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Introduction

In this appendix, we specify the detailed requirements of the experiments on the UK Grid computing system, and give justification for the level of resource requested.

Hardware Requirements

Overview

A breakdown of the hardware requirements of each experiment is given at the end of this appendix, as a function of ‘LHC-year’; each year is taken April – April, roughly corresponding to the start of the LHC running period. Resources are taken to be the average available across the LHC-year; it is expected that resources will ramp up during each year to meet the requirements of ongoing data taking.

The CPU requirement at the Tier-1 is split into reconstruction and analysis needs; the reconstruction number also includes other strictly scheduled processing tasks such as skimming / stripping and event tagging, whereas the analysis CPU will be used on demand. For Tier-2, CPU is similarly split into simulation (scheduled work) and analysis (on demand). Units for CPU in the table are MSI2k (for reference, a modern 3GHz CPU is rated at around 1.4kSI2k per core). By convention, the storage requirements are for disk and tape ‘visible to the experiments’; they do not include operational overhead or the disk cache required for efficient tape operation. Units for disk and tape are PB.

UK Grid resources have been used during GridPP2 by at least fourteen distinct communities. In addition to the LHC experiments and BaBar, this includes running experiments at Tevatron, HERA and neutrino facilities, and use by phenomenology and lattice QCD communities. We expect this wide range of use to continue into the GridPP3 period. Whilst some of these activities will come to a natural close, we expect new users (e.g. the linear collider community) to become active. The computing plans of each of the smaller users have been identified during the requirements gathering process; however, we do not break down the requirements per experiment here. Instead, an envelope provision of 5% of total Tier-2 resource has been made in order to cover the requirements of smaller activities in each year. This is sufficient to cover the total need throughout the GridPP3 period, whilst allowing future flexibility in the allocation of resources between activities. We also allocate 5% of Tier-1 tape space for secure data backup by smaller activities, along with a provision of working disk at the Tier-1 to ensure efficient access to this data when required. An exception to this policy is UKQCD, which is broken out explicitly due to the large resource requirement in some areas (e.g. Tier-1 tape). It should be noted that the UKQCD requirement has not been carried through to the Tier-1 and Tier-2 planning at this stage.

We propose that, in order to prevent the justified requirements of smaller activities being put at risk by the inevitably large uncertainties in LHC needs, the corresponding 5% allocation should be considered separately from LHC during the ongoing resource allocation process within GridPP3. This continues the current GridPP2 User Board policy.

Contribution to global experiment needs

To illustrate the global situation concerning LHC computing provision, the overall Tier-1 and Tier-2 resources required by each LHC experiment in 2008 (as declared in their respective Computing TDRs) are shown in the table below, alongside the fraction of that resource which is currently funded via WLCG pledges from non-UK contributors, and the proposed UK contribution via GridPP3.

These estimates of requirements and pledged resources have associated uncertainties. Nevertheless, it is clear that in several areas, the requirements of the experiments cannot be met through the non-UK existing pledges. The proposed GridPP contribution for each experiment takes this into account, each experiment having fully considered the balance of UK resources which most effectively helps meet their global resource requirements.

	Resource
	
	ALICE
	ATLAS
	CMS
	LHCb

	Tier-1 CPU

(MSI2k)
	Required
	12.3
	24
	15.2
	4.4

	
	Non-UK Pledged
	54%
	89%
	73%
	85%

	
	GridPP3
	0.16
	3.00
	1.56
	0.74

	
	
	1%
	13%
	10%
	17%

	Tier-1 Disk

(PB)
	Required
	7.4
	14.4
	7.0
	2.4

	
	Non-UK Pledged 
	36%
	81%
	75%
	77%

	
	GridPP3
	0.11
	1.78
	0.84
	0.41

	
	
	2%
	12%
	12%
	17%

	Tier-1 Tape

(PB)
	Required
	6.9
	9.0
	16.7
	2.1

	
	Non-UK Pledged
	45%
	90%
	54%
	74%

	
	GridPP3
	0.10
	1.12
	1.44
	0.35

	
	
	1%
	13%
	9%
	17%

	Tier-2 CPU

(MSI2k)
	Required
	14.4
	19.9
	19.3
	7.7

	
	Non-UK Pledged
	41%
	83%
	90%
	38%

	
	GridPP3
	0.18
	2.66
	1.80
	2.17

	
	
	1%
	13%
	9%
	28%

	Tier-2 Disk

(PB)
	Required
	3.5
	8.7
	4.9
	

	
	Non-UK Pledged
	40%
	64%
	92%
	(0.9 PB)

	
	GridPP3
	0.05
	1.14
	0.40
	(0.007 PB)

	
	
	2%
	13%
	8%
	


Table 1 Overall resource picture for LHC computing requirements in 2008.

 Reference for global inputs: April 6th Regional Centre Capacities document, http://lcg.web.cern.ch/lcg/planning/phase2_resources/P2PRCcaps300606.pdf
Scientific justification for resources

ALICE

Although the UK makes up a small part of the ALICE collaboration, we play a vital role in the experiment being responsible for the design, construction and maintenance of the Central Trigger Processor (CTP) and Local Trigger Units (LTUs). This enables the UK ALICE group to have a proportionally higher profile within the experiment than our size would suggest. Being responsible for the trigger system also puts us in a strong position to fully capitalise on the unique physics potential of the ALICE experiment. It is, therefore, crucial that we contribute our fair share to the computing requirements of ALICE.

ALICE would like to make full use of the Tier-1 facility at RAL as well as the Tier-2s at RAL and Birmingham. The ALICE computing model and computing TDR set out our computing requirements. The ALICE collaboration expects funding agencies to provide computing resources on a pro rata basis depending on M&O authors. In practice, however, some funding agencies (many in Eastern Europe, Russia, China etc.) are unable to provide resources at this level and hence ALICE has a considerable shortfall in computing resources (currently about 50%). Western collaborators, such as the UK, are expected to provide their full quota and, if possible, more in order to help make up the shortfall. For example, Germany has pledged about twice the computing resources that their M&O authors would suggest.    

The UK currently accounts for 1.2% of ALICE M&O authors. The minimum requirement for computing resources from the UK is, therefore, 1.2% of the total ALICE computing needs as shown in the table. The overall computing shortage within ALICE is a major concern and a larger UK allocation than the minimum would put the UK on par with other Western collaborators.

ATLAS

The Tier-1, Tier-2 and Tier-3 (local, non-Grid) computing is central the exploitation of the ATLAS data. The use will embrace the Grid, but also reflect the local and hierarchical implications of networking and data placement. Computing for ATLAS is one of the major commitments from the UK, largely in support of the very large SCT hardware investment. The UK is also very well positioned in almost all aspects of ATLAS physics exploitation, with a remarkably high fraction of the ATLAS physics conveners. The resources and services requested here are those required to carry through from this position to make the desired impact for ATLAS as a whole and for UK physics in particular. The overall resources have been fully reviewed by the LHCC in January/February 2005 and again (after minor revisions) in September/October 2006.

The UK is amongst the largest contributing countries in the ATLAS experiment, and is the third largest in terms of authorship. The requested Tier-1 resources reflect the refereed total requirement and the UK fraction pro-rata by authorship; it will provide the required Tier-1 capacity for reprocessing the data and group-level (data intensive) scheduled analysis. The Tier-1 is also vital to provide the required services to allow the operation of the UK Tier-2 facilities. ATLAS has recognised the lower level of support in Tier-2s and so provides Tier-2 services at a well-connected nearby associated Tier-1; the UK exploitation will strongly benefit from having all Tiers of computing within its borders. The request is entirely in line with the resources outlined in the PPARC LHC Exploitation review in the summer of 2005.

ATLAS institutes have been proactive in obtaining and exploiting local Tier-2 resources, and have been rewarded by substantial institutional investment in computing resources in the period of ATLAS construction and computing system preparation, in recognition of its importance in establishing a commensurate role in the exploitation of the data; it is expected that this will be continued by PPARC in the new funding model. The Tier-2 sites are responsible for all of the ATLAS simulation production and will be the host for all of the on-demand Grid access to the data. As such, the Tier-2s should host all of the data sets of interest to UK physics groups. While Tier-2 facilities are communal, the realities of international network topologies and the hierarchy of services required mean that strong regional (i.e. UK) Tier-2 computing will give a clear advantage to UK physicists; networking to overseas Tier-2 facilities will be limited. The requested resources are commensurate with the size of the active UK ATLAS physics community (which is over four times that for an average Tier-2; the request corresponds to four standard Tier-2s) and also reflects the commanding spread of physics activities and datasets required. It will provide the UK with the capacity to service the physics analysis needs, and to generate special simulation samples for its many and innovative analyses.

CMS

The UK has long made a strong and highly visible contribution to the physics and computing programmes of CMS, with UK physicists holding prominent roles in these areas. In order to consolidate and benefit from this contribution, CMSUK will require access to excellent computing resources during the GridPP3 period. Only by ensuring that the UK is at the forefront of physics analyses from the very start of LHC operation, will we be able to maintain our leadership and gain full return from our substantial detector investment.

To achieve this, unimpeded access to both Tier-2 and Tier-1 resources is vital, supported both by the GridPP3 project, and by the strong computing expertise in place within the UK collaboration. Analysis and simulation will take place primarily at Tier-2 facilities at each of our institutes. The Tier-1 centre at RAL will support our Tier-2 capability, and contribute to common services underpinning the physics programme of the experiment as a whole. The balance of CPU, storage and network resources, and between Tier-1 and Tier-2s, is driven by the CMS Computing Model.

At Tier-2 level, CMSUK institutes have been proactive and successful in obtaining and exploiting local computing resources, and plan to expand their facilities further. For the GridPP3 period, we request resources roughly equivalent to two nominal CMS Tier-2s. This request is commensurate with the support available to our peer group in CMS, and is very cost effective in view of the substantial SRIF funded infrastructure already in place at UK institutes.

Efficient operation of the Tier-2 facilities is entirely dependent upon excellent network connection to a reliable and performant Tier-1 centre – this is the only route for data access and bulk data processing capacity foreseen in the Computing Model. It is recognised that the GridPP3 resource envelope is unlikely to allow provision of a full nominal CMS Tier-1 in the UK. However, it is not possible to reduce the resources at a Tier-1 centre without limit, if it is to fulfil the required common functions on behalf of the entire collaboration. CMS has therefore defined a ‘minimal Tier-1 centre’, and this forms the basis of our resource request. Whilst of significantly reduced capacity (around 50% of a nominal Tier-1), the RAL centre will be technically capable of supporting the Tier-2s, and of making an efficient contribution to raw data storage, reprocessing and other common duties necessary for the overall success of the CMS physics programme. Our request in this area follows our submission to the PPARC LHC Exploitation Review, though the resources have been rebalanced slightly to reflect updated CMS requirements.

There is a concern around the low level of Tier-1 class resources available to CMS in Europe, compared with the requirements expressed in the Computing Model. This presents a risk to our capability to rapidly analyse first LHC data. A UK contribution at Tier-1 level, whilst relatively modest, will nonetheless be highly valued by the collaboration, because of the robustness of the RAL infrastructure and the level of technical support available via GridPP3 and from the UK collaboration. The presence of a CMS Tier-1 centre in the UK will also offer a level of flexibility in analysis and rapid access to data that may not be possible in the early years of LHC if we are reliant upon external resources. In the longer term, with improved networking, it may be possible to lessen the critical dependence of Tier-2 effectiveness on local Tier-1 connectivity.  However, for the UK to play a leading role in the early physics, the presence of a realistic CMS Tier-1 capability in the UK will be essential.

LHCb

The UK is one of the main contributors to the construction of the LHCb experiment and is providing a substantial part of the effort to prepare the collaboration for a full programme of heavy flavour physics, which will result in substantially improved parameters of the Standard Model (SM) and possible insights into physics beyond the SM. In order to achieve these goals, the Tier-1 and Tier-2 computing centres in the UK form a vital part of the computing infrastructure of the experiment and the requested resources are fully consistent with the leading role that the UK has played over several years in the development of core software, Grid computing and the experiment Computing Model.

LHCb will distribute its raw data from CERN to six external Tier-1 centres for reconstruction, stripping and analysis. The DSTs will be replicated to all of the Tier-1 centres and CERN, ensuring that each centre will have full access to the complete dataset. In particular, this model will mean that the Tier-1 centre at RAL will provide UK physicists and students with the complete infrastructure for the analysis of any physics topic.  The requested Tier-1 resources are based on a 1/6 share (16.7%) of those in the published LHCb baseline Computing Model and this is fully consistent with the UK authorship share of LHCb (16.5%).  

The role of the Tier-2s in LHCb is as Monte-Carlo production centres requiring CPU provision, but with a minimal storage requirement because the simulated data is written to the nearest Tier-1 centre. The collaboration has established a very strong reputation for efficiently exploiting such widely distributed resources, with LHCb being the primary user of Tier-2  resources in the UK for several years. However, it should be noted that, based on current estimates, the experiment as a whole will suffer an acute shortage of Tier-2 resources (~40% shortfall in 2008) and it is essential that the collaboration increases the pledged resources at each centre.  Our request has therefore taken this into account and is based on an enhanced share of the overall Tier-2 requirements published in the 2005 LHCb Computing TDR. Other countries are also investigating increasing their commitment to Tier-2 resources.

BaBar

The request for analysis CPU and disk storage in 2008 is tied to the luminosity profile of the PEP-II accelerator. It is based on a bottom-up accounting spreadsheet that uses the resource requirement per fb-1 to request storage and CPU. This spreadsheet forms the basis of the annual computing budget that is approved by the International Finance Committee (last meeting 27th June 2006) and so determines the UK contribution to the computing budget and the Common Fund rebate (the money that is deducted from the UK contribution in return for computer resources).   It assumes a bare minimum of MC (three times the data luminosity) and does not include the “mini” component of the data.  Consequently there are already some analyses that cannot be done at RAL. 

BaBar will run from 14th November 2005 to 21st August 2006 and then go into a 4-month upgrade program before restarting 1st December 2006. We expect a total of 450 fb-1 by 21st August 2006 and 950 fb-1 by 1st October 2008. The luminosity profiles have historically been accurate to within 5%. In June 2006, PEP-II exceeded its record luminosity of 1.08 x 1034 cm-2s-1 and is recording 0.9 fb-1 per day.

UKQCD

UKQCD's Grid, QCDgrid has been in successful operation since 2002. A large software development effort in the GridPP/GridPP2 phase has resulted in a stable Grid which provides a truly transparent working environment for the UK's lattice community to share and analyse data. QCDgrid is a leading member of the International Lattice Data Grid, an organisation which aims to share lattice data across collaborations around the globe.

The disk resource requirements for QCDgrid are based on the current provision of 80TB extrapolated to allow for the data production from the QCDOC supercomputer in Edinburgh. Our CPU requirements are modest and are based on the assumption of continued access to a supercomputer beyond the lifetime of the QCDOC.

Dataflow Requirements

All experiments participating in GridPP3 are constructing a distributed computing system to address their data processing requirements. Consequently, the network capability between computing centres is a key component of the system. The reliability and throughput requirements on the wide-area national and international networks must be carefully examined, in order to ensure adequate provision throughout the GridPP3 era. This situation is complicated by the fact that many network resources connecting Tier-1 to Tier-2 resources will not be under the direct control of the project, and are shared with other users. We note that the critical Tier-0 to Tier-1 dataflows will be accommodated on an Optical Private Network (OPN).

The LHC experiments also have stringent requirements for dataflow within Tier-1 and Tier-2 sites. In the Tier-1 case especially, the flows of data between CPU, disk, tape and network endpoint resources are extremely demanding. The Tier-1 centre forms part of near-real-time LHC data processing system, and the avoidance of bottlenecks in data access and processing, and the provisioning of adequate resources for ‘catch-up’ in the case of problems, is vital.

An analysis of the dataflow requirements of the three largest experiments at the RAL Tier-1 in 2008 has been carried out, based upon their Computing Models. The results are summarised in the table below, for both network and internal dataflows; units are MB/s, and appropriate safety factors for catch-up and network fill factor are taken into account. Use of the UK general-purpose network (titled NREN) for Tier-1 to Tier-2 connections is distinguished from use of the LHC OPN. Since dataflow requirements are not constant throughout the year (for instance, event skimming has large I/O requirements, but will not take place on a continuous basis), peak and average data rates are assessed separately. The overall peak dataflow, which informs the hardware and network planning, is not the simple sum of the experiment requirements, since the individual peak requirements do not always coincide.

	 
	Dataflow
	To disk
	From disk
	To tape
	From tape
	OPN in
	OPN out
	NREN in
	NREN out

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	CMS
	Peak
	423
	1590
	242
	45
	240
	240
	58
	360

	 
	Av
	195
	1350
	146
	45
	12
	12
	58
	360

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	ATLAS
	Peak
	940
	2361
	264
	34
	610
	165
	25
	105

	 
	Av
	629
	2361
	110
	34
	299
	165
	25
	105

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	LHCb
	Peak
	212
	278
	63
	54
	184
	184
	3
	0

	 
	Av
	104
	117
	41
	13
	78
	56
	3
	0

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Total
	Peak
	1130
	4229
	538
	133
	752
	589
	86
	465

	 
	Av
	928
	3828
	297
	92
	389
	233
	86
	465


Table 2 Tier-1 dataflow requirements in 2008 (MB/s)

Despite the trigger rates of the experiments being roughly constant with increasing luminosity beyond 2008, the dataflow requirements are expected to grow significantly. Most aspects of internal dataflow at the Tier-1 will scale with the size of the online dataset (i.e. the provisioned disk space), assuming that CPU and disk resources are balanced appropriately, taking into account the additional processing time required for reconstruction and analysis of high-luminosity events for the GPDs. A notable exception is NREN bandwidth, which will scale according to Tier-2 CPU capacity.

Service Requirements

The overall service requirements of the LHC experiments on the WLCG computing centres and infrastructure are expressed in the LCG Technical Design Report, and summarised in the LCG Memorandum of Understanding. The requirements given in these documents are a snapshot of the experiment needs as assessed in 2005. Details of planning and technology have changed in the intervening period; nevertheless, the requirements remain broadly current, and are expected to remain relevant throughout the GridPP3 project.

The evolution and optimisation of the overall WLCG computing architecture will naturally continue during 2007/8 as first experimental data is processed, and throughout the lifetime of the LHC project. It is therefore important that the UK computing centres be positioned to react flexibly, positively and quickly to new requirements on services, interfaces and availability. Additional or adjusted service requirements may also emerge as a result of new activities making use of WLCG infrastructure, or from the introduction of new data processing approaches within the experiments as data volumes increase.

A description of the baseline software services to be provided by WLCG-incorporated middleware is given in the recent report of the Baseline Services Group. This also provides a coherent overview of the range of services required at UK centres, and is summarised below. It should be noted that some services have been assigned a low priority for further development by the experiments, not because they are not required, but because experiment-specific middleware or applications also cover this space. Such experiment-specific middleware must therefore be accommodated at all UK centres in order to offer the full range of services the experiments require. The resource implications of a proliferation of experiment-specific services are potentially significant, and this approach will need to be monitored carefully by the deployment team.

	Service
	ALICE
	ATLAS
	CMS
	LHCb

	Storage element
	A
	A
	A
	A

	Basic transfer toos
	A
	A
	A
	A

	Reliable file transfer service
	A
	A
	A/B
	A

	Catalogue services
	B
	B
	B
	B

	Catalogue and data management tools
	C
	C
	C
	C

	Compute element
	A
	A
	A
	A

	Workload management
	B/C
	A
	A
	C

	VO agents
	A
	A
	A
	A

	VOMS
	A
	A
	A
	A

	Database services
	A
	A
	A
	A

	Posix-I/O
	C
	C
	C
	C

	Application software installation
	C
	C
	C
	C

	Job monitoring tools
	C
	C
	C
	C

	Reliable messaging service
	C
	C
	C
	C

	Information system
	A
	A
	A
	A

	Priority A: High priority and mandatory

	Priority B: Standard solutions are required, but experiments could select different implementations

	Priority C: Desirable to have a common solution, but not essential


Table 3 WLCG baseline services

The requirements on service availability at WLCG Tier-1 and Tier-2s are given in the LCG MoU and are summarised below. 

	Service
	Maximum delay in responding to operational problems
	Average availability measured on an annual basis

	
	Service interruption
	Degradation of the capacity of the service by more than 50%
	Degradation of the capacity of the service by more than 20%
	During accelerator operation
	At all other times

	Acceptance of data from the Tier-0 Centre
	12 hours
	12 hours
	24 hours
	99%
	n/a

	Networking service to the Tier-0 Centre during accelerator operation
	12 hours
	24 hours
	48 hours
	98%
	n/a

	Data-intensive analysis services, including networking to Tier-0, Tier-1 Centres 
	24 hours
	48 hours
	48 hours
	98%
	98%

	All other services – prime service hours
	2 hour
	2 hour
	4 hours
	98%
	98%

	All other services – other times
	24 hours
	48 hours
	48 hours
	97%
	97%


Table 4 Service requirements on Tier-1 centres

	Service
	Maximum delay in responding to operational problems
	Average availability measured on an annual basis

	
	Prime time
	Other periods
	

	End-user analysis facility
	2 hours
	72 hours
	95%

	Other services
	12 hours
	72 hours
	95%


Table 5 Service requirements on Tier-2s

The service requirements of non-LHC experiments have so far been expressed in less formal terms. No non-LHC experiment currently uses UK resources as part of its online data processing system, and the user communities are often relatively small (though not in all cases). It is therefore a working assumption that the requirements of non-LHC experiments on service availability are catered for within the WLCG requirements. Any future deviation from this approach will need to be discussed within the GridPP3 User Board, and the correct approach determined at that time. Future activities making significant use of UK computing resources may use the WLCG availability requirements as guidance for their planning.

Experiments that have been making use of UK central and institute resources for many years have naturally reached a common understanding of the available services and interfaces at each site, and have often committed significant effort toward adaptation of their experiments’ applications and middleware to make efficient use of resources. Is it therefore important that GridPP3 gives due consideration to the maintenance of services outside the WLCG portfolio where required, but with a good understanding of the probable lifetimes of such services and resource implications of this policy. Current and future experiments will be encouraged to develop their computing operations in the UK and worldwide to make efficient use of WLCG baselines services, wherever possible.

	LHC-year
	Expt
	CPU_T1_rec
	CPU_T1_ana
	CPU_T1_tot
	CPU_T2_ana
	CPU_T2_sim
	CPU_T2_tot
	Disk_T1
	Disk_T2
	Tape_T1

	
	
	
	
	
	
	
	
	
	
	

	2008
	ALICE
	0.078
	0.078
	0.155
	0.092
	0.092
	0.184
	0.109
	0.052
	0.097

	
	ATLAS
	1.755
	1.241
	2.996
	1.762
	0.896
	2.658
	1.777
	1.137
	1.124

	
	BABAR
	
	1.000
	1.000
	0.300
	0.250
	0.550
	0.300
	0.550
	0.600

	
	CMS
	0.858
	0.702
	1.560
	1.260
	0.540
	1.800
	0.840
	0.400
	1.440

	
	LHCB
	0.403
	0.334
	0.737
	
	2.171
	2.171
	0.406
	0.007
	0.346

	
	UKQCD
	
	
	0.000
	
	0.200
	0.200
	0.030
	0.075
	0.300

	
	OTHER
	
	
	0.000
	
	0.197
	0.197
	0.018
	0.107
	0.180

	
	TOTAL
	
	
	6.448
	
	
	7.760
	3.480
	2.328
	4.087

	
	
	
	
	
	
	
	
	
	
	

	2009
	ALICE
	0.129
	0.129
	0.258
	0.120
	0.120
	0.240
	0.142
	0.067
	0.126

	
	ATLAS
	3.248
	2.118
	5.366
	3.339
	0.896
	4.235
	2.779
	2.091
	2.248

	
	BABAR
	
	1.000
	1.000
	0.300
	0.250
	0.550
	0.300
	0.550
	0.600

	
	CMS
	1.201
	0.983
	2.184
	1.953
	0.837
	2.790
	1.176
	0.800
	2.520

	
	LHCB
	0.403
	0.521
	0.924
	
	2.186
	2.186
	0.483
	0.007
	0.715

	
	UKQCD
	
	
	0.000
	
	0.321
	0.321
	0.055
	0.136
	0.545

	
	OTHER
	
	
	0.000
	
	0.214
	0.214
	0.031
	0.176
	0.310

	
	TOTAL
	
	
	9.732
	
	
	10.536
	4.966
	3.827
	7.064

	
	
	
	
	
	
	
	
	
	
	

	2010
	ALICE
	0.168
	0.168
	0.336
	0.156
	0.156
	0.312
	0.184
	0.088
	0.164

	
	ATLAS
	5.070
	3.934
	9.004
	5.754
	1.315
	7.069
	5.049
	3.413
	3.886

	
	BABAR
	
	0.200
	0.200
	0.100
	
	0.100
	0.050
	0.100
	

	
	CMS
	2.402
	1.966
	4.368
	3.222
	1.381
	4.604
	1.823
	1.400
	3.654

	
	LHCB
	0.660
	0.732
	1.392
	
	2.186
	2.186
	0.561
	0.007
	1.178

	
	UKQCD
	
	
	0.000
	
	0.423
	0.423
	0.077
	0.193
	0.773

	
	OTHER
	
	
	0.000
	
	0.252
	0.252
	0.044
	0.250
	0.444

	
	TOTAL
	
	
	15.300
	
	
	14.945
	7.789
	5.452
	10.099

	
	
	
	
	
	
	
	
	
	
	

	2011
	ALICE
	0.193
	0.193
	0.386
	0.179
	0.179
	0.358
	0.212
	0.101
	0.189

	
	ATLAS
	6.892
	5.749
	12.641
	8.168
	1.315
	9.483
	6.988
	4.734
	5.782

	
	BABAR
	
	0.100
	0.100
	0.050
	
	0.050
	0.025
	0.050
	

	
	CMS
	3.604
	2.948
	6.552
	4.492
	1.381
	5.873
	2.470
	2.000
	4.788

	
	LHCB
	1.174
	0.967
	2.141
	
	2.186
	2.186
	0.640
	0.007
	1.600

	
	UKQCD
	
	
	0.000
	
	0.515
	0.515
	0.099
	0.248
	0.990

	
	OTHER
	
	
	0.000
	
	0.253
	0.253
	0.062
	0.345
	0.618

	
	TOTAL
	
	
	21.820
	
	
	18.718
	10.495
	7.484
	13.967

	
	
	
	
	
	
	
	
	
	
	

	2012
	ALICE
	0.222
	0.222
	0.444
	0.092
	0.092
	0.184
	0.243
	0.116
	0.217

	
	ATLAS
	8.713
	7.564
	16.277
	10.582
	1.315
	11.897
	8.927
	6.058
	7.934

	
	BABAR
	
	0.100
	0.100
	0.050
	
	0.050
	0.025
	0.050
	

	
	CMS
	4.805
	3.931
	8.736
	5.761
	1.381
	7.142
	3.116
	2.600
	5.922

	
	LHCB
	1.431
	1.218
	2.649
	
	2.186
	2.186
	0.720
	0.007
	2.000

	
	UKQCD
	
	
	0.000
	
	0.600
	0.600
	0.120
	0.300
	1.200

	
	OTHER
	
	
	0.000
	
	0.249
	0.249
	0.080
	0.442
	0.804

	
	TOTAL
	
	
	28.206
	
	
	22.308
	13.232
	9.573
	18.077


Table 6 Detailed breakdown of experiment hardware requirements
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