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This note tries to calculate the size and cost of the CERN T0 based on a variety of parameters and considerations. The following picture  shows the details of the dataflow inside of the CERN T0 Fabric. The different separate items are only logically distinct, for example the calibration farm and the reconstruction farm are part of the same Fabric and can be different farms or dynamically allocated nodes from the same farm. The same is true for any separation of disk pools.
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                         The following detailed calculations about capacities assume that there is a well 
                         organized  progression of tasks during the year.  I have tried to make an activity 
                         time line with the major tasks (CDR, reprocessing etc.). This assumes that the 

                         accelerator is running for about 7 month per year.

                         Remark : The accelerator experts were actually discussing in their last workshop in
                                        (Chamonix, Jan 2004) whether to run for 160 or 180 days per year.
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No Monte-Carlo data involved, no storage of ESD data produced outside of CERN

Common Parameters
	Running time per year 
	  200 days

	LHC Beam efficiency
	    50 %

	Efficiency for scheduled CPU use
	     80 %

	Efficiency for chaotic CPU use
	     60 %

	Efficiency for disk space usage
	     70 %

	Efficiency for disk speed usage  (seq)
	     50 %

	Efficiency for tape space usage
	   100 %

	Efficiency for tape speed usage (sequential)
	     50 %

	Efficiency for tape speed usage (random)
	     <1 %


	
	ALICE Pb-Pb
	ALICE p-p-p
	ATLAS
	CMS
	   LHCb

	Raw Data Event Size  [MB]
	12.5
	0.2
	1.6
	1
	0.05

	DST/EST Event Size  [MB]
	1.25
	0.02
	0.5
	0.5
	0.15

	Analysis Object Size  [MB]
	0.125
	0.005
	0.1
	0.1
	0.1

	Raw Reconstruction Time  [KSI2K s/ev]
	675
	5.4
	15
	27
	4.8

	HLT Trigger Rate
	100
	100
	200
	100
	200

	Number of raw events per year   
	10**8
	10**9
	2* 10**9
	10**9
	2 * 10**9


Sizing of the T0
1) CPU capacity for reconstruction
All experiments do a first-pass reconstruction and a second reconstruction of the amount taken during that year at CERN.
For the CPU resource calculation one has to take into account that the inline reconstruction needs to catch up during the running time of the experiment to allow for fast calibration feedback. The 50 % LHC efficiency is on the timescale of days not hours.

     Thus one cannot gain a factor 2 here.

Total CPU resources needed :

= reconstruction time * Trigger rate / CPU efficiency

= total # events * reconstruction time / total time period /CPU efficiency
ALICE heavy Ion running will take place only for about 3 weeks per year. The total number of events expected is about 108.  In the current ALICE planning the data is stored on tape during the Run period and then read back for the export to the Tier-1 centers coupled to a first-pass reconstruction phase. Thus the reconstruction time is spread over 4 month is   108 * 675000 / (4*30*24*3600) /0.85 =  7.6  million SI2000

2) CPU capacity for calibration

The numbers I found so far in the different papers and presentations of the experiments seem to be on the 5% level of the reconstruction. I would think that in the first years of running this number is too low.

3) Disk space for CDR buffer
            The important parameters in this area are the expected size of disks (~ 0.9 TB), 
             the sequential access speed (~100 MB/s) and  the efficiency ( ~ 50 %)
            There are three different considerations which define the size of the CDR buffer :

· The simple model takes the expected data rates of all 4 experiments multiplied with the number of times these have to read/written to/from disk. Together with the mentioned three parameters one arrives at a total size of 110 TB. 
· The data needs to stay for some time on disk to ensure the safe copy to tape and the Tier1 centers. Also the in-line reconstruction must take place while the data is still on disk, thus one has to foresee a decent buffer space. The space is then calculated form the sum of the data speeds (RAW + ESD +AOD) with a duty cycle of 50% for 7 days. If one assumes one week then one arrives at a total size of 640 TB. E.g. the raw data speed of ATLAS is 320 MB/s + 100 MB/s for the ESD (ESD events have 1/3 of the size of raw data events) + 20 MB/s for the AOD data :  440 * 3600 * 24 * 7 *0.5 =  127 TB
· Another important point is the load in terms of connections per disk unit.
Today a processor has a performance of ~1000 SI2000, assuming Moore’s Law hold we can expect a good factor 4 in performance increase until beginning of 2008 . Thus with an expected need of 15 million SI2000 for reconstruction and calibration we will have about  3700 processors in the computer center. The current technology trend for CPUs moves into the multi-core CPU direction with an expected 4 cores per processor in 2008. (see Note ) To run efficiently on these CPUs (which will have in addition Hyperthreading switched on) one has to run about 6 jobs per processor with each has 3 open I/O connections (one RAW data input + ESD and AOD output).
Total number of concurrent disk connections =

3700 CPUs * 6 jobs * 3 I/O streams   = 66600
If we make the performance requirement that no disk should have more than 10 parallel connections we would need 6660 disks with 0.9 TB each

=  6000 TB total size for the CDR pool.

Here the compromise is to assume a 600 TB disk buffer.                        
4) Disk space for raw data and calibration 
Calibration data is 10 % of the raw data , which needs to be kept on disk

 Experience from running experiments (CDF, COMPASS, NA48, D0) show that in  

 the first years of data taking one has to go frequently back to the RAW data to
 understand the detectors.  I assume that 10 % of the raw data needs to be stored on

 disk, which probably is made of a fixed data set and a moving window of data.
5) Tape space for RAW+ESD+AOD
For tape the assumption is that the first-pass reconstruction and the second pass have no overlap in time (~ half a year each).  In the last re-costing round from June 2003 tape space estimates were given from 2006 – 2010, but there is actually no beam in 2006, thus for the T0 I somewhat arbitrarily assume 20% of 2008 for probably Monte-Carlo data. (we need a discussion about what is really meant if we request equipment for a year, I guess the three numbers for 2006-2008 actually mean :

2006 = Q4 2006,  2007 = Q2 2007,  2008 = Q1 2008) 
In general there is nothing foreseen in the T0 for any storage of Monte-Carlo data or the import of different ESD versions from the Tier1 centers. 
Total tape space needed

=  # events * ((RAW + ESD + AOD event sizes) pass1 + (ESD +AOD event sizes)pass2 )
price =  0.6 CHF/GByte
6)   Tape speed

Total tape speed needed

=  trigger rate * (RAW + ESD + AOD event sizes) / tape speed efficiency

this also assumes that all three types of events are produced in such a manner that the corresponding file sizes are bigger than 1 GB, else one must apply a tape efficiency factor in dependence of the used file size (e.g.  1 GB files == 50 % efficiency,  1 MB files == 0.5 % efficiency)
This is the summary table for the T0 sizing for the 4 different experiments:

	
	ALICE Pb-Pb
	ALICE    p-p
	ATLAS
	CMS
	  LHCb

	1) CPU capacity for reconstruction     [MSI2000]
	7.6
	0.6
	3.5
	3.2
	1.1

	2) CPU capacity for calibration           [MSI2000]
	0.38
	0.03
	0.18
	0.16
	0.06

	3) Disk space for the CDR buffer                   [TB]
	450
	3
	127
	43
	12

	4) Disk space for raw data + calibration       [TB]
	300
	50
	560
	440
	110

	5) Tape space for Raw+ESD+AOD      2006     [ PB]
	0.31
	0.05
	1.12
	0.44
	0.26

	5) Tape space for Raw+ESD+AOD      2007     [ PB]
	1.53
	0.25
	5.6
	2.2
	1.3

	5) Tape space for Raw+ESD+AOD      2008     [ PB]
	1.53
	0.25
	5.6
	2.2
	1.3

	6) Tape speed                                                [MB/s]
	2500
	62
	880
	320
	120


Costing of the T0
Applying the estimated costs of equipment in 2008 (see Note ) to the previous table one arrives at the following T0 costs

Assumption is a simple scaling model for the pricing    

2006 – 2008  (  30-30-40 % for ATLAS, CMS and LHCb
                            10-20-70 % for ALICE

Average price per SI2000 
= 0.86 * 0.3 + 0.55 * 0.3 + 0.37 * 0.4 = 0.57  (0.46 ALICE) CHF
Average price per  Gbyte disk 
= 3.49 * 0.3 + 2.18 * 0.3 + 1.36 * 0.4 = 2.25 (1.74 ALICE) CHF

Average price per GByte tape =  0.6 CHF

Tape speed

A tape drive costs about 50 KCHF + 20 KCHF for the server and runs at 100 MB/s

with 50 % efficiency (   1.4 KCHF per MB/s 

for sequential, large file, organized throughput
	
	ALICE Pb-Pb
	ALICE    p-p
	ATLAS
	CMS
	  LHCb

	1) CPU capacity for reconstruction                 [MCHF]
	3.46
	0.29
	2.02
	1.81
	0.64

	2) CPU capacity for calibration                       [MCHF]
	0.17
	0.01
	0.10
	0.09
	0.03

	3) Disk space for the CDR buffer                    [MCHF]
	0.78
	0.01
	0.29
	0.10
	0.03

	4) Disk space for raw data + calibration         [MCHF]
	0.52
	0.09
	1.26
	0.99
	0.25

	5) Tape space for Raw+ESD+AOD    2006      [MCHF]
	0.18
	0.03
	0.67
	0.26
	0.16

	5) Tape space for Raw+ESD+AOD    2007     [MCHF]
	0.92
	0.15
	3.36
	1.32
	0.78

	5) Tape space for Raw+ESD+AOD    2008     [MCHF]
	0.92
	0.15
	3.36
	1.32
	0.78

	6) Tape speed                                                     [MCHF]
	3.50
	0.09
	1.23
	0.45
	0.17

	Sum
	10.45
	0.81
	12.28
	6.34
	2.84


One has to add to this a common set of costs for the infrastructure :
CPU+Disk+Tape (from the table)  :   32.7  MCHF
Plus

Tape Infrastructure                                4.5 MCHF
LAN bandwidth           (9.9 * 75%)       7.4 MCHF
Sysadmin                     (3.5 * 75%)       2.6 MCHF
WAN                                                     6.0  MCHF
-------------------------------------------------------------
Total T0 cost                                        53.2  MCHF
The 47 million CHF cost for the pure T0 has to be compared with the estimate for the complete T0/T1/T2 CERN system (re-costing exercise 2003) which was about 70 million CHF. Thus the T0 cost alone are about 2/3 of that.
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