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Mini-courses

Shankar Bhamidi (University of North Carolina)

Title: Probabilistic foundations of dynamic network models
Abstract: The main goal of this series of lectures is to describe three
main directions in the rigorous study of networks that evolve and
change over time.
Lecture 1: In the first Lecture we will describe how a large class of
evolving networks are connected to a major class of Markov processes
originating in the area of colloidal chemistry called the multiplicative
coalescent and how one can use this insight to develop a general pro-
gram to understand the metric structure of large components in the
so-called critical regime when the systems transition from a small col-
lection of disconnected clusters to the emergence of the giant compo-
nent.
Lecture 2: In the second lecture we will discuss growing network mod-
els wherein vertices enter the system and connect to the existing struc-
ture according to some domain dependent probabilistic rule. We will
describe the general theory of emergence of the so-called stable age
distribution for such models discovered by Jagers, Nerman and Aldous
and then describe how models that at first sight seem far from such
models still seem to fall in the “basin of attraction” in the large network
limit owing to the stabilization of various driving functionals.
Lecture 3: The final lecture will be much more speculative with the
main goal of describing open vistas in the area of co-evolving networks
wherein dynamics such as random walk explorations or node valent dy-
namical systems driven by the underlying network structure influence
the structure of the network which in turn influences the corresponding
dynamics.

Cristian Giardinà (Università degli Studi di Modena e Reggio Emilia)
Title: Ising and Potts Models on Random Graphs
Abstract: The Potts model, a generalization of the Ising model, is a
cornerstone in the study of ferromagnetism and cooperative phenom-
ena. Traditionally, the Potts model has been studied on regular lat-
tices (such as Zd), where it serves as a key example for understanding
phase transitions. In these lectures, we explore the Potts model on ran-
dom graphs, an emerging area of interest due to its broad applications.
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This approach introduces unique challenges, including the impact of
randomness on results observed in clean systems. Key questions in-
clude: How do random graphs affect the phase transitions observed in
classical models? What distinguishes quenched from annealed averag-
ing? Are the novel phenomena induced by inhomogeneities dependent
on the specific structure of the random graph, or do they exhibit uni-
versal characteristics? We aim to address these questions while also
highlighting unresolved issues.
The outline of the mini-course will be as follows:
Annealed Ising Model on Random Graphs: Exploring second-order
phase transitions, critical temperatures, and exponents for generalized
random graphs and the configuration model. Annealed Potts Model on
Rank-1 Inhomogeneous Random Graphs: Examining first-order phase
transitions, critical temperatures, and the smoothing of phase transi-
tions in power-law distributions. Fluctuations: Analysis of fluctuations
(standard and non-standard CLT, large deviations) in both annealed
and quenched settings. These lectures summarize findings from a series
of papers co-authored with H. Can, S. Dommers, C. Giberti, R. van
der Hofstad, G. Jansen, N. Maitra, and M.L. Proriello.

Andrea Montanari (Standford University)

Title: High-dimensional analysis of algorithms for learning, optimiza-
tion, and sampling
Abstract: In high-dimensional statistics and machine learning, data
often takes the form of a large random matrix X, with dimensions
n×d. Most algorithms for optimization and statistical estimation pro-
ceed by constructing a sequence of vectors of dimensions n or d, and
access the matrix X uniquely via matrix-vector multiplication. A new
vector in the sequence is computed by multiplying X times a previous
vector in the sequence and applying some non-linear X-independent
function to these vectors. I will describe the general asymptotic the-
ory of these algorithms, and discuss a number of applications across
machine learning, statistics, and statistical physics.

Long Talks

Alessandra Bianchi (Università di Padova)

Title: Mixing cutoff for random walks on directed inhomogeneous ran-
dom graphs
Abstract: In this talk, we will analyze the convergence to equilibrium
of a simple random walk on directed inhomogeneous random graphs
under specific network conditions. The first part of the talk will focus
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on the Chung-Lu directed graph, a generalization of the Erdős–Rényi
random digraph that incorporates edges independently and according
to prescribed Bernoulli laws. Assuming the average degree grows loga-
rithmically with the graph size n (weakly sparse regime), we establish
the occurrence of a cutoff phenomenon at the entropic timescale T ∗

of order log(n)/ log log(n) and precisely characterize the cutoff profile
within a specific window. The second part of the talk will address a
variant of this graph model that includes community structure. We
will show that, depending on the parameter α, which which governs
the strength of inter-community interactions, the dynamics exhibits a
mixing trichotomy:

• in the subcritical regime (high values of α) the dynamics dis-
plays cutoff at timescale T ∗;

• in the supercritical regime (small values of α), after an abrupt
jump at timescale T ∗, the distance to equilibrium decays smoothly
at an exponential rate on the timescale 1/α;

• at criticality (1/α T ∗), an intermediate behavior emerges.

Joint work with G. Passuello and M. Quattropani.

Francesca Collet (Università di Verona)

Title: Limit theorems for the edge density of the edge-triangle model
Abstract: Exponential Random Graphs can be viewed as a general-
ization of the classical Erdős-Rényi random graph. They are defined
through a tilted probability measure that includes external parame-
ters and weights the densities of specific finite subgraphs. We will
focus on the edge-triangle model, a two-parameter family of exponen-
tial random graphs where the dependence between edges is introduced
through the triangle density. We will characterize the limiting behavior
of the edge density for all parameters within the so-called replica sym-
metric regime, where a complete analysis of the model phase diagram
is possible. First, we will determine the asymptotic distribution of this
edge density as the graph size tends to infinity in various phases. Next,
we will examine the fluctuations of the edge density around its average
value off the critical curve and propose conjectures about its behavior
at criticality based on the analysis of a mean-field approximation of
the model. This talk is based on a joint work with Alessandra Bianchi
and Elena Magnanini.
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Elena Magnanini (Weierstrass Institute)

Title: Gelation in a spatial coagulation process
Abstract: We study a coagulation particle system (the spatial Marcus-
Lushnikov process) in which pairs of particles merge into a single parti-
cle after independent exponential waiting times. Each particle is char-
acterized by a mass and a position, and when two particles merge, the
resulting particle has a mass equal to the sum of the masses of the merg-
ing pair. The coagulation is governed by a kernel, a positive symmetric
function of the interacting particles. Depending on the coagulation ker-
nel, a gelation phase transition might occur in finite time, that is, the
emergence of large particles (gel) with macroscopic total mass. We
derive sufficient conditions for gelation, extending and, in some cases,
refining the results known for the classical Marcus-Lushnikov process.
In certain special cases, the coagulation process can be coupled with
an inhomogeneous random graph, which allows us to establish an up-
per bound on the gelation time in terms of the critical parameter that
determines the emergence of a giant component in the graph. We com-
plete our analysis by studying the hydrodynamic limit; specifically, we
show that the suitably rescaled process converges in probability to the
solution of a spatial Flory equation. Joint work with L. Andreis and
T. Iyer.

Noela Müller (Eindhoven University of Technology)

Title: The number of random 2-SAT solutions is asymptotically log-
normal
Abstract: We show that throughout the satisfiable phase, the log-
arithm of the number of satisfying assignments of a random 2-SAT
formula satisfies a central limit theorem. This implies that the log of
the number of satisfying assignments exhibits fluctuations of the order
of the square root of the number of variables. The formula for the
variance can be evaluated effectively. By contrast, for numerous other
random constraint satisfaction problems the typical fluctuations of the
logarithm of the number of solutions are bounded throughout all or
most of the satisfiable regime. This is joint work with Arnab Chatter-
jee, Amin Coja-Oghlan, Connor Riddlesden, Maurice Rolvien, Pavel
Zakharov and Haodong Zhu.
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Elena Pulvirenti (TU Delft)

Title: Metastability for the Curie-Weiss-Potts model with unbounded
random interactions
Abstract: I will first introduce the model, i.e. a disordered version
of the mean-field q-spin Potts model (CWP), where the interaction
coefficients between spins are general independent random variables.
These random variables are chosen to have fixed mean (for simplicity
taken to be 1), well defined log-moment generating function and finite
variance. I will then present quantitative estimates of metastability in
the regime of large number of particles at fixed temperature, when the
system evolves according to a Glauber dynamics. This means that the
spin configuration is viewed as a Markov chain where spins flip accord-
ing to Metropolis rates at a fixed inverse temperature. Our main result
identifies conditions ensuring that, with high probability, the system
behaves like the corresponding system where the random couplings are
replaced by their averages. More precisely, we prove that the metasta-
bility of the former system is implied with high probability by the
metastability of the latter. Moreover, we consider relevant metastable
hitting times of the two systems and find the asymptotic tail behaviour
and the moments of their ratio. Our proofs use the potential-theoretic
approach to metastability in combination with concentration inequal-
ities. Based on a joint work in collaboration with Johan Dubbeldam,
Vicente Lenz and Martin Slowik.

Wioletta Ruszel (Utrecht University)

Title: Nonlocal perimeter for the bi-axial long-range Ising model
Abstract: In this talk we will present some recent results on the bi-
axial long-range Ising model. The bi-axial long-range Ising model is
a special case of a large class of Ising models with long range order.
This model has interesting properties as for example the existence of
Dobrushin interfaces. Other interesting properties for nonlocal models
are for example to study critical shapes via isoperimetric inequalities.
We will give a definition of such a nonlocal perimeter and prove under
which conditions the optimal shape in a two-dimensional model is a
square versus a rectangle. This is based on joint work with V. Jacquier
(UU) and C. Spitoni (UU).

Mei Yin (University of Denver)

Title: Cycle structure of random parking functions
Abstract: Parking functions are combinatorial objects that lie be-
tween permutations and mappings. We study the structure of cycles
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in the digraph representation of uniformly random parking functions.
This has been a challenging research topic, as random parking functions
do not satisfy nice exchangeability properties like random permutations
and random mappings do.

Irene Ayuso Ventura (Durham University)

Title: “Influencers” on the Ising model on a random tree
Abstract: We study the effect of randomly introducing ”+ influencers”-
vertices that favor the + spin-into the Ising model on a Galton-Watson
tree. This is equivalent to considering an inhomogeneous random exter-
nal field given by Bernoulli random variables. This model is motivated
by the study of the Ising model on tree-like random graphs, which can
serve as a framework for understanding cooperative behaviour in social
networks. In joint work with Quentin Berger (Sorbonne Nord), we es-
tablish necessary and sufficient conditions for a phase transition in this
setting. Our proof relies on both a beautiful tree-pruning technique
and non-linear conductances on trees.

Short Talks

Yatin Dandi (EPFL)

Title: Sequential Dynamics in Ising Spin Glasses
Abstract: We present the first exact asymptotic characterization of
sequential dynamics for a broad class of local update algorithms on
the Sherrington-Kirkpatrick (SK) model. Focusing on dynamics im-
plemented via systematic scan, encompassing Glauber updates at any
temperature, we analyze the regime where the number of spin updates
scales linearly with system size. Our main result provides a descrip-
tion of the spin-field trajectories as the unique solution to a system of
integro-difference equations derived via Dynamical Mean Field Theory
(DMFT) applied to a novel block approximation. This framework cap-
tures the time evolution of macroscopic observables such as energy and
overlap, and remains numerically tractable. Our equations serve as a
discrete-spin sequential-update analogue of the celebrated Cugliandolo-
Kurchan equations for spherical spin glasses, resolving a long-standing
gap in the theory of Ising spin glass dynamics. Beyond their intrin-
sic theoretical interest, our results establish a foundation for analyzing
a wide variety of asynchronous dynamics on the hypercube and offer
new avenues for studying algorithmic limitations of local heuristics in
disordered systems.
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Pierfrancesco Dionigi (Alfréd Rényi Institute of Mathematics)

Title: Probability graphons: from graph limits to large deviations
Abstract: We present a new LDP for dense weighted graphs and
multiplex networks. In particular, we extend the celebrated LDP for
graphons by Chatterjee-Varadan to the case of probability graphons.
We will expose the principal technicalities and the ingredients we need
from the probability graphon topology in order to ensure that an LDP
exist, and how to build a rate function that can capture it. Joint work
with Giulio Zucal.

Maddalena Donà (University of Groningen)

Title: The real-time growth rate of stochastic epidemics on random
intersection graphs
Abstract: In this talk we examine the growth rate of SIR (Susceptible
Infectious-Recovered) epidemics with general infectious period distri-
bution on random intersection graphs. This type of graph is char-
acterized by the presence of cliques (fully connected subgraphs). We
study epidemics on random intersection graphs with a mixed Pois-
son degree distribution and show that in the limit of large population
sizes the number of infected individuals grows exponentially during
the early phase of the epidemic, as is generally the case for epidemics
on asymptotically unclustered networks. The Malthusian parameter is
shown to satisfy a variant of the classical Euler-Lotka equation. To
obtain these results we construct a coupling of the epidemic process
and a continuous-time multitype branching process, where the type
of an individual is (essentially) given by the length of its infectious
period. Asymptotic results are then obtained via an embedded single-
type Crump-Mode-Jagers branching process. Based on joint work with
Dr. Carolina Fransson.

Rafael Engels (University of Augsburg)

Title: Large degree vertices in random directed acyclic graphs
Abstract: This talk explores the structure of large degree vertices in
random recursive directed acyclic graphs, a model that generalizes the
well-known random recursive tree. Using ideas inspired by Kingman’s
coalescent, we explore how certain vertex properties - such as degree,
depth, and label - behave when the graph becomes large. In particu-
lar, we look at the typical behavior of vertices with large degrees and
describe how these vertices are distributed and positioned in the graph.
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Martijn Gösgens (CWI)

Title: Geometry hinders the formation of consensus in asynchronous
majority dynamics
Abstract: We investigate a model of opinion dynamics where vertices
asynchronously announce opinions based on their private opinion and
on the previously announced opinions of their neighbors. Our focus is
on understanding how the structure of the underlying graph influences
the likelihood of reaching consensus on the true opinion. Previous
work proved that for sufficiently sparse, connected expander graphs,
this process terminates in consensus on the true opinion with high
probability. In this work, we show that when the underlying graph has
geometric structure, the process is likely to terminate in disconsensus.
Specifically, we prove that for a one-dimensional Random Geometric
Graph (RGG) of n vertices with expected degree o(sqrt(n)), the process
ends in disconsensus with high probability. Numerical experiments
indicate that this phenomenon persists in higher-dimensional RGGs.
Instead of a global consensus, we observe that the geometry leads to
local consensuses. For dense RGGs, we prove that the process has a
non-vanishing probability of ending in consensus on the false opinion.

Giacomo Passuello (Università di Padova)

Title: Mixing trichotomy for random walks on directed stochastic
block models
Abstract: We consider a directed random graph featuring a commu-
nity structure, defined through Erdős–Rényi digraphs and a rewiring
procedure. We study the mixing behaviour of the simple random walk
on this environment, in a parameter region where the graph is strongly
connected with high probability. As the size n of the graph grows, this
model exhibits, with high probability, a mixing trichotomy, depend-
ing on the strength of connectivity among communities: we identify
a subcritical regime, in which cutoff occurs at the entropic time log
n/ log log n; a supercritical regime, where the distance to equilibrium
has a partial abrupt decay at the entropic time, followed by an expo-
nential relaxation at a larger timescale; a critical regime, with mixed
behaviour. We provide a characterization in terms of limit profiles,
which enriches the analysis performed in the reversible setting. Joint
work with Alessandra Bianchi and Matteo Quattropani.
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Sara Terveer (LMU Munich)

Title: Spectral properties of the stochastic block model and their ap-
plication to expected hitting times of random walks
Abstract: Random walks are a powerful tool to analyze properties of
random graphs; hitting times are one of many characterizing quanti-
ties in this context. Recently, several results on asymptotics for hitting
times on the Erdős–Rényi model have been obtained using different ap-
proaches. As a generalization of this model, the stochastic block model
is a natural choice. We will discuss the extension of the tools devel-
oped for the Erdős–Rényi model to the stochastic block model, with a
focus on an approach using spectral properties of the (symmetrically
normalized) adjacency matrix. Joint work with Matthias Löwe.

Giulio Zucal (Max Planck Institute of Cell Biology and Genetics)

Title: Probability graphons and P-variables: limits of dense weighted
graphs and multiplex networks sequences
Abstract: Graph limit theory studies the convergence of sequences of
graphs as the number of vertices grows, providing an effective frame-
work for representing large networks. In this talk, I will give a brief in-
troduction to graph limits and report on recent extensions to weighted
graphs and multiplex networks. In particular, I will develop the theory
of probability graphons, focusing on the right convergence viewpoint,
and the equivalent notion of P-variables convergence. The relation be-
tween probability graphons and P-variables is analogous to the relation
between probability measures and random variables. I will also explain
how these notions can be generalised to hypergraph limits and how they
relate to many other areas of mathematics, statistics and applications.


