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Abstract
This document summarizes the usage of computing resources by the LHCb collaboration
during the period January to August 2012 (eight months) and it is prepared under request
of the C-RSG.
The data in the following sections has been compiled from the EGI Accounting portal:
https://accounting.egi.eu/egi.php. For LHCb specific information, the data is taken from
the DIRAC Accounting at the LHCb DIRAC Web portal: http://lhcbweb.pic.es/DIRAC.
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1. Introduction
As part of the WLCG resource review process, experiments are periodically asked to
justify the usage of computing resources that have been allocated to them. For the 2012
data-taking period, the last update of the resource estimates was presented in March 2012
(LHCb-PUB-2012-004). Table 1-1 shows the requests presented in that document.
CPU
Disk Tape
(kHS06) (PB) (PB)
Tier0
32 3.2
5.0
Tier1
84 6.0
5.5
Tier2
47
Others
54
2012

Table 1-1: LHCb estimated resource needs for 2012.
The last update to the pledge of computing resources for LHC from the different sites can
be found in: http://wlcg-rebus.cern.ch/apps/pledges/resources/. The LHCb numbers for
2012 are summarized in Table 1-2
CPU
Disk Tape
(kHS06) (PB) (PB)
Tier0
34 3.5
6.4
Tier1
91 7.3
5.5
Tier2
48
2012

Table 1-2: Site 2012 pledge for LHCb.
This document covers the resource usage by LHCb from January 2012 to end of August
2012. It is organized as follows: section 2 presents the data-taking conditions for 2012;
section 3 shows the usage of CPU resources; section 4 reports on the usage of storage
resources. Finally everything is summarized on section 5.
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2. 2012 Data-Taking conditions
Since the beginning of the LHC operations in April 2012, LHCb has been steadily taking
data with high efficiency and up to the end of the August it had recorded about 1.25 fb-1
of pp collisions at a center of mass energy of 8 TeV. Figure 2-1 shows the delivered
luminosity during this period as well as the LHCb data collecting efficiency that has been
on average almost 95 %, with most of the fills very close to 100%.

Figure 2-1: LHC delivered luminosity at LHCb interaction point and LHCb recorded
luminosity for the first half of 2012 (left), and corresponding DAQ efficiency (right).
During 2012, LHCb has taken data at a constant instantaneous luminosity of
4x1032 cm-2s-1 (3.7 in 2011) This results in a constant average number of visible pp
interactions per bunch crossing (Mu) of around 1.7 (1.5 in 2011), during the whole
duration of the fills, as shown in Figure 2-2.

Figure 2-2: Average number of visible pp interactions per bunch crossing in LHCb,
during the first half of 2012.
Furthermore, LHCb has invested in a novel ‘deferred triggering’ technique in its High
Level Trigger (HLT) farm, that allows to store around 20% of the events at the input of
the HLT for processing during the inter-fill periods when the HLT farm would otherwise
be idle. This allows for a more efficient HLT trigger selection, at the expense of a higher
effective HLT output rate of 5 kHz (3 kHz in 2011, 4 kHz without deferral). The effect of
deferral is shown in Figure 2-3.

2
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MayJune

JulyAug

5.27 kHz

Figure 2-3: Fraction of HLT input events with deferred HLT triggering (left) and (right)
HLT output rate with deferral (full curve) and prompt rate not corrected for deferral
(dashed curve).
Until the end of August 2012, the LHCb experiment has collected a total of 1.2 PB of
RAW data that, according to the LHCb computing model, has been stored at the CERN
mass storage system, as shown in Figure 2-4. Slightly more than 1 PB was replicated
during this period to the Tier1 MSS (the rest being calibration data that is not distributed),
providing a second copy of the RAW data sample.
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Figure 2-4: Full sample of RAW data collected by LHCb in the first half of 2012 data
taking. Data stored at the CERN (top) and replica at the Tier1s (bottom).
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3. Usage of CPU Resources
The computing activities carried out by LHCb during the first half of 2012 are shown in
Figure 3-1. The dominant activities were Monte Carlo simulations for the analysis of
2011 data and prompt reconstruction and stripping of the new 2012. The most continuous
activity was that of users analyzing the real and simulated data.
As can be seen there were important fluctuations in the usage, combining periods with
average usage of 15-20 thousand CPU cores during extended periods of time with other
periods in which the average usage did not go over 5000 cores. This was expected and is
the reason why LHCb usually quotes average yearly work requirements and peak power
requirement for those periods of expected higher levels of activity.

Figure 3-1: Summary of LHCb computing activities during the reported period, Jan-Jul
2012. The 2012 pledge should provide approximately 17000 running jobs.

3.1. WLCG Accounting
The usage of WLCG CPU resources by LHCb is taken from the different views provided
by the EGI Accounting portal. The CPU usage is presented in Figure 3-2 and Figure 3-3
for the Tier1s and in Figure 3-4 for Tier2s. The same data is presented in tabular form in
Table 3-1, Table 3-2 and Table 3-3. This usage pattern is consistent with the expectation
which was shown in Figure 6-1 of the March 2012 C-RSG request document (LHCB-
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PUB-2012-04) whereby we expected a reduced CPU usage (~50%) for data taking during
early 2012, leading up to a significantly increased CPU usage for reprocessing of the
entire 2011-12 dataset to start in Sept 2012 (imminent at the time of this document).

Figure 3-2: Monthly CPU work provided by the Tier1s (and Tier0) to LHCb.
<Power>
kHS06
CH-CERN
12.0
DE-KIT
7.4
ES-PIC
3.6
FR-CCIN2P3
5.7
IT-INFN-CNAF
7.9
NL-T1
10.7
UK-T1-RAL
7.9
Total
55.1
Table 3-1: Average CPU power provided to LHCb during Jan-Aug 2012 (Tier0 +
Tier1s).
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Figure 3-3: Monthly CPU work provided by the Tier2s to LHCb.
<Power> kHS06
France
10.5
Germany
0.6
Italy
3.6
Poland
0.5
Romania
0.3
Russia
3.8
Spain
1.1
Switzerland
0.6
UK
6.9
Total
27.9
Table 3-2: Average CPU power provided to LHCb during Jan-Aug 2012 (Tier2s)1.

1

During the reported period IN2P3-T2, physically located next to the French Tier1, has
been largely used as an extension of the Tier1 with its computing resources dedicated to
real data processing.
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Figure 3-4: Monthly CPU work provided by all EGI Sites to LHCb.
<Power>
kHS06
Brazil
1.0
Bulgaria
0.0
Croatia
0.0
Cyprus
0.0
France
16.5
Germany
8.1
Greece
0.0
Hungary
0.0
Ireland
0.4
Israel
0.0
Italy
12.1
Netherlands
10.8
Poland
0.5
Romania
0.3
Russia
3.8
Spain
4.8
Switzerland
12.6
Ukraine
0.0
United Kingdom
14.8
Total
85.8
Table 3-3: Average CPU power provided to LHCb during Jan-Aug 2012 (all sites).
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3.2. LHCb DIRAC CPU Accounting
A summary of the LHCb computing activities during the reported period was presented in
Figure 3-1. In contrast with the report presented one year ago, the amount of CPU
dedicated to Monte Carlo simulation has been significantly reduced, while the amount of
CPU dedicated to all other activities (from data Reconstruction and Stripping to user
Analysis) has significantly increased.
The CPU provided by each country is reported in Figure 3-5.

Figure 3-5: Unnormalised CPU consumed per country during Jan-Aug 2012 (in days)
The usage of Tier0/1s resources is detailed in Figure 3-6. As seen in the top figure, except
for the first couple of months, LHCb has reserved those resources for the processing of
the real data and its later analysis by the users.
The contributions from the Tier2s are shown in Figure 3-7. It shows that their
contribution is mostly dedicated to simulation jobs (the majority of User jobs are are also
simulation jobs). Figure 3-8 presents the contribution of IN2P3-T2 that has been
configured during the whole period to be attached to the Tier1 storage and thus has been
providing resources for real data processing.
Contributions from other Sites (i.e. sites that are not committed as LHCb Tier1/2) are
given in Figure 3-9.
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Figure 3-6: Usage of LHCb Tier0/1s during Jan-Aug 2012. The top plot shows the usage
of resources as a function of the different activities, while the bottom plot shows the
contributions from the different countries.
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Figure 3-7: Usage of LHCb Tier2s during Jan-Aug 2012. The top plot shows the usage of
resources as a function of the different activities, while the bottom plot shows the
contributions from the different countries.
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Figure 3-8: Contribution from IN2P3-T2 to different LHCb activities.

Figure 3-9: Contribution from other Sites.
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Figure 3-10 shows the integral of CPU used at all sites as a function of the final status of
the job (note that “Pending Requests” is just a completed job whose output data could not
be uploaded directly to its final destination but went through a failover mechanism).
The fraction of CPU lost by failing jobs is by far smaller than the fraction of failing jobs,
as many jobs fail at the very beginning due to problems accessing input data or
application errors.93% of the CPU is used by jobs that finish successfully.
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Figure 3-10: Integral of CPU time (top) and number of jobs (bottom) affected by the
different types of errors.
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4. Usage of Storage resources
The usage of the Storage has been the most complex part of the LHCb computing
operations during the first part of the year and will continue to be, due to the large amount
of data. The amount of storage pledged at the different Tier1 sites did not cover the total
requested storage and furthermore the reduction has been mostly concentrated on certain
sites, causing significant imbalances between CPU and storage resources at those sites. In
addition, some sites reduced their contribution to LHCb Tier1 storage resources with
respect to 2011, but had to keep their share of 2011 data, reducing further the space
available for 2012 data.

4.1. Tape storage
The extension of the LHC running time in 2012, as well as the excellent performance of
the whole LHCb data taking chain, increasing by more than 40% the total amount of
RAW data expected by the end of 2012 adds to the complexity of the situation.
In order to better handle this extra data, and to simplify the recall from tape of RAW and
SDST files for subsequent re-strippings, it has been decided since July to use a new file
format (FULL.DST) that includes in a single file the SDST (reconstruction output) and
RAW data. This halves the number of tape recall operations but effectively stores a third
copy of the RAW data on tape. To compensate for the extra amount of tape that this
requires, the archive replicas of other derived data samples (DST, MDST and MC) have
been reduced to from two to one.
Table 4-1 shows the current tape usage in PB. As can be seen, tape resources are almost
full, except at CERN. This is mainly due to the higher trigger rate and to the extension of
LHC run, as we are mitigating the effect of using FULL.DST format by removing the
SDST/FULL.DST of the first processing of 2012 data (which implies that we cannot
rerun the stripping on this processing pass). The effect of this mitigating action will be to
free 1.3 PB of tape storage.
Tape (PB) CERN CNAF GRIDKA IN2P3 PIC RAL SARA Tier1 totals
Jan-12
1.90
0.55
0.55
0.60 0.28 0.57 0.57
3.12
Aug-12
3.90
1.10
1.05
1.00 0.34 1.01 1.03
5.53
Pledge
6.40
0.90
1.05
1.00 0.31 1.12 0.95
5.32
Table 4-1: Evolution of Tape Storage resource usage during 2012 and current value of
the pledge at the different sites.
Figure 4-1 presents the evolution of the usage of tape storage resources since the start of
data taking in 2012. The usage of RAW and SDST has essentially doubled during this
period with the new data from 2012, while for Archived data, the increase has been only
of about 50% and is still dominated by 2011 samples.
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Figure 4-1: Usage of Tape resources during 2012. It shows separately the usage for RAW
(top), SDST/FULL.DST (middle) and Archive (bottom) per site and per activity2.

2

The gap in these and subsequent plots at the end of May is an artifact of an upgrade of
the DIRAC accounting system that took place at that time.
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4.2. Disk storage
The evolution of Disk usage during the first months of 2012 is presented in Figure 4-2
and Table 4-2. The overall situation is not as critical as for Tape, but the small increase in
disk pledge at some sites with respect to their expected share means that we are very close
to the limit at some of them. This is being mitigated by redistributing the existing replicas.
Concerning the disk space used by DST of real data, one can clearly see the effect of the
re-stripping of 2011 data during spring 2012, that was mitigated by the reduction to 2
replicas of the former stripping. 2011 data are still dominating the disk usage, due to the
presence of two processing passes (an old one with 2 replicas and the newest with 4
replicas). DSTs of 2012 prompt processed data will be similarly reduced to 2 replicas
while the 2012 reprocessing takes place, as of September 17th.
The imbalance of disk resources at sites was mitigated this year during the data placement
phase by selecting 2 storage elements out of 5 using the free space as a weight (the DST
is already present at the production site and is mandatorily replicated to CERN). In
absence of local upload of data this would generate an exponential decrease of free space,
thus preventing disks becoming full.
Two sites (CERN and CNAF) have the remaining pledged disk ready and will install it as
soon as requested by LHCb.
Disk (PB)
Jan-12
Aug-12
SLS
Available
SLS Total
Pledge3

CERN
1.15
1.87

CNAF
0.43
0.74

GRIDKA
0.40
0.64

IN2P3
0.43
0.83

PIC
0.26
0.41

RAL
0.45
1.00

SARA
0.42
0.70

Tier1s
2.39
4.32

0.45
2.46
3.50

0.06
0.81
1.40

0.73
1.36
1.61

0.16
0.99
1.09

0.09
0.50
0.49

0.66
1.80
1.77

0.06
0.76
0.81

1.76
6.21
7.16

Table 4-2: Evolution of Disk Storage resource usage during 2012, available and installed
capacity as reported by SLS at the beginning of September, and current value of the
pledge4.

3

The disk pledges include cache pools for the mass storage systems that are not included in the SLS report
as only part of it is reported in SRM.

4

SLS on Castor Storage elements (CERN and RAL) shows systematically more usage than accounted for
by LHCb.
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Figure 4-2: Usage of Disk resources during 2012. Real data per SE and per activity are
shown in the top figures (left and right, respectively), MC data is shown bottom left and
user data is bottom right.
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5. Summary
The usage of the computing resources by LHCb during the first half of 2012 has been
presented. Simulation and processing of real data have shared the resources in
approximately equal terms, the first being concentrated on Tier2s (with some
contributions from Tier1s when there was no LHC activity) and the second on the Tier1s
(with some help from selected Tier2s cover the full CPU need).
On average the usage of CPU resources has been about 50% of the power that is expected
to be needed during the second half of the year when prompt reconstruction and full
reprocessing of 2012 and 2011 data will run in parallel, requiring the full pledged power
from the different sites.
With respect to the usage of storage resources, the situation has been far less comfortable.
Tier1 sites pledged a substantially smaller amount of Disk resources than originally
requested, with the reduction mostly concentrated on 2 sites (IN2P3 and NL-T1) that now
present a clear imbalance between CPU and Storage. LHCb took measures to fit within
the pledge, but the extension of the LHC running time has once more increased the needs.
The usage of Tape resources has gone over the original estimates due to extra new data
and the new FULL.DST data format introduced to reduce the pressure on the Staging
system, which in the past had problems during stripping campaigns when RAW and
SDST data had to be accessed in parallel. Balancing measures are being put in place,
reducing the number of archival replicas for all other datasets. Sites have been invited to
update their storage pledges to accommodate the extra data from the new running
conditions.
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