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1. EXECUTIVE SUMMARY

The LHC Computing Grid (LCG) Project was created by the CERN Council in September 2001 with the aim of prototyping and deploying the computing environment for the LHC experiments. The formal launch of the project was at a workshop held in March 2002.  Since that time, the LCG Project has demonstrated progress towards the realisation of the computing requirements of the experiments in time for LHC operation in 2007.

The LCG Project is a collaboration of the LHC experiments, the Regional Computing Centres, CERN and the physics institutes with the aim of preparing and deploying the computing environment that will be used by the LHC experiments to analyse the LHC data. The project includes support for applications and the development and operation of a computing service. 

The LCG Project is divided into two phases. Phase I (2002-2005) has the objective of building a service prototype, based on existing Grid middleware, of running a production Grid service and producing the Technical Design Report for the final system. Phase II (2006-2008) will build and commission the initial LHC computing environment. The LCG is not a development project and it relies on other Grid projects for the middleware development and support.

The LHCC considers that the LCG Project has shown progress since the last Comprehensive Review. In particular, the LCG-2 middleware has been deployed at around 90 remote sites and used in the Data Challenges 2004, a new middleware development - gLite (Lightweight Middleware for Grid Computing) - has been launched under the Enabling Grids for e-Science in Europe (EGEE) initiative, a well-defined set of tools for the Fabric Area and Wide Area Networking has been chosen, and all projects in the Applications Area have demonstrated significant steps in the development and production of their respective products and services. 

However, the Committee did note certain concerns. The service provided by LCG-2 for the Data Challenges was much less than production quality. The connection between LCG, gLite and the experiments is considered to be too weak, with the risk that the middleware will not satisfy the requirements of the experiments. Moreover, significant delays were reported in the release of the EGEE gLite services and in the CASTOR disk pool management system. Continued delays in gLite may hinder future progress in ARDA (A Realization of Distributed Analysis for the LHC). The interoperability and the provision of a common interface of the various types of middleware being produced should be pursued. 

The second annual LHCC Comprehensive Review of the LCG Project took place on     22-23 November 2004. The LHCC referees addressed the following areas: Status Update, Management and Planning; Middleware and Interaction with EDG/EGEE and other Developments in Middleware; Fabric Area and Wide Area Networking; Grid Deployment and Regional Centres; Applications Area. The LHCC acknowledges the considerable amount of work that has gone into the preparation of the LCG Project Comprehensive Review.

The conclusions and concerns of the LHCC are given below. They will help the Committee to follow up outstanding issues and to monitor future progress of this project in forthcoming sessions of the LHCC prior to the next LCG Project Comprehensive Review one year hence.

2. OVERVIEW

· Progress was reported in the development and use of the middleware but the LHCC noted outstanding issues concerning the LCG-2 low job success rate, inadequacies of the workload management and data management systems, as well as delays in the release of the EGEE gLite services. Continued delays in gLite may hinder future progress in ARDA. LCG-2 has been used as a production batch system, but Grid-based analysis of the simulated data is only just starting. The interoperability and availability of a common interface of the various types of middleware being produced should be pursued and developers of the gLite middleware should remain available for the support phase.

· The LHCC has no major concerns regarding the Fabric Area and Wide Area Networking. In view of the reported delays, the Committee will continue checking on the availability and performance of the CASTOR disk pool management system. 

· Good progress was reported on the installation of Grid software in remote sites. A large amount of data has been processed on the LCG-2 Grid as part of the Data Challenges and the LCG-2 Grid has been operated successfully for several months. However, the LHCC noted that the service provided by LCG-2 was much less than production quality and the experiments and LCG Project expended a large amount of effort to be in a position to use the service.
· The LHCC noted the good progress in the Applications Area with all projects demonstrating significant steps in the development and production of their respective products and services. The major outstanding issues lie with the insufficient coordination between the Applications Areas and ROOT and with the imminent reduction of manpower due to the transition from the development to the deployment, maintenance and support phases.
· The LHCC took note of the upcoming milestones for the LCG and noted that discussions are currently underway to secure the missing manpower to develop, deploy and support the Grid services. The lines of responsibility and authority in the overall organization structure need further clarification.
3. MIDDLEWARE AND INTERACTION WITH EDG/EGEE AND OTHER         DEVELOPMENTS IN MIDDLEWARE
The LCG Project does not develop and therefore does not control the middleware technology evolution. However, it does identify the starting technologies to be deployed, sets-out the evolution strategy and the long-term support technologies and works towards the future coherent, acceptable and supportable middleware solutions.

The LCG-2 middleware has been deployed and used in the Data Challenges 2004, while a new middleware development – gLite (Lightweight Middleware for Grid Computing) - has been launched under the Enabling Grids for e-Science in Europe (EGEE) initiative. While the LCG has been setting-up the operation of a Grid infrastructure for HEP experiments, EGEE, through its additional manpower, has the goal of extending this into a general Grid infrastructure for science in Europe but with a strong focus on HEP requirements. The connection between LCG, gLite and the experiments is considered to be too weak, with the risk that the middleware will not satisfy the requirements of the experiments. Additional flavours of middleware, such as Grid3 and NorduGrid, have also emerged underlining that interoperability and common interface tools between all Grids should be pursued.  

LCG-2 has now been deployed at about 90 sites, comprising more than 9000 CPU and    5 PB of storage capacity. This is approaching the target number of sites but the initial deployment was 6–months late and involved a substantial amount of effort by the experiments and the LCG Project. The LCG-2 job success rate has not been satisfactory and both the workload management system and the data management system require improvements. LCG-2 has been used as a production batch system during the Data Challenges, but Grid-based analysis of the simulated data has barely begun.

The EGEE gLite is being developed starting from existing middleware, such as the European Data Grid (EDG), Globus, AliEN and VDT (Virtual Data Toolkit), with the aim of producing a new lightweight service. The gLite middleware is considered to be the way forward. It is relied upon to provide a much improved performance and functionality with respect to the EDG middleware currently used in LCG-2 in terms of error messages/traceback/monitoring, security, scalability, workload management, support for bulk operations, and data management. Many of the gLite components have been delayed and all efforts should be made to conclude the development rapidly in order to provide a stable system for the preparation of the Computing Technical Design Reports. Very little of the gLite middleware has gone through the formal verification process and been installed on the pre-production service. The Committee expressed concern that developers of gLite would not be available to support the service once it is released. The LHCC requests a status report on gLite at its next session in February 2005.

The LHCC has made the following recommendations concerning gLite: a) a detailed plan for the release of gLite components must be provided, defining the functionality of each and the dates by which they will be delivered to the certification team for installation on the pre-production service, b) testing of gLite needs to be continued, c) debugging and commissioning of gLite needs to be approached with high priority, d) individual pieces of gLite should be made available for deployment onto production LCG-2 sites and        e) current LCG-2 system has to be properly maintained in the meantime. 

ARDA (A Realization of Distributed Analysis for the LHC) is an LCG project whose main aim is to enable LHC analysis on the Grid and to provide the interface to existing middleware in order to enable their use by the experiments. Wider access to the analysis environments being used by ARDA has been limited by delays in the gLite availability on the pre-production service. In order to obtain feedback, ARDA and the experiments should also renew their efforts to ensure that the people involved in running the analysis on the gLite prototype are representative of the experiments.
The Grid-based analysis of Data Challenge data is waiting for gLite. The Committee considers that the analysis of the data will take a significant time to get started following the release of gLite, thus making the submission of the Computing Technical Design Reports in July 2005 very difficult.

The Committee is of the position that efforts should now be focused on the software which is vital for the first year of LHC data-taking. This should also provide a minimal duplication of effort.       

Progress was reported in the development and use of the middleware but the LHCC noted outstanding issues concerning the LCG-2 low job success rate, inadequacies of the workload management and data management systems, as well as delays in the release of the EGEE gLite services. Continued delays in gLite may hinder future progress in ARDA. LCG-2 has been used as a production batch system, but Grid-based analysis of the simulated data is only just starting. The interoperability of the various types of middleware being produced should be pursued together with common interface tools, and developers of the gLite middleware should remain available for the support phase.

4.    LCG FABRIC AREA AND WIDE AREA NETWORKING

The goal of the computing Fabric Area is to prepare the Tier-0 and Tier-1 centres at CERN. The former focuses on the mass storage of the raw data, the first processing phase and the data export, while the latter concentrates on the data analysis task.

Good progress was demonstrated in the Fabric Area. A well-defined set of tools for the fabric management has been chosen and will be improved upon in an evolutionary way. The technology trend away from GHz machines to multi-core 64-bit processors will require significant effort by the experiments to adapt. Capacity of the disk servers is not expected to be an issue but the speed of random access must be monitored and large test set-ups are considered to be mandatory. Technical issues regarding the tape servers, drives and robots will be studied with the planned test set-ups and the effort of moving from one medium to another is considered to be significant. The design of the data management system must be developed together with the experiments and, therefore, the computing models of the experiments are now urgently needed. The planned data service challenges are considered to be very important test scenarios and the support of Linux is following a well-accepted strategy within the HEP community. The Committee noted the 9-month delay in the CASTOR disk pool management system, which has been caused by a lack of manpower. As CASTOR is considered to be critical for all experiments, the LHCC will continue checking on its availability and performance on a regular basis and requests a report to the February 2005 meeting of the LHCC.

No difficulties were reported on the Wide Area Networking. Good technical progress was reported and the issues under consideration are related to the financing of the networks. The experiment computing models are needed in order to simulate the traffic of data.

The LHCC supports the proposed purchase procedures for the Fabric Area and Wide Area Networking but expressed concern at the number of staff approaching the end of contract in the near term.  

The LHCC has no major concerns regarding the Fabric Area and Wide Area Networking. In view of the reported delays, the Committee will continue checking on the availability and performance of the CASTOR disk pool management system. 
5.    GRID DEPLOYMENT AND REGIONAL CENTRES 
The aim of the LCG Grid Deployment Area is to deploy and operate a pre-production LHC computing environment. Its scope is to integrate a set of middleware, to coordinate and support its deployment in the Regional Centres, to provide operational services to enable running as a production quality service, to provide assistance to the experiments in integrating their software and to provide direct user support.

Good progress was reported on the installation of Grid software in remote sites, as this procedure has now become part of routine operation. A large effort has also been undertaken to develop the necessary monitoring and site probing tools. The four LHC experiments ALICE, ATLAS, CMS and LHCb have been very active in the Data Challenges and a large amount of data has been processed on the LCG-2 Grid.  The LCG-2 Grid is large enough to see most of the operational problems, its middleware has been improved continuously during operation, and the LCG-2 Grid has been operated successfully for several months. Imperfections with the current middleware are being addressed and will be resolved for the next generation of middleware. However, the LHCC noted that the service provided by LCG-2 was much less than production quality, the experiments and LCG Project expended a large amount of effort to be able to use the service and the experiments had to deal with the overheads in using three separate Grids. 

The LHCC noted that the type of Grid middleware to be installed at various university computing centers and national/regional organizations may differ, and requested that the LCG Project addresses this issue in order to ensure that all middleware conforms to a given set of interfaces and to an agreed minimum set of functionalities.  

Good progress was reported on the installation of Grid software in remote sites. A large amount of data has been processed on the LCG-2 Grid as part of the Data Challenges and the LCG-2 Grid has been operated successfully for several months. However, the LHCC noted that the service provided by LCG-2 was much less than production quality and the experiments and LCG Project expended a large amount of effort to be in a position to use the service. 

6.    LCG APPLICATIONS AREA

The Applications Area develops and maintains that part of the physics applications software and associated infrastructure that is shared among the LHC experiments. The scope includes common applications software infrastructure, frameworks, libraries, and tools, together with common applications such as simulation and analysis toolkits, Grid interfaces to the experiments and assisting the integration and adaptation of physics applications software in the Grid environment. The aims and scope of the Applications Area have been defined properly through the RTAGs.

Good progress was reported on the Simulation Project. Packages such as GEANT4 and the physics generator library GENSER have been introduced and are being used successfully by the LHC experiments. The very active programme in the physics validation of the simulation packages is delivering results and conclusions while the simulation framework effort is being developed to make maximal use of existing software and to meet the available level of manpower. The LHCC noted the delays in the integration and validation of the FLUKA package arising from the lack of manpower.

Good progress was also reported on the SEAL (Shared Environment for Applications at LHC) Project, which provides the software infrastructure, basic frameworks, libraries and tools that are common among the LHC experiments. SEAL has delivered a number of components that constitute the basic framework, utility libraries and object dictionary and which are being tested or used by the LHC experiments. Development of the Physics Interface (PI) is approaching completion and attention is now turning to its maintenance.

The LCG Persistency Framework Project consists of two components. POOL (Pool Of persistent Objects for the LHC), developed as a common persistency framework for physics applications at the LHC, has already been deployed successfully and used in three large scale Data Challenges. The LHCC expressed concern regarding insufficient coordination between the Applications Area and the developers of ROOT, which has contributed to delays and uncertainties in the Applications Area / ROOT integration in areas such as dictionary convergence and POOL file support in ROOT. The Conditions Database has been moved into the scope of the LCG Project and has produced several releases of the Oracle- and MySQL-based implementations. The shortage of manpower for the Conditions Database is being countered by the introduction of new personnel from the experiments.

Good progress was reported on the Software Process Infrastructure (SPI) Project, which  provides the software libraries, Quality Assurance and testing of related documentation. The project provides a set of stable services using the currently available software resources.

The Committee noted the concern of the LCG Project team over the long-term continuity of personnel and the long-term support of products such as the Mathematical Library. The problem of staffing at CERN is being discussed with the CERN Management and it is hoped that a solution will be found during the next two months, while the long-term support plan, scheduled for the end of 2004 has been postponed to the end of the first quarter of 2005.  

Finally, the LHCC noted that support of the Monte Carlo generator codes required by the LHC experiments has been improved. Such support appears to fit the scope of the Simulation Project.

The LHCC noted the good progress in the Applications Area with all projects demonstrating significant steps in the development and production of their respective products and services. The major outstanding issues lie with the insufficient coordination between the Applications Areas and ROOT and with the imminent reduction of manpower due to the transition from the development to the deployment, maintenance and support phases.

7.
LCG STATUS UPDATE, MANAGEMENT AND PLANNING

The LCG Project is organised around the Project Overview Board (POB), the Project Execution Board (PEB) and the Software and Computing Committee (SC2). The PEB is responsible for the general coordination and manages the implementation of the system while the role of SC2 is to monitor the functioning of the LCG on behalf of the POB and acts as a standing review body. It also receives from the PEB, for endorsement, proposals for changes in the scope of the project. The SC2 reports its findings and analyses to the POB. The LHCC provides the scientific review of the LCG Project while the Computing Resource Review Board deliberates on matters concerning resources. The LHCC requested further clarification of the lines of responsibility and authority in the presented organizational structure. 

The Committee took note of the upcoming computing milestones for the LHC but did not review the Level-1 LCG Project milestones. The experiment computing models, to be submitted in December 2004, are to be reviewed by a sub-committee of the LHCC in January 2005. The Memoranda of Understanding for LCG Phase 2 are being prepared and the Computing Technical Design Reports are to be submitted in July 2005. In parallel, the planning for EGEE Phase 2 for the period out to 2010 is being prepared. The LHCC asks that the general reliability of the Grid services be tracked in terms of a pre-defined metric.

Given that several types of middleware, such as LCG-2, Grid3, NorduGrid and AliEN, have emerged, the LHCC recommends a) the creation of a dedicated forum inside the LCG framework to coordinate and review the global Grid effort for LHC computing and b) all Grids should be accessible via a common interface.

The LHCC concurs with the strategy for the Grid commissioning, whereby Service Challenges are introduced to test the performance of specific aspects of the Grid. These challenges are complementary to the Data Challenges of the experiments. 

Discussions are underway to secure the missing manpower for the coming years. The planned reduction of personnel as the Grid projects move from the development to the support phases should be re-evaluated when the actual resources requirements are known through the analysis patterns in 2008.

The LHCC took note of the upcoming milestones for the LCG and noted that discussions are currently underway to secure the missing manpower to develop, deploy and support the Grid services. The lines of responsibility and authority in the overall organization structure need further clarification. 
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