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Introduction

The outturn for all GridPP sites is summarised in Tables 1-4 below. There are 4 terms defined in the 2006 outturn and we propose to use this accounting method for future years: 

1. "Promised" is the total that was planned at the Tier-1/A (in the March 2005 planning) and Tier-2s (in the October 2004 Tier-2 MoU) for CPU and storage. These figures appear as pledges in the LCG global planning.

2. "Delivered" is the total that was physically installed for use by GridPP. Note that this includes LCG and SAMGrid at Tier-2 and BaBar at Tier-1/A. 

3. "Available" is available for LCG Grid use, i.e. declared via the LCG/EGEE mechanisms and monitored via the Site Functional Tests, with storage via an SRM interface.
4. "Used" is as accounted for by the Grid Operations Centre for CPU and the GridPP SRM Storage accounting. Note that the Tier-1 storage also includes tape available via an SRM. 

Hardware Delivered to GridPP
The amount of hardware provided by the Tier-2 institutes for LCG and SAMGrid and by the Tier-1/A for LCG and BaBar at the end of 2006 is shown in Table 1. ‘Promised’ refers to the amount specified in the Tier-2 MoU for September 2006 or theTier-1/A planning and ‘Delivered’ means the amount of resource that has been made available to GridPP at some point but not necessarily continuously i.e. this is the amount of resource physically installed and in principle accessible through the Grid (or through the Tier-A for BaBar). 
	
	CPU KSI2K
	Storage TB

	
	Promised
	Delivered
	Ratio
	Promised
	Delivered
	Ratio

	Brunel
	155
	480
	310%
	21.0
	6.3
	30%

	Imperial
	1165
	807
	69%
	93.3
	60.3
	65%

	QMUL
	917
	1209
	132%
	58.5
	18.0
	31%

	RHUL
	204
	163
	80%
	23.2
	8.8
	38%

	UCL
	60
	121
	202%
	0.7
	1.1
	149%

	Lancaster
	510
	484
	95%
	86.7
	72.0
	83%

	Liverpool
	605
	592
	98%
	80.3
	2.8
	3%

	Manchester
	1305
	1840
	141%
	372.6
	145.0
	39%

	Sheffield
	183
	183
	100%
	3.0
	2.0
	67%

	Durham
	86
	99
	115%
	5.0
	4.0
	79%

	Edinburgh
	7
	11
	152%
	70.5
	20.0
	28%

	Glasgow
	246
	800
	325%
	14.8
	40.0
	270%

	Birmingham
	196
	223
	114%
	9.3
	9.3
	100%

	Bristol
	39
	12
	31%
	1.9
	3.8
	200%

	Cambridge
	33
	40
	123%
	4.4
	4.4
	101%

	Oxford
	414
	150
	36%
	24.5
	27.0
	110%

	RAL PPD
	199
	320
	161%
	17.4
	66.1
	381%

	London
	2501
	2780
	111%
	196.7
	94.4
	48%

	NorthGrid
	2602
	3099
	119%
	542.6
	221.8
	41%

	ScotGrid
	340
	910
	268%
	90.3
	64.0
	71%

	SouthGrid
	880
	745
	85%
	57.5
	110.6
	192%

	Total
	6322
	7534
	119%
	887.1
	490.8
	55%

	
	
	 
	
	
	
	

	Tier-1
	1604
	1034
	64%
	1495.0
	712.0
	48%


Table 1 Resources delivered to GridPP at the end of 2006
In terms of CPU the total Tier-2 MoU requirement for 2006 (and 2007) has been met. Only SouthGrid are slightly below and theirs is a small fraction of the total. In terms of disk the situation appears worse but overall usage of Tier-2 disk still remains low (see below). The Tier-2 total is at 55% up from 28% at the end of 2005. The amount of disk available is also less than physically installed at most sites as they learn how to connect it to the Grid via SRM using dCache, DPM etc. There have been well documented problems with disk space at the Tier-1 during 2006.
Resource Usage
Table 2 shows the usage of GridPP CPU resources per quarter throughout 2006. These numbers only refer to usage on the LCG, not including SAMGrid or BaBar and so the ‘Available’ numbers are in some cases lower than those reported in Table 1 which are for all GridPP. The ‘Used’ numbers are taken from the LCG accounting system APEL.

	 
	Available (KSI2K)
	Used (KSI2K Hours)
	Ratio

	 
	1Q06
	2Q06
	3Q06
	4Q06
	1Q06
	2Q06
	3Q06
	4Q06
	1Q06
	2Q06
	3Q06
	4Q06

	Brunel
	116
	116
	116
	480
	12,811
	105,014
	159,082
	643,806
	0.7%
	41.3%
	62.6%
	61.2%

	Imperial
	203
	203
	203
	642
	16,828
	83,627
	82,593
	557,943
	2.2%
	18.8%
	18.6%
	39.7%

	QMUL
	281
	1209
	1209
	1209
	214,335
	612,564
	459,427
	1,259,446
	13.7%
	23.1%
	17.4%
	47.6%

	RHUL
	163
	163
	163
	163
	25,085
	21,940
	176,046
	147,360
	17.2%
	6.1%
	49.3%
	41.3%

	UCL
	121
	121
	121
	121
	42,217
	51,106
	73,763
	156,576
	16.0%
	19.3%
	27.8%
	59.1%

	Lancaster
	485
	476
	473
	473
	248,463
	402,774
	210,432
	297,550
	14.9%
	38.6%
	20.3%
	28.7%

	Liverpool
	572
	592
	592
	592
	56,218
	455,727
	40,551
	164,222
	11.8%
	35.2%
	3.1%
	12.7%

	Manchester
	480
	720
	1152
	1840
	380,857
	1,042,154
	248,704
	370,567
	0.3%
	66.1%
	9.9%
	9.2%

	Sheffield
	240
	183
	183
	183
	38,411
	59,860
	78,795
	127,039
	2.0%
	15.0%
	19.7%
	31.8%

	Durham
	72
	80
	80
	80
	36,699
	58,185
	33,671
	59,123
	4.3%
	33.2%
	19.2%
	33.7%

	Edinburgh
	6
	6
	6
	6
	14,829
	4,637
	3,641
	4,918
	34.4%
	35.3%
	27.7%
	37.4%

	Glasgow
	104
	104
	47
	800
	75,774
	50,462
	72,105
	155,986
	6.3%
	22.2%
	70.1%
	8.9%

	Birmingham
	62
	23
	23
	23
	38,473
	31,795
	28,299
	53,930
	13.2%
	62.0%
	55.2%
	105.2%

	Bristol
	1
	7
	7
	7
	842
	7,208
	8,982
	6,593
	15.1%
	45.7%
	57.0%
	41.8%

	Cambridge
	40
	38
	38
	38
	654
	2,228
	2,442
	1,811
	0.0%
	2.7%
	2.9%
	2.2%

	Oxford
	67
	65
	65
	65
	94,093
	92,841
	82,284
	63,959
	34.3%
	65.4%
	58.0%
	45.1%

	RAL PPD
	73
	73
	320
	320
	106,919
	132,046
	143,648
	235,172
	59.9%
	82.1%
	20.5%
	33.6%

	London
	884
	1812
	1812
	2615
	311,276
	874,251
	950,911
	2,765,131
	10.3%
	22.0%
	24.0%
	48.3%

	NorthGrid
	1777
	1971
	2399
	3087
	723,949
	1,960,515
	578,482
	959,378
	10.1%
	45.4%
	11.0%
	14.2%

	ScotGrid
	182
	190
	133
	886
	127,302
	113,284
	109,417
	220,027
	6.4%
	27.2%
	37.6%
	11.3%

	SouthGrid
	243
	207
	453
	453
	240,981
	266,118
	265,655
	361,465
	31.0%
	58.8%
	26.8%
	36.4%

	Total Tier-2
	3086
	4179
	4797
	7041
	1,403,508
	3,214,168
	1,904,465
	4,306,001
	12.2%
	35.1%
	18.1%
	27.9%

	
	
	
	 
	 
	
	
	 
	 
	
	 
	 
	 

	Tier-1
	415
	620
	651
	848
	624,636
	1,089,917
	1,393,022
	992,106
	68.7%
	80.2%
	97.6%
	53.4%


Table 2 LCG usage of GridPP CPUs in 2006
The overall usage efficiency is given in the ‘Ratio’ columns. This ‘efficiency’ includes a number of factors such as downtime of the site, scheduled or not, lack of jobs submitted by the experiments etc. Also since the CPU used is accounted as CPU time rather than wall time then if a job sits waiting to fetch a remote file for instance then this counts towards the inefficiency. 
The total CPU used at the Tier-2 increased a factor of 5.7 from 2005 to 2006 from 1,895,220 KSI2K hours to 10,828,142. The increase at the Tier-1 was a factor of 2.4 from 1,744,000 to 4,099,681. The Tier-2s delivered 2.6 times more CPU than the Tier-1 during 2006.

The usage of the GridPP CPU resources by experiment is given in Table 3 below.

	
	Used at Tier-2 (KSI2K Hours)
	Used at Tier-1 (KSI2K Hours)

	 
	1Q06
	2Q06
	3Q06
	4Q06
	1Q06
	2Q06
	3Q06
	4Q06

	ALICE
	 
	0.00
	432.00
	187.00
	9,031.00
	17,122.00
	30,139.00
	36,757.00

	ATLAS
	852,014.00
	1,131,060.00
	569,879.00
	800,194.00
	156,114.00
	323,195.00
	256,979.00
	253,869.00

	CMS
	125,794.00
	236,409.00
	489,122.00
	368,427.00
	77,025.00
	176,198.00
	407,072.00
	170,784.00

	LHCb
	164,339.00
	1,237,858.00
	718,268.00
	1,072,838.00
	21,210.00
	404,707.00
	634,341.00
	396,417.00

	BaBar
	41,854.00
	72,932.00
	9,159.00
	31,454.00
	254,775.00
	61,636.00
	15,853.00
	501.00

	CDF
	 
	1.00
	5.00
	17.00
	 
	 
	 
	 

	D0
	93,373.00
	102,602.00
	40,541.00
	221,069.00
	95,963.00
	53,091.00
	22,433.00
	27,515.00

	H1
	3,851.00
	44,018.00
	23,013.00
	8,460.00
	3,058.00
	17,083.00
	18,459.00
	80.00

	ZEUS
	4,965.00
	23,170.00
	4,140.00
	60,736.00
	6,906.00
	20,953.00
	1,353.00
	19,815.00

	Other
	115,407.00
	232,299.00
	4,867.00
	11,341.00
	548.00
	15,932.00
	6,384.00
	478.00

	LHC
	1,142,147.00
	2,605,327.00
	1,777,701.00
	2,241,646.00
	263,380.00
	921,222.00
	1,328,531.00
	857,827.00

	Total
	1,401,597.00
	3,080,349.00
	1,859,426.00
	2,574,723.00
	624,630.00
	1,089,917.00
	1,393,013.00
	906,216.00


Table 3 LCG usage of GridPP CPU by experiment in 2006
The usage of Tier-1 and Tier-2 disk storage by the LCG is given in Table 4. It is not yet possible to break these numbers down by experiment. As for CPU, the ‘Available’ numbers are less than the total resource at the site as they only include those allocated to the LCG and only those connected via SRM and (mostly) not system disks on worker nodes. There are some inconsistencies and omissions in this table but since the system is being replaced (see below) it was not thought worth trying to resolve them. Note that in 4Q06, 50TB of RAL PPD disk was on loan to the Tier-1.
	 
	Available (TB)
	Used (TB)
	Ratio

	 
	1Q06
	2Q06
	3Q06
	4Q06
	1Q06
	2Q06
	3Q06
	4Q06
	1Q06
	2Q06
	3Q06
	4Q06

	Brunel
	 
	1.5
	1.1
	4.7
	 
	0.1
	0.2
	4.3
	 
	6.7%
	18.1%
	91.1%

	Imperial
	0.3
	3.2
	5.6
	35.4
	0.3
	2.2
	2.9
	25.5
	88.8%
	69.4%
	51.7%
	72.0%

	QMUL
	18.2
	15.9
	18.2
	18.2
	14.3
	3.6
	3.4
	4.8
	78.4%
	22.6%
	18.4%
	26.4%

	RHUL
	2.7
	2.7
	2.7
	5.5
	2.5
	0.3
	0.2
	1.5
	90.5%
	10.6%
	7.7%
	27.3%

	UCL
	1.1
	0.0
	1.0
	2.0
	0.9
	0.0
	0.3
	1.4
	82.6%
	54.3%
	32.6%
	70.0%

	Lancaster
	63.4
	53.1
	47.7
	60.0
	29.9
	13.1
	26.9
	12.8
	47.1%
	24.7%
	56.3%
	21.3%

	Liverpool
	 
	2.8
	0.6
	2.8
	0.0
	0.0
	0.1
	1.4
	 
	0.8%
	16.3%
	50.0%

	Manchester
	 
	66.9
	67.6
	176.8
	0.0
	1.9
	3.9
	5.4
	 
	2.8%
	5.8%
	3.1%

	Sheffield
	4.5
	3.9
	2.3
	2.2
	4.4
	1.2
	0.3
	0.1
	95.8%
	32.1%
	12.4%
	4.5%

	Durham
	1.9
	1.9
	3.5
	3.5
	0.6
	1.3
	0.9
	1.2
	30.9%
	68.1%
	25.4%
	34.3%

	Edinburgh
	31.0
	30.0
	29.0
	20.0
	16.6
	13.5
	2.8
	3.9
	53.6%
	45.1%
	9.5%
	19.5%

	Glasgow
	4.3
	4.3
	1.6
	34.0
	3.8
	0.6
	1.1
	4.1
	89.9%
	15.0%
	70.8%
	12.1%

	Birmingham
	1.8
	1.8
	1.9
	1.8
	1.3
	0.6
	0.8
	1.3
	73.3%
	31.8%
	41.6%
	72.2%

	Bristol
	0.2
	0.2
	2.1
	1.8
	0.2
	0.0
	0.3
	0.4
	89.6%
	12.0%
	16.0%
	22.2%

	Cambridge
	3.2
	3.2
	3.0
	3.1
	3.1
	0.0
	0.8
	2.1
	94.7%
	0.6%
	26.3%
	67.7%

	Oxford
	3.2
	1.6
	3.2
	3.2
	2.5
	0.0
	0.0
	0.5
	80.1%
	1.1%
	0.0%
	15.6%

	RAL PPD
	6.8
	6.8
	6.4
	16.6
	6.4
	0.6
	0.3
	13.5
	93.5%
	9.4%
	4.2%
	81.3%

	London
	22.4
	23.4
	28.7
	65.8
	17.9
	6.2
	7.0
	37.5
	80.3%
	26.6%
	24.4%
	57.0%

	NorthGrid
	67.9
	126.7
	118.2
	241.8
	34.2
	16.2
	31.2
	19.7
	50.4%
	12.8%
	26.4%
	8.1%

	ScotGrid
	37.1
	36.2
	34.1
	57.5
	21.0
	15.5
	4.8
	9.2
	56.6%
	42.8%
	14.0%
	16.0%

	SouthGrid
	15.2
	13.6
	16.6
	26.5
	13.4
	1.3
	2.2
	17.8
	88.6%
	9.3%
	13.2%
	67.2%

	Total Tier-2
	142.5
	199.8
	197.5
	391.6
	86.6
	39.2
	45.1
	84.2
	60.7%
	19.6%
	22.8%
	21.5%

	
	 
	
	
	
	 
	
	
	
	
	
	
	

	Tier-1
	121.1
	114.4
	123.1
	145.3
	56.4
	107.2
	149.4
	177.7
	46.6%
	93.7%
	121.4%
	122.3%


Table 4 LCG usage of GridPP Storage in 2006
Table 4 shows that the amount of available storage has risen steadily throughout the year as has usage after dropping in the second quarter. The total disk available at the Tier-2s increased by a factor of 2.7 from 2005 to 2006 from 145 TB to 392 TB. The total disk used at the Tier-2s also increased a factor of 4.4 from 2005 to 2006 from 19TB to 84TB. Disk utilisation remains low. The Tier-1 disk available was constant at approximately 145 TB with disks being full for most of the year.
The previous storage accounting system was not accounting for SRM disk space that was dedicated to particular experiments and not accessible to dteam jobs. This is increasingly the situation and so a new disk accounting method is being introduced (see http://goc02.grid-support.ac.uk/storage-accounting/view.php?queryType=storage) that overcomes these problems and allows a breakdown of the disk space by VO (Experiment) that will be reported in future. This new system is not yet in production and some sites do not yet have the required plugin installed. The first three quarters in Table 4 are taken from the old accounting system while the fourth is from the new system.
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