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* Energy Frontier Particle Physics
e Large Hadron Collider (LHC)
e LHC Experiments: mainly ATLAS
* Requirements on computing

 Worldwide LHC Computing Grid (WLCG)
e Globally distributed data analysis infrastructure
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 Toward Exabyte
e LHC Upgrade plansin 10 years
e Strategy to handle 100 times more data
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ATLAS Run-2 Detector Status (from July 2017)

Subdetector Number of Channels | Approximate Operational Fraction
Pixels 92 M 97.8%
SCT Silicon Strips 6.3 M 98.7%
TRT Transition Radiation Tracker 350 k 97.2%
LAr EM Calorimeter 170 k 100 %
Tile Calorimeter 5200 99.2%
Hadronic End-Cap LAr Calorimeter 5600 99.5%
Forward LAr Calorimeter 3500 99.7%
LVL1 Calo Trigger 7160 99.9%
LVL1 Muon RPC Trigger 383 k 99.8%
LVL1 Muon TGC Trigger 320 k 99.9%
MDT Muon Drift Tubes 357 k 99.7%
CSC Cathode Strip Chambers 31k 95.3%
RPC Barrel Muon Chambers 383 k 94.4%
TGC End-Cap Muon Chambers 320 k 99.5%
ALFA 10k 99.9%

AFP 430 k 93.8%
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Trigger System

Level 1 Trigger
(Hardware)
75kHz

»

1kHz

Global Rates (Hz)
105 I | 1 I

10*

1kHz
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(HLT outﬂhit for physicsé)

10

HLT Input
HLT Other

HLT:Main_physics
HLT calibration

HLT:Standby_physics
HLT:CosmicsCalo_physics

HLT:express_express
HLT:CosmicMuon_physics



10000

>
8 Selected diphoton sample % -
60— e Data .

Data 201142012
N so00 . Si;ag;[kag 1 2 126.8 GeV) g - “ ATLAS Prellmlnary
*2 --------- Bkg (4th order polynomial) E N - Backgrou nd ZZ )
2 e000 ATLAS Preliminary S T , i H—-ZZ -4l
I Hopy 2 50~ B Background Z+jets, tt

4000

- E Signal (mH=125 GeV)
40\~ %/, Syst.Unc.

Vs=7TeV, Jldt =481’
2000 J'

\s=8TeV, |Ldt=2071b"

500
400
300
200
100

\s =7 TeV:|Ldt = 4.6 fb"
\s =8 TeV:|Ldt = 20.7 fo

30

20

-100
-200
100 110 120 130 140 150 160

Events - Fitted bkg
rrrl‘rrr_l‘wf)lllllllllllllllllllllllll T TT | TTT | TTT | T T | 1 |
——
—o—
_.__
——
—— T
—e—
—o—
Ho—
4
. 1
_._
—.—
gl 1 i
-
o
L
TS L e v v | F AR SR P R NN R

10

100 150 200 250
m, [GeV]

* Analysis based on:
e 2011 pp data: 3,365,473,349 events
e 2012 pp data: 8,445,206,327 events

* Distributed computing is really working extremely well




CERN Seminar
“Latest update in
the search for the
Higgs boson”
July 4th, 2012




Global Effort =& Global Success

Results today only possible due to
extraordinary performance of
accelerators — experiments — Grid computing

Observation of a new particle consistent with
a Higgs Boson (but which one...?)

Historic Milestone but only the beginning

Global Implications for the future (cmuﬁ
R-D Heuer




ary of Congress’
al collection: 5.1PB

Content uploaded to Facebook
each year: 182.5PB

Tweets
sent in
2012:

Nasdaq stock 197B

arket data: 3.1PB

US Census B Kaiser Permanent
data: 3.8PB ! digital health reco
year: 15.0PB 30.7PB



http://www.wired.com/2013/04/bigdata/
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Table 1: Input parameters for ATLAS resource calculations.

"LHC and data taking parameters 2012 pp 2015 pp 2016 pp 2017 pp
actual H=25 @ 25 ns p=40 @ 25 ns H=40 @ 25 ns
Rate [Hz] Hz 400 + 150 1000 1000 1000
(delayed)
Time [sec] MSeconds 6.6 3.0 50 7.0 7 billion events
Real data B Events 30+0.9
(delayed) 3.0 5.0 7.0 of real data
"Full Simulation B Events 26 (8TeV)+ T
0_8((7 Te\}) 2 2 2 ) Icillulhon events
Fast Simulation | B Events 1.9 (8TeV) + 5 5 5 of full simulation
1(7 TeV)
Simulated Data
"Event sizes 1M B/evenf"
"Real RAW MB 0.8 08 1 1
”"Eeal ESD MB 2.4 25 2.7 2.7
mﬁeal AQD MB 0.24 0.25 0.35 0.35
Sim HITS MB 0.9 1 ! !
Sim ESD MB 3.3 35 3.7 37
Slm AQD MB 0.4 04 0.55 0.55
Slm RDO MB 3.3 35 3.7 37
CPU times per 350 sec to simulate 1 event
event
_Full'sim HS06 sec 3100 3500 3500 3500
Fast sim HSO06 sec 260 300 300 300
Real recon HS06 sec 190 190 250 250 25 secto
Sim recon HS06 sec 770 500 600 600
"AOD2AOD data | HS06 sec 0 19 25 25 Frconstruct
"AOD2AOD sim | HS06 sec 0 50 60 60 1 event
méroup analysis HSO06 sec 40 2 3 3
User analysis HS06 sec 0.4 0.4 0.4 0.4 13




é, WLCG Collaboration

=" October 2017:
63 MoU’s
167 sites; 42 countries

Open Science Grid

“WLCG Status Report”, lan Bird, Oct.,2017




Networking

I_ H CO P N LHC Optical Private Network
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LHCONE: LHC Open Network Environment
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WLCG/OSG perfSONAR Dashboard

= Dashboards S Repors @ Seflings K WLCG/OSG Networking Resources

Lot poge rehedh trne: | 39, 2018 14:17:00 £
WLCG ATLAS Latency Mesh Config Dashboard
WLCG ATLAS Latency Mesh Conlig - WLCG ATLAS Latency

Micuraen==0 Dienmess=c B =00 Ew I Chece mai ot vet ren

ATLAS latency mesh

Network monitoring
for dynamic resource
allocation

perfSONAR monitoring
e Latency (RTT)
 Bandwidth

perfS.NAR

powered

Mere infeemation on MaDDesh evalaile barg



Grid Middleware

o
DPM/LFC ¢T53
VOMS 5&% I-g”:cgh(?!?qur F|Ie Syatem

& ’, | 7/ 1 4 ngtzzﬂzt
Virtunl Data

Toolkit
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Distributed Data Management

A
[ .«"{\ycin Clients: Production/analysis/Physics meta-data system, End-Users ]
CLls

Python clients
APl (HTTPS)

{-"/ \ 72
,_[ Authentication & Authorization Layer ] Aucio storage Element (RSE) Networking

(Credential, Account, Action, Args)

File Transfer
Service (FTS)

Site Site Site

™, - —
Data identifiers -
Account {Namespace, Subscription
(Account, limits) attributes) (account, filter, policy)

™, —
Metadata . i Replication rules
Replica Registry
(attrname, (LFN@RSE) (account, DI, factor,
attrvalue, DI) p RSE expression)

™
Availability Account/RSE Replica locks
(Service) Usage (account, DI, RSE)

Backend 3 t :

Aucio Probes
——-

VOMS
(Account, identity)
Active Directory

.,

.;f\)éﬂlﬂ Daemons

Conveyor

=
‘Q

Ul

;"’ ":Eciu Analytics

Accounting
(Account, DI, RSE)

(Account, identity)

AGIS
(RSEs, protocols. etc)

Reports
(Metrics, measures,

popularity)

Space collector
(RSE usage)

L Visualization

AMI
(Scopes, meta)
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400P

300P

200P

100P

DDM Operation

ATLAS Data Overview

Worldwide

350PB data on catalog

2010 2012 2014 2016

Day

Bytes

2018

Transfer Successes
2017-01-01 00:00 to 2018-01-01 00:00 UTC

200M 1

150M A

100M files per week
100M A

Number of files per week

,,,,,,,,,,,,,,,,,,,,,

Destinations

@8 cA BB cerN B DE ES @M FR MIT MIND BB NL B ROAMING BB RU B TW
Uk Bus M n/a

Transfer Volume
2017-01-01 00:00 to 2018-01-01 00:00 UTC

80P

60P 4

40PB per week

Volume (B) per week

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

Destinations
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Workload Management

ATLAS
ProdDB

Production
supervisor

ATLAS

Broker NJ @ (urx
config - Data

)
&
&)

MySQL client

Python API

http(s) messaging

https://twiki.cern.ch/twiki/bin/view/PanDA/PanDA

al
production : o
interface  Client
interface

Log entries m
from clients Logger
server @

Monitoring
& logging
MySQL DB

Panda
MySQL DB

pathena
nalysis

Panda
monitor (web

Panda
monitor
server

Job
m schedulers

browser)

Task Buffer

m.’

DQ2 Data
Manager

Panda server (Apache mod_python)
and its client interface

PanDA »;

URL based messaging (GET, POST)
XML based info exchange

python (pickle) info exchange

python logging module HTTP handler

web pages



Billion HS06-hours

CPU Delivered

“WLCG Status Report”, lan Bird, Oct.,2017
5 CPU Delivered: HS06-hours/month

* 2017 Pledge
a B ALICE WATLAS ECMS MLHCb

3GHSO06 ~ 300k cores 2016 Pledge

300,000 jobs are running always
Excess comes from opportunistic
resources like cloud or HPC

2016 Sep
(23 2016 Nov
2017 Jan
2017 Jul
2017 Sep

B
En

2010 Jan
2010 Mar
2010 May
2010 Jul
2010 Sep
2010 Nov
2011 Jan
2011 Mar
2011 May
2011 Jul
2011 Sep
2011 Nov
2012 Jan
2012 Mar
2012 May
2012 Jul
2012 Sep
2012 Nov
2013 Jan
2013 Mar
2013 May
2013 Jul
2013 Sep
2013 Nov
2014 Jan
2014 Mar
2014 May
2014 Jul
2014 Sep
2014 Nov
2015 Jan
2015 Mar
2015 May
2015 Jul
2015 Sep
2015 Nov
2016 Jan
2016 Mar
2016 May
2016 Jul

0 2017 Mar
. 2017 May

Slots of Runnin? Jobs
365 Days from Week 01 of 2017 to Week 00 of 2018

New peak: ~192 M HS06-days/month
~ 650 k cores continuous

Slots of running jobs jn 2017

00,000 |

500,000 =

00,000

00200

HS06: HEP SPEC 2006 benchmark - il MC Sim.
(recent core 10 ~ 20 HS06)

100,000 H

" - 1/Ana

Feb 2017 Mar 2017 o 2017 May 2017 ke 2007 2027 Ag 017 Sew 01T St 2017 Now 2017 Dec 2017 Jan 2018
P e chizninip
& HC Simulaton BMC Recomtntion W Group Produban Data Procesung - Fnalysis
B T0 Processing Bixners H urenram

Manimm §18.000 , M 131584 . Averape S0504 . Cutrent: HI.0TS



g7 Our Contribution
» TOKYO-LCG2

e Regional Analysis Center in Japan
e Resources for ATLAS and domestic users
e 10,000 CPU cores, 10PB disks, 20Gbps network to WAN

e Operational since 2006

T 8000 T -

= = Gy 3

7000 [— 4 -

-~ @ Deployed (for ATLAS) e =

6000 (3 Including LOCALGROUPDISK —

E so00| Number of disk arrays _f

2 = Number of file servers / =
"2, 4000(— _‘ e R -+-44.0PB

= - 5 -
2 3000 ) ) Sammar B — -~ -~ -:-03.2PB

e - Gy =
S . ] | il -1+-42.4PB

— 2000 — =

3 - =

P 1000 B 30 65 65 @ 40 40 48 48 48 56 |

- 15 15 ‘ 17 |40 |40 48 48 48 56 4

0 2006 2008 2010 2012 2014 2016 2018
[Year]
Tmmmmmm—- > € > € > € > € >
Pilot system  1st system 2nd system 3rd system 4th system
for R&D 2007 - 2009 2010- 2012 2013 - 2015 2016 - 2018
16x500GB HDD / array  24x2TB HDD / array 24x3TB HDD [ array 24x6TB HDD [ array
Sdisk arrays / server 2disk arrays / server 1disk array / server 1disk array / server
XFS on RAID6 XFS on RAID6 XFS on RAID6 XFS on RAID6 2 3

4G-FC via FC switch 8G-FC via FC switch 8G-FC wfo FC switch 8G-FC w/o FC switch
10GE NIC 10GE NIC 10GE NIC 10GE NIC
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Average transfer rate in day [MB/sec]

Average transfer rate in day [MB/sec]

Network
Connectivity of
Tokyo
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Soh Suzuki, KEK
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Expanding Wings: Cloud Computing

e Private cloud based on OpenStack

e Commercial cloud as opportunistic
The Evolution of Cloud Computing in ATLAS, Ryan Taylor, CHEP2015 Okinawa Japan, April 13-17, 2015

The Clouds of ATLAS

5

=| CPU consumption Good Jobs in seconds
2eld 10351 Hours from Week o0 le 2014 t‘IJ Wesk I](J uf?{]IIS I.n']'r.‘I
S E T e e

ATLAS cloud jObS (Jan. 2014 — present)
r61% Single-core production
33% Multi-core production
"[3% User analysis

* ®

©

CHEP 2015 @ A'ME %g Evolution of Cloud C ‘ 0

EXPERIMENT

Totw. 29 498 318,533 . Average Rate- 791 585



High Performance Computing

* Mainly for Monte Carlo simulation ~ less IO demands
e Backfill of idling nodes

NEeRSC

IOLHSP S

2013
2014
2015
2016
2017

2018 = __
2019 ' |
2020 ERE - _

2021
2022
2023
2024

=200 Petaflops|

10 Petaflops
|17 Petaflops




fawdashbe
Wall Clock consumption Good Jobs in seconds (5um: 11,655,247,079,673)

Grid 77.92%

Cloud 6.21%

HPC 10.65%

hittp:ficem. chigo/BMBY
W grid - 77.92% (9,082,167,233,724) M hpc_special - 10.65% (1,241,594,953,925)
M cloud - 6.21% {723,528,694,161) B hpc - 2.88% (335,865,938,344)

M local - 2.33% (271,984,585,071) B None - 0.00% (105,674,448)

27



‘ g ATLAS@HOME: Volunteer Computing

 Framework based on BOINC ""1|n|:

By ANC

e Integrated into WLCG http://boinc.berkeley.edu/

e Very low cost of operation thanks to virtualization
e Even for small sites

@ BOINC

value Total events

Descending BOINC 5,194,350 (6.16%)

http://lhcathome.web.cern.ch/projects/atlas g



/  NORDUGRID Run 1 Run 2
—.* B e

Geid Sofution for Wide Ares .
oo amc ot anains '01- NorduGrid

&
"’ ‘02- ARC Advanced

ARC Resource Connector
cLite

EURCPEAN MIDDLEWARE INITIATIVE

‘04-'05 LCG2 Grid '06-'08 glite  ‘08- EMI European
Middleware Lightweight  Middleware Initiative
Middleware for Grid

’11-14 UMD2 Unified
Middleware Distribution

‘13-’17 UMD3 Unified
Middleware Distribution

_'_]'. Computir
: LCG

WLCG , N
’01- LCG LHC Computing Grid  Worldwide LHC Computing Grid 16- UMD4 Unified
Middleware Distribution
‘98 “The grid: blueprint for a e®®,o ! W - H
. . ” . .... .
new computing infrastructure”, e ee o ...::.___::... °
I. Foster, C. Kesselman : : @e° “ce g
nabling Grids
|
01-04 EDG ‘04-"10 EGEE Enabling ‘10- EGI European Grid Infrastructure

European Data Grid  Grids for E-science

‘98-'99 Monarc S
# Document

Open {:isﬁce Grid ‘04- OSG Open Science Grid

T T T T T T T T T T T
‘98 ‘99 ‘00 ‘01 ‘02 ‘03 ‘04 ‘O5 ‘06 ‘07 ‘08 ‘09 ‘10 ‘11 ‘12 13 14 ‘15 ‘16 ‘17 ‘18 29



‘04 0SG Open Science Grid ‘16 Machine Learning

‘03 US Grid2003 Project ’13 UMD2 ‘15 HPC backfill
’15 HSF HEP Software Foundation
’01 US ATLAS Testbed ‘14 ATLAS@HOME (BOINC)

‘11 EMI1 13 ATLAS Prodsys Il
’13 ATLAS DDM Rucio

‘12 CERN Agile Infrastructure (Cloud Svc)
‘12 Cloud Computing R&D
’11- LHCONE Open Network Environment
‘06 glite3 ‘10 CVMFS CERN VM file system
‘07 Panda production (EGEE)
’05- Panda production system (OSG)
'06- ATLAS DDM DQ2
’‘04- ATLAS DDM Don Quijote
‘04 LCG-2 Deployment
‘03 LCG-1 Deployment
'02 EDG Testbed 1

‘01 Nordugrid ‘08- ADCoS Distributed Computing Operations Shift
‘05 LCG MoU Memorandum of Understanding

‘05 ATLAS LCG Computing TDR
‘14 ATLAS DC14

‘09 STEPO9 Scale Testing for the Experimental Programme
‘08 WLCG CCRC Combined Computing Readiness Challenge

‘08 FDR2 ’15 LHC start of run2
‘07 FDR Full Dress Rehearsal ‘13 Nobel prize to Higgs and Englert
'05-'06 LCG Service Challenges 13 LHC end of runl

o 05706 ATLAS DC4 12 ATLAS CMS discover new particle
04-°05 ATLAS DC3 ’10 First collision at 7 TeV

‘03 ATLAS DC2 ’09 LHC beam back
, 02 ATLAS DC1 ’08 LHC First beam
01 ATLAS DCO Data Challenge ‘08 ATLAS Installation Completed

T T T T T T T T T T T T T T T T T 1
‘01 ‘02 ‘03 ‘04 ‘05 ‘06 ‘07 ‘08 ‘09 ‘10 ‘11 12 ‘13 ‘14 ‘15 ‘16 ‘17 ‘18 30



Evolution o

Lesso

e Static a

ns lea

"middleware ™

‘ned

location to Dynamic allocation

* Pre-scheduled operation to On-Demand operation

* Private protocol to Industrial Standard

e Single f
e Genera
* Manua

avor platform to Virtual machines

purpose to Application specific

operation to Automation

Higher performance

Better resource utilization
Stable/Sustainable operation
Lower maintenance cost

31



Toward Exabyte

e LHC Upgrade plans in 10 years
e 10 times higher luminosity LHC (HL-LHC)
* 10 times more events
e 10 times more complex data

e Strategy to handle 100 times more data
e Will ‘Moore’s law’ work?
 Network will be the key
e Machine learning helps a lot

* A new architecture for the distributed analysis
infrastructure
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LHC Upgrade plans
in 10 years

e High Luminosity LHC

e Accumulate 3,000fb™
data (30 times more)
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10 times higher luminosity

means
e 10 times more events
e 10 times more complex
event data
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¢ Strategy to handle 100 times more data

 Flat budget model ~ expected improve of 20%/year

 Around 10 times difference between requirements
and flat budget model expectation

Need a breakthrough!
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Historical Memory Prices
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Network will be the key
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Machine learning will help a lot

Exploring the potential for Machine Learning on ATLAS

ATLAS Machine Leurnmq
Workshop

29'*-31* March 2016, CERN' AL

Organising Committ
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Possible Model for future HEP computing infrastructure
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summary

o After 10 years of preparation, our computing grid
started operation
e Deployed to 150 institutes from 40 countries
e Contributed to the discovery of Higgs particles

* The system has been evolving during 10 years’ run
 More scalable, robust, flexible, automatic, user-friendly
e Expanding to cloud computing, HPC and volunteer computing

 More challenges to come in the next 10 years
e 100 times more data to be managed

e Linear extrapolation does not work: a breakthrough is
inevitable

e Your suggestion is very, very welcome

41



	ATLAS実験コンピューティングの現状と将来�－エクサバイトへの挑戦
	Contents
	スライド番号 3
	スライド番号 4
	スライド番号 5
	スライド番号 6
	スライド番号 7
	Trigger System
	スライド番号 9
	スライド番号 10
	スライド番号 11
	スライド番号 12
	スライド番号 13
	スライド番号 14
	スライド番号 15
	スライド番号 16
	スライド番号 17
	スライド番号 18
	スライド番号 19
	スライド番号 20
	スライド番号 21
	スライド番号 22
	Our Contribution
	スライド番号 24
	スライド番号 25
	High Performance Computing
	スライド番号 27
	ATLAS@HOME: Volunteer Computing
	スライド番号 29
	スライド番号 30
	Evolution of middleware ~ Lessons learned  
	Toward Exabyte
	LHC Upgrade plans in 10 years
	スライド番号 34
	スライド番号 35
	Strategy to handle 100 times more data
	スライド番号 37
	Network will be the key
	スライド番号 39
	スライド番号 40
	Summary

