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MEAN FIELD GAME OF MUTUAL HOLDING

BY MAO FABRICE DJETEa AND NIZAR TOUZIb

École Polytechnique Paris, Centre de Mathématiques Appliquées, amao-fabrice.djete@polytechnique.edu,
bnizar.touzi@polytechnique.edu

We introduce a mean field model for optimal holding of a representative
agent of her peers as a natural expected scaling limit from the correspond-
ing N -agent model. The induced mean field dynamics appear naturally in a
form which is not covered by standard McKean–Vlasov stochastic differential
equations. We study the corresponding mean field game of mutual holding in
the absence of common noise. Our first main result provides an explicit equi-
librium of this mean field game, defined by a bang-bang control consisting
in holding those competitors with positive drift coefficient of their dynamic
value. We next use this mean field game equilibrium to construct (approxi-
mate) Nash equilibria for the corresponding N -player game. We also provide
some numerical illustrations of our mean field game equilibrium which high-
light some unexpected effects induced by our results.
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DISCRETE STICKY COUPLINGS OF FUNCTIONAL AUTOREGRESSIVE
PROCESSES

BY ALAIN DURMUS1,a, ANDREAS EBERLE2,b, AURÉLIEN ENFROY3,c,
ARNAUD GUILLIN4,d AND PIERRE MONMARCHÉ5,e

1CMAP, École Polytechnique, aalain.durmus@polytechnique.edu
2Institute for Applied Mathematics, University of Bonn, beberle@uni-bonn.de

3Laboratoire de mathématiques d’Orsay, Université Paris-Saclay, caurelien.enfroy@ens-paris-saclay.fr
4Laboratoire de Mathématiques Blaise Pascal CNRS - UMR 6620, Université Clermont-Auvergne Avenue des landais,

darnaud.guillin@uca.fr
5LJLL, Sorbonne Université 4 place Jussieu, epierre.monmarche@sorbonne-universite.fr

In this paper, we provide bounds in Wasserstein and total variation
distances between the distributions of the successive iterates of two func-
tional autoregressive processes with isotropic Gaussian noise of the form

Yk+1 = Tγ (Yk)+
√

γ σ 2Zk+1 and Ỹk+1 = T̃γ (Ỹk)+
√

γ σ 2Z̃k+1. More pre-

cisely, we give nonasymptotic bounds on ρ(L(Yk),L(Ỹk)), where ρ is an
appropriate weighted Wasserstein distance or a V -distance, uniformly in the
parameter γ , and on ρ(πγ , π̃γ ), where πγ and π̃γ are the respective station-
ary measures of the two processes. The class of considered processes encom-
passes the Euler–Maruyama discretization of Langevin diffusions and its vari-
ants. The bounds we derive are of order γ as γ → 0. To obtain our results, we

rely on the construction of a discrete sticky Markov chain (W
(γ )
k )k∈N which

bounds the distance between an appropriate coupling of the two processes.
We then establish stability and quantitative convergence results for this pro-
cess uniformly on γ . In addition, we show that it converges in distribution
to the continuous sticky process studied in Howitt (Ph.D. thesis (2007)) and
Eberle and Zimmer (Ann. Inst. Henri Poincaré Probab. Stat. 55 (2019) 2370–
2394). Finally, we apply our result to Bayesian inference of ODE parameters
and numerically illustrate them on two particular problems.
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For an n × n matrix An, the r → p operator norm is defined as

‖An‖r→p := sup
x∈Rn:‖x‖r≤1

‖Anx‖p for r,p ≥ 1.

For different choices of r and p, this norm corresponds to key quantities
that arise in diverse applications including matrix condition number estima-
tion, clustering of data, and construction of oblivious routing schemes in
transportation networks. This article considers r → p norms of symmetric
random matrices with nonnegative entries, including adjacency matrices of
Erdős–Rényi random graphs, matrices with positive sub-Gaussian entries,
and certain sparse matrices. For 1 < p ≤ r < ∞, the asymptotic normality,
as n → ∞, of the appropriately centered and scaled norm ‖An‖r→p is es-
tablished. When p ≥ 2, this is shown to imply, as a corollary, asymptotic nor-
mality of the solution to the �p quadratic maximization problem, also known
as the �p Grothendieck problem. Furthermore, a sharp �∞-approximation
bound for the unique maximizing vector in the definition of ‖An‖r→p is
obtained, and may be viewed as an �∞-stability result of the maximizer un-
der random perturbations of the matrix with mean entries. This result, which
may be of independent interest, is in fact shown to hold for a broad class
of deterministic sequences of matrices having certain asymptotic expansion
properties. The results obtained can be viewed as a generalization of the sem-
inal results of Füredi and Komlós (1981) on asymptotic normality of the
largest singular value of a class of symmetric random matrices, which cor-
responds to the special case r = p = 2 considered here. In the general case
with 1 < p ≤ r < ∞, spectral methods are no longer applicable, and so a new
approach is developed involving a refined convergence analysis of a nonlin-
ear power method and a perturbation bound on the maximizing vector, which
may be of independent interest.
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SOLVING NON-MARKOVIAN STOCHASTIC CONTROL PROBLEMS
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In this article, we present a general methodology for stochastic control
problems driven by the Brownian motion filtration including non-Markovian
and nonsemimartingale state processes controlled by mutually singular mea-
sures. The main result of this paper is the development of a numerical scheme
for computing near-optimal controls associated with controlled Wiener func-
tionals via a finite-dimensional approximation procedure. The approach does
not require functional differentiability assumptions on the value process and
ellipticity conditions on the diffusion components. The general convergence
of the method is established under rather weak conditions for distinct types
of non-Markovian and nonsemimartingale states. Explicit rates of conver-
gence are provided in case the control acts only on the drift component of
the controlled system. Near-closed/open-loop optimal controls are fully char-
acterized by a dynamic programming algorithm and they are classified ac-
cording to the strength of the possibly underlying non-Markovian memory.
The theory is applied to stochastic control problems based on path-dependent
SDEs and rough stochastic volatility models, where both drift and possibly
degenerated diffusion components are controlled. Optimal control of drifts
for nonlinear path-dependent SDEs driven by fractional Brownian motion
with exponent H ∈ (0, 1

2 ) is also discussed. Finally, we present a simple nu-
merical example to illustrate the method.
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In their seminal work, Azadkia and Chatterjee (Ann. Statist. 49 (2021)
3070–3102) initiated graph-based methods for measuring variable depen-
dence strength. By appealing to nearest neighbor graphs based on the Eu-
clidean metric, they gave an elegant solution to a problem of Rényi (Acta
Math. Acad. Sci. Hung. 10 (1959) 441–451). This idea was later developed
in Deb, Ghosal and Sen (2020) (https://arxiv.org/abs/2010.01768) and the au-
thors there proved that, quite interestingly, Azadkia and Chatterjee’s correla-
tion coefficient can automatically adapt to the manifold structure of the data.
This paper furthers their study in terms of calculating the statistic’s limiting
variance under independence—showing that it only depends on the manifold
dimension—and extending this distribution-free property to a class of metrics
beyond the Euclidean.
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We consider activated random walks on arbitrary finite networks, with
particles being inserted at random and absorbed at the boundary. Despite the
nonreversibility of the dynamics and the lack of knowledge on the station-
ary distribution, we explicitly determine the relaxation time of the process,
and prove that separation cutoff is equivalent to the product condition. We
also provide sharp estimates on the center and width of the cutoff window.
Finally, we illustrate those results by establishing explicit separation cutoffs
on various networks, including: (i) large finite subgraphs of any fixed infi-
nite nonamenable graph, with absorption at the boundary and (ii) large finite
vertex-transitive graphs with absorption at a single vertex. The latter result
settles a conjecture of Levine and Liang. Our proofs rely on the refined anal-
ysis of a strong stationary time recently discovered by Levine and Liang and
involving the IDLA process.
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The analysis of large-scale, parallel-server load balancing systems has
relied heavily on mean-field analysis. A pivotal assumption for this frame-
work is that servers are exchangeable. However, modern data-centers have
data locality constraints, such that tasks of a particular type can only be
routed to a small subset of servers. An emerging line of research, therefore,
considers load balancing algorithms on bipartite graphs where vertices rep-
resent task types and servers, respectively. Due to the lack of exchangeabil-
ity in this model, mean-field techniques fundamentally break down. Recent
progress has been made on graphs with strong edge-expansion properties,
that is, where any two large subsets of vertices are well-connected. However,
data locality often leads to spatial graphs that do not have strong expansion
properties.

In this paper, we develop a novel coupling-based approach to establish
mean-field approximation for a large class of graphs which includes spatial
graphs. The method extends the scope of mean-field analysis far beyond the
classical full-flexibility setup. En route, we prove that, starting from suitable
states, the occupancy process becomes close to its steady state in a time that
is independent of system size, which might be of independent interest. Nu-
merical experiments are conducted, which positively support the theoretical
results.
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We prove existence (and simpleness) of the trace for both forward and
backward Loewner chains under fairly general conditions on semimartingale
drivers. As an application, we show that stochastic Komatu–Loewner evolu-
tions SKLEα,b are generated by curves. As another application, motivated
by a question of A. Sepúlveda, we show that for α > 3/2 and Brownian mo-
tion B, the driving function |Bt |α generates a simple curve for small t . On
a related note we also introduce a complex variant of Bessel-type SDEs and
prove existence and uniqueness of strong solution. Such SDEs appear nat-
urally while describing the trace of Loewner chains. In particular, we write
SLEκ , κ < 4, in terms of stochastic flow of such SDEs.
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In this paper, we characterize the asymptotic and large scale behavior
of the eigenvalues of wavelet random matrices in high dimensions. We as-
sume that possibly non-Gaussian, finite-variance p-variate measurements are
made of a low-dimensional r-variate (r 	 p) fractional stochastic process
with noncanonical scaling coordinates and in the presence of additive high-
dimensional noise. The measurements are correlated both timewise and be-
tween rows. We show that the r largest eigenvalues of the wavelet random ma-
trices, when appropriately rescaled, converge in probability to scale-invariant
functions in the high-dimensional limit. By contrast, the remaining p − r

eigenvalues remain bounded in probability. Under additional assumptions,
we show that the r largest log-eigenvalues of wavelet random matrices exhibit
asymptotically Gaussian distributions. The results have direct consequences
for statistical inference.
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We give a complete characterization of the domain of attraction of fixed
points of branching Brownian motion (BBM) with critical drift. Prior to this
classification, we introduce a suitable metric space of locally finite point mea-
sures on which we prove 1) that the BBM with critical drift is a well-defined
Markov process and 2) that it satisfies the Feller property. Several applica-
tions of this characterization are given.
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We investigate the genealogy of a sample of k ≥ 2 particles chosen uni-
formly without replacement from a population alive at large times in a critical
discrete-time Galton–Watson process in a varying environment (GWVE). We
will show that subject to an explicit deterministic time-change involving only
the mean and variances of the varying offspring distributions, the sample ge-
nealogy always converges to the same universal genealogical structure; it has
the same tree topology as Kingman’s coalescent, and the coalescent times of
the k − 1 pairwise mergers look like a mixture of independent identically dis-
tributed times. Our approach uses k distinguished spine particles and a suit-
able change of measure under which (a) the spines form a uniform sample
without replacement, as required, but additionally (b) there is k-size biasing
and discounting according to the population size. Our work significantly ex-
tends the spine techniques developed in Harris, Johnston and Roberts (Ann.
Appl. Probab. (2020) 30 1368–1414) for genealogies of uniform samples of
size k in near-critical continuous-time Galton–Watson processes, as well as
a two-spine GWVE construction in Cardona and Palau (Bernoulli (2021) 27
1643–1665). Our results complement recent works by Kersting (Proc. Steklov
Inst. Maths. (2022) 316 209–219) and Boenkost, Foutel-Rodier and Schertzer
(arXiv:2207.11612).
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We consider a system of N point vortices in a bounded domain with null
total circulation, whose statistics are given by the canonical Gibbs ensemble
at inverse temperature β ≥ 0. We prove that the space-time fluctuation field
around the (constant) mean field limit satisfies when N → ∞ a generalized
version of two-dimensional Euler dynamics preserving the Gaussian energy-
enstrophy ensemble.
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Under certain mild conditions, limit theorems for additive functionals
of some d-dimensional self-similar Gaussian processes are obtained. These
limit theorems work for general Gaussian processes including fractional
Brownian motions, subfractional Brownian motions and bi-fractional Brown-
ian motions. To prove these results, we use the method of moments and an en-
hanced chaining argument. The Gaussian processes under consideration are
required to satisfy certain strong local nondeterminism property. A tractable
sufficient condition for the strong local nondeterminism property is given and
it only relays on the covariance functions of the Gaussian processes. More-
over, we give a sufficient condition for the distribution function of a random
vector to be determined by its moments.
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We consider random temporal graphs, a version of the classical Erdős–
Rényi random graph G(n,p) where additionally, each edge has a distinct
random time stamp, and connectivity is constrained to sequences of edges
with increasing time stamps. We study the asymptotics for the distances in
such graphs, mostly in the regime of interest where np is of order logn. We
establish the first order asymptotics for the lengths of increasing paths: the
lengths of the shortest and longest paths between typical vertices, the maxima
of these lengths from a given vertex, as well as the maxima between any two
vertices; this covers the (temporal) diameter.
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CONTINUOUS-TIME WEAKLY SELF-AVOIDING WALK ON Z HAS
STRICTLY MONOTONE ESCAPE SPEED

BY YUCHENG LIUa
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Weakly self-avoiding walk (WSAW) is a model of simple random walk
paths that penalizes self-intersections. On Z, Greven and den Hollander
proved in 1993 that the discrete-time weakly self-avoiding walk has an
asymptotically deterministic escape speed, and they conjectured that this
speed should be strictly increasing in the repelling strength parameter. We
study a continuous-time version of the model, give a different existence proof
for the speed, and prove the speed to be strictly increasing. The proof uses
a transfer matrix method implemented via a supersymmetric version of the
BFS–Dynkin isomorphism theorem, spectral theory, Tauberian theory, and
stochastic dominance.
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It is well known that martingale transport plans between marginals μ �= ν

are never given by Monge maps—with the understanding that the map is over
the first marginal μ, or forward in time. Here, we change the perspective, with
surprising results. We show that any distributions μ, ν in convex order with ν

atomless admit a martingale coupling given by a Monge map over the second
marginal ν. Namely, we construct a particular coupling called the barcode
transport. Much more generally, we prove that such “backward Monge” mar-
tingale transports are dense in the set of all martingale couplings, paralleling
the classical denseness result for Monge transports in the Kantorovich formu-
lation of optimal transport. Various properties and applications are presented,
including a refined version of Strassen’s theorem and a mimicking theorem
where the marginals of a given martingale are reproduced by a “backward
deterministic” martingale, a remarkable type of process whose current state
encodes its whole history.
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Let �n ⊂ R
d , n ≥ 1, be a sequence of finite sets and consider a

�n-valued, irreducible, reversible, continuous-time Markov chain (X
(n)
t :

t ≥ 0). Denote by P(Rd) the set of probability measures on R
d and by

In : P(Rd ) → [0,+∞) the level two large deviations rate functional for

X
(n)
t as t → ∞. We present a general method, based on tools used to

prove the metastable behaviour of Markov chains, to derive a full expan-

sion of In expressing it as In = I (0) + ∑
1≤p≤q(1/θ

(p)
n )I (p), where

I (p) : P(Rd ) → [0,+∞] represent rate functionals independent of n and

θ
(p)
n sequences such that θ

(1)
n → ∞, θ

(p)
n /θ

(p+1)
n → 0 for 1 ≤ p < q.

The speed θ
(p)
n corresponds to the time-scale at which the Markov chains

X
(n)
t exhibits a metastable behaviour, and the I (p−1) zero-level sets to the

metastable states. To illustrate the theory we apply the method to random
walks in potential fields.
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The present paper is devoted to the study of the long term dynamics of
diffusion processes modelling a single species that experiences both demo-
graphic and environmental stochasticity. In our setting, the long term dynam-
ics of the diffusion process in the absence of demographic stochasticity is
determined by the sign of �0, the external Lyapunov exponent, as follows:
�0 < 0 implies (asymptotic) extinction and �0 > 0 implies convergence to a
unique positive stationary distribution μ0. If the system is of size 1

ε2 for small
ε > 0 (the intensity of demographic stochasticity), demographic effects will
make the extinction time finite almost surely. This suggests that to understand
the dynamics one should analyze the quasi-stationary distribution (QSD) με

of the system. The existence and uniqueness of the QSD is well known under
mild assumptions.

We look at what happens when the population size is sent to infinity, that
is, when ε → 0. We show that the external Lyapunov exponent still plays a
key role: (1) If �0 < 0, then με → δ0, the mean extinction time is of order
| ln ε| and the extinction rate associated with the QSD με has a lower bound
of order 1

| ln ε| ; (2) If �0 > 0, then με → μ0, the mean extinction time is poly-

nomial in 1
ε2 and the extinction rate is polynomial in ε2. Furthermore, when

�0 > 0 we are able to show that the system exhibits multiscale dynamics: at
first the process quickly approaches the QSD με and then, after spending a
polynomially long time there, it relaxes to the extinction state. We give sharp
asymptotics in ε for the time spent close to με .

In contrast to models that only take into account demographic stochastic-
ity, our results demonstrate the significant effect of environmental stochas-
ticity—it turns an exponentially long mean extinction time to a sub-
exponential one.
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Let {(X(t), Y (s)) : t ∈ T , s ∈ S} be an R
2-valued, centered, unit-variance

smooth Gaussian vector field, where T and S are compact rectangles in the
Euclidean space. It is shown that, as u → ∞, the joint excursion probabil-
ity P{supt∈T X(t) ≥ u, sups∈S Y (s) ≥ u} can be approximated by E{χ(Au)},
the expected Euler characteristic of the excursion set Au = {(t, s) ∈ T × S :
X(t) ≥ u,Y (s) ≥ u}, such that the error is super-exponentially small. This
verifies the expected Euler characteristic heuristic (cf. Taylor, Takemura and
Alder (2005), Alder and Taylor (2007)) for a large class of smooth Gaussian
vector fields.
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We study statistical inference for the optimal transport (OT) map (also
known as the Brenier map) from a known absolutely continuous reference
distribution onto an unknown finitely discrete target distribution. We derive
limit distributions for the Lp-error with arbitrary p ∈ [1,∞) and for linear
functionals of the empirical OT map, together with their moment conver-
gence. The former has a non-Gaussian limit, whose explicit density is de-
rived, while the latter attains asymptotic normality. For both cases, we also
establish consistency of the nonparametric bootstrap. The derivation of our
limit theorems relies on new stability estimates of functionals of the OT map
with respect to the dual potential vector, which may be of independent inter-
est. We also discuss applications of our limit theorems to the construction of
confidence sets for the OT map and inference for a maximum tail correlation.
Finally, we show that, while the empirical OT map does not possess nontriv-
ial weak limits in the L2 space, it satisfies a central limit theorem in a dual
Hölder space, and the Gaussian limit law attains the asymptotic efficiency
bound.

REFERENCES

[1] ALTSCHULER, J. M., NILES-WEED, J. and STROMME, A. J. (2022). Asymptotics for semidiscrete en-
tropic optimal transport. SIAM J. Math. Anal. 54 1718–1741. MR4393198 https://doi.org/10.1137/
21M1440165

[2] AMBROSIO, L., GIGLI, N. and SAVARÉ, G. (2008). Gradient Flows: In Metric Spaces and in the Space of
Probability Measures. Springer Science & Business Media.

[3] AURENHAMMER, F. (1987). Power diagrams: Properties, algorithms and applications. SIAM J. Comput. 16
78–96. MR0873251 https://doi.org/10.1137/0216006

[4] AURENHAMMER, F., HOFFMANN, F. and ARONOV, B. (1998). Minkowski-type theorems and least-squares
clustering. Algorithmica 20 61–76. MR1483422 https://doi.org/10.1007/PL00009187

[5] BANSIL, M. and KITAGAWA, J. (2022). Quantitative stability in the geometry of semi-discrete optimal trans-
port. Int. Math. Res. Not. IMRN 10 7354–7389. MR4418710 https://doi.org/10.1093/imrn/rnaa355

[6] BEIRLANT, J., BUITENDAG, S., DEL BARRIO, E., HALLIN, M. and KAMPER, F. (2020). Center-outward
quantiles and the measurement of multivariate risk. Insurance Math. Econom. 95 79–100. MR4154446
https://doi.org/10.1016/j.insmatheco.2020.08.005

[7] BOBKOV, S. G. (1999). Isoperimetric and analytic inequalities for log-concave probability measures. Ann.
Probab. 27 1903–1921. MR1742893 https://doi.org/10.1214/aop/1022874820

[8] BOBKOV, S. G. and HOUDRÉ, C. (1997). Isoperimetric constants for product probability measures. Ann.
Probab. 25 184–205. MR1428505 https://doi.org/10.1214/aop/1024404284

[9] BOUCHERON, S., LUGOSI, G. and MASSART, P. (2013). Concentration Inequalities: A Nonasymptotic The-
ory of Independence. Oxford Univ. Press, Oxford. MR3185193 https://doi.org/10.1093/acprof:oso/
9780199535255.001.0001

[10] BOWYER, A. (1981). Computing Dirichlet tessellations. Comput. J. 24 162–166. MR0619576 https://doi.
org/10.1093/comjnl/24.2.162

[11] BRENIER, Y. (1991). Polar factorization and monotone rearrangement of vector-valued functions. Comm.
Pure Appl. Math. 44 375–417. MR1100809 https://doi.org/10.1002/cpa.3160440402

MSC2020 subject classifications. Primary 60F05, 62G20; secondary 49J50.
Key words and phrases. Bootstrap, functional delta method, Hadamard directional derivative, limit distribu-

tion, optimal transport map, semidiscrete optimal transport.

https://imstat.org/journals-and-publications/annals-of-applied-probability/
https://doi.org/10.1214/24-AAP2104
https://www.imstat.org
mailto:rs2526@cornell.edu
mailto:kk976@cornell.edu
mailto:goldfeld@cornell.edu
https://mathscinet.ams.org/mathscinet-getitem?mr=4393198
https://doi.org/10.1137/21M1440165
https://doi.org/10.1137/21M1440165
https://mathscinet.ams.org/mathscinet-getitem?mr=0873251
https://doi.org/10.1137/0216006
https://mathscinet.ams.org/mathscinet-getitem?mr=1483422
https://doi.org/10.1007/PL00009187
https://mathscinet.ams.org/mathscinet-getitem?mr=4418710
https://doi.org/10.1093/imrn/rnaa355
https://mathscinet.ams.org/mathscinet-getitem?mr=4154446
https://doi.org/10.1016/j.insmatheco.2020.08.005
https://mathscinet.ams.org/mathscinet-getitem?mr=1742893
https://doi.org/10.1214/aop/1022874820
https://mathscinet.ams.org/mathscinet-getitem?mr=1428505
https://doi.org/10.1214/aop/1024404284
https://mathscinet.ams.org/mathscinet-getitem?mr=3185193
https://doi.org/10.1093/acprof:oso/9780199535255.001.0001
https://doi.org/10.1093/acprof:oso/9780199535255.001.0001
https://mathscinet.ams.org/mathscinet-getitem?mr=0619576
https://doi.org/10.1093/comjnl/24.2.162
https://doi.org/10.1093/comjnl/24.2.162
https://mathscinet.ams.org/mathscinet-getitem?mr=1100809
https://doi.org/10.1002/cpa.3160440402
https://mathscinet.ams.org/mathscinet/msc/msc2020.html


[12] CARLIER, G., CHERNOZHUKOV, V. and GALICHON, A. (2016). Vector quantile regression: An optimal
transport approach. Ann. Statist. 44 1165–1192. MR3485957 https://doi.org/10.1214/15-AOS1401

[13] CARLIER, G., PEGON, P. and TAMANINI, L. (2023). Convergence rate of general entropic optimal transport
costs. Calc. Var. Partial Differential Equations 62 Paper No. 116. MR4565039 https://doi.org/10.1007/
s00526-023-02455-0

[14] CASTILLO, I. and NICKL, R. (2013). Nonparametric Bernstein-von Mises theorems in Gaussian white noise.
Ann. Statist. 41 1999–2028. MR3127856 https://doi.org/10.1214/13-AOS1133

[15] CASTILLO, I. and NICKL, R. (2014). On the Bernstein-von Mises phenomenon for nonparametric Bayes
procedures. Ann. Statist. 42 1941–1969. MR3262473 https://doi.org/10.1214/14-AOS1246

[16] CHERNOZHUKOV, V., CHETVERIKOV, D. and KATO, K. (2017). Detailed proof of Nazarov’s inequality.
ArXiv preprint. Available at arXiv:1711.10696.

[17] CHERNOZHUKOV, V., FERNÁNDEZ-VAL, I., MELLY, B. and WÜTHRICH, K. (2020). Generic inference on
quantile and quantile effect functions for discrete outcomes. J. Amer. Statist. Assoc. 115 123–137.
MR4078449 https://doi.org/10.1080/01621459.2019.1611581

[18] CHERNOZHUKOV, V., GALICHON, A., HALLIN, M. and HENRY, M. (2017). Monge–Kantorovich depth,
quantiles, ranks and signs. Ann. Statist. 45 223–256. MR3611491 https://doi.org/10.1214/16-AOS1450

[19] CHOW, Y. S. and TEICHER, H. (2003). Probability Theory: Independence, Interchangeability, Martingales.
Springer Science & Business Media.

[20] CONSORTIUM CGAL (1996). CGAL: Computational geometry algorithms library.
[21] CUTURI, M. (2013). Sinkhorn distances: Lightspeed computation of optimal transport. Adv. Neural Inf.

Process. Syst. 26.
[22] DAVYDOV, Y. A., LIFSHITS, M. A. and SMORODINA, N. V. (1998). Local Properties of Distributions of

Stochastic Functionals. Translations of Mathematical Monographs 173. Amer. Math. Soc., Provi-
dence, RI. MR1604537 https://doi.org/10.1090/mmono/173

[23] DEB, N., GHOSAL, P. and SEN, B. (2021). Rates of estimation of optimal transport maps using plug-in
estimators via barycentric projections. Adv. Neural Inf. Process. Syst. 34.

[24] DEL BARRIO, E., GONZÁLEZ SANZ, A. and LOUBES, J.-M. (2024). Central limit theorems for semi-discrete
Wasserstein distances. Bernoulli 30 554–580. MR4665589 https://doi.org/10.3150/23-bej1608

[25] DEL BARRIO, E. and LOUBES, J.-M. (2019). Central limit theorems for empirical transportation cost in
general dimension. Ann. Probab. 47 926–951. MR3916938 https://doi.org/10.1214/18-AOP1275

[26] DE GOES, F., BREEDEN, K., OSTROMOUKHOV, V. and DESBRUN, M. (2012). Blue noise through optimal
transport. ACM Trans. Graph. 31 1–11.

[27] DE GOES, F., WALLEZ, C., HUANG, J., PAVLOV, D. and DESBRUN, M. (2015). Power particles: An incom-
pressible fluid solver based on power diagrams. ACM Trans. Graph. 34 1–11.

[28] DIVOL, V., NILES-WEED, J. and POOLADIAN, A.-A. (2022). Optimal transport map estimation in general
function spaces. ArXiv preprint. Available at arXiv:2212.03722.

[29] DUDLEY, R. M. (1968). The speed of mean Glivenko–Cantelli convergence. Ann. Math. Stat. 40 40–50.
MR0236977 https://doi.org/10.1214/aoms/1177697802

[30] DÜMBGEN, L. (1993). On nondifferentiable functions and the bootstrap. Probab. Theory Related Fields 95
125–140. MR1207311 https://doi.org/10.1007/BF01197342

[31] EKELAND, I., GALICHON, A. and HENRY, M. (2012). Comonotonic measures of multivariate risks. Math.
Finance 22 109–132. MR2881882 https://doi.org/10.1111/j.1467-9965.2010.00453.x

[32] EVANS, L. C. and GARIEPY, R. F. (1992). Measure Theory and Fine Properties of Functions. Studies in
Advanced Mathematics. CRC Press, Boca Raton, FL. MR1158660

[33] FAN, J. and YAO, Q. (2003). Nonlinear Time Series: Nonparametric and Parametric Methods. Springer
Series in Statistics. Springer, New York. MR1964455 https://doi.org/10.1007/b97702

[34] FANG, Z. and SANTOS, A. (2019). Inference on directionally differentiable functions. Rev. Econ. Stud. 86
377–412. MR3936869 https://doi.org/10.1093/restud/rdy049

[35] FOURNIER, N. and GUILLIN, A. (2015). On the rate of convergence in Wasserstein distance of the empirical
measure. Probab. Theory Related Fields 162 707–738. MR3383341 https://doi.org/10.1007/s00440-
014-0583-7

[36] GALLOUËT, T. O. and MÉRIGOT, Q. (2018). A Lagrangian scheme à la Brenier for the incompressible
Euler equations. Found. Comput. Math. 18 835–865. MR3833643 https://doi.org/10.1007/s10208-017-
9355-y

[37] GHOSAL, P. and SEN, B. (2022). Multivariate ranks and quantiles using optimal transport: Consistency,
rates and nonparametric testing. Ann. Statist. 50 1012–1037. MR4404927 https://doi.org/10.1214/21-
aos2136

[38] GOLDFELD, Z., KATO, K., NIETERT, S. and RIOUX, G. (2024). Limit distribution theory for smooth p-
Wasserstein distances. Ann. Appl. Probab. 34 2447–2487. MR4728174 https://doi.org/10.1214/23-
aap2028

https://mathscinet.ams.org/mathscinet-getitem?mr=3485957
https://doi.org/10.1214/15-AOS1401
https://mathscinet.ams.org/mathscinet-getitem?mr=4565039
https://doi.org/10.1007/s00526-023-02455-0
https://doi.org/10.1007/s00526-023-02455-0
https://mathscinet.ams.org/mathscinet-getitem?mr=3127856
https://doi.org/10.1214/13-AOS1133
https://mathscinet.ams.org/mathscinet-getitem?mr=3262473
https://doi.org/10.1214/14-AOS1246
https://arxiv.org/abs/1711.10696
https://mathscinet.ams.org/mathscinet-getitem?mr=4078449
https://doi.org/10.1080/01621459.2019.1611581
https://mathscinet.ams.org/mathscinet-getitem?mr=3611491
https://doi.org/10.1214/16-AOS1450
https://mathscinet.ams.org/mathscinet-getitem?mr=1604537
https://doi.org/10.1090/mmono/173
https://mathscinet.ams.org/mathscinet-getitem?mr=4665589
https://doi.org/10.3150/23-bej1608
https://mathscinet.ams.org/mathscinet-getitem?mr=3916938
https://doi.org/10.1214/18-AOP1275
https://arxiv.org/abs/2212.03722
https://mathscinet.ams.org/mathscinet-getitem?mr=0236977
https://doi.org/10.1214/aoms/1177697802
https://mathscinet.ams.org/mathscinet-getitem?mr=1207311
https://doi.org/10.1007/BF01197342
https://mathscinet.ams.org/mathscinet-getitem?mr=2881882
https://doi.org/10.1111/j.1467-9965.2010.00453.x
https://mathscinet.ams.org/mathscinet-getitem?mr=1158660
https://mathscinet.ams.org/mathscinet-getitem?mr=1964455
https://doi.org/10.1007/b97702
https://mathscinet.ams.org/mathscinet-getitem?mr=3936869
https://doi.org/10.1093/restud/rdy049
https://mathscinet.ams.org/mathscinet-getitem?mr=3383341
https://doi.org/10.1007/s00440-014-0583-7
https://doi.org/10.1007/s00440-014-0583-7
https://mathscinet.ams.org/mathscinet-getitem?mr=3833643
https://doi.org/10.1007/s10208-017-9355-y
https://doi.org/10.1007/s10208-017-9355-y
https://mathscinet.ams.org/mathscinet-getitem?mr=4404927
https://doi.org/10.1214/21-aos2136
https://doi.org/10.1214/21-aos2136
https://mathscinet.ams.org/mathscinet-getitem?mr=4728174
https://doi.org/10.1214/23-aap2028
https://doi.org/10.1214/23-aap2028


[39] GOLDFELD, Z., KATO, K., RIOUX, G. and SADHU, R. (2024). Limit theorems for entropic optimal transport
maps and Sinkhorn divergence. Electron. J. Stat. 18 980–1041. MR4718466 https://doi.org/10.1214/
24-ejs2217

[40] GONZÁLEZ-SANZ, A., LOUBES, J.-M. and NILES-WEED, J. (2022). Weak limits of entropy regularized
Optimal Transport; potentials, plans and divergences. ArXiv preprint. Available at arXiv:2207.07427.

[41] HALLIN, M., DEL BARRIO, E., CUESTA-ALBERTOS, J. and MATRÁN, C. (2021). Distribution and quan-
tile functions, ranks and signs in dimension d : A measure transportation approach. Ann. Statist. 49
1139–1165. MR4255122 https://doi.org/10.1214/20-aos1996

[42] HARTMANN, V. and SCHUHMACHER, D. (2020). Semi-discrete optimal transport: A solution procedure for
the unsquared Euclidean distance case. Math. Methods Oper. Res. 92 133–163. MR4152920 https://
doi.org/10.1007/s00186-020-00703-z

[43] HÜTTER, J.-C. and RIGOLLET, P. (2021). Minimax estimation of smooth optimal transport maps. Ann.
Statist. 49 1166–1194. MR4255123 https://doi.org/10.1214/20-aos1997

[44] JUDITSKY, A. and LAMBERT-LACROIX, S. (2003). Nonparametric confidence set estimation. Math. Methods
Statist. 12 410–428. MR2054156

[45] KANNAN, R., LOVÁSZ, L. and SIMONOVITS, M. (1995). Isoperimetric problems for convex bodies and
a localization lemma. Discrete Comput. Geom. 13 541–559. MR1318794 https://doi.org/10.1007/
BF02574061

[46] KATO, K. (2011). A note on moment convergence of bootstrap M-estimators. Statist. Decisions 28 51–61.
MR2776694 https://doi.org/10.1524/stnd.2011.1078

[47] KITAGAWA, J., MÉRIGOT, Q. and THIBERT, B. (2019). Convergence of a Newton algorithm for semi-
discrete optimal transport. J. Eur. Math. Soc. (JEMS) 21 2603–2651. MR3985609 https://doi.org/10.
4171/JEMS/889

[48] KNOTT, M. and SMITH, C. S. (1984). On the optimal mapping of distributions. J. Optim. Theory Appl. 43
39–49. MR0745785 https://doi.org/10.1007/BF00934745

[49] KÜNSCH, H. R. (1989). The jackknife and the bootstrap for general stationary observations. Ann. Statist. 17
1217–1241. MR1015147 https://doi.org/10.1214/aos/1176347265

[50] KUSUOKA, S. (2001). On law invariant coherent risk measures. In Advances in Mathematical Economics,
Vol. 3. Adv. Math. Econ. 3 83–95. Springer, Tokyo. MR1886557 https://doi.org/10.1007/978-4-431-
67891-5_4

[51] LAHIRI, S. N. (2013). Resampling Methods for Dependent Data. Springer Science & Business Media.
[52] LECLERC, H. and MERIGÓT, Q. (2019). Pysdot: Semi-discrete optimal transportation tools. Available at

https://github.com/sd-ot/pysdot.
[53] LÉVY, B. (2015). A numerical algorithm for L2 semi-discrete optimal transport in 3D. ESAIM Math. Model.

Numer. Anal. 49 1693–1715. MR3423272 https://doi.org/10.1051/m2an/2015055
[54] LÉVY, B. and FILBOIS, A. (2015). Geogram: A library for geometric algorithms.
[55] LÉVY, B. and SCHWINDT, E. L. (2018). Notions of optimal transport theory and how to implement them on

a computer. Comput. Graph. 72 135–148.
[56] MACHADO, J. A. F. and SANTOS SILVA, J. M. C. (2005). Quantiles for counts. J. Amer. Statist. Assoc. 100

1226–1237. MR2236437 https://doi.org/10.1198/016214505000000330
[57] MANOLE, T., BALAKRISHNAN, S., NILES-WEED, J. and WASSERMAN, L. (2023). Central limit theorems

for smooth optimal transport maps. ArXiv preprint. Available at arXiv:2312.12407.
[58] MANOLE, T., BALAKRISHNAN, S., NILES-WEED, J. and WASSERMAN, L. (2024). Plugin estimation of

smooth optimal transport maps. Ann. Statist. 52 966–998. MR4784066 https://doi.org/10.1214/24-
aos2379

[59] MCNEIL, A. J., FREY, R. and EMBRECHTS, P. (2015). Quantitative Risk Management: Concepts, Techniques
and Tools, Revised ed. Princeton Series in Finance. Princeton Univ. Press, Princeton, NJ. MR3445371

[60] MÉRIGOT, Q. (2011). A multiscale approach to optimal transport. In Computer Graphics Forum 30
1583–1592. Wiley Online Library.

[61] MIKAMI, T. (2004). Monge’s problem with a quadratic cost by the zero-noise limit of h-path processes.
Probab. Theory Related Fields 129 245–260. MR2063377 https://doi.org/10.1007/s00440-004-0340-4

[62] MILMAN, E. (2009). On the role of convexity in isoperimetry, spectral gap and concentration. Invent. Math.
177 1–43. MR2507637 https://doi.org/10.1007/s00222-009-0175-9

[63] MOHAR, B. (1991). Eigenvalues, diameter, and mean distance in graphs. Graphs Combin. 7 53–64.
MR1105467 https://doi.org/10.1007/BF01789463

[64] NILES-WEED, J. and RIGOLLET, P. (2022). Estimation of Wasserstein distances in the spiked transport
model. Bernoulli 28 2663–2688. MR4474558 https://doi.org/10.3150/21-bej1433

[65] PANARETOS, V. M. and ZEMEL, Y. (2020). An Invitation to Statistics in Wasserstein Space. SpringerBriefs
in Probability and Mathematical Statistics. Springer, Cham. MR4350694 https://doi.org/10.1007/978-
3-030-38438-8

https://mathscinet.ams.org/mathscinet-getitem?mr=4718466
https://doi.org/10.1214/24-ejs2217
https://doi.org/10.1214/24-ejs2217
https://arxiv.org/abs/2207.07427
https://mathscinet.ams.org/mathscinet-getitem?mr=4255122
https://doi.org/10.1214/20-aos1996
https://mathscinet.ams.org/mathscinet-getitem?mr=4152920
https://doi.org/10.1007/s00186-020-00703-z
https://doi.org/10.1007/s00186-020-00703-z
https://mathscinet.ams.org/mathscinet-getitem?mr=4255123
https://doi.org/10.1214/20-aos1997
https://mathscinet.ams.org/mathscinet-getitem?mr=2054156
https://mathscinet.ams.org/mathscinet-getitem?mr=1318794
https://doi.org/10.1007/BF02574061
https://doi.org/10.1007/BF02574061
https://mathscinet.ams.org/mathscinet-getitem?mr=2776694
https://doi.org/10.1524/stnd.2011.1078
https://mathscinet.ams.org/mathscinet-getitem?mr=3985609
https://doi.org/10.4171/JEMS/889
https://doi.org/10.4171/JEMS/889
https://mathscinet.ams.org/mathscinet-getitem?mr=0745785
https://doi.org/10.1007/BF00934745
https://mathscinet.ams.org/mathscinet-getitem?mr=1015147
https://doi.org/10.1214/aos/1176347265
https://mathscinet.ams.org/mathscinet-getitem?mr=1886557
https://doi.org/10.1007/978-4-431-67891-5_4
https://doi.org/10.1007/978-4-431-67891-5_4
https://github.com/sd-ot/pysdot
https://mathscinet.ams.org/mathscinet-getitem?mr=3423272
https://doi.org/10.1051/m2an/2015055
https://mathscinet.ams.org/mathscinet-getitem?mr=2236437
https://doi.org/10.1198/016214505000000330
https://arxiv.org/abs/2312.12407
https://mathscinet.ams.org/mathscinet-getitem?mr=4784066
https://doi.org/10.1214/24-aos2379
https://doi.org/10.1214/24-aos2379
https://mathscinet.ams.org/mathscinet-getitem?mr=3445371
https://mathscinet.ams.org/mathscinet-getitem?mr=2063377
https://doi.org/10.1007/s00440-004-0340-4
https://mathscinet.ams.org/mathscinet-getitem?mr=2507637
https://doi.org/10.1007/s00222-009-0175-9
https://mathscinet.ams.org/mathscinet-getitem?mr=1105467
https://doi.org/10.1007/BF01789463
https://mathscinet.ams.org/mathscinet-getitem?mr=4474558
https://doi.org/10.3150/21-bej1433
https://mathscinet.ams.org/mathscinet-getitem?mr=4350694
https://doi.org/10.1007/978-3-030-38438-8
https://doi.org/10.1007/978-3-030-38438-8


[66] PEYRÉ, G. and CUTURI, M. (2019). Computational optimal transport: With applications to data science.
Found. Trends Mach. Learn. 11 355–607.

[67] POOLADIAN, A.-A., CUTURI, M. and NILES-WEED, J. (2022). Debiaser beware: Pitfalls of centering regu-
larized transport maps. Int. Conf. Mach. Learn. 39.

[68] POOLADIAN, A.-A., DIVOL, V. and NILES-WEED, J. (2023). Minimax estimation of discontinuous optimal
transport maps: The semi-discrete case. Int. Conf. Mach. Learn. 40.

[69] POOLADIAN, A.-A. and NILES-WEED, J. (2021). Entropic estimation of optimal transport maps. ArXiv
preprint. Available at arXiv:2109.12004.

[70] RIGOLLET, P. and STROMME, A. J. (2022). On the sample complexity of entropic optimal transport. ArXiv
preprint. Available at arXiv:2206.13472.

[71] RÖMISCH, W. (2004). Delta method, infinite dimensional. In Encyclopedia of Statistical Sciences Wiley,
New York.

[72] RÜSCHENDORF, L. (2006). Law invariant convex risk measures for portfolio vectors. Statist. Decisions 24
97–108. MR2323190 https://doi.org/10.1524/stnd.2006.24.1.97

[73] SANTAMBROGIO, F. (2015). Optimal Transport for Applied Mathematicians: Calculus of Variations,
PDEs, and Modeling. Progress in Nonlinear Differential Equations and Their Applications 87.
Birkhäuser/Springer, Cham. MR3409718 https://doi.org/10.1007/978-3-319-20828-2

[74] SANTAMBROGIO, F. (2017). {Euclidean, metric, and Wasserstein} gradient flows: An overview. Bull. Math.
Sci. 7 87–154. MR3625852 https://doi.org/10.1007/s13373-017-0101-1

[75] SHAPIRO, A. (1990). On concepts of directional differentiability. J. Optim. Theory Appl. 66 477–487.
MR1080259 https://doi.org/10.1007/BF00940933

[76] TANABE, K. and SAGAE, M. (1992). An exact Cholesky decomposition and the generalized inverse of the
variance-covariance matrix of the multinomial distribution, with applications. J. Roy. Statist. Soc. Ser.
B 54 211–219. MR1157720

[77] TOROUS, W., GUNSILIUS, F. and RIGOLLET, P. (2021). An optimal transport approach to causal inference.
ArXiv preprint. Available at arXiv:2108.05858.

[78] VAN DER VAART, A. W. (1998). Asymptotic Statistics. Cambridge Series in Statistical and Proba-
bilistic Mathematics 3. Cambridge Univ. Press, Cambridge. MR1652247 https://doi.org/10.1017/
CBO9780511802256

[79] VAN DER VAART, A. W. and WELLNER, J. A. (1996). Weak Convergence and Empirical Processes—with
Applications to Statistics. Springer Series in Statistics. Springer, Cham.

[80] VILLANI, C. (2009). Optimal Transport: Old and New. Grundlehren der Mathematischen Wissenschaften
[Fundamental Principles of Mathematical Sciences] 338. Springer, Berlin. MR2459454 https://doi.
org/10.1007/978-3-540-71050-9

[81] WASSERMAN, L. (2006). All of Nonparametric Statistics. Springer Texts in Statistics. Springer, New York.
MR2172729

[82] WATSON, D. F. (1981). Computing the n-dimensional Delaunay tessellation with application to Voronoı̆
polytopes. Comput. J. 24 167–172. MR0619577 https://doi.org/10.1093/comjnl/24.2.167

[83] WEED, J. and BACH, F. (2019). Sharp asymptotic and finite-sample rates of convergence of empirical
measures in Wasserstein distance. Bernoulli 25 2620–2648. MR4003560 https://doi.org/10.3150/18-
BEJ1065

[84] WEISSMAN, T., ORDENTLICH, E., SEROUSSI, G., VERDU, S. and WEINBERGER, M. J. (2003). Inequalities
for the L1 deviation of the empirical distribution. Hewlett-Packard Labs, Tech. Rep.

https://arxiv.org/abs/2109.12004
https://arxiv.org/abs/2206.13472
https://mathscinet.ams.org/mathscinet-getitem?mr=2323190
https://doi.org/10.1524/stnd.2006.24.1.97
https://mathscinet.ams.org/mathscinet-getitem?mr=3409718
https://doi.org/10.1007/978-3-319-20828-2
https://mathscinet.ams.org/mathscinet-getitem?mr=3625852
https://doi.org/10.1007/s13373-017-0101-1
https://mathscinet.ams.org/mathscinet-getitem?mr=1080259
https://doi.org/10.1007/BF00940933
https://mathscinet.ams.org/mathscinet-getitem?mr=1157720
https://arxiv.org/abs/2108.05858
https://mathscinet.ams.org/mathscinet-getitem?mr=1652247
https://doi.org/10.1017/CBO9780511802256
https://doi.org/10.1017/CBO9780511802256
https://mathscinet.ams.org/mathscinet-getitem?mr=2459454
https://doi.org/10.1007/978-3-540-71050-9
https://doi.org/10.1007/978-3-540-71050-9
https://mathscinet.ams.org/mathscinet-getitem?mr=2172729
https://mathscinet.ams.org/mathscinet-getitem?mr=0619577
https://doi.org/10.1093/comjnl/24.2.167
https://mathscinet.ams.org/mathscinet-getitem?mr=4003560
https://doi.org/10.3150/18-BEJ1065
https://doi.org/10.3150/18-BEJ1065


The Annals of Applied Probability
2024, Vol. 34, No. 6, 5737–5768
https://doi.org/10.1214/24-AAP2105
© Institute of Mathematical Statistics, 2024

SURVIVAL AND COMPLETE CONVERGENCE FOR A BRANCHING
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We study a discrete-time branching annihilating random walk (BARW)
on the d-dimensional lattice. Each particle produces a Poissonian number of
offspring with mean μ which independently move to a uniformly chosen site
within a fixed distance R from their parent’s position. Whenever a site is oc-
cupied by at least two particles, all the particles at that site are annihilated.
We prove that for any μ > 1 the process survives when R is sufficiently large.
For fixed R we show that the process dies out if μ is too small or too large.
Furthermore, we exhibit an interval of μ-values for which the process sur-
vives and possesses a unique nontrivial ergodic equilibrium for R sufficiently
large. We also prove complete convergence for that case.

REFERENCES

[1] ALILI, S. and IGNATIOUK-ROBERT, I. (2001). On the surviving probability of an annihilating branching
process and application to a nonlinear voter model. Stochastic Process. Appl. 93 301–316. MR1828777
https://doi.org/10.1016/S0304-4149(00)00101-0

[2] ATHREYA, S. R. and SWART, J. M. (2012). Systems of branching, annihilating, and coalescing particles.
Electron. J. Probab. 17 No. 80, 32. MR2981905 https://doi.org/10.1214/EJP.v17-2003

[3] BENNETT, G. (1962). Probability inequalities for the sum of independent random variables. J. Amer. Statist.
Assoc. 57 33–45.
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In this paper we derive a large deviation principle (LDP) for inhomo-
geneous U/V-statistics of a general order. Using this, we derive a LDP for
two types of statistics: random multilinear forms, and number of monochro-
matic copies of a subgraph. We show that the corresponding rate functions in
these cases can be expressed as a variational problem over a suitable space
of functions. We use the tools developed to study Gibbs measures with the
corresponding Hamiltonians, which include tensor generalizations of both
Ising (with noncompact base measure) and Potts models. For these Gibbs
measures, we establish scaling limits of log normalizing constants, and weak
laws in terms of weak* topology, which are of possible independent interest.
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We investigate a disordered variant of Pitman’s Chinese restaurant pro-
cess where tables carry i.i.d. weights. Incoming customers choose to sit at an
occupied table with a probability proportional to the product of its occupancy
and its weight, or they sit at an unoccupied table with a probability propor-
tional to a parameter θ > 0. This is a system out of equilibrium where the pro-
portion of customers at any given table converges to zero almost surely. We
show that for weight distributions in any of the three extreme value classes,
Weibull, Gumbel or Fréchet, the proportion of customers sitting at the largest
table converges to one in probability, but not almost surely, and the propor-
tion of customers sitting at either of the largest two tables converges to one
almost surely.
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The failure of a symmetry argument for the Laplace transform of a mul-
tivariate density given in Ann. Appld. Probab. 21(1) (2011), 183–214 was
neglected in preparation of the first errata (Ann. Appld. Probab. 21(5) (2011),
2050–2051). The formula for the Laplace transform is corrected in this errata.
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HOCQUET, ANTOINE AND NEAMŢU, ALEXANDRA. Quasilinear rough evo-
lution equations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4268–4309

HOFFMANN, MARC, LIU, YANGHUI, ROSENBAUM, MATHIEU, SZYMANSKI,
GRÉGOIRE AND CHONG, CARSTEN H. Statistical inference for rough
volatility: Central limit theorems . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2600–2649

HONG, MINHAO, LIU, HEGUANG AND XU, FANGJUN. Limit theorems for
additive functionals of some self-similar Gaussian processes . . . . . . . . . . . . 5462–5497

HONG, WEI, HU, SHANSHAN AND LIU, WEI. McKean–Vlasov SDE and
SPDE with locally monotone coefficients . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2136–2189

HOU, SONGYAN AND ACCIAIO, BEATRICE. Convergence of adapted empiri-
cal measures on R

d . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4799–4835
HU, SHANSHAN, LIU, WEI AND HONG, WEI. McKean–Vlasov SDE and

SPDE with locally monotone coefficients . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2136–2189
HUANG, ZHIHAN AND HAN, FANG. Azadkia–Chatterjee’s correlation coeffi-

cient adapts to manifold data . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5172–5210
HUESMANN, MARTIN AND BRÜCKERHOFF, MARTIN. Shadows and barriers 960–985
HUNDRIESER, SHAYAN, KLATT, MARCEL AND MUNK, AXEL. Limit distri-

butions and sensitivity analysis for empirical entropic optimal transport on
countable spaces . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1403–1468



HUTCHCROFT, TOM. The critical two-point function for long-range percola-
tion on the hierarchical lattice . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 986–1002

IMKELLER, PETER, LIKIBI PELLAT, RHOSS AND MENOUKEU-PAMEN,
OLIVIER. Differentiability of quadratic forward-backward SDEs with
rough drift . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4758–4798

ITKIN, DAVID AND LARSSON, MARTIN. Open markets and hybrid Jacobi pro-
cesses . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2940–2985

IZYUROV, KONSTANTIN, KEMPPAINEN, ANTTI AND TUISKU, PETRI. En-
ergy correlations in the critical Ising model on a torus . . . . . . . . . . . . . . . . . . 1699–1729

JACKSON, JOE. On quasilinear parabolic systems and FBSDEs of quadratic
growth . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 357–387

JACOBOVIC, ROYI AND GOLDENSHLUGER, ALEXANDER. Smoluchowski
processes and nonparametric estimation of functionals of particle displace-
ment distributions from count data . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1224–1270

JACOD, JEAN, LIN, HUIDI AND TODOROV, VIKTOR. Systematic jump risk 4342–4386
JIN, PENG AND FRIESEN, MARTIN. Volterra square-root process: Stationarity

and regularity of the law . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 318–356
JOHANSEN, ADAM M., KUNTZ, JUAN AND CRUCINIO, FRANCESCA R. The

divide-and-conquer sequential Monte Carlo algorithm: Theoretical proper-
ties and limit theorems . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1469–1523

JOHNSON, DANE AND BUDHIRAJA, AMARJIT. Simple form control policies
for resource sharing networks with HGI performance . . . . . . . . . . . . . . . . . . . 851–916

JOURDAIN, BENJAMIN AND MENOZZI, STÉPHANE. Convergence rate of the
Euler–Maruyama scheme applied to diffusion processes with Lq −Lρ drift
coefficient and additive noise . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1663–1697

KÄLLBLAD, SIGRID, LARSSON, MARTIN, SVALUTO-FERRO, SARA AND

COX, ALEXANDER M. G. Controlled measure-valued martingales: A
viscosity solution approach . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1987–2035
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