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Over the past decades, High Performance Computing (HPC) systems have become essential 

tools in many fields of research including plasma physics and nuclear fusion energy 

development. Currently, these “supercomputers” are undergoing a profound transformation 

in order to achieve exascale capability. Performing a quintillion (1018) of calculations per 

second, exascale computers will debut soon in the HPC domain with practical applications 

in all fields of R&D from precision medicine to regional climate analysis, energy to materials 

science, nuclear and plasma physics and national security. They will enable scientists to drive 

discoveries across a wide spectrum of scientific fields and to improve both our understanding 

of the world, how we experience it, and how we live within it. To fully exploit this power, a 

number of challenges need to be met both from the hardware and software points of view. 

This talk summarises the present situation and near future transformations in HPC systems 

including their strong impact upon the scientific research. While they will allow more 

detailed simulations, by reproducing the physics involved more closely or by including more 

complicated events than has been possible so far, the hardware transformations involved will 

also have a strong impact on the methods of programming, which will greatly affect the 

researchers' tasks in adapting their codes to exploit these supercomputers. Wide research 

efforts are ongoing in the programming field to simplify such an HPC exploitation for the 

users, for example, by enabling a transparent use of specialised massive hardware such as 

accelerators. Moreover, mass computing capacity has engendered new techniques such as 

neural networks to attack real-world problems, to attain to what we term Artificial 

Intelligence (AI) that make inferences humans could never make, or make them much sooner. 

Significant progress is also being made in Quantum computing, using quantum mechanical 

phenomena to manipulate information hugely increase the potential for further 

transformations in the HPC field. All these techniques can help, or in some cases replace, 

classical numerical simulation techniques and allow scientists to tackle problems that are 

presetly unsolvable due to their complexity and/or computational time.  
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