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Introduction

Early models of LHC computing involved a hierarchical arrangement of tiered regional centres, starting from Tier-0 at CERN, to major Tier-1 centres in several countries, to smaller Tier-2 and Tier-3 centres in institutes and departments. This model is being modified and the hierarchical nature becoming less distinct with the concept of virtual Regional Centres in a so-called 'Cloud Model' emerging. However the terms Tier-1, Tier-2 etc are still retained and the current 'definition' of these, taken from the LCG RTAG 6 on Regional Centre Category and Service Definition, can be found in Appendix 1.

In its proposal, GridPP envisaged the UK would have about four Regional Tier-2 Centres in addition to the UK Tier-1 Regional Centre. It was assumed that in the prototype phase, sufficient hardware for Tier-2 centres would be provided by JIF/JREI/SRIF etc. At the time GridPP did not propose to build or operate Tier-2 centres. 

In the long term, it is not clear whether technically, as far as resource brokers etc are concerned, there will be any distinction between Tier-2 centres and any other concentrations of resource. However, Tier-2 centres will be very important politically, financially and sociologically in providing 'local' resources and experience and providing a focus for leverage of external funds. Hence a prototype UK Grid should include Tier-2 centres.

At the last GridPP Oversight Committee we presented a 'plan for a plan' as to how we might proceed. The main points were:

· GridPP wishes to build or have access to Tier-2 centres in the future. Hence, these should be included in large-scale prototype tests. A natural timeframe would be to include prototype Tier-2 centres in the deployment of the Grid in the third year of GridPP. By this time the rollout of EDG software should have become more routine and the new SRIF funded resources should be in place.

· The Tier-2 centres could be a partnership between GridPP, the local university group(s) and the local Core e-Science centre. Since the local university group(s) are providing the hardware resources, GridPP and the local e-Science centre should provide the manpower to establish and operate the centres.

· In order to do this GridPP could bid for additional money from PPARC to fund (say) 4 half posts in 4 Tier-2 centres for the final year. These posts would be awarded to groups or consortia, with sufficient available resources, where an additional half post could be provided from the local e-Science centre (or elsewhere).

· The benefits are: GridPP gains access to SRIF funded resources (via e.g. an MoU). The local university group(s) get a one FTE to operate their resources and help with installation of Grid (EDG) software and access to GridPP experience (e.g. the Tier-1 people). The local e-Science centre gets access to the SRIF resources for use by other disciplines and to GridPP help and experience in running these resources. The SRIF funded resources are probably available to other disciplines anyway and bringing the e-Science centres on board would make this more coherent.

· In the long run, GridPP, or its successor, would probably want to devote a reasonable amount of new resource into funding Tier-2 centres and this would probably be done by tender. Clearly those sites that participated in the prototype stage would be in a good position to bid. This money would either come from additional e-Science money in SR2002 or from the PP LHC exploitation line.
Institute Surveys
In order to assess the current situation and provide a basis for future planning, in July 2002 a questionnaire was sent to all GridPP Groups asking for a summary of their current resources and an estimate of their likely resources at the end of 2003 when some of the new SRIF funded facilities are likely to be in place. The questionnaire and a summary of the replies can be found in Appendix 2. Through the Chair of CNAP we also have access to each group's 'Form-G' submission to the PPGP which provides a snapshot of computing facilities at each institute in January 2002. Form G and a summary of the replies can be found in Appendix 3. The Form-G submissions include a measure of computing power in terms of SpecInt95 whereas the GridPP submissions are in terms of numbers of CPUs. While the former is a better indicator of capability, especially when there is a mixture of older and newer machines, the latter is easier to measure and gives a better indicator of complexity since there are usually two CPUs per physical box. Where facilities, such as SRIF, are shared with other disciplines, only the estimated HEP share has been used in the summary.
It is clear from the GridPP replies that all institutes with major experimental particle physics groups wish to be part of a Tier-2 centre and that several institutes could be standalone Tier-2 centres. In order to allow all institutes to participate fully, we plan to pursue our initial proposal to set up four Tier-2 Regional Centres in the UK. There are natural geographical groupings and in their replies to the questionnaire, several group indicated their willingness to form combined distributed centres. Three institutes provided a combined Expression of Interest in addition. These potential Tier-2 Regional Centres are summarised below.
Potential Regional Tier-2 Centres
ScotGrid (Edinburgh, Glasgow)

ScotGrid is already well established as a prototype Tier-2 centre with funding from NeSC, EPCC, the Universities and JREI, JIF and SRIF. It includes resources for LHC, BaBar, CDF and UKQCD. The original JREI award provided for data storage and data servers at Edinburgh and a large Monte Carlo production CPU farm at Glasgow. ScotGrid benefits from the close association with the National e-Science Centre.
Southern (Birmingham, Bristol, Cambridge, Oxford, RAL PPD)

Bristol, Oxford and RAL PPD (not the Tier-1 Centre) have submitted an Expression of Interest (See Appendix 4) in forming a prototype distributed Southern Tier-2 Centre to GridPP. Subsequent to receiving this EoI, GridPP has discussed with Birmingham and Cambridge the possibility of also being part of this Southern Tier-2 Centre. Such a Southern Tier-2 centre would benefit from the close association with the Oxford and Cambridge e-Science Centres and possible access to the Cambridge/Cranfield High Performance Computing Facility (HPFC).
Northern (Lancaster, Liverpool, Manchester, Sheffield)
Informal agreements exist between Lancaster, Liverpool and Manchester to pursue formation of a Northern Tier-2 Centre. A preliminary meeting, also involving Sheffield, was held at Daresbury in August 2001 to discuss this. A second meeting is now being arranged. Liverpool are also involved in a large University project, AiMes, which is currently under review. A Northern Tier-2 centre would benefit from the close association with the North West e-Science Centre at Manchester.
London (Brunel, Imperial, Queen Mary, Royal Holloway, UCL)

Informal discussions about a distributed London Tier-2 centre were held prior to bidding for SRIF funding. Further discussions will be arranged to discuss this in the near future. A London Tier-2 centre would benefit from the close association with the London e-Science Centre at Imperial College.

Potential Tier-2 Resources

Combined Resources

If the Institutes were to form distributed Tier-2 Centres in this way, the combined resources, estimated from the questionnaire returns, at the end of 2003 would be:

	
	Number of CPUs
	Amount of Disk (TB)
	Amount of Tape (TB)

	London
	1252
	 76
	 8

	Northern
	2015
	113
	33

	Southern
	 431
	 32
	20

	ScotGrid
	 154
	 35
	 0


It is clear that these centres will all satisfy the LCG Tier-2 requirements described in Appendix A.

Resources per Experiment
A large amount of equipment provided by JREI, JIF and SRIF was earmarked for use by specific experiments. By roughly estimating the breakdown to the major experiments for each Institute, the total possible amount of resource available to each experiment can be estimated. Where equipment is not specifically earmarked it has been distributed equally to all experiments at a particular institute which is obviously not completely correct. The estimated totals for the major experiments are:

	
	Number of CPUs
	
	Amount of Disk (TB)
	

	BaBar
	1109
	29%
	76
	30%

	CDF
	453
	12%
	39
	15%

	D0
	320
	8%
	  8
	3%

	ATLAS
	950
	25%
	72
	28%

	CMS
	304
	8%
	  9
	4%

	LHCb
	543
	14%
	40
	16%


The largest share is BaBar (~30%) followed by ATLAS (~25%) which seems to be reasonably satisfactory given that BaBar is the largest running experiment and ATLAS is the largest future LHC experiment. ALICE has dedicated resources at Birmingham.
Value of the Resources

From the Form-G submissions we estimate the total value of the resources in place at the institutes at the start of 2002 to be £1.14M. This was calculated by taking the total SpecInt95 of the farm CPUs, the total server disk space and tape capacity multiplied by the cost of buying these items at RAL today. This is not the original cost of these resources which was probably much higher.
Future Planning

It is clear that there is significant resource at the Institutes which could be made available to GridPP in the form of Regional Tier-2 centres. In order to proceed:
· GridPP will encourage discussions between Birmingham, Cambridge and Bristol/Oxford/RAL-PPD on joining the Southern Tier-2 Centre.
· GridPP will encourage the London and Northern institutes to produce Expressions of Interest, along the lines of the Southern EoI.

· GridPP will encourage each of these regional groupings to work towards Memoranda of Understanding between each institute.

· GridPP will continue the rollout of Grid middleware to the institutes as described in testbed rollout plan (GridPP-TB-02-UKRollout).

· GridPP will discuss with PPARC the provision four additional System Support posts at the Regional Tier-2 Centres during the third year of the current GridPP project.
· GridPP will begin planning for significant investment in Tier-2 centres should extra money be available as a result of SR2002.

System Manager Support
System manager support is provided by PPARC through the PPGP to most institutes supplemented by a few FTEs from other sources. Information given to CNAP from the System Managers Group (SYSMAN) and anecdotal evidence suggest that System Managers at the institutes are under ever increasing pressure. Apart from maintaining Group computing facilities in the face of rapidly changing technology and software and massively increased security problems, the same System Managers also have to set up and manage new computer farms which were provided from external funds but often with little additional manpower. This is highlighted by comparing Form G returns from 2002 with those from 2000: 

	
	2000
	2002
	Increase

	Number of desktops
	819
	  991
	  21%

	Number of servers
	  78
	  118
	  51%

	Number of farm CPUs
	306
	1457
	376%

	Amount of disk space (TB)
	  11
	    68
	518%

	Amount of tape (TB)
	    0
	    78
	

	Number of System Managers
	19.7
	21.8
	  11%


It is clear that System Manager effort has not kept up with increasing numbers of desktops let alone the massive increase in farm related resources. The institutes estimate an additional 14.6 FTE of system support would be necessary to run these facilities properly. Within the current GridPP funding allocation there is no money for extra system support at the institutes. However there are a number of steps that GridPP has taken, and can take, to help mitigate the situation:
· GridPP has produced a detailed testbed rollout plan (GridPP-TB-02-UKRollout) which aims to minimise the extra effort required to install Grid middleware on institute facilities. The plan also provides for support for this middleware centrally from the GridPP and CLRC Grid e-Science Support Centre.

· In addition to the established Testbed Support Mailing List there is now a weekly phone conference, which all system managers and others can join to discuss specific problems and solutions.
· As discussed above, GridPP hopes to provide four additional System Support posts at the Regional Tier-2 Centres during the third year of the current GridPP project.
· GridPP expects that if there is extra money available from SR2002, that deployment and support of Tier-2 centres will have high priority.

· In the longer term, we hope that Fabric Management Tools, being developed by GridPP and others, will not only allow institutes to deploy and manage Grid middleware, but also that these tools will be used to manage institute desktop workstations and other software, hence simplifying general system management at the Institutes.
Risks

There are two main levels of risk associated with the deployment of Tier-2 centres. Firstly, and potentially the most important for the UK Particle Physics community, there is the risk that the resources at the institutes might not be used for Particle Physics. Since a large proportion of these resources were specifically earmarked to particular Particle Physics experiments and most of those already deployed are being used by those experiments, we consider this risk to be rather small. The second level of risk, which is more relevant to GridPP, is that these resources are used by Particle Physics but the institutes do not adopt Grid tools and do not become part of the UK Grid. The severity of this risk will depend on how successful the Grid tools developed by GridPP and others are, how successful the GridPP rollout strategy is and how well adopted the tools are by the experiments. Once the experiments start to become Grid enabled then it will become necessary for the institutes to become part of the Grid in order that their resources are fully utilised. As far as setting up a prototype UK Grid in the current three year period is concerned, it is clearly desirable but not necessary, that all four Tier-2 centres are fully grid enabled and integrated into the project. One or two large, distributed centres would be sufficient to test the validity of the model, the middleware and their operation in a production environment. 

Even if the Grid software is fully adopted by the experiments and deployed at the institutes there are other risks to consider. Lack of system support has been discussed above. Local management policies, such as failure to open firewalls, failure to recognise certificates or unwillingness to share resources may prevent external use. These risks will be diminished if GridPP is directly represented on local management boards and if these problems are explicitly addressed in future MoUs between GridPP and the Regional Centres. 
Appendix 1
What is a Tier-2?

The following is taken from the LCG RTAG 6 on Regional Centre Category and Service Definition.

A possible categorization scheme for regional centres could be based on service qualities as follows:

3.2.1
Tier1

* CPU cycles (Grid enabled computing elements), advance reservation

* Disk storage, resident and temporary (Grid enabled storage elements), advance reservation

* Mass storage (Grid enabled storage elements), advance reservation

* State-of-the-art network bandwidth, quality of service

* Commitment to provide access to primary/master copy of data over lifetime of LHC

* Commitment to provide long-term access to specific analysis data

* Commitment to resource upgrades as required

* 24/7 services and resource support

* National support role

* Training and user support

* Interactive support for particular applications

3.2.2
Tier2

* CPU cycles (Grid enabled computing elements)

* Disk storage, maybe temporary only (Grid enabled storage elements)

* May have mass storage

* Sufficient network bandwidth for inter-operability

* A weaker commitment to provide access to data over LHC lifetime

* A weaker commitment to provide long-term access to specific analysis data

* A weaker commitment to resource upgrades 

* Focused user support

* 24/7 service but with no guaranteed short-time "crash" response

3.2.3
Tier3

* CPU cycles (Grid enabled computing elements)

* Local storage (not necessarily Grid enabled)

* Focused commitment to data access or resource upgrade

* Only local user support

* Focused services for agreed and day-by-day analysis activities

* Local interactive support

3.2.4
Tier4

* Enable Grid access

* Provide experiment specific tools

Appendix 2
GridPP Institute Questionnaire (July 2002)

Institute: (                         )

What facilities do you have now (2002) and will you have by the end of 2003

(e.g from SRIF) that are or could become part of the UK HEP Grid?

                             2002        End of 2003

Number of cpus     :        (    )        (     )       

Amount of disk [TB]:        (    )        (     )      

Amount of tape [TB]:        (    )        (     )     

(Only include 'farm' facilities, not desktop or group servers. Where

facilities are shared with other disciplines give the likely HEP share)

If these facilities are earmarked for particular experiments please state

which (eg. BaBar, CMS or 40% BaBar, 60% CMS).

Experiments: (                   )

Please estimate what additional system manager support you need to run these

facilities properly.

Estimated support required [fte]: (        )

Are you interested in becoming:

A standalone UK Tier-2 centre?                   (YES/NO)

Part of a locally distributed UK Tier-2 centre?  (YES/NO)

Any comments:

	Institute
	Contact
	cpu 02
	cpu 03
	disk 02
	disk 03
	tape 02
	tape 03
	FTE
	T2 Alone
	Shared
	BaBar
	CDF
	D0
	ATLAS
	CMS
	LHCb

	Birmingham
	Pete Watkins
	116
	192
	1.5
	5.5
	0.0
	0.0
	0.5
	Yes
	Yes
	26%
	
	
	62%
	
	

	Bristol
	Dave Newbold
	100
	120
	5.0
	8.0
	0.0
	0.0
	1.0
	No
	Yes
	60%
	
	
	
	20%
	20%

	Brunel
	Peter Hobson
	32
	200
	0.5
	5.0
	0.0
	0.0
	0.5
	No
	Yes
	50%
	
	
	
	50%
	

	Cambridge
	Andy Parker
	20
	35
	3.0
	3.0
	0.0
	0.0
	1.0
	No
	Yes
	
	
	
	50%
	
	50%

	Durham
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Edinburgh
	Steve Playfer
	4
	16
	5.0
	30.0
	0.0
	0.0
	0.5
	No
	Yes
	20%
	20%
	
	20%
	
	20%

	Glasgow
	Tony Doyle
	128
	138
	1.0
	5.0
	0.0
	0.0
	0.5
	No
	Yes
	20%
	20%
	
	20%
	
	20%

	ICSTM
	Dave Britton
	260
	507
	5.2
	12.0
	0.0
	8.0
	2.0
	Yes
	Yes
	34%
	
	16%
	
	34%
	16%

	Lancaster
	Peter Ratoff
	200
	250
	2.5
	5.0
	25.0
	25.0
	0.5
	Yes
	Yes
	
	
	80%
	20%
	
	

	Liverpool
	Themis Bowcock
	600
	1500
	15.0
	100.0
	4.0
	4.0
	2.5
	Yes
	Yes
	25%
	25%
	
	25%
	
	25%

	Manchester
	Roger Barlow
	155
	155
	6.1
	6.1
	0.0
	0.0
	0.5
	Yes
	Yes
	50%
	
	20%
	20%
	
	

	Oxford
	Susan Cooper
	16
	30
	3.0
	10.0
	6.0
	20.0
	1.3
	Yes
	Yes
	
	50%
	
	25%
	
	25%

	QMUL
	Alex Martin
	10
	240
	0.5
	34.0
	0.0
	0.0
	1.0
	Yes
	Yes
	50%
	
	
	50%
	
	

	RAL
	Dave Kelsey
	16
	50
	1.0
	5.0
	0.0
	0.0
	1.0
	No
	Yes
	15%
	15%
	15%
	15%
	15%
	15%

	RHUL
	Michael Gardner
	85
	205
	1.6
	20.0
	0.0
	0.0
	0.3
	Yes
	Yes
	50%
	
	
	50%
	
	

	Sheffield
	Lee Thompson
	10
	110
	1.0
	1.4
	3.6
	3.6
	0.5
	No
	Yes
	
	
	
	33%
	
	

	Sussex
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Swansea
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	UCL
	Pete Clarke
	20
	100
	1.0
	5.0
	0.0
	0.0
	1.0
	No
	Yes
	
	25%
	
	50%
	
	

	
	
	1772
	3848
	52.9
	255.0
	38.6
	60.6
	14.6
	8
	16
	
	
	
	
	
	


Appendix 3
	INVENTORY OF COMPUTING RESOURCES
	
	
	
	

	
	
	
	
	
	
	
	
	

	GROUP
	 
	 
	 
	 
	 
	 
	 
	 

	
	
	
	
	
	
	
	
	

	DESKTOP DEVICES
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 

	Number of seats
	 
	 
	 
	 
	 
	 
	 

	< 3 yrs old
	 
	 
	 
	 
	 
	 
	 

	> 3 yrs old
	 
	 
	 
	 
	 
	 
	 

	Total installed desktop CPU (SPECint95)
	 
	 
	 
	 
	 

	
	
	
	
	
	
	
	
	

	SERVER PROCESSORS
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 

	Number of Servers
	 
	 
	 
	 
	 
	 
	 

	< 3 yrs old
	 
	 
	 
	 
	 
	 
	 
	 

	> 3 yrs old
	 
	 
	 
	 
	 
	 
	 

	Total installed server CPU (SPECint95)
	 
	 
	 
	 
	 

	
	
	
	
	
	
	
	
	

	COMPUTING FARM PROCESSORS
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 

	Number of CPUs
	 
	 
	 
	 
	 
	 
	 

	< 3 yrs old
	 
	 
	 
	 
	 
	 
	 

	> 3 yrs old
	 
	 
	 
	 
	 
	 
	 

	PP Share (if shared with other disciplines) (%)
	 
	 
	 
	 

	Funding source (Grant, JREI, JIF, SRIF etc)
	 
	 
	 
	 

	Total installed Farm CPU (SPECint95)
	 
	 
	 
	 
	 

	
	
	
	
	
	
	
	
	

	STORAGE
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 

	Total Disk Space (TB)
	 
	 
	 
	 
	 
	 

	Desktop
	 
	 
	 
	 
	 
	 
	 
	 

	Servers
	 
	 
	 
	 
	 
	 
	 
	 

	Computing Farms
	 
	 
	 
	 
	 
	 
	 

	Tape Storage (TB)
	 
	 
	 
	 
	 
	 
	 

	Total Tape Capacity
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 

	
	
	
	
	
	
	
	
	

	MISCELLANEOUS
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 

	Percentage funding for your group computing:-  (PPARC)/(PPARC+non-PPARC)
	 

	PPARC funded system effort to support your group's computing (in FTE)
	 
	 

	Non- PPARC funded system effort to support your group's computing (in FTE)
	 

	Bandwidth of group's connection into institute's LAN
	 
	 
	 
	 

	Bandwidth of institute's connection into SuperJANET
	(Incoming)
	 
	 

	 
	 
	 
	 
	 
	(Outgoing)
	 
	 


	 
	 
	Desk Top
	 
	Server
	 
	 
	Farm
	 
	 
	Disk (TB)
	Tape
	Support
	 
	Mbps
	 

	Group
	< 3yr
	> 3yr
	SI95
	< 3yr
	> 3yr
	SI95
	< 3yr
	> 3yr
	SI95
	Desk
	Serve
	Farm
	TB
	FTE
	Other
	LAN
	SJ In
	SJ out

	Birmingham
	40
	9
	1725
	7
	5
	388
	120
	
	4272
	1.30
	0.70
	1.50
	2.50
	1.0
	 
	10
	155
	155

	Bristol
	13
	21
	900
	11
	1
	350
	110
	
	5000
	0.34
	2.52
	1.10
	 
	1.0
	0.4
	100
	30
	15

	Brunel
	9
	6
	350
	
	
	 
	
	1
	17
	0.10
	
	0.50
	 
	
	0.3
	100
	100
	100

	Cambridge
	32
	23
	1365
	1
	2
	83
	20
	
	1100
	0.50
	1.00
	0.40
	15.00
	0.7
	0.7
	1000
	1000
	1000

	Durham
	2
	
	75
	1
	1
	80
	
	
	 
	0.03
	0.06
	 
	 
	0.2
	 
	100
	622
	622

	Edinburgh
	15
	9
	956
	1
	
	34
	17
	
	3132
	0.91
	0.67
	0.01
	0.24
	0.5
	 
	100
	
	 

	Glasgow
	38
	35
	1600
	1
	1
	160
	136
	
	5772
	
	1.10
	1.20
	5.00
	2.0
	0.5
	100
	155
	25

	ICSTM
	58
	20
	1600
	10
	2
	250
	174
	
	6120
	1.00
	3.00
	4.00
	1.00
	0.5
	0.5
	100
	1000
	1000

	Lancaster
	5
	12
	320
	1
	2
	90
	205
	
	6150
	0.18
	0.54
	0.80
	30.00
	0.6
	 
	1000
	155
	155

	Liverpool
	87
	22
	2000
	11
	8
	500
	408
	
	10300
	2.70
	0.80
	19.00
	4.00
	0.5
	 
	100
	512
	512

	Manchester
	38
	33
	1281
	
	1
	13
	87
	4
	3040
	0.60
	0.03
	2.90
	0.03
	1.0
	 
	100
	1000
	1000

	Oxford
	76
	113
	2630
	5
	6
	400
	8
	
	272
	1.70
	2.00
	1.00
	12.00
	2.5
	1.5
	100
	622
	622

	QMUL
	16
	9
	845
	7
	4
	287
	88
	
	3406
	0.71
	1.08
	1.45
	 
	1.0
	 
	100
	34
	34

	RAL
	72
	57
	3958
	6
	10
	512
	
	
	 
	1.45
	0.69
	 
	1.76
	2.5
	 
	1000
	622
	622

	RHUL
	30
	5
	700
	8
	1
	270
	60
	
	1000
	0.30
	0.90
	0.30
	0.40
	1.3
	0.2
	100
	100
	100

	Sheffield
	17
	
	679
	1
	
	56
	11
	
	400
	0.60
	0.10
	0.35
	3.60
	1.0
	 
	100
	
	 

	Sussex
	15
	7
	500
	1
	
	75
	
	
	 
	0.25
	0.25
	 
	 
	
	0.1
	10
	155
	155

	UCL
	20
	27
	1050
	
	2
	30
	8
	
	120
	0.50
	2.80
	1.60
	2.00
	0.5
	0.8
	1000
	1000
	1000

	Totals
	583
	408
	22534
	72
	46
	3578
	1452
	5
	50101
	13
	18
	36
	78
	16.8
	5.0
	 
	 
	 


Appendix 4

A Southern Tier-2 Computing Centre for HEP 

D. Bailey, N. Brook, D. Newbold†
University of Bristol

F. Harris, T. Huffman†, P. Jeffreys, I. McArthur

University of Oxford

D. Kelsey†, R. Middleton, G. Patrick

Particle Physics Department, RAL, CLRC

Over the past two years, the particle physics groups at the Universities of Bristol and Oxford, and at the Rutherford Appleton Laboratory, have each established a strong local programme of Grid-based computing in direct support of their experimental activities. In each case, the development of a high-performance local computing system has been accompanied by a leading involvement in UK, European and Worldwide Grid prototype projects. We now feel that there is a valuable opportunity to combine our expertise and resources to provide a prototype Southern Tier-2 computing centre for particle physics. The goals of the project are: to investigate the concept of a Tier-2 centre and define what role the centre should play in the UK; to increase the efficiency with which existing resources may be used; and to strengthen links with our core e-Science centres and other potential collaborators.

The establishment of a Tier-2 centre will offer important benefits to the experimental collaborations participating within GridPP, and to the project as a whole. Almost the entire range of current and future UK HEP experiments is represented within one or more of our groups, all of which will gain access to the Tier-2 resources. Highly experienced computing personnel are in post at each group, whose areas of expertise are in many cases complementary. The overall system management and operations manpower requirement will be reduced through close cooperation between sites, and through collaboration with local e-Science centres. The active collaborations that already exist between the three groups, for example through the LHCb Grid computing programme, will be enhanced by the provision of a dedicated regional test platform for distributed computing, and there will be new opportunities for collaboration between personnel associated with other experiments.

The proposed Tier-2 centre will be distributed in nature, consisting of hardware and manpower at our three sites. Computing resources will include both CPU power and high-performance disk storage. Redundancy amongst sites will ensure a high availability of resources. The operation of such a ‘virtual’ computer centre relies upon excellent wide-area network connections between sites, and it will therefore be vital to ensure that network performance continues to keep step with the evolution of the local resources. The centre will initially consist of existing or planned facilities at the three sites. In the run up to the LHC era, the scale of the centre will expand to match the increased requirements of the experiments; it is likely that the final scale will correspond to roughly a quarter of the processing and storage capacity of the UK Tier-1/A centre.

We estimate that roughly four FTE of effort will eventually be required to operate the centre, one FTE being a dedicated Tier-2 manager, with the remaining effort divided between system management and operations at the three sites. Some of this effort is already in place, with the remainder to be sought through GridPP and through collaboration with our local e-Science Centres. Wherever possible, we will develop system management tools and methods in cooperation with the Tier-1/A centre, building on the close collaboration between personnel at our institutes and the CLRC e-Science team.

At the University of Bristol, the particle physics group has recently benefited from JREI and JIF awards, and from industrial sponsorship. Along with PPARC and Departmental funding, th​​is has enabled the deployment of some 150 modern CPUs and around 5TB of high-performance disk storage. This facility has contributed at over 80% efficiency for the last year towards the simulation and analysis programmes of the BaBar, CMS and LHCb experiments. The group is shortly to benefit from an upgrade to the University network, which will provide a dedicated 622Mbit/s connection to JANET; this will prove invaluable in the operation of a distributed Tier-2 centre. It is planned to further expand these computing facilities, both through additional University and PPARC funding, and through more effective coupling to other large computing facilities within the University. Bristol personnel are heavily involved in both management and operational aspects of the UK HEP Grid. The group has been awarded two GridPP posts and two e-science studentships, and currently expends an additional 0.5FTE of system management effort on Grid-related activities. Alongside computing experts from the LHCb, CMS and BaBar collaborations, group personnel have already made essential contributions towards experimental data challenges and in the roll-out of the first EDG grid software, and their expertise will be essential in setting up the distributed Tier-2 centre.

Oxford University has been awarded two GridPP posts and an e-science studentship to grid-enable systems based on the GAUDI/GANGA framework for LHCb and ATLAS and a further GridPP post and studentship to make the CDF analysis system grid-aware. In addition, the University Division of Physical Sciences has authorized a new ATLAS Grid Lecturer for the group to be filled in the autumn of 2002. Oxford was awarded an e-Science Centre, which has successfully attracted industrial funds and partnership. Oxford has also benefited from a £500K JIF award in computing and an SRIF award to improve the University network. The Particle Physics group anticipates working very closely with the e-Science Centre and will look to them to provide the operations and hardware support required by Tier-2 facilities. The Grid project has also promoted closer ties with the Oxford computer science groups who now play an important role in supervising and training our grid personnel. By 2003 the Oxford group anticipates having 10TB of RAID disk, and between 20 and 30 CPU’s available for compute intensive work. The group expects to also receive a share of the centrally supported e-Science supercomputer, which has 300 CPUs and the associated support staff. Due to the presence of the e-Science centre in Oxford, a strong case can be made to the SRIF funds for a substantial increase in data processing and storage infrastructure. These proposals will be coordinated with the other members of the distributed Tier-2 centre.

Members of the Particle Physics Department at CLRC/RAL are active participants in GridPP across all areas of Grid computing. The department has been awarded 5 GridPP posts. The physicists in the department, just like those in the universities, will require access to a Tier-2 centre to enable them to contribute fully to physics analysis. The department has purchased a rack of 7 dual-processor systems plus a 1TB disk server, as an initial contribution to this project. This hardware will be upgraded as required by the ongoing PPD physics / Grid programme, and as funds allow; by the end of 2003, at least 50CPUs and 5TB of storage will be available. The RAL connection to the Thames Valley Network MAN has recently been upgraded to 2.5Gbit/s and there is a Gigabit backbone across site. A more important contribution than hardware, however, is the fact that experienced staff are willing and able to work on this project. This includes both system management effort from the PPD Computing Group, and experiment / application effort from, for example, LHCb who have already started exploring how potential Tier 2 centres integrate into the Grid. Other experiments in PPD, ATLAS, CMS and BaBar, will also participate in this project.

In summary, we feel that there is an excellent opportunity to combine the expertise and resources of our three groups, to provide a facility of both immediate and long-term benefit to UK particle physics. The proposed Tier-2 centre will directly assist a wide range of UK experimental collaborations in the achievement of their science goals. Moreover, it will provide a focus for future collaboration in the area of high-throughput Grid computing, and provide a valuable opportunity to share expertise, infrastructure and resources with the local e-Science centres, and potentially with other interested partners.

† Contact persons
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