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Introduction

The UK Particle Physics Community has achieved a very respected position in the national and international networking sector. This position gives the community a significant influence over strategic issues, and contributes to maintaining the very considerable worldwide respect which particle physics commands in this area which is so mission critical to all of its operations.

This position has been achieved through a wide range activities including establishment of direct contacts with providers (a privilege earned over many years), participation in joint projects and demonstrations, direct sharing of monitoring information, grid middleware development, and lately leadership roles in the GGF.

This has led to many benefits to the community.  We have had direct participation in ensuring that network connectivity meets the ongoing (and growing) needs of the community and are centrally involved in the representation of the Particle Physics worldwide. We have led work in the areas of:  advances in high speed data transport, provision of network performance monitoring and diagnostic services provided to the GRID, and piloting the benefits of “better than best efforts IP” services. We were pivotal in the work which has led to the inception of UKLIGHT which will benefit the needs of high demand applications such as PP.  We have attracted significant extra funding to these activities from outside of PPARC.

In short, the relation between the Particle Physics Community and the global research network providers has never been closer or more active, and UK PP community has had a front line role in achieving this. This has only been possible through UK PP support. 

This document presents the case that GridPP should continue to support these activities in order to maintain our hard earned position of respect and influence, take advantage of new opportunities for close collaboration with providers, leverage the benefits of other new projects, and exploit the 10 Gbit/s lightpath switching testbed. 

Benefits/Successes 

We briefly outline the benefits and successes which have accrued to UK PP from network sector support provided in the past:

· The PPNCG: The foremost benefit is due to the importance of the PPNCG which has formal SIG (Special Interest Group) status within the HEFCE/JISC structure. It is not always appreciated that PP is the only application area accorded this status. (the PPNCG now also includes representation  from the Astronomy community). This status gives us direct formal representation and leads to the PPNCG being consulted at high level, and being invited to participate in strategic activities. In addition the PPNCG provides comprehensive network performance monitoring which has been material in establishing credibility and  providing trusted evidence of problems. UKERNA often chose to attend PPNCG meetings, which is a privilege we benefit from greatly. The PPNCG has representatives on the ICFA Network task force, and members served on the GNT. 

· Direct Relations with providers: Due to the position of the PPNCG and the technical activities described below, we have built up very trusted and mutually respected direct relations with the major network authorities (UKERNA, DANTE/Geant, Internet-2, TERENA).  This allows us to engage in a wide rage of issues – ensuring that PP needs are directly represented. As example we are working with UKERNA on piloting QoS, we undertook QoS tests with DANTE from the UK to IT, we collaborate with the Internet-2 end-2-end performance initiative, and have been working with DANTE and Geant representatives to formulate the network sector of the EGEE project.  There are many other instances of participation in strategic meetings which could be listed.

· DATAGRID: GridPP has played a lead role in developing the network performance measurement system for the DATAGRID, and inclusion of measurements in the Grid information publication system. This is now deployed in EDG, and is the basis for the development of a common system with US PP Grids. This work was exported (via CLRC DL) to provide the network monitoring system for the UK Core eScience centres. The UK was also completely responsible for two crucial demonstrations (i) the joint EDG/DANTE demo mounted at the EU IST booth as part of the launch of Framework 6 – this was very much appreciated by the EU project officers and DANTE  (ii)  the demonstration of 350 Mbit/s disk-to-disk data transfer form CERN to NL which contributed to the very successful EDG 2nd year project review. 

· DATATAG: GridPP was a founder of the DATATAG project (EU funded sister to DATAGRID) bringing significant extra funding to the UK (4 FTEs) working in the area of high speed data transport and QoS over high bandwidth.delay links. The UK manages the main network work package which attracted particular mention at the recent successful project review. We have been centrally involved in the high speed TCP work which has brought together all of the key players from around the world, and are now beginning to export the results to UK PP. We have an e-Science studentship dedicated in this area.

· MB-NG: Initiated via the PPNCG, and then developed and funded by PPARC and EPSRC, the MB-NG project involves collaboration with UKERNA and CISCO to build a test network capable of demonstrating the benefits of prioritised packet routing (QoS), high speed data transport and Grid middleware control of network services. This is the first and currently only project using the SuperJANET 2.5 Gbit/s development network. The project is providing important experience toward the deployment of QoS on the production network and its exploitation for high demand applications. It will demonstrate multi Gbit/s continuous transfer of PP data between UCL, Manchester and CLRC-RAL in the next year. MBNG is also deploying prototype Grid enabled control plane software to allow network resource access from Grid applications. This project has attracted very significant industrial funding (~£1.2M), access to valuable network resources (~£500k) and staff posts form outside of PPARC. MB-NG has just ended its first year and has submitted a report on  (i) successful construction of the network and first demonstration of end-2-end QoS and (ii) sustained very high rate TCP transport experiments.

· UKLIGHT:  Very recently UKLIGHT has been approved which will allow the UK to join the international optical networking testbed. A global testbed has been constructed linking network research hubs around the world with typically 10 Gbit/s wavelengths. This now includes CERN, StarLIGHT (Chicago), NetherLIGHT (NL), Canada and the Nordic countries. This testbed will be used to develop advanced networking paradigms incorporating point-to-point circuit provision at layer 2 and below (i.e. not routed IP traffic). The UK is now able to join this through UKLIGHT, which is funded by HEFCE SRIF. UK Particle Physics networking personnel led the inception of this, and were central to its eventual fruition. PP will benefit directly through the use of point-to-point links to CERN and FNAL for very high rate (> Gbit/s ) data transport development.

· GGF participation: Members of the UK PP network community serve as (i) a member of the GGF Steering group and Director of the Data Area which includes several network focussed groups (ii) Co-Chair of the Network Measurements Working Group.

All of these activities, benefits and successes are results, either directly or indirectly, of the credibility and hard earned position of respect held by the UK PP Network Sector, and this in turn has relied upon past PPARC support at the level of 3.2 FTE  (2 GridPP, 0.6 MB-NG, 0.6 CLRC network group support) leveraging an additional 6 FTE from non-PPARC sources). We believe this demonstrates an exceptionally good return on investment.

The case for GridPP-2 support

It is vital, efficient and timely to support this sector in the GridPP-2 phase. 

· Vital because networking is ever more mission critical to PP. Without such support it will be not be possible to maintain our position of high level respect and influence, to take advantage of opportunities presented to work closely with UKERNA, DANTE and Internet-2, to ensure that high performance data transport is developed for PP, or to take advantage of the very high bandwidth available through the UKLIGHT facility (which PP was so instrumental in bringing to reality)

· Efficient because the evidence has been that relatively small amounts of PP support in this sector leverages significant external resources in terms of both staff posts and access to valuable network resources (e.g. UKLIGHT, SuperJANET Development Network).

· Timely as there are now several opportunities to work in new leading edge projects which will benefit HEP directly.

The activities which should be supported are:
· Development of pervasive network performance measurements at end hosts and throughout the network core for use by Grid resource management systems and Grid diagnostic engines (collaboration with UKERNA, DANTE and Internet-2)

· Practical application of high speed data transport research to benefit PP experiments 
· Grid network resource allocation and reservation, including bandwidth on demand service development for use of optical testbeds (collaboration with UKERNA, DANTE Internet-2, and Optical Network projects to be submitted to FP6)
· Exploitation of UKLIGHT through an early applications demonstrator project to pilot switched dedicated bandwidth to CERN and FNAL (collaboration with similar US based project and FP6 project to be submitted).  
The tasks associated with these are described and justified in detailed in the following two sections. It is emphasised that each of these has been identified for specific technical or strategic reasons, but that supporting these gives in addition the concrete foundation of experience and credibility needed for UK PP personnel to continue to be involved at the highest levels in strategic issues and forums.

Specific Tasks

Task 1: Next Generation GRID Network Performance Measurement Services

Task Description:

This task presents an opportunity to work directly with Internet-2, DANTE and UKERNA to develop the next generation of pervasive network performance measurement services. The novelty of this work is that for the first time these will (i) fit into an OGSA framework and (ii) provide measurement points within the core providers network as well as at the edges.

Measurements of the performance characteristics of the network and diagnostic tools are needed for several purposes: problem diagnosis and rectification, Grid services to facilitate resource allocation and Grid operations tools. GridPP was the lead partner in provision of net-info services to EDG.

Existing network monitoring schemes use the same underlying measurement engines (PingER, IPERF, RIPE one way delay), but each implement a context-specific framework for carrying out measurements and tend to be fronted by a context-specific visualisation front end. Many of the existing schemes are collaborating in part already, but at present there is no performance measurement and diagnostic scheme which combines both the end-user’s viewpoint and the network provider’s viewpoint in a “holistic” way, and which also addresses the authorisation and authority issues needed to follow issues through all points along a path. 

This task will extend the existing schemes into a coherent framework by:

· Integrating a heterogeneous set of monitoring infrastructures across authorities, allowing each authority to have different outlooks and methodologies for the measurement network characteristics. 

· Developing a standardised set of interfaces giving query/response on a well-defined set of standardised network measurement characteristics, coming from the output of relevant GGF and IETF/IRTF groups wherever possible. In particular the GGF Network Measurements WG is relevant (a GridPP member co-chairs this)

· Migrating measurement services to the Open Grid Services Architecture and decompose the measurement and monitoring functions into appropriate independent Grid services. Higher-level functionality (e.g. Grid information providers, diagnostic tools or an SLA measurement tool) can built on top of lower-layer Network Grid services.

The particular strength which we will bring will be the definition and provision of these services as Open Grid Services which is possible due to our detailed knowledge of the Grid network sector and the relevant GGF work. This activity is also specified in EGEE.

Deliverables

D1.1 : [M6]  

· Migration to OGS of existing measurement tools.

· Implementation of prototype PMP (performance measurement point)

D1.2 [M12]  

· Implementation and deployment of PMP at several sites and core network nodes

· Interface/OGS architecture finalised.

D1.3 [M18]

· Implementation of higher level service for Grid information services and integration into PP Grid

D1.4 [M24]

· Implementation of diagnostic tool for operations, demonstrated to be in use at operations centres.

D1.5 [M36]

· Implementation of higher level diagnostic services

Resource

This resource required to collaborate is1 FTE (plus a fraction of an FTE at CLRC-DL network group to take over responsibility for supplying the results of the work as service to UK PP, and subsequent maintenance responsibility under the PPNCG)

We emphasise that, like most activities, GridPP will be providing only a small contribution to leverage a larger effort set in a broader context (currently approximately ten FTE across the network authorities)

Task 2: High performance data transport to PP applications
Task Description:

The purpose of this task is to concentrate GridPP effort on the very practical aspects of bringing the knowledge which exists in the research domain into practical use by HEP experiments.  In particular we will capitalise upon the achievements of DATATAG in this sector, which has successfully brought together all of the key world players in this area.

It is well known that we have an ever widening gap between the 10 Gbit/s backbone network capacity and the ability of any application to achieve more than 100 Mbit/s when attempting to transport data on the wide area network. 

This is an absolutely crucial issue to HEP. On the one hand we have many experiments who could today easily make use of data transport at speeds 5 to 10 times that which they achieve. On the other hand we have network authorities (SuperJANET, Geant) who are unable to make the case for the next generation of networks because the current use level is so low. Without question, demanding applications such as HEP could easily lay down flows upon the network which would far exceed the “background level” from other internet use, and thus it is vital to demonstrate this to the relevant authorities in order that they may make business cases for networks at the 100 Gbit/s scale.

In practical terms what is needed is to bring practical information which exists into common use by technically competent system managers, who do not have any reason to be network wizards. The success of this task will be gauged very simply by the demonstration of one or more UK HEP experiments being able to regularly transport data at rates in excess of 500 Mbit/s , and preferably 1 Gbit/s.

Deliverables

D2.1 [M6] 

· One PP experiment able to achieve 500 Mbit/s disk to disk for some  production task

· Cookbook Documentation for distribution to HEP sites

D2.2 [M12] 

· Two PP experiments achieve 500 Mbit/s disk to disk for some  production task, one of which must be an LHC experiment

D2.3 [M18] 

· All LHC experiments able to achieve 500 Mbit/s disk to disk for some  production task

· Material contribution to at least one major dissemination venue

D2.4 [M24] 

· One experiment able to achieve > 1 Gbit/s disk to disk.

D2.5 [M36] 

· Several experiments able to achieve > 2 Gbit/s disk to disk.

Resource:

The resource required to achieve this is 1 FTE  (plus a fraction on an FTE at CLRC-DL Network group for documentation and continued site support services – this is accounted for below)

Task3: Resource Allocation and Reservation Services 

Together with the connected NRENs, GEANT currently offers a basic best-efforts IP service as well as some level of differentiated services (based on diffserv). The potential for Grids to generate very large traffic streams means that a new approach to providing connectivity, or network resources, is appropriate. In particular, we have to provide tools to allocate network bandwidth to GRID applications either in advance or immediately. Allocations must be restricted to authenticated users acting within authorized roles, the services available must be determined by policies derived from SLAs with user organisations, and the aggregate services made available to VOs must be monitored to ensure adherence, along with the performance delivered by the networks.

Advance resource reservation and allocation is not restricted to networking and will be presented to the user as a global resource service covering network, storage and computing. However, networking resource must be allocated end-to-end across multiple domains, which creates a complex problem of co-ordination and dynamic re-configuration of resources within a number of administrative domains. The control structures and network models implied by offering differentiated services with end-to-end resource allocation and advance reservation and allocation are not completely understood today. The granularity of resource reservations in terms of bandwidth and duration is important, together with required QoS (Quality of Service) parameters. 

At present we envisage the need potentially to provide and allocate:

· Access to layer-3 diffserv-based traffic classes

· Extended layer-2 VLANs, based on gigabit-Ethernet (GE) connections

· Point-to-point switched layer-1 connections (STM-4 to STM-64, GE, 10GE)

· Secure channels (required by some applications)

· Scheduling (advance reservation) of all of the above

The task will be to deploy a scalable control plane infrastructure to implement resource reservation and allocation across multiple domains. This will be achieved in stages starting with deployment of mechanisms leveraging from the consolidation of the results from current projects, such as those based on the GARA framework. The eventual services will be provided as  Open Grid services as appropriate.

This work is pure Grid middleware development, and once again, this work will be carried out in a much wider contexts of direct collaboration with DANTE(Geant) and  the NRENS who themselves put this forward as being a key development for the next generation pan-European network. UK PP is already working in this area as part of DataTAG and the MB-NG project, where we have organised an international workshop inviting relevant people to the UK,  and expect to have a rudimentary deployment of existing prototype code by the end of 2003. Therefore we are well placed to take a lead in this area.

This activity is also specified in EGEE.

.

Deliverables:

D 4.1 [M6]: 

· Architecture for phase 1 deployment  or network service access middleware

D4.2 [M12]: 

· First phase deployment of ingress and egress control across several domains.

· Architecture for phase 2 deployment involving control software in the core

D4.3 [M18]:

· Phase 2 deployment in core domains

· Architecture for phase 3

D4.4 [M24]: 

· Phase 3 deployment

D4.5 [M36]

Resource:

We expect this area to be the subject of core programme funding and thus resources will be sought in a broader context, including the new e-Science calls. We are also certainly participating in a Framework-6 bid in this area to be submitted in October. Therefore only a small PP contribution is sought to leverage these other routes.

The resource required for this is 0.5. FTE.

Relation to EGEE: 

The UK has co-ordinated the preparation of the network sector of EGEE, in conjunction with senior representatives of DANTE, Geant and the NREN community.

Tasks 1 and 3 are the components of a  “Joint Research Activities” specified in the EGEE proposal. If EGEE is approved, then these activities will take place as a direct UK matching contribution to EGEE, and subject tot the negotiation phase, would be expected to attract matching EU funded posts.

Participation of GridPP-2 in UKLIGHT

HEFCE recently approved the construction of UKLIGHT, a leading edge optical networking research “point-of-presence” which will allow the UK to join the global optical networking research infrastructure. The UKLIGHT facility will be situated in London with links to StarLight and NetherLight, which are in turn connected to other facilities in the US Canada, the Nordic countries and CERN. Connections within the UK to participating institutes will be via the SuperJANET development network. UKLIGHT is described in more detail in the appendix. 
With UKLIGHT we are on the threshold of a new era of International research networking collaboration based upon an integrated global infrastructure. A mainline part of the scope of UKLIGHT is to demonstrate the benefit of hybrid multi-service networks (meaning a mix of layer 1,2  and 3) to high profile-high demand applications, and PP has been one of the highest profile of these.  In practice UKLIGHT will give access to “on demand” multi Gbit/s dedicated circuits which can be routed to CERN, FNAL and possibly SLAC for high performance data transport experiments.
GridPP should ensure that PP benefits from this infrastructure by collaborating directly in the first “early success project” in conjunction with other disciplines, including Radio Astronomy and possibly the HPC community for visualisation. The PP goal  will of course be to show  the benefit of “lightpath” switching to LHC and Tevatron  and/or BaBar data delivery. It is important to emphasise that GridPP in not expected to resource the entire activity, but, as for some middleware activities, contribute PP applications focused effort to leverage a larger effort and thereby ensure that the outcome benefits PP.

This activity will also leverage benefits of direct collaboration with other directly related projects :

· Technical programme funding applications to be submitted to industrial collaboration lines and future core programme calls.

· ULTRALIGHT – a US applications driven project led by leading US PP organisations, with similar goals, i.e. demonstration of the benefit of multi-service networks to PP experiments and other applications. FNAL and SLAC have supported this project. We (UK PP networking interest) are naturally already involved supporting this proposal in order to benefit from the wider expertise, as well as the FNAL and SLAC buy in  to the project.

· A Framework-6 Optical networking project which will be submitted. If successful we would expect this to bring at least  matching EU funded post to the UK 

Deliverables

D3.1 [M6] 

· Static lightpath connectivity to one remote site

D3.2 [M12]

· Demonstration of high capacity data transport for at least one experiment

· Static light path connectivity to all sites

D3.3 [M24]

· Dynamic lightpath connectivity

· Demonstration of high capacity data transfer for production requirements of two experiments, at least one of which must be an LHC experiment

D3.4 [M36]

· Strategic report describing the benefits of hybrid service networking to high demand applications.

Resource:

The UKLIGHT project portfolio will seek the most of the required staff for its technical programme elsewhere.  GridPP is asked to contribute up to 2 FTE to have a specific applications focused role, i.e. have the primary remit to ensure achieve the goals of experimental data transport and ensure GridPP can be credited as a partner in the programme.

1 FTE would give a minimal participation for a subset of experiments,. 2 FTE would provide sufficient to cover both the LHC and US based experiments fully.

Management 

The work will be undertaken by a very close collaboration between the UCL CoE, the CLRC Network Group and Manchester University Particle Physics Group. These groups have a very long standing record of close collaboration and track record in networking.

The activities will be managed primarily by the UCL e-Science Centre of Excellence in Networking (the CoE). GridPP will therefore interact directly with the CoE management in respect of project progression.  We expect to report on a six monthly cycle to the GridPP management (or as required) against the agreed milestones and deliverables. In addition we will indicate wider activities which have been a direct result of (at least in part) GridPP support of the network sector.

PPNCG Network Support at CLRC

Network service support, including PPNCG support was supported in the past on the scalar computing line placed within the network group at CLRC-DL. This was, in common with other CLRC support lines, subsumed into e-Science funding during the GridPP-1 phase.

This support has developed and maintained the PPNCG monitoring services, and provided the DataTAG WP2 management which attracted 4 EU posts to the UK.

Continued support is required to provide new production grid services, and ongoing operation and maintenance to the UK community., specifically

a) To continue maintenance and operation of the PPNCG monitoring machines and web pages, and upgrade as appropriate as a result of liaison with monitoring developments projects.

b) Undertake and manage a programme to deploy and maintain monitoring tools at all PPARC sites who wish to receive them. This function will take and deploy results of task 1.

c) Provide user support material, including full documentation and “cook book”, in respect of users high performance data transport. 

d) To undertake other tasks as requested by the PPNCG from time to time, including liaison activities with providers.

The total resource request is 0.6 FTE to be included in the CLRC support line.

Summary

The case has been made that GridPP should support network sector activities. The international Research Network infrastructure is a resource which is mission critical to Particle Physics operations, and the UK PP community already maintains a leading role in this area. GridPP  support will allow us to maintain our hard earned position of respect and influence, take advantage of new opportunities for close collaboration with providers, leverage the benefits of other new projects, and exploit the 10 Gbit/s lightpath switching testbed. 

The resources requested for continued support of the network sector are summarised below:

	
	Activity
	GridPP  resource

	1
	Next Generation GRID Network Performance Measurement Services
	1

	2
	High performance data transport to PP applications

	1

	3
	Resource Allocation and Reservation Services
	0.5

	4
	UKLIGHT Participation
	2

	5
	PPNCG Support
	0.6


A total of only 3.5 FTE is available within GridPP-2. However, we will in any case seek support elsewhere. We foresee two opportunities for this, which we are already pursuing

1) Since the UKLIGHT work is highly industrially oriented, we will seek support through programmes which focus on industrial collaboration.

2) We are actively involved in the preparation of EU Framewrk-6 proposals (other than EGEE) which, if successful, would provide matching funding.

If no other sources are forthcoming then GridPP participation in UKLIGHT will be postponed. The rationale for this is that items 1,2,3 and 5 are essential for the immediate production Grid based upon the existing best efforts IP service. Item 4 is “value added work” which, as emphasised, represents an enormous opportunity for the future of PPARC science.

Appendix : UKLIGHT

The future of networking is moving toward switching in the optical domain, and several leading National Network organizations are in the process of creating an international experimental testbed to pilot this new paradigm. These include STARLIGHT  http://www.startap.net/starlight/ in the USA, SURFNET in the Netherlands (NETHERLIGHT) http://www.science.uva.nl/~delaat/optical, CANARIE (Canadian academic network) http://www.canarie.ca/, CERN in Geneva, and most recently Czechoslovakia and the Nordic countries are onboard

Approval was recently announced by HEFCE (Higher Education Funding Council for England) for up to £4.6M to put the UK on this global optical networking stage. The HEFCE announcement will allow the UK to now participate in this global initiative, by funding  a point-of-presence (PoP) on this global testbed. This will be centred in London with connections to STARLIGHT and NETHERLIGHT. The facility will have two main components. The PoP in London which will provide access to low level switched circuits which may be used statically for extended project demonstrations, or dynamically to simulate true light path switching. This PoP will hopefully have at least 10 Gbit/s connections to STARLIGHT and NETHERLIGHT which can be multiplexed to serve many projects simultaneously.  The second component is a planned dark fibre testbed within the UK connecting institutes participating in optical component demonstrations.  Access to UKLIGHT from other institutions in the UK will be provided by an extended national development network alongside the SuperJANET-4 service network.

UKLIGHT was initiated through a consortium of UK researchers  in collaboration with  UKERNA. The researchers span a wide interest base from high demand e-Science applications, through network systems groups through to the optical communications engineering research community. The initiative was backed by the “Joint Information Systems Committee” and funded via HEFCE. Two major research councils have warmly welcomed this, EPSRC (Engineering and Physical Sciences) and PPARC (Particle Physics and Astronomy).

UKLIGHT will enable UK the community to truly join an international stage where we are currently missed. It will allow exploration of many areas which would otherwise be impossible on the existing service network. Network system researchers can develop both the control models and protocols needed to build a scalable switched optical networks, high demand applications can demonstrate novel ways to deliver massive data sets on a global scale and prove bandwidth intensive remote visualisation techniques, the photonic community can demonstrate true optical plane networking components in a realistic environment, and UKERNA will maintain its expertise needs to plan for the next generations of network.

The UKLIGHT facility will initially be a point of presence situated in London with links to StarLight and NetherLight, which are in turn connected to other facilities in the US Canada, the Nordic countries and CERN.  UKERNA will manage the facility on behalf of JISC for the research community.  Access to the facility will be made available on three levels.  Specialised equipment needing direct access to the link termination points will be accommodated within the facility.  Research network access will be achieved by broadening the scope of and access to the current SuperJANET development network, details of which are currently under discussion.  Application use of the facility will be achieved through controlled access from JANET. The diagram below shows the main optical networking hubs with UKLIGHT included. 
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