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Computer centre mainframes (IBM,
Siemens, CDC)
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1990:

The first web server: this machine was

used by Tim Berners-Lee in 1990 to

develop and run the first WWW server,
= | multi-media browser and web editor.
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)/ Early days of COMPASS (1998)

A new experiment being built... ... with new computing challenges

T
|
)
:

0.5 PB / year
Massive use of PC technology

The SM2 magnet... The COMPASS Computing Farm...

M. Lamanna - CERN 10
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150,000,000 sensors embedded in the detector (ATLAS)

Beam interaction rate: 40 MHz — every 25 ns

20 events overlayed in the detector

~ 300.000 MB/s ~ 300MB/s
\ from all sub-detectors Raw Data

Event filter computer farm

Trigger and data acquisition

M. Lamanna
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Data to the CERN COMPUTER
CENTRE




Data, data, Data!
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1st Beam Splash
from Beam-2

ATLAS
APERIMENT

2009-11-20, 23:32 CEST
Run 140370, Event 2666
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CATLAS

EXPERIMENT Beam Halo Event

2009 11-21, 00:17 CEST




&f%ATLAS

4 EXPERIMENT
‘Iﬁ 2009-11-23, 14:22 CET

Run 140541, Event 171897

Candidate
Collision Event

http://atlas.web.cern.ch/Atlas/public/EVTDISPLAY/events.html




3.5 TeV + 3.5 TeV collisions



ALICE event




q Very recent LHC pp collisions!

Run Number: 152409, Event Number: 5966801
Date: 2010-04-05 06:54:50 CEST

W-ev candidate in

7 TeV collisions
p,(e+) =34 GeV

nie+)= -0.42

E,™ = 26 GeV

M, =57 GeV




CMS Experiment at LHC, CERN

Data recorded: Tue Mar 30 12:58:48 2010 CEST
Run/Event: 132440 / 2737924

Lumi section: 124

Orbit/Crossing: 32323764 / 1

MSCOMM/COMM_GLOBAL/Event Display/Rioot il Temp StorageAre/EVDISP SM_1 269344655004 root’




Collisions in LHCDb

LHCb Event Display




WHY COMPUTING?



Basic physics

Fragmentation, Interaction with
Decay detector material

Multiple scattering,
interactions

M. Lamanna
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Detector
response
Noise, pile-up,
cross-talk,
inefficiency,
ambiguity,
resolution,
response
function,
alignment,
temperature

2037 2446 1733 1699
4003 3611 952 1328
2132 1870 2093 3271
4732 1102 2491 3216
24211211 2319 2133
3451 1942 1121 3429
3742 1288 2343 7142

Raw data
(Bytes)

Read-out
addresses,
ADC, TDC
values,

Bit patterns

26
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From Raw Data to Physics

2037 2446 1733 1699
4003 3611 952 1328
2132 1870 2093 3271
4732 1102 2491 3216
24211211 2319 2133
34511942 1121 3429
3742 1288 2343 7142

Raw data

Convert to
physics
guantities

\\\\_\ 1.{ \\//_

SN

Detector Interaction with
response detector material
apply Pattern,
calibration, recognition,
alignment, Particle

identification

Reconstruction

e*,q f
«
e,q f
Fragmentation, Basic physics
Decay
Physics Results
analysis
Analysis

Simulation (Monte-Carlo)

—

M. Lamanna
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Analysis flow (user view)

o b ! = _ / Z0
3742 1288 2343 7142 i
e

9 f
RAW DATA DETECTOR. INTERACTION WITH FRAGMENTATION,
RESPONSE DETECTOR. MATERIAL  pecay BASIC PHYSICS
CONVERT TO APPLY PATTERN, PHYSICS RESULTS
PHYSICS CALIBRATION, RECOGNITION, ANALYSIS .
QUANTITIES ALIGNMENT, PARTICLE
Data selection IDENTIFICATION
(quality, type, @ User analysis
config... i -
fg ) RECONSTRIUCTION ﬁ v
ANALYSIS .

e .
@ ™ Production System
SIMULATION (MONTE-CARLO) -

Lol
,r Production System

But how this is done in practice? Of course we need CPUs, disks, networks etc..
We cannot rush to the solution yet...

o8 588 8 858

Dataset concept = collection of files. Only a small fraction of data in real DBs (e.g. calibrations)
M. Lamanna 28
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i Moore law
(mass-market dynamics)

CPU Transistor Counts 1971-2008 & Moore’s Law

CPUs

2,000,000,000 —

Hard Disks

10000 g

GTaon E T E|
1,000,000,000 "“";;'j:.b ol E l ' * E|
lHanium 2 wih SME cachc @ . F 9
Core 2 Qund ‘."ml: B 7
e B0 1000 -
100,000,000 ,‘.6:\2 E E
B ﬁ*": o wBaton gl 100 ; _;
5 Curve shows ‘Moore's Law’: - — d %
§ 10,000,000 — transistor count doubling o . T a r ]
5 et s o 10 4
] - = E 3
g 1,000,000 — e ‘o L ]
g ]
= ’ = 1 E
- S : é
100,000 — = r 1
. 0.1k -
. v’;cee E E
P 0.01 k 4
L B0 E 3
a0t g 8 000 F ]
0.001 ] | | | 1 ] |
| | | 1980-Jan 1985-Jan 1990-Jan 193&-Jan 2000-Jan 2005-Jan 2010-Jan 201&-Jar
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Date of introduction

A nice way to express it is that in 2 years your next PC will
cost the same but it will be twice as fast (and have twice as much
disk space etc...)

http://en.wikipedia.org/wiki/Moore%27s_law

M. Lamanna 30



Commodity computing

Commodity hardware challenging the mainframe computing
— Instead of an expensive supercomputer, buy lots of relatively inexpensive PCs
— Total cost-of-ownership is an issue

— On the other hand, your farm will be
Upgradable (buy more PCs if needed)
Evolutionary (change old out-of-guarantee PCs with new -more performing- ones
Cost-effective (buy the "cheapest” SPEC. No vendor lock!)

The only way to cope with the CPU (and data storagel) request from
nhew generation experiments

— Late '90: NA48 and COMPASS at CERN, several other experiments at FNAL,
SLAC,DESY..

— Nowadays: LHC experiments

Limiting factors:
— PC market evolution

* Desktop vs laptops or other commodity devices
* Multicore architectures

— Power (includes cooling...) consumption
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1.0E+02
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.0E-01
.0E-02
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.0E-09

Evolution of CERN Computing Processing
Capacity in MSI2K

) v o ) L Vv o S >
R IR I S SR SR AR IR R @“ DS S I N q?“

S R N T I

—installed capacity - =planning (budget & energy constrained)

1.0E-03 MSI2K = 1,000 kSPEC INT 2000 ~ Pentium4 @ 3GHz (~3GFlops)

M. Lamanna 32
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"Number crunching”

boxes
* No resident scientific data

* Shared facility for all CERN
users (basically every
physicists participating in an
experiment at CERN)

- Faster PC means more o

SPECs per box
. 1,000 SI2K ~ Pentium4 @
36Hz (~36GFlops)
Mass-market driven

« MP3 encoding, Digital images
processing, heavy office
suites...

M. Lamanna

MSI2ZK

600

500

400

300

200

100 -

AAAAA

2008

2009

2010

year

2011

2012




DISKS

"Staging” area: they kee
“ho’r'gdc?’ra yreep
Access to these disks is
managed by dedicated PCs
(serving/receiving data to
the PC crunching numbers)

Moore's law at work herel
— Less expensive

* GB/$ goes up
— More compact

« GB/cm3 goes up

— Mass-market items!

« Technology drive by
you(storing digital-camera
pics, MP3,etfc...)

M. Lamanna
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Tapes

Data custodial
— We build accelerator and experiments to
collect scientific data
Write-once / Read-many
— At variance with backups (Write-once /
Read-never)
Evolving (a' la Moore's law) but more
"gently” than PCs

— No sur'fr'ise, none of us has a tape library at
home, I guess ©

RNV T
— No mass-market as for CPU, RAMs and Disks men I

ne ': K
oW
. ‘ Y
W ' b ) ’

f “ R

Expect to store 40 PB (40,000 TB) of
data per year

— Scientific data, corresponding derived data
(reconstruction, analysis), simulation data

M. Lamanna



http://mediaarchive.cern.ch/MediaArchive/Photo/Public/2006/0610046/0610046_01/0610046_01-A5-at-72-dpi.jpg

&) Interesting facts
(CERN Computer centre)

Number of machines

—  About 4,500 batch (18,000 CPUs)
—  About 3,000 disk servers (50,000 hard drives)

—  Several hundred tape servers, console head-nodes, database and Grid servers etc.

Storage Capacity
- b5+ PBdisk
— 25+ PB tape (IBM and Sun/StorageTek)

—  There will be an additional 15 PB each year needed for the LHC data (3*1076 DVDs!)

Network Capacity

—  Connection at 10 gigabits/second to each Tier 1, plus backup, plus regular (firewalled etc) internet
— Speed record: 1.1 TB in less than half hour (CERN-CalTech)

Number of staff

— CERN:~2700 ; IT department (computing) ~250 and ~200 on shorter-term Grid projects

Early 2009 data
Fast ramp up going on for the LHC start



ServicelActivity

Disk and Tape Provide storage capabilities 1500 disk servers
5 PB disk space,

16 PB tape storage

Metwork Campus Provide local CERM area network service The Metwork core has a capacity of 4.8 Thps

The total number of network ports is:
=1000 10 Gigabit ports
=T0000 Gigabit ports
: feadinn 34000 hosts
Prowvide connectivity and infrastructure  with

External Networking other 11 T1s

Out-coming Internet Back bone up to 80GEfs to 11 centers
Speed record: 1.1 TB transferred in less than half hour {Caltech-CERM)

NICE PC PC cluster 5.500 active NICE PCs
1,500 Macs
1,100 CMF packages
Computing Facility Provide local & Grid Computing Power 4500 nodes installed
16K CPUs available
Up to 10K concurrent jobs

The system to cool the centre more than S00,000 m3dh cold air o cool PCs

three 1.5 MW chillers
CWsS Concurrent Version System owver 300 Software Projects
and owver 3000 users

Messaging services Email, Ldap, Listbox, News, Fax, Antispam 17,015 mailboxes

T000 lists
2.8TE data

2.5 Million messagesiday
(—98% SPAM)

- 8852 sites

- including 930 sharepoint sites
- & million hits per day

- Bandwith 2 Thyte per day
30,000 simultaneously

1 PB /month each ATLAS, CMS
1 GB/s (1.6 GB/s peak) to 12 sites
160 VOs

15,000 users

27,000 volumes
25TE allocated

Computing Center cooling
system

Web Services Web Services , Search Engine, Verisign

Coordinating and operating WLCG grid

activities

Andrew File System (distributed file system

AFS for CERMN users)

M. Lamanna 37
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")/ Another view of LHC experiments

ATLAS is more than 2,500 collaborators
From 169 universities from 37 countries
700 students!!!

CMS has a similar size. ALICE and LHCb
collaborations are a bit smaller

CRYSTAL ECAL
Bela Chin. ance, Italy,
land, UK, USA

PRESHOWER

RETURN YOKE
Barrel: Estonia, Ge
Endcap: Japan®, USA

SUPERCONDUCTING
MAGNET

FORWARD
CALORIM

Hungary,

™ Total weight :12500T

= Overall diameter :150m
Overall length :215m
Magpnetic field 14 Tesla

M. Lamanna 39
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But do not be surprised if...

Computing goes worldwide...
...after all, we all got networks!
... and we invented the Web!!
... and now we play with Grids!!!

40



The Promise of Grid Technology

lan Foster & Carl Kesselman - 1999

e The Grid — a virtual computing service
uniting the world wide computing
resources of particle physics

e The Grid provides the end-user
with seamless access to
computing power, data
storage, specialised services

e The Grid provides the computer
service operation with the
tools to manage the resources, .
move the data around, monitor the behaviour of the services,
alert operators to attend to potential problems

Sounds good!

Courtesy Les Robertson A@H’éhough Very complicated ©
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How does it work?

« ATLAS
— Not substantially different for the other 3 LHC
experiments
— Heavily simplified...
« What do we want to achieve

— The user wants to specify a subset of the data and
run applications on it (chain of programs reading
intermediate outputs)

— Only at the end of the chain data sizes and
computational complexity this can be (possibly) done
on a laptop

1000+ of physicists worldwide after the same data



Tier-2 centres

(about 130)
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2 Behind the scenes...

@ User sitting “anywhere”

f \ Data distribution
DDM DDM

(asynchronous)
<
DataSet

content

Dataset = {f1,f2,...,fn}
subscriptio
n

Site
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DataSet
replica

Dataset = {sitel,site2,...,sitek}i—_____ > DDM K DDw

CE+Batch system

LFC

myprogram fj s PaNDA Payload transfer fi > /////fj.dat '
_— Job ﬁ —_— > Physical
executor CPU filenames
SRM
open/read/write/copy
< — Storage
© ‘ — — — —
Monitoring (Dashboard)
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Simplified
One job executed in one cloud
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[ suspect

-
0+ 06 ;i H
F mRAL TRIUMF ©7RSGC  BNL  CNAF  FZK  LYON  NDGF  PIC  RAL  SARA TRIUMF

SARA Last subscription: 11 September 18:19:01 | Last FC checked: 11 September 18:22:42 | Last transfer: 11 Sef

©,2008 Cnes/Spotiimage
Image ©;2008 DigitalGlobe “

10 clouds

Only the Tierl centre are shown M. Lamanna
About 100 Tier2s in total :

nihiasa
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Powered by middleware !

* Globus, Condor and EDG as starting point

— Evolution lead by Europe (EDG > EGEE)

— Other projects competing/collaborating
* ARC, Unicore efc...

— Large contribution from LHC community
* And to a lesser extend from other users communities
« "High-level” services

« Security
— X509 infrastructure
— Certificates = Proxies
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Examples

Computing Element (CE)
— Gateway to CPU resources (typically a batch farm)
— Examples: LCG-CE (LCG), CREAM (EGEE/INFN)

Data transfer

— Layer on top of gridFTP

— Example: FTS (LCG/CERN)
Workload Management System

— CPU allocation for workload execution

— Examples: gLite WMS (EGEE/INFN), glideinWMS (CMS), DIRAC
(LHCDb), PanDA (ATLAS), ALIen (ALICE), etc..

Storage Element (SE)

— Layer on top of storage solutions (Distr. FileSystem, Disk-Tape
HSM-SAN, etc..)

— SRM (Storage Resource Manager)
Other services: information systems, catalogues, etc...



LHC Computing GRID

Worldwide infrastructure
(EGEE + OSG + NDGF)

e CGCC

Enabling Cnids
for.E-sclencE




i All together now...

UKI France Ital NorthermEurope

CPUs, disk and
tapes from more
than 200 sites
INZP3-CC
overall site status=degraded
Sharing hardware Craoy MR
— Share CPUs Eﬁﬁi?{ad“ ; :
— Replicate data Total Chlis: 2972

across different
sites (performance
and data e B cermanySwitedand

preservation)

CentralEurope

Collaborative
effort

— Complex operations

—  Share
responsibilities
- Solveg)roblems B CERN aperdab f EDS
together Latest SAM results, Site Status, for 'OPS’ VO, 27 Sep 2007 13:39 GMT.
Size of site rectangles is number of CPUs from BDII. - - -

Certified Production sites, grouped by regions. Down  Dearaded Ok

M. Lamanna 49



> ATLAS ON THE GRID

Dashboard :: :: Site Overview (=]

Ly e e o D
1\4 | = (G ) (% ) () (|| http://dashb-atlas-data.cern.ch/dashboard/request.py/site wH~ ) -

ATLAS dashboard Q)

Gmail GCal Docs News~ Bank~ RW~ Dictv Mix> Old~ Ubuntuand Free S.. = Latest Headlines & Apple ~ Google Maps  YouTube Popular v Python >

R recent presentations. ] ﬂ [] Dashboard = = Site Overview QJ -

: ]
[ ]

Data distribution
Overview Dataset Info Page Help User Guide Feedback ( I ef T)

Throughput (MB/s) Data Transferred (GBytes)

12500
Activity in Last Hour

10000

Activity in Last 24 Hours 7500
Activity in Last 7 Days

« Job distribution

Activity in Last 30 Days
Activity in ... II l I II
3 19:20 19:40 20:00 20:20 20:40 21:00 21:20 21:40 22« B 12:20 19:40 20:00 20:20 20040 21:00 21:20 21:40 22:00 OTTO m
wASGC ~CERN mFZK = NDGF mRAL = TRIUMF . CERW WFZK =~ NDGF mMRAL = TRUWF
MC Production WBNL ®CNAF WLYON mFIC SARA WBNL ®CNAF ELYON ®FIC SARA
Data Export
Completed File Transfers Total Number Transfer Errors
Functional Test gk
User Subscriptions 8000
Staging % 80K
8000 % ?GH
4000 % EGK
ASGC Cloud 0= § §§ _§
BNL Cloud || M1 B B = % 50K
CERN Cloud % I III% %I % I%%% %II
CNAF Cl 20:00 20:20 20:40 21 0.5 ” " ” " = ” 10K
oud 18:20 18:40 19:00 19:20 19:40 2000 20:20 20:40 21:00 21:20 2140 22:00
wASGC ©CERN mFZK = NDGF mRAL TRIUMF WASSC ©CERN WFZK «NDGF WRAL = TRIUMF
FZK Cloud WENL  HCNAF mLYON mPIC - SARA EBNL ECNAF ELYON BPIC  SARA 30K
LYON Cloud
NDGF Cloud 20K
PIC Cloud Activity Summary ('2009-04-23 18:20' to '2009-04-23 22:20'")
RAL Cloud Click on the cloud name to view list of sites a
SARA Cloud Transfers Registrations Et 04722
TRIUMF Cloud Cloud Efficiency ~ Throughput Successes Datasets Files Transfer Regil ’ 4 20:00
ASGC 0% 0 MB/s 0 ] 0 o D
BNL 86% 309 MB/s 25029 774 25050 4157
CERN 91% 12 MB/s 140 15 140 14
CNAF 100% 87 MB/s 14649 1856 14613 26
FZK 99% 39 MB/s 7580 444 7585 62
LYON 99% 57 MB/s 13348 588 13352 150
NDGF 94% 13 MB/s 133 57 133 )
PIC 69% 36 MB/s 7534 370 7547 3349
RAL 99% 27 MB/s 4184 174 4176 52
SARA 99% 25 MB/s 1891 82 1890 16
TRIUMF 99% 29 MB/s 4100 87 4108 43
@ Find: (Q laman ) (_Next | Previous ) (O Highlightall ) []Match case

Done

M. La




> HammerCloud

Hammercloud

Usage of clouds

800
-— cr
[ CA_PANDA
— -
B OF_PaNDA
- s
B s FANDA
w R
o B FR_PANDA
=3 [==—T
s B 7PanDA
= ==
g NG_PANDA
[5 NL
3 B _PANDA
< —
=1 To_panDA Input DS Patterns: mc08.*merge.AOD.e*_s*_ré*tid*
= T oanon Ganga Job Template: /data/gangarobot/hammercloud/inputfiles/muon1531/muon1531_panda.tpl
s Athena User Area: /data/gangarobot/hammercloud/inputfiles/muon1531/source.1531.tar.gz
B UK_PANDA Athena Option file: /data/gangarobot/hammercloud/inputfiles/muon1531/MuonTriggerAnalysis.py
u“‘o \S“;oo“'“ \S“;oo‘c’ \S‘" o“’ o“’ u“° o“' \.\“" N —n
e 3 .uﬁuauﬁ‘ov oo o '0,5_0 a“ 50 a“ _\ u“u View Test Directory (for debugging)
date Overall CPU/Walltime Overall Events/Wallclock(s)
___________________________________________________________________________________________________________________________________________ 2360
! Running and Scheduled Tests Overall Efficiency 2124
1888
S T Py ey N
: 2009-11-20 2009-11-21 1416
| running 879 voatlas49.cern.ch 15:01:00 18:00:00 INFN-MILANO-ATLASC_MCDISK I
' 2009-11-20 2009-11-21 ‘ R
; AMALY_INFN-MILANO-ATLASC
running 878 voatlas73.cern.ch 15:00:00 18:00:00 IT_PANDA . — .y
2009-11-20 2009-11-21 CSTCDIE_MCDISK, JINR-LCG2_MCDISK, RU-PNPI
: running 874 voatlas49.cern.ch 11:00:00 11:00:00 NL 4 more... s lI
: 2009-11-19 2009-11-21 IFAE_MCDISK, IFIC-LCG2_MCDISK, LIP-COIMBRA
running 868 voatlas73.cem.ch 11:05:00 11:00:00 ES 5 mare...

CPU/Walltime
=482 0=19.6

[ Sites

M. Palladin Universita Udine — CERN OpenLab e Submed Ry Complead [ N doses Mo Mex  Rebnit Resbmi
jobs jobs jobs per bulk queue depth running jobs enabled force
ANALY_LYON_DCACHE 344 25 2811 209 50 100 1000000 yes no
ANALY_LPC 139 175 2884 38 50 100 1000000 yes no
ANALY_LYON 208 3 1401 96 50 100 1000000 yes no
ANALY_LAPP 101 45 1673 7 50 100 1000000 yes no
ANALY_BELJIING 284 115 2548 27 50 100 1000000 yes no
ANALY_ROMANIAOZ 0 0 0 0 50 100 1000000 yes no
ANALY_TOKYOQ 109 360 6266 155 50 100 1000000 yes no
ANALY_GRIF-IRFU 219 0 0 0 50 100 1000000 yes no
ANALY_LPSC 193 52 385 84 50 100 1000000 yes no
ANALY_GRIF-LPNHE 261 124 2207 9 50 100 1000000 yes no
ANALY_ROMANIAD7 40 50 57 13 50 50 1000000 yes no
ANALY_CPPM 134 0 161 3 50 100 1000000 yes no
ANALY_GRIF-LAL 200 537 5106 1008 50 100 1000000 yes no
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Oct. 30 @ midnight

©) panda Analysis Dashboard - Mozilla Firefox

Eile Edit View

O -c

History  Bookmarks

Yahoo! Tools Help

&y | ﬂ http://panda.cern.ch: 25980/server pandamon/query?dash=analysis

(8] Most Visited P Getting Started |\ | Latest Headlines [_1] Customize Links [_1] Free Hotmail [_1] Windows Marketplace [:] Windows Media C] Windows

9.’ z _&) '\ v | Search Web ~ @ - B mail - (™)) shopping ~ & Personals ~ @My Yahoo! [ News ~ @ Games ~ C'j Travel - (&) Finance ~ Answers ~ § Sports ~ [E- SignIn ~

Dataset
Task request
Task status
File
Summaries
Blocks:
Errors: days
Nodes: days
Usage 1, 3 days

e

days

Tasks - search
Generic Task Reg
EvGen Task Req
CTBsim Task Req
Task list

New Tag

Bug Report

Task overview query

Datasets - search
Popular datasets
Aborted datasets
Datasets Browser

Datasets Distribution
DaTRI

DaTRI: Req list

AODs

EVNTs

Conditions DS

DB Releases

SIT pachalls

Validation Samples
Functional Tests

ATLAS Data

Reprocessed_Datasets

Status of pathena analysis queues: See the wiki page PathenaAnalysisQueues &
Analysis jobs: Listing of analysis jobs. To look up a particular Panda job by ID use the quick search at left or click a PandalD in the job listing. =
Analysis users: User list (also linked at top right, or above if you've logged in) shows analysis usage, ordered by most recent. From there you can go to your page (you're on the list if you've
run a Panda job); if you ‘log in you'll get easier access to your page from a new menu at the top of the page.
Gra ~ 1 1 k Pa n d a JO bs 5 by role, physics working groups etc. and support collaborative work, accounting rights etc. (Not much used yet.)
Dat. o _ above for infomation on data location. requesting replication of data, and staging data from tape to disk.
Analysis Summary By Cloud H amme rCIO u d i Summary By Site
world Wlde - analy_runnii Submission US - running - day
12 k
11 k
10 k 3.0 k
9k
8 k
e 8 2.0k
2 o
e sk -
5 k
4 k 1.0 k
3k
2 k
1k
0.0
0 Fri 12:00 Sat 00:00
Eripl et L b W BNL W ANALY_SWT2_CPB W ANALY_OU_OCHEP_SWT2
WCA EWUS @OE MWES MWFR MWMUK MWTW @NL @IT [ ANALY_NET2 W ANALY_MWT2 B ANALY_AGLT2 ~ B ANALY_SLAC
@ CERN [ ANALY_GLOW-ATLAS
Generated by TRIUMF-LCG2 (times in UTC) Generated by TRIUMF-LCG2 (times in UTC)
Analysis job summary, last 24 hours (Details: errors, nodes ) pathena analysis queue status
Job Pillotl 0= I S T s : 5 s St S § v
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J Balancing within activities
L

250

Behind a CE...

150

u
4 *
| &] 5
3
1 0m
L1
1]
Fri Bat Bun Mon Tue= e=d Thu
[0 alice running [0 argo runmirg B atlas running B cm= running O dteam runming
B infogrid running B itatlas runming B lhch running B cps rumnning
Bl pamela running Bl prilatlas running B prdat running O prdatlas running

O prdcmzs running [ sgmatlas running [0 virgo running
B total running joba

INFN-NAPOLI

@ Green = production (PanDA production)
Red = WMS analysis

Purple = Pilot (PanDA analysis)

Blue = WMS local share
M. Lamanna
Fulvio Galeazzi, ADC meeting, 19 November 2008 9



Grid Is about cooperation

. “Obvio-ué}'y.” all computing centres cooperatel

« Aninteresting dimension is cooperation (sharing, exchange of
information,...) across different scientific and fechnical
communities

— Because of experience (fong /1/'57‘0/2/ of high performance innovative
compuﬂh_g), 7Pr'esen'r situation (we have to cope with LHC physics
n

reguirements) and culture (large inférpational collaborations) HEP can
help and collaborate with other scienges!

« Thisis ver&éc’rually concretel :
~ Grid (projects) is an ideal playground foR this
3

« CERN is the lead partner of the largest Grid c‘xsfrucfure (EGEE - EU funded)

by

0 LCG but supports several

« EGEE is a multi-science gr‘id project (It contrib
clé\gr fusion, astrophysics

other communities, like biomedical, earth scien
etc.. )

S loc

Enabling Grids
for E-sciencE




) ITU conference (2006)

The problem: B P I I L
Assign frequencies for + | | P >
. . . .. Bttt | L | —\?jp} o
digital radio and television | | v AN
' ional v T el T ol
(internationa A TN~ <A
treaty) SRS |\ LS B
Uu %Ar}x / ':_-'\-" f’?’ . Iinternational
T - S e | Teiecommunication
o : 'T'l:.._.:.. 1 L“r"’“ Union
Critical point: | i |© [ h
40° S L g = S

Need on dependability: Figure 1 _

. . . The extent of the planning area for the RRC-06
verify (iteratively)
the compatibility between

radio stations @IMALUA

FunID: | ALL-i1_20060519-102 |

i |7 <

Solution:
Use the EGEE grid + a system
used in ATLAS and LHCb
to increase the reliability
of the Grid

eccee

Enabling Grids

for E-sciencE 55




N QCD on the Grid

600+ CPU.yearS Slnce Aprll 08 un tplot created Fri Apr 23 11:40:58 206892

1488 — e e e e —— e ] ]
Tatal nunber of ifsrations 1 12 TB transferred since April 08
ez per hour + =9
- tive workers = + =
w 1E90 i\ | T J te+me
|1| L] L]
v N ] - .+= iy - . :
L 1oa80 ‘ .‘ . a— :mi"- i - 1000 PCs t
= l . . ] J,’._. : - So@0@es 3
u I L] n -
5 gea . : 7 b
.‘_‘i E
% - GtHABEA _,:
= @8 _ "
= m
m
4ppaaE o
T 4@ | =
n
Ll
o oaam - -4 ceasas
& T — 5
Bl B8-8%8 Bl -89-688 Bl-1B-@%8 Bl~s11-88 ©Bl-12-88 Bl-B1-8%9 Bl-@2-89 Bl -@3-89 Bl 8489 Bl -05-8%9
Time
DIANE RE&D Project
Master http:Mcernch/DIANE
*Several day in 2007 (first campaign) -
e =
*12 months of running in 2008/9 L
*second campaign, several periods, graph Sep08-Mar09 ¥ o ¥ v
: = =
. | :
*Results regularly presented to leading conferences: e
. User
eLattice Conference -- Ph. De Forcrand (ETH and CERN)

M. Lamanna



‘Interactions” with computer science

(PhD students)

Enabling Grids for E-sciencE

Design of an Expert System for
Enhancing Grid Fault Detection
based on Grid Monitoring Data

Gerhild Maier

March 2% 2009

EGEE-11I INFSO-R1-222667 EGEE and glite are registerad trademarks

one user has problems with different datasets

gt | Pumg i | vt e

—
=
s |
EGEE-IN INFSO-RI-222667 Mining Job Monitoring Data Gerhild Maier 13

M. Lamanna

Qutput Verification (1/2)

one user has problems on different sites

-- ¥ —
= -

= =

: -

= —E

== !

— —

4

—

EGEE-IN INFS0-RI-2Z266T Mining Job Monitoring Data ‘Gerhild Maier 12

Pruning the rules
rule 1
e 2
v G ka1
ik & . ke 2
— =i - ‘r; S
L
fule X
Remaowve not
[ quel t C eaIEa sociation interasting
|\ item set rules
.
Job Monitoring Set of association rules ] [ Set of association ules
Information of the
Dashboard
Database
EGEE-IN INFEO-RI-222657 Mining Job Monitoring Data. Gerhild Maier L]

Gerhild Maier (CERN and Linz Univc537rsity)



@) |
Bird Flu

« Basic idea:
— Compute how a given chemical interacts with a protein (e.g. belonging
to a virus)
— High affinity means the chemical is a potential drug against the virus
« Insilico (i.e. use your PC):
— Scan millions of chemicals (~103 s per chemical-protein pair)
« With 1,000 PCs, 1 docking per second

— Good candidate given to biologist (verification longer -and more
expensive- than in silico docking)

+ Inpractice, you enrich the initial sample saving time - Molecular docking
(and money) Intermolecular Axis =
+ Essential to fight to pandemic (H5N1) or ) Range Angles

neglected diseases (like Malaria)

« WISDOM collaboration
— Malaria
— H5N1 (Bird Flu) BSIEISS

Enabling Grids
for E-sciencE

Receptor .
Origin

M. Lamanna



Academia Sinica R .
. 3./ ~ med
Genomics Research Center ——

HARP EM *
http://cern.ch/ganga

-
e

\_,'W

..More communities sharing tools designed for LHC and being
useful in other domains!

Always reuse the same pattern:

1. Divide the problem in small
task that can be distributed
independently

2. Distribute these tasks to
“dumb” workers (Grid
processes)

3. Recollect the results

Master hitp-icernch/DIAN

http://cern.ch/DIANE



®e00 CERN e-Recruitment Home Page =

‘ @ mmzps://ert.cern.ch/browse_www/wd_pds?p_web_site_id=1
N =S : il bbb bt e b= sttt
|

Gmail GCal Docs News> Bankv RWy Dictr Mixy Oldv UbuntuandFreeS.. v LatestHeadlines® Apple~ |

e-Recruitment

HR Home | Site map | Contact us | CERN Home
® vacancies  ailcean O HR Department ( search ) \ -/
IHR General I Recruitment 1 Training 1 Staff Career I Services 1 CERN Official Documents

Information

1 Welcome Page

e A thesionkie CERN options for students

News
I Register in e-RT We are at the forefront of technologies in many fields, and there are ' A
1 Login to e-RT opportunities for both working and learning at CERN, including student and Welcome to our e-Recruitment website! We rely on
graduate programmes, as well as vacancies in many domains such as your feedback to continue improving this site.

1 Search Vacancies electricity, mechanics, electronics and computing, etc. Problems can be reported by mail. . .

e i — University level

L oearc Please use the left-hand menu to search and apply for our current CERN staff please click on "Internal posts” in the
Internal Posts opportunities or look for further information on our recruitment conditions Menu to access internal vacancy notices (AIS login (BS/MGSTCI")
and programmes, recruitment events or to contact us. required)! (more info)
Recently Published S 1' d 1'
. : .

By Reference hciiquez ici pour une explication en francais Important technical information. ummer stuaen
1 Employment Conditions _ _ ® OpenLab summer STudenTS
I Information for . X

o Deadlines

Fellows S — Master thesis

chctz:;al Students VZ:AUG:09
Associates H
* Technical student (non
Students Fellows 07-SEP-09 o
Marie Curie Actions Scientific Associates 19-MAR-09 PhYSICISf)

Do not wait until the last day to send your
application as additional information will be

d by CERN lication fi h
S el Mo e PRI S — PhD students
« Doctoral students

Special Programs
Apprentices

1 Your Feedback

1 Contact Us

1 FAQ

Focus on... L

Are you an undergraduate student of a CERN Member - yo ung

State nationality in a technical field looking for a . . .

practical training period or a place to do your final SCI enTISTS/engl neers

project? CERN has a Technical Student programme

that could interest you. If you have completed at . H

least 18 months of your technical undergraduate FeHOWSh'p

studies, and your course reqguires a practical training

period of 6 to 12 months, which you wish to spend at 1 . Other pr'Ogr'GmmeS

CERN, apply to the Technical Student Programme.
£ iy Al

Aaota that ot b ieal and i
[ - —) <>

e, ervcern.ch @ E3r
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Questions?

ANGELS&IDEMONS

IN THEATERS MAY 2009

CERN

Based near Geneva, CERN is one of the world's
premiere scientific research laboratories. Created in
1954, it houses the world's largest particle physics
facility where scientists and engineers seek to

understand the Laws of Nature

CERN grabbed headiines in September 2008 with the

first tests of its Large Hadron Collider, an underground

tunnel spanning more than 17 miles under Switzerland

and France. Once fully operational, CERN will be able
to replicate the moment of Creation or what's referred to

as the 'bia bang." While proponents of CERN see this

M. Lamanna 61



