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The seamless integration of large data sets into computational models provides one of the 
central challenges  for the mathematical sciences of the 21st century. When the computational 
model is based on dynamical systems and the data is time ordered, the process of combining 
data and models is called data assimilation.   
 
The seminar will provide an introduction to the mathematical and algorithmic foundations of 
modern data assimilation methodologies. The first part of the seminar will cover the 
mathematical principles of deterministic and probabilistic approaches to state estimation in the 
context of filtering and smoothing. The classical variational and control theoretic viewpoints 
will be described and then their probabilistic counterparts developed, using an underpinning 
Bayesian formulation. The second part will be devoted to recent algorithmic advances on 
sequential Monte Carlo methods for state and parameter estimation, together with an overview 
of the analysis of importance sampling based methods, especially in the high dimensional or 
small noise regimes when the computational complexity is high. The final third part will 
introduce the concept of model error and describe methods for dealing with misspecified 
models and model comparison.  
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useful background reading.  
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