Tiers and GRID computing
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The higgs, the history, and the grid

28 years since the idea of the LHC
thousands of people worldwide

thousands of computers worldwide

Global Effort = Global Success

Results today only possible due to
extraordinary performance of

accelerators - experiments - Grid
computing

July 4, 2012: a final comment
from Rolf Heuer,
the director general of CERN



CERN

Physics

® Particles, energy and matter to undérstand
more about how our universe works

Education

® Find new ideas on bringing modern physics
into the classroom

Computing

i,

the first successful

— communication between a Hypertext
Transfer Protocol (HTTP) and server
via the Internet by Tim Berners-Lee,
the inventor of the World Wide Web
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P5 where you visited for

CERN in our universe /”N CMS detector

Largest and biggest

New particles in high-energy collisions

LHC smashes groups of protons together L . :
o M|A|O|A Z7}E& =2 J| A at close to the speed of light: 40 million Yy
times per second | b+

Fastest
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Hottest spots

o UMIIZ=E2C = |05 x Elfet=Al

Coldest and emptiest spac '

251 271.2E (1.9 K) /

Most powerful computer system

® |0° dual layer DVDs/year = PetaBytes/yr



Computing for Physics Research

Data Technologies

e Data storing and management
distributed, parallel and cloud computing network

called the Grid

Data Analysis

® Algorithm and tools
simulation, reconstruction and visualization




IRRNE NS

Copuﬁng system

Grids (a super virtual computer)

e Have computers connected to a network
by a conventional network interface,
such as Ethernet

e Geographically distributed computing

® Parallel computing for computation

Worldwide LHC Computing Grid (WLCG)

A supercomputer

® Has many processors connected by a local-
speed computer bus, which is a subsystem
that transfers data between components
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E} vs. CMS 4 =7]
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Tier sites

« Tier-0: CERN Computer Centre

« Tier-1(11 sites)

Canada
Germany

Spain

France

Italy

Nordic countries
Netherlands
Taipei

United Kingdom
USA

USA

TRIUMF

KIT

Port d'Informacié Cientifica (PIC)
IN2P3

INFN

Nordic Datagrid Facility
NIKHEF / SARA

ASGC

GridPP

Fermilab-CMS

BNL ATLAS

« Tier-2 (140 sites)

universities and other scientific institutes

o Tier-3 (lots)

local clusters in a university department or

an individual PC

Tier-2 centres

- (about 130) JF’

nogr lier-1centres
Nordic countries GridKa
Germany

BNL i;-‘ o
\

\

-

us
7.

ASGC @l -
Taiwan i;:‘ SSaE

S:la(:n i‘;} i

CCIN2P3 'i,,-,
France ©

Why tiered?
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Tier functions

o Tier-0: CERN Computer Centre
first accepts RAW data
repacks the RAW data into primary datasets
archives the RAW data to tape
distributes into T1 (i.e, two copies)
prompt calibration to get calibration constants
prompt first pass reconstruction (RECO data)
distributes into T1

. T1
re-reconstruction, skimming, calibration
distributes into other T1, CERN, T2
stores data

. 12
grid-based analysis
Monte Carlo (MC) simulation
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Tier services by middleware

'@ Storage Element (SE) 3
Data access protocols & interfaces G Ll.l-e
@ Computing Element (CE)

Job-manager and worker nodes
@ Security
@ User interface
@ Information service &:: “““ i
@ Workload management

@ Software components

12



BIOIEI M 2] Bl O1 E1 4 =

o0

WEEE BIOIEI 2%
It's time-to talk about...



Volume of data
produced at LHC

The powers of ten are commonly used in physics and information
technology. They are practical shorthand for very large or very small

numbers.

Power of ten Number Symbol
10-12 0.000000000001 p (pico)
1077 0.000000001 n (nano)
1070 0.000001 u (micro)
1073 0.001 m (milli)
1072 0.01
1071 0.1

100 1

101 10

102 100

103 1000 k (kilo)

10° 1 000 000 M (mega)
10° 1 000 000 000 G (giga)
1012 1 000 000 000 000 T (tera)

1013 1 000 000 000 000 000 P (peta)
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R

The powers of ten are commonly used in physics and information
technology. They are practical shorthand for very large or very small

numbers.

W P f Numb Symbol
,//////////// % ower of ten umber ymbo
W, 10-12 0.000000000001 p (pico)
7 1079 0.000000001 n (nano)
1070 0.000001 u (micro)
1073 0.001 m (milli)
1072 0.01
1071 0.1
100 1
101 10
102 100
103 1000 k (kilo)
10° 1 000 000 M (mega)
10° 1 000 000 000 G (giga)
Volume of data 1012 1 000 000 000 000 T (tera)
produced at LHC | , 10% 1 000 000 000 000 000 P (peta)
Size of interest 1015 < f (femto)

15



CMS U871 (RE Ua 2e2)

LHC/CMS
Tiered Data
System

2 | CERN/Qutside Resource Ratio ~1:2
:}//;,//”/// PBytes [sec | TierO/(X Tier1)/(Z Tier2)  ~1:1:1
[ Online System | ~200-1500

— ~\MBytes/sec

MBytes/ sec
CEF

Tier 0 +1

Tier 1 10 -40 Gbps

e oo S Cooner S C ovom g -7
_———/ \ \ ~10Gbps

Tier2 ¢ ey e >

Tier3 1-10 Gbps /
‘WE% m e 38 countries, 3000 scientists

Physics data cache
[ 1 to 10 Gbps e Tens of PetaBvytes/vr
B 1 0EER taBytes/y
Workstations —a55ew Tior 4 e ExaBytes in ~10 years



CMS U871 (RE Ua 2e2)

LHC/CMS
Tiered Data
System

| CERN/Outside Resource Ratio ~1:2

% '/// / PBytes/sec | Tier0/(X Tier1)/(X Tier2)  ~1:1:1
7 ¢ trigger | Online System ~200-1500

\MBytes/sec

MBytes/ sec

Tier 0 +1

Tier1 10 -40 Gbps

@.......
,-ﬂ‘l ~10 Gbps

Tier 2 ) enter Yenter

Tier3 1-10 Gbps /
‘N% m e 38 countries, 3000 scientists

\, 1t010Gbps e Tens of PetaBytes/yr
Worketations S5 Ao Tier 4 e ExaBytes in ~10 years




GBytes per second

W A record of data on backup tape
with a transfer rate of |.| GB/s for
several hours (B 5ET) =

Recording a movie on DVD every 4 s

W A record of data transfer over
10,000 km between CERN and
California, with a throughput of 2.38
GB/s for over an hour (A&H LK) =

Sending 200 DVD films in an hour
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Storage: CASTOR = EOS

W CERN stores 12 million new files per month
in the CASTOR. Expected to increase 3 times
until 2015 reaching 0.125 EB. ~2000 storage

servers are used to store experiment/user data

W EOS project started in Apr 2010 to provide
fast and reliable disk only storage technology

Pessimistic calculation assuming | MB file size

10° - 10% 10%- 107 10'5 - 10%

Billions Millions Petabytes
10%-10° 10'7 - 108
A= 1 bl — 12
oy C0aes 100 Million+ Exabytes
10%-10° 10'7 - 108
1 3 11 _ 12
100 sy 100 Million+ Exabytes

HSM Model

e 2 x |0° events/yr CASTOR2
| event = |.6 MB

e 3.2 PB/yr from CMS ‘ USER ‘

transparent
file access

e 8.5 GB DVD
DVD thickness = 1.2 mm

e How many DVDs?
automatic
file movements

3.2PB / 8.5GB = 40k DVDs

« How il

40k DVDs % |.2mm = 500m

> Tier Model

random + seq. RW access [ILCAVAELESABINIGNEI T

(POSIX like) ANALYSIS POOL

dataset max. spread over pool

common access

------------- >

Medium Latency Disk Storage High Latency Tape Storage
ARCHIVE POOL TAPE POOL
sequential read & write-once sequential read & write-once
(getFile,putFile) (getContainer,putContainer)

dataset co-located dataset co-located
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@ CMS

=01 (KNU)

(KISTI)

Tier 2 in Korea

Dalian

Yantai

Qingdao

ancheng

KISTI- A5

X}t hopark@etnews.coke

27 argo

'E)i' 20094 |2 @ q U(Lp)

North KereRung

Pyongyang

Chénju

Kwangju

Kitakyushi
Fukuoka
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GRID Real Time Monitoring

rtm.hep.ph.ic.ac.uk /webstart.ph

® Real Time Monitor ) I B G079 S2%408 Q

i e o GRID RTM3D WW 09 Version 2.01 (September 2010) Java Web Start
File Layers _ Hide Me! Help

AFRICA

Imperial College
olal 11 n

= GridPP

1000 Km
| T

Indian Ocean

Altitude 19,134 km Lat -78.1429° Lon 90.0000° Elev 0 meters
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Car Driving

GPS



Data analysis

F-2A (A 2 analysing FEA(F)

Configuration



Distributed analysis

N\

//}/')/, g
<l Cizip) T2
—td 4 ::)wJ

</
> 2, L

Configure once, run anywhere
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