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Motivations

Challenges of LHC, and HL-LHC are pushing to re-think the HEP computing models

¥ Impact on several aspects, from software to the computing infrastructure Need to:

Similar trends for ATLAS and CMS HL-LHC projections

Optimize the usage of CPU
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Higher rates of collision events * Higher demand for computing and storage resources
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HEP data analysis with 1CSC

Detector High-Level Mata
Trigger

L1 trigger

collisions Analysis
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» MOM e m 0 I’\[ U s e (% ) Dask cluster configuration

* NOTE: The cell below must be changed every time the Dask cluster is recreated

: from dask.distributed import Client

client = Client("localhost:22631")
client

/usr/local/share/miniconda/lib/python3.10/site-packages/distributed/client.py:1309: VersionMismatchWarning: Mismatched versions found

Workers: ~

| Package | Client | Scheduler | Workers |
name address nthreads cpu memory limit memory % | old recev} spilled #fds net read net write | 124 | 4.0.0 | None | 4.0.0 |
Total (10) 10 61% 5.0 GIB 200 GiB 24.9% 0.0 781.1 MiB 42GiB 0.0 450 1MiB 492 KiB | msgpack | 1.9.3 | 1.0.5 | 1.0.3 |
HTCondorCluster tcp:/10.60.128.1¢ 1 73% 564.7 MiB 2.0GiB 27.6% 0.0 84.6 MiB 480.1 MiB 0.0 47 95 KiB 109 KiB | python | 3.10.10.final.@ | 3.9.9.final.e | 3.10.10.final.o |
| toolz | 0.12.0 | 0.11.1 | e.12.0 |
HTCondorCluster tcp://10.60.128.1¢ 1 62% 520.9 MiB 20GiB 25.4% 0.0 78.9 MiB 442.0 MiB 0.0 47 74 KiB 9KiB
HTCondorCluster tcp:/10.60.128.1€ 1 68% 560.2 MiB 20GiB 27.4% 0.0 74.9 MiB 485.3 MiB 0.0 47 98 KiB 112KiB Notes:
HTCondorCluster tcp://10.60.128.1¢ 1 79% 563.7 MiB 2.0GiB 27.5% 0.0 78.6 MiB 485.1 MiB 0.0 46 169 KiB 10 KiB = LELREGNS Wity 2 gl 1°"9, SR B S LS i
warnings.warn(version_module.VersionMismatchWarning(msg[@] ["warning"]))
HTCondorCluster tcp://10.60.128.1¢ 1 2% 79.2 MiB 20GiB 3.9% 0.0 78.5 MiB 704.0 KiB 0.0 27 7KiB 3KiB o
HTCondorCluster tcp://10.60.128.1¢ 1 68% 565.0 MiB 20GiB 27.6% 0.0 78.5 MiB 486.5 MiB 0.0 47 168 KiB 10 KiB Client
name address event_loop_interval disk read disk write Client-ce7539b8-e288-11ed-81dd-7a36feca5287
Total (10) 4.765862094811044 0 2MiB
HTCondorGluster-10 tepi/10.60.128.166:43094 0.21137993037700653 o 153 KiB Connection method: Direct
HTCondorCluster-11 1cp://10.60.128.167:43281 0.20190957069396973 0 218 KiB Dashboard: http:/flocalhost:31645/status
HTCondorCluster-12 tcp://10.60.128.166:32940 1.5537115732828777 0 158 KiB v
HTCondorCluster-13 tep://10.60.128.168:44357 0.2843333686270365 0 169 KiB
HTCondorCluster-14 1cp://10.60.128.167:38003 0.019974627494812013 0 0 Scheduler Info
HTConderCluster-15 tcp://10.60.128.168:44308 0.2669351371851834 /] 167 KiB
Y Scheduler
 Simple (0D 1 14 Mem:1.04/8.00GB Workers _ Simple (I 0 1 & Singularity kernel | Idle  Mem: 235.51/ 8192.00 MB Mode: Command @ Ln1,Col19 HNL_analysis.ipynb

RG

MALTA |

*trigger rates for previous Runs, now factor 3 = 5 higher, will further scale in HL-LHC
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* After connecting to an entrypoint URL, the _— /'\; .
user reaches a Jupyterhub instance that, o p— jupyternu
after authentication and authorization via o o
INDIGO-IAM, allocates the required

resources for the user’s working area.

multi-tenant

* The jupyterhub is deployed on a Kubernetes Qe sce er
(k8s) cluster with 128 vCPUs and 258 GB, ® o &
divided into 8 nodes configured via RKE2 ST = Jupyter .- = Jupyter

\

g  TEm mImm mm mm = =y,



https://jupyterhub.readthedocs.io/en/stable/
https://github.com/indigo-iam/iam
https://docs.rke2.io/
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High throughput data analysis platform
@00

& g _—
. The deployment of the Kubernetes oy — Jupyterhub
resources is handled via HELM charts in the - o
official Spoke2 Jhub HELM repo

. This allows for a scalable and fault-
tolerant deployment of the available

multi-tenant

resources @00 0@ 0@
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https://github.com/ttedeschi/HighRateAnalysis-WP5/tree/main/stable/jhub-aas
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High throughput data analysis platform

Jupyterlab interface is flexible and customizable: & Vo == .
- Includes specific plugins (e.g. Dask) B
- Working environment highly customizable using ry [—

Docker containers allowing for experiment specific .

Software S

jupyterhub
S’

[4 Launcher ¥ | [B analysis.ipynb X [+
B+ XO O » m C » Code v

client = Client("tcp://dask-root-cld75b3b-c-scheduler.jhub:8786")

client
[4]: D cli
ient C r ©0®
Client-17e349cd-8980-11ef-90ac-4e37bcd4d4cel o Q . O .
Connection method: Direct
&g gE

Dashboard: http://dask-root-c1d75b3b-c-scheduler.jhub: 8787 status

| [4]: from dask.distributed import Client

| Launch dashboard in JupyterLab |

Jupyter " Jupyter

v Scheduler Info

D Scheduler
Scheduler-e626a51e-74cc-4c92-b481-6a821940c462
Comm: tcp://10.42.6.73:8786 Workers: 40
Dashboard: http:/10.42.6.73:8787/status Total threads: 40

Started: 20 minutes ago Total memory: 80.00 GiB

v Workers /
D » Worker: dask-root-c1d75b3b-c-default-worker-00d0a343d6
D » Worker: dask-root-c1d75b3b-c-default-worker-0435a98¢83
D » Worker: dask-root-c1d75b3b-c-default-worker-046ae5f895
D » Worker: dask-root-c1d75b3b-c-default-worker-0739901384
D » Worker: dask-root-c1d75b3b-c-default-worker-Obbcab7e3d
D » Worker: dask-root-c1d75b3b-c-default-worker-16932c5f0b

D » Worker: dask-root-c1d75b3b-c-default-worker-256fade72a

g  TEm mImm mm mm = =y,

D » Worker: dask-root-c1d75b3b-c-default-worker-3bf9267d55

multi-tenant

yring

gk

000

e
" Jupyter

pod



https://docs.dask.org/en/stable/
https://www.docker.com/
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High throughput data analysis platform

. ldeal environment for testing interactive analysis ~— P
and validating new frameworks, e.g. the multi- )
threading features of ROOT RDataFrame |~ Jupyterhub

. The Dask Labextension provides a user-friendly
monitoring dashboard

=z

5

('] C—

8 ZS

s 2m

3 Ez
©

multi-tenant

. More in the official docs!
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https://github.com/dask/dask-labextension
https://icsc-spoke2-repo.github.io/HighRateAnalysis-WP5/sections/intro.html
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High throughput data analysis platform

. Offloading strategy: resources used to offload the & Y o .
computation are hosted in the same k8s cluster as o p@w y
. . . . jupyterhu
the jupvter interface, via DASK KubeCluster o — -’
. Under development: spawning on multiple remote sites | s

Sign in with OAuth 2.0

allowing for heterogeneous resources (HTC/HPC/Cloud)
(see more in backup)

GEANT \ GEANT (AUSTRIA

multi-tenant
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qp ap
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Benchmark interactive
analyses
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CMS use-case

Contents lists available at ScienceDirect pp JS — 1 3 Tev
Physics Letters B - :50.5TT--T-r]--r|-u|T1.|T..]_
ELSEVIER e s s © PYTHIAS LO:
e L) ut 0.4:— — D - 1'(3;1)1;_:
Search for the lepton flavor violating T — 3u decay in proton-proton o ; B o7 (3[1)X s
collisions at /s = 13 TeV . X. N BN il
The CMS Collaboration * rt T L ¥ M 0.3 "~
G, Genev, Swizrand = e . >
Search for T - 3u decays, which have very small SM branching fractions T :
BRgy ~ O(107°°), while being predicted with sizable BR in several BSM :
scenarios BRgoy ~ 0(10719 = 1078) ! ll-_w_ o

| 1 | .  — L 1 Ll 1 Ll
0 2 4 6 8 10 12

us pr (GeV)
: : .. x 107° Up to 131 fb" (13 TeV)
* T leptons produced in D and B meson decays provide large statistics at LHC 15: cMS s, Lett. B 853 (20241 138633"

experiments, but are only accessible with low-p; muon triggers

1 "_ — Observed _—
I --- Median expected |
I 68% expected

[ ] 95% expected

* Analysis of Run 2 data recently published, stat. limited
-> benefitting from inclusive low-pr-muon L1 trigger in Run 3
- technical challenge: new datasets are X 2 - 3 times heavier

90% CL upper limits on B(t—3u)

HF analysis W analysis HF + W HF + W
2017+2018 2017+2018 2017+2018 2016+2017+2018

15


https://doi.org/10.1016/j.physletb.2024.138633
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CMS use-case

Contents lists available at ScienceDirect

Physics Letters B

P[ Sk\ Ik R journal homepage: www.elsevier.com/locate/physletb

:;rch for the lepton flavor violating T — 3 decay in proton-proton g
collisions at /s = 13 TeV
Search for T — 3u decays, which have very small SM branching fractions L 2017, 38.0 fb™ (13 TeV)
BRgym ~ O(107°°), while being predicted with sizable BR in several BSM 2 0= CMS
scenarios BRggy ~ 0(10710 =+ 1078) S
S 16¢
it 144
» 7 leptons produced in D and B meson decays provide large statistics at LHC 2
experiments, but are only accessible with low-p; muon triggers 0- & Data
g — Total

: : 6;—-5 kground
 The normalisation channel used as a benchmark: D - ¢(uu)m* | £

-> cut-based analysis + mass fit for measuring the D" yield in data 2

0_| I R T L.ﬂ-"l“.l L 11 ‘I“'I'--P"I"'I.‘I | Lo |‘]’~.
1.75 1.8 1.85 1.9 1.95 2

Phys. Lett. B853 (2024) 138633  M(W'nn*) [GeV]

16


https://doi.org/10.1016/j.physletb.2024.138633
https://doi.org/10.1016/j.physletb.2024.138633
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D! - ¢(uu)m™ analysis workflow

* Define high-level variables

. * Apply scale factors and
Data CO”ECt?d by low « Skimmed data, events Cgrrr)eyctions
P+ dimuon triggers th 2u+1track final stat _
S WAGTD dlera (e WITh cp 2track dinal state - Apply selections, select best D
centrally produced * Saving only physics candidate per event
objects of interest + Fit the 2u+1track invariant mass
e Plain data format, ~ 5
CM S GB / fb-1, stored on eos

AEWAIES

Dataset

. Legacy: approach Loop-based analysis implemented using ROOT TTree:MakeClass
- split computation in batches of input files, run separately as HTCondor jobs, gather the output rootfiles

. New: Ntuples read as RDataFrame, almost all operations “lazy” — no loop triggered till the end
- going distributed using ROOT RDataFrame distributed features, with Dask backend.

17


https://iopscience.iop.org/article/10.1088/1742-6596/664/7/072052/pdf
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Ntuples are nanoAOD-like

Triplet_pt [O]
evt 0
- -
evt 1 Muon_pt[0] || Muon_eta[O] Triplet_pt [1] —
—
Triplet pt[2]| | O
evt 2 Muon_pt[1] || Muon_eta[1] C'T
HLT_MuO_pt[0] [~ =S . -
Muon_pt[2] [| Muon_eta[2] z Triplet _pt [3]
HLT MuO_pt[O] C .
R \ Muon_pt[3] || Muon_eta[3] Triplet_pt [4]
O >
HLT MuO_pt[O]
o
| \ Muon_pt[4] || Muon_eta[4]
HLT MuO_pt[O]
o Goal:
_pt[5] || Muon_eta|5]
HLT MU0 pt[o) e Select events with triplets passing
selections (e.g. containing muons with a
HLT MuO_pt[O] given quality)

e Select best triplet per event in case >1 pass

HLT MuO_pt[O]

18
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D! - ¢(uu)m™ analysis code

Basic imports . Define a Dask Client

import sys, os, time
start = time.time()
import json

import ROOT

Welcome to JupyROOT 6.30/82

~ Dask scheduler

'2]: from dask.distributed import Client, performance_report
'3]: Local = False
if Local:
from dask.distributed import LocalCluster
cluster = LocalCluster()

client = Client{cluster.scheduler.address)

Mow start new Dask cluster, scale the number of workers

'5]: # fill this cell with "<=" button of Dask labextension

from dask.distributed import Client

client = Client("tcp://dask-simonef-80b8d6c6-2-scheduler.jhub:8786")
client

|:| Client
Client-326794b5-908b-11ef-82a4-3ee1209b75b0

Connection method: Direct

Dashboard: http://dask-simonef-80b8d6cE-2-scheduler.jhub:8787(status

Launch dashboard in JupyterLab

» Scheduler Info 19
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D! - ¢(uu)m™ analysis code

X509 proxy configuration . Define a Dask Client

. Load X509 user proxy to Dask workers and set env paths

The /tmp/x5@89up_u file should be generated prior running the notebook using voms—-proxy-init -
cert ../cert/usercert.pem -key ../cert/userkey.pem

from distributed.diagnostics.plugin import UploadFile
client.register_worker_plugin(UploadFile(" /tmp/x58%up_u@"))

Jtmp/ipykernel_676/2847743139.py:2: DeprecationWarning: “Client.register_worker_plugin® has
been deprecated; please use "Client.register_plugin’® instead
client.register_worker_plugin{UploadFile("/tmp/x589up_u@"))

{'tcp://10.42.0.75:43259"': {'status': 'OK'},
"tcp://10.42.08.76:42581"': {'status': 'OK'},
"tep://10.42.1.93:32875"': {'status': 'OK'},
"tep://10.42.1.94:42729"': {'status': '0K'},
"tep://10.42.2.68:41105"': {'status': 'OK'},
"tcp://10.42.2.69:41157"': {'status': 'OK'},
"tecp://10.42.3.92:36155"': {'status': "OK'},
"tep://18.42.3.93:34933"': {'status': 'OK'},
"tcp://10.42.3.94:43541"': {'status': '0OK'},
'tep://10.42.4,76:42331": {'status': 'OK'},
"tep://10.42.4.77:38303"': {'status': 'OK'},
"tep://10.42.4.78:43961"': {'status': "OK'},
"tep://10.42.4,79:45559": {'status': 'OK'},
'tcp://10.42.6.89:34275"': {'status': '0K'}, .

def set_proxy(dask_worker):

import os
import shutil

working_dir = dask_worker.local_directory

proxy_name = 'x589%up_u@’

os.environ['X5809_USER_PROXY'] = working_dir + '/' + proxy_name
os.environ['X589_CERT_DIR']="/cvmfs/grid.cern.ch/etc/grid-security/certificates/"
return os.environ.get("X509_USER_PROXY"), os.environ.get({"X509_CERT_DIR")

I [11]: client.run(set_proxy) AV & PR

[11]: {'tcp://10.42.0.75:43259': ('/tmp/dask-scratch-space/worker-eel2y_1lw/x5@%up_ud',
‘/ovmfs/grid.cern.ch/etc/grid=-security/certificates/"'),
"tcp://10.42.08.76:42581": ('/tmp/dask-scratch-space/worker-1p8yzbsh/x50%9up_ud"', 20
'/evmfs/grid.cern.ch/etc/grid-security/certificates/"'),

e mem s F 71 AT 41 D ITWOTC B W F e Flmemle mmmmde sl e ems fsmemllem e D d mdes sy ForCilifMaam  oodh i
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D! - ¢(uu)m™ analysis code

Declare custom C++ functions + Define a Dask Client
. Load X509 user proxy to Dask workers and set env paths
8]: [faxt_file = open("Utiticies.ht, 5r) . Declare useful C++ functions and define
) Distributed.Dask.RDataFrame

def my_initialization_function():
ROOT.gInterpreter.Declare('{}'.format(data))

ROOT.RDF.Experimental.Distributed. initialize(my_initialization_function)

numWorkers= len{client.scheduler_info()['workers'])
#npartitions = 2 %= numWorkers
npartitions = 2 % nfiles

print("Number of workers is: {}".format(numWorkers))
print{("Mumber of total partitions is: {}".format{npartitions))

df = ROOT.RDF.Experimental.Distributed.Dask.RDataFrame{treename, daskclient=client)

'root://eosuser.cern.ch//eos/mypath/*.root’

21


root://eosuser.cern.ch/eos/user/f/fsimone/lustre/SkimPhiPi_UL2017_Run2017B_ModFilter_Mini_v2/210131_221715/0000/Tree_PhiPi_1.root
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D! - ¢(uu)m™ analysis code

. Define a Dask Client
e ass 10 (1,622,627 . Load X509 user proxy to Dask workers and set env paths
: i :: :Eg;j?’jzair::rif‘kﬂgf;ﬂcjj:i:n:;-t?nF:hE transverse plane > 2 * DEC|are USEfL” C++ funCtlonS and dEflne
triplet_selection = ;;E:Ei;ﬂ:ﬁ;:iai;&f Ir;zliﬂ_ﬂaﬁﬂlm e DlStrlbUtEd.DaS k.RDataFrame

FlightDistBS_5V_Significance > 2 "

# Events with at least one good candidate

df = df.Define("triplet_maskl", triplet_selection).Filter("ROOT::VecOps::Sum(triplet_maskl) =8") Some Steps Of the anaI‘ISis:
. Apply selections on branches with size nTriplet
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D! - ¢(uu)m™ analysis code

# Selections on triplets

# 2 —> 2mu+track candidate mass in (1.62-2.82)GeV

# 3 -> at least 2 track associated with PV

# 4 -> Significance of BS-5V distance in the transverse plane > 2

triplet_selection = "Triplet2_Mass=>1.62 && Triplet2_Mass<2.02 &b& M\
RefittedPV2 NTracks = 1 &&
FlightDistBS_5V_Significance > 2 "

# Events with at least one good candidate
df = df.Define("triplet_maskl", triplet_selection).Filter{"ROOT::VecOps::Sum(triplet_maskl) =@")

# Find index in "Muon " and "“Track " branches

df = df.Define("Mu®l_index", "match(MuonPt, Mu®l Pt)}")
df = df.Define("Mu®2_index", "match(MuonPt, Mu@®2 Pt)}")
df = df.Define("Tr_index", "match(MuonPt, Tr_Pt)")

# 7 == Apply Muon ID Global and Particle Flow
df = df.Define("Mu®l_ID", "muon_id(Mu®l_index, Muon_isGlobal && Muon_isPF)}")

df = df.Define("Mu®2_ID", "muon_id(Mu®2_index, Muon_isGlobal && Muon_isPF)}")

# 8 => IP(track, BS) z direction < 28 cm and xy direction < @.3 cm

df = df.Define("Tr_IPcut", "muon_id(Tr_index, (Track_dz<2@ && Track_dxy=@.3) )")

.F
df

df.Define("triplet_mask4", "Mu@l_ID && Mu@2_ID && Tr_IPcut").Filter("ROOT::VecOps::Suml{triplet_maskd4)=8")

. Define a Dask Client

. Load X509 user proxy to Dask workers and set env paths
. Declare useful C++ functions and define
Distributed.Dask.RDataFrame

Some steps of the analysis:

. Apply selections on branches with size nTriplet

. Match other branches (e.g. Muon_*) with Triplet_* and apply
selections

RVec<int> match(ROOT::VecOps: :RVec<double> branchl, ROOT::VecOps::RVec<double> branch2){
//returns vector of indeces such that branch2[index]=branchl
RVec<int> index;
for{unsigned i = @; i<branchl.size(); i++){
auto idx = std::find(branch2.begin(), branch2.end(), branchl.at(i));
if( idx !'= branch2.end()) index.push_back(std::distance(branch2.begin(), idx)};
else index.push_back(-99);
¥

return index;
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D! - ¢(uu)m™ analysis code

. Define a Dask Client
#isalert s ol e iyicts . Load X509 user proxy to Dask workers and set env paths

# 2 —> 2mu+track candidate mass in (1.62-2.82)GeV

# 3 -> at least 2 track associated with PV ° DEClare USEfL” C++ fUﬂCthnS and dEflne

# 4 -> Significance of BS-5V distance in the transverse plane > 2

iplet_sel lon = "Triplet2_ . iplet2_| . " "
triplet_selection ;;Et:z;ﬂ:ﬁ;;:;;&f Ir;ﬁp{ itz Mass<2.02 && M\ :)IStrlbUtEd.DaS k.RDataFrame

FlightDistBS_5V_Significance > 2 "

# Events with at least one good candidate

df = df.Define("triplet_maskl", triplet_selection).Filter("ROOT::VecOps::Sum(triplet_maskl) =8") Some Steps Of the anaI‘ISis:
. Apply selections on branches with size nTriplet
. Match other branches (e.g. Muon_*) with Triplet_* and apply

# Find index in "Muon " and "“Track " branches

df = df.Define("Mu®l_index", "match(MuonPt, Mu®l Pt)}") .
df = df.Define("Mu®2_index", "match(MuonPt, Mu@2_Pt)}") Se|ECt|0nS .
df = df.Define("Tr_index", "match(MuonPt, Tr_Pt)") . Keep best mu mu traCk Cand|date

# 7 == Apply Muon ID Global and Particle Flow
df = df.Define("Mu®l_ID", "muon_id{Mu®l_index, Muon_isGlobal && Muon_isPF}")
df = df.Define("Mu@2_ID", "muon_id{(Mu®2_index, Muon_isGlobal && Muon_isPF}")

# 8 => IP(track, BS) z direction < 28 cm and xy direction < @.3 cm
df = df.Define("Tr_IPcut", "muon_id(Tr_index, (Track_dz<2@ && Track_dxy=@.3) )")
df = df.Define("triplet_mask4", "Mu®l_ID && Mu@2_ID && Tr_IPcut").Filter("ROOT::VecOps::Sum(triplet_maskd)=>@")

# Keep best candidate based on vertex chiZ2
df = df.Define("BestTriplet_index", "bestcandidate(TripletVtx2_Chi2)")

df = df.Define("BestTriplet_mass", "flattening(Triplet2_Mass, BestTriplet_index)")
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[Ryeate o pistoaran fram xond draw it - Define a Dask Client
: - d;:.):i?:_g:gi;;?ImaSS". "h_mass", 62, 1.70, 2.85), "BestTriplet_mass") . Load X509 user Proxy tO.DaSk WorkEI_’S and set env pathS
n.Draw("hist") . Declare useful C++ functions and define
i Distributed.Dask.RDataFrame
h mass
h_mass

ooE Sties 10T Some steps of the analysis:

- StdDev__ 009468 . Apply selections on branches with size nTriplet
12000 — . Match other branches (e.g. Muon_*) with Triplet_* and apply
oo selections

: . Keep best mu mu track candidate
EHGD_—
coool Output/results:

- . Drawing or counting out of the final df triggers the
e computation - smooth
2000 Snapshoting the final df for further analysis: many

S T TR e "out.root” files are saved in the workers and need to be

copied back
# Save output for further processing: snapshot saves on workers! . riEd "ASNumP\/" dsS dNn alternative 9 WOrkerS dOn’t flﬂlSh
df_out = df.Snapshot("ntuple", "out.root", ["BestTriplet_mass"]) Computation

np_out = df.AsNumpy(columns=["BestTriplet_mass"]) #workers stay "in-memory" forever 25
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Preliminary results

Significant improvement in execution 100 Worker CPU Utitzation (average)
—4— dataset size: 13 GiB _ . -
500 time wrtthe standard/serial approach o
100, The facility allows for dynamically scaling )
o the resources, here testing the .
g 300- performance at fixed #cores and :
oo memory, varying the dataset size
1001 A 400 -
Serial LocalCluster DaskCluster —+— 10 vCores/20 GiB 0 i i i i
(4 cores/8 GiB) (4 cores/8 GiB) 350 - _ 255 30s 355 40s
_+_ 20 VcoreS/4O GIB W Workers Memory x |+ W Progress x |+
Stress tESt at hlgh CPU and 300 7] + 40 VCOFGS/SO GlB Bytes stored per worker Progress -- total: 79, waiting: 39, queued: 0, processing: 37, in-mernr
memory occupancy ©. 250 - Y R IR I B ‘.‘—’“““‘“’ —
. D distrdf_reducer 0/39
Stable performance, linearly £ 5004 T — )
2 1T 1 1°r 1 T
. . . . -
scaling with the input datasetsize & ..,
Dataset size ~ 100 GiB is 100 —
. - —rr °r 1
: Y A B
representative of ~15 /fb of Run3 S R
0
- . : 50 1 [ A R B
data for this specific analysis A Y Y R -
40 60 80 10 120 i i i i i i i i i
Input dataset size [GiB] 0 M0y M20, Moy, 00 ey e GG
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Feedback from a user point of view:

Implementing the analysis in RDataFrame was easy, looking at tutorials and forum
Interfacing RDataFrame and Dask - only few lines of code, no debugging needed

It would be nice to have a “distributed” version of Snapshot for harvesting the
outputs from the workers (or maybe | missed something here? © )

This AF Is under testing, we presently have ~10 beta users from CMS, ATLAS,
FCC (mostly from CMS tough)

Wil reach a larger audience after expanding the current pool of resources
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Conclusions & Next Steps

® HL-LHC poses significant challenges to HEP experiments in terms of storage and computing resources

® Aninteractive high throughput platform has been developed in the framework of the "HPC, Big Data e Quantum
Computing Research Centre” Italian National Center (ICSC)

- offers users a modern interactive web interface based on JupyterLab
- experiment-agnostic resources
- based on a parallel and geographically distributed back-end

® |Interactive analyses feasibility studies on INFN cloud succeeded
¥ Performance evaluated using the high-rate platform
¥ HEP analysis use-case explored from the CMS and ATLAS Collaborations

Medium-long term goals: Expand the current pool of resources by a factor of 5 in the upcoming months, to perform scale
testing of the analysis workflows.

This work Is (partially) supported by ICSC — Centro Nazionale di Ricerca in HPC, Big Data and Quantum Computing, funded by European Union — NextGenerationEU



-
O
>
=X
-
o
. o=
—




| Centro Nazionale di Ricerca in HPC,
PIANO NAZIONALE -
DI RIPRESA E RESILIENZA | Big Data and Quantum Computing

NextGenerationEU &> e della Ricerca

Finanziato 7%  Ministero . ’ ' : I C S C
dall'Unione europea {53 dell'Universita E [taliadomani

Back-up
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High throughput data analysis platform e

. Offloading strategy: resources used to offload the f » .
computation are hosted in the same k8s cluster as - /\h | M
the jupvter interface, via DASK KubeCluster ~ ~Jupyterhub

© -
Sign in with OAuth 2.0

. Under development: schedule worker processes
spawning on multiple remote sites dynamically and
transparently = Implementation on heterogeneous
resources (HTC/HPC/Cloud)

multi-tenant

InterLink provides execution of a
Kubernetes pod on almost any remote
resource. Resources visible to the user
thanks to an HTCondor overlay

N\ N\

l ﬁ sciﬁuler I ] 'i qciﬁuEr I
pdask pdask

| & = !

- e s === - s s s

\

WLCG HTC site HPC center



https://github.com/interTwin-eu/interLink
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