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Numerical methods are central to solving partial differential 
equations (PDEs) in engineering and scientific applications, 
since they describe a wide range of physical phenomenon. 
Achieving efficiency and accuracy in these computations often 
requires the use of adaptive techniques, which focus 
computational resources where they are most required. P-
adaptivity is a technique that refines the order of 
approximation in different regions of a domain based on 
criteria derived from the behaviour of the solution. However, 
current methods often rely on computationally expensive or 
heuristic criteria to determine regions of refinement, which 
whilst providing accuracy locally, may not be optimal in terms 
of global system dynamics. This project will develop a novel 
framework integrating machine learning (ML) into an adaptivity 
scheme to enhance the efficiency and accuracy of numerical 
simulations in an optimal way.  
 
The project will involve two key steps. First, the implementation 
of physics-informed clustering (PIC) by adapting an existing 
cluster algorithm (possibly on PyTorch) to incorporate 
constraints derived from PDEs. Second, the clustering algorithm 
will be integrated into a framework for numerical simulation of 
non-linear PDEs, dynamically adjusting the order of 
approximation during simulations to reduce computational cost 
while maintaining accuracy. Developments will be validated 
through benchmarking on canonical test problems, with 
performance comparison against traditional p-adaptive 
methods in terms of computational cost and both local and 
global accuracy.  
 
The student will gain expertise in object-oriented programming, 
class inheritance, clustering, physics-informed ML, numerical 
methods, adaptive algorithms, and analysing time and space 
complexity of algorithms. These skills are directly applicable to 
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roles in industry, such as software engineer, machine learning 
engineer, simulation engineer, research engineer, and 
quantitative developer. For academia, the project provides a 
strong foundation for advanced studies in ML-accelerated 
numerical methods, and experience of real research in the 
field. We expect the outcomes of this project to contribute to a 
journal publication, further supporting the student’s career 
development. 
 
 
Objectives 
1.  Understand and implement PIC for order-adaptivity into a 
numerical simulation framework designed for non-linear PDEs. 
2. Benchmark against current approaches on canonical tests, 
focusing on efficiency and accuracy. 
3. Assess performance in terms of local and global accuracy 
against existing approaches. 
 
 
Work plan 
W1. Review techniques on p-adaptivity and understand PIC. 
W2-W3. Implement PIC in Python (possibly on PyTorch) and run 
offline tests on synthetic data (provided by supervisors). 
W4-W5. Implement PIC in non-linear PDE solver, ensure 
dynamic adjustment of order is functional. 
W6. Generate results on canonical tests, gather preliminary 
results to assess performance. Benchmarking with current p-
adaptivity approaches to gain insight of results. 
W7. Compile document with methodology, results and findings. 
Use week as buffer period for final adjustments and reviews. 
Present findings to research group. 
  
  
Learning outcomes. 
1.  Gain experience in Python, focusing on object-oriented 
programming and class inheritance, and particularly PyTorch. 
2.  Deepen understanding of numerical methods and non-linear 
PDEs. 
3.  Learn how to implement physics-informed machine learning 
within simulation frameworks. 
4.  Learn to augment existing codes with your own innovative 
ideas. 
5.  Learn to benchmark different approaches and gain deep 
insights from the resulting data. 

https://raeng.org.uk/gdmrr


 

 

RAENg Google DeepMind Research Ready  

6.  Develop the ability to explain complex research concepts to 
non-expert audiences. 
7.  Advance your technical communication and writing skills. 
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