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This document explains and describes the parameters and numbers used to extrapolate the cost of future computing equipment (concentrating on CPU and disk space). There is first a summary of the re-costing exercise from May 2003 and then an update of developments in the processor and disk area. Important changes are marked in red .
Status  May 2003

The first set of numbers is based on the re-costing exercise done in May-June of 2003
( Excel table       (  Further explanations
The following table shows the anticipated development of the price for a delivered CPU capacity of one SI2000 unit.
	Year
	2004
	2005
	2006
	2007
	2008
	2009
	2010

	CHF/SI2000
	1.89
	1.25
	0.84
	0.55
	0.37
	0.24
	0.18


The calculation is based on several assumptions and measurements :

1. these are dual CPU nodes 

2. the overall assumed efficiency is 0.8

3. the scaling factor for 2004 – 2010 is a constant 1.5 per year

this factor and the starting value in 2003 was based on a cost evaluation

of CPU and nodes in the years 2001-2003  (  further details
4. a factor 2 is included for the difference between low end nodes and high end nodes.  We are buying in the lower medium range, but this is not a large market
and we might be forced into the higher end market.

5. there is a10 % cost increase for the node infrastructure (racks, cables, console, 

      etc.)

In addition the replacement period of 4 years , that is equipment bought in the first year will be replaced in the 5th year. The original motivation was the saving in system admin costs, as they were in the beginning directly proportional to the number of boxes. Our new scheme has a much better scaling, thus boxes can in principle run as long as they fail (cause trouble) and fit within the space and power consumption envelope.
The following table shows the anticipated developments of disk space costs :

	Year
	2004
	2005
	2006
	2007
	2008
	2009
	2010

	CHF/GByte
	8.94
	5.59
	3.49
	2.18
	1.36
	0.85
	0.53


The following assumptions are included :

1. the disk space is mirrored (which reduces the raw capacity by 2)

2. it is usable capacity (after mirroring this reduces capacity by a further ~ 5%)

3. it uses consumer market disks ( ATA, SATA)  (NOT SCSI or fibre channel disks)

4. there is a 10 % increase per tray/box (10-20 disks) for the infrastructure
5. the scaling factor for 2004 – 2010 is a constant 1.6 per year

this factor and the starting value in 2003 was based on a cost evaluation

of disks  and disk servers in the years 2001-2003  (  further details
In addition the replacement period of 5 years , that is equipment bought in the first year will be replaced in the 6th year.

The cost for the network in not included, neither for the CPU servers nor the disk servers.
Status  July 2004
Since the last status from May 2003 there have been a few developments and we have more measurements of cost trends. In the following I will give an overview of the changes needed to adapt the 2003 figures.
CPU
· lower growth rate
from the shown compilation of street prices of different CPUs it looks like there is a first  slowdown in Moore’s Law for processors.

(the numbers have an error bar of 5-10% and are compiled from web sites offering the ‘cheapest’ prices for all kind of products from different vendors

e.g.    www.geizhals.at ,   the prices shown are calculated with    1 Euro = 1.55 CHF  and subtracted  18 %  VAT )
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· CPU cost ratio per node

There are several components which are assembled into a CPU server, with quite different price developments (prices in CHF). 

 Single component street prices (10 % variations)

--  box , tower ATX         60,-

--  power supply            100,-

--  motherboard             450,-

--  local disk, 80GB        70,-

-- dual CPU 2.8 GHz   745,-

--  memory   2 GB        656,-

                                   ----------

                                   2081,-

We are paying for this kind of configuration right now ~1900,- in an assembled 

box.

The important point is that 1/3 of the component (box, powersupply, motherboard, local disk) are essentially constant in cost and the processors

are only contributing at the 30% level to the box costs.

Our investigations and information  from tenders are giving the following numbers for a different packaging type :

1. 10 – 20 % more cost for 2U boxes

2. 30 – 40 % more cost for 1U boxes

3. ~ 100% more cost for blade systems 

· multi core CPUs to keep up with Moore’s Law

consequences for memory requirements and local disk space
There is an increasing demand for memory per job from the experiments, e.g. ALICE claims that for their programs we have to consider up to 2 GByte of memory to work efficiently. This was discussed in the GDB on the 13th of July
When Ian gave a talk about resource requirements on the different site for the experiments production jobs (  transparencies


Prices for memory are fluctuating and thus harder to predict the price/performance curve. The following picture shows the development of memory street prices over the last 18 month. The focus is on the 512 MB DIMMs
and not lower, because the number of memory slots per motherboard is normally limited to about 4 in the market part we are buying from.

             From the plots one can derive an improvement factor of about 2 per 18 month.
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To calculate the memory requirements per box one has to take the technology developments of the processors into account. The industry can no longer ‘follow’ Moore’s Law by increasing the frequency of the CPU (power problems e.g.), thus the current roadmaps of Intel and AMD show the appearance of multi-core processors.
Scenario :

	
	# multi-cores
	# effective Processors
	# jobs


	Memory per job

[GB]
	Memory per node

[GB]

	2004
	1
	2+
	3
	0.5
	2

	2005
	2
	4+
	5-6
	1
	6

	2007
	4
	8+
	9-11
	2
	20


The number of effective processors depends on the way the Hyperthreading technology is used in the nodes and to increase the efficiency of the CPU nodes more jobs than CPUs should be run to compensate the wait times of the jobs.
If one assumes that the price of a box is similar to what I have shown above then we have the following calculation for a box in 2007 :

700,- (box, power, motherboard)

750,-  two multi-core processors

1625 ,-  =  650,- * 10 / 4     (20 GB versus 2GB in 2004,  a factor 4 in 3 years price 

                                              improvement for the memory)
During these 3 years (2004 – 2007) the processor performance has increase by a factor 4, but now due to the increase of memory the box price has increased by 1/3. Thus the price/performance improvement over 3 years for CPU performance would not be anymore a factor 4, but only 2.7.

Currently we have in a CPU node one local disk of about 80 GB on a single EIDE channel (Motherboard).  The local disks contains the operating system, copies of the experiment software environment and scratch space. In addition jobs are using the space for reading local copies of data files from the MSS and writing local files, before moving them into the MSS system.  This usage pattern will not work anymore with a single disk when the number of concurrent jobs is increased.  One of the main failure reasons today of CPU nodes is a broken disk.  To continue the model of local disk space on CPU nodes in the future one has to increase the space, the redundancy and the performance of this disk space. Modern motherboards have for example a RAID controller on-board, but the quality is not too good.  
All this will again effect the price (more disks, higher power consumption, extra controller, larger chassis (2U versus 1U limitations), etc.).

There are two more ways to tackle the problem :

1. move to diskless nodes, which would require a cluster file system
2. integrate the local disk space into the MSS disk space, thus resolve the boundary between a disk server and a CPU server

· power consumption worries

we are not yet confident about the announcements made so far by INTEL about their program to reduce  the power/SI2000 values. They have a processor series called Pentium M with a factor 3 better W/SI2000 ratio, but unfortunately they exist only in the mono-processor edition and the cost per CPU is a factor 2 higher. Thus the overall cost would probably increase by a factor 2.5 for these processor line.
· replacement period for CPU server

      from experience the lifetimeperiod of 5 years is probably too long and one 

      should take into account  a 4 year period, that is equipment bought in the first 

      year will be replaced in the 4th year.

The price/performance table from last year can still be used as the basis for cost calculations from 2005 – 2010.
Disk space
This is a list of  important developments during the last 12 month in the disk area.
· the predictions of the size development of disks has been underestimated
here is an improved prediction :

	Year
	2004
	2005
	2006
	2007
	2008
	2009
	2010

	Disk Size [GB]
	200
	330
	540
	900
	1500
	2400
	4000


· from experience with the failure rate of disks and disk servers one comes to the conclusion that the previously estimated 5 year lifetime of disks is too high and should be replaced by a more conservative 3 years i.e. the equipment bought in the first year is replaced in the 4th year
· the development of prices for complete server systems has improved due to several reasons
1. the availability of larger disks

2. more disks per server, thus less cost ‘overhead’ of the CPU infrastructure
3. from the usage experience over the last 18 month we have relaxed the performance requirement for a disk server. 
Before we asked for 100 MB/s into/from the network  per 1 TB of usable disk space and now we accept 100 MB/s per 2 TB.
The prediction for 2004 was  8.94 CHF per Gbyte while we paid 4.9 CHF/GByte in February 2004  and  we will pay ~ 4.3 CHF/GByte in August 2004.

This is a good development , but not yet enough statistis to change the overall predictions.
Remark :  The space requirements from the experiments do NOT take into account any performance requirements. The trend in the disk market of fast growing size per disk , moderate growing  performance for sequential access and most importantly minimal progress in the random access times will increase the overall costs. 

For example :   The size of an event sample is 2 TB, but there are 50 users who want access to this data in a random manner.  In 2008 one would need only 2 disks to fulfill the space requirement, but probably 5 times the number of disks to fulfill the access requirements.
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The price/performance table from last year can still be used as the basis for cost calculations from 2005 – 2010.
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