

PMB-65-Middleware


	[image: image1.png]Grid—H

UK Computing for Particle Physics




	GridPP Project Management Board


Middleware Selection
June 2005

	
	Document identifier:
	GridPP-PMB-65-Middleware

	
	Date:
	06/06/2005

	
	Version:
	1.0

	
	Document status:
	Final

	
	Author
	R.Middleton


Introduction
The primary role of GridPP is to provide and support the necessary computing infrastructure in the UK to underpin the computing needs of the UK particle physics experimental programme. In as much as this has a high emphasis in the near term on LHC exploitation, the infrastructure piloted in GridPP-1 and being optimized to production quality at full scale in GridPP-2 is largely based on Grid technologies. Through this infrastructure support for existing experiments (BaBar, CDF, D0, H1, Zeus, Minos, …) is also furnished. The choice of middleware in this infrastructure is thus of primary importance.

The assessment presented here is at a high level and does not attempt to include detailed analyses of current or potential components.
Requirements

Requirements for grid computing by HEP experiments were first specified in the so called HEPCAL documents [1] [2] during the early years of the LCG project and during the time of the DataGrid project. A much more detailed analysis is currently maintained by the EGEE PTF (Project Technical Forum) which manages a database of requirements [3] in Savannah. However, the definitive statement of requirements for LHC experiments is contained in the LCG Technical Design Report [4]. To this end an LCG sub-group (Baseline Services Group) has worked to establish the set of fundamental services [5] necessary to support the LHC experiments.

The report identifies the services (summarised below) as being essential to support the computing models of the LHC experiments and moreover emphasizes the need to have them in production by September 2006.
· Storage Element (SE): provides interfaces to disk pools or mass storage systems with front-end cache systems
· Basic data transfer: fundamental to moving data between sites. This must be extremely robust and considerable planning is needed to ensure adequate bandwidth at sites
· Reliable file transfer service: built on top of basic data transfer providing request scheduling and interaction with other services such as grid catalogues.
· Catalogue services: expriment metadata – bookkeeping, file replicas, etc. These support hierarchical namespaces with mappings between logical and physical paths. Access should be both authenticated and authorised.
· Catalogue and data management tools: these include replica management and catalogue maintenance functions
· Compute Element (CE): this is a set of services for access to local batch queues and through which jobs may be submitted. Information on availability of resources and accounting must be provided and authentication and authorization mechanisms must be in place.
· Workload Management: provide brokering of jobs with respect to available resources based on expressed requirements. Integration with data location services (based on catalogues) is required.
· VO Agents: responsible for performing activities local to a site on behalf of a VO. Examples are scheduling file transfers, handling job submission and monitoring.
· VO Membership Service: provides proxy certificates containing information on authorized resource use.
· Database services: provide the backend services for catalogues and application specific uses. It is anticipated to exploit well known and tested solutions for this.
· Posix-like I/O service: provides local file open, read, write, etc. Integration with file catalogues will permit use of logical file names thus hiding complexity from the user. Remote file access is not foreseen.
· Application software installation: gives the ability for VOs to install (and subsequently validate) VO specific application software at each grid site
· Job monitoring tools: ability to monitor jobs in execution on the grid and to trace failures; historical information access through accumulation and query of job accounting records.
· Reliable messaging: provides reliable and secure application to application communication. This has potential for a wide number of uses.
· Information system: publish information on grid resources and services for use in resource discovery, grid monitoring, etc. A standardized schema is essential to efficient operation and interoperability.
In most areas solutions are either already in place in the operational LCG infrastructure or are planned through developments in collaboration with gLite. Ongoing maintenance and improvement of deployed LCG services is also managed in collaboration with the gLite developers.
The particle physics community is heavily dependent on the Linux operating system and on Scientific Linux in particular (as a derivative of the Red Hat distribution). Software distribution and installation is confined to RPMs. Any middleware adopted is heavily constrained by this lack of flexibility.
Interoperability

Today many collaborations have reach around the globe and this is emphasized at scale in the LHC experiments. Grid infrastructures in world regions are growing up based on differing middleware choices for various reasons (political, operational, etc.). However to the LHC experiments it is of major importance to be able to exploit these Grids seamlessly and to this end a high degree of interoperability is mandatory.
OMII

An evaluation of the OMII middleware framework (v1.0, 1.1, 1.2)  has been carried out within EGEE and was reported at the recent EGEE conference in Athens [6]. OMII is based on web services standards and follows a fully decentralized model. There are some components of OMII, which at a rather high level, might fulfill LHC requirements; namely user account management, job submission, file transfer and basic X.509 certificate based security infrastructure. More detailed investigation reveals issues in a number of areas. For example, users are required to have registered accounts at all resource sites; resource selection requires all potential sites to be queried for each job, with subsequent “manual” decision and applications must be pre-installed at all participating sites.
However, there appear to be no services for data management (beyond basic file transfer) nor in support of catalogues, databases and mass storage. Facilities for Management of virtual organizations do not extend much beyond basic account management and support for specific VO roles is lacking.

It is possible that with significant development the OMII services could be made to meet some requirements, but the framework thus provided would have to be greatly supplemented through the integration of many other tools. Furthermore, the current level of functionality of OMII components (assuming the possibility to choose on a case by case basis) does not appear to represent any significant advantage over the present services in LCG to warrant considering taking parts of OMII. Within GridPP it could be envisaged that for some local expediency one or more OMII components might be useful (e.g. in drawing on resources shared with non-HEP communities), but the overhead in forging interoperability and the burden of ongoing maintenance should not be underestimated.
Globus Toolkit
The Globus Toolkit [7]  has a long track record extending over many years in providing a basic set of tools from which to build higher level Grid services for production use. Indeed Globus technology is at the core of the Virtual Data Toolkit (VDT) and provides some important components for gLite. The latest version, GT4, follows a web services architecture and resides within the new WS Resource Framework, although some modules from previous releases are currently included for backwards compatibility.
Many of the components of GT4 are applicable within the Baseline Services requirements, though in the details there are often clear differences with equivalent gLite versions. On its own it is not sufficient to meet all the requirements. The toolkit includes VO Management (Community Authorisation Service, Delegation service), basic security services (GSI Security, authorisation and authentication), data replication and access, reliable file transfer, resource access (GRAM).
The Globus toolkit is well documented and has well managed release mechanisms in place. This is something that many other projects should aspire to.
Virtual Data Toolkit

VDT [8] is a collection of a number of packages into a single distribution and includes the Globus Toolkit V2.4, Condor-G, the GriPhyN virtual data toolkit, the GLUE information schema and a number of other smaller packages. It forms a major component of the infrastructure for the Open Science Grid in the USA.
LCG and EGEE/gLite
The LCG software stack is built from components drawn from VDT and the European DataGrid project, with some other smaller additions. It forms the basis of the current production services for many sites participating in LCG including the HEP sites in the UK. As components of the EGEE/gLite middleware become mature they will be added to or replace components of LCG.
Discussion

At the present time LCG offers the most solutions meeting the baseline requirements. There is still significant work to ensure full integration of components meeting detailed specifications and to develop the missing areas. At the present time requirements are being met as presented in the following table.
Table 1: Sourcing components

	Requirement
	OMII
	VDT/GT
	LCG/gLite
	Other
	Comment

	Storage Element
	
	
	Yes
	SRM via dCache, DPM, CASTOR, …
	LCG includes SRM capability

	Basic File Transfer
	Yes
	GridFTP
	Yes
	
	LCG includes GridFTP

	Reliable File Transfer
	
	
	FTS
	
	FTS is built on top of GridFTP

	Catalogue Services
	
	RLS
	LCG File Catalogue, gLite FireMan
	
	Central catalogues adequate, high thru’put needed

	Data Management tools
	OMII Data Service (upload / download )
	
	LCG tools (replica management, etc.)
	
	

	Compute Element
	OMII Job Service
	Gatekeeper
	Yes
	
	LCG uses Globus with mods

	Workload Management
	Manual resource allocation & job submission
	
	Resource Broker
	
	RB builds on Globus, Condor-G

	VO Agents
	
	
	
	
	Perform localized activities on behalf of VO

	VO Membership Services
	Tools for account management, no GridMapFile equivalent
	CAS
	VOMS
	
	CAS does not provide all the needed functionality

	DataBase Services
	
	
	
	MySQL, PostgreSQL, ORACLE
	Off–the-shelf offerings are adequate

	Posix-like I/O
	
	
	GFAL, gLite I/O
	Xrootd
	

	App Software Installation tools
	
	
	Yes
	
	Tools already exist in LCG-2

	Job Monitoring
	
	Monalisa, Netlogger
	Logging & Bookkeeping service, R-GMA
	
	

	Reliable Messaging
	
	
	
	
	Not yet covered, but tools such as Jabber expected to fill this role

	Information System
	
	MDS
(GLUE)
	Yes
	BDII
	LCG based on BDII and GLUE schema


Open Sciences Grid [9], NorduGrid [10] and LCG middleware stacks all have some overlap at some level in their use of Globus technologies (e.g. the Globus security infrastructure is a particularly important example). This gives a starting point for interoperability. Further interoperability can be achieved through selection of other common components and adherence to standards (e.g. web services).
It can thus be seen that the required services can most realistically be met by drawing on a mix of middleware modules sourced from other projects. These are clearly best brought together under the LCG framework. Furthermore, taking into account timescales and resources in GridPP, this can only realistically be achieved building on the work of LCG and gLite of integrating higher-level services. Taking individual toolkits on their own would achieve much lower and varying degrees of coverage of requirements and would necessitate varying amounts of effort (depending on the choices made) on the part of GridPP to get them up to the level required.

Over the last four years a substantial, integrated infrastructure has been developed out of initial testbeds within the LCG, EU DataGrid and EGEE frameworks, such that there is now deployed a significant middleware stack over UK particle physics sites. Many components are now approaching sustainable production quality levels of service which are of value to the community. Coupled to this is a very substantial accumulated grid expertise within a significant community of skilled staff in the UK, built on the LCG infrastructure. The LHC experiments are working on the basis of the continuation of the LCG infrastructure within the UK up to full production quality and capacity over the next 2 years. Non-LHC experiments also have the option of integrating with this infrastructure.
Conclusions

In the Autumn of 2006 the LHC experiments will require a full production quality grid service (at a size commensurate with needs at the time) in order to commission the detectors and prepare for first physics data taking in 2007. This presents a tight time schedule.

No single middleware development project will provide all the solutions necessary to meet requirements on this timescale. Rather, the solution will be built by integrating modules best matched to requirements and sourced from a number of projects. Gaps will be filled be complementary, small-scale developments. No single middleware project will provide components of adequate production quality and maintain this at the global scale required by LHC.

The LCG/EGEE projects, by drawing from multiple sources to make the best matches to requirements, are already integrating a viable middleware stack and deploying, operating and monitoring this at a global scale. This is achieved through very extensive validation, testing and close cooperation with development teams. The LCG/EGEE middleware stack is seen as the only viable solution, within constraints and with particular focus on the LHC experiments, to form the basis for grid computing to meet forthcoming challenges.
References

[1] HEPCAL : http://project-lcg-gag.web.cern.ch/project-lcg-gag/LCG_GAG_Docs/HEPCAL-prime.doc
[2] HEPCAL-II : http://lcg.web.cern.ch/LCG/sc2/GAG/HEPCAL-II.doc
[3] EGEE/PTF Requirements Database :  https://savannah.cern.ch/support/?group=egeeptf 
[4] LCG Technical Design Report : http://cern.ch/lcg/tdr
[5] LCG Baseline Services Group draft report : 
http://lcg.web.cern.ch/LCG/peb/BS/BSReport-v0.7.pdf
[6] OMII Evaluation by EGEE – presented at EGEE Conference in Athens 18th-22nd April 2005.
[7] Globus Toolkit : http://www.globus.org/toolkit/
[8] Virtual Data Toolkit : http://www.cs.wisc.edu/vdt//index.html
[9] Open Science Grid : http://www.opensciencegrid.org/
[10] NorduGrid : http://www.nordugrid.org/middleware/
