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Outline 
•  Introduc@on 

– Mul@‐petabyte scale compu@ng for the LHC 
•  Data transfers on the Grid 
•  Processing on the Grid 

– WLCG: A global Collabora@on  
•  E‐Infrastructures: Grids 

•  Spanish Grid Compu@ng Contribu@on 
–  Spanish Tier‐1 and federated Tier‐2s 
–  Infrastructure & Resources 
–  Tier‐1 & Tier‐2s performances  

•  data, produc@on, analysis, availability 

•  Future and perspec@ves 
•  Summary 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Some history of scale 
Date  Collabora0on 

members 
Data volume, archive technology 

Late 1950’s  2‐3   100B, notebooks 

1960’s  10‐15  kB, punchcards 

1970’s  ~350  MB, tape 

1980’s  ~100  GB, tape, disk 

1990’s  700‐800  TB, tape, disk 

2010’s  ~3000  PB, tape, disk 

For comparison: 
1990’s: Total LEP data set ~few TB 
Would fit on 1 tape today 

Today: 1 year of LHC data ~25 PB 

•  Where does all this data come from?!
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What is this data? 
  Raw data: 

  Was a detector 
element hit? 

  How much energy? 
  What @me? 

  Reconstructed data: 
  Momentum of 

tracks (4‐vectors) 
  Origin 
  Energy in clusters 

(jets) 
  Par@cle type 
  Calibra@on 

informa@on 
  … 

  150 Million sensors deliver data … 40 Million 
@mes per second!!!!!! 

  Up to 6 GB/s to be stored and analysed aher 
filtering!!!!!!! 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2012 data taking 

ATLAS parameters for 
2012 

Actual p‐p (Mar‐Aug 
2012) 

Trigger rate (event/
sec) 

350 (prompt) + 150 
(delayed) 

Real Raw data (MB/
event) 

0.8 

Peak luminosity seen by ATLAS: 7.73 1033 cm‐2 s‐1 

CMS parameters for 
2012 

Actual p‐p (Mar‐Aug 
2012) 

Trigger rate (event/
sec) 

400 (core) + 400 (parked) 

Real Raw data (MB/
event) 

0.4 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LHCb 

LHCb parameters for 
2012 

Actual p‐p (Mar‐Aug 
2012) 

Trigger rate (event/
sec) 

3000‐5000 

Real Raw data (MB/
event) 

0.02 

Data flow to permanent storage: 4-6 GB/sec 

200-400 MB/sec 

~ 4 GB/sec 

1-2 GB/sec 

1-2 GB/sec 

CMS 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Online 

Data Handling and 
Computation for Physics 

Analysis 

Offline Reconstruc0on 

Offline Simula0on 
w/GEANT4 

Offline Analysis w/ROOT                              

Batch 
physics 
analysis 

detector 

Event  
     summary 
            data 

Raw 
data 

Event 
simula0on 

Analysis objects 
(extracted by physics topic) 

Selec0on & 
reconstruc0on 

Processed 
Data (Ac0ve tapes) 

100% 
10% 

1% 

Online 
trigger 

and filtering 

Interac0ve 
analysis 

Event 
reprocessing 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• Tier 0 • Tier 1 • Tier 2 

WLCG: A global collabora@on… 

  ~150 sites 
  >250k CPU cores 
  >150 PB disk 

Tier-0 (CERN): 
• Data recording 
• Initial data reconstruction 
• Data distribution 

Tier-1 (11 centres): 
• Permanent storage 
• Re-processing 
• Analysis 

Tier-2  (~140 centres): 
• Simulation 
• End-user analysis 

WLCG: A global Collabora@on 
•  WLCG has been leveraged 

on both sides of the 
Atlan@c, to benefit the 
wider scien@fic community 

–  Europe: 
•  Enabling Grids for E‐

sciencE  
(EGEE) 2004‐2010 

•  European Grid 
Infrastructure  
(EGI)  2010‐‐ 

–  USA: 
•  Open Science Grid 

(OSG)  
2006‐2012  (+ 
extension?) 

•  Many scien@fic applica@ons 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LHC networking 

•  Relies on  
– OPN, GEANT, US‐LHCNet 
– NRENs & other na@onal & 
interna@onal providers 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From tes@ng to data 

9 

Independent Experiment Data Challenges 

Service Challenges proposed in 2004 
To demonstrate service aspects: 

‐ Data transfers for weeks on end 
‐ Data management 
‐ Scaling of job workloads 
‐ Security incidents (“fire drills”) 
‐ Interoperability 
‐ Support processes 

2004 

2005 

2006 

2007 

2008 

2009 

2010 

SC1 Basic transfer rates 

SC2 Basic transfer rates 

SC3 Sustained rates, data 
management, service reliability 

SC4 Nominal LHC rates, disk 
tape tests, all Tier 1s, some Tier 2s 

CCRC’08 Readiness challenge, all 
experiments,  ~full compu@ng 
models 

STEP’09 Scale challenge, all 
experiments,  full compu@ng 
models, tape recall + analysis 

•  Focus on real and con@nuous 
produc@on use of the service over 
several years (simula@ons since 2003, 
cosmic ray data, etc.) 
•  Data and Service challenges to 
exercise all aspects of the service – not 
just for data transfers, but workloads, 
support structures etc. 

e.g. DC04 (ALICE, CMS, LHCb)/DC2 
(ATLAS) in 2004 saw first full chain 
of compu@ng models on grids 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Tier0 data wripen in 2012 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2010‐2012 Data wri`en:  
Total ~19 PB in 2012 
Close to 4 PB/month now 

Data rates increased 
 3‐4 GB/s input 
~15 GB/s output 

15 PB in 2010  23 PB in 2011 

>30 PB in 2012? 

p‐p data 

Pb‐Pb data 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Data transfers 
Global transfers > 10 GB/s (1 day) 

Global transfers (May‐June) 

CERN  Tier 1s (with LHC on): 2 GB/s 

Planned rates:  

Tier 0 – Tier 1: 650 MB/s + margin 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Last month: 
4 PB, 2.6M files exported from CERN to Tier 1s 
20 PB,  33M files moved worldwide 

Data movement inside Tier 0: 
‐ Data in: 4.3 GB/s (peak 13 GB/s) 
‐ Data out: 11.5 GB/s (peak 25 GB/s) 
‐ ~1.5 PB/day data movement at CERN 

Data Transfers  

A key technology for 
LHC 

Worldwide data traffic  Export from CERN data traffic 

Total data movement inside CERN 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Processing on the Grid 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109 HEPSPEC‐hours/month 
(~150 k CPU con@nuous use) 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jobs/day 

Usage con@nues to 
grow… 
‐  # jobs/day 
‐  CPU usage 

~ 150,000 years of CPU 
delivered each year 

This is close to full capacity 
The resources are used! 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•  The grid really works 
•  All sites, large and small can 
contribute 
–  And their contribu@ons are 
needed! 

Ian.Bird@cern.ch / October 2012 

CPU – around the Tiers  !"#$%&'()&*&%$+$,-./-*0$1233$
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Spain (the 6th) 

CPU delivered Jan 2012 –Sep 2012 



S. González de la Hoz  IV Jornadas CPAN, 27th November 2012, Granada      IFIC 

J
u
ly

 4
th
 2

0
1
2
  
T

h
e
 S

ta
tu

s
 o

f 
th

e
 H

ig
g
s
 S

e
a
rc

h
  
  
J
. 
In

c
a
n
d
e
la

 f
o
r 

th
e
 C

M
S

 C
O

L
L
A

B
O

R
A

T
IO

N
 

H !!! 

candidate 

Ian.Bird@cern.ch / October 2012  15 

J
u
ly

 4
th
 2

0
1
2
  
T

h
e
 S

ta
tu

s
 o

f 
th

e
 H

ig
g
s
 S

e
a
rc

h
  
  
J
. 
In

c
a
n
d
e
la

 f
o
r 

th
e
 C

M
S

 C
O

L
L
A

B
O

R
A

T
IO

N
 

!"#$%&'()*&+$,-..$/'.*0'12*'34$

!! !25$36$5-..$+'.*0'12*'34.$630$&-7)$&8&4*$79-..:$;&'()*&+$1<$!"#$
!! #$'.$'4*&(0-9$36$1-7=(0324+$53+&9$38&0$-$734.*-4*$.'(4-9$60-7*'34$'4*&08-9$

43 

!"#!$%&$'(')*&+,&$-&./00*&*1(2341*5&67879:;9& 9 

<=+>)'/+?&+,&'41&1@31**&A/'4&'/B1&&

<?120CD*3(>1&&
*C*'1B('/3*&
?+'&/?3>)E1E&



S. González de la Hoz  IV Jornadas CPAN, 27th November 2012, Granada      IFIC 

Impact of the LHC Compu@ng Grid in Spain 

http://dashb-earth.cern.ch/ 
16 

ATLAS, CMS & LHCb Tier‐1: PIC 
ATLAS Federated Tier‐2: IFIC, IFAE, UAM 
CMS Federated Tier‐2: IFCA, CIEMAT 
LHCb Federated Tier‐2: UB, USC 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Evolu@on of capacity: CERN & WLCG 

17 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Modest growth un@l 2014 

An@cipate x2 (?) requirement >2015 

An@cipate x10‐100 aher 2018 ??? 

What we thought was 
needed at LHC start 

What we actually used 
at LHC start! 

PB 

HEP-SPEC is the new HEP-wide benchmark for measuring CPU performance 

HEP‐SPEC 

HEP‐SPEC 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PIC Tier‐1 

18 

Evolu@on of the resources for CPU, Disk and Tape for the Spanish Tier1 

as of October 2012 

Tier1s has 
reached 4 PB 
disk & Tape 
Storage ! 



S. González de la Hoz  IV Jornadas CPAN, 27th November 2012, Granada      IFIC 

PIC Tier‐1 
Engineers: 

•  Esther Acción 
•  Marc Caubet 
•  Fernando López 
•  Elena Planas 
•  Xavier Espinal (now at CERN IT Department) 

•  Paco Marwnez (now at Telefónica I+D) 
•  Gerard Bernabeu (now at Fermilab CD Department) 
•  Arnau Bria (now at Centre de Regulació Genòmica) 
•  Bruno Rodriguez (recent hire) 
•  Carles Acosta (recent hire) 
•  Jordi  Casals (recent hire) 

•  Vanessa Acín 
•  Technician: Ricard Cruz 
Tier‐1 Liaisons: 
•  Víctor Méndez (LHCb) 
•  Alexei Sedov (ATLAS) 
•  Antonio Pérez (CMS) 

Senior Staff: 
•  Gonzalo Merino (IP Tier‐1 project) 
•  Manuel Delfino (co‐IP Tier‐1 project, PIC Director) 
•  Andreu Pacheco 
•  Mari Carmen Porto 

PIC Computer Center today 

People 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ATLAS Federated Tier‐2 

as of October 2012 

20 

Tier2s has 
reached 2 PB 
disk Storage ! 

555 

1248 

579 

2382 

as of October 2012 
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ATLAS Federated Tier‐2 

•  José Salt (IP project & coordinator, 
IFIC) 

•  Javier Sánchez (IFIC) 

•  Victor Lacort (IFIC) 

•  Álvaro Casani (IFIC) 

•  Farida Fassi (IFIC) 

•  Mohammed Kaci (IFIC) 

•  Miguel Villaplana (IFIC) 

•  Elena Oliver (IFIC) 

•  San@ago González (IFIC) 

•  Andreu Pacheco (IP project, IFAE) 

•  Carlos Borrego (IFAE) 

•  Ricard Cruz (IFAE) 

•  Jordi Nadal (IFAE) 

•  José del Peso (IP project, UAM) 

•  Sofia Sayzhenkova (UAM) 

•  Juan José Pardo (UAM) 

•  Francisco Gallardo (UAM) 

IFIC Computer Center today People 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CMS Federated Tier‐2 

22 

50 % 

50 % 

Evolu@on of the resources for CPU, and Disk for the Spanish Tier2 

Tier2s has 
reached 1 
PB disk 
Storage ! 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CMS Federated Tier‐2 
•  Francisco Matorras (IP project, IFCA) 

•  Nicanor Colino  (IP project, Ciemat) 

•  José María Hernández (Ciemat) 
•  Antonio Delgado (Ciemat) 

•  Javier Calonge (Ciemat) 

•  Juan José Rodríguez (Ciemat) 

•  Miguel Cárdenas (Ciemat) 

•  Álvaro García (IFCA) 

•  Pablo Orviz (IFCA) 

•  Ibán Cabrillo (IFCA) 

•  Rafael Marco (IFCA) 

•  Miguel Ángel Núñez (IFCA) 

•  Ana Rodríguez (IFCA) 

•  Jesús Marco (IFCA)  

•  Isidro González (Oviedo) 
•  Javier Fernández (Oviedo) 

IFCA Computer Center today People 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Ciemat Computer Center today 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LHCb Federated Tier‐2 

24 

40 % 

60 % 

Evolu@on of the resources for CPU, and Disk for the Spanish Tier2 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LHCb Federated Tier‐2 
•  Ricardo Graciani (IP project, 

UB) 

•  Juan José Saborido (IP project, 
USC) 

•  Marcos Seco (USC) 

•  A. Casajus (UB) 
•  Victor Fernández (USC) 

•  S. Gómez (UB)  

USC Computer Center today People 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UB Computer Center today 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Performances: Data Distribu@on 2012 

26 

ATLAS 

120 PB 
320 M 

ATLAS Spain 
5‐6% 

8 PB 
16 M 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Performances: Data Distribu@on 2012 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CMS 

25 PB 
500K 

CMS Spain 
4‐6% 

1 PB 
30K 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Performances: Data Distribu@on 2012 

28 

LHCb 

20 PB 
20 K files/

hour 

LHCb Spain 
1.1 PB 
6% 

2 K files/
hour 1 PB 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Performance: Jobs Distribu@on 2012 
ATLAS 

MC 

Analysis 

160K/day LHC 
stop 200 M!!! 

ATLAS Spain 
4‐4.5% 

8 M!!!  7k!!!/day 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Performance: Jobs Distribu@on 2012 
CMS 

MC 

Analysis 

100K/day LHC 
stop 5 M/day!!! 

CMS Spain 
3.5% 

200 K/day!!! 

3.5K/day 

30 

MC 

Analysis 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Performance: Jobs Distribu@on 2012 
LHCB 

MC 

Analysis 

25K/day 
LHC 
stop 

10 M!!! 

LHCB Spain 
4‐6% 

0.6 M!!! 

5% 
1k/day 

31 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Performance: Availability & Reliability 
WLCG availability = time_site_is_available / total_time 
WLCG reliability = time_site_is_available / {total_time – time_site_is_scheduled_down} 

Last months ES TIER-1 & -2s had > 90% availability!!!!!! 

32 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Performance: Availability & Reliability 2012 

•  Good Availability & 
connectivity: 

a)  To make direct transfers 
from Tier-2s to Tier-1s of 
different clouds. Even 
transfers with other Tie-2s 
globally  

b)  Direct transfers from/to all 
ATLAS T1s and process 
data from many T1s 

c)   Candidate for more 
datasets replication 

d)  More Analysis jobs and 
“group production”  

33 

Hammercloud 
for ATLAS: 
Sites are 
tested with 
'typical' 
analysis & 
production jobs 

ATLAS 

> 90%!!! 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Performance: Availability & Reliability 2012 
CMS 

34 

Readiness: Sites are tested with 'typical' experiment production & analysis jobs and data transfers 

> 90%!!! 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Performance: Availability & Reliability 2012 
LHCb 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Distributed analysis 
ATLAS, LHCb & CMS has developed a 
specific tool for running distributed 
analysis: Ganga/Panda, CRAB 

• users basically only have to define the 
dataset they want to analyze and the 
analysis algorithm. 

• jobs are sent to the sites where the 
dataset is available: follow the data 

• retrieves output  

• Spanish people involved in these 
activities and taking over of this workflow 

• Job finished successfully, output files 
are copied in the Tier3s 

•  institution-level that participate 
presumably most frequently in 
support of the particular interests 
of local physicists. 
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Future and Perspec@ves 
•  LHC: 

–  The LHC running @me increases from 21 to 30 weeks 

–  The LHC efficiency is changed from 30% to about 40%, due to longer period of stable beams. 

–  The extension of LHC running into 2013 leads to a delay in the resump@on of LHC physic running 
un@l year 2015. So it well be no physics data taking in the 2014 (LS1). 

•  The increase in the volume of the data in 2012: 
–  The life@me of the current data ESD rolling buffer is reduced from 6 to 4 weeks. Volume on disk is 

reduced propor@onally. 
–  The assumed volume of data ESDs on disk aher reprocessing in years 2013 and 2014 is reduced 

from 20% to 5%  of the total data volume. 

–  The increase in the needed group space in 2014 is reduced from 4 PB to 2 PB because of no data 
being taken in 2014, while group ac@vity on 7 TeV and 8 TeV data should consolidate by then. 

–  The simula@on of 13 TeV collisions in 2014 in prepara@on for 2015 running will now be produced 
with full sta@s@cs in one campaign rather than two. Second campaign in 2015 to correct the 
simula@on parameters. 

–  All Grid compu@ng resources, including Tier‐0, will be available for throughout 2014 for 
simula@on.    

–  Calibra@on and Alignment jobs produce 0.3 PB/yr 

–  Analysis and User ac@vi@es is assumed to be constant over the year plus the simulated data. 

•  We need to make everything faster, more scalable, lower memory footprint, 
parallelized, threaded, vectorized – or we will be in trouble post LS1 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Summary 

•  First years of LHC data – WLCG has helped 
deliver physics rapidly 

•  Just the start of a >20 year explora@on of new 
physics 

•  Entering a phase of consolida@on and 
evolu@on  
– LS1: opportunity for disrup@ve changes and scale 
tes@ng of new technologies 

•  Challenges for compu@ng – scale & complexity 
– will con@nue to increase drama@cally 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Summary 
•  Spanish Tier‐1 & Tier‐2s par@cipate in more experiments 

cri@cal ac@vi@es (ATLAS; CMS; LHCb).  
–  receiving data immediately (2 hours) to have a higher contribu@on  to 

analysis ac@vity. 

–  availability is reported every month requiring a good connec@vity for 
data transfer and produc@on‐analysis. 

–  Thousand processing, reprocessing, calibra@on, etc. jobs run at Tier‐1 
every day. 

–  thousands central produc@on and analysis jobs run at Tier‐2s every day 
•  Tier2 sites = Centres of physicist.  We have the feedback 

directly from the users (Distributed Analysis Team) 

•  The Spanish compu@ng resources for the LHC experiments are 
used and are very important for the physics analysis 

39 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Backup 

42 



S. González de la Hoz  IV Jornadas CPAN, 27th November 2012, Granada      IFIC 

Data and Algorithm 
•  HEP data are organized as 

Events (par@cle collisions) 
•  Simula@on, Reconstruc@on 

and Analysis programs 
process “one event at a 
@me”  
–  Events are fairly 

independent   Trivial 
parallel processing 

•  Event processing programs 
are composed of a number 
of Algorithms selec@ng and 
transforming “raw” event 
data into 
“processed” (reconstructed) 
event data and sta@s@cs 

Pseudo-physical information: 
Clusters, track candidates  

Physical information: 
Transverse momentum,  
Association of particles, jets,  
id of particles 

RAW Detector digitisation 

~2 MB/event 

ESD/RECO 
~100 kB/event 

AOD 
~10 kB/event 

TAG 
~1 kB/event 

Relevant information  
for fast event selection 

Triggered events 
recorded by 
DAQ 

Reconstructed  
information 

Analysis  
information 

Classification  
information 
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Comparison: use/pledge 
Tier 0 Tier 1 

Tier 2 
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Infrastructure (see Javier’s talk) 
HEP-SPEC is the new HEP-wide benchmark for measuring CPU performance 
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CMS performance plots 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Future and Perspec@ves 
•  We have a grid because: 

–  We need to collaborate and share resources 

–  Thus we will always have a “grid”  
–  Our network of trust is of enormous value for us and for (e‐)science in 

general 

•  We also need distributed data management 

–  That supports very high data rates and throughputs 
–  We will con@nually work on these tools  

•  How much can come from open source community (or …)? 

–  We should determine what we can actually take from the open source 
(or commercial) world 

–  Focus our (shrinking) efforts on the areas that we must develop 
ourselves  

•  But con@nue to ques@on when/why we need to do that 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The promise of cloud technology…… 
•  Use of technology 

– Virtualisa@on 
– New “standard” interfaces (well, maybe one day) 

•  Services 
– Academic clouds 

•  Grid  cloud? (or grids & clouds co‐exist) 

– Commercial clouds 
•  Outsourcing of services 
•  Use for data processing, storage, analysis 

•  New types of services, new ways of providing 
services 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PIC Tier‐1 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Evolu@on of the resources for CPU, Disk and Tape for the Spanish Tier1 

as of October 2012 
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F. Matorras, IFCA, Compu@ng 
@ LHC: the CMS case 
(Ibergrid'11) 

Services Overview 

Will not discuss 
here too much 
about services 

Mostly based on 
WLCG services 

•  Additional tools 
developed by 
CMS 



S. González de la Hoz  IV Jornadas CPAN, 27th November 2012, Granada      IFIC F. Matorras, IFCA, Compu@ng @ LHC: the CMS case (Ibergrid'11) 

WMS & DMS Services Overview 

•  Data Bookkeeping System 
–  “What data exist?” 

•  Data Location Service  
–  “Where are data located?” 
–  looks SE where a dataset is available 

•  Local File catalogue 
–  provides the local file address 

•  Data Access and Storage 
–  SRM and posix-IO 

•  Data Transfer and placement system 

•  Rely on Grid Workload Management  
–  Reliability, performance, accounting 

•  Grid and CMS-specific job monitoring 
and bookkeeping 
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F. Matorras, IFCA, Compu@ng 
@ LHC: the CMS 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Data Transfer and Placement System 

•  PhEDEx (Physics Experiment Data Export) 
•  Large scale and wide area dataset replica management system 

•  Manages data flow following the transfer topology  

•  Reliable point‐to‐point transfers based on Grid transfer tools 

•  Nodes subscribe for data allocated from other nodes 

–  data obtained from the “closest” available site 
•  Enables distribu@on management at dataset level rather than at file level 

•  Implements experiment policy on data placement 

–  data placements drives analysis 

•  Allows priori@za@on and scheduling 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CMS performance 


