

GridPP-PMB-15-Tier0_v3.0.doc


	[image: image1.png]GRIp

Particle p
Physics




	GridPP Project Management Board


Tier-0
GridPP2 Planning Document
	
	Document identifier :
	GridPP-PMB-15-Tier0

	
	Date:
	29/05/2003

	
	Version:
	4.0

	
	Document status:
	Final

	
	Author
	GridPP 


The LCG Project
The LHC Computing Grid Project (LCG) was established by CERN in September 2001 to develop and build the offline computing environment for the LHC experiments. The project proposal foresaw two phases:

	Phase 1:
	Development and prototyping at CERN and in Member States and non Member States from 2001 to 2004, requiring expert manpower and some investment to establish a distributed production prototype at CERN and elsewhere that will be operated as a platform for the data challenges of the experiments.

The experience acquired towards the end of this phase will allow the elaboration of a Technical Design Report, which will serve as a basis for agreeing the relations between the distributed Grid nodes and their co-ordinated deployment and exploitation.

	Phase 2:
	Installation and operation of the full world-wide initial production Grid system in the years 2005 to 2007, requiring continued manpower efforts and substantial material resources.


(from CERN/2379/Rev.)

Subsequently, as a result of the postponement of LHC start-up to 2007, Phase 1 of the LCG project has been extended to cover the years 2001 to 2005, with Phase 2 covering the LHC ramp up phase (2006 to 2008) prior to long term LHC exploitation from 2009.
Through GridPP, the PPARC e-Science program has made a major contribution to LCG Phase 1, a total of £5.667M to fund 24 staff and to purchase equipment for the prototype for £1.3M (see table below). Indeed, the availability of UK funding played a significant role in the development and approval of the LCG project plan.

	CERN

	TOTAL

	FY2001

	FY2002

	FY2003

	FY2004


	Hardware

	£1,330,000

	£0

	£0

	£743,000

	£587,000


	Staff

	£4,336,835

	£0

	£907,843

	£1,636,162

	£1,792829


	TOTAL

	£5,666,835

	£0

	£907,843

	£2,379,162

	£2,379,829



	

	Table 1: GridPP funding profile for LCG Phase 1


Phase 2 of the LCG project is an integral part of the overall plan and is essential for the establishment of the necessary offline infrastructure at CERN during the start of LHC exploitation. We believe that a further investment of PPARC funds is fully justified to build on our investments during Phase 1 and to ensure that CERN is fully equipped to enable UK physicists to properly exploit the data to be collected by the LHC experiments during this period.

Phase 1 status 
The management structure for Phase 1 of the LCG project was organised during the early part of 2002. Four specific work areas were established

1. Applications, 

2. Fabric Management, 

3. Grid Technology and

4. Grid Deployment

and managers for these areas were appointed to the Project Execution Board together with the representatives nominated by the four LHC experiments. The GridPP Project Leader is also a member of the LCG PEB (and the PPARC e-Science Director a member of the LCG POB) in order to ensure an effective overview of the project given the level of UK funding. In addition to this formal representation, two GridPP PMB members sit on the SC2 committee, John Gordon as the UK Tier1 representative and Nick Brook as one of the LHCb representatives.
In return, Tony Cass represents CERN and the LCG project on the PMB. Of wider relevance, there will be a major presentation of the work being undertaken by GridPP funded staff at CERN during the GridPP7 collaboration meeting in Oxford at the beginning of July. There is also a dedicated link on the GridPP web page (http://www.gridpp.ac.uk/cernlcg.html) to keep people up-to-date with LCG project developments.
The LCG Project organisation is illustrated in the picture below.
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Following a Launch Workshop in March 2002, the LCG Project Execution Board developed a planning document
 that was presented to CERN’s LHC Committee in July 2002. The project established a high level plan with the following milestones
 leading up to the completion of the Computing Service TDR in June 2005:
	· July 2003
	First Global Service (LCG-1) — Initial availability

	· June 2003
	General release of the POOL hybrid event store

	· November 2003
	Distributed Production Environment using grid services

	· November 2003
	Fully operational LCG-1 service

	· May 2004
	Distributed end-user interactive analysis from a Tier 3 Regional Centre

	· January 2005
	Fully operational LCG-3 Service

	· March 2005
	Full function release of persistency framework


Some key developments in the four areas are presented below. The complete planning and status information for the LCG project can be found at http://cern.ch/LCG/peb/Planning/. 
Applications

Seven Requirement Technical Assessment Groups (RTAGs) have been established to document common requirements of the LHC experiments, notably in the areas of Object Persistency, Software Management and Detector Simulation and the overall applications architecture. Although there have been some differences between experiments, there has been good cooperation and support for a common approach. Building on the successes in the application area, CERN’s EP division established a Software group in 2002 to bring together the software developers of the major experiments. This group was expanded in early 2003 with the transfer of many software developers from IT division.

With these developments, the LCG has focussed software development activities on the key areas and ensured that a core team (many of whom are funded by GridPP) is available to develop items such as the persistency solution (http://lcgapp.cern.ch/project/persist/), the common software environment (http://cern.ch/seal/) and physics interfaces (http://lcgapp.cern.ch/project/pi/) as indicated by the RTAGs. Further, all of these projects are using a common set of software development tools agreed within the applications area (http://lcgapp.cern.ch/project/spi/).

Fabric Management
In the Fabric Management area, the LCG project has set up an initial 200-node cluster as part of the planned build up to a “50% cluster” by the end of Phase 1—a cluster with 50% of the complexity of the production clusters for the general purpose LHC experiments. In addition to these dedicated 200 nodes, a further 200 nodes can be migrated from the general purpose batch system (lxbatch) to the development cluster in order to support tests such as the Alice data challenge.
On the software side, the LCG project has supported the active adoption at CERN of system management tools being developed by EDG/WP4. This has not been easy as the development timeline for WP4 is not aligned with the accelerator driven installation cycle for CERN’s production clusters. However, good progress has been made and the migration of production clusters to RedHat 7.3 relied heavily on EDG/WP4 technology (see, for example, http://chep03.ucsd.edu/files/237.ppt). Looking further ahead, an outline of future developments for system management at CERN is given at http://chep03.ucsd.edu/files/192.ppt. Again, work in both of these areas is supported by GridPP funded staff.
A further item to include in the section is the update of the so-called PASTA reports on computer system technology. The final report of the 3rd PASTA round is available at http://cern.ch/LCG/peb/PASTAIII/pasta2002Report.htm.
Grid Technology

The major focus of the Grid Technology area has been to identify the middleware to be used for the initial LCG production service, LCG-1. As a first step in this process, a Grid Use Cases RTAG was initiated. The final report of this RTAG, http://cern.ch/fca/HEPCAL.doc, was a definition of use cases for an HEP Common Application Layer (HEPCAL). These use cases were used to assess the utility of various middleware, in particular during the ATLAS and CMS tests of the EDG and NorduGrid middleware in the latter half of 2002.

Following the establishment of the LCG Grid Deployment Board, a working group recommended a combination of middleware developed by the European DataGrid Project and a packaging of the Globus Toolkit from GriPhyN. In addition to being able to address the HEPCAL use cases, this combination of software can be supported by the widely spread centres of the LCG-1 service and has a good prospect of long term support.

Grid Deployment

In addition to defining the middleware for the LCG-1 service, the Grid Deployment Board has established the centres that will be participating and the operational requirements for these centres. A major effort is now underway to package the LCG middleware, distribute this to all of the participating centres and establish an initial LCG service by July 2003. Key roles in this process, including the Grid Deployment Area Manager, are filled by staff funded by GridPP.
LCG Phase 2
Introduction and Costing

During Phase 2 of the LCG project CERN will, building on the research and development of Phase 1, install and commission the combined Tier0/1 centre at CERN. This centre will be sized to meet the requirements of the experiments for processor capacity, disk storage, tape storage and tape I/O rates. Initial estimates were established during the Hoffmann review in 1999/2000 (CERN/LHCC/2001-004
) and revised by Task Force 1 of the LHC "cost to completion" review in early 2002. These estimates are being reviewed again during 2003, in the light of the experience gained since 1999 with initial versions of the data processing programs and results from simulation studies. The current estimates for capacity requirements are set out in the following table.
		year

	2006

	2007

	2008

	2009

	2010


	CPU capacity (kSpecInt2000)

	3,672

	8,231

	19,110

	25,416

	33,804


	Disk storage (TB)

		749

	1,875

	3,723

	4,949

	6,580


	Tape I/O rate (MB/s)

	1,090

	2,260

	3,900

	3,900

	3,900


	Tape storage (PB)

		6

	14

	25

	36

	48



	

	Table 2: Tier0/Tier1 Capacity Requirements


The current cost estimates for Physics Computing Services are as follows (all figures in MCHF).

		R&D

	Installation

	Operation


		03

	04

	05

	06

	07

	08

	09

	10


	COST

	10.42

	11.70

	8.38

	27.90

	25.72

	27.58

	21.95

	21.95


	Basic Physics Services
	6.83
	5.09
	5.09
	6.50
	6.42
	6.48
	21.95
	21.95

	R & D
	3.59

	6.61

	3.29

					
	Tier0/1 installation

				21.40

	19.30

	21.10

		
	FUNDING

	10.42

	8.41

	7.50

	26.20

	25.42

	27.04

	21.95

	21.95


	Basic Physics Services
	6.83

	5.09

	5.09

	6.50

	6.42

	6.48

	21.95

	21.95


	CERN Phase 1 funding

	0.00

	0.89

	1.78

					
	CERN Phase 2 funding

				19.78

	19.00

	20.56

		
	Special Contributions

	3.59

	2.43

	0.63

					
	SHORTFALL

	0.00

	3.29

	0.88

	1.62

	0.30

	0.54

	0.00

	0.00



	

	Table 3: LCG Materials Cost Estimates


As mentioned earlier, CERN has been undertaking regular technology tracking studies since 1999 (the PASTA reports) in order to understand the likely future costs of system components. Figures from the latest of these studies, PASTA 3, are being combined with the requirements of the LHC experiments to produce an updated estimate of the hardware costs for the Tier0/Tier1 centre. Early indications are that, although this recosting will not change the overall costs significantly, it will alter the relative costs of the different components (CPU servers, online disk storage, tape drives and tape storage). We do not, therefore, feel able to provide a detailed breakdown of the Tier0/1 installation costs at this stage.

Although there is a shortfall in funding for the materials cost of LHC computing at CERN, the bottom row of the table above shows clearly that the materials situation is much healthier than in 2000 or 2001 when the LCG project was being prepared. Not only has additional funding been attracted for the R&D phase (largely due to the initial GridPP contribution), but CERN has allocated additional funding to the installation and commissioning phase. Unfortunately, as is shown in the following table, the personnel situation is not as healthy (all figures in FTE).
		R&D

	Installation

	Operation


		03

	04

	05

	06

	07

	08

	09

	10


	REQUIREMENT
	136

	142

	137

	131

	124

	108

	88

	84


	Applications
	48
	50
	45
	41
	35
	30
	25
	25

	Fabric Operation
	43

	44

	44

	44

	43

	41

	38

	38


	Grid Deployment

	24

	26

	26

	26

	26

	24

	20

	16


	Middleware Development/Support

	14

	15

	15

	14

	14

	7

	5

	5


	LCG Management

	7

	7

	7

	6

	6

	6

	0

	0


	FUNDED
	136

	142

	126

	91

	93

	83

	83

	84


	CERN/IT

	53

	50

	47

	53

	55

	62

	62

	63


	CERN/EP

	22

	22

	22

	22

	22

	21

	21

	21


	LCG Phase 1 contributions

	55

	54

	41

					
	EDG and assumed EGEE staff

	6

	16

	16

	16

	16

			
	SHORTFALL

	0
	0
	11
	40
	31
	25
	5
	0


	

	Table 4: LCG Phase 2 Personnel Requirement Estimates


A review of CERN human resources at the end of last year reallocated resources within the laboratory such that the CERN IT division has sufficient staff for long term LHC operations (apart from some edge effects in 2009). However, there is a clear shortfall during the installation phase. Integrated over LCG Phase 2, a total of 96 FTE-years of staff effort must be found. If one includes 2005, which is reasonable since LCG Phase 1 was extended to 4 years following the LHC cost-to-completion review after many initial commitments (including that of GridPP) had been negotiated for 3 years, the integrated shortfall in staff funding rises to 107 FTE-years. Note, though, that we are assuming here that the EGEE bid for funding from the 6th EU Framework program will be successful and that an additional 16 people will be available to contribute to the middleware development and Grid Deployment areas.
Phase 2 Planning

The Technical Design Report for LHC offline computing is an important deliverable at the end of LCG Phase 1. The TDR will detail the offline computing environment, the model for the computing fabric at each site and the way that these sites will be integrated into the overall LHC Computing Grid. At this stage, therefore, it is difficult to be precise about the planning for Phase 2 of the LCG project. However, we expect that the same four major areas—Applications, Fabrics, Grid Technology and Grid Deployment—will continue into Phase 2 and that the likely focus in each of these areas will be as follows.
Applications

In principle, all development in the applications area should be completed within LCG Phase1 and effort during Phase 2 reduced to a simple maintenance effort. However, there are a number of distinct sub-areas within the overall applications area, each of which has a distinct profile. These include
	· Software Infrastructure
	including the Software Process Infrastructure (SPI), Software Libraries (SEAL), Physics Interfaces (PI) and simulation projects within the Phase 1 applications area. Here, much of the development must be completed during Phase 1 (especially for the SPI and simulation projects). The staffing requirements can therefore be expected to be reduced during Phase 2, although effort will still be needed in the SEAL and PI areas as physicist requirements evolve.
We imagine the basic staffing in these areas to be provided by the CERN/EP division with LCG Phase 2 providing top-up effort.


	· Data Storage
	in particular the POOL project to develop an object persistency solution for HEP. In this sub-area the essential development must have been completed during Phase 1, but Phase 2 will bring additional challenges as the final product is rolled out on a wide scale. Long term maintenance of the final product will be for CERN/IT with LCG Phase 2 providing top-up effort.

	· Experiment Interfaces
	are most naturally the responsibility of experiments themselves. However, during the transition to Grid computing, specialist support and additional effort is required—and is being provided by LCG Phase 1 (albeit at a relatively low level) and GridPP. We expect the conversion to the Grid computing model to have been completed by the start of LCG Phase 2 and thus no additional effort will be required. However, it should be noted that the LCG project is relying on developments during LCG Phase 1 that are being undertaken outside CERN, such the GridPP funded GANGA developments. These must be brought to completion and thus the LCG project fully supports the proposal for GridPP funding in this area beyond 2004.


Fabric Management: Tier0/1 Ramp up & management
Great progress has been made at CERN, in the context of EDG/WP4, towards the management of large scale heterogeneous computing clusters. We confidently expect that operating system and application software installation and management infrastructure will be in place by the end of 2003 and that we will have fairly complete state-management and fault tolerance subsystems by the end of LCG Phase 1. Nevertheless we do not expect the staff effort required in the fabric management area to diminish before the operations phase starting in 2009. 

During LCG Phase 2, substantial amounts of computing equipment will be installed to meet the requirements of the LCH experiments (see Table 2 above). In addition to the substantial financial investment, staff resources will be required above the level of the foreseen IT division staff complement during this period. The reasons for the additional staffing required during this phase include

· the large numbers of systems to be installed in this phase and the consequent complexity; 

· the difficulties involved with deploying a new environment rather than simply running and incrementally upgrading an existing facility—these difficulties applying both to the Tier0/Tier1 centre at CERN and the management of relationships with Tier1 and Tier2 centres elsewhere.

Unlike the EDG project, the EGEE bid for Framework 6 funding does not include any fabric management work packages—EGEE partners are expected to provide the fabric resources (hardware and personnel) as a base national Grid infrastructure on top of which EGEE provides the European level integration. All of the additional effort in this area, therefore, must be funded in other ways.
Grid Middleware

Following a careful review of available middleware (resource brokers, replica catalogue, …), the LCG Project’s Grid Deployment board selected a combination of middleware developed by the European DataGrid Project and a packaging of the Globus Toolkit from GriPhyN. Although these tools are adequate for initial use, we are aware of limitations that make these tools unsuitable for use in a Grid of the scale required for LHC production. Further, following developments at the Global Grid Forum, there will be a migration to the Open Grid Services Architecture (OGSA) in the coming two years. Improvements to the existing middleware and an adaptation to the OGSA model are essential. However, this improvement and adaptation process should start immediately; it cannot wait until the beginning of LCG Phase 2 in 2006. CERN has therefore played a major role in the establishment of the EGEE bid for funding from the European Union’s 6th Framework Program for Research. A major part of the bid is for the required middleware developments within a structure designed to ensure delivery of software designed to work at the scale we require.

Key areas of interest are the Resource Broker, Grid Information Services and Grid Data Management. The personnel estimates in Table 4 assume an effective EGEE contribution of 8 FTE years of effort in each of the years 2004-2007, but not all of this effort will be directed to these areas—some, for example, will be devoted to the overall architecture and design. We imagine that, even taking into account the possible EGEE funding, additional effort will be needed at CERN in the Grid Data Management area, an area that is led from CERN within the EDG project. We expect development in other areas to be led elsewhere, thus the UK is a strong candidate to lead the Grid Information Services development.
Clearly, we have an expectation that the EGEE proposal will be approved or largely approved. Should the proposal not be approved, we would not only be faced with the need to invest additional effort for Grid Data Management, an area of interest and one that is already based at CERN, but potentially also the need to invest effort in the overall middleware architecture and development process. Clearly, the failure of the EGEE proposal would be a blow to our plans, but if attempts to leverage the development of a pan-European multi-science grid for HEP advantage fail, we hope to rely on the funding of focussed middleware development by HEP funding bodies within our member states. There may, in such circumstances, be a reduction in the overall functionality, but the final results would still be of net benefit in terms of the wider sharing of computing resources within the HEP community. Just as for the application software area, therefore, it should be clear that there is strong support from the LCG project for the GridPP2 request for funding for middleware developments in the UK. The UK contributions will be part of the overall hardening and development of the middleware on which the LCG project is relying whether or not this is within the EGEE framework.
Grid Deployment
Although deployment of an initial LHC Computing Grid  is part of the mandate for LCG Phase 1, there will still be a significant requirement for effort in the Grid Deployment area during LCG Phase 2—extending, even, to the operation phase. This extra effort will be required to ensure that the many centres involved are moving forwards in a coordinated fashion. In return for this extra effort at CERN and other Tier 1 centres,  it can be expected that the HEP community will see a reduction in the management effort required at Tier 2 centres and below—or, perhaps, and increase in the utilisation efficiency with the same management effort.
As for the Grid Middleware area, we are assuming here that we can profit from a successful EGEE bid against EU Framework 6 funding to establish Grid Support and Operations centres that will benefit the HEP community. However, even if successful, the EGEE framework will not be able to fund dedicated HEP effort and this will be required as the LHC Computing Grid is ramped up to full capacity. Should the EGEE bid not be successful we will have to review the overall scope of the LHC computing grid. However, it is less likely that any failure of the EGEE proposal will have an impact during LCG Phase 2—the lack of funding will be balanced by a reduced need to participate in a multi-science environment. The effect will rather be felt in during the LHC operations phase when we will not be able to profit from an established multi-science grid to reduce our investment in cross-site operations and support.
GridPP2 request
Since 2001, when no money had been allocated for any of the development, installation or operations phases, CERN has made a major reallocation of resources towards offline computing for LHC. This is most noticeable in the materials area (Table 3 above), but extends also to the personnel area where a total of 75 FTE-years of effort have been allocated from 2005. Nevertheless, there are still shortfalls in materials and, especially, personnel during the installation phase. Recognising the importance of the Tier0/1 centre to the overall LHC computing environment, we propose to provide funding during GridPP2 to partially offset these shortfalls.

Personnel

We propose to fund a total of 31 FTE-years of effort with the following profile
	fiscal year

	04-05

	05-06

	06-07

	07-08

	08-09

	09-10

	Total


	Missing Tier0/Tier1 staff (FTE)

	11
	40
	31
	25
	5

	0
	112

	GridPP2 funded (FTE)

	3

	13

	10

	5

			31


	CERN Staff cost (k£)

	67

	70

	74

	78

			
	Cost to GridPP2 (k£)

	201

	915

	739

	388

			2,242



	

	Table 5: GridPP contribution to LCG Phase 2 personnel requirement


This can be compared to a total of 72 FTE-years of effort at CERN that is being funded by GridPP during LCG Phase 1.
At this stage, prior to preparation of the Technical Design Report for the LHC Computing Grid (to be prepared towards the end of LCG Phase 1), it is too early to give precise work assignments for the GridPP funded staff. However, as discussed earlier, the areas most needing additional effort are Fabric Management, Grid Data Management and Grid Deployment. It is thus very likely that GridPP funded staff will be assigned to these areas. Indeed, a number of GridPP funded staff are already working in these areas during LCG Phase 1 and are well placed to make contributions to LCG Phase 2.

Materials

Although the overall materials funding situation for LCG Phase 2 and beyond is reasonably healthy, Table 3 shows that there is nevertheless an overall shortfall of 2.46 MCHF with a peak shortfall of 1.62 MCHF in calendar 2006, the first year of the Tier0/1 installation. To aid the ramp up of the Tier0/1 centre, we therefore propose to make a contribution to the Tier0/1 hardware costs of £120K in each of the financial years 2005/6 and 2006/7 
Summary

PPARC, through GridPP, has invested a total of £5.667M in the development phase of the LCG project. LCG Phase 2, the deployment phase, is an essential part of the overall plan to develop and deploy a worldwide Grid for LHC offline computing. We believe that a further PPARC investment of £2.5M during this phase of the LCG project is fully justified to ensure the deployment of the required Tier0/Tier1 centre at CERN, building on our investment and the successes of LCG Phase 1, in order to enable the effective exploitation of the physics data that will be delivered by the LHC experiments. The breakdown and time profile of the funding is as laid out in Table 6.
	fiscal year

	04-05

	05-06

	06-07

	07-08

	Total


	Tier0/Tier1 Staff Cost (k£)

	201

	915

	739

	388

	2,242


	Tier0/Tier1 Hardware Cost (k£)

	0

	120

	120

	0

	240


	Total cost for Tier0/Tier1 (k£)

	201

	1,035

	859

	388

	2,482



	

	Table 6: GridPP funding profile for LCG Phase 2
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LHCC - Technical Review








� http://cern.ch/LCG/peb/Documents/21june02_LCG_planning_status.pdf


� See http://cern.ch/LCG/PEB/Planning/PBS/Level_1_milestones_22nov02.doc.


� http://cern.ch/lhc-computing-review-public/Public/Report_final.PDF


� This figure includes the additional staff granted to IT by CERN management during a review of manpower planning in October 2002. Five additional staff were granted in 2006, 10 in 2007 and 20 from 2008.
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