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1. Circulation

Procurement Team Only

2. Introduction 

These cost estimates are based on what is achievable using our current commodity solutions and suppliers. 

3. CPU technology Forward look (RAS)

The most recent purchase was based on tenders received in August 2006 for (planned) delivery in October 2006 (actually November). All performance measures are based on published Specint 2000 data on the Spec web site. No local measurements have been made and no corrections applied to take account of any multi-core scaling issues.

	CPUs
	Intel Woodcrest 5130

	Cores Per CPU
	2

	Memory per Core
	1GB

	Drive
	250GB

	Performance per System
	8.6KSI2K

	Price Per System (includes rack+build+install)
	£1.63


It is interesting to compare the full system price (includes a small non system overhead) with component prices as listed by Mercato at the channel level. To some extent this is a rough estimate as not all components could be exactly matched.

	
	Channel Price August 2006
	Channel Price  March 2007

	 2 5130 CPUs (boxed) 
	£366 
	£360

	4GB RAM  (4*1GB)
	£360 
	£230

	250GB SATA drive 
	£40
	£35

	Motherboard (rough estimate based on X7DBE)
	£300 
	£250

	1U Supermicro Case (CSE-812S-410CB)
	£190
	£190

	Total+VAT
	£1476
	£1251


As can be seen, the channel price for the components last August are a reasonable match to the full system price we actually paid.

In the seven months since August there has been a 15% reduction in the channel price for the same components. This price reduction has been dominated by memory costs which can be quite volatile. The cost of the 5130 processor has remained essentially constant.

Changes to the memory specification may have a significant impact on costs:

· Moving to 1.5GB of memory per core will increase channel costs by approximately £130 an increase of approximately 10%

· Moving to 2GB of memory per core will increase costs by approximately 18%

For the Intel configuration above we can examine how changes to processor specification change the price performance (assuming linear scaling in performance between single, dual and quad cores – a likely incorrect assumption).

As can be seen, price reductions for exactly like for like components are relatively small. For the Intel Woodcrest servers price per KSI2K is almost constant across the processor range.

	CPU
	Cores
	SI2K
	Channel Cost
	Estimated System Cost (1.5GB per core)
	Price Per KSI2K

	5130 (65W)
	2
	2130
	176
	£1,534
	£180.07

	5140 (65W)
	2
	2455
	248
	£1,720
	£175.19

	5150 (65W)
	2
	2764
	369
	£2,033
	£183.89

	5160 (80W)
	2
	3065
	453
	£2,250
	£183.54

	5310
	4
	1727
	176
	£1,961
	£141.92

	5320
	4
	1963
	248
	£2,147
	£136.71


As can be seen, even now it is likely that additional price/performance reductions of at least 25% can be achieved  by purchasing the quad core. However this supposes that HEP codes scale well to 4 processors. Any reduction in scaling beyond 25% on quad core systems is likely to favour dual core solutions at this time.

A similar calculation will be performed for the current line of AMD solutions.

By late summer it is likely that new quad core solution will be available from both AMD and Intel, adding further pressure on existing dual core prices. The new processors will almost certainly carry a premium price, but in the current competitive market prices should continue to be competitive.

Current GRIDPP3 price estimates based on an extrapolation of previous purchases are:

	01-Sep-07
	0.19

	01-Sep-08
	0.14

	01-Sep-09
	0.10

	01-Sep-10
	0.07


· An increase from 1GB to 1.5GB per core has been included in the price estimates made here. If the experiments require 2GB per core additional costs will be incurred. 

· It is certain that the 2007 price point used for the GRIDPP3 bid can be bettered even without relying on the quad core systems. Probably at least £0.17 per SI2K can be achieved.

· Given the current aggressive rollout of quad core systems and existing quad core prices  we should better the Sep-08 figure (assuming no scaling issues)

· Beyond 2008 it is impossible to predict from current technology roadmaps, but scaling issues are going to become an increasing concern and vendors are beginning to look at alternative hardware architectures. We should be conservative in our expectations.

4. Disk Technology Forward Look (RAS)

The most recent procurement gave us

	Controller
	3Ware 9550SX-16ML 


	System Drives Per Server
	2

	Data Drives 
	WD500YS

	Data Drive Size 
	500GB

	Data drives per server
	14

	RAID level
	5+1 spare

	Space per server
	5.2TB

	Price Per Server
	£5.88K


Although 1TB drives have now been announced by Hitachi, they are not yet listed as available in the UK channel. Furthermore they are not listed as compatible with the 3Ware controller. It would be prudent at this stage for costing purposes to consider only currently available solutions.

Other than the number of drives per controller, the only other significant variable is the size and price of the data disks. As will be seen from the table below, the cost of the data disks is about 30-40% of the total configured price.

	
	
	August 2006
	March 2007

	Western Digital WD500YS
	500GB
	£125
	£87

	Hitachi 7K500
	500GB
	
	£78

	Seagate ST3750840
	750GB
	
	£140


The Hitachi drive is included for comparison purposes but probably would not pass an evaluation requiring Enterprise Class drives suitable for 24*7 operation. Two options seem possible:

· Attempt to purchase the same solution we have now. This could probably be achieved at 10-20% less than our previous purchase price.

· Select the largest most recent validated drive. Given current prices for the Seagate 750GB drive it seems likely that a price per server comparable with the most recent purchase is achievable by the Autumn. This would deliver 50% more capacity for the same price.

At present there is only one 750GB drive listed as compatible with the 3Ware controller. There is a risk that in the event that compatibility or availability problems occurred with this drive then we would be forced to make use of a 500GB model. 

Current GRIDPP3 price estimates based on an extrapolation of previous purchases are:

	01-Aug-06
	1.14

	01-Sep-07
	0.68

	01-Sep-08
	0.46

	01-Sep-09
	0.32

	01-Sep-10
	0.22


· It seems reasonable to assume that by September 2007 we can achieve 0.76 £/TB based on a 750GB drive but we will need aggressive pricing (or a cheaper configuration) to reach the current GRIDPP3 extrapolation.

· For 2008 we can expect to be deploying drives of at least 1TB and it seems reasonable to assume that prices will be comparable to last August’s 500GB price. A 24 month price constant seems reasonably likely. It is possible that larger models will become available but no information has been available for this paper. 

· Beyond 2008 the future looks quite hopeful. Models such as the Seagate drive now use perpendicular recording and the industry appear confident that they can continue to make improvements at least until 2010. A 24 month price constant seems reasonable.

The above pricing assumes a technical solution similar to current hardware. Further price savings may be made if suppliers can achieve higher packing densities or move from hardware to software RAID. 

5. TAPE FORWARD LOOK

5.1 Media

We have T10K tape drives and consequently only T10K tape media meet our current requirements. Once we upgrade tape drives to T20K (which we assume can happen in 2010) existing media are expected to hold double the current capacity. We have poor information on price curves for tape media and have assumed a linear fall in prices from current prices to a lower limit roughly similar to current prices for the old 9940 media.

	
	Media Capacity TB
	Price £K/TB

	01-Aug-06
	0.45

	01-Sep-07
	0.45
	0.14

	01-Sep-08
	0.45
	0.126

	01-Sep-09
	0.45
	0.114

	01-Sep-10
	0.90
	0.057


5.2 Drives

Production drives in CASTOR are presently T10K drives but we expect to start purchasing T20K drives in 2010. Costs are calculated per “storage brick” which consists of a tape drive and a high performance CPU server in front of the drive. Although the T10K drive has a nominal performance of 120MB/s it is difficult to achieve this in practice because of the need to keep the drive streaming at maximum rate – any slowdown in the rate data is fed to the drive can substantially reduce the achieved I/O rate. For planning purposes we have assumed that in practice peak rates of 60MB/s can be achieved with the drive active 75% of the time, leading to average throughput rates of 45MB/s. This rate very much assumes that I/O patterns ensure that media remains mounted for long periods of time otherwise mount/dismount overheads have a severe impact on performance. 

For the purposes of price modelling we assume that the cost of a storage brick is approximately constant at £20K with a further additional £2.3K p.a. of maintenance

5.3 Robotics.

Both drives and media need to be mounted in a tape robot. The existing SL85000 tape robot at RAL has 5000 slots available to GRIDPP for which the project is charged £30K per annum reflecting hardware and software maintenance costs. We do not expect any additional capacity to become available in the robot and consequently any additional slots will need to be purchased. We have used prices paid in a previous competitive tender as an estimate of future costs for  additional robotics. Depending on the size of the purchase and noting the lack of competition this may be rather optimistic but is the best available at present.
	Cost of the base unit (holds drives/robotics)
	£50K

	Cost of 2000 slot extension
	£50K


One base unit is needed for every 10000 drive slots

5.4 CASTOR CORE SYSTEMS

The CASTOR core consists of a number of management and control servers together with back end databases. The existing infrastructure is already purchased, but if it is decided that each VO will need its own CASTOR instance then further hardware purchases will be needed. It is unclear at present what costs might be associated with the additional hardware.
6. Proposal for Hardware Cost Extrapolation (DB)

Based on the above input from Andrew Sansum, the following is proposed

6.1 CPU
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Figure-1 CPU Costing

The blue diamonds in Figure-1 show the (logarithm of) the past CPU costs within GridPP, together with the estimate  for this year given in Section-3 of this paper. The green marks (with error bars) show some earlier CERN extrapolations; the blue stars show the original GridPP3 proposal costings; and the purple squares show the proposed GridPP planning numbers. These have been derived by assuming a slope obtained from the first four (blue) data points, extrapolated from the last (6th) blue data point. That is, we assume that the slope (a 29month halving period) can be used as a predictor, but that there was a discrete change in the price due to a technology jump in 2006. The brown line (extrapolation-2) shows a more conservative 36 months halving period which is used to estimate the uncertainty on future prices. The table below summarizes the numbers thus obtained.

	
	Sep 2007
	Sep 2008
	Sep 2009
	Sep 2010
	Sep 2011

	Proposed Costing K£/KSI2K
	0.17
	0.13
	0.10
	0.07
	0.06

	Previous Costing
	0.19
	0.14
	0.10
	0.07
	

	Uncertainty
	5%
	10%
	15%
	20%
	25%


6.2 Disk

[image: image2.emf]Disk Costs

-2

-1.5

-1

-0.5

0

0.5

1

1.5

2

2.5

3

01-Jan-02 16-May-03 27-Sep-04 09-Feb-06 24-Jun-07 05-Nov-08 20-Mar-10

Date

Ln (K£/TB)

Past Purchases

Best fit (23-months)

24 months

"30 Months"

Future price estimates

CERN


Figure-2 Disk Costing

The blue diamonds in Figure-2 show the (logarithm of) the past Disk costs within GridPP, together with the estimate for this year given in Section-4 of this paper. The green marks (with error bars) show some earlier CERN extrapolations and the purple squares show the proposed GridPP planning numbers. These have been derived by assuming a 24month halving time from the last (6th) blue point (red line). The pink line shows a fit obtained from the 2nd to 6th  (blue) data points which has a halving time of 21.65 months. The brown line shows the same slope extrapolated from the last (6th) blue data point and is used to estimate the uncertainty in the predictions. The table below summarizes the numbers thus obtained.

	
	Sep 2007
	Sep 2008
	Sep 2009
	Sep 2010
	Sep 2011

	Proposed Costing K£/TB
	0.76
	0.56
	0.39
	0.28
	0.20

	Previous Costing
	0.68
	0.46
	0.32
	0.22
	

	Uncertainty
	10%
	15%
	20%
	30%
	40%
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