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Option market making with hedging-induced market
impact

Paulin Aubert
LaMME, Université Paris-Saclay, UEVE, Exiom Partners

In this work, we study a market making problem in the options market formu-
lated as an impulse control problem. We suppose that a market maker is mandated
to provide liquidity on an option backed by an underlying asset whose order book is
observed. This problem requires the modeling of two distinct markets: that of the
underlying and that of the options. The underlying market is represented by mod-
eling the mid-price and the spread, both of which are impacted by the consumption
of the order book. In addition to exogenous orders, the market for the underlying
asset is impacted by the market maker adjusting his hedge. In the options market,
the market maker sets the bid and ask prices, and the market reacts accordingly.
The intensities of selling and buying orders arrivals for options are assumed to be
governed by functions A’ and A%, which depend on the market maker’s bid and ask,
as well as on the time and value of the underlying’s mid-price. The market maker’s
objective is to maximize his total gain at maturity by providing liquidity in the
options market and hedging his options position. To achieve this, he has to solve
a mixed stochastic control problem: the option quotation results from a regular
control problem, and the hedging strategy from an impulse control problem. We
present the problem and discuss the assumptions made. We develop a numerical
method using a neural network to learn the optimal strategy. The neural network
is trained via a model-based, reinforcement-type procedure. Finally, we present
the numerical results obtained.

This is a joint work with Etienne Chevalier and Vathana Ly Vath.
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Optimal annuitization time under piecewise deterministic
mortality force

Matteo Buttarazzi

University of Rome la Sapienza

Purchasing an annuity is one of the most significant financial choices individu-
als can make for retirement. This decision marks the point where retirees convert
their savings into a steady, guaranteed income stream for life, prioritizing long-term
financial stability over the potential growth of other investments. The uncertainty
surrounding lifespan complicates this choice, as individuals must consider how to
ensure their resources last throughout their lifetime. We explore the optimal timing
for an individual to purchase an annuity while facing two sources of uncertainty:
fluctuations in financial markets and the random evolution of his survival proba-
bility. We consider an individual whose retirement wealth is invested in a financial
fund and who may choose a random time to irreversibly convert the entire wealth
into an immediate lifetime annuity. The indi- vidual?s mortality force evolves
according to a piecewise deterministic Markov process, where the mortality risk re-
mains constant between random jump times, with the size of each jump governed
by a probability distribution. Coupled with financial market fluctuations, this in-
troduces a complex decision-making environment where the retiree must determine
the best time to convert his wealth into an annuity. The problem is initially formu-
lated as a three-dimensional continuous-time optimal stopping problem. However,
by exploiting the particular structure of the piecewise deterministic Markov process,
we are able to reduce its complexity. Specifically, we transform it into a sequence of
nested one-dimensional optimal stopping problems. This transformation simplifies
the mathematical analysis and enables us to derive explicit solutions. The solution
to the problem hinges on analyzing two key regions: the continuation region, where
the individual chooses to keep his wealth invested in the financial fund, and the
stopping region, where he opts to purchase the annuity. The boundary between
these regions is critical in determining the optimal timing of the annuity purchase.
Finally, we provide a numerical analysis in the special case where the mortality
force experiences a single jump at a random time. This scenario gives insights into
the financial consequences of sudden changes in mortality risk.

This is a joint work with Gabriele Stabile and Tiziano De Angelis.
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Help others, preserve yourself! An overlapping-generation
model on altruism and environmental preservation

Alessia Cafferata
University of Pisa

We present an OLG model in which individuals exhibit different levels of con-
cern for the future environment. Building on Mariani et al. (2010), we extend
their framework to account for varying degrees of household altruism. Agents dif-
fer in how they value their consumption relative to environmental preservation.
In our reference model, individuals assign the same weight to the future environ-
ment (green preferences). The parameter capturing these preferences is exogenous
and homogeneous. Our first contribution is to endogenize this parameter, allow-
ing agents to switch between different levels of altruism/pessimism regarding the
environment, following a mechanism similar that recalls a discrete choice approach
with asynchronous updating. The resulting 2D piecewise map jointly determines
the dynamics of life expectancy and environmental quality. Agents invest in envi-
ronmental care based on their expected lifespan, which is influenced by the average
desired level of environmental care. Our preliminary results are consistent with
empirical evidence linking life expectancy to varying environmental performance.

A stochastic Gordon-Loeb model for optimal security
investment under clustered cyberattacks

Giorgia Callegaro

Universita di Padova

We develop a continuous-time stochastic model for optimal investment in infor-
mation security under the threat of cyberattacks. The arrival of attacks is modeled
using a Hawkes process, capturing the empirically relevant feature of clustering in
cyberattacks. Extending the Gordon-Loeb framework, each attack may lead to a
system breach, with the probability of breach depending on the system’s vulnera-
bility. We aim at determining the optimal investment in cybersecurity to reduce
the system’s vulnerability. The problem is cast as a two-dimensional Markovian
stochastic control problem and solved via dynamic programming techniques. We
perform a numerical analysis of the value function and the associated optimal
investment policy, highlighting how attack clustering influences strategic decision-
making in cybersecurity risk management.
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ALM for a bank under liquidity risk

Lucie-Marie Boschian Campaner
LaMME, Université Paris-Saclay and BPCFE

This work addresses the problem of determining an optimal control strategy
for the capital structure, dividend, and investment policy of a bank operating
under solvency and liquidity constraints. We assume that the bank?”s liabilities
consist of both clients’ deposits and shareholders’ equity. Customers? deposits
are modeled as involving a Hawkes process, taking therefore into account funding
liquidity risk, or more precisely, the risk of a bank run. The bank manager may
invest in either risky or risk-free assets. Investments in the risky asset are subject
to liquidity delays, and represented by a delayed impulse control. The objective
of the manager is to optimize the bank shareholders’ value, i.e., the cumulative
dividend distributed over the bank’s lifetime, while controlling its solvency and
liquidity risk. The bank manager may seek issuance of new capital should the
bank face financial difficulties. We formulate this problem as a combined delayed
multidimensional impulse and singular control problem. An intermediary value
function will be introduced to properly assess our stochastic control problem with
delay. We will characterize our value function using a viscosity approach, and we
will also present some analytical properties and numerical results.
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Optimal Self-Protection via BSDEs for risk models with
jump clusters

Claudia Ceci

University of Rome Sapienza

We investigate the optimal self-protection problem, from the point of view of
an insurance buyer, when the loss process is described by a Cox-shot-noise process
and a Hawkes process with an exponential memory kernel. The insurance buyer
chooses both the percentage of insured losses and the prevention effort. The latter
term refers to actions aimed at reducing the frequency of the claim arrivals. The
problem consists in maximizing the expected exponential utility of terminal wealth,
in presence of a terminal reimbursement. We show that this problem can be for-
mulated in terms of a suitable backward stochastic differential equation (BSDE),
for which we prove existence and uniqueness of the solution. We extend in several
directions the results obtained by Bensalem, Santibanez and Kazi-Tani [Finance
and Stochastics, 2023] and compare our results with those presented therein.

The talk is based on a joint paper with M.Brachetta, G.Callegaro and C.Sgarra.

Data-driven Heath-Jarrow-Morton models
Christa Cuchiero

University of Vienna

We develop a data-driven version of Heath-Jarrow-Morton models in the context
of interest rate modeling. We consider models driven by linear functionals of the
yield curve, such as a vector of representative forward rates, possibly augmented
by a set of economic factors, whose characteristics can be easily estimated from
market data. We then parametrize the volatility function via neural networks,
thus considering the framework of neural SPDEs. Their parameters are learned by
calibrating the model to past market yield curves. This results in a data-driven
arbitrage-free generation/prediction of yield curves. Our setup also allows for the
possibility of expected jumps, a key feature in interest rate markets, which can
arise due to monetary policy decisions. We illustrate our deep learning procedure
by reconstructing and forecasting the Euro area yield curves.
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Stochastic control for time-changed Brownian dynamics via
change of variable formulae

Giulia Di Nunno

University of Oslo

We derive novel change of variable formulae for stochastic integrals w.r.t. a
time-changed Brownian motion where we assume that the time-change is a general
increasing stochastic process with finitely many jumps in a bounded set of the
positive half-line and is independent of the Brownian motion. These results are
crucial in the study of optimal stochastic control in a semimartingale setting, where
the semimartingale is written in terms of a time-changed Brownian motion and a
finite variation process. Our techiques include the use of an initial enlargement of
filtrations. Optimal strategies are derived for power and logarithmic utilities.

Semi-static variance-optimal hedging with self-exciting
jumps

Paolo Di Tella
TU Dresden

In this talk, we study a quadratic hedging problem in an affine Heston model
with self-exiting jumps of Hawkes type. The hedging problem is set up for a
variance swap and the strategies we consider are of semi-static type, that is, they
consist of a dynamic part, based on the stock and continuously rebalanced, and
of a static part, that is buy-and-hold positions in a given basket of European
options. Semi-static strategies have the advantage that they reduce the hedging
error in comparison to purely dynamic strategies. The model we present is new and
combines features of continuous stochastic volatility models and of models with self-
exciting jumps in the affine framework. Our results are based on Fourier methods
and therefore the affine structure plays a central role for the set-up of the semi-
static variance optimal strategy. In particular, we study the Laplace transform of
our model and obtain semi-explicit expressions for the hedging strategy.

This is a joint work with Giorgia Callegaro, Beatrice Ongarato and Carlo Sgarra.
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Optimal harvesting under uncertain environment with
clusters of catastrophes

M’hamed Gaigi
TU Dresden

The fishery industry is facing increasing challenges in the exploitation of ma-
rine resources. Marine resources are classic examples of common-property resources
subject to fundamental problems of economic waste and over-exploitation, which
may lead to resource destruction, including extinction. The past decades have
highlighted the relevance of ecological catastrophes, such as the fate of the cod
population in the Northwest Atlantic. These events do not occur with a constant
frequency, but are clustered over time. Our objective is to study a harvesting
management problem under the assumption that unexpected ecological disasters
may occur in clusters. We model this clustering phenomenon using marked Hawkes
processes. We characterize our value function as the unique solution to a Hamilton-
Jacobi-Bellman inequality. We describe the optimal harvesting strategy by identi-
fying the harvesting and non-harvesting regions. Our results are counterintuitive,
challenging the generally accepted belief that, when facing an increasing risk of dec-
imation due to disasters, the optimal harvesting policy should lead to a reduction
in harvesting activity. These findings offer valuable insights into the fragile nature
of fish resources, potentially explaining the collapse of fisheries in the Northwest
Atlantic. Governments and international authorities must take action against the
causes of such disasters, such as pollution and the overexploitation of marine re-
sources, in order to reduce the risk of further decimation and to better assess and
address the true cost of marine resource extinction. We further enrich our study
with numerical analysis, providing additional insights into the optimal harvesting
policy.
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Optimal Execution with Liquidity Uncertainty
Yadh Hafsi

Université Paris Saclay

We study an optimal execution strategy for purchasing a large block of shares over
a fixed time horizon. The execution problem is subject to a general price im-
pact that gradually dissipates due to market resilience. This resilience is modeled
through a potentially arbitrary limit-order book shape. To account for liquidity
dynamics, we introduce a stochastic volume effect governing the recovery of the
deviation process, which represents the difference between the impacted and unaf-
fected price. Additionally, we incorporate stochastic liquidity variations through a
regime-switching Markov chain to capture abrupt shifts in market conditions. The
problem is formulated as a singular control problem, where the trader optimally
determines the timing and intensity of purchases to minimize execution costs. The
associated value function to this optimization problem is shown to satisfy a system
of variational Hamilton-Jacobi-Bellman inequalities. Moreover, we establish that
it is the unique viscosity solution to this system and prove the connectedness of
the free boundary separating the exercise and continuation regions. To illustrate
our results, we present numerical examples under different limit-order book config-
urations, highlighting the interplay between price impact, resilience dynamics, and
stochastic liquidity regimes in shaping the optimal execution strategy.
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On the sensitivity of Tail Conditional Expectation and
other risk measures with respect to small changes in large
portfolios.

Friedrich Hubalek
Vienna University of Technology

A first asymptotic analysis of the effects of small changes on the computation of
some risk measures is conected to expansions related to the central limit theorem.
In particular we can use the classical Cornish-Fisher expansion for Value-at-Risk.
This motivates a new generalization for Expected Shortfall, and possibly, to other
coherent measures of risk. Our main results apply to losses from the domain of
attraction of the normal distribution. We also discuss the problem for non-Gaussian
stable distributions, when results look different and depend on the index of stability.
The question was originally motivated by recent jurisdiction of the Supreme Court
of Justice in Austria and an ongoing discussion in the German actuarial community.
Joint work with Stefan Gerhold (TU Wien).

Shape and dynamics of the term structure in multi-factor
interest rate models

Martin Keller-Ressel
TU Dresden

We examine the shapes attainable by the forward- and yield-curve in several
multi-factor interest rate models, in particular in the two-factor Vasicek model
and the Svensson family of models. We provide a complete classification of all
attainable shapes and partition the parameter space of each family according to
these shapes. Building upon these results, we then examine the consistent dynamic
evolution of the Svensson family under absence of arbitrage. Our analysis shows
that consistent dynamics restrict the set of attainable shapes, and we demonstrate
that certain complex shapes can no longer appear after a deterministic time horizon.
As mathematical tools, the theory of total positivity and envelopes of plane curves
are employed.

The talk is based on joint work with Felix Sachse.
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Solving non-Markovian stochastic control problems driven
by Wiener functionals

Alberto Ohashi

Universidade de Brasilia

In this talk, we will present a general methodology for stochastic control prob-
lems driven by the Brownian motion filtration including non-Markovian and non-
semimartingale state processes controlled by mutually singular measures. The gen-
eral convergence of the method is established under rather weak conditions for
distinct types of non-Markovian and non-semimartingale states. Explicit rates of
convergence are provided in case the control acts only on the drift component of
the controlled system. Near-closed/open-loop optimal controls are fully character-
ized by a dynamic programming algorithm and they are classified according 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.
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Opinion dynamics in communities with major influencers
and implicit social influence via mean-field approximation

Dylan Possamai
ETH Ziirich

In this talk, we provide a general approach to reformulating any continuous-time
stochastic Stackelberg differential game under closed-loop strategies as a single-
level optimisation problem with target constraints. More precisely, we consider a
Stackelberg game in which the leader and the follower can both control the drift
and the volatility of a stochastic output process, in order to maximise their re-
spective expected utility. The aim is to characterise the Stackelberg equilibrium
when the players adopt “closed-loop strategies”, i.e. their decisions are based solely
on the historical information of the output process, excluding especially any direct
dependence on the underlying driving noise, often unobservable in real-world appli-
cations. We first show that, by considering the-second-order-backward stochastic
differential equation associated with the continuation utility of the follower as a
controlled state variable for the leader, the latter’s unconventional optimisation
problem can be reformulated as a more standard stochastic control problem with
stochastic target constraints. Thereafter, adapting the methodology developed by
Soner and Touzi or Bouchard, Elie, and Imbert, the optimal strategies, as well
as the corresponding value of the Stackelberg equilibrium, can be characterised
through the solution of a well-specified system of Hamilton-Jacobi-Bellman equa-
tions. For a more comprehensive insight, we illustrate our approach through a
simple example, facilitating both theoretical and numerical detailed comparisons
with the solutions under different information structures studied in the literature.
This is a joint work with Camilo Herndndez, Nicolas Hernandez Santibanez, and
Emma Hubert.
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Polynomial Volterra processes

Sergio Pulido
ENSIIE / LaMME Evry

Recent studies have extended the theory of affine processes to the stochastic
Volterra equations framework. In this talk, I will describe how the theory of poly-
nomial processes extends to the Volterra setting. In particular, I will explain the
moment formula and an interesting stochastic invariance result in this context. Po-
tential applications to fractional volatility models will be discussed.

This is joint work with Eduardo Abi Jaber, Christa Cuchiero, Luca Pelizzari and
Sara Svaluto-Ferro.

Long-time Propagation of Chaos

Zhenjie Ren
University Fvry Paris-Saclay

Motivated by sampling problems arising in neural network training, we inves-
tigate the long-time propagation of chaos for the Mean-Field Langevin dynamics.
Leveraging the convexity of the free energy, we establish uniform-in-time propaga-
tion of chaos for these dynamics. More recently, we have made progress in deter-
mining the sharp rate of chaos for the Gibbs measure of a class of McKean-Vlasov
diffusions, drawing inspiration from the entropy hierarchy approach introduced by
Daniel Lacker.

Wasserstein metrics in terms of copula

Barbara Riudiger
Bergische Universitat Wuppertal

The p—Wasserstein metric W,, p > 1, on R? is identified in terms of cop-
ula. In particular for the case of one-dimensional distributions, we prove that the
copula employed to get the optimal coupling of the Wasserstein distances is the
comotonicity copula. We obtain the equivalent result also for d-dimensional dis-
tributions under the sufficient and necessary condition that these have the same
dependence structure of their one-dimensional marginals, i.e that the d-dimensional
distributions share the same copula.

This is a joint work with Mariem Abdellatif, Peter Kuchling, Irene Ventura
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Predictable variations in stochastic calculus

Johannes Ruf

London School of Economics

The focus of this talk is the transformation of increments of a stochastic process
by a predictable function. Many operations in stochastic analysis can be considered
under this point of view. Stochastic integrals, for example, are linear functionals
of process increments. Although mathematically equivalent, focusing on trans-
formation of increments often leads to simpler proofs of more general statements
in stochastic calculus. In this talk specifically, we illustrate how considering pre-
dictable variations lead to various Ito-type formulas.

Joint work with Ales Cerny

Fokker-Planck equations with terminal condition and
related McKean probabilistic representation

Francesco Russo
ENSTA Paris, Institut Polytechnique de Paris

Stochastic differential equations (SDEs) in the sense of McKean are stochastic
differential equations, whose coefficients do not only depend on time and on the po-
sition of the solution process, but also on its marginal laws. Often they constitute
probabilistic representation of conservative PDEs, called Fokker-Planck equations.
In general Fokker-Planck PDEs are well-posed if the initial condition is specified.
Here, alternatively, we consider the inverse problem which consists in prescribing
the final data: in particular we give sufficient conditions for existence and unique-
ness. We also provide a probabilistic representation of those PDEs in the form a
solution of a McKean type equation corresponding to the time-reversal dynamics
of a diffusion process. The research is motivated by some application consisting in
representing some semilinear PDEs (typically Hamilton-Jacobi-Bellman in stochas-
tic control) fully backwardly.

This work is based on a collaboration with L. Izydorczyk (Mazars), N. Oudjane
(EDF), G. Tessitore (Milano Bicocca).
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Unbiased simulation of Path-dependent SDEs

Xiaolu Tan
The Chinese University of Hong Kong

We provide an extension of the unbiased simulation method for SDEs in Henry-
Labordere et al. [Ann Appl Probab. 27:6 (2017) 1-37] to the path-dependent
case. In the setting, both the payoff and the SDE coefficient functions depend on
the (weighted) average of the process, so that the expected value is solution to a
linear path-dependent PDE. The main idea is to simulate the SDE with constant
coefficients on a random discrete time grid and then to correct the error terms with
Malliavin weight functionals for the vertical derivatives of the value function.

Asset pricing and interest rates under extreme climate
change financial risks

Barbara Trivellato
Polytechnic of Turin

We develop a dynamic asset pricing framework with brown and green assets.
Green assets are affected by rare natural disasters linked to climate change by rare
macroeconomic events. Brown assets are also affected by transition risk which is
assumed to be related to physical risk. The novelty of the work is to assume that
natural disasters are generated by a self-excited jump. Using analytical results
and simulations we show how these natural disasters impact portfolio composition,
risk-free rate, credit spread and asset prices.
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