

Franz/Zurita/Diefenthaler/Mauerer

Google Q IONQ {PASQAL AN ting
-’lgettl Q cuantinuum  Honeywell @ColdQuanta

= Strong coupling to hardware properties

7/ prepare Bell state

OPENQASH 2.0;
include "gelibl.inc";

=4 areg qi21;

creg cl2];

reset g[0];
reset q[1];

Quantum Co-Design in NHEP May 9, 2023 2/11 Franz/Zurita/Diefenthaler/Mauerer Quantum Co-Design in NHEP May 9, 2023 3/11
R Je on Lab Influence of Noise on Optimisation (QAOA) Je on Lab Latency and Jitter and Integration
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Connectivity Density
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Qibo framework: A8 "B{ERSF"

Qibo framework

J abon |
High performance L Qibocal
simulation

4
/
|
\,
\\
N
Calibration routines
4 Q PU Gate set abstraction [ J
Propose a solution using QC - v
~ Gate set
\\ characterization
\
]
//
(

‘_’[ Qibolab @

Control drivers [ Reporting tools j [ gg-compare ]
Pulse abstraction qq-upload

X

Implement the solution using high
level code

Simulate on Classic Hardware Execute on Quantum Hardware

PU U Mo Offeent tocheloges N forcalbraionEr Goection j:IE 1 E ?]« -|—"é'1:|:7.'ll:l
Erp— LUy S i A
SEIN R, JeimiER SR

Is it possible to create from scratch a framework for all of this?
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o BESHIERFS
e Quantum GNN : SiTFEL, K FETNERE
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Learning Rate
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e Quantum Support Vector Machine : Flavor Tagging. PID

[=]
(=]

¥ =

T T

4 5
Number of Charged Particles

—&— Permutation Invariant (Best) Test
—%— Non-invariant IQP Test
—&— Non-invariant Bloch Test

Weightings in data:
3 particles : 20%
4 particles : 14%
5 particles : 18%

6 particles : 12%

Weighted Averages:

Permutation Invariant = 0.77
Non-invariant = 0.67

Signal Efficiency (TPR)

: Ntrain=576, Ntest=720 (x5)

0.8
0.6
0.4
0.2
—— QSVM (6 qubits): AUC = 0.676 = 0.017
—— SVM linear: AUC = 0.672 + 0.017
----- Random Classifier
0'00.0 0.2 0.4 0.6 0.8 1.0

Background Efficiency (FPR)
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e Quantum CNN : mt/K identification at STCF
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Heterogeneous Computing and
Accelerators
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Trigger scheme Open Close

Two very important but basically conflicting e
demands for Trigger jagliv s
» Decrease throughput to backend DAQ "‘
> Keep trigger-efficiency high

<- Detector

Two trends : _ . Backend DAQ
Triggerless/continuous readout

High-level
trigger

Hardware(L1)
trigger

Higher-level reconstruction in hardware trigger

Fri12th May Plenary Session - Conference Highlights: Track 2 : Online Computing
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“One year of data taking™:
Triggerless/streaming readout

» Triggerless DAQ in LHCb
» The system has been successfully used for the first part
of Run3 !
» Development : Implementing trigger for Long-lived
particle detection (short track and displaced vertex )

» New ALICE DAQ system (O2/FLP) for Run3
» Reconstruct TPC data in continuous readout in
combination with triggered detectors.
» Excellent initial performance, quite promising for Run 3

Full collision-rate readout: why?
Flavio Pisani

LHCb Trigger

n
[3)]

- HETT
Ady //'

LA /
0D

Trigger yield (Arb. unit)
S

G‘I.wlluul.u.\wuiu..inJuul.u;h
1 15 2 25 3 35 4 45 32
Luminosity ( x 10™)

ALICE data-flow

Detector

Hi run 3.5 TB/s ZggO lin:s -
reaaout cards
N7

First Level Processors

HI run 900 GB/s
L ¥4

Event Processing Nodes

HI run 130 GB/s Vasco Barroso
L4

Fri12th May Plenary Session - Conference Highlights: Track Storage :



GPU in ALICE DAQ

Today
>2000 * AMD MI50 in Run 3
Online and Offline barrel tracking

Accelerated online Computing : GPU

- ALICE Run 3: GPU for online (&offline) reco

acceleration.
- Without GPUs, more than 2000 64-core servers would be
needed for online processing!

-  CMS Run 3: 40% of reconstruction accelerated by

G P U S 00 ms CMS Preliminary 13.6 'rev|
. s : Andrea Bocci
- Achieve full performance portability with Alpaka 700 ms 690 msiev
-40% time / event
ECAL
i . SS;Llrack and vertex
v ® Full track and vertex
o s i

u Jets/MET
u Taus
® Muons
other
® non-event processing

300 ms

average reconstruction time per event

200 ms

100 ms
2x AMD EPYC 7763
2xNVIDIAT4 7

0Oms

Fri12th May Plenary Session - Conference cPU-only with GPUS
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Accelerated online Computing : FPGA |

Learning 4
(\
- -
Sy
. &
‘ ‘

Module ‘&' ‘&

Map -

Hits Graph
Graph

> Triggerless DAQ with Anomaly detection of Construction
machine learning
> It sounds interesting if we can keep the main DAQ running
and adding a simple triggerless DAQ system for exotic-
event search, for example.

> GNN in ATLAS event-filter for HL-LHC

» FPGA resource constraints : Quantization + Pruning was
used in the study

J

*\

° ‘

Migliorini Matteo
4

C——
VC707/0BDT

V(707/0BDT

miniDT1

miniDT2

miniDT3
LVDS cables
miniDT4

Fri12th May Plenary Session - C DelPonerdgerso

42



Sustainable and Collaborative
Software Engineering
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AFFE SRR LiE

Topics

Sustainable Languages and Architectures

Sustainable Cl and Build Infrastructure A total of 33 talks in
6 sessions

Glance and Web based applications

Track 5

Sustainable Analysis
MISC: MonteCarlos, Infrastructure and Simulation

Sustainable Frameworks

A Theme for this CHEP: Increasing adoption of open source tools outside of HEP & NP
Theme of this Track: Sustainability through sharing of common tools

Fri 12th May Plenary Session - Conference Highlights: Track 5

Liz Sexton-Kennedy, Track 5 Highlights 44



https://indico.jlab.org/event/459/contributions/12626/attachments/9738/14273/CHEP2023%20Track%205%20Summary%20Talk%20(1).pdf

R/
0‘0

R/
0‘0

FreEsepk S illiny

BesfmiERFKubernetesE 2 A AR LI BILAIEIHZEN
= CERNIT, ALTAS, ALICE. JUNO

GitLab/GitHubB TR B SR EERATHT /52t
= YAML + Git —

ARCHITECTURE OVERVIEW

Sustainable Cl and Build Infrastructure e muw, o

» Nomad, Consul, Vault from Hashicorp, designed to

complement each other o ‘m'- -®
Nomad: allocates jobs to machines; resource afcounling '8""'" s
A common trend across the experiments F=S

is orchestration & containers using &P Runner
kubernetes or nomad itlab Group Runners are epové in a self-hosted Kubernetes »

Gitlab agents are used to connect Gitlab and Kubernetes. Then the
managed by the Gitlab agents. . . :

ations are managed in GitLab repositories. ALICE is using Hashicorp Nomad,

Vault and Cosul

J en kl ns Stll | h eaV| Iy u Sed ) Eene . Juno has modernized it's software practices

following HSF recommendations

Gitlab / Github actions new way b YY)

o . 9 @@@ -~
of defining builds. 999 000

CERN web services have been

. . - ss0
automated and more configuration is Menagement wose ) v
ystom @ @ @ BN
delegated to users Controlers @
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Sustainable Analysis

o
o

1
IS

fraction of files

o
N

“Analysis of physics analysis”

0.0

- ldea to learn from Git repositories. Study limited to CMS

(SRETINENS

- Awkward version 1 or2
. Awkward version 0

2019 2020 2021

date of file last modification

2022 2023

- We can learn things that are useful for software library maintenance

» user adoption of new versions
» most common function-call patterns
» decide if and when a feature can be deprecated

» discover which libraries are being used together, maybe motivate integrations

LbMCSubmit:

- New flexible & scalable request submission system for LHCb simulation
- Based on specifications in YAML, with review, Cl test, then full submission

Simulation data quality in LHCb now integrated with DQ monitoring web-based tool
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Summary

+» Hardware drives redesign of the computing and
software of HEP

+ Recapped the partial of the highlights of CHEP2023

e Common Software Stack

e Framework

e Machine Learning

e Quantum computing

e Heterogeneous Computing and Accelerators

e Sustainable and Collaborative Software Engineering

+ Lots of related works are being under-development in
China and will be covered by the following talks.
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B<STI0
Mini—Workshgp on BESIII Physics——500 Publications

May 31, Z0Z3

i
! Register, write !
| search )i

Faw
ransient
Event Store

) ) (&) (5l

* Led by Prof. Kejun Zhu

* specification : ~ 50Mb/s, 4000
Hz, 10 xB-factory, 1000 x BESII

* Online monitoring, display and
control

Led by Prof. Weidong Li

CMT based BESIII software development and management
GAUDI based software framework

GEANT4 based Monte Carlo simulation

MYSQL based calibration and database

Thanks and Congratulations to
people who ever made contributions to BESIII Offline Software!




Thanks for you attentions!
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