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Elena Boguslavskaya (Brunel University London) 

 

On some connections between martingales and fractional 

derivatives 

 

 

 

In this talk we show how fractional derivatives can be used to construct martingales via Appell 

Integral transform.  Several examples are calculated explicitly in terms of special functions. 

 

 

 

 

  



Vassili Kolokoltsov ( Warwick University) 

 

Probabilistic point of view on generalized fractional calculus and 

generalized operator-valued Mittag-Leffler functions. 

 

 

Abstract: A general look at mixed fractional derivatives reveals that they are just weighted sum of 

the increments f(x-y)-f(x), from various past values of the function f to the 'present value' at x. This 

observation leads to the natural class of generalized mixed fractional derivative of order at most one 

in the generator  form. Caputo and Riemann-Liouville right derivatives at a are obtained by reducing 

these operators on the set of functions that are constant or vanish to the left of a. Probabilistically,  

the operators so obtained are inverted Levy subordinators or more generally monotone Feller 

processes. The Caputo and Riemann-Liouville derivatives can be viewed as generators of these 

processes interrupted on crossing a boundary. This interpretation procedure naturally suggests fully 

mixed, two-sided or even multidimensional generalizations of these derivatives, as well as a 

probabilistic approach to the analysis of the related equations and the explicit construction of the 

solutions in terms of path integrals, well amenable to numeric calculations. 

This leads to the universal method of solving wide classes of generalized fractional PDEs that include 

all classical generalized operators like  Hadarmard-Kilbas,  Erdelyi-Kober and Kiryakova-Luchko 

derivatives. 

 

The main ideas of the talk are contained in the papers 

[1] Vassili Kolokoltsov. On fully mixed and multidimensional extensions of the Caputo and 

Riemann-Liouville derivatives, related Markov processes and fractional differential equations. 

 Fract. Calc. Appl. Anal. 18:4 (2015), 1039 - 1073, 

http://arxiv.org/abs/1501.03925 

[2] Vassili Kolokoltsov.  The probabilistic point of view on the generalized fractional PDEs. FCAA 22:3 

(2019), 

543-600 (open access mode). 

 

 

 

 

 

 

http://arxiv.org/abs/1501.03925


 

 

 

Nikolai Leonenko  (Cardiff School of Mathematics, UK)  

Lecture on Multifractality 

 

This lecture presents is a survey of different approaches to multifractality with examples. The 

multifractal products of stochastic processes and random fields is presented with some details and 

scenarios.  The talk is based on the joint papers [1-10]. 
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Jozsef Lorinczi (Loughborough University) 

 

Most likely location of paths for a class of Feller processes 

 

I will consider a class of jump processes running in an inhomogeneous landscape, confined in a 

bounded domain of space. These processes arise naturally from a probabilistic representation of 

solutions of some non-local Dirichlet exterior value problems. The main object I will discuss is the 

location of the maximiser of the stationary densities of the processes, highlighting the interplay of 

competing parameters and the impact of geometric constraints. I will also briefly explain its 

connection with the hot-spots problem.  



 

Hao Ni (UCL) 
 

Modelling the effects of data streams using the Logsig-RNN 
model 
 
 
 
In this talk, I will introduce the Logsig-RNN model, which contributes to the challenge of learning a 
function on streamed multimodal data through evaluation. The core of the result of our method is 
the combination of two quite different approaches to this problem. One comes from the 
mathematically principled technology of signatures and log-signatures as representations for 
streamed data, while the other draws on the techniques of recurrent neural networks (RNN). The 
ability of the former to manage high sample rate streams and the latter to manage large scale 
nonlinear interactions allows hybrid algorithms that are easy to code, quicker to train, and of lower 
complexity for a given accuracy. 
We illustrate the approach by approximating the unknown functional as a controlled differential 
equation. Linear functionals on solutions of controlled differential equations are the natural 
universal class of functions on data streams. Following this approach, we propose a hybrid Logsig-
RNN algorithm that learns functionals on streamed data. We not only validate the performance of 
the proposed method on the SDE generated dataset in terms of the accuracy, efficiency and 
robustness, but also we apply our method to achieve the state-of-the-art accuracy on Chalearn2013 
gesture data and NTU RGB+D 120 skeletal action data. 
 

  



 
 

Enrico Scalas (University of Sussex) 
 

Fractional non-homogenous Poisson process: 
Characterisation and limit theorems. 
 
Abstract: The fractional non-homogeneous Poisson process was introduced by a time-
change of the non-homogeneous Poisson process with the inverse alpha-stable 
subordinator. We propose a similar definition for the (non-homogeneous) fractional 
compound Poisson process. We give both finite-dimensional and functional limit theorems 
for the fractional non-homogeneous Poisson process and the fractional compound Poisson 
process. The results are derived by using martingale methods, regular variation properties 
and Anscombe's theorem. Eventually, some of the limit results are verified in a Monte Carlo 
simulation. 
 
This is joint work with N. Leonenko and M. Trinh 
 


