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Rare events play a key role in many applications and numerous algo-
rithms have been proposed for estimating the probability of a rare event. How-
ever, relatively little is known on how to quantify the sensitivity of the rare
event’s probability with respect to model parameters. In this paper, instead of
the direct statistical estimation of rare event sensitivities, we develop novel
and general uncertainty quantification and sensitivity bounds which are not
tied to specific rare event simulation methods and which apply to families of
rare events. Our method is based on a recently derived variational representa-
tion for the family of Rényi divergences in terms of risk sensitive functionals
associated with the rare events under consideration. Inspired by the derived
bounds, we propose new sensitivity indices for rare events and relate them
to the moment generating function of the score function. The bounds scale in
such a way that we additionally develop sensitivity indices for large deviation
rate functions.
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Discrete time analogues of ergodic stochastic differential equations
(SDEs) are one of the most popular and flexible tools for sampling high-
dimensional probability measures. Non-asymptotic analysis in the L2
Wasserstein distance of sampling algorithms based on Euler discretisations of
SDEs has been recently developed by several authors for log-concave prob-
ability distributions. In this work we replace the log-concavity assumption
with a log-concavity at infinity condition. We provide novel L? convergence
rates for Euler schemes, expressed explicitly in terms of problem parame-
ters. From there we derive nonasymptotic bounds on the distance between
the laws induced by Euler schemes and the invariant laws of SDEs, both for
schemes with standard and with randomised (inaccurate) drifts. We also ob-
tain bounds for the hierarchy of discretisation, which enables us to deploy a
multi-level Monte Carlo estimator. Our proof relies on a novel construction of
a coupling for the Markov chains that can be used to control both the L' and
L2 Wasserstein distances simultaneously. Finally, we provide a weak conver-
gence analysis that covers both the standard and the randomised (inaccurate)
drift case. In particular, we reveal that the variance of the randomised drift
does not influence the rate of weak convergence of the Euler scheme to the
SDE.
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In 2001, Frank Knight constructed a stochastic process modeling the one-
dimensional interaction of two particles, one being Newtonian in the sense
that it obeys Newton’s laws of motion, and the other particle being Brown-
ian. We construct a multi-particle analog, using Skorohod map estimates in
proving a propagation of chaos, and characterizing the hydrodynamic limit
as the solution to a PDE with free boundary condition. This PDE resembles
the Stefan problem but has a Neumann type boundary condition. Stochastic
methods are used to show existence and uniqueness for this free boundary
problem.
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We consider a random walker in a dynamic random environment given
by a system of independent discrete-time simple symmetric random walks.
We obtain ballisticity results under two types of perturbations: low particle
density, and strong local drift on particles. Surprisingly, the random walker
may behave very differently depending on whether the underlying environ-
ment particles perform lazy or nonlazy random walks, which is related to a
notion of permeability of the system. We also provide a strong law of large
numbers, a functional central limit theorem and large deviation bounds under
an ellipticity condition.
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In this article, we obtain an equation for the high-dimensional limit mea-
sure of eigenvalues of generalized Wishart processes, and the results are ex-
tended to random particle systems that generalize SDEs of eigenvalues. We
also introduce a new set of conditions on the coefficient matrices for the ex-
istence and uniqueness of a strong solution for the SDEs of eigenvalues. The
equation of the limit measure is further discussed assuming self-similarity on
the eigenvalues.
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CONDITIONAL OPTIMAL STOPPING: A TIME-INCONSISTENT
OPTIMIZATION

BY MARCEL NUTZ! AND YUCHONG ZHANG?
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Inspired by recent work of P.-L. Lions on conditional optimal control,
we introduce a problem of optimal stopping under bounded rationality: the
objective is the expected payoff at the time of stopping, conditioned on an-
other event. For instance, an agent may care only about states where she is
still alive at the time of stopping, or a company may condition on not being
bankrupt. We observe that conditional optimization is time-inconsistent due
to the dynamic change of the conditioning probability and develop an equi-
librium approach in the spirit of R. H. Strotz” work for sophisticated agents in
discrete time. Equilibria are found to be essentially unique in the case of a fi-
nite time horizon whereas an infinite horizon gives rise to nonuniqueness and
other interesting phenomena. We also introduce a theory which generalizes
the classical Snell envelope approach for optimal stopping by considering a
pair of processes with Snell-type properties.
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MEAN FIELD GAME LIMIT
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This paper continues the study of the mean field game (MFG) conver-
gence problem: In what sense do the Nash equilibria of n-player stochastic
differential games converge to the mean field game as n — co? Previous work
on this problem took two forms. First, when the n-player equilibria are open-
loop, compactness arguments permit a characterization of all limit points of
n-player equilibria as weak MFG equilibria, which contain additional ran-
domness compared to the standard (strong) equilibrium concept. On the other
hand, when the n-player equilibria are closed-loop, the convergence to the
MFG equilibrium is known only when the MFG equilibrium is unique and the
associated “master equation” is solvable and sufficiently smooth. This paper
adapts the compactness arguments to the closed-loop case, proving a con-
vergence theorem that holds even when the MFG equilibrium is nonunique.
Every limit point of n-player equilibria is shown to be the same kind of weak
MFG equilibrium as in the open-loop case. Some partial results and examples
are discussed for the converse question, regarding which of the weak MFG
equilibria can arise as the limit of n-player (approximate) equilibria.
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We consider the statistical inverse problem of estimating a background
fluid flow field v from the partial, noisy observations of the concentration 6
of a substance passively advected by the fluid, so that 8 is governed by the
partial differential equation

%9(1, X)=—v(x) VO, x) +kAO(,x), 0(0,x)=10y(x)

fort €[0,T],T >0and x € T2 = [0, 1]2. The initial condition 6y and dif-
fusion coefficient x are assumed to be known and the data consist of point
observations of the scalar field 6 corrupted by additive, i.i.d. Gaussian noise.
We adopt a Bayesian approach to this estimation problem and establish that
the inference is consistent, that is, that the posterior measure identifies the
true background flow as the number of scalar observations grows large. Since
the inverse map is ill-defined for some classes of problems even for perfect,
infinite measurements of #, multiple experiments (initial conditions) are re-
quired to resolve the true fluid flow. Under this assumption, suitable condi-
tions on the observation points, and given support and tail conditions on the
prior measure, we show that the posterior measure converges to a Dirac mea-
sure centered on the true flow as the number of observations goes to infinity.
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The aim of this paper is to develop a general method for construct-
ing approximation schemes for viscosity solutions of fully nonlinear path-
wise stochastic partial differential equations, and for proving their conver-
gence. Our results apply to approximations such as explicit finite difference
schemes and Trotter—Kato type mixing formulas. The irregular time depen-
dence disrupts the usual methods from the classical viscosity theory for creat-
ing schemes that are both monotone and convergent, an obstacle that cannot
be overcome by incorporating higher order correction terms, as is done for
numerical approximations of stochastic or rough ordinary differential equa-
tions. The novelty here is to regularize those driving paths with nontrivial
quadratic variation in order to guarantee both monotonicity and convergence.

We present qualitative and quantitative results, the former covering a wide
variety of schemes for second-order equations. An error estimate is estab-
lished in the Hamilton—Jacobi case, its merit being that it depends on the path
only through the modulus of continuity, and not on the derivatives or total
variation. As a result, it is possible to choose a regularization of the path so as
to obtain efficient rates of convergence. This is demonstrated in the specific
setting of equations with multiplicative white noise in time, in which case the
convergence holds with probability one. We also present an example using
scaled random walks that exhibits convergence in distribution.
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In this paper, we are interested in the impact of communities on the mix-
ing behavior of the nonbacktracking random walk. We consider sequences of
sparse random graphs of size N generated according to a variant of the classi-
cal configuration model which incorporates a two-community structure. The
strength of the bottleneck is measured by a parameter & which roughly cor-
responds to the fraction of edges that go from one community to the other.
We show that if o > @, then the nonbacktracking random walk exhibits
cutoff at the same time as in the one-community case, but with a larger cut-
off window, and that the distance profile inside this window converges to the

Gaussian tail function. On the other hand, if o < @ orax o gl > then the

mixing time is of order 1/« and there is no cutoff.
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We consider the simple exclusion process with & particles on a segment
of length N performing random walks with transition p > 1/2 to the right
and g =1 — p to the left. We focus on the case where the asymmetry in the
jump rates b = p — g > 0 vanishes in the limit when N and k tend to infinity,
and obtain sharp asymptotics for the mixing times of this sequence of Markov
chains in the two cases where the asymmetry is either much larger or much
smaller than (logk)/N. We show that in the former case (b > (logk)/N), the
mixing time corresponds to the time needed to reach macroscopic equilib-
rium, like for the strongly asymmetric (i.e., constant b) case studied in (Ann.
Probab. 47 (2019) 1541-1586), while the latter case (b < (logk)/N) macro-
scopic equilibrium is not sufficient for mixing and one must wait till lo-
cal fluctuations equilibrate, similarly to what happens in the symmetric case
worked out in (Ann. Probab. 44 (2016) 1426-1487). In both cases, conver-
gence to equilibrium is abrupt: we have a cutoff phenomenon for the total-
variation distance. We present a conjecture for the remaining regime when
the asymmetry is of order (logk)/N.
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This paper is devoted to the study of reflected Stochastic Differential
Equations when the constraint is not on the paths of the solution but acts on its
law. These reflected equations have been introduced recently in a backward
form by Briand, Elie and Hu (Ann. Appl. Probab. 28 (2018) 482-510) in
the context of risk measures. We here focus on the forward version of such
reflected equations. Our main objective is to provide an approximation of the
solutions with the help of interacting particles systems. This approximation
allows to design a numerical scheme for this kind of equations.
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We study the statistical limits of testing and estimation for a rank one de-
formation of a Gaussian random tensor. We compute the sharp thresholds for
hypothesis testing and estimation by maximum likelihood and show that they
are the same. Furthermore, we find that the maximum likelihood estimator
achieves the maximal correlation with the planted vector among measurable
estimators above the estimation threshold. In this setting, the maximum like-
lihood estimator exhibits a discontinuous BBP-type transition: below the crit-
ical threshold the estimator is orthogonal to the planted vector, but above the
critical threshold, it achieves positive correlation which is uniformly bounded
away from zero.
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We consider two particles performing continuous-time nearest neighbor
random walk on Z and interacting with each other when they are at neighbor-
ing positions. The interaction is either repulsive (partial exclusion process) or
attractive (inclusion process). We provide an exact formula for the Laplace—
Fourier transform of the transition probabilities of the two-particle dynam-
ics. From this we derive a general scaling limit result, which shows that the
possible scaling limits are coalescing Brownian motions, reflected Brownian
motions and sticky Brownian motions.

In particle systems with duality, the solution of the dynamics of two dual
particles provides relevant information. We apply the exact formula to the the
symmetric inclusion process, that is self-dual, in the condensation regime. We
thus obtain two results. First, by computing the time-dependent covariance of
the particle occupation number at two lattice sites we characterise the time-
dependent coarsening in infinite volume when the process is started from a
homogeneous product measure. Second, we identify the limiting variance of
the density field in the diffusive scaling limit, relating it to the local time of
sticky Brownian motion.
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In this paper we present the Edgeworth expansion for the Euler approxi-
mation scheme of a continuous diffusion process driven by a Brownian mo-
tion. Our methodology is based upon a recent work (Stochastic Process. Appl.
123 (2013) 887-933), which establishes Edgeworth expansions associated
with asymptotic mixed normality using elements of Malliavin calculus. Po-
tential applications of our theoretical results include higher order expansions
for weak and strong approximation errors associated to the Euler scheme, and
for studentized version of the error process.
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