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Date: Thursday 8 August 2019 
 
Chair  Prof X. Mao, Strathclyde University 
09:56-10:00 Welcome address 
10:00-11:00 Prof F. Wu, Huazhong University of Sci and Tech, China 

Asymptotic Properties of Delay Differential Systems with Wideband Noise 
Perturbations  

11:00-11:30 Discussions over tea/coffee 
11:30-12:30 Prof. L. Hu, Donghua Univ., China 

Stabilisation of hybrid stochastic systems under discrete observation and 
sample delay 

 
12:30-14:00 Discussions over lunch 
 
Chair  Prof F. Wu, Huazhong University of Sci and Tech, China 
14:00-15:00 Mr. Siyang Cai, Strathclyde University 

Epidemics under Environmental Noise by Stochastic SIS Model 
15:00-16:00 Prof J. Appleby, Dublin City University  

Preservation of asymptotic rates of decay in stochastically forced 
nonlinear differential equations 

16:00-16:30 Discussions over tea/coffee 
16:30-17:30 Dr Y. Wu, Oxford University 
  Randomised numerical schemes 
17:30-18:00 Discussions over tea/coffee 
18:00-21:00 Conference Dinner 
 
 



Date: Friday 9 August 2019 
 
Chair  Prof. L. Hu, Donghua Univ., China 
10:00-11:00 Prof C. Yuan, Swansea University 
  Comparison Theorem of Stochastic Differential Equations  
11:00-11:30 Discussions over tea/coffee 
11:30-12:30 Dr. M. Rassias, University College of London 
  Stochastic Differential Delay Equations and Applications 
 
 
12:30-14:00 Discussions over lunch 
 
Chair  Prof C. Yuan, Swansea University 
14:00-15:00 Dr Qianzhu Fan, Edinburgh University 

Existence and Uniqueness of Solution to Stochastic Heat Equations with 
Markovian Switching and Feller Property  

15:00-16:00 Dr S. Sabanis, Edinburgh University 
  SGLD with dependent data streams: The fully non-convex case 
16:00-16:30 Discussions over tea/coffee 
16:30-17:30 Dr Jianqui Lu, Donghua University 

Stabilization of nonlinear hybrid delay systems by feedback controls 
based on discrete-time observations 

 
  
John Appleby 
  
Title: Preservation of asymptotic rates of decay in stochastically forced nonlinear 
differential equations 
 
Abstract: In this talk, we give results concerning an elementary but important question. 
Can we give sharp conditions under which the rate of convergence of the solution of a 
deterministic nonlinear ordinary differential equation U to a stable equilibrium is 
preserved when the equation is perturbed stochastically to give a new equation S? Our 
goal is to give, in many cases, conditions on drift and diffusion terms which are 
necessary and sufficient to achieve this. We wish to cover a wide range of behaviour, 
including subexponential and superexponential convergence, as well as finite--time 
stability of solutions.  
 
In this talk, we distinguish between several subclasses of equations. Our philosophy is 
generally to consider equations U which cannot be linearised, so that the drift to leading 
order is not linear, although our results for the general nonlinear case will often recover 
linear or linearisation results as corollaries. The presentation shows that different 
methods and hypotheses are required depending on the type of equation studied.  
 
In addition to the bare results, we try to keep the following considerations in mind so 
that our results can form part of the basis of a coherent quantitative perturbation 
theory for stochastic (and even deterministic) differential equations, and the 
presentation therefore tries to address the following points. First, we wish to make a 
careful choice in the measure used to determine whether the decay rate in U is 



preserved: this depends on whether the drift is greater than or less than linear order. 
This question in part amounts to asking what is a reasonable nonlinear analogue of the 
Liapunov exponent. A second consideration is whether the stochastic perturbation in S 
depends on the state, or is time--dependent. A third is to identify a class of nonlinear 
functions which are non--restrictive from the perspective of applications, but are still 
tractable for the purposes of analysis. Fourth, our results should hint at, or even 
identify, the asymptotic behaviour when the rate--preserving properties of the 
perturbations are narrowly (or even seriously) violated. Fifth, our theory should be 
developed in such a manner that the machinery is available for tackling related 
questions concerning growth, finite--time blow--up, or fluctuation sizes, as well as 
deterministic perturbations. Finally, we should be able to prove, under very similar 
hypotheses, that appropriate numerical schemes will recover the desired asymptotic 
rates of decay (or growth).  
 
The work is joint with several others, including Tahani Alansari and Brian Colgan (DCU) 
and Denis Patterson (Brandeis University). 
 
Siyang Cai 

Title: Epidemics under Environmental Noise by Stochastic SIS Model 

Abstract: In this talk, we introduce two perturbations in the classical deterministic 
susceptible-infected-susceptible epidemic model. Greenhalgh and Gray in 2011 used a 
perturbation on beta in SIS model. Based on their previous work, we consider another 
perturbation on the parameter mu+gamma and formulate the original model as a stochastic 
differential equation (SDE) with two independent Brownian Motions for the number of 
infected population. We then prove that our model has a unique and bounded global 
solution. Also we establish conditions for extinction and persistence of the infected 
population. Under the conditions of persistence, we show that there is a unique stationary 
distribution and derive its mean and variance. Computer simulations illustrate our results 
and provide evidence to back up our theory. Inspired by Hening's work in 2017, we then 
consider the two Brownian Motions to be correlated . Conditions for the solution to become 
extinction and persistence are then stated, followed by computer simulation to illustrate the 
results. 

 
Qianzhu Fan 
 
Title: Existence and Uniqueness of Solution to Stochastic Heat Equations with 
Markovian Switching and Feller Property. 
 
Abstract:  In this paper, we focus on two-component Markov processes which consist of 
continuous dynamics and discrete events. Using the classical fixed point theorem for 
contractions to investigate the existence and uniqueness of solutions of stochastic heat 
equations with Markovian switching, then developing the corresponding the Feller 
property of the solution. 
 
 
 



Liangjian Hu 
 
Title: Stabilisation of hybrid stochastic systems under discrete observation and sample 
delay 
 
Abstrat: State feedback controls for hybrid stochastic differential equations have 
attracted lots of attention in recent years. It is more economic and practical that the 
states are observed at discrete time instead of continuous time. In addition, most 
observations and feedback systems have some time delays in practice. Therefore, it is 
interesting to investigate feedback controls based on discrete-time observations with 
sample delays for hybrid systems. In this paper, exponential stabilisations both in H_inf 
and asymptotical sense are discussed using Lyapunov functionals. The upper bound of 
the delay time is also improved. 
 
 
Jianqiu Lu 
 
Title: Stabilization of nonlinear hybrid delay systems by feedback controls based on 
discrete-time observations 
 
Abstract: Studying on using hybrid stochastic differential equations (with Markovian 
switching) to model practical systems, where the structure and parameters of these 
SDEs may change abruptly, has received a lot of attentions in the recent years. However, 
in many branches of science and industry, systems may not only depend on the current 
state, but also be decided by the past states. Therefore, stochastic delay systems have 
also been studied intensively. One classical problem in this field is stabilization. 
Recently, Mao started to study on the stability problem of hybrid SDEs by discrete-time 
feedback control. However, as far as our knowledge, discrete-time feedback control 
theory has not been applied to study the stabilization problem of hybrid delay system. 
Therefore, in our research, we prove the stability of hybrid SDDEs by discrete-time 
feedback control. 
 
Matina Russias 
 
Title: Stochastic Differential Delay Equations (SDDEs) and Applications 
 
Abstract: The mathematical formulation of SDDEs incorporates not only the idea of 
stochasticity but also the dependence of the state variable on the past states of the 
system under consideration. Two of the major research questions in the area of SDDEs 
are linked with the existence and uniqueness of the solution of the pertinent SDDE and 
the qualitative behaviour of the solution. Motivated by the two afore-mentioned 
questions, we are going to present: (a) tests for a wide class of non-linear SDDEs to have 
non-explosion solutions and (b) some moment and almost sure asymptotic estimations 
in order to identify their qualitative behaviour.  We will also discuss how the theoretical 
results could be applied and extended in real-life problems such as problems arising 
from the area of the population dynamics. 
 
 
 



Sotirios Sabanis 
 
Title: SGLD with dependent data streams: The fully non-convex case 
 
Abstract: We consider the problem of sampling from a target distribution which is not 
necessarily logconcave. Non-asymptotic analysis results are established in a suitable 
Wasserstein-type distance of the Stochastic Gradient Langevin Dynamics (SGLD) 
algorithm, when the gradient is driven by even dependent data streams. Our estimates 
are sharper and uniform in the number of iterations, in contrast to those in previous 
studies. 
 
 
Fuke Wu 

Title: Asymptotic Properties of Delay Differential Systems with Wideband Noise 
Perturbations  

Abstract: Because a wideband noise is easily realized in applications and because it well 
approximates a white noise, this work focuses on delay differential equations subject to 
wideband noise perturbations. By using perturbed test function methods combined 
with martingale techniques, this paper shows that when the small parameter tends to 
zero, the underlying process converges to a limit that is governed by solutions of a 
stochastic delay differential equation. It is noticeable that this limit stochastic 
differential equation not only depends on the delay term, but also the second delay. Not 
only are the results interesting from a mathematical point of view, but also they will be 
of great utility to a wide range of problems in control and optimization problems.  

 

Yue Wu 
 
Title: Randomised numerical schemes 
 
Abstract:  1. Randomisation: temporal variables 
 
It is demanding to approximate numerical solutions of non-autonomous SDEs where the 
standard smoothness and growth requirements of standard Milstein-type methods are not 
fulfilled. In the case of a non-differentiable drift coefficient function f, we, in [1], proposed a 
drift-randomized Milstein method to achieve a higher order approximation and discussed 
the optimality of our convergence rates.  
 
We also investigated the numerical solution of non-autonomous semilinear stochastic 
evolution equations (SEEs) driven by an additive Wiener noise. Usually quite restrictive 
smoothness requirements are imposed in order to achieve high order of convergence rate. 
For instance, some general assumption asks for the semilinearity to be infinitely often 
Fréchet differentiable with bounded derivatives. This condition already excludes any truly 
nonlinear Nemytskii-type operator. Thus a novel numerical method for the approximation of 
the solution to the semilinear SEE that combines the drift-randomization technique from [1] 



with a Galerkin finite element method from [3] is introduced in [2] to address this. It turns 
out that the resulting method converges with a higher rate with respect to the temporal 
discretization parameter without requiring any differentiability of the nonlinearity. Our 
approach also relaxes the smoothness requirements of the coefficients with respect to the 
time variable considerably. 
 
2. Randomisation: spatial variables 
 
We investigate the application of several randomised quadrature formulas to the finite 
element method for elliptic boundary value problems with irregular coefficient functions. To 
be more precise, we consider a standard Monte Carlo estimator under uniform distribution 
for general Elliptic equations, and an importance sampling estimator for Laplace equations. 
 
This talk is based on the joint work with Raphael Kruse (TU Berlin) and Nick Polydorides 
(University of Edinburgh) and partly supported by German Research Foundation through 
research unit FOR 2402 and partly funded through EPRSC EP/R041431/1. 
 
 
Chenggui Yuan 
 
Title: Comparison Theorem of Stochastic Differential Equations 
 
Abstract: In this talk, the existence and uniqueness of strong solutions to distribution 
dependent neutral SFDEs are proved. We give the conditions such that the order 
preservation of these equations holds.  Moreover, we show these conditions are also 
necessary when the coefficients are continuous. Under sufficient conditions, the result 
extends the one in the distribution independent case, and the necessity of these conditions 
are new even in distribution independent case. 
 


