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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 realities of bandwidth, data, and service hierarchies still motivate a multi-tiered approach and so the terms Tier-1, Tier-2 etc are still retained and it is expected that Tier-2 centres will play a very important role in the future LHC exploitation.

Technically, as far as resource brokers etc are concerned, there may be little distinction between a single resource at a Tier-2 centre or elsewhere, but overall different centres will be better suited to different tasks. In terms of the envisaged distributed data caching of ESD, AOD and TAG data it is clear that this more refined data should be as close as possible to the physicists performing their analysis. TAG data will reside primarily on the Tier-3 resources and the required streams of ESD and/or AOD data will reside at the Tier-2 centres. In order to fully perform the required physics analysis, input from LHC phenomenology groups will be essential and the ability to compare data to theory will make use of the same computing infrastructure. These centres will also be very important politically, financially and sociologically in providing ‘local’ resources and experience and providing a focus for leverage of external funds. 

In its original proposal, GridPP envisaged the UK would eventually 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 could be provided at a single UK Tier-1 Centre. At the time GridPP did not propose to build or operate Tier-2 Centres and no funding was provided for Tier-2 hardware or manpower in the original budget, due to the uncertainties/risks attached to an unknown “Grid” structure which was yet to be developed or tested for particle physics applications.

In the last 18 months GridPP has established that the Grid computing model will work at the required levels of functionality, as demonstrated elsewhere. GridPP now wishes to build upon this success and have access to Tier-2 Centres in the future and so we have been developing a plan, approved by the GridPP Oversight Committee, to enable us to include Tier-2 Centres in a large scale prototype test in the third year of the current GridPP project. In its third year, GridPP is providing four ‘seed corn’ half posts in the four Tier-2 Centres from our current budget. 
The significant hardware resources will be provided by the local university groups funded by JIF/JREI/SRIF etc. Up till now, most of these resources have been administered by existing local System Managers who have been under increasing strain due to the increasing complexity of desktop management, internet security problems and scaling of hardware interventions required as the size of systems increases. What start-up posts there were for this new equipment has mostly ended now. In fact CNAP noted a 13% increase in System Manager effort (10% for PPARC funded) between 2000 and 2002 while the number of ‘Farm’ CPUs increased by 376%, farm CPU power by 992% and disk space by 512%. Since then a number of System Manager posts have been lost due to recent cuts. Clearly such under-provision of system support is unsustainable in the long run. 

In this bid we wish to substantially extend this programme, reflecting the hardware which is available via this route and which we envisage being tied together by the existing middleware and future developments of it. We must fund the Tier-2 Centres adequately so that their substantial resources can be made available to GridPP and PPARC as a distributed computing facility, running a production service, across the UK up to and beyond LHC start up.

Rationale for Tier-2 Centres

What is a Tier-2 Centre?

The current ‘definition’ of Tier-1, Tier-2 etc, taken from the LCG RTAG 6 on Regional Centre Category and Service Definition, can be found in Appendix 1. A Tier-2 Centre is similar to a Tier-1 Centre, with Grid enabled computing and storage elements, possibly mass storage and sufficient network bandwidth but with a stronger emphasis on local user support and weaker short term crash response and longer term commitments. In the long term GridPP expects that the resources available to it from the sum of the four Tier-2 Centres will be approximately the same as that at the Tier-1 Centre, although in the shorter term they are much larger. The overall manpower requirements will be similar as the Tier-2 Centres might be more complex to operate but will offer less commitments.

Why does GridPP need Tier-2 Centres?

As shown below, there are already substantial resources available at the institutes funded by previous JREI, JIF and SRIF rounds, with more committed in the near future from SRIF2. In addition the formation of explicit Tier-2 Centres is likely to attract additional funding and sharing of resources with other disciplines. Integration of these facilities into the Grid so that they can be efficiently utilised by all UK particle physics experiments and theory, will substantially reduce the amount of new hardware that will have to be purchased directly through GridPP in order to fulfil the UK's commitment to lead Grid developments in response to the LHC computing challenge.

In addition we expect the Tier-2 Centres to be the major focus for local user support operations, dissemination and outreach activities. Each GridPP Tier-2 Centre is associated with at least one Core e-Science Centre and many Centres of Excellence, which we hope will mean continuing close collaboration between GridPP and the Core e-Science programme with efficient sharing of expertise and resources to the benefit of all.

Why does GridPP need 4 Tier-2 Centres?

Sixteen of the GridPP member Institutes are currently putting substantial effort into the construction of the LHC detectors and will be involved in the analysis of LHC data. In order to play a full role in this analysis and ensure a high scientific return from PPARC's investment in the LHC construction, all the institutes need to be tightly integrated into the UK Grid. Our strategy to ensure this is that every institute should be part of a Tier-2 Centre such that every institute benefits from the Grid and every institute, however small, can contribute its own resources to the Grid.

Given that the focus should be local, there are natural geographical groupings in and around Scotland, in the North and London plus a number of Institutes in the South, excluding London. The extremes would be one (Tier-1) or ~18 (separate Tier-3 institutes) and so four Tier-2 centres seem a natural choice that reflects local institutional alliances. If there were fewer Tier-2 centres they would be bigger and less locally focussed or they would preclude the potential leverage of resources from some institutes. If there were more they would be harder to manage and probably less efficient. Either way the total manpower requirements would probably be similar but differently distributed.

Overview of the 4 GridPP Tier-2 Centres

London

Brunel, Imperial College, QMUL, RHUL, UCL

The colleges of London University plus Brunel make a natural grouping from which to form a distributed Tier 2 Centre. Not only are they geographically close, they are well connected via the London Metropolitan Area Network. The benefits of working together and sharing resources were recognised before the 2001 SRIF round when each institution signed the Memorandum of Understanding (MoU) of the London e-Science Consortium. In which the partners agreed to “make resources obtained through the 2001 SRIF exercise available to each other and to collaborate on the development of new e-Science technologies”. Each of these institutions was subsequently allocated SRIF money to improving their research computing facilities. The HEP groups at these institutions are involved in a wide spectrum of experiments, all of which will, as far as is reasonable, be supported by the Tier 2 Centre.

The London e-Science Centre (LeSC) is the core e-Science Programme Regional Centre for London and is based at Imperial College. The LeSC, in collaboration with the Imperial College HEP group will play a central role in the operation of the London Tier 2. UCL has also been awarded e-Science centre of excellence status (in networked systems) and will play a key role in the e-Science network sector.

The main facilities in London are a 264 CPU Farm at LeSC funded by SRIF, CMS, BaBar and general CPU Farms in the Imperial College HEP Group funded by JREI and JIF, BaBar farms at Brunel, Imperial College, RHUL and QMUL and a CDF farm at UCL funded by JIF. All institutes have been awarded further funds in SRIF2 that will substantially increase these resources.
NorthGrid

CLRC Daresbury, Lancaster, Liverpool, Manchester, Sheffield

The Daresbury Laboratory and the university HEP groups in the North of England are already commissioning large-scale computing hardware for the Grid, with leading involvements in Grid prototype projects and the institutions are involved in all of the major Grid-client experiments except CMS. There is already close interworking between the groups, and well-developed lines of communication between the experts from the different sites. 

Manchester University hosts the North West e-Science Centre with which the Manchester HEP group has a close working relationship. Lancaster and Sheffield are Centres of Excellence in e-Science. Daresbury provides e-Science support through the CLRC e-Science Centre and is extremely active in network monitoring and in middleware development.

The main facilities in NorthGrid are a D0 Monte Carlo production centre at Lancaster, which includes a 26 TB tape store, the pioneering MAP computing farm at Liverpool, BaBar farms at Liverpool and Manchester, a CDF farm at Liverpool, a D0/ATLAS CPU farm at Manchester and a HEP cluster for ATLAS, ANTARES and UKDMC at Sheffield. In addition there are Grid testbed machines at all sites. These were mostly funded through JIF and JREI. These computing resources and associated infrastructure are being substantially upgraded with SRIF funds and future upgrades are being approved from SRIF2.

ScotGrid
Durham, Edinburgh, Glasgow

ScotGrid was funded as a prototype two-site Tier 2 Centre in Scotland for the analysis of data primarily from the ATLAS and LHCb experiments at the LHC and from other experiments. ScotGrid is being expanded to include the Institute for Particle Physics Phenomenology in Durham who are providing a 80 CPU cluster funded through JREI.

ScotGrid benefits from close collaboration with the National e-Science Centre and from a collaborative partnership with IBM.

The centre currently consists of a 128 CPU Monte Carlo production facility run by the Glasgow PPE group and a 5TB datastore and associated high-performance server run by Edinburgh PPE and Edinburgh Parallel Computing Centre. Edinburgh is currently upgrading its data storage capacity to 24TB and its server throughtput by a factor four. Glasgow is amalgamating CPU resources from Bioinformatics, CDF and ScotGrid to make them accessible via a single local scheduler and deployed the existing Edinburgh 5Tbyte of data storage plus server. 
SouthGrid
Birmingham, Bristol, Cambridge, Oxford, RAL PPD

The particle physics groups at the Universities of Birmingham, Bristol, Cambridge 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. The close links with the UK Tier-1 Centre at RAL that have been established are mirrored in the geographical proximity and ready network access to the Tier-1 resources.

The Cambridge HEP Group has uniquely close links with the Cambridge e-Science Centre, supplying its Director, while the RAL PPD Group is closely associated with the CLRC e-Science Centre. Bristol and Birmingham are e-Science Centres of Excellence. 

Currently the main resources are BaBar farms at Birmingham and Bristol, ATLAS and ALICE farms at Birmingham and a CDF farm at Oxford, plus Grid development clusters at all institutes.

Current Hardware

The existing hardware (as of 1 April 2003) in the four Tier-2 centres is given in the table below.
	Tier-2
	Number of CPUs
	Total CPU (KSI2000)
	Total Disk (TB)
	Total Tape (TB)

	London
	677
	335
	26
	8

	NorthGrid
	815
	263
	43
	28

	SouthGrid
	436
	229
	32
	8

	ScotGrid
	259
	126
	18
	20

	Total
	2187
	953
	118
	64


Some of the hardware is shared with other disciplines but currently the particle physics ‘share’ is 75% of the CPU and 88% of the disk space. The original cost of this equipment was over £4M. Most of this equipment is relatively new with the average KSI2000/CPU of 0.42 corresponding approximately to a 1GHz PIII. 
Some of this equipment was bought through JIF and JREI for use by specific experiments while some was for general use by all experiments at an institute. Taking account of these constraints, the overall nominal share per experiment is given in the table below.

	
	CPU
	Disk

	ALICE
	2%
	1%

	ATLAS
	18%
	14%

	CMS
	8%
	5%

	LHCb
	9%
	10%

	BaBar
	25%
	15%

	CDF
	13%
	42%

	D0
	10%
	5%

	Other
	15%
	9%


This shows that the current overall share per experiment is broadly in line with the UK participation in them and that sharing these resources on a Grid makes sense i.e. the largest CPU shares are the largest running experiment BaBar, and the largest future experiment in the UK, ATLAS. Almost half the disk space share was provided through the CDF JIF award.
Future Hardware

The Tier-2 Centres have provided information on the resources they expect to have in place in the future, in September 2004 and September 2007. The 2004 numbers are based on expectation from the current SRIF2 round which are relatively well defined in most institutes. The 2007 numbers are naturally somewhat more speculative but are based on extrapolation from past successes in attracting funding. The numbers are given in the table below.
September 2004

	Tier-2
	Number of CPUs
	Total CPU (KSI2000)
	Total Disk (TB)
	Total Tape (TB)

	London
	2454
	1996
	99
	20

	NorthGrid
	2718
	2801
	209
	332

	SouthGrid
	918
	930
	67
	8

	ScotGrid
	368
	318
	79
	0

	Total
	6458
	6045
	455
	360


September 2007
	Tier-2
	Number of CPUs
	Total CPU (KSI2000)
	Total Disk (TB)
	Total Tape (TB)

	London
	2800
	4286
	250
	20

	NorthGrid
	5392
	14111
	894
	1008

	SouthGrid
	1706
	3201
	265
	20

	ScotGrid
	833
	1263
	218
	0

	Total
	10731
	22861
	1627
	1048


It can be seen that a very large increase in resources is expected in the next year and that this is likely to continue throughout the period of GridPP2.
In order to assign a nominal value to these additional resources we have used the projected costs for the Tier-1 Centre and costed the proposed additional hardware between now and 2004 at 2004 prices and the additional hardware between 2004 and 2007 at 2006 prices. This gives £1.2M between now and 2004 and £2.0M between 2004 and 2007, a total of £3.2M or roughly £1M per year for the lifetime of GridPP2. It should be noted that the assumed dates used in these calculations make a huge difference due to the falling cost with time and the prices themselves are only estimates.

Although, in general GridPP is not funding hardware resources at the Tier-2 Centres, we propose to provide £200k of hardware in the first year of GridPP2 to fund equipment needed to give the Tier-2 Centres a common interface to the Tier-1 Centre
System Manager Support
Currently there are approximately 18.8 FTE of System Manager effort in the institutes, whose primary role is the support of local desktop systems and software for physics analysis. Of these approximately 6.6 FTE are working on ‘Grid’ support. As shown by CNAP the amount of system manager support has not kept pace with the increasing number of desktops in the community, let alone the increasing complexity of their support as maintenance contracts have almost disappeared. It is vital that the existing System Manager support is not burdened by the additional responsibility of maintaining Grid resources and operating a production Grid. 
System Support Requirements
We envisage that each centre will require a dedicated team of system managers to run the local facilities and that additional specialists will be distributed around the centres. Economies of scale will be achieved through the concentration of manpower resources into the four centres. 

Tier Centre Operations Manager

Each Tier-2 Centre will have a dedicated Tier Centre Operations Manager, responsible for the overall running of the distributed Tier-2 system, interacting with specialist staff at the institutes and with GridPP management through membership of the Production Grid Deployment Board (DB). These managers are not separately counted in the summary below but will be appointed from within the other staff.
Hardware Support

The hardware resources are distributed amongst the institutions involved in each Tier-2. Effective and efficient use requires system management support. As far as reasonable a co-ordinated hardware support structure will be put in place, with local System Managers being supported by both the existing System Mangers at the other institutes and an additional core system support. If the expected scale of hardware is to be supported with a realistic level of staffing then it is important that a high degree of co-ordination is maintained between the different sites. 

Even given this co-ordination we believe that at least 2 FTE per Tier-2 on average will be required, giving 8 FTEs for system support across the Tier-2s. On average, this only amounts to an additional 0.5 FTE per institute despite the many fold increase in the number of machines that will have to be managed.

The deployment of these staff will be such as to maximise their ability to provide the additional support required and it is expected that the support role provided by each of these additional people will extend beyond any individual institution. 

Core Services
The provision of core services is crucial to the existence of a Tier-2. While the services actually required at any time will be decided by the Tier-2s they are likely to include information services such as a hierarchical GIIS, user services such as Virtual Organisation management and accounting services to ensure that the sharing policies agreed between the Tier Centre and GridPP are being implemented. They may also include the provision of additional resource brokers etc as required. The provision of core services needs to be robust, but it will not be possible to provide 24x7 on call support. It will be important to mirror some of these services at more than one site. A further four people will be required to maintain these core services. These FTEs would most sensibly be shared between posts with other roles in the Centre, ensuring full coverage, and complement those at the Tier-1 Centre.
User Support

It will be the responsibility of all the support team to provide support to the users, however effective user support requires some structure. To this end a three level support system is proposed. 
· The first level will be a support mailing list to which it is expected that many of the computer literate physicists will subscribe as well as the entire support team (for whom membership is compulsory).

· There will be at least one person at each institute who has the role of support liaison between users and the whole support structure (Site Support Contact – SSC). The load on this post will of course be chaotic, and therefore substantially reduce their effectiveness for other tasks; the role would most naturally integrate with a hardware support post at an effective 0.5 FTE level. This person should be able to solve a significant fraction of user problems.

· The SSC will escalate problems to the full support team and where necessary open a problem report which will be closed by another member of the support team. It is ultimately the responsibility of the Tier Centre Manager to see that these reports are resolved.

Experimental Software Support

The role of the Tier 2 is to enable the physicists at the institutes to perform their science. All the computing and storage resources in the world will not provide this if the software infrastructure required by the experiments is not supported. It is agreed that, as far as reasonable, all experiments will be supported by all institutions. The level of support that is reasonable for each experiment will be decided between the Tier-2 and the experiment. Since each experiment’s software will be installed at several, if not all Tier Centres, this support is best organised by the experiments themselves and is not included in this bid.

Specialist Support

The following support roles are envisaged, spread across the Tier-2 Centres, where the expertise is most relevant or local expertise already exists.

Security officer

The Security Officer will advise on all aspects of security, authorisation and authentication. The Security Officer will liaise with the local Security Officers in the Computing Centres of the institutes and with those in the Core e-Science programme. Current expertise is centred on SouthGrid and NorthGrid. (1 FTE)

Resource Broking
We envisage a UK-wide Resource Broker (plus backups to avoid single point failure) able to distribute jobs within the UK to the Tier-1 and Tier-2 Centres. Current expertise is centred on London. (1 FTE).

Networking

Efficient networking and monitoring is vital to efficient operation of the UK Grid. Current expertise is centred in London and NorthGrid. (1 FTE)
Grid Data Management: 

The handling of large distributed datasets is one of the key issues for the Grid. Users must be given secure access to massive amounts of data stored at a number of remote sites. This access should be transparent such that the user will be able to perform data analysis, whilst replicating and moving data from one site to another at high speed where necessary.  Current expertise is centred on ScotGrid. (2FTE)

VO Management and Services

Each Tier will have to operate its own agreed access policies and services, and this will require services derived from the Virtual Organisation information and potentially new VOs to be created.  (1 FTE)
Summary of manpower requirements

	Role
	FTE

	Tier Centre Managers
	4 (Taken from those below)

	Hardware Support
	8

	Core Services
	4

	User Support
	2

	Specialist Support
	6

	Total
	20


Four of these posts are assumed to be already covered by the existing 6.4 FTE of System Manager effort working on the Grid at the Institutes. The remaining 2.4, mostly made up of fractions of an FTE can return to their traditional System Manager duties. We request the additional 16 posts from PPARC.

Algorithm for allocating future manpower

Tier-2 manpower allocations will be decided by GridPP based primarily on hardware committed to use by GridPP and physically in place or ordered on some agreed date (e.g. 1 June 2004). The allocations to institutes within the Tier-2 Centre itself will be up to the Tier Centre management though it must be clearly understood that all posts are to support the Tier Centre as a whole.

Timescales

The four posts, half funded from the current GridPP budget should be in post by September 2003. We would hope to decide the funding level for Tier-2 staff towards the end of 2003 so that posts can be allocated in June 2004 ready to start from September 2004.
Future management

Future management

Local Management Boards

Day to day management of the Tier-2 Centres will be left to the Centres themselves which will then report regularly to GridPP and the experiments. Each Centre is starting to plan its local management structure and these are summarised below.

London

The distributed Tier 2 Centre will need to define its operational goals (by taking input from its constituent communities) and then ensure that agreed goals are implemented in a timely and affective manner. These two objectives will be achieved through:
· Management and Policy Group (MPG): Responsible for setting and policy decisions and resolving any issues concerning fractional usage, acceptable usage policy etc. within the Tier-2. The MPG will be meet quarterly to review compliance and to decide policies for the future including constitutional issues such as groups joining and leaving the Tier-2. The MPG will also decide and review the location of posts funded by GridPP2. While the MPG will normally reach a consensus, in the event of a vote the weight given to each institute will be according to the amount of funding provided by that institute into the Tier 2.

· Technical and Support Group (TSG): Responsible for the technical co-ordination between the different institutes within the Tier-2 so as to enable the effective operation of the Tier-2 Centre as defined by the MPG. Their remit is to ensure sufficient support throughout the Tier-2 to resolve technical issues, provide user liaison training and support, etc. In particular the Chair of the TSG will be employed by the Tier-2 in a support role and as well as co-ordinating the support structure this person is ultimately responsible for the successful resolution of user generated problem reports. 

NorthGrid

NorthGrid proposes a management committee on which each institute has one voting representative and any external body that contributes more than 10% in cash terms to the project also has voting representation. The Chair will be elected by the committee. The Management committee will decide target shares for NorthGrid on a quarterly basis. The institute representatives will also liase with their site security management to ensure that a common access policy is implemented across NorthGrid; that policy will be formed taking into account all local constraints. Experiment-wide access policies will be respected to the extent that they are compatible with the NorthGrid access policy. The Management Board will also decide the allocation of manpower to the posts. This will, within the funding, reflect the direct contribution into NorthGrid when allocating GridPP-funded posts, modulo the quantisation of manpower. 

There will be a technical co-ordinator who will be an ex-officio member of the management committee, and work with a designated representative at each site to resolve technical issues. The co-ordinator will report on technical issues at each management meeting. The technical co-ordinator will be elected by the site technical representatives.

ScotGrid

The overall strategy and direction of ScotGrid will be managed by a ScotGrid Management Group (SMG) consisting of one leader from each institute, with additional representation, where appropriate. They will meet on a 3-monthly basis or, as required, in response to external issues. Policy decisions concerning target shares will be set here at the start of GridPP2 and changed according to UK-wide approval procedures. Actual use will be monitored directly from a web-based monitoring system, a prototype of which is already in place for two of the institutes. Acceptable local use policy will be determined by the SMG, with UK-wide Grid access given priority according to target shares.  The SMG will also determine the location of posts funded by GridPP2 with reference to local policies/priorities, taking account of external guidance and with inputs from each of the institutes.

To maintain an effective and efficient use of resources, a ScotGrid Technical Group (STG) will decide on technical matters and to ensure that there is sufficient support for the Tier-2. In particular the Chair of the STG will be somebody employed by the Tier-2 in a support role and as well co-ordinating the support structure, this person will be responsible for ensuring that technical best practice in carried out. The STG will be a team with at least one representative from each institute. The focus of the STG will be to insure the smooth running of a number of fundamental services provided from the centre (Data service, CPU service, Grid service and User service) i.e. to:
· Provide data and CPU service by integrating the hardware configurations at each institute to form a production Tier-2 Centre.
· Develop grid services based on the latest Grid releases to enable resources available from each of the institutes to be made available across the UK as part of GridPP-wide resources.
· Contribute to future grid deployment as part of a larger UK-wide grid support team, maintaining contacts with the GridPP testbed team and hence the wider UK particle physics user community emphasising the particular technical strengths of the ScotGrid team.
· Establish working relationships with the local system managers at each of the institutes to maintain a reliable Grid service.
· Refine local Web-based monitoring software to ensure that additional resources are seen to meet the requirements of the applications.
· Enhance technical links to other Grid projects as part of wider NeSC developments, in particular the integration of Bioinformatics and Astronomy resources.
SouthGrid

To oversee the implementation and operation of the Tier-2 centre, a top-level Steering Committee will have the following terms of reference:

· Ensure, through the Manager, whose appointment is ratified by the Committee, the delivery and operation of a functional Tier 2 Centre according to the specifications and timescales set by the agreement with the GridPP2 Project Management Board.

· Ensure, through the members of the Steering Committee, effective integration of the Southern Tier-2 Centre with the other Tier-2 and National Tier -1 Centres.

· Collect and specify requirements for the Centre.

· Define priorities.

· Define basic strategy to construct and operate the Southern Centre.

· Oversee GridPP e-Science and Grid activities within the area and ensure there is cohesion and cooperation, in particular with the e-Science Centres represented.

· Take management responsibility for the resources invested in the Southern Tier-2, both from PPARC and from the universities.

· Establish a Technical/Operations Committee and User Committee when needed.

· Liaise with the Technical/Operations Committee and receive regular reports.

· Liaise with the User Committee and receive regular reports.

· Liaise with the constituent experiment collaborations.

· Ensure effective dissemination within the area and to industry.

· Report through its manager to the GridPP2 Project Management Board and to the respective e-Science Centres and to particle physics departments.

· Membership will be consist of representatives of the particle physics groups and e-Science Centres of the constituent institutions.

· Meet once every 3 months, and conduct periodic progress reviews.

Reporting

All Tier Centres should have open accounting policies whereby current and accumulated usage statistics are easily available via the Web, broken down where appropriate by experiment. Trial systems based on Ganglia are already starting to be deployed at some centres.
GridPP will also ask for Quarterly Reports which will be incorporated into the GridPP Project Map for scrutiny by the GridPP Oversight Committee and other interested bodies (such as the GridPP Collaboration Board).
Risks

Short term risks
· Continued lack of System Manager support due to under funding of GridPP2.

· Agreed policies on shares not adhered to by Tier Centres.

Long term risks

· Funding for hardware from non PPARC sources dries up.

· Lack of continued support from PPARC for system management beyond 2007.

Long Term Strategy

It is envisaged that the prototype Grid being constructed today will evolve to a production Grid for the analysis of LHC data by 2007. Regional Tier-2 Centres will be an integral part of this Grid by LHC start up. Since data from the LHC will accumulate for many years beyond 2007, the Tier-2 Centres will need to be supported throughout the LHC exploitation phase, although the balance between centres may change over time and will need to be reviewed periodically. The baseline assumption would be that the amount of hardware be maintained in constant cash terms, hence increasing the computing power and storage available through Moore's Law gains in order to be able to cope with the accumulating amount of data. The system management effort would be constant in staff numbers but the cost would increase through inflation. It would be expected that PPARC would continue to fund all the manpower costs from the LHC exploitation line beyond 2007. In addition it would be prudent for PPARC to set aside some allocation for hardware cost as continued investment at this level from non-PPARC sources cannot be guaranteed. We would recommend £1M for continued Tier-2 staff costs and £0.75M for continued Tier-2 hardware per annum.
Summary of Tier-2 bid

In order to support physics analysis at all UK experimental particle physics Institutes and to maximise the non-PPARC funded computing equipment available to the UK particle physics Grid, we request support for 16 FTE of manpower to operate the four UK Tier-2 Centres. The cost over 3 years will be £2.8M. This will enable the massive investments by the universities in e-Science infrastructure to be fully utilised as Tier-2 Centres on the UK Grid.

Appendix 1 Tier Centre Definitions

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 Draft MoU between Grid PP and Tier-2 Centre
GridPP Tier-2 Centre Memorandum of Understanding

The Tier-2 Centres will provide computing and storage resources to GridPP, available via the Grid for use by all particle physics experiments and others as agreed between GridPP and the centres. In return GridPP will provide dedicated manpower to help operate these centres.

The Tier-2 Centre must provide:

1. A declaration of the Centre's overall capacity and a statement of the “Target Share” fraction available to particle physics experiments.

2. A declaration of the Centre's policy with respect to "Target Shares" by experiment.

These must be fixed in the planning stage of GridPP2 and should not be changed during the production phase of GridPP2 except by agreement with the GridPP Operations Manager. (S)he will raise this with the Operations Board where this results in a significant change to the capacity of the Grid during a given 3-month period.

3. A named "Tier-2 Operations Manager" who will be primarily responsible for reporting to/from the GridPP Operations Manager and who will:

(a) monitor/collate information from the constituent sites;

(b) report to the GridPP Operations Manager on a 3-monthly basis with summaries of technical monitoring information and issues arising in the operation of the Centre.

4. A 3-monthly out-turn on regional resource usage.

GridPP/PPARC will provide:

1. Project Management Board liaison with the Regional Centre when issues arise outside particle physics which impact upon the resources available.

2. System management resources to manage the hardware systems in place at the centres and monitor resource usage.

3. A named GridPP Operations Manager who will be primarily responsible for reporting to/from the GridPP Project Leader and who will:

(a) monitor/collate information from the constituent sites;

(b) report to the GridPP Project Leader on a 3-monthly basis with summaries of technical monitoring information and issues arising in the operation of the Centres.

4. A 3-monthly out-turn on overall UK resource usage.

Appendix 3 Further Details of the Tier-2 Centres

London

The colleges of London University plus Brunel make a natural grouping from which to form a distributed Tier-2 Centre. Not only are they geographically close, they are well connected via the London Metropolitan Area Network. The benefits of working together and sharing resources were recognised before the 2001 SRIF round when each institution signed the Memorandum of Understanding (MoU) of the London e-Science Consortium. In which the partners agreed to “make resources obtained through the 2001 SRIF exercise available to each other and to collaborate on the development of new e-science technologies”. Each of these institutions subsequently allocated SRIF money to improving their research computing facilities. The HEP groups at these institutions are involved in a wide spectrum of experiments, all of which will, as far as is reasonable, be supported by the Tier 2 Centre.

The London e-Science Centre (LeSC) is the core e-Science Programme regional centre for London and is based at Imperial College. The LeSC, in collaboration with the Imperial College HEP group will play a central role in the operation of the London Tier 2. UCL has also been awarded e-Science centre of excellence status (in networked systems) and will play a key role in e-Science network sector.

Brunel were one of the founder members of the London e-Science Consortium and are members of CMS, BaBar  and MICE. A significant computing resource is currently under construction with a combination of SRIF1 and HEFCE funds. This will provide 64 dual-processor hyperthreading Xeon nodes plus a 1TB SCSI disk array. PPARC rolling programme grant funds are providing an additional 2TB of IDE disk store. Currently the Grid interface is being tested using a dedicated cluster with eight worker nodes being commissioned. Brunel HEP and distributed computing expertise is being used to integrate the Brunel resources into the distributed London Tier-2 centre. The intention is to provide a further 128 dual-processor nodes, making 192 in total, to enhance the performance of the Brunel cluster. This additional resource has University approval for SRIF2 funding and HEP will receive a considerable share of these resources. 

The Imperial College part of the Tier 2 Centre will be a collaboration between the LeSC and the HEP group. Both groups are very active in Grid computing and have collaborated since the start of the e-Science programmes. Both groups have in the past benefited from JREI and JIF as well as the 2001 SRIF funding. Imperial College allocated £3M to e-Science from the 2001 SRIF spending, of this ~£1M is being spent on networking and buildings and ~£2M on equipment which will be provide resources mainly for HEP and two other user communities. This equipment is being purchased in a rolling programme to ensure maximum utility and value for money. The first machines arrived in September 2002 and since then have been used to generate Monte Carlo simulated data for D0, CMS, LHCb, UKDMC and MICE (generating well over 2.5TB of data for D0 alone). The HEP group and LeSC will be part of a consortium bidding for further resources in the next round.

The QMUL HEP group plays a lead role within the e-Science SRIF project at QMUL. This project received £1.2M of SRIF funds to provide infrastructure, including a modern high capacity machine room, high speed networking as well as clusters of commodity computers. The machine room is nearly complete and a 16 CPU cluster is currently being prototyping and the necessary software infrastructure set up to facilitate easy upgrades and management. The aim is to provide an interface to the existing DataGrid gateway as well as well as providing a more general purpose web-service based portal. The intention is to expand the prototype to about 70 CPUs and 2TB of disk storage for Spring 2003 and anticipate having 200-300 CPUs and a commensurate amount of storage available by Sspring 2004. In addition there is an existing 80 CPU farm which is mostly used for BaBar simulations. A recent further award of £630k from SRIF2 will further enhance these facilities.
RHUL has benefited from JREI, JIF and SRIF awards in the last few years. They are operating a farm of 80 CPUs and 0.5 TB file server which is heavily used for official BaBar simulation and local data analysis jobs. They are in the process of procuring equipment with their part of the London e-science SRIF award and are currently using a small test bed to prototype the SRIF facility and get experience with Grid software which is also used for local ATLAS simulation and analysis. They expect to build a facility with around 100 CPU and a few TB of disk storage. 

The UCL part of the Tier-2 centre will be provided as part of the College wide e-Science Centre. UCL has over the last year formed a Grid executive and users board which oversees the deployment of the £1M SRIF-1 funding. UCL is also an e-Science Center of Excellence (CoE) in networked systems, recognising the existing strong collaboration between HEP, Computer Science, Electrical Engineering and the college Education and Information Systems division. Through the UCL e-Science Centre & CoE they are purchasing and installing a ~200 node Grid compute cluster with a significant amount of network attached storage. This will become part of the UK level-2 e-Science Grid as well as part of theEDG production Grid. It will benefit from direct Gbit/s network connections to the peering point with the London MAN. This facility will form the core of the existing resources, part of which can be offered as part of a Tier-2 centre. In addition UCL also 

· Have a 5-CPU Beowulf cluster running Globus 2 and 3 within Computer Science.

· Have a pilot EDGidPP testbed node in HEP.

· Will soon be commissioning a SGI Onyx2 visualisation supercomputer and

· Are constructing a Virtual Reality-plus-AG suite in Chemistry.

· Have an access Grid node under construction.

In terms of SRIF-2, they are preparing a bid for substantial sum to augment the Centre facilities by at least a factor of 2-3 as demand dictates. 
NorthGrid

The Daresbury Laboratory and the university HEP groups in the North of England are already commissioning large-scale computing hardware for the Grid, with leading involvements in Grid prototype projects. These successful developments have led to the belief that the North would be well served if these individual facilities were combined into a distributed Tier-2 facility for particle physics, linking existing machines and personnel. It is proposed to call this NorthGrid. It will serve the HEP groups in the region by efficient exploitation of existing and future resources, and could be the basis for a PetaGrid that will serve the wider community in the North.

The institutions in NorthGrid are involved in all of the major Grid-client experiments except CMS. In particular, all of the groups are in ATLAS, and will be participating the in the Grid-based Data Challenges. Lancaster, Liverpool and Manchester are involved in Tevatron experiments. Manchester and Liverpool are in BaBar and are responsible for much of the BaBar Grid activity. There is already close interworking between the groups, and well-developed lines of communication between the experts from the different sites. The region includes a regional e-Science centre, the e-Business centre, two e-Science Centres of Excellence and one arm of the CLRC e-Science centre; the establishment of a Tier-2 organisation will enable existing ties with these agencies to be developed and strengthened.

Daresbury is a centre for high performance computing (both COTS and purpose-built) and networking. It recently took delivery of the HPCX facility, an AIX system with 1028 IBM Regatta boxes, 20 Tbytes disk and 30 Tbytes tape. This is the 9th most powerful computing facility in the world, and will be expanded over the next four years. Although intended particularly for close-coupled problems, it is available for particle physics farm-like activities. Daresbury also provides e-Science support through the CLRC e-Science centre (employing six people), and is extremely active in network monitoring and in middleware development. It will shortly share a 10Gbit/s network connection to JANET via Lancaster. 

Lancaster is a centre for the Grid-enabling of the D0 Monte Carlo production system and of the SAM system for D0 and CDF. This has already achieved success, with worldwide SAMGrid production demonstrated at SC02. It provides management effort for D0 and for ATLAS computing and Grid activities, and for the ATLAS UK Data Challenges. It has a 200 CPU Computing Farm, with considerable disk space, initially intended for D0 work. This will be upgraded in two stages to allow full exploitation of the facility with minimal interruption for the D0 work, and to allow testing of SAM/JIM software and EDG tools simultaneously. The tape store can currently hold 26TB, and could be expanded beyond a Petabyte; this needs support effort and money now the JREI funding is at an end. The first expansion phase will increase the disk storage and add approximately 40 high-CPU and memory nodes. The second, SRIF2 funded and approved by the University, will double the number of CPUs (increasing the CPU power between five and six fold) and dramatically increase the disk and tape storage. Lancaster is upgrading to a dual 10Gbit/s connection to SJ4, and has high potential bandwidth to Daresbury (and potentially other sites in the North West) through commercially negotiated fibre connections. Lancaster has one dedicated GridPP post, working on the SAMGrid integration; its focus has been serving the experimental needs (particularly for the Data Challenges) and working on the ATLAS and D0 experiment applications. Lancaster was recently declared to be a Centre of Excellence in e-Science by the core programme, with three HEP academics as investigators on the grant.

Liverpool pioneered the COTS computing farm concept with the 300 CPU Monte Carlo Array Processor (MAP).  MAP2 is now being constructed with SRIF funds as part of ULGRID. This will be a ~1200KSI200 facility, with 120Gbyte local disks for each worker ready in June 2003. Liverpool also has a farm of 80 CPUs for BaBar and an 8 CPU IBM Xeon machine together with a new 10 node dual CPU DELL system for CDF, and an EDG test cluster of 6 machines. The campus is well networked, with 4x155Mbit/s connections to the JANET hub. Liverpool is active on BaBar, ATLAS, CDF and LHCb, and the facilities are used by all experiments as part of their Monte Carlo productions and Data Challenges. It is a Centre of Expertise in large fabrics and distributed computing. 

Manchester is on ATLAS, D0 and BaBar, and is using Grid computing in all three experiments. It also acts as a distribution point for Grid software, and provides vital help on installation and deployment to the region and the country.  It has a farm of 80 CPUs for BaBar, a small Grid test bed of six machines, and a farm of 60 CPUs for D0/ATLAS use. These are linked so that it is possible to submit to the two experiment farms using the test bed as a Grid interface. Manchester hosts the VO servers for BaBar and GridPP, and also the GridPP website. All facilities have Gigabit to 100Mbit switches and there is a dedicated Gbit connection to the campus network and to the JANET backbone. Manchester contributes in many ways to the Grid middleware, notably in the areas of networking and security. The HEP group has a close working relationship with the Manchester regional e-Science centre, ESNW. They are currently negotiating with the University for a significant injection of resources for local e-Science infrastructure including e-Science laboratory refurbishment, network connectivity to ESNW giving 10Gbps fibre and drivers, and computing power and storage proposed as a University resource managed by ESNW, a total of £1057.5k. In addition  ESNW are asking for £2.5m to give themselves a real facility and footprint. The HEP Group offer themselves to the University as the pioneers and role model for the University's future e-Science infrastructure, i.e. the hub and first major spoke of a future University wide network/Grid sitting on the national highway.
Sheffield have a HEP Grid cluster of 20 CPUs used by ATLAS, ANTARES and UKDMC and they are expanding this to 50 nodes using rolling grant money. At present, the Grid interface is being tested using a further dedicated three-machine cluster. They also have a 4Tbyte tape robot and a 1 TB disk array. Sheffield also provides access to the distributed White Rose Computing Grid facility with machines funded by SRIF and RDA funds. This includes a 256-processor Linux cluster at Leeds and high performance shared memory machines at Sheffield, York and Leeds, all potentially available for Grid submission of HEP jobs. Sheffield HEP expertise is being used in the Grid integration of White Rose. There will be a SRIF-funded Gigabit upgrade to the campus network and it is hoped to raise the JANET connectivity from 155Mbit/s to 1Gbit/s. Sheffield HEP is leading the creation of a 550 CPU interdisciplinary White Rose Grid facility to be based at Sheffield. This has University approval for SRIF2 funding and HEP will receive a considerable share of the resources. 

In summary, it is felt that the formation of a NorthGrid Tier-2 Centre from the existing facilities is the sensible and inevitable path forward, providing a really useful resource for HEP. Beyond this, it is hoped that it will also provide the basis an interdisciplinary facility for the North, allowing the PPARC developments to be disseminated to and recognised by a wider community. NorthGrid is supported by existing experimental collaborations, and will help fill in the gaps in resources that presently limit the exploitation of the equipment and expertise already existing in the groups.

ScotGrid

The ScotGRID project was approved for £800k in Dec 2000 for 3 years with the goal and focus to developing a distributed prototype Tier-2 Centre in Scotland for the analysis of data primarily from the ATLAS and LHCb experiments at the Large Hadron Collider and from other experiments, and the first steps towards an interdisciplinary Grid. This required the Centre to provide the following services to the wider Grid domain: 

· Technical service based for the Grid (GIIS, VO services…)

· Data service to handle samples of data towards Analysis

· Significant CPU service production capability

· Excellent network service connection to RAL plus regional sites

· Support Grid service development at CERN and RAL

· Support core software development within LHCb and ATLAS 

· Support User service applications in other scientific areas

This enabled it to address the questions:

· Is the Grid viable solution for LHC computing challenge?
· Can a distributed Tier-2 centre be setup and operate effectively?
· What is the optimal network topology between Edinburgh, Glasgow, RAL & CERN?
The centre initially consisted of a 128CPU Monte Carlo production facility run by the Glasgow PPE group and a 5TB datastore and associated high-performance server run by Edinburgh PPE and Edinburgh Parallel Computing Centre. A collaborative partnership with IBM has been formed to study the optimal configuration of the Monte Carlo production farm and the database server.
ScotGrid has now expanded to include the Institute for Particle Physics Phenomenology in Durham who are providing a £150k 80CPU 2GHz Pentium 4 cluster (funded through JREI). Edinburgh is currently upgrading its data storage capacity to 24TB and its server throughput by a factor four. Glasgow is amalgamating CPU resources from Bioinformatics, CDF and ScotGrid to make them accessible via a single local scheduler and redeploying the existing Edinburgh 5TB of data storage plus server. Significant investment has been made through SRIF1 and SRIF2 to support this activity at Glasgow. The Institute for Gravitational Research at Glasgow is planning to utilise Grid computing and has discussed sharing their existing CPU farm with ScotGrid. This builds upon substantial experience building and managing large data servers within the Glasgow Particle Physics Experiment Group.

In Durham, there are natural links between ScotGrid/IPPP and the Institute for Computational Cosmology who are active in Cosmogrid and the Virtual Observatory since both are based in the Ogden Centre for Fundamental Physics. The University of Durham has invested a significant fraction of its SRIF-1 money on a new building for an e-Science Centre to be completed in August 2003.  The Durham e-Science Centre will promote close co-operation between ScotGrid, Computer Science academics and other computational scientists. As a sign of the commitment to these developments, Durham University plans to create new academic posts in e-Science. The first of these will be jointly with Physics.

The ScotGrid group is focussing on three areas of research and development: 

· HEP Applications: During the construction phase of the LHC experiments the detector performance needs to be understood and trigger strategies need to be devised to select interesting events. This will require large-scale Monte Carlo simulations known as ‘Data Challenges’, which ScotGrid contributes to as part of the World-wide Grid development. From the pie chart below it can be seen what has been delivered to various applications. In addition, ScotGrid will focus on the development of the phenomenological tools necessary to interpret the events produced by the LHC via PhenoGrid.
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· Grid Data Management: The handling of large distributed datasets is one of the key issues for the Grid. Users must be given secure access to massive amounts of data stored at a number of remote sites. This access should be transparent such that the user will be able to perform data analysis, whilst replicating and moving data from one site to another at high speed where necessary.  Middleware developments are being pursued within the EU DataGrid project where Glasgow has the key position of Deputy Manager for the Grid Data Management Work Package and the Grid Data Management member of the Integration Team. Also US-based work on SAM at Fermilab is being co-led for the CDF experiment's Data Handling Group. Edinburgh is adopting Grid middleware for the BaBar experiment, enabling users to extract selected deep copies of event collections and shipping them to the requested site using the facilities offered by the existing Grid infrastructure. 

· Network Monitoring: The Grid will depend upon a reliable and predictable networking service with good bandwidth between sites. Monitoring techniques will be required reflecting differing qualities of service in the networks; this will involve instrumentation of user applications, studying network flows and other network statistics. 

In 2001 five founding departments, including EPCC and Physics & Astronomy at Edinburgh and Glasgow, came together to bid for, and won, the National e-Science Centre (NeSC). Today as a formal joint project between the two Universities, NeSC is the focus for the UK’s activity in e-Science training and middleware development. It is closely linked to the two key PPARC Grid projects with the: AstroGrid PI at Edinburgh and the GridPP Project Leader at Glasgow. NeSC will support this activity through workshops, training and research support – already NeSC has funded a new Research Leader linked to AstroGrid and is considering a similar appointment in HEP next year.

The University of Edinburgh also is lead contractor for the HPCx project and, through EPCC, provides facilities, management, user and applications support. That expertise will continue to be made available to the ScotGrid project. 

SouthGrid

The particle physics groups at the Universities of Birmingham, Bristol, Cambridge 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. Each of the participating institutes holds Core e-science Centre or Centre of Excellence status. It is felt that there is a valuable opportunity to combine expertise and resources to provide a prototype Southern Tier-2 computing centre for particle physics. The initial goals of the collaboration 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 for physics goals; to strengthen links with the e-Science centres and other potential collaborators; and to provide a focus for future investment.

e-Science research and development within the Southern collaboration includes HEP applications, operational strategy, and middleware development. In the HEP applications area, group members are highly active within the software and computing projects of their experiments, in several cases taking a leading role in defining and managing the Grid strategy of those projects. The Southern institutes are active in almost the entire range of current and future UK HEP experiments, all of which will gain access to the resources and expertise associated with the Tier-2 centre. In particular, there is a great deal of operational expertise, resulting from the responsibilities for the UK data processing or data challenges of several large experiments. The close links with the UK Tier-1 centre at RAL that have been established are mirrored in the geographical proximity and ready network access to the Tier-1 resources. The operational expertise includes issues surrounding Grid security and resource deployment and management. In the middleware area, there is particular expertise in monitoring and information systems, both of vital importance to an operational Grid system.

The proposed Tier-2 centre will be distributed in nature, consisting of hardware and manpower at the five 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 five 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.

The University of Birmingham particle physics group has been successful in obtaining three PC clusters in recent years from JREI and JIF funds. These are dedicated for use in the current and future experiments and together correspond to over 190 CPUs and over 5TB of RAID disk storage. The existing PC farms have already been used to contribute significantly to BaBar and ALICE Monte Carlo production and the new ATLAS farm has been used in data challenges and for specialized trigger simulation studies for the experiment. It is planned to further expand these facilities by using funds from other sources and by collaborating with other PPARC and computer science groups at the University, which has recently been awarded e-Science Centre of Excellence status. In 2003 the group will benefit from an upgrade to the interface between the University and MidMan and the cross-campus network to 1Gbit/s. Several members of the group have great experience and have developed significant expertise in producing and running Monte Carlo simulation production for major experiments and these staff have been closely involved in the early testing of prototype grid tools. Birmingham have been awarded an additional GridPP post to grid-enable the ATLAS Monte Carlo production making use of the prototype GANGA tools when these are available. Their System Manager makes a significant contribution to the successful running of the PC farms and the installation of Grid software. The staff continue to make important contributions to the Monte Carlo production and data challenges of several experiments, and they will be invaluable in the successful exploitation of the Tier-2 centre.

The University of Bristol has recently been recognised as an e-Science Centre of Excellence. The particle physics group has benefited from JREI and JIF awards, and from industrial sponsorship. This has enabled the deployment of some 150 modern CPUs and around 5TB of high-performance disk storage. This facility has contributed at high efficiency towards the simulation and analysis programmes of the BaBar, CMS and LHCb experiments. The group possesses a dedicated 622Mbit/s connection to the local MAN, and thence to the national network. 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 three e-Science studentships. Alongside computing experts from the LHCb, CMS and BaBar collaborations, group personnel play a leading role in experimental data challenges and in the ongoing roll-out of EDG and LCG testbeds, and their expertise will be essential in setting up the distributed Tier-2 centre.

The Cambridge HEP Group has uniquely close links with the Cambridge e-Science Centre, supplying its Director, and holding weekly joint meetings. The group hosts two GridPP posts, one working on the GANGA framework for both ATLAS and LHCb, and the other being responsible for the UK contribution to the ATLAS Data Challenges, running the production jobs on the RAL CSF and on the EDG. In addition, the group hosts a PPARC e-Science student, jointly supervised with the Cambridge Computer Laboratory, working on multicast tools for managing data and communications for virtual organisations. A PPARC Fellow is working in the interface between physics applications and the Grid. The e-Science Centre funds 1.5 FTE within the HEP group, working on Grid system management and applications deployment. The group also has close links with the Herwig developers, one of the major HEP theory applications, and has developed tools to compute large numbers of Feynman graphs using a grid-enabled version of MADGRAPH. This work will continue in the context of the PhenoGrid proposal. As a consequence of its links with active physicists, CeSC has a focus on applications rather than middleware, and has extensive experience with deploying scientific applications, and setting up collaborative environments in its projects. There are now seven active projects, with industrial partners including Microsoft Research, and Sun. CeSC also has close links with Astrogrid and has developed a joint spin-off proposal, currently under consideration by the MRC. The Cambridge Grid team has access to the HEP local resources, including a linux farm with 20 CPUs and 3 Tb of RAID store, and the CeSC 32 CPU linux farm, which is a component of the UK e-Science Grid. It also has priority access to the £6.5M SRIF-funded Cambridge-Cranfield-HPCF. The University has invested SRIF1 funds to upgrade the networking to all local sites with e-Science projects to a minimum of 1Gb/s and an application has been submitted to SRIF2 to purchase a 1000 CPU campus Grid.

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, a new University Lecturer has been recently appointed and will start on 2 June 2003 to work in the area of Grid and ATLAS. As well as contributing in the applications area (GANGA and the LCG POOL project), Oxford staff have gained considerable experience in MC production (LHCb-DIRAC) and in EDG test-bed configuration.  The group has established excellent links with the Grid activities at CERN, and one of the Oxford staff has been appointed to the role of EDG-WP8 coordinator. One of the e-Science students has industrial experience in software testing and has been discussing with LCG staff the possibility of researching in the area of Grid site testing and certification which would tie in well with the development of Tier-2 services. The University was also awarded an e-Science Centre which has successfully attracted industrial partnership and funds; the Centre supports a supercomputer of 300 CPU's, of which the Particle Physics group expects to receive a share. Moreover, Oxford has benefited from a £500K JIF award in computing and an SRIF award to improve the University network. The Particle Physics group is working very closely with the e-Science Centre and expects to base the operations and hardware support required by Tier-2 facilities there. The Grid project has promoted closer ties with the Oxford computer science groups who now play an important role in supervising and training Grid personnel. By 2003 the Oxford group anticipates having 10TB of RAID disk, and 40 CPU's available for computing-intensive work.  The university has agreed to the proposals of the new professor who will arrive in late 2003 to increase significantly Oxford's involvement in the Grid and e-Science by the appointment of an additional lecturer, in the near future, to work particularly in the area of interfacing particle physics Grid work with other activity in the university and to other departments, other universities, and to industry.  This new initiative will be supported by the appointment of a university-supported research associate for three years to work wholly in this area. The university has also approved additional resources to support the new professor, some of which will be used to extend the Particle Physics cluster by a further 128 CPU's and 6TB of RAID disk.  Due to the presence of the e-Science Centre in Oxford, a strong case can be made for substantial further increases 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, it is felt that there is an excellent opportunity to combine the expertise and resources of the five 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.
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