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Welcome to SMC 2022

We are delighted to welcome you in Madrid for the 5th Workshop on Sequential Monte Carlo Methods
(SMC 2022). We hope that you will enjoy a stimulating and fruitful week!

This meeting was originally scheduled to be held in May 2020. However, like so many other events,
activities and projects, it had to postponed (never cancelled!) because of the COVID-19 pandemic. After
countless hours of online teaching, online conferences, online meetings, and online life in general, it is a
huge pleasure to finally host all of you for an old-fashioned face-to-face workshop.

Our scientific programme features a single track of 18 invited talks, complemented by two contributed
poster sessions in the afternoon of Wednesday 4th and Thursday 5th. The scope of topics covered by the
participants is broad and deep. We hope you will learn of the newest ideas in the field and perhaps start
new collaborations.

In this document, you will find some practical information to help you move around in Leganés and
Madrid during these three days, as well as a detailed technical programme, including titles and abstracts
of all talks and posters. Please, do not hesitate to contact any of the organisers if you have any difficulty,
any query or any special request.

Welcome!

Víctor Elvira and Joaquín Míguez
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The SMC Workshop Series

Sequential Monte Carlo (SMC) methods, also
known as particle filters or particle methods, have
become popular and powerful tools for computa-
tional inference in complex probabilistic models
used in many and varied fields and applications,
including meteorology and oceanography, electrical
and aerospace engineering (target tracking, sensor
networks, etc.), biochemistry, ecology and several
others. The aim of this workshop is to:

• bring together researchers developing and us-
ing SMC methods in various scientific fields
(both in academia and industry); and

• open up the field to researchers and users who
are new to SMC methods. We will emphasise
the interaction of SMC with related areas of
research (such as machine learning or data sci-
ence) where computational inference plays a
key role.

SMC 2022 is the 5th in an aperiodic sequence of
events that started in Oxford in 2006. The list of
SMC workshops held to day includes:

Year Location

2006 Oxford, UK

2012 Warwick, UK

2015 Paris, France

2017 Uppsala, Sweden

2022 Madrid, Spain
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2.1 Committees

Organizing Committee

Víctor Elvira (University of Edinburgh, UK)
Joaquín Míguez (Universidad Carlos III de Madrid, Spain)

Scientific committee

Nicolas Chopin (ENSAE, France)
Kody Law (University of Manchester, UK)
Fredrik Lindsten (Linköping University, Sweden)
Thomas Schön (Uppsala University, Sweden)
Nick Whiteley (University of Bristol, UK)

Local arrangements committee

María Teresa Dávila-Gil (Universidad Carlos III de Madrid, Spain)
Susana Fernández-García (Universidad Carlos III de Madrid, Spain)
Igor López-Elvira (Universidad Carlos III de Madrid, Spain)
Sara Pérez-Vieites (Universidad Carlos III de Madrid, Spain)
Manuel A. Vázquez (Universidad Carlos III de Madrid, Spain)
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Sponsors

We are very grateful for the support from our sponsors:

• Universidad Carlos III de Madrid

• The Office of Naval Research Global (ONRG)

• The COMONSENS Network –a research network funded by the Spanish Agencia Estatal de Inves-
tigación
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Practical information

Venue

The conference is held at the Leganés campus of Universidad Carlos III de Madrid. The full address is
Avenida de la Universidad, 30, 28911 Leganés, Madrid.

The campus is located within a short walk of Leganés Central railway and metro station, and it
is easily by public transport from Madrid city centre. The map below shows directions to reach the
workshop venue (GPS coordinates: 40.33252305610892, -3.7646791919634213) from Leganés Central. It
is a 10-minute walk from the station to the lecture hall.
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https://www.google.com/maps/place/40%C2%B019'57.1%22N+3%C2%B045'52.9%22W/@40.3325231,-3.7668679,17z/data=!3m1!4b1!4m5!3m4!1s0x0:0xff1555f210693f58!8m2!3d40.3325231!4d-3.7646792


A campus map is also shown below. If you are walking from the station you will arrive from the south
west and will have to cross the campus to reach building no. 5. Once there, go upstairs to the first floor
and find the Aula de Grados (Lecture Hall in the map). There will be signs to lead your way through
the campus and also in building no. 5.

Registration, poster sessions and coffee breaks

There will be a registration desk next to the Aula de Grados, where you will be able to contact the
organisers upon your arrival and through the days of the meeting.

All activities will be conducted in the same area around the Lecture Hall. The poster sessions will
be held in the long hall between Aula de Grados and the cafeteria. You will see the boards already line
up as you arrive on Wednesday. Next to the poster area, through the door, you will find the auditorium
hall, where you may socialise during the coffee/tea breaks.

Lunch breaks

The UC3M campus is located close to the pedestrian area in Leganés down town. There are plenty of
bars and restaurants serving food and drinks within a 10-minute walk. We suggest you take a stroll to
Plaza de la Fuente Honda as shown in the map below and pick a place in the plaza or on your way there.
If the weather is dry, most places give you the possibility to have your lunch outdoors.
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For a quicker lunch, simply pop in the Cafeteria, located side by side with the poster area. Lunch is
served from 13:15 to 15:30. Snacks and drinks can be bought at any time until 17:00.

Wireless internet access

If your home institution has eduroam, then you will be able to connect freely to the internet at the
conference (wherever there is wifi available). Please note that you need to set up eduroam at your home
institution before you will be able to use it on the UC3M campus.

Alternatively, you may use the UC3M-Visitantes (visitor network). Please, note that you will need to
register online to use this WiFi access. Click here for instructions.

Links for tourist information

• Municipality of Madrid: https://www.esmadrid.com/en.

• Regional Government of Madrid: https://www.turismomadrid.es/en/

• Dining in Leganés: https://www.tripadvisor.com/Restaurants-g562654-Leganes.html

Public transportation

The fastest connection to Madrid city centre is the Cercanías railway network: https://www.renfe.
com/es/en/suburban/suburban-madrid. In particular, the most convenient line will be the yellow C-5

11

https://www.uc3m.es/sdic/services/visitors-wifi#descripcion
https://www.esmadrid.com/en
https://www.turismomadrid.es/en/
https://www.tripadvisor.com/Restaurants-g562654-Leganes.html
https://www.renfe.com/es/en/suburban/suburban-madrid
https://www.renfe.com/es/en/suburban/suburban-madrid


line, with direct trains from Atocha station. See the map in https://www.renfe.com/es/en/suburban/
suburban-madrid/maps.

A Leganés Central station is also a node of line 12 in Madrid’s Metro (underground) network: https:
//www.metromadrid.es/en. Line 12 is circular. Puerta del Sur station is the connection with line 10,
which then takes you all the way trough the south, centre and north of Madrid.

Taxi is an alternative form of transportation. The most common apps are FreeNow, Uber and Cabify.
A taxi ride from Leganés to the city centre takes around 20 minutes –depending on traffic!
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(The Alan Turing

Institute)
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Martina Siwek
(ONR Global) Farewell
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13:10 - 14:30 Lunch Break Lunch Break

14:30 - 15:10
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(Stony Brook University)
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(KAUST)
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(TELECOM SudParis) Coffee break &
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Abstracts of Invited Speakers

Back to table of contents

6.1 Wednesday 4th

Back to schedule

Wednesday 4, 09:20

Waste-free Sequential Monte Carlo

Nicolas Chopin
ENSAE, nicolas.chopin@ensae.fr

A standard way to move particles in a sequential Monte Carlo (SMC) sampler is to apply several
steps of a Markov chain Monte Carlo (MCMC) kernel. Unfortunately, it is not clear how many steps
need to be performed for optimal performance. In addition, the output of the intermediate steps are
discarded and thus wasted somehow. We propose a new, waste-free SMC algorithm which uses the
outputs of all these intermediate MCMC steps as particles. We establish that its output is consistent and
asymptotically normal. We use the expression of the asymptotic variance to develop various insights on
how to implement the algorithm in practice. We develop in particular a method to estimate, from a single
run of the algorithm, the asymptotic variance of any particle estimate. We show empirically, through
a range of numerical examples, that waste-free SMC tends to outperform standard SMC samplers, and
especially so in situations where the mixing of the considered MCMC kernels decreases across iterations
(as in tempering or rare event problems).

Back to schedule

Wednesday 4, 10:00

Contributions to High Dimensional Nonlinear Data Assimilation

Jana De Wiljes
University of Potsdam, wiljes@uni-potsdam.de

The seamless integration of large data sets into computational models is a central challenge in many
application areas. The complexity of this problem is particularly pronounced in a setting where the
underlying dynamics are nonlinear and chaotic, and the state space is high dimensional. Gaussian ap-
proximative filters are among the most popular approaches for such challenging environments. Even
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though these filters have been successfully implemented for highly nonlinear settings with large dimen-
sional state spaces the underlying assumptions do not hold for many applications. Moreover, several
recent studies have been devoted to showing accuracy of such filters in terms of tracking ability for non-
linear evolution models and we will present distinct bounds on the expected accuracy for certain filter
variants. While the robustness of such Gaussian approximative filters is undeniable there has been con-
siderable aspiration to design filters that can achieve even higher levels of accuracy while maintaining an
appropriate level of robustness and stability. We will discuss a family of such filters that does not require
a parametrization of the posterior distribution.

Back to schedule

Wednesday 4, 10:40

Fast Parallel Resampling as a Stepping Stone to Ubiquitous Sequential
Monte Carlo

Simon Maskell
University of Liverpool, S.Maskell@liverpool.ac.uk

Recent work has shown it is possible to implement, for example, multinomial and systematic resam-
pling without approximation and in O(logN) time (with N processors and shared, distributed and hybrid
memory architectures). This talk will explain these implementation strategies and discuss how these ad-
vances remove one bottleneck from the use of modern computing hardware with Sequential Monte Carlo
(SMC). This discussion will then go on to consider the other advances that are needed to fully exploit the
potential of parallel hardware combined with SMC in, for example, SMC’s common "particle filtering"
guise but also, as an "SMC sampler" and so as a replacement for MCMC in the context of batch analytics.

Back to schedule

Wednesday 4, 11:50

Comparison of Markov Chains via Weak Poincaré Inequalities with
Applications

Christophe Andrieu
University of Bristol, C.Andrieu@bristol.ac.uk

We investigate the use of a certain class of functional inequalities known as weak PoincarÃ© inequali-
ties to bound convergence of Markov chains to equilibrium. We show that this enables the straightforward
and transparent derivation of subgeometric convergence bounds for methods such as the Independent
Metropolis–Hastings sampler and pseudo-marginal methods for intractable likelihoods, the latter being
subgeometric in many practical settings. These results rely on novel quantitative comparison theorems
between Markov chains. Associated proofs are simpler than those relying on drift/minorization conditions
and the tools developed allow us to recover and further extend known results as particular cases. We are
then able to provide new insights into the practical use of pseudo-marginal algorithms, analyse the effect
of averaging in Approximate Bayesian Computation (ABC) and the use of products of independent aver-
ages, and also to study the case of lognormal weights relevant to particle marginal Metropolis–Hastings
(PMMH). We will show how these results can also be applied to analyse the conditional SMC algorithm
(and the particle Gibbs algorithms) with relaxed conditions compared to existing results.

Associated report: arXiv:2112.05605, with Anthony Lee, Sam Power and Andi Q. Wang

Back to schedule
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Wednesday 4, 14:30

Inference with Deep Gaussian Process State Space Models

Petar M. Djuric
Stony Brook University, petar.djuric@stonybrook.edu

We consider the problem of sequential processing of observations modeled by deep Gaussian process
state space models. The Gaussian processes are based on random features, and the transition and obser-
vation functions of the model are unknown. We propose a method that can estimate the unknowns of the
model, where incremental learning of the system takes place without requiring all historical information.
Further, we propose an ensemble version of the method, with each member of the ensemble having its
own set of features. We show that the method can track the latent process up to scale and rotation.

Back to schedule

Wednesday 4, 15:10

Joint Online Parameter Estimation and Optimal Sensor Placement for
Continuous Time State Space Models

Nikolas Kantas
Imperial College London, n.kantas@imperial.ac.uk

In the talk we will discuss how to formulate this problem as a bilevel optimisation problem, and
propose a solution in the form of a continuous-time, two-timescale, stochastic gradient descent algorithm.
Under suitable conditions on the latent signal, the filter, and the filter derivatives, we can establish almost
sure convergence of the online parameter estimates and optimal sensor placements to the stationary points
of the asymptotic log-likelihood and asymptotic filter covariance, respectively. This is achieved using a
more general result on for two-timescale stochastic gradient descent algorithms in continuous time under
Markovian. We also present numerical examples for the partially observed Beneš equation and a partially
observed stochastic advection-diffusion equation.

This is joint work with Louis Sharrock (from the University of Bristol).

Back to schedule

Wednesday 4, 15:50

Monotonic Alpha-divergence Minimisation for Variational Inference

Randal Douc
TELECOM SudParis, randal.douc@it-sudparis.eu

In this paper, we introduce a novel family of iterative algorithms which carry out α-divergence min-
imisation in a Variational Inference context. They do so by ensuring a systematic decrease at each step
in the α-divergence between the variational and the posterior distributions. In its most general form, the
variational distribution is a mixture model and our framework allows us to simultaneously optimise the
weights and components parameters of this mixture model. Notably, our approach permits to build on
various methods previously proposed for α-divergence minimisation such as Gradient or Power Descent
schemes and we also shed a new light on an integrated Expectation Maximization algorithm. Lastly, we
provide empirical evidence that our methodology yields improved results on several multimodal target
distributions.

Joint work with Kamelia Daudel (Oxford, UK) and Francois Roueff (Telecom Paris, France)
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6.2 Thursday 5th

Back to schedule

Thursday 5, 09:20

A Theoretical Analysis of One-dimensional Discrete Generation Ensemble
Kalman Particle Filters (Joint Work with Emma Horton)

Pierre Del Moral
INRIA, Pierre.Del_Moral@inria.fr

To the best of our knowledge, the first and the only rigorous mathematical analysis of discrete gener-
ation ensemble Kalman particle filters is developed in the pioneering articles by Le Gland-Monbet-Tran
and by Mandel-Cobb-Beezley, which were published in the early 2010s. Nevertheless, besides the fact that
these studies prove the asymptotic consistency of the Ensemble Kalman filter, they provide exceedingly
pessimistic mean-error estimates that grow exponentially fast with respect to the time horizon, even for
linear Gaussian filtering problems with stable one dimensional signals.

In the present talk we develop a novel self-contained and complete stochastic perturbation analysis
of the fluctuations, the stability, and the long-time performance of discrete generation ensemble Kalman
particle filters, including time-uniform and non-asymptotic mean-error estimates that apply to possibly
unstable signals. To the best of our knowledge, these are the first results of this type in the literature
on discrete generation particle filters, including the class of genetic-type particle filters (a.k.a. SMC)
and discrete generation ensemble Kalman filters. The stochastic Riccati difference equations considered
in this work are also of interest in their own right, as a prototype of a new class of stochastic rational
difference equation.

Back to schedule

Thursday 4, 10:00

Augmented Physics-based Models in State Estimation

Pau Closas
Northeastern University, closas@ece.neu.edu

In this talk we discuss a hybrid neural network augmented physics-based modeling (APBM) framework
for Bayesian nonlinear latent space estimation. The proposed APBM strategy allows for model adaptation
when new operation conditions come into play or the physics-based model is insufficient (or incomplete)
to properly describe the latent phenomenon. One advantage of the APBMs and our estimation procedure
is the capability of maintaining the physical interpretability of estimated states. Furthermore, we propose
a constrained filtering approach to control the neural network contributions to the overall model. We also
exploit assumed density filtering techniques and integration rules to present a flexible estimation strategy
that can easily deal with nonlinear models and high-dimensional latent spaces. Finally, we demonstrate
the efficacy of APBMs on a selection of applications and conclude with a discussion on open challenges
and future research directions.
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Back to schedule

Thursday 5, 10:40

Rao-Blackwellized Particle Smoothing for Simultaneous Localization and
Mapping

Arno Solin
Aalto University, arno.solin@aalto.fi

Simultaneous localisation and mapping (SLAM) is the task of building a map representation of an
unknown environment while simultaneously leveraging it for positioning. This dynamic learning task
falls under state estimation, where the state-of-the-art is in sequential Monte Carlo methods that tackle
the forward filtering problem. This talk goes through a framework for probabilistic SLAM using particle
smoothing that does not only incorporate observed data in current state estimates, but back-tracks the
updated knowledge to correct for past drift and ambiguity in the map and path. The framework can
efficiently handle both sparse and dense map representations by Rao-Blackwellisation of conditionally
linear or conditionally linearised models. Example use cases demonstrate how the principles apply to
magnetic field, radio (BLE/Wi-Fi), and visual SLAM.

Back to schedule

Thursday 5, 11:50

Particle Filters with Nudging. Applications to Data Assimilation

Dan Crisan
Imperial College London, d.crisan@imperial.ac.uk

This talk covers work incorporated in the authors’ project on developing particle filters based data
assimilation methodology for high dimensional fluid dynamics models. The algorithm presented here is a
particle filter that incorporates a so-called "nudging" mechanism. The nudging procedure is used in the
prediction step. In the absence of nudging, the particles have trajectories that are independent solutions
of the model equations. The nudging presented here consists in adding a drift to the trajectories of the
particles with the aim of maximising the likelihood of their positions given the observation data. This
introduces a bias in the system that is corrected during the resampling step. The nudging procedure
is theoretically justified through a standard convergence argument. The Data Assimilation algorithm
presented gives an asymptotically (as the number of particles increases) consistent approximation of
the posterior distribution of the state given the data. The methodology is tested on a two-layer quasi-
geostrophic model for a beta-plane channel flow with O(106) degrees of freedom out of which only a minute
fraction are noisily observed. I will present the effect of the nudging procedure on the performance of the
data assimilation procedure for a reduced model in terms of the accuracy and uncertainty of the results.
The results presented here are incorporated in [1] and [2].

[1] C Cotter, D Crisan, D Holm, W Pan, I Shevchenko, Data assimilation for a quasi-geostrophic
model with circulation-preserving stochastic transport noise, Journal of Statistical Physics, 1-36, 2020.

[2] D Crisan, I Shevchenko, Particle filters with nudging, work in progress.
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Back to schedule

Thursday 5, 14:30

On Unbiased Score Estimation for Partially Observed Diffusions

Ajay Jasra
KAUST, ajay.jasra@kaust.edu.sa

We consider the problem of statistical inference for a class of partially-observed diffusion processes,
with discretely-observed data and finite-dimensional parameters. We construct unbiased estimators of
the score function, i.e. the gradient of the log-likelihood function with respect to parameters, with no
time-discretization bias. These estimators can be straightforwardly employed within stochastic gradient
methods to perform maximum likelihood estimation or Bayesian inference. As our proposed methodology
only requires access to a time-discretization scheme such as the Euler-Maruyama method, it is applicable
to a wide class of diffusion processes and observation models. Our approach is based on a representation of
the score as a smoothing expectation using Girsanov theorem, and a novel adaptation of the randomization
schemes developed in Mcleish [2011], Rhee and Glynn [2015], Jacob et al. [2020a]. This allows one to
remove the time-discretization bias and burn-in bias when computing smoothing expectations using the
conditional particle filter of Andrieu et al. [2010]. Central to our approach is the development of new
couplings of multiple conditional particle filters. We prove under assumptions that our estimators are
unbiased and have finite variance. The methodology is illustrated on several challenging applications
from population ecology and neuroscience.

Back to schedule

Thursday 5, 15:10

Parameter Elimination in Particle Gibbs Sampling

Anna Wigren
Uppsala University, anna.wigren@it.uu.se

Particle Gibbs (PG) is well-suited for solving Bayesian joint parameter and state inference problems in
non-linear state-space models, but yields correlated samples. In this talk, I describe how the correlation
inherent in PG samplers can be reduced by marginalizing out parameters from the state update for models
with conjugacy relations between the parameter prior and the complete data likelihood. Deriving the
marginalized conjugacy relations is often cumbersome, but probabilistic programming can be employed
to do automatic marginalization.

I also present an extension of the marginalized PG sampler to multiple time series described by a
common state-space model structure, where subsets of the parameters are shared between different mod-
els. One example is the spread of mosquito-borne diseases in different locations, where some parameters
are location-specific and some are disease-specific. While concurrently updating all models is possible in
theory, sequential Monte Carlo becomes inefficient as the number of time series increases. Our suggested
marginalized PG sampler instead updates one model at a time, conditioned on the remaining datasets,
and can be formulated in a modular fashion that greatly simplifies its implementation.
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6.3 Friday 6th

Back to schedule

Friday 6, 12:30

On the Behaviour of Particle Filter Resampling Algorithms with Weakly
Informative Potentials

Matti Vihola
University of Jyväskylä, matti.s.vihola@jyu.fi

Resampling is a key element of the particle filter, and many different resampling strategies have been
suggested in the literature. The particle filter performs similarly regardless of the resampling algorithm
in many scenarios, but differences can arise, in particular with a Feynman-Kac model having weakly
informative potentials relative to the state dynamics. The weakly informative setting can arise from
a ’twisting’ (using an accurate approximation of the smoothing distribution), or with time-discretised
continuous-time path integral models. Our theoretical results suggest that (certain variants of) systematic
and SSP (Srinivasan sampling process) resampling can be preferable in this regime.

Back to schedule

Friday 6, 10:00

Bias Free Particle Filtering for a Continuous Time Hidden Markov Model
with a Cox Process Observation Model

Sumeetpal Singh
University of Cambridge, sss40@eng.cam.ac.uk

In this paper we develop an (nearly) unbiased particle filtering method for a continuous time Markov
process which is indirectly observed at discrete and random time instances. In particular, the observations
arrive at time instances which are defined by a Poisson point process on the real line whose intensity is
also driven by the (hidden) continuous time Markov process. Such an observation model is known as a
Cox process. The likelihood of the posterior probability density function of the hidden Markov process
includes a path integral of its trajectory. This path integral results in an intractable likelihood and thus
conventional particle filtering methods are not straightforwardly applicable. To solve this problem, we
present a novel particle filter which combines the use of unbiased estimates for the contribution of these
path integrals to the likelihood function. In numerical experiments we are able to achieve the canonical
inverse relationship between the mean square error and the computational time for unbiased estimation,
and we also show how our particle filtering method significant outperforms the conventional (biased)
approach for such models which involves discretising the model to make likelihood tractable and then
apply discrete time particle filtering methods. We apply our method to a challenging 3D single molecule
tracking example with a Born and Wolf observation model.

Back to schedule

Friday 6, 10:40

Data Assimilation for a Stochastic Rotating Shallow Water Model

Oana Lang
Imperial College London, o.lang15@imperial.ac.uk
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In this talk I will present the application of a tempering-based adaptive particle filter for a stochastic
rotating shallow water (SRSW) model which has been derived using the Stochastic Advection by Lie
Transport (SALT) approach. We use the adaptive particle filter to infer from the partially observed SRSW
model. Our work validates the applicability of tempering and sample regeneration using a Metropolis-
Hastings procedure to high-dimensional models appearing in geophysical fluid dynamics problems. The
methodology is tested on the Lorenz 63 model first, with both full and partial observations. We then
study the efficiency of the particle filter for the SRSW model in a configuration which simulates the
atmospheric Jetstream.

This is joint work with Dan Crisan, Peter Jan van Leeuwen and Roland Potthast.

Back to schedule

Friday 6, 11:50

Convergence Properties for Optimised Adaptive Importance Samplers

Deniz Akyıldız
The Alan Turing Institute, odakyildiz@turing.ac.uk

In this talk, I will consider an adaptation strategy for importance sampling that allows us to obtain
theoretical guarantees of some adaptive importance sampling (AIS) schemes. First, I will demonstrate
the case of exponential family proposals which lead to an adaptation procedure that is based on convex
optimization with explicit convergence rates in terms of the number of iterations and Monte Carlo samples.
Then, we will move on to the case of general proposals and discuss nonasymptotic guarantees of resulting
AIS procedures.

Back to schedule
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Abstracts of Poster Sessions

Back to table of contents

7.1 Poster Session 1, Wednesday 4th

Back to schedule

Wednesday 4, 16:30

Tempered, Anti-trunctated, Multiple Importance Sampling

Gregoire Aufort
Aix-Marseille University, gregoire.aufort@univ-amu.fr

We propose a Tempered Anti-truncated Adaptive Multiple Importance Sampling (TAMIS) algorithm
to solve the initialization difficulty of such sequential algorithms, without introducing to many evaluations
of the target density. TAMIS does not require computation of the gradient of the target distribution,
allowing its use for blackbox problems. Combining a tempering scheme and a new nonlinear transforma-
tion of the weights, named anti-truncation, our algorithm introduces a sequence of automatically tuned
auxiliary targets that form a bridge between the initial and the target distribution. Those auxiliary
targets are used only to stabilize the update of the proposal distribution as a Gaussian mixture model.
As a result, our proposal is an automatically tuned sequential algorithm that is robust to many initial
proposals, and scales linearly with the dimension. We will show numerical results on well-known toy
problems in dimensions up to 1000.

Back to schedule

Wednesday 5, 16:30

Normalising Flow-based Differentiable Particle Filters

Xiongjie Chen
University of Surrey, xiongjie.chen@surrey.ac.uk

Differentiable particle filters provide a data-driven mechanism to adaptively learn the state dynamic
and the observation likelihood through neural networks. However, most existing approaches are within
the bootstrap particle filtering framework and also do not admit valid probability densities in constructing
measurement models. In this poster, we present our recent work in incorporating conditional normalising
flows into differentiable particle filtering frameworks to address these issues. We show how to construct 1)
an expressive dynamic model with normalizing flow, 2) a valid probability density in a measurement model
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with conditional normalizing flow, and 3) a flexible proposal distribution through conditional normalizing
flow. We evaluate the empirical performance of the proposed methods in visual object tracking numerical
experiments.

Back to schedule

Wednesday 4, 16:30

De-Sequentialized Monte Carlo: a Parallel-in-time Particle Smoother

Adrien Corenflos
Aalto University, adrien.corenflos@aalto.fi

Particle smoothers are SMC (Sequential Monte Carlo) algorithms designed to approximate the joint
distribution of the states given observations from a state-space model. We propose dSMC (de-Sequentialized
Monte Carlo), a new particle smoother that is able to process T observations in O(log(T )) time on par-
allel architecture. This compares favorably with standard particle smoothers, the complexity of which is
linear in T . We derive Lp convergence results for dSMC, with an explicit upper bound, polynomial in
T . We then discuss how to reduce the variance of the smoothing estimates computed by dSMC by (i)
designing good proposal distributions for sampling the particles at the initialization of the algorithm, as
well as by (ii) using lazy resampling to increase the number of particles used in dSMC. Finally, we design
a particle Gibbs sampler based on dSMC, which is able to perform parameter inference in a state-space
model at a O(log(T )) cost on parallel hardware.

Back to schedule

Wednesday 4, 16:30

A Divide and Conquer Approach to High Dimensional Filtering

Francesca R.Crucinio
Warwick University, Francesca.Crucinio@warwick.ac.uk

We propose a divide-and-conquer approach to filtering which decomposes the d-dimensional state vari-
able into 1-dimensional components and recursively merges them to recover the full filtering distribution.
Contrary to other popular approaches, our approach does not require explicit lower dimensional marginal
expressions and applies to models for which the joint density of the latent states and of the observations
does not factorize. We show that the performances of this divide-and-conquer approach are considerably
superior to those of state-of-the-art particle filters for high dimensional problems.

Back to schedule

Wednesday 4, 16:30

On the Backward Sampling Step in the Smoothing of State-space Models

Hai-Dang Dau
CREST (France), hai-dang.dau@polytechnique.edu

In the context of state-space models, many smoothing algorithms depend on a backward sampling
step of which a straightforward implementation gives an O(N2) cost, where N is the number of particles.
Using rejection sampling has been proposed as a solution with a cost of O(N) under strong assumptions.
Unfortunately, we show that for many practical models, the expected cost can be infinite even for finite
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N . We fix this issue via a hybrid procedure which combines rejection sampling and standard multinomial
sampling, and leads to near-linear expected cost for many models. We then show that using Markov
chain Monte Carlo (MCMC) steps rather than performing exact sampling can make the execution time
fully linear and deterministic. Furthermore, we propose a natural extension of our framework in which
couplings are used instead of MCMC steps. This permits online smoothing of models with intractable
transition densities. Non-degeneracy of our smoothing estimates as T −→ ∞ is verified both theoretically
and numerically.

Back to schedule

Wednesday 4, 16:30

Variance Estimation for Sequential Monte Carlo Algorithms Through
Backward Sampling

Yazid Janati
Telecom SudParis, janati.yazid@gmail.com

This paper deals with the problem of online asymptotic variance estimation for particle filtering and
smoothing. Current solutions for the particle filter that rely on the particle genealogy are either unstable
or hard to tune. We propose to mitigate these limitations by incorporating the so called backward weights
into the existing estimator. The resulting estimator is weakly consistent and trades computational cost
for more stability and reduced variance. A more computationally efficient estimator inspired by the
PaRIS algorithm of Olsson & Westerborn is also introduced. As an application, particle smoothing is
considered and an estimator of the asymptotic variance for the FFBS applied to additive functionals is
provided.

Back to schedule

Wednesday 4, 16:30

Discretising a Continuous World: Accelerated Inference for State-Space
Models via Hidden Markov Models

Mary Llewellyn
University of Edinburgh, s1521656@ed.ac.uk

State-space models (SSMs) are often used to model time series data where the observations depend
on an unobserved latent process. However, inference on the process parameters of an SSM can be
challenging, especially when the likelihood of the data given the parameters is not available in closed
form. In the Bayesian framework, a variety of approaches to model fitting have been applied, including
MCMC using Bayesian data augmentation, sequential Monte Carlo (SMC) approximation, and particle
MCMC algorithms, which combine SMC approximations and MCMC steps. However, such methods can
be inefficient because of sample impoverishment in the sequential Monte Carlo approximations and/or
poor mixing in the MCMC steps. This poster details an approach that borrows ideas from discrete hidden
Markov models (HMMs) to provide an efficient MCMC with data augmentation approach, imputing the
latent states within the algorithm. Our approach deterministically approximates the SSM by a discrete
HMM, which is subsequently used as an MCMC proposal distribution for the latent states. We illustrate
our approach with several examples.
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Back to schedule

Wednesday 4, 16:30

Fast and Numerically Stable Particle-based Online Additive Smoothing:
the AdaSmooth Algorithm

Alessandro Mastrototaro
KTH Royal Institute of Technology (Sweden), alemas@kth.se

This poster will deal with a novel SMC approach to online smoothing of additive functionals in a very
general class of path-space models. Hitherto, the solutions proposed in the literature suffer from either
long-term numerical instability due to particle-path degeneracy or, in the case that degeneracy is remedied
by particle approximation of the so-called backward kernel, high computational demands. The poster
will present a new, function-specific additive smoothing algorithm, AdaSmooth, which is computationally
fast, numerically stable and easy to implement. In order to balance optimally computational speed
against numerical stability, AdaSmooth combines a (fast) naive particle smoother, propagating recursively
a sample of particles and associated smoothing statistics, with an adaptive backward-sampling-based
updating rule which allows the number of (costly) backward samples to be kept at a minimum. The
algorithm is provided with rigorous theoretical results guaranteeing its consistency, asymptotic normality
and long-term stability as well as numerical results demonstrating empirically the clear superiority of
AdaSmooth to existing algorithms.

Back to schedule

Wednesday 4, 16:30

State Space Partitioning Based on Constrained Spectral Clustering for
Block Particle Filtering

Rui Min
IMT Nord Europe, rui.min@univ-lille.fr

The particle filter (PF) is a powerful tool to estimate the filtering distribution in non-linear and/or
non-Gaussian problems. To overcome the curse of dimensionality, the block PF (BPF) inserts a blocking
step to partition the state space into several blocks of smaller dimension so that the correction and
resampling steps can be performed independently on each block. Using blocks of small size can reduce
the variance of the filtering distribution estimate, but the correlation between blocks is broken and a bias
is introduced. When dependence relationships between state variables are unknown and the partition
is chosen arbitrarily, a significant error overhead may arise from a poor partitioning. In this paper, we
formulate the partitioning problem as a clustering problem and propose a partitioning method based
on spectral clustering (SC). We design a generalized BPF algorithm that contains two new steps: (i)
estimation of the state vector correlation matrix from predicted particles, (ii) SC using this estimate as
similarity matrix to determine an appropriate partition. A constraint is also imposed on the maximal
cluster size to avoid too large blocks. The proposed method succeeds to bring the most correlated state
variables in the same blocks while escaping the curse of dimensionality.
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Back to schedule

Wednesday 4, 16:30

Approximating the Likelihood Ratio in Linear-Gaussian State-space
Models for Change Detection

Kostas Tsampourakis
University of Edinburgh, kostas.tsampourakis@gmail.com

Change-point detection methods are widely used in signal processing, primarily for detecting and
locating changes in a considered model. An important family of algorithms for this problem relies on
the likelihood ratio (LR) test. In state-space models (SSMs), the time series is modeled through a
Markovian latent process. In this paper, we focus on the linear-Gaussian (LG) SSM, in which the LR-
based methods require running a Kalman filter for every candidate change point. Since the number of
candidates grows with the length of the time series, this strategy is inefficient in short time series and
unfeasible for long ones. We propose an approximation to the LR which uses a constant number of
filters. The approximated LR relies on the Markovian property of the filter, which forgets errors at an
exponential rate.Â We present theoretical results that justify the approximation, and we bound its error.
We demonstrate its good performance in two numerical examples.

Back to schedule

Wednesday 4, 16:30

Free Hyper-parameter Selection and Averaging in Bayesian Inverse
Problems by SMC Samplers

Alessandro Viani
University of Genoa, viani@dima.unige.it

We present an innovative method for exploiting Sequential Monte Carlo (SMC) samplers structure in
order to obtain free hyper-parameter selection and averaging for a large class of inverse problems where the
likelihood depends on a scalar hyper-parameter for which an hyper-prior is available.Indeed, considering
a wise choice for the SMC samplers sequence Â of distributions, we can exploit the approximation of
the normalizing constant provided by the algorithm to obtain either selection or marginalization of the
hyper-parameter. This approach is substantially different from the standard alternative where the hyper-
parameter is itself sampled and estimated by the SMC samplers because particles from all iterations are
effectively utilized in the final estimate, avoiding the typical SMC samplers waste of computational time.
The most straightforward application is in the context of additive Gaussian noise inverse problems, for
which we provide a comparison between the performances of the proposed method and the standard
alternative on two examples.
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7.2 Poster Session 2, Thursday 5th

Back to schedule

Thursday 5, 16:00

A Poisson Model with Spatially and Temporally Varying Coefficients

Alaa Amri
University of Edimburgh, alaa.amri@ed.ac.uk

We propose a Dynamic Generalized Linear model, where the coefficients vary both spatially and
temporally, to account for spatial and temporal correlation in responses. An inference algorithm, that is
based on Particle Gibbs, is described. Our approach is illustrated with both simulated and real datasets
where observations are count data observed at different points in space and time. The first dataset is
about cycling counts in the City of Glasgow collected from Strava and automated bike counters while the
other one is related to the population of primary school pupils in the City of Edinburgh.

Back to schedule

Thursday 5, 16:00

Optimised Auxiliary Particle Filters: Adapting Mixture Proposals via
Convex Optimization

Nicola Branchini
University of Edinburgh, N.Branchini@sms.ed.ac.uk

Auxiliary particle filters (APFs) are a class of sequential Monte Carlo (SMC) methods for Bayesian
inference in state-space models. In their original derivation, APFs operate in an extended state space using
an auxiliary variable to improve inference. In this work, we propose optimized auxiliary particle filters,
a framework where the traditional APF auxiliary variables are interpreted as weights in a importance
sampling mixture proposal. Under this interpretation, we devise a mechanism for proposing the mixture
weights that is inspired by recent advances in multiple and adaptive importance sampling. In particular,
we propose to select the mixture weights by formulating a convex optimization problem, with the aim
of approximating the filtering posterior at each timestep. Further, we propose a weighting scheme that
generalizes previous results on the APF (Pitt et al. 2012), proving unbiasedness and consistency of our
estimators. Our framework demonstrates significantly improved estimates on a range of metrics compared
to state-of-the-art particle filters at similar computational complexity in challenging and widely used
dynamical models.

Back to schedule

Thursday 5, 16:00

Sequential Monte Carlo for Approximate Manifold Sampling

Mauro Camara Escudero
University of Bristol, m.camaraescudero@bristol.ac.uk

Sampling from a probability density constrained to a manifold is of importance in numerous appli-
cations arising in statistical physics, statistics, or machine learning. Sampling from such constrained
densities, in particular using an MCMC approach, poses significant challenges and it is only recently
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that correct solutions have been proposed. The resulting algorithm can however be computationally
expensive. We propose a relaxation of the problem and construct a bespoke and efficient parametrized
family of MCMC kernels to sample from a small neighbourhood around the manifold, which we use as the
transition kernel of SMC-THUG, an adaptive SMC sampler. We show the superior performance brought
by this kernel against HMC and RWM in a number of Bayesian inverse problems.

Back to schedule

Thursday 5, 16:00

Lifebelt Particle Filter for Under-dispersed Models

Alice Corbella
Warwick University, Alice.Corbella@warwick.ac.uk

Our work is motivated by the real-word problem of the inference of severity parameters (namely
the intensive-care fatality risk) from influenza surveillance data. The state process assumed is a chain-
multinomial process (hence discrete and under-dispersed) and it is assumed to be highly observed; con-
sequently, particle degradation is extremely common and standard methods such as the BPF are unsuc-
cessful. To enable the use of particle methods in this context, we introduce one or more ‘lifebelt particles’
which have the role of exploring safer parts of the state-space. We provide the derivations and properties
of our particle filtering method, and we present results that show that, in simulation settings, it out-
performs current gold-standard estimates of the intensive-care fatality risk. We conclude by discussing
similarities and contrasts between our method proposed and the existing literature.

Back to schedule

Thursday 5, 16:00

Conditional Particle Filters with Bridge Backward Sampling

Santeri Karppinen
University of Jyväskylä, santeri.j.karppinen@jyu.fi

The celebrated backward sampling conditional particle filter (CPF) often performs very well with
hidden Markov models (HMMs) involving informative observations, but its benefits vanish when the
observations become less informative relative to the dynamic model. Such settings arise in particular
with discretisations of continuous-time path integral models, which we focus on. To avoid these problems,
we propose a new CPF that replaces backward sampling with a generalisation that involves auxiliary
‘bridging’ CPF steps, and is parameterised by a blocking sequence. We develop a tuning strategy for
choosing an appropriate blocking. Our experiments demonstrate that the proposed CPF with backward
bridge sampling is stable with respect to refined discretisation, and offers efficient inference for HMMs
with weakly informative observations.
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Back to schedule

Thursday 5, 16:00

KL/TV Resampling: Statistical Distance Based Offspring Selection in
SMC Methods

Oskar Kviman
KTH Royal Institute of Technology (Sweden), okviman@kth.se

The research interest in combining the variational inference (VI) and sequential Monte Carlo (SMC)
methodologies is rapidly increasing, especially in domains allowing for model parameter learning via
amortized VI. Yet, utilizing VI in order to directly design resampling/offspring selection schemes – one
of the defining elements of particle filters – has, to the best of our knowledge, received little attention so
far. In light of this, we propose two novel offspring selection schemes which multiply/discard particles
in order to minimize the Kullback-Leibler (KL) divergence or the total variation (TV) distance with
respect to the real-valued particle distribution (prior to resampling). The reference distribution can
either be the rational-valued particle distribution (post resampling), or the model’s target distribution.
By regarding offspring selection as a problem of minimizing statistical distances, we further bridge the
gap between optimization-based density estimation and SMC theory. Our proposed methods outperform
or compare favorably with the multinomial, systematic and stratified resampling schemes on common
density-estimation benchmark datasets in terms of estimating the true sequence of latent variables.

Back to schedule

Thursday 5, 16:00

Inference of Grammar Complexity by Bayes Factors Using Sequential
Monte Carlo

Caroline Lawless
University of Oxford, caroline.lawless@jesus.ox.ac.uk

The class of context-free grammars is believed to be too restrictive to fully describe all features of
natural language. The class of context-sensitive grammars, on the other hand, is too complex: modelling
with them would require an unrealistic amount of computational time. Various mildly context-free gram-
mar formalisms, which may be placed between context-free grammars and context-sensitive grammars in
terms of complexity, have thus been proposed in the last few decades. We will be interested in the class
of 2-multiple context-free grammars (2-MCFGs), which properly include the class of context-free gram-
mars. We propose a Bayesian non-parametric model for 2-MCFGs within which a model for context-free
grammars is naturally embedded. We carry out model choice by Bayes factors using sequential Monte
Carlo in Birch probabilistic programming language.
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Back to schedule

Thursday 5, 16:00

Nested Smoothing Algorithms for Inference and Tracking of Heterogeneous
Multi-scale State-space Systems

Sara Pérez-Vieites
Universidad Carlos III de Madrid, saperezv@pa.uc3m.es

Multi-scale problems, where variables of interest evolve in different time-scales and live in different
state-spaces, can be found in many fields of science where complex series of data have to be analyzed.
Here, we introduce a new recursive methodology for Bayesian inference that aims at estimating the
static parameters and tracking the dynamic variables of these kind of systems. Although the proposed
approach works in rather general multi-scale systems, for clarity we analyze the case of a homogeneous
multi-scale model with 3 time-scales (static parameters, slow dynamic state variables and fast dynamic
state variables). The proposed scheme, based on the nested filtering methodology of [1], combines three
intertwined layers of filtering techniques that approximate recursively the joint posterior probability
distribution of the parameters and both sets of dynamic state variables given a sequence of noisy data.
We explore the use of sequential Monte Carlo schemes and Gaussian filtering techniques in the different
layers of computation. Some numerical results are presented for a stochastic two-scale Lorenz 96 model
with unknown parameters.

[1] S. Pérez-Vieites, I. P. Mariño & J. Míguez. Probabilistic scheme for joint parameter estimation
and state prediction in complex dynamical systems. Physical Review E, 98(6), 063305, 2017

Back to schedule
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Back to schedule

Thursday 5, 16:00

Sequential Monte Carlo for Multi-armed Bandits

Iñigo Urteaga
Columbia University, inigo.urteaga@columbia.edu

We extend state-of-the-art multi-armed bandit (MAB) algorithms beyond their original settings by
leveraging advances in sequential Monte Carlo (SMC) methods. We study dynamic bandits, where the
unknown world the bandit agent interacts with evolves over time, and devise flexible SMC-MAB al-
gorithms that leverage SMC for posterior sampling and estimation of sufficient statistics in Bayesian
MAB algorithms. The proposed SMC-MAB agents, which implement Thompson sampling and upper
confidence bound (UCB) algorithms, provide a flexible approach to solving a rich class of bandit prob-
lems, including restless MABs modeled with linear dynamical systems (where unknown parameters are
marginalized via Rao-Blackwellization) and nonlinear, stateless or context-dependent, reward distribu-
tions. Empirical results demonstrate good regret performance of the proposed algorithms in practice,
showcasing the promise of SMC-based Thompson sampling and UCB. Ongoing work studies how we may
gain theoretical understanding of the dependency between bandit arm dynamics and regret in the case
of these SMC-based MAB policies.

Back to schedule

Thursday 5, 16:00

Marginalized particle Gibbs for multiple state-space models coupled
through shared parameters

Anna Wigren
Uppsala University, anna.wigren@it.uu.se

Particle Gibbs (PG) samplers are well-suited for solving Bayesian inference problems in non-linear
state-space models (SSMs), in particular when conjugacy can be exploited to marginalize out static model
parameters from the state update. We consider the case of multiple time series that can be described
by the same SSM structure where some, but not all, parameters are shared between different models.
One example is disease-dynamics, where some parameters are location-specific and some are disease-
specific. By systematically aggregating information from different time series, parameter inference can be
improved. While concurrently updating all models is possible in theory, sequential Monte Carlo becomes
inefficient when the number of time series increases. Our suggested marginalized PG sampler instead
updates one model at a time, conditioned on the remaining datasets. It can be formulated in a modular
fashion which, in combination with automatic marginalization, makes it well adopted for implementation
in probabilistic programming languages.
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