A STRATEGIC FRAMEWORK FOR

HIGH END COMPUTING

THE PRESENT SITUATION

1. The nature of research in science and engineering has changed over the past two decades – from an activity based almost entirely on theory and experiment, to one based on theory, experiment and computation in comparable measure. The emergence of computation as a distinct branch of research, ?with an importance matching those of theory and experiment, has resulted from the quite remarkable growth in the power of high performance computing. Whilst epochs in experiment are normally defined by an order of magnitude improvement in capability (for example in measurement sensitivity or resolution), in high performance computing epochs are defined in terms of improvements in capability of three orders of magnitude (for example, the transition from gigaflop/s to teraflop/s computing power, or from petabyte to exabyte storage).

2. The UK no longer has an industrial capability in high performance computers, and is therefore dependent on the purchase of top-end machines from vendors in the US or Japan. However UK researchers have maintained a position amongst the world-leaders in computational science and engineering. A strategic framework for high end computing must help retain this position of research pre-eminence. The UK strength in computation feeds into many applications relating to wealth creation and quality of life – such as molecular modelling for the pharmaceuticals industry, and climate monitoring and prediction.

For the UK to enhance its position amongst the world-leaders in computational science and engineering, there must be significant investment in the development of skills, and researchers must be provided with access to high performance computers that are amongst the best in the world - with regular upgrades to keep pace with the accelerating rate of technological advance.

The framework for realising this ambition is depicted schematically in the diagram below. 
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3. The UK position in computational science and engineering has the following generic elements –

a) There are a host of campus-based mid-range machines, purchased through a variety of schemes such as JREI 1and JIF (both of which are now embraced by SRIF).
 These tend to meet the needs of local research teams, and often serve as a useful launch-pad for access to top-end machines. They could find particular use for post-processing and visualisation of data obtained from the national high-end services.  

b) There are many support services for computation. The Computational Science and Engineering (CSE) Department at the CCLRC Daresbury Laboratory is contracted by the EPSRC through a service level agreement (SLA) to provide a service to the UK computational community – including providing technical advice, resources to the Collaborative Computational Projects (CCPs), and developing and supporting key common-user codes. The aggregated skills in the university sector are also important, and include the visualisation activity at Manchester, the strong PPARC links with Edinburgh and Cambridge, the NERC computational centres of excellence at Reading and Southampton, and the MRC and BBSRC research partnership with Hinxton. 

c) High-end general purpose technology; the ambition has always been to provide a national service in the UK ranked amongst the best in the world. At present this policy is based on a procurement every three years, with two concurrent six-year service contracts running three years out of phase. The six year contracts include regular technology refresh. The present manifestations of this policy are the CSAR service, provided by a consortium of CSC, SGI and the University of Manchester,  and the HPCx service, provided by a consortium of the University of Edinburgh, IBM and Daresbury Laboratory. HPCx has a current sustained capability of 3.4 teraflop/s – which can be compared with number 1 on the November 2002 issue of the “Top 500” list (the Earth Simulator), which has a sustained capability of 36 teraflop/s, and number 10, which has a sustained capability of 3.2 teraflop/s. The next service procurement in this cycle is planned for 2005, and is likely to have an initial (peak) capability of 50-100 teraflop/s, to be enhanced over the period of the contract to 200-400 teraflop/s.  The basis for the estimated power of this next service is to provide an order of magnitude greater than the initial capability of HPCx in order to maintain the UK's position in the world.  In such procurements the emphasis is on the research requirements, and not on the form of technology needed to meet these requirements. 

d) A new addition to this framework is the UK Grid, with both CSAR and HPCx being Grid-enabled. There is the prospect that an increasing number of campus-based mid-range machines will become Grid-enabled. However, there is a need for a persistent and stable infrastructure for e-Science and the Grid, an important element of which would be HPC and GRID-enabled machines.
e) Supporting all the above is a series of Research Grants, for CCPs, post-docs working with top computational teams, novel computational architectures, etc.

f) Visualisation is an increasingly important element of high-end computing, enabling a researcher to be as “immersed” in their in silico experiment as any experimentalist is in theirs. Visualisation can be described as the coupling of human understanding and pattern recognition abilities to scientific problems, and provides the best means available for acquiring understanding from the complex phenomena scientists and engineers now face.
g) In addition to the generic elements above, there are specific architecture high-end machines dedicated to unique challenges (e.g. for PPARC in particle physics), and any strategic framework for HEC must embrace such initiatives. 

4. The framework outlined in the diagram and in paragraph 3 has served UK computational research well; and has produced many noteworthy research highlights. The particular strengths of the framework described above have been –

· It has enabled UK academic researchers to maintain access to a world-class capability;  

· Computational Science and Engineering support is excellent, both through the major service centres and the CCPs;

· There is a strong basis for collaboration across the community, including through community codes;

· Competitive tensioning is built-in to the procurement strategy;

· E-science and the Grid are extending the capability and effectiveness of computation. 

5. Despite these successes, the framework does present some difficulties and challenges in the current situation, which need to be addressed in an emerging strategic framework for the future –

· The user community for the general purpose national services remains relatively small, and is largely concentrated at present in the EPSRC and NERC remits; the level of interest from PPARC and the life-sciences in the general purpose national services has been very limited (although PPARC have run their own national service focussed on specific requirements);

· The procurement process for the national services emphasises competition rather than collaboration, within a rather small community;

· There is inadequate migration from local services up to the capability of the high-end national services or an integrated strategy between local and national services;

· Engagement with computer science, applied mathematics, and industry is lower than might be expected;

· There is a need for greater integration of CSE support activities in the UK, for example, between CSE Daresbury and other centres of CSE expertise in the UK;

· There is little recent involvement in open standards;

· There is a shortage of people with necessary skills, viz. parallel algorithms, visualisation techniques, software engineering;

· Although there is an element of multidisciplinary research within some of the CCPs, it needs to be strengthened otherwise the investigation of many important phenomena will be inhibited, as well as reducing the effectiveness of the computational approach;


· The escalating costs of staying at the forefront of the technology might mean that the research councils will not be able to afford to go it alone in future in high-end general purpose national services;

· Despite the success of the CCP model, and the need for such support for other user communities, the CCP programme has not so far been extended to support major groups outside EPSRC and BBSRC;

· The continuing decline of the commercial HEC market relative to the server market, compared with the growing requirements of computational science, calls into question our ability in future to procure competitive machines. Increasingly, the most demanding applications require users, or their support organisations, to become involved in the design and construction, as well as the operation, of machines (e.g. numerous PC cluster projects, Earth Simulator, and QCDOC/BlueGene);

· Supporting multiple systems in the UK has had a cost in terms of maintaining specific skill sets and supporting applications.  Some limiting of the portfolio of architectures might be required in future procurements, especially if the technology cycle is reduced below six years.

OPTIONS FOR THE FUTURE

6. Whilst the present strategic framework continues to have merit, there are some changes that are now considered timely if the future potential for computational science and engineering in the UK is to be realised. The research challenges are exciting, and some examples are given below.

           Potential Research Challenges

EARTH SCIENCES: Modelling the Earth as a unified system is a now a feasible but extremely challenging prospect. It will involve integrating models of many subsystems including the atmosphere, the oceans, the flux of heat and chemicals from the dynamic solid Earth, the Earth's magnetic field, and the biosphere. These models will need to describe length scales from nanometres to thousands of kilometres and time scale from picoseconds to millennia. The Earth is a system with a high degree of chaos and non-linearity. However, it will be essential to model such systems if we are to understand and respond effectively to climate change and its impact on biodiversity. Only with the advent of the next generations of high performance computing, will it be possible to attempt to create the "Virtual Earth", and so provide the predictive power that we will need to meet the environmental challenges that we will face in the future.

ENGINEERING: Applications of HPC in Engineering have so far centred on Computational Fluid Dynamics (CFD).  Recent highlights have included highly detailed world-leading simulations of phenomena such as turbulent flow over turbine blades and the early development of turbulent flame kernels. Results are being used to develop new tools for engineering design. In the next few years, the level of physical detail in such simulations will increase and so will their usefulness to designers. At the same time, the scope of Engineering simulations will expand to the point where whole systems such as a complete aircraft or a complete jet engine can be simulated. Other computational engineering disciplines requiring HPC include geo-technical, structural nuclear, bio, acoustic, electromagnetic and multi physics. Some of these, especially electromagnetics, are as important to industry as CFD. Virtual engineering and rapid prototyping are emerging fields that will require substantial HPC resources, as well as high-end visualisation.

LIFE SCIENCES: To date, applications of HPC to the Life Sciences have focussed on biomolecular simulations applied to single protein or DNA molecules, or to relatively simple models of cell membranes. Future challenges will focus on simulations of more complex (i.e. multi-component) systems. These applications will be driven by the increased rate of protein structural data provision from structural genomics, and by the need to develop integrative computational approaches for complex biological systems. In particular, one can envisage large-scale biomolecular simulations addressing cell membranes, and multi-subunit protein complexes. HPC will also be extended into newer biological areas such as whole organ simulations, integrating both cellular and physiological descriptions. At the chemistry/life sciences interface, there will be an expansion in the application of ab initio and related approaches to enzymes and membrane transport proteins.

PARTICLE PHYSICS: The confinement of quarks and gluons by the strong interaction means that the simulation of QCD is essential if we are to extract properties of these elementary particles from experiments on their bound states (hadrons). The UK effort in this area has been organised nationally since 1989, using a series of dedicated and shared machines, and has been one of the most successful projects world-wide. Through theoretical, algorithmic and computational developments, the range of accessible science is growing and now spans: the phase structure of strongly-interacting matter at high temperatures and baryon densities; the understanding of confinement and the masses of the lightest quarks; predictions for proton decay in Grand Unified Theories; precision measurement of the parameters of the Standard Model responsible for CP violation; and the simulation of supersymmetry models. The new formulations that support much of this growth are more costly than conventional QCD simulations and are driving the requirement for petaflop/s years of computing power.

NANOSCALE MODELLING: The many-electron Schroedinger equation is the "grand unified theory" of chemistry, biochemistry and materials physics; it provides a general, complete and accurate description of almost every phenomenon and material encountered at terrestrial energies and densities. However, the natural quantum mechanical length scale of assemblies of atoms is the Bohr radius (~0.05 nanometres), and quantum mechanical simulations of systems larger than a few hundred Bohr radii are very difficult. As the construction of nano-devices and biomolecules with specific functions becomes more feasible, a pressing need is arising to model systems that lie in the almost unexplored zone between the quantum and classical regimes.  Given the enormous difficulty of experimental nano-engineering, the need for reliable computer-aided design tools for nano-structures is particularly obvious.  This will require the construction of mixed modelling environments that seamlessly couple quantum mechanical, semiclassical and classical approaches. The challenge, both scientific and computational, is forbidding, but there is no doubt that accurate nano-scale modelling is achievable or that the rewards will be substantial.

7. For the future the framework elements identified in paragraph 3 should be pursued as follows –

a) Campus-based mid-range machines:  There should not be any change in the current arrangements whereby a “free market” operates for campus-based machines. In the past JREI was a ready-source of funding for campus-based mid-range machines. With JREI (Competition B) funding now rolled into SRIF funding, universities need to consider the option of investing SRIF funds into mid-range machines. With the advent of the Grid, there is the need to ensure that investment in mid-range machines and LAN/MAN capabilities recognise the desirability of these being “grid-enabled”. Grid-enabled mid-range machines would also reduce the effort required to migrate applications from those systems to the national high-capability resources and facilitate the local pre- and post-processing of jobs that run on the high-end computers.
b) Computational Science and Engineering Support:  The CSE provision at Daresbury has recently been subjected to review by EPSRC. The review was very supportive of this activity, recognising its important underpinning role to the national computational effort and especially for the CCPs. Principal recommendations of that review were to place the current EPSRC SLA on a rolling 5-year basis, provide an enhanced budget to allow for a programme of continuous technology refresh, and encourage CSE to offer independent technical advice to a wider user base. There is significant potential for the CSE team to exploit existing international links and develop new ones and thus underpin the activities of councils other than EPSRC, with CCPs in other areas such as the environmental and earth sciences offering particular promise. Investment in existing and new centres within the university sector should also be considered. 
c) High-end general purpose machines: There are two viable options for the provision of next-generation services. One is to retain the current strategy, which has undoubtedly been successful in providing access to both capacity and capability high-performance computing resources. Even with campus-based machines providing much of the capacity demand, a national capacity service is still essential to support disparate collaborations and those without access to a local capacity service. The other, which recognises the different “natural” timescales of the provision of the separate elements of the services (greater than 6 years) and systems (less than 6 years), is to procure the service with a rolling contract of an initial life of 6 years. There would be the option to negotiate 2-year extensions from year four onwards, subject to a comprehensive and rigorous review, up to a maximum length of, say, 10 years (when a full competitive tendering exercise would be undertaken). The service supplier would then also be given the responsibility to procure the system(s) (working with EPSRC as Managing Agent for the Research Councils) on, say, a 4-year basis. Available architectures at the time of planned procurement of the next national service might not fulfil all users’ requirements for both capacity and capability computing.  Consideration should be given to the purchase of more than one system for future services to meet these differing requirements.

d) The Grid:  The Grid provides an important new capability for computation, and should make access to high end HPC resources more pervasive. Whilst the rationale for the Grid was based largely on data intensive computation, the fact that the national HPC services are grid-enabled means that any plans for the national services must take account of Grid developments – and vice versa.  Furthermore, some data intensive investigations require high-capability machines for some of the analysis.
e) Research Grants and Training: Technology alone will not enable academic teams to retain a position amongst the world-leaders in computation. Funding for CCPs, post-docs, campus-based equipment, workshops and conferences, and training is needed. Provision for such funding must not be overlooked in the larger financial picture that will always be dominated by the cost of the national HPC services. Whilst the responsive mode is always open for computation research grants, there is evidence of unevenness in such funding. The opportunity for CCPs in fields outside EPSRC has already been noted. Special initiatives may be needed to stimulate new activity in fields not yet realising the potential of HPC. However the most obvious area of under-investment appears to be in training. Graduate Fellowships, funded for 4 years, may be one way of addressing this issue. It is estimated that some 15 to 20 such Graduate Fellowships would be needed to sustain the skill-base. Fellowships, which would be bid for competitively by leading computation groups, would include at least 25% of the 4 years committed to training modules at one of the leading computation trainers, with the balance of the time working on a research project at the host institution. The first 6 months would need to be spent on the research project; with the training modules then dispersed as required through the remainder of the time. To make the Fellowship attractive to young people, two qualifications would be offered from the Fellowship – a doctorate, and a masters degree in computation.
f) Visualisation: There is a need for new investment in visualisation capabilities. The national HPC services must offer rendering capabilities and remote visualisation facilities. One or more national centres, with expertise in visualisation, could offer an advisory service to academia on the best use of remote visualisation services coupled with compression technology. The visualisation requirements from HPC complement those forming part of the vision for e-science, and the HPC and e-science requirements must be developed in harmony.
8. Other challenges for the future include –

· Maintaining access to world-class high performance computing services;

· Getting computer scientists engaged in HPC activities;

· Ensuring there is sufficient flexibility in the strategy to allow the emergence of problem-specific architectures when these are required;    

· Getting applied mathematicians engaged;

· Increasing buy-in from life sciences, and developing the bio-life computational community;

· Identifying new challenges in engineering;

· Achieving engagement with other agencies (e.g. DEFRA, the Wellcome Trust) to obtain cost savings and greater capability for the national HPC services;

· Encouraging greater collaboration with industry;

· Realising the benefits inherent in the Memorandum of Understanding with NSF.

CONCLUSIONS

9. The realisation of the strategic framework described in this document will require the following investments and commitments –

· Provision needs to be made on the facilities “road map” for investment in the next and subsequent national services, so that the UK can retain its position as a world-leader in computation;

· To secure the “marriage” of high performance computing and the Grid, there needs to be a harmonising of activities between the high-level steering committees for e-science and high performance computing;

· Universities should continue to recognise their responsibilities to invest in mid-range machines, local visualisation technology, and LAN/MAN requirements if their institutions are to remain at the forefront of computational research;   

· The SLA covering the CSE at Daresbury, currently involving only EPSRC research interests, should be investigated by other research councils so that the CSE expertise might be made available to a broader computational community;

· New mechanisms to support training in computation, including 4-year Graduate Fellowships, need to be explored;

· There is an urgent need to provide the national services with a visualisation capability, to fund local capabilities, and to investigate the possibility that national centres with expertise in visualisation could provide a national advisory service; 

· Proactive action should be taken to seek closer international collaborations.

10.
Since the Strategic Framework embraces the high end computing aspirations of all the research councils, the High-end Computing Strategy Committee (HSC) will take its development forward through RCUK.

1 http://www.hefce.ac.uk/Research/Initiats/jrei/


� http://www.hefce.ac.uk/Research/SRIF/





