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1. Introduction

This document provides an overview of metrics for the GridPP production grid. From the outset it should be remembered that GridPP functions as part of LHC Computing Grid (LCG) and Enabling Grid for E-sciencE (EGEE) operations. The majority of metrics in this review refer to grid operations parameters within LCG/EGEE and not other areas where GridPP is active such as in SAMGrid, Babar and QCDGrid.   Where this is not the case the fact will be explicitly mentioned.
The sections which follow are broken down into logically distinct areas. Each area discusses what is currently measured, and where possible provides an analysis of trends we can note relevant to GridPP. Each overview is followed by a summary of what is planned within GridPP to improve the status in the area under discussion, and how this links with activities in EGEE/LCG. In taking this approach the report acknowledges the “get fit” issue raised by the GridPP Oversight Committee in December 2004. The actions are labeled to correspond with the section numbers. The metrics in this report correspond closely with those in the GridPP Project Map. The overlap is not 100% because the deployment team perspective is somewhat more detailed than required at the project management level. In addition, not all metrics being pursued by the deployment team feature here as their initial development is still progressing.
2. Background: Performance in the EGEE/LCG context
Grid Information Index Service
The gstat
 pages within EGEE have for some time provided regional views of data provided by the Grid Information Index Service (GIIS). This covers such high level information as available CPU (more correctly job slots) at sites, whether or not certain basic submission tasks pass or fail and the number of jobs running at sites. Most of the information is only as good as that published by the sites and at times is unreliable. There are certain limitations that must be understood for some of the quantities. For the CPU, hyperthreading is sometimes enabled at sites increasing the perceived CPU count (which is why many refer to the quantity more correctly as job slots). The Storage figures only account for one Storage Element (SE) per site and thus represents a conservative figure. GridPP uses information from the GIIS to provide data for the following metrics from which it is possible to gain some idea of GridPP’s overall service provision to EGEE/LCG (metric 4 is discussed in more detail in Section 7):
Metric 1: Average number of published job slots for the last quarter (2477)
Metric 2: Average number of job slots used for the last quarter (481)
Metric 3: Published storage at the end of the last quarter (64TB)
Metric 4: Average gstat service metric for the last quarter (19.8)
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· Figure 1 Job slots published by GridPP sites over time
Analysis

Analysis of the data required for the above metrics, both for GridPP and for EGEE/LCG as a whole, provides useful information about GridPP performance.

Figure 1 shows how the number of job slots published by GridPP sites has changed over the last year. At the beginning of GridPP2 approximately 1500 slots were available. This has since grown to over 3000, the most notable growth taking place in the last few months. This is a consequence of several sites implementing extra worker nodes after the appointment of GridPP support posts.  One exception to this is Queen Mary University of London which provides a significant number of resources but was unavailable from mid-March to mid-April when an upgrade from Fedora 2 to Scientific Linux took place. This was delayed because QMUL is a shared facility.
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· Figure 2 GridPP resources as a percentage of the EGEE total
Figure 2 demonstrates that GridPP has consistently provided about 20% of EGEE job slots (though note the drop associated with QMUL unavailability) despite the fact that EGEE has grown from 40 sites offering 5000 job slots (in July 2004) to 148 sites offering 13500 job slots in June 2005. This has not translated into a steady job load for GridPP as revealed in Figure 3. 
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· Figure 3 The percentage of EGEE jobs running at GridPP sites
There are several reasons for this situation. The most obvious is that some jobs run are by national or international Virtual Organisations (VOs) are not supported by GridPP and the Tier-2 resources have been less targeted by the LHC experiments than the larger Tier-1 facilities. Nevertheless until June an all inclusive calculation suggests that GridPP resources have run 20% of the jobs submitted to EGEE over the last year which is consistent with estimates from the experiments.
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· Figure 4 An indication of resource utilisation - job slots used
Using the jobs run and job slots published figures it is possible to gain an idea about GridPP resource utilisation as shown in Figure 4. For comparison the overall figure for EGEE is also shown and there is an obvious correlation. Peaks of activity seen in July, August and December demonstrate the impact of the experiment data challenges taking place in those periods. Recent rises again trace LHC experiment production activities. While some may be worried to see an average utilisation below 50%, it should be remembered that GridPP and EGEE is building a large production infrastructure where capacity must increase consistently over the next few years even if usage does not. Over the last year GridPP has had periods of doing better and worse (when many sites were upgrading their operating system) than overall EGEE performance. However, overall GridPP matches the status of EGEE as a whole which is what one would expect in a Grid environment where jobs flow to the most suitable site for processing. Locally running jobs sometimes skew daily results seen within gstat.

 While experiment Monte Carlo is being produced the only evident bias (not shown) is towards the use of more stable Tier-1 facilities. In the future this will be more pronounced due to reprocessing of data taking place mainly at the Tier-1s. There may also be a shift due to data accessibility; sites with large amounts of local storage could see more activity. 
GridPP actions

GridPP resources have seen fair use in comparison with EGEE/LCG as a whole. The number of published job slots and storage will increase over the next year as more resources are brought on line (see the next section). Some sites have seen light use by HEP and LHC VOs and this is partly due to site configuration issues and also because the experiments are running local jobs.

With current usage patterns GridPP can comfortably accommodate more VOs outside of LCG and High Energy Physics (HEP). Indeed the Project Management Board (PMB) has already agreed to support additional VOs with an allocation of 0.5% of available cycles being made available. At present only the BioMedical VO has directly requested use of UKI resources and been enabled at the Tier-1. Other sites are being encouraged to support “lightweight” VOs (those that do not require additional support such as MPI provision) so that they can use spare CPU cycles. The situation will be carefully monitored. 
Action 2.1: Systematically investigate why certain sites have not seen many LHC experiment jobs 

Action 2.2: Increase the number of supported VOs across GridPP
3. Resource provision

Processing

While job slots provide a useful high-level indication of “number of resources”, a more critical measure is the amount of “computing power” which is available. The agreed unit for this is 1000’s of SpecInt 2000s (KSI2K). This number varies depending on CPUs being available, therefore another useful metric is the integrated number of KSI2K hours provided (the potential processing capacity that could have been used) over a given time period (we expect a gradual rise so changes per quarter are more interesting).
Metric 5: KSI2K nominally available to LCG at the end of the last quarter (1846 KSI2K)
Metric 6: Integrated KSI2K hours available to LCG in the last quarter

As mentioned in the introduction it should be remembered that these numbers are reporting resource dedicated to the LCG grid. The GridPP MoUs with the Tier-2s was signed on the basis of overall resource provision not just LCG resources – this also applies to storage. Two additional metrics related to overall KSI2K figures could be introduced as the data is collected and monitored as part of the Tier-1 and Tier-2 quarterly reports. This actually applies to many of the metrics in this report. 

At the present time the figure for metric 5 is a best estimate and does not take into account periods when deployed resources were not available for short periods. Metric 6 does not yet have a definitive value because the value was interpreted differently by each Tier-2 in the last reporting round. As a consequence this metric may be redefined shortly. Work is also ongoing to look at methods to get meaningful information from frequent polling of farms – the question of what “available” means needs further discussion.
Storage

Another basic resource is the amount of storage provided for grid users. This quantity is more difficult to obtain than CPU power because there is currently no single source of information. Gstat gives a measure based on information published by only one Storage Element (SE) per site but detailed information must be obtained directly from the system administrators at the sites, especially if one wishes to know usage by VO.
Metric 7: Disk storage space nominally available to LCG at the end of the last quarter (240 TB)
Metric 8: Tape storage space nominally available at the end of the last quarter (239 TB)
Metric 9: Disk storage usage by LCG at the end of the last quarter (16 TB)
This information is now being collected on a regular basis as part of a quarterly reporting exercise. Results in this area can be misleading as standard queries to not reveal the true storage state which is “hidden” by quota settings and shared partitions. Like most of the metrics data in this report the numbers provided are approximate and really only to be used to spot trends and gain an idea of magnitudes. A deployment page capturing storage status information is being developed
.

Networking

The infrastructure connecting CPU and storage resources to the grid is often overlooked because its installation and maintenance is undertaken largely outside of GridPP control and its impact is (generally) less visible. Inter-site connections are controlled by UKERNA and internal networks by university computing centres. (As an aside it should be mentioned that UKERNA has a timetable for the rollout of SuperJanet 5 (SJ5) that introduces a risk for GridPP meeting its commitments to LCG in 2007). Over the last quarter future network planning has become an active area of discussion within GridPP along with the understanding of site topologies and upgrade paths. 

With current operations there are no perceived problems due to network bandwidth limitations. There is work to be done though given current LCG estimates of required Tier-2 connectivity. In the short term there are no perceived problems - indeed LCG Service Challenge 3 (SC3), which starts in July 2005, is not expected to saturate SJ4 connections but will see data transfer rates well above normal.
Although no general network monitoring and diagnostic tools are at present in use by GridPP, there are discussions within JRA4: Development of Network Services
 of the EGEE project about overall grid requirements. An EGEE deliverable (MJRA4.1) provided details of Network Performance Metrics that EGEE should pursue in areas such as network capacity, utilization, delays and packet loss
. GridPP, together with colleagues at the Daresbury laboratory, are looking at ways to use Gridmon
 (a tool developed during the European Data Grid project) to meet some of GridPP’s networking monitoring needs. No metrics have been agreed for this area but in April the GridPP PMB agreed to consider options for installing network monitoring machines at all of its sites. These machines would allow tests to be performed from which metrics are likely to be recommended. 
Analysis

Table 1 shows the breakdown of information available from the GridPP 05Q1 quarter site reports.

	
	CPU (KSI2K)
	Disk Storage (TB)
	Tape Storage (TB)

	Tier-1
	796
	191
	239

	London Tier-2
	557
	32
	-

	NorthGrid
	311
	5
	-

	ScotGrid
	31
	9
	-

	SouthGrid
	151
	3
	-

	Total
	1846
	240
	239


· Table 1  Nominal GridPP resources for LCG
The Tier-1A (GridPP-PMB-57-Tier-1/A) and Tier-2 (GridPP-PMB-58-Tier-2) reports provide more information about where these figures stand in respect of projected figures from last year - all Tier-2 numbers are lower for reasons described in the report (which actually refers to the overall GridPP resource figures not just LCG fractions). Generally it has been an issue with manpower or local department funding awards being available later than expected.  However as shown in section 2 of this document, GridPP has consistently delivered more job slots to EGEE/LCG than are being used.
There is another source of relevant information that provides an indication of storage progress. This comes from gstat where available GridPP disk storage is published as 65 TB of which 15 TB (23%) is currently being used. As with job slots, disk storage being provided by GridPP is keeping pace with EGEE growth. Usage is increasing in an (almost) orderly fashion as shown in Figure 5. The fluctuations result from changes made in the disk storage being used. Data is moved onto new disks (not accounted) before those disks become visible as the primary SE.  [image: image6.emf]0
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· Figure 5 Usage of (published) GridPP disk storage
GridPP actions

GridPP (together with other LCG/EGEE partners) provides more job slots than VOs can currently use. As the number of VOs and users increase, especially in the ramp up to the LHC start date, this may not be the case – during June over 75% of slots were occupied for certain periods. However, the spending profiles and recent grant success for many institutes together with existing resource not yet available on the grid means that GridPP will see a steady rise in published job slots over the coming year. 
Action 3.1: Continue to deploy Ganglia and federate information for all GridPP resources to give an overall indicator of provision and use outside of LCG (deploying Ganglia at all sites is already a deployment team objective)
Action 3.2: Pursue monitoring discussions to establish relevant metrics (and capture mechanisms) for networking. These should take account of the expected evolution in networks.
4. Resource usage
Publishing accounting information
The Accounting Processor using Event Logs (APEL) package has been part of the LCG2 distribution since November 2004. It has been active at most EGEE sites since January (see Figure 8 in “9. Appendix 1”). The number of GridPP sites publishing accounting data is an important metric; deployment activities must ensure that as far as possible usage of all GridPP resources are being recorded.
Metric 10: Number of sites publishing accounting data at the end of the last quarter (13)
Unfortunately across EGEE, due to a default setting on log rotations, accounting data does not extend much beyond 8 weeks before accounting became active at a site. In addition not all sites are able to publish accounting data as APEL does not presently support all batch systems. This latter problem and the fact that not all sites are publishing distorts any conclusions that can currently be drawn from the accounting data. For instance, if one examines the total CPU usage of LCG jobs (in KSI2K hours) using currently available data, GridPP resources are found to have contributed 50% of the total processing which is not consistent with experiment estimates of between 20% and 30%. GridPP currently has 13 sites publishing accounting data to APEL.
Usage of resources

In addition to knowing how much processing has been performed it is important understand how this breaks down per VO (or experiment) and the impact each VO has on the available storage resources.

Metric 11: KSI2K hours of CPU processing delivered (per VO) over the last quarter (N/A)
Metric 12: Storage used (per VO) over the last quarter
Data for metric 11 is available from APEL. At present the data is not entirely accurate for all sites due to use of incorrect normailsation factors being set on site Computing Elements (CEs). In many cases this is just poor configuration and is being addressed. In other cases the problem arises because the GLUEscheme used in the LCG2 middleware requires a single normalization factor even when a farm is heterogeneous amongst CPU types. One must also remember that site performance figures will differ at the level of compiler differences, available RAM and other site hardware configurations.  There is currently no grid wide benchmarking of sites taking place for LHC experiment applications. The biomedical VO has started a benchmarking process on sites supporting it and this leads to speculation that in the future a benchmark metric may be possible. Data for metric 12 is available from the Tier-2 quarterly reports
 and so is not reported in detail here. 
An interesting metric at sites with tape based mass storage would relate to such things as “average time jobs spend in the wait state”.  In fact lower level metrics, while not necessarily appropriate for reports such as this, will be vital for improving grid efficiency. Methods are currently being investigated to determine individual VO job efficiencies essentially by using job wall clock times and normailsed CPU time. Already there are indications that some experiment jobs are less efficient than others due to I/O patterns requiring jobs to spend a long time in the wait state. A waiting job is filling a job slot but not making use of CPU cycles. A future option may involve reconfiguring the queues to allow several jobs to use the same CPU.
Analysis

APEL does not currently provide information on storage provided and used within the grid. This data is likely to become available in later versions of APEL. A breakdown of CPU usage for LHC VOs as provided by APEL for sites currently publishing is shown in Figure 6. Detailed numbers are available for all VOs.
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· Figure 6 LHC usage of GridPP resources (for published data)

GridPP actions

There is a clear need to get all sites publishing their accounting records. 

Action 4.1: For those sites running APEL supported batch systems but not publishing, focus effort to fix outstanding R-GMA problems and install the latest APEL rpms with the next LCG release (due 1st July). 

Action 4.2: For sites with unsupported batch systems (like Condor) provide effort to establish an alternative publishing route by September – for instance data in a GOC compatible predefined format.  
There is no perceived problem with the breakdown of resource usage by VOs. Experiment representatives have been appointed in the Tier-1 and Tier-2-experiment interaction is increasing as a result of the LCG Service Challenges. Both these factors will improve LCG usage of provided resources and should be developed further. 

Action 4.3: Establish a deployment team contact to follow up on experiment issues. Encourage experiments to feedback problems encountered at sites so that administrators can fix them quickly.

5. Users

Supported VOs
The production service is aimed at providing a resource for Particle Physics researchers and, through affiliation with EGEE, non-HEP users. As each distinct research area, project or experiment is  mapped to a Virtual Organisation (VO), a good indication of the GridPP “customer base” is given by a simple count over the number of VOs supported.


Metric 13: Number of supported VOs (10)  
If this number were to start falling (without GridPP intervention) then there would be immediate cause for concern. 

Users

To identify issues in the service provided, it is important to know how the overall Grid user base is growing. If large increases are seen in certain supported VOs with consequent rising job numbers for EGEE but not for GridPP then the underlying cause can be investigated. At present there is no definitive source for this information but an indication can be gained by summing over unique users in the VO gridmapfiles. It is hoped that VOMS will offer a more reliable method.
Metric 14: Number of users in supported VOs (other than dteam) at the end of the last quarter (812)
In addition to the number of users who could potentially use the resources there is a clear advantage in knowing the number of active users (the number who have actually submitted jobs). Unfortunately there is no easy way to collect and aggregate this information. APEL could in theory provide the data but only if DN supression was not happening at any sites. The agreed default is to have DN supression applied at all sites. However, as the Tier-1 provides a large fraction of the GridPP resources and supports the same or more VOs than other GridPP sites, most active grid users would during a given period have had jobs run at this site. Therefore counting the number of distinct DNs at the Tier-1 should give an indication of active user numbers.
Metric 15: Average number of active users (of Tier-1 resources) in supported VOs at the end of the last quarter (46) 
Analysis

GridPP resources are currently available to 812 users in 10 VOs. These numbers exclude the VO software managers (accounts used to install software) and the 358 users registered with the DTEAM VO. 
	VO
	Count

	H1
	5

	ZEUS
	8

	BABAR
	10

	D0
	18

	ALICE
	36

	LHCB
	54

	BioMed
	56

	CMS
	290

	ATLAS
	335

	Total
	812


· Table 2 User numbers within supported VOs

Analysis of Tier-1 job records (see Figure 8) shows no definite trend in the overall number of active users. The number of supported VOs has been growing steadily over the last 8 months with BioMed being the latest addition. Tier-1 resources have seen a lot of use from Zeus and D0.
GridPP has agreed to support all EGEE VOs to the level of 0.5% of available capacity. At present only a few non-HEP VOs are enabled. The number of HEP VOs will increase slightly over the coming year as more use is made of the GridPP Portal. All sites will be encouraged to support additional  VOs. The mechanism by which the negotiation can happen between VOs and sites is currently being agreed and implemented by the EGEE Regional Operations Centre managers (ROC managers). The number of active LCG users is expected to climb steadily when experiments/VOs have successfully demonstrated use of grid resources for analysis. More users will likely be attracted as daily operations become more stable and the grid more reliable.
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· Figure 7 Number of distinct users who had jobs run at the Tier-1
GridPP actions

Action 5.1: Liaise with GridPP dissemination to ensure deployment and operations progress is recognised by the user communities (who may after first experiences be put off pursuing grid options)

Action 5.2: Ensure that (local) users have access to adequate training material within their VO and EGEE
Action 5.3: Work more closely with UK experiment application development teams
Action 5.4: Improve the efficiency and user satisfaction of the Grid Operations Support Centre and Global Grid User Support (GGUS) efforts.
6. Site maintenance and availability
Site availability
There is no clear definition of what it means for a site to have resources available for a VO. For instance does “available” mean that the site is publishing job slots and storage (in proportion to what is truly online) for a given VO, or that it has required VO software installed so that VO jobs can actually run! There have been many advances over the last 10 months in providing an EGEE wide system to measure availability for the former case and some work on the latter. 

There are two measures that can currently be examined for sites; the gstat pass/fail data1 for specific tests, and the Site Functional Test (SFT) results
. Given that EGEE/LCG, and therefore GridPP, operations is being monitored most closely against the SFT results it is appropriate to use results from these for a metric:
Metric 16: Percentage of Site Functional Tests results that were passes “OK” over the last quarter (38%)
The data for this metric may stablise over the coming months but discontinuities will still be seen as the nature of the critical tests change (see analysis section for more details of the test results). Critical tests are those used to determine whether the site is operating well enough to be used by VOs and the criteria for this often changes. Indeed there is a large change happening now in a move to improve overall grid performance (see 6. Other areas). These tests are run daily and sometimes provide misleading information – this happens for example when problems labeled as site problems actually result from a failure somewhere else in the infrastructure used to run the tests. The same tests run minutes apart can produce different results – for this reason the information should only be used to spot trends in performance. Due to changes in the operational procedures within EGEE, only certified sites (those meeting Regional Operations Centre (ROC) requirements to enter the production environment) will be monitored in the near future which may once again impact continuity of SFT indicators.
Problems identified by the SFTs will result in follow up by an EGEE group called the Core Infrastructure Centre (CIC) on duty (COD) team in which GridPP members play a part. GridPP is now using a support tracking system based on the Footprints package to track problems identified by the COD and others. This product allows for the generation of reports relating to tickets raised against sites and statistics on the types of problem encountered. A useful measure (that will be monitored by site within the deployment team) concerns the number of tickets being raised and perhaps the average time to deal with them.

Metric 17: Number of trouble tickets raised against GridPP sites over the last quarter 
At present these numbers can be slightly misleading. This is due to the fact that the helpdesk must interoperate with a new system being developed in EGEE for Global Grid User Support. Unfortunately the system has at times experienced problems to the extent that one problem may generate tens or even hundreds of tickets! This has to a large part been addressed but makes it difficult to analyse past performance and trends.

Upgrades

EGEE/LCG SA1 has set targets for sites to upgrade their middleware version within a specified time period. This is done because certain changes in a release need to be provided quickly as the functionality is required by users of the system. There are caveats to this though. Not all sites are able to upgrade because they are not running on a standard (widely adopted) operating system such as Scientific Linux. Within GridPP sites have been running on Fedora Core 2 and Red Hat Enterprise in addition to Scientific Linux and Red Hat 7.3. In addition time consuming ports are needed where the hardware is not supported by the standard distribution – an associated HP site in Bristol is using IA-64 machines. Finally some VOs/experiments are not always ready to run their software on a new middleware version (this is perhaps a special case and linked mainly to the move from Red Hat 7.3 to Scientific Linux 3 and not as such tied to the middleware version change) and may request a delay. Nevertheless it is still useful to measure the responsiveness of sites to upgrading middleware.

Metric 18: Number of sites upgrading in requested time period for last release (16)
At present this metric is very useful, but discussions about how the project migrates to a gLite based middleware suggest that regular releases may be phased out in favor of component releases which are implemented on a best effort basis.  
Site downtime

In order to undertake upgrades and maintain hardware it is necessary that sites take themselves offline for short periods. To do this they make use of a “Scheduled downtime” flag in the Grid Operations Centre (GOC) database (GOCDB). In addition to standard maintenance, some Tier-2 sites have also been using this procedure (which takes them out of CIC monitoring) when they are unable to resolve problems (due to technical or manpower limitations) or if there has been a security incident requiring the farm(s) to be taken offline. 

Metric 19: Accumulated days of scheduled downtime for last quarter (418)
An alternative considered is an average number of days of site downtime in the last quarter. It is thought that the above accumulated value gives a more direct indication of progress. At the moment it is only measured at the granularity of a day. With evolving mechanisms that plug into the GOCDB it is likely to soon be possible to improve this to hours of downtime. The high figure for the last quarter is the result of a few sites being continuously in the “scheduled downtime” state due to lack of manpower required to upgrade and maintain the grid machines. This is clearly not acceptable and an escalation procedure is being followed to rectify the problems, one of which has been exacerbated by the late recruitment of a support post.
Within EGEE it has been noted that 20 sites provide 80% of the CPU resources and this clearly means that problems at larger sites must be given more priority and urgency within COD operations. In a similar manner not all sites being down have the same impact so a better metric may relate to lost KSI2K hours due to scheduled downtime.  
Analysis

Table 3 provides an extract of the data on tickets raised against sites through footprints for the period April to June 2005. Earlier figures are difficult to distill from the tracking system due to problems mentioned in the text above. The last column indicates tickets not generated as a result of SFT or GSTAT problems. It is evident from these summary figures that there is an even spread of problems across all of the sites which requires follow up. 
	
	footprints
	NonSFT

	 
	 
	 

	HP-Bristol
	6
	2

	BHAM-LCG2
	3
	 

	BITLab-LCG
	3
	2

	Cavendish-LCG2
	4
	 

	Durham
	4
	2

	IC-LCG2
	3
	 

	Lancs-LCG2
	4
	1

	LivHEP-LCG2
	2
	1

	ManHEP-LCG2
	8
	1

	Oxford-01-LCG2
	3
	1

	QMUL-eScience
	4
	1

	RAL-LCG2
	7
	 

	RALPP-LCG
	2
	1

	RHUL-LCG2
	5
	1

	Sheffield-LCG2
	5
	 

	ScotGRID-Edinburgh
	2
	 

	UCL-CCC
	2
	1

	UCL-HEP
	3
	1

	scotgrid-gla
	6
	 

	TOTALS
	76
	15


· Table 3 Tickets raised against sites via support helpdesk. Non-SFT refers to tickets not due to SFT identified problems - these are things like GOCDB required changes and certificate renewals. These figures are for the period April – June 2005.
The SFT results are not continuous in that whenever a CE changes (this is also true for accounting data and gstat) the history of information is generally reset to zero. This means there are varying amounts of data (count in Table 2) available for the sites and therefore comparison between sites is not straightforward. However, the SFTs do give an indication of how well sites are performing. The five main categories are:
· OK: The site is passing all tests and available

· CT: Critical test failure. The critical tests have varied over time and do not always imply that a site can not run jobs. 

· JS: Job submission failure. This means that new jobs can not be submitted to the site. This is often a problem but some sites have a sufficient number of queued jobs that it does not impact their throughput if resolved quickly.

· JL: Job List Match failed. This is a definite site fault and can be resolved.

· SD: Scheduled Downtime. If a site is in scheduled downtime it will not be used and test problems at the site will not be followed up by operations staff.
	Site
	Count Q1
	Count Q2
	SD Q1
	SD Q2
	JL Q1
	JL Q2
	JS Q1
	JS Q2
	CT Q1
	CT Q2
	OK Q1
	OK Q2

	Birmingham
	40
	115
	5%
	1%
	10%
	3%
	3%
	5%
	13%
	7%
	70%
	84%

	Brunel
	103
	118
	18%
	30%
	16%
	4%
	6%
	4%
	59%
	27%
	1%
	35%

	Cambridge
	108
	172
	8%
	10%
	32%
	15%
	15%
	27%
	6%
	11%
	38%
	37%

	Durham
	101
	113
	8%
	5%
	3%
	2%
	39%
	3%
	12%
	11%
	39%
	80%

	HP-Bristol
	0
	62
	-
	32%
	-
	0%
	-
	56%
	-
	11%
	-
	0%

	Imperial College
	108
	112
	9%
	33%
	14%
	8%
	6%
	3%
	43%
	13%
	28%
	44%

	Lancaster
	104
	79
	17%
	52%
	12%
	6%
	19%
	14%
	27%
	3%
	25%
	25%

	Liverpool
	109
	83
	46%
	86%
	54%
	14%
	0%
	0%
	0%
	0%
	0%
	0%

	Manchester
	104
	108
	0%
	22%
	5%
	3%
	6%
	8%
	18%
	25%
	71%
	42%

	Oxford
	102
	104
	0%
	5%
	6%
	0%
	12%
	8%
	16%
	18%
	67%
	69%

	Queeen Mary 
	24
	110
	58%
	25%
	42%
	30%
	0%
	3%
	0%
	41%
	0%
	1%

	Tier-1 RAL
	79
	146
	1%
	1%
	11%
	5%
	14%
	8%
	20%
	34%
	53%
	52%

	RAL Particle Physics
	95
	119
	12%
	18%
	2%
	3%
	3%
	0%
	9%
	7%
	74%
	72%

	Royal Holloway
	79
	46
	51%
	13%
	22%
	11%
	1%
	11%
	27%
	17%
	0%
	48%

	Edinburgh
	8
	95
	13%
	5%
	0%
	26%
	0%
	6%
	0%
	9%
	88%
	53%

	Glasgow
	112
	117
	59%
	56%
	25%
	3%
	1%
	20%
	3%
	15%
	13%
	6%

	Sheffield
	71
	107
	1%
	1%
	8%
	3%
	3%
	7%
	8%
	20%
	79%
	69%

	UCL Computer Centre
	105
	109
	15%
	11%
	10%
	0%
	6%
	13%
	15%
	6%
	53%
	71%

	UCL Physics
	0
	43
	-
	2%
	-
	14%
	-
	2%
	-
	16%
	-
	65%


· Table 4 Site Functional Test overview for Q1 2005 and most of Q2 2005 

Table 3 Site Functional Test overview for Q1 2005 and most of Q2 2005, shows a summary of SFT history information. It should be remembered that these numbers are only indicative for the reasons mentioned above and also because the daily tests may be supplemented by additional runs of the tests at certain sites when problem resolution is being attempted (NB. Only the CIC members can 
rerun the official SFTs).  
Despite the caveats above this information does reveal useful information for improving the operation of GridPP; there is clear evidence of sites performance differences. For several VOs, sites failing some of the EGEE declared critical tests (CTs) are still used successfully. The Tier-1 for example is generally always found to be running jobs despite showing relatively high CT failure rates in the table. More comprehensive information than provided by Table 3 is available and is being analysed to better understand changes in performance.
The site upgrade process is improving as revealed in Figure 8 where the uptake of a release is seen to be taken up more quickly and widely with the latest release (LCG 2.4.0). This is in part due to the move to releases appearing on predefined release dates. The 2.3.1 release was not adopted by all sites as a strict release tag because it had elements that were deemed by some sites as inappropriate for a security update; as a consequence they only implemented the security related parts of the release.
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· Figure 8 UKI region middleware history
GridPP actions

Action 6.1: Analyse past SFT data to reveal individual site trends more clearly. Use the trends in discussion with the site administrators and Tier-2 coordinators to identify ways in which GridPP can help sites improve their performance (this could as straightforward as providing additional training or problem resolution sharing).   
Action 6.2: Investigate the main causes for sites to schedule downtime. Set a target to reduce metric 18 by 20% for the next quarter with similar ongoing targets.

Action 6.3: Keep sites fully informed of LCG middleware release schedules so that they can reallocate manpower to the upgrade task to meet 3 week upgrade period as best as possible. 

7. Operational monitoring
Mechanisms
GridPP operations are performed as part of the UK & Ireland ROC and in turn as part of EGEE. EGEE now uses 5 Core Infrastructure Centres (CICs – responsible for maintaining the core services of the grid and overseeing daily operations), including one based at the Rutherford Appleton Laboratory, on an alternating basis to monitor and track grid problems. Generally the CIC-on-duty (COD) uses results from the SFTs and gstat to raise tickets against sites in order to resolve problems. Summary results from these together with other operational tools are brought together in the CIC portal based at IN2P3 in France 
.

In addition to the COD actively monitoring site status, there is a move with the introduction of SFT2 to implement a new tool designed to automatically populate the BDII (an information source giving information on available sites) with only sites passing the SFTs. In addition VOs will be given the opportunity to edit the sites they use through a web-portal that allows them to white and black list sites. The combined matrix will result in new information.

Metric 20: Average number of sites per quarter available in VO selections

GridPP will analyse the sites white and blacklisted against each VO in order to uncover underlying problems that prevent certain sites being used – for instance required libraries not present on the local farm. Of course monitoring of this will be ongoing and not restricted to the end of the quarter.
An important area of any operational IT system is the level of security being provided. While there are currently a number of activities improving grid security there are still dangers from poor knowledge of basic system administration best practice. This often results in security incidents that might have been prevented.  There will always be such incidents but they should be expected to stay low! New vulnerabilities in Operating Systems are often uncovered (with a finite period of time until patches are applied) and so it is difficult to guarantee that this number will not fluctuate too much to be useful. 
Metric 21: Number of GridPP (site) system security incidents in the last quarter (3)

This does not cover Grid security incidents which may also compromise sites and a separate measure is proposed for tracking this:

Metric 22: Number of EGEE Grid security incidents in the last quarter (0)

By this it is meant incidents that involve the exploitation of some vulnerability in the middleware that GridPP has deployed – currently LCG2.  

Analysis

A guide to UKI (and GridPP) overall performance is provided by the gstat metric. Figure 5 shows how this value has changed for UKI (95% GridPP) between January and June 2005 in comparison to the EGEE average. The figure is calculated from the results of several tests run on a daily basis against all sites. These tests (similar to the SFT tests) have the outcomes
 shown in Table 5:
	Status
	Description
	Example


	0
	na or no status available
	

	10
	ok or normal status
	No problems

	20
	info or useful information 
	Storage over 90% full

	30
	note or important information  gridice
	GridIce tests are failing

	40
	warn or subject may fail soon  
	Blank values or wrong format in configuration 

	50
	error or subject has failed and problem is localized  giis
	A query failed (e.g. no cpu information found)

	60
	crit or subject has failed and problem is fatal
	

	
	maint or subject is under maintenance
	Scheduled downtime at site

	
	off or subject has monitoring off
	Site is undertaking work that would trigger alerts


· Table 5 Status definitions in GSTAT
The gstat metric measures the overall situation in a region by weighting the number of sites with a certain state by a “status” value that increases with the severity of the problem:

Gstat metric = ((#ok sites)*10+(#info sites)*20+(#note sites)*30+(#warn sites)*40+(#error sites)*50+(#crit sites)*60) / (#sites – (#maint+#off))
If all sites are either in maintenance (or have monitoring switched off) or ok the gstat metric will be 10 – this is the goal.
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· Figure 9 Variation of the gstat metric
It is clear from Figure 9 that GridPP sites are encountering similar problems to those in the rest of the EGEE project. There is a wider fluctuation because there are fewer sites in GridPP than EGEE and as a consequence small deviations from the norm produce larger metric variations. The GridPP trend suggests a gradual improvement in site configuration and stability. This is likely due to increasing familiarity with the problems and a better understanding of how to resolve them. Like the SFT results, the gstat output can vary within a short period without any human intervention.
GridPP Actions

Action 7.1: When possible, monitor how sites are being included and excluded from VO BDII files
Action 7.2: Organise a security awareness and operations training course for GridPP sysadmins. Tools such as YUMIT and Nagios should be explained in detail together with best practice for system “housekeeping”

Action 7.3: Review monitoring documentation to ensure that results can be quickly understood by system administrators. 

8. Other areas
EGEE
EGEE now provides most of the operational monitoring tools GridPP uses. GridPP is part of the UK and Ireland federation and falls under the control of the UKI Regional Operations Centre (ROC). The ROC deals with general operations including support and responding to the CIC on duty. Discussions at the last EGEE/LCG SA1 operations workshop in May
, concluded that there was a clear need for metrics to monitor the performance of the regions. The need for two sets of metrics was identified. A complex detailed set used for pinpointing problems of interest to the ROCs, CICs and site administrators, and a coarse summary giving a measure of overall performance in a small easy to digest format that will be targeted at users to show progress. The metrics will need to be available for given time periods (weeks, months, quarters) and measure performance. For the ROCs the data will concern the Resource Centres; for the CICs data from services provided. In addition there may be some quantity to define the “release quality”. This last point is quite important given that overall deployment and operations success does in large part depend upon the middleware design and simplicity of its configuration.

There are already efforts within EGEE to define the quality of the service provided. In particular Joint Research Area 2 (JRA2) is dedicated to “Quality Assurance”
. JRA2 has begun to define a number of Quality of Service (QoS) metrics
 some of which are in the area of software quality (number of bugs open, closed or raised), utilisation
 (for instance number of users and VOs), job success and throughput. Related to this last measure a web-page
 is available for the latest information on a Resource Broker or VO level. An example plot is shown in Figure 10. Here the red represents successful jobs and the blue registered jobs. The black line indicates the percentage of successful jobs.  
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· Figure 10 Job success for all VOs as measured by JRA2

It is difficult to gauge the accuracy of the information shown and for the time being GridPP will not be using this as a data source for any metric. There is a need for a “job success rate” metric but this will most likely need to be on a VO basis. When jobs fail it is not always due to the infrastructure and only the VOs/experiments are in a good position to calculate a true grid infrastructure job success figure. Getting the figures on a national grid level or even a regional level is more difficult. Future evolutions of the SFTs are likely to provide VO specific results.
LCG

LCG does not currently have any plans for metrics outside of those being pursued within EGEE. It does however have some of the most active VOs working within EGEE. The LHC experiments by necessity have run a number of data challenges and continue to develop their own assessments on job success rates. Whereas 9 months ago these figures were in the region of 60%, the practice of selecting known stable sites (shortly to be possible through the Freedom of Choice mechanism mentioned earlier) and improved site configurations generally has increased this to typically over 90%. 
Metric 23: Average job success rate over the last quarter for LHC experiments 

In addition to this GridPP really needs some measure of how well it is meeting the expectations of the experiments. Until a more general metric can be defined it is considered sufficient to look at the GridPP contributions.

Metric 24: GridPP contribution to experiment’s overall running for the last quarter (ALICE:ATLAS:CMS:LHCb; x1: x2%: x3%: x4%)
Until the accounting is fully in place this metric requires data from the experiment as does the previous metric.

In addition to the standard running, GridPP is taking an active role in the LCG Service Challenges. These challenges are pushing network throughput and provision of extra required components at sites. As this happens certain indicators are becoming increasingly useful, such as the data throughput figures calculated from gridFTP logs. These indicators are likely to evolve into additional useful metrics that GridPP will consider.
Project Map metrics and targets
Within the GridPP Project Map a number of metrics are provided in addition to those discussed in this paper. These metrics are largely management metrics used to ensure continuity of the project structure like the number of deployment team meetings in a quarter or pass/fail metrics each quarter such as whether certain commitments are being met. Amongst these there are a few which are likely to be discussed further in future GridPP reports such as the percentage of jobs run on GridPP resources that were submitted via the Grid. Clearly this is an important measure as we would like to see more and more work undertaken on the grid rather than through local batch submission routes. Tier-1 data on this is already being collected and shows a gradual trend of increasing grid use vs traditional use. 
Finally, metrics are more useful to a project if they are defined with well thought out targets for future years. This document has not detailed the discussions (some of which are ongoing) used to determine the targets which can be found in the Project Map. A future update of this document will provide more information on the targets and use metric identity numbers from the Project Map to allow easy cross referencing.

8. Summary
Current status
GridPP is an active member of both LCG and EGEE. There have been a number of advances in the last 9 months that allow useful data to be gathered relating to deployment and operations of the GridPP infrastructure. This data is being reviewed regularly to improve overall performance. Operational monitoring is now continuous with at least one snapshot taken each day to identify trends and problems; these are quickly followed up using a trouble ticketing system by both CIC-on-duty and ROC staff. An overall picture of trends will be possible through the analysis of some key metrics.
Metrics presented
1: Average number of published job slots for the last quarter (2477)
2: Average number of job slots used for the last quarter (481)

3: Published storage at the end of the last quarter (64TB)

4: Average gstat service metric for the last quarter (19.8)  

5: KSI2K nominally available to LCG at the end of the last quarter (1846 KSI2K)

6: Integrated KSI2K hours available to LCG in the last quarter
7: Disk storage space nominally available to LCG at the end of the last quarter (240 TB)

8: Tape storage space nominally available at the end of the last quarter (239 TB)

9: Disk storage usage by LCG at the end of the last quarter (16 TB)

10: Number of sites publishing accounting data at the end of the last quarter (13)

11: KSI2K hours of CPU processing delivered (per VO) over the last quarter
12: Storage used (per VO) over the last quarter 

13: Number of supported VOs (10) 
14: Number of users in supported VOs (other than dteam) at the end of the last quarter (812)

15: Average number of active users (of Tier-1) in supported VOs at the end of the last quarter (46) 

16: Percentage of Site Functional Tests results that were passes “OK” over the last quarter (38%)
17: Number of trouble tickets raised against GridPP sites over the last quarter (TBC)
18: Number of sites upgrading in requested time period for last release (16)

19: Accumulated days of scheduled downtime for last quarter (418)

20: Average number of sites per quarter available in VO selections 
21: Number of GridPP (site) system security incidents in the last quarter (3)

22: Number of EGEE Grid security incidents in the last quarter (0)

23: Average job success rate over the last quarter for LHC experiments (N/a)

24: GridPP contribution to experiment’s overall running for the last quarter (ALICE:ATLAS:CMS:LHCb; x1: x2%: x3%: x4%)

Conclusions and actions

Throughout this document a number of actions have been captured. These represent a subset of current deployment team activities which are either happening or planned in order to develop the operational capability and efficiency of GridPP resources. Throughout it has been made clear that the nature of the grid and its surrounding environment is still changing quickly and as a consequence some of the directions taken in this paper are likely to become obsolete. Hopefully it is clear that GridPP, with its national and international partners, is rapidly developing a true production quality grid.  
9. Appendix 1
Accounting status
Most GridPP sites have correctly configured R-GMA since LCG2 2.4.0 and now publish accounting data on a daily basis to the Grid Operations Centre based at RAL. The current status is shown in Figure 8. Six sites are not yet publishing for a mixture of reasons including problems with R-GMA and use of an old APEL version. As mentioned in the accounting section of the document, the deployment team aim to resolve all problems within the next 2 months. 
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· Figure 11 GridPP job accounting for 2005
10. Appendix 2

Metrics for consideration

Following a review of this document by the GridPP oversight committee it is anticipated that there may be additional metrics put forward or recommendations made. This appendix will be used to capture this feedback.
� � HYPERLINK "http://goc.grid.sinica.edu.tw/gstat/UKI.html" ��http://goc.grid.sinica.edu.tw/gstat/UKI.html�





� � HYPERLINK "http://www.ph.ed.ac.uk/~jfergus7/gridppDiscStatus.html" ��http://www.ph.ed.ac.uk/~jfergus7/gridppDiscStatus.html�





� � HYPERLINK "http://egee-jra4.web.cern.ch/EGEE%2DJRA4/" ��http://egee-jra4.web.cern.ch/EGEE%2DJRA4/�





� � HYPERLINK "https://edms.cern.ch/document/475908/1" ��https://edms.cern.ch/document/475908/1�





� � HYPERLINK "http://gridmon.dl.ac.uk/gridmon/" ��http://gridmon.dl.ac.uk/gridmon/�





� Data available from: � HYPERLINK "https://www.gridpp.ac.uk/deployment/status/reports/reports.html" ��https://www.gridpp.ac.uk/deployment/status/reports/reports.html�





� � HYPERLINK "http://lcg-testzone-reports.web.cern.ch/lcg-testzone-reports/cgi-bin/lastreport.cgi" ��http://lcg-testzone-reports.web.cern.ch/lcg-testzone-reports/cgi-bin/lastreport.cgi�





� � HYPERLINK "https://cic.in2p3.fr/index.php?id=cic&js_status=2" ��https://cic.in2p3.fr/index.php?id=cic&js_status=2�





� � HYPERLINK "http://goc.grid.sinica.edu.tw/gocwiki/RgmaMonitorDataSchema" ��http://goc.grid.sinica.edu.tw/gocwiki/RgmaMonitorDataSchema�





� � HYPERLINK "http://goc.grid.sinica.edu.tw/gstat/filter_help.html" ��http://goc.grid.sinica.edu.tw/gstat/filter_help.html�





� � HYPERLINK "http://infnforge.cnaf.infn.it/cdsagenda//fullAgenda.php?ida=a0517" ��http://infnforge.cnaf.infn.it/cdsagenda//fullAgenda.php?ida=a0517�





� � HYPERLINK "http://egee-jra2.web.cern.ch/EGEE-JRA2/index.html" ��http://egee-jra2.web.cern.ch/EGEE-JRA2/index.html�





� � HYPERLINK "http://egee-jra2.web.cern.ch/EGEE-JRA2/QoS/QoS.htm" ��http://egee-jra2.web.cern.ch/EGEE-JRA2/QoS/QoS.htm�





� � HYPERLINK "http://egee-jra2.web.cern.ch/EGEE-JRA2/QoS/Follow-up/Utilisation/Utilisation.htm" ��http://egee-jra2.web.cern.ch/EGEE-JRA2/QoS/Follow-up/Utilisation/Utilisation.htm�





� � HYPERLINK "http://ccjra2.in2p3.fr/EGEE-JRA2/QAmeasurement/showstatsVO.php" ��http://ccjra2.in2p3.fr/EGEE-JRA2/QAmeasurement/showstatsVO.php�
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