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CPU time per site provided by non-WLCG sites, which is dominated by the HLT farm at 
CERN and the Yandex farm in Russia.   

 

 

Figure 3-6: CPU time consumed by LHCb during 2013 (in days), for WLCG sites, 
excluding the HLT farm (top, per country), and non-WLCG  sites, including the HLT 
farm (bottom, per site).  
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GridPP performance for LHCb 
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Figure 3-4: Monthly CPU work provided by the Tier1s (and Tier0) to LHCb. 

 

<Power> 
Used 

(kHS06) 
Pledge 

(kHS06) 
CH-CERN 16.4 34.0 
DE-KIT 11.3 19.2 
ES-PIC 5.1 5.6 
FR-CCIN2P3 9.9 16.5 
IT-INFN-CNAF 18.9 16.5 
NL-T1 13.1 13.8 
UK-T1-RAL 16.2 20.5 
 Total 91.1 126.1 

Table 3-1: Average CPU power provided to LHCb during 2013 (Tier0 + Tier1s).  
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Figure 3-5: Monthly CPU work provided by the Tier2s to LHCb.  

 

<Power> 
Used 

(kHS06) 
 Pledge 
(kHS06) 

Brazil 0.5 4.8 
France 17.9 14.2 
Germany 2.3 3.2 
Italy 5.0 7.0 
Netherlands 1.0 0.0 
Poland 3.7 2.7 
Romania 1.3 3.8 
Russia 10.7 0.0 
Spain 8.8 2.8 
Switzerland 2.6 4.6 
UK 27.0 8.5 
 Total 80.8 51.6 

Table 3-2: Average CPU power provided to LHCb during 2013, in WLCG sites other 
than the Tier0 and Tier1s.   

While the amount of CPU work performed in 2013 is close to what anticipated, it is 
interesting to notice that more resources have been used at Tier2 sites, and less at 
Tier0/Tier1s, than previously foreseen. This means that the LHCb computing model is 
flexible enough to use computing resources wherever available.  

3.2. LHCb DIRAC CPU Accounting 

The sharing of CPU time (in real seconds) is shown in Figure 3-6. The top chart reports 
the CPU time per country provided by WLCG sites, including the ones which do not 
provide a pledge for LHCb and excluding the HLT farm. The bottom chart shows the 
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q  CPU used at T2s in 2013 

q  LHCb used much more than 
pledged  
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LHCb computing model -  start of Run-1 

Tier-0 Tier-1 Tier-2 
RAW data (tape) ✔ ✔ 
DST data (disk) ✔ ✔ 
Reconstruction ✔ ✔ 
Reprocessing ✔ ✔ 
Analysis with data ✔ ✔ 
Analysis (no data) ✔ ✔ ✔ 
MC ✓ ✓ ✔ 

q  Tier-0 and Tier-1 essentially identical (all reconstruction at all) 

q  LHCb uses six Tier-1 sites (RAL, INFN, NIKHEF, GRIDKA, IN2P3, PIC) 

q  Tier-2 mainly used for MC  
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LHCb computing model -  by end of Run-I 

Tier-0 Tier-1 Tier-2 
RAW data (tape) ✔ ✔ 
DST data (disk) ✔ ✔ 
Reconstruction ✔ ✔ 
Reprocessing ✔ ✔ ✔ 
Analysis with data ✔ ✔ 
Analysis (no data) ✔ ✔ ✔ 
MC ✓ ✓ ✔ 

q  Tier-2s were added as “co-processors” for re-processing 

q  Attached to a nearby Tier-1 

q  Data downloaded and uploaded after processing 

q  UK sites were particularly good and so were used a lot 
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LHCb computing model -  For Run-II 

Tier-0 Tier-1 Tier-2 
RAW data (tape) ✔ ✔ 
DST data (disk) ✔ ✔ ✔ 
Reconstruction ✔ ✔ 
Reprocessing ✔ ✔ ✔ 
Analysis with data ✔ ✔ ✔ 
Analysis (no data) ✔ ✔ ✔ 
MC ✓ ✓ ✔ 

q  Introduced Tier-2s with data (T2-D) 

q  DST data distributed to T2D 

q  Analysis carried out at T2-D 

q  T2-D coordinator is Andrew McNab 
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LHCb computing model -  For Run-II 

q  A T2-D must 
q  Promise >= 300 TB of disk by 2014 
q  Have an LHCb contact point 
q  Satisfy published performance criteria 
q  We use them like tape-less T1s 
q  We need xrootd for analysis including working SRM for DPM 

q  T2-Ds were primarily introduced to allow non-T1 countries to contribute disk. 
Currently: 
q  Switzerland 
q  Brazil 
q  Poland 
q  Russia 

q  T2-Ds also introduced to allow T1 countries who were NOT providing enough 
disk at T1 to contribute more disk overall 
q  Currently talking to France 

 
q  T2-Ds at other T1 countries  

q  UK  
q  Currently talking to Germany 
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T2-Ds in the UK 

 
q  UK provides 2 x T2-Ds because it can  

 
q  But this was not extra disk – it was removed from T1 

q  Initially a bootstrapping issue: 
 à GridPP formula : 20% of 2.5 PB request = 600 TB  =  2 x  300 TB 
 à Only possible to set up 2 x T2-D to start with 
 

q  Currently  
§  RAL  
§  Manchester 

 
q More UK T2-Ds would be welcome 

q  They would need to “bootstrap” themselves  (i.e. invest in 300 TB disk for LHCb) 
(this is up to Institute physics management support policy) 

 
q  LHCb would NOT want the T1 disk to be reduced any further 

q  If any site is interested speak to Andrew, Raja and myself  
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LHCb – Data movement and networking 

q  LHCb is NOT planning to ship data round at anywhere near the levels of the GPDs. I.e. 
no “AAA” policy. 

q  Data will by and large be processed where it is 

q  We will run a federation by giving jobs a list of alternative locations, in case data is not 
available locally 

q  LHCb networking needs are small compared to GPDs and it has no formal 
requirements apart from “if it works for the GPDs it will work for us” 
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LHCb - Trigger rate - Run-I  Run-II 

q  LHCb trigger rate in Run-1 was ~ 5 kHz  @ 70 kB/event 

q  LHCb trigger rate in Run-II will (to first order) be ~10 kHz @ 70 kB/event 
 
q  Bottom line: Everything doubles  

(note: LHCb rate does not increase with LHC performance -  we are rate limited and adjust beams to 
keep luminosity down) 
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LHCb Requirements for 2015 and first look to 2016 

LHCb Computing Resources: 2015 request and looks beyond Reference:  LHCb-PUB-2014-014 
LHCb Public Note  Revision:  0 
Issue:  0 Last modified:  3rd February 2014 
Data preservation 
 

  page  7 7 

6. Data preservation 

Retaining the full potential of data over decades and its open access availability has gained increased 
importance in recent years. LHCb has adopted a policy on data access in 2013. In this LHCb have affirmed 
their wish to deal with both data preservation, and building on that work, data access.  In the first instance 
LHCb is working towards ensuring that all data can be re-accessed at any time in the future in order to 
check an analysis or carry out a new analysis.  

This analysis may include re-reconstructing the RAW data or may use the latest version of the DST data - 
for example to add a new stripping line. Data recovery procedures will developed to protect against data 
corruption and losses. For the time being, having two copies of RAW data on tape protect us against these 
events, while a single copy of derived data exposes us to them. Therefore, we request additional tape space 
to host a second copy of DST and MDST, for both real data and simulation. The above requests include this 
assumption. The additional space needed by a second tape copy of the derived data format amounts to 3.7 
PB and 7.3 PB in 2015 and 2016, respectively.  

7. Summary 

This document has presented a resource request for 2015 and a look beyond the following two years. The estimates for 
CPU, disk and tape, given in Table 5-2, Table 5-5 and Table 5-6, respectively, are summarized for convenience in the 
table below:  

 

Table 7-1: Summary of resources requested in 2015, estimates for 2016 

 CPU (kHS06) Disk (PB) Tape (PB) 

2015 2016 2015 2016 2015 2016 

Tier 0 41 54 6.7 8.7 12.3 19.9 

Tier 1 132 174 11.7 15.5 27.1 49.9 

Tier2 75 98 2.5 4.2 - - 

Total WLCG 248 326 20.9 28.4 39.4 69.8 

Non-WLCG 20 20 - - - - 

Grand total 268 346 20.9 28.4 39.4 69.8 

 

The computing model used to derive the above requests is detailed in LHCb-PUB-2013-014. Main changes with respect 
to previous models include:  

• Assumption that no further reprocessing of Run I data will be needed 

• Introduction of disk at Tier 2 sites (T2-D) 

• Reduction by a factor two of simulated event size 
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the LHCb National Computing Board (NCB); we invite Tier2 sites considering to pledge Tier2 disk to get 
in touch with their NCB representative. 

The results of this sharing are shown in Table 5-5 and Table 5-6, where the storage pledges for 2014 are 
also shown.  

 

Disk (PB) 2014 
Pledge 

2015 
Request  

2016 
Request  

Tier0 4.0 6.7 8.7 
Tier1 11.7 11.7 15.5 
Tier2 1.1 2.5 4.2 
Total 16.8 20.9 28.4 

Table 5-5: LHCb Disk request for each Tier level and comparison with 2014 pledge and 
request. Note that for countries hosting a Tier1, the Tier2 contribution could also be 
provided at the Tier1. 

Tape 
(PB) 

2014 
Pledge 

2015 
Request  

2016 
Request  

Tier0 8.5 12.3 19.9 
Tier1 11.0 27.1 49.9 
Total 19.5 39.4 69.8 

Table 5-6: LHCb Tape request for each Tier level and comparison with 2014 pledge and 
request. 

As can be seen in Table 5-6, we will require a large step in tape provision for the new data in 2015; this is 
largely incompressible: in Table 5-4 one can see that the major part of the increase is due to RAW data that, 
if not recorded, is lost. “Parking” of some fraction of this raw data will only postpone the need for the 
corresponding fraction of tape for FULL.DST. 

The expected bandwidth for reading from and writing to tape is a crucial parameter, which drives 
technological choices at Tier1 centers. The migration rate to tape during data taking depends on the LHC 
duty cycle, the output rate of the High Level Trigger, and the sizes of RAW and FULL.DST events.  We 
assume a data taking rate of 750MB/s and a duty cycle of 2/3. The tape recall rate for restripping depends 
on the volume of FULL.DST data and the processing time. We envisage data volumes of 4.5 and 6.6 PB 
and processing times of 6 and 9 weeks for 2015 and 2016, respectively. The required read and write 
bandwidths are summarized in Table 5-7.  

 Site Bandwidth (MB/s) Notes 

RAW FULL.DST 

Write CERN 500 150  20% of FULL.DST at CERN 

Tier1 75 90  Rate per Tier1, assuming 15% of data in each Tier1 

Read CERN - 250 20% of FULL.DST at CERN 

Tier1 - 190 Rate per Tier1, assuming 15% of FULL.DST in each Tier1 

Table 5-7: Required bandwidths for tape reads/writes 
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The columns “Guessed pledge” are an estimate of the WLCG pledges which might be available in 2015 and 
2016, by assuming a 20% increase with respect to the previous year. In both sets of columns, the required 
resources are apportioned between the different Tiers taking into account the capacities that are already 
installed.  

The resources requested to WLCG are covered by the resources which we can reasonably assume to be 
pledged to LHCb  in 2015. In 2016, there is a shortage of about 9%. Note also that the actual contribution 
from the HLT farm is uncertain (the farm would in any case only be available during the winter shutdown, 
when many maintenance activities are also required).  

5.2. Storage resources 

Table 5-3 presents, for the different data classes, the forecast total disk space usage at the end of the years 
2015 and 2016 when applying the models described in the previous sections. This corresponds to the 
estimated disk space requirement if one assumes 100% efficiency in using the available disk. 

Disk storage usage forecast (PB) 2015 2016 
Stripped Real Data 8.2 13.8 
Simulated Data 8.8 9.9 
User Data 0.9 1.0 
MDST.DST 1.8 2.3 
FULL.DST 0.0 0.0 
RAW buffer 1.0 1.2 
Other 0.2 0.2 
Total 20.9 28.4 

Table 5-3: Break down of estimated Disk Storage usage for the different categories of 
LHCb data. 

Table 5-4 shows, for the different data classes, the forecast total tape usage at the end of the years 2015 and 
2016 when applying the models described in the previous sections. The numbers include the standard 85% 
tape efficiency correction, which is probably pessimistic for RAW data that is written sequentially to a 
dedicated tape class, and never deleted.  

Tape storage usage forecast 
(PB) 

2015  2016  

Raw Data 14.5 25.5 
FULL.DST 10.0 17.8 
MDST.DST 2.1 6.5 
Archive 12.8 20.0 
Total 39.4 69.8 

Table 5-4: Break down of estimated Tape Storage usage for the different categories of 
LHCb data. 

The disk and tape estimates shown in Table 5-3 and Table 5-4 have to be broken down into fractions to be 
provided by the different Tiers using the distribution policies described in LHCb-PUB-2013-002.  

Following successful tests during recent months, LHCb is now in a position to use disk at large Tier2 sites, 
that we refer to as T2-D. The conditions for being considered as a T2-D have been discussed and agreed in 
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