The Grid for LHC Exploitation
This document is in response to the LHC exploitation planning review and outlines the minimum requirements to maintain and operate the Grid for LHC exploitation during FY 2007-12. By this time the Grid in the UK will have been established as the mechanism for delivering sufficient reconstruction capacity, the required Monte Carlo data and the analysis environment for LHC computing. Preliminary input has already been incorporated in the PPARC road map. MoU commitments will shortly be made by the UK and other countries for Tier-1 and Tier-2 centres contributing to LCG that will provide resource estimates for 2008-2010. It is in the context of these plans that the summary is provided.  
Tier-1
The UK Tier-1 was explicitly mentioned in the PPARC call that funded GridPP2 until August 2007. CCLRC was selected and is successfully performing this role and the operation of the Tier-1 at RAL forms part of the CCLRC operating plan. The plan for the LHC Computing Grid (LCG) project includes those tasks to be performed by the Tier-1 Centres which will participate in the distributed operations procedure. This involves the monitoring and management of the LHC workflows such as bulk data movement and re-processing, etc. The UK Tier-1 will undertake ongoing maintenance of the tools and participate in an operating rota. The basic functionality of the Tier-1s is: ALICE - reconstruction and user analysis; ATLAS - reconstruction, scheduled analysis/skimming, calibration; CMS – reconstruction; LHCb - reconstruction, scheduled skimming, analysis. 11 Tier-1 centres have now been identified worldwide. The role explicitly does not involve monitoring and operation of the underlying network and Grid infrastructure which is assumed to be done via the national infrastructure. 

In order to calculate the minimum amount of resource required at the UK Tier-1 we have taken the total Tier-1 requirements of the experiments multiplied by a UK ‘share’. The share is taken to be the M&O author fractions rounded up slightly to account for the fact that not all countries are served by their own Tier-1s. The figures for 2011-12 have been extrapolated (italicised in the table). Since the UK Tier-1 will also need to support other activities over this period, such as final analyses of the running experiments (DESY/US) and simulations for future Linear Collider and neutrino initiatives we have added 20% to account for these. These minimum requirements are summarised in the table below which shows the resources needed at the start of each calendar year.  Purchases must be made ~6 months earlier and thus the associated costs appear in the preceding financial year.  More detailed planning is available upon request. 
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	CPU (KSI2K)
	Disk (TB)
	Tape (TB)

	 
	2007
	2008
	2009
	2010
	2011
	2012
	2007
	2008
	2009
	2010
	2011
	2012
	2007
	2008
	2009
	2010
	2011
	2012

	ALICE
	4900
	12300
	16000
	24300
	29850
	36040
	2941
	7353
	9559
	12426
	15735
	18801
	2779
	6947
	9031
	11740
	14866
	17763

	UK  (1%)
	49
	123
	160
	243
	299
	360
	29
	74
	96
	124
	157
	188
	28
	69
	90
	117
	149
	178

	ATLAS
	4070
	23970
	42930
	72030
	91460
	113744
	2771
	14434
	22449
	40614
	50453
	62607
	1508
	8992
	17985
	31095
	39334
	49109

	UK (10%)
	407
	2397
	4293
	7203
	9146
	11374
	277
	1443
	2245
	4061
	5045
	6261
	151
	899
	1799
	3110
	3933
	4911

	CMS
	7600
	15200
	20700
	40700
	62950
	76850
	2100
	7000
	10500
	15700
	19900
	24330
	3800
	16700
	29500
	42300
	55150
	67980

	UK (5%)
	380
	760
	1035
	2035
	3148
	3843
	105
	350
	525
	785
	995
	1217
	190
	835
	1475
	2115
	2758
	3399

	LHCb
	2650
	4420
	5550
	8350
	9800
	11623
	1459
	2432
	2897
	3363
	4082
	4700
	1244
	2074
	4285
	7066
	8587
	10554

	UK (15%)
	398
	663
	833
	1253
	1470
	1743
	219
	365
	435
	504
	612
	705
	187
	311
	643
	1060
	1288
	1583

	LHC UK Total
	1234
	3943
	6321
	10734
	14062
	17321
	630
	2232
	3300
	5475
	6810
	8370
	555
	2115
	4007
	6402
	8127
	10071

	Other

(+20%)
	247
	789
	1264
	2147
	2812
	3464
	126
	446
	660
	1095
	1362
	1674
	111
	423
	801
	1280
	1625
	2014

	UK Total
	1480
	4732
	7585
	12880
	16874
	20785
	756
	2678
	3960
	6570
	8172
	10044
	666
	2538
	4808
	7682
	9753
	12085


Table 1: UK Tier-1 Minimum Computing Requirements of the Grid for LHC Exploitation. 

The hardware costs are calculated on the basis that sufficient hardware will be available during 2007. In order to meet the requirements in 2008 an additional request has been made to PPARC for £1.0-1.5m during FY07 beyond the allocated GridPP funding. Incremental increases and replacement costs of disks and CPUs are included using a simple model (a more detailed model is used for realistic Tier-1 planning). The running costs are calculated on the basis of 300 days of full capacity operation a year at a cost of 5p/kWHr for power and air conditioning with a factor of 2 saving through multi-core processors. 

The UK Tier-1 is able to offer high capacity commodity disk and CPU services closely coupled to a large, high performance robotic tape store. It is the only general purpose UK HEP computing centre able to operate at a quality of service and level of support that can be classified as a Tier-1 service. A Tier-1 will be required to meet the UK’s share of the computing needs of the LHC experiments and other HEP experiments that will require reliable high capacity services.

The hardware cost estimates to meet these minimum requirements assume that CCLRC contributes the infrastructure costs of a 10,000 slot tape Robot (but not drives and media) of which HEP will have access to 50% of the capacity up to 2008. Additional robot capacity will need to be purchased by the Tier-1 in 2008 to meet expected tape demand, although this one-off cost to PPARC estimated at £350k is not included in the costs in Table 4. Costs met by CCLRC include the site network infrastructure up to its point of connection with the Tier-1 network and cost of the machine room infrastructure including power distribution capable of supplying and cooling the anticipated capacity. Power is currently provided by CCLRC but in future may be charged to PPARC through FEC (Full Economic Cost) and is estimated under Tier-1 running costs in Table 4. It is assumed that there will be a dedicated single 10Gbit network link to CERN provided by UKERNA and that HEP Grid computing will be well enough integrated with the National UK Grid by 2007 that the common infrastructure (helpdesk, monitoring, support) can be utilised by the HEP community.
The staff required will be 15 FTE to run and operate the CPU, disk, tape, networking and core services as well as provide Tier-1 operations, deployment and experiments support managed in an effective manner. Support will be during daytime working hours (08:30-17:00 Monday to Friday) with on call cover outside this period. CCLRC may provide additional effort to underpin the service. In order to provide staff present on-site for 24x7 (weekend) cover a further 5 FTE (2 FTE) would be needed. 
Tier-2
The UK has established 4 operational Tier-2s in the UK, London, NorthGrid, ScotGrid and SouthGrid, which are now all contributing significantly to LCG. The LCG TDR defines the role of the Tier-2 centres as to provide computational and appropriate storage services for Monte Carlo simulation and for end-user analysis. The Tier-2 centres will obtain data as required from Tier-1 centres, and the data generated at Tier-2 centres will be sent to Tier-1 centres for permanent storage. The basic functionality of the Tier-2s is: ALICE - MC production and user analysis; ATLAS - simulation, analysis and calibration; CMS - analysis and all simulation production; LHCb - simulation production, no analysis. More than 100 Tier-2 institutes have now been identified worldwide, with 17 institutes in the UK.
In order to calculate the minimum amount of resource required at the UK Tier-2s we have used the same approach as for the simple Tier-1 model, now using the LCG total Tier-2 requirements of the experiments multiplied by a UK ‘share’.

	 
	 
	CPU (KSI2K)
	Disk (TB)

	 
	Share
	2007
	2008
	2009
	2010
	2011
	2012
	2007
	2008
	2009
	2010
	2011
	2012

	ALICE
	 
	5800
	14400
	18700
	24300
	30750
	36730
	2042
	5106
	6638
	8629
	10927
	13056

	UK
	1%
	58
	144
	187
	243
	308
	367
	20
	51
	66
	86
	109
	131

	ATLAS
	 
	3650
	19940
	31770
	53010
	67070
	83061
	1607
	8748
	15905
	25815
	32964
	40942

	UK
	10%
	365
	1994
	3177
	5301
	6707
	8306
	161
	875
	1591
	2582
	3296
	4094

	CMS
	 
	9600
	19300
	32300
	51600
	62950
	76850
	1500
	4900
	9800
	14700
	18850
	23300

	UK
	5%
	480
	965
	1615
	2580
	3148
	3843
	75
	245
	490
	735
	943
	1165

	LHCb
	 
	4590
	7650
	7650
	7650
	7650
	7650
	14
	23
	23
	23
	23
	23

	UK
	15%
	689
	1148
	1148
	1148
	1148
	1148
	2
	3
	3
	3
	3
	3

	LHC UK Total
	 
	1592
	4251
	6127
	9272
	11310
	13663
	258
	1174
	2150
	3406
	4352
	5393

	Other
	+20%
	318
	850
	1225
	1854
	2262
	2733
	52
	235
	430
	681
	870
	1079

	UK Total
	 
	1910
	5101
	7352
	11126
	13571
	16396
	310
	1409
	2580
	4087
	5222
	6472


Table 2: UK Tier-2 Minimum Computing Requirements of the Grid for LHC Exploitation. 

The hardware costs are calculated on the basis that sufficient hardware will be available in 2007 since this is already subject to the Tier-2 MoU between GridPP and the institutes. Costs of disks, CPUs and running costs are included using the same estimates as for the Tier-1. It is expected on the basis of recent SRIF allocations (£3.4m - £4.7m) that the amount of hardware provided could be much greater than this up to 2008 and so the running costs would be greater.
Currently GridPP provides 9.0 FTE of effort for hardware support at the Tier-2s (London 2.5, NorthGrid 4.5, ScotGrid 1.0 and SouthGrid 1.0). This is acknowledged to be too low and operating the Tier-2s is a significant drain on rolling-grant funded System Managers and Physicist Programmers. Large facilities require at least one FTE per site, whereas smaller sites need at least a half FTE. On the basis of currently available hardware an allocation for HEP computing would be 4 FTE to London (5 sites), 6 FTE to NorthGrid (4 Sites), 2 to ScotGrid (3 sites) and 3 to SouthGrid (5 sites) making a total of 15 FTE. This is in line with the resources required to operate similar amounts of hardware at the Tier-1. In practice posts would be allocated on the basis of resources provided and past performance. 
In costing the facilities, it is assumed that institutes will pay for the hardware from SRIF etc to at least 2008 but the impact of FEC will be for Institutes to charge for the replacement cost of the facilities since the future of SRIF thereafter is uncertain. Costs would therefore be borne by PPARC in the long term.
Grid Middleware and Applications Interfaces
The UK has had a significant involvement in the development of Grid middleware, and also in the creation of Grid-enabled applications used by each of the experiments. In middleware, major contributions have been made in the areas of information and monitoring services, security and virtual organisation management, the Grid resource broker, network monitoring, data management and storage management. Ongoing maintenance and support will be required, as well as further developments to fill gaps in meeting evolving experiment needs as real data starts to flow. It is anticipated that major middleware development activities will be as part of future e-Infrastructure projects rather than explicitly part of the HEP programme. The emphasis will therefore be on support and maintenance aspects.

There remains an important support and maintenance role for the application interfaces to the Grid and the underlying Grid middleware components. This middleware support underpins the 15 key LCG baseline services (Storage Element, Basic File Transfer, Reliable File Transfer, Catalogue Services, Data Management tools, Compute Element, Workload Management, VO Agents, VO Membership Services, DataBase Services, Posix-like I/O, Application Software Installation Tools, Job Monitoring, Reliable Messaging, Information System) and internal Grid services such as monitoring and accounting. It will be essential for the UK to support these components, as developed in the UK and elsewhere
From the middleware support side, at least one FTE is required for each of the following areas: security support; storage systems; workload management; networking; underlying file transfer and data management systems; and information systems and monitoring (where an additional FTE of effort is anticipated ensuring that our main contribution to EGEE is supported in the longer term). It would be inappropriate to reduce to this level of effort abruptly at precisely the time that LHC is expected to start producing data in 2007. Rather it is advised to phase the reduction to this level over FY08 and FY09 thereby sustaining a necessary and appropriate level of support at this critical time.
Equally importantly, the UK has made a leading contribution to the development of Grid applications. This has involved work on the development of distributed production systems, of distributed analysis systems and the associated metadata and in the operation of these systems as part of data and service challenges. The development is ongoing, and this ‘upper level’ middleware development is expected to continue into the data-taking of the LHC as part of the experiment programmes. However, one of the key strengths of the GridPP approach has been to seek commonalities between the requirements of each experiment and, where possible, address them in a coherent way. A current example is the GANGA project, which is providing a common interface to the ATLAS and LHCb ATHENA/GAUDI software framework for Grid applications and also a common core that could serve many possible client applications. Another example is the metadata activity, which has identified the common use cases, requirements tools and methods for metadata systems, involving both LHC and non-LHC experiments. Examples that go beyond the remit of LHC exploitation, and are explicitly not included here, but would build upon this expertise, are the Grid Portal development, PhenoGrid and UKQCD Grid developments.
Given the strategy adopted, there will remain core Grid application interfaces supporting the experiment applications that will continue into the LHC running period. These stand to some extent independent of the experiment-specific programmes, although they serve them. A total of 7 FTEs is required for these common application interface support tasks. It should be noted that the proposed effort in this combined area is a significant reduction from the current effort in these Grid developments of more than 30FTEs. The overall approach in this area will depend upon additional major developments supported via e-Infrastructure and PPARC’s strategic view of the wider importance of these pioneering developments.
Grid Operations and Management
The full deployment of Grid technology makes efficient use of resources to enable the UK to capitalise on investment in the LHC to meet the unprecedented challenges of LHC computing and enhance the discovery potential of UK physicists. In order to operate and monitor the deployment of such a Grid, a further 8 FTEs of effort is needed, corresponding to the Production Manager, 4 Tier-2 Regional Coordinators and 3 members of the Grid Operations Centre. It should be noted that matched EGEE II operations and management as well as middleware development effort is currently funded during GridPP2. There will be a need for continuation of this PPARC funded effort for the final 7 months of EGEE (from September 2007 to March 2008 inclusive) that is included in Table 3. In order to ensure that all efforts are coordinated and responsive to the management structures with PPARC, LCG and the experiments, an overall Project Leader plus essential administrative and documentation effort is proposed to be supported, corresponding to 2.5 (1.5) FTEs initially (ultimately). Dissemination will continue to be a critical part of ensuring the HEP community and the UK generally makes best of use of its investment in Grid technology. However, we anticipate this role would be carried out by PPARC's communications division, so have not allocated specific effort for this here.
Summary of Resource Requirements
	FTE Table
	FY05
	FY06
	FY07
	FY08
	FY09
	FY10
	FY11
	FY12

	
	Apr/05 - Mar/06
	Apr/06 - Mar/07
	Apr/07 - Aug/07
	Sep 07-
	FY07
	 
	 
	 
	 
	 

	
	GridPP
	Other
	Total
	GridPP
	Other
	Total
	GridPP
	Other
	New
	Total
	New
	New
	New
	New
	New

	Tier-1 Operation
	13.50
	3.00
	16.50
	13.50
	3.00
	16.50
	5.63
	1.25
	8.75
	15.63
	15.00
	15.00
	15.00
	15.00
	15.00

	Tier-2 Operation
	9.00
	6.00
	15.00
	9.00
	6.00
	15.00
	3.75
	2.50
	8.75
	15.00
	15.00
	15.00
	15.00
	15.00
	15.00

	Grid Operations
	1.00
	7.00
	8.00
	1.00
	7.00
	8.00
	0.42
	2.92
	5.83
	9.17
	8.00
	8.00
	8.00
	8.00
	8.00

	Management
	3.40
	0.00
	3.40
	3.40
	0.00
	3.40
	1.42
	0.00
	1.46
	2.88
	2.50
	2.50
	1.50
	1.50
	1.50

	Application Interfaces
	18.50
	3.00
	21.50
	18.50
	3.00
	21.50
	7.71
	1.25
	4.67
	13.63
	8.00
	7.00
	7.00
	7.00
	7.00

	Middleware Support
	19.50
	10.00
	29.50
	19.50
	10.00
	29.50
	8.13
	4.17
	7.58
	19.88
	13.00
	10.00
	8.00
	8.00
	8.00

	Total
	64.90
	29.00
	93.90
	64.90
	29.00
	93.90
	27.04
	12.08
	37.04
	76.17
	61.50
	57.50
	54.50
	54.50
	54.50


Table 3: Estimated minimum FTE effort for Tier-1,Tier-2 and Grid Operations, Management, Application Interfaces and Middleware Support marked as “New” during the period of LHC exploitation. The transition from GridPP2 to LHC exploitation is indicated in FY07 (with “New” funding marked “Sep 07-“).    
	Cost  Table
	 
	 
	 
	 
	 
	 

	
	FY07
	FY08
	FY09
	FY10
	FY11
	FY12

	Tier-1 Staff
	£779k
	£1,402k
	£1,472k
	£1,545k
	£1,623k
	£1,704k

	Tier-1 Hardware
	£2,196k
	£2,041k
	£2,721k
	£1,793k
	£1,435k
	£1,416k

	Tier-1 Running Costs
	£86k
	£170k
	£273k
	£464k
	£607k
	£748k

	Tier-2 Staff
	£779k
	£1,402k
	£1,472k
	£1,545k
	£1,623k
	£1,704k

	Tier-2 Hardware
	£1,484k
	£957k
	£1,286k
	£870k
	£605k
	£632k

	Tier-2 Running Costs
	£69k
	£184k
	£265k
	£401k
	£489k
	£590k

	Grid Operations
	£519k
	£748k
	£785k
	£824k
	£865k
	£909k

	Management
	£130k
	£234k
	£245k
	£155k
	£162k
	£170k

	Application Interfaces
	£415k
	£748k
	£687k
	£721k
	£757k
	£795k

	Middleware Support
	£675k
	£1,215k
	£981k
	£824k
	£865k
	£909k

	Travel and Operations
	£211k
	£294k
	£290k
	£289k
	£299k
	£309k

	Grand Total
	£7,343k
	£9,393k
	£10,478k
	£9,431k
	£9,331k
	£9,886k


Table 4: Estimated minimum costs for the LHC exploitation Grid. Tier-1 and Tier-2 Staff and Hardware, Grid Operations, Management, Application Interfaces and Middleware Support are given as a function of financial year using a simple full economic costing model. Note that hardware purchased in a given financial year is assumed to be available for experiment use in the following calendar year. 
The associated planning spreadsheet is at http://www.gridpp.ac.uk/pmb/docs/LHC_Exploitation_Grid.xls.






