
ISSN 1050-5164 (print)
ISSN 2168-8737 (online)

THE ANNALS
of

APPLIED
PROBABILITY

AN OFFICIAL JOURNAL OF THE

INSTITUTE OF MATHEMATICAL STATISTICS

Vol. 28, No. 3—June 2018

Weakly harmonic oscillators perturbed by a conservative noise
CÉDRIC BERNARDIN, PATRÍCIA GONÇALVES AND MILTON JARA 1315

Disorder chaos in some diluted spin glass models
WEI-KUO CHEN AND DMITRY PANCHENKO 1356

A Liouville theorem for elliptic systems with degenerate ergodic coefficients
PETER BELLA, BENJAMIN FEHRMAN AND FELIX OTTO 1379

A characterization of product-form exchangeable feature probability functions
MARCO BATTISTON, STEFANO FAVARO, DANIEL M. ROY AND YEE WHYE TEH 1423

Stochastic coagulation-fragmentation processes with a finite number of particles and
applications . . . . . . . . . . . . . . . . . . . . . . . . . . NATHANAEL HOZE AND DAVID HOLCMAN 1449

Rigorous results for the Stigler–Luckock model for the evolution of an order book
JAN M. SWART 1491

Max κ-cut and the inhomogeneous Potts spin glass
AUKOSH JAGANNATH, JUSTIN KO AND SUBHABRATA SEN 1536

Limit distributions for KPZ growth models with spatially homogeneous random initial
conditions . . . . . . . . . . . . . . . . . . . . . . . . . . . . S. CHHITA, P. L. FERRARI AND H. SPOHN 1573

Border aggregation model . . . . . . . . . . . DEBLEENA THACKER AND STANISLAV VOLKOV 1604
Backward SDEs for optimal control of partially observed path-dependent stochastic

systems: A control randomization approach
ELENA BANDINI, ANDREA COSSO, MARCO FUHRMAN AND HUYÊN PHAM 1634

A necessary and sufficient condition for edge universality at the largest singular values of
covariance matrices. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .XIUCAI DING AND FAN YANG 1679

Typical distances in the directed configuration model
PIM VAN DER HOORN AND MARIANA OLVERA-CRAVIOTO 1739

Ordered and size-biased frequencies in GEM and Gibbs’ models for species sampling
JIM PITMAN AND YURI YAKUBOVICH 1793

Large deviations theory for Markov jump models of chemical reaction networks
ANDREA AGAZZI, AMIR DEMBO AND JEAN-PIERRE ECKMANN 1821

Multiple-priors optimal investment in discrete time for unbounded utility
function . . . . . . . . . . . . . . . . . . . . . ROMAIN BLANCHARD AND LAURENCE CARASSUS 1856

Coexistence and extinction for stochastic Kolmogorov systems
ALEXANDRU HENING AND DANG H. NGUYEN 1893

Initial-boundary value problem for the heat equation—A stochastic algorithm
MADALINA DEACONU AND SAMUEL HERRMANN 1943



THE ANNALS OF APPLIED PROBABILITY Vol. 28, No. 3, pp. 1315–1976 June 2018



INSTITUTE OF MATHEMATICAL STATISTICS

(Organized September 12, 1935)

The purpose of the Institute is to foster the development and dissemination of the theory and
applications of statistics and probability.

The Annals of Applied Probability [ISSN 1050-5164 (print); ISSN 2168-8737 (online)], Volume 28, Number 3,
June 2018. Published bimonthly by the Institute of Mathematical Statistics, 3163 Somerset Drive, Cleveland, Ohio
44122, USA. Periodicals postage paid at Cleveland, Ohio, and at additional mailing offices.

POSTMASTER: Send address changes to The Annals of Applied Probability, Institute of Mathematical Statistics,
Dues and Subscriptions Office, 9650 Rockville Pike, Suite L 2310, Bethesda, Maryland 20814-3998, USA.

Copyright © 2018 by the Institute of Mathematical Statistics
Printed in the United States of America

IMS OFFICERS

President: Alison Etheridge, Department of Statistics, University of Oxford, Oxford, OX1 3LB, United Kingdom

President-Elect: Xiao-Li Meng, Department of Statistics, Harvard University, Cambridge, Massachusetts 02138-
2901, USA

Past President: Jon Wellner, Department of Statistics, University of Washington, Seattle, Washington 98195-4322,
USA

Executive Secretary: Edsel Peña, Department of Statistics, University of South Carolina, Columbia, South Car-
olina 29208-001, USA

Treasurer: Zhengjun Zhang, Department of Statistics, University of Wisconsin, Madison, Wisconsin 53706-1510,
USA

Program Secretary: Judith Rousseau, Université Paris Dauphine, Place du Maréchal DeLattre de Tassigny, 75016
Paris, France

IMS EDITORS

The Annals of Statistics. Editors: Edward I. George, Department of Statistics, University of Pennsylvania,
Philadelphia, PA 19104, USA; Tailen Hsing, Department of Statistics, University of Michigan, Ann Arbor,
MI 48109-1107 USA

The Annals of Applied Statistics. Editor-in-Chief : Tilmann Gneiting, Heidelberg Institute for Theoretical Studies,
HITS gGmbH, Schloss-Wolfsbrunnenweg 35, 69118 Heidelberg, Germany

The Annals of Probability. Editor: Amir Dembo, Department of Statistics and Department of Mathematics, Stan-
ford University, Stanford, California 94305, USA

The Annals of Applied Probability. Editor: Bálint Tóth, School of Mathematics, University of Bristol, University
Walk, BS8 1TW, Bristol, UK and Alfréd Rényi Institute of Mathematics, Hungarian Academy of Sciences,
Budapest, Hungary

Statistical Science. Editor: Cun-Hui Zhang, Department of Statistics, Rutgers University, Piscataway, New Jersey
08854, USA

The IMS Bulletin. Editor: Vlada Limic, UMR 7501 de l’Université de Strasbourg et du CNRS, 7 rue René
Descartes, 67084 Strasbourg Cedex, France



The Annals of Applied Probability
2018, Vol. 28, No. 3, 1315–1355
https://doi.org/10.1214/17-AAP1330
© Institute of Mathematical Statistics, 2018

WEAKLY HARMONIC OSCILLATORS PERTURBED BY
A CONSERVATIVE NOISE1

BY CÉDRIC BERNARDIN, PATRÍCIA GONÇALVES2 AND MILTON JARA3

Université Côte d’Azur, Universidade de Lisboa and
Instituto de Matemática Pura e Aplicada

We consider a chain of weakly harmonic coupled oscillators perturbed
by a conservative noise. We show that by tuning accordingly the coupling
constant, energy can diffuse like a Brownian motion or superdiffuse like a
maximally 3/2-stable asymmetric Lévy process. For a critical value of the
coupling, the energy diffusion is described by a family of Lévy processes
which interpolate between these two processes.
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DISORDER CHAOS IN SOME DILUTED SPIN GLASS MODELS

BY WEI-KUO CHEN AND DMITRY PANCHENKO

University of Minnesota and University of Toronto

We prove disorder chaos at zero temperature for three types of diluted
models with large connectivity parameter: K-spin antiferromagnetic Ising
model for even K ≥ 2, K-spin spin glass model for even K ≥ 2, and random
K-sat model for all K ≥ 2. We show that modifying even a small proportion
of clauses results in near maximizers of the original and modified Hamilto-
nians being nearly orthogonal to each other with high probability. We use
a standard technique of approximating diluted models by appropriate fully
connected models and then apply disorder chaos results in this setting, which
include both previously known results as well as new examples motivated by
the random K-sat model.
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A LIOUVILLE THEOREM FOR ELLIPTIC SYSTEMS WITH
DEGENERATE ERGODIC COEFFICIENTS

BY PETER BELLA∗,1, BENJAMIN FEHRMAN†,2 AND FELIX OTTO†

Universität Leipzig∗ and Max Planck Institute for Mathematics in the Sciences†

We study the behavior of second-order degenerate elliptic systems in di-
vergence form with random coefficients which are stationary and ergodic.
Assuming moment bounds like Chiarini and Deuschel (2014) on the coeffi-
cient field a and its inverse, we prove an intrinsic large-scale C1,α-regularity
estimate for a-harmonic functions and obtain a first-order Liouville theorem
for a-harmonic functions.
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A CHARACTERIZATION OF PRODUCT-FORM EXCHANGEABLE
FEATURE PROBABILITY FUNCTIONS
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University of Oxford∗, University of Torino† and University of Toronto‡

We characterize the class of exchangeable feature allocations assigning
probability Vn,k

∏k
l=1 Wml Un−ml to a feature allocation of n individuals, dis-

playing k features with counts (m1, . . . ,mk) for these features. Each element
of this class is parametrized by a countable matrix V and two sequences U

and W of nonnegative weights. Moreover, a consistency condition is imposed
to guarantee that the distribution for feature allocations of (n− 1) individuals
is recovered from that of n individuals, when the last individual is integrated
out. We prove that the only members of this class satisfying the consistency
condition are mixtures of three-parameter Indian buffet Processes over the
mass parameter γ , mixtures of N -dimensional Beta–Bernoulli models over
the dimension N , or degenerate limits thereof. Hence, we provide a charac-
terization of these two models as the only consistent exchangeable feature
allocations having the required product form, up to randomization of the pa-
rameters.
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Coagulation-fragmentation processes describe the stochastic association
and dissociation of particles in clusters. Cluster dynamics with cluster-cluster
interactions for a finite number of particles has recently attracted attention
especially in stochastic analysis and statistical physics of cellular biology,
as novel experimental data are now available, but their interpretation remains
challenging. We derive here probability distribution functions for clusters that
can either aggregate upon binding to form clusters of arbitrary sizes or a sin-
gle cluster can dissociate into two sub-clusters. Using combinatorics proper-
ties and Markov chain representation, we compute steady-state distributions
and moments for the number of particles per cluster in the case where the
coagulation and fragmentation rates follow a detailed balance condition. We
obtain explicit and asymptotic formulas for the cluster size and the number of
clusters in terms of hypergeometric functions. To further characterize cluster-
ing, we introduce and discuss two mean times: one is the mean time two par-
ticles spend together before they separate and the other is the mean time they
spend separated before they meet again for the first time. Finally, we discuss
applications of the present stochastic coagulation-fragmentation framework
in cell biology.
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RIGOROUS RESULTS FOR THE STIGLER–LUCKOCK MODEL
FOR THE EVOLUTION OF AN ORDER BOOK1

BY JAN M. SWART
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In 1964, G. J. Stigler introduced a stochastic model for the evolution of
an order book on a stock market. This model was independently rediscovered
and generalized by H. Luckock in 2003. In his formulation, traders place buy
and sell limit orders of unit size according to independent Poisson processes
with possibly different intensities. Newly arriving buy (sell) orders are either
immediately matched to the best available matching sell (buy) order or stay in
the order book until a matching order arrives. Assuming stationarity, Luckock
showed that the distribution functions of the best buy and sell order in the or-
der book solve a differential equation, from which he was able to calculate the
position of two prices J c− < J c+ such that buy orders below J c− and sell orders
above J c+ stay in the order book forever while all other orders are eventually
matched. We extend Luckock’s model by adding market orders, that is, with
a certain rate traders arrive at the market that take the best available buy or
sell offer in the order book, if there is one, and do nothing otherwise. We give
necessary and sufficient conditions for such an extended model to be positive
recurrent and show how these conditions are related to the prices J c− and J c+
of Luckock.
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[19] PLAČKOVÁ, J. (2011). Shluky volatility a dynamika poptávky a nabídky. Master Thesis, MFF,

Charles Univ., Prague (In Czech).
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MAX κ-CUT AND THE INHOMOGENEOUS POTTS SPIN GLASS
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We study the asymptotic behavior of the Max κ-cut on a family of sparse,
inhomogeneous random graphs. In the large degree limit, the leading term is
a variational problem, involving the ground state of a constrained inhomoge-
neous Potts spin glass. We derive a Parisi-type formula for the free energy
of this model, with possible constraints on the proportions, and derive the
limiting ground state energy by a suitable zero temperature limit.
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Vol. 2 (Poznań, 1989). 165–182. Wiley, New York. MR1166614

[32] MASSOULIÉ, L. (2014). Community detection thresholds and the weak Ramanujan property.
In STOC’14—Proceedings of the 2014 ACM Symposium on Theory of Computing 694–
703. ACM, New York. MR3238997

[33] MÉZARD, M. and MONTANARI, A. (2009). Information, Physics, and Computation. Oxford
Univ. Press, Oxford. MR2518205

[34] MÉZARD, M., PARISI, G. and VIRASORO, M. (1987). Spin Glass Theory and Beyond: An
Introduction to the Replica Method and Its Applications 9. World Scientific, Singapore.

[35] MOSSEL, E., NEEMAN, J. and SLY, A. (2013). A proof of the block model threshold conjec-
ture. Preprint. Available at arXiv:1311.4115.

[36] NISHIMORI, H. and STEPHEN, M. J. (1983). Gauge-invariant frustrated Potts spin-glass. Phys.
Rev. B 27 5644–5652.

http://www.ams.org/mathscinet-getitem?mr=3606472
http://www.ams.org/mathscinet-getitem?mr=1955514
http://www.ams.org/mathscinet-getitem?mr=3630296
http://www.ams.org/mathscinet-getitem?mr=2042377
http://www.ams.org/mathscinet-getitem?mr=1957729
http://www.ams.org/mathscinet-getitem?mr=2435744
http://www.ams.org/mathscinet-getitem?mr=3631397
http://www.ams.org/mathscinet-getitem?mr=0955131
http://www.ams.org/mathscinet-getitem?mr=0702485
http://www.ams.org/mathscinet-getitem?mr=1166614
http://www.ams.org/mathscinet-getitem?mr=3238997
http://www.ams.org/mathscinet-getitem?mr=2518205
http://arxiv.org/abs/arXiv:1311.4115


[37] NORROS, I. and REITTU, H. (2006). On a conditionally Poissonian graph process. Adv. in
Appl. Probab. 38 59–75. MR2213964

[38] PANCHENKO, D. (2013). Spin glass models from the point of view of spin distributions. Ann.
Probab. 41 1315–1361. MR3098679

[39] PANCHENKO, D. (2013). The Parisi ultrametricity conjecture. Ann. of Math. (2) 177 383–393.
MR2999044

[40] PANCHENKO, D. (2013). The Sherrington–Kirkpatrick Model. Springer, New York.
MR3052333

[41] PANCHENKO, D. (2014). The Parisi formula for mixed p-spin models. Ann. Probab. 42 946–
958. MR3189062

[42] PANCHENKO, D. (2018). Free energy in the mixed p-spin models with vector spins. Ann.
Probab. 46 865–896. MR3773376

[43] PANCHENKO, D. (2018). Free energy in the Potts spin glass. Ann. Probab. 46 829–864.
MR3773375

[44] PANCHENKO, D. (2015). The free energy in a multi-species Sherrington-Kirkpatrick model.
Ann. Probab. 43 3494–3513. MR3433586

[45] POLJAK, S. and TUZA, Z. (1993). The Max-Cut Problem—a Survey. Acad. Sinica, Taipei.
[46] PORTER, M. A., ONNELA, J.-P. and MUCHA, P. J. (2009). Communities in networks. Notices

Amer. Math. Soc. 56 1082–1097. MR2568495
[47] RUELLE, D. (1987). A mathematical reformulation of Derrida’s REM and GREM. Comm.

Math. Phys. 108 225–239. MR0875300
[48] SEN, S. (2016). Optimization on sparse random hypergraphs and spin glasses. Preprint. Avail-

able at arXiv:1606.02365.
[49] SHEPP, L. A. (1989). Connectedness of certain random graphs. Israel J. Math. 67 23–33.

MR1021358
[50] SHERRINGTON, D. and KIRKPATRICK, S. (1975). Solvable model of a spin-glass. Phys. Rev.

Lett. 35 1792–1796.
[51] SÖDERBERG, B. (2002). General formalism for inhomogeneous random graphs. Phys. Rev. E

(3) 66 066121, 6. MR1953933
[52] TALAGRAND, M. (2010). Mean Field Models for Spin Glasses: Volume I: Basic Examples 54.

Springer, New York.

http://www.ams.org/mathscinet-getitem?mr=2213964
http://www.ams.org/mathscinet-getitem?mr=3098679
http://www.ams.org/mathscinet-getitem?mr=2999044
http://www.ams.org/mathscinet-getitem?mr=3052333
http://www.ams.org/mathscinet-getitem?mr=3189062
http://www.ams.org/mathscinet-getitem?mr=3773376
http://www.ams.org/mathscinet-getitem?mr=3773375
http://www.ams.org/mathscinet-getitem?mr=3433586
http://www.ams.org/mathscinet-getitem?mr=2568495
http://www.ams.org/mathscinet-getitem?mr=0875300
http://arxiv.org/abs/arXiv:1606.02365
http://www.ams.org/mathscinet-getitem?mr=1021358
http://www.ams.org/mathscinet-getitem?mr=1953933


The Annals of Applied Probability
2018, Vol. 28, No. 3, 1573–1603
https://doi.org/10.1214/17-AAP1338
© Institute of Mathematical Statistics, 2018

LIMIT DISTRIBUTIONS FOR KPZ GROWTH MODELS WITH
SPATIALLY HOMOGENEOUS RANDOM INITIAL CONDITIONS

BY S. CHHITA1, P. L. FERRARI1 AND H. SPOHN

Durham University, Bonn University and TU München

For stationary KPZ growth in 1 + 1 dimensions, the height fluctuations
are governed by the Baik–Rains distribution. Using the totally asymmetric
single step growth model, alias TASEP, we investigate height fluctuations
for a general class of spatially homogeneous random initial conditions. We
prove that for TASEP there is a one-parameter family of limit distributions,
labeled by the diffusion coefficient of the initial conditions. The distributions
are defined through a variational formula. We use Monte Carlo simulations to
obtain their numerical plots. Also discussed is the connection to the six-vertex
model at its conical point.
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BORDER AGGREGATION MODEL

BY DEBLEENA THACKER AND STANISLAV VOLKOV1

Lund University

Start with a graph with a subset of vertices called the border. A particle
released from the origin performs a random walk on the graph until it comes
to the immediate neighbourhood of the border, at which point it joins this
subset thus increasing the border by one point. Then a new particle is released
from the origin and the process repeats until the origin becomes a part of the
border itself. We are interested in the total number ξ of particles to be released
by this final moment.

We show that this model covers the OK Corral model as well as the ero-
sion model, and obtain distributions and bounds for ξ in cases where the
graph is star graph, regular tree and a d-dimensional lattice.
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BACKWARD SDES FOR OPTIMAL CONTROL OF PARTIALLY
OBSERVED PATH-DEPENDENT STOCHASTIC SYSTEMS:

A CONTROL RANDOMIZATION APPROACH

BY ELENA BANDINI∗, ANDREA COSSO†, MARCO FUHRMAN‡,1 AND

HUYÊN PHAM§,¶

LUISS Roma∗, Politecnico di Milano†, Università di Milano‡,
Université Paris Diderot§ and CREST–ENSAE¶

We introduce a suitable backward stochastic differential equation
(BSDE) to represent the value of an optimal control problem with partial
observation for a controlled stochastic equation driven by Brownian motion.
Our model is general enough to include cases with latent factors in mathemat-
ical finance. By a standard reformulation based on the reference probability
method, it also includes the classical model where the observation process is
affected by a Brownian motion (even in presence of a correlated noise), a case
where a BSDE representation of the value was not available so far. This ap-
proach based on BSDEs allows for greater generality beyond the Markovian
case, in particular our model may include path-dependence in the coefficients
(both with respect to the state and the control), and does not require any
nondegeneracy condition on the controlled equation.

We use a randomization method, previously adopted only for cases of
full observation, and consisting in a first step, in replacing the control by an
exogenous process independent of the driving noise and in formulating an
auxiliary (“randomized”) control problem where optimization is performed
over changes of equivalent probability measures affecting the characteristics
of the exogenous process. Our first main result is to prove the equivalence
between the original partially observed control problem and the randomized
problem. In a second step, we prove that the latter can be associated by duality
to a BSDE, which then characterizes the value of the original problem as well.
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A NECESSARY AND SUFFICIENT CONDITION FOR EDGE
UNIVERSALITY AT THE LARGEST SINGULAR

VALUES OF COVARIANCE MATRICES

BY XIUCAI DING1 AND FAN YANG2

University of Toronto and University of Wisconsin–Madison

In this paper, we prove a necessary and sufficient condition for the edge
universality of sample covariance matrices with general population. We con-
sider sample covariance matrices of the form Q = T X(T X)∗, where X is an
M2 × N random matrix with Xij = N−1/2qij such that qij are i.i.d. random
variables with zero mean and unit variance, and T is an M1 × M2 determin-
istic matrix such that T ∗T is diagonal. We study the asymptotic behavior of
the largest eigenvalues of Q when M := min{M1,M2} and N tend to infin-
ity with limN→∞ N/M = d ∈ (0,∞). We prove that the Tracy–Widom law
holds for the largest eigenvalue of Q if and only if lims→∞ s4

P(|qij | ≥ s) =
0 under mild assumptions of T . The necessity and sufficiency of this condi-
tion for the edge universality was first proved for Wigner matrices by Lee and
Yin [Duke Math. J. 163 (2014) 117–173].
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[17] ERDŐS, L., KNOWLES, A., YAU, H.-T. and YIN, J. (2013). Spectral statistics of Erdős–Rényi
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TYPICAL DISTANCES IN THE DIRECTED
CONFIGURATION MODEL

BY PIM VAN DER HOORN1 AND MARIANA OLVERA-CRAVIOTO

Northeastern University, Boston and University of California, Berkeley

We analyze the distribution of the distance between two nodes, sampled
uniformly at random, in digraphs generated via the directed configuration
model, in the supercritical regime. Under the assumption that the covariance
between the in-degree and out-degree is finite, we show that the distance
grows logarithmically in the size of the graph. In contrast with the undirected
case, this can happen even when the variance of the degrees is infinite. The
main tool in the analysis is a new coupling between a breadth-first graph ex-
ploration process and a suitable branching process based on the Kantorovich–
Rubinstein metric. This coupling holds uniformly for a much larger number
of steps in the exploration process than existing ones, and is therefore of in-
dependent interest.

REFERENCES

ARRATIA, R. and LIGGETT, T. M. (2005). How likely is an i.i.d. degree sequence to be graphical?
Ann. Appl. Probab. 15 652–670. MR2114985

ATHREYA, K. B. and NEY, P. E. (2004). Branching Processes. Dover Publications, Mineola, NY.
MR2047480

BIGGINS, J. D. and BINGHAM, N. H. (1993). Large deviations in the supercritical branching pro-
cess. Adv. in Appl. Probab. 25 757–772. MR1241927

BOLDI, P., ROSA, M. and VIGNA, S. (2011). HyperANF: Approximating the neighbourhood func-
tion of very large graphs on a budget. In Proceedings of the 20th International Conference on
World Wide Web 625–634. ACM, New York.

BOLDI, P. and VIGNA, S. (2004). The webgraph framework I: Compression techniques. In Proceed-
ings of the 13th International Conference on World Wide Web 595–602. ACM, New York.

BOLDI, P. and VIGNA, S. (2013). In-core computation of geometric centralities with hyperball:
A hundred billion nodes and beyond. In Data Mining Workshops (ICDMW), 2013 IEEE 13th
International Conference on 621–628. IEEE, New York.

BOLLOBÁS, B. (1980). A probabilistic proof of an asymptotic formula for the number of labelled
regular graphs. European J. Combin. 1 311–316.

BOLLOBÁS, B. (2001). Random Graphs, 2nd ed. Cambridge Studies in Advanced Mathematics 73.
Cambridge Univ. Press, Cambridge. MR1864966

BRODER, A., KUMAR, R., MAGHOUL, F., RAGHAVAN, P., RAJAGOPALAN, S., STATA, R.,
TOMKINS, A. and WIENER, J. (2000). Graph structure in the web. Comput. Netw. 33 309–320.

CHEN, N., LITVAK, N. and OLVERA-CRAVIOTO, M. (2017). Generalized PageRank on directed
configuration networks. Random Structures Algorithms 51 237–274.

MSC2010 subject classifications. Primary 05C80; secondary 60B10.
Key words and phrases. Random digraphs, directed configuration model, typical distances,

branching processes, couplings, Kantorovich–Rubinstein distance.

http://www.imstat.org/aap/
https://doi.org/10.1214/17-AAP1342
http://www.imstat.org
http://www.ams.org/mathscinet-getitem?mr=2114985
http://www.ams.org/mathscinet-getitem?mr=2047480
http://www.ams.org/mathscinet-getitem?mr=1241927
http://www.ams.org/mathscinet-getitem?mr=1864966
http://www.ams.org/mathscinet/msc/msc2010.html


CHEN, N. and OLVERA-CRAVIOTO, M. (2013). Directed random graphs with given degree distri-
butions. Stoch. Syst. 3 147–186. MR3353470

CHEN, N. and OLVERA-CRAVIOTO, M. (2015). Efficient simulation for branching linear recursions.
In Proceedings of the 2015 Winter Simulation Conference 1–12.

COOPER, C. and FRIEZE, A. (2004). The size of the largest strongly connected component of a
random digraph with a given degree sequence. Combin. Probab. Comput. 13 319–337.

DEL BARRIO, E., GINÉ, E. and MATRÁN, C. (1999). Central limit theorems for the Wasserstein dis-
tance between the empirical and the true distributions. Ann. Probab. 27 1009–1071. MR1698999

DURRETT, R. (2010). Random Graph Dynamics, 1st ed. Cambridge Series in Statistical and Proba-
bilistic Mathematics. Cambridge Univ. Press, Cambridge.

GOH, K.-I., OH, E., KAHNG, B. and KIM, D. (2003). Betweenness centrality correlation in social
networks. Phys. Rev. E 67 017101.

GRANDELL, J. (1997). Mixed Poisson Processes. Springer, Berlin.
MILLER, J. C. (2009). Percolation and epidemics in random clustered networks. Phys. Rev. E (3) 80

020901, 4. MR2593889
NEWMAN, M. E. J. (2002). Spread of epidemic disease on networks. Phys. Rev. E (3) 66 016128,

11. MR1919737
NORROS, I., REITTU, H. et al. (2006). On a conditionally Poissonian graph process. Adv. in Appl.

Probab. 38 59–75.
PENROSE, M. D. (2016). The strong giant in a random digraph. J. Appl. Probab. 53 57–70.

MR3540780
SERGE DUBUC, M. (1971). La densité de la loi-limite d’un processus en cascade expansif. Probab.

Theory Related Fields 19 281–290.
TIMÁR, G., GOLTSEV, A., DOROGOVTSEV, S. and MENDES, J. (2017). Mapping the structure of

directed networks: Beyond the “bow-tie” diagram. Physics Review Letters 118.
VAN DER HOFSTAD, R. (2016). Random Graphs and Complex Networks 1. Cambridge Univ. Press,

Cambridge.
VAN DEN ESKER, H., VAN DER HOFSTAD, R. and HOOGHIEMSTRA, G. (2008). Universality for

the distance in finite variance random graphs. J. Stat. Phys. 133 169–202. MR2438903
VAN DEN ESKER, H., VAN DER HOFSTAD, R., HOOGHIEMSTRA, G. and ZNAMENSKI, D. (2005).

Distances in random graphs with infinite mean degrees. Extremes 8 111–141.
VAN DER HOFSTAD, R., HOOGHIEMSTRA, G. and VAN MIEGHEM, P. (2005). Distances in random

graphs with finite variance degrees. Random Structures Algorithms 27 76–123.
VAN DER HOFSTAD, R., HOOGHIEMSTRA, G. and ZNAMENSKI, D. (2007). Distances in random

graphs with finite mean and infinite variance degrees. Electron. J. Probab. 12 703–766.
VILLANI, C. (2008). Optimal Transport: Old and New 338. Springer Science & Business Media,

Berlin.
WORMALD, N. C. (1978). Some problems in the enumeration of labelled graphs Ph.D. thesis New-

castle Univ.

http://www.ams.org/mathscinet-getitem?mr=3353470
http://www.ams.org/mathscinet-getitem?mr=1698999
http://www.ams.org/mathscinet-getitem?mr=2593889
http://www.ams.org/mathscinet-getitem?mr=1919737
http://www.ams.org/mathscinet-getitem?mr=3540780
http://www.ams.org/mathscinet-getitem?mr=2438903


The Annals of Applied Probability
2018, Vol. 28, No. 3, 1793–1820
https://doi.org/10.1214/17-AAP1343
© Institute of Mathematical Statistics, 2018

ORDERED AND SIZE-BIASED FREQUENCIES IN GEM
AND GIBBS’ MODELS FOR SPECIES SAMPLING

BY JIM PITMAN AND YURI YAKUBOVICH

University of California, Berkeley and St. Petersburg University

We describe the distribution of frequencies ordered by sample values in a
random sample of size n from the two parameter GEM(α, θ) random discrete
distribution on the positive integers. These frequencies are a (size-α)-biased
random permutation of the sample frequencies in either ranked order, or in
the order of appearance of values in the sampling process. This generalizes a
well-known identity in distribution due to Donnelly and Tavaré [Adv. in Appl.
Probab. 18 (1986) 1–19] for α = 0 to the case 0 ≤ α < 1. This description
extends to sampling from Gibbs(α) frequencies obtained by suitable condi-
tioning of the GEM(α, θ) model, and yields a value-ordered version of the
Chinese restaurant construction of GEM(α, θ) and Gibbs(α) frequencies in
the more usual size-biased order of their appearance. The proofs are based
on a general construction of a finite sample (X1, . . . ,Xn) from any random
frequencies in size-biased order from the associated exchangeable random
partition �∞ of N which they generate.
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LARGE DEVIATIONS THEORY FOR MARKOV JUMP MODELS
OF CHEMICAL REACTION NETWORKS

BY ANDREA AGAZZI∗,†,1,2, AMIR DEMBO∗,3 AND

JEAN-PIERRE ECKMANN†,1

Stanford University∗ and University of Geneva†

We prove a sample path Large Deviation Principle (LDP) for a class
of jump processes whose rates are not uniformly Lipschitz continuous in
phase space. Building on it, we further establish the corresponding Wentzell–
Freidlin (W-F) (infinite time horizon) asymptotic theory. These results apply
to jump Markov processes that model the dynamics of chemical reaction net-
works under mass action kinetics, on a microscopic scale. We provide natural
sufficient topological conditions for the applicability of our LDP and W-F
results. This then justifies the computation of nonequilibrium potential and
exponential transition time estimates between different attractors in the large
volume limit, for systems that are beyond the reach of standard chemical re-
action network theory.
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MULTIPLE-PRIORS OPTIMAL INVESTMENT IN DISCRETE TIME
FOR UNBOUNDED UTILITY FUNCTION

BY ROMAIN BLANCHARD∗ AND LAURENCE CARASSUS†,∗,1

Université Reims Champagne-Ardenne∗ and
Léonard de Vinci Pôle Universitaire Research Center†

This paper investigates the problem of maximizing expected terminal
utility in a discrete-time financial market model with a finite horizon under
nondominated model uncertainty. We use a dynamic programming frame-
work together with measurable selection arguments to prove that under mild
integrability conditions, an optimal portfolio exists for an unbounded utility
function defined on the half-real line.
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In recent years there has been a growing interest in the study of the dy-
namics of stochastic populations. A key question in population biology is to
understand the conditions under which populations coexist or go extinct. The-
oretical and empirical studies have shown that coexistence can be facilitated
or negated by both biotic interactions and environmental fluctuations. We
study the dynamics of n populations that live in a stochastic environment and
which can interact nonlinearly (through competition for resources, predator–
prey behavior, etc.). Our models are described by n-dimensional Kolmogorov
systems with white noise (stochastic differential equations—SDE). We give
sharp conditions under which the populations converge exponentially fast to
their unique stationary distribution as well as conditions under which some
populations go extinct exponentially fast.

The analysis is done by a careful study of the properties of the invariant
measures of the process that are supported on the boundary of the domain. To
our knowledge this is one of the first general results describing the asymptotic
behavior of stochastic Kolmogorov systems in non-compact domains.

We are able to fully describe the properties of many of the SDE that appear
in the literature. In particular, we extend results on two dimensional Lotka-
Volterra models, two dimensional predator–prey models, n dimensional sim-
ple food chains, and two predator and one prey models. We also show how
one can use our methods to classify the dynamics of any two-dimensional
stochastic Kolmogorov system satisfying some mild assumptions.
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The initial-boundary value problem for the heat equation is solved by
using an algorithm based on a random walk on heat balls. Even if it repre-
sents a sophisticated generalization of the Walk on Spheres (WOS) algorithm
introduced to solve the Dirichlet problem for Laplace’s equation, its imple-
mentation is rather easy. The construction of this algorithm can be considered
as a natural consequence of previous works the authors completed on the hit-
ting time approximation for Bessel processes and Brownian motion [Ann.
Appl. Probab. 23 (2013) 2259–2289, Math. Comput. Simulation 135 (2017)
28–38, Bernoulli 23 (2017) 3744–3771]. A similar procedure was introduced
previously in the paper [Random Processes for Classical Equations of Math-
ematical Physics (1989) Kluwer Academic].

The definition of the random walk is based on a particular mean value
formula for the heat equation. We present here a probabilistic view of this
formula.

The aim of the paper is to prove convergence results for this algorithm and
to illustrate them by numerical examples. These examples permit to empha-
size the efficiency and accuracy of the algorithm.
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