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Jochen Blath (TU Berlin)
GENERAL COALESCENT MODELS IN POPULATION GENETICS.
Coalescent models are powerful tools in the analysis of probabilistic structures of genetic sam-
ples drawn from large populations. In this talk, we provide some overview of well-established
coalescent models and their relation to the presence of particular evolutionary forces as well as
some new coalescent-related objects that arise in non-classical scenarios and discuss potential
applications.

Ulrich Horst (HU Berlin)

OPTIMAL TRADE EXECUTION WITH STOCHASTIC RESILIENCE IN A NON-MARKOVIAN FRAME-
WORK

We study an optimal execution problem in illiquid markets with both instantaneous and per-
manent price impact when only absolutely continuous trading strategies are admissible. In our
model the value function is described by a fully coupled 3-dimensional system of backward
stochastic differential equations (BSDE) with a singular terminal condition. We prove existence
and uniqueness of a solution to the BSDE system using an asymptotic expansion of the BSDE
system at the terminal time and characterize the optimal execution strategy in terms of the
unique solution to the BSDE system. The talk is based on joint work with Paulwin Graewe.

Sylvie Méléard (Ecole Polytechnique)
STOCHASTIC DYNAMICS FOR ADAPTATION AND EVOLUTION OF MICROORGANISMS.
Understanding the adaptation and evolution of populations is a huge challenge, in particular for
microorganisms since it plays a main role in the virulence evolution or in bacterial antibiotics
resistances.
We propose a general eco-evolutionary stochastic model of population dynamics with clonal
reproduction and mutations. Moreover the individuals compete for resources and exchange
genes, as in the transfer of plasmids in bacteria. We study different asymptotics of this general
birth and death process depending on the respective demographic, ecological and transfer time-
scales and on the population size.
Firstly, we show how the dynamics of two types can be approximated by a nontrivial dynamical
system when the population is large. The approximation is used to analyze the conditions
for the invasion of a mutation under selection or its maintenance in a polymorphic state with
the resident type. We also provide its probability of fixation and time to fixation. Next we
consider a continuum of types. The population is described by a point measure-valued process
and the dynamics includes births, mutations, deaths or exchange of genetic material. Under
the biological assumptions of the adaptive dynamics (large population and rare mutations), we
show that at the (long) mutation time scale, the stochastic measure-valued process converges to
a jump process which describes the successive invasions of successful mutants. When restricted
to the case without gene transfer, this process is the Trait Substitution Sequence first introduced



in [1] and rigorously derived in [2], [3]. We explain how the gene transfer can drastically affect
the evolutionary outcomes. Simulations show its effect on the elimination of pathogen strains
but also the appearance of resistance patterns in very long times. It will be a great challenge to
understand and quantify the rate of transfers one needs to avoid resistances.
This work is developed with S. Billiard, P. Collet, R. Ferriere and C.V. Tran.
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Sylvie Roelly (University Potsdam)
MIGRATION D’OISEAUX SAUVAGES/ZUG WILDER VOGEL
In this talk we first introduce the notion of "flocking" or self-organisation for dynamical systems
like the Cucker-Smale model. One can observe this global coherence phenomenon of the motion
for example by the flight of wild birds. Then we discuss a stochastic version of such dynamical
systems, as well as their asymptotics for large size or in time.

Mathieu Rosenbaum (Ecole Polytechnique, University Pierre et Marie Curie)

A POPULATION DYNAMIC APPROACH TO THE ROUGH HESTON MODEL

It has been recently shown that rough volatility models, where the volatility is driven by a
fractional Brownian motion with small Hurst parameter, provide very relevant dynamics in or-
der to reproduce the behavior of both historical and implied volatilities. However, due to the
non-Markovian nature of the fractional Brownian motion, they raise new issues when it comes
to derivatives pricing. Using a population approach enabling us to link nearly unstable Hawkes
processes and fractional volatility models, we compute the characteristic function of the log-price
in rough Heston models. In the classical Heston model, the characteristic function is expressed
in terms of the solution of a Riccati equation. Here we show that rough Heston models exhibit
quite a similar structure, the Riccati equation being replaced by a fractional Riccati equation.

Nizar Touzi (Ecole Polytechnique)
FROM PATH-DEPENDENT STOCHASTIC CONTROL TO STOCHASTIC DIFFERENTIAL GAMES.
The dynamic programming approach extends to the stochastic control problems of non Markovian
diffusions. We review the most recent characterizations from second order BSDE and viscosity
solutions of path-dependent PDEs. We show how these results allow to solve some stochastic
differential game problems.
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Todor Bilarev (Humboldt-Universitit zu Berlin)
MULTIPLICATIVE IMPACT MODEL WITH TRANSIENT IMPACT: MODELING ISSUES AND PRIC-
ING OF EUROPEAN OPTIONS
In this talk, we will first discuss modeling issues in a market model with a single risky asset and
a large trader whose actions have impact on the asset’s price in a transitive way, i.e. the impact
from a trade is decreasing in time. We postulate the evolution of the asset’s price process in a
multiplicative way that guarantees positivity of prices. At first, the gains from trading can be
uniquely defined for continuous strategies of finite variation. We extend the model to general
(cadlag) trading strategies by continuously extending the gains functional in a suitable topology
on on the space of strategies (the Skorokhod M1 topology in probability), i.e. by requiring that
the gains functional is continuous (on the input strategy/control) with respect to this topology.
Having specified our model for a general class of trading strategies/controls, we consider the
problem of pricing European options by superreplication that we formulate as a stochastic target
problem. In special coordinates, a version of the (geometric) dynamic programming principle
holds and thus the minimal superreplication price can be characterized as the viscosity solution
of a non-linear PDE with gradient constraints.
This talk is based on joint projects with Dirk Becherer and Peter Frentrup from Humboldt-
Universitat zu Berlin.

Camille Coron (University Paris Sud)

A STOCHASTIC MODEL FOR SPECIATION BY MATING PREFERENCES.

[ will present a joint work with Manon Costa (Toulouse University, France), Hélene Leman (Gua-
najuato University, Mexico) and Charline Smadi (IRSTEA, France). In this work we consider
a population of individuals that are characterized by their genotype at one bi-allelic haploid
locus, and by their position on a 2-patches space. The population is modeled by a 4-types
logistic birth-and-death process. Individuals reproduce sexually and mate by choosing preferen-
tially with individuals with same genotype. They also migrate at a rate that depends on the
proportion of individuals with same genotype into the same patch. We study, under a large pop-
ulation scaling, the convergence of the system towards a reproductive isolation of the two patches.

Clément Foucart (University Paris 13)

CONTINUOUS-STATE BRANCHING PROCESSES, EXTREMAL PROCESSES AND SUPER - INDIVID-
UALS.

We characterize the long-term behaviour of flows of continuous-state branching processes through
subordinators and extremal processes. The extremal processes arise in the case of supercritical
processes with infinite mean and of subcritical processes with infinite variation. The jumps of
these extremal processes are interpreted as specific initial individuals whose progenies overwhelm
the population. These individuals, which correspond to the records of a certain Poisson point
process embedded in the flow, are called super-individuals. They radically increase the growth
rate to oo in the supercritical case, and slow down the rate of extinction in the subcritical one.
This is based on a joined work with Chunhua Ma (Nankai university).



Adrian Gonzalez Casanova (WIAS Berlin)

FIXATION IN A XI COALESCENT WITH SELECTION.

In this talk we will introduce a generalisation of the Wright Fisher model, for a population with
finite size and non-overlapping generations, allowing for several types of selection as well as si-
multaneous multiple mergers. The construction provides an almost sure dual relation between its
frequency process and its ancestral process. The latter can be interpreted as a discrete analogue
to the celebrated ancestral selection graph. We will also study a two type frequency process with
general selection and general coalescent mechanism, and investigates in which cases the selective
type goes to fixation with probability one.

Zorana Grbac (University Paris Diderot)

LEVY FORWARD PRICE APPROACH FOR MULTIPLE YIELD CURVES AND LOW/NEGATIVE IN-
TEREST RATES.

In this talk we present a framework for discretely compounding interest rates which is based on
the forward price process approach. This approach has a number of advantages in particular in
the current market environment. Compared to the classical Libor market models, it allows in a
natural way for negative interest rates and has superb calibration properties even in the presence
of extremely low rates. Moreover, the measure changes along the tenor structure are simplified
significantly. These properties make it an excellent base for a post-crisis multiple curve setup.
Three variants for multiple curve constructions are discussed. As driving processes we use time-
inhomogeneous Lévy processes, which allow to derive semi-explicit formulas for the valuation of
various interest rate products using Fourier transform techniques. Based on these formulas we
present the calibration results for the three model variants using market data for caplets. This is
joint work with E. Eberlein and Ch. Gerhart. At the end of the talk we shall outline a different
class of models in the same forward price framework, namely we shall present examples of local
volatility models driven by a Brownian motion, where pricing methods are based on asymptotic
expansions (work in progress with D. Krief and P. Tankov).

Matthias Hammer (TU Berlin)

ENTRANCE LAWS FOR ANNIHILATING BROWNIAN MOTIONS AND A RELATION TO THE SYMBI-
OTIC BRANCHING MODEL.

Consider a system of particles moving independently on Brownian paths such that whenever two
of them meet, the colliding pair annihilates instantly. The construction of such a system of an-
nihilating Brownian motions (aBMs) is straightforward as long as we start with a finite number
of particles, but is more involved for infinitely many particles. In particular, if we let the set of
starting points become increasingly dense in the real line it is not obvious whether the resulting
systems of aBMs converge and what the possible limit points (entrance laws) are. In this talk,
we will see that (via duality) aBMs are closely linked to solutions of the continuous-space infinite
rate symbiotic branching model. This allows us to provide a full classification of entrance laws
for aBMs. We also give some illustrating examples showing how different entrance laws can be
obtained via finite approximations.



Sarah Kaakai (University Pierre et Marie Curie)

REDUCTION OF COMPLEXITY IN AN HETEROGENEOUS POPULATION WITH TWO TIMESCALES
The study of human longevity have bring to light the key role of certain intrinsic characteristics
such as gender. For instance, women lives in averaged six years longer that men. On the other
hand, it has been shown that so- called social characteristics (education, place of living...) have
equally played a determining role in the evolution of longevity. In addition, the distribution of
these social characteristics is all but stationary, and can change a fast pace. Often, the only
observable data are aggregated data. However, the complexity of the evolution of heterogeneity
in the population makes it difficult to apprehend its evolution directly on an aggregated level.
An more detailed population model is thus useful in order to report for the social composition
of the population and its changes, and to explore its influence on aggregated longevity. In the
wake of recent advances in population dynamics, we model the evolution of an heterogeneous
population as a Birth-Death-Swap system with stochastic intensities. Using the representation
by thinning of point processes, we develop a new construction of the population as a sequence
of Swap systems interacting with the aggregated population. This representation is more ade-
quate when characteristics changes occur at a fast timescale in comparison with the demographic
timescale, and will be used to show that the separation of timescale allows to make some aver-
aging approximations for the aggregated process (joint with N. El Karoui).

Jennifer Kruger (TU Berlin)

A MULTISCALE ANALYSIS OF STOCHASTIC BISTABLE REACTION-DIFFUSION EQUATIONS.

We analyse the effect of spatio-temporal additive noise on travelling wave dynamics in stochas-
tic bistable reaction-diffusion equations. This noise is perturbing the dynamics in two different
ways, one of which are fluctuations in the shape of the wave profile and the other one is a
stochastic shift in its phase. By decomposing the stochastic solution we separate these effects on
different scales of the noise strength and incorporate a gradient-descent procedure to track the
stochastic position of the wave. Finally, this will enable us to prove stability of the wave solution.

Aline Marguet (Ecole Polytechnique)

UNIFORM SAMPLING IN A STRUCTURED BRANCHING POPULATION.

We are interested in the dynamic of a cell population. Each individual is characterized by a
trait (age, size, number of parasites, ...) which evolves according to a Markov process and which
determines the cell dynamic in terms of lifetime or number of descendants. Our goal is to char-
acterize the trait along the ancestral lineage of a uniformly sampled individual in the population
at time t. We will present the auxiliary process which corresponds to the dynamic of this typi-
cal individual along his ancestral lineage and which appears through a so-called "Many-To-One"
formula. Then, we will explain why this auxiliary process exactly characterizes the process of
the trait of a uniformly sampled individual in the large population approximation.

Jorg Martin (University Humboldt)
A REGULARITY STRUCTURE FOR ROUGH VOLATILITY
Using Hairer’s theory of regularity structures we study option pricing under a volatility that is
driven by a fractional Brownian motion with Hurst index H. Using renormalization techniques
we build a numerically efficient pricing formula for arbitrary H € (0,1) (joint with P. Friz, P.
Gassiat, B. Stemper, C. Bayer).



Sara Mazzonetto (University Potsdam)

A LOCAL VOLATILITY MODEL: ITS RELATIONSHIP TO SKEW BROWNIAN MOTION AND ITS
POSSIBLE EXACT SIMULATION

The local volatility model (LVM) is used to model certain European option prices. In the talk,
we focus on a multi-valued local volatility model, presenting an effective way to explicit ana-
lytical formulas and simulate it exactly, that is without approximation. The first case treated
in the literature is the two-valued LVM, see [Gairat,Shcherbakov], 2016. The main tool is to
transform the process into a multiple skewed Brownian motion with multi-valued drift. In some
cases the transition densities have been recently explicitly computed [Dereudre, M., Roelly], 2016.

Victor Nzengang (Humboldt University)

THE GENERALIZED OPPORTUNITY PROCESS FOR UTILITY MAXIMIZATION AND APPLICATIONS.
We introduce the notion of generalized opportunity process for the study of utility maximiza-
tion problems with finite time horizon for utility functions defined on the positive reals, and
for cadlag semimartingale stock price process S. For utility functions having relative risk aver-
sion bounded away from zero and infinity, we show that boundedness of the logarithm of the
generalized opportunity process implies various integrability properties for dual optimizer % ,
optimal wealth X and optimal trading strategy processes. For continuous stock price dynamics,
we obtain precise results that guarantee for instance the existence of a dual optimal martingale
measure and moments of order higher than one for the optimal wealth process. Equipped with
this knowledge, we provide a continuity property of the dual optimizer w.r.t. misspecifications
in the risk preference and initial capital in the topology of uniform convergence. This is based
on a joint work with Peter Imkeller.

Alexandros Saplaouras (TU Berlin)

ON THE ROBUSTNESS OF MARTINGALE REPRESENTATIONS AND OF BSDE

In this talk we deal with the robustness property, also known in the literature as the stability
property, of martingale and semimartingale representations. In the latter case we are particularly
interested for the representations connected with backward stochastic differential equations with
jumps (BSDE). Under the provided framework weak approximation schemes can be derived for
BSDE driven by a stochastically continuous square-integrable martingale (joint with D.Possamai
and A.Papapantoleon).

Simone Scotti (University Paris Diderot)

ALPHA-CIR MODEL WITH BRANCHING PROCESSES IN SOVEREIGN INTEREST RATE MOD-
ELLING.

We introduce a class of interest rate models, called the a-CIR model, which gives a natural
extension of the standard CIR model by adopting the a-stable Lévy process and preserving the
branching property. This model allows to describe in a unified and parsimonious way several
recent observations on the sovereign bond market such as the persistency of low interest rate
together with the presence of large jumps at local extent. We emphasize on a general integral
representation of the model by using random fields, with which we establish the link to the CBI
processes and the affine models. Finally we analyze the jump behavior and in particular the
large jumps, and we provide numerical illustrations.



Xiaolu Tan (University Paris Dauphine)

BRANCHING DIFFUSION REPRESENTATION OF SEMILINEAR PDES AND MONTE-CARLO AP-
PROXIMATION.

We provide a representation result of parabolic semi-linear PDEs, with polynomial nonlinearity,
by branching diffusion processes. We extend the classical representation for KPP equations,
introduced by Skorokhod (1964), Watanabe (1965) and McKean (1975), by allowing for polyno-
mial nonlinearity in the pair (u, Du), where u is the solution of the PDE with space gradient Du.
Similar to the previous literature, our result requires a non-explosion condition which restrict
to "small maturity" or "small nonlinearity" of the PDE. Our main ingredient is the automatic
differentiation technique as in Henry Labordere, Tan and Touzi (2015), based on the Malliavin
integration by parts, which allows to account for the nonlinearities in the gradient. As a con-
sequence, the particles of our branching diffusion are marked by the nature of the nonlinearity.
This new representation has very important numerical implications as it is suitable for Monte
Carlo simulation.

Amandine Veber (Ecole Polytechnique)

THE EFFECTS OF A WEAK SELECTION PRESSURE IN A SPATIALLY STRUCTURED POPULATION
One of the motivations for the introduction of the Fisher-KPP equation was to model the wave
of advance of a favourable (genetic) type in a population distributed over some continuous space.
This model relies on the fact that reproductions occur very locally in space, so that if we assume
that individuals can be of two types only, the drift term modelling the competition between the
types is of the form sp; (1 — p;.). Here, s is the strength of the selection pressure and p;, is
the frequency of the favoured type at location x and time t. However, large-scale extinction-
recolonisation events may happen at some nonnegligible frequency, potentially disturbing the
wave of advance. In this talk, we shall address and compare the effect of weak selection in the
presence or absence of occasional large-scale events, based on a model of evolution in a spatial
continuum called the spatial Lambda-Fleming-Viot process. This is a joint work with Alison
Etheridge and Feng Yu.



POSTER PRESENTATIONS

Eduardo Abi Jaber (University Paris Dauphine, Paris)
STOCHASTIC INVARIANCE OF CLOSED SETS WITH NON-LIPSCHITZ COEFFICIENTS

We provide a new characterization of the stochastic invariance of a closed subset of R? with
respect to a diffusion, i.e. we give necessary and sufficient conditions on the drift and the covari-
ance matrix under which the diffusion remains in the domain. We extend the wellknown inward
pointing Stratonovich drift condition to the case where the diffusion matrix can fail to be differ-
entiable: we only assume that the covariance matrix is. In particular, our result can be directly
applied to construct affine and polynomial diffusions on any arbitrary closed set. We exemplify
our result by providing a generic tractable characterization for the stochastic invariance in a two
dimensional set-up (joint with B.Bouchard and C.Illand).

Randolf Altmeyer (Humboldt University, Berlin)
ESTIMATING OCCUPATION TIME OF CONTINUOUS SEMIMARTINGALES
An important object in applications is the Occupation time fOT f(X;)dt for a stochastic process
(Xt)i>0 and a function of interest f. Given discrete data Xy, k = 0,...,[nT] — 1, it can be
estimated by the Riemann-type estimator %Z,EE;J f(Xk=1). Recently, [1] and [2] found rates of
convergence for this estimator when X is a one-dimensional diffusion with smooth coefficients
and f is either an indicator function or has some Holder smoothness.

Using a completely different set of techniques, based on Fourier analysis, we extend these
results to d-dimensional continuous semimartingales and functions f lying in some Fourier-
Lebesgue space. In case of a d-dimensional Brownian motion we show that the rates are optimal.
As an additional novelty, in contrast to [1] and [2], for sufficiently smooth functions, we are able
to prove a stable central limit theorem which can be used for statistical inference. For the proof of
the central limit theorem we introduce a generalized 1t6 formula which is of independent interest.
It applies to d-dimensional continuous semimartingales and functions f in some Fourier-Lebesgue
spaces. Compared to previous generalized It0 formulas, in our case the bounded variation part
is fully explicit and can be easily approximated (joint with J.Chorowski).

Nicolas Baradel (University Paris Dauphine and ENSAE, Paris)

OPTIMAL CONTROL UNDER UNCERTAINTY AND BAYESIAN PARAMETERS ADJUSTMENTS

We propose a general framework for studying optimal impulse control problem in the presence of
uncertainty on the parameters. Given a prior on the distribution of the unknown parameters, we
explain how it should evolve according to the classical Bayesian rule after each impulse. Taking
these progressive prior-adjustments into account, we characterize the optimal policy through a
quasi-variational parabolic equation, which can be solved numerically. The derivation of the
dynamic programming equation seems to be new in this context. The main difficulty lies in the
nature of the set of controls which depends in a non trivial way on the initial data through the
filtration itself (joint with B.Bouchard and N.M.Dang).



David Beflich (T'U Berlin)

SOLVING AN IRREVERSIBLE INVESTMENT PROBLEM INCLUDING DEMAND SHOCKS WITH THE
"THEORIE GENERALE DES PROCESSUS'

An electricity company has to decide how much capacity for power production to install at any
point in time. Capacity expansions are irreversible and so the company’s manager has to trade
off their expectation about future market prices against the costs of capacity expansions. One
special point about energy demand are demand spikes, which mean a sudden appearance of a
high volume of demand at the market, which could happen, for instance, because of a failure
of another power plant. This kind of problem can mathematically be formulated as an optimal
irreversible investment problem. Specifically, we consider the problem to

Maximize E [/ ) ut(Ct)D(dt)] subject to E l/ ) %dCt] .
[0,7") [0,7")

where 7 is the cost for capacity expansion, u is a concave reward function representing the
gain for the increasing capacity C; at time ¢, which is integrated against the cumulative demand
D. Problem of such type have been considered in the literature before (see for example Bertola
(1998), Ferrari (2015), Riedel and Su (2009)) but could not handle jumps (spikes) in the demand
process D. Indeed, we show that depending on the information revealed at jump times for D,
the optimal strategy may prescribe a precautionary jump just before the new information and
prices become known and another expansion immediately thereafter. Such merely 1AjdlAjg op-
timal controls C' are constructed in terms of the solution to a stochastic representation problem
which generalizes the results in Bank and El Karoui (2004). Technically, this refined result is
based strongly on the properties of Meyer-o- fields (which allow a lot of flexibility for modeling
information flows) and on the "temps d’arrét divisée" from the "théorie générale des processus
stochastiques" (joint with P.Bank).

Hadrien de March (Ecole Polytechnique, Paris)

MULTI-DIMENSIONAL MARTINGALE OPTIMAL TRANSPORT

Martingale optimal transport is an extension of classical optimal transport that includes a mar-
tingale constraint on the considered coupling. New geometric constraints arise from this martin-
galeness. The dual problem may not provide duality if it is taken pointwise as it does in classical
optimal transport. There arises a decomposition of the space in "irreducible components'. We
study the existence and the properties of these irreducible components and show how they allow
to have componentwise duality and existence of the dual optimizer (joint with N.Touzi).

Peter Frentrup (Humboldt University, Berlin)

OPTIMAL LIQUIDATION UNDER STOCHASTIC RESILIENCE OF PRICE IMPACT.

We solve explicitly a two-dimensional singular control problem of finite fuel type in infinite time
horizon. The application problem stems from the optimal liquidation of an asset position in a
financial market with multiplicative and stochastic price impact. The optimal control is obtained
as an Ornstein-Uhlenbeck process reflected at some non-constant free boundary. To solve the
variational inequality and prove optimality, we obtain new results of independent interest on the
Laplace transform of the inverse local time of diffusion processes reflected at elastic boundaries
(joint with T.Bilarev and D.Becherer).



Ester Mariucci (Humboldt University, Berlin)

WASSERSTEIN DISTANCES BETWEEN DISCRETELY OBSERVED LEVY PROCESSES

We present some upper bounds for the Wasserstein distance of order p between the product mea-
sures associated with the increments of two independent Lévy processes with possibly infinite
Lévy measures. As an application, we deduce an upper bound for the total variation distance
between the marginals of two independent Lévy processes with possibly infinite Lévy measures
and non-zero Gaussian components. Also, a lower bound for the Wasserstein distance of order p
between the marginals of two independent Lévy processes is discussed (joint with M.Reib).

Tristan Roget (Ecole Polytechnique, Paris)
LoNG TIME BEHAVIOR OF A POPULATION STRUCTURED BY AGE AND A PHENOTYPICAL
TRAIT
We study the dynamics of a population structured by age and a phenotypical trait. An individual
with trait x € S = [0, 1] and age a € R,

e Has a death rate D(z,a)

e Gives birth to an individual with trait y € S at rate k(z,y, a).

The dynamics is given by a measure valued process, solution of a stochastic differential equation
with respect to Poisson measures. In a large population limit, this process converges to the
solution of a partial differential equation [C.V. Tran, 06]. We study the long-time behavior of
these dynamics. To do so, we resolve an eigenvalue problem using a discretization of the trait
space S.

We apply these results to study the apparition and the maintenance of a type of life-history
observed in the species Drosophila Melanogaster [Rera et al, 12].
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