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Outline

* LHC Science goals, tools and data

* Worldwide LHC Computing Grid
* Collaboration & Scale
* Key challenges
* Networking

* ATLAS experiment distributed computing
* Workload management system
* Data handling & distribution

 Future outlook



Science goals

* Explore the fundamental nature of matter and the Matter substructure
basic forces that shape our universe KL L\m

* One successful theory: the Standard Model I 0 .
* basic building blocks and forces e om Wy T

Hydrogen
Atom

* Perform precision measurements
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* Some of the important questions:
* Anything else beyond the Standard Model ?
* Nature of dark matter in the universe ?
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Science Tools

Powerful Particle Accelerator
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Large Amount of data needed
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Worldwide LHC Computing Grid

* Global collaboration of 167 computing centres in
42 countries e wWLCCS

) Worldwide LHC Computing Grid

* MOU between parties participating in the project
 CERN (Tier-0)
* Tier-1 centres
* Tier-2 centres

* Description of roles:

* Baseline services & up-time

Minimum Service Levels

Response times

Grid operations B ~500k cores ~350 PB disk, ~400 PB tape

—r\ Maps)

Pledged resources . Additional capacny being
™ deployed for 2017 LHC operations

http:/lwlcg.web.cern.ch
Tier-1: TRIUMF (Vancouver)
Tier-2: Compute Canada centres (Victoria, SFU, Toronto, McGill)
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Key Challenges

* Computing infrastructure is critical to the scientific output and
success of the overall LHC experimental program:

* Middleware (baseline services) & Interoperability
* Availability & Reliability of each site
* Performance & Scalability of each site

* Distributed computing operations: workload and data

management systems
J y Site Usability Monitor (sample of 18 sites)

* Security

* Network performance i | i I

* Pledged resources . H iy | il
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Network Connectivity (l)

* LHCOPN: LHC Optical Private Network, only for Tier-0 & Tier-1 centres
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Network Connectivity (ll)

* LHCONE: LHC Open Network Environment (for Tier-2 centres + TO/ T1)
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Global Network Traffic

* |[n 2016, more than 800 Petabytes moved across the computing grid
(from all LHC experiments combined).

~35 GB/s peaks of global WAN transfers

Bidashh Transfer Throughput
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(from 1. Bird, HSF Workshop, San Diego, 01/2017)
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Network Monitoring (1)

* End-to-end network problems difficult to diagnose: multi-domain

* perfSONAR-PS deployment (for bandwidth & latency): two instances
at each site

http://grid-monitoring.cern.ch/perfsonar_report.ixt for stats
.Fir.ul.ar:d-
e swesent | 249 Active perfSONAR instances
@ o/ 199 Running latest version (3.5+)
Sk -, =95 sonars in latency mesh
8 - 8930 links measured at
2 10Hz
B | Usied siCRs 2 North - : - packet-loss, one-way
B B Atlandc o latency, jitter, tt, packet-
h [ Algeria Libya Egy "
Mexico _ reordering
M Nee s 115 sonars in traceroutes mesh
) \;'en_exuell_n_ PR Niq?g'; S = 131 10 ]inkS
Colombia | ) ( I/ A
s PovREEaELS e L - hourly traceroutes, path-mtu
et Beadl Ry - 102 sonars in bandwidth mesh
Fons N - 10920 links (iperf3)
uth e - ° South eRWARS
eific i & Atlantic e
ean o] Ocean South Africa
o (from S. McKee, ATLAS TIM 2016) o
https://www.google.com/fusiontables/DataSource?docid=1QT4r17HEufkvnghJu24niptZ66 Xau YEIBWWhSKpa#map:id=3
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Network Monitoring (I1)

* perfSONAR-PS configuration, data collection and dashboard

Network expert WLCC meshes
IPv6é mesh

The diagram on the right N o
provides a high-level view m\ /

Project contact

Of hOW WLCG[OSG iS 0SG Monitoring (psomd) Configuration interface (OIM)
managing perfSONAR

deployments, gathering \ /

metrics and making them ‘f-* N\

available for use. N -

perfS.NAI?E__!J‘
l

0SG Collectar

0SG Dashboard (psmad) [«€ 0SG Datastore (psds) . CERN ActiveMQ Broker
n
o
API ' Stream (30Hz, 2GB/hour)
Visualization
Fae ¥
Users psomd - psomd.grid.iu.edu

psmad - psmad.grid.iu.edu
psds - psds.grid.iu.edu

ATLAS Network Analytics (ELK)

LHCh DIRAC dashboad

(from S. McKee, ATLAS TIM 2016)
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Network Monitoring (11l)

* Data analytics tools using different sources: cost matrix and
throughput predictions to optimize work flows (for ATLAS)

* Diagram shows the flow

Sources

* End-to-end+perfSONAR

data both available to

jointly analyze — 7 .
__| ELASTIC [
Flume <€ | SEARCH [

\/

* Kibana can be used to get | 2@ayies

cluster

customized views

http://cl-analytics.mwt2.org:5601

(from S. McKee, ATLAS TIM 2016)
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ATLAS Distributed Computing

—» TDAQ
- Raw data (1% copy) @ - Calibration
- Mass storage - First pass processing
- Raw data (2™ cop (10x) - Reprocessing
- Mass storage @ R 4 @ - Group prod. °
e ‘ S

- Simulation @ @ @ @ (70X) '§

. <
- User Analysis  (Jier2) *---=-- b Terz | Terz S
S (ATLAS wide resources /MoU)
- Code development l l l (Private resources,  /

Clouds, HPCs)

- Grid Ul Tier3  Tierd ... Tier3 (~1000x)

- Small scale Analysis & Opportunistic production
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Data Management System

(Widashbe Number of Physical Bytes (in TBs) ATLA S

* ATLAS DDM system (Rucio): o S S A S SN S S
 datasets cataloging === | .l..-. 200PB _
* replication & lifetime policies
* primary vs secondary
* disk vs tape -
* quotas & deletions
* transfer protocols

150,000

* hundreds of “storage elements” | *~

* File Transter Service (FTS) ®cosrooorg Transtervolme . ATLAS
* 20-40 PB monthly (WAN)
* network saturation seen

Volume (B)

* Constant pressure on disk
resources

10P

Destinations

(mom1m2m3]
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Data Reduction & Derivation

* Reduction & derivation framework for more efficient use of computing
resources; less chaotic and more coherent approach for physics
analysis.

ATLAS

Reduction
framework

Athena-basdd analysis

Skimmed/slimme _
common ans’ ysis

Common
EL LT

RESULTS

Athena

AOD2AQOD

Implementation of Combined
Tier 0 Performance Group
Reconstruction Recommendations
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Workload Management System

Production And Distributed Analysis (PANDA) ATLAS
bl - Priorities, resource
3 B allocations, and scheduling
M 2, - - Job goes to data*
- Prod and analysis queues

_site B

- Single core

- Multi-core

- Software validation
(distributed via

CVMFS)
\.- Site A .. \

glite
End-user = =

(Tier-3) - F

Worker Nodes g’ |

run

run

(factory)
Scheduler
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Production & Analysis

* Overall, smooth ATLAS distributed
computing operations (ADC)

* For ~10 months in 2016.
e 254 million jobs completed
e 57 million cpu-days consumed
* 89% production

* 11% user analysis

Wall Clock consumption All Jobs in seconds (Sum: 4,930,825,292,711)
MC Simulation - 52.85%

ATLAS

MC Reconstruction - 24.02%
Analysis - 11.24%

Slots of Running Jobs
250,000 . r 39lWeeks from We.;ek 00 of 2016 rlo Week 39 0(2316

200K cores

OO e e — —

_ATLAS

(Tier-0,Tier-1,Tier-2)

150,000

100.000

50,000

0
Jan 2016 Feb 2016 Mar 2016 Apr 2016 May 2016 Jun 2016 Jui 2016 Aug 2016 Sep 2016

M MC Simulation M MC Reconstruction | I Data Processin a M Analysis M Group Production
B T0 Processin g H Cthers [ unknown
Maximum: 234,874 . Minimum: 0.00 , Average: 175,202 , Current: 157,071
Siots of Running jobs
250,000 . . 39IWeeks from Welek 00 of 2016 r.o Week 39 sz?]G .
200K cores
- Q0LL00 e — o — — . . e e e s e e o s s e % e e m s — m— —
150000 - Opportunistic resources .
(Tier-3 clusters, Clouds,
100,000 [ H PC) -
50K cores _
- SO e — - - — — [ - — — — - - — — — - - — — — - — —

Feb 2016 Mar 2016 Apr 2016 May 2016 Jun 2016 Jul 2016 Aug 2016 Sep 2016

ion Full ™ alidation
ion Fast M Group Analysis

W MC Reconstruction

c W 1MC Simulation
W Group Production

Maximum: 234,823 , Minimum: 0.00 , Average: 40,873 . Current: 36,857
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Future Outlook (1)

* Substantial increase due to excellent | g Disk
LHC performance in 2016 600000

* Reviewed by the WLCG Computing 00000
Resources Scrutiny Group and approved |« —
by CERN Resources Review Board.

* For 2018 (all LHC experiments):

. 100000
* Disk: 520 PB i
2016 2017-A 2017-S 2018
° .
Tape 840 PB BN TierQ WM Tier] NN Tier2 Estimated ===20%
* CPU: 6,200,000 HEP-SPECO06
(1 core ~ 14 HSOG, benChmark Unlt) (from I. Bird, HSF Workshop, San Diego,01/2017)
(HEP-SPEC06) ~ c» (TB) Tape
7000000 900000
6000000 800000
700000
5000000 500000
4000000 500000
3000000 400000
300000
2000000
200000
1000000 100000
’ 2016 2017-A 2017-S 2018 ’ 2016 2017-A 2017-S 2018
BN TierQ) ~WNNNNITier] NN Tier2  =—de=Estimated 20%/yr N TierQ W Tier] —=——20%
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Future Outlook (Il)

* LHC program has a very long time horizon

* Computing Resources requirements will increase by x10 for storage
and by x50 for cpu (for HL-LHC run).

LHC
Run 1 | | Run 2 | | Run 3
LS1 13 TeV EYETS 13.5-14 TeV 14 TeV 14 TeV ST
> — injwmpléﬁgr:dt 5t07 x
consolidation cryo Point imi nomina
7 TeV 8 TeV sI’:ll:.rm:m collimators DS collimation 'i:rl?g'laraliton 5 HL'LH‘_: |uminosity
—] R2E project P2-P7(11 T dip.) regions installation
Civil Eng. P1-P5

2013 2014 2019

2020

2017 radiation 2027
experiment experiment upgrade 2 x nomina .Jm;-nﬁil,-nage exmrlmer“
,(:;:,T nal beam pipes nominal luminosity . o1 ——""""1 | upgrade phase 2
luminasity | / i phas

150 fb! 300 fb’ !

Widasho o Siots of Running Jobs
oo . 123 Days from Week 19 o7 2016 (o Week 37 of 2016
200K ATLAS
Nr. of cores om b ---HPC
Experiment per resourece type N | ---Cloud ¢ ( L
parameters May-Sep 2016 FP R 0T O R { AL e L L

Cost Drivers

Software
Performance

H cloud
W grid
B hpc
ATLAS

(from I. Bird, HSF Workshop, San Diego,01/2017)
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Extra [ Additional
Material




“Canadian” region / operations

— \
Tier-1

B McGill
ﬁ UNIVERSITY OF

© TORONTO

S

-

ROC i

SIMON FRASER UNIVERSITY|

THINKING OF THE WORLD \

Tier-2 West Federation T UNIVERSITY OF Tier-2 East Federation
MELBOURNE
* Until 04 2013 Australian Tier-2
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ATLAS experiment

* Explores the fundamental nature of matter e
and the forces that shape our universe by
studying proton-proton collisions at very high |
energy at the Large Hadron Collider (LHC) in
Geneva, Switzerland.(+heavy ions) e e\

Australia
Austria ~ Poland

* Largest collaborative effort ever attempted in |§&" &
the physical sciences: ' !
38 countries , 177 institutions s T
(universities & labs) Collabornation :

atlas.ch
* 3000 active scientists il
(1800 PhD's, 1200 students)

- Very broad, rich and high impact scientific ~ * ATLAS-Canada: Alberta, British

program: Columbia, Carleton, McGilill,
e Nobel Prize_winning H|ggs boson Montréal, Slmon Fl’aser, TOI’OH'[O,
discovery in 2012 (Phys. Lett. B 716 TRIUMF, Victoria, York
(2012) 1-29, with more than 4,300 * (38 faculties, 26 postdoctoral
citations) researchers, 66 graduate

students, 25 undergrads/year)
* The Canadian government has
invested over $175 million
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Streams & Data Quality

ATLAS Trigger Operation 2012
600 Jets/missing E_ (delayed)
LHC 500 B-physics (delayed)
S Minimum Bias
T Electrons/photons
) £ 300
4 Jets/taus/missing E
d il @ 200 2
L s
100 | Muons/B-physics
ol
e 1380 bunches per beam April June August  October December
* 100 billion protons per buncm
LHC Run with — .
———7————7————7 71— . —_— Physics Stream
- . , . continugus Express Calibration Database Procaisin
1.4 :—AT‘LAS Trigger Operations Bphysics (Delayed) Stream Processing 9
- Run 209183 I Hadron (Delayed)
1.2FAug. 25 2012 B MinBias ata Qua
N I Muons <— 12 Hours —><— 48 Hours -' 24-48 Hours ————>
L B Jet/Tau/Etmiss

Bl Egamma
Linax = 7.2 x 10%% cr2g™

0.8

o
o)

Average Stream Rate [kHz]

0.4
0.2

Time

-

AQD, HIST,
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Trigger & Data Acquisition

Trigger Info
Trigger DAL ATLAS Event
Calo/Mu
/[_evel 1 <2.5 |1 40 MH. Ser:ect;sn Other Detectors 1.5 MB/?25 ns
OO0

-

b

o L)
il
h
(1]
n
n
=
A
7
o
8
O
cC
3

L

~ 4 kHz

EV ent Filtez‘

EF Accept

High Level Trigger
~ 300 Hz %,

- (17,000 cores)
BCI\Er Conference 2017
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Simulation framework

* Several billion simulated proton-proton collisions are needed
* Essential for analysis: model comparison with data

* Monte Carlo generators: various physics processes resulting from proton-
proton collisions

* ATLAS detector response: Geant4 program
* Full vs Fast simulation: tracking, calorimetry

* Simulated data goes through same data processing chain as real data to
produce derived data for analysis

SALAR

The dashed tracks

are invisible to

uon
ectromagnetic
alorimeter i
Soleno =
Tracking
Pixel/SCT detector

——— o &7 i\\: P
e T e
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Software performance

-  80F ‘ ; =
= ~oL ATLAS Simulation Preliminary E

Large development effort during & £ ™05 e Tev E
LHC long shutdown phase 1 & S e chepacing
(2013-2014) £ 00 Aun 1 Geometry -
S 40;_ ﬂpsc;stiw 08 _;

Improved code for event S a0- e Full reconsiruction ]
reconstruction tasks S b 7 erbetectareny 3
s Tk -

Move to Multi-threaded processing = 1F E
(memory redUCtlon) 05 17.2, 32bit ‘ 19.0, 64bit I 19.1, 64bit l 20.1, 64bit -
Software release

Schematic View of ATLAS AthenaMP ATLAS Preliminary. Memory Profile of MC Reconstruction
—>| (R P S

WORKER 1:
>  events [1 7, 10,..] ‘.—@-
init 0S-fork '
WORKER 2:
> Events: [3, 6, 9,..1 | == fin
i Output
fin .

-[semAL: parent-init-fork] PARALLEL: 4 workers event loop + fin l SERIAL: finalize

Memory (GB)

~

> WORKER 3:
Events: [2, 4, 12,...] |
4

i 1 1 1 I I I I
0 200 400 800 B0OO 1000 1200 1400 1800 1800

Time (sec)
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