Developments at CERN & WLCG
in the context of Data Lakes and Caches
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HL-LHC Computing Roadmap 1/2 D

HEP Software Foundation Community Whitepaper
Bottom-up exercise Identify the areas of work to address the HEP challenges of the 2020s

WLCG strategy toward HL-LHC Whitepaper
Top-down High-level prioritization of the whitepaper, for the LHC needs

The LHCC review series of HL-LHC computing

Multistep process Tracking the progress towards HL-LHC

May 2020 Review of ATLAS and CMS plans, Data Management (DOMA)
Offline software, WLCG collaboration and infrastructure

November 2021 Update from ATLAS and CMS

Common Software Activities (Generators, Simulation, Foundation, Analysis, DOMA)
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https://link.springer.com/article/10.1007%2Fs41781-018-0018-8
https://cds.cern.ch/record/2621698/files/LHCC-G-169.pdf
https://wlcg-docs.web.cern.ch/?dir=technical_documents/HL-LHC%20Review%20-%20April2020
https://cds.cern.ch/record/2803119?ln=en
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[ Long Shutdown 3 (LS3)

Gap between available and needed resources
T
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Key DOMA topics identified ‘

Token-based authentication & authorisation _ ‘ I A

Software-Defined Networks "§: 2:3::;5“""

Revisiting experiment dataflows ; £ R " ‘
Leverage R&D projects to fill resource gaps <

ESCAPE / EOSC Datalake-as-a-Service i Y s s m“f‘”
Experiment-based R&Ds: Data Carousel, Virtual Placement, ...

Collaborations with commercial clouds

Cross-experiment collaborations on infrastructure & computing, esp. with astronomy, neutrino, and photons
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Data Challenge planning @y

Collection of DC#21 feedback available: https://indico.cern.ch/event/1026399/

atlas

2021 Data Challenge: Total WLCG throughput T
Start planning next one (DC#24)
Considering a 3x increase of required throughput e “flexible” target rate alice
Considering recent updates to HL-LHC timeline "

75GB/s
“minimal” target

r i,

B/s
10/03 10/04 10/05 10/06 10/07 10/08 10/09 10/10

Networking will play a central role in HL-LHC as enabler for HEP computing
Support the core functions of WLCG (data acquisition/archival/processing)
Provide more flexibility to the computing models, allowing to optimise
4.8 Thps of total network capacity needed for HL-LHC

506GB/s
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Full stack packet marking
Work being organized by the RNTWG Packet Marking subgroup
Passing more elaborate metadata from Rucio to FTS to the network layer to improve our monitoring and understanding of flows

Network orchestration
Sequence of limited-scope tests for network function virtualisation
The Network Orchestration WG is planning to describe options and a possible model that will require iteration
Rucio/FTS will need to participate in this longer-term activity
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https://indico.cern.ch/event/1026399/
https://docs.google.com/document/d/1l4U5dpH556kCnoIHzyRpBl74IPc0gpgAG3VPUp98lo0/edit#heading=h.nxusujd3hvwy
https://docs.google.com/document/d/1aAnsujpZnxn3oIUL9JZxcw0ZpoJNVXkHp-Yo5oj-B8U/edit
https://docs.google.com/document/d/1rCwTaq1khli3-lF4P_LnKy_t9OY0Ttg4dUADxKyLW1E/edit?usp=sharing

Software-Defined Networks: NOTED &)

Self-aware network load-balancing
Automatically discovers large transfers .. Fad ofnotwork DC

More data injected

Integrated with Rucio & FTS

6Gbs

Offload from LHCOPN to LHCONE
Achieves additional bandwidth
Can exploit unused links

Demonstration driven by ATLAS Rucio
CERN, TRIUMF, KIT 10Gbs
Preparing for SC'22

See next week's network meeting AL LI . i il i 1 R P8
Full presentation



https://indico.cern.ch/event/1146558/contributions/5011651/attachments/2530063/4352902/CERN_LHCONE_Meeting49_NOTED_CarmenMisaMoreira.pdf

Software-Defined Networks: SENSE @y

[ cMs H Rucio WJ [ DMM } [SENSE}

Allow priority traffic for priority datasets ,

_~"Data Transfer ~\_
Status

Ongoing work, driven by CMS Rucio E’\ ,,
Priority Path m

Make Rucio capable of using SENSE SteA S @uo sto5 )
To schedule transfers on the network amT" - i D

Automatically configure VPNs e —— " Belaon = sl
_ duencterpe (TR Asondes e Auomaleao
Enforce a given path for set of transfers Blsedctiet " Sl
Implement QoS to prioritize at the DTN level )
€ General / Full DTN Monitoring (Variable) ¢ o5 Last 15 minutes & o wm (=]

wt sdndtn1-7.utalight ceg$100

Fine-grain managed transfers allows et
Fine-grain monitoring
Within a well identified network channel
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Caching examples: Virtual Placement, SoCal Cache @)

VP: Cache-aware brokering of ATLAS jobs

Strategically deployed 6 small XCaches (12TB)

Implemented via Rucio geo-awareness
SoCal: Federated XCache at the CMS infrastructure-level cache with 2.6 PB capacity
Very encouraging results

Cache hit rate ~80% delivery of data from cache instead origin

Reduce the traffic by factor 2+ during normal uses

xcache - cache delivered data per site
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ESCAPE Data-Lake-as-a-Service 1/2 D

Prototype an infrastructure adapted to exabyte-scale future needs of large science projects
Ensure sciences drive the development of EOSC
Address FAIR data management principles

Sciences

Data Lake as modular ecosystem of services and tools
Shaped around the ESCAPE scientific communities
Federated data management and access solution

Heterogeneous resources — [Orerestrater ] Rudo sarver )
X& [Middleware OFTS ]

+
tokens 4 -

Hiding complexity and providing transparent access to data
Layer for orchestration of resources as entry point for sciences
Content delivery and caching layer
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ESCAPE Data-Lake-as-a-Service 2

ATLAS DM@LHC - Dilepton Resonance
Bl « ¢ O Tomai 2 %] chepensestpyo X |

1. Import files as variables into notebook CHESC MO L

a

, A fimstate o e teg.assntcynptinit IExpacted eneren(c) Vs
Y etk consoehaccs alse: Leg. AddEntrylexpLinit, “sfont {421 (Exp Jom~(-) Anity

JRUCIO  Hyy_snapynb % T clopton_testigynd X | E slona_testtxt % | O Tominal 1 % | Enmnn Nama. - Last Mot Leg-asdtniry e afomi{42) ector 2 10 (o oo sme® TeV1}* 1%
7 & ! s L 9. 0rm()

" Crossng_ OMOp20,_ Aot seconcs 330 ROOT. 9904, Red ekt ()

" Crossing_OM1500,fa seconds 330

foutput.cdl)

EXPLORE  NOTEBOOK + 0 axial_ee, SEAERTINGN, Uinit_intepol . Cronsing_OM1pe0_tpar seconds a0 A 20N we 70.50° expLinkt.Nrite()

A Crossng OM2500,_t ot seconcs 390 fiaxsec.urite()

(/e0s/eulake_1/ATLAS LAPP_SP/90/12/0MC rossSect ionGraphs_axial ee.root, e
eas/eulake 2 fonGraphs_axial susu. v . o omassone - pat")

e —— /603/eutake 1/ATLAS LAPP_SP/58/50/DACrossSect ioniraghs axial musu.root,

roturn exptinit, fixsec
ATLAS_LAPP. 5P OMCrossSectinGrapha_sis_ e root
b import ROOT

inport gfalz

ot DrmeAlLCrossing(foutput, finalstate) :

© ATLAS_LAPP_SP OMCross SectionGraghs._ausl_murmu oot massOn = 10p50", 1900, 1950", 2900 ]

o typelaxial_ee) for som in
keCross ing  f0utput, finalstate,

© ATLAS_LAPP_SP Umsintersoator_CL95._14TeV roct rucio_jupyterlab.kernels.ipython. types.SingleTtesoI0 R ioape, tintsate.son

[11]: [def GetInteg(histo) i _name_ =t _sain

return histo. Integral ()

ROOT_RGOT. SetBateh(True)

_ ROOT.g5tyle. SetOptstat (False)

def getoNCrossSection(medType) 'ROOT.GROOT. SetStyle(“ATLAS")

outfilenase » “OMCrossSectiont

outfile = ROOT.TFile(- *.root", "recrea t°, "Ugdate*)
/ . uttuple ROOT. Ttupled( “xsecTuple®, “xsecTuple*, “aass width ruth:xsec acciace”)

sgAcc = ROOT.TultiGraph()

mgXsec = ROOT.THultiGraph()

2b. REANA automatises workflow execution e

R R IR AL U 0 e LTt

s n
P e file dilaption jared/ou f5pd ha
et 18 et petatsh e fite ditenion aredrautput crossing. ou1psa et b
—— Tnfo in <Tcamas: Prints: pdt ion Jarad/autpat Crossing onzpeo 1+t ha
Bl :+ ¢ @ Terminal 1 X | E reana.yami X | E ok = = =
Q AOHAET T T T T T T3
np 1 notebooks python README.md reana.yaml runReana.sh . 3
W / déeption_Jared / atias-dm- = i W‘mo“ ¥ jovyan@jupyter-egazzarr:~/dileption_jared/atlas-dm-reinterpretatio ——— Expected p'y’ limit 1
Reiniespraiation datas ==> Verifying REANA specification fi . /home/jovyan/dileption_j Al
Name - LastModiied || ¢ : Valid REANA specification file. —— Vector Z,,, (m, =0.50 TeV) E
™ notebooks 2 minutes ago s;::::j’;i::‘;::f;;” = v.r:fymg REANA specification parameters. .. 3
™ python 2 minutes ago data/OMCrossSectionGraphs_axial massmass.root REANA specification parameters appear valid.
M README. Smiutes agd 1 data/LimitInterpolator_CL95_14TeV.root = Vln.fymg workflow parameters and commands. .. _—— 3
- ; 11 | workflc Workflow parameters and commands appear valid. — ol i
L Yo '_5”"““ . = verxfying dangerous workflow operations. .. 1
Oy rumReana sy e : Workflow operations appear valid. / =
Setu.ns = Vorxfymg compute in REANA ification file... / E
opasnt: m:“:“':,/"t“”‘ €nv-ro0t6:6.18.04° vorkflow compute backends appear to be valid. . ]
. il S SettingLinits.1 -
nd File /python/MakeLimit.py was successfully uploaded. E
- mkdir plots E File /python/Summary.py was successfully uploaded. 1
python python/MakeLimit.py i i ]
jirect 2 4 6 8 10 12
plots/ Mass 2
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WLCG Data Challenges

CERN

Major WLCG objectives: 2 scenarios
Export of RAW data from CERN to the T1s &

ES-PIC
FR-CCIN2P3

Data reprocessing

KR-KISTI-GSDC
NDGF

NL-T1
NRC-KI-T1
UK-T1-RAL

Two-yearly "steps" until HL-LHC

US-T1-BNL
US-FNAL-CMS

Improve through R&D programmes (atanicin
2020 estimation total

4.8 Tbps of total network capacity

ATLAS & CMS 400 Gbps flat

ALICE & LHCb 100 Gbps flat

X2  to absorb expected bursts

x2 overprovisioning for operations

%ATLAS  %CMS % Alice

100 100

™
CA-TRIUMF
DE-KIT

ES-PIC
FR-CCIN2P3
IT-INFN-CNAF
KR-KISTI-GSDC
NDGF

NL-T1
NRC-KI-T1
UK-T1-RAL
RU-JINR-T1
US-T1-BNL
US-FNAL-CMS
(atlantic link)

Sum

100

% LHCb

0

17

15
24

~N
cooNuwn

100

ATLAS+CMS
Network Needs
(Gbps)
Minimal Scenario in
2027
200
450
180
450
480
0
110
140
50
490
200
450
800
1250
4000

Alice LHCb

LHC Network Needs

Network Needs (Gbps) Network Needs (Gbps)

Minimal Scenario in

LHC Network Needs

(Gbps)

Minimal Scenario in 2027

200
600
200
570
690
50
140
180
120
610
200
450
800
1250

4810

2027 2027

400

LHC Network Needs
(Gbps)
Flexible Scenario in 2027

400
1200
400
1140
1380
100
280
360
240
1220
400
900
1600
2500

9620

Minimal Scenario in

(Gbps)

Minimal Scenario in 2027

70
20
60
100
[
0
30
20
110
0
0
[
0
410
Data
Challenge
target 2027
(Gbps)
100
300
100
290
350
30
70
20
60
310
100
230
400
630
2430

Data

Challenge

(Gbps)

60
180
60
170
210
20
40
50
40
180
60
140
240
380

1450

LHC Network Needs
(Gbps)
Flexible Scenario in 2027

Data Data
Challenge Challenge
target 2025 target 2023 target 2021

(Gbps) (Gbps)
30 10
%0 30
30 10
%0 30

100 30
10 0
20 10
30 10
20 10
%0 30
30 10
70 20

120 40

190 60

730 240

2022-10-10




ESCAPE Data-Lake-as-a-Service @)

S 2 Launcher
= 3 RUCIO

©  expore  noTEBOOK o ATLAS-DM_DILEPTON

- : 4
d s E‘ Notebook
~| OAuth auto renew | docker E ATLAS_LAPP_SP:| £
Rucio JupyterLab Search Everything ~ ﬁ

. extension CephFS Cinder L
~ JU pyterh u b / in /home/jovyan, shared between * SEARCH RESULTS Python 3
_ users, never cleaned, 800GB S = ython
erver 5 ATLAS_LAPP_SP:DM.Lepto... ®
-/ o T ity =) ATLAS_LAPP_SP-DMsumm... ©
e in/scratch, shared Based on jupyter/scipy-notebook (active rea = =
between users, cleaned s < b3 Console
- every day, 384TB - [ ATLAS_LAPP_SPijared_litle @
jupyterlab o replication mode, to store ROOT environment
e requested replicas Start your ROOT analysis. A C++ karnel is it ~ ATLAS LAPP SP:state pick ®
1 (o] ROOT environment (Xcache testing) @ ATLAS_LAPP_SP:DM... 25.79KiB a
ESCAW‘ m Subject Mapping Run the extension in Download mode
[; [ SemAT | cron @ ATLAS_LAPP_SP:DM... 25.79KiB Python 3
SKA SDC1

SKA environmaent profile for SDC

@ ATLAS_LAPP_SP:Limi...26.38KiB —

Indirect Dark Matter Detection Environme @ ATLAS_LAPP_SP:m... 167.13MiB

Contains 3 GCC compiler and the MLFermit S Other
@ ATLAS_LAPP_SP:m... 167.13MiB

Common gamma analysis tools -

Contains a GCC compiler and astropy, sher| Simple 0 0 @
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