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Introduction 
The LMS Inverse Days have a long-standing tradition, initiated in 1996 by Slava 
Kurylev and Brian Sleeman and having run almost continuously since then with 
about 4 meetings per year. This meeting on statistical inverse problems is organised 
to coincide with the sabbatical visit by Colin Fox (University of Otago, NZ) in Bath 
this autumn and forms part of the IMI/SAMBa Thematic Semester on Markov 
Chain Monte Carlo Methods (http://www.bath.ac.uk/imi/events/MCMC_TS.html). 
 

Organisers 
Daniel Lesnic (University of Leeds) 

Robert Scheichl (University of Bath, Mathematical Siences) 

Carola-Bibiane Schönlieb (University of Cambridge) 
 

Programme 

10:15 – 11:00 Colin Fox (University of Otago)   
Fast Inference in linear-Gaussian Inverse Problems 

11:00 – 11:30 Coffee Break 

11:30 – 13:00 

Gareth Roberts (University of Warwick)  
Zig-Zag 
 
Alistair Gregory (Imperial College London)  
Multilevel Ensemble Transform Particle Filtering 

13:00 – 14:15 Lunch and Poster Session 

14:15 – 15:45 

Hanne Kekkonen (University of Warwick)  
Bayesian and Frequentist Uncertainty Quantification for 
Inverse Problems  
 
Rob Scheichl (University of Bath)  
Multilevel Sampling Techniques for Bayesian Inference 

15:45 – 16:15 Coffee Break 

16:15 – 17:00 
Serge Guillas (University College London)  
Computer Model Calibration with Large Nonstationary Spatial 
Outputs 

 
Acknowledgement.  This event is funded by the London Mathematical Society 
(LMS) and the Institute for Mathematical Innovation (IMI), University of Bath. 



Abstracts 
 
Colin Fox (University of Otago)  
Fast Inference in linear-Gaussian Inverse Problems  
(joint work with Richard Norton) 
 
It turns out that independent sampling and posterior inference in the linear-Gaussian 
inverse problem may be performed for less computational cost than regularized 
inversion, when selection of the regularizing parameter is considered. We follow 
Bardsley (SISC 2012) in using sample-based inference to perform image deblurring 
(of a picture of Jupiter) using the graph Laplacian as prior precision, 
and  demonstrate a sequence of increasingly efficient sampling algorithms: the block 
Gibbs sampler implemented by Bardsley, the one-block algorithm of Rue and Held, 
and then the 'marginal-then-conditional' sampler with a fancy method for evaluating 
the ratio of determinants required for MCMC over the marginal posterior for hyper-
parameters. This last method allows independent sampling, and evaluation of the 
posterior mean, in less compute time than regularized deconvolution (!) and also 
allows inference directly over function space models (!).  
 
 
Alastair Gregory (Imperial College London)  
Multilevel Ensemble Transform Particle Filtering 
 
This presentation considers the aim of increasing the efficiency of a particular 
particle filtering algorithm, by extending the multilevel Monte Carlo variance 
reduction technique to it. In particular, the presentation will show how multilevel 
Monte Carlo can be applied to the ensemble transform particle filter (EPTF). A key 
aspect of this adaptation is the use of optimal transport methods to re-establish 
correlation between coarse and fine ensembles after resampling; this controls the 
variance of the estimator. Numerical examples present a proof of concept of the 
effectiveness of the proposed method, demonstrating significant computational cost 
reductions (relative to the single-level ETPF counterpart) in the propagation of 
ensembles within filters for low and high dimensional systems. Finally, the 
modifications to the proposed algorithm needed to allow for a higher rate of variance 
decay between finer adjacent ensembles will be discussed. 
 
 
Serge Guillas (University College London)  
Computer Model Calibration with Large Nonstationary Spatial Outputs 
 
The Bayesian computer model calibration method has proven to be effective in a 
wide range of applications. In this framework, input parameters are tuned by 
comparing model outputs to observations. However, this methodology becomes 
computationally expensive for large spatial model outputs. To overcome this 
challenge, we employ a truncated basis representations of the model outputs. We 
then aim to match the model outputs coefficients with the coefficients from 
observations in the basis representations; we also optimize the truncation level. In a 
second step, we enhance the calibration with the addition of the INLA-SPDE 
technique. We incorporate the nonstationary behavior and the derivative information 
of the spatial field into the calibration by inserting two INLA-SPDE parameters into 
the calibration. Several synthetic examples and a climate model illustration highlight 
the benefits of our approach for model outputs distributed over the plane or the 
sphere. 



Hanne Kekkonen (University of Warwick)  
Bayesian and Frequentist Uncertainty Quantification for Inverse Problems  
 
The aim of the talk is to discuss connections between inverse problems and the 
emerging field of uncertainty quantification. Uncertainty quantification is necessary in 
inverse problems to assess statistical reliability of the obtained solutions. Ill-
posedness of the underlying model generates challenges that are not typically 
considered in classical statistics literature. In complex parameter spaces, such as 
those encountered in inverse problems, calculating frequentist confidence regions 
can be an almost impossible task, whereas Bayesian uncertainty quantification is 
often computationally cheap. The problem is that the theoretical and objective 
meaning of such posterior based inferences is largely unclear. On the other hand 
frequentist uncertainty quantification is well understood and studied in traditional 
statistics. 
 
 
Gareth Roberts (University of Warwick)  
Zig-Zag 
(joint work with Joris Bierkens and Paul Fearnhead) 
 
The talk will describe a new continuous time, non-reversible MCMC sampler called 
the zig-zag. It is an example of a piecewise deterministic stochastic process which 
have been around for over 50 years, but which (unlike other classes of stochastic 
processes like diffusions) have not been explored for possible use in simulation until 
recently. The will explore some of its properties with particular focus on its 
application in the context of intractable likelihoods  (for instance posterior 
distributions for massive data sets). 
 
 
Rob Scheichl (University of Bath)  
Multilevel Sampling Techniques for Bayesian Inference 
(joint work with Tim Dodwell, Christian Ketelsen, Andrew Stuart, Aretha Teckentrup) 
 
Large-scale PDE-constrained Bayesian inference is an inherently difficult and 
computationally intensive problem of huge interest in a vast array of applications. 
Sampling methods are among the most accurate and promising methods for these 
problems, as their cost is dimension independent thus rendering them very suitable 
for the infinite-dimensional PDE setting. However, most standard sampling 
approaches (such as Metropolis-Hastings MCMC) are very slow to converge and 
hence intractable for realistic applications. Nevertheless, typical approximation 
schemes to numerically solve the underlying PDEs are naturally hierarchical, paving 
the way for powerful multilevel sampling methods, for example within a Metropolis-
Hastings setting or as ratio estimators for Bayes' formula. Through a clever use of 
the model hierarchies, they offer the accuracy of ``gold-standard'' classical MCMC 
estimators at a fraction of the cost, avoiding dimension truncation, Gaussian 
approximations or linearisations. We present theory and numerical experiments 
confirming these massive improvements on a typical model problem from subsurface 
flow. 


