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Strategy Paper on European Supercomputing Resources

1. Summary
While Supercomputers of the highest performance class have become indispensable tools for science and engineering in academia, research and industry, financing of the next but one generation of supercomputers will strain the national budgets of the individual European countries. Hence, this paper suggests that the establishment of infrastructures for high performance computing shall be implemented on a European level and discusses first steps to be taken by the three undersigning countries. The goals of the proposed action are the consolidation of Europe’s important role in both supercomputer applications and in ensuring the availability of the most advanced supercomputer systems in the EU.

2. Importance of Supercomputers
Today, it is generally accepted that the solution of many of our most urgent problems in science and technology requires simulations performed on supercomputers. Important examples from science and technology are, among others, climate and geo-system research, nanostructure physics, solid-state physics, fluid mechanics, astrophysics, quantum chromodynamics, materials research, computational chemistry, molecular dynamics, polymer research and biophysics (see Annex 1). 

Parallel to the scientific importance, we can witness a dramatically growing exploitation of high performance computers in the industrial sector. Industries of strategic importance for Europe will benefit from the access to supercomputers in accelerating their innovation processes and improving their efficiency. This includes the following sectors: aerospace and transportation, energy, pharmaceutical and biology related chemistry, materials, semiconductors, geophysics and oil exploration. Supercomputing is also crucial for the society with services such as weather forecast and the future services developed in the Global Monitoring for Environment and Security European programme.
3. Europe’s role in supercomputing
The next but one generation of supercomputers (petaflops range) will be so expensive and resource-intensive that it is not wise or even possible to acquire them on a national basis in the European Union.

The United States has repeatedly demonstrated that leadership in science and technology is vital to leadership in defence, security, economic prosperity, and overall standard of living. Today, progress in many branches of science and technology is highly dependent on breakthroughs made possible by high-end computing, and it follows that leadership in high-end computing is of increasing importance.
European countries have maintained their positions amongst the world leaders in scientific and commercial high performance computing applications, as well as in computational science and engineering. The European strength in computation fosters many applications relating to the creation of prosperity and quality of life, for example climate monitoring and prediction, materials science and engineering, molecular modelling for the pharmaceutical industry.

This leading role of the European countries is now in question with regard to the next and next but one generations of supercomputers (see Annex 3), because they come to be so expensive that the European countries alone no longer seem to be able to purchase those systems. With costs of approximately 200 million Euros for one system, it is uneconomical or even impossible to acquire or operate such systems on a national basis.
4. Call for action
A European action for the establishment of infrastructures for high performance computing shall be implemented. Not only must it be assured that the European countries maintain their present important role in supercomputer applications. Additionally, this action should enable Europe to join the USA and Japan in making world class supercomputers available to academia and industries over the next years. For this to be effective, it must be ensured that these facilities are primarily used as “capability” oriented services, targeted at the most demanding and strategically important problems.
The international scientific competitiveness of European researchers and industry is crucially dependent on the availability of high-end computers. A further degradation in the standing of Europe compared to the other leading countries is not acceptable.
5. Proposed Measures

During the timescale of the 7th Framework Programme of the European Commission, three supercomputer systems or services of the then most advanced types in the world shall be installed over a 6-year-period. France, Germany and the UK will support one another to each host one of these generations, with access being granted to all European countries.
Each of the supercomputing centres will have a set of thematic objectives covering the whole range of science and engineering disciplines for which high performance computing is essential. However, it is clear that the climatology research community in Europe has a particular and pressing need for a petascale supercomputer for Earth System Modelling. Therefore, one of the supercomputing centres will be focused on meeting the needs of this community, although other research communities will not be excluded from using the centre.

A model of shared financing and participation should be implemented. About 15 % of the investments should be provided by the European industry, 35 % by the European Commission, 25 % by the country that will be accepted as host for one of the three systems, 25 % by the other participating countries. The operating costs should be covered by the participating countries based upon agreed ratios. 
Access to the systems should be allocated in accordance with the financial participation of the European countries, involving reserved time slots. Those European countries that do not participate in the co-financing of the systems shall be enabled to gain access to the systems within the time-slot reserved for the European Commission, according to the scientific evaluation of their proposed utilization. 

The system access for all European countries shall be facilitated by the European high-performance grid activities embodied in the DEISA initiative, the GEANT infrastructure and the relevant technology of the EGEE project.  Relevant European application research programmes for high end supercomputing shall be accelerated to match the system capabilities.
The hosting countries will select their candidate sites according to their own procedures, and guarantee performance of the hosted service with respect to an agreed upon requirement specification. The selection process for the actual location of each of the three systems should be carried out on a strictly factual basis, primarily with regard to the experience and technical preconditions of the candidate centres. Independent international experts shall be included in the selection process.

6. Next steps

The three countries will discuss this informal strategy paper on the working level with the European Commission in early 2005, as far as general support is concerned. Given a positive response, an ERA-Net proposal will be prepared, taking into account the developments within the next months. It will be submitted to the European Commission in the ERA-Net call of October 2005, involving additional partner countries.
In case of a positive response, Italy, Spain, the Netherlands and Finland will be the first participants to be asked by the three countries to join the initiative. Proposals for further procedures, especially the mechanisms of participation and system selection, shall be developed within the ERA-Net framework, with the aim of composing a well-defined and formally adequate proposal for the European HPC Infrastructure to be submitted to the European Commission by the end of 2006.
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Annex 1: Scientific Cases

High performance computing is one of the strategic tools needed for the scientific and industrial development of Europe. In this brief Annex, a comprehensive presentation of all the benefits provided by this technology may not be given; only a few examples will be presented in the strategic fields of fundamental and applied research, industrial applications and sustainable development. 

Fusion simulation and ITER project: the objective is to conceive a set of models able to understand the basic physical phenomena and to implement these models in software. This software has to be able to simulate a Tokamak and provide reliable behaviours of the plasma and the reactor components. Plasma physics has to be computed, in interaction with the reactor wall and the local chemistry. Magneto-hydrodynamics simulation of an igniting plasma requires a few hundred Tflops, electron dynamics needs about 10 000 Tflops x hours. This simulator is needed for ITER engineering and safety assessment. Other aspects of the ITER design which require modelling and computationally intensive simulation include material aging under intense radiations. The relevant operating parameters cannot be obtained in mock-ups, because of the long duty cycle of an ITER facility.

Fluid mechanics and aerospace engineering: in aerospace engineering, the more important simulations couple different kinds of physics: for the global optimization of aircraft, mechanical calculations have to be coupled to aerodynamics and control simulation. Even if a complete turbulence calculation for a large aircraft is out of reach even for the fastest supercomputer, multi-physics optimization is an important design tool in a very competitive industry. In the related field of engine design, fluid mechanics has to be coupled to chemical reactions modelling. A 100 Tflops sustained computer is needed for this problem for the research organisations as well as for the manufacturers.

Weather forecasting and climate modelling: standard weather forecasting calculations are based on 20 km horizontal meshes and 40 vertical layers. An accurate computation requires 1 km horizontal meshes and 150 layers. The computing volume is multiplied by 104.The European weather forecasting organizations are using 1 to 10 Tflops computers. If the refined mesh grid is on operation, the Petaflops generation is needed. This new grid is needed for more accurate forecast; moreover, a fine mesh grid may allow the forecasting of local dangerous phenomena, like tornadoes. For long term climate modelling, a 200 years simulation, with a refined mesh grid needs about 20 000 hours on a standard one processor vector machine or about 200 Tflops x hours. This kind of computations has to be run many times, with various initial values, heat exchange models or ocean models. The climate community is ready to use a very large scale simulator. Experiments run on the Japanese earth simulator lead to the conclusion that a 100 Tflops computer would help to forecast the future climate and prepare political decisions about sustainable development.

Quantum chemistry, molecular dynamics and material applications: quantum chemistry applications are used in a wide field, from ab initio calculations of structural and electronic properties of metallic alloys to biological applications. Materials aging in nuclear reactor could be modelled, using molecular dynamics, if the computing power would be increased by two orders of magnitude. From an economical point of view, industrial chemical simulations may reduce the number of costly experiments. The catalytical phenomena produced by ice or dust particles, in the high atmosphere, may be treated in climate modelling software. The nano-materials design could be simulated in order to evaluate their benefits, before being experimented. The nano devices which are being considered for advanced electronics need modelling and simulation, one of the most challenging aspects being to qualify the processes before a large industrial investment can be made for manufacturing. This field is in a very fast expansion, the commercial softwares are adapted to large parallel computers. Research and development could use a power of 100 to 200 Tflops.

Life sciences: after the completion of genome sequencing, molecular biology researches are focused on interactions, for understanding atomic level of life processes mechanisms. The main topic is to find the macromolecules interacting with a defined part of a gene. This approach is able to provide “in silico” drugs screening, in the view of protein engineering. It is based on quantum chemistry and may lead to impressive pharmacological benefits. The required computing power increases very rapidly with the number of considered atoms and could use very large computers. In the near future, proteomic calculations may be one of the main users of large computing centres.

In the same field, another interesting topic is the protein folding, this phenomenon is relatively slow, from microseconds to milliseconds, and it determines the three-dimensional structure of the protein and its chemical properties. Molecular dynamic models, using standard computers are able to simulate tens of nanoseconds, a 100 Tfops computer may improve this approach.

In life sciences, the most ambitious research is aimed at building a virtual living cell based on molecular genome knowledge. This research would be based on multi-scale models as in various physical and engineering simulators. From the molecular level, elementary functional models are designed. Their behaviour could be used in more complex models. Projects in this field are now in development in Europe, Japan and USA; they are able to use intensive computers. The development of this virtual cell may involve a number of complex models, molecular, physical and chemical process.

Annex 2: Comparison of installed HPC systems by nation

Source: TOP 500  list

	Number of systems
	TOP 1 - 50
	TOP 51 - 200
	TOP 201 - 500

	
	Nov 2000
	Nov 2002
	Nov 2004
	Nov 2000
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	Nov 2004
	Nov 2000
	Nov 2002
	Nov 2004

	USA
	31
	31
	30
	63
	75
	95
	139
	122
	142

	
	
	
	
	
	
	
	
	
	

	Japan
	8
	5
	5
	23
	23
	6
	32
	19
	19

	
	
	
	
	
	
	
	
	
	

	Germany
	4
	6
	2
	23
	11
	8
	28
	54
	25

	
	
	
	
	
	
	
	
	
	

	UK
	4
	4
	7
	7
	10
	7
	23
	25
	28

	
	
	
	
	
	
	
	
	
	

	France
	-
	1
	1
	9
	4
	4
	20
	17
	10


Annex 3: Roadmap Supercomputers
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