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The Changing Scale of Particle Physics

A discovery in 1930s

« ~2 scientists in 1 country
* pen-and-paper

. Adiscovery in 1970s
k » ~200 scientists in ~10 countries
\ * mainframes

A discovery today

e ~2000 scientists in ~100 countries
* Distributed Computing

Graphics by O. Smirnova
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Event Collection in ATLAS
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What is the data?

« C++ objects representing tracks, parts of detector etc, saved in
files. Some geometry information in databases

 Data is reconstructed and reduced
— RAW -> ESD -> AOD -> NTUP
« Also simulation, reprocessing, user analysis...
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Figure from http://cerncourier.com/cws/article/cnl/34054
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Big Data? STyt

}\ Large. Hadron Collider Data /Mear

25,000,000 GB

Tweets /Year

Human Memory
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of Congress
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lllustration by Sandbox Studio, Chicago WIRED.com © 2014 Condé Nast.
Taken from http://www.symmetrymagazine.org/image/august-2012-big-data ~ Taken from http://www.wired.com/2013/04/bigdata/
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Do everything at CERN?

 All this requires (just for ATLAS)

— 150,000 CPU constantly processing data

— Storing 10s of PetaBytes (million GB) of data per
year

 CERN cannot physically handle this

> Grid Computing!
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Grid Computing

» Like the electricity
B Grid
MSE - Grid is a technology

N 2L that enables optimized
INSC_ [\ ) and secure access to
1IN\ ZA )\ widely distributed
Ao ANVAX > heterogeneous

= computing and
storage facilities of

different ownership
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From WWWeb to WWGrid

\\\\\i\\ - W

\\ N\ ¥ '//
> World erale Web Bllowks #

-aceess to mformatlon
- World Wlde Grid allows
- GG § to co Nnpuj ng capacity and

—

data st rage all over the WorIH
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Characteristics of a generic Grid system

Numerous Resources
Ownership by Mutually -?i%" Connected by
Distrustful Organizations ,,;:.; f—f/ﬁ Heterogeneous,

& Individuals % TINRe (% Multi-Level Networks

‘
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Different Resource
Management

Different Security
Requirements '.
& Policies Required -t

i@ Policies
e:;l;a e \fﬁmz‘
Potentially Faulty Geographically
Resources l Separated
Resources are
Heterogeneous

Slide by O. Smirnova, adapted from A.Grimshaw
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The (Worldwide) LHC Computing Grid

« 1Tier 0: CERN

Tier-2 centres « Data processing
(about 130) A e 11 Tier 1s

« Simulation

* Reprocessing
« ~130 Tier 2s

« Simulation

« User Analysis

nogr 1er-1 centres
Nordic countries GridKa

« Total storage space: 238,345,566 GB

ceinops #- « Total processors available: 501,294

France ¥ 'ii"»' ]‘i.
SARA-NIKHEF 5”
Netherlands

wWLCG

Worldwide LHC Computing Grid

Numbers taken from http://wicg-rebus.cern.ch/apps/capacities/pledge_comparison/ April 2014
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WLCG Sites
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How to make a Grid

* The “Grid middleware” exposes resources to
the Grid
— Computing Elements give access to CPUs
— Storage Elements give access to data
— Information systems describe the Grid

« How to allow access to resources?

— Cannot give usernames and passwords for
hundreds of sites to thousands of people!

— Fundamental basis is X509-based cryptography



UiO ¢ Department of Physics
University of Oslo

Grid Middleware
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Grid Security Infrastructure
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Figure © 2014 Microsoft
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Virtual Organisations

“Allow ATLAS members
to access /data/atlas/”
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Computing Element in more detalil

computing N
-/ X509 certificate = local account

: > job submission interface local batch system interface
jobs
% : . . . .

I
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Storage Element in more detalil
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Copying data around

/
| y .
Replica File Transfer client

Catalo Service tDCV

File Server 1 File Server 2 File Server 3 File Server 1 File Server 2 File Server 3
FS1 FS2 | FS3 FS1 FS2 | FS3 FS1 FS2 | FS3 FS1 FS2 | FS3

data flow
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http://www.ivdgl.org/grid2003/index.php
http://www.grid.it/
http://www.gridlab.org/
http://www.westgrid.ca/home.html
http://grid.infn.it/index.php?infngrid
http://www.gridpp.ac.uk/
http://cagraidsvr06.cs.tcd.ie/index.html
http://www.grangenet.net/
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/- NORDUGRID

——
Grid Solution for Wide Area
Computing and Data Handling

NorduGrid HRE

e Conceived in 2001 as
Scandinavian Grid

— UiO heavily involved in
coordination and
development

 Now 81 sites in 13 countries
« Software: Advanced
Resource Connector (ARC)
— Computing Element
— (Basic) Storage Element
— Information System

« Scandinavian design
principles: clean and simple!




UiO ¢ Department of Physics

University of Oslo

NorduGrid Monitor

Country Site CPUs Load (processes: Grid+local) Queueing
B China BOINC Cluster 20 048 0+0
Ve Steno Tier 1 (DCSC/KU) 6088 | 832+3703 450+0
Steno Tier 3 (DCSC/KU) 6088 0+4533 040
cream3 (T2_Estonia) 5076 [ 274508 0+0 B Stpeden
== Estonia cream4 (T2_Estonia) 5076 1 524733 4+0
EENet 392 8+78 0+0
Aesyle (FGI) 72 S 72¢4@ 7+0
Alcyone (CMS) 892 I 24621 382+0
Alcyone (FGI) 892 . 164+459 27+0 1 Switzerland
Asterope (FGI) 192 [ 7 R 740
Celaeno (FGI) 448 S 42av18 4140
DIl HEP (CMS) 200 - z2ee+® 163+0
. Electra (FGI) 672 N 178+433 60+0
- Finland Jade (HIP) 768 BN i68+600 278456 mpg
Maia (FGI) 768 || 156+612 68+0
Merope (FGI) 1612 o 1068+979 10+0
Pleione (FGI) 288 I+ 24 46+0
Taygeta (FGI) 360 || 324284 2540
Triton (FGI) 3816 | 563+1439 10+0
Usva (CSC/FGl/test) 144 a+8 0+0
LRZ-C2PAP 4032 [ 3038+8 27240
LRZ-LMU 800 [ o35+158 65+0
w=Germany LRZ-LMU Icg-irz-ce0 1484 [ 1ee6+2 153+124
LRZ-LMU lcg-Irz-ce3 1492 8+1376 0+446
RZG ATLAS HYDRA 167848 8+152674 11040
wuppertalprod 3320 EEE+1165 237+1191
= Hungary NIIFI SC 768 04655 045
—_ IMCSUL 1 048 0+0 X
= Latvia RTUETF 160 6+0 040 WL
= Lithuania VU-MIF-LCG2 1532 8+107 040
Abel C1(UiO/USIT) 10872 I 9849175 219+1004
Abel C2(UiO/USIT) 10872 849274 0+1201
#= Norway Abel C3(UiO/USIT) 10872 049274 2224979
EPF (UiO/Fl) 106 848 040
fimm (BCCS/UIB) 928 0+0 240
Arctur-1 432 0+0 {queue inactive) 0+0
Amnes 2244 [ 1632+ 630+0
. atos 1417 8+1039 0428
o Slovenia CIPKeBiP 984 o eeme 0+0
SIGNET 2834 [ 228248 225+0
UNG 12 048 0+0 TOTAL

Sites: 81 Running jobs: 23893

Abisko (HPC2N)
Alarik (SweGrid, Luna>
Glenn (C3SE)

Tintin (SweGrid, UPPM>
Bern ce01 (UNIBE-LHEP)
Bern ce02 (UNIBE-LHEP)
Bern UBELIX T3
Gordias at hepia
Lugano PHOENIX T2
Lugano PHOENIX T2
WSL Grid Cluster
arc-ce01 (RAL-LCG2)
arc-ce02 (RAL-LCG2)
arc-ce03 (RAL-LCG2)
cetest01 (UKI-LT2-IC->
BITP ARC Training
BITP Cluster
CHIMERA

DFTI Cluster

IAP Cluster

IAPMM Cluster

ICMP Cluster

ICYB SCIT-3

IFBG Cluster

ILTPE ARC UA

IMATH Cluster

IMBG ARC

IMMSP Cluster

IMP ARC CE

IOP Cluster

IPMS Cluster

IRE Cluster

ISMA cluster

ISOFTS Cluster

KNU ARC

KPI training cluster
LNU Training Cluster
MHI Cluster

PIMEE ARC

SRI cluster

81 sites

15936 | 341414736
3776 | 31442529
6112 8+5616
2624 | 12842399
1368 - 798+27
752 [ asa+e
2592 || 528+1560
224 0+0

2520 I 742337
2520 I 5+2340
408 8+356
9262 [N 326545746
9262 I 1561+7448
9262 | 165947353
4 ~ 1e5+#2989
384 a+49
384 I 2446

192 | 43472
136 8+96

12 8+l

52 048

268 | 60+80
1176 0+338

64 a+24

12 | | as9

8 0+1

24 0+0

40 0+0

84 8+64

80 8466

24 0+0

64 0+0

516 84373

8 040

216 [ | 4+95

72 a+8

32 0428

120 040

24 a+8

4 a+8

327692 23893 + 256676

57+0
304+1
0+226
184+4075
74+18
67+0
51+13451
0+0
74+184
115+142
049839
596+0
650+0
563+0
29+3273
0+0

0+0
16+0
0+1

0+0

0+0

0+0
23+4
0+0

0+0

0+0
36+0
3+0

0+0

1+0

0+0

0+1
14+112
0+7605
895+0
0+0

0+0

0+0

0+0

0+0
7465 + 43958
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ATLAS Computing Model

200Hz - 400Hz Event Summary Data (ESD): ~|1 MB/evt
RAW: ~|.7-1.1MB/evt Analysis Object Data (AOD): ~100 kB/evt
; - derived data (dESD, dAOD, NTUP....)
n Frecic e CERN Calibration distributed over the Grid
\ \ s
8 Lo, Analysis
\ s )
\\ w Facility

Data Recording to tape
First Pass Processing

10Tier-1 centers

RAW data copy on tape
Analysis data on disk

Reprocessing

38Tier-2 centers
(~80 sites)
Analysis data on disk
User Analysis
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The ATLAS Grid(s)

 ATLAS has its own systems on top of the
Grids

— PanDA (Production and Data Analysis) for job
management

— DQ2 (Don Quijote 2) for data management

N L 8 =
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DQ2

« A data management system to implement the
ATLAS computing model
— A dataset catalog and transfer system, and more

— deletion, quota management, consistency, accounting,
monitoring, end-user tools, ...

-

Lk
\

F Transfer Throughput
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Q . =
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Total GRID space usage according to DQ2

%y

4

It’s a lot of data

@ 2

Max Telenor broadband speed: 6MB/s

PetaBytes

. &
Average ATLAS traffic: 10GB/s
&
Number of Physical Bytes (in TBs)
160,000 104 Weeks from Week 14 of 2012 to Week 13 of 2014 &
- L] T T T
140,000 7
120,000
100,000
80,000 # Transfer Throughput =

2014-03-10 00:00 to 2014-04-07 00:00 UTC

60,000 10k

40,000

Throughput (MB/s)
Ed

20,000
0 S Y I Y N A Y A A T Y R L N W N A
Jun 2012 Sep 2012 Dec 2012 Mar 2013 Jun 2013 Sep 2013 Dec 2013 Mar 2014 O e G K T R T s 8 R e
A T s T e e S T g T e
B S S S e e S R S
W datal2 Wmcl2 M datall Hmell M datald Destinations .
B mcl0 Wser Hmc09 H data08 H data0® BB ca BB cern EMDE ES BBFR BT Mn~Ne BN DR @B TYW BB UK
B datal3 Cvalidl [Clgraup M groupld | WU
2 groupmc08 |11+ W validz [ userlo M user0d S
W mcla Hmd W ddo W step0a M group0%
W valid3 Heondld M ondll [ =it M cond0g
M groupmc09 M condl2 [[=it0g M =itl0 M =it08
B tbcond Ehc [ prod M panda M trash
B oflcond M cmecond Bmcl3

Maximum: 155,716, Minimum: 0.00 , Average: 128,052 , Current: 155,233
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Grid job management

Classic “push” model

Job

Resource
Broker

Job

Pilot “pull” model

Job

VO Job
Management
System

Getjob"

Pilot
Factory

|

Pilot
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Simplified View of core Panda Architecture

/_ Panda Server Job Submission \

Interfaces

Task Buffer
- (jobqueue)

Policy, D
Priority [“C Brokerage D

Regional
Production

Capability
Service

lob Request

: PilotScheduler
¥ lob Dispatch

_PilotJob /]

Pilot Launch
(Condor, PBS, LSF, etc)

RemoteSite A
Remote
Site B

Remote
SiteC 7

Image by BNL



UiO ¢ Department of Physics

University of Oslo

Completed jobs

104 Weeks from Week 14 of 2012 to Week 13 of 2014
T

14,000,000 I : d : :

12,000,000

10M jobs per wee

8,000,000

6,000,000

4000000

2000000

fun 2012 Sep 2012 Dec 2012 Mar 2013 fun 2013 Sep 2013

W Group Production
[7] Data Processing
[ unknown

B MC Simulation W MC Reconstruction
B Group Analysis [T 0thers
W MC Reconstruction {XP) [TICAF Processing

M User Analysis
B Esting
B MC Simulation (XP)

Maximum: 12,070,624 , Minimum: 0.00 , Average: 9,622,462 . Current: 358.241

Dec 2013 Mar 2014

= TO Processing
W \alidation
W MC Production
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Future prospects

Many software components getting upgraded
after Run 1 experience

Completely new data management system to
replace DQ2

New version of system for managing tasks

New trends in data management

— Network is “cheap”

— Break the model of send jobs to data

— Remote data access over wide area network
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Future Prospects

« Need more CPU and disk but with flat budget

* Looking to opportunistic resources

— Volunteer Computing (Boinc)
— High Performance Computing (supercomputers)

* NorduGrid/ARC is an critical part of both these activities
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Why not just use “the cloud”?

 Historical reasons

— Grid infrastructure has developed and stabilised over
many years

* Funding

— Research agencies prefer to pay for in-house
expertise

« Sustainability

— LHC will be taking data for the next 20+ years, data
must be kept for even longer than that...

e Cost

— Data-intensive computing 5-10 times more expensive
using commercial cloud providers
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Summary

« Grid computing is a vital part of LHC physics

- For the average user itis Global Effort - Global Success
really like the Electric

Grid Results today only possible due to
_“ extraordinary performance of
« UIO playS a Strong part accelerators — experiments - Grid computing

at ma”Y levels of Grid Observation of a new particle consistent with
computing work a Higgs Boson (but which one...?)

« Many interesting

Historic Milestone but only the beginning
challenges ahead

\
R-D Heuer ' N4~

Global Implications for the future CE/RW

Slide by Rolf Heuer, 4 July 2012



