Tier-1 Planning

This document refers to the Tier1Plan26 spreadsheet (March 30th 2005).

1. Tier-1 Capacity
In order to match the current hardware purchase cycle, the Disk/CPU/Tape capacity of the Tier-1 facility is estimated annually on September 2nd. Disk and Tape typically purchased in March/April is available by September.
1.1  Inputs

The capacity is based on actual purchases between March-2002 and February-2005 and planned purchases in the future. The funding assumed is:

GridPP1: £2,360,000

GridPP2: £2,550,000 (the original £2,400,000 plus an additional £150,000 released from the GridPP1 project)

Beyond GridPP: It is assumed that the core programme funds an additional £500,000 in 2007 and £1,000,000 in each of 2008 and 2009.
The only legacy hardware included is approximately 64Tb of tape (375 tapes).

The split between Disk and CPU has been adjusted to match, as far as possible, the user requests. The fraction of resources directed towards providing Tape is historic and has not been optimised.
The future costs of Disk and CPU have been calculated assuming a Moore’s Law like reduction in cost and are based on an assessment of the current costs in February 2005 and the recent price trends. The assumptions used are significantly more pessimistic than those used in earlier versions of the planning (see the ‘CapacitySummary’ and ‘FuturePrices’ worksheets for details).

The effective lifetime of Disk and CPU is around 4 years (see ‘CapacitySummary’ worksheet for the detailed assumptions).  It is assumed that Disk takes 5 months to install, CPU 3 months, and Tape 1 month from Tender date.
1.2  Output

The estimated Tier-1 capacity is shown in Table-1:
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Table-1: Estimated Tier-1 Capacity
2. Resource Requests

It should be noted that the amount of hardware requested does not influence the amount of hardware allocated. The request is used for two things:

1) It determines the split between Disk/CPU/Tape both in the purchase and allocation procedures.

2) It is used to estimate the shortfall in hardware.
2.1  LHC Experiments

The resource requests for the LHC experiments are based on the Global Tier-1 requirements compiled by J. Shiers and presented to the LCG Phase-2 planning meeting (http://agenda.cern.ch/askArchive.php?base=agenda&categ=a05146&id=a05146s0t8/moreinfo)
in March 2005. The UK Tier-1 request was calculated as follows:
ATLAS-UK requests 12.5% of the global totals on the basis that the UK collaboration represents this percentage of the collaborators from countries that will provide Tier-1 resources. This effectively does not share the cost of providing the Global Tier-1 with countries not hosting a Tier-1. This should be considered in any MOU. The ATLAS-UK fraction of M&O authors is 8%.
CMS-UK requests 1/12th (8.3%) of the Global Tier-1 requirements based on the argument that there will be six non-CERN CMS Tier-1 facilities and the minimum viable size for at Tier-1 is 50% of the average size. This should be a strategic decision in the UK and the actual size of the UK collaboration should be factored into any MOU. The CMS-UK fraction of M&O authors is 4%.
LHCb-UK requests 16.7% of the Global Tier-1 requirements based on the argument that there will be six non-CERN LHCb Tier-1 facilities. The match between this fraction and the size of the UK collaboration should be considered in any MOU. The LHCb-UK fraction of M&O authors is 13%.
ALICE-UK is a very small collaboration (around 4-5 people) or about 1% of the M&O authors. For planning purposes it has been assumed that  a reasonable request is therefore 1% of the Global requirements. It is not practical to consider providing a full ALICE Tier-1 facility in the UK in the same sense as for the other experiments.
2.2  Non-LHC Experiments

BaBar: The BaBar request is defined by the current BaBar international MOU. The numbers were taken from the bottom of P3 of the following reference:
http://www.gridpp.ac.uk/pmb/docs/PMB-38-MoUs-1.0.doc

CDF: The request was based on the numbers in the GridPP2 proposal (2003) and is probably out of date.

D0: The request was based on the numbers in the GridPP2 proposal (2003) and is probably out of date.

H1: The request was updated in March-2005.

Linear Collider: There is currently no request for resources from the Linear Collider community. If such a request is made, the current estimates of the future allocation to other experiments will be reduced. The Linear Collider community is predicted to be of comparable size to UK LHCb collaboration in 2006-2009.
MICE: A request is assumed consistent with the small number (~2) of UK positions shown in the Form-X planning. 
MINOS: A request is assumed consistent with the number (~10) of UK positions shown in the Form-X planning.

NEUTRINO: All other neutrino-related projects are lumped together under this heading. There is currently no request for resources from this community. If such a request is made, the current estimates of the future allocation to other experiments will be reduced. The Neutrino community is predicted to be of comparable size to UK CMS collaboration in 2006 (after that it depends on the continuation of  factory RA posts).
SNO: The request was updated in March-2005.

UKDMC: There is currently no request.

ZEUS: A small request for CPU is assumed based on their current request.
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Table-2: Resource Requests in Tb (Disk and Tape) and kSI2k (CPU)
3. Allocation of Resources
3.1  Principle
The starting point for the allocation is “an equal share per UK physicist.” However, it is also assumed that the resulting distribution of resource may need to be modified to (a) meet strategic goals of the UK community and (b) to optimise the effectiveness of international MOUs.
3.2  Inputs
Information from the PPARC Form-X for each institute was used to determine the sizes of the experimental collaborations in the UK. This is summarised in Table-3.
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Table-3: Size of UK collaborations based on Form-X and other inputs.
In addition to the Form-X information, the numbers for 2005-2007 include the non-GridPP e-science posts for the LHC experiments, and the LC-ABD posts for the Linear Collider. The numbers for 2004-2006 include the Neutrino Factory RA posts. Nevertheless, without these additions, the Form-X information still shows a drop of 15% in the total number of posts between now and 2007. This does not represent a real reduction in the size of the community but simply the lack of knowledge as to the future of some existing specific posts.
The other piece of input information required, is the requested split between Disk/CPU/Tape resources for each experiment. To obtain this, from the information in Table-2, some mechanism for comparing the value of Disk, CPU, and Tape had to be developed. This then allows the allocation process to trade-off higher allocations of one resource against lower allocation of another.  The concept of a ‘Notional Value’ of the resources is described in the following section.
3.3  Notional Value

The Notional Value of the resources is best viewed as an estimate of the direct cost to the GridPP budget of providing one Terabyte of Disk or Tape, or one kSI2k of CPU, for the period of one year. Thus, it is not the purchase cost and it is not the full economic cost of providing the resource. Purchase costs were not used because although for Disk and CPU this would be a reasonably good estimator, for Tape the costs are dominated by the infrastructure needed (tape drives, robots, disk-pools) and not by the media costs. Full economic costs were not used because the vast majority of this is beyond the scope of GridPP and the information would be impossible to assemble in the timeframe available.
The Notional Value for Disk and CPU is calculated using the average age of the resource pool to estimate the theoretically purchase cost of the resource. This sum is divided by the expected lifetime of the resource to get the 1-year “value”. To get the Notional Value of the resource, a sum is added to this 1-year value to account for the annual spend at the Tier1 which does not go directly on the Disk or CPU (recurrent costs and peripheral hardware). To smooth out year-by-year variations in the latter, all such spending by GridPP (2001 to 2007) was summed and divided by the integrated capacity delivered to get the cost per unit-year provided.  The Notional Values for Disk and CPU are dominated by the purchase costs (95% in 2004, falling to 80% in 2009 as the unit costs get cheaper). As an example, in September 2004, the average age of the disk pool was 1.05 years. The purchase price of 1TB of disk 1.05 years earlier was 3.88 k£/Tb. The lifetime of disk is 3.9 years so the 1-year value of a Terabyte of disk in 2004 is 0.99k£. The Notional Value is estimated as 1.05k£ per Tb-year once the indirect costs are added.
For Tape, the media costs are split equally over 6 years and for any particular year, the average cost of providing 1TB of storage is calculated. However, the dominant contribution to the notional value is the GridPP spending on ADS infrastructure. Again to smooth out year-to-year variations, the total (past and planned) spend from 2001 to 2007 is divided by the integrated capacity provided to get an effective cost per Tb-year. As an example, for 2006, the average cost of previously purchased tapes is estimated to give a media cost of 0.02k£/Tb-year. However, the average cost of the ADS infrastructure is 0.11k£/Tb-year giving the total Notional Value of 0.13k£/Tb-year for Tape in 2006.
It is clear that the Notional Value is arbitrary to some degree so it should be understood that it primarily influences the balance of the allocation between Disk/CPU/Tape. As an example, in 2006 when there is currently more Tape capacity than demand, CMS are allocated 74 Tb of Disk, 205 kSI2k of CPU, and 400 Tb of Tape. If the Notional value of Tape is reduced by 50% the allocation recalculates 80Tb of Disk, 219 kSI2k of CPU, and 400 TB of Tape. So a 50% change in the Notional Value of Tape has about a 7% effect on the CPU and Disk allocation (recall that there is excess tape capacity available in this example). Thus, the Notional Value does not have to be evaluated to a high precision.
The Notional Value also offers guidance for future purchases. If the Notional Value of Tape is increased, then more money will need to be spent on Tape at the expense of Disk and CPU.  However, in this case it is also likely that the demand from Experiments for tape would decrease, especially when it starts to reach the same magnitude of cost as Disk. In the current model, the Notional Value of Tape is less than a factor of 3x smaller than Disk by 2007 so it is unlikely that a significant increase in this would be viable. 
3.4  Allocation Procedure
The experiment entitlements are made based on the UK-collaboration size and the split between Disk/CPU/Tape determined from the resource request. The magnitude of the resource request does not influence the entitlement. However, the entitlements of Theory groups are down-weighted with a factor of 0.3 on the basis that these groups have access to other computing resources.  The entitlement can be viewed as the minimum allocation that might be received should all UK physicists in the planning request a share.
The experiment allocations are determined by taking initially the minimum of the request and the entitlement. If there are still resources available, the allocations that are less than the requested value are scaled up until all resources are assigned or all requests are met. For example, in 2006 SNO request 24 kSI2k of CPU. Their entitlement is calculated as only 17 kSI2k which becomes their initial allocation. However, there are still significant resources unallocated, so all the initial allocations are scaled up by a factor of about 1.6. This would give SNO an allocation of 26 kSI2k which is more than the request, so the final allocation for SNO is capped at the 24 kSI2k requested.
3.5  Allocation Output
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Table-4: Resource Allocations in Tb (Disk and Tape) and kSI2k (CPU)

The resources allocated
 are compared with the entitlement in the Table-5:
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Table-5: Resource Allocations as a fraction of Entitlement

The resources allocated are compared with the level requested in Table-6:
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Table-6: Resource Allocations as a fraction of Request

4. Discussion
4.1  What the “Allocation” means

Subject to the caveats listed below, the Entitlement (defined above) might be viewed as the minimum resource that might be received (if requested) and the Allocation (Table-4) as the maximum. For the current and near-future years, the Allocation is also the best-estimate of the resources that will be available by experiment, based on current requests and the overall hardware profile estimate. Further in the future, the Allocation becomes a less reliable estimation of what will actually be available for the following reasons:

· The Entitlement is based on the present and future distribution of physicists as documented in PPARC Form-X. It is clear that these numbers become less-reliable the further ahead one looks. 

· The “Allocation” is based on the known requests for resources. Clearly these are well known for the present year, and in the near future, but it is highly likely that they are underestimates of the demand in the future, particularly as the Linear Collider and Neutrino communities develop a demand for resources. Thus, the “Allocation” is our “best-guess” for the present and near future, but is probably just an upper limit in the longer term.

· All estimations beyond GridPP2 (Sep 2007) are subject to a large degree of uncertainty due to the unknown hardware budget (in addition to the large uncertainty in the hardware cost). It is possible that the “Allocations” in this period could be considerably larger, or smaller than indicated.
4.2  Comments on the Allocations
It can be seen from Table-6 above that by 2006 three experiments receive significantly less than they request: CMS, BaBar, and D0. The last of these is probably due to the fact that the request numbers need updating. However, the other two are noteworthy:
BaBar has historically made use of a significant ring-fenced pool of resources (the Tier-A) in order to generate a common-fund rebate according to the international MOU signed with SLAC. Table-5 shows that in 2004 BaBar received 195% of their Entitlement, or, in terms of Notional Value, BaBar received resource valued at £157,000 compared to an entitlement of £80,714. Although these “Notional Values” cannot be compared exactly with real-cash, the common fund rebate received was £118,000 (assuming the maximum rebate was received and an exchange rate of 1$ = 0.55735£).

Table-5 also shows that BaBar will receive much more than their Entitlement in 2005-2007. However, Table-6 shows that the allocation will fall to around 40-50% of the request. In fact, the 2005 allocation has already been made such that BaBar will in principle be able to realise their full request. Beyond 2005, PPARC needs to decide whether it is strategically important to meet the request documented in the MOU.

Over the last five years or so the UK CMS collaboration has worked on the assumption that that the UK would host a CMS Tier-1 centre at RAL.  Recently, the global Tier-1 figures have been agreed between CMS and CERN/LCG and the UK CMS request has been generated from these global figures assuming that the global requirements must be satisfied by 6 Tier-1 centres and that the minimum viable size for a Tier-1 centre is 50% of the average. Table-6 shows a considerable miss-match between the Request and the Allocation, with CMS likely to receive only 63% of the resources required to function as a Tier-1 centre by 2006. PPARC needs to decide whether it is strategically important for the UK to host a Tier-1 centre for CMS.

Table-6 shows that beyond 2006, ATLAS and LHCb join CMS and BaBar in receiving significantly less resources than requested. The situation continues to deteriorate despite the assumptions of an additional £0.5m hardware in 2007 and £1.0m in each of 2008 an 2009.
4.3  Hardware Shortfall

An estimate may be made of the amount of additional hardware money needed to meet all the presently known requests as contained in this model. For CPU and Disk is assumed that additional costs are just unit costs (no additional infrastructure funding), whereas for Tape, the Notional Value defined above is used to roughly estimate the funding shortfall (better estimates will come out of a new iteration of the ADS planning.)
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Table-7: Estimated Shortfall in Hardware Funding

The numbers in Table-7 are in addition to the hardware spending assumed for 2007-2009 noted above. The hardware shortfall does not include any future requests from the large UK communities involved in the Linear Collider or Neutrino programmes.
4.4 M&O Shares

It has been demonstrated that there is a considerable shortfall of hardware with respect to the current requests. However, for the (three) LHC experiments, the resources requests exceed the UK fraction of the M&O authors, a fact that should be considered in the negotiation of international MOUs. If the current resources requests for ATLAS, CMS and LHCb (12.5%, 8.3%, and 16.7% of the Global Tier-1 requirements, respectively) are replaced by the M&O author fractions
 of 8%, 4% and 13%, respectively, then there is a much better match between the request and the allocation as shown in Table-8 (compare with Table-6). The hardware shortfall is then substantially reduced, as shown in Table-9. In principle, the hardware shortfall would be further reduced if the same approach was applied to BaBar. Unfortunately, we do not immediately have access to the Global BaBar numbers, but of course any reduction below the levels in the BaBar MOU also reduces the potential common fund rebate, so the real gain is relatively small (but non zero because the rebate does not reflect the full cost).
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Table-8: Resource Allocations as a fraction of request based on M&O authorship for the LHC experiments.
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Table-9: Estimated Shortfall in Hardware Funding with requests based on the M&O authorship model for the LHC experiments.

4.5  Summary

The Tier1 planning has been updated in three major ways: (i) an entitlement (share per UK Physicist) is calculated based on the Form-X numbers; (ii) the resource requests for the LHC experiments are now based on the Global Tier-1 requirements; (iii) the future hardware costs have been re-estimated based on slower than expected reductions in prices over the last 6-9 months. The planning is incomplete in three significant ways: (a) the ADS provision of Tape capacity needs further iteration; (b) many of the non LHC-experiment requests are out of date; (c) there are presently no requests from some relatively large UK experiment collaborations.
The planning raises explicit questions about (1) the BaBar allocation and (2) the viability of a CMS UK Tier-1 centre. Neither of these collaborations is likely to receive their request from 2006. From 2007, ATLAS and LHCb are also likely to receive considerably less than requested. If the current resource requests were agreed, an additional £0.9m of hardware is needed before the end of GridPP, and an extra £3m in the period 2007 – 2009 in addition to the £2.5m presently assumed. On the other hand, if the LHC requests are based on the UK M&O authorship fractions, the allocations are close to the requested level and the hardware shortfall is characterised as £0.8m in the GridPP period, and £0.7m between 2007 and 2009.
� The “OtherExperiments” line in Table-3 is replaced in subsequent tables by “ServiceChallenge”. This is basically a reserve of 2.5% of the capacity for which Service Challenges are one known need.


� http://www.gridpp.ac.uk/tier1a/board/doc/LCG_MoU_inputs_v10.doc
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